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Cywecmeennas uacmo sHcu80mMHO8004ecKux npeonpusmuil kax Pecnyonuxu benapycs, max u cmpan 3anaouoii Egponsi npakmu-
KyIom 6ecnoocmusiouHoe cooepicaniie KpynHo2o po2amozo cKomd, 4mo o0yClo6leH0 IKOHOMUElU 3ampam mpyod Ha onepayusx no
ybopxe u yoanenuto Haeoza. OOHAKO HAPsOY C NPEeUMYWeCmEamu MexXHOA02Ul, OCHOBAHHOU HA UCHONb308AHUU NONYHCUOKO20 HABO-
3a, 6 makux HCUBOMHOBOOHECKUX NOMeweHUAX npaKkmu4ecKu nojaHoOCmMbsio0 UCKIrovYaemcs npumeHerue no@cmwzku, umo Heuz0exNcHo
yXyouiaem yciosus CoOOepI’CAHUS HCUBOMHBIX U HE2AMUBHO CKA3bIBAENCSl HA UX 300POGbe.

B 6blw€npu6€()eHHOM KOHmeKkcme 0C06yl0 BAJICHOCNb npu06pemaem CB0€eBPEeMEeHHAA U Ka4eCmeeHHAs O4YUCMKAd HABO3HblX U
KOPMOHABO3ZHBIX NPOX0O08 8 KOPOGHUKe OMm IKCKpemerno8. QOHAKO UCNONb3yemble 05l BbINOJIHEHUs YMOU ONepayuu CMmaHoapmuuvle
denvma- u KOMOUCKpenepuvl umerom oouuil HeOOCMAamox: neped paboyuM OpeaHoM QopMupyemcs u3 IKCKpeMeHnmos meio 80Joye-
Husa momyurotl 10...15 cm u Onurnoll 00 2 M, 8 KOMOPOe 8bIHYHCOEHbl HACIYNAMNb HCUBOMHDIE.

Vxazannwiii neoocmamox ckpeneprozo 0b6opyoosanusn modxcem Ovlmb YCMparer npu UCNOTb308AHULU 8 KOPOGHUKE HABO3HBIX NPO-
X0008 € NOONONLHBIM KAHAIOM, COCOUHEHHbIM C NOBEPXHOCMbIO oA Y3Kou wienvio. Hecmompsa na mom ¢paxm, yumo nodobHoe ckpe-
nepHoe 0060pyooeanue npeonazaemcs paooM U3EECHHbIX 3aPYOEHCHbIX KOMNAHUL, 6 HAYYHO-MEeMOOUYeCcKol aumepamype omcym-
cmeyem Memoouxka 060CHOBAHUS €20 napamempoe 6 3asucumocmu on ¢u3uK0-M€x(lHu‘t€CKux ceoticme }’lOJZyJIC‘u()KOZO HAesos3d.

B cmamve npueobﬂmc’ﬂ pesyiiomanivbl meopemuiyecKux UCCIeO08AHUL NO a()anmauuu peonoeultecz(ozi Moo0enu 6sa3Koniacmuye-
ckotl cpeowl [lleedosa — buneama xk pabouemy npoyeccy cKpenepHo2o 060py0osanus ¢ NOONOIbHIM Kananom. Ilonyuenuvie mame-
mMamudecKue sblpdadsiceHusl no36ojaom onpeaeﬂﬂmb pasmepsl mejia 60J104€HUs HABO3HOU Mdaccsl, pacciumuledms eco obvem u Cujy
conpomuejienus OBUIICCHUIO 6 3A8UCUMOCINU OM KOHCMPYKMUGHO-KUHEMAMUYECKUX napamempoe CKpenepHozo o6opyaosaHu}z u qbu-
3UKO-MEXAHUYECKUX CBOUCME nOﬂnyCuaKOZO Haeosa.

Pa3pa6omaﬁnaﬂ mamemamu4eckas Mooeib npoyecca mexanuieckoeco mpancnopmupoeanus nmywcudzcoeo Haesosa 8 uuﬂqupu-
YeCcKOM Kanaie modicem Oblmb UCNOb306AHA cmy()eHmaMu, Maucmparmamul, UHHCEHEPAMU-KOHCMPYKmMopamu, ad makdHce HayuHbl-
MU pabomuuxamu 0ist 0O0CHOBAHUSL PAYUOHAILHBIX NAPAMEMPO8 CKPENEPHO20 HAB030YO0POUHO20 060PYOOBAHUSL C YEeHMPAbHbIM
KAHAJIOM.

Knrouesvie cnosa: nonysicuoxuil Hao3, ckpeneproe 0060pyoosanue, peonozus, mooenv Llleedoea — Buneama, HeHbIOMOHOBCKAS
AHCUOKOCHID.

A significant part of livestock enterprises in both the Republic of Belarus and the countries of Western Europe practice bedding-
free keeping of cattle, which is due to the savings in labor costs on operations for cleaning and removing manure. However, along
with the advantages of the technology based on the use of semi-liquid manure, in such livestock buildings the use of bedding is al-
most completely excluded, which inevitably worsens the conditions for keeping animals and negatively affects their health.

In the above context, timely and high-quality cleaning of manure and feed manure passages in the barn from excrement is of par-
ticular importance. However, the standard delta and combiscrapers used for this operation have a common drawback: in front of the
working body, a dragging body 10 ... 15 c¢m thick and up to 2 m long is formed from excrement, into which animals are forced to
step.

This disadvantage of scraper equipment can be eliminated by using manure passages in the barn with an underground channel
connected to the floor surface by a narrow gap. Despite the fact that such scraper equipment is offered by a number of well-known
foreign companies, in the scientific and methodological literature there is no method for substantiating its parameters depending on
the physical and mechanical properties of semi-liquid manure.

The article presents results of theoretical studies on the adaptation of rheological model of Shvedov-Bingham viscoplastic medi-
um to the working process of scraper equipment with an underground channel. The obtained mathematical expressions make it pos-
sible to determine the dimensions of the body for dragging the manure mass, to calculate its volume and force of resistance to move-
ment, depending on the constructive and kinematic parameters of scraper equipment and the physical and mechanical properties of
semi-liquid manure.

The developed mathematical model of the process of mechanical transportation of semi-liquid manure in a cylindrical channel
can be used by students, undergraduates, design engineers, as well as scientists to substantiate the rational parameters of scraper
manure removal equipment with a central channel.

Key words: semi-liquid manure, scraper equipment, rheology, Shvedov-Bingham model, non-Newtonian fluid.

Brenenmne

Mpy aHanmM3e TEXHOMOMMW COAEPXKaHWS KPYMHOrO poratoro CKOTa MOXHO BbIfe/INTb TaKON COCTaBHOWA
3/IEMEHT, KaK MeTOo[, COZlepXKaHUs, KOTOPbIA MOXET 6bITb 6eCNOACTUNOUYHBIM UK MOACTUIOYHBIM. [Mpn Gec-
MOACTWUIOYHOM METOAE COAEPXKaHMSA XXMBOTHbIE COAEPXKATCA Ha PE3NHOBBIX MaTax C MOAyYeHVEM MONMYXNA-
KOro HaB03a, Npw MNOACTUIOYHOM — Ha 0OWU/IbHON COTOMEHHOI MOACTUSIKE.

MoACTMIOYHOE COAEPXKaHMM CKOTa NOBbILWAET YA06pUTENIbHYIO LIeHHOCTb HaB03a 3a CHeT NUTaTe/IbHbIX
BELLLECTB, COAepXKalMXca B MOACTUIOYHOM MaTepuase, U COKpallaeT MX MoTepu 3a Bpems XpaHeHus. Pe-
3ynbTaTaMyW MHOTFOYMCNEHHBIX aHa/IM30B YCTaHOBNEHO, YTO B CPEAHEM B TOHHE MOACTWU/IOYHOrO HaBO3a ne-
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pef ero BHeceHvem B MoyBy cofepxutca B 1,4 pasa 6onblue a3ota v B 1,3 pasa 6onbLue hocgopa, YeM B UC-
XOAHbIX 3KCKpemeHTax [1].

OfHako, HeCMOTPS Ha 06BEKTUBHbIE MPEUMYLLLECTBA TBEPAbIX OPraHNYecKnX yAo6peHuid, 3HaunTeIbHas
4acCTb YKMBOTHOBOAYECKMNX MPeAnpuaTUiA Kak Pecrnybnvku benapych, Tak 1 CTpaH 3anagHoi EBponbl npak-
TUKYIOT 6eCnOACTUN0OYHOE COLEepPXKaHUe KPYMHOro poraTtoro CKoTa, YTO 06YC/I0BNEHO CYLLECTBEHHOMN 3KO-
HOMMWEN 3aTpaT TpyAa Ha YOOpKy 1 yaieHne HaBo3a.

JoCTOMHCTBOM 6€CnOoLCTUNOYHOIO METOAA COLEePXKaHUA CUATAETCA OAHOPOLHOCTbL M TeKy4ecTb 06pasy-
toLLecA HaBO3HONM Macchl, YTO 06neryaeT y6opKy W yaaneHne HaBo3a M3 XXMBOTHOBOAYECKMX MOMELLEHNIA,
MO3BO/ISIET TPAHCNOPTUPOBAaTb ero no Tpy6onpoBofam W y/y4llaeT paBHOMEPHOCTb BHECEHUS OpraHuye-
CKVX YA06peHWii B NoYBYy.

BmecTe ¢ TeM 6eCrOACTANOUHBIN METOZ NPAKTUYECKUN MOIHOCTLIO UCK/HOYA0T NPUMEHEHME MOACTUKN,
YTO HEM3BEXHO YXy[LLIAeT YCN0BUA COLEPXaHUSA XXMBOTHBIX U HEraTMBHO BNSET Ha UX 340poBbe. B Kave-
CTBe npumepa 60/1e3HU, OLHUM 13 PaKTOPOB BOSHNUKHOBEHMS KOTOPOIA ABMIAKOTCA N/IOXME YC0BUS COLepXa-
HWA, MOXHO MPUBECTU 3a60/1eBaHNA KOHEYHOCTelM KPYMHOro poratoro ckota. Crtatuctuyecku o 27 % no-
Tepb MPOLYKLMN B MOIOYHOM CKOTOBOZCTBE M3-3a HapYLUEHUA 340P0BbSA XXMBOTHBIX MPUXOANTCA UMEHHO Ha
60ne3HM KombIT [2], a 3HAUMT 3TW 3a60N1eBaHNSA HAHOCAT CYLLECTBEHHbIV YPOH 3KOHOMUYECKON 3(h(eKTMB-
HOCTV MOJIOYHO-TOBAPHBIX NPeSNpUATUiA.

B BbllenpnBeeHHOM KOHTEKCTE OCOOYH BaXXHOCTb MpPUOBpPeTaeT CBOEBPEMEHHAs W KayecTBEHHas
OYMCTKa HaBO3HbIX N KOPMOHaBO3HbIX MPOXOA0B B KOPOBHUKE OT 3KCKPEeMEHTOB. OfjHaKO CTOUT OTMETUT,
4TO WUCMOMb3yeMble [/19 BbINMONHEHWS 3TON onepauny CTaHLApPTHble AenbTa- U KOM6UCKpenepbl 06nagatoT
06LWMM HeaOoCTaTKOM: Mepes paboymm opraHom (hopMUPYETCA U3 IKCKPEMEHTOB Te/I0 BOSIOYEHWS TO/LLMHOW
10...15 c™M 1 gAMHOM A0 2 M M HaXOJALWMECS Ha NMYTW ABVKEHMA CKpenepa XXUBOTHbIE BbIHYX/AEHbI NMPOX0-
OWTb Yepe3 3TOT C/I0M HaBO3a, UTO, B CBOK Ouepefip, HUKaK He CnocoOCTBYET MOAAEPXKaHUIO YMCTOTbI UX
KOMbIT.

YKa3aHHbI# HeJ0CTaTOK CKPernepHOro 060pyLoBaHNA MOXET ObITb YCTPaHeH NP UCMONb30BaHUN B KO-
POBHUKE HaBO3HbIX MPOXOLOB C NOAMO/bHBIM KaHa/IOM, COeJUHEHHBIM C NOBEPXHOCTLIO MO/ Y3KOW LLESbHO.
B npoxofax Takol KOHCTPYKLUM HaBO3, COOMpaeMbIii Ha NPOTSHXKeHUK paboyero xoja cKpenepa, Harnpas/s-
eTCA B MOAMNO/bHbIA KaHa 1 M0 HEMY e TPaHCMOPTUPYETCA K MonepeyHoMY KOMEKTOPY NpU MOMOLLM [0-
MOSTHUTENIbHOIO CKpebKa NPUCOeAMHEHHOTO K Kopnycy ckpernepa. MockonbKy 60nbLlias Yactb yompaemoro
CKpernepom HaBo3a TPaHCMOPTUPYETCA UMEHHO MOZ NOJIOM, T. €. BHE 30Hbl A0CAraeMOCTU XXUBOTHbIX, MOXHO
NPeAnonoXnTb, YTO NPUMEHEHNE CKPenepHOro 060pyAoBaHWS C MOAMOMbHLIM KaHaI0OM Y/yyLllaeT CaHu-
TapHOe COCTOsIHVE YXUBOTHOBOLYECKOrO MOMELLEHNS, a C/lefloBaTeNlbHO, U YCNOBUA COAEPKaHWS KPYMHOro
poraroro ckota.

B HacTosilee Bpems CKpenepHoe 060pyAoBaHve C MOAMNOMbHbIM KaHa/I0M MpeAnaraeTcs KOMMNaHWsmm
GEA Farm Technologies (I'epmanusi) n Jamesway Farm Equipment (KaHaga), oqHaKo, 0T4acTu BBUAY TOrO
4TO Takoe 060pyL0BaHNE ABNSETCA OTHOCUTE/IbHO HOBbIM, B HaYyYHO-METOLMYECKON NTepaType OTCYTCTBY-
eT MeTofMKa 060CHOBaHMS ero napaMeTpoB B 3aBUCUMOCTU OT (I13MKO-MEXaHUYECKMX CBOWCTB YO61paeMoro
HaBo3a. [JaHHbII (haKT CyXKaeT BO3MOXHOCTMN MU3YUeHWs MPUHLMMOB paboThbl MepcrneKTMBHOrO 060py0BaHUSA
419 yOOpKM HaBo3a CTyAeHTaMn 1N MarucTpaHTamMu MHXEHEPHbIX CreunabHOCTEN, a TaKKe YCOKHAET pa-
60Ty VHXXeHepPOB-KOHCTPYKTOPOB MNP NPOEKTUPOBAHNUN NOAO0BHBIX TEXHUYECKNX CUCTEM.

OcHoBHas YacTh

Mony>XMaKMiA HaBo3 MO CBOUM (IU3MKO-MEXaHUYECKUM CBOWCTBaM 3aHMMaeT CBOeoOpasHOe MpoMexy-
TOYHOE NOJIOXKEHME MEXAY XUAKUMU 1 TBEPAbIMW TenaMmu, T. €. ABNSAEeTCA NPUMEPOM BA3KOMIACTUYECKUX
mMaTepuanos, KOTOpble B 3aBUCMMOCTU OT MHTEHCMBHOCTM MEXaHUYeCKOro BO3LECTBMA Ha HUX MOTYT Npo-
ABNATb CBOWCTBA WM TBEPAOrO TeNa, UK BA3KOW XXMAKOCTHU.

[ns npouecca ABVMXXEHWUA MONYXMAKONo HaBo3a C AOCTATOYHOM CTENeHbH NMPUBIMIKEHUS MOXeT ObITb
nprYMeHeHa peosiormyeckas mogens LLisefosa — BuHrama [3], 4acto ucnosb3yemas 18 onucaHus pasHoo6-
pa3HbIX TEYEHW 6OMBLIOIO YMC/a peasibHbIX BA3KONIacTUYECKuX cpeg [4].

3anuLuemM peosnornyeckoe ypaBHeHUe BA3KOMIACTUYECKON cpefpbl LLiBesosa — BuHrama B o6uiem suge [5]:

du
TZTO"'nd_y: @

rfe T — KacaTe/lbHOe Hanps»keHue cagura, NMa; To — NpeaenbHoe HanpsXeHWe caBura, No JOCTUXKEHUM KO-
TOPOro Ha4YMHaETCA ABMXKEHNE BSI3KOM/TaCTUYECKOWA cpefnbl, Ma; n — KOSquJVILI'VIeHT ,D,I/IH&MVIHECKOI\/‘I BA3KOCTH,
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du
Ma-c; . NpoeKUns rpagneHTa CKOPOCTW Ha HampaBneHue, NeprneHAnKyNspHOe HamnpaBneHUIO ABUKE-
y

HWS, C.
CornacHo peonoruyeckoii Mmogenu LLiBegosa — BMHrama, npu T < To BA3KOMNNACTUYECKas cpeda BefeT ce-
65 KaK 00bIKHOBEHHas BA3Kas HbHOTOHOBCKAs XXMAKOCTb, a NPpU T > To — Kak KBa3uTBepoe Teno [6].
C uenbto aganTtauuy peosiornyeckoil mogenu (1) Ansa mareMaTMyeckoro OnucaHUs MexaHW4ecKoro
TPaHCMOPTMPOBaHMA MONY>KUAKOr0 HaBO3a B KaHane KPYrioro ronepeyHoro CeYeHns pacCMOTPUM CXeMy
[laHHOro npotiecca (puc. 1).

Puc. 1. OGLLI,I/IVI BMA O66py,qOBaHMFI n (bI/I3I/IKa npougecca TpaHCNopTnpoBaHKA HaBo3a B LUTMHAPUYECKOM KaHane:
a — 06LWIA BUA CKpenepa ¢ NOANO/bHLIM KaHanoM; 6 — cxema npoLecca;
1 - non HaBO3HOIO NPOX0La; 2 — CKpenep; 3 — KaHasl; 4 — Teslo BONOYEHNS; 5 — CKpebok
Kak B1gHo 13 puc. 1, TpaHCNOpTUPOBaHME HaBO3a OCYLLECTBAETCA CKPebKOM 5, yCTaHOB/IEHHbIM BHYT-
PU TOPU3OHTANILHOMO LMNMHAPUYECKOTO KaHana 3 C KO/bLEBbIM 3a30pOM O OT €ro BHYTPEHHEl MOBEPXHO-
CTW. Hannuve 3a3opa NpuBOAMT K TOMY, UTO 06pasytoLLeecs Mnpu ABUWKEHUN CKpebka Teno BosoYeHus 4
CKO/b3NT BHYTPM KaHana Ha CBOE0OPa3HON «NOAYLUKe» — C/I0e HAaBO3HOM MacChbl TONLWMHOW 6. pagneHT
CKOPOCTX B 3TOM TOHKOM C/10€e HaBo3a (MpU NPUHATAM LOMYLUEHNA O NIMHENHOI 3aBncumocT du/dy) co-

CTaBUT V/ &, rae vV — CKOPOCTb ABMKEHUs CKpebKka, M/c.

Mpeobpasyem peonormyeckyo MoLesb BA3KONIacTUYeckoi cpelbl LLIBefoBa — brHrama (1) B ypaBHeHwue
6anaHca cun, feMCTBYIOLLMX Ha PaBHOMEPHO [BVXKYLLIEEC Te/I0 BOIOYEHWS HABO3HOW MacChl:

FCT(H){% +n§jsm(H), )

raeFer(H) — PyHKUMSA Cuiibl TMAPOCTATUYECKOTO AaB/EHNS Ha NOMEPeYHoe CeYeHVe Tena BoNoYeHNs, H;
V — CKOPOCTb [IBMXKEHUSA CKpebKa, M/C;
0 — pagnasnbHbIin 3230p MeXY CKPeOKOM 1 MOBEPXHOCTLIO KaHana, M;
Sem(H) — hyHKUMS NAOLLAAN CMOYEHHOI MOBEPXHOCTU KaHana, M2,
3aBUCUMOCTb CW/bI TUAPOCTATUYECKOrO [aBNeHuns Fer OT BbICOTbI A MOMEpPeyHoro CeveHms Tena BosioYe-
HUS TAKXKe MOXET ObITb BbIpaXKeHa B BUE:
F..(H) =pgh(H)S,,(H) . (3)
rae p — NNOTHOCTb HaBO3a, KI/M*; g — YCKOpeHMe cBO60AHOr0 nageHms, M/c?; h(H) — yHKUMS KOOpAWHa-
Tbl BbICOTbI LIEHTPA TSHXKECTU NMOMEPEYHOro CeYeHWA Tena BONOYEHNS, M; Sin(H) — (DYHKUMS Nowaam none-
PEYHOTO CEeYEHUs TeNa BOIOYEHWS, M2,
®yHKUUK BbICOTbI h(H) 1 nnowaan Sy(H) Tena BOMOYeHUS OMNpefenu M MocpefcTBOM npeobpasoBaHus
M3BECTHBbIX 3aBUCMMOCTEN NJIOLLAAMN U LEeHTpa TAXXECTU KPYroBOro cermeHTa [7] K cnefytollemy Buy:
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h(H)zR_ZH(ZR—H),/H(ZR—H)_ "

3S,,(H)
S (H) = - [w(H) ~siny(i1)]; ©)
y(H) =2arccos(1—%j, (6)

rge R — paguyc KaHana, M; H — BbicOoTa MOMepeyHoro ceveHus Tesia BofoYeHus, M; Y(H) — gpyHKUms yrna
MeXZy pafinyc-BeKTOpaMu K NMOBEPXHOCTY Tefa BOSIOYeHUS, pag.
BbINONHMB NOACTAHOBKY napamMeTpoB u3 opmyn (3—6) B ypaBHeHMe (2), NONYYUM 3aBUCUMOCTb A4
onpefeneHns N1owaayM CMOYeHHON NOBEPXHOCTUN KaHana Scu:
- Pan(H)Sm (H),
T +n!
° 8
BbipaxkeHve (7) No3BonseT onpefenstb Maowafb CMOYEHHON NOBEPXHOCTU Scu B 3aBUCUMOCTM OT reo-
MEeTPUYECKMNX NapaMeTpOB KaHana, BbICOTbI Te/la BOIOYEHMS U PEONIOrMYeCKMX CBOMCTB HaBO3a.
[na onpegeneHns anHbI M 06beMa Tena BOJIOYEHUS PACCMOTPUM ero 3/ieMeHTapHbIN (parMeHT 6ecko-
HEYHO Masnoi gavHbl dL. MpupatleHne ero NaoLaA CMOYEHHOV NMOBEPXHOCTM COCTaBUT:
ds,, (H)= dp, (H)dL(H), (8)
rae dPew(H) — npupatleHne gyHKUMW 4IMHBI CMOYEHHOTO NeprMeTpa KaHana, M; dL(H) — npupatlieHue
(DYHKUMAW [/IVHbI TEf1a BOJIOYEHUS, M.
®PYHKUMA ANVHA CMOYEHHOr0 NeprMeTpa NpeacTaBnseT coboin P, (H)=Ry(H), a ee Npon3BoaHas, Bbl-

ymncrieHHas ¢ y4yeTom opmynbl (6), COOTBETCTBEHHO paBHa:
10R

S (H (7)

dr,, (H)= . 9)
(H) 2+H-H?/4
BbInonHMM nofcTaHoBKY BbipaxkeHNs (9) B opmyny (8) 1 pewim ee oTHOCUTENbHO dL(H):
_ 2
dL(H)=Y2FH=H g (). (10)

10R
[ns onpegenenns yHKUUW AnviHbl L(H) Tena BON0YEHWS BbIMONHMM MHTErpypoBaHmne BbipaxeHus (10):

L(H):loiRT‘/ZjLH—HTZ ds,, (H)aH . (11)

O6bem dV aneMeHTapHOro (parMeHTa Te/na BO/IoYeHUs MOXET GbITb OMpeaesieH NpousBeAeHeM nuoLa-
AV MOMNepeYHoro ceueHust Sy Ha NpupatleHne annHbl dL(H):

RV2+H —H2/4[\V(H)—sin\|/(H)]dS

dV(H) =S, (H)dL(H) = 20 w(H)- (12)
®yHKuMo 06bema V(H) Tena BooYeHWS MOMYUYUM UHTEMPUPOBAHMEM BbIpaXKeHNA (12):
H
V(H)=2—R0J\/2+ H-H? I 4[w(H)—siny(H)] dS,,(H)dH . (13)
0

3aBucmmocTtu (11) n (13) No3BONSIOT paccyMTbiBaTb 06BLEM U pa3Mepbl Tefia BOIOYEHUS HABO3HOI Macchbl
C YYeTOM KOHCTPYKTUBHO-KUHEMATUYECKMX NapamMeTpoB TPaHCMOPTHOW CUCTEMbI U PEOSIOTNYECKNX CBOCTB
MoJYXWAKOro HaBo3a.

3HayeHNs NpefenbHOro HarpsHXeHWs casura To ¥ KOIPMULMEHTa AUHAMUYECKON BA3KOCTU 1 B HAN60/1b-
LLeli CTeneHW 3aBUCAT OT BXHOCTY HaBo3a. Hanpumep, ana Haso3a KPC npu Temnepatype 10 °C v Bnax-
HocTn W =86 % npefensHOe HanpshkeHue casura To = 76,6 Ma, KOIPMUUMEHT AMHAMUYECKON BA3KOCTU
n = 0,467 Ma - c. Npwu yBenmyeHnn BNaXKHOCTK HaBo3a 40 88 % 1 90 % 3HavyeHWs NPeaeibHOro HarnpskeHme
cagura ¥ KoauuMeHTa AMHAMUYECKOM BSA3KOCTWM CHMXKAOTCA A0 To=38,1Ma, n=0,228Ma-c u
To=24,3Ma, n=0,134 MNa - ¢, COOTBETCTBEHHO [3].

MpWHAB, COrNacHo CrpaBoYHbIM AaHHbIM [3], 3Ha4YeHMs (PU3NKO-MeXaHUYECKMX CBOMCTB HaBo3a (Hanps-
YKEeHWe cABura To, BA3KOCTb I, MNOTHOCTb P), AMHY Lo 1 BbicoTY Ho Tena BosioyeHns o6beMom Vo, 06pasy-
tOLLLerocs B kaHasie pafmycom R, MOXHO OnpeaennTb U3 CUCTEMbI YPaBHEHWIA:
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1 Ho H2
L =— ,/2+H——dSCM(H)dH;
10R 3 4
RHO H2
Vo=— 4|2+ H—-—|y(H)-siny(H)| dS,, (H)dH.
: on +H === [w(H) -siny(H)] ds,, (H)

Cuctema ypaBHeHu (14) He UMeeT aHa/IMTUYECKOr O PELLIEHMS, B CBSA3M C YEM A/1i MTOMCKA YMCNIEHHOTO ee
peLLeHnst NCNo/b30Ba/IM MaTeMaTYeckoe nporpammHoe obecnedeHne Mathcad 15.0. Mo utoram pacyeToB
MonyYnnun, 4yto nNpu o6bemMe Tena BonodeHms Vo = 0,1 M3, paguyce kaHana R = 0,2 M, CKOPOCTU ABUXKEHUS
ckpebka v = 0,05 m/c, 3a30pe Mexay CKpebKOM K NoBepxXHOCTb KaHana & = 0,01 M ¥ NNOTHOCTU HaBo3a
p = 1030 Kr/m® 3HaueHws BbICOTbI Ho 11 A/IMHBI Lo TeNa BOSIOYEHWS COCTABAT /11 HABO3a BNXKHOCTbIO 86 % —
Ho=0,38M, Lo=1,32 M; BhaxkHOCTbtO 88 % — Hy = 0,27 M, Lo = 1,69 M; BnaxkHocTbto 90 % — Hy = 0,24 M,
Lo = 1,98 M.

[ns BM3yanbHOW MHTEpNpeTauuy noayyeHHbIX pe3ynibTaToB NOCTPOeHa rpajuyeckas 3aBUCUMOCTb Bbl-
coTbl H Tena BonoyeHns o6vemoM Vo = 0,1 M3 oT paccTosHua L'=L, —L (CM. pucyHOK 1, 6) npu pasnmy-
HOW BNaXXHOCTW HaBo3a (puc. 2).
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Puc. 2. 3aBMCMMOCTb BbICOTbI H Te/la BONIOYEHWS OT pacCToAHUA L' Mpw pasfMyHoli BNaXKHOCTW HaBo3a W
M3 rpatmka BUAHO, YTO BNaXKHOCTb HaBO3a OKa3blBaeT CYLLECTBEHHOE B/IUSHUE Ha pasMepbl 06pasytolLie-
rocsi Tena Bo/oYeHus. 13meHeHne BNaXKHOCTU HaBo3a ¢ 86 A0 90 % yMeHbLUAET Haya/lbHYHO BbICOTY Ho Tena
BOJI0YEHUA B 1,6 pasa, HO Mpu 3TOM ero anuHa Lo yeennumsaetcs Ha 50 %.
3Haa naowaab CMOYEHHONM MOBEPXHOCTM KaHana W 3HavyeHWsi PeosiorMyecKmMX CBOWCTB HaB03a MOXKHO
onpefennTb cuny Fc cConpoTMBAEHUS ABUXKEHWNIO Tefla BOMOUEeHUS:

F - (ro + “%j S, (15)

roe Scwo — 3HaUYEHME (YHKUWN Scu(H) NOLLAAN CMOYEHHOM NMOBEPXHOCTY NpU H = Ho, M2,
3aBMCUMOCTb CU/bl Fc COMPOTVBNEHNS ABMXKEHMIO Tenla BOMoYeHUs o6bemom 0,1 M® oT BnakHocT W
nepemeLL,aeMoro HaBo3a rnokasaHa Ha puc. 3.
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Pnc. 3. 3aBucuMoCTb CUMbI CONPOTUBNEHNA ABMXEHNIO Fc o1 BnaxxHocTn HaBo3a W
W3 puc. 3 BUAHO, YTO MpY MOCTOSHHOM OO6beMe Tefla BOJIOYEHUS CHIDKEHME BIAXKHOCTM Haso3a ¢ 90 [0
86 % yBennumBaeT CONpPOTUBEHME €ro NnepemelLieHnto 6onee Yem B 2 pasa: ¢ 104,7 go 235,5 H.
MoTpebHas MOLLHOCTb Ha NepeMeLLieHe Tefla BOIOYEHUA COCTaBUT:
N=Fv. (16)
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PacueTbl NOKa3bIBalOT, UYTO MPU BbILLENPUBEAEHHLIX 3HAYEHUAX U TpaHMLaxX BapbMpPOBaHUA KOHCTPYK-
TUBHbIX W TEXHOMOTMMYECKMX NapaMeTPoB TPAHCMOPTHOM CUCTEMbI MOTPe6HAas MOLLHOCTb Ha NepeMeLleHme
HaBO3HOW Maccbl HaxoauUTCs B npefenax 5,2...11,9 BT.

3akii0ueHue

lMonyyeHHaa maTemaTuyeckasa MOZeNb Mpolecca MeXaHWYecKoro TPaHCMOPTMPOBaHUA MOMYXXUAKOro
HaBo3a Mo LUMAVHAPUYECKOMY KaHany MOXET 6bITb UCMO/Mb30BaHa CTYAEHTaMW1, MarucTpaHTaMu, NHXeHe-
pamu-KOHCTPYKTOpamu, a TakxKe Hay4HbIMIU paboTHMKaMM AN peLLeHns 3a4a4, CBA3aHHbIX ¢ 060CHOBaHMEM
paLnoHasbHbIX NapameTPOB CKPernepHOro HaBo30ybopoUYHOro 060py40BaHUS C LiEHTPaIbHbIM KaHa/IoM.
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