[Tpu 3TOM AJIs1 peruCTpalMy CTaTHYECKUX
nedopmanmii OTKITIOYACTCS OT MCTOYHUKA ITH-
TaHHWs DJICKTpOMarHuTHoe ycrpoictBo 10
(puc.1l). OgHOBpEMEHHOE HMCHOJIB30BaHUE JBYX
UCTOYHHKOB W3JIy4CHHUS OIHOM IJTMHBI BOJIHBI
MO3BOJISICT TOBBICHTH Ka4eCTBO IIOJy4aeMBIX
unrepdeporpamm (puc.2).

Puc.2. Cnexn — unmepgepoepamimoi deghopmayuonnozo
noJiA nepemMeweHull npu CMamuyecKkom HazpyiHceHuu
paboueii nionamru  1-1i cmyneHu Komnpeccopa,
RONYYEHHbIE C UCNONb308AHUEM  d) OOHO20 UCHOYHUKA
uznyuenust; 6) 08yX UCHOYHUKOG USTYUEHUUS!

Hcnonbs3oBanue ABYX HUCTOYHHUKOB H3ITYy-

YBCIIUYUTL KOJHNYCCTBO OKCICPUMCHTAIIBHBIX
TOYCK IIpU OIPCACIICHUN  IIOJIA HepeMeIlIeHI/Iﬁ

(puc.3).

a o
Puc. 3. Cnexn — unmepgepocpammol Korebmouelics na
yacmome 2233 'y nonamxu nanpasnsowe2o annapama
7-11 cmynenu komnpeccopa, NoJyueHHble ¢ NOMOWbIO
yemanosku wa puc. 1: a) 11 =532 um; 6) 2,=632,8 nm

Takum o6Opas3oM, pa3paboTaH ABYXJUIMH-
HoBOJIHOBBIM [ICU  nnsa uccnenoBaHusi cTaTv-
YeCKUX U TuHaMu4ecknx nedopmanuii. [Ipume-
HEHHME 3TON YCTAHOBKU MO3BOJSET YBEIUYUTH
KOJIMYECTBO TOJy4aeMbIX IKCIIEPUMEHTAIBHBIX

YEHHMS C PA3IMYHON JUIMHON BOJHBI 103BOJseT TOYCK IS OIPECNCHHUS TOJIs IePEeMeICHUH.
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CNEIM®UYECKOE BO3JENCTBUE PAKETHOT'O TOILIMBA
HA OKPYKATOIIYIO CPEJY
A CIOCOBBI HEMTPAJIM3AIINN X HETATABHOT' O BO3JIENICTBUA
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SPECIFIC IMPACT OF ROCKET PROPELLANT ON THE ENVIRONMENT AND METHOD OF NEU-
TRALIZING NEGATIVE EFFECTS

Veretennikov 1.Yu., Vorobyeva S.S. (Moscow Aviation Institute - National Research University,
Moscow, Russian Federation)

Rocket-space activities (RSA) is a very important component of the modern world, which provides innovations
for our lives. However, for many years environmental problems resulting from the rocket and space activities remained
without proper attention. Today, a number of developments are carried, aimed at improving the environmental perfor-
mance of rocket and space technology. Task neutralize the effects of the negative impact of the RSA on environment is
one of the most relevant for environmental engineers and engine designers, developers. In fact, there aren’t 100% neu-
tralization method of dimazine.

However, there are a number of difficulties due to the limited use of ecology clean fuels and the impossibility of
a complete renunciation of toxic fuel components such as unsymmetrical dimethylhydrazine (UDMH) + nitrogen tetrox-
ide (NTO) and basic solid fuels. Because of their high energy performance, high specific impulse as well as due to long
term storage in the filled state without loss of performance and agility run, the ability to self-ignition.

The article discusses aspects of the specific impact of the RSA on operating at different weaken-reinforcing fac-
tors, including the stages of preparation of the launch vehicle and the space tugs, studied the various existing and
promising ways of neutralizing spills of parts of rocket propellant, analyzed the main problems associated with the neu-
tralization of toxic parts of rocket propellant,produced analysis of technological schemes, describing the life cycle ex-
pendable launch vehicle and processes deactivating the toxic action of rocket fuel.
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PakeTHO-KOCMUYECKas JIeATEIIbHOCTD
(PKJ1) Ha ceromHsIIHUI JCHb SBJISETCS OJIHOM
U3 BaXHEUIIMX OTpacied HAyKHM M TEXHUKHU.
CBsi3p, TENEBUICHHWE, HABUTAILMs, METEOpOJIO-
I'us, aCTPOHOMMS, INEPCIEKTUBHBIC MCCIIENOBa-
HUS - 3TO JIMLIb Majas 4acTh MPAKTUYECKOTO
pesynbrata PKJI. Tem He MeHee OuyeHb I0Jroe
BpeMsl DKOJIOTMUYECKHe Npo0ieMbl, 00pasyro-
1{yecss B pe3ysbTaTe dTOU AEATEIBHOCTH, OCTa-
BaJIMCh HEBUJIMMBIMU JJIs1 OOJIBIIMHCTBA JIIOJICH
— 0 HMX 3HaJU TOJIbKO JIUIIb Y3KHE CIICLIMAIIU-
ctbl. HoBble pa3paboTKu HE YYUTHIBAIM IKOJIO-
TMYECKUX (PaKTOPOB.

OpHako cerofHs B MIPOMBIIIJIEHHOCTH Ha-
OMroaeTCsl TEHACHIIUS «3KOJIOTU3AIUN» TTPOU3-
BoACTB. KocMuueckas HHAyCTpuUs HE OcTanach B
CTOPOHE: peaJIn3yl0TCs MpOrpaMMbl IO BEIOOPY
ONTUMAJILHBIX TPACC MYCKOB, aKTHBHO pa3pada-
TBIBAIOTCS IPOEKTHI 10 OYMCTKE KOCMHUYECKOTO
NPOCTPAHCTBA OT Mycopa, MpopadaThIBAIOTCS
BapUaHThl OTKa3a OT TOKCHUYHBIX KOMIIOHEHTOB
TOIUIMBA.

PKJl xapakTtepusyercss MHOT000Opazuem
(akTOpOB BO3JCUCTBUS Ha OKPYXKAIOLIYIO Cpe-
1y, UMEIOLINX KOMIIJIEKCHBIM XapakTep, a TaKkxke
CYILIECTBEHHO 3aBUCAIIUX OT KOHKPETHBIX YC-
JI0BHI1. BpelHOe BO3AENCTBUE HA OKPYXKAIOLIYIO
cpeny (OC) mpoJIOHrHPOBAHO Ha TPOTSHKEHHU
BCEIr0  MPOU3BOJCTBEHHO-IKCILIyaTallMOHHOTO
IIUKJIa pakeTHO-KocMmuueckoi Texuuku (PKT).

CTOUT OTMETHUTH, YTO KaKIbIM ATall CBA-
3aH CO CBOMMH PHUCKAMM U HETaTUBHBIMM BIIUS-
HusMu Ha OC. Tak, Ha OCHOBE aHaIM3a CXEM
TEXHOJIOTMYECKUX IIPOLIECCOB IOATOTOBKU pa-
ker-Hocuteneit (PH) u pasronnsix 61okoB (PB)
K IIyCKY MOXHO CJI€JIaTh BBIBOJ O HAJIMYUU HE-
OnaronpusATHBIX (PAKTOPOB, B TOM YHUCIE HPO-
JIUBOB, HUCIApPEHUN TOKCUYHBIX KOMIIOHEHTOB
pakerHoro torumBa (KPT) u anexkTpoMarHuTHO-
IO 3arpsi3HEHUs CPENbl, YK€ Ha JTale Ha3eMHOMN
IIOJATOTOBKH.

Bo Bpemsa nonéra PH npoucxonur otne-
JICHUE CTYIIEHEH, COIPOBOXKIAOLIEECS pasiu-
Bamu TokcuuHbIX KPT. Jla u cam dakr oTuyx-
nenusi 3emenb noj PKJ[, HecomHeHHO, yxe
MOXKHO CYMTaTh (PaKTOM HEOIaronpusTHOTO
Bo3zaelcTBus Ha OC. Haumbonee 3HauMMble U
CEPbE3HBIE DKOJIOTUYECKUE TOCIEACTBUSA CBA3a-
Hbl C aBapUHBIMM M HEIITAaTHBIMH CHUTYallHs-
mu.  Takum oOpaszom, Toxcuunsie KPT BHO-
CAT caMblil CYIIECTBEHHBIN BKJIaJ B 3arpssHe-
HUE IIPUPOJHOM Cpenbl KaK B paloHE cTrapra

PH, Tak u Ha IpOTSHKEHUH BCEHM TPACCHI IIyCKa,
a HeUTpanu3auus MOCIEICTBUI TaKoro Hera-
TUBHOTO BO3JCHCTBUSA Ha OKPYXAIOUIYIO Cpery
SBIJIIETCS OJHUM W3 Hanboyiee aKTyalbHBIX BO-
MPOCOB KaK JUIsl MH)XXEHEPOB-IKOJIOTOB, TaK M
JUISE pa3pabOTYMKOB JBUraTeleil HOBOTO TMOKO-
JIEHUs1 ¢ BO3MOXHOCTBIO UX MHOI'OpPa30BOI0 HC-
MOJIb30BAHMUSL.

Helitpanuzauus pakeTHOTO TOILIMBA CO-
npsbkeHa ¢ psaoM TpyaHoctel. Ilepas mpo-
O6mema, ¢ KOTOpO#l CBsI3aHBI CaMble OOIBIINE
skosoruueckue npodnemsl PKJI, 3akmrouaercs B
TOM, YTO KpailHE TOKCUYHas Mapa a30THbIN TET-
pokcua (AT) U HECUMMETPUYHBIA TUMETHITHI-
pasun (HIMI') ocrarcs B SKCILTyaTal[du 0
cux nop. B wactHoctu, PH «IIpoTon» poccuii-
CKOrO MPOMU3BOJACTBA — caMasi SKOHOMHUYECKHU
BoirogHass PH B mupe — 3ampaBisieTcss 3TUMHU
KOMIIOHEHTaMH. Ba)xHO 3aMeTUTh, YTO CEroAHs
He cymectByer merona 100% neitTpanuzanuu
H/MI.

Hpyrass TpyaHOCTb HOCUT YTHJIMTApHbBIN
xapaktep. B pszge cinyuyaeB, 1 B BOCHHBIX IpH-
MEHEHMSIX, PAKETaM MPEAbSABISAIOTCS TaKUE Tpe-
O00BaHHUA, KaK MPOAODKUTEIBHBIA CPOK XpaHe-
HUS B 3alpaBJICHHOM COCTOSIHMU 0e3 moTepu
AKCIUTyaTallMOHHBIX KAa4€CTB M ONEPATUBHOCTH
3alycKa, KOTOPbIM OTBEUYAIOT TOILIMBHBIE MApPbI
Ha OCHOBE TOKCHUYHOTO I'eNTHJIA, a TAKXKe Kiac-
cuyeckrue BUAbI TBEpAOro Tommsa. [lepeunc-
JIEHHBIMU TPeOOBaHUSMH OTPAHUYUBAETCS MpPU-
MEHEHHE HKOJOTMYECKM YHUCTOTO TOIUIMBA B
JTAaHHOM KJIaCCe PaKer.

Jns HedTpanuzanuu MpOJIUMBOB CErOJHS
MIPUMEHSIOTCS CIAEAYIOIIME METOMbl: XUMHYe-
CKH€ METObl HeUTpalln3aluu; OHMOXUMUYECKOE
OKHCJIEHUE; paJUallMOHHBIA METOJ; 3JIEKTPO-
XUMHYECKOE OKHUCIIEHUE; afCOpPOLMOHHBIN Me-
TOJ, TEPMHUYECKHII METOJ;, KaTaIuTUYECKOe
ob6e33apaxkuBanne mnapoB HJIMI'; abcopOmms
napoB H/IMI'; pa36aBnenue npoauso HJIMI
BOJION 10 YPOBHS MPEIEIBbHO JOMYCTUMOM KOH-
nenrparnun (ITJIK).

XUMHUYECKUE METOJbl SIBISIOTCS OCHOB-
HBIMU JUISl OYMCTKHA BOJ M TPYHTOB, 3apaxéEH-
HbIX BCEMHU BUAAMH pakeTHoro tomiusa. Kaca-
tenbHO H/IMI', B OCHOBE BCEX XUMHYECKHUX Me-
TOJOB 00E3BPEKMBAHUS CTOYHBIX BOJ JIEKHUT
CIIOCOOHOCTD TeNTHUIIa K OKUCIICHUIO, a HelTpa-
JU3anus XJOPHBIMU OKUCIUTEISIMU - OCHOBHOM
MEXaHU3M.
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Jna  seWrpanuszauuu npoauBoB AT u
H/JMI' B rpyHT MCIIOJIB3yeTCs BOJHBIN pacTBOP
ammuaka ¢ konnentpanue 10% - netom u 25%
- 3uMoi. HopMma pacxoza yka3zaHHOTO pacTBOpa
Ha 1 kr npommBoB AT - 7,6 kr - terom u 3,1 kr -
3UMOM.

Cpenu nepcneKkTUBHBIX METOJOB HEHTpa-
JU3alUy HEraTUBHOI'O BO3AECUCTBUSI CTOUT OT-
METUTh. 3arylleHHE TIOpPIOUUX T'UAPA3UHOBOTO
KJlacca NPUMEHEHHEM CTPYKTYypooOpazoBaTeneit
U JIOKAJIU3aTOpPOB; NPUMEHEHHE COPOCHTOB C
BBICOKOW A(h(HEeKTUBHOCTHIO IS IIeNIel JIOKau-
3auMM  1poiauBOB. OCHOBHBIMM TEHICHIUSAMU

VJIK 504.06 / 629.78

IpU 3TOM SIBJISIETCS] MTOUCK Hauboliee JEEBBIX
1 3QPEKTUBHBIX MATEPUAJIOB U COBEPILEHCTBO-
BAaHHUE TEXHOJOTUH MX pEereHepaluu U yTHUIn3a-
LUU.

Ilepen unnycrpueit PKT ceromns octpo
CTOUT JBa BaXXHBIX BOIIPOCA, CBA3AHHBIX CO
cneuupuyeckux BozaencTsuem Ha OC: npeBeH-
THUBHAsl 3allUTa OT HEIUTATHBIX CHUTYyalluil, BO3-
noxeHHass Ha KOHCTpykropoB PH u Pb; Heli-
TpaJn3alusl IOCJIEICTBUN HEIUTAaTHBIA CHUTYya-
i, karactpod U (GakTopoB, COMYTCTBYIOIIUX
noBcegHeBHoi PKJI, B ToOM uuciie TOKCHMYHOTO
nericreus KPT.

AKTYAJIbHBIE BOITPOCHI IPUMEHEHMS PAKETHOI'O TOIIJINBA
N EI'O BO3JJEUCTBHUSA HA OKPYKAIOINYIO CPEY
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VITAL QUESTIONS OF ROCKET PROPELLANT APPLICATION
AND ITS ENVIRONMENTAL IMPACTS

Timoshenko A.V., Vorobyeva S.S., Belyaeva N.V. (Moscow Aviation Institute - National Research University,
Moscow, Russian Federation)

Analysis of the current state of launch vehicles (SV) shows that the existing launch vehicles (LV) during emer-
gency situations do not satisfy the requirements of environmental safety of using CT, the regulated by normative and
technical documents, this involves the use of highly toxic components of rocket fuel (MCT) .Liquid propellant affect
many processes that are using toxic components adds additional costs to ensure environmental safety. Among main
requirements for engines to use multiple flight release requirements for rocket fuel: low cost, environmental safeness, a
wide source of raw materials, used in other industries, high power characteristics, reliability and trouble-free. Thus
meet environmental requirements already mastered fuel compositions: kerosene and oxygen, oxygen and hydrogen,
oxygen and methane. Despite all difficulties of using clean fuels, the possibility and expediency of creation engines
with fuel, supported by design studies, experimental studies and already developed engines: RD-192 (NPO
"Energomash" based on RD-191), the RD-182 (NPO "Energomash" based on RD-120K), the RD-0146 (KBKhA),
RD0162 (KBKhA), KVD1 (KBHIMMash), C5.86.1000-0 (KBHIMMash) and other. We have analyzed the characteris-
tics listed toxic and environmentally friendly fuel compositions, the specifics of their application, as well as the analysis
of the environmental impacts of used fuel vapor.

CyuiecTBOBaHHE COBPEMEHHOW ITUBUJIIHU-
3allM¥ HEMBICITUMO 03 MCIOJB30BaHUS PE3yib-
TaTOB KocMmuueckor aesrenbHocTH (PKJI): Ha-
BUTallMM, CBSA3M, W3Y4YEHHUS PECypcoB 3eMilH,
MPOMBIIIJICHHOCTH, Pa3BElKH, TeIEeBUICHHUS,
aCTPOHOMHUH, METEOpOJIOTHH, (apMalleBTUKH,
MEIMIIMHBI, HOBEHUIIMX TEXHOJIOTHH B CaMBIX
pasHbIX oTpacisax. Pa3Butue 3eMHON LMBUIH3A-
IIUU TECHO CBSI3aHO C JallbHEUIINM pacIIupeHu-
eM cdepbl OCBOCHHUSI M HCIOJIB30BaHUS KOCMHU-
YeCKOro MPOCTPAHCTBA BCEM YEIOBEUECTBOM,
YTO B MEPCIEKTHUBE CBS3aHO C POCTOM KOJIHMYeE-
CTBa 3allyCKAaeMbIX HMCKYCCTBEHHBIX alMaparoB

3eMJIH, UCTIOJIB30BAHUEM PAKET Pa3HBIX KIJIACCOB
C MOJIC3HBIMH Harpy3kamMu OT COTCH KHJIOTpaM-
MOB JI0 JICCATKOB TOHH, HE HAHOCSIIUX yIiepoa
9KOJIOTUH 36MHOTO MPOCTPAHCTBA.
Dkosoruyeckas OezomacHocTh (DB) wc-
MOJIb30BAHMS PAKETHO-KOCMUYECKON TEXHHUKH
(PKT) momkna ObITH OOecIieueHa Ha BCEX CTa-
IUsIX U 9Tanax sku3HeHHoro 1wkina PKT: mpu
pa3paboTKe, UCIBITAHUSX, TPOU3BOJICTBE U JKC-
IUTyaTaly, a TAKKe YTHIIN3AlUHU MTOCIE CHATHSI
C OSKCIUTyaTallud, MpHYéM Kak MpPH IITATHBIX,
TaK M IPU aBapUUHBIX PEKUMax pabOTHI U MPO-
W3BOJICTBA W3JENUi. DKolormyeckas Oe3orac-
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