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AHAJIN3 BO3BMOXKHOCTH UCITOJIB30BAHUA ADPOJUHAMUNYECKHUX
CUCTEM JIs1 YBOJA MOAYJbHBIX KPYITHOI'ABAPUTHBIX
KOCMHMNYECKHUX OFBEKTOB C HU3KUX OKOJIO3EMHBIX OPBUT

CraThsl IOCBSIIEHA aHAIM3Y BO3MOXKHOCTH HCIOJIB30BAHHS adpOANHAMHYECKHX cHcTeM Uit yBozxa (ACY)
MOZYJIBHBIX KpymHOrabapuTHeix KocMuueckux o0bekToB (MKKO) ¢ HH3KMX Okoo3eMHBIX opOuT. Llensio maH-
HOH CTaThH SBJISETCS HCCIEA0BAHUE BO3MOXHOCTH M d(dexTuBHOCTH Hcnonb3oBanus ACY st yBora MKKO ¢
HHU3KHX OKOJI03eMHBIX opOuT. [IpoBeneH aHanu3 Bo3MokHOCTH Mcnonb3oBaHus ACY B dopme oxuHapHOi che-
pudeckoil o6onouky st yBoga MKKO ¢ HH3KO# 0K0JI03eMHOM OpOUTHI, IIOKa3aHa HEBO3MOXKHOCTh €€ HCIIOIb30-
BaHus. Paccmorpen crioco6 yBoga MKKO ¢ op0Outsl, rae aist texHudecku peanusyemoro yBoga MKKO ¢ Huskux
OKOJI03eMHBIX opouT ¢ momomnipio ACY kaxasrii Moxynms MKKO HeoOxoauMo IpeaBapUTeNbHO OCHAIATH aBTO-
HomHOi ACY 1 mepej yBOZOM ero ¢ OpOHTHI BCe MOAYJIN OTAEIATH OT 06a30BOro. BrIOpaHbl KpUTEPHHU IS OLie-
HUBaHHS BO3MOXHOCTHU ¥ ddexTuBHOCTH Hcnonb3oBaHus ACY. ITo BEIOpaHHBEIM KPUTEPHSM IIPOBEICHBI HCCIIe-
JOBaHHs BO3MOXKHOCTU M ddexruBHOCTH Ucnonb3oBanus ACY s yBoaa tumoBoro MKKO ¢ Hu3koii okono-
3eMHOI1 OpOUTHI Ha IpEMepe opOuTaIbHOM cTaHIuH «Mupy. Paccunrans! mapamerpsl ACY ais KaskI0ro MOyt
opOuTtanbHON cTaHIMu «MHpP» C y4eTOM BO3ICHCTBUS MOBPEKAAOMNX (HAKTOPOB KOCMHYECKOTO MPOCTPAHCTBA
Ha 00010uKy ACY. Onenena 3(eKTHBHOCTS HCIIOIb30BAHNUS MPETIOKEHHOTO CII0C00a.

CrarTs IMpUCBAYCHA aHAII3Yy MOMJIMBOCTI BHKOPHCTaHHS aepoJWHAMIUYHHX cucTeM Iyl ycyHeHHs (ACY)
MOMYJIbHHUX BEIHKOrabapuTHHX KocMiuuux 00’ektiB (MBKO) 3 HH3pKHX HaBKOIO3eMHHX OpOiT. MeToro maHoi
CTaTTi € JOCHIMKEHHS MOXJIMBOCTI Ta edekTuBHOCTI BHKopHcTaHHI ACY misa BigsemeHHs MBKO 3 Hu3bKHX
HaBkosozeMuux op6it. [IpoBeneno anami3 Bukopuctands ACY y dopwmi oxunHapHoi chepudHOl 0OOTOHKH s
BinBenenHss MBKO 3 HHM3bKOI HaBKOJIO3eMHOI OpOiTH, MOKa3aHO HEMOXJIMBICTH ii BHUKOpUCTaHHs. [IpuBeneHO
croci6 Binexenuss MBKO 3 op0itu, me ms TexHiuno peanizoBanoro Biaseaenuss MBKO 3 HU3bKHX HaBKOJIO3e-
MHHX OpOiT 3a gormomoroo ACY koxHuit Moxyas MBKO HeoOXinHO 3a3naierinp ocHamary aBToHOMHOI0 ACY i
mepez YCYHeHHsM Horo 3 opOiTi Bei Moayni BiaminsaTu Bix 6asoBoro. Bubpano kputepii 1Uisi OLIHIOBAHHS MOX-
nHBOCTI 1 eekTHBHOCTI BUKOpHcTaHH ACY. 3a BHOpaHUMH KPUTEPisIMU IIPOBEAEHO JOCIIKEHHS MOXKIJINBOCTI
ta edexruBHOCTI Bukopuctanus ACY mis BiaBenenus tunooro MBKO 3 HH3bKOI HaBKOJ03eMHOI OpOiTH Ha
npukiazi opoitaneHoi cTaHnii «Mupy». PozpaxoBano napamerpu ACY Ui KOKHOTO MOZYJIst OpOiTanbHOI CTaHIT
«Mup» 3 ypaxyBaHHIM BIUTHBY (HaKTOPiB KOCMIYHOTO IPOCTOPY, IO MOIMIKOMKYIOTh, Ha 00010HKY ACY. Ouine-
HO e()eKTHBHICTh BUKOPHCTAHHS 3alIPOIIOHOBAHOTO CIIOCO0Y.

This paper deals with the analysis of the feasibility of aerodynamic deorbiting systems (ADS) to deorbit
modular large-size space objects (MLSO) from low earth orbit. The objective of this paper is to study the feasibil-
ity ADS to deorbit MLSOs from low earth orbit. The feasibility of aerodynamic deorbiting systems in the form of
a single spherical shell for deorbiting modular large-size space objects from low earth orbit is analyzed. It is
shown that this is unsuitable for use. The method for deorbiting modular large-size space objects from low earth
orbits is presented. The method for deorbiting MLSOs is examined where each module is preliminarily equipped
by an autonomous ADS and all modules is separated from the reference module before deorbiting. Criteria for
estimation of the feasibility of ADS are selected. Studies of the feasibility of ADS for deorbiting the Mir Space
Station from low earth orbit are conducted using selected criteria. The parameters of aerodynamic deorbiting
systems for each module of the Mir Space Station is calculated considering the damaging effects of space on the
ADS shell. The efficiency of the method proposed is estimated.

Beenenne. [lnutensHoe CylecTBOBaHME Ha OpPOMTAaxX KOCMHYECKMX ammapa-
TOB, KOTOpBIE OTpadOTaNM CBOIl pecypc WM BBILUIM U3 CTPOS, B YACTHOCTH MO-
IOYJBbHBIX KpYIMHOTrabapuTHbIX KocMudeckux 00bekToB (MKKO), a Takxe BepxHUX
CTYICHEH pakeT-HOCHTEJEeH MPHUBETO K 00pa30oBaHUIO OOJIBLIOrO KOJIMYECTBA 00b-
€KTOB TEXHOTEHHOT'O IMPOMCXOXACHUs, TaK Ha3bIBAEMOI0 KOCMHYECKOI'O Mycopa
(KM). Ha saBapps 2013 r. Ha HU3KHX OKOJIO3EMHBIX OpOWTaX HAXOIUIOCH OKOJIO
9500 ¢parmentor KM [1]. [lnst pemenusi mpoGuiembl pocta momyssiiun KM
Mesxarentckum komutetoM o KM (MKKM) BbpaboTaHbl pyKOBOASLINE MIPHH-
MBI [2], B KOTOPBIX PEKOMEHIYIOT OTPaHHYHTh NMPEObIBAHNE HA HU3KUX OKOJIO-
3eMHBIX opOuTax KocMmuueckux amnmapatoB (KA), orpaboraBmmx cBoil pecypc,
MIEPUOIOM B 25 JIET.

VYBog KA ¢ opOHMTHI 10 OKOHYaHHUHM CPOKa MX AKTUBHOIO CYILECTBOBAHUS
MPEINOYTUTEIHLHO COBEPLIATH C IOMOIIBIO CUCTEMBI YBOJA.
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Cuctemsl yBoga KOCMUYECKHX OOBEKTOB ¢ OPOUTHI MOXKHO pa3aeiuTh Ha Clie-
nyrorue Tpyisl [3 — 5]:

- peaKTHBHBIE IBUTATEIFHBIE CUCTEMEI;

- aspoHaMm4eckue cuctemsl yBoaa (ACY);

- COJTHEYHEIE MMapyCHBIE CUCTEMBI YBOJIA;

- JIIEKTPOIMHAMHUYECKHE KOCMHUYECKHE TPOCOBBIE CHCTEMBI YBOIA.

IIpumepom yBoga MKKO c opOHUTBI C MOMOIIBIO JIBHTATENBHBIX YCTAHOBOK
CIy’)KHT TIOHIDKEeHHEe opOuTHl cTanmmu «Mupy. Cranmus «Mupy» (puc. 1) maccoit
140 T Ha MOMEHT OKOHYAHHUS CPOKa €€ aKTUBHOTO CYIIECTBOBAaHUS (PyHKIIMOHHUPO-
Bajia Ha opOuTe C BBICOTOMH mepures 214 kv u amorest 232,6 kum [6].

Puc. 1

st yBoga ¢ opOUTHI cTaHK «MUpP» C IIOMOIIBIO pakeThl-HOCHTENs «Co103»
BHIBEJICH Ha OpOWTY TPAaHCHOPTHBIA Tpy30BoW KocMmmueckudi kopabnb (TI'KK)
«[Iporpecc M1-5» maccoit 7082 kr. B pe3ynbTare mHpoBeAE€HHS MaHEBPOB IIO
YMEHBIICHUIO BBICOTHI OPOUTHI CTaHIWMU «MUp» BBICOTAa TEpUTes CHUKCHA JI0
80 kM U craHIUsA TEepeBe/icHa B HOMHHAJILHOE MECTOIOJIOKEHUE BXOJa B aTMO-
chepy. Cormacuo [7], Bcero ObuTO M3pacxomoBano 400 Kr pabo4ero BeIIecTBa.
Takum o6pa3omM, 3aTpathl 10 Macce Jisl yBoja ¢ opOuTHI cTaHuK «Mup» cocra-
Buin 7482 kr.

B [8, 9] noka3aHo, 4TO JUIs yCTpaHEHHS O0BEKTOB ¢ HU3KOW OKOJIO3EMHOU Op-
outsl BeicoToi 200 — 700 kM Hanbonee 3 GeKTUBHBIM, MO KPUTEPHUSIM MPOCTOTHI
KOHCTPYKIIUH, OTHOIIIEHHIO CTOUMOCTH K Macce M HaJIe)KHOCTH, SBJISIETCS HCIOIb-
3oBanue ACY.

[punmun neiictBus ACY ocHOBaH Ha YBETWYCHHUH IUTOMIAAN CEYCHUS KOCMHU-
4ecKOro o0beKTa Ha OpOUTE, YTO MPUBOJHUT K YBEIMYECHHIO €r0 CHIIBI adpojnHa-
MHUYECKOTO COMPOTHUBIICHUS U YMEHBIICHHIO BPEMEHH OpOUTAIBHOTO CYIIECTBOBA-
HHSL.

Cornacuo [10 — 22], ACY MoryT ObITh BBINOJHEHBI 00bEMHOM KOHDHUTYpaIIUH
B (hopMme KoHyca, chepsl, TOpa, HUIMHIPUUISCKON TPyObI, a Takxke B (popme 30HTA,
napamrora u T. 1. s usrorosnenuss ACY B [23] mpemiaraercsi UCIOJIb30BaTh
TOHKOIUICHOYHBIC TOJMMEPHbIC MaTepHaibl pa3HbIX MOJU(HKANWK, HarnpuMep
Upilex-S rommuaoii 25 MKM.
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B [9] npemnoxeno ucnoaszoBanue ACY musa yBoga MKKO, B ToM umcie
cradimu «Mwup» maccoii 140 1, ¢ opoutsl BeicoToi ~ 250 — 380 kM. ACY chepu-
4yeckoi popmMbl [uaMeTpoM 182 M BBITOTHEHA U3 MOJMMEPHOTO MaTepralia KanToH
tommuHON 9 MKM. TeXHH4YecKkHe XapaKTepHCTHKH Marephaia KanToH [24]: Mak-
cuManbHas pabodas temnepatypa 300 °C, mwiotHocTs 1,42 kr/M3, Momynb ympyro-
ct 231 MIIa. Macca takoit ACY cocraBuna 661 ~ 893 kr. Mcnons30BaHue Takoi
cuctemsl s yBoga MKKO mpaktudecks HEBO3MOXKHO, TTOTOMY YTO, BO-TIEPBHIX,
MPOOJIEMAaTHYHO €€ HM3TOTOBJICHHWE W Pa3BEPTHIBAHHE B KOCMHUYECKOM IIPOCTPaH-
CTBE U3-32 TOTO, YTO €€ pa3Mephl U Macca COCTABIIIOT BEITMYHUHBI TOPA3I0 OOIb-
Ive, 9YeM MpUEeMIIEMbIe pa3Mephl U3BECTHBIX PEaThbHO M3TOTOBIEHHBIX M HCIOIb-
30BaHHBIX B KOCMOCE TOHKOCTEHHBIX TUICHOYHBIX KOCMUYECKNX 0OBEKTOB (HAIPH-
Mep, CIyTHHKOB Dx0-1 u Dx0-2 [25]), 3amyck u pa3BepThIBaHHE KOTOPHIX MPOjIe-
MOHCTPHPOBAJIM  YCIIENTHOE  HWCIONB30BAaHME HATYBHBIX  TOHKOIUIEHOYHBIX
YCTpOMCTB B KOocMoce. Bo-BTophix, mpu Takux pasmepax ACY pe3ko Bo3pacraeT
BEPOSITHOCTH OBICTPOTO TIPOOUTHS 00010ukH pparmenTamu KM. st HarimsgHOCTH
MIPOBEICH pacdyeT KOJWYECTBA CTOJKHOBeHHMH (pparmeHToB KM C 0005109KO# 1O
cooTHoeHMO [26, 27]:

N =F -Qt, =96651,6-0,3461-10.0,00821 =2,7-10° cronkuoseHuit, (1)

rae F — mwiomanes nosepxnoct ACY, M Q — cpennuii motok ¢pparmentos KM,

?, Ha opOutax BbicoTOM ~ 379 kM; t| — Bpems yBoga MKKO c opOutsl ¢
M°/Tron

ucnonb3oBanueM ACY.
Kak BugHo 13 (1), B pe3ynbrate BO3AeHCTBUS (PparMeHTOB KOCMHYECKOTO MY-

copa Ha 000JI0uKy Ha BeIcOTe 379 KM oOpa3yercs 2,7-10° cronxkuoBenuit, 4To MO~
Ka3piBaeT ee HedddekTuBHOCTh. OqHAaKO pasMmep chepudeckoit obomouku ACY,
npeuioxkeHHou B [8], siBisercss HEOOOCHOBAaHHBIM, TaK KaK U3BECTHO, YTO HA BpeE-
mst 3amycka KA «39xo» [25] HanbospInas 0001049Ka, KOTOPYEO MOKHO OBLIO H3r0-
TOBHUTH B Ha3eMHBIX yCJOBHUSX, BHIBECTH Ha OPOUTY M YCIIELIHO Pa3BEPHYTb, OblIa
36 m B nnamerpe. C momenTa 3amycka KA «9xo» mpomio 6onee nojBeka, BCe 3To
BpEeMsl TEXHOJOIMH HM3TOTOBJIICHUS] KOCMHUYECKMX HaIyBHBIX CHCTEM COBEpILECH-
CTBOBAJINCh, U B pe3yJbTaTe Pa3BUTHUS TEXHOJOTWH HM3TOTOBICHHUS KOCMHUYECKUX
HaJyBHBIX CHCTEM CTaJI0 BO3MOXKHBIM CO3JaHHME AMPHKa0is jymHoi 90 M 1 mmu-
punoii 30 M, KOTOpBI OyIeT GYHKIIMOHUPOBATH Ha BbicoTe ~ 20 kM [28].

Hnst perienns npo6nemsl yBoga MKKO ¢ HU3KMX 0KOJI03eMHBIX OpOUT mpen-
JIOKEH croco0, omucanubiii B [29], rme mpemiaraercs kaxabiid Moayias MKKO
ocHamath aBToHOMHONM ACY u mepen BBOAOM €€ B JIEHCTBHE BCE MOIYJHU OTHAE-
JTh 0T 6a30Boro. OIHAKO OCTAJICSI OTKPBITHIM BOIIPOC O BO3MOXHOCTH HCIOJIb30-
BaHMS 3TOTO crtoco0a. FIMEHHO 3TOMY U MOCBSIILICHA JaHHAs CTaThs.

Lesbto JaHHOW CTAaTHU SBISETCS UCCIIEI0BAHUE BO3MOXKHOCTH HUCIIOJIB30BaHUS
a’pOJMHAMUYECKUX CHCTEM ISl YBOJA MOJYJBHBIX KPYITHOTa0apUTHBIX KOCMHUYeE-
CKUX OOBEKTOB C HU3KHX OKOJIO3EMHBIX OPOUT 110 OKOHYAHHHU CPOKA UX aKTUBHOT'O
CYLIECTBOBAaHHUS C YYETOM COBPEMEHHBIX TEXHOJIOTHH H3rOTOBJIECHHUS HaJTyBHBIX
000J109eYHBIX KOHCTPYKLHH.

IlocranoBka 3amaum. i1 wnccneoBaHWsS BO3MOXKHOCTH HCIOJIb30BaHUS
ACY misa yBoga MKKO ¢ HU3KOH OKOJIO3€MHOI OpOUTHI OyJeM paccMaTpuBaTh
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OpOUTANBHYIO cTaHIUIO «Mup». B Hacrosmiee BpeMs MaKCHUMAaJIbHBIN TUaMeTp
o6onouku d ., cauraercs 90 M [28], a MunuManbHast Macca M, ACY s yBo-

na MKKO ¢ Hu3koit okono3zeMHo# opOuThl coctasisier 893 kxr [9]. B cBs3u ¢ atum
IJIs. TIPOBEPKU TEXHUUECKOH peanuzyemMocTH ucnoib3oBaHus ACY omnpenenum
nuametp obonodyku ACY kaxmoro moxyns d; : ecnmu di <d .y, MOXHO c/enaTh

BBIBOJl O BO3MOXXHOCTH HCITOJIb30BaHus manHOW ACY. Jlng oneHmBaHuSA > dek-
TUBHOCTH HCIIOJIb30BaHHs CIOCO0a, MpemtoxkeHHoro B [29], BbIUMCIMM Maccy

ACY Bcex monyneit Zmi . ecnu Zmi <My,in, MOXKHO CAENATh BBIBOA 00 3¢-

(beKTUBHOCTH HCTIONIb30BaHus JaHHOW ACY ¢ TOYKM 3peHHS MUHUMYMa 3aTpavcH-
HOM MAacCHL.
[Tapamerp d; MOXHO NOJIYYHTh HA OCHOBAHMH IUIOMIAAU CPEIHETO CEUEHUS

000JIOYKH KaKOTO MOIYIIA SMi C HWCIOJIb30BAaHHUEM T€OMETPHYCCKUX COOTHO-
IIEHUH.
Hns onpenenenus Zmi Heo0XoauMo paccuuTath napametpbl ACY s

Ka)XI0TO MOJTYJIS:

- TOJIIINHA 000JIOYKH;

- BHyTPEHHEE JaBJICHUE 000JIOUKH;

- 00beM 00OJIOYKH B CBEPHYTOM COCTOSIHUM;

- 00beM rasa, He0OXOAMMOTO JIJIsl HaJlTyBa 000JIOUKH.

AHaIu3 BO3MOKHOCTH MCIIOJb30BAHUS aIPOAMHAMUYECKHX CHCTEM YBO-
na. st ysona MKKO ¢ HHM3KHX OKOJO3eMHBIX OPOMT aBTOpaMH JaHHOH CTaThU
npeaoxkeH cnocod [29], B KOTOpOM KaKablii KOHCTPYKTHBHBIH Momyis MKKO
Npe/IBapUTEIbHO OCHAIIAIOT CBEPHYTHIMU aBTOHOMHBIMUA ACY B BU/Ie CBS3aHHBIX
C HAMH HaJyBHBIX 000JIOYEK.

Peanuzanust criocoba MILTFOCTpUPYETCS PUCYHKAaMHU, TIe IOKa3aHo: Ha puUC. 2 —
MKKO B coemuHeHHOM Ha opOute BHIe, Ha puc. 3 — MKKO B pa3benuHeHHOM Ha
opbute Buze, Ha puc. 4 — mogynu MKKO, kotopsie pazonuiuch mo opourte Ha
npuemiemoe s pasBepteiBanus ACY paccrostaue, Ha puc. 5 — mogynu MKKO ¢
pa3BepHyThIMU ACY.
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Puc. 5

MKKO, xoTopsriit HaxoauTcst Ha opoute A, mmeer moaymnu 1, 2, 3, 5, 6, 7, Ko-
TOpBIE COCTHIKOBaHBI ¢ 6a30BBIM MoayieM 4 (puc. 2).

Crnoco0 peanusyercsi ciepyromuMm obOpaszoM. llpu HeoOxoammocTu yBoaa
MKKO (puc. 2) ¢ HU3KOM OKOJI03€MHOI OpOUTHI A, OH IPEABAPUTENBHO pa3aens-
ercs Ha oTnenbHble Moxynu (puc. 3). Kak Ttompko Momymu 1 — 7 paszoimytes 1mo
opbute Ha paccTosiHue, npuemiiemoe aisl pasBeptbiBanusi ACY (puc. 4), ACY
pa3BepThIBalOTCS (pUC. 5), TUIOMAAb CEYCHHS PE3KO YBEJINYHMBAETCS, BCIIEACTBHUE
YETO YBEIMUYMBAETCS CHJIa a3POJUHAMHUYECKOTO CONPOTHBIICHUS, U MOAYJIH Ha4H-
HAIOT MOCTETNIEHHO YBOAUTHCS C OPOUTHI B IUIOTHBIE CIIOM aTMOCQEPHI.

[Ipu HeoOxoaumoctu yBoaa ¢ opoutsl otaensHoro Moayna MKKO, on orae-
asieTcst OT 6a30BOr0 KOCMHYECKOTO OOBEKTa, M MOCie OTAAJCHHS 10 OpOUTE Ha
paccTtosiHue, npuemieMoe Ui pasBepTeiBaHug ACY, oHa pa3BepTHIBAETCS U MO-
IyJ1b YBOAUTCS C OPOUTHI.
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B xagectBe TumoBoro MKKO BeiOpana opOutanpHas ctaHius «Mup», KOTo-
past GYHKIIMOHUPOBAJIa Ha KPyroBOi OpOUTE BHICOTOM 379 KM U cocTOsiIa U3 7 MO-
IyJed THIMHIPUIECKOH (HOPMBI, XapaKTEPUCTHKH KOTOPBIX NMPUBEICHBI B Ta0JIU-
e 1.

Tab6muma 1
Ilnomane cpeguero
Haszeanue mopnyins Macca, T CCUCHMA MOIY I,
M2
bazoBelit 610K 20,9 49,56
Monynb «KBaHT 11,05 25,67
Monynb «KBaHT-2» 19,5 49,8
Monyns «Kpuctamm 19,5 48,09
Monyib «CriekTp» 19,34 53,1
CTBIKOBOYHBIA OTCEK 3,9 10,02
Monyne «I[Ipupoma» 19,34 43,8

st pacuera mapamerpoB ACY KaXI0ro MOJYJS MCIIONB30BAHEI PE3yIbTaThI
pa6otsi [30]. UcxomubiMu gaHHbIMU uis1 pacdeta ACY OyayT:

- XapaKTEPUCTUKU MOyJIeH cTaHuuu «Mupy;

- BEICOTa OpOUTHI cTaHmu «Mup» — 379 kwm;

- BpeMs yBoJia ¢ opouTsl t| =3 1H4 ;

- Matepuai 000104ky — noauumu [IM-A mnotHocTso 1420 1<r/ M

- ra3 Ut HaJiyBa 000JI0YKH — BO3/YX;

- macca ACY, KOTOpasi BBIYHCIISIETCS [0 KOJMYECTBY MOJMMEPHOTO BEIIECTBA
¥ ra3a Juls HaJlyBa 000JI0UKH.

[Tnomazp cpeiHero ceueHus paccuutbiBaeTes o Gopmyse [30]:

Zm\/g-x(e,z)
-—= 2)

M = )
t L 3ppeCX

2
X (e,z)=_3-e-exnlz) 1+7_e+5e;+i.[1+£+3+i],
4l 4(z)+8el(z) 6 16 2z 12 4z 472

/i€ Ppe — INIOTHOCTb aTMOC(epsl B paiioHe nepures opouTel; | (Z) — (yHKIMU

Beccenst mopsinka k=0 u 1 u aprymenra z =ae/H ; e — skcuentpucuter opou-
THI, || — I'paBUTALMOHHAsA MMOCTOsIHHAs; M — Mmacca KA; a — Oobpas mosryoch
opbutsl; H — BbIcOTa IIIOTHOM aTMOCQEPHI.

Tommuumua & obonouku ACY Beraucisiercs o coorHomenusm [30]:

8=(Re-Fp +S; )1, ; (3)
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s, =185x1082 M.
p\VT

rae Re — o0beMHbIH K03(GdHULMEHT oTepu MaTtepuana; F , — cyMMapHBIi 1o-
TOK aTOMOB KHcjaopoda 3a Bpems t| ; t| — Bpems yBoga MKKO c opOutsr; S, —

CKOpOCTh CyOnuMManuu, p — IUIOTHOCTh MaTepuaja OOOJOYKH; P — JaBJICHHUE
HACHILIEHHBIX MapoB Tra3a cyOnmumupymoomero Matepuana (CM), koTopoe
paccuuThIBaeTCs ¢ moMouibo Beipaxenus [30]:

(14 103 ,@J
p=e€ ;
M — monekynapHas macca raza CM; T — temmneparypa raza CM.
Buyrtpennee naenenue pg, B 00onouke ACY mpuHMMaeM paBHBIM JaBlle-

HUTO0 aTMocdepsl Ha BeIcoTe 120 KM | ompezennsieM o TabauilaM CTaHIapTHOH aT-
mocepsr [31].

st aHanu3a BO3MOXKHOCTH MCIOJIB30BaHMS MPEIJIOKEHHOTO criocoba Ha oc-
HOBaHUHU MCXOJIHBIX MaHHBIX Tabsuiel 1, mo dopmynam (2) — (3) mpoBeneH pacueT
napameTpoB ACY mna kaxaoro Moyt MKKO. PesynbpraTel pacueta napamMeTpoB
ACY g momynelt craniimu « Mup» MpuBeIeHBI B TabIuIe 2.

Tabmuma 2
Huamerp | Toa- Buyrt- Macca Macca ra- | Macca
000- IIMHA peHHee 000- 3a, Heo0- | ACY
Ha3sanue | ynouxku 00o- naBlie- JIOYKH, XOJIUMOTO m; ,
monyns | ACY JIOYKH, HUE KT AN HA- |
d;, %107 6m | ACY, nyBa ACY,
M ITa KT
bazoBrrit
3712 6 0,08 126,47 0,176 126,65
0JIOK
Mopyns
1963 6 0,08 66,9 0,068 66,98
«KBaHT»
Mopyns
«KBaHT- 3460 6 0,08 118,01 0,158 118,17
2»
Mopyns
«Kpmu- 3460 6 0,08 118,01 0,158 118,17
cTany
Mopyns
3428 6 0,08 116,59 0,155 116,75
«CnexTp»
CTBIKOBO-
YHBIA OT- 692 6 0,08 24,1 0,015 24,12
ceK
Monyns
«IIpupo- 3437 6 0,08 117,3 0,157 117,36
a»
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ITo paccuutanHoi Macce M; ACY 11 KaXIoro Moy, NPUBEJCHHOIO B
TabyuIe 2, oNpeescH mapamMmeTp Zmi =688,2kr.

BeiBoabl. s ncciemoBaHust BO3SMOXHOCTH U 3 (EKTHBHOCTH HCITONIB30Ba-
Huss ACY BbIOpaHBI COOTBETCTBYIOIIHME KpUTepHu. Ha OCHOBaHWH pe3yinbTaToOB
MIPOBEJICHHBIX HCCIEAOBAHUI MOXHO CHI€IaTh BBIBOABI O BO3MOXKHOCTH M 00 3¢h-
¢extuBHOCTH Hcmonb3oBaHust ACY mns yBogma MKKO ¢ HM3KHX OKOJIO3€MHBIX
opbur. Tak, I MCXOAHBIX AAHHBIX COOTBETCTBYIOIIEH OpPOWTAIHHON CTaHIIUH
«Mwup» MakcuManbHBIA araMeTp 000mouku ACY COOTBETCTBYIOMIETO MOJYJISI CO-
craBisier d; =69 M, KOTOPBIH MeHbIIE d )y, CIEA0BATENHEHO, BO3MOXKHO HCIIOIb-

30Bath ACY s yBoga MKKO ¢ HU3KHX OKOJIO3eMHBIX OPOUT C HCIOJIB30BaHUEM
cnocoba yBOAa, ONMCAaHHOrO B JaHHOW cratbe. Macca ACY Bcex Moaynei

Zmi =688,2 kr, 4TO MEHBIIE M,;,, CleI0BaTeNbHO, ucnonab3oBanune ACY B

aToM cityyae 3¢dexruBHO. Kpome TOro, mpeasnoKeHHbIH MOAXOA AaeT AOIOIHU-
TENbHOE MPEUMYIIECTBO B IKOHOMUH MACCHI, AJIS1 PACCMOTPEHHOI'O B CTAaThe CIIy-
yas 310 coctaBwio 204,8 kr. B paMkax naHHOM cTaThy MPOBOJWIOCH UCCIEAOBA-
HUE BO3MOXHOCTH mcronb3oBaHuss ACY Tompko chepudeckoit popmsl, U mpen-
CTaBJISIET UHTEPEC UCCIEAOBAHUE BO3MOKHOCTH HCOIb30BaHuA ACY pa3iIuyHbIX
¢$bopM 1 KoOHPUTrypaLuil, YTO MOXKET SIBIATHCA MPEAMETOM AAJbHEUIINX HCCIIEHO-
BaHHH.
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