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MpuBeneHbl pe3ynbTaThl 3KCNEPUMEHTOB Ha fla3epHoil ycTaHoBke «Jlyd», B KOTOpbIX Ha OCHOBe npuHuuna cu-
3MYECKOrO NOAOOUS MOLENNPYIOTCA NPOLECCHI Pa3pPYLUEHUS XKENE3HbIX aCTEPONAOB U SIAEP KOMET B KOCMOCE C
MOMOLLLIO SIAEPHBIX B3PbIBOB Ha Mx noepxHocTu. [NpnBeaeHbl pesynbTaTbl YUCAEHHOrO MOLEINPOBAHUS BO3-
LeCTBUl Ha NOBEPXHOCTU XKeNE3HbIX ODBLEKTOB, NOATBEPXKAAIOLLME NOJ0ONE KIIOHEBbLIX NPOLECCOB B HATYPHOM
1 MofenbHOM ciydasix. OnucaHbl TEXHOMOMMM N3rOTOBEHUS MUHMATIOPHBIX MAaKETOB C napameTpamu, 6aunsku-
MU K MapamMeTpaM >KeNe3HbIX acTepongoB u sgep komeT. [Ins pasnnyHbiX MUHMMAKETOB pa3smepoM 3—12 mm
npu aHeprum nasepHoro nsnyderums ot 50 go 450 [x npuBefeHa akcnepuMeHTaibHas OLEeHKa SHEPTreTUYeCcKoro
nopora 3aBeflOMOro paspyLUeHnsi MaKeTOB 1 UCCef0BaHbl napameTpbl ux dparmertaumu. CaenaHbl BbIBOAbLI O
BEPOSITHLIX pe3ysibTaTax BO3AEWCTBUS HAa OMNACHbIE KOCMUYECKNE OOBEKTbI SAEPHBIM B3PLIBOM.

DOI: 10.31857,/50044451020050144 pPOCTBb 3BYKa, IJIOTHOCTH, IPOYHOCTD HA C2KATHE U PAC-
1. BBEJAEHUE Ts2KEHHUe, CTPYKTYpa) MaTephajly KaMeHHOI'O acTepo-

una. [Tokazano, 970 KOMIIAKTHBIE (IIAPOBUIHBIE) MU-

B mpenpiaymieit paore [1] omucan cmoco6, ¢ TOMO-  HEMaKeThl, COOTBETCTBYIOIINE OPUIMHAILY, IIOJHOCTHIO
I[HI0 KOTOPOI'O Ha OCHOBE NPUHIUIA (PU3UNIECKOIO I0-  pa3pyllaioTcs IPH YAEJbHOH SHEPIUN JIA3€PHOIO U3JIy-
n06ust [2] MOJIeIMPOBAIOCH Pa3pYIIUTEIBHOE BO3IEHCT- gennst okoJio 650 Ik /1. XapakTepHble pa3sMepbl OCKOJI-
BH€ $IEPHOTO B3pbIBA HA ONACHBIE KaMEHHBIE ACTe-  KOB IpW 3TOM He npesbimann 10 % oT nepBoHavaIbHO-

pounnl. fnepHBIT B3PBIB Ha MOBEPXHOCTH acCTEPOHAa o pasmepa Makera. C yd4eroM ITOJIyYeHHOI'O B pacue-
paccMaTpuBaJICcsa KakK Hanbojee NefiCTBeHHbBIN BapuaHT Tax MOMPABOTHOTO KOI(MDDUITIEHTA OBLIO IOKA3AHO, ITO

60opBOBI ¢ 1OMOOHON yrpo3oit. Onucan TEeXHOJIOTHYe- JJIsE pa3pylieHns Ha 6e30macHble OCKOJIKA KOMITAKTHO-
CKHil IIPOIECC CO3J/IaHMS HMCKYCCTBEHHOIO MaTepHUAJIa, ro KaMeHHOTro acrepoua guamerpoM 200 M HeOOXO UM
COOTBETCTBYIOIErO 110 OCHOBHBIM HapamerpaMm (CKo- SIJIEPHBII B3pBIB ¢ 3Heprueil He menee 1 Mt Tpormio-

BOT'O 9KBHUBAaJICHTA.

* E-mail: garanin@otd13.vniief.ru
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Puc. 1. 3asucumoctu AaBNEHNA (a) 1N NJOTHOCTN (6) oT 6e3pa3mepHoro BPEMEHUN B LLEHTPE XKENE3HOINo actepona N €ro MakeTa:
CNJIOWHast IMHUS — KOHTAKTHbI ﬂ,ﬂ,eprlﬁ B3pbIB; WTPUXOBasaA — naaeprn‘/’l nMnynbc

Kamennbie acTepouibl COCTABIISIIOT TOJABJISIIONIEE
GOJIBIITTHCTBO METEOPUTOB, [TAJIAIOIINX HA TOBEPXHOCTD
Bemumn (92.8 %). OHaxo cpen 06bEKTOB, IPEICTABIIS-
IOIUX OMACHOCTD JIJIsl TLIAHETHI, TAK¥Ke IMPUCYTCTBYIOT
S7Tpa KOMET, KeJIe3HO-KAMEHHBIE U YKEJIE3HbIE aCTePOU-
nel [3]. Ux oTyimanst B CTPyKType, TUIOTHOCTH U TIPOY-
HOCTHBIX XapaKTEPUCTUKAX TPEOYIOT JOMOJIHUTETbHBIX
TEOPETUIECKUX U IKCIEPUMEHTAJIBHBIX UCCJIEOBAHUN B
9TOM HAIPABJICHUN.

Hamnas paboTa MOCBAIIEHa PACIETHOMY U 9KCIIEPH-
MEHTAJILHOMY MOJIEJTUPOBAHUIO BO3IEHCTBUS sIIEPHOTO
B3pbIBA HA JIEJSTHBIE U YKEJIE3HbIE aCTEPOHJIbl HA OCHOBE
MIPUHITATIA, (PUBUIECKOTO TTOI00USI.

2. YMCJIEHHOE MOJEJIMPOBAHUE
BO3EVICTBUSA HA COEPUMYECKUN
>KEJIE3HBIVI ACTEPOIT

OCHOBHYIO POJIb B pa3pyHIIEHAN ACTEPOUIA U IO MO-
Jesin (MUHAMAKETa) UrPAIOT WJIECHTUYIHBIE MEXAHUIEeC-
KUE SBJICHUSA: YJIAPHBIE U 3BYKOBBIE BOJIHBI, BBI3BIBAIO-
e CABUIOBBIE U OTKOJIbHBIE JIeDOPMAIIAY BEIECTBA,
npuBojgye K (dpparmentaimu 00bekTos [1].

[maBHBIMEA XapaKTEpUCTHKAMHU, OTBETCTBEHHBIMU
3a (pparMeHTanuIO, ABJIAIOTCA JABJICHUS PA3PYIIEHUS
DU CXKATHU U PACTSKEHMH Marepuaja. Ecim acre-
pOMJL M MOJEJUPYIONMHA €ro MHUHHMAKET O0JIaJaioT
OJIMHAKOBBIMU 3HAYCHUAMH JIABJICHAN pa3pylICHHs, TO
JUIST MOJEIMPOBAHUS KAaPTUHBI (DParMEeHTAlMd He0O-
XOAUMO COOJIoeHne Mmoaobuss mpoduieii TaBIeHUs.
HauasbHas cragmst mporeccoB BO3JEHCTBUS XapaKTe-
PU3YeTCs BBLICOKUMH TEMIIEPATYPAMHU B OKPECTHOCTSX
dOKYCHPOBKH JIa3€PHOTO U3JIyYEeHHUs NI KOHTAKTHOTO
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siyiepHoro B3phIBa. [1oo0ue mporeccoB Ha 3T0i cTa un
orcyrcrByer. OJHAKO C TEYEHHEM BPEMEHU TEILIOBbIE
[IPOTIECCHI, UTPABIIIE BAayKHYI0 POJIb HA HAYAJIBHOM
crajuu, 3aryxaioT. KJFo4eBbIM yCJIOBHEM 0100ust
MEKJy KapTUHAMU Pa3pyIIeHUs PEAJTHHOIO ACTEPOU 1A
SJIEPHBIM  B3PBIBOM U COOTBETCTBYIONIETO MUHMMA-
KeTa JIA3ePHBIM W3JIyYeHUEM SIBJISIETCS PaBEHCTBO
XapaKTePHBIX JABJIEeHNIl Ha 3TOl crajmu porecca [2].

Teopust yKa3bIBaeT Ha MOJ00UE ra30MHAMUAIECKUX
TeueHnii (coBnajieHne aMILUIUTY/ (Bl U (OPMBI YIAPHBIX
BOJIH) IIPU OJIMHAKOBBIX OTHOIIEHUSX IOJBEICHHON K
00'bEKTY 9HEPIUU U MACCHI aCTEePOnIa (€ro MakeTa) Ipu
kamyieTHoM BblaesieHnn dHeprun. OIHAKO JJIs CIIy-
qast BO3JEHCTBUSI Ha MOBEPXHOCTH HEOOXOJMMO BBEJIEe-
HHME TOMPABOTHOTO KO PUIMEHTa, KOTOPBI yINTHI-
BaJl Obl pa3/inure B MeXaHU3Max I[epellavyu IHEePIUu
SIJIEPHOTO B3PBIBA U JIA3EPHOTO M3JIy9IEeHUs] OO0BHEKTY.
B pacuerax Bo3jeiicTBus sIIEPHOTO B3PbIBa Ha YKEJI€3-
HBIIl acTepou | SHeprusi B3PhIBa 3a/laBajiach TakK, 4TO-
OBl yJejibHAsI 9HEPrusi ObLIa B JIBa pa3a MeHbIIe, YeM
yJeJdbHas SHEPrusl JJIsl JA3ePHOrO IKCIepuMeHTa (Kak
B CJIydYae ¢ KaMEHHBIM MaTepuaJoM [1]).

[Ipu MojIeTMpOBAHNH XKEJIE3HOTO ACTEPOH, 1A BHIOPa-
HbBI IIapaMeTpbl MaTepuasa Mereopura Yunre [4]. Pac-
CMaTpPUBAJIACh TeJIa IIAapOBUIHON (POPMBI: THIIOTETH-
qeckuit actepous auamerpom d; = 150 M m ero Mma-
KeT JUaMeTpoM do = 3 MM. DHEPIUs SI€PHOIO B3PhIBA
q1 = 7.45 MT, a cOOTBETCTBYIOIMA SHEPTUS UMITYIHCA
JazepHoro uanydenus go = H00 Ixk. Meromuka pacte-
TOB aHAJOTUIHA MCIOJIB30BAHHON JIJIsT CJIydasi KaMeH-
HBIX acTepouoB. MeHsINCh JIUIIb TapaMeTpbl UCCJIe-
Jyemoro marepuada [1,5].

B oHO- M IByMEpHBIX pacueTax yJIUTHIBAJICS ITH-
pokuii Kpyr dusmdeckux mporeccoB. OTHOBPEMEHHO
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C JIHMCJICHHBIM PEIeHNeM YPABHEHMIA Ta30BOI THHAMI-
KU TPOBOJIIIACH PACUETHI JIEKTPOHHOI W MOHHOHN TeT-
JIOIIPOBOJIHOCTH, 3JICKTPOH-UOHHOI TeMIlepaTypHOil pe-
JIAKCAIIAH, JIy9UCTON TEIJIONPOBOJHOCTH U PASA JAPY-
I'UX Tporieccos [1].

Pesynbrarsl cpaBHUTEIBHBIX PACIETOB BO3JEHCT-
BUIl HA IOBEPXHOCTH OOBEKTOB MJITIOCTPUPYIOTCH HA
puc. 1, Ha KOTOPOM IIPUBEIEHBI 3aBUCUMOCTH JTABJICHUS
U TUIOTHOCTH B TIEHTPE MAPOBUIHOTO ACTEPOHIA U €ro
MuHHMaKeTa oT Ge3pasmeproro Bpemenu (t* = tCp/d,
rie Cr, = 4.5 KM/C — CKOPOCTb 3ByKa B BEIIECTBE acTe-
ponja U MakeTa, d — JMaMeTPhl ACTEPOUIA MJIH MaKe-
Ta).

B ocranabHBIX pacueTHbIX TOYKaX (KaK Ha HOBEPX-
HOCTH, TaK ¥ B 00'beMe) BEeJUYUHBI JIABJICHUS U MacC-
COBOI CKOPOCTH COIVIACYIOTCSI aHAJOTUIHBIM 00pPa30M.
HecmoTpst Ha ruranTckoe pasamdne B aOCOTIOTHBIX
macmrabax (B 10'* pas mo macce u sneprum), 3aBu-
CHMOCTH JABJIEHNS X MaCCOBON CKODOCTH OT HOPMHUPO-
BAHHOTO BPEMEHN OJIN3KM KaK MO AMILIUTYJIE, TaK U 0
dopme Bo Bcem oObeme acreponsa (Makera). Hanbon-
IIlee PA3JINYKe B AMILIUTYIE YAAPHBIX BOJIH COCTABIISET
0k0510 10 %. DT0 06CTOATENBCTBO CBUIETEILCTBYET O
110JIOOMH IIPOIIECCOB M O BO3MOXKHOCTHU BOCIIPOU3BE/IE-
HUSI B JIA3€PHBIX IKCIEPHMEHTAX KAIEeCTBEHHBIX U KO-
JINYECTBEHHBIX OCOOEHHOCTEN TeUeHNUsT CPeIbl, BOSHUKA~
OIEro TPH sITEPHOM B3DBIBE HA MOBEPXHOCTH TAKOTO
ACTEPOHIA.

3. IIOCTAHOBKA JIABEPHBIX
9KCIIEPUMEHTOB

OKCHEPUMEHTBI 10 UCCJIEIOBAHUIO XapaKTepa pas3-
pyLIEHHs] MUHUMAKETOB DPA3JMYHBIX ACTEPOUJIOB IO
JleficTBIEM MOIITHOIO MMILYJIbCHOI'O JIA3€PHOIO M3JLyde-
HUsl IPOBOAMJINCH HA JIA3epPHOI ycraHoBke «JIyd» [6].

Ob6aydeHne OCyIIECTBJISIOCh HAa JJINHE BOJIHBI
527 HM (BTOpasi rapMOHHKA) HEOJMMOBOIO

)\2w
Jlazepa IpU JUINTEJTBHOCTA HMITYJIbCA Ha IIOJIYBBICOTE
or 2 mo 5 Hc. Maker acrepouna IMOMEIIAJICS B IIPO-
3padHblii OOKC st cOOpa OCKOJIKOB, ITO3BOJISTIOIITAI

PErucCTpUpPOBATh JWHAMUKY Da3pyIIeHds MakKeTa.
IIpunIunuanbHasi cxema INPOBEJIEHUS IKCIEPUMEHTOB
n300pakeHa Ha puc. 2. IDKCIEPUMEHTAJbHBIA CTEH]
06opy/IoBaH TpubOpPaMu, MO3BOJIAIONIUMA PETUCTPHU-
poBaTh KaK IapaMeTPhI JIA3ePHOrO H3J/IyUeHUs, TaK U
XapakTep pa3pylieHnus Makeros [1].

st permcTpanuu mpoIecca pa3pylIeHusl MaKe-
TOB HCIHOJIb30BAJICS CTAHJAAPTHBIA TEHEBOU MeTOM.
Ilonceerka opranmsoBaHa C HCHOJIH30BAHUEM JIAM-
[BI-BCIBIMIKA C JJINTEJIBHOCTHIO HUMITYJIbCA JIO0 1 MC.

930

Puc. 2. Cxema skcnepumeHTanbHoro creHga: 1 — obbekTus;

2 — MuHuMakeT actepouga; 3 — bokc-ynosutens; 4 — pactp

9-kafpoBOIi perucTpaunu; 5 — naMna-BCnbIlKa AN TEHEBOIA

peructpauunu; 6 — kamepa obckypa; 7 — KonMMaTop onTore-
TEPOAUHHOW perncrTpauumn

N3obparkeHnsi perucTpupoBAJUCH IPU IOMOIIU pe-
rucrparopa CIOP-7 [7] B 9-KaJpOBOM PeXKUME <«JIyTIbI
Bpemenuy. U300pakeHne CTPOMIOCH Ha (HPOTOXPO-
Horpade C HCIOJb30BAHHEM OINTUYECKOH CHCTEMBI,
obecneunsatomieit ypeauuenne M* = 0.67. OcHopHble
rmapaMerpbl CbeMKH: TPOCTPAHCTBEHHOE pa3peIeHne B
obstactu pacrosiokerus MakeTa 200 MKM; KOJHTIECTBO
KagpoB 9; muHammdecknit auarmnazon 700; mosHOE Bpe-
Mg cbeMkr 600 MKC; BpeMsl SKCIO3UINHA €TUHUTHOTO
Kajgpa 1-5 MKc.

Ha puc. 3 npesncraBiena xapakTepHasi KApTUHA Pa3-
JieTa OCKOJIKOB JIE/ITHOI'O KOMITAKTHOI'O MAKeTa IIPH 110~
MOIIM T€HEBOI perucrparuu. JlazepHoe n3iydenne Ha-
[IPABJIEHO HA MaKeT CIIpaBa CHU3Y. Y KA3aHO BpEeMsI Ka/l-
pa 1ocJjie IPUX0a M3JIyIeHUs Ha MAaKeT.

JIBm2KeHre ThLILHOM CTOPOHBI MaKeTa U IIPOyKTOB
€ro pa3pynieHus PeruCTPUPOBAJIOCH JIA3EPHBIM OITOTe-
TEPOJIMHHBIM MeTOJIOM [8]. VI3MepuTesbHbIil KOMILIEKC
BKJIIOYAJI B cebst (POTOIIPUEMHUK C IIOJIOCOH MPOITyCKa-
ung 20 I'T'n u ocimtorpad ¢ mosocoit mpoyckaHust
16 I'T'. JImameTp IUArHOCTUYECKOTO JIA3EPHOTO ITYYKa,
cocrapysit npumepao 300 mxMm. Ha puc. 4 npejicrasien
[IpUMED PErUCTPAIIMH CKOPOCTH OCKOJIKOB TOT'O K€ Jie-
JISTHOT'O MAKETa C UCIIOJIb30BAHUEM OITOTE€TEPOIUHHOTO
MeTOJ[a. XOPOIIO BUIHBI JIBA TPEKA OCKOJIKOB, IOIIaB-
[IUX B IUATHOCTUIECKUN JIyd, JETSIIINX CO CKOPOCTIMU
5u6 M/c.

Pesynbrarsr perucrparun ckopocreit passera oOc-
KOJIKOB, IIOJIYYEHHBIE C TIOMOIBIO 3TUX JBYX METO/IUK,
COTJIACYIOTCST MeK 1y cOOOii: TIoJTy YeHHbIe 3HAYEHUS JIe-
JKaT B IIPOMEXKYTKe 3HadeHuii or 4 10 8 m/c. 113 reopun
dusmaeckoro moo6ust [2]| ciemyer, 9To B COOTBETCTBY-
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Puc. 3. Kagpbl TeHeBOI permcTpaunm pasnerta ocKoakos seasiHoro maketa (d &~ 12 mm). CTpenka — nasepHoe nsnydeHue
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Puc. 4. OnToretepoanHHas perncrpaumsi CKOpPOCTU OCKOJIKOB

Puc. 5. XapaktepHas obckyporpamma nsTHa usnydeHus: a —
NATHO 0bsyyeHus; 6 — U30ypOBHMW NSATHA 0bNy4YeHns

IOIEM HATYPHOM CJIydae XapaKTepPHbIE CKOPOCTH Pas-
JleTa OCKOJIKOB SIIpa KOMETHI OyIyT TAKMMU K€.

Hamubie 1o pa3zMepy u dopme maTHA POKYCUPOBKU
JIA3€PHOIO M3JIyYEeHUsI HA TMOBEPXHOCTU MAaKeTa IOJIy-
YAJIICH 110 €r0 M300PayKeHUI0 B PEHTTEHOBCKOM H3JTy-
YeHUH, 3aPErnCTPUPOBAHHOM C MOMOIIBIO Kamepbl 00-
CKypPBI, B TPEIIIOJJOXKEHUU, IYTO WHTEHCUBHOCTH PEHT-
TE€HOBCKOT'O U3JTy YeHUs TPOIOPIINOHAIbHA HHTEHCUBHO-
ctu j1azepuoro uaaydenns. Ha puc. 5 n3obparkeHbI msT-
HO (POKYCHPOBKHU U PE3YJIbTATHI €10 00paboOTKHU, MOJLy-

YEHHBbIE B IKCIEPUMEHTE C YKeJIe3HbBIM MakeTom. [lio-
A1b HIATHA OOJIyYeHHsI, OIPEIeJIEHHAs 110 M30JIMHII
[TOJTYBBICOTHI MAKCAMAJIbHON MHTEHCUBHOCTH, COCTABU-
ga Sos = 3.6 - 107* cM?, a SKBUBAJIEHTHBII IHAMETD
ngaTHa deq = 214 mxM. Ilarno xapakrepusyercs Bbl-
TAHYTBIM PacIpeeIeHreM 3aCBETKH, 9TO 00 bICHIETCs
HEPOBHOCTBHIO TTOBEPXHOCTU MAaKeTa.

B mpoBeseHHBIX JIa3€PHBIX SKCIIEPUMEHTAaX HE CTa-
BHUJIACH 3aJ[a4a HEIOCPEJICTBEHHOIO M3MEPEHUs J1aBJIe-
HUS B PA3JIMIHBIX TOYKAX ODJydIaeMbIX MakeToB. Ux
MaJible pa3Mepbl TPeOyIT paspabOTKh CIenuaIbHBIX
MaJIOTa0apUTHBIX JATYNKOB JIABJIEHNs C BBICOKUM Bpe-
MEeHHBIM pasperrnerueM. OCHOBHOI 9KCIIEPUMEHTATIBLHOM
XapaKTEPUCTUKON $IBJISJICSI CIIEKTP OCKOJIKOB MaKeTa
10 pa3MepaM I0CJIe UMILYJIbCHOTO BO3IENCTBUS.

4. MOJEJINPOBAHUE BO3OENICTBUN HA
YKEJIEBHBIE ACTEPOUIBI

4.1. IsroToBJiecHIE MaKeTOB

ITockombKy, B OTJMYHE OT KAMEHHBIX, JKEJIE3HbBIE
aCTepOUbl HE MMEIOT SIPKO BBIPAXKEHHBIX BKJIIOYEHHI
(xouzp) [1], miast mogbopa HamboJee aIeKBATHOIO Ma-
Tepuaa UCCIEO0BAJINCH TOTOBbIe 0OPA3Ibl HATYPAJIb-
HOTO ¥ HCKYCCTBEHHOT'O IIPOUCKOXKJICHU: OeJIbIil dy-
I'VH, IPOMBIIIJIEHHBIE CIUIABbI JKeJIe3a U HUKeJIs, (par-
MEHTBI YIABIINX HA 3eMJII0 MeTeopuToB. Bejblit uyryn
no cpoeit mwiotHoctu (4.2 T/cM3) m npounoctu (280
320 MIIa) 3aHMMaeT IPOMEXKYTOUHOE MOJIOKEHUE MEXK-
JIy MarepuaJiaMi KaMEHHBIX U KeJIE3HBIX aCTePOUIOB
[9]. Y3 HEro M3roTOBIAINCH MEHIMAKETHI, IMUTUDYIO-
IMe KeJIe3HO-KAMEHHBIE aCTePOUIBL.

B sKcIlepEMEHTaX TaKKe HCIOJIb30BAJICS MaTeph-
aJ1, moJryueHHblil u3 dpparmenta mereopura Iunre [10].
Ob6pa3ser; 1peicTaBiIsiy cOOON CILUIAB ¥Keje3a € HUKe-
aem (okono 17 % Ni), ero ymesnbHBII Bec COCTABIISUI

11%*
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Puc. 7. Munumaket u3 yyryHa go (a) n nocne (6) akcnepu-
MeHTa

7.8 r/em®. Bostee MOpo6HO COCTaB M CTPOEHHE METeO-
pura onucansl B padore [11]. IIpounocTs Ha pacTsike-
HUe JaHHOTO MaTepuasia coctasiser 855 MIla, aro mu-
HAMYM Ha JBa MOPSJIKA IIPEBOCXOJUT COOTBETCTBYIO-
e 3HAYEHUs JIJIsT KAMEHHBIX XOHIPUTOB!

W3 06pas3noB u3roToBJIEHO HECKOIBKO KOMIAKTHBIX
MHUHUMAaKeTOB auameTpoM 3—4 mm maccoit ot 0.13 10
0.38 r 1 HECKOJIbKO MUHAMAKETOB HEIIPABUILHOI (hop-
Mbl (2 X 1.5 x 1 mm?) maccoit ot 0.02 10 0.12 r. Xapak-
TEPHBIH BUJ KEJIE3HOI'0 MUHUMAaKeTa, IIOJIyIEeHHOrO U3
dparmenTa mereopura JuHre, IpuBeeH Ha puc. 6.

4.2. Pe3yabTaThbl 9KCIEPUMEHTOB

B sxcnepuMmenTax 1o pas3pylIeHHIO JIA3€PHBIM N3-
JIydeHHeM MUHAMAaKeTOB U3 0eJIoro 4yryHa U MaTepu-
aja MereopuTa JuHTre IPUMEHSIACh HCKIIOYHTEIBHO
octpas ¢okycuposka. [Ipu aTom BapbupoBasuck Ghop-
Ma ¥ Macca MaKeTOB, SHEPIUs B MUMIIYJIbCE M3JLyI€HUs.
MaxkeTsl CUMTAINCH IIOJHOCTHIO PA3PYIIEHHBIMU, €CJIH
pa3Mephl OCKOJIKOB He mnpesbimnaan 10 % or mepsona-
JaJILHOI'O pa3Mmepa MakeTa. IIpumepnl MakeTa U3 4y-
IyHa U €r0 OCKOJIKOB IIOCJIE SKCIEPUMEHTA C YIEIbHO
sueprueil 3.5 k2K /T npuBeeHbl HA pUC. 7.

[Tosyyenmbie B X0z1e 9KCIIEPUMEHTOB C MUHUMAKeTa~
My 3 6eJI0ro UyryHa JaHHbIe IIpeJCTaBJIeHbl B Tabur. 1.
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Tabnuua 1. PesynbTaThl 3KCNEpUMEHTOB NO pa3pylue-
HUIO MUHMMAaKeTOB U3 6enoro YyryHa

Kpynmbie ockoJku

M, r E;“’/ jw’ Kosmue- mor | A%

XK/ ) )

CTBO, IIT.

0.0207 4600 - - -
0.1225 3100 1 0.0075| 6
0.1013 2820 — - -
0.1142 2560 1 0.0105| 9
0.1389 3570 — - -
0.1397 2330 1 0.0217| 15

ITpumenwanue: M — macca makera, Fa, /M — ynemnb-

Hagd Heprud, IoJABeleHHad K MaKeTy, m — MacC-

ca KPYIHOTO OCKOJIKA, A — J10Jis MACChl KPYITHOT'O

OCKOJIKa OT nepBOHa‘{aanoﬁ MacCCbl MaKeTa.

Puc. 8. XKenesHblii MuHMMakeT u3 maTepuasia MeTeopuTa
Yuure po (a) u nocne (6) skcnepumenTa

Kax Buano u3 TabauIbI, TOPOr TapaHTHPOBAHHOTO MO
HOT'O Pa3pyIIeHNs TaHHBIX MAKETOB JIEYKUT B IIPEJIeIax
or 3 mo 4 kJI>k/r, uTto B 57 pas BbIIIe OpOTra paspy-
nrerusi kamenuoro makera (650 JIxx/r) u obbacHsercs
ux 0oJjiee BBICOKMM yPOBHEM IIPOYHOCTH.

XapakTepHBIil BUJI MHHIMAKETa, U3TOTOBJIEHHOTO
u3 dparmenta mereopura UwHre, 10 W TOCTE IKCITE-
puMeHTa pejicTaBiieH Ha puc. 8. Mcxonno makeT mmes
HENpaBUIbHYIO hopMy ¢ pasmepamu 2 X 1.5 x 1 mm>.
ViesbHAsT SHEPIUS JIA3EPHOTO U3JIYyUEHUS B IKCIIEPU-
MmenTe cocraBmwia 13 kJ[xk/r, 4To B ABAIUATH pa3 Ipe-
BOCXO/IUT IHOPOI' IIOJIHOTO PA3PYINEHUs I XOHIPHUT-
HBIX MAKETOB. BHIHO, YTO MaKeT TOJ JEHCTBUEM Jia-
3€PHOTO M3JIyUEHUS IIPeTepIiesl 3HAIATEIbHYO 1edop-
MAIIHIO, OJIHAKO He paspyuiics (1edeKT Macchl He IIpe-
BbICKHT TIpu 3TOM 5 %).

Pesynbrarsl, mosryueHHbIE B XOJI€ SKCIIEPUMEHTOB II0
MHUHUMaKeTaM u3 pparmenTa Mereopurta duHre, mpe-
craBjeHbl B Taba. 2. Kak Buano m3 Tabuanilnl, 3HaUe-
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Tabnuua 2. PesynbTaTbl 3KCNEPUMEHTOB MO pas3py-
LIEHUIO >KENE3HbIX MUHUMAKETOB, W3rOTOBJEHHbIX U3
dparmenTa meteoputa Hutre

M,r E;;’ E;[;Zj\f’ m, T | Am,r
0.3376 186 552 0.3373 | 0.0003
0.2682 222 826 0.2675 | 0.0007
0.1365 236 1733 0.1358 | 0.0007
0.3818 218 572 0.3815 | 0.0003
0.0567 289 5100 0.0562 | 0.0005
0.0575 245 4256 0.0571 | 0.0004
0.0424 140 3304 0.0422 | 0.0002
0.0446 376 7100 0.0438 | 0.0008
0.0461 427 7800 0.0454 | 0.0007
0.0281 406 13100 0.0247 | 0.0034

Ipumenarue: Ea, — SHeprus Ja3ePHOTO U3JIyIEHUS

Ha IIOBEPXHOCTU MakeTa, M — Macca MakeTa 10 9KC-

TEPUMEHTA, M — MacCCa MAKETa IOCe SKCIEePUMEH-

Ta, Am — Macca BelecTBa, BBIOHTOrO W3JIyYeHH-
eM.

HOU yAEJbHOU SHEPIWH, IPU KOTOPBIX MAaKeThl IaH-
HOT'O THWIIa IIpeTepIesn Obl 3HAYUTEIbHBIE Da3pylile-
HU¢, JOCTUTHYTH He ynajochk. 1Ipu ynenbHBIX sHEprHU-
ax 8-13 kJIK/r CKOPOCTH TEIBIX MaKETOB JOCTHIJIA
30 M/c. MakcumasibHOE 3HAUEHHE YIEJbHON 3HEprun
(13 Ik /T) ¢ yuerom MacmTabHOrO hakTOpa U Iompa-
BOYHOTO KO3 UIMEHTa COOTBETCTBYET ITPUMEHEHUIO
IIPOTUB KEJIE3HOTr0 acTeporia JuamMerpoM 60 M 3apsiaa
¢ sueprueit mpumepHo 1.4 MT TpOTHIOBOTO SKBUBAJICH-
Ta. O4eBUIHO, 9TO U3-3a 6OJIee BBICOKUX ITPOYHOCTHBIX
xapakrepuctuk mMarepuasa (855 MIla ua pacrsikenue
y KeJIe3HOT0 acrepousia mo cpasuenuio ¢ 4-15 MIla y
xouzapura [5,10]) Takoro BozmeiicTBust OymeT HemOCTA-
TOYHO JIJIsl PA3PyIIIeHUsI.

5. MOJIEJINPOBAHUE BO3JIENCTBUSA HA
SITPA KOMET

5.1. NIsroroBjieHIEe MaKeTOB

Pasnuanbie Teopun obpazoBaHus siep KOMET OJI-
Pa3yMeBaloOT, 9TO CTPYKTYPa f/ipa BapbUPyeTCd OT OT-
HOCHUTEJIBHO Pa3pEeKEHHOI'0 «CHE;KHOI'0 KOMay J10 ILJIOT-
HOTO <«KOHIJIOMEpaTa JIbJIOB U KaMHei». CooTBeTCTBY-
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Puc. 9. Cxema negsiHoro maketa: 1 — neasiHoli MakeT; 2 —
MeaHbIli cTepxeHb; 3 — cocya u3 dproponnacTa; 4 — BOLAHOIA
nep,

olmasi UM IUIOTHOCTH MOKeT cocTaBuTh or (0.1 110
1.5 v/em® (¢ yaeToM BKpaILIeHuit IpyruX MaTepHaJIoB )
[3]. ot MomesiupoBaHust UCIOIBL30BAJIC OOBIYHBIA BO-
JstHOM Jiejt mwioTHOCTHIO 0.9 1/ oM.

MuHnMakeT HAMOPAXKUBAJICS HA, MEHBII CTEPXKEHD
[I0CJIEIOBATELHBIM €r0 MIOTPYKEHHEM B YKUJIKUN a30T,
a 3aTeM B BOJY. DTa IPOIIE/IyPa IMOBTOPSIACH HECKOIb-
ko pa3. Ilocie nosydeHus: KOMIAKTHOrO (IIAPOBUIHO-
ro) Makera u3 JibJa TpeOyeMbIX Pa3MepoB JIPYroil Ko-
HEI[ MEJIHOI'O CTEPIKHs OIYCKAJICA B YAIIKY T€PMOCTa-
Ta, 3aII0JITHEHHOTO BOJION. 3aTeM TePMOCTAT OMEIIAJICS
B XKHUJKHUI a30T, B PE3y/IbTATE Yero BOJA 3aMep3aJia U
00pa30BaBHIINICS JIEJ] OXJIAXKIAJICA [0 TEMIEPATYPHL OT
—100°C mo —150°C, xak nmokazaHo Ha puc. 9. 3arem
CHCTEMa YCTAHABJINBAJIACH B BAKYYMHYIO Kamepy. Pas-
HOBECHBbIE 3HAYEHUs TEMIEPATYPhl U COXPAHHOCTH Ma-
KeTa MO/ [JIEPKUBAJIICH OAJIAHCOM UCIIAPEHUSI JIbJA U OT-
KaYKW BOJISHBIX MapoB. /laBiienne mapoB B Kamepe CTa-
6unmsuposasocs Ha 3uadenun 0.04 Topp, yro nmpumep-
HO cooTBercTByeT Temneparype mumenn —20°C [12].
OcrarovyHast KOHIIEHTPAIHS BOJISTHBIX [TAPOB HE MIPEIsIT-
CTBOBAJIA IIPOXOKIEHUIO JIA3EPHOT0 U3JLYYeHNUs.

XapakTepHbIil BHJI MUHUMAKETA TPUBEICH HA
puc. 10.

5.2. Pe3ysbTaThl 9KCIEPUMEHTOB

Macca JieqsHBIX MAKETOB OIPEIEsISIach MOCPE-
CTBOM HM3MepeHus ux 006beMoB. II10THOCTD Jb/Ia Mpu-
HnMastach pasroit 0.9 v/cm3. PesybraThl sKcIepuMen-
TOB TI0 UX Pa3PYIIEHUIO, B YACTHOCTHU [TOKA3AHUS OIITO-
TeTEPOMHHON PEruCTpaIuu, MPUBEIeHBI B Ta0JI. 3.

Bo Bcex mpoBemeHHBIX SKCIEPUMEHTAX ITOJLYI€HO
YBEPEHHOE pa3pyIlleHne MWHUMAKETOB, B TOM YHUCJIE
opy yJeiabHbIX 3Heprusx or 15 mo 40 Ixx/r. Ana-
JIN3 CKOPOCTEl pas3jeTa OCKOIKOB ITOKA3bIBAET, UTO IIPH
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Puc. 10. MuHnumakeT agpa KOMeTbI

Tabnuua 3. PesynbTaThl 3KCNEpUMEHTOB NO paspylue-
HUIO NeASIHbIX MUHMMAKETOB

D,vm | M, r Lot é;‘/CMZ ﬁ‘:}!}f v, M/c
13 1 12 240 5-10
12 0.8 2.6 260 57
10 0.6 8.4 380 713
14 1.5 13 150 0.2-1
13 1 8.1 165 4-5
12 0.8 12 330 10-13
135 1.3 13 220 7-8
15 1.9 1.3 13 1-1.5
15 1.9 4.6 35 3-4.5
15 1.9 4.7 39 4

Ipumeuarue: D — cpemuuit quamerp maxera; M —
OPHMEHTHPOBOYHAs Macca Makera; I — WHTEeHCHUB-
HOCTH JIA3€PHOTO U3JIyUIEHUsT HA MOBEPXHOCTH MaKe-

Ta; ¥ — XapaKTepHasi CKOPOCTb OCKOJIKOB.

YMeHBIIEHnH yienbHoi sHeprun ot 350 mo 15 JIx/r
CKOPOCTDb DaziieTa OCKOJIKOB yMeHbImaeTcs ¢ 7-13 1o
2-3 m/c.

Ilonyaenmbie JaHHBIE OPUEHTUPOBOTHO CBUIETETH-
CTBYIOT O TOM, YTO IIPHA BO3JEHCTBUU SJIEPHOTO B3PhIBaA
¢ sreprueit 30 Mt Ha AP0 KOMETHI JUAMETPOM OIUH
KIJIOMETD [3| ero 0CKOJIKM Pa3IeTsiTCs B TEUEHUE Hefle-
JII Ha PACCTOsSTHUE OOJIbIee, IeM JUaMeTP 3eMJIN.
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6. SAKJIFOYEHUE

[Tosyyena sKcriepuMeHTajIbHasI OlEHKA BO3JEiCT-
BUS sIJIEPHOTO B3PhIBA HA TOBEPXHOCTHU XKEJIE3HBIX ACTe-
pounoB u simep KomerT. VccemoBanusi 6a3mpoBasInCch
Ha (DU3MYECKOM IIOJ00MH TI'UIPOJINHAMUIECKHUX sIBJIE-
HUIA, COMPOBOXKIAIOIINX SIIEPHBIN B3PHIB HA IIOBEPXHOC-
TH 00BEKTA, M AHAJIOTUIHBIX SBJICHUI IPU BO3IEHCTBUN
HUMILYJIbCa MOIIHOIO JIA3€PHOr0 U3JIydYeHHsl Ha [OBEPX-
HOCTb MUHUATIOPHOI'O MaKeTa.

115t YKeJIe3HBIX aCTEPOUIOB IIyTEM PACUETA OIIPeIe-
JIEH TIONIPABOYHbIN KO(D(MUIUEHT, YINTHIBAIOIINANA BJIU-
sIHA€ HAYAJIBHOW CTaJIUU IIPOIECCOB HA TOYHOCTH I'a30-
JUHAMAYIECKOro nomobus ssienuii. [lokazano, aro npu
pPa3HHIE B Macce MeXKJy PeaJIbHBIM aCTEPOUIOM U €0
J1abOPATOPHBIM aHAJIOTOM B 14—15 MOPSiIKOB yie/ibHAasT
SHEPrusl siIEPHOT0 B3PbIBA, HEOOXOIUMAas IJIs CO3Ia-
HUSI OIIPEIEJIEHHOIO JABJIEHNUSI B BOJIHE, IIPOXOIAIIEI 110
TeJly, IIOYTH B JBa Pa3a MeHbIIe, 9YeM yIeIbHas SHep-
TUsl JIA3€PHOTO W3JIyYeHUsl, HEOOXOUMAs JJIsi TI0I00HO-
ro pe3yjabTaTa B MUHUMAaKETe.

OrpaboraHa TeXHOJIOIUs IOJIydYeHUsi 00pasloB u3
dparmenTa kejae3Horo Mereopura Hunre. Ilpemioxke-
Ha 1 0TpaboTaHa METOANKA U3rOTOBJIEHUSI HCKYCCTBEH-
HBIX MUHHMAKETOB SIJIEp JIEJSTHBIX KOMET.

Brrmosimena cepusi j1a3epHBIX dKCIEpUMEHTOB. Ma-
KETBI, M3rOTOBJIEHHBIE U3 0EJIOr0 YyryHa, UMEJIH TOPOor
[TOJTHOTO pa3pyIIeHusl B MPeJeaX Y/IeJbHOU SHEPIUu
or 3 1o 4 x/Ix/r. 2Kesieauble 06pasiipl, MOy YeHHbIE U3
dparmenTa mereopurta UuHTe, HE TEPSIIN IEIOCTHOCTH
JlarKe [P JIOCTUKEHUN yJieIbHOM sHeprun B 13 k1K /T.

3aBeJIoMOe pa3pyllleHne JIEJASHBIX MUHIMAKETOB
APOBUJIHON (OPMBI HaOJIFOIAI0CH, €CJIU OTHOIIEHUE
SHEPI'WH JIA3€PHOT'O U3JIyYeHUs K Macce MakKeTa IIpe-
Bocxoamia 15 /I /T, 9T0 B COPOK pa3 MEHbIIe, 94eM s
XOHJIPUTOB.
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