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Pacyer MalMHOCTPOU T IBHBIX KOHCTPYKLIALT

OB ONTHMAJBHOM ®OPME JIONATKE
POTOPHOI'O TPYHTOMETATE.IS

LIATOXHH B.M.. 8-p mexn. nayr, npogheccop,

CEMKHB O.M., xano. mexu. nayx,

[MOTIOBA A H., acrhupanm

Xapvrosckuil nayuonansieiti ynusepcumem cmpowmensemed APXUMeKmypsl,
Hayuonanenetil yyusepcumen 2pancoancron saqumet Ypaure,. Yipaura

Memoo onpedenenus onmunanenod gopwe ronamxu POMOPHO2C 2PVEMONLTamena ba-
SUPVERICA HA peweriu 3a0a4u 0 Gpaxucmoxpore O NoJd YeRmpotescnbly Cul uNEpyu,
[ocmpoen GyakyuORaN BpeMent 8 ROIAPHON cucmene Koopdunam U IANUCAHO CODIMEEMCNT-
sytauee ypagnenue irepa; nonvuen e2o nepaviil uNMezpa, OIA KoMopo2o Haidens anaiu-
muneckoe pewexnue. Ilpedcmasienn peynsmams: npumenenus MEOPEY 0T HAXOXNCOCHUR
ORMUMETEHOT POPMBL AONAMICU SPYHMOMEmMamens.

KJHOYEBBIE CJIOBA: onrumansias dopma, POTOPHELH IDYHTOMETATE!Ih, YPaBsHEHHE
Jlinepa, ABIDKeHNe TACTHI] IPYHTA, 309894 0 BPAXHCTOXPOHE B TI0/1e NERTPOBERHUEIX CHIL.

Ioctanonka npofaemsr [Ipw cosmasmu pANa TEXHHHECKUX (TeNHOJorHue-
CKHX )} YCTPOHCTS BO3HHKACT 3371a4a BHGOPA ONTHMATEHOMN HOPMLT HANPARNFIOMNX, B
FOTOPBIX IBAZAYTCA HEKOTOPHIC YaCTHIIE MO ACHCTBHEM HEeHTPOGeKHEBIX cr, B ua-
CTHOCTH, aKTya/IbHOH ABISCTCH NPofiieMa CO3MaHns TPYHTOMETANEHEIN MEXAHF3IMOM,
HCTOMB3YEMBIX /U14 FALICHUN TT0KAPOB B MECTHOCTAX, FAE OTCYTCTRYIOT MCTOYHMKH
Bomet [1-5]. Pagom mocrommere obnagaror potopHbe rpyHTOMeTaTermy [2-3], koTo-
PHIE TPYHT B 30HY BO3TOPaHUA BRIGPACKIBAIOT ¢ MOMOIILIO MOMATOK, PACTIONOMEHHEIN
Ha Bpamatomemes porope. OT opMel B pacToNoKeHHs J0NAaTOK CYIIECTEEHHO 3ABH-
CAT TEXHONOrHHECKHMC XapaKTCPHCTHRY yeTpoticTs. Mecieioparmss no pelesmio 3THx
3a1a" IMEIOT aKTYAILHBIH XapakTep.

AHaJiH3 OCHOBHBIX Heclenopanui u nybaaranuit. B paGorax [2, 3. 5| npose-
[IeHB! KOMILICKCHBIE HCCIIEIOBARHA 110 BRIDOPY PaLHOHATBHAIX IIaPaMETPoB MPYHTO-
METaTeNs ¢ NPAMBIMH fonaTkaMu. [lepcriekTHRHEIM MpeacTasigeres HCrnoibloBaHue
B IPYHTOMCTATSAX KpHROAHHEHHBIX jJonatok [4]. Meroasr suiBopa ux (opmbl #
aHA/TH3a ABMXKCHNA 9ACTHII IPYHTA [I0 HUM B HACTOsIIIEE BpeMs paspaboTanbl He oc-
TATOUHO. 3agava BEIOOpA ONTHMATEHON (OPMBE JIONATKA MOKeET BorTh CXeMaTHINpO-
BaHa, KaK 3a7a4a OnpeaciicHas (POPME KPHBOH B 11071€ HEHTPOOCKHEIN CHIT HHEPLIH.
Kotopas obecneumBaeT MHHHMAILHOE BPeMA JIBIKEHHA (3a/1aua 0 GpaxHCTOXpoHE B
none HeHTPOOEKHEIX CHT).,

H3BecTHO, uTO KIaccHueckas 3agada O GpaxHCTOXPOHE VIS OQHOPOZHOTO MO
cHil TaxeeTH OBl OTHpaBHON TOYKOH OpPH cO3JaHHH BapHALMOHHOIO HCUHCICHES
[6]. PetreHua aHATOrHYHBLIX 33734 Ul CIyYad HEHTPANbHOR CHITLI NPUTSKEHHS H
MOCTOSHHOH JIC BEAHYHHE UCHTPANBHON CHABl OTTANKABAHMA NPeITPHHHMANNCE B
[7]. B etate [8] wanoked MeTOQ HAXOKACHHS TPAGKTOPHH TOUKH. MHHHMHIHPYIO-
nrei BpeMA JIBKEHHS NPH ACHCTBHH (EHTPOOSIKHON CHIBI HHEPLHH.

Tocranosxa 3agawn. CopMyIMpoBaTe 3a0ady 0 OpPAXHCTOXPOHE IS TS
HeHTpOBEKHBIX cH HHepuHH. Pa3paboTh METON pelieH s COOTBETCTBYIOMIEre PyHE-
1moHana spemenH. [IpopecT pacueThi TPAEKTOPHEE TONATOR TPYHTOMETATENA OITTH-
MATEHOH (hOPMEL

Ocrosaag YacTs. Peuicane 3a0aus 1 BBIBOJ (JYHKIHOHANA BPEMCHH IBIKSHAS
yAOOHO MPOBOIHTS B HOMAPHOH cHeTEME KOOPIHHAT,
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Lana JyTH B TIONAPHEIX KoopuAarax ds’ = dp* + pPde® wdopmynst (5) enexyer.

9710
dr:gi:______wdw_ rae p':d—p, (6)
Voaypt - dp

Jamerstm, 9TO TIPH OTCHETE AYTH B HANPARTIEHWH IBWKCHHA TOYKA nubdeper-
waan nyTd Gyaer cosmajark ¢ mH(depeHImaIoM JYTOBOH KOOpPAMHATH ds. 8 MO-
J1yiTh CKOPOCTH TOYKH C &€ anredpanyeckoi BEJIHYHHOW V=V, .

MHTErpupys, NOJyHuM QyHKIHOHA

| 1%p +p’ .
f['ﬂ((a)]'—'_ -I:—1_Td¢ (7)
“ Pa u g —p E

IToucx yxcmpemysa gynkiguonana. Jins HOXRIHTErPATBHON QYHKIMHA BBEAEM

crenyionee obo3HaIeHHE
2 2
vo'i+p
e, (8)

P="P(p.p')=
Vo' -pi

Ha gpuBoff, peanMsylomeli 3KCTPEMYM paccMaTpHBacMoro fyuxuuonana.
ACIEHO BRITOMHATECH YCIAOBHE

d
Pp ~——P, =0, (%)

do

tae P,, P,— npoussoaurie OT P COOTBETCTBERHO 110 p H p.

70 YCIOBHE BHITEKAET M3 HEOOXOAHMBIX yCHOBHI IKCTpeMyMa QynKimonana
(7) [6]. Tawxiam ofpa3zom, rckomas QyHrImsS D =p((|}) aBfgeTcs perieryen augipe-
PEHIHATEHOTO YPABHEHHA BTOPOTO MOPAIIKa (9), wmd B pa3spepHYTOM BHJIC
= r » ] da

Yl T T ~Pyyp" =0, ‘tHE P :d_(;;' - (10)

Vpasuenue (10) spiseTcd ypasHeHaemM Diinepa. B paccMaTpHBaEMOM cirydac P
3ABUCHT JILIEL OT p B P, TTIodTOMY QakTHHECKH OHO SBJIACTCA Bosiee KOMIAKTHBIM

Pﬂ_-Poﬂ'p"_PP'P'p”:O’ an

Tak Kax P, =0. B YMHOKHTE HOWICHHO ST0 ypaBEeHHE Ha p', TO jieBas 94CTH

NpeBpaIiacTCs B TOUHYIO ITPOH3BOJIHYIO

d :
EE&—ng

CriefiopaTeNbHD, ypaBHetne Diiiepa HMEET niepBRil naTErpal
| 1
P—pPp-=-E. (12)

noaToMy hopmyiia

B pescuarpmmeston SIS S5 = TR szJ? o
0 /

(12) mproSperaer BHA
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Ph
-\(PI—P&\&':‘EPZ C
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Hocmpeenne fyusyuonang spesteny, Hyere towor 4 w8 pacnonoweriss 8
ASHTPANLHOM TIONE CHIT OTTA/IXHBAHYA — HEHTPODESHEIX CHII ¢ HEHTPOM B Touke U
ipuc,' ). TTposeues uepes Touxu A, B ¥ ISHTP OTTANKUBAHKS RAOCKOCTE 1 paceMoi-
PHM KPEBBIE, COMMHSAIOLIME TH TOYEM M PACHONMEELHIAIE B AAHHOE TUIOCKOCTEHL
Bribepea 13 HTHX KPUBBIX TAKYK, AT0 MaTepHANbHAS TOYKA, BRIXO/IHas w3 .4 Co
CKOPOCTSI0 vy = (), IBHTAACH TONBRO NOA JCHCTEREM LenTPoGeHOMN CRIlbl, AOCTUIHET
| TOHKH B 3a MAHUMAIEHOE BpEMs.

Bregem moigpHYIO CHCTEMY KOOPIHHAT
P, © C UGHTPOM B YKazaHHOH Touxe. Texyuue
KOOPMHHATE! TOHKH M 0003Ha%AM, Kak p H @]
KoopjHarel Todex A 1 B nyers Gyayr coor-
BeTCTREMNO (Po, Po) # (p1, ¢n)- Ilpoekitia
LEHTPOGEXKIOM CHThl HHEPIMH MaTepHAILHOM
TOUKH, CRAIAHHOH ¢ BPAIIAIOIIAMCSH TEJIOM, Ha

HaTTpABIEHHE pazuyca ) AMEST BHI
F, = ma, :m@zp', (1)

CAE M—Macca TOUKH; a, =@°p — OCECTpe-
MHTEILHOE (HOPMAIRHOE) YCKOpEHHE, © —
Puc. 1. Cxema Mz nocrpoerns Opaxw- YIJIOBag cxkopocrh. Toria pripakeHue uts

CTCXPOHBL B [0 HEHTPOOKHRX cil  NMOTEHIHAILHON DHeprusa HeHTpodekHoH cx-
JIb! MHEPIJHH MOKHO NpeacTasaTh Tak [9];

2

0 0 2 -

' mia 1 A

H:Idepzmm‘J-pdp=— fo i (2)
0 2

[Mpu sanucu dopuvysl (2) IpHHAMANOCE, YTO HAYANLHERM OMOKEHHEM L on-
PEACIICHUA TIOTEHLIAANTBHON JHEPrUM ABNACTCA OTTAtKMBaONH UenTp (touka (), 8
KOTOpOM MOTEHUMAIEHAS SHEPIHA PABHA HYITIO.

B paBnomepHO spamatomeiics BOKPVI' HEIIOABIKHOH OCH CHCTEME KOOPIMHAT,

SCaM ApEHCOpEdl CHIAMK TPEHUS M CONPOTHBIEHHS, HMEST MECTO 3AKOH COXpaHeHus

IHEPIHH B OTHOCKTE/ILHOM ABmxkernH [9]

T+ =h=const, (3)
re 7 =mv® /2 xunerumeckas IHEPIHA TOHKH B OTHOCHTEILHOM JIRMKEHHH 110 OT-
HOWENMIO K Bpai@iomeiics chcTemMe KoopauHat; h=—ma’pl 2 - nocrosmias
IHEPIHH.

B ganvmreiimem nonaraem, uro 8 popmyse (3) yuursBaeTcs TomEKO MOTEHLHE-
LIbHAA SHEPTHA UeHTpoOekHOH critsr utepimm. C TO9KH 3perns TPHIQKEHHH 910
nanGoniee Baxuuti cyyail, B TeXHONOrHYeCKHX YCTPOHCTBAX YIJIORas CROpPOCTH Ta-
KOBA, YTO BIMAHNE CHI THKECTH HA JBIOKCHHE TOUKM HesauanTensHo, [lpr anamize
ABHIJKCHHSA B TOPH3OHTAIBRON ILUIOCKOCTH 3T2 OrOBOpKa BOOGINE OKAZKIBAETCH W3-
mutedt. C yuerom seipaenns (2) popmyna (3) nproSperaer nuy !

2 2 2
my mae 3 ma 2
» = ) 4
- 5 P 5P 4

-

OTxyna umeem s CKOPOCTH TOYKH

v=0yp’—pt (p=p,). (5)

M3 onpenenerus anreGpandeckoil BemHUHEb! CKOPOCTH (NPOEKIMH CKOPOCTH Ha
KECATENBHYIO K TpaekTopuu) v=v, =ds/dl, esipaxennn nns keagpara mddepen-
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Huterpipys

Houcw »nes;
crenyromee ofe:

JOIDNEHQ BBITIONH

tie P, P.—npe

370 verosu:
(7) [6]. Tawm: of
PEHITHATBHOD 1)

Ypasuenne ¢
3aBHCHT JIMLIE OT

TaK Kak Pe,;_,. ={}
Hpeppamaeres g v

Chenorares;

B paccemarpr '

(12) mprodperaer | =

M3 Bripaskemy.
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TuibdeperimanbH
MOATKNE BEIRIAIKH i (=4

CropouTelinHad Mexane2 rHMeHepts

dp _

dg

l =
arct, z*--—+(.1.

p=qarcigz—

Ilna HAXOXKICHHA NOCTOTHHBIX

Bile) 325

aretg z —

opu @ = Py

npH ¢ =@y

{a nesoii rpaHMLE COOTHOLICHAL (15

J"

arctg

f,\J__L"’:
(P> -pi)

o€ ypapHeHMe (14) nomyckact
5 HE npuno.u.s-rca)

X KOHETRYRUMY

-1

=+C,. c?

(l_' +0C, cisl,

= -
C n C, c y4eToM (16) BEINMAILEM KpaeBble Y&~

p:pn'l

P =P

‘Pu

z=2(p) =%~

Z'—‘E(p”:gl =

) nproOPETAOT BHA

—‘+C1, C'l:l‘
T 1 3 2
e —+C C:&l,
Pa=13 ﬁ, 13
T 6|, Cs,
2
U1 ssipasennit (19) cremyet, 710
L 2
(au__.," ot =1,
C,= 'po-—(l— : ﬂ]i, ct<l
U oAl=ct)2 :
i
qyn-_i-, c*> 1L
Ha riparoil rpaHaLe cooTHOmeHHA (15) AaoT
. 1 2
arctg z; + —+Cp» c- =1,
4
p, =1arctg Z; — —arctg - +Cys co<l,
1-C~ i1-C-
1 7, -NC =1 a
arelg 7, —— ln_.—-——-———+Cl, co>1
1 |z, +4C* =)

W teup‘-.r:w:»‘rwm, 2013, Ne 2

(14)

AHATHTHHECKOS petieHne (rpo-

(13)

(16)

(7)

(18)

(19)

(20)

(€3]

Jijus mpakTe
Pacuer
2pyHIMOMEN
KOMBLO! 3
BpalnaeTcd
Ry mpeacra:
PENHIOID KP
HBIE pamHyc
1. Bay Hax<
cnenyiomay
(22) = (204«

f(-t):i,@! =

roe x=C".
B cpeas
yi100H0 HaNC
g ke
l;JT.I =0 i ‘}7]
C= J x =0
(18) ana C,




013, Ne 2

(14)

areHie (Tpo-

(15)

(16)

t KpaeBkle yc-

= 3%

=

(17)

(18)

(19)

(20)
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Ananoriano (20) mis C,; w3 Beipaenns (21) ameem

@, —arctgz, ek C* =1,
o

| Z 2 :
mamtgm‘ C* <1, (22)

I zl—v‘Cz—l’ c
WCT-1 g+t -1

Hns mpaxrixy wanGonsmuit neTepes npeacrassior cnyuan, korna (20 1w (20 1.
Pacuemnsie uccaeoosanua no svi60py  onmumansnod dopusr aonamox
cpyrmovemamenn. Ha puc. 2 nmokazasa cxema TpyHTOMETATRAA: |- CcTymmua; 2—
KONMbLO; 3—crmua; 4- KpHBONHHEHHAS JTOMaTKa. Ipennonaraerca. wro serarem
BpallacTcs ¢ YrioBoi CKOPOCTEIO () TIPOTHB XOAA YACORKIX cTpenok. Paguyes Ry u
R> nipescrarnsior coboi PAnAYCHl OKPYKHOCTEH, MPOXOASIuY Hepes 3aHI0 | [e-
PEAHIOI KPOMKH Nonatki. B urnokennoit prime TEOPHH HM COOTBCTCTBYIOT HOJISP-
HEIE paliycst py # p;. OrpaHusmves B aanHod CTaThe AHAMTHIOM pelieHus apu (7T
1. s naxoxdenua xoHcTaRTH BOCTIONE3YEMCA TPAHCUCHACHTHEIM YpaBHEHHeM.
CISIYIOUIMM M3 CPAaBHEHHS OpashiX HacTeit COCTECTCTBYIONIMX CTPOK BBIPAMKCHHI
(22) 7 (20) ipss yuere kpaesoro yemopia (18)

Cy =0, —arctgz, +

@ —arctgz, + ln‘

s 1.

z 2_ .32 N\
S(x)=ep, —arct, —f—p’-—?—l+ arctg—u—-%-i- I— _l.__ -—h—=0. 23}
VA —p I-x I—x Vl-x 2

roe x=C?.
' B cpene MathCAD [10] npn mawann rpadmka S(x) (puc. 3) kopens thyrwmu
VII0BHO HANOIHTE ¢ HCTIOMB20BAHHEM BCTPOCHHON ()yHRIMH mpt(f(x),x,a.b).
Anst xopua f(x) (yctpoilerso ¢ napaverps: Pp=0,496M. p, =0,632nm,
@ =0, @ =20") noIyMeHo 3HaverHe, ¥ =0393 <1, koropomy COOTBETCTBYST
i =-Jx_‘ = 0,627 . B cootseTcTBHE CO BTOPSIM BHIpakeHHeM (20) unu (22) npu yuere
(18) wma C| mveem

) / B
| |

Puc. 2. Cxema 1PYRTOMETATCIBHOIO MEXA- Prc. 3.Tpa|_iﬂm thyrogas £(x)
HIIMA



% LT rnabyikeaHni. 2013 Ne 2
TOOVTENBHIR MEXaHWHEE HKEHSPHbIX KOHCTPYRILNT ¥ COORYIKEHNN, 2013, Ne 2

ol
P =P

I
C =@, | l-——

L y1=C?
Haftnenmie apavensa noctosmuex C w O, ¢ romousio Gopmyst (13) a (16)

HO3BOAIOT 3ATHCATD CSAVIOUICE BEIPAXKeH e JUT8 MCKOMOH Gyt

2 ir]

plp)=arctg | P 1]
pi=p  A1=C?
I"pagpik a1o8 cbyﬂkm{u npeacrasnes wa puc, 4, a; Gonee ynobusid yis aHam3a
rpadux obpartuon Gy p(@) — =Ha puc. 4, 6.

24)

arctg

(p.rpai B,M
1)
| |
is 0.6 / //
T B
35 /
3 | _,/
-.// |
| 3 | ]
s o= s n!_u U8 08 o!u: Pl v b 3 0] 15 zﬂq}’ Tpan
a) 6)

Puc. 4. Tpadsai hysxmuit: a) — 0 (p); 8) —p(()

llpurenem rpadmxu saBmcumocteli  p(Q) B NONAPHON CHCTEME KOODAHHAT
[pHe. 5) uid OpEASMLHKIX 3HAYENMH ) , KOTOPhIC emle 00eCIeqHBAT WIS 110CTpoe-
HUS PeNiCHUH BUSMOKHOCT HCNIONB30BaBHS (opmyns (24) (C7 O 1). 3uatenne p;
ApHIEEMATOch pasasiM 0.632 »m, A yron @ kpatasm 20°.

Brisogei. 1. Paspaboran MeTod pemerus 3aav# o GPaXMCTOXPOHE [UIS TOYKH,
ABHAYMESHCA NOX feHCTBHEM HeHTPoO®nol cwinolf mrepmm. 2. [loctpoen dyrk-
HMOHAT BPEMEHH B IOMAPHOH cucteMe koopausar. 3. IMonyden mepeuii uirerpan
vpagHenus Jinepa B dopme muddpepeHIHaTEHOr0 ypaBHEeHHA HepBOr0 NOPAIKA H
HARICHO ero aHaiTHyeckoe pemenue. 4. TIpuseensl peayiIsTaThl PacHeToB Tpaek-
TOpHH U1 8BI00pa ONTHMATEHOH GOPMEI TOMATKH I'PYHTOMETATEIS.

Hameseiiume HecoeloBaHRA MOTYT ObITb HANpaBEHE! HA JCTANBHOE H3yde-
HUE 3aBUCHMOCTH CROHCTB ONTHMANLHEIX TPAaeKTOPHE OT IapaMeTpoB; MOCTPOEHHE
OUTUMAIbHEIX TPAEKTOPHH TIPH YHETE CHJI TPEHUHA.
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vi=C?
spaivar (15) m (16}

B

£ Gy (24)

Swslit s agandsa

icTeMe KOOpIMHAT
BAIOT JUIA TI0CTpOE-
~ 1). 3HadeHue P

GXPOHE LIS TOYKH,
1. IToctpoen QyHK-
TepBhIl MHTErpAN
igpBOro nopanxke #
B! pacyeToR TPAeK-

a1
1

T AeTanpHOS Usyde-
STPOR. NOCTpOSHBE

soroRorO TPYHTOMETE-
== regMerpis Ta ke

sT=s rpveTy mois O
fipani Tappifickoro
THATY. 2012~

- TI0 JORRTIN: Pe3yiib-
#ro AaTPOTEXHOACK]-
o 33-744

ke 5 e
[ e a‘!&x—cﬁm -\-‘:-.u.- io = —F
- = == ety e = et

PP _quas.

e ain ey G
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ON OPTIMUM FORM OF GROUND-THROWER'S BLADE

V.M. Shatokhin, O.M. Semkiv, A.N. Popova
Kharkov National University of Building and Architecture, Kharkoy, Ukraine. *
National University of Public Defense of Ukraine, Ukraine

Method 'of determination of ground-thrower’s blade optimum form is based on solution
of brachistochrone problem for the field of centrifugal nertial forces. Blade of optimal shape,
called brachistochrone, in the centrifugal force field, which equation had been obtained in
polar coordinate system, is considered. The results of kinematic behaviour researches of mov-
ing particle are given.
KEY WORDS: Optimal form, ground-thrower’s blade, the Fuler” equation, brachigochrone
problem.



