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Ontnnnr43aur4oHeH aHaJrH3 Fra rexHI4Ko-
eKcrrJroaTaur4oHHHTe XapaKTeprzCTHK14
Ha neHerparopeH aKceJrepoMerbp
3A CEIZ3MOJIOI'I4I{HI4 I43CJICAB AHNfr
HA TTJIAHCTATA

fapo Mapdupocnu,
Touac 3dpaeee*

Mapc

Iopa Hedettqeea,

14ncmumum sa Koc.t4uqecrcu usc,xedeauun, EAH+ Jla6opamopun no c/t6t[4e6o-aet4nu ezsdedcnaua, EAH

Kaxro il npll Bcr.trrKu no4o6uu r.rscJreABaHrrf, r.r ryK
eKCIIJIOaTaIIUOHHHTe B63MO)KHOCTTZ IZ XapaKTep]ILCTUKL4 Ha H3ITOJISBaHATA aI.lA-
parypa o[peAer'Iqr n xpafi.aa cMerKa KaqecrBoro Ha rtoryqeHrzre pe3y"rrrarkr kI
elpeKTr.rBHoTO r43nb,lHeHrie Ha HayqHaTa nporp aMa.

flpe4noxeul,Ire HayrIHI4 sar\aq.u 3a u3c,/reABaHe Ha rroBT,pxHocrra r{ Bbrperx-
Hr4fl crpoex{ Ha [JraHer.ara Mapc qpes neHerparopeH aNcenepolrerrp [1] nrbrar
Aa ce Qopniynupar uafi-o6u1o raxa:

1. BtscraHoBflBaHe Ha cKopocrra, reoMerprrqHure 14 BpeMeBr4re napaMer-
pIz Ha rpaeKroprzflra npr4 yAapa Ha rreHerparopa B rpyHra n npouuxnaHero My
B Hefo. ffonyueuure AaHHrz rro3BoJrflBar onpe4ennue na upoSn,rra Ha ocHoBHHTe
QIISIZKO-MeXaHId.sHV napaMerpr4 Ha MapcuaHcKa.fl rpyHT e 4r"t6ouaua. O.raxsa
ce I'r pelxaBaHe Ha r{I4cro rexHLIqecKI4 rz rexHoJloruuurz upo6.neMlz, cBT,psaHIr c
ycr,BbplxeHcrBaHe KoHcrpyKUIzrITa Ha neHerparopa u MeroArzKara Ha rzsnoJr-
sBaHeTO My.

2. Peracrpar\r4fl. Ha BTopnqHoro ceugMl,Ir{Ho rrod'Ie B 6nusxara BoHa, cB6p-
saHO C MexaHalrHr4re HapyrueHr.r.fl B cpeAara H pe"rraKcat\uflTa Ha rorrJrr{HHara
aHoM€JrIZfl. llOnyueuure AaHHri cJry)Kar sa usyuanaHe ceor:rcrsara Ha cpeAara.

3. Perracrp ar\rrfl Ha MrrKpoceri3Mr.r or ecrecrBeH npon3xoA, KaKro Lr Ha rr.3-
KycrBeHo clbsAaAeHl4. Bt,s ocuosa Ha rloJlyqeHure AaHHr4 ce onpeAevrfr lrecrorHo-
BpeMeBI{Te xapaKTepacrkrKvr Ha cpeAara Karo rracr or o6qara xapar<Tepr4crarKa
Ha rroBbpxHocrHr'r_fl uapctaucxz cnofi.

4. Perucrpaqur Ha eBeHryanuu 6nusNr.r MapcorpeceHr4r BcJreAcrBr{e Ha
BBTpeIxHolIJIaHerHa npuqlzHu I{ TeKToHcKH cuJrr4 r4Jlrr. oT naAaHe Ha rIo-foJIeMH
Mereopl{Tlz, a cblrlo I4 or lIsKycrBeHI4 r.rsroqHr.rqH Ha ceHBMI4qHkr BTJrHpr. llony-
qeHI'ITe cBeAeHI4fl c,lyxaT 3a usyqaBaHe AIZHaMI4KaTa Ha IIJIaHeTaTa, 3a yToq-
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HsBaHe fpaHr4uara Me)KAy Kopara I{ t{aHTHflTa, 3a lj3rrcHflBalle reo,
14 CTOprzs Ha Mapc 14 r. H.

lloc,re,qHara $opvy"rrupaHa 3al.aq'a cbBceM He e [ocdrreAHa rro 3Haq MOCT.
Ho sa c:sxanenae, ivit <i [peABnA rroBrapfleMocrra Ha Mapcaa'cr(r.rre Kpo-

Ecrecrseuo Qopnay,rupaHero Ha resn r-rayrrHw salasil 6elre rscuo 6p-
3AHO C OCHOBHI4TE TCXHI,IKO-CKCNJIOATAIII4OI{H]4 XAPAI{TCPNCTIIKI4 14 B'bs t4,

ceI4SMuqHI4 cr.6r4Tlrf,, KaKTo Li npoAb"rIxLITeJIHocTTa Ha ,,xIIBora,, Ha re
TOpa, Bep-oflTHOCTTa OT perHcTp ar\r4tr Ha ecTecTBeHH MapcoTpeceHVfl e
Hy,[eBa, ocraea o6aqe e6sxaox(Hocrra or clb3AaBaHe Ha H3KycrBeHr4 Map
CEHHfl.

pjePraua or npeABapr.ire,/rHara paspa6orra Ha neHerparopHHfl aKceJrep
Iz). uT Apyfa cTpaHa, onTlrMr.i3r.rpaHeTo Fra Te3H Xapar{Tepr4cTr4KH LI ns.p
B npoqeca Ha rro-HaraTrrruHara paspa6orNa rapaHrrzpa KaqecrBeHo r.i3|I
Ha HayrIHara npofpaMa, Kal(ro AaBa Bb3Mox(Hocr u sa Aonr|IeaHero iI
lor'Iy_qaBafie fi Ha lpyfa Hayr{Ha r4 rexHor'roilz.lua uHsopMarlhr,

B [3] e orrr4caH rroAXoA 3a orrrr4Mr{3ripaHe Ha eKcrrJroaraur.loHHr{re
repllcruKa Ha neHerparopHufl aKceJrepoMertp. B cbrqara pa6ora ca n
BeHLI I{ louryr{eHlzre nbpBu opHeHr]4poBbqHIz p$yJIrarH sa HrrKorr or
el(cnr'loaral{LloHHI'I xapaKTepIzcrLII(n Ha caNILia neHerparop: n+,ra'r H,

H BpeMero t sa nporunKBaFiero. Tosa e HanpaBeHo Br,3 ocHoBa na safr,-n
HATC QZ3I4 KO.MCXAHI,II{HZ CEOfiCTEA HA IPYHTA LI Hfl.KOIl. KOIICTPYI(TLIBHI,i NA
pH Ha neHerparopa.

Cera crorinocrr.rre sa H, H u t ca npeqrz3r,rpaHri, r(aro npu MoAeJrr4
ca B3errr iloBerre ua 6pofi 14 c rro-npeAcraBlrreJreH Auarra3oH napaMerpr{ H
ct4aHCKHfl' fpyHr, llpr4 ToBa He caMo 3a pero,rrr4r. Tona ca npeAn Bct4r{r,
QLII{ZeHT6T Ha rpI,IeHe p, o6enaHoro refJro p0, T,fT,./Ir,T lla B6TpeixHo l,p

or reopaflTa_Ba-npoHt4 KBaHe Ha rB:bpAo rx;ro (e cryrrafl NoHycoo6pasHo
npI-I Bbpxa B:60") B rpyHra [4] .-VpanueHr{ero, orrzcBax{o cvlrara Ha
\HflTa no }ropMaJrara F u rro raHreHTara Q no AaAeHo ceqeHr.re or rrpoHr.rK
Ta qacT, e
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Iqe HSMr4He npoHur{Barr{ara My uacr, 4r,r6orrr4Hara H, Io KoflTo rqe LITFIC,

TI KOXC3UflTA C. H'IKOU QAXTOPN, 3A KOI,ITO HflMAMC TIPCACTABTTCJIHH AA HI4 U
qLIero B./r14flHHe e cra6o, ca npeue6pefHarr4.

3a 6asa Ha ofrrr4ua3aur.roFrHrrf aHalrr43 ca Bserlr ocHoBHrzTe ypaB

(l ) F+Q,:(t -pprocotg8) f znterng -p)xdx,J-
0

a ypaBHeHHero 3a ABH)KeH[erO Ha [eHerparopa c Maca m e

crarucrllrleH KoeQI4IrI4eHT' b, nolyueu or rroJrHHoMa, v3pasflBarq alpoKcr4M
Hara Qopuy!? H? ArdHa.MarrHara KpvBa Ha cBr{BaHe Ha fpyHra(4) p*:5,5.104(t-b)4+4,2.102(l--b)+8,
KbAero p* e Halrfl.raHero Ha cborBerHr,rf erarr Ha rrpoHZKBaHe. B saqannu
MeHr p*:pa*povotgrB, a B cdleABarqure e p*:p"+p.Etg3fJ, peuanaftr
cr6rrKoBo qpes rrHcreH MeroA (4), onpe4e,tnute bi, AoKaro cKopocrra Ha rrp
sane H craHe HyJra.
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Tosz tr,to.4en HH AaBa BT,3MoxHocr, napupafixu c nafi-nepoflTnl.ITe Nou6u-
Hautth MexIy Mr.rFrr.rMa,,rHr.rre, cpeAHr.rre r.r MaKCIMa.[ril4Te crorlsocrn Ha Qustzro-
MexaH[qHvre napaMerp]r Ha MapcuaHctc4rr rpyHr [5], a'a onpeAeJrr.rM npoHIzKBa-
tlero H, BpeMero I sa npoHllxBaFre H yAapHoro cr,lpoJlrlflesue H. Tyx e nsero
Irp€,{Br,r4, qg afd's roqr(ara Ha naAaHe
(ucf20') u '*tr.ay Ar,,r6o,ruHara Ha

npoHr.rr(BaHe ,lrh,rxa: HxH.
B ta6n. e, Mar(cr.IMaJIHHTe H npt'Ierl{re cpeAHI'I

crofitrocru Ha rfusRr<o-vexaHr.{r{Hu,r,e nap.aMer'pr.{,Ha_ MapcHaHcr(utr lpy}Ir,
Lr3TIOI3BaHil npH I,t3qr.{cJIeH{2flTa...,,.

flpu ruo4e,rr4paHero Ha npoueca oco6eHo lor'rnMo 3HaqeHLIe uMa cKopocrra
aropa Br,pxy HatqailHa|a cKopocr Ha IIpo'
I e roxasau a H:l(uo) npl4 npHert4 cpeAHI'I
v c r 3a rpu liHocrri: Ha 'oo.

BpeMero Ha n T llaqa"[Hara cKopocr ao ilplr
Tpl4 pa3r'InqHr.r fpaHr.rqHu xou6urraqun or crotiHocTtr H.a F, po, 01.{ c e IIOKa3a-
Ha Ha dur. 2.

V4apuoro cbrlporl4B,'renHe, Koero xle rroHece lellerparopr'T, cr'orBerHo
H anaparypara, NdoHrr4par{a B r{efo, tl:f @l sa rpzre fpaHr,rqHH rov6uHauru
or crolisocru Ha F, po,0 u c r4 npu oo:80 m1s, e rroKa3aHo Ha cpzr.3.

uI{eBI,tAHo e, .te o6exr FIa aHaJII43a ca rexHI,IKo-eKcIt4oaral{vaHHlu, n.apaMerpl'I,
l(ot4To ca BsaI4MHo nporuBopeqr4er,r; Or eAlra crpaHa, npoFrHKBaHero Ha rlo-
rodlflMa gan6ouuua ,fl ua neuerparopa r4sncKBa rro-roJrrrMa HaqaJIHa cKopocr
Ha npoHHI(BaHe u0. Ho rasu no-ro,rqMa cr(opocr o6yc"naoa ro-rorqMo yAapI{o

Ta6nuua 1

flaparuerrp Muualransa
croFrnocr

flpnera
cpeIEa

crortrHocr

Koe$nquerir Ha rpr{eHe }-r

Ilnrruocr po, g/cm3
5run na BrrperuHo rprene 0, o

Koxegnr c. kPa

o,25
1,8

35
5

0,05
1'0

l0
U,)

0,12
1,5

25
1,9

@nr. l. fpa{rur<n Ha 3aBl'tcttMo"ttu //:f(uo)
npH pa3aHqHlt c'toilttoctu Ha t'6
/-- -f,O m/s; 2 - 80 m/s; 3 - 100 m/s

3 Aepoxoeruu'recKu usc,reABauna n Etlrapua, 10

0,4 0,6 0.8 1,O 1,2 1,4 1,6 1,8 " ro 2o 30 40 50 60 70' 80 90 10o m/s

Onr. 2. lpaQur<u Ha 3aBr.{ctlMQcma l:f(cro)
npH pa3flH'rHn r<ou6nsarll{H or rpaHHqHI.I n
cpeAnr{ crofiHocrn Ha p, ps, 0 H c
& - MLIHUMaII ur.r; D-cpe4ut; e-MaxcuMaJlull
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@ur Ha saBacaMocrra H:f(H)nPu M6r.tHaqt,ru or fpanrzqHr4 rccpen Ha p, pr, $ rz ca- 6-cpe4nu; e_MLrHrl-
MAJIH],I
(ycxopenuero e B orHoclrreJrHra eAuHrluli - {)

ycKopeHr4e H, roero II],K ce orpaFrr.irraBa or y,qapoycrorirrr4Bocrr a Ha anappara' oT APJ'ra crpaHa o6aqe, ro-c'rHr4flr yAap rqe [perr.r3Br{Ka feHep]zl
Ha cea3MulrHn BTJTLTW c ro-rou'rqM aMn,'IIZTyAeH AI4aIia3OH, XOero aqe 4a4e
MO}KHOCT SA NO-CQCNTI4BHA AMI]JIT4TYAHA 14 IICCTOTHA PEINCTPAIII4fl HA OT
HI{Te B:bJrHz. no-ro,rqx4oTo BpeMe sa npoHrrKBaUe / nrx arpa"rrpu pefrzcrpc [o-rodlflMa pasAerrulTe.rrHa cnoco6socr no BpeMe Ha [poqeca Ha npoHrzKB

Or rpa$zxara Ha $zr. 1 (xpnea 2) cesv,xp,a, qe npu rprrerrrre cpeAHrr c
HOCTIZ HA, QUSUNO-MCXAHH.IIHI4TE XAPAKTCPLICTUKL| HA MAPCWAHCKAfl fPYuo:80 m/s npouaKBaHero e or nopa4.sxA na {:1 ,2 m.'Tona e .[ocral3a {fl.rrocrHoro rrortBaHe Ha rreHerparopa B rpyHra. flpz oo:gg m/s (Npze
lln6ouaHga cbrrlo Ha npaKrr4Ka e .[ocia*rrHa. Ho caMo rrpu cpeAHr.r 
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H&,F, Po, 0 u c, AoKaro npn crolinocru HaA cpeAHr4Te I1te ue4ocrar:br{Ha.ra6n.2 ce BLi)KAa, qe sa no-MaIrKr4 uo, ,runprr"p',ro:S0 *7a, B loBer{ero iI{ar4_neHerparopr,r ue 61 Ce sa6un,4ocrarbrrHo -ua4r"r60No, 
a uari-nepo:

uso6qo ra He ce sa6we. B raN:rs c,rryuafi, or eAHa crpaHa, rorl 0crana non
HrIe Ha cMyrqaBarr{oro 4eficreze Ha Bfrbpa 14 eHATe or Hero qacrrzr{rT,
Apyra - r{e rapaHrrzpa 4o6r,p MexaHrzrreH Ko r c fpyHra. A rc6pusr
xaHI4qeH KOHTaKT c fpyHT'a Ha cerzsMorrpzeMHrrKa, B c"lyqa.fl na reueipa
e_uafI'-ealKuoro yc,'IoBI4e_ sa npl{eMaHero H pefHcrpaupl flTa Ha ceHBMHqHrrre

lj _6u: aMn,rrrzry.qHrz, Sasoela k r{ecrorHra H3KpHBnBaHr4fr. llpu u0:100
(QHr. I - Kpr4 Ba 3) crrqo ce lo,ryrraB a 7o6pa H, Ho ra3r,r cKopocr BoIn no

fl.-
OT

e-
a,

He-
[pae]vrJrHBr4 yAapHr{ ycKopeHr4fl.

Ta6:ruua 2

Bapzanr
H, ii, m1s2

10 0,5 1,0735 5,0 0,5510 5,0 0,3535 0,5 A3922 2,O 0,5925 7,9 0,35

I
II
III
,IV

,V.r
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n a<

0,05
0,05
0,05
0,05
0,12

1,8
1,0
1,0
1,0
1,0
1,5

to:30
1Tr/s

Yo:80

1,58
0,88
1,36
0,47
1,1
1,0

Yo:30
m/s

2"7.105
3,9.105
6,1.105
7,2.105
3,9.105
8,3.105

mis

1,1.1
2,6.
7,0.7
2,6.1,
7,4.7
I,g1



Tevrneparypara Ha oKoJrHara cpeAa e MHoro Ba)Ker napaMerr,p, or Noftro
3aBucr4 rrpaBrzd'rHoro QynNquoHrzpaHe Ha anaparypara u oco6euo na [r4e30-
ereKTpr4rrHr4a npeo6pasyBareJr Ha aKceJrepouempa. flopa4rz MHOro MaJrKara

TOpr'T HflMa Aa 6t4e as,rox<eH Ha 4euonollHZTe reMneparypHr.r pasl|[IKrr. crqoraKa H'tiMa 4a 6t4e Iz3JIoxeH u Ha cegonHr{Te reMrrepaTypHr{ zslreHenrax, 6ri
KATO NPOAbJIXI4TCJIHOCTTA HA ,,X{I,IBOTA" MY C.SHAIIUTCJIHO 1IO-MAJIKA OT TIPOA5JI-x[re_rrHocrra Ha eAr4H Map,crraHcKrz cesoH [6] .

Bpelrero sa npoHr4KB'a-ne t sasncrz cpaBFrzreJrFro crr,rHo or rpyHroBrre yc-JIoBIlfl. fioxaro orHorrreHlrero MexAy cro"se"r{I{r" a"Jlo'bu""vt H^r,14 H^u*"sa
+tu:? fpaHrzrrHr,r c,ryrrafl Ha rpyHToBI,r yc,,roBr,r.fl e H^u*l Hrnx2,E,'io,a l"io et^'vl t61n'.-4. FIo elno cpeAHo BpeMe or nbpx4rr<a t:l;-2 s 6uAa,ro Bb3Mox{Hocr3a perl4crpar\r4fl. c e4na 4o6p.a pasAeJrr4reJrna cnoco6nocr lo BpeMe.

,: ^Hari-nporzBopeqrzB 
u ,ifr-rinwNareH e Bbrrpocbr c y,qapHoro ycKopeHr{e

t/. o' QuL. 3 u ra6n. 2 ce nux4a currHara saercrzr4ocr w ua'ii o" "py""o""""ycJIoBIzr, Bux4a ce oqe, qe npi4 MaKcr4MaJrHu crorinocrH Ha p, po, 0'a c ruaft_He6"naronpn rr*ara sa cnyrrarr ocBeH ,.4ony"r"ril t;;b; Hue,Ha rpaur.rlaraH s 4un6ounnara Ha r.rpoHkrKBaHe- H. pas6upa 
"e, 

,u^a"aH 6ov6uua4un, or BctrrrKr4 rpyHToBr4 napaMerprz.e MaJrKoB 2JrflBa orqe rroBetre npn ynenzvaBaHe 6pon Hd neHerpdro.
D- 

ocHoeHr4flT rzsBoA, KaKTourpa6earue Aa ce orraKBa, e, qe ocBeH oqeBha'o

TepucrlzKLl Ha rpyHTa B MflCTOTO Ha neHerpaurzfl orpaHuqaBa no-Aerar?nnoro
14 tlo-nperlr43Ho MOAeJrr4paHe Ha rpoqeca. OrpanuueHin, u4var rr or Bce oqe
HeoKoHqareJrHHTe croriHocuz ga ra6apurHo_MacoBr4Te xapaKTepvrcrtnu u ornapaMerpr{Te na op6nrara Har4sKyCTBeH CrrbrHr,rK na Mapc, or xoqro qe 6t4ecnycHar rreHerparopr,r.

I' SaK,rlrcqeHHe cMqTaMe,
pflITj<a Ha 0o:60 m/s, o6yc
na H:0,7 m, BpeMe sa ToBa
ycKopeHr.ie or noprArbKa 900 g, e npue
>l<aBaHe ua paspa6orKara.
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In some previous works of the authors i
nical characteristics of a penetiating accelerometer obtained in the
develooment phase have alreadV been presented. Basic modes and otrdevelopment phase have already been presented. Basic modes and
algorythms of the penetrating accelerometgl !1ve also,,been propose

ev"er," a more detailed and concrete specification of the accelerom
ration characteristics calls for fr-rriher siudy of the penetrator techni
operation characteristics.' In this work. the basic scientific problems of the Martian surf

tech-
initial
ation
How-

ope-
al and

and

with
mo-

inner structure exploration using a penetrating _accelerometer are s if ied.inner structure exploration using a penetrattng _accelerometef are I

Following the objectives of the proposed scientific_ program an opti
analvsis -has been'conducted for determination of the accelerometer

zalion
analysis -has been'conducted for determination .of the accelerometer ical

iver-and bperation characteristics, namely: sensitivity..coefficient of the
transd^ucer unit; parameters of the electronic unit; modes,.algoryth ;, etc.

cs ob-The results are. based on the most important penetrator characteri
tained by theoretical methods, such as: shock acceleration at cont
the Mariian ground, depth of penetration and.penetration period.the Martian ground, depth oi penetratlon ald_ penetratlon perroo'
delling is basld on the irenetrafor's mosi probable.values: mass, shocdelling iS based On tne penetfator S 605I proDaDle.Values: Irrass' sr.tuur

mics dharacteristics and ground physical and mechauical parameters
dyna-
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