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I'BY3 KPUBOPOKCKUI HAIMOHAIbHBIN YHUBEPCUTET»

NCCIEJOBAHUE PABOYEI'O ITPOLHECCA BHUBPAIIMOHHBIX
KOHYCHBIX IPOBUJIOK

Ilposedeno konyenmyanvrull ananiz pobomu giopayitinoi opooapku. Om-
pumMana @izuko-mexanivna mooeinb 00380J18€ NPOBeCMU PO3PAXYHOK MAKO20
00]Ia0HAHHA NPU 11020 NPOEKMYBAHHI O 3A0AHUX YMO8, 3 MEMOK 3MEHUIEHHS
eHepeosumpam npu 3a6e3ne4enti UCOKOI AKOCMI KiHYe8020 NpooyKmy.

Ilpouzeeoden KoHyenmyaibHvili aHAIU3 PAOOMbl BUOPAYUOHHOU OPOOUTIKUL.
Ionyuennas @u3auxko-mexaHuveckas Mooeib No360Jsem NPOU3BeCmu pacuem
maxkoeo 000py006aHUsi Npu e20 NPOEeKMUPOBAHUU Ol 3A0AHHLIX YCI08Ull, C
Yenblo YMEeHbUIeHUs IHeP203ampam npu 00ecneyeHuu 8blCOK020 Kauecmed Ko-
HeYH020 NPOOYKmaA.

Produced conceptual analysis of the vibration of the crusher. Received
physico-mechanical model allows the calculation of such equipment during its
design for the given conditions, with the aim of reducing energy consumption
while maintaining high quality of the final product

OmHa W3 BaXKHBIX COCTAaBIIIONIMX YCIICIIHOTO (PYHKIIMOHWPOBAHHUS JI0-
MEHHOTO IPOM3BOJACTBA — palMOHAIbHAsA (opMa OpraHU3alMH IOJTOTOBKH
JIOMEHHOW IUXTHI. B HacTosIee BpeMs MPOU3BOACTBO M MOJTOTOBKA IIMXTHI
JIOMEHHOT'O TIPOM3BOJICTBA OCYIIECTBIISACTCS MPEUMYIIICCTBEHHO Y TPOU3BOIU-
tens. [lpuMensemoe Ha dTame MPOM3BOJCTBA HIMXTHI KPYMHOE IPOOMIBHOE
o0opyJoBaHHe, HE OrPaHHYMBAECT OOpa3oBaHHWE MeJIOYH. VI3BECTHO, YTO IpH-
CYTCTBHE B JOMCHHOW IIUXTE YACTHUI[ C KPYITHOCTHIO MEHBIIE 3 MM, CHH)KACT
ra3oMpoOHUIIAEMOCTh B pabodeil 30HE Meud, 4yTo OOyClIaBIMBAaeT HEOOXOIH-
MOCTh JOTIOJTHUTEIBHOTO OTCEBa MEJIOYH, TIepe] 3arpy3Koi IIMXThI B JIOMEH-
HYIO TI€Yb, OJIHAKO U ATO MEPONPHUATHE HE TO3BOJIAET 3HAUYMUTEIHHO CHU3HTH
CoJiepyKaHHE MEJIOUH B IITUXTE.

JIOTUYHBIM TTyTeM CHIDKEHUS MEJIOYH B IMUXTOBBIX MaTepuaiax sSBIISICTCS
CHIDKCHHE €€ 00pa30BaHMsI B MPOIIECCE MPONU3BOICTRA.

BpIxo/1oM M3 cO3/1aBIIErocs TOJOKEHUSI MOXKET CIIYXKUTh CO3JIaHHE CIIe-
[UAJIbHOE JPOOMIBHOIO 000PYI0BAHUS, TTO3BOJISIOIIEI0 MUHUMU3HPOBATH 00-
pa3oBaHUE HEKOHIUIIMOHHON MEIOYH MpH APOOJICHUN HCXOTHOW IIMXTHI. 3a-
MEYCHO, YTO BBIXOJI MEJIOYH CHIIKACTCS MPH BHOPAIIMOHHOM JPOOJICHUU. DTO
OOBSICHSACTCS PSAIOM XapaKTEPHBIX 0COOCHHOCTEH BHOPAIIMOHHOTO TpoIecca H
BUOpPAIIMOHHOTO 00OpyAoBaHMs. Tak, BBICOKAas TPAHCIOPTHUPYIOIIASl CIIOCO0-
HOCTh B pabodeM MPOCTPAHCTBE BUOPAIMOHHBIX APOOUIOK MHUHUMHU3BHPYET
BpeMs HaXOXJICHHS MEJIOYH B 30HE M3MEILUYCHHMS, a 3TO IIPUBOJNUT K yCTpaHe-
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HUIO MOAYIIKA W3 MEJIKOTO MPOJYKTa, YTO B CBOIO OYEpeab YMCHbIIACT sIBIIC-
HUE CAaMOM3MENBUCHUS U CITOCOOCTBYET 3(PPEKTUBHOMY PaCKAIBIBAHUIO KPYII-
HBIX YaCTHI[ HA YaCTH C KOHIUIIMOHHOW KPYIHOCTBIO. Kak pesynbrar, B Ipo-
1ecce JpoOJICHUS YMEHBINATCS SHEPro3aTrparhl MPH OOCCIICUCHHH BBICOKOTO
KauecTBa KOHEYHOTO MPOIYKTA.

[IpennoskeHHass HaMU KOHCTPYKIHS APOOWIKH ¢ KOHHYECKUM padounuM
kaHajoM (puc. 1), oOpa3oBaHHBIM HIDKHEH 1 M BEepXHEH 2 COOCHBIMH KOHHYE-
CKUMH TTOBEPXHOCTSIMU. 3arpy3ka mMaTepuaia B pabouuii KaHaI MPOU3BOAUTCS
yepe3 aedaekTop 3.

[TpuHIMN meiicTBHs IPOOMIKA OCHOBAH HA JIC3MHTETPAIMH YaCTHUI] MaTe-
pHaia TOCPEICTBOM HX ITUKIMYCCKOTO pa3pylIeHUs TIPH U3MCHEHHUH MPOCBETa
B pabouem kanaze. [IpocBer pabodero xkaHamga MEHSIETCS MO TAPMOHUYECKOMY
3aKOHY MPHU OCEBBIX KOJICOAHMSIX pabodero opraHa APOOHIIKH, 0Opa3yroIIEro
IIOJIBMDKHYIO CTEHKY.

Bo3MOXHBI J1Ba BapwaHTa HCIOJTHEHHS pabodero opraHa JpOOUIIKH: ¢
BEpXHEH BHOpUpYIOIICH padoueli TOBEpXHOCThIO (pUC. 1-a) M HIKHEH BHOPH-
pyrolei padoueit moBepxHocThIO (prc. 1-0).

JlpoOwiika mpeaHa3HadeHa JUIsS JIOBEJACHUS KyCKOBOTO MPOAYKTa C UCXOJ-
HOM MaKCHUMAaJIbHOM KPYMHOCTBIO Upax, MOJaBaeMoro B ee mediektop 3, 10
KOHJIMIIMOHHOTO KJacca KPYIMHOCTH C MHUHMMAJIbHBIM pa3MepoM Kycka Oymin.
[Tpudem, MPOTYKT MEHBIIIETO Kacca KPYIMHOCTH SIBISETCS HEKOHIUIIMOHHBIM.,

Takum o0pa3om, mpemraraemMas B HacTosmed pabore ¢uU3MUKO-
MeXaHUYecKash MOJIe]Ib BHOPAIIMOHHOTO JIPOOJICHHS TO3BOJIIET MHUHUMH3UPO-
BaTh DHEPreTUYECKHUE 3aTPaThl MPH IMOBBIMICHUH KadecTBa JIPOOJICHHOTO TpO-
TyKTa.

PaccmoTpensl myTu ontumuzanuu (HOpMbl pabouero KaHajga JIpPOOMIIKH,
MO3BOJISIIONIUE PEITUTh TTOCTABIICHHYIO 3a/1a4y.

N o A

6)

P N

Puc. 1. Ilpunyunuanvnas cxema Opoounxu.
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a) ¢ subpupyrowell 6epxHell NOBEPXHOCHbIO paboye2o Kanaia, 0) ¢ eubpupyio-
weti HUdCHel N0BEPXHOCMbIO paboye20 Kanaud.

Pabounii kaHaim ApOOUIIKM BBINOJIHEH TakUM OOpa3oM, 4TOOBI MEJKHE
bpakiuy pazpynaeMoro npoaykTa UMeId BO3MOKHOCTh CaMOIPOU3BOJIBHOTO
JABWOKEHUS 1O/ IEUCTBUEM CHIIBI TSDKECTU B pa3rpy304HyI0 00sacTh. B cBsi3u ¢
3TUM, MUHHMAJIBHBIA YTOJI HAKIIOHA 3 HIDKHEW ero cTeHKH (puc. 2) ¢ TOPHU30H-
TOM JIOJDKEH OBITh HE MEHBIIE YIJia ecTecTBeHHOro otkoca 0. T.e. ansa omop-
HOU CTEHKH KaHaja JIPOOUIIKU JOJKHO BBIIIOJIHATCS

£>0 (1)

[Tomaua yactul B 30HY APOOMIIKH MPOUCXOJUT CAMOTEKOM, MOJ ACHCTBU-
€M CHJIbI TSDKECTH. Y MEHBIIIEHUE MTPOCBETa pabouell KaMepbl HE JTOJKHO Mpo-
M3BOJIUTh BBITAJIKMBAIOIIETO ACHCTBUS Ha 4YacTULbl. 3aKIMHUBAHUE YacCTHIL
MEXAY CTEHKaMU MPOU30MIET TOr/a, KOTJa BBIMOJIHSIETCS YCIOBHE CaMOTOp-
MOXKEHHS

a<arctg(f, ) 2

rae fee - KO3Q(OUIUEHT TPEHUS! CKOJBXKEHUS MEXAY 4YacTULUAMU JPOOUMOro
MaTepuaia U CTeHKaMH Kamepsl. Hanpumep, npuHumas Ko3QpPHUIHUEHT TpeHUs
CKoJibkeHus, paBHbIM 0.3, moyyaem o<17°.

YTom KOHyCHOCTH pabouero kKaHaia OmpeaeseT coOOW JIMHY pabodero
ydacTka KaHaja. A MMEHHO, €ClIM 3aJlaHbl MAKCUMaJIbHBIA pa3Mep 4acTull Ma-
TepUajia Ha BXOJIC B KaHAT Oma ¥ MAKCUMAJIBHBIN pa3Mep 4acTUI KOHIUIIUOH-
HOT'O MPOJYKTa Oymax HA BBIXOJIC M3 HETO, TO JUIMHA pabodero y4yactka L ompe-
JEIUTCS IOCPEICTBOM F€OMETPUUECKOTO COOTHOIICHUS:

L=0.5-(d, 1 — Ay ) - CtI () 3

A-sin(ot) A-sin(wt)

Puc. 2. Kpymotui u nonrozuti pabouue xanauvi

471



Takum oOpazom, juMHa paboyero KaHaja JPOOWIKU €cTh (DYHKLHUS TEX-
HOJIOTUYECKMX Pa3MEPOB, MEXAaHUYECKHX CBOWMCTB ChIpbS W YIJIa HAKIOHA
CTCHKHM KaHajla K €ro ocu cuMMeTpuu. Ho 3To Takke HakaJpIBaeT OrpaHuye-
HHUE Ha JUIMHY pabodero kaHayia. C yuetoM (2) mpejenbHOE 3HAYCHUC JITHHBI
KaHasa ONpPEENIUTCS COOTHOIIEHUEM:!

_ dmalx — dkmax (4)

max 2 f

Pacnonoxxenue ocu cuMMeTpuu paboyero KaHajia U3 yCJIOBUSI MUHUMM3A-
MM BPEMCHHM HAXOXKJCHHS MaTepuana B KaHaie (I yMEHBIICHHUS Tepeus-
MEJIbYCHHUS MaTepuaia) J0HKHO MaKCHMMaabHO MPUOIMKATHCS K BEPTHKAIIb-
HOMY:

a+f—90° )

Eciu ocw CUMMCTpPUHA pa6oqero KaHaJla HAKJIOHHAas1, TO OUKIIOBOC BI/I6pa-

MUOHHOC ICPEMCUICHUC pa6oqep“1 IMMOBCPXHOCTHU PACKIIAAbIBACTCA IIO OTHOIIC-
HUTO K DTOU OCH Ha IMPOJOJBbHOC U IIOIICPECUHOC nepeMemeHHﬂ:

X, = Acos(a + f)-sin(«t) (6)
x_=Asin(a + B)-sin(wt)

[Tomiepednoe mepeMenieHne CO37aeT MCKIIOYUTEIHHO CHKMMAIOIIEE BO3-
JIeiCTBHE Ha YacTUIIbI MaTepuaia, co3/laBas B TeJe YacTUI[ HOPMaJbHbIe Ha-
NPSDKEHUS. ¥ OTHUMAsI TPAHCIIOPTHUPYIOIee JACUCTBUE Y MPOJOIBLHOTO MepeMe-
menus. Ilonmepeunsle cocTaBisomKe KojieOaHW pabodyeld TMOBEPXHOCTH
BCJICZICTBUE B3aUMOJICHCTBUS €€ C APOOMMBIM MaTepUaioM, OyIyT MPUBOIAUTH
K YMCHBIIICHUIO aMIUIUATY IbI.

[IpononsHOE mepemenieHue 00IaIaeT JBOSIKUM JEHCTBHEM: OHO oOecre-
YUBAET 3HAYUTEIHLHOE CIBUTOBOE BO3CHCTBUE MPU HATWYUHM CKUMAIOIIETO C
YUETOM 3aKJIMHUBAHUS YaCTHIl B KaHAJIE MPH X0JI¢ BBEpX (CO3/1aBas B TeJe Jac-
THUI] 00BEMHOE HAMPSHKEHHOE COCTOSIHUE); OHO TAaK)KE CIIOCOOCTBYET yMEHBIIIe-
HUIO BPEMEHHU HAaXOXKACHUS MaTepuaia B 30HE IPOOJICHUS M YMEHbIIAET Mepe-
U3MeJbUeHUE MPU XOJ€ BHU3.

Ha Bb16Op TeomeTpum pabouero kaHajga CYIIECTBEHHOE BIIMSHHE OKa3bl-
BAaIOT MIPOYHOCTHBIE CBOMCTBA YACTHUI APOOUMOTO MaTepHaa.

B mpouecce Bubpamnuu pabovero opraHa, BHE 3aBUCHMOCTH OT yrIJia Ha-
KJIOHA paboyero kaHaja, MIUpUHA IIeTH KaHana u3Mmensercs (puc. 3); mpu e
pazmepe dymax B IPOOICHHOM MaTepHualie BO3MOXKHO.

[Ipu mepemernieHuu pabodero opraHa B MPOIOJIHHOM HaIpaBICHUH OTHO-
CUTEIIbHO OCH CHMMETPHH KaHajla ¥ MPU CMEIIEHUU CTEHKH pabodero opraHa
Ha BEJIMYMHY aMIUTUTY bl BUOpAIMK, KaK MOKa3aHO Ha puc. 3, ISl MaKCUMAaJTb-
HOTO MPOCBETa UMEEM COOTHOIIICHUE!

do =(dymax + A, -tga)cOsa =d, ., -COSa + A -sina

k max k max
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A-sin(wt)

dmax
A-sin(at) I/

Puc. 3. Veenuuenue wupunst wenu npu xpatinux
NOJLOJICEHUSIX paboue2o opeana 0Jisi 6epmuKaivhoo (a) u
HaKk1oHHO20 (0) KaHaIa cOOMEencmeeHHO

BennunHa MakcHUMallbHOTO W3MEHEHHS MPOCBETA 3a MEPHOJ KOJeOaHMiA
paboyero oprasa BA0JIb OCHU CHMMETPHUH KaHaja MPUMET BUJL:

A =%[ A sinag—d,, (1-cosa) ] (7)

[Ipu nepemenienun pabovero opraHa B MOMNEPEYHOM HaIPaBICHUH OTHO-
CUTEJIBHO OCH CUMMETPUHN KaHAJIA €r0 IPOCBET U3MEHUTCS HA aMIUIUTYAY 3TO-
IO NEPEMEILICHHUS

k max

- 8
A, =%A (8)
HN3meHenue IIPOCBCTA IIPHU HAKIIOHHOM KaHAJIC, KOoI'Ja KOHC6aHI/I$I, noauu-

HSIOTCS cOOTHOMIEHMIO (6), OyIeT onpeaensThcs CYMMOM H3MEHEHHI ITPOCBETa
JUTST K&KIOM M3 COCTABIISIOIINX KOJICOAHUIA:

A=A +A, =% A -sina+A —d. (1-cosa)| ()

[Ipu BepTUKATBLHOM KaHAJIE (a+)=90", KaK Ha pHC. 3-a, TorepeyHoe

k max

nepeMelieHue oTcyTcTByer. [loaromy npoayKTsl 1poOaeHust OyIeT UMETh pas-
Mephbl OOJIBIINE, YEM BETUUYHHA ILETH

o =d

k max

+A

k max T
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- =d

k max +[A-sina—d (1—cosa)] (10)

k max k max

[Tpu HakmoHHoM KaHaje (puc. 3-0), mpu KOTOPOM (a+ 3)<90° TPOIYKT

IIpO6JIGHI/I$I 6y):[eT HUMCTb OTKJIOHCHHUC II0O KPYIIHOCTHU B 6OJIBIHYIO CTOpPOHY B

COOTBCTCTBHU C COOTHOIIICHHUCM
+

k max
+ =d

¢ max cosa + Al sin(a + B)-sina +cos(a + ) | (11)

N3 (10) u (11) MOKHO YBHJIIETh, YTO B HEKOTOPBIX IMPAKTUUYCCKUX CITyJasx
MPEBBIIEHUEM pa3Mepa CaMbIX KPYIHBIX YaCTUIl Marepuaia HajJ pa3MepoM
IS MO>KHO TIpeHEeOpeYb.

Pabounit nukin ApoOIeHUsT HaXOASAIIUXCs B pabodyeM KaHajle 4acTHIl, CO-
CTOUT U3 HECKOJIbKUX XapaKTEPHBIX ATAIOB.

Ha mepBom sTame mpoWCXOAUT JBMKEHHE pabodero opraHa B CTOPOHY
YBEITWYCHUS TIOTIEPEYHOTO CeUeHHs pabouero kanana. [Ipu 3ToM HaXOaAIIHANCS
B KaHaJIe MaTtepuai Moj JCUCTBUEM CHUJIbI TSXKECTH MEPEMENIACTCS B CTOPOHY
pasrpy3ku 4epe3 KaluOpoBOUHBIN 3a30p KaHasa. OcBoOOUBIIIEECS TPOCTPAH-
CTBO B paboueM KaHaJjle 3aloIHAETCS MaTepUalioM U3 3arpy304HOT0 OyHKepa.

Btopoit stanm ompenenseTcs nBWKeHHEM pabodyero opraHa B CTOPOHY
YMEHBIIICHHS TIPOCBETa KaHaja. [Ipn 3TOM MPOMCXOMUT YIUIOTHEHWE YACTHII
Marepuaja B pabodeil 30He, COMPOBOXKIAIOIICECS HHTEHCUBHBIM CaMOU3MEIb-
YEHUEM YaCTHUII. IJTall NPOJOJIKAETCS 10 MOMEHTA 3aKJIMHUBAHUS YACTHUIl MEX-
Ty pabouuMU TOBEPXHOCTSIMHU KaHaJa.

Tpetuil 3Tan cOMpPOBOXKIAETCS CKATUEM YACTHII, 3aKJIMHUBIIMXCS B MPO-
cBeTe KaHana. [Ipu sToM mpoucxoaut ApoOeHUEe YacTull MaTrepuaja, Ha 4To
pacxoiyercs 3HaUUTeJIbHasl YaCTh KUHETUYECKON dHEPTUM pabovero opraHa.

Paccmotpum pabouuit pesxkuM IpoOUIIKM Ha dTalle YBEJIMYEHUS ITPOCBETA
pabouero xKaHaa.

[IepBblii 3Tanm HAYUMHAETCS OT MOMEHTA, KOT/la B CBOEM KPaWHEM IOJIOkKE-
HUW pabouYnii OpraH OCTaHABIMBACTCS, 00pa3ys pabounii KaHal ¢ HAUMEHbBIIIUM
MIPOCBETOM. JTall COMPOBOXKAACTCS PACIIUPEHUEM KaHajda U CTECHEHHbIM Ta-
JICHUEM YacTHI[ TIOJ JEUCTBUEM CWJIbl TsKECTH. PacueTHas cxema mpoiiecca
npencrapieHa Ha puc. 4. VI3 pucyHka BUIHO, 4TO OJTHOMACCHBIA pabodmii op-
raH JAPOOMIKA MOXET 00pa30BBIBATh KaK BEPXHIOK MOJABMKHYIO TMTOBEPXHOCTH
pabouero kanana (puc. 4-a), Tak 1 HHKHIOIO €r0 IIOBEPXHOCTH (puc. 4-0). Kax-
JI0€ U3 KOHCTPYKTUBHBIX PEIICHUN TTO-CBOEMY BIIMSET HA TTOBEJCHUE YACTHII.

[Ipn BepxHEW MOABMKHOM IMOBEPXHOCTH, B MPOLIECCE YBEIMYECHUS IPO-
XOJIHOTO CEUYEHHUsI paboyero KaHaja, YacTHUIbl OMUPAIOTCS HAa €ro HIKHIOK
HETIOJIBIKHYIO TIOBEPXHOCTh U COCKaJIh3bIBAIOT BHM3. Ha wacTuily aeicTByIoT
CJIEIYOIINE CUIIBIL:

:dkmax +A

k max

- cwta tsoxectd G ;

- CUJIa HOPMaJbHOW PEaKIUK OTMIOPHOU MOBEPXHOCTH N ;
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- CHJIa BA3KOI'O COIIPOTHBIICHUS JABMIKEHUIO CO CTOPOHBI OKPY KAIOLIETO
MacCHBa 4acTHIl P ;

- CHJIa TPEHMS CKONbKeHUs. F Ipu IBMKEHHH [0 OIOPHOM OBEPXHOCTH.

B mporuiecce yBenuueHusi MpoXoHOTO CeueHus: pabouero KaHajaa 4acTHUIIbI
OMUPAOTCA HA €r0 HHMXKHIOK MOBEPXHOCTh. JTa MOBEPXHOCTh COBEPIIAET yC-
KOpeHHOe JBIKkeHre BHU3 (puc. 4-0). B pe3ynbraTe Ha 4acTHILy TOTOJHUTEIb-
HO JICHCTBYET CHJIa MHEPIUH (Q , KOTOPAsk yMEHBINAET CHILY TPEHHS.

A-sin(at) Y

A-sin(at)

) | 5)

Puc. 4. Jlsudicenue vacmuy mamepuana npu y8eaudenuy npoceema paooue2o
kanana npu osudicenuu eepxneil (a) u nudicrnetl (6) nosepxHocmu Kanaia
COOMBEMCMBEEHHO
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Onpenenumcsi ¢ BEIMYMHON JEHCTBYIOIINX HA YACTUILY CHUJI.
G|=mg:;
Fl=k- N
|P| =u-p_-X;
Q|=m - Aw®sin(at).
Benens ciienyroiie 0003HaYEHUS:
M - Macca 4yaCTHIlbl, KT,

k - 6e3pasmepHbIii KOA(PGHUITUCHT TPEHUS CKOJIBKCHUS,
[ - DOMIIMPMYECKUH KOI(POUIMEHT BAZKOTO CONPOTHBICHUS JIBHKEHHUIO

YACTHIIBI B IPUCYTCTBUHM 0071aKa APYIUX YACTHIL, M /C;
O_ - IUIOTHOCTb 00JIaKa MEJIKMX YaCTHI[ HEKOHMIIMOHHBIX Pa3MEpOB Ha

3Tare paciIMpeHHs IPOCBeTa Paboyero KaHana, Kr/im’,;
A - aMImmMTyna TMHENHBIX BEPTHKAIBHBIX KONeOaHUI pab0vero opraa, M;
(@ - KpyroBas 4acToTa KoneGaHuii paGouero oprasa, ¢
OCHOBHOW 3aKOH JMHAMUKH JUIA JIBUKEHUS YaCTHLBI B CIIy4ae BEPXHETO
pacrmonoxenus padodero oprana (puc. 4-a):
m-X=—-F-P+G-sing
C y4etom toro, uto N =G-cos 3, mubdepeHnnanb-Hoe ypaBHEHUE JIBU-
’KEHUS YaCTHULIbl HA JTaIle MPUMET BHUJIL:

X‘+%-p_>‘<:g-(sinﬂ—kcosﬂ) (12)

OCHOBHOI1 3aKOH AMHAMUKH JJIs1 AOCOIOTHOTO JBMYKEHHUS YACTHIIBI B CITy-
Yae HWKHETO PacrojioxeHusi padodero opraHa (puc. 4-0) 3amuiieTcsi B MPexK-
Hel hopme:
m-X=-F-P+G-sing
OpmHaKo B ATOM cilyyae HOpMallbHAsl PEAKIMs OMOPHOW MOBEPXHOCTH M3-
MEHUTCS. banaHc cui BIOJIb OCH ) BKIIIOYACT CHITy MHEPIIUU B OTHOCUTEIIBHOM
JIBUKCHUU YaCTHUIIBL:

N-G-cosf+Q-cosf=0
Otkyna N = (G-Q)-cosf = [g — Aw® sin(a)t)]m .Cos 3+
YuureiBas TO, 4YTO CBA3b C OHOpHOﬁ IMOBCPXHOCTBO OAHOCTOPOHHSA,

HOpMaJlbHasl PEaKIUsi BUOPHUPYIOIICH OMOpHI B MPOIECCEe €€ JBMKCHHS BHU3,
MOAYHUHSIETCS YCIOBHIO:

. [g - Ao’ sin(a)t)]m .c0s 3, eciu g > Aw” sin(ot) (13)

0, ecin g < Aw? sin(wt)

Torga nuddepennnansHoe ypaBHEHUE IBMKEHHUS YAaCTHUIIBI Ha HTarle,
TaKXe MMOJYUHAECTCS YCIOBUIO, U IIPUMET BU/L!
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X +%p_)'( =g-(sin f —k - cos B) + kAw? cos 3 -sin(@t), ecin g > Ao’ sin(ot) (14)

ad
m
Otan 3aBepiiaeTcs OCTaHOBKOM pabodero opraHa B CBOEM KpailHeM TO-
JIO’)KCHUH ¢ 00pa30BaHMEM HaWOOJIBIIIETO MPOCBETa pabouyero KaHaia, T.e. €ro
MIPOJIOJKUTETHHOCTh COCTABIISIET MOJMEPHOIa KoJeObaHuii paboyero opraHa.
W3 (13) u (14) crnemyeT, 4TO Ha dTAle CTECHEHHOIO MAaJCHUS YacTHUI] B pa-
0oveM KaHalle Y BUOPAIMOHHOM YCKOPEHHUH OOJIBIIEM (] , X TPEHUE O HUK-

X+ p_x=g-sinf, ecmn g < Aw’sin(ot)

HIOI0 CTCHKY OIOPHOW TOBEPXHOCTH NPH €€ JBMKCHUU BHHU3 OTCYTCTBYET, UTO
YBEJIMYMBACT CKOPOCTh TPAHCIIOPTUPOBAHUS YACTHUI[ K Pa3TPy30YHOMN IIEIIH.
OpnHako ABYKYIICH CHIIOHN, TIOCP)KUBAOIICH TPAaHCTIOPTUPOBAHKUE MaTepraa
B pabodeM KaHaJIle TIPH €ro pacIIMpeHUH, SBISETCS cuiia TshkecTH. [loaTtomy
MIPaBUJILHBIN MOI00p YaCTOTHI KoJieOaHM paboyero opraHa ¢ IeiIbl0 MUHUMH-
3UPOBATh BPEMsI HAXOXKJICHHS YaCTHUI MaTeprajia B paboueM KaHaje APOOUITKU
UTpaeT CYMIECTBEHHYIO POJIb.

Ecnmu mon neiictBueM BHOpaIy HaXOJIUTCS BEPXHsISI MTOBEPXHOCTH pado-
4ero KaHaja JpoOWiKH, To AuddepeHuanbHOe YpaBHEHUE JBMKEHUS TTOTOKA
MaTepHasa Ha dTare paclMpeHus KaHaiaa cootBeTcTByeT Gopme (12). I[Tpu sTom
JBW)KCHHE BepXHeH pabodell MOBEPXHOCTH 00JierdaeT TPaHCIIOPTHPOBAHUE Ma-
Tepualia TOJIBKO TE€M, YTO MPOCBET KaHasa pacter. OnpeaenuM 3TalHoe epeme-
IICHUE YaCTHUIIbl MaTepualia B KaHaie. Pemennem (12) Oyzner BeIpakeHHE:

_p-),
x(t):(sinﬂ—kcosﬂ)-ﬂ-u (sinﬂ—kcosﬂ)-ﬂ—vo]Le( m J - (15)
P uep- Mo p-
2
. g-m m
—(sin B —kcos ) - + Vg + X
( ,H ﬂ) /uz'p_z up. 0 0

MoMmeHT Hadala t, U KOHIIA t, dTalla yMCHBIICHHS IPOCBETa pabOUero

KaHaJia, yJ00HO MPHHATH 0 OTPE3KaM MEPBOIr0 M BTOPOTro Meproia KojaeOaHmi
(puc. 5), COOTBETCTBEHHO: ty=0.75-T; t,=1.25.T,rae T - nepnosa koneda-

HUM paboyero opraxa.
[lepemernienne 3a 3Tan pacHIMpeHUs paboyvero KaHajga OMNPEEIUTCS IO
pPa3HOCTM  KOOpAMHAT B  OTH  XapaKTEpHblE  MOMEHTBl  BPEMEHU

[x(1.25-T)-x(0.75-T)]*
I =(sin,b'—kcos,8)-ﬂ-0.5T + (16)

(—Lp*}uw (—L’L].o.?sT
et M —et M

+| (sin B —kcos g)- g-m —vo]

Mo p Hep
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L
P I 1 1 # 015+ BepTuKanbHas KOOpAMHATA PabOUCH MOBEPXHOCTH
) Kpaiinee A O'Ol%:: OTHOCHUTEJILHO HEHTPaIbHOTO MOJIOKEHHUS, M
U8 Bepxmee j 0.075 "
4| TOJIOXKEHUE |/ 0.05
D83 0.025
57| Moment ’/ ! ——g.og5 5-0:470:49-0:510.530:55H570.590.610:63 0:65 0.67 0:690:71 073 0.75
posg| 1.25T ‘0._067? L Koopaunara Bpemenn, ¢
ol 13 s s
085 |
~ —  BeprukanbHas ckopocTs paboueii moBepxHocTH, M/c
s 5] |
i 1
3 74 0,75 e ~~——
{l a 0.5 /'
- f 0.25
G2l ‘0.025 5-0:47 0/49 0,51 0:53 0:55 0.57 0.59 0.61_0.63 0.65 0.67 0.69 0.71 0.73 0.75
0l / -O.ZE KoopauxaTa BpemeHH, ¢ |
033 | 128 s s s s
03 '
BeprukanbHoe yckopenue paboyeil oBEpXHOCTH m/c?
B2y 15"| '
125 T T ] [
hd 2 a— | N —
11k = zg T~ |  Koopaunara Bpemenu, ¢ |
Kpaiinee HIDKHEE MOJIOKECHUE | L
L | | —2.9015 0:47 0,49 0,51 0:53 0:55 0.57 0.59 0 J.nq,uof) 0:67 0.69 0.71 0.73 0,75
T, Mowment 0.75T _7'% —
-10
— - 125
080501 01302 0336303304 64508 45

Puc. 5. Ilpoyecc ysenuuenus npoceema pabouezo kanaia
0151 8epxHrell paboueti nosepxHocmu npu yuacmome 1.671y
om momenma epemenu 0.75T, 0o momenma 1.25T, 20e T — nepuoo
Kosiebanuul

JIst cpaBHEHUs TMEPEeMEIICHHS YacTHIbI B pabodyeM KaHajie, CO CBOOO/I-
HBIM TICPEMEIICHUEM 3TOW YaCTHUIIBI O] JCHCTBHEM CHJIBI TSDKECTH, PacCuuTa-
€M BEJIMYMHY CBOOOJHOTO TiepemerieHus 3a Bpems 0.5T ¢ HyneBbIMH Havallb-
HBIMH TTapaMeTPaMH 0 U3BECTHOMY KHHEMAaTHIECKOMY COOTHOIICHUIO:

l, =0.125- gT? (17)

B coorBercTBumM ¢ (16) u (17) MOXHO OIpPENEIMTh CPEIHIOK CKOPOCTH
CTECHEHHOTO JIBUYKCHHMSI U JIBU)KCHHUSI CBOOOIHOM YacTHIIBI B paboueM KaHaIe.

Ecim mox npeiictBueM BHOpaIMyM HAXOJIUTCS HUXKHSISL TTOBEPXHOCTH pado-
4ero KaHaja JpoOWiKd, To quddepeHnanbHoe ypaBHEHUE JBUKEHUS MTOTOKA
MaTepraja Ha dTale paclupeHus KaHama cooTBeTcTByeT (opme (14). Ilpu
STOM JIBWXKCHHE HIDKHEH padodell MOBEPXHOCTH B CTOPOHY YBEJIUYCHHUS IPO-
CBeTa paboyero KaHajia HaKJIaJbIBACT HAa YaCTHUIIBl CHIJIBI WHEPIUH, KOTOPHIC
YMEHBIIIAIOT UX TPEHUE 00 OMOPHYIO TIOBEPXHOCTb.

Pemrenuem (14) Oyzner aBa BhIpaXKEHUS C YCIOBUSIMHU:
m
XO=——7 55
U p ©+om

(—&}t m202 202

er "/ Img(sing—kcosp) 1+ —— |- up_Vo -
1o 7

~kAwcos B( up_ cos(wt) + wm-sin(at) )

(wkAcos B+ V) |-

X

2
+(sin/3—kcosﬂ)ﬂ-t—(sinﬂ—kcosﬂ) gzm 5 +i(a)kAcosﬂ+vo)+xo :
Y7

p_ wpl up-
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CoM 1arc:sin(—g ) (18)

o A’
[_ﬂp—}t ,
x(t)=i ﬂsin,B—v0 ev +gsin,8-t—ﬂs.inﬂ+v0 +Xo
pp_ |\ pp- Hp-
et ¢ 5 L o resin Lz (19)
w Aw

MomeHT Havana t; M KOHI@ {; 9Tama yMCHBIICHHS IPOCBETa pabodero

KaHaja, yJI0OHO MPHUHATH IO OTPE3KY IEPBOro Iepuonaa Koiebanwii (puc. 6)
COOTBETCTBCHHO: t, =0.25-T; t, =0.75-T, Ie T - mepuon kosnebanuit pado-

yero oprana. [{ukioBoe nmepemenieHne onpeaeanTcs Mo pa3HOCTH KOOPANHAT B
XapaKTepHbIE MOMEHTHI BPEMEHH JIJIsl TIEpHOia KOJIeOaHUH:

l; =[x(0.75- T) — x(0.25- T)]- (20)
| Kpaiitee BepXHEe II0T0KCHHE BeprukanpHas KoOpIiHaTa paboueii HOBEPXHOCTH
0.15 OTHOCHTEJILHO HEHTPAJIBHOTO MOJIOKEHHS, M |
| Mowment 0.25T 0.12 I I I I ‘ ‘ ‘
L 7 Jagon — I O N —
0.93 ooogg g Koopaunata Bpemenu, ¢
v. ﬁ ‘9055 5-0.17 019 0.21 0:23 0.25 0.27 0.29 0.3179:83.0.35 0.37 0,39 0.41 0,43 045
¢85 / _04067? —
0F I/ -013
&7 -0.15
L
l.5':| BepruxansHast CKopocTh paboueii OBEpPXHOCTH, M/c I
082 1.257 i i i i
. / V o7 I A
o P
- ﬁ 0.5 |  Koopnunarta Bpemenu, ¢
853 V 0.25 !
03 —0,02 5071019 0.21 0:23 025 0.27 0,29 0:31 0.33 0.35 0.37 0:39 0. 45
- =05 — —
5 / -0.75 ~
UiE I 3
o4 —1.25
/ -15
033 l{ V
&3 I 15 __I BeprukansHoe yekoperne paGoueii moBepxHocTH, M/c?
T |
0323 125
10
0z \ 7-2 "
£13 25 -~
14— Kpaiinee HIKHEE TONOXKEHHE I—— —2_5 5 0:170,19-0:21 0:23-0.25_02770.29 0:31 033 0.35 0.37 0.39 0,41 0:43 045
- [
.03 | Mowmenr 0.75T _718 | Koopmmara spemenn, ¢
~125 T T T T T 1

P 00s010IS020.250.30.350.40450.50.55 15

Puc. 6. IIpoyecc ysenuuenus npoceema pabouezo Kkanania
0151 HUSYICHell pabouell nogepxnocmu npu yacmome 1.671y
om momenma epemenu 0.25T, 0o momenma 0.75T, eoe T — nepuoo
KOIeOaHutl
Ecmu pabounit opran IpoOMIKK 3acTaBiisieT BUOPUPOBATH HIDKHIOKO T10-

BEPXHOCTh KaHaja, TO BEIYMCICHUE IUKIOBOrO repeMernieHus mo ¢popmyie (20)
TpeOyeT pa30HeHnsT BpEMEHU PACIIMPEHMs KaHala Ha crenn(uyeckre BpeMeH-
HbIE MHTEPBAJIbl. DTH BPEMEHHBIE MHTEPBAJIBI IIO3BOJISIIOT YYECTh YCIOBUE OT-
CYTCTBHSI CHIIbI TPEHHUSI 0 pabouyr0 MOBEPXHOCTh KaHalla ¢ COOTBETCTBYIOIIUM
ATOMY YCJIOBHIO BEIOOPOM paCUYETHBIX BhIpakeHUH - 00 (18), mbo (19).
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Brruncienne sranHoro nepemerienus ¢ yciaousamu (18) u (19) tpebyer
NPUMCHEHHUS YUCIICHHBIX METOJOB pacyera, T.K. JUI KakJIO0ro KOHKPETHOI'O
cllydast pa30OHMEeHHE BpEMEHHOIO0 MHTEPBAIa Ha CICIU(PUUIECKHE OTPE3KHU IPHUBE-
JeT K CYIIIECTBEHHOMY MHOIr000pa3uio perieHuii. TOIBKO B TOM Cilydae, Koraa

mapaMeTphbl BUOpALU BHIOPAHBI TaK, YTO YCIOBHE A2 sin (a)t) < (J BBIIOJIHS-

€TCs HEeNpEeMEHHO Ha BceM uHTepBasie BpeMeHnu 0.25-T <t <0.75-T , Bbrunc-
JICHUE JTAIHOTO MEPEMEIECHUs YIPOIIAETCS IO UCIIOIb30BAaHUS OJTHOTO BhIpa-
xenus Buna (18).

Tax, ecau ycimoBue TOro, 4To aMILIUTYJ]la BUOPALIMOHHOIO YCKOPEHUSI HE
0ol YCKOpEeHHUs1 CBOOOAHOTO mageHus ( A2 < g ) obeceunBaeTCst PEKUMOM

BUOpanuy padodero oprana, To BelpakeHue (20) mpuMeT clieyromyto pa3Bep-
HYTYIO0 popmy:

2 2 2 2
li=— 2m >—| Mg (sin § —kcos ) 1+% — Up_Vy — @ (cwkAcos B+ V) | x
Hop~ + o m Hop- Hp-
—ﬂp_j-OJST (—”p‘j-o.st 2152
xe[ m —et + szzksz 2cos,8+(sinp’—kcosﬁ)ﬂ-O.ST
KPS+ o m Hp_

DTO BBIpAXEHUE TMO3BOJSET ONPEACIIUTHh JIBIDKCHUE Marepuasga eciu
Aw? < g Ha dTale yBeIMYeHHs IPOcBeTa paboyero KaHana (B TeUCHUH TOJTyTIe-

pHroJia KoJacOaHMi).

Kak Tosibko mporiecc paciimpeHus mpocseTa padboduero KaHajia 3aKaHd1Ba-
eTCsl, HAYMHACTCS OOPATHBIM MPOIECC — CYXKEHHME 3TOro mpocBera. [Ipu 3Tom
YaCTUIBl MaTepHalia yTPauyMBarOT TCHACHIMIO K IMPOJBMKCHHIO B 30HY pa3-
IPY3KH M3-3a YBEIWYCHHS TUIOTHOCTH UX YIAKOBKHM M 3HAYMTEIHHO BO3POCIICH
CHJIBI TPEHUS, BIUIOTH JI0 MOJHOTO UX 3aKJIMHUBAHUS MEXKIY CTCHKaMH padoue-
ro kaHana. Takum o0Opa3oM, 3Tall SBISETCS MEPEXOTHBIM MTPOIECCOM OT 3aBep-
IIEHHs JBM)KCHUS YacTUI] B pabodyeM KaHaje, 0 Haydajga UX pa3pylleHHs OT
JIABJICHUS CO CTOPOHBI CTEHOK. DTall HAYMHACTCS OT MOMEHTA OKOHYAHUS TTpe-
JBIAYIIETO dTarna PaclIupeHUs NMPOCBETa W 3aKaHYMBACTCS MOMECHTOM 3aKJIH-
HUBaHMS YacTUIl B KaHajie. HadanmpHbIe TapamMeTphbl dTama Cy)XEHHs KaHaja
SIBIIIIOTCS KOHCUHBIMM [TapaMeTPaMH dTalla ero paciupeHus.

Tak kak B KOHIIE dTara paciidpeHus padouero KaHajga HaXOISIIUKCSA B
HEM MaTepHall MoJ ACHCTBHEM CHJIbI TSHKECTH JABUTajCs BHH3 MO0 KOHHYECKOU
CY KaroIIeHcs eNIM, TO B KOHIIC ATara 3a30p MKy YacTHIIAMU MaTepuayia u
CTCHKaMH OCTaeTCs He3HAYMTEIbHBIM. Beln4mrHa 3TOT0 3a30pa 3aBHCHUT OT Me-
XaHUYECKUX CBOKMCTB JPOOMMOI0 Marepuala, B YaCTHOCTH, OT €r0 XPYIKOCTH.
Ecin 3a LUK paspyuIeHUst HCXO/HBIA IMaMeTp YacTHLl (l; YMEHbLIACTCs 10

BeIM4UHEL d, =K, d; (rme Ky 9KCrepHMEHTAIbHBIN KO3 UIHCHT H3MENbYe-

HUSl YaCTHIIBI 3a ITMKI), a IIMKJIOBOE CMEIICHUE YaCTHIIBI BJIOJIb paboueit mo-
BEPXHOCTH M3BECTHO, TO MOYKHO OIPEICINUTh BEIIMYUHY 3a30pa, KOTOPBIM BBI-
OupaeTcsl 10 3aKJIMHUBAHUS YacTHI, a, CJICAOBATENIbHO, U BpeMs, Tpedyemoe
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ISl 3aKJIMHUBaHUSA. TakuM 00pa3oM, MPOJOKUTEILHOCTh MEPUOJIa CYKEHHUS
KaHajla MOXKET ObITh OTpeJIelieHa UCXO/IS M3 MPOYHOCTHBIX CBOMCTB YaCTHII, T€0-
METPHH KaHaJIa M XapakTepa BUOpaiuu padouero oprana Apoouiku (puc. 7).

Puc. 7. K pacuemy epemenu smana ymeHnvuleHus npoceema paboue2o Kanaid

Ha puc/ 7 noka3aHo m3MeHEHHE MpocBeTa paboyero KaHaia 3a IMOJIHBIN
pabGounii UK ApoOMIKHK (3a MONHBIN MepHo KoiebaHuii pabouero opraHa),
BKJTFOYAIOIINNA B ce0Os1 TpH dTara:

- 9Tall JApOOJIECHUs YaCTHLbl C MCXOAHOrO pasmepa d,, A0 pasmepa d,

(magaso stana apoOJIeHUs ITOKa3aHO (POHOBBIM KOHTYPOM);
- 9Tal YBEJIHYCHHUS IPOCBETA, MPH KOTOPOM IMPOMCXOIUT MEepeMEIeHNe
YJACTHIIBI HA PACCTOSTHUE |i :

- 9Taln YMEHbIIICHHS MMPOCBETa KaHalia (HayaJio dTara Mmoka3aHo OCHOBHBIM
KOHTYpPOM), KOTOPBIH COMPOBOXKIACTCSI BRIOOPKOH 33a30pa MEXIy YacTUICH U
CTEeHKaMH KaHajia MyTeM BEpPTHKAIbHOIO MepeMellleHus padoyero opraHa B
CTOPOHY CY>KEHHs KaHaja Ha paccrosiHue AA, BIUIOTh J0 3aKJIIMHUBAHUS 4Yac-
THLBI Pa3MEPOM d, .

CoctaBuM ypaBHEHUE M3MECHEHHUS TOMEPEUYHOTO pa3Mepa MpocBeTa 3a Iie-
pHO IBMKCHUS paboyero oprana IpoOHIIKY:
l; -tg(2a) =(d; + 2Acos ) — (AAcos 5 +d, )
Bbiienum u3 ypaBHEHHS BEPTHKAIBHOE TIEpEMEIIICHHUE:
Ad |, (22)
|

I
AA=2A———Itg(2a)—
cos g( a)

481



rae Ad - U3MEHEHHE XapaKTepHOro pa3Mepa YacTHIlbI 3a dTall ¢ pa3pyIICHHS
OT CKATHS MEX]Ty paOOYMMHM ITOBEPXHOCTAMHU JAPOOHIIKH.
CBspKeM HalICHHOE ITepeMEIIEHHE C 3aKOHOM JBIDKCHHS Pab0Yero opraHa:
Asin(a)Tz) = AA, Tie T, - MOMCHT BpeMeHH, Korja 3a3op AA Oyzer Bbl-

Opa=.
W3 oOpa3zoBaBierocst ypaBHEHHsI HAXOJJUM MOMEHT 3aBEpIICHHUS TIeproia
YMEHBIICHUS MPOCBeTa padovero KaHama:

T, :iarcsin A—: (23)

@
Takum 00pazom, Mepuo| Cy)KEeHHs MPOCBeTa pabovyero KaHajia 3aBepiia-
eTCsl B MOMEHT T,, KOTOpBIil paccuuTbiBaetes 1o popmyie (23) mpu mozcra-

HOBKE (22), M BEIIMYMHBI IIUKJIOBOTO MEPEMEIICHHSI |, ¢ yuerom ToOro, Kakas

MMEHHO MOBEPXHOCTh pabodero KaHajga y4acTBYET B BHOpAIlMOHHOM JIBHIKE-
HUH, ¥ KaKasi aMIUTATY1a BHOPAITMOHHOTO YCKOPEHHUS IOCTHTHYTA.

Ha ocHoBanuu (22) MOXHO COOTHECTH MPOYHOCTHBIC CBOMCTBA JAPOOUMO-
ro Marepuajia ¢ KOHCTPYKTUBHBIMH OCOOCHHOCTSMH pabovyero KaHaia JpoOuII-
KM W XapakTepoM BHOpamuu ee pabodero opraHa. JIeHCTBHTENBHO, €CIH

Ad tg(2a)’ TO YacTHIIA He OyJeT npuXkara K pabo4uM IMOBEPXHOCTSAM KaHaja,
— 219 (2a
I

1

U IIPOLIECC MPSMOro APOoOJICHHUS 3a OJMH IHUKII IPOM30UTH HEe CMOXKeET (IIPH CO-
OJIFOJICHUH PaBEHCTBA KOHTAKT MTPOM30MJIET TOJBLKO B MOMEHT ITOJTHOTO 3aBep-
IICHHS IIUKJIA CY»KCHHsI MPOCcBeTa KaHaja). Ho B TakoM cirydae mporece mpsmo-
ro IpoOJeHHs YacTUIl OyIeT POUCXOIUTh KaK MUHUMYM C OJTHUM XOJIOCTHIM
IIUKIIOM, COTIPOBOKIAOIIMMCS CaMOM3MENbUCHUEM. A TIoCTIeTHEE 00CTOSATEb-
CTBO HENIPEMEHHO TPUBEIET K MEPEU3MEILUYCHHUIO TIPOIYKTa U K TOBBIIICHUIO
MEXaHUYECKUX IMOTEPh B IIUKJIC 3a CYCT BHYTPEHHET0 TPEHUsS B 0Opa30oBaBIICH-
Csl TIOJYIIKE MEIKOTo MaTtepuaia. D(HPEKTUBHOCTh APOOWMIIKH PE3KO YIAJeT.
Takum o0Opa3om, Ha ocHOBaHMU (22) MOXHO cielaTh CJACAYIOIIMHA BaXKHBIN
BBIBOJI. J{71s1 oGecrieuennst BBICOKOM 3 ()EKTUBHOCTH APOOJICHUS B BUOpAITMOH-
HOW JpOOMIKe TpH JIFOOOM HCIIOJHEHWH €€ pabdodero opraHa, HEMPEMEHHO
CJICITyeT BBIJICPKUBATh YCIOBHE:

Al—d <tg(2a) (24)
i
Wnu, aro TO ke camoe:

tg(2c)

rae mapamerp Ad=d; — d, onpeaensercss XpymnKOCThIO YaCTHUIBI, T.€. CIIOCOOHO-
CTBIO pacKallbIBaTHCS Ha YacTH (4eM Ha OOoJIbIIee KOJINYECTBO YacTel pacKabl-
BAIOTCSI YACTHUI[BI, TEM OOJIbIIIE BEJIMYMHA DTOTO Mapamerpa), mapamerp o -
TPEHHEM CKOJILKEHHSI YaCTHIIBI IT0 TTOBEPXHOCTH CTEHKH, a mapametp l; ompe-
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JesnsieTcsl Kak BUOpAIllMOHHBIM YCKOPEHUEM, TaK U YIJIOM HAaKJIOHA [3 OmOpHOU
MTOBEPXHOCTH.

Takum 00pa3oM, Mpu COMOCTABIECHUU PACUETHOTO 3HAUYEHHUS LIMKJIOBOIO
nepemerenus |; vactuimpl ¢ ycnoBueM (25) mosiBisieTcsi BO3SMOXKHOCTh BhIOOpa
JOMYCTUMOTO 3HAYEHHS YIJIa [3 OOPHOM MOBEPXHOCTH.

Paccmotpum feicTBre CUil HAa 4acTUIy 3a IEPUOJ CYKEHUS IPOCBETa pa-
0odero kaHaja MpH €€ JBWKEHUH OTHOCUTEIHLHO OMOPHOM MOBEPXHOCTU JJISt
IBYX CIy4yacB. BHOpHpYyIOIIEH BepxHeill paboueii moBepxHoctu (puc. 8-a) u
BUOpUpYIOIIEH HIKHEW paboueit moBepxHoctu (puc. 8-0). Ilo cpaBHEHUIO C
puc. 4 cxema cujI U3BMEHHUTCS TOJIBKO IS Cllydasi BUOPUPYIOIIEH HIXKHEW CTEH-
KM KaHAJIa — CUJIa MHEPLUU IIOMEHSET CBOe HampasieHue. Kpome Toro, Ha 3Ta-
e YMEHBUIEHHUs IMpocBeTa padouero KaHajga cuja BSI3KOIO CONPOTHUBIICHUS
OyIeT U3MEHSTHhCS BO BPEMEHU B CTOPOHY YBEJIMYEHHUS, BMECTE C POCTOM
MJIOTHOCTH 00JIaKa OKPYKArOIIMX MEJIKUX YaCTHIL.

A-sin(awt)

A-sin(awt)

6)

Puc. 8. /lsusicenue uacmuy mamepuana npu ymeHbuieHUU npoceema
pabouezo kanana npu osudicenuu eepxuett (a) u nusicneti (6) nosepxnocmu
KAHAA COOMBENCMEeHHO

B cooTBeTCcTBUM C pUC. 7-a HA YACTHILY JCHCTBYIOT:

- CWJIa TSOKECTH G |

- CUJ1a HOPMAaJIbHOW PEaKLUU OIIOPHOU IIOBEPXHOCTH N ;

- CHJIa BSI3KOTO COIPOTHBIICHHS IBMKECHHIO CO CTOPOHBI OKPY’KAIOIIETO
MaccuBa gacTui P

- CHJIa TPEHUs CKONLKEHHUsI F TIpu JIBMKEHHH TI0 ONIOPHOM MOBEPXHOCTH.

[Tpu HKHEH MOABMXKHON MOBepxHOCTH (puc. 8-0) Ha YacTHIly B €€ JBH-
’KEHUH OTHOCHUTEIILHO OMOPHOM CTEHKH JIOTOJHHUTEIBLHO JCHCTBYET CHla HHEp-
muu Q, KOTOpas yMEHBIIAET CUITy TPEHHSI.

Onpenenumcs ¢ BEIMYMHON AEUCTBYIOIINUX HA YaCTHUILY CHIL
G|]=mg;
=[N
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P|=w-py-%;
2 .
Q|=m- Aw®sin(at).
Benens ciienyroiiye 0003HaYEHUS:
M - Macca 4acTullbl, KT,
k - KOd(DPUIIMEHT TPEHUS CKOJIbKCHHUST,
7, -OMIUPUIECKUN KOIDDUITUEHT BA3KOTO COMPOTUBIICHUS IBUKEHUIO Yac-

THUILIBI B PUCYTCTBUM O0JIaKa JIPYTUX YaCTHII, M3/0;
p, ~CPEIHSA IIOTHOCTH oOJlaka MEJKHX YacCTHI[ HEKOHIUIIMOHHBIX pa3Me-

pOB Ha dTare, Kr/M® (IKCIIepUMEHTAIbHAS BEINIHHA);
A - ammnTy a2 TMHEHHBIX BEPTUKANBHEIX KONeOaHuii pabodero oprana, M,
() - KpyroBasi 4acToTa Koebanuii paGouero oprana, ¢ .
OCHOBHOH 3aKOH JMHAMHUKH JUISl JIBMOKCHHUS YaCTHUIBI B CIIydae BEPXHETO
pacrnonoxenus padodero oprana (puc. 7-a):
m-X=-F-P+G-sing
C y4erom TOro, uto N =G -cos 3, AMbdepenunanbHoe ypaBHEHUE JIBU-
’KCHHSI YaCTHIIbI Ha dTare MPUMET BU/I:
%-pz)'(: g-(sinB—kcosp)
Peurenuem ypasuenus (26) Oyxer:

X+ (26)

P
x(t) =(sin B —kcos f)- 9-m 4y (sin g—kcos g)- g-m _Vo]_m e( m j _ (27)
H- P2 H- P2 H- P2
2
—(sin B —kcos B)- gz-m2+ m Vg + Xg
u=p M P2

YuurbiBas TO, 4YTO Po >> P T.C. CpCaHsaAa IMIOTHOCTb YKIAJAKH MCIIKHUX

YacTUILl MIPU CYKEHUU MPOCBETa KaHajla HAMHOTO OOJIblIe BEJIUYUHBI MJIOTHO-
CTHM YKJAJKH IIPU €ro pacIlIMpeHHH, NEepeMELIeHUEM YacTULbl Ha dTale CyKe-
HUS KaHaJIa IPU BEPXHEH MOJBUKHOM €r0 MOBEPXHOCTH IPEHEOPEKUMO MAJIO.

OCHOBHOH 3aKOH JUHAMUKHU JIJIs1 AOCOIFOTHOTO JBU)KEHUS YaCTHILIBI B CIIy-
Yyae HIDKHETO pacroyioskeHust pabouero oprana (puc. 7-0) 3amuImeTcst B Mpex-
Hel Gpopme:

m-X=—-F-P+G-sing

OnHako B 3TOM ciyyae HOpMaJlbHasi PEeaKlMs ONOPHOW MOBEPXHOCTH M3-
MeHUTCs. banaHc cui BOJIb OCH ) BKIIIOYAET CUITy MHEPLUUU B OTHOCUTEIBHOM
JBY>KEHUU YaCTHULBL:

N-G-.-cosf—Q-cosp=0
Otkyna :(G+Q)-Cosﬂ:[g+Aa)23in(a)t)}m-cosﬂ' Hecmotps Ha 1O, 4TO

CBSI3b C OIMOPHOM MOBEPXHOCTHIO OJIHOCTOPOHHSISI, HOpPMaJbHAas PEakius BUO-
pUpYIOIIEH OMOphI B MPOIECCE €€ JBHKEHHUS BBEPX OYJET MOJOXKHUTEIHHOM
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BEJIMYMHOM TpH JII0ObIX 00cToATENbCTBaX. [loaTOMY 1711 Hee He moTpedyercs
JOTIOJIHUTEIBHOTO YCIIOBHSL:

N :[g+szsin(a)t)]m-cos,B (28)

Tormga muddepennmanbHOe ypaBHEHHE IBHUKCHHUS YACTHUIBI HA ITAIe Tak-
Ke HE TpeOyeT yCIOBHSI:

X‘+%p2>'<=g -(sin,B—k-cosﬂ)—kAa)Zcosﬂ-sin(a)t) (29)

Pemenuem ypaBaenus (29) Oyaer:
Xt =— M
T2 0,2 + 0P m? (30)
_HP2 |4 2 2 2 2
e( m ) mg (sin B —kcos §)| 1+ m2w2 —yp2v0+m @ (wkAcos B—vp) |+
X oy Hp2 +

+kAwcos B ( 1p, cos(at) + wm-sin(et))

2
+(sinﬂ—kcosﬂ)ﬂ-t—(sinﬂ—kcos,B) 92m 5 +1(v0—a)kAcos,B)+x0

Hp? M- P~ HP2
Y4uTbeiBasi TO, 4TO Py >> p_» T.€. CPCIHSASA TUIOTHOCTD YKITAJKH MCIKHUX

YaCTHIl IPH CY)KEHUH TPOCBETa KaHalla HAMHOTO OOJIbIIe BETUYMHBI TUIOTHO-
CTH YKJIQJIKH MPU €r0 PaCHIMPSHHH, TIEPEMEIICHHEeM YacTUIbI Ha dTare CyxKe-
HUS KaHaJIa IPU BEpXHEH MOBUKHON €r0 MOBEPXHOCTH MOKHO MPEHeOpeyb.

Takum oOpaszom, Kak HpU BEpXHEM, TaK U MPU HIKHEM PACIIOJIOKEHUU
pabodero oprana, epeMelIeHreM YacTHIl Ha dTare MOXXHO mpeneopeub. Ox-
HAKO MOJIyYCHHOE IS ATana BeipaxkeHue (25), mo3BoJseT MPOU3BECTH ONTUMHU-
3a1uio GopMbI pabouero KaHajia u mapaMeTpoB BUOPALIMU €T0 CTEHKH.

[To okoHUaHMM 3Tama yMEHBIIEHUS MPOCBETa pabovero KaHajia, Korjaa 3a-
30p MEXIy YacTHIIaMU U €r0 CTeHKAaMU BBIOpaH, HAUMHAETCS JTall CIaBJIMBa-
HUS YACTHII.

B kaXXI0M KOHKpPETHOM cilyyae Mpu ApoOJICHUM YacTUI[ MaTepuaia Io-
CPEICTBOM HMX OJHOOCHOTO C)KAaTHsl, CTABUTCS B COOTBETCTBHE BEIUYMHA pa3-
PYIIAIOIIEr0 MEXaHNIECKOr0 HANPSKCHUS . B MX TEIE, K MX BEIMYMHE pas-

pyIIaoieil OTHOCUTENbHON Aepopmanun g, . Ho B TakoMm cirydae B COOTBET-
CTBUU C 0003HAYEHUSAMU Ha pUC. /, UMEEM:
(dl_dZ):Ad:‘gR.dl (31)
Torma gpopmyiy (22) MokHO TIepenucaTh B BUJIE:
l; gp - d
AA=2A-—|tg(20)- R L |, (32)
cos f I
W3 puc. 7 BUAHO, YTO BUOPAIIMOHHOE MEPEMEICHNUE, UCTIOIb3yEMOE IS
CKaTHUs YaCTHUIIBI, SBISICTCS PA3HOCTHIO MEXKTy pa3MaxoM KosieOaHuii pabodero

opraHa I[pO6I/IJIKI/I n BI/I6paI_[I/IOHHI>IM MEPEMCUICHUCM TIPU BI)I60pK€ 3a30pa Mc-
KAy I-IaCTI/ILICI\/'I 1 CTCHKOM IIpn €€ 3aKJIIMHUBAHUU. T.e. MOXXHO 3anucaTh.
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Ay =2A-AA,
rae A, - lepeMelleHne pabodero oprata, pacXxoiyeMoe Ha C)KaTHE YaCTHLIBL.

Ho sta pasnocts comepxkurcs B (31):
_ R !

|
2A-AA=——19(2a)
cos f l;
Taxum oOpazom, BUOpaIMOHHOE TIEPEMEIICHUE, PACX0IyeMOe Ha CIKATHE
YAaCTHIIBI, 3aBUCUT OT KOHCTPYKTUBHBIX MapaMeTPOB paboyero kaHamsa Apoous-
KM M OT TTapaMeTpoB BUOpaIuu ee pabouero opraHa:

A = Jtg(20) 22t (33)

l

Pazpymienue npous3oieT, eciam BUOpAIlMOHHOE TIepeMeIleHre, pacxoaye-
MO€ Ha C)KaThe YacCTHIlbl, OyJeT COBIAIaTh, UM HECKOIBKO OOJIBIIE, YeM Tpe-
Oyemas i ee paspyiieHus aedopmalusi. ITO yCIOBUE UMEET BUJ Ay > Ad.

Wnn unaue:

(34)

d tg(Za)—gR—'dl >R -0y
cos 3 l;

DTO yCIIOBUE TO3BOJSET CPOPMYITHPOBATH TPEOOBAHUE K ITUKIOBOMY IIe-
PEMEIIIEHUIO YACTHIIBI, & 3HAYUT, K KOHCTPYKTUBHBIM OCOOCHHOCTSIM Pabouero
KaHaja JPOOWIKA U XapakTepy BHOPAIIMOHHOTO JIBWXKEHHs ee pabodero opra-
Ha, JJIs OCYLIECTBIICHHUS Mpollecca IpoOJIeHus 3a KK Meproj ero kKoieda-
HU:

_ (cosp+1) ; (35)
"7 g (2a) MR

[Tpu BemoMHEHUN ycnoBus (35) mpoliecc MpsIMOTO pa3pyIICHUS YaCTHIL
UX CIABJIMBAHHEM MEXIy CTCHKaMH pabodero KaHaja OyJeT OCYIIECTBIIATHCS
HanOoJee NTHTEHCUBHO.

Otan cxKaTths YacTUl] B paboyeM KaHaje 3aBepIIaeTCsl MepexoJioM B HO-
BBIM IIUKJ JBM)KCHUN: paclIMpeHUe KaHaja, COMPOBOXKAAIOIIEECs TPAaHCIIOPTHU-
pOBaHHMEM MaTepuaia, 3aTeéM €ro Cy)XeHHE J0 3aKJIIMHUBAHUS YaCTHUI[ MEXITY
CTeHKaMH KaHaja W, HaKOHEIl, dTal CXaTus 4acTHull, C JIOBEJACHUEM HX JI0 pa3-
pymenus. [TocnenoBaTebHOCTh ATANIOB MOBTOPSIETCS HA KAXKIIOM IOCIIEIYIO-
IIeM LIMKJIE, BIUIOTH /10 BBIXO/A YACTHUI] U3 KATMOPOBOYHOIO 3a30pa JPOOUIIKH.

BbIBOIBI: paccMOTpeHa KHWHEMaThka pabouero opraHa BHOPAIMOHHON
KOHYCHOH JIPOOHIIKH C YYETOM €T0 B3aMMOJCHCTBHS C APOOHMMBIM MaTEPHUAIIOM.

VJIK 621.926.3(2)

H.A.IAL, acmupant, C.B.IIIBEJI[, kana. TexH. HayK, [IOLEHT,
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