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PaBHOMEPHOCTb 3afle/TKN CEMSAH 1 YA06peHMa Npy BO3AeNbIBaHUN Cefb-
CKOX03MCTBEHHbIX Ky/MbTYp OTHOCUTCA K B&XHbLIM arpoTeXHOMIOrMYECKNM
npuemam, obecrneymBatoLLIM BbICOKME M YCTOYMBbLIE YPOXan TOBapHOIA
npogykumm [3, 7, 9].

Bce KOMOGMHMPOBaHHbLIE CEANKM MOXHO YC/IOBHO pasfe/iMTb Ha ABe
rpynnbl. K NepBoil 0OTHOCAT Te, Ha KOTOPbIX ANS 3a4e/Kn ya06peHuii n ce-
MsH YCTaHOB/IEHO [Ba Pas/IMYHbIX TUMa COLHWKOB. Ko BTOpOI OTHOCATCA
CesANKN ¢ KOMOMHMPOBAHHLIMW COLLUHUKAaMK, C MOMOLLI0 KOTOPbIX OAHO-
BPEMEHHO 3a/€e/1bIBAOTCA CEMEHA U YA06peHus.

TeopeTnyeckMe W NPaKTUYeCKMe WCCNefoBaHNs KOMOMHMPOBAHHbLIX
COLUHWKOB TPeBYT UHAMBUAYANLHOTO PacCMOTPEHUS, OAHAKO 33 OCHOBY
3TMX paboynx OpraHoB B3SiTbl M3BECTHbIE MOLENN, OMUCAHHbIE B HAay4YHOW
nuTepatype. TeOpeTWYecKMM BOMpOCaM MW3yveHWs paboyero npouecca
COLIHMKOB rnocBsweHbl Tpyasl B. M. TopsyknHa, M. H. JleTowwHeBa,
A. H. KapneHko, A. M. CemeHoBa, H. L. Maxaps v gp. [1, 2, 5].

Hanbonee yHMBepcasbHbIMU SBASAKOTCA ABYXAMCKOBbLIE COLUHMKW, KOTO-
pble Haxoaunu npumMeHeHne ewe B KoHue XIX B. OCHOBHbIMU MpenmyLe-
CTBAMW 3TUX COLLUHWKOB fBMISIETCA He6O/bLUOE TArOBOE COMPOTMBIIEHME,
obecneyeHne HafeXHOW NPOXOAMMOCTU Ha OTBaSIbHbIX arpoOTEXHUYECKUX
(hoHax.

MpuMeHsieMble Ha OTEYECTBEHHbIX M 3apYOeXHbIX CessIkax aHKepHbIe U
KWNEBUAHbIE COLUHWKU UMEKOT 60/1ee NPOCTYH KOHCTPYKLUMIO, MEHbLUYHO
Maccy, HEC/TIOXHbI PEMOHT, MO CPaBHEHMIO C ABYXAMCKOBbLIMU, HO He Mpu-
CrMoco6neHbl Ana paboTbl Ha BAAKHBIX W 3aCOPEHHbIX PaCcTUTE/bHbIMM
ocTaTtkamu noysax [5, 6].

HekoTopbIMM MpenMyLLEeCTBaMW Mepes ABYXAWNCKOBLIMW COLLUHMKaMM
MoNb3yHTCA 04HOAMCKOBBIE [4, 5]. YNyudLlaeTcs Kputepuii paBHOMEPHOCTU
rNy6VHblI X0Aa, YMEHbLUAETCS TArOBOE COMPOTMBAEHWME WM Heob6Xxoaumoe
ycunve 3arny6neHus.
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BOMbLIMHCTBO KOMOMHMPOBAHHbLIX CEANIOK 3apybexHbIX CTpaH 060py-
[OBaHbl 4BYMS TMMaMU COLUHWKOB (4/151 33A€/KN CEMSH W YL00PEHNIA).

[ns TYKOBbIX COLUIHMKOB 06bIYHO MCMONBL3YHOTCA S-06pasHas CTolika C
HaKOHeYHMKOM (puc. 1).

OcCTpbIil Yron BXOXAEHNS B NOYBY NpesonpefenseT naoxue nokasarenm
YCTOMUYMBOCTM X0fAa paboyero opraHa no rayéuHe [5]. Vimerowwmiica Kocoi
cpe3 no nmHuM AB cnocobCcTBYeT TOMY, YTO YA0OPeHUs O4HOBPEMEHHO
YKNafplBaloTCA 1 384€e/bIBAIOTCS. DTO NPUBOAUT K HYaCTUUYHOMY MNepemeLL -
BaHUIO TYKOB C NOYBOI B NIEHTE, LUMPUHA KOTOPOW paBHa LUMPUHE COLLHW-
Ka, Ha rny6uHe ot h, go hy. ®opma cpesa AB, cocTosHME NOYBbI U ya00pe-
HWIA, PeXXMM PaboTbl MalIMHbI BAUAIOT Ha CTeMeHb MepeMeLunBaHms. Yem
MeHbLLE YA00peHNs yAapstoTCs O CTEHKM COLLIHMKA, TEM Ky4Hee OHU yKna-
OblBaloTcs B 60p0o3aKuM. B pesynbTaTe cTeneHb NepemeLLnBaHmns yao6peHuii
C NOYBOVi MO AMHe PsfKa OKa3bIBAETCA HEOAMHAKOBOIA.

Puc. 1. TyKOBbIi COLUHWK (MHCKOI Cesnkn «HOKO»

OTpuLaTeNbHbIM MOMEHTOM WCMO/b30BaHWsI COLUHWUKOB C OCTPbIM YT-
JIOM BXOX/EHWS B MOYBY SBNSETCS TO, UTO OH He YN/JIOTHSET JHO 60PO3AKN
1 MO3TOMY NIeHTbl YA0OPEHUI YKNaabIBAtOTCS Ha MOYBY Pa3/MYHOl NAOT-
HocTW. CO3[al0TCs HeoAMHAKOBbLIE YCMOBUS AN UCMONb30BaHUSA YA06pe-
HWIA PaCTEHMSIMM Ha Pa3NINYHbIX Y4acTKax PSKa, YTO BbI3bIBAET NECTPOTY B
Pa3BMTUM MOCEBOB.

OfiHa 13 OCHOBHbIX 3a/ja4 NPeanoceBHOI 06paGoTKM NMOYBbI — CO3/jaHue
BbIDOBHEHHOIO YM/IOTHEHHOTO /I0Xa Ha ry6yHe MoceBa CEMsiH, YTO CMo-
COGCTBYET MOATArMBAHMIO B/laru, 06eCreynBaeT KOHTAKT CEMSH C BNIaXKHbI-
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MW CNOSIMW MOYBbI, 06Pa3yeT YCMOBUS MOMYYEHUS| APYXKHBIX U PaBHOMEp-
HbIX BCXOZ0B.

HapyLueHve yMIOTHEHHOTO f0XKa BeAET K CHVDKEHMIO YPOXKaNHOCTM
CE/bCKOXO03AMCTBEHHBIX Ky/MbTyp, TaK KaK CO3[4at0TCA pas/ivyHble YCI0BUS
AN YKNagK/ 1 NpopacTaHMA CEMSIH, pacTeHUs He BbIPOBHEHLI B pPsAKe, OT-
CTaloT B pocTe. STO MOXKET NMPOM30ATU NPY NOKaIbHOM BHYTPUMNOYBEHHOM
BHECEHWW OCHOBHOI [03bl YA06pPEeHWiA. [pyu ABMXXEHNMN TYKOBbIX COLLHUKOB
B NouBe 06pa3yeTcs 30Ha fedhopMaLym, KOTopasi YaCTMYHO paspyLuaeT nog-
roTOBNEHHOE M/IOTHOE NIOXe /19 ceMsiH. Ha puc. 2 npuBefeHa Cxema fe-
(hopMaLmu NoYBbI 1 YKNaLKU TYKOB MPW PasfMyHbIX CNoco6ax fIoKaibHOro
BHECEHWS y100peHNIA.

Puc. 2. Cxema gechopmaLv NOYBbI U YKNaAKM TYKOB MPpY pasinyHbIX cnocobax
NOKaIbHOTO 3HECEHWS YA0BPEHNIA: a — 0AHOBPEMEHHO C MOCEBOM;
6 — [IONOCEBHOE BHECEHWE; 6 — OfHOBPEMEHHO C Ky/NbTVBaL|MEl NOYBbI;
2 — pechopmaLiusa NoYBbI NPU NPOXoge TyKOo3afe bIBatoLLyX paboymx OpraHoB;
1 - cemeHa; N — Tykn

AHann3 CxemMbl MOKasbIBaET, YTO npn oonocesHOM JIOKaJ/lbHOM BHECe-
HUn y,El.O6p€HVII7I 3€PHOBbIE COLWHUKKM, YKNaablBakOLlne CeMeHa B nepneHan-
KYNApHOM WM AWaroHa/lbHOM HanpaseH Mo OTHOLWEHMK K JieHTaM
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YL06PEHNIA, NPOXOAAT Kak Yepes 30HbI C YNNOTHEHHbLIM J/I0KEM, TaK 1 Yepes
paspbIX/IEHHbIE YYaCTKW. DTO MPMBOAMT K OTpMLATENbHBIM pe3y/nbTaTaMm.

Mpy COBMeELLEHMIN BHECEHMSt yA0OPeHUs C MPeAnoCeBHON rny6oKoi
Ky/nbTVBaLMel Nocnegytowye o6paboTKM YNIOTHAIOT /IOXKE MO BCEn nno-
Waau, HO 3TO He peluaeT MPo6sieMbl TOYHOTO Pa3MELLEHNS PSAKOB CEMSH
OTHOCMTENbHO PSAKOB TYKOB.

Mpy BHECEHWM YA0OPEHNIA OfHOBPEMEHHO C MOCEBOM CEMEHA yKafbl-
BAlOTCA Ha YNNOTHEHHOE JIOXKE, a YA0OPEHUS — B KaXKA0e MeXAYpaase Uim
yepes OAHO, €C/IN Y4MTbIBAETCA YCNOoBMe, paccmoTpeHHoe b. A. Hedepo-
BbIM [8].

30Ha gethopmauum nouyBbl, 06paszyeMas pasIMHHbLIMU TYKO3afenbliBato-
WyMU paboummy opraHamu, onpegenseTcs TPems M0CKOCTAMM, OfHa U3
KOTOpbIX pacnofioXKeHa mog yr/ioMm ¢ K NeprneHAnKynspy, npoBefeHHOMY
yepe3 HOCOK pabouero opraHa, a ABe Apyrue — nog yrnom 8/2 K BepTukab-
HbIM MIOCKOCTSIM, OrpaH1YMBalOLLMM 3axBaT paboyero opraHa (pwuc. 2, 2).
Torga

2h-tg9
b, =b+ 2 (1)

cos(p+a)

rae bs — WmpKUHa 30HbI gedhopmaumu;

b — wwrpwnHa 3axBaTa paboyero opraHa;

h — rny6uHa BHeCeHWs1 yA0OPEHNIA;

B, @, a — yrnbl CKanblBaHWS NOYBbI, TPEHWS NOYBbLI O METaS U HaK/IoHA

rpyam nanbl.

Mo paHHbIM  (mHCKOM  upmbl  WARTSILA, un3  ycnosus
pacnpocTpaHeHWsi 30Hbl  fepopMauvn NpU  BO3LENCTBAM HA  Hee
TYKO3a/e/bIBAOLLMX Paboumx OpraHoB, PacCTOSHME a MEX[Y OCAMU [BYX
COCEAHUX COLUHMKOB [AO/MKHO ObITb 60/blUe MOMOBUHBI LUMPUHBLI 30HbI
fedopmaummn a > ba/2. Yron ckanbiBaHUA MoyBbl 6/2, obpasyemblii npu
MpPOXof4e TYKOBbIX COLUHWMKOB, COCTaBnseT 42-45° npu LWmMpuHe 3axsarta
pabouwix opraHoB, npesbiwatoweid 20 mm. Torga LWvpnHa Mexaycneams

onpegensieTcs kak: M =h-tg %

AHanM3 3Ha4YeHWin arpoOHOMMYECKMX NapameTpoB MOCEBa 3epPHOBbIX
(rnybuHa 3afienky 2-8cm, WMpuvHa Mexaypages 7,5-15 cm)
OAHOBPEMEHHbLIM  JIOKaSIbHbIM ~ BHECEHWEM  MUHEPaNbHbIX  YA06peHWi
(rny6buHa BHeceHmMsi 8—15 cMm, LIMpUHa Mexaypsabs 15-30 cM) NoKa3blBaeT,
4TO LIMPMHA 3aXBaTa MalUMH J0/HKHA BapbMPOBATHL B LUMPOKUX NPefesniax.
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HeobxoanmocTb Bbl6Opa LLUNPUHBI 3axeara Cesnku c
KOMOVHMPOBAHHLIMU COLUHUKaMW B 3aBUCUMOCTU OT arpoHOMUYECKMX
napameTpOB MOCEBa C BHECEHMEM YA00PeHNin U TArOBOrO YCUINSA TpakTopa
06bsACHAETCA  TeM, UYTO  KOMOGWHUpOBaHHble  pabouve  OpraHsbl,
OCYLLECTB/IItOLLME  TEXHOMOTUYECKUI A MpoLeccC B COOTBETCTBUM  C
yKa3aHHbIMU MapameTpaMu, 00YCNOBMMBAIOT TArOBOE COMPOTUB/EHME
MaLlVH, Ha KOTOPOE BAUAIOT ryBuHa Xoja U uncno paboumx opraHos.

B ob6wem Buge TAroBoe COMPOTMBAEHWE  CEANKU  Pya C
KOMOUHMPOBAHHbLIMW COLUHMKAMMN CKNaAbIBAETCA M3 COMPOTMBIEHUS Ha ee
nepeKaTbiBaHWe 1 NepeMeLleHre B NOYBE paboumnx opraHos [3, 5]:

B
PMam=(Q+mg)f+qi(?"+1J, (2

rge Q, m — rpy3onogbeMHOCTb M Macca MaLLWHbI;

f — KoahpnLMeHT CONPOTUBNEHNSA MEPEKATLIBAHWIO,

(i — TArOBOE CONPOTUB/EHWNE KOMOUHMPOBAHHOIO COLLHUKA,;

B,/ K+ 1 —uucno pabounx opraHos,

B, — WIMpUHa 3aXBaTa MalLVHb;

K — lWinpviHa Mexxaypsapa.

TAroBoe ycunve TpakTopa P; Ha pabouyeli nepegaye AOMKHO ObiTb Ha
10-15 % 60sbLUe, YeM pacCcUMTaHHOE Mo (hopMysie CONPOTUBIEHNE MaLLIW-
Hbl, T. €. Py, = (0,85-0,9) Pyau.

Ecnv npun paspaboTke UCXOAHBLIX TpeboBaHWiA Ha MalIvHY 3ajatoTcs B,
nnun Q, To 13 popmysbl (2) nonyumm npu Q = const

(0,85..0,9)P, —(Q+mg) f ~
G

1|K, 3)

npu B, = const

_(085.09)P, g

. Kf(BP+K) mg. 4)
AHanmz hopMyn NokasbiBaeT, YTO TArOBOE COMPOTMB/IEHME U LUMPUHA
3axBara Cessikum 6yayT 3aBUCETb OT LUMPUHLI MEXAYPAAbS W, CnefoBaTesb-
HO, OT UMCNa COLLHWKOB, ECNM OAMHAKOBbLIMU GYAYT Macca U rpy30noAbeM-
HOCTb.
ConpoTuBEHWE CESNKN C ABYMS Pas3/IMYHbIMK TUMAaMK COLLUIHWKOB (A1
CEMSIH 1 YA00PEeHNiA) 3anuLieTcs:
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P =(Q+m9)f+qi(%+lj+qz(%+lj, (5)

I
r4e g v g, — TArOBOE COMPOTUB/IEHNE CEMEHHOTO U TYKOBOIO COLLHMKA;

K1 1 K, — lWMprHa CEMEHHOTO ¥ TYKOBOIO MeXAypsfba.

CpasHuBas opmysbl (2) 1 (5), MOXHO YTBEpXAaTb, UTO NPUMEHEHME
M3BECTHbIX  TWUMOB  3afeNblBaloWMX  paboymx  OpraHoB,  TAroBoe
COMPOTMBIIEHWE CESANKM C KOMOMHMUPOBAHHLIMU COLUHMKaMK BYAeT MeHblLLe,
YeMm CeAnku ¢ ABYMSA BUAAMW COLLUHWKOB, NPW YCMOBUW PaBEHCTBA LUMPUHDI
3axsara v rpy3onoLbeMHOCTH.
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Annomayus. TIPOBEAEH aHaNN3 UCCMefoBaHWIA npolecca paboTbl COLL-
HIKOBOA rPYNMbl KOMBMHMPOBAHHbBIX CEANOK, OMCaHbl YCOBUS 06pa3oBa-
HWSt HEPABHOMEPHOCTY BHECEHUS TYKOB U MYTW K €e YCTpaHeHMo. Takxke
OCBELLUEH BOMPOC W3MEHEHWs TArOBOrO COMPOTMB/IEHUS CESIKW 3a CYeT
MPUMEHEHNS KOMBUHPOBAHHOIO COLLHMKA BMECTO IBYX COLLHWKOB PasHo-
ro Buaa.

Kniouesvie cnosa: COWIHVK, MeXAypsabe, TArOBOE COMPOTMBIEHUE,
npoLecc, KOMBUHMPOBaHHAs Ceska.
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