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PecnyonuKaHCKUM WITA0 NO MHHOBALMOHHOMY PA3BUTHIO
Kaskocmoc pabotaer B COCTaBe HOBOIO MUHHCTENCTBA

Kocmuueckne nccnegoBaHus u texHonorum /04/ 2014

6 aBrycra 2014 roga Yxasom
ITpesupenra Pecy6muku Kasax-
cran Hypcynrana Hasap6aesa
co3aHO0 MUHNICTepCTBO MHBe-
cTuuuii u passutus. Ero rmasoi
ctan Acet Vcekenies.

HoBoe MuHucrepcTBo 10
MHBeCTMIMAM U pasBuTuio Ka-
3aXCTaHa OOBEAMHUT (QYHKINUU
MWHT, MTK, ArentctBa IO
CBSA3M ¥ MHPOPMAINY, a TaKXe
HanyoHanbHOro KOCMMYECKOTO
areHTCTBa. Bompock! sHeproad-
(eKTMBHOCTH, TeOJIOTMM TaKXKe
3aKPEIIAIOTCA 3a 3TUM MMHU-
CTE€PCTBOM.

Ilocme peopranmsanym us
68 CTPYKTYpPHBIX IIOAPa3eIe I
4-X O0ODBEenVHEHHBIX BEJOMCTB
(MMHT, MTK, ACH, HKA) B
coctaBe MUP PK ocrammucp 25

CTPYKTYPHBIX  IIOfpa3[e/ICHMIA.
TakuM o06pasoM, KOIMYECTBO
CTPYKTYpPHBIX  IIOAPAa3feIeHit

COKpaTmioch 6ormee 4eM B 2,5
pasa. B KoMIleTeHLIMI0O MUHH-
CTepCTBa Tellepb BXOAAT BOIIPO-
Cbl MHAYCTPMANbHO-MHHOBAIIN-
OHHOTO Pa3BUTHSA, IPUBICYEHNA
VHBECTUIINIL, TpaHC]epTa Tex-
HOJIOTMIA, B TOM 4YVCIIe Pa3BUTHUA
oTpaciell  IPOMBIIUIEHHOCTH
(ropHOpOOBIBatomass m  obpa-
GaTplBarolias) ¥ peanusanun
IIONIATHKY Ka3aXCTAaHCKOTO CO-
[ep>KaHVsI, TEXHNYIECKOTO pery-
NIMPOBAHN, SHEProcOepeXeHMs;
Pas3BUTHsI TPAHCIIOPTA U KOMMY-
HUKALuii, CBA3K, MHGPOpManun
u uHpOpMaTU3ALUM, TypuU3Ma,
KOCMMYECKOI Cepbl, Te0n1ornn
U HeJpOIOIb30BaHNUsA, obecre-
4eHMs IPOMBIIUIEHHON 6e3-
OIIACHOCTHL.

IToctranoBnennem IlpaBu-
tenbcTBa PK ot 14 aBrycra 2014
roga HamonampHOe KocMmmde-
ckoe arertctBo (HKA) PK 65110
Ipeobpa3oBaHO B A3pOKOCMIN-
yeckmit komurer (AK) Munn-
CTepcTBA IO WHBECTUMLVAM U
passuruio (MIP).

Hakanyne, 13 aBrycra 2014
ropa pacnopsixenyem Ilpembep-
Munncrpa PK Taiaratr Mycabaes
HasHayeH BHEIITaTHBIM COBET-
HUKOM raBsl KabmmHa mo Bo-
MPpOCaM TPaK[aHCKOM aBUALUN
U KOCMUYECKOI AeATeTbHOCTI.

21 aBrycra 2014 roga npuxa-
3oM rinaBel MVIP PK A. Vicekeme-
Ba T. MycabaeB Ha3Ha4eH IIpefi-
cemartesieM  A3POKOCMIYECKOTO
KoMuTeTa MuHMCTepCTBa 10 VMH-
BecTUIMAM U pasBuTuio PK.

C yueroMm mopyueHmit I'ma-
BBI rocyfapcTa Acet Vcekeles
oIIpefie/nl IepBOOYEpeHbIE 3a-
Ja4M 10 KOHIIA TEKYILIETO rofa, a
TaKKe NPYOPUTETHI JiesTeTbHO-
CTMI BEJOMCTBA Ha OIVKaIINIiL
rog. OH NOJYEpKHY/, YTO BCA
HesITeNIbHOCTh OyfeT Hampasiie-
Ha Ha COJECTBUE YCTOMYNBOMY
PasBUTUIO SKOHOMUKM CTPaHBI
IIyTeM IIOBBIIIEHNs KOHKYpeH-
TOCHOCOOHOCTH U 3 PeKTUBHO-
CTU peaIbHOTO CEKTOpa Ha OCHO-
Be IIpUBJIEUEHNs MHBECTULINIL 1
IpYMEeHEHNS IIepefloBbIX TeX-
Honoruii. Ilepen HOBBIM MUHM-
CT€PCTBOM IIOCTAaBJI€Ha 3ajjaua
obecrieynTh BBHIITOTHEHNE 3aIlIa-
HJIPOBaHHBIX TEMIIOB POCTa IIPO-
MBIIIJIEHHOTO  IIPOVM3BOJICTBA,
YCHENIHO 3aBEepPUINTb IEpPBYIO
IATWIETKY MHYCTpUAIN3aIuN
U TPUCTYIIUTh K €€ BTOPOMY
9Tally - peanusanyuy Iporpam-
Mbl VHAYCTpUAIbHO-MHHOBALIN-
OHHOTO pasBuTyA Ha 2015-2019
rogsl (ITVP).

Kak oT™MeTnn MMHUCTD, 5 7IeT
Has3ajl ImporpaMma I71aBbl rocy-
JapcTBa IO MHAYCTpUAIU3ALNAU
CTajla OTBETOM Ha BBbI3OBBI ITIO-
6aZTbHBIX 9KOHOMUIYECKNX M3Me-
HEHUII, TIPOUCXOJALINX B MMPpe.
CeropHs, IO €ro cjaoBaM, Ha
[EPBBIl IUIAH BBIXOAMT 6OOpbOa
3a CO3flaHMe KauyeCTBEHHBIX IIPO-
V3BOJVUTENBHBIX PAOOUMX MeCT.
IIpu sToM OIBIT NOCNIETHMX JIET
IOKa3al, 4To Hayboree yCTOi-




YVBBIM K IPOSB/IEHUAM KPU3MCa
B YC/IOBUAX BBICOKOV BOJIATHJIb-
HOCTM IIeH Ha ChIpbe SBJIAETCA
VMEHHO BBICOKOTEXHOJIOTMYHBII
00pabaThIBAIOIINIT CEKTOP.

Acer Vicexemes 3agBum: «B
VHHOBAaLMOHHON cdepe Kazax-
CTaH COCPeflOTOYNTCA Ha Tpex
OCHOBHBIX HalIPaB/ICHNAX:

® pasBuTMe  COOCTBEH-
HBIX HAyYHBIX KOMIIETEHI[UI, B
TOM 4YNC/Ie MaKCUMAaJIbHOE BO-
BJIeYEHEe HAYYHOIO IIOTEeHI[a-
JIa B pellleH)e BOCTpeOOBaHHBIX
SKOHOMMKOJI 33a/la4, HAaCTPOJMKY
cucreMbl ob6pa3oBaHMs Ha 0be-
ClledeHMe MHHOBAIMiI Heo6xo-
AVMMBIMI KafIpaMI;

®  peanM3alMIO  CTpaTe-
TV <yMHOTO» TpaHC(hepa TeXHO-
JIOTMI1, B TOM 4MCIIe obecIieqnBa-
IOLIIET0 TIPUTOK OIEPeKAILINX
TEXHOJIOIMII, HAXOAAIIMXCA Ha
PaHHUX CTafUAX Pa3paboTKy;

e  ¢opmmpoBanue 6aro-
TIPUATHOJ MHHOBAIVIOHHOM Cpe-
Abl, BKIIOYAs CTUMYIMPOBAHUE
CIIpOCca Ha VIHHOBAIIUM, YIPOILe-
HIle peTyIMpOBaHNA VHHOBAIM-
OHHOJI IeATeNIbHOCTH, Pa3paboTKy
3¢ peKTMBHOI CHCTeMBI 3aIUTHI
VHTEJUIEKTYa/IbHOJ  COOCTBEHHO-
CTVI, COBEpPIIEHCTBOBAHVE TEXHM-
4ECKOTO Pery/IMpOBaHsI».

ITo mopyuennto IlpesupenTa
PK crpana BpICTpaMBaeT HOBYIO
SKOHOMIYECKYI0 MommTuKy. Ona
Oyfer MOMTUKON YCTOIYMBOTIO
pocTa, B KOTOPYIO BXOLUT He-
CKOJIBKO ~CETMEHTOB: Ppa3BUTHE
CBIPBEBBIX CEKTOPOB, KOTOpbIE
obecrieyaT CTabMIBHOCTD MaKpo-
9KOHOMMYECKYI0,  (PUHAHCOBYIO
6asy I HaIbHENLIEro pocTa.
Bropoit cerMeHT — pBIHOYHO
OPVEHTUPOBaHHBIE CeKTOPBI.
310 0b6pabaThIBaOLas TPOMBIILII-
JIeHHOCTDb, ~ VIHAYCTpPMAIV3aIi,
KOTOpasi [aeT KadecTBO pOCTa,
CTabVIBHOCTD 11 Pa3BUTIIE KOMITe-
TeHIy. TpeTuit CerMeHT — WH-
HOBAIVIOHHBIE CEKTOPBI, KOTOPbIe
JA0T  KOHKYPEHTOCIIOCOOHOCTD
Oyny1ero. YToObI He OTCTaTh, MbI
JOJDKHBI STVM 3aHUMATBCSL.

Ceifuac MOXHO C yBepeH-
HOCTBIO CKa3aTh, YTO Ojaropaps

nopgepkke I7maBbl rocymapcrsa
BBICTPOEH KapKac MHHOBALMOH-
HOII cucTeMbl. [IpyHATHI mecATKI
HOPMATMBHBIX IIPAaBOBBIX AKTOB,
BIIEPBbIE TIOABMIIVICD MHCTPYMEH-
ThI TOCIIOANEPIKKN NTHHOBATOPOB,
peanmusyroTca BaKHENIIVe Kia-
CT€pHbIE MHUOVATUBbI — Ha-
3apbaeB YHuBepcurer 1 Ilapk
VMHHOBAIL[IOHHBIX  TEXHOJIOTUIL,
MOABJIAIOTCSA HOBbIE M ONITYMU3Y-
PYIOTCA [IeMICTBYIOMIVE 9/1eMEHThI
VMHHOBAI[IOHHOM CUCTEMBI.

INocTpoenne MHHOBALMOH-
HOJI 5KOHOMUKM B IIEPBYIO O4Ye-
penb 3a cyeT MHHOBAIVIOHHON
UHYCTPUM — 3ajjaya Hempo-
cras. OpHako y Kasaxcrana ectb
BCe IIAHCBI, B TOM YJICTIe 3a CYeT
Takux (PaKTOpOB CBOel KOHKY-
PEHTOCIIOCOOHOCTH KaK:

[ ] CUIbHAA IIOJIUTUYE-
CKasl BOJIA HAIIIeTO IPe3NU/eHTa;

® 5SKOHOMUYeCKasd U IIO-
JINTUYECKass CTaOWIbHOCTD B
CTpaHe;

® CWIbHasgA  BepTUKA/b
Bracty (elje pas OTMETMM, YTO
nmbepanusanyst IPUCyIia 9BO-
JIOLMOHHOMY  IIyTHU
neHus, A (GOpCUpOBaHHOTO
PasBUTHS HEOOXOAVMBI KOHCO-
MDA Y QVCIIUINHA);

[ ] Manada AIMUHICTpa-
TUBHO-9KOHOMMYECKass  MHep-
LIIOHHOCTD (y Hac ropasyo jierde
IIPOXOAUT IIpOBefieHre pedopM,
4yeM B 60JIee KPYITHBIX CTPaHaX);

®  pecypcHas CaMOJIOCTa-
TOYHOCTD;

®  BBICOKasA  BOCIPUMM-
YMBOCTb Ka3aXCTaHIIEB K HOBBIM
3HAHMAM.

[Tpnyem nocexHmit haxTop
SIB/ISIETCST OCOOEHHO Ba)XXHBIM B
CK/IaZIbIBAIOIIVIXCS YCIOBUAX —
TOJIBKO HapallyBaHNUe KOMIIe-
TEeHIIMI II03BOIUT HaM CO3JaTh
6a3y [ YCTOMYMBOIO pOCTa
SKOHOMMKM U  IIpOLIBETaHUA
CTpaHBbL.

Briepenu erie MHOTO 3afa4 1
TPYHZHOCTe}, KOTOpble IPefcTo-
ut npeoponers. Ho camblit nep-
BbII — OH >K€ CAaMbII1 CIOKHBIN —
IIar B BEPHOM HampasjeHun Ka-
3aXCTaH Y)Ke CfiefIajl. [ ]

CTaHOB-
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TEXHOJIOr'MA

A3nocMuueckoe marepvuanoseaeHue
AOIKEHO ObITh APaNBENoOM Pa3BUTHA
marepuanoseaeHua B KasaxcraHe

XXymabek XXAHTAEB Mapat MICMAWJ10B
[JokTop du3nKo-MaTeMaTUUECKUX HayK, [OKTOp TEXHNYECKUX HayK
yneH-koppecnoHaeHT HAH PK AO «HLKUT>»

AO «HLUKUT»

2016 romy B r.AcTaHe

3aIycKaeTcs Ipou3-

BOJICTBO KOCMMYECKUX

anmaparos (ganee- KA)
B COBMECTHOM Ka3aXCTaHCKO-
bpaHIy3cKkOM — IpeAnpusaTun
CII TOO «Fanam». Kak usBect-
HO, BCE MAIIMHOCTPOUTE/IbHbIE
[IPOM3BOACTBA HAYMHAIOTCI C
KOHCTPYKLMOHHBIX ¥  (pyHK-
[[MOHATIBHBIX MaTepuaos.
O6s13aTe/IbHBIM  YCIIOBUEM IS
pPasBUTKsI COOCTBEHHBIX KOH-
CTPYKLMOHHO-TE€XHOJIOTUYECKUX
pelLeHnit ¥ HalaXUBaHUS MPO-
U3BOJICTBA KOMIUIEKTYIOIIMX
ABJIAETCA JOCTYIHOCTD K IIMPO-
KOMY KpYyTy MaTepuasoB, Xapak-
TEPUCTUKN KOTOPBIX HEIPEpPbIB-
HO COBEPILEHCTBYIOTCH.

KOCMHYECKHX annapaToB

Vicropudeck  CIIOXWINCH
LIEHTPBbl MaTepyanoBefeHNs I
KOCMUYECKOM TeXHuku B Poc-
cam (CHI) u crpaHax 3amapa
(Bo MHOTOM MHTerpMpOBaHHEIE).
3agaya a9pOKOCMUYECKOIO Ma-
TepUaTOBENIeHNsT COCTOUT B CO3-
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JaHUM MaKCUMAaJIbHO JIETKUX U
HaJI©KHBIX KOHCTPYKLIMN, CTOi-
KUX K IIeperpysKam, BUOpanysiM
" akTOpaM KOCMUYECKOTO TIpO-

CTpaHCTBa. Hwmxe NIpUBENEHDI
OCHOBHbIE KOHCTPYKIIMOHHbIE
MaTe€puaibl, VCIIOIb3yEMbIE B

Poccun nt EBporie g npoussop-
crea KA [1-3].

1.1 AnroMIHIEBBIE CIUIABHI,
I/1A M3rOTOB/IEeHNA KopirycoB KA

ITpoyHOCTHBIE XapaKTePUCTUKI

Mapxka ITonydabpukar
AMr6 JIVICT , IITAMIIOBKa,
14-372 147-284 -19,
(p= 2,641/M*) npodub, TpyoOsI 70 314-37 7-28 IS
1420(;?;{3‘;?/2’:;‘” | oy e, s 74 352-490 | 235-360 5-10
1
>7 (’;e_”;pg‘;j‘;f)a“ S¢ nncr, npodus 74 400-480 | 310-430 7-13
J16
(p = 2,78 T/sf%) JUCT, IpOIIb 70 145-475 252-360 8-11
AMr2H dompra s COTOUBI)IX 200 15
3aIIO/THNTEIEN
5056 (CIIIA) dompra s COTOBBIX 230 1
3aIIO/THNTEIEN

1.2 MarauesBbie CIIaBbI

CrmaBbl Mapoxk MJI5, MAS5,
MA20-CII, BMJ15, BMIJI20,
BMJI18 u ap. YpenvHast Bubpa-
LMOHHAA Ipo4HOCTh B 100 pas
60b11Ie frOpaTIOMUHNS 1 B 20 —
6onbiue crami. Vcrmonbsyrorcs
IJIS1 MIBTOTOBJIEHNUA JeTasnell, pa-
6oTaOIUX B YCIOBUAX BUOpa-
LI WIN 3HAKOIIEpEMEeHHBIX Ha-
rpysok. ITopAgky NpoYHOCTHBIX
xapakTtepuctuk: 0B < 400 MIla,
00,2 < 300 MIIa, § ~ 5%, E ~ 45
ITla, p = 1,74 1/M3.

1.3 TuraHOBBIE CIUTABBI

Jlns mpomsBopcTBa Imap6a-
noHoB KA mcnonb3yroTcs ciuta-
Bl BT1-2, BT6c, BT23, OT4,
OT4-1, umeromue cregyoIIne
IIPOYHOCTHBIE XapaKTePUCTUKIL:
oB < 1300 MIla, E < 112 ITla,
8 = 6-15%, p = 4,5 1/M* Hepo-
CTaTKOM CYMTA€TCA yMEPEHHBIN
II0 BE/IMYNHE yHeHbeIﬁ MOJYyIb

YIPYroCTH, YTO IPUBOAUT K
3HAYUTENbHBIM  fedpopManuaM
usfenuit npy OONbIINX Hamps-
JKEHMAX.

1.4 Yrnennactuku

Hcnionb3yrorcsa yIe-
ponuble neHTH «Kymon Il»,
9J1YP-0,08I133Y.0336.050,
JIY-I1, YT-900; CBA3YIO-
mue BK-36PT 33Y.0336.050,

OHOL 33Y.0336.024, OH®B
33Y.0336.024. Matepuanbl MMEIOT
xapakrepuctuku: oB = 600-800
MITa, E = 65-250 I'Tla, p = 1,5 1/
M’, K09hOULMEHT TepMUYECKOTO
pacumpennst O/M3KMIT K HyJIO.
ITepcriekTuBHBIe 00pasLpl MMe-
0T XapakTepuctukim: oB = 1600
MIla, E =300 I'Tla. YenbHblit Bec
YITIETIACTUKOBBIX U3MENNI Cpeay
KOHCTPYKIVIOHHBIX ~MaTepuanoB

TEXHOJIO'MA
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KA nenpepriBHO Bo3pacraeT. Ma-
TepMal CuMTaeTcsa Haubonee Ha-
YKOEMKUM Y JOPOTYIM.

1.5 Cranu
CrmaBbl 30XI'CHA,
12X18H9T, 20X13H4T9,

12X18H10T, 15X8H12CA4TIO,

07X16H6, BHC2 u ip. Han6omb-
LIy} MPOYHOCTb U TEXHOIOTUY-
HOCTb UMEKT MAapPTEHCUTHO-
CTaperlye CTaau, MPOYHOCTDb
KOTOpBIX cocTaBnAer oB < 2,5
Ila, 60,2 < 2 I'Tla, § = 8-10%,
E = 200 I'Tla. i3 matepuana fe-
MAIOT TPY>KMHBI, 9]IEMEHTBI Kpe-

AN (pe cp) a.10-6,

II€XXa, apMaTypbl, aBTOMaTUKN 1
TPYOOIIPOBOJIOB.

1.6 EBpomeiickue KOH-
CTPYKLIMOHHBIe ¥  (YHKIHU-
OHAJbHBIE  MaTepuaabl A
NMPON3BOACTBAa KOPITYCOB U IO-
nesHoi Harpy3ku KA

Marepuan E, I'Tla (x 1000) wim K IIpumevyanue
SiC 100 420 83 2,2 i‘l’)’;ﬁpz}f‘e’ﬂ:}ﬁm STIEMEHTEI
Curann 92 1 0,02 Omntrka
bepumumit 287 61 11,3 CumnoBble 371eMEHTHI
CeSiC 250 71 2,1 OJIEMEHThI 3epKajl
AnroMuHMEBBIi criaB 6061 70 69 23 Heranu xopiyca
3;::::;:“1/[1( MBSJ/RS 3M 120 20 -04 Hetanu Kopiyca
Yrnenmactux M55J/RS 3M
iSotropelBx00+ 3 5] 282 39 -1,6 Heranu xopiyca
TuraHoBit crtaB TA6V 108 3 8,5 baxu ma rasos u Tomnmsa
WuBap 140 3 1,6 Kopmyca ontuku
Cranb 210 19 12,5 CunoBble 371€MEHTBI
Menp 100 115 16,5 Termn006MeHHUKI
Jlatysp UZ40 (lation) 92 38 20,8 Vi3menust CTIO>XHOI (pOpMBI
bponsa 106 15 17,5 Vspenus cnoxHoit GOpMBbI
Cmnas Al-Be 162 180 62 14 Papguosnerponnka
Marnnit 45 85 27 CunoBble 3/1€MEHTBI
Bepumnesas 6poHsa 130 14 17 CunoBble 97€MEHTbI

Kocmnueckne nccnenosanus v TexHonoruu /04/ 2014




1.7 HoBble TEXHOIOTUM Ma-
TepHUanon

B mocnenHee Bpems 605b-
110 MHTepec NpOoABAAETCA K
MeToflaM YIPOYHEeHUs MaTepu-
a7loB MyTeM WUX HAHOCTPYKTY-
pUpOBaHMsA WHTEHCUBHOI II/Ia-
crudeckoit pedopmanyeir. Tax,
HammpuMep, B  aTIOMMHIEBOM
CljlaBe, JIETUPOBAaHHOM  IMp-
KOHMEM U CKaHJMEM M IMOJBep-
THYTOM JHTEHCUBHOMY IIjIa-
CTUYECKOMY JiehOPMIPOBAHMIO
Kpy4eHUeM, YHANnoCh HOOUTHCS
YMeHbLIEHNUS pasMepa 3epeH [0
70-100 HM. B pesynbTaTe crias
MTOKA3bIBAET BBICOKYIO TBEPHOCTD
mo 200 Hv u mpepen Tekydectu
Ha pacTsxenue fo 900 MlTa. ITo
MIPOYHOCTHBIM ~ XapaKTepUCTHU-
KaM HaHOCTPYKTYpMPOBaHHBII
QTIOMUHMNEBBIN CIUTaB NpyUO/IM-
JKaeTcs K CTalu.

B cBAsu ¢ mmpoxumu 1ep-
CHEKTUBaMM TIPUMEHEHMS TeX-
Honoruu 3D- mpuHTHMHTA /1A 13-
roToBieHus perameir KA Bcraer
BOIIPOC O HPOU3BOJICTBE METal-
JIMYECKMX TIOPOUIKOB C HY>KHBIMU
XapaKTepUCTUMKaMu. [l 1pous-
BoxicTBa KA TpebyroTcs BBICOKO-
a¢dexTBHBIE  TEpPMOpEryIUpy-
IOLLME MOKPBITUSA, Ky, CMasKu,
TepMEeTHKH, CTOVIKME K (aKTopaM
KOCMIYECKOTO TIPOCTPAHCTBA.

2 JKcnopTHbLIE OrpaHHYeHHA
Ha MaTepHanbl
KoHcTpykioHHbIe 1 PyHK-
LIMOHA/IbHbIE MaTepUanbl C BBI-
COKVIMU XapaKTepPUCTUKAMU IO~
IIAJ]AI0T TIOZ, PEXXMM 3KCIIOPTHOTO
KOHTPOJISI TOBAPOB U TEXHOJIOT M
JIBOVIHOTO HasHaueHMA. K JaHHOI
KaTeropuy IMOAIAfAl0T Hanboree
BOCTpeOOBaHHbIE  MaTepuabl:
BBICOKOMOJIY/IbHBIE, BBICOKO-
[POYHBbIE KOMIIO3UTBL (IIpeXxpe
BCETO, YITIEIUIACTYIK), ATIOMIHIE-
BBI€E CIIIaBbI C OB > 415 MIIa, mar-
HUEBBIE CITIaBbI C 0B = 345Ml1a,
TUTAHOBbIE CIUIaBbI ¢ 0B = 900
MIIa, MapTeHCUTHO-CTapeloliye
CTajIy, OT/ie/IbHbIE BU/BI IIOPOIL-
koB u T.4. [4]. VImnopt Kasax-
CTaHOM MAaTepMaloB KaTeropuu
ABOHOTO HasHaveHus  Oyper
CBA3aH C TPyJHOCTAMMU. BBupy
9TOTO BO3HMKAET HACTOSATE/TbHAS
HeoOXOIMMOCTD Pa3BUTHSI OTede-
CTBEHHBIX T€XHOJIOTUII U IIPOM3-
BOJICTB.

3 CocToAHHE NPOH3BOACTBA

KOHCTPYKLLHOHHbIX
MarepHanoB B Kasaxcraxe
ITpombIlIIEeHHOTO  TIPOMS3-
BOZICTBA KOHCTPYKI[IOHHBIX U
(YHKIMOHAIBHBIX Marepua-
noB B KasaxcraHe IpakTuyeckn
HeT, OfIHAKO VIMEIOTCS XOpOIINe

TIPEAIOCHIIKMA IS UX CO3JaHM.
Crpana ABnfercad 3HAYMMbBIM
IIPOM3BOIUTE/IEM ~ METa//IOB Ha
MIUPOBOM pBIHKE: Iopsaka 10
MJIH. T/TOf, TIepBUYHON CTajl,
250 TbIC.T/TOJ, TIEPBUYHOTO ajIio-
MWHMA, 26 TBIC.T./TO] TUTAHOBOI
ry6ku u 500 T/TOJ TUTAHOBBIX
crtaBoB (¢ gosemenueM 1o 5 000
T/Tof Xk 2020 TOfY), HECKOIBKO
TBIC.T/TOfi, MarHMA (KCIOPT co-
crasiger 1-1,5 Toeic.1/TON), 20-40
T/Top, 6epwms. Vimeercs mpo-
M3BOJICTBO METAj/IOB, MCIOJb-
3yeMbIX WM MOTEHIMATIbHO MO-
IyIMX OBITh MCIOTb30BAHHBIMU
VI IPOU3BOJCTBA KOHCTPYKIIM-
oHHbIX citaBos: Cu, Pb, Zn, Nij,
Mn, Cd, Sc, In, Tl, Ta, Te, Nb,
Ce, La, Ga, Bi u gp. HempeprisHo
pacumpsieTcss HOMEHK/IaTypa Bbl-
ITyCKAeMBbIX JINTATYP.

ChbIpbe B Bijie METAJUIOB UJIET
Ha 9KCIOpT, a norpebHocts Ka-
3aXCTaHa B KOHCTPYKIMOHHBIX
Marepuanax IIMPOKOTo IOTpe-
Omenmst  (CIUTaBax) —IOKpBIBAeT-
¢ 3a cueT mMmuopra. ToapHble
KOHCTPYKIIMOHHbIE ~ MaTepMasIbl
MMEIOT 3HAYNUTENBHYI0 OGOJIBIIYIO
IpuOaBOYHYI0 CTOMMOCTD, €M
BBITYCK IIEPBUYHBIX METaJUIOB.
Hampumep, Kasaxcran skcnop-
TUPYeT IEePBUYHBIA A/TIOMIHNI
o exe 2020 $/t, umMnoprupyer

TEXHOJIO'MA
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a/IIOMUHMEBbIE CIUIAaBbl IO Cpefi-
Heil 1jeHe 6063 $/T. Pasmep HOpMbI
IpUObUIN BO3PACTAET C yBemye-
HJeM K/Iacca M KauecTBa MaTepu-
ama. Hanboree kadecTBeHHbIE Ma-
Tepuasbl He TOJIBKO IOPOTH, HO U
CTaHOBSATCS CTPATETMYECKUMU 110
3HAYEHMIO, UX OTHOCAT K KJIaccy
MaTepuasnoB JIBOJHOTO HasHaye-
HMA M HaK/Ia[[bIBAIOT OTpaHyye-
HIIA Ha 9KCTIOPT.

B Hacrosmiee BpeMs IIpo-
JOYKIMA YEPHOW U IIBETHOW Me-
taryprun Kasaxcrana orpanm-
ymBaercsa 1-m, 2-M , ¥ 9aCTUYHO
3-M nepepenamu. Panee B crpane
HIpePUHUMANNUCh  OT/ie/IbHbIE
MONBITKY aKTUMBALUM 3-5 mepe-
Te/I0B, T.e. IIepeXOofia K BBIIYCKY
KOHKYPEHTOCIIOCOOHBIX  TOBap-
HBIX KOHCTPYKLMOHHBIX Ma-
Tepuanos, MonypabpukaroB u
usgenuit. OfHaKo B IOCIENHME
TOfBI  OTMe4aeTcs OOpaTHBIN
IpOLeCC IafeHNs 3KCIOopTa U
YBEeIMYEHUS MMIOPTA IPOAYK-
oy (MarepuasoB) C BBICOKOIL
B06aBIEHHOI CTOMMOCTBIO.

JuBepcudukanmsa 3SKOHO-
MMKM CTpaHbl Ha CUCTEMHOM
ypoBHe npegycmorpena B T'ocy-
IApCTBEHHON IporpaMMe MHAY-
CTpMANTbHO-NHHOBAIMMOHHOTO
pasButus Pecry6rmuku Kasax-

cran Ha 2015-2019 rops! [5], rae
OJHUM U3 IPMOPUTETOB OIIpefe-
JIEHO oIlepekarolljee Pa3BUTHE
06pabaThIBAOIEll IPOMBIIIIIEH-
HOCTM, B TOM YMC/Ie MAIIVHO-
CTPOEHNSA ¥ METaI00OPabOTKIL.
CpenaH aklleHT Ha yBelIMYeHMe
BBINTyCKAa HOBOJ IPOAYKINU B
BUJI€ MAaTE€PUAIOB U U3JENUI U3
6a30BBIX META/VIOB IyTEM CO3-
JaHNA HOBBIX KOHKYPEHTOCIIO-
COOHBIX IPON3BOJCTB.

ITpesunentom Pecry6myxn
Kasaxcran Hasap6aeBsim H.A.
B fekabpe 2012 roga mopydyeHO
ITpaBUTENbCTBY CTpaHbI HadaTh
paboThl 110 CO3[AHUIO HAI-
OHAJIPHBIX K/IACTEPOB HOBOTO
IIOKOJIEHN, B TOM 4MC/Ie KiIa-
CTepa IO MaTepMaIoOBeNeHMIO.
ITocranosnennem IlpaBurenn-
crBa Pecriybnmku Kasaxcran or
11 oxtsbpst 2013 roma Ne 1092
yrBepkieHa Konuenius ¢op-
MUPOBaHUA IepCIIeKTUBHBIX
HaIlMOHAIbHBIX KJIacTepoB Pe-
cy6rmkn  Kasaxcran po 2020
roga. IToTeHI[MaNbHBIM KIacTe-
POM  «3KOHOMUKM OyAylero»
onpenener  AOO «Hasapb6aes
VHuBepcuTeT», ¢ MOJKIACTEPOM
MaTepyaNoBefieHNs CO CIIel-
anmMsalueil B MPOM3BOJICTBE HO-
BBIX MaTepHanoB.

Co3maHme  IIOJTHOBECHOTO
K/Iacrepa MaTepuanoBeeHNs
ABJIAETCA JIOITOBPEMEHHOI 3a-
Iavei, OYeBUIHO, He OTHOTO fe-
CATUIETUS.

MaTepHanoBe1eHHA

C Lenpr0 yOBIETBOPEHNUSA
noTpebHOCTEN CO3JJaBa€MOT0
npoussogctea KA B CII TOO
«Famam», a Taxke 3apoXkuao-
IIMXCA OTpacyeil aBUacTPOEHU
U MAaIIMHOCTPOEHMS B LIEJIOM,
AO «HIKHWT» aktuBusupy-
eT CBOI paboTy IO CO3[AHUIO
OTe4YeCTBEHHBIX TEXHOJIOT I
IIPOM3BOJICTBA MaTepuanoB. 3a
npourefuye 5 ner paspaboTaHbt
6a30Bble TEXHONOTMU IIPOU3-
BOJICTBA a/IIOMMHUITI-MarHeBbIX
crtaBoB AMr6, AMr4, AMr2,
mropamoMyHENA /116, MarHueBbIX
BbICOKOl'[pO‘IHbIX u cpenHenpoq-
HbBIX crmaBoB MJI5, MJI6, MAS5,
MAZ2-1. JlaboparopHble 06pa3-
LBl MaTepuajoB COOTBETCTBY-
0T JIeJICTBYIOIIVM CTaHJapTaM
U TIPOMBIIUIEHHBIM 0OpasiaM.
OmnbITHBIE TAPTUN STUX MaTepu-
aJIoB, IIpY HA/IMYMU 3aKasa, MO-
TYT OBITH BBINYIIEHDI B KOHIIEPHE
AJIITIPO® r.Anmarsl. basoBsie
TEXHOJIOTMM IIO3BOJIAIOT IIepe-




TEXHOJIO'MA

ATM K CO3[AHMIO TEXHOJIOTMIA
IIPOM3BOACTBA  SKCK/IIO3MBHBIX
MaTepuaoB ABOMHOTO HazHaye-
HuA. Orta paboTa MpefCTOAIINX
netr. AO «HIKWT» npucrynaer
¢ 2015 ropa x paboram IO cO3-
TAHUIO OTEYECTBEHHBIX TEXHO-
JIOTMII HPOM3BOJCTBA BBICOKO-
IIPOYHBIX U BBICOKOMOJY/IbHBIX
YIJIENNACTUKOBBIX MU3MENuil as-
POKOCMIYECKOTO KJlacca MeTo-
mamy GOPMOBKY KaK «MOKPOT»
HaMOTKOJ, TaK U IIPeccOBaHMU-
eM. Paspupaercs Hampasnenue
II0 TEXHOJOIMAM 3alUTHBIX U
TEPMOPEryIMPYIOIUX  IOKPBI-
tuit. Ilo 3ToMy HampapeHUIO
IOTy4eHbl OpPUTUHATIbHBIE pe-
3y/IbTaThI.

Mexzy TeM [N IIOTHOTO
YHOB/IETBOPEHUS HYX], a3po-
KOCMMYECKOIT OTpaciu (a Takxe
HOBBIX OTpacyeil MallMHOCTPO-
€HUA) B KaYeCTBEHHBIX, KOHKY-
PEHTOCIIOCOOHBIX — MaTepuanax
HY>XEH CEpPbe3HbIil, CHUCTEMHBIN
MOIXO, K pEIIeHUI0 3TOW 3a-
pgaun. Ha Ham B3riAp, mepBbIM
araroMm B 3TOM HAIIpaBIE€HUU
IO/DKHA OBITh pa3paboTKa rocy-
JApCTBEHHON I1Ie/IeBOV HAy4YHO-
TeXHOJIOTMYECKOJl IPOrpaMMbl
II0 a9POKOCMHIYECKOMY MaTe-
puanosefienuio (mamee — IIpo-

rpamma). IIporpamma [fomxHa
CO3[]aBaTbCsl Ha TIPYMHIMIAX: 1)
060CHOBAHOTO [IePeYHsI AKTyaIb-
HBIX 3ajlad a3POKOCMITIECKOTO
MaTepuanoBeeHns U IyTel UX
peleHus; 2) B Ka4ecTBe MCION-
Hureseit IIporpaMmMsl IpuBIeYsb
HayuyHble yupexpeHus m BY3wr
CTpaHbl, MMEIOLINe peaTbHbIE
MPeAIOChUIKM K Pe3y/IbTaTaM;
3) moocHaleHMe MCIIOJIHUTE-
neit IIporpaMMbl COBpeMEHHBIM
HAyYHBIM U TEXHOJOTMYECKUM
obopymoBaHueM; 4) pasBUTHe
ONBITHBIX  IPOM3BOACTB /I
ampobaryuy M BHEPEHWs TeX-
HOJIOTMIA; 5) pellleHne BOIIPOCOB
MIOATOTOBKM KafIpOB IO HaIlpaB-
NeHNsIM pabor.

AO «HIOUKUT» coBMecTHO C
VCHOJTHUTE/SIMU IUTAaHUPYeT Ha-
9aTh 9Ty pabory.

A3pOKOCMIYECKOE MaTepu-
aJIoBefleHe HeTb3sl CUUTATDb Y3-
Koit orpacnbio. Hao6opot, oHo,
HAaXO[sChb HAa CaMOil BepIUNHEe
IMpaMufbpl TeXHOMoruii, Oyner
peaIbHbIM [paiiBepoM pasBUTHUA
MaTepyualoBefieHNs] B CTpaHe.
HocTixenusa B 3TOil OTpacin
OyAyT MMeTb MYIbTUIIMKATHB-
HBII 9ddexT 1 Beeil obpaba-
TBHIBAIOIIENl  IPOMBIIITICHHOCTH
CTpaHBbl. |
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Investigation the possibility of determining
soil moisture in northern Kazakhstan on the
basis of remote sensing data in the micro-
wave portion of the spectrum

KocMuueckne nccnenoBaHust u texHonorum /04/ 2014

Abstract

Soil moisture is a critical fac-
tor affecting the production of
wheat across northern Kazakh-
stan. In an effort to understand
and monitor how soil moisture
effects yields, we used probe data
to detect fluctuations, and relate
them to variability in the satellite
derived wetness values. The soil
moisture observations, provided
by probe measurements, serve as
calibration points to the satellite
measurements. The regression
equations derived from these rela-
tionships, identify the covariance
between the quantities. Many
of the relationships between the
probe data and wetness index
were meaningful, and can be uti-
lized to effectively identify how
upper level moisture fluctuates in
Northern Kazakhstan during the
important period of wheat pro-
duction. The slope and intercepts
of the equations determine the
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ratio between the two measure-
ments, and the intercept identifies
when the soil is effectively dry, rel-
ative to the satellite observation.
Generally, there were two unique
relationships, one for the summer
season (June, July and August)
and one for May, when there was
nominal vegetation covering the
surface. Findings from this study
were highly significant and can be
applied in near real time, in order
to monitor the distribution of up-
per level soil moisture across the
northern oblasts of Kazakhstan.

Introduction

The three northern Oblasts
of Kazakhstan are the major
sources of quality wheat (80 %
of total wheat yields in Kazakh-
stan). The limiting factor of
wheat yields is soil moisture in
the region. Since food security
is essential to national welfare, as
well as international cooperation

across central Asia (Weinthal, E.
2002), we associate available soil
moisture to the stability of the
region. The extreme variability
in the weather, and the potential
impact of climate on water and
yields has prompted concern
that the region is vulnerable,
(limited resilience) to climate
change (V6résmarty, et al. 2000).
Therefore, it is important to un-
derstand the amount of moisture
in the soil throughout the region
(Robinson, et al. 2008), particu-
larly during the active period of
the growing season. They use
information from regional net-
work of moisture probes in the
three oblasts of Northern Ka-
zakhstan: 1. Kostanay, 2. North-
ern Kazakhstan and 3. Akmola
to help predict fluctuations in
crop yields. Probe data (PD) has
availability in less than 50 sites
through the region, and the data
is not available in a digital format
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until months after the observa-
tions are made. At the same time,
soil moisture is very volatile even
at short distances. Before data
can be applied, it must be digitize
and quality controlled, which can
significantly delay its application
and utility for assessing growing
conditions in the region. These
are some inherits strengths and
weaknesses in the in situ PD used
in the study.

An alternative approach is to
use remotely sensed observations
from space. There are several ap-
proaches to accomplish this goal.
For instance, Alsdorf et al. (2007)
provides an overview of many of
the techniques and their appli-
cations. Griffiths and Wooding
(1996) describe how Synthetic
Active Radar (SAR) can be used
to monitor temporal variability
in soil moisture. In this study we
will utilize a Wetness Index (WI),
which is derived from the Special

Sensor Microwave Imager (Basist,
et al. 2001). These WI observa-
tions are available in near real
time, and are provided as weekly
and monthly products. In this
study, the PD is considered truth,
and correlated with sensed obser-
vations (surface wetness), as iden-
tified by the SSMI. Therefore our
goal is to determine if there is a
meaningful relationship between
upper level soil moisture (as iden-
tified by the probe measurement)
and the surface wetness index
observed by the SSMI satellite in-
strument.

The study will use the val-
ues of the WI to predict the soil
moisture during the important
months of the growing sea-
son: May, June, July, and Au-
gust. The hypothesis is: that the
relationship between the two
measurements, could be applied
throughout the wheat growing
area. It would provide near real

time values, while the probe net-
work data may only be available
months later.

Methodology

The primary goal is to derive
a relationship between probe and
satellite measurements. The PD
is available on a ten day period,
when the measurement is nor-
mally taken on the 8th, 18th, and
28th of the month. Although the
measurement could have been
delayed a day or two, if it was
raining during the regular day
of the observation. Therefore we
have a potential of three obser-
vations a month at each station.
The period of observations began
in 2003 and extended through
2012, although the data in the
early half of the record tends to
be sparse.

Probe data (PD) is provided
from three Oblasts: North Ka-
zakhstan, Akmola, and Kostanay.

Kocmuueckne uccnenoBaHust n texHonorum /04/ 2014
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Since the PD is our calibration
source, we chose to simulate these
observations with the WI. We
chose the coincide probe station
that falls inside a 33 km by 33 km
satellite pixel, and if the probe was
near the boundary of the two sat-
ellite pixels, we included the aver-
age of multiple pixels against the
probe measurements. A concern
is one probe measurement every
ten day period, while the WI com-
bined up to 14 observations into
a weekly observation. Therefore
we had to find an appropriate re-
lationship between the two meas-
urements, and associate them
over the period of record. We did
this by giving a higher weighting
of the satellite data that had the
best correspondence to the end of
the ten day period.
None-the-less, we realize
that there is a fundamental dif-
ference between the two obser-

vations. Fortunately, soils tend
to have considerable lag respond
and memory of recent rain and/
or snow melt events. This prem-
ise allows us to view the two
observations as complementary
procedures, that would have co-
inciding variability in their meas-
urement of upper level soil mois-
ture. Moreover, we believe that
there would be sufficient periods
when the relationships would be
apparent, a clear signal would be
detected, and we could derive a
statistical formula that identifies
their relationship.

In order to extract that rela-
tionship, we were cautious about
outliers and unreliable data, and
thus, removed all questionable
data from the analysis. We also
recognized that there would be
many times that the two data sets
would be measuring considerable
different conditions, based on the
way there independent measure-
ments are derived. By being lib-
eral about which data to retain in
the analysis, we achieved encour-
aging and stable results.

In order to simplify the study
of their relationship, we assumed
a linear relationship between the
corresponding data sets. Origi-
nally, data was parsed into inde-
pendent relationships for each
probe station. The stations that
demonstrated meaningful rela-
tionships between the two data
were retained in the subsequent
analyses.

The PD (dependent vari-
able) was regressed on the WI
(independent variable) for each
station and monthly time step.
Then, independently for each
oblast, a combination of the
probe stations were combined to
generate to regression equation
for each monthly (May-August).
In the event that months share
similar model parameters they
were combined into compos-
ite models. This led to making a
composite model for June, July,
and August, while May retained
its unique model equations.

Since our goals was to iden-
tify an equation that promoted
high precision and retain a high
degrees of freedom, we decided
to merge the data among all the
three Oblasts. This would allow
us to converge on the true rela-
tionship among two data sets,
and would give us greater con-
fidence in the skill in predicting
the soil moisture from the WI. It
was apparent from the slope and
intercept, as well as regression
equations: that they came from
the same distribution (popu-
lation). Therefore the months
and oblasts could be effectively
merged into a more comprehen-
sive model, that could be used
predict the probe observation
from the satellite derived meas-
urements.

There are numerous ap-
proaches to derived soil moisture
from in situ observations. Arya
and Paris (1981) describe how to
use models that combine physi-
cal and empirical measurements
to detect the bulk distribution
of moisture in the soil. Cam-
bardella, et al. (1994) uses em-
pirical techniques to detect the
spatial distribution in soil mois-
ture across areas in Iowa. Hau-
brock, et al. (2008) developed a
technique to employees hyper-
spectral and field observations
to detect the quantity of mois-
ture in the soil. Kodikara J., et al.
2014 demonstrates how neutron
probes can identify the amount
of water in the soil. We will use
data from the Kazakhstan probe
station network, which began
during the Soviet era, and it was
part of the world’s largest net-
work of soil moisture measure-
ments. The technician uses a tool
to extract a profile of soil from a
location designated as one of the
observation sites. Then the plug
of soil is weighed, to obtain the
total weight of soil and moisture,
after which time the plug of soil
is slowly heated to evaporate all
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the moisture available to plants.
The plug of soil is then weighed
again, in order to obtain the vol-
umetric weight of water that was
held in the volume of soil.

These in situ measurements
have great value, as they are di-
rect observations into the soil
moisture profile. Measurements
are made in three profiles, top
20 c¢m, top 50 cm and top 100
cm of the soil. Since the satellite
observations is much closer the
top 20 cm of the soil, and it was
the most complete data set of the
three, it was used in the analysis.

Because in situ measure-
ments are single point observa-
tions, they may not effectively
represent the surrounding area
to which they are generally ap-
plied. Moreover, since precipi-
tation and soil water holding
capacity has a lot of spatial vari-
ability in a small area, the single

QuikSCAT

measurement may not represent
the true distribution of soil mois-
ture in the larger area. Consid-
ering the challenges of monitor-
ing soil moisture directly, we
demonstrate a simple yet robust
procedure to predict upper level
soil moisture from surface wet-
ness values derived from satellite
data. We utilize the Basist Wet-
ness Index (BWI) as a surface
wetness index that ranges from
zero, which represents no water
detected near the surface, to a
percentage of the radiating sur-
face that is liquid water. There-
fore the range goes from zero to
100, where 100 means the entire
surface is liquid water (Basist et
al 2001). This index is derived
from a linear relationship be-
tween channel measurements
(Equation 1), where a channel
measurement is the value ob-
served at a particular frequency

Aquarius

05TM/lason 2

and polarization (i.e. the SSM/I
observes seven channels).
[Equation 1]

BWI=Ae-T,=p,[T,v,) -
T, )1+ B,T,(v) ~T,(v)]

where the change of emissiv-
ity (Basist, et al. 2001), Ag, is em-
pirically determined from global
SSM/I measurements, Ts is sur-
face temperature over wet or dry
land, T, is the satellite brightness
temperature at a particular fre-
quency (GHz), v (n=1, 2, 3) isa
frequency observed by the SSM/I
instrument, 3, and 3, are estimat-
ed coefficients that correlate the
relationship of the various chan-
nel measurements to observed
surface temperature at the time of
the satellite overpass. Specifically,
the greater the wetness, the larger
are the differences between the
observed surface temperature and
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Fig. 1
The regression
equation, where the

Wetness Index predicts

14

the Probe Data
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the observed channel measure-
ments (Basist, et al. 1998).

We will calibrate a model
based on the PD, since they are
direct measurements. The goal
is to use the PD as reliable cali-
bration points, and the WI as a

means to better understand the
actual spatial distribution of up-
per level soil moisture across
northern Kazakhstan. Another
advantage of the satellite obser-
vations, is that it allows for near
real time monitoring. Therefore

North Kazakhstan
May

60

(Probe) Soil Moisture
Upper 20 cm

10

0 2 4 6

8 10 12 14 16

(Satellite) Moisture Index

y=1.6444x+28.339
R’=0.2208

= North Kazakhstan
— Linear Trend

if the relationship has value, the
satellite will be able to provide
current information on the spa-
tial and temporal resolution of
soil moisture throughout the
wheat growing area of northern
Kazakhstan.

The analyses below provide
the relationships among the vari-
ous regression equations. Spe-
cifically, the summer months
of June, July, and August are
combined, and related between
the PD and WI in each Oblasts.
The reason for this is two-fold. 1.
The monthly relationships were
fairly similar across the summer
months, 2. We chose to derive
equations that have comprehen-
sive applications. There was also
three models corresponding with
May, one for each Oblast. A de-
scription of the regression equa-
tions is presented in the follow-
ing paragraphs.

Since all three considered
administrative territorial One
unit located approximately one
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natural-climatic region, the rea-
sonable and logical analysis of all
these three areas of the complex.

To generalize the applica-
tions of the three models (one for
each oblasts), one could state that
when the WI goes to zero, there
is less than 5 to 7 grams of liquid
water in the top 20 cm of the soil
profile. We could also state that
the relationship between the PD
and WI generally hasa 5/ 1 ratio.
Moreover all three models were
able to explain over 50% of the
variance in the PD. The stability
of the model and their accuracy
leads us to believe that the WI
could be useful for identifying
the availability and variability of
upper level soil moisture during
the summer months (in these
three Oblasts of northern Ka-
zakhstan).

The next discussion will focus
on the relationship between the
PD and the WI during the month
of May. Again, the relationship
were derived from the period of
record (10 years). It is apparent
that fewer stations were utilized,
since there is only one month
of data, and the early years were
largely devoid of data. However,
we were able to derive meaningful
findings from the analyses.

In general, the May model
has a lower explanatory power
than the models generated from
data over the summer months.
Regression equations had an ex-
planatory power of 47% (for Ak-
mola), 22 % (for North Kazakh-
stan), 62 % (for Kostanay). The
slope was 2.7, 1.6, and 2.8 respec-
tively. This is appreciably lower
than the model from the summer
months. The cause for this differ-
ence is not apparent, but it could
be related to a higher percentage
of the radiating surface that is bare
soil, while the summer surface is
vegetated. In other words, vegeta-
tion has an appreciable influence
on the radiating surface.

The regression equation for
May in North Kazakhstan (Fig.
1) had an minimum explanatory

Kazakhstan
May Comprehensive Model

60

(Probe) Soil Moisture
Upper 20 cm

1 |
10 .

8 10 12 14

(Satellite) Moisture Index

y=2.7293x+17.996
R’=0.5977

power — 22%. Consequently, its
predictive skill was only signifi-
cant at the 0.05 confidence level.
This model does not promote
much confidence and we chose to
dismiss it, and its inferior result.
We included the May data for
the two Oblasts (Akmola and Ko-
stonay) into one comprehensive
model, and all three Oblasts for the
summer months into a different
comprehensive model (Fig. 2).

= All May Data

The justification of the inte-
gration of the data sets into their
perspective models is based on
similar: 1. Slopes, 2. Intercepts,
3. And Population distribution.
Since our goal is to identify a
comprehensive model, an inte-
grated regression equation that
may define a clear relationship
between the PD and WI.

The summer time compre-
hensive model (Fig. 3) had an

Kazakhstan
Summer Comprehensive Model

60

(Probe) Soil Moisture
Upper 20 cm

8 10 12 14

(Satellite) Moisture Index

y=5.5013x+5.3569
R’=0.576

= All Summer Data

Fig. 2

The regression
equation, where
the Wetness Index
predicts the Probe
Data

Fig. 3

The regression
equation, where
the Wetness Index
predicts the Probe
Data
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explanatory power of 57%, which
is encouraging.

We expected that the ex-
planatory power would decrease
a bit, as it usually does go down
as one increases the sample
area. An advantage of the larger
sample, is that it does not over
specify a regression equation
from a limited number of obser-
vations. This makes the models
better at predicting. The Slope
was 5.4, which is a good com-
promise from the three equa-
tions integrated into one. The
Intercept was also encouraging,
since it fit in a tight range from
the three data sets. The intercept
also makes sense, being a very
low value of probe moisture, at
the time the WI identified the
surface as completely dry. We

KocMuueckne nccnenoBaHust u texHonorum /04/ 2014

believe this final model is a good
approximation of the true re-
lationship between the PD and
WI, and that it has application in
both near real time, and histori-
cal analysis. Consequently, the
application of the model to ac-
cess soil moisture quantities and
distribution is promising, and
can be used to monitor for the
recent moisture in the soil across
northern Kazakhstan.

In terms of developing a
comprehensive model for May,
we chose to use the data from
Akmola and Kostanay, since their
models had appreciably higher R-
square than North Kazakhstan.
The comprehensive May regres-
sion equation had the explanatory
power to 59%, which we deemed
favorable. Since both the Akmola

and Kostanay equations had very
similar slope and y-intercept,
their integration into one model
leans confidence that they con-
verge towards the true relation-
ship between PD and WI during
the month of May.

Concluding Discussion

We performed a study that
used soil moisture from Probe
Data (PD) provided by Ka-
zhydromet, and attempted to
calibrate these measurements
against satellite observations of
surface wetness (WI). This sat-
ellite data was derived from the
Special Sensor Microwave Imag-
er (SSMI), which detects liquid
water near the surface. Similar
to Jury, W., and H. Vaux. 2005,
we are attempting to introduce
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science and technology to im-
prove our understanding, as
well as monitor environmental
issues, that directly impact so-
cial welfare. The WI is the per-
centage of the radiating surface
that is liquid water. Whereas the
PD is the weight of the water
in the column, that was evapo-
rated from the soil sample. The
soil sample are generally taken
every 10 days: 8th, 18th and
28th of the month. Whereas the
WI is generally observed twice
a day, and average into weekly
data sets. Therefore we realize
that the relationship will have
a considerable amount of unex-
plained variance. None-the-less,
we believed that clear relation-
ships could be derived.

Therefore, regression mod-
els were developed between the
PD and WI for the months of
June, July and August (summer
months) during the years 2003
and 2012. Models for various
Probes inside the oblasts were
combined together for each
months. Then the months were
combined into one comprehen-
sive model. We believe this mod-
el approaches the true relation-
ship between the PD and WI. In
the summer, there is generally a
5.5 to 1 ratio for the PD/WI, and
explanatory power of the model
is 58%. This results gave us con-
fidence that the comprehensive
model has value in explaining the
relationship between soil mois-
ture, derived from probe data
to the Wetness values derived
from the satellite observations.
Consequently, we can use this
regression equation and the WI
to perform near real assessment
of soil moisture, at both moder-
ate resolutions and weekly time
intervals during the important
periods of the growing season for
Winter Wheat.

The relationships for May
had a similar explanatory skill
(60%) to the summer months,
however in terms of slope they
were significantly different (the

slope was 2.7 and the intercept
18). As stated in above, generally
when the slope is less the inter-
cept is higher, which has consist-
ently been true in these analyses.
The findings demonstrate a clear
relationship between the PD and
WI during the month of May,
which is significantly different
than the summer months. We do
not fully understand the reason
for these different relationships;
however, we believe it pertains
to a considerable portion of the
satellite derived wetness signal
originating from vegetative cov-
er during the summer months,
whereas the vast majority of the
signal comes directly from the
soil during the month of May.
Due to the positive findings
obtained by the study, we hope
to expand on the research and
application. The natural next
step is to implement the regres-
sion equations into software that
would automatically generate
the distribution of the soil mois-
ture at the satellite resolution.
We assume a linear relationship
between WI and PD. However,
the distribution of observation
points indicates the possible ex-
istence of a nonlinear relation-
ship. In other words, perhaps
there is a separate relationship for
low soil moisture and private re-
lationship for high values of soil
moisture, especially in the sum-
mer months. Therefore, creating
the software we use advanced
and more accurate values rela-
tionships. Since the resolution is
33 by 33 km, the satellite would
provide a much larger network
of simulated probe data, i.e. of
soil moisture in the upper 20 cm
for the soil. Another advantage,
is that these data would be avail-
able in near real time, each week.
There is a considerable amount
of work to perform, to generate
that capability, but we believe
the effort would be beneficial for
monitoring water resources and
food security in Kazakhstan and
Central Asia. ]
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bONbILON KA3aXCTAHCKUK Teneckon
Ha acTHOHOMMUECKON KapTe MUpa
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Yuuruc OMAPOB
avpekTop Actpodumsnyeckoro
WHCTUTYTa UM. B.I.PeceHkoBa

03BpaIljasich K TeMe
«bonpmoro Kasaxcran-
ckoro Temeckoma», o
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PawwuTt BAJINYJIVH
3aM. anpekTopa ACTpodu3nyeckoro
MHCTUTYTaA uM. B.I.®eceHkoBa

VICCTTeIOBaHUST M TEXHOJIOTMI»
Ne 03 3a 2012 roj, XoTenoch 6bl
yOeNIUTb BHUMAaHINE BO3MOKHO-
MY MeCTy YCTaHOBKM Te/eCKOIa,
(dakTOpaM, BIMAIOIMM Ha €ro
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Makcum KPYIOB
WHXXEHep oTAena NoaaepXKu
Teneckonos AGUD

pabory, u 0630py MHOFOOGHBIX
TE/IeCKOIIOB, PACIIONOXEHHBIX B
Mupe.

[IpoaHanM3MpPOBaB OCHOB-
HbIe YCIOBUS, HEOOXOAMUMBIE Isl




BefieHnst 3G GdeKTUBHOM PabOTHI
Ha TI000M OITUYECKOM TEIECKO-
Ile, MOXXHO BBIJIeNIUTb CIIefyI0-
I[Me BaKHbIe KPUTEPUIL:

1. MasbIil ypOBEHDb CBETOBO-
TO 3arpsi3HeHMNs;

2.MMCTOTa BO3JYLIHOV Mac-
cpl (MMHMMAJIbHAsT KOHILIEHTpA-
LU a9pO030JIeit);

3. cTabMIBPHOCTD  BO3YIL-
HBIX [TOTOKOB [I/IA MaJIOTO MCKa-
XKEHMA HOJTy4aeMoro 13obpaxe-
HUS;

4. KOMMYECTBO YUCTHIX, O€3-
00/TaYHbIX HOYEIL.

Insa MHOTMX JIOfeit, make
HaleKux OT acTpoHOMuwu, 60sb-
L1071 PafoCThIO SIBMISIETCS CO3ep-
LlaHMe HOYHOIO YMCTOro Heba
MIWIMMAPLOMY 3Be3T, MedHbIM
ImyTeM, APKMMU IUIaHeTaMu. B
HAcTOsIIee BpeMst OOJIBIINHCTBO
JIOfel y)Ke He MOXKeT BUJETDb
UCTMHHYI0 KpacoTy HOYHOTO
Heba. [laxxe HeKOTOpbIe W3 Ca-
MBIX SIPKUX 3Be3J MOTEepSIHBI B
SIPKOM CBeTe HAaIMX TOPOAOB.
Ins MHOrux Bup MiedHOTO
IyTH, MPOCTUPAOIIETOC depes
HOYHOEe He0O, OCTa/ICA B IaMATH

Cc mercTBa. VI TONMBKO BbIE3XKAS
JaZleKo 3a Ipefenbl FOPOfOB 1
KPYIIHBIX HaceleHHbIX IIYHKTOB
MOXXHO YBUJETb BCIO ITyOMHY
3Be3HOI 6e3qHbl. BhI3BaHO 3TO
IIpeXXfie BCErO0 TeM, YTO B Mupe
IIOCTOSIHHO yBE/INYMBAETCA YpO-
BEHb CBETOBOTO OCBellleHMsA. B
rOpofiax pacTeT KOHIJeHTpalysa
IIBUTN ¥ BEIIECTB B BO3MIyXe, YTO
IPUBONUT K PAacCcessHUIO CBeTa
B HoyHOM HebGe. KoHewyHo, mma
ACTPOHOMMYECKMX HaOJIIOReHMIT

3TO ABNIAETCH, MOXKATY, CAMbIM
HenpuATHbIM akTopoM. IToa-
TOMY Y @CTPOHOMOB JI BO3HUKAET
HEOOXOMMOCTb YCTaHABINUBATD
HaseMHble TeJIeCKONbl B OT/a-
JICHHBIX MeCTaX C MUHMMa/IbHBI-
MU YPOBHAMMU 3acBeTKH. I'Tie xe
3TU MecTa?

Ecim 06paTnThest K HOYHOI
CITyTHUKOBOJ1 KapTe, TO BUJHBI
TEPPUTOPUM C IIOBBIIICHHBIM
YPOBHEM CBETOBOTO 3arps3He-
HUA U yPOBHEM, IIpVeM/IeMbIM
IUIsL ONTMYECKUX ACTPOHOMMYe-
CKMX HaOJTIOEeHNIT.

Heb6onbmme u cpepgHe-pas-
MepHBble HaseMHbIe OITUYECKIe
TEJIECKOIIBI B MUPE PacIOIoxKe-
HBI IPAKTUYECKU TTOBCEMECTHO.
OuM OOBIYHO BBINOJHSAKT pa-
6oune 3ajaum, He TpebyoIINe
abCONMIOTHO TeMHOro Heba, U
HOBOJIbCTBYIOTCA TeM, UTO €CTb,
HaxoJsACh B paboueil 30He yHU-
BEPCUTETOB M OpTaHU3ALNIL,
BIafelomux Temeckomamu. C
pocToM uH}popMaLOHHO-
TeXHOJIOTMYECKOTO  Iporpec-
ca OITMYECKMII TelTeCcKOI CTajl
IIpefCTaBIATh CO00M elje u
[IPOrPaMMHO-AIIIAPATHBII KOM-
nnekc. Hanmmume ckopocTHOrO
KaHa/a MHTEPHET CBSI3M K HEMY
[I03BO/IsIET TOBBICUTD 3 dexk-
TUBHOCTb PabOTbBI Te/lecKoIa B
necATKu pas. [ln1a npumepa, fBa
AVCTAQHIOHHO  yIPaBJIseMbIX
METPOBBIX TejllecKoma TsAHbB-
[IaHbcKOV  acCTPOHOMUYECKOI
obcepBaTOpNM 32 paboUyI0 HOYb

ACTPOHOMMA

PucyHok 1
KapTa mupa
C pacrnpeaeneHvem

CBETOBOr0 3arpsa3HeHnsa

Figure 1

Map of the world with
the distribution of light

pollution
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PucyHok 2
aBalckue 0CTpoBa,
Teneckonbl Keck

Figure 2
The Hawaiian Islands,
Keck telescopes

PucyHok 3
Ynnu,

VLT Teneckonsbl
Subaru. v gp.

Figure 3
Chile,

VLT telescopes
Subaru. et al.

PucyHok 4
KaHapckue octpoBa,
obcepeatopus Roque
de los Muchachos,
GTC Teneckon

Figure 4

The Canary Islands, the
Roque de los Muchachos
observatory, GTC
telescope
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Fanaan

Very Large
Telescope

Gran Telescopio de
Canarias

& Pubria del Bows
-
thiek s
an Palman s Gran Cansrs

BBIAIOT 1O 16 rurabair maH-
HBIX. A eC/IM TaKUX Te/IeCKOIOB
BoceMb? Torpga, IeiiCTBUTENBHO,
BOIIPOC IOCTYITHOCTY K MHGOP-
MalluM Te/IeCKOIIOB CTAHOBUTCH
BecbMa akTyanbHbIM. IIpu or-
HOCUTENPHO HeOOIbIIOM pac-
CTOSHUM 1O MecTa obcepBaro-
p¥M MOXXHO pa3 B 2-3 THA C Hee
MIPUBO3NTD IaHHbIE HA CMEHHBIX
HocuTenAXx MHGPOpPMALMM WU
IPOJIOXUTb CKOPOCTHOI OIITO-
BOJIOKOHHBIIT KaHan cBAsu. Ho
YTO KACAETCH KPYIHBIX HAa3eM-
HBIX ONTUYECKUX TENEeCKOIOB U
MHCTPYMEHTOB, IIOMOTAIOLINX
HOATBEPXKaTb MM OIPOBep-
raTb TUIOTe3bl B acTpopusu-
4yecKoll Hayke. TyT coMHeHmMit
HeT — HY)XHBI caMbleé TeMHble
3aKyTKM MMpa, a 0 HMX, KakK
IPaBUIO, JOOPATHCS He JIETKO.

[IpusHaHHBIMM ~ MeCTaMU
YCTaHOBKM KPYIIHOANEPTYPHBIX
TEJIECKOTIOB B MUpe ABIAITCA
I'aBajickme ocrposa, Yumu u Ka-
Hapckue ocTposa. VI Tomy ecTb
psAp npuunH. JlaBaiiTe paccMmo-
tpuM ux. Kak yxe rosopunoch
BBIIIIe, CAMBIIl BECOMBIIT (PaKTOp
YCTaHOBKM KPYIITHOANEPTYPHBIX
TeJIeCKOIIOB — 9TO YpOBEHb
CBETOBOTO  3arps3sHeHuA. Mbl
BOCIIO/Ib30BAINCh ATIACOM CBe-
TOBOIO 3arpsisHeHMs oOT [l9BU-
na Jlopenua (6ormee moppo6HO
MOXHO IIOCMOTPETh IIO CChII-
ke — http://djlorenz.github.io/
astronomy/lp2006/).

Cor/acHo I1JBETOBOJ IIIKajie
Artnaca, Ha T'aBaiickux ocTpoBax
u B Y teMHOe HeOO C sIpKO-
CTBIO B BUJVIMBIX JTy4ax Oojee 22
BE/IMYMHBl Ha KBaJIPAaTHYK Ce-
KyHfly ryru. Kanapckme ocrposa
MMEIOT KauyecTBO TeMHOTo Heba
YYTOYKY XYK€, Ha ypoBHe 21,89
3Be3[HOI BE/IMYMHBL.

IIpoananusuposas 1o ATa-
Cy CBETOBOJI 3aCBETKU TeppUTO-
puto Hamueit Pecrry6mukm, MOXHO
YBUZIETb MHOXKECTBO MECT C O4€Hb
Xopolieil I aCTPOHOMMYECKUX
HaOMIOeHNI  IIOBEPXHOCTHOI
SIPKOCTBIO HOYHOTO Heba. IIpm-
HJMas BO BHMMaHMe 3TOT KpuTe-
puii, a TaK>XKe a3pO30JIbHO-IIbI/IE-
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magnitudes per square arcsecond
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CornacHo LBETOBOM LuKkane ATnaca, Ha MaBalckux ocTpoBax M B Ynnm TeEMHOE HEBO C IPKOCTLIO B BUAMMBIX Jlyyax Gonee

22 BeNMUMHbI Ha KBAZpaTHYIO CeKyHAy Ayru. KaHapckue oCTpoBa UMEIOT KadecTBO TEMHOMO Heba UyToUKy XyXe, Ha YpoBHe

21,89 3B€3A4HOMN BENUYMHBI.

According to the color scale of the Atlas, the dark sky in Hawaii and Chile is visible in the rays more than 22 values per square
second of arc. The Canary Islands have a quality of dark sky a little worse, ie at 21.89 magnitude.

BOJI 1 CIIEKTPa/IbHbII (PaKTOPLI B
atMocdepe (K HUM MBI TIeperigeM
9yTb IO3XKe) HY>KHO CKa3aTb, 4TO
UMleaIbHBIM ~ MECTOM  SIBIAETCS
BBICOKOTOPHOE ~ ITaTO  ACCBI-
Typrenb. ObcepBatopust pacro-
JI0’KeHa Ha BbIcoTe 2750 MeTpoB
HajJ ypoBHeM MopdA. Bemnumna
CBETOBOIO 3arpsASHEHNUA B Palio-
He obcepBaropun Accol-Typrens
COOTBETCTBYET IIOKa3aTeIsAM Me-
CTa pasMELeHMsA KPYIHENIIETO
B HACTOAIIVWII MOMEHT Ha3eMHO-
TO ONTUYECKOro Teneckoma Gran
Telescopio CANARIAS (GTC) ¢
3 QeKTUBHbIM [UAMETPOM 3ep-
kana B 10.4 meTpa.

ITo BTOpOMY BayKHOMY KpUTe-
puIo, HEOOXORMMOMY ISl IIPOBe-
JeHYVIA KaueCTBEeHHBIX OITUYECKIX
HaOMOIeHNII, 9TO KOJIMYECTBO
MEJTIKO-IVCIIEPCYIOHHBIX ~ B3Beceit
— aspo30/Ieil ¥ IBUIM B BO3IyXE.
W 3T0 Hamo paccMaTpuBaTh B Mac-
1rrabe 001eMIPOBOIT COCTABIISIO-
ell, TaK KakK CYLECTBYIOT Iepe-
HOCBI BEIeCTB ¥ IIbUIM, KOTOPBHIM
OKeaHBI He IoMexa. Tak, Ha carite
HaseMHOI1 obcepBatopym NASA
IIpefICTaB/ieHa eXe[HeBHAas UH-
cdopmara 1O  pacrpeneneHuIo
aspo3osiell B aTMocepe 3eMIIIL.

Kak mokasplBaeT aHamus,
HambosbIIas KOHI[eHTpalus
asposoreir B arMocepe Asuar-
CKOTO KOHTMHEHTA pacIpepesns-
eTcs Ha MIOHb-UIONb MecANbl B
9TO BpeMsi Habiofaercs: Iepe-
MelljeHlie BO3JYIIHBIX MTOTOKOB
co cropousl VIupuu n Adranm-
craHa. K cyacrbio, 6marogaps Ha-
JIMYMIO BBICOKMX Xpe6ToB TstHb-
IlTaHs, 3TM IOTOKM He NOXOHAT
10 HalMX 06cepBaTOPMIL.

ITono>XuTeNnbHYI0 poib
OKaspIBaeT TakXKe Ha/IMdMe pac-
THUTENBHOTO C/I0SI BOKPYT 0bcep-
Batopun Accel-Typrenn, mpe-
HHTCTBY}OIIIee BbIBeTpI/IBaHI/IIO
IIOYBBI U, TEM CaMBbIM, MeCTHOMY
3aIIbIIEHUIO aTMOC(EPEL.

B Mecrax onTudeckux o06-
ceppatopuii laBaitm n Y
a9pO30JIbHBIE 3arpsI3HEHMsI Ha-
6/1I07aI0TCA B MMUHMMA/IbHOM
KO/IMYECTBE U TPAKTUIECKN OT-
CYTCTBYIOT B Te4eHIe BCETO TOfia.

Criefyoumm BaXHBIM KpH-
TepueM SIBJISIETCSI CTabMIBHOCTD

Artyer

Kpprinzna

aTMocdepsl B MeCTe yCTaHOBKU
Teleckomna. Beap oT TOro, Ha-
CKOJIBKO OJHOPOJIEH CIIOil BO3-
AYLUIHON MacChl OT M3y4aeMOTro
00'beKTa 10 IPUEMHIUKA, 3aBUCHUT
M Ka4ecTBO IIOJIy4aeMOro MU30-
6paxenns. CBsisaHO 9TO, Ipe-
XJIe BCETO, C TeM, YTO CUTHANI Ha
[IpUeMHVKe U300pakeHNsI HaKa-
IUIMBAeTCsl OILpele/ieHHOe Bpe-
M. Ecmm 3a aTo Bpemsa mpomuc-
XOJUT CMeEIeHNe 1300paKeHns
obbekTa U ero fedoKycupoB-
Ka, TO 3TO HEIPEMEHHO CKaXKeTCs
Ha MO/Ty4aeMOM WU300pa>KeHUM.

Farote
TAN @O M

Kapatings

AR

0
TR AT MR B Tk
EATTRS TR0 napsd

Kanyud rad
»

PucyHok 5

Kapta pacnpeneneHus
CBETOBOr0 3arpsisHeHus
B6/1M3N AnmMaTbl

Figure 5

Map of the distribution
of light pollution near
Almaty

OGcep Eaﬁpuﬂ
Acchl

Hadldpaan
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PucyHok 6
Pacnpegenenve
OMTUYECKUX a3pO30Sieit
B atMocdepe 3emnum
Wionb 2014 1.

NASA Earth
Observations (NEO)
(TEMHO-KOPUYHEBBIN
LBET MoKasbIBaloT
MaKCUMManbHYt0
KOHLIEHTpaLmio
aspo3sonei)

Figure 6

Distribution of optical
aerosols in Earth’s
atmosphere in July 2014.
NASA Earth
Observations (NEO)
(dark brown color
indicates the maximum
concentration

of aerosols)

PucyHok 7
CnyTHMKOBas
doTorpacdus permoHa
LleHTpanbHoi A3um ¢
cavita EOSDIS.

B HvbKHel nNpaBoit 1
JIEBOM YacTW CHUMKaA
BUAHbI MblIEBLIE
NOTOKM, OTCEKaeMble
ropamu TaHb-LUaHb

Figure 7

Satellite photograph

of the Central Asian
region from the site
EOSDIS. In the lower
right and left of the
photograph the dust
streams that are
separated by Tien Shan
Mountains, are visible

Tak, BeTep B HpPU3EMHOM CyIo€
atMocdepsl, HepeMellnBas CI0u
XOJIOHOTO M TEIVIOrO BO3AYXa,
BBI3bIBAaeT IIOSB/IEHNME pAasHOI
IVIOTHOCTH B CTO/I0E BO3MyXa Hajl
TeneckonoM.  HeopHopopHOCTH,
pasMep KOTOPBIX MeHbIIIe JuMe-

Tpa 3ePKajIa TeNeCKOIIa, IPUBOJAT
K eOKyCHPOBKe M300paKEeHNL.
Bornee xpynHble (rykTyanmyu He
BBISBIBAIOT PE3KMX VICKaKEHMI
bpoHTa BOMHBI M MHPUBOEAT K
CMeIL[eHNIO N300 paKeHIs Ha IIVK-
CelfiX IpHUeMHMKa. PesynbraTom

K€ M B TOM U B JIPyTOM CiIydae
ABJIAETCA TIOTEPS KadecTBa U30-
Opaxenns. IloBepxHocTp 3emm
B HOYHO€ BpeEMA 3HAYUTEIIPHO
OXJIAXK/IAETCA U OXIXKIAET IIPU-
JIETaloVil K HeW C/I0Jl BO3Jyxa.
Ha 130m1poBaHHBIX TOPHBIX Bep-
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Abell-1689 Seeing 0.5"

IMHAaX TOMIVHA IPU3EMHOTO
C7I051 BO3[yXa CO 3HAYUTEIbHBIM
TIIeperajioM TeMIIepaTypbl MOXKET
HOCTUTATb HECKOTIbKUX [eCATKOB
MeTpoB. B JomMHax M Ha pas-
HMHAX STOT CJI0Jl 3HAYMTENTbHO

TOMIE Y MOXKET COCTaB/IATb COT-

Abell-1689 Seeing 1.0

HU METPOB. JTUM OOBSICHAETCS
6oree OArONpPUATHOE PACIIONO-
JKeHre obcepBaTopuil B ropax Ha
M30MMPOBAaHHBIX BEpPUIMHAX WU
orporax xpe6ToB. Tak, oljeHKa
TOJ W/IM MHOJ aCTPOHOMMIYECKOI
IVIOUAIKKL B IIEPBYI0 OYepenib

Abell-1689 Seeing 2.0"

CBOINTCA K aHA/IN3y «seeing» —
TIOKA3aTeTIO APOKAHIIA N300 paKe-
HJS, TIOTY4a€MOTO TENTECKOIIOM.
«Seeing» mapaMmeTp 3aBuU-
CUT OT MHOTIMX COCTAB/IAKOIINX
I MEHACTCA KaK B T€CYCHME roja,
TaK U B TedeHMe HouM. Mexmy-

ACTPOHOMMA

PucyHok 8
MN306paxeHune yyactka
knacrtepa Abell-1689 B
CpaBHEHWM NP pa3HOM
KayecTBe «seeing»

Figure 8

The image area of

the Abell-1689 cluster
compared with different
quality «seeing»
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PucyHok 9

CxeMa TMnoBoWi
[1anTMBHOW ONTUKM
N pesynbTaT ee
NpUMeHeHus

Ha 3,6 MeTpoBOM
Teneckone
obcepsatopun ESO
B Ynnun

Figure 9

Scheme of typical
adaptive optics and
the result of its
application to the 3.6
meter telescope at the
ESO in Chile
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ATMocdepHast
TypbyneHums

OnopHas
3Be3aa

)

NcKaXkeHHbIN

& O6beKT

Cno#t HaTpus
B aTMoccdepe

cmme=_ -

\ Teneckon
-

BOJIHOBOM (hPOHT

[Hedopmupyemoe
3epKasno

Komnbtotep
peansbHoro
BpeMEHU

RECTED

[atunk
BOJIHOBOIO
dpoHTa

—

~ 90 KM

BoccTaHOBNEHHbIN
BOJIHOBOM (DPOHT

=

MNpreMHuk
n306paxxeHns

CORRECTED

ADAPTIVE OFTICS AT ESO 3.46m TELESCOPE

HapopiHble obcepBaTOpMM IO-
CTOSIHHO BelyT CTaTUCTUKY Me-
TEOU3MEPEHMIT M TIOKa3aTeseil
KadecTBa Heba. Ha TlaBaitax u
o Uunm cpefHerofoBbIM AB-
nsaercs sHadyeHue B 0,5-0,8 apk-
cexyHp. O6cepsaropun CIIA
B wratax Kamdopuus n Heio
Mekcnka NpuBOJAT 3HAYEHUA B
1.2-1.8 apkcexyHza. [lis1 o6cepBa-
topun Ha KaHapckmx ocTpoBax
npuBoguTca  «seeing»  1,0-1,2
aApKCEeKYH[bL.

Kak >xe MOXHO elle ymyd-
MIUTb Ka4eCcTBO M300paKkeHMs,
4TOOBI JOOUTHCA YPOBH, O/1M3-
KOTO K OpOMUTAaIbHBIM TeNIeCKO-
naM? [ 3TOro  CyIecTBYIOT
CHCTeMBl aJaNTUBHON OITUKIN,
UHTETpMpYyeMble B
B aganTuBHOI oOmnTMKE 671aro-
Japsi MCIIO/b30BAHUIO TMOKOro
3epkama 1 3¢ PeKTUBHOCTH BBI-
COKOIIPOM3BOJVTENIbHOTO KOM-
IbIOTEpa PeajlbHOTO BpeMeHU
OOCTUIAaeTCs  BOCCTAHOBJIEHIE
BOJIHOBOTO (ppOHTA OT 0ObeKTa.
B ocHoBe mpolecca NeXUT U3-
MeHeHMe (GopMbl Aedopmupye-
MOTO0 'MOKOTO 3epKaja 4acTOTOl
o 1000 xoppekuuit B CEKyHAY
Ha OCHOBe JAaHHBIX AaTYMKa VN
HAaTYMKOB BOJIHOBOTO (DPOHTA.
OTaNoOHOM B 3TOM CJy4ae CIIy-
JKUT OIIOpHasA 3Be3[a, BO30yx/a-
eMasl JTa3epPHBbIM Iy4OM B aTMOC-
¢depHOM cnoe HatpudA. B ciyuae
IPUCYTCTBUA APKOW OIIOPHOM
3Be3/Ibl B I10J1€ 3pEHM Te/IeCKOIIa
MOXXHO OyfieT BOCCTaQHAB/INBATh
nsobpaxenne 6e3 MCIONB30Ba-
H1A Masepa. PaboThl Haj 9TUM B
HacTosillee BpeMs BefyTcs.

CucremaTnyeckye  acTpo-
HOMUYECKMEe MCCAefOBaHMA Ha
wiaTo Accel-Typress ia omnpe-
TeleHNs aMIUIUTYObl SPO>KaHNUA
M300paKeHNIiT 3Be3 — «seeing»
6BV HavaThl B KOHIle 1975 ropa.
C auBapsa 1976 ropa 1o ampenb
1980 ropma 6bUI0 IPOBEfEHO 60-
nee 3000 BMU3ya/lbHBIX OLIEHOK
amMIMTyppl. Bemmanna «seeing»
B cpegHeM cocrasuna 0.76 apk-
CeKYHJ, 4YTO COIIOCTaBUMO C
JIy4LIVIMY MUPOBBIMU aCTPOHO-
MUYecKuMy Iomiagkammu. Ho

TE/IECKOIIL.




310 661710 35 /et Haszag. UTo ke
ceityac? A cejl4ac ecTb MUPO-
BOJI OIIBIT MICCIEJOBAHMA ACTPO-
KIMMaTa C IIOMOLIbI0 IPUOOPOB
DIMM/MASS  (Iuddepenmm-
Q/IbHBI/I MOHUTOP APOXKaHMSA U
MHOTOAIepTYPHBIil JaTYNK Mep-
LJaHUA 3Be3][), YCIIeLIHO MCIIONb-
3yeMbIX yKe Ooree 4eM B 30-Tu
obcepBaropusax Mupa. JaHHbIe
3TUX IPUOOPOB MO3BOJAIT IO-
crpouts npoduiIb pacrpeferne-
HsE aTMOC(epHOIT TYpOyIeHIMI
Ha BbIcOTax oT 0.5 mo 16 kM u
OIIEHUTDb BKJaJ KaKIOTO CTIOA B
pasMmbiTie M300paKeHMA. ITu
TaHHbBIE ABJIAIOTCA OIpPENeNo-
VMMM JIA TIOCTPOEHMA CUCTEM
ajanTuBHO ontuku. Kpome
TOTO, HAaKaIUIMBAeTCA CTaTUCTU-
Ka [0 acCTPOK/IMMATy Ha OCHOBE
PeaIbHBIX JAaHHBIX ¥ OOJIBLIOTO
CTATUCTUYIECKOTO MaTepuaa.
Heobxomnmo Takxe ckasaTb
OTHOCUTETIbHO ~ IIOJIOCHI  CIEK-

TPIBHOTO  IPOIyCKaHWs  A/Is
obcepBaTopuil, PacIoIOXKeHHbIX
B ropax. Yem Bblllle HAaXORUTCS
obcepBaTOpyis, TEM MeHbIe KO-
9 UILMEHT TOITIOMeHNsT Tydeit
yIbTpadMONIeTOBOTO ¥ O/IVKHETO
MHPaKpacHOro CIekTpos. Ilpu
OIpefieNIeHHbIX KOHGUIYpaLusax
000pyfOBaHNs [IOIyCTUMO Ha-
3€MHBIMI TE€JIECKOIIaMI  IIPOBO-
AUTDb W3MEPEHMA aCTpOHOMIYE-
CKIX 0OBEKTOB B 607Iee ILIMPOKOM
CIIEKTPAIBHOM [MAaIla3o0He, HUTO
3HAUNTETIPHO PAaCLIMpsIeT IOHU-
MaHue psAfa acTpoduUsMIECcKIX
nporeccoB. VI3mepennst acrpo-
KIMMarta Ha obcepBaTopuy Acchl
B 1980 rogy moxasamm Impospad-
HOCTb B BUIMMOJL O0/IaCTH CIIeK-
Tpa, O/IM3KYI0 K peleeBCKOil. A
IPO3pavyHOCTb  aTMocepsl  Ha
obcepBaTopnu B ybTpadosnero-
BOIT obyacti obecrieunBaer uie-
a/IbHbIE YC/IOBYIA VLA IIPOBEAEHNA
UBVR criekrpodoromepun.

B Hacrosiee Bpems TexXHU-
4ecKMM OTHenoM Acrpodusu-
YecKoro MHCTUTyTa Mmenu B.I.
DeceHkoBa BefyTCs pabOTHI 110
M3roToBIeHuo mprb6opa DIMM/
MASS, aHajoOrM4YHOrO IpUMe-
HAEMOTO paHee Ha 0obOcepBaTo-
pusix ESO Cerro Tololo (Ynmmn),
Mauna Kea (Hawaii), Kwucmo-
Bouack  (Poccmsa), Maiiganak
(Y36exucran) n ngp. CoBMeCTHO
¢ atuM npubopom Ha 2015 rop
IJIAHUPYETCS yCTAaHOBKa Seeing
MOHNTOpA, IOTORHON CTaHI[UM,
CeHCOopa IIPO3PavyHOCTH Heba U
all-sky xamepsr. Begyrcsa pabo-
THl [0 OpraHmsanmm padodeit
TPYNIBI U3 YUC/IA CTYAEHTOB U
MarucTpaHTOB IIO CIEL[UaTbHO-
ctu «ActpoHomus» Kasaxckoro
HAI[MOHAJIbHOTO  YHUBEpCUTe-
Ta MMeHU anb-Papabu. 3amyck
9TOro 06OpPYHOBaHMs IO3BOMUT
CO3[]aTh COBPEMEHHBIN MacIopT
obcepBaTopyy U HOMYYUTb aHA-
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PucyHok 10

KapTa 3acBeTku ropbl
Devasthal

1 3.6 METPOBBIN
Teneckon

Ha 3aBoge AMOS

Figure 10

Map of backlight of the
Devasthal Mountain
and 3.6 meter
telescope at the
factory AMOS

JIUTUYECKNE JaHHble Ha HACTOS-
IIMIT MOMEHT BPeMeH.

ITo ogHOMY M3 ITapaMeTpoB,
a VMMEHHO KOJNNYeCTBY SCHBIX
Houeir, obcepBaropuss  Acch
yCTymaeT MMPOBBIM acTpPOIIIO-
magkaM. Tak, Ipu KommdectBe
YMCThIX HO4Yeli Ha Mayna-Kea
okoyo 325 B rom, B Ynnm — or
300 o 340 n Ha KaHapax — oko-
10 276, B obcepBaropmm AcChl,
1o gasHbeM 1980 ropa, ata ung-
pa cocTaBisgeT okono 178 Houerl.
OTu maHHbIE, KOHEYHO, TPEOYIOT
YTOYHEHMs, TaK KaK KIMMAT II0-
CTOSSHHO MEHSETCH ¥ BO3MOXKHBI
OTKJIOHEHMA KaK B OfIHY, TaK U
apyryio cropony. HyxHo cka-
3aTb, YTO PETyIAPHbIE aCTPOHO-
MIdecKye HabrmofeHns B obcep-
BaTopuy Accebl BemyTcsa ¢ 1981
rofia. Vicronb3ayercs Temeckonm ¢
IViaMeTpPOM IJIaBHOTO 3epKajia B 1
MeTp ¥ CIIEKTPOCKOIIOM HU3KOTO
paspemmernss UAGS, co3gaHHbBI
xommanmeit Kapn-Ilefic Mena.
Ceituac s 6osiee Ka4eCTBEHHO-
ro TpOBefeHNs CIeKTporpaduu
00BEKTOB 3TOTO MHCTPyMEHTa
CTaHOBUTCA aOCOMIOTHO HEJOCTA-
TOYHO U HeOOXORMM KPYIIHOa-
HepTYPHBIl NHCTPYMEHT, HO3BO-
nsoit Pecrybnuke Kasaxcran
NPUHMMATb y4acTe B MeXHy-
HApOZHBIX, 3HAYVMMBIX COBMECT-
HBIX IIPOEKTaX, pPAcTUTh CBOIO
acrpodusndeckyo mkony. Eute B
80-X rojjax MpOIUIOro BeKa ObIIo
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[IPUHATO pelleHre O (GUHAHCK-
poBaHMM ¥ 3aKase HOBOTO 2,6
METPOBOTO Te/IeCKOIa CHUCTEMbI
Puyun-Kperbena pna ycraHos-
Ku ero B obcepBatopuu Accel. K
COKa/IEHUIO, IIOJIATIYECKass 00-
CTaHOBKAa TOTO BpeMEHU He IIOo-
3BOMIA IIPOBECTM I3TU IUIAHBI
B X1u3Hb. Kak >xe obcroAT mena
ceif4ac ¢ KpPYNHOANEPTYPHBIMU
Te/leCKOIIaMIL B PeTMOHe U MUpe?

Ecmu Ha xapTy Mmpa HaHe-
CTY TENeCKOIbl C AuaMeTpaMu
[JIaBHOTO 3epKana 6osee 2,3 Me-
TPOB, TO IOMYIUTCA CTeAylolee
pacrpepeneHye TelIecKoIoB.

He Tak y>x 1 MHOTO TeleCKo-
TIOB C 3e€pKaraMu OT 3X MeTpoB. B
a3MaTCKOM PErMoHe TOMbKO JjBa —
Kuraitckuin LAMOST (4m) u VH-
puiickuit ARIES (3.6Mm). Otvactu
3TO CBA3AHO C (PaKTOpaMy CBETO-
BOTO 3arpASHEHMA M ad3pO30J1eit
B arMoc(epe B perroHax H>KHee
xpe6ToB Tsub-1llans, a oTaactu n
C TeM, 4TO CTpaHbl, KOTOpPbIE B CO-
CTOSHVM MHBECTUPOBATD JIECATKI
MIWIUIVOHOB €BPO B COOCTBEHHbIE
KPYIIHbIE Te/IeCKOIIbI, MUHBECTHPY-
0T X B COBMECTHBIE TeIECKOIIbI
Ha ['aBaisax u Ynn.

brmkaiiimm TesreckormoMm Ha

HalIllell IoNroTe ABsAeTcs 3,6 Me-
TPOBBIIT TEJIECKOII TI0 COBMECTHO-
My npoekTy VHnum 1 benbrum 06-
cepsaropuu Aryabhatta Research
Institute of Observational Sciences
Ha rope Devasthal. Hauarsnt B

2008 romy, oH OyzeT 3aKOHYEH B
2015 rogy. C BBOJIOM B CTpPOI1 3TO-
TO TEJIECKOIIA TIOSIBUTCS JBOHON
MH(pPaKpacHbIit criekTporpad
BBICOKOTO pa3pelleHNnss — KpyII-
Helmmit B pernoHe. Tenmeckomn
nocrpoeH kommanmueir AMOS
(Bemprysa). OH  IpaKTUYeCKM
aHanornyer «bonbimomy Kasax-
crackoMy Teneckomy», («Kocmu-
YyecKue MCCIIeIOBAHNA M TeXHOJIO-
» Ne 03 3a 2012r).

OT MHOIMX KasaXCTaHCKUX
aCTPOHOMOB C/IBIIIMM — «HY BOT
OTI0371a/1i, HE YCIIENN MOCTAaBUTh
B Accax, renepb Vnpusa mepe-
XBaTWiIa JONroTy». Her, Huduero
HOf06HOT0. DTO 3aMedyaTeNbHO,
4ro Ha rope Devasthal nosButcs
KPYITHOAIEPTYPHBIL ~ TEIECKOIL,
CXOXIII C TENECKOIIOM, IUIaHM-
pyeMbIM HaM1. B jaHHOM cy4ae
peyb upeT He O KOHKYPEHIWN,
a 0 B3aIMHOM COTPYHZHUYECTBE
KOMaHJI acTpOHOMOB. VIHIMA 1
Kutait faBHO [BUIAIOTCA CEMU-
MIWIbHBIMM 1IaTaMy B OCBOEHIM
KocMmmyeckux Hayk.

Mup cranosutcs 60jee oT-
KPBITBIM. MBI BUIMM HIPOpbIB
Ka3aXCTaHCKOM aCTPOHOMUU

MMEHHO B (QOPMIPOBAHNUN MEX-
JYHapOOHBIX KOMaHJ, BHE 3a-
BUCUMOCTI OT CTpaHI)I, rge OHn
Haxopatcsa. Y KasaxcraHa oueHb
6ob110€ TpenmyLIecTBO. Briaro-
Iapsi CBOEMY FeOTIONMUTUIECKOMY
HOJIO)KEHNIO OH OfMHAKOBO 3¢-




ACTPOHOMMA

DepcpeRTHEHARA ANepTYpa e el

Teneckonos -

|| or 23 po 3 metpoR . oT 3.1 Ao 4 meTpon . oT 4.1 ao 7 MeTpor . Bonee T meTpom
(exTMBHO MOXeT paboTaTh coO PucyHok 11
BceM MupoM. K mpumepy, ceroz- KapTa pacronoxeHunst Ha3eMHbIX ONMTUYECKNX TeNeckonos ¢ 3hheKT1BHOI anepTypoii 6onee 2.3 MeTpoB
Hs mpodeccop M3 YHUBEpPCUTeE- Figure 11

ta Cesepnoit Kapomuunl CIIA
IIPMHMMAeT B HayYHYI0 KOMaHY
MmarucrpanToB Kasaxckoro Ha-
L[YIOHA/IbHOTO YHUBEPCUTETa U
paboTalOT OHM AUCTAHIMOHHO
Ha TeJIECKOIle, KaK B Accax, Tak
u B CITA mnu Ynn, a npodec-
COp Ka3aXCTaHCKOTO By3a IpU-
BJIeKaeT A/Isi paboThI KOJIIET U3
IOxnoit Kopen u T'epmanum.
Ceit4ac 3TO HOpMa JyIA acTpo-
HOMOB. 3aBTpa >Xe MeX[yHa-
POfHBIE TPYIIIbI CIEIUaNTuCcTOB
cMoryT paborarh Ha OpOUTaIb-
HBIX Te/IeCKOIaX, CO3/laBaeMBIX
B KasaxcraHe 1 3aITycKaeMBbIX C
barixonypa.

B s3akmoueHme, XOTENOCH
BBIPasUThb OTPOMHyI0 Onaro-
[apHOCTb aCTPOHOMaM, IIpO-
deccroHamaM CBOero fiena, Mc-
CTIeOBABIINM aCTPOKIMMAT U
BBIOPABIIVMM HJeaIbHOE MeCTO
mnst obcepaTopun Accol. OmbIT
U pe3y/IbTaTbl MHOTOJIETHNX Ha-
6MIofieHNIT MOKa3aMy IPaBU/Ib-
HOCTb UX BBIOOpA. ]

Location map for ground-based optical telescopes with an effective aperture more than 2.3 meters
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eturning to the theme

of «Big Kazakhstan’s

telescope», an article

which was published

in the «Space Research &

Technologies» Ne 3 2012, we

would like devote more attention

to a possible location for the

telescope, factors affecting its

operation, and the review of

such telescopes working in other
countries.

The following important cri-

Chingis OMAROV

Director of the V.G. Fesenkov Astrophysical Institute
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Vice-Director of the V.G. Fesenkov Astrophysical Institute

Maxim KRUGOV
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teria can be identified after ana-

lyzing the basic conditions nec-
essary for effective work on any
optical telescope:

1. Low level of light pollution;

2. The purity of the air mass
(minimum concentration of aer-
osols);

3. The stability of the air flow
for a small distortion the result-
ing image;

4. Number of clean cloudless
nights.

Contemplation of the night
clear sky with myriads of stars,
the Milky Way and bright plan-
ets is a great joy for many people,
even far from astronomy. At pre-
sent, the vast majority of people
can not see the real beauty of
the night sky. Even some of the
brightest stars were extinguished
in the bright light of our cities.
View of the Milky Way stretching
across the night sky, remained
in the memory of many people




since childhood. To see the full
depth of the star abyss can only
leaving far beyond the cities and
large towns. It is caused primar-
ily by the fact that light illumina-
tion level increases in the world
constantly. In cities the dust con-
centration and substances in air
increases, which leads to scatter-
ing of light in the night sky. Of
course, this is perhaps the most
unpleasant factor for astronomi-
cal observations. Therefore, there
is necessity to establish ground-
based telescopes in remote loca-
tions with minimal levels of ex-
posure. Where are these places?
If we look at the night satel-
lite map, you can see areas with
elevated levels of light pollution
and the level acceptable for opti-
cal astronomical observations.
Small and medium-sized
terrestrial optical telescopes in
the world are located almost eve-
rywhere. They usually perform
work tasks that do not require a
completely dark sky, and satis-
fied the conditions that exist in
the working area of universities
and organizations who own tel-
escopes. Optical telescopes have
become a more hardware-soft-
ware complex with the growth
of information technology pro-
gress. The presence of high-speed
Internet connection can improve
the efficiency of the telescope ten
times. For example, two remotely
operated meter telescope of the
Tien-Shan Astronomical Obser-
vatory issued up to 16 gigabytes
of data per night working. And
if such telescopes is eight? Then,
indeed, the issue of accessibil-
ity of telescopes to information
becomes very relevant. At a rela-
tively short distance to the ob-
servatory is possible to bring the
data on removable media every
2-3 days, or to make a high-speed
fiber-optic link. Let’s talk about
the large ground-based optical
telescopes and instruments that
help to confirm or refute the hy-
pothesis in astrophysical science.
There is no doubt - we need the

darkest places in the world in the
optical sense; and to reach them
is not easy, as a rule.

Hawaiian Islands, Chile and
the Canary Islands are recog-
nized as the place of installation
of large-aperture telescopes in
the world. And there are a num-
ber of reasons. As mentioned
above, the most significant factor
in the siting of large-aperture tel-
escopes - is the level of light pol-
lution. We have used the Atlas of

light pollution from David Lor-
enz (more details can be viewed
at the link — http://djlorenz.
github.io/astronomy/lp2006/).
According to the color scale
of the Atlas, the dark sky in Ha-
waii and Chile is visible in the rays
more than 22 values per square
second of arc. The Canary Islands
have a quality of dark sky a little
worse, ie at 21.89 magnitude.
After analyzing the territory
of Kazakhstan by the Atlas of light
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exposure, it is possible to see a lot
of places with a suitable surface
brightness of the night sky for as-
tronomical observations. Given
this criterion, as well as aerosol
and dust and spectral factors in
the atmosphere it is necessary to
say that the Assy-Turgen moun-
tain plateau is the perfect place.
The observatory is located at an
altitude of 2750 meters above sea
level. The value of light pollution
in the Assy-Turgen Observatory
area corresponds to the installa-
tion site of the largest currently
ground-based Gran Telescopio
CANARIAS (GTC) optical tel-
escope with the 10.4 meters ef-
fective diameter of mirror.

On the second important cri-
terion, which is necessary for high-
quality optical observations — is
the amount of finely-dispersed
suspensions: aerosols and dust in
the air. This should be considered
in a global scale component, since
there are transfers of substances
and dust, for which the oceans are
not a hindrance. Thus, the daily

information on the distribution of
aerosols in the atmosphere of the
earth is presented on the NASA
ground-based observatories site.

The analysis shows that the
highest concentration of aerosols
in the atmosphere of the Asian
continent is distributed in June
and July months. Moving the air
flows from India and Afghani-
stan observed at this time. For-
tunately, these flows do not reach
the national observatories due
to the presence of the Tien Shan
high mountain ranges.

The presence of vegetation
around the observatory Assy-
Turgen, preventing soil weather-
ing and thus the local dusty at-
mosphere, also has a positive role.

Aerosol pollution is ob-
served in the minimum amount
and practically absent through-
out the year in the field of optical
observatories Hawaii and Chile.

The stability of atmosphere
in the place of installation of the
telescope is the next important cri-
terion. The resulting image quality

depends on how is homogeneous
layer of air masses from the stud-
ied object to the receiver. This is
due to the fact that the image sig-
nal is accumulated in the receiver
a certain time. If during this time
there is a shift of the object im-
age or defocusing, it will certainly
affect the image. Thus, the wind
in the surface layer of the atmos-
phere, mixing layers of cold and
warm air, causes the appearance of
different density in the column of
air above the telescope. Heteroge-
neity, the size of which is smaller
than the diameter of the telescope
mirror, leads to defocusing the
image. Larger fluctuations do not
cause sharp distortion of the wave
front and lead to the displacement
of the image in pixels of the re-
ceiver. Loss of image quality is the
result of both cases. The surface of
the earth during the night is cooled
significantly and cools the adja-
cent air layer. The thickness of the
surface layer of air on an isolated
mountain peaks with a significant
drop in temperature can reach




several tens of meters. This layer
is much thicker in the valleys and
plains, and can be hundreds of
meters. More favorable location of
observatories in the mountains or
on the isolated tops or mountain
range is explained by this. Thus,
evaluation of astronomical site in
the first place reduces to the analy-
sis «seeing» — image shaking indi-
cator obtained by telescope.

«Seeing» parameter depends
on many components, and varies
during the year as well as over-
night. International Observatory
constantly carries out statistics
of meteorological measurements
and indicators of the quality of
sky. The value of 0.5-0.8 arcsec-
onds is the annual average in Ha-
waii and Chile. Observatory of the
US in California and New Mexico
show the values in the 1.2-1.8 arc-
seconds. For the observatory in
the Canary Islands provided «see-
ing» 1,0-1,2 arcseconds.

How is it possible to further
improve image quality in order to
achieve a level close to the Space

" B.,)w?
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Telescope? Adaptive optics sys-
tem, integrated into the telescope,
there for it. Wavefront recon-
struction of the object is reached
in adaptive optics through the use
of flexible mirror and effective-
ness of high-performance real-
time computer. Changing the
shape of the deformable mirror at
a frequency up to 1000 correction
per second based on the sensor
data or sensors of the wavefront
is the basis of process. Reference
star, excited by a laser beam in
the atmospheric layer of sodium,
serves as a benchmark in this case.
Image without the use of laser
can be recovered in the case of
the presence of a bright reference
star in the telescope’s field of view.
Work on this are ongoing.
Systematic astronomical re-
search on the Assy-Turgen plateau
to determine the jitter amplitude
images of stars — «seeing» were
started in late 1975. From Janu-
ary 1976 to April 1980 was carried
out more than 3,000 visual assess-
ments of amplitude. The value of

«seeing» was in average 0.76 arc-
seconds, which is comparable to
the world’s best astronomical sites.
But that was 35 years ago. What
now? Now there is a global expe-
rience in studying the astroclimate
with instruments DIMM / MASS
(Differential monitor of jitter and
multi-aperture sensor scintilla-
tion of stars) has been successfully
used in more than 30 observatories
around the world. Data from these
instruments allow us to construct
the distribution profile of atmos-
pheric turbulence at altitudes
ranging from 0.5 to 16 km and
to assess the contribution of each
layer to image blurring. These data
are crucial for building adaptive
optics systems. In addition, statis-
tics on astroclimate based on real
data and a large statistical material
accumulates.

It is also necessary to note the
role of band of spectral transmis-
sion for observatories located in
the mountains. The higher is the
observatory, the lower the absorp-
tion coefficient of the rays of ultra-
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violet and near-infrared spectra.
In certain hardware configura-
tions is valid carry out measure-
ments of astronomical objects in
a wide spectral range by ground-
based telescopes, which signifi-
cantly expands the understanding
of a number of astrophysical pro-
cesses. Measurements the astro-
climate on an Assy observatory
in 1980 showed transparency in
the visible region of the spectrum
close to Rayleigh. Transparency of
the atmosphere on an observatory
in the ultraviolet region provides
ideal conditions for UBVR spec-
trophotometry.

At present, the technical de-
partment of the V.G. Fesenkov
Astrophysical Institute conducts
works on the production of the
device DIMM / MASS, similar
to those used earlier by observa-
tories ESO Cerro Tololo (Chile),
Mauna Kea (Hawaii), Kislovodsk
(Russia), Maidanak (Uzbekistan)
and others. Installation of seeing

monitor, weather station, sensor
of transparency of the sky and
all-sky camera is planned in con-
junction with this instrument in
2015. Work on the organization
of working groups composed of
students and undergraduates on
a specialty «Astronomy» of the
Al-Farabi Kazakh National Uni-
versity are conducted. Running
the equipment will allow create a
modern observatory passport and
obtain analytical data at the cur-
rent time.

Observatory Assy inferiors
to world astro-sites on one of the
parameters, namely, the num-
ber of clear nights. Thus, when
the number of clean nights on
Mauna Kea is about 325 a year,
in Chile — from 300 to 340 and
in the Canary Islands — about
276, in the observatory Assy, ac-
cording to the 1980, this figure
is about 178 nights. Of course,
these data need to be clarified,
as the climate is constantly

changing and there may be de-
viations in one or the other side.
It should be noted that regular
astronomical observations at the
observatory Assy are conducted
since 1981. Telescope with di-
ameter of the main mirror of 1
meter and spectroscopy of low-
resolution UAGS, created by
Carl-Zeiss Jena, is used. Now
this tool becomes absolutely
insufficient for better handling
of the spectrography of objects
and is a necessary large-aperture
tool that allows the Republic of
Kazakhstan to participate in ma-
jor international projects, to de-
velop its astrophysical school. In
the 80s of the last century, it was
decided on the financing and or-
dering a new 2.6 meter telescope
Ritchey-Chretien to install it at
the observatory Assy. Unfortu-
nately, the political situation of
that time did not allow to carry
out these plans. Let’s discuss
the issue with large-apertured
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telescopes in the region and the
world.

If the telescopes with diam-
eters of the primary mirror more
than 2.3 meters to put on the
world map, we get the following
distribution of telescopes.

Not so many telescopes with
mirrors of 3 meters. In Asia, they
are only two — Chinese LAM-
OST (4 m) and the Indian ARIES
(3.6 m). This is due to factors of
light pollution and aerosols in the
atmosphere of the southern Tien
Shan, as well as the fact that the
countries that are able to invest tens
of millions of Euros in its own large
telescopes, invest them in joint tel-
escopes in Hawaii and Chile.

3.6 meter telescope on a
joint project of India and Bel-
gium of the Observatory of Ar-
yabhatta Research Institute of
Observational Sciences at Dev-
asthal mountain is the closest
telescope to our longitude. Initi-
ated in 2008, it will be finished in
2015. The largest double-infrared
spectrograph of high resolution
will appear in the region with the
commissioning of the telescope.
The telescope was performed by
AMOS (Belgium). It is almost
similar to the «Big Kazakhstan’s
Telescope («Space Research &
Technologies» No 3 2012).

We hear from many Kazakh-
stan’s astronomers: «We were
late; we did not have time to put
in Assy; now India intercepted
the longitude». No, nothing like
that. It is remarkable that the
large-aperture telescope, similar
to a telescope, which was planned
by us, will appear at Devasthal
Mountain. In this case it is not a
competition, but mutual coopera-
tion of astronomer’s teams.

The world is becoming more
open. We see the breakthrough
of Kazakhstan’s astronomy in
the formation of international
teams, regardless of the country
where the study was conducted.
Kazakhstan has a very big advan-
tage. Due to its geopolitical posi-
tion it can work equally well with

the world. For example, today a
professor from the University of
North Carolina, United States
takes into scientific team the un-
dergraduates from the Kazakh
National University and they
work remotely on the telescope,
both in the Assy, and the United
States or Chile; and Professor of
the Kazakh University attracts to
work the colleagues from South
Korea and Germany. Now this
is the norm for astronomers. To-
morrow the international teams
of specialists will be able to work
on space telescopes produced in
Kazakhstan and launched from
Baikonur.

In conclusion, we would like
to express our gratitude to the as-
tronomers, professionals in their
field who have researched astro-
climate and selected the perfect
place for the Assy Observatory.
Experience and results of long-
term observations have shown
the correctness of their choice. M
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12 Hos16pst 2014 roma mpo-
M30LIO BBIJAIOLEECs COObITIE B

UCTOPUY KOCMOHABTUKM: BIEp-
Bble Ha IIOBEPXHOCTb KOMETbI
6bI BBICA)KEH MCCIENOBATENb-
CKWII aIlapar.

Eppomnerickas CTaHLMS
Rosetta gocturma ienm cBOEro
TeCATUIETHETO  ITyTeIeCTBUA
nmo Co/nHeYHOll cucTeMe — KO-
MmeTbl YypromoBa-I'epacumenko.
Komery 67P/YypiomoBa-Tepa-
CUMEHKO OTKpbUIM B 1969 rony
COBETCKME acTpoHOMbI Knum
YypiomoB u Csermana [Iepa-
CHMEHKO, paboTaBIlNe TOTfa B
Anma-Are. OHa OTHOCUTCA K

KocMuueckne nccnenoBaHust u texHonorum /04/ 2014

Ha BCTREuY ¢ KOMETOU

IpyIIle KOPOTKONEPUOAMYECKIX
(ee mepmop obpaleHnsi paBeH
6,6 ropma). Pasmepsl 607bLION
IOTYyOCH OPOUTBI COCTABIIAIOT
HeMHOrMM 6oree 3,5 acTpoHO-
MUYECKMX €[IMHUII, JMHe/Hble
pasMepbl Afpa UMET HOPALOK
HEeCKOJIbKUX K1jioMeTpoB. Cpeni-
HAS TeMIlepaTypa IIOBEPXHOCTH
sapa xoMersl -70°C.
Kocmmueckuit anmapar
Rosetta BMecTe co cIlyckaeMbIM
3oHpoM Philae crapToBan 2 map-
Ta 2004 rofa Ha pakKeTe-HOCUTe-
ne ceMeiicTBa Ariane 5 ¢ KOcMoO-
pgpoma Kypy Bo ®Ppaniysckoi
I'Bnane. HasBaHne kocMudecknit

anmapaT IOMy4uI B 4YecTb PO-
3€TTCKOTO KaMHs. Pacumgpos-
Ka HaJIMcell Ha 3TON ApeBHeIl
KaMeHHOJI IUINTE, BBITIOTHEHHAS
K 1822 ropmy ¢panuysom Ka-
HOM-®pancya IllamMmonboHOM,
MIO3BO/IM/IA JIMHIBUCTAM COBEp-
IINUTb TUTAHTCKUII TIPOPLIB B
U3YYEeHUM eTUIIeTCKO MepOorin-
¢uueckoit mucpmenHoctu. Ilo-
NOOHOIrO KavyeCTBEHHOIO CKad-
Ka B MCCIE€JOBAaHUN 3BOOLUN
ConHeYHO! CUCTEeMbl yYeHbIe
OXXUJAT U OT Muccum Rosetta.
Cama Rosetta — 3TO KOMITIaKT-
Hasl aTIOMUHMEBasA KOHCTPYKIIMA
pasmepamu 2,8x2,1x2,0 MeTpOB ¢




COJIHEYHASA ez (o1, V.

ABYMs CONMHEYHBIMU OaTapesmu
1o 14 MeTpoB KaxKjas.

Croumoctb mpoexkra — 1,3
MIWUIMAPJA JOJUIApOB, a €r0 pas-
paborunkoM BbICTyIaeT EBpo-
TIeicKoe KOCMIYECKOe areHTCTBO
(ESA). Yuactie B HeM IIpMHVIMA-
10T Takke NASA, a Tak>Ke Ha1yo-
HaJIbHbIe KOCMITYECKIIe areHTCTBa
pana crpas. Bcero B mpoekre 3a-
eliICTBOBaHO 50 KOMmaHUII U3
14 crpan Epponnt u CIIA. Ha
Rosetta pasmerieHo onuHHaf-
LIaTb HAyYHBIX MHCTPYMEHTOB —
CTIelMaZIbHBIX CUCTEeM U3 JaTdu-
KOB I aHA/IM3aTOPOB.

ITIo xomy cBoero myTelle-
ctBuA Rosetta cosepumna Tpu
MaHeBpa BOKDPYT OpOMUTBHI 3eM-
M U OfMH — BOKpYyT Mapca. K
opbuTe KOMeTBI almapar IIpu-
6mmsuica 6 aBrycra 2014 ropa.
3a cBOJ [ONIWii IyTh amIapar
ycIIen BBIIOMHUTD PAJ, UCCTIENO-
aHmit. Tak, B 2007-M, mponeras
MuMo Mapca Ha pacCTOSTHUM ThI-
csYM KMJIOMETPOB, OH Ilepefasn
Ha 3eMJII0 TaHHbIe O MATHUTHOM
T107Ie TTAHeTBL.

B 2008 romy HaseMHbIMU
CIlelManucTaMy BO u3bexxaHue
CTOJIKHOBEHMSI C acTepPOUIOM
IIITeitHC 6BUIA HMpOBeAeHa KOp-
PEKTUPOBKa OPOUTHI KOPaOIIs,
4YTO He IOMelIao eMy cdo-
TOrpagupoBaTh IMOBEPXHOCTD
HebecHoro Terma. Ha cHuMkax
ydeHble obHapyxwm 6omee 20
KpaTepoB pauamerpamyu ot 200
metpoB. B 2010 Rosetta nepepa-
na Ha 3emmio dpoTorpadunu fpy-
roro acrepoupa — JlroTeunn.
9T0 HebecHOe TeNo O0Ka3anoch
ITaHeTe3UManpl0 — obpasoBa-
HIUeM, U3 KOTOPHIX B IPOIIIOM
¢dbopmupoBanuch IIAaHETH. B
uioHe 2011 anmapar nepesenu B
CIIAIMIT PeXUM A1 S5KOHOMUM
sHeprumu, a 20 auBaps 2014 roga
Rosetta «mpocHymace». CHUrHamI
0 IITaTHO} paboTe MeXIUIa-
HETHOTO 30H/Ia BeuepoM B IIO-
HefenbHUK 20 AHBapsA MOCTUT
3emnu. OH nren Ha 3emitio 6ortee
BocbMM 4dacoB. ESA Bemo mps-
MYI0 TPaHCIALMIO «IPOOyx[e-
HUs» 30H/a, KOTOPBII HaXOJVII-

csi B coCTOSIHUM TrubepHanuu
OKOJIO 2,5 JIeT.

Buauane cmeumamucrer ESA
OTOOpa/IM IISITh MECT ISl TIOCaf-
ku mopynst Philae. 3oum HasBan
B 4yecThb ocTpoBa Pusbl Ha peke
Hwun B Ernnre. Tam Haxogmmuch

IpeBHME KYIbTOBbBIE COOPYXe-
HIISA,  TaKKe OOHapyXeHa InTa
¢ uepormupUIecKuMN 3aIUCIMU
naput, Kneonatpsr II n Kneona-
Tpol III. B utore 1 nocagkm Ha
KOMeTy YdeHble BbIOpamm yda-
CTOK TIOJ HasBaHUeM ATWINKA.
Ha 3emsie 310 TOXXE OCTpOB Ha
pexe Hw, xyma 6bi1a mepeHece-
Ha 4acTb JIpeBHMX IIAMATHUKOB,

KOTOPbIM YTPOXKano IOATOILIe-
HMe B pe3ynbTaTe CTPOUTENTbCTBA
AcyaHckoll mnmoTuHBL.  Macca
crryckaemoro 3oHpa Philae — cro
KUIOTpaMMOB. JIMHeliHbIe pa3Me-
pbl He IPEBBIIAIOT MeTpa. 30H,
HeceT Ha CBOeM OOpTy HecATb
MHCTPYMEHTOB, ~ HEOOXOIMMbIX
IIS UCCTIENOBAHNA APa KOMETBL
C noMoIp0 pajiioBONIH yYeHbIe
IVIAHMPYIOT MU3Y4UTh BHYTPEH-
HIOIO CTPYKTYpY f[ipa, a MMUKPO-
KaMepbl IO3BOJIAT CHIeNIaTh C IO-
BEPXHOCTYM KOMETHI IIAHOPAMHbIE
cHnMKu. Byp, ycTaHOB/IeHHDIN Ha
Philae, momosxer B3sTH MPOOBI
TPyHTa ¢ IIyOuHsl 10 20 caHTH-
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merpoB. batapeit Philae xBatur
Ha 60 4acoB aBTOHOMHOII pabo-
TBI, IOTOM IUTaHME IIEPEKIIIo-
YUTCsI Ha COJMHeYHble Oarapen.
Bce maHHBIE M3MepEHNIT B PEXKI-
Me OHJIaliH OYAYyT HOCTyIaTh Ha
anmapar Rosetta, a ¢ Hero — K
3emre. ITocne ciycka Philae an-
mapaT Rosetta HauHeT OTHA/IATDL-
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Cs OT KOMETDI, IIPEBPATUBIINCD B
€€ CITyTHHK.

K HempmsaTHOCTAM cO cmy-
ckom Philae eBponeiickne uH-
JKEHepbl ObUIM TOTOBBI ellje ¢
MOMEHTa HHaHI/IPOBaHI/IH camon
muccuin. JleiicTBUTENbHO, OCYyIIe-

CTBUTD NIEPBYI0 MATKYIO IOCAJIKY
Ha ITOBEPXHOCTb HEOECHOTO Tenla
C Ype3BBIYAITHO CMaboil TpaBuU-
Tanyell (IpUMepHO B BOCEMb
THICSIY pa3 crmabee 3eMHOI), IBU-
XKYILETOCs CO CKOPOCTbIO 6osiee
TecATH KUIOMETPOB B CEKYH[Y,
IPUKPENUTHCS K HeMy 1 coOpaTh
HeoOXoaMMble JaHHbIe — BecbMa
CTIO>KHAsI TeXHIYecKas 3ajiada.
CoBpeMeHHbBIE  BBIYMCIIN-
Te/IbHbIE METOZbl HEeOECHOM Me-
XaHVKU IIO3BOJIAIOT C BBICOKON
TOYHOCTBIO pPacCYMTaTh Iapa-
MeTpbl TpaeKTOpMIl ammapaTa
U HebeCHOro Tela BIUIOTb [0
OIHOBPEMEHHOTO  IIepecedeHMs
UX TPaeKTOpuiL, OFHAKO CaMo
MaHeBpMpOBaHMe  CITyCKaeMOTO
30H/JA, a TAKXe ero Herocpes-
CTBEHHas II0CafIKa M IOBeleHMe
Ha TIOBEPXHOCTU TPYAHBI I
MOJE/VMPOBAHMS 13-3a 6OTIBIIOTO
YIMC/Ia HEM3BECTHBIX IAPAMETPOB.
9To CBA3aHO C HeIpefcKa3yeMo-
CTBI0O KOHKPETHBIX YCIOBMII Ha
[IOBEPXHOCTM KOMETHI (He TOBOPsI
yXe O ApYruMX HeGecHbBIX Tesax):
BMECTO TOYHBIX YMCET MMeeTCs
TO/bKO KayeCTBEHHOE IIpefiCTaB-
neHne o Xxumun 1 usuxe Agpa
KoMeTbl. TakoBa 0COGEHHOCTDb
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ACTPOHOMMM: HeOIIpefle/IeHHOCTD
B YMCTIEHHbIX 3HAUeHNAX IIapaMe-
TPOB MHOTMX KOCMUYECKIX TeJl U
ABJIEHNII y TIPefiCTaBUTENIEN [Ipy-
I'MX TOYHBIX HayK IIPOCTO BbI3Ba-
mm 651 ykac. HeonpeneneHHOCTD
B UMCTEHHBIX 3HAYEHMAX BENN-
YMH CPaBHUMA C HMMM CaMUMIM:
(bakTudecKkn pedb UET O MOPSA-
Ke BeJIMYNMH, HO HMKAK He 00 Mx
3HaYeHUM. A YHaJE€HHOCTb KOC-
MIT4ECKMX 00'bEKTOB He II03BOJIUT
IIPOBOAUTD KaKye-nO0 OIIBITHL
B acTpoHOMMM HET SKCIIepUMEH-
TaTOpPOB — TOJIBKO HaOJIIofaTe-
. EBporierickyie y4eHble OLleHNU-
7M1 LITAHCBHI Ha yCIIeX CITyCKaeMOM
yactu Muccun Rosetta B 70 mpo-
LIeHTOB.

Henonagku ¢ 30H710M Hava-
JIACH elle IO OTAe/NeHNA OT Ma-
TEpMHCKOTO ammapaTa: y IIoca-
[OYHOTO MOAYIIS OOHAPYXKUIUCD
IIpo6/IeMBbl ¢ IBUTATeNIeM Maoit
TATU B €T0 BEPXHEN 4acTu. TOT
ABUIaTeNb IpENHA3HAYEH /I
TIPOTUBOMENICTBUA OTHadYe Tap-
IIyHOB, C IIOMOMIbIO KOTOPBIX
Philae gomxeH 6bIT 3aKpenuTh-
cs1 Ha sppe Komerbl. Heob6xo-
OMMOCTb B TaKOM YCTpOIICTBe
BO3HMKAeT 13-3a TOTO, YTO CM/IA

FAST FACTS
Launch: 07:17 GMT on 2 March 2004, on an Ariane 5
G+ from ESA’s spaceport at Kourou, French Guiana
Launch mass: 3000 kg (fully fuelled) of which the Or-
biter accounted for 2900 kg (including 1670 kg propellant and 165 kg science
payload),

and the Lander 100kg (with 26.7 kg of science payload).

Orbiter dimensions: 2.8m x 2.1m x 2.0m with two 14m long solar wings

Orbiter payload: 11 experiments (ALICE, CONSERT, COSIMA, GIADA,
MIDAS, MIRO, OSIRIS, ROSINA, RPC [ICA, IES, LAP, MAG, MIP,

PIU], RSI and VIRTIS) to study the comet’s global and local environment,
surface, and sub-surface.

Lander dimensions: 1 m x 1 m x 1 m (before deployment of landing gear)

Lander payload: 10 experiments (APXS, CIVA, CONSERT, COSAC,
PTOLEMY, MUPUS, ROLIS, ROMAP, SD2, SESAME) to investigate the

local comet environment, surface and sub-surface.

Distance travelled (by 12 November*): 6,550 million km

One-way signal travel time (on 12 November*): 1700 seconds

Ground communications: ESA’s New Norcia (03:08-14:27 UTC) and
Malargpe (00:00-03:02 UTC; 14:33 - 23:59 UTC) will be the primary

ground stations during this period, with backup from NASA’s Canberra
(DSS-45), Madrid (DSS-55) and Goldstone (DSS-15) stations.

Distance of Rosetta from Sun (on 12 November*): 448 million km

Distance of Rosetta from Earth (on 12 November*): 510 million km

Speed of spacecraft and comet with respect to Sun: 18.3 km/s

Cost: The total cost of the mission is 1.4 billion Euro. This includes the
launch, the spacecraft, the science payload (instruments and lander),

and mission and science operations.

Industrial contributions: The Rosetta spacecraft was built by an industrial
team led by prime contractor Astrium GmbH, Friedrichshafen, Germany, and
involving more than 50 contractors from 14 European countries and the USA.
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TsDKECTY Ha 9TOM HeOeCHOM Tejie
KpaliHe Maja.

Mocaaka H Dypexune

BolcaguTbcsa  30HA HODKEH
OBUT Ha y4acTKe, IO/Ty4MBIIEM Ha-
3BaHue Arwmka. OffHaKo ITocajika
12 HOs16pst 2014 ropa mpousonyia
B JPYTOM MecCTe, Ifie MIMEHHO —
TOYHO HemsBecTHO. K ToMy e
30HJ, HEOCTATOYHO IPOYHO 3a-
KPeIICS Ha TIOBEPXHOCT KOMe-
TBL: CICTEMA Pa3BePTKM FAPIIYHOB
He cpaboTata, 11 anmapar B o601t
MOMEHT MOT IIepeBepHYTbCH, Jie-
¢dopmmpoBatbcs WIM fHaXxe OT-
ckounth ot moBepxHocTi. Philae
OIMpaAJICS TONBKO Ha JIBe U3 TPexX
cBoux omop. Bonee Toro, crerm-
amctl ESA  obHapyxmmm, 4To
30HJ, He OfVH pa3, a IeNbIX TPU
IBITAJICSL CeCThb Ha IIOBEPXHOCTH
KOMeTBI. B OfIHOI 13 TaKMX IIOIIbI-
TOK OH IIOJ{HSUICS HaJl ee MOBEepX-
HOCTBIO Ha BBICOTY, PaBHYIO IIpU-
MmepHo 0,5 kumomerpa. Vs-3a Toro,
gro Philae coBepiumn mocaaxy He
TaM, I7ie IVIAHNPOBATIOCh, OH OKa-
3aJICs1 He Ha 3aIlbUICHHOI! II0BepX-

HOCTM, 2 Ha TBEPHOI CKa/IMCTO

IOpofie TIOfl BO3BBILIEHHOCTHIO,
3aKpBIBAIOLIYI0 30HJ CBOEH Te-
Hblo. CBeT momapian Ha ¢oroae-
MeHTbI conHevHbIX Oarapeit Philae
TOTIbKO B TedeHue 90 MMHYT KaXK-
nble 12 9acoB.

Cpenu 11 HayYHBIX MHCTPY-
MEHTOB 30H[A €CTb YCTPOJMCTBO
MUPUS c¢ nenerpaTtopoM, Ko-
TOPOMY Y[a/lIOCh BBIIBMHYTbCA
IpUMEpPHO Ha YeTBEPTb MeTpa.
C ero IOMOIIbI CHELMATUCThI
ESA Hapjesamich nmpuBecTy 30H[,
B 6oJee YCTOITYMBOE IIOJIOXKe-
HIe, 2 B ONTYMUCTUYHOM CIjeHa-
pUM — OCYLIECTBUTD €TI0 pas3Bo-
POT K COTHEYHOMY CBETY U B3ATb
Ipo6bI TpyHTa. MaHUITY/IALIUN C
IIEHeTPaTOpOM  JIeliCTBUTETIbHO
YaCTUYHO ITOMOTIN.

MHxeHeppl Muccuyu coob6-
MM, YTO TIEHETPATOp OCyllle-
CTBIJI TIEPBOE B MUPE YCIIEIIHOE
IIPOHMKHOBEHNE B HeApa KO-
METbI, OJHAKO IPOLIET TOJIbKO
CKBO3b €€ MATKUI CIOWl U He
cMor IPOOYPUTb TBEPABIIL 13-32
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MIOJIOMKY, CIyYMBILIelcs, KOTfAa
ydeHble 3acTaBUIM ero pabo-
TaTb B peXUMe MaKCHMaabHOM
Harpysku. OflHAaKO MHCTPYMEH-
Ty SD2 Bce ke yfanoch ocylie-
CTBUTb I10-HACTOAILLEMY IIepBOe
OypeHye VMEHHO TBepAON IIO-
BEPXHOCTY KOMETBI.

Heynaun B 6ypenn MUPUS
y4YeHble CBA3a/IM C HEOXXNJAHHO
TBEPJOV CTPYKTYPOIl ITOBEPXHO-
CTU KOMETbI, Ha KOTOPYIO HaTOJI-
KHYJICA IIeHeTpaTop. ACTPOHOMBI
BBIJBUT/IY Pa3HBbIe IIPEIIOIOXKe-
HysL. Mofieny BKII0Ya/I B ce6s1 1
MATKOE ANPO, ¥ TBEPAYIO IOBEPX-
HOCTb, U Ppa3IM4Hble IIPOMEXY-
TOuHble KOMOMHanum. OpfHaKo
I7IS1 TOYHBIX BBIBOZIOB IAaHHBIX He
XBaTaJIo.

Paspaborunkn MOZYA
Philae crapanucp ydecTs Bce He-
OIIpeZie/IeHHOCTY B HallIMX IIpef-
CTaBJIEHMAX O XapakTepe Afapa
KoMeTbl. MOJIOT WMHCTpyMeHTa
MUPUS, 3a6uBaromuinit meHeTpa-
TOP B IIOBEPXHOCTB, ObIT paccum-
TaH Ha OypeHue TBEpPABIX C/IOEB,
HO TaK U He CIIPaBUJICA CO CBOEI
3amgavert. Creruanuctel ESA He
OKIJIA/IY, YTO MOBEPXHOCTD KO-
MeTbI OKaXKeTCs CTOJIb TBePIOIL.

Bce xoMeTbI Takume, WM 30H-
Iy «He IIOBE3NO», HeACHO. Tak,
COITIACHO OJHOJ M3 BepCuil Ciy-
YMBILETOCH, CITYCKaeMblil MOZYIIb
IION/I Ha TBEPABIN OCTATOK KOC-
MIYECKOTO TeJNla, KOITA-TO yIaB-
mrero Ha koMery. B ESA Taxoke co-
o0y O TOM, YTO TeMIlepaTypa
TIeHeTpaTopa IIOC/Ie €r0 M3BJIeye-
HUS U3 MATKOTO CJI0SI HOBEpX-
HOCTU SAifipa CWIBHO IOHM3W/IACh
”3-3a TOTO, YTO K HEMY YTO-TO
TIPUKPEnmIoch. Moro i 3To mo-
CTY>KUTb TIPUYMHON cOOeB B pa-
60Te yCTpOIICTBA, TOXE OCTACTC
BOIIPOCOM.

3oup Philae 3a cBou mepBrie
CYTKI HAa IOBEPXHOCTY KOMETBHI
nepegan fo 90 NIpOLEHTOB 3a-
IJIAaHMPOBAHHOI Ha TOT IEepPUOJ,
nudopmannn. B ESA puckuymm
M 3a/]elICTBOBA/IM BCE VIMEIOIIM-
ecsi BO3MOXKHOCTM [yisi cbopa
MaKCUMaIbHO OONBIINX OOB-
eMOB MaHHBIX O kKomere. IToka

Major subcontractors were Astrium Ltd. who built the spacecraft platform,
Astrium France who supplied the pacecraft avionics and Alenia Spazio, Turin,
Italy, for assembly, integration and verification. Canada participated in the con-
struction of ESA’s first 35 m-diameter Deep Space Antenna in Australia, which
was built for Rosetta. Scientific consortia from institutes across Europe and the
United States provided the 11 experiments for the orbiter.

Rosetta’s Philae lander is provided by a consortium led by DLR, MPS,
CNES and ASI. Other members of the consortium are ESA and institutes from
Austria, Finland, France, Hungary, Ireland, Italy and the UK.

WHAT'S IN STORY FOR ROSETTA IN 2015?

During 2014, Rosetta woke up from deep space hibernation, chased and
reached its target comet — 67P/Churyumov-Gerasimenko - began to study and
characterise the comet and, on 12 November, will deploy a lander, Philae, to the
comet’s surface. The main mission phase has begun in earnest and will continue
until December 2015.

The mission’s scientific programme following the deployment of Philae is
to a large extent determined by the activity of the comet, which will increase as
67P/C-G approaches perihelion - the position on its orbit that is closest to the
Sun - in August 2015.

From late November 2014 until sometime around the beginning of February
2015, depending on the activity of the comet, the Rosetta orbiter will stay close
enough to comet 67P/C-G to be held in a bound orbit. The orbiter will build up a
detailed picture of the comet’s thermal and physical properties during this time as
the comet warms up. Rosetta will also make measurements of dust grain sizes and
chemistry to monitor effects arising in the changing comet environment.

From February 2015, determined by the anticipated increased in cometary
activity, Rosetta will move out of bound orbits and instead will conduct a series
of comet flybys, the most daring of which will approach to within 8 km of the
centre of the comet’s nucleus. The operational challenge during this period will
be to stay as close to the comet as possible while not jeopardising the spacecraft.
This phase of the mission will focus on studying and monitoring the comet,
including its surface and its surrounding coma, painting a portrait of 67P/C-G
as an evolving object.

If all goes well, Philae could be operational until March 2015, after which
it is expected that temperatures inside the lander will have risen too high to
continue scientific measurements. Until then, there is the possibility for coor-
dinated measurements between the orbiter and lander, with the orbiter making
measurements of and around the landing site, providing vital context for the
in-situ measurements made by Philae. The orbiter and lander will also send low-
frequency radio signals between them, through the nucleus, to study its interior.

Beyond that, in July 2015, the team plan to fly Rosetta directly over an active
region where jets of material are seen to be emerging from the comet’s surface.

Then, in August 2015, the comet reaches perihelion, the closest approach to
the Sun at 186 million km, between the orbits of Earth and Mars. As the comet
then starts to cool again and activity subsides, Rosetta will watch the behaviour
of 67P/C-G through to the end of the nominal mission, in December 2015, at
least, to see if the activity decreases in a symmetrical way to its increase on ap-
proach. Scientists will also be able to assess how much the comet nucleus has
changed during this whole period.

Rosetta’s operations are currently funded until the end of 2015, but depend-
ing on the status of the spacecraft and its scientific instruments, and based on the
additional science that can be gained by studying the comet as it moves farther
away from the Sun, a possible extension to the mission will be discussed closer to
the time.
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paboTamo Hay4HOe O6OpyHOBa-
HIe 30H[a, ero aKKyMy/IsSTOPbI
[OYTY IIOJTHOCTBIO PA3PSAUINCD,
u Philae nepemen B pexum ru-
6epHarun. IIpobyxaeHne 30H1a
— oTgenbHas 3agava. HecmoTps
Ha HEKOTOpbIe Hey/laul, B LIeJIOM
eBPOIEIIIBI JOBOTbHBI Pe3yIb-
tatamu pabotsl Philae.
OcrasBIeiics 3HepIuyM XBa-
TWIO [yIsL TIPEeAIIoIaraeMoro 06-
MeHa JIAHHBIMM C MaTepUHCKMM
armaparoM Rosetta. Kpome Toro,
10 Mepe npubmokennsi K ConHiy
y4acTOK, Ha KOTOPOM HAaXO[MTCA
30H/[, OyIeT OCBEIATbCS CUIbHEE,
u skcneptbl ESA He uckmodaror
oxusenns Philae. Hamnbomnee
CHep>KaHHBII IIPOTHO3 CIIeI1a/I-
CTOB IIpeMMOJIaraeT, YTO MUCCHUS
Philae B ocHOBHOM 3aBepiieHa.
Y4eHBIM HPefCTOAT aHAIU3 JaH-
HBIX, IOJMY4eHHbIX CO CITyCKae-
MOTO MOfY/S, U HaOJofeHne ¢
MaTepPMHCKOTO ammapara Rosetta,

BPAILAIOLIETOCA BOKPYT KOMETBI,
3a 9BO/IOLMENl KOMETBI 110 Mepe
ee npubmkenus k Conuty. ITpo-
rpaMMa paccylTaHa ellje IpuMep-
HO Ha JIBa Tofid. A JIA 3aBeplie-
HIA YaCTU MMCCUM, CBA3aHHONM C
songom Philae, HekoTopele 3Kc-
IIepThI AaXKe IPeJIararT npubm-
3uTbh Rosetta K komeTe U OIyCTUTD
anrapaT Ha Hee.

Ionpitkn oxuButp Philae
nnxeHepol ESA He ocraBar —
moskesaeM UM ycnexa. Hecmorps
Ha BCe LIePOXOBATOCTU MUCCUY
Rosetta, y acrpoHomoOB Tenepb
€CTb YHUKaJ/IbHbIE JJaHHbIE O KO-
MeTe, KOTOpble HUKAKMM JPYTUM
crocoboM, KpoMe CITycKa Ha ee
[IOBEPXHOCTb, IOYy4UTb OBl He
YHAIOCh.

VI3MepeHus, BBIIOTTHEHHbIE
B pamkax Muccum Rosetta, mo-
Kasa/[: TeMIepaTypa KOMETbI
C/IMIIKOM BBICOKA, YTOOBI €€ sIpo
TIOJTHOCTbIO HOKPBIBATIOCH CTIOEM

Philae lan

Anvead at comek

Rosatta’s jaurney
Comet orbit

npga. Kak cumraroT mcciaemoBa-
TelM, IMOBEPXHOCTb Afipa Ipen-
CTaBJIsieT co60it TEMHYIO TIBUIEBYIO
KOpKy. TeM He MeHee ydeHble He
VICKJTIOYAIOT, YTO TaM MOTYT ObITh
U JlefisHble ydacTKu. Takke ycTa-
HOBJIEHO, YTO B ITOTOK I'a30B, MCTe-
KaIOIMX 13 KOMbI (0671aKa BOKpYT
siIpa KOMETHI), BXOIAT CepOBOLIO-
pon, aMMuax, GopMabierig, Cu-
HWIbHAA KMCTIOTA, METaHOJI, Cep-
HVICTBIJ aHTUIPVJL VI CEPOYITIEPO,.
Panee cumranoch, 4TO MO Mepe
HarpeBaHMsA JIE[AHON IIOBEPXHO-
CTM KOMETBI, NpUOIDKAIOIEIicst
Kk ConHlly, BBIIENATCA TOIbKO
camble JIeTy4ne COeJVHEeHMI —
IOBYOKIUCb ¥ MOHOOKICDH YITIEPO-
na. MakcumanbHoe cOMmDKeHne ¢
ConuneM mpousoiifier 13 aBrycra
2015 ropa, korga KomeTa 67P/Uy-
pioMoBa-I'epacuMeHKO OKaxeTcs
B TOuKe nepurenyst. Torma u Oyner
HabmIOIaTbca Hauboslee UHTEH-
CMBHOE JICIIApEHYIE e MaTepI.
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VccnenoBaHye KOMeThI BaXK-
Hee BbIcasiku Ha JIyny. O6 atom
3aABWIa OOMH W3 TePBOOTKPBI-
Barerell komeTbl 67P/UypromoBa-
I'epacumenko Csernana I'epacu-
MEHKO.

«Ha wmoit B3rmam, mocagka
neHgepa (CIyckaeMoro 30HAA
Philae) Ha MOBEPXHOCTH KOMETBHI
Jake BaKHee, YeM IOCafiKa Ha
JIyny. IToToMy 4TO TaM BooOlIle
BCE ellle He MI3y4eHO B KOMETaX, a
o JIyHe MBI 3HaeM HAMHOTO 60JIb-
Ile, a AAPO KOMETHI BOOOIIe He
usydeHo. MBI e, KOrfia Habio-
TaeM KOMeTBI, MbI HabmiomaeM
He ARpo, a aTMocdepy KOMETbI,
U O Afpe paHbIIe MOT/IN JeNaTh
TOJIBKO TIPEIIONOKEeHNA», — CO-
obmyma actpoHoMm. I'epacumen-
KO TakKe BBIpasmma HafleXay
Ha ocBoeHMe KpacHoii I1aHeThl.
«Xorenoch 6Obl, 4TOOBI Ha Mapc
netamu. ITo BCé TaK OBICTPO pas-
BuBaercs. CerofjHs He 3Haelllb,
yro Oymer B OmmKaillime He-
CKOJIBKO JIeT», — CKasajia OHa.

VccnenoBannsa, HOROOHbBIE
skcnemuuyy Rosetta Heobxomu-
MO TIPOBOJUTH, BO-NEPBBIX, /LA
U3y4eHMA 3BOTIOLUY KOMETHOTO
BEIIIeCTBa, I, BO-BTOPBIX, [/IA TO-
HUMaHVsI BO3MOXXHOTO BJIVSTHYIS
UCTIAPAIINXCA B KOMeTe Ta3oB
Ha JIBVDKEHME OKDPYKaloIMX He-
OecHbIX Tesl. JlaHHbIE, IOTy4YeH-
HbI€ C TOMOIIbI0 Muccum Rosetta,
IIOMOTYT OOBACHUTD IPOLIECCHI
sBosrory COMTHEYHOI CUCTeMBI
U BO3HMKHOBEHNS BOJBI Ha 3eM-
ne. Kpome Toro, ydeHble HaeloT-
c1 OOHApY>XUTb OpraHMYecKMe
cregpl oT L-dopm  («wieBocro-
POHHUX» (QOPM) aMMHOKUCIIOT,
ABJIAIOIINXCA OCHOBOJ )XM3HY Ha
3eme. Ecrn atu BemmectBa 6ymyT
HalffIeHBl, TUII0Te3a O BHE3EMHBIX
JICTOYHMKAX 3eMHOJ OpTaHUKU
TIOJTYYNT HOBOE ITOATBEPK/CHIIE.

BosMOXXHO Temeph KOMETHI
[epecTaHyT OBITh  3/IOBEIUMI
IIPE/IBECTHMKAMI 3eMHBIX Oefl, KaK
B ObUIBIE BeKa, a O6yAyT Hanbomee
BQOXHBIMI MCTOYHMKaMU MHQOp-
Mauuu o >kusHu Bo Becenernnori. W

Io mamepuanam

ungopmazenmecme

MISSIONS TO COMETS - ROSETTA IN GONTEXT

For much of history, humans have been fascinated by comets. Evidence
for this can be found in Scottish rock carvings dating back to the second mil-
lennium BC, on clay tablets from ancient Babylon, and on an 11th century BC
Chinese almanac transcribed on silk.

Comets were seen as omens of portent, and thought by many to be atmos-
pheric phenomena rather than celestial. Gradually, astronomers realised that
these apparitions were visitors from the distant reaches of outer space. In doing
so, mere curiosity volved over the centuries into scientific study.

Where did comets come from? How did they move through space? What
were they made from? All of these became key drivers in the astronomers’ pur-
suit of knowledge throughout the 18th century Age of Enlightenment.

Towards the end of the twentieth century, advances in space technology pro-
vided exciting new possibilities for comet scientists. Before they had relied solely on
naked-eye observations or ground-based telescopes to study these ghostly messen-
gers. Now it was possible to approach them with spacecraft, catching them as they
journeyed towards the inner regions of the Solar System, relatively close to Earth.

In 1985, NASA’s International Cometary Explorer (ICE) became the first
space mission to pass through the tail of a comet. It flew past at a distance of
7800 kilometres from the nucleus of comet 21P/Giacobini-Zinner.

Just one year later, when Halley’s Comet returned to our skies, an armada
of spacecraft was sent to study the comet up close: these included two probes
from Russia (Vega-1 and Vega-2), two from Japan (Sakigake and Suisei), and
ESA’s Giotto spacecraft.

Giotto flew within 600 kilometres of comet 1P/Halley, closer than any other
spacecraft, and sent back detailed images of the icy nucleus at the heart of the
comet. This was a world-leading first. Giotto’s unique data showed, among oth-
er things, that comets contain complex organic molecules. Studying these may
help us understand if comets helped to ‘seed’ life on Earth.

After Halley, the spacecraft continued its journey. It was revived in 1992 to
fly past comet 26P/Grigg-Skjellerup. Giotto’s camera had been blinded by dust
particles during its encounter with Halley, but nonetheless its other instruments
could sense 26P’s nucleus.

ESA provided
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(7L rVil .V} KOCMOHABTUKA

K co3panuio panaptoro
cnyTHuKa KazSAR
AKTYya/IbHOCTD IPOG/IEMBI

IlucraHuMoHHOE 30HU-
poBaHMe 3eMaM C IIOMOUIbIO
pajapHBIX CIYTHMKOB — Me-

TOJ, IIO3BOJIAIOLINII IOTy4YaThb
aKTya/lbHble CBeJleHUA KaK o
COCTOSIHUM OOBEKTOB MCCIIEfO-
BaHMA, TaK ¥ O JIMHAMMKe pas-
BUTHUS [e(OPMALIMOHHBIX IPO-
I[eCCOB Ha HMX ¥ IPUJIEralomux
TEepPUTOPUIX, HaXOJuT BCe
6oJiblilee TIPMIMEHEHVE B CAMBIX
Pas3NMYHBIX 06/1aCTAX IPOMBbILI-
JIEHHOCTU U XO3sJICTBEHHO Je-
ATeTbHOCTM 3aMHTEPeCOBAaHHBIX
CyObeKTOB: OT YaCTHBIX KOM-
IaHUI 10 IPaBUTENbCTB TOCY-
JapcTB BO BceM Mupe. JlocTaTou-
HO CKa3aTb, 4TO IPAKTUYECKU
BCe WHAYCTPMUAIBHO pPa3BUTbIE
CTpaHbl Ha BCeX KOHTMHEHTAX,
B ToM uncne CIIIA, crpanst EB-
pocoro3sa, Anonusa, Mupusa, Kn-

M. XXAHTAEB,
A.)XX BUBOCHHOB.,
A.B. NBAHYYKOBA,
B.K. KYPMAHOB

R CO3AaHVIO DaAANHOIO
CNMYTHUKA KazSAR

AO «HUKWT», ATOO «UHCTUTYT noHochepbI»

Tait, ABCTpanus u Ap. obmafaioT
COOCTBEHHBIMU CITYTHUKOBBIMI,
B ToM uncie u PCA cucremamu
000POHHOT0, HABUTALIOHHOTO
M/VY TMPOMBIIUIEHHOTO Ha3Ha-
4yeHys1. PasBUTHIO 9TOTO Halpas-
nmeans mo 2020 roga MoOCBAIIEH
TMOKJ/aJ, CAe/TaHHBbI B BUjle He-
3aBIMICUMOTO MCCeqoBanus Po-
6eprom A. Bebepom n Keunom
M. O’Konnemrom (Innovative
Analytics and Training, CIIIA)
I 3aMHTEpPeCOBAaHHBIX  Be-
momctB  CIIA  (www.gisa.ru/
file/file2201.doc). Ilo MHeHMIO
Kesnna M. O’Konnemna, «Koc-
MMUYECKOE NMCTAHI[MIOHHOE 30H-
OMpOBaHNe HAXOZMUTCS, KaK U
[ecsATH JIeT Ha3ajl, «Ha [epefHeM
Kpae I7I00aJBHOI IPO3pavHO-
ctu». KinroueBbIM oT/Im4meM ce-
TOIHALIHETO [THS SBIAETCA TO,
yto 133 — numib ogHa U3 HUTEN
B IeEpeUIeTEeHN) MNAHHBIX, TeX-
HOJIOTMII, a TaKXX€ HOBBIX IIPHU-
noxeHnit MHGOpMALMM U WH-
"HoBaumit. CTaHOBAIIMIICS BCe
607ee IPO3paYHBIM MUP CTABUT
C/IOXKHBIE 3afjauyl IO YIIpaBjle-
HMIO, 0€30IIaCHOCTI ¥ S9KOHOMM-
ke. BosMoXXHOCTM MX pelleHUA
TPeOYIOT 3HAYMTENBbHOTO Iepe-
ocMblcneHus» (www.gisa.ru/file/
file2201.doc). [Tpuyem Ha pas3Bu-
Te storo HanpasneHusa B CIIA
TPaTATCA 3HAUMTE/IbHbIE Cpef-
CTBa, MCYNC/IsIEMble He OIHUM
MIWUIMAPAOM JOIapoB. B cre-
AyrolmeM RecATWICTVN pasind-
HBIMU CTpaHaMy IUIAaHUPYeTCs

3aITyCcK 42 KOMMEPYECKUX U TO-
CY[JapCTBEHHBIX CIYTHMKOB. 36
U3 HMX OCHAIIIeHbI PafiN0/I0KaTO-
paMu C CMHTe3VPOBAaHHOI amep-
typoit (PCA). «DKcmepTsl cxo-
IATCS BO MHEHMNM, YTO I[JIABHOI
LE/IbI0  IeONPOCTPAHCTBEHHON
OTpaciy sAB/IAETCA OTCIEeXKUBA-
HI€ IIPOLIeCCOB Ha IVIaHeTe U U3-
MeHEHMII MaTepuaabHbIX pecyp-
COB, TaKMX KaK IIPOJJOBO/IbCTBUE,
BOfla VM MMHEpPaJIbHOE CBIpbe.
Ecnn aHanuTuky mpaBbl B TOM,
YTO MEXTYHapOfHasl IOMIUTUKO-
9KOHOMUIYecKas cucrema k 2025
I. M3MEHUTCA JI0 Hey3HaBaeMo-
CTH, TO KOMMepUYecKye KocMuye-
CKMe CHMMKM BBICOKOTO paspe-
mweHuss Oyayr ropasgo 6orblie,
yeM celfyac, BOCTpeOOBaHbI B He-
BOEHHBIX Lie/isix» (Www.gisa.ru/
file/file2201.doc).

AHanu3 pbiHKa yenyr
PesynbTaToB KOCMHYECKOH
aearenbHocTH (PK)
Bo MHOrmx crpaHax mmpa,
B TOM 4ucjae He OO6Iafarouux
COOCTBEHHBIM KOCMMYECKIM
HOTEeHIMAIoOM, IpobiemMa ¥c-
nonb3oBanusa PK]lI pemena Ha
UHQPACTPYKTYPHOM YpPOBHEe U
pe3ynbTaThl KOCMMYECKON fies-
TeNIBHOCTU (KOCMUYeCKue CBA3b
M HaBUTALMA, OMCTAHIMOHHOE
30H/IMpOBaHMe 3eMIN, TU/IpOMe-
TeoposIorusi, Kaprorpaduaeckoe
U JIpyrue BUABI KOCMMYECKOTO
obecreyeHnst) MPOYHO BOLUIA B
TIOBCETHEBHYIO XKI3Hb.
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K umcny rocypmapcte mupa,
00/TafjaloIyX PasBUTON KOCMM-
4ecKoli MHQPACTPyKTypoil, II0-
3BOJIAIONIEN CAMOCTOATENHHO pe-
LIaTh CTIO>KHBIE 3a[ja4)l OCBOEHIS
U TIPaKTUYECKOTO MCIIONb30Ba-
HUA KOCMOCA, KaK 1 paHee, OTHO-
carca CIIA, ®panums, Knrait,
SAnonus, Vingua u Poccust.

Exxerognslit  poct Muposo-
IO PBIHKA KOCMUYECKMX IPOJYK-
TOB M YCIIYT COCTaB/AET B CPefl-
HeM 7 % B rofi. B 2013 rogy on
moctur 325 mnpp. powr CIIA.
Poct cmpoca Ha coBpeMeHHbIE
KOCMUYeCKe IPOAYKTHI U YCIIy-
1 OO'BSICHSIETCS TeM, YTO TOJIBKO
KOCMIYeCKMe CUCTEMBI CIOCO0-
HBI 00eCIeYBaTh HelPepPbIBHOE
¢dyHKIMOHMpPOBaHNE  T1OOATb-
HBIX MH(OPMALMOHHBIX II0JIei
HaBurauuy, HaOIOfeHWit U3
KOCMOCa, CBSI3U, YIPABIEHUA U
nepefayyl JaHHBIX, ITUAPOMeETEO0-
POJIOTMYECKOTO ¥ APYTUX BUNOB

KOCMMYECKOTO obecrieyeHus.
9To mpepIIONaraeT ycuiaeHme pe-
TYIUpYIOIell polu ToCy#AapcTBa
B JaHHOM HaIIpaBJIeHUI.

B ormnmunme ot CIHIA n EB-

POTBI, I C CaMOTO HaJasa CTa-
HOBJIEHNA KOCMUYECKOTO KOM-
IIeKca 3HaYMTeTbHOEe BHUMaHMe
YHeNANOCh KOMMEpIManu3aIun
KOCMMYECKMX TEXHONOTMIl U MX
PbIHOYHOI 3(deKTUBHOCTH, a,
ClIefloBaTeIbHO —  CKJIafiblBa-
JINCh ¥ OTpabaThIBAINCh MeXa-
HM3MBI IIPOJIBIDKEHNA KOCMUYe-
CKUX ycnyr Ha peiHKM, B CCCP,
a 3areM 1 Kasaxcrane pakeTHo-
KOCMUYECKMII KOMIIIEKC M3Ha-
YajlbHO Pa3sBUBANCA KaK «OIOf-
JKEeTHBbIIT», B paMKaX >KeCTKOTO
FOCYJlapCTBEHHOTO PETy/IMpOBa-
HUA TIPEVMYIIeCTBEHHO afIMM-
HYICTPaTUBHBIMI METOIAMU.
Ilonumanme BbITOR, M IIpe-
MIMYIIECTB, KOTOpPbIe MOXKHO II0-
Ty9UTD, VICTIONb3ysl KOCMUYIECKIe

TEXHOJIOTUM B XO3AICTBEHHON 1
VHOI IeATeTbHOCTY TOCYJapCTBa,
TIPUBETIO K TOMY, YTO KOCMMYe-
CKasi OTpac/ib BbIOpaHa OHUM
13 CTpaTerMuecKuX HaIlpase-
HMII pa3BUTHUA Hallell cTpaHbl. B
TO >K€ BpeMs TeMIIbl BHEJIPEHIS
PKIl B meATenbHOCTb Tocypap-
CTBEHHBIX OPTaHOB YIIPABJIEHM:
BCEX YpOBHell, MacuITabbl JC-
II07Ib30BAHMUA KOCMUYECKIUX TIPO-
AYKTOB (YC/IyT) B Pas/MYHBIX CeK-
TOpax 9KOHOMUKM IIOKA HeJb3s
TIPU3HATD JOCTATOYHBIMIL.
3HAYUTE/IbHYI0 YaCThb PbIH-
Ka KOCMMYECKMX IPOAYKTOB I
YCIIYT COCTaB/IsIeT KOMMepuecKoe
OMCTAaHIVIOHHOE 30HAMPOBaHME
3emmn. VIcToyHmkamm [oxopa
DAHHOTO CeIMeHTa ABJIATCS
IIpoJja’ka CHUMKOB M COITYTCTBY-
ole ycryru. PasBurue pblHKa
reoHGOPMAIVIOHHBIX YCIYT, OC-
HOBY KOTOPOTO COCTABJIAIOT JJaH-
Hble, TI0/Ty4aeMble C KOCMUYECKUX
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Hasanue PCA CrpaHa/ onepatop Pexkxum cbeMkn/ npocrpan-  OdupansHbli npaiic/ win
CHCTeMBI CTBEHHOE paspelieHne IleHa OT ZAMCTPUOBIOTEPa
COSMO-SkyMed 1-4 | Wrtamus/ e-Geos Stripmap/ 3-5 M 1275 eBpo
Radarsat-2 Kanama/MDA Ultra-Fine/go 3 M 2 750 eBpo
TerraSAR-X IF'epmanmsa/ Astrium Stripmap/ 5o 3 M 1400 eBpo
Alos-2 SAnonmsa/ Restec Ultra-Fine/no 3 m 1 900 eBpo
KOMPSAT-5 Kopes/ KARI He ycranosnena He ycranosnena

aIIaparoB pasaMYHOro Ha3Hayve-
HYSA. ABJIAETCA OJHUM M3 CaMbIX
HePCHEKTUBHBIX  HaIpaBJIeHMIl
KOMMEPYECKOTO JCIIONb30BAHMSA
pesynbraros PKJI. VinTerpaumsa
manHbIX [I33 B reomndopmany-
OHHBIE CHCTEeMBI OTKPBIBAaeT BO3-
MOYXHOCTh CTabM/IBHOTO pOCTa
CITpOCa Ha yCIyTH.

OpxuM u3 Hanbosee OCTPBIX
BOIPOCOB CO3/IaHVA OTEYeCTBEH-
HOTO MH(OPMAIMOHHOTO pPBIHKA
33 saBnsercs OTCyTCTBME IMPO-
KOTO Kpyra KOMMepPYeCKVX IT0Tpe-
Oureneil M mpsAMas 3aBUCUMOCTD
PbIHKA OT TOCYHapCTBEHHBIX 3a-
KYTIOK U 3apyOeXxHOl MHQpopMa-
mm.  Heobxopmmo pacumpAThb
nepeyeHb OTEYECTBEHHBIX MJH-
(bOPMALVIOHHBIX IPOJYKTOB U
yenyr J133, pasBuBaTh TEXHOJIO-
TMM  CeTeBOTO OOCTY>KMBAaHNA,
obecrieynBaoLe  YHIOBIETBO-
peHye 6osee IMIMPOKOrO Kpyra
norpebuTeneil, MHTErPUPOBATDH
manHble /133 B reomnpopmany-
OHHBbIE CUCTEMBIL.

B Poccum pbIHOK JaHHBIX
133 xapakTepusyeTcs BBICOKMM
YypOBHeM KoHIeHTpauuu. JInpe-
pot pptika — HIT OM3, UTT]

Kocmuueckne nccnenoBaHust u texHonorum /04/ 2014

«Ckanakc», 3A0 «CoB3oH»,
00O «I'MA «/HHOTEp» — 3a-
HUMAIOT COBOKYNHO 87% pbIH-
ka (mo mamubiM GIS MARKET
SUPPORT ASSOCIATION). B
KasaxcTaHe 5TOT pPbIHOK TOJIBKO
3apoxpaerca. OCHOBY ero co-
CTaBAT JaHHBIE [BYX OITHYe-
CKUX CITyTHMKOB M O>KMIaeMbli
3allyCK  PaJJapHOTO  CITyTHMKA
KazSAR (ympasinAromas KoMma-
Hus KasTapeimCanaper).

CoBpemMeHHbIe TeHeHIHH
B pa3BHTHH PCA cHeTem
PbIHOK pamapHBIX [aHHBIX
pasBMBaeTcad O4YeHb IVMHAMUYHO.
IlIo mopcderam uccnemoBaTeneit
OH JIOJDKEH BO3pacTy ¢ 93 mui-
7moHOB €Bpo B 2013 romy mo 226
MWUIMOHOB eBpo B 2021 romy.
Ilo pesynbraram mccnenoBaHMs
Northern Sky («Incranumontoe
30H/MPOBaHNe 3eMIH, 5 BBIITYCK»)
o cocrossHuio Ha 2012 rop maH-
Hple PCA BBICOKOTO IIPOCTpaH-
CTBEHHOTO paspelleHNs 3aHMMa-
mu 3% Bcero obbeMa, a CpeffHero
IIPOCTPaHCTBEHHOTO pa3pelIeHNs
— 6%. Bospocimit nHTepec K pa-
JapHBIM [JAHHBIM OIIPENENAETCS

c — =

paciperneM cep IpuMeHeHMsA
9TUX [aHHBIX U, BO BTOPYIO Ode-
pemb —  COBeplIEHCTBOBAaHMEM
anmaparypbl CIyTHUKOB B IIOJIb-
3y JIYYLIEro IPOCTPAHCTBEHHOTO
paspellleHNs,  MEPUOAMIHOCTU
U ONepaTMBHOCTY IONy4eHN
JAHHBIX, a TaKKe YBeMIYeHNeM
NPEYIOKEHNIT CO CTOPOHBI Olle-
patopoB. Hibke npuBopurcs
CpaBHUTeNbHAs Tabnuua LieH Ha
pajiapHble CHMMKM Hamboree 13-
BecTHbIX PCA cucreM BBICOKOTO
IPOCTPAaHCTBEHHOTO pa3pelleH s,

Papapnbii cnyThuk Sentinel-1

3 ampena 2014 roga c Koc-
MopgpoMa  BO  (pPaHIY3CKOI
I'smane Espomneiickum Kocmu-
yeckuM Arencrsom (ESA) 6but
3amylieH cryTHUK Sentinel-1. OH
CTajl MepBBIM CITyTHUKOM, 3aIly-
IMIeHHBIM B paMKaX IPOrpaMMbI
Copernicus, paHee W3BeCTHOM
kak GMES (Global Monitoring
for Environment and Security -
I'mo6anbHas crpateruss MoHUTO-
punra pia Okpy»Karolieil cpefbl
u BesomacHocty). B pamxax mpo-
€KTa IIPelyCMOTPEHO 5 MMUCCMIL:
Sentinel-1 — gBa pafgapHBIX CITyT-
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HMKa; Sentinel-2 — nBa cryTHMKa
C ONTUKO-37IEKTPOHHOJ amnmnapa-
Typoir; Sentinel-3 — ngBa crryTHM-
Ka JUIA HabJTIoleHNA 32 OKeaHaMMu
C TIOMOIIBI PA3TMYHON OINTHU-
KO-3/IEKTPOHHO ¥ PaJi0/IOKa-
LMOHHOM amNIapaTyphbl. 3aIycK
cryTHMKOB  Sentinel-4,5, mpep-
Ha3HAUeHHBIX /I HaOIofeHns
3a aTMocdepoil, IJIAHUPYeTCS B
2019-2020 rr.

Muccusa  Sentinel-1
CTaB/sAeT Coboil

npen-
TPYIIMPOBKY
U3 JIByX paflapHbIX CIyTHUKOB Ha
MTOJSIPHON OpOMTE, OCHAIIEHHBIX
pagapoM C CUHTE3MPOBAHHOI
areptypoit (SAR) a1 cpeMok B
C-mmamasone. IIpemycMoTpeHSBI
clefytonye peXXUMbl ChbeMKU U
IIPOCTPAHCTBEHHOE pa3pelleHue:

e  Strip Map Mode — mo-
noca cbeMkn 80 KM, IPOCTpaH-
CTBEHHOE paspelieHne 5x5 M;

e Interferometric Wide
Swath — monoca cpemku 250 KM,
IIPOCTPAHCTBEHHOE paspelieHe
5x20 m;

e Extra-Wide Swath
Mode — nonoca cremku 400 KM,
[IPOCTPAHCTBEHHOE paspelleHye
20x40 m;

e Wave-Mode — pas-
Mep Kagpa 20x20 KM, IpOCTpaH-
CTBEHHOE paspelleHue 5X5 M
(maHHDBIE B3ATHI C caitta https://
sentinel.esa.int/web/sentinel/
missions/sentinel-1/overview/
mission-summary ).

ITo panubiM ESA Ha maHHBI
MOMEHT CIIyTHMK HaXOHWUTCH B
peXVMe «yBETMYEHNS MOIIHO-

SENTINEL 1

SENTINEL 1

SENTINEL 1

Orbit Height
~700 km

Mode

Wave Mode

CTM» — ChEMKa BeleTCA Ha Tep-
putopuio EBpormbl, ApkTukm n
30H BBICOKOTO PUCKA 3eMJIETPs-
CeHMI1 M BYIKaHMYECKOM aKTUB-
Hoctu. IImanmpyercs, 4To € Bec-
HBI C/IEAYIOIIETO TOfa CITyTHMK,
HaKOHell, HayHeT BBIIOITHATh
CBEMKY [JI06a/IbHOTO HOKPBITHSL.

Kaxk BuHO 13 puc. 3 TOKpBbI-
TH€ pajlapHONM CHEMKON Teppu-

SENTINEL 1
Flight Direction

Sub-Satellite Tract

Mode

Interferometric Wide Swath

Extra Wide Swath

PucyHok 1.
PagapHblit CryTHUK
EBponeiickoro
KocMuyeckoro
AreHcTBa Sentinal-1

PucyHok 2.
Cxema pexunmoB
CbEeMKM CMyTHMKA
Sentinel-1
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46

no 16 sHBaps
2015 roga

Kocmuueckne nccnenoBaHust u texHonorum /04/ 2014

(7L rVil .V} KOCMOHABTUKA

I EW (HH) ® EW (HH)
EW (HH-HV) EW (HH-HV)

. EW (W) ® EW (W)
EW (VV-VH) EW (VV-VH)

TOPUM Halllel pecIyOInKy Ipen-
CTaBJIEHO TOJIBKO BCEil I0XKHOM
YaCTbI0 CTPAHBI, BK/IIOYAsl 30HBI
MIOBBIIIEHHOTO  CEICMUYECKOTO
pUCKa B IIPEATOPHBIX pailOHAX.
CpemKa OymeT IPOM3BOLUTCA
C MEepUOANYHOCTBIO KaXKable 12
oHeyl B nonspusanyu VV (Bep-
THKaJTbHAasA MONApM3aLuA) B
pexume cpemkn IW — monoca
cbeMKM 250 KM, TPOCTPaHCTBEH-
HOe paspemenne 5-20 M.

Ha mauubiit MomeHT (Ha 12
mexabpst 2014 r.) B apxuBe faH-
HbIX coyrHuka Sentinel-1 Ha
teppuropuro Kasaxcrana yxe
cobpano 6omee 200 CHUMKOB
B ¢Qopmarax SLC (single look
complex) 1 GRDH (coipoit ¢op-
Mar).

CepBuc Karajora MAaHHBIX
HaxoguTca 1o agupecy https://
scihub.esa.int/dhus/, mnponeny-
pa perucTpanyuy 3aHuMaeT mapy
MVHYT U He TpeOyeT 6GOmbLINX
06beMOB MHGOPMALNM O HOMb-
soBarene. CepBuc
COXpaHUTb Pe3yIbTaThl IONMCKa
u 00/1acTb MHTEpeca, a TAKKe Co-
Tep>KUT MPSAMYIO CCBUIKY Ha CKa-
4YBaHUE CHUMKOB. CTONT TaroKe
3aMeTUTb, YTO JIO3YHT 3TOI IPO-
IPaMMBbl — JOCTYITHOCTD TaHHBIX
IJIsL BCeX, KaK MUl aKafjeMude-
CKMX, TaK U JjIsI KOMMEpPYecKux
OpraHM3aLuIL.

II03BOJIAET

B W (HH) @ IW (HH)

B IW (HH-HV) ® IW (HH-HV)

- IV (W) ® IW (W)
IW (VW-VH) IW (W-VH)

MepBbie pe3ynbrathl
NPHMEHEHHA AaHHbIX

co cnyTHxKa Sentinel-1 ana
MOHHTOPHHIra AethopvaLlHOHHbI
npoieccos 3eMHOH NOBEPXHOCTH
I1ATb CHMMKOB CO CITyTHMKA
Sentinel-1, Homy4eHHBIE MEXAY
3 okra0pss m 2 pexabps 2014
ropia, 6bu1M 06pabOTaHBI U MONY-
YeHBl Ppe3y/IbTaThl AedopMarum
36MHOJ IOBEPXHOCTM TOpOJa
Mexuko. BrpIfBIeHO, 4YTO CMe-
IIeHVs IOBEPXHOCTH CBSA3aHBI C
M3BJIEYEHEM IIO[I3EMHBIX BOJ, B
HEKOTOPBIX YYacTKaX OITyCKaHNS
3€MHOJ1 IIOBEPXHOCTH TOPOJia [10-
CTUTAIOT 2.5 cM/MecAl, — Kpac-
HBIM IJBETOM Ha PUCYHKe 4.

Eute ogHuM 13 ApKMX NIpu-
MepOB IPUMEHEHMs FaHHBIX CO
CIyTHUKA SABIAETCA KapTUPO-
BaHMe 3emserpscenusa B Kamm-
¢opunn B monuue Hama, xoro-
poe npousomio 25 aprycra 2014
roza. ITpu 06paboTKe ABYX CHUM-
KoB 3a 7 1 31 aBrycra 6bira cre-
HepupoBaHa auddepenyans-
Has uHTepdeporpamma (puc.6).
Paccrosanne Mexny ofHaKOBBI-
MI LBETHBIMM (PpPMHTaMIU PABHO
28 MM. MakcuMmajbHble 3Hade-
HuA gedopMaumil 3eMHON IIO-
BepxHOCTU 60rbite 10 cM 6bUTH
3a(MKCUPOBAHBI HA TEPPUTOPUN
okormo 30x30 kM. Ha cuHumke
TaKXXe YeTKO IPOCIeXNBAETCA

CALIBRATION SITE
% CALIBRATION SITE

pasnom CaH AHppeac, KOTOpPBIi
IPOCTUPAETCs BAOIb OeperoBoit
VHTepdeporpaMmel,
HOJ00HbIE 3TOI, MCIONB3YITCSI
L MOJeNUPOBaHUS M KapTo-
rpadgypoBaHMs pas3IOMOB 3eM-
HOIT oBepxHOCTH. IlomydeHHbIe
Ppe3y/IbTaThl II03BOJIAIOT YTBEPK-
IaTb, 9TO CO CIyTHMKOM Sentinel
1 OTKpBIBa€TCA HOBas 3pa KapTo-
rpa¢upoBaHMs 3eMIeTPsICeHMI
u3 kocmoca. Viudopmanus 6bi1a
B3ATa C MHMOPMAIMOHHOTO
caiita EKA http://www.esa.int/
spaceinimages/Images/2014/09 .

JINHUUN.

Texxonornu PCA
HHTEPthepoMETPHH B peLleHHH

npoBnem reonoruy, resthH3nKH
H IKOJIOTHH

Hannble co cnyraukos PCA
IPUMEHAIOTCA B arpOIPOMBIII-
JIEHHOM CEKTOp€, JIECCHOM XO3li-
CTBe, TEOJIOTUN, B MOHMTOpPVHIE
HeTerasoBoro CeKTopa, B MOHM-
TOPUHIE ¥ PETyIMpPOBAaHUN Upe3-
BBIYAJHBIX CUTYyaLMI, TaKMX Kak
HABOJHEHIs1, OBICTPbIE IBVDKEHNUS
JIENHVKOB, OLleHKa yiepba oT
3eMJIETPSICEHNMIL, a TAlOKe B pellle-
HMU 33/ja4 0OOOPOHHOTO XapaKTepa
U MHororo fipyroro. CiefyeT Iofi-
YepKHYTb, YTO IJIABHBIM IIPEVIMY-
IIECTBOM pPafapHbIX CITYyTHUKOB
Hepes ONTUKO-37IeKTPOHHBIMU —
9TO BCETIOTOHOCTD ChEMKI 1 BO3-
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MOXKHOCTb M3MEPEHUsS IIPeBbI-
IIEHWIT TIOBEPXHOCTY C MUIIMMe-
TPOBOJ TOYHOCTbIO, JOCTUTAEMOJA,
6naromapst uHpopManym o dpaso-
BOJMl COCTABJIAIOLIENl PafgapHOTO
curHana. [lommMo  Bospociei
obmactu npumenenust PCA mau-
HBIX BBI3bIBaeT MHTEPEC BO3MOJXK-
HOCTB VIX VICTIOIb30BaHMA B MOHM-
TOPMHI€ OIIACHBIX T€0/IOTMYECKIIX
IIPOIIECCOB, B TOM YNC/IE TaKMX,
Kak fie)opMalVOHHbIE IIPOLiec-
Cbl JIOK&IbHBIX ¥ PETMOHAIbHBIX
00BEKTOB TOPONCKUX TEPPUTO-
Uit ¥ TEPPUTOPUIT MECTOPOIK/IE-
HUII TOJIe3HBIX MCKOIIaeMBbIX, 30H
aKTMBHBIX Pa3JiOMOB ¥ BBICOKOI
celicMuyecKoit omacHoctu. Kpome
Toro, faHHele PCA cucrem mMoryr
OBITb VICIIONIb30BaHBI B MOJENN-
POBaHNUA 3eMIIETPACEHNIT, MOHM-
TOPVHTe aKTVBHOCTY BY/IKaHOB I
APYTVIX IPVTOXKEHIAX.

B 1mocnenuee pecatmimerue
OTMeJaeTcd IIMPOKOe MCIOTIb-
30BaHME CIIyTHMKOBOM Dajyioo-
Kal[IOHHOII ~ MHTepdepomeTpyn
I KapTupoBaHus gedopmariyit
IOHEBHON ToBepxHOCTU. Merop
OCHOBAH Ha M3MepeHNV AMILTUTY-
AbL U (pasbl OTPAKEHHOTO PaIo-
JIOKAIVIOHHOTO CUTHAIA OT 00B-
eKTa JWIM 3eMHOIl IOBEPXHOCTH.
CpeMKM OOBIYHO IIPOBOJSATCS C
ABYX 1 6ojlee Mapa/UIe/IbHBIX Op-
6utr. ITO IMO3BOMAET C BBICOKOII
TOYHOCTBIO BOCCTAHOBUTH (pasy
penved moBepxHOocTu. IIpose-
IA TOYHO TaKue >Ke M3MepeHUA
Jyepe3 HEKOTOPBIl ITPOMEKYTOK
BpeMeHM (OOBIYHO IVIKI ITOBTO-
peHMs OpOUTBI CIIYTHUKA), MOX-
HO BBIABUTD M3MEHEHNS BBICOTHI
penbeda THEBHOI IIOBEPXHOCTH C
CyOMIWUIVIMETPOBOJ TOYHOCTBIO.

CrnenyeT HONYepKHYTb, 4TO
BIIEpBble 9TM  UCC/IefOBAaHMA
ObUIVM BBINOTTHEHBI JIA 3eMIle-
TpaceHuss JlaHpepc, IIpouso-
menmiero 28 mioHa 1992 roma ¢
M=7.3 B Kaqudopuuu [1].

Ha puc. 6 nokasana pudde-
peHIManbHas MHTepdeporpaMma
semnerpscenns Jlanpgepc, mocrpo-
€HHas 10 JAHHBIM €BPOIIEJICKOTO
cnytHuka ERS-1. 9to 6bIma mep-
Basd B Mupe MHTepdeporpaMma u

IepBOe B MUpe AeTaM3UPOBAaH-
HOe M300paKeHNe 3eMIeTpsice-
HIS U OKa3bIBaeMoro uM apexra
Ha moBepxHocTh 3emmn [2]. Ilo-
SIBUBIIVICH Ha OO/IOXKKe >KypHaIa
Nature B 1993 rogy, sto nsobpa-
JKEHME CTAl0  IIPEfBECTHUKOM
Havya/la HOBOJI 9IIOXM B PasBUTUN
TEXHOJIOTHIT 0OpabOTKM JAHHBIX,
HOJTy4aeMBIX C PaflapHbIX CIIyTHU-
KOB VI HOBBIM 3TallOM B ITOHMMa-
HIY TIPYMPOIBI 3eMIETPSICEHMIL

PexomeHAalLHH no BbiGopy

TEXHHYECKHX XapaKTePHCTHK
cnyThuKa KazSAR
ITpu pa3paboTke MHBECTULIN-
OHHOTO TIPeIOXKeHNsT HEOOXOfM-

-20 em/yr T +20 cm/yr

MO O6paTI/ITb BHVMMAHIEC Ha BbI-
60p TeXHMYECKUX XapaKTEePUCTHK
crytHuka KazSAR. B Tom uncre:

1) IIpocTpaHCTBeHHOE
paspeleHue.

Cospemennble PCA cucre-
Mbl TIOJfIep)KVMBAIOT IIPOCTPAH-
CTBEHHOE paspelleHNe CITyTHM-
KOB OT 1 M /10 IeCATKOB METPOB.
O6bIYHO peXMMBI MeHee 1 M
UCIIONIb3YIOT M7 BOEHHBIX Iie-
neit. B mocmegHee BpeMs Takxe
Gonplliee BHMMAaHVe YHeNAeTCA
YBE/MYEHMIO TIONIOCHI 0630pa ¢
COXpaHEHMeM BbBICOKOTO IIpo-
CTPaHCTBEHHOTO Pa3peLIeHs.

2) [Inama3oH 30HAMPYIO-
1€l BOHBI.

PucyHok 4.
BepTukanbHble
CMeLLEeHNs ToYeK
3EMHOV MOBEPXHOCTH
ropoaa Mexuko
(Mekcuka)

PucyHok 5.
OnddepeHumanbHas
nHTepdeporpamMma Ha
3emneTpsiceHue Hana,
KanudopHus
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PucyHok 6.

OnddepeHumanbHas

nHTepdeporpamMma
Ha 3eMNeTpsiCeHne
Nanaepc;

KaXxxabiii OpuHr
(uBeTHasi nonoca)

npeacTasnsieT cobom

BEpTUKaNbHble
CMELLEHNSI 3eMHOM
NnoBepXHOCTU B 28

MM MeXAay MNepBbiM U1

48

BTOPbIM CHUMKaMU

KOCMOHABTUKA

OcHOBHbIE [IMalla30HbI, MC-
nonbsyemble PCA  cucremamu,
ato X, L u C. Bce oHn oTHOCHK-

TeJIbHO OJVIHAKOBO IIOJIb3YIOTCS
CIIPOCOM, HO OT/IMYAIOTCA pas-
HOJl IIPOHMKAIOLIEN CII0COOHO-
crpio. IIpoHMKaromye cBoycTBa
IMAIa3soOHOB pasHble: — X OT-
paxxaercsa oT nosepxHoctu, C —
IIPOHUKAeT Ha HeOONBIIYIO IIy-
6uHy, L - MOXeT NIpOHMKAaTh
CKBO3b JIUCTBY [epeBbeB, pef-
KyI0 pacTUTe/IbHOCTD, CYXYIO II0-
YBY WIN CHeT. DTUMM CBOVCTBa-
MU OIIpefiesiAeTCsl YCTOMIMBOCTD
YPOBHA KOT'€PEHTHOCTY CUTHA/A
BO BPEMEHI.
3) Ilonspusaiys cUrHaja.
MynbTunonAapusaliOHHbIe
BosMokHocTn PCA  cucrembl
TIO3BOJIAIOT IIONy4YaTh He TOJMb-
KO IIPUBBIYHBIE YeTOBEYECKOMY
rmasy RGB xommo3ntsl, HO mn-
POKO IIPUMEHSAIOTCS B arpOKOM-
TIZIEKCE, TIECHOM XO3AJCTBE, U3Y-
YEeHUY CHEXXHBIX IIOKPOBOB I JIp.
4) PexXuM CheMKI.
Pe>xxum cpeMku omnpepenser
IIPOCTPAHCTBEHHOE paspelleHine
CHMMKA U €To IUIOLafHble pas-
Mepbl. Mopudukanmum pexxnmMoB

Kocmuueckne nccnenoBaHust u texHonorum /04/ 2014

B coBpeMmeHHBIX PCA cucremax
[I03BOJISIIOT  M3Y4YaTh TEPPUTO-
PUIO C UCIONB30BAHIEM OT TPeX
[0 IATU-LIECTY PA3IUYHBIX pe-
JKMMOB, KOTOPbIe COOTBETCTBEH-
HO OTIpPeZeNsoT 06/1acTh pUMe-
HEHU MTOTyYeHHBIX JaHHbIX.

5) Ilepuog moBTOpA.

Ileprox moOBTOpa OPOUTHI
Ba)KEH [Is1 IPYMEHeHNMsT JAaHHbIX
B MOHUTOPMHIOBBIX Habmone-
Husx. Tak, HampuMep, UTaJIbsH-
CKasg TPYNIMPOBKA CIyTHUKOB
COSMO-SkyMed nosBojister 1o-
JIy4aTh JAHHBIE Ha OOBEKT VIHTe-
peca ¢ IeproANIHOCTBIO 10 8 pas
B MECSLI, 9TO JIe/IaeT 9Ty CUCTEMY
[IPUBJIEKATEIbHON A/ VICCIIEHO-
BaHWII ¥ KOMMEPYECKUX IIPOEK-
TOB, HY)KHAIOIINXCS B OOJIBIIOM
Habope TaHHBIX 32 OTHOCUTEIHHO
KOPOTKIIT IPOMEXXYTOK BPEMEHIL.

6) VYron Hak/IOHa.

Yron HaklIOHA BapbUpyeTcs
oT 20 o 60 rpasycoB, UCHO/b-
3yeTcst B OCHOBHOM JIJIs yMEHb-
mennss  a¢dekra  pagapHOI
TEHU JUISI CUIBHO IlepecedyeHHO
MECTHOCTH.

BeimrenepeunciieHHble  TeX-
HUYECKIEe XapaKTEePUCTUKI

HeOoOXOAVMO YYMTBIBATH IIPU
IPOBEfIEHNN  MapKeTUMHIOBBIX
UCCTIEJOBAaHMII C LIe/IbI0 BBIpa-
60TKM ONTUMAIbHON KOHOU-
TypalMM CHUCTeM CO3/IaBaeMOro
CITyTHMKA,  COOTBETCTBYIOIINX
pellleHNI0 TPUOPUTETHBIX 3a-
mauy skoHomuku PK. MoxkHOo
IpefIonaraTb, 4To y4eT peKo-
MeHJall ¥ MMPOBOTO OIIbITA
ucrons3oBanus PCA unTepde-
pOMeTpuM JIA pellleHus HapoJ-
HO-XO3SJICTBEHHBIX 33]1a4 B KOM-
miekTauuy cryrHuka KazSAR u
IIOJIyYaeMOl C €ro IIOMOIIBIO
undopmanyum, OyIyT OTBEYaTh
COBpPEMEeHHBIM MeX/YHapOJTHBIM
TpeboBaHMAM U cTaHgapTaM. M
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KakKoe IMHAMMYHOE
BpeMms Mbl xuBeM! Eie
HECKOJIbKO MecsleB
Hasaj, Mbl JIPY>KHO py-

KOIIJIECKA/IY CTapTaM aMepUKaH-

CKOTO «AHTapeca» ¥ POCCHIi-

ckoro «Corwsa-2.1B», mpefipexas

PEHECCAHC JIETEH/IADHOTO JIBUIA-

tenst HK-33. Ho B oxrsa6pe Bce

M3MEHWUIOCD.

28 oxTAOps mpuU CTapTe CO
CpefHeaTNIaHTIYeCKOTO  KOCMU-
yeckoro nopra MARS npumepHo
Ha 13 cexyHfe Tojera IOTepIIen
aBapuI0 KOMMePYECKII HOCUTETh
«AHTapec», 4bd IepBass CTyIeHb
OCHAllleHa [IByMA  PaKEeTHbIMU

Kocmnueckne nccnenosanus v TexHonoruu /04/ 2014

Amutpnii BOPOHLIOB,

HR-33: 10KHO BO3MOKHOCTEN!

HE3aBUCUMBIN 3KCNepT B 06/1aCTU PaKETHO-KOCMUYECKON TEXHUKY,

Poccus

«Hem 0suzamens — u 1106as camas cosepuieHHas
KOHCIMPYKUUS paxemuvl co 6ceil ee HAMUHKOL Mepmea»

mBuratensaMm AJ-26, ABIAIOIIMX-

¢ MopmbMKaLuell COBETCKMX
HK-33. Pakera 6buia mopopBaHa
[eXypHbIM oduiiepoM Gesomac-
HOCTM 33 CYMTAHHble MTHOBEHN
flo TafieHMs Ha 3eMmo. Pakera u
ee TI07Ie3Hast Harpyska — Kopab6yip
Sygnus 1 HECKOIbKO MMUKPOCITYT-
HIKOB — OBUIN IOTEPSIHBI, CTap-
TOBBI/I KOMIUIEKC TIOMy4W/I CyILle-
CTBEHHbIE IIOBPEXK/CHIS.
OO6pI4HO  paccriefioBaHue
TaKOTO POfia aBapmil 3aHMMAeT
OT HEeCKOJbKUX Hefieb N0 He-
CKOJIbKMX MecsALeB. JInmb mocmie
3TOTO KOMIIET€HTHAas KOMUCCUS
coobiaer 0 Hambormee BepoOsAT-

Axademux B.I1.Tnywxo

HOJI MpU4MHe aBapun. B ganHOM
cmydae Bce ObIIO He Tak. Yoke de-
pe3 HeCKONIbKO JIHeil IocTie aBa-
pur «AHTapeca» PYKOBOJCTBO
Orbital coobupyio, uro Beposrt-
HOJ NIPUYMHON VHIUEHTA CTajl
0TKa3 TypOOHACOCHOrO arperaTa
ofHoro us AByx AJ-26.
IlanmpHeiiliee  MCITOTB30BA-
Hue AJ-26 Ha pakeTax «AHTapec»
IIPMOCTAaHOB/IEHO Ha HeoIpefe-
JIEHHBII CPOK, O TOTO MOMEH-
Ta, Korjga OymeT MOATBEpXK[eHa
BO3MOXKHOCTb UX 0€30II1aCHOTO
ucronb3oBanys. O4eBUIHO, JaH-
Hasg OroBOpka — b popma
peun, IOCKONbKY B TOM >Ke 3a-
apneHun pykopoputenn OSC 3a-
ABUIM O HaMepeHuu 1o 2017 roga
Co37aTh A1 «AHTapeca» HOBYIO
IBUTATe/IbHYIO YCTaHOBKY. OfiHO-
BpPeMeHHO ObUIO OODBSBIEHO O
MEePEHOCe OCTABIIMXCA MUCCHUIL
nporpammbl CRS-1 o xommep-
4eckoli ocraBke rpysos Ha MKC
Ha HOCUTeNN APYIUX IIpoBaiifie-
poB. B dYacTHOCTM, HasbIBaeTcA
Hocutenb Falcon 9 «sakisaToro
npyra» — KoMmnanuy SpaceX.
IToxoxxe,  eAVHCTBEHHBIM
IPOUTPABIIMM B JaHHON MCTO-
pun cran HK-33. Kak BbIsacHM-
7I0Cb, TPOMKas aBapyus CTala
JIMIIb YAAYHBIM MHGOPMAIVIOH-
HBIM IIOBOZOM /ISl OO'bSABIEHNUS
IABHO IIPMHATOTO  PEeIIeHM:.
Eme oxono ropa Hasaj KoMIia-
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Husa Orbital nposena renaep Ha
HOBBIII paKeTHBIN JBUTATeNb A/
nepsoit ctynenn PH «AHTapec».
Hackonbko u3BecTHO, paccMa-
TPUBA/INUCh HECKONIBKO BapMaH-
toB. Kommanus ATK — maBHmit
maptrep Orbital u ognH 13 Mu-
POBBIX /IMEPOB B 00/1aCTU TBEP-
TOTOIUIMBHBIX JBUTaTeNel —
npemnoxxwia MomHent PHATT.
Orbital Takxe nprucMarpusanach
x PJI-180, paccmarpuBana mpep-
JIOKEHMA POCCUICKMX KOMIIA-
Huit — o6uosnenusnit HK -33
ot OAO «Kysneros» u PJI-181
ot HITO «9nepromam». [Tocnen-
HUIT BapUaHT 1 ObIT BHIOpaH.

BapuaHT ¢ 6071b111011 TBEpPIO-
TOIUIMBHOI CTYIIeHbIO OBUI upe-
BaT IJITENbHBIMM CPOKaMM OT-
paborku. PJ1-180 6bu1 OTIMYHBIM
BapMAHTOM C TEXHIYECKOI TOUKMU
3pennst. Ognako O6beyHEHHBII
mmyckoBoli anbsHe ULA, skcnya-
TUPYIOIIMI JBUTATEIb B COCTaBe
epBoIt cryneHn Hocutens Atlas
V, orkasan Orbital. [Tymaercs, B
3TOM OTKase He ObI/I0 MHOII ITOfI0-
IIEKM, KpOMe OIaceHuit A/bAH-
ca CTONKHYTbCA C HEXBaTKOIL
PII-180 B ycmoBuaAx o60CTpeHus
oTHomeHnit ¢ Poccueit. Tenepn
Xe, TMocie omobpeHns 6OomKeTa
Ilenrarona c mompaBKoii ceHa-
Topa MakkeliHa, KoTopas Ipex-
ycMaTpyBaeT OTKa3 OT 3aKyIOK
P/I-180, aroT mBuraTenab u BOBCe
okasaica  HemocTynHbM. Ilo-
mpaBka MakkeiiHa He KacaeTcs
29 pBuUTaTesel, 3aKa3aHHBIX elle
IO Hayaja «yKPaMHCKOTO KpHU-
3uca». OHU OYAYT HOCTaBJIEHBI B
TedeHue OMVDKANIINX IIATH JIeT. B
IIPVMHIINIIE, 3aIIaca MMEIOLINXCS U
noctasisiembix JKPJl mocratou-
HO 11 aKcIutyaTauyu Atlas V B
TeyeHue 5-6 JIeT, HO I OPYyIrux
morpebureneit PII-180 TouHo He
XBaTUT.

Kcraru, oTB/iekasch HEMHO-
r0 B CTOPOHY, aMePUKaHCKIe pa-
KeTYMKM TOKEe IOCTABJIEHBI B HE
coBceM yRoOHyIo nosunuio. Atlas
V sBisercss pabodert JIOIIafKOI
BoeHHoro Kocmoca CIIIA. Delta
IV He MOXeT B IOJIHOI Mepe 3a-
MEHUTDb CBOEro cobpara Mo IpH-

yyHe 6071ee BBICOKOI CTOMMOCTM.

Hocurenp Falcon 9 Ttonbko Ha
crafym ceptuduKanmy s uc-
II07Ib30BaHNA B MHTepecax BBC
CHIA. ITostomy Konrpecc CIIIA
BBIZIe/I B 0OOPOHHOM OroKeTe
220 miu $ Ha pas3paboTKy ame-
puKaHcKoro apuratend. OpHaKoO
3TOM CyMMbI ABHO HEJOCTAaTOY-
HO. YumTbIBasA, YTO paspaboTKa
norpebyer He MeHee 1,5 mipx $,
TaKMMM TeMIIaMU OHa OyaeT uaTn
OKO/IO 7 JieT. DTO MHOro, Io-
CKOJIbKY IPO0/IeMy Halo PeIINTh
3a 3-5 j1eT, U TO, 110 OLieHKe 3KC-
[IepTOB, HOBBII ABUIaTenp 0be-
creunt He 6omee 60% 3amyckoB

110 (pefiepaIbHBIM 3aKa3aM.

Ceitvac B CIIA BemyT-
¢ paboThl MUHUMYM IIO TpeM
IIPOeKTaM: OCBOEHNe CepuitHO-
ro Beirycka PJI-180, paspa6ot-
Ka psuratend ARl KommanHum
Aerojet-Rocketdyne (Ha ocHOBe
pewenmit  AJ-26), paspaborka
metanoBoro JKP]I BE-4 ot kom-
manmy Blue Origine. Bece tpu
HaYMHAHUA MMEKT NOCTaTOYHO
BBICOKMII TEXHUYECKUN PUCK, U
Kakoe u3 Hux OypmeT BbIOpaHO,
CTaHeT U3BECTHO, BEPOATHO, B
2015 ropy.

Ho Bepnemcs k cynpbe HK-
33. Kasamocpb Obl, [aBUraTesb

KocMmuyeckme nccnepgosaHust u TexHonorum /04/ 2014
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OOHOBJIEHHOII Cepuu  SBILANCA
IpefiIOYTUTEIbHBIM BAPMAHTOM.
OH 6B y)XXe XOpOLIO HU3YUEH,
€ro TeXHIYEeCKe XapaKTepUCTH-
K [I0 CUX TIOp COOTBETCTBYIOT
BBICIIVIM MMPOBBIM CTaH/JapTaM.
Kpome Toro, koMmnanms Aerojet-
Rocketdyne, mocraBmuk AJ-26,
B 2013 ropy saxmounna ¢ «Kys-
HEIOBBIM» OII[IOHHBII OTOBOP
Ha MOCTaBKY HECKONIBKMX JeCAT-
kxoB JKP]I.

Tem He MeHee, BbIOOp Ian
Ha P/I-181. OcraBnAas B cropo-
He MOpalbHbIe aCIeKThl 3TOTO
BBIOOpA, CBSI3aHHBIE C KOHKY-
peHIMell Ha BHEIIHEM pbIHKe
OJJHOJ POCCUIICKOII KOMIIAHUU
C Jpyroi, Hajo OTMETUTb, YTO
TaKoe pellleHNe MMeeT BecoMble
pesonbl. JKP]] ot «DHepromara»
0asupyeTcs Ha IPOBEPEHHBIX Ce-
PUITHBIX TEXHONIOTUAX CEMECTBA
PII-170/180/191.  ®akTmueckn,
PII-181 ormmuaerca ot PII-191
B HE3HAYUTEbHON CTEeNeHM, 4TO
HO3BOJIET OBICTPO 3aITYCTUTD €TO
B cepuio. IIpoToTumel ABUTaTeNA
y>Ke IPOXOMAT VICIIbITAHA.

ITo cpaBuenuro ¢ HK-33,
PJI-181 mmeer 6ojee BBICOKYIO
TAry (mouty Ha 30%) ¥ HECKOTIb-
KO JyYIIMIA Y/Ie/IbHBIN VMITY/IbC.
CoOTBeTCTBEHHO,  «AHTapec»
HpUOaBUT B IO/IE3HOI HarpysKe
HECKOJIbKO COTE€H KMJIOTPAMMOB.
B «MmHycax» — 6osee BpICOKast
Macca ¥ HaIpsDKEHHOCTb pado-
4ero mporecca (6omee BBICOKOe
JaBJIeHNE B TasoreHeparope U
Kamepe cropanusi u 6osee BBI-
COKasl TeMIIepaTypa «KMUC/IOTO»
reHepaTOPHOTO rasa).

Takum ob6pasoM, OTKa3 ame-
PUKAHCKMX pakeT4yumkoB oT HK-
33 nopBenBaer cyap0y ABUraTe-
JIs1 Ha «TOHKII TBO3IMK» IIPOEKTa
«Coro3-2.1B». Pakera craproBana
BCEro OIMH pas, U ee CIIeyIoLInit
IOyCK IUIAHUPYeTCd B IepBOM
kBapTane 2015 ropa. 3arem pa-
KeTa OyfieT CTapTOBaTh C TEMIIOM
1...3 mycka B rofi. 3TO He Ta Ya-
CTOTa IYCKOB, KOTOpas MOXET
OIIpaBaaTh BO30OHOB/IEHNE IIPO-
ussogcrsa HK-33. Eciu He Gyzer
3allyllleH ellle XOTs ObI OfIH IIPO-
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eKT ¢ wucrnonab3oBanumem HK-33,
TO Ha JBUTATEJIE JENICTBUTENIBHO

MIPUAETCS CTABUTD KPECT.

K coxxaneHuto, moka HMKa-
KX IPOEKTOB HOBBIX PaKeT, B KO-
TOPBIX MOT 6b1 ipyMensThest HK-
33, Ha ropu3oHTe He BUAHO. Emte
B 2008-2009 rT. MEepCHeKTUBHBIM
cunTanca «Corws-2-3» — 1o CyTH,
«Cor103-2.1B, HO OCHaII[€HHBIT Ye-
TBIPbMsI «00KOBYILIKaMi». I'py3o-
MIOZ'beMHOCTDb IaHHOTO BapMaHTa
pnocturana 10 u 6onee TOHH. YBbI,
B HacTosdlllee BpeMs CTaTyc Ipo-
€KTa He OIpefieTIeH, YIIOMMHAHMNIA
Ha caitte ['PL] «IIporpecc» 06
370l pakere HeT. CKopee Bcero,
IIPOEKT IIPYOCTAHOBJIEH MIN BO-
ob1le 3aKkphIT. B mobom criyuae,
JAHHBII MPOEKT ObUI IPOTUBO-
PeYMBBIM: OH MOT 00eCTIeYnTD Cy-
1IleCTBEHHBDII POCT I'PY30IObeM-
Hoctu «COI030B», OTHOBPEMEHHO

KOHCEPBUPYA UX TEXHONMOTIYe-
CKyI0 apxandHoctb. OT 4yero, cob-
creenHo, PKI] «IIporpecc» u xo-
yeT yiiTu B mpoekTe «Cor03-5».

Mexpay TeM, WUCIONb30BA-
Hue PJI-193 B pakere-HOCUTe-
ne «Cor3-2.1B» Takxke Hemb3as
Ha3BaTb 0€3yCIOBHO YIAuHBIM.
KoneuHo, ¢ TOUKM 3peHNs cepuit-
HBIX ITOCTABOK, IBUTATEND «JHEP-
roMallla», BEPOATHO, IPEIIOUTH -
tenbHee. Ho momHas mepenmenka
JBUTATENbHOI YCTAHOBKM TauT U
HEMaJI0 MIHYCOB.

Bo-mepBpIX, morpebyeTcs
OLIyTVMOE BpeMs Ha IepepaboTKy
KOHCTPYKIIMY TIEPBON CTYIIEHU 1
BCell pakeTbl. VI3MeHNTCA KOMIIO-
HOBKa XBOCTOBOTO OTE€Ka, Bepo-
ATHO, IIPUIETCA MEHATb NMAMETP
TPYOOIIPOBOZIOB,  IIOMEHSETCs
607IbIIIOe KOMIMYECTBO apMAaTyPBbL
Ipupercss TpoBecTy MCCENOBa-

HUA [AMHAMUYECKUX XapaKTepu-
cruk PH ¢ yyeroM HOBBIX YacToT-
HbIX mapamerpos Hosoro JKPII.
ITpupercss 3aHOBO IIPOM3BECTH
IIPOYHOCTHOJ pacyeT, HOCKOJIbKY
ITyCTOTHAsA TATa BbIpacTeT Ha 40
tc. EcrecrBeHHO, mpupjerca 3a-
HOBO IIPOM3BECTM CTaTMYECKye
M JUHAMMWYECKVe IPOYHOCTHbIE
ncnbitanuA. Hakonen, npupgercs
TIPOBECTY TIOJIHBI LMK/ XOJIOJ-
HBIX M OTHEBBIX CTEHJOBBIX VIC-
TIBITAaHMI KOMIIIEKTHOM IIEpBOIA
crynenn. B obiem, paboTel — Ha
HECKOJIbKO JIeT.

EcTb 1 ellle OnMH MUHYC, He-
3aMeTHBINI C IIEpBOTO B3IJIAJA.
Ceituac «Co103-2.1B», BBIBOJISI HA
HU3KYI0 OKOJIO3€MHYI0 OpOUTY
7o 3,1 TOHHBI IIONE3HOTO TPys3a,
MO3UIIMOHMUPYETCA 4YyThb HIDKe
«AHrapn-1.2»  (rpysonogbem-
HocTb 3,8 T). To ecTb, camapckas
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pakeTa 3aHMMAeT CBOK HMILNY
U «KaK Obl» He C/IMIIKOM KOH-
KypUpYyeT C PpaKeToil «0coboit
FOCYAAapCTBEHHOM  Ba>KHOCTH».
Mexpay TeM, OamnucTuueckue
pacueTsl IOKasbIBAIOT, YTO Jaxe
¢ HK-33 «Coro3-2.1B» MoOXer
BBIBECTV Ha HU3KYIO OpOUTY IO
3,9 TOHHBI.

Pasunuma B pacdeTHON M
odumanpHO 00'BSIBIIEHHOIT
TPY30IIOLBEMHOCTH, cKopee
BCEro, OOBACHSAETCS 3aTpaTtaMu
9HEpPTeTMKM Ha BBIOTHEHNE
IPOCTPAHCTBEHHOTO MaHEBpa,
00eCIIeunBaIOIEer0  IOIafaHNue
OTJE/MBILENICA TIEPBON CTYIIEHN
U TOJIOBHOTO OOTeKaTess B Cy-
LIECTBYIOIINE PAIOHBI ITaZleHNA.
Ecnu 3TO orpaHndeHue CHATb,
TO I'PY30IOLbEMHOCTb IPUOIN-
3UTCS K pacyeTHOI, a pakeTa
«Co103-2.1B» CTaHET MPSIMbBIM
KOHKYPEHTOM JIerKOoil «AHra-
pe». A Temephb IpoBefieM TOT e
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pacuert, HO y>Ke C JBUraTe/IbHOIt
yCTaHOBKOJI Ha ocHoBe PJI-193.
Pesynprar — 6o0Jee mATH TOHH
Ha HusKoi1 opbure! Ho Begp 310
yxe BbBOgUT «Co0103-2.1B» B
KJIacC CPEeJHMUX HOCUTENEN, TTe
HuIa yxe 3anATa «Coos3amMn —
V/OT u - 2».

Pocr snepreTuxu 1€erkoro Ho-
CUTeJIs BIUIOTh [0 Auamasona PH
CpefHero Kjmacca IPOTMBOPEYUT
TeHAECHUMY M3MEHEeHMA MAacChl
Ma/bIX KOCMMYECKUX aIllapaToB
(MKA). Ount B cpemHeM TepsioT
B Bece. [1o 9KcIIepTHBIM OLleHKaM,
BcKope cryTHUK [I33 ¢ paspere-
HyeM JTydiire 1 M MOXeT ObITb CO3-
man B Macce 50-100 xr. ITostomy
HapalllBaHKe TIPY30I0bEeMHO-
cru «Coro3a-2.1B» 6GeccMbICTIeH-
Ho. Jlydille HampaBuTh yCuaua B
PYC/IO yIydIlleHMsA CTOMMOCTHBIX
U 9KCIUTyaTalYIOHHBIX XapaKTepu-
cTuK. B obiiem, B jTaHHOM CrIydae
HK-33 mpegmnoururenbHee.

B maHHON cuTyauum BCTa-
eT BOIPOC O CyAbbe yxe MMer-
muxcss HK-33. 3mech BO3MOXKHBI
BapuaHThl. CaMblil TIpoOCTOit —
«KK[IBIIl OCTAETCS IPU CBOUIX».
Poccus «orcTpenuBaer» uMero-
IMIICA 3amac B ITyCKax JIETKOTO
«Co103a», a aMepMKaHIIbl pacxo-
IyIOT cBou AJ-26 B pasIMyYHBIX
CTEH/IOBBIX WCHBITAHUAX U, HE
MCK/IIOYEHO, B IyCKaX «AHTape-
COB», €C/IV HaJIe)KHOCTD JIBUTATE-
7elt 6yeT MO TBePKIeHa.

Bropoit BapuaHT — BBIKY-
UTb Y Aerojet ocTaBIIMecs JBU-
ratean. 9TO MalOBEPOATHO KaK
M0 TOMUTUYECKUM, TAK U TeX-
HudeckuM npudnHaM. Ilocrmep-
HIe 3aK/TI0Yal0TCA B YCTPaHEHUN
BCEX «aMEPUKAHCKUX» Hopabo-
TOK, MaTepUaJoB M 3JIEMEHTOB
(HampuMep, MUPOTEXHUKY) U3
KOHCTpYKLuu AJ-26, 4To6bI Bep-
HYTb €T0 B OpPUTMHAIbHOE CO-
crossane HK-33. 9Tto xmomnoTHo,
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JOPOTO ¥ 4YpEBAaTO IIOBpEX[e-
HUAMU KOHCTpyKuuu. Ha Ham
B3IJIAML, 3aTesl HE CTOALIAA.
Heyxemn, pan HK-33 co-
YTEHBI, ¥ CMBIC/IA BO30OHOB/IATH
ero mpousBoficTBo HeT?! Ha Ham
B3IJIAM, I7Ls1 TeTeHJAPHOTO JIBUTa-
TeJIsA BCe XKe eCTb «OKHO BO3MOXK-
Hocrei». IloBropumca, mo cux
nop HK-33 — onuu u3 myymmx
KMcopopHo-KepocuHoBbIX JKP]]
B mupe. Ho feno He TombKo B
stom. ITpocreiiie cooOparkeHyst
TIOfICKA3BIBAIOT, YTO JleNIaTh CTaB-
Ky Ha €IVHCTBEHHOE CEMENCTBO
PAaKeTHBIX [BUTATEIENl  OIACHO.
Cirydnchb cepbesHast aBapys, Becb
MApK HOCUTEJIEN, VICIIONb3YIOLINIL
UX, BcTaHeT Ha npukoin. B CIIIA,
K IPUMEpPY, CHeMalu CTaBKy Ha
ONHOBPEMEHHOE MCIIO/Ib30BaHME
HOCHTEJIEN C pa3HBIMM [IBUTATeTLA-
mu: Atlas V, Delta IV u Falcon 9.
IMonstHO, yro CIIIA 6oraye
u pecypcoB y Hux 6ombure. Ho

u B Poccun MHOTMMU BBICKa3bl-
BAIOTCS UJeY O HEOOXOLMMOCTH
B3aVIMHOJ IIOICTPaXOBKM pa3-
JMYHBIX pakeT-HocuTenelr. Tak,
6n1B1Nit 3amectutens .M. Kos-
nosa u med-npoexrant LICKB
T'E. ®oMuH BbBICKa3alm uIe0
Iapa/yle/IbHON  «AHrape» pas-
paboTKM ellje OZHOTO CeMelicTBa
PH na ocHoBe pBuratens HK-33.
PaccMOTpuM 3Ty BO3MOXKHOCTb.

Yro ke MOXXHO CieNiaTh, MC-
nonb3ysa HK-33? Kpome «Corosa-
2.1B» BO3MO>XHBI MHOTOYMCTIEH-
Hble BapmaHTbl PH pasmmunoit
rpysonogbeMuocTi. K mpumepy,
PH craproBoit maccoit 250 T, oc-
HallleHHAasA [[BYMsA JBUTaTe/LAMMN
HK-33 Ha mepBoll cTyneHu u
UCHOb3yIomas MOAUPUILVPO-
BaHHBII 610K «V» ot PH «Coros-
2.16», crmocobHa BBIBECTM Ha
HUSKYI0 opbuty 6omee 8 TOHH
IIOJIe3HOTO Ipys3a. To ecTb, 9TO
npsmas 3aMmeHa «Corosy-2.16».
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ITpuyem 6osee IpocTas — BCETO
3 mBUTaTe/NA MPOTUB LIECTU — U
femreBas (BCEro fBa paKeTHBIX
61oka npocroit popmbr). Paker-
HBIIl 67I0K IepBOl CTyHEeHN Hpu
3TOM MOXeT OBITh BBIIOTHEH B
nuametpe 3,6...4,1 M, cOXpaHUB
JKeJIe3HOJJOPOXKHYI0  TPAaHCIIOp-
tabenpHOCTh. [0XOXMIT IPOEKT
«Pycp-MC» paspabarsiBan ['PLI
«IIporpecc» B paMKax Iporpam-
Mbl «Pycb-M». IlpaBpa, oH Obu1
paccunuTan Ha npumeHenue PJI-
180B Ha mepBoJi CTyIEeHM.
OcHactuB 1epByI0 CTyIleHb
yBe/IM4IEeHHON 3aIlpaBKI YeTHIPb-
ma HK-33 u HOBOII cTyneHbIo C
mBymst PII0125 (omHOKaMepHas
mopuduxanusa PIJ0124) mbl mo-
JIy4uM 3aMeHy «3€HMTY-2» U
KOHKypeHTa «AHrape-3». Ilpu
3TOM paKeTa COXPaHUT MOHO-
6/0YHYI0 HPOCTYIO KOHCTPYK-
LVI0 ¥ Oy/eT BIOJIHE NMPUTOfHA
[ BbIBefleHMs1 Ha OpOUTY IM-
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notupyemoro kopabmnsa ITTK HIT
I/ OKOTI03eMHBbIX 1o71eToB. Oc-

HallleHMe PaKeTbl KPMOTE€HHBIM
PasTOHHBIM 6IOKOM IO3BOJIUT
BBIBOJUTH Ha TeOoCTalMOHap
(mwmn Ha reomepexopHyo Op6u-
Ty) TIONE3HBINl Tpy3, COIOCTa-
BMMBIJI C BBIBOAMMBIM «IIpoTo-
HOM». 3aMeTIM, 4TO B OJHOI 13
HpeRbIYIINX ITyONIUKaLuit, 110-
CBALIEHHBIX TeMe BO3POX[eHM
npoekra «baitTepek», yxe ObLI
PaccMOTpEH IOXOXXWI1 BapMaHT,
OT/IMYAIOLMIACA JIUIIb TIpUMe-
HenneM PJI-171M nHa mnepsoit
CTyTIEHM.

JJo6aBMB K HABYXABUTATENb-
HOMy BapMaHTy #Ba OOKOBBIX
670Ka Ha OCHOBe €ro e Iep-
BOJ CTYI€HV, IIOJTy4MM aHajor
«AHTapbl-A5». A eClM TaKyIo e

Kocmnueckne nccnenosanus v TexHonoruu /04/ 2014

IpoLleypy INpOAeNaTb C YeTbl-
pexaBUTraTEIbHBIM BapMaHTOM,
TO MOXKET OBITh CO3/JaH HOCHUTE/Ib,
COIIOCTaBMMBbIII IO TPY30IIOLbEM-
HoCTH C «AHrapoi-A7». Hecnox-
HO 3aMETUTD, YTO MbI TOTILKO YTO
IPaKTUYeCKu CcPOPMYIMpOBaIN
koHuenuyio «Coro3a-5», TONTBKO
He B METAaHOBOM, a B KEPOCHHO-
BOM BOIUIOLIeHUN. VIHBIMM cr1o-
BaMM, IIpeJIOKEeHHas KOHIIEI-
IMA MOXeT HyOnupoBaTh elle
n paspaborky «Corosa-5». IIpu
3TOM KEPOCHMHOBas BepCusA Iep-
CIIEKTMBHOTO HOCKUTE/SI MOITIA
6bI Taxk >Xe MCIO/IB30BATh CTPO-
nrenbHylo yactb CK «Coro3a-2»,
C TEM /UIIb JOCTOMHCTBOM, 4YTO
HIOJIHOCTBIO COXPAHSIach Obl TO-
IUIMBHAsA MHQPACcTPyKTypa crap-
TOBOTO KOMIIIEKCa.

Peanusanmsa OMIMCAHHOI
KOHIEMIIINM  MOXKET  CJeNaTh
HepCIeKTUBY  BO30OHOB/ICHUS
[IPOV3BOACTBA  OOHOBIEHHOTO
HK-33 6onee npuBieKaTeIbHOIL.
Hanpumep, 1-2 crapra «Comosa-
2.1B», pecATb IYyCKOB «BOCh-
MUTOHHNMKAa» M IATb IIYCKOB
«15-TOHHMKa» TOTPeOyIT —
Haxe 6e3 ydeTa TsKENBIX Bapy-
anTtoB — 40-42 nBurarenein B
roz. C yderoM pesepBHbix JKP]I
M OBUTaTenel s MCIbITaHUI
udpa MoOXeT BpIpacT Ho 50-
55 pBurarteneil eXeromHo. ITo
y>Ke BIIOJIHE Cepbe3Hass cepus,
HOCTOiHAsE OONMBIIMX YCUIMIL
CoOOTBETCTBEHHO, BKIamoM Ka-
3axcraHa MOIZIO OBl CTaTh [O-
neBoe (UHAHCHMPOBaHIE BO300-
HOBJICHUS CEPUITHOTO BBIITYCKa,




HOCUTEJIN

a TaKkXKe paspabOTKU HOCUTeTIel
Ha 6asze HK-33.

MoxHO modaHTasMpOBaTh
1 0 60JIee 9K30TUYHBIX TPOEKTAX.
JleT ceMb Haszaj aBTOp COBMECT-
HO ¢ V. AdaHacbeBBIM chopMy-
JIMPOBaJl KOHLENIMIO YaCTUIHO
MHOTOpPa30BOr0 «KOCMMYECKOTO
TaKCU» I HU3KOOPOUTANbHO-
ro TypusMma. Vnes npepronarana
CITaceHMue 1 MOBTOPHOE CIIaceHe
neuratens HK-33-1, koTopbiit
HO/DKeH OBbUI YCTaHABIMBATHCS
Ha TIepBOI CTYNEHM CUCTEMBI
B cracaeMoil Kamcyme. OfgHaKo
HaJ[0 NPU3HATD, YTO NP HACTO-
sleM TIOJIOXKEeHUN e/l 9Ta ufiest
BPSfL JIU OCYILECTBYUMA.

Bo-nepshIx, To-
HacToALleMYy MHOTOPa30BbIi
HK-33 eme He co3pman. [lmurenn-

Hast paboTa Ha CTeHfe C MHOTO-
KPaTHBIMHU 3allyCKaMU — 3TOTO
HeJIOCTaTOYHO I MHOTOKpAT-
HOTO VCIO/Ib30BaHMA B IIOJIETE.
Mmnoropasossiit JKPJl  pomken
BBIJIEPXKMBATh IOJIETHBIE [VHA-
MIYeCKye Harpy3Ku ¥ yHapHble
Harpysku npu mocapxe. Ero koH-
CTPYKUMsI JO/DKHA OBITH IIpH-
crocobsieHa K - TEXHUYECKOMY
06CcyXVBaHUIO U peMOHTY. Bo-
BTOPBIX, KOHIIENLUsI MHOrOpa-
30BOT0 «KOCMMYECKOTO TAKCH»
Tpebyet Kyfa 60s1ee TIATENTbHO
IPOPabOTKIM C y4€TOM SKOHOMM-
KU U Ipo6iieM GesomacHocTi. Bo
BCAKOM CJydae, ceifyac 9TO He
TOT IIPOEKT, B KOTODPBI CTOUT
BK/I/[bIBaTh JA€HBIN.

Mbl  yXe HeOZHOKpaTHO
BO3BpAlaeMCsl K TeMe yJIacTHs

KasaxcTaHa B paKeTHBIX IpoO-
eKTaX pas3IMYHOTO
HMA U Pa3sIMIHON CIOXHOCTH.
[Tpo6nema Takoro y4actus BO-
BCe He B TEXHMYECKMX wiu du-
HAHCOBBIX TPYAHOCTSAX — OHU
npeoponumbl. IIpu srom cam
HOCHUTE/Ib MOXET OBITh TI0ObIM —
KOMMEpPYeCKMM MWIN «TOCyHap-
CTBEHHBIM», OOJIBIINM WM Ma-
JIEHbKUM, O>KUKOCTHBIM WU
TBEpAOTOIUIMBHBIM. IJTO He
CTOMb YK U BaKHO. LleHTpasb-
HBIII BONPOC HAIMOHAIBHOTO
PaKeTOCTpOeHMss — 3TO Ipa-
BU/IbHAsA IIOCTAaHOBKa IieNell 1
HaJM4ye TOMUTUIECKON BOJM
IS VX OCTIDKeHuA. bes aToro
mobast pakera, Kakoil Obl Xopo-
mreit oHa Hy OBUIA, TaK U OCTa-
HeTcs1 Ha Gymare. [ |

Ha3Ha4e-
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MpembIAYINEl  CTaTbe,
IIOCBSIIEHHOI OymyLie-
My 1poexTa «baiiTepex»
B Ka4yecTB€ OCHOBHOM
a/IbTepHATBbI PaHee PacCMaTpy-
BaBIIMMCS BApMAHTAaM HOCUTETIH,
6pita mpepgoxena PH «Coros»,
OCHAIIl€HHAsA HOBBIM Pa3rOHHBIM
6710kOM. AKTyalbHOCTb [JAHHOW
TeMbl IIOATBEP)KJAETCA  Hame-
pennem Poccum yxe B 2025 T.
ocymectsuth nmyck PH «Coros»
C pasroHHBIM 6710KOM «JIBMHa-
MJI». Kakum oH MOXeT 6bITb?
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(YUCTLIW NA3TOHHLIN
Gnok ana uCoto3an

Amutpnii BOPOHLIOB,

He3aBWCUMbIN aKcnepT B obnactu paKETHO-KOCMMLIECKOVI TEXHUKH,

Poccus

3auem meHaTb «dperar»?

B nacrosmee Bpems «Coros» —
3TO OfMH M3 CaMBIX HafleX-
HBIX KOCMMYECKMX HOCHTENelL.
Kpome TOro, HecMOTpsi Ha He-
O7MeCTALYI0  TeXHOMOTMYHOCTD,
3Ta paKeTa IO SKOHOMMYECKUM

[OKa3aTe/NsAM IOKa elle YHOB-
JIETBOPSIET COBPEMEHHBIM Tpe-
6oBanusaM. OnpeneneHHBIM He-
pocratkoM «Coxosa» SABJISIETCA
HICIIONIb30BaHMe KOCMMYECKOTO
pasronsoro 670ka (KPB) «®pe-

rar». BrpoueM, cnoBo «Heno-
CTaTOK», CKOpee, OTHOCUTCA He
K KOHCTpyKuum «®PperaTta», Ko-
TOpBIL, 6e3yCIOBHO, SB/IAETCA
OnecTAIUM VHXEHEPHbIM [JO-
cTiDKeHMeM. Peup mper 06 uc-
nonb3oBaHuy B KPB TokcmyHbIx
KOMIIOHEHTOB TOIIIMBA.
JUCKyccuio 0 TOKCUYHOCTHU
M SKOJIOTMYECKO  ONAcHOCTH
rernTuia (HECUMMETPUYHOTO IM-
MeTWITUpasyHa) 1 aMuia (a30T-
HOTO TeTPaOKCH/a) MOXKHO BECTU
6eckoneuHo. Ho dakr ocraercst
(bakTOM — 3TN BelecTBa peasb-
HO ABIAIOTCA omacHbiMu. Ho u
KpoMe 3TOro y AONTrOXpaHNMbIX
KOMIIOHEHTOB €CTb HEJOCTAaTKN.
Bo-niepBbIX, CMHTeTMYECKOE
ropiodee BCerfia OYeHb JOpO-
roe. Bo Bpemena C.I1. Kopore-
Ba HIMI' cromn mopoxxe >Xup-
Koro Bogopoma. OH u ceifqac
He JenieB. Bo-BTOPBIX, y Mapbl
«TeNTWI+aMMUI» Jjajleko He pe-
KOpJHas SHepreTHKa: Jake BbI-
cotHble JKP]l He MoryT moxsa-
CTaTb  yAENbHBIM MMITY/IbCOM
6oree 332...335 cek. B-Tperbux,
ecmu Mbl ToBopuM o «Comose»,
TO HAAO OTMETUTH OTCyTCTBI/[e
3aIIpaBOYHOI  MHQPACTPYKTY-
pol Pb «Dperat» Ha craproBOM
KOMIUIeKce. 3ampaBKy Oroka
IpUxoAnUTCsa MNpOBOAUTD B OT-




IEeTbHOM TIOMEIEHUM, 3aTeM
y>Ke 3aIpaB/IeHHBII 6/IOK CTBIKY-
ercs ¢ PH, motoM BMecTe ¢ Heit
TPAHCIIOPTUPYETC Ha CTapTo-
BBIII KOMIUIEKC. B xome Kaxxmoit
M3 9TUX OIlepalMil ecTb PUCK
pasrepMeTusanuy  TOIUIMBHBIX
6akoB Pb ¢ cooTBercTByOLMMU
TMOC/IEICTBUSAMY, B TOM YUCITE TS~
JKETIBIMIA.

IIpaktudeckn, y rentuna u
aMIIa eCTb TPU JJOCTOMHCTBA B
TEXHUYECKOM IUIaHe. ITU KOM-
MIOHEHTHI AB/IAIOTCA CaMOBOC-
IVTAMEHSOMIMMUCS, YTO  370-
poBO ympouiaeTr u oberdaer
xoHcTpykumio JKPJ. Cpennsas
IUIOTHOCTb ~ TOIUIMBHOM  IIaphbl
«TeNTUI-aMWI» JOBOABHO BbI-
coKa (BBIIIe YeM y Iapbl «KN-
KMIT KUCTIOPOA-KEPOCUH»), UYTO
obecrieunBaer 6omee HUBKYIO
Maccy KOHCTPYKIMM. IDTOMY Ke
CIIOCOOCTBYET 1 TO, YTO 002 KOM-
IIOHEHTA SBIAKTCH  KUIKUMM

Hp]/[ HOpMaIII)HbIX yCHOBI/IHX, a
3HAYUT, Hpolle CAenarb 6akm ¢
COBMEIIEHHBIMM NHUIAMIU, 00-

JIeTYUB KOHCTPYKLUIO.

B m060M ciydae, mambpHel-
lee MCIOAb30BaHME TIeTUIa
M aMmMIa, KakuMu OBl [OCTO-
MHCTBAMM OHM He O0O0yamanm,
CONPsDKEHO € GONMBIIMMU  I10-
JIUTHYECKUMU U3JIeP)KKaMU:
00111eCTBEHHOCTD YOeX/eHa, YTO
ST KOMIIOHEHTBI OIIACHBI, ¥ HU-
KaKVMJ PasyMHBIMM HOBOAaMMU
3Ty CUTYaLMIO UCIIPAaBUTh HeJlb-
3s1. B naHHOM Ciy4ae, monuTude-
CKV OIIPaBJAHO CO3[jaHlEe HOBO-
r0, aKonormuecku yucroro KPB.

3mech, TOXamyil, cregyer
Clle/IaTh OTOBOPKY HACYET YIIOMM-
HAHUA «IIOIUTUYECKOTO MOMEH-
Ta». JIe/Io B TOM, 9YTO KOCMOHAB-
TUKA 3apOAMIACh U pa3sBMUBAIach
UMEHHO O71arofapst monmuTuke. Bo
MHOTOM 3TO pasBUTHE CBSI3aHO
C OOILECTBEHHO HOJNEPXKKOIL,
[IOTepsi KOTOPOil PaBHOCK/IbHA
katactpode. Yro kacaercst 06-
CY)XIaeMoJ CHUTyaluu, TO 3[echb
paspaborka KPB Ha Herokcmd-
HbIX KOMIIOHEHTaX II03BOJISET
«yOUTb HECKO/IBKMX 3alileB»:
YHOBJIETBOPUTD  3aIpOC  0O1le-

HOCUTEJIN
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Pa3sroHHble 6510k Ha BbICOKO3(PEKTUBHOM TOMJIUBE

PB Ha kucnopoge n MeTaHe

(PH «Coto3»)

Macca 6nioka — 8,5 T B ToM umcne CH, — 1,75 1
[Y: XXP[ taron 2 TC

1,=370c

CTBEHHOCTH, Y/Ty4IINTb SHEPTE-
TUKYy U 3KOHOMMKY PaKETHOTO
KOMIIJIEKCA.

HemHoro o pasroHHLIX BnoKax

Kocmmuecknit ~ pasroHHbIN
6710k HeobxoauMM At HOpMMPO-
BaHMsA OPOUT U TPAEKTOPMIL, Tpe-
Oyromx OOMBIINX 3aTpaT dHep-
run. Hanpymep, sHepreTudeckue
BO3MOXKHOCTY OOBIMHOM [iBYX-
CTYIIEHYaTOl PaKeThbl, UCIIONb3Y-
IOILel KePOCMH ¥ >KUKUI KHC-
JIOPOJI, VICYEPIIBIBAIOTCS  OYEHD
ObIcTpO: yKke Ha BbIcoTy 700-800
KM OHa He CIOCOOHA, OOBIYHO,
BBIBECTU KaKOJ-/IMOO IO/Ie3HbII
TPy3 IPY HENpepbIBHOM BbIBeZle-
Hun. ObecriedeHrie BOSMOXXHOCTH
HOBTOPHOTO 3aIlyCKa [BUTATes
BEPXHEN CTYIEHU CYLIECTBEHHO
YIyIIaeT SHepPreTUKy HOCUTEIIA.
Ho wambompumit addexr mpaer
npumenenne KPD, xoropble cra-
M HeOTheM/IEMBIM aTpuUbyTOM
OONBIIVMHCTBA HbIHE SKCIUTyaTH-
PYEMBIX PaKeTHBIX CHCTEM.

KocMuueckne nccnenoBaHust u texHonorum /04/ 2014

MpoBeaeH CpaBHUTEbHBIN aHaKU3 3HEKTUBHOCTU UCMO/b30BaHNA
MEepPCreKTUBHbIX ABUraTeNbHbIX YCTAaHOBOK B COCTAaBE pasroHHOro 65oka
(BEpXHel CTyneHn) Ans pakeT-HOCUTENEN cpeaHero Knacca Tuna «Cokos».

IBurarenn | KoMmoHeHTHI TOI/INBA | MKA, KT
C5.92 AT + HOIMT 600-880*
PII-161 O, +Pr-1 880-1130%
C5.149 O, + CIIT 1170-1420%
PII-0126 O,+H, 1200-1440%
CTPOY O,+H, 2100, 60 cyTok

ISPy Pbua O, + YBI' 2100, 180 cyrok

*) ¢ AOPa3roHoOM.

B yacTHOCTW, Noka3aHo, YTO NMpPUMEHEHWE pa3roHHOro 6soka ¢ 1Y Ha
KOMMOHEHTax K1CI0poA-MeTaH 06ecneynBaeT NnoBbllLEHNE SHEPreETUUECKOM
3 dekTMBHOCTU HOoCcUTeNs B ~1,5 pa3a no cpaBHEHMIO CO WTaTHbIM PB

«O®peraTt-Cb».

B 3aBMCcMMOCTM OT pacHoina-
raemoit aHepretuky, KPb MoxxHO
YCTIOBHO pasfieMTb Ha [iBe Ka-
Teropuu: 6/I0KM HOBBIBENEHMS U
MexKopOuTanbHble OyKcupsL. Ilep-
BBI€ UCIIOMIb3YIOTCS 1S HOPMUPO-
BaHMA CPaBHUTE/IBHO HEBBICOKMX
OpOwnT, a TaK)XXe YIS TIOBBILIEHNS
TOYHOCTY BBIBEJICHNS, HAIIpUMep,
IIpM VICIO/Ib30BaHUM TBEPHOTO-
IUIMBHBIX MapIIeBbIX CTyIEHeL.
ITpumepamu 6710KOB BBIBEGEHIS
coyxar «Vxap» un «Bomra», cos-
manHple B «LICKB-IIporpecc»
(ubire PKII «ITporpecc») Ha OCHO-
Be NpUOOPHO-arperaTHbIX OTCe-
KOB CIIyTHMKOB cepun «IHTapb»
mns PH ceprn «Coros», a Taxxe
crynenb  AVUM  eBpomnerickoit
paxersl Vega. MexxopbutanpHbie
OyKCUpBI IpefHa3HaueHBI [/Is1 BbI-
BeJIeHN KOCMMYECKIIX allIIapaToB
Ha BBICOKNE KPYTOBBIE, BBICOKO-
S/UIUIITUYECKME, TeONePEXO/iHbIE
U TEeOCTALMOHAPHYI0 OpOWTHI, a
TaKoKe Ha OT/IeTHbIE TPAEKTOPUM K
HeOeCHBIM TeJTaM.

Hecmorpa Ha pasmmume B
sHepreruike, 1 BB u KPb o6na-
JAI0T MHOXECTBOM OOLIMX YepT.
B cuny cnenméuxn GyHkumnonn-
pOBaHMA OHHU COYETAIT B cebe
YepThl KaK PAKETHON CTYIIEHMU,
TaK M KOCMUYECKOTO aIlapara.
C pakeTHOJ CTYNEHBIO PasrOH-
HBIT 67I0K POJHAT OTHOCUTENIBHO
6orplre 3amacsl pabodero rema
U Ha/ln4ue MapIeBOro JBUraTe-
na. Kak KocMudeckuil ammapart,
KPb Mmoxer coBepurath mim-
Te/IbHbIIT OPOMTAIBHBII OJIeT. B
[IOCTIEfHEM C/Iy4ae ero Heobxo-
AVIMO OCHAIIATh CIIeI[U(pUIEeCKI-
MM CUCTeMaMM: CTaOWIN3aLNU U
OpMeHTaumy; obecriedeHus 3a-
IycKa JBUTaTeIelt; obecredeHuns
TEI/IOBOTO PEXXIMa.

K xocMMueckuM pasroHHBIM
6710KaM HPUMEHSIOTCA U CIell-
ndudeckne TpeOOBaHMS:

®  BO3MOXHOCTD  [JIN-
TE/IbHOTO — OT HECKOJIbKMX 4a-
COB JI0 HECKOJIbKUX CyTOK — aB-
TOHOMHOTO II0/IEeTa;
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®  BO3MOXXHOCTb MHOTO-
KpatHOro (OT ABYX HO IISATU U
6ojtee pas) samycka MaplIeBOrO
mBuraressi st GOPMUPOBAHUS
PasHOOOPa3HBIX OPONT;

® «6e3MOMEHTHBII»
cbpoc mpeHaka M/Is yMeHblIle-
HUA BO3MYILEHMI OBYDKEHMA Ha
MIACCYBHBIX YYACTKaX MOJIETa;

®  MUHUMaNbHBIL 06beM,
3anuMaembiit KPB moj romos-
HBIM OOTeKaTe/IeM.

ITocmepsee  TpeboBaHMe
CTONT HOSICHUTH 0c060. OHO 06-
YCTIOBJIEHO HU3KOV IIJIOTHOCTBIO
COBPEMEHHBIX Te/eKOMMYHMKa-
LOHHBIX CI[yTHUKOB, KOTOpbIE
ume0T 6ombume rabapursl. Ho
06beM (a 3Ha4UT 1 rabapuThI) TO-
JIOBHOTO OOTeKaTesst Helb3s Ha-
palmMBaTh HEOTPAaHMYEHHO M3-32
a9pOAVHAMMIECKMX HArpy3oK I
orpaHmyeHnit mo macce. Iloato-
My, ecin KPD Taxoke pacnonosxeH
B fepunurHoM obveme I'O, on
JO/DKEH 3aHMMATb KaK MOYKHO
MeHbIlle MeCTa.

pasrontomy 6510Ky?

O6muk KPP  ompepensior
TUII TOIUINBA, KOJMYECTBO CTY-
IIEHEell, TAra PaKeTHOIO [IBU-
raresis U oOmas KOMIIOHOBKA.
PaccmoTpuM 9111 PaKTOPBI MOJ-
pobHee.

Bbi60p HETOKCHMYHBIX TO-
IUIMBHBIX IIap, U3 4mcia Gonee
WU MeHee OCBOEHHBIX KOMIIO-
HEHTOB, [OCTaTOYHO OTPaHU-
YeH: KepPOCUH, XUAKWIT MeTaH
(OKM) mmm CXVDKEHHBI Ipu-
pomubnt rasz (CIID), sxmpxuin
Bogopon (OKB), >xmpkmit Kuc-
nopox (OKK), BBICOKOKOHIIEH-
TPUpPOBAaHHAsI IIEPEKNCh BOJO-
ponma (BIIB). IlpuMeHUTENbHO
K KOCMMYECKOMY pPaKeTHOMY
KomIiekcy «Cor3» IpefIouTu-
TenbHBI Hapbl «BIIB+kepocuH»
n «KK+xepocuH», IOCKONbKY
BXOJAILINME B HUX KOMIIOHEHTBI
yxe npuMeHAnTcA B «Corose».
ITepexuch ¥ KepOCUH SABJIAIOTCA
TOJITOXPaHVMBIMM KOMIIOHEHTa-

MU, a TOIUIMBO Ha X OCHOBE MMe-
eT BBICOKYI0 IIIOTHOCTb. YBBI,
HU3KUI  YJENbHBIA  MMITY/IbC
(maxe HIDKe, YeM IIPM VICIOIb-
30BaHUM TENTWUIA U aMuma) —
npumepHo 315...320 cex — cBo-
INT Ha HeT 9TY JOCTOMHCTBA.

Kepocun n KK anamoTca
INaBHO OCBOEHHBIMU U HEJOpPO-
I'MIMY KOMIIOHEHTaMI paKeTHOTO
tommBa. OHM COYETAIT B cebe
HOCTaTOYHO BBICOKYIO 3Hepre-
TUKY, OTHOCUTEIbHYIO 3KOJIO-
TMYECKYI0 YMCTOTY ¥ HUSKMUIA
TexHMueckuit puck. Ha stmx
KOMITOHEHTax paboTamu 6/10Ku
«JI» u «JIM», a HpIHE pabOTAIOT
KPB cepun «IM». Hegmocrat-
KOM JJAHHOTO TOIUIMBA SBJIAET-
C KPUOT€HHOCTb KMC/IOPOJA,
a TakKXe OTHOCUTE/IbHO HMU3Kasd
CpefHsIA INIOTHOCTD — IPYIMEPHO
Ha 30% HypKe, yeM y mapbl «BITB-
KEPOCHH».

Camble 9KOJIOTMYECKI
YICTBle TOIUIMBHBIE IIaphl —
«KK+XKB» u «KK+XM (CIID)».

Kocmuueckne uccnenoBaHust n texHonorum /04/ 2014
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IlpuMeHNTENHHO K paKeTe-HO-
cutenio «Coro3» UCIIONIb30BaHMe
SKIJKOTO BOZIOPOAA  BBITJLAUT
He C/IMIIKOM  OIpPaBJAaHHBIM.
B Mamoit pasMepHOCTH KUCTIO-
POHO-BOJZOPOSHbIE  pa3TOHHbIE
67I0KM UMEIOT HU3KOE MACCOBOE
COBEPILIEHCTBO IPY BBICOKOIT CTO-
nmoctu. Tem He Menee, B PKII
«IIporpecc» HeCKONbKO JIeT Ha-
33 pacCMaTpUBAJICA BapyUaHT
BOJIOPOJIHOTO PasTOHHOTO O7I0Ka
«[lenpdun». V3-3a BBICOKOTO 3Ha-
YeHN: YHeNbHOTO VMMITY/IbCa JBU-
raTeisl BOJOPOIHBIN pPasTOHHBIN
6710K BBIUTPBIBAET II0 SHEPreTHKe,
HO I10 COOTHOIIEHNIO «3(deKTnB-
HOCTB-CTOMMOCTb»,  BEPOSTHO,
9TO He JIY4LINii BapMaHT.
JKupxuit meran (CIIT) mo-
JKET OKa3aTbCsAd MMEHHO TeM
KOMIIPOMUCCOM, KOTOPBINl HacT
«Coro3y» HoBoe KadecTBo. [lapa
JKK u JKM (CIITI') o6ecnieynBaer

Kocmnueckne nccnenosanus v TexHonoruu /04/ 2014

3aMeTHO 6ojiee BBICOKUIL yHieb-
HBIIl UMMITYNIBC TIO CPaBHEHUIO C
KEPOCMHOM U JKUJKUM KICTIO-
ponoM. B To e Bpems, cpegHAS

IVIOTHOCTb ~ KVMCTIOPOJZHO-MeTa-
HOBOTO TOIUIMBA CYIECTBEHHO
BbIIlIe, YeM Y KUC/IOPOJJHO-BOJIO-
ponHoro. Ilo onenkam llentpa
Ke}I,E[bII.Ha, BDBIIIOJIHEHHBIM HeE-
CKOJIDKO JIeT Hasajj, pasrOHHble
6710KM ¢ 9TUMU ABYMA BUIAMU
TOIUIMBA IIPAaKTUYECKM paBHO-
LIEHHBI 10 9HEPTeTUYECKUM BO3-
MoOXKHOCTAM. ITo cromMmocTn ke
MeTaH CyILIeCTBEHHO BbIMIPbIBA-
€T Y BOJiopofia.

Beibop TommBa  Hepas-
PBIBHO CBA3aH C OIpefie/ieHNeM
OCHOBHBIX CXEMHBIX pelLIeHMNIt,
a TakXXe C OITMMM3aIMen ocC-
HOBHBIX HPOCKTHI)IX HapaMe-
TpoB. BaHelmmii CTpyKTyp-
HBII BOIPOC — KOIUYECTBO
crynenein KPb. 3pgech Bompoc

IPaKTUYeCKM pelaeTcsa OfHO-
3HAYHO — OfIHa CTymHeHb. B He-
KOTOPBIX CTy4asX, KOTfa ApyTrue
Crocobbl HApalMBaHUA 3IHEP-
reTuky ucyepnansl, KPb moryr
OCHAIATbCA  COpachIBaeMbIMM
6axamu. ITpumepoM Takoro pe-
IIeHMA CYXKAT PasTOHHBIE 67I0-
kn «bpus-M» u «@Pperar-Cbh».
Ho pna cutyauum «1IpoeKkTupo-
BaHNMe C Hy/IA» M TeX 3HAa4eHUM
XapaKTePUCTUIECKON CKOPOCTH,
KOTOpas XapaKTepHa /1 OCHOB-
HBIX MUCCUII (BbIBEJIEHVE HA T€0-
cTaumoHap, ornpaska KA k JIyne
u Mapcy) — a 3TO IpuUMepHO
3.2...5.0 kM/c — OHOII CTyIEHN
BIIOJIHE JOCTAaTOYHO.

Yro Kacaercsa TATM [[BU-
raTesieil, To OHa ABIAETCA OII-
TUMU3UPYEMBIM  TIapaMETPOM.
Yem Bblle TATa, TeM HIKe
TpaBUTAIIIOHHBIE TIOTEPH, HO,
C JpYToii CTOPOHBI, pacTeT KO-
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TIOB [IBUTATETIEN TIEXXUT B IIpefie-
max 0,165...0,17. CooTBeTcTBeH-
HO, TATA JBUraTend — IPUMEPHO
1,4..1,45 tc. Pesymbrarhl pacuyera
cBenieHbl B Tabmy 1.
Pasymeercsa, npuseneHHble
IMGPBl  ABIAITCA Pe3yIbTaTOM
«HyneBoro npubmpKenna». Ho
OHU Y)K€ IO3BOJIAIOT CJe/IaTh He-
KoTopble BbIBOfIbL. Hampumep,
cnenyet oreeprayTb KPB, ncnorns-
3YIOLIMI B KayeCTBe OKMCIUTENA
BbICOKOKOHIIEHTPMPOBaHHYIO IIe-
pexuch Bofopopa. «BogopopHblii»
KPB o6mapmaer, Kak 1 0>XKUIAIoCh,
HaMBBICILE SHEPIETUKON, HO 5TO

BIIB+kepocun JKK-+kepocun® JKK+KM (CIIT) KK+XKB**

Y nenbHblil MMITY/IbC B IIyCTOTE. CEK 319 365 380 457
Macca IITI' mpu BeIBeeHUM 879 1107 1319 1697

Ha Ie0CTaIIOHAPHYIO OPOUTY, KT

Macca pabouero 3amaca 6904 6520 6399 5828
TOIINBA, KT

Koneunas macca KPB, kr 820 970 880 1070
Tsra gBurarens, TC 1,43 1,42 1,42 1,46

*3a ocnosy npuramut dannvie no XKPJ] PII-161 (HITO «9nepeomais»)
**3a ocnosy npunsmot Oannvte no Y ons KPB «[Jenvgpun» (Kb Xummau)

Heuynaa macca KPB. Ilo omen-
xam Uentpa Kenppima u gpy-
IMX IpOQUIbHBIX OpraHM3aALNIL
o1 KPB, mpemHasHaueHHOTO
w1 PH «Coro3», ontumanbHas
TsATa ABUTATeNsA paBHa 2 TC. [Ind
[IPOBEPKM ITUX J[AHHBIX OBUIO
NIPOBENEHO YVICTIEHHOE MOJe/NN-
pOBaHMe OCHOBHBIX IIPOEKTHBIX
napameTpoB KPb Ha pasnnynbIx
KOMIIOHEHTaX ToIuiMBa. Pacuer
BEJICA, UCXOfA U3 CIIeyIUX
TOIYIIEHNIL:

®  UCIONb3YeTCsA PH
«Co103-2.16»;

e Tperba cTynenb PH
BBIBOJAUTCA He Ha 3aMKHYTYIO
opouTy, a Ha IEepPeXOfHYI0 -
JUITUYECKYIO TPaeKTOpUIO C
aroreeM 200 kM, nepureem -10
KM, a OT/leJIeHMe CTyIleH! Ipo-
MCXOOUT Ha BBICcOTe 160 kM.
IOa"uplli  croco6 BbIBEJEHUSA
obecreynBaeT IajieHUe CTyIe-

HY B «aHTUIIOAHYIO TOYKY» (He
3arpA3HAeTCA OKOJIO3EMHOE
IPOCTPAHCTBO), a TaKXe COo-
XpaHeHMe OCHOBHBIX JIeTHBIX
XapaKTepUCTUK PaKeThl — MaK-
CUMAJIbHBIX MIEPeTrpPy30K U CKO-
POCTHBIX HAallOpOB — I 30H IIa-
IeHUs OTHeNsAeMbIX JacTeit;

® B KauecTBe IIe/IeBOIl Op-
OUTbI pacCMaTPUBAETCS TeOCTalN-
OHapHas;

®  BBIBEICHNE Ha IIETIEBYIO
OpOUTy OCYyIUeCTB/SIETCA IO TO-
MAHOBCKOJ1 cxeMe (IpupalieHue
XapaKTepUCTUIECKMX CKOPOCTeit
MTHOBEHHBIMU VMITY/IbCAMU) C
y4eTOM IPaBUTALVIOHHBIX IIOTEPb,
3aBUCALIMX OT TATOBOOPY>KEHHO-
ctu KPbB.

IIpu sTMX mONyLIeHMAX Ha-
yanbHast Macca KPD Ha mepe-
XOJfHOI OpOuTe COCTAaBIIsIeT MpH-
MepHO 8600 kr. OmnTMManbHas
TATOBOOPY>KEHHOCTD I/ BCEX TU-

CaMBblil JOPOTOCTOSAIIVI U, BEpPO-
ATHO, IJIATENbHBINI II0 CpPOKaM
peanmysanuy, BapyuaHt. [ia fanb-
HeJIIer0 PacCMOTPEHUA CTOMUT,
TIOXKajTyii, OCTAaBUTb BapMAHThI C
KEpOCVHOM VI METaHOM.

CaMo11 CJTOXXHOV TeXHMYe-
cKoit 3amadert Oymer paspaborka
abcomoro Hosoro JKPII. [Ina
KepPOCHHOBOTO PasTOHHOTO 67I0Ka
32 OCHOBY MOYXHO B3ATb HapaboT-
Ku 20-71eTHe HaBHOCTMU, BBIIIOJI-
nHennple B HIIO «OHepromamn»
no gBurarento PII-161 Tsroit 2 Tc.
CospaHye Takoro IBUTATeNs 3a-
JIMeT He MeHee 5 JIeT.

He meHee BaxkeH BoIpoc 06
o6wen komnonoske KPB. 3xgech
BO3MOXXHO MHOXXECTBO BapMaH-
TOB 1 KOHKPETHBIII OyLyT BbION-
paTh IpPOEKTaHTHL. 37ech JIMIIb
OCTAaHOBVMIMCSI Ha HEKOTOPBIX
0COOEHHOCTAX MOIXOMI0B K KOM-
TIOHOBKE.

KocMmuyeckme nccnepgosaHust u TexHonorum /04/ 2014
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TpapunuonHas
KOMIIOHOBKA PaKeTHBIX 0JIOKOB,
KOTJ]a €T0 COCTaBHBIE YaCTH pac-

«oceBasdg»

IOJIATalOTCS  ITOCTIefIOBATEeIbHO
APYT 3a APYTOM BHOJb IIPOLOTIb-
HOIT ocut (6aK OKMCIUTENS, MEX-
6aKOBBIII OTCEK, 6aK TOpIYero,
XBOCTOBOJl OTCEK C JIBUTATeNb-
HOJl YCTAQHOBKOII), 3a4acTyI0 He
nopxogut s KPb manoit pas-
MepHOcTM. [lomBITKAa BHMCATh
6710K B AMaMeTp TOC/IeHell CTy-
TIeHN BefleT K BBIPOXK/ICHNUIO LU~
JIVH/IPUYECKNX OAKOB B TsDKETIbIe
«4eYeBULBI» U K TIOSIB/ICHUIO 13-
6b1TOYHBIX 06BeMOB. [I1OTHOCTD
KOMIIOHOBKM 1 MacCOBO€ COBep-
IIEHCTBO IIOTYYai0TCs HUSKUMIL.

YkazaHHbIe HeIOCTaTKI
MOIYT OBITb yCTpaHeHbl (W
CMSITYeHB) IIPU Mepexofie K «pa-
IMAZbHON» KOMIIOHOBKE, KOTITa
TOIUIMBHBIE 06aKM PasHOCATCA IO
nepudeprun BbIIEIEHHOTO 00B-
eMa, a JBUTaTe/lbHasA yCTaHOBKa
U JpyIue CUCTEeMBI ¥ arperarbl

KocMuueckne nccnenoBaHust u texHonorum /04/ 2014

pasMelIATCcA B OCBOOOMVBIIIEM-
Cs LEHTPAIbHOM IIPOCTPAHCTBE.
IIpumepoMm Takoit cXeMbl SABIAIOT-
cst 6oy «JI» ¢ ToponaIbHBIMI
6axamu, a Taxoke 6710k «Bpus-M»
u «Operar». TopoupanpHbie 6aku
TaKXKe «TsDKeNble» (IpUMepHO B
IIO/ITOpa pasa TsDKe/lee PaBHOTO
0 00beMy LVUIMHAPIYIECKOTO
6aka), HO B3[OPOBO YIUVIOTHSIOT
KOMIIOHOBKY.

KoMmmnoHoBKy,  m0Op06HYIO
«(pperaToBckoit», MOXHO IpH-
MEHUTD U JJI1 METaHOBOTO 0J10-
Ka, T/je TeMIIepaTypbl KOMIIOHEH-
TOB O/U3KU. J|/IsI KepOCHHOBOTO
KPB, rrme pasHuija Temmeparyp
pocturaer go 200 rpagycos 1o
Lenbcuio, mOKOOHBIT — Bapu-
aHT He NpPUMEHMM, HO U 3[ieCh
MOXXHO [aTb BOMIO (aHTasuu
(cm. Hampumep, Puc.1). Ho, mo-
BTOPMMCSI, BBIOOP KOHKPETHOTO
BapMaHTa KOMIIOHOBKV pa3TOH-
HOro 6/10Ka OyAyT fenaTh crenu-
QJINCTBL

Yyactre Kasaxcrana

B mpouutoit mybnmkaiym
yXKe paccMaTpyBaJIOCh B OOIMX
yepTax BO3MOXKHOe ydacTue Ka-
3axcTaHa B mpoekTe. Ceityac 3To
y4acTie MOXXHO IIOIpO6OBaTh
ouernts moppobuee. C jeHbra-
MM BCe IIOHSTHO — (pUMHAHCOBBII
BKIafl B IpoeKT faeT Kasaxcra-
HY IpaBO y4acTBOBaTb B HEM Ha
PaBHOIIPAaBHBIX MAPTHEPCKMX Ha-
yanax. T'opasgo uHTEpecHee ole-
HUTb B3HOC CTPAHbI B TEXHUKY.

Y4yactue B mpoeKkTHpOBaHUU
KA3aXCTAaHCKUX CIIELUAIICTOB, B
CWIY CYLIECTBYIOIIETO IO/IOXKe-
HMA, OyeT, BepOsATHO, HOCUTb
xapaktep OOydeHUs «Ha KOH-
KPEeTHOM TIIpMMepe». YUUTbIBad,
uyro KPB coderaer B cebe uepTh
PaKeT 1 KOCMIYECKIX aIlllapaToB,
MOXXHO TIO7IaraTh, YTO Y4acTue
B IIPOEKTe IIO3BO/IUT BBIPACTUTD
CIELa/ICTOB BBICOYAIIE KBa-
UKLy,

Kak npepcrapnsercs, B Kasax-
CTaHe MOXKHO IIOJTHOCTBIO pa3Me-
CTUTb TIPOU3BOJCTBO KOPITYCHBIX
OTCEKOB — OAKOB, a[JATITEPOB, Iiepe-
XOIHMKOB, FapIpOTOB 1 T.I1. [IBUTa-
Te/N, apMaTypy IHEBMOTMIPOCH-
CTeMBI U CHCTeMy ODOpYHOBaHNA
II0 KOOIlepaly Ha NepBbIX T0pax
MO>KeT NocTaBATb Poccusa. OKoH-
yaTenbHylo c6opky KPB MoxxHO
OCYIIECTB/IATb HEIOCPENCTBEHHO
Ha TeppuTopumn KocMopipoM baii-
koHyp. Co BpeMmeHeM, IO Mepe
PasBUTISI COOCTBEHHOI IPOM3BOTI-
CTBEHHOJ 6asbl, Ha TEPPUTOPUIO
Kasaxcrana MOXXHO IlepeHecTy
U3TOTOBJ/IEHME TIPAKTUYECKN BCex
9/IEMEHTOB PasrOHHOTO O/IOKa.

3nmecb YMeCTHO IIOBTOPUTH
MBIC/Ib, KOTOpast OblIa BbICKa3aHa
B OfIHOJ M3 HAIIVX IepBbIX IIy-
O/MUKaINi, TOCBAIIEHHBIX KOCMM-
YeCKM paKeTHbIM KOMIIIEKCaM
KocMozipoma bBailkoHyp: BbITOI-
Hee BK/IA[[bIBAaTh I€HbIYU B BbICO-
KOTEXHOJIOTMYHbIE KOMIIOHEHTbI
PaKeT-HOCUTEIEN, 4eM B «CTajlb U
OeTOH» CTAapTOBBIX KOMIUIEKCOB.
ITpro6peTeHHBII OIBIT TO3BOIAT
HPUCTYINUTh K CAMOCTOSTE/TbHBIM
pa3paboTKaM paKeTHO-KOCMITde-
CKOJI TEXHUKIL. |
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