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Hydrodynamic surfaces with midsection in the form of Lame curve

Valery V. Karnevich

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia
B valera.karnevich@gmail.com

Article history Abstract. General representation of ship geometry is given by the method
Received: August 25, 2021 of slicing the ship hull by three mutually perpendicular planes: vertical sym-
Revised: October 11, 2021 metry plane which runs along the middle of hull width, horizontal plane which
Accepted: November 1, 2021 divides the hull into underwater and abovewater parts, and vertical plane

perpendicular to the other two which coincides with midsection. By taking
Keywords: the same three predefined sections of the theoretical hull shape, it is possible
ship surface, midsection, Lame curve, to obtain three algebraic surfaces of different order, which are called hydro-
hydrodynamic surface, algebraic surface dynamic in this article. By introducing alphabetic parameters to signify orders

of ship skeleton main curves and then by giving them various numerical
values, it is possible to consider a large number of hull shapes, having only
three explicit surface equations. Method of deriving the equations, obtained
by other authors, using only three explicit algebraic equations is demon-
strated. The proposed technique is illustrated on six new ship hull shapes.
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MNapoanHamMmnyeckmne NoBepxHOCTU C Muaenb-wnaHroytom B popme Kpmebix Jlame

B.B. KapueBuu

Poccuiickuti ynueepcumem opyarcovl Hapooos, Mockea, Poccus
B valera.karnevich@gmail.com

Hcrtopus crarbu AnHoTanus. O611ee NpeacTaBICHUE O TEOMETPUUECKUX XapaKTEePUCTUKAX
Iloctymuna B penakuuro: 25 aBrycra 2021 . (dhopMBI KopITyca CyliHa AaeT METOJ CEYCHHUsS] KOpIyca TpeMsi B3aUMHO Iep-
Jopabotana: 11 okrs6ps 2021 r. NEHAUKYJAPHBIMU IUIOCKOCTSIMHM, 8 MMEHHO BEPTHKAJIbHOH INIOCKOCTBIO
IpunsTa k myOnukaiuu: 1 Hostopst 2021 1. CUMMETPUH, TMPOXOASIIEH BIOIL KOpITyca IMOCEPEeUHE €€ IUPHUHBI, TOpU-

30HTAJIbHOM IIOCKOCTBIO, JENSIIeH CyAHO Ha HAJBOJHYIO M IIOJBOJIHYIO
YacTH, U BEPTUKAIBHON IJIOCKOCTBIO, MEPIEHANKYIIIPHON MEPBBIM JBYM U
COBHaJaoUIell ¢ MUEIb-IINaHroyToM. ViMest OJIHy U Ty ke TPOMKy Harepen
3aaHHBIX INIOCKUX CEYCHUH TEOpeTHYeCKOH (OPMBI CyHA AITUMH ILUIOCKO-
CTSIMH, MOXKHO TMOJIYYUTh TPHU ajredpandyeckue MOBEPXHOCTH PAa3HOTO IO-

KiroueBble cjioBa:

CyJZIOBasi TOBEPXHOCTb, MUJIENTb-IIINIAHTOYT,
kpuBble Jlame, runipoarHamMuyeckas mo-

BEPXHOCTB, alirebpandecKast TOBEepXHOCTh
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psiziKa, Ha3BaHHBIC B CTaThe I'MIPOIWHAMITICCKMMHU. BBons OyKBEHHBIE MOKa-
3aTeNN CTENEHEH IIaBHBIX IUIOCKUX KPHMBBIX KapKaca CyZHa, a 3aTeM JaBas
UM pasHble U(POBBIE 3HAYCHHS, MOXKHO BBECTH B PACCMOTPEHHE OOIbIIOe
KOJIMYECTBO ()OPM KOPIIyCOB IIPU HAJIMYMU JIUIIb TPEX SBHBIX ypaBHEHUI
noBepxHOCTEH. IIpoNeMOHCTPHPOBAaHO, KAaK IOJIYYHTh yPaBHEHHS, HpPE.-
CTaBJICHHbIE JPYTMMHU aBTOPaMH, UCIIOJb3Ys TOJIBKO TPH SIBHBIX airedpau-
YECKMX ypaBHEHHs, ONMCaHHBIE B cTaThe. lIpennoxennas mMeroauka npo-
WUTIOCTPUPOBAHA Ha IIECTH HOBBIX ()OPMax KOPILyCOB CY/OB.
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Introduction

Choosing the outline of ship hull surface is one
of the main problems of naval architects. A number
of factors has to be considered. Often the hull shape
is chosen based on designer intuition or with the help
of empirical formulas or substantially expensive
full-scale experiments [1]. Authors [2] recommend
to conduct experiments on the models after selec-
ting theoretical hull shape for optimization of ship
geometric dimensions with regards to its mobility,
decreasing water resistance and other navigational
features. It was pointed out that the best sample was
selected from 496 options. There are articles, for exam-
ple, [3] and [4], which consider applied problems
concerned with the capabilities of COMPAS-3D CAD
program in geometric modelling of ship hull shapes.
Such papers investigate methods of modelling hulls
based on plane curves.

Some insight about modern cargo ship hull shapes
for Russian river fleet can be gathered from the arti-
cle by G.V. Egorov [5]. According to some sources
that there 11 types of ships, and for each one there
have been published a large number of research pa-
pers devoted to requirements on optimal shapes of
the corresponding ships [6].

waterline

midsection

Figure 1. Hydrodynamic surface skeleton
consisting of three plane curves
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Some designers show that for the purpose of ge-
nerating optimal form of ship hull, algebraic surfaces
with predefined skeleton consisting of three plane
curves, lying in mutually perpendicular cross-sections
of the ship, are quite suitable (Figure 1). By having
three plane curves coinciding with the midsection
(yOz plane), main buttock (xOz plane), and water-
line (xOy plane), one can construct three different
algebraic surfaces [7]. One of them may be taken as
the hull shape in the first approximation, then a cy-
lindrical section may be inserted. Alternatively, the
hull shape may consist of two different algebraic
surfaces, where the bow and stern parts of the ship
are joined smoothly at the midsection.

The obtained surfaces are called algebraic in cer-
tain papers [8], in others — hydro/aerodynamic [9],
and sometimes simply hydrodynamic [7]. In this arti-
cle, similarly to [7], the surfaces are named hydro-
dynamic with predefined waterline, midsection and
buttock line.

Hydrodynamic surfaces with parabola
of order t, Lame curve and parabola of order k

Thus, we have the waterline in the form of pa-
rabola of order ¢:

xt
y=iW<1—F>, €Y
midsection in the form of Lame curve:
ly[™
|z|* =T" <1 — ) 2

main buttock in the form of parabola of order £:

xK
Z=—T<1—L—k>. (3)
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Taking the hull skeleton shape constructed from
the three plane curves (Figure 1) by equations (1)—(3)
allows to obtain the required formulas for a number
of hull shapes owing to arbitrary powers ¢, n, m, k.
For example, by plugging different values into pa-
rameters # and m in formula (2), we obtain different
outlines of midsections (Figure 2).

-1.0 0.5 0.0 0.5 1.0

10

0.

w

0.

=)

-0.

w

Figure 2. Lame curves at different values of parameters
n=m=0.5,0.7,1,1.5,25,5

It is assumed that the main geometric parame-
ters of the ship are defined as: 7 — hull draft, 2 —
hull width, 2L — hull length (Figure 1).

Let us consider a section of hydrodynamic sur-
face on z = const plane. Its equation is derived simi-
larly to (1):

Xt
y=1W(2) (1 - @) (4)
where L(z) — is x from formula (3):

k Z
Liz)=L [1+,
=11+

and W(z) —is y from formula (2), therefore

m’ |z["
W(Z) =W |1- F

Plugging the previous two expressions into
formula (4), we obtain

A PR i il x 5
y== T [ _Lt(1+z/T)t/k]' ®)

Equation (5) is the equation of the first hydro-
dynamic surface of interest.

Let us rewrite this equation in parametric form
by taking

z=2zw) =—ul, x=xwv)=vLY1—u,
y=yWv) =+WV1—u(1~[v|]), (6)

where 0 <u <1;—-1<v<1;¢t k n, m— are posi-
tive numbers.

To obtain the second hydrodynamic surface with
main skeleton (1)—(3), but constructed by the enve-
lope of sections in x = const plane, we take

0 n ly|™
|z|™ = T(x) <1 - W(x)m>' 7

where from formula (1)

t
Wx)=Ww (1 - %)

from formula (3)

k
T(x) = -T (1 - ’2—,{)

Plugging in the last two expressions into (7),
we obtain

xk\" lyl™
|Z|n:Tn<1_L_k> 1—ﬁ (8)
wm (1-%)

Equation (8) is the algebraic equation of the
second hydrodynamic surface of interest. Paramet-
ric equations for the second surface are

x=xw)=ulL, y=yu,v)=vW{—-ub),
|z|" = |z(u, v)|[* = =T™(1 —u¥)" (1 — v™), (9)

where —1<u<1;, -1<v<1;t k n m— are
positive numbers.

The third hydrodynamic surface is formed by
sections in y = const plane, thus, according to for-
mula (3),

Xk
z=-T(y) <1 - _L(y)k)' 9

where from formula (2)

“’ lyl™
T =T [1-7m
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and from formula (1)

y =y =uW,
tf, — Y p—
Ly)=1L I1+W- x=x(wv) =vLlylFu,

Plugging in the last two expressions into (9), z=z(u,v) = -TY1 - |[u™(1-v*), (11)

we get where —-1<u<1,-1<v<1;t k n m— posi-
. tive numbers.

;= _T" 1— lyl™ 1— X (10) Example 1. The three hydrodynamic surfaces

wm Lk ( 177 )k/ ah defined by equations (6), (9), (11) are rendered ta-

w king t =4, m = n=5/2, k=4. In this case the midsec-

Parametric equations for the third hydrodyna- tion is in the fOI‘l’I'l of Piet Hein’s superelhpce. All

mic surface are: three hydrodynamic surfaces are shown on Figure 3.

1st surface defined 2nd surface defined 3rd surface defined
by equation (6) by equation (9) by equation (11)

Figure 3. Three hydrodynamic surfaceswith T=1m, W=0.5m,L=5m

Ist surface defined 2nd surface defined 3rd surface defined
by equation (6) by equation (9) by equation (11)

Figure 4. Three hydrodynamic surfaceswith T=1m, W=0.5m,L=5m
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Example 2. Let us render the three hydrody-
namic surfaces defined by equations (6), (9), (11)
taking t =4; m = n =0,7; k = 4. All three hydrody-
namic surfaces are shown on Figure 4.

Results

Plane curves (1)~(3), which coincide with the main
skeleton of the ship, describe a large number of plane
algebraic curves and allow to construct numerous
groups of three hydrodynamic surfaces. Figures 3 and 4
show hydrodynamic surfaces with convex (Figure 3)
and concave (Figure 4) midsections. The groups of
three surfaces are rendered with the help of Mat-
plotlib plotting library in Python programming lan-
guage.

Previously, each hydrodynamic surface used to
be constructed for predefined curves (1)—(3) sepa-
rately. For example, encyclopedia [10] presents hy-
drodynamic surfaces for t =k =m =4, n =1 case
and t = k=4, n =2, m=1/3 case. Explicit and par-
ametric equations for two groups of three hydrody-
namic surfaces fort =m =n =k =2 and for t = 2,
m = k=4, n=1 are derived in article [7]. Several
surfaces are considered in papers [9; 11].

Discussion

Hydrodynamic surfaces with the skeleton from
predefined plane algebraic curves cannot have Gaus-
sian curvature equal to zero, i.e. cannot be develop-
able surfaces. They will need to be approximated
when applying sheet metal to the hull, that is the
hull designed at the first stage will need to be re-
placed by the hull from developable surface sheets
(Figure 5).

Figure 5. Replacing theoretical hull shape
with developable surface sheets

Considering that ship mobility is affected most-
ly by the outline of the waterlines, the approximated
developable surface needs to be preferably con-
structed as a surface on two sections in z = const
plane [12]. These sections will lie in the planes par-
allel to the waterline plane (1). Approximation may
not be needed, if the hull is made of composite ma-
terials. Some useful suggestions on geometric mo-
delling of ships hulls can be found in [13]. H. To-
ber [14] studied the influence of ship hull geometry
on water resistance in motion. However, the author
considered merely geometrical problems of hull
design.

Conclusion

Since the hull of a real ship has very complex
form and depends on many factors, the results pre-
sented in this article can only be applied at the early
stage of ship hull design. Analytical method of hull
shape definition, as opposed to the graphical one,
will allow to extensively apply computer modelling,
for which it is quite easy to implement a program
accounting even for cylindrical insertions.
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JluIst I THPOBAHMUSA
Tenxoe O.U., Kocmauesa A./]., Xoosxos A.A.,

AnHotanus. [IpencraBieHsl pe3yabTaThl JUArHOCTUKY ITOKa3aTele aHTh-
(hpr30B 10 M TOCIIE UX HKCIUTyaTalluy B JIBUraTejie BHyTPEHHEIO CrOpPaHusI.
BriOpanHOe HampaBieHHE HCCIEHOBAHUS AKTyalbHO, TaK KaK MO3BOJET
IIPOrHO3MPOBATh HE TOJILKO M3MEHEHHE CBOMCTB aHTH(pH3a B Ipolecce
€ro PKCIUTyaTalluy, HO U MOJYYUTh CBHAETEIbCTBA O IMPOTEKAHUH IpOIiec-
COB KOppo3uu MetaiioB. Llens ucciaenoBanus — nmpoBeieHHe KOHTPOIbHBIX
WCTIBITaHUH aHTU(PHU30B 0 U MOCIE UX IKCIUIyaTalluy B ABUTATEE BHYT-
peHHEro cropasusi, oOecleYrBalOUINX IOJEePIKaHHE CHIIOBOTO arperara
B UCIPAaBHOM cOCTOSHUH. OOBEKTaMH HCCIEIOBAHMS OBIIM CBEXHH aHTH-
¢bpuz AGAZ-40-G12++ (2021 rona Beimycka; A-21) u oxyiaxgaromas xKuj-
kocte AGAZ-40-G12+ (2012 roma Beimycka; AD-12) mocrne ee IKcIuryara-
LIMU B TEUCHHE HECKOJIbKUX JIeT. [loka3zaHo, YTO BOAOPOIHBIN MMOKa3aTeb,
IUIOTHOCTB, BSI3KOCTB, JIEKTPOIPOBOAHOCTD MPOO OXJIAXKIAIOIIEH >KUIKO-
CTH JIO W TOCJIE €€ IKCIUTyaTalluy Pa3iIHyHbl. Y CTaHOBJICHO, YTO XOJl 3aBH-
CHUMOCTEH AJIEKTPOIPOBOJHOCTH G OT TeMIepaTypsl ¢ ans obpasmos A-21
u AD-12 onuHaKoOB. 3aBUCUMOCTb G OT ¢ ONKCHIBACTCS NMOJIMHOMUAIBHON
(xBagpaTtuuHOit) Mozenbio. CrenaHo MpPernoIoXKeHHe, 9TO 0oJiee BRICOKHE
3HAUYEHUsI BOJOPOJTHOro mokaszarensi AD-12 MOTyT CBHIETENLCTBOBATH O
MIPOTEKaHUH IEKTPOXHUMHUECKOH KOPPO3HH METAJLUIOB, KOTOPHIE B IIPOLIEC-
ce KOHTAKTa ¢ aHTU(PPU30M 00pa3yIOT KOPOTKO3aMKHYThIE I'aJIbBAHUYECKUE
napbl. C IMOMOIIBIO MTPOBEIEHHOTO MOIHOTO (PaKTOPHOrO IKCIEPHMEHTa MPO-
JEMOHCTPHPOBAHO, 4TO OoJsiee BbICOKHE 3HaueHHs: pH ObIBIIEro B 3KCILTya-
Taluy aHTU(PHU3a MOTYT OBITH OTPaKEHHWEM AErpajallid CBOHCTB MOHO-
STUJICHIJIMKOJISL ¥ TPOTEKAIOUINX MPOLECCOB KOPPO3HU METAILIIOB.
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Abstract. The results of diagnostics of antifreeze indicators before and after
their operation in an internal combustion engine are presented. The chosen
direction of research is relevant, since it allows one to predict not only
the change in the properties of antifreeze during its operation, but also
to obtain evidence of the course of metal corrosion processes. The purpose
of the study — to conduct control tests of antifreezes before and after
their operation in an internal combustion engine, that ensures the mainte-
nance of the power unit in good condition. The objects of study were
fresh AGA Z-40-G12++ antifreeze (release of 2021; A-21) and coolant
AGA Z-40-G12+ (release of 2012; AE-12) after its operation for several
years. It is shown that the pH, density, viscosity, electrical conductivity
of the coolant samples before and after its operation are different. It was
found that the course of the dependences of electrical conductivity ¢ on
temperature ¢ for samples A-21 and AE-12 is the same. The dependence of
c on ¢ is described by a polynomial (quadratic) model. It has been sugges-
ted that higher values of the AE-12 hydrogen index may indicate the occur-
rence of electrochemical corrosion of metals, which, in the process of con-
tact with antifreeze, form short-circuited galvanic pairs. With the help of
a complete factorial experiment, it was demonstrated that higher pH values
of used antifreeze can be a reflection of the degradation of the properties of
monoethylene glycol and the ongoing processes of metal corrosion.

Telkov OI, Kosmacheva AD, Khodyakov AA, Khlopkov SV, Danilov IK. Analysis of antifreeze properties before
and after their operation in engine. RUDN Journal of Engineering Researches. 2021;22(4):329-338. (In Russ.)
https://doi.org/10.22363/2312-8143-2021-22-4-329-338

BBeneHune

B kadecTBe XJjamareHta B COBPEMEHHBIX CHIIO-
BBIX arperaTax HCIONB3YIOT aHTH(PHU3BI — JKUAKO-

W3BecTHO, UTO OOJIBIIIOE YHCIIO HEUCTIPABHOCTEH
aBTOMOOMIIEH, TpeOyromuX 3aTpaT HA JTUArHOCTHKY
U JOPOTOCTOSIIIMI PEMOHT, CBSI3aHO C OTKAa3aMH dJie-
MEHTOB CHUCTEMBI OXJIQKICHUS, KOTOPhIe MOTYT TIPH-
BCCTU HE TOJILKO K M3MCHCHUIO TCIIJIOBOI'O pEXKUMaA
pabotel nBurarens BHyTpeHHero cropanus (JIBC),
HO ¥ TIepeTpeBy CHIIOBOTO arperara. Tak, Hampumep,
0TKa3 TepMocTaTa (TepMOpETYIIATOpa), KOTOPHIH OT-
HOCHTCs K HCBOCCTaHaBJIMBACMBIM HU3JICIIHUAM, MOXXET
MIOBJIEYh HapYIIIEHHE TEOMETPUH TOJIOBKHU OJIOKA ITH-
nmuHIpoB. Paborta pBurarens cs3aHa HE TOIBKO C HC-
NpPaBHOCTBIO TMPUMCHACMBIX  OJIA OXJIaXKACHUA
YCTPOMCTB, HO U CO CBOMCTBAMH MPUMEHSEMOTO IS
OXJIQXK]ISHHS JIBUTATENs XJIaJareHTa, ¢ JAerpajaluei
€ro CBOMCTB.
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CTH, B KOTOPBIX KpOME MOHOATHJICHTIHMKOIA (Oc-
HOBHOII KOMIOHEHT) MPUCYTCTBYIOT U PAa3IHMIHOTO
pona mpucanku' [1-5]. CoBpeMeHHBIE OXJTaXIar0-
HIMe JKUIAKOCTH M3-32 CIIO)KHOCTH HX COCTaBa BBI-
NOJHAIOT (PYHKUIWH, MPUCYIIHE MOTOPHBIM Maciiam
U CMAa309HO-OXJIQKIAOMNM JKUAKOCTAM. Oxitaxma-
IOIIME KHUIKOCTH B HACTOsIIee BpeMs AensT (Kiac-
CUQUUUPYIOTCA) HAa TpPaAWLHUOHHBIC, THOPUAHEIE,
KapOOKCUIIaTHBIE U JIOOPUIHBIE aHTU(PH3BL.
AHTH(PU3HI, TaK Ke Kak U APyTrue dKCITyara-
UOHHBIE MaTepuabl, JTOJDKHBI oOecreuyuBarh Ha-

' Mexrocynapcrennslii crangapT. KuakocTd oxia-
JKIarolye Hu3ko3amep3aromue. OOIie TeXHNIECKHEe YCIOBHSL.
M.: Cranmaptuadopm, 2007. 14 c.
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JOCKHOCTb U OOJITOBEYHOCTL TPAHCIIOPTHBIX CPEICTB.
[TosTOMy KOHTpONB TIOKa3zaTeneidl aHTH(pHU3a 10 U
TIOCJIE €r0 IKCIUTyaTalluy SBISETCS MEPOIPUSITHEM,
MPOBEZCHHE KOTOPOTO B UTOTE MOXET SIBUTHCS OI-
HUM M3 BOXHEUIIHX (AKTOPOB, 00ECIIEUMBAIOIINX
UCTIpaBHOE cOCTOsiHME aBToMoOwmneld. Cremyer oT-
METHTh, 9TO pa3paboTKa perenTyp aHTHPPHU30B C
YIYUHICHHBIMH 3SKCILUTYyaTallMOHHBIMU CBOMCTBaAMH
HE TepseT CBOEH akTyalnbHOCTH [5]. DTO CBA3aHO cO
CIIOKHOCTBIO COBPEMEHHBIX CHCTEM OXJIXKICHUS,
3aKITIOYAIONICHCS B MPUMEHEHHH TIPH MX H3TOTOB-
JICHWH pa3HbIX MO MPUPOJE KOHCTPYKIMOHHBIX Ma-
TEPHAJIOB.

JKcnepuMeHTasnbHas 4acTb

OObekTamu ucclieoBaHus ObUTH aHTU(QPU3BI
AGAZ-40-G12++ (2021 roma BBEImycka; A-21)
n AGAZ-40-G12+ (2012 roga Beimrycka; AD-12)
IOCJIe er0 JKCIUTyaTallMi B T€YEHHE HECKOIBKHX
net B JIBC.

Juis u3mepenust BoopoHoro mokasarens (pH)
aaTudpu3oB ucronp3oBamm pH-merp 5170. U3me-
penus (mpu temmeparype 20 °C) nmpoBoAMIH C TO-
MOIIBIO CTEKJITHHOTO 3JekTpoaa. KamOpoBky ycTpoid-
CTBa PETHCTPAllMU BOJOPOJHOTO IIOKa3aTeis OcCy-
[IECTBIISUIA, TIPUMEHSAS B KadeCTBE ITAJIOHOB CTaH-
naptaele OydepHbie pactBopel ¢ pH 3,57; 4,00;
5,00; 6,88; 9,22. IlorpemrHocTh U3MEPEHUsT BOIO-
poanoro nokazarens = 0,05 pH.

VY enpHyH0 37EKTPONPOBOIHOCTh G MPOO aHTH-
¢$puzoB m3mepsuu mpudopom COM 100 (ananazon
H3MEPEHHs IeKTPOnpoBoaHOCTH 0-9990 MrCMm-cM ',
MOTPEITHOCTh u3MepeHus + 2 %). [Ipu m3mepennu
OXJIQXKJTAIOIIYIO JKUAKOCTh C MOMOIIBI0 MAarHUTHON
MEILIAIKY MOJBEPTai NepeMEIIUBAHUIO.

Wsmepenne pH u ynensHOM 37€KTpONPOBOIHO-
cTH TIpo0 aHTH(PPU30B TPOBOAMIN B CTEKIISTHHBIX XH-
MHYECKHX CTakaHax eMKOCTbio 50 mi. MuHHMab-
HBII 00BbEM KHIKOCTH, TIOMEIIAeMON B HM3MEpPHUTENb-
HYI0 €MKOCTb, cocTanisut 20 mut. I3Mepsisin He TOJIbKO
pH u o ucxomHbIx 00pa3oB aHTU(HPU30B, HO paz0aB-
JICHHBIX AUCTWUIMPOBAHHBIX BOJOH MPOO KHUIKOCTEH.

Maccy XKUIKOCTEH, a TakKe HEOOXOAUMBIX IS
MIPOBE/ICHUS HCCIIEOBAaHU MaTEepPHaJOB W3MEPSIIH
Ha Jraboparopubix Becax BJITD3-150 (II kmacc tod-
voctu, 'OCT 24104-2001). Haumensmmii mpezen
B3BemmBanus BJIT3-150 cocrapnser 0,02 r. [Ipenen
MIOTPEITHOCT BECOB TNPU HMHTEPBAJIC B3BEIIMBAHHS
ot 0,02 1o 50 r paBen + 3 mr, cpeaHEKBaJpaTUde-
CKO€ OTKJIOHEHHE NIOKa3aHWH BecoB He Ooee 1,5 M.

[TnoTHOCTH aHTU(HPHU30B UIMEPSUIU C TIOMOIIBIO
neHcuMeTpoB. Ilo BennumHEe M3MEpEeHHON IUIOTHO-
CTH, WCIONB3yS TaONW4YHBbIE JaHHBIC, OMPENeIsIN
MIPOIIEHTHOE CONEpKaHhe B aHTH(PpPU3aX MOHOAITH-
neHraukons (MOT).

Kunemarnueckyro BsI3KOCTh MpoO aHTH(PH30B
onpenensuin (B WHTepBajie temmepatyp ot 20 mo
100 °C) Buckozumerpamu BITK-4.

Pacuer BszkoctH v, cCT, NpOBOAMIN IO YpaB-
HEHUIO

v=Cr, (D

rae C — nocrosiHHas BHcKo3mMerpa, cCT-c'; T —
cpenHeapruGMETHIeCKOe BpeMsi HCTCUCHHS P00 KU I-
KOCTeM, CeK.

Pe3synbTaTthbl 1 06CYy)XaeHUe

W3mMepenune BOJOPOAHOTO TTOKa3aTessl aHTU(DPH-
30B TipoBoIUTH B cooTBeTcTBUH ¢ I'OCToM, Trie yka-
3aHO, 4TO paboure oxymaxaaronwe xumkocta OXK-65
1 OXK-40 ncrsITEIBaOT 63 pasbapneHus’. AHTH(PH3
AD-12 ¢ conepxkannem MOI" 97,8 % mepen m3me-
perneM pH pa30aBisiii TUCTUILTMPOBAHHON BOJON
TakuM 00pa3oM, YTOOBI KOHIIEHTPAIHs MOHOATHIICH-
Ko Opu1a okoso 50 %.

CTaTuCTHKO-MaTeMaTUIECKYI0 00padOTKy naH-
HBIX TPOBOIMIN C TIOMOIIBIO CTATHCTHYECKUX (YHK-
uuii u Hajucrpoek «llaker ananmza», «llouck pe-
nreHus’» tabauvHoro Tmpoueccopa Microsoft Of-
fice Excel [6; 7].

Jist onipenienieHust 9uciia TIOBTOPHBIX U3MEPEHHIH
napametpoB pH u ¢ ObuM TIpOBeNEHBI 4-KpaTHBIC
M3MEpEeHHsS BOJIOPOIHOTO TIOKa3aTelsl W DJIEKTPO-
npoBoaHoctu aHtudpusa JI-40. [lanee, ucmnonb3ys
paccuuTaHHBIC 3HAYCHUS CTaHAAPTHOTO OTKJIOHE-
HUS U BEIMYMHY TPeOyeMoil TOYHOCTH pe3yibTara
u3Mepenus pH, BBIYMCIAIM MHHUMAIBHOE YHCIIO
HEOOXOMMBIX U3MEPEHHI (KOJIMYECTBO MOBTOPHBIX
OmBITOB) [8]:

2.2

> S 2)

g2

rae t, — kputepuil CTbIOACHTa, ONpenesieMblil ¢
nomotpio  GyHknun «CTBIOJAPACIIOBP» (ypo-
BeHb 3HauuMocTu 0,05, ynucIo MPOBEICHHBIX OIbI-
TOB 4); Spy — CTAHAAPTHOE OTKJIOHEHHUE; € — TPEOY-
emas TouHocTh m3mepenus pH (e = 10,05 pH).

2 MexrocyaapcTBeHHbI cTanaapt. JKHIKOCTH OXIIaKIai0-
e Hu3ko3amepsaromiue. OOmme TexHUYecKue yciuoBus. M.:
Crannmaptuadopm, 2007. 14 c.
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MuHMMaIbHOE YUCIIO U3MEPEHUN 3JIEKTPOIPO-
BOJHOCTH PacCUUTHIBAIN IO POpMyJIIe
2.2
n="r 3)
rae t, — Kod(pUUHMEHT, 3aBUCAIIMA OT JOBEpPH-
TENBHOM BEPOATHOCTH Y (QHAIOTUYHBIN KO3 UIH-
eHT CThIOAEHTa TOJBKO MPH N = 0); w — K03ddu-
LUEHT BapHalluK; € — OTHOCUTEJIbHAS IOTPEIIHOCTh
BBIYMCIICHHS CITy4aliHON BeMHMYHMHEI (Tpedyemas Tou-
HOCTH pe3yibTaTta € = +2 %).

B pesynprare mpoBeIeHHBIX pacyeToOB YCTaHOB-
JIeHO, YTO YMCIIO TIOBTOPHBIX MCHBITAHUH AT Tpe-
OyeMbIX TOYHOCTEH coctaBmiio ~ 1,3—1,5 u3mepe-
Huil. [Ipu TakuX 3HAYEHUSAX 1 MOCUUTAIIU, YTO IIEIe-
coo0pa3Ho MPOBOAUTH MO OJHOMY H3MEPEHHUIO KaK
pH, Tak u G.

B Tabn. 1 mpuBeaeHs! MIOTHOCTH, COACPKaHHUE
MDOI" B ipobax, BOJOPOHBIH ITOKA3aTelb, dJICKTPO-
MIPOBOAHOCTh M BA3KOCTH B3ATBHIX IUIS aHAIM3a aH-
TUPPHU3OB.

Tabnuua 1
MnoTHOCTL p aHTUDPU30B, coaepxaHue C B npobdax
MOHO3TUNEHrnuKkons, pH, anekTponpoBoAHOCTb
N BA3KOCTb V OXJIQXAAIOLWMX XXUAKOCTEN

HabIozaeTcd U B pa30aBlIEHHBIX JHUCTHIIIMPOBAH-
HOW Boiol oOpasmax AD-12. Bce 310 cBUmeTenb-
CTBYeT 00 M3MEHEHNH CBOWCTB OBIBIIEH B IKCILTya-
TaIUHN OXJIAKIAIOIIEH KHUIKOCTH.

Ha puc. 1 mpencraBineHbl 3aBUCUMOCTH G OT
TEMIIEPaTyphl, a B Ta0J. 2 ypaBHEHUS PErPeCcCHH,
MOJTyYeHHbIC ANMNpPOKCUMAIIMEH JaHHBIX C TIOMO-
IIpIO JIMHUU TPEHZA, W BEIHYWHBI JIOCTOBEPHOCTH
arpoKCUMAaIui — KO3 pUIUEeHTH JeTepMUHAITNN.

2400 -
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o, MkCMm/cMm / 6, mkSm/cm
I~
(=}
S
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Temmneparypa, °C / Temperature, °C

Puc. 1. VIameHeHne aneKkTponpoBogHOCTM NPob aHTUDPU30B
B 3aBMCMMOCTM OT TEMMNepaTypbl:
1-A3-12; 2-A-21
Figure 1. Change in electrical conductivity of antifreeze samples
depending on temperature:
1-AE-12; 2- A-21

AHTU- MokasaTenb
bpus 0, c, pH o**, v, Tabnuuya 2
rcm? % mMkCm-cm~' cCT YpaBHeHus perpeccumn
AD-12 1114 978 8.56% 1770 95 M BeNM4UHbI AOCTOBEPHOCTU annpokcumMaumm R?
A-21 1,070 52,6 8,06 1970 3,6 Mo AaHHbLIM YpaBHeHne R?
. . A3-12 )3:—1,3042)52 +113,68x—237,7 10,9962
lMpumeyaHue: * — BOJOPOAHBIN NokasaTesnb pa3baBieHHOo-
ro pacteopa A3-12 (koHueHTpauma M3l ~50%); ** — anekTpo- A-21 = —1,2196x2 +99,862x+270,07 0,9965
NPOBOAHOCTL Npu 24,6 °C Hepa3baBneHHbIX NP6 aHTU(PUIOB.
Table 1
. . . Table 2
Density p of antifreezes, content C in samples . i
of monoethylene glycol, pH, electrical conductivity Regression equations
and viscosity v of coolants and approximation confidence values R?
Anti- Index Data Equation R?
freeze o - N— 2 _
0, c, pH — v, AE-12 $=-1.3042x> +113.68x—237.7  0.9962
gem’ * mkSmom St A2l §=—12196x+99.862x+270.07 0.9965
A3-12  1.114  97.8 856 1770 95 - y=-12196x" +39.862x+270.07 0.
A-21 1.070 52.6 8.06 1970 3.6

Note: * — pH of diluted AE-12 solution (MEG concentration
~50%); ** — electrical conductivity at 24.6 °C of undiluted anti-
freeze samples.

W3 conocrarnenus ganueix (Tabdn. 1) cmemyer,
YTO MOKa3aTelqd MpPo0 OXITKAAIONIMX KHUIKOCTEH
AD-12 u A-21 otmuuarorcs. Otnuame pH kumko-
CTH, CIIMTON W3 CHUCTEMBI OXJIAXXACHUA ABUTATCIIA,
OT BOJIOPOJHOTO TOKA3aTeNis CBEKEro aHTH(dpu3a
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XoJ1 3aBUCUMOCTEN G OT TeMIlepaTyphl AJid U3y-
4eHHBIX TIpo0 AD-12 (97,8 % MOI) u A-21 (~50 %
MDOI') onunakoB (puc. 1). OgHAaKO caMu 3HAYCHHS
ANEKTPONPOBOTHOCTH B AD-12 n A-21 oTimgarorcs
MIpY HU3KUX TemriepaTtypax (1o 52 °C) u cTaHoBATCA
WJICHTUYHBIMU IIPH BBICOKUX TeMIiepaTypax (OoJbIie
52 °C). CrnenmoBaTenbHO, 3IEKTPOMPOBOAHOCTD aH-
Trdpu3a Mpu xapakTepHbIX Temreparypax (80-90 °C)
OXJTaXIAIOIICH KUKOCTH B pabOTaIoIIeM JBUTaTENe
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HE 3aBHCUT OT COACPIKaHHS B OXJIAKIAFOIICH KU
KOCTH MOHOATHJICHTJTUKOJISL.

Koadduiment nerepmuHanum moka3plBaeT CTe-
[IeHb COOTBETCTBHS TPEHIOBON MOIEIH MCXOIHBIM
naHHbIM. Yem Ommxe R? k 1, TeM TOuHee MOIEIb.
[IpuBenenubie B Taba. 2 3HaUeHUs KO3(DPUIIMEHTOB
JIeTepMUHAIINYA CBUAETEIHCTBYIOT O BBICOKOH TOY-
HOCTH TIOJMHOMHAIBHON (KBaJpaTUIHON) MOJEIH,
OIKCHIBAIOIICH 3aBUCUMOCTH 3JICKTPOIPOBOIHOCTH
OT TEMIIepaTyPhl OXJIAKTAIOIIEH KUIAKOCTH.

Omnpenenenne TeMIepaTyp, COOTBETCTBYIOLIIX
9KCTPEMaJIbHBIM 3HAYEHHUSAM G, IIPOBOIIIIN, HCIIONb-

3ys HaacTpouiky «llouck pemenusy». Pacuer nokasan,
YTO 3KCTPEMAIbHOE 3HAYEHHUE 3JIEKTPOIPOBOJTHOCTH
Uit poOsl AD-12 HaOmromaeTcsi TpU TeMIleparype
43,6 °C, msa obpastia A-21 — 44,2 °C. Otn 3HaUCHHS
TEMIIEpaTyphl C YUE€TOM IMOTPEIIHOCTH €€ U3MEPEHHs
(x1 °C) ogunakoBbl. Cre1oBaTENbHO, PA3IUIHE B CO-
JEep’KaHUM MOHOSTUIJICHITIMKOJS B Mpo0ax HUKAaK He
OTpaXKaroTCs B BEJTMYMHAX TEMIIEPATYp, MPU KOTOPBIX
HaOJIIOAF0TCSI SKCTPEMYMBI JJIEKTPOIIPOBOTHOCTH.

Ha puc. 2 npeacraBieHO U3MEHEHHE BSI3KOCTH
aHTU(PU30B B 3aBUCUMOCTH OT TEMIIEPAaTyphl OX-
JaKJAI0IIEeH KUIKOCTH.
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Puc. 2. IameHeHne BA3KOCTM aHTUPPU30B B 3aBUCUMOCTI OT TeMNEpaTypbl OXaXAa0Len XUOKOCTU:
1-A-21;2-AD-12
Figure 2. Change in the viscosity of antifreeze depending on the temperature of the coolant:
1-A-21;2-AE-12

X0/l 3aBUCHUMOCTH V OT TeMIepaTyphl HE3aBH-
cuMo ot conepxkanuss MOI' mpencraBnseT coOoi
KpUBYIO JTUHUIO (pHC. 2). 3HAYeHHS BSI3KOCTH TIPOO
AD-12 BbIllIe aHAIOTUYHBIX MTAPAMETPOB, PETUCTPH-
pyembIX B oOpasuax A-21 B 1uamazoHe TeMIeparyp
ot 20 o 100 °C (puc. 2, Tabmn. 1).

OHepruio akTHBAIMK BA3KOIO TeueHHs E, OI-
peAemnsIN, UCTIOIB3YsI 3aBUCUMOCTh AJI1 yCTaHOBUB-
Ierocst mporecca TeYeHHs L OT TeMIlepaTypbl —
ypaBHeHue dpenkens — Auapaze [9; 10]:

v=Aexp(E,/RT), 4)

rae A — nocrosinHas; E, — sHeprus aktupauuu; R —
YHHUBEpCaJIbHas ra30Bas MOCTOsIHHAs, T — aOCOJIOT-
Has TeMIiepaTypa.

Hns onpenenenus E, UCTIONB30BaIM 3HAYEHUA
BSI3KOCTH, U3MEpPEHHbIE Mpu Temmnepatypax 20, 40,
65, 75-79 u 100 °C. AHanu3upoBau 3aBUCHMOCTb:

y=a+bx, ®))

rae y — Jorapudm BS3KOCTH Inv; ¢ — CBOOOIHBIN
qiieH; b — KOdQQULIUEHT perpeccuu, paBHBIA OTHO-
mennto E, kK R; x — oOpaTHas abcooTHas TeMIiepa-
Typa 1/T.

DOHeprusi aKTUBALMK BSI3KOTO TEUSHHUsI COCTaBHJIA
0,23 3B (AD-12) u 0,16 3B (A-21). Benmuuuna E, —
SHEprusl aKTUBAIMU MOJIEKYJISIPHOTO CKadKa IpeJ-
cTaBisierT co0Oi MOTEHIUANBHBIA Oapbep, KOTOPBIT
MPeo0JIeBaeT MOJIEKYa, JBUTasICh IO BaKAaHCHSIM,
HaXOSIIIUMCS B COCEIHHUX CIOSAX XKHUAKOCTH. Takoe
OTJINYME 3HaueHuil E, U BEJIMYUH BSI3KOCTH II03BO-
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JISIET clenaTh IPOTrHO3 O CKOPOCTH MPOrpeBa ABUTA-
Tenst u pabounx mapameTpax xnagarenra. CKopocTb
IporpeBa JBUTATENS] MOXKET BO3pPacTaTh IPH OXJa-
JKICHUM CHUJIOBOTO arperara aHTu(pu3oM ¢ OOJb-
muM conepxkanuem MOI, a paboune mapameTpsl
xkuakoctu (mpu 80-90 °C) u3-3a ee BBICOKOM BsI3-
KOCTH OTJINYAaTbCA OT MapaMeTpoB aHTU(PH3OB C
0oJee HU3KUM COJEPKaHUEM MOHOSTHUIICHTITUKOJISL.
3nauenus pH OAM3KUX MO COAEPIKAHUIO MOHO-
STWICHIJIMKONA Xunkocrteit AD-12 u A-21 oriu-
garorcs (Tadim. 1). AHaJOTHYHOE OTIINYNE XapaKTEePHO
W JUIS BENIMYHMH G. YAeTbHas 3JIeKTPOIPOBOTHOCTD

Tabnuua 3

Maccbl BHOCUMbIX B NPO0ObLI aHTUGpPU3a peareHTos,
n3mMepeHHble 3Ha4eHNs1 BOAOPOAHOrO rnokasarens

A-21 coctaBsuia 1970 MKCM'CM_I, AD-12 (c comep-
xaaueM MO ~ 50%) — 2960 mxCwm-cm '. Bonee
BbIcOKME 3HaueHust pH BAD-12 MoryT cBuaeresnnb-
CTBOBATh O MPOTEKAHUH JIEKTPOXUMHUECKON KOp-
pO3MM METaJJIOB, KOTOpBIE B IpOIECcCE KOHTAKTa
¢ aHTU(PHU30M 00Pa3yIOT KOPOTKO3aMKHYTHIE Tallb-
BaHmdeckue mapsl [11]. Jlms mpoBepku TOTO, WTO
napametpsl pH ObIBIIIETO B 3KCIUTyaTanuy aHTU(pH3a
MOTYT OBITH OTpPa)KEHHUEM Jerpagalliid CBOWCTB
STHIICHTIINKOIIS U MPOTEKAIOIINX MPOIECCOB KOPPO-
3UM METAJIJIOB, OBLT MOCTABIIEH TOJIHBIN (PaKTOPHBIN
skcniepument (IO 2%) [12].

Table 3

Weights of reagents added to antifreeze samples,
measured pH values

BHOCUMBbIE B NpoGy

Reagents introduced

Ne eare No of into the sample, m
om,;Ta peareHTbl, Mr pH,  pPHas experi- i ple, mg pH. pHu:
Pb(NO;). NaHCO, ment Pb(NO:;). NaHCO;
1 50 100 7,88 7,91 1 50 100 7.88 7.91
2 100 50 7,77 7,81 2 100 50 777 7.81
3 50 50 7,93 7,95 3 50 50 7.93 7.95
4 100 100 7,85 7,92 4 100 100 7.85 7.92
PB(NO;); NaHCO; xg Xy X3 LR o) Y1 Yz Yep xx‘\"cp xz’Y:p "L’xz*\’:p (\":p'\"x}z (\"cp'\"z}z z
50 100 0 1 1 1 7,88 7,91 7,895  -7,895 7,895  -7,895 0,000225 0,000225 0,00045
100 50 0 1 1 1 7,77 7,81 7,79 7,79 -7,79 7,79 0,0004 0,0004 0,0008
50 50 0 -1 1 1 7,93 7,95 7,94 -7,94 -7,94 7,94  1E-04 0,0001 0,0002
100 100 0 1 il il 7,85 7,92 7,885 7,385 7,885 7,885 0,001225 0,001225 0,00245
31,51 -0,16 0,05 0,14 0,0039
0,000975
0,01104
by 7,8775 0,000156
b, -0,04 0,000156 2,776445 t,g,
b, 0,0125 0,000156 0,030651
bys 0,035 0,000156
0,000625 T
0,00125
1,282051 Fgae,

7,708647 F g
¥=7,4425+0,0016*Z,-0,0042%Z,+0,000056*Z,*Z,

Puc. 3. MaTpuua nnaHuposanms M 2%, koabduUumMeHTs perpeccum,
pacyeT 3Ha4MMOCTN KO3PPUUNEHTOB, 3AEKBAaTHOCTM YPaBHEHWS perpeccum
Figure 3. Matrix for planning PFE 22, regression coefficients,
calculation of the significance of the coefficients, the adequacy of the regression equation

B II®3 ucnonszoBamm antudpus A-21, a30THO-
kucieiii cBuHer] (Pb(NOs),) u ruapokapOoHaAT HaT-
pus (NaHCO3). B BogHBIX pacTBOpax, B3SITHIX IS
MIPOBEJ/ICHUS OIBITOB PEarcHTOB, MPHUCYTCTBYET U30bI-
TOYHOE KOJMYECTBO MOHOB Bomopona [H'] (Pb(NOs),)
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u [OH] (NaHCO3). PacTBopsisick B oxJtakaaromieit
JKUKOCTH (BOJHOM PAacTBOPE ATHIICHIIIMKOJS), ITH
BELIECTBA JOJUKHBI OKAa3blBaTh BIIMSHUE Ha BOJO-
ponHbIN Mokazarens antudpusa. [losBrenue B BoJ-
HOM pacTBope stunenrmkons [H'] u [OH] aenser-
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C4 UMUTAlMeN MPOTEKAIOIINX B CUCTEME OXJIaxIe-
HUS JBUTaTeNsl NPOLIECCOB KOPPO3UU METAJIOB,
MOJICTTMPOBAHHUEM IIPOLIECCOB, MPUBOAIINX K 00pa-
30BaHUIO B PE3YyJIbTATE OKUCIECHUSI MOHOATHUIICHTJIU-
KOJISL KUCJIOTHI, @ TAKXKE UMUTALIMEN NeUCTBUA MpHU-
CYTCTBYyIOIICH B aHTH(pU3aX aHTUKOPPO3IHMOHHOU
MIETTOYHON MPUCAJIKH.

Tabnuua 4/ Table 4

KoadduumeHTbl ypaBHEeHUS perpeccum /
Coefficients of the regression equation

b, b, b, bw,z
7,8775 -0,04 0,0125 0,035

YpaBHEHHE pErpeccHu B KOJWPOBAHHBIX Tepe-
MEHHBIX

y =7,8775—0,04x; + 0,0125x, + 0,035x, x,.

B pesynbrare NpOBENEHHBIX B TaOIHYHOM
nporneccope Microsoft Office Excel pacueros ycra-
HOBJICHO, YTO KOX((UIMEHTBI perpeccuu, 3a HC-
KITIOYEHHUEM by, CTATHCTHYECKH 3HAYMMBI. Y paBHe-
HHME PErpeccuH B IIEJIOM ajIeKBaTHO, TO €CTh JIOJIs
BapUallK, OTHECCHHAs 33 CUET ypaBHEHHUS perpec-
cuu, OOJIbIIIe, YeM 32 CUYET CIyYalHBIX HEYYTECHHBIX
¢bakTopoB. M3-3a OTCYTCTBHSI 3HAYUMOCTH OJHOTO
U3 YeThIpex Ko3()(HUIMEHTOB PErpeccHu MOIy4eH-
Hasi MOJIEJb MIPUTOJHA JUTS MIPUHSATHS TOJIBKO HEKO-
TOPBIX PELICHHUH, HO He AJIs IPOTHO30B.

VpaBHEHHE perpeccHd B KOAMPOBAHHBIX Iepe-
MEHHBIX C YY4ETOM TOr0, uTO by = () mpuoOpeTaeT B

y = 7,8775 - 0,04x1 + 0,035x1,2.

[Mocne npeoOpa3oBaHs MOCIETHETO BHIPAKCHUS
MOCPEJICTBOM TEPEeBO/Ia KOAUPOBAHHBIX TEPEMEH-
HBIX B HATYpaJbHbIC MEPEMCHHBIC MOMYYHIH YpaB-
HEHHE

y = 7,4425 + 0,0016z, — 0,042z, + 0,0000562, z,. (6)

[IpaBmiIbHOCTE BRIOPaHHOTO HAOOpPa (haKTOPOB,
WHTEepBaja UX BapbUPOBaHUS, a TAKKE YCTaHOBJE-
HUSI, COOTBETCTBYET JI1 TOYHOCTH HCIIOIBE30BAaHHOTO
pH-MeTpa pelieHuro NOCTaBICHHON 3a/1a4H, TPOBO-
JIITH OLICHKOHM OTHOPOJHOCTHU AUCTIEPCHH.

I'mnote3y ogHOPOAHOCTH (PaBEHCTBA) AMCIIEP-
CUl MpoBepsuIM ¢ nomoulpio kputepuss Koxpena.
Hcnonb3oBanu «MHCTpyMeHT aHanu3a», «lByx-
(haKkTOpHBIA NTUCTIEPCHOHHEIN aHaN3 0e3 MOBTOpe-
HuiD» (puc. 4).

Pacuetnoe 3nauenue kpurepusi Koxpena Gpacu
cocrasuio 0,628205, kpurudeckoe Gpur — 0,870901,
TO ecTb Gpaca < Gipur (pHcC. 4). CnenoBarensHo, TU-
nmore3a 00 OAHOPOAHOCTH AMCIIEPCHI TPUHUMAETCS
Y B TIOBTOPEHUH ONBITOB HET HEOOXOIUMOCTH.

W3meHeHne CBOMCTB OBIBLIETO B SKCILTyaTalMH
aaTtudpuza AD-12 OlEHUBAIH IO COOTHOMICHUIO (6).
Pacyer mo mpencTaBieHHOMY BBIPQXKEHUIO TOJKEH
JlaTh OTBET Ha BOMpPOC: kKakoe koiauuecTBo Pb(NOs),
n NaHCO; Heo0X0oauMO HOMECTUTH B OXJIAXKIAKO-
IIYI0 XKHUIKOCTh, YTOOBI €€ BOJIOPOIHBIN MTOKA3aTENb
cocraBui 8,567

0BYXPIKTOPHBIA QUCNEPCHOHKDIA 3HaNW3 6€3 NOBTOPEHKUA

UuTorv Cuem Cymma Cpedwee Aucnepcus 0,016666667
Crpoka 1 2 15,79 7,895 0,00045
Crpoka 2 2 15,58 7,79 0,0008 13,49193338
Crpoka 3 2 15,88 7,94 0,0002 0,870900555 G,
Crpokad 2 15,77 7,885 0,00245
0,0039
Cronbey 1 4 31,43 7,8575 0,00449167 0,628205128 G,
Cronbey 2 4 31,59 7,8975 0,00369167
LOUCNePCHOMMBIN aHaNu3
HCMOYNUK 80pUAYUY 5SS df MS F P-3Houenue  F Kpumuueckoe
Crpoku 0,02385 3 0,00795 34,0714286 0,008103422 9,276628154
Cronbupi 0,0032 10,0032 13,7142857 0,02420018 10,12796448
norpewxocTs 0,0007 3 0,000233
UToro 0,02775 7

Puc. 4. [1ByxdakTOpHbIN AUCNEPCUOHHbIM aHann3 6e3 NOBTOPEeHUIA

335



Telkov O.l. et al. RUDN Journal of Engineering Researches. 2021;22(4):329-338

Two-way analysis of variance without repetitions

Totals Score Sum Average Variance 0,016667
Line 1 2 15,79 7,895 0,00045
Line 2 2 15,58 7,79 0,0008 13,49193
Line 3 2 15,88 7,94 0,0002 0,870901 G(critical)
Line 4 2 15,77 7,885 0,000245

0,0039
Column 1 4 31,43 7,8575 0,004492 0,628205 G(estimated)
Column 2 4 31,59 7,8975 0,003692
Analysis of variance
Source of variation SS df F P-value t-critical
Lines 0,02385 3 0,00795 34,07143 0,008103 9,276628
Columns 0,0032 1 0,0032 13,71429  0,0342 10,12796
Inaccuracies 0,0007 3 0,0000233
Total 0,02775 7

Figure 4. Two-way analysis of variance without repetitions

Jns oTBeTa Ha MOCTaBJIEHHBIM BOMPOC UCTOJIb-
30Baiy HaACTporKy «llowck pemeHus», rae 3Have-
HHe 1eneBol GpyHknww npupaBHUBAIN K 8,56. Ilo-
Ka3aHO, YTO CyMMAapHBI BEC PEarcHTOB COCTaBHII
311-340 wr, uyto B 1,6-1,7 pa3a Gomblie Macchl
BHeceHHBIX B aHTH(]pu3 A-21 Pb(NO3), u NaHCO3
(200 mr). CnemoBatenbHO, BenmnuuHa pH OBIBIIETO
B DKCIUTyaTalldd aHTU(pH3a OTPaKaeT HE TOJIBKO
W3MEHEHHUE CBOWCTB OXJQXKIAIOMIEH XHIKOCTH, HO
Y CBHIETENHCTBYET O MPOTEKAaHWH (TPU KOHTAKTE
XJIaJlareHTa ¢ MeTaJlIaMH1 ) POLIECCOB KOPPO3UH.

3akniovyeHue

000011251 IpeCTaBICHHBIE Pe3yIbTAThI OIBITOB
1 uX 00CyXIeHHe, CIeAyeT CAeNaTh BEIBOJ O IIeje-
CO00Pa3HOCTH KOHTPOJIS TOKa3aTeiel CBexKero (wc-
xoxHoro) aHTudpH3a (A-21) U KUAKOCTH TIOCTE ee
skciuryatanuu (AD-12) B OEH3MHOBOM IBUTATEIIC.
ITokazaHo, 4TO BOJAOPOAHBIN MOKA3aTelb, MJIOTHOCTb,
BSI3KOCTh, DJICKTPOIPOBOTHOCTh MPOO OXJIAXKIAOIINX
KUIKOCTEH IO W TOCHe €€ AKCIUTyaTallid Pas3iind-
HEL. Y CTaHOBIIEHO, YTO XOJ] 3aBHCHUMOCTEH 3JICKTPO-
TIPOBOIHOCTH G OT TeMIIepaTyphl ¢ 1t 00pasiioB A-21
u AD-12 oguHAKOB. 3aBUCUMOCTD G OT ! OIMCHIBA-
€TCSl TTOJIMHOMUATHHOW (KBaIpaTUYHOMN) MOJEIBIO.
[okazaHo, 4TO ANEKTPONPOBOHOCTL aHTH(PU3A TIPH
xapakTepHbix Temreparypax (80-90 °C) oxmaxna-
IOIIEH JKUAKOCTH B PaOOTAIOIEM BHUTATEe HE 3a-

336

BHCHUT OT COJICPKAHUS B OXJIKIAIOMICH >KUIKOCTH
MOHOATHJICHTJIMKONS. DHeprus aktuBaimu (E,) Bs3-
Koro TeueHus coctaBmia 23 (AD-12) u 16 (A-21) 3B.
Takoe ornuune 3HaYeHU# F,, Kak U BEJIUUYUH CaMOM
BSI3KOCTH TO3BOJISIET CIIeTaTh BHIBOJ O Pa3IHUUiX B
BEITIOJTHEHUH JKUAKOCTAMH CBOMX (YHKIMA TpH
OXJIQXKJICHUH CHIIOBOTO arperara. CAeiraHo mpearo-
JIOKEHHE, 4TO 0OJee BHICOKUE 3HAYCHUS BOJOPO/I-
HOTro noka3zatens AD-12 MOryT CBUIIETEILCTBOBATh
0 TPOTEKAHUH DJICKTPOXUMHUICCKON KOPpPO3UU Me-
TaJJIOB, KOTOPBIE B MPOIIECCE KOHTAKTa ¢ aHTU(DPH-
30M 00pa3yrT KOPOTKO3aMKHYTHIC TalIbBAHUYCCKHE
mapel. C TTOMOMIBIO TIPOBEICHHOTO TIOMHOTO (ak-
TOPHOT'O IKCIIEPUMEHTA IMOKa3aHo, YTO 00JIee BBICO-
kue 3HayeHuss pH OBIBIIEro B AKCIUTyaTallud aHTH-
(pu3a MOryT OBITh OTPAXKEHHUEM JICTPA/IAIINK CBOWCTB
MOHOSTHJICHTIIUKOIS M TPOTEKAIOIINX IIPOIIECCOB
KOPPO3UH METAJLIOB.
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potential heat source.
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Oco6eHHOCTN MoAenupoBaHUa BbiICOKO3h P eKTUBHOM
MHOrocTyrneH4aTom napoKomMrnpecCUOHHON TeNJIOHACOCHOM YCTaHOBKU

10.A. AuTHIIOB
M.B. Jlanun

= W.W. llaranosa'”, K.B. lxapun'™,
, JI.A. CokouioB"™, A.O. I'punun, K.II. TonTeirux

Poccuiickuil ynugepcumem opyacovl Hapooos, Mockea, Poccus
(& antipov-yua@rudn.ru

AHHoOTanus. B mocnenHee BpeMsl BCIEOCTBHE ITOBBILICHUS CTOMMOCTH
TOIUIMBHO-39HCPTCTUUCCKUX PECYPCOB M YXYAUICHHUSA 3KOJOTUU OT CKUTaHUA
TPaJMIMOHHOTO OPraHNYEeCKOro ToIumBa B Poccuu 1 3a pybOexoM mposiBUiICsS
0oIbILION UHTEpEC K 3HEprocOeperaroeil TeXHOIOTUH IIyTeM HCII0JIb30Ba-
HUSI BTOPUYHBIX SHEPrOPECYPCOB B TEIIOBOM SHEPIHH NMPOMBIIUIEHHOTO U
JKHITUIHO-KOMMYHAJIBHOTO XO3HCTBa NPHU IMOMOIIM TEIUIOHACOCHOW ycTa-
HOBKH. B paboTe aHanM3MpyrOTCS H3BECTHBIE JIBYXCTYIIEHYATHIE TEIIOHA-
COCHBIE YCTAHOBKH, PACKPBIBAOTCS UX IPEHUMYIIIECTBA [0 CPABHEHHIO C OJTHO-
cTyneH4YaTbIMH. [IpeyiokeH0 MOJeMpOBaHue BEICOKOI(D()EKTHBHOW MHOTO-
CTYIIEHYaTOH MapOKOMITPECCHOHHOM TEIIIOHACOCHOM YCTAaHOBKH, IPECTABICHA
METOJIMKA pacyeTa MHOTOCTYIIEHYATON TEIJIOHACOCHOI YCTaHOBKHU C BBICO-
KM KO3 GHUIHMEHTOM TpaHcGopManuu TeruioThl. [IpuBeieH mpumep pac-
yeTra TEPMOJMHAMUYECKOTO IMKJIA YETHIPEXCTYNEHYaTOH TEIIOHACOCHON
ycTaHOBKH. [IpoaHann3upoBaHO BIWSHHE KOJNWYECTBA CTYNICHEH Ha IpH-
pocT ko3¢ purreHTa npeodpazoBaHus MO OTHOLIEHUIO K OJJHOCTYIIEHYaTON
TEIUTOHACOCHON YCTaHOBKE, a TAKKe BIMSIHHUE PA3HOCTH TEMIIEpaTyp MEXIy
TEMIIepaTypold MCTOYHUKA BHICOKOIOTEHLUUAIBHON TEIUIOTH M TEMIIepaTy-
PO MCTOYHMKA HM3KOIOTEHIHAIBHOM TEIUIOTH Ha BEIMYHMHY KOd(hGHIH-
eHTa TpaHc(hopMaluy TeryoThl. M3yyeHo BIMSHUE HAYaJIbHOI'O 3HAYCHUS
TeMIIepaTypsl UCTOYHUKA BHICOKOIMOTEHINAIBHON TEIUIOTHI Iepes Harpe-
BOM Ha BXOJI€ TEIJOHACOCHOHM YCTAaHOBKM Ha BEIHYMHY KOd(pQHLUEeHTa
TpaHchOpMaMu TEIUIOTH IS Pa3IHMYHOTO KOJIMYECTBA CTYNEHEH Ipu
YCIIOBHHU TIOCTOSIHHOM Pa3HOCTH TEMIIepaTypbl HarpeBa MCTOYHHMKA BBICO-
KOIOTEHINAIbHON TEIUIOTHl Ha BHIXOAE M3 TEIUIOHACOCHOH YCTAaHOBKH U
TEMIEPATypOil HCTOUHNKA HU3KOMOTEHIIUAIBHOM TEIIOTHI.
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Introduction units (HPUs). Heat pumps utilize low-potential heat
source (LHS) from industrial, domestic and natural

In recent decades in our country and, especially . ! )
sources, and generate high-potential heat, while

abroad, there has been a great interest in the use of

secondary energy resources in thermal energy of
industrial, housing and communal services. This is
mainly caused by a sharp increase in the cost of fuel
and energy resources, in addition, the decrease in
their reserves and the environmental consequences
of burning traditional fossil fuel. One of the solu-
tions to these problems today is the use of energy-
saving technologies based on the use of heat pump
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consuming 1.2-1.3 times less primary energy than
with direct fuel combustion' [1-4]. It is known that
a significant part of heat supply (communal and

I ANSI/AMCA 210. Laboratory methods of testing fans
for rating. Arlington; 1985; ASHRAE Guideline, 2. Engineering
analysis of experimental data. Atlanta; 1986, ASHRAE Stan-
dard 116. Methods of testing for seasonal efficiency of unitary
air-conditioner and heat pumps. Atlanta; 1993.
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industrial) in developed countries is carried out using
heat pumps [5; 6].

Heat pumps works based on a reversed thermo-
dynamic cycle on a low-boiling point refrigerant.

The theoretical foundations of an HPU are
formed as a result of the study of thermodynamic
cycles and processes, the development of a metho-
dology for the selection of structures and calcula-
tion of the main elements of heat pumps. The most
widespread HPUs at the moment are vapor com-
pression HPUs, in which a vapor-liquid cycle is im-
plemented, where the working fluid (refrigerant) is
in the form of liquid, wet steam, superheated steam
at pressures and temperatures below critical values.

-
@
E
=
v
c
o
o

cool 1 hot

Figure 1. The main elements of HPU

The second problem is to ensure the maximum
efficiency of the HPU at variable temperatures of
condensation and boiling of the refrigerant, which
vary depending on the LHS and the required tem-
perature of the water heated in the condenser. This
issue has not been resolved yet. However, an ac-
ceptable result can be achieved by fragmentation of
the HPU and using circuit solutions, in which hot
water is heated in condensers and the LHS is cooled
in evaporators when the HPU is switched on in series
with a lower compression ratio and counter-flow of
heated and cooled water. This method is used by
the company “Energy” for relatively powerful HPU
(more than 1 Gcal/hour) and leads to an increase of
the conversion factor by 1.5-1.8.

Figure 1 schematically shows the main elements
of the basic one-stage HPU. Compressor 1 pumps
the refrigerant taking into account hydraulic losses
to the saturated vapor pressure of the refrigerant in
condenser 2. Due to polytropic compression, the tem-
perature of the superheated refrigerant vapor at the inlet
to the condenser becomes higher than the tempera-

ture of the saturated vapor of the refrigerant in the con-
denser. Wherein the refrigerant delivers the HHS to
the consumer due to the cooling of the superheated
vapor, the phase transition from vapor to liquid and
the supercooling of the latter. Reducer 3 is required
for throttling the refrigerant. Wherein the refrigerant
changes from the liquid phase into the vapor phase.
The process of the phase transition takes place in
the evaporator 4, where heat from the LHS is trans-
ferred to the refrigerant.

P[Pa]

H [ kd/kg]

Figure 2. PH diagram of the thermodynamic ideal cycle of HPU

Figure 2 shows the PH diagram of the thermo-
dynamic cycle of a single-stage HPU. One of
the main criteria for the efficiency of the HPU ope-
ration is the coefficient of performance (COP):

cop = %
Ncom
where @ is the power of heat flow transferred to
the consumer, kW; Nqp, is the consumed power of
the HPU compressor, kW.

The COP value is largely dependent on the tem-
perature difference between the LHS and the HHS.
The temperatures of the sources are often considered
constant, and the COP is compared with the maximum
theoretically possible value (according to the Carnot
cycle). However, at the inlet and outlet of the HPU,
these temperatures are very different (the tempera-
tures of the HHS inlet and outlet appear, as well as
for the LHS), therefore, in this case, when calcula-
ting the COP, it is usually noted what temperature
difference must be taken into account between
the HHS and the LHS. For example, the supply of
hot water to a residential building (the temperature
of the HHS outlet) was carried out using a single-stage
HPU, which absorbed heat from the groundwater
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(the temperature of the LHS inlet). When the tem-
perature difference between HHS and LHS is equal
to 10, 30 and 50 °C, the COP is 7, 3.5 and 2.9 re-
spectively, which indicates a decrease in the effi-
ciency of the HPU by 2 or more times [7. P. 61].
Currently, scroll-type compressors with an interme-
diate supply of vapor-liquid injection of refrigerant
into the cavity of the scroll channel are being wide-
ly used in HPUs, where, in fact, a single-stage scroll
compressor turns into a two-stage.” Figure 3 shows
a schematic diagram of the HPU with a refrigerant
injection circuit, while Figure 4 shows the PH dia-
gram of the thermodynamic cycle of this HPU in
heating mode.

Compressor
with injection

HE ‘J. : :

Receiver-heat

Indoor exchanger
unit heat OL{tdﬁ)OY
exchanger zilgl:thaizter
2
H
— Heat exchanger

Refrigerant movement

in the injection circuit Refrigerant injection circuit

Figure 3. Schematic diagram of an HPU
with a refrigerant injection circuit®

Pressure
{ -
/
/

=y

Enthalpy

Figure 4. PH diagram of the HPU thermodynamic cycle
in heating mode

Such an HPU scheme allows to reduce the tem-
perature of the refrigerant during the compression

2 Heat pump with inverter PUHZ-SHW ZUBADAN IN-
VERTER series. (In Russ.) Available from: https://www.mitsubishi-
aircon.rw/product/products/description/puhz-shw 2018 pdf (accessed:
11.05.2021).

3 Ibid.
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process and thereby reduce the power consumption
of the compressor. Therefore, at an ambient air tem-
perature of 7 °C, the HPU heats the air indoors from
20 to 45 °C with a COP coefficient of 5. The disad-
vantage of the considered HPU scheme is mainly
the pumping of the entire refrigerant flow through
two compressor stages [8—10].

1. Objectives

The aim of the study is to improve the efficiency
of a multistage vapor compression HPU at a high va-
lue of temperature difference between HHS and LHS,
in addition, to simulate a multistage steam-compres-
sion HPU, develop a mathematical model and a calcu-
lation method for a multistage HPU, which provides
a high COP with a relatively high value of temperature
difference between HHS and LHS.

2. Computational studies

2.1. Subject of study

The authors of this work within the framework
of the 5-100 Program in the Department of Mecha-
nical and Instrumentation Engineering at the Acade-
my of Engineering in RUDN University developed
an experimental model of a two-stage heat pump
unit, in which the principle of sequential stepwise
heating of the consumer’s working medium was
tested and experimentally confirmed with simulta-
neous withdrawal of the refrigerant from each stage.
The schematic diagram, in particular, of a three-
stage heat pump installation is shown in Figure 5,
and the PH diagram of the thermodynamic cycle of
this HPU in heating mode is shown in Figure 6.

This technical solution is protected by a utility
model patent and an invention patent.* As it can be
seen from the PH diagram of the HPU thermody-
namic cycle, the total refrigerant flow passes through
the compressor of the first stage (G + G2 + G3),
in the condenser of the first stage, the refrigerant
with the flow rate G| rejects the high-potential heat
source HHS to the consumer due to the cooling of
the superheated steam, phase transition from vapor
to liquid and overcooling.

4 Antipov YA, Shatalov IK, Sobennikov EV. Multistage heat
pump unit. Utility model patent 140197 RF, IPC F25B30/00.
No. 2013117874/06. Declared 18.04.2013. Publication 10.05.2014.
(In Russ.); Antipov YA, Shatalov IK, Silin AV, Shkarin KV,
Sobennikov EV. Multistage heat pump unit. Patent for inven-
tion 2705696 RF, IPC F25B30/00, F25B1/10. No. 2017102563.
Declared 26.01.2017. Publication 25.01.2018. (In Russ.)
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1 - evaporator; 2, 7, 12 — compressor of the first, second and third stages; 3, 8 73 - condensator of the first, second and third stages;

4, 9 — separators of the refrigerant fractions; 5, 10, 14 - refrigerant subcoolers; 6, 11, 15 — reducer
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The remaining total refrigerant flow (G, + G3)
is cooled down to the saturated vapor temperature
of the first stage condenser and is pumped out by
the second stage compressor. Further, in the second
stage condenser, the refrigerant with the flow rate
G», by analogy with the first stage, reject the HHS
to the consumer. The remaining refrigerant with
a flow rate G through the third compressor enters
the condenser of the third stage and, by analogy
with the previous stages, through the subcoolers and
the corresponding reducer enters the evaporator.

2.2. Calculation method
of a multistage compression HPU

The calculation method of a multistage vapor
compression HPU is based on the distribution of
the fraction of refrigerant flow between all stages,
this is initially set by the following initial data:

1. Thermal performance of the multistage HPU —
0, MW.

2. Type of refrigerant.

3. Temperature of the low-potential heat source
LHS:

— refrigerant temperature at evaporator inlet
tm, °C;

— refrigerant temperature at evaporator outlet
tm, °C.

4. Temperature of the high-potential heat source
HHS:

— refrigerant temperature at condenser outlet
of the last stage of the HPU ty,, °C;

— refrigerant temperature at condenser inlet of
the first stage of the HPU ty, ; , °C.

5. The efficiency of the HPU compressors is se-
lected within the range 0.6—0.85.

Then, we determine the value of the tempera-
ture rise of the HHS after each stage of the HPU:

Aty = tHz_tH1,1’
where t,,, — condenser outlet temperature of the last stage
of the HPU; ty; ; —subcooler HHS inlet temperature of
the first stage of the HPU; z — number of HPU stages.

According to the PH diagram, we determine for
each stage the temperature of saturated vapors starting
from the condenser of the penultimate stage to the con-
denser of the first stage according to the formula

th[z-i] = tuz — Aty

where i — the number of the HPU intermediate stage
(the stages are counted from the low-pressure stage);
z —number of the last stage of the HPU.
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6. The saturated vapor temperature in the last
stage condenser is calculated by the formula

tHz = thz + Atcza

where At., — underheating of HHS in the last stage
condenser; At.. = 2-8 °C.

7. A thermodynamic cycle is developed, star-
ting from the last stage of a multistage HPU in the
PH diagram (Figure 6):

— the isotherms ¢, = const, and ¢,_; = const are
drawn in the area of the PH diagram away from
the saturation line x = 0 to the saturation line x = 1;

— compressor inlet temperature of the refrigerant
at the last stage is calculated by the formula

taz = tHZ + Ath,

where Atp. = 1-4 °C — overheating of the refrigerant
behind the saturation line;

— taking into account the hydraulic losses of
the refrigerant at the inlet and outlet of the compres-
sor of the last stage, the pressure at the compressor
inlet is calculated by the formula

P1(z-1) = PH(z-1) — AP1(z-1)>

and

D2z = Pz T AP35,

where py, and py(,—1) — saturated vapors pressure
of the refrigerant, respectively, of the condensers of
the last and penultimate stages of the HPU; Ap,,
and Apq(,-1) — pressure loss of refrigerant vapor
respectively, at the outlet and inlet to the compres-
sor, which in the first approximation can be taken
equal to 1.5% of the pressure at the outlet and inlet
to the compressor respectively.

To develop the process of adiabatic work of re-
frigerant compression from the point of start of com-
pression from the point 1(z—1) an adiabat is drawn to
the intersection with the isobar p,, at point 2zu,
and on the PH diagram, we determine the enthalpy
of the refrigerant Hy(,_1) and Hy; ;

— taking into account the efficiency of the com-
pressor, we calculate the work expended in com-
pression of one kg refrigerant of the last stage:

1
L, = T]_i(szad - Hl(z—l))Q (h

— then we calculate the enthalpy of the refrige-
rant at the compressor outlet of the last stages:

H,, = Hl(z—l) + L.
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In the PH diagram, at the intersection points
thz> th(z—1) With the saturation line x = 0, we find
the saturation enthalpy of the refrigerant H., and
H ;-1 respectively;

— then we determine the enthalpy of the refrige-
rant at subcooler outlet of the i-th stage of the HPU
Hypo[z—(n-i)]- In the case of heat transfer in the sub-
cooler from the refrigerant to the HHS in the i-th
stage, it is possible to assume H,,; = HcR[l._ﬂ.

8. The heat balance equation of the last stage of
the HPU as follows:

GHHSCPHHS(tHZ - tH(Z_l)) -
= Gyy (sz —H H(z—1))neffa

where Gyys and G,., — flowrate in seconds of the HHS
and refrigerant in the last stage of the HPU respec-
tively; Negr = 0.99 — condenser thermal efficiency;
Cpyys — average mass heat capacity of the HHS in
the temperature range from tp ;1) to ty,.

Solving the heat balance equation, we calculate
the fraction of the refrigerant flowrate a, of the last
stage of the HPU for heating one kilogram of HHS:

— Gxz — CPHHS(tHZ_tH(z_l))
Guns  (Hzz=Hu(-1)Mett

aXZ

9. Further, by analogy with the heat balance of
the last stage, we compose the equation of the heat
balance of the intermediate i-th stage of the HPU:

GuusCoyys (tHHS[i] - tHHS[i_l]) =
= Gy (HZx[i] - ch[i_l]) Nefr +
+(ze + Gx(z—l) Fxx +Gx[i+1]) X
X (HZX[i] - HHX[l]) Neff +
+(ze + Gx(z—l) HHxx +Gx[i+1]) (ch[i] - ch[i_l])rleff-

Finally, we obtain:

S Couns (tHHS[i] - tHHS[i—u) _

x[i]
(HZX[i] - HRX[i_l]) Nefs
(axz + Ax(z-1) Fxx +ax[z—(i+1)]) (HZx[i] - HHx[i])

(HZx[z—m—i)] B HCX[z—(n—m)]) Neff
(axz+0(x(z—1)+***+O‘x[i+1])(ch[i] _ch[i—l])

- @)

(Hzx[i] _ch[i—l] )T]eff

where 0[] = Gy[;]/Guus — fraction of the refrige-
rant flowrate of the i-th stage of then HPU to the
flowrate of one kilogram of HHS.

10. Knowing the fraction of the refrigerant con-
sumption of each stage, it is possible to determine
the compressor power of each HPU stage according
to the formula:

N = GupsLin (e 01y +0x +00G ). (3)
11. The total power of the multistage HPU:
Ny = X1 Npg- “)
12. The COP is calculated as follows:

GuHSCPyy (tHz—tH1,1)
Ny ’

COP =

(5)
2.3. Results

As an example, we considered a four stage HPU
using the following initial parameters: refrigerant —
R-600; HHS — water; ty; ; = 8 °C — water tempera-
ture at the inlet subcooler of the 1st stage of HPU;
ty, = 88 °C — water temperature at the outlet
of the condenser of the 4th stage of the HPU;
Guus = 1kg/s — consumption of the heated HHS
(water) in a four-stage HPU.

It is assumed that: At., = 2 °C — underheating
of the HHS in the condenser in each stage of
the HPU; At,, = 1 °C — overheating of the refri-
gerant at the compressor inlet of each HPU stage;
n: = 0,85 — internal efficiency of each compressor
in the HPU; negr = 0.99 — thermal efficiency of
the condenser at each stage of the HPU.

1. The amount of heating the HHS in each stage
of the HPU was calculated:

Atyyy = 222 =2 = 90 °C,

Then the temperature of saturated vapors in the fourth
stage condenser is calculated: ty, = 88 + 2 =90 °C;
third stage ty3 = 70 °C; second stage ty, = 50 °C;
and first stage ty, = 30 °C.

2. The thermodynamic cycle of the fourth stage
of a multistage HPU in the PH diagram is deve-
loped.

3. The results of the enthalpy values at the points
of the four-stage HPU are presented in Table 1.

Starting from the fourth stage, we calculate
the fraction of the refrigerant flowrate in seconds of
each HPU stage, to the flowrate of one kilogram of
HHS according to the formula (2), the work of com-
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pression of 1 kg of refrigerant of the compressor of
each stage is calculated by the formula (1), the com-
pressor power of each stage is calculated by the for-
mula (3), the values of which are presented in Table 2.

Table 1

Refrigerant enthalpies at characteristic points
of the PH diagram of the thermodynamic cycle
of a four-stage HPU, kl/kg

Stage

number H1 H2 HxH ch Hpo
4 682 708.4 707.8 426.5 373.6
3 654 683.45 680.7 373.6 321.6
2 637 658.16 652.8 321.6 271.8
1 597 631.7 625.3 271.8 223.4
Table 2

The calculation results of the four-stage HPU

Stage number oy L;, kl/kg N;, kW
1 0.1049 32.06 22.685
2 0.1545 27.79 16.75
3 0.1954 24.27 10.88
4 0.2528 21.25 5.37

Note: a_xi — refrigerant consumption fraction; Li is the
work expended to compress 1 kg refrigerant; Ni — compressor
power of each HPU stage.

4. Using formulas (4) and (5), we calculate the to-
tal power of the HPU and COP4: Nupus = 55.68 kW
COP,; = 6.02. For reference, the power of the com-
pressor and COP; of a single-stage HPU, other
things being equal, are equal to Nupui = 90.35 kW;
COP; = 4.71. As can be seen from the above calcu-
lations, water heating from 10 to 90 °C with a flow-
rate of 1 kg/s (the thermal power of water heating is
425.5 kW), replacing the one-stage HPU with a four-
stage one, it is possible to reduce the total compres-
sor power by 34.67 kW.

Therefore, replacing a one-stage HPU with
a four-stage one will lead to a relative increase
ACOP = 23%.

According to the above methodology, an ad-
ditional calculation of two-, three- and five-stage
HPU was carried out, the result of which is shown
in Table 3.

Table 3 shows that the main relative increase in
ACOP falls on the two-stage HPU. Further, this in-
crease at subsequent stages decreases sharply and
becomes less than 5%.
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Table 3

Change in the COP
depending on the number of HPU stages

ACOP relative

Number ACOP relative -
of HFU  COP to1-stage HPU, 'Ohe Previous
stages % 9 % ’
(]

1 4.71 0 0

2 5.54 15 15

3 5.84 19.35 5.13

4 6.02 21.76 2.99

5 6.13 23.16 1.79

The influence of the water temperature at the
inlet to the first stage subcooler on the efficiency of
the multistage HPU operation at a constant tempera-
ture tx: = 90 °C is considered; and the temperature
at the inlet to the evaporator #;; = 10 °C.

Table 4

Change in the COP
depending on the water temperature at the HPU inlet

Number COP HPU at different values of ty, ,

of HPU

stages 10°C 20°C 30°C 40°C 50°C 60°C
1 4.71 453 427 405 380 3.55
2 554 5.068 4.74 4.344 4.3335 3.68
3 548 5.269 4.854 4.278 4.15 3.797
4 6.02 5.845 495 4562 4.252 -

The calculation results given in Table 4 clearly
show a gradual decrease in the COP of HPU with
a different number of stages with an increase in
the temperature difference (tyq 1)

Conclusion

The outlined method for calculating the thermo-
dynamic cycle makes it possible to simulate a multi-
stage vapor compression heat pump installation,
in which, with an increase in the number of stages,
the COP increases to 20-23% and the main increase
in ACOP, equal to 15%, falls on the two-stage HPU.
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Pa3paboTka KOMNO3UTHOMN KOHCTPYKLUU OMOMEeXaHN4YeCKoro Ha3Ha4yeHus

H.M. Bopucos'”, C.B. Pesuuk' %

Mockosckuii 2ocydapcmeennbiil mexHudeckutl yrueepcumem umenu H.O. baymana (HayuoHanbHvlil ucciedosamenbCeKuil yHusepcumen),
Mockea, Poccus

B4 sreznik@bmstu.ru

Hcrtopus ctaTbu AnHotamus. Pa3paboTka HOBOM KOHCTPYKIMH IPOTe3a HIDKHEH KOHEYHOCTH
Iloctymuna B penakuuro: 31 aBrycra 2021 r. MPEJCTaBIIsIeT UHTEpeC A oOecreueHuss HOBOrO YpOBHS KoMmdopTa Jis
Hopaborana: 17 okrs16ps 2021 r. JIOZEl ¢ OrpaHMYEHHBIMHA BO3MOXKHOCTSAMH IPU B3aUMOJEHUCTBHM C IEpe-
Tlpunsta k myonmukanum: 22 oktsops 2021 T. CEYEeHHOW MECTHOCTBIO M HAaKJIIOHHBIMH MOBepXHOCTsIMU. Ha ocHoBe cymie-

CTBYIOLIMX AHAJOTOB M COBPEMEHHBIX pabOT B 00JACTH MPOTE3MPOBAHUS
KiroueBble ciioBa: IIPEUI0KEHbI TPU KOHIIENTa KOHCTPYKIUY NIPOTE3a CTOIBI U3 KOMIIO3UTHOTO
TIPOTE3, HIKHSASA KOHEYHOCTh, CTOIIA, Matepraia (YIIeIIacThK), CO3/IaHbI IPOCTPAHCTBEHHBIE MOJIEIH TIOBEPXHOCTEH,
YIJIEMIaCTHK, MOJISIMPOBAHUE, TEXHO- TBEPHOTEIBHBIE MOACTH M (HOTOPEATMCTHYHBIE BU3yanu3auu. [ moarsep-
Jorus XKJEeHUS pab0TOCIOCOOHOCTH U (DYHKIMOHAIBHOCTU KOHCTPYKIMH, a TakKe

IUTSL OTIpeieNieH sl HalpsDKEHHO-Ie(hOPMHUPOBAHHOTO COCTOSHIISL, BOSHHKAIOIIETO
TIpH B3aMMOAEHCTBUH C TIOBEPXHOCTHIO, MMEIOIIEH HAKIOH 15° OTHOCHTENEHO
FOPU30HTATIbHON ILUIOCKOCTH, MCIIONB3YETCsl METOJ, KOHEUHBIX 3JIEMEHTOB Ha
MIPOCTPAHCTBEHHBIX MOJIEIISX YeThIpEX BapHAHTOB KOHCTpyKuwi. [TocpencrBom
KOMITBIOTEPHBIX CHMYJISIINI B3aMMOCHUCTBHUS TIPOTE30B C HAKJIOHHOW MOBEPX-
HOCTBIO NPOBEJICH CPABHUTEIIbHBIM aHAIN3 PA3IUYHBIX BAPUAHTOB KOHCTPYK-
LMY TPOTe3a HIKHEH KOHEYHOCTH B OJMHAKOBBIX YCIOBHSIX. [loiydeHHBIE
Pe3yNbTaThl MOKA3alM, YTO JAHHOE KOHCTPYKTOPCKOE pelIeHne paboToco-
cO0HO U Kak MUHUMYM Ha 14,4 % 3¢ dexTuBHee CTaHAAPTHBIX KOHCTPYKIIUHA,
MMEIONINX OHY NpOope3b B MPYKHHHOM dlieMeHTe, U Ha 44,5 % s dexTnBHEe
KOHCTPYKIMH, HE NMEIONIMX Mpope3el B MPYXKUHHBIX JJIEMEHTaX, NPH B3au-
MO)J,ei/’ICTBI/II/I C HCpCCB‘{eHHOf/’I MCECTHOCTBIO 1 HAKJIOHHBIMH MMTOBEPXHOCTAMH.
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of surfaces and solid models have been created. To confirm the operability
of structures and determine the stress-strain state that occurs when interacting
with a surface having a slope of 15° relative to the horizontal plane, the finite
element method is used on spatial models of four variants of geometry. A com-

parative analysis of various variants of the prosthesis design under the same
conditions is carried out. The results obtained showed that this design solu-
tion is workable, suitable for production and for 14.4% more efficient than
standard designs with one slot in the spring element and 44.5% more effi-
cient than designs without slots in the spring elements.
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BBeneHue

B Hacrosiiee Bpems 005acTh MPOTE3UPOBAHUS
HIKHUX KOHEYHOCTEH SIBISETCS MEepPCIIEKTHBHON Kak
C TOUKU 3pEHUsI BHEAPECHUS] HAYYHO-TEXHUYCCKUX HH-
HOBAIIWiA, TaK U C TOYKU 3PEHUS] KOMMEPIHAIN3AIIHH,
B CBSI3M C 4eM TIPOBOIATCS MHOTO HccienoBanmii [1-8].
[Iporessr HwxHUX KoHeuHOocTel (ITHK) sBistorcs
CPE/ICTBOM peabWIMTAIMKM TIPH arlia3ud, yTepe Ko-
HEYHOCTH WJIM €€ aMITy TalliH.

B 2020 r. MupoBoii pbIHOK MOJIy(padpUKaTOB
JUTSL IPOTE30B HIKHUX KOHEYHOCTEH OIICHUBAJICS B
1,3-1,4 mapa gomn. CIIA ¢ exeroadsiM pocToM
nopsiaka 3—5 %?2. KomuuecTBo momb3oBatesieii mpo-
TE30B HMKHUX KOHEUHOCTEH €XKETOIHO MPHUPACTAET
Ha Oonee uem 750 000 genoBek 1Mo BceMy MHPY.

OCHOBHBIE acTIeKTHl HEOOXOAMMEIE /IS CO3/a-
HUS TICPCIEKTUBHBIX MPOTE30B CTOIBI — ITOBBIIIC-
HUE (YHKIMOHAJILHOCTH, YMCHBIIIEHUE MACChl KOH-
CTPYKITUH, TTOBBIIIICHHE YCTONYNBOCTH.

[To oT3pIBaM MONB30BATEINEH TTPOTE30B CTOI, CY-
IIECTBYET MpodiieMa YCTOWYMBOCTH TIPH B3aHMO/ICH-
CTBHM C HaKJIOHHBIMH ¥ HEPOBHBIMU TIOBEPXHOCTSIMH,
AMEIOIUMH YKIIOH OoJjiee 7°, a y TaIfueHTOB BO3HU-
KaeT HEMPHUSATHOE NaBsIee OIIYIICHHE B KYJbTe-
npueMHoM runb3e. [1oaToMy OCHOBHAs Lienb HCClie-
JOBaHUS — pa3paboTKa MpoTe3a HOBOM KOHCTPYK-
LMY TOBBIIICHHOW aJaliTUBHOCTU MPU B3aUMOJEH-
CTBUU C HAKJIOHHBIMU OTIOPHBIMU MTOBEPXHOCTSIMHU.

Jnis moCTIKeHHUsS LEeNH TOCTaBJICHBI CIETYTo-
e 3a/1a9H:

! Tlarent 2345736 Poccuiickas ®denepauus. [Ipores crormsl /
B.B. Tayncenn; Ne 2006138501/14; 3asen. 01.04.05; omyo6u.
10.02.09. 2 c.; ITarent 2150916 Poccuiickas ®Penepanus. [Ipo-
te3 ctonbl / B.H. Tepeumn; Ne 98113247/14; 3assn. 03.07.98;
omy6a 20.06.00. 1 c.; [atent su 1159569 al CCCP. Ilpote3
cromsl / H.A. SlxosneB; Ne 3675207; 3asBn. 12.12.83; omy0a.
07.06.85.

2 Annual report. OSSUR. 2020. URL: https://annual-
report.ossur.com/ (accessed: 03.03.2021).

— aHaJM3 COBPEMEHHOTO COCTOSIHHS paboT B 00-
JIACTH MPOTE3UPOBAHUS CTOIT;

— HcCleoBaHNe OCOOEHHOCTEH H3TOTOBIICHHUS
MPOTE30B CTOIIHI;

— pa3paboTKa HOBOT'O BApHUAHTA KOHCTPYKIUH
OyIyIIero u3aeus;

— MOJICTIMPOBAHUE HAIPsHKEHHO-Ie()OpMHUPOBaH-
HOT'O COCTOSIHUSI JJISl HECKOJbKUX KOHCTPYKIHUU |
BBIOOD JIYYIIIET0 BapHaHTa.

Ha ocHoBe mocTaBieHHBIX 3a[a4 BIIEpPBbIEC MIPE/I-
JIOKEHA W MPOAHAIM3UPOBaHA KOMIIO3UTHAS KOH-
CTPYKIIHSI, TIO3BOJISIIONIAsI CHU3UTh HArPy3Ky Ha KYIlb-
TIO TOJIb30BATEIIs MPHU B3aMMOICHCTBUU C HAKJIOH-
HBIMH TIOBEPXHOCTSIMH. BriepBble TpEIIOKEHO U
HCCIICIOBAHO BIIMSHUE MOMEHTa BO (DPOHTAIBHOMN
TUIOCKOCTH B Ka4yecTBE KOJIMYECCTBEHHOW Xapakre-
PUCTHKH aJJaITHBHOCTH MPOTE3a K HAKIOHHBIM I10-
BepxHOCTAM. Takxke pa3paboTaHHAass KOHCTPYKI[HSI
MOXeT OBITh HCIIOJIb30BaHA B KAYECTBE OCHOBBI JIJISI
pa3pabOTKN HOBOTO IOKOJCHHS YIJICTIIACTHKOBBIX
CTOII TIOBBINIICHHOW aJalTUBHOCTH.

1. CoBpemMeHHOe cocTosiHue paboT B oGnacTtu
NPOTEe3NPOBaAHUSA HNKHUX KOHEYHOCTEen

1.1. Budbl npome306 HUXXHUX KOHe4YHocmel

Cawmpriif pactpoctpanenssiii Bug [THK — mac-
CHUBHO-(DYHKIIMOHAJBHBIH, KOTOPBHIA oOecrednBaeT
OTIOPHYIO (DYHKITHIO ¥ BOCIIONHSET 001ue (pyHKIIUA
XOJILOBI, HE TPeOysl CHEeIHAIBHOMN 3IIEKTPOHUKHY.

Cy1iecTByeT 4eTbIpe TpylIbl aKTUBHOCTH (CO-
rnacHo knaccudukanuu ot kommanuu OSSUR),
KOTOpBIE OMPEAEISIOT THI MTPOTe3a IS TaleHTa B
3aBHCHMOCTH OT €T0 IIOBCEAHEBHOM J1eATEIbHOCTH:

— TIepBas TPyIa — HU3KUA YPOBEHb aKTUBHOCTH —
KOCMETHYECKHE MTPOTE3bI, BHIMOIHAIONINE OTIOPHYIO
¢yHKIUIO U cnabo BOCCTaHABIHMBAIOUIME (HYHKIIUH
XOIBLOBL;
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— BTOpasi U TPEThs IPYIIIBI — CPEJHUI U BBICO-
KWl YPOBEHb aKTUBHOCTH — CaMbIE€ PaCIPOCTPaHCH-
HBIC U CaMbI¢ YHUBEPCAITbHBIC rpymbl. [IpoTe3s! Boc-
CTaHABIMBAIOT (PYHKIMH XOIBOKI U Oera;

— Y€TBEpTad rpynmna — Crneuyuajln3upoOBaHHBIC
CIIOPTHBHBIE MPoTe3bl. He npeaHa3sHaueHsl 1 1mo-
BCEIHEBHOTO HCTIONb30BAHNUS .

1.2. OcobeHHOCMU KOHCMPYKUYUl
naccueHo-yHKYUOHalIbHbIX NIPOMe308 CMorbl

Obmas QyHKIHMA MpoTe3a — YacTUYHAS paz-
rpy3Ka OIOPOCIIOCOOHOM KyJIBTH, OJTHAS Pasrpys3Ka
HEOHOPOCIOCOOHOH KyJIBTH U COXPaHEHUE YHEPTUU
B LUKJIE IIara 3a cueT YNpyrou neopMaiuu mpy-
JKUHHBIX JIEMEHTOB.

Koncrpykimst ITHK momkaa obecrieunBath yCToid-
YHBOCTbH ITOJIL30BATENS B CTAaTUYECKOM U JAMHAMUYe-
CKOM COCTOSIHUM B CaruTTaJbHOW (IJIOCKOCTB, pa3-
JeJISIoIas TeJo Ha JIEBYIO M MPaBYIO 4acTd) U (QpoH-
TATBHOM TIOCKOCTSX. OJHAKO YCTOWYHMBOCTH TPH
B3aMMOJICHCTBUHU C HAKIOHHBIMHU IUIOCKOCTAMHU 00-
nee 7° kpatiHe Hu3Kas. [l obecriedeHus ycToNIn-
BOCTU B IPYKUHHBIX 3JIEMEHTaX IEJar0T MPOAOJIb-
HYIO TpOpe3b, 00eCIeYNBAIOIIYI0 BO3SMOKHOCTh CMe-
LIEHUs OMNOPHBIX MOBEPXHOCTEH OTHOCUTENBHO IPYT
apyra.

IIpoTe3 crombl COCTOMT M3 3JIEMEHTOB, Ipel-
CTaBJICHHBIX Ha pHuc. 1.

Puc. 1. lNpuHumnuansHasa cxema
naccuBHO-@PYHKLMOHANIBHOIrO NpoTe3a CTonbI:
1 —apanTep; 2 — cbeMHas aHaToMmuyeckasi 0605104Ka;
3 — NATOYHBIV NPYXUHHBIA 3N1EMEHT;
4 — OCHOBHOW NPYXWHHbIM 3N1EMEHT; 5§ — KPEMNeXHblii 31eMeHT
Figure 1. The composition
of the passive-functional prosthetic foot:
1 - adapter; 2 — removable anatomical shell; 3 — heel spring element;
4 — main spring element; 5 — fastening element

3 K levels. URL: https://assets.ossur.com/library/31999
(accessed: 05.03.2021)
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Ananrep, Kak MpaBWIO, CAETaH U3 CTAIH WIH
TUTaHa, KaKk M KpemexHble 3y1eMeHThl. CheMHYIO
aHATOMHUYECKYI0 00O0JIOUKY H3TOTABIMBAIOT U3 TIO-
JTMypeTaHa, MPYKWHHBIE DJIEMEHTHI Yalle BCEro —
M3 KOMITO3UILIMOHHBIX MaTEepPHAaJIOB, TAKMUX KaK CTEK-
JIOTUTACTHKH MW YTJICTIACTUKH.

2. KoHuenuua u mogenupoBaHue
HaNpPsHXeHHOro COCTOSHUA HOBOW KOHCTPYKLUN

2.1. [TpoekmHbIl 061UK
KOHUenmoe KOHCmpyKuuu npome3sa cmornbl

Ha ocHoBe w3yueHHs KOHCTPYKLMH CYIIECTBY-
IOIIMX MPOTE30B HIKHUX KOHEUHOCTeH ObuIo chop-
MHPOBAHO HECKOJILKO BAPUAHTOB KOHCTPYKITHH.

Konctpyxkius 2 (puc. 2) npencraBisier co0oif
aHaJIOT CTOMbI BHICOKOTO MpoduIs’ OT KOMMaHHH
Freedom Innovations® ¢ cHMMeTpHYHBIMH TIPYKHH-
HBIMHU 3JICMCHTaAMH, UMCHOIIIUMHU 60J'II>]_Hy}O TOJIIUHY,
U PACHIMPEHHBIM 3aBEPIICHUEM TISITOYHBIX MPYKIH-
HBIX DJIEMCHTOB.

Puc. 2. KoHcTpykums 2
Figure 2. Structure 2

Konctpyxkmust 3 (puc. 3) sBisieTcss HU3KOMPO-
(UIBHOM CTOIION ¢ TpeMs MPOIOIBHBIMU IPOPE3si-
MU B 00JIaCTH MBICKA JJISI CTA0MIN3AUU KOHCTPYK-
UM Ha HAKJIOHHBIX MOBEPXHOCTAX. KoHcTpykims
OCHOBHOTO MPY>KUHHOTO AJIEMEHTa UMEET IePeMEH-
HYIO TOJIIUHY, HEOOXOAMMYI Il oOecIeucHUs
TUTaBHOCTH TIE€peKaTa CTOIBI IIPH IIare.

4Vposenp amnmyrauuu. URL: https://www.ottobock-
export.com/ru/prosthetics/information-for-amputees/from-
amputation-to-rehabilitation/amputation-level/ (mata oOpame-
aus: 05.03.2021).

5 Freedom Agilix by PROTEOR. URL:
https://www.freedom-innovations.com/agilix/ (accessed: 10.04.2021).
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Puc. 3. KoHcTpykumsa 3
Figure 3. Structure 3

B xagecTtBe HamboIee IEPCIIEKTUBHON U3 TIPE/I-
CTaBJIGHHBIX ObUIa BBIOpaHAa KOHCTPYKIMS 3, Tak
Kak o0ecleueHrne CTa0MIbHOCTHU MOJIB30BATENS MTPH
MEePEMEIICHUH 10 HAKIOHHBIM OIMIOPHBIM MOBEPXHO-
CTAM U NEPECEUYEHHON MECTHOCTH SIBISETCS OTHOU
13 MPUOPUTETHBIX 3a/1a4 COBPEMEHHBIX MPOTE30B.

2.2. @opmynupoeka moodenu.
QPuHanbHbIU KOHYenm

B Hacrosmie#t pabore ¢duHaIbHAS KOHIICTITIV
KOHCTPYKIIUH TMPOTe3a ChOpMyIHpOBaHA C yUETOM
aHayM3a XapakTePHBIX OCOOCHHOCTEH COBPEMEHHBIX
MPOTE30B CTOMBI, a TAKXKE JBYX HOBBIX KOHCTPYK-
nuii. Cienad BBIBOJ, YTO ONTHMAILHBIM PEIICHUEM
sIBJIIeTCS. HU3KonpogwibHas croma (10 80 MM B
BBICOTY), TaK KaKk OHAa YHHBEpcalbHAa JJsS JHOOOTO
YPOBHSI aMITyTalluH.

Puc. 4. KoHcTpyKkuma 4
Figure 4. Structure 4

Croma nomKHA MMETh MEPEMEHHYIO TONIIUHY
NPY>KUHHBIX 3JIEMEHTOB 711 oOecriedeHus Oosiee miaB-

HOM muaHTap(iaexcuu (crubaHus CTOMBI) U JOPCH-
¢nexcun (pasrubanust cronsl). Heobxomanmo obec-
MEYUTh YCTOWYMBOCTH IOJIB30BATENS HA TUIOCKHX,
HAKJIOHHBIX M HEPOBHBIX IMOBEpXHOCTIX. Heobxo-
JIIUMBI TPU TPOJIOJIBHBIX MPOPE3U B OCHOBHOM IIPY-
>KHHHOM 3JIEMEHTE, OJIHA U3 KOTOPBIX JOJKHA He-
MHOTO HE JIOXOJIUTH 0 aJanTepa, Iuid 00ecIiedeHns
OoJbITIeH MOJBMKHOCTH MPOTE3a CTOIBI, MATOYHEII
JJIEMEHT TakXKe JOJDKEH coepKaTh mpopesb. Oc-
HOBHOHW TPY>XUHHBIH SJIEMEHT JOJDKEH HMETh aH-
TpormoMop(HOE pacIIupeHNe B 00JIACTH MBICKA IS
JIOTIOJIHUTENBHON YCTOMYHUBOCTH.

OdunHanpHas KOHCTPYKIHS 4 TpeicTaBlIeHa Ha
puc. 4. Beicota cromnbl coctaBisier 61 MM, anvHa —
239 MM (mnsa ctomel 25 pasmepa). OpHeHTHPOBOU-
Hasl Macca C COCMHUTENFHBIMU deMeHTaMu — 323 T.

2.3. Pe3ynbmamsbi MmodesiupoeaHust
u ux aHanus

PacuerHast Mozens Oasupyercs Ha CPaBHUTEIb-
HOM aHaJIM3€ YEThIPeX KOHCTPYKIHUMA, IMEIOLIUX OJH-
HaKOBBbIE TabapHUTHBIE pa3Mepsl (pHc. 5), HO pa3iud-
HOE CTPOEHHE MPOJOIBHBIX Ipope3eil Ha OCHOBHOM
U MATOYHOM NPYKHHHBIX JJIIEMEHTaX.

6058

23943

Puc. 5. NabapuTHble pasmepbl GUHANTbHOM KOHCTPYKLIMN
Figure 5. Scales of final structure

1 momy4eHns pacdeTHBIX JaHHBIX UCIOB3Y-
€TCsl IMUTALUS BO3ICHCTBUS IIPOTE3a CTOIIBI Ha TBEp-
JIyI0 HaKJIOHHYIO MOBEPXHOCTb, CO3[aHHas B IpO-
rpammHoM kommiekce ANSYS [9].

Konctpykius 1, He umeomas MpoaOIbHBIX
Mpope3eil, 1 KOHCTPYKLUs 2, UMEIoIasl OJHY IEH-
TPATBHYIO MPOJOIBHYIO TPOPE3b, SBISIFOTCS aHAIIO-
ramM# CyIIECTBYIOIINX CTOIL.

Konctpyxkiuu 3 u 4, uMeroliiie HecTaHIapPTHbIE
NpOpe3y, SBISIFOTCA OCHOBHBIMH OOBEKTaMH HCCIIe-
JTIOBAaHU.

Junst pacueTa ObUTH CO3/1aHBI BUPTYaJIbHBIE MO-
JISNA C TIPYKUHHBIMH 3JICMEHTAaMHU PaBHOU TOJIIIH-
HBI — 5 MM (C LENbI0 YIPOIIEHUS pacueTHON MOojie-
J1) B pparMeHT HAKJIOHHOH TTOBEPXHOCTH (yTOJI Ha-
KioHa 15°).
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B kadectBe maTepuana aiis pacuera Mpy>KUH-
HBIX 3JIEMCHTOB BBIOpaH YIJICILIACTHKOBBIN Ipe-
mper (390 I'TTa). PacrionosxeHre BOJIOKOH B KaXKJJOM
CJI0€ OHOHANPABICHHOE, CIIOW OPHCHTHPOBAHBI
JIPYT OTHOCHTENHHO Aapyra mox yriom 90° [10; 11].
KoHcTpykuus GpopMmupyercs NpUOIH3UTEIBLHO W3
10 cioeB mpermpera.

ANSYS

2019R1

Puc. 6. MoMeHT BO GpOHTaNbHOM MI0CKOCTN
Figure 6. Moment in frontal plane

Konctpykmus 1. Peaknus omoper: 1302,6 H.
MowmeHT Bo ¢poHTanbHOM miockocTy: 21 787 H-mm.

NSYS
2019R1

000 )

Puc. 7. OkBMBaneHTHOe HanpsxeHne
Figure 7. Equivalent stress

Konctpykmust 2. Peakmus omopsr: 1303,0 H.
MowmeHT Bo (poHTanbHOM ockoctr: 14 108 H-mm.

%8

0 020 10000 ()
— —)
) O

Puc. 8. OkBMBaneHTHOE HanpsxxeHne
Figure 8. Equivalent stress

Kounctpykmust 3. Peakius omopsr: 1326,8 H.
MowmeHT Bo (poHTanbHOM miockocTH: 12 339 H-mm.

JInst cuMyJIsiiiy B3aMMOICHCTRBISI ITPOTE3a C Ha-
KJIOHHOW MOBEPXHOCTHEO CMOJICIIUPOBAHO MIEpeMeIe-
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HHUE TIPOTEe3a CTOMBI OTHOCUTEIBHO BEPTUKAIBHOM OCH,
YTO MPUBOAUT K BU3yaTH3aLUH 1e(POPMUPOBAHHOTO
cocrossHus. Ha ocHOBe MOIy4YeHHBIX 3HaYEHUH pe-
aKIUK ONOPHI BBIOMPAIUCh ONTHUMAajIbHAS UTEPALUs
pacyera U IPOBOAUICA aHAJIU3 MOMEHTA, BO3HUKA-
IOIEr0 B MeCTe KpemeHus ajpamnrtepa (puc. 6).
B nanHOM MOAenMpoBaHNM 3HAYEHHS UMEIOT OTHO-
CUTENbHBIA XapakTep, MpeNHAa3HAYCHHBIA I Jie-
MOHCTpalMU paboTOCIIOCOOHOCTH KOHCTPYKIUH.

SYS
2019R1

t{x

sn00(nm)

2250 50

Puc. 9. OkBMBaNEHTHOE HaNpsXXeHne
Figure 9. Equivalent stress

Konctpykmus 4. Peaknmst omopsr: 1325,7 H.
MowmeHT Bo poHTaNBHO# TutockocTH: 12 083 H-mm.

ANSYS
2019 R1

800(mm)

Puc. 10. OkBMBaNIeHTHOE HaNpPsiXXeHne
Figure 10. Equivalent stress

Pe3ynbTaThl KOMMNLIOTEPHOr0 MOAENUPOBAHUS

KOHI:('I)':)‘yeKFI).IMVI Peakuus onopbi H MomeHT, H-MMm
1 6a3oBas 1302,6 21787
2 6a3oBas 1303,0 14108
3 HoBasl 1326,8 12339
4 HoBas 1325,7 12083

Simulation results

Structure’s

Force reaction N Moment, N-mm

number

1 basic 1302.6 21787
2 basic 1303.0 14108
3 new 1326.8 12339
4 new 1325.7 12083
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[Ipu cpaBHEHNN PE3yIBTATOB U3 TAOIUITHI MOKHO
YBHUJETH, YTO KOHCTPYKIUS 1, cyliecTBylomas Ha
PBIHKE, TaeT HanOOJBIINH MOMEHT B 00JIaCTH Kperl-
JICHUS ajanTepa.

KoHcTpykmust 2, cymiecTByroIIas Ha PBHIHKE U
HMeEIOIas OJHY NPOpe3b, AAeT 3HAYUTEIHHO MEHb-
Imee 3HaueHHE MOMEHTAa OTHOCHUTEIHHO KOHCTPYK-
muu 1.

B pa3paboTaHHOI KOHCTPYKIIUK 3 MOMEHT CTal
eIle MeHbIIIe 32 CUET IBYX Mpope3eil Ha MBICKeE.

Haumensbias BeIMYrMHAa MOMEHTA HaOII0maeT-
csi y pa3paboTaHHOW KOHCTPYKIMHU 4, UMEHOIIUN
OJIHY JUTMHHYIO IIPOpe3b U OJIHY KOPOTKYIO MPOpPe3b
Ha MBICKE. DTO 03HAYaeT, YTO Harpy3ka Ha KyJIbTIO
MOJTB30BaTENsI Oy/IET 3HAYUTENBFHO HIDKE, YTO I103-
BOJIUT TIOBBICUTH KOM(OPT IEePEABHIKESHUS.

3aksnouyeHne

B Hacrosimee Bpemst 061acTh IpOTE3UPOBAHUS
HIDKHUX KOHEYHOCTEH SBIAETCS NEPCIEKTUBHOM.

Pa3paboranHas KOHCTPYKUHMS NPOTE3a YHHUBEP-
cajlpHa, YTO yBEIMYMBAET KOJMUYECTBO I0JIb30BATE-
JIel ¥ MO3BOJISIET PACIIUPUTH BO3ZMOXKHOCTH JIFOJEH,
ncnons3ytomux [THK.

C moMo1IbI0 METO]a KOHEUHBIX 3JIEMEHTOB TPO-
BEJICHO YHCJICHHOE MOEIMPOBAHUE HaNpsHKEHHO-
1e(OpPMUPOBAHHOTO COCTOSIHUSI MIPOTE30B — OIpe-
JeTICHbI 3HaYEeHUSI CUIIbl U MOMEHT PEaKIMU OHOPbI
MpY B3aUMOJACHCTBUM KOHCTPYKIIUI MPOTE30B C IMO-
BEPXHOCTHIO C YIJIOM HaksioHa 15°. BeiOpan parumo-
HaJIBHBIHA BapHAaHT KOHCTPYKIIMH.

[Tomy4eHsl pe3ynbpTaThl, IOATBEPKAAOIINE pa-
00TOCIIOCOOHOCTh M TIEPCIIEKTUBHOCTH pa3paboTaH-
HOW KOHCTPYKLHMH MPOTe3a — NPEAIOKEHHBII BapHaHT
Ha 44,5 % > dexTHBHEE caMO pacIpOCTpaHEHHOM
Ha phIHKEe KOHCTPYKIMH 0e3 mpopeseit u Ha 14,4 %
3¢ peKTHBHEE KOHCTPYKIIUHU C OJJHOH MPOPE3bIO.
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KiroueBbie cjioBa:

ABTOHOMHOE CYZI0XOJICTBO, TEXHUYECKUE
ACIICKTHI BHEIPEHHMSI, COKPAIIICHHE SKUTIa-
el Cy10B, 3apyOeKHBIN OIBIT, HAI[HO-
HaJIbHBIC TIPOTPAMMBbI

JluIst I THPOBAHHUSA

AHHoTanust. PaccMaTpuBaroTcsl HallMOHAJIBHBIE aCTEKThl TOTOBHOCTU U 3a71a-
YM BHEAPCHHS aBTOHOMHOTO (OECIMIIOTHOrO) CyIIOXOJCTBA B OJrpKaiiiei
nepcnekTuse. Llenp uccaenoBaHus — ONpeneuTh IKOHOMUYECKUE BHIT0JIbI
1 PUCKH, IPOOJIEMHBIE MECTA BHEAPEHHS TEXHOJOTUH aBTOHOMHOIO CYyJIO-
XOZICTBa. DKOHOMUYECKAS BBITO/la 0a3UpyeTcsl Ha CHIDKEHUH 3aTpaT Ha OILIaTy
9KUIAXKA CYy/IHA, €T0 IIPOXKUBAHUS Ha OOPTY, COKpAILEHNs YOBITKOB OT aBapHuil.
Ecnu Ha Bompoc «4T0?» yXe JaH OTBET — yCTAHOBKA CHCTEM aBTOHOMHOI'O
CYAOBOXKJCHUSI JOCTYIHA ATl MOPCKHMX CYJOB YK€ CErOfHs, TO BOIPOC
«3a4eM?» 1oka He peleH. IIpy ycnoBum, 4To OCHOBHAs BBITOAA MpeAIoa-
raercs OT COKpAIllEHUs 3KUIIaXka, 3aMETHOE COKPAILIEHHE BO3MOXKHO TOJIbKO
JUI BHOBb CTPOSIIIUXCSA U OTHOCHUTEIHLHO COBPEMEHHBIX CY/IOB C YPOBHEM
aBToMaTm3anuy He Hmwke AUT2, monms KOTOphIX MOx (aaroM MOpPCKOTro
KoMMepueckoro ¢uora PO cocrasisier okono 15 %. Bmecre ¢ Tem Mozep-
HU3aIMsl CYIIECTBYIOIIMX CYAOB BHYTPEHHETO BOJHOTO IUIaBaHMS B aBTO-
HOMHBIE JJOCTYIIHAa CErojiHs Ui MeHee 4eM 2 % pedyHOro TPaHCIOPTHOI'O
¢nota (cyna ¢ ypoBHeM aBToMaTH3aluu Al), clie1oBaTenbHO, aBTOHOMHBIN
BHYTPEHHUH BOJHBII TPaHCIOPT JIMILL MPEACTOUT nocTpoutsh. K puckam
CTOUT OTHECTHU Me}lﬂeHHLIﬁ TEMIT HOCTpOﬁKId HOBBIX CYJOB, a TaKXKE IICpe-
y4UBaHHE U JalbHENIIEe TPYNOYCTPOHCTBO IMPU MAacCOBOM COKpAILEHHH
skunaxeil cynos. I[Ipoananu3upoBan 3apyOeKHbIA U OT€UECTBEHHBIN OIBIT
HauaJbHOI'0 3Tala BHEAPEHUs] aBTOHOMHOI'O CYJJOXOJICTBA.
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Abstract. The national aspects of readiness and the tasks of introducing
autonomous (unmanned) navigation in the near future are considered.
The purpose of the study — identification of economic benefits and risks,
problem areas of implementation of autonomous navigation technologies.
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The economic benefit is based on a reduction in the costs of paying
the crew of the ship, living on board it, reducing losses from accidents.
If the question “what?” has already been answered — the installation of
autonomous navigation systems is available for naval vessels today,
then the question “why?” has not yet been resolved. If the main benefit
is expected from a reduction in crew, then a noticeable reduction in crew
is possible only for newly built and relatively modern vessels with an auto-
mation level of at least AUT2, the share of which under the flag of the Rus-
sian Navy is about 15%. At the same time, the modernization of existing
inland navigation vessels into autonomous vessels is now available for less
than 2% of the river transport fleet (vessels with an automation level of
A1), which suggests that autonomous inland water transport only has to be
built. The risks also include the slow pace of construction of new ships,
as well as retraining and further employment with a massive reduction in
the crew of ships. Foreign and domestic experience of the initial stage of

autonomous navigation implementation is considered.
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BBepeHune

CerojHs T00aJIbHBIN UCCIIEIOBATEIBCKUI HH-
Tepec K 00JIaCTH MOPCKUX aBTOHOMHBIX HaJIBOJAHBIX
kopabuett (MASS) pe3ko Bo3pacrtaer [1; 2].

Mup yxke paboTaeT Haa CO3laHUEM aBTOMATH-
3MPOBAHHBIX KOpalJieil, U ATO He HOBas WSS Ha
MOPCKOM TPaHCIIOPTE, HO TIOSBICHHE aBTOHOMHBIX
KopaOsel BiedeT 3a co0O0il Henblii psin opuanYe-
ckux npobiem [3].

DKOHOMHUYECKHE BOMPOCHI TAK)KE HE MOTHOCTHIO
petiensl. [IporHo3upyemblii 1uana3oH S3KOHOMUYECKOM
LIEeIECO00PAa3HOCTH MOCTPOEHUS HIMPOKOTIOIOCHBIX
KaHAJIOB CBSI3U JUIA nepefadu JaHHbIX — 20262041 rr.,
B TO BpeMsl KaKk CTOMMOCTh aBTOMAaTH3WPOBAHHOM
00pabOTKH T'Py30B JOCTUTHET HBIHEIIHETO YPOBHS
pacxonoB rae-to mexay 2037 u 2101 rr. Hakoser,
CTOMIMOCTh CpPETHE000POTHOTO AM3EIBHOTO J[BUTaTe-
JIS. ¥ IBUTATENs] HA TOIUTUBHBIX DJIEMEHTaX CpaBHS-
eTcsl OpUeHTHUPOBOUHO Mexy 2025 u 2060 rr. [4].

Baxxubm TpeboBanueM ayst Sxcrnryatari MASS
SBIISIETCS] TO, YTO OHH JOJDKHBI OBITh KaK MUHUMYM
TaKUMH ke 0€30IacHBIMH, KaK 1 00BIYHEIE Kopadmu [5],
[JIABHBIM 00pa30M 3a CUeT CHU)KCHUS TaK Ha3bIBac-
MOTO YeJIOBEYECKOro (akTopa, IPHU3HABAEMOTO Ce-
rOJHs KIIOYEBOW NPUYMHOW aBapuil Ha BOJHOM
TpaHcmopte [6].

BenymmMu B MEPOBBIX MCCIEOBaHUIX CETOIHS
SIBIISTIOTCST HOPBEXKCKHUE [7], kuraiickue [8], huHCKHEe
pa3paboTku [9], BKIIOUAIOIIME KaK TEXHHYECKHE,
TaK W JOTHCTUYeCKHe WHHOBanuu. Hampumep, KoH-
nermus Vessel Train mpemycMmarpruBaeT HUCIOIB30-
BaHHE OOBIYHOTO (IKUITAKHOTO) BEMYIIETO TOJIOBHOTO
CyIlHa, 32 KOTOPBIM CJIeyeT KapaBaH aBTOHOMHBIX [ 10].
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s mpuMmeHeHust OeCIIIIOTHBIX TEXHOJIOTHUH Ha
TpaHcriopTe B Poccum cerofjHs Takke CO3peliu BCe
TEXHOJIOTUUECKHE TPEIIOCHUTKH, 1 B OJIKanieM Oy-
JTyIIIeM, TIOCIie CHATHSI HOPMAaTUBHBIX OTPaHIMYSHUH 1
MIPUHSITUS COOTBETCTBYIOIINX HAIIMOHAIBHBIX M MEXK-
JTYHApOIHBIX TOKYMEHTOB, CTAHET BO3MOYKHBIM OBICT-
poe BHEIpeHe aBTOHOMHOTO CyJJOXOJICTBA.

B Hactosmee Bpemsi B paMKaxX HalMOHATBHBIX
MPOEKTOB «pa3padaThiBalOTCA TexHONornu e-Hapura-
in U a-Hapurary, HampaBieHHbIe Ha 00ecTiedeHue
JNUIEPCKUX TIO3UIUI CTPaHBI HA MUPOBOM PBIHKE» .

I[Ipu sTOoM moapasymeBaetcs TpaHchopmarust
npodeccur Mopsika B 0O(UCHYI0 paboTy 32 aBTOMATH-
3UPOBAaHHBIM pabOYMM MECTOM, KOT]a HEOOXOMMOCTD
BBIXOJIUTh B MOPCKHE PEHCHI OTHANET, a yIpaBJICHUE
cyIaMu OyZeT MPOUCXOIUTh yaaneHHO [11].

Ilocnie BHEIpEHNST aBTOHOMHBIX CHCTEM CYIOBOXK-
JICHUS DKHUMaxu (pakTuuecku OyAyT MEepeBEICHBI Ha
CyIy, 9YTO OOECIEUYUT HE TOJNBKO SKOHOMHIO (OHIA
3apabOTHOM IIIATHI, HO U CYIIECTBEHHOE YITPOIIICHHE
KOHCTPYKIIMH CYJIOB, YBEJIMUECHHUE TIOJIC3HOTO 00beMa
nmon rpy3bl. «Bce >kuible U BCOMOTaTeNbHBIE MO-
MeIeHHsT 00eCIIeUeHHs KU3HEIeATeTbHOCT YKUTIa-
Xa OyAyT ympasaHeHbl, YTO MPHUBENET K yMEHbIIe-
HUIO BOJIOM3MEIIEHUS CyIHA C COXPaHEHHEM MpPex-
Hell Irpy30MOJbEMHOCTH U JIOTIONHUTEIBHON 3KOHO-
MuH TorumBa. Ho camMpIM TyIaBHBIM cTaHeT Oe3orac-

! TIpoekT-MasK «ABTOHOMHOE CY/IOBOJKIEHHE» B PAMKaxX
MepeYHs] MHUIMATHB COLUAIBHO-YKOHOMHIECKOTO Pa3BHTHUS
Poccuiickoit @enepanuu 1o 2030 roga, yTBEpKICHHOTO pac-
nopsbkenueM IIpasurenscrBa PO ot 06.10.2021 r. URL:
http://static.government.ru/media/files/jwsYsyJKWGQQAaCS
MGrd7q82RQ5xECo3.pdf (nara obpamienus: 22.06.2021).
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HOCTh (OeperoBoro) sKuIaxa, nepexoJi 0T BBHICOKOM
WHTEHCUBHOCTHU TpyJa NP KPYIJIOCYTOYHBIX BaXxTax
K 8-4acoBoMy pabouemy JIHIOD.

1. SKOHOMMYECcKUue acneKThbl

OKOHOMHUYECKas BBITOJIA JJIsl CyAOBIaiebia Oa-
3UpYETCsl Ha COKPALIEHUH YHCIEHHOCTH IEpCOHaa,
obecrnieunBaronero ABMKEHUE CylHA U OTMEHE 3a-
TpaT mo OOEeCIeYeHNIO SKUNaka Ha OOpTy CymHA.
Jons omnatsl Tpyda SKUMaXked CyOB B MEXAyHa-
POIHBIX MOPCKHX MEPEeBO3KaxX B 3aBHCHMOCTH OT
Kiacca W (rara cyaHa, a TakKe THIIA TIEPEBO30OK
cocraBisieT oT «30 % (KOHTeiHepOBO3bI, KPyITHbIE
cyna)» no «70 % (moproBble OYKCHPBI, Majble CY-
71a)» OT TPAMBIX PAcXO0B Ha TepeBo3Kku’, Ha BBT
ot 30 1o 50 %.

[To onenkam MuHTpaHCa, «CHW)KEHHE JKCILTY-
ATAIMOHHBIX PACXOJIOB COKPATUT PEHCOBBIC PACXOJIBI
CYJIOXOJHBIX KOMITaHUH Mpu mepexojie Ha a-Hapu-
ranuio OpueHTHpoBO4YHO HAa 5 %. CoBOKymHas ce-
0eCcTOMMOCTh MOPCKHUX IepeB030K B Poccuu orenn-
Baetcs B 500 mupxa pyO. B rox, uro mact 3hdexT B
25 mitpa py6. B roay”.

OnHako, MaccoBOE COKpaIlleHHE SKUMaXel CyI0B
oTpedyeT UX NepeyInuBaHuUs U TPYIOyCTPOUCTBA.

Takxe BaKHBIM IUTIOCOM aBTOMAaTH3aIlUH TPO-
rHO3UpyeTcs cHukeHue Ha 80 % aBapuiHOCTH 3a cUeT
YMEHBIIICHUS BIUSHUS YeJI0BEUECKOT0 (pakTopa mpu
YIpaBIeHUH CyAaMu. «YOBITKH CYHOXOIHBIX KOM-
MaHU# OT WHIMIEHTOB Ha MOpPE, CBA3aHHBIX C Yello-
BEeYECKUM (DakTOpOM, MpEeBBIMIAOT 1,5 MiIpA IO
CHIA B rox (Allianz Global Corporate & Specialty
AG, 2018). Omenka aHaTOTUYHBIX YOBITKOB pOC-
CHIMCKUX CYyIOBIaJesbleB cocTaBisieT 1,2 Mapa pyo.
B ron. He menee 50 % Takux MHIMIEHTOB MOTYT OBITh
MIPEAOTBPAIIEHBI Olaroaps HCIoIb30BaHuIO a-Hapu-
raruu u e-HaBuramuu, uyto coctaBut 600 muH pyo.
B I0JI IPEJOTBPAILEHHOTO0 YIep6a»’.

2 Goodbye high seas, hello cubicle. Sailor — the next desk job.
URL: https://money.cnn.com/2017/05/19/technology/autonomous-
ships-sailor-desk-job/index.html?section=money _technology/
(accessed: 22.09.2021).

3 MpoekT-Mask «ABTOHOMHOE CYIOBOX/ICHHE)» B PAMKAX
MepeyvHs] HHUIMATHB COLUATBbHO-YKOHOMUYECKOTO Pa3BUTHS
Poccuiickoit @enepanuu no 2030 roga, yTBepKISHHOTO pac-
nopsokeHneM [IpaBurensctBa PO ot 06.10.2021 r. URL:
http://static.government.ru/media/files/jwsYsyJK WGQQAaCS
MGrd7q82RQ5xECo3.pdf (nata obpamenus: 22.06.2021).

4 Tam xe.

5 Tam xe.

Taxoke mociie OBICTPOTO YCIEITHOTO BHEPECHIS
CTaHET BO3MOKHBIM SKCIOPT POCCUMCKUX TEXHOJO-
THA U TIPOJTYKTOB B JAHHOH 0OJIACTH.

2. TexHnyeckue acnekTbl

JJ11 MOPCKHX CYZOB CHCTEMBI aBTOMATHYECKOTO
YIpaBICHUS BUKEHUEM B OTKPBITOM MOpPE YKe CO-
3nanbl. Hanpumep, komnanust «Cutponukc KT» 3a
MOCJIEAHNE 2 rofja B paMKax OIBITHO-KOHCTPYKTOP-
ckoit pabotsl (OKP) «a-Hapuramms» co3nana cucre-
My AJII OCHAIICHUSI aBTOHOMHBIX MOPCKHUX CYIOB.
«KoHremus a-HaBuraim — 3T0 COBOKYITHOCTh TEXHO-
JIOTMHA MCKYCCTBEHHOTO WMHTEIUIEKTa, MaTeMaTHYeCKO-
TO MOJETHPOBAHUS, PACIIO3HABAHUS U HIEeHTU(UKA-
LMY, TO3BOJISIONIAS 3aMEHUTh YEJIOBEKa B YIIpaBlie-
HuM cyaHOM»’. PazpaGoTka Mo3BOJISIET KOHBEPTHPO-
BaTh B AaBTOHOMHBIC HE TOJBKO BHOBBH CTPOSIIHECS,
HO U JACUCTBYIOIINE CY/a.

Ilo 3asiBIeHWIO MPOU3BOJMTENEH, YCTaHOBKA
TaKOW CHCTEMBI HE MOTpeOyeT JMoKoBaHUS (IIoTa U
MOET OBITH MPOW3BEJCHA B CPAaBHUTENBHO Majoe
BpeMs TPH OTHOCUTEIHHO HEOOJBIINX KaITNTAIHHBIX
3aTparax.

BwmecTe ¢ TeM GOJBIIMHCTBO KOMIIOHEHTOB CY-
LIECTBYIOIINX CUCTEM COCTOUT U3 UMIIOPTHBIX KOM-
IJICKTYIOIINX, W OJHOW M3 OIMKAMIINX 3a/1ad sSBIIs-
eTcs TepeBo]] Bceld KOMIIOHEHTHOM 0a3bl Ha oTeve-
CTBEHHYIO.

Beperosas Mopckass HHPpPaCTPyKTypa aBTOHOM-
HOTO Cy/ZI0XO/ICTBa OTIMPAETCs Ha CO3/IaHHYIO0 TECTO-
Byto0 akBaropuro e-Hasurammu (OKP «e-Mope») u cy-
LIECTBYIOIINE 3JIEKTPOHHBIE HABUTALIMOHHBIE KapThl
MOPCKUX PaliOHOB U aKBATOPHM, KOTOPBIMU IOJIb3Y-
I0TCSI Bce MOpCKHe kKomMepdeckue cyna («1176 enu-
HI/II_I>>7).

HeobOxomnMo nmanpHEHIIee COBEPIICHCTBOBAHHE
cucteM ympasieHus apuwxeHueM cynos (CYC),
I'MCCB u AVC HOBOro MOKOJICHHS Ha OCHOBE e-
Hapuranuu, cpencTB aBTOHOMHOTO CYAOBOXICHHS
B MOPTY JUISI aBTOMAaTMYECKOW MPOBOAKH M IIBap-
TOBKH.

HeobOxomumo Takke OCHaIlleHHE TOPTOB JIHC-
METYEPCKUMH TUCTAHIIMOHHOTO yrpaBiieHus (io-
TOM, U 4Yero «morpeOyercsi pa3BepThHIBAaHHE [0-
MOJIHUTEIBHBIX TPYIIUPOBOK CITyTHUKOB B PalloHax

6 TIpoGneMbl M TIEPCHEKTUBBI G€39KUNaKHBIX CynoB. URL:
https://www.sitronics.com/news/view/news-49-10-06-2021.html
(mata obpamenus: 19.08.2021).

" Bech MOPCKOH ¢dnor Poccun. URL:
https://portnews.ru/comments/2940/ (nara obparerus: 19.06.2021).
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JKCIUTyaTallud aBTOHOMHBIX CYyZOB, ceTeil Gecrpo-
BOJIHOM cBsi3u cTaHAapToB WiMAX B akBaTopusx u
Ha MOJX0/1aX K TIOpTamM»®,

Takxe B MecTax OCTAaHOBOK aBTOHOMHOT'O (uioTa
(mopThl, peiiapl) moTpeOyeTcd HaIWdMe PEMOHTHO-
JIUATHOCTHYECKUX Opuras s OCMOTpa, AUarHOCTHKU
u Hajmaaka COVY | CHCTeM aBTOMATHKH CYIIHA.

Ha mapmpyrax ciemoBaHusi aBTOHOMHBIX CY-
JIOB MTOTpeOyeTCsl TOCTYT aBapUiHBIX Opuraj ObICT-
pPOro pearupoBaHHs C HCIOJIb30BAaHHEM BEPTOJIET-
HOTO TPaHCIIOPTA.

IIpyn HanuuuyM HaJEKHOU CIIyTHUKOBOWU CBSI3HU
(mocTym K CITyTHUKOBBIM JTaHHBIM TpymImupoBok GPS/
GLONASS/BAIDOO u ap.), a Takke HOPMAaJIBHO
(DYHKIIMOHUPYIOIINX CHCTEM BHJIEOPACIIO3HABAHUS
Ha Cy/HE KCIUTyaTauus GJioTa IpakTHYECKH He TO-
TpeOyeT BU3YyaJIbHYI0 HaBHTallMOHHYIO 0OCTaHOBKY
(Oywu, OakeHbI, MasKH).

Jlnsi BHOBB CTPOSILMXCS CYIOB JOJDKHA OBITH
KOHCTPYKTHBHO IPEIyCMOTpEHa CHCTEMa aBTOMa-
THUYECKOTO IIpUeMa M BBIAAYM TOPIOYE-CMa304HBIX
MaTepHajIoB U HeTeCcoIepKaiX BO.

TexHHueCcKHe CpelCcTBa aBTOMATH3alMU IIBAp-
TOBKH/TIOCTAHOBKH Ha SIKOPb TOJIBKO MPEACTOUT pas-
paboTaTth, U CErOAHA B 3TOM HAIIPABIECHUH HIYT
aKTUBHBIE paOoTHI (monus, OuHIAHANS).

TexHHUYEeCKHE aCIEKThl HA BHYTPEHHEM BOIHOM
TPaHCIIOPTE CXOXKH C MOPCKOW CIenU(pUKON, U CHU-
CTeMa HaBUTallil MOPCKUX CYJIOB TAK)KE MOKET ObITh
nopa0oTaHa [yisl MPUMEHEHHS Ha PEYHBIX CyOax. JTo
noTpedyeT yueTa ABHKEHUS U PACXOXKICHUS CYlIOB
B Y3KOCTSX, MaJbIX 3aJlepKEeK B CHCTEME yIpaBie-
HUS, IPH HEOOXOJUMOCTH — YCTAHOBKM IOIOJHU-
TEIBHBIX TOJIPYIUBAIOMNX cpeacts [11].

Tak e kaK u JJ1s1 MOPCKOro (IoTa, yCTaHOBKA
CHCTEMBI YIPaBJICHUS! CyJHOM HE MOTpeOyeT CIUIO-
BaHMsA ()JI0Ta U MOXKET OBITh MPOU3BECHA B CPAaBHU-
TEJIBHO Majo€ BPEeMs, PeUHbIE IOPTHI HY)KHO OyAer
OCHACTUTh IYHKTaMM JTUCTAHIMOHHOTO YIIPaBIEHUS
CyAaMmH, a B MecTax OCTaHOBOK aBTOHOMHOTO (yioTa
(opTHI, OYHKEpOBOYHBIE CTOSHKH, ILTIO3BI) ITOTpe-
OyeTcs HaIM4YUe PEMOHTHO-INATHOCTHUECKUX OpH-
rajg Juis OCMOTpa, JUarHOCTUKM M Hanaaku COVY u
CHCTEM aBTOMATUKH CyJHA.

8 [IpoexT-Mask «ABTOHOMHOE CYIOBOXKIEHHE» B PaMKAX
MepevHs] MHUINATHB CONHAIbHO-YKOHOMHYECKOTO Pa3BHTHUSL
Poccuiickoit @enepamyu 10 2030 roma, yTBEpKIESHHOTO pac-
nopspkenueM IIpasurensctBa P® ot 06.10.2021 r. URL:
http:/static.government.ru/media/files/jws YsyJKWGQQAaCS
MGrd7q82RQS5xECo3.pdf (nara obpamenus: 22.06.2021).
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beperosas undpacrpykrypa BBT yxe ceroans
onupaercd Ha EQuHYIO KOJIEKIHMIO 3JEKTPOHHBIX
HaBHUTallMOHHBIX KapT BHYTPEHHUX BOAHBIX IyTeH
P® (OKP «Kapta-Pekay), koTopsic akTHBHO (op-
MUPYIOTCSI.

3. CokpalgeHne YNCIIeHHOCTU aKunaxen

CHIDKeHHE JKCIUTyaTallHOHHBIX PacXoJlloB 3a
CYET COKpAIIeHHUs IKHATMAXKEH y)Ke Ha TIEPBOM dTare
COKpPATUT PENCOBBIE PacXo/bl CYJOXOTHBIX KOMIIa-
HUHI OPUEHTUPOBOYHO Ha 5—-10 %.

Homnst omnatel TpyJa 3KUNaKeH CyJIOB B MEXKIY-
HapOJHBIX MOPCKHX IEePEBO3KaxX 3aBHCAT OT Kiacca
¢ara cynqHa, THIIA IEPEBO30K, HO MPEXIE BCETO —
oT 00beMa rpy3a (pa3MepoB CyTHA).

st ManeIx cysoB J0Jis 3apa0OTHOM TUTATHI B
OIEepaIMOHHBIX pacxoaax noxoaut ao «50-70 % (mop-
TOBBIE OYKCHUPBI, MaJlble Cyna, TeXHUIeCKui (o),
JUTSL KPYIHBIX CY/IOB OHA TOpa3a0 MEHbIIIEe — HaYNHAET-
cst oT 6 % (KOHTeWHEepOoBO3bl, KpyMHHBIE cyaa)» [12].
AHanornyHasi KapTWHA B HAIlMOHAIBHOM (pOCCHH-
CKOM) CErMEHTE CYIOXOICTBAa — JOJSA 3apabOTHOMH
MJIaTel B pacxojJax CyAOBIAJENbIIEB COCTaBISAET
0K0J10 5 %.

3arparel Ha obecriedeHne padOTHI CyAHA CO-
cTaBiArOT 42 %, peiicoBble pacXobl, BKIOYas OyH-
KepoBKy, cocTaBisitoT emie 40 %. B atom cmbicne
CYIIOXOJICTBO SIBJISIETCS O0Jiee KalUTATOEMKIUM, YeM
TpymoeMKuMu OuzHecoM [13].

[Ipu ycraHOBKe Ha CyJa CHCTEM aBTOHOMHOTO
YIpaBIeHUs ABM)KEHHUEM CTaHET BO3MOYKHO COKpa-
[IEHNEe YacTH JKHIaka KOMaHIbl MOCTHKA YPOBHA
9KCIUTyaTalluy (BaXTEHHBIM pyJieBOM), YpOBHS yII-
paBiieHUs (BaXTeHHBIN ouIep).

CokpallaTh SKHINaX MAIIMHHOW KOMAaH/Ibl Ha JIeH-
CTBYIOIIMX CyJaxX OyJeT BO3MOKHO IIPY HAIWYINH Ha
cymHe ypoBHS apromaruzarmu He Hike AUTI, B He-
KoTOpbIX cinyyasx AUT2.

CorracHo TpeboBaHUAM MOpckoro Perucrpa:

— ecnu 00beM aBTOMAaTHU3alMK TO3BOJIAET JKC-
TUTyaTalui0 MEXaHUYECKOH YCTaHOBKU cyaHa Oe3
MOCTOSTHHOTO MPHUCYTCTBUS OOCTYKHBAIOIIETO IIep-
COHajia B MAIIMHHBIX MOMEIIEHUSIX U LEHTPAILHOM
MOCTE YTIPaBJICHUS;

— aBTOMATH3alHs BBIIIOJIHEHA C MPUMEHEHUEM
KOMIBIOTEPOB WM MPOTPAMMHUPYEMBIX JIOTHIECKUX
KOHTPOJIJIEPOB, OTBEYAIOIINX TPEOOBAHMUIM pa3Jiena
7 yactu XV «ABTOMAaTH3AIUIY,

— aBTOMATH3alHs BBHIIIOJIHEHA C NMPUMEHEHUEM
KOMIIBIOTEPHON HMHTETPUPOBAHHOM CHCTEMBI YIIPAB-
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JICHUS. ¥ KOHTPOJIS, OTBEYAIOIICH TPeOOBAaHUSIM pas-
nena 7 yactu XV «ABTOMaTH3AIUS.

B »TOM cnyyae BO3MOXKHO COKpAIlleHHWE YacTH
JKHTAXKa yPOBHS JKCILTyaTallu (BaXTEHHBIA MOTO-
PHCT) M YPOBHS yIpaBiieHUs (BaXTEHHBIH odurep).

CokpallieHie MaTpOCOB (MJIM JIUII, BBIITOJIHSIO-
IUX SKOPHO-IIBAPTOBHBIC OIEpaIiii) OyIeT BO3-
MOXHO TOJIBKO C MOSIBICHUEM Ha Cy/ax CHCTEM aB-
TOMATH3AIMH IIIBAPTOBBIX/CTOSTHOYHBIX OTICPAIIHA.

CokpalnieHue SKUNaked NEeUCTBYIOIIUX CYAOB
BHYTPEHHETO BOJHOTO IUIaBaHUS OyAeT BO3MOXKHO
MIpU HAIMYUU Ha CyJHE YPOBHS aBTOMATH3al[UU HE
Hmwke Al (O0e3BaXTeHHOE MAITWHHOE OTHACICHHUE) U
OCHAIIICHNY aBTOMAaTHKOW IIBAPTOBHO-CTOSHOYHBIX
onepauuid. B aTom ciydae 1onycTHMO COKpaLIeHUE
YaCTH JKHUIAXa YPOBHS SKCILTyaTalluu (pyJeBOU-
MOTOPHCT, MaTPOC), YPOBHS YIIpaBIeHUsS (IIOMOIII-
HUKHW MEXaHWKa, TOMOIIHUKY KaluTaHa).

4. [leicTBYIOWUE POCCUNCKNE
nporpamMmbl U NPOEKTbI

C xonua 2020 r. HaXOQUTCsl HA PaCCMOTPEHUU
B IIPaBUTENBCTBE MPOEKT NOCTaHOBNIeHU [IpaBuTens-
ctBa P® ot 5 mekadps 2020 r. Ne 2031 «O mpose-
JEHUM JKCIEPUMEHTAa IO OMNBITHON SKCILTyaTaluH
aBTOHOMHBIX CyJI0B I10J ['ocyjapcTBeHHBIM (iarom
Poccuiickoit @enepauun», BMECTE C TEM MEPOIPHU-
SITUA DKCIIEPUMEHTA y)ke peanusyrorcs. Tak, Ha pac-
mmpeHHoM 3aceannn Komnernn denepanbHOro areHT-
CTBa MOPCKOTO M pe4HOro TpaHcnopra u Obmect-
BeHHOro coBeTa mpu Pocmoppeudiore pykoBoau-
teap DAMPT JlaBpumeB ormetui, 4to «B 2020 r.
CTapTOBAJl DKCIIEPUMEHT I10 HCIBITAHUIO ABTOHOM-
HBIX CYJIOB, CO3/[aHa TECTOBas akBaropus Ha Hese u
JlanoxxckoMm o3epe. OI'VII «PocmopnopT» Hauan uc-
IIBITaHUSA 00OPYOBaHUS, YCTAHOBJIEHHOTO HA CyJax
TEeXHHYECKOTO (hI0Ta»’.

IInnoTHBIA IPOEKT 3allyCKa aBTOHOMHOMW JIu-
Hud Mexay nopramu Kanununrpaag u Ycrb-Jlyra
maaupyercs B 2023 1. «/lo 31 mexabps 2025 r.
9KCHEepUMEHT mpoiiger Taxke B llerepOypre, Jle-
HUHTPAJCKOU, AcTpaxaHCKoi, MaragaHnckoii, Myp-
MaHcko#, PoctoBckoii, CaxaJMHCKOI 00J1acTsX, a Tak-
e B Kpacnomapckom, Ilpumopckom i XabapoBCKoM

Kpaax»lo.

9 I'nobanbHbBle IeTH, aMOuIuosHble 3amaun. URL:
http://morvesti.ru/analitika/1692/89716/ (mata oOpameHus:
25.09.2021).

10 Akt IMpasurensctsa Poccniickoit ®enepammu or 05.12.2020
r. Ne 2031 «O nmpoBeseHHM 5KCIEPHUMEHTa IO ONBITHOH JKC-
IUTyaTalii aBTOHOMHBIX CyZIOB 10J 'ocynapcTBeHHBIM (iarom

B pamkax ¢emepanpbHOU LETEBON MPOrpaMMEI
«'JIOHACC» xommnanus «Kpoumraar Texnomorum»
BBINOJIHWIA JIBA BaXKHBIX TOCYAAPCTBEHHBIX KOHTPAK-
Ta 1o 3akazy MuHTpaHca Poccun, 3aBepiivB co3iaHue
TectoBoi akBaTtopuu e-Hapuranuu (OKP «e-Mope»)
u popmupoBanue EnuHOM KOUIEKIIMU 3IEKTPOHHBIX
HAaBUTallMOHHBIX KAPT BHYTPEHHUX BOJHBIX IyTEH
P® (mpoext «Kapra-Pexay).

OnBITHO-KOHCTPYKTOPCKass paborta «e-Mope»
BBINIOJIHAJIACH TPYIIoi koMnanui «KpoHmranry c
2016 o 2020 r. u 3aKir04anack B CO3IaHUU TECTO-
BOH aKkBaTOpHH, O00CCIICUUBAIOIICH BCECTOPOHHIOIO
MPOBEPKY M OTPabOTKYy pa3pabdaThiBaeMbIX HABUTA-
[IMOHHBIX, CBS3HBIX, MH()DOPMAMOHHBIX CHUCTEM W
KOMILJIEKCOB CYIOBOI M OEperoBoil uepapxudeckoi
MH(PACTPYKTYpPhl B paMKax TI00ATHLHON KOHICTIIUH
e-Hapurarmuu. Llensio paboTsl SBISIOCH MOBBIIIE-
HUe O€30MaCHOCTH MOPEIUIABaHUS U CYIOXOJCTBA
Ha BoAHBIX NyTsAx Poccuiickoil denepayy, a Takxke
pocT 3 PeKTHBHOCTH MOpPCKHX IEepeBO30K. B pe-
3yJbTaTe BBIITOJIHEHHBIX paboT «MunTpanc Poccun
MOJTyYMIT ,,TIOJTUTOH U1 OTPabOTKU M TECTHPOBA-
HUS IU(POBBIX PEIIeHNU, Ha KOTOPOM OYAYT aKKy-
MYJIHPOBATLCS BEOyIIHE pa3pabOTKH I O€33KH-
Na)KHOTO KOMMEPYECKOTO CyI0XOCTBa» .

B mae 2021 r. MexBeIOMCTBeHHas pabodas
rpymnmna npy MpaBUTEIbCTBEHHOW KOMUCCUU IO MO-
NEpHU3AIMA 3KOHOMUKH ¥ WHHOBAIIMOHHOMY pa3-
BuTHio Poccun ogo0Opuna pUHAHCHPOBAaHUE MPOCK-
Ta rocrporpamMMmbl HalmoHanbHOM TEXHOIOTHYECKOM
WHUIIMATHUBEI B 00J1aCTH CO3aHUA MIaTGOpPMBI BUP-
TYaJIbHOT'O MOJETUPOBAHUS OE3IKHUITA)KHOTO CYI0-
BOKJIEHHS B pasMepe «263 MiH py6.»'2.

IIpoekT BbIMONHSET KommaHua «Kponmranr
Texuomorum», COUCIOIHUTENAMU ABIAI0TCS OI'YII
«KpBUTOBCKHI TOCYIapCTBEHHBIM HAYUYHBIM IIEHTP»
Y HAY4YHO-TIPOU3BOACTBEHHOE NpeanpusTHe «ABHUa-
LMOHHAsl U MOPCKasl 3JIEKTPOHUKa». B ampeine sToro
rojia Tpymiy paspaborunkoB u3 «Kponmranr Tex-
HOJIOTUW», 3aHUMAIOIIYIOCS MOPCKHMH OeCIHIOT-
Hukamu, kyrmina ADOK «Cucremay.

Poccuiickoii ®enepaunn» // Cobpanue aktoB I[IpesnmmeHTta u
[IpaBurensctBa Poccuiickoit @enepanun. Ne 2031. denepauuu.
Ne 2031. URL: http:/government.ru/docs/all/131362/ (nata
obpamenust: 22.05.2021).

' Kponmuraar co3man TecToBylo aksatoputo. URL:
https://portnews.ru/news/304186/ (nata obparuenus: 22.05.2021).

12 Bnactu PO noamepsar co3faHue BUPTYaJIbHOM ILIAT-
dopmer  mms OecmmoTHoro  cymoBoxknenms.  URL:
https:/neftegaz.ru/news/gosreg/443328-rossiya-okazhet-podderzhku-
sozdaniyu-virtualnoy-platformy-dlya-bespilotnogo-
sudovozhdeniya/?clear_cache=Y (nara obpamenus: 19.06.2021).
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Kommanwust Sitronics Group (Bxoaut B AOK «Cu-
CTeMa») TMO3UIMOHUPYET ce0sl Ha TPEThEM MECTE B MH-
POBOM pEHTHHTE pPa3pabOTUMKOB TEXHOJOTHH aBTO-
HOMHOT'O CyJIOXOJICTBA M «TJTaHUPYET HHBECTHPOBATh B
3TOM TOJTy B aHHO#H o6macti 700 MaH py6.»'>.

CeronmHsi KOMIIaHUEH CO37]aH KOMIUIEKC CUCTEM
JUIS. aBTOHOMHOTO CYZIOBOXK/ICHUSI B TEXHUYECKOH U
MPOrpaMMHOM YacTH, OCHALLEHBI YETHIPE CyJIHA KOM-
MEPUECKOTO M TEXHUUYECKOTO (p10Ta, MPOXOAUT OIBIT-
Hasl 9KCIUTyaTalys PEIICHUS B PEabHbBIX YCIOBHSIX.

CucremMa aBTOHOMHOTO CyTOBOXKACHHS Sitronics
Group HOMUHHPOBaHA Ha POCCUICKYIO HE3aBUCUMYIO
JICTIOBYIO0 MPEMHIO B 00JNACTH IM(POBBIX TEXHOIO-
THil B Kateropun «Pa3paboTka romay.

5. MexayHapogHbie ycunus

Crparerndeckuii miaH MexTyHapoIHOM MOPCKOM
opraamzanuu (MUMO) Ha 2018-2023 rr. BKITIOYaeT
«KJTI0YEBOE CTpaTeTnyecKoe HampasieHue ,,lHrTe-
TpUpPOBaHKME HOBBIX M IEPEIOBBIX TEXHOJIOTHH B
HOPMaTHUBHO-TIPaBOBYIO 0azy» [14].

B 2017 r. no npeajioxXeHuro psijia rocy1apcTB-
yirernoB Komuter UMO 1o 6e3omacHOCTH Ha Mope
(KBM) cornacumncs BKJIIOUUTH B CBOIO IOBECTKY JHS
BOIPOC O MOPCKHX aBTOHOMHBIX HaJIBOJHBIX CylaX.
D10 OBUIO CHENaHO IS OIpPENeNeHUsT TOTO, KaKuM
oOpa3oM Oe3omacHasi ¥ SKOJIOTUYECKH O0OCHOBAH-
Hasl 3KCIUTyaTalusi MOPCKHUX aBTOHOMHBIX HaJIBOJI-
HBIX cynoB (MACC) MoxeT OBITh BKIIIOUCHA B J0-
kymeHTsl UMO.

KBM npusznan, uro IMO crnenyer urpars yrpe-
KNTAIONIYI0 W BEAYIIYI0 POJIb C YYETOM OBICTPBIX
TEXHOJOTMYECKUX W3MEHEHUH, CBSI3aHHBIX C BHEI-
pEHHEM KOMMEPUYECKHX CyJOB B aBTOHOMHOM pe-
xuMe (padoTaronux 0e3 SKHUITaxa).

B urone 2019 r. KBM Ha cBoeit 101 ceccun
yTBepawsl BpeMmeHHbIE PYKOBOISIINE TMPHHIUIIBI
WCIIBITAHUI MOPCKUX aBTOHOMHBIX HaJ[BOJHBIX CY-
1moB (MASS).

Cpenu mpouero, B pyKOBOISIIMX MPUHIIMIIAX
TOBOPHTCS, 4TO cyAeOHbIe pa30upaTeNbCTBa JOIIK-
HBI TIPOBOJIUTHCS CIIOCOOOM, 00ECTIEYNBAIONINM IO
MEHBIIIeH Mepe TaKylo K€ CTENeHb Oe30MacCHOCTH U
3alIUTHl OKPYIKAIOWIEH Cpelbl, KaK 3TO MPeryCMOT-
PEHO COOTBETCTBYIOIIMMH JOKYMEHTAMHU.

BopToBrle mnm yaaieHHbIe orepaTophl MASS
JOJDKHBI UMETh COOTBETCTBYIOIIYIO KBaTH(DUKAIHIO

13 Tocnonepkka MOKeT HapyLIUTh €CTECTBEHHBIA MPOLIECC.
URL: https://www.kommersant.ru/doc/4849121 (nata oGparie-
Hust: 22.05.2021).

360

U1 UX JKcruTyatanuu. «JIrob6oi mepcoHan, ydact-
BYIOIIMI B MCIBITAHUSAX, KAK JUCTAHIIMOHHBIX, TaK
1 OOPTOBBIX, JOJDKEH UMETh COOTBETCTBYIOIIYIO KBa-
TUQPHUKAIAIO W OIBIT TSI O€30TaCHOTO TPOBEICHUS
MCTIBITaHMI» .

C 4 1o 8 oxrsi6psa 2021 r. B PpopmaTe BUACOKOH-
¢depentuu npomnnia 104-s1 ceccus Komutera mmo 6e3-
ONaCHOCTH Ha Mope MeXIyHapoJIHOW MOPCKOM op-
ranmsanuu (KEM104)".

B mepomnpusTiH NpHHSIIA yY4aCTHE MEXBEIOM-
cTBeHHas neneranus Poccuiickoit denepanuu Bo
TJIaBe C TUPEKTOPOM JIeTIapTaMeHTa TOCYIapCTBEH-
HOM TOJIUTUKH B 00JIACTH MOPCKOTO ¥ BHYTPEHHETO
BOJIHOTO TpaHcnopta Muntpanca Poccun Butanu-
eM KirroeBbIM.

VYcnemHo 3aBepiivB pPeryJsSTUBHBIN 0030p B
OTHOIIICHUH HCIIOJIb30BAHUS MOPCKHX aBTOHOMHBIX
HanBoaHbIXx cynoB (MAHC), a uMeHHO OLEHKH
HEOOXOJMMOCTH BHECCHUS W3MCHCHHI B KOHBCH-
mud 1 Konekcesl MO mis obecriedyeHus BO3MOKHO-
CTH WCTIOJB30BAHUS ABTOHOMHBEIX CYJOB, KOMHUTET
paccMOTpen HECKOJBKO MPEII0KEHUH TOCyAapCTB
0 JMaNbHeHIe paboTe 10 ATOMY HANPaBICHHIO.

Poccuiickas ®eneparus npeacrasia Ha KbM104
JIBa JIOKYMEHTa C MPEIJIOKCHUSIMU NPUCTYIUTh K
paspabotke nactpymenta UMO mo MAHC. Taxxe,
YYHUTBIBasE UTOTU PETYIATHBHOTO 0030pa, HA mep-
BOM JTare IMpeIJIOKEHO OTAATh HPUOPUTET PEKO-
MeHaTeNnbHBIM pyKoBojacTBaM 1m0 MAHC, uToObI
JIaTh BO3MOXKHOCTh CY/JOXOJHON WHAYCTPUHU yKE B
Omxaifiiiee BpeMsl MPHUCTYIUTh K OKCIUTyaTalldd
aBTOHOMHBIX CYJIOB.

Ve Ha CIEAyIOUIel CECCUU To/la HAYHETCS TpU-
KJIagHas padoTa ¢ MPHICIIOM Ha pa3pabOTKy MEX-
nyHaponHoro kojekca mo MAHC ob6sizaTenbHOTO
xapakrepa k 2025 .

Anenus. Kommnanust Rolls-Royce ¢ 2012 r. pasz-
pabaTeiBaeT KOHIEMIWIO aBTOMATH3WPOBAHHBIX CY-
JIOB, TIPUYEM OIICHUBaeT pa3pabOTKy aBTOMAaTH3H-
PYEMBIX CyIIOB KaK OTPOMHBIN IIar B YMEHbIIEHUH
TpaBMaTH3Ma Ha Mope'°.

14 JTokymeHTbl MesKIyHaApOAHOM MOPCKOM OpraHu3aluu
IMO. URL:
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Autonom
ous-shipping.aspx (nata ooparierus: 26.06.2021).

15 Noxymentsl Mununcrepcrsa Tpancnopra P®. URL:
https://mintrans.gov.ru/press-center/news/10056 (nata oGpaiie-
aist: 28.06.2021).

16 Remote and autonomous ship — the next step. URL:
https://www.rolls-royce.com//media/Files/R/Rolls-
Royce/documents/customers/marine/ship-intel/aawa-
whitepaper-210616.pdf (accessed: 12.04.2021).
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3 nexabpst 2018 r. Rolls-Royce coBmecTHO ¢
(PUMHCKOH rocylapCTBEHHOW CyIOXOAHOM KOMIIaHH-
et Finferries mpomeMoHCTpHpOBay «IepBbhIi B MUpE
TTOJTHOCTBIO aBTOHOMHBINH aBTOMOOWILHEIN ITapoM
Falco, pefictBytomuii B Mope K tory ot ropona Typ-
Ky (PunnsHaus) B Xoae npoOHoro peiica. Ha cynune
HCIIOJIB30BAJINCh CEHCOPHBIE NaTYUKH M HCKYC-
CTBEHHBIN HMHTEUIEKT JJIi PaHHEro OOHapy>KEeHUs
MIPENATCTBUN U MPEJOTBpAIIEHUs CTOJIKHOBEHUH ¢
o6bekTamu»'’. CyaHO Takke BBHINOJHHIO ABTOMA-
THUYECKYIO IIBAPTOBKY C IOMOILBIO HEJABHO paspa-
0OTaHHOW aBTOHOMHOH HAaBHTallMOHHOW CHCTEMBI.
OOpaTHBIfl peiic OCYIIEeCTBISUICS Ha JUCTAHIIMOH-
HOM YIIPaBJICHUH.

Hopesezus. «I10JHOCTBIO aBTOMaTU3UPOBAHHBIN
KOHTEHHEpOBO3 HOPBEKCKOH KommaHnuu Kongsberg
Gruppe yxe HpomIes X0A0Bble UCTIBITAaHUS U TOTO-
BUTCS K MIEPBOMY CaMOCTOSITEJIbHOMY MOXO/Y B KOHIIE
2021 r»'®.

CynHo OyzeT mepeBO3UTh OKOJIO CTa KOHTEH-
HEpOB C yIoOpeHUsIMHU Ha paccTosHue 10 120 kM 1mo
MapIIpyTy, CBS3bIBAIOIIEMY TPU MOPCKUX HOpTa B
Hopserun. Ero npumeHneHue Mmo3BOJIMT COKPATUTh
aBTOMOOMJIbHBIC NEPEBO3KH AU3EIbHBIMH aBTOMO-
ounsamu (1o 40 TeIC. pelicoB TPY30BUKOB B TOJl) TpH
YMEHBIIEHHBIX Ha MOPSI0K BPEAHBIX BEIOpOCaXx.

Anonus. B mapre — anpene 2021 r. Ha npuyane
nopra Oapaii IpoBEAECHBI IEMOHCTPALMOHHBIE HC-
MIBITaHUS HOBOM CHCTEMBI NMPUYAIMBAHUS U OTXO0Ja
OT IpHUyaja B aBTOMaTHYECKOM pexume. «B npoekre
puHUMaMA ydactre kommanuu Mitsui E&S Ship-
building Co., Ltd. (MES-S), Mitsui O. S. K. Lines,
Ltd. (MOL), Tokuiickuii yHUBEpCUTET MOPCKHUX HayK
u TexHojorui, komnanus Akishima Laboratories Inc.
u mapomusIit oneparop MOL Ferry Co., Ltd. [15].

WcnbITanys npoBOAMINCE C YYaCTHEM KPYITHOTO
aBTromMobmisHOro mapoma Sunflower Shiretoko (MOL
Ferry), BaoBeiM ToHHakeM 11 ThiC. T Ha pabodeMm
MapIIpyTe C HCIOJIb30BaHUEM AEHCTBYIOLIETO IpHU-
yanay»'’. TIpuMenss BUPTyalbHbIE M peabHbIE JaH-
HblC, CHCTeMa OyZIeT IOBOIUTHCS Ha JIEUCTBYIOIIMX
MpUYaiax ¢ ydacTueM APYTUX THUIIOB CYZAOB C IIEJbIO
pa3paboTKN yHUBEPCATIHLHON TEXHOJIOTHH.

17 Rolls-Royce u Finferries ucrnbitanu nepsoiii B Mupe
MOJTHOCTBIO aBTOHOMHBII apoM. URL:
https://portnews.ru/news/268729/ (nara obpawenus: 25.10.2021).

18 YARA Birkeland — autonomous ship project. 2020. URL:
https://www kongsberg.com/maritime/support/themes/autonomous-
ship-project-key-facts-about-yara-birkeland/ (accessed: 12.04.2021).

19 Japanese demonstration of autonomous docking system.
URL: https://www.maritime-executive.com/article/video-japanese-
demonstration-of-autonomous-docking-system (accessed: 25.10.2021).

LIgeyus. Kommanus ABB ¢ 2021 r. «pa3pabatsl-
BacT IEpelOBbIe PEIICHUS B 00JAaCTH aBTOHOMHOTO
CYZIOXOJICTBA JIJIsl HAYYHO-HCCIIEIOBATENLCKOTO Cy/THA
nHcTUTyTa Monterey Bay Aquarium (MBARI) Ha 6aze
pacnpeneneHHON cucTeMbl yrpasieHust System 800xA,
KoTOpasi 00beANHACT UU(POBBIE CHCTEMBI KOHTPOJIA,
PEryIMpOBaHUs] MOIIHOCTH, TBIDKEHHUS, HA3KOBOJBT-
HbIE PaCIIpe/ICTUTENbHBIE CHCTEMBI H CUCTEMBI YIIPaB-
JIeHHs CYZHOM Ha eMHOM miaTdopme, NO3BOJISIOIIIE
SKHUIMAXy W OeperoBbIM CIyK0aM IONy4aTh HEOOXO-
muMmyto wH(opMarmo il 3P QekTrBHON 1 Oe3omac-
HOM IKCILTyaTaly CyIHa»> .

Taxxe ABB «c 2020 r. pa3pabarbiBaeT TeXHO-
JIOTHYECKHUE PEeIIeHHs NI CHHTAMypcKoil Bepdu
Keppel Offshore & Marine s oCyIIeCTBICHHS
ABTOHOMHBIX OYKCHPHBIX OIeparuiiy’’.

CILIA4. Kommnanus Sea Machines Robotics u3
CIIA pabotaeT Hax cHCTEMaMH YIpPaBJICHHUs BOCH-
HBIX OECIUIOTHBIX KopaOyed, co3gaHhueM CHCTEM
ynpaBieHuss OSCIUIOTHBIX aBapUIHBIX Kopaoiei,
KOTOPBIE B COCTaBE TPYIIIBI CMOTIIH OBl A (HEKTHB-
HO JIMKBHJMPOBAaTh HE()TSAHBIC MATHA, PA3JIUBBI BPEII-
HBIX BEIIECTB HA MOPE.

Coznana «aBTOHOMHAsl CHCTEMa YTIPaBICHHUS
SM300, koTopasi ycTaHOBJIEHa Ha OopTy Oykcupa
Rachael Allen (MomHOCTBIO Oonee 5000 m.c.) KOM-
nannu Foss Maritime (Cuatin, CILIA), gerBepToro
M3 HECKOJBKUX HOBBIX OykcupoB ASD-90, crpos-
muxcs kommanuei Nichols Brothers Boat Builders
B @puiieHe, wrat BamuHITOH.

B mae 2021 r. 90-ronnsiii Oykcup Rachael Allen
cTai nepsbiM Oykcupom mof (uarom CIIIA, koTopbrit
WHTETPUPOBAJl aBTOHOMHBIC CHCTEMBI B pealibHbIC
KoMMepJeckre omnepamum»’. Bykcup 6ymer pabo-
Tath B Kamudopuun misa obGecrieueHus] COMPOBOXK-
JICHUS TAHKEPOB.

Kommanus IBM pazpaborana «xopadib 6e3 3Kku-
naxxa Mayflower ¢ TpexXypoBHEBOW TEXHOJIOTHECH:
CCHCOpHBIC aTYMKH, MAlIMHHOE OOYYeHHE B peajib-
HOM BPEMEHHM WM aHalMTHKa, a TaKKe MEXaHU3M

20 ABB future-proofs sustainable operation of Monterey Bay ocean
research vessel. URL: https://new.abb.com/news/detail/79093/abb-future-
proofs-sustainable-operation-of-monterey-bay-ocean-research-vessel
(accessed: 25.05.2021).

21 ABB and Keppel O&M reach key autonomy milestone
with remote vessel operation trial in Port of Singapore. URL:
https://www.hellenicshippingnews.com/abb-and-keppel-om-reach-
key-autonomy-milestone-with-remote-vessel-operation-trial-in-
port-of-singapore/ (accessed: 25.05.2021).

22 Foss builds first U.S. tug with autonomous capabilities. URL:
https://www.maritime-executive.com/index.php/article/foss-builds-
first-u-s-tug-with-autonomous-capabilities (accessed: 25.06.2021)
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npuHATUA pemenuil. s oOydueHus mozaeneil ma-
LIMHHOTO 00YYeHHS MCIOJb30BaJUCh NeTabalThl
JTaHHBIX» . Kopabnp momkeH o0OWTH 3eMHOU Imap
0e3 ydacTus genoBeka 1o koHma 2021 r.

Muposoii anssinc MASSPorts. B aBrycre 2020 r.
00pa3oBaH MEXAYHAPOIHBIA AJbSHC IJIS pEeIICHHS
po0JeM U JOCTHXKEHUS COTJIaCOBaHMS CTaHAAPTOB
WCIBITAaHUI M IKCIUTyaTallid MOPCKUX aBTOHOMHBIX
HaJIBOAHBIX KopaOeit (Maritime Autonomous Surface
Ships, MASS) B nopTax. B coctaB anmbsiHCa BOILIH
Kurait, Hanusa, ®unnaaaus, Anouus, Huaepnaniel,
Hopgerus, Pecnyonuka Kopest u Cunramyp. Aunb-
siHC Takke KypupyroT IMO, MexnyHaponHas acco-
[Uanys MOPCKUX CPEICTB HaBUTalIMOHHOIO 000py-
noBaHusA W MasuHbIX cinyxk0 (IALA) m MexnyHa-
ponnas accounanys noptos u raBaHeit (IAPH).

3aksnouyeHne

CerofHsi TEXHOJIOTUH aBTOHOMHOTO CYIOXOJ-
cTBa pa3pabaThIBaeT HE TaKk MHOTO CTpaH, U y Poc-
CUM €CTh peayibHas BO3MOXKHOCTh CTaTh BEAyIIEH B
3TOH O0MacTH.

CHMXeHHe OJKCIUTyaTallMOHHBIX pAacXOJ0B 3a
CYET COKpAIIeHUs dKUMNaKeH yKe Ha MEepBOM 3Tare
COKpAaTUT PEeHCOBBIE PACXOJbI CYIOXOJHBIX KOMITa-
HUH OPUEHTHPOBOYHO Ha 5 %.

CuctemMbl aBTOHOMHOTO CYIOBOXKIEHHMS IS
MOPCKHX CYZOB YK€ IIOCTYIHBI, a IJIs pelIeHus
OCTaBIINXCS TEXHOJOTHYECKHX BOMpocoB B Poccun
1o 2025 r. mnaHupyeTcs 3aBepIINTh HATYpHBIE HC-
MIBITaHUS ONBITHBIX MOPCKHUX CYJJOB Ha aBTOHOMHOM
YIpaBJICHUH, YTO OOECTIEYUT BO3MOXKHOCTH MacCo-
BOI'0 BHECAPCHUA TEXHOJIOTHH.

Omnaxo st 3¢ PEeKTHBHON MOACPHU3ALMHN IEHCT-
BYIOIIETO (PJIOTa CYIIECTBYIOT CEpPhE3HBIE OTrpaHMU-
YeHHs. 3aMETHOE COKpaIlleHHe SKHUITaka BO3MOXKHO
TOJIBKO IJI1 BHOBb CTPOAIMIUXCA U OTHOCUTECIIBHO CO-
BPEMEHHBIX CYJOB C YPOBHEM aBTOMATH3allMH HE
Hmwke AUT2, nons KOTOpBIX 1Mo (hjaroM MOPCKOTO
KoMMepueckoro (giora PO cocraBisieT Bcero okojo
15 %.

MogepHau3zaiysi CyIIeCcTBYIOIINX CYIIOB BHYT-
PEHHETO BOAHOIO IJIaBaHWA B aBTOHOMHBLIC JOCTYII-
Ha CerofHs Ans MeHee ueM 2 % peuHoro TpaHC-
noptHOro ¢uioTa (Cya ¢ YpOBHEM aBTOMAaTH3AIlHH
Al), 3TO 3HAYMT, YTO ABTOHOMHBEIN BHYTpPEHHUH
BOJHBIN TPAHCIIOPT JIMUIb IPEJCTOUT TOCTPOUTD.

23 Pushing the limits of autonomous navigation with Al and auto-
mation. URL: https://www.ibm.com/uk-en/cloud/automation/mayflower-
autonomous-ship (accessed: 21.06.2021).
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Heo6xo1uMo MOMHHTB, YTO MaccoOBOE COKpale-
HUE SKUMaKeH CylI0B B COOTBETCTBUH C JCHCTBYIO-
M 3aKOHOJATENhCTBOM TOTPEeOyeT WX Iepeydu-
BaHUS, a TIPU HEOOXOTUMOCTH — JAIBHEHIIIETO TPyY-
JIOyCTPOUCTBA.
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OGLwennaHeTapHoOe TPaAHCMNOPTHOE CPEeACTBO U KOCMUYEcKoe oxepernbe «Opouta»
KakK anbTepHaTUBa pakeTHOMY OCBOEHMIO OKOJIO3EMHOrO NPOCTPaHCTBa

bol, C.B. Apriomesckmii >4 282 B, Jlykma °

A9, FOannkwii 2002, C.A. IIponkeBu4
& Obwecmeo ¢ oepanuieHHol OMeemcmeeHHoOCmyvlo « Acmpoundceneprvle mexnonoeuuy, Munck, Berapyco
b 3axpeimoe axyuoneprnoe obuecmeo « Cmpynnvie mexnoro2uuy
¢ Benopycckuii eocydapcmeennswiii ynugepcumem, Munck, berapyco
4 Benopyccuii 2ocyoapcmeennsiii ynueepcumem mpancnopma, I'omens, Benapyco
B3 s.artyushevskiy@unitsky.com

Hcrtopusi ctaTbu AnHoTtauus. [IpencraBnena anbTepHaTHBa pakeTaM — OOIIEIIaHETapHOE
Iocrynuna B pegakuuto: 19 uroms 2021 r. TPaHCIOPTHOE CPEACTBO U KocMuueckoe oxepenbe «Opouray (KO «Op-
JHopa6otana: 17 Hosopst 2021 r. 0uTa»), KOTOPBIC ABJISIFOTCS SAMHBIM KOMILIEKCOM, HEOOXOMMBIM I 6e3-
Ipunsra x my6muxanyu: 25 Hos6ps 2021 T PaKeTHOTo0 OCBOEHMA OMMKHEro kocMmoca. IIpoaHanu3npoBaHa KOHIIEHTY-

anpHas koHcTpykuuss OTC u KHO «OpOuta», nmpuBenieHbl UX OCHOBHBIE
Kirrouessie ciioBa: XapaKTEpUCTUKH, cpaBHeHO BoszekicTBrue OTC u paker-HOCUTENEH HA KO-
9KOJIOTHSL, TPAHCIIOPT, OHoc(hepa, ocBoeHNE noruto 3emud. [IpHHIMIT IBHKEHHUS OOLICTUIAHETAPHOTO TPAaHCIIOPTHOTO
KOCMoca, 6e3paKeTHast MHIyCTPHAIM3aLKs CPEAICTBA OCHOBAH Ha IICHTPOOEKHBIX CHJIaX, BO3HUKAIOUIUX MPU Pa3roHe
KOCMOCA, OOILEILIAHETAPHOE TPAHCIIOPTHOE OTC B mIIOCKOCTH 3KBaTOpa. DTO OCHOBHOE OTJIMYUE OT PAKETHBIX JIBHUTA-
CPEACTBO, KOCMUYECKOC HHYCTPUAJIBHOC Tenel, MPUHIMI JeWCTBUS KOTOPBIX 0a3upyeTcsl Ha MCIIOJIB30BAHUU PEaK-
oxepenbe «Opouta», DxoKocmolom TUBHOT'O JIBWKEHUS. Pa3HUIa B IPUHITUIIAX €ro paboThl U paKeT-HOCUTEeNeH

MPUBOJIUT K CEPbE3HBIM PA3IMYMIM B 3aTpaTax SHEPrHU, HEOOXOAUMOM st
moJbeMa OOLIETUIAHETAPHOTO TPAHCIIOPTHOTO CPENCTBA HA OKOJIO3EMHYIO
OpOUTY U, COOTBETCTBEHHO, K Pa3HOCTH CTOMMOCTH TOHHBI IOJIE3HOM HATrPy3KH.
Omucana konnenuust KO «Op6urta». KoMIuieke OmKeH MOCTyXUTh OC-
HOBOH I BEIHOCA BPEAHOTO NMPOU3BOJCTBA HA OKOJIO3EMHYIO OPOUTY U CTaTh
CTapTOBOW IUIOIIAIKON Ul aKTHBHOW JKCIAHCHU B KOCMOC. 3aKIIOYEHO,
4yTO OoflIerianeTapHoe TpaHcnopTHoe cpenctBo U KO sddekTuBHbI 1ist
KOMIUIEKCHOTO Y IPOTPECCUBHOIO pEIIEHHs SKOJOTMYECKHX MpoOJieM Ha
3emite ¥ I INIOAOTBOPHOM pean3anuyl KOCMHYECKOTO HAIIPABIICHHUS.

Jns nUTHPOBAHUS

FOnuykuii A.3., Ilponkesuu C.A., Apmiowescruii C.B., Jlykwa B.JI. ObuienianeTapHOe TPAHCIIOPTHOE CPEJCTBO M KOCMHU-
yeckoe oxxepelbe «OpOuTa» Kak aJbTepHATHBA PAKETHOMY OCBOCHHIO OKOJIO3EMHOIO IpocTpaHcTBa // BectHuk Poccuii-
CKOro yHuBepcuTeTa ApyxObl HaponoB. Cepus: Wmkenepueie wucciemoBanus. 2021. T. 22. Ne 4. C. 364-372.
https://doi.org/10.22363/2312-8143-2021-22-4-364-372

© YOuumxuit A.3., Ilponkesnu C.A., Apriomesckuii C.B., JIykma B.JI., 2021

This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/

364


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1574-3539
https://orcid.org/0000-0001-9200-4110
https://orcid.org/0000-0003-0838-9228
https://orcid.org/0000-0003-4553-0016

FOHuuxut A.3., MNMporkesud C.A., Apmiowesckuti C.B., Jlykwa B.J1. BectHuk PYOH. Cepus: UikeHepHble nccnenosanus. 2021. T. 22. Ne 4. C. 364-372

General planetary vehicle and industrial space necklace “Orbit”
as an alternative to rocket near space exploration

Anatoli E. Unitsky 2°

, Sergei A. Pronkevich b¢

, Sergei V. Artyushevsky 24428 Vitali V. Looksha P

2 Astroengineering Technologies LLC, Minsk, Belarus
b Unitsky String Technologies Inc., Minsk, Belarus
¢ Belarusian State University, Minsk, Belarus
d Belarusian State University of Transport, Gomel, Belarus

B3 s.artyushevskiy@unitsky.com

Avrticle history

Received: July 19, 2021
Revised: November 17, 2021
Accepted: November 25, 2021

Keywords:

ecology, transport, biosphere, space explo-
ration, non-rocket space industrialization,
general planetary vehicle, industrial space
necklace “Orbit”, EcoCosmoHouse

For citation

Abstract. The paper presents an alternative to rockets — general planetary
vehicle (GPV) and industrial space necklace “Orbit” (ISN “Orbit”), which
are a single complex necessary for the non-rocket near space exploration.
The authors analyzed the conceptual design of the GPV and ISN “Orbit”,
described their main characteristics, compared the impact of the GPV and
launch vehicles on the Earthas ecology. The principle of the GPV movement
is based on centrifugal forces arising from the GPV acceleration in the plane
of the equator. This is the main difference from rocket engines, which prin-
ciple of operation is set up on the use of jet motion. The differentiation in
the operation principles of the GPV and launch vehicles leads to serious
variety in the energy required to lift the GPV to the near-Earth orbit and,
accordingly, the variety in cost per payload ton. The concept of the ISN
“Orbit” is described. The complex should serve as a basis for the removal
of harmful industry to the near-Earth orbit and become a launching pad for
active expansion into space. The GPV and ISN “Orbit” are effective means
for the complex and progressive solution of environmental problems on
Earth and productive implementation of space direction.

Unitsky AE, Pronkevich SA, Artyushevsky SV, Looksha VV. General planetary vehicle and industrial space necklace
“Orbit” as an alternative to rocket near space exploration. RUDN Journal of Engineering Researches. 2021;22(4):364-372.
(In Russ.) https://doi.org/10.22363/2312-8143-2021-22-4-364-372

BBepeHune

CYI]_ICCTByIOH_II/Ie HCCIICAOBAaHU IO BBIBOAY Ha

THI-HOCUTENSI BBDKUraeT A0 | MiH T o30Ha HA 1 T
rpy3a [3]. [lockonpKy mMacca arMoc(epHOTO 030HA

OopOWTY pakeT OCHOBAaHBI HA IPUMEHEHHH JBIKEHHS,
CO3/JaBa€MOT0 PEAKTUBHON CTpyeH CKUTraeMoro TOII-
navBa. JlaHHbBIE MPOLECCHI SIBIISIIOTCS SKOHOMUYECKU
Hea(p(peKTHBHBIME, TaK KaK TOAPa3yMEBAIOT 3aTPaThI
Ha TIepeMEeIleHNe TOIUIMBA C 3eMIIM Ha OpOHTY ISt
JaJbHEHIero ucnoib3oanus. CTOMMOCT MO00-
HbIX nepeBo3ok coctaniseT 10 30 man USD 3a 1 T
rpy3a’ [1]. K ToMy e OTXOIBI OT CrOpaHHs PEaKTHB-
HOTO TOIUTMBA HEraTWBHO BIMAIOT Ha arMocdepy u
ouocdepy miaHersr [2].

3a BCIO HCTOPUIO PAaKeTHOW KOCMOHABTUKU Ha
opbuty BbeIBoamiochk He Gomee 400-500 T rpy3oB
exeroqHo [3]. Ilpu 3ToM OMH MyCK TSXKENIOHN pake-

1 Roberts T.G. Space launch to low earth orbit: how much
does it cost? URL: https://aerospace.csis.org/data/space-launch-
to-low-earth-orbit-how-much-does-it-cost (accessed: 01.02.2021).

coctasiseT okoio 3 mipa T (0,000064 % oT Macchr
arMocgepsl wiaHeThl) [4], TO 030HOBBIH clol 3eM-
JI1 MOXKET OBITh YHUUTOXKEH MPH BBIBEJICHUH HA Op-
OWTy B KOPOTKHI MIPOMEXYTOK BPEMEHH BCETO JINIIIh
3000 T rpys30B.

BEIOpOCHI OT TBEPIOTOIUTMBHBIX PAKETHBIX JIBH-
rareyicii 1 OOJBITMHCTBA >KUIKOCTHBIX PAKETHBIX
JIBUTATEJIel comepkar cBOOOHbIC paJuKabl, TaKue
kak NO, OH, Cl, a taxoxe HCI, uneprasiii N> u CO» [5].
Hexoropplie THITBI TOTUTMBA TaKKe MPOU3BOIAT OKCHJ
amoMuHus (Al,O3) ¥ 4acTULIBI CaXH B BBIXJIOMHBIX
rasax, mpu4eM IpONopLUU KaXKJOTO U3 HUX 3aBUCST
OT THUIIA UCIIOJNB3YEMOT0 TOIIKBA [5]. 3amyck pakeT
BEI3BIBAET KaK JIOKAIGHBIE W3MEHEHHS OKpPYKaro-
mei cpeapl B pe3ynbTare B3aMMOJEHCTBHS clena
BEIXJIOITHBIX Ta30B PaKeThl ¢ aTrMocdepoi, Tak u
00pazoBaHUe U ITEPEHOC HA3EMHOTO 00JIaKa BETPOM,
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a TaKke NI00abHbIC YPPEKTHI, BOSHUKAIOIINE B pe-
3yIabTaTe JAbHEr0 pachperesieHHs] BHIOPOCOB BHI-
XJIOTTHBIX Ta30B B CPEJHUX M BEPXHHUX CJOSX aTMO-
cdepsl [6]. B utore yBenuyeHne KOJIUUECTBA 3aITyC-
KOB MOXET MPUBECTH K UCTOILCHUIO 030HOBOTO CJIOS,
YTO CTaHEeT II00aNbHOW MpOoOIEeMOH, KOTopas MO-
CTaBHUT TOJ] YTPO3y BCIo Omocdepy miaHeTsl [2; 5]

1. KomnnekcHada reokocMmun4yeckas
TpaHCcMNopTHas cCUCTEMa KaK UHHOBaLMOHHbIN
crnoco6 ocBoeHus 6JIMKHero KocMmoca

HNuxenepom Anaromuem HOHUIIKHM Tpesioxe-
HO aJBTEPHATHBHOE PAKETaM-HOCHTENSIM pPEIIeHHe —
obmeruianerapHoe Tpancnoptaoe cpeactso (OTC) [7].
OHO BMECTO TOKCHYHOTO PAKETHOTO TOILUIMBA HC-
MIOJIb3YET SHEPTETHUYECKU «UHCTYIO» TPAHCIOPTHYIO
CUCTEMY.

KoMIoHOBOUHO-3K0OpHEHTHPOBAHHBI T€OKOCMU-
YECKUW TPAHCHOPTHBIA KOMILIEKC COCTOUT M3 TpeX
DI00ATBHBIX METaKOHCTPYKIINH, OXBaTHIBAIOIINX 11~
HETY B 3KBaTOpUaIbHOMN IIIOCKOCTH:

— JKBaTOpHAJIbHAS dCTaKaa;

- OTC;

— KOCMUYECKO€ MHAYCTPUAIIbHOE OXEpEebe
«Opouta» (KO «Opburay).

Oxeamopuanvhas scmaxkada — MyCKOBasl U TIO-
cagounas tuiomiaaka nis OTC, pa3merieHHas BIOJIb
JIMHUY SKBATOpa, MPEACTaBIseT cO00H TPaHCIIOPTHO-
nHppacTpykTypHbIH 00beKT ummHOW 40 075 KM,
6omnee 80 % KOTOPOTO MPOXOAUT UEpPe3 OKEaHWIe-
CKHe€ YYaCTKH.

B ee cocraB BKITIOUEHBI:

— JIOKaJIbHBIE Ha3eMHBIE TPAHCIIOPTHBIE CHCTE-
MBI, 00€CIICUNBAIOIIIE pacTIpeielICHHE MMACCaKUPOB
U TPY30B;

— MPOYKTONPOBOIBI ISl PA00YMX JKUIKOCTEH;

— 3HEPTOMCTOYHHKH;

— MepecajiouHbIe Y3/Ibl U JOTHCTHYECKUE KOM-
TIJIEKCHI.

OKBaTOpPUANBHBIN CTAapT IIO3BOJSAET MAaKCH-
MaJbHO MPOAYKTHBHO HCIIOJIb30BaTh SHEPTHIO IICH-
TPOoOEKHOM CHITBI 3eMIIM, YMEHBIIIAsl 3HEPro3aTpaTkl
Y YBETTMUMBas YHEPT03(PPEKTUBHOCTH CHCTEMBI.

OKBaTOpHAIbHOW CKOPOCTH BpallleHUs IIaHe-
ThI, paBHOHU 463 M/C, HETOCTATOYHO JIJISl TIPEOJI0Ie-
HUS CHJIBI TSDKECTH, HO OHAa JOOaBISETCS K CKOPO-
CTH BpAILIEHUS] MAXOBHKOB BO BPEMsI IBIKECHHS BBEPX.
st BEIXONa B OMIDKHUN KOCMOC CIIEAYeT ITOCTUYh
opOHuTanbHON CKOpOCTH, paBHOH 7,89 xm/c. Kom-
rieHcanus 1/17 gactu TpeOGyeMol CKOpPOCTH TIpUBE-
JIeT K CYyIIEeCTBEHHOW SKOHOMHHU 3HEPTrOpecypcoOB.

366

Taxke Takoe pacroyiokeHHe BO BpeMs CTapTa COB-
MemaeT ueHTp macc OTC ¢ ueHTpoM Macc IjaHe-
TBI, TOTZIa BO BpeMs B3JI€Ta OHU OCTAIOTCS MOCTOSH-
HBIMH, YTO HCKIIOUUT ronepednbie koiebanus OTC
OTHOCHUTENIFHO IJIOCKOCTH 3KBaTopa M, COOTBETCT-
BEHHO, M30aBUT OT HEOOXOMUMOCTH CTAOWIM3AIAN
CHCTEMBI B KOCMOCE U MaHEBPHUPOBAHUS TIEPE CThI-
KOBKOM C KOCMMYECKHM HHIYCTPHAIBHBIM OXKepe-
aseM «OpOuTtay.

Obwennanemaproe mpaHchopmHoe cpeocmseo —
SKOOPUEHTUPOBAHHBIM T'€OKOCMUYECKUH TPaHCIOPT
MHOIOpa3oBOI0 MCIIOIb30BaHMsI, O3BOJSIOMINNA OC-
BaWBaTh OMIKHHHA KOCMOC 0€3 TPUMEHEHHS PakeT.
[IpencTapisier cobol CTaOMIM3UPOBAHHBIN JIETATENb-
HBbIA anmapar CaMOHECYINEHd KOHCTPYKLIUH, HMEIO-
mel popmy Topa. OTC mepen craprom pacmosnara-
€TCsl Ha 9KBAaTOPHAJIBHOW 3CTaKaJe, OXBATHIBAIOIIEH
3emimo. BHyTpu Topa HaxonsTCs MPUBOIHEIE JIEMEH-
TBl U CUCTEMBI JIEHTOUYHBIX MaXOBHKOB AJIS TOJbEMA
OTC. Baonb Topa pacrnpeseieHa nojie3Has Harpys-
Ka — MacCaXXHpbl U IPy3bl, TIOMENIEHHBIE B CIEIH-
anbHble Moy (puc. 1).

B ocuoBy pabotsr OTC 3ay0KeHbI TPUHITAIIBI,
OTMpAIOIIMECs Ha 3aKOHBI (PU3UKHU: MAXOBUKH BHYTPH
KOpIyca Pa3rOHAIOTCSA A0 CKOPOCTH BBIIIE MEPBOM
kocmuueckod Ha ypoBHe mopa. OTC 3a cuer BHYT-
peHHEl LeHTPOOSKHOM CHIIBI, YBEINYMBAACH B JUa-
MeTpe (pacTAruBascCh), B3IETAET BMECTE C T'PY30M.
Tak xak OTC pacrnionoxeHo B MIOCKOCTH KBaropa U
umeer (opMy Topa, TO €ro LEHTP Macc COBIAAaeT C
HEHTPOM Macc 3eMITH BO BCEX BO3MOXKHBIX €r0 TT0JIO-
XKEHUSAX. VIMEHHO IO3TOMY JaHHBIM CaMOHECYIHI
JIeTaTeNIbHBIN aImapar OCyIIECTBISIET OIbEM B KOC-
MOC TOJIBKO O1arofiapsi CBOMM BHYTPEHHUM CHJIAM.

w

Puc. 1. KoHcTpykuua OTC (BapuaHT) [8]:
1.1 1 1.2 = neHTO4HbIE MaxoBUKK; 2.7 1 2.2 — CUCTEMBI NPUBOAA;
3 - kopnyc; 4.1 n 4.2 — naccaxmnpckune/rpy3oBble Moaynu
Figure 1. GPV design (variant) [8]:
1.1and 1.2 - belt flywheels; 2.7 and 2.2 - magnetic suspension
systems and linear electric motor; 3 — body; 4.7 and 4.2 - containers
with cargo and passengers (visualization)
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PexxuMm mombeMa M CTBHIKOBKM Ha OpOHTE 3aja-
eTcs Tak, 4ToOBl Ha 000 pabdoueit BeicoTe OTC
HAMEJI0 HEOOXOAMMYIO CKOPOCTD, SIBIISTIOCH CTAOMITH-
3UPOBAaHHBIM M HAaXOAWJIOCh B HAINPSHKCHHOM (pac-
TAHYTOM) PaBHOBECHH.

[Ipu nocraBke rpy3a mMaccod m, Ha KPYTOBYIO
opOuTy 7 ¢ paccTossHUSL R OT LeHTpa 3eMJIN BBIIOJI-
Hsaercs padora 4 (1) [8]:

Hs My ( R )
A=—"T(1-—),
R 2r
IJ€ U, — TPaBUTALMOHHBIN apaMeTp 3eMIIH.

JIns1 3TOTO TENO y MOBEPXHOCTH 3EMIIU JIOJKHO
HUMETh XapaKTePUCTUIECKYIO CKOPOCTH V. :

2u R R
2 _ =3 __\=y2 —
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Puc. 3. MowHocTs, pasereaemast OTC npu BeIBOAE HA opOUTY rpy3a

npu Vi = 10*m/c, n = 0,5 u m, paBHOW:
T-1MAHT; 2-=10MAHT; 3= 100 MAH T; 4 -1 Mnpa T

6e30MacHOCTh, IPeJen)

Ilonnas sHeprus E,, KOTOpYIO CleayeT 3aTpa-
TUTH Ha BBIBOA TeJla B KOCMOC!

An _ K erzzmru3<1 R)

M M3 23 MR 2r

rae Ny — sHeprerudeckuii KIJI OTC ¢ yueTom Bcex
IIPEATONETHHIX U MOJETHBIX NOTeph 3Hepruu; K. —
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ITomrast mommHOCTE N, pasBuBaemas OTC mpu
BBIBEJICHUH T'Py30B Ha OpOUTY:
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Tt nRt 2r nt 2r)’

rae ¢ — Bpems paborsl OTC (Bpemst moaBeneHus
SHEPTUH K IPy3y).

Ha puc. 2 u 3 nokazaHbl 3aTparbl 3HEPTHUA U MOLII-
Hocth OTC mpu BeIBeneHWH Ha opOuTy Tpy3a [8].
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Figure 2. Energy consumption required to take cargo to the orbit,
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Figure 3. GPV generated power during taking cargo to the orbit

at Vx=10"my/s, n = 0.5 and m. equals:
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JInHCIiHbIIT
MICKTPOABHTATCIL

JlenTounplii Mmaxopuk 1.1

JlenTounsiii Mmaxosnk 1.2

CHIOBBIC MATHHTEI
Craéuausupyionue
JICKTPOMATHHTBI

Puc. 4. BapuaHT KOHCTPYKUMKX NOABECA JIEHTOYHBLIX MaxoBukoB OTC

HeoGxomimo yuuteiBars, 9to mpu nogseme OTC
JIOJDKHO PaCIMPATHCS (YBEIMUNBATECS B THAMETPE, pac-
TSTHBASICh), TO3TOMY COIIACHO (POPMYJIE UTHHBI OKPYK-
HocTH [ = 27R BO3pacTaer He TOJIBKO JUTMHA TPAHCIIOP-
Ta, HO W BBICOTA €T0 HAXOXKIECHUS HaJ| TIOBEPXHOCTHIO
maHeTsl. Ha skBaropuanbHOi cTakaze BIOIb HOBEPX-
Hoctd 3emim gnHa OTC, Kak yxe yIOMHHAJIOCh, PaB-
Ha 40 075 xm. Ha Boicote 500 kM mmuna OTC goctur-
Het 43 216 xm. OOmiee ymHeHue cocrapisier 7,8 %.
JlaHHOE yBeImMueHrne pa3sMepoB peanu3yercsl KOHCTPYK-
THBHO 32 CYET TEJICCKOIMMUYECKUX W rOpPUPOBAHHBIX
3JIEMEHTOB, OJTHAKO TIPY BBIXOZIE Ha OPOUTY, OE3yCIIOBHO,
TIPUBEJIET K HE3HAYMTEIbHBIM JIOTIOJTHUTENFHBIM 3aTpa-
tam sHeprur — MeHee 0,1 % oT 00X moTeph SHEPTHH.

OTC umeeT yHUKaIbHYIO KOHCTPYKIIUIO THOPH/I-
HOTO MarHUTHOTO IO/IBeca MaxoBHKOB (puc. 4). B koH-
CTPYKIIMIO BXOJAWUT CHCTEMa CHJIOBBIX TMOCTOSHHBIX
MarHUTOB, CHUCTEMa CTAaOMIM3UPYIOUIMX 3JIEKTPO-
MarHUTOB M JIMHEWHBIN 3JEKTPOABUTATENb, 00ecIe-
YUBAIOIINH Pa3rOH MaXOBUKOB, a TAKXKE OTOOp MOIII-
HOcTH B iporiecce B3nera OTC.

Omnpenenena pe3ynbTUPYIOMIAs CHJa, JEUCTBY-
IolIasi Ha POTOP CO CTOPOHBI MarHUTHOW CHUCTEMBI,
[P YCJIOBHM OTCYTCTBUSI BHEIIHMX BO3ICHCTBUM,
3a HCKIIIOYeHHEM TpaBuTaiuu, oHa pasHa 30 H u
HarmpasJieHa OT LEHTPa Macc 3eMIJIH.

YnenbHas TPY30MOOHEMHOCTh CHCTEMBI —
12 330 H/m, umu 1 257 xre/m. Tlpu ynensHO# Macce
MaXOBUKOB M 000J104KH, paBHO# 250, 225 u 200 kr/m
COOTBETCTBEHHO, MaKCUMaJIbHAsl Macca MOJIe3HOTO
rpy3a cocraBuia 582 kr/m. dakTtmdueckas Tpy30-
OBEMHOCTE — 500 Kr/Mm.

Paccmotpum pabory, Bemmonnennyo OTC B ka-
YeCTBE TPy30BOTO TPAHCIIOPTA MPH MObEMeE TPy3a ¢
MIOBEPXHOCTH 3eMin Ha BricoTy 500 kM.
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Linear motor

Riband flywheel 1.1

Riband flywheel 1.2

magnets
Stabilizing
magnets

Figure 4. Variant of the GPV flywheel suspension design

11 morbeMa Ha 3aJJaHHYIO BBICOTY B4 MAXOBHKA
OTC cymmapnoii maccoit 20 miH T (500 Kr/™), ToTy-
YAI0T KMHETHYECKYIO SHEprio mopsyika 1,25 x 10" Jhx
(mpumepHo 3,5 x 10" kBr-u). C yuetoM notepb, BO3-
HuKmx u3-3a KII/| nuHelHbIX anexTponBurarenei
(95 %) u 3arpar SHepruM Ha MOABEM M BHIXOJA Ha
OpOuTY, CTapTOBBIE YHEPTO3aIackl JOJLKHEI OBITH O0Tb-
e Ha 15-20 %, To ecth mpumepHo 1,5 x 10" Ik
(4,2 x 10" kBr-4). D10 MOTpeOyeT BHEMHEH MOII-
HOCTH OT HEPrOCHCTEM IUIAHETHI, MOJKIIOYEHHBIX
K TpaHCTIOPTHOMY KoMIutekcy, — 100 muH kBT (opu-
E€HTHPOBOYHO 2,5 KBT Ha NMOTOHHBIH METp cHUCTe-
Mbl). Kak crenctue, BpeMs: CTapTOBOW 3apsiiKu Ta-
KOTO 3KOOPHEHTHPOBAHHOTO KOCMHYECKOTO TpaHC-
MOpTa — Pa3roH JICHTOYHBIX MaXxOBHKOB JI0 HEOOXO-
IUMOI KocMuueckor ckopoctH (moutu 10 km/c) —
coctaBUT okono 420 u. Ilpu yBenuyeHUU MOIIHO-
ctu 3arutka 10 1 mupa kBT, Bpemst Berxoga OTC nHa
cTapToBbIi pesxuM paBHO 42 u. [Ipu atom OTC ynep-
KUBACTCSL HA 3CTaKaJe C MOMOIIBIO CIEIHAIbHBIX
(uKCcHpyIOmUX ycTpoicTB — 3aMKoB. [locme Toro
KaK JICHTOYHBIE MaxOBUKH HaOepyT Tpebyemyio
CKOpOCTb, 3aMKH PacKpOIOTCSl M TPAaHCIOPT BMECTE
C IPy30M MOJHUMETCSI BBEPX CHMMETPHYHO BOKPYT
TUTAHETHI.

Croumocts nepsoro 3anycka OTC coctaBuT
420 000 000 000 kB4 x 0,05 USD = 21 000 000 000
USD 1pum cebecTOMMOCTH  3IIEKTPOdHEPTHHU
0,05 USD/(xBt-u).

IIpu macce none3noi Harpy3ku 10 MITH T JaHHBIN
nokazarelns Oynet coorBerctBoBarh 2 100 USD/T, uto
MPUMEPHO B THICAYY Pa3 MEHbIIIE CTOUMOCTH COBpE-
MEHHBIX 3aIlyCKOB M CONOCTaBHMO CO CTOMMOCTBIO
aBHANEPEBO30K MEX Iy CTpaHaMu. Bmecte ¢ Tem 3a-
TpaThl yKa3aHHOW HEPIUHU Ha IIOJIE3HYI0 TPAHCIIOPT-
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Hy10 paboTy BO BpeMs BBIXOJa B KOCMOC U 00Opar-
HOM mocagku qocTUrHYT nopsaka 10 % (ocranbHas
SHeprus OymeT peKynepupoBaThCS MEXIY KOPITY-
com u maxoBukamMu OTC u octaHeTcss BHYTpU CH-
CTEMBI), TI0O3TOMY CTOMMOCTh DHEPTHMHM Ha BBIBEIEC-
HHe Ipy3a Ha opbuty — oxomno 200 USD/t.

[IaTUnponeHTHRIE TIOTEPH B CHCTEME TP JIBU-
KEHUU POTOpa MPUBOIAT K HATPEBY CaMOTO POTOpa
Y HECYLIUX MAarHUTOB Ha HEM OT JEUCTBUSA BUXpE-
BBIX TOKOB, 4TO oTmaeT npeamnodrenne Al-Ni-Co-Fe
MarHuTaM C BBICOKOH TeMIepaTypHOH CTaOMIIBHO-
cthio — 10 550 °C. Ha puc. 5 npuBeneHa auarpamma
BUXPEBBIX TOKOB, HaBeZieHHbIX B ctatope OTC nBu-
KYIMAMACS MarHuTamu potopa. OyHKINAS MarHUT-
HOW MHAYKLUMH TPUHITA COOTBETCTBYIOLIEH IyJib-
CUPYIOILLEMY MarHUTHOMY IOJIO C MOCTOSIHHBIM IO
LIMPHUHE 3a30POM M 3aBUCSIIMM OT OJHOU KOOpIHU-
HATBI 3HAYECHUEM A ,(7), TO €CTh:

d, = A, (r)sinot.

Ora (yHKOMS NPUHATA KaKk Mepa YHpPOIIEHUS
pacdera BUXPEBOTO TOKa.

Puc. 5. BuxpeBsble Toku B ctatope OTC
Figure 5. Eddy currents in the GPV stator

Pacuersl BUXpEBBIX TOKOB MpPOBENEHBI Ha 0aze
METOJMKH, TPEACTABICHHON U HCIONB30BaHHOM B [9;
10]. BuxpeBble TOKHM pacCMOTpPEHbl B IUIOCKOCTH
JIUCTOB CEpAeYHUKA CTaTopa M CYUTAIOTCS BO30YXK-
JCHHBIMHU MAarHUTHBIM TIOJIEM C 3aJlaHHOHM (QyHKUH-
€il MarHUTHON MHAYKLIMH.

TeroBoit HarpeB cTtaropa OOyCIIOBJIEH ITOTE-
PSMH 3HEPrUM COMIACHO 3akoHy JIxoynsa — JleHna.
[oTepu sHEprUM MOXKHO paccuuTaTh 1o Gopmyre

1,64d2f2B?
Lp,

OHeprus norepb nepeier B TemioByio. Breiie-
JIMBILIASICS. MOLIHOCTh, paBHas 7,5 X 10'® JIx, oTBO-
JINTCS CHCTEMOM OXJIAXKICHMA.

BUXp

2. NMpeumylwiecTBa obLieniaHeTapHOro
TPaHCNOPTHOrO CpeacTBa

Pacuernas croumocts nporpammbl OTC cBbiie
2 tpma USD [8], 9To mpeBbIMIacT CyMMapHBIA Orom-
xeT NASA 3a Heckomnbko pecatwiernii’ [11]. Omnaako
€e Co3/laHNe UMeeT CUIIbHBIE IpenMyiiecTsa [12]:

— DKOJIOTUYECKH YHCTasi TPAHCTIOPTUPOBKA I'Py-
30B Ha OpOUTY B 0OpPATHO;

— ONTUMU3ALMSI CPENICTB CBS3HU (32 CUET CHIDKe-
HUS KOJIMYECTBA CITYTHUKOB, TEM CAMBIM YMEHbBINAS
3arpy’>KEHHOCTh OKOJI03EMHOM OPOUTHI);

— cbop u nepepaboTka KOCMUYECKOTO U 36MHO-
ro Mycopa;

— TIPOTHUBOMETEOPOUIHAS 3aIIUTa 3EMIIH U J0-
ObI4a pecypcoB M3 KOCMHYECKHX TeJl (aCTEpPOH/IOB,
METEOPOUJIOB U T. A1.) 6€3 UX TOBPEXAEHHUH B ILIOT-
HBIX CIIOSIX aTMOC(EPHI;

— TIEPEHOC 3KOJIOTMYECKU BPEITHOTO W OpraHW3aIlist
YHCTOTO MPOMBIIIIEHHOTO MIPOU3BOACTBA O€3 HETATHBHO-
TO BIMSHUA Ha Ouocdepy (Tpu obecrieueHnH 6e30IacHon
JUTSI 030HOBOTO CJIOS YTHITH3AIUH OTXOJIOB TIPOM3BOJICTB);

— BO3MOXKHOCTh YBEJIMYEHUS COJIEPIKAHUS 030-
Ha B BEPXHHUX CIIOAX aTtMocdepsl B mpolecce JBH-
xeruss OTC, TeM caMBIM CITOCOOCTBYSI BOCCTaHOB-
JICHUIO 030HOBOTO CJIOS;

— MakCHUMaJibHO 3 (PEKTHBHOE HCIIOIb30BaHUE
COJIHEYHOU JHEPIUY;

— KOCMHYECKHUH TypU3M;

— CHIDKCHHE CTOMMOCTH OpPTraHHW3alliy U MpoBe-
JCHHSI KOCMUYECKUX MHCCHIA;

— TIPOU3BOJICTBO BHICOKOTEXHOJOTHYHBIX MaTe-
pHaoB.

Kocmuueckoe undycmpuanvroe oowcepenve «Opou-
may — 3TO TPOU3BOICTBEHHO-KUIION KOMILIEKC (puc. 6),
OMOSICHIBAIOIINH TIJIAHETY BOKPYT SKBATOpa Ha 3aJIaHHON
BeIicoTe [8]. OcHoBHas nens noctpoiiku KO — cozma-
HHE Ha OpOuTe 3eMJIM TIOCTOSHHON CTaHIIUU, COCTOSIIEH
Y3 TPOU3BOICTBEHHBIX M JKWIBIX Momynei. Kaxapiii
orochepHsbIif sxuoi Momyib — IkoKocmolom (OKT) —
o0ecreunT MpoKUBaHUE HECKOJIBKMX COTEH YENIOBEK B
MPUPOIHO-KIIMMATHYECKHUX YCIIOBHSIX, MOJIETUPYIOIHX
3eMHBIC CyOTPOTHKHY (11 cpaBHEeHMS — ceituac Ha MKC
paboraror MakcuMyMm cemb acTpoHasToB) [13]. [Tpowus-
BOJICTBEHHBIE U KHJIbIE MOIYIIH COSAMHEHBI TPaHCIIOPT-
HBIMH, DHEPTeTUIECKUMU M HWH(OPMAIMOHHBIMHA KOM-
MYHUKAIASAMH.

ZNASA suspends SpaceX’s $2.9 billion
moon lander contract after rivals protest. URL:
https://www.theverge.com/2021/4/30/22412771/nasa-spacex-
hls-moon-lander-blue-origin-protest (accessed: 05.03.2021).
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Puc. 6. Bug KOCMMUYECKOro MHAYCTPUanbHOro oxepenss «Opbuta» ¢ HaxoaawmMmmucs Ha Hem DkoKocmodomamm (Busyanusaums) [9]
Figure 6. Design of the Space Industrial Necklace “Orbit” with the EcoCosmoHouses (visualization) [9]

KHO «Opbuta» m03BOIMUT pa3MeliaTh Ha OpouTe
IUTaHETHI TpeOyeMoe Uit paboThl KOJMYSCTBO JFOICH
1 TPY30B.

Camoe Baxkaoe, KO «Op06utay MOCTyXUT III0-
II3/IKOH JUTS BBIHOCA BPETHOTO IPOHM3BOJICTBA C TIOBEPX-
HocTH TuiaHeTsl. Mcnons3oBanue CoNHIA B Ka4E€CTBE
HUCTOYHHUKA DHEPIMU IO3BOJIMT YWTH OT 3aBUCHMO-
CTH OT MCKOMAEMbIX BHJIOB TOIIUBA U HCKIIIOUUT
3arps3HeHre aTMoc(depbl OTXOJaMH HPOMBIILICH-
HOCTH.

3aksiloueHue

[IpenBapuTenpHas aHAIUTHKA MTOKA3BIBAET BO3-
MOXKHOCTh peaju3allii IpoeKTa Mo Oe3paKkeTHOU
HHIyCTpUaau3aluuu kocmoca nytem coznanust OTC
KaK aJIETEPHATUBHOTO U SKOJIOTUYECKH YUCTOTO CITO-
co0a TpaHCIOPTUPOBKH TPYy30B Ha opOuTty. [Ipuse-
JICHHAs B CTaTbe OIIEHKA 3aTpaT Ha CTPOHUTEIHCTBO
u skcrnryararuio OTC MHOTOKpaTHO MPEBOCXOIUT
peanu30BaHHBIC MPOEKTHI MO OCBOCHUIO KOCMOCA.
B nmomosHeHME CTOMMOCTH BBIBOAA | T MOJIE3HOH
Harpy3k Ha OKOJIO3EMHYIO OpOuTy Oojiee 4YeM B
THICSIIY pa3 HI)KE CTOMMOCTH BBIBOZIA C HCIIOIB30-
BaHHMEM pPaKeT-HOCHUTEICH.

CrpourensctBo U ucnonb3opanue OTC u KUO
«OpOuTa» MOKET PEIINTh AKOJIOTHICCKHE MPOoOIe-
MBI, BOTIPOCHI BEIXKUBAHUS YEIIOBEUECTBA, MTOCTYKUT
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TOJYKOM JJIsA I[&JIBHCfIHICI‘O AKTUBHOI'O OCBOCHHA
KOCMUYCCKOI'O IMPOCTpaHCTBA, CACIACT KOCMOC HO-
CTYIIHBIM.

Cnucok nutepartypbl

1. Jones H.W. The recent large reduction in space
launch cost // 48th International Conference on Environ-
mental Systems, 8-12 July 2018, Albuquerque, New Mexi-
co. New Mexico, 2018.

2. Dallas J.A., Raval S., Alvarez Gaitan J.P., Say-
dam S., Dempster A.G. The environmental impact of emis-
sions from space launches: a comprehensive review //
Journal of Cleaner Production. 2020. No. 255. 1202009.
https://doi.org/10.1016/j.jclepro.2020.120209

3. FOnuyxuii A.9. Tlporpamma «xoMupy: 6e3pakeTHast
HHAyCcTpUamu3anms kocmoca. Munck, 2020. 57 ¢. URL:
http://ecospace.org/images/Program_EcoSpace_RU.pdf
(mata obpamienus: 01.12.2020).

4. Bapeun I1LH., Ipy3oes A.H. YTo TPOUCXOTUT C
030HOBBIM ClIoOeM B HacTosiee BpeMs // Bectauk Poc-
cuiickoit akagemun Hayk. 2013. T. 83. Ne 4. C. 354-358.
https://doi.org/10.7868/S0869587313040269

5. Ross M.N., Danilin M.Y., Weisenstein D.K.,
Ko M.K.W. Ozone depletion caused by NO and H,O
emissions from hydrazine-fueled rockets // Journal of
Geophysical Research. 2004. Vol. 109. D21305.
https://doi.org/10.1029/2003JD004370


http://dx.doi.org/10.1016/j.jclepro.2020.120209
http://dx.doi.org/10.1016/j.jclepro.2020.120209
http://ecospace.org/images/Program_EcoSpace_RU.pdf
http://dx.doi.org/10.7868/S0869587313040269
http://dx.doi.org/10.7868/S0869587313040269
http://dx.doi.org/10.1029/2003JD004370
http://dx.doi.org/10.1029/2003JD004370

FOHuuxut A.3., MNMporkesud C.A., Apmiowesckuti C.B., Jlykwa B.J1. BectHuk PYOH. Cepus: UikeHepHble nccnenosanus. 2021. T. 22. Ne 4. C. 364-372

6. DelLuca L.T., Galfetti L., Maggi F., Colombo G.,
Merotto L., Boiocchi M., Paravan C., Reina A., Tadini P.,
Fanton L. Characterization of HTPB-based solid fuel for-
mulations: performance, mechanical properties, and pol-
lution // Acta Astronautica. December 2013. Vol. 92. No. 2.
Pp. 150-162. https://doi.org/10.1016/j.actaastro.2012.05.002

7. FOnuyxuii A.D. Vicropudeckue TpeArochUIKN TIpo-
rpamMbl SpaceWay kak eaMHCTBEHHOTO IyTH YCTOWYH-
BOT'O Pa3BUTHS [IUBUIN3AIMN TEXHOKPATHIECKOTO THMa //
Be3pakeTHast HHIyCTpHAII3ALIS KOCMOCA: IPOOIEMBI, HIEH,
MPOeKTHI: COOpHMK MaTepraiioB || MexmynaponHoii HaydHO-
TeXHH4Yeckoi KoH(pepenunu. Mapeuna ['opka, 2019.
C. 23-29.

8. FOnuyxuii A.3. CTpyHHBIE TPaHCIIOPTHBIE CHUCTE-
mbl: Ha 3emute U B Kocmoce. Cunakpore: [THB npunr, 2019.
576 c.

9. Jlawvko B.I'., Munwix B.U., Cmanxesuu A.U.
BuxpeBble TOKH B HU3KOTEMIIEpaTyPHON 30HE KpHocTaTa
B KPUOJBHTATENIe MOCTOSHHOTO TOKA // DIIEKTPUYECTBO.
1982. Ne 11. C. 14-109.

10. Munwvix B.[. Pacuetr BUXpEBBIX TOKOB B TOHKO
000J104Ke, PACIIOI0KEHHOH B ABUrATENE MIOCTOSHHOTO TOKA
C KPUOTEHHBIM OXJaXICHUEM // DIeKTpoTexHuka. 1985.
Ne 4. C. 19-23.

11. Gurtuna  O. Fundamentals of space
business and economics. New York: Springer, 2013.
https://doi.org/10.1007/978-1-4614-6696-3

12. FOnuykuii A.3. Tlporpamma SpaceWay — enus-
CTBEHHO BO3MOXXHBIH CIIEHApHH CITACEHUS! 3€MHOW TeX-
HOKpaTU4eCKON LUBWIIM3ALUK OT yracaHus W rudemu //
BespakerHas wmHAycTpHanmm3amus KOCMOCA: IPOOJIEMBI,
naen, MpoekTrl: COopHUK MatepuanoB || MexmyHapon-
HOW Hay4HO-TEeXHUYECKOH KoH(pepeHn. MapbuHa 'op-
Ka, 2019. C. 31-39.

13. Meixell M., Norbis M. A review of the transportation
mode choice and carrier selection literature // International
Journal of Logistics Management. 2008. Vol. 19. No. 2.
Pp. 183-211. https://doi.org/10.1108/09574090810895951

References

1. Jones HW. The recent large reduction in space
launch cost. 48th International Conference on Environ-
mental Systems, 8-12 July 2018, Albuquerque, New Me-
xico. New Mexico; 2018.

2.Dallas JA, Raval S, Alvarez Gaitan JP,
Saydam S, Dempster AG. The environmental impact

Caenenns 00 aBTopax

of emissions from space launches: a comprehensive re-
view. Journal of Cleaner Production. 2020;255:1202009.
https://doi.org/10.1016/j.jclepro.2020.120209

3. Unitsky A. Ecospace program: non-rocket space
industrialization. Minsk; 2020. (In Russ.) Available from:
http://ecospace.org/images/Program_EcoSpace_RU.pdf
(accessed: 01.12.2020).

4. Vargin PN, Gruzdev AN. What is happening
to ozone nowadays. Bulletin of the Russian Academy
of Sciences. 2013;83(4):354-358. (In  Russ.)
https://doi.org/10.7868/S0869587313040269

5. Ross MN, Danilin MY, Weisenstein DK, Ko MKW.
Ozone depletion caused by NO and H,O emissions from
hydrazine-fueled rockets. Journal of Geophysical Research.
2004;109:D21305. https://doi.org/10.1029/2003)JD004370

6. DelLuca LT, Galfetti L, Maggi F, Colombo G,
Merotto L, Boiocchi M, Paravan C, Reina A,
Tadini P, Fanton L. Characterization of HTPB-based
solid fuel formulations: performance, mechanical proper-
ties, and pollution. Acta Astronautica. 2013;92(2):150-162.
https://doi.org/10.1016/j.actaastro.2012.05.002

7. Unitsky A. Historical background of the space-
way program as the only way to sustainable development
of the technocratic civilization. Non-Rocket Space Indus-
trialization: Problems, Ideas, Projects: Materials of
the Il International Scientific and Technical Conference.
Marina Gorka; 2019. p. 23—29.

8. Unitsky A. String transport systems: on earth and
in space. Silkagros: PNB Print; 2019.

9. Danko VG, Milykh VI, Stankevich Al. Eddy cur-
rents in the low-temperature zone of the cryostat in
a DC cryomotor. Elektrichestvo. 1982;(11):14-19. (In Russ.)

10. Milykh V1. Calculation of eddy currents in a thin
shell located in a DC motor with cryogenic cooling.
Elektrotekhnika. 1985;(4):19-23. (In Russ.)

11. Gurtuna O. Fundamentals of space
business and economics. New York: Springer; 2013.
https://doi.org/10.1007/978-1-4614-6696-3

12. Unitsky A. The SpaceWay program is the only
possible scenario for saving the terrestrial technocratic
civilization from extinction and destruction. Non-Rocket
Space Industrialization: Problems, Ideas, Projects: Ma-
terials of the Il International Scientific and Technical
Conference. Marina Gorka; 2019. p. 31-39. (In Russ.)

13. Meixell M, Norbis MA. Review of the transporta-
tion mode choice and carrier selection literature. International
Journal of Logistics Management. 2008;19(2);183—-211.
https://doi.org/10.1108/09574090810895951

FOnuyxuit Anamonuii 30yapooeuu, xannunar ¢GuIocohCKUX HayK, FeHEpallbHbIH KOHCTPYKTOp, OOLIECTBO C OrpaHUYEHHOM
OTBETCTBEHHOCTBIO «ACTPOMHXKEHEPHBIE TEXHOJOTHUM»; TEHEpPaTbHBIH KOHCTPYKTOP, 3aKPHITOE AaKIHOHEPHOE OOIIEeCTBO
«CTpyHHBIE TeXHOJOTHN», PecrryOnnka Benapycs, 220013, Munck, yi. XKenesnoxopoxnas, 1. 33. ORCID: 0000-0003-1574-

35396, eLIBRARY AuthorID: 534122. E-mail: a@unitsky.com

Cepeeil Anexcanoposuy [Iponkesuy, KaHAUAAT HPU3NKO-MATEMATHYECKUX HAYK, HAYaJIbHUK KOHCTPYKTOpCKOro 0ropo «Mmxke-
HEPHBIC pacyeThbl», 3aKphITOE aKIHOHEpHOe 00mecTB0 «CTpyHHBIE TexHONOTUW», PecnyOnuka benapych, 220013, MuHck,

371


http://dx.doi.org/10.1016/j.actaastro.2012.05.002
http://dx.doi.org/10.1016/j.actaastro.2012.05.002
http://dx.doi.org/10.1007/978-1-4614-6696-3
http://dx.doi.org/10.1007/978-1-4614-6696-3
http://dx.doi.org/10.1108/09574090810895951
http://dx.doi.org/10.1016/j.jclepro.2020.120209
http://dx.doi.org/10.1016/j.jclepro.2020.120209
http://ecospace.org/images/Program_EcoSpace_RU.pdf
http://dx.doi.org/10.7868/S0869587313040269
http://dx.doi.org/10.7868/S0869587313040269
http://dx.doi.org/10.1029/2003JD004370
http://dx.doi.org/10.1029/2003JD004370
http://dx.doi.org/10.1016/j.actaastro.2012.05.002
http://dx.doi.org/10.1016/j.actaastro.2012.05.002
http://dx.doi.org/10.1007/978-1-4614-6696-3
http://dx.doi.org/10.1007/978-1-4614-6696-3
http://dx.doi.org/10.1108/09574090810895951

Unitsky A.E., Pronkevich S.A., Artyushevsky S.V., Looksha V.V. RUDN Journal of Engineering Researches. 2021;22(4):364-372

yi. XenesnonopoxkHasi, a. 33; noueHT Kadeapbl OMo- 1 HAHOMEXaHHUKH, beropycckuii TocyIapCTBEeHHbIH YHUBEPCUTET, PecnyOika
Benapyce, 220030, Musck, np-kt Hezasucumoctu, 1. 4. ORCID: 0000-0001-9200-4110. E-mail: s.pronkevich@unitsky.com

Apmiowescruii Cepeetl Braoumuposuy, 3aMeCTUTENh TEHEPAIBHOTO KOHCTPYKTOpA MO HayKe, 3aKphITOE aKIIMOHEPHOE 00Iiie-
crBo «CTpyHHBIE TeXHOJIOrMMY, Pecrybnuka benapycs, 220013, Munck, yi. XenesnogopoxHsas, A. 33; maructp, benopyc-
CKUIl TOCYIapCTBEHHBIH YHUBEPCHTET TpaHcroprta, Pecrybnuka benapych, 246653, T'omens, yn. Kuposa, a. 34. ORCID:
0000-0003-0838-9228, eLIBRARY AuthorID: 1113279. E-mail: s.artyushevskiy@unitsky.com

Jlyxwa Bumanuii Jleonuoosuy, BeIyIMi WHKEHEP-3IEKTPOHUK, 3aKPhITOE aKIIMOHEPHOE 001ecTBO «CTPYHHBIC TEXHOJIOTHUNY,
Pecniy6imka Benapycs, 220013, Munck, yir. XKenesHonopoxsas, . 33. ORCID: 0000-0003-4553-0016. E-mail: v.luksha@unitsky.com

About the authors

Anatoli E. Unitsky, Ph.D, general design engineer, Astroengineering Technologies LLC; general design engineer, Unitsky
String Technologies, Inc., 33 Zheleznodorozhnaya St, Minsk, 220089, Republic of Belarus. ORCID: 0000-0003-1574-3539.
E-mail: a@unitsky.com

Sergei A. Pronkevich, Candidate of Physical and Mathematical Sciences, Head of the Engineering Calculations Design Bureau,
Unitsky String Technologies, Inc., 33 Zheleznodorozhnaya St, Minsk, 220089, Republic of Belarus; Associate Professor of
Bio- and Nanomechanics Department, Belarusian State University, 4 Prospekt Nezavisimosti, Minsk, 220030, Republic of
Belarus. ORCID: 0000-0001-9200-4110. E-mail: s.pronkevich@unitsky.com

Sergey V. Artyushevsky, deputy general designer for science, Unitsky String Technologies, Inc., 33 Zheleznodorozhnaya St,
Minsk, 220089, Republic of Belarus; master’s student, Belarusian State University of Transport, 4 Prospekt Nezavisimosti,
Minsk, 220030, Republic of Belarus. ORCID: 0000-0003-0838-9228. E-mail: s.artyushevskiy@unitsky.com

Vitali L. Looksha, leading electronics engineer, Unitsky String Technologies, Inc., 33 Zheleznodorozhnaya St, Minsk, 220089,
Republic of Belarus. ORCID: 0000-0003-4553-0016. E-mail: v.luksha@unitsky.com

372




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 532.39, 293.08 Width 6.10 Height 12.52 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     532.3875 293.0806 6.101 12.523 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     0
     6
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 52.34, 720.47 Width 495.46 Height 9.31 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     52.3397 720.4676 495.4607 9.312 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     1
     6
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 49.08, 43.82 Width 120.06 Height 22.79 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     49.0775 43.8152 120.0646 22.786 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     22
     56
     22
     1
      

   1
  

 HistoryList_V1
 qi2base



