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OOCNIOXEHHA LUBUOKOCTEWN 3EPHOBOIO MATEPIANY Y
TBUHTOBOMY KOHBEEPI I3 OBEPTOBUM KOXYXOM
TPAPOAHANITUHHM METOOM

YV cmammi npeocmagieHo HO8)Y KOHCHMPYKYIIO 26UHMOBO2O
KOHBeEpA 13 00epmoBUM KOJNCYXOM OJid MPAHCNOPMYBAHHSA  CUNKUX
mamepianie 'y meapunHuymei. [locniodxceHo wBuUOKICHI napamempu
38PHOB020 BAHMAICY HA OCHOBIL 2pahOaHANIMUUHO20 MEMOOY Y CBUHMOBOM)/
KOHBeEpI 13 0bepmosum xodcyxom. IIposedeno ananiz pyxy eanmasicy npu
YCMAaneHomy ueuUOKOXIOHOMY PeNHCUML.
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IlocranoBka  mpoOJgeMu. |IBUHTOBI  KOHBEEPU  IIAPOKO
BUKOPHUCTOBYIOTBCSI B HAPOJHOMY T'OCIIOJAPCTBI, 30KpEMaA y TBAPUHHMIITBI
I IIEPEMIMICHHS CUIYYMX, IIMATKOBHX, B S3KO-IUIACTUYHUX Ta I1HIIMX
MaTeplalB 1 cyMimen. BOHM XapaKTepHU3YIOThC IIPOCTOTOK KOHCTPYKIIII,
3pYYHICTIO B KOPMCTYBaHHI, BHMCOKOK HAIIMHICTIO. BaximmBuM €
MOXJIMBICTh  IO€JHAHHS  (PYHKIIT  TPAHCHOOPTYBAHHS 13 PSIJIOM
T€XHOJIOTIYHUX IIPOLIECIB Yy BIANOBIAHUX TPAHCHOPTHO-TEXHOJOTTYHUX
cucreMax. IIpoTre TIBHHTOBI KOHBEEPM, IIOPIBHSHO 13 1HIIAMH, MAarOTh
M1ABHUINCHY €HEPrOEMHICTD 1 11 3HMXKCHHS € BaXKJINBOK HAYKOBO-TEXHIYHOIO
Ipo0JIEMOI0.

[Tomyk HOBHX KOHCTPYKTHMBHHUX PIIICHBb 3a PAXYHOK MOJEPHI3aAIll
KOKyXa KOHBEEpa, HAJAHHSA KWOMY OOEpPTOBOrO pPyXy ISl 3HUKCHHS
[IyCKOBOI'O MOMEHTY JBUI'YHA Ta 3MEHIINCHHS EHEProO€EMHOCTI MPOILECY
TPAHCIIOPTYBAHHS, a TAKOX HAJAHHS T'BUHTOBHM KOHBEEpAM HOJATKOBHUX
T€XHOJOITYHUX MOXKJIMBOCTEN € aKTyaJIbHOIO 33/1a4€IO.

AHaJIi3 OCTaHHIX [OO0CALIKeHb 1 nyosaikamiv. lluTtaHdsam
OOCHIJI>KEHHSI KIHEMAaTUKHA 3€PHOBOTIO BAHTA)XXY Y TBUHTOBHUX TPAHCIIOPTHO-
TEXHOJOIYHUX MEXaH13Max MNPHUCBSIYE€H1 HaykoBl mpaml Bacuinenka 11.M.
|1], I'purop’eBa A.B. [2], I'eBka b.M. [3], 1'eBka L.b. [4], Owen P.J. [3],
Shimizu Y. [6], Roberts A.W. [7] Ta 0aratbox 1HIIKX. Y BKa3aHUX MpaIsgx
OOCHIIPKEHO KIHEMATHUKy BAaHTAXy Y IMBUAKOXIJHUX Ta THXOXIJIHHAX
IBUHTOBUX KOHBEEpax 13 IIHEKAMH, 110 MAKTh IIOCTIMHMHW KPOK BMTKIB.
3aCTOCYBaHHS KOHBEEPIB 13 OOEPTOBUM KOXKYXOM BHOCHUTH CBOI KOPEKTHBU
y KIHEMAaTUKy BAaHTaXXy, OCKIJIBKM OO€PTaHHS KOXKyXa IMPU3BOJUTH 10 3MIHU
BEJINYMHU KPOKY PYXY BAHTAXKY IPH IIBUIKICHOMY PEKHMI.

Mera JOCHIIKEHHS — JOCHIJIMTH KIHEMATHUKY 3€PHOBOIO
MaTeplaay Yy TBUHTOBOMY KOHBEEPL 13 00EPTOBUM KOKYXOM, 3aCTOCOBYIOUM
rpaoaHaTITUIHUN METOL.

Pe3yabTarn aociaigkeHHsi. | BUHTOBHII KOHBEEpP 13 0OOCPTOBUM
KOXKYXOM (puC. 1) BHKOHAHO y BUIVISIAl Baja 1, 10 SKOro 3»KOPCTKO
3aKpIILUICHO IMHEK 2, 10 3HAXOJAWThCA B LWIIHAPUYHOMY KOXKYyCl 3 3
MOKJIMBICTIO KPYyrOBOro mpoBepraHHs. 1lomaua marepiany 6 301MCHIOETHCS
yepes OyHkep 4, 0 BCTAaHOBJICHUM Ha paMi J.
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Puc. 1 — KoHCTpyKIiliHA cX€Ma TBUHTOBOT'O KOHBEEPA 3 00EPTOBUM
KOKYXOM: | — mpuBIIHMI BaJl; 2 — TBUHTOBHAM POOOYMM OPraH;
3 — 00epToBHl KOXKYX; 4 — OyHKEp; 5 — paMa; 6 — Marepiall, 1o
EPEMIITYETHCS

3 METOI0 CIIPOIICHHS PO3PaXyHKY 'rBUHTOBHX KOHBEEPIB 1 HAJAHHS
MOMY HAOYHOCTI, pO3po0Je€HA 1 IIMPOKO BUKOPHUCTOBYETHCI B POOOTI
MOZEIb TIpadIdHOrO0 pPO3paxyHKY HA OCHOB1 IIJIaHY INIBHJIKOCTEM 1,
BIAIIOBIJHO, INIAHY HOPHUCKOPEHb. OCOOIMBICTH 1X MNOOYAOBH IIOJATA€ B
HACTYnHOMY. [Ipum IIOBHOMY 3axOIJIEHHI YAaCTMHM MaTeplajly T'BUHTOBUM

poOOYMM OPraHOM KOHBEEPA MOr0 KOJ0BA IIBUAKICTh JOPIBHIOE V. = mD /2

, I ® — 9acToTa 00E€pTaHHs TBUHTOBOTO pPOoOOYOro oprany, [ — 30BHIIIHIN
A1aMETP TBHUHTOBOTO POOOYOro OpraHy, a OpH YHACTOMY OCbOBOMY

TPAHCHOPTYBAHHI, KOTO OChOBA WBUAKICTh AOPIBHIOE Vv, =0T /21, ne T —

KPOK BHTKIB TBUHTOBOTO po0OOYOro opraHy. ‘Ko B3sSiTU PO3rOPTKY BUTKA
no giamerpy D, 1 BianoB1AHO Ha ocax O@ 1 Oz BIOKIACTA BEKTOPH ILIMX
T(o-o,)

[IBUJIKOCTEN, TO 13 3aJEKHOCTlI V_ = > |3], ne ®w, — yacroTta
m

00€pTaHHs BAaHTAXy, BUILUIMBAE, IO KIHI BEKTOPIB IMIBUAKOCTEH YaCTHUHU
MaTeplally IIpu OyIb-IKOMY PEXKHM1 TPAHCIIOPTYBAHHS JICXKATh HA IIPSMIN

b L4 b

MN, 1m0 3’€IHy€ KIHL1 BEKTOPIB Vv, 1 v, (puc. 2.a). Haxui miei opsamoi 10

oc1 O@p p1BHUM KYTy HNIAHOMY BUTKA (.
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0)

Puc. 2 — Cxemu 1o rpadgp0aHaIITUMHOTO PO3PAXyYHKY T'BUHTOBOI'O KOHBEEPA:
a) 0€3 00epTaHHsA KOXKyXa; 0) 3 00EpTaHHAM KOXKyXa IPOTH
HaPsIMKY OO€pTaHHS TBUHTOBOTO POOOYOr0 OPraHy;
B) 3 00CPTAaHHIM KOXyXa B TOMY K HAOPSMKY, 110 1 0OC€pTaHHS
IBUHTOBOT'O pOOOYOr0 OpraHy
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OCOOJIMBOCTI PyXy 4YaCTHHM Mareplaay JOCHTh HArJISIHO
MOSICHIOIOTHCS 34 JOMOMOI0I0 pO3p0o0ICHOI KIHEMAaTHYHO1 Moenl. Tak, npu
HEXTYBaHHI  CHJAMHM  3€MHOIO  TSKIHHA  (1J€aJbHHUHA  PEXKUM

TPAHCHOPTYBAHH) 1 NPU KOE(PILUIEHTI TEPTA BAHTAXy A0 cmpam p, =0,
KyT IMAAOMY TpaHCHOPTYyBaHHA [P=90—o 1 BEKTOp MBHUAKOCTI
HaIPaBJICHUM NEPNCHANKYISIPHO J1HIT IMIMOMY BUTKA PO3TOPTKH.
[Ipu p, #0 BLanoBigHO PB=90—0—@,, e @, =arctgy, - KyT
TepTsd. OCKIIBKH CHJIA ONOPY IIEPEMIIICHHS YaCTUHH BAHTAXY 31 CTOPOHHU
KOKyXa HalpaBJICHA NPOTHIICKHO BEKTOPY 11 IIBHUAKOCTI, TO KOEMIIIEHT
TEPTS YaCTMHHU MaTeplally J0 KOKyXa HE BIUIMBAE HA 3MIHY HAIIPSIMKY CHII.
IIpn crTami IIPOEKTHIM 4YacTOTI OOE€PTaHHS 1 IPU MNOCTIMHUX
r€OMETPUYHUX IapaMeTpax CHIpall KIHI[I BEKTOPIB IIBUIKOCTEH JICKaTh
. - g L av
TUILKM Ha J1HII IIBUAKOCTEH, a4 TOMY BEKTOP IPHUCKOPECHHS a =——
dt
HAIIPABJICHUM BUKJIIOYHO JO JIHII BUTKA 3 KyTOM HaxXwujiy pPIBHUM KYTY
M1IMOMY BHATKA O. I3 BpaxyBaHHSIM TOI0, IO HAIPSIMKHU CUJI O€3IIOCEPEIHBO
OB’ sI3aH1 13 HAOPSIMKOM HOPMAJICW MOBEPXOHb T4 HANPSIMKOM BlJIHOCHMX
IEPEMIIICHL 1 IIPUCKOPEHb BAHTAXYy, TO po3pol0ieHa rpadiuyHa MOJIECHIb
MOX€ OyTHM BHKOPHCTaHa [UII CHJIOBOTO  PO3PAXyHKY  MPOLECY
TpaHCIIOpTyBaHHsA. Po3poOneHa rpadiuHa MOJEIb JTO03BOJISIE IIPOBECTH
BIAIMOBIIHUM BEKTOPHUM aHAIl3 IIPU TPAHCIIOPTYBAHHI YACTHUH BAHTAXYy Y
IBUHTOBUX KOHBEEpPAX, CIyKaTh HAIJSAHOK LIIOCTPALIEK B3aEMO/III
YaCTUHKH 13 MMOBEPXHIMHU KOHBEEPA NPU CKJIAJAHHI PIBHSIHHS CHUJI PIBHOBAru
1 PO3B’SI3KY PIBHSIHHS PYXYy 4acTMHHM Mmarepiany. KpiMm mporo, po3po0JiieHa
MOJIC]Ib BHUKOPHUCTOBYETHCA B TIpaOaHATITUYHOMY METOMA1 PO3PAXYHKY
IBUHTOBUX KOHBEEPIB.
Jl1g BUMaaKy TpaHCOOPTYBaHHS BAHTAXy B TOPHU30HTAJIBHOMY
(HU3bKO HAXWJIIEHOMY) KOHBEEp1 3rigHo [3] ycepenHeHE 3HA4YCHHS
[IBUAKOCTI IIEPEMIILICHHS BAHTAXXY Y KOHBEEP1 HE3HAYHO BIAXUISETHCS BlJI
PO3PAXyHKOBOTO 3HAYEHHS IMIBHIKOCTI, OTPUMAHOr0 0€3 BpaxyBaHHS CHII
TSIKIHHS.
3T1JIHO PO3PAaXyHKOBOI CXEMH HA PHUC. 2a IPHU HEPYXOMOMY KOXKYCl
OCbOBAa MIBUJIKICTh JOPIBHIOE

D
szweztgﬁﬂ (1)

V. =((D—(D6)fga§. (2)
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[IpupiBHIOrOUM p1BHSIHHS (1) Ta (2), ogepKyeEMO:

W, =0 lga : (4)
tgB+tgo
[Ticiist mepeTBOpPEHb PIBHAHHSA (4) OTpUMAIIN:
o = (osinocc?sﬁ | (5)
sin 3 cos o+ sin o.cos 3

JI14 BUIIaKy 1J1€AJIbHOIO TPAHCIIOPTYBAHHS 13 BPaXyBaHHSIM TEPTS
marepiainy 1o pobouomy oprany PB=90—o—¢, piBHAHHA (5) micud
[EPETBOPECHb HA0YBAE BUTTIAY:

SIn o, sin ( oL +
O, =0 ( (Pl) . (6)
COS O,

Tom 13 p1BHsAHHSA (1) 0OCbOBa MIBUIKICTH JOPIBHIOE:

Dsmoao.cos( o+
v =0 l@re) (7)
2¢cos o,

KoJjioBa MIBUAKICTH JTOPIBHIOE:

Dsmasin(o+
v, =0 l@re) (8)
2¢cos O,

KepoBaH1 I'BUHTOBI KOHBEEPH - KOHBEEPH, Y SKUX IIOSBIISIETHCS
MOJIABICTh KEPYBAaTH IPOLECOM TPAHCIIOPTYBAHHS BAHTAXY IIISIXOM
HaJaHHS KOXYXY JOJATKOBOro pyxy. Ilpm HaganH1 KOXyXxy OO€pTaHHS 3
KYTOBOK) IIBHAKICTIO IIPOTHJICKHOK IIBUIKOCTI TBHHTOBOIO POOOYOTO
OpTaHy ® TPAHCIIOPTYBaHHS NPOBOJAMWTHCI HAa T'paHUYHMX yMoBax. llpwm
[IbOMY BEKTOP IIBUAKOCTI V HAOIMKAETHCA 10 0a30BOr0 BEKTOpa v,. OChOBA
[IBUAKICTh 1 HOPOAYKTHBHICTH 3POCTAIOTh CKA4YKONOJIOHO O€3 3HAYHMX
CHEpPreTUYHUX 3aTpaTr. ¥ BaHTa)Xl BUHMKAIOTh 3HAYH1 3CYBHI HAIIPY>KCHHS,
SIK1 MOKHA BUKOPHUCTOBYBATH JIJISI IIEBHOTO (DYHKIIOHAJILHOI'O IPU3HAYCHHSI.

3T1HO PO3PAaXyHKOBOI CXEMH Ha PHUC. 20, KOJIM KOXKYX 00€PTAETHCS
IPOTH HAIIPSIMKY 00€pTaHHS TBUHTOBOTO pOOOYOT0 OpraHy

v =(0,+0,) 2 teh; 9)
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[ IpupiBHIOKOYM p1BHSAHHA (9) Ta (2), 0OepKYEMO:

(De:wtga—mthB | (10)
teB+tga
Tomi 13 p1BHsAHHSA (9) 0ChOBA MBUIKICTH JOPIBHIOE:
(otgo—o t \D
y | oeozotep, \Dg (11)
. tgP+tga )2
KoJji0Ba MIBUAKICTH JIOPIBHIOE:
D(iotga—o_t
, - Dlotga-o, ef) (12)

2(tgp+tga)

YMOBa MIBUAKICHOIO OCBOBOI'O INEPEMILIEHHS BaHTaxy v, =0

3a0€3IIE€UYEThCA  MIAOOPOM BEIMYMHU KYTOBO1 IIBUJIKOCTI OOEpTaHHS
KOXKYyXa, 0 00E€PTAETHCA B MPOTHIICKHY CTOPOHY OOE€PTAHHS I'BUHTOBOI'O
po0OYOro OpraHy, TOMy NpUHAMaEMO

D((Dtgoc—a)K tgﬁ)

=0. (13)
2(tgf +tga)
I3 ymoBH (13) 3HAXOAUMO
o =28 (14)
tgf

JIJ1s1 BUITQJIKY 14€aJIbHOTO TPAHCIIOPTYBAHHS 13 BpaxXyBaHHSAM TEPTS
MaTeplally o poOOYOMY OpraHy BEJIMYMHA KyTOBOI IIBUJIKOCTI OOCpTaHHS
KOKyXa JIJII OCbOBOI'O IIEPEMIIIECHHS B TOPU30OHTAILHOMY KOHBEEPI

®, =otgatg(a+e,), (15)

a00

osinasin(a+ @, )
o, = — - (16)
cos @, —sinosin (o + @, )
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PeryiboBaHl TBUHTOB1I KOHBEEPH MOKHA BHUKOPHCTOBYBATH TO/Il,
KOJIM NOTplIOHA 3MIHA NOPOAYKTUBHOCTI B Yacl, TOYHE JO3yBaHHS,
3MIIIYBAHHS 1 T.A. HOCSATAE€THCI HANAHHAM KOXYXY PEryjiabOBaHOIO
00€pPTOBOTO PyXy TOrO K HANPSIMKY, IO 1 Y TBUHTOBOrO pPOoOOYOro OpraHy
KOHBEEPA, 110 3a0e31euye cTadlIbHE YTPUMAHHS OTOKY B PI3HUX PEKHUMAX,
OCOOJIMBO HAa BEPTHKAIBHHUX Tpacax, a TAKOXK PEBEPC BAHTAKY (0 <® —
TPAHCIIOPTYBAHHS, M, O — peBEPC). OOMEKYETHCS MAPAMETP M M pmin.

3T1JHO PO3PAXyHKOBOI CXEMH HA PUC. 2B, KOJIM KOXKYX 00€PTAETHCS
B TOMY K HaAIIPSIMKY, IO 1 00€PTAETHCSI TBUHTOBUI POOOYMN OpraH

V. =((D6—®K)§tgﬁ. (17)

[ IpupiBHIOKOUM p1BHSHHA (17) Ta (2), 0JepKy€EMO:

(Dg:ootgowa),{tgﬁ. (18)
tgB+tgo
Tomi 13 piBHsIHHS (17) 0OCbOBA MIBUAKICTH JOPIBHIOE:
(otgo+ o t \D
v =| = o, |5 1tgP. (19)
. tgP+tga )2
KoJjioBa MIBUAKICTH JTOPIBHIOE:
Diotgoa+o t
v, = (otg - gB) (20)
2(tgB+tga)

JInga mporo BHAY KOHBEEpPA, 3MIHIOIOYM YacTOTy OOEpTaHHS
KOKyXa, MOXHA PEryjioBaTyd IMBUIKICTh MIOJAa4l Mareplaay 0 HOBHOIO
MOro 3yIIMHEHHS IPHU 00€pPTaHHI TBUHTOBOTO pOOOYOTO OpPraHy.

BucnoBku. IlpeacraBieHO HOBY KOHCTPYKINIO T'BHHTOBOIO
KOHBEEPA 13 00EPTOBUM KOXKYXOM, IO JTO3BOJISIE 3HU3UTH ITYCKOBUM MOMEHT
rOJIOBHOT'O JABUT'YHA, 3MEHIIMTH €HEPrOEMHICTH IIPOLECY TPAHCHOPTYBAHHS
3¢pHOBOTO MarTeplaly, a TaKOX KEpyBaTH PEKUMaMH TPaHCIOPTYBAaHHS.
JIOCHIJDKEHO KIHEMATMKY CHIIKOIO MaTreplajdy Yy TBUHTOBOMY KOHBEEP! 13
O0CPTOBUM KOXYXOM. BCTaHOBJIEHO, IO I PEXHMY IBHAKOXIJHOTO
TPAHCIIOPTYBAHHS JOLUILHO HaJaBaTh OOCPTOBUM PYX KOXKYXY B HAIPSIMKY
NPOTUIIEXKHOMY OOEPTAHHIO TBUHTOBOT'O POOOYOro OpraHy, a Ajas HpOoLECy
3MIIIYBAHHS TPAHCIIOPTOBAHOTO Mareplally JOHUIBHUM € OOC€pTaHHI
KOKyXa B HAIPSIMKY OOCpTaHHS IITHEKA.
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OBrPYHTYBAHHA TEXHOMNOT I BAPOBHULITBA Oflil 3
HACIHHA NIbOHY ONIUHOIO

V' cmammi poszenanymo HanpAamu SUKOPUCMAHHA HACIHHA JIbOHY
onino20. IIposedeHo o0OIpYHMYBaHHSL MEXHON02II SUPOOHUYUO20 NPOUECY
OMPUMAHHA ONLI 3 HACIHHA TbOHY ONIIUHOZO.

JbOH  OJIWHUM, HACIHHS, OJIs, TEXHOJIOI'I,
INIPECYBAHHAA

IlocranoBka mnpoOemMu. 3HAaYHA YAaCTMHA HACEICHHSA YKpaiHU
BIIJIAa€ IIEpEBaAry 3J0pPOBOMY XapdyyBaHHIO. HernepeBeplieHUM OIETUYHAM
OPOAYKTOM Xap4yyBaHHSI BHUCOKOI O10JIOT1YHOI I[IHHOCTI € HACIHHS JIbOHY
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