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nepeAa,{eù B oAHy cxcreMy, B Koropoir rena nonacrei
B HepaooeeM cocrof,Hl4r4 ycrpoùcrBa BcerAa
oacnonoxeHH B naoannenbHbtx nnocKocrnx
He3aBuo4Mo or yrna noBopora poropa. Porop
BbrnonHeH 6apa6aHHoro r[na Anfi AByxcropoHHero
3axaara ocei BDaueHrF nonacrei Ânvl
nnocKocrHbrM - AnF oAHocropoHHero 3axBara oceù
BoaueH|4F nonacTei I HacaxeH c ao3MoxHocTbro
cBoooAHoro BpaqeH!4r Ha coocraeHHylo ocb, Ha
xoTopyK) HacaxeHa BeAyqaF 38e3Ao\r(4, cBc3aHHaF
qenHoù nepeAaeeù c aHanorrqHoù seAoMoù
3Be3AorxoÉ, HacaxeHHoù Ha oAHy 143 n oceù
BpaqeHrn nonacreù. npq porope 6apa6aHHoro runa
nonacrn Moryr rMerb xMepr OopMy npaMoyronbHrKa.
h3o6pereHxe no3Bonaer sQ+efixBHo
npeoopa3oBHBarb 9Hepf|/flo Bpar4arerrbHoro
ABrXeHrs nponennepa B SHeprl4|o nocTynaTenbHolo
ABrxeHhF flerarenbHoro annapaTa un[ cyAHa. 1 3.n.
ô-nbr, 11 xn., 1 m6n.
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(54) nPOnEflnEP YCTOT'
(57) Peôepar:

ly'3o6pereHl4e oTHocxrcq K Bo3Ayr!HoMy 14 BoAHoMy
rpaHcnopry, Kacascb co3AaHxq nponennepoB Ann
ABXXeHrlfl TpaHCnOpTHbrX CpeACTB B CnnOUJHbTX
TeKyq[x cpeAax. nponennep uMeer poTop c
MexaH!|gecKrM np[BoAoM14 n oaxHâr(oBbrx f lonacTeù,
3aKpenneHHbtx Hecyu.ltrM14 t4x octMr,r Ha Hecyuleù
KOHCTpyXqXt4 pOTOpa nepneHAhrryn9pHo K nnocKocTr4
BpaqeHxg, criMMeTpl4qHo r Ha oal4HaxosoM
paccrogHt4r,r or o6qei ocr4 xx BpaqeHxF TaK, qro

Mecra KpenneHxF npeAcraBnFFT co6où BepuJrHbl
npaBhnbHot'o n-yTonbHxKa. B (agecrBe orAenbHoù
nonacrl4 ycrpoùcrBa npxMeHeHo nnocKoe rnr
o6ÈeMHoe rv1po- vnu aopo4hHaMxqecKt,t o6TeKaeMoe
rroKoe ynpyroe B nonepegHoM HanpaBneHx[ Teno,
xecrKo 3aKpenneHHoe Ha co6crBeHHoù ocu
BpaqeH|4q. Ha caM ocr, 3aKpenneHHbre c
Bo3MoxHocrHo cBo6oAHoro BpauleHns, HacaxeHbt
oAuHaKoBbte 3se3AorrKt4, cBF3aHHbre qenBoi
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ly'so6perenlre orHochrcn K cpegcrBaM co3ÀaHr4g o4flbr rf,rh, rcnonusyeuoù AnF ABhxeHhF
TpaHcnopTHbrx cpeAcTB B cnflo[uHbtx TeKyqhx cpeAax.

Ypoeexu rexHuKh
143BecrHo (Il.flpangrnu. Fr,rgpoaepouexaHrxa. H14l-.1 <PerynnpHan r xaoruqecKar ArHaMuKa)

MocKea-l4xeecx , 2OO2, 572 crp.) ycrpoùcreo nponennep Bohc-lllHaùAepa (Voith-Schneider),
npnuennel,,turfi AnF TaKnx ropa6neù, Koropbte AonxHbt Merb oco6eHHo xopoluyo
MaHeBpeHHocrb - Cnna tarn B03HnKaer nph ABnxeHhh nonacreù nponennepa, BeprhKanbHo
norpyxeHHbrx a eo4y. flpr oroM npo,qonbHbre ocn nonacreù cnMMerpnqHo pacnonoxeHbr h
3aKpenneHbr Ha Hecyqeù KoHcrpyKqhh, ocyqecrBnFlorqeù npnxy4nrenuHoe Bpat4arenbHoe
ABhxeHne oceù c nocroFHHoÉ yrfloBoù cKopocrbto. B pesylurare np TaKoM ABuxeHnr4
nonacrnMh, norp)r(eHHbrMl4 B BoAy, ocyqecrBnnercn rpe6oK, no4o6Hbrù rpe6ry Becna. OroMy
cnoco6crayer koHcrpyKqhe, 3a4alor4ae nepeveHHurù (or noloxurenuHoro Ao orpt,tqarenbHofo)
yron araKh Kpbrna no orHorleHhp r xacarensuoù x xpyroeoù TpaeKTophr4 geuxexrn oceù
nonacreù. Taxoe cgoùcreo KoHcrpyKqhh no3BonFer ynpaBnFTb HanpaBneHheM BeKTopa rsru
ycrpoÉcraa nyreM cMeqeHhg ToqK[ ynpaBne HnA yrnaun araKx nonacreù or qeHTpa, T.e. or
oo4 BparqeHhF xecyqeÉ KoHcrpyKqun. ,Qnn cunxennn rn.qpoghHaMuqecKoro conporrBfleHhF
ABhxeHhto nonacreù a aoge npoSnns nonacreù eu6upaercn fhApoAtaHaMhqecxn o6rexaeuuru.

Hegocrarxallr h3BecrHoro ycrpoùcrsa sBnqorcf,
- Hrf 3KooQQeKrraHurù rpe6xoaurfi cnocob cosgannp, cvtrtl TAIAi
- cHhxeH14e sQQerrnaHocrn (rpe6Ka) n3-3a perynFpHoù rgMeHcevocrh a3hMfTanbHoro

HanpaBneHhF BeKropa rFrl4 oKoro ero cpeAHefo HanpaBneHhn;
- norepù4 B oQQeKrhBHocrtA vÊ4a rgnnurxeù ryp6ynusaqrr BoAbr Bnnorb Ao ee BcneH BaHhn;
- xecrKaF Qopua rena nonacri4, 14cKnogatou.laF pecypc cHhxeHhn hx fniqpo4hHaMhqecKoro

COnpoTlilBneHhfl.
l4saecrHa (Chul Yong Yun, lllkyung Park, Ho Yong Lee, Jai Sang Jung, In Seong Hwang,

Seung Jo Kim and Sung Nam Jung, "A New VTOL UAV Cyclocopter with Cycloidal Blades
System", AHS 60th Annual Forum and Technology Display, June 7-1O, 2OO4, Baltimore, MD;
http://ksea.org/ukc2004/en/Proceedings/01 AST/AST25_SeungJoKim.pdf.) qr4KlohAaflbHaF
chcreMa ronacreù AnF qhKnoKonrepa. Taxan cncreMa aHarorhqHa nponennepy Bor,rc-
tlJHaùAepa, TonbKo Bpau.{eHhe nonacreù ocyrqecrBnflercn BoKpyf ocr4, pacnonoxeHHoù He
BeprhKanbHo, a ropn3oHTanbHo. KpoMe roro, chcreMa np!4MeHFercF e aruocQepe.

Hegocrarraur h3BecrHoro ycrpoùcrea FBfl norcq
- HnsrosQ$errrenurù rpe6xoauù cnoco6 cosgaxnA cnnr;t rAru;
- cHhxeH]4e eS$errnanocrn <rpe6xa> n3-3a perynFpHoù hsireHner!4ocru a3uMyranbHoro

HanpaBneH,|F BeKropa rFru oKoflo ero cpeAHero HanpaBneHltfl;
- norepn B oQSeKrltBHocrA t s-sa h3n!4[uHeù ryp6ynueaqnn arMocQepbt;
- xecTKafl (popMa Tena ronacTh, 14cKno'.ta|ou{aF pecypc cHhxeHhF hx aopoAhHaMnqecKoro

conDoTuBneHhc.
Han6onee 6nlrgxru K npe4naraeMoMy rexHhgecKoMy peureH!4o FBnnercn nau <Cnoco6 r.t

ycrpoùcreo gnn nepeMer4eHhr 3aronreHHoro rena> (narenr Ne2259302 RU), e xoroporvr x
nnocKoMy hnh o6ÈeMHoMy rhApoAhHaMhqecxr o6rexaen,ton,ty rra6xorury ynpyroMy reny,
HaxoAcqeMycF B TeKy.{ef cpeAe, B nonepeqHoM K noBepxHocrh npoQhnr HanpaBreHhh B
onpe4enennoù o6nactu, nphKra4brBaercc chna. 3ro npr4BoAt4T K Bo3HnKHoBeHho y rena ctanbl
TFrh B HanpaBneHnu Bnepeg, nonepeqHoM x HanpaBneHho nprxna.qbrBaeMof o4nbt, h raxoMy
h3MeHeHho $opuur, xoropan o6nagaer MhHhMaflbHbtM conport4BleHlteM nph ero ABHXeHHu B
reKyqeù cpeAe.

N3BecrHoe peuJeHhe AonycKaer pacur4peH!4e - Bap aHT ero npnMeHuMocru - B KaqecrBe
ronacTn qhKnon,qanbHoro nponennepa.

qenb npeAnaraeMoro peueHMe - pa3pa6orKa ycrpoùcrBa, oHeprl4F BpaularenbHoro
ABhxeHht xoroporo eQQeKrreHo npeo6pasyercfl ABr4x!4renflMu-ronacrnMn B eHepruo
nocrynarenbHoro ABnxeHun cyAHa AnA annapara, Hecyu{ero aro ycrpoùcreo, nhueHHoro
Bbtuenepe'{ncneHHbrx HegocrarKoB h3BecrHbtx rexHHLrecKnx peueHhù.

l-.lenb Aocrhfaercs nphMeHeHheM B KaqecrBe orgensHoù nonacr!4 ycrpoùcraa nnocKoro unlr
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o6ÈeMHoro ruApo- vnt agpoAHHaMr4qecKh o6TeKaeMoro rr46Koro ynpyroro B nonepeqHoM
HanpaBneHh14 Tena, xecTKo 3aKpenneHHoro Ha co6clBeHHoù oc!4 Bpau{eHuf,, pa3Aengloqeù Teno
Ha y3Kyrc (HOCOByK)) 14 UJr4porryn (XBOCTOByTO) qacTh, nphqeM B COCTOTHT4h nOKOF nOnaCTh
hAeHThqHbr no oTHoueH14|o K napanner|bHoMy npocTpaHcTBeHHoMy nepeHocy, a Ha caMu och,

5 3aKpenneHHbre B poTope c Bo3MoxHocTbrc cBo6oAHoro Bpau{eHhF, HacaxeHbr oAhHaKoBbre
3Be3AOrlK!4, CBF3aHHbre qenHoù nepeAaqeri B OAHy Cr4CTeMy, B r(OTOpOù Tena nOnaCTeù B
Hepa6oqeM cocTocH1414 ycTpoùcTBa BcerÂa pacnonara|oTcf, B napannenbHbrx nnocKocTFX
He3aBrchMo or yrna noBopora poropa, nph oroM porop Moxer 6urrs xar 6apa6aHHoro rhna Anq
AByxcropoHHefo 3axBara, TaK nnocKocrHoù prn o4uocropoHHero 3axBara oceù BpaqeHfic

fi nonacreil, hMelou.l4x $opruy npnuroyronbHnKa AnF 6apa6annoro Anv s avqe nepa nrhqbr Anfi
nrocxocrHoro poropa, HacaxeHHoro c Bo3Moxxocrso cao6ogxoro Bpal4eHhF Ha co6crBeHHyto
ocb, Ha Koropylo HacaxeHa BeAyu{aF 3Be3.qoqKa, cBF3aHHaq qenHoù nepeAa,reù c asanorrqsoù
aegovoù aaee4ovroù, sacaxeusoù Ha oAHy l4g n oceù Bpau{eH!4n nonacreù, B pe3ynbrare qero

noBopor Ha npon3BonbHuf yron ocn BparqeHuF poropa orHod4TenbHo Kopnyca cyA4a vnr/'
i5 annapara, Hecyu{ero ace ycrpoùcreo, Ha ror xe yron !43MeHqer npocrpaHcrBeHHyo

HanpaBneHHocrb Bceù rpynnbr nonacreù, nphqeM porop nphBoiqhrcq Bo Bpau{arenbHoe

.qBnxeHhe MexaH qecKhM, SneKTpoMexaHhqecKhM hnh Apyroro poAa npuBoÂoM.
cvulHocrb l,4306PETEH1,4F.
A. fipr paspa6orxe <Cnoco6a n ycrpoùcrea gnn nepeMeuleHhn 3aronfleHHoro rena) (nareHT

20 Ne2259302 RU) uar'au nonyqeHo, vro npu aoegeùcrBrr4 B nonepetrHoM HanpaBneH 14 Ha nflocKoe
rnr o6remxoe rh.qpoAhHaMhqecxn o6rexaen,toe n,t6roe ynpyroe reno rhna Kpbrna, HaxoAru{eecq
B TeKyqeù cpeAe, B onpeAenexnoù ero o6nacrn nphBoAr4T K Bo3HhKHoBeHhp chnbr T9fr4,
euupx4arcqeù reno ABr4rarbcn BnepeA B nonepeqHoM x eos4eùcrayouleil ctÀne HanpaBneHr4u.

lloncHuru ero.
25 flpex4e scero, oco6oro BHhMaHhF rpe6yer Bonpoc onpe4eneHnc o6nacru np!4noxeHhn

BHelllHeIO ychnhF K ABl4xhTento.
Paccvorpnra ($nr.1) reno, HaxoAnqeecn nog geùcremer,r BHeuHeù c!4nbr. AnF

onpeAeneHHocr[, nycrb 3To 6yAer nnocKag nnacrnHa npgMoyronbHoù $opuur c pasuepaur lx
k, rae | - nonepevxurù, a k - npoAonbHbrù ee paauepu, npuvena lck. Paccuarpuaaru nnacr!4Hy

J, 6yAeM B nnocKocl4 XOY npnnaoyronsnoù crcreruu KoopAhHar, o6pa3oBaHHoù occrvh X, Y nZ.B
npoAonbHoM HanpaBneHhù4 nracrhHa HanpaBneHa napannenbHo ocn Z, upyu4eùt n3 n!4cra. B
pe3ynbrare Ha nnocKocrn XOY npoexqrn nnacrr4Hbr 6yger eurnn4erb KaK orpe3oK AB npnvoù
n[Hnv, pr']'u{où1 1. Haqano KoopA Har, Tor{Ky o, eul6epeu raK, qro oHa 6yAer coBnaAarb c
ToqKoù Bbr6opa rFrr, c HaLranbHoû AIttts'oû po. Ocu OX HanpaBnM no BeprhKanr4 BH!43 TaK, qro

35 npstoas, coe,qhHqroqaq rovxy O c nnacrhHoù, 6yger coanagarb c ocbro OX. Ocu OY Hanpaauu a
cTopoHy Bo3HhKatoqero nocTynaTerbHoro ABnxeHnF nnacThHbr TaK, qTo lpaeKTopl4c ,qBhxeHh9,
KaK nnocxan xpnean, 6yger pacnonoxeHa B nnocKocrr XOY. To.{xoù C o6ogxa.{rùl
reouerpnvecxrù qeurp orpeaxa AB, nanntoquùcn B HaueM cnyqae oAHoBpeMeHHo qeHTpoM
Macc ororo orpe3Ka. Toqxoù O'obogHaqrv ror{Ky saxBara rrroù (rpocoM) nnacrhHbr Ha

4, orpe3Ke AB.
Cyqecrayer gae KpaùH[e ct ryaAAV: nepBan - oro Kor4a rqra 3axBarbrBaer nnacr Hy B

TOqKe, COOTBerCTByrOrJleù MaKC ManbHOMy MnAeneBOMy CegeHhto, T.e. B TOqKe c, rAe CVeUlenne
COr=(ToqKh 3axBara nnacr[Hbr reroù paBHo ô=0. B oroM cnyqae npnKnaAbrBaeMa9 K nnacrhHe
BHe|.UHFfi Chna 6yAer nopoMarb MaKc ManbHyro nporr4BononoxHo HanpaBneHHyto cnny

45 peax4nn cpe4bt. Oro nphBo,qnr K MaKc ManbHbrM norepnM B cBF3H c coBepueH,teM pa6orbt,
aarpavnaaeuoù Ha npeoAoneHhe chnbt pearq[h cpeAbr, 14 cuna rArA He Bo3HhKaer.
9SSerrranocru BbrnonHeHr4n pa6or B TaKoM cryqae Hn3KaF. Bropan cnryaqrn - 3To Kof,qa rera
3axBarbrBaer nnacruHy B ToqKe, pacnonoxeuuoù B cepeAhHe Qpouroaoù nuHnn nnacrunu. Ha
nnockocrr4 XOY ero nonoxeH!4e coorBercrayer roqxe A orpesKa AB, r4e ô=l/2. B erou cnyvae

50 cnna HarFXeHhF TFrh, BHeuHqt cnna, Mt.lH Manbxa. llpr estaoge nnacrt4Hbt n3 roplt3oHTanbHoro
nonoxeHng ocyu]ecrBnrercF, npexAe Bcero, noBopor nnacr!4Hbl Ao nonoxeHhc, 6nngxoro r
BeprhKanbHoMy. Cuna tnrn He Bo3Hr4Kaer. T.e. eSQerrneHocrb npr4noxeHnt chnbl v1 B oroM
cnyqae Hh3Kar. cne4yer oxt4AaTb, qlo Mex{Ay AByMe KparHr4Mh cnyqacMh, KorAa ô=0 ô-u2,

Crp.: 4
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AonxHa cyu{ecrBoBarb ro9Ka, 3axBar nracl4Hbl B Koropoù 6yger cnocobcreoaaru
uaxcnuansuoù ssserrraexocrn 3a cqer Bo3Hl,'rKHoBeHnq cr4nbr rFru KaK pe3ynbrara AeÉcrBl4t
gayx ueraGexxo cyqecrBylou.{}tx HaqarbHbrx chn - BHeuHeù chtlbl 14 cl4tlbl peaKqhu cpeAbl.

O$$errnanocru AeùcrBt4e sFteuJHeù cnnu 6ygev oqeHhBarb no MaKchMyMy Bo3HxKatoqeù
f c rbr rFrh B saBr4chMoc 4 or napaMerpa 5. <Dttgrqecxn 3To AotlxHo Bblmf,Aerb raK, qro npl.l

nphnoxeH!414 BHeuHero ychfir4F K ABhxnrento B03HhKaer chna peaKqhu cpe4bl. BeKropbl 3Tr4x
ct,tn cKna4brBatorct u Aaor BeKTop pesynbr]tpytoqeù cnnbl, npnBoAtl4nù r nocrynarenunorr,ty

ABhxeHhlo nnacrhHbr no xpreonrueùnoù TpaeKropu14.
Oqexnm ro paccrosHne ô, Ha KoropoM AonxHa pacnonafarbcF ToqKa 3axBara BHeuHeù

to tnroi't nflacrhHbr no orHouJeHlro K reoMerphqecKoMy qeHTpy sTof nracrl4Hbl.
Ha qw.2, a npnBeAeHbt:
XOY - racxo4sag npnMoyronbHaf, chcreMa KoopghHar, rovra O - rovra aut6opa rnrn,

Hanp14Mep, rpoca;
X"O"Y" - o4creMa KoopAhHar, cBn3aHHat c irrHoeeHHoù ocblo BpaqeHun, npoxognqeù

t5 qepe3 Hagano Koop.quHar O". Ilycru nonoxeHhe rena B npocrpaHcrBe 6yAer
xapafieph3oBarbcn KaKoù-nnbo roqKoù ororo rena, HanphMep, KaK B HaueM cny'{ae, TortKoù
ero 3axBara. Tor4a eeeAeFrlae cncreMbt Koop4hHar X"O"Y" csngaFto c reM, qro nph
xpnaonuxeùnola ABI,/DKgHAU rena ]4Meercfl ocb, Koropaq B paccMarprBaeMbrù MoMeHT ABhxeHhF
Haxo4r4Tcq B noKoe, T.e. Teno B 3Tor MoMeHT rax 6u coaepulaer Bpau{arenbHoe ABhxeHhe

20 BoKpyr oroi4 och, npoxoAgqeù vepes rovxy O". Taxaq ocb Moxer, KaK B HaueM cnyqae,
HaxoA!4Tbcr 3a npeAenaMh rena. A pesynurhpyoqac KphBonhHeùHaF TpaeKTop!49 ABhxeHhf,
rena 6yger npepcraBnqrb co6oÉ À,tHoxecrao roqeK, nocnegoBarenbHo o6paooaaunstx
coBoKynHocrbro nonoxeH14f B npocrpaHcrBe roqKn 3axBara.

p - MTHOBêHHaS Anl4Ha TPOCA;
25 p'- paccrorHne orroqKn 3axBara nnacrnHbr po urHoaeuxoù ocu epaqenltn o";

F - BeKrop nphKraAbrBaeMoù rsroaoù chnbt rpoca (a4ecu r,r Aanee xnpHblMl4 6yxaaun 6ygyr
o6o3Haqarbcn BefiopHbre Ben ql.tHbt);

N - eerrop chnbr peaKqhh cpegbt;
Ha $ur.2,6 npnBeAeHH:

30 AB=l - uuprHa nracrÙrHbr;
11 - nnêeo chnbl f1i
f1 - aerrop o4lbt, sa4ator4eù BpaqeHhe nnacrhHbt BoKpyf rotlKl4 O', cansaxnoù c 3axBaroM

nnacThHbt TpocoM;
C - qenrp Macc nnacrrHbr t4 oiqHoBpeMeHHo ee reoMerphqecKhf qeHTp;

35 o'c=ô - paccronHhe cMeuleHnfl ToqKr 3axBara nnacrnHbr or qeHTpa Macc c;

Fn=F.Coscr - N' - pesynsnrpyoulan HopManbHae cocraBnetot4an cunu, 4eùcraypuler Ha

nnaclhHy co cTopoHbr rpoca;
F. - raxrenqnanuHan cocraBnFtot4aF chnbt AeùcrBytoqeù Ha nnacrhHy co cropoHbl rpoca;

40 F'=Fn+F. - ra pe3ynbrupyroqaF crra, Koropas BbrHlD(Aaer reno ABnfarbc9 nocrynarenbHo

no Kpl4BonnHef Hof TpaeKropr'rh, orflr4qator4eùcfl or oKpyxHocrh;

0 - yron Me)|(Ay MrHoBeHHbtM HanpaBreH eM ABnxeHtlt nnacrHHbl t4 ocbto Y;

T - MTHOBeHHOe 3Ha'{eHhe yrna noBopoTa MrHoBeHHoro pa|.vyca p' no oruouennro r ocr o"X";

q - yron orKnoHeHnF Tpoca or BeprnKanbHoù ocn X;
45 a - yron Me)y.Ay rpocoM t4 MrHoBeHHblM paArayc-BeKropoM p'.

MolaeHr M1 (uexnpxurruu 6yraaur B AanbHeùueM 0603Ha.raoTcF MoAytlh coorBeTcTBytol{l4x
BeKropoB) cunbt F., npnKraAblBaeMoù K nnacThHe n !4Mepu.lei nreqo pr, onpeAenFeTcq
npoh3BeAeHneM chnu Ha nneqo. Tor xe MoMeHT cnnbl onpeAennercF MoMeHToM l4Heprlr'rfi J9"

cncreMH r npro6pereuHurM yrnoBbrM ycKopeHheM d2ytdt2. Torga t4Meer Mecro paBeHcrBo
'u 

M, = F. ' P'= Jo" ' dzy / dt'z (1)

(H.l,1.Kapnxr,rx, K.H.Eurcrpoa, f'l.C.Krapeea. KparKnù cnpaBoqHhK no Qnsuxe. "Butculan
uxona".  M.,  1962).

lpyroù rr,|orvreHr M2 chnbr f1, AeùcTBytou{eÉ na nnacrnry c nreqoM 11, nph9êM B sTOM Ctlyqae

CrD.: 5
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MoMeHT hHepq h - Jo' h yrnoBoe ycKopeHne - d2ytdtz, onpeAenrerc9 paBeHcrBoM
M z  = f r . 1 r  =  J o , d ' z p / d t ' z  l à

Paccn/|orpur,l cnyqarZ paBeHcrBa yrfloB T=p 14 cooTBeTcTBytoulHX yrJtoBbrx

5 ycKopeHr4ù d2rldt2=d2gldt2

Qnr.2 a, 6 nnacruna no4 geùcrereu rpoca 6yAer pa3BopaqhBarbcs no .lacogoù crpenKe. [lpr4
oroM nnacrnHa 6y4er npno6perarb nocrynarenbHoe ABuxeHIe Ha3aA. Cflyqaù y>F

. - coorBercrByer roMy, vro d2yd(>d2gldt2, r.e. nnacrnna no,q .qeùcTBHeur rpoca 6yger
t' pas"opa..,r"arbcn npor!4e gacoBoù crpenrh. Ho npn erola cornacHo reoMerphr4 Sur.2 a,6

6yper yr,aeHsruarbcr c na peaKq H cpe4bt N. B pesynsrare chna F craHoer4Tcn npocro chnoù,
TFHyulef 3a co6où Tero, Ho He roù cnnoù, Koropa9 AeùcrByer B nonepeqHoM K
nocTynaTeIbHoMy HanpaBneHhto ABhxeHu|o 3aTonr|eHHoro Ter|a.

Tor4a nueer Mecro paBeHcrBo
' u  , , .  p , /  J -  =  \ ' r ,  /  J "  ( 3 )

llocxonsry
4  =  F . s i n c ç  C =  p .  c o s c ( /  ( 4 )

r7o ,  =  m '  I ' z  /  L2  +  m .  P '=  m .  12  /  12  +  n ,  p "  ,  co *a  (5 )

20 (m - s$Serruaxan paBHoMepHo pacnpegeneHHan Macca nracrnHbr, BKrroqatou{af,
np!4coe,qhHeHHyo Maccy [n.[.naH.qay, E.M.Ilragulraq. Fr4pognuaunxa. "HayKa". 1988]),
q = 2  ô  N / 1 ,  1 1  = r / 2 , ' J d  =  1 m  .  l ' z  /  7 2  +  m  '  6 2 )  ,  ( 6 )

ro h3 paBeHcrBa (3) c yverou ( ), (5) r (6) aurrexaer
F, = l(m. 12 I 12+ m. p'?. Cos2a)N/p. Cosd,l. ô(m. l, /12 + m. ô, ). (7 |

25 O6osxa.{he Bcto coBoKynHocrb coMHoxhreneù, te saaucnuqutx or **, 6yxaori K, paBHori
x  =  t (m , I ' z  / 12  +  m .  p2  '  Cos2c0N, /  p  .  Cosa l  ,  (B )

nepenhueM paBeHcrBo (7) B Bhge
F .  =K .ô i (m ' | ' : / 12+m'ô '? ) .  (9 )

J0 Torga nepaan npo!43BoAHaq F"'$yHxqrn F" no 6 n,toxer 6urru aanncaxa e euge
F .  =K . [ô (m. t ' 112  +m.ô '? ;1 '  =

=K- l /m4'z  tn*m-ô '?) -ô- (2môl t (m' t2  tn*m.ô ' ) ' .  (10)
PaseHcreo uyno nepaoù npon3BoAHoù F"'=0 onpeAenner, To 3HaqeH e Ben!4quHbt ô, np

J5 KoropoM Qynxqnn Fr hMeer oKcrpeMyM (1,4.H. SpoxureùH, K.A.CeMeHAcea. Cnpaaovnnx no
MareMarhKe. "Hayxa". 1964). OnycKar oqeBH.qHbte npoMexyror.tHbre BHpaxeHhF h
npeobpaaoeaxrr, 3anhuJeM,
( m . 1 2  / t 2  + m . ô 2 )  - ô . ( 2 m ô )  =  o i  r ' z / 1 2 =  6 2 ; 6  =  r  /  I A ' / ' z  =  0 , 2 s 8 ? . r  ( 1 1 )

A nocKonbKy BTopaq npon3Bognan F"" MeHblue Hynfi

4 0  8 , " <  o '  ( 1 2 )

To nonyqeHHoe 3HaqeHne Berh'rhHbr ô onpeAen9er MaKchMyM Syurqnlr F. or E. Ecnn xe

flecrb, .rro cnna rAfA F.=F.Sina, To oKa3uBaercg, rrro npr4

0/ l=0,2887 (13)
saronneHHoe reno npro6peraer MaKcnManbHoe raHreHquanbHoe ycKopeHrie nph 3agaHHoft

45 npnrnalataaeMoù cune F u pacrer c pocroM yrna o nponopqnoHanbHo Sing.
Oror xe yron d. aagaer yron Mexgy BefiopoM crnur N pearqun cpeAbr, BosAeùcrByrou{ef Ha

nnacrùrHy, u npFMoù, e4onu xoropoù AeùcrByer nphKnaAbtBaeMafi K nnacrhHe cr4fla F. Orcp.qa
cneAyer, Lrro ynpyrocrb r rr6xocru nnacruHbr ,qonxHbr B npoqecce pa6oru aa4aaars raxoe
3HaqeH!4e yîna û. AJl'tl XopAbl, KOTopoe COOTBeTCTByeT yCnOBulO Bo3H14KHOBeHhf, MaKCnMaIbHOi

5o c,Ântt tnru.
Tarlrv o6pasov, oKa3btBaerct, r{To pagMeuleHne roqKh 3axBara nnacr}tHbt B coorBercrBt4H c

ycnoBheM ô=0,2887.1 n03Boncer Aocrhqb onrrMaflbHbrx ycnoBhù nepeMeu{eH F nnacr!4HU no,q

AeùcrBheM pe3ynbrhpyou{eù AByx chn - rnroaoù o4nH rpoca r chnu peaKq r cpegbt. B oroM

Cnyeaù 1<p coolBercrByer roMy, ero d2Ttdl2<d2pldt2, r.e. B cooTBeTcTBr4h c reoMerpueù

C1p.r 6
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cnyqae nocrynarenbHoe ABhxeHre rena oHeprernqecKh onrhMarbHo )D{e xorf, 6ut norouy, vro

AB XeHhe nnacTnHbt ocyu{ecTBnFeTcF B cooTBeTcTBr4n c TeMh ycnoBuFMr4, KOTOpble nptlBoAtT K
M14H14MyMy oHeprerugecKhx norepb ABhxytqerocF Tena. T.e., nuen B cBoeM pacnopFxeHnn
o6opygoaanue, n03BonFtou.{ee pa3B}trb rFroayro cuny F, cne4yer onpeAenHTb rotlKy 3axBara
nracrhHbt Ha ocHoBaHhh nonygeHHofo ycnoenr. Tor4a Bo3HltKatou4an cKopocrb nepeMeqeHxc
nracrnHbr 6yger uaxcuvranuxoù, a cooreercrByrot{ e oHeprerhqecKhe 3arparbl Ha
npeoAoneHHe cxn conporhBneHuF cpe,qbt - MhH14ManbHblMh.

Heo6xo4nnao o6parurs BHhMaH e Ha ro, qro ror{Ka, xapaKTepr3ytoqaf,cq
ycnoBheM ô=0,2887.1, oKa3brBaerce 6nh3Koù x obnacrr raK Ha3btBaeMoro $oryca npoQrnn
Kpbrna, onpeAenstorqeroce r43 Apyrt4x coobpaxeHrù. ero nonnrne cnon$yercn B
caMoflerocrpoenr,rn (AOPO,QI4HAMI4KA. A.M.Mxnrapnn. MaunuocrpoeHne. M., 1976.448 c.)
npr eur6ope onrnuanuHoÉ Qopr'rur xpurna B qennx, B qacrHoc 4, onpeAeneHr9 TaKoro npo(pl4fln
Kpbrna, nph KoropoM xputno 6yger hMerb MaKc!4ManbHyp no4ÈeMHyo cvtny nph HahnyquJeM ero
KaqecrBe. Ilpn erou Kpbrro caMonera xecrKoe, a ne rn6xoe, qro Bttt4ner Ha sQQefihBHocrb
Kpbrna, nhuaF ero yHhBepcanbHocTt4.

B xoge excnepnueHToB Mbr BbrqBhnt4, qro rroroe ynpyroe reno, 3axBaqeHHoe r HaxoAFl4eecn
no,q Bo3.qeicrB14eM BHeuHero nonepegHoro ychnhF, t4Meer Hahnyqulne AhHaMhqecKre
noKa3arerh - MaKchMaflbHyto chny rFrh h Mr4HhManbHylo norepp sHeprhh npr 3aAaHHoù
Befl nqnHe aosgeùcreytoqeù cunu.

5. Aansseùure Hauh hccfleAoBaHriF 3aKrloqanncb B ToM, vro6ut nprverlnrb pe3ynbrar
nyHrra A B BaphaHTe He o4HocropoHHero, a sHaKonepeMeHHoro Bo3AeùcrBrlg Ha reflo c Llenbto
co3gaHhe ctanbr rnrh, autnprgatoqeù Teno ABhrarbcn He no Kpt4BonnHeÉuoù rpaercroplttt c
MOHOTOHHbTM !43MeHeHr4eM HanpaBneHn9 AB!4XeHng, a B Cpe,qHeM nocrynaTenbHo B oAHoM
nprMoM HanpaBreHhh ABnxeHhF.

flycru ($nr.3) nflacrhHa 6y4er aaxpenneHa rFroù B BhAe He rpoca, a noÂBl4xHoro BAonb
ocr OX uroxa, .repe3 Koropbrù ocyr4ecrBnnercn aospeùcraue Ha nnacrr4Hy. flycru raoxe urox
6yger nuuen Bo3MoxHocrt4 BpatqeHnfl e roqxe O chcreMbt KoopAnHar XOY. A caua roqxa O
nycru 6yger xecrKo cBF3aHa, HanphMep, c nnaBcpeAcrBor'l. Torga (Srr.3), ecnn peanu3yeM
BHeuHee eos4eùcraue B BnAe 3HaKonepeMeHHoù nepltoguvecxoù cl4noù, npuHy)(Aaloqei ToqKy
3axBaTa nnacThHbr K Bo3BpaTHo-nocrynaTenbHoMy ABhxeHù41o, To cneÀyeT oxuAaTb
Bo3Hl4KHoBeH!4F pe3ynbrhpyroqeù c nur rcrh anepep.3ra cvnarr.ln, npnnoxeHHan K
nnaBarenbHoMy annapary, np!4BeAeT K efo nocrynaTerbHoMy ABhxeHun. flpn erou
coBeptuaeMbre BbrHyxqeHHbre xone6anns roqKh 3axBara nracrnHbr 6ygyr nennrucn

ABhxeHhFMl4, nonepeqHbrMr'r no oTHouJeHhto K HanpaBneHrto ABAxeHt 9 nnaBcpeAcTBa, qTo

r4AeaflbHo coorBercrByer MauJyqeMy ABhxeHhlo ripbrna nr!4qbt t't xaocra put6ut. OAHoapetiaexxo
oro 03Haqaer, qro Bce cpe4crBa eosbyxçqeunn chnbr rtrh B TeKyqhx cpe4ax, opneHTtapoBaHHble
sa xone6arenuHoe eeepono6Hoe ,qBhxeH14e ABnxnrenn nphHqnnnanbHo nporl,lBopeqar ycroBHlo
uaxcruanuuoù e$QerrnaHocrn ô=0,2887'1 h, cne,qoBarenbHo, no onpeAeneHl4lo hMepr

uexuunù xoe$Qrqneur nonesnoro geùcrBhfl, qeM B npeAnaraeMoM cnyqae.
B raxou cryvae He B03Ht4Kaer neo6xogrnaocru 3a,qaBarb yron araK!4 ABhxhrenn, nocKonbKy

ABr4xhrerb nog eospeùcrareM BHeuHl4x cnn u ycnoanû caM, Ae@opMhpyncb, npnHhMaer
gHeprernqecKh BbrroAHbre $opr'ry n yron araKr4.

flpr pabore 4anxhrenn Bo3H Kaer arxpeaoù norox ($nr.4), $optottpyrcquÈcn
nocnepoBarenbHo cxoAqult,lMr4 c ,qBhxhrenn 3aMKHyrbrMh Bt4xpFMt4 T na ropa. Ilpn erorvt
HanpaBneHhe BhxpeBoro noroxa ($rr.5) nptMo nport4BononoxHo HanpaBneHnto o4nbl rnrh.
florox $oprurpyercn rpynnoÉ arxpeù, o6pasyor{r4x 3a ,qBnxhreneM Aopoxlry rhna AopoxKh
Kapvaua (H.E.Kovr,tr, H.B.Pose. BaegeHre B reoperhqecKylo r ApoMexaH!4try. l-oc. rexxnxo-
reoperhlrecxoe n3AarenbcrBo. M., n. 1932 r. 316 crp.). 3gecs yuecrna aHarorhn c
KaprhHoù Bo3Hr4KHoBeHnn nog'uelaxoù cnnbr Kpbrna, ABr4xyulerocn a reryveù cpeAe c HeKoropor
cKopocrbro: npn He6orur-uux yrnax araKr4, npnMepHo 5-10 rpaAycoB, y Kpbma Bo3HhKaer
3HaqrrenbHan no4-beMHafl crna. B naLuev cnyqae, nphKnaAbtBag K nracrhHe BHeuHtolo cl4nbl
TaK, qro oHa nrpaer potb noprel,anoù cnnu, a 4e$opv aquu usrn6a nflacrhHu nphBoAFT ee

Qoprvry x $opue xpbrna, Mbr co3AaeM 4nn aHeu:neù reryveù cpe,qbt ycnoBhn, nph Koropblx
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BO3H KaOUlee BhXpeBOe ABUXeHhe CpeAbr AOnXHO 6brTb TaKhM, rrTO6U OHO COOTBeTCTBOBanO
noAÈeMHoù chne. B sToM cMbrcne Hau cnoco6 Bo36yMewÂA ABt4x<eHnA cpeAH rBnceTcF
obparHbrM cnoco6y Bo3Hr4KHoBeHur no.qbeMHoù c nu Kpbrna, HaxoAFu{erocF B ABhxyl4eMcs
noToKe. B gToM cnyqae hcKntoqeHo npnMeHeH[e TeKyqeù cpeAbr B KaqecTBe ynopa, a noToMy
r4cKrroqeH sfleMeHr ,qBhxeHuff "npoBan" AB[xr4TenF B cpeAy, KorAa oH, KaK rpe6KoBoe
cpe.qcTBo, hcnonb3yeTcn AflF Toro, qTo6H onepeTbcg o TeKyqyK) cpeAy.

llpo6neva xeeQSerrnanoù cragru "neperna4brBaH!4F ABhxhrenn" B npeAnaraeMoM
peueHhh cHl4Maercg nonHocrbro reM, qro ABl4xrrrenb B oroù craAhh pacnpFMnqercq t
Bo3Bpau.{aer noreHqhanbHyo sHepr o ngrn6a g BhAe KnHer qecxoù exeprnn nocrynarenbHoro

ÂB XeHUF nnaBaTerbHoro annapaTa BnepeA.
B pesynurare Hatrjr.,rx r4ccneiqoaaauû gauxutens c noMor4bo naeroga Snsnvecxoro

Mo,qenhpoBaHhg nonyqeHo Kn.qÈ76%. B aranorrvusrx ycnoBhgx B14HT-,qBhxl4Tenb oonaAaer

KnA45%.
B. FlpnueHeurae Hatuero ABhxhrenf, B BaphaHTe nonacr Anr qHKnomAanbHoro nponennepa

Aaer ycrpoùcrBo, !43HaqanbHo o6naganqee aurcoxnu Kll!,.
Pesynutarsr, n3noxeHHue a nyurrax A n 6 npnaognr K Bo3MoxHocrt4 nphMeHeHnn nonacreù

h np!4Hllxna co3,qaHxF c hx noMou.lbo canb, Tqfvt Anq qt4KnohAanbHoro nponennepa. Ann SToro
paccMarphBaercg BapuaHT ycrpoùcrBa, B cocraBe KoToporo uecrb nonacreù. Hecyl4!4e och
nonacreÉ pacnonaralorcs no BepuqHaM npaBhnbHoro uecrnyfonbHuKa, hMelorqero ocb
BpauleHt,ln, npoxo4nr{yro qepeg reoMerphvecxnù qeurp uecrnyronbH Ka. IJJecrnyrorurttx
Ha3oBeM poropoM. Ocra nonacreù h ocb Bpau{eHhF poropa nepneHAhKynrpHbr nnocxocr!4
pacnonoxeH fl poTopa.

Ha Qtar.6, a, 6, e, r, A nphBe4eHbr cxeusr (eng ceepxy) nocneAoBarenbHbrx nonoxeunù
nonacreù (6) u poropa (7). 0rr.6, a - HeùrpanbHoe !4rh cocroeHue noKos poropa h
nonacreù. Ha $rr.6, 6, s, r, A - cocronH!4n nonacreù B 3aBhchMocrn or nonoxeHr4g,
3aHr4MaeMoro poropoM vepee 90", B npoqecce ero BpauleHnq BoKpyr och I no qacoaoù

crpenKe. lrla Qnr.6 cnegyer, qro nph Bpau{eHhr poropa 7 Kart<AaA BepunHa urecr!4yrorbHnKa
npoxo.qhr KpyroByro rpaeKTopr4ro; no eroù xe rpaeKTophu ABhxyrcn ocn 9, uecyqre nonacrn 6.
[1pn erola ocn 9 ceo6oAFro BparqarcTcn no orHoueHho K poropy.

B npoqecce np!4HyAhrenbHoro ,qBvxeHhc no oKpy)KHocrr ronacrn t'lcnbtruBator ynpyr e
rarur6xure 4e$opuaqrv, aHanorhgHbre AeQopruaqnru Kpbrna nr!4qH nph MaxoBbrx ABltlKeHutx,
nonepeqHbrx no orHoueHrn K HanpaBneHnlo nonera raK, KaK oro noKa3aHo Ha Qltr.6, 6, B, r,

A. CrpenKa 10 yxasuaaer HanpaBneHhe pe3ynbrhpyroqeû cunar rern, Bo3HhKatoqeù Anq
3a4aHHoro ($rr.6, a) HanpaBneHhF nonacreù 6.

Ha Sur.7 npHBeAeH BhA cBepxy c pa3pe3aMh u ceqeHheMu ycrpofcrBa, B KolopoM
peanr3yercc npnxqnn 4eùcral4n, npeAcraBnesnurù cxeuauu ua Srr.6. Ha Qtr.8 npnBe4eHo
ceeeHhe ycrporZcrBa nnocKocrbro A-A, a ua Sur.9 - nnocxocrbp E-6. flonacrr 6 npeAcraangor
co6où rhgpo4rHaMnvecKh o6TexaeMoe rn6xoe ynpyroe reno, 3aKpenreHHoe Ha och 8. Porop 7
npeAcraBnner MoHon rHoe xecrKoe reno npaB[nbHoù Luectnyronuxoù SopMbt, Hecyl4ee uecrb
nonacreù. Ha KaMylo ocs 9 sacaxesa 3BegAoqKa 11; ece seegÂo.tru 11 coe4uxenu qenso 12,
saAapu{eù Ars eceù rpynnbr nonacreù oAso l,r ro xe hx noroxeHhe no orHoueHno K
nepBoHaqanbHo re6paxnouy, KaK, HanphMep, na Qrr.6, a, HanpaBneH to, coxpaHnpuleecg B
npoqecce BpaularenbHoro AanxeHnt poropa. Bce 3Be3AoLtKH 1 1, KaK n nonacrh 6, o4hHaxoeu.
Ha oAHy r43 oceù I !4 Ha porop 7 xacaxesu oAr4HaKoBbte 3Be3.qoqKn 13, coeAuxennute qenbp 14.
llepegava c noMor4bro 3Be3Aot{eK 11, 13 r qeneù 12, 14 noseonner coxpaHtrb o,qnHaKoBble
3apaHHbre nonoxeHhn nonacreù 6 npu no6stx yrnoBbrx cKopocrnx Bpat4eHnf, poropa 7. B
pesyflbTare sogAeùcrs!4e Bpau{a}oqefocF poTopa 7 Ha flonacTh 6 caoAhrcc He roJIbKo iqrg
nepeMeu{eH[F nonacTeù no KpyroBoù TpaeKTop!4h, Ho ,l K B3auMoAeficTBrllo ronacreù co
cpeAoù.

Taxnu o6paeou, KaXAaF flonacrb B npoqecce BpaqarenbHoro .qBhxeHnF poropa hcnblrblBaer
ynpyrhe rn6xne anaronepeMeHHbre ge$opr',laqrara B xoAe yAapHoro rr4na B3auMoAeùcrB14F co
cpegoù a nonepeqHoM K npo$nnto HanpaBneHuu. ero cornacso nyHKTaM A r Ë nopo4qaer cuny
Tnru no HanpaBneHhp BnepeA, nonepeqHoM K HanpaBneHhp cnnbl B3ahMoiqeùcrBl49 co cpeAoù.

Crp.: 8
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l4so6pereHHe noFcHcercF t4nnrccrpaqueMt4, Ha Koropblx:
<Dnr.1. Brg c6ory (ceveHre) AB nnacvnut. XOY - AeKaproBa chcreMa KoopAllHar;

HaLranbHaf ro.rKa O coBnaAaer c roqxoù oroopa rpoca OO'; O'- ro,{xa 3axBara nnacrt4Hbl
TpocoM. C - reouerpnrecxnù qeHrp nnacrr4Hbt. S - rpaerropun t4 HanpaBreHxe gBHxeHhf,

nracrnHbt. F - seKrop eFreuHeù crnbt, nphKnaAbteaeiroù qepe3 Tpoc K nflacrhHe.
Qur.2. a - arg cEorcy (cevenne) nracrr4Hbt AB B ABnxeHhh; XOY - ncxoâsas chcreMa

Koop4nHar; X'O'Y'- MrHoBeHHaa cucreMa Koop4uHar; F - aerrop sxeuueù cunu, N - BeKrop
chnbr peaKqr4r cpe4u; 6 - ar,rg c6oxy nnacrhHbr AB e HaqanuHotvt nofloxeHl4l4.

Our.3. B o4creMe KoopAHHar XOY nso6paxeHbr .qBe craAnn ABhxeHrln rn6xoù nnactrHst 1
(AB) no.q.qeùcreheM BHeuHeù cnnbr ygapa Py4ap, npnxna4steaei,toù K nnacrnHe qepe3 uroK B
ro.rxe 2: a\ - cnna yAapa HanpaBneHa BBepx; 6 - cnna yAapa HanpaBneHa BHr3. Ocu OY
coorBercreyer HanpaBneHr'rto ABhxeHhfi nnacrnHbt. Ocu OX coorsercrayet aeprnranuxoù
npnuoù, aAonu xoropoÉ txroK ocyr4ecrBnFer cBoe co6crBeHHoe Bo3BparHo-nocrynarenbHoe

ABhxeHtae h ABr4xeHle roqKh 3axBara nracrnHbr. BefiopaMh N noxagaxu cl4nbl peaKqhu cpegu.
OO'- nhHr4ff rop!43oHTa; mm'- xopAa neorHyrofi nnacr!4Hbt. Yron uexçqy orpe3(aMh npnMblx mm'
h OO' coorserctByer yrny araKn, nopo4eHHoMy 4e$opuaqneù nnacrelHbl n ct naML4 y4apa vl
peaKl{nx cpegsr. OrgenuHo BbrHeceHbt napannenorpaMMbr chrl Fy43p n N, c nolitot4uo Koropblx
reoMerpnqecKr onpe4enrercn eerrop cunst rnru R.

ôur.4. CxemarngHo noKa3aHo o6pasoaanue qenoqKh B14xpeù, 06pa3ypqeùcn aa

AeùcrBytoqeù nnacrnHoù, paraxylqeùcn B cpe4e co cxopocruo V. L.[u$parun 3, 4, 5 orùteqeFlst
nocneiqoBarenbHbre Bo BpeMeHh { npocrpaHGTBe nonoxeH}'!F nnacrhHbl nph npoxox(qeHhn
cpeguHxoù n Hht4 nocrynarerbHoro ABhxeHhff ABl4xhrenF anepep. 3auxxyrble h He3aMKHfrble
Kp14Bbre co crpenKoÉ yKa3brBaror HanpaBfleHnF ABhxeHhF Ltacrrq cpeAu. 3auxnyrute rpraute
orpaxaor or4enbHbre Bnxph nonoxrrenuxoù tt orpnqarensuoù hHTeHcl.lBHocrh.

Or,rr.5. flpr,ree4eua SororpaQran BhxpeBoro cne,qa 3a xopMof AeùcrByrouler Mo4enr4 c

AB!4xnreneM, AeùcrBne Koroporo oB!4caHo B nyHfie 6. Cnea orpa3htlcF a erge cna6o
pacurapnoqeùc9 cneBa HanpaBo no.nocbr eosvyqeunù Ha noBepxHocrt4 eogut. MoAenu

ABhXeTCn CnpaBa HaneBo.
ôrar.6. flpr'reeAeHbr cxeMbr (ara4 caepxy) nocreAoBarenbnstx nonoxexnù nonacreù (6) t't

poropa (7). a - HefrpanbHoe hnh cocroeHne noKoq poropa n nonacrefi, 6, B, l, A -

nocneAoBarenbHbre cocroFHhfi nonacreù B 3aBr4c!4Mocrt4 or noroxeHut, 3aHnMaeMoro poropoM

vepeo 90", B npoqecce ero Bpau4eHhe BoKpyr och I no.{acosoù crpenKe.
Qur.7. BnA cBepxy ycrpoùcrBa c pa3pe3aMh h ceqeHhnMr4, B KoropoM peanu3yercn nphHqhn

geùcrann, npeAcraBneHHbrù cxenaavu na Qvrr.6. Ionacrr 6 npegcraannor co6où
rhgpo4hHaMhvecxu obrexaeuoe nr6roe ynpyroe reno, 3aKpenreHHoe Ha och 8. Porop 7
npe,qcraBnFer MoHorhrHoe xecrKoe reflo npaBnnbHoù [uecr]4yronbHoù Qopust, Hecyl4ee uecrb
nonacreù. Ha xaMyro ocu 9 uacaxena 3Be3AoqKa 1 1 ; ace gaesÂoqxn 1 1 coeAnnexut qenun 12,
saganqeù Anq eceù rpynnbr nonacreù oAHo 14 To xe hx nonoxeHt4e no orHoueHxto K
nepBoHaqanbHo r,rs6pannouy, KaK, HanpHMep, ua Qrr.6, a, HanpaBreHho, coxpaHqou{eecn B
npoqecce ABr4xeHhf, poropa. Bce saes4ovxtt 11, xax u nonacr]4 6, o,qhHaKoBbl. Ha o4ny re
oceù 9 t,t Ha porop 7 HacaxeHbr oA]4HaKoBbte 3Be3,qoqKh 13, coe4nHeHnule qenbn 14. llepegava
c noMol4bro gBe3goqeK 11,13 u qeneù 12, 14 no3Bonter coxpaHtrb oAtlHaKoBble 3apaHHble
nonoxeHhF nonacreù 6 npn no6urx yrnoBbtx cKopocrqx BpatqeHht poropa 7.

Ohr.8. Ce.rerihe ycrpoùcraa (+ur.7) nnocKocruto A-4.
Ohr.9. CeqeHne ycrpoùcraa ($ur.7) nrocrocrup 6-5.
Orar.10. KocoyronbHas npoeKqht ycrpoùcraâ, nprMeHceMoro Are xcnblraHhf a aruocQepe.

Ha porop 7 xecrKo HacaxeHa 3Be3AoqKa 15, xoropan qenuo 16 cBF3aHa c ro'{Ho raKof xe
saes4ovxoù npmBoAa. flphBoA KpenneHneu 17 xecrxo coeAr4HeH c ocbro I BpauleHhF poropa 7,
a KpenneHHF 18 ypepxraeaor caM nprBo4. llplteog cogepxnr sreKTpt4qecKhù ABnrarenb 19 h
urecrepexvarurù pegyKrop 20. [anrarenu nocronHHoro roKa AnM-25-H1-03 pacc'lnraH Ha
HanpqxeHr4e nÂra+ln 12 B a cnny roKa 0.3 A; yrnoean cKopocrb - 6000 o6/vtlx. Pegyrrop
noHhxaer yrnoByo cKopocrb BpaqeHhF Bana ABhrarent 4o 300 o6/tnlun.

<Dur.11. Oororpa$rn ycrpoùcraa, h3roroBfleHHoro B coorBercrBt4e c 3cKl43oM (Ônr.101,
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An9 npoBepeHhc oKcnephMeHTaJIbHbtx hccneAoBaHhù.
flnn 4euoHcrpaqÂv peanÂ3aq]ÀtL npeAnaraeMoro rexHnqecKoro peueHrq Bocnonb3yeMcF

MeroAoM Suenvecroro MogenhpoBaHhF.
B Ka.{ecrBe reryveù cpe4sr asr6rapaev aruoc+epnurù aos4yx. KoucrpyhpyeMbrM ycrpoùcrBoM

6y4er ycrpoùcrao, nopo6uoe q KnoKonrepy, onhcaHHoMy BbruJe B nphMepe c qhKnoronrepoM.
Ha gnr.10 npegcraBneHa KocoyronbHae npoeKq e ycrpoùcrBa ($ororpa$un Sur.11),

r3roroBneHHoro AnF npoBeAeHhF oKcnephMeHTansuoù pa6oru. flonacrn 6, npnuoyronuuoù

$opvur u pa3MepoM 0,30x0,1 7 u2, raroraennaaflncb c noMorqbro nonhMepHoù nneHKh
ronqnnoù 0,000015 u, uaxneeHHoù Ha KapKac, u3roroBfleHHbrù ug ncrh rr46xhx 6au6yxoasrx
nanoqeK ceqeHheM 0,0007x0,0007 u2 u plvaoû 0,17 r'ir. Saru6yr au6pau us coo6paxeHrù
rerKoc 4, rn6xocru, ynpyrocrH, npor{Hocrh. llonyvnaueecn B pe3ynbrare nnocKoe reno-
ronacrb xecrKo Kpen!4nocb Ha ocn 9 rax, sro aosgeùctare Bpaulator4erocc poropa Ha nonacrb
ocyr4ecrBnnnocb qepe3 ocb 9. Oro Mo4ennpyer npoqecc ygapHoro Bo3AeùcrBrF Kpbrna Ha
oriqenbHoe nepo qepe3 crBon nepa. lanee ece uecrb nonacreù 6 nocpegcreorrl t,tx oceù I
gaKpennnnucb B BepiuhHax npaBhnbHoro urecrhyronbHoro poropa 7. lipn erou, B ornuqr4e or
BbruepaccMorpeHHoro BapraHTa nponennepa Anc BoAHoù cpeAbr, porop 7 4ononxex aropuu
aHanor[qHbrM uecrhyroflbHbrM eneMeHToM iqnn Toro, .{ro6H ero KoHcrpyKqhF nMena
Heo6xo4r4Myp Ann pa6orur xecrKocrb. ly' porop 7 vr ocu 9 co6paHu n3 6aM6yKoBbrx nanoqeK
AhaMerpoM 3 rvrr',r. Ocr 9 ceo6oAFro BpaularcrcF B Mecrax coeAhHeHng c poropoM 7. Bca
KoHcrpyKqhg porop c nonacrnMh HacaxeHa Ha ocb Bpau{eHhn 8, npe4craennoqeù co6où
MerannhqecKyK) cnuqy. Ha Kax(Ayo ocb g xecrKo HacâxeHa 3Be3.qoqKa 11. Bce saeeAovxr.r 11
oAhHaKoBbr x coeAl4HeHbr qenbp 12, qro xecrKo cBg3brBaer hx TaK, qro noBopor Ha
nponsaonuxsrù yron no6où n3 38e3AoqeK orHochrerbHo poropa o3Haqaer noBopor Ha ror xe
yron xa4qoù h3 sBe3'qoqeK 1 1 . Ha ocb 8 epaqeHnn poropa n Ha oAHy re oceù 9 xecrxo
HacaxeHu oiqhHaKoBbre 3Be3,qoqKn 13, coe4nsessure qenbo 14. llpn noeopore poropa Ha
noronuleùcn och 8 Ha nporaaonsuuù yron h3-3a cansr 9, 11, 13, 14 ocvr 9 cnaeqanrcn no
oKpyxHocrh c qeHTpoM, coBnaAapr4r4M c ocuro I, Ho nph oroM cobcrBeHHoro apaqexrn a caoeù
chcreMe noKon ocr4 I He nperepneBaor. C gpyroù cropoHbr, noBopor ocn epaqenun 8 na
xexoropurù yron npuBoAt4T K noBopoty xaxgoù r,rs oceù I Ha ror xe yron - oro hgMeHcer
HanpaBneHue Aeûcrst A pe3ynbrhpyoqeû cnnu tnru, Lrro no3BonFer ynpaBnflTb cyAHoM hnu
annaparoM, Hecyu{r4M npeAnaraeMoe ycrpoùcTBo. Ha porop 7 xecrro HacaxeHa eaeaAovxa 15,
Koropan qenbp 16 cBc3aHa c roqHo raxoù xe 3Be3Aoqkoù nphBoÂa. llpheoA xpennesnena 17
xecTKo coeAt4HeH c ocbo 8 apaqenun poropa 7, a KpenneHhn 18 yAepxuBapT caM npnBoA.

Tarnr'a o6pasona, nphBoA, xecrKo cBr3aHHsrù c ocsro Bpau{eHxt 8, ,{epe3 BeAyqyto 3Be3AoqKy
15 3agaer c noMou.lbro qenu 16 MoMeHT BpaqeH!4c Be,qoMoù 3Be3AoqKe 15, xecrKo cecgaHHoù c
poropoM, qro npnBo4nr porop Bo Bpau{arenbHoe ABhxeHue. Bpau.1atou{t4ùca porop 7
nepeMeulaer no oKpyxHocrh och Bpau{eH!4F 9 nonacreù 6. Ho, nepeveuqaflcb raKhM o6pa3oM,
och I He Bpau{atorcn, T.e. porop 7 ocyuqecranner napannenbHbtf nepeHoc oceÉ 9. B
pe3ynbrare KaxAag ronacrb 6 Bocnpor'r3BoAhr MaxoBbre ABhxeHug, nopox{Aaou{ne cùlny rFrh
BnepeA, B HanpaBneHhh, nonepeqHoM HanpaBneHhb Bo3AeùcrBt4t poropa Ha nonacrb.

npr4BoA coAepxnr oneKrpr4trecK ù,qBurarenb 19 r uecrepeuvarbtf peAyKrop 20. fierrarenu
nocroeHHoro roKa AnM-25-H1-03 paccrrhraH Ha HanpFXeH!4e nL4raHVA 12 B u crny roxa 0.3 A;
yrnosaq cKopocrb - 6000 o6/ruun. Pe.qytffop noHnxaer yrnoByto cKopocrb BpauleH F Bana

AB!4rarenr Ao 300 o6/Mr4H. Peocrar, aKnrcqeFrFrurù B cerb ,lcroqHr4( nufaHVA - ABhraTenb
n03Bonfler perynnpoBarb yrnoByro cKopocrb poropa nponennepa B uHrepBane 60-300 o6it'lrn.

Pesynsraru ficnbrraHhù npe4naraeMoro rexH!4qecKofo peueHhF cpaBHuBafl hcb c
pe3yflbraraMh r4cnbrraHhù qrKnoKonrepa, BbrnoflHeHHbtM B pa6ore Chul Yong Yun, lllkyung
Park, Ho Yong Lee, Jai Sang Jung, In Seong Hwang, Seung Jo Kim and Sung Nam Jung, "A
New VTOL UAV Cyclocopter with Cycloidal Blades System", AHS 60th Annual Forum and
Technology Display, June 7-10,2OO4, Baltimore, MD; http://ksea.orglukc2004len
/Proceedings/01 AST/AST25_SewigJoKim.pdi.

lrlgMep
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nnoqaab

M 2

Crna
ycrpoicT8a, Br/xr

Crna rnfl/ (MoulHocrb x nnou{sab
nonacrei), H/Br

0,45 0,31 0,53 3,ô 0 0,475

46 1 ,2 450,8 8283 180.1 0,045

Mot4Hocrb (3,6 Br), paBHaF npoh3BeAeHho o4nbr roxa Ha HanpexeHhe, Alfl Haulero
rexHuvecKoro peueHhn fiBrFercn uaxcrvansuoù; 4eùcreyoqne 3HageHvrn 6urnu n,tenuue.

Ocuogssrtvt napaMerpoM, hcnorb3oBaHHbrM AnF cpaBHeHuF AByx rexHrqecxnx peu.teHnÉ,
6srnh gHaqeHuc orHoueHhF B03Hhxalor4eù chnbr rFrh K Mor4Hocrl4 Alvtrarenn, HopMhpoBaHHbre
Ha 1 M2 nonHoù nnor4aiqvl nonacreù, B npoqecce ABr4xeHhF nopox(Aapr4r4x chny rnrn. 3uaqexnn
sTofo napaMerpa0,475 AnF npeAnaraeMoro ycrpoùcrea u 0,045 gns qnKnoKonTepa yKa3brBaEr
Ha ro, qro npe4naraeMoe ycrpoÉcreo 6onee.re[4 Ha nopg4oK oKoHoMr4qHee r3BecrHoro
ycrpoùcrBa.

Apyroù napaMerp - orHoueHne MorqHocrr AB14rarenn x laacce ycrpoùcrBa - yKa3brBaer Ha
cyu.lecTBeHHbre KoHcTpyKr.$4oHHbre pe3epBbr AnF npoMbruneHHbrx BaphaHToB npeAnaraeMoro
ycrpoùcraa: I - pnn naueù MoAenh ycrpofcrea h 180,1 - AnF qhKnoKonrepa. B pesynurare
npehMyr4ecTBo npe,qnaraeMoro TexHngecKoro peuJeHxs HaA hSBecTHbrM14 cTaHoBhTc9
6eccnoonurn,t.

TaKr4M o6pagoM, npe4noxeHHoe rexHr4gecKoe peueH e oKa3brBaercn oKoHoMr4qecKrl
cyl4ecrBeHHo 6onee aurro4uurM, 9eM h3BecrHbre pelueHhF. Ipr,rvnna Bbrrrpbrua 3aKntoqaercn B
ToM, .rro Mbr nphHqhn!4anbHo orxoAriM or BaphaHTa hcnorbgoBaHhF TeKyqei cpeAbr B KaqecrBe
onopbr AnF ABhxrrenr, nocKonbKy B eroM cflyvae ABhxhrenb Bcerpa 6yger ((npoBanhBarbcn) B
cpe4y. llpr,r erou ero peÉcreeHHocrb 6yper saxnorarbcn B ToM, cKonbKo reryveù Maccbr B
e.qhHnqy BpeMeHh oH ycneer orronKHyrb or ce6c. Ho ero yxe 6nnxe x peaKThBHoMy ABnxeHhto,
nphqeM B caMoM oKoHoMl4lrecKl4 HeBbrroAHoM BaphaHTe. Haur xe aapraxr 3aKnpqaercn B roM,
qTo ABhxhTenb co3AaeT ycnoBhF ,qrF Bo3H14KHoBeHh9 Br4xpeBbrx noToKoB TaKhx, KoTopbre
Bo3H[Kapr nph MaxoBbrx iqBnxeHngx Kpbma y nr]4qbr hnh xBocra y pbr6br, KnA Koropbrx
npnuepuo 95%.

flpe4naraevoe rexH!4qecKoe ycrpoùcrBo npù44aer HecyuleMy ero cy.qHy r4n annapary raKyo
xe BbrcoKyro MaHeBpeHHocrb, KaK nponennep Bot4c-UlHaùAepa, Ho oHo 6oree lexsonorn,ruoe s
,i3roroBneH]4r4,6onee npocroe B ynpaBneHhx n 6onee npocroe KoHcrpyKThBHo, r.e.6onee
HaÂexHoe B gKcnnyaraqhu. K rouy xe nponennep Borc-l.lJuaù4epa no3Bonner peuhrb 3aAaqy
MaHeBpeHHocrh cyAHa ronbKo B npoqecce ero pa6orur, a B cocroFH, 4 noKoq, HanphMep, nph
6yxcrpoexe cyAHa, nponennep craHoBr4Tcfl nr,nrJHr4M oreMeHToM Kopnyca cyAHa, MeuJalou{nM ero
6yxcrpoexe. B ernx ycnoannx npegnaraeMoe ycrpoùcrao nerKo nepeBo,qhrce B pexhM pynn,
n03BonFloqero nerKo KoppeKThpoBaTb ABhxeHhe 6yxcnpyeruoro cygua.

OopMyna rao6pereHnn
1. Flponennep, co4epxaLqrÉ porop c MexaHhqecKuM npuBogoM !r n oAhHaKoBbrx nonacreù,

3aKpenneHHbrx Hecyr4l4Mgr l4x oc9Mr'r xa Hecyqeù KoHcrpyKqhH poropa nepneHAhKyncpHo K
nnocKocr!4 Bpar4eH'4n, chMMerprr{Ho n Ha oAhHaKoBoM paccronHr4h or o6qeÉ ocgr r,ix Bpau{eH F
TaK, gTo Mecra KpenneHnq npeAcraBnffloT co6où aepunxur npaBhnbHofo n-yroflbHhKa,
ornu,ratoulhùcr reM, Lrro B KaqecrBe orgenunoù nonacrh ycrpoùcrBa npr,rMeHeHo nnocKoe rn14
o6uel,asoe ntqpo- tinÂ aepo4hHaMuqecKh o6TeKaeMoe rr6xoe ynpyroe B nonepe'{HoM
HanpaBneHrrî TeJlo, xecrKo 3aKpenreHHoe na cobcraenxoù och Bpat4eHnF, a Ha caMh ocl4,
3aKpenneHHbre c Bo3MoxHocrbto cBoboAHoro BpaqeHhff, HacaxeHbt o4hHaKoBbre 3Be34o'rKh,
cBF3aHHbre qenHoù nepeAaeeù B oAHy chcreMy, a xoropoÉ rena nonacTer B HepaooHeM
cocroFHt4 ycrpoùcrBa BcerAa pacnonoxeHbr B napannenbHbrx nrocKocrcx He3aBhcnMo or yrna
noBopora poropa, nph groM porop BbrnonHeH 6apa6arnoro rnna Nn AByxcropoHHero 3axBara
oceù apaqeHrn nonacreÉ hnh nnocKocrHbrM -,qnF ogHocropoHHero 3axBara ocef Bpau{eHr.rF
nonacreù h HacaxeH c Bo3MoxHocrbro cao6oguoro BpaqeHhs ua co6craexnyo ocb, Ha Koropyro
HacaxeHa BeAyqat 3Be34oqKa, cBFsaHHaF qenxoù nepepaveù c aHarorh.rFtof BeAoMoù
3Be3,qo.rKof, HacaxaHHoù Ha oAHy h3 n oceù BpaqeHhg nonacreù.

Crp.:  1 l
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2. flponennep no n.1, ornh.raoqnùcn rev, qro nph porope 6apa6axxoro rhna nonacrel
hMe|oT CpOpMy npFMOyronbHhKa.
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