00-KONTEPOB W KAaTKOB TypOo-uommepoB. [losTomMy B Ommkadimee BpeMs C
YUYCTOM OCOOCHHOCTCH PECHyONMKH HYKHO pa3padorars MOAH()HKAIMH CC-
PHUIHO BBIMYCKACMBIX OTCUCCTBCHHBIX MAINHH, YTO TO3BOIUT PCIIHTH BCC
BONPOCH BHCAPCHHUA HOBBIX TCXHONOTHH 0C3 HCIOIB30BAHUSA HMIOPTHBIX
arperaros. OTHOBPEMCHHO HAJAO OTMCTHTH, UTO MPAKTHKA BHCAPCHHS TMTOYBO-
3AIUTHBIX TEXHOJOTHH ITOKA3BIBACT, YTO PEIICHHWEC JAHHOH MPOOIeMBbl He-
BO3MOYKHO TOJIBKO 3a CUCT HMCIIONIB30BAHI HOBO TeXHUKH. Heobxommm KoM-
IUIEKCHBIN TOAXOJ, CHEUHANbHAS TOCYIaPCTBEHHAS MPOTpaMMa, KOTOpast Imo-
3BOMIJIA OBI BECTH BO BCEX PETHOHAX PECIYONHKH CTAI[MOHAPHBIC MOJICBBIC
OTIBITHI IO OTPAOOTKS OCCIUTYKHBIX MOYBO3AIIMTHEIX TCXHOJIOTHH H OTPSAC-
JATH MAKCHMAITEHO BO3MOKHBIH 00BbEM OC30TBATBHBIX 00PA0OTOK IOYMBHI IS
KOHKPCTHBIX MIOYBCHHO-KITHMATHICCKIX YCIOBHIA.

13.09.13
YK 631.331.022 HUCCIEAOBAHHUE ITPONECCA
B.IL YeGorapes, ABHUKEHHWA YACTHI]
10.J1. Castanypa, MNOCEBHOI'O MATEPUAJTA
J.B. 3y0enko B PACIIPEJEJIUTEJIE
(PVII «HIII] HAH Benapycu no BEPTUKAJIBHOT'O THITA
MEXAHUZAYUY CeNBCKO20 XO3AUCIBAY, IMHEBMATHYECKOHU
2. Muncx, Pecnybnuxa Benapycy) 3EPHOBOI71 CESAJIKHA

BBenenne

[Inporoe pacpoCTpaHEHHE B PECITYOIHKE IOy MM 3EPHOBbIC CESITKH C
ITHEBMATHYECKOHW CHCTEMOH BBICEBA M CO3JAHHBIC HA WX 0a3e MOouBOOOpadaTsI-
BAFOIIC-TIOCCBHBIC arpPeraTbl. JTO CBI3aHO C WX CYIICCTBCHHBIMH HMPCHMYTIC-
CTBAMH. BO3MOJKHOCTBIO CO3/IAHHWS IIMPOKO3AaXBATHBIX ATPETaToOB IMHPHHOH
3axBaTa 10 24 METPOB, YMCHBIICHHEM YACIBHOH MATCPHATIOEMKOCTH HA
20...25 %, BOBMOKHOCTBIO HX HCTIOTb30BAHHA B KOMOHHHPOBAHHBIX ITOYMBO0O-
padarbIBArOIIE-IOCEBHBIX arperarax. Mcnonb30BaHHE BBICOKOIIPON3BOAHUTEIb-
HOW TIOCCBHOW TEXHWKH OCOOCHHO aKTYaJbHO T HAIICH CTPaHBI, M O0YCIIOB-
JICHO 3TO, B YACTHOCTH, HAPACTAOIMM C KKABIM T0A0M JC(HIMTOM KBAIH-
(pPMIMPOBAHHBIX KAJPOB B CHCTEME CETBCKOX03IHCTBEHHOTO MPON3BOICTEA.

B o0mem ciayuae COBPEMCHHASA CCATKA C IMHCBMATHYCCKOM CHCTCMOH
BBICEBA MMEET Pa3AcIbHO-aTPEraTHYK0 KOMIIOHOBKY [1, 2], mpu xoTtopoi ma-
IOMHA COCTOWT W3 OTACIBHBIX OJNIOKOB (MOAyICH). JIAHHBIH THI KOMITOHOBKH
TO3BOJLIET PA3HECTH B MPOCTPAHCTBE OVHKEP M OCHOBHBIC PAabOYHE OPraHbl
(pucyHOK 28).

[THeBMaTHUECKass BBICEBAIOINAS CHCTEMa M Pa3JcibHO-arperaTHasd
KOMITOHOBKA pabOYHX OPTAHOB CEATIOK MO3BOJLIIOT PEaTH30BaTh CCKITMOHHBIN
TIPUHOUI TIOCTPOCHUS PaMbl IIOCEBHOTO ONOKA, IPH KOTOPOM €€ CKJIAJbIBA-
HHUE MMPOUCXOAUT B BEPTHKANBHOM INIOCKOCTH. JIJAHHOE PEIICHHUE TO3BOJAET
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Pucynox 28 — IloceBHOM KOMILUIEKC ¢ TIHEBMATHYECKOM cHCTeMOii BhIceBa
¢upmer «Horsch»

SHAYHUTEJIbHO YCKOPHUTEL IIPOIECC IEPEBOJA arperata us pa6oqero TIOJIOKCHUA
B TPaHCIIOPTHOE U O6paTHO, CJIIEJOBATCIIbHO, CHU3UTH O6H_II/IG HETIPOU3BOIU -
TEJIBHBIC 3aTpaThl BPEMEHHN Ha IIEPEE3BI. HeHTpaJ'IHSOBaHHLIﬁ 6yH1<ep CCILI-
KH 00ecIeurBaeT CHIKEHNE KOIMUeCTBa H IIPOJOIIKUATEIIbHOCTH TEXHOIIOTH -
UECKHUX OCTaHOBOK Ha 3alIpaBKy ITOCEBHLIM MAaTEPUAJIOM. HpI/IMEHeHI/Ie aBTO-
HOMHOM CHCTEMBI 34aIpy3KH Ha NIUPOKO3aXBATHLIX CCAIIKaX C ITHEBMaTHuC-
CKOI cUCTEMOM BHICE€BA IIO3BOJIAET CHU3HUTH BpeMs U TPYAOCMKOCTE 3al'DY3KH.

OcHoOBHAaSI 9aCTh

OCHOBHBIMH 3JIeMEHTAMH CHCTEMBI BLICEBa ¢ ITHEBMATHIECKAM TpaHC-
MIOPTUPOBAHMEM IIOCEBHOTO MaTepHalia B COIMHHUKY SBISIOTCS OyHKep, BeH-
THILITOP, J103aTOp, YCTPOHCTBO IS BBOJA MOCEBHOTO MaTepuaia B BO3MIYII-
HEIF TIOTOK (TIMTATENh), paclpe/IeTuTeILHOE YCTPOHCTRO, a TakXke MaTepua-
JIO- U CEMSITIIPOBOJIBI (PUCYHOK 29).

il -moceeHoll Mamepuan
P

~—— - 6030y WHbIil MOMOK

2 —-Mamepuano-e030yuwHasi cMecb

: ool o

te0 400 800000 s

1 — GyHkep; 2 — Ao3aTop; 3 — MMTAaTeIIb; 4 — BEHTHJIITOP; 5 — MHEBMOMATSPHAJIONIPOB O,
6 — pacIipe/ic/TUTE N
Pucynox 29 — TexHomoru4e cKHii mporiecce padoTsl
TMTHEBMATHY €CKOii BhICEBAIOIIIEH CHCTEMbI

OZ[HI/INI U3 OCHOBHEIX HOKaSaTCJ’IeIL/'I, 110 KOTOPOMY OILICHHBAIOT KaueCTBO
pa6OTI>I ITHEBMAaTHIECKOM BBICGBaIOH.IefI CHCTCMEBI, ABJBICTCA paBHOMCPHOCTD
paclipeicicHad IIOCEBHOIO MaTepHalla I1I0 CEMIIIpOBOAAM. CyH.IeCTBeHHOG
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BIHAHAC HA KHHCMATHUICCKYIO CTPYKTYPY TBEPIOTO KOMIIOHCHTA MATCPHAIIO-
BO3AYIIHOW CMECH, CIECAOBATEIBHO, H HA PABHOMEPHOE PACIPEACICHHE Ce-
MSAH OKA3BIBACT KOH(QHTYpAIMd BCPTHKAJIBHOTO PACIPCACIHTCIBHOTO YCT-
poiicTea. Tak, paccrosHuE OT (haCOHHOH HacTH (OTBOAA) MOJBOIAMICTO TPY-
00ompoBOIA A0 PACHPCACTUTCILHON TOJIOBKH HA PACIPSACIUTCIBHBIX Pado-
THUX OpraHax OOJIBIIIMHCTBA ITOCEBHBIX MAaNMH, KAK IMPAaBUJIO, HC MPCBBIIACT
10D, BBHAY OONbIIMX radapuTOB NPH NEPEBOJIC B TPAHCIIOPTHOE MOIOKCHHUC
W TIOBBIIICHHOW MartepuanoeMKocTH. OmHAKO A7 TOJTHOW CTabwMim3amun
MaTCPHAJIO-BO3AYITHOTO MOTOKA HeoOXommMo paccrosaue B (30...40)D, stum
BO MHOTOM H OOYCJIOBIHBACTCA BBICOKAS HCPABHOMCPHOCTH MOMCPCSUHOTO
pacmpeneneHusa MOCEBHOro Marepuana [3, ¢. 115-117].

C 1enp0 MOOTBCP)KICHHUA BBICKA3AHHBIX MPCAMONIOKCHUH AHATHTHYIC-
CKH PACCMOTPHM IPOLECC ABIKCHHA MOCEBHOTO MATEPHATIA B PACHPEACITH-
TEJIBHOM YCTPONCTBE BEPTUKAIBHOTO THIA.

B mponecce ABHKCHUA MOCEBHOTO MATCPHANA MO BEPTHKATBHOMY pac-
MPSACTUTCIIEHOMY YCTPOWCTBY MOXKHO BBIICIHTH TPH OCHOBHBIX YYACTKA:
1 — y4acTOK BBOAA MOCEBHOTO MATCPHANA B PACHPEACIUTENIBHOE YCTPOHCTBO
(oTBO); 2 — YHACTOK PA3rOHA M PACHPEICIICHUS IOCEBHOIO MaTepuaia B IOMe-
PEUHOM CEUCHHNH (BEPTHUKAIBbHAS KOJIOHHA), 3 — Y4ACTOK PACHpeIc/ICHUS TOCEB-
HOTO Marepuasia o CeMAMpoBoAaM (pacTpeICIUTEIbHAS TOIOBKA) (PUCYHOK 30).

HepaBHoMepHOCTE  pac-
MPEACICHHA HETIOCPEACTBEHHO
3aBHCHT OT PAaBHOMCPHOCTH
pasMemeHns MOCEBHOTO Mare-
pHana B MOMCPCYHOM CCUCHHH
BoCXomsmero moroka.  Jlma
VIYYIICHUS 3TOTO TOKA3ZATCIIA
B TPOTOMHOM KAHAJNC BCPTH-
KAJIbHOM KOJIOHHBI U B KPBIIIKE
pacnpeacIuTENbHON TOOBKH
Pa3MEIAIOT JOMOIHUTEIIBHBIC
1 — y4acToKk BBOJIa IOCEBHOT'0 MaTepHaja B pacipe- OJICMCHTBI PA3JIUMIHOTO KOHCT-

JIeTUTENIBHO® YCTPOHCTBO (OTBOA); 2 — y4aCTOK PYKTHBHOTO HCIOTHECHUS

pasroHa H paclipe/eIeHHs IOCeBHOI0 MaTepHasa B
H BCTABKH
MOTIepeYHOM CeUeHHH (BepTHKAIBHAS KOJTOHHA), (TypOyamsupyroupe  BCTa >

3- YUACTOK paclpeeJICHUsI IIOCEBHOI0 MaTEepHaja HaﬂpaBI/ITeﬂI/I, OTpaH(aTeﬂI/I),

TI0 CeMsIPOBOJaM (pacipeieuTeNbHas IoJI0BKa) TMOBBIIAIITHC Typ6YJ'IGHT-
Pucynox 30 — CxeMa BepTHKAJIBHOIO HOCTb  TPAHCTIOPTHPYIOLICTO
pacnpee/IMTe/IbHOTO YCTpoiicTBa BO3OYIIHOTO IMOTOKA AJIA CO3-

JaHusa 00Jee OTHOPOTHOM Ma-

TCPHAJIO-BO3AYLIHON CMECH IO BCEMY CEUCHHIO H, CICIO0BATEIBHO, 111 Ooce
PABHOMEPHOIO PACIpEASICHUS MOCEBHOTO MATEPHAA TI0 COITHUKAM [4].

Taxum 00pa3oM, MOKHO CACTATH BBIBOL O TOM, YTO AT VAYUIICHHS pa-

00THl BEPTHKANLHBIX PACHPEICIMTENBHBIX YCTPOMHCTB LEIecooOpa3HO HC-
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MOJTb30BaTh JOTOTHUTCIBHBIC 3JICMEHTHI, MO3BOJBIIONINE CACTATh IOJE CKO-
POCTEH BO3IYIIHOTO IOTOKA OOJICE OTHOPOTHBIM IO BCEMY IIONCPEIHOMY
CCUCHUIO BEPTHKAIBHON KOJOHHBI NP BXOAC B PACHPEACTHTEIBHYEO TOJOB-
Ky, a4 TaKKE CHH3HMTh TPABMHPOBAHHE YACTHI[ ITOCCBHOTO MAarephana IpH
pacIpeneICHUH 0 OTBOSIIM HATPyOKaM.

B cB13U C BBIICH3IOKECHHBIM PACCMOTPHM HA TMPUMEPE OTHON YaCTHIIBI
JBIKCHHEC BBICEBACMOTO MATEpHAsiA B BEPTHUKAIBHOM PACIPEICIUTCIHHOM
YCTPOMNCTBE.

Jeusicenue nocegrnozo mamepuna ¢ omeooe. 11pu IBIWKCHHA IOTOKA II0
KPUBOJIMHCHHOMY Y4YAacTKy (OTBOAY) KAHANA IPOMCXOAHMT H3MECHEHHE €TI0
CTPYKTYPBL, YTO BBIPA’KACTCS B TEPEPACTIPEACICHIN JTOKAIBHBIX JABICHUN U
CKOpPOCTEH BO3AyXa IO CEUCHHIO MOTOKA: CKOPOCTh YOBIBACT C YBEIHUCHHEM
pazuyca KpPHBH3HBI M, CICJOBATCIBHO, JABJICHWC V BHYTPECHHEH CTCHKH
MCHBIIIC, YeM y BHCIIHCH. [1pu BXOIC B OTBOX Y BHYTPCHHCH CTCHKH 00pasy-
ercs KOH()Y30pHBIH Y4aCTOK, a y BHEIIHEH — TU(P(y30pHBIH, B TO BpeMs Kak
TIPH BBIXOZAE M3 OTBOAA B BEPTHKAIBHYIO KOJOHHY, HA00OPOT, Y BHYTPEHHEH
cTeHKH o0Opasyerca aud(y30pHbLi, a Y BHCIMHCH — KOH(PY30pHBIH ydacTkH. B
Juddy30pHBIX 007ACTAX KPHBOIMHCIHHOTO Y4ACTKA HAOMIONACTCS HHTCHCHB-
HBIH POCT MOTPAHUYHOTO €04, KOTOPBIA MATOYCTONYHB H JITKO OTPBIBACTCSA
OT CTEHKH KaHaja [5, c. 147-149] (pucysok 31).

Veus a) Veur. 6)

BHYMPEHAAN CIMBHKE

BHELHAA CMEHKE
KaHana

Pucynox 31 — Obnactu orpeiBa mMoToKa (&), MOJIA CKOpocTeii B oTBoje (6)

AHanu3 cXeMBI IOKA3ajl, YTO HAJIWYNE MECTHBIX OTPBHIBOB IIPHBOUT K
HAPYIICHHIO OTHOPOAHOCTH MOJMA CKOPOCTEH HA BBIXOAC M3 OTBOAA, YTO HE
MOYKET HE OTPA3HTBCA HA PABHOMCPHOCTH PACHPEACIACHHA NMOCCBHOTO MATe-
pHana MO BCEMY IONEPETHOMY CCUCHHIO BEPTHKAIBHON KOTOHHBI.

OmnpeaenyM BEMMYHUHY CHIDKCHIS CKOPOCTH YaCTHUIIBI ITPH ABIKCHUH 110
orsoxy. [Ipn ABrXeHHH 1O OTBOAY HA YACTHIy OyAyT ACHCTBOBATH CHIIA TSI-
skecTH G, peakums CBA3H N M CHIa TPeHus [, (PUCYHOK 32).
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Hcnomp3yem  mudypepeHIMATbHBIC
Veur VPaBHCHHUS ILIOCKOTO ABIDKCHHSA MATCPH-
ATMBHOM TOYKH B MPAMOYTOJIBHBIX KOOPIH-
T D HATAX W HANUIIEM YPABHCHHE IBIKCHUA
i YACTHIEI B OTBOAC, M3MCHSIOIICM HAa-
Vil MPaBJICHUE C TOPU30HTAIN HA BEPTHKAIb
R [3. c. 40]:
d?x \
2 ~ W o= —T-cosa — N -sinaq;
A Ver ¢ (D

s = dZ .
N"TV, m—y:T-sma—N-cosa—i-G,
Fm

T— dt?
TAC M — Macca YAaCTHIIBL, K2,
it 0 — TEKyIIEe 3HAUYCHHE VITIA TIOBOPOTA,
epao.;
T — cuna Tpenus,
N — peaxums cBs3H,
G — cuna TsoxecTH, H,
1 —BpeM4, C.

IMocne HEKOTOPBIX TMPeoOpa3oBaHuil BeIpaKeHHA (1) moaydmM, 4TO TpH
TOBOPOTE ABYXKOMITOHCHTHOTO ITOTOKA C TOPH3OHTAIN HA BEPTHKATD HA YIONI
90° BeMYMHA KOHEYHOM CKOPOCTH YACTUIBI OTIPENETACTC:

[ 2R T
w A 14417 & ’
rac J) — CKOPOCTH CEMSH HA BXOAC B OTBOJ, M/C;
R, — paguyce KpUBU3HBL, M,
J— xo3dduumeHT TpeHNU.

Pucynok 32 — Usmenenne
CKOPOCTH YaCTHIIBI
IPH ee ABH:KEHHH B OTBOJE

W3 moay4eHHOrO ypas- V. aide
4K
HEHWSI TIOCTPOEH rpaduk 25 :
H3MCHCHHS CKOPOCTH CEMSIH od—1 1 1 , P
HOCJIC OTBOJA TPH Pa3ImMd- ‘ //

HBIX KO3(umumeHTax Tpe- 15 /;2;70
Hug f=0,2...0,6 g 3epHO- /4 | |

10 F—————=
BBIX KyIBTYp OpH R; = 0.4 u W

(pucyHoK 33). 5 =
Kak BHOHO M3 PHCYH- o || | | | Vo|mic
Ka 33, CYIICCTBCHHOC BJIWA- 0 10 15 20 25 30 35 40

HHC HA CKOPOCTh CCMSH IMPH

JBIKCHHH TIO OTBOAY OKAa- W= R-= 0,5 & =0

3BIBACT KO3((HIMCHT Tpe- Pucynok 33 — 3aBHCHMOCTH H3MEHEHHSI CKOPOCTH
CeMSIH 3ePHOBBIX KYJIBTYP Hepe]] OTBOJIOM OT

HUA f° yeM OH OOIbINe, TeM
CKOPOCTH CEMAH 32 OTBOJAOM INPH pa3/IMYHBIX
Ooable TEpACTCA CKOPOCTh K03d@HHEHTAX TPeHHs

CEMSIH TIPH BBIXOAC M3 OTBO-
ma. Tak, mpu BXOmHOI cropocTr B 30 m/c, pamuyce kpuBH3HbI 0,4 v 1 K03(-
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¢buumenre Tpenust 0,6 cKOpoCTb Ha BbIXOE U3 OTBOnA B 2,7 paza MeHbLLE,
YeM Ha BXOJIe, UTO BEJeT K yMeHbIIeHHio yncia Peiinonbaca (Re) u k obie-
MY CHWJKCHHIO TypOYJIEHTHOCTH HOTOKA.

H3yuuB xapaxrep pacnpeneneHus nNoaeil CKOpOCTEd BO3IYIIHOTO MOTO-
Ka B OTBOIEC, TPACKTOPHIO ABIKCHUA OT,Z[CHI:HOEI HacTulbl U1 HeﬁCTByIOH.II/Ie Ha
Hee CHJIbI, a TAKXKe OIpeJe]NB BEIHYNHY CKOPOCTH YacTHLBI Ha BBIXOAE U3
OTBOZI4, MOXKHO C/I€1aTh BBIBOJ, YTO B OTBOJE HA HACTHUIY JCHCTBYET CHIa
TPEHUsT 1 LEHTPOOEKHas! CHJIa, BEJIMMHHA KOTOPOi 3aBHCHT OT Macchl YacTH-
I(bl, TOI CKOPOCTH, KOTOPYIO OHAa MMeEJia IPU BXOLE B OTBOX, M €r0 pajuyca.
Bceneacrsue 3Toro cemeHa orOpachlBalOTCsl K BHELLIHE!H CTEHKe 0TBOAA U [IPO-
TOIDKAKOT 0 Hel cBoe IBmkeHHe. TakuM o0pa3oM, ceMeHa B OTBOIE pacripe-
JIEJIAIOTCS. TIO €T0 HAPYKHOH CTEHKE, Tepsil CBOI0 CKOPOCTh, UTO TOATBEPKAa-
IOT TIONS CKOpocTeit Ha pucyHke 31 6. Bee 3T0 roBOpHUT 0 TOM, YTO HEOOXOOUMO
BBIPOBHATH CKOPOCTh MATEpPHMaNO-BO3AYITHOM CMECH MO TIONEPEYHOMY Ceue-
HHUKO Beme(aanoi/i KOJIOHHBL, TO €CThb YBCIUYNTD Typ6yJ'leHTl—lOCTb IIOTOKA.

OnnuM 3 Handosee PacmpoCTpaHeHHBIX cOCOO0B MOBBIICHUS PaBHO-
MEPHOCTU pacIIPENesiEeHHs] B JJAHHOM ClIy4ae Ha [PAKTUKE SIBJISETCs JOIOM-
HUTeTbHAad TypOyIH3alud MOCTyMAlled K pacIpeAeNUTENbHOH TONOBKe
Marepuao-BO3AYINHOM cMecu. JlononHuTenbHast TypOynHM3anust oCyLecTB-
JISIETCSl TIOCPEACTBOM PA3JMYHBIX 10 KOHCTPYKIHMHM 3JEMEHTOB, YCTaHABIH-
BaeMbIX Ha BEPTHKAJIBHOM Y4acTKe MOABOsILEro Tpyborposona. J1o cro-
CO6CTByeT BbIPABHUBAHWIO KOHLUECHTPALUKU HaCTUL[ BbICCBACMOIO Marcpuaia
IO MOTIEpEeYHOMY ceveHuto TpyGomnposona [6].

B cBs3u ¢ 3TUM HaMH TpeAJIAraeTcst
KOHCTPYKIHST BEPTHKATBHOTO PaCIpeneny-
TeNsl ¢ TypOYIM3UPYIOLIeH BCTaBKOW M Ha-
TpaBUTeIIeM, KOTOPBIH YCTaHOBIEH B KpPBILI-
K€ pacnpefenuTesbHON ToIoBKU. Beprtu-
KaJbHasi KOJIOHHA COCTOMT U3 yJacTKa ¢ Typ-
Oynuampyrolieii BCTaBKOH M BEPTHKATBEHOTO
MOABOMSILLETO y4acTka (PUCyHOK 34).

IloceBHOH Marepuan, TpPAaHCIOPTH-
PYEMEIM BO3AYITHBIM MOTOKOM K pacrmpesie-

1 - otBOJ; 2 — TYpOYIM3UpYIOIIAs

BCTaBKa; 3 — BepTUKAa.IbHas KOIOH- JIMTENBHON TOJIOBKE, MPOXOOUT OTBOA, THAEC
Ha; 4 — HANpaBUTeIb, 5 — pacTpe- MoA AeMCTBHUEM HHEPLMOHHBIX CHUJT KOHLIEH-
ACINTIEILHAA TOJIOBKA TPUPYETCsl Y [OBEPXHOCTH ¢ DObLUNM pa-
Pucynor 34 — Koncrpyxumst JMYCOM KPHBH3HBI Jlajee MOCEBHOM Mate-

HPEJIATAEMOI'0 BEPTHRAIBLHOI'O

pachpee e pHall OCTYNAET B BEPTUKAILHYIO KOJOHHY,
: Aeire

rae YCTaHOBJIEHA TypOymmBupyomas
BCTaBKa. Ha ka)xloM M3 3THX y4acTKOB XapakTep TEYCHHs MOTOKA Marepua-
JIO-BO3OYIIHON CMECH Pa3UYHBIH, ONpenesieMbli B OCHOBHOM KOHCTPYK-
THUBHBIMH OCO6€HHOCT§[MI/I 3JICMCHTOB yCTpOﬁCTBa U a3pOonquHAMHNYICCKUMHA
napaMmeTpaMu TPaHCIOPTUPYEMOIO MaTepHala.
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B TypOynusupyroleii BCTaBKe B €€ BIyCKHOM 9acTH KOHYCA MPOVCXOMUT
«CHKATHE» MATePHaIO-BO3/YIIIHOIO TIOTOKA W NPUDIIMIKEHUE ero K LEHTPY.
IIpn sTOM a3poAMHAMHYECKOC CONPOTHBICHHE U MEXaHHYECKOE COIPOTHB-
JIEHUE TPEHUs TPAHCIOPTUPYEMOr0 MaTepHaia O NOBEPXHOCTb HE3HAUUTEIb-
HbI BCJIENCTBHE €ro IUIaBHOTO cyxkeHus [7, ¢. 43—46]. [Ipu stom ckopocTu
nepu(epuiiHEIX CJIOEB MOTOKA BO3PACTAIOT U BBIPABHUBAKOTCS MO BCeil mio-
a1 MOTepeYHOro ceveHust koHyca. Ha Beixonme w3 typOynusatopa o0pasy-
eTCs1 BHE3AITHOE PACLIMPEHHE KOHYCa, KOTOPOe BEI3bIBAET OOPa3OBaHIE BUX-
PEBBIX TOTOKOB TPAHCTIOPTHPYIOIIETO BO3AYXA MO BCEMY TMOTIEPEIHOMY Cede-
HIFO BXOAHOro Tpydbomposoxa [8, c. 28-30]. Ilpu stom oDpasyroTca H OT-
JEITBHBIC BUXPH ¢ OTPULIATEIBHBIM TPaHEHTOM CKopocTH. Bee 310 BhI3BIBACT
MHTEHCHBHOE IMEPEeMEIINBAHUE TPAHCIIOPTHPYEMOrO MaTepHalia ¢ BO3IYXOM
n (GopMHpOBaHUE OAHOPONHON MarepHaio-Bo3ayliHOW cmecu. Hccnenosa-
HUAMU YCTAHOBJIEHO, YTO [UIsl PABHOMEPHOIO PacHpeseeHusl MaTepuana no
OTBOZAIIMM HaTpyOKaM Ha BXOI€ B PacHpPEAeNUTEeNIbHYI0O T'OJOBKY IIOTOK
MAaTepHAaNo-BO3AYIIHOM CMeCH JOMKeH CTabUIBUPOBAThCst. ITO TpedoBaHLe
BBIIIONHSIETCS TIPH PACCTOSIHMN HE MeHee 3/) MexIy BCTaBKOH U BXOOOM B
paclpeneTuTEIBHYIO TOJIOBKY (PHCYHOK 35).

g IIpy nBMXKEHHUH B BOCXOMALIEM
Jree BO3/YIITHOM [OTOKE Ha Hee OKa3blBa-
€T JCHCTBHE  adpPOAUHAMHYECKAs
cuna F, u cuna tsxectu G (pucy-
HOK 30).

VpaBHeHUE 1Ji YCJIOBUSL paB-
HOBECHS YACTHLBI OyIeT HMETh BU:
F,-G=0,
rae [, — a3ponuHaMHIecKas cuna, /.

ITocne HEKOTOPBIX MPeodpPa3o-

O S . BaHMH cocTaBuM auddepeHnans-
d - HOE YpaBHEHHUE NBIXKEHHUS U IOMI-
1 — otBox; 2 — KOH(Y30pHAs YaCTh BCTABKH, CTaBUM W3BECTHBIE BEJIMUMHDI!
3 — TypOymu3upyIomas BetaBka; 4 — mubdy- o x
30pHas 4acTh BCTABKU, 5 — BUXPEBAs 30HA, m— 2 =m-x,: (Ue — l)q)” -mg, (2)
6— BXOJA B pacpeJeNATEIIEHYIO I'OTOBKY
Pucynox 35 — Moy cropocreii I7€ K, — KOO HUIMEHT NapyCHOCTH,
B PacmpexesIinTesie U, — CKOPOCTh BO3yXa, M/C,

¢ TYpOyIM3upyoneii Rerarkoii V. — CKOPOCTB CEMSIH, M/C.

Cokparus Maccy # B ypaBHEHHH (2) 1 IPOMHTETPHPOBAB, [IOTYYHM:

8x 2 ~
T:Kn'(u(;_uq) "+Cl; (")
ot

x:0,5-1<n~(vg—uq)z-t2+Cl-r+C2, @)

rae C; u C; — TIOCTOSIHHBIE MHTETPUP OBAHMS.
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Pucynox 36 — Cxema cun,
JXeiCTBYIOMIMX HA YACTHILY B
BOCXO/ISIIIEM BO3AYIHOM
TOTOKe

[Nocrosuueie wHTErpupoBanmst C; u C,
OyIyT ONpPEACTATHCS W3 HAYAIBHBIX YCIOBHH

mpu f=0,x=0u %:0, YTO IPH IOACTAHOB-

K¢ B ypasreHu¢ (3) u (4) mact: C; =C,=0.

OmnpeaemuM 3aKOH JIBHKCHHS YACTHIBI B
BEPTUKATBHOU KOJOHHE:

¥x=05x, (v, -v ) -1

Jsudicenue nocegnoco mamepuana @ pac-
npedenumenvtoli  zonoske. A coOXpaHCHHA
BBICOKOH PaBHOMEPHOCTH PACTIPEACTICHIS IO-
CCBHOTO MATepHala IO MOMCPEUHOMY CEUCHHIO
B PACIIPEICIUTEIRHON TOJIOBKE W Jajee B Ce-
MSIPOBOABI HEOOXOAMMO, YTOOBI KaXKIast dac-
THLA C HANMCHBIIMMH HOTCPSAMH JHSPIHH H 32

Kparyaiiiiee BpeMs MOCIE KACAHUA C BHYTPEHHEH MMOBEPXHOCTBIO PaCHpeIc/IH-
TEJILHOH TOJIOBKU NMEPEMECTHIIACH K OTBOAIIEMY HATPYOKY (PUCYHOK 37).

3 | .

7

1 -

°0

it o f'!fPaTx
o Pee o Py,
V4 \

e v 4\\|

d

1 — BxogHO# TpyGONpoBO; 2 — OTBOAAMMYI NaTpyGoOK; 3 — OTpasKaTelb

Pucynox 37 — Cxema cuil, AeiiCTBYIONIHX HA YaCTHILY,
PACTIONIOKEHH YIO HA BHYTPeHHe il MOBEPXHOCTH pacnpenemTe IbHOM IOIOBKH

Ha uacruiy, pacmonoxeHHyio Ha mpssmoit AB, aeficteyror crnemyronme
CHJIBL: CHJIA TshKECTH G, TpeHus ['y,, CHIA PEaKIMH MOBEPXHOCTH N M CHIA
BO3ACHCTBHS BO3AYIIHOTO ITOTOKA P,. Yron HakiIoHA npsaMoi AB k ocu Bxon-
HOTO TPyOOmpoBOAa paseH a. [lociae MpUHATHA YaCTHIBI MaTCPHAIbHOMN TOY-
KOH, B 37101 Touke (O) pacmonararorcsa koopauHaTHbe ocH: O, — mapaicb-
HO npamod AB, a O, — mepneHauKynapHO. COOTBETCTBYIOIUME YDABHEHHUA
JUTS1 YCIIOBHS PABHOBECHS YaCTHUIBI OYIyT HMETh BHI!
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P, -cosa - Iy, —Geosa =0,
N+Gsina - P, -sina =0.

Tak Kak YacTHIA ABIDKETCA IO NMOBEPXHOCTH PACHPEICIUTEIBHOH TO-
noBku 1m0 ocu O,, cocrasuM AuQ(CPCHIHATHHOS YPABHCHHC IBIDKCHHA IO
3TOMY HANPABICHMIO, YYMTHIBAA TO, YTO B HampasineHuu ocu O, CHIIbI ypas-
HOBCIIUBAFOTCSL:

2
m%:P@«:osa—FTp—Gcosa. o)
Tloacraensas B ypaBHEHUE (5) 3HAYCHHE COCTABJLIIOIIMX CHJI, IOIYYUM
creayromee Tu((HEePCHIIHATEHOC YPABHCHHAC
o%x . .
m—-=P,-cosa = fup(Py - sina —Gsina) - Geosa,
ot
WA
%% 2 5 . .
mat—2 =05k Fpvg -coso = f,,,(0.5k Fpog -sino —mg-sina) -mg-cosa, (6)
IIe p— IIOTHOCTh BOMIYXa, k2 (p=1,29);
k. — KO3 QHUITHEHT CONMPOTUBICHHUS BO3IYIIHOTO ITOTOKA.
IMocne 3aMCHBL BRIPOKCHUSL 0,5k, Fpv” = a YPABHCHHC (6) 3aMHLICTCA

B CTICAYIOLICM BHAC!

o%x . .
m—22a~cosoc—fmp(a~smoc—mg~smoc)—mg~cosoc,
ot
&%x .
HITH m—zz(a—mg)-cosoc—fmp(a—mg)-smoc,
ot
TO €CTh
*x .
myz(a—mg)(cosa—fmp -sinat). @)

Pemenne ypaBHeHu (7) HEMOCPEACTBEHHBIM HHTEIPUPOBAHHUEM IO3BO-
JIUT TOMYYUTh 3aKOH JABMKCHUS YACTHLBI O MOBEPXHOCTU PACHPEACIUTEIb-
HOU TrOJIOBKH:
(a-mg)-(cosa - f,, -sinx) ,
X = i
2m

3akmouenne

[IpeanoxeH crmoco® MOBBIMCHHS KAYECTBA PACHPEICICHUS IMOCCBHOTO
MaTepuaja Mo CEMANMpPOBOJAM PACHPEACIHTENI BEPTHKAILHOTO THIA IIO-
CPEICTBOM NPHMEHEHUS TypOYIHM3HPYIOIICH BCTABKH B BEPTHKAIBHON KO-
JIOHHE W HANPABUTCI B PACTIPEACIUTEIBHON TONOBKE. Takke HONYy4YEH 3a-
KOH JBIDKCHHUS YACTHIBI TIOCEBHOTO MAaTEepHala MO MOBEPXHOCTH pacipese-
JUTEIBHOM TOTOBKH.
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PesynbraTs! uccneJ0BaHAH HCTIOIB30BAHBI IPH Pa3padOTKE KOHCTPYKIUA
BEPTUKANBHOTO PACHPEACTUTEILHOTO YCTPOUCTBA [UIA CEAJIOK C MHEBMATHYC-
CKOHM CHCTCMOH BBICCBA, KOTOPASA YAOBICTBOPACT aTPOTCXHHUICCKHAM TPeOOBa-
HUSIM TI0 HOPME BBICEBA PA3JIHMHbIX CEIbCKOX03IHCTBEHHBIX KYJIBTYP.
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BBenenne

Ha ocHoBaHuM aHaMM3a YCTPOHCTB U1 TOMPOBAHMS TPYAHOCHIITYYNX U
HCCBHIMYy'IHX CEMAH KOPMOBBIX TPAaB CACIAH BBIBOA O TOM, YITO OHHU HC B IIOJI-
HOH MEpEe COOTBETCTBYIOT arpOTEXHHMYCCKHM TPEOOBAHMAM IO PABHOMEPHO-
CTH M YCTOMYHBOCTH JO3ZHPOBAHIS IIOCEBHOIO MaTepUala.

52



