HUMAN AND SPACE

WWW.IEN].CV.ua
A. A. Baldin &

\

O. Honchar Dnipropetrovsk National University,
UDK 629.764 Gagarin ave, 72, 49010, Dnipropetrovsk, Ukraine

ECOLOGICAL ASPECT OF LAUNCH VEHICLES DEVELOPMENT
BY CRITERION OF MINIMAL COST

Abstract. One of the topical problems in modern aerospace engineering is accordance between
ecological requirements and performance of the vehicle. On the other hand, problem of economical
efficiency leads to change of the main criterion of designing to the minimization of costs (instead of
maximal performance). According to modern trends of “low-cost” vehicles, different concepts of the
future cost-effective launch vehicles are considered. It is necessary to validate these concepts
according to requirements of ecological safety for the purpose of detection of the dominant launch
vehicle configuration.

Typical configurations of the future 'low-cost' launch vehicle are presented by 6 conceptual
groups (Koelle, 2001).

Conceptual group 1 (CG1) is presented by the Ballistic “Single stage to orbit” (SSTO) reusable
vehicle. All vehicles which use classical rocketry scheme of the propulsion trajectory are called
“Ballistic” i.e. the ballistic vehicle is lifted to orbit under the impact of rocket engines thrust. CG1-
vehicle is able to reach the low earth orbit (LEO) without stage separation reducing the number of
required rocket engines. Technological feasibility of SSTO concepts is proven by numerous studies
(Koelle, 2001).

CG2 representatives are ballistic “Two stages to orbit” (TSTO) reusable vehicles. The
difference between CG1 and CG2 consists in application of vacuum rocket engines in the second
stage and, consequently, stage separation. CG2 are the most mass-effective vehicles.

CG3 is presented by the winged SSTO vehicles with rocket propulsion by “Lifting body”
aerodynamic scheme. Ascensional force is provided by the aerodynamic shape of the vehicle’s
structure at high speeds.

Winged TSTO vehicles with rocket propulsion and parallel or tandem staging form the CG4.
The winged configuration provides wide landing capability for both stages.

CGS is presented by winged TSTO vehicles with airbreathing propulsion in the first stage and
rocket-propelled second stage. Airbreathing jet engines provide high reusability ratio comparing with
other concepts as well as the widest landing capability.

Aerospace Plane with scramjet-rocket propulsion forms CG6. The vehicle is able to reach near-
cosmic speed in rarefied layers of the atmosphere and then accelerate with rocket engines.

The most ecologically important resemblance of represented concepts is reusability. This
reduces space debris formation (due to lack of waste hardware). Reusable launch vehicles can also be
used to return the spent satellites.
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Structural differences between the concepts form 3 criterions of comparison by ecological
impact: 1) propellant toxicity; 2) safety of surface facilities (vehicle damage inside the atmosphere);
3) probability of space debris formation (vehicle damage outside the atmosphere). Comparison of the
concepts by these criterions allows substantiating the most ecologically acceptable direction of
research.

Results of the comparison demonstrate that the most ecologically acceptable low-cost launch
vehicle configuration is: Ballistic SSTO or TSTO reusable launch vehicle with “LOX+LH2”
propellant. The results can be explained by following way: combustion products of the propellant
“liquid oxygen + liquid hydrogen” are absolutely safe for environment. It also provides maximal
performance of rocket engine (due to the highest specific impulse). Ballistic ascent scheme allows
using relatively simple technologies and provides high reliability level. In combination with minimal
time of atmospheric flight this provides high level of safety for surface facilities. These results may be
used for substantiation of dominant research direction.

Keywords: ecological aspect, launch vehicle; minimal cost.
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3KOJIOrMYECKUN ACMEKT CO3JAHUA PAKET-HOCUTEJEN
No KPUTEPUIO MUHUMATIbHOU CTOMMOCTU

[IpoBeneHO cpaBHEHHE COBPEMEHHEWIINX KOHLEMIHMH KOHOMHYECKH S((EKTHBHBIX paKer-
HOCHTENIEH 10 KPUTEPHUIO DKOJIOTMYECKOI 0e30MacHOCTH, ONHMPasch Ha TOKCUYHOCTH KOMIIOHEHTOB
TOILIMBA, BEPOSATHOCTh aBapuu B atMocdepe u 3a e€ npuaenamu. CHopMyIMpoBaHbl PEKOMEHAALNH
OTHOCHTEIBHO HauOoJee LeNeco00pa3HOro HANpaBlICHHs AAIbHEHIIMX MHCCIENOBAHHN C Y4eToM
9KOJIOTHYECKHX (PaKTOPOB.

Knroueevie cnosa: skonocuveckuii acnekm, paKema-HOCUMenb, Kpumepui MUHUMAIbHOU
CMOUMOCTU.
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EKONOIYHUA ACMEKT CTBOPEHHSA PAKET-HOCIIB
3A KPUTEPIEM MIHIMAIIBbHOT BAPTOCTI

[TpoBeneHO MOPIBHAHHS HAHCYYaCHIIINX KOHLENTYaIbHUX PO3pOOOK EKOHOMIYHO e()eKTHBHUX
paKeT-HOCI{B 3a KPUTEPieM EeKOJIOTiYHOI Oe3HeKH, OMHPaI0YNCh TOKCUYHICTh KOMIIOHEHTIB MaluBa,
iMoBipHiCTh aBapii B armocdepi Ta 3a 1l Mexxamu. CHopMyIbOBaHO peKOMEHAMil 00 HaO1IbII
JOUUTBHOTO HAMPSMKY MOJANBINNX JOCIIIKECHB 3 BpaXyBaHHIM €KOJIOTTYHHX (DaKTOPiB.

Knrwuoei cnosa: exonociunuii acnexkm, pakema-Hocii, Kpumepiu MiHIMAIbHOT 8apmMoCmi.

BCTYN

CrporozHi Aenani OIMBIIOTO 3HAYSHHS B KOCMIUHIN NISTTBHOCTI OYIb-AKOi AepiKaBd
HaOyBalOTh MpaBHia, CTAHAAPTU Ta OOMEKESHHS, MOB’sI3aHi 3 OXOPOHOI HABKOJIUIIHBOI'O
CepeIOBUINA, EKOJOTigyHOI Oe3mekoro, Tomo. CyBOpoMy KOHTPOIIO MiISATAalOTh BCl
TpoIlecH, TOB’S3aHi 31 CTBOPEHHSAM Ta EKCIDIyaTamielo O00’€KTiB paKeTHO-KOCMIYHOT
TexHiKH. [[if0Th MDKXHApPOIHI CTaHIAPTH, IO PETVIAMEHTYIOTh, CEpPEll iHIIOTO, BUMOTH IO
KOHCTPYKTUBHHMX MarepiaiiB, mo 3acrocoByiorbes (ISO, 2003), a6o BuMoru 1mono
3arno0iranHst yrBopeHHs kocMiunoro cMitts (ISO, 2011).
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OmHOYacHO, y CBITOBI paKeTHO-KOCMIYHIH MPOMHCIOBOCTI BKpail 3HAYHOI
aKTyaJIbHOCTI HaOyBae mpoOiieMa eKOHOMIUHOT e(DeKTUBHOCTI Ta 3MEHIIeHHsT BUTpaT. [Ipo
3HAYYIICTh Mi€l MpoOJeMHu CBiMYUTH TOW (paKT, 0 HAWBIUIMBOBIMII Opradizamii Ta
YCTaHOBH, SIKi 3aiIMalOTHCSI KOCMIYHUMH JOCIIHKCHHSIMHE 1 HAJAHHSAM BiIIOBITHUX MOCIYT,
o(diLiiiHO MPOroJOUIYIOTh TPO YKOPCTKY IOJITHKY 3HWKEHHS BUTpaT, (OPMYIOYH CBOI
KocMiuHi mporpamu BiamoBiaauMm uuHOM (ESA, 2003; NASA, 2004). HaganHs KOCMIYHUX
MOCIYyT CHOTOHI BXKE HE € MNPEAMETOM HAalliOHAIBHOTO MPECTHXKY, IepPEeTBOPHUBLINCE,
HaTOMiCTh, Ha KOMEpPLIiHHY JiSUIbHICTB, /i€ ONTHMI3allisl BUTPAT € 3a0pyKO0 KOHKYPEHTHOT
nepeBaru (Koelle, 1998). Ha pizHOMaHITHHX CBITOBMX HayKOBO-NIPAaKTHYHHX (popymax Ta
KOH(EPEHIISIX MUPOKO MPEACTABICHI JOKIAIN, TMPUCBIYCHI HAYKOBHM Ta IH)XKCHEPHUM
3amadaM, CIpsSMOBaHMM Ha MIABHINCHHS €KOHOMIYHOI €(heKTHBHOCTI CTBOPEHHSI BHPOOIB
paketHo-KocMiuHOT TexHiKH (PKT) Ta ix excruryaramii (IAC, 2013). Hai6mmkanm yacom
OUiKyeTbcsl MacITabHuil meperisia imeosorii crBopenHs Bupob6iB PKT BOik MiHiMmizamil
BUTpAT. 3a3HAYAETHCA HEOOXITHICTE BUOOPY NOMIHYIOUOTO HampsMKy po3BUTKy PKT Bixke
croroani (Koelle, 2001).

3 iHmoro OOKy, nocBix cTBopeHHs Ta ekcrutyatanii PKT cBiguute npo Tte, mo
TeXHIUHI pileHHs1 (BHOIp KOMIOHEHTIB MaluBa, TPAEKTOpId pyxy, Ta iHIIE) iHOMI He
Y3TOJUKYIOTBCSL 3 E€KOJOTIYHUMH BHMoraMmu. lle 0coOJMBO XapakTepHO MJIsl PaKETHHX
KOMIUIEKCIB BiiCbKOBOTO NPU3HAYECHHSI.

Metoro naHoi poOOTH € aHali3 HaHCYYacHINIMX TEXHIYHUX KOHICMIHN, SKi
nepenbavarote crtBopeHHs PKT 3a kpurepiemM MiHIManbHOI BapTOCTi, Ha TIPEAMET
BiJIMIOBITHOCT] WX KOHIIEMIIA CYYaCHUM EKOJOTiYHHM BHMOTaM Ta CTaHIapTaM OC3MEeKH.
Ha ocHoBi mpoBeneHOro aHamizy CQOpPMYIBOBAaHO 3araibHi PEeKOMEHMAIl] II0I0 BHOOPY
MPIOPUTETHUX HATIPAMIB MOJANBIINX TOCIIIKCHb.

MATEPIANU TA METOOU OOCNIMKEHDb

Haii6inpin xapakTepHi CydacHi KOHIENTYallbHI MPOEKTH €KOHOMIYHO e(EeKTHBHUX
Brpo6iB PKT MokHa yMOBHO PO3IiNMTH Ha IIICTh OCHOBHUX KoHIenTyasrsHUX Ipym (KI))
(Koelle, 2001):

o Konuenryansna rpyna KI'-1: Oxgnocrynenesi pakeru-aocii (PH) 6araropasoBoro
BUKOPUCTaHHS 3 OalliCTHYHOI (TPauIliiHOI) TpaeKTOpier0 BuBeAcHHSA (puc. 1, a).
IpencraBunkn: xonunent «Delta Clipper» kommnanii McDonnell Douglas, poanna
kounentis «BETAy» niMmenbkoi koMmmnanii MBB, smorcekuii kornent «Kankoh Maruy.

e KI'-2: nBocrymeneBi PH O6araropa3oBoro BHKOpPHCTaHHS 3 OaJiCTUYHOIO
TpaekTopiero BuBeneHHs (puc. 1, b). [IpencraBauku: xoHment NASA «Kislery, konment
«Neptune» Himenpkoi komnanii OTRAG.

e KI'-3: Kpumari ogaoctyneneBi PH 0Oaratopa3oBoro BUKOPHUCTaHHS, IO
3aCTOCOBYIOTh pPAaKeTHi IBUTYHH (Ta HasBHI Ha OOPTy KOMIOHEHTH MTAJIMBA) Ha BCIX eTamax
MONIFOTY Ta BHKOHAHI 3a aepoanHamiuHO cxemoio «Hecyumit kopmyc». IIpencraBHuK:
kourient «Venture star» kommnanii Lockheed Martin (puc. 1, ¢).

e KI'-4: Kpunari nocrynenesi PH GaraTopa3oBoro BUKOPHCTaHHS 3 MapalielibHOO
«[Taker» abo mocminoBHow «TaHmem» cxemor posramryBaHHs cryneHiB. [IpeacraBHuk:
kontent «Twins» [xona [lenna (puc. 1, d).

e KI'-5: [IBoctrynenesi kpuiari PH 6aratopa3oBoro BUKOpHCTaHHS, 10 HA IEPLIOMY
CTYIEHI BUKOPUCTOBYIOTH aTMocdepHi TypOopeakTuBHi 1BUryHu (puc. 1, ). [IpencraBauk:
kortent «SANGERy niMenskoi kommanii MBB.

o KI'-6: AepokocMiuHHI Tiep3BYKOBHI TUTaHEp (ABOCTYICHEBUI) OaraTopa3soBOro
BUKOPHCTaHHSI, 1110 3aCTOCOBYE HAJ[3BYKOBI PSIMOTOYHI TypOOpeakTUBHI ABUTYHH (puc. 1, f).
[IBUAKICTH MOMBOTY MJIAHEPA TEOPETHYHO csraTuMe 25 MaxiB, Mo J03BOJIUTH HOMY BHHTH
Ha HI3bKI HaBKOJI03eMHi opOitu. [TomiOHi mpuHImy 3aknaneHi B mpoekTi NASA X-43 (AIAA,
2000).
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Puc. 1. KonnenrtyajibHi IPOEKTH eKOHOMIYHO eeKTUBHHUX JIiTATbHUX anapaTis

BaxnuBo 3a3Ha4yMTH, 10 BCi NepesiiueHi KOHIENTH MarTh OIHY CYTTEBY CIUIbHY
pucy — Oararopa3oBicTh BuKopucTanHi. B poborax (Koelle, 1998, 2001) Big3zHaucHO
CYTTEBI EKOHOMIYHI TIepeBard Oararopa3oBux JitaibHHX amapatiB (JIA), a Takox
MOTEHITITHAa MOXIIUBICTh X CTBOpPEHHS Ha 0a3l iICHYI0UNX TEXHOJIOTiH. 3 eKOJIOTi9HOI TOYKH
30py Oararopa3oBi JIA MalOTh HaCTYITHI ITepeBary:

— 3HAYHe 3MEHWEHHS UMOBIPHOCI YMBOPEHHSA KOCMIuHO20 cmimms (3aBASKA
noBepHeHHo JIA Ha 3emIto, BiICYTHOCTI BiIpallbOBAHUX €JIEMEHTIB KOHCTPYKIIIT);

— eKOHOMiA NpUpoOHUX pecypcié (3aBISKH 3a34ajeriib 3MEHIIEHHM 00’eMaMm
BHUPOOHHUIITBA);

—  MOJCIUBICMb nosepmamu 8lOnpaybosani Kocmiuni anapamu (O6aratopasosa PH
BUBOJIC Ha OpOITY HOBMI KOCMIUHUI anmapar, MOTiM BUXOJle Ha OpOiTy BiANpalbOBaHOTO,
30JIMKY€EThCS, 3aBaHTAXKYE 1 MOBEPTAE HOro Ha 3eMilt0). [[pUHIIMIIOBO MOXKIIMBUM TaKOX €
30MpaHHs Ta IIOBEPHEHHS Ha 3MJII0 KOCMIYHOT'O CMITTS 3 METOIO IOJIAJIBILIOT IEPEPOOKH.

[IpuHIMNIOBI, KOHCTPYKTHBHI Ta TEXHOJOTIYHI BIAMIHHOCTI MiXK KOHIICHITAMU
3YMOBIIIOIOTH IIEpENIiK MapaMeTpiB iX MOPIBHSHHS 3a O3HAKOIO JIOTPUMAaHHS EKOJIOTTYHHX
BUMOT:

1) TOKCHYHICTH 3aCTOCOBaHMX KOMIIOHEHTIB NAJINBA;

2) Hebesneka pyHHyBaHHS Ha3eMHUX 00 €KTiB BHACITIIOK MOXINBOI aBapii mimgac
nepedyBannas PH B atmocdepi;

3) nebesneka pyitHyBaHHA JIA 3a Mexamum arMmocdepu (Ta PU3HK YTBOPEHHS
KOCMIYHOT'O CMITTS).

[TopiBHSIHHS TPOBEAEGHO 32 HACTYITHOK METOAMKOI. TOKCHYHICTH 3aCTOCOBaHUX
KOMITOHEHTIB TajiiBa BPaXOBYETHCS IUIIXOM ITOMHOXEHHS BiJHOCHOTO KOe(illieHTY
TOKCHYHOCTI manuBa k, Ha BIIHOCHY TpuBalicTh mepeOyBanHs JIA B armocodepi.
BigHocHuii KkoeQillieHT TOKCHYHOCTI NajuBa NPUHHATO piBHMM Hymo it JIA, 1mo
BUKOPHCTOBYIOTh NaNMBHY Napy «Pimkuii KuceHb + piIKUi BOAEHB», OCKLIBKH BOHA
BBA)KAETHCSI TpakTH4HO Oe3meunoro. s JIA, mo BHKOPHCTOBYIOTH TypOOpEaKTHBHI
aTtMoc(epHi ABUTYHH (TOOTO aTMOc(epHe MOBITPS B SIKOCTI OKHCHHKA Ta BYTJIEBOIHCBE
nanbHe) KoedimieHT k; po3paxoBYeEThCs SK BiIHOMIEHHS Yacy poOOTH TypOOpEaKTHBHOTO
JIBUTYHA JI0 TIOBHOT TpuBaiiocTi nepeOyBanus JIA B Mexxax armochepH.

BimnocHa TpuBamicTe mepeOyBaHHS B atMocepi po3paxoOBYETHCS depe3 MOBKUHY
aTMoc(epHOi AUISTHKH MOJIbOTY KOXKHOTO JIA, 110 BCTAHOBJIGHO HA OCHOBI CXEM BHUBEJICHHS
Ta noBepHeHHs (AIAA, 2006; Koelle, 2001), siki mpointocTpoBaHi Ha puc. 2.

3 Meroro 3a0e3neueHHs aJCeKBAaTHOCTI TOPIBHSHHS, 3HAYCHHS TPHBAIOCTI
nepeOyBaHHs nieBHUX JIA B aTMocdepi IpHBEZCHO B 3MEHIIYBaJIbHOMY MaclITadi BiZIHOCHO
HaiO1IbIIOro 3Ha4eHHs. Pe3ynbratu po3paxyHKy HaBeaeHO B Tabi. 1.
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Puc. 2. IlpuiinaTi cxeMu BUBeAeHHSI Ta BX0O1Y B aTMOc(epy

HeGe3neka ast Ha3eMHUX 00’€KTIB NP aBapii BPaXOBYETHCS HLISIXOM HMOMHOMXEHHS
BijiHOCHOT TpuBanocTi mnepeOyBanHs JIA B atMocdepi Ha KOe(iiEHT TEXHOJOTIYHO
crmagaocti k.. [omampimi MipkyBaHHS 0a3yrOThCSI HAa MPUOYIICHHI, IO ITiJBHIICHHS
TEXHOJIOTTYHOI CKJIQJHOCTI TIPU3BOJMTH JIO B3HIDKEHHs HajidHocti JIA  (BizmoinmHo,
30UTBIICHAST PU3KKY aBapii). 3HaUeHHS KOe(IIlieHTyY K, 3aJIeKUTh Bil KUTPKOCTI HOBUX Ta/abo
CKJTAJIHAX TEXHOJIOTIH, IO 3aCTOCOBAHO B KOXXHOMY KOHKPETHOMY KOHIENTi. [lopiBHSIHHS
TEXHOJIOTIYHOI CKJIAJIHOCTI KOHIIENTIB IeTadbHO TpuBeeHo B podori (Koelle, 2001).

Tabauys 1
Ouinka BitHocHOI TpuBaJocTi nepedyBanns JIA B atmocdepi
JloBxuHa JoBxuHa [ToBHa noBxHHA BignocHa
Ne . 3IIBOTY MOCATKH aTMocdepHoi TPHUBAJTICTh
CryniHp . . .
KT B atMocdepi, B aTMocdepi, IIUISTHKY TIOJTBOTY, nepeOyBaHHS B
KM KM KM aTMocdepi, o11.
1 223,6 269,2 4928 0,16
I 221,5 298,2
2 II 55,1 271,3 8461 0,28
3 608,3 598,4 1206,7 0,39
1 218,6 555,3
4 T 58.1 6116 1443,6 0,47
I 960,3 456,8
> II 406,6 602,7 24264 0.79
I 1522,0 814,7
6 11 123,8 609,9 30704 1,00

HeOe3neka pyiiHyBaHHS 32 MeXaMmMH aTrMoc(epd BpaxOBYETHCS uepe3 3HAUCHHS
koedirienty k, 0e3 101aTKOBUX MHOKHUKIB.

[HTerpasibHUil MOKA3HUK EKOJIOTIYHO HEraTUBHOIO BIUIMBY BU3HAYAETHCS SK CyMa
[MOKa3HHUKIB TOKCHYHOCTI KOMITOHEHTIB IMaiiBa, HEOE3MeKHu s Ha3eMHUX 00’€KTIB Ta
HeOe3Iekn pyHHyBaHHS M03a aTMOC(heporo.
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Tabauys 2

Pe3yJ’lLTaTI/I PO3paxyHKy iHTeraJ’lLHOFO NOKa3HUKA HEraTUBHOI'O BIIVIUBY

YMoBHa
TpuBa- . HeGe3mexa | HebGesmexa | InTerpansHuit
Ne JICTh TokcHuHICTB s P — HOKA3HIK
KOH- nepe6y- ky ks KOMIOHGHTIE Ha3eMHHUX mnosa HETaTUBHOT'O
tenry BaiHﬂ franmsa 00’ekTiB | aTMocdeporo BILUTUBY
aTMocdepi
1 0,16 0 1,00 0 0,16 1,00 1,16
2 0,28 0 2,00 0 0,56 2,00 2,56
3 0,39 0 2,70 0 1,05 2,70 3,75
4 0,47 0 3,70 0 1,74 3,70 5,44
5 0,79 0,60 | 4,30 0,47 3,40 4,30 8,17
6 1,00 0,92 | 7,00 0,92 7,00 7,00 14,92

3 Tabn. 2 MokHa Mo0aunTH, MO KpuiaaTi JIA MalTh CYTTEBO OUIBINNI iHTETpaTbHUAN
MMOKA3HUK HEraTHBHOTO EKOJOTIYHOrO BIUIMBY. Lle MOSCHIOEThCS BKJIAJAOM MOKA3HHKA
HeOe3NeKH IS Ha3eMHHX 00’€KTIiB, a TaKOX IMJBHUIICHOK TEXHOJIOIYHOK CKIIaJHICTIO
JTAaHOi TPYITH KOHIIETITIB.

BUCHOBKU

[IpoBenenuii aHanmi3 HAHCYYacHIMHMX KOHIENTYAIbHHUX IPOEKTIB IEPCIEKTUBHUX
PaKeTHO-KOCMIYHMX KOMIUICKCIB HE BHABHB CYTTEBHX MPOTHPIY MDK BHUMOTaMHU
€KOJIOTTYHOT Oe3MeKku Ta MiHIMaJbHOi BapTocTi. TUM HE MEHI, OCHI/PKeHI BIAMIHHOCTI
MDK KOHLENUISIMH eKoHOMiuHO-epekTBHMX PH 1o3BoisitoTh copmyioBaTH MeEBHI
peKOMEHAIIIT 111010 BUOOPY HAMPSMKY MOAATBIINX POOIT, a came: 3 BpaxyBaHHIM BHMOT
€KOJIOTiYHOT Oe3MeKkn HaWOLIbLI —palliOHATBHO OpIEHTYBAaTH JOCHIIKEHHS B OiK
OaratopazoBux JIA, 1m0 BUBOIATHCS 332 OATICTUYHOI CXEMOIO, MAIOTh MiHIMaJIbHHN Yac
niepeOyBaHHs B aTMOcdepi Py NMpHU3EeMIICH] a TAKOXK 3aCTOCOBYIOTH NAJMBHY Iapy «Pimkuii
BOJICHD + PIJKHMI KHCEHB» Ha BCixX cTynensx (konmenTtu Nel, ta Ne2). Cuij Bif3HauuTH, IO
KOHIIETIIIii 3a3HadeHol KoHQirypamii BogHOYAC € HaHOUTBII €KOHOMIYHO €(QEKTHBHUMHU
cepen posrisaHyTHX (Koelle, 2001). Takuii 30ir MOKHA TTOSICHUTH CIIOPIAHEHOIO TPUPOIOI0
CKOJIOTIYHHX Ta €KOHOMIYHMX BJIACTUBOCTEH, IO MiATBEPIKYE MPABHIBHICTH OOpaHOro
HaTPSAMKY TOCHIJIKCHb.
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