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1 AKTyaJIbHOCTBH TeMbI HCCJICAOBAHUS U ONUCAHNE MPOOIEeMBbI

[Ipobnema repeHaceneHus: 3eMJIH, YXYIIIEHHUs YKOJIOTMYe€CKOM 0OCTaHOBKH,
UCTOILIEHUS] TPUPOJHBIX PECYPCOB BCETa OCTAETCS aKTyaibHOU. UenoBeuecTBO
pPaHO WK TTO3AHO OYJIET BBIHYKIEHO MEePECENUTHCS Ha APYTHE MJIaHEThl. YUEHBIC C
MIOMOILbIO COBPEMEHHBIX TEXHOJIOT Ui, B TOM YHCJIE PAAUOTEIECKONOB, OTKPbLIN
MHO)KECTBO HOBBIX IUIAHET, CPEIU KOTOPBIX €CTh IPUTOAHBIE JIJIs1 PA3BUTHUS KU3HU.
B cents0pe 2016 roga B Kutae oTKpbLIICcs caMblil O0ONIBIION B MUPE paIuOTENECKOI
FAST. Cpenut OCHOBHBIX 3a7a4 TIOJOOHBIX TEJIECKOIIOB - IOMCK IPaBUTAIMOHHBIX
BOJIH, PAIMOM3IIYYEHHUSI OT 3BE3[] U raJakTUK, a TaKKe OOHApyKEHNUE CUTHAJIOB OT
BHE3EMHBIX [[UBWIN3ALIHM.

J{ns nanpHENIIero uccueqoBaHus YKe OTKPBITHIX TUIAHET C TBEPABbIM TPYHTOM
Heo0XouMa MOIITHAsSI pOOOTU3UPOBAHHAS TEXHHUKA, 00JIaJaI01ast BRICOKOW MPOXO0-
numocThio. He n3BectHo, kakue ¢hopmbl penbeda OyayT Tam rpeodinanark, mo3To-
MYy HEO0OXOIMMO HANTH CaMblii BBIMTPBIITHBIA BapruaHT MOOMIIbHOM maTdopmel. B
IpUMep MOXKHO IIPUBECTU aMepUKaHCKUI KonEcHbIN Mapcoxon Opportunity, KOTo-
PBIif 32 IeCATH JIET CBOEH MUCCUM MPOLIEN 1O KpacHoi mianere Bcero 40 Kuio-
METPOB, a ero Oau3Hel Spirit yxxe uepe3 8 kM 3aBs3 B neckax[10]. [TomoOHbIM
IPUMEPOM CIIYKUT KUTauckuil iyHoxon FOuTy[6].CTano aHTHIION THY B JE€HB CITO-
coOHO MpeooneBaTh paccTosiHuE A0 50 KM Mo nepeceu€éHHON MECTHOCTH, a Top-
HBIC KO3JIBI C JISTKOCTBIO B3OMPAIOTCSI HA HENOKOpUMbIe ropHbIe Kpy4u[3]. [Togo0-
HbIE CPAaBHEHUS HATJISTHO MMOKA3BIBAIOT MIPEUMYIIECTBA XOAbObI, Kak criocoba rme-
PEABUKEHUS B TPUPOAHBIX YCIOBUSIX.

B cpaBHEeHUU ¢ KOJIECHON U TYCEHUYHOM TEXHUKOM, CIIOCOOHOCTh MAIlIUHbI
NepeMeIaThCs MOCPEICTBOM XOAbOBI MPUIACT €if OONBIIIYI0 YCTOMYUBOCTD HA HE-
POBHBIX MTOBEPXHOCTSIX, 00ECIIEUUT BOZMOKHOCTh BBIOUPATh TOUKH OIMOPbI, TOBBI-
CUT €€ MaHEBPEHHOCTh U MPOXOJAUMOCTb, TO3BOJIUT CHU3UTH 3aTPaThl JHEPTUU HA
eIVHUILY TTYTH, a TAKXKe JACT BO3MOXHOCTh CBOOO/IHO JIBUTAThCS B Cpejie oOuTa-
HUS yeloBeKa. B CBA3M ¢ ’TUM BO MHOTHX CTpaHaX aKTUBHO BEAYTCS pa3pabOTKu
[IararouMx MalluH U poOOTOB (IIararomiuXx miaTGopm), CXOKUX C KUBBIMU CYIIIS-

ctBamu. M3BecTHBI aHTpOonoMop(HBIE pOOOTHI IMEIOIINE ABa MEAUTYIISATOPA:



Asimo, Atlas, HRP-4C, u 300Mop¢HbIe pOOOTHI CHA0KEHHBIC YETHIPbMSI TICTUITY-
nsropamu Hanpumep BigDog u LS3[7,8]. Onnako xonb0a co3IaHHBIX Ha TAHHBINA
MOMEHT IIIaralonux pooOTOB HE COBEPIICHHA, TPEOYyeT 3HAYUTENbHBIX 3aTPaT
sHepruu. B monHoit Mepe He pelieHa 3a/1aua IpaBUIBHOTO BEIOOPA TOYEK OTOPHI
IUIS TIEAUITYASITOPOB, @ TMOXO/IKa aHTPOIOMOP(HBIX pOOOTOB 3a4aCTyI0 HAIIOMHHAET
X050y OONBHBIX JtOfeH. B cBsi3u ¢ 3TUM B HacTosIIee BpeMsl CIIEKTP UCTIOIb30Ba-
HUSI OMOMOP(HBIX IIArarIIMX IIaTGOpM CYIIECTBEHHO orpaHuyeH. [lanHas mpo-

onema u IMOCITYKHJIa MOTI/IBaHI/ICﬁ 1 IIPOBCACHUA UCCIICIOBAHUA.

2 I'unoresa

[Ipu moAroToBKe K peanu3alnuy UCCIeNoBaHus, Obuta copMyTupoBaHa T'u-
10Te3a: €CIM KOHCTPYKITUS aHTPOIOMOP(HON TIararoiiei miargopMbl OylaeT Tod-
HEe BOCIIPOU3BOAUTH MPUPOAHBIA AHAJIOT - HOTH YEJIOBEKa M KOMHUPOBATH aJIro-
PUTM E€CTECTBEHHBIX JIOKOMOIIMH, TO €€ XOapba cTaHeT Oojiee SCTECTBEHHOM, a

9HEProdPPeKTUBHOCTh U YCTOMYHUBOCTH BO3PACTYT.

3 Ilean uccaeaoBaHus

Pa3zpaborars npoToTun 3Hepro3p(HeKTUBHON aHTPOIOMOP(HON MIararomei miar-

(bOpMLI " aJIrOpUTM €€ OIITUMAJIBHOI'O IICPCMCIICHHA.

4 3agaum uccJae0BAHUA

1. Pa3zpaborarh mapHup ¢ THOKMMU DJIEMEHTaMU, MPEMIOKUTh KIACCU(PUKAIINIO U
yCIIOBHbIE 0003HAaUYEeHUsI IIAPHUPOB ¢ rTuOkuMu 3nemeHTamu At [OCTa.

2. VI3yunTh CBOMCTBA IApHHpA C TUOKUMU BIIEMEHTAMH, YTOUHUTH TPACKTOPUU U
AMIUTUTYLy ABMKEHHI TMOKUX 3JEMEHTOB IIapHUPA, ONPEAECIUTh (PAKTOPHI BIUS-
IOIE HA HUX.

3. Hanucarp ypaBHEHUS! 3aBUCUMOCTH KOOPJIMHAT OOLIEro HEHTPpa Macc MPOTOTHIIA
aHTporoMop(dHOM mararuien miarhopMbl APYT OT Apyra s TPEX MIOCKOCTEH.

4. BpIBECTH CUCTEMY YpaBHEHUM, ONMUCHIBAIOIINX 3aBUCUMOCTh KOOPAWHAT TPacK-

TOpHUI O0IIEro IEeHTPpa Macc MPOTOTHUIIA IIararoiel miarGopmMbl OT BPEMEHH.



5. VI3roToBUTH TUNIOCKOCTHYIO MOJIENIb aHTPONoMop(hHOH maratouiei miargopmsl U
€€ TPEeXMEpHBIA MPOTOTHN, M3YyYUTh YCJIOBHS MOIACPKAHUS €ro B MOJOXKEHUU
YCTOMYMBOrO paBHOBECHS U HEOOXOMMBIE YCUIIUS JJI IEPEMEILEHUS BIEPE.

6. M3yunTh cuiibl, JEMCTBYIOIINE HA BHYTPEHHUI TMOKHUNA 3JIEMEHT IIapHUPA B OJ-
HOOIIOPHOM IIEPUOJIE Iara.

7. Teopetnuecku 000cHOBaTH YH(PEKT YMEHBIICHUS CHJIBI PEAKIIMU OTOPHI B CEpe-
JMHE OJHOOIIOPHOTO MEPHOAA 11ara aHTpornoMop(pHOH 1mararomiei miardopmsl.

8. N3yunTh BO3MOXXHOCTM NpeoOpa3oBaHMs MOTEHIMAJIBLHOM SHEPruu aHTPOIIO-
Mop(¢HOI 1mararonie miaTGopmbl B KHHETUYECKYIO SHEPTHIO U pa3padoTarh Me-
XAHWU3MBI €€ peKyneparuu.

9. IlpennoxuTh ONTUMAIBHYIO TPACKTOPHUIO MEpPEMEIIEHHsS] OOIIEro LEeHTpa Macc
aHTporioMop(dHO Iaratoueil miargopmMsl B LHUKIE LEJIOr0 Iiara U ajroputM

sHeprodPexkTUBHON XOIbOBI.

S MarepuaJibl 1 METOAbI UCCJICIOBAHUA

B ocHoBe paboThI JTEXKHUT IKCTIEPUMEHTAIBHBIA METOJ, B€Ib UMEHHO Ha MPAKTUKE
yCcTaHaBIMBaeTcs UCTUHHOCTH (hakToB. OH 3 dexTrBeH, Tak Kak MoiydeHHbIe pe-
3yJBTaThl OAHO3HAYHO W HANVISHO MOKa3bIBAIOT, B TY JIM CTOPOHY JBHKETCS UCCIIE-
JIOBATENbCKAst MBICIIb. J{JIs MONIyY€HNs TOUHBIX JAHHBIX MCIOJIb30BaJICs MaTeMaTH-
YEeCKHU METO/I: MPOBEeHHE pacu€ToB U (hopManu3aiys 3akoHoB. C Lenblo yrnpo-
LIEHUS pEAIbHBIX 00OBEKTOB, UCIIOJIB30BAJICS METO MozenupoBanus. [Ipumepom
CIJIy’KaT MOJIEJU IIapOBOr'o MIApHHUPA, IPOTOTUIIA aHTPONOMOP(HOI IIararomniei
1aT(OpMBbl, CO3/1aHHBIE MEpe]] BOILIOIIEHUEM TEXHUUECKUX pelieHnuid. [ unoreru-
YECKUN METOJ IT03BOJIWII BBIIBUHYTh B HAYaJI€ UCCIIEOBAHMS TUIIOTE3Y, KOTOpas
SABUJIACh BEKTOPOM MOCIEAYIOIIETO UCCIEA0BaHUA. AHAIN3 U CUHTE3 MOTYy4YECHHBIX
JTAHHBIX TTO3BOJIMJI CAEJIaTh BEPHBIE BHIBO/BI U 3aKJIIOUEHUS U3 MPOJIeTIaHHON pado-

TBI.



6 OcHOBHAsI YaCTh HCCJICJ0BaHUA

OnanM u3 HanboIee pacpoCTPAHCHHBIX BUIOB JIOKOMOITUH YeJTOBEKa SIBIISI-
ercst xonpoa. E€ ocobeHHOCTH M3y4yaanuch HaMU IyTeM HaOIOEHUs U aHAJIu3a BU-
N€03aInCceil MOXOAKU JIPY3€l U 3HAKOMBIX B 3aMEJIEHHOM pekume. JleranpHoe
UCCJIeIOBAaHUE 3aKOHOMEPHOCTEHN XO/IbObI YeJIOBEKa B HOPME MPOBOJUIIOCH C MPHU-
meHeHreMm demo-sepcun nporpammbl VISUAL 3D Version 3.05 kommnanuu C-
Motion, s CrucTeMbl BUcOaHaIM3a ABMKEHUH, pucyHOK 1. CpeacTBaMu mpo-
IpaMMBbl U3Y4€HA TPAEKTOPHS IBMXKEHHSI OOIIETo LIEHTPa Mace Tena UIYIIEero ye-
JIOBEKA M BpalllaTelIbHbIE IEPEMEIIEHUS BCEX CETMEHTOB N0SICa HUY)KHUX KOHEYHO-
CTEH BO BCEX TPeX IJIOCKOCTSIX B Pa3IMUHbIC IEPUOBI 11ara.

CoBpeMEHHBIMH UCCIIEOBAaHUSAMH [TOKA3aHO, YTO IPH X0AbOE U MOIAepKa-
HUU BEPTUKAIBHOTO MOJIOKEHHUS T€Na, KPOME MBI BaKHAS POJIb MPUHAIIIEKUT
cBa3kamMu. OQHOM M3 BaXKHEMIIKMX CBA30K YEJIOBEKA, yYACTBYIOIIMX B pealn3aliu
XONIbOBI, SIBJISIETCS CBSI3KA TOJIOBKU O€IPEHHOM KOCTH HAaXOMAsIIasIics B Ta300epeH-
HOM cycTtage. [lo ananmoruu ¢ HuM, Hamu pazpadoran «lllapaup ¢ ruOKuMU 311e-
MEHTaMIU» - aHAJIOTAMH CYCTaBHBIX CBSI30K, KOTOPBIN MOAPOOHO OIMKCaH B HAllIeH
3asiBKe Ha n3ooperenue [1], pucynok 2.

C uenbto n3ydeHus: oco0eHHOCTEN (HYHKIMOHUPOBAHMS IIaApHUPA C THOKUMHU
AJIEMEHTaMH U ONITUMU3AIMU aJTOPUTMa XOAbObI, Mbl CKOHCTpYHpOBaiin «CTeH]T
JUTS. ICTIBITAHUS IWIHHPHYECKHUX U IIIAPOBBIX MApHUPOBY [2], pUCYHOK 3, KOTO-
pBIii TOPOOHO OMKCaH B HAIIEH 3asBKe Ha n3o0pererune. CTEHI IBUIICS TPOTOTH-
IOM KOPMOBOM 4acTH pa3padaTbiBa€MON HAMU aHTPOIIOMOP(HOM mIararomniei
wiaropmel. Ha crene n3ydeHnsl 0COOEHHOCTH (PYHKITMOHUPOBAHUS IIIAPOBOTO
HIapHUpa ¢ THOKUMHU dJIEMEHTaMU sl pa3pabaTbiBaeMOii HAMU aHTPOTIOMOP(HOM
HIararolien miarQpopMsl.

B TexHUKe M3BECTHBI Pa3bEMHBIE U HEPA3bEMHBIE MIAPOBBIE IIAPHUPBI. MBI
MPEAJIOKUIN APHUPHI ¢ BHYTPEHHUMH Y BHEUTHUMH THOKUMU djieMeHTaMu. OHu
MOTYT OBITh UCTOJIb30BAaHbI B POOOTOTEXHUKE, MAIIMHOCTPOEHHUH, & TaK>Ke MPHU CO-
3IaHUM DK30CKEJIETOB 4YEJIOBEK M XUBOTHBIX. [loaTOMy mpeasiaraeMm yCIOBHbIE

0003HaYeHus WapOBbIX MAPHUPOB ¢ ruOKkuMHU 3nemenTamu 1 ['OCT, pucyHok 4.
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KonudecTBO BHEMIHMX M BHYTPEHHUX THOKHX A3JIEMEHTOB 3aBHCHUT OT TOTO,
KaKoOW HMMEHHO JOJKHA OBbITh €ro aMIUIMTyJa JBHXKeHUU. B0o3MOXHO co3maBaTh
IIAPHUAPBI C MHOXKECTBOM BHEITHUX THOKHUX D3JIEMEHTOB M OJHHM BHYTPEHHUM,
HaIpUMep, KaK HaIl Ta300€pEHHBINA MapHHUP.

BBenennpie HaMHu YCIIOBHBIE OOO3HAYCHHS I MAPHUPOB C THOKUMH DJie-
MEHTaMU OBUTM HWCIIOJIb30BAaHBI HA 4YepTEXaxX pa3pabOTaHHOTO HAMH IMPOTOTHUIA
aHTporoMop(dHOM 1Iararoiei miaTGopmbl, pUCYHOK 5.

3aTeM Mbl CKOHCTPYHUPOBAIN TPEXMEPHBII MPOTOTUI aHTPOIIOMOPGHOI 111a-
raronieil wiar@opmMbel U3 MeTalyla U ero IUNIOCKOCTHYIO Mojienb. OH COCTOsUT U3
JBYX MEAUMYISTOPOB — aHAJIOT'M HUYKHUX KOHEYHOCTEH 4esloBeKa U KOPMOBOM ya-
CTH — aHajora Tasza 4elioBeka. KakIbplii meaumyIsaTop CONEpPKUT CErMEHT Oepa,
CEerMEHT TOJICHU U CerMEHT cTombl. CerMeHT Oeapa W TojieHW ObUT BBITIOJIHEH W3
METAUTHYECKUX TPYOOK, CETMEHT CTOIThI U3TOTOBJICH U3 TOJCTOTO PE3UHOBOTO JIH-
CTa, a KOPMOBasi 4acTh COOMpasiach W3 OTICIBHBIX ACTAICH — TUTACTHH U KPOH-
mTeitHOB. CerMeHThI TOJICHHU, CTONBI U Oepa COSMMHSUIUCH TIETIICBBIMU IIApHUPA-
MH, a CErMEHT Oellpa ¢ KOPMOBOM YacThlO COEAMHSIICS IIAPOBHIM IIAPHUPOM C
TUOKHUMU DJIIEMEHTAMHU.

Jl1st yrouHeHus 0COOEHHOCTEN NepeMeIeHHs] BHYTPEHHETO THOKOTo AJIeMEH-
Ta MapHUPA B OJTHOOIIOPHOM ITEPHO/IE II1ara aHTPOITOMOP(MHOM IIararoIieH miar-
dbopmbI ObLTa CO3/1aHa TPEXMEpPHAsi MOJIEIb TOJIOBKH IIAPHUPA U3 HAAYBHOTO I1a-
pHKa, COAEpPIKaIlleTr0 aHaJIOT BHYTPEHHET0 THOKOT0 AJIEeMEHTa, PUCYHOK 6. 3ameue-
HO, YTO JBMKEHUS BHYTPEHHETO THOKOTO JIEMEHTA M THE3/1a IIapHUpa B CaruT-
TaJIbHOM TIOCKOCTH MOTYT OBITh OIMMCAHBI YPABHEHUSMH JIJIS1 IPSIMOTO MasITHHKA.

C uenbro noipoOHOro U3y4YeHUs] CBOMCTB IIAPOBHIX IIAPHUPOB C THOKUMU
AJIEMEHTaMH ObLII CKOHCTPYUPOBAH CTEH]T JJISl M3yUEHHUS IMIAPOBBIX U IIMIHHIPUYE-
CKHX IIAPHUPOB. JKCIIEPUMEHTHI MOKA3aJIu, YTO MepeMeIeHue BIepel Kopiryca
UCIIBITATEIBLHOTO CTEH 1A, KOTOPBIN SIBUJICS MTPOTOTUIIOM KOPMOBOM YacTH aHTPO-
noMop¢HOi1 mararoiei mwiar@opmMbl, MOXKET TPOUCXOAUTH B aBTOMAaTHUYECKOM pe-
KUME TI0J] ICCTBUEM Beca KOpITyca CTEH/a C MPUKPETTIEHHON K HEMY Harpy3KOu.

Ananms IMMOJTYUYCHHBIX JaHHBIX CBUACTCIBCTBYCT, YTO CKOPOCTb IICPEMCIUICHUSA KOP-



Iyca UCIIBITATeIbHOTO CTEH/Ia B TOPU3OHTAIBLHOM TUIOCKOCTH BIIEPE, MOXKET pery-
JUpPOBaThCs (PPOHTAILHO PACIIONIOKEHHBIM PUBOIOM. B kpaiiHeM MoIoKeHu!, KO-
rJ1a MPOUCXOJIUIIO HATSHKEHUE THOKUX AJIEMEHTOB IIapHHUPA, KOPIYC CTEHa 3aHU-
MaJl YCTOWYHNBOE (DUKCUPOBAHHOE TOJOKeHUe. [t ero moaaepkanusi B TIOJI0XKe-
HUU PaBHOBECHUS HE TPeOOBAIOCH JIOMOJHUTEIBHOTO YCUIIUS, KPOME CHII PEAKIIUU
rudkux s1emeHToB. [locTpoeHsl rpaduku IBMKEHUS 00IIETo IEHTpa Macc CTeH A
B ITPOEKIIMHU HAa CAaTUTTAIbHYIO, TOPU30HTAIBHYIO U (PPOHTATBHYIO TUIOCKOCTH MIPU
JBHKECHUH.

[To momy4eHHbIM KOOpAMHATAM MPOEKINI HArpy3KH KOpIyca CTEHAa Ha
IJIOCKOCTHY MTOCTPOEHA MTPOCTPAHCTBEHHAS KPUBAs €€ JBMKEHUS, PUCYHOK 7.

[IpocTpaHcTBEHHAsl TPAEKTOPUS MPECTABIISIIA COOOM MIIaBHYIO KPUBYIO,
HaIIOMHUHAIOIIYI0 YaCTh HUCXOAIIECH criupalid. B kpallHeM MOJIOKEHUU JBUKEHUS
JUISL ylepsKaHUs KOpITyca CTeH/1a B PpaBHOBECHUU JIOTIOTHUTEIBLHOIO YCUIIUS HE TPe-
00BasIOCh, IPUBOJ] OBLIT OTHOCTHIO pasrpyxkeH. COOTBETCTBEHHO, IPHU BBEICHHUH B
KOHCTPYKITMIO aHTPONOMOPGHOI miararomieit miar(opmbl MAPHUPOB ¢ THOKUMU
AJIEMEHTAMH MOYKHO MOBBICUTh YCTOMYMBOCTh KOPMOBOM YacTH, CHU3UThH HArpy3Ky
Ha TIPUBOJIBI, YACPKUBAIOIINE €€ B OTHOOTIOPHOM IOJIOKEHHH TPHU XOIb0e U B TI0-
JIOKEHUH TOKOsI, 2 3HAYUT YMEHBIIIUTH OOIIKME 3aTPaThl SHEPTUH. 3aMEUEHO, YTO
HAKJIOH KOpITyca CTeHAa MPUBOIWI K HATSHKCHUIO BHYTPEHHETO THOKOTO JIEMEHTa,
YTO U YMEHBIIIAJIO YCUJIME PETUCTPUPYEMOTO JUHAMOMETPOM (GPOHTATIBLHOTO IIPHU-
BOJIa, PUCYHOK 8.

B nepBoM orbITe MOIETUPOBAHO YCIOBUE PABHOBECHUSI KOPMOBOM YaCTH IiIa-
rarorieit atGopmpl B Hadajie OJJHOOIIOPHOTO Mepro/a 1rara 0e3 HaTsHKCHUS
BHYTPEHHETO TMOKOTO 3eMeHTa. [Ipu 3ToM cuitbl 1eliCTBOBAIM IO pa3HbIE CTOPO-
HBI OT LIEHTPA BPAILICHUS], 3HAYUT, YKA3aHHYIO CXEMY HAarpy3KH T'OJIOBKH IIApHUPA
MOKHO OIMCATh YCIOBHMEM paBHOBECHUS pblyara nepsoro pona: LP=LyFy, taelL —
Iie4yo Beca Tena, M; Ly, — miedo ycunus GppoHTanpHOro MpUBOia CTEHIA WIN
¢dbpoHTaIBHOTO NpUBOAA aHTPOITOMOP(dHOM HIararoiei miargopmel, M; Fp — ycu-

aue GpOHTAILHOTO MPUBO/IA CTEH 1A WM MPUBO/IA AaHTPOTIOMOP(HOM 1Iararoen



mrathopMsl, KT M/c’. B 1aHHOM cllydae pe3ynbTHpYOIasi CHIla AeHCTBYET Ha TO-
JIOBKY LIapHUPA CBEPXY.

VYcioBue paBHOBECHS KOPMOBOM YaCTH aHTPONOMOP(HOM 1Iararomen miar-
(opMBI B KOHIIE OJHOOIIOPHOTO MEPHO/Ia IIara Mpy HATSHXKEHUH BHYTPEHHETO THO-
KOT'O 3JIEMEHTA IIapHHUpa OMOPHOTr0 MEAUIYIsATOpa 06e3 ydacTus GpoHTaIBLHOTO
IpPUBOJIA - YCIOBHE PABHOBECHS phluara BTOPOTO POAA, MOXKET ObITh BHIPAKEHO
dopmynoii: LP = LiF;, tne F)— BepTukaibHas COCTABISIONIAS CUIIBI PEaKIINH
BHYTPEHHEro rHOKOT0 2eMEeHTa IapHUpa, KT M/c”; L — [1edo BepTHKaIBHOM CO-
CTaBJISIIOIIEH CUIIBI PEAKIIMU BHYTPEHHETO THOKOIrO AJIEMEHTa IapHupa, M. B nan-
HOM CJIy4ae pe3ylIbTHPYIOIIas CHIa JEHCTBYET Ha TOJIOBKY LIapHHUpa cBepxy. [Ipn
ATOM HaTSHYTHI BHYTPEHHUI TMOKUIA 37IEMEHT HE TOJIbKO CTOIOPUT LIAPHUP BO
(GpOHTATBLHOM MIIOCKOCTH, HO ¥ CLIOCOOEH MOTHOCTHIO pa3rpykarh IPUBOJ YEP-
YKUBAIOLUN KOPMOBYIO YaCTh LIArarouiei miardopmsl.

B cpenyHe 01HOOIIOPHOro Neproa mara KOpMoBasl 4acTh MIAraroliel miar-
(dopMBI MOXKET OBITH yIepKaHa 3a CYET OTHOBPEMEHHOI'0 HATSKEHUS BHYTPEHHETO
ruOKOro 3JIEMEHTA IapHUpa U YCUIIHSI (PPOHTAIBHOTO MIPUBOAA, PUCYHOK 9.

YcnoBue paBHOBECHS MOXKET OBITh BeIpaxeHo hopmynoi: LP = LyFn, — LiF,.
B aHHOM citydae pe3yapTUpYIOIas CHUjla AEUCTBYET HA TOJIOBKY LIApHUPA CBEPXY
U CHU3Y, pacipe/eisisiCh B 3aBUCUMOCTH OT CTENEHU HATSHKEHUSI BHYTPEHHETO To-
KOT'0 3JIeMEHTa U ycuiusi GpoHTaILHOTO TpuBoaa. [loa neficTBremM moaBeneHHOM
Harpy3Ku, IMIPOUCXOINIIO CHOHTAHHOE JBUKEHHE KOPITyCa CTEH/1a, KOTOPBIi IIOBO-
paduBa’Cs BIEpEa U HAKJIOHSJICSA BHU3. B nanbHeieM 3To MOXXHO OyJIeT UCIION b-
30BarTh IS MIEPEMEILICHUsT aHTPONTOMOP(HOH 1Iararoieil miatrgopmsl. JlaHHbIHI
AKCIIEPUMEHT MOKa3ajl BO3MOKHOCTb NMPeo0pa30BaHus YaCTH NOTEHUUAIBHON
SHEPI'MM KOPITyCa CTEHIA BO BPAILATEIbHOE JBWKEHUE TMHAMO-MAIINHBI, PUCYHOK
10. 3MeHeHne NoTeHIMaIbHON 3HEPTUU KOPITYC CTEH/1a PACCUUTaHbl U B BUE
JarpaMMBbl IPECTaBIECHbl HA pUcyHKe 11.

N3yueHsl yciioBUsl paBHOBECHS IPOTOTUIIA aHTPONOMOP(HOM MIararomieit
1aTOPMBI U BETMUMHBI CHJI, CIIOCOOHBIX YIEP)KATh €€ B HETTOJIBUKHOM IOJI0XKe-

HUU. OCOOEHHOCTH KOHCTPYKIMHU Ta300€IpEHHOr0 1 KOJICHHOTO IIapHUpPa M03BO-



JIWJTA UX CTOIIOPHTH 3a CUET CHJI YIIPYTOCTH KOJICHHOW TIPY)KUH U HATSHKEHUS UM e-
IOIINXCS] THOKUX 3JIEMEHTOB, KOTOPBIE HE MPETSTCTBOBAIU COBEPIIATH OTACIbHBIC
BUBI ABMKEHUH. Bee 310 obecneunBano noaep:kanue BEPTUKAIBHOTO MOJIoXKe-
HUSI TOJIBKO 3 CUET MCIIONB30BAaHUSI BHYTPEHHUX YCHIIUHM CHCTEMBI, O€3 3aTpar J0-
MOJTHUTETHHO SHEPTHH.

[TpogemMoHCTpUPOBAHO, YTO TP BHIBEICHUN U3 PABHOBECHS aHTPOIIOMOPd-
HOM mararomieit miatopmbl, OHa MOKET CAaMOCTOSITEIBHO TTepEMEIIaThbCsl BIIEPE].
[Ipu 3TOM Briepen cMenaeTcss KOpMOBask YacTh TIaT(HOPMBI, KOTOpast MPEACTaBISET
co0oli aHaJIor 00paTHOTO MasTHHKA.

[Ipu oTKIIOHEHUU aHTPOITOMOP(GHOM HIararpIen miar@opmMbl OT BEPTUKAIH,
CHUJIa TSHDKECTH CMEIAeT €€ BCE Jlajiee U3 BEPTUKAIBHOTO TIOJI0KEHHS, HE TIO3BOJISIS
BEPHYTHCS B UICXOAHOE. DTO MO3BOJISET CO3/]aTh MAITMHY, KOTOPast CMOXKET CIIOH-
TaHHO MIEPEMEIAThCSI BIEPE/I 3 CUET JCHCTBUS CUIIBI TSKECTH.

DKcIepuMEHTaMH Ha MOJIETTH TOJIOBKH IIIAPHUPA BBISICHEHO, YTO B TOPU30H-
TaJIbHOM TTOCKOCTH CMEMICHUE 00JIaCTU KPETJICHUSI BHYTPEHHETO THOKOTO dJIe-
MEHTAa IIapHUpa K THE3y AapHUpPA BHI3BIBACT TAHTEHIIMAIbHAsS cuila. B cooTBeT-
CTBHUE C 3aKOHOMEPHOCTSIMU JBMKEHUS MasiTHUKA C BEpPXHEH TOUKOH Toj[Beca U 3a-
KOHOMEPHOCTSMHU JIBMXKEHUS 110 OKPYKHOCTH, KOHEUHOM, CAMOI HU3KOM TOUKe
TPACKTOPHUHU CBOETO JIBIKEHHS, Ha 001aCTh KPEIUICHNS BHYTPEHHET0 THOKOTO 3J1e-
MEHTa MapHHUpa K THE3ly MapHUpa ACHCTBYET IIEHTPOOeKHAs U IEHTPOCTPEMU-
TEJbHAas CUJIA, PUCYHOK 12.

B koHIIe moBopoTa KOpMOBOM YacTH aHTporoMop(dHOit mararorieit miardop-
MBI B OTHOOIIOPHOM TIEPHO/IE I1ara Ha Hee Oy[eT JeHCTBOBaTh CHila TSHKECTH, CHIla
peaKiuu BHYTPEHHEr0 TMOKOro 3JIEMEHTA [apHUpPa, IEHTPOCTPEMHUTENBHOE YCKO-
peHue, a B HAMpaBJIEHUH OT IIEHTPa TOJIOBKY MIAPHUPA CHJIA PEAKIIUH TOBEPXHOCTH
TOJIOBKH IIIApHUpPA U IIEHTPOOESKHAsI cuiia. Pe3ynbTupytomas eHTpoCTPEMHUTEN b-
HOM U LIEHTPOOEIKHOM CUIIBI UMEET HalpaBlIeHNUE CHU3Y-BBEPX, CHAPYKU-BHYTPh
4YTO 00yCIIaBIMBAET TEHACHIIUIO K CMEIIEHUIO KOPMOBOM YaCTH BBEPX U BHYTPb.
DTO YMEHBIIUT HArpy3Ky Ha BHYTPEHHHM TMOKUIA 3JIEMEHT IIapHUPA OMTOPHOTO

NEAUNY/IATOPa, YMEHBIIINUT JTaBJICHUE Iararomie miaTdopMbl Ha TPYHT.
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Hamu Obu1 CKOHCTPYHPOBAH MPOTOTHUI KOPMOBOM YaCTH aHTPOIIOMOPQHOM
mrararomiei miar(opMel Ha KOTOPOM, BOCTIPOU3BOAMIICS OJHOOTIOPHBIN MTEPHO.
mara, pucyHok 13. OH coCTOsT U3 Ta300€IPEHHOrO IIapHUpPa C THOKUMHU >IIEMEH-
TaMH, aHAJIOTOB MIEPEHOCHOT0 U OMOPHOTO MEIUITYISTOPOB, JUHAMO-MAIINHBI,
CHa0XEHHOI MYJIBTUMETPOM, CUCTEMBI OJIOKOB U TAT. B Hauane skciepumeHTa
KOPMOBas 4acTh ObLTa MAKCUMAJIHHO TIPUTIOHSATA, OTBEIEHA B CTOPOHY, TO €CTh
MOJTHASI MEXaHUUECKasl YHEPTHs CUCTEMBI OblIa COCPEA0TOYEHA B TOTCHIIMAIBHOM,
B 9TOM TIOJIOKEHUH OHA ylep KuBasiach pykoid. OTIMYCTHB CHCTEMY, OHA TepeMelia-
Jach BIEpEN, ATO IBMKEHUE ObLIO BRI3BAHO YaCTUYHBIM MPeoOpa30BaHUEM MTOTCH-
[IMAJIEHOM SHEPrur B KMHETUYECKYH0. [locpencTBOM JUHAMO-MAaIIMHbI, OCTaBIIas-
Csl 9aCTh MOTEHITMAIBHOMN HEPTUU MPeodpa3oBatach B MEKTPUIECKYIO. 3a CUET
JBMOKEHUS OOIIEro IEHTpa Macc MPOTOTHIA 10 AyTe BIIEpe U BHU3, BO3HUKAJA
MOAbEMHAs CHJIa, KOTOpasi KOMIIEHCUPOBAIa CUTYy TSHDKECTH MIPOTOTHUIIA B CEPEUHE
OHOOTIOPHOTO Nepro/a Iara. AHaJIOT IeIUMYISITOpa MEPEHOCUIICS BIEPE] C MOo-
MOIIBIO CUCTEMBI OJIOKOB | TAT, HA 3TO TOXKE ObLJIa 3aTpaucHa 3araceHHas paHee
SHEPrusl.

['padbuku nBmkeHUS OOIIEro IEHTpa MacCc aHTPOINOMOP(HON mIararoiei
1aTGOpMbI B OJTHOOIIOPHOM TIEpHOJIE Iara MpeICTaBiIsIOT co00i mapadoimye-
cKkue KpuBble. X KpuBH3HA OOYCJIOBIIEHA BIMSHHEM CHJI PEaKIMU THMOKHUX diie-
MEHTOB mapHupa. KpuBbie IBHKEHHs 00IIETo IEHTpa Macc MOXHO OMUCATh ypaB-
HCHUSIMU KBaJpaTHUHBIX (QYHKIUH Y(X) — misg GpOHTAIBHOU IUIOCKOCTH, Z(X) —
JUIT TOPU3OHTAIBHOW W Y(Z) — JUIS carWTTaNbHOW. YpaBHEHUs TpadUKOB ObUIH
HaMKMCaHbl KOOPAUHATHBIM METOJIOM, TO €CTh 110 KOOPAMHATAM TOYEK B IJIOCKOCTH,
MyTeM TIOJICTAHOBKH W3BECTHBIX 3HAYEHUW IIEPEMEHHBIX B YypaBHEHUS BHIA
v(n)=an*+bn+c, rae N u vV nepemenHsie. TakuM crocoGOM GbLIM HAMIEHB! TOCTO-
siHHBbIe KO3 (PHUIIMEHTBI YpaBHEHUSI ¥ CBOOOIHBIN YjieH, a MMEHHO a, b, C. ITpuse-
JIeM TIOJTYYCHHBIC YPaBHEHHUSI JIJIs1 KOOPIMHAT:

z(y)=0,1y*-1,9y; y(x)=0,01x°+0,43x; x(z)=-1,42+16,4z
C momoIp0 MaTeMaTHIeCKON MPOrpaMMBbI IIOCTPOSHUS TPaPUKOB MO TOYKAM

OBLJIO YCTAaHOBJIEHO, YTO B FOPU3OHTAILHOM TUIOCKOCTU KoopauHaTa mo ocu OX
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HAXOJIUTCS B JIMHEHHON 3aBUCUMOCTH OT BPEMEHH, aHAJIOTUYHO JJISl CAarUTTAIbHON
IUTOCKOCTH. Y paBHeHHE npsamoit umeno Bu: |(t)=kt+c, rae | u t — nepemennsie, K —
yrI0BOM KO3(PPUIMEHT IpsIMOiA, C — CBOOOHBIN YJIEH.
3aBUCHUMOCTH KOOPJIMHAT OT BPEMEHHU MOT'YT OBITh ONMKMCAHBI BHIPAKEHUSIMU:
y(t)=300t; x(t)=266,7t; z(t)=9000t*-570t

MatemaTudeckuii anmapar TMO3BOJISIET MOCTPOUTH MPOCTPAHCTBEHHYIO KPHU-
BYIO JIBIDKEHHSI OOIIEro IeHTpa Macc aHTpornomMopdHo# mararomieit miathopMsl B
3aBUCUMOCTH OT U3MEHEHHsI CKOPOCTH JBMKEHUS MAIlIUHBI, €€ Pa3MEpPOB U JJIMHbI
BHYTPEHHET0 TMOKOro 3jeMeHTa Ta300eIpEHHOr0 IapHupa.

Onupasich Ha TaHHbIE U3YUYEHUSI XOABOBI YEIIOBEKA B HOPME, MbI MTPEIIIOKUIH
pabouyto KiaccudUKaIrio NepruoaoB a3 onopsl €€ MUKIIA C IETbI0 UCTIOIb30Ba-
HUS NIPU pa3padoTKe aIropuTMa Xoabs0bl aHTporomopdHoro podora. B daze ono-
PBI pa3iinyaeM: NepHo/ MoAbEeMa 00IIETo LEHTPa MAcC, IEPUOJT €ro CupaIeBUI-
HOT'O CHUKEHUS, IEPUOJ 1YyTO0OPa3HOTO CHUKEHUSI, IEPUOJ TOPMOXKEHUS JIBHKE-
Husl. [Ipoananu3npoBaB aaroOpUTM €CTECTBEHHOM XOILOBI YEIOBEKA, TAHHBIE T10-
Jy4eHHBIC B OKCTIEPUMEHTAX Ha MIPOTOTUIIE aHTPOIIOMOP(HOM MIararomiei miat-
dbopMe 1 UCTIONB3Ys PE3YIBTAaThl MATEMATHYECKUX PACYETOB MbI TIPEITIOKHUITH OTI-
TUMAaJIbHBIN aJITOPUTM XOJBOBI AaHTPOIOMOPGHOI MmIararoiei mwiargopmsl, pucy-
HOK 14. [TpocTpaHcTBeHHAs TPAEKTOPHS NIEpEMEILleHHs 00IIero eHTpa Mace Iia-
raroueu miatGopmsel B IUKIIE XOAbOBI IPH ONTUMAIBLHOM aJIrOpUTMeE MIpeACcTaBie-
Ha Ha pUCyHKe 15.

BHemHre 0cOOEHHOCTH COBPEMEHHBIX aHTPOIIOMOP(HBIX pOOOTOB MOCIYKH-
JIY TPUYMHON HaM MPEMJIOKUTh KOHCTPYKIMIO, B KOTOPOW MAallIMHA HE UMEET YeNo-
BEKOTIOZ00HO TOJTOBBI, pUCYHOK 16. OMHUM 13 BapUaHTOB IPUMEHEHUS pa3pada-
THIBAEMOW HaMH aHTPOTIOMOP(GHOM IIararomieit IiarGopMbl SBISIETCS U3y4CHUE
WHBIX TUTaHET, B ToM unciie Mapca. [llararomnue po6oTs 06magatoT HanbombIei
IPOXOIUMOCTBIO, TIOATOMY CTaHYT UJI€aJIbHBIM TPAHCIIOPTOM IS JIFOICH B HE3EeM-
HBIX YCIIOBUAX. B CBA3U C 3THM, npeasiaraeM COOCTBEHHYIO KOHCTPYKIIMIO I1ara-
IOIIEro poboTa. Y Hero BUAcOKaMephl PacolOkKeHbI Ha OAIIHIX BEPXHETO KOPMY-

Ca ¥ COEIMHEHbI BOTHYTOM TJIOCKOCTBIO, YTO CO3/1a€T BU3YyaJIbHBIN 3P QeKT a3 u
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YABIOKH JIMIA HE YeJIOBEKO-MI000HOTO CYIIECTBA. DTO MOBBICUT KOM(POPT MPH €ro
KOMMYHUKAILIMH C YEIOBEKOM, UCKIIOUUT 3(DPEKT 0XKUIaHUS arpeccuu U 0e3xa-
JIOCTHO-Pa3yMHOI'0 TOBeIeHUs. PacnionoxeHnue BugeokaMmep Ha pacCTOSHUM JIPYT
OT Apyra 0osiee yeM OOBIYHO, TO3BOJIMT MOBBICUTH KAYECTBO CTEPEOCKOMMYECKOTIO
MaluHHOTO 3penus. [Ipemiaraem Oeno-3enenyro OKpacky poOoTa i MOBBIIICHHS
€ro 3aMEeTHOCTU Ha Mapce, e 1Beta JanamadTa mIperuMyIecTBEHHO OpaHKeBO-
KPAacHBIE B CBSI3H C BBICOKOM KOHIIEHTPALMEN B TPYHTE OKCUAA JKeJe3a.

B otiimuue ot anTponomopdgHuoro podora Valkyrie, koropsblii pa3padarbi-
Baercs B CIIHA nis m3ydyenuss Mapca, B KOHCTPYKIMH HALIero podora oyayr
HCIO0JIb30BAHBI IAPHUPHI ¢ THOKMMHU j1eMeHTaMu. X BHeipeHue caesiaet
X010y po0oTa 0oJiee 3Hepro3pGeKTUBHOI, MOBBICUT €r0 YCTOHYHUBOCTb H
MO3BOJIMT XOAMTh 10 XPYNIKUM MOBEPXHOCTAM Osiarogaps 3ppexry ymeHblIe-
HMS CWJIbI PEaKIMH ONOPHI B CepeiiHe OHOONIOPHOI0 Nepuoa ara, Hanpu-
Mep, 10 MOBEPXHOCTH 3bI0y4nX MapCcHaHCKHX NeCKOB, B KOTOPBIX NOTrU0 O1MH

U3 MapcoxoaoB[9].

7 TlpakTHYecKHe peKOMEHIAI U

1. Ilpu cozmanuu mararonmx 6uoMopHbIX miarGopm st poOOTOB, TpaHC-
MOPTHBIX CPEJICTB U HAYYHO-UCCIIEA0BATEIbCKUX KOMIUIEKCOB PaIlliOHATBLHO UC-
MOJIb30BaTh MIAPHUPHI C THOKUMHU SJIEMEHTaAMU Halllel KOHCTPYKIIHH.

2. JIns 0603HaUCHUS MAPHUPOB C THOKUMU DIIEMEHTAMH MBI TIpeijiaraeM uc-
MOJIb30BaTh Pa3pabOTaHHbIE HAMH MUKTOTPAMMBI, a JIJISl TaJIbHEUIIEro COBEPIIEH-
CTBOBAHUS IIAPHUPOB C THOKUMH 3JIEMEHTAMU TIpeijlaraeM NpUMEeHsTh pa3pado-
TaHHYIO HAMHU UX KJIaCCUPUKALIHIO.

3. [Ipu opranu3zanuu nepeaBKEeHUs MaraoluX aHTPOIOMOP(HBIX TIaT-
¢dbopM He 00XOTUMO YUUTHIBATH MOJTOKHUTEIbHbIE CBOMCTBA, KOTOPbIE MPUJIAIOT

MallMHC HIApHUPLI C THOKMMH DJIEMEHTaMHU.
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8 HayllHO-TeXHI/I‘IeCKaH HOBHU3HaA UCCJICA0OBaHUSA

1. BriepBbie mpeyioKeHbl U U3TOTOBIIEHBI HIAPHUP C THOKUMHU 3JI€MEHTaMU
JUTst MOOMITBHOM OGnoMopdHO# TIaT)OPMBI U CTEH/T JIJISl €r0 UCTIHITAHUS.

2. BriepBrie pa3paborana kiaccupUKaIis MIapoBbIX MAPHAUPOB C THOKUMHU
AIIEMEHTaMHU, a TaK)Ke MX yCJIOBHBIE 0003HAYEHHS HAa YEPTEkKaxX U CXEMaXx.

3. BriepBbie u3ydeHo BIUsSHUE HAPYKHBIX U BHYTPEHHETO TMOKOTO JIEMEHTa
IIapOBOTO IIAPHUPA HA AMIUTUTYNY JABWKEHUH B HEM.

4. BriepBbie B 9KCIIEPUMEHTE YAAIOCH IEPEMECTUTh TIOIE3HYI0 Harpy3Ky Mpo-
TOTHUIIA MIATAIOIIEr0 TPAHCIIOPTHOTO CPEICTBA BIEPE, MMyTeM MPeoOpa3oBaHus Mo-
TEHIIMAJIbHOMN SHEPTUU €r0 MacChl B KHHETUYECKYIO DHEPTHIO, a TAKXKE OMPOOOBaTh
MEXaHU3M PEKyIepalyu SHEPTUH.

5. BriepBble yTouHEHa ONTUMAalIbHAs TPAEKTOPHS MepEMEIIeHUs 00IIEero IeH-
Tpa Macc KOPMOBOH 4acTH aHTPOIOMOop(hHO# mararorei miarhopMbl B OTHO-
OITIOPHOM IIEPHOJIE IIara.

6. BriepBbie pa3paboTaH U CKOHCTPYUPOBAH MPOTOTHIT aHTPOITOMOP(HOH T1a-
raromie miatopMbl, UMEIOITNI B KOHCTPYKITUH MAPHUPHI ¢ THOKIMH JIEMEHTa-
MH.

7. BnepBble pazpaboTaH anroputM 3HeprodpGeKTuBHON X0AbObI AaHTPOMO-
MopHOI mararomei wiathopMel U knaccudukaius ¢asz OmopHOro Nepruosa Iara
Ha OCHOBE MepeMeIleHrs 00Iero eHTpa Macc.

8. BriepBble NpeAsiokeHO TEXHUYECKOE PEIIeHNE TTO3BOJISIONIEE CHU3UTD BEC

nIararoie miarQopmMel B OAHOOIIOPHOM MEPUOJIE II1ara.

9 BuIBOaBI

1. Ilapaup ¢ THOKMMU BIEMEHTAMU — aHAJIOI €CTECTBEHHOI'O CyCTaBa MO3BOHOY-
HOTO KMBOTHOTO, TEXHUYECKU HCIIOIHUM, OH CIIOCOOEH MOPOXKIaTh BpalllaTelb-
HbIA MOMEHT B TOPU30HTAJIIbHON IIJIOCKOCTH W SIBJISATHCS IMOABHXKHOW OMOPOW ISt

Iararoiiel aHTpormoMopPpHOM MIaTGHOPMBI.
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2. BBeneHHble yCIOBHBIE 0003HAUEHHUS IIAPHUPA YIPOCTAT pa3pabOTKy MeXaHU3-
MOB C MCIOJIb30BaHUEM HIAPHUPOB C THOKUMU 3JIEMEHTAMH.

3. AMmuutyaa IBUKEHUN B IIApHUPE ¢ THOKUMU 3JIEMEHTaMH 3aBUCUT OT MX JJIU-
HbI U TOYEK KPEIUIEHUS], & CTONOPS UMM LIapHUP, MOXKHO MOBBICUTH YCTOMYHBOCTb
MAalIUHbI U CHU3UTh HArPYy3Ky Ha MPUBOJIBI.

4. YpaBHeHus TpadUKoOB JABWKCHHs OOIIEro IIEHTpa Macc aHTPOroMopdHON 1a-
raromiel miaargopMbsl B OIHOOIOPHOM MEpUOJE IIara MpeaCTaBIsIIOT coO0N KBa-
paruuHbie QYHKIUH.

5. V3roroBieHne MIOCKOCTHOM MOJICIN aHTPOIIOMOP(HOM IIararoiiei miar@opMbl
U ee 00bEMHOr0 MPOTOTHUIIA SBIISETCS BaXXKHBIMU dTallaMU KOHCTPYUPOBaHUs OHO-
MopdHoro podora.

6. IlognepxaHue MONOKEHUS] YCTOMYMBOIO PaBHOBECHUS aHTPONOMOpP(HON Iuara-
oLIEeH MIaTpOpMbl MOKHO 00ECIIEUUTh, UCIIOIB30BAaB B KOHCTPYKIMU Ta300€1pEH-
HbI€ [IAPHUPHI C THOKUMU 3JIEMEHTAMH.

7. B cepenuHe 0HOOMOPHOrO MEpUO/a 1Iara Ta300eApEeHHBIN IAPHUP C BHYTPEH-
HUM THOKHM 3JIEMEHTOM MOXKET MOPOXKIaThb MOABEMHYIO CHUJTY, YMEHBIIAIOIIYIO
BeC MIararouieil muargopmsl U ee yAeIbHOE JIaBJICHHE Ha TPYHT.

8. DOueprodgdekTuBHOE NEPEIBUKEHUE BIEpel aHTPONOMOPGHON IIararomiei
1ar(opmMbl BO3MOXKHO 3a CYET MpeoO0pa3zoBaHus MOTEHIMAIBLHOW YHEPTUU ee Beca
B KMHETUYECKYIO SHEPTHUI0, MPU UCIOIb30BAHUU IIAPHUPOB C THOKUMHU DIIEMEHTA-
MU ¥ BOCIIPOU3BEACHUH AJITOPUTMOB €CTECTBEHHBIX JIOKOMOIUH.

9. [IpenniokeHHass ONTUMAaJIbHAS TPACKTOPHS MEPEMEIICHHs OOIIEro IIEHTpa Macc
aHTpornoMop(dHOH mararomiei miarGopmbsl B LUKJIE IIara ¥ OPUTHHAIBHBIA ajro-
PUTM XOIBOBI O3BOJAT MOBBICUTH YHEPTOd(PPEKTUBHOCTH MAIITUHBI M 00ECTIEUUTD

CCTCCTBCHHOCTD ITOXOJKHMH.

10. Ilnansl Ha OyayuIee

S cuuraro, yTo aHTPOIIOMOP(HBIE POOOTHI UMEIOT OOJIBIIINE MEPCTICKTUBBI
IMPUMCHCHHA B HAYUYHBIX HCIIAX IIPHU U3YUCHHHN KOCMOCA, 4 TAKIKC OHU CTAHYT OT-
JIMYHBIMU TPAHCIIOPTHBIMUA CPCACTBAMU JIS IICPCMCIUICHUS 10 pCHBC(I)aM HEU3BC-
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JAHHBIX TUTAHET. AHTpONoMOp(dHBIE POOOTHI MOTYT IPUHATH YYaCTH B MOCTPOCHUHU
MHOIUTAHETHBIX JIa0OpaTOPUH WM KWIBIX 0a3, TAKUM 00pa30M MOJTrOTaBIUBATh
IJIAHETY JIJIsl BBICAJIKK HA HEE MEePBBIX KOCMOHABTOB. X CXOICTBO C YETOBEKOM
MO3BOJIUT POOOTaM paboTaTh C HUM B OTHOM CpeJie, HE HCTIBITHIBAS CIIOKHOCTEH
NEPEABUKEHHUS U MOJTH30BAHUS PA3IMYHBIMU MIPEAMETAMH.

[TomBomst UTOTH MPOEKTHOM pabOTHI, XOTEIOCH OBl 3aMETHUTh, UTO UCCIIEIOBA-
HUE UMEET MEePCIIeKTUBBI MPOJBIKEHNUS Briepe. BriOpanHas TemMa HaCTOIBKO 00-
HIMpHA, 4TO TpeOyeT AanbHeimmx padbotr. Hanpumep, ruianupyercst co3iarh mpoTo-
THUI 300MOPGHOI HmIararomiei mwiar@opmbl ¢ YETHIPEMSA METUNYISATOPAMU U J10pa-
00TaTh IPOTOTHUIT aHTpONOMOp(HOMN HmIararomiei miaThopMbl, BOCIPOU3BENS HA

HEM JBOWHOM MEPHUOJ 11ara.
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IHpuioxenue

Pucynok 1 - Kaapsl aHuManuu JIBW>KEHUHN MOsICA HUKHUX KOHEYHOCTEH MPHU X0Ib0e B HOpME;

nporpamma VISUAL 3D komnanuu C-Motion, st CucteMbl BU€OaHaIN3a IBHKCHUN

6\ " Pucynoxk 2. Hlapuup ¢ ruOKMMHU 37IEMEHTaMU; COIEPKUT KOp-
17\ \ 1

nyc 1, mapoBoi najien 2, mapoBYyIO TOJIOBKY 3, CTEPKEHb 5,

meiky 4, rHe370 6, ynpyro-3iacTUYHOE KOJbLIO 7, yITyOlieHne

12
19
21 xuakocth 11, paconnoe yrmyonenue 12, kanan 13, B koTopom

8, TepMeTUYHBIN yexou 9, moiocTh mapuupa 10, cMa304uHyIO

YCTaHOBJICH KJanaH 14, y Hapy)KHOTro Kpas 15, HapyXHble TH0-

oy KM€ 3JIEMEHTHI 16, 3aKperieHHble BUHTaMu 17, 18, BHyTpeHHUI
1\ rubkuii anemenT 19, koner 20, IpoOBEIeH U 3aKPETUICH B OTBEP-

ctum 21

18



HenoABHKHbIH
610K Tpoc

KOpMoOBas 4acTh

AUHAMOMeTp

WapHUP € THOKHMH

3JIeMeHTaMH NpoTOTHI

JAHHAMO-MalIHHBI
3JIeMEeHT
KpernJieHust
JAMHaAMOMeTpa Harpyska c
JIa3epHOi yKa3Koi

HenoABHKHaA

onopa MacmTabHo-

KOOpAWHATHas
ceTKa

OCHOBaHHe
rUGKHi Baa

Pucynok 3 — Ctena 115t UCTIBITAHUS IWJIMHAPUYECKUX U IIAPOBBIX IAPHUPOB, C IIApHU-
POM C TUOKMMH 3IIEMEHTaMH M IIPOTOTUIIOM CHCTEMBI PEKyIIEpaIy YHEPTHUH, B TAHHOM clly4ae
(bpoHTaIBHBIN MPUBOA CHAOKEH NMPYKUHHBIM JUHAMOMETPOM

—0— O

PucyHok 4 - Paznemublii (clieBa U Hepa3beMHBIH (CIIpaBa) MIApOBOM MIAPHUDP C BHYTPEH-
HUM U BHEIIHUM THOKHM 3J€MEHTaMHU

NpOTOTHI

KOopMoBast _
AUHAMO-MAlIWHbI
Ta3o6eApeHHbIi é % |\4é> 5
IMapHUP
ne UMy AATOp cerMent R " 19 Pucynox 5
oeapa li B
[IpoTorun anTpomno-
Npy>KHHa
KoJIeHHbIH KOJIEHHOTO o o
IApHUP wapnupa MOp(I)HOI/I arararomcu
A A =P
cermenT Front Sagittal 1aTopMsl (clieBa) U
TOJIECHH .
roJIeHOCTONMHBIN CC HCPTEK (cnp aBa)
HIapHH
P crona O]
Horizontal

PucyHnok 6 - Moznens rojnoBku mapHupa; 1| — HaxyBHas pe3suHOBas

000109Ka; 2 - aHAJIOT BHYTPEHHET0 THOKOTO JIeMEeHTa IIapHupa; 3 —
oTIopa HalyBHOW pe3WHOBOW 000JI0UKH; 4 — 001aCTh KPETUICHUS aHa-
JIora BHYTPEHHETO TMOKOT0 JIEMEHTa IapHHUpa; 5 — MOJIeIb Kperie-

HUS BHYTPCHHETO TUOKOr0 AJIEMEHTA IIapHHpa K THE34y HIapHUupa
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‘\ NPOCTPAHCTBEHHAA
KpuBaa
x
[
npoeKkyua
L NpOCTPaHCTBEHHOM
KpUBOM

Pucynox 7
IIpoctpancTBEHHAs KpHUBas
JIBUYKCHMSI HArPy3KH
KOpITyCa UCIIBITATENIBHOTIO

cTeHIa

Pucynox 8 — I3yuenue BeauuHbl ycuiins (pOHTAIBHOIO MPUBOJA, HEOOXOIUMOTro IS yiep-

JKaHHA KOopIryca CTCHAa IIpyu MOACIMPOBAHNHN Hadajla U KOHIIa OJHOOIIOPHOI'O IE€pHOoaa 1miara u

pacrpeneneHne Harpy3KH Mo MOBEPXHOCTH MIApOBOH TOJOBKH HIAPHHUPA; ClIeBa — HAYAJIO OJHO-

ONOpHOI'0 I€pHroaa 1mara, yCujinc nNpuBoa MakCuMaJibHO, Harpy3kKa I[CI\/'ICTByeT Ha BCpXHI/IfI CCK-

TOp IIIEIpOBOﬁ T'OJIOBKH; CIIpaBa — KOHE OAHOOIIOPHOTI'O II€pHoaa mara, yCUJiIne nmpuBoaa MUHU-

MaJIBHO, Harpy3ka JeHCTBYeT Ha HUKHUI CEKTOP IIapOBOU FOJOBKH
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Pncy}mlc 9 — YcnoBus paBHOBECHUS KOPITyCa CTCHAA U paClIpCACIICHUC HAI'PY3KHU HA ITOBCPXHO-

CTH IIApHUPA MPU MOJICTUPOBAHUH CPEAUHBI OJHOOIOPHOTO MEpPHO/a 11ara, MPUCYTCTBYET YCH-

nve GpOHTATFHOTO IPUBO/IA M HATSHYT BHYTPEHHHI THOKUH 3JIEMEHT IMIApHUPA; TOKa3aH B

CTeHJa (ClIeBa), CXeMa JACUCTBYIOIIMX CHJI U PACIIPEIEIICHUE HArPY3KH Ha TOJIOBKY LIApHUpA

(cipaBa)

Pucynok 10 — Mtroctpanus JBUKEHUN KOpITyca CTEHIA U MOJIEIN pOTOpa JMHAMO-MAIIIMHBI,

JKCJITBIMHU CTPCIIKAMU ITOKA3aHO HAIIPaBJIICHUC HBH)KCHHﬁ; KpaCHbBIMU U3MCHCHUC BBICOTHI pacCIio-

JIOKCHHA HArpy3KH; CJI€Ba HCXOJHOE IMOJIOKECHHUE, CIIpaBa KOHEYHOC

15 -

10 -

M 3anacéHHasn
3Heprua

B 3Heprusa,
3aTpaueHHas Ha
nepemelieHue

Pucynok 11 — M3MeHeHne MOTEHIIMAILHON YHEPTUN KOP-
MyC CTEH/Ia MPH €T0 MEePEMEIEHUH; )KEITHIM IIBETOM 000-
3HaY€Ha BEJIMYMHA MOTEHIUAJIBHON YHEPTUU B UCXOTHOM
MIOJIO’KEHHUH; KPACHBIM 1IBETOM 0003HaYeHa BEJTMYMHA I10-
TEHIIMAJIBHOW YHEPTUM B KOHEYHOM TTOJIOKEHUU; OTTCH-
KaM¥ (PHOJIETOBOTO I[BETa 0003HAYEHO COOTHOLICHHUE 3a-

IIaCEHHOH U 3ana‘-IeHHOﬁ MOTEHIIUAILHOM OHEPrun
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Pucynok 12 - Cxema aBIKeHUsT 00JIACTH KPETUICHHSI BHYTPEHHETO THOKOTO JIEMEHTa [IapHHUpa

K THE3QYy MIapHHpa U NIEPpCMCIICHNA BHYTPCHHCTO TUOKOT0 BJIIEMEHTA mapH1upa B OAHOOIIOPHOM

NepUojie 1ara aHTpornoMopHoit mararomeit mardopmsl

Pucynoxk 13 — IIpoToTun kopMoBOi 4acTu aHTpONIOMOpP(HOM MIararomei niaardopmsl; a) BUL

criepenu, b) Bu cBepxy
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Pucynok 14 — OntuManbHBINA alTOPUTM TIEPEMEIICHHS aHTPOMTOMOP(HOM IararoIien miatdop-

MBI B KJTacCU(UKAIIIS TIEPUOIOB OMOPHOM (Da3bl mara

Pucynok 15 — IIpoctpan-
CTBEHHAs TPAEKTOPUS ONTHU-
MaJIbHOTO TIEPEMEIICHHS 00-
IIETro IIEHTPa Macc aHTPOTIO-
MOp(}HO¥H mararomniei miar-

dbopmel (b pamu 0603HAYCHBI

MIEPUOIBI 11ara)

PucyHnok 16 — O6muii By Hamero podora Ha moBepxHocT Mapca (crpaBa);

KaK CpaBHCHHEC BU 3JIOBCIICTO po60Ta «TCPMHUHATOPA» (cneBa)
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