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KOCMHNYECKUE AIIITAPATHI U ITPUBOPBI

HUCITIOJIB30BAHUE TO3UMETPA MKC-856 "IIIKOJBbHUK" JJIS1 OIIPEJAEJEHUSA
PAIUALTIMOHHOI'O ®OHA B YCJIIOBUSAX CTPATOCDEPBI
Hpyxunun K.IT.
Hayunslit pykoBoautens bopukos B.H., npodeccop, 1.1.H.
HaunonaneHelil necaenoBaTenbekuil TOMCKUM NOIUTEXHUUECKUIT YHUBEPCUTET
Poccus, r. Tomck, mp. Jlennna, 30, 634050
E-mail: kosaknekon@mail.ru

THE USAGE OF A DOSIMETER MKS-85B "SHKOLNIK" FOR DETERMINATION
A BACKGROUND RADIATION IN THE CONDITIONS OF THE STRATOSPHERE
Druzhinin K.P.

Scientific Supervisor: Prof., Dr. Borikov V.N.
Tomsk Polytechnic University,
Russia, Tomsk, Leninstr., 30, 634050
E-mail: kosaknekon@mail.ru

In this article describes the principle of working of the dosimeter, design features and the possibility of
further use for measurement of background radiation in the stratosphere.

BBenenue

B BepxHHuX ciosix aTMoc(ephl U B YCIOBHAX OTKPBITOrO KOCMOCA Ha 3JIEKTPOHUKY JIETATSIILHOTO amapara
CHJIbHO BO3JICHCTBYET MOHM3AIMOHHOE M3yudeHue. UToObl ammaparypa He OTKa3zaja B HEOXXHIAHHBII MOMEHT ee
HYKHO HaJe)KHO 3alIUTHTh. IS ompe/iesieHus] Kakyl0 UMEHHO 3allUTy UCIIOJIb30BaTh, HAJ0 3HATh PaJMallMOHHbIHN
¢oH, MoOmHOCTh M TUN H3IydeHHs. OnpejeneHHe 3THUX MapaMeTpoB MPOU3BOAUTCS C IMOMOLIBIO JI03UMETPOB.
Josumerp — npubOp, KOTOpBIH 3a HEKOTOPBIA MPOMEKYTOK BpeMEHH u3MepsieT 3(PQEeKTUBHYIO 103y HIU
MOILIIHOCTh HMOHM3HpYIOIIEro usnydeHus. [Ipouecc u3MepeHHs Has3blBaeTcs A03UMETpUEl. YyBCTBUTENBHBIN
JNIEMEHT JO3UMETpa, CIIyKAal[Ui JJsi IpeoOpa3oBaHus SIBICHUI BbI3BIBAEMBIX HOHH3HPYIOUUMU H3IYYCHHSIMHU B
JNEKTPUYECKUH WM JAPYrOM CHIHal Ha3bIBaeTCs AETEKTOPOM. JleTeKTopaMH MOTYT SIBISITBHCSA: MOHM3AIMOHHAS
Kamepa, CUMHTHJUIITOD WIM K€ CHELUAJbHBIA IOJYNPOBOJHHUKOBBIA anoj. ['a3opaspsiiHble  JaTYUKH
(MOHM3AIIMOHHBIE KaMepbl) B YCJIOBHUSIX OTKPBITOIO KOCMOCA HCIOJIBb30BaTh HEBO3MOXKHO TaK KaK MX KOpIyC He
CMOXXET BBIZIEP)KATh BHEIIHUX YCJIOBUiA. [103TOMY NydIille MCIOIb30BaTh JO3UMETP Ha TOJIyIPOBOJIHUKOBOM JIHOJIE
[3]. [ast u3MepeHust paauauoHHOro ()OHA B YCIOBHSIX CTpaTOC(hepsl ObUIO MPEII0KEHO HUCIOIb30BATH TO3UMETP

MKC-855b "IlIkonbHUK", mpeACcTaBIeHHBIN Ha pHC. 1.

Puc. 1. Buewnuii 6uo dozumempa

8



HHJ!C@H@pMﬂ OJI51 0CBOEHUSL KOCMOCA

OnucaHue CTPYKTYPHOIi cxeMbl J03uUMeTpa U ero pyHkuumii

Ha puc. 2 npexncraBieHa CTpyKTypHas cxema go3uMmerpa. J[0o3uMeTp COCTOWT W3 JETEKTOpa, CHTHAIBI C
KOTOporo 00pa0aThIBaIOTCSA CUSTYMKOM MMITYNIbCOB. [lomyueHHas wuH(OpMamus WAET Ha [EHTPAIbHBIN
MHKpoOTporeccop, rae oOpabaTeIBaeTCs, COXpaHSIETCs B apXUBE M BBHIBOAWTCS Ha IHCIUICH. B nmampHeiimem 3ty
HH(POPMALIUIO W3 apXHUBa MOKHO BBIBECTU HA NIEPCOHANBHBIN KOMITBIOTEP, TOCPEACTBOM MOIKIFOUCHUS TO3UMETPa

gyepe3 USBumuny.

mna sl on B un e{ USB

Nucnned

Puc. 2. Cmpyxmypnas cxema oosumempa «LLIkonvHur»
(I - nonynposoonuxossiti 0emexmop, CH - cuemuux umnynvcos,; L1 - yenmpanvuwii muxponpoyeccop, USB-

npeobpaszosamens uart-us)

Jlst mony4eHus AaHHBIX O PaJAMAllMOHHOM (OHE B IJaHHOM J03UMETPE MCIOJIB3YETCs MOTYIPOBOIHUKOBBIN
JICTEKTOp BBIIIOJHEHHBIM M3 KpeMHus u repmanud. ®oton c sHeprueit ot 0,04 mo 10 M»sB mponeras yepes
JIETEKTOP, BO30YKIAaeT B HEM 3JICKTPHYECKUI MMITYJIbC, KOTOPHIA B JaJbHEWIIEM IOCTYHNAaeT Ha 4aCTOTOMEPOM,
BBITIOJIHEHHBIH Ha MuKpocxeMe hcl32, KOTOpbIi y4YMTBHIBAET YacTOTy W KOJMYECTBO HMITYJILCOB. YIIpaBieHHE
prOOPOM OCYIIECTBIIIETCS. MUKpoIIporieccopoM silabs £930.

JlaHHBIN 103UMETP MOXKET U3MEPSITh MOILHOCTb SKBUBaJIEHTHOU 10361 OT 0,10 10 1-108 MK3B/4, IUamna3ox
m3mepenuit ot 0,01 Mx3B 10 999 3B, mpepens! AOMyCKaeMOW OCHOBHOH OTHOCHTEIBHOM MOrpemHocTd +25 %,
HecrabunpHoCTh MOKazaHuid 103uMeTpa 3a 24 4 HenpepblBHOH paboTsl £10 %, [IpoaomKUTeIbHOCTE HETIPEPHIBHOM
paboThl OT IOJHOCTBIO 3apSDKEHHOTO aKKyMynsTopa (IpH NpPOBEACHHHM H3MEPEHHUH Ha ypOBHE €CTECTBEHHOTO
panuanoHHoro ¢goHa, 6e3 ucnons3osanus noacsetkn XKKHN) ve menee 120 4. [IpenycMoTpeHa apxuBanus JaHHBIX,
JUId PETUCTPAINM TOKa3aHUHM Ha MPOTSHKEHUHU UTUTEeNThbHOro BpeMeHn O0beM apxuBa 1o 3276 3ammceit (Bpems u
narta, 3HadeHne MO/ B Mx3B/4) ["abapuTHbIe pasmepsl coctaBiaroT 110x33x17 MM., a Macca ¢ aKKyMyJIATOPOM HE
Gousee 45 .

OOMeH JaHHBIMH TIPOUCXONT Yepe3 usb mHTepdelic ¢ MoMOIIbI0 BCTPOSHHOTO Ipeodpa3oBaTens uart-usb
MIPECTABIISIONIETO W3 ce0si MUKPOKOHTpouep silabs cp2103.

Ha xadenpe Tounoro [Ipudbopoctpoenus ObLT TpeaioxkeH mpoekT «CTpaTocaT», B paMKi KOTOPOT'O BXOIUT
CO3/IaHMsI U 3aIyCK cTpatoctara ¢opmata crytHuka «Cubesaty. Ha ero 6opTy OyaeT KOMIBIOTEP U 000py10BaHHE
JUTA TIPOBEJICHNS M3MEPEHHH B BEPXHHX CIOSIX aTMoc(hephl, B YACTHOCTH M3MEpeHHe paiuarnuoHHOro (oHa. Jns
pemieHre 3TOH 3amaddl OBUIO TMPEIIOKEHO HCIOJIB30BATh JAHHBIA H03MMETp. Tak jke mepea 3amycKoM Obun
MPOBEEHBI MCIIBITAHUS JAHHOTO JI03MMETPa, @ UMEHHO - ONBITHI M0 U3MEPEHHUI0 PaJHalliOHHOro ()OHA B TOpojie

Tomcke.
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ITomyuennsle naHHBIE Ta0OPATOPHOTO HCIBITAHMS OBUTH BBIBEJCHBI HAa IIEPCOHAIBHBIN KOMIBIOTED H

o0Opaboransl. Pe3ynbraTsl m3MepeHHs pagualioOHHOTo (JOHA B TOPOJIE IPEICTABIICHBI Ha PHC. 3.

Bemog Cesss Bug  Cnpaska
PesueTare Wameperia | Tapsserper AP ]
Ceanc JanoHerie narard 4%

'-IreHueaDa-ma| Drenerbamusl « ,7 by ]
Me |Bpema. c |M3.El X 02
12 |14.32.07 14/03M16_0.204 0,18
13 |143259 140316 0,199 047
4 [|143334 1403116 0204 E}g
|5 |14.3407 14102116 0,197 o PRSI X i ; ; : 0 _
|6 |14.35.27 14/03/16 0,178 e R s e E e e e e e e S e S S Sl
|7 [14.38.12 1403116 0,179 12}
B |1436.40 140316 0184 I F R
19 |14.39.16 140316 0.181 oA
[10 |14.40.38 1410316 0,161 i R 2 I g e =
11 114 41 45 1410316 0.159 L e e e e
Eal ~ 0,07
(12 |15.00.44 140316 0,166 '"'L‘l,ﬂa
113 [15.01.02 14003116 0,172 005
|14 |15.01.28 14103116 0,165 .04
15 115.02.30 1400316 0.160 i3t 0,03

D02} J Z : : : ;
Sonivin pisionss N - : L ; : feonacd ! AR
W atepaHHi 32 + 0 A : : ! : : :
M akcHb 0.204 1535 1540 1545 1550 1555 1600 16805 1610 1615 1620 1625
M HHMpyr 0153 !—:i .
: Luiv ] Y X + - {{ » Bperma [T Comparsms e $aline

Cramye Bt patiors: Appaararop Tetneparupa  Masepenut  Bpets usmspeamn Menuecel Mopor M3.0 Mapar 31
18,6 {200 1 [

——=—=—=————————
Puc. 3. Pesynemamul 1a60pamopHuIxX ucnvlmanuil

Hcxons U3 3TUX JaHHBIX MOXKHO CHENaTh BBIBOJ, YTO PaJMAIMOHHBIN (JOH B TOpojic HE MPEBBIIIACT
JIOTTyCTUMbIC HOPMBI B 2,5 MK3B/4, U kojebercs B mpeaenax ot 0,159 mo 0,204 mx3s/4

BriBobI

[IpencraBneHHbId JO3UMETp BKIIOYaeT B cedsd Bce HeoOxommmoe (YHKIUH IUIA  A3MEPEHUs
panuanoHHOTO ()OHA B YCIOBHSAX cTparocdepsl W ONMMKHEro kKocMoca. [Ipw ocHaIleHWH M03MMETpa CHCTEMOM
OecrpoBOTHON CBSI3M, PE3YIBTATHl HU3MEPEHUS MOXHO OTIIPABIATh KaK TEIEMETPHUECKYI0 HH()OPMAIHIO CO

CTpaTOCTAaTa HAa 3E€MIJIIO.

CITMCOK JIUTEPATYPbBI

1. Tlepconanpnsiii no3umerp MKC-85b "llIkonpHUK" Ha MOIYyIPOBOJHUKOBOM AeTekTope (AkcensbanT, Pocens) -
[DnexTponnslii pecypc] - Pexxum noctyma: http://betagamma.ru/product_info.php?products_id=439, cBoO0aHBII.

2. HayuHo-TexHHUECKHI 3HIMKIONeINUeckuid cinoBapb. Cuerunk I'efirepa 3to - [DnekTpoHHBIH pecypc] - Pexnm
nocryna: http://dic.academic.ru/dic.nsf/ntes/4659/CHETUMK, cBoGOaHBIN.

3. 3auem HYKHBI JIO3UMETPBI? - [Onexrponnsrit pecypc] - Pexum Jocryna:

http://www.dozimetrov.net/zachem nugny dozimetri.php, cBOGOHBII1.
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INPOEKTUPOBAHUE MAXOBHUKA I'MPOJIMHA
Hunpramesa H.C.

Hayunsrit pykoBogutens: Koctiouenko T.I'., noueHT, K.T.H.
HauunonaneHelil necaenoBaTenbekuil TOMCKUM NOIUTEXHUUECKUIT YHUBEPCUTET
Poccus, r. Tomck, mip. Jlennna, 30, 634050
E-mail: inelyas081@mail.ru

DESIGNING FLYWHEEL GYRODYNE
Indygasheva N.S.
Scientific Supervisor: Associate Professor, Ph.D. Kostjuchenko T.G.
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B cmamve npedcmasnenvi nepsvie wiacu no npOEKMUpoOSAHUIO MAX08UKA cupoouna. B nepeyio ouepeds
nPoOU3800UMCsL pacyen OCHOGHbLIX NAPAMEMPO8 MAXOBUKA, d 3ameM GblOop KOHCcmpyKyuu u nocmpoenue 3D moodenu
maxosuxa 8 CAD-cucmeme T-Flex CAD 2D/3D. /Ina maxosuxa 6viia paccuumana macca 08yms cnocobamu — no
Gopmynam u c¢ ucnonvzoganuem cucmemvl T-Flex CAD. Pacuemmnas macca maxosuxa coeénaia c Maccol,
paccuumannou ¢ CAD-cucmeme T-Flex CAD no 3D modenu maxoguxa.

The first steps on design of a flywheel of a girodin are presented in article. First of all calculation of key
parameters of a flywheel, and then the choice of a design and creation of a 3D model of a flywheel in the T-Flex
CAD 2D/3D CAD-system is made. For a flywheel weight — on formulas and with use of the T-Flex CAD system has
been calculated in two ways. The settlement mass of a flywheel has coincided with the weight calculated in the T-
Flex CAD CAD-system on a flywheel 3D model.

OcHOBHasl 3a/la4ya CHCTEMbl YIPABICHUS KOCMHYECKOTO ammapara — 3TO0 KOMIICHCALUS BO3MYIICHUIA,
JICUCTBYIOIMX HA HEro B moJjieTe (MM HETOYHOCTH BBIBEJCHUS ), & TAKIKE TPOrPAMMHOE HaBEICHHE.

OfHUM U3 OCHOBHBIX 3JIEMEHTOB CHCTEM YIIPABJICHHS SBISETCS HCIONHHUTENbHBIN oprad. Ilo Twumy
HCIIOJTHUTEIBHOTO OPTraHa BCE 3T CUCTEMBI MOKHO Pa3/IeIuTh Ha CIICAYIOIIHE TUIIBL:

1. I'paBUTAIIMOHHBIE CHCTEMBI OPUEHTAIINH.
2. CuCTeMBbl OpPHEHTAIMM W CTa0WIM3AIMH, Y KOTOPBIX HCIOJHHUTEIBLHBIMA OpPraHAMHU SBIIAIOTCS PEaKTHBHBIE
JIBUTATEIH.
3. CucTeMbl OPHEHTAIMH C MOMEHTHBIM MarHUTONPOBOIOM, CO3/IAIOIIHMM YIPABISIONUA MOMEHT C TIOMOIIBIO TOKA
B 3JICKTPUIECKOM KOHTYPE KOCMHYECKOI0 arnmapara.
4. AsponHaMUYECKHE CUCTEMBI OPUEHTAIIHH.
5. CucreMbl OpHEHTAMHM W CTAOWIM3AllMM, Y KOTOPBIX HCIOJHUTEIBHBIMU OpPraHaMHU SIBJISIIOTCS JIBHUTATEIIH-
MaxOBHKH.
6. Crabuim3anus BpalieHueM.
7. KoMOMHHMPOBaHHBIE CHCTEMBI OPUEHTAIIMU U CTAOMIIM3AIIMH, B KAUYECTBE MCIIOJHUTEILHOTO OpraHa y KOTOPBIX
HCIIOJIB3YIOTCS C IBUTATEIEM-MaXOBUKOM JINO0 MOMEHTHBIE MATHUTOTIPOBO/IBI B PeXKKUMeE Ipy0Oii OpHEeHTALIUH,
1100 pEeaKTUBHBIC JBUTATEIH.
HcnomHuTenbHbIe OPraHbl MEPEUHCICHHBIX CHCTEM MOXKHO KIACCH(UIIMPOBATH HA JIBA OCHOBHBIX THUIIA!

® HCIIOJTHUTEILHBIE OPTaHbl, HCIIOJIB3YIONINE BHENIHUE 10 OTHOIIEHHIO K KOCMHUYECKOMY armapary CHIbI IS
CO3JIaHUS YIPABJISIONIMX MOMEHTOB;

® HCIIOJIHUTEILHBI OPraHbl, OCHOBAHHbIE HA PEAKTUBHBIX MPUHIIUIIAX.

OTINYUTENLHON OCOOEHHOCTBIO W TJIABHBIM IPEUMYIIECTBOM IOCIEIHAX SBISETCA HMX CIOCOOHOCTH
paboTarh IpH OTCYTCTBHU KAKOTO ObI TO HU OBLIO MOJIE3HOTO B3aUMOJICHCTBUS C BHEIIHEH cpeioii. He3aBucumocTsb

oT 0pr>KaIOIlICI>i Cpeabl MPEAOCTABIACT OOJIBIINE BO3MOKHOCTH U1 yAOBJICTBOPCHUSA CaMbIX pa3H006paSHLIX
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TpeboBaHN, HEOOXOIUMOCTb BBIIIOIIHEHNS KOTOPBIX MOKET BO3HHUKHYTHb HMPHU pa3pabOTKe KOHKPETHOH CHCTEMBI
OPHEHTALHH.

B sTOM Kilacce HCIOIHWUTEIBHOTO OpPraHa MOKHO BBIACIHTH [BE Pa3HOBUIHOCTH: YIPABIAIONINE
pEaKTHBHBIC IBUTaTEIN CHCTEM OPHEHTALUH, CO3/AIOIINE PEAKTHBHBIC CHIIBI, U MHEPIMOHHBIC HCIOIHUTEIbHBIC
OpTraHbl, TEHEPUPYIOIINE PEAKTHBHBIE MOMEHTEI.

VHepunoHHbIE MCIIOIHUTEIbHBIE OPraHbl, BHIMOJHEHHbIE B BHAE BPAIAIONIMXCS OCECUMMETPUYHBIX TeJ
Ha3bIBAIOT CHJIOBBIMH THPOCKONAMHM, TUPOCKONNYECKUMHU CHJIOBBIMH CTaOMIIM3aTOpaMH, 3JIEKTPOMEXaHUUYECKHUMHU
WCIIOJTHUTENIbHBIMHU OpraHaMu, rupofuHamu [1].

I'mpoauH — 53TO [BYXCTENEHHBIH YHPABISAIOIIMNA CHUIOBOM T'MPOCKOI, KOTOPBIM BBICTyHAaeT B
ponu rupocTabunmuzaropa. IIpuHIUN paboTel WHEPHMATBHBIX HCIOJHHUTENBHBIX OPraHOB OCHOBAaH HA 3aKOHE
COXpaHEHHs MOMEHTa mMIyJsbca. Korga nBUraTenb-MaxoBHK PACKPYUMBAETCS B OJHY CTOPOHY, TO KOCMHUYECKHH
anmapaT HAYMHAET KPYTUTHCSA B APYTIyI0 CTOpOHY. Ecnm BApyr mon BIMSHHEM BHEIIHUX ()aKTOPOB KOCMHYECKHH
anmapaT Hayall pa3BOpPAaYMBaTHCS B ONPENENEHHOM  HAINPaBICHWM, JOCTaTOYHO YBEIHYUTh CKOPOCTh
BpallcHUA MaxOBUKa B Ty K€ CTOpPOHY, yTOOBI OH CKOMIICHCHUPOBAJI BpeZ[HLIﬁ MOMEHT M HEKelaTeJIbHbIN TIOBOPOT
KOCMHUYECKOT0 afnmnapara npekparurcs. Ha kocMudeckoM anmapare THpOIWH 3aMEHHIT 0oJjiee MPOCThIe CUCTEMBI Ha
6a3e qBUraTENA-MaxoBUKa [2].

Ienbro paboTHI SBISIETCS TPOSKTUPOBAHIE MAXOBHUKA ISl THPOJMHA C TAKUMH ITapaMeTPaMu:

o Knnernyecknii MoMeHT — 5 H-M-c;

e Pecypc — 5 €T MUHUMYM;

e Macca — 7 kT;

e [ToTpebmsiemas MoutHOCTh — MakcumyM 20 Br;
e Bricora o6oga — 40 mMm;

e Cxopocts — 10000 06/MuH.

Jnst ompexneneHWss BHYTPEHHETO M BHEIIHETO pajdyca MaxOBHKa THUPOJMHA B TIEPBYIO OYepelb
HE0OX0IMMO HalTH ero yHnpaBJISIOIINIl MOMEHT, a 3aTeM MOMEHT MHEPIIUH MaXOBHKa.

YnpaBisromuii MOMEHT pacCUUTHIBACTCA IO CiieAyromie popmyre [3]:

rae P — nmotpebiisieMasi MOIIHOCTh, (» — YaCTOTa BPAIIICHUS MaXOBHKA .
20Bm
My :—I:O,IZBm-c.
166,67¢
MOMEHT WHEPIIUH MaXOBHKA OMpPEeIsieTCs 0 hopMyIie:

S_HM,
P >

rae P — norpebnsemas MOIHOCTb, /7 — KHHETHYECKUIT MOMEHT, M,, — ynpaBIsIonuii MOMEHT.

_ SHmc-0,12Bm-c

=0,03xe - m
20Bm
Omnpenensiem quaMeTp 00012 MaXOBHKa 110 (pOpMyJIe:
0,25
2-J
D = 2 | — ,
T-y-h
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KT
riae J— MOMEHT MHEPLUM MaXxOBUKa, :78003 — yIenpHas Macca CTajii, /1 — BBICOTa 00012 MaXOBHKA.

0,25
2-12ke-m
D=2 =0,14m
Ke
3,14-7800— - 0,04.m
M
BHyTpeHHnit pagiyc MaxoBUKa BEIYUCISIETCS IO (hOpMyIIE:
J
r=4l-—m—r,
05-m-y-h-R
D 0,14
rzie R — HapyxHblil pajuyc MaxoBuka v paBeH R = — = ——=0.07u
12k2- m°
r=0,14. |1- =0,068m
4 K2 2
0,5-3,14-7800 — - 0,043 -0,14" m
M

ITo nonyuyenHsIM anHbIM ObLTa IocTpoeHa 3D mozens maxoBuka B CAD-cucreme T-Flex CAD 2D/3D. Ha

pucyHke 1 npuseneHa 3D Mozaens MaXxOBHKa.

Puc. 1. Maxosux

Macca MaxoBHKa MOKET OBITh paccuuTana o gopmye [3]:

m=mx-y-(R—r)-h (D
rae ¥ =7800 LZS — yIenmpHast Macca CTalii, R — BHEITHHUNA pagiyc 0001a MaXOBHKa, ¥ — BHYTPEHHUH paanyc obona
M
MaxoOBHKa, / — BEICOTa 000/1a.
Ke
m =3,14-7800— - (0,07 — 0,068x) - 0,04.m = 0,5xe .
M

CAD-cucrema T-Flex CAD 2D/3D no3BoJsieT paccuutaTh Maccy KOHCTpyKImu no ee 3D mozenu, npu
ycaoBud, 4to anst 3D Monenu 3ajaH marepual, U3 KOTOporo oHa Oyzaer u3roroieHa. Ha pucyHke 2 npuBeneHb
pe3ynbTaThl pacyera Macchl MaxoBuka u3 ctanu AISI 1015.

W3 npuseaeHHOro pucyHka 2 BHJIHO, YTO Macca MaxoBuka M3 3Dmojenu mpakTH4ecKd paBHa Macce
MaxOBHKa, PACCUUTAHHOTO 1O opmyite 1.

Jnst Toro 4ro0bl MMETh BO3MOXKHOCTH paccMaTpHBaTh OOJBIIOE KOJMYECTBO BapHAHTOB KOHCTPYKIIHHU
MaxoBHKa, 3D MoJienh MaxoBHKa HEOOXOAUMO CIEIaTh MapaMeTPUIECKOM.

CrneayonmM dTanoM MPOSKTHPOBAHMS THPOJWHA SBJSETCS pacueT dJIeMEHTOB W cosnanue 3D moneneit

OCTAJIBHBIX DJIEMEHTOB KOHCTPYKIIUH T'UPOAHHA.
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B pabome paccmompeno coepemennoe cocmosHue UCHbIMAMENbHOU ANnapamypsl 015 UCCAe008AHUA
pabomul cucmem opueHmayuu Kocmuueckux annapamos.  Ilpeodnooicenvl eapuanmsl pearuzayuu  yyeoHo-
0eMOHCMPAYUOHHO20 CIEHOd, 00BACHAIOWE20 NPUHYUN PADOMbL MAXOBUUHOU CUCTNEMbL YIPAGLEHUSL.

In this paper we reviewed the current state of the test apparatus for the study of the work orientation of the
spacecraft systems. The variants of the implementation of educational and demonstration stand, explaining the
principle of the flywheel control system.

[lepBoe 3HaKOMCTBO MOJIOJIE)KHM C COBPEMEHHOW TEXHHKOH HEOOXOIMMO HAuyMHATH C OOBSICHEHUS

OCHOBHBLIX TIPHWHIIUIIOB, 3aJI0KCHHBIX B €€ (byHKHI/IOHI/IpOBaHI/Ie. Tonpko Takoi IIOAXO0J MO3BOJIMT HE OTHYIHYTH
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MOJIOIOTO YENOBEKa OT HETOHATHOTO HArPOMOJKACHHS KAKHX-TO Y3JIOB, MEXaHH3MOB, OJOKOB, NMEPEIIETCHHBIX
CBSI3KaMHM MPOBOAOB M Kabenei. OMHIM 13 BaXKHBIX HANPABJICHUH B Pa3pabOTKe KOCMHYIECKUX AMMAPaTOB SBIACTCA
CHCTEMa YIJIOBOW OpHEHTAIMH. 3BECTHBI pa3MuHbIE MPHEMBI IIOCTPOCHUS TAKUX CHCTEM, HO TPYIIIE CTyJEHTOB
kadenper TIIC 6bpUTO0 MOPYYEHO H3YYUTH NPUHLIUI PAOOTHI M KOHCTPYKIMHM MAaXOBHYHBIX HCIIOTHUTEIBHBIX
YCTPOWCTB;, B KOHEYHOM HTOre paboTa JOIDKHA 3aKOHYUTHCS pa3pabOTKOW ¥ HW3rOTOBJICHHEM Yy4eOHOTO
JIEMOHCTPALIMOHHOTO CTEH/a, Ha KOTOPOM MOXKHO OBUIO OBl TEXHHYECKH HEMOJrOTOBICHHOMY IIKOJbHUKY
OOBSICHUTh BO3MOXKHOCTh YIPABICHUS YIJIOBBIM IIOJIO)KEHHEM KOCMHUYECKOIO ammapara U, 10 BO3MOXHOCTH,
3aMHTEPECcOBaTh ¥ MPUBJIEYD €T0 K UCCIIEIOBAHUSIM B 00aCTH KOCMOCA.

JIeMOHCTpalMOHHBIA CTEHZ [OJDKEH IIPEACTAaBIAATH €000 MO MakCMMyMa YIPOIISHHBIH BapHaHT
UCTIBITATENIbHBIX CTEH/IOB M KOMIUICKCOB, KOTOPBIC HCIIONB3YIOTCS B IPOMBIIUICHHOCTH M HAYYHBIX JIAOOPaTOPHAX.
B cBa3m ¢ oTUM, HWXKE TPHUBENCH KpPaTKHH 0030p CYIIECTBYIONIETO HCIBITATENFHOTO 00OpYIOBaHMS.
[Ipeamonaraercst, 9T0 HEKOTOPBIE TEMEHTHI PACCMOTPEHHBIX CHCTEM MOTYT OBITh IIPIMEHEHBI B pa3padaTbiBacMOM
JIEMOHCTpannoHHOM cTeHae. O030p OCHOBaH Ha JICHCTBYIOIUX CTEH/IOB, TAKHE KakK:

«YUnduc-M» [2]

Pazpaborannslii corpynaukamu kommnanuu CITY THUKC nonynatypHslii ctena MonenupoBanus Ynduc-M
SBIIICTCA YaCThIO NPOEKTa CHCTEMbI OpUeHTaluu. McrmbITaTenbHBI CTEHJ Ha CErOAHAIIHMNA AEHb CTal MOYTH
CaMOCTOATENbHOM  pa3pabOTKOW W  MCHONB3yeTcs sl  HAyYHO-HCCIENOBAaTEIbCKHX 3agad B o0macTu
OPHEHTHPOBAHUS W HABUTallUH MTOJBIDKHBIX MaJbIX 0OBEKTOB. [ TaBHOI LeJIbI0 JaHHOTO CTEHAA SBJISETCS IPOBEPKa
1 00paboTKa NMpaBUIBHOCTH pabOThl aIrOPUTMOB CTaOMIM3aIMU M OPHEHTALMM KOCMHUYECKOoro ammapata. CTeH[
UCTIONB3YIOT Ui OOYYeHHS CTYJCHTOB, Ubsl JEATEIBHOCTh CBA3aHA C TEXHHYCCKHMH CHEIUATbHOCTIMH,
CHEUUATU3UPYIOIUMUCS Ha UCCIEOBaHUAX B KOCMUUYECKOH o0nacTu.

Crena mnpegHasHayeH JJIA: MMUTHPOBAHUS YCJIOBHHM OpOMTAIBHOIO IMONETA; OTIAAKU alrOPUTMOB
CTa0WJIM3allMM M OpPUCHTAlMM; OTOOpaKeHUS! TMOJOXKEHHs OCed B IPOCTPAHCTBE, COCTOSHUS JATYUKOB U

YIPABIAKOOIUX 3JICMCHTOB B PEIKUME PCAJIBHOI'O BPEMCHU, KaJ'II/I6p0BKI/I DJICMCHTOB YIIPAaBJICHUA.

Puc. 1. Maxem muxpocnymnurxa Yubuc-M

Bo3moskHble 00/1aCTHM  HMCHOJIB30BAHMSA: FWCIBITAaHMS CHCTEM OIpEICNCHUS OPHEHTAWH MAaJIbIX
KOCMHMYECKHX aIllapaToB, OECHIIOTHBIX JIETATENbHBIX allllapaToB, a TaKXe a’poCTaToB, AUpHKaOIeH, 30HIOB;
337124y HaBEICHHs, CTBIKOBKH, MHCIIEKIIUH U COJIVDKEHHS.

Pa0oTsl, npoBOAMMBIE C MCIOJb30BAHHEM CTEHAA: OTIAJKa COIHEUYHBIX JAaTUUKOB, JATUUKOB YIIIOBOH
CKOPOCTH, OTJIaJIKa MAaxOBHKOB, JJICKTPOMAarHWTHBIX KaTylmleK M T.[.; paOOThl Y3JI0B M MOACHUCTEM CHCTEMBI
yrpaBieHus (ITOJCUCTEMBI OTIPEICICHUSI OPUEHTAINH, TIOACUCTEMbI CTAOMIN3aNY, TTOACHCTEMBI CYIIEPBU30PHOTO
KOHTPOJSI, KOHTPOJb TOTPEOJICHHS MOITHOCTH B PAa3IMYHBIX pPEXUMax); (HOpPMYyITHUPOBAHHE METOAUK
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(hyHKIMOHATBHBIX HMCHBITAHUNA, HEOOXOMWMBIX IJIsl IPOBENEHHS B Hadale SKCIUTyaTallld CHCTEMBI; TPCHHPOBKA
CHENMANNCTOB YIPABICHHEM OOBEKTa; WMHUTAIUsA W OTpabOTKa HEIITATHBIX CHUTYyaldi; MOJCTHUPOBAaHHWE U
HCCIICIOBAaHUE AaJNTOPUTMOB pabOTBl CHUCTEMBI OPHEHTAIMH; CIICIHalbHBIE PAa0OTHI MO SKCIEPUMEHTAIHHOMY
OTIpEeNIeICHHI0 MAarHUTHOTO MOMEHTa OOBEKTa YIPABIICHHS, MOMEHTOB WHEPIIUH OTHOCHTEIHHO TJIAaBHBIX OCei
MHEPLUH TeJl CJI0XKHON KOH(QHUTYPAIHH.

Crenp nosynarypuoro moaeauposanus 8 UTIM um. M.B. Keaabima PAH [3]

I'maBHOW 11€1bI0 CO3JAHUS CTEHA MOJYHATYPHOI'O MOJIEIUPOBAaHMS Obla OTPabOTKa CUCTEM YIpPaBICHUS
OpHUEHTAIeH MaJIbIX KOCMHUUECKUX allaparoB.

TpebGoBaHus K CTEHIY:

1) Co3math BO3MOXKHOCTH MOJICIIMPOBAHHUS TEOMAarHUTHOTO TOJ, OOECHEeYNTh MAaKCHMAaIbHYIO 30HY
OTHOPOJHOCTH MAarHUTHOTO TOJS NMPH MHHUMYME IOTPEeOIsIeMON MOITHOCTH; 3HAUYEHUS MOJCIbHOW HHIYKIIHA
JOJDKHBI TIPEBHIMATh (OH HA MOPSAAOK; HEOOXOOMMO MMETh BO3MOXKHOCTh HM3MEHEHHS BEKTOpa HHIYKIHMH IO
3aJJaHHOMY 3aKOHY, UMUTHUPYS M0JIe B OpOUTAIILHOM CHCTEME KOOPIMHAT.

2) ObecnieynTh BO3MOXKHOCTH COOPKHM M TPOBEPKU HECKOJIBKHAX (YHKIMOHAIBHBIX AHAJIOTOB CHUCTEMBI
YIPaBJICHUSI OpPHEHTAleld MaJIor0 KOCMHUYECKOIrO amnmapara; KOMIOHEHTHI BXOJASALIME B MOJENb JOJDKHBI OBITh
TaKUMHU K€ KaK ¥ B PeaIbHBIX 00BEKTaxX yIpaBJICHUs.

3) Ucmonmp3oBaTh B KOHCTPYKIMH KOMMEPUYECKH JOCTYITHBIE KOMIOHEHTHI: MAaTYUKH, WCIIOJHUTCIHHBIC
3JIEMEHTHI, BEIYUCIUATENH H T.JI.

4) OOGecrednTh BO3MOXKHOCTH TPOBEICHHS HCIBITAHHNA MakeToB Maccoil mo 10 kr m rabapuramu 10
100x100x100 mm.

5) CreHn A0DKEH MMETh HEOOJBINYHD MAacCy W OBbITh KOMIIAKTHBIM, HACTOJBKO, YTOOBI MOMECTHUTHCS B
MOMeIIIeHUE 1abopaTOpHH.

[Ipu mpoekTHpOBaHWU CTEHAA TaKKe TPeOOBaJOCh, YTOOBI OH OOECredrBall 10 BO3MOXHOCTH OOJIbIIee
YHUCIIO CTETIEeHeH CBOOOARI MakeTa W HCKII0OYal BHEIIHWE HEMOJICNMpyeMble Bo3Mymarommue ¢akropsl. Kak
CJIEZICTBHE, MOTPEOOBAIIOCH AaBTOHOMHOE ITUTAaHHE MaKeTa OT aKKyMYJIITOPHBIX OaTapeil, a Takke ero 0ecrpoBOIHOE

yIpaBJIeHHUE.

~ o Wi —

Puc. 2. Cmpykmypa cmenoa 6 Puc. 3. Obwuii 6uo cmenoa
HIIM um. M.B. Kenoviwa PAH
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Ha puc. 2 nokazana crpykrypa creaga B UIIM mm. M.B. Kengermma PAH. Ha sTom pucynke BBeneHBI
obo3nauerna. CTpykrypa: 1 — maTdWk CONHIA; 2 — MAarHUTOMETP; 3 — CHCTeMa YIpaBICHUS MarHUTHBIMH
KaTymkamu (Ha pHc. He Mmoka3aHbl); 4 — O0pTOBOI KOMIBIOTEP; 5 — aKKyMymATopHBIE OaTapen u mata COII; 6 —

JABUTaTCJIb-MaXOBHK; 7 — BcnoMoraTtenbHas 1iaTa.

Cucrema uMuTannoHHoro moaeauposanusi DSACSS [4]

Virginia Tech pa3spaboTana UCHBITATENBHBIA CTCH]I, OCHOBAHHBIN Ha 0a3¢ AJIEMEHTOB a3pOIUHAMHUYCCKOM
MOJIBECKH, CUCTEMY HUMHTAI[MOHHOTO MojeianpoBaHus. Cuctema cOCTOMT U3 AByX MakeToB: Whori-I u Whori-II.
JlaHHBIA CTEHI MpeAHa3HAa4YeH Uil Ha3eMHON OTpaOOTKH alrOPHTMOB YIPAaBICHHS OPHUCHTAIMEH W CTaOMIH3AIlNH
KOCMHYECKOTO amiapara B 3¢MHBIX YCIOBHUSIX.

Whori-I (puc. 4) mpencraBisier coboit «tabletop» mmardpopmy. Macca - 135 kr. O6mamaer Tpems
CTETICHSIMH CBOOOJBI: TOBOPOT B TOPH30HTAJIBHOM IUIOCKOCTH HE OTPaHHYCHO, OTKIOHCHHA II0 HAKJIOHY
OrpaHUYEHBI yriaMu +6,5°. MakeT uMeeT TpU MaXxOBHKa, TPEXOCHBIN aKkCelepoOMeTp U ABYXOCHBIN JaTUMK HAKJIOHA.

Taxoke umeeTcs cucTeMa GaﬂaHCI/IpOBKI/I LEHTpa MaccC, MUTAaHUEC NPOU3BOJUTCA OT aKKYMYJIATOPHBIX 6aTape1>'I.

Puc. 4. Whori-I

Whori-II (puc. 5) npencrasnser coboit «dumbbell» nmnardopmy ¢ AByMs BEepTHKaJIbHBIMHU ILIaATOPMaMH,
MPUCOETUHEHHBIMHU K cepaM ¢ HU3KUM KOI(PQUIIMEHTOM TPEeHUsl 2-Msi METaJUIMUECKHMHU CTepHAMHU. Macca - 169
KT. Bpamenne B ropu3oHTaIbHOM IMIIOCKOCTH HE OTPAaHWYEHO, MO HAKJIIOHY MaKCUMaJIbHOE BO3MOXXHOE OTKJIOHCHHE

coctasiseT +30°. AnmnapaTHblil cOCTaB IIaT(GOPMBI CXOXK € annapaTHeIM cocraBoM Whorl-1.

Puc. 5. Whori-II
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O6a crenga coequusroTes ¢ 9BM mocpencTBom O6ecrpoBOIHON Tiepeadn JaHHbBIX.
Kak MBI BUIMM, JaHHBIC CTCHIBI OOCCIICYMBAIOT UMHUTAIIUIO IBHKCHHUS 10 TPEM OCSIM, IIPH 3TOM YIJIOBOE
JIBIDKCHHUE 110 JIBYM OCSIM OTPAaHUYEHO U3-32 UX KOHCTPYKIKHU. K TOMY jke OHH CIIOKHBI B HACTPOIKE, YIIPaBICHHN U

OKCIUTyaTalu.

“UM-15" [1]
Crenn “UM-157, paspaboran B HIIL| “Iloxroc", mcmonb3yercss AJsl MCCIENOBaHHMS XapaKTEPUCTUK M

PCKHUMOB pa6OTLI YIpaBJIAOIIUX JBUraTesIei- MaXOBUKOB.

Puc. 6. Obwuii 6uo cmenoa UM-15

ITpuniun paboTel cTeHa:

JnHaMHUuecKMil MOMEHT, CO3[aBaeMblii YIPaBJISAIOIIUM JABUIATEIEM-MaXxOBUKOM 5, Mepelaercs uepes
noasec 4 K OCHOBAHUIO 2.

OcHoBaHMe, ONMPasiCh Ha TPU PACIOJIOKEHHBIX APYT OT Apyra Ha ONpPENENEHHOE PAaCCTOSIHHE CUIIOBBIX
JaTdyuka 3, BBI3BIBACT Je(QOPMALMIO0 YYBCTBUTEIBHBIX JIIEMEHTOB, aAedopMarmsi TpeoOpa3oBHIBaCTCS B
3JIEKTPUUYECKHE CUTHANBI, KOTOpBIE NepeaatoTcss B 9BM, rie npou3BoAsTCs BHIYMCIEHUS! IUHAMUYECKOTO MOMEHTA.

IIpumenenue:

HpI/I MMPOBEACHUN HCHBITAHUN CHUCTEM OpuCHTAIIUN U CTa6I/IHI/I3aHI/II/I H€O6XOI[I/IMO HaJIMYUC BO3MOXKXHOCTH
WCIIONIb30BaHUsl Cpa3y HECKOJIbKHX JIBUTaTENCH-MaXOBUKOB 00HO8PEeMEHHO, TIOTOMY NaHHBIA CTEH]| HE MOJXOJUT
JUISL TOM 3a]1ayi, HO €ro MOKHO HMCIOJIb30BaTh JJIsl UCCIIE0BaHUs TMHAMHYECKOTO MOMEHTA ABUTAaTeNsI-MaXOBHKa
COC.

Henocratku:

1) [lanHble Ui onpeelicHuss MOMeHTa OepyTes u3 Oyioka ¢ siekrpoHukoi (BD), mpoxomsat yepes3 KaHaIEI
obmena mexay OBM u BD, dro MoXeT mpUBECTH K MCKAKEHUSM HHPOPMAIUU W KaK CICICTBHE K OIIMOKaM B
BBIYUCJIICHUAX, U3-3a YCTO ONPEACIICHUC MOMEHTA 6y£[6T pr6I>IM 1 HCTOYHBIM.

2) Ilena mmammero paspsaa mepeIaBaeMbIX JaHHBIX MOXKET IPUHUMATh BBICOKOE 3HAYEHHE, YTO MPUBEIET
K BBICOKOM TIOTPCITHOCTH TTPU ONPEACICHUN MOMEHTA.

[IpoBeneHHBIN NUTEPAaTypHBIA aHANW3, YYeT TpeOOBaHUI K JIEMOHCTPAIMOHHOMY CTEHAY, OIICHKA
BO3MOKHOCTEW IPH €0 U3TOTOBJICHUU TIOKA3BIBAIOT, YTO OCHOBHAS MPOOIIeMa 3aKIIF0YaeTCsl B BRIOOPE THIIA TIOABECA
IaThOpMBbI, Ha KOTOPOH OYAET yCTAaHOBJICH MHUKPOJBUTATEIb-MAaXOBUK. JJaHHBI MaXOBUK H3TOTOBJICH Ha OCHOBE

JABUTATCJIA MPUBOJA q)HOHHI/I-,HI/ICKOB, AKKYMYJISITOD U npeo6pa30BaTenb NUTaHuA U1 ABUTaTCJIA pacCloJIOKCHBI HA
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miathopme psIoM ¢ mociaegHuM. Takke Ha miatdopme OyIeT pactonaraTtbesl TUCTAHIIMOHHBIN ONTORJICKTPOHHBINA
KIIIOY yTIpaBIICHWsS MUTaHWEM [BUTaTens. B KadecTBe oOmopel MmojBeca IUIATGOPMBI B TEPBYIO OYepenb
paccMaTpuBaeTCs MIAPUKOIOMIIWITHIKOBAsA, Kak Hawbojee HamexHas W KoMmakTHag. C IeNbl0 yMEHBIICHHS
MOMEHTA TPEHHUS CKOpee BCero oropa OyIeT ¢ 2IEeMEHTOM OKHUBJIICHHA. B cirydae MmoirydeHHs yIOBIETBOPUTEIBHBIX
PEe3yJIbTaTOB U3TOTOBJIECHHBIH CTEH]] MOXET OBITh JIOMOJHEH PSJIOM YyBCTBHTENIBHBIX JIEMEHTOB U HCIOJIB30BaH B

yueOHOM Iporiecce.
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THE USE OF CONTACTLESS DIRECT CURRENT MICRO MOTORS TO CONTROL
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Polushko D.A.
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Oonotl U3 2nasHvix 3a0ay, KOMOPYIO NPUXOOUMCs pewams UHNICEHePaM Npu  NPOeKMuUpoOBaHUulU
KOCMUYeCKUX JIemamenbHblX annapamos sejisemcs G03MOJNCHOCHb €20 YelogoU OpUueHmayuu, no3eoJsouel
JIemamenvHOMy annapamy Cco8epuiams MAHEGPbl HeoOX00UMble Ol BbINOJHEHUS ONPeOeNEéHHbIX NPAKMUYecKu
3a0au. B oOamnnoii cmamve paccmampusaemcs npobiema CeA3aHHAS CO CROCOOAMU YAPAGIECHU Y2l0801
opuenmayueii manvix KJIA. /s pewenus OanHOU npobiemvl paccmampueéaemcs npumeHenue 6ecKOHMAKmMHbIX
MUKPO3IeKmpoosucamenell NOCIMOsIHHO20 MOKd, Komopwle 01a200apsi C6OUM NAPAMEMPAM U 2abapumam uoedaibHo
noOX00Am O/ UCHOJb306AHUSL 8 NOOOOHLIX 6UOAX KOCMUYECKUX JdemamenvHulx annapamos. Hccnedosanue
NOKa3ano, 4mo OaHHbll U0 dNeKmpoodsucamenell, 61a200aps C8OUM CKOPOCHHbIM NOKA3AMEAM U 803MONCHOCHIAM
UX pecynuposanusl, Modcem obecnewumsv ynpaeieHue yenoeou opuenmayueti manvix KJIA. Pezyrvmamor
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UCCre008aHUs. pacwupsaom 3HAHUA 06 npumeHeHuu 3]161(771]?006142(1}'}18]1611 8 npu60prtx cucmemax KocmudeckKkux
JlemameilbHblx annapamaoes, a maxkaHce omKpvlearom 603MONCHOCMb UX COBEPULEHCMBOBAHUA.

One of the main problems that must be solved to engineers when designing spacecraft is the possibility of
angular orientation, which allows the aircraft to perform maneuvers necessary to perform certain practical tasks.
This article discusses the problems associated with the control techniques angular orientation of small spacecraft.
To solve this problem associated the use of contactless microelectric direct current, which, thanks to its parameters
and dimensions are ideal for use in these types of spacecraft. Research has shown that this type of motor, thanks to
its high-speed performance and the ability to control, can control the angular orientation of small spacecraft. The
results of research expand the knowledge about the use of electric motors in instrument systems of spacecraft, as
well as open up the possibility of improving them.

[Ipy ocBoeHMHM KOCMHYECKOTO IIPOCTPAaHCTBAa OONBINOE 3HAueHHE mNpruolpena MpobieMa yIpaBIICHHU
KocMHu4ecKnM JetaTensHbIM ammapatoM (KJIA). Tlox ynpasinennem KJIA moHmMaercs ynpaBieHHe IBHKCHHAEM €r0
[EHTpa Macc W IBIDKEHHEM BOKPYT 3TOro meHtpa [1]. 3To cBsA3aHO ¢ HEOOXOAMMOCTHIO YTIIOBOH OpHEHTALNH
anmapaTta B TpeOyeMOM HalpaBICHHH MPH PELICHHH Pa3MYHBIX MPAKTHUSCKHX 3aaad. [IpuMepoM Takux 3aaad
sBrsieTcst Bo3Bpanienue KJIA Ha 3emutro. Jliist e€ pemieHus TpeOyeTcst mepe]] BO3BpaIleHUeM Ha 3eMITIO, TIPEKIC YeM
BKJIIOYHTH TOPMO3HYIO IBUTATCIIbHYIO YCTAHOBKY, COPHEHTHPOBATh €€ TaKUM 00pa3oM, 4TOOBI TOPMO3HOU UMITYJIBEC
ObUT MPUJIOKEH B 3aJaHHOM HampaBieHUH. VIMEGHHO IS 3TOr0 KOCMHUYECKOMY JICTATCILHOMY armapaTy IpOCTO
HEOOX0IUMa CUCTEMa YTIIOBOH OpUCHTAIINH.

B cucreme yrinoBoii opueHTauu cpeaHux u Manbix KJIA npuMeHSIOTCs 3JIeKTPOMEXaHUUECKIE OPraHbl Ha
0a3e MaxOBHKOB, NPUBOAMMBIMH B [BIDKCHHE JIICKTPOJBHraTesisiMH. JIaHHBII BBIOOD OOBACHSETCS TEM, YTO
JKBUBAJICHTHAS Macca MCTOYHHKA SHEPrOCHAOKEHUSI 1 CyMMapHas Macca YIPaBISIOIIEr0 YCTPOHCTBA HE 3aBHCIT
OT MPOJODKUTENFHOCTH  PabOThI AIIEKTPOMEXAaHUYECKOr0 opraHa Ha 0Oa3e aBuratens-maxoBuka[2].IToatomy
MPUMEHEHHE CHUCTEM C JBHUTaTCIIMH-MAaXOBHKAMH OKa3bIBACTCsl 00JIee pAI[HOHAIBHBIM [0 CPABHCHHUIO C JIPYTHMH
JIBUTATEJIIMK, HAPUMEDP PEAKTUBHBIMM, AHAIOTHYHAs XapaKTEPHCTUKA KOTOPBIX YBEIHUYHBAETCS C POCTOM
MPOJI0JKUTEIBHOCTA OPHUEHTUPOBAHHOTO MOJETa. He M3MeHss ABMIKCHHS IICHTPA MAacC, BPAIAIOIIAECs MaXOBUKU
CO3[aI0T BHYTPEHHHE MOMEHTBI, KOTOPBIC MO3BOJSIIOT M3MEHSTh yrioBoe moijioxkeHue KJIA 1Mo OTHOIICHHIO K
6azoBoii cucreme orcuéra. Yarie BCEro yCTaHaBIMBAIOT TPU MAaXOBHKA, OCH KOTOPBIX COBMEMIAIOT C TJIABHBIMH
OCSAMH HMHEpPUHMH JieTaTelbHOro ammapara. OJHAKO KCIOJb30BAHUE MAXOBHUYHBIX CHCTEM  IMPUBOJHUT K
HEOOXOJMMOCTH HUMETh Ha OOpTy CHEeHHAbHOE Pa3rpy304HOE YCTPOWCTBO, MPHUMEHIEMOE JJISl TEPUOJHIECKOTO
CHSTHS C MAXOBHKOB HAKOTJICHHOTO MMH KHHETUYECKOIO MOMEHTA. DTO YCTPOHCTBO, OOBIYHO, COCTOUT M3 CHCTEMBI
PEaKTUBHBIX MHUKPOJBUTATEEH WIIM MarHUTOIPHBO/A, 3JEKTPOMAarHUT KOTOPOr0 B3aMMOJIEUCTBYET C MarHUTHBIM
mojieM 3eMJIH CO3/1aBasi HeOOXO0 UMb MOMEHT [3]. PYHKIIMKU MaxOBO¥ MAacChl BBIIOIHSIET POTOP C MOCTOSIHHBIMU
MarHUTaMHu, KOTOPBIN PACIIOIOKEH Ha MAKCHMAaJIbHO BO3MOXKHOM JHaMeTpe.

MaxoBuku Juis opueHTaiuu KJIA, kak yxe ObUIO CKa3aHO paHee, MPUBOJATCS B JBIKCHHE
JNEKTpOABHraTeNsiMi. Yaiie BCero MpUMEHSIOT TaKOH THUI DIIEKTPOABUIATENs, KAK OECKOHTAKTHBIN MOCTOSIHHOTO
TOKa. DTH JIBUTATEJH JIy4Ille BCEX OCTAJBHBIX YIOBICTBOPSIOT TPEOOBAHUSIM, MPEIBABIIEMBIM K YIIPABISIEMBIM
JIBUTATEJIIM CHUCTEM ABTOMATHKH B OTHOIICHMH MACCOra0apuTHBIX [OKa3aTeliel, 9JHEepreTHYecKux |
AIIEKTPOMEXaHHYECKIX XapaKTEPHCTHK, a TaKXKe HaAEKHOCTH M Juama3oHa 4acToT [4]. DIeKTpoaBUraTeah MOXKET
00eCreynBaTh PEBEPCHUBHOE BpallleHHE POTOpPA-MaxOBHKAa M €r0 TOPMOXKCHHE, a BEIMYMHA CO34aBacMOr0 WM
BPAIIAIOIIEr0 MOMEHTA MOJXKET IJIABHO MEHSTHCS B 33JaHHOM JIHAIa30HE B COOTBETCTBHHU C CHTHAJIOM YIIPABJICHUS,
M0/IaBAEMbIM Ha BXOJl MAXOBHYHOMN CHCTEMBI.

B Hacrositiiee Bpems 3amyckaercst OOJBIIOE MHOXKECTBO pasninuHbix BujoB KJIA. Haubonee wacto
3anmyckaeMbiMu ABIISIIOTCSE KJTA, KOTOpbIe MMEIOT OTHOCHTEJILHO HEOOJIbIINE rabapuThl B MAacCy, TaK Ha3bIBAEMbIC

maibie KJTA. Ouu 00BIYHO HCHOJIB3YIOTCA JId PCHICHUSA IMIMPOKOTO Kpyra MOJb30BAaTCIIbCKUX 3aJa4, BKIIOYasd
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JMUCTaHIIMOHHOE 30HAMpoBaHue 3emin. Jlns takux KJIA TpeOyercs MaXOBHUYHBIN dJIEKTPOJBUTATEIh, KOTOPHIA OBI
obnaman MaasIMH TabapuTaMyd ¥ Maccoi, HO TPU 3TOM CMOT OBl 00ECTICUUTh BpaIlleHHe POTOpPa MaXOBHKA B IENSIX
OpHEHTAINH anmnapaTa. JlaHHBIM TpeOOBaHMAM YIOBIECTBOPSIOT MUKPOJIEKTPOABUIATENHN, HCCIEIOBAHUIO KOTOPBIX
MIOCBAIICHA TaHHAas padora.

bouta mocraBneHa 3amada M3y4eHHs BIMSHHE MOMEHTAa HMHEPUMHM MaxXOBHKa, 3aKPEIUIEHHOTO Ha Bajy
3MEKTPOABHUraTessl, Ha HapacTaHWe CKOPOCTH BpallleHus ero poropa. Kpome atoro paccMaTpuBanach BO3MOXKHOCTb
peryaupoBaHus 3TOH CKOPOCTH.

B kadecTBe mpoTOTMIIa MHKpOJBHrarenei, ucrnoiabdyeMbix B Manbix KJIA, mi1s JaHHBIX HCCIIeNOBaHUM
TydIle BCEro MOAOIIEN 3JIEKTPOABUTaTeNb OT (IONIHN-JUCKOBOAA IIEPCOHANBHOTO KOMITBIOTEpA. OTOT
3JIEKTPOJBHUTATENIb OTHOCUTCS] K OECKOHTAKTHBIM MOCTOSHHOTO TOKa. OH MMEET psill XapaKTePHBIX KOHCTPYKTHBHBIX
ocoberHocTel. Ha cTarope pacmonoxeHa cHiIoBasi 0OMOTKa SKOPSI, COCTOSINAs N3 HECKOIBKHUX KaTyIIEK, KOTOPBIC
CABUHYTHI OTHOCHTENBHO APYT Apyra B HPOCTpaHCTBE. ETo poOTOp BBIMONHEH B BHJEC MOCTOSHHOTO MAarHHTa.
[onoxkeHre ocM MarHUTHOTO IOTOKA 3TOr0 POTOpa MO OTHOLICHHUIO K OCSAM KaTyIIeK CHJIOBOH OOMOTKH CTaTropa
OIpeIessieTCs CIenUaIbHBIMU OECKOHTAKTHBIMU JTaTYMKAMHU.

Jnst ynpaBieHHs JaHHBIM JIBUTaTeleM IOTPeOOBaloCh pa3padoTaTh JIIEKTPOHHYIO IuiaTy. B kauectBe
OCHOBHOW MMKPOCXEMBI NpHBoJia Oblia ucrosb3oBaHa Mukpocxema TDAS140A. E€ 0coOeHHOCTD 3aKiIroyaeTcs B
TOM, 9TO OHa oOyierdaeT paboTy ¢ MOJOOHBIMH OECKOJUICKTOPHBIMH JIBUTATEISMH, KOTOPHIE OTIMYAIOTCS OT
KOJUICKTOPHBIX CXEMOH NUTAHUs, MpPEACTaBILIONEH co00i Tpu KaHama, (aza ynmpaBIOMIET0 CHUTHajla KOTOPBIX
uMmeer oTcraBaHue Ha 120 rpamgycoB. UToOBl peann3oBaTh MAaHHBIA YIPABIAIONINA CHTHAN, HEOOXOIUMO
MCIIOJIb30BaTh MINPOTHO-MMITYIbCHYIO0 MOIYJISIIUIO M MOIIHBIA OKOHEUHBIH KacKaJ Ha IIOJIEBBIX TpaH3ucTopax. Ho
6marozapst BO3MOXKHOCTSIM JJAHHOM MHKPOCXEME 3TOro AeTaTh He MOoTpeOOoBajoCh.

OmnpezneneHue 3aBHCHMOCTH HapacTaHUS CKOPOCTH BpallleHHs POTOpa MHKPOJBUraTeNls OT MOMEHTOB
HHEpPIMM Ha €ro BaJy MPOBOAMWIOCH MpPH IOMOIIM ONTHYECKOrO JaTdyWKa M OTJIaJ0YHOM IUIaTBl Ha
MukpokoHntposuiepe ATMEGA 328P.Pesynbratel mpencraBiensl Ha puc. 1. Ha HEM KpuBble ciieBa HampaBo
COOTBETCTBYIOT IIEPEXOAHBIM MPOIIECCaM M3MEHEHHUSI CKOPOCTH BpAICHHS NIPU yBEIWYEHHNH MOMeHTa nHepuuu. [1o
JaHHBIM TpadukaM BHIHO, YTO YEM BBIIIE MOMEHT WHEPIWH, TeM 3a 0ojee JUIMTEIbHBIH NMPOMEXYTOK BPEMEHH

CKOPOCTb pOTOPA JOCTUTACT CBOCTO MAKCUMAJIbHOI'O 3HAYCHU .

w(ob/c)
o

0 10 20 30

t{c)

Puc. 1. 3asucumocmu usmenenus ckopocmu 8paujenus pomopa

CKOpOCTB BpalieHud poTOpa peryivupoBajaChb MNprU NOMOMIN MOACTPOCHYHOT'O HAIIPSIKCHUA. U3 rpadpnxa

pHC. 2 BUIHO, 9TO POCT YCTaHOBHBIIEHCS CKOPOCTH BpAIIEHUs MTPEKpaIiaeTcs Mpyu HanpsukeHuu 2,6 B.
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o (0B/c)

..............................................

ob—i i i
2.5 3 3.5 4 4.5 5
Uc(B)

Puc. 2. 3asucumocmsv usmenenus CKopocmu epawienusl pomopa oni nodcmpoelmozo HANpsd#Cerus

[onyueHHBIE pe3ynbTaThl MO3BOJAT B JaJIbHEHIIEM BHIOpATh ONTHUMAalbHYIO YCTAaHOBHBILIYIOCS CKOPOCThH
BpallleHUs pPOTOpa, MNpU KOTOPOH OymyT HaOMIOAaThCA MAOIYCTUMBIE DPEXHMBI pabOTBI OMOp BpALICHUS H

IIOCTaTO‘{HHﬁ MOMEHT UMITYJIbCA, paSBI/IBaCMLIﬁ JABHUTaTCIICM-MaXOBHKOM.
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B Oamunoti cmamve paccmompena npoodiema OnpeoeieHuss OpUeHmayuu NOOBUNCHBIX 00bEKMos 6
npocmpancmee. TIpoananusupogansvl XxapakmepHvle 0COOEHHOCMU UCHOIb308AHUSL YUPPOBLIX 0aMUUKOE OJisl
peuwenusi no0obuvix 3aday. Beisenena u obocnosana 6o3modcnocmo npumenenus IMU-cencopa 0as nonyuenus
unopmayuu o nemarowem obvekme muna cmpamocmam. Ha ocnoge npoeedénnvix onvimos, Obliu NOLyUeHbl U
NPOAHANUZUPOBAHBL HKCIEpUMenmanbHvle oannvie ¢ IMU- cencopa o e2o0 nonosceHuu u usMeHeHUuU OpueHmayu 8
npocmpancmee.
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This article considers the problem of determining the orientation of the moving objects in an area.
Characteristic features of the use of digital sensors for solving the problems were analyzed. The possibility of
application the IMU-sensor to obtain information about the stratospheric balloon has been identified and justified.
On the basis of experiments that were conducted, were obtained and analyzed experimental data from a IMU-
sensor about his position and the orientation in area.

C nmaBHMX BpeMEH y UeNOBEYECTBAa MOSBUIIACH MOTPEOHOCTH OIPEAENIATh OPHUEHTALWIO TPAaHCIIOPTHBIX
CPEACTB B NpOCTpaHCTBe. V3HadanbHO, MOpEIUIaBaTeIM HalpaBsUTM CBOM KOPAaOJM C MOMOIIBIO KOMIAca WM
3BE3],, MOTOM CTalli NPUMEHSITH TUPOCKONBI, M 4eM OoJjblle pa3BUBaJach TEXHUKA, TEM JIy4llle, TOYHEE M
pa3HOOOpa3Hell CTAHOBMIINCH CUCTEMBbI ONIPEEIICHNS] OPUEHTALNH 00BEKTOB B IIPOCTPAHCTBE.

ITpn ynpaBneHnn ABMXEHHEM KOCMHYIECKNX, AaBHAIIMOHHBIX, HA3EMHBIX U JPYTUX JBIDKYIIUXCS TEI, OJXHOMN
U3 TJIaBHBIX 3a7a4 ABJIAETCS OIPEACICHHE TOJM0XCHHUS anmnapaTa B Kakoi-mibo cucreme koopanHat. Mudopmanns
00 opueHTanuM 00BEKTa SBIAETCA OCHOBOIOJIATAIONICH NMPH PEIICHWH BCEX 3a/ad HaBWUramuu. V3BeCTHO MHOTO
Pa3IMYHBIX CIIOCOOO0B M YCTPOMCTB, UCIIOIB3YEMBbIX JUISl PEIICHUs TaHHOW 3a/1auu.

HamnpaBieHnue ABWXKEHUsI U OpUEHTaLUs 00bEKTa B MPOCTPAHCTBE MOTYT OBITh MOJIyYEHBI HPH MOMOLIN
cinyTHUKOBBIX cucteM I'JIOHACC u GPS, HO AaHHBIH METOA HANpsSMYIO 3aBHCHUT OT BHEIIHHX CHTHAJIOB M HE
BCET/Ia MOXKET UCIIOJIb30BaThCs. [109TOMY B OOJBIIMHCTBE CIy4aeB OTAAETCs MPEANOYTEHHE aBTOHOMHBIM METO/IaM.

OueHp Ba)KHOE 3HAUEHME JUISI CHCTEM OPHUEHTAllMH MMEIOT THPOCKONMUYECKHe MpHOOphl. OHU MONMydHiIn
MIMPOKOE pacrpocTpaHeHne Oraroaps MOBBIIIEHHON TOYHOCTH M CBOMM YHHKAJIbHBIM CBOMCTBaM, HO HE BCETa UX
MPUMEHEHHUE SBIISIETCS] pallMOHAIBHBIM. ECTh psiz cirydaes, Korza Uit 5KOHOMHH MECTa, Beca M SHEPTONOTPEOICHUS
MPUMEHEHNE THPOCKOIIOB CTAHOBUTCS 3aTPYAHUTEIBHBIM.

C pazButueM anektpoHnkd 1 MEMS TexHonoruii uist 3aja4 onpezesieHusi OpUeHTalul 0OBEKTOB CTalH
MPUMEHSTH Pa3InYHbIe IH(PPOBBIE CEHCOPHI.

[Mpumenenne unuppoBoro ceHcopa IIaHUPYETCsl OCYLIECTBUTH Ha JIETATEILHOM allnapare THIa CTpaTocTar,
KOTOpBII OyneT 3amyiieH kadeapoi TOUHOro MpudopocTpoeHus MHCTUTYTa Hepa3pyIlaromero KOHTPOJIs B arpere
2016 rona.

I'maBHOM 3amaveil sBIAETCS MOJyYEHHE AAHHBIX C HCIOIB3YEeMOTo ceHcopa. s 3Toro HeoOXoauMo ero
MOAKIIIOYNTh M 3alporpaMMHUpOBaTh. Tak ke HaJo0 YHOCTOBEPHUTHCA B €ro pabOTOCIHOCOOHOCTH M TOYHOCTH
MOJTy4CHHMS TIOKa3aHuH.

Tak kak ceHcop sBISIETCS LHU(PPOBBIM, TO PE3YJILTATOM H3MEPEHUH OYAeT SBISTHCS YMCIOBOH MAacCHB,
KOTOPBI He0OX0IMMO OyIeT IpoaHAIN3UPOBATD.

3amady ompeAerieHHs OpPHEHTAI[MHM CTPAaTOCTaTa B BO3AYIIHOM IIPOCTPAHCTBE MOMOXeT pemuts IMU-

ceHcop Ha 10 crereHei cBOOOTHI.

Puc. 1. IMU- cencop na 10 cmeneneii c60600vl
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st onpeneneHust OpueHTAINN 00BEKTa, Ha IJIaTe CEHCOpa PacIiOIOKEHBI 4 MIUKPOCXEMBI:

- Tpéxocusrit akcenepomerp LIS331DLH, KoTOpEIi MOKa3bIBaeT yCKOPEHHE OTHOCHUTEIHHO COOCTBEHHBIX
ocetl X, Y, Z. DTO T03BOJISET ONPEACTNTDH HAIPABICHUE K LIEHTY 3eMIIH.

- Tpéxocupni rupockon L3G4200D, KOTOpPHIi MOKa3bIBa€T CKOPOCTh BpAIleHHS OTHOCHUTEIHHO
COOCTBEHHBIX OCCH X, Y, Z.

- TpéxocHblit MmarHeTomerp/komnac LISSMDL, kotopslii onpenensier HanpsHKeHHOCTh MAarHUTHOTO TTOJIS
OTHOCHTEJIFHO COOCTBEHHBIX OCei. DTO MO3BOJISIET ONpPEAEIUTh Harpasienue Ha Cesep.

- bapomerp LPS331AP, onpenensronuii armocepHoe TaBlieHne, KOTOPOE TIOMOTAET BBIYHCINUTH BHICOTY
HaJl ypOBHEM MODSL.

ToYHOCTP JAaHHOTO CEHCOpa, KOHEYHO, IMPOUTPHIBAET TOYHOCTH THPOCKONMUYECKHX CHUCTEM, HO B CIydae
HEOONBIINX ABTOMATHUYECKH VIIPABIIEMBIX OOBEKTOB OHA SBIIACTCS JOCTATOYHOW M TO3BOJISIET YMEHBIINTH
rabapuThl, 3HEpronoTpeOIeHne H Maccy OOBEKTa YIpaBICHUS.

Honknrouenne IMU ceHcopa odYeHb ymOOHO OCYIIECTBIIATH K MHUKpOKOHTpoiuiepy ATmega 328P
(Arduino). B3aumMocBs3b MOAYJIS ¢ YIPABISAIOIIMM MUKPOKOHTPOJUIEPOM OCYINECTBIIAETCS 10 mpoTokony [2C. Jlmst

9TOro H606X0)II/IMO BCCI'0 IBa KOHTAaKTa.

ONneMeHThl INaThl

O8§BAZ KA MOgyAs

AR cothacoBaHns

YPOBHER HaNPSXEHUA

Axcenepomemp

Ha vYune \/L‘
LI1S331DLH .
[*:’ a P omemp
Ha Ynune

Caa2
LPS331

namaHnA

Puc. 2. Dnemenmot nnamut cencopa IMU

Curnanbslii (D) — IMoakirouure k SDA nunyArduino.
Curnanpasiii (C) — [Mogxmrounte k SCL muayArduino.

PaccmoTtpum npumep nHpOpMAINH, epeiaBaeéMoil CEHCOPOM.

Init completed

Gyroscope Locelerometer Compass Barometer
-0.14 -0.03 0.82 0.1% 0.08 10.47 278.72 Degrees 989.30 31.88
-0.11 -0.08 -0.28 0.16 0.00 10.48 268.19 Degrees 989.24 31.89
-0.01 -0.48 -0.10 0.13 0.01 10.48 269.90 Degrees 989.37 31.70
5.10 92.88 -0.02 -5.74 0.01 9.10 348.85 Degrees 989.41 31.73
0.01 -1.94 -0.48 -10.07 0.07 0.73 356.07 Degrees 989.37 31.73
-2.17 -1.07 -0.28 -10.05 0.05 0.66 355.87 Degrees 989.35 31.7%6
-24.76 9.63 101.57 -3.07 9.20 1.47 304.02 Degrees 989.1% 31.74
-11.98 0.03 -0.87 -0.17 10.12 0.11 285.18 Degrees 989.36 31.79
-273.83 -100.32 -48.44 -0.32 7.22 4.43 289.33 Degrees 989.38 31.78
-0.12 -0.02 -0.21 -0.02 0.08 10.51 282.47 Degrees 989.45 31.77
-9.13 1.73 3.40 0.20 0.11 10.53 280.78 Degrees 989.33 31.77
278.10 15.035 2.08 0.30 4.681 10.82 274.24 Degrees 989.38 31.75
13.03 5.70 1.34 0.12 -5.77 g.74 89.56 Degrees 989.32 31.77
4.04 3.98 0.28 0.43 -4.82 8.95 92.98 Degrees 989.35 31.78

Puc. 3. Iloxasanus IMU- cencopa nonyuennvie ¢ nomowvio Arduinonano (ATmega 328P)
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[To maHHBIM MOKa3aHMSIM MOXXHO YBHJIETh, YTO B Ha9aJbHOE BPEeMs OOBEKT HAXOAWICA B TOPH30HTAIHEHOM
MOJIOKEHNH (MTOKA3aHUsI OCH Z aKcellepoMeTpa OJM3KM K 3HAYCHHIO YCKOpPEHHUs cBOOOaHOro maneHus 9.81), a mo
OCTaJbHBIM OCSIM 3HadeHHs OJHM3KH K HYJIO, 9TO O3HAYAeT €r0 HETOJBIKHOCTH B IPOCTPAHCTBE. AHAIH3HPYS
MOKA3aHMs aKCeJIepoMeTpa B IPOIEecce M3MEHEHUS OpPHEHTAlWH OOBEKTa B MPOCTPAHCTBE, MOXKHO IOHSATH, Kyna
HaIpaBjeHHBl €r0 OCH OTHOCHTENIFHO IIEHTpa 3eMJIM, TO €CTh, HAalpaBJICHHE U BEIMYMHY YCKOPEHHS CBOOOIHOTO
MmageHus no ocsam X, Y, Z.

C nOMOIIBI0 YCTaHOBJIEHHOT'O TMPOCKONA BO3MOXKHO OIPENeJIsiTh HAaIpaBlieHHE M 3HAYCHUE YTIIOBOM
CKOPOCTH BOKpYT coOcTBeHHBIX oceit X, Y, Z. [lokazaHueM MarHWTHOro KoMIiaca sIBIsieTcsl 3HaueHus asumyta. C
€ro IOMOIIBI0 MOKHO OIPEIEITUTH MOJIOKEHIE CEBEPHOTO0 MAarHUTHOTO MOJIOCa 3eMITH, KOTOPHIH HE COBIAAcT C
3eMHBIM TeorpapuuecKuM IOJIIOCOM, C YeM CBs3aHHAa HETOYHOCTH JAHHOTO METOJIa, HO BO MHOTHX CIyYasX J3TOH
TIOTPEIIHOCTHI0 MOXHO IpeHeOpedb. bapomerp m3mepsier aOCOMIOTHOE NaBliCHHE M TEMIIEPAaTypy OKpY’Karomein
cpensl. C MOMOIIBIO ATHX TTOKA3aHIH MOYKHO OIIPEENIUTh BRICOTY 00BEKTa OTHOCHUTEIHFHO YPOBHS MOPSI.

IMU cencop o61a1aeT XOpOIMMHU XapaKTepUCTHKAaMH, IS UCTIONb30BAaHMS €T0 B JIETATEIbHBIX aNlapaTax:
Hanpsoxenune nuranus: 3.3-5 B
Jrana3oH uzMepeHus:
I'mpockomna: +250/+5004+2000 dps
Axkcenepomertpa: +2g/+4g/+8g
Kommnaca: +4/+8/£12/+16 I'aycc
Bapomerpa: 260...1260 mOap
TemneparypHsiil quanason: —40...+85 °C
Tabaputsr: 25%25 MM

Takum o6pazom, IMU-ceHCOp MONHOCTHIO MOAXOJUT JJISI MCHOJB30BAHUS B OCCIMIOTHBIX JICTATEIBHBIX
anmaparax. OH MMO3BOJAET MONYYaTh JaHHOH 00 WX MOJOXCHUH B MPOCTPAHCTBE C HEOOXOAWMOW TOYHOCTBIO U
CKOPOCTBIO.

Janublii gaTuuk Oyner ompenessiTh M (UKCHPOBATh M3MEHEHUs] OpHEHTaluu o0bekTa. Eciim Ha KakoM-
b0 JIeTATEILHOM ammapaTe NpeaycMOTpeHa CHUCTeEMa OpHeHTanuu, To mokazaHus IMU-ceHcopa MoryT OBITh
00paboTaHbI U NIepeaHbl B OPHEHTUPYIOMIYIO CHCTEMY ISl BRIPaOOTKH BO3MYIIAIOIIETO BO3ACHCTBHSL.

[omy4yeHHBIE TaHHBIE MOXXHO OYIET BH3YaIM3HPOBATh M HATIIATHO M3YYHTh IBIDKECHHE CTPATOCTaTa IPH

NoJETE B YCIOBUAX cTpaTocdepsl. Tak jke ¢ ero MOMOIIbIO INIAHUPYETCS ONPEISINTD BBICOTY TTOAbEMA 00BEKTA.

CIIMCOK JIUTEPATYPBI

1. IMU-cencop Ha 10 creneneii cBoboabl (Troyka-momyne) — [DnektpoHHbli pecypc] — Pexum mocryna:
http://wiki.amperka.ru/%D0%BF%D1%80%D0%BE%D0%B4%D1%83%D0%BA%D1%82%D1%8B:troyka-imu-
10-dof.

2. CeTeBble CITyTHUKOBEIE paguoHaBUranuoHHeie cucteMsl/B. C. [llebmaeswy, I1. I1. Imutpues, H. B. Bannesmy
u np.; [lox pen. B. C. lllebmaepuya.—2-e u3a., mepepad. u qorn.—M.: Paano u cBsa3p, 1993. — 408 c.

3. Cnoco6 ormpeeneHnsl OpUSHTAMU U TTOJI0XKEHHs 00beKTa B IPOCTPAHCTBE - [DNEKTPOHHBIH pecypc]| — Pexnm

nocryna: http://www.findpatent.ru/patent/243/2431863.html.
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MOJEJIb KOHCTPYKIIMN KOCMHUYECKOTI O JIETATEJIBHOT' O AIIITAPATA
B BUJIE POBOTA JJIS1 OBCJIY KUBAHUSA IPYT'NX KOCMHUYECKHUX AIIITAPATOB.
KOJAOBOE HA3BAHHUE: POBOT «<HELPER»
Capcenbaes B.M.
Hayunsie pykoBonutens: Jempsaenko A.B., K.T.H.
Cesepo-KazaxcTanckuii TocyZapCTBeHHBIN YHUBEPCUTET
Pecniyonuka Kaszaxcran, 1. [lerponanosck, yi. [lymkuna, 86, 150000
E-mail: vadimcool3 14@gmail.com

MODEL SPACE EQUIPMENT SERVICE ROBOTICS. CODE NAME — 'HELPER'.
Sarsenbayev V.M.
Scientific Supervisor: Ph.D. Demyanenko A.V.
Northen Kazakhstan State University
Republic of Kazakhstan, Petropavlovsk-city, Pushkin street, 86, 150000
E-mail: vadimcool314@gmail.com

Mooenv OanHo20 KOCMuuecko2o poboma no3gonsem 6 OdibHeluleM Cc030amb paouoynpasIaemoe
VCMPOUCMBO 0N NPOBEOCHUS CEPBUCHO20 OOCTYICUSAHUA U PEMOHMA KOCMUHECKUX NeMAamenbHbiX annapamos.
Iloxa Oannas mooenv AGIAEMC IKCNEPUMEHMANLHOU U NPoXooum ucciredosanus. B ocnogy oaumoti modenu
RONOJCEHb! KOMNOHEHMbl CMAHOAPMHO20 UCKYCCMEEHHO20 CHYMHUKA ¢ (QYHKYyuAMu poboma. JonoaHumenbHo
npeononazaemcs paspabdomra npoespamMmHo20 obecneyenus Oas paouoynpagieHus OaHHbIM YCMpOUCMEOM.

This model of the space robot in further allows create a remote radio-controlled device for servicing and
repair of spacecraft. While this model is a pilot research and passes experiment. The basis of this model is based on
standard components of an artificial satellite with the robot functions. In addition contemplated the development of
software for radio-power in this device.

OOGciyXxuBaHHE KOCMHYECKHX JICTATCNBHBIX alllapaTOB HCIBITHIBACT HEKOTOpBIe TpyxHOcTH. IIpexnme
BCero ¢ (DMHAHCOBBIMU 3aTpaTaMHd, C YMEHBLICHHEM TrabapHTOB M Macchl IPy30B Ul pakeT Hocutened. B
HacTosilIee BpeMsl B MUPOBOM MPAKTHKE KOCMOHABTHKA CTAJIKHBAeTCs C MPOOJEeMaMHM BO3HUKAIOIIUMU HA CTHIKE
TaKUX HayK Kak, (usnka, TexHuyeckas (H3MKa, HayKa O Marepualax, XHMUs, a’pPOHABTHKA M KOCMHYECKHUE
uccienoBanus. OMHOH M3 OCHOBHBIX HPOOJIEM SBIISIIOTCS BOIPOCHI O TOM M3 KaKUX MaTepHajoB HEOOXOAMMO
M3rOTABJIMBATh JICTATEIbHbIC AlIapaThl, KAKUX pa3MepoB W KaKOil Macchl JOJDKHBI OBITh JICTATENbHBIC aIllapaThl,
YTOOBI OOJIErYHUTh JOCTAaBISIEMbIE PAKETOW HOCHTENEM rpy3bl. bojee CI0KHBIA BOIPOC BCTACT MPU NMPHUMEHEHUH
00CITy)KMBAIOLIUX POOOTOB ISl KOCMHYECKHX JICTATEIbHBIX alllapaToB.

[pemiaraemple B JaHHOW paboTe MCCICAOBAHHS 3aTParuBalOT BOIPOC O HEOOXOAUMOCTH Co3laHus poboTa
JUIsl OOCITYy)KMBaHUsI U PEMOHTA KOCMHUYECKHMX aIlllapaToB, KOTOPbIH CHA0XEH HCKYCCTBEHHBIM HHTEIUIEKTOM.
W3ydenue ycTpOWCTBa OCYIIECTBISIETCS MYTEM IIOCTPOCHMS MaTEMaTHYeCKOW MOJENM MpPU  ITOMOIIH
BBIYHUCIIUTEIHHON TEXHUKH.

Y CcTpoicTBO NpeAcTaBiIsIeT CO00 KOCMUUECKHUIT JIeTaTeNbHBIN anmnapar, npeIHa3HaueHHbBIH 71 JOCTaBKH K
00BEKTY NMpU HOMOIIM KOCMHYECKOH pakeThl HocuTens. Ha pucyHke 1 mpejacraBiieHa KOHCTPYKIHUS KOCMHYECKOTO
JIeTaTeNBHOTO anmnapara B BUie poOoTa 1uisi 0OCTyKHUBaHHS JAPYrHX KOCMHYECKUX allllapaToB, KOJOBOE Ha3BaHHE:
pobot «helper». Ammapar HUMeeT KOpIyC B BUIE LMIMHIPHYCCKON MOBEPXHOCTH (CM. puc. 2). YcTpoHCTBO
NPHU3BaHO OCYLICCTBISATH OOCITY)KMBAaHHE W PEMOHT, 3aMEHY Y3JIOB M arperatoB KOCMHYECKHX JI€TaTeIbHBIX
anmaparoB. Y CTPOHCTBO MPEICTaBISET COOOH poOOT-MaHUIYIATOP C ABYMS (DYHKIIMOHATBEHBIMU PYKaMH, KOTOpPBIE
MOTYT BBINOJIHITH CBAPOYHBIE, COOPOUHBIE, PEMOHTHBIE Pa0OTHI HEMIOCPEACTBEHHO B KOCMUYECKOM HPOCTPAHCTBE C

YAaJICHHBIM JUCTAHIIMOHHBIM YIIPABJICHUEM IIPHU OTCYTCTBHUU PAJIOM YE€JIOBEKA.
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Puc. 1. Modenv kocmuueckoeo annapama

[Tpumepnas macca Bcero yctpolictBa 0Oe3 TomimBa (cyxas macca) Oynmer coctaBisate 350 — 380 kr
(npuMepsI pacdeToB U TaOJIULEI cM. B KHHTe 2). Kopryc neraTenpHOro amnmapara OyIeT CoCTOSTh U3 KOMIO3UTHOTO
Mmarepuana (B TOM 4YHCIE Ha OCHOBE IIOJMAMHUIHOW MATpHIBI) JUIi KOCMHYECKHMX allllapaToB WM CaMo
BOCCTaHABIIMBAIOIIETOCS MaTepHalla Ha OCHOBE CMOJBL, KOTOPBI 3aTBepIeBaeT, Kak TOJBKO pearupyer c
KHCJIOpoaoM. B kadecTBe 001MIIOBOYHOTO MaTepuaia OyneT UConb30BaH asporpadut. OT BO3AEHCTBUS paguanuu
Ha poboTa B KOCMOCE 3allUIIACT KOHCTPYKIHIO JJICKTPHYECKOE II0Jie, KAaK CTaTHYECKOe, TaK M MarHUTHOE,
BO3HHUKAOMIECEC MEKAY ABYMSA BJIOKCHHBIMH JPYr' B Apyra 3aMKHYTBIMU HE COIIPUKACAIOMIMMUCA HUJIMHApPaMH.
BHyTpu po0OT OrpaHnyueH MajbIM [MJIHHIPOM, a CHAPYKU — BHEIITHUHN (OOJBIION) IIMIMHAP HU30JIUPYET podOTa OT
NPOHUKAIOLIETO HW3JIyueHHs. 3amuTa podoTa JOCTUraeTcss IyTeM CO3[JaHusl OJMHAKOBBIX 3apsioB  C
IMPOTHUBOIIOJIOKHBIM 3HAKOM, KOTOPBIC 06p33yIOTCH o1 BOSI[eﬁCTBHH QJICKTPUYCCKOT'O MOJId Ha MUWIMHAPHI. B stom
[MJIMHIPUYECKOM HAKOIUTEINE SIICKTPUYECKOEe MMoJIe (B KOHACHCATOPE) COCPENIOTOYCHO MEXKIY LIMIMHAPUICCKIMH
rpanunamu. Ecnim  paccmaTpuBaTh  clydaidl MarHMUTHOTO TOJI, TO IO IUIMHIPAM HYXHO IPOIYCTHUTB
NPOTHBOIIONOKHO HAIPABJICHHBIN TOK, P 3TOM, BHIOMpaEM CHITy TOKa, MUHUMH3HpYIOLIEH 1moJie, ocTaromeecs Ha
BHeIIHel cropoHe mumHApa. Cuna JlopeHna mepeaBuraeT 3apsDKCHHbBIE YacTHIBI 110 OTBECAM KPUBOJIMHEHHBIX
TPaeKTOpUil MM 3aMKHYTBIM MYTSIM-OPOUTaM BO BHYTPEHHEM MPOCTPAHCTBE IHIMHAPHYECKOH KOHCTPYKIIHH.
B03MO0OXHO COBMECTHOE UCIIONIb30BAHHE AIIEKTPHUYECKOTO ¥ MAarHUTHOTO MOJIEH MEXAY LMIMHAPAMH, TOT/IA, MEXIY
ONUIMHAPpAMU JJIA MOTJIOMICHUA 3aps>KEHHBIX YaCTHUI] MOXKCET OBITh HCII0JIb30BAaHbI, HAIIPUMEP, MOJUITHUIICH, BOJA

WJIA, 110 BO3MOXKHOCTH, )KI/IJIKPIIZ BOJOPOA.

A B

Puc. 2. Dnemenmul annapama

Ha pucynke 2 wn300paxeHO: MOJ MyHKTOM A — OCHOBaHHWE, B KOTOPOM OyZeT pa3MelaTbCs CHIIOBas
ycranoBka. [loq myakrom B — kopmyc, B KOTOpPBIH OyZyT MOHTHPOBATHCS OCHOBHBIE CHCTEMBI po0OOTa, KOPILYC
OyzeTr yCTaHOBIIEH Ha OCHOBaHHE A.

TopMmo3HBIE, pa3rOHHBIE W MOBOPOTHBIE CHJIOBBIC YCTAHOBKH IPEICTABISAIOT CO00i OOBIYHBIE HOHHBIE
JIBUTATENIN HAa OCHOBE KCEHOHA, KOTOPBIE MCIONIB3YIOT CTAHAAPTHBHIE TOTUIMBHBIC OaKM JJIS allapaToB TAKOTO THIIA.
W3 snexrpoobopynoBaHus Ha ammapare OyJIeT HaXOAWTHCS COJHEYHbIe OaTaped, akKyMyJsITOPbI, T€HEepaTophl, C

CHCTEMOH n — KpPaTHOTO pE3CpBUPOBAHUS, Kabenu COCAVHUTCIIBHBIC IJIA III/I(l)pOBOfI nepegaynu AaHHbIX U Kabenu
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CHJIOBBIE 3JIEKTPUUECKHUE, Jp. YCTpOHcTBA KOMMYHHKaui. Ha pucyHke 3. mokazaHa BEpXHSS YacTh JIETATEIHLHOTO
ammapara, Tak Ha3bIBaeMBIl «HOCY», B KOTOPOM pa3MelaeTcs MpueM nepeparomnias antenna. [log myakramu A u B, -
COOTBETCTBEHHO €€ OTKPBITOE W 3aKpBITOE IoyokeHHe. CTpenka yKa3blBaeT HAIpPABICHHUE ABIDKCHHS AHTCHHEI.

JlanHas KOH(GUTypanus MO3BOJISET MOICPKUBATD allllapaTy CBA3b, B TIOOOM €T0 MOJIOKECHHUH.

A

B

Puc. 3. Hoc annapama

Jyis ompeneNieHusl MECTOIOIOKEeH S (OMMPAasCh Ha MATCHT, CM. KHHUTA 1) 10 KOOpIMHATAM HCIOJIb3yeTCs
crieslyroliee peuieHue (B BUAe YCTPOMCTBA) BEIYMCICHHUS KOOPANHAT MPOCTPAHCTBEHHOI'O MECTOIOJIOXKEHHS poOOTa

U BEKTOpa CKOpocTH. Ha mHTepcTHLManbHOW OpOUTE COBMECTHO C BBIYMCICHHEM MECTOHAXOXKJIEHHs poboTa B
MOMeHT BpeMenH [, Ha ocHobe curHanos [JIOHACC mpoucxomut npueM u o6paboTKa JaHHEIX 00 M3ITy4eHHAX

XOTS-0bI 3 ITyJIbCapoB. I[anee, B MOMCHT JIBHXXCHUA p060Ta B KOCMOCC BBIYHCIIACTCA MNMPHUPOCT Ha BCIWYHNHY

2-m-Q, Gaspl curmama mymbcapa 4 ,YTO JaeT BENMYMHY MOJHON (asbl A(pp =Ap, +2-n-Q, nepuona

u3lydeHus Iynbcapa A , © paspemicHueM MHOTrO3HauMTeNbHOH BemuuuHbl Gaser Q) . Ilpu 3TOM, Ha

y S()-s(t,)
2 . ﬂHpOI/ICXOZ[I/IT IoACYET CKAYKOB BBIYHMCIICHHOU (ba?»BI 3a BpeM:A —X/ Y0/ nonera KOCMUYECKOIO p060Ta, rac

Vo
NUEMN . .
t—t, = M 20e S(t)—S(tO) — MECTOHAXOXJCHUE pPOOOTa B KOHEYHOH W HAYAILHOW TOYKaX
Vo
\%
COOTBETCTBEHHO, ¢ — CKOPOCTh po0OOTa, MPHU YIJIOBOM IIOBOPOTE OHA OyaeT tan(a)), rae (a)) — yroJj noBopora

p060Ta. Ha ocnose CACIIaHHBIX I/ISMepeHI/II\/‘I MNPpOUCXOAUT BBIYHUCIICHUEC TMCPEMCIICHUSA KOCMHUYECCKOIO p060Ta 3a

t)—-Sli¢ o o
BpeMs M [0 HaNpaBICHUIO Ha OMNpeJeTeHHbI (p-i) mynbcap. JBmkeHHe poOOTa MOKHO YBHIETh Ha

Vo

pucynke 4. Eciii KOJMYeCTBO IyJIbCapOB PABHO 3, BHIYMCIIEHHUs POBOJUM U3 BhIpaxeHus, rae [ , - IPOMEXYTOK
MyTH, Ha KOTOPBIM Ham pOOOT MEpPeMEecTHTCS IO HANpaBJICHUIO Ha OIpENeNeHHBI  Iyiascap 3a BpeMs
S(r)-S(T,

), Tp - IEpUOA MOBTOPEHUA CUTHAJIA, U3JTy4aCMOT'0 P-bIM IYJIbCAPOM; A(pp - BBIYUCJIICHHOC B MOMCHT
vV
0

3HAYCHUEC Pa3HOCTHU (1)33 MEXKY CUTHAJIOM OIIPEIACIICHHOIO IMyJibCapa U reHepaTopa MECTOIOJIOXKCHUS arlrapara,

S()-5()
Qa - KOJIMYCCTBO IMOJHBIX MEPUOA0B UBMCHCHUA (baSLI CUrHalia myJjbcapa 3a BpEMs o Wk (A 21_]'[5[ BBIYHUCJICHUSA
vV
0

YTJIOBOTO TMOJOXEHUS 3 IMyJIbCApOB NMPUMEHNM MAaTPHILy IMOBOPOTOB (MCIIONB3YIONMIAs KOCHHYCH HAIPaBJIICHUS) C
BEKTOP-CTOJIONAMH MECTOHAXO0KICHHUS HAIIETO pOOOTa B MOMEHTHI BpeMEHHU ! M [, U N3MEHEHHUS] MECTOIIOIOKEHHSA

poboTa 1o HanpaieHuIo Ha 3 mynbcapa. Cm. dopmyist 1, 2, 3 (cornacHo kaure 3). Iomyunm:
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z

X

Puc. 4. I[Tosopom poboma 6 npocmpancmee

IToBopoT poboTa BOKpPYT ocH abcuucc:

M. (»)=(1 0 0 (1)

IToBopoT po60Ta BOKPYT OCH OpAMHAT:

M (B)=(cos(B) 0 sin(B) 2

[ToBopoT po60Ta BOKPYT OCH aNIINKAT:

M_(a)=(cos(a) —sin(a) 0 3)
sin(z) cos(a) 0
0 0 1

CucremMa CTBIKOBKM C JIETaTEIbHBIM amiiapaToM OyAeT WMETh CTHIKOBOUHBIN arperatr yHHBEPCaJbHOTO
kiacca. J{ist cBA3M ¢ anmapaToM OyJeT UCIOJIb30BaHa CIyTHUKOBAs NpHUEM-IIepelatollas aHTeHHa. Ammapar OyneT
CHa0XeH MOPTAaTHBHBIM OOPTOBBIM KOMITBIOTEPOM, Ha 0aze mpoueccopa IBM Power PC x64 nnu Intel (He Huxe
Core i5 x64), namsteio: 4-8 I'b, yctpoiictBom xpaHeHus aaHHbIX ¢ emkocThio: 4 HDD x 3 Th = 12 Th + Raid, co
CTaH/IapTHHIM BueoanantepoM. Komnpiorep Oyner mox ynpaBiieHHEM OINepaliioHHON cuctembl: DebianLinux 6 x
64.

Bubi6oo: ]lannas xoHdurypamnms ammapara IO3BOJISCT BBITOJHATH Pa3lIMuHbIE Pa0OTHI, a €ro aHTEeHHA
MO3BOJISIET €MY ITOCTOSIHHO HaXOJAUTCS Ha CBSI3H, YTO JIEJIACT €ro MOJIE3HBIM MPH Pa3IMYHbIX padoTax B KocMoce. Bo
BCEX KOHCTPYKIHSAX, KAKUMH Obl OHM COBEPIICHHBIMU HE ObUTH BCET/a CYILIECTBYIOT HEJIOYEThl, HO B JAHHOW CTaThe

O HUX pE€Yb HE UIECT.
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B oannoii pabome paccmampusaemcs eppo30H008biti 0amyux 01 CUCTeMbl OPUEHMAYUU KOCMULECKO20
annapama. Ilpueodumes onucanue OAMYuUKO8 YKAZAHHO2O0 MUNA, BbIOOP KOHCMPYKYUU U MAMepUanos O
Peppo3oH0068020 MacHemoMempa, a MaxK xHce pacyém OCHOBHBIX 2A0APUMHBIX, INEKMPUYECKUX U MeNna08bIxX
Xapakmepucmux Ou@gepenyuanrozo Geppo3onoosozo npeobpaszosameins 0N CUCHEMbl OPUEHMAYUU MATO20
KOCMUYeCcKo2o annapama.

In this article describes fluxgate magnetometer for the spacecraft orientation system. Article contains
design of considered magnetometer and its mass-dimensional characteristics calculation. Description of the
specified type sensor, selecting of construction and materials for the fluxgate magnetometer, as well as the
calculation of main dimensional, electrical and thermal characteristics of the differential flux-gate inverter system
for small spacecraft orientation is provided.

BBenenue

OmnpeneneHne OPHEHTAMM 110 MArHUTHOMY TMOJIO 3€MJIM SIBISICTCS OJHMM M3 HEMHOTHX CIIOCOOOB
OTpENEIICHHUS MOJOXKCHHUS KOCMUYECKOTO ammapara B OKOJIO3EMHOM MPOCTPAHCTBE. BBUAY CBOEH MpoCTOTHI (Iist
ompesiesieHUs] OPHEHTAIMM KOCMHUYECKOTO almapaTa JOCTAaTOYHO M3MEPUTh MHAYKIIMIO MarHUTHOTO MO 3eMJIH U
M0 HW3BECTHBIM BBIPAKEHHSIM DPACCUMTATh IOJOKEHHE CIIYyTHHKA) W MajblX TPEOOBAHUSAX K BBIYMCIIUTEIBHBIM
pecypcam GOpPTOBOM BBIYMCIIUTEIBHON armaparypbl KOCMUYECKUX allllapaToB, MO CPABHEHHUIO C TAKUMU METOJAaMH
OTpe/IeTICHUs] OPUSHTAIIMH, KAK OPUEHTAIHSI 110 3Be3/1aM, CII0co0 OMpeeeH sl OPUSHTAIIMK 10 MATHUTHOMY MOJIFO
SIBJSIETCSI, B HACTOSIIUE BpPEMs, OJHUM K3 Hauboliee MOMyJSIPHBIX. B KayecTBe MATYMKOB JUIS H3MEPEHUS
MarHUTHOTO MOJISI HIXMPOKO TPUMEHSIIOTCS (DEPPO30OHIIOBBIE JATIYMKKA M MATHUTOMETPHI HA KX OCHOBE.

@eppo30HIOBLIM MATHHTOMETPOM WJIH (PEPPO30HIOM HA3BIBAIOT YCTPOWCTBO, YYBCTBHUTEIHLHOE
MOCTOSIHHBIM HMJIM MEJIEHHO MEHSIONIMMCS BHEIIHMM MATHHTHBIM IIOJISIM, COJEpXKAlllee B CBOEH KOHCTPYKIIMH
(heppoMarHuTHbBIE CEPICYHUKN U OOMOTKH, pachpeesieHHble Mo ux anuHe [1-3].

ITomoOHBIE yCTpOWCTBa HAaNLIM CBOE NPUMEHEHHE BO MHOTHX OTpacisfiX HaykH M TexHHKH [4-5].
CymiecTByeT OOJbIIOE KOIMYECTBO PA3JIHYHBIX THIIOB M MOAU(PHKAIUA (DEPPO30HIOBBIX MArHUTOMETPOB,
OTJIMYAIOIINXCS IPYT OT JApyra pexuMamu paboThl, CocobaMy HaJO0XKEHHsT BCIIOMOTATEIBHOIO OIS, BEIOPAHHOM
CXeMOH M KOHCTPYKTHUBHBIM HCIIOJNIHEHHWEM. Bce 3TW oTimuusi B OOJbIICH WM MEHbBIICH CTENCHU SBISIOTCS
CYIIECTBEHHBIMU B 3aBUCHMOCTH OT YaCTOTHOT'O JIMAla30Ha U CHEKTPa U3MEPSIeMBIX MOJIEH, YCIOBHUI MPOBEICHUS
U3MepeHuil M ocoOeHHOCTeH OO0paboOTKM W3MEpPUTENHHOTO CHTHajda. B maHHOW paboTe TpUBOAUTCA pacueT
muddepeHraIbHOro (Geppo30HI0BOrO aTYMKA I CHCTEMbI OPUCHTAIIMH KOCMHYECKOT'O anmapara.

Onucanne KOHCTPYKIMH

Hambonee pacnpocTpaHeHHOH B HacTosImiee BpeMs SBISETCA KOHCTPYKIWA IuddepeHnnanbHOro

tdeppo3onna (puc. 1).
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Puc. 1. Cxema (a) u koncmpyxyus (6) ougpgpepenyuanvroeo geppozonoa
1 — nepmannoesvie cepoeunuku; 2 — KapKacol cepOeyHUKo8, 3 — 0OMOMKU 8030YHCOEHU,

4 — enympennue kapxacwl, 5 —emopuunvie 0OMomku; 6 — enewtnull Kapxac, 7 — Gbl80OHbIE KOHMAKMbI

HuddepeHnnansHpiii  Geppo30HI COCTOMT W3 JBYX ONUHAKOBBIX IIEPMAaJUIOCBEIX CEPACYHUKOB,
BHITIOJTHEHHBIX B BUJIE TOHKHX CTEPKHEW WM JIEHT MPSAMOYTOJHHOTO CEUEHHs, PACIOJOKEHHBIX B CHEIHAIbHBIX
KapKkacax MapajjieNbHO Apyr Apyry. [loBepx kapkacoB HaMOTaHBI MOCJEIOBATENbHO BKJIIOYCHHBIE TEPBUYHBIC
0OMOTKH, KOTOpbIC OOpPa3yrOT Iemb BO30YKICHUSA (eppo3oHma. OTa IeNb 3alMUTHIBACTCS MEPEMCHHBIM TOKOM
HU3KO#M 4YacToThl. [loBepX MepBUYHBIX OOMOTOK HaMaThIBACTCsS OOIIas BTOPUYHAs OOMOTKA, KOTOpas BMECTE C
MOJKITFOYAEMbBIM K Hell HHINKATOPHBIM MPUOOPOM 00pa3yeT H3MEPUTEIbHYIO IICTIh.

Br10op MaTepuaJioB U pacyéT KOHCTPYKUMHU

Hns mpoextupoBaHusl (eppo30HAa, B KadyecTBE MaTepHaja CepACYHHKa BBHIOpaHa JIEHTa W3 MEpMaIIos
80HXC, T.k. maHHBII MaTepHal MMeeT CTAOMIBFHYIO MAarHUTHYIO MPOHHIIaeMocTh Ha dactortax mo 1000 I'm m
SBIISICTCA IHUPOKO PACcTIPOCTPAaHEHHBIM IS M3/AEIUH Takoro Tumna [6].

IMapaMeTpsl ceplaeyHHKAa M OOMOTOK BBIOpaHBI HCXOMAsl M3 aHAIW3a CYMIECTBYIOIIUX KOHCTPYKIIMN
MOJTIOOHBIX yCTPOUCTB. ['eomeTpust cepaeunuka — 2 nojiockl nepmamiost Mapku 80HXC miuno# 120 MM, mmpuHOMA
10 mm u tommuuHOK 0,05 Mm. [lepBuanbie 00MOTKH BBITOTHEHBI mpoBoaoM [IDBIIO muamerpom 0.2 mm. Yucmo
BUTKOB — 500. OOMOTKH MOTArOTCS HEMOCPEICTBCHHO Ha IEPMaUIOCBHIC JICHTH BHUTOK K BHUTKY B OJIWH CIIOW.
Bropuunas oOmotka BeimosHeHa mpoBoaoMm [IOBHIO mmamerpom 0,12 mm. Umeno ButkoB — 500. OOMoTKa
MOTaeTcs MOBEepPX MHEPBHYHBIX OOMOTOK TakUM 00pa3oM, YTo OBl IEHTPHl MEPBHYHBIX W BTOPHIHOH OOMOTOK
HaxOJIMJIUCh B OJJHOM MIIOCKOCTH.

ComnpoTuBiIeHHE IEPBUYHON OOMOTKH OnpeaessieTcs no hopmysie:

l
R=p—. 1
S )

rae R - COIIPOTUBJICHUC 06MOTKI/I, p — YACIBHOC CONPOTHUBJIICHUE MC/U, [ - JUIMHAa TPOBOJHUKA O6MOTKI/I, S= 7171'2 —
[omaAb rnmonepeyHoro CEYCHUd NpoOBOJAHUKA 00OMOTKHU.

I'eomerpust cepaeunuka ¢ 00OMOTKOI BO30YX/I€HHs MMOKa3aHa Ha puc. 2.
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d 6030

"1
22
bl |

—
A

- a |

Puc. 2. l'eomempusi cepoeunuxa ¢ 0domomxou 6030yxcoeHus:
1 - cepoeunux, 2- obmomka, a - wupura cepoeunuka, b - monwuna cepoeunura, dg,; - ouamemp 0OMOMOUYHO20

npoooa 0OMomxKU 8030YicOeHUs

Cpemusis mrHA BUTKA (TIOKa3aHa IIYHKTHPOM Ha pric.2) OyIeT onpeaemsaThes mo popMmyde:
l,=Wa+d,,)+(b+d,,.;))*x2 )

Takum oOpazom, cpemHss IIHHA BUTKA TIepBUYHON 00MOTKH cocTaBUT 20,9 MM, T.K. yrcio BuTkoB 500, To
o0mras amHa poBoga coctaBuT 10450 MM wmm 10,45 M.

Torma compotuBneHne mepBUYHON 0O0MOTKH coctaBUT 1,5 OM. TemnoBas MOIIHOCTB, BBIAENsIEMAast
obMoTko#, coctaBut 0,06 BT.

Cronb MaJioe KOJUYECTBO BBIACISIEMOrO TeIUia MO3BOJSIET MCIOIb30BATh (PEPPO30H[ UIUTCIHLHOE BPEMsI
6e3 ormaceHuit 0 TOM, YTO OH MOXKET IePeropeTh.

Ha puc. 3 moka3aHa reoMeTpusi MarHeToMeTpa B coope.

o
3 4 -]

=

Weosi \ W uzu

AN

t #8020 2

Puc. 3. l'eomempus maznemomempa 6 coope:

1— cepoeynuku, 2 — 0obmomxu 6030yaicoenus, 3 — usmepumenbHas 0oMomKa

Pacuér TCOMETPHUYICCKUX MTapaMETPOB 00MOTOK MarHeToMeTpa OCymeCTBIACTCA CICAYIOIMUM 06pa30M:

Z[J'II/IHa 00MOTKH B036y)K,HCHI/I$I OIPCACIIACTCA KaK IMPOU3BECACHUC YHCJIa BUTKOB Ha JUAMETP IMPOBOJHHKA:

=500x0.2 =100 mm

L8036 = n603ﬁ X d

8036
[lIupuaa OOMOTKHM BO30YXICHHUS ONPENENSIEeTCs KaKk IIMpUHA CEepJeYHHKA IUTIOC YIBOCHHBIN JIHaMeTp

00MOTOYHOTO MPOBOJIA:

w

6036

=a+2xd, . =10+2x0.2=10.4mm
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TonmuHa OOMOTKH BO30YXAEHHUS OIpenenseTcs KaK TONIIMHA CepACYHHKA IUIIOC YIBOCHHBIN AHamMeTp

00MOTOYHOTO MTPOBOJA:

t,.=b+2xd, =005+2x0.2=0.45um

6036
):[J'II/IHa I/I3MepI/ITeHLHOﬁ 00MOTKH OmpeaciACTCd KaK IIPOM3BCACHUEC 4YHUCJIa BUTKOB Ha JUAMETP

IMMPOBOJHUKA:

L. =n,_xd, =500x0.12mum

Uusm usm
[Inpuaa M3MEpPUTENBFHON OOMOTKH ONpPEAEISIeTCS KaK YABOCHHAs IIMPHHA OOMOTKH BO30YXKACHHS ILTIOC

YIBOEHHBIH ANaMeTp OOMOTOYHOTO MPOBO/A!

w,, =2xw, +2xd, =2x104+2x0.12=21.04mx

usm 603
Tonmuua I/I3MepI/ITeHLHOﬁ 00MOTKHU OMpPCACIACTCA KaK YJABOCHHAsA TOJIIIMHA I/ISMepI/ITeHbHOﬁ 00MOTKH

IUTIOC YIBOGHHBIM AHaMETp 0OMOTOYHOTO IPOBOJA:

b =251, +2xd,, =2x0.45+2x0.12=1.14 um

6030
3akioueHue
B nanHO# pabore ObLI Npou3BeAEH PacdET OCHOBHBIX TI'a0apUTHBIX M JJIEKTPHYECKUX XapaKTEPHCTHK
muddepenunansHoro ¢eppo3oHI0BOro mpeoOpazoBarelsis A CUCTEMbl OPUEHTAMM MAaJloT0 KOCMHYECKOTO
ammapara. PaccuMTaHa TeruioBas MOINHOCTb, BblAeNsieMas Ha OOMOTKe BO30yxneHUs. IIpoBeneHHBIH pacuér
NOKa3aJ, YTO BBIAEIsIEMasi TEIUIOBas MOIIHOCTh SBJISCTCS CPaBHUTEIBFHO HE OONBINON, YTO MO3BOJACT MPUMEHSTDH
NPOSKTUPYEMBIH JaTYHK B MPUOOPaX, TPEOYIOMIMX JUIUTEIHHON paboThl CPelCTBA H3MEPEHHN 1 HMEIOIIUX CTPOTHE

OrpaHUYCHUS IO DJICKTPOIIUTAHULO.
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CEKIIUS N2
MATEPHUAIJIBI 1 TEXIt‘IOHOFI/II/I
B AODPOKOCMMYECKOUN OTPACJIN

MAKETHBIA OBPA3EI] CUCTEMbI KOHTPOJISI JE®@OPMAIIMA DJIEMEHTOB KOHCTPYKIIUA
31AHUM U COOPYKEHUI
Brionr Cyan Usen
Hayunsrit pykoBomutens: ['opmakoB A.H., nomeHr, k.T.H.
HaunonaneHslil necaenoBaTenbekuil TOMCKUM NOIUTEXHUUECKUI YHUBEPCUTET
Poccus, r. Tomck, nip. Jleanna 30, 634050
E-mail: chientomsk@gmail.com

MODEL SAMPLE CONTROL SYSTEM DEFORMATIONS OF ELEMENTS OF BUILDING
AND STRUCTURES
Vuong Xuan Chien
Scientific Supervisor: Associate Professor, Ph.D. Gormakov A.N.
Tomsk Polytechnic University
Russia, Tomsk, Leninstr., 30, 634050
E-mail: chientomsk@gmail.com

B cmamve npusedenvi pezynibmamel IKCHEPUMEHMANbHBIX UCCIE006AHUN MaKkema OAs U3MepeHUll
Ooegpopmayuii  IneMeHmos  KOHCMpYKyuti  30anutl  u  coopysicenuti. Ilpu  emusHuii  pasHoeo  HASpy3Ku
coomeemcmeyowuil ypogeHs deopmayuil s1emenma KOHCmpyKyuil. B cocmag cucmemvl 6xooum oamuux us2uoa,
npoepammupyemviti kowmpoanep ArduinoUno R3 u xomnviomep. B Oannoii pabome ucnoavsyemcs mamepua
OanKy, KOMOpPbIU U320MOBNEH CMANL C MAIbIM PA3SMEPOM U OAmyuK uzeuba uzmepsem oegopmayuio, CUSHAT
damuuka npumeHsem uzmepenue pesucmopa. i obecneyenus nepedauu u oOpabOMKU CUSHALA NPUBEOEHbl
xkoumpoinnep ArduinoUno R3 u komneromep. Pe3ynomamul usmeperuti noKasanwvl 8 skpare npoepammel LabVIEW.

The result of experimental studies the layout for measurements of deformation of structural elements of
buildings and structures. When the effects of different load structures appropriate level deformation element. The
system includes a sensor flex, programmable controller Arduino Uno R3 and the computer. In this work, the beam
material is used which is made from steel and the small size of the sensor measures bending deformation sensor
applies a signal measurement resistor. To provide a signal processing and transmission controller shown Arduino
Uno R3 and computer. The measurement results are shown in the screen LabVIEW program.

AKTYaJIbHOCTb

B mporiecce UCTONb30BaHUs 3[aHUI U COOPYKEHHH CO BPEMEHEM HMX KaueCTBO yXY/IIAETCS, BO3HUKAIOT
JedexTsl, TpoUcXouT AedopMaliys CTPOUTEIbHBIX KOHCTpYKIui. s obecrnedyeHust 6€30MacHOM 3KCILTyaTaluu
COOpY)KEHHI TpeOyeTcsi OCYLIECTBIATH KOHTPOJb HAMpPSKEHHO-Ie(POPMUPOBAHHOTO COCTOSIHUSL DJIEMEHTOB
KOHCTPYKLIHH.

Jdarunk usruda

B makere mpumeneH aatuuk usruba 2.2" [1]. Tlpu nedopmanmu KOHCTPYKLMH, HA KOTOPYIO HaKJIEeH
JATYUK W3ruba, BO3HHKAET HM3MEHEHHE COIMPOTHBIICHHS MAaTYMKA M, COOTBETCTBEHHO BBIXOJHOTO HAIPSDKCHUSI.

Jatunk m3ruba 2.2" mpuMeHseTcs A H3MEPEHHS CMeNeHns 00BeKTa, B podoToTexHIKe, B urpax (Virtual Motion),

MEAUITUHCKOM O60py,I[OBaHI/II/I, MY3bIKaJIbHbIX HHCTPYMCHTAX.

GND

Puc. 1. Cxema éxnouenus oamyuxa
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3HaueHHe COINPOTHBIICHUS nardnka u3ruba 2.2" m3mensercs B mpenenax ot 25 kOm mo 125 xOm B
3aBHCHMOCTH OT ypOBHS m3ruba (medopmarmn) 3eMeHTOB KOHCTpYKImH [1]. Cxema BKIIIOUEHHS JaTIWKa N3ruda B
CHCTEMY W3MEpeHHs NpHBeneHa Ha (puc. 1).

BrixomHoe HanpspkeHUe onpeaersiercs mo gopmye (1)

Uy

u =———-R 1
BBIX. R1+R2 1 ()

rac UH - HaAIPpSPKCHUEC TUTAHUEC, R] - COIIPOTUBJICHUC NaTYHKa, R2 - COIIPOTUBJICHUC PE3UCTOPA.

IpuHuMNHAJbLHAA cCXeMa MAaKeTHOro 00pa3ua cucreMbl KOHTPOJIs Aedopmanuii

Hatunk m3ruba 22 [2, 3] HakIenBaeTcst Ha KOHTPOJIUPYEMBIi 3IeMeHT KOHCTPYKIWHU. OIMH BBIBOJ JaTIHKa
n3ruba 1 (puc. 2) moakimoveH K nuTaHuio SB, a BTOpoii BBIXOJ AaT4MKa, Yepe3 PE3UCTOpP 2 COSAMHEH C «3eMIIEH)
Ha rate Arduino. Beixox narunka noakiroueH k Bxoay miatel AQO Arduino 3, KoTOpbIil IpeaeT curHall B HOyTOyk

4 [4-6]. KommbroTep 00pabateiBaeT nporpammy LabVIEW.

Komnerorep
(LabVIEW)

na

Puc. 1. Ilpunyunuanehas cxema cucmemvl KOHMpOJs depopmayuii

JKcIepUMEHTAIbHAS NIPOBEPKA CUCTEMBbI KOHTPOJIs AedopManuii 371eMeHTOB KOHCTPYKIMHU
B kadecTtBe Makera SieMeHTa KOHCTPYKIMH BhIOpaHAa KOHCOJNBbHas Oanka.MaTepman Oanku - CTaib,
pa3meprr77x 19 x0,4 mm. Jlatank n3ruba HakJieeH Ha OaJIKy ¥ 3alIUIICH C TIOMOIIBIO H30JICHTHI.

OO0muii BU MakeTHOTO 00pasiia CHCTEMBI KOHTPOJIS IPUBEACH Ha pHC. 3.

Puc. 3. Obwuii 6ud maxemnozo obpasya cucmemsl Konmpons: 1 - cmouka 2- cmanvhas banka ¢ 0amuuxom uzeuda,
3 — naepyska, 4- nnama Arduino, 5 - xomnvromep
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Jyis BEITIOJTHEHHSI SKCIIEPUMEHTAIFHOTO U3MEPEHHs TOABECHUT Harpy3Ky (3) B koHme Oanmku (2), KoTopas
3akpenuT Ha ctoiike (1). Ilpum pasHbIXx Harpy3kax (yBEIWYCHHE) BBIXOJAHOE HAIPSDKEHHWE ITOKA3aHO B JKpaHE
nporpamMsl LabVIEW.

PesynbraTel m3MepeHnii mpuBeIeHB! Ha puc. 4.

A ['Tebzx ' B
2,5
—4—0neiTl
2 = ~—0OnbiT2
OoneiT3
——0neiT4
15 OneiT5
1 >
M, H
0 0,038 0,076 0,151 0,302 0,377 m LM

Puc. 4. Pezyiomamul 9KCNEPUMEHMATbHBIX UCCLEO08AHUTL MAKEMH020 06pasya.
M- useubarowuit momenm, Uy, — 8bIXOOHOE HANPAdICEHUE C OaMUUKA

AHanu3 pe3yJbTaToB 3KCIEPUMEHTa MOKAa3bIBAET, YTO MPH MAalbiX JedopManusax (10 OJHOrO rpaayca)
JaT4dKa €ro XapakTepucTHKa JuHeWHa. [Ipu yrioBeIX nedopMmanuusx, NMPeBHINIAIONIMX YyKa3aHHOE 3HaueHHE,
XapaKTePUCTHKA JaTYMKa HE JINHCHHA.

3akioueHue

PesynbTaThl 3KCIEPUMEHTANBHBIX HMCCICJOBAHUI MaKeTHOTO 00pasiia MOKAa3bIBAIOT, YTO pa3paboTaHHAs
cucteMa obecrieunBaeT nu3MepeHue aeopMaIiii 3JIeMEHTOB KOHCTPYKIIHMH, TIepeady U XpaHeHne HHPOpMAIUU Ha
KoMIptoTepe. Jlsi cO3maHusl MOJHOMACIITAOHON CHCTEMbl MOHUTOPHHra HAIPSIKEHHO-1e(hOPMUPOBAHHOTO
COCTOSIHHSL 0CO00 HATPYKEHHBIX 9JIEMEHTOB KOHCTPYKIIMH COOPYXEHHH HEOOXOMuM Moa00p W MOHTaX

COOTBETCTBYIOIIUX TECH30AATYHUKOB.

CIIMCOK JIMTEPATYPbBI

1. Matumk nsruba 2.2" - [DnextpoHHbIi pecypc] - http://pacpac.ru/product/sen-10264-flex-sensor-2-2in/

2. Sensing A Bend With A Flex Sensor + Arduino - [Dnektponnsiii pecypc] - http://bildr.org/2012/11/flex-sensor-
arduino/

3. Flex sensor 2.2" -Small retail - [9nexrpoHHBIi pecypc] - https://www.sparkfun.com/tutorials/270

4. Tutorial: Flex Sensor with Arduino - [OnexTpoHHBIH pecypc] - http://garagelab.com/profiles/blogs/tutorial-flex-
sensor-with-arduino

5. Arduino UNO: Flex Sensor and LEDs - [DnexTponHbII pecypc] -
http://arduinobasics.blogspot.ru/2011/05/arduino-uno-flex-sensor-and-leds.html

6. Interfacing Flex Sensor with Arduino - [DnexrponHbIit pecypc] -

http://www.engineersgarage.com/contribution/interfacing-flex-sensor-arduino
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AHAJIM3 TEXHUYECKHUX XAPAKTEPUCTHK IEPEJAY C IITK JJI51 HCITOJIb30BAHUSA
B KOCMHNYECKHX AIIITAPATAX
I'pymmna A.C., Edpemenkos E.A., Eppemenkosa C.K.
Hayunsrit pykoBonuteneii: E¢ppemenkos E.A., noueHT, K.T.H.
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Poccus, r. Tomck, mp. Jlennna, 30, 634050
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ANALYSIS OF TECHNICAL CHARACTERISTICS OF THE GEAR WITH IRE
FOR USE IN SPACE VEHICLES
Grushin A.S., Efremenkov E.A., Efremenkova S.K.
Scientific Supervisor: Associate Professor, Ph.D. Efremenkov E.A.
Tomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050
E-mail:gru.host@gmail.com

B oannoiti cmamve paccmampusaiomcs nepeoauu ¢ NPOMEHCYMOUHLIMU MenamMu Kavenus O
ucnonv3o8anusa 6 kocmudeckux annapam. OcnogHoe cooepaicanue UcCie008aHUs. COCMAGIsem anaiu3 MexHu4eckux
Xapakmepucmux nepeoay ¢ NPOMe*CYmouHbIMY meiamu Kavenus. Buidensiomesa u onuculearomes 00CMouHcmea u
HeOoCmamKky paccMompenHbix mexanusmos. Ha ocnoee ananuza npedcmasnensvi 66180061 no hepedauu Haubonee
nooxoosauyell 0151 UCHONIL308AHUSA 8 MEXAHUBMAX KOCMUYECKUX annapamax.

This article discusses the transmissions with intermediate rolling elements for using in space vehicles. The
main content of the research is the analysis of the technical characteristics of the transmissions. The advantages and
disadvantages of the considering mechanisms are allocated and described. Based on the analysis the conclusions of
the best for transmission for using in space vehicles are proposed.

B HaCTOAIIUEC BPEMS YIACIIACTCA 0O0JIBIIIOE BHUMAHHE Pa3BUTUIO KOCMHYCCKHUX TexHojioruii. Pa3Burue
KOCMOHABTHKHU TpeOyeT HOBEHIIMX UHTEIUIEKTYAIbHBIX, BBICOKOO()()EKTHBHBIX TEXHOJOIMI U HAyYHBIX HapabOTOK.
C nenbr0 TONAEpXKAHHSA IMEPCIEKTUBBI Pa3BUTHS KOCMOCA, HEOOXOIMMO IOCTOSHHO OCYIIECTBISATH IIOMCK H
HCCJICIOBAHHUS BO MHOTHX COBPEMEHHBIX 00JIACTAX HAyKH, TEXHOJIOTHH, SKOHOMHUKH U MUPOBOM MONTUTHKH.

B kocMHYecKHMX ammapaTrax HCIONB3YHOTCS MEXaHHYEeCKHe Mepelavyd pa3luyHoro HasHaueHus. K atum
nepeaadyam MpeabsSBIIIOT BEICOKUE TpeOoBaHus 1o HarpyxeHHocTH, KI1/l, Hamge)KHOCTH, TOYHOCTH, KOMIAKTHOCTH,
GecriepeboitHOi paboTe U Tak gajnee. IMEHHO OT KOMITJIEKCA YHOMSHYTBIX TEXHHYECKHX XapaKTEPUCTHUK 3aBHCHUT
paboTOCTIOCOOHOCTD M HAJIEKHOCTh KOCMHUYECKOTO ammapara.

O}IHI/IMI/I 13 Hanboiee MNEPCHOEKTUBHBIX MEPEaAY A1 UCIIOJIB30BAHUA B y3JIaX U ME€XaHU3MaX KOCMHUYECKUX
armapaTtoB B HACTOAIIUE BPEMS ABJIAKOTCA IE€pEAAUN C TPOMEKYTOUYHBIMU TEJIaM KauCHUA. Syt nepeaaymn O6J'Ia}:[aIOT
KOMIUICKCOM TEXHHYECKHX XapaKTePUCTHK (KOMIAKTHOCTb, TOYHOCTb, IIOHM)KCHHOE TPEHHE CKOJIBKCHUS B
3alleIlieHuH, pecypcodddextuBHocth U Ap. [1, 2]), HEoOXOAMMBIX Ui COBPEMEHHBIX 3IHEprocOeperaroiux,
KOMITAaKTHBIX MEXaHH3MOB, KOTOPbIE MOTYT OBITH HCIIOJb30BaHBl B aBHACTPOCHHM M KOCMHYECKHX alllapaTax.
Takum 00pa3oM, aHAINW3 TEXHHYECKHX XapaKTEPUCTHK Hepelady ¢ MPOMEKYTOYHBIMH TelaMH KayeHHs SBILIETCS
aKTyaJIbHBIM Il ompejenenus nepefaun ¢ [ITK nambornee moaxonsimieil st MCHONB30BaHUS B KOCMHYECKUX
anmnaparax.

Lenbto pabOTHI SBISIETCS OMNpEJEJCHHE Ha OCHOBE aHallM3a TEXHMYECKUX XapaKTepHCTHK Hauboee
MEpPCIIEKTHBHBIX IIepeiad ¢ MPOMEKYTOYHBIMHU TeIaMH KaueHHs JJIsl IPUMEHEHHSI B KOCMUYECKHUX armnaparax.

PaccMoTprM OCHOBHBIE BUABI ITepeaad ¢ npoMexxyTounbiMu Tenamu kauenus (I1TK). BooOme cymectByer
pa3HOoO00pa3HOE KOJIMYECTBO BHJIOB Tepead C IMPOMEKYTOYHBIMU TEJIAMH KaueHHs, KOTOpPbIE B OCHOBHOM JIEJIATCS
10 HANPaBICHHUIO TEPEAadyM JBW)KEHMS: pajualibHble M TOPLEBBIC;, U IO IPOCTPAHCTBEHHOMY PpacIOi0XEHHUIO:

MIPOCTPAHCTBEHHBIE U TIOCKHE.
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Paccmotpum ttockue nepenaun ¢ [1TK. M3BectHa aBctpuiickas nepegada CYCLO Getriebebau (puc. 1),
onvcaHHas B pabdote [1]. DTa mepenada BHIOJIHEHA HA OCHOBE IMMKJIOWIAIBLHOTO 3aIETUICHUS U SBJSIETCS [IEBOYHOM
nepeaayeif, T.K. Kojeca ¢ DUKIOWAATBHBIM MPOoQIIeM KOHTAKTUPYIOT ¢ MANbLIAMH, HEITOIBHKHO YCTaHOBJICHHBIMA
B KOpITyC MeXaHW3Ma. Y 3TOH mepemadd HET Tell KaueHWs, HO Ha IIEBKU yCTaHABIUBAIOTCA BTyIkd 4 (puc. 1),
oOkarbiBatolmecss 1mo npodwmo Koneca. Takas mnepepada o0nagaeT KOMIIAKTHOM KOHCTPYKLHMEH, OONBIINM
MepelaToOuYHbIM OTHOLIEHHeM B oaHO#M crymeHu 50-120, mepemaBaemoit momHocThio oT 1,7 mo 30 xBt[1].
Henocrarkom mnepenau ssisiercst He Bbicokuid KIIJI (0,75 — 0,86). Taxoit KIIJ oObsicHseTcs mnortepsMu B
3alleIUIEHUY, BO3HUKAIOUIMMHU 3a CUET OTHOCUTENIBHOIO CKOJIBXKEHHUS JeTajell, HaXOIAIUXCS IOJ Harpys3koH, a

TAKXX€ IMPU KOHTAKTE TOPLUEBBIX NMAJIBIEB C OTBEPCTUAMHU KYJITaYKOB.

Puc. 1. Cxema nepedauu CYCLO Getriebebau: 1) cenepamop (3xcyenmpux), 2) kyrauxu, 3) HenoosusicHoe

yenmpanvhoe Koneco, 4) emyaku, 5) ocu 6mynox, 6) nauvyvl GbIXOOH020 844, 7) 6bIXOOHOU 6Al

Paccmotpum pamuanbhyto nepenauy c¢ I[ITK (puc. 2), paccuurannywo mnpoueccopoM A.E benseBsiM B
TOMCKOM TIONUTEXHUYECKOM HHCTHUTYyTe [3]. DTa mepeiada COACPKHUT CBOOOMHO BPAIIAOIIMECS Tejla KauCHHS,
MPECTaBISIOIINE cOO0H IMIHHAPHI (POIUKHN) WK cepsl (MIapuKH). ITa Mepeaada UMeeT JOCTOHHBIC TeXHHICCKIe
XapaKTepUCTHKH: OOIBIIOE IepelaTOYHOEe OTHOIIeHHe B oxHOW crymeHw, no 60; Beicokmit KIIH, mo 0,85
(teopermuecku 10 0,94); BO3MOXKHOCTB IepeaBaTh MOIIHOCTH 10 85 KBT; KOMIIaKTHOCTH; IUIABHOCTH pabOTHI U
HETPEPHIBHOCTh KMHEMATHUYECKOTO 3aMbikaHus. Peampbrit KI1J] HIDke TEOpeTHYIEeCKOTO OOBACHSICTCS HAIHYHEM B
3aleIUIEHUH NTPOCKANb3bIBAaHMS TEJI KadeHHs 2 B Mas3ax cemaparopa 3 (puc. 2), IOCKOJIBKY cemapaTop SBIsSeTcs
BBIXOJHBIM 3BEHOM, TO CHJBI TPEHHUS IO HArpy3KoW OCTHraloT 3HAYMTENbHOH BeauuyuHbl, cHmkas KII/.
CymecTBYIOT pa3iM4Hble PEIICHWS MO0 CHIKEHHMIO MPOCKAIb3bIBAHMSA B 3aleIUIEHHH, HO 3TO MPHBOAMT K

YBEJIMYEHNIO MAacCcOrabapuTHBIX MOKa3aTeseil nepeaaun.

(]

3
4

Puc. 2. Cxema nepedauu c IITK: 1) sxcyenmpux(cenepamop); 2) npomesiscymounvie meia Kaweuus,

3) cenapamop, 4) seney

ﬂaHHaﬂ nepeaavya ObllIa HECKOJIBKO )lopa60TaHa 1 BHCJIpCHA B MPOU3BOACTBO OPI‘aHI/ISaHI/Ieﬁ ((TCXHOTpOH».

B HaCTOS[IlII/Iﬁ MOMEHT MeEXaHHU3Mbl Ha 0a3e 3TOH nepeaaym MUPOKO MNPUMCHAKOT B MAIIMHOCTPOCHHU. K
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HEJIOCTaTKaM 3TOW TMepelrayd, MoMUMo yromsinyToro 3aHmxkeHus KIIJ[, MOXXHO OTHECTHM 3HA4YMTENbHBIA Harpen
(100-120°C) KOpmycHBIX [eTalmel IpU UIMTENBHOW DKCIUIyaTalliH, B CBOIO O4YEpedb HArPEB INPUBOAUT K
MpeXIeBpEeMEHHOMY HW3HOCY netaieil. Kpome Toro, B mepenade YCWIMI ydacTBYeT TOHKOCTCHHAs NeTalb -
cemaparop, KoTopas paboTaeT Ha Cpes3, UTO B pe3yNIbTaTe MPUBOINUT K CHIDKCHHUIO HAaJE)KHOCTH Mepeaadn U padoTHI
BCero Mexanuszma [4].

Eme ussectHa nepenaya ¢ TIIK u cBoboaHO# 000iiMoit — cenapaTopom (puc. 3). B aToif mepenaue cemapar
Op yIep>KUBaeT TeJsla KaueHUs B 3aJaHHON yrJIOBOM IOJIOKEHWH W HE y4acTBYET B Iepejaue KPyTSIIero MOMEHTa.
PaboTa neraneii B 3aLleMJICHUH BBITIOJIHAETCSI B OCHOBHOM Ha C)KaTHE, YTO MOBBIIIAET HAJAEKHOCTh CaMOM Iepeadn
U MEXaHHM3MOB, NPOEKTUPYEMBIX Ha ee OCHOBe. JTa mepemada obmamaer mocratogHo BeicokmM KIIJ (mo 0,97),
IIUPOKAM JTHAIla30HOM IIepelaTOYHBIX OTHOIIeHWe B oaHOW crymeHH (ot 2 mo 30-40), mpm coxpaHEeHUH
KOMITAKTHBIX Pa3MepOB, HENPEPHIBHOCTH KOHTaKTa ¥ MHOTOMApHOCTH 3aleTuieHnsa. Bee 3To mo3BossieT o0ecednTh

BBICOKYIO HATPY304HYIO CIIOCOOHOCTH Tepenavn B HeOOMbIINX rabapuTHRIX pa3mepax [4].

Puc. 3. Cxema nepeoauu c [ITK u ceob600noti oboimoi. 1) eenepamop, 2) kynauox, 3) ponuxu; 4) eeney;

5) obotima-cenapamop, 6) NOOWURHUK

Hemocrarkom mepenaun ¢ I[ITK ¢ pasrpyxeHHbIM CemapaTtopoM SIBISICTCSl IUIAHETAPHOE JBHIKCHHE
BBIXO/IHOTO 3BEHA B OJHOCTYIIEHYATOHl KOMIIOHOBKE, UM MOXeET ObITh Kyiadok 2 winu BeHen 4 (puc. 3). s
npeoOpa3oBaHusl [IAHETAPHOTO JBUXKCHUS BO BpAIaTEIbHOC BO3HHKACT HEOOXOIMMOCTh BBOJA B KOHCTPYKIIUIO
KOMIIEHCUpYIOLIeld My(Thl MIIM KOHCTPYKTUBHOT'O U3MEHEHHS IIepejayuu.

CymectByer TtopieBas nepemada ¢ IITK (puc. 4). B sToi mepemaue cdepudueckue Teia KadeHUs
pacmoojiaratorCd B THE3JIaX, BBINOJHCHHBIX Ha TOPHE AUCKA BXOJHOI'O0 BaJla, U HaAXOAATCA B 3alCIUICHUU C

HpO(I)I/IJ'IBHLIMI/I MOBCPXHOCTAMHU, BBIIIOJTHEHHBIMU Ha TOPLEC JUCKA BBIXOJHOI'O BaJia [5]

Puc. 4. Cxema mopyesotil nepedauu ¢ I[ITK: 1) exoonoti éan; 2) wapuxosvie mena kauenus, 3) 6bIX0OHOe 36€HO

TopueBsle mnepenaun 00JalAIOT KOMIIAKTHOCTBIO, MOHIKCHHBIMH IYMOBBIMH XapaKTEPUCTHKAMH,
TIOBBIIIEHHON Harpy304HOW CrOCOOHOCTBIO (B CpPaBHEHMH C IMJIMHAPHYECKUMH 3BOJILBEHTHBIMH HeperadaMu),
BeicoknM KIIJ] (mo 0,95). HemoctaTkamu TOpLEBBIX Iiepesiad sBISIFOTCS: JAUCKPETHBIH PsiJi NepeJaTOYHbIX YHCEl,
3TO B HEKOTOPHBIX CIydasX HE MO3BOJSET HOIYYHUTh ONTHMAIBHYIO TIepeiady; Majoe nepeaaToqyHoe YICIO B OJTHOU

CTYIICHU, NIPHU YBCIWMYCHUU MCPECAATOYHOIO0 OTHOWICHUA ITPOUCXOAUT CYIMIECTBEHHOC YBCIMYCHHUC paauaIbHOIO
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rabapuTHOTO pasMmepa; ObICTpOe M3HAIIMBAaHWE THE3]| IIAPHKOB, YTO MPOHUCXOANT M3-32 TPEHUS CKOJBKECHUS I10J
Harpy3koi MeXy TeJlaMH KaueHHs U chpepruueckor MOBEPXHOCTHIO FHE3/a.

WzBectHa mpocTpancTBerHas nepenada ¢ [ITK (puc. 5). OHa, Tak ke, Kak ¥ IpeAbIIyIIas, COIEPKHUT Tena
KaueHUs B THE3aX, BBINOJHEHHBIX Ha JUCKE BXOAHOTro Baja. OJHAKO MHOBEPXHOCTh AWCKA HE IUIOCKas, a
koHnueckas. lllapukoBble Tenma KayeHHs OOKAaTHIBAIOTCS MO NMKIOMJAIBHOMY IPOQUIIO, BBIIOJIHEHHOMY Ha

KOHUYECKOW MOBEPXHOCTH BBIXOJHOTO Baa [6].

Puc. 5. Ilpocmpancmeennas nepedaia ¢ npoMed’CYymouHbIMU Meramu KaueHusl

JlaHHas NOpPOCTpaHCTBEHHAs IIepelJadya MOXKET IepelaBaTh MABIKCHHE IOX YIJIOM, 4YTO SIBIISETCS
NOJOKUTENbHBIM (akTopoM s nepepauy ¢ [ITK. Henocratku 5Toi mepepauyn aHANOTMYHBI TIPEIBIAYIIEH
KOHCTPYKLIMHU: JUCKPETHOCTh IEpeNaTOYHbIX dYHCEd, Majoe MepeAaTOYHOe OTHOIIEHHE B OJHOH CTYIICHH,
MPOCKAJIB3bIBAHME B 3alCIICHUM M HaJU4YUe H30BITOYHOM CBS3M, YTO NPUBOAUT K YMEHBUICHHIO HArpy304HON
crocobHoctu mexanusma u KII/I [6].

VYcoBepiIeHCTBOBAaHUEM Npelblaylieil npocTpaHcTBeHHOM mnepenaun ¢ IITK sBasercs caenyromast
nepenada (puc. 6), B KOTOPOH ycTpaHEHBI W30BITOYHBIE CBS3M W BBEIEH CBOOOHBIM CEmaparop, yIep KUBAIOIIUH
TeNa KaueHUs Ha ONPEAEICHHOM YTIIOBOM PAacCTOSHUM. Tak CHHTE3MPOBaHA CaMOYCTaHABIMBAIOILASCS Iepeada ¢
IITK [6]. PaccmarpuBaemas mepemaua ¢ IITK mmeer moBwimuenssiii KITJ[, xommakTHa, crocoOHa mepenaBaTh
YCUIIMSI MU CKOPOCTh TOJ YIJIOM K BXOAHOMY Baiy. HemoctaTkoMm 3TOH mepenadu SBISIETCS TEXHOJIOTHYECKas
CIIO)KHOCTh TOJYYEHHUS IUKIOUIANBHOTO NMPOo(UIs Ha KOHMYECKONH IOBEPXHOCTH M HEBBICOKOE IMEepeIaTOuyHOe

YUCJIO B OJHOM CTYIEHHU.

Puc. 6. Cunmesuposannas camoycmanasiugarowasncs nepeoada c INTK

W3 anannza nepenay c¢ [ITK BugHo, 4yTo Hanbosee TEXHOJOTMYHBIMU SBIISIIOTCS TuIockue nepeaaun ¢ [1TK,
a TaKKe IUIOCKWE Tepenadd o0yafaroT OOJBIIMM YeM MPOCTPAHCTBEHHBIE NEPEAATOYHBIM OTHOLIEHHEM B OJHOM
crynenu. Bce mepemaunm c¢ IITK o06najgaroT KOMIAKTHOCTBIO, HO KOMIAKTHOCTh B COYETAaHUM C BBICOKUMH
nepexarouHsiM oTHomreHueM, KITJ[ n Harpy304HOH CIIOCOOHOCTBIO O0OECIEYMBAIOT TOJBKO IUIOCKHE Mepemadd ¢
[ITK. Haubonee mONHO KOMIUIEKC BBICOKMX TEXHHYECKMX XapaKTepHCTHK obecreunBaeT mepermada ¢ IITK u

cBOOOAHON oOoiimoli (puc. 3). MaccorabapuTHble MOKa3aTeNN dTOW IMepenaddl CHIKEHBI OoJiee yeM Ha 5 % 1o
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CpPaBHEHMIO C IPUMEHSIOMUMHUCS B Tipou3BozcTBe nepenadamu ¢ [1TK, KIT/I nepenaun moxer mocturath 0,97, 9to
COTIOCTaBUMO C DBOJIbBEHTHBIMU TIepenadaMu mpu 0oJbineM (B 4-5 pa3) mepeaaTroyHoM OTHOIICHHH. JTa Tepenada
obOnamaer OONBIIMM JHWANA30HOM NEPEAaTOYHBIX YHCEN B OIHOM CTyNeHHW, dYro Oojxee THOKO TIO3BOJHT
MPOEKTHPOBATh MEXAaHM3MBI JUII KOCMHYECKHX ammapaToB. Takum oOpa3zom, mpumenenue mepemadu ¢ IITK u
cBOOONMHON 000#iMON Tpu  pa3paboTKe KOCMHYCCKHX allaparoB IO3BOJMT CO37aBaTh KOMIIAKTHEIC,
pecypcocOeperaroniye u SHepro’eKTHBHBIC MEXaHU3MbI, TAK HEOOXOAUMBIC JIJIs BHITIOTHEHUS Pa3IMIHBIX pa0oT Ha

KOCMUYECCKUX CTaHIHAX U B OTKPBITOM IPOCTPAHCTBEC.
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B Oannoti cmamve paccmampugaromcs 6onpocwvl 3D npomomunuposanus 21eMeHmos yCmpoucme
KocmMuyecko2o HasHavenus ¢ npumenenuem 3D npunmepoe Picaso 3D Designer u PrizmPro, pabomarowux no
Memooy nocrounozo Hannasnenus. Ilpusooumcs obocnoganue yeiecooOpasHOCMu NPoBeOeHUs. MAKeMUposaHus
u30enUutl KOCMUYecKko20 HasHavyeHus u ux cocmaesiarowux. Onucvigaemcs u 000CHO8bI8ACCA 8bIOOP MamMepuaid,
UCNONIL3YeMO20 OISl U320MOBIeHUs DIIeMEeHMO08 MaKemad, Npueooumcs Kpamkoe ONUcCaHue memood NOCAOUHO20
nHannaenenus. Tax oce 6 pabome paccmampugaromces cnocobvl o0bpabomku Oemainetl, U3OMOGIEHHbIX C
npumenenuem 3D npunmepos, a max sice npobiemvl, 6O3HUKIUIUE 8 NPOYECCE U3LOMOBICHUS MAKEMAd CIMYOeHYeCK020
MA020 KOCMUYECKO20 annapama u e20 1eMeHmos, UxX NPpeoOnoChbIIKU U 603MOJICHbLE NYMU PEUIeHUS.
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In this article describes of 3D prototyping of the elements and devices for space application using Picaso
3D Designer and Prizm Pro 3D printers, which operate by the fused deposition modelling method. An expediency
substantiation of the prototyping of space-used products and their components is provided. Selection of material
used for the production of layout elements is described and justified, a short description about the Fused deposition
modeling method is provides. Also in the paper examines ways of processing parts manufactured using 3D printers,
as well as problems that have arisen during the production of the layout of the student small spacecraft and its
components, their preconditions and possible solutions.

Brenenne

JIroboe yctpoiicTBO, paspadbaTbiBaeMoe sl NPUMEHEHUS B YCIOBHSX KOCMOCA, SBIISIETCS CIIOXHOM
CHCTEMOM, TpH pa3paboTke KOTOPOil HYXXHO coONI0gaTh 0COOYI0 OCTOPOXKHOCTB, TaK Kak JIOObBIE, Ja)ke caMble
MEJIKHEe OLIMOKH BIIOCICICTBUM MOTYT IEpepacTH B KpyMHble KaracTpodbl. J[is OIEHKH NpaBHIbHOCTH
MPOCKTUPOBAHUSI MOAOOHBIX YCTPOHCTB IEIECOOOPa3HO MPOBOIUTH HX MaKETUPOBAHHE JJIsi CBOCBPEMEHHOTO
BBISIBIICHUSI BO3MOXHBIX OINMOOK M BHECEHHS KOPPEKTHB B KOHCTPYKuHWIO. [IOJHOIIGHHOE MaKeTHPOBAaHHUE
MOJJOOHBIX YCTPONCTB MPEACTABISICT CO00I COBOKYMHOCTh CJIOXKHBIX U JOPOTOCTOSIIMX MPOIECCOB, B KOTOPBIE
BOBJICKaeTCS OOJBIIOE KOJNMYECTBO Jronedl W TexHMKH. OJHaKoO, C pPa3BUTHEM TEXHOJOTHIl ObICTpOro
MPOTOTHIUPOBAHUS, TAaKUX Kak 3D medath, MOABUIACH BO3MOKHOCTh CYIIECTBEHHO COKPATUTh CTOMMOCTD M BpEMs
W3rOTOBJICHHUS MaKeTa, [O3BOJIIONICTO Ha TEPBBIX OTamax MPOCKTHPOBAHUS KAYCCTBCHHO  OILICHUTH
pa3pabaTtbiBaeMoOe H3/eNUe U, PU HEOOXOIMMOCTH, BHECTH U3MEHEHHUS B KOHCTPYKIIUIO.

Hpouecc 3D neuaru. [IpodaemMbl U cOCOOBI MX pelIeHUS

Ha xadenpe Tounoro npubopoctpoeHus Obla pa3padoTaH MPOEKT CTYACHYECKOTO MAJIOTO KOCMHYECKOTO

anmapara [1], 3D Mozens KoToporo mpeacTaBieHa Ha PUCYHKE 1.

Puc. 1. 3D moodenv cmydenuecko2o Mano2co KOCMUYecKo20 annapama

I[J'Iﬂ OLCHKU IPaBUJIBHOCTHU ITPOCKTUPOBAHUA TaHHOTO YCTpoﬁCTBa OBLIO TIPUHATO PEIICHUE O CO3JaHUHN
€ro Fa6apI/ITHOFO Make€Ta, IMMO3BOJIAOIICTO OLCHUTDH pa3pa60TaHHy}o KOHCTPYKIHIO. B kxauecTBe HUHCTPYMEHTOB JJisd

co3JlaHus MakeTa Hcrojb3oBanuck 3D npunteps Picaso 3D Designer [2] u PrizmPro [3], mokazaHHble Ha pUCYHKe
2.
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PICASQ

DESIGNER

a) 0)
Puc. 2. Buewnuii 6uo 3D npunmeposPicaso 3D Designer (a) u PrizmPro (6)

O06a 3D npuHTEepa pabOTAIOT 110 TEXHOJOTUU MOJETUPOBAHHUS METOJOM IOCoiHOro HariasieHus. CyTh
JAHHOTO METOJia COCTOMUT B TOM, YTO HM3rOTaBiMBaecMoe u3jenue (Gopmupyercs MyTéM HaIIaBICHUS IOCIOHHO
TEpMOIUIACTUYHBIX IUIacTMacc. B kadecTBe Marepuaia AJisi M3rOTOBICHHs Mojeneil Obul BeIOpaH ABS-miacTuk.
OTOT BHJ IUIACTHKA SBJISIETCS OJHUM M3 HanOoliee pacipoCTpaHEHHBIX MaTepUajioB I YCTPOWCTB, pabOTAIOMINX
110 METOJy MOCIOHHOTO HAIIaBICHUS, U OTIMYAETCS MPOCTOTONH 0OpPaOOTKH - JIETKO pacTBOPSETCA M CKIEHBACTCS
aIleTOHOM, B OTJIMYHE OT IPYTOT0 pacupocTpaHEHHOTO MaTeprana — PLA-TmacTrka, KOTOPBIH pacTBOPSAETCS TOIBKO
NP BO3AE€UCTBUY KOHLIECHTPUPOBAHHBIX IIEJIOYEH.

3D mpunTep Picaso 3D Designer numeer obmacte medatun 200x200x200 MM, mOSTOMY BCce BHYTPCHHHE

JCTAJIN MaKETa OBLUIH M3TOTOBJIEHEI HA HEM.

Puc. 3. 3D moodenv maxema UOHHO-NAAIMEHHO20 08ULAMEIS

MakeT MOHHO-TNIA3MEHHOTO ABHUraTels (PUCYHOK 3) OBLIIO HEBO3MOXHO KaYECTBEHHO H3TOTOBHUTH 32 OJIUH
MpoIIeCcC MEYaTH BBUIY CI0KHOCTH €ro KOHCTpyKuuu. [loaToMy Momenp Makera Obula pa3jielicHa Ha HECKOJBKO
yacTel M IOCIe MeYaT BCeX COCTABISIIONIMX ObLIA CKIISCHA.

Kopnyc kocmudeckoro anmapata (Pucynok 4) umeer radaputhbsie pazmepbl 100x100x300 MM, no stomy

ero nsrorosnenue Ha 3D npunrepe Picaso 3D Designer HeBO3MOXKHO.
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Puc. 4. 3D mooenv kopnyca kocmuuecko2o annapama

st atoro ucnons3oBaiicss 3D mpunTep PrizmPro. OgHako, BBUAY BBHICOKOH CIOXHOCTH KOHCTPYKIIHMH, a
TaKOKe IS YIPOIIEHHS MIPOIIecca N3rOTOBICHNS OBIIIO MPUHSTO PELICHUE pa3/eNuTh KOPIyC Ha 5 JacTel - BepxHee
W HIWO)KHEee OcHOBaHUs, nMeromue pazmep 100x100x5 M, 4To mo3BoJIsieT U3rotoBuTh uX Ha 3D npunrepe Picaso 3D
Designer, OoxoBble CTEHKM M meperopojaka. Ha Bcex sieMeHTax ObUIM NPEIyCMOTPEHBI Ma3bl, MO3BOJISIOIIUE
cobpath KopIyc.

[lpu wmsroToBneHHH NEpBOil OOKOBOI CTEHKM OKa3ajloCh, 4YTO Ha HarpeBaeMblii ctoi 3D mpuHTEepa
PrizmPro, mpencraBistonmii co00# 3epKalio ¢ YCTaHOBJICHHBIM ITOJI HUM HArpeBaTENbHBIM 3JICMEHTOM, IDIOXO
npumnnaer ABS-mmacTHk, 9TO0, B CBOIO OdYepeAb, NPHBOIUT K HEBO3MOXXKHOCTH W3TOTOBICHHS MOJEINH.
IpowuzBoautens 3D mpunTepa PrizmPro pekoMeHOyeT B TaKMX CIIydasX PacHbUIATH Ha HarpeBaeMBIid CTON JIaK,
yIy4IIaonMi NpUINIaHUe TUIACTHKA K MOBEPXHOCTH cTosa. OaHaKo, MOAOOHBIN METOA MMEET CYIIECTBEHHBIN
HCIOCTAaTOK — paCl’ILIJ'IerMLIfI JJaK OC€aacT HaA MCXAaHUYCCKHUX YacCTIAX 3D MPUHTCPA, HAKAIJIUBAs Ha ce651 IbLJIb U TCM
caMbIM yBEJNWYMBas M3HOC AeTanell. [[is ycTpaHeHus JaHHOM Mpo0sieMbl ObLIO NPEANPUHSTO CIEAYIOIIEE — OTXObI
neyary NpeIbIAyINX AeTajlell kopiyca, u3rotosieHHbIx Ha 3D npuntepe Picaso 3D Designer, Oblii pacTBOpeHbI B
HeOOJIBIIOM KOJIMYECTBE alleTOHA U ITOJIyYeHHbIH pacTBOp ObLJI TOHKMM CIIOEM HaHecE€H Ha HarpeBaeMblid cTol. ITo
MO3BOJIMIIO 3HAYUTENNBHO YBEIMYUTH ar€3HI0 INIACTHUKA ¥ KAYECTBEHHO U3TOTOBUTH JETANH.

Crenyromeii mpobiaeMoii cTaja pasHUIA B TOYHOCTH MEXIY AETAISIMH, M3TOTOBJIEHHBIMM Ha pa3HbIX 3D
MIPUHTEPaX, O0OYCIOBJIEHHAs! pa3HBIMHM pa3MepaMu COTIeJ, MOJAIONINX PACIUIABJICHHBINH IUIACTHK U PA3IHUYUsIMHU B
MexaHu3Me paboTsl oboux 3D npuHTEpoB. 1 ycTpaHeHUs] HECTHIKOBOK B pa3Mepax M3rOTOBJIICHHBIE JIETAIH ObUTH
MOJIBEPTHYTHl MEXaHHYECKON 00pabOTKe /It MOATOHKH IPYT K APYTY.

IMocne 0OpaboOTKM neTaneit Kopmyca, ObLTa MPOBEJACHA OKOHYATEIbHAas COOpKa MakKeTa, BCE JJIEMEHTHI
KOTOPOT'O CKJICHBAIIHNCh MEKAY COOOH aneToHOM. Tak *e, B LEJIsIX MPUOIIDKEHUSI MaKeTa K PealbHOMY M3/EIHIO, B
HEero ObUTM yCTaHOBJICHBI MUMHTATOPBI 3JIEKTPOHHBIX IUIAT, NPHUKJIECEHHbIE K KOPIyCYy C IPUMEHEHHEM IIIaCTHKO-
alleTOHOBOTO PAacTBOpA.

OKOHYATEIIbHBII BUa CO6paHHOFO MakeTa MpeJACTAaBJICH Ha PUCYHKE 5.
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Puc.5. Brewnuii 6uo cobpannozo maxema cmyo0enyecko20 Maio20 KOCMU4ecko2o annapama

PesyabTaTsl paboThl H BHIBOABI

B xome mpoaenaHHoil pa0oThl OblIa OTpabOTaHa TEXHOJIOTHS M3TOTOBJICHHs, 00pabOTKM M COOpPKH
rabapUTHBIX MAaKETOB M3JIENIUi KOCMHYECKOTO0 Ha3HA4YeHHs, ObUIM BBISIBICHBI M PEIICHBI BO3MOXKHBIE MPOOJIEMBL,
BO3HHUKAIOIIUE [TPU M3roTOBICHUH MakeToB Ha 3D npunTepax Picaso 3D Designer u PrizmPro, a Takxe Obu1 co3nan
MakeT CTYIEHYECKOIO MAaJIor0 KOCMHUYECKOTO ammapaTa, MO3BOJSIIOMIMNA OLCHUTh KadeCTBO INPOECKTUPOBAHMSA

JIAaHHOTO YCTpOMCTBA.

CIIMCOK JIUTEPATVYPEI

1. Kocmuueckoe npubopoctpoenue: cOopHuK HayuHbix TpyaoB III Bcepoccuiickoro ¢opyma IIKOJIBHHKOB,
CTYACHTOB, acCIHUPaHTOB M MOJOABIX YYC€HBIX C MECXKIAYHApPOAHLIM YYaCTUEM / ToMckui NOMUTEXHUYECKHI
yHHBepcuTeT. — Tomck : M31-Bo ToMckoro monmtexHuueckoro yuusepeutera, 2015. —413 c.

2. Picaso 3D Designer. PykoBoACTBO moiib30Batesst - [DaekTpoHHbIH pecypc]. Pexxum moctyma: http:/picaso-

3d.com/ru/support/instructions/
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CEKIIUS Ne3
COBPEMEHHBIE TEXJHOHOFI/H/I 141 METQZ[EI KOHTPOJIA
B ABUAIITMOHHOHNU 1 KOCMMWYECKOHM OTPACJIAX

CUTHAJIM3ATOP HEITOABUKHOI'O COCTOSHUSA CITACATEJIA MUC
Brionr Cyan Usen, Kypmankanos O.b.
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SIGNALING DEVICE OF A MOTIONLESS CONDITION OF THE RESCUER
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Tlpusedenvt pezyrvbmamosl MaKemuposanus CUSHAIUZAMOPA Henood8UNCHO20 cocmosnust cnacamens MUC,
NPUMEHAEMO20 NpuU  GbINOIHEeHUU 3a0ayu, 0bycrosiennvix aukseuoayuen 4C. Cuenaruzamop nepexooum 6 pedicum
mpegoau 8 ciyuae, Ko20d CRAcamenb HAX0OUMCs 8 HeNOOBUI CHOM COCOAHUU 8 NPOMENCYMKe KOPOMKO20 8PEeMeHU.

Standstill Annunciator for Emergency Situations Ministry rescuers The results of standstill annunciator
modeling o for Emergency rescuers, used for carrying out the tasks related to the liquidation of emergencies are
presented. It is shown that annunciator comes into alarm mode when the rescuer is in motionless state for a certain
time.

Jnst mpemynpexIeHuss  Ype3BbYalHBIX CHTYyaIlMi, BO3HMKAIOIIMX INpH paboTe IepcoHada aBapHitHO
CracaTeNbHBIX TPYMI, TEXHOJOTMYECKOTO TIIepCoHala M MOXKapHOW CIIyKOBI, CBS3aHHBIX C oOOecredeHreM
6e30macHOCTH, TpeAHa3HaueH curHaausaTop HemoaBikHoro coctostHus (CHC). CurnHammsaTop HEHOJBHKHOTIO
COCTOSIHUSL KpPEMUTCA Ha OAEKAY WM 3JIEMEHTHI CllacaTelbHOTO 000pYNOBaHMSA, T.e. PEMHHM HIM 3JIEMEHTHI
skunupoBkr. CHC aBTOMaTHYecKH akTHBHPYETCS, €CIM IAaTYMKH 3a(UKCHPOBAIM OTCYTCTBHE IBHKEHHUS, UYTO
MOJKET CBHJIETEILCTBOBATh O BO3MOXKHOM OIACHOCTH JKHM3HH U 30pOBBIO crmacaTens. OTCYTCTBHEM NPHU3HAKOB
JIBIDKEHUSI MOJKET SIBJIATBHCS MONAIAHUE MOJ 3aBall WIM MOTEpsl OPUEHTAllMM B MECTHOCTU WiM B 31aHuu [1]. Tlo
ucredyeHun 18-23 cekyHABI C MOMEHTAa HEMOJBIKHOCTU CIacaTess, CUTHAIM3AaTOp IMOJAET CBETOBOW CUTHAN, U
HNEPEXOAUT B PEXKHUM IIPEIBAPUTENBHON TPEBOIM», KOTOPAsl COMPOBOXKIAETCS HAPACTAIOLIMM 3BYKOBBIM CUTHAJIOM.
Ecim  crmacarens 00e3nBIKEH, M KakuX JMOO NPHU3HAKOB JBW)KEHHMS HE BO30OHOBWIIOCH, depe3 9-16 cek, To
CUTHAJIU3ATOP HENMOABHKHOIO COCTOSIHMS NMOAACT CHUTHAJ TPeBOrH, Ha MyJbT JucreTdepa. Paanyc medcTBus
npubopa JecaTh METPOB B IIOMELICHWH JOCTaTOYEH, YTOOBI CHTHAN MpPOOWIICA Ha IyJbT  YIpaBICHUS
pykoBouTeNs paboT. BCHbIKKM CBETOBOTO CUIHAIM3aTOPa BHUIHBI Yepe3 IycTod cioit apiMa. Jlins sBakyaruu
criacareis WM TOCTPAJIaBIIEro 4eNoBeKa MPUAYT CAacaTelld II0KapHOrO W OyAyT OpPUEHTHPOBATHCS IO
XapaKTepHBIM IIYMOBBIM cHTHanaM. biarogapst oco0oii yacToTe 3Byka O4eHb IPOCTO ONPEAEITUTh MECTOIIOIOKEHNE
ero ucroyHnka. CUrHaIM3aTop HETOJBHYKHOTO COCTOSIHUSI 00ecIieunBaeT HaJIe)KHOCTh M 0€3011aCHOCTh MOXKAPHOTO
cracartens, NpH yrpo3e cracaTels peXHM TpPeBOTM MOXKHO BKIIOYMTH  BpyuHylo. B mraTHON curyanuun
PYKOBOIUTENIO paboT 3a IMyNbTOM JOCTATOYHO HMH(GOpPMAIMK O 3amace KUCJIOpoAa y crmacaTelell ¥ KHOIKH
TPEBOTH, P HAXKaTHN KOTOPOH BCE criacaTes OyayT 3HATh, YTO HEOOXOANMO MOKUHYTH 30HYy UC.

Cucrema omnoBemieHust (puc. 1) BkimouaeT B ce0s  paguornepenaromas cranius ¥YBY paanoamanazona 1
[4], xoTopas coeguHEeHa CO 3BYKOBBIM ITYMOM 2 H ¢ OJIOKaMHM WHAWKAaTOpPOB 3. MoOmiIbHas MpHeMOo-TIepeIatomas

CTaHIIUsA 1 cBs3aHa ¢ Ha60p0M or 1 A0 N HUHAWBUAYAJbHBIX CUTHAJIBHBIX CPCIACTB CllacaTeyisd 4, KOTOpbIC

46



I/IHcheHepu}z OJI51 0CBOEHUSL KOCMOCA

IIPeIBAPUTEILHO 3alPOrpaMMHUpPOBaHbl B Labview B cHCTEMe OIOBEIIECHUS, U C PaJAMOKAaHAIBHBIM yCTPOHCTBOM
nepconanpHOTO onogemenns (YIIO) 5.CurHampHOE CpeACTBO clacaTelns, COAepiKallee YCTPOHCTBO OIMpeNeICHIS

HCTIOABHUI)KHOT'O COCTOAHMSA, CBA3aHO C OJI0KOM YUpaBJICHUA U TUTAHUSA.

5 PVicIoNo

Puc. 1. Hpquzﬂ/lnuaﬂbHQﬂ cxema cucmembvpl OnoseweHusl

B cocraB cTpykTypHOW cxeMbl BXOAAT [3]: martumku aswxkeHus (akcenepomerp u rupockon MPU6050),
KOTOpBIE PEarupyroT Ha IMOCTYyNAaTelIbHOE M BpAIATENIbHOE IBIKEHHE, MUKPOKOHTpoiuiep Arduino; ycTpoiicTB
panvonepenatyukd U nerekropbl apwkeHuss MX-FO1 u npuemHukom MX-RM; mukpokontpoiuiep Arduino,
KOTOPBIH IEpelaeT CUTHaJ ¢ IPUEMHUKA HA KOMIIBIOTED.

CxeMma MOJIKITIOYCHHUS TAaTYMKOB JIBIDKeHMs K Arduino npuBesieHa Ha puc. 2. DIEMEHTHI CUCTEMBI Tiepeauu

JTAaHHBIX TI0 YCTPOUCTBY paguoINepeaTINKH MPeICTaBICHBI Ha PUC. 3.

Puc. 2. Cxema nooxnouenuss 0amyuxo8 08UNCEHUs K Puc. 3. Dnemenmoi cucmemvl nepedayu OanHbIx
Arduino nopaoduoxarnany: 1-nepedamuux MX-FO0;
2-npuemnux MX-RM

Cxema COCAMHCHUA NPUCMHUKA paJUOJIOKAIIMK Y€pe3 Arduino ¢ KOMIBIOTEPOM IMPCACTABIICHA HA PUC. 4.

Puc. 4. Cxema nepedaua cuznana c npuemHuxa Ha KOMnvlomep

ITmata MPU 6050 (puc.5) comepXuT THPOCKOI M aKCEIePOMETp, M3MEpsSeT TeMIeparypy. [ upockom u

aKkcenmepoMeTp H3roToBieHb Kak MEMS-cuctema (MHKpOdJIEKTOMEXaHWYEeCKash cucTema). B omHoM Kopiryce
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coOpaHa HE TOJBKO OJIIEKTPOHHKA, HO M MexaHuka. CucreMa ONOBEIIEHHS  BKJIIOYaeT B ceds 0a3oByIO
npremMorniepenanryo crannmo YBU pagmonnamasona.  AkcenmepoMmeTrp  M3MepseT C OONBIION TOYHOCTBIO

YCKOpEHHE HaKJIOHa, HO 03 r’HpOoCKoNa TOYHO W3MEPUTH YIoil IOBOPOTA HEBO3MOKHO.

.MF'U-GBSB ITGKMPU.

Puc. 5. [Inama c eupocxonom u axcenepomempom MPU 6050

HccnenoBanusi, MpoBeACHHBIC HA MaKeTHOM 00pasiie B padoTe [2], MOKa3bIBAalOT BO3MOKHOCTh CO3/IaHUS
CHUTHaJIM3aTOpa HEMOJBIKHOTO cocTosHus cmacarenss MUC. JletambHas KOHCTPYKTOpCKas IpopaboTka
CUTHAJIN3aTOpa IO3BOJHT CO3JaTh MANOTA0APUTHBIA TPUOOp, CIIOCOOHBIH pPadOTaTh B PEANBHBIX YCIIOBHSIX

Ype3BbIYaMHBIX CUTYaLUH.
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Ilpu pacnpocmpanenuu 38yKa 6 3AMKHYMOU cpede, pAacxodlcoeHue axKyCmuieckux 60JH O02PAHUYEHO
cmenkamu cpeovl. B 0annou cmamve paccmampugaemcs npooiema usMeHeHus aKycmuiecko2o UMnYibca no mepe
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If the sound travels in a closed environment, the divergence of acoustic waves is limited to the borders of
the environment. This article discusses the problem of changing the acoustic pulse after passing the waveguide. The
author proposed to get an acoustic signal model based on geometrical acoustics method. During the modeling of the
theoretical acoustic signal was built and compared its graph with the graph of the experimental signal.

Bompmoe Komu4ecTBO aKyCTHYSCKHMX IPHOOPOB HMMEIOT JeNI0 C PAclHpOoCTpaHeHHEeM KojeOaHWi B
3aMKHYTOM IpocTpaHcTBe. [Ipu 3TOM (opMa NPHHSATOrO CUrHaja 3aBUCHT HE TOJIBKO OT IAapaMeTpOB CpEJbl, B
KOTOpPOW OH pacIpocTpaHsercs, HO U oT (GopMbl BoiHOBojAA. OmnpeneneHne MOMEHTa IPUXOJa TaKOro CHrHaja
NPUEMHUK C HaJUIeXKalleil TOYHOCTBIO CTAHOBUTCS aKTyalbHOM 3afadedl Ui H3MEPUTENBHBIX INPHOOPOB.
3aTsAruBaHue NeperHero (ppoHTa U CYLIECTBEHHOE M3MEHEHHE (JOPMBI CUTHAJa MPUBOJHUT K IOBBIILICHHUIO OMINOKH
ompeneNeHus] MOMEHTa mpuxoma ummoyinbca [1]. B cBs3m ¢ 3THM HEoOXOIWMO MPOBECTH IpeaBapUTEIBFHOE
MOJICIINPOBaHIE CHTHAJIA C [ENbI0 MPOTHO3MPOBAHNUS €ro (hOPMBI Ha BBIXOIE BOJTHOBOA [3].

MeTompl reOMeTpUIECKO aKyCTHKU ITOKA3bIBAIOT JOCTATOYHYIO TOYHOCTH B IPOTHO3MPOBAHUH (OPMBI MMITYJIBCA,
MPOILIEAIIETO Yepe3 BOIHOBOI, IIPH ATOM OTIagaeT He0OXOIMMOCTh PEIICHHS BOJIHOBOAHOTO YpaBHEHU [2].
[Tpubopsl, co3maHHbIE Ui M3MEPEHHs JAINBHOCTH, U3MEPSIOT 3aJEpKKy MEXIy BO30YXKICHHEM H3ITydYarollero
JaTYMKa ¥ BpeMEHEM MPHX0Jla CUTHAJIa Ha IPUEeMHHUK U3ny4yeHus [4]. B ciaydae usmepeHus O0IbIINX PACCTOSHUM, B
OCHOBE TaKUX NPUOOPOB JIEKHUT IXO-METO/I, T.€. CUTHAJ OTPAXKAETCSI OT TPAHULIBI CPEZl B BOJHOBOJIE M BO3BpAILAETCs
Ha mpueMHHK (puc. 1). BpemeHHas 3ajepkka MEXIY IOCIAHHBIM W OTPaKEHHBIM aKyCTHYCCKHMHU CHUTHAIaMU
TPSAMO MPOMOPIIMOHATBHA JITHHE BOITHOBO/A.

BomHOBOA - y4YacTOK cpenpl, OTpaHHYCHHBI BO BCEX HANPAaBICHUSAX CTEHKAMH, B PE3YJIbTaTe YEro
YMEHBIIIACTCS PACXOXKICHUE BOJH B CTOPOHBI, a 3HAYAT IIOMHUMO 3aTyXaHHs 3ByKa Ha (GopMy IepemHero gppoHra
CUrHaja OyJeT BJMATh BOJHOBOJHOE DAaclpOCTpaHEHHE CHIHAlA, BCJICACTBHE 4YEro BO3HHMKAIOT HEPaBEHCTBA
(a3oBeIX ckopocTel paznuyHbIX Mox (puc. 2). Tak jxe u3MeHeHHue (OpPMBI 3XO-CHI'Hala BO3MOXKHO H3-32

HapyIieHHus (OpMbI BOTHOBOAA.

Puc. 1. [Ipunyun oeticmeust akycmuyeckoeo 0aibHoMepd

Puc. 2. Pasnuya 60 épemenu npuxooa akycmu4eckux aydeil, 00yCcio81eHHAs. 60THOBOOHbIM PACnpedeneHuem

cucHala
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[To >TuM mpuumMHAM, 10 MEpe PaCHpPOCTPAHEHHS IO CKBaKWHE IPOUCXOAWUT CYIIECTBEHHOE M3MEHEHHE
(hOpMBI aKYCTHYECKOTO HMIMYJbCa, YTO BHOCHT JOIOJNHHUTEIBHBIE TPYTHOCTH MJIsI OIpPENeICHUs BPEMEHHON
3aJIepKKU MEXTy ITOCTIAaHHBIM U OTPaKCHHBIM aKyCTHIECKUMH CHTHAIAMHU.

[TockonbKy IHaMeTp BOJHOBOJA MOXET CYIIECTBEHHO IIPEBHIMIATH JIMHEWHBIE pa3Mephbl H3IIydaTelis
aKyCTHYECKOT0 CUTHajia, TO OT ero (M3JydaTelisl) PacHoJIOKEHUS] Y OCHOBAHMS CKBaKHHBI OYZET 3aBHCETh (hopma
pacnpoCTpaHeHUsl aKyCTHYECKOro MMITyJbca M0 BOJMHOBOAY (puc. 3). BenencTBue vero, curHan Ha NpHEMHHUKE B
JIByX CIyd4asx [Uld OJHOM M TOH e CKBaXXHHBI, HO C Pa3HBIM DPACIOJIOXKEHHEM M3ITydaTens OyIeT pasiiueH,

CJICA0BATCIILHO, 6y[[eT pas3jimiHa omoKa B OIpPEACICHNU MOMCHTA NpUXoaa UMITYJIbCa.

Puc. 3. Pacnonoowcenue aKycmuyeckoezo usnydamens. d — Had OCU swmogoda; 6 — Ha paccmosiHuu om ocu 60JIHOB00A

AHanu3 BOJHOBOJHOIO PAcIpOCTPAaHEHUS aKyCTHUYECKOTO CUTHAJIA MIPOBOAUTCS METOIOM T€OMETPUIECKOM
akyctuku [2]. 'eomeTpuueckas akyCcTHKa — pa3ziell aKyCTHKH, MPeIMETOM H3Y4EHHUS KOTOPOIO SBIISIOTCS 3aKOHBI
pacnpocTpaHeHHus 3ByKa. B OCHOBE JISKUT NpescTaBIeHHE O TOM, YTO 3BYKOBBIE JIyUH — 3TO JIMHUH, KacaTeJIbHBIE K
KOTOPBIM COBIAJAIOT C HANpaBJIEHHEM PaclpOCTPAaHEHUs SHEPIMH aKyCTHYecKHX KojiebaHuil. OCHOBHOM 3amaueit
TEOMETPUIECKON aKyCTUKU SBIIACTCS BHIYHACICHUE TPACKTOPUH 3BYKOBBIX ITyUei.

MonenmupoBaHue ciydasi, KOTAa aKyCTHUYECKUH UCTOYHUK HaXOJUTCSA HAa OCH CKBaXHHBI OIMCAaHO B CTATHE
[5].

[Ipu nmpoBegeHNN MOJETUPOBAHMUS CITydas, KOTIa aKyCTHUCCKUH H3ITydaTeIb HAXOIUTCS Ha PACCTOSHUH OT

OCH BOJIHOBOJA, IPUMEM!

1) W3nydarens SBISETCS TOUSYHBIMHM HAXOIUTCS HA HEKOTOPOM PAcCTOSHUM OT OCH BOJTHOBO/IA.

2) ITpreMHUK UMeeT HEeKYI0 KOHEUHYIO IUIOMIAAb U HAXOAUTCS Ha TOM € PAaCCTOSIHUU OT OCH, YTO U
U3JIy4aTeb.

3) CurHal Ha IPUEMHHKE TIPECTABISAET COO0H CyNeprno3nINIO BCEX JIydeH, NpOLIe i depe3 Hero.

4) AKyCTHYECKHMH CHTHAIl HE HECET NOTEPh PHEPTUU B TPAKTE BOIHOBOJA.

Ilo 3aKOHY OTpaXCHUA Ha,Z[aIOH_II/Iﬁ u OTpa)KeHHLIﬁ JIy4YHd, a TaKiKe NEPICHAUKYIISP, BOCCTAaHOBJICHHEIN B

TOYKC aACHUA JIiy4a, JIeKaT B 0,[[H017I IIJIOCKOCTH (HHOCKOCTL HaI[eHI/IFI). Vron OTPAXXCHU: Y paBCH YIJy MaJICHUA O

(puc. 4).

Puc. 4. 3axon ompasicenus
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ITo 3akony otpaxenust yribl MyM;0 n OM;M, nexat B OIHOW TUIOCKOCTH W PaBHBI, CJIEOBATEILHO,
MIPOCIUPYIOTCS Ha MOTIEPEYHBIN pa3pe3 BOTHOBOJA C OJUHAKOBOM MPOMOPIIHOHAILHOCTHIO. TOorma u MpOeKIMH dTUX
VTJIOB paBHBI APYT APYry. DTO K€ NMPUMEHUMO H U OCTAJbHBIX YTJIOB OTPaKEHUS, MX MPOEKINH PaBHBI APYT

IPYTY, KaKk U caMHd YTIIBL. [IpuMeM MpoeKIuio yTiaa OTpaskeHus paBHOH a (puc. 5).

Ny

Puc. 5. Busyanusayusa pacnpocmpanenus aKycmuyeckozo iydd

Haxogurcst yrom o ciegyromuMm o0pa3oM: NPOTPaMMHO 33/aeTCsi TOYKAa IIEPBOTO OTpaxeHHs M),

BBIOMpaeTcs Touka M), KOTOpas MpeicTaBisieT cOO00M TO4YeUHBIH HM3mydarenb. Jlamee mo TeopemMe KOCHHYCOB M3

2
M10 +M1MO

2 2
2-M10 ~M1M0

2 _y 02
TpeyroabHuka MM ;O Hax0ouTCs YIOd o = g cos 0 .

[Ipu paccMOTpeHWH TpPEYTOJHFHUKOB, OOpa30BABIIMXCS Ha MOIMEPEYHON NPOCKIHMH BOJHOBOAA, THIA
M;0M>, MOXHO clenatb BBIBOJ, 4TO yrosu M;OM, sBasercs ueHTpanbHbIM U paBeH 180-2-a rpamycoB. Toraa
KakJas TOCJenyIomas MPOEKIUs TOYKKM OTPaKEHHS Ha TONMEPEYHBIM pa3pe3 JEKUT uepe3 Ayry, pPaBHYIO
neHTpaabHoMy yriy M;OM,. Takum o6pa3om, 3Hast X ¥ ¥ KOOPAMHATHI IEPBON TOUKH OTPaXXEHUs U IEHTPAIbHBII
yron tuna M;OM;, MOXKHO HaTU X 1 ¥ KOOpIWHATHI KaXXJA0H MOCTIeAYIONIEH TOUKH.

[TockonbKy yroi majeHus, yrol OTPaKeHHs W MePICHINKYISAP K MOBEPXHOCTH OTPaKCHUS (TIOTydeHHBIH
MPOBEICHUEM KacaTeIbHOW K TOYKE OTPaKeHHs, pa3Mep KOTOPOTO pPaBEH paJuycy BOJIHOBOJAA) IO 3aKOHY
OTpaKeHHUS JIeXKAT B OJTHOU IIOCKOCTH, TO M TOUKH My, M;, O u M, (TO4Ka BTOPOTO OTPa’KEHUs) JIe)KAT B ITOH ke
mwiockocTd. KoopauHaTel NEpBBIX TPEX TOUEK M3BECTHBI, ¥ TOYKU M, U3BECTHBI TOJBKO X M Y KOOpAMHATHL
YpaBHEHHE MIIOCKOCTH, MOITYYeHHOE TI0 ToukaM My, M;, O puMeT BUJI;

X—XMO y—yM

X -Xx y =0
M, "My, ‘M

-y Zy, —Z
1 My My M,

0T My o YoMy 07 M,
g HaxoxeHusl Z KOOpAUHAThl TOUKU M, peasaraeTcs peluTh 3TO YpaBHEHHUE, IIOJCTaBUB BMECTO X U
Y n3BecTHBIC KOOPAMHATEI TOUKU M.
OTOT aIrOPUTM MPUMEHUM U JUISl IOUCKA KOOPJUHAT MOCIEAYIOIMUX TOUEK OTPaXKEHUS.
B xope skcriepuMeHTa OBl MOJTYyYeH aKyCTHYECKHUH MMITYJIBC TOCIIE €r0 PACIpOCTPAHEHHS 110 BOJTHOBOAY

quamerpoMm 10cM u aymmHOH 20M mpu vactote 950I'm. /Iyt curHanma ¢ TaKMMHM JKe MapamerpamMu ObLI MOCTPOeH

TeopeTHdyecKuii curHai (puc. 6).
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Ut)

Puc. 6. opma akycmuuecko2o umMnyibca nocie e2o pacnpoCmpanenus no 80110800y ¢ ouamempom 10cm u onunoi
20m npu uacmome 9500y,20e cnaowHol aAuHUel — IKCNEPUMEHMATbHBIN CUSHAT, NYHKIMUPHOLL TUHUEL — PACYemHbIL

CucHaul

Ilpu cpaBHeHMH (OPMBI TEOPETHYECKOIO M HKCIEPUMEHTAILHOTO CUTHAJIOB BHUAHO pasindyue B
aAMIUIMTYJHBIX 3HAYEHHUSX. JTO MOXXHO OOBSCHHUTh TEM, YTO B pPAcYETHONH MOJENM aKyCTHYECKUH M3IydaTellb
SIBJIICTCSL TOUECUHBIM, U HE YUUTBIBAOTCS IIOTEPU YHEPIUM aKyCTHUUECKOIO JIyda Ha €ro IPOX0XKIEHUE B BOJHOBO/E,
TaK)Ke€ HKCIIEPUMEHTAIbHBII BOJIHOBOJ HE SIBJISLJICS UI€AIbHO POBHBIM U UMENIA MECTO JIOIIOJIHUTEIbHBIE OTPAKECHUS

Ha CThIKaxX MCXKAY COCTABJIAIOIINMHU YaCTAMU BOJTHOBOAA.
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B cmamve paccmompenvl mexanuueckue npoyeccul, 603HUKAIOWUE 8 KOHCIMPYKYUSIX U30eNULl NPU GHEULHUX
u eHympennux e6o3deticmeusix. IIpedcmagnenvl 6uUObl COBPEMEHHBIX UCNBIMAMENbHbIX CHEHO08, NOCPedCmEom
KOMOPbIX 80CHPOU3BOOMCS GHEWHUE 8030€UCMEUsL HA U30eue 8 COOMEEMCMEUL ¢ MPebOBAHUAMU TMEXHUYECKO20
3a0aHUS.

This article describes the mechanical processes, occurring in structures under external and internal and
external influences. There are some types of modern test stands with the help of which is reproduced external
influences on the product in accordance with the requirements of the technical specifications.

DNEeKTPOTEXHUUYECKHUE W3/CIHS, YCTAHABIMBACMbBIC HA TOJBMKHBIX O0BEKTaX — aBTOMOOHIISIX, KOPAOIIsX,
caMmolleTax M pakerax, MOJBEpPracTcsl ACHCTBUIO MHTEHCUBHBIX MEXaHMYECKUX HATPY30K, YTO MOJXKET MPUBECTH K
HApYIICHUIO PEXUMOB paboThl. B CBS3M ¢ 3TUM MpH MPOEKTHUPOBAHUHU W3ICIHs 3aKJIAIbIBAIOTCS TPeOOBaHHS 110
BUOPONPOYHOCTH H BHOPOYCTOWYMBOCTH, HA COOTBETCTBUE HOPM, KOTOPBIX H3JCIHE HCIBITHIBACTCS Ha
COBPEMEHHBIX UCIBITATEIbHBIX CTEH/IAX.

PasznuuaioT TpW BHJA MEXaHMYECKUX MPOLIECCOB, BO3HHMKAIOIIUX B KOHCTPYKIHMAX [PU BHEUIHUX U
BHYTPEHHHUX BO3JIEUCTBHSX: BUOPAIIUH, YAAPbI U JIMHEHHbBIE YCKOPEHUSL.

Bubpanus — 3T0 JOCTATOYHO [UTHTENbHBIN (00Jiee OHOTO MepHo/a) MPoLecC PacupOCTPAHEHHS YIPYTHUX
BOJIH M0 KOHCTPYKI[HH.

T'oBOpsL O UIMTEIBHOCTH MEXaHHUYECKOIr0 Mpolecca, OOBIYHO CPABHUBAIOT €€ C IMEPUOJOM COOCTBEHHBIX
konebanuii KOHCTPyKIU. KoHCTpyKIHs 06siaiaeT CIeKTpOM COOCTBEHHBIX YacToT. [1oj1 mepro oM COOCTBEHHBIX
KoJieOaHUi MOHUMAIOT MEPUO/] KoJiebaHuil Ha HU3MIeH YyacToTe (IIepBOil rapMOHUKE KOJICOaHHIA).

B mporiecce BuOpaiy BOJHBI MHOTOKPATHO OTPAXAIOTCS OT KPaeB KOHCTPYKIIMH, MECT COUICHCHHSI
Jerajeil 1 MecT KperuieHus1, 00pasys CI0KHYIO BOJHOBYIO KapTHHY.

VY 1apoM Ha3bIBAETCS KPATKOBPEMEHHBIN TEPEXOAHBIN MPOIECC ABUKEHHS TOYEK KOHCTPYKIMU BCIIEACTBHE
BHE3aITHOTO MMPUJIOKEHHsI BHEHIHUX Bo3aelcTBui. [Tociie yapa BOZHUKAET MPOIIECC 3aTyXarolieil BUOpanum.

JIluHeHHbIM YCKOPEHHEM HAa3bIBACTCS JOCTATOYHO [UTUTEIbHOE H3MEHEHHE CKOPOCTH KOHCTPYKIHH,
HarpuMep, MPH B3JIETE U MOCAJKE JIETATEILHOTO armapara. Jletanu KOHCTPYKIMKA BOCIIPUHUMAIOT 3TO BO3/eiiCTBUE
KaK CHJIy MHEPIMHU, PABHYIO IPOU3BE/ICHHIIO MAaCChl HA YCKOPEHHUE.

VYHUBEpPCAIBHBIX CPEACTB 3alUTHl alnaparypbl OT MEXaHWYECKUX Bo3jeicTBuil Her. Hukakue
aMOPTH3aTOPBI M JeMII(pEPHI HE 3aIlUINAIOT OT JIMTENLHBIX JIMHEHHBIX YCKOpeHUi. [lacCHBHBIE aMOPTH3aTOPEI, T.€.
YIIPYIUe 3JIEMEHTHI, YMEHBIIAIOT KOJIEOaHHs Ha BHICOKMX YacTOTAaX BUOPAIMH, @ HA HU3KHUX HE TOJBKO YMEHBINAIOT,
HO W MHOT/IA IaKe YCHIMBAIOT.

BecbMma MEpCHEKTUBHBIM CPEJCTBOM 3allUTHI OT BHOpANUil SIBISIOTCS TaK Ha3bIBAEMbIE AKTHBHBIE

CpeacCTBa. Ho u aktuBHEBIE CpCACTBa HE BCErja rnoMoraroT. HpI/I OOJIBIINX AMIUTUTyJax KOJ'IC6aHPII>i, MPEBLIITAMINX
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X0/ SIKOpsSI BUOpaTopa, 3aluTh He OyAeT U MOTYT BOSHUKHYTH yaapsl. KpoMe TOro, akTHBHAS 3alllUTa yBEIMIHUBACT
rabapuTHl U MacCy amlmaparypsl.

Takum 00pazoM, MOTHOCTBHIO 3aIIUTUTH ANMapaTypy OT YOapoB M BHOpAIiii HeBO3MOXKHO. KoHCTpyKITHs
JIOJDKHA caMa 110 ce0e BBIACPKUBATh HEKOTOPHIE MEXaHMYECKHE BO3ICHCTBHUSA, T.e. 00JIagaTh BUOPOIPOUHOCTHIO U
BUOPOYCTOIYMBOCTEIO.

MexaHnueckue BO3JEHCTBHS MOTYT IIepelaBaThCsl Ha ammaparypy pas3iuyHbIME IyTsmu. Ilpu
MPOEKTUPOBAHUH alMapaTyphl Yalle BCEro NPHUXOJUTCS YUYUTHIBATH BHEIIHUE BO3JCHCTBUSA, NepegaBacMble Ha
anmapaT co CTOPOHBI JIBMKYILIETOCSl 00OBEKTa uYepe3 MecTa KpeIUIeHHs armapara K oOBeKTy. DTH BO3JEHCTBUS
00brgHO M3BecTHB. OHM 3aMEpPAIOTCS Ha IBIKYIIUMCS OOBEKTE C MOMOINBIO JATYMKOB B T€X MECTaX, B KOTOPBIX
JIOJDKEH OBITH YCTAaHOBJICH IPOCKTUPYEMBIH ammapar.

MexaHIYeCcKHe BO3ICHCTBUS MOTYT II€pelaBaThCs HEMOCPEACTBEHHO Ha CTCHKH ammapara B BHIE
W3MEHECHHS MJaBIICHWA OKpPY)KAIOIIeTo BO3AyXa H BO3AyXa BHYTpPH ammapara. Hampumep, 3BYKOBBIE U
YIBTPa3BYKOBBIE KOJE€OaHWs BO3IyXa MOTYT BBI3BAaTh CIIOKHBIE KoJeOaHWs. OTH KoieOaHWs BO3HUKAIOT B
pe3ysbTaTe aKkyCTHYECKOTO BO3AeHCTBUA [2].

B mo6oM cimydae mpu MPOEKTHPOBAHWU BUOPONIPOYHON M BHOPOYCTOHYMBOM ammapaTyphl 3TH BHEIIHUE
MEXaHHYeCKHe BO3AEHCTBHUS JOIDKHBI OBITh 3aJaHbl. TpPYTHOCTH COCTOMT B TOM, YTO BHEIIHHE BO3JEHCTBHA
W3BECTHHI BCET/Ia TOJBKO MPHUOIMKEHHO, TOCKOJIIEKY HUKTO HE MOKET TOYHO CKa3aTh, KAKUM MMEHHO BO3ICHCTBHEM
Oyzer moaBepratsCcs MpOeKTHUpyeMas ammaparypa B Oyaymem. [1o3ToMy B TEXHHYECKOM 3aJlaHUH YKa3bIBAIOTCS
3aBEIOMO 3aBBHIIICHHBIC TPEOOBaHUS BHOPOMPOYHOCTH U BHOPOYCTOWYHBOCTH, KOTOPHIE HEOOXOIWMO BBIOJHSATH
UL 00ECTIeYCHHUS 3amaca MPOYHOCTH.

W3roroBneHHble MaKeThl MM OMBITHBIE O0pa3lbl KOHCTPYKIMH MOJBEPraioTCA HCIBITAaHUSAM Ha
CrelUaIbHOM O0OpYZIOBaHMHM, HAa KOTOPOM BOCIIPOM3BOJATCS BHELIHHWE BO3JCHCTBHS B COOTBETCTBUH C
TpeOOBaHUSIMH TEXHUUECKOTO 3aJaHUs U aHAIN3UPYIOTCS PE3YJIbTaThl HCIIBITAHUH.

[IpuunHO# BO3HUKHOBEHHWS BHOpanWil ammapaTypbl OOBIYHO OBIBAIOT KOJEOAaHHWS TOYECK KpPEIUICHUS
amnmaparypbl K 00pTy TPaHCIIOPTHOTO CPEJICTBA.

AMIUTHTY BT KOJIeOaHUIT 0OBIYHO U3MEPSFIOTCS C MTOMOIIBI0 JATYHKOB YCKOPEHHUSL.

YckopeHHe TpUHATO U3MEPATh KOID(UIIMEHTOM Teperpy3Ku n, a=ng, Te g — YCKOPEHHE CBOOOTHOTO
nanenus, paproe 9,81 m/c’.

Awmmutyna konebaHuit 4 CBsi3aHa ¢ aMIUIMTYAOH YCKOPEHHUS MPOCTHIM COOTHOIIEHHUEM a=Ao’, Tie o -
KpyroBasi 4acToTa koneOanuid. Eciu mepeiiTn k jiuHeiiHOW dactore f (B repuax) m usMeputb amruiutyay A (B
MUJUIUMETPAX), TO 3aBUCUMOCTb MEXIY aMIUTUTYION U MEPETPy3KOoi OYEeT UMETh BU/T A=250n/f2 .

Jns BO30YXKIEHUs B HCHBITYeMOW KOHCTPYKIHH TEPUONUYCCKUX KoJeOaHW 3aJaHHOH YacTOTH M
AMIUTUTYABI IPUMEHSIOTCS BHOPOCTEHIBI.

Jiis Bo30yXIeHHs B ammapaType BHOpanuii KpaTKOBPEMEHHBIMH yIAPHBIMH HMITYJTbCAMHU TPUMEHSFOTCS
yIapHBIC CTCHIBL.

JUis  WCTIBITaHUS ammapaToB Ha JAEHCTBHE JIUTENBHBIX IOCTOSHHBIX IIEPETPY30K TNPHUMEHSIOTCS
HeHTPHDYTH.

Ha cerogusimramii AeHs pa3paboTaHO MHOTO COBEPIICHHO Pa3IMYHBIX HNPUHIUIIOB pabOTHl BHOPOCTEHIOB,
YAapHBIX CTEHAOB M LIEHTPU(YT, OXBATHIBAIOIINX JIOBOJBHO IIMPOKYIO 00JIACTh PEKUMOB UCTIBITAHUIA.

B pamkax yueOHO# nccienoBaTeIbCcKOW paboThl IPOBOIUTCS N3yYEHNE BHIOB MEXaHUYECKUX IPOILIECCOB,
BO3HHMKAIOIUX B KOHCTPYKIHMSAX NPH BHEUIHUX M BHYTPEHHUX BO3JECHCTBUSIX, O3HAKOMIIEHHE C COBPEMEHHBIM

HUCHBITATCIIbHBIM O60py,Z[OBaHI/I€M, 06€CH€‘H/IB3IOIIII/IM NEPEUYNCIICHHBIC BUbL HCHLITaHHﬁ, paccMaTpuBacTCa METOJ
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aHaJIN3a JKECTKOCTHBIX XapaKTePUCTUK KOPITyCOB M3IEIHUN M MIPUCIIOCOOICHNH, HEOOXOANMBIX IS UX YCTaHOBKH Ha

HCHBITATCIIBHBIC CTCHABI ITIOCPEACTBOM YaCTOTHOTO aHAJIN3a B COBPEMCHHBIX CAD-cucremax.
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Bepunus [1.A.

Hayunsiit pyxoBogutens: Koctiouenko T.I'., noueHT, K.T.H.
HaunonaneHelil necaenoBaTenbekuil TOMCKUM NOIUTEXHUUECKUIT YHUBEPCUTET
Poccus, . Tomck, mp. Jlenuna, 30, 634050
E-mail: VeDiArk@gmail.com

TEMPERATURE TEST FOR SMALL SPACECRAFT CUBESAT
Vershinin D.A.
Scientific Supervisor: Assistant Professor, Ph.D., Kostychenko T.G.
Tomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050
E-mail: VeDiArk@gmail.com

Cogpementvle mexHON02UU — FNEKMPOHUKA U PAZTUYHBIE CUCTNEMbI OOCMUSAIOM NUKA C80el MOYHOCTU U
bvicmpodelicmaus MobKo 68 onpederéHHOM Ouanasone memnepamyp. s moeo, umobsl y3Hame KaKue OUanasonvl
memnepamyp  mpeOylom — pazluuHble  CUCTNEMbl U DJIeMEHMbl  INEeKMPOHUKU, CMOJCem U cucmema
mepmocmaduauzayuu obecneuums dMoOm OUANA30H NPOGOOAM MeMnepamypHvle UCHLIMANUA, A OlA d1eMEHMO8
KOCMUYECKOU MeXHUKU NPO8OOAMm mepMosaxyymuvle ucnvimanus. B modenv cnymunuxa CubeSat, paspabomanmyio
Ha kagheope mounozo npudopocmpoenus UHK TI1YV, mpebyemcs ycmanosums cucmemy mepmocmaduauzayuu, ons
IMUX yenel paccMampusaemcs u UCHbIMbIBAEMC 00HA U3 CYWECMEYIOUUX CUCTEM OXAAHCOCHUSL.

Current technologies - electronics and different systems reach their peak precision and optimal only in a
certain temperature range. In order to find out what temperature ranges require different systems and electronic
elements, whether thermal stabilization system will be able to provide this range of temperature tests carried out,
and for the elements of space technology need thermal vacuum tests. In the CubeSat satellite model, developed at
the Department of precision instrument-making, it is required to establish thermal stabilization system, for these
purposes, reviewed and tested one of the existing cooling systems.

OpuH M3 BO3MOXKHBIX BapUaHTOB cucTeMbl Tepmoctadmnn3aimu MKA CubeSat MoxxeT ObITH OCHOBaH Ha
WCIONIb30BaHuu panuatopa (puc.l)u kymnepa (puc.2), moIoOHBIX TeX, KOTOpbIE yCTaHABIMBAIOT B HOYTOykax. B
omoke ympasienus CubeSat B kauecTBe MHUKPOIPOIIECCOpPAa MOXKET OBITh HCIOJB30BaH mporieccop Intel Pentium
quadcore processor N3540 (2.66 GHz).B crathe mpeacTaBieHbl pe3yabTaThl TEMIIEPATYPHBIX UCTIBITAHUI CHCTEMBI
OXJIaXJICHUSI C HWCIOJNB30BaHUEM IIPEACTABICHHOTO Ipoleccopa. MaKCHMaFHO JOITyCTUMasi TeMIepaTrypa it
marHoro mporeccopa 100°C Cucrema OXNaXICHHS — ATIOMUHUCBBIA pagwaTop W KyJliep, YCTAaHOBJICHHBIA Ha
pammatope (pucyHkH 1 ¥ 2), KOHTaKTHas IUIOIIAAKa pajWaTopa M Ipoleccopa cMa3aHa Tepmomactoit. Llems

HCIBITAHUS -BBISBUTH BO3MOXXHOCTH TAaKOM CHCTEMEI OXJIaAXACHUA 00eceYnTh OTBOJ TCIJIa U HOAACPIKAHUC

TemrepaTypsl He 6osiee 80°C.

Puc. 1. 3D mooenu paduamopa u kyaepa
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Puc. 2. 3D modenv kynepa u paduamopa 6 coopke

Ipoueccop ¥ cHcTeMa OXJIAXKACHHS YCTAHABIUBAIOTCS B CTAMOHAPHBIA HOYTOYK, Ha KOTOPBIi
MpeIBapUTEIbHO YCTAHOBIICHA MPOrPaMMa, 3arpy’Karolias mporeccop.

Pabora mporeccopoB 0e3 Harpy3KH.

3amymieHa omnepanuonHas cucrema Windows 10, mporpaMMbl ¥ MPHIOKEHHS OTKIOYEHBI. 3arpys3ka
LEeHTpasibHOTO mporeccopa 0%, Temmeparypa sep Ipoieccopa HaxoaaTcs B nuamasone 49-57°C

C nomo1isio mporpammel 3arpy3ku npoueccopa «CPU Loading» mocreneHHO 3arpyaem Mmpo1eccop.

3arpyska X1:

3arpyska siiep nporeccopa: Temmnepatypa sinep npoueccopa
Snpo 1: 39.1%; Snpo 1: 58 °C;

Snpo 2: 29,7%; Anpo 2: 58 °C;

Snpo 3:39,1% ; SAnpo 3: 61 °C;

Snpo 4: 45,3%; Anpo 4: 61 °C;

O6mas 3arpy3ka nporeccopa 38.3%

3arpyska X7:

LI 3arpyxen Ha 100%, Temneparypa siiep npoiieccopa mocruraet 73°C.

3arpyska siiep nporeccopa: Temneparypa sijiep npoieccopa
Snpo 1: 100%; Snpo 1: 70 °C;

Snpo 2: 100%; Anpo 2: 71 °C;

Snpo 3: 100%; Anpo 3:72°C;

Snpo 4: 100%; Snpo 4: 72 °C;

O6mas 3arpyska nporeccopa 100%.

IIpu 3arpy3ke X2-X6 TemmepaTypa MOBBIIIAETCS B COOTBETCTBHU C 3arpy3Koil siep, TeMmieparypa He
npeseimaet 70°C.IIpu 3aganuu Harpy3ku npoieccopa B pasmepe X8, X9, X10 3aMeTHBIX TeMICPaTyPHBIX OTIHYHUI
He HaOmoaeTcs, TeMIeparypa siiep nporeccopa cocrasiser 71+2°C.

ITpn pe3koM OTKIIIOUEHHMH HArpy3KH CHCTEMa pe3KOo cOpachiBaeT TemrepaTypy no pabouedr 61°C. Bpems
yCTaHOBIICHHs paboueii Temneparypsl 78 CeKyH[I.

OKcnepyMEHTalbHasi TPOBEPKa  IOJATBEPXKAAET  PabOTOCIIOCOOHOCTH  INPEICTaBICHHOW — CHCTEMBI
OXJIaXJEHUs, sIpa TMpoleccopa HE MpeBbIcIM TemnepaTypHelii mopor 80°C. DTo TOBOPHUT O TOM, YTO
MpEACTaBICHHAs CHCTeMa OXJaXAeHus (KyJaep + paaumaTop) NPHUrogHA Ui HCIOJNB30BAaHHMS B BO3TYLNIHOM

npoctpadcTBe. Ho B yCIOBHSX BakyyMma JaHHas CHCTEMa OXJIAXICHHA OyaeT MMETh MEHbBIIyIo Terootaady. Ilo
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3TOH MpHUYHMHE CIEIyeT IMPOBECTH TEPMOBAKYyMHBIC HCIBITaHUS. /Il TaKMX MCHBITAHUHN TpeOyeTcs CreruaibHas
ycraHoBka. Hanpumep, B KeBCKOM MOJMTEXHUYECKOM HHCTHTYTE UCIOIB3YIOT TAKYIO YCTAHOBKY AJISI HCTIBITAHUS
MaJIoro KocMmdeckoro ammapara tuama CubeSat pasmepom U1[1].

Jnst IpoBeAEHNS TEPMOBAKYYMHBIX UCIIBITAHWH MaJIOTO KOCMHUYECKOTO amlapaTa ¥ BOCCO3AaHHs YCIOBUI
BO3JICHCTBHSI 3€MHOTO M COJHEYHOI'O M3JIy4eHHH HcIojb30Balics jadbopatopusiii ctenn TBK-0,12. CtpykrypHas

cxeMma, oo Bua u nonoxxenrne MKA yka3zaHbl Ha pUCYHKe 3.

Puc. 3. Obwuii 6uo cmenoa TBK-0,12 (a), noroocenue MKA 6 xamepe (6)
U CIMPYKMYPHO DYHKYUOHATLHAS CXeMa (8):
1 — saxyymuas xamepa; 2 — MKA; 3 — kpuocennasn cucmema; 4 — U3HU;
5 — UCH; 6 — onopno-nogsopommoe ycmpoucmeo

Crenn s TepMoBakyyMHbIX ucnbiTaHuil TBK-0,12 cocTouT M3 cleaylOIMX OCHOBHBIX 3JIEMEHTOB:
BaKyyMHas kamepa |, KpuoreHHas cuctema 3, mMuTatop 3eMHoro minydenus (M3U) 4, mMuTaTop COTHEYHOTO
manydenuss (MCH) 5. Hdna wu3MmepeHus Temmepatrypsl s3i1eMeHToB MKA U KpHO3KpaHOB MpHUMEHsUIMCH 14
MHUHHATIOPHBIX KOHTaKTHBIX JaTYMKOB. JlaHHBIE pErHCTPUPOBAIMCH M 00pabaThIBaJIMCh ABTOMATU3UPOBAHHOM
MHOT'OKaHaJIbHOM CUCTEMOI U3MEpEeHUs TeMIIePaTyphl.

Pe3ynbTaThl M3MEpeHUs TeMIepaTypsl IMOBEpXHOCTeH »sieMeHToB MKA 111 BTOpPOrO M TpeThero
OpOUTANBbHBIX BUTKOB MOKa3aHbI HA pucyHkax4 u 5.Ha pucyHke4 BHIHO M3MEHEHHE TeMIIepaTyphbl MOBEPXHOCTEH
rpaneit [ u III. Kak m oxwumanoch, Temreparypa IMOBEPXHOCTeH ObLIa HaWMEHBIIEH cpa3y Iocie OKOHYaHHS
«reHeBoro» pexnma (ot —23 o —32°C), a HanOombmas (—5°C) — Ha rpanu | npu Haxoxxgernu MKA B touke C —
Ha «COJIHEUHOMH» cTopoHe. Ha pucynkeS npuBeneHs! rpadKu U3MEHEHUS] BO BPEMEHH TEMIIEPaTypPhl 3JIeKTPOHHON
anmapatrypsl MKA, mpencraBineHsl rpaduKd CIEAYIOIIHE 3JIEMEHTOB: MHUKPOKOHTPOJUIEPHI IUIATHI 00pabOTKH
nmaaebIx (T3) u mnater cucteMsl Tenemetpun (T4), cucteMsl sHEproodecedeHus - akkyMyJsiTopHsie 6atapen (T6) u

MUKPOKOHTPOJUIEPHI MIaThl 3Heproodecnedenus (TS) [1].
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Bpems, a:MuH:C
Puc. 5. U3menenue 6o epemenu memnepamypbi 51eMeHMO8 INeKMPOHHOU
annapamypbel Ha 6MOPOM U MpemvemM UMKax
Takum 00pa3oM, JJaHHAsE METO/IMKA MO3BOJISET IMPOBECTH TEPMOBAaKyyMHbIC HCIIBITaHUs. VCHbITaTeIbHBINR
CTEHJI KOPPEKTHO CTPOUT (PAKTOPhI KOCMHUUYECKOTO MPOCTPAHCTBA. B X0Jie TEOPETHUECKOTO MCCIIe0BaHUs JaHHOTO
METoJla OTKJIOHEHHH OT TpeOyeMbIX IHMala3oHOB TeMIlepaTyp He HaOmoaanoch. sl MCIBITAHUS CHCTEMBI

tepmoctabmnmzarmu  MKA, paspaboransoro Ha kadempe TIIC, menecooOpa3HO WCIOIb30BAHUE IOA0OHOM

YCTaHOBKH.
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Obcyacoatomes cnocobwl opuenmayuu cnymuuxos. Kax naubonee nooxooawue 015 MAIbiX CHYMHUKOS,
Komopble UHMEHCUBHO Pa36uaromcs 8 nociedHee 8peMs, PACCMOMpenvbl NACCUBHblE CUCTNEMbl OpPUEeHMAYyUU,
mpebyiowue Mmouno20 NpedeapumenbHo20 aHAIu3a OUHAMUKU. B kauecmee camoti onmumanbHol NACCUSHOTU
cuUCmeMot OpueHmayuy 63ama pasumayuonHas cucmema opuenmayuu. Onucan npuHyun Oetcmeusi OAHHOU
cucmembl OpUeHmMayuy U NPeosapumenbHas KOMROHOBKA CNYMHUKA C SMOU CUCTHEMOU.

Ways of orientation of satellites are discussed. As the most suitable for small satellites which intensively
develop recently are considered the passive navigation systems demanding the exact preliminary analysis of
dynamics. As the most optimum passive navigation system the gravitational navigation system is taken. The
principle of operation of this navigation system and preliminary configuration of the satellite with this system is
described.

OaHMM W3 TIABHBIX 3a7]a4, B KOTOPOW HEOOXOJMMO HAXOWTh PCIICHHE IMOYTH YTO B TCUYCHUE BCETO
HCIIOJIb30BaHUsI B KOCMOCE MCKYCCTBEHHBIX CIIYTHHKOB, SIBJISETCS OOECIICUCHHE WX OMPEICIICHHOrO 3aJaHHOIrO
yriaoBoro nBmkeHHs. KocMuyeckoMmy ammapary 3aJacTcs OIpPECICHHOS YIJIOBOC JBUXKCHHE OTHOCHTEIBHO
3aJJaHHBIX OPHEHTUPOB MMOBOPOTOM BOKPYT IIEHTpa Macc. B kauecTBe MaHHBIX OPHEHTHPOB HCIONB3YIOT BUAUMBIC
HeOeCHBbIC M Ha3eMHbIE 00BEKTHI (Takue Kak 3BE3/b1, CONHIIE, JIMHUS TOPU30HTA) MM HAMPABICHUS B MPOCTPAHCTBE
(Takue Kak MeCTHas BEpTHKajb, BEKTOP HAMPSHKEHHOCTH T€OMArHUTHOTO MOJIsI, BEKTOP CKOPOCTH HaOEraroInero
MOTOKA BO3/yXa), KOTOPbIE BO3MOXHO H3MepUTh mnpubopamu. [Ipu 3TOM KOCMHUYECKH ammapar, K MpHUMEpY,
HIDKHEH 4acThi0 KOpPITyca, Ha KOTOPOM 3aKPEIUICHBI aHTCHHA HAIIPABJICHHOTO JACUCTBHUS U OOBEKTHB BHACOKAMEPHI,
B TCUCHME BCETO MCIIOJIh30BAHUS TOJHKECH ObITh HAMPABJICH HA IICHTP 3eMJIH.

Jyist cTaOMJIBHOTO W MPAaBHIBHOTO (DYHKIIMOHHPOBAHUS, MaJIbIii KOCMUYECKUHN ammnapaT Ha OpOHTe JODKEH
UMETh OIMPEJEICHHOE YIIIOBOE JBIKEHHE OTHOCUTENHbHO 3emud. [Ijisi cTabMiM3aliiid MCKYCCTBEHHOTO CIyTHHKA
3eMII MCIIOJIB3YIOTCS IBA THIIA CUCTEM OPHUCHTALMK: MACCUBHAS M aKTUBHAs. [10CKOJIbKY K MalbiM KOCMHUYECKHM
anmnapaTaM HpeIbsIBISIFOTCS J0CTATOYHO JKECTKHUE TPEOOBaHHS K MAacce M KOMITAKTHOCTH, TO UCIOJIb30BAHUE HA HUX
AKTHBHOW CHUCTEMBI CTAOWIIU3AIMU MPUBOJUT K 3HAYUTEILHOMY YBEIHUUYCHUIO MACCHI KOHCTPYKIMH U rabapuToB
CaMoro CIyTHHKA, & TaK e CIYTHHUK MPHUICTCS OCHAIATh JOMOJHUTEIbHBIMUA HCTOYHHKAMHK dHEpruu. IlaccuBHbIC
METO/bI CTAOMIU3AIMK PA3IMYalOTCS B TOM, YTO HE TPEOYIOT OOJIBIIMX 3aIacoB JOMOJHUTEILHOW SHEPTHU Ha
0OpTY KOCMHYECKOro armmapara. B HacTosIiee BpeMs CaMO€ IIHPOKOE HCIOJb30BAaHHE HMMEIOT CIICAYIOIINE
MACCUBHBIC CHUCTEMbI OpPWCHTAIUMH [l]: rpaBUTALMOHHAS, adPOAMHAMHYCCKAs, TABICHHEM COJHEUYHBIX Jyded Hu
BpaIlCHUEM.

[ToCcKONBKY CITyTHUK MMEET Mayble Ta0apuThl, BIUSHUE HA HETO CO CTOPOHBI adpOJHHAMUYCCKUX CHI U
JTABJICHUS CONTHEYHBIX Jy4ed mano. CTaOmim3amus BpalleHHEeM TaK Xe OyIeT MMeTh Malblii d((deKT I Takux
pa3mepoB. B OONBIIMHCTBE CiydacB OHAa MPUMEHSETCS BMECTE C aKTHBHBIMH MeTojgamu. ONTHMaNbHO Oyner

HCII0JIb30BAaTh T'PABUTAIIMOHHYIO CUCTEMY CTa6I/IJ'II/ISaI_H/II/I. rpaBI/ITaHI/IOHHaH CcucreMa OpUCHTAllMUM OCHOBaHa Ha
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HCIIOJIb30BaAHUU T'PABUTAIIMOHHOI'O MOMEHTA U OPUEHTHUPYET OAHY W3 0ocel KOCMHYECKOTO armapara 1o MECTHOM

3eMHOW BEPTHUKAIH, IPUIEM, OTHOBPEMEHHO C 3TUM MOXXHO OPHEHTHPOBATH JIBE IPYTHE OCH.

B ocHOBHOM »jeMEeHTOM FpaBI/ITaHHOHHOﬁ CHUCTEMBI OPHUCHTAIIUU SBJIACTCA TPaBUTAllMOHHAs MITAaHTA.

MaTepHan, W3 KOTOPOTO JIy4HI€ BCETO CACIATh T'PABUTAIIMOHHYIO MITAHT'Y, JOJIKEH OBITh BBIMIOJIHEH U3 MarHUEBOTO

CIlJIaBa. J:[aHHLIfI BUJ CIlJIaBa UMCCT pAd NPEUMYIIECTB, KOTOPLIC HeO6X0[[I/IMO Y4€CTh B CO3JaHNN FpaBHTaHHOHHOﬁ

ITaHTWU JJId MKA. Kak TOBOPWJIOCH paHCC, M1 MAJIbIX KOCMUYECKHUX almnaparoB MNPAKTUYCCKU CaMbIM BaKHBIM

Tpe6OBaHI/IeM ABJIACTCA JICTKOCTH CaMOI'0 CIIyTHHUKA. B nacrosmiee BpEMA MarHHUEBBIN CIIaB INHUPOKO HUCHOJIB3YCTCA

B COBPCMCHHBIX o6opyz[013aHH>1x, B IICPBYIO O4YEpECIb, 3a CYUET HU3KOU MJIOTHOCTH, KOTOpas AacT CYLIECTBECHHO

IIOHM3UTh BEC HM3ICIHN U KOHCTPYKIIUH. K 0co60 oTauuuTenbHBIM (I)I/IBI/I‘ICCKI/IM CBOMCTBAM MAarHHEBOI'O CILJIaBa

OTHOCHTCSI MX CHOCOOHOCTH A(PEKTHBHO MOTIOMIATh YHpyrue KojeOaHus (memmdupyromas crocoOHOCTE), YTO

obecrieunBaeT OOJNBITYI0 YCTOMYMBOCTE NP yJapHBIX Harpy3Kax W CHIDKAET YyBCTBHUTEIBHOCTh K BO3HUKHOBEHHIO

PE30HAHCHBIX SBICHUI [2].

Ha xonue I'lll pacnionoxena TokoBasi KaTyIIKA.

Beidbuxsie quauHds

_?ﬂEKmﬁBMHZHUﬂ?Hﬂﬁ Kamyuwka

Puc. 1. [lonoxcenus epasumayuonHou wimaneu: a) 6 pabouem pesicume, 6) 8 COOPaHHOM 8uOe

JlaHHOE WCIONHEHHWE INTAaHTH MpegIokeHo i MukpocnyTHuka «HOSAT» m «SSTL» yHuBepcutera

rpadctBa Cyppeii.

Tabaputabie pazmeps! ['1 npeacraBieHsl Ha pUCYHKE 2

94

194

690

$70

180

160

160

60

$50
[ 40

30

[Mpuaumn  pabotsr

Puc. 2. I'nbapumnvie pazmepor I'II1

r‘paBHTaHHOHHOﬁ CHUCTEMBI

b 40

OpUCHTAallMM JOBOJIbHO HWHTEPECCH!

Ipu  BBIBOAC

KOCMHUYECKOro armapara Ha COJHCYHO-CMHXPOHHYIO Op6I/ITy, MEXaHHU3M 6J'IOKI/IpOBO‘{HOFO 3aMKa (KOTOpLIﬁ
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yIEpKHMBAET TPABUTALMOHHYIO ITAHTY B COOPAHHOM ITOJIOKECHUH) IPUBOAUTCS B ICHCTBUE PHU TOMOIIY MOJAYH HA
HETO JJICKTPHYECKOTO TOKA, TEM CaMbIM pACIUIABISIETCS JICTKOIUIABKMM 3JEMEHT M 3aMOK pPa30IOKHpyeTcs.
[Ipy>XMHHBII MEXaHW3M BBITAJIKMBACT TPABUTAIMOHHYIO INTAaHTy HA 3apaHee pPACCUUTAHHYIO BEIHIHHY
(hoKyCcCHpPOBKH (COTIIACOBaHUE C paccTosHHEM (DOKycHpoBKH). Ha TOKOBYIO KaTyIIKy mojaeTcsi TOK, B pe3yibTaTe
Yero yCHJIMBAaeTCs JEHCTBHE TI'PAaBUTAIlMOHHOTO MOMEHTa B3aMMOJCHCTBHS TOKa C MarHUTHBIM TOJIEM 3eMId
co3JaBasi TeM CaMbIM HEOOXOJMMBIN 10 BEJIIMYMHE YIPABIISIOIUI MOMEHT, TPaBUTALMOHHAS ITAaHra OPHEHTHPYET
anmnaparypy 30HAMPOBaHUS Ha LeHTp 3eMiH [3].

KoHcTpykuus kopiryca, B KOTOPOM OyIyT PacIoJIOKEHBI BCE KOMIIOHEHTHI CITyTHHKA, OylIeT UMETh opMy
Ky0a. ['abaputsl kopryca He ZODKHBI peBbimath 400 MM (mmHA, mupuHA U BeIcoTa). ComHeuHbIe OaTtapen OymayT
umetsb popmy nBetka. Onaa Chb Oyzet HaXOOUTHCS HETIOCPEACTBEHHO Ha onHOU U3 rpaneit MKA, octansable ke Chb
OymyT HaxomUTHCS 1O 4 CTOpPOHAM TPaHHU, Ha KOTOPOH OyJeT yCTaHOBJIEHA HETOCPEICTBEHHO OJHA M3 COTHEYHBIX
Oarapeii. [laTunk cosHIa OyZeT ycTaHOBJICH B IEHTpPE TPaHU, HA KOTOpor OymyT ycranoieHsl Bce Chb. Bremmnit

BUJ JAHHOTO CITYTHUKA NPEACTABJICH HAa PUCYHKE 3.

Puc. 3. Koncmpyrkyus kopnyca cnymuuxa
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CALCULATION OF SPEED CASTING INTO MOLDS
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Paccmompena 6o3mooicHocmv  pacuema ckopocmu  3aau6Ku Memanna O JUMHUKOBOU CUCTEMbl C
ucnonvzoganuem T-Flex CAD. Ilpoexmupoganue IUMHUKOBBIX CUCMEM — CIOXMCHAA Npobiemd, Om peuieHus
KOMOpOU 3a8Ucum Kauecmeo 0emanell, U320MoBIeHHbIX TUMbEM U CPOKU NPOU3800CmEa. Imum onpeoeisemcs ee
axmyanvHocmb. OOHUM U3 BAJICHBIX NAPAMEMPOE TUMHUKOBLIX CUCMEM S6IAEMCsl CKOpOCmb 3aausku. B cmamoe
npeonazaemcs OOUH U3 Rymeii paciema cKOpoCmu 3aaugku ¢ ucnonvzosanuem cucmemvt T-Flex CAD.

The possibility of calculation of speed gating mold by metal using for creation of gating system T-Flex
CAD is considered. Designing gating systems is a complex problem, the solution of which depends on the quality of
parts made by casting and production time. This determines its relevance. One of the important parameters is the
pouring systems gating rate. The article suggests a way of calculating the fill rate using the system T-Flex CAD.

OnmanM n3 Hanbosee 3(P(HEKTHBHBIX CHOCOOOB CO3IAHUS KOPIYCHBIX JETaJICH YCTPOHCTB KOCMHYECKOTO
Ha3HA4YeHUs sBIAeTCA JUTHE. JIMTeiiHOE NMPOM3BOICTBO — 3TO CIIOKHBIM TEXHOJIOTHYECKUH IPOIECcC, KOTOPBII
3aKJIFOYaeTCsl B M3TOTOBJICHHM JeTajedl MyTEM 3aJIMBKH PACIUIaBICHHOTO MeTaia B (OpMy, I/ie OH IOCTEIIEHHO
OXJIQKIAeTCs U 3aTBepieBaeT. B pe3ynbraTe mojydaeTcs OTIMBKA — YK€ FOTOBas AETallb UM 3ar0TOBKA, KOTOPYIO
HEOOXOIUMO B JalbHEHIIIEM MEXaHUYCCKH 00paboTaTh.

CaMpIM pacmpoCTpaHEHHBIM CPEACTBOM IUIS MpOLECcCca JIMThS SBIAIOTCS JINTHUKOBBIE CHCTEMBL.
JINTHUKOBBIE CHCTEMBI — 3TO COBOKYITHOCTH KaHAJOB M IOJIOCTEH B (popMme, B KOTOPBIE T10J] IaBICHUEM I10JIACTCs
KUIKUH MeTail. [IpoekTHpoBaHWE NaHHBIX CHUCTEM SBISETCS TPYJOEMKHM M CIOKHBIM IIPOIIECCOM, B KOTOPOM
YUHUTBIBAaETCS MHOTO (haKTOpOB (TeoMeTpryeckue GopMbl U pa3Mephl, CBOHCTBA OTIIMBKH, KOTOPBIE XOTHM ITOJyYHTh
u T.1.). [HodtoMy ¢ pasButHeM HH(DOPMALMOHHBIX TEXHOJIOTHH I1e7eco00pa3HO NPOEKTHPOBATh JIMTHUKOBBIC
CHCTEMBI C TOMOIMIBIO MporpaMMHbBIX makeroB (CAD-cuctem), B KOTOPBIX MOYKHO Y4YeCTh Ba)KHBIE MAJIS JIUThHS
(hakTOpHI.

CKOpOCTh 3JIMBKH CUMTAETCSI BKHEHWIIIMM TEXHOJIOTUYECKHM (paKTOPOM, KOTOPBIH OINpEJessieT CBOMCTBa
Oynmymied feTanu WM 3arOTOBKH: KadeCTBO MOBEPXHOCTH, CTPYKTYPY, OTHOPOAHOCTb. DTOT MapaMeTp 3aBHUCUT OT
MHO)KECTBA COITYTCTBYIOIINX 3aluBKE (PaKkTOpoB. TaKMMH NETEPMHHAHTAMH SIBISIOTCS T€OMETPHUYECKHE pa3Mephl
KaHaJIOB M TIOJIOCTeH (OpMBI, psi  TemIopu3HMYeckuX (aKTOpOB pACIUIaBICHHOTO MeTaia W (hOpMBI,
THpaBJIMYECKHE CBOWCTBA CHCTEMbI U Apyrue. Camoe BaXXHOE, C IIOMOIIBIO YeTo JTOOMBAIOTCS KeIaeMOH CKOPOCTH
3aMuBKH (110 (hakTy, MOABEM PACIUIABICHHOTO METauIa MO MOJIOCTH (OPMEBI), ITO TeOMeTprudeckne pasmepsl. OHI
3aKJIaJbIBAIOTCSl Ha CAMOM HAa4yallbHOM JTale MPOCKTUPOBAHUS JMTHUKOBOH CHUCTEMbI. DTa 3a/iadya 3HAYMTENILHO
obiier4aercss C NPUMEHEHHEM CHCTEM aBTOMATH3MPOBAaHHOTO IMPOSKTHPOBAHUS, HMEIOLIUX  CPEACTBa
napameTpuzanui. B mapamerpuueckoit CAD-cucreme MoJenb CO3[JaeTcsl 3aBEAOMO TaK, YTO TE€OMETPUYECKHUE
pa3sMepbl 3aBUCAT Jpyr OT Jpyra. IIpy W3MEHEHMHM OJHOTO W3 TE€OMETPHYECKHX I1apaMETPOB MOJHOCTHIO

nepecuuTsiBaeTcs Bes 3D-Moens.
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OCHOBHBIM BBIP2)KEHHEM, CBS3BIBAIONINM MEXIy coOOH HeoOXOAMMbIE FeéOMETPHYECKHE MapaMeTphl I
pacuéTa CKOpOCTH 3aJIUBKH, ABIseTCA Kputepwii Peitnonbaca [1]:
4vR  uvd
_—_——— = — 5
v v

R

e

rae R — THApaBIMYeCKUA paguyc KaHajla B paccMaTpruBaeMoM cedeHnd (R = F/P, rae F— miomazs )KHBOTO CEUCHUS
10TOKa, M 1 P— CMOUCHHBII MePUMETp KaHama, M); D — CPE/IHSS [0 CEUCHHIO KaHAIa CKOPOCTh IBHIKEHHS METAIIA,
M/c; d — epuMeTp KaHana, M; v — Ko3(HIMeHT KHHeMATHIECKOH BI3KOCTH PacIuIaBa, M°/c.

[Mapamerpuueckas CAD-cucrema T-Flex CAD mo3BoseT BKIIOYHTH Pacy€T XapaKTEPUCTHUK, 3aBUCSIIIX
OT TeOMETPUHM MOAEIH, MPSIMO «BHYTPh» 3D-Mozenu MM uyepTexa, UCIONb3ys TaKoe CPeACTBO, Kak Pemakrop
MePEMEHHBIX.

Ecmu B mapamerpudeckyro 3D-Mo/eIb TUTHUKOBON CHCTEMBI BKIIFOYHTE (OPMYIY JIJIsl pacueTa CKOPOCTH
3aJMBKM 4epe3 KpuTepuil PelHombica, TO MpH M3MEHEHHH T€OMETPUIECKUX Pa3sMEpPOB CKOPOCTh 3aIMBKH TAKKE

NIEPECUYNUTACTCA.

Puc. 1. 3D-mo0env Kpvluiku pecugepa ¢ TUMHUKOBOU CUCEMOTU

MnoTHOCTS! ‘Li | krjom3)
Mpeaen Npo4HOCTH Ha paspoiB: | 399,826 < Hf(m32)
Mpeaen npouHocTH Ha OkaThe:  399.826 3 HimY)
Mpenen TexydecTi: 220.594 %1 Hi(m2)
YaenLHas TennoSMKoCTL: 440 1 Bxjcrerpan)
3aKOH YCTanocTu: He 3aaaH v Cospats
CrpyKTypa MaTepuana: MsoTponHeii i
Moayne ynpyrocTu: 210000 | Hj(wm2)
Kosddwiysert MyaccoHa: 0.28 =
Moayne casura: 0 3 H/(pm2)
Kosd. meiiroro pacwmperma: | 1.3e-005 5+ 1frpan
TennonpoBoAHOCTs: 0.043 3 Batt/(merpan)

EauHiusl usmepeHns
Cuctema: MonssosaTens v | Cunbi: HbloTOHbI v
Anvrst: | MannuMeTpel v TemnepaTypol: paaycsi Liensons ™
Maccei: | Kunorpammsl b

OK OTmMena

Puc. 2. Oxno csoticmeé mamepuanos ¢ T-FlexCAD
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T-Flex CAD ob6namaer obmupHO# 6ubmmuoTtexoit marepuanion. [lpu cozmannu 3D-Mozaenu ro00# mpetanu
JUTsl He€ BBIOMpaeTcss Matepuan u3 oubnuorexku. Ha puc.2 mpuBeneHa TabauIa co CBOMCTBAaMH MaTepHaja «CTallb»
n3 6ubmmorexkn T-Flex CAD. OcHoOBHBIE CBOICTBa MarepHana — IUIOTHOCTH, IpeAessl MPOYHOCTH Ha Pa3phbiB H
c)KaTue, TpesieN TeKy9eCTH, YAelbHas TeII0eMKOCTh, MOAYJIb yIIpyrocTH, ko dunueHT [lyaccona, ko dummeHT
JIMHEHHOTO PaCIIUPEHUSL.

bubnuorexka matepuanoB B T-Flex oTkpbiTa M MOXeT OBITh INOMNOJHEHAa MaTepHajaMH, Al KOTOPOTO
MOXHO 33aTh HEOOXOJMMbIE XapakTepucTHKH. [Ipu HeoOxoaumocTu B Oubnnorexy T-Flex MoryT ObITh BHECEHBI
XapaKTEePUCTUKU PacIUIaBICHHOTO Marepuana i JalbHEHIIero ONpeAeseHust ero BA3KOCTH, HEOOXOIUMOM mpu
pacdeTe CKOpOCTH 3aJIUBKH [2].

Takum o6pazom, ecin mapameTpudeckast 3D-Momens TUTHUKOBON cucTeMbl Oynet co3gana B T-Flex CAD,
TO 3TO JaeT BO3MOXKHOCTh HPH H3MEHEHHH I'€OMETPHYECKHX IapaMeTpPOB JIMTHHUKOBOH CHCTEMBI HE TOJBKO

MOY4YUTh €€ U3MEHEHHYI0 3D-Mozens, HO M aBTOMaTHYECKH MIEPECYNTHIBATh CKOPOCTD 3JIMBKH METAJIA B OpMYy.
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SYSTEM MANAGEMENT OF SUPPLY WITH USE THE SOLAR BATTERY
Zhaparova A.T., Kvasov A.L., Baklanov A.E.
D. Serikbayev East Kazakhstan State Technical University
Republic of Kazakhstan, Uct-Kamenogorsk, Protozanov Street, 69, 070004
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B oOannoii cmamve paccmampusaemcs 603MOICHOCHb UCHONIb306AHUU CONIHEYHOU bamapeli 6 cucmeme
9eKMPOCHADIICEHUs.  ABMOHOMHO20 00veKma, a makdce npumenenue Ssmart MexHono2uy (UCHONb306AHUE
HU3KOBOALMHO20 — HANpAdCEHUs. 6 cucmeme oceewenus). Ilpusedena cmpykmypuas cxema cucmembvl
NEKMPOCHADICEHUS. U NOCMPOEHA UMUMAYUOHHAs Modenb 6 nakeme MatLab. Umumayuonnas modens cucmemvl
INEKMPOCHADICEHUS NO3BONACM PE2YIUPOBAMb NAPAMEMPbI CONHEUHOU U AKKYMYIAMOPHOU bamapeu.

This paper considers possibility use solar 6amapeti in system of supply of the autonomous object, as well as
using smart technologies (use low-voltage voltages in system of the illumination). It Is Brought structured system
scheme of supply and is built simulation model in package Matlab. Simulation system model of supply allows to
adjust parameters solar and storage battery

IMocTosiHHOE yBeJIMUEHHE CTOMMOCTH 3JIEKTPOIHEPTHH, UCKOMAEMBIX SHEPreTHUECKUX PECYPCOB U MPU HX

HUCIIOJIB30BAHUHU  BO3HHUKAKIIHWEC 3KOJIOTHUYCCKHEC l'lpO6J'leMBI, NMPUBOJIAT K  YBCIWYCHUIO  HUCIIOJIB30BaHUA

BO300HOBJISIEMBIX HCTOYHUKOB OHEPruuv U NpeaAnoOvYTECHNUE OTAACTC COJTHCUHBIM 6aTape$1M.
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Ha pmamnoe Bpemst mpeoOpa3oBaHME COJNHEYHONH OSHEPTHM B DJICKTPHUUECKYIO SBISETCS AaKTHBHO
Pa3BUBAIOIIMM HAIPaBJICHUEM aJbTePHATUBHON dSHepreTWku. COJHEYHAs JHEPTUsl ABISCTCS BO300HOBISIEMBIM
HCTOYHHUKOM SHEPTHHU U 001a1aeT Oe3rpaHIIHBIMA PECYPCAMH.

Vcnonp30BaHNEe COBPEMEHHBIX MATEMAaTHUYSCKHX amllapaToB M MaTEeMAaTHYECKHX IMIPOTpaMM ITO3BOJET C
UMHTHPOBATh U CHPOTHO3UPOBATH Pa0dOTY CIOXKHBIX cHcTeM. B naHHOW paboTe paccMaTpuBaeTcsi MOJIEIIUPOBaHKE
JNEKTPUYECKUX CHCTEM BXOJAIUX B makere MatlLab BusyambHOro moaenuposanus Simulink u Simpowersystems.
JIOCTOMHCTBOM ~ WCIIOJIb30BaHMSI JIAHHOW NPOrpaMMBl  SIBISIETCS. COYETAaHHE METOAOB CTPYKTYpHOTO U
MMHTAIMOHHOTO MOJICIMPOBAHMsI, U TaKOH MojaxoJ] obecneynBaeT TMOKOCTh CHCTEMBI MOJ pa3padaThIBaeMyIO
MO/IeITb, 3HAYUTEIHHO YIPOIIAST MOJIENb, CIIEIOBATEIHHO ITOBBIIIAET CKOPOCTH BEIYHNCIICHHUH.

MopgenmupoBaHue  CHCTEMBI  DHEProoOecredeHMs aBTOHOMHOTO — JKHIJIOTO — IIO3BOJIUT  YIIPABISATH
XapaKTepUCTHKAMU COJHEYHOH W aKKyMYJSATOpDHOW Oarapew, YIpaBICHHS CHCTEMBI aBTOHOMHOTO OOBEKTa,
paccMOTpeTh CHCTEMY PHEPTroO0eCIICYeHHUS B PA3INIHBIX PEKIMaX.

VYnpaenenue paboTol CONHEYHOH OaTapen MHONYYWIIO LIMPOKOE PACHpPOCTpaHEHHE, HO YIpaBJICHHE W
KOHTPOJIb 3JICKTPUYECKOM CXeMOW B HACTOsIEe BpeMs HE PacCMOTpeHO. B maHHON paboTe MBI mpejiaraem
yIpaBJIeHUE CHCTeMOH anekTpocHabxkeHus. ['eHeparopom suepriun COC siBisieTcs: conHevHas Oarapes. Cucremy
YIpaBJIEHUS CUCTEMOH 3HeprooOecrneueHusl aBTOHOMHOTO O0BEKTa C HCIOJIb30BaHMEM smart TeXHOJIOTHH Janee
MIPUBOIUTHCS KaK KOMIUIEKC YIIPAaBICHHUS CHCTEMOM dHeprooodectedeHus [ 1-4].

Takast cTpykTypa ele He NCIOIh30BaIach B CHCTEME AIIEKTPOCHA0KCHNUS, TOITOMY MBI €€ HCCIIeIOBAIH C
MOMOIIBI0 MMHUTAIIMOHHON Momenu. CTpyKTypa TakoW MOJIENH TpEACTaBlicHa Ha PHCYHKEe |, OHa BKITIOYaeT
CIICIYIOIINE IIEMEHTHI OJI0K — 3aaTYHK, COTHEUHAs OaTapesi, akKyMyJITOpHas OaTapesi U CHCTEMY yIpaBiieHus.. B
CTPYKTYpE UMEIOTCS YeThIpe aKKyMYJIATOPHBIX Oaraped, KOTOpble 00pa3yloT OOIIyI0 IMIMHY, M3MEHSIOLIEHCS I10
BpeMeHu. [laHHas cucTeMa INpeJHa3HaueHa sl oOecredyeHHs JHEprueil aBTOHOMHBIH OOBEKT B TpedyeMoM

konuuecTse [1-4].

IcponK(t) o

L LcpimK(t)
Lab1 Lak2
2 L Y y N 7’
== H T
| il I
K(t) T, = 2‘?
iAB1 irg
Uast U
3 AB2
m
4 N -

Puc. 1. CmpykmypHas cxema cucmemvl I3Hep2oobecneyeHus agmoHOMHO20 00beKmda

1 — conneunasn 6amapes, 2 — akkymyasmopHuvle bamapeu, 3 —cucmema ynpasienus, 4 — 610Kk — 3a0amuux

Ionmyyennas umuranuoHHas Mozaens COC, mpeiacTaBlieHa Ha PUCYHKE 2, peald30BaHHAs B IPOrpaMMme
SimPowerSystems nmakera MatLab. CBsi3b MeXIy TOKOM M HampsbKeHHeM omnucaHa B Osoke SimPowerSystems.

Monens omucana ¢popmyioit (1-3) u HacTpauBaetcs o To9KaM L, Tonr, Usx, Uonr)-
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KoadhdunmeHT crenenn ocBemeHHOCTH COTHETHOH TTaHeny [3]:
K, () =sin(2m/T,,) M
rae Ty =Topxa/360; T, — mepuos BparieHus: 3emin Bokpyr CoOJHIIA; 0 — YOI OCBEIICHUSI IOBEPXHOCTH COTHEYHOMN

6arapeu ComaieM [3].

W3BecTHa sMnmpuyeckas 3aBUCUMOCTh HanpspkeHus: ot Toka Cb [3], ona ynoOHa tem, uto BAX 3anarorcs

HapaMeTpaMH: IKZ[KOSV(t)]7 IOHT[KOSV(t)]’ UXX) UOHT'

Monens conHeHOH Momenu ctpoutcs B MatLab mo 3aBucuMOCTH:

1,U0) =1, (1-Gx (e -1) o
C; =0,01175;
Cy = 446U "
In Cy —1n 4,46
e

Uy —InUyy

1,011751 -1
C.=In k3reg —lonmreg
3 0.011751¢5r¢g

I[I/IHEIMI/IKa HU3MCHCHUA MOIITHOCTHU COJIHCUHOM HaHEeIIH MoJxy4acM M3 3aBUCUMOCTU:

IK?VGg (K (t)) = IIC'} X RUSV I()nm(K()Sv(t)) = I()nm X K()SV (3)

osv
B npouecce monenuposanus USB1 u USB2 uMuTHpyIOTCS 3/MEeKTpUYECKHE XapaKTEPUCTHKH COTHEYHOMH
MaHeJN Ha 00beKTe B COOTBETCTBUU C 3aJarolluMu curainamu K(t), m, n.

Mopemu akkymymstopoB AB1 u AB2 B3saTel u3 mporpammbel SimPowerSystems, u JaroT BO3MOXKHOCTB C
TOYHOCTBIO HACTPanBAaTh ITAPaMETPHI AHEIH.

Mogems R4 Blokmoctpoen u3 6mokoB SimPowerSystems, koTopas AaeT BO3MOXXHOCTh pacCMaTpPHBAThH
pasnuuHble pexXuMbl padoTsl. [1pu paboTe mporpaMMbl KOHTPOIHUPYETCS HANPsDKEHNE aKKyMYJISITOpPHOI Oarapeit u

NpY MHHAMAJIBHOM DPEXHUME cpabarbiBaeT R4out, KOTOpas OTKIOYaeT HArpys3ky. IIpu MakcHMalbHOM YpPOBHE

CUTHAJI OTKJIFOYAETCS U CHCTEMA MEPEXOIUT B OOBIYHBIHN pekuMm [3, 4].

Kosv(t) VD2
+

or =&
[ [Ns_ab2] Ns h

>
R40ut o
<Voltage(V)>
io/fBAlBl o e:ge( )= [70] > Uos - _SAB2
R4 Uab Il 1 AB2
R | SOCABY) ) use2 +
Uab2<—| Kosv(t)
v ABJ K +

BZPO

Kosv(t)

NS_1 m + _ﬁ
Ns o

> [70] Uos ~|°7] -
<Voltage(V)>
Uxx_bl USBl =+
+
<S AB1. S AB2>
labl __ <Current(A)>
S > . | NebABL ~Vollaze(V.
s U f——poltaze(V)y
<Current(A)>f*
NSabl Tap (22 A) <S ABI, S AB2>
bABZ Uar: [ <Voltage(V)
[[Ns_ab2] > «— | NsbAB
NSab2 R4 | ¢—CT] Rain2

Control system
Puc. 2. Umumayuonnas mooensv 6 npoepammuom naxeme MatLab
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B pesynbTaTe akKyMyJSATOpHBIE OaTapel MOTYT 3apspKaThCs OT COJIHEYHOW OaTapel OJHOBpEMEHHO WIIH
moodepenHo. BripaboTaHHAs SIEKTPO’HEPTHS MOXKET Ha MPSIMYI0 TOANUTHIBATE CHCTEMY CBETOIHOIHOTO
OCBEUICHUSA, TaK KaK HANpsDKEHUs IOCTOSHHOTO TOKa BBIpaOaThIBaeMOE COJNHEYHON OaTapen OIWHAKOBO C
HaNpsDKEHHEM TOCTOSHHOTO TOKa cBeTonmoaa. [l cTabmiam3anuy IMOCTOSHHOTO TOKa MCIIONIB30BAJICS IpaiiBep

COOCTBEHHOTO U3rOTOBJICHUS Ha OCHOBE MUKpocxeMbl PT4115 [1-2].

CIIUCOK JIUTEPATYPBI

1. Kacos U.A., TuroB /I.H., XKanapoa A.T. HccnenoBanue >pPpeKTUBHOCTH HU3KOBOJIBTHOW CBETOAMOIHOM
CHCTEMBI ocBemeHns. Matepuaisl 9 MexayHapogHoH KoH(pepeHInH «((PEeKTHBHOCTE NCTIONBE30BaHUS PECYPCOB U
OXpaHa OKpYJXKaloUIeH Cpeabl — KIIOYEBBIE BOIPOCH! PA3BHTHS TOPHO METAJUTyPTHUECKOro KOMIUIEKca» u 13
MesxnyHaponHO#i HaydHO! KOH(epeHH «llepcrekTHBbI TEXHONIOTHH, 000pYJOBaHUS M aHAIUTHICCKUE CHCTEMbI
JUIsl MaTepUaJIOBBEICHNE U HaHOMaTepuanoBy 21-22mas, 2015,V cts — Kamenoropek: BKI'TY

2. baknanoBA.E., TutoB/].H., Gyorok G., KanapoaA.T. Study of the effectiveness of switching-on light-emitting-
diode  illumination devices and the wuse of low voltage power system in lighting.
ActaPolytechnicaHungaricaNewsletter  (61), HomepBemmycka 5, crp 71 — 80, rox 2015 (DOL:
10.12700/APH.12.5.2015.5.4).

3. Paymen6ax I'. CipaBOYHHK 10 TPOSKTHPOBAHUIO COTHEYHBIX Oatapeit. M..FO 1983

4. Pomanenko A.C., CemenoB B.J[. Pa3zpaborka marematmdeckoil mozmenmu mpeoOpaszoBaTens aias otbOopa

MaKCHUMaJIbHOH MOIIHOCTH coHedHoH Oatapen; Joxmansl TYCVYPa, No2 (24), gacts 1, nexabps 201

WH®OPMAIMOHHASI CHCTEMA AHAJIM3A CIIYTHUKOBOM IIA®POBOM MOJIEJIA PEJIBE®A
JJISA TIPOEKTUPOBAHUSA MATUCTPAJIBHBIX HE®@TEI'A3OITPOBOJOB
Kononxos JI.A., llleBbipér C.JI.
Hayunsiit pyxoBogutens: lesbipés C.JI., noueHT, K.r.-M.H.
JanbHeBocTouHbli DepepanbHbli YHUBEPCUTET
WmxenepHas mxona
Poccus, r. Bnagusoctok, yi. CyxaHosa, 8. 690950,
E-mail: dkononkov@mail.ru

INFORMATION SYSTEM OF ANALYSYS OF SATELLITE DIGITAL RELIEF MODEL
FOR DESIGN OF MAIN PIPELINES
Kononkov D.A., Shevirev S.L.
Scientific Supervisor: Associate Professor, Ph.D. Shevirev S.L.
Far Easters Federal University
Engineering school
Russia, Vladivostok, Sukhanova Str., 8, 690950
E-mail: dkononkov@mail.ru

Paccmampusaemest  603MONCHOCMb  NPOEKMUPOBAHUL  MASUCIPATLHBIX  MPYOORPOE0O08 €  NOMOUWBIO
9KCHpecc-ananu3a CnymHukosou yugposoi mooeru penvegpa (LIMP). Hcnonvsosanue L[MP 6 npoexmmuobix
BbIUUCICHUSX NO3BOJIAEN CIKOHOMUMb PeCypcbl NPU HPO8edeHUu’ MHO208APUAHMHO20 CPABHUMENbHO20 AHANU3A
PA3TUYHBIX MAPUWPYNIO8 Mpaccsl mpyobonpogooa.

The possibility of main pipelines’ design by express analysis of satellite digital relief model (DRM) with
automated information system is considered. Usage of DRM in design calculations could produce economy of
resources and provide multivariate comparative analysis of different pipeline routes.

B cootBercTBHM co crparerued paszButus JlanpHero Bocrtoka Poccnm nmo 2025 ropma [1] Hedrerasosas

oTpacjib B Poccuiickoit <De}lepau1/n/1 AKTUBHO pPAaCHIUPSCTCAd, B YaCTHOCTH BCIACTCA AKTUBHAsA pa3BEAKa
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He()Tera30HOCHBIX paiioHoB Ha [lampHeM Boctoke m B Boctounoit Cubupn. OObequHEHHE TaKUX OOJBIIHX
TeppuTOpuil B OANH HEe(PTEra30BbIii KOMIUICKC IOIPa3yMEBACT HE TOJIBKO HApal[MBAHUE IIPOTHO3ZHBIX PECYPCOB H
3allacoB MECTOPOXKICHHMH, HO U pa3BUTHE WH(PPACTPYKTypsl TPyOONPOBOTHOTO TpaHCopTa. B cBasm c
YBEIMYHMBAIOIINMCS 00BEMOM TPAHCHIOPTHUPOBKH HE(TH M ra3a, a TAKKE €ro HKCIIOPTAa Ha TEPPUTOPHIO COCETHHUX
TOCYAapCTB, Helb3s1 000WTHCH 0€3 MPOKIAIKK HOBBIX MAarUCTPAIbHBIX JIMHHUH.

Pacimmpenne u MopepHHU3alMsl TPAHCIIOPTHOM CETH SIBIISIETCS ONHOM W3 IJIaBHBIX CTPAaTErMYecKuX 3ajaad
pasButust uHQppacTpykTypsl Tpancnopra Ha JlanbHem Bocroke. Crnenuduka penbeda 1 reoornieckoro CTpoeHus
Janbaero Bocroka oOycnaBnuBaeT TpyAHOCTH NPH MPOEKTHPOBAHWK MaplIpyTa MarucTpalbHOTO TPyOOIpoOBOJa
(MT). Bonpuioe KOMMYeCcTBO BOAHBIX NPETPaja M BOAOPA3ACIOB, a TAK)KE PE3KUE MEPEenasbl BBICOT 3aTPYAHSIOT H
YIOPOXKAIOT MPOBEJCHNE N3BICKATEIbCKUX PaboT. CymmecTByeT MOTpeOHOCTh B CO3JaHUU aBTOMAaTH3UPOBAHHOTO U
9KOHOMHUYHOTO 3KCIIPECCHOTO crtoco0a MpoeKTHpoBaHMs MapmpyTa MT, B kauecTBe HCTOYHHKA TOMOTPadIeCKUX
JAHHBIX A1 KOTOPOTO MOTYT BBICTYNATh MaTepUalbl paJlapHBIX KOCMHYECKUX ChEMOK 36MHOM ITOBEPXHOCTH.

IMpu QopmupoBanun Mapuipyta TpyOOIpoOBOAa B KayecTBE OCHOBHOW YYMTHIBAeTCS HMH(OpMAIUs O
penbede MECTHOCTH, TaK Kak OT HEro 3aBHCUT Kak 00BEM 3aTpaT Ha CTPOUTEIbHBIE PaOOTHI, TaK M HAJEKHOCTDH
TpyOOIIPOBOAHOW cUCTEMBI. BblaensemMble Ha IUCTAHIIMOHHON OCHOBE BOJOPA3Jesibl MOTYT PacCMaTpUBAThCS B
KauyecTBE MOTCHIUAJbHBIX TIePEBAIBHBIX TOYEK, TaK KaK HE(Th, JOCTUTHYB BOJOpa3/eia, caMa HauuHAeT CTeKaTh K
MPOMEXYTOYHOH WIIM KOHEYHOH TOYKE TPacChl.

BrisiBeHHOE HO (TaybBET) NOJMHBI, B CBOIO OYEpenb, NMPEIINOJIaraeT CTPOUTEIHCTBO MEPEX0iad, HYTO
O3Ha4aeT IOIOJIHUTENbHBIE 3aTpaThl HA CTPOMTENLCTBO. [ PaAMOTHO CIIPOEKTUPOBAHHBIN MapIIPyT MO3BOJISECT
ONTHMHU3UPOBATh 3aTpaThl Ha NPOKIAAKy TpyOompoBona. I3ydeHwe mpeamonaraeMoro Mapupyra sBIsSeTcs
TPYAOEMKOH U CIIOXKHOH 3a/1adeil, HO C MOMOIIbI0 METOIUK KOCMUYECKOTO 30HIUPOBAHUS 3eMIIH aHAJIN3 MECTHOCTH
MPE/ICTABISIETCSI BO3MOXKHBIM ITPOBECTH C MTOMOIIBIO SKOHOMHYHBIX TAHHBIX KOCMHUYECKHX ChEMOK.

TakuM oOpa3oM, Ha CTaJWU OLEHKM aHalMTHYecKas paboTa MOXET OBITh CBelleHa K IPOKJIaJbIBAHUIO
BBICOTHOTO TPOGWIS MEXIYy ABYMsI IPON3BOJIHHO BBIOPAHHBIMH TOYKAMH Ha CITyTHHKOBOH HHU(POBONH MOJenH
pemseda (LIMP), a Takke B HAXOXKIECHUH TOUEK Tepernda penbeda (BBIIBICHUE THMHANA BOIOPA3ICIIOB U TAIBBETOB).
I'maBHBIMH TIpenMyIECTBaMH JAaHHOTO METOJA SIBJIAIOTCSI BBICOKAas CKOPOCTh, aHAJIN3 COBPEMEHHOTO COCTOSHHMS
penbeda, COKpalieHHe 3aTpaT BpEMEHN Ha PYyYHBIE IIOCTPOCHUSI.

B kauecTBe cpeapl mporpaMMHUpOBaHuUs BBIOpaH KOMaHAHbIN nHTepnpeTatop Octave (OecruiaTHBIN aHAIOT
Matlab), pe3ynbTar NpPOEKTHPOBAaHHS B KOTOPOM MOXET OBITh IMPOTOTHIIOM Oynymied CrelHaln3upoBaHHOM
cucTeMbl. J[OCTOMHCTBOM 3TOi CpeAbl NPOrpaMMHUPOBAHUS SIBISETCS HaJIM4YMe HEOOXOJIUMBIX OHMOIHOTEK,
obecneunBaromux RAD (GrICTpyIO pa3paboTKy MPUIIOKESHHUIN).

C momomnipo mporpaMmsl (pabouee HazBanue «Hedremarucrpanby»), IPON3BOJUTCS MOCTPOEHHUE pas3pesa
IIMP no BbIOpaHHOMY CETMEHTY MapuIpyTa, a TaKXe YCTaHaBIIMBAIOTCS MECTOIOJIOKCHMS JHMHHUHM meperuda
(Bomopaszena u TanbBEroB). ANTOpUTM pabOTHI IPOrpaMMBbI IPECTABIEH Ha PUCYHKE (pHC. 1).

B kauectBe mm¢poBoii Monenu penbeda HCHONB30BaHBl MaTepHalbl paJapHOil MHTEp(EepOMeTpUIEcKoi
ceeMkn 3emin (SRTM, Shuttle Radar Topographic Mission), pactpocTpaHseMoii B BUIE CETH C A4eHKOH 3 yrioBbe
CEeKyHIBI C TPOCTPAaHCTBEHHBIM paspemeHneM 90 M [2]. B ormmume or doTorpadmueckux M TEIeBH3MOHHBIX
KoCMUYecKnXx n3o0paxkennii 3emiu, nanHsie SRTM, comepxar, TOYTH UCKIIOYUTENBHO, HHPOPMAITHIO O peibede,
OTHOCHTEJIbHBIX TPEBBIICHUAX, XapaKTepe pUCyHKa ruapocetu. Jto aenaer SRTM xopommm MaTepuanoM s

PETHOHAIILHBIX HPOCKTHBIX pa60T.
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—_—
CozflaHue uukna
Havario i=1:10:L,
roe i - war no npocunio,
L - anvHa npoduna
MpeobpasopaHue
LIMP B Bae
MaTpuubl
BbluMcreHWe npupalleHns ¢

nomouwsio Cos 1 Sin, u pacueT
BbICOTHI penbeda B TOUKe i Mo
HanpasneHuro npodunsi

v

HaxoxpeHue Touek nepernba
npouUns ¢ NOMOLLbIO
NPOU3BOAHBIX

Beog koopauHaTt
[ABYX TOYeK

Beluncnenve anuHel

npoduns Mexay TouKkamu

W yTIa Mexay npoekuve

TUHWK Npocduns Ha LIMP u
OCbH OX

nDCTpOeHI/Ie C NOMOLLbIO
\— nonyYeHHbIX AaHHbIX rpacuka
BbICOT HpOd)Mﬂﬂ W co3faHue

TOYEK NepecedYeHmns NIMHUA
BoOopa3fena 1 TanbBEros

Beisoa rpacbuka
TINHUK Npocuna

KoHeu nporpammel

Puc. 1. Aneopumm obpabomru LIMP 6 cneyuanuzuposannou UC "Hegpmemazucmpanw"

Pa3pabarpiBacMyl0 IporpamMmy OIpeJeNseT IpPOCTOTa B IMPUMEHEHHH U HEOONbIIOE KOJIMYECTBO
HavyallbHbIX JaHHBIX IJIs paOOThI MPOTrPaMMbl, BOBMOXHOCTh B OyIylieM KOMIUIEKCHPOBATh BXOJHBIC MaTepUalIbl
LIMP ¢ apyrumu naHHBIMH (T€OJIOTHYECKHMH, THIPOJOTHIECKUMH U JIp.). Pa3BuTHE CIyTHHKOBBIX TEXHOJIOTHH B
OTpPACIIM TIO3BOJIUT ONTUMH3HPOBATH IOJIEBBIE N3BICKATEIBCKHAE PAOOTHI IIPH MPOSKTHPOBAHNH, COKPATHTH PECYPCHI
Ha M3yYCHHWE TEOJIOTMYECKOW Cpelbl M MPOKIAJIKy TpyOONpOBOJOB, ITO3BOJIMT MAaKCUMaJIbHO 3((PEKTHBHO
pacrnopsbkathest (PUHAHCOBBIMH pecypcaMu IpH paciinpeHny HedrerazoBoro komiuiekca Ha JlaapHem Bocroke.

[Imanupyercs pacmupeHue (yHKIHMOHAJa MPOTpaMMbI 3a CYET aBTOMATH3aIllMM BhIOOpa MapupyTa,
MPOBEJICHUE THIPABINYECKOT0 pacyera UCX0/1s U3 00bEMOB NepeKayku HehTH U HEPTENPOIYKTOB, C MOCIEAYIONIEH
OIIGHKOM 3aTpaT Ha CTPOUTENBCTBO HCXOIS M3 OCOOEHHOCTEH TEKyIIero MposIokeHHOro mapmpyrta. CKOpocTb
paboTHl MPOrpaMMbl M BO3MOXHOCTh KOMIUICKCHPOBATh pa3JIMYHbIE JAaHHBIE IMTO3BOJIUT IPOBECTH OINEPATHBHBIN

CpaBHI/ITCHLHHﬁ AHAJIN3 pas3IMIHbIX MPOCKTOB CIIC A0 BBIITOJIHCHUS IMOJCBbIX U3BICKATCIbCKUX pa60T.
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SMALL SPACECRAFT SIMULATOR FOR STUDENT MISSION CONTROL CENTER
Shevnin E.A.
Scientific Supervisor: Associate Professor, Ph.D. Kostyuchenko T.G.
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B cmamuve paccmompero npe()ﬂoafceHue umumamopa majloco KocMu4deckoeo annapama ons 0mpa6om1<u
HA3EMHO20 KOMMNJIEKca ynpaeileHus u 6opm06020 060py006aHuﬂ Majloeo cnymHuxka 6 Hayuyo—o6pa306ameﬂbyblx
yeix. Hpusedenbl npumepul u onucaHue npocpammnoco obecneuernus umumamopa mMajioco Cnymuuka. Obocrosana
L;@ﬂeCOO6pa3HOCmb UCNOJIb306AHUA uMUumamopa no CpasHerHuro ¢ Memooom HAmMypHblX UCNBLIMAHUIL.

The article deals with the simulator offer a small spacecraft to practice ground control and on-board
equipment of small satellites for scientific and educational purposes. Submitted examples and description of the
software simulator of a small satellite. Explained the expediency of using the simulator in comparison with the
method of full-scale tests.

He tak nasHO B TITY cocTOSIIOCH OTKPBITHE CTYIEHIECKOTO LIeHTpa yupasieHus noneramu(L[VIT) mansiMu
kocmuueckumu ammaparamu (MKA). IIYII- ato HayuHO-00pa3oBarenbHas riaTdopma st HaOIIOICHUS 3a paHee
3aIyIIeHHPIMUA MaJbIMH KOCMUUYECKHMHU aMapaTaMyd U KOHTPOJIS IIAHUPYEMbBIX 3ayCKOB U mojieToB. O000IeHHAs
CTpyKTypHass cxema cryaenuyeckoro IIYII Obuta mpuBemena B [1]. OOmmi BUA CTaHIMH C OCHOBHBIM
OPHEMOTIEPEIAIOIINM U YIIPABIIONIMM 000pyIOBAaHHEM MPEICTABICH Ha pucyHke | B Buze 3D momenu.

Ha pucynke 2 npuseaens! Gpotorpaduu LY Ila B npouecce paboTs.

B mportecce ynpasnennst MKA Bo3HHKaeT MOTPeOHOCTh TECTHPOBAHHS (DYHKIIHOHATBHBIX U TEXHUUECKHUX
XapaKTEepPUCTUK OOPTOBOH armaparypbl; OTPabOTKH MPOrPaMMHOTO 00eCIIeYeHUsI; 0TPA0OTKH COBMECTHOM PaboThI
60pTOBOI anmaparypsl ¥ HA3eMHOT'O KOMILJIEKCa YIIPaBICHHUS; a Takxke pacuera apmxeHuss MKA 1o okonozeMHo#
opbute. PeliieHre 3TUX 3a/1a4 ¢ pealbHBIMH OMBITHBIMU 00pa3uamu 060pyroBanust MKA sBIsSUIOCH Obl CIIOXKHBIM U
JIOPOTOCTOSIINM, KPOME TOTO, OJHOM 13 ieneit coznanust L{YII sBisiiock 00ydeHre CTyIeHTOB, YTO HEOOXO MO

OCYIIIECTBIIATD B JTI000E BpeMs, HE TOKHIAACH OUEPETHOTO CeaHca CBI3H C 0OBEKTOM Ha opOuTe.

HeTouHME MHTaHIE
TIK Tpancueep Ceseencop
', VBE vemrnrenn

/ VerIHTens

Puc.1. Ilpuemonepeoaiowee u ynpagisioujee 060py0osanue cmanyuu
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Puc. 2. VII 6 npoyecce pabomul

IMosromy Goree 1enecoobpazno u 3pHEeKTUBHO CO3MaTh U HCIOIB30BaTh UMHUTATOp MKA, mo3BOIsIOIIN
BBIMOJIHATh OTPA0OTKH KOMILUICKCOB YIIPABJICHUS, (PYHKIMOHAIBHBIX MOJYJCH W amlmaparypbl Ha HAJCKHOCTh W
3(h(HEeKTUBHOCTH M OPTaHU30BATh IPOIIECC OOYUCHUS.

Nmuratop MKA - 3T0 KOMIIBIOTEpHAST MOJENb CIIYTHHKA, (VYHKIIMOHHUPYIOIIAs B PEalbHOM, YCKOPEHHOM
WIIN 3aMeJICHHOM MacmTabe BpeMeHn. imutaTtop oOpabaTbiBaeT TeleMEeTPHUECKYI0 HHPOPMALIHIO U pearupyeT Ha
KOMAaH[IBI YIIPABIICHHS TaK K€, KaK U PeaTbHBIH KOCMHYICCKHN amiapar.

WUmurarop MKA Bxomur B coctaB cryaenueckoro L[VII u Moxxer OBITh peasin30BaH Ha OCHOBE
MEPCOHATBHOTO KOMIIBIOTEPA C MPOrPaMMHBIM OOCCIICUCHUEM; allapaTHBIX CPEICTB, MOJACIUPYIONMX OOPTOBBIC
CHUCTEMBI KOCMHYECKOT'0 anmnapara Ha OCHOBE MUKPOKOHTPOJIJIEPOB YIIPaBICHHUS.

[porpammubeiM obecniedenneM(I10) numuraropa MKA moxeT sBIAThCS J11000I MPOTrpaMMHBIA MPOAYKT,
kak Hanpumep: «CIIYTHUKC Monenep», npenHa3HAaYEHHBIH [UIsl YUCIEHHOTO MOJEIHPOBAHMS IHHAMUKU
JBIDKEHUS MaJIbIX KOCMHYECKHX anmapaToB win Orbitron — CITyTHUKOBAst CHCTEMA CIIC)KEHHS.

«CIIYTHHUKC Mogenep» MO3BOISET YHUCIEHHO MOJEIUPOBATH JMHAMHUKY BpallleHUs KOCMHUYECKOTO
ammapara 3eMIId BOKPYT IIEHTpa MacC, MOICIHPOBATH OCHOBHBIE (DAaKTOPBI KOCMHYECKOTO TIPOCTPAHCTBA,
BIUSIONIMX HAa OTy JAWHAMHKY, OTCJIEKMBATh pabOTy pa3iWyHBIX aJTOPUTMOB OMNpPEACICHUS OPHEHTAlMU H
cTabuiu3aluy, NPEACTABIATh HHTEPECYIONINE MapaMeTpbl MOJIEIHPOBAHHUS B PEXKUME pPEaJbHOrO BpPEMEHH,
BU3YaJM3UPOBATh WX, & TAKXKE BBIMOJHATH U LENBIH PN APYTUX 3a7ad YUCISHHOTO MOJIEIUPOBAHHS (IIPUMEPHI
mpelncTaBieHsl Ha pucyHkax 3, 4). IlpwiokeHue Takke MOXeT OBITh HCIOJB30BAHO [JIsl TOJYHATYpPHOTO
1ab0opaTOPHOTO MOJICIMPOBAHKS CUCTEM YIIPABICHHS, HAXOAIIUXCSA Ha OOPTY, U, KpPOME TOTO, JUIS BU3yaH3alHA

TEJIEMETPUH, IPUHUMAEMON C peabHbIX CITyTHUKOB [2].

e CIVTHHKG Moaeacp! (Chibis M) B ! .-.w- --r o

@afin_OBwyne Opbma Crymwc Anwaswars Opnewrsusn CraSwnwaipn Monenw Pacuer D nporpasmie
BWoh om0

| |

T [Spews copmapetiio [l b | S|

Puc. 3. Pacuém mpaexmopuu ogudicenus MKA no oxonozemmnoti opoume
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Puc. 4. Hacmpoiika napamempog opuenmayuu

CylIecTBYIOT W JpYyrHe MpOTPaMMbl, HCIOJB3YIONHECS PaTHONIOOUTEISIMA U MPOPECCHOHATBHBIMU
MOJIb30BATEISIME  CITyTHUKOBBIX cpelcTB cBsi3u. Bpibop I1O 3aBucutr orT TpeOyembix (GYHKIMH, JOCTYIMHOCTH,
HH/IMBUIYabHBIX MPEANOYTCHHN MOMb30BATENSI W T.A. IIPHIOKEHHS MOTYT JOMOJNHATH APYr Apyra Mo Mepe
TpeOyeMoii HHPOPMATHBHOCTH.

Takum 00pa3oM, IPEATIOKESHHBIN CIIOCO0 PEIICHHs 3a/1a4 POBEPKU pabOTOCIOCOOHOCTH CUCTEM Ha3eMHO
u OoproBoii amnmapatypsl MKA siBisieTcss SKOHOMHYECKH 11eeco00pa3HbIM U 3((GEKTHBHBIM 10 CPaBHEHUIO, C
METOJIOM HATypHbIX HCHbITaHuil. Kpome Toro, ucmonszoBanue umutatopa MKA B 00pa3oBaTenbHBIX LENAX
MO3BOJIUT CTYJCHTAM M achoupaHTaM O0ojiee Ka4eCTBEHHO HA MPAKTHKEe M3y4aTh OCHOBHBIC MPUHIIUIIBI
(YHKIHOHUPOBAHUS U CTPYKTYpY OOpToBBIX cHcTeM MKA, mpoOBOAWTH 3KCIEPUMEHTHI C OOOPYHOBaHHUEM W
nporpaMMHBIM obecrieueHreM. Padota ¢ umuraropoMm MKA naér BO3MOXKHOCTh OOy4YeHHsS! CTYJCHTOB pabore ¢

L1YII, no3Bosist HCHONB30BAaTh COBPEMEHHBIE CPEICTBA TOMYUEHUS HH(POPMAIUH C LIEJIBI0 00pa30BaHus.
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MULTIPHASE VOLTAGE REGULATION IN THE RESONANT INVERTER
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Paccmompenvt cnocobvl noayuenus CunycoudanbHO20 BbIXOOHO20 HANPAXNCEHUA 6 Npeodpazo8amensix
NOCMOAHHO20 HanpsdiceHuss 6 nepemennoe. OCHOGHbIMU HedocmamKkamu npeobpazoéamenetl ¢ WUPOMHO-
UMNYIbCHOU MOOYIAYUEL AGNAIOMCA OONbUIUE KOMMYMAYUOHHbIE NOMEPU MOUHOCIU 6 CULOBbIX KIIOUAX, 6bICOKUL
VDOGEHb BbICOKOUACMOMHBIX NOMEX, OMHOCUMENbHO 6blCOKAs cmoumocmy. IIpednosicena cxema agmoHOMHO20
MHO20(DA3HO20 NAPANNENLHO2O PE3OHAHCHO20 UHBEPMOPA C CUHYCOUOALHBIM 8bIXOOHBIM Hanpaxcenuem. Onucan
npunyun Oetcmsus 08yX(hasHozo uHeepmopa u Cnocob pezyiuposanus 8bIX0OH020 HanpsdxiceHus. IIpusedenvi
pesymomamsl OrCAD modenupoganusi pe3onancuvix ungepmopos. Illokazanel npeumyujecmea Npeonro#CeHHol
cxembl NO CPABHEHUIO ¢ OOHOPDA3ZHOII.

Methods for obtaining the pure sinusoidal output voltage in DC-AC converters are considered. Large
switching losses in power switches, high frequency interference, the relatively high cost are major disadvantages of
DC-AC converters with pulse-width modulation. The circuit of a multiphase parallel resonant inverter with a pure
sine wave output voltage is proposed. The operating principle of the two-phase inverter and the method of output
voltage control are described. The results of OrCAD simulation of resonant inverters are shown. The advantages of
the proposed inverter circuit compared with a single-phase circuit are shown.

OcCHOBHasI YaCTh PaJAMO3JICKTPOHHOM armapaTypbl pacCUnTaHa Ha MUTAHUE OT CETH MEepPeMeHHOro Toka. Ho
B CIly4asiX, €CIM CTaHAapTHas MPOMBIIUICHHAs CETh HEIOCTYIIHA, BO3HHKAET HEOOXOJMMOCTh B YCTPOWCTBAX,
npeoOpa3yoInX HAMPSHKEHHE TEPBUYHOTO UCTOYHHKA IIUTAHUS B CETEBOE. B OONIBIIMHCTBE CiTydaeB, Kak U3BECTHO,
MEepBUYHbIC HCTOYHUKU HE YJOBJIETBOPSIOT TPEOOBAHUSIM MOTPEOUTENS MO YaCTOT€ W BEIMYHHE BBIXOIHOTO
HAMPSOKEHUST WK CTa0MIBHOCTH €r0 OCHOBHBIX mapamerpoB. Hamnbosiee 4acTO OTHOCHUTEIHHO HH3KOE MMOCTOSIHHOE
HAMpPSOKEHUE MEPBUYHOIO MCTOYHHKA HEOOXOIAMMO MPeoOpa30BaTh B MEPEMEHHOE CHHYCOHMIAILHOE HAIPSDKCHHUE.
WHBepTOpsl — yCTpOICTBA, MO3BONAIONINE OCYIIECTBUTh NPeoOpa3oBaHHE IIOCTOSHHOTO HANpsDKEHHS B
nepeMeHHoe. Tak Kak B MHBEPTOpax KOMMYTHUPYIOIIHE MPUOOPH! (TPaH3UCTOPHI, THPUCTOPHI) OOBIYHO PabOTaIOT B
KJIFOYEBOM PEXHUME, ECTECTBEHHOM (DOPMOI BBIXOIHOTO HAMPSHKEHUSI CTasla IPSMOYroyibHas. TeM He MeHee, 4TOObI
JIOOUThCS YHUBEPCAIHLHOCTH MHBEPTOPA MO OTHOIICHHIO K HArPy3KaM MEPEMEHHOrO TOKa, OH JIOJDKEH Ha BBIXOJIC
(hopMuUpOBaTh HANPSHKEHUE CHHYCOUIATBHOM popMbl. B mocnenHee BpeMs, B CBSI3U C IIUPOKUM PACIIPOCTPaHCHHEM
ANBTCPHATHBHBIX HMCTOYHHKOB DHEPTrUU (BETPOTCHEPATOPHI, COJHEYHBIC Oaraper), CYIIECTBYET IIOCTOSHHAS
MOTPeOHOCTh B MPeoOpa3oBaTeNIIX HECTAOMIM3UPOBAHHOIO IOCTOSHHOIO OTHOCHUTEIHHOTO HH3KOBOJIBTHOIO
HANpPSOKEHUSI B OTHOCHUTEIILHO BBICOKOBOJIETHOE CHHYCOHMIAIbHOE. [103TOMY aKTyaabHOCTh Pa3pabOTKH TaKHX

npeoOpa3oBaTesneil He BBI3BIBAET COMHEHHH.
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Ilenpro aHHOTO HWCCIENOBAaHMS CTANO CO3JAaHWE MOJAEIM M OMBITHOTO 00pasia MHOTO(a3sHOH CXEMbI
PETyIHMpOBaHMUs BEIXOAHOTO CHHYCOUAAIBHOTO HANPSDKEHHS B PE30HAHCHOM MHBEPTOPE.

TexHomornn mnpeoOpa3oBaHUSI IOCTOSHHOTO TOKa B IIEPEMEHHBIH TOJNYYWIM B TIOCICOHHUE TOMIbI
3Ha4nTEIbHOE pa3BuTHE. COBpEMEHHBIC HHBEPTOPHI 0OECIIEUNBAIOT ITOJNyYCHHUE CHHYCOMAAIBHOTO HANPSKECHUS C
MalbIM  KO3(Q(QUIMEHTOM TapMOHMK, HU3KUH YpOBEHb JyeKTpoMarHUTHBIX mnomex [1]. Illupokoe pa3ButHe
MOJYYMJIM TEXHOJIOTHH, KOT1a HHBEPTOP SIBISETCS MPOMEXYTOYHBIM 3B€HOM B LIETIOYKE [TPE0OPa30BaHUs SHEPTUU.
[IpuHIMNManbHOW OCOOEHHOCTBIO B TaKUX CXeMax sSIBJSIETCS IIOBBIIICHHAs 4YacToTa mpeoOpa3oBaHus (10
HECKOJILKUX COTeH Kwiorepi). st a¢dexTuBHON paboThl peoOpazoBarelisi Ha BHICOKON 4acToTe Tpedyercs Oojee
COBEpIICHHAs U JOPOTOCTOSIIAst SIEMEHTHas 06a3a.

OCHOBHBIE CBOIICTBa HHBEPTOPOB:

— HHBepTOp nomwkeH 00nanath BEICOKNM KO3 (GHUIMEHTOM HOJIE3HOTO ACHCTBHS, BBICOKOW Ha/IEKHOCTHIO
¥ UMETh NpHeMJIeMble Maccy M radbaputbl. OH TaKKe MOIDKEH MMETh JOIYCTHMBIH ypPOBEHB BBICIINX
rapMOHMK B KPHBOM BBIXOJHOTO HAINpsDKEHUS (IOMyCTHMOE 3HaYeHUE KO PHUIMEHTa TADMOHUK) U HE
co3faBaTh MpH paboTe YpOBEHb MyJIbCAllMd Ha BBIXOJHBIX 3a)XKUMaX, HEIOMYCTUMBIA ISt
noTpeduTeNeH.

— UHBepTOpBl  HampsDKEHHS  CIIOCOOCTBYIOT ~ YCTPAaHEHMIO  WJIM  yYMEHBIIGHHIO  3aBUCHUMOCTH
MH()OPMAMOHHBIX CHCTEM OT pabOTHl CTAaHAAPTHOW CeTH IepeMeHHoro Toka. K mpumepy, B ciydae
npeKpameHns (YHKIMOHUPOBAHUS CTaHJAPTHOW SJIEKTPOCETH, PE3EPBHBIM aKKyMyISTOp B Mape ¢
MHBEpTOpOM obecredar pabory Bcex [IK no Toro momenra, moka He OyZeT KOPPEKTHO 3aBEPILICHO
BBITIOJTHEHHE HEOOXOJUMBIX 3aad.

Kak mnpaBumno, s peryiaupoBaHusi (OPMBI M 4YacTOTHI BBIXOJHOI'O HANpsHKCHUS B HHBEPTOpaXx,
UCTIONB3YeTCs IIUPOTHO-UMIydbcHass Moayisauus (IIIMM). BeixogHoe HampsbKeHHE B TaKUX CXeMaX HMeEeT
nynbcupyromyo Gopmy. OHaKO 0OCHOBHOI HepocTaTok MHBepTOpoB ¢ IIIMM 3akiodaercss B TOM, YTO OHH UMEIOT
3HAYNTEIbHBIE KOMMYTalMOHHbIE MoTepu. OMHUM U3 CIIOCOOOB YMEHBLICHUS] KOMMYTAI[OHHBIX MOTEPh SIBISETCS
MPOEKTUPOBAHUE CXEMbl MHBEPTOpa Tak, YTOOBI KOMMYTAIMs KIIOYEH OCYIIECTBISUIACh NPH HYJIEBOM TOKE HIIH
HYJIEBOM HaIlpsDKEHUH (TaK Ha3blBaeMasl «MATKasD» KOMMYyTarys). Takie HHBEPTOPHI Ha3bIBAIOT pe30HaHCHBIMU. 1o
cpaBHenuto ¢ LIIMM-npeobpazoBarensiMi CHHYCOMIAIbHBIA XapakTep M3MEHEHHs TOKa B PE30HAHCHOM KOHTYype
MHBEpTOpa 0becreynuBaeT TaKUM YCTPOHCTBAM IEJIBIHA PSJT MPEHUMYILECTB:

- MUHUMAJIBHBIC TIOTEPHU HA KOMMYTAIUIO CUJIOBBIX KHIO‘-ICﬁ;

—  BBICOKAs HaJIS)KHOCTh pabOTHI;

- HHU3KHI YPOBEHBb BHICOKOYACTOTHBIX IMTOMEX,

—  BO3MOKHOCTb IPUMEHEHHS B HHBEPTOPE THPUCTOPOB — KITIOUEH ¢ HEMOJIHON YIPaBIIICMOCTBIO H JIp.

Pe3zoHaHCHBIE cXeMBl HAIIM MPUMEHCHHWE B MOIIHBIX THPHUCTOPHBIX 3JEKTPONPHBONAX M CHUCTEMAax
6ecniepedoitHoro nuranus. OHAKO B MAJTOMOIIHBIX IIPE0Opa30BaTeIIiX OHU UCTIONIB3YIOTCS PEIKO.

B cnywasx, xorma Harpyska MeEHsSeTCS B LIMPOKMX Ipeienax (BKIIOYas PEKHM XOJIOCTOTO XOJa),
MPEIOYTEeHIE OTAA0T MapauieIbHOMY Pe30HAHCHOMY MHBEpTOpy. KpoMe mpenMyIecTs, 0 KOTOPBIX TOBOPHIOCH
BBIIIE, Pa00OTa B PEXMME PE30HAHCA HAIPSHKEHUHN MOCIEI0BATENIbHOTO KOJIEOATEIbHOIO KOHTYpa MO3BOJISIET TAKXKE
MOJTYYUTH TIOBBIIIIEHHOE TI0 CPABHEHMIO ¢ BXOJIHBIM HAIPsHKEHHUE HA Harpy3ke 0e3 mpuMeHeHwus TpancopmaTopa.

HecMoTpsl Ha npenMyllecTBa PE30HAHCHBIX UHBEPTOPOB, B JIUTEPATYpPE PACCMOTPEHBI JIMIIL IPOCTEMILINE
CXEMBI, He HaIlIe/ANINE IUPOKOTO MPUMEHEHHS B KauecTBe (hOPMHUpOBATEIICH CHHYCOMJAIBLHOTO HANPSDKEHU S, B TOM
YHucile W3-32 JOBOJBHO CHJIBHOM 3aBUCHMOCTH BEJIMYMHBI  BBIXOJHOTO HANpPSDKEHUS OT  JOOPOTHOCTH

KoJie0aTeIbHOrO KOHTYpa.
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Cxema mnapajuieNbHOTO PE30HAHCHOIO HHBEPTOpa, OOECleuUBAIOLIas pErylupoBaHHe MOTPeOIIsieMOoit

SHEPTUH H, KaK CIIeJCTBHE, CTAOMIN3AIMIO HANIPSDKEHUS Ha Harpy3ke, mpuBeaeHa Ha puc. 1 [2, 3].

Ug
E
0 f
i
0
i po t

Puc. 1. [lapannenvHulii pe30HAHCHBII UHEEPMOP C MUPUCOPOM 6600a dHepeuu VS u duazpammol e2o pabomol

NMnynbcHOe mMOTpeOiieHne HSHEPruv BXOJHOTO HMCTOYHHMKA B MPOILECCE PETYIUPOBAHUS BBIXOAHOTO
HANpPsDKCHUST TPeOYeT HCIOJIB30BaHHs BXOMHOTO CIJIAXKHBAIOIIErO (HIBTPA, BKIIOYACMOTO MEXKAY MEPBUUHBIM
WUCTOYHHKOM TIMTaHUS W HMHBEPTOPOM. Macca M TabapUTHl 3TOTO (IIBTpa HANPAMYIO 3aBUCIT OT (OPMBI
notpebisieMoro Toka. Jms TOTo YTOOBI CHH3WUTH MaccOTa0apUTHBIC IapamMeTphl ATOro (QHIbTpa HEOOXOIUMO
YMEHBIIATh KOA(POUIHEHT HOPMBI MOTPEOIIEMOTO TOKA, T.€. IPEBBIIMICHHE ACWCTBYIONIETO 3HAYEHUS 3TOTO TOKA
Hax cpeqHM. OCHOBHAS HUAES COCTOHT B TOM, YTO JUIS TOTO, YTOOBI CHU3UTH KOO(PPHUIUEHT POPMBI BXOJTHOTO TOKA
1eJIecO00pa3HO MOTPEOIATh SHEPTUIO M3 BXOJHOTO MCTOYHHMKA 10 HECKOJIBKUM MapajuieibHbIM (azam, KOTOpbIE
OyAyT BKJIIOYATBCA B pabOTy IOCIEAOBATEIBHO MO Mepe HEO0OXOAUMOCTH (MOMEHT BKIIFOYCHHS 3aBHUCHT OT
HAarpy3ku wWHBepTOpa). [Ipm TakoM crnocobe mNOTpeOsicHHs BXOMHOW TOK OyAeT MEHbBIICH aMIUIMTYIbl H,
CJeI0BaTeNIbHO, OOJbIIEH [IUTEIHLHOCTH, YeM B OJIHOKAHAIBHON CXeM€ C IIMPOTHBIM PEryJIHpOBaHHEM. ITO
o0ecreunT He TONBKO CHIDKEHHE Kod(pdunueHTa (GopMbI, HO W YMEHBIICHHE aMIDIUTYIBl BBICIINX TapMOHHUK B
MOTPeOIIIEMOM TOKE, UTO TaKKe BeACT K YMEHBIICHUIO MACCHI M TabapruTOB BXOOHOTO (puibTpa [4].

PaspabatriBaecmasi cxema, peanm3yromas IpeUIOKEHHBIN MPHHIUI, TOKa3aHa Ha puc. 2. B maHHOM

MnpuMepe BXOJHas LCIb pa3/ic/iCHAa HAa ABC (1)8.351 (TaKI/Ie CXEMBbI IMOJYYHJIN HA3BAHUC MHOFO(i)EBHbIX).

Puc. 2. Jlgyxghaznas cxema napanneibHo20 pe3oHaHCHO20 UH8EpMopd

B nepBom ke paboThl HHBEPTOPA OTKPHIBAIOTCS 00a BXOAHBIX THpHCTOpa VS), VS, 1 mapa THPHCTOPOB B
OTHOW W3 IMaroHajed mMocra. 3apsii KOHACHCATOpa MPOUCXOIUT MOJ BO3JEHCTBHEM HAINpPsOKEHHS HUCTOYHUKA E.
Pa3HocTh Mexny BXOAHBIM HAIpPSDKEHHMEM M HANpPsXKEHMEM Ha JMarOHaId MOCTa MPHUKIAABIBAETCS K BXOJHBIM

ApocCcCeiidM, IMpU 9TOM OHHM OKAa3bIBAOTCS BKIIOYCHHBIMU IMapaUICJIbHO APYr ApPYTry. OTC}O,Ha CJICAYCT, 4YTO I
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obecrieueHnst TpeOyeMOTo 3HAUEHHS BBIXOJHOH 4aCTOTHI M JOOPOTHOCTH KOHTYPA 3KBHBAJICHTHAs! HHIYKTUBHOCTD
MapajuieIbHOTO COEUHEHUs1 npoccened L; u L, JODKHA PaBHATHCS HWHAYKTHBHOCTH JPOCCENs B HCXOIHOM
onHodaszHoi cxeme. CrenoBaTeIbHO, MHAYKTHBHOCTh Ka)XKIOTO JpOCCENsl B ABa pa3a Oonblle WHAYKTHBHOCTH
nIpoccens onHo(azHoH cxembl. [Ipu yciaoBuu paBeHCTBAa HHAYKTUBHOCTEH L, L,aMIUIHTYIBI TOKOB B KaXKIoU (aze

COCTAaBSIT MTOJIOBUHY aMILTUTY bl TOKa ApOccels 0MHO(a3HOM CXeMBI, TO €CTh OYIYT PaBHBI MEXLy COOO.

i/Im VL

Puc. 3. @opma moka ucmounuxa nUmManus npu y@eaiudeHuy Hazpy3Ku 08yxXgasHoll cxemvl UHeepmMopd,

30ecv Im — amnaumyoa moxa UCMouUHUKa NPU MAKCUMANbHOU HAZPY3Ke

3agepikka BKIFOUCHHS (Yrosl BKJIIOYEHHS) BXOAHOTO THPHUCTOpA MO OTHOLICHHIO K THPUCTOpaM MOCTa
Oynmer TemM MeHblIIe, 4eM OoJblIe Harpyska HWHBepTOpa. B pekuMe Mamol Harpy3ku peryimpoBaHue (Jubo
CTaOMIM3aIMs) BBIXOJHOTO HANPSDKEHHUS OCYLIECTBIIETCS IOCPencTBOM onHOHM (asbl. Ho ecmu tupucrop VSiyxe
MPOBOAUT B TEUCHHE BCETO MEPHOMA, a MOUIHOCTh B Harpy3ke Bc€ emé He CKOMIICHCHPOBAaHA, TO B PEKUM
perynupoBanus BeTymaeT Bropas dasza (VS,). Torma tupuctop VS| BKIOUacTCs OJHOBPEMEHHO C THPHUCTOPaMHU
JMaroHaiau Mocta (yroJl BKIIOUCHHUS PaBEH HYJIO), a TUPUCTOP BTOpoiidassl VS, — ¢ 3amepxkoi. Takum oOpazoM,
YIIIBI BKITIOYEHUSI THPUCTOPOB VS), VS, mamenstoTcs oTnt 10 0 B 3aBUCHMOCTH OT BEJIMYUHBI HArpy3KH, MPHIEM
MOAKIIFOYEHHE BTOPOH (ha3bl MPOUCXOAUT MOCJE JOCTHKEHUsS HYJIEBOI'O YIjla BKJIIOYEHHS BXOJIHBIM THPHCTOPOM
nepBoii ¢a3sl. Ha puc. 3 mokazano, kak u3MeHseTcsi (popMa TOKa BXOJHOTO MCTOYHHKA MPH YBEIMUCHUH HArpy3KH
HMHBEpPTOpa: OT OJIM3KOI K MUHUMAaJIBHOH (pHc. 3, a) 10 OMM3K0i K MakcHMalbHOM (puc. 3, T).

UccnenoBanust Mozpenu ABYyX(ha3HOH CXeMbl DPEryJlMpOBaHHs HANpPsDKEHUS PE30HAHCHOTO HHBEPTODA,
npoBeneHHsle B OrCAD, mnonaTBepAuiau MpaBUIBHOCTh CHENAHHBIX IpeAnoyiokeHud. Jlisg  crabuimmsanun
HanpspkeHus: ucnonbizoBancs [IM[-perymstop. MccnenoBaHus MoOKa3and, 9To B OOJIBIIOM JHMAama3oHE YIJIOB
perynupoBaHust (OHM COOTBETCTBOBAJIM HM3MEHEHHIO HArpy3ku npumepHo oT 3% 1o 80% oOT MakcMMaibHOMN)
BBIMTPHIII B JIEHCTBYIOIIEM NOTpeOssieMOM ToKe cocTaBmin He MeHee 20% 1o CpaBHEHMIO ¢ OJHO(A3HBIM
PE30HAHCHBIM MHBEPTOPOM. B KadecTBe BXOJHBIX KIFOUEH MOKHO HCIIOJIb30BATh MOJHOCTHIO YIIPABISIEMbIC KITIOUH

— TPaH3UCTOPBHI.
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Hegmezazoseas ompacne asrsiemca 00HOU U3 6e0VWUX OMPACHel, HYHCOAIOUUXCA 6 COBPEMEHHBIX
MEXHONO2UAX C Yenblo YNpowjeHus u yoeuleeleHuss npoyecco8 pas3geoKu Mecmopoxcoenuil, o0obviuu u
MPAHCROPMUPOBKU Y2Ne8000p0006. CmpoumenbCmeo MacucmpaibHo20 mpyoonpogooa npeodeapsemcs anaiu3oM
Qusuxo-eceocpaghuueckux ycrosuil u 2e0102UHecK020 CMpOeHUsi MeCMHOCMU, HA KOMOPOU npeononazaemcs e2o
cnpoexmuposams U nponodicums. Ha cecoonswmnuil oenv cmaHo8UMCS 603MOICHBIM ABMOMAMU3AYUSL NPOYECCO8
8b100pa MapWPYma Mpaccobl MASUCMPAIbHO20 He@hme2a3onpoeood aHaAIU30M MAMEPUALOE KOCMUYECKUX CHEMOK.

Oil and gas industry is now one of the leading industries in need of modern technologies in order to
simplify and reduce the cost of deposits exploration, extraction and transportation of hydrocarbons. The
construction of the main pipeline is been preceded by an analysis of the physical-geographical conditions and
geological structure of the area on which it is supposed to be designed and built. Today it is possible to automate
the track routing processes of oil and gas pipelines by analysis of satellite imagery.

HedTterasoBast oTpaciib CEroHsl SIBISICTCS OJHOW M3 BEAYIIMX OTpaciici, HYKIAIOMUXCSA B COBPEMEHHBIX
TEXHOJIOTHSX C MEeJbI0 YIPOIICHUS U YICIICBICHUS IMPOIECCOB PAa3BEOKH MECTOPOXKICHHN, HOOBIYH H
TPaHCHOPTHPOBKH YTIEBOAOpoaoB. Ilepen HedTerazoBoil OTpacibi0 BCTAaeT 3adaya TAaKKE PACIIUPUTh H CETh
TPyOOIIPOBOIOB, 00ECIICYNB OTPEOUTEISI CHIPHEM.

CTpOHUTENbCTBO MArMCTPAIBHOTO TPYOOIPOBOAA TMPEABAPSCTCA AaHAIU30M YCIOBUH MECTHOCTH.
Pemenne 3T0i1 3amaun TpeOyeT MPOBEACHNE T'€0JIOTHIECKUX, Te0(U3NIECKUX M ToHorpadudecKux M3bICKaHui. B
YCIOBHSIX PHCKOBOTO MEHEIXKMEHTa He(Tera3oBod OTpacid HamOoJiee aKTyalbHO CHIDKCHHE H3ACPKEK Ha
M3BICKATEIbCKHE M TPOCKTHBIC PAaOOTHI, TOBBIIICHHS YPOBHS aBTOMATH3AIMK IIPOU3BOICTBA.

OT0 MOXET OBITh JOCTHTHYTO C IOMOIIBIO aHAIM3a MAaTEPUAJIOB KOCMHYCCKUX ChEMOK. J[UCTaHIIMOHHOE
KOCMHYECKOE HCCIICIOBAHUE 3eMII 3aHHMMAaeT 0CO00e MECTO B TOIUIMBHO-YHEPIeTUYECKOM KOMIUIEKCE, OJHAKO 10

CHX IOp UCTIOJIB3YCTCA ABHO HEAOCTATOYHO.
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N3o0paxkenns 3emyin M3 KOCMOCA MPEACTABISIIOT HCTOYHMK MIMPOKOTO CIEKTpa HWHGOPMAIHH, KaK O
MOBEPXHOCTHBIX MpOIEccax, TaK U O TIIyOMHHOM CTpoeHHH. Pa3paboTka crenuamm3upoBaHHOW MH(OPMALMOHHON
CHCTEMBI TIPEJIOJIaracT IPOBEACHHE MOHUTOPUHra pabOThl MarucTpadbHBIX TpPyOOIIPOBOAOB, KOHTPOIb
9KOJIOTHYECKOTO COCTOSIHUSI TIPOMBICTIOBBIX PAaHOHOB, NMPOTHO3 M TIOMCKHM HE(PTAHBIX CKOIUIEHHH, a TakKkKe
panMoHaIbHO MTPOBOANUTH MPOCKTUPOBaHKE TPYOOonpoBoia. OCHOBHBIE HCIIOJIb3YEMbIE IPEUMYIIECTBA KOCMHUECKHX
CHHMMKOB: aKTyaJIbHOCTb, JOCTOBEPHOCTh, 0030PHOCTh U CPAaBHUMOCTb.

Hamu nipeasnioxkeH Meron aHann3a (QU3MKO-reorpayeckuX YCIOBUI MECTHOCTH HOCPEICTBOM 00pabOTKH
KOCMHUYECKHX CHHMKOB, BKJIIOUYAIOIIMX MH(POPMAaIHMI0O 00 HccieayeMoM ydacTke Tepputopuu. OOpaboTka cepuu
CHHMKOB SIBJIICTCS. OCHOBOH IIS1 aBTOMATH3allMHU IIPOLECCOB NMPOECKTUPOBAHUS, OOOCHOBAHUH BBIOOpA MapuIpyTa
TPACCHI U CHIDKAET ITOCIIEIYIOIINE PHCKH.

Hnsa  aHanmm3a W300paXeHWH ¥ CO3MaHME TPOTOTHIA HWHPOPMAMOHHONW CHCTEMBI MPHUMEHSIACH
nporpammHoe obecnedeane GNUOctave [1], sBisromeecs MOIIHBIM HHCTPYMEHTOM aHaIHM3a H300pakeHUH,
MaTpPUYHBIX, CTaTHCTHYECKHX pacdeToB M MporHo3za. OOpaboTaHHBIE KOCMHYECKHE CHHUMKH MOTYT SIBISTHCS
OCHOBOI 1715 paboTHI pa3pabaThiBaeMOi aBTOMAaTU3UPOBAaHHO MPOrpaMMBbI MPOKIAAKHA MaplpyTa, paboraromiei Ha
OCHOBE MOJIENX KJIETOYHOIro aBToMara [2].

OTa MOJENbh HUCHOIB3YeTCs MPEJCTaBICHUE MECTHOCTH B BHIE PETYSIPHOW MaTpHILBl S4yeek, Kaxaas Hu3
KOTOPBIX MOXET HAaXOXUTHCS B OJHOM M3 KOHEYHOTO MHOXKECTBA COCTOSHHH, XapaKTEpU3YIOUIMX CBOWCTBO
cyOcTpaTa M yalleHHOCTh TOYKH OT KOHEYHOTO ITyHKTA.

Jst paboTHI KJICTOYHOTO aBTOMaTa Tpedyercs:

® 33/[aHNEe HAYILHOTO COCTOSHHS BCEX STUCEK;

® 33/1aHUE NIPABUJI IIepexo/ia T4eeK U3 OJHOTO COCTOSHUS B IpyToe.

C ydeToM cneuuduKH 3a1a4 KOHKPETHOTO KJIETOYHOI'O aBTOMaTra HaMH HCIIOJb30BAJIOCH TPU MAaTpPHIIbL:
MaTpUlla CeBKJIMJIOBBIX PACCTOSHUM (MO KOHEUHOW TOYKH), «MaTpulla NPEnsTCTBUH» U  «MaTpHla
MapipyTa»(yInpomeHHbI peABapUTEIbHO 00paboTaHHBIM KOCMO(GOTOCHMMOK). PasperreHne STHX MaTpHI
JIOJDKHO OBITH OJJMHAKOBBIM M COBIA/IAaTh C JUCKPETHON MOJIENIBIO MECTHOCTH, B3SITOH B MacITaoe.

Marpuna eBKJINAOBBIX PAacCTOSHUN JI0 KOHEYHOH TOYKM MaplIpyTa pPacCUMTHIBAECTCS KaK pe3yJbTaT
oOpatHoil reomesmueckor 3amaun (OI'3) it KakIoW TOYKH HCCIEAyeMOW TEppUTOPWHU. 3HAUYCHHE JIIEMEHTa
MAaTpHIIBI PACCTOSIHUN MPUPABHUBAETCS AJIHHE IIYTH 10 KOHEYHON TOUKH, B3ATOW B IMUKCETIIX.

JUis 3amaHusa «MaTpHIbl IPEnsSTCTBUIY, HE00X0IUMO YIPOCTUTH (KJIACTEPH30BaTh) KOCMUYECKHUN CHUMOK,
a3p0()OTOCHUMOK HIIM TONOTPadUUECKyIO KapTy.

Jnst 9TOM 1enM HCXOJHOE H300pa)KeHHe IPUBOJAUTCS K H300PaKEHHMI0 B OTTEHKaxX CEporo, 3aTeM
omHapmsyeTcsa. Kimactepsl m300pakeHUsI BBIICIAIOTCS ¢ MoMolnbio QyHKImu bwlabel mporpammer GNUOctave.
PesynbpraT BBINONHEHMS 3TOM (QYHKIMM — MaTpulla HYMEPOBAaHHBIX KiacTepoB. Kaxuelii Kiactep MOXeT
paccMarpuBaThCsi KaK COBOKYITHOCTh OIHOPOJHBIX OOBEKTOB HA MECTHOCTH, SBIATHCS OTPAKEHHEM PEAILHOTO
BOJOEMA, TOPOJICKOM WIIM CEJIbCKOM 3acCTpOMKOM, JIECHBIM MacCHUBOM WM MPHUPOAOOXpaHHON 30HOM. UYepes
HEKOTOpBIe OOBEKTHI MPOKIIaAKa HEe(TEra30MpoBoia IKOHOMUYIECKH Hellelecoo0pas3Ha, II03TOMY IHKCEIH CIEeTyeT
BKITIOYHTH B MATPHILy MIPETISITCTBHUMA.

[TocnenoBaTrenbHOCTh ACUCTBUH MpH paboTe KIETOYHOTO aBTOMATa, MPETHA3HAUYEHHOTO IS MPOKIIAJKH
MaplIpyTa, BKJIIOYAET:

° CO3HaHI/Ie MaTpulbl €BKINI0OBBIX paCCTOHHHﬁ;
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o Knactepuzanus MacmrTaOHOTO H300pa)KCHHsI MECTHOCTH W (OPMHUPOBaHUS Ha €€ OCHOBE MAaTPHIIBI
pacCTOsIHUT;

e VYcTaHOBKa 3HAYCHWH AJIS DIIEMEHTOB MATPHIBI PACCTOSHHNA, COOTBETCTBYIOIINX MPEIATCTBHAM KaK
«OECKOHEYHOCTBY, ISl NCKITFOUCHHUS U3 TPOXOKACHUS MapIIPyTOM;

e BrinongHeHHE MpaBUiia YCTAHOBKH TOYKU «MATPHIIBI MApIIPyTay, KaK «TEKYIISi» Ha OYSPEIHOM Iare
BBIMOJIHCHHS aBTOMATa — TOCJICAOBATEIBHBIN MEPEeX0 ] OT HAYaIbHON TOYKH IO KOHCYHON B CTOPOHY YMCHBIIICHHUS
3HAYCHHS MATPHIIBI PACCTOSIHUH.

IMocne 3amycka mporpaMMbI KJICTOYHBIM aBTOMAT pemiacT 3ajady NpOoKIaaku mapuipyTa. [lo uroram
BBITIOJTHEHHS TIPOTpaMMa BBIBOIUT C(POPMUPOBAHHYIO «MATPHILy MapIIpyTay, KOTOpas paccMaTpUBAcTCs JHIAMH,
MPUHUMAOIUMH PEIICHNS KaK BapUaHT OTPEACICHUS MaplIpyTa MaruCTPaIbHOTO TPYOOIPOBOJa HA MECTHOCTH.

B xoze paGoTHI MBI BBISIBHIIH PSIZT JOCTOMHCTB M HEAOCTATKOB TaHHOTO METO/IA.

HocTtomHcTBa MeTona KIICTOYHBIX ABTOMATOB: SKOHOMHYHOCTb, WILTIOCTPATHBHOCTS,
JICTEPMUHUPOBAHHOCTD U MIOBTOPSICMOCTb.

B kauecTBe HemocTaTKa XOTEJIOCh ObI YKa3aTh HEBO3MOXKHOCTh Pa3pCIICHHsS aBTOMATOM, HCIIOJIb3YHOIUM
MpOCThIE NpaBHiia, HEAOCTATOUHO (OPMATM30BAaHHBIX CUTYallMid BeIOOpa Mapupyta. HekoTopbie Mopdonorndecku
CJIOXKHBIC TPCIATCTBUA TPYAHO ONPEACIAIOTCA KICTOYHBIMU aBTOMaTaMU M HE MNPHUBOAAT K OINTUMAJIbHOMY
PEIICHHIO.

PaccMoTpeB MpUMEHHMMOCTh KOCMHYECKHUX CHHUMKOB COBMECTHO C KJIETOYHBIM aBTOMAaTOM B MPOKIAIKE
MapIIpyToB HepTerazoBoil HHPPACTPYKTYPHI, MOKHO YTBEPKAATh, UYTO UX MPUMEHCHHE SIBIICTCS MEPCICKTHBHBIM
B pPa3BUTHU METOHOJIOTMH aBTOMATU3ALMU IIPOCKTUPOBAHUA. Nx BHCAPCHUC B TMPAKTUYCCKOC MNPHUMCHCHUEC

1eeco00pasHo I Pa3BUTHsI OTEUSCTBEHHOM He(Tera3oBoil OTpaciH.

CIIMCOK JIMTEPATYPbBI

1. GNUOctave. OdunmanbHbIH cailt [DnexkTpoHHbII pecypc] - Pexum JIOCTyTa:
https://www.gnu.org/software/octave/. Jlata obpamenus: 09.11.2015.

2. Topommu T., Maproayc H. MammuHBI KlleTO9HBIX aBToMaToB / M.: Mup, 1991. 280 c.

HNCCIEJOBAHUME I'EITATOTPOITHOI'O KOHTPACTHOI'O CPEACTBA AJISI MATHUTHO-
PE3OHAHCHOI'O TOMOI'PA®A J1JIsSI MOHUTOPUHI'A COCTOSAHUSA KOCMOHABTOB
Muxaiinosa K.K., Ham U.D.

Hayunsiit pykoBogutens: Ham U.®., noueHT, K.T.H.

Hauunonanenelil neenenoBaTenbekuil TOMCKUN NOIUTEXHUUECKUI YHUBEPCUTET
Poccus, r. Tomcek, np. Jlenuna, 30, 634050
E-mail: Kkm2@tpu.ru

THE STUDY OF HEPATOTROPIC CONTRAST AGENTS FOR MAGNETIC RESONANCE
IMAGING TO MONITOR THE HEALTH OF ASTRONAUTS
Mikhailova K.K., Nam LF.
Scientific Supervisor: Associate Professor, Ph.D. Nam L.F.
Tomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050
E-mail: Kkm2@tpu.ru

MPT-momocpaust ¢ KOHMpPACMUPOBAHUEM AGIAEMCA OOHUM U3 CAMBIX UHGOPMAMUBHBIX CROCOO08
OUACHOCMUKU COCMOSIHUA 300p08bs. OueHb 8adICHO, YMOObL KOHMpAcCmupylouee 6ewecmso YO08Iemeopso 6Cem
mpebosanuim 6ezonacrhocmu. Mcnonv3ys Oanuslil 6u0 momocpaguu O OYyeHKU 300pP08bsi KOCMOHABMOE, MONCHO
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0OHO3HAYHO CYOUmMb 0 MeKywem cocmoanuu. B oannom uccnedosanuu 6wi10 npedvssieno mpeboganue K pasmepy
muxpocgep eewecmea. Pesynomamul nokasanu, umo pazmep ne 0oadcen npesviutams 10 mxm, umodvt c860600HO
YUPKYIUPOBATND 8 KPOBEHOCHOM RPOCMPAHCMEE OP2AHUIMA.

MRI imaging with contrast is one of the most informative methods of diagnostics of health status. It is very
important to contrast the substance met all the safety requirements. Using this type of imaging to assess the health
of astronauts, can clearly judge the current state. In this study, were required to the size of the microspheres
substances. The results showed that the size should not exceed 10 microns to freely circulate in the blood space of
an organism.

MOHHTOPHHT COCTOSHHS 3/I0POBbsI KOCMOHABTa 00s3aTeNeH Kak 10, TaK U 1mocie mnosera. [loaroMmy, 4ToObI
UCKJTFOYUTHh BO3MOJKHBIE 3I0Ka4eCTBEHHBIC 00pa30BaHUs, pa3yMHee HCIOIh30BaTh MPT-IHarHOCTHKY B yCIOBHAX
JTUHAMAYECKOTO KOHTPACTHPOBAHUSI.

Ha maHHBIIT MOMEHT HEBO3MOXKHO IPEICTABUTH COBPEMEHHYIO MEAWIMHY O€3 JIydeBOW IMarHOCTHKH,
COCTOSIIECH W3 MPOTOHHO-3MHUCCHOHHON TOMOTpaduH, PEHTTEHOBCKON M MarHUTHO- PE30HAHCHON ToMorpaduu
(MPT). MHcnonb3oBaHue B KIMHAYECKOW mpakTuke wmeroga MPT mO3BOSMMIO BBIBECTH JIHATHOCTHYECKHE
BO3MOKHOCTH MEIUIIMHBI Ha KaYeCTBEHHO HOBBIN ypoBeHb [1].

OnTuMu3anus pe3yabTaTOB JUATHOCTHYECKOW KapTHUHBI JIOCTUTAETCS C TIOMOIIbIO HCIOJIb30BAaHUS
MarHUTHO-PE30HAaHCHBIX KOHTpacTHeIX cpencts (MPKC). Busyanuzamus c¢ npumenenneM MPKC mosposser
3HAYUTEIPHO YBEIUYUTh 00BeM HWH(POPMAIMM TPH TUATHOCTHKE MAIMEeHTa, I03BOJSICT OICHUBATH ITUHAMUKY
MATOJIOTHYECKHUX TIPOLIECCOB C HEOOXOOMMBIMH BPEMEHHBIMH W TPOCTPAHCTBCHHBIMH Pa3pEIICHUSMHE, MOBHICUTH
paspelieHie W KOHTPACTHOCTh IPH aHalU3e MajblX OOBEKTOB, OJHO3HAYHO OTIMYUTH OYAard IMATOJOTHHA OT
3mopoBeIX TKaHe# [2]. OcHoBHBIME obOnactamu npuMmeHeHHs MPKC sgBnsioTcs nmuarHocTHKa M HACHTH(UKAIUSL
OHKOJIOTHYECKUX O0pa30BaHMi B OpraHU3Me, B TOM YHCIIE METAacTa3UpOBAaHUs, a Takxke 3a00JeBaHHH CepleyHO-
COCYIHUCTOM cucTeMsl [3].

Ileuenr — camas Gojblas jkeje3a YeIOBEUECKOro OpraHu3Ma, €€ mMacca COCTaBIIseT B cpefaHeM l,5kr y
Myxk4uH ¥u 1,2 kr y okeHmuH. Iledenp BbimonHser cBbimie 500 pa3nuuHbIX  (QYHKOUHA, TakHX, Kak
JIE3UHTOKCUKAIIMOHHASA, (PepMEHTATHBHAS, IKCKPETOPHAS, yJacTHE B MPOIeccaX IHEPTETHIECKOTo 0OMEeHa U IIp.

HuarHoctuka W nudQepeHIHaibHas JHATHOCTHKA OYaroBBIX TIOPAKCHHWH II€YCHH MPEICTaBISCTCS
aKTyaJbHOH MpOOIeMOl COBpEeMEHHOW MeIWIUHEL. B Hacrosmee Bpemsl pa3lUYHBIE HOBOOOpA30OBAaHUS IIEUCHU
BBIIBILTIOTCS B 3% YIBTPa3BYKOBBIX HCCJICIOBAHWH, BHITIOJHEHHBIX B Ka4eCTBE CKPUHUHTA, M BeTpedaroTcs B 20-
51% cnyuaeB ayrtorcuid. [Ipy 3TOM 4YyBCTBHTENBHOCTH TUArHOCTHUECKHX METOHOB Kojebnercs ot 20 mo 95%,
KOTOpas 3aBHCHUT OT NPUMEHAEMBIX METOAMK M Pa3MEpOB BBISBISIEMBIX OYaroB. BaKHBIM SBIAETCS HE TOJBKO
oOHapy’>XeHHE OYaroBBIX M3MEHEHWH MeueHH, HO M MX TKaHeBas auddepeHunnanus, onpenesieHHe CTaJIUHHOCTH,
CTCTICHH BOBIICYCHHUS COCYIIOB, BACKYJISAPU3AIMH OMYXOJIeH, MOCKOJNBKY OT 3THX MapaMeTPOB 3aBHUCHT pEIICHHE
BOIpoca 00 ONTHMANBHOW TAKTHKE JICUCHHS NanueHTa. [ledeHp SBISETCS OpPraHOM-MUIICHBIO TPH MOPaKCHUH
MeTactazamu. Hanbonee yacto HaOIIOMAIOTCS MeTacTa3bl KOJOPEKTATBHOTO paKa, MOJOYHOM KeJe3bl, JETKOTO U
JKEITyIKa OT KOTOPBIX Morudaet okosro 20% manueHToB.

[leuénouHast HodBKa SABISETCA CTPYKTYpHO-(QYHKIIMOHANBHOM €OWHMIEH, KOoTOopas wuMeeT QopMmy
IIECTUTPaHHON TpU3MBI quamerpoMm 1—1,5 MM u BeicoToit 1,5—2 mm. Jlombka o6pa3zoBaHa rematornutamu (85 %
BCEX KJIETOK MeUeHH), PACIIOI0KEHHBIMHI BOKPYT IIEHTPAIbHOM BeHBI. TaKMX 0JIeK B IEYE€HH HACUUTHIBAETCS OKOJIO
500 teICcs4 (puc. 5) [4].

Ileuens nenuTcs Ha NpaByrO U JEBYIO A0NU. [leneHHe Kak[JOM JOJM Ha CErMEHTHI MPOU3BOIUTCS Ha

OCHOBaHUHN COCYﬂHCTOﬁ AHATOMHUU U CTPOCHUA l'[yTCﬁ OTTOKA XETUH.
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LeHTpansHan seHa

CuHycowas

Mexponskopan BeHa
HKenqHole KaHanbubl

Knetkn
MEYeHN

XKenuHelid NnpoToK
NopTansHaa

Tpnaga BopotHas BeHa

MeyeHovyHan apTepwn

Puc. 1. Cmpoenue newenounotl 0o1oKu

Hns  obHapyxeHns u guddepeHnranbHOW IUAarHOCTHKH OYaroBBIX H3MEHEHHWH IIedeHHHambolee
WHQOPMATHUBHBIM  CUYHMTACTCI  MAarHUTHO-pe3oHaHCHas Tomorpadms (MPT),BeimomHeHHAasT B YCIOBHSX
JMHAMHMYECKOr0 KOHTpAacTHpOBaHMs [5]. MarnutHo-pe3oHaHcHoe KoHTpacTHoe cpenctBo (MPKC) yeemuuuBaer
YyBCTBUTEJIBHOCTh, CINEUM(PUIHOCTh M JAUATHOCTHYECKYI0 3((EeKTHBHOCTH METOla, CIIOCOOCTBYS HE TOJBKO
UIeHTU(HUKALMKE TIATOJIOTHYECKOTO Ipoliecca, HO W 0oJiee TOYHOMY ONPEACICHHIO XapaKTEPUCTHK OYaroBOTO
obpazoBanus neueHu. B Hopme Ha MP-TtomMorpamMmax neueHbp umeer (Gopmy paBHOOEIPEHHOTO MPSAMOYIOJILHOTO
TPEYrojJbHUKAa C 3aKpyIVIEHHbBIMM Yyriamu. Y Hee Kopotkoe T1, 3a cuér uero HaTl-BU ona BeIrISIAWT
BbICOKOMHTeHCHBHOW. Ha T2-BU neuens umeer curHan HU3KOH
MHTEHCUBHOCTHU. B HOpMe cTpyKTypa IeueHH OJHOPOJHAS, KOHTYPHI €€ pOBHBIE [6].

OCHOBHBIMU HampaBieHUAMH npuMeHeHHs MPT ¢ KOHTpacTHBIMH CpEICTBaMH SBISIFOTCS BBISBIICHHE
METacTa30B M MEPBUYHBIX 3JI0KAYECTBEHHBIX HOBOOOPA30BaHWIl INEYeHH, KOTOPBHIE HMEIOT apTepUaNIbHBIA THII
KpPOBOCHaOXXeHHs1 M Haubosiee 3()(GEKTHBHO NUAarHOCTUPYIOTCS BapTepUalibHYI0 ()a3y KOHTPACTHOTO YCHIICHUS,
6o B TmopranbHyr (aszy, koraa oOpa3oBaHME CTAHOBUTCS THMIOMHTCHCUBHBIM 10 OTHOLICHHIO K
THIIEPUHTEHCUBHON ITapeHXUMe IedeHH [7].

VYBenuuute BblIeseHHe Hu3KoMoseKyisipHoro MPKC, kak u mr00BIX JAPYIMX HH3KOMOJEKYJSPHBIX
COEIMHEHUH, MEeYEeHbI0 MOXHO IYTEM BBEJCHHUS B CTPYKTYPY MOJIEKYJIBI JIMIOQHUILHOTO (parMeHra, Harpumep,
apOMaTHYECKOTO KOJblla. IMEHHO TakuM ITyTeM ObUIa M3MEHEHa OpPraHOTPOITHOCTh CaMOT0 IIPUMEHSIEMOT0 BO BCEM
mupe BHekineTouHoro MPKC MarneBnucra (IMMETIIIOMHHATaI0TIEHTETaT) U OBUIM CO3/1aHbl 2 TenaTOOMIMAPHBIX
MPKC:

— IlpumoBucT® (rapgokceraraunarpus, Gd-EOB-DTPA, BayerScheringPharma);

— MynpTuXanc® (regodenaraumriaromuna, Gd-BOPTA, Bracco).

Ot MPKC mnornmomarorcss renaronuTaMd M SKCKPETHUPYIOTCS B JKeNYb IPU YYacTHH II€PEHOCUYMKOB IS
OpPTaHWYEeCKMX aHHMOHOB, TaKMX Kak OwmmpyOmH u cynbpobpomdranenH. Bryrpu remaroumtoB stu MPKC
CBSI3BIBAIOTCS C O€NKaMM, YTO YBEIMYMBAET MHUKPOBSA3KOCTH BOKPYI HHUX, HOBBIAs ux T1-pemakcupyromyo (T.e.
KOHTPACTUPYIOILYI0) CHOCOOHOCTb.

Ha ceroansimauii eHs B Poccuy 3aperucTprpoBaHbl M paspellieHbl K KIMHUYECKOMY HCIOJIb30BaHUIO
KOHTPACTHBIE CPE/ICTBA, COCTOSIINE M3 XEJNATHBIX KOMIUIEKCOB HOHA ragoiuHui. K HUM OTHOCSTCS TamZOBHUCT,
JI0TapeM, MPUMOBHUCT, MarHEBUCT, OMHUCKAH.

Bce oHu ucnons3yrorcs g KOHTpacTupoBaHus npu nposeaeHun MPT nuarnoctuxu neuenu. B Poccun
€/IMHCTBEHHBIN (pa3pelIeHHbIH K KIMHUYECKOMY INPHMEHEHHMIO Ha HAcTOsIee BpeMs) remnaTocrenuduieckui

KOHTpacTHBIN mpenapar «lIpumoBucT» (auHaTpueBas coib ragokceroBoi kuciaorel — Gd-EOB-DTPA). On
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CENIEKTUBHO 3aXBaTHIBACTCSI ITOBEPXHOCTHBIMH PEIENTOPaMH WHTAaKTHBIX TIEMaTOLNUTOB M TakuM 00pa3om
HAKaIUIMBAeTCsl 30POBOH TKaHbIO medeHW. Ogarm ke, rae (QyHKOHSA KJIETOK IEYEHH CHIDKCHA WM yTpadeHa
TIOJTHOCTBIO (KUCTBI, TEMAHTHOMBI 1 OOJIBITMHCTBO 3JI0KaYECTBCHHBIX OITyXOJeHOpraHa), He HaKaIlIMBAIOT IpenapaT
WIN aKKyMyJHUPYIOT €r0 3HA4WTEIbHO MEIICHHEE 370pOBOM MAapEHXMMBI OpraHa. B CBA3M ¢ 3TUM BO3HHMKAECT
MOTPEOHOCTh B pa3paOdOTKe MHHOBAI[HIOHHOTO OTEYECTBEHHOTO TEMaTOTPOITHOTO KOHTPACTHOT'O CPE/ICTBA.

IMonyyenue mukpocdep

IlepBUYHYIO0 AMYNBCUIO MOJy4Yald C MCIOJB30BAaHMEM YJIbTPa3BYKOBOIO IHCIEPraropa ¢ HOIPY>KHBIM
n3nyyareneM. Pabouas wacrora — 22k[1. MIHTeHCHBHOCTH ynbTpa3ByKoBoro Bo3zeiictBus — 250 Bt/cm2. Ilpu
3TOM MaccoBoe cooTHoeHue kpaxmain : AI'TIK octaBanoce HEM3MEHHBIM.

OnTuManbHBIA pazmep Mukpochep (MeHee 10 MxMm) obecmeumBaeTcs NPH BBIOOpPE COOTHOIICHHUS
TIOJIFTAKTH T/ XJIOPUCTHIA MeTHieH 2...5 1/250 mu (tabn. 21). OmHako, Ipu COOTHOMIEHUH OJm3koM K 2 1/250 m,
gacTh cMecu kpaxmana u JI'TIK He Bkirogaercss BO BHYTpeHHU 00BeM MHKpocdep, a oOpa3yeT ariiomMeparsl B
PEaKLUOHHOM Macce.

C yBenM4YeHHEM COOTHOIICHHS MOJMIAKTH/I/XJIOPUCTHI METHIIEH HaOJII0AaeTCsl pocT pasmMepa MUKpocdep,

qTo 06yCJ’IOBJ’IeH0 YBCIIMYCHUEM BA3ZKOCTU pacTBOpA.

Tabnuya 1. 3asucumocme pazmepa MUKpocgep om coomHouleHUs ROTULAKMUO/XTIOPUCTbLIL MEMUNEH

1 2 3 4
CooTHOIIICHUE 2 5 10 15
TOJIMIAK T/ XJI.
METHIICH,
r/250 M
Pasmep mukpocoep, 2,6 8,3 10,4 13,2
MKM

[Tpu nonyyeHnn BTOPUYHON AMYJIBCHU HCIIOIb30BAIN TOMOTEHH3aTOP JIONACTHOIO THIA C BOJIHOOOPa3HOM
Hacagkoi. Bpems BozneiicTBus — 2 MuHyTHL MccnenoBany BIMSHNAE KOHIIGHTPAMU CTaOMIM3aTopa SMYJIbCHH Ha
pasmep wmukpochep (Tabm. 2). B KkauecTBe CTa0HIM3aTOpPa 3MYJIBCHH HCIIONB30BaIM BOIHBIA PacTBOP

MOJMBUHHUIIOBOI'O CIIUPTA.

Tabnuya 2. 3asucumocmsv pazmepa muxpocgep om konyenmpayuu [IBC

1 2 3 4
CooTHOIIIeHNE 1 3 5 7
TOJIMIIAKTHT/XJI.
METHUJIEH,
/250 M
Pa3zmep mukpocdep, | 23,4 14,2 7,8 1,3
MKM

Kak BumHO W3 Taby. 2, MpW yBeNWYEHWUW KOHIEHTpanuud a0 7%; HaOMI0JaeTcsl CHUKEHHE pa3Mepa
MHUKpOcdep ,9TO CBA3aHO C yCHICHHEM CTaOMIM3allii Ha TpaHune paszaena ¢a3. [Ipu mcmons30BaHUN pacTBOPOB C
koHueHnrpanueit [IBC Hmwke 5% Habnronaercss pocT pasMepoB MHUKpocdep M ux arjomepanuio. Takum oOpasom,
ONTUMANIbHBIM MOJHO cuHMTaTh npumeHeHue pactBopoB IIBC c¢ xonnentpanumeit 3...5 %. bonee Bbicokoe
coJiepkaHue cradwin3aropa TNPHUBOJUT K YMEHBLICHHIO II0JIE3HOTO 00beMa YacTHI, a TakkKe 3aTpyAHseT

MOCICAYIOIIYO OTMBIBKY CYCII€H3UHU OT CTa6I/IJ'H/I3aTOpa.
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Ha pucynke 2 mnpencraBiena ¢otorpadus Mukpochepsl (pacTpoBas 3IIEKTPOHHAS MHUKPOCKOIIHA),
HOJIy4eHHAs! [IPY COOTHOLICHMH IOJHMIAKTHI/XJIOPUCTBI MeTmieH 5 1/250 mi u koHuentpauuu [IBC 5%. Ilpn
IUaMeTpe MHUKPOC(Eepsl NPUOTU3UTENBFHO 8 MKM, TONMHHA OOOJOYKH, C(HOPMHPOBAHHOW W3 MOIHIAKTHIA
cocTaBIsIeT BeMuunHy nopsinka 150 am. Bepxumii ieBblii yron n3odpakeHuss — (parmenT ¢ororpaduu 3TOro xe
yyacTKa C MEHBIIMM YBEJIMYCHHEM. ['€OMeTpUYecKHe WCKaKEHHS H3MEpPEeHHOH MUKpochepsl B IIEHTpE

q)OTOFpa(l)I/II/IBO?’HI/IKI[I/I npu HaJ'H:HeﬁHIeM YBCJIIMYCHUU U CBA3aHBI C HArp€BOM Iperapara 3JICKTPOHHBIM IIYYKOM.

I1o pm EHT =2000kV Mag= 10.00 KX Signal A=SE1 w

|
I 1 WD=11.0mm TitAngle= 0.0° |Probe= 100pA

Puc. 2. Tornwuna obonouxu muxpocgepol

Pe3yabTarTsl
1. Pasmep mnomyueHHBIX MHKpochep He mnpeBbimaer 10MKM, YTO TO3BOJSET CBOOOJHO LMPKYIHUPOBaTH B
KPOBEHOCHOM IIPOCTPAHCTBE;
2. C y4eToM NOJIy4eHHBIX JIaHHBIX OblIa pa3paboTaHa THUHOBAs JIabopaTopHAs METOAMKA HOyYeHUS MHKpochep

(modum3arta JIeKapcTBEHHOTO CPECTBA).
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s monumopunea okpysicaroueri cpedvl Ha 6Oaze KOCMUYECKUx cpedcme Hauboree npoOyKmMueHo
UCNONL3VIOMCSL  UCKYCCMBEHHble CNYMHUKU 3eMau, KOMOpbiM NPUCyWu YeroCmHOCHb, YeleHanpagieHHOCb,
OUHAMU3M, TPEEMCMBEHHOCb, COBMECMUMOCMb, A6MOHOMHOCHMb. B Oannoil  pabome paccmampugaemcs
paspabomxa KOMRbIOMEPHOU MOOenU OBUICEHU. UCKYCCMBEHHO20 CHYMHUKA NO opbume Ois MOHUMOpPUH2a
oKkpydicaloujeli cpeovl. s ocywjecmenenus dmou yeau Obliu NOCMABIEHbl U peuleHbl credyrwue 3a0adu.
NONYYeHUe HAYANbHBIX NAPAMEMPO8 OBUNCEHUSL UCKYCCMBEHHO20 CHYMHUKA 3eMau; npedeapumenvras oopabomka
pe3yibmamos HabI00eHUll ¢ Yeabio OmOPAKOEKU epyObIX OUUOOK U COCMABIEHUS HOPMATILHBIX MOYEK, NOCMPOEHUe
MameMamuyeckot MOOenu OGUNICEHUs. UCKYCCMBEHHO20 CRYMHUKA 3eMiu; NOCMpoeHue MameMamuieckot Mooeiu
UBMEHeHUsL KOOPOUHAM U CKOPOCMU UCKYCCMBEHHO20 CHAYMHUKA 3eMlu; NoCmpoeHue KOMHbIOMEPHOU MoOenu
OBUIICEHUSL UCKYCCMBEHH020 cnymHuuka 3emiu. B pabome npugooumcs aneopumma paciema u npumep peaiuzayuu
KOMNbIOMEPHOU MOOEIU OBUICEHUSL UCKYCCMEEHHO20 CIYMHUKA 3eMIU.

For monitoring of environment on the basis of space means artificial satellites of Earth in which are
inherent integrity, focus, dynamism, continuity, compatibility, autonomy are most productively used. In this work
development of computer model of the movement of an artificial satellite on an orbit for monitoring of environment
is considered. For implementation of this purpose the following tasks were set and solved: obtaining initial
parameters of the movement of an artificial satellite of Earth; preliminary processing of results of supervision for
the purpose of rejection of gross errors and drawing up normal points; creation of a mathematical model of the
movement of an artificial satellite of Earth; creation of a mathematical model of change of coordinates and speed of
an artificial satellite of Earth; creation of computer model of the movement of an artificial satellite of Earth. In work
it is brought algorithm of calculation and example of implementation of computer model of the movement of an
artificial satellite of Earth.

BBenenue
HckyccTBeHHBIE CITyTHUKH 3e€MJIM MPOAYKTHBHO HCHOJIB3YIOTCS UII MOHMTOPHHTA OKPY’KAIOMIEH CPesbl.

UckyccrBennpiMu ciytHuKamMu 3emin (MC3) — 3T0 TakMe KOCMHYECKHE JIeTaTeNbHBIC amlaparbl, KOTOPHIE
BBIBOZATCS Ha OPOUTHI BOKPYT 3eMid M, COOCTBEHHO, KOTOpBIE NpeIHA3HAYEHBI JJIS PEIICHHS NPHUKIATHBIX H
Hay4HBIX 3a7a4d. KocMudecknii neTaTenpHbIN anmapaT SBISETCs CIlyTHHKOM, KOT/Ia OH COBEPINAcT He MEHEe OJTHOTO
o0opoTa BOKpYr 3emiM, TOrja NPOTHBHOM Clydae OH OyJeT CUYHMTAaThCsl PaKeTHBIM 30HIOM, KOTOpBIH Oyner

MPOBOJINTH U3MEPEHUSI BJIOJIb OAIITMCTHYECKON TPAaCKTOPUH, M HE PETUCTPUPYETCs KaK CIYTHHK [1].
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ITepBoie KocMuUeckue HaOMIOACHHWS 3eMIM Hadaauch B 1960-e TT. C COBETCKMX M aMEpPHKaHCKUX
METEOPOJIOTHIECKUX CIyTHUKOB, Takux Kak: "ESSA", "Nimbus", "Tiros", "Mereop", "ITOS" [2]. B 70-
enpuMEHEeHHEe KocMudecknx ammaparoB /133 u mH(OpMannoHHBIE BO3MOXKHOCTH 3HAUUTEIBHO PAaCIIMPHIINCH.
ITocne mereoponormyecknx VMC3 mpunum CIyTHHUKOBBIE CHCTEMBI, KOTOPBHIE MpEIHA3HAYCHBI ATl MOHHTOPUHTA
OKpY’Karollel cpeAbl M HCCIEAOBaHMSA MPOIECCOB, B CBOIO Ouepelb, JUHAMUKHU IIaHETApHBIX, KOTOpbIE UAYT
COBMECTHO C M3YYECHHEM CHCTEM MPUPOAHBIX pecypcoB 3emin, ("Landsat") (CLUA, 3anymienst ¢ 1972 r.),"Pecypc”
(PD, 3anymenst c 1988 r1.), "SPOT" (®dpanums, 3amymensl ¢ 1986 r.) M 3agaHMAMH  KOCMMYECKHX
HCCIIeIOBATENLCKUX amnmapaTos [3].

JIro00# CIyTHHK AOJDKEH BBIIONHATH XOTS OBl ONHY M3 337ad [0 H3YyYCHHIO XHMHYECKOTO COCTaBa
aTMoc(ephl, SHEPreTHKN M JAWHAMHUKH atMocdepsl, BOTHOTO M IHEPreTHYECKOro OayaHca, 00JavyHOTO MOKpOBA,
JVUHAMHKH, TJIO0AIBHOTO OHMOXMMHYECKOTO IMKIA, (H3MKO-XUMHYECKUX M IHEPreTHYECKHX CBOICTB OKeaHa,
TPaBUTAIMOHHOTO OIS, OMOJIOTHIECKUX PECYPCOB, H B 00JIACTH T€OIOTHH, KapToTrpaduu, Te0Je3Hu.

ITo mporpamme EOS, rpynnupoBke caMbIX MEpBbIX CIIyTHUKOB K 2016 r. mocTaBieHs! 3afauu(4]:

1) ouenka knumata 3a 10 neT;

2) oteHka sBineHus: Inab-Hunbo 3a 15-20-mecsiiies;

3) oleHKA BBIMACHUS J0XK/CH B perHOHAIILHOM MaciuTabe 3a 12-MecsIies;
4) omeHKa H3BEepP KCHUS BYJIKAHOB 3a 60 THEH;

5) omenka norozsl 3a 10-14 cyTok;

6) OIleHKa MapUIPyTOB YparaHoB ¢ TOYHOCTHIO 30 KM 3a 5 mHEH;

7) sKcrepUMEHTalbHAs OIICHKA 3eMJICTPSACCHNUH 3a 5 JIeT.

HckyccTBEeHHBIE CITyTHUKU 3€MITH BBIXOJST HA CBOM OPOMUTHI MPH MOMOIIHM aBTOMAaTHUECKHUX YIPaBIISIEMbIX
MHOTOCTYIIEHYATBIX PaKeT-HOCHUTEJEH, KOTOpble IBIDKYTCS Onarojapst Tsre, pa3BUBaeMOW pPEaKTHBHBIMU
neuratensMu. [lyTh, KOTOPBII Ha3bIBaeTCAd aKTUBHBIM yYacCTKOM JABIKCHMS PakeThl WM TPaeKTOpHUeil BBIBEJCHUS
HCKYCCTBEHHBIX CITyTHHKOB 3€MJIM Ha OpOWTY, OOBIYHO COCTAaBIISICT OT HECKOJBKUX COTEH JI0 IABYX-TPEX THIC. KM.
IIpu cTapre pakeTsl, OHA JBMKETCSI BEPTHKAIBHO BBEPX, M MPOXOJUT CaMble IUIOTHBIE CIION 3eMHOI aTMocdepsl Ha
CpPaBHUTEIBHO MaJIOW CKOPOCTH [5].

Ha monxone x opbute, McKyccTBEHHBIH CIYTHUK 3€MJIM €CTh BIUIUIC ¢ (POKYCOM B IIEHTpe 3eMiM (MiIn
OKPY’KHOCTB), KOTOPBIA COXpaHSIET CBOE HEM3MEHHOE MOJIOKEHHE B MPOCTpaHcTBe [6]. [[BikeHue mo 3Toil opbure
OyzneT HEBO3MYIIEHHBIM M COOTBETCTBYET MPEANOI0KEHUAM, UTO 3eMiIs OyneT NpUTIATruBaTheA 1Mo 3akoHy HproToHa
— Ha CIOYTHHK JAEHCTBYET TOJBKO CHJIA TPUTSKEHHUS 3eMIIH, CIYyTHHK MoJo0eH mapy co chepHuecKuM
pacnpeneneHueM motHoctd. Crenyrone (akTopbl, a HMEHHO, CXKaTHe 3eMJIH, CONpPOTHUBIICHHE 3EMHOIl
atMoctepsl, npurspkeHus Jlynst um CoiHIA, JaBl€HWE COJHEYHOTO M3JIyYCHUS  SBISIOTCS HMX IPUYNHON
OTKJIOHEHHUH OT HEBO3MYIIEHHOTO ABMXKeHU. [lopanok aBrmxeHus VICKyCCTBEHHOTO CITyTHUKA 3eMJIM M OCTAJIbHBIX
OpOUTANBEHBIX 00BEKTOB IIPONCXONT Yepe3 HaONIOJCHUS CO CIEHaIbHBIX HA3eMHBIX CTaHINH [7].

Co3nanne opOMT He Ba)KHO KaKHMX MCKYCCTBEHHBIX TEJl B OKOJIO3EMHOM HPOCTPAHCTBE OIMPAETCS Ha
OTBICKaHME pEIIeHWH, a MMEHHO, OTPaHHYEHHON 3agaydl Tpex Tel. B CBSI3M C 3THUM MPHUMEHSIOTCS CaMble
pa3HooOpa3Hble YUCICHHO — aHAIUTHYECKHE W YHCICHHBIE Mojenu. JKenaHue moiyduTh HOBBIE CEMEHCTBA OpOUT
3acTaBiIsIe€T HAC Pa3BHBAaTh CHOCOOBI MHTETPUPOBAHUS 3TOHM CIIOKHOW 3amadu. Pa3paboTke NaHHBIX alrOpPUTMOB
MOCBAIICHO 3HAYUTEIBHOE YHCIIO MOHOTpaguii W cTaTel, Kak OTEYECTBEHHBIX, 3a aBTOpcTBOM P. @. Ammazoma
[8], E. I1. Akcenogna [9], I'. H. Jy6ommna [10], B. H. I'ymuna [11] u ap., Tak ¥ 3apyOeKHBIX, 32 aBTOPCTBOM P.
barruna [12] u ap.
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B nanno#i paboTe paccmarpuBaeTcsi pa3paboTKa KOMITBIOTEPHOW MOJETH IBMKCHHS HCKYCCTBEHHOTO
CITyTHHUKA 110 OpOUTE I MOHUTOPHHIA OKPYKAIOIIEH Cpembl.
JAnst ocymiecTBIEHHS 3TON eI HEOOXOIUMO PELINTh CIECAYIOIIUE 3aAa4H:
1) Brrumcienne HagambHBIX TapamMeTpoB ABIkeHMst VIC3;
2) TlepBuuHas 00pabOTKa pe3yabTATOB HAOIIOACHUN;
3) Iloctpoenune maTemaTuueckoi moaenu neuxerus MC3;
4) TlocTpoeHue MaTeMaTU4ECKOH MOJeNny HU3MEHEHUs! KoOpAuHaT U ckopoctu 1C3;
5) Ioctpoenue nporpammuoit Moaenu aswxkenus MC3.
IMocTpoeHne MaTeMaTHYeCKOi MO/Ae/IH IBUKEHHS HCKYCCTBEHHOI0 CIIyTHUKA 3eMJIH
Kaxk rimacut 3akon Kemnnepa, TpaekTtopusi CIlyTHHKA, KOTOPBIH ABI)KETCS B MOJIE TATOTCHUS 3€MITH, JEXKHUT B
HETIOABIDKHON TIIIOCKOCTH, Ha3blBaeMOW OpOWTANBPHON IIOCKOCTH, MPOXOMAIICH Uepe3 IeHTP TATOTCHUS, W
MPEACTABISIET cOOOH KPUBYIO BTOPOIO MOPSAJKA, B OHOM U3 (POKYCOB KOTOPOH HAXOAUTCS LEHTP MPHUTHKEHHS.
OpueHTanuo opOUTaIbHON IUIOCKOCTH XapaKTepU3YIOT €€ TOJIOKEHUEM OTHOCHUTEIBHO 3KBaTOPHUAILHOM
wiockocTd XOY (puc. 1). Jlunuio mnepecedeHHs] 3THX IUIOCKOCTEM HAa3BIBAIOT iuHUel Y3106. Y3IaMu OpOUTHI
CIIyTHUKA SIBIISIOTCA TOYKU TepecedeHHsi OpOUTHI C DKBATOPHAIBHOW TUIOCKOCTHIO. Y3enl U, COOTBETCTBYIOIIUI
JBIDKCHUIO CITyTHHKa M3 IOKHOM HeOecHOW mosycepbl B CEBEpHYIO HAa3bIBAIOT BOCXOISIIMM, a y3ed D,
COOTBETCTBYIOIINH JBIKCHUIO U3 CEBEPHON HEOECHOH MOTyc(ephl B FOKHYIO - HUCXOISIINM.
[Nono)xeHne MIOCKOCTH OPOMTHI CIyTHHKA OTHOCHTEIHLHO SKBAaTOPHAIBHOMW IUIOCKOCTH OINPEACIAIOT J(Ba
OpOUTANBHBIX 3JIEMEHTA - JOJrOTa BOCXOMSINETO y37a {2 W HAaKJIOHEHHWE OpOWTHI i. Yrom £ OTCUMTHIBaETCS B
9KBaTOPHAJIBHOM TJIOCKOCTH OT OCH X JI0 JIMHUU Y3JI0B M MOXKET U3MEHAThCs B npeaenax ot 0° no 180°. ITpu = 90°

opOuTa Ha3bIBAETCS MOJSAPHOH, TipH i = 0° - BKBaTOpUATIHLHOU, B OCTAIBHBIX CIy4asX - HAKJIOHHOM.

lMnockocTe
op6uTLI

lMnockocTs

akearopa Op6ura HC

Iuwns yanos

Puc. 1. Opuenmayus opbumansrot nrockocmu

Ecimu criyTHHK JBMKETCSI CTPOTO B COOTBETCTBHMH C 3aKoHaMH Kemepa (TIpy OTCYTCTBHM BO3MYIIAIONTUX
BO3ACUCTBHI), TO IMATH MapaMeTPOB OPOUTHI 2, i, Wy, p, IOCTOSHHBI U HE MEHSIOTCS NPH JABWKCHUN CIYTHHKA, a
miecTod mapamerp v (MCTHHHAs aHOMAJHMs) XapaKTepu3yeT IIOJIOKEHWe CIyTHHKAa Ha OpOuTe B KaXKIbIH
(hMKCHpOBaHHBI MOMEHT BPEMEHH #;. Bpems #;, XxapakTepusyroliee HaXx0XJCHHUE CIyTHHKAa B KOHKPETHOH TOYKe
OpOUTHI, Ha3BIBACTCS 910X0U. BpeMsi HaxOoXKJEeHUs! CIyTHUKAa B KaKOH-TMOO XapaKTEpHOH TOYKE OpOWUTHI MMEET

cOOCTBEHHOE Ha3BaHKE, HAIIPUMEP, BpeMsI IEpHres 7.
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B cBs3u ¢ TEM, YTO T'C€HEPATOPBI YACTOTHI, YCTAHOBJICHHBIE Ha KAXXJAOM CITYTHHUKE, UMCIOT HEKOTOPBIC

TIOTPEITHOCTH, TO MMOKAa3aHWs YaCOB Ha CITYTHHUKE OTJINYACTCS OT BPDEMEHU GPS.

SnnunTuyeckasn
op6uta HC MC (r= p,9 = 90°\)I
_\\ Vn ,, \\ v,
NTuHnsa

ancug e HG159:)

pilr
/ ® \n
u )~ ®n
3emns I

TTnHuA

n

a

A

|

- -

e

Puc. 2. Dnnunmuyeckasn opbuma cnymuuxa

C uenpl0 NpPUBENICHUSI BPEMEHU CIIyTHHKa B CHCTeMy BpeMeHH GPS HeoOXOQUMO BBIYMCIHTH U BBECTH
MOMNPAaBKy B Yachl CITyTHHUKA, MCIOJIB3Ys TOJIMHOMHAIbHBIE KO3()(UIMEHTHI, KOTOpPBIE NEPEAAIOTCs B CITyTHUKOBOM
cooOennu. Bpems criyTHHKa HCHIPaBISIIOT Ha BEIUYHUHY Al

t=1t, -At,,
e Aty = ag + a (t - toe) + ax(t - toc)z.

BrMHACIAIOT TPOMEXYTOK BPEeMEHH OT OIOPHOW JIOXH [0 MOMEHTa JaHHOTO HW3MEPCHHUS:
te=1- to.

B panpHeimux pacderax moTpedyroTcs ciaeayonne KOHCTaHThI:

e =7,2921151467-107 pan/c - yrioBast HHEpIHATbHAS CKOPOCTb BPAICHAS 3CMIIH;
1 =3986005-10% m*/c” - rpaBuTaIMOHHEIH TApaMeTp 3eMTH;
n=13,1415926535898 - TOuHOE 3HAYEHHME YKCIIA T.

CpenHee IBMXKEHUE HA MOMEHT ¢ BBIYHCIISICTCS 110 (hOpMyJIe:

Ju

ny = e >
a CKOpPPEKTUPOBAHHOE CPEIHEE JBUKEHHUE PABHO:
n=ny+ An.
Cpennsisi aHOMaJIUS BEIYUCISETCS 10 GOopMYyJIe:
M= My + ny,

a 9KCIIEHTPUUYECKYIO aHOMAITMIO HA MOMEHT M3JIy4eHUs CUTHAIA HAXO/ISIT, UCIOb3Ysl ypaBHeHue Kerepa:
E,= M, + esinE,.
Ora 3a1a4a pemaeTcs NTepauus MK, BOCHOIB30BABIIMCH TEM, YTO 3KCIEHTPUCHTET OPOUT CIIyTHHKA Majl
(e<0,001), B nepBoM NpuOIM>KEHNH TPUHUMAIOT:

E]:Ml
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a 3aTeM YTOYHSIOT o popmyre:
Ej =M+ eSinEl’_j, i= 1, 2, 3.
3aTeM BBIYHCILIIOT HCTHHHYIO aHOMAJIHIO TI0 (hopMyTIaMm:

cosE, —e
CosV, = ——"—
l1-ecosE,

Jl—e!sink, .

sinv, = l—ecosE,
[Tpubamxenue K apryMeHTy IIHPOTHI PaBHO:
Vo =V + ®

B cBs3M ¢ TeMm, UYTO CHYTHHK JBW)KETCS II0 BO3MYLICHHOH OpOMTE, B CBSI3M C HEPaBHOMEPHBIM
pacmpesieleHHeM Macc B Teje 3eMIM, CONHEYHbIM AaBieHueM CoJHIA Ha CIOYTHUK M Jp., B HAaBUTAllUOHHOM
COOOIIEHNH CITyTHHKA, KpOMe HIecTH napaMeTpoB Kemmepa, conepkutest 9 KOppeKTHPYIOIMNX OIPaBOK.

KoppekTtupyrolyro nompasKy K apryMeHTy IIHPOTHI BBIYUCILIIOT IO (opMmyte:

dUy, = C,ec082Uy;, + C,sin2 Uy,
ApPryMeHT UIMPOTHl HA MOMEHT U3JIy4eHUs PaBeH:
Uk = U()k +oU, ke
KoppekTupytolyro nonpaBky K pajnyc-BeKTOpPY BBIYHUCIISIIOT IO (OopMyJIe:
Srk = Cmcos2 U()k + C,.Ssin2 U()k.
Pannyc-BeKTOp Ha MOMEHT f; BBIYUCIISIOT 1O OpMyIIE:
7y = A(1 - ecosEy) + ory.

HaiinenHble  BeNWYMHEL 74 U Ej TIO3BOISIIOT ~ BBIYMCIWTH  KOOPAWHATHI ~ CIyTHHKa B IUIOCKOCTH

OCKYJHpYIOIIEH OpOUTHI:
X, =r.cosU,;
Yy =r.sinU,;
Zy =0-
Koppekiuio 3a HakJI0H OpOUTHI K INIOCKOCTH SKBATOPA BBIUUCIISIOT MO (hOpMYyJIe:
0 = C;.co82Uy, + Cisin2 Uy,

a HAaKJIOH OPOUTHI K TNIOCKOCTH SKBAaTOPA PABEH:!

JlonroTy y351a Ha MOMEHT #; BBIYHCIISIOT 110 (hopMyJIe:

M= Qo+ (Q - 0 ) - © Lo

Koopauuatel crnytHmka B cucreMe koopauHat WGS-84 MoryT OBITH MOMYYCHBI 110 CIEAYIOIIAM

hopmymam:
X = Xoicoshy - YorSink,cosiy;
Y = Xyisinky - Yo, cosMCOSiy
Zk = sin I

IMon »demepunamMu CIyTHHKOB IOHMMAIOT MPOTHO3MPYEMBIE KOOPIMHATHI IOJIOKEHHS CITyTHHKOB Ha
MOMEHT BPEMEHH, MHTEpEeCYIOIUi morpeouress. [IpUMEHUTENFHO K CITyTHUKOBBIM HAaBUTaIMOHHBIM CHCTEMaM
a¢eMepuabl CITyTHUKOB COCTOSIT U3 JIBYX YaCTEH:

- MaTeMaTHYeCKOH MOJIENH ABWKEHUS CITyTHUKOB, KOTOPasl OITyOJIMKOBaHA B HAYYHOM JINTEPATypE;

- mapaMeTpoB MaTeMaTHIECKOMU MOACIHN, KOTOPBIC NEPEAAIOTCA B HABUTAITMOHHOM COO6H_[€HI/II/I CITYTHHKA.
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ITockonbKy ommcarh C BBICOKOW TOYHOCTBIO PEAJbHOE ABM)KEHHE CIYTHHKOB HE yHAeTCsl NaXke MHpHU
HATAYUU CTOJb 3HAYUTEIILHOTO KOJIHYECTBA KOA(P(GUIMEHTOB, TO MPOTHO3UPYEMYIO OPOUTY CIYTHUKA pa3OMBaIOT
Ha WHTEPBalbl [UIUTENbHOCTHIO | 4. Kaxkaplil yac B HABUTAIIMOHHOM COOOIICHUH OOHOBIIIFOTCSI BCE TAPAMETPHI U
KOppekTupyrone Ko3ppuineHTsI.

Pa3paboTka anroputma

Jdnst peanuzauuy KOMIBIOTEPHOH Mozenu ObUT pa3pa0oTaH aJlOPUTM JIBMXKEHHUS! HCKYCCTBEHHOTO
CIIyTHHKa 3eMJIH 110 OpOuUTe:

1. Hauano

2.  CoszmaHume Taiimepa, rie Ha KaKIOM OTCUéTe (GUKCHUPYETCs TOUKA U JIMHUH OT (POKYCOB 10 He€. 3amaroTcs
3HAaYCHHE IUPHUHBI U BRICOTHI pabodei (hopMBI, 3JUTHIICa U 3EMITH.

3. ®uxcanus TOYEK depe3 ONpeaeNEHHBIN MPOMEKYTOK BpEMEHH TaiiMepa, Te N300paskaloTCs TOUKHU CIICTO0B
CIYTHUKA, JINHAX OT 3EMJIM U 10 CITyTHHKA.

4. BeBox rpaduka ABMXEHUs CIIyTHUKA [0 OpOUTE, I'/ie MPOUCXOANUT OOPHUCOBKA JIBMIKEHUSI CIIyTHUKA T10
Tanumepy.

5. Komnern

rpadEEa

Komen

Puc. 3. Aneopumm peanuzayuu KOMILIOMEPHOU MOOENU OBUINCCHUA CIYMHUKA NO OpOume

Pa3padorka KoMnbIOTEepHOH MOAe U
Jns peanm3anuy KOMOBIOTEPHOH MoJenu ObUTa BEIOpaHa cpenma mporpamMMupoBanus Visual Studio si3pik

C#. bpuia peannzoBaHa KOMITBIOTEpHAs MOJICNIb JBIDKEHHUS CIyTHHKA IO OpOHMTE, KOTOPBIH yJIOBJIETBOPSIET BCEM
MOCTaBJICHHBIM TPeOOBaHMAM M 00JaJaeT XOPOIINM TU3aifHOM, POCTON M MOHATHON HaBHTallueH.

Takum oOpa3om, ecnu HCIONB30BaTh Teopuio Keriepa, ero MeTOOUKy W (OPMYIBI, MOKHO TOIYYUTh
mapamMeTpsl, KOTOpBIE HHTEPECHBI UIA TIOJIB30BATENs, TO €CTh IapaMeTphl ABIKCHHS CIyTHHKA B JIIO0OH W3
MOMEHTOB BpeMeHH. Takxe ObUIN YIPOUICHBI HEKOTOPHIE BEIYHMCICHHUS U MOJTyYeHBI TapaMeTphl, 0e3 MpUBICYeHUS
3aKOHA BCEMHpPHOTO TsAroTeHHs HploToHa M 0e3 TakuX ompeneNieHHH Kak CHila, SHEPrus, MOMEHT KOJHYeCTBa

JBMIKCHUA U Macca.
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Puc. 4. [Jsusicenue cnymnuxa no opoume 6 Visual Studio
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B oannoti cmamou npedcmaenenvi npunyun pabomol, KOHCMpPYKYusi nHeemocuopasiuyeckoli pakemol. Ha
OCHOBE NPUBEOCHHBIX 3HAHUL ObLI PA3PAOOMAaH MaKem OAHHOU PAKembl.

This article presents the operating principle, the design of the fluid rocket. On the basis of the above
knowledge the layout of the rocket was designed.

ITHeBMOTHIpaBIMIECKas pakeTa, BOJIsSHAs pakeTa - pakeTa, MCIOJb3yIomas B KadecTBe pabodero Ttena
BOJY (WM IPYTYIO KHIKOCTB), BRITECHAEMYIO M3 KOPITyCa PakeThl Yepe3 COIUIO JABICHHEM CKATOTO BO3IyXa WMIIH
WHOTO Tasza. [lodyuywWiaM paclpocTpaHeHHWe, B OCHOBHOM, B KAauecTBE WIPyIIeK. VICTIONB3YIOTCS Takke Ui
JIEMOHCTPAIINY TIPUHIIAIIOB PEAKTHBHOTO JIBFKEHHS.

CokaThlil BO3MYX MPH MCTEUCHUH M3 COIUIA PAKEThI CMIOCOOEH CO3/aBaTh TATY 0€3 MHUIAKOCTHU-TIOCPETHHUKA.
OnHako Macca BO3JyXa B KOPIyCE€ pakeThl OrpaHWYeHa. bojee BBIFOJHBIM MPEICTABISIETCS HCIOJIb30BAHUE B
KauecTBe pabouero Teiia JKUAKOCTH. B BHAy TOro, 4TO 4Yepe3 COIUIO MHEBMOTIHMIPABIMYECKONH pPAKEeThl HCTEKAET
KHIKOCTH, KOTOpast HIMEET IUTABHO OYEPUEHHYIO CYKAOIIYIOCT GopMmy.

B KkagecTBe KoOpIyca pakeThl HCIOJB3yeTCs IUIACTHKOBas OyThUIKA. B KadecTBe IYCKOBOM YCTAHOBKH

UCTIONIb3YETCsl BEPTUKAIBGHO YCTAHOBJIEHHAs HAa CTAaHUILy TUIACTHKOBas TpyOka (puc. 1).

byTeLIKa

Hep:xatens
TeomerpuuHas

Tpybra aas npobxa

HaKa1KH BO3aYyXa,

Puc. 1. 3D mooenv paxemvi
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I'epmeTnyHO HajieBaeTcsl Ha 3Ty TpyOy OyTbUIKa, KOTOpas 3amojHeHa Boay mpumepHo Ha 1/3. Bosmyx
HaKa4YMBaeTCsl HACOCOM dYepe3 HUIIIENb BEJIOCHIICTHONH KaMephl, YCTAHOBJICHHBIN B HIDKHEH dYacTH TpyOku. B
OyTblTKEe OyJEeT cO3MaBaThCS BBHICOKOE JABJICHHE MO BOAOW B BEPXHEH YacTH KOpIyca pakeTa NPH HaKauMBaHUHU
BO3yXa. Bo3ayx BITAIKMBAET BOAY Yepe3 TOpIBIIKO. [ Korga OyThUIKA CPBIBACTCS C ITyCKOBOM YCTaHOBKH, CTPYSI
BOJIBI IPOIOJDKAET BBIPHIBATHCSI BHU3, CO3/1aBasi PEAKTUBHYIO TATY, U TOJIKasi PAKETy BBEPX.

B naHHOM MakeTe WCHOJB3YIOTCS 2-X JIUTpOBasl IUIACTHKOBas OyThulka Pepsi, pe3nHOBas mpoOKa,
KaOeNbHBIE CTSDKKH HEHIOHOBBIE, IIACTUKOBAs BOJOINPOBO/HAS TPYOa M HMIIIEIb OT BEJIOCHIIETHON KaMepsl (puc.

2).

Puc. 2. Maxem paxemwi

3akaouenue
Ha ocHOBe pa3pabOTaHHOTO MaKeTa MOYKHO CIIEJIaTh BBIBOJ YTO, JAHHBINA SKCIICPUMEHT JIaeT BO3MOXKHOCTh
3aKpeIUIeHHs] 3HAHWHA 10 PEaKTHBHOMY JIBIDKCHHIO, TIONYYCHHBIX B IIKOJE ¥ SBISIETCS OJHUM W3 IIOJXOJ0B

M3ydeHUs PU3UKH.
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AKTYaJbHOCTh COJTHe4YHOro 3aTMeHMsi. [logoOHOe sBIEHHE TPHUPOABI CYNIECTBYET B HamIeH
OKpYXaloIIeH cpelne W 3aKirodaeTcss B TOM, 4To JIyHa 3akpbiBaeT MONHOCThIO WM dacTHdHO CoiHIE OT

HaOmromatens Ha 3emure. Bo Bpems MOJTHOTO 3aTMEHHS, COJNHEYHBIM TUCK TONHOCTBIO 3akpeIT (puc. 1). Ilpm

YaCTMYHOM 3aTMEHUU WM KOJBIIEBOM, COTHEUHBIHN TUCK 3aKPBIT TOJNbKO yacTu4yHO (puc. 2) [1].

Puc. 1. Daza noanoeo coaneyno2o 3ammenus Puc. 2. Yacmuunoe conneunoe sammenue

NyHa

ConHye

Puc. 3. Cxema conneuno2o 3ammenus

OObsicHeHHE CYNIHOCTH SIBJIEHHSI COJTHeWHOro 3arMenusi. Korma JlyHa HaxXxoguTcs B TOYKE MEXKIY
Comnnuem u 3emuieit, Jlyna Oyzget memiath cBety ot COJHIIA CBETHTh BHU3 HA 3€MIIIO CO3/1aBast SIBIICHUE 3aTMEHHUSL.
Iockonpky panuyc JlyHsl MeHblre paguyca CoyHIa M 3eMJIM TaK MHOTO pa3 3areMHsercs cBeT JIyHbI Ha 3emuie
COCTABJISICT JIUIIb MaTyt0 4acTh (puc. 3).

IToHoe 3aTmMenue ComnHila B TeueHue 2016 rona mpouzoitnér 9 MapTa, KOTOpoe MOXKHO OyJeT HaOJII01aTh B

CEBEPHOM U IEHTPATbHOM JacTsaXx TUXoro okeaHa u Ha Boctoke MHauiickoro okeana (puc. 4) [2].
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Kuala Lumpur

singapore

L

Jakarta

Puc. 5. [loanwiii Ouanason yeemos Kpacho2o, MemHulX 0OIACMSX - YEPHBILL KpY2, NOIYMEHb - MEeMHbLe

KOHYermpudeckue Kkpyasu

HNudpopmanust o conHeyHOM 3aTMeHNH 9 MapTa Bo BheTHame. BreTHaM HaXoAWTCS B MONYTEHHU (pHC.
5), mosToMy Habio1aeMoe YacTHIHOE 3aTMeHe. KpacHbIi Auamna3oH Janbiie, ypoBeHb MOKPHITHA. Bee mpoBuHINN
BO BrerHame MoryT HaOIr01aTh YaCTHYHOE 3aTMEHME. B I0XKHBIX MPOBUHIMK HA0IIOAaeTCs HleabHOE 3aTMEHKe. B
npoBuHIMK Ka May OyzneT camoe MakcuMansHoe 3atmenne(57,6%), XomumuH (52,2%), Jananr (36,2%) u B XaHoe

Toutbko (22,3%) [3].

3akiaouenue
B crathe paccMOTpPEHO HATypalbHOE SBJICHHE, OOBSCHEHA CYIIHOCTh W TpHUBeAcHa HH(OPMAIMS O

YaCTUYHOM COJIHCYHOM 3aTMCHHUMH, HaGHIOZIaeMOM Bo BreTHame.
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B oannoui cmamve paccmampusaemcsa npobiema peanusayuu paouoceasu mMexcoy YeHmpom ynpasneHus
noiemom u Kocmuveckum obvekmom. Ilpobnema 3axnouaemcs ¢ mom, umo uHgopmayus nepeoaemcs Ha O4eHb
bonvuwue paccmosiHus, @ pesyrbmame 4e20 pAcceusaemcs 6 NpOCMPAHCMEe U No08epeaemcs 6030eliCmeur0
paznuunsix nomex. Ha ocnose usyuennou numepamypbl YCManoGIeHO, YO eCMb HeCKOIbKO Nymell peuleHus 3a0ayu
— UCNOTL308AHUE CNYMHUKOS-DEMPAHCIIAMOPOS, PACNONALAIOWUXCA HA opbume 3emuu, u ycosepuieHcmeosanue
NpUEeMHbIX aHmeHH. B pe3ynbmame ue2co Ha cOBpeMEHHOM 3mane pazeumus KOCMOHASMUKU IKUNAJIC MOJCen
obwamvca ¢ 3emael npakmudecku 6 pedxcume ouaain. CoepemenHvie MeXHOIO2UU NO3BONAIOM NONL30EAMBCSA
OaHHOU C8A3bI0 He MOJIbKO YUEeHbIM U KOCMOHABMAM, d MAK JHce U HPOCMbLM pAOUOTIOOUMensIm.

This article discusses the problem of implementation of radio communications between mission control and
space object. The problem is the information is transmitted over very long distances, the result is dissipated in space
and is exposed to various types of noise.. Based on the review of the literature it was found that there are several
ways of solving the problem - the use of relay satellites, which are located on the Earth's orbit, and the improvement
of the reception antennas. As a result, at the present stage of development of astronautics crew can communicate
with Earth almost in on-line mode. Modern technologies allow to use this communication not only scientists and
astronauts, as well as radio fan.

Jns cBsi3M MEXIYyHApOIHOM KOCMHUYECKOH CTaHIIMM C LEHTPOM YIpPaBlIEeHHUS TIOJIETOM Ha 3emiie
UCTIONIb3YeTCsl NANBHSISA KOCMHYecKash paguocBs3b. C ee MOMOIIBIO Y3HAIOT O paboTe YAAJICHHOTO armmapara H
(usryeckoM cocTosHUM dKkunaxa [1].

Kocmuueckass cBs3p Tepefaercs Ha OUYeHb OOJBIIME PpAacCTOSHWSA, B pe3yjbTare 4Yero 4YacTHIHO
paccenBaetcst B ipocTpancTBe. Kakum 00pa3oM KOCMOHaBTaM yIaéTcsi HE TONBKO CBSI3BIBATHCS C 3eMIICH, HO ele U
nepeaaBats BUaeo(aiib?

Her mpakthdeckn HHMKakuX TpyJHOCTEH NpH Iepegade CuUTHasja ¢ 3eMiIM Ha KOCMHYECKHMH armapar,
MOCKOJIbKY TYT MOKHO CO3/IaTh CUTHAJI JIOOOH MOIIHOCTH, & B KOCMOCE HET IOMeX JJIsl ero rpruema.

[To-npyromy neso 0O6CTOUT C IIPUEMOM CHTHAJIa U3 KOcMoca. Bo-mepBbIX, MOITHOCTh CUTHaJIa OTpaHUueHa
BO3MOXHOCTSIMH ~ OOpTOBOIl ~ ammaparypbl. Bo-BTOphIX, Ha 3emMje, Ipd TpUeMe, BBICOKHII ypOBEHb
3JIEKTPOMArHUTHBIX TIOMEX, YTO MEIIAET BBIJICIUTh TTOJIC3HBII CUTHAIL.

JlanHbple TpoOJIeMbl YaCTHYHO PEIIAaloTCs MTyTeM HCIIOIb30BaHMS aHTEHH, Pa3HECEHHBIX JIPYr OT Jpyra Ha
paccTosiHIE B HECKOJIBKO THICSIY KMIIOMETPOB. Toraa BeposiTHOCTh TOTO, YTO aHTCHHBI YJIOBAT OJIMHAKOBBIM CHT'HAJ C
3eMin O4eHb Majia, B TO BpeMsl, Kak /I BCEX aHTeHH WHOpMAaIMs U3 KocMoca OyJIeT COBIAATh.

Eie oauH croco6 npueMa KOCMUYECKOW CBSI3H — NPUMEHEHHUE CITy THUKOB-PETPaHCIISITOPOB, HAXOASIINXCS
Ha opbute 3emin. OHU HE TIOJIBEPKEHBI JIEKTPOMArHUTHBIM IIOMEXaM W CHTHAN He ociabisieTcs atMocdepoit, HO

CKOpOCTh IIpHeMa HH(pOPMaITUHN Y HAX OYeHb Mana [2].
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Puc. 1. Cnymuux-pempancasmop

[TonsATHO, 9TO YeM Jamblie CIYTHHK, TEM XY)X€ CBA3b C HHM, T.K. Ha €€ KaueCTBO BIMSIET MHOXKECTBO
(axTopos. Ilepedncnmm OCHOBHBIE:
° Mo1HoCTb NepenaTymka,
e  Pa3Mep aHTeHH,
e  JlnuHa BOJIHEI,
e  KagecTBO 3/1€KTPOHUKH,
e  Jlomexwu, UryMsl.
HexoTopbie Bonmpocs! perraeMbl — HallpiIMep, MOIIHOCTD TEePeAaTInKa MOXKHO yBenn4uuTh. Ho crenats 310
MOXHO TOJIbKO Ha 3emiie, T.K. Ha CIyTHHKE KOJIMYECTBO BBIJCIACMOM 3HEPTMU OTPAHHYECHO MACCOH COTHEYHBIX
Garapeil M pagMON30TOIHBIX T€HEPATOPOB. YBEIUUUTh X MAacCy 3a4acTyl0 HEBO3MOXHO, IIOTOMY YTO BCE XKECTKO
pacCUuTaHoO U HEJIb3 UBMECHUTDH OJUH IMMapaMETP CUCTEMBI, HC UBMCHUB IIPU OTOM JIPYTHUEC.
MOHO YBEJIMYHUTH pa3Mep MPUHUMAONICH aHTEHHBI, TEM CaMbIM YJIydilas Ka4ecTBO MpUéMa ciadbix
cUrHajoB. PaHbllle aHTeHHa 110 radaputaM ObLia He OOJblIe 0OTEKaTeNsl PaKeThI-HOCHTEINSI — 3TO BCEr0 HECKOJIBKO
METPOB. Celiiuac xe y‘léHbIe npuayMaJii KOMIAKTHBIC aHTCHHBI, KOTOPBIC PAa3BOPAYMBAIOTCA KaK 30HT U CTaAHOBATCS

muHOU 12 MetpoB [3].

Puc. 2. Aumenna
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Pa3mep aHTeHHBI BakeH emé TeM, YTO YeM OH OoJblle, TeM MEHbIIE PAacCeMBACTCS CHTHAJI. MalleHbKast
AQHTEHHA pacChUIaeT CUTHAI BOKPYT ce0s, O0JbIIas ke CKMMAeT Iy9OK U HallpaBIIsieT ero TOYedHO.

J1s ycTpaHeHHs LIYMOB M IIOMEX B LEJSAX BBIICJICHUS IIOJE3HBIX CUTHAIOB HCHOJIB3YIOT IIOJOCOBBIE
¢unpTpel. B wactHOCTH, TMQPOBBIE QIIIBTPHI, pabOTAIOIIHE IT0 METOY YaCTOTHOH BHIOOPKH [1].

WHrepecHo, 4TO caMblil NalbHUHA KOCMHYECKUH OOBEKT, C KOTOPBIM JIO CHX IOp TOAJCPIKUBAETCS CBS3b,
Obu1 3amymied B 1977 rogy aMepukaHIaMu. OTO MEXIUIaHETHas cTaHIus «Boskep-1», BITIOTHYIO moouIemas K
rpanuie CoJTHEYHO CHUCTEMBI, paccTosiHUE 70 Hee Oosee 15 MuumapaoB kuiaomerpoB. Pagnocurnan unér ¢ veé 14

4acoB, U 3TO IIPU TOM, YTO SJICKTPOMArHuTHBIC BOJIHBI IBUKYTCA CO CKOPOCTHIO CBETA.

Puc. 3. Mescnnanemuas cmanyus «Bosoocep-1»

Kanans! cBsi3u CO CIyTHHKaMM Bcerja TyOMupyIOT BO M30eXaHHe IMOTEPH CBSI3M U3-3a HEIPEABHJICHHBIX
obcrosrenscTB. TakumMu 00CTOATEILCTBAMHE MOTYT OBITH HETPaBMUIIbHBIE KOMaHIbI, cO0i B paboTe KOMIbIOTEpA H
JpyTHe TPUYUHBL

KaxkeTcs, 9T0 KOCMOC — 3TO TaK CJI0XKHO U CEPbE3HO, UTO CBSI3bI0 C HUIM MOTYT 3aHUMAThCS TOJIBKO yIEHBIE
W3 TOCYNApCTBEHHBIX YUPESKIACHUH, OOHAKO 3TO HEe Tak. Yke B 1961 rogy B AMepuke OBUT 3aIlymIeH IEPBBIA
panuomobutensckuit cnyTHUK Ockap-1. Ha MKC ecth cnernmanbpHas paguocTaHIMsA ¢ KOPOTKUMH BOJTHAMH, IPU

MTOMOIITH KOTOPOH KOCMOHABTHI BBIXOJST Ha CBS3b C PAUOIIOOUTENSIME Beex cTpaH [3].
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[IpobGnema paccestHusT Terula Bceraa SBISETCS JIMMHUTHPYIOLIEH MpH KOHCTPYHUPOBAHUM W3AETHH
3JEKTPOHUKHU TOBBIIIEHHOIN MOINHOCTU. DTy 3aJady MOKHO PELIMTh C IOMOIIBIO CO3JaHHs HOBOTO MaTepHaia ¢
BBICOKOH TETIIONPOBOIHOCTEI0. CO37[aHHe TAKOr0 MaTepHana BO3MOXKHO 3a CUET BBEJCHHE B MCXOIHBIH MOPOIIOK
HUTpUna amomuHus (TemionpoBogHocTh 180 B1/M-K) maTepmana ¢ 3KCTpeMaabHO BBICOKMMH 3HAUYCHUSMHU
TEIUTOTIPOBOTHOCTH - (PyIIIepeHbl, yriIepoaHble TPYOKH WM CHHTETHYCCKHUH (IPUPOIHEII) amMa3. CBOM BRIOOP MBI
OCTaHOBWJIM Ha alMase.

Heas padorbl: IlomydyeHue kepamMMKM Ha OCHOBE HMUTPHJA ATIOMHHHUSA C SKCTPEMAJIbHO BBICOKMMU
OKCIITyaTallMOHHBIMHU XapaKTCPUCTUKAMU MMYTEM BBCIACHUSA B HEI'O CUHTECTUYCCKOI'O aJiMasa.

J1 1ocTHKeHUs 1eau ObLIN MOCTABJICHBI CJeAYIOIHe 3a/1a4u:

1) N3yuuTh cBOMCTBA HCXOAHBIX IOPOIIKOB.

2) OmnpenenuTh yCTOWYNBOCTH MTOPOIIKA ajiMa3a K HarpeBaHHIO.

3) MccnenoBats B3anMoAeHCTBIE MOPOIIKA aIMa3a U IOPOIIKa HUTPHIA alFOMUHUS [IPY HarPEBaHHH.

B xauecTBe 0OBEKTOB HCCIIEIOBAHMS OBLIN BRIOPAHbI: MOPOIIOK HUTPHUAA AIFOMHHUS IPOU3BOICTBA (hHPMBI
H.C. Starck, n mopomok anmasa npomsoactsom «BHUU anmasy. McxomHple TOPOIIKH 00CIEIOBATN METOTaMHU
POM, POA, rpanynomrepus. [1opomok HUTpHOa aqrOMUHHS NPEACTABICH YaCTHMYKAMHU HENPaBHIbHOH (HOPMBI,
KpYIHBIE YaCTUYKU pazMepoM mopsinka 10 MxM. AnMa3 npejicTaBieH 3epHaMHU 00JI0MOYHOM (GopMbI ¢ pazMepamu
nopsaka 1 mxm. CoriacHo JaHHBIM peHreHo(a30BOTO aHAIIM3a, MTOPOLIOK HUTPHUIA aTIOMUHUS NPEICTABIICH OHOI

(hazoit HuTpHAa ammoMuHMs. [lopomok anMasa npeacTaBiieH oqHoO# (a3oit — anmmas (puc. 1, 2).
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Puc. 1. Penmeenocpamma nopowka Humpuoa airoMuHus
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Puc. 2. Penmeenoepamma nopowixka armasa

AJMa3 npu ONpeeICHHBIX YCIOBHSX MPETepIeBaeT MoIMMOppHOE IpeBpallieHne U NepeXouT B Tpadur,
B3aUMOJICHCTBYET ¢ APYTMMH BeIlecTBaMH ¢ 0oOpa3oBaHHMEM KapOHmoB wiu cropaer. IlpeBpamenne anMasa B
rpauT MOXXET OBITH OCYILIECTBICHO B MHEPTHOW atMocdepe mwin B Bakyyme. IIpu Harpee B atMocdepe Bo3myxa
npumepHO mpu 500 °C, anmma3 Ha4MHAET rOpPeTh, O YEM CBUAETENBCTBYIOT JAaHHBIE CHHXPOHHOTO TEPMHUYECKOIO
aHanuza (puc. 3). B pabore ycraHOBIIeHO, 4TO B MHEPTHOI aTMocdepe JAaHHBIH Mpolecc HaYMHACTCS MPU IPYTUX
Temreparypax. [yl mpoBepku ObUIM M3rOTOBJIEHBI 00pa3ubl B BHIE NUCKOB (auamerp 30 MM, TonmuHA 5 MM).
JlucKky M3roTaBIuBaNIy IO CTaHJAPTHOM KepaMU4eCKOM TexHoioruu. Ilopomiok HUTpuia aJllOMHHMS U IOPOIIOK
CHHTETHUYECKOTO anMasza cMmemuBaiu 1:1. 3aTeM AHMCKHM TOJBEpPrajuch BBICOKOTEMIEpaTypHOH o0paboTke mpu

pa3IMYHbIX pexuMax (Tabmuna 1) B BBICOKOTEMITEpaTypHOH Tedn.

TG % DISC K{minime
100 4 feak 7302 °C, 9.018 mWilicexo
8
[110000426_anmaz 1_0_10_1000_Air.ngh-ds3
30 4 —_— TG
DsC
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60 4
Masg Change: -100.31 %
T }4
40 4
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Puc. 3. ﬂdHHble mepmu4ecKoco anaiusza nopowKka aimasa
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Tabauya 1. Ilapamempwr pescumos mepmooopabomxu

MOJy4EeHHBIM JaHHBIM MOPOIIOK alMa3a COXPaHSIEeTCs B CMECH C HUTPUAOM aTIOMHHHUSA Ipu Temmepartype 1o 1600 C
u Bbyiepxkke 30 mMuH. C yBeJIMUEHHEM TEMIIEPaTypbl M BBIICPIKKU JO 3aBOJICKUX PEKHUMOB CIEKaHHS HUTPHIA
AIIOMHHUS, TPOUCXOAMUT €ro NojJuMopdHbId nepexon B ¢opmy rpadura. CienoBaTeibHO, HY)KHO 00O€CreuuTh

TMOKPBITHUE 3€PEH ajiMa3da TYTOIJIaBKMUMHU MaT€puajlaMu JIsd 3alUTHEI €0 OT KOHTAKTHBIX peaKHI/Iﬁ n HOJ'II/IMOp(i)HOI‘O

Pexum MakcumanbHas CkopocThb Harpesa, ATtmocdepa BpewMs BbIIepKKH,
Temneparypa, °C °C/mMuH MUH
1 1600 10 Asor 30
2 1780 10 Asor 240
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Puc. 4. [launvie penmeenosckozo ananuza oopasyos

1- Humpuo anromunus, 2- Yenepoo (aimas),;3- Yenepoo (epagpum)

IIpu HarpeBe moporka anmasa B atMocdepe Bozayxa mpu 500 °C, anMas HaunHaeT TOPeTh.

B wunepTHO# atMmocdepe amMma3 coxpaHsercs no Temreparypsl Oomee 1600 °C, mamee ¢ yBeTWYeHHUEM

TEeMIIepaTypbl ¥ BPEMEHHU BBIJEPKKU IMPOMCXOAUT B3aUMOJEIHCTBHE MEXIY MOPOLIKAMH U IMOJHUMOPQHBIH

nepexoj anMasa B popmy rpadura.

nepexoa.
BriBOa:
1)
2)
3)

Jlst manpHEHIero mMpuMeHeHUs ajiMas3a ¢ HUTPUIOM alllOMHHUS TpeOyeTcsl co3/aTh Ha MOBEPXHOCTH ajaMmasa

Oapbep UCKITIOYAIOIIUI B3aMMO/ICHCTBHE MAaTEPHAJIOB U MOJIUMOPGHBIN MTEPEexo/.
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B pabome paccmompenvr npuuunvt oceoenus JIyHvl U 603MOXCHbIE pe3YAbMamvl OAHHOZO HpoYeccd.
Ilpusedena ucmopuueckas cnpaska no oceoenuto Jlhynot CCCP u CILIA. Obosunauenvl oCHO8Hble cmpamezuu
COBPEMEHHO20 BPEMEHU NO OC80EHUI0 JIYHbL.

The paper discusses the causes of Moon exploration and possible results of this process. The historical
reference of the Moon exploration by USSR and the USA is shown. The main strategy for the development of the
modern time Moon exploration is considered.

C JOCTHXKEHHSIMHU COBPEMEHHOM KOCMUYECKON TEXHHUKH YEJI0BEUECTBO CTANIO 3ayMBIBATHCS HE TOJIBKO 00
OCBOCHHH OKOJIO3€MHOTO ITPOCTPaHCTBa, HO U Bcero Kocmoca. Hanbonee 1OCTHKUMOIL U ONpaBIaHHON LEIbIO, U B
OoubIlIeil CTEMEHW H3YyYCHHBIM KOCMUYECKHUM O00beKTOM siBisieTcs Jlyna (puc. 1). Boimonuss QyHKIHO
€CTECTBEHHOTO CITYyTHHKA 3emiin, JIyHa BBICTyMaeT Takxke caMbiM Onu3kuM K CONHILY CIyTHUKOM IuiaHeTsl. JIyHa -
BTOPO#i MO SAPKOCTH 00BEKT Ha 3eMHOM HeOocBoje mocie COJHI@A U TSIThIN 110 BEJIMYMHE €CTECTBEHHBIH CIYTHUK
wianetel ConmHeuHo# cuctembl. CpepHee paccTosiHHE Mexay IeHTpamu 3emiu W Jlynsl - 384 467 km (~ 30

nuameTpoB 3emin) [1].

Puc. 1. ®omoepagus Jlynsi

B mnayunom mmane Jlyna mpexacraBnseT co0oil 1eHHYHO 0a3y s TPOBEISHHUS Pa3HOIIAHOBBIX
HCCIICIOBAaHUN B KOCMOJIOTMH, aCTPOHOMUH, IIJIAHETOJIOTHHA ¥ KOCMUYECKOH OHosoruu. V3yueHue JIyHHOTO TpyHTa
MOXXET IIOMOYb B PCHICHUN BOIIPOCOB CO3JaHUA U 3BOJIOINHOHUPOBAHUA COJIHEYHON CHCTEMBI U CHUCTEMBI 3€MIIs-
Jlyna. Jlynma moxkeT ctaTh 0a30il Ui TOCTpOCHHs oOcCepBaTOpHWid HAOIIONCHUS 3a YAAJICHHBIMH OOJIACTSIMH
Bcenennoii. BenenctBue Oonee HU3KOH TpaBUTAIUU M OTCYTCTBHS atMoc(epsl Ha JIyHe MOXHO MOIYYHTH Oojee
YETKHE U JICTANIbHBIC H300pakeHUs] 00BEKTOB HAOIOACHHUS, YeM Ha 3eMIIe.

C TOuYKH 3pEHHUs TeOJOTHH W OCBOCHUS, Ha JIyHe oOHapy>KeHBI pasHOOOpAa3HBIC TMOJIE3HBIC UCKOMAEMBIE,

Harpumep, aHmMHHHﬁ, KEJIE30, TUTAH, KOTOPBIC ABJIAIOTCA LCHHBIMU METAJIAMHU Ha NPOMBIIIJIICHHOM YPOBHE.
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OOHapyXeHBI 3aJI€KH BOASHOTO JbJa. [I0BepXHOCTHBIN CIIOW JIyHHOTO TPYHTA, Ha3BIBAEMBIN PETOIUT COICPIKHUT
M30TOIl TeNWii-3, penko BcTpedarommiics Ha 3emuie. JlaHHBIA HW30TON MOXKET OBITh HWCIONIB30BaH B SIACPHBIX
peakTopax B KadecTBEe TOIUIMBA. B HacTosmiee BpeMs CTOUT BOIPOC pa3pabOTKH METOHOB MOOBIYM METAJUIOB,
kuciopona, remus-3 Ha Jlyme. Kak m3BecTHO, Ha 3emie, BCIEACTBHE OOJNBIION KOHIEHTPAIIMH CBOOOTHOTO
KUCIIOpoza B aTMoc(epe, KaueCTBO JINThsSI U CBAPKU METAJUIOB CTAHOBHUTCS XyKe. [Ipr 3TOM HEBO3MOXKHO MOIYyYUTh
cBepxuucThle cruiaBel. Ha JlyHe aist SMEKTPOHMKH, MeETalIoo0pabOTKM, METalIyprud W MaTepHalOBEICHUS
ycIIoBUsI OoJiee OIaronpusTHBIC W3-32 HAJIMYUSL JACHIEBOW COHEYHOW SHEPIHH U ITyOoKoro Bakyyma. Kpome Toro,
MOJKHO PacCMOTPETh BOIPOC BhIBeIEHHs Ha JIyHY BpeHBIX U ONACHBIX MPOU3BOJICTB.

Ha stom Bo3MokHOCTH OCcBOeHHs JIyHBI He orpaHmunBaroTcs. C TOYKH 3peHHS KOCMHYECKOTO Typu3Ma
JlyHy BBIOETSIOT KaK HEBEPOSATHHIC JIAHAMA(THI, TaK M 3K30THIHOCTHh MOJOOHOTO myTemecTBHsA. Kocmmueckue
MyTEIIECTBUS TIOMOTYT TpPHBIEYh HE TOJBKO CpEACTBA, HO W jroxed ams ocoeHwme JIyner. C menmpio Ooiee
MacmTabHOTO TPOHMKHOBEHHWS UEJIOBEYeCTBA HA JIYHHYIO IIOBEpXHOCTh, TaM HEOOXOOMMO pPa3BHBATH
uHppacTpykTypy. Ho mpexae 4eM CTpOUTh NMEpPCIEeKTUBHBIC IUIAHBI MO OCBOCHHUIO JIyHBI, BEpHEMCS K BeXaM
HCTOPUHU U PACCMOTPHUM JAHHBIA IMPOLIECC B UCTOPUUYECKOM aCIIEKTe.

B 1957 romy Hauanmach Tak Ha3bpiBaemas kocmuueckas roHka wmexay CIIA u CCCP, xortopas
npoaonkanack 18 mer mo 1975 roma [2]. Ilepeeie mobemsl B kocMmuueckoi ronke Obutn 3a CCCP: mepBsiid
HCKYCCTBEHHBIH CIYTHUK 3€MIIM, TEPBBIC IOJIETHI B KOCMOC XMBOTHBIX, IIEPBBIN ITOJIET YeOBeKa B KocMmoc. 13
ceHTsa0psa 1959 roma coBeTckas aBTOMaTHUECKas MexIuiaHeTHas craHmus "JlyHa-2" (puc. 2) BIepBBIE TOCTHTIA
noBepxHocTH JIyHEL. [IepBBIM HCKYCCTBEHHBIM CITyTHHKOM JIVHBI Tarkoke Oblna coBeTckas cranHmms "Jlyna-10" (puc.
3), 3amymennas 31 mapta 1966 roga. B 1970 romy aBToMaTideckas MexIuianeTHas crannus "JlyHa-17" Hecna Ha
CBOEM OOpTY NepBBIH B MUpE, HE 3HABIIMI aHAJIOTOB, IUIAHETOXO/I, CIIOCOOHBIH ITOJHOIICHHO PadoTaTh B YCIOBHUSX
rpaButanuu ayHel. OH nomyuywn Ha3Banue "JlyHoxoa-1" u npenHazHavancs Ui U3yueHus: MOBEPXHOCTH, CBOMCTB U

COCTaBa IrpyHTa, paAHuOaKTUBHOI'O U PEHTTCHOJOTUYCCKOT'O U3TTYUCHUS .HyHbI.

Puc. 2. Kocmuueckuti annapam Puc. 3. Mesicnnanemnas Puc. 4. "Jlynoxoo-1"
"Jlyna-2" cmanyus Jlyna-10

OnHako MMEHHO aMEpHKAaHCKHE aCTPOHABTHI BIepBble BeIcaawianck Ha Jlyry [3]. AmepukaHckue

MIIOTHPYEMBIe KOCMHUYECKHE KOpabiay BEICAKMBAINCH HAa CIYTHHUITY 3eMIH IecTh pa3 ¢ 1969 mo 1972 roxsr. Beero

nocanky Ha JIyHy coBepmiwiv JBEHAANATh yenoBek (puc. 5): Hunm Apmcrponr, Oasun Onapun, Yapnss Konpan,
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Anan bun, Anan Ulenapn, Sarap Mutuemn, dasun Cxotr, [xeiimc Mpsun, xon Sur, Yapass J[ptok, FOmxuH

Cepran n XappucoH LlImutt. Bee oHM - aMepHKaHIbL, y9aCTHUKHA KOCMUYECKO mporpamMmsl "Amomion".

Puc. 5. Amepuxanckue acmponasmol, yyacmuuxu Kocmuyeckou npocpammol "Anonnon”

CoBeTckasi mporpaMmMa JIyHHBIX NHJIOTHPYEMBIX I[IOJIETOB BKJIIOYana B ce0d psAl IMPOSKTOB M IBE
MapajieNbHO BBIIOJIHABIINECS MPOrpaMMBbl: JYHHO-OOJIETHYIO M JYHHO-IIOCaJ0YHYI0, MMEBIIMX CBOEH IENbI0
uccienoBanye JIyHbI ¢ MOMOIIBIO MIOTUPYEMBIX KOCMHYECKUX Kopabieil. 113-3a conepHu4ecTBa MeX1y pa3HbIMU
KOHCTPYKTOPCKMMH ~ OIOpO  IIPOEKTHl  aHAJIOTMYHOTO IPEAHA3HAYCHUS OJHOBPEMEHHO W  IapauleNIbHO
pa3pabaThIBaINCh B ABYX, a TO U TPEX U3 HHUX. TaK, pa3Hble BapHaHTHI JIyHHOTO Kopabuist paspabareiBanucs B Kb C.
I1. Koponéra u B. H. Yenomes, a cBepxMouiHblii Hocutenb Ais nojieta Ha JIyny - B Kb Koponésa, Uenomest u M. K.
Snrens. Takoe cocTosHHE Aen OBUIO CIEICTBHEM IUIOXOM KOOPAWHALMM JIyHHOH HpPOrpaMMbl M NPHBOAWIO K
HEHY)KHOMY PaclbUICHUIO CHJI U CPEeICTB. DTO CTAN0 OJHOW M3 MPUYMH, IO KOTOPHIM MUIOTHPYEMBIE MOJETH K
Jlyne u Ha JIyny B CCCP Tak u He COCTOSAIHCH [4].

BepHeMcs Kk HacToseMy BPEMEHH M PaCCMOTPUM TeMy MomyJisipu3anuu ocBoeHus Jlynsl. Ecnu panbine
IIaHbl 1Mo ocBoeHuo JIyHbl (oKycHpoBanuMCh B OCHOBHOM Ha Hay4YHBIX MHTEpecax, TO ceiyac craja He MeHee
MHTEPECHOW TeMa IyTeIIeCTBUS HA HAIl CIyTHUK. HeKoTopble 4acTHbIE MHOCTpaHHBIE KOMIAHUM, HaIpUMeEp,
"Virgin Galactic" u "Bigelow Aerospace", cTposST DONTOCPOYHBIC IUIAHBI HA TYPUCTHYECKOE OCBOCHHE JIYHBI
Komnanus "Bigelow Aerospace" pa3paborana pacmmpseMblii MOIYJIBHBIA TU3aiiH KOCMHYECKHUX KOMMEPYECKUX
MOAYJIEH N TypUCTHYECKUX Liesed. [laHHBbIA BapuaHT MOXET CTaTh HEJOPOIMM PELIEHUEM C BO3MOXHOCTBIO
apeHAbl WM JU3MHIa KaK JUI1 9acTHOTO CEKTOpa, TaK M JUIi HallMOHAJIBHBIX OPTaHM3alMi M0 OCBOCHUIO KOCMOCA.
YroObl MpOJEeMOHCTPUPOBATh (DakT Hayana dpbl PACIIUPSEMBIX KOCMHUYECKUX CTPYKTYp, "Bigelow Aerospace"
3amyctuia B utoje 2006 rona u utone 2007 coorBercTBenHO "Genesis 1" u "Genesis 2" ¢ 22 kamepamu Ha 6opTy —
TECTOBBIX MPEAIICCTBEHHUKOB MpeAHA3HAYCHHOTO JUTs IpokuBaHuA Joaei "BA-330" (puc. 6). Anmapartsl ObUTH
BEIBeJIcHBI Ha pakerax "JlHemp" ¢ kocmoapoma "ScHeii" B Cubupu. Crepyromei nensio "Bigelow Aerospace"

ABJIsIeTCS pa3Melenne Ha opoure B 2015 roxy peasbHOTo XKHIIOTO IpOCTpaHcTBa [5].
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Puc. 6. Mooyns BA-330 0na npoarcusanus wiecmu yenogex

[To HEKOTOPBIM CBEICHUSAM aMepHUKaHCKOe KocMudeckoe areHTcTBoO NASA He mmaHupyeT (puHaAHCHPOBATH
Mexnynapoanyto kocmudeckyto ctanuuio (MKC) nocie 2024 roaa, mockoiabKy HOBas TiiaBHas 1IeJb ar€eHTCTBA -
JIOCTaBUTH Jtojeit Ha opouty JlyHel. NASA yxe MaBHO TOBOPWIO O HEOOXOJUMOCTH OCBOCHHUs OoJice MalbHErO
KOocMoca, TIpeke YeM OTHpaBiiTh Jroaei Ha Mapc. HoBast konoccanbHas pakera SLS cMOXKeT ZOCTaBUTh YEThIpEX
aCTPOHABTOB Ha JIyHHYI0 opOuTy yxke B 2021 roxy [6].

Takum o0pa3oM, pa3BUTHE HOBOHW MEPCHEKTHBHON KOCMHYECKOW TEXHHKH B COBOKYITHOCTH C IICTISIMH
KOCMHYECKHX areHTCTB BEAYIIUX CTPaH MUpPa CTaBAT HEpela YeIOBEYECTBOM BcE€ Ooiee aMOWIMO3HBIE 33a4H IO
0CBOCHHIO KocMoca. [locTaBrneHHbIE 3a/1aun, TeM HE MEHEe, JOJDKHBI IIPUHOCHUTD IUIOABI HE TOJBKO B BUIE HAYYHBIX

INPOPBIBOB, HO U OKYIIATh COOCTBEHHEBIC 3aTpPaThl.
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3D-MOJEJUPOBAHHUE KOPITYCOB CIIYTHUKOB ®OPMATA CUBESAT
WBanuenko E., Mapkos B., Moctumnas I'., I[logropusrit 1., Conomun /.
Hayunsie pykoBonutenu: Jopxuesa C.b., Kyxapes A.C., Cracesckmii B.U., ctynents! kadeapsr TTIC MHK TITY
ToMckuit pU3UKO-TEeXHUUECKUH THIIeH
Poccus, . Tomck, yn. Muaypuna, 8, 634049
E-mail: tftl@inbox.ru

3D-MODELING SATELITE FRAMEWORK OF FORMAT CUBESAT
Ivanchenko E., Markov V., Mostipan G., Podgornyj 1., Solomin D.
Scientific Supervisors: Dorzhieva S.B., Kukharev A.S., Stasevsky V.1,
students of Precision Instrument Making Department, TPU
Tomsk Physico-Technical Lyceum
Russia, Tomsk, Michurina Str., 8, 634049
E-mail: tftl@inbox.ru

Cmambs nocéaujena blnoIHeHUur0 npoekma no cozoauuto 3D-mooderu kopnycoe gpopmama CubeSAT. B
X00e BbINONHEHUsL NPOEKMA NOLYHeHbl NPeOCmAsNeHUss O (YOpMAmax Kopnycos, 0COOEHHOCMIX CEePXMANbIX
UCKYCCMBEHHbIX CHYmMHUKax 3emau u cozoauue ux 3D-modeneti pasnvix rougueypayuii. Koueunvim umozom
6bINOIHEHUs. NPOEKMA A6Nemcsi pacneyamannas va 3 D-npunmepe mooenv 00no2o uz kopnycos CubeSAT.

The article is devoted to the implementation of the project on creation of 3D-models of buildings CubeSAT
format. In the course of the project ideas are get about formats of framework, features of ultra-small artificial Earth
satellites and the creation of 3D-models of various configurations. The end result of the project is printed the 3D-
printer model is one of the frameworks.

Ilens BBINONHEHHS TIPOEKTa — TIIOMYYEHHE IPEACTaBICHUS O (opMaTax KOPIYCOB, OCOOCHHOCTSIX
CBEPXMAaJIBIX MCKYCCTBCHHBIX CHYTHHKAaX 3eMJIHM M co3fgaHue ux 3D-mopmeneil pasHBIX KOHQHUTYpaluid, a TaKxke
co3nmanme peagpHOTO Kopiryca CubeSATa ¢ manpHeHImNM ero pacredaTsiBaHueM Ha 3D-mpuHTEpe.

J1J1s1 BBITIOJTHEHUS! TTOCTABJICHHOW 3a/1a41 HEOOXO0MMO:

1) u3y4uTh OCOOEHHOCTH CBEPXMAJBIX CIIyTHHKOB, UX BO3MOXXHOCTH M O0JIACTH NPHUMEHEHUs, a TaKXke

JIETAILHO PacCCMOTPETh Pa3IMYHbIe BAPHAHThI KOHCTPYKIUHU KopiycoB CubeSATos;

2) OCBOMTH IIPOrpaMMHBIi akeT 3D-MoaenpoBaHus I TOro, 4To0bl co3aaTh 3D-Momens kopiyca;

3) mnepenars u o6padborath 3D-moznenn B 3D-npunTEp;

4) mosneMeHTHO pacriedaraTh U cooparh 3D-mozxens kopmyca CubeSAT.

C 1999 roma pa3pabaThIBAIOTCS M HWCIIOJIB3YIOTCS CHYTHHKH enuHoro cranmapra CubeSAT — wmanble
CIIyTHUKH MOJIyJIbHOW KyOmueckoil (opmbl. OHH HMEIOT (HKCHPOBaHHBIE rabapUThl, KOTOPBIE MOTYT MEHSTHCS
kpatHo, T.e. CubeSAT 1U (unit) - 3o kocmuueckuii kyouk 100x100x100 mm, 2U - 310 yXe aBa KyOuKa T.e.

100x100x200 mm. Ha pucynke 1 npusenessl Gororpadun peaibHbIX cryTHUKOB popmara 1U u 3U.

Puc. 1. Konguzypayuu CubeSAT ¢popmama 1U u 3U
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Bec cnytHnkos He mpeBblmaetr 10 Kr, 9TO MO MEXTYHAPOAHON KIACCH(HKAIMH COOTBETCTBYET KIaccy
HaHOCTyTHHKOB [1].  KoOHCTpyKmms Kopmyca CIyTHHKa TIPEACTaBIsIeT COOOM KapKac, BBITONHEHHBIM U3
AQHOAMPOBAHHOTO ATIOMUHMA WM JPYTroro mMareprana (KOMIIO3HIMOHHOTO JHOO CIENUaIbHOTO IUIacTHKa). I'paHu
KOpILyCa SIBISIOTCS PEIbCAMH, 10 KOTOPBIM CITyTHHK CKOJIB3UT B MOMEHT OTZENIEHHS OT paKeThI-HOCUTEISL. bokoBBIE
MOBEPXHOCTH KapKaca 3aKpbIBAIOTCSl COJIHEUHBIMU OaTapesMu. BHyTpu Kopiryca pacrionararoTcsi eqyaTHbIC TUIaThI
Pa3NMYHBIX CHCTEM CITyTHHKAa M TI0JIE3HOM Harpy3ku. Takue CIIyTHHUKH CO3/al0TCsl U3 DJIEKTPOHHBIX KOMIOHEHTOB,
KOTOpBIE 00ecreyrBaeT paboTOCIOCOOHOCTh KOCMUYECKUX OECITMIIOTHBIX allaparoB JI0 roja, a HHOTJa M OoJblie.
BonpmmacTBo CubeSAT MMEIOT OOMH WM JABa Hay4YHBIX NMpHOOpa (II0JE3HYI0 HArpy3Ky), KOTOPHIE BBIMOJHSIIOT
oTIpeNieNIEHHBIE UCCIIEIOBAHIS B 3aBICUMOCTH OT UX npenHa3zHadeHms. Hexotopsie CubeSATrs uMeroT HeOobIme
BBIIBIDKHBIC AHTCHHBI, IOBEPXHOCTHBIC WJIM paclaxUBaroIuecs coiHeuHble OaTtapen. Bce meramm CubeSATa
HaJIe)KHO 3aKPETIIIIOTCS, 9TOOBI B MpOLIEcCe MoJieTa He OBUIO CIIyYalHOTO OTIEICHUS JIEMEHTOB M HE CO3/1aBaJICS
JOTIONTHUTENbHBI KOCMHYECKHH Mycop. st BBIBEAECHUS OOBIYHBIX CIyTHHKOB KOHCTPYHMPYETCS CIICIHANbHBIN
ajianrep, KOTOPBIM HEOOXOAMM JUIS COBMEIIEHHS KOHKPETHOTO CIIyTHMKAa M KOHKpPETHOW pakerbl. Ha opOuty
CubeSAT BBIBOOWTCS NpU TOMOIIM CIEIHMANILHOIO KOHTEHHEpa C KPBILKOW M TPYXUHHBIM MEXaHH3MOM.
BeiBezieHre ke HAHOCIYTHHMKOB B KOCMOC BO3MOXKHO C TOMOIIBIO pakeT, MEKXOPOUTANIbHBIX OYyKCHPOB U C
MexayHapoJHOH KOCMHUYECKOH CTaHIIMM KocMOoHaBTaMu[2]. Bce 3TO 1aeT BO3MOXKHOCTh CPaBHUTENBHO HEIOPOTro
CO3/1aBaTh KOCMUYECKHE alapaThl YaCTHBIM KOMIIAHUSM, JIIOOUTEISIM, CTYyJJCHTaM U JJaXKe MIKOJIbHUKAM.

[Ipu moxmenmmupoBanum kopmycoB CubeSATor (puc. 2) mcmomp3oBaiics KoHCTpykTopckuii CAD maker -
poccuiickuii nporpamMmusbiii Komimieke CAIIP T-FLEX CAD amns TpexMepHOTo IPpOSKTHPOBAaHUS W MOJCITHPOBAHHS.

DTOT KOMIUIEKC TPUMEHHM B OOIMIeM MAIIHHOCTPOCHHH M TIPHOOPOCTPOCHHH, B a3POKOCMHYECKOM,
ABTOMOOWJILHOH, CYZOCTPOUTENILHOM U IPYTUX OTPACISIX MPOMBIIUICHHOCTH.

Cuctema aBToMatusupoBaHHoro mnpoektupoBanusi T-FLEX CAD mnpenHasHaueHa [Uisi TOBBIIICHHS

3¢ PEKTUBHOCTH TPy/a KOHCTPYKTOPA-TIIPOSKTHPOBILUKA:

. COKpamiaeT TpyI0EMKOCTh NPOESKTHPOBAHMS M TUIAHUPOBAHNS;

. COKpaIaeT CpoKH MPOCKTUPOBAHMUS;

. COKpamiaer ce0eCTOMMOCTh MIPOSKTUPOBAHMS U N3TOTOBJICHHS, YMEHBIIICHNE 3aTPaT Ha SKCIUTyaTaIHIo;
. TIOBBIIIAET KAYECTBO PE3YyIbTATOB ITPOEKTUPOBAHUS [3].

B mpouecce MojienupoBanusi cHavana ObUl HadepueH mpoduib. 3aTeM C MOMOILBI0 OCHOBHBIX OIepaiui
3D-MozenupoBaHys - BpallleHHs] U BBITAJIKUBAHUS — U3 ABYMEPHOTO Mpoduiist ObUT NONTyUYeH TpeXxMepHasi o0beMHast
MO/JIEIb.

OIHOBpEMEHHO CO37]aBAIOCh HECKOJIbKO BapuaHToB 3D-mojeneld kopmycoB. Bce OHM pa3Hble 1O

KOH(UTypanuu u cioxuHoctd. Ha puc. 2 npusenenst 3D-Monenn KopIrycos.

Puc. 2. 3D-mo0enu paznuunvix konghueypayuii kopnycog CubeSATog
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ITocne co3manms 3D-mozenelt ObUIO MPUHATO PEIICHHE O CO3JAaHWHU PACIEYATHIBAHWM MOJEIHN KOpILyca,

TIPUBEICHHON Ha PUCYHKE 3.

Puc. 4. 3D-npunmep Picaso Designer u npoyecc neuamu

IMoaroroska k mevatn 3D-monenu CubeSATa 3akmrouanacsk B ciaenyromem. Mozens B ¢popmare .grb Obuia
nepesezieHa B ¢popmar .stl (cnenuansupiii hGopmar s 3D-nmevatun). 3D-neyaTh OCYIIECTBILIACH ¢ UCIIOIb30BAHUEM
3D-npuntepa Picaso Designer, umeromemcst Ha kadeape tounoro npudopocrpoenus MHK TITY. C nomoupio
nporpammbl Polygon juist 3D-npuntepa Picaso Designer («ciakicep» miisi pasioxenus 3D-monenu Ha cion) 3D-
MOJIeNIH KopIyca (BCe 3JeMEHThI) ObLIH 00pabOTaHbl U MOATOTOBJCHBI K IEYATH. 3aTeM 3JIEMEHTBI KOpITyca ObLIH

pacrnieuaransl 1 codpansl. Ha pucynke 4 nokaszan npunTep Picaso Designer n nporiecc rnedaTtn Ha HeM.

CIIMCOK JIUTEPATYPBI:
1. Cneumduramus  koHctpykumun  CubeSAT  —  [OnekTtpoHHblii  pecype] —  Pexum  gocryma:

http://www.satspec.ru/cubespec.html, pexxum goctymna, CBOOOTHBIH.

2. CryTHUKH CTaHaapTa CubeSAT- [DnexrponHbIit pecypc] - Pexum JOCTyTIA:
http://CubeSAT.ru/ru/CubeSATs.html, pexxum fgoctymna, cBOGOAHBIN/
3. Computer Aided Design— [OnexrponHbIf pecypc] - Pexxum

nmocryna:http://portal.tpu.ru/SHARED/k/KSO/Files/TomskCAD/CAD/CAD.htm
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JUATHOCTHUKA YCTPOUCTB HABJIOAEHUS JIEKTPOMEXAHUWYECKHUX NIOKA3ATEJIEU
ACHHXPOHHBIX 3JIEKTPOJIBUTATEJIEN
Kubapraiite E.B.
Hayunsie pykoBonutenu: k.1.H. Kubaprac B.B., x.1.H. Kubaprene 10.B.
[TaBnomapckwmii rocynapcTBeHHbI yHUBepeuTeT uM. C. TopairsipoBa
Kazaxcran, r. [1aBnomap, yi. Jlomosa 64, 140000
E-mail: vkibartas@yandex.ru
Jnst Hane)kHOW M KOPPEKTHOH pabOThl YCTPOMCTB HAOJIONEHMS 3JIEKTPOMEXaHMYECKHX IOKa3aTelnei
ACHMHXPOHHOTO 3JICKTPOJBUTATENsl HEOOXOAMMa CHCTeMa JWAarHOCTUKU OSTHX HaOJrofaTeNnbHbIX cucteM. [1,2].
[IpennoxxeHHast cucrema, rMoka3aHa Ha PHCYHKE 1, COAEPKHUT Tpex(asHbIH NaT4MK TOKA, BKIIOYEHHBIH BXOAaMH
MEKAy BBIBOJAMH OOMOTOK CTaTOpa 3JIEKTPOJBHUIATENsI M BBIXOJAMHU CHIJIOBOTO YIPABIISIOIIETO yCTPOWCTBA, IBa
JaT4hKa HANpsDKEHUS W OJIOK BBIYMCICHUS CKOPOCTH. BXOIpl mepBOro maTdmka HANpSDKEHHS IOAKIIOYCHBI K
MEPBOMY M BTOPOMY BBIXO/aM CHJIOBOTO YIIPABIIAIOMIEIO yCTPOWCTBA, BXOJBl BTOPOTO JaTYMKA HAIPSHKECHHS
MOJKJIFOUEHBI KO BTOPOMY M TPETbEMY BBIXOAAM CHIJIOBOI'O YNPABISIOLIET0 ycTpoiicTBa. IlepBblii, BTOpoil U TpeTuii
BXOJbI 0JIOKa BBIYMCICHUS] CKOPOCTH IOJKIIOYEHBI COOTBETCTBEHHO K IEPBOMY, BTOPOMY U TPEThEMY BBIXOJaM
TpeX(baSHOFO JaTyhKa TOKa, lIeTBepTI)II‘/II BXOI 0JI0Ka BLIYUCIICHUS CKOPOCTH IOJAKIIOYCH K BbBIXOY NEPBOTO JaTYUKaA
HalpsHKEHUA, a MATBIN BXO/J 6.]101(8, BBIYHCIICHUSA CKOPOCTH MOAKJIKOYEH K BBIXOAY BTOPOTO AAaTYMKA HAIPAKCHHA.
IlepBeIii, BTOpoil M TpeTwi BXOABI OJOKa AMATHOCTHKH IOAKIIOYCHBI K IMEPBOMY, BTOPOMY U TPETHEMY BXOAaM
650Ka BBIYMCIICHUS CKOPOCTH, YCTBEPTHIA M MATHIH BXOIB! OJNOKa AMATHOCTHKM IOAKIIOYCHBI K YETBEPTOMY H
ISITOMY BXOAaM OJIOKAa BBIYHMCIEHHS CKOPOCTH, IIECTOM BXOJ OJOKa IMAarHOCTHKH MOAKIIOYEH K BBIXOAY Oioka
BBIYHCIICHHA CKOPOCTH M COCIHMHEH C IEPBBIM BXOAOM 3alIOMHHAIOIIETO yCTpoiicTBa. Beixox Oyioka AMAarHOCTHKH
MOAKIIIOYEH KO BTOPOMY BXOJY 3allOMHMHAIOLIETO YCTPOMCTBA M BXOJy OJIOKa WHIWKAIWHU. BIOK IUarHOCTHKH,
yKa3aH Ha PUCYHKE 2, pealu3yeT aaroput™M [3] U CONEp>KUT IIECTh KOMIApaTOPOB, CEMb JOTHUECKHUX AJIEMEHTOB

HE, 6ok nornueckoit pynkunu I, 6ok nornueckoit pynkuuu U u noruyeckuii snement UJIN.

1 ¥erpoiicTEO ANA K MepeHHA YaCTOTEH Epale HEA
3 ACHHXROHHOIO 3NEKTRONEHIATENA
i, 2 4
r;pex-' Crmeoe
SHEL yTpaRE
AaTYHE Diee
TOKL yeTpoi-
CTED
5 6
DaTume Tarome | |
AT HATE
meHHA i_ HeHHA
lylyiy 19y ll2l3l4 5 6i
7 Emox 8 Bnox nmarHocTHER

CHDPOCTH

L Emox
FETpPOfeTED HHTHEALHH
v
Ussaye

Puc. 1. Qynxyuonanvhas cxema nooKuOUeHUs YCmpoucmea 0Jisl UsMepeHus: Yacmomol 8payeHuss ACUHXPOHHO20
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Bxomel mepBoro, BTOPOTO, TPETHETO, UYETBEPTOrO, IATOrO M IIECTOr0 KOMIIApaTOpoB 00pa3yroT
COOTBETCTBEHHO TIEPBBIN, BTOPOH, TPETHUH, YETBEPTHIM, MATHIA M IIECTONH BXOMBI OJIOKA NUATHOCTHUKH, BBIXOJIBI
MEPBOT0, BTOPOTO, TPETHETO, YETBEPTOrO, MATOTO W INECTOTO KOMIAPATopa MOAKIIOYEHBI COOTBETCTBEHHO UEPE3
NEPBBIN, BTOPOH, TPETHIL, UETBEPTHIH, MATHIN U 1IECTOH Jornueckue neMenTsl HE k nepBoMy, BTOpOMY, TPEThEMY,
YEeTBEPTOMY, IISITOMY W LIECTOMY BXoJaM Oyoxa siormueckoit ¢pynkiuu M u 6noka normdeckort ¢ynxumu WIIN.
Beixon Onoxa norudeckoi ¢pynkuun MJIW noakimoueH yepes3 ceapMoii norndeckuii snemenT HE x nepsomy Bxony
noruueckoro anemenrta VJINV, BTopoit BXoa KOTOPOTo MOJKIIOYEH K BEIX0Ay Onoka stornueckoit Gpynkunu U. Beixon

norngeckoro siementa WM, peammsyrommit dynkumro Y = f(i,,i,,7.,U 5,U,-, U, ), ABIAETCS BBIXOIOM

0JI0Ka JUarHOCTUKH.
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Puc. 2. @ynkyuonanvrnas cxema 610Ka OUaACHOCMUKY

Yacrtora BpalleHUA AaCMHXPOHHOI'O 3JICKTPOABUIATEIIA BBIYUCIIACTCSA B 0JIOKE BBIYHMCIICHUS CKOpOCTH 7 o

BbIpaxkeHuto [1]:

Upsie =

—(L,i,+Liy)

1
_ ;L,” — 1oJHas MHAYKTHBHOCTH OOMOTKH POTOpa;
(LL,~1)

roe: 4 1

L, — B3auMHasi HHIYKTHBHOCTH OOMOTOK CTAaTopa M poTopa; Ry, R,’ — COOTBETCTBEHHO aKTHBHBIE COMPOTHBICHIS

1%
00MOTOK cTaTopa u potopa; Uy, — HANpPSKEHHE CTATOPA 110 OCH O Igy, Igy, lops igp - TOKH CTaTOpPA U NPHUBEJCHHBIE
TOKH POTOpA IO OCSIM oL U 3.

JuarnoctupoBanue 0J0KOB 2, 5, 6, 7, o0ecTieUnBaIONINX U3MEPEHHE YaCTOTHI BPAIlCHUsS aCHHXPOHHOTO
AJIEKTPOABHUIATE IS, OCYIIECTBIIICTCS MyTEM KOHTPOJIS BBIXOIHBIX KOOPAWHAT U MX JAJbHEHINEro MpeoOpa3oBaHUs

0JIOKOM AMarHOCTHKH 8 1o 3amaHHOoMY anroputMmy [3]. Kakaplii W3 BXOIHBIX CHUTHAJIOB OJIOKAa TUArHOCTHKH 8

npeoOpa3yercsi B KOHTPOJIBHBIM CHTHAJI JIOTMYECKHX ypoBHeW. CurHan c Onoka sormdeckoi Qynxumu MJIN
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WHBepTUpyeTcs joruueckum 3nemenToM HE u moctynaer Ha nepsbiit Bxoa joruyeckoro anementa NJIN, a curnain ¢
Osioka sormueckoil QyHkuu M moctymaer Ha BTOpPOM BXoa Jorudeckoro asneMmeHnta MJIM, BBIXOOHOHN cHTHAIT
KOTOPOTO TIOKa3bIBa€T B KAKOM COCTOSHHHM HAaXOTUTCS YCTPOWCTBO W3MEPEHHS YaCTOTHI BpPAIICHUS
JJEKTPOABHUraTeNs: B aBapUHHOM (JIOTHUECKUH HYIb) FUIM HOPMAaJbHOM (JIOTHYECKas eOUHHIA) pekuMmax. Ecian
HapyIlIeHUs HOPMaIbHOTO (YHKIIMOHUPOBaHUS OJIOKOB 2, 5, 6, 7 OTCYTCTBYIOT, TO TEKYILWH BBIXOJAHOW CHI'HAJI C
BBIX0/1a OJIOKa BBIYMCIICHHSI CKOPOCTH MPOXOAUT Yepe3 3allOMHHAIONIEe YCTPOHCTBO 0e3 KOPPEKIMU U OIpeelseT
JICHCTBUTENBHYIO YacTOTy BpAIEHUS AaCHUHXPOHHOTO JNEKTpoABHraTens. Eciau HMMEIT MecTo HapylleHHs
HOPMaJILHOTO (hYHKIIMOHUPOBaHUs OJO0KOB 2, 5, 6, 7, TO TEKYIINI BBIXOIHON CUI'HAJI C BBIXOJa OJIOKa BBIYMCIICHUS
CKOPOCTH HE MPOXOIUT HYepe3 3allOMUHAOIIee YCTPOiicTBO. BenmnumHa cuTHama Ha BBIXONE 3aIIOMHHAIOIIETO
YCTPOHCTBA COOTBETCTBYET MPH ATOM YACTOTE BpalleHHs OO HACTYIUICHHS aHOMAaJbHOTO peXHMa, a UMCEHHO,
IpeIbIAyIIeMy HW3MEPEHHOMY 3HAUYEHWIO YacTOTHl BpAIICHUS, 3allMCAHHOMY B MapaUIeNHBIA  PETHCTP
3aIIOMHHAIOMIETO YCTPOHCTBA TPH HOPMalbHOW paboTte. BiIoK WHOWMKAIMKA TIpH STOM CHTHAIM3HUPYET O
MPOHN30LIeIIeM HAPYIICHNH.

[IpuHIMI AMOTHOCTUPOBAHMUA U NPEXYNPEKACHUS MOCISACTBUI TEXHOJOTHUECKUX aBapuil MOXKET OBITh
pCajin30BaH Ha TUIIOBLIX DJIEMCHTAX 3JICKTPOTCXHUKU. HpI/IMeHeHHe npeajaracMbIX NoAX0A0B MMO3BOJIUT COKPATUTH

BpeMs TOKUCKA HEUCIIPABHOCTHU NPH HAPYIIEHUH HOPMAJIbIO peXuMa paboTHL.

CIIMCOK JIUTEPATYPBI

1. YcTpoicTBO Asl M3MEPEHHUs 4acTOTHl BpAIEHHS aCHHXPOHHOTO anekTponsurarens: mar. PK mo 3asBke Ne
2001/0178.1-7837/ MensaukoB B.1O., Kubaptac B.B., Kubaprene 10.B., 3uranruposa E.B.

2. HoBble cpencTBa 1 METOABI KOHTPOJIS DJIEKTPOTEXHUYECKUX YCTPOWUCTB HA OCHOBE MHTEJICKTYAIbHBIX CTPYKTYP.
MenbnukoB B.IO., Kubaprac B.B., Kubaprene 0.B. Mexnaynaponnas xoHgpepenuus «CouuanbHble H
HKOHOMHYECKHE acleKThl Pa3BUTHUs PErHOHA: MOTEHIUAJ, MPOOJIeMbl U TepcrnekTHBbl». T. [laBnogap 1-3 HosOps
2001 r. [TaBnomapckuii yHUBEPCHUTET.

3. AJTOPUTM IMArHOCTHKHM YCTPOWCTB aBTOMAaTH3WPOBAHHOTO 3JIEKTPONPHBOAA. MEXAyHAapoaHass KOH(EPEeHIH
«DHepro- u pecypcocdeperaromue TexHoJoruu [IpunpTeimbs» T. [laBmomap 20-22 mexabps 2001 r. MensHHKOB

B.1O., Kubaprac B.B., Kubaprene 10.B.
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THE VIETNAMESE ARTIFICIAL EARTH SATELLITES
Lo Duy Bao
Supervisor: Lo V.H, student
High school Le Quy Don
Viet Nam, the provincial Thai Binh, city Thai Binh
E-mail: lovanhao.pro@gmail.com

4 okts0ps 1957 roma mepBhI HCKYCCTBEHHBIN CIIyTHHK 3emun ¢ Ha3BaHueM I1C-1 ycnemrHo GBI 3amyIieH
B KocMoc coBeTckuMu ydeHbiMH B CCCP. D10 cOOBITHE CTalo MHPOBBIM TPOPHIBOM H 0003HAYMIIO HAYTHO-

TEeXHUIECKHUI MpoTrpeCcC YCIOBEYECTBA B IIPOLECCEC HCCICAOBAHHUA KOCMOCA. )IO CCTOMHAIIHETO OHA YHCIIO
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HCKYCCTBEHHOTO CIIyTHMKAa Ha OKOJIO3EMHOH OpOHTE, OTCIIEKMBAEMBIX CPEICTBAMH KOHTPOJII KOCMHYECKOTO
IPOCTPAHCTBA, COCTaBIsIeT Ooee 3 Thicsd equHUL. CMOTPS Ha 3TO €ro OrPOMHOE YHCJIO, OTMEYAET BAKHYIO POJIb B
Kaxaoi chepe Hawmel xu3HU. CIlyTHHK NpeIHa3HAYeH JUIs NPEIOoCTaBICHHs YCIyT TellepaJHoBeIlaHus, epenadn
JAaHHBIX, YCIIYT MyJIbTUMeINa, 00eCTICUeHUS PE3UICHTCKON U PaBUTEIILCTBEHHOM CB3H, Teiedornn u .4 [1].

Ha ceromusmHuii eHb MHOTO CTpaH B Mupe O0JIaaloT CBOMMH CHyTHHKamu. M3 3TUX cTpaH ecTh

Bretnam. B 2008 u 2012 rona BeetHam 3amyctun cBou 2 cinyTHHka Bunacat-1 u Bunacat-2.

VINASAT-1 132°E

VINASAT-2 131.8°E

Puc. 1. Cnymnuxu Bunacam-1 u Bunacam-2

Bunacar-1 Opmn BeiBenmen B amperne 2008. "Buuacar-1" - TeIeKOMMYHHKAIMOHHBIH CHYTHHK, 3aITyCK
KOTOPOT'O TI03BOJISET YJIYYIIUTh Ka4eCTBO BHETHAMCKOIO TEJICBUACHHS, MHTEpHETa U Tele(OHHOW CBS3H, a TakkKe
3aHSTHCS MOHUTOPUHIOM CTUXUHHBIX O€CTBUIA.

Kommanus Vietnam Telecom International (VTI), uHBecTOp W omepaTtop CIyTHHKA, B TCUYCHHUE
HECKOJIBKUX JIET BEIET IEPEroBOPHl C IOTEHIHAIBHBIMH KIHEHTaMH. [IepBBIMH TIONB30BATENSIMH YCIyT
CIIyTHHUKA IPENOJOKUTENBHO cTaHyT panuo "l'onoc Bretnama", BreTHaMckoe TeneBuaeHue, MUHUCTEPCTBO

00IecTBeHHON 0€30MacHOCTH 1 MUHHCTEPCTBO OOOPOHEI.

DTH Transponder

-

GP§

CATV Contribution links

iy

Telk p.O(_t

4

- Multime dia

Internat
SNG

Puc.2. [Ipumenenus cnymnuka 8 sHCusnu

B 2012 roga BreTHamMckuii ciryTHHK cBsi3H "BuHacar-2 " ycreniHo BRIBEICH Ha OpOUTY. 3aIlycK BTOPOTO B
ucropun CPB coOCTBEHHOTO TENEKOMMYHHKALMOHHOTO CITyTHHKa IIPH IIOMOIIM pakeThl-HocuTens Arian-5

cocrosuicsi Ha kKocmonpome Kypy Bo ®panmysckoii ['Buane."Bunacar-2 " maccoii 2,97 TOHHBI OBUT CO37aH
amepukaHckor kopmoparmmer Lockheed Martin. DToT 3amyck obecrednBaeT —JaibHEHIIee  pa3BUTHE
TEJIeKOMMYHHUKAIIMOHHOI cdeprl BreTHama, a Takke MOTHOCTHIO yAOBIETBOPHUTH pacTymiue notpedHoctn CPB u
psAna cTpaH peruoHa B IUQPOBBIX cucTeMax cBsa3u. B 3oHy oxBata VINASAT-2, momumo BreTHama, momamer

teppuropus Jlaoca, Kam6omku, Tannanna u yacts Tepputoput MbstHMBI[2].
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Tpernit BwetHamckmii manmeHpkuii cmyTHHK @-1 Ob1 pa3paboTaH HW  MOCTPOEH KOCMHUYECKHM
uccnenoBarensckuM otaenoM " FSpace" FPT ynuBepcurera. @-1 ormpaBmim B KOCMOC B HIOJIE TPOILIOTO Toja C

kocmmdeckoro kopabimst HTV-3 B Anonnn. Crytauk @-1 mmeet popmy kydbmueckyro 10 cm u Bec 1 kr [3].

Puc. 3. Bbemnamckuii manenvkuti cnymuux -1

UYetseptsorii cnytHIK VNREDSat-1 sBnsieTcs mepBbIM HaOMIOAAaTEIFHBIM CIIyTHUKOM BhetHama. CIyTHHK
criocobeH QoTorpadupoBath meiple ydacTku Ha moBepxHocTH 3emumn. VNREDSat-1 paspa®otaH W W3rOTOBJICH

kommanueit EADS Astrium ®pannun,. CriyTHHK ObUT BRIBEICH Ha opouty B Mae 2013 rona [3].

Puc. 4. Cnymnux VNREDSat-1

Bropoit HabmomatenbHBI cnyTHHK "MicroDragon", pa3pa0OTaHHBIH OTEYECTBEHHBIMH HHXCHEPAMU,
Oyzer ckoHCTpyupoBaH B ceHTs0pe 2016 roma u BeIBeeH Ha opobuty B 2018 romy. 3T0 cTaHET HOBBIM IIaroM B
mpolecce pa3BUTHS TaK Ha3bIBAEMBIX HCKYCCTBEHHBIX CHyTHHKOB «Made in Vietnam», 4TO Takke OTKpPOET
XOpOILIYI0 BO3MOXXHOCTh MOJIOABIM HWH)KEHEepaM pa3BuBaTh CBOM TajaHT. CrnytHuk «MicroDragony Oyxaer
HCIIOJIB30BaH B HCCIIEOBATEIbCKUX IIENAX JUIA OICHKH KauecTBa MOPCKOM BOABI, ONpeeSICHUS MECTONOJIO0KEHUS
MOPCKHUX PECypPCOB M HAOIIOACHUS 3a MPUPOJHBIMH SBJICHUAMH, ITPOUCXOAAIINMH BJIOJb BRETHAMCKOIO MOPCKOTO

noGepexbs, B UHTepecax prIOHON MPOMBIIIIIIEHHOCTH.

CIIMCOK JIMTEPATYPBI

1.3anyck "IIpoToHa" co cnyTHukoM "Okcnpecc-AMS" Ha3HaueH Ha MOHEJENBHUK - [ DNEKTPOHHBIE PECYPCHI] -
http://ria.ru/science/20150914/1249635692 html. -14/09/2015.

2. Bropoii BReTHaMCKHIi CITyTHUK CBSI3M YCIEIITHO BBIBEJICH Ha OPOUTY - [DIEKTPOHHBIE PECypChI] -
http://www.iksmedia.ru/news/4332672-Vtoroj-vetnamskij-sputnik-svyazi.html#ixzz426yRxcwsS. - 16/05/ 2012

3. Nhiing v¢ tinh ctia Viét Nam dang trong vii tru - [DnektponHsie pecypcsi] - http://khoahoc.tv/nhung-ve-tinh-cua-
viet-nam-dang-trong-vu-tru-46329
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MHOI'OPA3OBBIE PAKETHBIE JIBUT'ATEJIN
Taxuxan b.T.
Hayunsiit pykoBoautens: Konecankoa M.B.
E-mail: balnurtajikhan@gmail.com

enu padorsl

1)Pa3paboTaTh TEOPETUUECKYIO MOJIENb MHOTOPAa30BOT'0 PAKETHOTO JIBHUIATEIS

2)BbIgBUTh, 000CHOBaTh M AIKCIIEPUMEHTAIBHO NPOBEPUTH YCIOBHS (YHKIMOHHUPOBAHUS COXPaHIEMBIX
CTYIICHEH PAKET.

3agaum ucciie OBaHUS:

PazpaboTaTte SKCHEpUMEHTANBHBIH  MeTox  cmaceHus cTynmeHH. (OOOCHOBaTh  3KOHOMUYECKYIO
1IeTIECO00PA3HOCTh U IIPOBEPUTH TEOPETUIECKUE JaHHbBIC Ha MPAKTHKE.

Metoabl HccIe0BAHNUSA:

- AHaIM3 TEOPETHIECKON JINTEPATYPHI IO TEME

- [IpakTHyeckue pacyeTs

- UcneiTanue monenu

- AHanu3 opUIIHATEHBIX UCTOYHUKOB 00 YK€ CYIIECTBYIONUX paKeTax.

AKTYaJIbHOCTDH TeMBbI:

OTa TeMa M ONpeJeNICHHBIC €€ acleKThl HEAOCTATOYHO M3YUYCHBI, HO BEOb HEJIB3sI MPOUTHOPUPOBATH TOT
(bakT YTO y Hac €CTh BO3MOXHOCTh IOBTOPHOTO HCIIOJIB30BAaHHS MOIIHBIX ABUraTteneid. HeoOXonumMo IpHIOKHUTH
HEKOTOpPBIE YCHIJIHS, M BBIABICHHE CIIOCOOOB COXPAaHEHHS CTYNEHEH 3HAYMTENIHHO IOBBICUT 3KOHOMHKY HameH
cTpaHsl. [IpakTuueckas 3HaUMMOCTB 3TOH pabOTHI BHICOKA, TaK KaK y»Ke MHOTHE JIFOJIM 3aBUCAIOT HaJl 3TOW TEMOH.

HpKI/IM J0Ka3aTCJIbCTBOM TOMY YTO HayKa aKTUBHO Pa3sBUBACTCHA, SABJIACTCA MUPOTCXHUKA, KOTOpPad Obl1a
npunymana B Kutae necsiTky ThICAYM JIET Ha3aj v Pa3BUBAsICh IOCTUTIIA JIO YPOBHSI PaKeTHON TeXHUKU. J[BaanaThIid
BEK CJIOXKHO MPEACTaBUTh 0€3 3TOW OTpaciM HayKH, TaK Kak C TOSBJICHHEM paKeT KaueCTBO JKM3HU YeIOBEYECTBa
Bo3pocino. K mpuMepy CIyTHHKOB, OOECIIEUMBAIONINX HAC TEJNE W PaJHOBENIAHWEM, HAaBHI'ALIMOHHOH CBS3BIO H
NPUMEHSEMBIX B PAa3IMYHBIX JPYTHX HAYYHBIX LEJSX, TOCTABISIIOT Ha OpOUTY 3eMJIM MIMEHHO PAaKeTOHOCHTEIIH.

Tak kak y BCero cymiecTBYIOIIEro Ha 3TOM CBETE €CTh JIB€ CTOPOHBI, y PAKETHON TEXHUKHU TOXKE €CTh CBOH
HO, KOTOPBIX HEJb3sl MPOUTHOPHPOBATh, BEIb IOCIEICTBHS MOTYT OBITh M pa3pyIIMTEIbHBIMHU. Pakera siBiseTcs
3aTpaTHBIM TPAHCIIOPTOM M COCTOMT B OCHOBHOM M3 TpeX CTyNeHeW (TpexcTymeHdarass pakeTa), CTyIeHb
BBIpa0OTaBIIasi CBOE€ TOIUIMBO OTHENAETCS, TaK Kak OHA YXe He MPUTOAWTCA I JanbHeirnero monera. I[lpu
OTACJICHUN CTYNECHb W ABUTATCIN pa36I/IBaIOTC$I, TO €CTb OHHU CTAHOBATCA HCHIPUTOAHBIMU JIJIA z[anLHeﬁmero
HCIIOJIb30BaHUA, 3TO U €CTh MUHYC TpeXCTyHquaTOﬁ PAaKEThI. I[BI/IFaTeJ'II/I MOTIJIN 6BI HCIIOJIB30BATHCA HECKOJIBKO
pas3, HO Tocye MaJeHUs UX YK€ He MCIIOIb3YIOT, OHU BEIXOAST U3 CTPOS. A TaK K€ C 3KOJIOTHUECKOH TOUKH 3pEHUS
00BEKTHI MMOOBIBABINNE 32 TIpe/ieNlaMHi aTMOC(EPHI TTOIBEPTalOTCs U3ITyUSHHUIO, MOCHIE TMAJCHUs] OHU OTYacTH HECYT
omacHocTh. Jlpurareneii MOXHO OBUIO HCIIONB30BaTh MOBTOPHO €CIHM IIPEHEOpedh YCIOBHSAMH MaJCHUS H
pa3buBaHHEM, HO TOKa AJIS KaXIOro 3alycKka pakeThl MPUMEHSIOT BCe HOBBIE JBUraTeNd. DTO OTPOMHBIA yIiepo
JUTS CTPaHBI, KOTOPAast 3aIlyCKaeT ATH PAKETHI, BEAb COXPAaHECHUEM CTYIECHEH MOXHO OBIIIO OBl ¥ HE PACKOIIEINBATHCS
KaK 3TO Jienaercs cenyac.

AHanu3upys BCE BBIMIECKa3aHHOE, S X0UYy MPEIOKHUTh CBOIO HJICI0 HACUET COXPAaHEHHS CTYICHEH pakKer.
Ceifuac B CTPOMTENLCTBE HCITONB3YETCSl MOHTaXKHAs TIeHa, el XapakTepHa OBICTpOE YBEJIMUCHHE B 00BEMe Iocie

pacnbUICHUA. B motnie MOPO3bI IIEHA ofecrieurBacT B JAOME TCIJIO, @ B CWIbHYIO JKapy IMpOXJyiaay, TAaK¥KE II€Ha
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WCTIONB3YETCS ISl YCTAaHOBKH IUTACTHKOBBIX OKOH M ABEpeil, TO ecTh OH sABisgeTcs npodHoi. CyTh ydacTHs TICHH B
COXpaHEHHHU CTYTIEHEH COCTOHT B 3TOM:

1)Pa3pabaTsiBaeTcs NeHa ¢ IPUHIUTIOM PaOOTH HACHTUYHOW MOHTaKHOU TICHE

2)KoMIOHEHTHI 3TOH MEeHBI T0I00PaHbI CIIENHANBHO U aKTHBAIMN B KOCMOCE

3)IlomenieHune NeHbl B CHIEIMANIBHYIO TTOCYTy ¥ IPUKPEIUICHHE KO BTOPOH CTYIICHH PaKeThl

4)[1eHa aBTOMAaTHYECKH PACTIBIISIETCS] IPH OTAEIEHHH TPEThEH CTYNEHU M MOJHOCTBHIO MMOKPHIBAET TPETHIO
CTYIEHb, TEM CaMbIM 00ECTICYHB MATKYIO TIOCAIKY OTIESJIUBILCHCS CTYIICHN

OCHOBHBIMU KOMIIOHEHTaMH MOHTa)KHOH IEHBI SBJISIOTCS MOJIMYpPETaH U XJIaaoH (Moxens xmagoHa R11).
[Tocne BcieHWBaHUS, IO BIUSHHUEM MaBIICHHUS XJIaJOH PAacHIMpseT MeHy. JTa MOJENb XJIaJoHa paboTaeT TOIBKO
IPH TAaKUX 3€MHBIX YCIOBHSAX Kak, OONBIIOE MaBIEHHE W JIETHSSA TemIieparypa Bo3ayxa. Ilo coOCTBeHHBIM
WCCIICIOBAaHMUAM S MPHIUIA K BBIBOAY YTO MHOTO€ 3aBHUCHT OT XJaJOHA W I aKTHBHPOBAaHUS IEHBI B KOCMOCE
Hy’KHO 3ameHuTh xyagoH R11 ma R22. Xmamom R11 xopomio BcTymaer B peakmumio W paboTaeT NpH HU3KOM
aTMoc()epHOM JIaBJICHUU W HHU3KO# Temreparype. UToObI paciimpeHue 1 OTBepAEBaHHE TEHBI IPOU30LIIO OBICTPO
MOYKHO BKJIFOUHMTH B €€ COCTaB CHUIIbHBIC KaTaJIH3aTOPbI, AIsi 00beMa yBEIHIHUTh OO XJIaI0Ha.

[lo peanmzanuu JaHHOTO NpPOEKTa €CTh OAHA mpoOiema. [Ipu CHIBHOM HarpeBaHUHM TeMIIEpaTypa
noBsimaetcst 10 +1000°C, a TepMocTOiKOCTh MOHTaXHON TieHbl +125°C. I 3a1uThl IEHBl €€ MOKHO TOKPHIThH

HOBBIM MHHOBAIIMOHHBIM, XUIKUM MatepuanoMm RE-THERM.

CITUCOK JINTEPATYPBI
1. PasBeto wmMup O  MOHT@XKHOM meHe, a TaKk Ke O €€  MPOU3BOAUTEIAX  —
(https://www.forumhouse.ru/threads/71167/page-6)
2. AunmatoB A.B. JIBuratenbHble yCTAHOBKH U 3HEPTOCHUCTEMBI
3.  http://www.termocons.md/
4. Cucremsl ciacenust mogeneit paket — (http://modelist-konstruktor.com/v_mire modelej/sistemy-spaseniya-
modelej-raket)

5. Hunorupyemsie nosersl Ha Jlyny. llyneiiko Ban
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CEKLIUSI N7
SPACE ENGINEERING

COLONIZATION OF PLANETS BY HUMANITY: MYTH OR REALLY?
Damdinov B.O.
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Tomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050
E-mail: damdinov.94@mail.ru

KOJOHU3ANUSA IIJIAHETHI JIIOAbMHU: MU® UJIHN PEAJIBHOCTDB?
Jamaunos B.O.

Hayunsrit pykoBonutens: MBanosa B.C., 10o1eHT, K.T.H.
HaunonaneHb1il uccnenoBarenbckuil ToMCKUN MOMUTEXHUUECKUN YHUBEPCUTET
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: damdinov.94@mail.ru

The humanity seeks for conquering a galaxy. Colonization of other planet will be one of the biggest step to
space exploration. The humanity have managed a lot of achievements in the space exploration sphere in short
period of time. Many researches of space have been realized. Many planets have been explored for determination of
possibility for their colonization, and methods how they can be reached . Among all the planets of the solar system,
Mars is the most similar to Earth. In this article it is written about colonization of this planet. It will also consider
projects that are currently developing in this area.

Yenoseuecmso cmpemumcs nokopums 2aaakmuxy. OOHUM U3 Camblx OOIbUUX UWA208 K OCBOEHUIO KOCMOCA
b6yoem Kononusayus Opyeou niawemvl. B meuenue ouenb KOpOMKO20 BPEMEHU YeN08euecm8y MHO2020 YOdlOCh
docmuys 6 obnacmu KocMonaemuku. bviiu npoeedenvi muocouuciennvle uccredosanus xocmoca. bvino uzyueno
MHO20 nuanem OJisl OnpeoeneHusl B03MONCHOCIU UX KOJIOHU3AYUU, d makxice cnocobvl 0obpamscsa 0o Hux. Cpeou
6cex naamem coaHeuHou cucmemvl nianema Mapc umeem camoe 6onvutoe cxoocmeo c¢ 3emaéu. O Konronuzayuu
amotl nianemvl 6yoem 2060pumuvcsi 8 0anHou cmamue. Taxoice 6YOym paccmompensl NPoeKnvl, KOMopwvle 8 OAHHbIL
MOMeHmM pa3euearmcs 6 3moii cgepe.

Introduction

Lately the humanity thinks about colonization of any planet suitable for life. There are many planets similar
to our Earth which locate outside of Solar system. One of the major challenges is to get to these planets, which will
take years. Thereby, we must choose a planet, which is located in the Solar system.. Venus isn't suitable for life. The
average temperature on all surfaces of Venus sometimes exceeds four hundred eighty degrees Celsius, and pressure
of the atmospheres is in ninety times more than Terrestrial. The planet is completely surrounded with the clouds,
which almost consist of sulfuric acid and there are often acid rains on planet surfaces. Jupiter does not have surface
and almost completely consists of helium and hydrogen and the strongest winds never stop in the atmosphere. The
other planets are also not suitable for life, except Mars [1]. Afterwards, in the course of studying of the splinters of
the meteorites falling from a surface of Mars to the Ground fossilized remains of microorganisms have been found.

In scientifically fantastic movies and books colonization of other planets seems idle time. We only need to
make the leap into "hyperspace" on your star cruiser, and you punch the put space time and instantly you arrive to
the destination. In reality it doesn't look that beautiful. Mankind will colonize the planet by series of small steps,
since successful accommodation on low Earth orbit [2].

In order to understand the process of Mars colonization, first of all it should be briefly examined the
different phases of activity which will be necessary to make in transforming the Red Planet. The author have chosen

nn

four main phases, which are called "exploration," "base building," "settlement," and "terraforming".
The phase of research of the colonization of Mars was made through telescope reviews. It is necessary to

learn resources on the red planet, and also the optimum location for the basis and the settlement of people. To
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determine an operations procedure, which people will be based and by means of what can live on Mars and perform
useful operations on essential areas of a surface of Mars.

The following phase is a construction phase. In this phase we should conduct agricultural, industrial and
chemical researches. Thereby, the humanity wants to know if they could turn the Martian raw materials into useful
resources. In these missions the question whether it is possible to provide from Martian air, fuel and oxygen in a
phase of construction of a basis for colonization are raised. The purpose of this mission is to grow crops on Mars, to
be able to make ceramics, metals, plastics and all kinds of other minerals. The initial phase of research can demand
small team in number of 4 people working from the base camps widespread in areas of a Martian surface. The phase
of construction of a basis will require division of labor. This phase should involve a lot of people. The big team
must have lumps of the equipment and have a lump of power supplies for these devices as energy on Mars
meanwhile won't manage to be got.

If turn out well supports of a considerable part of the population on Mars from local resources, it is possible
to begin a phase of settlement of the red planet. This phase will help to create a new human civilization on Mars.
And further, by the growing opportunity to transform the Red planet.

However, long-term accommodation in Martian colonies will demand transformation of the planet, so-
called terraforming. Terraforming includes a rise in temperature on Mars to terrestrial conditions. The only realistic
way to make it — to construct blocks of processing of the soil, which will pump up super greenhouse gases like
methane and ammonia in the atmosphere of Mars. These gases will absorb solar energy and to warm the planet,
starting emission of carbon dioxide from the soil and polar ice caps. As carbon dioxide increases in the atmosphere,
pressure will fall, providing additional heat and formation of the oceans. Eventually the colonists will begin to do
without space suits though will be forced to carry oxygen cylinders.

After several decades later Mars will be almost indistinguishable from Earth. If it will happen, Mars can
become the second home for people.

People can't inhale the atmosphere of Mars, which red planet have at this moment. Plants from the Earth
could be planted on the surface of Mars to make it possible to create the soil and oxygen. Presence of pressure
considerably would bring benefit to human settlers. People will be able to breathe and walk without spacesuits,
therefore, it was possible to accelerate to the process of colonization of Mars. Also, it is necessary to create special
structures or buildings for storage and use by people of air from Earth. Such buildings have very big expenses and
aren't really convenient [3].

Among extraterrestrial bodies in our solar system, Mars is unique in this. Red planet possesses all the raw
materials required to support not only life, but a new branch of human civilization. This uniqueness is illustrated
most clearly if we compare Mars and Moon, the most frequently cited alternative location for extraterrestrial human
colonization [4].

Difference of Mars from the Moon that it is rich with carbon, nitrogen and oxygen, in all biologically
available forms, such as CO, gas and gas of nitrogen and so on. These components of the Moon are only present in
paucity, also as well as gold in sea water on Earth. Oxygen of course enough on the Moon, but there is a problem
that she is in densely connected oxides, such as SiO,, Fe,O3;, MgO and Al,0O;. According to knowledge which is
collected during all the time, scientists have put forward the theory. The theory says that if Mars was smooth and all
permafrost, which is present on Mars has thawed and would turn into water, then all planets would be covered by
the ocean more than 100 meters from the surface of Mars. This judgment gives plus towards Mars. In order to grow

plants on the Moon, it is necessary to import much of our planet Earth.
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Also not only metals (or example, copper), and such elements as sulfur and phosphorus are interesting to
humanity. While Mars has almost all elements stated above numerous number. On Mars, as well as on Earth, there
were hydrological and volcanic processes which, most likely, will concentrate various elements in local
concentrations of quality mineral ore. Judging by mineral resources, it is possible to draw optimistic conclusions.
And on the Moon there were no events connected with water or volcanic actions. As a result of the Moon is made of
rocks of garbage with very small difference in ores which represent useful concentration something interesting [5].

The most important difference of colonists of Mars from colonists of any other planet, Martian inhabitants
will be able to live quietly on a surface. Won't hide from various storms and will be able freely to grow up grain
crops on a surface of Mars. Mars is a place where people can increase population and supporting itself by those
materials which are made of local Martian raw materials. Mars is placed where the actual civilization, can be
developed not only a scientific outpost and mining industry, but also various fields of activity which are in the
interests of humanity. It is also possible to create interplanetary trade, Mars and Earth - where people will be able to
be engaged in export in all fields of activity [6].

Everything that has been described above, can be made ideally. But in reality there will be set of
difficulties. It isn't enough events on the colonization of Mars.

There is a project called Mars One. It is the private project directed by the Bass Lansdorp and assuming
flight to Mars with the subsequent basis of a colony on his surface and broadcast of all events per television. At the
moment the project has already carried out several stages of realization of creation of a colony on Mars. In 2013 the
international selection of astronauts has been made. And also in 2015 technical and psychological training of the
selected 24 candidates, obtaining skills of a survivor in the isolated environment and in the conditions which are
brought closer to Martian started.

Also, there is such project as Inspiration Mars Foundation — the American non-profit organization (fund)
founded by Dennis Tito, planning to send in January, 2018 the piloted expedition for flight on Mars with return to
Earth. In 2013 the Inspiration Mars Foundation fund has held a press conference to announce the plan of fund to
provide an equipment, to get services to start on the carrier rocket, to select crew from marrying men and women.
Now fund raising, lacking for a start is made.

If to look even more widely and further, then it is possible to consider the project under the name
Hundred-Year Starship-the project of NASA and DARPA for preparation of the piloted flight in distant space. The
project assumes preparation within hundred next years of the piloted expedition for other star systems [7].

At the moment, "Mars One" project, has the largest commitment to the colonization of Mars than the

other projects. Technology development continues, so in the future we might be able to colonize Mars.

REFERENCES

1. Solar System Planets: Order of the 8 (or 9) Planets [Electronic resources] -2016. — URL:
http://www.space.com/16080-solar-system-planets.html

2. Will We Ever Colonize Mars? (Op-Ed)[Electronic resources]— 2015 — URL: http://www.space.com/30679-will-
humans-ever-colonize-mars.html.

3. The Economic Viability of Mars Colonization [Electronic resources] — 2015 — URL:
http://www.aleph.se/Trans/Tech/Space/mars.html.

4. The cosmic abundances of potassium, uranium, and thorium and the heat balances of the Earth, the Moon, and

Mars [Electronic resources] — 1955 — URL: http://www.pnas.org/content/41/3/127 .short.

118



HHJ!C@H@pMﬂ OJI51 0CBOEHUSL KOCMOCA

5. Colonization of Mars - Wikipedia [Electronic resources| - URL:
https://en.wikipedia.org/wiki/Colonization_of Mars

6. The colonization of space. Gerard K. O’Neill. Princeton University [Electronic resources] — 1975 — URL:
http://arc.aiaa.org/doi/abs/10.2514/6.1975-2041.

7. How to colonize Mars [Electronic resources] — 2015 — URL: https://www.theguardian.com/science/political-

science/2015/nov/05/how-to-colonize-mars.

MINING OF NATURAL RESOURCES IN SPACE
Dorzhieva S.B.
Scientific Supervisor: Associate Professor, Ph.D. Ivanova V.S.
Tomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050
E-mail: dsuranzan@mail.ru

JOBbBIYA MPUPOJHBIX PECYPCOB B KOCMOCE
Hopxuesa C.b.

Hayunsrit pykoBonutens: Msanosa B.C., 10o1eHT, K.T.H.
HauunonaneHelil nccnenoBaTenbekuil TOMCKUN NOJUTEXHUYECKUN YHUBEPCUTET
Poccus, r. Tomcek, np. Jlenuna, 30, 634050
E-mail: dsuranzan@mail.ru

This article is an overview of information about the extraction of natural resources in outer space. Earth
exhaustible natural resources and mining in space begins to develop, and is an alternative. This is determined by the
relevance of the article. Measures to study the asteroids began relatively recently, in 2015, so the problem is poorly
understood and requires further research. The article describes the research plans of companies "Planetary
Resources " and "Deep Space Industries”, are engaged in asteroid mining.

Hannas cmamos asnisemcs 0030pom ungopmayuii 0 0o0vive NPUPOOHBIX Pecypco8 8 KOCMUYECKOM
npocmpancmee. 3emuvle nPUPOOHbLE Pecypchbl UCUEPRaembl, d 000bIYA NOLE3HBIX UCKONAEMbIX 8 KOCMOCe HAYUHAem
paszeumue U A6IAEMCA  ATLMEPHAMUBHBIM — 8APUAHMOM. DMUM  ONpeOdelsiemcs aKmyaibHOCHb — CIMAmbU.
Meponpuamusi no ucciedo8anHur) acmepoudos HAUAIUCL OMHOCUMENbHO HedasHo, ¢ 2015 2., nosmomy OauHas
npoonema mano usyueHa u mpebyem OANbHeUWUX UCCIe008aHull. B cmambve onucwleaomes niamvl ucciedo8anuil
komnanuil «llnanema pecypcoey u «Inyboxas Kocmuueckas UuHOYCmpuily, KOMopble 3aHUMARMCS NPOMBIULTIEHHbIM
0CBOEHUEM ACEPOUO08.

There are a lot of minerals in the world. Nothing is useless in nature. Now geologists continue to discover
new deposits. But unfortunately it is exhaustibled. It has formed more than a million years ago in depths of the
Earth. Weallknowthatmostofthemineralsareformedfromasteroids. Inthefuture,theyareanexcellentsource ofminerals.

Asteroids are primordial material left over from the formation of the Solar System. They are scattered
throughout it: some pass close to the Sun, and others are found out beyond the orbit of Neptune. A vast majority
have been collected by Jupiter’s gravity into a belt between it and Mars — an area known as the Main Belt. As it
turns out, astronomers have been discovering thousands of asteroids that do not belong to the Main Belt, but instead
pass near Earth’s orbit — more than 11,000 to date, with over a thousand more discovered every year [1].

Many of these asteroids are in range and many also contain huge reserves of resources: from the water,
ending with platinum. Their use will provide an almost infinite source that will establish stability in the world, to
increase the well-being of humankind, as well as create a basis for the presence and space exploration.

There are more than 1,500 asteroids are also easily accessible, as well as to the moon. Their orbits intersect

Earth's orbit. Such asteroids possess small force of gravity, which facilitates the task takeoff and landing.
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Resources asteroids have a number of unique features, which makes them even more attractive. Unlike
Earth, where heavy metals are closer to the core metals on asteroids are distributed throughout the facility. Thus,
they are much easier to extract. And asteroids contain precious minerals, such as iron, nickel, water, PGM
(platinum group metal) and gold [2].

In 2015 the US Congress passed a bill, according to which US companies can conduct resource extraction
in the cosmic bodies [3].

The two companies entered into the scientific sphere and to do business and recreation on the idea that
these sources in outer space can be recovered and returned to Earth. Planetary Resources is the first company for
the extraction of raw materials to the asteroids. Deep Space Industries, Inc. has released a fleet of exploratory
spacecraft in 2015, and plans to engage cleaning of metal, and water from the near-Earth asteroids within a decade
or so [4].

At the first press conference were named following objectives: to explore space and its natural resources;
to increase global GDP by one trillion dollars. This groundbreaking start-up will create a new definition of
environmental resources and a new industry. It has been calculated that a single 100-foot-long asteroid can
accommodate $25 billion to $50 billion in platinum by company Planetary Resources.Precious metals in outer space
contains a huge number of. When the availability of these resources will increase the cost of appliances such as
televisions, computer monitors, handheld devices, phones, will decrease. And the same in the presence of these
metals will give you the opportunity to use them in mass production.

The extraction of objects in space is the most environmentally friendly option. This statement is confirmed
by Anderson: "Breaking the earth's crust not only is terribly Intrusive from an environmental point of view, but it's
actually very expensive and very difficult. Why not go to the source?"Eric Anderson is one of the first space tourists
and co-founder and co-chairman of Planetary Resources.

Planetary resources want to use oxygen and hydrogen from water on the asteroid (pic. 1). Water can serve
as a shelter from dangerous radiation as obstacles and also be used by astronauts to avoid dehydration and to grow

food. Asteroids can be set up as "refuelling point" for spaceships.

Pic. 1. Capture an asteroid saturated with water for extraction of resources by Planetary Resources' ship
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Planetary Resources plans to use unmanned spacecraft for the production of chemical propellants, precious
metals, including gold and platinum, and water. By 2020, the company's founders expect to create in space "fuel
storage" [5].

Deep Space Industries, or DSI was officially announced its opening on 22 January 2013, after 9 months
establishment the company "Planetary Resources". DSI is an American private company, working in the field of
space technology and resources area.

FireFly is the first spacecraft proposed Deep Space Industries. It is designed to make visits to asteroids and
mineral survey, before of extraction.FireFly share missile with large number of communications satellites in order
to lower costs. DSI plans to launch a second satellite called dragonfly in 2018 with the ability to load 150 kg
asteroid material [6].

DSI expects to begin production of metals and water on asteroids by 2023.And dividing the water into
oxygen and hydrogen will provide interplanetary rocket propellant.Precious metals such as gold, platinum, which
are extracted from the asteroid may be transported to the ground. It will be recycled and may be put up for sale.
Other metals, nickel, iron can be used to create a large space communications platforms or solar power.These may
initially be used for the construction of military bases and disaster-affected areas. Only after that they can be used
for clean energy and communications through the planet.

In addition, one of the objectives of the two companies is the reduction in technology development costs,
which will enable humanity to use space resources. But the extraction of resources on the Earth, too expensive. The
costs of development and production of hundreds of millions of dollars. These companies are spending money,
trying to find a new mineral assets. Mining of mineral resources stretched for decades. Thus, the time frame and
costly extraction of natural resources in space will be comparable to the earth. But in spite of the financial problems,

this activity will stop the degradation of Earth's natural resources.
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B cmamve paccmampusaiomca 6onpocel  pazeumusi paKemHoO-KOCMUYECKOU OMpAcCiu U HAYYHO-
uccre008amenbCKux Kocmuieckux annapamos. Ilnanupyemes, umo 6 utone 2016 2ooa, annapam «FOHoHa» 8vliidem
Ha opoumy FOnumepa. “FOuona” — aeémomamuueckas mexcnianemuas cmanyus HACA, 3anywennaa 5 aeeycma
2011 200a ona uccrnedosanus FOnumepa. [lannas muccuu umeem psao yereu: usyyeHue epasumayioHHO20 U
MmazHumuozo nonei fOnumepa, nposepka eunomesvi 0 nanuuuu y nianemvl meépooeo Adpa. Kocmuuecxomy
annapamy «FOnonay npeocmoum coeiams CHUMKU CE6EPHO20 U I0JICHO20 NONIOCO8 naanembl. «FOHona» usmepum
mennogoe usyuenue, Ucxoosauee om 2ayour niaHemvl, Ymo no38oauUm OONOIHUMb OAHHbIE O COCMAse NAAHembl,
pacnpedenenuu 600bl U KUCI0pPOOd. Aemopul ucciedylom HeKomopuvle XapakmepucmuKy KOCMU4ecko2o annapama
“FOnona’” u 3a0auu, komopwvie emy npeocmoum peuuma.

The article describes the importance of the development of the aerospace industry and scientific-research
spacecrafis. It is expected that in July 2016, Juno will enter Jupiter’s orbit. Juno is NASA'’s automatic interplanetary
station. It was launched on August 5, 2011 to study Jupiter. This mission has several purposes: to study the
gravitational and magnetic fields of Jupiter, test the hypothesis about the presence of a solid inner core on the
planet. The spacecraft Juno will take pictures of the north and south poles of the planet. Juno will measure the heat
radiation coming from the depths of the planet. It will complement the data on the composition of the planet, the
distribution of water and oxygen. The authors studysome characteristics of Juno spacecraft and the tasks, which it
has to solve.

Nowadays space technologies have so widely taken root in the modern life of human society that the
refusal of them would lead to the degradation of a whole civilization because with the help of aerospace industry it
is possible to develop society in general. For this reason, we invest considerable money in the development of new
space technology and in particular on spacecrafts.

Spacecraft (SC) is a technical device intended for various tasks in space. In addition, it is used for carrying
out research and other activities connected with celestial bodies, sometimes in direct contact with them. There are
different types of spacecrafts. They are distinguished by functions, operating modes, types of control and purposes
[1]. Monitoring, analysis of planets and outer space, inspection of space bodies of the Solar system and also carrying
out experiments in outer space are among the main goals of space devices development. In recent years a number of
space-rocket systems, such as “Philae”, “Dawn”, “Curiosity”, “‘New Horizons”, “Vostok (meaning East)”,
“Voyager-17, Juno and many others have been created.

In our opinion, one of the most interesting scientific research is the SC Juno. It weighs about 3,625 kg and
has the size of 20 m with deployed solar panels.

Juno or Jupiter Polar Orbiter is the second successfully launched SC from the “New Boundaries” research
program. The program has set the goal to study the remote corners of the Solar system. The developer of the Jupiter
Polar Orbiter project was Scott Bolton with his team. A preliminary preparation ended in 2008. Then the production

of the components of automatic station started. The most part of the radio equipment of Juno was made in Italy.

Final assembly of the spacecraft was carried out by Lockheed Martin Space Systems. The cost of the project is
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estimated as $1.1 billion. The special mission to research Jupiter is assigned totally to this automated interplanetary

station [2].

Image 1. Juno leaves Earth’s orbit

On August 5, 2011 when the average distance to Jupiter was equal to 778.55 million km. (5.2 AU), the
unmanned SC Juno was launched. It was delivered to Earth orbit by the Atlas-5 rocket.

For a long time the largest planet of the Solar System hasn’t left the scientists indifferent because its surface
is badly studied, especially at its poles [3]. This problem is also intended to be solved by Juno which orbit was
constructed to take pictures of the poles of Jupiter. Juno will help enrich scientists’ understanding of giant planets.

Juno has a number of objectives. It has to:

o study the atmosphere;

e determine the content of water and ammonia on the planet;

e confirm the solid inner core of the planet and its size;

e observe the magnetosphere and the formation of winds [4, 5].

Juno flight has been continuing for 5 years. It will reach its target on July 4 in 2016. It is planned that it will
make 32 turns around Jupiter. Each turn takes about 14 Earth’ turns.

Most of the time of the flight, Juno uses solar batteries (the area of which is 60 square meters). For the high

speed of the probe, it was decided to use the force of gravity and perform gravity assists.

Image 2. Juno’s approximation to Jupiter

What about electronic equipment of Juno? It was placed in a titanium cube to protect it from strong

radiation of Jupiter.To study Jupiter, Juno has been equippedwith various technical devices, which include:
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Image 3. Juno spacecraft

e mass spectrometer JADEwith fix particles in the aurora;

e particle detector JEDI that displays the distribution of ions of helium, hydrogen and oxygen in a
magnetic field;

e magnetometer MWR which amounts a map of the planet’s magnetosphere;

e  spectrograph ultraviolet UVS to capture the image of Jupiter’s aurora;

e visible spectrum camera JunoCam that gives color pictures of the planet at a close approximation to it;

e  detector of plasma and radio waves;

e infrared camera JIRAM which takes photos and video with high resolution.

At the moment, the space station continues its flight at the maximum solar lighting. Now Juno is in the final
stretch of its way to Jupiter. The unit is in excellent working condition. Its movement velocity in relation to our
planet is about 29 km/s.

Thus, scientific-research spacecrafts such as Juno play a huge role in the life of modern society. They help
people increase knowledge of the entire universe and its separate bodies: planets, moons, stars, etc. Spacecraftsdo
not only describe various celestial bodies and their location, they also provide information about different unknown
materials. This in turn results in the improvement of a variety of technical devices and more rapid development of

civilization.

REFERENCES

1. Belous A.L., Solodukha V.A., Shvedov S.V. Space electronics. M.: Technosphere century, 2015. 695 p.

2. Giant Jupiter. Start of AMC Juno. http://galspace.spb.ru/index262.html (accessed 5 March, 2016).

3. Polyushko D.A., Kuimova M.V. Challenges of manned missions to Mars // Molodoj uchenyj.2015. Ne 10 (90). C.
293-295.

4. Juno Overview. https://www.nasa.gov/mission_pages/juno/overview/index.html(accessed 5 March, 2016).

5. Latest News About the Juno Mission to Jupiter.http://www.space.com/topics/nasa-juno-jupiter-mission-news
(accessed 5 March, 2016).

124



HHJ!C@H@pMﬂ OJI51 0CBOEHUSL KOCMOCA

AUSFUHRLICHE ERFORSCHUNG DES ERHALTENS VON MAGNESIUM-BIKARBONAT
AUS HYDROMAGNESITS
Fateyev P.V.
Scientific Supervisor: Fr. Dr. E. Prokhorez
Tomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050
E-mail: daiki24@mail.ru

IHOAPOBHBIE UCCJIEJOBAHUS NOJTYYEHUS BUKAPBOHATA MAT'HUA
U3 T'UIPOMATHE3UTOBOM IIOPO/IbI
®arees I1.B.

Hayunsrit pyxoBonutens: [Ipoxopen E.K., noueHT, k.1.H.
HaunonaneHelil necaenoBaTenbeKil TOMCKUIM NOIUTEXHUUECKU YHUBEPCUTET,
Poccus, r. Tomck, mp. Jleanna, 30, 634050
E-mail:daiki24@mail.ru

Magnesia Bindemittel hat eine Reihe von einzigartigen Eigenschaften wie erhohte Biegefestigkeit ,
geringe Schwindung, hohe Druckfestigkeit , Verschleififestigkeit und Elastizitit. Der wichtigste Nachteil ist die
geringe Wasserbestindigkeit , die fiir ihre Zunahme, wurde ein Verfahren zur Herstellung und die
Zusammensetzung der Fluidmisch durch Hydromagnesit zu entwickeln entschieden.

Llenvio uccaredosamenvckoil pabomuvl Agisemca paspabomka cocmasda U cnocoba NoJyYeHUs
aphexmusnoll  dHcuoKocmu  3ameopenuss Ha OCHO8e 2UOPOMACHe3UMA Ol MASHEe3UATbHO20  GAAHCYIYEZO.
JKuokocme 3ameopenusi Ha 0CHOGe 2UOPOMASHEIUMA UMeem GblCOKULl KoIguyuerm 6000CmMOUKoCcmu, 4mo
denaem eé 6oee NepCcneKmueHol Hexceau opyaue.

Hydromagnesit(auch Magnesia albaoderhelles Magnesia) ist ein eher selten vorkommendesMineralaus
der Mineral klasseder ,Carbonateund Nitrate“. Er kristallisiert immonoklinen Kristallsystemmit der
Zusammensetzung Mgs(CO3)4(OH),-4H,0, ist also chemisch gesehen einwasserhaltiges Magnesium carbonat mit
Hydroxidionenals zusédtzlichen Anionen [1].

Hydromagnesit wird industriell zusammen mit Huntit zu anorganischen Flammschutzmitteln verarbeitet.
Hydromagnesit hat die Eigenschaft unter thermischer Beanspruchung sich endotherm unter Abgabe von Wasser und
Kohlendioxid zu zersetzen. Hierdurch wird die Brandausbreitung bei der Verwendung in Kunststoffen verhindert.
Als festes Zersezungsprodukt bleibt Magnesiumoxid iibrig. Die Zersetzung beginnt schon bei, fiir
Flammschutzmittel niedrigen, 200 °C, was gegeniiber anderen Flammschutzmitteln, wie Aluminiumhydroxid einen
Vorteil darstellt [1].

Hydromagnesit ist durchsichtig bis durchscheinend und entwickelt nur kleine, nadelige bis tafelige Kristalle, die
meist in bischeligen Aggregaten angeordnet sind. Oft bildet er allerdings auch massige Aggregate und krustige
Uberziige. Die Oberflichen der farblosen bis weiBen Kristalle weisen einen glasihnlichen Glanz auf. In
Aggregatform oder Krusten schimmert das Mineral dagegen eher perlmuttartig oder ist matt [2].

Hydromagnesit ist durchsichtig bis durchscheinend und entwickelt nur kleine, nadelige bis tafelige Kristalle, die
meist in biischeligen Aggregaten angeordnet sind. Oft bildet er allerdings auch massige Aggregate und krustige
Uberziige. Die Oberflichen der farblosen bis weiBen Kristalle weisen einen glasihnlichen Glanz auf. In
Aggregatform oder Krusten schimmert das Mineral dagegen eher perlmuttartig oder ist matt [3].

Hydromagnesit stellt ein Verwitterungsprodukt von magnesiumhaltigen Mineralien (Brucit, Serpentin)
bzw. Gesteinen (Ultramafit, Dolomit, Marmor) dar. In Dolomit und Marmor kann es das Resultat einer
hydrothermalen Umwandlung der entsprechenden Gesteine sein. Hydromagnesit kommt typischerweise als

Verkrustungen oder Ausfiillung von Kliiften und Hohlrdumen vor.
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Weiterhin kommt Hydromagnesit in (Kalkstein-)Hohlen als Speldothem bzw. als sog. Mondmilch vor.
Hier wird es durch magensiumreiche Sickerwidsser gebildet. Nach Calcit und Aragonit ist es das héufigste
speldotheme Mineral.
Eine Besonderheit ist, dass Hydromagnesit, dhnlich Calcit und Aragonit auch von lebenden Organismen
gebildet wird. Es ist bekannt, dass Stromatoliten unter alkalischen Bedingungen (pH>9) Hydromagnesit.
Die wichtigsten physikalischen und chemischen Kenndaten sind in der folgenden Tabelle 1

zusammengefasst.

Tabelle 1. Die wichtigsten physikalischen und chemischen Kenndaten [3]

ChemischeFormel

Mgs[OH(CO;),], - 4H,0

Mineralklasse

Carbonate 05.DA.05 (nach Strunz)
16b. 07.01.01 (nach Dana)

Kristallsystem

monoklin

Kristallklasse 2/m, Punktgruppe: P 2,/c
Farbe farblos, weil}

Strichfarbe weil}

Mohshérte 3,5

Dichte (g/cm’) 2,16-2,20

Glanz

Glasglanz, Seidenglanz, Perlglanz

Transparenz

transparent bis durchscheinend

Bruch uneben
Spaltbarkeit perfekt nach {010}, schlecht nach {100}
Habitus Krusten oder Biischel

Zwillingsbildung

lamellar nach {100}

Waissriger Magnesium Bikarbonat wurde durch Karboniren von Magnesium Hydromagnesithergestellt
gebacken bei verschiedenen Temperaturen (400 ° C, 500 ° C, 600 ° C, 700 ° C) fir 30 Minuten in destilliertem
Wasser bei einem Druck von 2 MPa Kohlendioxid.[4]JUm den Vorgang des Karbonirens zu aktivieren,
wirdkaustische Magnesia Pulver in einer Menge von 2,5 Gewichts-% eingesetzt. Na,CO; wirkt hierbei als
Katalysator und bleinflusst die Bildung von Endprodukten, die Bildung des Reaktionsprodukts in Form
einesinstabilen Doppelsalzes Na,Mg (CO;),'nN20. In Ubereinstimmung mit dem Gesetz der
Gleichgewichtskonzentrationenzerfilltdieser Doppelsalz durch eine reversible Reaktion in ihre urspriinglichen
Bestandteile zu MgCO3 mit Defektstruktur zu bilden und Na,CO; wieder in Gegenwart von CO,und reagiert mit
dem Mg (OH), und MgCOs.

Der Autoklav wurde verschlossen und es wurde CO2 unter einem Druck von 2 MPa zugefiihrt. Das
Karbonirenzeit ist 30 Minuten. Zur effizienteren Prozessablauf Autoklav mit einem Riihrer, die die Ldsung
unmittelbar nach der Gaszufuhr riihrt. Nach dem Vorgang des Karbonirenwird erhaltenen Losung von Magnesium-
Bikarbonat zusammen mit ungelostem Niederschlag dem Autoklaven entnommen.

Danach wurde die Konzentration von Magnesium-lonen und Bikarbonat-lonen bestimmt, die
Druckfestigkeit der Proben auf Basis von Magnesia Bindemittel unserer Fluidmisch sowie Wasserbestandigkeit

wurde Koeffizient bestimmt.
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Zur Bestimmung der Festigkeit ist erforderlich, eine zur Bildung Proben der erforderlichen Grofe
homogenen Teig zu erhalten 2 x 2 x 2 cm. 100 g kaustische Magnesia wird zugegeben, dazu 50 ml Magnesium-
Bicarbonat, alles wird griindlich gemischt, um einen homogenen Teig zu erhalten. Der Teig wird dann in eine
Silikonform ggegossen. Nach dem Aushérten werden sie Wasser, Exsikator und Luft aufgeben. Nach 14 Tagen des

Hartens des Druckfestigkeit wurde auf der Presse bestimmt. Die Ergebnisse sind in Tabelle 2 gezeigt.

Tabelle 2. Die Kenndaten von Magnesium-Bicarbonat

Ne BrenntemperaturHydromagnesit, | UmgebungHéarten | Koeffizienten der Druckfestigkeit, MPa
’c Wasserbestindigkeit

4.1 Luft 3,72 4,74
4.2 400 Luft.-Wasser. 15,56
4.3 Wasser 17,65
5.1 Luft 3,62 4,77
5.2 500 Luft.-Wasser. 14,03
5.3 Wasser 17,28
6.1 Luft 4,11 4,06
6.2 600 Luft.-Wasser. 14,98
6.3 Wasser 16,69

Die Arbeit festgestellt, dass die Druckfestigkeit der Proben in Wasser und Luft und feuchter Umgebung
bietet dhnliche Werte. Haltbarkeit in Luft ist 3-4 mal weniger Haltbarkeit in Wasser und Luft und feuchter
Umgebung.

Der hochste Druckfestigkeit (17,65 MPa) in Wasser bei Hirte wurde unter Verwendung Hydromagnesit, bei 400 ° C
gebacken

Wenn die Brenntemperatur von 600 ° C wurde mit dem hochsten Koeffizienten der Wasserbestandigkeit,
aber die niedrigste Druckfestigkeit wegen der niedrigen Konzentration von Mg, -Ionen und HCOj5™ erhalten.

Wenn die Brenntemperatur 400°C wurde durch ausreichend hohe Geschwindigkeit der
Wasserbestiandigkeit, der hochsten Druckfestigkeit des Hértens in einem wissrigen Medium, und die grofite

Konzentration an Magnesium-lonen und Hydrogencarbonat-lonen erhalten.
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People are exploring space trying to open new horizons in our solar system. The main goal of today’s
scientists and researchers is Mars because the conditions on this planet are similar to the Earth ones. Therefore, in
order to find the second home people invest a lot of money in space projects. These projects promote the
developments of old and new technologies. Currently, scientists launch spacecrafts which will practice landing
techniques, explore the soil and atmosphere of the Red Planet. The article discusses the issues of using liquid rocket
engine RS-25, with which researchers suggest to send a spacecraft to Mars.

Jioou 0agno noxopsiom KOCMOC, CIMpeMAmcs OmKpbleams 6ce HOoble 2OpPU3OHMbL Haulell CONHeuHOU
cucmemvl. 11a8HOU Yenblo yueHvlx Ha ce200HAWHUL OeHnb asnaemcs Mapc, a éce no momy, 4mo yciosus Ha Mol
naaneme cxogucu ¢ 3emuvimu. [losmomy 0na moeo, umobwvl Halimu cebe mopoll OOM 4el08eyecmeo GKIA0bI8aen 6
amu npoekmul 02poMHwie OeHbeu. C Imumu RPOeKmamu paseusarOmcs cmapbie U NOAGIAIMCA HOBble MEXHOI0UU.
B nacmoswee epems, 3anyckaiomcs Kocmuueckue Kopabau, Komopwvle 6yOym ompabamvléams MexHoI0SUU
nocaoku, uccredosams epywm u ammocgepy Kpacroii nnanemvi. Cmamvs noceéswena paccmMompeHuro 0npocog
UCNONL30BAHUS HCUOKOCMHO20 pakemuoz2o oOgueamens RS-25, ¢ nomowpio Komopoeo yueHvle npeonoiazaiom
omnpagums Kocmuyeckui kopabas k Mapcy.

Science is not static. Every country wants to achieve excellence in a particular activity. Nowadays countries
develop Mars space projects. The colonization of Mars has a psychological aspect. People must discover something
new. There are broad prospects to create a complex on Mars to protect against asteroid and meteorite impacts.
Moreover, the area of the Red Planet can be used for the development of technology and as a burial ground for
hazardous waste [1].

That is why humanity spends a lot of money on space exploration. Spaceflight projects for the 20™century
cost Americans a large amount of about 25 billion dollars! [2]; 70% of the money was spent on the design of Apollo
11. It was the spacecraft that made the first landing on the Moon. Subsequent design and flights were cheaper. Flight
to Mars with humans on board will be several times more expensive, primarily because of the large distances. The
distance between Earth and Mars is 55.76 million kilometers. However, Earth can be more distant from Mars due to
their position in their orbits. The distance can be much more than 401 million kilometers [3].

Money is necessary to plan the development of spacecrafts, astronauts’ protection and fuel. Moreover,
many things that will be discussed below are closely connected with this very important point — money. Space is
fraught with dangers for man and his life, and high costs are necessary to prevent any problems. Professionals need
to anticipate every detail, not only in space but also on Earth! Now, humanity is able to create spacecrafts that can
be controlled remotely in space and on the ground.

If there are humans in the spacecraft, it must be equipped with all facilities for people to feel comfortable
during the long months of flight. In addition, the spacecraft should be simple, without superfluous extra features that
are not needed during the flight, as well as to have a certain weight in order to be safe and avoid debris and solar
radiation [4]. From the technical point of view, the spacecraft must be equipped with RS-25 modern engines. We are
going to research why the spacecraft should have this engine, compare it with another powerful engine and identify

its drawbacks.
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Rocket engines, “the RS-25”, also known by another famous name SSME (Space Shuttle main engine),
were developed by Rocketdyne (USA) in the 70s of the 20™century (1972-1977). RS-25 was designed for the Space
Shuttle Program (SSP) which appeared over 30 years ago. Over time, it has been subjected to many changes and
transformations. SLS will use four RS-25 engines to send the spacecraft Orion with humans into far space.

If we assume the distance from Earth to Mars (it is approximately 55-100 MM km) and make simple
calculations, we can reach the surface of Mars in approximately 150-300 days with the help of engines RS-25. For
the flight, it is necessary to use a minimum of four engines of this model to take off from Mars. The first test was
carried out at the site A-1 in the Space center John Stennis (Mississippi, USA). The engine ran in a special test mode
for about 9 minutes at the maximum capacity. As a result, the experts had the opportunity to measure the pressure
levels of fuel entering the engine in its combustion chamber and at the output [5].

Here is a good example why this engine is useful for flying. The comparison of the RS-25 with its main

rival the RD-170 is presented in the table:

Table 1. Comparison of engines’ characteristics

Characteristics Engines

RE-170 RS-25

Creation time 1981 1972—1977

Class LRE LRE

Fuel Kerosene Liquid Hydrogen

Oxidizer Liquid Oxygen Liquid Oxygen

Combustion chamber 4 1

Mass 21.495 1b (9.750 kg) 7474 1b (3390 kg)

Length 4000 mm 4240 mm

Diameter 3600 mm 2400 mm

Working hours 150 520

Pressure in the combustion 242 atm 186.5 atm

chamber

Epansion ratio 36.87 77.50

Thrust-to-Weight ratio 82.66 73.12

Specific Impulse In Vacuum: 337.2 (3308 m/s) In Vacuum: 452.5 (4439 m/s)
At Sea Level: 309.5 (3036 m/s) At Sea Level: 363 (3561 m/s)

Analyzing this table, it can be argued that the RS-25 creates a more significant impetus than the RE-170.
The pressure in the combustion chamber has a lower value, resulting in lower risk of explosion. The main advantage
is the use of fuel, liquid hydrogen whose density is almost 10 times less than that of kerosene. By means of it, the
RS-25 runs 3.5 times as long as the RE-170. In conclusion, we want to note that though RS-25 develops the same
speed as the RE-170, the main advantage of the proposed engine is relatively lighter weight and simpler structure.
One advantage of the SSME is that it is equipped with a remote control system [6]. This difference could
presumably be overcome with additional engineering cost.

Speaking more specifically, SSME is not exactly a new invention. It includes all the technology of past

years. However, the system is not the same as was used in RE-180. As to the unit of the turbo pump, the resource for
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two dozen launches was installed and included a minimum of moving parts. Now Americans are realizing their
mistakes and trying to apply already-developed equipment (over fifty years of technical models) and buy all
accessible components. That way they can obtain cheap schemes. The modernization of the RS-25 is an attempt to
extend the life of the scientific-technical backlog. In fact, LRE has reached its theoretical maximum. The
improvements aim only in the direction of increasing reliability and systems reusable for the duration of the work
[7].

More often attention is paid to the cooling system because it is located near the four engines which can lead
to mutual heating, potentially resulting in melting of the engine nozzles. Many scientists have struggled with a
solution to this problem. Based on the article, written by Valentin Glushko [8], we conclude that the combination of
the invention of Glushko and the use of a cooling system would provide a solution to this problem. Now a
combustion chamber with two walls is used for cooling. With its help cooling is achieved by means of Liquid
Oxygen which flows between the walls of the combustion chamber. V. Glushko made copper combustion chamber.
As copper is an excellent conductor of heat, and thus heated by the burned fuel, it can give the accumulated heat to
the environment without melting at the same time. According to this, you can create two walls of the combustion
chamber by combining works of the scientist and the current cooling system. The outer wall is composed of poorly
heat conductive metal and the inner part of copper which will not cool the combustion chamber.

After examining the engine RS-25, we came to the conclusion that there are no other matches for the flight
to Mars as it has sufficient power with low weight. We want to believe that all the discovery of scientists will not go

in vain, and people will be able to visit Mars.
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Seitdem Jurij Gagarin in dem Weltraum geflogen war, die Erndhrung des Menschen in der
Schwerelosigkeit ist ein wichtiges Problem vieler Wissenschaftler. Das Essen sollte ndhrend, bekommlich, kompakt,
leicht und verzehrfertig sein. Der Artikel befasst sich mit einer der Losungen fiir dieses Problem, die von der NASA
angeboten wurde, dass sogenannte «In-Vitro-Fleischy.

C mex nop, xax IOpuii I'acapun nonemen 6 KocMoc, numauue ueio8eKa 8 HeecoMOCmu ABNACMCs
HacywHou npobremoui muozux yuenvix. Iluwa oondcna 6vims MAKCUMANILHO NUMAMENbHOL, J1e2KO YC80AEMOlL U 8 MO
Jce 8pemMs NOPMAMUBHOU, 1e2Koll U 20Moeoll K ynompebnenuio. B cmamve paccmompen ooun u3 6apuanmos
peuteHusi OanHou npobuemot, npedioxcennvitt HACA, mak Hazvieaemoe «MsACO U3 npooOuUpKuy.

Heutzutage liegen groBe finanzielle und gesundheitliche Zukunftsmoglichkeiten in der Erndhrung fiir ,,In-
Vitro-Fleisch®, das heifit im kultivierten Fleisch, nach der Meinung vieler Erforscher. Es geht eigentlich darum,
dass tierisches Fleisch ohne ein Tier hergestellt werden kann. Ganz wenige Ausgangszellen stammen vom Tier
initial, und zwar werden dem vitalen Organismus schmerzfreieingegriffen. Diese Zellen wachsen und vervielfachen
sich auBlerhalb von Tieren in Nahrfliissigkeit und konnen, wie die Erforscher annehmen, den gesamten
Weltfleischverbrauch bedecken. Das alles kann ohne Einsatz von Gentechnik passieren. Jovanovic schreibt, dass
sich der Fleischverbrauch von 1961 bis 2011 weltweit fast vervierfacht hat [1]. Dementsprechend argumentiert die
Organisation des Invitrofleisches ,,The In Vitro Meat Consortium* in Betracht von Okologie: fiir unsere Erforschung
ist es wichtig, dass sich Aufzuchten in sterilen Zellkulturen oder Bioreaktoren besser zur grofitechnischen Fertigung
eignen, da die Fernhaltung von Krankheitserregern und Giftstoffen einfacher ist,“zudem entfallt auch das
aufwendige Entfernen von Innereien, Haaren und Knochen“[2]. Ein Ersatz eines GroBteils der Tierhaltung durch
Biotechnologie konnte wieder eine ausgedehnte Viehwirtschaft im kleinen 6kologischen Maf3stab gonnen, die das
Hochpreis-Segment bedient. Dennis und Kosnik in ihnen ,,Excitability and isometric contractile properties of
mammalian skeletal muscle constructs engineered in vitro® schreiben dariiber, dass die Ziele auch ,,Senkung der
Abgasbelastung, da kein fiir den Treibhauseffekt relevantes Methan entsteht und keine Ausscheidungen, wie sie bei
der Massentierhaltung in groen Mengen anfallen" sind [3].

Gegeniiber dem Viehziichten, ist das energetische Gleichgewicht des In-Vitro-Fleisch es billiger, aber
befindet sich in der unvorteilhaften Lage. Pany hat mitgeteilt, dass im Folgenden "die Nutzung der
Spitzentechnologien in der Nahrungsmittelindustrie sehr teuer " ist [4].

Eigentlich wurde der erste In-vitro-Burger von einem holldndischen Forscherteam herausgestellt und im
Jahre 2013 bei einer Pressedemonstration in London zurichtet und gepriift. Da wurden Myoblasten verwendet — ,,ein
Zelltyp, der einen Kompromiss aus Ausdifferenziertheit und Vermehrungsrate darstellt [5]. Die Ausgangszellen
wurden aus dem jeweiligen Tier durch Biopsie und ohne T6étung entnommen [6]. Haagsman behauptet, dass ,,die zu
Grunde liegende Biotechnologie -um Transplantate fiir Schwerbrandverletzte zu ziichten- schon ldnger in der

Medizin mit menschlichen Hautzellen verwendet wird [7].
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Nach der Analyse kann gesagt werden, dass sie bis heute nur noch auf diinnlagige Hautschichten begrenzt
ist. Die Wissenschaftler behaupten dabei, dass die Membranen iibereinander gelegt werden kdnnen und wenig
strukturiertes Hackfleisch ersetzen, wie es in Hamburgern eingesetzt wird, dabei nach Haagsman und
andere,,bereiten kompliziertere Strukturen Schwierigkeiten, da diese an einem dreidimensionalen Geriist wachsen
miissen und die Muskelzellen fiir kongruente Fleischkonsistenz mechanischer Bewegung ausgesetzt sein sollten*
[7]. Eine einfache Aufgabe ist dabei die Herstellung von verarbeiteten Fleischwaren wie Wiirste, Nuggets oder
Burger. Schwierig stellt sich die Erzeugung von Fleisch in der Originalkonsistenz, insbesondere eines In-Vitro-
Fleisch/ Steaksein. Die Schwierigkeiten sind damit kombinieren, dass Steak-Fleisch aus Muskelfleisch besteht mit
langen, feinsten Aderchen zum Transport von Blut und Nihrstoffen direkt zu den einzelnen Zellen [5]. Wir stimmen
den Erforschern zu, dass so etwas nachzubauen eine groflere Herausforderung als die Erzeugung kleiner
Zellbéllchen ist, die dann zu grofleren Zellbdllchen und zu einem In-Vitro-Hithnernugget zusammengebaut werden.

Die Frage hier wire, welche Art von Zellen beniitzt werdenkonnen. Nach der Definition: ,, Stammzellen
sind Zellen, die sich quasi noch nicht entschieden haben, was sie mal werden wollen, ob Muskel oder Knochen oder
was auch immer* [5]. Das kann als ein Nachteil gezeichnet werden, weil man zur In-Vitro-Fleischerzeugung gezielt
Muskelzellen anlaufen lassen will. Als Vorteil der Stammzellen kann aber genannt werden, ,,dass sie sich extrem
rasch vermehren lassen® [6]. Interessant ist die Meinung, dass das Gegenteil der Verwendung von Stammzellen die
Verwendung vollig ausdifferenzierter Muskelzellen wére, die ,,wissen zwar, was sie sind, aber lassen sich kaum
vermehren. Der Kompromiss ist die Nutzung der Zellen zwischen den Extremen, das heifit die Zellen von der
annchmbaren Vermehrung, und zwar Myoblasten [6]. Hier ist das Ziel, kostengilinstige und von tierischen
Inhaltstoffen freie Wachstumsmedien zu anfahren. Kélberserum beispielsweise ist im Zusammenhang mit
kultiviertem Fleisch natiirlich keine Option[6]. Es wird akzentuiert, dass das Medium die Zellen durchgehend
erndhren kénnen muss, weil bei kultiviertem Fleisch keine Verdauungsorgane wie beim Tier vorhanden sind, die die
Néhrstoffsubstanzen fiir die Erndhrung der Zellen benutzen kénnen. Man braucht Geriiste, um dreidimensionale In-
Vitro-Fleischprodukte aufzubringen, und um den Zellen etwas zu geben, worauf sie wachsen konnen. Dabei ein
essbares Geriist, das vom Endprodukt nicht ausgetrieben werden muss, ist am besten. Es wire auch gut, dass
Variationen von pH-Wert oder Temperatur eine gro3e Volumsreaktion des Andock-Gertists erfordern, um die Zellen
durch Bewegung zu ,trainieren®, analog wie es im tierischen Muskel auch der Fall ist [6]. Statt auf Trager oder
Schwammen konnten die Zellen auch auf Membranen oder Kiigelchen wachsen, die man dann aufeinander stapelt
oder miteinander verbindet. Chitin, Collagen oder Alginate konnten hier als Ausgangsstoffe fiir die
Andockstrukturen fiir die Zellen behandelt werden, dabei miissen diese Materialien pflanzlich oder chemisch
hergestellt werden. Letztlich kommt alles im Bioreaktor zusammen. Durch Temperaturschwankungen wird eine
Umgebung wie im Fitnesscenter fiir die Zellen geschaffen mit Bewegungstraining fiir die Muskelzellen. Kultiviertes
Fleisch muss aus den Muskelzellen der kleinen und grossen Fasern des Anschlussstoffes bestehen, dazu werden
Bindegewebe, das Elastin und Collagen produziert, sowie Fettzellen als Geschmacksgeber [6]. Wir stimmen zu,
dass fiir alle oben genannten Punkte wirtschaftlich akzeptable Losungen noch unerforscht sind, und die Menschheit
erwartet noch den groflen Durchbruch in diesem Forschungsbereich.

In-Vitro-Fleisch ist eine wichtige und interessante biotechnologischen FErforschung. Anfangliche
Ergebnisse dieser Erforschung wurden verwendet, um die Astronauten im Weltraum zu ernahren. Aber Nachteile
von der Technologie erlaubes nicht, dieses Experiment in der Umlaufbahn durchzufithren. Die wichtigste
Herausforderung ist die Ummoglichkeit, die Bedingungen fiir die richtige Entwicklung von Muskelzellen zu
schaffen. Die Losung von Problem diese Technologie macht es mogeim, nicht nur auf der Erde, sondern auf im

Weltraum einzufiihren.
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Zusammenfassend konnen folgende Schlussfolgerungen gezogen werden. Im Artikel wurden einige
Erforschungen in Gebiet der Biotechnologie betrefflich In-Vitro-Fleisch analysiert. Es wurde die Geschichte der
Schopfung, Empfangsmechanismus, Vorteile und Nachteile dieser Methode vorgestellt. Auferdem wurde die
Verwendung von In-Vitro-Fleisch als Energiequelle der Astronauten in den Internationalen Raumstationen

analysiert.
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Der Gegenstand des vorliegenden Artikels ist die raumgestiitzte Uberwachung von Waldbrinden durch
erdumkreisende Satelliten in Russland. Zudem werden die Ziele und die Eigenschaften des Monitorings beschrieben.
Der Schwerpunkt liegt auf dem Forschungsinstitut ,, Aerokosmos “ und seinen Einrichtungen. Zum Schluss werden
die Perspektiven fiir die Systeme des kosmischen Monitorings analysiert.

B Oannoil cmamve paccmampugaemcs CRYmHUKOGbLIL MOHUMOPUH2 JIeCHbIX nodxcapos 6 Poccuu, kax ooun
u3 appexmusnvix Hanpasnenuli 6opvoOLL ¢ nodcapamu. Kpome smozo, asmop npueooum onucawue yeau u
ocobennocmeti 0annoeo euoa monumopurea. Ocoboe @HUMAHUE YOensnemcsi PACCMOMPEHUIO OesmeibHOCmU
HAYYHO-UCCIE008ANENbCKO20 UHCIMUMYMA «A2POKOCMOCY, 3AHUMAIOWE20Cs pa3pabomKol u eHeOpenuem cpeocms
CHLedICeHUsL U OOHAPYICEHUsT NECHbIX NOJICApo8. B 3akmiouenuu onucanvl u NpOAHATUZUPOBAHbI NEPCHEKMUBH
PA36UMUSL CUCHEM KOCMUYECKO20 MOHUMOPUH2A.

Im vorliegenden Artikel betrachte ich iiber die raumgestiizte Uberwachung von Waldbrinden.

Der Waldbrand ist eine spontane, unkontrollierte Ausbreitung von Feuer im Wald oder an Waldfldchen.
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Es ist unmoglich, die Bedeutung der Wilder einzuschétzen. Sie geben nicht nur Stoffe zum Bauen, fiir die
Energie-, Chemie- und Papierindustrie. Der Wald ist der Lebensort fiir viele Tierarten, der Wald ist ein
Erholungsgebiet. Der Wald ist die Hauptquelle von Sauerstoff auf der Erde. Leider wurden die Wilder, seit langem
zerstort. Sie wurden fiir wirtschaftliche Zwecke abgeholzt, sie sind aufgrund von natiirlichen Prozesse
verschwunden, durch menschliche Fahrldssigkeit verbrannt. Trotzt der Schutzmafnahmen, vernichtet man in der
Russischen Foderation jéhrlich mehr als eine Million Hektar Wald.

Der beigebrachte Schaden ist kolossal. Die groen Waldbrinde wirken negativ auf die Umwelt, bedingen
die Luftverschmutzung in den Stddten, beschddigen Wirtschaftsobjekte und fiihren zu Menschenopfern [1]. Deshalb
ist die Frage der fritheren Erfassung von Waldbrénden, ihres Monitorings und die Verlaufsvoraussage aktuell.

In Russland wird das systemumfassende Monitoring von Waldbridnden angewendet — das iiberholte
menschliche Monitoring, die Videoiiberwachung, ,,Computersehen”, das Flugzeugmonitoring. Aber am
vielversprechendsten ist die Anwendung der erdumkreisenden Satelliten (raumgestiitzte Uberwachung), denn in
Russland befinden sich grordumige Wilder und eine Vielzahl von schwerzugénglichen Stellen..

Alle Flichen, wo die raumgestiizte Uberwachung stattgefunden hat, werden in zwei Gruppen geteilt. Die
erste Gruppe sind entlegene und schwerzugéingliche Flichen, wo andere Monitoringformen nicht durchgefiihrt und
geplant werden konnen. Die Brandbekdmpfung findet statt, wenn die Gefahrdung fiir die Wirtschaftsobjekte oder
die Siedlungspunkte entsteht. Die zweite Gruppe ist die Fliche, wo verschiedene Monitoringformen durchgefiihrt
werden konnen, und die Brandbekdmpfung wird mit Hilfe von Flugzeugen durchgefiihrt [2].

Das raumgestiitzte Monitoring hat folgende Ziele:

1. Beschaffung von Kontrollinformationen iiber diec Wetterlage.
Sofortige Erfassung der Flachen, wo Briande moglich sind.

Monitoring des besonderen Schutzgebiets.

bl

Sofortige Berechnung der Parameter der aktuellen Waldbrénde — z.B, die Grundflache, die Geschwindigkeit,
die Ausbreitungsorientierung, die Rauchentwicklung, die Feuerzone, die Hitzezone, die Schwelenzone.
Brandschadenschitzung.

Zustandseinschidtzung der Biume nach dem Feuer.

Datenauswertung tiber einzelne Waldbriande oder die Brandsituation.

N @

Richtigstellung der kartographischen Information.
Die Erfassung der Ziindquelle verlduft anhand des Infrarotradiometers und der multispektral optischen
Apparatur, die zum erdumkreisendenSatelliten gehdren. Die Daten werden auf die Erde geleitet und bearbeitet.

In Russland befasst sich das wissenschaftliche Forschungsinstitut ,,Aerokosmos“ mit der raumgestiitzten
Uberwachung. Die Einrichtungen des Instituts ,,Aerokosmos* haben folgende Vorteile gegeniiber den friiheren
Einrichtungen fiir die Distanzerfassung [2]:

1.  Mbglichkeit fiir die Kontrolle iiber alle Flichen Russland und einigen anderen Landern.
Hohe Héaufigkeit des Monitorings — bis 25 Mal pro Tag.

Hohe Datendurchgangsrate — bis zehnMinuten der Gesamtdatenaufnahme

Vollig automatische Systemarbeit.

Hohe Bestimmtheit und Authentizitét der Daten.

Moglichkeit der Vorbestimmung des Brandverhaltens.

Nk wDN

Intensiveres Monitoring der feuergefihrdeten Objekte, z.B., die Energetikobjekte, die Uberlandleitungen, die
Pipelines.

8. Ausarbeitung von Empfehlungen fiir die Entscheidungsfunktion.
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Es ist absehbar, dass die Vorteile mit der Anwendung von speziellen Methoden, Einrichtungen und
Technologien der automatischen sofortigen Datenbeschaffung und der Datenverarbeitung verbunden sind, und auch
hier wird die einzigartige System der Entscheidungsfunktion, der Abschitzung des Mafistabs und der Auswirkung
der Notfall angewandt.

,2Aerokosmos* umfasst drei Zentren der Datenaufnahme (Moskau, Sibirien und Ferner Osten), die spezielle
Programmierungshilfen, ein Geoinformationssystem und Kommunikationsmittel haben.

Es ist auch wichtig, gemischte Systeme zu betrachten, wo die numerische Brandsimulation nach dem
Befund von den Satellitenverlduft. Sie werden das Brandverhalten mit der Beschaffenheit des Waldbrennstoffs, der
Bodengestalt und des Wassergehalts eingehender simulieren — das ist ihr Vorteil. Aber dieseSysteme sind sehr
anspruchsvoll Bezug auf Rechenkapazitit, darum werden sie nur am Supercomputer. Z.B, WFDS, in den USA
angewandt.

Die Ergebnisse sind also immer eine Landkarte mit der Brandkontur.

Solche Systeme sind normalerweise fiir die einfachen Benutzer geschlossen, aber Ausnahmen kommen vor.
Zum Beispiel wurde 2013 wurde die Internet-Ressource ,,Die raumgestiitzte Uberwachung im Fernen Osten®
eroffnet. Es gibt auch eine Online-Karte, wo man die Brandposition bis zehn Metergenau definieren kann. Hier
werden drei alternative Datenquellen iiberInformationen und Brinde angewandt: FIRMS-Systeme, SFMS-Systeme
und Daten des Katastrophenschutzministeriums mit der Aktualisierung bis zu sechsmal pro Tag [3].

Die Perspektiven fiir die Entwicklung der Systeme des kosmischen Monitorings sind mit einer starkeren
Nutzung der kosmischen Informationen aus verschiedenen bestehenden und geplanten Raumfahrzeugen verbunden.
Es entwickeln sich auch Methoden und Technologien der Datenverarbeitung fiir den Erhalt einer groBeren Menge an
Informationen sowie die Verbesserung ihrer Genauigkeit, Zuverldssigkeit und Leistungsfahigkeit fiir die rechtzeitige
Erkennung von Bridnden und entsprechende MaBnahmen und Ldsungen zur Beseitigung und Verringerung der

Schiden durch Folgen der Katastrophe.
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This article focuses on the general structure and the materials used in the production of space suits.

B amoii cmamve paccmampusaemcs obujee cmpoeHue U Mamepudaibl, UCHOIb3YeMble 68 U3C0MOGIeHUU
KOCMUYECKUX CKaghanopos.

Previously, a spacewalk was a heroic act and each person who tooka step into the void of space were
remembered and recognizable all over the world. Today, man be in open space so often that even the names of the
astronauts sometimes we do not remember. But what thing makes possible spacewalk? All thanks to modern
"armor"of the astronauts - space suits, which allow for a long time to be in open space without any harm to the

health of the astronauts.

Modern suits are miniature autonomous spacecraft, which in open space astronaut can stay up to 10 hours.
The suit consists of two main layers: a sealed internal and external power.

Since the space industry has grown directly from aviation, and solutions in terms of protecting the pilots
also were taken out. With increasing altitude on the human body begins to affect low pressure and lack of oxygen.
To compensate for the oxygen level using a forced flow of oxygen, but the case of pressure-compensation is
interesting thing. At the moment, there are only 2 types of pressure compensation: mechanical, by contracting the
body directly astronaut suit, and the creation of thepressurized gas environment. Each method has its drawbacks: the
mechanical compression is not achieved even load distribution, which in turn is extreme even for a trained pilot, gas
compression allowsastronaut to be in space is infinite, but it does suit heavy and sedentary.Currently, for protection
from the effects of astronauts’ lack of oxygen and low-pressure gas environment is used suit method of filling a

pressurized gas.
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The first Soviet space suits inside sealed shell is made from high quality sheet rubber. When building
rescue suit "Sokol" began to use the rubberized fabric and use this method until now. Used tires only from natural
rubber. The suit has ventilation system. It spends the whole body along the air-conditioned air, removes waste,
excess moisture. In the first, the simplest pattern, all these "surplus" were thrown out. Modern suits long stay, such
as "eagle" and "Merlin", equipped with regeneration system. Here, the exhaled gas is selected from carbon dioxide,
moisture, and air enriched with oxygen is cooled. In fact, it is a thumbnail of all life-support systems of the
spacecraft.

The outer shell fabric. The US spacesuits used nylon in Russian - caprone. Both types of textile are
analogous to and perform the same task - to protect the integrity of the shell from mechanical damage and harmful
effects of space. Under the outer fabric shell have about 5-6 hidden layers of special thermal insulating film from a
special polyethylene - terephthalate, which is on both sides covered with a layer of aluminum. Layerof fabric radio
also introduced, which essentially act as an antenna for the radio system.

The basis constructionidea of the suit is"hard shell - soft hands and feet" was taken. The case, called
cuirass, made from Al-Mg alloy type. Due to the success of this design, this technology was used in US
spacesuitslater. To enter the hard cuirass on his back there is a hatch cover which closes with a special system of
ropes. After closing the rubber seals firmly fixed in the slot and provide a complete seal design. All life support
systems of Russian space suits, in contrast to the US, are located inside the suit. This greatly simplifies the design
and allows the astronaut to wear a suit on their own without assistance.

Helm - the most important part of the spacesuit. In particular filter for spacewalks. On it is applied spray of
pure gold for the transmission of 34% of the sunlight, avoid burns and blinding of astronauts. The “glass” of helm is
made from LEXAN and have amazing durability.

Gloves for working in open space sewn from a special material - neoprene. It does not break, does not burn
and is not afraid of the cold. In order that the fabric is not torn by blowing up the inner layer of the suit, use special
thread that inhibit filaments. For shoes used a special system often materials and special sole construction.

Modern spacesuit is very technological device and if we want to explore it properly we should spend a lot

of time for each separate part of suit.
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The main types of preparation and selection criteria of future astronauts are considered in the article. And
also the complete all stages description of candidates training for astronauts is presented.

B cmamve paccmompenvt ocHosHble 610bI NOO2OMOSKU U Kpumepuu omoopa 6y0yuux KoCMOHasmos. A
maxkoice NPeoCmasieHo NOJIHOe ONUCAHUE BCeX IMAN08 NOO20MOEKU KAHOUOAMO8 8 KOCMOHAGMIYL.

Training of astronauts includes a complex of actions that directives to acquire and support special
knowledge and skills and abilities. These knowledge and skills are necessary for safe and secure execution of the
space flight. Before they can fly in space, astronauts have to undergo hundreds of hours of training [1].

Training of astronauts includes the following types:

e technical training on equipment of a manned spaceship;

e training of astronauts on fulfillment of applied research and experiments

e training of integrated crew a manned spaceship ;

e training of Extra Vehicular Activity (EVA);

e training of Bio-medical;

e training of survival when landing in extreme geographical and climate environment;
e training of flying and parachute;

e training of psychological;

e training of nonscience [4].

Selection of astronauts is methods and procedures which allow to choose for work on the piloted spacecraft
of the person, which corresponds on the individual qualities and readiness to requirements of professional activity of
the astronaut. [5]. Selection of cosmonaut is not a public process. Candidates are usually taken from the Russian Air
Force, RSC (Rocket and Space Corporation) Energia and IBMP (Institute for Biomedical Problems).

Criteria of selection of future astronauts:

e weight has to be from 50 to 95 kg

e growth has to be from 150 to 190 cm

e cxistence of the Higher education

e The age is limited to a state of health

e Be in good health generally (no serious chronic conditions, no tomography-detectable pathologies)
e requiremented professionals of space industry — researchers, engineers, pilots, doctors [3].

Training is very important component for future astronauts. During training astronauts, get practical
experience of work with the equipment, which is available in the spaceship. Training helps astronauts to tackle all
kinds of emergency situations in a space shuttle. It will help them to carry out successfully further objectives as soon

as they are in space [2].
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The important part of training is preparation of a body of the candidate for weightlessness. Candidates are
boarded the big plane which flies through a number of arcing climbs and immersions. During this process the
candidate is exposed floating exercises in the aircraft. Another aspect of training is floating the body on the surface
of water to get used to the feeling of weightlessness.

The following phase is mission training. Candidates get used to an arrangement of a cabin and various
systems, which are connected with control facilities flight. During various phases of training possibilities of
candidates are estimated. Based on the results is ascertained if the person has the potential to be an astronaut or not.
Successful development of the program of training is not sufficient for immediate start of the astronaut in space for
mission.

When a trained astronaut is picked for a specific mission, he undergoes additional training. Further training
of astronauts is carried out in simulators. Simulators are devices that are developed to recreate the feeling of being in
a spaceship. Members of team spend nearly eight hours a day to these. Practical training in simulators helps
astronauts to solve problems, which can occur during stay in space. It helps astronauts in case of an unforeseen
situation during flight [2].

The last stage of training passes in the constructed spaceship model. Astronauts learn to live and work
within the ship. They are trained in simple daily actions; it as cooking and storage of points onboard the spaceship.
They also entrance of practice and departure of the spaceship. The new astronaut has to pass this training within 18
months whereas skilled astronauts are trained within 6 months [2].

The program astronauts of training at all its stages is planned on the base of separate training events which
depend on educational tasks and purposes of a certain group of astronauts or crew [3].

There are three main objectives of cosmonaut training:

. training to receive skills in operation and control for spacecrafts, orbital transport a research
complex and onboard systems;

. training directed conducting space systems tests and scientific researches in space conditions;

. physical astronaut training for action of adverse factors of space flight [3].

Training of astronauts is carried out in three stages:

1. initial training of candidates for astronauts;

2. training in groups

3. preparation as a part of crews

At the first stage of preparation acquire knowledge, skills and abilities which are the basis of cosmonaut
proficiency by cosmonaut candidates. In the course of this preparation candidates for astronauts gain profound
knowledge in the field of sciences which make fundamentals of astronautics (the theory of flight of the spaceship, a
control system, basis of space navigation, the principles of creation of spaceships and launch vehicles, etc.). In
addition, beginners gain basic knowledge about the international space station. The candidates receive knowledge in
the principles of research and experiments as well as space engineering testing. They also get acquainted with scuba
diving [4].

Improvement of professional qualities of astronauts is carried at the second stage of training. Skills of
operation of certain types of spaceships are formed. Beginners learn to control the state of health and maintenance of
high performance during flight. In the course of this preparation astronauts acquire knowledge and practical
experience which will be necessary for preparation as a part of crews. Also they learn about various parts of the

international space station, experiments and vehicles and participations of control of the earth in more detail [4].
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Astronauts are developed steady skills to implement the program of the upcoming space flight at the third
stage of training. In the course of preparation concrete features of a manned spaceship and the rule of his operation,
the program of flight, onboard documentation are studied. On exercise machines and stands skills of interaction of
crew members when performing elements of the program of space flight including in emergencies are fulfilled.
Techniques of performance of scientific experiments and researches are fulfilled. Working as much as possible with
other members of team, they learn about the special tasks connected with their mission, and they get acquainted with
zero gravity. For several years astronauts know each other very well as they visit training centers in the USA,
Russia, Japan, Canada and Europe. It can include learning of foreign language, and also learn about scientific
experiments and special actions for mission [4].

Training of astronauts is very long and hard work. This training though, could make all the difference

between a successful and unsuccessful mission [2].
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B cmamve npedcmasnen 0630p pwinka yckopumeneii 3apsiicennvix yacmuy. Ilocne ycnewHozo 3anycka
bonvwozo adpounoeo xoanatioepa 6 2008 200y, 3nauumenvHo 803poc unmepec K yckopumenvhou mexuuxe. Kax
pe3yavmam, nO8bICUNOCH KOIUYECTNBO CNOCOD08 UX NpUKIaoHo2o npumenenus. Haubonee akmuenoii obaacmvio ux
npUMeHeHUs AGNAeMCs Hepaspyuanowull KoHmpoas. B nacmoswuii mMomeHm HeoOX00uUMO onpedeiums, echmb
HeobX00uUMocmsb OalbHelue20 pa3eumus U UHeeCmuyull 6 passumue yckopumeneu wacmuy. s ucciedosanus
NOCMABIEHHBIX BONPOCOB, ONUCAHbI KIIOYeble HANPABNeHUs PAa38umus DPbIHKA YCKOPUMETbHBIX MEXHOA02UU.
IIpeocmasnen nodpobHblL 0030p POCCUNCKUX Npouzsooumeneti ¢ Kpamxum 0030pom npooykyuu. Hzyuena
PEempPOCReKmMuUea pa3eumusl YCKOPUMENbHOU MeXHUKU, d MAaKdice 6bl0eNeHbl OCHOGHbIE MEHOEHYUU pDA36Umus 6
paouoepaghuu u momozpaguu 01 Hepaspyutaroueco kowmpons. Ilo pezyrbmamam 0630pa pvlHKa moeapos u
MexHoNIo2UU COeNaHn 6bl800 O 3HAYUMETbHLIX NEePCHeKMUBAX PA36UMUsl PbIHKA PAOUAYUOHHBIX MEXHOI02Ull U
ycKopumenvHoll mexuukuy 0st Poccuu.
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Introduction

Currently, radiation technologies are an inherent part of everyday life. Many people do not even realize
how often they encounter products and products derived from the use of radiation technologies. There are tropical
fruit, tires and a chip in a mobile phone, and aviation turbine blade as part of the aircraft. All these products have
one common thing: they have been processed on the particle accelerator. The flow of particles (or ionizing
radiation), which is generated by an accelerator or ion source ensures the destruction of insect pests in mango,
"bonding" of polymers in the rubber material for tires, form a new semiconductor layer of the material for the chip,
provides the test turbine blades for cracks. One of the first areas of application of the accelerators in scientific sector
was industrial food processing. Processing products allows destroying pathogens, insect pests, thereby making
products consumed daily safer for human health (meat, grains, seafood, etc.). Further accelerators have become the
basis for inspection systems that allows detection of the baggage and cargo of weapons, explosives and drugs, fissile
materials. These systems have been proliferated in customs and border points, seaports, and airports and at railway
junctions.

With radiation polymerization of new materials for the cable and the tire industry have been received. The
polymer is more heat-resistant insulation, pipes are suitable for pumping corrosive and hot liquids, tires have a
higher wear resistance.

The penetrating ability of the particle flow also allows you to scan the metal parts of aircraft and rocket
engines, the car and detect even small cracks or inaccuracies welds without destroying the product.

Currently new facilities for the layering structure of the metal parts under the influence of the electron
beam are creating based on the accelerators.

Electron beam additive manufacturing technology is gradually being introduced for the production of a new
generation of metal products in the aerospace, automotive and medical industries. With the improvement of
production technologies in these industries share of these technologies will increase.

Thus, industrial accelerators continue to meet the current challenges, providing high quality of daily life
and remain safe for the environment.

This review describes the key application areas of industrial accelerators, as well as information on

products and services of the Russian manufacturers of this equipment.

Radioisotope  lon Beam Synchrotron
Production, Analysis, 300 __Radiation, 70

Neutron

Fig. 1. Distribution of the worlds established industrial accelerators (units) by application
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Experts estimate that over the past 60 years all over the world was put into operation more than 27000
accelerators for various industrial applications. A large portion of them in the ion implantation and electron beam
processing of materials (Figure 1). It should be noted that the categories of industrial accelerators considered
excluded inner beam forming apparatus (cathode-ray tubes, x-ray tube system for lithography or electron beam
microscopy, etc.). Since the average industrial accelerators life cycle is estimated at 20-40 years, it can be assumed
that at present this number is operated by about 75% (or about 20000 units) accelerators [1].

In general, despite the fairly slow change in technology, the speed of implementation accelerators as
industrial processing tools has been steadily increasing in recent years. So according to the 2010 total value of
products and goods, processed, irradiated, or a checked using a charged particle beam has exceeded $ 500 billion.

This fact has increased the interest in the business accelerator, which are currently involved no less than 70
companies and research organizations around the world. Moreover, with the expansion of areas of application
accelerators in various industries in developing countries, new manufacturing companies. However, the total number
of companies remained roughly constant since the emergence of new players is offset by the departure of former
operating companies, primarily through mergers and acquisitions with other producers or consumers of technology
companies.

Currently, the main volumes of production of industrial accelerators are concentrated in North America,
Europe and Japan, which together to read 53 manufacturers. However, recently there has been a rapid increase in the
number of producers in other regions, especially in China, Russia, South Korea and India. This is often the work of
these new manufacturers focused on specific geographical regions or niche markets.

Robert Hamm estimated based on published statistics and surveys of large manufacturers, the share of these
companies supply volume accounts for about 1000 accelerators per year, which corresponds to an annual market
volume of about 2.2 billion dollars USA [2].

Today in Russia there are 8 manufacturers of accelerators: Institute of Nuclear Physics GI Budker with
RAS, JSC "NIIEFA them. DV Ephraim, "Research Institute of Nuclear Physics. DV Skobel'tsyn MSU. MV
University, "Research and Production Enterprise"” Korad "National research" Tomsk Polytechnic University ",
FSUE" RPC "Thorium", OAO "Moscow Radio Engineering Institute of the Russian Academy of Sciences' National
Research Nuclear University" MEPhI ". To date, 22 countries of the world are more than 515 accelerators and ion
sources, produced by Russian companies, members of the "Radteh 'Association.

The largest number of Russian accelerator is operated in developed countries such as the UK, Germany,
USA and France. The most demanded in these markets for steel cargo inspection system (254 accelerator) and non-
destructive testing (157 accelerators). Accelerators betatron type used in such systems are characterized by small
size, easy to operate, less energy-intensive. Penetration level of up to 300 mm of steel allows both to detect
prohibited materials (weapons, explosives, etc.) In containers and cars, as well as to monitor the casting of parts,
welds for defects.

80 accelerators used for the modification of materials. Under the influence of the electron beam radiation
cross linking takes place, in which the insulation is made of cables and wires, heat shrink tubing, packaging films,
rubber for tires and others. The largest number of Russian accelerators for the sector operated in China, South Korea
and India.

About 10 Russian accelerators are used for the sterilization of medical products and processing of food and
agricultural products. Electrons and gamma radiation allows treatment to destroy pathogens, insect pests, thereby
extend the shelf life of products. For these purposes, the Russian boosters operate in China, Vietnam, South Korea,

Kazakhstan and others.
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Along with the accelerators to irradiate food, plant material, as well as the sterilization of medical devices
used gamma-installation in which ionizing radiation is generated gamma sources, mainly on cobalt-60.

According to statistical data IAEA currently there are more than 300 units, and the gamma-1500
accelerators used mainly for food processing and sterilization. The greatest amount of accelerator set in the USA
(500 units) and in Japan (300). Also accelerators predominate in the BRICS countries. An exception is India, where
the number of gamma-ray systems exceeds the number of accelerators (17 vs. 4).

Other applications, such as flue gas purification and wastewater treatment of ores, ion implantation,
manufacture of radioisotopes, research and development has about 5 singly accelerators.

Non-destructive testing refers to the types of materials testing equipment and methods which do not alter
the structure, properties and performance characteristics of the object. One of the key non-destructive testing
technologies is the X-ray or radiography, consisting in scanning X-ray products, the source of which can act as X-
ray tubes, accelerators and radio nuclides.

Currently, the equipment and methods used for radiographic inspection of products in aviation, aerospace,
automotive, chemical, oil and gas industry, in the field of nuclear, thermal and hydro power, as well as
microelectronics. It is carried out inspection of welds, turbine blades, solid rocket fuel, building structures, and
printed circuit boards. In its development, industrial radiography market has gone through several stages:

I stage is 1920-1950-ies. Accumulating the first experience of the practical application of X-ray tubes and
gamma-ray sources for the inspection of welds and castings, is the first development control procedures. In 1941 it
was created the American Society for Nondestructive Testing (the American Society of Nondestructive Testing,
ASNT). Since society is engaged in the training of specialists, develops standards and improving methods of
radiographic studies. Linear accelerators have proliferated since the 50s. With their help it was possible to inspect
more dense and thickened products. One of the first applications was ammunition control.

I stage is 1960-1980-ies. Equipment for non-destructive testing is spreading in civil industries.
Accumulating standardized monitoring techniques. In non-destructive testing systems and automated solutions are
introduced, there is integration with electronics.

IIT stage is 1990-2010-ies. Create an integrated system with the inclusion of software for visualization of
images and constructing a three-dimensional picture of the internal structure of the object. There are developments
of new types of detectors and computer tomography. Forming new market niches: the control circuit boards, micro
and nano-focused systems for medicine and biology, dental scanners, monitoring systems for plastics and other.

Accelerators exploit the different ways in which energetic particles can interact with matter to investigate,
or transform, its properties. Figure 2 shows the dramatic increase in the particle energies since the first accelerators
were built around 80 years ago.

To achieve these requirements an accelerator must not only accelerate the particles but control the
properties of the beam. All accelerators therefore have the following features in common:

particle source; means of acceleration; means of focusing in space (and time); high vacuum enclosure.

X-ray tubes are used up to now. They are effective for studying small sites, as well as the thickness of the
steel to 10 cm. Linear accelerators with energies of 1-9 MeV effective for investigating and tighter thick objects
such as turbine blades, engine casings or heavy casting. The limit on the thickness of the steel for the energy range
of up to 30 cm. High-energy accelerator (15 MeV) are used to control the solid propellant complex welded
structures, components for aircraft and ships from both metal and composite materials. The limit of the thickness is

45 cm.
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Fig. 2. The chart of accelerator evolution (from [3])

Major trends in industrial radiography are as follows:

. Improving spatial resolution;

. increasing the contrast of the image;

. reducing spurious radiation to reduce the room requirements;

. Reducing the time of obtaining the image;

. increase reliability;

. Increasing the range of material thicknesses, controlled by one of the accelerator;

. the use of new types of detectors and configurations;

. the development of interfaces for monitoring and control parameters such as touchscreen displays;
. developing systems in-line control (as part of the conveyor).

To date, the key areas of new developments in radiography are Digital Radiography, three-dimensional
(3D) and four-dimensional (4D) imaging. The first four-scanner on the principle of action similar to medical CT
scanner is declared by GE Measurement & Control Solutions.

The Russian company "PromlIntro” first in the world to mark the two light sources on one platform: X-ray
tube with an energy of 450 keV and electron accelerators (betatron production Tomsk Polytechnic University) 5
MeV for dense and thick products. So on one platform can be equally effective shine and components, and a thick
metal product as a whole, having detection and sampling system.

Significant development of industrial imaging systems is only possible when using these modern
technological solutions, new types of scintillates and photomultipliers, micro focus tube, the transition from the X-
ray tubes to the accelerators of energy 2-5 MeV, three-dimensional scanning and new mathematical methods of
image processing, the use of two energy beam.

Currently, the world operated about 1000 accelerators in non-destructive testing. Operating accelerators

Term radiography is from 10 to 20 years. Market electron accelerators with energies of 3-15 MeV in 2010 was
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estimated at 200-300 accelerators per year, which amounted to about US $ 250 million in cash. More portable and
compact accelerators with energies of 1-3 MeV can also over the next few years to make a significant contribution
to the total number of operated setting. In addition, the need for new accelerators will increase as a result of the
replacement demand worn out and obsolete accelerator. According to Frost & Sullivan global market volume of
non-destructive testing systems and services, including not only radiography, by 2018 will amount to approximately
US § 11.6 billion (in 2013 the market volume was about 8 billion US dollars) (figure 3). The average annual is
growth rate of 7.5% per year. The Russian boosters and systems based on them for industrial radiography develop
and release: The National Research "Tomsk Polytechnic University" Scientific Research Institute of Nuclear
Physics, Moscow State University together with LLC "Laboratory of electron accelerators of MSU" and FSUE
"RPC" Thorium ", Joint-Stock Company" NII- EFA them. DV Ephraim, "" PromIntro OOO "Group of Companies"
TESTRON ".

About 160 Russian-made accelerators operate abroad. In cooperation with Tomsk Polytechnic University
JME Ltd since the mid 80-ies more than 110 betatrons was delivered to the UK. Small Betatrons different energies
are used for testing of welded joints at the installation site, the stocks, the repair of boilers and power plants, control
of concrete supports of bridges and other engineering structures. In China 15 accelerators are operating: 12 produced
by TPU and 3 produced by NIIEFA.

In 2007, the SINP and FSUE "RPC" Thorium "started joint development of a new generation of linear
electron accelerators for radiography. In 2012, 3 of the configuration of the accelerator were delivered to the
Russian nuclear industry enterprises, inspection system have been established on the basis of 2 accelerators.

Currently, National Research Nuclear University "MEPhAI" and OOO "NPP" Korad” are joint development

of systems for 4D scan as part of the conveyor.

013 &

Fig. 3. The volume of the world market of non-destructive testing systems and services (millions of US dollars)[4]

Conclusion

This paper has endeavored to provide an overview of market of the main accelerating technologies for
charged particles. This is a field which is always working at the boundaries of knowledge and the techniques which
have been described have a history of many decades of research and development behind them. The demands from
users of accelerators will continue to drive the field forward with emphasis on higher performance coupled with
smaller size and reduced capital and running costs [4]. These factors apply to small machines for cargo inspection

and industrial applications as much as to the huge machines for fundamental scientific experiments.
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The research which will provide the basis for future accelerators is already in progress. As might be
expected, much of it is focused on issues like increasing the accelerating gradient in superconducting structures. For
normal-conducting machines there is a trend towards the use of higher frequencies for this purpose [5-7].

Market research has shown that the accelerator technique has great potential in the market and Russia

occupies a leading position here.
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The end of the twentieth and the beginning of twenty-first century were marked by intense development of
methods of research of the Earth by space monitoring tools. Experience the interpretation of satellite measurements
in the interests of the various branches of the economy and sciences about the Earth shows that observations from
space make it possible to obtain information about the processes occurring in the atmosphere, ocean and land
surface. The main problem is that during flight the spacecraft must be oriented in a certain way in the space. This
article at first presents the goals and tasks performed by the orientation system, classification orientation systems:
active, passive, combined, and the second is represented by way of improving the gravitational orientation system.
Results of research extend knowledge about the potential of using small satellites and problems of orientation
systems.

Koney 0sadyamozo u Hauano 068adyamv nepeo2o CMOoiemusi O3HAMEHOBANUCH UHMEHCUBHBIM PA3GUMUEM
Memo008 UCCAe08anUs 3eMau ¢ NOMOWbIO KOCMUYECKUX cpedcmé Habmodenus. Hakxonnenuwiii onwvim
unmepnpemayuy CRYmMHUKOGLIX USMEPEHUTl 6 UHMEPECax PA3IUYHBIX OMPACIell HAPOOHO20 XO3SUCMEA U HAVK O
3emne nokazvieaem, umo HabMOOEHUs U3 KOCMOCA NO3BOJSIOM NOJYYAMb C8EOEHUsl 0 NPOYeccax, NPOMeKaruux 6
ammocgepe, oxkeare u Ha nogepxrocmu cyuwiu. OCHOBHOU NPOOAEMOU ABIAECA MO YMO 80 8PEMsL C80€20 NOAema
KOCMUYECKUTI annapam O0axceH Oblmb ONpedeléHHbiM 00pA30M OPUSHMUPOSAH 6 npocmpancmee. B oannoil
cmamve 80-nepevix NPeOCMmAGIeHbl Yeau U 3a0adU GbINOJHAEMblEe CUCMEMAMU OPUCHMAYUY,  KIACCUDUKAYUs

146



I/IHofceHepu}z OJI51 0CBOEHUSL KOCMOCA

cucmem opuenmayuu. aKmueHdasd, NnacCueHdasl, KOM6uHup06aHHaﬂ, a 60-6mopuvix npedcmaeﬂeH nymo YJayd4uleHusl
zpaeumauummoﬁ cucmemsvl opuermayuu. P€3y]lbmambl UCcre008ams pacwupsdarom 3HAHUS O nomenyuaie
UCNOJIb30BAHUA MANBIX KOCMUHECKUX annapamos u 3a0avax cucmem opueHnmayuu.

One of the main trends in the development of space technology is the creation of small spacecraft (Figure

1) (SSC).

Fig. 1. Small spacecraft

The first SSC emerged as prototypes of university development, or used as a means of gaining experience
in the development and operation of space technology, or as a tool for developing new engineering and
technological solutions. However, at the end of past and the beginning of this century due to the latest advances in
electronics and other science and technology fields, which led to the possibility of miniaturization of virtually all
service spacecraft systems without compromising their functional qualities, it is possible to use a small spacecraft to
solve rather complex scientific and applied tasks [1].

During the flight the spacecraft must be oriented in space a certain way. Whereas the first satellites,
intended for the scientific exploration of space, were uncontrolled, the subsequent satellites include onboard devices,
systems to provide the desired orientation in space.

Depending on the purpose of the spacecraft (satellite communications, Earth remote sensing satellite)
attitude control system could be discernible, but the main problem they have one - to provide the required
orientation of the spacecraft body to perform the necessary technical operations [2].

This task of orientation system of artificial satellites is divided into sub-tasks:

- Provision of electricity on-board equipment, participation in the implementation of maneuvers for
maximum illumination of solar panels;

- Communication software, antenna pointing at items reception and transmission of information and
instructions;

- Provision of navigation tasks, implementation of the program and trajectory correction maneuvers;

- Provision of scientific research (the study of the planets, astrophysical objects, etc.);

- Providing solutions of problems of the national economy (communications satellites, metrological
satellites, etc.).

Classifying orientation system by what benchmark or their combination are major in the system, or a
physical phenomenon plays a major role, they can be divided:

1) solar orientation system;

2) a system of solar-stellar of orientation;

3) of orientation the Earth system;
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4) orientation system on the moon;

5) Ion of orientation system, etc [4].

In some cases the classification is quite rational, and gives a fairly correct idea of the system. For example,
orientation of the solar system - a single-axis system that holds some SSC axis of the Sun; Solar-star system - three-
axis, most likely associated with any maneuver (path correction, etc.).

In other cases, the system is not look so clearly associated with the appropriate name; for example, under
the name "system of orientation to the earth," it is difficult to conclude whether we are talking about the systemfthe
guide to earth antenna SSC, or talking about some kind of system installed on the artificial earth satellite and ensure
its fit. Some types of orientation systems not be part of such a classification.

From the above we can conclude that the considered benchmarks for the classification are not strict enough
and can only be used in cases where it does not cause confusion.

It should also be noted that in many cases the orientation system makes versatile enough, and usually above
items are modes of a single system. Therefore correct to say that, for example, the system operates on a solar
orientation, and then moves in the orientation mode the planet than the claim that are carried in two different
systems [3].

There are active, passive and combined systems of spacecraft orientation.

In the event that for the creation of the control actions need to power consumption stored on board, and for
the formation of these impacts requires a block of logic, orientation sensors and actuators, such a system is called an
active attitude control system. With it you can implement sufficiently arbitrary and fast angular turns.

Reactive engines orientation, gyrodynes, flywheels, solenoids, etc. refer to active systems, because they
require energy stored by the on-board unit.

Passive orientation systems utilizing interaction with external fields of natural origin, in contrast to active,
do not consume the working fluid and energy stored on board the satellite.

Maybe only in the initial moment of time it takes them a short-term expenses to orientation of the system
into the operating position, such as to push rod, turned the satellite [5].

Nowdays is working to the development of combined system of orientation.

The invention relates to the orientation of the system, namely, a gravitational orientation system (GOS)
spacecraft . It can be applied in the management of the angular position of spacecraft relative to its center of mass at
the expense of creating this system orientation control points:

. gravitational ;

. electromechanical.

It requires improving the accuracy of gravitational orientation system by installing additional active

elements (Figure 2).

Fig. 2. Electromechanical active element
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"Smart" materials are materials whose properties can be changed under the influence of various external
factors, such as temperature, mechanical stress, magnetic and electric fields. With the help of "smart" materials in
the future it will be possible to ensure the safety and reliability of aircraft. But, at the moment, not all of the
properties studied and the nuances of using this type of materials. Smart materials which can change the design
with changed conditions of environment are future of aerospace manufacture.

«YmHvley mamepuanvl — Mmamepuaivl, CGOUCMEA KOMOPLIX MO2YI MEHAMbCSL NPU 8030CUCMEUU PAZTUYHBLX
BHEWHUX (DAKMOPO8, HANpUMep, MEeMNEPAmypd, MEXAHUUeCKUue HA2py3KU, MasHumHuvle u snekmpuyeckue nojs. C
NOMOWDBIO «YMHBIXY MAmMepuanod 6 0yoywem ModcHo Oydem obecneuums 0e30NACHOCMb U  HAOENICHOCD
nemamenvHulx annapamos. Ho, na 0annulii momenm, He usyuenvl 6ce c8OUCMEA U HIOAHCHL UCHOIb308AHUSL OAHHO20
muna mamepuanos. nmeniexmyanvhvlie Mamepuasl, KOMopbie MO2Ym MEHAMb KOHCMPYKYUIO UCX00sL U3 YCAOBULL
oKpydicaioujeli cpedvl- byoyuee 8 aBUAKOCMULECKOU OMPACTU.

Introduction
Reliability and safety of aircraft in future can be achieved among other things, with design of smart

materials that change their properties depending on environmental conditions.
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Properties of smart materials are react to changes in environment, such as temperature, mechanical stress,
light, pressure or electricity. This change is reversible and can be repeated many times [1].

There is main types of smart materials:

e  Self-healing materials
e Self-lubricating materials
e Shape-memory alloys
e  Magnetorheological fluid

Self-healing materials

As human beings travel farther into space, we need new alternative materials to create and build the
spacecraft for long space travels.

Astronauts will not find any parts stores or repair shops millions of kilometers from Earth. Damage caused
to a spacecraft from fast-moving debris in space, such as comets or pieces of meteoroids, could be fatal. A spaceship
must be made of strong material that can repair itself.

Self-healing materials are a type of smart materials that have the ability to repair damage by mechanical
stress over time. The example was biological systems of our body, which can to heal after injury.

NASA has been experimenting with a new material that has the healing to patch itself. These materials are
made from thiol-ene-trialkylborane liquid resin, sandwiched between two polymer plates. As long as the resin is
contained between panels, it stays in its liquid form. When the material is broken, the resin is flows and forms a

solid plug [2].

Fig. 1. The general principle of self-healing materials

Self-lubricating materials

There is a high friction and rapid wear at high temperatures, which is very bad for any product. We needed
a high-temperature self-lubricating material with high wear resistance and good frictional properties. Recently,
advances in the development of self-lubricating materials were achieved. Such materials can help to any production
and in any product.

The property of plastic lubricants is the ability to maintain the shape, not spread on the surface, does not
flow from the lubricated components. The ability to retain its shape allows the grease to stay on the lubricated
surfaces without special seals, greatly simplifies the design of the lubricated node and application of lubricants
themselves. This property contributes to the prevention lubricated unit from being hit by dust, water and other
harmful substances, which eliminates the need for special seals and gaskets.

Known that the friction and wear of metal alloys at high temperatures are controlled by their
tribochemically generated oxide films. Strength of films covering the surface friction between two bodies should be
lower than the strength of the base material of the bodies. This is achieved by applying friction to the surface of
liquid, grease or solid lubricant, since the shear strength of the lubricant layer is significantly lower than the metal

friction pairs. In the friction pair of such a gradient can be achieved in the following ways: applying a film;
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application of a self-lubricating solid material which during friction positive gradient also provides mechanical
strength by archival filler or extrusion lubricant; using a resin with solid lubricant. As the temperature in the friction
zone, all these phenomena are amplified [3].

Shape-memory alloys

Shape memory alloys are metals that remember their original form.

Shape memory - the ability of the material when heated to restore its original form, changed by plastic
deformation. The most famous memory alloy is Nitinol. Nitinol is a nickel-titanium alloy (55% nickel, 45%
titanium).

The alloy that remembers its shape has two crystal lattice. In nitinol, a crystal structure at a temperature up
to a certain degree (when the alloy is cold), and the second crystallic structure - when the alloy is heated to a
temperature of, say, 70 degrees Celsius. In other words, when the nitinol cold - his present one set of properties and
qualities, and when it is heated to a certain temperature, it already has other properties.

Another simpler - Nitinol can be bent and deformed as desired in that case, if it is cold (45 degrees Celsius),
but if the alloy is heated above a certain temperature, it will remember its shape and returns to it (will bend to its
original state) [4].

Surface of Nitinol elements coated with titanium dioxide, which determines their superior corrosion
resistance to seawater, brines, most acids and alkalis.

Magnetorheological fluid

The magnetorheological fluid (MR) is a type of smart fluid in a carrier fluid, type of oil. MR fluids are oils
include iron particles. Surfactants surround the particles to protect them and help keep them suspended within the
fluid. Particles of iron is between 20 and 40 percent of the all volume. The iron particles are small, measuring
between 3 and 10 microns. The particles have a large impact on the fluid. A liquid becomes denser when subjected

to a magnetic field because the particles are queued [5].

Fig. 3. Magnetorheological fluid with magnetic field
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Magnetorheological dampers with MR under development for use in military and civilian helicopters to
reduce the risks of accidents.

Application

Due to the properties of the variety of "smart" materials, they can be used in various structural elements of
space engineering (housings, fairings, cut, friction units, and others.). The use of such materials will allow to
monitor and forecast the state of the different designs and structures to the desired point in time, and even remote
areas, significantly improve resource systems and their reliability. From the analysis of the expert's estimates that in
the next 20 years 90% of the modern materials used in the industry, will be replaced by new ones, including

"intelligent", which will create structural elements that will determine the technological advances of our 21 century.
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This article discusses the role of composite materials in modern aerospace industry, their influence on the
further development of this industry. Describes some of the properties of composite materials.

B oOaunoii cmamve paccmampusaemcs poib KOMHO3UMHbIX MAMEPUALO8 68 COBPEMEHHOU ABUAYUOHHO-
KOCMUYECKOU NPOMBIULEHHOCIU, MAK JHce UX 6IuUAHUe HA OdlbHeliwee paszeumue Oanuol ompaciu. Onucausi
HeKOMopble C80UCMEA KOMNOZUMHBIX MAMEPUATOS.

The use of composites in the aerospace industry has increased sharply since the 1970-ies. Typical materials
for aircraft construction contain aluminum, steel and titanium. The main benefits that may be offered components
are reducing weight and simplifying assembly. The efficiency advantages associated with decreasing the weight of

aircraft structural components has been the considerable impetus for military aviation composites development.
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Though commercial carriers have increasingly been concerned with fuel economy, the potential to reduce
production and operating costs were a major factor in the push towards composites. Composites are also
increasingly used to replace metal parts on older aircraft. Chart shows current and projected outlay for advanced
composite materials in the aerospace industry. When comparing aerospace composites growth in the Maritime
industry, it is important to note the distinctions in economic and engineering ideologies. Research, design and
testing resources accessible to the aerospace constructor. Eclipse what is available to his partner in the marine
industry at least an order of magnitude. Aircraft rising remains one of the last strongholds of American superiority,
which accounts for its wide economic base of support. In technical terms, the performance advantages are much
more considerable for aircraft than ships. The comparison of the total vehicle weight is a good illustration of this
concept .Although the two industries are so much various, lessons can be learned from aircraft growth programs that
apply for offshore structures. Material and process development, design methodologies, competence programs and
long-term performance are some of the fields where the marine designer can adapt the experience that the aerospace
industry has designed. The modern aircraft use what would be considered high-performance composites in marine
environment. They contain carbon, boron and aramid fibers combined with epoxy resins. Such materials have
substituted fiberglass supports, which are still the backbone of the Maritime industry. However, structural integrity,
productivity and performance at elevated temperatures, several issues common to both industries.

Examples of specific aerospace composites development programs are provided to illustrate the trends

inthis sector.
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Fig. 1. Composites realization for the aerospace industry

Hondalet Innovation: Integrally-Molded Carbon Composite Fuselage

In the fuselage of the HondalJet uses a carbon composite for a strong, lightweight design. For Assembly of
the fuselage, Honda has designed integral molding technology, in which two types of panel-sandwich panels and
honeycombstiffened panelcombine to create the body of the plane. The fuselage of the carbon composite material
and integral molding technology not only promote weight loss, but also make the HondalJet is its sleek exterior

design.
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Fig. 2. Hondajet composite fuselage

Dassault Falcon Innovation: One Piece Fuselage
European project FUBACOMP (2001-2006). First European composite fuselage manufactured as a single

part, using automated fiber-placement.

Fig. 3. Fubacomp

Carbon Fiber Wing

Falcon 10 s/N 005, known as V f 10, first flew on may 21, 1985 with a wing made from composite
materials. It was part of a joint study with Aerospatiale. The V 10 f was the first civil carbon transport aircraft to be
certified worldwide. With more than 8000 hours and 20+ years of operation, the aircraft returned valuable

experience on composite structure, the process of aging.

Fig. 4. The Falcon 10 S/N 005 with a wing made of carbon composite

154



HHD!CéHepuﬂ OJI51 0CBOEHUSL KOCMOCA

Future Falcon Composite wing
In 2010, Dassault started an ambitious project to develop, manufacture and test composite wing based on
Falcon 7X aircraft reference. This work is sponsored by the CORAC initiative (Civil Aviation Research Council). A
founding research dedicated to help reduce the carbon footprint of air transport. The main objective of the project is:
e To validate the expected weight savings.
e To develop and validate an industrial process for the wing production
e To validate the certification of the solutions, especially regarding lightning strike protection requirement.

>

Fig. 5. Future Falcon composite wing

Fokker AeroStructures Innovations: TAPAS Project
Started in 2009, TAPAS (Thermoplastic Affordable Primary Aircraft Structure) is a multiyear project in
which Fokker Aerostructures, Airbus and a Dutch cluster ofinstitutes and companies cooperate in the development
of main structure in thermoplastic composites. Carbon/UD materials, design concepts and manufacturing
technologies are designed and qualified. Also, demonstrator products are being developed, built and tested. Fokker
Aerostructures is in the lead of the development and production of a torsion box demonstrator. The Gulfstream 650
business jet horizontal tail has been chosen as the demonstrator product. Key to the improved cost/weight
performance of this product is a butt- joint stiffened skin panel concept. This panel concept is achieved by co-
consolidating, or co-melting, various simple preforms into a skin panel with integrated stiffeners. A thermoplastic
butt-joint between the stiffener and skin is key to this concept. Fokker Aerostructures is also developing and usage a
thermoplastic fiber placement capability for the create of skin panels.thermoplastic composite technology to large
primary structure.
Thermoplastic Current Applications:
e  Current applications of thermoplastic are:
e  Gulfstream G450, G550 and G650 rudders with press-formed ribs and thermo folded trailing edges.
e 55 meters of resistance welded wing fixed leading edge on the A380 (glass/PPS material), 10 meters on
the A340-500/600 wing fixed leading edge.
e  Co-consolidated access panels on the A340-500/600 wing fixed leading edge (material carbon/PPS).
e  Gulfstream G450, G550 and G650 thermoplastic floor panels, including mainstructure pressure bulkhead
panels (carbon/PEI material).
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e Induction welded Gulfstream G650 rudder and elevators (JEC 2010 Innovation Award winner,
carbon/PPS material).
e  Co-consolidated ice protection shields A400M (glass/PPS material).
The use of composites in the aerospace industry is a big achievement. Further research and work will give
over a great future for composites in the aerospace industry. The need for composite materials is growing which

provides the basis for an in-depth research, development.
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Those times when we can trace everything happening on the earth long ago have come presently many
aerospace of sputnik for various purposes and missions urgency is presently receiving in time most shortly exact
information in a graphic look is where it is possible to consider easily everything and to understand.

Te epemena, k020a Mbl MOXHCEM NPOCAEOUMD 8Ce, YMO NPOUCXOOUTN HA 3eMie, OAGHO NPULTU 8 HACTOoAWee
gpems mHozue aspoxocmuyeckue Cnymuuka ONA pasiuyHuX yeneu U MUCCUll CpOYHOCMU 8 HAcmoswee 8peMs
npuema 60 epemeHu Haubolee CKOPOM 6peMeHU MOUHOU uHpopmayuu 6 zpagpuueckom 632140, 20€ MONCHO
paccmompemsb 1e2K0 6ce U NOHAMD.

The basic requirements of any satellites for environmental monitoring as well as marine oil spills can be
introduce to the following: to provide images captured on the same spot of land surface with a high frequency re-
shooting, to provide imagery of day and night, as well as adverse weather conditions (clouds, haze, rain and fog), to
provide images

Large swath area, provide high coarse images and provide lower the cost of satellite manufacture and
launch, and the minimum time of deployment in the event of renouncement.

The RADARSAT mission designed for three main purposes: maritime surveillance, disaster management

and ecosystem monitoring.
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1. Marine oil spills may cause major environmental damage, especially in coastal waters. Oil spillages
occur frequently in the Gulf of Mexico, due to geological causes. However, the major sources remain the deliberate
discharge of oils by ships carrying it as cargo, and the accidental oil released in activities associated with the
exploration of seabed. The most effective instruments for monitoring of marine oil spills seem to be Synthetic
Aperture Radar - SAR sensors carried by airborne or space borne observational platforms. The space borne SAR
radar sends radio wavelengths to Earth’s surface and the antenna on the satellite collects the wavelengths hat are
reflected back. These wavelengths are also called “backscatter”. The radar backscatter from the sea surface is
reduced in areas where oil is present, the main requirements of any satellite missions for monitoring marine oil spills
can be summarized as follows: (a) provide imagery captured over the same spot (on the Earth’s surface) with high
revisit frequency; (b) provide imagery day and night, and in unfavorable weather conditions (clouds, haze, rain and
fog); (c) provide imagery with large swath areas; (d) provide high-to-coarse resolution imagery; and (e) provide
lower costs of satellite manufacture and launch and minimum deployment time in case of failure. The requirement
can be attended by any depends on the image acquisition modes of the satellites. However, single, large SAR
satellites are not compatible with requirements first, the detection of contingencies is possible only if a sufficient
number of space borne sensors is available, then the constellations appears the only solution in order to limit the
temporal gaps of acquisition caused by utilization of a single spacecraft. Second, the replacement of these traditional
satellites into orbit is expensive and time consuming, and might be affected by budget constraints of the space
agencies responsible for its development, launch, and operation.

2. Marine oil spills monitoring using space remote sensing SAR sensors is a group of methods that allow us
to obtain information objects or phenomena, without having to be in contact with them. Nowadays, when we talk
about remote sensing, this usually means the use of sensor imaging technology, including the use of aircraft and
spacecraft in the tool board. There are two classes of remote sensing systems. Passive sensors detect natural
radiation that is emitted or reflected by the object or area of observe. Reflected sunlight is the most common source
of radiation measured by passive sensors. On the other hand, active sensors radiate energy for the purpose of
scanning sites and domains. Visualizing Radar (radar) is an example of an active remote sensing and became an
alternative method for observing the Earth, due to a number of advantages provided by the space radar, the most
important of which is the ability to achieve global coverage. SAR is a coherent radar system, which can generate. It
has provided useful information for commercial and scientific users in areas such as disaster management,
interferometry, agriculture, cartography, hydrology, forestry, oceanography, ice studies and monitoring of coastal

areas.
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Fig. 2. RADARSAT-2 Space Age

RADARSAT-2 offers technical advancements that enhance many environmental SAR applications.
RADARSAT-2 imagery has been successfully used in marine oil spills monitoring.

The evolution of this program is the RADARSAT Constellation. A constellation is composed of two or
more spacecraft in similar orbits with no active control by either to maintain a relative position. The mission
development has begun in 2005, with satellite launches planned for 2018. The baseline mission includes three
medium-size satellites, but the constellation is designed to be scalable to six satellites. The coherent combination of
several SAR images obtained from different observing angles can improve the image resolution and provide
accurate geometric information. Furthermore, combining a broad illumination source with multiple small receiving
antennas placed on separate formation-flying small satellites, we can obtain high-resolution SAR images of wide
areas. The implementation of satellite constellations to increase the time resolution and ground coverage is a unique
feature of small satellites. Another reason for using the constellation of small SAR satellites is to mitigate the cost,
fabrication, and deployment issues associated with placing a large SAR satellite into orbit. Furthermore, the
likelihood of system failure can be reduced since failure generally occurs only to individual small satellites, instead
of a large satellite carrying an entire system. In short, instead of launching a single, large-to-medium, high-
performance satellite, the capabilities of the system are distributed across several satellites, increasing revisit
frequency, and introducing a more robust (resistant to random failures), flexible system that can be maintained at

lower cost and launched into orbit using smaller, less expensive launch vehicles.

Fig. 3. RADARSAT-2 an example of satellite imagery

The spacecraft RADARSAT-2 is created under the control of the Canadian Space Agency. RADARSAT-2
satellite that is equipped with side-scan radar with synthetic aperture.Taking the Earth's surface held in C - band
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wavelength of approximately (5.6 cm), with a variable polarization of radiation in a range of shooting angles from
10 degrees to 60.
Conclusion

All methods of the satellite have been considered in order to achieve the goals that we have chosen to follow the
land, namely the three main objectives monitoring of seacoasts, disaster management and ecosystem monitoring.
For these operations, it is an ideal Canadian RADARSAT satellite in accordance with the invention, which can solve
this problem, it works better and gives good results, currently the Canadian organization receives many orders
related to problems in the ecosystems and the elimination of natural disasters. RADARSAT is currently successfully

implementing its mission.
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One of the most challenging scientific and engineering problems in the history of mankind was the conquest
of space. Technical difficulties were the main problem. The article studies some characteristics of a liquid-
propellant engine. Liquid-propellant engine is widely used in space programs. It is relatively rarely used in military
equipment, mainly on heavy missiles. The author considers the issues of creation of a liquid-propellant engine,
structure, advantages and disadvantages, illustrates the comparison with other engines and gives some prospects of
the engine in the future. Liquid-propellant engines are in demand and will be in demand because they can lift cargo
from Earth and bring it to Earth orbit.

OO0HOUL U3 CaMbIX CNOJNCHBIX HAYYHO-UHIICEHEPHBIX 3a0a4 6 UCMOPUU Yeno8eyecmea Obllo NOKOpeHue
kocmoca. OcHogHoU npobremoll bvlau mexHuyeckue mpyoHocmu. B daunoii cmamve uccaedyemces scuoKocmuulil
paxemmuwlil 0gucamens. JKuokocmuwlil pakemuwlil 08U2amens WUPOKO UCHOIb3YEMCs 8 KOCMUYECKUX Npocpammax. B
B0CHHOU MEXHUKE JHCUOKOCTHbII PAKEMHbLIL 08U2amelb NPUMEHAENC sl OMHOCUMENbHO PEOKO, NPEUMYUeCMEEeHHO
Ha madcénvlx paxemax. Aemop paccmampusaem GONpoChl CO30AHUL HCUOKOCHIHO20 PAKEMHO20 O08U2ameis,
cmpoenue, RIOChl U MUHYCbL, CPAGHUBAEN JICUOKOCHHbIL PAKEmHbL Osucameib ¢ Opyeumu osueamensimu. B
3aKIOUeHUe KPAmKoO pazoupaemcs nepCnekmusa JHCUOKOCMHO20 pakemnoz2o dgucamens 6 oyoywem. JKuoxkocmuole
paxkemuvle ogucamenu 60cmpedosanvl u 6y0ym 60cmpedo6anvl eué ouelvb 00120, MaK KAK OHU CNOCOOHbL HAOEHCHO
U IKOHOMUYHO NOOHSAMb 2PY3 € 3eMIU U 8bIBECMU €20 HA OKOIO3EMHYIO OpOUMY.

Liquid-propellant engine is the engine for which fuel is partially liquified into gases and chemical fluids. In
1903 Russian scientist Konstantin Eduardovich Tsiolkovsky developed the scheme of the engine. In 1923 American
scientist Robert Ervin Howard began to create the engine. In 1926 missiles with liquid-propellant engines were
launched; gasoline and liquid oxygen were used as the fuel [0].

There are quite large varieties of schemes of a liquid-propellant engine, but the main principle of their

action is the same. The classical scheme of a liquid-propellant engine is shown below.

Image 1. The scheme of liquid-propellant engine

Fuel (1) and oxidizer (2) go from the tanks to the centrifugal pumps (3, 4) which are set in motion by the
turbine (5). Under a high pressure, the fuel components go to a nozzle head, (6) - the place where the nozzles are
located. Through them, the fuel goes into a combustion chamber (7), mixes and burns forming gaseous substance,

heated to high temperature, which expands in the nozzle (8), works and transforms internal energy gas into kinetic
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energy of its directional movement. Gas expires through a nozzle reporting to the engine jet draft [Ommoka!
HcTounuk cchUJIKH He HaiigeH.]. Specific impulse is an important index of the combination and combustion of

propellants.
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Image 2. Specific impulse

It is visible from the chart that the mixture of hydrogen and oxygen has one of the highest specific impulses
[0]. A mixture of oxygen and kerosene is the most harmless in compliance with the environmental standards. In
plans of further space exploration, considerable attention is devoted to liquid-propellant engines; because propellants
can vary a lot. An example of this can be an interfusing of liquid hydrogen with solid that allows saving the fuel,
reducing the evaporation stage. In addition, much attention is given to fuel with fluorine addition. Fluorine is the
strongest oxidizer and is extremely aggressive, that creates many problems when using this product [Omméka!
Hcrounuk ccplIkH He HaigeH.]. But some success is already being achieved. In the coming years fluorine-liquid
rocket engines will find application as perspective engines for spaceships. In addition, liquid-propellant engine is
very popular in missile armament [0].

Liquid-propellant engines have the following advantages:

e highest specific impulse in the class;

e possibility to change the size of the jet draft and control the fuel consumption;

e smaller weight of the fuel compartment in comparison with solid-state fuels.

Scientists emphasize the following disadvantages of liquid-propellant engines:

o  difficult structure and high cost in comparison with solid-state fuel substances;

e  high requirements when transporting;

e imponderable fuel becomes uncontrollable and moves in tank space. For a deposition it is necessary to

connect additional engines [0].

Table 1. Comparison of engines

Engine Specific impulse Reactive thrust
Liquid propellant engine 4500 m/s 800 t/p
Solid-fuel rocket engine 2000 — 3000 m/s 1300 t/p
Nuclear rocket engine 8000 m/s — 50 k/s 1400 t/p
Electronic rocket engine 10-210 k/s 400 t/p
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In comparison with a solid-fuel rocket engine, a liquid propellant engine (LPE) gives higher impulse and
can work in various modes. By contrast to a nuclear rocket engine, the main advantage of LPE is ecological safety.
Therefore, the launch of a nuclear rocket engine from the Earth’s surface is unacceptable. According to the scientist
B.I. Katorgin, a liquid propellant engine will be in demand for a long time because this equipment can deliver cargo
to Earth orbit cheaper [0]. However, the main drawback of LPE is the limit of the energy opportunity of fuel. The
project to increase the power of liquid-propellant engines is in progress.

Liquid rocket engines have given humanity the opportunity to travel to space. In addition, they are quite
popular as engines for rockets and missile carriers; however, the increase of the power of these engines necessitates

large material costs.
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Microelectromechanical systems (MEMS) refer to a device that combines electrical and mechanical
components in the micron scale [1]. The problem of the development and production of new MEMS devices for
space applications is a challenge for the microelectronic and instrument-making can be solved through the use of
new technologies, technical solutions and design methodologies. Achieve high precision MEMS products posing a
complex of new actual problems: keeping the physical properties of new construction materials, the influence of
manufacturing errors of the sensing elements and operating conditions on the accuracy of the sensor measurement,
development and improvement of MEMS technology, reduction of terms the design and prototyping of new MEMS.
This paper presents the importance of the introduction of technologies of miniaturization of components and systems
for the development of space technology. Are marked the possible prospects of MEMS in space, as well as
advantages and disadvantages.
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Muxkposnexmpomexanuueckue cucmemvt (MOMC) ommuocamea & ycmpoticmeam, 00beOUHAIOWUM
oNleKmpuyecKue U MexaHuieckue KOoMHouweHmovl 6 macwimabde muxponos [1]. Ilpobrema paszpabomru u
npouzgoocmea Hoevix MOMC ycmpoiicme 0751 KOCMUYECKOU MeXHUKU s61emcsi aKmyanvbHou 3adavel 07
MUKDOINEKMPOHHO20 NPUOOPOCMPOEHUsL U MOJICem OblMb peuleHd ¢ NOMOWbIO NPUMEHEHUSI HOBbIX MEXHOIO2Ul,
MEXHUYECKUX Peuenutl U Memooux npoekmupoganust. Jocmuscenue svicokux mounocmeit MOMC uzdenuii cmagum
KOMIJIEKC HOBBIX AKMYAIbHBIX 300ay: yuem (Puauieckux c8OUCMSE HOBbIX KOHCMPYKYUOHHBIX MAMEPUATLO8, GIULHUE
noepeuwtHocmel U320MOGIEHUSL 4YBCMBUMENbHBIX INEMEHMO8 U YCA08ULl QYHKYUOHUPOBAHUSL HA NOSPEUHOCTU
usmepenuli oamuuxos, pasgumue u yiyuuenue mexvonocuu MOMC, cokpawenue cpokos npoekmuposamus u
useomognenusi npomomunog Hogoix MOMC. B dannoii pabome npedcmagiena 6axCHOCMb GHEOPEHUs. MEXHOIO02ULL
MUHUGMIOPUAYUU KOMNOHEHMO8 U CUCMeM Osl PA36Umusi KocMudyeckou mexuuxu. Ommeyenvl 803MOJICHbIe
nepcnexmugvl MOMC 6 kocmoce, a makoice npeumywecmed u HeOOCMamKu.

Introduction

MEMS are a set of microdevices most varied constructions and purposes, in the production process uses
modified microelectronics techniques. Microelectromechanical systems are obtained by the combination of chemical
elements, sensors, and electronics on a silicon base by microgeneration technologies. All the elements may be
implemented as a single piece, with tens or hundreds of how the chips on a silicon wafer. Typical dimensions of the
micromechanical elements are in the range from 1 micrometer to 100 micrometers, whereas the crystal sizes of

MEMS chip having a size from 20 micrometers to one millimeter. Figure 1 shows a comparison of MEMS sensor.

Fig. 1. An example of MEMS sensor

The movable elements of MEMS are moving no more than a few microns. MEMS devices provide a high
level of functionality, reliability and low price. During the last ten years in the global space market set the trend of
development and production of micro-satellite systems in weight from 1 to several tens of kilograms.

The miniaturization of space systems

The most important trend in the development of modern space technology is the miniaturization of
components and systems. That is, through the introduction of advanced technologies of miniaturization made
possible a sharp decrease in mass, volume spacecraft and fuel consumption, resulting in lower costs for each start
and will open new opportunities for space transportation systems. Another important advantage is providing
significantly higher reliability and increase flight safety. Miniaturization allows creating spaceships weighing one
hundred and tens kilograms or grams which can carry out the same tasks. 20 years ago satellites weighed many tons
(2].

Miniaturization of MEMS production is very important for space technologies, exactly the following
properties:

e  portability;
e long lifetime (extremely small mass elements is minimized vibration and inertial overload);
e low power consumption;

e  case of maintenance and replacement.
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For example each spaceship uses a lot of different sensors of pressure on board. Introduction of MEMS in
such sensors helps to reduce weight from several tens to hundreds of grams [3].

Prospects of MEMS in space

MEMS technology provides great opportunities for the future use of miniaturized space systems.

The first prospects role of MEMS as technology is allowing for miniaturized space systems of the future.
At the present time MEMS technology provides opportunities that are vital to the long-term missions. There are
many unique physical effects that take place in the microcosm, such as electrostatic force. Electrostatic force is not
deeply studied in the macrocosm, but it could work as a switch actuator in MEMS. Drives and motors [4] by MEMS
technology can provide significant power and torque, and replace conventional mechanisms. Of particular interest is
the use of space for electrostatic actuators as microswitches microwave signals, promising for use in space
communication systems [5].

The possibility of manufacturing electromechanical switches [6] on a single chip with nanoelectronic
components opens the prospect of the creation of systems with higher functionality. Many excellent micromirrors
[7] treatment or membrane mirror can allow the inter-satellite optical communication or optical surveillance
nanosatellite. The miniaturization of rocket and space technology requires the use of new materials. It is primarily
concerned of material having a nano-sized structure. MEMS processing technology will also enable the
implementation of photovoltaic solar cell structures in flat antennas. Multi-function ability can significantly reduce
the resources necessary components for miniaturized spacecratft.

The final prospect is that the MEMS technology demand in the space industry. At present there are the
intervals between of MEMS products, developed as stand-alone components to be integrated into miniaturized
spacecraft. Typically, the compound and the sequence between the MEMS components are not known. This can
lead to extensive test and thus release the benefit of using MEMS technology [8].

Advantages and disadvantages of MEMS

One of the main advantages of MEMS is the simplicity of their principle of operation (Figure 2). Their

operating principle is based on the principle of the work plane parallel capacitor.
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Fig. 2. Work principle of MEMS
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The small size of MEMS - this is the most attractive in them. Production of components in a single process
cycle produces almost indistinguishable parameters from the same components. In the manufacture mainly MEMS
devices are used well developed and controlled processes that allows to obtain products with the desired
characteristics. Use of chip technology and provides a micromechanical optical nodes significantly smaller than is
possible by conventional techniques. Miniaturized products and the possibility of manufacturing the sensors,
processing circuits and actuators in one device allows to create complete systems large enough complexity in a
small package [9]. The electronics and electrical communication channels with sensors and mechanisms made by
the integrated technology and having a small size can improve characteristics such as working frequency, the signal,
noise, etc. High precision and repeatability of the sensing element and integral execution together with of processing
scheme can significantly improve the precision of measurements. The repeatability and accuracy of mechanical
components improves their performance. Mechanical MEMS in terms of vibration and shocks, tend to work better
with small size and weight.

MEMS devices operate at a size scale far below that of typical mechanical devices, surface forces such as
adhesion and friction may dominate over other forces in the system, leading to failure of the device. Small sizes of
MEMS devices also make them difficult to interact mechanically with other MEMS components. In addition,
packaging of MEMS [10] components has often presented a challenge because each device must be packaged in a
way that keeps the components clean and free from contamination, while also allowing mechanical motion and, in
many cases, interaction with the environment.

Conclusion

At the present time space technology has become so widely in modern life that failure to it would throw the
back development of civilization. It is inconceivable that the weather forecast, mineral exploration, environmental
monitoring, development of telecommunications and television, to ensure the defense capability and many other
tasks would be solved without any means of space-based. If the first spacecraft functioned for a year, the challenge
now is to ensure that the terms of the spacecraft active operation for 10-12 years, and in the future - 15 years or
more. Space an extremal environment, where man-made systems rarely get a second chance. Therefore, exceptional
attention is required for the quality of electronic components, systems designed for long periods of active existence.
Microelectromechanical systems currently used and have been shown quite active, it is one of the most promising

and efficient technologies in the development of space.
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Im vorliegenden Artikel werden die Probleme des Schutzes der Raumschiffe, der Flugapparate und des
Menschen im Kosmos vor der Einwirkung der ionisierenden kosmischen Ausstrahlung betrachtet. Im Artikel wird
beschrieben, was die kosmischen Strahlen sind, warum sie fiir die Menschen gefihrlich sind. Auf3erdem werden die
Methoden des Schutzes vor der schidlichen kosmischen Ausstrahlung betrachtet. Wir betrachten die Rentabilitdt
von Methoden zum Schutz gegen ionisierende Strahlung aus wissenschaftlicher Sicht. Dieser Artikel ist besonders
wichtig, weil die Zahl der Weltraumreisenden von Jahr zu Jahr wichst. Auflerdem haben die Menschen vor, bald
den Planeten Mars zu kolonisieren. Die Mars-Kolonisten miissen gegen die kosmische Strahlung geschiitzt werden.
Das erhéht die Relevanz des Artikels.

B oanmoii cmamve paccmampueaiomcs npobremuvl 3auumsvl KOCMUYECKUX Kopaoneti, 1emamenbHblx
annapamos u ueio8eKka 8 KOCMoce Om 8030eliCmeUs UOHUUPYIOWe20 KOCMUYeckoz2o usinydenus. B cmamve
onucvieaemcs, 4mo npedcmagisiom coboi Kocmudeckue ayyu, Kakoi eped onu mo2ym Hamecmu uenogexy. Kpome
mMo20, paccMampuearomcs. cnocobvl 3aujumsl Om 8pPeOH020 KOCMUuYeckoz2o usnyyenus. Paccmampueaemcs
PeHmabenrbHoCmb Memooos 3aujumsl OM UOHUSUPYIOWe20 ULYHeHUs ¢ HAYYHOU MouKu 3peHus. [lannas cmambvs
AGNAEMC 0C000 BAJNCHOU, NOMOMY UMO C KANHCOLIM 2000M KOIUYECMBO KOCMUYECKUX NYMeuleCmeeHHUKO8
yeenuuugaemes. Kpome moeo noou 06yoym rorowuzuposams niavemy Mapce. Jlwooam na Mapce neobxoduma
3aWUma nPomue KOCMuieckux ayyeti. Imo oenaem OaHHYIO CIamvio 60jee aKmyaibHOl.

Was sind kosmische Strahlen? Die kosmische Strahlung ist eine hochenergetische Teilchenstrahlung, die
von der Sonne, der Milchstrafle und von fernen Galaxien kommt. Sie besteht vorwiegend aus Protonen, daneben aus
Elektronen und vollstindig ionisierten Atomen.

Die Luftschicht schiitzt die Bewohner der Erde vor der kosmischen Strahlung. Aber diese Ausstrahlung ist
fir die Kosmonauten sehr gefahrlich. Fiir ein Jahr des Lebens auf der Raumstation ldsst sich der Mensch so

bestrahlen, als ob er an einem Atomkraftwerk lebenslang tétig wire.
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Zum ersten Mal hat die Menschheit iiber den Begriff "kosmische Strahlung" im Jahre 1912 gehort. Viktor
Franz Hess hat sekundidre kosmische Strahlung auf der Erdoberfliche mit atmosphérischen Sonden entdeckt.
Hundert Jahre sind schon seit dem Zeitpunkt der Entdeckung der kosmischen Strahlung vorbei und 55 Jahre seit
dem ersten Raumflug des Menschen. Aber wir verwenden immer noch primitive Methoden zum Schutz des
Menschen im Kosmos [1 - 3].

Das Raumschiff besteht aus Legierungen verschiedener Metalle. Jede Metalllegierung ist verantwortlich fiir
den Schutz der einzelnen Elemente des Raumfahrzeugs. Typischerweise bestehen diese Metalllegierungen aus
Aluminium, Kupfer, Silber und Titan. Es gibt aber auch Seltenerdmetalle [4].

Der kosmische Anzug schiitzt den Menschen, der sich aufler dem Raumschiff befindet. Unter der oberen
Schicht, gibt es mehrere Schichten aus Aluminium 2 mm dick gegen die Auswirkungen der kosmischen Strahlung.

Man glaubt, dass solche Schutzmethode zu den primitiven Methoden zum Schutz vor der kosmischen
Strahlung gehdrt. Seit hundert Jahren verdnderte sich nur noch die Legierung des absorbierenden Materials, nicht
die Art und Weise des Schutzes vor der kosmischen Strahlung.

US-amerikanischer Astronom und Physiker Eugene Parker flihrte mathematische Berechnungen der
Auswirkungen der kosmischen Strahlung auf den menschlichen Koérper durch. Seine Schlussfolgerungen aus den
Berechnungen: Im Laufe des Jahres, in dem man im Kosmos bleibt, kann ionisierende Strahlung ein Drittel seiner
DNS zerstoren. Die kosmische Strahlung kann Katarakt, Hirnschdden, Krebs verursachen. Wissenschaftler der
NASA haben die Gefahr der Strahlung im Kosmos bestitigt [5, 6].

Im Verwaltungszentrum fiir die kosmischen Fliigen wurden verschiedene Varianten des Schutzes vor der
kosmischen Ausstrahlung entwickelt. 2004 haben die Gelehrten aus an der Universitit des Staates Michigan die
moglichen Varianten der Losung des Problems besprochen. Kurze Ubersicht von diesen Varianten wird unten
dargestellt [6].

Plan 1: Eine dicke Schicht der Materie rund um die Astronauten absorbiert die Strahlung und
Sekundéarpartikel. Sphirische Wasserschale hat eine Dicke von 5 m. Es schafft den gleichen Schutz wie die
Atmosphére der Erde in einer Hohe von 5500 Metern. Der Vorteil: ein einfaches Arbeitsprinzip. Die Ladekapazitit
des Raumschiffes betrdgt 30 Tonnen, und die notwendige Wassermenge 500 Tonnen [6].

Plan 2:Die Generatorspule schafft das magnetische Feld um das Raumschiff herum. Es gibt dabei aber ein
Problem: die kosmische Strahlung dringt der Raumschiffachse entlang. Das Problem kann schnell beseitigt werden.
Die Ingenieure haben angeboten, den Generator des magnetischen Feldes ins Zentrum des Raumschiffes zu
montieren [6].

Da das System zu kompliziert ist, gibt es jetzt keine Moglichkeit, es in den Weltraum einzulenken [6].

Plan 3: Die letzte Idee war fantastisch. Das Raumschiff schie8t mit dem Biindel von Elektronen. Das
Raumschiff erwirbt die positive elektrische Ladung, und beginnt von sich die kosmischen Strahlen abzustoflen. Die
Idee ist wirklich genial! Jetzt entsteht aber ein ganz anderes Problem. Das Raumschiff zieht an sich Elektronen aus
dem Weltraum. Die Elektronen wiirden sich in diesem Fall wie die kosmische Strahlung verhalten. Sie bohren sich
mit einer riesigen Kraft ins Raumschiff. Um dieses Problem zu 16sen, benotigt man das elektrische Feld mit groBer
Energie. Es ist aber zurzeit unmdglich [6].

Zusammenfassend lasst sich sagen, dass die Menschheit seit dem Beginn der Weltraumerforschung stdndig
auf der Suche nach Mdglichkeiten zum Schutz vor der kosmischen Strahlung ist. Im Moment gibt es keine
universellen Schutzmdglichkeiten. Jede Methode hat ihre Vorteile und Nachteile. In Russland und anderen Léndern

werden die Versuche der Entwicklung von neuen Schutzmethoden unternommen, aber bis heute sind sie erfolglos.
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das Raumschiff

Die Generatoren des
magnetischen Feldes

Abb. 1. Die Spule des Generators schafft das magnetische Feld um das Raumschiff [6]
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One of the main tasks that must be solved by engineers when design spacecraft is to select the best material
for his hull. It is connected with fact, that during the flight hull will be exposed to different types of loads that can
lead to its destruction. In connection with it, occurs a problem associated with choice of such material, which
throughout the flight would be able to counteract the adverse factors acting on the part of the external environment
on the spacecraft. For solve it problem addressed materials, which properties are able to provide the required
protection. Turned out, that the most universal properties have alloys based on titanium, because they can provide
reliable protection of the spacecraft during the entire flight. The results of research presented in this report, extend
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the knowledge about the properties of the materials used for the hull of spacecraft, and about to counteraction
unfavorable factors of space environment.

OO0noil U3 2RABHBLIX 3a0ay, KOMOPYIO NPUXOOUMCA pPewamyb UHIMCEHePaM npu NPoeKmuposanuu
KOCMUYECKUX JeMAaAmenbHbIX annapamos Aeaemcs 8uloop iyyue2o mamepuana 01 e20 o0uueku. Imo céa3auo ¢
mem, umo 60 epemsa nonéma oouiusKa Oyoem nooBepICeHa PAHLIM 8UOAM HASPY3O0K, KOMOPble MOSYIM NPUBECU K
eé paspywienuio. B ceéasu ¢ smum 6o3Huxaem npoonema ceA3aHHas ¢ 6blOOPOM MAKo20 Mamepuand, KOmopbvli Ha
npomsadcenuu 6ce20 NONEMA cmoz 6bl NPOMUBOOElicmeos8amy HeONALONPUAMHLIM PAKMOPaM, OeliCmeYIouuM co
CMOpOHbl  GHewiHell cpedbl Ha KOCMUYecKull JjemamenvHulll annapam. [na pewienus 5mou  npodiemvl
Paccmampusanuce Mamepuabl, CGOUCMEa KOMopvix CHOCOOHbL 0becheyums mpebyemyio sauwumy. Oxasanocs, ymo
Haubonee YHUBEPCANLHLIMU CEOUCMBAMU 001a0A0OM CNAebl HA OCHOSe MUMAHA, MAK KAK OHU CHOCOOHbL
obecneyums HAOEXUCHYIO 3AWUMY KOCMUUECKO20 JNeMAMeNbHO20 annapama HAa HPOMANCeHUU 6ce20 Noaéma.
Pesyromamut uccneoosanus, npedcmasnentnvie 6 OQHHOU cmamve, PACUUPAION 3HAHUS O C8OUCMEAX MAMEPUANO8
UCNONL3YeMbIX 04  OOWUEKU KOCMUYECKUX —annapamos, d mMak e O Cnocobax npomugooelicmeus
HebNa2onpUuAmHbIM haKmopam KOCMU4ecKko cpeobi.

Unfavorable factors act on a spacecraft from the surrounding environment throughout the flight. Their main
act takes hull of the aircraft. So one of the main problems that the constructors solve it is the right choice of material
for this hull, which properties will be able to provide the required level of protection. All spacecraft use a variety of
materials in a variety of conditions.

Flight of the spacecraft can be divided into four stages: rise spacecraft with punching dense air layers, flight
in near-Earth space, flight in outer space and the reverse entry into the atmosphere.

During the rise spacecraft and the punching of dense layers of air, hull it will warm up to a temperature of
hundreds of degrees. Glowing walls will be streamlining of the gas flow, disintegrated into individual atoms.
Interaction with the dissociated gas is different from conditions flow around the hull of normal air. In addition, the
mechanisms of space flying machines operate at extremely high heat, vibration and acoustic loads. After all, in
rocket engines converted for a short time a huge amount of energy. Coming out of the jet nozzle, the flow of hot
gases primarily affects on spacecraft parts. And the higher the power of the engines is the heavy-duty materials that
aircraft are built from.

After hitting the spacecraft in near-Earth space it will begin to operate near-Earth radiation belt caused by
three sources: the earth, the sun and the galactic. The terrestrial source is Earth's radiation belts, of which four are
recognized: the inner and outer ion belts and the inner and outer electron belts. Because they reach energies that
penetrate matter to significant depths, ions in the inner belt and electrons in the outer belt pose the greatest hazards
to space hardware and astronauts[1]. Therefore it is obvious the need for a strong anti-radiation protection for the
crew, especially because the harmful effects of radiation on the body has the property to accumulate and can
manifest itself in a few years or inherited.

Overcoming all the radiation belts, the spacecraft gets into space, which will face the same problem as the
frostbite. This is due to the fact that space is a deep, almost absolute vacuum, where there is ice cold. If there are any
artificial objects - a satellite, spacecraft, automatic station, in the shadow of the earth its walls will be cooled to very
low temperatures, and the side turned towards the Sun will strongly overheat, that will lead to destruction of hull.
Another serious irritant to the spacecraft in space is a bombardment of cosmic particles, flying at high speed. Few
metals can withstand these super heavy working conditions in space.

Even more unusual for the material is environment at the time of the reverse input spaceship in the Earth's
atmosphere. As a result, the braking apparatus a large part of its energy of motion is transformed into heat.

Specifically, shuttles face intense temperatures of about 3000 degrees Fahrenheit [2]. Air molecules in the boundary

layer are destroyed, and the fragments of the gas molecules - atoms turn into a mixture of electrons, ions and atomic
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nuclei - plasma. It will be a source of extremely high heat of the aircraft wall. He was for a time would be in a kind
of fire bag. Even a short stay the aircraft in the plasma flow will leave a deep mark on its casing.

To counter all the above factors, the designers have to design a skin of the aircraft, which can provide
protection at all stages of flight. To solve the problem with overheating housing used refractory materials that have a
melting point above 2000 ° C, chemically inert, and have a relatively high index of density. These include four
metals: niobium, tantalum, tungsten and molybdenum. Each of these metals has its quality. For example the
proportion of niobium is almost the same as that of copper. However, the metal melts at a temperature of 2420
degrees. It does not break down at temperatures up to about 1300°C[3]. At this temperature, conventional steel
already begins to melt. Widespread use of niobium is currently limited because of its high cost. Furthermore,
methods of producing niobium ductile still not perfect. At high temperatures (above 1100 ° C) it begins to oxidize
rapidly. Oxidation resistance of niobium can be improved by introducing into the alloy chemically resistant metal
such as tantalum.

Tantalum - one of the most refractory elements of the periodic table. He goes into a liquid state at 3027
degrees. Tantalum is a shiny, silvery metal which is soft when is pure[4]. The color of it is similar to platinum, and
tantalum alloys with copper not only in color but also in chemical properties resemble gold. The most outstanding
feature of this element is its exceptionally high resistance against the effects of various acids and alkalis. Although
tantalum resists electrochemical corrosion, it, like other refractory metals at high temperatures needs to be protected
from oxidation. Great interest is shown by foreign experts to the tantalum-tungsten alloy containing about 7 percent
of the refractory metals - tungsten. This alloy, according to the foreign press, is able to operate reliably at
temperatures up to 1900 degrees. Another tantalum alloy contains in its composition and 10 percent tungsten is
already used for producing rocket engine nozzles.

The attractiveness of tungsten is in its highest of all known metal melting point - 3410 degrees. To melt
tungsten, it is necessary to create a temperature of only two times less than the temperature of the Sun's surface.
From this metal for a long time stretched filament bulbs only, and only relatively recently acceptable ways of rolling
and casting parts made of this metal have been developed. The great strength of tungsten at high temperatures
makes it very difficult to make the processing of his desired detail shape. The disadvantage of tungsten is its great
weight. It is seven times the mass of alumina and 11 times the mass of beryllium. Tungsten forms compounds with
calcium and magnesium that have phosphorescent properties and are used in fluorescent light bulbs [5].

Of all the high-temperature metals most attention of designers and metallurgists attracts molybdenum. The
metal is silvery white, very hard transition metal, but is softer and more ductile than tungsten [6]. The technology of
it so far proved to be more advanced than the other refractory metals. Molybdenum-based alloys provide the best
combination of properties for use at high temperatures. Like most other heat-resistant metal molybdenum is oxidized
at a temperature of about 800 degrees.

Also to the above list used for the construction of plating materials is credited. It is in contrast to the other
four metals in this list is not refractory. Among metals, located on the melting temperatures, beryllium, it takes a
modest place somewhere in the twenties. It melts at 1315 degrees. But it is very light in weight and yet strong
material. It is five times lighter than copper. Steel gray in color, beryllium's modulus of elasticity is about one-third
greater than steel [7]. Rigidity and strength change little when heated to 650 degrees. Beryllium and has a large
heat-absorbing ability. Each kilogram of it is able to absorb 15 times more heat than a refractory metal such as
platinum. These properties of beryllium and put forward as a possible material for buildings and heat sink screens
spacecraft. But it also has a significant drawback is a big expense, which is due not only to the difficulty of

obtaining, but also the limited deposits of beryllium ores.
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The most promising abroad is considered to be the protection of spacecraft from burning by covering the
nose of the so-called sublimating material, which is converted by heating from solid to gas, bypassing the liquid
phase. Best of all, for the conversion of solid state directly into gas required a huge amount of heat. The absorbed
heat is left in the nose cone, and with the gas in the space allocated. With using sublimation can be secured from the
combustion internal components of the aircraft. Material of the cone should be burnt uniformly and correctly with
the aerodynamic point of view. In contrast to the metals used in heat absorption method, evaporating cones should
conduct heat more slowly. In this case, the cone surface will turn into gas at the time when the inner layers remain
still cold and therefore still quite strong. As a sublimating material may be used beryllium oxide. It's easy matter
goes to a gaseous state at a temperature of about 2500 degrees. Despite such a large ship cone surface temperature,
the heating is not harmful to its design and equipment, as well as the impact of heat briefly, and the thermal
conductivity of beryllium oxide is low. Furthermore beryllium oxide may be applied previously mentioned metals
such as tantalum, molybdenum, tungsten, and even gold, as well as plastic, which has low thermal conductivity, it is
flexible and high resistance to thermal shock. Methods of protection against cosmic radiation can be passive or
active. Passive methods similar to those currently used in the practice of reactor, and based on the properties of
materials absorbing and partially reflecting radiation. The best absorption capacity have elements with high atomic
weight and durable electronic communication, such as lead. It is an effective protective material not only on the
proton, but also the secondary radiation from the products. Hydrogen, for example, as a protection against protons
by weight is five times more effective than lead but hydrogen is helpless against gamma radiation. The system of
protection lead screens has a very large weight. For active methods include reflection of protons using electrostatic
or electromagnetic fields. Using the positive charge of the proton, can change the direction of the influence of the
field of flow and force to get around the space station. Active Protection is more effective but is associated with a
very high energy consumption.

To ensure frost aircraft used titanium alloys, which are able to maintain their physical and mechanical
properties at low and ultralow temperatures down to -200 or even -250 ° C. In place of this, thanks to their strength
properties, they are used to protect the aircraft from a meteor rain. On par with titanium, a very promising way
antimeteornoy protection is the use of multi-layer plating, which consists of several sheets of metal separated by
gaps. Protective plates can be made very thin, and the total weight of the multi-layer plating is many times less than
the weight of a single-layer protection. In the simplest case, the sheathing consists of two walls. The outer wall made
of beryllium - thin - thickness of 0.3-0.5 mm; it is designed to absorb the energy of low density micrometeors. The
thickness of the inner wall, as beryllium, is selected in accordance with conventional conditions for impenetrability
certain particle size in a specified time. The multilayer casing can be made even thinner and lighter, if the gaps
between the walls to fill a rubber material or special material capable of "seal" the holes, for examples, boiling under
reduced pressure.

Thus, from the above we can conclude that for counter the considered adverse factors best to use alloys
based on titanium, because they will be able to sustain extremely low and extremely high temperatures. But these
alloys will not be able to provide reliable protection from radiation, for this reason will need to provide additional

protection from radiation, for example, based on electromagnetic field.
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In article the used sources on small space the device for obtaining energy are described. Problems which
face when using panels of solar batteries are described. Possible solutions to the problems with the use of small
spacecraft solar panels are considered. The connection joint for a turn and fixing of the revealing panels is
developed and designed.

B cmamve onucanvl ucnonvsyemvle ucmouHUKY HA MATLIX KOCMUYECKUX annapam 015 NOTYHeHUs IHeP2Uull.
Onucanvl  npobnemvl, ¢ KOMOPbIMU CMATKUBAIOMCA NPU  UCHOTb30BAHUU NAHeNell CONHEeYHbIX Oamapell.
Paccmompenvt  sapuanmel pewtenus npobiem ¢ UCHOIb306aHUeM NAHeNell COTHEeYHbIX Oamapei HA MAnom
Kocmuyeckom annapame. Paspaboman u cnpoexmuposan y3en 015 pazeopoma u QuUKCAyuu packpwuleéarouuxcs
nawnenel coiHeuHvlx bamapeil.

Introduction

Solar panels are one of the main ways to get electricity on spacecraft: solar panels are working for a long
time without the expense of any materials, and at the same time are environmentally friendly, unlike nuclear and
radioisotope power sources. Today, solar panels are considered to be one of the most reliable and sufficiently well-
developed spacecraft to ensure energy options. Solar panels have or on the outer surface of the device or drop hard

panels (Fig. 1).

Fig. 1. Unwindsolar power satellite
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Solar energy is characterized by the maximum usability; solar energy is the main type of energy received in
a space [1]. To date developed a solar panel with an efficiency of 46% [2]. New solar cells are currently being
developed to work in conditions where the light intensity and temperatures are low; meaning that solar powered
spacecraft will be able to operate further away from the Sun [3].

The navigation system of solar batteries is an integral part of design of small spacecraft. Development of
the revealing panels of solar batteries gives an opportunity continuously and constantly to receive the necessary
volume of solar energy irrespective of an arrangement of the small spacecraft [4].

The located solar batteries mounted only on the sides of the case of the small spacecraft give the small
volume of the received solar energy, the fact that the largest tension is given by those solar batteries, which are
located perpendicularly concerning the Sun, is the reason of such low efficiency. Such spacecraft located under a
necessary corner cannot have more than one solar battery, from the small spacecraft with the revealing panels of
solar batteries. At which solar batteries are in difference under the most favorable corner and is guided teams from
the on-board computer [5].

The small spacecraft is exported also to the conclusion to an orbit with assembled solar panels which keep
on the flaring-up threads which fuse in a space when giving current or explosion of pyrotechnics [6,7], alsofor
opening of panels there is an elastic element, in the form of a spring which stimulates disclosure of solar
panels.Folding panels and fixing their position with respect to the axis of rotation of the stepper motor provides a

connection joint rotary (Fig. 2).

—I

—|l

Fig. 2. Kinematic scheme of rotary connection joint

This connection joint has a ball latch, which interferes with folding of rotary connection joint.
At disclosure of solar batteries, mobile parts of rotary connection joint it is fixed by a lock pin. The clamp

consists of the cylindrical case with an external carving, a spring and a ball of fig. 3.

$15

Fig. 3. Drawing clamp ball

The principle of work of a ball clamp resides is in the following: when the connection joint is in a collected
state the ball is drowned in a clamp, at disclosure of rotary connection joint, the ball of a clamp is fixed in a hole as

shown in fig. 4.
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Fig. 4. Scheme of fixing of a clamp

The woven thread (4) conveying a state drop-down panel (Fig. 5) close to the body of small spacecraft (3),
which fixes the drop-down portion of the mobile node from premature disclosure of the panels. Thread itself is fixed
on the solar frame and on the other hand is rigidly fixed inside the small spacecraft (5). Inside small spacecraft body,
woven thread is urged with a certain pressure of thread material with a high electrical resistivity (e.g. nichrome).
Once in orbit the satellite and calm, on the thread of Nichrome is energized by the battery, the filament heats up and
burn through a woven thread. Then there is the disclosure of the movable part of the rotary assembly of solar panels.
The impulse for opening the frame with solar panels sets the leaf spring (7), located in the stress-strain state between
the frame (2) and the housing (3) of small spacecraft. After the scope of the disclosure, the fixing of solar panels in

the unfolded state. The turn drives the panels based on a stepper motor (8).

1.Rotary knot

2.Frame of solar batteries
3.Case of the small spacecraft
4.Woven thread

5.Nikhromovy thread

6.Fixing the device

7.The Berillivayevy bronze bent

5
with tension
3—&— 8.Step engine
! \ b

Fig. 5. Mounting solar panels to the chassis frame of small spacecraft

8

Conclusion

The use of the revealing panels of solar batteries gives an opportunity continuously and constantly to
receive the necessary volume of solar energy irrespective of an arrangement of the small spacecraft. It allows using
more effectively the small spacecraft. Disappear times when the sun is not enough to complete the work of small

spacecraft.
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The possibility of creating more advanced materials in space were considered. Prospects of using of the
space for materials manufactory. And the examples of already conducted scientific experiments.

B Oannoti cmamve paccmompenvl 603MOHCHOCIU CO30aHUsA DOIee COBEPUEHHBIX MAMEPUANIO8 8 YCIOBUAX
KOCMOCA, NePCeKmuebl UCHOTb30BAHUSL KOCMUYECKO20 NPOCMPAHCINGA 8 MAMepuanogedenuu. A max sxce npumepul
Vorce NPOBEOEHHBIX HAYUHBIX IKCHEPUMEHTNOS.

From the 20th century, humanity is rapidly exploring the space. For the first, the flight into space was a
sensational event and attracted the attention of all humanity, but over the time, it has become a common and nothing
special. Since the first launch of rockets and satellites, humanity is actively exploring space, and conduct
experiments. However, the next step is development of space because progress does not stand still. The space gives
unusual phenomena and opportunities for people nowadays. Many achievements of astronautics are widely used in
various industries and scientific activities.

An important area of human studies during the whole period of development was the creation of new
materials and their properties improvement. Space opens up new opportunities for this. Production of new materials
in space is one of the promising areas of space exploration. The practical realization of scientific and technical
experiments has been made possible because the progress in the construction of long-term stations and spacecraft.
They are necessary for the delivery of these stations and the return of astronauts to the Earth together with the

necessary materials.
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Research on the production of materials in space caused by the desire to use in industrial processes unusual
conditions which are created during the motion of spacecraft by orbit of Earth. For example, this long-term
weightlessness surrounding high vacuum, high and low temperatures and space radiation.

There are some unique differences between the properties of materials in space comparing with the same
materials on the Earth.

These differences can be exploited to manufacture unique or improved manufacturing technology.

In weightlessness, some physical processes are different from Earth. Manufacturing in space has some
potential advantages over Earth-based industry:

1. The unique environment of space can allow making some industrial processes that can not be easily
produced on Earth.

2. Potentially dangerous processes can be executed in space with minimal risk to the environment of the
Earth or other planets.

3. Elements too big to launch on a rocket can be mounted in orbit for use in orbit.

—_——

Fig. 1. The emergence of weightlessness on the spacecraft

Weightlessness greatly affects the behavior of the liquid. The Archimedes force disappears in the transition
to weightlessness in liquid. This force affects the liquid components, and separates their. This separation is not in
weightlessness. Materials with unique properties can be obtained after solidification of liquids.

Liquid on the board of spacecraft can be in a free-floating state and container does not need to retain it.
When the molten material has solidified, contamination comes from the walls of vessel. People can do without the

container and obtain more pure substances in space.

Fig. 2. Melting of metal in zero gravity
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Manufacturing of semiconductor materials in space can provide significant advantages compared with their
creation on the Earth. Firstly, the properties of these materials depend on their preparation technology. Many
unwanted effects caused by expression of the weight force. Secondly, the uniform distribution of dopant in the
semiconductor can be improved in terms of space.

The most important process of obtaining materials in space is their crystallization. Experiments on crystal
growth from solution melt and vapor phase showed that crystalline materials can be prepared in the space and they
have a higher perfection and uniformity. The main feature of these experiments in space is the lack of convection in
the liquid, which leads to fluctuations in the growth rate and the crystal composition. From this viewpoint, the

quality of the crystals obtained in space must be higher.

Fig. 3. Grown on board of the orbital station "Skylab" unalloyed indium antimonide crystals

Materials for optical systems can be improved also. Optical fibers can be obtained with better
characteristics in terms of space. Preparation of gradans — glasses, with essentially parabolic refractive index profile
along the radius will increase by several times the operating parameters of the optical systems.

The results of research on the orbital stations caused to the creation of new scientific and technical direction
- space materials science. Experiments conducted to date have shown promising work in space for new materials

and fundamental data for improving technology.
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In article described accelerometers for space missions, the general configurations and technical
requirements of the accelerometer. Providing a quiescent microgravity, or low-gravity, environment for
fundamental scientific research is one of the major goals of the International Space Station program. This apparent
weightlessness is created as the Space Station circles and falls around the Earth, and the continuous free fall
simulates the absence of gravity. The microgravity acceleration consists of two regimes: the quasi-steady
environment and the vibratory transient environment, therefore, the measurement of the microgravity acceleration
environment is best accomplished by two accelerometer systems [6]. In the United States Laboratory Module, the
measurement of these two regimes is accomplished by the Space Acceleration Measurement System-I1I (SAMS-II)
and the Microgravity Acceleration Measurement System (MAMS). SAMS-II provides this distributed measurement
system through the use of Remote Triaxial Sensor systems (RTS). The MAMS will record the quasi-steady
microgravity environment, including the influences of aerodynamic drag, vehicle rotation, and venting effects.

B cmamve onucvieaemcs akcenepomempvl Ol KOCMUYECKUX MUCCUll, oOwjue KOHpuaypayuu u
mexnuueckue mpebosanus axcenepomempa. Obecneuusas HeNnOOBUINCHYIO MUKDPO-2PAGUMAYUIO UL HUSKVIO CUTY
mAdMNCeCmu, OKpyHcanuas cpeoa O0as (PYHOAMEHMANIbHO20 HAYYHO2O UCCIe008aHUs - OOHA U3 2IABHLIX yesell
npoepammul  MedcOyHapoOHot KocMuueckou cmanyuu. Oma OuYe8UOHAsl He8eCOMOCMb CO30aHA KAk Kpyeu
Kocmuueckou cmanyuu u nadenust 60kpye 3emiu, u Henpepuvlghoe c60000HOe NAOeHUe MOOeaupyenm Omcymcmeue
CUIbl maAdNcecmu. YcKopeHuss MUKpO-epasumayuy cocmoum u3 08yX pedlcuMOo8: KEa3uyCmouyusas OKpylcarudst
cpeda u sUOpUPYIOWAs Nepexoonast OKpYJICalowds cpedd, NodImomy, usmeperue okpyxcaroueli cpeobl YCKOpeHus.
MUKpO-2pasumayuy yduie 6ce20 O0OCMUSHYMO O08yMs cucmemamu axceiepomempa. B nabopamopnom moodyne
Coeounennvix IlImamos uzmepenue smux 08yx pedcumog odocmuenymo Kocmuuecxotl cucmemoii usmepenus-I1
Yexopenua SAMS-11 u MAMS. SAMS-II obecneuusaem smy pacnpeoeieHHy0 CUCmeMy USMEPEHUs ¢ NOMOWBIO
Omoanennvix Tpexmepnvix cucmem oamuuxa (RTS). MAMS coenaem 3anuce keazuycmouuugoil oKpyosicarouell
Cpedbl MUKPO-2pAGUMAYUL, SKIIOYAsL GIUSHUSL A3POOUHAMUYECKO20 CONPOMUGTIEHUS., 8PAUeHUs] MPAHCROPIHO20
cpedcmea u I¢hexmos gvipasxcerus

Introduction

Numerous space applications require dedicated accelerometers with ranges and sensitivities optimized for
the in-orbit environment. For the microgravity experiments performed on board the shuttle, the quasi-continuous
residual acceleration and the vibration levels of the platforms carrying the experimental devices have to be surveyed
or controlled even better [1].

Two main applications of the ultra-sensitive accelerometers merge. The first one is the measurement of the
surface forces acting on the satellite which provides information on the atmospheric density variations and on the
high-altitude winds. It also provides information on the radiation pressure from the sun or from the planet. The
second major objective lies in the global and accurate recovery of the gravity field of the Earth or of another planet.
The simpler way is to observe the satellite orbit, like in Challenging Micro-satellite Payload(CHAMP) mission. A
low altitude is necessary since altitude is a filter for small wavelength gravity anomalies. But at a low altitude, non-
gravitational effects much perturb the orbit, mainly because of the atmospheric drag which is preponderant with
respect to the radiation pressure for an altitude lower than about 700 km, depending on the satellite mass and shape

and the sun’s activity. So, to eliminate the non-gravitational effects, an accelerometer is integrated at the satellite

center of gravity in order not to be disturbed by the centrifugal and the angular accelerations.
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Accelerometers for CHAMP, GOCE and GRACE space missions.

The CHAMP mission (Challenging Micro-satellite Payload) is dedicated to observing the Earth with
several scientific instruments: two magnetometers devoted to the Earth’s global magnetic field mapping, one digital
ion drift meter, to deliver complementary measurements of the Earth’s electrical field, one GPS dual frequency

receiver, contributing to the atmospheric analysis, density, pressure and temperature.

Fig. 1. GRACE accelerometer mechanical core

STAR - the accelerometer with six axes providing three linear accelerations along the tool sensitive axes
and three angular accelerations (Fig. 1 and 2). The STAR represents the range of measurement of £10-4 m/s2 and
shows permission better, than 3x10” m/s” for y and z axes and 3x10™ m/s” for x-axis within ability of measurement
from 10 Hz to 10 Hz. The configuration of the tool is compatible to ground tests which demand certain features of
less exact x-axis for operation under one by the area of g gravity. In orbit, STAR x-axis is vertical from the Earth,

the y-axis is normal to the orbit and the z-axis along track [1].

Fig. 2. STAR sensor in the CHAMP satellite

For the GRACE mission, the two SuperSTAR accelerometers are now defined and under development to
meet a resolution of 10"°ms™. The instrument range is again reduced to a few 10°ms? by increasing the intervals
between the mass and the electrodes, 175 um instead of 75 um, and by reducing the electrostatic actuator sensitivity.

Even greater requirements of sensitivity and alignment matching are needed for the space gradiometer
mission GOCE (Gravity and Ocean Circulation Explorer). The proposed electrostatic gravity gradiometer is
composed of six accelerometers derived from SuperSTAR and accommodated on a very stable carbon structure in a
diamond configuration, two accelerometers aligned along each axis. On board a drag-free satellite, at an altitude of
250 km, this full tensor gradiometer should provide the fine measurements of the Earth' s gravity. The theoretical

model of the accelerometer operation and the evaluation of performance based on the experimental results have been
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exploited to demonstrate the adequacy of these sensors to obtain resolution of better than 102 ms? Hz' in the
frequency capacity from 5x10~ Hz to 0.1 Hz.

Accelerometer specifications and general configuration.

Space accelerometer for gravitation experiment (SAGE) general configuration. The SAGE instrument
is made of two electrostatic accelerometers, each sensor including a test mass and operating at liquid helium
temperature (Fig. 3). The cage of the accelerometer is made of fused silica and the necessary electrodes for the
electrostatic suspensions are defined by gold coatings. The materials of the test masses have been selected because
of their physical characteristics, such as purity, homogeneity, machining ability, magnetic susceptibility and

electrical conductivity [2].

Electrostatic accelerometers for the EP test in space

Proof mass
Axial electiodes
| Radicl suspersion electrodes

Fig. 3. Space accelerometer for gravitation experiment (SAGE): general configuration

Both accelerometers (in one SAGE instrument) will work independently. The acceleration of each test mass
will be measured along the three directions. The difference of the measured acceleration along SAGE a sensitive
axis will be executed out of the electronic loops necessary for operation of a suspension of each test mass. The
configuration is optimized to increase resolution of this measurement of distinction.

Test-mass shapes. Another specification demanded for the design of SAGE concerns the test-mass shape.
First, Worden has proposed cylindrical shapes. Then, as shown to Lockerbie, test masses made of the external
surrounded cylinder and the direct internal cylinder reduce effects of any gradients of self-gravity with temporary
dependence of the satellite, especially helium streams. The concept of the surrounded cylinders has been optimized
for SAGE taking the restrictions arriving from operation on a touch head and production into account. In particular,
flat areas have been added for control of the test-mass rotation about the sensitive axis and a minimum radial
distance of 8 mm has been imposed between two test masses to weaken production and integration of cages of the

accelerometer of quartz. We also relax the constraint of having the inner mass equal to the outer one [2].

Fig. 4. Test - mass shapes
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Conclusion

The configuration of a kernel of the sensor of the electrostatic accelerometers of the CHAMP, GOCE and
GRACE missions has been especially developed for space applications and so optimized concerning the weak level
of acceleration to sustain and measure onboard satellites depending on height on the orbit and presence of system of
material encouragement of resistance. This configuration is quite strong, simple to work in an orbit and nevertheless
compatible to certain ground tests.

The proposed accelerometer for the GOCE mission is derived from the STAR and the SuperSTAR
instruments configuration, all being electrostatic accelerometers with contactless levitation of a solid mass are made
of Titanium or Platinum alloy. While the sensor core configuration is especially selected for space applications and

optimized according to the weak level of acceleration to be sustained during each mission [3].
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Thousands of spacecraft and satellites have been launched since the beginning of the Space Age. Currently,
tons of abandoned satellites, artificial objects and wandering debris are circling around our planet. Some objects of
space debris can be dangerous for the Earth if they descend from orbit and do not completely burn up in the upper
atmosphere, as well as for astronauts, satellites and space stations as they are orbiting the Earth at a great speed.
The volume of debris is growing every year. In this article, the authors study one of the actual problems of the
modern world — space debris. The authors consider the main causes of space debris, estimate risks and offer
solutions to this problem.

C Hauana KocmMuueckoll 3pbl ObLIO COENAHO HECKOALKO MbICAY 3ANYCKO8 KOCMUYECKUX annapamos u
cnymHukos. B macmoswee epems 6okpye Hauiell NAaHEmMbl KPYjiCAm MOHHbL OPOUEHHBIX —CNYMHUKOS,
UCKYCCMBEHHbIX 00beKkmog u Onyscoarowux ppazmenmos mycopa. Hexomopwvie obvekmuvl Kocmuueckozo mycopa
MO2ym npeocmasnams ONACHOCHb KAk Oni niaremul 3emis, ecau coudym ¢ opouml u He NOIHOCHbIO C2OPSAm 8
BEPXHUX CTIOAX ammocghepbl, maK u O ACMPOHABNOS, CHYMHUKOS8 U KOCMUYECKUX CIAHYUL, MAK KAK 8Pauarmcs
80Kpye 3emau ¢ oepommuoil cxopocmvio. Ob0beM KOCMUYECKO20 MYcopd pACmem ¢ KadcobiM 2000M. B Odannou
cmamve  agmopel  UCCIeOVIOm  AKMYANbHYI0 NpOoOieMy CO8PEMEHHO20 MUupd — 3dcopenHue KOCMUYecKo2o
npocmpancmed. Aemopvl paccmampugaiom OCHOGHbIE NPUYUHBI NOAGNEHUS KOCMUUECKO20 MYCopd, OYeHUu8aiom
onacnocmu u npeonazalom nymu peuienus OaHHOU npoodaembl.

People are becoming more and more aware of their responsibility towards future generations for
environmental pollution. Currently, no one is as eager to conquer nature as we were in the early twentieth century.
Humanity is facing the need for secure development. This requires new knowledge about the environment and new
technologies. It is impossible to solve this challenge without the study of ecology and development of ecological
knowledge. Environmental knowledge helps explain not only unknown aspects of reality, but also environmental
risks and restrictions in relation to human activities.

Environmental pollution potentially damages either the environment or human health. Pollution occurs in
various forms:

e air pollution (exhaust fumes, burning of fossil fuels, harmful off-gassing from paint, nuclear accidents,
etc.);
e land pollution (use of pesticides, litter, oil spills, damage and debris from mining and logging practices,
etc.);
e  water pollution (industrial waste, sewage and waste water, accidental oil leakage, radioactive waste, etc.);
e light pollution (electronic advertising boards, streetlights and car lights, residential areas, etc.);
. noise pollution (social events, commercial and industrial activities, transportation, etc.);
e thermal/heat pollution (industrial plants, etc.);
e  visual pollution (skyscrapers, billboards, litter, abandoned homes and vehicles, etc.).
Nowadays, much is written about the alarming pollution of the atmosphere, oceans, rivers, and soil.
Environmental pollution is linked to health issues. The emission of greenhouse gases leads to global

warming and contributes to depletion of the ozone layer. Pollution negatively affects human life and wildlife. In this
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paper we are going to research another form of pollution (about which very few people are concerned). It is space
debris.
Objectives of the research are as follow:
e causes of space debris;
e threats to the world’s inhabitants;
e ways to solve the problems of space debris.
Space debris is debris left in orbit as a result of human activity. Its quantity increases in low-Earth orbit.
This may be spent rocket stages or defunct satellites, fragments left over from chance encounters. Debris size can be
up to several meters, but most often, it is small particles, such as metal chips and paint. These fragments are already
defective, do not work and will never serve any useful purpose. All this debris orbits the Earth at a tremendous
speed, and there is no atmosphere, about which it could slow down or grind off. Space debris may cause harm on
operating space vehicles and manned space missions. Several centimeter fragments have the potential to destroy
whole satellites because of the speed at which they are travelling. There are no practical effective measures to
protect against space debris objects larger than 1 cm in diameter.
Following are some of the causes of space debris:

e “dead” devices. Satellites launched into orbit at elevation of 15,000 km above the Earth’s surface are able
to survive for 10,000 years. In less than 50 years of the space age, of the more than 11,000 satellites put into Earth
orbit, about 4000 of them are still there.

e space accident. For example, as a result of the explosion of French rocket “Ariane” in 1986, about 3000
debris fragments were formed with dimensions large enough to be traced by means of ground devices. In addition,
there are countless, smaller fragments.

e upper-stage rockets, by which satellites are launched into geostationary orbit. About 5-10% of the fuel
remains in their tanks. The fuel is extremely volatile and is easily converted into vapor that often yields powerful
explosions.

Space debris threatens the people of the planet. Here there are some possible consequences:

drop of first stage launchers;

e space stations after they exhaust their term (especially if they have nuclear power units);

e emissions of combustion products (e.g. may lead to heavy acid rains);

o powerful acoustic, electromagnetic and optical radiation from large rockets;

e exposure from solar ultraviolet radiation because of the ozone hole;

e impact on weather and climate [1, 2, 3].

To solve the problems of space debris, we should develop:

e new technology that will allow to minimize the waste;

o space equipment adapted for the use in space after the expiration of the service life;

o effective methods of use of waste resulting from space flights, equipment used in space and life-
sustaining activity of the crew;

o advance measures to eliminate space debris;

e ways to reduce the number of devices into space and use satellites for multi-purpose;

e a resource to bring debris to the dense layers of the atmosphere, where it will burn, or send it to less
“populated” orbits;

e space dwelling units and equipment that can be used several times and on other flights to other
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destinations.
Scientists and engineers offer many different strategies for active cleaning of space debris. These
include:

e ElectroDynamic Debris Eliminator (capture orbital debris in a net, then drag it down out of harm’s way);

e Gossamer Orbit Lowering Device (large and thin balloon which will rotate the object and increase its
aerodynamic drag in a few hundred times, thereby causing it to fall into Earth’s atmosphere);

o CleanSpace One (robots that will move large fragments and satellites to re-entry into the atmosphere);

e Surrey Space Centre (this system will remove objects from orbit due to aerodynamic drag and
momentum exchange with charged cables and ionospheric plasma);

o Ballistic Orbital Removal System (rockets filled with water can be sent into space. After they unload
their cargo on the orbit, a field of crystallized water will appear. Space debris will fall in the field, slow down and
descend from the orbit);

e Laser Orbital Debris Removal (powerfully pulsed lasers that will shoot from the surface and create
plasma jets on space debris. This will cause the debris to slow down and re-enter the atmosphere falling into the
ocean) [4].

However, there are no economically and technically acceptable ways of recycling space debris. The
majority of measures focus on the control of debris. These include withdrawal of spent spacecraft to “burial orbits”,
prevention of orbital explosions that accompany the flight of the technological elements, etc. We must develop
projects that will help eliminate space debris globally.

Thus, the growth of space debris on the Earth’s orbit may lead to the termination of manned and unmanned
flight as it would be risky because the probability of collisions with debris will increase many times. To avoid this,
mankind has to remove all near-Earth space debris. Special attention must be paid to the removal of debris from the

geostationary orbital range as it is littered today even more than lower orbits.
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The conditions in space and on other planets are very different from the Earth. There are a lot of
challenges of space exploration. The lack of oxygen, in the greater part of the universe, is the main difficulty; it
causes severe limitations on our ability to breathe outside the Earth. Astronauts need a spacesuit to protect from the
impact of the killing space environment. Spacesuits have greatly evolved since the Apollo program. Modern
spacesuits allow astronauts to work outside the spacecraft for several hours. Today’s spacesuits are tailored to suit
each astronaut. The paper studies some characteristics of spacesuits and the history of their improvement.

Yenosua 6 xocmoce u mna opyeux naamemax cuibHo omauuaiomces om 3emmnvix. Cywecmeyem macca
npobnem oceoenus kocmoca. OCHOBHASL CIOHCHOCHB — IO OMCYMCMEUe KUCI0pooa & bonvuetl yacmu Bcenennoll,
YMO GbIZLIBAET CEPLE3HBIE 02PAHUYEHUS HA HAWU 803MONCHOCHU Obluiamb 3a npedenamu 3emnu. Kocmonasmam
HeoOxXo00um cKaganop, Komopwvili Obl 3auUIYAT 4Yelo8eKd Om 6030elcmeus YOULCMEEeHHOU GHelHell Cpeobl.
Craghanopovr  cunbho usmenuaucy co epemer npoepammvl  Apollo. Coepemennvie cxaganopvl noseonsiom
acmpoHasmam pabomams 6He KOCMUYECKO20 KOpaOisi HeCKONbKO Yacos. B nacmoswee epems ckaganopsl wvom
CneyuanbHo 08 Kadoozo Kocmonaema. CxkaganOp asnsiemcs cOOPHOU MOOeIbl0 C PA3HbIM pA3MepoM uYacmell,
Komopbvle 00beOUHAIOMC MAaxK, YmooObl pazmep KOCMIOMA NOOX00un Ons a0bo2o Kocmouwasma. B cmamve
PAccmMampusaromes HEKOMopble Xapakmepucmuk CKaghanopos u UCmopust ux pazeumusl.

Space is not a natural habitat for humans. Our planet is rich in oxygen; pressure does not change on the
planet because the atmosphere of the Earth does not allow it. The ozone layer of the atmosphere protects the Earth’s
surface from ultraviolet rays. The human body needs these conditions for existence, and mankind has not yet
discovered another planet with such favorable conditions for life. Nevertheless, humanity wants to explore space
and find a planet with suitable conditions for life. Our body needs to be protected from super cooling, from the
excessive fall of pressure and from ultraviolet rays that appear in space [1]. A man will lose consciousness if oxygen
stops flowing through the body for 10-15 seconds. Additionally, humans get burns from radiation exposure. To
survive in the hostile space environment and re-create the environmental conditions of Earth’s atmosphere, scientists
develop spacesuits.

A spacesuit is a sealed suit in which the astronaut can live and work in open space and on the surface of
celestial bodies. The spacesuit is tailored for a human body and reduced to the size of a pressurized cabin.

There are several types of spacesuits for different purposes:

o life-saving;

e work outside of a spacecraft;

e work on the surfaces of other planets [2, 3].

A spacesuit is used during the depressurization of a spacecraft, temperature change or atmospheric gases
inside the man-rated modules. Spacesuits are comfortable and have offset gloves and an opening headpiece. If
external pressure falls, the spacesuit automatically seals off, the headpieces close and life-support system activates.
The clothing reflects the sun’s rays and the headpiece has a safety optical light filter. The gloves and headpiece do
not detach from the spacesuit. There are higher standards for joint mobility. This problem is solved by using crimp

surfaces, rockers and fluid-tight pivots which are located in the places of bend bearings. The spacesuit’s gloves
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provide tactile sensitivity for fingers. Also spacesuits have a life-support system and radio station. Vacuum
membrane is double and very stable. Next generation of spacesuits has modernized boots to help astronauts maintain
balance [3].

To trace the changes in the development of autonomous life support systems, we decided to evaluate some
models of spacesuits using the following criteria: weight, pressure and spacesuit’s battery life.

SK-1 is a spacesuit that was developed in the USSR for the first flights of the astronauts on the spacecraft

series “Vostok™ (meaning Easf) [5].

Table 1. Specification of “SK-1" spacesuit

Mass of the spacesuit 20 kilogram
Pressure 270-300 hectopascal
In hermetically sealed room 12 day
Elapsed time
In cabin depressurization 5 hour

Image 1. Spacesuit “SK-1"

On March 18, 1965, Alexey Leonov made the first spacewalk. He was dressed in a space suit “The Berkut”
(meaning Golden Eagle) [6]. The suit was made from several layers of film with a shiny aluminum surface. The
place between the layers was a gap to reduce the heat transfer in either direction, according to the principle of a
thermos. In addition, the layers of the film-tissue were separated by a special mesh material. As a result, it was
possible to achieve very high thermal resistance. Astronauts’ eyes were protected by a special filter made of tinted
plexiglas with the thickness of about half a centimeter. It weakened the intensity of sunlight and did not allow facing
biologically hazardous rays of the solar spectrum. Circulating air was ensured in the spacesuit. Also there was a

backup oxygen system that was joined to the spacesuit by a hose.

Table 2. Specification of “The Berkut” spacesuit

Mass of the spacesuit 41.5 kilogram
Pressure 270—400 hectopascal
In cabin depressurization 4 hour
Elapsed time
In open space 0.75 hour
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Image 2. Spacesuit “The Berkut”

The Krechet (meaning Gyrfalcon) is a Soviet semiflexible astronautical spacesuit. It was specially
developed for the expedition to the moon. The spacesuit ensures motion and working ability. An astronaut can work
with different devices and work on the Moon’s surface. The spacesuit allowed an astronaut to eat liquid foods
through a small port in their helmet. The temperature on the surface of the Moon varies from minus 153°C on the

dark side of the Moon, to +123°C on the bright side of the Moon.

Table 3. Specification of “The Krechet” spacesuit

Mass of the spacesuit 106 kilogram
Pressure 400 gigapascal
Elapsed time 10 hour

Image 3. Spacesuit “The Krechet”

The Orlan MKS (meaning Sea Eagle) spacesuit uses articulated joints. They provide mobility of the body.
The spacesuit has an automatic thermoregulation system. Astronauts themselves can change the temperature in the
spacesuit. Sometimes they forget to do it. Sunny and shady sides are often quite different. The astronauts may freeze

on one side and roast on the other. So the system itself regulates the temperature using water refrigeration [7]. Also

the suit has heated insoles.
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Table 4. Specification of the “Orlan MKS” spacesuit

Mass of the spacesuit 110 kilogram
Pressure 400 gigapascal
Elapsed time 7 hour

Image 4. Spacesuit the “Orlan MKS”

Thus, we can conclude that the elaboration of spacesuits is developing. New generation models are being
manufactured. Experts and scientists are trying to improve spacesuits. One of the most promising is Biosuit [8, 9,
10]. It is convenient, easy and long-lasting. It does not constrain the movement. Consequently, it increases
astronaut’s performance. The spacesuit consists of titanium and nickel. It preserves astronauts’ health and prevents

diseases that are caused by space.
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This article refers to new absolutely black material, which called Vantablack. It is made of carbon
nanotubes 10,000 times thinner than a human hair and is designed for use in high performance infrared cameras,
sensors, telescopes and other scientific instruments that require the least amount of scattered light. Government are
want to use this material for military purposes in future.

B oannoii cmamve co6opumcs o nosom abconiomuo ueprnom mamepuaie Vantablack. On uzecomoenen u3z
yenepoousix Hanompyoox ¢ 10 000 paz monvuie uenogeueckozo 80J10Ca U NPeOHA3HaA4eHa ONs UCNOJIb308AHUSL 8
BbICOKONPOU3BOOUNENbHBIX UHPPAKPACHBIX KAMED, OAMUUKAX, MENECKONAX U OPYeUX HAYYHbIX NpubOpos, KOmopule
mpedyIom HAUMEHbUIE20 KOIUYEC8d pPACCesHHo20 ceéema. B 0yoywem npasumensbcmeo xouem uUcnoib3o8amo
9MOM MAMEPUAl 8 60CHHbIX YesixX.

Black body scientists previously used only in theory. But new developments and technologies have allowed
scientists from the British company Surrey NanoSystems to invent close to absolutely black body, the black material

that can absorb the light emitted for 99.96%. Now it is the best absorbent material Vantablack.

%

Fig. 1. Vantablack

ABSL(Association of Business Service Leaders), NPL(National physical laboratory) and Surrey
NanoSystems has developed a nanostructured black coating based on carbon nanotubes, which is currently the
lowest reflectance in the IR spectrum. The material, called Vantablack, is an improvement compared to previous
generation. Material specific properties are reflected in its name. The first two syllables Vanta are the acronym
vertically aligned carbon nanotube arrays. Vantablack absorbs 99.965% of visible light, which is the best value and
allows to consider it as the blackest of all modern materials. In addition, this new material is grown in a Chemical
Vapour Deposition chamber at a temperature of 430°C or higher. Vantablack can be grown on materials that cannot
withstand higher temperatures. According to the results of the measurements reflects 0.035 percent of light. Thus,

scientists once again came close to unraveling such effects as invisibility. Several investigators have compared a
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new substance with a black hole. With only one difference Vantablack has a powerful and destructive the force of
gravity. So it is absolutely safe for the environment.

The production process Vantablack is based on the technology of low temperature synthesis of vertically-
arranged carbon nanotubes. The Vantablack coating is made from a nanotube length of 20 nm. On one square
centimeter of the coating is placed about 1 billion nanotubes. These nanotubes scientists have grown in the
laboratory on aluminum foil at low temperatures. They are tightly composed together, allowing light to penetrate,
but a very small number — mostly ultraviolet, infrared and microwave — reflected from this "forest" Technique of
coating deposition Vantablack is suitable for various materials with sizes from fractions of a micron and larger. It is
easily combined with standard techniques of lithography and allows, if necessary, to make complicated patterns.
When bending Vantablack observer expects to see dents and wrinkles, but instead, he sees the illusion of a
completely dark hole in space.

Earlier VANTA coatings could only be applied to expensive, bulky heat-resistant alloys and heat resistant
materials, such as silicon, they could not be used for sensitive electronics or materials with relatively low melting
point. The difference of the coating of the black material Vantablack is the material which can be synthesized in
many temperature-sensitive materials, for example aluminum. It’s get a huge application of land, space and air
army. Nanostructured Vantablack is chemically inert, has a high resistance to shock and vibration and superior
stability when exposed to heat and the environment. Supercherry such a material reduces the level of scattered light,
as well as in seven and a half times better than copper conducts heat and is 10 times more durable than steel. But
because he has a lot of potential applications, including as a "cap of darkness" for military facilities that should be
hidden.

The black material is an array of vertical, arranged close to each other carbon nanotubes (Fig. 2). This kind
of structure determines the unique properties of Vantablack, as passed through the "crown" of such nanocarbon
forest the light is very hard to get out of this material and reflect off the surface. Property of nanostructures from
carbon to effectively absorb virtually all the light has been known for a long time, but there was no way of applying
such a coating at low temperature. The company has managed to develop a low-temperature process to create a

coating with good adhesion — it is able to withstand overloads and vibrations at a start of the rocket

/‘ \ ~
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Fig. 2. Structure

Vantablack has the highest thermal conductivity and lowest mass-volume of all materials that can be used
in applications requiring high emissivity. It has practically negligible level of outgassing and particle emission, thus
eliminating the main source of contamination in sensitive imaging systems. It withstands mechanical loads that
occur when you run missiles, and long-term vibration, and is perfect for lining the interior components, such as

apertures, baffles and optical sensors based on MEMS (microelectromechanical systems). The company has also
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developed a version of Vantablack coating S-VIS, which can be applied in the form of a spray — it can be called the
blackest paint in the world, although the reflectance of the paint is higher than that of the original coating.

The practical application of the black material is, mainly, in an optical instrument: the reference sources of
radiation "black material" in sensitive telescopes, satellite calibration systems, IR-detectors and to suppress the
interference from scattered radiation in optical systems. The presence of stray light inside the telescope increases the
noise, resulting in sharp pictures does not work. Using new materials to cover the interior walls of the telescope, and
plates of the diaphragm, the diffused light is reduced and the image is much clearer. Also Vantablack can be applied
to military vehicles and armor as would make them practically invisible, especially when used at night.

In conclusion it should be mentioned that Vantablack is a revolutionary material that can change the

instrumentation area and, if the development to be properly applied, it makes the world a better place.
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In diesem Artikel wird der Begriff "Kontrastmittel” beschrieben, seine Funktionen und warum es wichtig ist
das Kontrastmittel zu verwenden. Des Weiteren werden in diesem Artikel bestimmte Kontrastmittel beschrieben, die
wdhrend der Forschung verwendet werden. Alle moglichen Risiken, die bei der Eingabe des Prdparates in den
Korper folgen kénnen, sind angegeben.

B oaunoii cmamve npusedeno onucanue nOHAMUSA «KOHMPACMHOE BEUECMBOY», OISl 4e20 OHO HYIHCHO, KAK
OHO (pYHKYUOHUpYEm U nOYeMy BAJICHO NPUMEHAMb Koumpacmmuvle eewjecmea. Ilomumo smozo, 6 cmamve
npusedensl KOHKpemubvle KOHMPACMHble NPenapamvl, KOMopvle NPUMEHAIOMCA 6 npoyecce UCCIe008aAHU.
IIpusedennvl 603MOACHBIE PUCKU NPU 68E0EHUU NPENAPAMA 8 OP2AHU3M.
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Heute ist die Entwicklung der qualitativen medizinischen Gerite fiir die Teilnemer der Weltraumfahrten
eine der vordringlichsten Aufgaben der modernen Wissenschaft. Man muss bemerken, dass in Bezug auf der
Versorgung der Kosmonauten von derqualitativen drztlichen Betreuung die Menschheit weit vorwérts gegangen ist,
aber auch die Prédparate nicht zu vergessen sind, die bei den Forschungen verwendet werden. Vor der
Weltraumfahrt, alle Kosmonauten gehen die medizinische untersuchung durch. Magnetresonanztomographie spielt
die bedeutende Rolle, man muss die gesundheits Abweichungen der Kosmonaut auf der Erde kundgeben, denn im
Kosmos ist es unmoglich, das zu machen. Deshalb muss man die Kontrastmittel verwenden. Eigentlich, was ist
Kontrastmittel?

Gertraud Prinz bringt die folgende Terminus ein: «Kontrastmittel sind stark strahlenabsorbierende
Substanzen, die ein Organ oder ein Korpergebiet durch die kiinstliche Schaffung eines Dichteunterschieds besser
darstellen. Kontrastmittel werden intravends oder oral verabreicht» [1].

Ein Kontrastmittel ist immer dann notwendig, wenn sehr &hnliche Korpergewebe, z.B. Muskeln und

Blutgefdle. Denn sie verdndern den Bildkontrast in einer ganz spezifischen Weise und verhalten sich in krankem
Gewebe hidufig anders als im umgebenden gesunden Gewebe. Somit geben sie den Radiologen wichtige
Riickschliisse iiber Zustand und Funktionsweise der Organe und der Gewebe. Bei der Marnetresonanzt-
Angiographie dient das Kontrastmittel allein dazu, die Geféf3e abzubilden.
Kay J. behauptet, dass alle Kontrastmittel fiir die Magnetresonanztomographie einen indirekten Einfluss durch die
Signale, die aus Unterprotonen kommen, haben. (Para-) magnetische Metallionen verkiirzen die Relaxationszeiten
T1 und T2. Komplexe im Gegensatz zum freien lon werden rasch aus dem Korper ausgeschieden und sind besser
vertriglich, dabei ist 3-wertiges lon Gadolinium wegen ihrer paramagnetischen Eigenschaften von grofter
Wichtigkeit [2]. Die folgend kurz vorgestellten, von uns héufig verwendeten Kontrastmittel, basieren auf
Gadolinium.

Interessant ist auch der Aspekt der Haufigkeit, der Inzidenz und Risikobei der Nutzung das Kontrastmittel.
Die Haufigkeit Gd-assoziierter nephrogene systemische Fibrose-Félle ist im Moment schwierig abschitzbar. Aktuell
sind weltweit 215 Fille sicher dokumentiert.

Der weitaus grosste Anteil dieser in der Literatur beschriebenen Félle (~90%) steht im Zusammenhang mit
dem Préparat Gadodiamide (Omniscan). Rund 10% sind nach Gabe von Gadopentetate Dimeglumine (Magnevist)
und Gadoversetamid (Optimark ist in Deutschland nicht zugelassen) beschrieben. Ein einzelner Nephrogene
Systemische Fibrose-Fallwird mit der Gabe von Gadobenate Dimeglumine (MultiHance) assoziiert, letzterer
allerdings als Koadministration von Omniscan [3]. Eleonore Blaurock-Busch sreibt in der Arbeit «Nebenwirkung
gadoliniumhaltiger Kontrastmittel», dass hochaktuell in Deutschland zwei Falle notifiziert sind, die offensichtlich
nach Gabe makrozyklischer Medikamente (Prohance, Gadovist 1.0 und Dotarem) aufgetreten sind. In diesem
Zusammenhang ist es erwidhnenswert, dass in beiden Féllen durch wiederholte Akkumulierung Phdnomene
Bariumionen eine wichtige Rolle spielen, teilweise in relativ hohen Dosen und in kurzen Zeitrdumen.

Beide Fille sind noch nicht publiziert, allerdings sind beide der Swiss Study Group for nephrogene
systemische Fibrose 1 bekannt und bei der Swissmedic sowie der European Medicines Agency gemeldet. Diese
Félle andern nichts daran, dass sich lineare Kontrastmittel unstabiler présentieren alsmakrozyklische — und schon
das Gesetz der Statistik erfordert, dass derartige Félle auftreten, zumal in der hochaktuellen Literatur auch einzelne
Minor-Formen der Nephrogene Systemische Fibrose beschrieben wurden, bei denen keinerlei Gd-Exposition
vorausgegangen ist. Diese Erkenntnis unterstreicht die vermutlich multifaktorielle Genese der Erkrankung — raumt
aber unverédndert der Niereninsuffizienz und der Gd-Gabe die wesentlichsten Rollen ein. Die Prévalenz und Inzidenz

von Gd-assoziierter Nephrogene Systemische Fibrose wird in der Literatur mit rund 4% angegeben [4].
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Allerdings basieren diese Prévalenz- und Inzidenz-Werte auf Zentren, die iiberwiegend Gadodiamide als
Kontrastmittel verwendet haben. Deshalb konnen diese Zahlen nicht fiir alle Gdhaltigen Kontrastmittel als Gruppe
iibertragen werden.

Nach dem aktuellen Erkenntnisstand scheint es, dass makrozyklische Préparate deutlich sicherer als lineare
sind, wobei allerdings auch einige lineare auffillig weniger hdufig mit Nephrogen Systemischer Fibrose assoziiert
sind, als Omniscan oder Magnevist. Im Gegensatz dazu sind mehr als hundert Millionen Gd-Forschungen in den
Nieren bei gesunden Patienten nicht erkannt, bis jetzt entsteht auch die Bedrohung von Nephrogen Systemischer
Fibrose [4].

Nach der durchgefiihrten Analyse kann gefolgert werden, dass Kontrastmittel auf der Basis des

Gadoliniums eine breite Anwendung finden und die Qualitét des resultierenden Bildes verbessern.
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Power supply system is intended for the generation, storage, management and distribution of electricity in
all phases of operation of the satellite in orbit. Power supply system consists of the following elements: a source of
energy (solar panels), batteries, power converters, control and monitoring system. Solar panels should supply the
load and charge the batteries in the light. Batteries should provide electricity load in the shadow of the Earth.
Unregulated electricity must be transmitted directly to those satellite devices that can be powered by unregulated
voltage. The energy obtained from solar cells, must be sufficient to ensure that all elements of the satellite power
and charge batteries when the satellite is not situated in the earth's shadow. The article describes how to charge Li-
lon battery of small spacecraft by solar panel Solar Panel Korea. Select the type of battery, which is based on the
analysis of different options of batteries for space conditions.

Cucmema snepeonumanus npeonasHavena O GblpaboOmMKU, XPAHEHUs, pPe2yIupoGanus u pacnpeoeneHus
9eKmpoIHep2ulL 60 6cex ghazax pabomel cnymuuka Ha opoume. Cucmema 3Hep2oONUMAaHUs. COCHOUM U3 C1eOYIOUUX
9NEMEHMOB: UCMOYHUK DHepeuU (NaHmenu CONHeuHwblX bamapell), akKymylramopuvle bamapeu, npeobpazosamenu
oHepeuu, cucmema ynpaeienus u xkoumponas. Coaneunvie Oamapeu OO0NICHbI NUMAMb HASPY3KY U 3aAPAACAMb
AKKyMynamopuvle bamapeu Ha ceemy. AKKyMyasimopHvie Oamapeu OONICHbL 0Decneyusams 1eKmposHepauel
HaepysKy 6 menu 3emau. Hepezynupyemas snexmposunepaus 00IICHA HANPAMYIO NepedasamovCs Ha me YCmpoucmed
CNYMHUKA, KOMOpble MO2YM NUMAMbCA HepecyIupyemMblM HANpAdCceHueMm. DHepaus, Noayyaemds Oom COJIHEYHbIX
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bamapeil, 0012CHa O6bIMb OOCMAMOYUHOU OJIsl 00eCNEeYeHUs BCEX INEMEHMO8 CNYMHUKA dAeKMpoIHepeuell U 3apsaoKu
AKKYMYTIAMOPHBIX 6amapeti, K020a CHYMHUK He Haxooumcsi 8 menu 3emau. B cmamve paccmompen npoyecc 3apsioa
Li-Ion akkymynsamopa manoeo KocmMuieckoeo annapama om naweau coaneynou oamapeu Solar Panel Korea. Bvibop
MUnA aKKymyasimopa Obll OCHOBAH HA AHAU3E PA3IUYHBIX GAPUAHMOE AKKYMYISAMOPOE O/l KOCMUYECKUX YCAOBULL
IKCHIyamayuu.

Batteries are a basic element of satellites needed to operate in space. The battery for the satellite should be
choose very attentively, because it affects the efficiency. The ideal battery for microsatellite must have the following
characteristics:

1. The structure, resistant to mechanical overload and vacuum.
. Stable operating voltage throughout the desired temperature range
. Reliable energy storage throughout the desired temperature range
. Purchase availability

. High voltage output

2
3
4
5
6. Low internal resistance
7. Easy to recharge
8. A large number of charge / discharge cycles
9. Small weight and dimensions

Justification for the choice of the type of battery ICA

Li-Ton batteries are advantageous for many factors. Many large foreign companies, producing Li-Ion
batteries, including space (SAFT, Eagle-Picher, ELECTROCHEM) recommend the use of Li-lon batteries for
micro-satellites. Li-Ion batteries is also possible to apply for the design, but with conditions: if they are purchased
from this company, and if the company conducted all the tests and ensures availability of the set in space. Li-ion

batteries cells of many other less suitable for installation on a satellite, so in what follows we consider this type of

battery [1, 2, 6].

i

battery

VOLTAGE
CURRENT

TIME charging end

Fig. 1. Charging cycle

Typical Li-Ion battery charging cycle is shown in Figure 1, where the charging process starts with constant
current mode until the voltage across the battery terminals reaches the full-charge [3-5].

Experimental part

During research experiment was carried out, the purpose of which was to charge the battery from the solar
panel and determine the time dependence of the charge and light.

On a sunny day the battery panel is perpendicular to the direction of the sun has been established, with a
multimeter identified lout = 52mA and U = 5.7V. These values have been enough to start the charging process.

The solar panel is connected to the battery by means of the adapter. Used experimental li-ion battery with

a capacity of 800mAh.
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Table 1. Process of battery charge time

Charge level,% Time, min
17 50
35 110
50 200
67 240
85 300
100 380

The battery is charged within two days, with 50% each (Table 1). It was determined regularity: less activity
of the sun, the longer the charging process. As a result, the current has become small and the charging process is
stopped. The battery has been disconnected, to avoid self-discharge, the next day, the process was repeated with a
similar pattern: the lower the sun, the longer the charging process. It should also be noted that the position of the
solar panel is constantly monitored and rotated to maintain a perpendicular position relative to the sun's rays.

As a result, the charge process took 380 minutes, it is fast enough at such a low value Iout and Vout. with
solar panels.

There were some attempts to make charge of the battery from the energy-saving lamps and halogen from,
in both cases, the charge process is not even started, because receives from the lamp is not enough battery energy, in

contrast to the sun.
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