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BBenenue

B CcoBpeMEHHOM CTpPOUTENBCTBE OAHO M3 TIJIABHBIX MECT 3aHUMAIOT
3eMJIsiHble  pa0oThl. OOBEM BBINOJHIEMBIX 3E€MIISIHBIX pPabOT HE UMEET
TEHJCHIIMU K CHWXCHHIO. bomblias TpyJOeMKOCTh U JHEPrOEMKOCTh ITHUX
paboT, MacCOBOCTh W pPa3sHOOOpa3ue BBI3BIBAIOT HEOOXOJAMMOCTH Pa3BUTHUS
MapKka 3eMJICPOMHBIX MAIIMH W JaJbHEUIIEro COBEPIICHCTBOBAHUS UX
KOHCTPYKLIHH.

Pemennie mpoGiieM omTUMU3AIMK MapaMeTpPoB padoyero M XOJ0BOTO
000pyZIOBaHUSI 3€MJIEPOMHBIX MAaIIUH OCYIIECTBIISIETCS Ha OCHOBE IpUBIIE-
YEHUsSI HOBBIX HAYKOEMKHX TEXHOJIOTUW U WHHOBAIIMOHHBLIX pellICHUMN;-3aTpa-
ruBaromuXx cdepbl MPOSKTUPOBAHUS, HM3TOTOBJICHHUS W IKCIUTyaTaluu STHX
MaluH. B HacTosmiee BpeMsi Ha NEpBBIN IJ1aH BBIJBUTAETCS CO3JaHUE METOJIOB
pacuera, HauOojee TIIOJHO W aJEKBaTHO YUYUTHIBAIOIIHUX “OCOOEHHOCTH
UCCIIEAYEMBIX MPOIECCOB, MO3BOJAIOIIMX OLUEHUBATHh Kak OCHOBHBIC, TaK U
BTOPOCTEIICHHBIE TTapaMEeTPhl, TOCTYITHbIC HHCTPYMEHTATBHOMY 3aMepy, Ooliee
000CHOBaHHO CYJUTh O CTENEHU WX ANECKBATHOCTH PEATbHBIM MPOIECCaM,
IITUPOKO KCTOJIb30BATh aBTOMATHU3UPOBAHHOE TIPOCKTHPOBAHUE, 00JIEE MOJTHO
peIM30BbIBaTh  TBOPYECKHH _~IOTCHUMAJL, = KOHCTPYKTOPCKHUX  OTJENOB,
3aHUMAOIIUXCSA TPOCKTUPOBAHUEM 3EMIIEPOMHON TEXHUKMU.

B pabGote ypaeneHo BHWUMaHHE. CO3MaHUIO TaKUX METOJIOB pacyeTa.
Uccnenosanus, mpuBEeAEHHBIE B HEH, BBINOJIHEHBI B benopyccko-Poccurickom
yHuBepcutete. JlokTopoMm TexHHYeckux Hayk, mpodeccopom E. M. bepec-
TOBBIM HamucaHBl pa3fensl 1, 2 u ocymiecTtBieHa oOmas peaakius MOHO-
rpadguu, KaHAUAATOM TEXHHYECKUX Hayk, moreHToM A. B. KymaOyxoBbsiMm
HaIMCcaH pa3jaes 6, KaHAUIATOM TEXHUYECKUX HayK, aoieHToM A. I1. Cmomsip —
pazmen 3, A. X. Abxamu Amumaxom — pasnmen 4, 3. X. JbkamuiaBaHIoOM —
paznen 5.

ABTOpBI . BBIPaXalOT MCKPEHHIO MPU3HATEIBHOCTh 3aBEAYIOIIEMY
kadgeapoir-MMKICXII benopycckoit rocy1apcTBEHHOM CEIbCKOXO03SICTBEHHOM
aKaJeMUH,  JIOKTOPY TEeXHHYEeCKHX Hayk, mnpodeccopy A. C. JloOblmeBy u
nupekTopy OAO HNHCTUTYT «MOTUIEBIpaKIaHIPOEKT», KAHAUIATY TEXHH-
YeCKMX HayK, MOIEHTY A. A. AOYIIKeBUYY 3a pEeICH3UPOBaHNE MOHOTpadwH.



1 ®u3nyeckre 0OCHOBBI Pa3pylIeHUs] TPYHTA
1.1 Kpamkuit ucmopuueckuit 063op

bypHoe pa3zButue TexHukud B 20-€ IT. MPOIUIOrO CTOJIETHUSI HE OOOIILIO
CTOPOHOM M MAaIlIMHBI ISl 3eMJISTHBIX pa0boT. DTO, B CBOIO OYEpe/ib, MOTPEOOBAIIO
IPOBECHUS OOJIBIIIOr0 KOJUYECTBA MCCIICIOBAaHUI B 3TON obnactu. Henb3s He
OTMETHUTH BKJIAaJ COBETCKHX YUYEHBIX B Pa3BUTHUE TEOPUHU U COBEPILICHCTBOBAHHE
KOHCTPYKITUH MAIINH JIJIs1 36MJISTHBIX padoT.

OCHOBBI TEOpUM pe3aHus TPyHTA 3aj0keHbl akageMukoM B. I1. I'opsiy-
KUHBIM [1], KOTOpBII OTMeUas, 4To «CONMPOTUBJICHHE AcPOpMalliy Iidacrta B
KAueCTBE MPOCTEUIETO MPEANOI0KEHUSI MOKHO CUUTATH, IPONOPLHOHAIBHBIM
IJIOMIAM TIOTIEPEYHOr0 CEUeHMs Iiacta». VIMEHHO 3TO MPEHIIoNoKeHHUE
IIMPOKO TMPUMEHSETCSd B TATOBBIX pacyerax. 3€MJICPOMHBIX MAIIUH H
UCIIOJIb3YETCS BILIOTh A0 HACTOSIIETO BPEMEHMU.

HaunbGonee 3HaunTeNbHBIE PA0OTHI SKCMHEPUMEHTAIBHOTO Xapakrepa JUis
pa3nuuHOro BHaa pabodero obopymoBaHus TpoBeneHbl A. H. 3encHunbM [2].
WM npesiyio’keH MeTO/1 OLIEHKU CONPOTHUBIISIEMOCTH, FPYHTOB PE3AHUIO 110 YHUCITY
yaapos yaapauka JlopHUU, senstoriuiics oOLIEHPUHITHIM U B HAlIK AHU. J1s
OnpeneieHus] CONMPOTUBJICHUH; “BO3HUKAIOIIMX TMpH pa3pabOTKEe TPyHTOB
pPa3IMYHBIMM TUMAMH paboyux: opraHoB, A. H. 3eneHHHBIM TpesIOKEeH psi
IKCIIEPUMEHTATIBHBIX (DOPMYI, B KOTOPHIX YUYUTHIBAIOCH BIIUSHHE OCHOBHBIX
T€OMETPUYECKUX IapaMeTpoB pabO4Yero opraHa, TakuX Kak Yroji pe3aHus,
MUpUHA HOXA, TIyOMHA pe3aHus, Haaudue OOKOBBIX CTEHOK M 3yObEB H
HEKOTOPBIX JPYTUX.

Bonee coBeplIEHHBIM SBISIETCSI OCHOBaHHBIM Ha HMCIOJB30BaHUHU psiaa
AKCIIEPUMEHTANBHBIX KO3 (ULHUEHTOB MeToJ, pa3zpadoranHbii 0. A. Betpo-
BoiM [3]. Cuial CONMPOTUBIICHUS PE3aHUIO0 CUUTACTCS 3aBUCAIICH OT Tpex
OCHOBHBIX T€OMETPUYECKUX IapaMeTpOB HOXKA: IIUPHUHBI, TIyOMHBI U yIjia
pe3aHus.

PacemoTpeHHbIE METOABI pacyera COMPOTUBJIEHUS TPYHTOB PE3AHUIO
0a3WpyIOTCS Ha OKCIIEPUMEHTANBHBIX JIAHHBIX C BBITCKAIONMMU W3 HUX
orpannueHusiMu. K. A. AprembeB ormedan [4], T. K. «... CBOWCTBA U COCTOSIHHE
[pyHTa OY€Hb Pa3HOOOpPA3HBI, TO, ECTECTBEHHO, OXBAaTUTh BCE 3TU COYETAHUS
AKCIEPUMEHTAILHBIMUA HCCJICIOBAHUSIMH ... MPEJCTABIISIETCS HEBO3MOXHBIM. B
pe3ynbTare MNocieNHue (PUKCUPYIOT JIMIIb YACTHBIE COYETAHMS Pa3TUUYHBIX
(GbakToOpoB, BIUAIOIIMX HAa COMPOTHUBICHUE PE3aHUIO, W I KaXKJIOTO HOBOIO



coueTaHus 3TUX (PaKTOpoB TpPeOyeTcs MPOBOIUTH HOBBIC IKCIIEPUMEHTAIBHBIC
VCCIIEJOBAHUSI.

[ToneiTky npo¢. A. H. 3eneHnHa BBECTH OJAHO3HAYHYIO XapaKTEPUCTUKY
MPOYHOCTHBIX CBOMCTB TPYHTa KOJMYECTBOM YyaapoB yaapuuka JJlopHUU
HEJIb3 CUYUTATh UCUEPIBIBAIOIIEH ... ».

Bmecte ¢ TeM, paccMoTpeHHBIE paboThl, Oa3upyroluecs Ha JKCIie-
PUMEHTAIBHBIX PE3yJIbTaTaX, ChITPAjJd CBOK pOJb B CTAHOBIECHUM HAYKH O
pE€3aHuU U KONAHUM IPYHTOB M aKTyaJIbHbI B HACTOSIIEE BPEMS, XOTS OHU U HE
OXBAThIBAIOT BECh KPYr BOMPOCOB, CTOSIIMX MEpell YYEHbIMH, pa3paldaThl-
BAIOLIMMH COBPEMEHHBIE METOAUKH PacyeTa.

TeopeTnueckne METOIbI pacyera CO3[JAaBAIKNCh, IO  HECKOIBKUM
HAIIpaBJICHUSM. YUEHBIE CHEJIAId BBIBOJ O BO3MOKHOCTH KOJMYECTBEHHOU
OLICHKH CONPOTHUBJICHUS PE3aHUIO, MUCXOs W3 aHalW3a CHJI, BOZHHKAIOIINX B
IUIOCKOCTH ClIBHTAa W Ha Hoxe [5]. JlampHelias pa3pa0boTka 3TOro MeToja
npoBeneHa A. M. XononoBbiM [6], a MpUMEHHTENBHO K HpOIecCy KOMaHUs —
B. K. PyaneBsiM [7]. Yron caBura y, ONpemesSIONINi MOM0KEHNE TUIOMAIKA
CIBUTa, MO TUM METOJaM pacyeTa yuurbiBaetcs a1u6o no gopmyne U. A. 3Bo-
peikuHa [8], mnbo nmpuHUMaeTcs Kak

p="-L, (1.1)

TJI€ p — yroJl BHYTPEHHEr o TPEHUS TpyHTAa.

[To »Tum _(opmyiaM. yroja cABUIra HE 3aBUCUT OT CLEIUIEHUS TPYHTA,
BBICOTHI MOJBEMA TPYHTA MO paboueMy OpraHy M JIpyrux (pakTopoB, UTO HE
MOATBEPKAAETCA SKCHEPUMEHTAMU U SBJISETCS HEJAOCTATKOM MPUBEACHHBIX
BBIIIIE METOJOB pacyera:

3HAYMTEIbHBIN BKJIAJ B TEOPHUIO pe3aHusi TpyHTOB BHec U. S. AiizeHiu-
Tok [9], ‘McnoOaB30BaBHIMII  OCHOBHBIC  IOJIOXKCHHs, pa3pabOTaHHBIC
W. A. 3BOPBIKMHBIM NPUMEHUTEIBHO K pe3aHuI0 MeTaiioB. [Ipouecc pesanus
IPyHTa BOCIPUHUMAIM KaK MPOLECC pEe3aHHus METauIOB M 3apyOekHbIe
aBTOpHI [11].

B. JI. Abesray3 [12] uccrmemoBan pe3aHHe TOPHBIX IMOPOJ W TPYHTOB
pabounmu opranamu (pesepHoro tuna. Cuily pe3aHusi OH MPEIJIOKHI OIpe-
JEJSITh B 3aBUCMMOCTH OT IIpeJiesia MPOYHOCTU MaTepuaja Mpu BCECTOPOHHEM
COKaTHH.



AHAJOTHYHBIA MOAXOa M3JIOKEeH W B paborax M. U. Tampnepuna [13],
HCCJICIOBABIIIETO pe3aHue U3BeCTHAKOB, U J[. 1. ®denoposa [14].

Harpy3ku Ha paboumii opraH 3eMJIEpOMHON MalIuHbI (POPMHUPYIOTCS
HEMOCPEJCTBEHHO HCXO/Asl W3 3aKOHOMEPHOCTEH COIMPOTHUBIICHUS CPEJbI,
M03TOMY 3aKOHOMEPHOCTH MEXAaHHKH TPYHTOB NMPUMEHHUTEIHLHO K TIPOIECCy
pe3aHus UcIoyib3oBaiu yke B [15, 16]. HoBbIM TOMYKOM K Pa3BUTHIO TaKHUX
METOJIOB pacyeTa MociyXuiu ¢pyHnaMmeHTanbabie padotel B. B. CokonoBckoro
[17] B oOnactm mexanuku rpyHTOB. B paborax K. A. AprembeBa [18],
B. W. bamonera [19], 0. A. Berpoa [3] compoTuBiieHHE pE3aHUIO
OTOXJIECTBIISUIOCH C TACCHBHBIM JaBIEHHEM TPYHTa Ha MOJHOPHYIO CTEHKY:
HecmoTrpst Ha TO, uTtO Takue GHOpMyabl B OOJBUIMHCTBE ' CllydyaeB. [AalOT
npueMJeMbie Pe3yJbTaThl, MEXaHWKA pa3pyLICHHs TPYHTA MOAIIOPHOM CTEHKOM
¥ HOXKOM 3€MJIEPOMHON MAaIIMHBI HE TOXKIIECTBEHHA, TIOITOMY CYIICCTBYIOIIUE
pa3nuuus B paboTe HOXKAa M TOJIMOPHOW CTEHKH TPHUBOMAT K PACXOXKICHUSIM
TEOPETUYECKUX  PE3YyIbTaTOB C  OIKCIEPUMEHTANBHBIMHU - JIAHHBIMH, YTO
oTMeuaeTcs B [2, 3].

[IpuBeneHHbI 0030p, B KOTOPOM.-OCBEIIAIOTCS COBPEMEHHBIE MPOOIEMbI
pacuera mpolecca B3aMMOJIEUCTBHUS padouero.. 000pyJoBaHUs C TPYHTOM,
MO3BOJIACT 3aKJIIOYUTh, YTO HamOOJee paclpOCTpaHEHHBIE METOABl pacyera,
OCHOBaHHBIC HAa YPaBHEHHSX TACCHBHOTO. JAaBJIICHUS TPYHTAa Ha MOAMOPHBIE
CTCHKHM, Kak TMpaBWiIO, OA3UPYIOTCS. ‘HA »OJHOM pacyeTHONH cxemMe U He
paccMaTpuBalOT ANbTEPHATUBHBIC BO3MOXKHOCTH Da3pylICHHs TpyHTa. Takue
METO/Ibl HE B MOJHOW MEpEe yUWTHIBAIOT OCOOEHHOCTH B3aMMOEHCTBHs pado-
4ero 000pyI0BaHHUS € TPYHTOM.

CrnenoBaTenbHO, Ha3peBaeT BOMPOC O HEOOXOOUMOCTH Pa3pabOTKH
HOBOTO TOAXOAa K TEOPETUYECKOMY OOOCHOBAHUIO MEXaHU3Ma CTPYKKO-
oOpa3oBaHusl TpH( B3aMMOACHCTBHM pPaOOUYMX  OpPraHOB  3eMJIEPOITHO-
TpaHcmopTHhIX MamuH (3TM) ¢ rpyHTOM B peXHUME MOCIOWHOM pa3pabOTKH.
OCHOBBI TaKOH TEOPUU MOTYT M JIOJDKHBI 0a3UPOBATHCS HA OOIIUX MOJIOKECHUIX
MEXaHUKH.. TPYHTOB, PAaCCMATPUBAIOMIMX TPEACIHHOE COCTOSHUE ChIMy4el
Cpelibl,-00naaoeil CIelIeHUEeM, BCIEICTBUE OOIHOCTH SBJICHUH, TPUCYIIUX
UM, JlJIs co3maHusi OCHOB HEOOXOJMMO DELIUTh MPOoOJeMy aHATUTUYECKOTO
pacuera yria caBHra — KIIIOYeBOro (pakTopa, BO MHOTOM OIPEACISIONIETO
YCIIOBUS IPOTEKAHUS MPOIIECCOB PE3aHUs M KOTIAHUS TPyHTa, TEOMETPHUECKUE U
CHJIOBBIC XapaKTEPUCTHKHU ITHUX MPOIIECCOB.

B OosbmvHCTBE MeTOMUK pacueTa, Hampumep, B [3, 7, 19] u mHOrMX
JpyTuX, yroi casura ompenensercs mo Gopmyie (1.1). 3to oObsACHICTCS TeM,



YTO TaKoe 3HAYeHHE yIiia MO KIACCHYECKOW TEOpHUU JaBJCHHS TPyHTa Ha
HOJTIOPHBIE CTEHKH OTPENEISsIeT TONI0KEeHNE TIONIAI0K CKOIBKEHHUSI JJIs1 30HH,
HAXOJISAICHCS B TTACCHBHOM IPEICIIbHOM HANIPSHKEHHOM COCTOSHUH.

W. T. Heanumer [20] npemnaraeT paccuuThIBaTH YroJ CIBUTA IO

dbopmyie
V=075, (1.2)

I7ie & — yroJl pe3aHusi;

J{— yTOJI TPEHUS TPYHTa O HOX.

[Ipu BBIBOmE »OTOM (GOpMYyNIBI HE paccMaTpUBAINCh HANPSDKEHUS,
JACHCTBYIOIIME MO HOPMANIM K MOBEPXHOCTHU CABHUTa, ‘UTO OrPaHUUMBACT €€
IpUMCHEHHE.

Yron capura, BbrumcieHHbd 1mo (1.1) m(1.2), sBigeTcs MOCTOSHHOMN
BEJIMUMHOW sl  JaHHOro paboyero OpraHa, a OTO MPOTUBOPEUUT
AKCIIEPUMEHTAILHBIM  UCCJIEI0BAHUSIM,. HOKA3BIBAIOIIMM ~ 3aBUCUMOCTh YTJa
CABUTA OT MHOTUX (haKTOPOB.

Takue uccnenoBaHus NPUMEHUTENBHO K KOMAHMIO TPYHTa CKpErepoM
npoBeneHsl A. M. Illemenessim [21]. Mim nonygers! pe3ynbrathl (pucyHok 1.1),
MOITBEPIKTIAIOIIUE, YTO MO MEPE 3aTIOTHEHHUS KOBIIIA YTOJI CIBUTA YMEHBIIIAETCH,
npudyeM HauOojiee HMHTEHCMBHOE YMEHbIICHHE HAOII0JaeTcs B HayaJdbHOM
CTaauu Tmpolecca KonaHus. DOHU3MKO-MEXaHUYECKHE CBOWCTBAa TPyHTa TaKXKe
BJIMSIIOT HA yroJj caBura. Tak, npu oJlHOM U TOM K€ KO3(pPUIMeHTe HAOJIHEHUS
c mnoBbllieHUEM, ‘uncna yaapoB C ynapuuka JlopHWUW yronm casura yse-
JTUYUBACTCSI.

YMeHbIeHne yria cIBura npu konanuu mnossosimiio B. M. banoBueBy
clenaTh ‘BBIBOJ, YTO. «3TO MO3BOJISIET paccMaTpUBaTh MOJCHCTEMY «KOBII—
TPYHT» KaK aBTOMaTUYECKH HACTPAaWBAeMYI0 Ha MPEOIOJICHNE BO3PACTAIONINX
0 Mepe 3aNOTHCHSI KOBIIIA TPYHTOM COIIPOTUBICHUI» [22].

N3 3apy6exHbIX BccleqoBaTeNe Hanbosee MoTHOe OMMCcaHue mporecca
pe3anus M3a0keHo B [23]. ABTOpBI XapakTepU3YIOT IMPOLECC pe3aHHs Kak
POLIEEC, COCTOSIIUN U3 IBYX (a3 OTAeIeHUsl pazpadaThbiBA€MOro IpyHTa OT
MAacCHBa M BBITECHEHUS €r0 BJ0JIb HOXKA WK B APYroM HampabieHuH. OJIHAKO
u B [23] monoxkeHue IUIOMAAKKA CABHIA OMPEACSCTCS 0e3 ydera M3MEHCHHS
IPAaHUYHBIX YCJIOBUH Ha €€ TOBEPXHOCTH NPHW BHITECHCHWH TPYHTAa WU HE
paccMaTpHUBAIOTCA BO3MOKHOCTH TOSIBIICHHSI HOBBIX 30H AeQopMalnii B TpyHTE
Opu TMEepeMEeNIeHNH HOoXa. XOTsS B 0ojiee MO3AHUX HCCIEIOBAHUIX DJKCIIe-



PHUMEHTAIBHO YCTAHOBJIEHO, YTO IIPM HAJABUIAHUM IOAINIOPHOW CTEHKH Ha
TPYHT IIpH OOJBLINX €€ MepeMelIeHUusIX 00pa3yeTcst 00JacTh, B KOTOPOMl TPyHT
nedopMupyeTcs U NOCie NOSIBJICHUS IUIOIIaAKN CIBUTA.

4!:
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v NN
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Pucynok 1.1 — I3meHeHue yria ciBUra JIpu KOIAaHUU CKPETIepoM

Bompockl BO3MOKHOTO _JMalbHEHIIEr0 pa3pylicHUss MacCHBa TPyHTa
MOCJIC BOSHMKHOBEHHS MEPBUYHON IUIONMIAIKH CIBHTa MPU PE3aHUU B HAYYHO-
TEXHUYCCKOM TUTepaType HE OCBEIIAINCh, OHU BIIEPBbIC MOCTaBICHBI B [24] u
HarOoJee IToJIHO HCcileoBaHbI B [25].

1.2 Oébocnosanue mexanusma papyuieHus cpynma

Pesanme’ rpynra (pucyHok 1.2) mpencraBiser coOO# IMEepHOIUUCCKHIA
CIIBHI 'I'pyHTa JOOOBOW MOBEpXHOCThIO HOXa [3, 5, 18, 19, 23, 25]. IIpexmo-
CBUTKM JI1 OOOCHOBAHUSI MEXaHU3Ma pa3pylIeHUs] TPyHTa, U300pa)KEHHOTO Ha
PUCYHKE, BBITEKAIOT W3 aHaimu3a (PU3WYECKON KapTHHBI €ro pa3pylieHus u
COOTBETCTBYIOIINX TEOPETUUECKUX TTOJTIOKCHHI.

[To mepe mpojaBrkeHUs Hoka W3 mosiokeHus | B monoxenue Il (cwm.
pucyHok 1.2, 6) ero HmwxkHss 9acTh B,R; o6pasyer 301y A,R;Bs,.



B, 7B, v B

a — npu Oompmiom capure (obmas cxema); 6 — MpPH MEPBOM MAJOM CIBHIEC;, B — IpH
MOCTEYIOEM MalIoM CIBUTE

Pucynok 1.2 — Pa3zpymienue rpyHTa pH pe3aHuu
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OTa 30Ha MOJBEpKEHA 3HAYUTENBHBIM JedopmarusM, U CTPYKTYpHBIC
CBSI3U MEXK]IIy YacTHUIIAMU TPyHTa B HEW MOTYT OBbITh HapyIICHBI B HEKOTOPOM
o0beMe M Ha COOTBETCTBYIOIIEH IIIOMAIKe CKONMBKeHHsS A,B, yxe mpu ee
MOSIBJICHUH, 3aJ[0JIT0 JI0 TiepemelnieHust Hoxa B mnonoxkenue |l. Takas 30Ha BO
MHOTHX HccaenoBanusx [23, 26, 27, 70] onuceiBaeTCs KaK SAPO YITIOTHEHHS.

Bwmecre ¢ Tem, paspymienue rpyHrta no miomaake L',AA;B, npousoiiner
TOJILKO TOCJE TOrOo, KaK KacaTelbHbIEe HAMPSKEHUSI JOCTUTHYT MPEETbHBIX
3HaueHUI Ha Bcel ee anuHe. [losTomy pemaromuM GakTopoM Haudajia MepBOi
da3pl paszpyuieHus sBAsSeTCS (POPMHUPOBAHUE MPEAEIBHOTO HAMPSIKEHHOIO
coctosiHusA B 30He L',R,A; 1 Ha cooTBeTCTBYIOMIEH TuTomaake Al .

[Ipy npanbHelIeM NEPEeMENICHUM HOXA W3MEHUTCS JIABJICHUE,~IeUCT-
ByIOIIleE Ha IUIOMAAKy Cckoabxenus L',AjA;B,, BciaeacTBuE BBITCCHEHUS
npu3mbl rpyHTa L',R:B,. Ycranosaeno [24, 25], uro mnomanka L'sA:A;B, nmeer
HAaUMEHBIIYI0 YCTOMYHUBOCTD, KOTJ]a CUJIbl TPEHHUS HAIIPABIICHBL K €€ BEPIINHE, a
YToJl OTKJIOHEHUsI O TIPUBEJICHHOTO JaBJICHUS 0, NCUCTBYIONIEr0 Ha HEe, paBeH
YTy BHYTPEHHETO TPECHUS O TPYHTA. YCIOBHE O = 0 BBITIONHACTCS TOJBKO MPHU
pelebHOM HAINpPSHKEHHOM COCTOSIHMH, T. €. HETOCPEJACTBEHHO B MOMEHT
casura. [lpu sToM Haunbomblee naBieHHEe OYIET MCHBITHIBATH ydacTok LA,
PaCIOJIOKEHHBIN 10T OONBIINM (YIIIOM, a 30Ha Pa3pylICHUs] MPU BBHIMOTHEHUN
YCJIOBUSL O = 0 3aHUMAET Y3KHil CIION BIOJIb HTOU TUIOMIAIKH.

CrnenoBareibHO, HEMOCPEACTBEHHO B MOMEHT MOSIBJICHUS MEPBUYHON
IJIOMIAIKU  CKOJbx)eHus . L',AjA;Bs BO3MOXKHO pa3pyllieHHe TpyHTa B Y3KOM
cioe, MPHUMBIKAIOMEM K Haumboiee HarpykeHHoMy ee ydacTky L'A;. OtoT
poliecC HEMPEPHIBHO BO30OHOBIISIETCS B HEKOTOPOM 00beMe, MPUMBIKAIOIIEM K
HauOoJsiee KPYThIM U MO3TOMY HMCIBITHIBAIOIIUM HauOOJbIIEE JABJICHUE y4acT-
KaM JIWHAM CKOJIbKeHUs1. Pa3pylienue rpyHTa HamoMUHAET Kak Obl €ro TeYeHHe,
npojioJpKarolieecs- 10~ (GOpMUPOBaHUSI YCTOMYMBOM IUIOMIaAKU casura L,B,.
Heobxoammo UMETH B BHUIY, YTO MPOIIECC KTEUEHUS», B 3aBUCMMOCTH OT THIA
TPYHTA, MOXET MPOUCXOJIUTH 10CTATOYHO OBICTPO.

Takum 06pa3om, MepexoHON MPOIIECC MOCIEA0BATEIBHOTO Pa3pyIICHUS
rpyHta. (BTopas ¢asa paspylieHus) IOCjAe BO3HUKHOBEHHUS IEPBOHAYAIBHOMN
JIONIAIKN cKoJibkeHus L',AjA;B, OyeT mpoaoikaThes 10 T€X Mop, MOKa CABUT
HE" MPOU30MAET MOJ YIJIOM Y, OOECINEYUBAIOIIMM YCTOMYMBOCTH MacCHUBa
TpyHTa OT JanbHeimero paspymenus. [Ipu sTom Oymer HaOMIOAATHCS 3HAYU-
TEJIbHOE CHPSIMJIICHHE TUIOMIAJKKA CKOJIbKEHHUS 3a CYEeT IMepepacrnpeeieHus
JaBJICHUA TIpU pPa3HOM KpyTU3HE €€ YydacTkoB. (enoBaresibHO, BHOBB
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c(hOpMHUPOBAHHYIO IUIOIIAJIKY CKONbxkeHus L,B, MoXHO cuurtath mnpsmMo-
JIMHEWHOM.

[Ipn nanpHEWIIEM MPOABUKEHUM HOKA CHOBA MPOUCXOJAUT MaJbIi CIBUT
(cMm. pucynok 1.2, B, monoxenue Hoxka Il1). Takol ciydaii sIBIsieTCSI OCHOBHBIM
U BCTpeUYaeTcs HamboJjiee YacTo, €ro OINMMWCAHWE 3HAYWUTEIBHO CIIOKHEE, T. K.
HEOOXOJIMMO paccMaTpuBaTh MacCUB HeHapylieHHOH cTpykTypsl O;L,CBg,
COCTOSIIEN U3 Tpex rpaHer. HemocpeaCTBEHHO B MOMEHT MEPBUYHOIO CJIIBUTA
rpynra 1o omaake L'sAC,C,B; cHoBa HacTymaeT mporecc «TeueHus» TPyHTa,
3aKaHUYMBAIOIIUMCS OOpa3oBaHUEM YyCTOWMYMBOM miomanku ciasura L;Bs,
PacCIoJIOKEHHOW TMOJ YIJIOM Y. 30Ha «TEUEHUS» TPyHTa BO(BTOpOil -(a3ze
pa3pylieHusT MOKET TPOXOJHWTh KaK dYepe3 00JacTh TPyHTa ¢ HapyMECHHOMN
ctpyktypoit (orpe3ok C;B;3), Tak M HEmocpeACTBEHHO B, MAacCHBE TPYHTA C
HEHAPYIICHHOU cTpyKTypol (oTpe3ok L3C;).

OCOOEHHOCTBIO pa3pyllIeHUusT TPYHTA MPH -« IPOMEKYTOYHOM CHABUTE
SABJSIETCS W TO, 4YTO B TepBUYHON oOnactu paspymenus L'sL,CB;C,C,A
BO3MOYXHO CYIIIECTBOBAHHME 30H C HEMPEACIbHBIM HAIPSIKEHHBIM COCTOSHUEM
rpyHTta. Takue sBacHUS HaOIIOdAIMCh PAIOM uccieaoparencii [10, 25, 27-29] u
MOTYT OBITh OOBSICHEHBI CJIETYIOIIIM:

Touka L, pasgenser npa orkoca O;L; m-L,C ¢ pa3HbIMU TpaHUYHBIMHU
YCIOBUSIMH Ha UX TIOBEPXHOCTSX. < ECHW paccMaTpuBaTh OTH OTKOCHI
oTAenbHO, TO oTKOoC L,C BBIIepkuBaeT 6obliiee naBieHue, yem oTkoc O;l,,
T. K. ©UMeeT OOJBIINIA-YFOJ | HaKJIOHA MOBEPXHOCTH. [103TOMY TpH BBIXOJIE
BO3MOKHO#M orubaromieyt nmHUM CkonbkeHus L'sAC,C,B; Ha moBepXHOCTH
otkoca L,C co eroponsl HOxa B3C 10mkHO ObLI0 OBl JEHCTBOBATH OOJIbIIEE
paspymaroiiee AaBjieHUe, YeM eclim Obl ormbaromias BBIXOJMIA Ha MEHEe
ycTOHYMBYyI0 MNoBepxHOCTh oTkoca O;L,. CremoBaresnbHO, BO3ZHUKHOBEHHE
MaJioro CABUTA HanQosiee BEpOSITHO Cpa3y MOCJe BBIX0Ja OTUOArOIEH JTUHUH
ckonmbkeHus L3AC,C,B; Ha moBepxHocTh oTkoca O;L, cieBa oT ToukHM
cThika L.

B “utore cTpykTypHble CBsi3M OynyT HapymeHsl B 30He C,CBs,
IpUMBIKaloIel K HOXY, U 30He L'3L,A, mpumsikatomeir k otkocy O;l,, u B
Y3KOM CJIO€ BJIOJIb OTHOaroIell JUHUM CKOJdbxkeHus Ha rromanke AC,;C,.
Bonbmiast gacte o6wema 30HBI AL,CC,, mpumsbikaromeii k rpanu L,C, Oyaer
HAXOJUTHCS B HETIPECIHBHOM COCTOSIHHH.

B nonoxennn 1V Hoxa (cM. pucyHok 1.2, a) oOpa3yeTcsi HOBBI OOJIBIION
casur mno miomanke LMB, mocie kKoToporo cHoBa HacTymaeT paspylieHHe
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IrpyHTa B 30HAX, MNPUMBIKAOIMUX K Haumboiee KpyTomy yuactky LM, mo
NosIBJICHUs1 ycToiunBoi tiomaaku OB, pacnonoxeHHoi moj yriom .

Takum 00pa3om, Mporecc pa3pylIeHHS TPYHTa COCTOWT W3 JBYX ¢a3:
¢aspl pa3pylnieHns] MacCHBa HEHAPYIIICHHOW CTPYKTYPBI MPU BHEAPCHUS HOXKA H
da3el  mepedopMUpoOBaHUS ~ OO0pa30BaBIICHCS  IUIOMIAAKA  CIBUTAa  MPH
BBITECHCHHUH Pa3pyIICHHOTO TPYHTA 110 TOBEPXHOCTH HOXA.

Heob6xonumo oTtMeTrwTh, uTO BTOpas (aza pas3pylieHUs T'PYHTa MOXKET
HayaThCs MPU HE3aKOHYCHHOM mepBout (asze, T. €. 1Be (a3bl pa3pylIeHUs] MOTYT
POTEKaTh MOYTH OJHOBPEMEHHO. DTO OYJET 3aBUCETh KaK OT THIA TPyHTa H
€r0 CBOWCTB, TaK U OT YCJIOBUM PE3aHHUS.

[TogoOHBIC sBIEHUS MPUMEHHUTEIHLHO K TIOAMOPHOM »CTCHKE JKCHCPH-
MEHTAJIbHO HaOMIOJaIuCh U AokiaasBaiuchk Ha X| MexayHnapoaHou ‘koH]e-
PEHIIMM TI0 MEXaHW3allMu 3EMJISSHBIX U CTPOUTENIBHBIX TOPHBIX padoT,
coctosiBierics B 1982 r. B bynarnemre, a BBIBOJIbI O HEOOXOIUMOCTH y4eTa ABYX
pacueTHbIX (a3 mpu pe3aHuH rpyHTa ObLIH ChopMyrpoBasbl ozke (B [23]),
XOTS 3Ta 3ajJlaya U He ObliIa pelieHa.

AHanmoTU4YHBIC pE3yJbTaThl HONYYEHBI aBTOpAaMHW HAa  YCTAHOBKE
1O. A. Betrpoga (pucyHok 1.3).

1, 2, 3 — IWIOIIAAKY CKOIBKEHUS

Pucynok 1.3 — ®opmMupoBaH#e MIOMIAT0K CKOIBKESHUS
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Ha pucynke 3adukcupoBaH mepexoi OT MepBOH (a3bl pa3pylIeHUS
rpyHTa KO BTOPOH, 3aKaHUYMBaroIIeWcs (OPMUPOBAHHEM HOBOH IIOLIAAKU
Oosbiioro casura. IlepBuuHas miomaaka CKodbkeHUs 1 BBIXOIUT Ha ILIO-
MIaJKy CKOJIBKEHUSI 2 MPEAbIayIIero OOMBIIOro CABHUIa, M MPHU MOCIETYIOMEM
HE3HAUUTEILHOM TEpEMEIICHMN HOXKa Ccpa3y jKe HacTymaer Bropas ¢asa
pa3pylieHus, NP KOTOPOM o0O0pa3yercs IO Ka CKOJBXKEHUS 3 HOBOTO
OO0JIBIIIOTO C/IBUTA.

Cuumok momyueH Ha ycraHoBke HO. A. BerpoBa, mepenHsis cTOpoHa
TPYHTOBOTO KaHaja KOTOPOMl BBINOJHEHA U3 CTeKJa. J[Ji1 CBOEro BpEMEHH 3TO
ObLJT YHUKAJIbHBIA CHUMOK, T. K. BU3YaJIbHO 3aMETUTh IUIOMIAJIKU CKOIbKCHHUS B
TPYHTE JOCTATOYHO CIOXKHO, 33 HMCKIIOUYEHUEM IUIOMIAKH CKOIbXEHUS, TPU
oonbmom casure. Ilozke [30] Obu1 pa3paboTaH METOM, IMO3BOJSIOIIHI
JIOCTATOYHO MOJAPOOHO M YETKO PaCCMOTPETh KapTUHY (POPMUPOBAHUA-OOIBIIINX
Y MaJIbIX CIBUTOB IIPH Pa3pyLICHUHU TPyHTa HOXOM."MeToJ 10CTaTOuHO IPOCT U
3aKJII0OYAETCSI B M3MEHEHHUHM 4YacTOThl KaJpoOB. MpU MPOCMOTPE OSKCIEPU-
MEHTAJIBHBIX BHACO3ANKUCEd. Takol MNPOCMOTP MOATBEPANI MHPABOMEPHOCTH
CICJIAHHBIX TPEANOCHIIOK O (PuU3NUECKou  KapTuHe (GOPMUPOBAHUS CIBUTOB
TPYHTA MPU PE3aHUU U KOTIAHUU.

JInsi OoleHKHM B3auMOJEHUCTIBUS Ppabouero-.opraHa ¢ MOTOKOM TPYHTA,
nepeMeniaeMbpiM M0 HEMY, JOCTATOYHO  pACCMOTPETh MPOIECC MPHU OOJIBIIIOM
CABUTE, T. K. UMEHHO MPHU_HEM .(OPMUPYIOTCS pa3Mephl TPYHTOBOTO MOTOKA, a
Clel0BaTeIbHO, W BCE', OCHOBHBIE ~(AKTOPHI, XapaKTEPU3YIOIIHE ITO
B3auMojierictBue. ECiu  HeoOXoAuUMO TMOJYyYUTh AMIUIUTYHO-YaCTOTHYIO
XapaKTePUCTUKY HATPYKEHHOCTH pabouero oprana, CieayeT pacCMaTpUBATh
KaKk OOJbINE, TaK W Majble CABUTH. B MoHOTrpaduu pacCMOTPEHBI 3aa4H
NepBOro TUIIA.

1.3 TInockoe npeodenvnoe pasnosecue colnyueii cpeovl

Paspaborannsie B. B. CokosnoBckum [17] monoxxeHuss TEOpUU Mpeaeiib-
HOTO pPaBHOBECHS ChIMy4Yed cpeapl, OOJaJaromiel CUEIJIEHUEM, I103BOJISIOT
pewath MHorue 3anayu. Juddepennunanbasie ypaBHEHUS

0 0 0
%4_&:0; &+i:peg (13)
oX oy ox oy

ABJIAIOTCA OCHOBHBIMU YPABHCHHUAMMU IIJIOCKOT'O PABHOBCCHA.
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ComnpoTuBiieHHE CABUTY XapaKTepu3yeTcs ypaBHeHueM Kynona
T=otgp+C, (1.4)

rZle 7 U O — KacarelbHas U HOpMaJbHAas COCTABJISIOIINE HANPSDKEHUS Ha
TUTOINAJKE CIIBUTA;
¢ — YIeIbHOE CICTICHHE TPYHTA.
[Tmockoe HAmMpsDKEHHOE COCTOSIHME CBIMYYed Cpelpl MpEeACTaBICHO Ha
nuarpamme Mopa (pucyHok 1.4).

A t=ofgp+C

H= CCtgp 2

Pucynok 1.4 —Jlnarpamma HanpspkeHuid Mopa

[IpenenbHoe ycnoBue s TOUKU P

t=(S+H)sinp
MOYET OBITh 3AIIKCAHO B BU/IC
1 2, o sin’p 2
Z(Ux—Jy) + Ty = 1 (6X+ay+2H) : (1.5)

rne H — naBnenue cBA3HOCTH,

H =cctgp. (1.6)
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Cucrema u3 (1.3) u (1.5) comepXuT TpW HEW3BECTHBIX COCTABIISIOIINX
HANPSDKEHUS O x, Oy U Tyy. I109TOMY 3a/1a49a 0 HaX0XKIEHUH ITUX COCTAaBJIIOIUX
HAIPSHKCHUS TIPH W3BECTHBIX TPAHUYHBIX YCIOBHUSAX CTATHYECKH OIMpEeIMa U
MOXKET OBITh pelleHa MPU MOMOIIU CTaTUYECKUX YpPaBHEHUN 0e3 MpUBJICUEHUS
KMHEMAaTUYEeCKUX OTHOIIEHWM. OTa 3amada CBOJAUTCA K  OIpPEEICHUIO
(GYHKITMOHATBHON 3aBUCUMOCTH MEXK/Iy TPAaHUYHBIMHU YCIIOBUSMH U CBOMCTBAMHU
IpyHTa B COCTOSIHUU MPEACIIBHOTO PAaBHOBECHS.

3aBUCUMOCTH, CBS3bIBAIOIINE MPUBEICHHOE JaBJICHUE p, JICUCTBYIOIIEE
HAa TpaHWIE paccMaTpuBaeMoOll OOJaCTH, M YTroJd €ro OTKIOHEHUs 0O €
KOMIIOHEHTaMU O U @, XapaKTEePU3YIOIIMMHU HAMNPSHKEHHOE COCTOSIHUE TPYHTA,
MMEIOT CJICAYIOUIUNA BU/I:

sin A
sin(A—x5)

§0=(1—Z)%+%(ZA—5)+TTW; o (1.7)

Tl ¢ — YTOJI MEXJy HalpaBJIICHUEM HAUOOIBIIETO TTABHOTO HAMPSKCHUS
O max B JTaHHOW TOYKE M MOBEPXHOCTBI) PACCMATPUBACMOMN 30HBI WU OCHIO X
(pucyHok 1.5) mpu ux coBmaIcHNH;
x = *1 (3HaK «IUTIOC» ~ MPHU MMACCHBHOM HAINpPSHKCHHOM COCTOSIHHH,
KMHUHYC» — TIPH aKTHBHOM);
M — [eJI0e YUCIIO, He, OKa3bIBAIOWICE BIUSHUS Ha BEIYMCIICHUS,
O — cpelHee MPUBEICHHOS HOPMAITbHOE HANPSHKEHUE,

GZ(O-X+GY)+H .
2

VT1iiel 0 1 A cBSI3aHBI 3aBUCUMOCTBIO

: sino
SINA =——_ npuyem |A| < n/2. (1.8)
sin p

N3BecTHbIC 3HAYECHUST O W @ 9 TOYKH B TPYHTOBOM MAaCCHBE,
HaxXOJSIICICS B MPENeIbHOM PaBHOBECUM M HMMEIOIIer KoopauHatel X u Y,
HECYT BCIO CYIIECTBEHHYI0 HMH(OPMAIMI0 OTHOCHUTEIBHO HAIPsHKEHHOTO
COCTOSIHHMS B TOM TOYKE.
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A
X
O

P
1 \ Omax

& Omin

1, 2 — TMHAY CKOIBXKEHUS

Pucynok 1.5 — CeMeicTBO TUHUN CKOJBXEHUS HA TWIOCKOCTH. XY

B. B. CokonoBckuii mpeodpasyer cucremy ypasrenuit (1.3) u (1.5):
oo op oo op .
—F20tgp—F p.0otgp |cos(p F &) +| —F 20tgp— — sin(px¢)=0,
{6X+ gp 6X+ngg,0} (p¥e) {6y+ gpay Peg} (pF¢)

IJIe & — YrojL ‘HaKJIOHA JIWHUI CKOJIbKEHUS K HAMPABICHHUIO O max (CM.

pucyHok 1.4),

g=—- (1.9)

PemieHue  'CBOAMTCS K HAXOXKICHUIO O U ¢, YIOBICTBOPSIOIINX
yYpaBHEHUSIM PABHOBECHUS M TPAHUYHBIM yCJIOBHUSIM 3aauH.

Hcnonb3yst MeTon BbIBOJA ypaBHeHUH, npeminoxenHbii C. A. Xpucrua-
HopuueM' [31] B ruapasiauke, B. B. CokonoBckmii [17] ycraHaBiuBaeT HxX
bopmy:

dy=dxtg(pFe);

do ¥ 20 tgp dp = p,g(dy Ftgp dx).

Takum 06p330M, OCHOBHasa CHUCTCMaA ypaBHGHI/Iﬁ HUMCCT JBa HCﬁCTBH-
TCIBbHBIX PA3JIMYHBIX ceMelCcTBa XApPaKTCPUCTHUK U IIPHHAIJICIKUT K mnep60—
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JMYECKOMY THUITy. Tak Kak XapaKTEpUCTUKH HAKIOHEHbI K OcHu X TOJ yTiIamu
(1) + &€, TO OHU ABJIAKOTCA JIMHUAMHA CKOJIBKCHUSA HA IIJIIOCKOCTHU XY.
Jlns HeBecoMoil cpenwl, korma p, = 0, ypaBHEHHS XapaKTEPUCTHUK
YIIPOILAKOTCS:
dy=dxtg(pFe);
do¥20 tgp de =0.

[Tocne BBeaeHust HOBOM, npeuioxkeHHon B. B. CokonoBckuM GyHKIIMU

_Ctgp
In— 1.10
5 s (1:10)
3TH YPAaBHEHHS MOTYT OBbITh IPOUHTEIPUPOBAHBI:
X Fo=const. (1.11)
KaHOHI/I‘-IeCKI/Ie ypaBHeHI/IH IJIs1 OTOFO Cqua}I:
1% 8x 1% OX
2 _Zig(p~z); L2 tg(p+e);
o8 o¢ on  on
o _ 20tgpa—(p =0; 8—0+ 20tgpa—(p =0,
o0& & on on
rac
S=x+Q; n=x-¢. (1.12)

Takoli BBIOOp HE3aBHCHUMBIX MEPEMEHHBIX 3aKOHEH, ecliu ¢ U 4 —
nepeMeHHbie. B TIpOTUBHOM cilyyae CyUIECTBYIOT YaCTHBIE PEIICHHs], KOTOpbIE
IIMPOKO UCIIOJIb3YIOTCA IIPU PELICHNUH 3a]a4 JIsl HEBECOMOM Cpeibl.

Ecin ¢ nmocrostHHO, TO @ ecTh (QYHKIUS TOJIBKO OJHOW NMEPEMEHHOH 7.
Ecim 1ipsiMble XapakTEpUCTUKH IPOXOIAT Yepe3 ToUKy O, COCTaBIIsAs My4OK, TO
yI0OHO BBOAMUTH MOJISIPHBbIE KOOPAMHATHI I, € ¢ MOMOCOM B TOM ke Touke O
(pucyHok 1.6).

Torpa pemennst UMEIOT BUA!

o=Cexp(-2¢tgp); @=0+¢,
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Trac C - IIPOU3BOJIbHAA ITOCTOAHHAA, OIIPCACILICMAA YCPC3 3HAYCHUA O U
®B 00J1aCTH C U3BECTHBIMHU I'PaHAYHBIMH YCIIOBUSAMH,

6 — yrimoBasi MoJiApHasi KOOpJIMHATa Jiydya B MEPEXOJHON 00JacTu ¢
otocom B Touke O.

1, 2 — TUHAY CKONBXKEHUS

Pucynok 1.6 — CemelcTBO TMHUH CKOTBKEHUS

KpuBble xapakTepHCTHKH NOPENCTaBISAIOT Cco00H Jsorapudmuueckue
crupalid, KOTOphIE C yBeJImueHueM yria 6 yaansrorcs ot Touku O:

rexp(—6tgp) = const.
Ecnu n nocrosiHHo, a ¢ mepeMeHHO, TO MPU TEX KE YCIOBUAX
o=Dexp(2¢tgp); p=0-c¢, (1.13)
e D — mpousBosibHAS MMOCTOSTHHAS, OTIpeeseMas yepe3 3HauYeHuss o U

®B 001aCTH C U3BECTHLIMH I'paHUYIHBIMHU YCIIOBUSAMM.

KpuBble XapakTepuCTUKH TeNepb SABISIIOTCA  JIOrapU(PMUUECKUMU
CIIApaJISIMU

rexp(6tgp) =const, (1.14)

npubIMKAIOIUMUCA K Touke O ¢ yBeIHMUYEHUEM yriia 6.
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Ecnu £ u # mOCTOSIHHBL, TO O U @ Tak)Ke TOCTOSIHHBI, 4 XapaKTEPUCTUKU
00pa3yroT Ha IUJIOCKOCTH XY JB€ HW30TOHAJIbHBIE CHUCTEMbI MapATIIEIbHBIX
HPSIMBIX.

YacTHble pEIICHHUS ITO3BOJISIOT pPEIIaTh MHOTHE 3a7add, B KOTOPBIX
paccMaTpuBaeTCs TPESIbHOE COCTOSHHUE TPYHTOBBIX MACCHBOB HEBECOMOM
CBIITy4el cpe/ibl, 00Ia1atoMIeH CIIeTICHUEM,

1.4 Pacuem yzna cosuza

HenocpeacTBeHHO B MOMEHT pa3pylIeHHS TpyHTa TNpPW MHPEIeIbHOM
paBHOBECHH HA TUIOIIAKAX CKOJIbKEHUS, TOSBIIAIOMINXCS B.30HAX Pa3pylICHHUS,
BoInoIHsAeTCsl ycnoBue (1.4). DTo yclioBUE CIpaBEeUIMBO W Uil OFHOAroIiei
LMB nunuii ckoapxenus [17], T. €. yroa OTKIIOHCHHS IPUBEICHHBIX AABJICHHH,
JNEUCTBYIONIMX Ha Yyd4acTKax orubaromieit, Oyaer. paBeH YLJIy. BHYTPEHHETO
tpenus (Ave = p).

AHanM3 paspylmaronmx JaBJICHUH, JeMCTBYIOIMX Ha OTKOC, ITOKa3bIBAET,
YTO HaumOOJee OMACHBIM C TOYKHA 3PEHUS YCTOWYMBOCTH TPYHTA SIBIISETCS
JeCTBHE HAa HETO MPHUBEACHHBIX aBICHIH, NMEIOLIMX YTOJI OTKIOHEHUS O = P.
D10 BUAHO M3 pucyHKa 1.7, rzae TIpelcTaBieHBI pe3ysibTaTbl PACUETOB JUIS
YaCTHOTO CJTy4asi B OTHOCUTEIbHBIX eINHUIaX: /{15 BceX Tpex pacueTHhIX CXeM
pazpyuiatoliee JaBjieHue Oy el MUHUMaIbHBIM [IPH €r0 OTKJIOHEHUH Ha yroi p.

[Tpu BBIMOTHEHUH YCIOBUS O ='p pa3Mepbl Bcel 00acTu MpeAebHOrOo
COCTOSIHMSI, TPUMBIKAOLIENH K OTKOCY AoOB, OylyT MUHMMAaJIbHBI, a YIoJI IpH
BEpILIMHE OTKOCA ff U yTOJL-¢ABUTA ¥ OyIyT CBSA3aHBI 3aBUCUMOCTBIO ¥/ = 7 — [
(pucynox 1.8).

[TockoibKy yCHOBHE O = , BBINOJHACTCS TOJBKO mpH ciasure (mpe-
JeTTbHOM PaBHOBECHM), TO U YCTOWYHMBOCTh OTKOCA HEHAPYIIEHHOW CTPYKTYPbI
OyIeT KpUTHYICSCKON HEMOCPEICTBEHHO B MOMEHT CABHUTA 1o orubaromieit LMB
(cMm. pucyHok 1.2, a).

MeTomuka onpeeneHus yriia CIBUra | MpeacTaBlieHa ajee.

Ha pucynke 1.9 mpuBeneHbl cucTeMa KOOPAWHAT U TMOJOXKHUTEIbHBIC
HaMpaBJICHUSI MCIIOJB3YEMbIX B JajbHEUIIEM YIJIOB (B COOTBETCTBUU C HX
a”anoramu B pabore B. B. Cokonosckoro [17]).

Ha pucynke mpuHSTH clieayroniue o003HAYeHUs: p, 01 — MPUBEICHHOE
JaBJICHNE, IEHCTBYIOIIEE Ha TOBEPXHOCTh rpyHTa Ao, ¥ yroJl €ero OTKIOHEHUS
OT HOPMaJIH K 3TOW MOBEPXHOCTH; (, J — MPUBEACHHOE JaBJICHUE, ACHCTBYIOIIEE
Ha O0TKOC OB, M yroj ero OTKJIOHEHHUS OT HOPMAJIHU K 3TOMY OTKOCY; ¢ — Yroil
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HAaKJIOHa HAWOOJBIINX TJIABHBIX HAINpPsOKCHWH B 30HE, NPHMBIKAIOIMICH K
IIOBEPXHOCTU TIPYHTA, OTHOCHUTEIBHO OCU X, @, W ¢ — YIVIBl HAKIOHA
HauOONBIIMX TJIABHBIX HANpsDKEHUW B 30HE, NPUMBIKAIOIIEH K OTKOCY,

OTHOCHUTCIIbHO OTKOCa N OCH XCOOTBGTCTBCHHO; ﬂ— YToJI Ipu BEPIINHEC OTKOCA.

a) 6)
10 2
8
Pe T
q 4 . 1
°, ;
0
1 2 0
3” 3» tan P 1 2 map p
5 —» 3 3
o —>
B)
1¥
T 0,5
a
P
0
1 2 rmag p
37 3"
5o —»

a — U1l peLLeHU I ¢ CHHTYJISIPHOW TOYKOM; O — JJIs pelieHunit ¢ JMHUeH pa3pbiBa; B — IPHU HETIPEPHIBHOM
pacnpenencHuy HalpsKeHUH

Pucynoxk 1.7 — BnusiHue yria OTKJIOHEHUS Ha BEJIMYUHY IIPEIEIbHOIO JaBICHUS
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Pucynok 1.8 — BimsiHue yrita OTKIOHEHHUS IPUBEICHHOTO JaBJICHUS Ha pa3Mephbl 30H

paspylIeHUs TpyHTa

01
p
< AO 0
: O\ @
P1 S
0
q
Omin (_0 -
2
Omax Omin B
y v

O-m ax

Preynok 1.9~ TlonoxuTebHBIC HAITPABJICHUS YTJIOB

JlaBiieHue, NENCTBYIOLIEE HA OTKOC, NPUBOJAUT K BBIIMPAHUIO TPYHTA Ha
IIOBEPXHOCTU. I'pyHT B 30HE, INPUMBIKAIOIIEW K OTKOCY, B TaKOM Clydae
HaXO[UTCS B aKTUBHOM HAIIPSHKEHHOM COCTOSIHHMHM, a B 30HE, IPUMBIKAIOLIEN K
IIOBEPXHOCTH, — B IIACCUBHOM.

YpaBHEHUs, XapaKTEPU3YIOINUE HAIPSKEHHOE COCTOSHUE TPYHTa B OTUX
30HaX, cOriIacHo ypaBHeHusM (1.7) OyayT UMETh CIIeIYONUi BH/I:

— JUIsl TTACCUBHOM 30HBI, NPUMBIKAIOMIEW K IOBEPXHOCTH TPYyHTA, IPHU
x=+1
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SinA, 1
=p—— == (A, -6,); .
0, pSin(A1—5l) 2 2( 1 1) (1.15)

— 111 aKTUBHOM 30HBI, IPUMBIKAIOLIEH K OTKOCY, IpH y = —1

sin A —
=Q—; =T _Z(A+s
72 qsin(A+5)’ P2 =5 2( )

?, —(7-p)= ﬂ—%—%(Aw), (1:16)

IJ€ 01 U 0y — CPEAHUE NIPUBEJACHHBIE HOPMAIbHbIE HANIPSXKEHUSL B 30HAX,
IIPUMBIKAIOIIUX K IOBEPXHOCTU I'PYHTA U OTKOCY COOTBETCTBEHHO.
Vsl A; ¥ A cornacHo ypaBHeHuto (1.8) omipenensres Kak

. Sin g, sino
A, =arcsin—=5 A = arcsin=—

Sin p sin P

ITocKOIBKY OTKOC pacCMaTpHBaeTcs. B MOMEHT CIBHTa, TO IPUMEHU-
TEJIBHO K paccMaTpUBAaeMOM 3amave MpH.yCIOBUU O =p U A = 7/2 ypas-
Henwust (1.16) mpeobpasyroTes:

qQa . _ =7 p
o4 = ; e
*Tcosp T4 o7C
3
0, =0, — —ﬁ)=ﬂ—zﬂ—§- (1.17)

OTO 3HAYUT, YTO B MOMEHT CJBUra TPYHTA JIMHUM CKOJIL)XKEHUS B 30HE,
MPUMBIKAIOLIEA K OTKOCY, MPEACTABISIIOT COOOM JBE M30TOHAIBHBIE CHUCTEMBI
NapasLICIbHbIX NPSIMBIX, OJHA U3 KOTOPBIX COBHAJAET C MOBEPXHOCTHIO OTKOCA,
a-BTOpas HaKJIOHEHA K HEMY TOJ1 YTJIOM 2¢.

Pewenus ¢ cun2yaapuoii moukou npu eepuiune omkoca. CUHTYISIPHON
CUMTAETCA TOUKA, B KOTOPOU MEPECEKAETCS MYUOK JIMHUHN CKOJIbXeHUsA. C TOUKH
3peHus (PU3MKM 1TO JOKAIM3AIMsl YCJIOBUSI Pa3pylICHUS WIH HapYyIICHHUE
HENPEePBIBHOCTH HAINPSKCHHIA B 3TOM Touke [17].
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PacueTHas cxema mis pelieHUs C CHHTYJSIPHOW TOYKOM MHpPU BEPLIMHE
oTkoca mpencrtaBieHa Ha pucyHke 1.10. Cxema uzoOpakeHa npu yrie o < p
BBHJly HEBO3MOKHOCTH MPH YIJIe O = p U300paKeHUs IUIOAA0K CKOIBXKECHHUS,
napajjiebHbIX orubaroiieil 4,5, MOCKOJIbKY OHU COBIAJIAIOT C MOBEPXHOCTHIO
OTKOCA.

Pucynok 1.10 — PacueTHas cxema ¢ CHHTYJIIpHOI TOUKOI

Jns paccMaTpuBaeMOl CXeMbl 3HAYE€HME O = o, B Touke (O, MNpu-
HaJyIexKaIei 30He A,OB, TpAMBIKAIOIIEH K OTKOCY, JOJKHO OBITh OOJIBIIIE, YeM
3HAUE€HHE O = o1 B Touke O, nmpuHamiexaiieit 3o0He 4o0A1, IPUMBIKAIOIIEH K
MOBEPXHOCTH IPYHTA, T. €. O 2 > 0 1. B 3T0O HEpaBEHCTBO MOJCTABIISIIOTCS COOT-
BeTcTByomme 3HaucHus u3, (1.15) u (1.17), ompenenstoTcss orpaHUYCHUsS Ha
BEJIMUMHY JIAaBJICHUSA HAa OTKOC, 00ecCIeurBaloliue CyIIeCTBOBAHUE paccMaTpH-
BAaEMOT 0. PACUYETHOTO CiTydas ¢ CHHTYJISIPHOM TOYKO:

o SinA, cos
= sin(Al B 51) p- (1.18)
J[1s1 XapaKTEpUCTHK, NMPOoXoAAmuX yepe3 TouKy O 30HbI A10A45,

=1, = ) — ¢ =const.

Jlns Touku O, npuHaiexaien 30ae 4g0A1, ¢ yuetom (1.10) u (1.15)
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_d9pp_sind Lo sy, (1.19)

h 2 csin(A,-9,) 2

a i toukn O, pacnonoxennoit B 3one AOB, ¢ yuetom o, u ¢, cormacHo

ypaBHenusMm (1.17)
_Ctgp ng'i_ﬂ‘i‘éﬂ"l‘g- (120)

Tak kak 7, =17,, TO

5 C190 G Sin(a, &) Sl Matsy. (1.21)
2 p sinA;cosp 4 202
Tornma
sin(A, = 0.
A ZEM_ (1.22)
p SInA, COS p

Jlanee paccmatpuBaeTcst yroia¢asura . Takkak npu 0= p y =7 — f, TO
ct
w:%—ﬁ——(Al—a})—%lnA (1.23)

VpaBuenue (1.23) mo3BoiiseT MONYYHTh BEIWYMHY YIJIA CIBHTA IPH
BBINOJIHEHNH (HepaBeHCcTBa  (1.18) 1o WM3BECTHBIM T'paHUYHBIM YCJIOBHUSM Ha
TIOBEPXHOCTH TPYHTA (HPUBEICHHOE NABJICHUE p M YroJll €ro OTKIOHEHHS 01) U
oTkoce (MpHBEJCHHOE AaBJICHUE (], UMEIOIIEE YTOJ OTKIIOHEHHS ).

Paspuienvie pewenusn. Eciu ycnosue (1.18) He OyaeT BBIOJHEHO, TO B
30HE pa3pylieHusi oOpasyercsi TuHUS paspbiBa OA, BOIU3M KOTOPOU XOTA U
COXpAaHsIETCsl PAaBHOBECHE, HO HET IIOJHOM HENPEPHIBHOCTH HAIPSKEHUM.
PacuerHas cxema a1 Takoro ciydas nu3o0OpaxeHa Ha pucynke 1.11.

s 30Hb61 AgOA Oynyt crpaBemiuBbl ypaBHenus (1.15). [lns stoit xe
30HBI U3 ypaBHeHuit (1.7) mpu y = +1 oTHOCHTENBEHO JMHUH pa3pbiBa OA
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ri€ ¢, — Yrol HakjloHA TJaBHBIX HanpsbkeHUd B 30He AgOA

OTHOCHUTENBHO JIMHUM pa3peiBa OA;

5p — YroJl OTKJIOHEHHsS IPUBEICHHOI'0 MOaBJICHUS HA JIMHUU
pas3phbIBa.
_sin o,
Ap:arcsm - ) (1_24)
sin p
51/7
X
L S g
Ao
A ; p
OCp A
q
A
dp
y Y l//

B
Pucynok 1.11 — PacueTHas cxeMa ¢ JUHUEH pa3pbiBa
IlonydeHHOe 3HAYEHUE @, NMPUBOINTCS K OCH X
_ 1
or=pra, :ap+§(Ap—5p), (1.25)

Iac 0!p — YIroJl HaKJIOHa JIMHHUH pa3pbiBa.

Ho nma onHOW W TOW K€ 30HBI YroJ HAKJIOHA TJIABHBIX HaIpsKEHUN
MOET UMETh OAHO 3Hau€HHE, BCIEJACTBHE ITOTO @, JOJKHO OBITH PABHO @, .

Torna ¢ yuerom ux 3Hauenuii mo (1.15) u (1.25)

oy = (0= 8) -5 (A, - 5,) (1.26)

AHanornuHbeIiM 00pa3oM paccMarpuBaercsa 30Ha AOB. Jlns Hee, ¢ oqHOM
CTOPOHBI, cripaBeyIuBEI ypaBHeHUs (1.17), a ¢ Apyroil — OTHOCUTEILHO JIMHUU
paspbiBa u3 (1.7) mpu y = -1
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_ 1
73 ZE—E(Ap +35,),
rae ¢_ — YroJ HakJIOHA IJIaBHBIX HaNpskeHud B 30He AOB OTHOCH-

TEJIbHO JUHUU pa3pbiBa OA.

[lonydenHOe 3HaUeHHe (_ MPUBOAUTCA K OCH X
_ r 1
p.=¢p —(r-a,)=qa, _E_E(Ap +03,).

B 910 ypaBHenue nojcrasnsercs snadenue o, us (1.26). Torna

1 V4
»_ :E(A1_51)_E_Ap-

JlaHHO€ ypaBHEHHUE, CIpPaBEIIUBOE MiIsf-30HbI AOB; NpUpPaBHUBACTCA K
(1.17), Takxe crnpaBeNIMBOMY ISl 3TO# 30HBI. OTCI0Aa

7 o 1
ﬂzz+E+E(Al—5l)—Ap.

Tak xak v = 7— f(pu 6= p), TO

3 p 1
W:ZE_E_E(A]'_&‘]')-’_AP. (127)

N3 sToro YpPaBHCHHA BHUIHO, YTO AJIA ONPCACICHHUA YyIJa CABUIa Y/

KpOME TPaHWYHBIX-YCIOBUN HAa TOBEPXHOCTH TPYHTAa U OTKOCE, HEOOXOIUMO
3HaTh yroi.A, . BenudnHa 3TOro yriia pacCUMThIBACTCS CICAYIOIIMM 00pasoM.

YcioBusi pa3pbiBa MOTYT OBITh MOJTydeHbl U3 ypaBHeHuit (1.7) mpu y = £1 (3HaK
«IITFOC».— 1151 30HBI AgOA, «Munyc» — st 30HBI AOB):

o, Sin(A,+6,)
(o)

~sin(A,-6,)’ (1.28)
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I1€ Oy, O- — CPEAHUE MPUBEICHHBIE HOPMAJIbHBIE HANPSHKEHHSI B 30HAX
AoOA n AOB, npuMBIKalOMKUX K MOBEPXHOCTU TPYHTA U OTKOCY COOTBETCT-
BEHHO, BBIPAKEHHBIE YEPE3 YTl 0, U A, Ha IMHAU pa3phIBa.

W13 ycnosuii paspeiBa (1.28) ¢ ydgerom Ttoro, 4ro o, =0, , a 0_=0, ,

cornacho (1.15) u (1.17)

sin(A, +6,) _ psinA, cosp
sin(A,-05,) gsin(A, -4,

DT0 ypaBHEHHE ITpeoOpaszyeTcs ¢ yueToM 3HaueHus 4 mno.(1.22):

sin(A, —o,)
sin(A, +5,)

(1.29)

a ero peuieHue nocie psjaa npeodpazosanuit [22] ¢ yuerom toro, 4yto

sin(A, -&,) C0S9, —\/cos2 55— C0s° p

sin(A, +6,) COS S, +\/cos2 5, —cos’ p ’

3aIlIUIICTCA B BHAC

cosp (1+A)
O, ==+arccos . 1.30
y 2 JA (1.30)

Hanec: (1.24) mo3BOJISIET MONYYUTh HEOOXOIUMOE JIJISl ONIPEICIICHUS yIiia
casura (eM. ypasreHue (1.27)) 3naueHue yria A, Ha IUHAY pa3phiBa.

W3 (1.30). BuaHO, YTO MNpPH KAKOM-TO (DUKCHPOBAHHOM 3HAUCHHUH
NPUBEACHHOTO JaBJCHUS (], JEHCTBYIONMIETO HAa OTKOC, YTOJ OTKJIOHCHUS
IPUBEICHHOIO J1aBJICHHUs] HA JIMHUM Pa3pblBa O, MOXKET B IPUHITON CUCTEME
KOOPANHAT W TPHHATOM IIOJOKUTEILHOM HAMpPaBICHHH W3MEPEHHUS YTJIOB
UMETh JBa 3HAYCHHs] — OTPHIATEIbHOE W MONOXHUTEeNbHOE. OIHAKO aHaIH3
YpPaBHEHUI TOKA3bIBAET, YTO BO BCEX PACUCTHBIX CIydasX CIeAyeT MPUHUMATh
€ro 3HAaY€HHWE CO 3HAKOM «MHUHYC». OJTO CJEAyeT U3 pacYeTHOU CXEMBI,
npuBefeHHOW Ha pucyHke 1.2. JleficTBUTENbHO, TP HAJBUTAaHWW HOXKA Ha
TPYHT, JaBJieHWE, NEWCTBYIOIIEE HA OTKOC, OYyJEeT pasIWyHBIM JUISl Pa3HBIX
3HaUCHWU yria casura . [Ipm 5TOM MEHBIIMM 3HAYECHHSIM YIJIa CIBUTA



28

COOTBETCTBYET MeHbIIee AaBiieHue. [10 3Tol npuunHe He CyIECTBYET B JaHHBIN
MOMEHT JIByX Pa3HbIX [0 BEJIMYHMHE YIJIOB CABUTA MPHU OJMHAKOBBIX TPAHUYHBIX
YCJIOBUSIX, TMOCKOJIbKY IUIOIIAJKU CABUra OYIyT HCHBITBIBATH pPa3HOE IO
BEJIMYMHE JaBJICHHE.

Heo6xonuMo OTMETHTB, UYTO MPH BBITIOTHEHUU YCIIOBHS 01 < 0 MOXeET
BO3HUKHYTh HOBBIA THUI PEIICHUA — TMPU HEOPEPHIBHOM PpaACIPEACTICHUN
HANPSDKEHUM C aKTUBHOM 30HOW. TakoW pacyeTHBIM Cly4yald BO3HUKAET, KOTJa
JIMHUS Pa3pblBa BBIXOAUT HA MOBEPXHOCTh TPYHTA M OCTAETCS OJIHA aKTUBHAs
30Ha AOB, 9T0 BO3MOXHO JUIIH Tipn 01 < 0.

IIpu pe3anuu W KOMAHUM TPYHTA TPAAUIMOHHBIMU paObQUUMH OpraHamu
Ha TIOBEPXHOCTH TPYHTa BBIMOIHsICTCS ycinoBue d; > 0 (d; =0 upu oTCyTcTBUU
pHU3MbI BoJoYeHHs 1 01 > 0 mpu ee Hamuuun). [103TOMyY STOTTHUI peHICHUM TPU
HETIPEPHIBHOM PACIPEICIICHUA HANpPSHKEHUH C aKTUBHOM 30HOM, CyIeCT-
Bytomux npu 0; < 0, MOXXET MPUMEHATHCS JIUITh B 'CHEIU(DUIECKUX PACUETHBIX
CIy4asix, Hampumep, MPHU HCIMOJIb30BAHUHU MOATPEOAIOITUX . 3aCIIOHOK, dJIe-
BAaTOPOB M MHBIX YCTPOUCTB, 00€CIICUNBAIOMINX MTPOTATKABAHIE TPYHTA B KOBIII
CKpemepa, KOrja CHIbl TPEHUS NEepEMENIaeMOoro (1m0, MOBEPXHOCTH TPYyHTA
HaIpaBJICHbI B CTOPOHY HOXKA.

[Ipu oTCyTCTBUM TpHU3MbL. BOJIOYECHHS METOJl pacyera yrjia CABUTa
3HAYUTEJIBHO YIPOIIACTCS.

VY nepxuBaroriiee AaBieHUE, NCUCTBYIOIIEE HA 3aCHINKY, OYJIET YMCICHHO
PaBHO JIaBJICHUIO CBSI3HOCTH, HOPMAJILHOMY K OBEPXHOCTH IPYHTA!

p=H=c/tgp.
Jlis rakoro ciydasi’o; = 0 u A; = 0, a Takke

lim sinA, 1
" sin(A, £6,) 1#sinp’

(1.31)

Kputrueckas BeTMYuHA JaBJICHUS, Pa3CIioNias JBa TUIA PEIICHUH, a
TaK¥KE'. YPaBHCHHsI, TMO3BOJIAIOIINE OIPEACTUTh YTOd CABUTA, HECKOJIBKO
npeoOpa3yloTcs 3a CueT W3MEHEHHUS 3HAaYeHUW o U @, XapaKTePHU3yIOUIUX
IAaCCUBHOE HAIPSKEHHOE COCTOSIHUE TpyHTa B 30HE AgOA;.

Tak, ms atoit obmactu u3 (1.15) ¢ yueTom BBIIIEU3IOKEHHOTO CIIEAYET,
9TO
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O'_—H ;
1-sinp’ 4

Hepasenctpo (1.18), pazaensroniee 3TH TUITBI PEIICHUN, N3MEHUTCS:

cos p

>H——
a l1-sinp’

(1.32)

PacuerHslii yrom caBura g PEUNIEHUWHA C CUHTYJSIPHOM TOYKOM
onpenenutcs no Gopmyre

T p Ctgp
=—————InA, 1.33
V=0T, (1.33)
rac
A:&.m_ (1.34)
H _.cosp

Eciu (1.32) He BBIMOIHSETCS, TO CYIIECTBYIOT Pa3pbhIBHbIC PEIICHHUS, IS
KOTOPBIX
3. p

=———+A
4 IR P. (1.35)

3HaueHue A; onpenensercs.c nomopio (1.30), HO ¢ yueToM 3HaueHUs 4,
noJjiydeHHoro mo (1.34).

Takum, 00pa3oMm, pa3pabOTaHHBIN AHAIMTHYECKUNA METOJI pacueTra yria
C/IBHUTA’ 110, TPAHUYHBIM YCJIOBUAM, OA3UPYIOIIUNCS HAa TEOPETUYECKUX IOJIO-
KCHHSIX ~MCXaHUKH CHITTyuel Cpeibl, TO3BOJICT pellaTh MPUKIATHBIC 3aJa4u
npH pacderax B3aUMOJICHCTBUS OOOPYIOBAHHS 3EMIICPOMHO-TPAHCIOPTHBIX
MaIlMH ¢ “IpyHTOM. JIJI1 WCIOJB30BaHUS METOJa HEOOXOIUMO 3HATh
NpHUBEJICHHOE < JNaBJCHUE, Yrojd ero OTKIOHCHHMS Ha  YICp)KUBaIoeH
MOBEPXHOCTH TPYHTa M BEIMYUHY pa3pylIAIONIETO JaBJICHUS Ha IUIOIIAIKES
C/ABHTA.
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Buoieoowt

B pa3nene 000CHOBaHbI HOBBIE MPEACTABICHUS O MEXAHU3ME Pa3pyLIEHUs
TPYHTa TIPU pPE3aHUM KaK O TMpolecce, cocrosdimeM u3 AByX ¢a3: da3bl
NEPBUYHOTO Pa3pyILIEHUs TPYHTA NPU BHEAPEHUH HOXKA U (ha3bl MOCIEAYIOIIETO
pa3pylieHus, MOpU KOTOPOM TMPOUCXOIUT TMepedOpMUPOBAHHUE TUIOMIAJKU
CIBUTaA.

N3noxkeH MeTon pacuera yriia CABUTa, Oa3uUpYIONIUICS Ha 3aKOHO-
MEPHOCTSIX MEXaHUKHU TPYHTOB, TO3BOJISIOIIMN TMEperTH K MeTonaaMm, obecrie-
YUBAIOIIMM pacyeT HE TOJbKO CHJIOBBIX, HO U TIE€OMETPHYECKHX;: ' a
CIEAOBATEIbHO, M BCEX IMAPAMETPOB, JOCTYIHBIX HHCTPYMEHTAIBHOMY
KOHTPOJIIO MPU MCCIIEIOBAHUSAX B3aUMOJCUCTBUSI 000PYHOBAHUS 3eMIICPOUHBIX
MAIlIMH C TPYHTOM.
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2 ConpoTuB/ieHHMe TPYHTA Pe3aHUI0 ILUIOCKMM Padounm
OPraHom

2.1 Conpomuenenue cpynma pe3anur) npu OMCYMCHMEUU NPUMbL
60J104ueHUA

Pacuetrnas cxema pe3aHusi TpyHTa OpH OTCYTCTBUHU MPU3MbI BOJOYEHHUS,
MPE/ICTaBIICHHAs] HA pUCYHKE 2.1, 0oToOpa)kaeT mpolecc pe3anus ¢ SJIEMEHTHOM
WJIU CTYIIEHYATOM CTPYKKOU, T. €. IPU pa3pyllIeHUU IPyHTA 32 CUET CIABUTA, YTO
XapaKTEePHO ISl OOJBIIMHCTBA TPYHTOB U TUIOB pabo4yero 000pyA0BaHuUs.

a)

A

6)

qmax

B

5max:p

Pucynok 2.1 — Cxema pe3aHusi TpyHTa Tpu OojbiioM ciasure (a) u cxema cCui,
JCUCTBYIOIINX Ha IUIOMIAAKY 00JbIIoro casura (0)
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PaccmaTtpuBaeTcss yCTaHOBHMBIIMIKCS IMPOIECC PE3aHUSI TPYHTA HOXKOM C
OCTpPOW pEXyIlel KpPOMKOH, Mpu KoTopoM o0beM mpusMbl rpyHta OBKD,
HaXOJSIIEHCs Ha HOXe, OyIeT OCTOSTHHBIM.

B [1, 32, 33] orMe4eHO HEKOTOPOE YBEIMYCHHUE COTIPOTUBIICHUS PE3aHHIO
NpU yBEIUYCHUU ckopocTd. OJHAKO BIMSHUE HU3KUX ckopocTer (1o 1,25 m/c
[34], mo 2 m/c [3, 26]) HecylIeCTBEHHO M €r0 MOXXHO HE yYHUTBIBAaTh, T. K. IIPH
BBICOKMX KOHIICHTpAIMIX W HHU3KUX CKOpOCTsX caura [35] wactuiiel rpyHTa
HaXOMITCS B TECHOM KOHTAaKTe, HAINpPSHKCHHS HE 3aBHUCIT OT CKOPOCTH U
BO3HUKAIOT 3a CUET CYXOro KYJOHOBCKOTO TpeHHs. [Ipu OONBIIUX CKOPOCTSX
MEXaHW3M pa3pylieHus] TPyHTa OYJET HMHBIM, 4TO TpeOyeT APYTHX METOHOB
uccienoBanuii [36], OTIIMYHBIX OT METOJIOB, U3JI0KEHHBIX B MOHOTpau.

VcXOqHBIMA T€OMETPHUYSCKUMHU JaHHBIMHU, XapaKTCPU3YIOIIUMU- HOK,
OymyT SBISATBCS Yroj pe3aHus «, JUIMHA HOXa lgk, mupuHa HOxka B, yromn
caBura y (Ha JaHHOM 3TaIle HEU3BECTHBIMH).

Taxke cuuTalOTCS M3BECTHBHIMU (PU3UKO-MEXAaHMYECKHE CBOWCTBA
IPYHTA. Yroj BHYTPCHHETO TPEHUS p, YroJ ‘BHEIIHETO “TPCHUS v, YACIbHOE
CICIUICHHE TPYHTa HEHAPYIICHHOW ~CTPYKTYphI  C; IUIOTHOCTh T'PYHTa,
IIEPEMEIIAEMOr0 110 IIOBEPXHOCTH HOXKa p -, KOdQPUIMEHT OGOKOBOIo
naBiieHud C,

B cootBercTBUM ¢ pacueTHON cxemoii (cMm. pucyHok 2.1) mimmHa log
wIomaaAKy casura OB u TomimHa ' epeMeriiaeMoii Mo HOXKy MPU3MBI TPYHTA
OBKD omnpenensarcs cieayronmM 00pa3om:

o = 2.1
OB Slnl//’ ( . )
h' =l sin(a +y). (2.2)

Tornma mtomans Sopkp 00KOBOI moBepxHOCTH Mpu3Mbl rpyHTa OBKD 1
Bec aToi Ipu3Mbl G OyayT HaiieHsl 10 popMyiam:

Soeko = N'lgx; G =SueoBP'g, (2.3)

rae B — mupuHa HOXKa.

B momenT chasura mo miomanke OB Bo BTOpo# (aze mpu «TeuyeHUU»
rpyata Ha mpusmy OBKD, kpome cobctBeHHoro Beca G, NIEWCTBYIOT €O
CTOPOHBI HOXAa M ILIOMIAAKU CIABHTA CIeAyromue cuibl. R™ — peakuus co
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CTOPOHBI HOa, OTKJIOHEHHAs IOJ yIJIOM BHEIIHErO TPEHUS  OT HOPMAIIU K
HOXy; E™™ — peakuus rpyHTa cO CTOPOHBI INTOMIAAKH CABUTA, OTKIOHEHHAS IO

YIJIOM BHYTPEHHEro TpeHHs o OT HopManu K mwiomazake; Cgs. — cuia

CLEIUICHUS TPYHTA MO IUIOLIA/IKE C/IBUTA.
Cuiy cuerieHus MOJKHO pacCUUTaTh KaK

- Bch
Comx = 22 (2.4)
siny

W3 ypaBHEeHMI mpoeknuii Bcex cuil, BocnmpuHuMaeMmbix mpuzmon OBKD,
Haocu Xu 'Y

> X =R™sin(a+w)-E™ sin(y + p) - Cog" cosy=0;
>Y =G-R™ cos(a+w)-E™ cos(y+p) +Cag"siny =0

MOJKHO IIOJIYYHTb

1

Ty (@) C eos(arary)] @9
max 1 max ;3 max
R ZW[E sin(y + p)+C2 cosy/]_ (2.6)

Jlanee crenyer HAaWTH TPUBEICHHOE JAaBIICHUE (|, JCUCTBYIOIIEE Ha
dbopmupyemyro 1wromanky OB HEMOCpPeJACTBEHHO B MOMEHT CJBUTA, YTO
HEOOXO0IMMO JIJisl OIIPEICIICHUs yIiia ciBura (CM. pucyHok 2.1, 0).

Cuna Q')-melicTByromas Ha pacCMaTPHBAEMbIi OTKOC B MOMEHT CJBHUTA,
SIBJISIETCS T€OMETPUUECKON CYMMOW CHWJI, TPOTHUBOMOJIOKHO HaIMPaBICHHBIX

ma. V)
cunam E"u Cgog* (cM. pucynok 2.1, a). JleiicTButensHoe napienue ¢ Gyaer
SABIATHCS T€OMETPHYECKOM CyMMOW MJaBIEHUH OT CHJI, IPOTHUBOIIOJIOKHO
max =/ =~ ~
HaripasineHbix cunam E™u Cog , 1.e. 0 =€ +C (cm. pucynok 2.1, 6).

[IpuBenennoe naBieHue (  SBISETCA T€OMETPUYECKOM  CYyMMOM
JNEHCTBUTEILHOTO JaBieHUSA (' W maBieHUsA cBs3HOcTH H. =0 +H; ero

MO>KHO TaK>K€ HaUTHU CJIcayromum o6pa30M:
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:E +|_|:E SmW+ .c |
Bl Bh sin p (2.7)

q

[Tpu 3TOM yroJ OTKJIOHEHHSI 3TOTO JABJICHHS OT HOPMAIIU & max B MOMCHT
caBHra Oy/eT paBeH p, T. €. & max = P 1aK Kak MPUBEICHHOE JIaBJIICHUC 3aBUCHUT
oT yria cusura y, T. e. umeer Bung ( = f(y), To mis ompenmeneHus yria
OO0JIBIIIOTO CBUTa HEOOXOAMMO PEIIUTh CHCTEMY ypaBHEHHiA. B 3Ty cucremy
Opyd OTCYTCTBMM MPU3MbI BosioueHHs BxoasaT ypaBHenus (1.33) u (1.35),
umerome Bux w = f(q), m (2.7), umeromee Buxm q = f(y), BMecre.C
JOTIOTHUTEIHLHBIMU YPaBHEHHUSIMH, UX OoOCTyXuBarommmu. CrucreMa ypaBHEHUI
pelaeTcs UTepariOHHBIMU METOIaMU.

[Tocne ompenenenuss yria casura ¢ mnomoinpi’ (2.5) u (2.6). MoxHO
paccuuTaTh 3HAYCHHUS CHJIOBBIX IApPaMETPOB, XapPaKTEPU3YIOUIMX IPOIECC
pe3aHust U JCHCTBYIOMIMX HEMOCPEICTBEHHO B MOMEHT OOJBHIOTO CJBHra
TPYHTA TI0 IIOMAAKe CKOJbx)eHus OB.

Cumer E™ u R™", peifctByrompe Tocie CIOBHra, HAXOMIT, KaK U B
OpeaplAyleM cllydyae, HCXoAs U3  TIpoekuuil -Ha ocu X u Y cudn,
BOCTIpMHUMAaeMbIX npu3Moi rpynta OBKD mnocne cuBura:

i sin(a+w
erndls Q) 28)
sinfa+w+w + p)
min min Sin +
RN = (v +p) 2.9)

sinfa+w)

CormacHo cxeme Ha pucyHke 2.1 cocTaBisionue COMPOTHBICHUS
PE3aHUIO-OTIPEACTHTIOTCS KaK

P, =Rsin(a+w); (2.10)

P, =Rcos(a+w) . (2.11)

Jns pacuera cun Py u P,™ nelicTBYIOIMX B MOMEHT CIBHIa, B

ypasrenus (2.10) u (2.11) BmMecTo R ciemyeT noacTaBiarh 3HadeHue cuiasl R™,

n

nonyuenHoe u3 (2.6), mia cun Py™" u P,"", meiicTByromux nocie caBura, —

3Hagenue cuinel R™" u3 (2.9).
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AMIUIUTYZa KOJIeOaHUM COCTaBJISIONIMX COMPOTHBICHUS PE3aHUIO TPU
JOCTATOYHO OBICTPO MPOTEKAIOIIEM MPOLECCE CABUTA TPYHTA:

AP, =P™ —P™; (2.12)
APZ — szax _ szin . (213)

Yuem conpomuenenuii no 6oxogvim epansam. B npeaplIymux ypaBHEHUIX
B3aMMOJICCTBUE HOXa C TPYHTOM paccMaTpUBAIOCh 0O€3 ydeTa IOTOJIHH-
TEJIbHBIX CONPOTHUBJICHUM, BO3HUKAIOIMIUX IO OOKOBBIM TpPaHSIM HOXa: ITH
COINPOTHBIICHUSI HE3HAYUTEIBHBI TIPU IUPOKUX HoXkax [3; 18], omHako ux yuer
HEOOXOJMM, €CIM HOX JIOCTATOYHO Y30K. DKCHEPUMEHTAIbHO YCTAHOBIIEHO
[2, 3, 16], uTo OoTAEIIEMOEC HOXOM OT IPyHTa TEJI0 MMEET PACHIUPSIOIIYIOCS
KkBepxy (opmy. Yron HakiioHa OOKOBBIX TpaHEl 9TOro Teja OyJeT 3aBHCETh
MPEeXJie BCEro OT JAaBJICHHS, ACHCTBYIONIETO Ha 9TH OOKOBbIE TPAHU B MOMEHT
caBura, (PU3MKO-MEXaHUYECKUX CBOMCTB TpPYHTA.-M HEKOTOPBIX JPYTUX
apaMeTpoB, XapaKTEPHUIYIONIUX YCIOBUS pe3anus. Kak mpu HaIW4YuU, TaK H
Py OTCYTCTBUHM PACHIUPEHHUA COMPOTUBICHHUS, BO3HUKAIONIHME TIO0 OOKOBBIM
rpaHsiM, MOXHO OILEHWTh, HE YYUThIBAs HEKOTOpbIE (PU3UYECKUE MPOIECCHI
BCJICJICTBUE HUX CJIOKHOCTHU “M "OTHOCUTEIBHON HE3HAYUTEIBbHOCTH. AHaJO-
TMYHBIA [TOJX0/1 UCHOIB3YCTCs 1 B [3, 18].

PaccmoTpeB pucyHOkK 2.2, MOKHO OLIEHUTb CHJIbI, BO3HHUKAIOIIWE Ha
O0KOBBIX TOBEpXHOCTSIX OBM.. ConpoTUBIEHHE CIBUTY IO OSTUM TOPIAM
3aBUCUT KaK OT ~CWJI TPEHUs, TaK M OT CIEIUICHUSI TpyHTa IO 3TUM
MOBEPXHOCTSIM:

[IpuMeHUTENBHO K pacCMaTpMBaeMOMY CJIydard HOpPMajbHbIE HampshKe-
HUsl, JEUCTBYIOLUME ~Ha OOKOByl0 moBepxHOcTh OMB, MoxHO HailTH
CJIeIyIOIUM 00pa3oM:

o=~¢o,, (2.14)

rie ¢ — k03 duimeHT 60KOBOTO J1aBIICHNUS;
0 1 — HauOOJbIIIee TIIABHOE HAMPSIKEHHUE, 32 KOTOPOE MPUHUMAETCS
NEWCTBUTENLHOE HOPMAlbHOE IaBICHHE OT CHIbl E ', HANpaBIECHHOE CO
CTOpPOHBI (hOpMUPYEMO¥i TUIOMIAIKN CABUTA.
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6)

Vr
Ve
Y
Y a

a — pacdeTHast cxeMa, 0= TiaH CKOPOCTeH
Pucynok 2.2 = CuBur rpyHTa 1o 60K0BOM TpaHu
JIefiCTBUTEIILHOE TaBJICHUE HA TUIOMIAAKY CIBUTA

E max

max
Qe = | B (2.15)
0B

Ero HopmanbHas BennurHa ONpeAeTUTCS CIEAYIOMUM 00pa3oM:

max

o,=0; COSw. (2.16)

3HaueHne KodpdunrueHTa OOKOBOTO AABICHUS MPUHUMACTCS 10 PE3yJib-
TaTaM MU3MEPEHHS (PU3UKO-MEXaHUYECKUX CBOWCTB IPYHTA WJIH PACCUUTHIBACTCS
no ¢popmyie I'. U. TTokposckoro [37]
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0,52¢

0

£=1-0,74tgp —

[IpenenbHble KacaTelbHbIE HAMPSDKEHHs, JIEUCTBYIOIIHE Ha OOKOBOIA
rpaun OMB B MOMEHT CHABHra, ompeneisiorcs ¢ yderom (2.14)—(2.16) mo
dopmyite Kynona (1.4)

max

T=C+<&0g  coswtgp. (2.17)
Cnury rpyHra mno 6okoBoii rpanu OMB npensTCTBYeT cuia
Er™ =Some 7, (2.18)

rae Sowg — IUIomanb OokoBoul rpanu OMB;. B3auMOJASHCTBYIOIIAS C
TPYHTOM HEHAPYIICHHOU CTPYKTYPHI,

g M1
oME T tgo tgwl

[Tocne caBura BenWumHA  CWIBI | Ef  yYMEHBIIMTCS BCIEICTBHE

paspylleHys CLEIIeHHs M0 00KOBOH IpaHu 10 3HadeHus E; . B sTom ciyuae

Ha IJIoaaKy CABUra 6YI(CT JICKCTBOBAThH JABJIICHUEC

min
min E

1B

Oto' 3HaueHue nmojacrapmsgerca B (2.17) npu ¢ = 0. C momompro (2.18
p
onpenensercs (BelliunHa CUIbl E{ ", NEHCTBYIOIEH HEMOCPEACTBEHHO MOCIE
C/IBHTA!
min min
E;r =SougéUe COSwtgp. (2.19)

Takum o00pazoM, MO TOpLIAaM CIABUTAEMOM MPU3MBI TPyHTa JEHCTBYET
JOITOJIHUTEIIBHOE COIIPOTUBIIEHUE £, KOTOPOE CIEAYET YUECTbh.

PaccmarpuBaeTcsi MHOTOYTOJIBHUK CHJI, JEUCTBYIONIMX Ha MepeMeliiae-
My10 1o HOXY nipu3My rpyHTta OBKD, ¢ yueTom onpeneneHHOM BhIIIe CHITB E

(pucyHok 2.3).
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Pucynok 2.3 — MHOTOYTOJIBHUK CHJI, TEUCTBYIOIMX Ha Tipu3smy MCB;

B MOMEHT c/IBUra Ha 3Ty IpU3My AeiicTByIOT ee Bec G, cuna cluerieHus
Cls , neifcTByromas mo miomanake casurd OB, cuna R™ neifcTByromas co
CTOPOHBI HOXa, cuna E™, NeHCTBYIOmAs CO CTOPOHBI ILIOmMAnku casura OB,
nBe cunsl E{ | IpensaTeTByromue ¢ABATy 1o 06enM 60KoBbIM rpansym OMB.

N3 puCyHKa  BUJHO, 4TO | JOMOJHHUTENLHBIE CONPOTUBIEHHS 2F ™

NPUBOJAAT K YBEAUUEHUIO bl £ u cunsl R™ cOOTBETCTBEHHO Ha AE[™

u AR™ . “Ho- takoe yBemmuenue E ' u R™ sBisercd JOKaJIbHBIM,
JNEeUCTBYIOUIUM Ha TWIomaaky OB W HOX B HEMOCPEIACTBEHHOM OJIM30CTH OT
OookoBbIX~Tpaneir  OMB nepemeniaemoii nipusmel OBKD u He uzMeHstomum
NaBJIEHHS 110 JIUHE HOXKA M IuTomaake casura OB.

[ToaTOMy TIpu OIpeAeiCHUN COMPOTUBICHHUS TPYHTA PE3aHHIO0 KakK
HEIMOCPEACTBEHHO B MOMEHT CJIBUTra, TaK M Cpa3y IIOCJIE HEro JI0CTaTOYHO

ydecTs ‘Hpupamenre AR cunsl R™, neiicTByromeii B MOMEHT CJBHMIa, M
npupamenne AR™ cunel R™", nelictByromieil mocie capura.
MHOrOYrolbHUK CHJI, JEHCTBYIOIIUMX Ha CABUTAEMYIO IPU3MY IIOCIIE

CIBUTA, TakKe HM300pakeH Ha pucyHke 2.3. Cuibl, U3BMEHSIONIUECS B MOMEHT
C/IBUTa U JICUCTBYIOIIKE Cpa3y MOCIe HEero, 0003HauYEHbI HHACKCOM «Min».,
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BoiensieTcst TpeyroJbHUK, COCTABICHHBINA cumaMu 2E/™ , AET™, AR™,

max max ]
onpenensieTcs npupamieHue AR cunsl R™ B MOMEHT CIIBHra:

max max COS a)
AR™ = 2EM™ — . (2.20)
sin(a + o+ p + @)
AHAJIOTHYHO PACCUNTHIBACTCS Ipupamerne AR™ crsr R™™:
min min COSw
ARM™ = 2E] (2.21)

sinla+w+p+@)’

W3 pucynka 2.3 BHIHO, YTO YBEIMYCHHE KacaTeIIbHON W.-HOpPMabHON
COCTaBJISIOIINX CONPOTUBIICHUS PE3aHUIO B MOMEHT C/IBUT'A ONPENEHACTCS KaK

APT™ = AR sin(a + @);  APF™ = AR[™cos(a+w)  (2.22)
U Ccpasy I10CIIe CABUra —
API™ = AR™ sin(e+); » .API™ = AR™ cos(a + o). (2.23)

Takum oOpazom,. B (2.10) u  (2.11) mis ydera IOMOJHUTEIHLHOTO
CONPOTHUBJICHUS 110 O0KOBBIM I'DaHIM CIIEYeT MOJCTABISATh COOTBETCTBYIOIINE
sHaueHust AP APy AP, AP u3 (2.22) u (2.23).

[lpu cBEOOMHOM pE3aHHK JOTOJHUTEIbHBIC COMPOTHUBICHUS OTCYTCT-
BYIOT, @, Hpu mnoxycBoOogHOoM ypaBHeHus (2.20) wu (2.21) momKHBI
UCIO0JIb30BaThCs 03 kodduimenTa 2.

W3105keHHbBI METO pacdyera 0OeCreyrBaeT BBHIYHCICHHE MapaMeTpoB,
XapaKTEePU3YIOIMNX MPOIEecC pe3aHHs TPyHTa IUIOCKUM pPabovYuM OpraHoM,
YUYUTBHIBACT TIOJIOKEHHE TUIOMIAIKA CIOBUTA M TO3BOJIAET IMOJNYYHTh 3KCTpe-
MaJIbHbIC BHAYCHUS COCTABJISIIOIINX COIPOTUBIICHUSI PE3aHUIO, ICHCTBYIONINE HA
HO KaK HEMOCPEJICTBEHHO B MOMEHT OOJIBIIIOrO CIBUra IPYHTA, TaK U Cpasy
OCITe HEro.
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2.2 ConpomueieHue 2pyHma pe3aHut0 NPU HATUYUU HPUMBL
60J104eHUA

Pacder u uccnenoBanue pe3aHusi FpyHTa IDIOCKUM pab0uuM OPraHOM IPH
HaJIMYUK TPU3MBI BOJIOYEHHS, KOTOPOE MOXKHO CYHMTATh KOMAHHEM TPYHTa,
MO3BOJISIIOT HAa MPHMEpEe MPOCTelIiero pabouyero opraHa, KOrja HE MEIIAloT
Apyrue KOHCTPYKTHUBHBIE OCOOEHHOCTH, BBISIBUTH OCOOCHHOCTH BIIHSIHUSA
NPU3MBI BOJIOUEHUS] Ha (PU3MUECKUE MPOIECCH MPH KOMAHWU U OLUEHHUTH HMX
KOJINYECTBEHHO.

[Tpu3ma BoIOYEHUS YBETMUMUBACT CONPOTHBIICHHUE TBUKCHUIO CPE3aHHOTO
IpyHTa 10 TIOBEPXHOCTU HOXKA. [Ipy 3TOM IaBieHME HA IWIOMIAJKY CIOBUIA, C
OJTHOM CTOPOHBI, YBEIWYHBACTCS, a C JPYrOil — OKa3bIBACT JOMOJHUTEIEHOE
BO3JICIiCTBHE Ha pa3padaThbiBAEMY0 MOBEPXHOCTh I'PYHTA, YTO TAKKE M3MCHSET
XapakTep CTPYKKOOOpa3oBaHHs, TIOCKOJBbKY IOBBIIIACTCS | yCTOMYUBOCTH
IPYHTA.

Pacuem cun, oeticmsyrowux Ha npusmy.eonoderus. Onpenensercs Bec
npusmMbl BosioueHust MOD, nmist yero paceduThIBacTCs MIONIAAb OJJTHOUMEHHOTO
TpeyroJibHuKa (PUCYHOK 2.4):

1%sin? o[ 1 1
2 tgy tgo

(2.24)

SMOD =

TJ€ ¥ — YroJ HakjlOHa TPU3MBI BOJIOYEHUS,
| — mmuna momankn OD, nmpuHsTas paBHO# JuIHHE pabodyero opraxa.
Torna

Giop =BSyopr' 9, (2.25)

rae p ~ WIOTHOCTh TPYHTA B IPHU3ME BOJOYCHHSA, KOTOPYK) MOYKHO
CUHMTATh PABHOMU IJIOTHOCTHU TPYHTA, MIEPEMEIIAEMOTO TI0 HOXY.

Ha npusmy BoJioueHHs1, KpOME Beca, JEUCTBYIOT CIAEAYIOMIMNE CHIIbL: Pyo—
CHJIa*.CO.-CTOPOHBI TOBEPXHOCTH pa3pabaTeiBaeMOro rpyHTa; Rop — cuma co
croponbl motoka rpyHta OBKD, nmepememniaemoro mo Hoxy; Cop — cuia oT
YACTHUYHO BOCCTAHOBUBIIETOCS CLEIJICHUS Ha TUIoMaAKe ckoiabxkeHus: OD,

Cop =€,IB, (2.26)

IAC Cp — YACIBHOC CLCINICHUE TPYHTA B IIPU3ME BOJIOYCHMUA.
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p
<A
Po | 5,
—
H-| Po

a — pacyeTHas CXeMa, 0 — cxema JJIs onipeAeJICHU s IMPUBCACHHBIX IlaBJ'ICHI/Iﬁ Ha MOBECPXHOCTU I'PYHTA
Pucynok 2.4 — [lepeMenieHUE IPA3MBbI BOJOUCHHUS
ypaBHﬁHI/IH PaBHOBCCHA ITPHU3MBbI BOJIOUCHUA.

> X =Py sinpg —Rypsin(a—p)+Cqp cosa =0;

Y'Y = Pys €05 p—Gyop + Rop €0s(ar — p) + Cop Sina =0.

N3 >rux ypaBHEHUN

sin cos(a +
Roo = Gop -_,0+ Cop M ; (2.27)

sina sina

1 .
Puo = _—p[ROD sin(a — p) —Cyp COS ]| (2.28)
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[Tpu3ma BosIOUEHHUS U3MEHSIET IPaHUYHbIe yclloBuUs Ha ruiomaake MO. Ux
MOKHO HAWTH, paccMOTpeB cxemMy Ha pucynke 2.4, 6. Ilpu 3TOM HYXHO
OTMETUTh, UYTO 3a JEHCTBUTENBHOE JaBlieHHE P' HEOOXOIWMO NPUHUMATH
napjieHue B Touke (. DTO CileAyeT M3 TOro, 4TO MPU BBIXOJIE€ IUIOMIAJKU
CKOJIbKEHUS Ha JIHEBHYIO IIOBEPXHOCTh IPOMCXOJUT OOJBIION CHABMI,
COMPOBOXMAMOIIUNACA  «TEYCHHEM» TPYHTa, TMPH KOTOPOM  ILIOMIAJKU
CKOJIBKEHHUST 00pa3yroT Y3Kyl0 30HY, IpHUMBbIKarolyro k otkocy OB. Ota 30Ha
BBIXOJIUT Ha JHEBHYIO IMOBEPXHOCTh BONM3M TOYKU O, YTO U ONPABIBIBACT
IPUHATOE PEIICHHUE.

Takum o00pazoMm, eciau TPHUHATH JMIOPY PaACHpPECIICHUs TaBICHUN" IO
noaowse MO npru3Mbl BOJIOYEHHUS TPEYTOJIBHOM, TO U1l TOUKH O

ro_ 2I:)MO
P, = Bl (2.29)
) 1
rae lvo — mmna wiomanku MO, |y =1sina| ———
tgy WQo
CornacHo pucyHky 2.4, 6, nas.Touku O
' Si (. ’ 2

5y = arctg BSINA_o.w p° =\/(po sin p)? +(pocosp+H)". (2.30)

Py Cos p+H’

IIpuBeneHHOE NaBiieHUE, JCUCTBYIOLIEE CO CTOPOHBI NPU3MbI BOJIOUYCHUS
Ha TPYHT B MECTE BbIXO/Ia TIOMIAAKK OOJIBIIOTO CABUTA, U YTOJ €r0 OTKJIOHECHHUS
ABJIIOTCS TEMH T'DAaHUYHBIMHU YCIIOBUSIMH Ha MOBEPXHOCTH Pa3pabdaThIBAEMOI0
IPyHTa, KOTOpbIE €JIeAYeT HCIOJb30BaTh MpPHU OMpENeIeHUH yria OOJbIIOro
CIBHUTA.

Pacuem yena cosuea. PaccmatpuBaercs BTopas (aza pa3pylleHus TpyHTa
(prcyHOK 2.5) MpH €ro «TeYeHWHU», B MOMEHT Kornua (GopMupyeTcs IUIomaaKa
casura OB..B stom cnydae Ha notok rpyHta OBKD 1o cpaBHeHUIO ¢ pe3aHueM
0e3 . MPU3MBbl BOJIOYEHHS JTOTIOJHUTEIBHO JCHCTBYIOT YKa3aHHBIE BBIIIE CHUIIBI
ROD n COD-
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Pucynok 2.5 — Cxema pacuera CHJ1 COPOTUBIEHHS KOMTAaHHIO

COOTBETCTBEHHO, HW3MEHATCS W YpaBHCHHS IIPOCKIMM BCEX CHII,
BocripruHuMaeMbIX mpu3zMoii OBKD, Ha ocu X u Y

> X =Ryp sin(a — p)~Cqp cosa — R™ sin(a + @) +

+ Cogrcosy + E™ sin(y + p) =0;

MY =-G - Rypcos(a — p) —Cqp Sina + R™ cos(a + w) —
~ Cogsiny + E™ cos(y + p) =0,
N3 noJiy4eHHOM CUCTEMBI YPaBHEHUI

Gsin(a + w) —Cgay c0S(x + @+ ) + Cp COS@ + Ry Sin(w + p) . (2.31)
sinla + @+ + p) ’

Emax , N

Rmax

_ E™sin(y + p) +Cgg* cosy —Cyp, cosa + Ry sin(a — p) (2.32)
sin(a + w) o
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[IpuBeneHHoe naBieHuUE, ACMCTBYIOIIee Ha miIom@aaky OB B MOMEHT
C/IBHTa, pacCUHThIBaeTCs 1Mo (2.7), B KOTOpPOE CIIeAyeT IOJCTABISTh 3HAUCHUEC
cunel E™ nonyyennoe no (2.31).

Jlns  ompeneneHusl yria OOJNBIIOrO CIBHTa HEOOXOAMMO pelarth
UTEPAIIMOHHBIMU METOJIAMH CUCTEMY YPaBHEHHUH, B KOTOPYIO BXOJISAT YPaBHECHUS
(1.23) u (1.27) tuna w = f(Q) ¢ y4eToM YTOYHEHHBIX TPAHHYHBIX YCJIOBHIA
no (2.30) u (2.7) tuna q = f(y), nomyyeHHoe ¢ y4eToM 3HAYEHHs CHMJIBI E™
o (2.31).

Cucrema ypaBHEHH perraeTcs Mo CIeAyIoneMy alrOpuTMy:

— BbIOMpaeTCs HavYaJlbHOE 3HAYCHHE yria capura y (yaoOHO BBHIOMPATH
3HayeHue Okojo 30°) W BBIYMCIAIOTCS pa3Mephbl IMEePEeMeINaéMoro IoTOoKa
IPYHTa,;

— BBIUUCIIAIOTCSA pa3MeEpbl MPHU3Mbl BOJOYCHHUS W | ONIPEICISIFOTCS CHIIBI,
JCHCTBYIONIME C €€ CTOPOHBI Ha TIOBEPXHOCTh pa3padaThiBaEMOr0 TpYHTa U
nepeMeniaeMbplii 1o pabovyeMy opraHy MOTOK IPYHTa;

— BBIYHUCIIAIOTCS TPAHUYIHBIC YCIIOBHS HA IIOBEPXHOCTH I'pyHTA B Touke O;

— ONPEACISIOTCS CHUJIBI, IEHCTBYIONIHE HA TUIOIHA/IKY CIIBUTA;

— OompeAeNseTCs MPUBEICHHOE JIAaBJCHNE HA OTY TUIOIIAKY;

— ONpEACISACTCS YroJl CABULA, BhINECPKUBAIOLIUN 3TO JIaBJICHNUE,

— CpaBHHMBACTCs MOJYYCHHOS 3HAYCHUC YTJIa CIBHUra C HAYaJIbHBIM, CCIIH
OHH HE COBITAJIAIOT, MEHICTCS, COOTBETCTBYIOIINM 00pa30oM Ha4aabHOE 3HAUCHUE
yria CIBUTA W TIOBTOPSIOTCS BBIYMCICHHS JO TMONYYCHHsI pe3yjbTaTa C
TpeOyeMoit TOUHOCTHIO.

Pacuem cun’ conpomuenenust pezanuio. [locne onpeaeneHus yria CIBUra 1o
ypaBHenusm (2.3),.(2.4), (2.25), (2.27), (2.28), (2.31), (2.32) MOXXHO paccuuTaTh
3HAUCHHS CHJNOBBIX APaMETPOB, XapPaKTEPU3YIOUIMX IMPOLECC PE3aHMs IUIOCKUM
pabOYUM OPraHOM NP HAIMYUH TPU3MbI BOJIOUCHUS, ISHCTBYIOIIUX HEMOCPEICT-
BEHHO B MOMEHT QOJIBILIOrO C/IBMIa IPyHTA IO TuTomia ke casura OB.

Iocie . ¢uura cmma Co" cramer pasHoil mymo. Cmmer E™ u R™

NEeWCTBYIONIME MTOCIIE CABUTA, OMIPEACIISIOTCS, KaK M paHee, UCXO/I U3 MPOCKIIHI

Ha ocuw X'\m'Y cuJj1, BocripuHuMaeMbIx npusmoit rpynta OBKD mnocne casura:

D X =Ryp sin(a — p) —Cqp Cosa = R™ sin(a + ) + E™ sin(y + p) = 0;

Y = -G —Rypc08(a — p) — Cop Sina + R™ cos(ar + w) + E™" cos(y + p) =0.
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Otcrona

Gsin(a + w) +Cyp cosw+ Ry sin(w + p) . (2.33)
sin(fa+w+y + p) ’ .

E min —

Ein SIN( + p) —Cqp COSax + Ry Sin(a — p)
sin(a + w) '

Rmin — (234)

C mnomompio (2.10) m (2.11), (2.32) u (2.34) MOXHO TOJYYUTD
IKCTPEMAJIbHbIC 3HAUCHHS COCTABISIOIIMX COMPOTHUBJICHUS KOMAHMIO. AMILIH-
TyJa KOJICOAHUH, COCTABISIOIIMX COMPOTHUBJICHUS PE3aHHI0, ONPEHCIIETCS
no (2.12) u (2.13).

Meton pacuera CONPOTHUBICHHA 10 OOKOBBIM TpaHsM ) HOXKa HeE
HU3MCHUTCSI.

Takum 00pa3oM, H3JIOKEHHBIE TEOPETHYCCKHE (OCHOBBI IO3BOJISIOT
UCCIICIOBaTh M OILICHUTHh BJIMSHUE KOHCTPYKTHBHBIX IapaMeTpoB pabodero
opraHa, (U3MKO-MEXaHWYCCKHX CBOMCTB \IPYHTa, -peKMMa pabOThI, a TaKKe
NPU3MBl BOJIOUCHHS Ha KOIMAHHE  TPYHTa MPOCTCUIIAM IUIOCKUM pabovum
OpraHoMm.

2.3 Hccneoosanue. 63aumooeiicmeus niocKozo padouezo opzana
¢ 2pyHmom

[IpencraBi¢HHBIE Jajiée MaTepHalibl HATJSAHO IOKa3bIBAIOT BO3MOXK-
HOCTH pPa3pabOTaHHBIX METONOB pacueTa I TPOBEACHHS ONTHMH3AIUU
pabounx OPraHoOB 3eMASPONHBIX MAIITHH.

Hccneoosanue _yena coeuea. Jlns BbISICHEHUS (PU3HYECKOH CYTH
paspylieHus TPYHTa NMPH PE3aHUH PACCMATPHUBACTCA TpapUUIECKOE pPEIICHUE
CHUCTEMbl YpAaBHGHMU JJIs ONpEeIeNIeHUs yria ciaBura, cocrosmiei u3 (1.33),
(1.35) w(2.7). UwucneHHble peEIICHHS HAHJACHBI IPUH BBICOTE HOXKA
h; = Igk'Sinae = 0,2 M, Tommmuae cTpy:kku h = 0,2 M, IUIOTHOCTH TpyHTa
Ha Hoxke p = 1,8 /M3, yrie pe3anus a = 30° U eqUHMYHON IIUPHUHE HOXA,
T.€ npu B =1,

OCHOBHBIMHU pacYeTHBIMH (DU3UKO-MEXaHHUYESCKIMHU CBOWCTBAMH TPYHTA,
OT KOTOPBIX 3aBUCHUT COTPOTHUBJICHUE CABUTY, SBIISIOTCS BHYTPCHHEE TPCHHE H
CIETUICHUE. BiusHue yria BHYTPEHHETO TPEHHUS paccMaTpHBAEcTCS IIPH
yaenbHOM crierienun rpyHTta ¢ = 20 kl]a.
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Pe3ynbraThl BRIYMCIICHHN TMpeACcTaBiIeHbl Ha pucyHke 2.6. M3 pucyHka
BHUJIHO, YTO C YBEJIIMYEHUEM YTJIa BHYTPEHHErO0 TPEHUS YCTOMYMBOCTH OTKOCA
IIPY OJHOM W TOM K€ BEJIIMUYMHE JABJICHUS, JEUCTBYIOIIETO HA HETO, CHUXXAETCS

(xkpussbie |).
a) 6)
100 ~ 100
~! ~
xIla ~— Klla T~
60 — 60 e
40 40—
q
20 20
20 30 rpan 50 20 <30  wpan 0
v — Vv ——
B) r)
100 100
kI[a klla
~ — 60 < —
. | TS S
20 20
20 30 rpaj 50 20 30 rpan 50
4 ( e

a—mpu p= 20% 6 —pu p = 25°% B —ipu p = 30°% 1 — mpu p = 35°; | — kpuBas MpeACITHLHOTO IABICHHUS
w = 1(q); 1l - xpusas 3aBucumoctu (= f ()

Pucynoxk 2.6 — I'paduueckoe omnpeneneHue yria cABUTa MpH pa3HbIX 3HAUCHUAX yTiia

BHYTPEHHETO TPEHUS

YcinoBHO 3aJal0TCA OIIPCACICHHBIM IIOCTOAHHBIM 3HAYCHHUCM [aBJICHUA

max o o
Jg ot cunel E™, neiicTByIOIEl HA IUIOMAAKY CBUTA, OLICHUBAETCS BIMSHUC

yrila BHYTPEHHETO TpPEHUs o Ha yroj Ooneinoro ciasura . [lpuBenennoe



47

JaBJICHHE ( B COOTBETCTBUH C (2.7)

max C
=0 +Sinp' (2.35)

Ecii uucieHHoe 3HaYeHHWe (g HPHHATH PABHBIM yIEILHOMY CLEILIE-
HUIO TPYHTA ¢, TO IIPUBEJEHHOE JaBJICHHE (| OyIeT UMETh BUJI
C _. 1+sinp

q:C+ - = -
sinp sinp

[Ipu oTCyTCTBUM MpPU3MBbI BOJIOYEHUS JaBJiCHHE. P~'Ha MOBEPXHOCTHU
TOPU30HTAIBHOM 3aChINKK OYyJIeT paBHO JaBJICHHIO CBi3HOCcTH H.= . C-Ctgp, npu
3TOM yIUIBI 0 M A; Oynyt paBHbl Hymo. Torma ‘u3 HepaBeHcTBa (1.32)
OTIpEeICTISICTCS TPAHUYHOE 3HAUYCHUE MPUBEACHHOTO JaBICHUS (), pa3aessioniero
PELIEHHUsI C CUHTYJIIPHOM TOYKOM OT pa3pbIBHBIX PELICHUN:

cosp _ . cos® p L L+sing

q2H ——=cC= —— =C—
1-sinp (sinp(l-sinp) sinp

[TockonbKy COOMIOAACTCS PaBEHCTBO, TO JUIS PacCMaTPHUBAEMOro TIpa-
HUYHOT'O ClIy4as CrpaBSmiiuBbl Kak ypaBHenue (1.33), mpu koTopom cyimect-
BYIOT PELICHUS C CHHIYJIAPHOI. Toukoit, Tak u (1.35), mpurogHoe it pemieHuin
C JIMHUEN pa3pblBa:

JeticrBuTensHo, U3, (1.34) BO3MOXKHO MOJYYHUTH IS PacCMaTPUBACMbIX

YCIIOBUM
A_&1—sinp _ c(l+sinp)(1-sinp) 1
H cosp csin pctgp cos p '
13(1.33)
_r_P
T4

Takoe xe 3HaueHue y noiydaercs u u3 (1.35), 1. x. u3 (1.30) u (1.24)
npu A4 =1
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CrnenoBarteibpHO,

max __ _

Takum oOpazom, ipu g~ = ¢ pynkus y = f(q) 3aBUCHT TOIBKO OT yriia
BHYTpEHHEro TpeHus (pUCyHOK 2.7, KpuBasi 2) W SIBISETCS MPSIMOJIUHEHHOH,
yOBIBaroIIEeH C YBEeIMUEHHEM yIila BHYTPEHHETO TpeHUs p. [t HaryssqHoCTH Ha

pucytke 2.7 npuBeneHs! 3aBucumoctd w = f(q) mpu Jf < ¢ (kpuBas 1) u

max

qe > ¢ (xkpuBas 3). Pesynprarel momydensl mpu p = 30°, ¢'= 30 klla mis

3HAYEHUI qrE“ » paBabIX 15, 30 u 60 xI]la.

50\
N .4
rpan \\\
T~
\\ 4 \\
30 ~ —
\\\
~—
20
3
l// \\\\
10
0

20 25 30 35  Tpaxn 45
o,

l-mpu €,,<C;2-npu €, =C;3-mpu€, , >C

Prcynok 2.7 — 3aBHCHUMOCTD yTJIa CABUTA OT yIjla BHYTPEHHErO TPEHUs IPyHTa

Onnako B o0mieM ciydae 3aBUCHUMOCTh YIja CJABUTa OT IapaMeTpOB
IPYHTa HE SIBIAETCSA TAKOW OJHO3HAYHOMW, KAK 3TO IMOJIYYEHO MPU MOCTOSHHOU

max
BEJIMYMHE JaBICHUS (¢

Tak, yBenuyeHue yria BHYTPEHHErO TPEHUS NPUBOAUT K YBEIUYECHUIO

o max
CWJI TPEHMS, A CIEAOBATEIIbHO, AEUCTBUTENIBHOTO naBieHus (g . [IpuBeneHHoe
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JaBJeHUE (| MPU 3TOM YMEHBIIIACTCS 3a CYET W3MEHEHUS JABJICHHS CBSI3HOCTH
H = c.ctgp. OmHako yMeHBIICHHWE IaBJICHUS CBS3HOCTH, B CBOIO OYepe/lb,
YXYAIIaeT YCTOWIMBOCTh OTKOCA TPYHTA, YTO W MPUBOJIUT K YMEHBIIICHUIO yTia
CIBUTA.

['padmdeckoe pernieHHe CHUCTEMBI YpPaBHCHHM JJIsi OMpEACIICHUs yria
CABUTA ISl Pa3HBIX 3HAYEHUU YAENBbHOTO CIEIUICHUS TPyHTa MPUBEICHO Ha
pucyske 2.8.

a) 0)
160
n S</’
kIla
120 _ T/ Al ST
100 klla T \> —
20—~ —
80
20
60
q 9 o
40 20 30 rpaj 50
20 vV —
0
20 30 rpan 50
v oL g
B) r)
40 40
20 N % TZO —
q 0 0
20 30 rpaj 50 g 20 30 Tpal 50

W

a—npu ¢ = 80 klla; 6 — mpu ¢ = 40 klla; B — mpu ¢ = 10 kIla; r — npu ¢ = 5 k[la: | — kpuas
apezensHoro napienus; |l — kxpuBas 3aBUCUMOCTH (] = f((//)

Pucynok 2.8 — I'paduyeckoe ompenerneHue yria CABUTA NPU Pa3HBIX 3HAYCHUSAX
YIIEIBHOTO CLETICHUS TPYHTa
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W3 pucyHka BUIHO, YTO C YMEHBIIEHHEM CLEIUICHHUS MPHUBEIACHHOE
JaBlieHUE (|, JEMCTBYIOIIEEe Ha IUIOMIAAKY CIOBUTA, yMeHbInaeTcs (kpusbie |l).
OpHako MpU STOM OJHOBPEMEHHO YMEHBIIAETCS JIaBJIEHWE CBS3HOCTH, a
ClIEJIOBAaTeIbHO, M YCTOMYMBOCTH OTKOca NpoTuB casura (kpussie |). B
KOHEYHOM CueTe BEJIMYMHA YIJIa CABUIa OYIET ONpPENENSITbCS CyMMapHbBIM
XapaKTepOM M3MEHEHHUS ITUX KPUBBIX.

Hanee paccmaTtpuBaercs pucyHok 2.9. UucieHHble 3HaYEHMsI MOJIyUEHBI

10 (2.35) npu p = 30° u nocrosuaoM 3Ha4ennn O = 30 xl1a.

6
rpa;[______________
4 —

/

0 10 k[la 20

Pucynok 2.9 — 3aBHCHMOCTD yIJI1a CABUIA OT CLEIUICHHUs IPyHTa

NHTEHCUBHOCTh YMCHBIIIEHUS YIJIa CABUTA TIPU YMCHBIIICHUHU CIICTUICHUS
rpyHTa (CM: pUCYHOK 2.9)"3aBUCHT W OT YHUCJIICHHOTO 3HAUYCHHS YJIEILHOIO
cuernenus. Hanpumep, npu ymenbiennn crueruieHus co 100 go 80 klla (Ha
20 xlla)-yron cumsura ymeHnsblmaercs Toibko Ha 1,7° (¢ 43,4 no 41,7°). Ilpm
u3MeHeHnn ke cuerieHns Ha Te ke 20 klla, HO mpu ManbIX ero 3HAYCHHSX
Hanpumep, ¢40 no 20 kI1a, yrox cisura ymeHbiaercs yxe Ha 12° (¢ 34 go 229).

Caemyer Takke OTMETHUTh, YTO TMPH 3HAYUTEIHHOM YyBEIWYCHHUH
CICIJICHHUS TPYHTA YTOJI CBUTAa aCUMITOTHYECKU PUOIINKAETCS K HEKOTOPOMY

HOCTOAHHOMY 3HAYCHHUIO. 910 IMPOUCXOAUT BCICACTBHUC TOI'O, 4YTO BCIMYKMHA
max

9e

10 CPABHCHHIO CO BTOPHIM 4ieHOM ypaBHeHus (2.35) u eii MOKHO MpeHeOpeYb.
Torna

npu OECKOHEYHOM YBEJIMYECHUU CIEIUICHUS SBISETCS OECKOHEYHO MaJIon
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a BenimunHa 4 (cM. ypaBaenue (1.34)) onpenenurcs Kak

% (-sinp) |
A_i.l—smp_ sin p _1-sinp

H cosp cctgpcosp  cos’p

Takum 00pa3om, B paccMaTpuBaeMOM CiIydae YHCICHHOS 3HAUCHHC A He
3aBUCHUT OT CIICIUICHUS TPyHTA. DTOMY 3HAYCHHIO COOTBETCTBYET yroJI CIABUTA
w = 50,7° 4gepe3 KOTOPHIA Ha pUCYHKE 2.9 TpoBeIeHA TOPU3OHTAIBLHAS TIpsiMa,
ABJISIOIIAsACA acuMnToToN pyukimu ¥ = f(c). [Ipu Apyrux UEXOMHBIX JTaHHBIX
YUCJICHHBIC 3HAYCHUS OyIyT MHBIMH.

PocT crennenus mpuBOIUT K YBEIUYCHHUIO KaK JICHCTBUTEILHOTO, TaK U
NPUBEICHHOTO JIaBIICHUS, JCWCTBYIONM[ErO Ha IUIOWAAKy ciasura. OmHaKo,
HECMOTpPS Ha YBEJMYCHHUE NABJICHUS; yTOJl CIBHUTA, VBEIIMUNBACTCS BCIICJCTBHUEC
3HAUUTETHLHOTO MOBBIIICHHS YCTOWYMBOCTH OTKOCA. B cBOIO ouepesh, BeTuUnHa
yriia CIBUTA TakXke OOYCIOBIUBACT -3HAYCHUS TPHUBEICHHOTO U JCHCTBU-
TEIBHOTO JABJICHUHN W3-3a+ HEMOCPEACTBCHHOTO W3MEHEHUS JIMHBI TUIOIIAIKU
CIABUTA W U3MEHEHUS YIjia IPH BEpHIMHE KIMHA, 00pa30BaHHOTO MOBEPXHOCTHIO
HOKa W TUIOMIAQKOW, CIBHTa, MO KOTOPHIM | TIPOUCXOJHWT BBITCCHCHHE
CpE3aHHOTO TPYHTAa.

Hccreoosanue pezanus epynma niockum pabouum opearnom. YucieHHbIC
pellIeHus ITOTyYeHbI IPA 3HAYCHHSIX [TapaMeTpoB rpyHTa (0. = 1,6 T/m’; p = 28°;
@ = 25°% ¢ = 4 xIla); COOTBETCTBYIOIIUX MapaMeTpaM TI'pyHTa JIabopaTOpHOU
YCTaHOBKH, TJe HPOBOAMINCH DKCIIEPUMEHTAIbHBIE HCCIeAoBaHUsA. Pacders
BBITIOJTHSJTUCH, ITTS TUTIOCKOT'O pabodero opraHa mnpu mupuHe pezanus B = 0,4 m,
ToJuHe cpe3aeMoit ctpyxku h = 0,02 M 1st ABYX 3HAaYEHHUI €ro BHICOTHI Ny —
0,1 m'u 0,5 m. Beicora HOXa, CBf3aHHAsA C JUIMHOM HOXa | 3aBUCUMOCTBIO
h =.1'sin o, npuHATa 3a OCHOBHOW MapameTp IUIOCKOTO pabodyero opraHa c
NENbI0 00€CTIeueHUs OJJMHAKOBOM BBICOTHI MOIbEMA IPYHTA MPHU Pa3HBIX yriax
pe3aHus.

Brusnue yena peszanus. Ha pucynke 2.10 CIJIOMIHBIMU JTUHUASMH
MU300paKEHBI PE3yJbTAaThl PACUETOB, TMOJYYCHHBIE TPH OTCYTCTBHUH TIPHU3MBI
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BOJIOYEHHMs. BimsHuEe Npu3Mbl BOJIOYEHHsI NOKA3aHO LITPUXOBBIMM JIMHUSAMHU
JUIA T€X YTJIOB pe3aHus, IPU KOTOPBIX MpHU3Ma BOJIOUYEHUS 00pa3yercs.

a) 6)
1,0
03 40 , - 25
RLN s N rpan kH A rpag
v
0,2
0.1 P e
D y 1 i 21
P, ' ___'_}f'fl:':1min

0,05 +

0

10 30 50 rpag 70

a——™

a—mpuh;=0,1m;6—nmpuh;=05m

Pucynox 2.10 — BnusiHue yrua pe3aHus U/ NpU3Mbl BOJIOYEHHUS HA yrojl CABUra Y U

KacaTeJIbHYyIo CHITy Pq

[Tpu otHOcHTeibHO HeBbiCOKOM HOXe (h; = 0,1 M) mpu3ma BoJIOUCHUS
MOYTH HE BIWACT HA YTroj. Oosbiioro ciasura. [Ipu OONbIIMX yIiiax pe3aHus
HaOIroaeTcs | HEKOTOpO€ HM3MEHEHUE OJKCTPEeMalbHBIX 3HAYEHUH  CHIIBI
CONPOTHBIICHUS] PE3aHHI0. BiMsHUWE TPHU3MBI BOJOYCHHUS CKa3bIBACTCS B
OOJIBIICH CTCIICHU II0 MEPE YBEIIMYCHUS YTJIa Pe3aHuUs.

[Tpu pe3anuu HokoM ¢ 00JbII0l BeicoTol (N = 0,5 M) BIMsHUE MPU3MBI
BOJIOUCHHSI 0OJICe CYIICCTBEHHO H3-3a OOJIBIIMX pPa3MEPOB MO CPABHCHHIO C
HpEABIIYHTHM CIy4aeM. BclieicTBUE 3TOr0 HECKOJBKO YBEIUYMBACTCS YTOJ
cnBura m 6oJjice MHTCHCUBHO PACTyT SKCTPEMAlbHBIC 3HAUCHHS KAcaTeIbHON
COCTABJISAOIICH COMPOTUBIICHHUS KOTIAHHUIO.

OnmHako TONBKO Ha oOcHOBaHmHM rpadukoB (cm. pucyHok 2.10)
NPEXKIEBPEMECHHO JIeNaTh OJHO3HAYHBIA BBIBOJ 00 YBEIMYCHHH TPU3MOU
BOJIOUCHHMSI YCTOMYMBOCTH TPYHTA, a BMECTE C HUM U yTJia OOJIBIIIOTO CIIBUTA.

BrnusiHre mpu3Mbl BOJIOYCHHS HA MPOILECC KOMaHWsS MHOTrocTopoHHee. C
OJTHOW CTOPOHBI, TPU3Ma BOJIOYCHHSI H3MCHSCT T'PAHUYHBIC YCJIOBUS Ha
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MOBEPXHOCTH pa3pabaThIBAEMOTO TPYHTA, JCUCTBUTEIBHO TIOBBIIAS YCTOM-
YUBOCTh MAaCCHBA TPYHTA OT Pa3pyIICHUS 33 CUET YBEIMUCHUS JTABJICHUS HA OTY
OBEPXHOCTh. HO, ¢ Ipyroit cTOpOHBI, yBEIHMYUBACTCS CONMPOTHUBIICHUE HATOJ-
HEHUIO W3-3a TPEHUS M CHJI OCTaTOYHOTO CICIUICHMS, ACHCTBYIOIIMX Ha
IUIOLIAJKE CKOJIBKEHHSI MEXKy MOTOKOM TIPYHTA, NMEePEMENIaeMbIM IO MOBEPX-
HOCTH IUIOCKOrO0 paldodero opraHa, W MPU3MOM BOJIOYEHMS, 32 CHUET YEero
MOBBIIIAETCS JABJICHUE Ha TUIOMIAKY CABUTA, YTO, B CBOIO OU€pe/lb, MPUBOIUT K
YMEHBIIECHUIO yria Oonblmoro ciasura. B 3aBUCMMOCTH OT CcOYETaHUS
OTMEUCHHBIX ()aKTOPOB B KaXKJIOM KOHKPETHOM CIIy4ae MOKET MPOU30UTU Kak
YBEIUYCHHE, TaK ¥ YMEHBIIIEHNE yTJia CIBUTA.

Brusanue onuner paboueco opeana. Pe3ynbrarbl UCCISAOBAHUN MOIYUCHbI
JU1s1 paboyero opraHa, yCTaHOBJICHHOTO 1O YIiioM pe3anns o= 60°.

N3 pucynka 2.11 BHIHO, YTO 3KCTpEMalIbHbIE 3HAYCHMs” KacATEeIbHON
COCTABJISIFOIIEH CHUJIBI COMPOTHUBJICHUS PE3aHMIO, TOJYYCHHBIC TPHU KaKOU-TO
OTIPEJICTICHHONW JJINHE HOXKa, 3HAYUTEIHHO yBEITUYUBAIOTCS TPH HAJTUYHH
PU3MBI BOJIOUECHHS. [Ipr 3TOM ¢ yBeIMYCHHEM. ITTUHBI HOXKA BIMSHUE TPU3MBI
BOJIOUEHHUS Ha TIPOIECC KOTaHUs Bce OoJiee 3aMETHO.,

1,0

kH ;rﬁr?:a,u
0.8 e ;I A0l
0,6 AN ' y i / 30

<
_H_
-

0,4 . 20
P ’ /d 14
0,2 10
~ 1 B o
F
N 0
0,2 04 TRpak o7
| — =

Pucynok 2.11 — BnusiHue IiuMHBI paboyero opraHa W MPU3MBI BOJIOYCHHS Ha YToOJ

CABUI'a U KaCaTCJIbHYIO CUJIY COIIPOTUBJICHHA KOIIAHUTO
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Taxoke BenuunHa yria OOJIBIIOTO CIBUTA MOYTH HE U3MEHSAETCS TPU3MOI
BOJIOYEHUS TI0O OTMEUYEHHBIM BBIIIE TTPUYUHAM.

Ha pucynke 2.12 moka3aHo BIWSHHE JJIMHBI HOXa Ha JKCTPEMaJIbHBIC
sHawyeHust cuiubl Py (crotomHas P u mrpuxosas P,™) u Ha cnaraemere,
cocTaBisifone 3TH cuibl. Craraemple B3SThI CO 3HAKaMU, C KOTOPHIMH OHHU
BXO T B (2.32) 1 (2.34), ucnonb3yeMble IJIs pacueTa SKCTPEMaIbHBIX 3HAUYCHU I
cuibl Pi. 3 pucyHka BUAHO, YTO HauOoJbiliee BIUSHAE KaK B MOMEHT CABUTA
(Emax — CIUTOIIHAS JIMHUSA), TaK W Tocie Hero (Emin — IITpUXOBas JIMHWS)
OKa3bIBAET chJiia £, MeWCTBYOIAs CO CTOPOHBI INIOIIAJIKU CBUTA.

Pucynok 2:12 — BnusiHue JUTMHBI HOKa HA COMTPOTHBIICHUE KOTIAHHIO U €T0 ClaracMble

Bropoi o BenuymHe cinaraeMou SIBISIETCS CHJIa C,e™, JNEUCTBYIOIIAsl B
MOMEHT CJBMTa.

3nadeHust.cut Rop 1 Cop, ONCHUBAIOMINX BIWSHUE MPHU3MbI BOJIOYEHUS,
He 3aBUCST OT 0OJbIIOro ciBura. OHU ABJSIOTCS claraeMbIMH Kak CHibI P o,
Tak u Cunbl.Py™". Clielyer OTMETHTB, 9T eci py AmmHe Hoxa | = 0,3 M cuia
Rop. coctasisier 8,2 % ot cuist P1™ u 13,8 % ot cust P1™", To npu wmHe
noka | =05 M- 12,2 u 17,6 % coorBerctBenHo, a mpu | = 0,7 M 1 BoBce
14,1 u 19 %.

HccnenoBanus MOATBEPKAACT CHACIAHHBIA paHEe BBIBOJ O TOM, YTO C
YBEJIMYCHUEM JJTMHBI HOXKA BIIMSHHUE TPU3MbI BOJIOYCHHS HA MPOIECC KOTAHUS
MJIOCKUM pabO4YrM OpraHoM Bce 0oJjiee CyIIeCTBEHHO.
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Cuna Cop HECKOJNBKO YMEHbBINAET BIMSHHE TPU3Mbl BOJOYEHUS Ha
BEJIMYNHY TOPU30HTAJIBHON COCTaBIIAIOIICH CONPOTHBICHHS KONAHUIO, HO
HENb3s MPEHEOPEraTh ITUM BIUSHUEM.

Ha pucynke 2.13 npuBezeHa pacueTHasl cxema, MOJy4YeHHasi Mpu JIJIUHE
Hoka | = 0,3 M, Ha KOTOpOW COOJFOIEHBI MPONOPIUHU JTHHEHHBIX pa3MepoB U
BEKTOPOB CHIL.

a)

0,1m 0,2 xkH
0)
Rmax
Cop GoBKD
Rob
Gwmobp
PMO Rop Emax
Cop
—_—
0,1 kH Cos

a — MacmTabHas pacyeTHas cxema; 0 — MHOTOYT'OJIbHUKH CHIT

Pucynok 2.13 — Konanue riockum padounm opranom npu lgk = 0,3 m
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[Ipy 3TOM BEKTOpPBHI CHJI NPHIOKCHBI B PACYSTHBIX TOUYKax (pacuer
obecrnieunBaeTCs MPOrpaMMHBIM oOecriedeHreM). XapaKTepHOH 0COOCHHOCTHIO
ABIETCS TO, YTO TpU OONBIIOM CIBUTE TPOHUCXOIUT CKAYKOOOpa3HOE
U3MEHEHUE HE TOJBKO CHIBl R, NeHCTByromeld Ha HOX, HO M MecTa ee
TIPUITIOKEHUSI.

MHOTrOyroJibHUKM CHJI, 300pakeHHbIe Ha pucyHke 2.13, 0, m03BOJSAIOT
OIICHUTHh B3aUMOJICCTBUE CHJIOBBIX IMapaMETPOB MPHU OOJBIIOM CABUTE IS
JTAHHBIX PACUETHBIX YCIIOBUM, a TAKXKE BIMSHUE HA HUX CIICIUICHUS TPYHTA,
pa3pynraemMoro mpu CABUTE B MOMEHT OTCIICHHSI CTPYKKH.

N3menenre aOCOMIOTHBIX 3HAUYEHUN 3THUX CHJ B 3aBUCUMOCTH OT JIJIAHBI
HO>Ka TPEICTaBICHO Ha pUCyHke 2.14.

1,0
kH
0.8 4

o /gm
A oSS
P /// Cor

Z e
/ #.:COD
02 04 O0BM 08

| —

Pucynok 2.14 — BrnusiHue nuHBI HOKa Ha aOCOIFOTHBIC 3HAUYCHUS CHIT

B paccmarpuBaeMbIX YCIOBHSX TMPU YBEIWYEHUM [JIMHBI HOXKA CHJIbI
U3MEHSAIOTCA HEJIMHENHO. Bo MHOrOM 3TO omnpeaenseTcss HEIUHEUHBIM
XapaKTepoM H3MeHeHHs yria ciasura (cM. pucyHok 2.11) M TakuX Ba)KHBIX
apaMeTpoB, KaK BEC MEPEMENIAEMOr0 MTOTOKA IPYHTa, BEC IPU3Mbl BOJIOUYECHHS,
YTO BUJHO U3 COOTBETCTBYIOIIMX YPABHEHUHN U PACUETHBIX CXEM.
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Bausnue monwunvl cmpysxcku. VccienoBanusi NMPOBOJWINCH MPHU yIJie
pe3anus « = 60° u mmuHe miockoro padodero oprana | = 0,3 m.

Hanuuue mpu3Mbl BOJIOYECHHS H3MEHSET KaK SKCTPEMAalIbHbIC 3HAYCHMS
COCTABJISIFOIIUX COIMPOTHBIICHHUSI KOMAHWIO, TaK M YroJl OOJIBIIOTO CABUTA
(pucynok 2.15). XapakTepHOH OCOOCHHOCTBIO SIBIIICTCS M3MEHCHHE MPSMOJIH-
HeitHort 3aBucumoctd yw = f(h) (mpw OTCYTCTBHMM MpHU3MBI BOJIOYEHHsS) Ha
KPUBOJIMHEHHYIO (MIpY HAJMYUU TPU3MbI BOJOYCHHMS). YMEHBIICHHUE YIJa
capura npu Majoi tommmbe ctpyxku (N < 0,05 M mpu HaHHBIX YCIOBHSAX)
0o0BsCHsSETCST 0OJiee MHTCHCHBHBIM POCTOM CONPOTHBIICHUS HAIOJTHEHHIO, 4
CIIeIOBATEeNIbHO, W JIaBIEHUS Ha IUIOMAAKY CABHra IO; CPABHEHHIO: C
YBEJIMYCHUEM JIaBIICHUS, JIEHCTBYIOIIETO Ha pa3pabaThiBaeéMyl0 MOBEPXHOCTH
TPYHTa CO CTOPOHBI TPU3MBbI BOJIOYCHHSI, TTOBBIIIAIOIIETO - YCTONYNBOCTh OTKOCA.

20

50
kH p1 Qa;{ ) _
1,9 P rpag

Profle” » - /4
| :ffﬂ}ﬁp]mm
0 0
0 0,05 01 m 015

h—»

Pucynok 2.15= BiinsiHue TONIIMHBI CTPYKKU ¥ TPU3MBI BOJIOYEHHUS Ha YTOJ CIBUTA U

KaCaTCJIbHYIO CUJIYy COITPOTUBJICHHU A KOIIAHUTO

B-otom ciiyyae npu OTHOCHTEIHHOM yMEHBIIIEHHMH Beca MOTOKa IpyHTa
OBKD Bnmussuue cun Rop m Cop Ha QopmupoBaHuEe COMPOTHUBICHUS
HANOJHEHUIO CYIIECTBEHHO IOBBIIIAETCA, YTO M MPUBOJUT K MOIYYCHHOMY
pesynbrary. U HaoGopor, mpu h > 0,05 M Bmmusaue cun Rop m Cop Ha
COTIPOTUBIICHUE HATOJIHEHHUIO OyAEeT MEHEee CYIIECTBEHHBIM. Y CTOWYMBOCTD KE
OTKOCa MPH 3TOM HECKOJIBKO MOBBICUTCS M3-3a 00JIe€ CYIIECTBEHHON MPUTPY3KH
IPU3MON BOJIOYCHHS TOBEPXHOCTH Pa3padaThIBAEMOT0 MacCHBa.



58

Crnemyer OTMETHTH, YTO MPU MAJOW TOJIIUHE CTPYXKKH POJb MPU3MBI
BOJIOYCHUS BCJICJICTBUE OTMEUEHHBIX BBINIC MPUYUH CYIIECTBEHHO BO3PACTAET.
Tax, npu h = 0,05-0,1 M nosiBiIeHHEe TPU3MBI BOJIOYCHHS YBEIUYUBACT 3HAUCHUS
cun P™wu P™ B cpennem Ha 100-50 %. IIpu h = 0,1-0,12 M Takoe yBennucHHE
cut P™ u P™ cocrasisieT ToapK0 7—12 %.

DKcnepumenmanbHvle UCCIE008aHUs. DKCIIEPUMEHTANbHBIE HCCIIEeI0Ba-
HUSI IPOBOIMJIMICH HA CIIEIMAIBEHOM CTEHJIe B TPYHTOBOM KaHaue (pucyHok 2.16)
nabopatopun kadpeapsr CHIITMuO benopyccko-Poccuiickoro yHuBepcuteTa
[38] ¢ menbro monyuyeHHsT YUCICHHBIX 3HAYCHHUN T'€OMETPHUUCCKUX U CHIIOBBIX
apamMeTpoB, XapaKTEPU3YIOIIUX IMPOIECC PEe3aHus, JJIs COMOCTABICHUS MX. C
pe3yibTaTaMu TEOPETHUYECKHMX pPACUETOB, a TaKke C (1eJbI0 BBISIBICHUS
0COOEHHOCTEH B3aUMOJICHCTBUS HOXKA C TPYHTOM TP PE3aHUU.

PasButre Teopun wmonenmpoBaHus [39, 40] mo3BoiseT aKNEHTHPOBATH
BHUMaHUE Ha J1a00paTOPHBIX HCCIENOBAHUSAX HE, TOJIbKO BBHJLY HX MEHbIICH
TPYAOEMKOCTH H CTOMMOCTH, HO W BCIEACTBHE TMOUYTH HEOTPaHUYCHHOUN
BO3MOYXHOCTH TIOBTOPEHUS IKCIIEPUMEHTA B OTHUX U TEX )K€ yCIIOBUSX.

[Ipu comocTaBiaeHUN SKCIEPUMEHTAIIBHBIX 3HAYEHUM C TEOPETUYECKUMU
BO3MOYHBI UX PACXOXKICHHUSI 110 CIEAYIOIIUM IPUIHHAM:

— Uu3-3a JIONMYIICHWM, MPUHATBIX B METOAWKE pacuera M B PACUETHBIX
CXeMax HCCIeAyEeMbIX IPOLECCOB;

— U3-32 HEU30E€KHBIX' MOrPEIIHOCTEl HM3MEPEHHIl MpU HKCHEPUMEH-
TaJbHBIX UCCIICIOBAHUSIX;

— ¢3-32 HEM30EXKHBIX MOTPEUTHOCTEH NpU OompereNeHuu (PU3NKO-MeXa-
HUYCCKUX CBOMCTB IPyHTA.

Ha pucynke 2.17 mpuBeneHbl pe3yibTaThl, TOJYYEHHbIE TEOPETUUYECKU
(MMHMM) M 9KCIIEPUMEHTAIBHO (KpECTUKH), TpH TojuHe cTpyxku h = 0,05 M,
mupune ‘Hoka B = 0,5-M, mocrosaHo# BhicoTe HOka H = 0,05 M u mpu Bcex
3HaYeHUsIX yriaa’ pe3anus. KpuBoit 1 um kpectukamu 0003HAYEHBI CpPETHUE
3HAYEHHsI KacaTeJIbHOM COCTABIISIONICH COMPOTHUBIIEHUs pe3anuio. Kpussie 2 u 3
MOJIYYCHBI “JIPH TE€X JKE€ YCIOBUAX JJII MAaKCUMAJbHBIX M MHUHHUMAJIbHBIX
3HaYEHUH 3TON cuibl. [[1s1 cpaBHEHUsI MPUBENIEHBI PE3yJIbTAThl, PACCUUTAHHbIE
10 METOY MOIMOPHBIX CTCHOK (KpuBas 4).

Takum 00pa3om, U3JI0KEHHBIE TEOPETUUECKHUE MOJOKEHUS B IOCTATOUHOMN
CTETICHU OTPAXAIOT XapaKTep SBJICHHM, MPOUCXOISAIINX MPU PE3aHUU TPYHTA,
YTO TMOATBEPKAAETCS XOPOILIEH CXOJUMOCTHIO AaHATUTHYECKHX PE3yJNbTaTOB C
AKCIIEPUMEHTAIILHBIMU JTAHHBIMH.
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PI/IC}/HOK 2.17 — ConocTaBlIcHUC AaHAIUTHYECKHX M SKCIICPUMCHTAJIbHBIX 3HAYCHUH

KacaTeJIbHOM COCTaBJ'IHIOH_Ieﬁ COIIPOTUBJICHU PE3aHUTO

Buoieoowt

HccnenoBanus mo3BOIMIN PAcCMOTPETh (U3UUECKUE TPOIECCHI, MPOTE-
KaloIFe B TPYHTE TPU €ro pPE3aHWH, U BBIIBUTH (DAKTOPHI, OKA3bIBAIOIIHEC
HauOoJee CyIeCTBEHHOE BIMSIHAE Ha 3TU IPOLECCHI.

C nomolllbio M3JIOKEHHBIX METOJOB pacueTa pe3aHusl TPYHTa IIOCKUM
HOKOM MOKHO aHAJUTHYECKH OIEHUTHh 3(P(EKTUBHOCTH pabouero opraHa u
ONTHUMU3NUPOBATH €LO MTapaMeTphl.
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3 ComnpoTuBi/ieHHe TPYHTA pe3aHHI0 PaGoOYUM OPraHoM,
MOBEPHYTHIM IO/ YIJIOM B IUIaHe (KOCOe pe3aHue)

3.1 Obwue ceéeoenusn

Pesanue rpyHTa HOXOM OBIBaeT JIOOOBEIM U KOCBHIM. JI0OOBBIM
Ha3bIBACTCA pe3aHUE TPYHTAa HOXKOM, PEXKyIlas KPOMKa KOTOPOTO pacro-
JIO)K€HA TEPIEHIAUKYISIPHO HAIpPaBICHUIO JBIKCHHS. KOCBIM Ha3bIBaeTCs
pe3aHue TPyHTa HOXKOM, MOBEPHYTHIM TOJ YIJIOM B IuiaHe. DP(EKTUBHOCTH
KOCOTO pe3aHMsi TPYHTa OTHOCHTEIBHO Maj0 HW3Yy4YeHa, a UCCICIOBAHMS, B
OCHOBHOM JKCIEPHUMEHTAJIbHbIE, MPUBEIN K JOCTATOYHO IPOTUBOPECUHUBBHIM
BEIBOJIAM.

OmHuM U3 TEPBBIX YEIWI BHUMAaHUE U3YyUYEHUIO-KOCOTO Pe3aHus IrpyHTa
akanemuk B. I1. I'opsgukun. OH otMeuan: «/[1s riepeMenieHns IOCKOro KJInHa
Mo yrjaoM TpeOyeTcs MeHbIas Cuia, ¥eM - Mpu _IMEePEeMEeNIeHUN KIMHA
HEPIICHIUKYIIApHO K je3Buio» [1]. M mpeanoxkeHa cxeMa IJIaHOB CKOPOCTEH,
Jaroliasi 000CHOBaHUE BHIOOpa HAMpaBICHUS CUJI TPEHHS I KOCOro KIIMHA, B
U3BECTHOM CTEMEHU SIBJISIONIASACS JOMYIICHWEM M HE BCEerla TOIATBEPXK-
JaroNIasics SKCIepuMeHTaIbHO [2]:

Uccnenosanus 3. E. I'apOysosa [41], mpoBencHHbIC Ha YIJISIX, CBHJIC-
TEIBCTBYIOT 0 Hed(DPEKTMBHOCTH KOCOT'Q Pe3aHUs TPYHTA, T. K. IPH TTOBOPOTE
HO’Ka YCIbHOE COTIPOTUBICHUE PE3AHUIO YBEITUUHBACTCSI.

HccnenoBanrs M KOCOTO, KOTIAaHUSI TPYHTA INIOCKUM PabOYUM OpPTraHOM,
OTBaJlaMHU aBTOIpeHiepa M Oynbsao3epa 3anumaiics M. A. Hemopeszos [42-45].
OH mpoBen psSIA IKCIICPUMEHTAIBHBIX HCCIEAOBAaHUN B TPYHTOBOM KaHaje
MHWWCa u na nonurone MAJIU u nputen x 3aktodeHuto 00 3¢ HEeKTUBHOCTH
KOCOTO KoTiaHusl,~TaKoW OJHO3HAYHBIN BBIBOJ CIPABEUIUB ISl MCCIICTYEMBIX
pabounx OpraHoB,” UMEIOIMMX OOJNBITYI0 BbICOTY. OMHAKO 3TO 3aKITIOYCHHE
HEJIB3sl TIEPeHOCHUTh Ha BCE CIydad pe3aHHs TPYHTa KOCHIM KJIMHOM, OCOOCHHO
IpY MaJIOW BHICOTE paboyero opraHa M pe3aHUU TPYHTA C BBICOKUM YJEIbHBIM
CIICTHICHUEM.

Hecomuennoin 3acimyroun . A. Hemope3oBa sIBIsIe€TCS TO, YTO OH BIIEPBbBIE
WCCIIeI0BAl TMHAMHUKY KOCOTO pe3aHus rpyHTa. MM yCTaHOBIIGHO, YTO TTIOBOPOT
pabouero opraHa B IJIaHE BEJET K CHIDKEHHUIO JMHAMHYECKUX HArpy30K Ha
paboumii opraH, YTO CHOCOOCTBYET MOBBIMICHUIO JOJITOBEYHOCTH MAIIUHBI B
EJIOM.
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HaulGonee monHBIE HCCIEIOBAaHUS KOCOTO pE3aHHs TPyHTa MPOBEIU
A. H. 3enemnn u JI. B. KpacunsaukoB [46]. B Xxozxe ucciemoBanwii uMu
CCIIaHO TIPEATOI0KEHNE, YTO SHEPTOEMKOCTh KOCOTO PE3aHMS 3aBUCHUT OT JIBYX
($aKkTOpOB — MHTEHCHBHOCTH CXOJla TPyHTa ¢ pabodyero opraHa W CUJI TPEHUS
IpyHTa BJIOJIb OTBaia. B CBOIO odepenp, HA ATH (PAKTOPHI OKA3bIBAIOT BIUSHUE
yroJl TMOBOPOTa HOXKa B IUIAHE, YroJl pe3aHusi, OTHOIICHHE BBICOTHI HOXa K
TOJIIIIMHE CTPY)KKH A W yCIIOBHS pe3anus (OJIOKHpPOBaHHOE, MOJYOIOKHUPO-
BaHHOE WK CBOOOHOE pe3anue). [[ist oneHkn 3pPEKTUBHOCTH KOCOTO Pe3aHUs
UMH TIPEIJIOKEHO WCTIOoNb30BaTh Kod(pdurment A. Tak, Hampumep, TpH
pe3aHum peyHoro necka npu yrie pe3anus o = 90° kocoe pe3anine d3hPeKTUBHO
npu ko3 durnmente 4 > 1,75, a ipu yrie pezanus @ = 45° =1 >4,75.

A. H. 3enenunbm u JI. B. KpacunbaukoBeiM [46] 0TMEUeHO, 4TO-KOCOE
1oy OJIOKHpOBaHHOE pe3aHne 3PPEKTUBHO MO CPABHCHHUIO C IOIYOIOKHPO-
BaHHBIM JIOOOBBIM HE3aBHCHUMO OT 3HaueHus . kodddumnuenta, “A. OaHako
OPUYMUHBI, 10 KOTOPHIM TPOUCXOJUT 3HAUMTEIbHOE TMOBbINIeHHE Hhdek-
TUBHOCTH KOCOTO TOJTYOJOKHPOBAHHOTO PE3aHMSI, aBTOPaMH HE yCTaHOBJICHBI.
NMu Takke ompemeneHo, UYTO JBWKEHHE CpPE3aHHOro0 TPYHTa BBEPX II0
paboueMy opraHy COBIIaJlaeT C HampaBACHUEM . JABKKEHHUS paboyero opraHa.
DTOT BaXXHBIM BBIBOJ C(HOPMYJIMPOBAH HAa OCHOBAHWM SKCIICPUMEHTAIBHBIX
WCCIICJIOBAaHWI TPACKTOPUHU JBW)KCHUS TPYHTAa TIO MOBEPXHOCTU KOCO TOCTaB-
JICHHBIX Pa00YMX OpPraHOB) MPH IMOMOIIA (DIOTEPHBIX JAaTYUKOB, COTPU-
Kacarommxcs ¢ rpyarom,[46].

3.2 Ocobennocmu Koco2o pe3anus zpynma

Kocoe pe3anne rpyaTa uMeeT cBou ocodeHHocTu. 1Ipu moBopoTe HOXka B
I1aHe| U3MEHSIOTCS( B. HAlpaBJIE€HUU TMEpPEMENICHUs] HOXKa TIEeOMETPUYECKHE
pasmepsl,” BIMSIOIIME HA NPOLECC pPE3aHus. Yrojd pe3aHus, [JMHA HOXa U
HIMPUHA PE3AHUS.

Ha pucynke 3.1 n300pakeHO MOJI0KEHUE HOXKa, TOBEPHYTOTO MOJ YIIIOM
@ B IJIaHE; N0 OTHOLIEHUIO K €ro MOJIOKEHUIO MpU JTI0OOBOM pe3aHuu. s

U3MCHSICMBIX pPa3MEPOB BBOJUTCS HWHICKC CIITPUX», a HMX 3HAYCHUS OyIyT
Ha3pIBaThCs TeKymUMHU. V3 cXeMbl BUIHO, YTO

B'=Bcosg, (3.1)

a TaK¥XKC

b’=Db/cosg, (3.2)
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rae b u b’ — npoekuuu Ha TOPU3OHTAIBHYIO IIJIOCKOCTh JJIMHBI HOXA | U
€€ TEKyIIEero 3Ha4eHus |', U3MEPEHHOr0 B HAIpPaBICHUH NEPEMEIIECHUS I'PYHTA,
COOTBETCTBEHHO.

43»

Pucynok 3.1 — Cxema amsi onpeaeneHusi TeOMETPUIECKUX pa3MEpOB B HAIPaBICHUU

JABMOXKCHUSA HOXKa

Kpowme Toro, n3 cxembl BUIHO, 4TO

h=btge, (3.3)

rie h — mpoekIws Ha BEPTHKAIBHYIO MJIOCKOCTh JUTHHBI HOXKA | .
Torna ¢ 'yaerom (3.2) u (3.3)

a' = arctg% =arctg(tgacosg). (3.4)

CornacHo cxeMe Ha PUCYHKC 3.1 cocraBusroTcs CIICOYIOIIMEC YpaBHCHMI.

h=I'sina’; h=Isinx. (3.5)
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[IpupaBHHBaAIOTCS paBble YaCTU ITUX YPABHEHUH, TOTAA

sina
sina’

"= (3.6)

Takum o6pa30M, TCKYINUC 3HAUYCHUA I'COMCTPUYCCKUX IMaPaMCTPOB HOXKa
BBIPAKCHBI YCPC3 UX I[GﬁCTBPIT@HLHBI@ 3HAYCHUA U YTOJI ¢ IIOBOPOTAa HOXKa B

wiane [47, 48].
Heo0Xx0a1uMo OTMETHTB, YTO YIoJl ¢,, U3MEPCHHBIH B IJIOCKOCTH HOXA,

MOYKHO BBIPa3uTh Yepe3 yribl a U &' ¢ moMoIipko (3.5):

I sina/
¢, =arccos— =arccos : (3.7)
I sino
Jlanee paccmaTpuBaeTcs IUIONIAJKA CIBUTAa U AHAJOIMYHBIM 00pa3zoM

BBIBOJIATCSI 3aBUCHMOCTH, HEOOXOIMMBIC, TS JAIbHEHIINX pacueToB (pucy-
HOK 3.2).

Pucynok 3.2 — CxeMa IUIONIa Ik CIBUTA
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Hcrnonp3yroTess aHaIOTHYHbIe 0003HAYCHUA: | — JUIS JIJIMHBI IUIOIIAJKH
cABUTa, b — NI €e MPOSKITNU Ha YEPTEKHYIO TUIOCKOCTh C COOTBETCTBYIOIIUMH
uHAeKcaMu. JIJIs mapaMeTpoB, M3MEPEHHBIX B IUIOCKOCTH, COBIAJAIONIEH C
HalpaBJICHUEM JIBIDKCHHMSI HOXa W TEPHEHAWKYJSIPHOH  TOBEPXHOCTH
pa3pabaThIBa€MOro TPYHTA, OCTaBIICH HWHACKC «IITpUX». J[Is mapamerpos,
U3MEPCHHBIX B INIOCKOCTH, HOPMaJIbHOW KaK K MOBEPXHOCTH TPyHTA, TaK M K
peXyIIell KpPOMKE HOXa, HCHOJb3yeTcs HHIAEKC «N», s mapamMeTpos,
WU3MEPCHHBIX B IUIOCKOCTH, COBIIQJIAIOIICH C HAaIlpaBJICHUEM CJIBHIa TPyHTa IO
IUTOMIAZKE CKOJIBKEHUS W TIO-TIPEKHEMY HOPMAalbHON MOBEPXHOCTH pa3pa-
OaTeiBacMOro MaccuBa, — uHIEKC «0». CiemyeT OTMETHTh, YTO BeIM4nHA N, Ha
pucyHKe 3.2 — 3TO TOJIIIMHA CPE3aEMOU CTPYKKH.

[TockonpKy yroiml ¢ IMOBOpPOTa HOXKA B IIAHE SBISACTCS YTIIOM' MEXKITY

orpeskamu D' u by, BBoAMTCA 06O3HAYEHME @, MIA M3MEpEHHs yIla MEKIy

HalpaBJICHUEM, HOPMAJbHBIM K pEXyIIed ~KPOMKE, U HalpaBJICHHUEM,
COBNAJAIOUIMM C HaIpPaBJICHUEM CIBUra TPyHTA MO IUIOIIAJKE CKOJIBXKECHHS.
Vron ¢, usmepsieTcss MeKIy otpeskamu. b, m by . Yrox mexmy orpeskamu b’ u

b, , 0003HAaYEHHBIN KaK /[, — 3TO Yroj MEKy HalpaBiA€HUEM, COBIAIAIOIINM C

HaIIPABJICHUEM CJIBUI'a TPYHTA IMO( INIOIIAJIKE, CKOJIBXEHUS, U HAIPaBICHUEM
JBYOKEHUS HOXKa. TakuMm o0pasoMm, yTiibl ™ U3MEpsSeMble B TOPU3OHTAIBHOMN
MJIOCKOCTH, CBSI3aHBI MEXTY CO00¥ COOTHOMICHUEM

=@+ p. (3.8)

AHQJIOTMYHBIE yTJIBl, W3MEPEHHbIE MEXAy oTpeskamu |, I' u |, B

IUTIOCKOCTH; COBIAJAIOmIeH C IUIOMIAAKON CABUTA, OMPEACIISIOTCS CICAYIOUUM
obpazom:

¢s =1+ fy (3.9)

Jlajiee BBIBOAMTCS COOTHOIIEHUE MEXKAY BEIWYMHAMU IIPUBEICHHBIX
BBIILIE YIJIOB, 32 OCHOBY IIPUHSAT yToOJl v, . I3 cXeMbl BUIHO, YTO

h=I,siny,: h=lssiny: h=I"siny’, (3.10)
a TaKXKE, 4TO

h=DbytQyy ; h=Dbytgy ; h=b'tgy’. (3.11)
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CrpaBeUTHBBI COOTHOIICHHS MEX Iy OTpe3kaMu by, b’ u b,

b b
by =—"—  b'=— 3.12
" cosg,’ cose '’ (3.12)
1 COOTHOIIECHUS MEXIY OTpe3KaMu |y, |I" u |
" cosg]’ cosg} '
N3 cxemsl (cM. pucyHok 3.2) u ypaBuenui (3.11).u (3.12)
h
w = arctg (b_j =arctg(tgwy cos¢,); (3.14)
0
, h
w' =arctg [E] =arctg (tgy, cose). (3.15)

N3 (3.13) u (3.10) u-cxembl (cM. pUCYHOK 3.2) pacCUHMTHIBACTCS ITOCIIEC
npeoOpa3zoBaHuil yroiu

. N siny’
(Pg\=arccos—- =arccos| — : (3.16)
I siny
a TaKIKC YIroJl
I sin
@] = arccos—\- = arccos[ il ) : (3.17)
0 sinyy

Takum 00pa3oM, MOTyYeHbI BCE OCHOBHBIE COOTHOIIECHHUS MEXIY yriaMH
U-OTPE3KaMM, HEOOXOIUMBIE IS TajdbHEUIIMX PACUETOB.

Jlasiee cocTaBiIIe€TCS pacueTHas cXeMma I ONpeesicHHs Beca IPYHTA,
TIEPEMEIIIAOIIErOCs 110 HOKY B HAIPABJICHHH S, C YYETOM OTMEUYEHHBIX BBIIIIC
ocobenHocrteit (pucyHok 3.3).
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Pucynok 3.3 — Cxema ans pacyera obbeMa TpyHTa, MEPEMEIaeMOro Mo HOXY (a);

norepeyHoe ceueHue rpyuta (0)

OO0BeM TpyHTa, Cpe3aeMblil pexXyllled KpPOMKOW HOXKa, — 3TO 00BheM
napamuienenunena ciHwKHUM OBB;0; u Bepxuum /[oKoK'/[' ocHOoBaHusimu. B
IJIOCKOCTH, HOPMaJbHOM pEXYyIIed KpPOMKE HOXa, HHUXXHEEe OCHOBaHHE
pAacMoJIOKEHO (MOl YyIJIOM W, K TpyHTy. IIpuHuUMaeTrcs nomnyiieHue, 4to u

BEpXHEE OCHOBAHUE MMEET TOT K€ Yrojl HaKJIOHA. JTO JOMYyIICHHE CIEAyeT W3
MEPUOANYECKOTO OT/ICICHUS DJIEMEHTOB CTPYXKH OT TPYHTa TOJI 3THM yTJIOM B
HOpMaTbHOHU TI0cKocTH. ClieruieHne B TPYHTE, MEPEeMENaonieMcsl TI0 HOXKY,
OyZleT MakCHMaJlbHO Pa3pylIeHO MMEHHO Ha TUIONIAJKaX, OTACISAIOIIMX TaKue
WIEMEHTHI ApPYyT OT apyra. [losToMy M mepechlliaHue 4epe3 BEPXHIOI KPOMKY
P pE3aHUM BEPOATHEE BCETO OYIET OCYIIECTBISTHCS MO TAKUM TUIOIIAIKAM.
Heobxoanmo HaliTh 06beM paccMaTPUBAEMOTO TIapaJlJIe/IeTHUIIE Ia.
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[Tmomanes mapamrenorpamma BKoK'B; Oyner paBHa IUIOMIAJH TIOBEPX-
HOCTH paboyero oprata:

S, =BI. (3.18)

TonmuHa paccMmarpuBaeMoro mapaienenumnena h, —ompenenurcs u3

CXEMBbI Ha pUCYHKE 3.3 CIIeYIOIIUM 00pa3oM:

sin(a +
_psintatyy) (3.19)
siny
Torna o6bem napauienenuneaa
, sin(a+wy)
V'=S,h =Blh————~, (3.20)

Siny

Yacte oObema mapalienenunena, pacnoyioEHHas - BHE HOXa, OyaeT
OCBINATLCSl 1O BEIOMON OOKOBOW KpOMKe HOXa. (0Tpe3ok KB). DieMeHTbHI
CTPYXKH, OTIENSIEMble NPHU CABUIE-OT T'PYHTA, IIPEACTABIAIOT COOOW TOHKHE
IUTACTUHKH, 00JaJaronIie OTHOCUTEIHLHO BBICOKMM BHYTPEHHUM CIICTUIEHUEM B
OTJIMYUE OT CLEIUICHUS MEXIY IUIacTUHKaMu. [103ToMy MOXHO TPHUHSTH IS
OTIPENICTICHHOCTH JIOMYIIEeHKWEe, YTO “OCHIIIAaHWE TPYHTAa IO BEJAOMON TpaHH
(otpe3ok KB) Oynmer MPOUCXOAUTH B BEPTUKAIBLHON TJIOCKOCTH. B 3TOM Citydae
OTCEKaeMBbI ATUM OTPE3KOM O00BEeM TpyHTa MPH YCIOBHOM €ro MEPEMEIICHHUH
Ha CBOOOIHYIO-IIOBEPXHOCTh HOXa (0e3 yueTa TpeyroJIbHOH MpPHU3MbI TPYHTA C
ocHoBanueM “/I'K'K';) momHOCThIO 3amojHseT ee. OObeM TIpyHTa, peaibHO
NEePEeMEIIAIONINIICS IO HOXKY, MOKHO MPEACTaBUTH KaK

V=V'-V_+V,, (3.21)

rae V., — 00beM 4acTu napasuiesienuIe;/1a, OChIMAIUICs Yepe3 BEIOMYIO
OOKOBYIO KPOMKY;
Vs — 00BeM TpEeyroJibHOW MPU3MBI TPYHTA, CPE3aeMbli JTUAUPYIOIIEH
OO0KOBOW KPOMKOM.
OO0BeM ochInarouiencs 4YacTu napajjieenuIeia onpeenseTcs: UCXoAs U3
cB00OAHOM MOoBepxHOCTH HOXA K'K1B1, KOTOPYI0 HEOOXOANMO KOPPEKTHPOBATh
C Y4eTOM TOrO, YTO C/IBUT T'PyHTa MPOUCXOIUT IOJ YIJIOM ¢, NU3MEPEHHBIM B
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IUIOCKOCTH TIJIOIIAJKHU C/IBUTA.
Jiuny otpeska K /{k, paBHyIO JAjMHE OTpe3ka By(0i, ¢ yUETOM CXEMBI Ha
pucyHke 3.3 MOKHO HAWTH CIETYIOIIMM 00pazoM:

L. =lg 0, =loSing, (3.22)

rie 3HadeHus |, u ¢ npuaumaiorcs mo (3.13) u (3.17).

YunteiBas, 4To

lex =119, (3.28)

o0beM V¢ onpenensierca u3 GopMyIibl

1 1 h
V - I ' __I ' L . 3.24

Hanee nHaxomar oObem V; HOpU3MBI TpPyHTa, Ccpe3aeMoro OOKOBOMU
kpomko. Otpeszok Kj'Cy mpojjisiercss 10 TOYKW, B;' Tak, 4ToObl mpH3Ma C
ocHoBanusiMu K'K'y/[' u B1B;'Oy-ctana nonHoi. Cienyer OTMETUTh MPU ITOM,
Y10 00BeM mupaMujibl B1B'101C1, " TONOQIHIONIMN PU3My ¢ OOKOBBIM peOpom
B1C' no nonHo#, cocraisier 1/3 ee oOvema.

Torna

1 | I,
V5 = STP(IBlK’ _§|31C') = STP(COS(B - Béc ] , (325)
H

Fe Syp — TUIOIHA/Ib MEPIICHIUKYIISIPHOTO CEUCHUS MPU3MBI.
N3.cxembl Ha pucyHke 3.5 BHIHO, 9TO 0Tpe3ok B;C; paBeH oTpe3ky BC,
TOTJa

g = ac == " : (3.26)
™ cosep, Sinacosg,

U3 31O Ke cXEMBI

_hsing,

Sing (3.27)

loc; =lsc Singy
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BricoTa mepreHAuKyIIpHOTO CEUYCHUs, HMEIOIas TPEyroJbHYIO (GopMmy,
paBHa TonmuHe napautenenunena hy (em. (3.19)).
Torna

1
STP :EIC/Cl/hl. (328)

Takum oOpa3oM, onpesesieHbl Bce cocTaBistonue ypasaeHus (3.21).

PaccmoTpeHHBIN BhINIE ciydall sIBISETCST HauOoyiee TUMNUYHBIM, HO
CYIIECTBYET €IlI€ HECKOJIbKO CIIy4acB ABWIKECHHs TPyHTa MO HOXKY. Tak, mph
comenieHnn Touku K' ¢ toukoit K uepe3 BepxHIOIO KpPOMKY HOXa OyaeT
NEPECHINAThCS TOJIBKO TPYHT, CPE3aeMbI JTHIUPYIOIIEH OOKOBOH KPOMKOM.

[Ipu BBINOTHEHUH YCIOBUSA

B
Py = arcth (3.29)

TPYHT, Cpe3aeMblii JJ0OOBOW KpPOMKOW, QyneT MepechnaThCs TOJBKO dYepes
OOKOBYIO KPOMKY.

Bo3MOXHBI B Ipyrue mpOMEXKYyTOYHbIE, BAPUAHTHI ABUKECHUS TPYyHTa I10
HOKy. Ilocne mpeoOpa3zoBaHuUs, M3TOXKEHHBIX BbIIIE YPAaBHEHHU CTaHOBUTCS
BO3MOKHBIM OIPENIECIICHUE, BECA TPYHTA, \[IEPEMEIIAEMOr0 MO0 HOXKY, ISl BCEX
ciyuaes [48].

3.3 Onpeodenenue conpomusieHull nPU KOCOM Pe3aAHUU ZPYHMA

Onpeodenenue yana cosuea. [Ins pacdera yria caBura HEOOXOJUMO 3HATh
BEJIMYMHY NMPUBEICHHOTO JaBJICHHUS, ACHCTBYIONMIETO Ha IUIOMAIAKY CIBHTA (CM.
paszaen 1). Jlns 9TOro ciemyer HaWTH CHIIbI, JEHCTBYIOIIME Ha MOBEPXHOCTH
wiommanku casura OBB0;.

Jlaieée paccMaTrpuBarOTCsS CUJIbI, JEUCTBYIOIIME HA TPYHT, IBUKYLIUKUCS
no HOXKY. (pucyHok 3.4), 06e3 ydeTa CONPOTHUBICHHH IO OOKOBBIM KPOMKaM
HOXa, T. K. 3TU COMPOTHUBIICHUS] OKA3bIBAIOT JIOKAJIHLHOE BO3JCHCTBHE HA TPYHT
TOJNBKO MO TOPIIAM HOXAa U MOATOMY MOYTH HE U3MEHSIOT IPAHUYHBIC YCIOBUS
Ha TTOBEPXHOCTH Tutomaaku casura OBB,0;.
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XOoY

Pucynok 3.4 — Pacyetnas cx
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Ha npusmy rpyHTa ¢ HopManbHbIM ceueHueM OBK/[ neicTByeT mpexiie
BCEr0 COOCTBEHHBII BEC

G =Vp,g, (3.30)

rje p, — INIOTHOCTh TPYHTA, MIEPEMEIIAeMOTro M0 HOXKY;
g — rpaBUTAllMOHHOE YCKOPEHUE.

Co cTopoHbl HOXa JEHCTBYIOT HOpManibHas cuiia N U cuia TpeHust
T=Ntgw, (3.31)

TJIe @ — YroJl BHEIIHErO TPEHUSI.

Cuna N pacnonoxxena B miockoctd XOY, a cuna I HalipaBieHa IPOTHUB
NBIDKEHUA TpyHTa mo HOXy. B muockoctu XOY (Oymer pacmojioskeHa ee
TIPOCKITHUS

T'=Tcosp, =Ntgwcospy. (3.32)

Co croponsl miomaaku capura OBB;0O; Ha fepeMenaeMblii M0 HOXKY
TPYHT JI€HCTBYIOT HOpMalibHas cuia -Q, cuma. tpeHuss S u cuna Cpp,
3aTpadrBaeMasi Ha MPEOI0JICHHE CIETIEHHs MO IIFIOIAKE C/IBUTA.

Hopmanbnas cuma Q Takike pacmojiokena B rmiockoctu XOY. Cuma
TpeHust S u cuna Cpp OyayT JeHCTBOBATH B HAIpPaBICHUH, IPOTHUBOIOIOKHOM
HAIIPABJIEHUIO MIPOUCXOMANIEr0 MO, YIJIOM ¢ CABMIAa I'PYHTA IO ILIOIIAIKE
OBB]_O]_.

Cuia TpeHus

S=Qtgp. (3.33)
Cuia Cpp onpenenutcs mo Gpopmyre

Bch
COB = SﬂC =—, (334)
sinyy,
[€ S, — IUIOIIAIb JJOOOBOH IJIOIIAIKH CABMTA.
B mrockoctu XOY (cM. pucynok 3.4, 6) OyayT HaXOIUTHCS TPOEKIHU S’
1 Cly pacCMOTPEHHBIX BBIIIE CHIT:

S'=Scosg, =Qtgpcosy;;
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Bch 1
. Cos gy, (3.35)

Cis =Cg COSQ) =
OB OB 1 Slnl//N

YpaBHEHUSA NPOECKIUN CHUJI, ACHCTBYIOIINX HA MEPEMELIAEMBIN 10 HOXKY
IpyHT, Ha KoopauHaTHbie ocu X, Y u Z (och Z pacroyioKeHa BAOJIb PEKYIei
KPOMKH HOXa):

> X=N-sina+T'-cosa—Q-siny, —S'-cosy, —Cig -Cosy, =0;
>Y=N-cosa—-T'-sina—G+Q-cosyy —S'-siny, —Clg -siny =0; + (3.36)
>Z=T-singp, —S-sing; —Cqg -sing; =0.

Cuntel Tpenust T u S BoIpazsTcs yepe3 HopMmanbHbIe crtbl N u/Q,.a Taxke
CTPYHIIUPYIOTCS 3JIEMEHTHI CUCTEMBI YPABHEHUH, TOTHA

N (sina +tgwcos @y, cosa)—Q(siny +

+ tgp cose, cosy ) —/Cyg COS @, cosy =0;
N (cosa —tgwcosg,, Sina) —G +Q(cosy —¢ (3.37)
— tgp cos g, sinyy ) — Cqyg COS@ySiny =0;
N tgwsin g, —Qtgpsing; —Cyg sing, =0.

ﬂanee BBOJATCA 0003HaUYCHMS,

K, =sina+tgwcosa cosg,, ; M, =siny +tgpCcosy, CoSy;;
K, =e0Sa—tgwsinacos g, ; M, =cosy, —tgpsiny, cose,. (3.38)
Toraa

NK; —QM, —C,g cos¢, cosy, =0;
NK, -G +QM, —Cqg cosg; siny, =0; (3.39)
N tgw sing, —sing/(Q tgp+Cqg) =0.

B sty cuctemy BxomsT Tpu HeusBecTHBIX — cwibl N, Q u yrom ¢f.
[lockonmpky cuCTEeMa COCTOMT W3 TpeX YPaBHEHUUW U COICPKUT TpHU
HEM3BECTHBIX, TO TaKasi CUCTEMa UMEET pelICHHE.

U3 tpetsero ypaBHeHus cuctemsl (3.39)



74

N tgwsin g,

@, = arcsin (3.40)
' Qtgp +Copp
W3 nepBoro ypaBHeHus cuctemsi (3.39)
QM, +C_, cosg, cosy
N = o) < 1 N (3.41)

DTO 3HAYeHWe NOJCTaBIseTcss BO BTopoe ypaBHeHue ((3:39). Takum
o0pasom, nociie npeoopazoBaHmil

QM. K, +Cgg cose, cosy K, —GK, + QM ,K, —C;cos ¢, siny K, =0,
OTKyJa

_ GK, +Cq cos (K, siny, — K, cosy, )
M, K, +M,K, '

Q (3.42)

[TockonbKy perieHue HENb3si TPEICTABUTh B 3aMKHYTOM BHJIE, CUCTEMY
ypaBHeHu# (3.39) HeoOX0auMMO. pemaTs YUCACHHBIMH METOJIaMH. 3a/IaBIIUCH

TpeBapUTeNbHOM BeanunHoi.yra @ 4110 (3.41) u (3.42) cnefyer onpenenuTs
sHauenus cua N u Q u moactaButs 31tH 3HaueHus B (3.40). Eciu BhumcieHHOE

!
no (3.40) 3HadeHue . yriaa _¢@ | OTIIMYACTCS OT 3aJIaHHOTO, TO HYXKHO

COOTBETCTBYIOMIMM 00Pa30M 3aaThCA HOBBIM 3HAUYEHHMEM yIa @ U IIOBTOPATDH
IPOLECC BBIYUCIECHUHN A0 MOMyUeHUsl pe3yibTara ¢ TpeOyemoi TouHocThio. 1o
3aBepIIeHNH PacueTOB - cTaHyT M3BECTHBIMM 3HaueHus yraa @ u cui N u Q, a
CJIEIOBATENIbHO, M 3aBUCAIUX OT HUX CUJI TpeHus T u S.

JInsa  omnpeneneHus MPUBEACHHOTO JAAaBIEHUA (, JEHUCTBYIOLIEIO Ha
TUTOMIAIKY ~C/IBUTA, HCIONB3yeTCS CXeMa, M300pakeHHas Ha pUCyHKe 3.5, Ha
KOTOpOt, AciicTBuTENbHBIE aaBieHus oT cui Q, S u Cpz 0003HAUYECHBI
COOTBEICTBEHHO Kak (', S u C. Cienyer OTMETUTh NpPH 3TOM, 4TO C OyneT
SIBJSITHCS YACTBHBIM CIICTUICHUEM TPYHTa, Kak BUIHO U3 (3.34). CoracHo cxeme

!

~q+H ¢ C
CoOSp COSp Sinp’

(3.43)
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B

Pucynoxk 3.5 — Cxema k onpeesieHrIo MPUBEICHHOTO JTaBJICHUS

[Ipu 3TOM

q =3, =%Sm Vi - (3.44)
Takum 00pa3oM, M3IOKCHHAsE, METOAMKA pacueTa MO3BOJIIECT MOIYYHThH
BEJIMYMHY TPUBEACHHOIO AABJICHMS, JCUCTBYIOMIETO HA TUIOIIAAKY C/IBUTA.
YceroltunBocTh  OTKOCa OyleT /MHUHUMAJIbHOM, KOTrJa IPUBEICHHOE
JaBJIieHHWE ( HAKIIOHEHO K. BEepIIMHE OTKOCA O]l YIJOM BHYTPEHHErOo TPEHUS
[28], uro ObIBaeT B MOMEHT cHaBHMra IpyHTa. [IpH KOCOM pE3aHHUU 3TO
MPOUCXOJUT B HAIPABICHUH, COBIANAIOIIEM C HANPABJICHUEM CIBHUIAa T'PYHTA.
[TosToMy mpexae Beero HEOOXOIMMO CBS3aTh YroJl CABWTA, M3MEPEHHBIN B
IJIOCKOCTH, HOPMAIIbHOM K MIOBEPXHOCTH IUIOMIAJIKU CIBUIa U OTKJIOHEHHOM OT

HOPMAJIK K PeXyIeil KpOMKe MOJL YTJIOM ¢ , ¢ HOPMaJIbHBIM YITIOM CABHIA v/, .

Hnst aToro vepe3 Touky O npooautcsa HopMmalb OP x noBepxHoctu OBB10;,
ABJISIOIICHCS utomaakoi casura (pucyHok 3.6). Uepe3 3Ty HOpMaib
IIPOBOJUTCS CEKYIas IIOCKOCTh, NEPIIEHAUKYJISIpHAs OTPE3KY BB — pexylien
KpoMKe HOXka. Takum o0pa3oMm, MOTYyYUTCA MPSMOYTOJBHBIA TPEYTOJBHHUK C
npsiMbIM yriioM POB. Jlanee cekyiasi IIOCKOCTh TOBOPAYMBAETCS HA YTOa ¢ ,

pu-9TOM obOpazyetcsi TpeyrojibHuk POB'. CrienyeT OTMETUTh, YTO IUIOCKOCTh
O-TIPEKHEMY MPOXOAUT uepe3 HopMainb OP, T. €. OHa OCTaeTcs MEpIECHINKY-
nspHON moBepxHocTH casura OBB,0;. Ilpu stom mmmHa otpeska l,, pacmo-
JIOKEHHOT'O Ha ITOBEPXHOCTHU CABHra, paBHa JumrHE oTpe3ka ly (em. (3.13)). Hosoe
oOo3HaueHue |, BBeneHO nMIIb MO TOW NpPHYMHE, YTO CEKyIlas IUIOCKOCTh Ha
pucynke 3.6 TepHeHANKYIsIpHa TOBepxHOCTU ciasura OBB;0; B oTauuue OT
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CEKyIIeH MIOCKOCTH Ha PUCYHKE 3.2, MPOXOAIICH uepe3 TaKou ke OTPE30K, HO
NEPIEHINKYJIIPHOW OCHOBAaHMIO, PACIOJIO)KEHHOMY B TOPU30HTAJbHOM IIJIOC-
koctu. Ha pucynke 3.6 cekymias TUIOCKOCTh, MEPHEHAUKYIISIPHAS OCHOBAHHIO
IJIOCKOCTH, IIpeAcTaBiieHa TpeyrojaparukoM OO'B'.

Pucynok 3.6 — Cxema 115 ornpeieIeHus: pacueTHOr o yriia CJIBUra

Takum oOpazom,
| = ly
p A
oS ]

N3 cxemsbl BUIHO, 4TO U3 TpeyroibHUKOB OPB u OPB' cOOTBETCTBEHHO

gy,
N cose;

h =1 tgwy; h=1,tgy, =1 (3.45)

T. K. yriiel POB u POB' mexay Hopmaibsio PO 1 1100bIM JTy4OM, TPOBEACHHBIM
¢ Touke O B INIOCKOCTH, MEPIIEHINKYIIPHOU HOPMAJIH, SIBJISIOTCS PSIMBIMH.
U3 (3.45) okoHYATEIIEHO



7
w, =arctg(tgy cosey). (3.46)

JlaHHOe ypaBHEHHE II03BOJISIET CBA3aTh PACYETHBIM Yroil CABUIa y, C
YTJIOM CABUTA ¥, , U3MEPEHHBIM B IIJIOCKOCTH, HOPMAJIBHOM K PEXYILENH KPOMKE

HOXa.

JInst ompeneneHuss pacueTHOrO yrila CABHra MO TPAHUYHBIM YCIOBHSIM
ucnoab3ytorcs (1.32)—(1.35), koropeie pemarorcs coBmectHo ¢ (3.43) mo
CIIETYIOIEMY aJITOPUTMY

— BBIOMPAIOTCS HAaYaJdbHBIC 3HAUCHHS YIJIa CABHIAa W YIJia HANpPaBICHUS
CIIBUTA, BBIYUCIISIOTCS Pa3Mephl MEPEMEIaeMOro 1Mo HOXKY TPYHTa;

— BBIYHCIISIETCS] BEC MEPEMENIAeMOr0 0 HOXKY TPYHTA, pacCMaTPUBAIOTCS
YCJIOBHUS €T0 PABHOBECHS, U3 CHCTEMbI TPEX YPABHCHUN BBIYUCIIICTCI PACICTHOE
3HAYEHHE yIJIa HAIIPABJICHUS CIIBUTA TPYHTA,;

— CpaBHMBAECTCS IMOJYYCHHOE pPacyeTHOE  3HAUCHHE, YIJa HampaBJICHUS
CIIBUTA C HAYaJIbHBIM 3HAYCHHUEM U, €CITU 3TO PACX0KICHUEC OOJIbIIIE TPHHSTOTO,
COOTBETCTBYIOIIMM 00pa3oM H3MEHSCTCS  HaYallbHOe , 3HAYCHHUE JTOr0 YA,
HPOIIECC BBIYUCICHUN MOBTOPSETCS 0. IOJYYCHHsI pPE3yibTaTta ¢ TpeOyemoi
TOYHOCTBIO;

— ONPENCNSIOTCS CUJIbI, BO3HUKAIOIIME B MPOIIECCE PE3aHus, JaBJICHHE,
JEUCTBYIOIIEE Ha TUIOMIAIKY-CABUTA, U PACYCTHOE 3HAUCHUE YIJIa C/IBHTA;

— CpaBHHBACTCS ~PACUCTHOEC <3HAUCHHUE YIJla COBUTA C HAYaJIbHBIM
3HAUYCHHEM, TPU UX PACXOXKICHUU KOPPEKTHPYETCS HavajlbHOE 3HAYCHUE YTJia
CIIBUTA W TTOBTOPSFOTCS BBIUMCIICHUS JIO COBIAJCHUS C TPEOYyeMOH TOYHOCTBHIO,
IpU 3TOM JUISL. K&XKIOW MTEPAHUU TOBTOPSIOTCS BBIYUCICHUS MPEIBIAYIICTO
IIUKJTA 71 HAXOK/ICHHUS yIJTa HalpaBJICHUs C/IBHTa;

=" OIPECTSIOTCSA  TEOMETPUYCCKHE W CUJIOBBIE MapamMeTphbl, XapakKTe-
PH3YIOIIKE MPOIECC KOCOTO PEe3aHusl.

Kak BHIHO “W3 NPHBEICHHOTO ajirOPUTMa, CaMH PacuyeThl JOCTATOYHO
TPYIOEMKH ‘M. HOYTH HEOCYIIIECTBUMBI Oe3 npuMeHeHus: DBM.

Onpedenenue conpomueienutl npu Kocom pesanwuu 2epyHma. llpu
W3BECTHOW BEJIMYMHE yIJia CABHra 3HAYCHHS OTMEYCHHBIX BBIIIE CHII
ompemeneHbl. [l pacueTa COCTABISIONIUX COMPOTHBICHUS PE3aHUIO M3 ITHX
CWJ JOCTATOYHO MCIOJIb30BaTh TONBKO cuiibl N u 7, IEHWCTBYIOIIHE HA HOX.

OTU CUIIbI OPUEHTUPOBAHBI MO-pazHoMy: cwiia N HampaBieHa NePHeHAUKYISIPHO
IJIOCKOCTU HOXka, a cuiia 1 pacnoyioKeHa B IJIOCKOCTH HOKa M JICHCTBYET B
HAIPaBJICHUHN JBIDKEHUS TPyHTA IO HOXY, COBMAJAIONIEM C HaNpaBJICHHEM
nepeMeIeHus Hoxa.
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Cury N HeoOXoauMO paslloKUTh M0 KOOPAHMHATHBIM ocsiM X, Y u Z,
N300pakeHHBIM Ha pUCYHKE 3.4.
Hopmanbshas npoekius Ny cunsl N onpenensieTcst Kak

Ny =Ncosc. (3.47)
['opr3oHTaNnbHAS MPOEKIMA TOU CUIIBI
Ny, =Nsina . (3.48)

Y10 MEXIY 3TOM CHUIIOW U OChIO X ABIIAETCS YIJIOM ¢ ‘TOBOPOTA HOXKA B

wiane. [Toatomy kacarenbHast nmpoexuust Ny cuisl N
N, =N,, cosg=Nsinecosg, (3.49)
AHanornyHeIM 00pa3oMm orpezaensercs u.uonepednast npoekuus Nz:
N, =N,,Sinp=Nsinasing. (3.50)
Jlalee HENOCPEINCTBEHHO. PACCUMTBIBACTCS CONPOTHUBIICHUE PE3aHUIO

[47, 48]. B MoMeHT caBura.COnpoTHBIEHHE OyJeT MaKCHMAaIbHBIM, M €ro0
COCTaBJISIOLINE ONPENEIATCS CAEAYOIUM 00pa3oM:

R™ =Ny +Tcosa'= Nsinacosp + N tgwcosa’ =

=N (sinacose + tgmcosa’);
( o ) (3.51)
P =Ny -Tsina"=N cosa — N tgwcosa’ = N (cosa — tgwcosa');

P™ =N, =Nsinasing.

[Ipu choBure paspymiaercs CICIUICHHE Ha IUIOIMIAJKE CJABHIa, YTO
NPUBOAUT K cHIbKeHUto 3HaueHui cuit N u 7, paBHO kak u cuit Q u S. [1pu sTom
CJIEyeT y4ecTh, YTO TPYHT JBIIKETCS TIO IUIOMIAJIKE CIBHWTa B HaIPaBJICHUH,
copMUPOBAaHHOM B MOMEHT caBura. [losTomy BenmuuwHy CHIBI Qnin MOXKHO
aaiiti u3 (3.42) pu Cpp=0:

GK,

Qnin = MK, + MK, ’

(3.52)
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a BeJIMIHHY CUIbI Npin — 13 (3.41) ¢ yueroMm 3HaueHUS Qpin:

QuminM,
N = min
i (3.53)

Cuna tpenust Tpin, AEUCTBYIOIIAS TTOCJIE CIBUTA!

Tmin = I\Imintga)- (3.54)

CocraBnsionine CONPOTHUBIICHUSI PE3aHUIO0, JEHCTBYIOIINE HEMOCPEACT=
BEHHO TIOCJIE CBHIa, MOKHO Moay4uuTh u3 (3.51), moacTaBsis B HUX 3HAYCHUS

Nmin 1 Tmin 13 (3.53) u (3.54):

P™ =N, (sinecosg +tgwcosa’);
P," = N i, (COsa —tgmcosa’); (3.55)

P =N, sinasing.

MakcumanbHasi BEIMUYUHA, AMIUTUTYIbl KOACOaHU COCTaBISIOMUX OyAeT
COOTBETCTBOBATh OOJIBIIOMY CABUTY:

AP — leax _ lein;
AP, =P _pmn (3.56)
AP, = P3max _ P3min.

Takum oOpa3om; orpesesieHbl CUIIOBBIC MapaMeTphl, XapaKTepU3yOIIne
IIPOLIECC KOCOLO PEe3aHusl.

3.4 Hecneoosanusa eruanus noeopoma HoOsca HA pe3anue cpynma

YucneHHble pelIeHUs ONPEeAeNsIUCh JUIsi TPYHTA CO  CIEAYIOLIUMU

< . _ 3.
CBOWCTBAaMH: IUIOTHOCTH TpyHTa L, =1,7 T/M”; yrom BHyTpeHHEro TpeHHs

(¢}
p=28"; yroa BHEIHETO TpPeHHsA = 25°; ylelbHOE CIEIJIEHHE TpPyHTa

¢ = 4 xlla. OTu 3HaYeHUs1 COOTBETCTBYIOT MapaMeTpaM IpyHTa J1abopaTopHO
yctaHoBku Kadeapsl CAITTMuO benopyccko-Poccuiickoro yHuepcureTa.



80

ITpoBesieHbI McCleIoBaHus TIpU yrnax pe3aHuns o =30 u a =60°, npu
OJIMHAKOBOM BbICOTE HOXa Hro = 0,2 M, mmpuHe HOka B = 0,2 M U TOJNIIHUHE
ctpy’kkd h = 0,02 m. JlnuHa HOXKa CBsS3aHa C BBICOTOM M YIJIOM PE3aHUs
Hro
Sina
(moboroe pesanue) mo0 75°.

[TockombKy TIpy TOBOPOTE HOKA B TUTAHE IIMPHUHA PE3aHUS YMEHBIIACTCS,

3aBHCUMOCTBIO | = . YToI ¢ moBOpOTa HOXKa B IlaHe W3MeHHuTcs oT (0°

TO JUISl OLEHKH 3(PPEKTUBHOCTH KOCOTO pPE3aHUsl M COIOCTABIEHUS €ro ¢
J000BBIM PE3aHUEM CIIEAYET MCIONb30BaTh yAEIbHBIE MTOKa3aTeld. B kauecTBe
TAKOro II0Ka3aTelsld 4Yalle BBICTYNAET YIEIbHOE COINPOTUBICHUE pPE3aHMIO,
NOpEJCTaBIsIIONIee COOOM OTHOIICHHE CHJIbl CONPOTHUBACHUS pE3aHHI0 K
TUTOIIAAM BBIpe3aeMoid CTpyKKH [1]. DTOT moka3aTens IpUMEHSIETCS J1aTCE.
WN3meHenune yriia pe3aHus W JUIMHBI HOKA B HAIIPaBJICHUM ) ABVKCHHS
BUIHO Ha pUCyHKe 3.7. YTOJa pe3anus HanOojee WHTCHCUBHO U3MEHSETCS MPU

ucxoaHoM 3HaueHnu (a=60"), a uMHa “HOXa HaubOIEe UHTEHCHBHO

yBeIUUUBaeTcs mpu o = 30° . DT0 HeM30eKHO IPUBOIUT K U3MEHEHHIO CHUIOBBIX
MapaMeTPOB U YAEIBHOTO COMPOTUBIICHUS PE3AHUIOX

140

3 M4

rpan Y M
/—1,0
80 ! 0,8
2 ¥ !

60 ~ 4,06

a' 40 = 04 |
20&==%= - 0,2
1
\ \ \ O

0 15 30 45 rpax 75

1,3-npu o =30°;2,4-1pn o =60°

Pucynok 3.7 — BiwusHue yria moBopoTa HOXa B IUIaHE ¢ Ha Yroil pesaHus o

(kpuBbic 1 u 2) u muHy HOXa |' (kpuBbie 3 U 4) B HANIPaBJICHUH JBIKCHUS HOXKA

B cBs3u ¢ aTUM pacCMaTpuBaACTCA N3MCHCHUC SKCTPCMAJIbHBIX 3HAYCHUM
KacaTGHBHOﬁ, HOpMEUILHOfI u OOKOBOM COCTAB/HIOIMUX  COIIPOTUBJICHUMA
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pe3anuto i dTuX Hokel (pucyHok 3.8). M3 pucyHKa BUIHO, UTO TIPU TTOBOPOTE
HOXKa KacaTeJIbHAs COCTABJIAIOIIAs WHTCHCHBHO yMeHbImaeTcsi (0COOCHHO mpu
a=60"), HOpMaibHas cocTapisiomas npu o =30" yMEHbINAETCS MEHEe
WHTCHCHBHO, a TMpH «=60" JaXe HECKOJbKO YyBeIUYMBacTCsA. bokoBas
COCTaBJSIOIIasl Il O0OOWMX HOXKEH CHadaja YBEJIWYWUBACTCS, a 3aTeM
YMEHBIIACTCH.

0,12

omed,  Om
P, 0,04 \.\

0,02

15 30 45 rpan 75

1,2-mpu @ =30% 3,4 -npu & =60°

Pucynok 3.8 — 3aBucMMOCTh MakcUMalbHBIX (KpuBble 1 M 3) M MHHHMAaJIbHBIX
(xpuBbie 2 u 4) 3HaUYeHUU KacaTeldbHOH (a), HopMayibHOM (0) M OOKOBOI (B) COCTAaBIISIOLIMX
COITPOTHBIICHUS PE3aHHIO OT yTiIa MOBOPOTA HOXKA B IUIAHE ¢
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[ToCKOBKY COCTABIISIIOIINE COMPOTUBIICHUSI PE3aHUIO HE MOTYT SIBIISITHCS
KpPUTEPHEM OIIEHKH d(P(HEKTUBHOCTH KOCOTO Pe3aHusl, aHATTM3UPYETCS YSIbHBIN
nokaszatenb K, (pucyHok 3.9), mepecuuTaHHBII 1O CpelHEMY 3HAUYEHUIO
KacaTeJIbHOM COCTAaBJISIOIIECH COIIPOTUBIIEHUS PE3AHUIO!

max min
_ P+ P

K : 3.57
» 55 (3.57)
roe S=B'h.
20
kH/m? >
16 -
14
12
1
K, 10 N
8 \‘\‘/?
6
0 57 30 45 rmpax 75
?
1-mpu ¢ =30°% 2 — npu-. = 60°
Pucynox 3.9 — Biusnue yria -1oBopoTa HOXa B IUIAHE ¢ Ha YJEJIbHOE

conpoTuBiIeHHE pe3annio K

N3 pucynka 3.9.BUAHO, YTO MOBOPOT HOXKA B IUIAHE MPHU yTIJIC PE3aHUs
a=60° sBuseTcs 3GGEeKTUBHBIM BO BCEM JMana3oHe M3MeHEHus yrina ¢ (ot O
no 75°), a mpu.oa =30 — TONBKO 10 ¢ ~60°. JlanpbHEHIHMA MOBOPOT HOXa
NPUBOIUT K YBEIMYCHHUIO YIEIBHOTO CONPOTHBIICHHUS PE3aHHUI0. DTH PE3ylib-
TaThl XOPOINO coracyrTcs ¢ uccaenoBanusmu JI. B. Kpacunbaukosa [46].

XapakTep H3MCHCHHS CHJIOBBIX IapaMEeTpPOB BO MHOTOM OOYCIIOBJICH
BECOM I'PYHTa, IepeMeInaeMbIM 1o Hoxy (pucyHok 3.10).

Brusnue yena pezanus. BausiHue yria pe3aHus UCCIEAYETCs TpU pa3HOU
BeIcOTE pabouero oprana (0,05 u 0,4 m). Yron pe3anus U3MEHSJICS B Tpezeiax
15-75°. 3HadyeHUs OCTAIBHBIX T€OMETPUUYECKUX pPa3MEpPOB HOXKA, TOJIIUHBI
CTPYKKH U (DU3UKO-MEXaHMYECKHX CBOMCTB I'PyHTa OCTaBIIEHBI 0€3 N3MEHEHUH.
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Bribop nByx 3HadeHMII BBICOTHI pabO4Yero oOpraHa OCHOBBIBACTCA Ha
IKCIIEPUMEHTAIBHBIX HcciIenoBaHusX [46], koTopwie mokazanw, 4to 3ddek-
TUBHOCTh KOCOTO PE€3aHHs BO MHOTOM 3aBHCHUT OT 3TOTrO mapamerpa. B sTtom
MOYXHO YOCIHTHCS, TPOaHATU3UPOBAB IPEACTaBICHHBIC TpadUUECKH Pe3yiIb-
TaThl pacueToB (pucyHok 3.11).

60
H

40
30

20 ES
G 10 \K

0

15 30 45 . rpax.. 75

®»
1-npu a=30";2-npu o =60°

Pucynox 3.10 — BnwusgHue yria~moBopoTa HoXa ‘B IJIaHE ¢ Ha BEC TPYHTA,
NEPEMEILAEMOro 0 HOXKY

a) 0)
24 70
kH/M? xH/w®

0 15 30 45 rpan 75
¢ —_—
- =75%2- o =60°%3—-—q =45%4- ¢ =30%5—- o =15°

Pucynox 3.11 - BrnusHme yrima moBOpoTa HOXa B IUIAaHE ¢ Ha yJEIbHOE
CONpoTHUBIIEHHE pe3annio K, npu BeicoTe padoyero oprana 0,05 m (a) u 0,4 M (0)
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N3 pucynka 3.11, a BMIHO, YTO TPU MaJOW BBICOTE HOXA TMPU €TO
MOBOPOTE B IJIaHE YIEIHHOE COMPOTHBIICHUE PE3aHUI0 YBEIUYMBACTCS MOYTH
BO BCEM [HMala3oHe YTJOB pEe3aHMs, 3a HWCKIIOUYCHHEM MajblX 3HAYCHHI
(a =159.

Wuble pe3yabTaThl MOJYYEHBI TPU OOJIBIION BhICOTE HOXKA (CM. pHUCy-
Hok 3.11, 0). IloBopoT HOXka B IUIaHE MPHUBOAUT K CHIDKEHHUIO YAEIbHOTO
CONMPOTHUBJICHUSI PE3aHUI0, TMPU 3TOM NPH MAJbIX yIiaX pe3aHus KPHUBBIC
K,=f(p) wumeor Touky wmuHHMyMa. C yBeNMYCHHWEM YIia pE3aHUs

MUHUMAJILHOE 3HAYCHHE YACIBHOTO COMPOTUBIICHUS PE3aHUIO..CMENIaeTCs . B
CTOPOHY OOJIBIIIMX 3HAYEHUH yTJia MOBOPOTa HOXKA B miaHe. Tak, mpu o = 15°
yAEIbHOE COMPOTUBJICHUE PE3aHUI0 OyneT MUHUMAIBHBIM Oput @ = 45°-1pu
a =30°—mpu @ =50° anpu a = 45°— yxe npu @ = 60°%

Cnenyer orMetuth, uto mpu ¢ = 0° (11060BOC pe3aHuEC) yIeInbHOES
COTIPOTHUBJICHUE TIPH yTJiie pe3aHuss ¢« = 15° OymeT HEeCKOJBKO ‘BBIIIE, YeM TIPH
a = 30° [49]. Ilpu noBopoTe HOXa OoJiee AHTEHCUBHOEC CHMKCHHE yICIBHOTO
CONPOTUBJICHUSI pe3aHuto Mmpu « = 15°¢ MPUBOIUT-K HMCUE3HOBEHHUIO TaKOU
0COOEHHOCTH.

Brusinue evicomvl Hoowca. BausHue BbICOTHI HOXka (pucyHok 3.12)
paccMatpuBaeTcs s IByX 3HadeHui yria pesanus: o = 30°u o = 60°. Kak B
TOM, TaK U B JPYTOM CIIy4ae XapaKkTep U3MEHEHUs YCIbHOTO COMPOTHBICHUS
PE3aHUI0 OJINHAKOB.

Pucynox 3.12 — BiusHue yria mnoBOpoTa HOXa B IUIAHE ¢ Ha YJIEIbHOE
conpoTuBIeHHE pe3aHuio K, mpu BbicoTe padodero oprana H,, = 0,4 M (xpusbie 1, 2),
H,, = 0,2 m (xpusste 3, 4), H,, = 0,05 m (kpuBble 5, 6) u npu yrmax pesanus o = 30°
(xpuBbie 2, 4, 6) u o = 60° (kpussbie 1, 3, 5)
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IIpn manoit Beicore HOxa (H,, = 0,05 M) ¢ yBenuueHHeM yria €ro
MOBOpPOTa B IUIAHE pacTeT yneiabHoe comportuBieHue. [lo mepe yBennueHus
BBICOTHI HOa 3(()EKTUBHOCTH KOCOTO PE3aHMs MOBHIIIAETCSI.

Tak, npu H,, = 0,2 m 1 o = 30° noBopor Hoxka 10 @ = 60° cHmxKaer
yJAelbHOE COnpoTUBIeHne pezanuio ¢ 12,5 no 6,3 klla, 1. e. mpumepHo B 2 pasa.
Eme 6onee apdekTuBHbIM sBIIsieTCA Kocoe pesanue npu H,, = 0,4 m. [Ipu tex
e YCIIOBUSX yNIeJIbHOE CONMPOTUBJICHUE CHIDKAeTCs mouTH B 4 pasa — ¢ 24,6 1o
6,3 xlla. [lanpHeimmii MOBOPOT HOXKA HE ABIAETCA d(HPEKTUBHBIM, YTO BHIHO
u3 pucynka. Cinemxyet oTMeTuth, yto npu ¢« = 30° HauuHas ¢ yriia moBOpOTa
@ = 40° a mpu o = 60° maumHas c yriaa moBopoTa @ = 60° ymempHOE
COTIPOTHBIICHUE PE3aHUIO HE 3aBUCUT OT BBICOTHI HOXA.

[Ipu Takux yriax moBOpoTa B paccMaTpHUBAEMbIX YCIOBHUSX HAUYMHACTCS
CXOJ TpyHTa C HOXa TOJIbKO uepe3 ero OOKOBYI KpOMKY: ‘OcCTaBuiascs
cBOOOMHON OT TpyHTa YacTh HOXKa HE Y4YacTBYeT ‘B IPOLIECCE PE3aHusi W HE
OKa3bIBaeT Ha Hero BiUsSHUA. [losTomy yBeaudeHHE BBHICOTHI HOXa B 3TOM
clly4ae TakKe HE BIMSET Ha TPOIECC PE3aHus, MOCKOJIbKY MPUBOIAUT K
YBEJIMYECHUIO CBOOOIHOM OT rpyHTa yacTh Hoxa. LIpu 3ToM cienyer oOpaTuTh
BHUMAaHHUE Ha TO, YTO HAYaJo CX0Jla BCErO IpyHTa uepe3 OOKOBYIO KPOMKY HOXa
3aBHCUT HE TOJIbKO OT YIJIa NMEBOPOTa HOXA, HO W OT yrjia pe3aHus. UYem
MEHBIIIE Yo pe3aHus, TeM IIPU ‘MEHBIIEM yTIJie MOBOPOTa HOXKa HAUYMHAETCS
TaKo€ JIBIKEHUE TPYHTA.

Takum 00pazoMm, TEOPETHYECKH MOATBEPKICHBI SKCIEPUMEHTAIbHBIC
WCCIICIOBaHMsI H _BBIBOABI O BJIWSHUM BBICOTHI paboyero opraHa Ha
3¢ (HeKTUBHOCTH KOCOTO pe3aHus rpynra [43, 46].

B cBsI31 ¢ 9TUM MOXKHO MPEAIONIOKUTh, YTO U IIUpHUHA pabodero opraHa
OyZeT BIMSTH ‘Ha KOCOe-PE3aHUEe IPyHTA, OCKOJIBKY CXOJ BCEH MAacChl IPyHTA C
HO’Ka yepe3 OOKOBYIO KPOMKY OyJIeT 3aBUCETh U OT 3TOT0 IapaMeTpa.

Bausnue wupunvl Hooca. BnusHue MHUPUHBI HOXA TPU TOCTOSHHOU
BBICOTE pabouero oprana f,, = 0,1 M uccnenyercs s TeX ke 3HAYEHHH yria
pesanus (o, =30°u a = 60°) (pucynok 3.13). JIOMOJHUTEIBLHO YUUTHIBAIOTCS
COIPOTHUBJIEHUS, NEHCTBYIOIIME MO TOPIAM HOXAa. OTHU COINPOTHUBICHUS TIO
a0COIIIOTHOW BEJTMYMHE MAJIO 3aBHCAT OT LIMPUHBI HOXKA, HO OYyAyT CKa3bIBaTHCS
Ha BEJIMYMHE YAEIBbHOTO CONPOTUBIICHUS PE3aHUIO T€M OO0JIbIlIE, YEM YKE HOK.

AHanu3 rpaduKOB, NPHUBEACHHBIX HAa PHUCYHKE, IOKa3bIBAaeT, YTO
MOBOPOT B TUTAHE OTHOCHUTENHHO mHUpoKkoro Hoxa (B = 0,4 m) Ha yron mo 45°
npu « = 30° moyTHm HE BAMSAET Ha YJEIbHOE COINPOTHBICHHE PE3aHHIO.
JlambHENUIINN MOBOPOT HOXKAa IPUBOAUT K POCTY YAECIBHOIO CONPOTUBIICHUS.
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I[Ipu o = 60° yBenuueHune yaeabHOTO CONMPOTHUBIICHUS PE3aHUI0 HAYMHACTCS
panbiie, yxe npu @ = 30°.

Pucynox 3.13 — BimsHue yria HOBOpPOTa HOXa B, IUIAHE ¢ Ha YIEIbHOE

conpoTtusieHue pe3anuio K, npu mmpune pezanus B = 0,05-m (xpussie 1, 3), B =04 m
(xkpuBsle 2, 4) u pu yraax pesanus o = 30° (kpussie 3, 4) n o = 60° (kpussle 1, 2)

Ecnu mmpuna Hoxa Maita (B = 0,05 M), To cymecTByeT sIpKO BhIpasKeHHAsI
30Ha, B KOTOPOU YJENBHOE: COMPOTHBICHUE PE3aHUI0 OYyJAET MUHHMAIbHBIM.
I[Ipu a = 30° sra 30Ha HaxoaWTes BOJM3M yrja IMOBOPOTa HOXAa B TUIaHE
@ =43° anpu o, =60° yrna @ = 60°.

Takoit xapaktep BAUSHUS MMUPUHBI paboyero oprana Ha 3G(HEKTUBHOCTh
KOCOTO pPE3aHusi Helb3s OOBICHUTh TOJBKO HW3MEHEHHEM Beca TPYHTa,
nepemMerniaemMoro no ‘Hoxy. Cieayer paccMOTpPETh KOMIUIEKCHOE BIIMSIHUE BCEX
(bakTopoB.

[Ipu masiofi mMpUHE pe3aHusi CXOJl TpyHTa dYepe3 OOKOBYHO KpPOMKY
HAaYMHAeTes. TIPM MEHBIIEM YIJIE IOBOPOTa, YTO B IEJIOM OJIarOTBOPHO
CKa3bIBa€TCs Ha MPOLIECCE PE3aHMsl U YIyUIlaeT MOKa3aTely, XapaKTepU3yroIne
3TOT Ipoliecc.

Brusnue monwunel cpezaemou cmpyscku. Pabounii opran ¢ pasmepamu
B=02wm Hy,=02wm a =30°u a = 60° uccnenyercss npu TONIIMHAX
cpe3aemori ctpyxku h = 0,02 m u h = 0,1 m. U3 pucynka 3.14 BuaHO, 4YTO
YMEHBIIEHUE TOJIIUHBI CPE3aEMOM CTPYKKHU MOBBIIAET 3PHEKTUBHOCTH KOCOTO
pe3aHus.
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Pucynox 3.14 - BimsHue yria mnoBOpoTa HOXa B IUITaHE ¢ _ HA 'yJelbHOE

CONPOTHUBIECHHE pe3aHuIo K), mpy 3HaueHusAX yria pesanust o = 30° (kpussie 3,4) u o = 60°
(xpuBbie 1, 2) u mpu TonmmHe cpezaemoi ctpyxku. h = 0,02 m (kpusbie 2, 4), h = 0,1 m
(xpuBsie 1, 3)

OTO NMPOUCXOAUT MO AeHcTBHEM. MHOTHX ¢akropoB. [Ipu yBennyeHun
TOJIIIMHBI CTPYXKKHM IUIOLIaJb IMOBEPXHOCTEH |CABUra IO TOpLAaM HOXa, a
CIIeIOBATEeNIbHO, M CHJa COMPOTUBICHUS ~CHBUTY 1O HHUM YBEIMYUBACTCS
IPOMOPIIMOHATIFHO KBaApaTy TOMIHUHBI CTPYXKU. [0 3TON ke mpuunHe U BecC
IPYyHTa, CPE3aeMoro JHUAMPYIOIe OOKOBOM KPOMKON M MEPEMEIIaeMOro Io
MIOBEPXHOCTH HOXa, Takyke TIPOMOPINOHANICH KBAaPATy TONIIUHBI CTPYKKH.

[Tpu MeHbIIel TOMIIMHE CTPYKKH YBETUYMBACTCS BIMSHUE Beca TPYHTA,
NEPEMEIIAEMOr0 [10-HOXKY, 10 OTHOIICHHUIO K CHJIaM CIICTUICHHUS, NEUCTBYIOIINM
Ha TUIONIAJIKE ‘CABUTa B MOMEHT ee oOpazoBanus. [Ipu 3TOM OJHOBpEMEHHO
YBEJIMYMBACTCS U CBOOOAHAs OT TIpyHTa IIOBEPXHOCTh HOXA, 4YTO TaKkKe
noBbIIIaeT 3PPEKTUBHOCTH KOCOTO pE3aHusi MPU OTHOCHUTEIBHO TOHKHUX
CTpYKKax.

Brusnue uzuxo-mexanuueckux ceoticme epynma. OCHOBHBIMH pacyeT-
HBIMH TIApaMeTpaMH TPYHTA, OT KOTOPBIX 3aBUCHT COINPOTHUBICHUE CIBUTY,
SBIISIIOTCS BHYTPEHHEE TpeHHe W cleruieHue. Mcciemyercs ux BIWSHUE TIPU
pPEe3aHUU TpyHTa HOXKOM CO CIIEQYIOIIMMU TE€OMETPUUYECKUMH pPa3MEpaMu:
o= 45°% H,,= 0,2 m; B = 0,2 m; Tommuuna cpezaemoii ctpyxku h = 0,05 m.

W3 pucynka 3.15 BHAHO, 4TO Aa)ke JUIsI OJHOTO M TOTO K€ HOXa IMPHU
yCTaHOBUBIIIEMCS TIpoiiecce pe3aHus 3Pp(HEeKTUBHOCTh KOCOTO pe3aHusi OyIeT B
3HAYUTENIbHOM CTETEeHU 3aBUCETh OT (PU3MKO-MEXaHHMUECKUX CBOWCTB IPyHTA.
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a — npu Hu3KoM (¢ = 5 kIla) yaensHOM cuemieHud rpyHTa; 6.— npu BeicokoM (¢ = 80 kIla); 1 — npwu

yriie BHyTPEHHEro TpeHus p =35°; 2 —npu p = 20°

Pucynok 3.15 - BuusHue yria HOBOPOTa HOXKa B, IUIAHE ¢ Ha yJEIbHOE

COIIPOTHBIIEHHE pe3aHuio K,

VYBenuueHue BHYTPEHHETO TPEHUS, B TPYHTE MPUBOAMT K POCTY JaBJICHHUS
Ha TUIONIA/IKY CHIBHTA M3-3a POCTa CHJL TPEHHUS, UYTO, B CBOIO OYEPE/b, BHI3BIBACT
yMEHBIIICHUE yrina c¢ABura (cm.-mompazaen 2.3). DTO yBEIUYHMBaeT O0bEM
IpyHTa, MEpeMeIaeMoro Mo HoXy. B 3ToM ciydyae cCONpOTHUBIIEHUE PE3aHUIO
yBEIMYMUBACTCS.. [JOBOPOT HOXa B TUIaHE HE3HAYUTEIHHO BIHUSET Ha OSTOT
npoIiecc, 4r0. NOATBEPKIACTCS TpadrKaMu KaK MPH OTHOCUTEIHLHO HU3KOM (CM.
pucyHOK 3.15, a), Tak ¥ MpU OTHOCUTEIHHO BHICOKOM (cM. pucyHok 3.15, 0)
CIICTIICHWH TPYHTA:

Wuoe BiAMsHUE OKa3bIBaeT yAETbHOE CIEIJICHHE TPyHTAa — TPU OTHO-
CUTEIIbHO 00MpInoii ero BeauunmHe (cM. pucyHok 3.15, 0) mOBOpOT HOXa
TIOBBIIIACT YHEPTOEMKOCTh PE3aHUS.

Ipuunnpl Takoro BIMsHUSA B cieayronieMm (pucyHok 3.16). 3nadenue
koa(dduimenTa 4 onpeaensyiock o Gopmyie

A=—L 2 100 %, (3.58)
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rie K ;"ax, K ;"” — yJeNbHBIE COMPOTUBIIEHHS PE3aHHIO, TOACYUTAHHBIE 110

MaKCUMQJIBPHOMY W MHUHUMAJIHHOMY 3HAYCHHUSM KacaTEIhbHOW COCTaBIISIONICH
CHUJIBI COTIPOTUBIICHUS PE3aHUIO COOTBETCTBEHHO.

Kospduumrent A mnokaspiBaeT, Kakas J0jds OT oOOeld BeJIMYUHbI
yAEITBHOTO CONPOTUBIICHUS PE3aHHUIO 3aBUCHUT OT CHJI CIICTUICHHSI, IEHCTBYIOIINX
B MOMEHT CJIBUT'a 0 MOBEPXHOCTH IUIOMIAAKU caBUra. M3 pucyHka BUJIHO, YTO
Ipy Majoil BeTUYHMHE CUEIUICHUS TPYHTa JOJS CHUJl CIEIUICHUS COCTaBIISIET
ot 52 1o 79,7 % B 3aBUCUMOCTH OT yTjia IOBOPOTA HOXKA W yria BHYTPEHHETO
TpeHusi. OcrajpHas JOJISI OMpENeNsieTCs BECOM TPYHTa, IEePEMEnIaeMOro

no HOXy. Ilomumo Toro, mpu p =35 10M CHIl CHEIUICHHSA~MEHBIIE, YEM
npu p =20°.

ITpu ¢ = 80 kIla nuuuu rpapukos p =20° u p=35" nourn ciuparoTcs B

onHy. OTH TpadUKH MOKA3BIBAIOT, YTO Ha JOJIIO. CWJI CLEIUICHUS MPH JIOOOBOM
pezanuu mpuxoautcs cBbime 93 % OT CyMMapHON .BEIWYMHBI YIEIBHOTO
conpoTuBieHUs pe3aHuro. [Ipn KocoMm pe3aHun ATOT-HOKA3aTeNb MPOJOJIKAET
MOBBIIIATHCA.

OTO CBHUIETEIBCTBYET O TOM, YTO CONPOTHBIICHHE PE3AHUIO I'PYHTOB C
BBICOKHM CIICTUICHUEM (IIPOYHBIC, MEP3IIbIe FPYHTHI, YA U T. J.) (paKTUIEeCKU
3aBUCHUT OT OJHOTO CBOMCTBA —~ CLEIICHUS.

Pucynok 3.16 — BrnusiHre yria moBopoTa HOXa B IUIaHe ¢ Ha Koddduument 4 npu

3HaYeHWsIX yriia BHyTpenuero tpenus (1, 3 — p=20°; 2, 4 —p=35°) mpu BBHICOKOM
(c = 80 kITa (kpuBsie 1, 2)) u HuzkoM (¢ = 5 kIla (kpusbie 3, 4)) ynenbHOM CHEIUICHUN TPYHTa
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OKCHEpUMEHTAIBHBIE ~ WCCIEAOBAHUS  NOATBEPAWIM  aJEKBATHOCTh
pa3paboTaHHOTO MeToAa (PU3UYECKHMM TpoIeccaM He TOJIbKO MO CHIIOBBIM
napameTpam, HO U TIo reomeTpuieckuM (pucyHok 3.17). Ha ¢ororpadun BugHO
U ydyacTHe JUAUpYIoUIed OOKOBOM KPOMKH HOXKAa B PE3aHUM TPYHTA, U CXOJ
IPyHTa ¢ IPOTUBONOJIOXKHON PEXKYIIEH KPOMKHU.

Pucynok 3.17 — Kocoe pe3anue rpyHTa

Buvigoowt

HccnenoBanus ~~O3BOIMIN PACCMOTPETh  (DU3MUECKHE  MPOIECCHI,
POTEKAIONINEe B TPYHTEC TIpH. KOCOM pE3aHWH, W BBIIBHTH (DAKTOPHI,
OKa3bIBAIOIINEe HAWOOBIIIEC BAUSHUE HA STOT BUJ| PE3aHHUS.

C moMOMIbI0 HM3MOKEHHOTO METOJa pacdyeTra KOCOTO pe3aHus TpyHTa
TUTOCKUM HOOM MOKHO aHaJIMTHYECKU aHATU3UPOBaTh 3((HEKTHBHOCTH KOCOTO
PEe3aHMsL 1 OTITUMU3UPOBATH ITApaMETPhl HOXKaA.

Jlist oleHKH-3()PEKTUBHOCTA KOCOTO Pe3aHUsI HEOOXOIUMO KOMILJIEKCHO
YYHUTHIBATH «. B KAKJIOM KOHKPETHOM Ciydae Bce (DaKTOphI. T€OMETPHUYECKHUE
pa3Mepbl'. HOXa, TONIIUHY Cpe3aeMOil CTPYXKH U (U3UKO-MEXaHUYECKUE
CBOMCTBA IPyHTA.
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4 Pe3anue TIpyHTAa IUIOCKMM Ppad04YuM  OpPraHoM
¢ AHTU(PPUKUUOHHBIM CJI0EM

4.1 Obwue ceeoenusn

CHIXeHUE COMPOTHUBJICHUS TPYHTA MPU €ro pa3paboTKe 3eMIIEPONHBIMU
MalllMHAMU SIBJISIETCA Ba)XKHOW 3aJadyeil BCJIEICTBUE 3HAYUTEIBHOM DSHEPro-
E€MKOCTH Tmporiecca U Oonplmx 00beMOB padboT. OIHUM U3 HaANpPABJICHHM
CHIDKCHHSI DHEPTOEMKOCTH MOXET OBITh YMEHBIIICHHE TPEHUSL-IIOBEPXHOCTH
pabouero oprana o TpyHT. BimstHuE 3TOTO TpeHWs Ha CONMPOTHUBICHHUE TPyHTA
AQHAJIOTUYHO BIUSHUIO Ha HETO TEOMETPUYECKHX IMapamMeTpoB padouero
oprana [50].

Tpenne Mexay TpPyHTOM M pabOYMM OPraHOM MOMKHO CHH3UTh
OTHOCUTEJIFHO MPOCTHIMH CHOCOOAMU — HAIUIABKOM MPOYHBIX MATEpUAJIOB C
HU3KUM KOA(DPUITMEHTOM TpEHUs, MPABUIBHOW TEPMOOOPaOOTKON TpPyIIUXCS
noBepxHocTedt [51], a Takke HaHeCEHHEM Ha TIOBEPXHOCTh pabodero opraHa
aHTU(GPUKIIMOHHOTO TTOKPHITHS.

Jnst oueHku 3QPEKTUBHOCTH IPUMEHSIEMOIO CIIOCO0a CHMXKEHUS CHUJI
TPEHUST  HEOOXOAMM  METOM, ). pacuera, . -IIO3BOJISIOMNNA  BCECTOPOHHE
MIPOAHAIIM3UPOBATH JAHHBIN CIIOCO0 C TOYKHM 3PCHUS CHUYKCHUS COTIPOTUBIICHUH,
o0ecreunBaoMi  BBIOOP, ~PAllMOHANIBHBIX TMMApaMETPOB  AHTHU(PPHUKIUOHHOM
30HbI. [locneqHee 0COOEHHO BaXKHO, €CJIM MPUMEHSIOTCS aHTU(PUKIIMOHHBIC
MOKPBITUS, T. K. UX CTOUMOCTH MOKET OBITh BHICOKOH.

Pe3anue tpyHTa paboduM OpraHoM ¢ aHTHU(PPUKIIMOHHBIM TOKPHITHEM
UMEET CBOU (OCOOCHHOCTH, KOTOpBIE CIIEIyeT YUYUTHIBaTh. JIJIg CHIDKEHHS
CTOMMOCTH  aHTU()PUKIMMOHHOE TTOKPHITHE HAHOCUTCS HA OTACIBHBIN y4acTOK
MOBEPXHOCTH HOXKa. Paboyas moBepXHOCTh HOXa (MU pabouyero opraHa mnpu
KOIAaHUK) MOXKET MMETh HECKOJIbKO CJIOCB TAKOTO MOKPBITHS [0 JIJIMHE HOXA,
IpUYeM KaKJIbIA.CION cO CBOUM KO3 HHUIIMEHTOM TPEHHUS 110 TPYHTY.

OOmrast pacueTHasi cxemMa MHOTOCJIOWHON pabodeil MOBEpXHOCTH HOXKa
npencrabiieHa Ha pucynke 4.1. Ha cxeme m300pakeHBbl TPU ydacTKa HOXa C
pasHpiMH  KO3pdueHTaMu TpeHus (wi, ®;, ®3) €, COOTBETCTBEHHO,
TPW DJIEMEHTA TEPEMENIaeMOro 0 HOXY TPYHTa, pacdyeT KOTOPBIX BEACTCS
0-pa3HOMY.

Ecnu xonuuecTtBO cnoeB aHTU(OPUKIIMOHHOTO MOKPHITHS OyneT Ooiibiie
TpeX, TO pacyeT KaXJOro JOMOIHHUTEIBHOTO 3JIEMEHTa TPYHTa, PACIIOIOXKEH-
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HOTO MEXIY BEPXHHM W HUXHHM 3JIEMEHTOM, He OyJeT MMETh CYIECTBEHHBIX
oTauumii ot pacuera 3nemenTa D,K,K;D; (cm. pucynok 4.1).

Pucynok 4.1 — Cxema nais_pacdeTa CONpPOTHBIICHUH KOMAHMUIO TUIOCKHUM pabouuM
OpPTraHOM C pa3HbIM KO3(PPHUIUEHTOM TPCHHS HA Y4ACTKAX €r0 TOBEPXHOCTH

4.2 Memood - pacuema.  npouecca pe3aHus  ZPYHMA  HOMHCOM
C AaHMUPPUKYUOHHBIM ROKPbUMUEM

Pacuem conpomusnenuti npu nanuuuu npuzmel 6onoyenusi. C MOMOILBIO
pacdeTHOM cxeMbl (CM. PHCYHOK 2.4) M MeTo/Ja pacueTa CHJI, JCHCTBYIOIINUX Ha
NpU3My BOJIOYEHHMs, ONPENENSAIOTCA 3HAYCHHs MPUBEICHHOTO IaBjieHus P° H
yIJla €ro OTKIOHEHUS 0°1 B Touke O BHIXOJA ILIONIAJKU CIBUTa HA TIOBEPXHOCTh
rpyHTta (cM.(2.30)).

L1 manbHEeNIMX pacueToB MPUHUMAETCS, YTO PACIPEICIICHUE TaBICHUN
BHOJMb * Iomaaku ckonbkenuss OD  sBnseTrcs kBasuctaTuuecKuM. Takoe
NOTIYIIICHHEe B MEXaHHWKE TPYHTOB cuuTaeTcs oOmenpuHsaTeiM [52, 53]. Ono
HPUBOJUT K TPEYTOJBHOM AMIOpE pacnlpe/iesieHus JaBJICHUM, BO3HUKAIOIINX Ha
wiomaake ckonbkeHust OD ot cuitel Rop (cM. pucyHok 2.4).

Torna naenenue, nerctByromiee B Touke O 1uiomaaku ckojbxenus OD,
pacCUMTHIBACTCS KaK
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2Rqp

4 = B

n
JlaBitenue " ompeaensercs B y310BbIX Toukax D, u Dy (cMm. pucynok 4.1).
JlaBiienue B Touke D,

y IDZDl +ID1D

dp, = o

IOD

rie lp p oo, lop — AVTHHBI COOTBETCTBYIOIINX OTPE3KOB.

AHaJIOTHYHBIM 00pa30M paCCUUTHIBACTCS JaBlieHHE B.TOYKe D;:

|
n _ ~n DD
Up, = Uo -

IOD

Torma 3nauenust cun 711, 7o u T3, NEACTBYIOMIMX “CO CTOPOHBI MPU3MBI
BOJIOUCHUsSI HA BEPXHUW, MPOMEKYTOUHBIM W HUKHHUM DIIEMEHTBl TPYHTA,
JBYKYIIETOCS 0 HOXKY, OIPEAEIIATCS COOTBETCTBEHHO!

1.

T, = EQDl DlDB ; (4.1)
1 " 4

T, = E(qol + (p, )IDleB ; (4.2)
1 " /4

T, = E(qO +0p, )IOD2 B, (4.3)

Janee « paccmatpuBaetrcs BepxHmid demeHT Di;K;KD (pucyHok 4.2).
Cuna C; 0T 0CTaTOYHOTO CUEIICHHUS], IEUCTBYIOIIETO Ha TUIOMIAIKE CKOIbKEHUS
DD, paccunteiBaercs o gpopmyJie

Cl = CpIDlDB . (4.4)
DTO YYTEHO NPU COCTABJIECHUU yPABHEHHI PABHOBECHS:

=X =-N,cosa +R;sin(a + @, )-T;sin(a - p)+C,cosa =0;
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2Y =N;sina -G, + R, cos(a + @, )—T,cos(a— p)—C,sina =0.

o—p D

Pucynok 4.2 — Cxema aiis pacueTa BEpXHEro 3JIeMEHTa IPyHTa NPy HAJINYUU TPU3MBI
BOJIOYECHUS

N3 3tux ypaBHEHUI

_ Njcosa+T;sin(a=p)-Ccosa
L sin(a + )

, (4.5)

~ Glsin(a+a)1)+Tlsin(a)1+p)+C

Nl
cos

. (4.6)

Takum 06pa3om, OIpeneaeHbl BCE CHIbI, JSHCTBYIOIIME HA BEPXHUU
AJIEMEHT TPYHTA, MepeMeuiacMbIil TI0 HOXKY.

[anee paccmaTpuBaeTCsi paBHOBECHE IMPOMEKYTOUHOTO 3JIEMEHTa IPyHTa
D2K2K1D1 (pI/ICYHOK 43)
YpaBHEHUS TPOEKIIMI CHIT HA KOOpJMHATHBIE OcU X U Y

X =R,sin(a+®,)—N,cosa+N,cosa -

—T,sin(a—p)+C,cosa =0;

2Y =R,cos(a+m,)—G, + N,sina—N;sina -
—T,cos(a—p)—-C,sina =0. (4.7)
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]

Pucynok 4.3 — Cxema st pacdera mpoMeKyTOYHOTO DJIEMEHTA IPYHTA IIPU HATUYUU
MIPU3MBbI BOJIOUYCHUS

Cuna cuemenust C, Ha TIomManAKe CKOIbkeHnss-D,D; paccunteiBaeTcs mo
bopmyiie

CornacHo (4.7)

N, = N,)cosa +T,sin(a—p)—-C, cosa
R2=( 2 1) 2 ( P) 2 ; 4.8)

sin(a+a, )

G,sin(a+aw, )+ T,sin(w, +
N2= 2 ( 2) 2 ( 2 'O)+N1+C2. (49)
COS @
b

B wmrore ompeneneHsl BCe CWIbI, JEUCTBYIOLIME HA IPOMEKYTOUYHBIN
anemeHT rpynta D,K,;K;D;, mepememaromuiicss mo MHOBEPXHOCTH HOXa Ha
y4aCTKE, UMEIOIIEM YroJl BHEIITHETO TPEHUS (>.

Jlanee paccmatpuBaercs HwxHHEA dnemeHT OBK;D, (pucyHok 4.4), mis
KOTOPOTO ypaBHEHUS MPOEKIUi Ha ocu X U Y CHJI TTOJTyY€HbI aHAJIOTUYHO:

EX = —Epa Sin(y + p) —Cog COSY —Tysin(a — p) +

+ N, cosa + Rysin(a + @, ) +C;cosa =0;
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2Y = Epa €0S(y + p)— Gy — Cog siny —T;cos(a— p) -

— N,sina + Rycos(a + w;)—Cysina =0.

Pucynok 4.4 — Cxema [i1s1 pacueTa HUYKHETO 316MEHTa IpyHTa HpU HAJTUYUU TIPU3MBI
BOJIOYEHHUS

Cuna C3 OT OCTAaTOYHOTO . CHEIUICHMS  Ha-IJiomaake ckoibxeHuss OD,
ompeaensercs mo GopmyJie

C, = CplOD2 B. (4.10)
3HaueHus cull By 1 R 3amuuryTcs B Buje

e _G sin(d + @, ) — Cog €0S(a + @, + )+ (C, + N, ) cos , + T, sin(a, + p)

sin(la + o, +v + p) (4:11)

E.. Sin(yA p)+Cgy cosy +T,sin(a — p)— N, cosa —C, cosa
sin(a + ,)

R3 = . (412)

VYpaBraenuss (4.11) wu (4.12) mnO3BOJIAIOT ONPEICIIUTH BCE  CHIIBI,
JCUCTBYIOIINE HA BBIJICJICHHBIC O3JCMEHTHI TPYHTA, IMEPEMELIAIOIINUECs 10
HOBEPXHOCTH HOKA IO YYaCTKaM C Pa3HbIM KOA((PHUIIMEHTOM TpeHUsl. DTH CUITBI
onpezaeneHbl B QYHKIIMM OT yrja CIBHTra l/, HCM3BECTHOTO HA JTAHHOM J3Tare
pacdera. Jist ero HaXOXKJICHUS HCIOJIB3YEeTCS METOJ pacyeTa, U3JI0KESHHBIA B
pasaene 1 (cm. ypaBHenue (1.23) wiam (1.27) B 3aBHCHMOCTH OT BBITIOJTHEHUS
ycioBust  (1.18)), MO3BONSAIONIMEIT  ONPEIEIMTh BEIUMYHMHY YIJa CJIBHra I10
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TPaHUYHBIM YCJIOBHSM Ha TIOBEPXHOCTH pa3pabaThiBa€MOro IpyHTa B TOUke O
(cMm. (2.30)) u Ha iomanke capura OB (cm. (2.7)). Ilpu ucronb3oBanwu (2.7) B
HETO CIICJYeT MOJICTABIISTh 3HAUCHUE CHITBI Eay, TOMydeHHoe 1o (4.11).

AJITOPUTM BBIUKCIICHHIA OY/IET BBIMISIIETD CICAYIOIIUM 00pa3oMm:

— BbIOMpaeTCs HayalbHOE 3HAUCHHWE YIJIa CIBUTA | U BBIYMCISIOTCS
pa3Mephbl epeMeIaeMoro MoToka rpyHTa;

— BBIYHCISIOTCS pa3Mephbl MPU3MbI BOJIOYCHHUS U ONPEICISIFOTCS CHJIB,
JCHCTBYIOIIME C €€ CTOPOHBI HA TIOBEPXHOCTh pa3padaThiBaMOT0 TPYHTa U
nepeMeniacMbIii 1o pabovyeMy OpraHy TpyHT;

— BBIYHUCIIAIOTCS TPAaHUYHBIC YCIIOBHS HA MMOBEPXHOCTH TpyHTa B Touke O,

— BBIYHUCIIAIOTCS TCOMETPHUCCKHE Pa3MEphl MEPEMEMIAEMbIX I10. HOXKY
AJIEMEHTOB TPYHTA OTACIBHO JUIS KaXJIOr0 W3 YYacTKOB C-Pa3HbIM- ko3 du-
IIUCHTOM TPCHUS,

— BBIUMCIISIFOTCS CHJTBI, IGWCTBYIOIINE CO CTOPOHBI MTPU3MBIBOJIOUEHUS HA
KaXXIBIH M3 BBIICJICHHBIX 2JICMEHTOB TPYHTA,;

— BBIYUCIIAIOTCS CHJIOBBIC TapaMeTPhl. Ui KaXKAOIO W3 BBIIACICHHBIX
DJICMCHTOB TpPYHTA, HAuWHAsA C BEPXHETO, C YHUCTOM BIUSHUS IPU3MBI
BOJIOYCHUS,

— OmpejeNsieTcss NMPUBEICHHOE JNABJICHHUE, - JACHCTBYIONIEe HA ILIOMIAJIKY
C/IBUTa HEMIOCPEICTBEHHO B MOMCHT C/IBHTa;

— OmpeAeseTCs YHCICHHOS 3HAYeHUE BBIICPKHBAIOIIETO 3TO JABJICHUC
yIjia CABHra,

— CpaBHHBACTCA |IMOJIYYCHHOE 3HAUCHHWE YTIJIa CIBUTA C Ha4YaJIbHBIM
3HaueHueM. [Ipu HX HECOBIAJICHNY KOPPEKTUPYETCS HaYaJIbHOE 3HAUCHHUE yTIiia
CIBUTa COOTBETCTBYIOIIMM  O0pa30oM M IOBTOPSETCS TMPOIECC BBIYUCIICHHUH,
NPHUBEICHHBIH BBIIIE, 10 HOJyUEHHUS pe3yiabTaTa ¢ TpeOyeMol TOUHOCTHIO.

KacarenpHasi COCTaBISIONIas COMPOTUBIICHUS PE3aHUI0, JEHCTBYIOIIAS
HEIOCPEACTBEHHO B -MOMEHT CJBUI'a, B COOTBETCTBUH CO CXeMOU Ha pucyHke 4.1
PacCUUTHIBACTCS CICAYIONTIM 00pa3oM:

P =R, sin(a + @, )+ R, sin(a + o, )+ R, sin(a + o). (4.13)

AHaJIOTUYHO OIIPCACIIACTCA 3HAUCHHUC HOpMaHLHOﬁ COCTaBJBII-OHIGﬁ
COIIPOTHUBJICHUA PE3aHUIO.

P,"™ = R, cos(a + @, )+ R, cos(a + @, )+ Ry cos(ar + ;). (4.14)
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Cpa3y mocie CIBUTa CONPOTHBIICHUE PE3aHHWIO0 YMCEHBIIUTCS 3a CYET
pa3pymieHus CIEIICHUS 110 IOBEPXHOCTH TUTOIIA KU CABHTA.
[Tpu ¢ = 0 ypaBuenus (4.11) u (4.12) npumyT BUA:

_ Ggsin(a+m,;)+(Cs+ N,)cosw; +T,sin(w; + p) |

Emin - ’ (4-15)

sin(a+a,+y + p)

EnminSIN(y + p)+Tysin(a— p)—N,cosa—C,cosa
sin(a + w,)

Ry = (4.16)

3Hauenne R;™" moxcraBmsercs B (4.13) u (4.14) BMmecro cmibi-Rs,
PACCUMTBLIBAIOTCA 3HAYEHMS] KACATENbHOM M HOPMaibHOM COCTaBISIOIIMX
conporueieHus pezanuio P1™" u P,™", neficTByromuX mocie cABAra FPyHTa 10
rontaake OB.

MakcuMaibHO BO3MOKHAs — aMIUIMTYAQ  KoJeOaHmil » COCTaBIAIONIMX
CONPOTHBIIEHUS PE3AHUIO TIPU GOJIBIIIOM C/IBUIe:

AP, = P™ — p™.— (R, — RI™sin(a + o, ); (4.17)
AP, = P™ P — (Ry “R™ Jcos(ax + @, ). (4.18)

N3 nonydeHHBIX ' YPAaBHEHHNW. BUJHO, 4YTO CLEIUICHHE TPYHTA, JCUCT-
BYIOII[e€ Ha IUIONMIANKE cABUTA (B, MPUBOAUT K KOJEOAHUSAM TOJBKO CHIIBI R,
JNENCTBYIOIIEN HA HAKHUM YHaCTOK HOXKA.

ConpoTtusfieHUs] 110 “OOKOBBIM TpaHSIM OIpPEACISIOTCS IO METOJUKE,
W3JI0)KEHHOW B mojipasueie 2.1.

Pacuem conpomuenenuu npu omcymcmeuu npuzmel onouenus. llpu
OTCYTCTBHUH MPHU3MbI BOJIOUEHHSI pacueTHast cxeMa yrporiaercs (pucyHok 4.5).

Kak_“BumHo w3 pacyeTHoil cxembl, mnoBepxHocth OD cBoOomna ot
napieHui. [103ToOMy B COOTBETCTBYIOIIMX YPABHEHUSX CUIIbI, JEUCTBYIOIIUE CO
CTOPOHBI' IPU3MbI BOJIOYEHHUSI HA MEPEMEIIAEMBIM IO HOXKY IOTOK TPYHTA,
cAedyeT MPUHUMATh PABHBIMU HYJIIO.

Tak, ypaBuenust (4.5) u (4.6) s BepxHEro 3JeMeHTa TpyHTa OymyT
VUMETH CIIEIYIOIIHNI BUIL:

COSo

R =N,—————
' 1Sin(0¢+a)1)’ (4.19)
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sin(a + o,)

N, =G
Yt cosw, (4.20)
a (4.8) u (4.9) w1t MPOMEKYTOYHOTO IJIEMEHTA —
CoOSo

R,=(N,-N,)———;
» =(N, 1) sin(a+a)2) (4.21)
N, =g, Sinler @) 499
2 7% cosw, b (422)

Pucynok 4.5 — O0uias pacueTHas cxema Ipu OTCYTCTBUU IPU3MBbI BOJIOYECHHUS

COOTBETCTBEHHO M3MEHATCS W YPaBHEGHHUS JUJISI HIDKHETO JJIEMEHTA
rpynta. Cuna Emgy (cM. (4.11)) onpenenuTces Mo ypaBHEHHUIO

e - G, sin(a + co3)—_COB cos(a + w, + )+ N, cos ,  um
sin(a + o, +y + p)




100

a cuna R; — 1o

_ Esin(y + p)+Cqs cosy — N, cosa

R
’ sin(a + o,)

(4.24)

Jlns pacuera yria cABHUra MCHOJb3YEeTCs METOJI, M3JI0KEHHBIN B paszzene 1.
Ho mpu sToM ynepxuBaroiiee AaBlieHUE, JEHUCTBYIOIIEE Ha IOBEPXHOCTh
pa3pabaTbiBa€MOro IpyHTa, IPU OTCYTCTBUU MPU3MBbI BOJIOUEHHUS MPUHUMAETCS
pPaBHBIM JABJICHUIO CBSI3HOCTH H, a yroj cIBUTa OMpPENEseTCs] B 3aBUCUMOCTH
ot BeimoaHeHus (1.32) mo (1.33) 6o mo (1.35).

B ypaBuenuwe (2.7), eciu OHO TPHMEHSETCS, CICAYET TOJCTABIATH
3HAYCHHUE CHUIIBI Epay, OMyueHHoe 1o (4.24).

VpaBuenust (4.13)—(4.18) nns  pacueTa CHAOBBIX IAPAMETPOB HE
U3MEHSATCS, HO IIPU UX KCIIOJIb30BaHUU 3HaueHus euil'R;, R, u 'Rz Heobxonumo
npuaUMaTh 110 (4.19), (4.21) u (4.24) cOOTBETCTBEHHO.

Buvibop munumanvrou Onunvl anmudpuryuonroeo.  nokpvimus. C 1o-
MOIIBIO0 IPUBEJICHHOTO BHIIIE METOAA pacyeTa COMPOTUBICHNN IPYHTa PE3aHHIO
IUIOCKUM DPabOYMM OpraHOM, MOBEPXHOCTh KOTOPOTO MMEET CJIOU C Pa3HbIM
Ko PUIIMEHTOM TpeHUsT O TPYHT,» PacCMATPUBACTCS IEPEMEILICHUE IO
MOBEPXHOCTH HOKa BEPXHEr0 M TMPOMEKYTOUHOIO 3JIEMEHTOB IpyHTa. Jlump B
YPaBHEHHUSX PaBHOBECHsI HMIKHETO AJIEMEHTA IPYHTa YUMTHIBAIOTCS CONPOTHUB-
JeHUsI Ha TOBEPXHOCTH (OPMUPYEMOM " IIOIAJAKH CIBUTa BO BTOpOH (asze
pa3pylIeHHs TPyHTA = TIPU €ro «TeHEHHI».

U3 pucynka1.2, a BUaHO; UTO ycinoBusa paboTsl yuacTkoB Hoka BN, NR u
RK pa3nuuHbL-Y4acTok BN BHeApsieTcsa B IPYHT HEHApYLIEHHOW CTPYKTYpHI,
yuyacTtok NR‘BmMecTe ¢ muiomiaikoit ckonbxkenus L3N BoiTecHseT npusmy LsNR, a
RK ydacTByeTr BMecTe.C Iulomaakoi ckoiapxeHuss O;R B mepemeriennn rpyHra
0 MTOBEPXHOCTH HOXKA.

[Ipu BBIOOPE MHUHUMAIBHON JUIMHBI TOKPBITHUS ISl TMEPEeMEIICHUS
HIDKHETO DJIeMEHTa TPyHTa HEOOXOAMMO YUYHUTHIBATh, YTO OHA B COOTBETCTBHH C
U3JI0)KEHHOM METOJMKOM pacyeTa He J0JbKHA ObITh MEHbILE JUTMHBI oTpe3ka BR.
B srom.cinyuae ana BepxHed yactu HOxa RK mcnonb3yrorcs ypaBHEHUsS IS
BEPXHEro W HIDKHETO 3JIEMEHTOB TPYHTA, a /I 4acTH Hoxka BR — ypaBHeHUs
TONBKO JIJIs HUKHETO AJIeMEeHTa IPYyHTA.

Ecin HuwxHMA ydacTok Hoxka BR Oyzner uMeTh ClIoM C  pa3HbIM
K03 puLeHTOM TpeHHs, TO HYXHO mpubOeratb Kk MeroaaM [25], ¢ MOMOIIbLIO
KOTOPBIX PaCCYUTHIBAETCS BECh LIUKJII PA3PYIICHUS TPYHTa HOKOM MEXKIY IBYMs
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COCETHUMH OOJIBIIUMHU CABUTAMH, W OINPEACNSITh OTACIBbHO IJUHBI y4acTKOB
BN u NR.

Takum 06pa3zom, MUHUMAJIbHAS pacyeTHAS JJIMHA HIDKHETO YJacTKa HOXKa
C aHTU(QPUKUMOHHBIM TMOKPBITHEM OyJeT paBHA JjiuHEe oTpe3ka BR Ha pu-
cyuke 1.2, a. CornacHo crenuaibHBIM METOAaM pacyeToB [25], MUHUMAaIbHAS
JUTMHA TIOKPBITUS OTPEIEsieTCs] TONIUHON cpe3aeMoit cTpykku. [Ipu o = 30°
OHa He JIoJbKHA ObITh MeHbIe 60 % oT TONIMHBI CTPYX KU, a Tipu o = 60° —
50 % oT ToMIIHMHBI CTPYXKKH [54].

Tounoe ompeneneHue JUTMHBI YYACTKOB C AHTH(PHUKIIMOHHBIM TOKPHI-
THEM, KOTOPBhIE UMEIOT CBOM OCOOCHHOCTH padOTHI MPHU pPE3aHUM ‘U KOTAHHH
TPYHTA, SBISCTCS BaXHBIM, T. K. MIO3BOJIACT YCTAHOBUTH MHUHHUMAIIBHYIO. TIHHY
ydyacTka TepMOoOOpaOOTKM WM HAIUIaBKU HOXa, MUHUMAJbHYIO . JATUHY
aHTU(PUKIMOHHOTO TOKPBITHS, @ 3HAYUT, CHU3UTh HEPAIIMOHAJILHBIE PACXO/IbI
MaTepHaJIOB U YHEPTUU MTPU U3TOTOBJICHUU HOXKEH.

4.3 Hccneoosanue ezaumooeiicmeus 2pynHma u--RnjiA0CKO20 padouezo
Op2ana ¢ AHMUPPUKUYUOHHBIM C/10eM

Brusnue mpenus epynma. mo- mookcy | mas npoyecc pesanus. llepen
UCCJICIOBAHUEM BJIUSHUS aHTUQPUKIHMOHHBIX TMOKPBITHUM paccMaTpUBAETCS
OCHOBA — BIIMSIHUE TPEHUS I'PyHTA [0 HOXKY Ha MPOILIECcC pe3aHusl.

ABTOpaMH HCCIEAOBAHO pPE3aHUE TI'PYHTA HOXKOM, IIUPUHA KOTOPOIO
B =0,1 ™M, mmuaa |,= 0,1 M, npw AaByX 3HAUYCHHSX yriia pe3anus (a = 30° u
o = 60°), GrM3KHX K 3HAYCHUAM YITIOB PE3aHNs HOKEBBIX U OTBATBHBIX pabounx
OpPraHOB 3EMJIEPOVHBIX MALLIVH.

OKCIEPUMEHTHI IPOBOJIMIIMCH B TPYHTOBOM KaHajie JabopaTtopuu Kadeapbl
CHAIITMuO ‘benopyccko-Poccniickoro ynuBepcurera. DHU3HMKO-MEXaHUUECKHUE
CBOHCTBA TpyHTa! p = 28° — yrom BHYTpEHHEro TpeHus; p. = 1,6 /M —
IUIOTHOCTH; ¢, = 4 klla — ynenbHOe clenieHue.

Jlanee ~paccMaTpuBaeTCsl pe3aHue, ISl KOTOPOro 3ajJaHa TOJIIMHA
crpyxkku h.= 0,02 m. Ha pucynke 4.6 npeacraBieHo rpaguueckoe onpeaeicHue
yTrjia ¢JIBUTA MPHU Pa3HBIX 3HAUCHUSAX YIJIa BHEIIHETO TPCHHUSI.

KpuBass | Ha pucyHke orpaxaer yroi CcaBUra, O0OeCHeUYHBAIOLIUN
YCTOWYMBOCTh TUIONMIAJKA CABUTa TPHU JCHCTBYIONIEM HA JTYy IUIOMIAJKY
NPUBEICHHOM JaBiicHHH (, T. €. umeeT Bux y = f(q). Dta kpuBas moctpoeHa 1o
dopmyriam (1.33) u (1.35). OcranbHble KpHUBBIE, OCTPOCHHBIC coracHo (2.7),
IOpU pa3HbIX 3HAYEHUSX yTIja BHEIIHErO0 TPEHHUS () MOKAa3bIBAIOT M3MEHEHUE
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NPHUBEICHHOTO JIABJICHUS (|, IEHCTBYIOMIETO HA TUIONIAAKY CABHUTA, TIPU PA3HBIX
3HaueHUsX yria casura . O umerot Bux q = f(y). Toukn nepecedeHus 3Tux
KPHUBBIX C KpHBOU | M JalyT HCKOMBIE 3HAYCHHUS yTJjia CJIBUTA.

25 ‘l

klla f -~

l>( - 00560

20 30 40 rpan 0
Y ——m>»

Pucynok 4.6 — I'padmueckoe onpeaeneHne yria eiaBura nmpu yriax pesanus o = 30°
(crutorabie MHUK) U o = 60° (IITPUXOBBIC JTTUHUHK) JUTS. PA3HBIX 3HAYEHHH yriia BHEIIHETO
TpEeHUS

CornacHo aHanu3y.rpadukoB (CM. pucyHoK 4.6), TpeHHe TpyHTa 110 HOXKY
M3MEHSIET TPHUBEICHHOE MaBlIeHUE (], NEHCTBYIOIee Ha TUIOUIAIKY CIBHIa, W,
CIIE/IOBATENBHO, “YLOJI CIBUTA . DTO OTPaKEHO Ha pHUCyHKe 4.7.

an

rpaj
50 Prm——
h“‘*—ﬁw\_ﬁ_\_‘% cr=20"
40 ’_HL_‘_""——— —

Yyr = ! -\I\-
cr=600"

0

0 5 10 15 z0 rpaj 20

Pucynok 4.7 — BausiHue yriia BHEIIHEr0 TPEHUS HA Yrojl CABUIA IpU yIJaxX pe3aHus
a=30°u a =60°
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N3 pucynka 4.8 BUAHO, 4TO BO-TIEPBBIX, N3MEHEHHE YIJIa CIIBUTa BIUSET
Ha MaccCy IEPEMEIAaeMOro Mo HOXY TPYHTA, BO-BTOPBIX, U3MEHEHUE TPEHUS
MEXy HOXXOM M TPYHTOM MpeoOpa3yeT MHOTOYTOJbHUKU CUJ B OCHOBHOM 3a
CYET MOJIOXKEHUsI CWIIbI R, AEHCTBYIONIECH CO CTOPOHBI HOXKA.

1-npu w =5% 2 —npu w = 15°% 3 — npu w = 25°

Pucynok 4.8 — MacmTaOHble CXeMbl pe3aHHsl U MHOTOYTOJIbHUKH CHJI TIPU yriax
pe3anus a = 30° (a) u a = 60° (0)
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Takum 00pa3oMm, U3MEHEHHE TPEHHUS MEXAY HOXOM U TPYHTOM BIIHUSIET
Ha TapaMmeTpbl, XapaKTepU3YIOIIUE B3aUMOJCHCTBUE CUCTEMBI «HOX—-TPYHT».
OTO BO3JIEWCTBHE TaKKE€ CYILIECTBEHHO, KaK M BIUSHHE TIE€OMETPUYECKUX
pa3MepoB HOXA.

Pe3ynbTaTel nccneaoBaHUil BIMSAHMS yIJla BHEIIHETO TPEHUS HA CUIIOBBIE
napameTpsl (pUCyHOK 4.9) MO3BOJISIOT OLEHUTD BIMSHUE BHEIIHETO TPCHUS Kak
Ha KacaTellbHyl0 P; M HOpMalbHYH0 P, COCTaBIIAIOIIME COMPOTUBICHUS
KOIAHUIO, TaK U Ha IPYTUE CUIIBIL.

Pucynok 4.9 — BunmnsHue. yriia BHEIIHETO TPEHUs Ha CHJIOBBIE MApaMeTPhI TPH yriiax
pesanus o = 30°(a) ma = 60°(0)

Ha.-0cHOBe BBIIIEN3I0’)KEHHOTO MOKHO CJeJIaTh BBIBOJ, YTO MpobOiieMa
TPEHUSI BECbMA CEPhE3HA U aKTyaJIbHA M YTO 324 CYET MPUMEHEHUS CIIeIIMaIbHbIX
MOKPBHITUN WIM WHBIX KOHCTPYKTHMBHBIX CIIOCOOOB CHUMXEHHUSI TPEHUS MEXKITY
IPYHTOM ¥ pabOYuM OpPraHoM CHJIy COMNPOTUBIEHHUS PE3aHUI0 MOXKHO
3HAYUTEIbHO YMEHBIIIUTb.

Brusnue onunvl anmu@pukyuoHH020 NOKpuLIMUS HA NPOYecC pPe3anusl.
Metona pacueTa, U3J0KEHHBIN B mojapaszene 4.2, mo3BOJIIET OIECHUTh BIIUSHUEC
aHTU(PUKIIMOHHBIX TOKPHITHH HAa MMapaMeTphl, XapaKTepHU3YIOIINE pEe3aHue
rpyHTa. HeoOXoauMocTh MpOBEAEHUSI UCCIEAOBAHUI OOOCHOBBIBAETCS TEXHO-
JOTUYECKUMHU U DKOHOMHUYECKHUMHU COOOpaXKEHUSIMH, KOTOPBIE CBOJATCS K
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npoOiemMe BbIOOpa parMOHAIBHON JITUHBI CJIOS AaHTH(PPHUKITMOHHOTO TOKPBITUS
(n3-3a ero BBICOKOW CTOMMOCTH).

OKCTepUMEHTHl TPOBOAWINCH JJIsi HauOoJee XapaKTepHOTOo TpyHTa Ha
CTPOMTENBHBIX TuIomankax PecrmyOnuku bemapyces — mns rpynra Il-Ill karte-
ropun (o uwmcny ymapoB yaapuuka [HopHWMUW), yronm BHyTpeHHEro TpeHHS
kotoporo p = 30° ynenwsHoe cuemienue ¢ = 40 klla, mmoTHOCTE p, = 1,6 Ve,
VYT07 BHEIIHETO TPEHUS @ AJIs HOXKa 0€3 MOKPBITHS MPUHUMAIICS paBHbIM 28°, ¢
nokpeitTueM — 20°. Tlocnenuss mudpa npuHATa U3 CICTYIONIUX COOOPAKEHMIA:
BEJIMYMHA yTJa TPEHUS (» MOKET OBITh JTOCTUTHYTa METOAAMU TEPMOOOPabOTKH
Y HAIUTIaBKH U TIPABHJILHBIM BBIOOPOM MeTaiia 6e3 0coObIX TpyaHocTel [51].

Ha pucynke 4.10 mpexacraBieHbl pe3yibTarbl pacuera. [lITpuxoBeiMu
JUHUSMA 0003HAYCHBI KpailHUE 3HAYCHUS UCCIICTYEMbIX BEJIMYUH, IOTYYCHHBIC
OpH yriax BHemHero TpeHus o = 28° (muuusa 1) ' um o = 20°-(Munus 2),
JNEUCTBYIOIIUX HAa BCEU IMOBEPXHOCTU HOXKA.

Anamn3 pucyHka 4.10 mokasbIBaeT, YTO, CHI)KCHHE Yyrja BHEIIHETO
tpenus ¢ 28° (muus 1) mo 20° (uHMS 2) TPMBOIUT K YBETMUCHUIO yTIjla CIBHTra
¢ 43,5 1o 48° (na 6 %) npu yriae pezauns.a = 30° u ¢ 30,4 no 34,1° (va 12 %)
npu yrie pesanus o = 60°. MakcumanbHoe 3HAueHWe cunbl P;™ Ipu yrie
pesanus o = 30° cumkaercs co 153 H (mumwms 1) no 126 H (uuus 2), yro
coctaBisieT 82 % oT HAYaTBLHOTO 3HAYCHMSI, M TIpH yrie pe3anus o = 60° —
¢ 312 o 249 H, uto cocrasusieT, cooTBeTcTBeHHO, 80 %.

[ToMuMO TOTO OYEBHAHO, YTO TIPHU PE3aHHUH JOCTATOYHO IMPOYHOTO TPYHTA
HOKOM C MaJIbIMU FEOMETPUUYECKUMH pa3MepaMH BeC IPYHTA, MEePEMEnIaeMoro
0 HOXY, WUMEeT HE3HAYMTEIHbHOE BIUSHUE. DTO MOATBEPKIAACTCS MAJBIMU
3HAYEHUSIMHA. COCTABJISIFOIIEN CONPOTUBIICHUS PE3aHUIO p,m" JNEUCTBYIOIIEN
MOCTie CABWIra TPYHTa, KOTNa CIETUICHHWE Ha TUIOIIAIKe CABUTA pa3pylIeHO, U
3aBUCAIICH OT Beca mepemeniaemoro rpyHra. [loatoMy u aHTUDPUKIIMOHHOE
MOKPBITHE, HAHCCCHHOE HAa BEPXHIOI IMOBEPXHOCTh HOXA, HE OKa3bIBaeT
CYIIIECTBEHHOT O BIIASTHHSI.

HaubGonee »>¢deKkTuBHBIM B paccMaTpUBAEMBIX YCJIOBHUSIX SIBIISETCS
HAaHECCHHE TOKPBITUA HETIOCPEICTBEHHO Yy PEXYIIeH KpOMKH HOXa. Tak, ecrnu
oHo Haneceno Ha mmHy 0,012 M or pexymeil kpoMky, To cuna P;™ cHU3MTCA
1083 % npu yrute pezannst o = 30° u 1o 80 % mpu yrie pezanus a = 60°. To
€CTh pe3yJbTaThl TMOYTH TaKUE K€, KaK M TPH TOJHOM TOKPHITHH HOXa
aHTU(PUKIIMOHHBEIM CJIO€M, HO TIPH 3TOM JIMHA aHTU(QPUKIIMOHHOTO CJOS
ymenbIteHa B 8,3 pasza — co 3Hauenus 0,1 m o 3nauenus 0,012 m npu o = 30° u
B 10 pa3 — o 3nauenus 0,01 m ipu a = 60°.
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Pucynok 4.10 — Bimstnue mmunel | cos aHTH(QPUKIMOHHOTO MOKPHITHS Ha YroJ
¢apura y, MmakcumanbHoe P1™ u MmunaumansHoe P1™" 3HaYeHMs KacaTeNlbHOM COCTaBIsIoNIEeH
comnpotuBiieHus pesanuio npu o = 30° (a) u a = 60° (0)
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CrnenoBaTenbHO, MOXHO CYIIECTBEHHO CHU3UTH 3aTpaTbl HA IMOKPHITHE
WIKM TepMOOOpabOTKYy 3a CUET YMEHBIICHHS €ro JIMHBI, MOYTH HE H3MEHSS
MOJIOKUTENBHOTO 3 PexTa.

Brusnue onunvl anmug@pukyuonno2o noxpulmus Ha Npoyecc KONAaHusl.
Pesynbratel uccienoBanuii (pucynok 4.11) mnoaydeHbl NPUMEHHTEIBHO K
HokaM 1upubot B = 1 M, mmusoi |, = 0,2 Mm mpu h = 0,02 m u |, = 1 M npu
h = 0,2 M, ycraHoBieHHBIM IO yriioM pe3anus o = 60°. Komanue rmiockum
pabounm opranom juHOM |, = 1 M Omu3K0 K TIporieccaM KOMaHUS OTBAJIOM U
KOBIIOM ckpernepa. Ho Gosnee mpocThie ycnoBusl IBUKEHHS TPyHTa MO HOXKY, Wy
KaK CJIeACTBUE, OoJjiee MpocTasi pacyeTHash cXeMa I03BOJIAIOT,. Jerye «ero
MCCIIEJIOBATb.

N3 pucynka 4.11 BUIHO, YTO BIMSIHUE NMPU3MbI BOJIOYEHUS CYLLIECTBEHHO
CKa3bIBaeTCsl Ha mpouecce KomaHusi. OcoOeHHO 3aMETHO TaKoe BIIMAHUE TPU
MaJIbIX TOJIIIMHAX CTPYKKH (cM. prucyHok 4.11, a).

[Torok TpyHTa, mepemeniaeMblii 1o HOXY (pucyHox 4.12), umeer
He3HauuTeNbHy0 TonmuHy mpu h = 0,02 M, modToMy BIHWSHHE NPU3MBI
BOJIOUEHHSI Ha 3TOT MOTOK BEChbMa CYHIECTBEHHO MO~CPaBHEHUIO C TaKUM K€
BIIMSTHUEM Ha TIEpeMEIacMblid TOTOK MpH TommHe ¢Tpy»kku h = 0,2 M, Korna Bec
nepeMeniaeMoro MOToKa MPeBbIIaeT BeC MPU3MbIL BOJIOUYCHHUS.

XapakTep BIUSHUS aHTHPPUKIIMOHHOTO. TIOKPBITHUS OCTAE€TCS HEU3MEH-
HBIM KaK MPU HATUYUH, TaK. W IPU OTCYTCTBUU MPU3MBI BOJIOYEHUS. XOTS TIPH
3TOM M 3aMETHO, 4YTO _€CAM MNpu ToJimHe cTpy)ku h = 0,2 M HOK ¢
AHTU(PPUKIIMOHHBIM CJIQ€M MHHUMAJIBHOU JJIMHBI YBEIUYUBAET YO CABUTA Ha
13 % u cumxaet cuity P1™ 10.82 % 1o cpaBHEHHMIO ¢ HOKOM 0€3 IIOKPHITHS, TO
npu h = 0,02 m yroa casura ysennuusaercs Ha 10 %, a cuna P,™™ cocrapnser
89 % oT 3T0H e cuiibl HOoXka 0€3 MOKPBITHSL.

[IpuBeneHHbIe 1U(PHI CBUAETEIBCTBYIOT O Ooibiel 3¢ (HEeKTUBHOCTH
aHTU(PUKIIMOHHOLO. HOKPBITHS TIPU 00JIEe TOJICTHIX CTPYXKKAX, XOTS MPHU ATOM
MUHUMAaJbHas JUTMHA TaKOTO MOKpBITHS mpu o = 60° mis paccMaTpuBaeMbIX
ycinoBuid yemmantcs ¢ 0,01 7o 0,1 m.

Eciin' BCS MOBEPXHOCTh pabOYyero opraHa HMMEET aHTU(PPUKIMOHHOE
HOKPBITHE, TO MpH TouHe cTpyxkku h = 0,02 M yron casura yBeIUYHTCS Ha
14,5 %, a cuna P;™ camsurcs Tonbko 10 84,5 %. ITpu h = 0,2 M yron casura He
n3Menntcs, a cuma P;™ cmmsurca Bcero mo 80,5 %. Taxkme mudpsr GymyT
MpeaeabHO BOZMOKHBIMU JJIsI TAHHOTO MOKpbITHA. [loKa3aTensHO, 4TO MpU 3TOM
yBermuntes B 20 pa3 mMHa mokpeiTus Hoxka ¢ |, = 0,2 M (¢ MUHUMAIBHOW JUTHHBI
0,01 m no makcumansHoi 0,2 M) u B 10 pa3 (¢ munumansHOi mamunbl 0,1 M 10
MakcuMaibHou 1 M) HOXa ¢ |,= 1 wm.
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Pucynok 4.11 — Bawusuue amusbl | cios aHTUQPUKIIMOHHOTO MOKPHITHS HA Yo
¢iBura , Makcnmanbaoe P1™ i MuanMansaoe Pi™" 3HaueHNs KacaTeNbHON COCTABIAIOMEH
COIPOTHUBIICHUS KOMaHUIO pu Tonmuae ctpykku h = 0,02 m (a) u h = 0,2 m (6) npu yrie
pe3anust oo = 60° mpu HAJTUYUKM MPU3MBI BOJOYEHHUS (CIUIOINIHBIC JIMHHH) M €€ OTCYTCTBHU

(mTpUXOBBIC JIMHUH)
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Pucynok 4.12 — MacmTaOHbIe CXeMBl KOTAHHS (IJIOCKHMM pPabOYHM OpraHOM,
YCTaHOBJICHHBIM 101 yritoM o = 60°, mpu tonmuue crpyxku h = 0,02 m (a) uh = 0,2 m (6)

Takoe BnausiHUE ATUHBI AHTUGPUKITUOHHBIX TTOKPBITHH OOBICHSIETCS TEM,
YTO Han0oJiee YHEPTOEMKON YACTHIOAIIPH PE3aHUM M KOTIAaHUHU TPYHTA SBISICTCS
€ro OTAEJIIEHUE OT MaccuBa. MakcuManabHOE«JJaBICHNE HA MOBEPXHOCTh HOXKA
JEHUCTBYET HEMOCPEACTBEHHO Y PEXKYIIEH KPOMKH, U OHO B HECKOJIBKO JIECATKOB
pa3 MpPEeBOCXOJUT AAaBJICHUS HA OCTAJIbHOM TOBEPXHOCTH HOXKa WU pabodyero
opraHa, 3a MpeJeiaMy JUTMHBI HOXa; OTpaHUYMBAIONICH 30HY paspylieHus [54].
HccnenoBanuss NPOBEACHBI C IMOMOIIBIO METOJOB, OCHOBAaHHBIX HA pacyere
aMIUTUTYTHO-4aCTOTHON XapaKTEPUCTUKHN HArPYyKEHHOCTH pabodyero opraxa, He
U3JI0KEHHBIX B MOHOTpaQuH.

[Tonyuewnbie pesysibTaThl (moapasaen 4.3) Helb3ss aBTOMAaTHYECKH Tepe-
HOCHUTh Ha MPOLECC KOMAHMUS, MOCKOJIbKY MPU KOIIAHWHA OTBAJIOM WJIM KOBIIOM
CONPOTHBIIEHUE MEPEMEIICHUIO CPE3aHHOIO IPYHTA, ABMKYLIETOCS IO NOBEPX-
HOCTH OTBaJIa WJIA CKBO3b I'PYHT BHYTPH KOBIIA, OyneT Oosiee CyIeCTBEHHBIM U
B OoJibLIEH CTEeNEHU OYyIET CKa3bIBaThCs Ha pe3yJIbTaTaXx pacyeToB.

Buoieoowt

W3noxeHHass MeTOAMKa pacueTa OTpaxaeT (U3NUYECKHE MPOIECCHI
NEPEMEIICHHS] 3JIEMEHTOB T'PYHTa MO COOTBETCTBYIOIIMM Yy4YacTKaM IOBEpX-
HOCTH IJTIOCKOTO paboyero opraHa ¢ pasHbIMU KO3 GULIMEeHTaMU TPEHUS, T03BO-
JISIET pacCUUTATh CUJIOBBIE U TEOMETPUUYECKUE ITAPaMETPhI 3TOT0 IpoIieCCa.
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[IpoBeneHHble HCCAEAOBAaHUS BIHUAHUA TPEHUS TPyHTAa IO HOXY U
BIIMSIHUST aHTU(DPUKIIMOHHBIX MOKPBITUN, CHIDKAIOIIUX 3TO TPEHHUE, Ha MPOIECC
pe3aHus TPyHTa, MMO3BOJIHIN BBISIBUTH OCOOCHHOCTH M3MEHEHHUS COMPOTUBICHUN
IIpU pe3aHUU TPYHTOB.

Tpenue rpyHTa 0 NOBEPXHOCTh pabOuUEro opraHa BIIMAET Ha IPOLECC
pe3aHuss M HapaMerTpbl, XapaKTEpU3YIOLIUME OTOT MPOILECC, AHATOTUYHO
reOMETPUYECKUM pa3MepaMm pabodero oprana. IlosToMy Ha BO3HHMKarolue
CONPOTHUBJICHUSI TpPHU pa3padOTKe TpyHTA MOXXHO BO3JEHCTBOBATh, HU3MEHSS
TPEHHE IO MOBEPXHOCTU paboyvero opraHa.

Haubonpmmuii 3¢ ekt aHTu(HpUKIIMOHHOE TTOKPBITHE UMEET, B TOM CITyyac,
KOIJla OHO HAHECEHO Ha HW)KHIOKO 4acTh HOXa y pexylen-KpoMku. [Ipu.aTom
MUHUMAaJIbHAS JJTHHA TTOKPBITUS OMPENeseTCs] TOMIIHHON, CPE3aeMOM-CTPYKKH:
npu a = 30° oHa qoipkHA ObITh He MeHbIe 60 % OT TONMIUHBI CTPYIKKH, a TPU
a = 60° — ne mensbiie 50 %.
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5 ConporuBieHue 3ariy0JeHul0 padodyero oOpraHa
3eMJIEPOITHO-TPAHCIIOPTHHIX MAIIIUH

5.1 Obwue ceeoenusn

Pabounii mporiecc 3eMIepORHO-TPAHCIIOPTHBIX MAIIMH COMPOBOXKIACTCS
YacThIMU MU3MEHEHMSIMU TOJIOKEHUs pabouero oprana no Beicote. [Ipoucxonut
3TO M0 MHOTUM MIPUYHHAM, KOTOPBIE MOXHO Pa3/IeTUTh Ha JIBE TPYIIIIbL:

1) npuYuHBI, BEI3BAHHBIC JCHCTBUSIMH MAITUHKUCTA, JTUOO HANPaBIICHHBIC
Ha BBIMIOJIHEHUE TEXHOJOTUYECKUX TPEeOOBaHMI, 3aBUCSIIUX OT BBIIOIHIEMON
paboThl, MO0 BBITEKAIOUIME HEMOCPEACTBEHHO M3 pabdouero mpolecca
(3ariyOsieHre U o beM pabodero opraHa);

2) TIpUYMHBI, BBITEKAIONIME W3 OCOOCHHOCTEW  pabouero- mporecca,
3aBUCSIIME HE OT JEUCTBUM MAIIMHUCTA, a OT MaKpO- U MHUKPOHEPOBHOCTEM
MOBEPXHOCTH ydYacTKa, TJe paboraer | mMalllMiHa, CKa3bIBAIOIIMXCA Ha
3arayOJeHuH U TToIbeMe paboyero opraHa rMpu ABMKECHUHU TI0 HUM MAIlIMHbBI WIH
JlaKe YaCTH €O JBWDKHUTEIS — OJTHOTO KOJIeCa WM TyCEHUIThI, 1 MHOTHX JIPYTUX
(akTOpOB.

Ha 3arnyOnenue pabodero-oprasa B rpyHT.0y1yT OKa3bIBaTh BIUSHUE KaK
TCOMETPUUCCKUE pa3Mepbl PEKYIIeH KPOMKH HOXEH (C y4eToM IUTOMIAJIKH,
HOSIBJISIIOIICHCSL M3-32 W3HOCA), TaK W, JPYrHMe KOHCTPYKTHUBHBIC MapameTphbl
MaruHbl. K HUM MOXHO OTHECTH BEPTHUKAIbHYIO CKOPOCTH 3ariayOJeHusl OTBajIa
U COrJacOBaHHE €€ C  TOCTYNATeIbHOW CKOpPOCTHhIO MAIIMHBI, Nepepacipe-
JICICHNE BEPTUKAIBHBIX CHJI, IPUBOJIAIIEE K CHUKEHUIO HArPy3KH Ha XOJOBYIO
4acTh U, COOTBETCTBEHHO, K CHIDKEHHUIO TATOBOTO YCHIIUSI MAIIUHBI.

HaGnronenuss 3a.” MammHaMu B OKCIUTYaTUPYIOIIUX OpraHU3alUsiX
MOKa3bIBAKOT, YTO « HAambojee WHTEHCUBHO W3HAIIMBACTCS HIDKHAS CTOpOHA
Hoxkeu. [loaToMy. paccMaTpuUBarOTCS HOXHU C TUIIMYHOW TUUIONIAJIKOM HM3HOCA,
BEJIMYMHA KOTOPOH c¢,, OyHeT 3aBUCETh OT BPEMEHH M WHTCHCHUBHOCTH
IKCIUTyaTaluil ‘MamuHbl (pucyHOK 5.1). PacueTrHas cxema IUIOIIAAKU W3HOCA
HOJKa SIBNISETCS OOILETPUHITON U HMCIONB3YETCA MPU pacdyeTe BEPTUKATbHBIX
JaBICHUNM Ha PEXyIleH KpoMKe oTBana Oyibpaozepa [55], mpuBemeHHBIX B
tabnuue 5.1. Ilnomaaka M3HOCA MPUHUMAETCS PACHOJIOKEHHON MapaieabHO
FOPU3OHTAJIBLHON MIOCKOCTH. Takoe JomylieHue OJM3KO K JIeWCTBUTENIBHOCTH,
MIOCKOJIbKY, Hampumep, Ui THIOBOro Oyibao3epa Ha 0aze Tpaktopa T-170
U3MEHEHHE TOJIIUHBI CTPY kKU OT 0 g0 25 cM M3MeHseT yrojl pe3aHus, a
CJIEIOBATENbHO, U YTIIOBOE MOJI0XKEHHE MJIOMAAKU H3HOCA BCEro Ha 2,5 rpal.
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Pucynok 5.1 — Cxema 3arnmyOneHust HOXa Tpu. geopMaIiy. FpyHTa HETpeIeIbHBIMA
JTABJICHUSIMU

Tabmuua 5.1 — PexkomeHnnyemple. 3HaUCHUS YICIbHBIX HANOPHBIX YCHIMH (), |

BEPTUKAJIbHBIX JABJICHUN (, Ha PEXkYIIEH KpPOMKE HOXKel Oynbao3epa

Kareropus rpyHTa

[Mokazarens | 11 1l v

3HauycHME TTOKa3aTene
0y » KH/M o 15 20-30 40-55 Bonee 60
Qg+ Mlla Jlol 1,2-2,0 2,5-3,5 Bonee 3,5

PaccmarpuBast 3arnyOieHue HOXa C IUIOHIAJAKOW H3HOCA, MOYKHO
BBIJICJIUTh QCHOBHBIE OCOOEHHOCTH MJAHHOIO Ipollecca B 3aBHUCHUMOCTH OT
BEJIMYMHBI AABJICHUH, JEHCTBYIOIMX HA IpyHT. Ecnu npu 3arinyOneHun HOXka C
IUIOWAAKON M3HOCA 3HAYEHUS JABJICHHS HAa TPYHT OyAyT MEHbLIE NpPEeIbHBIX,
MPUBOJAIIMX K Pa3pylLIeHUIO TPyHTa, TO B 30HE, pPACIOJIOKEHHOM IIOA
IJIOIIAJKOM W3HOCA, BO3HUKAIOT YOPYrMe M IUIacTU4YecKue nedopmanuu,
BCJICAICTBUE YEro HOX 3ariayOJsieTcss Ha HEKOTOPYIO BEJIMYMHY, 3aBUCSIIYIO OT
reOMETPUYECKUX PA3MEPOB IUIOLIAAKM H3HOCA, 3ariIyOJIIOIIEro YCWIMs, |
(U3MKO-MEXaHUYECKUX CBOMCTB I'PYyHTA.
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Jlnst  pacuera JaHHOTO 3ariyOJIeHUS MOXKHO HCIOJIb30BaTh TaKHe
MOJIOKCHUSI MEXaHWKH TPYHTOB, B KOTOPBIX pPAacCCMAaTPUBACTCS TIOBEIACHHE
TPYHTOB TPH KPaTKOBPEMEHHOM JCHCTBHM JUHAMHUYCCKUX HArpy3ok (MexaHu-
YeCKOe YIUIOTHeHHE). B 3TOM ciydae gomyckaercs NPHHHMATh TPYHT Kak
JMHEHHO-1e(OPMHUPYEMYIO U HCaIbHO YIpyTyio cpeay [56].

[Ipu 3THX yCIIOBUSIX CONPOTHBICHHE R BEPTHKAIBHBIM TMEPEMEIICHUSIM
XapakTepuszyercst Ko3PPUIMEHTOM XeCTKOCTH ocHOBaHUsA C:

R=C,Fh, (5.1)

rae F — mionane ocHOBaHus 3ariiy0J1eMoro Tena,
h — BepTHKanbHOE MTEpEMEIICHHE TUIONIA I OCHOBAHUSI.
Koadpounuent xectkoctu C, 3aBUCHUT HE TOJBKO OT YHPYTUX' CBOICTB
TPyHTa, HO U OT Pa3MepOB MOOIIBHl OCHOBAHUS, UTQ BUIHO U3 (JOPMYIIBI

2(1+b) [ |.p
C, =C,|1+ 22 |2
0 AR 6.2)

rae Cp — MOCTOSIHHAST YIIPYLOCTH OCHOBAHUS, HE 3aBUCSAIIAS OT Pa3MEpoB

MIOJIONIBBI OCHOBAHUS;

| u b — muHa ¥ MUpPHHA TTOXOIIBHI MPSIMOYTOJIBLHOTO 3arTy0JIIEMOTO
OCHOBaHHS COOTBETCTBEHHO;

p — NaBJICHUE, [TIepejaBaeMoOe Ha TPYHT OCHOBAHUEM;

Po — JaBJeHNe MOJ ONBITHBIM IITAMIIOM, TPUMEHSIEMOE TPU OIpeie-
nennu ko3¢ punpenta Cg;

A7'— TIOCTOSIHHBIIT KOG HUIHEHT pasMepHOCTH, Ay = 1 M.

Yucnennsie 3HaucHust kodhdummenta Cy, COOTBETCTBYIOIIHNE JTABICHUIO
OCHOBaHMA Ha TPYHT po = 0,02 MIla, mpuseaens! B Tabnuie A.1l.

Ecnm 3artmyOnsiembrii HOK OyAeT TIpH 3TOM TIEPEeMEIaThCs, TO TEePeTHss
4acTh IUIOMIAAKA H3HOCA OyJeT TomaaaTh Ha HOBBIM YyYacTOK TpyHTa, HE
MOJIBEPFABIIUICS paHee BEPTUKAJIbHBIM JaBlieHUsM (cM. pucyHok 5.1,
nojoxenue Hoxka |). BcenenctBue 3Toro OyaeT NPOUCXOAMTH Mepepacipe-
JOCNCHNE JAaBJICHUM, MOCKOJIbKY HOBBIM, HeNe(HOPMUPOBAHHBIA paHEE y4acTOK
rpyHTa OyJIeT OKa3bpIBaTh MEHBINEE COMPOTUBIECHUE IO CPABHEHHUIO C TIPEI-
BaApUTEIIPHO CXKAThIM CTapbIM y4acTKOM. [lo3ToMy maBiieHHE Ha OCTaBIIYIOCS
9acTh CTApOTO YyYacTKa OyJeT YBEIWYUBATHCS, YTO NPHUBEACT K JIOTOJI-
HUTEILHOMY TIOTPY)KEHHIO HOXKa. [Ipm mepememieHnyr HOXKa TaKOW MpoIiecce
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OyZIeT MOBTOPSTHCA, U HOXK OyIeT 3ariayOmsThCs 10 HEKOTOPOI TPaeKTOPHUH.

Ecnu ke paBneHwe Ha IUIOMIAAKE W3HOCA JOCTUTHET TPEISTbHBIX
3HAYCHHH, TO B 30HE TOJ IJIOMIAIKONW M3HOCA TOSBATCS JUHUU CKOJIBKCHUS,
OTIIETISIONINE 00JaCTH C MPEASIbHBIM HAIPSKEHHBIM COCTOSHHEM OT MacCHBa
IpyHTa C HEHAPYIIEHHOU CTPYKTYpPOH.

Benuuuny npenenbHbIX 1aBICHUA MOXKHO HAWTH, UCTIONB3YS MOJOXKEHUS
TEOPUHM TPEJCILHOITO pPaBHOBECHS TPYHTOBBIX MaccuBoB [17]. Ona Oyner
3aBUCETh OT (PU3MKO-MEXaHUYECKHUX CBONCTB rpyHTa (YIJIOB BHYTPEHHETO H
BHEITHETO TPCHHS, CICIUICHHS) a TakXKe OT BEJIMYUHBI W HampaBIICHUS
JABJICHUS, IEWCTBYIOMIETO HA MOBEPXHOCTh TPYHTA Tmepes; HOXKOM. TlockoimbKy
9TO AaBJICHUE OyIET 3aBUCETh OT HAIWYUS TIEPE]l HOKOM MPU3MbI BOJIOUYCHHUS H
OT €€ BEeJIMYHMHBI, OT TOro, OyJeT JM 3Ta Npu3Ma HEUOJBW)KHOW MW -OyaeT
JIBUTAThCS, TO BO3MOXHO CYIIECTBOBAaHUE OOJBIIOIO KOJIMYECTBA. PACUETHBIX
ITOJIOKEHUM.

Heobxoaumo oTMeTuTh, uTo (haze 3amiyOiieHus HOXKa MPU pa3pylICHUU
IpyHTa TPEeTbHBIMHU JTaBICHUSIMH, 00SCIIEUNBAIOIIMMHU OBICTPOE 3arTyOJICHHE
OTBaJIa, TIpeamecTByeT ¢asza 3arayOneHus 3a cyeT/ nedopMupoBaHus TPyHTA
HEIpeAeTbHBIMU JTaBJICHUSMH, 00CCIEeUNBAOIINX. 3aTrTy0JIeHHe OTBajla 3a CUYET
nedopmanuii rpynTa. Kaxnas u3 aTux ¢a3 npeacraBisieT co00il mpakTUYeCcKuit
uHTepec. OAHAKO OMpeneeHNUE MpeAeHbHbIX TaBICHUHA SIBISETCS KIIOYEBON
3a/iayel, MOCKOJIbKY MpeAesibHbIC JaBICHUS ONPEACIISIIOT TPAHUILY, KAYECTBEHHO
pa3IeNIoNy o 3TH (a3bl.

5.2 3aznyonenue pabouezo opzama npu HeENPeOEeAbHbIX OABTCHUAX
Ha 2pyHm

Pacuetnass cxema 3arnmyOsieHMss HoOka mon jAeiictBuem cuibl N
n300pakeHa Ha pucyHke o.1.

3aBUCUMOCTh MEXKJy HOpPMAaJbHBIM HalpsikeHUEeM o u aedopmarueit
rpyHTa h npuHsaTa B cooTBeTCTBHH ¢ (5.1) IpsIMOTMHEHHOM:

3

Bmecro koaddurmenta xectkoctu Cp, H/M®, dame ucmonmbs3dyemMoro mpu
pacuere OCHOBaHHWI M (yHIAaMEHTOB, BBeJcH Koadduiment Ky, Ila/M, umerorpii
TOT K€ CMBICJ, HO O0Jiee YOTPEOUTENbHBIN MTPHU pacyeTe COMPOTUBIICHUH.
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IuprHa MIoMaaKh U3HOCA C,y, ACIUTCS HA OTPE3KH OJMHAKOBOM JITHHBI
Ac,,. PaccmaTpuBaeTcs 3arayOiieHHEe HOXa IPU €ro MoCieI0BaTeILHOM Iepe-
MEIICHUU Ha JIUIMHY, PaBHYIO JJIMHE OJHOrO OTpe3ka Ac,,, MOCIe TOro, Kak K
HeMy OyZeT MpHiIoKeHO 3ariyossiornee ycuiane N IMOCTOSHHOM BETUYMHBI K
HOX 3ariyOuTCs TMOJ JCWCTBHEM A3TOT0 YCHIIHS Ha HEKOTOPYIO HAYaIbHYIO
BeMUnHY Ny

[lpu mnpunokeHUH K HOXKY 3ariyOsstomiero ycwins N HopManabHOE
JIaBJICHUE HA TPYHT (' OyIeT YBEIMYUBATHCS:

q9=o (5:4)

rae B — mivHa oTBaa.

[lox nmeiicTBueM 3TOro naBieHUsi TPyHT OyAer aepopmupoBathes. [Ipu
ATOM JaBJEHUE OTIOpPa CO CTOPOHBI T'PyHTA -OyAET pacTw 0 TeX Mop, MoKa
HOPMAJIbHBIE HAIPSIKEHUS HA €ro MOBEPXHOCTH HE CPABHSAKOTCS C JIaBJICHUEM,
paccurtanHbiM 110 (5.4), T. €. BBIMOJIHUTCS YCIIOBHE .0 = (.

C yuerom (5.3) MOXHO OIPEICIUTH ~HEPBOHAYAIBHYIO BEIHUNHY
3armyOJieHus Hoxka hy:

N
= < . (5.5)

ITocne 3TOrO-HOX NEPEMEIIAETCS B T'OPU3OHTAIBHOM IUIOCKOCTH. lIpm
nepeMeIeHu HOXa Ha JUIMHY OJIHOTo oTpe3ka Ac,, (cMm. pucyHok 5.1,
NOJIOXKEeHHE HOXKa 1) Mpon3oHaeT U3MEHEHUE TaBJICHUN 10 NIMPUHE TIONIAIKH
U3HOCA. DTO BBI3BAHOTEM, UTO MEPBBIA y4acTok Ac,, OyleT HaxoIUTbCS Ha
IOBEpPXHOCTH TpYHTIA,” paHee HE Harpy>KeHHOW, U, CIEeA0BaTEIbHO,
TIOANPECCOBKA LPyHTa Ui 3TOro y4actka Oyzaer paBHa h; — hy, a mns Bcex
OCTaNIbHBIX yYacTKoOB octaHetcs hy. [1o3ToMy W naBieHUE Ha MEPBBIA y4acTOK
OyAeT MEHBIINM, YTO BBI30BET COOTBETCTBYIOLIEEC YBEIMUYEHUE /AaBJICHUS Ha
OCTAJIBHBIC | yYACTKU IUIOIIAJKH HM3HOCA, 4TO, B CBOK O4YEpelb, MPUBEIET K
JanbHeleMy 3arayOaeHuto Hoxka. MOXHO cUUTaTh, YTO

N=N,+N,,=0,BAc, +0,,B(c, —Ac,), (5.6)

rae Nj, N3 — cuibl, AeicTByrolIKMe Ha MEPBBIA yYaCTOK U OCTaIbHYIO
MMOBEPXHOCTH TIOMIAJKH U3HOCA,;
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O 1, O 2-3 — IABJICHUS HA COOTBETCTBYIOIINX yYACTKAX.
Hcnonb3ys (5.3), MOXKHO MOIYYUTH IS IEPBOTO TIEPEMEINICHUS HOXKA

N = Kh(hl - hH )BACom + KhhlB(Com _Acom) . (57)

W3 310it (HopMyIbl MOMKHO OIPEICIUTh BEIWYHMHY 3ariyOnacHus hy,
IOCKOJIBKY OCTaJIbHbIE BEJIMYUHBI H3BECTHEI.

AHAIIOTHYHO PacCMATPUBACTCS MOJIOKEHNE HOXKA IIPH BTOPOM CMEIIEHUH
(cMm. pucynok 5.1, monosxkenue 11). B atom ciyuae

N=N,+N,+N,=0BAc,, +0c,BAc, +oc;BAcC, . (5.8)
C yuerom (5.3)
N =K, (h, —h,)BAc , +K,(h,-h;)BAc, +K,h,BAc, . (5.9)

@®opmyna (5.9) comepkuT Bce HEOOXOAMMBIC BEIWYHMHBI IS pacyeTa
3anry0JsieHus Hoxka hy.

[Tpu caenyronmx nepeMerieHusx Hoxka hopmyia (5.9) OyneT BBITIAICTD
CIEAYIOIIUM 00pa3oMm:

— [IPH TPEThEM TEPEMEIICHUH

N =K, (ha \1 hZ)BACom K, (ha - hl)BACom +K, (hs - hH )BAcom ; (5.10)
— IIpHA YE€TBCPTOM TICPEMECILICHUN

N = KhBAcom[(hzl _h3)+(h4 _h2)+(h4 _hl)]- (5.11)

Takum oO0pa3om, ecinu HOX, 3arayOJeHHBI B TPYHT Ha HadaJbHYIO
BeNMYHHY Ny, mocTosHEBIM yennueM N mepemeniaTh B TPYHTE, TO 3TO IPUBEICT
K..€T0 TOCJeayoueMy 3ariyO0leHuio, T. K. OH CMEIIAeTcsl Ha HOBBIE, HE
CKMMaeMble paHee YydYacTKH TpyHTa. BenmnuuHy €ro MorpyXeHUsS MOXKHO
paccuMTaTh TO BBIIICOPHUBEACHHBIM (opMysiaM, paccMaTpuBas CTaIuu
nepeMenieHus, HaYrHasE ¢ TepBOH. 3aBUCUMOCTh TITyOWHBI MOTPY)KEHUST HOXKA
OT €ro MepeMeIeH s, TOJIy4YCHHas M0 MOJHOW METOAMKE pacdera (CIUIOIIHAs
JIMHUS) MMEET BHJI, PEJICTABICHHBIN Ha pUCYHKE 5.2.
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Pucynok 5.2 — 3aBucumocTsb 3arny0senus Hoxa h ot ero.cmemnenus |

W3 pucynka Buano, uro ¢ynkuus h = f(l), mogcunrannas mo mpemio-
KEHHOW METOJIMKe, OJNM3Ka K OPSIMOJIMHEHHOM, 3a MCKIIOYEHUEM HAYallbHOTO
orpe3ka. Ha 3ToM OTpe3ke cKa3bIBaeTCs BIMSHHUE HAYaJIbHOTO 3arilyOJIcHUs
Hoxka hy. Ilpu ciaenyrIIMX CMEHICHHSX HOXa CTaOWIM3UPYIOTCS YCIOBHUS
sarnyonenus u ¢yaxuuio h = f(l) MokHO cuntaTh npsMonunerinoi. [Ipu 3Tom
JOITYCTAMO, YTO Ka)XJI0e HOCICHYoIIee CMEIIEHUE HOXKAa Ha BEIUYHHY Ac,,
NPHUBOJIUT K 3ariTyOJICHIIO HOXa Ha BemuanHy Ah.

Torna (5.11) npeoGpasyeTcst ciaeayromumM 00pa3om:

N = K,BAc,,, (Ah+2Ah +3Ah) =

=k =k
- K,BAc, Y mAh=K,BAc, Ah'S m, (5.12)
m=1

m=1

r7ie M — HOMEep y4JacTKa IUIOIaJKU U3HOCA, CUUTAs OT PEKYIIEH KPOMKH;
K — KOTM4ecTBO yJacTKOB Ha IUIOMIAIKE H3HOCA.
['myOuna 3armyOiieHnss HOKa MPU OJAHOM €r0 CMEUICHUH OIpPEAeseTCs
CIEAYIOIIUM 00pa3oMm:
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N
Ah = e (5.13)
K,BAC,, > m

m=1

C TMOBBINICHHEM KOJUYECTBA YYACTKOB, HA KOTOphIE pa30uTa IUIOIIAIKa
M3HOCA, TOYHOCTh PACYETOB MOBBIIIACTCH.

[TonHoe 3armyOiieHHEe HOXa MPU N-M CMEIICHUU C YYE€TOM HAdyaJlbHOTO
MOTPYKEHUS PACCUUTHIBACTCS KaK

h=h, +nAh, (5.14)

Ecnu HauanpHOE TMOTrpy’>KEHHE OTCYTCTBYET, TO opmyJia IPUMET
CIICIYIOLININ BUJL:

h = nAh, (5.15)

PesynbraTel pacuetoB mo (5.14) mist T€x e YCIOBHI TIpeICTaBICHBI Ha
pUCYHKe 5.2 B BUJE ITPUXOBON nuHHMH. M3 pucyHka BHIHO, YTO MPHUHITOE
JOMYUIEHUE MMEET MECTO, MOCKOJIbKY pPEe3yJbTaThl PacyeToB OJU3KU JAPYT K
ApYyTy, @ METOJ pacueTa 3HaUUTEIbHO HPOIIIE.

®dopmyia (5.12) npeodpaszyeres:

N = BAc,.K,Ah+BAc,, K, 2Ah +BAc K, 3Ah =
= BAc,,,0, + BAC,,, 0, + BAC,, 05 =N; + N, + N3 , (5.16)

rae Nj, Nz, N3, 041, 02 O3 — CWIbl U JaBJCHUS, JIEHUCTBYIOIIUE Ha
Y4aCTKH:
ITpu sTom

o, =K,Ah; o, =2K, Ah;

O, = 3KhAh wm Oy = mKhAh_ (517)

®opmyinel (5.17) mokaspIBalOT, YTO C YBEIMYCHHEM HOMeEpa ydacTKa
MJIOMaAKd HM3HOca (MPUOIMKCHHUS K 3aJHEH 4YacTH HOXKa) OyIdeT pacTH u
JaBJICHUE, ICHCTBYIOIIECE HA HETO MPH 3ariy0JeHUU paboyero opraua.

[MpunsTas pacdyeTHas cXeMa W TOJIYYCHHBIE YPaBHEHHUS IO3BOJISIOT
JIOCTATOYHO IOJHO MCCJICIOBATh 3ariy0ienne padodero opraHa B rpyHT, KOTa
JaBJICHUS Ha IUIOIIAJKE M3HOCA HE SBJISIOTCS MpPEIACIbHBIMH M 3ariayOJcHHE
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IPOUCXOAMT 3a cyeT JAedopMaluu TPYHTA, a TAKKE YBS3bIBaTh MEXIY c000il
npolecc 3ariyosienusi pabo4yero opraHa ¢ ero reoMeTpUYeCKUMHU U CUIIOBBIMU
XapaKTEpUCTHUKAMH, OT KOTOPBIX 3aBUCHUT JIaBJIICHUE HA IUIOIIAJKE HW3HOCA, U C
neOopMaIMOHHBIMU  CBOMCTBaMH pa3pabaTeiBaeMoro rpyHTa. C MOMOIIBIO
U3JIOKEHHOM METOJIMKH pacdyeTa MOKHO MOJYYUTh KOJWYECTBEHHYIO KapTHUHY
pacnpenesneHus JaBjIeHUH 110 JUIMHE IUIOMIA KU U3HOCA.

5.3 3acnybnenue paboueco opzana npu npeoebHbIX O0ABTEHUAX
Ha 2pyHm

[TockonpKy BenuuMHA MPEASTbHBIX JAaBICHUN 3aBUCUT-OT MHOTUX (HaKTO-
POB, CI€IyeT paccMaTpUBaTh CIEAYIOIIME OCHOBHBIC PACHETHBIC MOJIOKEHNUS:

— 3arnyOsieHue pabouero opraHa Impu HEMOJBHKHOW MallMHE.H MpU €e
JIBIKEHUH,

— 3armyOsieHue paboyero opraHa mpd OTCYTCTBUU M HATUYUU TPU3MBI
BOJIOYECHUS;

— 3arnyOineHre pabouero oOpraHa. Ha HaYaIbHOW CTajuM, Korja
MOBEPXHOCTh TPYHTa TEpeJ] OTBAJIOM T'OPU30HTAJIBHA, U TMPHU KOMAHWHU, KOTAa
CYIIIECTBYIOT HAKJIOHHBIE TUIOIIAIKN-CABUTA B TPYHTE MEPE]] OTBAJIOM.

Jlamee paccMarpuBaeTCsi, TEOpHs. MPEASIBHOTO PABHOBECHUS ChHIMy4ei
cpenpl, obnanmaromiei cuersicaneM [17]. CormacHo 3TOW Teopuu, TpH Mpe-
JIeNbHBIX Harpy3kax B PPYHTE BO3HHKAIOT 30HBI MPEIEIHHOTO HAIMPSHKEHHOTO
COCTOSIHHS, a 3aJa4d HaXOXKIICHHUS HEW3BECTHBIX HAMPSHKEHUH CBOAUTCA K
onpeeneHuo PyHKUNOHAIbHOW, 3aBUCUMOCTH MEXK/Ty TPAaHUYHBIMHU yCIIOBUSMHU
U CBONCTBAMU-FPYHTa B COCTOSIHMM MpeeabHOro paBHoBecusi. C y4eToM Toro,
YTO IUIOIMIAJKA H3HOCA HOXKEW 3eMJIEpONHO-TPAHCIIOPTHBIX MAIIIMH JIOCTATOYHO
y3Kas (M, COOTBETCTBEHHO, 00BEM pa3pylIaeMOro € TpyHTa Oy/leT HEBEJUK,
MOKHO HCMOJb30BaTh YaCTHBIE PEIICHUS I HEBECOMOH CpEIbl, MMEIOIIUe
0oJiee MPOCTOil BU/.

s “~0003HaueHUsT TapaMeTpoB, XapaKTEPU3YIOUINX  HAIMpPsHKEHHOE
cocTosiHde rpyHTa (pUCyHOK 5.3), IPUMEHSIOTCS UHACKCHI «1» Jst 30HBI AgOA1
1 «2» Jst 30HbI A,OA3.

B oOnactu A4p0OA; TpyHT HaxoOWTCd B IACCUBHOM IPEAEIBHOM
HATIPSDKEHHOM  COCTOSIHMU, a B oOmactu A;0OA; — B akTuBHOM. s 3THX
oOractell BETUYUHBI O 1, ¢1 U O 2, (» TIOCTOSHHBI, & CETKU JIMHUN CKOJIbKEHUS
o0pa30BaHbl ABYMS CEMEHCTBAMU MapallIeIbHBIX MPSMBIX.
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AI
Al Ag 1
Pucynoxk 5.3 — PacueTHas cxema 3ariryOJIeHHs] HETIOJIBHIKHOTO pabovyero opraHa

B cneunanbHoit 30He A;0A4, chpaBelIUBbl WHTEFPAIbl ypPaBHEHUI
npenenpHoro papHoBecus (1.13).

[Ty490Kk TpsIMBIX XapakTEPUCTHK MPOXOIUT “depe3 Touky (), a KpuBbIE
XapaKTePUCTHKU SBJSAIOTCA Jiorapupmuueckumu - crupaisimd (cm.  (1.14)),
npubamxKaromuMucs K Touke O ¢ yBeJIMYEHUEM yriia 6.

VYron 6 uzmensercs ot 3HaueHust 0. =@, + € Ha rpanuiie OA; 10 3HaYCHUS
0, = ¢, + ¢ Ha Tpanute OA4,, a 3HaYCHUE ¢-B 30HE A;0A; TIpH ATOM H3MEHSETCS OT
@1 10 @,. Torma neBoe ypaBHenue (1.13) mpuMCHUTEIBHO K MPaBOil IpaHHUIEC —
ctopone OAj,, a cienoBaTenbHO, U KO Beell 30He A,0A3 MOKHO 3anucaTh TaKUM
o0Opazom:

o, =018xp(2(p, — 1) tgp). (5.18)

VYpasuenust (1.15), xapakTepusyromiye HaNpsHKECHHOE COCTOSHUE TPYHTA B
NacCUBHOU 30HE A¢OA;, IPUMBIKAIONICH K yACP>KUBAIOIIECH MOBEPXHOCTH, AJIS
HanOoee CIOKHOW pacdeTHOW cXeMbl (B ciydae HaKJIOHA YICp KUBAIOIICH
TIOBEPXHOCTH TIOJT YIIIOM C/IBHTA ) OYAYT BHITJISICTh CIEIYOIUM 00pa3oMm:

Sin A, 1
psin(Al _51) , O = Z(Al 51) v, (5.19)

o, =

VpaBuenust (1.16) nns aktuBHON 30HBI A,0A3 TPU TOPU3OHTAIBHOM
oBepxXHOCTU OA3 C BBEICHUEM HUHJICKCOB «2%!
SinA,
sin(A, +6,)’

o, =

1
?, :%_E(Az +3,).  (5.20)
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Ho TOraa npeaciabHOC IMMPUBECACHHOC JAaBJICHUC (] OIPEACINTCS KaK

sin(A, +6,)
SinA,

=0,

exp(2(p, — @) tgp). (5.21)

O06o6mennoe ypaBHeHue (5.21) MOXHO HCHOJIB30BaTh B KOHKPETHBIX
pacUeTHBIX ciydasx, T. K. B Hem mnpumenstorcs (5.19) u (5.20), xapakre-
pU3YIOIIUE HAMPSHKEHHOE COCTOSHUE TPYHTA, YYHUTHIBAIOIIAE OCOOCHHOCTH
Ka)JIOTO pacCMaTPUBAEMOTO CIIydasl.

3aenybnenue nenodsudicnozo paboueeo opeana 6 epynm..-Pacemarpupaercs
Hanboyiee MPOCTOM CiTydail 3ariayOJieHHs HENOJBIIKHOTO ‘padodyero opraHa B
I'PYHT, IOBEPXHOCTh KOTOPOTO TOPU30HTANIbHA (CM. pUCYHOK 5.3).

Jist 30861 AgOA; ypaBHenus (5.19) npu ropu30HTaIBHON yAEPKUBAIOICH
MIOBEPXHOCTH W HOPMAJIBHBIX JABJICHUSX, NEHCTBYIONIMX HA+ITy MMOBEPXHOCTH,
3aIUIIYTCS KaK

1

o, =p——-
. p1—sinp’

¢, = 0. (5.22)

Vpasuenus (5.20) npu. 'HOPMaJIbHBIX . JIaBJICHUAX, JICHCTBYIOIIHX CO
CTOPOHBI HETIOJBUKHOTO OTBAJIA, TAK)KE U3MECHSITCS:

o —q——i——
? M¥sinp’

T
P, =

2

Torma (5.21) mpu HOPMAaALHOM JABIEHMHM ( M U3BECTHBHIX 3HAYCHMSAX
apaMeTpoB ¢ U @I PACCMATPUBAEMBIX 30H II03BOJISET HOJTYUUTh

14 i
= wexp(n tgp) . (5.23)
1-sinp

B »Tux YPABHCHUAX YUTCHO, YTO JJIsI HOPMAJIbHBIX I[aBJ_IeHI/Iﬁ BbIPAKCHUA
Sin A, sinA,
. n —
sin(A, —5,)  sin(A, +6,

) 3aMEHSIIOTCS UX MpeJenaMmu, KoTopeie pu d; — 0 u

1 1
0, — 0 OyyT uMeTh BUJT 1—sin p 51 1tsinp’
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N3 pucynka 5.3 BUAHO, 4TO CXeMa pa3pyllieHus: TPYHTA IpU HOPMaJIbHBIX
JaBICHUAX OyIeT CUMMETpUYHAa B 00€ CTOpPOHBI. Pa3nuuHbiMM MOTYT OBITH
JNABJICHHUS p HA YJIEPKUBAIOUIYK) ITOBEPXHOCTh. [IpM OTCYyTCTBHMH TpHU3MBI
BOJIOYEHUSI OHO Oy/IeT paBHO JAaBJIEHUIO CBA3HOCTU H 1mepes 0TBAjJOM U MO3aau
Hero. Ilpu Hamuuuu 1TpU3MBlI BOJIOYEHHMS HA IIOBEPXHOCTb TPyHTa MEPEL
OTBAJIOM JIOMOJIHUTENBHO Oy/IEeT IeMCTBOBATh JABJIECHUE OT MPU3MbI BOJIOUYECHHUS,
IIPEISITCTBYIOLIEE BBIIIOPY IPYHTA B 3TY CTOPOHY.

OTO NaBJIEHHE PABHO I'€OMETPUYECKON CyMME JEMCTBUTEIBHOIO J1aBJIe-
HUS OT NPU3MBI BOJOYEHUS p', NEUCTBYIOIIEr0 Ha IOBEPXHOCTb IPYHTa, H
JABJICHUS CBA3HOCTHU:

p=p'+H=p,0H, +cctgp. (5:24)

CnenoBarenbHO, TpPyHT OyIeT pa3pyliatbes..B CTOPOHY 00JacTy,
pacmnojoKeHHO! 3a pabouuM opranom. Takum oOpa3oM, MpeaAcabHbIe JaBICHMUS,
NPUBOJAIINE K pa3pyLICHUIO TPYHTAa B MOMEHT 3ariyOJeHUs] HEMOBHKHOTO
paboyero opraHa Mpu TOPU3OHTAIBHOM YIEP:KUBAIOLIEN MOBEPXHOCTH OYyIyT
omnpenenstbes 1o (5.23) npu p = H.

IToCcKONBKY IOJYYEHHOE 3HAYCHUE NABJICHUS ( SBISECTCS NPUBEIACHHBIM,
TO JEUCTBUTEIILHOE Pa3pyILUAOIIES AABICHUE B paCCMaTPUBAEMOM ClIydae

q'=q-H. (5.25)

3aenybnenue 0sudcywezo pagouezo opearna Ha HawaivHou cmaouu. llpu
3arayOJeHun NBIKYHIEr0 - pabodero oprana, umerueco HOOBUNCHYIO NPUIMY
607104eHUsi, TPW TOPUZOHTAIBHON yAep)KUBAIOIIEW MOBEPXHOCTH TpyHTa
(pucynok 5.4)nepBoe ypaBuenue (5.19) mis naccuBHoi 30Hb1 AgOA; OCTaHETCS
TaKWM K€, a BTOpOe He3HAUNTEIbHO U3MEHHUTCH, T. K. i = 0.

SinA, 1

0, = pm; @1:§(A1_51). (5.26)

B aktuBHO# oOnactu A,0A3 ucnonw3yrores ypaBHenus (5.20). Torma
u3 (5.21)

sinA,  sin(A,+6,)
— : ex —A,—-0,—A,+0,) t . (5.27
q pSin(A1—51) SinA, pl(7 - A, -6, L+ tgp]. (5.27)
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Pucynox 5.4 — Pacuernas cxema 3ariyOyieHUs] TIOABMXHOTO paboudero.oprana npu
MOJIBUKHOM NMPU3ME BOJIOYEHHUS

[TpuBeneHHOE AaBieHUE p SIBISIETCS TE€OMETPUYECKOM CyMMOMN NEeHCTBU-
TEJIBHOTO JAaBJICHUS p' OT MPU3MBI BOJIOYCHHS W HABJIEHUS CBSI3HOCTH H U B
COOTBETCTBUM CO CXEMOW Ha pPHCYHKE 5.5, @ Mmpu ABUXKYIIEHCS TpU3ME
BOJIOYCHUS PACCUUTHIBACTCS KaK

p=y(H + po)2+p? = J(cctap + pL)° +(pitap)?,  (5.28)

! )
rae P, — JaBieHHE IPU3MblI BOJIOYEHMs] Ha TPYHT BOJM3U pexXyIlien

KpoMKH, P, =pgH, .

Yo OTKIOHCHMS 51 IMPUBCACHHOI'O JABJICHUA p OIIPCACINUTCA KaK

p,tgp

0, = arctg —.
cCtgp + P,

(5.29)

[Tpu ucnonb3oBanuu (5.27) HEOOXOIUMO YUECTh, YTO YIOJ OTKIOHCHHS O
NPUBEACHHOTO JaBJEHUS (|, MEHUCTBYIOMIETO CO CTOPOHBI TUIOMIAJAKKA HM3HOCA
HOKa Ha TpyHT, OyAeT 3aBUCETh OT JEWCTBHUTEIbHOTO maBieHus (. B
COOTBETCTBUM CO CXEMOM Ha PUCYHKE 5.5, O MPUBEICHHOE JaBJICHUE (| U YroJ
€ro OTKJIOHEHHUSI J; PACCUUTHIBAIOTCSI CJICTYIOIINM 00pa3oM:
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q= \/(q'cosw+ H)? +(q'sinw)” :

, .
Sinw
0, =arctg 'q . (5.30)
g'cosw+ H
a) 6)
P
p's p @
~ pl q'
51 52
H H
] ]
p q
Pucynox 5.5 — Cxembr' uisi pacuera MaBJICHMA Ha TOBEPXHOCTh TPYHTa TIpH

JIBIDKYIIEHCS TpU3Me BostoueHus (a) u ABmxkyIteMcs Hoxe (0)

[TosToMy “paspymiatoniee’ AaBleHHE (| ONpEACTSIeTCS C IOMOIIBIO
UTEPAIMOHHBIX METOI0B.. 3aJacTCI HEKOTOpas HadvajabHas BEIWYMHA IEHCT-
BUTEILHORO JiaBieHuss (. YToa OTKIOHEHHs 3TOTO JaBJACHHS IMPH IBMKCHHH
HOXa 0. CPYHTY OYACT paBeH YIily BHYTPEHHETO TPEHUS .

HauanpHOE “HMpUBEEHHOE JaBJACHUE (, U YroJd €ro OTKIOHEHHsS J;"
paccuutbiBatoTcs 1o (5.30). IMTocie atoro mo (5.27) BbIUMCISIETCS MPEaCIbHOE
JaBIICHUE (], MPUBOJIAILEE K PA3PYIICHUIO TPYHTA IIPH TOM K€ YIJI€ OTKIIOHSHUS Oy .

Eciv nonyuennoe mno (5.27) 3HaueHue naBiacHHS ( OTJIMYACTCS OT
HAYajJbHOTO, HEOOXOIMMO HM3MEHSATh HA4YalbHOE 3HAYEHHE IEHCTBUTEIHLHOIO
JaBlIeHUs (', U IOBTOPATH BEIYMCICHHS [0 BHITOJHEHHS YCIOBHS

q,—q=<A, (5.31)

rac A - IIpHUHATAA IIOIPECHIHOCTD BBIYMCJICHUU.
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[lepexon K HEHCTBUTEIHHOMY JAaBICHHIO (' OCYIIECTBISETCS B COOT-
BETCTBUU C PUCYHKOM 5.5, O:

q'=\/(qcosﬁz—H)2+(qsin§2)2 . (5.32)

[Ipexxne yem paccMOTpeTh 3ariayOsieHHue ABMXKYIIEro pabodero opraHa
NpU HeNnOOBUNCHOU NpU3Me 80JI04eHUsl, CIIEAYeT U3yUUTh CXeMY Ha pUCYHKE 5.6.
N3 pucyHka BUAHO, 4YTO e€ciau TpaekTopus 1 pexyued KpoMkH padoyero
oprana mnpu 3ariyOjeHun Oyner pacroyiokeHa B 3oHe | (ieBe€ mpenenbHOU
TpaekTopuu 3), TO ABMXKYIIUHCS TPHU 3ariyOJIeHHMH pabounii Opran OyaeT
IepeMEIATh NIPU3MY BOJIOYEHHS.

/ [IpenenpHas TpaeKkTOpUs

Pucynok 5.6 —Cxema k pacueTy CKOpOCTel IpH 3arTy0JIeHHH pabodyero oprana

W naoGopot, ecnu TpaekTopusi 2 peXylied KpOMKH TpH 3ariyOjieHuu
Oyzer pacroyiokeHa B 3oHe |l (mpaBee mpemenbHOW TpaekTopuu 3), TO TPH
3aRTy0JICHUU TIOBEPXHOCTH JBMXKYIIETOCS padodyero opraHa, OTXo/As OT TPYHTa,
He OyjieT mepeMeniaTh MPU3My BOJOUCHHS.

Kputnueckoii TpackTopuer, pa3ieisiomiell 3TH JBe 00JIaCTH, SBISCTCS
TPAaeKTOpHs 3, COBMAAONIAsl C HIDKHUM MPSIMOJIUHEHHBIM y4acTKOM pabouero
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opraHa, Ha KOTOPOM KpemsiTcs HOxH. Ee yrioBoe mojoeHue B MPOCTPAHCTBE
(yrom az) onpenensieTcst Kak

\'
o, =arctg—"=¢,,,,
Vs

(5.33)

TJI€ Oy, — YTOJI pE3aHUs;

V,,,, — BEpTUKAJIbHAsI CKOPOCTh 3ariayOseHusi pabodero oprasa,
V5 — CKOPOCTh MEPEMENIECHUS MAIIINHBI.

Takum 00pa3om, Ipu OTHOCUTEIHHO MEIJICHHOM 3ariyOJjeHun pabodero
oprana (yroJs 3ariyOJIeHHsI MEHBIIE yIja pe3aHus) MpuU3Ma-BOJOUYCHHS OyaeT
HIepEMEIaThCs, a IPU OTHOCHTEIBHO ObICTpOM (Yrout 3ariayOsneHus OOJIbIIe yriia
pe3anus) He Oyner. IlepBwiii citywaid (MemjieHHOE 3ariyOJicHHE) PacCMOTPEH
BBIIIIE, @ JUIS pacyera BTOporo (ObICTpoe 3ariyOJICHUE) UCTIONB3YETCS CXeMa Ha
pucyHKke 5.7.

W
%

Pucynok 5.7 — Cxema 3anny6iieHus: MOJIBUYKHOTO pabOYero oprana npu HEmoJBUKHON
pU3Me BOJIOYEHUS

st 30ub1"AgOA; nipuMmensfoTest ypaBaenust (5.22), a g 30861 A,OA3 —
ypaBHenus (5.20). VYpaeaenwme (5.21) MOXKHO 3ammcarh Uil 3TOrO Ciaydas
CJICIYFOLIIM 00pa3oM:

_sin(A,+6,)
=P (1—-sinp)sinA,

expl(z — A, ~ 8,)tgp]. (5.34)

[Tpu sTOM HOpMaIbHOE AaBiieHKe p onpeaensercs mo (5.24).
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OpnHako, KpoMe 3TOro, HEOOXOAMMO PACCMOTPETh U ANbMEPHAMUBHYIO
B03MOJICHOCMb pA3PYUIEHU 2pYHmMa — B CTOPOHY 3aJHEN 4acTh HOKa. BeIiop
IpyHTa IpH 3ariiyOsieHuH padouero oprana OyaeT MPOUCXOAUTh B Ty CTOPOHY,
KyJa moTpeOyercs MeHbluee paspymiatoniee nasienue. W ecniu  npu
HEMOJBM)KHOM pabodyeM OpraHe mpH HaJU4YUH MPU3Mbl BOJIOYEHUS pa3pylIeHUE
IpyHTa MPOU30MAET TOJBKO B CTOPOHY 3aJIHEW YacTh pabouero opraHa, a mpu
OTCYTCTBUM TPU3MBI BOJIOYEHHS — B 00€ CTOPOHBI, TO MPHU JIBUKYIIEMCS
pabodeM opraHe OJHO3HAYHO OTBETUTH HA 3TOT BOIPOC HEBO3MOXKHO.

PaccMmoTpen Tako# ciydaii, Korja rpyHT OyAeT pa3pyliaThCs B 00J1acTH
0AA"1A4'y (cM. pucyHOK 5.7). B 30He A34'1A4'y HanpsDKEHHOE COCTOSIHUE TPYHTA
omuceiBaeTcs ypaBHeHusMu (5.22) ipu p = H. [lnisa 30861 42043 ucnionb3yercs
nepBoe u3 ypaBHenuil (5.20). 3HaueHUE @, W3MEHUTCS “HAa 7T B- CBSI3U C
U3MEHEHHEM CHUCTEMbl KOODAMHAT W MPUHATOTO OTCUETAa YIJIOB. HA MPOTH-
BOIIOJIOJKHBIE U CTAHET PaBHBIM @'y, [Ipu 3TOM

, 1
P, =7 =@, Z%“'E(Az +52).

Torna

sin(A,+6,)
=H ex +A, +0,)t , ,
q (L—sinp)sinA, pl(7 + A, +0,)tgp] (5.35)

Takum oOpazom, Tpu ABWXKYIIEMCS pabodeM opraie HEoOXO0IUMO
paccMaTpuBaTh AJbTEPHATUBHBIM BapUWaHT pa3pyIICHUS TPYHTa W BBHIOUPATH
TaKo# ciydail; Ipi KOTOPOM MPHUBEACHHOE JIaBlieHUE (| OyJeT MUHUMAaTbHBIM.

K pacuerHoii cxeme (cM. pUCYHOK 5.7) OTHOCHTCS M Cllydai, Korja
JBIDKYIIMNACS pabouui-~Opran 3ariayOiseTcss 6e3 npusmvl 8onoueHus. B 3ToMm
cinyuae p = H, u popmymna (5.34) 3anuiercs ciaeayropM o0pa3om:

Sin(A2+52)
=" expl(z - A, - 5,)tgp]. |
! (1-sinp)sinA, Pl(7 - A, = 5,)tgp] (5.36)

OTO0 naBieHHE MEHBIIE, YeM B CIIy4ae BBINIOpa IPyHTa B CTOPOHY 3aJHEM
qactu pabouero oprana (cm. (5.35)), mo3TOMYy aNbTEpPHATUBHBIA CIy4ald IMPH
OTCYTCTBHH MPU3MBbI BOJIOUYEHHUS HET HEOOXOIUMOCTH PacCMaTPUBATh.

3aznybnenue pabouezco opeana npu konavuu. PaccMOTpeHo 3ariyOieHue
pabouero oprana mpu KomaHuu (TOJNIIMHON CTpYXKH N), Korma mepen HOXOM
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OyJIeT HaXOIUTHCS TIIOMIAKA CABUTA, HAKIIOHEHHAS! K OCH X MO yrioMm . [lpu
HEMOJBI)KHOW MAIMHE YCTOWYMBOCTH TPyHTa MPOTHB BBIIOPAa B CTOPOHY
3aJIHe YacTH HOXa OyAeT HIKEe, YeM B HaIpaBJICHUHU IUIOIIAJKH CJIBHTA,
TIO3TOMY MOKHO MCTOJb30Bath (5.23) pu p = H.

Ecnu nBmwkynuiics pabouunii opran 3ariayOJseTcs MPU BEICOKON CKOPOCTH
0T yIJIOM, OOJBIINM, YeM KpUTHYeCKHi yroi, ompeneinseMbiii mo (5.33), to
TPYHT Iepe]l HUM HenoABWXKeH. [lanee ciaeayer paccmorperh TpeyroibHuk OBD
Ha cxeme (pucyHok 5.8).

A
H,,
er
qep

X

Y B y ViV D R

h N g

v
Yy O
l// ¢

Pucynox/ 5.8 — Cxema K pacyeTy CHUJIOBBIX MapaMETpOB INPH BBICOKOW CKOPOCTH
3ariy0aeHns padoyero opraa npyu KOMaHuu

Cuny Qg,, ZeHcTByIOIIYI0 Ha HOBepXHOCTh BD co cTopoHsl BbimIene-
JKalllero rpyHTa, MO>KHO HaTH 1o popmyrie

er = anpBIBDi

rae B — niuHa oTBaja;
lgp — mmmHa moBepxHocTu BD,

lgp =h ! + !

tgy tge,,
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Becom npusmer OBD MoxHO npeHeOpeyb BBUIY €ro He3HAUUTEIbHOCTH.
Torma ypaBHEHMsI NPOEKUMU BCEX CHUJI, JIEUCTBYIOIIMX HA YCIOBHO HEINOA-
BIKHYIO BbIIeNieHHyto0 npusmy OBD, Ha koopAHHATHBIE OCH X U Y-

ZX=Nsiny —Rsing,, =0;
2y =Q,, —Ncosy —Rcose,, =0.
N3 sTtux ypaBHEHU

in i
R:N—S v N = siha,,

sina,, T sin(a,,+w)"

JleiicTBUTENBHOE IaBiieHUE p' OT cuiibl N pacCUMThIBaeTEs Kak

,  Nsiny
P A\

JIns ompeneneHus NPUBEJEHHOTO HOPMAIBHOTO JABIECHUS p MCIOIb-
3yercst popmyna P=p' +H .

CxeMa paspylleHus TPyHTa [l 5TOr0 pacyeTHOro ciydas MpescTaBjIeHa
Ha pucyHke 5.9.

A

A

Pucynok 5.9 — Pacuernas cxema paspyiieHus TpyHTa TNpH 3ariayOjieHud pabodero
Oprasa MpH KOIIaHWUU C BBICOKOH CKOPOCTBIO 3ariayOIeHHs
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st 3081 AgOA1, HaxoAAMICHCS IO IEMCTBUEM HOPMAJIbHBIX JABJICHUH,
ypaBraenus (5.19) npumyT BuI:

1
O, = _— —_ —

Jlns obnactu A,0A3 npumensitorest ypasaenus (5.20). Torna

a=p 82 %) oo n, 6+ 20)g), (531

(I-sinp)sinA,

[Ipu 3armyOneHun oTBajia MO TPACKTOPUHU, MPHUBOMASIICH K ABIKCHHUIO
CpE3aHHOTO TpyHTa Mo Iiomazake casura (pucyHok 5.10), misi ompenencHus
IIPUBEJCHHBIX JABJICHUW p, INCUCTBYIOUIMX Ha~INIOWAJKY “CIBUra, WU Yyrjia
C/BHTA |/ UCIIONB3YETCS METOJI pacueTa, U3JIQKEeHHbIN B pazfieie 2.

Pucynok 5.10 — PacueTHas cxema paspymieHHs TpyHTa MpH 3ariayOieHun padbodero
OpraHa u MepeMeIIeHuH CPE3aHHOTO TPYHTA OTBAJIOM

HN3MeHeHne ycioBUM HAarpykKeHus IUIOIIAJKU CIBUrA MPHU pa3pylICHUU
TpyHTa JIeJaloT 00s3aTeNIbHBIM PACCMOTPEHHE JBYX CIIy4acB — B MOMEHT €€
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(dbopMHpoBaHHUs, KOTAa MPHUBEACHHOE NaBJCHUE, ICHCTBYIOIICE HA €€ MOBEPX-
HOCTh, OTKJIOHEHO OT HOPMAaJId Ha yroJl BHYTPEHHETO TPEHHS TPYHTA p, U cpasy
nociie ee 00pa3oBaHUs, KOTrJa MPOM30ILI0 W3MEHEHHE NEHCTBYIOIIUX CHII, U
YCJIOBHUE 01 = p YK€ HE COOII01aeTCs.

Jlis Broporo cirydas ypaBaenus (5.19) u (5.20) nmpeobpasyrores:

sinA,  sin(A,+6,)
= ex —A, =0, — A\, + 0, +2w)t . (5.38
q pSin(A1—51) SinA, p[(7 2 0y 1o +2p)tgp]. ( )

[IpumMeHuTEeNbHO K TEPBOMY CIydal Npu (POPMUPOBAHUM IUIOLHAIKU
capura ypaaenue (5.38) ympomaercs. Ha rutomaake ciBura BBIOTHICTCS

T
yCIOBUE O1 = p, TpH 3TOM A; = o Takum 00pazoM, HU3MEHSIOTCS W~ ypaBHE-

aus (5.19):

1 P T
o1 =P = g =l ey

a ypaBuenus (5.20) ne usmensres. Toraa

sin( A, +.0.
q=p I ( ot Z)exp{(%—Az—52+p+2l//jtgp}. (5.39)

COS pSINA,

[Tpu aBukymieMcs paboueM OpraHe pacueThl MO-TPEKHEMY OCYIIECTB-
JS0TCA UTEPALMOHHBIMU METOJAaMU C YYE€TOM aJIbTE€PHATUBHOIO BapHaHTa
paspyuiennsi rpyHTa. Ilepexon k IeWCTBUTEILHOMY AaBJICHUIO (' OCYIIECTB-
nsiercst o (5.32).

Pacuem. payuonanvnoti mpaexmopuu  3aenyonenus. PaccMoTpeHbI
KMHEMAaTHYeCKNE OCOOCHHOCTH pPa3pyLIEHUs TPyHTa IUIOIIAJKOW W3HOCA TPU
3armyOaenun. M3 pucynka 5.11 BuUaHO, YTO yroil @, MEXIy HampaBiICHHEM
HayuOOJBIIEr0 TJABHOIO HANpPSDKEHUST M OChIO X TOJHOCTBIO OINPENENSIET
HOJOKEHUE IUIOIIAZOK CKOIbXkeHns B 30He OAyA3 W pa3Mepbl 3TOW 30HBI,
pacnoIo)KeHHON moj Tuiomaako m3Hoca (OAs. Bmecre ¢ Tem, NOJNOXKEHUE
muHun A,C mpeAcTaBisieT co0OM paluuMOHAIbHYIO TPACKTOPHUIO 3ariyOieHus
OTBaJja.
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Pucynok 5.11 — Cxema K pacueTy palMoOHaJIbHON TPAeKTOPUH 3ariyOneHus

JleiicTBUTENbHO, HANPSDKEHUS HA. INIOIIAIKe M3HOCA MpU 3ariyOJIeHUU
HOKa JIOCTUTHYT MpPEAENIbHBIX 3HAYEHUMH-TOJIBKO TPU HEKOTOPOHM €ro OcajkKe.
[Ipu 3TOM, eciu TpaekTOpHs 3ariayOiileHus pPexyLUed KPOMKH OyIEeT pacrolio-
KEHa TOJI YIJIOM @y, HAPsDKEHUS OyIyT yBelInuuBaThes Bo Bcell 30He OAA3 110
npenenbHbIX 3HaueHui. Eciu ke TpaekTopus 3ariy0ieHust OyeT pacnoiokeHa
[0/l MEHBIIMM YTJIOM, TO.YacTh IUIOIUAJAKA HM3HOCA HOXA, MPUMBIKAKOMAs K
pexyiend KpoMmke, OyeT Tionagarh Ha HOBBIM y4acTOK TPYHTa, KOTOPBIA OyeT
UCIBITHIBATh MEHBIIUE JaBJICHUS,-UEM OCTAJIbHBIE YYACTKHU IIOIIAJKH HU3HOCA.
D710 MoTpeOyeT yBETUUCHUS 3aTTyOJISIOIIETO YCUITHSI.

Taxum 06paszom, 3arnydreHue oTBajIa Mo yriom

\')
— om __
f =arctg—= =g, (5.40)
Vs
obecrieudBaeT IMOSIBJICHUE TMpeAeIbHBIX 3HAYCHHH, ymoBieTBopstommx (5.21)
cpa3zy Bo Bceil 30He OA,A3, pacnonaoKeHHOM Mo/ IITOMIaAKON U3HOCA HOXKaA.
MunuMansHas BeTUYMHA STOTO yriia OyaeT mpu J; = p. B aToM ciydae B
coorBeTcTBUH ¢ (5.20)
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Haenenue, Oeticmgyrowjee Ha HIOWAOKY UBHOCA NpU KOnAHUU Oe3
3a2nyonenus Hodca. PaccMaTpuBasi MHTEHCUBHBIN M3HOC HUXKHEN CTOPOHBI HOXKEH,
KOTOPBIM HaOJIOAAETCSA HA MPAKTUKE, MOXKHO 3aKJIFOUUTh, YTO Ha 3Ty YacTh HOXa
JEHCTBYeT JaBJCHUE HE TOJHKO MpH 3aryIyOJieHWH, HO W Ipu KomaHuu. MHaue
TaKOH OBICTPBIN U3HOC HUKHEN CTOPOHBI HOXKEM HEBO3MOYKHO OOBSICHUTD.

Ha pucynke 5.12 npencraBnena cxema naBieHud Ha rpyHT. I[locrne
dbopmupoBanus omaaku casura OB Ha Hee OyJeT NelcTBOBaTh JaBiieHue q';
CO CcTOpOHHI Tiepemeniaemoro moroka rpyura OBKD. DT1o naBnenue aeiicTByeT
JIOCTaTOYHO MPOJIODKUTEIILHOE BpeMs — 10 (hOpMUPOBAHUS TUIOMIAAKHA MajioTo
CIBUTA, BBITIONHSIONMICH T€ XK€ (YHKIMH TIO0 OTHOIICHHWIO K TPYHTY, pacmo-
JI0’KEHHOMY TIOJ1 HEH Tepe]1 HOXKOM, 4TO U Tuiomaaka OB npu, 001bIIIOM CABUTE,
a Ha TPYHT Iepe HOXKOM OyAeT IeCTBOBATH JIaBlIeHUE 'y

Pucynox 5.12 — Cxema naBieHUi Ha TPYHT MEpe. pexyIIeld KPOMKOM NP TOSBICHUN
IUIOIAAKH. C/IBUTA

CnenoBarenbHO, 3a LMK pa3pylIeHHss Ha TPYHT HEHAPYIICHHOU
CTPYKTYPBI, PACIIOJIOKEHHBINA TIEPEA HOXKOM, JIEUCTBYIOT JOCTATOUYHO BBICOKHE
napieHusi. Takue e MaBJ€HUS TPYHT HCIHBITBIBAET MPU MAaJbIX CIBUTaXx,
KOJIMYECTBO KOTOPBIX 32 IUKJI ONPEAeIIsaeTCss MHOTUMH (akTopamu [25].

Ha pucynke 5.13 npuBenena cxema AJig pacueTa JaBJICHUA Ha IUIOMIAIKY
u3Hoca. JleWCTBUTENbHOE TMOJOXKEHHUE IUIONManku casura (yroi y) u JaBie-
Hue (', AeicTByrollee Ha Hee MNpU OONbUIMX W MajlbIX CIBHUIax, MOXHO
onpeaenuTs 1o [25].
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Pucynok 5.13 — Cxema [uig pacyera JaBieHHH Ha IUIOIIAAKY M3HOCA MPH KOMAHWUHU C
IIOCTOSIHHOW TOJILIMHOMN CTPYKKH

ITon neiicTBUeM JaBiieHUs (' IPOU30MIET - HEKOTOPOE CXKATHUE TPYHTA O]
TUTOINAKON CKOJIbKEHUsT Ha BelimunHy Algg, KoTOpas Oyaer mpornopuuoHaibHa
HOPMaJILHOMY JIaBJICHUIO U ¢ yueToM (5.3) onpenenuTcs kak

Al q’'cos p
OB K, - (5.41)
Bennuuna nedopmaiiny rpyHTa B BEpTUKAIBHON TIOCKOCTH
q'cos pcosy
Ahgg = Algg COSY = K (5.42)
h

TakuM 00pa3oM, TOJ] HOXK IOMAgaeT TPYHT, HPEABAPUTEILHO nehOopMu-
pOBaHHBI Ha BeNMW4YMHY ANog B BEPTUKAIBHOW IUIOCKOCTH. DTO MPHUBOAMT K
HOSIBJICHUIO JIaBJICHUH CO CTOPOHBI TpyHTa Ha IUIONIAJIKy HW3HOCA HOXKA,
NPCIATCTBYIONIYIO PACIIMPEHUI0 TPYyHTa KBEpPXy, BEJIMYMHA KOTOPHIX B
cooTtBeTCcTBHH C (5.3)

Oy = KhAhOB- (5.43)
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[Tocne mpoxXoKaeHUs TUIOMIAJKM W3HOCA C TMOBEPXHOCTH TPYHTA CHHU-
MaeTcsl naBieHue. [Ipu 3TOM MOBEPXHOCTh TPyHTA MOJHUMETCS Ha BEIUYUHY
ynpyrux aedopmaruii Ah',

Takum 00pa3om, TUIOIIaKa U3HOCA OOJBIIYI0 YaCTh BPEMEHU KOTAHUS
(3a uCKJIFOUYEHUEM BBITIYOJICHUS OTBaJIa) HAXOIMTCS O] JICHCTBHEM 3HAYH-
TENBHBIX 10 BEIUYHMHE JABJICHHUM, MPUBOMAINIUX K €€ WHTCHCHBHOMY HW3HOCY.
OTH NaBleHUs CO3MAI0T JIOMOJHUTEIBHYIO CHIy TPEHHS IUIOMIAJKK H3HOCA
HOXKa O TPYHT, KOTOpas NMPUMEHUTEIHHO K cXeMe Ha pucyHke 5.13 paccum-
THIBAETCS KaK

P, =0yCBtgw. (5.44)

Takum 00pa3oM, M3JI0KEHHBINM METOJ MO3BOJISET. PACCUUTATh JaBJICHUE,
OTIPE/ICIISIONIEe M3HOC TPYUIUXCS IMOBEPXHOCTEH, CIACHOBATEIBHO, TEPEHTH K
PACCMOTPEHHUIO CKOPOCTH H3HALIMBAaHUS pPAO0YCH TMOBEPXHOCTH U HUKHEH
KPOMKH HOKa M YTOYHUTb METOJIUKY TSTOBBIX PACUYETOB.

5.4 Hccneoosanusa 3acnyonenusn omeana 0yiv0osepa

3aznyonenue npu HenpedenvHvix Oaenenusx. PaccMoTpen Oyibao3ep
Becom 200 xkH na 0Oaze Tpakropa T-10M,-mmeromuii juHy otBaia 3,2 M.
JlnvHa ¢ TUTOIIAa KU M3HOCA HOBBIX HOXKEH 3TOro Oynbpao3epa paBHa 14 mw, a
MOJIHOCTBIO U3HOIIEHHBIX.— OKOJIO 25 MM.

MakcumanbHOE 3aray0IIroIIee YCUiiue Mpu BHIBEIIMBAHUM Oyiiba03epa
Ha oTtBasie coctasisieT /0 xH. Torma BepTukanpHOE MaBieHUE, TIEpeIaBaeMoe Ha
TPYHT IUIOMIAAKON M3HOCA HOXKa, 1pu ¢ = 14 mMm Oyzaer (; = 1560 klla, a mpu
c =25 mm (= 875 klla.

YucaeHusie 3uaucHus kodpdurpienta Cy (cM. Tadbuuiy A.l): s TPyHTOB
Il kateropun Cg=-15000 xkH/Mm°, must rpymToB |11 kateropun Cy = 30000 kH/m’.
ITo (5.2) paccuntbiBaercs ko3dduimeHt xectkocT Ch.

Jlns pacdyera 3arnyOiaeHHs oOTBaja wucmonb3yercs ¢opmyria (5.13),
COTJIaCHO KOTOpO# ompexaensieTcs 3ariybnenne Ah mpu mepemenieHnn orBana
HA BEJTNYHHY

rae K — KoJM4ecTBO pacyeTHBIX y4acTKOB, Ha KOTOpPhIE pa3OuTa JTMHA ¢
IJIOMIAJKU U3HOCA.
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[TosToMy 3armyOuienue HOka h mpu nepemermenun | paccuuTsiBaeTcs 10

bopmyne
IAh
h=—,
Ac

Jlanee cieayeT OICHUTh BIIMSHUE KOJIUYECTBA PACUYETHBIX YYACTKOB
TUTOMIAJIKA M3HOCA Ha TOYHOCTHh pacyeroB. Jlns atoro ompexaensiercs h mocie
100 MM myTH Tpu pa3sHOM KOJHYECTBE y4yacTKoB K. Pe3ynbrarel pacueros
NPUMEHUTENbHO K TpyHTy |l kateropmum u HOBOMY HOXY MpH_JaBICHUHA HA
rpyHT 600 xIla nmpencraiens! Ha pucyske 5.14.

50

40 -

N

20

10

0 20 40 60 80 100
k —»

PrcyHok 5.14 — Bimsinue xonuuectBa K pacdeTHBIX y4acTKOB pa3OMEHHMs TUIOLIAKU
M3HOCA Ha pe3yJIbTaThl pacuera

W3 -pucyHKa BHIHO, YTO AOCTATOYHO OONBIIOE KOJIUYECTBO YYACTKOB
(30-50) “mpuBoaMT K cTaOWIM3AlMM  PE3YJIbTATOB pacyera M TIOYTH HE
OKa3bIBACT BIIMSHHS HA BBIYMCIICHUS.

Ha pucynke 5.15 oTpaskeHbl pe3yibTaThl pacyeToOB 3ariayOJieHHs HOa h
npu npoxoxacHud uM myTd | = 100 MM B 3aBHCHMOCTH OT 3ariyOJIsIFOIIEro
yeunuss N mnsg rpynta Il u 1l xareropuii. Jljis HOBOro HoXa C JJIMHOW ILIO-
maaKu n3Hoca ¢ = 14 MM 3armyossroniee ycwmme orpannanBaiock N = 26,9 kH
mwis tpyrra |l kareropmm mpu Co = 15000 xH/M?, €To cooTBercTByeT
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sarmyOnstomemy nasnenuto 600 kIla, u N = 44,8 kH s rpynra |l kateropun
mpu Co = 30000 xH/M®, 4To COOTBETCTByeT 3ariyOuSIOMEMY IaBICHHIO
1000 «kIla. Hasmenms 600 u 1000 xIla sBISIOTCS MaKCUMAaJIbHBIMHU
HEpa3pyIAIMUMHA  JIaBICHUSIMH B pacCMaTpUBAeMBbIX  yCIOBHsIX.  Js
MOJTHOCTBIO M3HOIIEHHOTO HOXa, Ui KOTOpPOro ¢ = 25 MM, Ais TpyHTa
Il kareropun MakcuManbHOE 3ariayoOssromiee ycunue orpannunBaercs N = 48 kH
no TeM ke nmpuurHaM, a juist rpyHTa |l kareropun — N = 70 xH. Ilocnennee
3HadueHne N sIBISETCS MaKCUMaJIbHO BO3MOXHBIM 3ariyOJIsIONIUM YCUIIHUEM U3

yCIIOBUI BBIBEIIMBAHUS OyJba03€pa Ha OTBAJIE.

60
MM I kar.
50 ‘
I KkaT. I IO kar.
Y
40 ></ : I
30 / ; — /
20 ; .
h : : ~ITT KaT.
10 1 ; :
0 20 40 60 80 xH 100

PucyHok.5.15 — Bausaue 3armyOustoniero ycunus N Ha 3armyOnenue otBana h npu
pa3IMYHBIX pa3Mepax IUIOWAAKH U3HOCA ¢ Ha TPYHTaX Pa3HbIX KaTeropuit

W3 pucyHKa BUAHO, YTO MpPU OJAHOM U TOoM ke ycunuu N yBenmnmueHue
wiomiaaku u3noca B 1,8 pasa (¢ 14 1o 25 MM) npuMepHO BO CTOJIBKO e pa3
YMEHBUIAET = TTyOMHY TMOTPYXKEHUSI OTBaJla NPU OJUHAKOBBIX OCTAJIbHBIX
ycioBusix. [louTu Tak ke BIUSIIOT U CBOMCTBAa IPYHTA, CHU)KAIOIIME 3ariyO-
aenue oteaia h mpumepHo B 2 pa3a s rpyHToB |l KaTeropuu o cpaBHEHUIO ¢
rpyntamu |l kateropuu.

Ha pucynke 5.16 mpezacraBiensl rpaduku 3aBUCHMOCTH 3arilyOJICHUS
otBaia h ot myTu ero mepemerienus | B pa3HbIX yCIIOBHUSX MPU 3arTyOJsIONIeM
naeinennn 600 klla myist Bcex ciywaeB. I'paduku oTpakaroT yroj HakjoOHa K
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TOPU30HTAJIN TPAeKTOpUM 3ariyoneHus orBaia. Hambonpmum yrom a = 40°
Oyzaet npu 3ariayOneHund HOBOro Hoxka B TpyHT || kareropuu. Ilpu 3armyOnenuu
3TOro k€ HOXa B IpyHT ||l kareropuu yromn HakiioHa TPaeKTOPUU 3ariyOleHUs
otBania Oynet Bcero 21°. Jns MONHOCTHIO M3HOIIEHHOTO HOXKA ISl TPyHTOB |l
kareropuu o = 31°, a gy rpynTtoB |l kateropun a = 15,8°.

50
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40 \ —

¢ =25 mm (Il xar.)
/_...--""'"

¢ = 14 mm (Il xar.)

30

¢ = 14 mm (11 kar.)

ol

h ¢ =25 mwm (Il kar.) //
. = __.---"'"'_-'--

" ——

0 25 30 75 MM 100
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Pucynok 5.16 — BnusHHE AIMHBI TIIOMAAKH M3HOCA ¢ M KaTETOPUU I'PyHTa HA YToOj
TPAeKTOPUU 3ariIyOeHus 0TBala

['padurm (cM. pucyHok 5.16) MOKHO paccMaTpuBath Mo-Apyromy. Eciu
THJIPOIIPUBOIOM Oyibao3€pa He oOecrieunBaeTcs HykHas TpackTopus (a > 40°
npu 3arayOfieHnr HOBoro Hoka WM a > 31° mpu 3arinyOJeHUH TOJTHOCTHIO
U3HOIICHHOTO HOXa), TO JOCTIIKECHHE MPEICiIbHBIX JaBJIICHUN OyaeT HEBO3-
MOXHBIM. [Ipu Majmol CKOpPOCTH BEPTUKAIBHOIO MEPEMELICHUS OTBaJla M
OOJIBIION .€KOPOCTH OYJIBJ03€pa TPYHT MO/l HOKOM HE TOJYYUT HEOOXOIUMBIX
nedopmaltuil 11 JOCTHKECHUS PEISTHbHBIX JTaBICHHM.

[TpuBenenHble pe3ynbTaThl MOKAa3bIBAIOT, YTO M3JIOKEHHAs METOAMKA
pacuera mo3BOJSET YBSI3aTh MEXKIy COOO0M MmapaMeTphl mpoliecca 3ariyOneHus
pabouero opraHa 3a cyeT nedopmanuil TpyHTa C €ro reOMETPUYECKUMH U
CWJIOBBIMH XapaKTEPUCTUKAMM, OT KOTOPHIX 3aBUCUT JAaBJICHHWE Ha IJIOLIAJIKE
M3HOCA, a TaKXke ¢ Je(OpMAIMOHHBIMU CBOWCTBAMHU Pa3padaThIBAEMOI0 TPYHTA.
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Y CTaHOBIEHO, YTO MPHU OOJIBIIUX CKOPOCTSIX MAIIMHBI U MaJIbIX CKOPOC-
TSX OIyCKaHMS 3ariy0sieHne paboyero opraHa OyJ1eT HepallMOHAIbHBIM.

3aznybnenue npu npedenvHvlx Oasnenusix. PaccMoTpeHO 3ariiyOsieHue
oTBayia Oyiba03epa MPU MaKCUMAIbHOW BBICOTE MPHU3MBI BonodeHUs 1,3 M u
BBIUMCJIEHBl MpeleibHbIC JaBICHUS, HEOOXOIMMBbIE IJIsi €ro 3ariyOJieHus.
OCHOBHBIM TapaMEeTpPOM, OIPEACIAIONIMM MPOYHOCTHBIE XapaKTEPUCTUKU
TPYHTAa, SBISETCS YJACIbHOE CIETICHUE, TO3TOMY OHO MPHUHSTO 32 OCHOBY.

Ecmu otBan HenonswxkHbld (pucyHok 5.17, a) m OTCyTCTByeT mpu3ma
BOJIOUEHHS, AaBJIeHUE (' TMHEHHO 3aBUCHUT OT YAEJIBHOTO CLEIJICHUS TPYyHTA.

a) 6)
ITI kareropus
TRATErOp ¢ IT kateroprs %

6000 - L ‘ 1400

INIE] KIIa
5000 - 1200 .
g -
o / 1000 rd
4000 T PR j
p_35 /f'/ hp:iof_ 800 A

3000 b i
'y = 600
q

1000 1

w
Vot | =2 3t 200

—— = IpH OTCYTCTBMH ' IPU3MBI BOJIOYCHHUSA, ------ — IIpu HeHOIIBH)KHOfI NpU3ME BOJIOYCHUS,

— opu ﬂBHX(ymeﬁCﬂ MMpU3ME BOJIOYCHUA

Pucynox .5.17 — BinsHue yAenpHOro CLEIUIEHUS TIpPyHTa ¢ Ha BEIMYHUHY
pa3pylIaronero JaBieHUs (' MpU HENOABMXKHOM (a) M JBIDKYIIEMCS 1O HOBEPXHOCTH
rpyHTa (0) oTBaje

[Tpu 3TOM Ha naBieHUE CYIIECTBEHHO BIUSET yTroJd BHYTPEHHErO TPEHUS
IpyHTa M mOpusMma BosodeHus. Ho pesynbTaThl pacyeToB, MOKa3bIBAIOIIUE
BIIMSIHUE TPU3MBI BOJIOYEHUS, SBISIOTCS YCIOBHBIMH, TOCKOJBKY IIpH
HEIMOABW)KHOM OTBaJIi€ pa3pylIeHUE TPYHTAa IPOMU30MIET B CTOPOHY 3aJHEM
4acTH OTBaja, CBOOOJHOW OT rTpyHTa. Ecim cpaBHUTH peKOMEHIyeMbIe
3HAYCHUS BEPTUKAIBHOTO naBiieHUs (cM. Tabaumy 5.1) co 3HaYCHHSIMH Ha
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pucyHke 5.17, a, TO MOKHO 3aMETUTh UX COOTBETCTBUE IPU yTJI€ BHYTPEHHETO
TpeHus rpyHTa p = 30°, Hanbosiee xapaKTepHOTo JIJIsl CyTecei.

[Tpu 3armyOnaeHuM ABMOKYIIErocs otBajia (pucyHok 5.17, 0) mpoucxoaut
pe3Koe YMEHbBIIICHHE Pa3pyLIAIOIIEro AaBJICHUs IO CPABHEHUIO C 3ariyOieHueM
HETMOIBI)KHOTO OTBajia. IIpu3Ma BOJIOYEHHMs, KaK W B TPEIABIAYIIEM Ciydae,
yXyAIIAeT MPOIECC 3ariayOJieHus OTBaja, HO paspyliaroniee JaBlieHHE Oyner
HECKOJIbKO MEHBIITUM TIPH JIBIDKYIIICHCS TIpU3ME BOJOYCHUSI.

Jlanmee paccmaTpuBaeTcs 3ariyOJieHne OTBalla IPHU KOMAHUU TrpyHTa. Jis
pacuera yrjia cIBUra M JACHUCTBYIOIIMX Ha IUIOMIAAKY CJIBUTra JaBJICHUU
UCTIOh30BaIach CrieruanbHas Metonuka [57]. Ha pucynke 5.18 uzobpaxeHbI
pe3yibTaThl pPacdyeToB MPH KOMaHWUM ¢ TommuHON cTpyxku 0,05 u 0,2 m.
JlanHbple 3HAYEHUS OXBATHIBAIOT JMANA30H PEATbHBIX ~3HAYECHUN TOJIMIMHBI
CTpYX KU TIpu pabote Oynbaosepa. PacueTsl mpuBegeHbl Uisi CpyHTa, yroi
BHYTpEHHETo TpeHus kotoporo paseH 30° (p = 30°).

a) 0)
2500 2500
KlIa kla
2000 — 2000
o 4 -
R - St
1500 A v 1500 X i
- R
. + - .
1000 s e . 1000 oY
qI L - . T, B
. _* / ] | -}T,
500 {~——— 500 i
0 T T 0 1 1
20 40 60 80 klIa 100 20 40 60 80 «IIa 100
c ——— c —
Pucynok 5.18 — BuusHue yIenpHOTO CICTUICHHS TPYHTa ¢ Ha paspymaromniee

nasnenre-q (h = 0,05 m (a) u h = 0,2 m (0)) npu HEMOABMIKHOW TPU3ME BOJOUYCHHS
(mrTpmxoBast nMHUS), B MOMEHT (hopMupoBaHHs (CIUTONIHAS JMHHS) M IOCJIE OKOHYAHUS
(dopMHUpOBaHUS IUIOMIAKK CIABUTra (TOUCUHAS JINHHUS)

N3 pucyHKOB BHIHO, 4YTO Hambojee JIETKO OTBal 3ariayOJsercs
HEIOCPEJACTBEHHO B MOMEHT OOJIBIIIOTO CIBHTa, a Hamboyiee TPYIHO — cpaszy
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MOCJIC TIOSIBIICHUS YCTOMYMBOM Tutomaaku casura. Tak, ecnu mipu ¢ = 100 xIla B
HepBOM ciiyuyae JuUIsl paspyiienus rpyara npu h = 0,05 m Tpebyetcst naBieHue
1030 kITa, To Bo BTOpOoM moutH B 2 pa3a 6osbiine — 2030 kI1a. ITpu h = 0,2 m ot
nudper paBubl 1010 u 1950 xIla coorBercTBeHHO. OTCIO/Ia MOXHO CJHENIATh
BBIBOJI, YTO TIPH 3aryIyOJICHMH OTBaja JICUCTBYIOT 3HAYHMTENIbHBIE KOJICOaHUS
CUJIBI COTIPOTHMBJICHHUS TPYHTA 3arTyOJICHHIO TaK K€, KaK 3TO MPOMCXOIUT U C
CHJION CONPOTHUBJICHUS KOMaHuo [25].

[IpuuuHoOl >THX KOJEOAHUN SBIISICTCS pa3pyIlICHHUE CLEIUICHUS] TPyHTa Ha
IUIOMAZKEe CIBHTa TPU KOIMAHWHM, KOTOPOE BBI3BIBAET CKAUYKOOOPA3HOE
W3MEHEHHE CWI, JICUCTBYIOIIMX B 30HE pa3pylieHUs rpyHTa HOXoM. Ho ecim
CUJa COMPOTHUBJICHUS KOMAHWIO TIPU CJBUTE TPYyHTAa YMEHBIIAeTCH, |TO
paspylialpliee AaBlieHHe, a 3HAa4WT, U cuia, TpeOyemas Jis 3ariayOJeHus
OTBaJIa, YBEIUYUBAIOTCA.

PacueTsl Mokas3pIBalOT, UYTO MpPU ABUKYIIEMCS. OTBaje allbI€pPHATUBHOE
paspyllieHre TPyHTa B CTOPOHY 3aJHEHl 4acTh OTBaja HEBO3MOXKHO, T. K. IS
ATOTO B paCCMATPHUBACMBIX YCIOBHUAX TPeOyEeTCS MaBJICHHE B 3,2—5,7 pa3 BHIIIIE.

Takum oOpa3zom, Haubosee JIEDKOE  3ariyOsieHHue OTBajia OyJibao3epa
oOecreuynBaeTcs NpU JIBIKYIIEMCSI OTBAJIE IPU OTCYTCTBUU MPU3MbI BOJIOUECHHUS
¥ B MOMEHT ()OPMHUPOBAHUS ILJIOMIAAKK OOJIBIIIOTO CABUTA.

Oyenka payuoHanbHOU MPaAeKmMopuu. 3aeiyojieHus paboueco O0peauda.
JlornyHO 3aKJIIOYWTh, UYTO. PANUOHAIBHBIA-YTOJ TPACKTOPHH 3ariTyOJeHUs
OTBaja, OTPaHWYCHHBINA, COMHON CTOPOHHI, (opmymnoii (5.40), HE moOMmKEeH
IIPEBBIMIATH YTOJ PE3aHMsL. DTO CAEAYET U3 TOTO, UYTO pa3pyliaroliee JTaBICHHUE
IIpH 3arTyOJIeHUHM oTBajia OyJeT MEHBIITUM TPHU IBIKYIIecs nmpusMe. Ho 3To, ¢
JPYTO CTOPOHBI, OTPAaHUYNBACT. PAIMOHAIBHBIA YTOJl TPACKTOPHH 3arTyOICHUS
OTBaJIa, YTO IIPUBOAUT K YCIOBUIO

(DZZIBSaom-

B sT0 ypaBHeHME MOACTaBIEHBI YUCICHHbIE 3HAUYEHUS, TOTyUYEHHBIE MPU
HanboJiee XapaKTepHOM [UIsi TPYHTOB yriie BHyTpeHHero Ttpenus p = 30°
OTIPEACNICHO, YTO TPH BCEX 3HAYCHHSIX YNEIHHOTO CLEIUICHHS TpyHTa s
paceMaTpuBaEeMBbIX YCIOBHM IPAHUILIBI TUANIa30HA

50° = o, <55°.

Oyenxa OasneHutl, OeUCMBYIOWUX HA NIOWAOKY UZHOCA NPU KONAHUU.
PaccmoTrpena pabota OyJiblio3epa Ha TUIIOBOM TPYHTE, HMMEIOIIEM YTOJ
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BHyTpeHHero Tpenus p = 30° u ynensHoe cueruienue ¢ = 40 klla. Pesynbrarsl
pacuera npecTaBiIeHbl Ha pucyHke 5.19.

100
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80 \
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Pucynox 5.19 — M3menenue naBneHus (, JACHCTBYIOLIETO Ha IUIOIIAAKY CIBUTA B
3aBUCHMOCTH OT yIJIa CIBUTA Y/

N3 3TOro pucyHKa BHJHO, MTQ JaBJIICHHE (|y YBEJIHMYHMBACTCS IO MeEpe
HAKOIUICHUS TPYHTA B_TIPU3ME BOJOYCHHUS TIEpe] OTBAIOM. Tak, MpU YIie
caura y = 30° (B Hauane -komaHus) mabiaeHue (y = 29 klla, B KOHIIE KOIaHHUS
npu y = 15° Q=169 klla, ampu w = 10° gy = 85 kIla, uTo BecbMa CyIIECTBEHHO.
B stux ycnousax B madane komanus (y = 30°) cmma Py, AeWcTBYyromas co
CTOPOHBI TPYHTa Ha ILTONIAJKy M3HOCAa HOXKEW OTBaja mpw ee juuHe 14 mwm,
oyner paBHa 1,3 kH; a npu anune miomanku nsHoca 25 mm — 2,32 kH. B xoHIie
xomauus rnpu .= 10° u mmHe miomanky usnoca 14 mm Py = 3,8 xkH, a npu
JUTMHE TUTomaaku u3Hoca 25 MM Py = 6,8 xH. BosHukaromas cuna TpeHHs
IJIOMIAJIKKM HM3HOCA O TPYHT B KOHIIE KOMAaHUS NPH JIMHE IUIOMIAIKH H3HOCA
14 avm.Oynet paBHa 2 xkH, a nmpu pnmmHe momaaku u3Hoca 25 mm — 3,6 xH.
Ecimi  ydecTh, UYTO CONPOTHBJICHUE TIEPEIBIKCHHUIO OyJbJ03€pa BECOM
200 kH oxomo 20 xH, TO mOMOTHUTENbHOE CONPOTUBICHHE H3-3a TPEHUS
HOKa 10 TpyHTy coctaBisger 10-18 % oT compoTHBICHUS TNEpEIBHKCHUIO
oynbao3epa Ps.
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Takum 00pa3oM, mpu KOMaHWM TPYHTA Ha IJIOLIAAKY M3HOCA Jaxke MpH
OTCYTCTBHM 3ariyOJeHHs HOXa TIOCTOSHHO JEWCTBYIOT BEPTHKAJIbHBIC
naBnenusa. Mx BenumumHa Ha TpyHTax |l xaTeropum HaxomuTcs B Tpeaenax
30-85 klla B 3aBMCUMOCTH OT CTENEHHU 3alOJHEHHUs OTBajla TPYHTOM. OTH
JaBJICHUs] BMECTE C JaBJICHHUAMH, ICHCTBYIOIIMMHU MpPU 3ariyOJieHUH HOXa,
HPUBOJAT K MHTEHCUBHOMY M3HOCY HIKHEH CTOPOHBI HOXA.

Buoieoowt

Ha ocHoBaHum aHanu3a pa0OThl 3€MIIEPOMHO-TPAHCHIOPTHBIX MAIUWH
YCTaHOBJIEHBl (DAKTOpBI, OKa3bIBAIOLIME HAWUOONbIIEE BIMSAHUE Ha IPOLECC
3arny0OsieHuss pabodero opraHa, BbIOpaHbBI pacyeTHbIE IIOJO’KEHUs,~Hauboiee
IOJIHO XapaKTEpU3YIOLIUE 3TOT Mpoliecc, M pa3paloTaHbl METOABI pacueTa
IapameTpOB.

[IpoBeneHHble  HMCCIEAOBAHUS MO3BOJMWIM  BBIIBUTH ~ OCOOCHHOCTH
B3aMMOJCHCTBHUSI C TPYHTOM 3aTYIUICHHBIX . HOKEW MpU HX 3ariayOsieHuy,
NOATBEPAMIN AKTYyaJIbHOCTh W3JIOKEHHOWM, METOJUKH, MOCKOJIBbKY €€ HU3y4YECHHE
NO3BOJISIET MEPEUTH K KOHCTPYKTHBHBIM-CIIOCOOAaM, CHUKEHUS BO3HUKAIOUIUX
npu  3ariayOneHun pabodero OpraHa COIPOTUBICHMM, BCIEICTBUE 4YETO
HOBBICUTCS IPOU3BOAUTEIBLHOCTD OYIb103€pa.
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6 ConporuB/ieHHMe TPYHTA Pa3pylIeHUI0 TPYHTO3AlEeNaAMM
TPAKOB I'yCEeHUYHbIX MAIIUH

6.1 Obwue ceeoenusn

TsroBo-crenHbple KayecTBa T'YCEHUYHOM MAaIIMHbBI SBISIOTCS OJHUMH W3
BAKHEUIIINX HKCIUIyaTaMOHHBIX IToKasarened. IIpum mpoektupoBanum ryce-
HUYHBIX MAIlIMH Tepe]] KOHCTPYKTOPOM CTaBUTCA 3ajiada BhIOOpa mapaMeTpoB
TpPaKTOpa U €ro XOJO0BOW YacCTH, KOTOpPbIE 00eCHeUnIN Obl HAWIYHIIUE TATOBBIC
Ka4yecTBa, OCOOCHHO BaXKHBIC JJIS1 3¢MJIEPOHHO-TPAHCTIOPTHRIX MamnH (3TM).

Pe3ynbrarel, monydeHHBIE CHEIUAINCTAMU B JAaHHOW OTpAaCiy; CBHIIE-
TENBCTBYIOT O 3HAYUTEIHFHOM BIMSHUUA T€OMETPHUYECKHX MAPaMETPOB TPAKOB C
rpyHTO3aleNaMy Ha CUJTy TATH MO CIEIUICHUIO TYCEHUYHBIX MamuH:; [Tpobiema
yiydiieHusi TAroBeix kadectB 3TM pemianach y4eHbIMH BO “MHOT'HMX CTpaHax
MHUpa, OJHAKO 3TH HWCCJEJOBAaHMS, KaK IMPaBUIIO, SBISIOTCS IKCIIEPUMEHTAIb-
HBIMH, YTO OTPAHUYMBAET UX IPUMECHEHHE,

Bonpimas 4acte CymIecTBYIONIUWX METOJOB pacueTra CHJIbI TATH IO
CUEIUIEHUI0 Oa3upyercs Ha TOM WM MHOW OINPEACIECHHOW pacyeTHON cxeMme,
KOTOpasi HEJAOCTAaTOYHO TMOJIHO  yUMTHIBACT. IAPAaMETPbl TPYHTO3AICIIOB U
($U3NKO-MEXaHUYECKHE CBOMCTBA TPYHTA H, [JaBHOE, HE pacCMaTpPUBAET IMOCIIe-
JIOBaTEIbHOCTh U aJIbTEPHATUBHBIE BO3MOXKHOCTH pa3pylIeHUS TpyHTa MpH
YBEIMYECHUH HArPYy3KU HA TPYHTO3AIEI:

OOBIYHO pacMoJIOXKEeHUEe | IUTONIIAJIOK CKOJIbXKEeHUs ©u  ¢GopMmy Tena
CKOJIBKEHHS TPYHTa MO/l TPAKOM T'YCEHUIIBI B MOMEHT TMPEACIIbHOTO PABHOBECHS
MPUHUMAIOT HA-OCHOBE TCOPHUH B3aUMOJICUCTBUS «KPYTHIX MOJMOPHBIX CTEHOK»
¢ rpyaroM. B: B. CokejioBckoro [17]. Hampumep, mpunstas B [58] cxema
npeAcTaBieHa Ha pucyHke 6.1.

[Tonoxxenue momaaku ckonkxkeHus AFDC mnomyueno 6e3 ydera
HamOoJiee OMACHOTO ClIydas Harpy»eHus, MpU KOTOPOM YCTOMUMBOCTh TPYHTA
MKy TDpyHTO3alenamMu OyaeT MuHMMainbHOW [28]. Drtor ciydait compo-
BOXK/IAETCS . BTOpO# (ha3oii paspylIieHHs TPyHTa, KOTJa IMOCJIEI0BaTEIbHO
pa3pymarTCs CJIOM TPYHTA, MPUMBIKAIOMINE K HAYaJIbHOW ILIOMIAIKE CKOJIb-
xKeHuss AB. KpoMe TOro, Ttakwe CXeMbl MOYTH HE PACCMATPHUBAIOT JIPYTHE
BO3MOJKHBIE BapHaHTHl pa3pylLIeHHs] TPyHTa M, CIIEOBATEIbHO, HE B IOJHOMN
CTETICHU OIMKMCHIBAIOT B3aMMO/ICHCTBHE TPAKOB C TPYHTOM.



145

Pucynok 6.1 — Cxema B3aMOAEHCTBUS Tpaka I'yCEHHUIIBL C TPYHTOM

6.2 Obocnoeanue pacuemnoil cxemol

3aKkoH pacmpeneneHuss MPOAOJLHBIX pEaKIui \[PyHTa IO TMEePeTHUM
rpaHsAM TPYHTO3ALENOB T'yCEHHWYHOU LEHU SIBIACTCS OJHOM W3 BaXKHEHIINX
XapaKTEPUCTHK TPU OMPENCICHUN - CHIIBI TATH..JIO CICTUICHHIO TYCCHHYHOMN
mammHbl. [IpaBunbHOE OmpenesieHHe 3TOro (3aKOHAa — OCHOBHOM JTam MpHU
CO3/IaHUU METOJa pacueTa OOINEero COMPOTHBIICHHUS, OKa3bIBAEMOTO TPYHTOM Ha
I'YCEHUYHBIN JIBHXKUTEN b

HccnenoBanusi/ MHOTHX aBTOpoB [59-62] mokaspIBaroT, 4TO pacrpene-
JICHUE TPOAOJIBHBIX: peaKIuii” TPYHTAa MO MEpPeIHUM TIpaHsSIM TPYHTO3AIETOB
3aBUCHUT OT Pa3HbIX SKCIUTyaTAIlMOHHBIX U KOHCTPYKTHUBHBIX (DAKTOPOB.

[Tpu. 5TOM npoAOIBHAS HArpy3Kka Ha MEpelHue TpPaHu TPYHTO3ALENIOB He
Oynmer( omuHakoBoi: (pucyHOK 6.2). OmyckaHue OYEpeAHOTO TEePEIHErO
TpyHTO3a1ierna B TPYHT HE BBI3BIBACT Mepepacipeie]IeHus] MPOI0JIbHON Harpy3Ku
M0 paHee 3aryiyOJCHHBIM IpyHTO3alenamM, T. K. OHH 00eCleunBaloT Tpedyemoe
TsaroBoe ycunue. Ho kak Toiapko OyaeT NOJHAT U3 IPyHTA 3aJHUI IpyHTO3AlEll,
POJIOJIbHBIE pEaKluu, JCHCTBYIOIIME Ha TEpeJHHE TpaHu OCTAJIbHBIX
TPYHTO3alIeNIOB, JODKHBI OYIyT TepepactpeieuThCs, KOMIIGHCUPYS €ro
otcyrcTBue. [Ipy ATOM NPOU3OHIET JAOMONHUTEILHOE MTPECCOBAaHUE TPYHTA HA
NIMpUHY A OCTaBIIMMHCS B HEM TPYyHTO3aIrernaMu, BKIoYas u nepeaanii. Ho
€CIi y TepelHero rpyHTo3alena 3To OyneT mepBas MOANPECCOBKA, TO Yy
IpeAIIeCTBYIONIEr0 OHa Oyaer yxke BTopod. CrenoBaTeNbHO, KaKIbIi
MOCIIEYIONIMI TpyHTO3alell HMMEET OO0Ilee KOJIMYECTBO MOANPECCOBOK Ha
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enuHUIy Oonblne, deMm mnpenpyaynuii. [locnennuii rpyHTO3amen Crpeccyer
rpyHT Ha AN, e N — YKCIo HArpy»KEHHBIX TPYHTO3AIIENOB.

Pucynok 6.2 — Cxema moanpeccoBOK rpyHTa rpyHTo3allenaMu

Ilpumeuanue — Ha pucynke 6.2-#1 Bcex IOCIEIYIOIUX PUCYHKAaX BBEPXY CTPEIKOM
NIOKAa3aHO HAaIIpaBJIEHUE CMEIIEHHS I'YCEHUIbI OTHOCUTENILHO TPYHTA.

[Ipu omnpeneneHHOM 3HAYEHHMH . CyMMAapHOM MOJMPECCOBKUA MPOU30MAET
pa3pylleHre TpyHTa O] 3aJHUM : TpakoM ryceHuibl. Cpe3 TrpyHTa 3aJHUM
IPYHTO3ALIENOM . IPUBOJIUT~ K TEPEPACIPECICHUI0 MPOAOJIbHBIX YCUJIMNA Ha
OCTaJIbHBIX rpyHTO3anenax. [[pupocT kKacaTeabHON CUIIBI Yy MNPEANOCIEIHETO
rpyHro3arena: (N—1) ~BBI30BET JOMOJHHUTEIbHYIO aAe()OopMaIiiio, YTO MOXKET
IOPUBECTH K cpe3y . rpyHTa moa tpakom (N—1). AHalIOrM4HO paccMaTpuBas

MOCJIETYIOUTUE ~TPAKH, MOXXHO MPUUTH K BBIBOJY O HEMHUHYEMOCTH IOJIHOTO
cpes3a rpyHTa Moj I'yCeHHIIeH Mpu cpe3e rpyHTa 3aJHUM IrpyHTO3anenoM. Takoe
B3aUMOJIGUCTBHE TPYHTO3AICTIOB ¢ TIpyHTOM TnpuBeneHo B [60], a Takke
paccmarpuBaetcs B [59, 61].

B [60, 61] ucmonb3yeTcsi TUHEHHBIH 3aKOH PACIPEICIICHUS TPOIOIBHBIX
pEakiuii TpyHTa MO TMEPEAHMM TPaHAM TPYHTO3AIECTOB, PACIONOKCHHBIX Ha
onHoi rycenmne. Ho cymectByioT u apyrue ganubie [63, 64]. ITockoabky
JTMHEWHBIN 3aKOH SIBISIETCS HanOoJee paclpOoCTPpaHEHHBIM, TO OH MPUMEHSETCS
P TIEPEXO/I€ K paCcUETy CHIIBI TATH IO CUEIUICHUIO, pealn3yeMOi TYCEeHUYHBIM
JIBUYKUTEIIEM.
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KpoMme cui, neicTByronmMX Ha NEpeIHUe IPaHu IPYHTO3ALEIIOB, HA TPAK!
T'yCEHUYHOM LIETIH AEHCTBYIOT CUJIbI TPEHUS OIOPHBIX YACTEN TPAKOB O TPYHT, B
pe3yJIbTaTe 4Yero SMI0pa paclpeleSieHHs] MPOAOJBHBIX PEAKIUN TpyHTa IO
TpakaM MPUHUMAET BUJ Tparenuu (CM. pucyHoK 6.2).

[Tocnennuii Tpak siBisieTcss HauOoJsiee Harpy’eHHbIM. [loaTomy paccmar-
PUBAETCsl MOCIIEIOBATEIIBHOCTh MPOLECCOB, MPOTEKAIOIINX B TPYHTE, PACIIOJIO-
KEHHOM II0JI TPAKOM, IIpY IMOCTENEHHOM YBEJIMYEHHH BHEIIHEH KacaTelbHON
CHUJIBI, IIPUJIOKEHHOM K TPaKYy.

J1o mpeononeHrs BHEIIHEN CUIIOW CUJIbI TPEHUS OMOPHOM 4acTH Tpaka M
BEPIIMHBI TPYHTO3alella O TPYHT CMEIICHUE JBHKHUTENSE © OTHOCUTEIBHO
OTIOPHOM MOBEPXHOCTH OTCYTCTBYET. [Ipy mpeBpIlIeHNN CHIIBL TPEHNSI HAUHETCS
CMEIICHUE Tpaka, W JONOJHUTEIbHOE BO3JEHCTBUE HA TI'PYHTO3aHEn -Oyaer
OKa3bIBaTh CUJIA, BO3HUKAIOIIAs BCIEACTBUE AePopMallud rpyHTa,

B psge pabor ormeuaercs, 4TO MPOIECC pa3pyIIeHUs TPyHTa TPYyHTO-
3al[ellOM BO MHOTOM aHAJIOTMUeH Ipolieccy pe3anus [58, 63] B .creruduueckux
ycnoBusx. [loatomy nis pacuera Cuiibl, NEHUCTBYIOLICH“HA IEPEIHIO T'PAaHb
IPYHTO3allEla, MOKHO HCITOJIb30BaTh I10JI0KEHUS, U3JI0KEHHbIE B pa3fenax 1
u2uB|[25].

Jlnst pacueTa HavanbHOU (TIEPBOW) (a3pl pa3pylieHUss MOXXHO MPUMEHHUTh
MOJIOKEHHS] TEOPUM IAaCCHUBHOIO JIAaBJICHUS TPYHTa Ha TMOJIMOPHBIE CTEHKH.
PaccmarpuBast nepBuYHOE pa3pylIeHUE IPYHTa, CIEIyeT MUMETh B BHJY, UYTO
BO3MOKEH M TaKOW CIydad; KOIJa.Cpa3y CpEKeTCs BEChb «KUPIUY» TPYHTA,
pPacHoJIOKEHHOIO MEXKAY TIpyHTO3allellaMd. OTO BO3MOXKHO, €CJIM CHJIA,
HeoOXoauMast Uik Cpe3a KKUPHUYa» TpyHTa, OyAeT MEHBIIE CUIIbI, TP KOTOPOM
oOpasyeTcsi mepBUUHAasl MIOMIAJKa CKOJIbXeHust OB', a Takxke eclii epBUYHas
IJIOIIA/IKA CKOJIBKEHUSL. BEIMZET 3a MPEeibl YACPKUBAOIIEN MTOBEPXHOCTH AK
TPYHTa, T. €. W <y, (pucyHok 6.3). B mocnemHeMm ciiyyae 3TO MPOHCXOAUT

BCJIEJICTBUE TOTO, UYTO YJIEPKUBAIOIIEH MMOBEPXHOCTHIO OYJET SIBISTHCS MEHEE
yCcTO4MBas 1MOBEpXHOCTh A7, cBOOOAHAs OT JaBJICHUH H3-3a OTOJBUTAHMS
IpeIbITyIero rpyHTo3amerna [25].

Ecnm cpe3 «xupnuya» TpyHTa 0OpPU JAaHHOM 3HAYEHWHM BHENIHEU
KacaTeJbHOM CHJIBI HE 00OpasyeTcsi, TO NpH JajbHEHIIEM YBEJIMYCHUH CHUJIBI
HacTymaer nocieayomias (Bropas) ¢asa paspyuieHus. Bo BpeMs 3Toil ¢a3s
(pucyHok 6.4) yBenuuyuBaeTCs 30HA MPEICIBHOTO HAMPSHKEHHOTO COCTOSHUS
IPYHTa, OTPAaHUYEHHAs MEPBUYHON IUIOLIAIKON CKONIbXeHUsd OB’ 10 Kakoro-To
HOBOTO ee ToJokeHuss OB, o00ecneynBaromero yCTOMYMBOCTh TPYHTAa K
JAbHEUIIIEMY Pa3pyLICHUIO TPH 3HAYUTEIBHOM BBIIPSIMIICHUM IUIOMIAIKA
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ckonbxkenust (cm. pasmen 1). Ilpu atom mpmsma rpyHta OB'K HE MOXKET
NepeMeIaTbCsl BEPTUKAIBHO, 4YTO SBISAETCS OCOOCHHOCTHIO 3TOM (ha3bl IO
CpPaBHEHHUIO C PE3aHUEM T'PYHTA.

(0)

|
Pucynok 6.3 — ITlonoxeHne KpUTUYECKOTO yria i/,

p2BK

pzas

(0)

Pucynok 6.4 — Cxema nepeopMUpoBaHUs TUIOIMIAIKHA CKOIbKEHUS
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[Tpu pacuerax BTOpOHl (ha3bl HEOOXOAUMO HE TOJBKO KOHTPOIHPOBATH
MOJIOKEHHUE TUIOHIAJKU CKOJbXEHUSI OB OTHOCUTEIBHO KPUTUYECKOTO 3HAUYCHHUS
W, HO W TPOBEPIATH BO3MOKHOCTH Cp€3a OCTABIICHCS YaCTH TPyHTa

HEHapyIIeHHO# cTpyKTypsl TABO (pucyHok 6.5).
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Pucynok 6.5 — O0mias cxema pa3pymeHus rpyHTa MEXTy TPyHTO3aIeraMu

Kpowme 3Toro, ciaesyer npoBepsTh yCTOMYMBOCTh TPYHTA Y 3aJHEW TpaHu
rpyHTO3allela, Te MOXeT NMPOM30MTH paspyllieHHe OT IaBJICHHs, ICHCTBYIO-
IIEr0 €O~ CTOPOHBI OMOPHOW YacTH Tpaka. B cBOIO ouepenn, 3TO MPHUBEACT K
VBEIMYEHNIO KPUTHMECKOTO 3HAYeHust yria ., (cM. pucyHok 6.5).

B03M0OKHOCTE TaKOTO pa3pyiieHust oTMe4YeHa U B [63].

TaxnM 00pa3oM, BHEIIHsSS KacaTelbHas CWUJia, NPUIOKEHHas K Tpaky,
MOXKET YBEIMYUBATHCS /10 TE€X MOP, MOKA JIMOO MOJHOCTHIO OyAET UCIOIb30BaHa
HecyIlas CIoCOOHOCTh TpPYHTa M 0O0pa3yeTcsi €ro cpe3 MEXIy COCEIHUMHU
IpyHTO3alenIaMy, JU0O TPOU30iIEeT BBIKIIMHUBAHUE TpPaKa BbITECHIEMOMN
npu3sMor rpyHrta. llocnenHuit ciydald BO3MOXKEH IIPU YCJIOBHH, 4YTO CHJIA,
JNEUCTBYIOIAsl CO CTOPOHBI BBITECHSIEMOW Mpu3Mbl OBK Ha OMNOPHYIO YacTb
Tpaka, IMPEBBICUT CHIIy TSKECTH TPAKTOpa, MPUXOMALIYIOCS Ha 3TOT Tpak
(prcyHOK 6.6). BO3MOKHOCTB TaKOTO BBIKIIMHUBAHHS OTMevanach u B [58, 63].
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Pucynok 6.6 — Cxema BBIKJIMHUBaHUS Tpaka M3 LpPYHTA

6.3 Pacuem kacamenbHOU CUIbl MALU

Pacuem ycunuu 6 nauanbHou paze’ paspywenus epynma. PaccMarpu-
BAETCs pacueTHasi cxeMa Ha pHucyHke 6./, IIpenensHoe naBnenue, aeicTByromee
Ha [EPEeHIOI TIpaHb PpPyHTO3allena, W IOJOKEHUE IEPBUYHON IJIOLIAAKU
CKOJIbJKEHUSI MOYKHO, (OTPEENNTh, MPUHSIB 3a MOANOPHYIO CTEHKY rpaHb OK
IpyHTO3allena, a 32 3aChIIKY = HOBEPXHOCTh I'pyHTa AK, HaXOIAUIYIOCS MOJ
OIIOPHOM YaCThIO TPakKa.

[Ipu ~nedpopmanuu.- rpyHTa TPYHTO3ALENOM Tpak OyAeT CMeHarbes
OTHOCUTEHFHO TPYHTOBOTO «KHPIHYa», BCIEJICTBUE 4YETrO EHCTBUTEIHLHOE

naBjeHue’ P, ,  IEUCTBYIOIIEE CO CTOPOHBI OIOPHOM YacTH Tpaka Ha

MOBEPXHOCTh, AK, OyneT OTKIOHEHO OT HOPMAalld K 3TOW IMOBEPXHOCTU IMOJ
YIJIOM BHEHIHErO TPEHUS (@ U PACCUUTAHO KaK

o _ Piak
P ax oS’ (6.1)

rac plAK — HOPMAJIbHOC HOAaBJICHHUC, I[GﬁCTBYIOHIGG CO CTOPOHBI OHOpHOﬁ

NOBEPXHOCTH Tpaka Ha TPYHT, OINpPEAEIeMOe MCXOJs M3 BECOBBIX HArpy30K
TpaKTopa.
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Pucynok 6.7 — PacueTHast cxema HadaJibHOH (ha3bl pa3pylIeHus TPyHTa

Tak Kak Tpak C TPYHTO3AlLENIOM SIBISIOTES TBEPABIMEH Henepopmu-
PYEMBIMHU TEJIaMH, TO MIPH IMOTPYKEHUH B TPYHT UX MOXKHO IPEACTaBUThH B BHIIE
xectkoro mTamma. ClieoBaTeNbHO, IepepacnpeiesiecHue HOPMaILHOTO
naBieHust P, , ACHCTBYIOIIETO Ha TPYHT CO CTOPOHBI OMOPHOM YacTH Tpaka, U
HOPMAJIBHOTO JABJIEHUS P, ., JEHCTBYIOLIETO( CO..CTOPOHBI BEPUIMHBI I'PYHTO-
3arena, MOXHO Y4eCTh, UCTIOIB3Ysl TECOPHIO JIMHEHHO 1e(hOpPMUPYEMBIX TeIl IS
pacueTa 0CaKu KeCTKUX IITaMmoB [65].

HpI/IBG,Z[CHHOG AAaBJICHUC pPaBHO FCOMCTpH‘ICCKOfI CYMMC IICfICTBPI-
TCJIBHOT'O JABJICHUS M NABJICHUA CBA3HOCTU I'PYHTA.

o :\/(piK cosw+H)* +(py Sinw)” . (6.2)
3TO AaBJIeHUE OTKJIOHEHO OT HOPMAJIH O] YTJIOM

o Sin®

o, =arcsin -
Pak

(6.3)

3Has HaBJICHUC HaA IMOBCPXHOCTU 3ACBIIIKH psz U YroJl €10 OTKJIOHCHMUA

0,, TIpe/ebHOE MPHUBEICHHOE JaBiieHHe (", IEHCTBYOIIEE Ha IEPEIHION0

rpaHb TPYHTO3alena, U yrojl €ro OTKIOHEHUS ¢ MOXHO ONPEeIeIuTh IO
ypaBHEHHUSM [TACCUBHOTO JaBJICHHUS TPYHTA Ha MOAMOpHbIe cTeHku [17, 66, 67] ¢
Y4E€TOM U3JI0KEHHBIX HMKE 0OCOOCHHOCTEH pacyera.
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Bo-nepBbIx, yroyn OTKJIOHEHUS IMPUBEAECHHOTO JABJIEHUS, JCUCTBYIOLIETO
Ha TPYHT CO CTOPOHBI NOAIOPHOM CTE€HKH, 3aBUCHT HE TOJBKO OT YyIJa
BHEIIHETO TPEHUS, HO M OT JCHUCTBUTEIBHOTO JAaBICHUS, MOCKOJIbKY
IPUBEICHHOE JABJIEHUE SIBISAECTCA T€OMETPUUYECKOW CYMMOM JIEHMCTBUTEIBLHOTO
JIABJICHUS W JIABJICHUSA CBS3HOCTH, KOTOPOE HOPMAJIbHO K MOBEPXHOCTU T'PYHTA
(cM. pucyHOK 6.7).

Bo-BTOpBIX, BBUY TOTO, YTO JO HaYaJia Pa3pylICHHUS] TPYHTA U TTOSIBICHUS
B HEM IUIOIIAJAOK CKOJBXKEHUS MOAINOPHAsE CTEHKA MPOXOIUT HEKOTOPBIM MyTh
BCJIICACTBUE CKUMAEMOCTU TPYHTA, MOXXHO NPEAIIOJI0XKUTH, YTO HAIPaBICHUE
JECUCTBUSI CHJI TPEHHS, 3aBUCAIICE OT CMEIICHUS TPYHTA  OTHOCHTEIBHO
MOBEPXHOCTH MOANOPHOM CTEHKH, OYJIET 3aBUCETh U OT yIJIa-€€ HAKIIOHA.

Ecnu yder naBieHusl CBSI3HOCTH HE BBI3BIBACT . 3aTPYJIHCHUMN, - T. K.
HCTIOJIB3YIOTCA UTEPALIMOHHBIE METObI PACUETA, TO MOCIEAHEE MPEHITOTOKECHUE
noTpeOOBajI0 MPOBEACHUS OKCIIEPUMEHTaIbHOU . mpoBepku.  [68], koTopas
MoKa3ana CIeQyIoLIee.

CwmeleHue rpyHTa OTHOCHUTENIBHO MOBEPXHOCTH MOANOPHON CTEHKH IMPHU
€e HaJBUTAaHWW HAa TPYHT HaOIIOJAeTesl ‘TOJBKO TOT/A, KOTJa HOpPMallbh K
MOAIIOPHOM CTEHKE OTKJIOHEHA OT HAINpPABIICHUS. JABVWKCHUS B Ty WIH HHYIO

1 o
CTOPOHY Ha yroid O , NPEBBILAKONINN Yrol BHELIHErO TPEHHsS TIPYHTA @
(pucyHok 6.8, a, 0).
B 5TOM ciydae cocTaBisifonue AeHCTBUTENLHOrO qaBieHus (° (HopMmaib-

Hasl o U KacaTejabHas ') CBA3aHbI 3aBHCHMOCTBIO
T=0clgw.
B.mporuBHOM ciryyae (pucyHok 6.8, B—n)

r=otgot .

Hpn 3toM O <@, a 3TO 3HAYAT, YTO B JAHHBIX YCIOBHAX CMEIICHHS
IPYHTA OTHOCUTEIILHO MOIMOPHON CTEHKH HE MPOUCXO/IHUT.

B uacTtHOM cnyyae (cM. pucyHok 6.8, r) mpu O =0 npaBnenme Gymer
nopmaneneMm (7 =0, q° = o).

OCOOEHHOCTH, BBISIBICHHBIC 3KCIIEPUMEHTAIBHBIM ITyTEM, HEOOXOMIMMO
YUYUTBHIBATH MPH pacyeTax MOMOPHBIX CTCHOK.
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a,6—npu O' > @i au—nupn 5' <@ r—upu O =0

Pucynok 6.8'— CxemblHanpaBieHUs TaBICHUH, NEHCTBYIOMNX HA TOAOPHYIO CTEHKY

Pacder moamopHBIX CTEHOK ¢ MaJIbIM yTJIOM HaKJIOHA (CM. pUCYHOK 6.8, a)
HE M3MEHSCTCSL 0. CPABHEHHIO C OOIICTIPHHATEIMU MeToaMu pacueta. O01acTh
CYILIECTBOBAHUS~ TAKUX TOAMOPHBIX CTEHOK OrPAHUYMBACTCS  YCIIOBUEM

T
o< —=0.
2
COOTBETCTBEHHO, IMOJAMOPHBIC CTCHKU C OOJIBIIMM YIJIOM HakiIoHa (CM.
7
pucyHok 6.8, 6) OyayT CyIIeCTBOBAaTh NPHU YCIIOBUU a>E+a). Jlns takux

NOJMOPHBIX CTEHOK CUJIbI TPEHHUS, ACHCTBYIONINE HA TPYHT, OYIyT HalpaBJEHBI
K uX BepmmHaM. lIoCKkOnpKy OT HampaBieHHsI AEHCTBUS JABJICHUS 3aBUCHUT
IIPOCTPAHCTBEHHOE PACIIOJIOKEHUE 30HBI IIPEACIIBHOIO HAIPSIKEHHOIO COCTOS-
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HUSA TPYHTA, MPUMBIKAIOLIETO0 K IOJMNOPHON CTEHKE, TO HU3MEHSATCS B 3TOM
Cly4dae U IpyTHE MapaMeTpsl, B TOM YUCIIE U pa3pyllIarolee JaBJICHUE.

V4 /s
B nuamnasone yrios 5 <a< > +@ PACIIOIOKEHBI ITPOMEKYTOUYHBIE

IMOAIIOPHBIC CTCHKH, IIpU ICPCMCIICHHHN KOTOPBIX OTCYTCTBYCT CMCIICHHC
I'pyHTa OTHOCHUTCIBHO ITOBCPXHOCTHU HOI[HOpHOﬁ CTCHKH BIIJIOTB JO MOMCHTA
Cro pa3pylmiCcHusdg M IIOABJICHHA B I'PYHTC IIIOIIAJOK CKOJIBXKCHMA. I[J'IH TaKHuX
IMOAIIOPHBIX CTCHOK MOKHO CYHTATbh, YTO YI'OJI OTKJIIOHCHHUA HeﬁCTBHTCHBHOFO
AABJICHUS OIPCACIIACTCA 110 YPABHCHUIO

@:a—%Sw. (6.4)

B yactHOM ciydae npu 3HAYEHHM YyIJia HAKJIOHA MOAMNOPHBIX CTEHOK

7Z- ~
o :E (cMm. pucyHok 6.8, r) naBiieHue, ACUCTBYIOIEE C-UX CTOPOHBI HA TPYHT,
Oyznet HopManbHBIM. [Ipu yrimax HakIOHA TOIMOPHBIX CTEHOK, HaXOMSIIUXCS B

T 7T
npeenax E—a)<0! <E (cM. pucynok 6.8, B), KacaTelbHBbIC HANPSKCHHUS

Vs T
HallpaBJIEHbBl K HMX OCHOBaHHIO, a IIpH yIJax B Mpeaenax E<Ol <E+CO

(cM. pucyHOK 6.8, 1) — K X BEpIIUHE.

[TockonbKY HEM3BECTHBIMHU SIBJISIOTCS KaK MPUBEACHHOE JIaBJICHUE, JICHCT-
BYIOIllEE Ha TEPSIHIO FpaHb TIPyHTO3allena, TaKk W Yrojd ero OTKIOHEHWS,
pacyeThl CaeIyeT BECTH UTEPAIMOHHBIMUA METOAAMH.

CyrIb. Takoro /pacdera CBOAWUTCA K ciaexyromeMmy. [IpuHEMaeTCs

YHCIEHHOE 3HAYEHUE- JeHCTBUTENLHOrO AaBieHust (°. Jlus 5Toro 3HaYeHUs
naBieHne (™ M ~yroJ ero OTKIOHEHHS O OIpPEAeNSIOTCS U3 CXeMBl Ha
pucynke 6.7.. IlomydeHHoe 3HaueHHWe (" CpaBHUBACTCS C BBIYHUCICHHBIM II0

METO/Iy MOJIMOPHBIX CTEHOK 3HAYCHHUEM JTOro e maBieHms. [lpu wux
HECOBIIaJICHUU COOTBETCTBYIOIIMM 00pa3oM TIOJOMpAeTCs HOBOE 3HAUYCHUE
HEHCTBUTENLHOrO NaBleHUS (°, M pacyeThl MOBTOPSIOTCA [0 IOIYYEHUS
pe3yJibTara ¢ TpeOyeMoi TOYHOCTBIO.

Ilocne 3TOro MOYKHO paccUuTaTh TEOMETPHUYECKHE pPa3MeEpPbl 30HBI
pa3pyLIEHUs TPYHTA U TOJIOKEHHUE MIEPBUYHOM TUIOIIAIKN CKOJIbKEHUS.
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IIpy W3BECTHBIX NABJIEHHUSX M TEOMETPUUYECKUX pasMepax 30H pas3py-
IICHUS B HAYaJIbHON (hpa3e MOKHO MEPEHTH K pacyeTy CWJl, NEeHCTBYIOIUX HA
NEPEAHIO TpaHb TPYHTO3alela U TPaK B LEJIOM, I paccMaTpUBAaEMOIO
CiIyJas.

KacarenpHas cuna, IeiCTByIOIIas Ha NEPEAHIO IPaHb I'PYHTO3AlENa C

T T
YIJIOM HAaKJIOHA, JEXKAIIUM B JHara3oHe , — @<« <E+60, OIpeaesaeTCA 10

2
YPaBHEHHIO
| e}
Rok =0"Sek (6:5)
rae Sok — IUIOMIAAb TOBEPXHOCTH TEpeaHeH TIpaHH TpyHTO3allena,
Sok = Blog;
B — mmmpuHa Tpaka;
|« — mmHa rparu OK.
B npornBHOM cityuae
Rk =0/Sy coS(6—) . (6.6)

JIOTIOTHUTENIBHOE COITPOTUBIIEHHE OKA3bIBAIOT CUJIBI CLICTUVICHHUS U TPEHUS
TPYHTA, ICUCTBYIONIHE MO0 OOKOBBIM IMOBEPXHOCTAM OTACIeHHON TTpu3Mbl OB’ K.
Cuna cuerienus, JeHCTBYIOIAs TI0 BYM OOKOBBIM ITOBEPXHOCTSIM,

I —
OBK ZSOB’KC 1 (6.7)
rae Sy, — IUIOUfagb OOKOBOH MOBEPXHOCTH, KOTOPYIO YIIPOIIECHHO
MOYKHO CYHTATh KaK
S =La_h
osk ~ o \ek! /s (6.8)

rne |y, — nmmna yuactka B'K;
h — BBICOTA IPYHTO3AIICTIOR.
Ecnu npuHATE 3a ri1aBHOE HaIpsKEHUE JTEUCTBUTENBHOE Pa3pylIaronee
naBiaenre (°, TO JaBliCHHE Ha GOKOBYIO MOBEPXHOCTb OTHEICHHON MPH3MBI

6y,HCT PaCCUYUTHIBATHCA KaK

Oogrk = q0§ : (6.9)
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rae ¢ — kodpdunueHT 60KOBOTO JaBICHHUS.
Torga BenwurHA CUITBI TPEHUS IO IBYM OOKOBBIM MOBEPXHOCTSIM

FC;B'K =250gkdopk 190 . (6.10)

[lomHass BenMyMHA CHJIIBI, JEUCTBYIOLIEW HA NEPEIHIOK TIpaHb IPYH-
TO3allera, OMPEETUTCS CIECTYIONTUM 00pa3oM:

R' = RéK + C(IDB'K + FOIB’K - R(IDK + 2SOB'K (C + fqd tg ,0) . (6.11)

C ydeTom cwibl TpeHUS BEpUIMHBI rpyHTo3anena OE M ONMOpHOU HacTu
AK Tpaka O TpyHT MNOJy4YeHa KacarelbHas Cuia, AeWCTBYIOLast Ha Tpak
I'YCEHMYHOH LIENH MPHU MOSABICHUN IEPBUYHON IJIOMAAKU CKOJIbKEHNA OB

Ri =R'+Fy +F,, (6.12)

1 | V)
rne F, m F,. — cunbl TpeHUS ONOPHOM “4aCTU TpaKa M BEPIUIUHBI

IPYHTO3aleNa O HEMOABHKHBIH TPYHT,
FAIK = Piak (T —log) Bty ; (6.13)

FO|E = Proeloe Bty o, (6.14)

ragc plOE — HOPpMAJIbHOC HABJICHUC, I[GﬁCTBYI-OHICC Ha I'PYHT CO CTOPOHLI

BEPIIMHBI TPYHTO3ALEIA,
T — war rpyHTO3a1eNoB;
| . ~HIMpHUHa BEPIIUHBI TPyHTO3AIIETA.

Takum 00pa3oM, TOJNy4eHBI YpaBHEHHS, IO3BOJISIONINE OMPEACTUTH
CWJIBL, JE€UCTBYIOLIME HA IEPEIHION IPaHb IPYHTO3AlleNa U Ha TPAaK I'YCEHUYHOM
el BO BpeMsl HayalbHOW (a3pl paspyllieHHs TpyHTa NOpU OOpa30BAHUU
NEPBUYHOMN IJIOMIAKHA CKOJIBXKEHUSI.

Crnegyetr UMeTh B BUIY, UYTO MPHU OMNPENEICHHBIX YCIOBUSIX pa3pylLICHUE
IPYHTa MOYKET IIPOM3OMTH U NPH MEHBIIEM 3HaYeHHH CWibl R', paccunTaHHOM
no (6.11). [/lns mpoBepKH TaKOro MPEINOJIOXKCHHS HEOOXOAMMO PacCMOTPETh
BO3MOXHOCTh Cpe€3a TPyHTOBOro «kupnuua» 7TAKOQO, HaXOISAIIErocs MEXIy
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COCEJIHUMU T'pyHTO3a1enaMu. B 3ToM ciydae kacatenpHas Cuia, AEHMCTBYIOIIAS
Ha TIEPEAHIO IpaHb FPyHTO3aleNa, Oy/IeT ONpPeaesaThCs CUIaMU CUECIUICHUS U
TPEHUS TPYHTA, NCUCTBYIOIIUMH MO OCHOBAHUIO, a TaKke MO0 OOKOBBIM TOpLIAM
ATOTr0 KKUPIHYA»:

RO = |:OT + COT + I:TAKO + CTAKO ! (615)

rac FOT, FTAKO — CHJIBI TPCHU, I[GﬁCTBYIOHIH@ II0 OCHOBAHHIO U ABYM

OOKOBBIM TOPLIAM IPYHTOBOTO «KUPIIUYA»;

C,, C

TUIOIIIATKAM.
B nanHowm ciryuae

— CWJIbl CHCINICHUS TPYHTA, ﬂeﬁCTBYIOIHHe II0 TEM KC

oT? TAKO

For =B(T —log) P t9.0. (6.16)

Ecau 3a rnaBHOE HaIps’KCHUC TIPUHATH JIaBJICHHUC plAK CO CTOPOHBI

OHOpHOﬁ JaCTH TpaKa, TO MOXHO ITIOJIYYUTb, YTO

Fiao = 2S571ak0 Pk 19 2 ; (6.17)
Cor =BT =l5e)C; (6.18)
Crio = 25740 C, (6.19)

rae S, — MI0Mmaab/ 00KOBOr0 TOpIia IPYHTOBOTO KUPITHYaY.

YHPOUIEHHO MOKHO CUUTATh, YTO
Stako = N(T —log) . (6.20)

Cpes  «kupnuya» TpyHTa mpomsoizer, ecmu R°<R'. MakcumansHO
BO3MOJKHAs KacaTeslbHas CUJia, JEHCTBYIONIAsl HA TPAaK T'YCEHUYHOM LETIH

RI=R°+F,. (6.21)

Cpe3 TpyHTOBOrO «KHpPHUYa» IPOU3OMAET TaKXe, KOrja IepBUYHAs
IUIOIIAKa CKOJBKEHHS BBIHAET 3a Mpeaeiabl ero BepxHedl rpanun AK (cm.
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pucyHok 6.3). B 3TOM ciyuyae yroj HakJOHA ILIOMIAJKH CKOJBKEHHUS OyIeT

MCHBIIC KPHUTHYCCKOI'O  yIJjIad /4 +I<P ) OIIpCACIIACMOI0 ICOMCTPHUUCCKHUMHU

napameTpaMH Tpaka, T. €.

h
W <y,p = arctg| —— |. (6.22)
T - OE

Ipu y < y'yp yaepxuBarommei oT pa3pymeHus 6yIeT SBIATHCS MOBEPX-
HOCTb A7, pacmoyio)K€HHas y 3aJHEHd TPaHUu NOPEABIAYIIETO FPYHTO3ALECHA.
[TockombKy W3-3a CMEIICHHS TPYHTO3AICNa yACPKUBAIOIIMM MAaBJICHUEM Ha
ITON MOBEPXHOCTH OYJET SBISTHCS TaBICHUE CBA3HOCTH, a TakyKe YMECHBIIIAETCS
yrou npu BepiirHe otkoca (yron TAO Bmecto yria ABO.(cMm. pucyHok. 6.5)),
YCTOMUYUBOCTh IPYHTA PE3KO YMEHbIIUTCS [66, 67], 4ro.mpuBeaeT K ¢pe3y BCero
«KHprUYay» rpyHTa. B TakoM ciyuae cuna R) Oyae€T MakcUMaibHO BO3MOKHOIM.

Ecnu cpesa rpyHTa MexXAy IpyHTO3al€NaMU NPU_JIAHHBIX HArpy3KaxX HE
MPOUCXOJIUT, TO HACTyMHaeT nmocieaywas (asa pa3pyuieHus rpyHTa.

Pacuem ycunuii 60 emopou ¢aze pazpyuwenus-epynma. Eciu BHEUIHSSA
KacaTelbHas CUjia CTAaHOBHUTCS BBIIIC MaKCUMaJbHO BO3MOXHOH B TepBoH ¢ase,
TO HacTymnaeT BTopas ¢aza paspyiierus. Bo-Bpems 3Toi pa3bl «BBHITECHICTCSI»
npusma rpyHra OB'K. Ilpu .sToM yBEIMUMBAETCS AaBJICHUE Ha IUIOMIAJKY
ckoimmkeHuss OB', m 3Ta_Imiomanka nepeGopMUPOBBIBACTCS, YTO MPUBOIUT K
JNadbHEUIlIeMY pPOCTy- ~00beMa (TpyHTa, HaXOJAIIErocs B MPeACIbHOM
HAMPSHKEHHOM COCTOSTHMH. DTOT IIPOILECC HAIIOMHHAET «TCUYCHHE» IPyHTa (CM.
noapaszzaen 1.2)..Bce 3akanunBaeTcs (hopMHpoBaHHEM HOBOW rutomanaku OB,
MpyU  KOTOPOW. MOXKET TIPOU30HUTH Cpe3 TpPyHTa MO TUIOCKOCTH BEpIIUH
I'PYHTO3AICHOB JIMOO  BEIKIMHUBAHUE TPAKOB WM JaJIbHEUIEro pa3pylieHUs
TpyHTa  _[IPOUCXOANTH~ HE Oyzaer. B mocmemHux AByX ciydasx Tpak He
MOJIHOCTBIO PEATN3YET HECYIIYIO CIIOCOOHOCTh IPYHTA.

PaBHoBecue BbITecHsieMOM npusmbl OBK Bo BTOpo# (aze paspylieHHs
HEOOXOIMMO paccMaTpuBaTh HEMOCPEACTBEHHO B MOMEHT (OpPMUPOBAHUS
momaaku OB. B 3ToM cilydae Ha BBITECHAEMYIO MPU3MY CO CTOPOHBI OTIOPHOM
TIOBEPXHOCTH Tpaka jedctByer cuna P, (pucyHok 6.9), HopMaibHas K

HOBEpXHOCTH BK, TNOCKONBKY OTCYTCTBYET CMEIICHUE PACCMaTPpUBAEMOMN
MIPU3MBbI OTHOCHUTEJIBHO OMOPHOM MOBEPXHOCTH Tpaka. MakCHMalIbHOE 3HAUYCHHE
cwibl P, OrpaHMYeHO BECOM TPAKTOPA, IPUXOAALIMMCS Ha OAMH TPaK:
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G
Pakmax = Z_T:) (6.23)

rae G, — Bec TpaKTopa;

N — KOJINYECTBO OMOPHBIX TPAKOB OJTHOW I'yCEHULIBI.

PBK
K
e
X B C
K B o<
OF
P W R,
"4 O
Y
Pucynok 6.9 — Pacuernas ' e¢xema s ONpEaeNeHUs CUJ, JEHCTBYIONIMX Ha

BBITECHSEMYIO IPU3MY I'PyHTa

Co cropoHbLIpYHTa Ha wiowmanky OB nelictByeT cuna E,, OTKIOHEHHas
OT HOpPMaJlM K 3TOW IJIONIA/IKe' Ha yroji BHyTpeHHero tpeHus p. Cuna C,

3aTpaynBacMas~ Ha TIPCOJOJICHUE CICIUICHUS, OINPEACIUTCS CIACAYIOIMHNM
obOpazoMm.
Bch

C.. =
OB Sinl// )

(6.24)

FA€ ¥/ — yroJl HaKJIOHA IUIOMAJIKU CKoybxeHus OB.
CO cropoHBl mepeiHEH TIpaHM TIpyHTO3alena Jeicreyer cuna R,
HATIpaBJIEHUE W YrOJ O HAKJIOHA KOTOPOW 3aBHCST OT yrijla HaKJOHA MepeaHeit

rpaHn TpyHTO3arena. Kak mpaBuio, y TyCEHHYHBIX TPAKTOPOB 3TOT YTOJ
coctaBimsieT 5-15° OTHOCHTENBHO BEPTHKAIM, T. €. HAXOIWUTCI B Tpenesax

T T
STTosas E+ @ . Tlostomy cuiny R,, MOXHO cuMTaTh JeiCTBYyromIeH B

2
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HAMPABIEHAW CMEIIEHUs Tpaka. MUHUMAaIbHOE 3HAYEHUE OTOW  CUIIbI
ompeensercs 3HaueHueM R., .

ypaBHCHI/IH PaBHOBCCHUA BBITECHSIEMOM IIPpU3MBbI UMCIOT BU/.

ZX = Rok —Eggsin(p +y) — Cog COSY/;
. (6.25)
2ZY =Rg —EggC0s(p +y) +Cqg siny.

Cuctemy ypaBHeHui (6.25) Henb3sl pelIMTh, MOCKOJBKY OHA COIEPIKUT
TP HEW3BeCTHbIe CWIBL. OJHAKO €€ MOYKHO WCIOJb30BaTh/ CIICTYHOIIM
obopazom. Cmiel E_; u P, MOXHO oIpenenuTs A KaxI0I'o BBIOPAHHOI'O
3HaueHust cuibl R, . Takoil moaxon MoO3BONUT MOMYy4MTh perienue. (6:25) u

NPOCIHEOUTh pa3pylleHue TIPyHTA TIOJ TPAKOM . TIPH MOCICIOBATEILHOM
yBesnmueHun cuibl R, . VI3 mepBoro ypaBuenus (6.25)

Rox — CorCOS/
E — OK OB

Bo BTOpoe ypaBHenue cuctemsl (6.25) oacrasnsercs (6.26):
Pak =(Rox—Cog COSW)Ctg(o+ 1) —Cog Siny . (6.27)

Jlist onpeneneHus yria /HaKkjoHa | IJIOIIAIKU CKoJibeHuss OB ucnoib-

3yeTcsl aHAIMTUYECKUH METOJ pacdera 3TOro yrila MO IPAaHUYHBIM YCIOBHAM
(cm. pazgen 1.4).
[IpuBenennoe’ naBneHne P, aeucTByrolmee Ha ILIOMAAKY AB, MOXHO

paccuyuTaTh B COOTBETCTBHH CO cXxeMoi Ha pucyHke 6.10 no ypaBHeHHIO

p=~/(Pis Sin)” +(pjs COS@+H)? | (6.28)

rae pf\B — JICUCTBUTEIBLHOE JIaBJICHUE, JEUCTBYIOIIEE HA TUIOMIAAKY AB co
CTOPOHBI OIOPHOM YAaCTH TpaKa.
JlaBieHne p,; MOXKHO ONpPENENUTh 10 ypaBHeHuto (6.1), mojcraBus

BMECTO JABJICHUS [, JaBICHUE P, ,q:



161

pd — pZAB 629
"B cosw’ (6.29)

rae p,,, — HOpMaabHOE JaBICHUE, ACUCTBYIOLICE HA IIOMAAKY AB.

HopmanbHOoe naBieHHE pacCUMTBHIBAETCA C YUETOM IepepacIpelesICHUs
JABJICHUN Mexy noBepXHOCTSIMU AB, BK nu OFE B pe3yJibTaTe «BBITECHEHUS»
npu3mMbl OBK tpyHTa (pricyHOK 6.11).

Pucynok 6.10 — Cxema pgaBieHUH, JACHCTBYIOIUX HAa TPYHT HEHAPYIICHHOMN
CTPYKTYpbI

.pZBK (;

YA
p2AB
vy

v
B B K

i

Axr v N p 208
L .
/A O E

Pucynok 6.11 — Cxema nepepacnpeienieHus HOpMaJIbHBIX JaBJICHUI MTPU BEITECHEHUHN

npu3mel rpynta OBK
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Y101 OTKJIOHEHMS IMPUBCACHHOI'O TaBJICHUA p HaxoasaT U3 CXCMbI Ha

pucyske 6.10 mo ypaBHEeHUIO

> s
o, =arcsin M.

p

IIpy yBenuM4YeHHH BHEIIHEM KAacaTeJIbHOM CHUJIbl BBITECHSEMAas IpU3Ma
OKa3bIBacT JABJICHHE HA Y4acTOK BK ONOpPHOW MOBEPXHOCTH TpPaKa, pasrpyrxas
OT BECOBBIX HArpy30K Kak OIIOPHYI0 YacTb Tpaka AB, Tak W BEpIIMHY
rpyHro3arena OF.

Jlanee oONpenenstoTCs NABICHUS P,ps U Pooe o ACHCTBYIOIIHES IIPU

BbITeCHeHUU mnpu3Mbl OBK Ha ywacTku Tpaka AB m~OFE. Takum 00pa3om,
ypaBHEHHUE PABHOBECHS CUJI, JEHCTBYIOIIMX HA TPaK BAOIb OCH Y

pZABBIAB + pZBKBIBK + pZOEBIOE -G =0, (6.30)

rae G — Bec TpakTopa, MPUXOIAIIAHCS Ha OAUH TPaK.

B TexHnueckol muTepaType’ HEIOCTATOMHO PACCMOTPEH BOMIPOC O
pacnpeiesieHu JaBJI€HU MEXAY ONOpPHBIMH yacTsiMu Tpaka AB u OFE. B
paboTe cuuTaeTCs, YTO NP YBEIMUYCHUU IABJICHHUs HAa OTIOPHYIO YacTh Tpaka BK
JaBJICHMsI, ICUCTBYIOIINE HA OTIOpHBIE HacTh AB u OF, OyayT pacrpeneisiTbes
MeX Ty coO0M MPONOPIIMOHAIBHO MIEPBOHAYAIBHBIM 3HaueHUsSIM. Toraa

plAB — plOE (6 31)
p2AB pZOE
Permnaercs cucrema ypasaenwii (6.30) u (6.31):
G
E - p28KIBK
Pooe = : (6.32)
plAB I + Io
AB E
plOE

G
plAB (E - pZBKIBK )
. (6.33)
plABIAB + plOEIOE

p2AB =
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C yderoM, 4TO MEpBOHAYAJIbHBIE IABIECHHUS OT BECOBBIX HArpy30K Ha
NMOBEpXHOCTAX AB U AK paBHBI, T. €. Piag = Piak ,» @ aBieHUE HaA ydyacTke BK
OMOPHOM TMOBEPXHOCTH Tpaka Mpu BbITecHeHUH mpusMmbl OBK Oyzaer

YBEIMUYUBATLCSA HA AP, T. €. Pogx = Piax + AP, mpeobpasyrores (6.32) u (6.33):

G
E - ( plAK + Ap)IBK
Pooe = ; (6.34)
plAK | +]
AB OE
plOE

G
plAK (E - ( plAK + Ap)IBK )

P = (6.35)
e plAKIAB + plOEIOE

Eciu naBnenue P, AOCTUTHET 3HAYEHWS , TO BECh BEC TPAKTOPA,

BK
MPUXOIAIIMICS HA TpakK, OyACT yAepKUBAThCA TOJIBKO BBITECHSIEMOW MPU3MOH,
TEM CaMbIM IIOJIHOCTBIO pasrpyXkas: ONOPHYK.. 4aCTh TPAaKa M BEPIIUHY
rpyHro3anena. JlaBinenus p,,. ¥ P,,, B 3TOM citydae OyayT paBHBbI HYJIIO.
Hanee omnpenensercs NPUBEACHHOE NaBJIEHUE, NECHCTBYIOIIEE HA ILIO-
maaky OB npu ee npeneiabHO HANpsHKEHHOM cocTosiHuu (cM. prucyHok 6.10). C
y4eTOM JaBJICHHUsA OT Cuibl Eg, mEHCTByrOIIEH CO CTOPOHBI BBITECHAEMOM

npu3Mbl Ha mowanky OB,

o Eog SNy |

o (6.36)

Tor):[a B COOTBETCTBHM CO CXEMOM IMPUBCACHHOC OAaBJICHUC q MOXHO

HaWTH CIIEAYIOUIUM 00pa3oM:

C _EOBSi”V/+ C
sin p Bh sinp’

q=e+ (6.37)

DT0 ypaBHEHHE COOTBETCTBYET (2.7).
Jlis ompenenieHUs 3HAYCHWW TPHUBEJACHHOTO JaBJICHUS ( W yriia

HaKJIOHA IUIOIIAAKU CKOJIBKCHUA OJIA KAKIO0I'0 IMPHUHATOTO 3HAYCHUA CHUJIbI ROK
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HEO0OXO0MMO PEIINTh CUCTEMY YPaBHEHUM, B KOTOPYIO BXOJST YPABHEHUS THIIA

w=1(q) (cm. (1.23) mam (1.27)) u tuna g = f (v) (cm. (6.37)). st pemeHus

UCTIOJIB3YIOTCS HMTEPAIMOHHBIE METOJbl BBIYUCICHUH, KOTOPBIE CBOJSATCS
K crenyomemy. [[puHuMaeTcs: YuciieHHOe 3HaYeHHe yriia HAaKJIOHA TUIOIAIKN
CKOJIbXKEHHUS i . 7l 9TOr0 3HaYSHUs ONpeAeIsIeTcsl MPUBEACHHOE JaBJICHUE (]
no (6.37). IlonydyeHHOe 3HaYeHHWE ( CpPAaBHUBACTCSA C BBIYUCICHHBIM I10
(1.23) wm (1.27) pacueTHbIM 3HAa4YCHHEM OJTOrO JK€ jgaBiieHus. [lpu wux
HECOBMAJCHUHN MOAOUpAaeTCsl HOBOE 3HAYECHHWE Yyria HAKJIOHA IUIOIIAIKU
CKOJIbYKEHUSI, ¥ PACUEThl IIOBTOPAIOTCS JI0 TOJTYUYCHHSI pe3yibTata. ¢ TpeOyemoi
TOYHOCTBIO.

Takum oOpas3oM, i 1000ro 3aJaHHOTO 3HA4YEHMs Culbl R, ~MOXHO

OMPENEIUTh OCTaJbHbIE MapaMeTPhbl B3aUMOACIHCTBUS LPyHTO3alENa ¢ TPyHTOM
BO BpeMsi BTOpoH (ha3bl pa3pylieHuUs.
PaccuuteiBaetcst cuia Ry , IeficTByrowiast €0 CTOPOHBI ‘[PYHTa Ha Tpak

TYCEHHMIIbl BO BpeMs BTOPOM (pa3bl pazpylieHus. JTa cuia OyneT CKIaablBaThCs
W3 TONHOM BENUMYMHBI cuiabl R, /nelcTByroleii Ha *EPEIHIO IPaHb
TPYHTO3AIIENa ¢ YYETOM CONPOTUBIIEHUM IO TOPLAM BBITECHIEMOM IPU3MBI, U

conporusnenuii F,. uF,

R 5+ CBSI3aHHBIX C TPEHHEM BEPLIMHBI I'PyHTO3allECNa U

OIIOPHOM YaCTHU Tpaka O I'PYHT, T. €.
Ry =R“+F.\ +F.t. (6.38)

Cuny R", meiicTByromyro Ha IepeqHION I'paHb IPYHTO3AlLENa BO BPEMS
BTOpOU  (pa3wl- paspymicHHs, MOXHO BbeMUCIHT, U3 (6.11). Jlmst srToro
HeoOxoauMo paccMoTpeTs npusMy OBK BmecTo npusmbl OB'K, BMECTO CHIIbI

R., moxcraButh B (6.11) cuny R, , a BMecTo naBienus (’ — JaBICHHUE OT CHIIBI

R

OK 7

ok » KOTOPOE MOKHO ompezenuTh kKak 0, = Ry, /Bl -

B urtore

R" =Ry +2Sou (C+ &R tg o). (6.39)

3HauYCHUE KacaTeJIbHOM CHUJIbI, JCHCTBYIOIIEH HA TpaK T'YCEHUYHOW IIEIH,
MOXHO paccuntath u3 (6.12)—(6.14). Jlns 3TOro BXOJSIIKE B 3TH ypaBHCHHUS
JaBleHus P, U P, CIEIyeT 3aMEHHUTb Ha P,,, U P, COOTBETCTBEHHO.

Bmecro mamunbl tuomanku AK (cMm. pucyHok 6.5), paBnoii (T —1..), HyXHO

nonacrapnsate |, — mmuHy wiomanku AB. Takum 00pa3oM, CHIIBI TPEHHUS

AB
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ONOPHOM YAaCTHM TpPaka M BEPLIMHBI TPYHTO3AlENla O HEHOJABWKHBIM T'PYHT
COOTBETCTBEHHO PACCUUTHIBAIOTCS [0 YPABHEHUSIM:

Fas = Poasl Bl @; (6.40)
Fot = PaoeloeBlg@. (6.41)

[TonydeHnnbie 3HaueHus mozctaBissior B (6.38). Torma 3HaueHHE
KacaTeJIbHON CHIIBI, JACHCTBYIOMICH CO CTOPOHBI IPYHTa Ha TPAK I'yCEHUIII B
TCJIOM:

Ry =Ryy + 2S5« (C+ & 19 0) + Btg o Py ashias * Pooeloe) . (6.42)

Takum 0o0pa3oM, MoMydeHbl ypaBHEHMs IS ONpEAESICHHUs ‘Cujl, JeiCT-
BYIOIIMX CO CTOPOHBI I'PYHTA Ha NEPEAHION I'PaHb IpyHTO3alleNa M Ha Tpak
T'YCEHUYHOH IIeTH BO BpeMsi BTOPOH (ha3bl pa3pyIlieHus.

Ocpanuuenus Ha Geauuuny eHewiren Kacamenvrnou cuavl. IIpouecc
nepeOpMHUpPOBAHUS  IUJIOIIAJKH  CKOJIBKEHHUS ..BO BpeMs BTOpoil  (pa3bl
pa3pyllieHus TPyHTa MOXKET ObITh OTpaHUYEH.

[lepedopmupoBaHue TUIOIAAKK CKOJIBKEHUS TPUBOJUT K HM3MEHEHHUIO
yCTOMUYUBOCTU Tpu3Mbl TABO. rpyHTa ‘HEHAPYLIEHHOW CTPYKTYpPBhI, PacloJio-
’KEHHOW MeXny rpyHrosauenamu (pucyHok 6.12). IlosTomy B Xome pacuera
NapaMeTpoB, XapakTepU3YIOLIUX  Ppa3pylleHue TIpyHTa BO BTOpoil a3se,
HEO0OXOAMMO MpPOBEPITh YCTOWYMBOCTH ATOW MPU3MBI T'PYHTa MPU KaKIOM
HOBOM 3HAYCHMM BHEIIHEH KAacATEJIbHOW CUibl. lJIsl 3TOro ClieayeT OnpeneinTh
IIPEAEIBHOE 3HAYEHUE CUJIBI, IEUCTBYIOIIEN CO CTOPOHBI BBITECHIEMOW MPU3MBI,
Opu JOCTUKEHUH KOTOPOrO YCTOMYMBOCTh Npu3Mbl [ABO Hapymurcs H
MPOU30MIET €€ CPE3 M0 IIIOMIAIKE BEPIIMH FPYHTO3ALEIIOB.

[Ipoexkuuy | cuia, HNEUCTBYIOIIMX Ha IMpPU3MY TIPYHTa HEHapyLICHHON
CTpYKTYpbL. TABO, Ha ocu X u Y

¥X =Cqy; + Egy sin p—Cpg coSy — ESg sin(y + p) —

— Pag SiN@w+2Cp50 + 2E1pg0 SIiNp =0;

XYY =Eg; c0sp+Cyg Siny —EJ; cos(y + p) — Py COS@w =0,
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rae B, — cuna, pelictByromas Ha miomanky OT cO CTOPOHBI OIIOPHOTO
TPYHTA;
El, — mpenenbHas cuia, AEHCTBYIOLIAs CO CTOPOHBI BBITECHIEMOM
IPU3MBI TPYHTA,;
P, — cHua, OKaspIBalomas BO3JECHCTBME CO CTOPOHBI ONOPHOM
IIOBEPXHOCTH TPAKa,

Crapo — CHJIA CUEIUIEHHS 1O OOKOBOMY TOpPIly paccMaTpuBaeMoin
=ch(l,+T-1,.)/2;

E. ..o — cuia, AelicTByrolas Ha OOKOBOM TOpEL I'pyHTa HEHAPYIICH-

Ipu3Mel IpyHTa, C 00

HOM CTPYKTYpPBI, MOJy4€HHas C y4E€TOM TOrO, YTO 3a TIJIABHOE HAIpsSKECHUE
IPUHITO HOPMAaJIbHOE JaBJICHHE OT CHiIbl E,

E s Sin wé&S
Erpgo = — Bl/r?t TR0 (6.43)

Pucynok 6.12 — Cxema cui, ACHCTBYIOIIMX Ha MpHU3MY TpyHTa HEHapyLICHHOMH
CTPYKTYPbl, HaXOJALIYIOCS. MEXKAY I'PyHTO3alLeaMu
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Cuny E_, BBIpaxaroT U3 BTOPOrO0 ypaBHEHHs CUCTEMBI U IOACTABIIAIOT

9TO 3HAYCHUC B IICPBOC YPABHCHHUC. Torz:a

Cor + 19 0(Pyg COs@w+ Ejg €os(y + p) —Cppg Siny) — Cyp COSY —

— EQg SiN( + p) — Pag SiN@+ 2C;pp0 + 2B 050 SiNp = 0.
Otkyna

o8 =[Cor + Pag COS@tg p —Cqg tg pSiny — Cyp COSY — Py Sin w+

+ 2Cipgo + 2Eqago SIn p]/[sin(y + p) —1g p cos(yz+ p)]. (6.44)

OTO 3HAUCHHE SIBIISICTCS npCACIbHBIM IJIsL ‘CHJIBI E IIOOTOMY YBCJIU-

OB !
YEHUE BHELIHEH KacaTeJIbHOW CWIBI BO3MOXHO HO TE€X IOP, MOKa HE BBINOJI-
HUTCS YCIIOBUE

Ey > E.. (6.45)

IIpu npeBbIIEHNN TPEACABHOrO 3HAYCHMSI TPOM3OUAET CPe3 TPYHTA IO
IJIOIAJIKE BEPIIUH IPYHTO3aHECHOB.

Kpome ycroitunBocTi paccMaTpUBaeMOil NMpU3Mbl, HEOOXOIUMO MpPOBE-
PATH TOJIOKEHNUE TUIOWAAKH CKOJIBKEHHU, T. K. OHA MOET BBIMTHU 3a IPEIEIIbl
BepxHel rpanu «kupnuva» TAKO no mepe yBeIWUYEHUs BHEIIHEN KacaTeJIbHOM

Cuibl, W YTOJ “€C. HAKJIOHAa " JOCTHUIHCT KPHUTHYCCKOI'O 3HAYCHHA l//||<P' 910

MPUBEAET K+ PA3PYLICHUIO \IPYHTA, HAXOMISIIIETOCS MEXIY TI'PYHTO3AIEIIAMMU.
Buemusist kacatenbHas cuiia Oy1eT MaKCUMaIbHOM MPU KPUTUYECKOM 3HAUCHUU
yIJia HaKJIOHA TUIOHIAKHA CKOJIbKEHUS.

[lon peicTBuEeM JaBJieHUsSA, AEHUCTBYIOLIETO CO CTOPOHBI OINOPHOM
MOBEPXHOCTHU TPaKa, MOKET pa3pylIUThcs dyacTh rpyHTa TAG, Haxomsmerocs y
3aJiHeH TpaHu MpeAbIAyIIero rpyHro3amena (pucynok 6.13). Jlns onpenencHus
MPEICAbHOTO JIABJIEHUSI HCIOJB3YIOTCA TOJIOKEHUS TEOPUH MACCUBHOTO
JIaBJICHUS TPYHTA HA MOAIIOPHBIE CTEHKH. B 3TOM ciiydae B KauecTBE MOAIIOPHOM
CTeHKU MPUHUMAETCS MOBEPXHOCTh AB, a B KaUECTBE 3aCHINIKHA — MOBEPXHOCTh
AT rpyHTa. YAEp)XMBAIOIMIMM JaBJIEHUEM Ha IOBEPXHOCTH 3acChIIKK OyJeT
SIBJISITHCS JABJICHHE CBSI3HOCTH. Paspymaromum OyaeT naBiieHue, 1eHCTBYOIIee
Ha TIOBEPXHOCTh AB, a yrom ero OTKJIOHEHHUS OT HOpMad OyneT paBeH YTy
BHEIIHETO TPEHUSA O = @ |
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(O]

(T)

Pucynok 6.13 — Cxema k pacuety pa3pylIeHUs TPYHTa, PaCHOJIOKEHHOTO y 3aaHei
IpaHu IPEbIIYIIero rpyHTo3a1ena

[IpoBepka ycroitunBoctd mpusMbl [TAG MTPOU3ZBOIUTCS CIEAYIOLUIUM
oOpazom. OrmpenensieTcst NpeAeapHOE IPUBEACHHOE JaBiIeHUE (,., IpHU

KOTOpOM 3Ta TpHu3Ma paszpymiaercs. [lonydeHHOe 3HAYEHUE CPaBHUBAETCS C
PUBEACHHBIM ~TABJICHUEM P, NEHCTBYIOIMM Ha 1uiomanky AB co cTopons
Tpaka. Eciim maBneHu€ P MpeBbINIaeT MpeebHOe 3HadeHue, To npusma TAG
paspymaercsa. [Ipu 3ToM HEOOXOAMM TepepacueT YCTONYMBOCTH OCTABIICHCS
YacTH TPYHTa HEHapylieHHOW CTpykTtypsl 1GBO BciencTBue yMeHBIICHUS €€
pa3MepoB.

Eciiu ycroitunBocts nmpusmbl TGBO He HapylieHa, cleyeT OlEeHUTh YTroil
HAKJIOHA TUTOIIAIKU CKOJIBKEHHS TI0 OTHOIIICHUIO K HOBOMY KPUTHUYECKOMY YTITy
W, JTO 3HAUCHHE ONpECIACTCS TPAHHUIIeH paspymieHus npusMbl TAG, u ero

MOJKHO BBIYUCJIHUTD I10 YPABHCHHIO

Y\ = arctg (6.46)

(T _IOE _IAG),
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rne |, — mimua otpeska AG, KOTOpBIN ompenenseTcs Mpu HU3BECTHOM

[MOJIOKEHUH TUIOIIAIKH CKOJIbXKeHUA 1 G.
Il
Ilpn  w <wy,, TPOUCXOAUT CpEe3 TPyHTa MO IJIOCKOCTH BEPIIMH

IPYHTO3ALEIO0B 10 TPUYUHAM, PACCMOTPEHHBIM BBIILIE.

VYBenuueHue BHENIHEW KacaTelbHOM CHUJIbI MPUBOAUT K POCTY cuibl P, ,

JCUCTBYIOIIEM CO CTOPOHBI BBITECHSEMOM TMPU3MbI TPYHTA Ha OIOPHYIO

noBepxHocTh Tpaka. Korma P, mocturaer mpenenbHoro 3HadeHMs Py

omnpenensemMoro 1o (6.23), mpousoiaeT BBIKIMHHUBAHUE TpPaKa BBITCCHACMOMU
OpU3MOI TPyHTa TPU €€ CMCIICHHHM [0 IUIOIaJKe CKOJIbkCHus OB (oM.
pucyHok 6.6). B maHHOM ciy4yae BHEIIHSS KacaTelbHas~ Cuia OyaeT
MAaKCHMAaJIbHOM.

Takum o00pa3oMm, yBEJIMYEHHE BHEIIHEM KacaTeabHON CWIIbL, MPHIIO-
YKEHHOU K TYCEHUYHOMY JIBHUKUTEIIO, MOKET OCYLIECTBIISTHCSA JI0. T€X IOp, MOKa
HE Mpou3oiaeT OO cpe3 TPyHTa, HAXOISMIECTOCHs MEXKIY 'TPyHTO3allenamu,
7100 BBHIKJIMHUBAHKUE TPAKOB U3 TPYHTA.

6.4 Hccneoosanus pazpyuienus 2pyHma mpaKom 2yceHuuHoul yenu

TeopeTnueckne UCCIENOBAHUS B3aNMOICUCTBHS TPYHTO3alIETIOB I'y CEHUY-
HBIX MalllMH C TPYHTOM BBIMOJTHEHBI MIPUMCEHHUTENHHO K TpakTtopy T-170 c

TUIOBBIMH pa3Mepamu ~FpyHTo3anenos: marom 7 = 0,203 M, BbICOTOM
H = 0,065 M. PaccmatpumBancs rpydt |l kateropuu ¢ yriioM BHYTpPEHHETO
TpeHuss o = 28%wu yaenbHpM -clieruienneM C = 60 klla. Pacnpenenenue

JABJICHUH TI0 TPYHTO3aIIelaM MPUHUMAJIOCh B COOTBETCTBHH C PUCYHKOM 6.2.

HccenenoBano W MpoaHaIM3WPOBAHO BIMSHHUE IIara TPYHTO3AIETIOB Ha
MaKCUMJIbHYIO CHJIY. TSATH TI0 CICIUICHHIO, PEAN3YyeMYI0 TYCEHUYHBIM
ABKUTEeNeM  (BBIZICIICHHAS TpPEpBhIBUCTas JIMHUS Ha pucyHke 6.14, a).
YcTaHOBIEHO, UTO B paCCMAaTPUBAEMBIX YCIOBHUSIX CYIIECTBYIOT TPHU JHMAMa30HA
3HAUCHUI_Il1ara TPYHTO3AIIETIOB, I Ka)XJO0r0 U3 KOTOPBIX XapaKTepHa CBOS
cXeMa pa3pyliCHHs TPYHTA.

[Tpu oTHOCHTENILHO MajOM Imare (JMana3oH 3Ha4YeHUH J10 oTpe3ka LL) Bo
BpeMsI IepBoi (ha3bl MPOUCXOIUT CPE3 BCETO KKUPITUYA» TPYHTA, HAXOISIICTOCS
MOA TYCEHWYHBIM TpakoM. TakoW BapuaHT sBIsieTca HaubOoiee HeOaro-
PUSATHBIM.

IIpu 3HayeHusax mara, Haxonusmuxcs B auamnasode ot 0,19 mo 0,4 m,
pacroioKeHHOM Mexy oTpe3kamu LL u MM, no mepe yBennyeHuUsl BHEIIHEH
KacaTelIbHOW CHJIbI, NEWCTBYIOIICH HAa TpaK, MPOUCXOIUT mepedopMUpOBaHHE
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NEPBUYHON IUIOIIAJKM CKOJIBKEHHS J0 T€X MOp, NOKa HE IMPOMU30MIET cpe3
OCTaBILEKCS MPU3MBbI TPYHTA MEXAY IPYHTO3aLEIIaMH.
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1 — kacaTenmpHas cuiia, HEOOXOAMMAs JIJIsl cpe3a TPYHTa, ZRz ; 2 — yCIIOBHAas KacaTelbHas cymaZRz' ,

IpH KOTOPOH TOABIAETCA TeEPBUYHAS IIIONIAKA CKOJNbXEHHS, 3 — YCIOBHas KacaTenbHas cuia 2R,

OpH KOTOPO TPaKH BBIKJIMHHUBAIOTCSI U3 IPYHTA; /// — 30Ha mpoTeKaHus BTOPOil (a3b

Pucynox 6.14 — Bnwusaue mara (a) u BbICOTBI (0) TIPYHTO3AlETNIOB HA CHIIBI,
XapaKTepH3YIOIHe B3aNMOICHCTBIE TyCEHHUI] C TPYHTOM
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[Mpu 3nauenusx miara ceeimre 0,4 M (nuanaszon mpaBee orpeska MM)
nepeopMupoBaHUe TIIOMAIKA CKOJIBKEHUS MPOIOJKACTCS 10 BHIKIMHUBAHUS
Tpaka BBITECHAEMOM NPU3MOW TpyHTa. B [MaHHOM cCilyyae HE IOJHOCTBIO
peanu3yeTcsl Hecylnas ClmocoOHOCTh TPYHTA, MOCKOJBKY 4YacTh TPYHTa MEXIY
IPYHTO3alIeNIaMU OCTAETCsl HEPa3pyILIEHHOM.

Taxum o0pa3oM, Ipu yBEIWYEHHUH IIara IpyHTO3ALENIOB MaKCHUMalbHAs
CWJIa TSTHU MO CUEIUVICHUIO T'YCEHUYHOTO IBMXKHUTENS OyAeT yBEIUYUBATHCS 10
OTIpEeICNIEHHOTO 3HAUEHUSI.

HccnenoBaHo BIUSHUE BBICOTHI TPYHTO3AIETIOB HA MAaKCUMAJIbHYIO CHILY
TSITH 110 CUETUICHUIO MPH MX MOJIHOM TIOTPY>KEHUH B TPYHT (BBLIC/ACHHAS JTUHHS
Ha pucyHke 6.14, 0).

[Tpu MabIx 3HAYEHHSX BBICOTHI ([Mana3oH 10 oTpe3ka-MM) npoucxoauT
BBIKJIMHMBAHME Tpaka Ha BBITECHSAEMOW Npu3Me rpyHTta. B sTOoM chiyyae miar
OKa3bIBACTCSI OTHOCUTENILHO OOJBIINM, BCJIEICTBUE HEro YacTh TPYHTA MEXIY
TPYHTO3alleTIaMd OCTaeTCsl HEPa3pyILIeHHOM W' €r0 Hecymias CIOCOOHOCTh
MIOJTHOCTBHIO HE pean3yeTcsl.

[Tpu 3HaUeHUSIX BBICOTHI TpyHTO3aHenoB B auara3one ot 0,022 no 0,072 m
(Mexny otpeskamu LL m MM) mpoucxomuT nepepopMHUpOBAHHE MEPBHYHOM
IUIOIIAJIKU  CKoJIbkeHusl. [lpenenpHas 30HA .IrpyHTa, MpHUMBIKAOMAs K
TPYHTO3alIeTy, YBEIUYUBACTCS IO’ Te€X ,IOp, {[TOKa HE CPEKETCS OCTaBILAsCA
4acTh IPyHTA.

[lpu 3HavyeHusx BBICOTHI rpyHTO3anenoB cBeime 0,072 M (nmanason
npaBee oTpe3ka LL) mpoucxoaut cpes Bcero «kuprnuya» rpyHTa, HaXOAsImerocs
0]l TYCEHUYHBIM (TPaKOM BO BpeMs nepBoi (as3sl pa3zpymieHus. JaHHas cxema
pa3pyLICHUs AaHAJTOTMYHA CXeME IIPU MaJIbIX 3HAaYEHMSIX I1ara TpyHTO3alEeoB.

Taxum . 06pa3oM, MakcuMalbHas CUJIa TATH, peaju3yemasl JTBUKHUTENEM,
MHTEHCUBHO  YBEIMYMBACTCS C POCTOM BBICOTHI T'PYHTO3AIENOB 0 OIpEje-
nennoro 3HadeHus (0,022 M), COOTBETCTBYIOIIErO IPAHUIE MEXKIY MEPBBIM H
BTOpHIM JuanazoHoM (otpe3ok MM). Ilpu nanbpHEHIIEM yBEIWYCHHH BBICOTHI
CWJIa TATU-M3MEHSAETCS TOJIBKO 3@ CUET YBEIMYEHHUS IJIOMIAel OOKOBBIX TOPLIOB
IPyHTa:

AHaJIUTUYECKHUE HCCIEAOBAaHUS TO3BOJWIM YCTaHOBUTH pallOHaIbHbIE
COOTHOLICHHUS] MEXIYy IIIaroM M BBICOTOM TPYyHTO3AllETIOB, MpPU KOTOPBIX
peannzyemMasi TpakaMu cuja Tsru OyeT MaKCUMaJIbHON. DTO COOTHOIICHHUE IS
paccMaTpuBaeMBbIX BBINIE€ YCIOBUN H300pakeHO Ha puUCyHKe 6.15 numHwmei,
PAaCIOJIOKEHHON B TOPU30HTAIIBHON KOOPAMHATHOM IUIOCKOCTH, a JJIsI TPYHTOB C
Pa3IMYHBIMUA (PUBHKO-MEXaHUYECKUMU CBOMCTBAMH — Ha pUCyHKe 6.16.
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— — JIMHUA pallUOHAJIBHOT'O COOTHOIICHUA MEXAY LIaroM u BBICOTOM TPYHTO3alCTIOB

Pucynox 6.15 — BnmsHue mara W BBICOTBI TPYHTO3ALENOB HAa CHIy TSTH IO

CUCIINICHUIO
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Pucynox 6.16 - PannoHanbHbIE COOTHOIIEHUSI MEXIY BBICOTOM M IIaroMm
TPYHTO3ALENOB AJI Pa3HBIX TPYHTOBBIX YCIOBUM
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AHanu3 BIMSHUS YIJIa HAKJIOHA TPYHTO3AIENOB HA CHIY TATH TI0
CHEIUIEHUIO TMoKas3ays, yro B auamazoHe or /0 mo 110° ero BausHUE
HECYIIIECTBEHHO.

[IpoBencHHBIC WCCIICOBAHUS TO3BOJIMIN BBIABUTH W YCTAaHOBUTH
palMOHAIbHBIC COOTHOIICHUSI MEXKIY IIIaroM M BBICOTOM TPYHTO3AIIEIIOB,
00ecIeunBaroIIe MAaKCUMAIBHYIO BEJTMYUHY CHIIBI TATH, PEATU3yEMON TPAKOM.
BrisBiieHBI B3aUMOCBSI3M MEXAY STUMHU IMapaMeTpaMu U CXEMaMH pPa3pyIICHUS
TpyHTa.

JIJisi OATBEp)KIEHUST PE3yIbTAaTOB, MOJIYYEHHBIX MPEIaraeMbIM METO-
JIOM, TPOBEJEHBI UCCIEAOBAHUS B3aUMOJICUCTBUS TPYHTO3AIEMOB I'YCEHUYHOIO
IBYDKUTENST C TpyHTOM. MCmonp30Balics TPYHTOBBIM KAaHAN, B KOTOPOM
YCTaHaBJIMBAJIOCh TATOBOE YCTPOMCTBO C JTUHAMOMETPOM, CIIYXKAIIee JUIs
MEPEMENICHHUS] MOJICTTH TPAaKOB TYCEHWYHOTO HBIDKHATENsA. JIJisi. BU3YyalabHOTO
UCCJIEIOBAHUSI TPOIIECCOB, MPOTEKAIOIIUX B TPYHTE, BAOJIL OOKOBOW CTOPOHBI
MOJICNIA TPAKOB yCTaHAaBJIMBAaJIach CTCKIISTHHAS CT€HKa. MOMNETh TPaKoB IMO3BO-
JIs1a U3MEHSTH Iar rpyHTo3anenoB 10 150 MM, a 3HaueHNe BHICOTHI BHIOUPATH
u3 psama 13; 20,5; 26 mm. Monens ‘MMHTHpOBaja 4acCTh TYCCHUYHOW IICTIH
nerkutes Tpakropa T-170 B macirrade 1:5.

[Ipu mnpoBemeHWHM SKCIEPUMEHTOB JIWHAMOMETPOM H3Mepsach Kaca-
TeJbHAsl CUJIa CONMPOTUBIICHUS, HACHCTBYIOLIAsS CO CTOPOHBI TPyHTA HA MOJEINb
TPAKOB MPHU PA3TUIHBIX COUETAHMIX 3HAYCHHH I1ara, BHICOTHI M YIjla HaKJIOHA
TPYHTO3aIIETIOB.

JUis KaXIIOre SKCIEPUMEHTa OCYIIECTBIUICS pacdeT MapaMeTpoB Ha
[I9BM.

CX0omMMOCTh Pe3yJIbTAaTOB IKCIIEPUMEHTAIBHBIX W PACUYCTHBIX 3HAYCHUN
KacaTeIbHOW CUJIBI COTIPOTUBJICHUS TPYHTA TPH BapbUPOBAHUU IapaMETPOB
TPYHTO3AIIENIOB B_MCCICIYEMbIX IUAIla30HaX HAXOJIWUTCA B Tpeaesax oT 3 [0
9 %, uyTo MOATBEPXKMAET aNEKBATHOCTHh PE3YJbTATOB, TMOJYYECHHBIX pa3pado-
TaHHBIM METOJIOM, SKCIIEPUMEHTAIBHBIM JJAHHBIM.

ITokapoBbIi MPOCMOTP BHUJECO3AIIMCENM HA KOMIIBIOTEPE MO3BOJIHII
NOJTBEPIUTh BapUaHThl pa3pylICHUsS TPYHTA, PACCMOTPEHHbIC BBINIE, U MX
COOTBETCTBHE YCIIOBHSAM HarpykeHusi Tpaka (pucyHok 6.17). K BapmanTam
pa3pylieHus TpyHTa OTHOCATCS Cpe3 TpyHTa MO IUIOCKOCTH BEpLIMH
rpyHro3arnenoB (cM. pucyHok 6.17, a), BEIKIMHUBaHUE TPAaKOB W3 TPyHTa (CM.
pucyHok 6.17, 0), oOpa3oBaHHe BBITECHIEMOM IPHU3MbI IPYHTA C MOCICAYIOIIAM
Cpe30M TPYHTa HEHApPYIICHHOH CTPYKTYphl (cM. pucyHok 6.17, B), oTaencHHUE
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NPU3MBl TPYHTA, HAXOJINEHCS y 3aIHEl I'paHH MPEIbLAYIIEro rpyHTo3alena
(cm. pucyHok 6.17, 1).

Pucynok 6.17 — Paspyiienre rpyHTa rpyHTO3aIenaMu

Takum 00pa3oM, TOATBEPXKIACHBI TEOPETHUECKUE TOJIOKEHUS O
MHOTOBAapUAHTHOM ~ IIPOLIECCE Pa3pyIICHUS] TPYHTA, HAXOISIIETOCS MEXIY
TPYHTO3aIICHAMU TyCCHUYHOIO JIBHKUTEIS.

IIpuBencHHBIN | METOX pacyera IPUTOJEH I  IPOMBIIUIEHHBIX
TPaKTOPOB, paboTalOlMX Ha HU3KUX ckopocTax. Kak ycranosun M. I'. bekkep
[69], ckopoctu caBura 0,9-9 km/u (TakuMe CKOPOCTH CABUIAa Tpaka OTHOCH-
TEIHHO OMOPHONW moBepxXHOCTH Tpu OykcoBaHuu o <10 % COOTBETCTBYIOT

CKOpPOCTSAM. . JIBIDKEHHS TpPAKTOpa, 3HAYUTEIBHO MPEBBIIIAIONIMM padoumne
CKOPOCTH TPOMBIIIIEHHBIX TPAKTOPOB) HE BJMSIOT Ha TATOBO-CIIEITHBIC
Ka4yeCTBa MAIIMHBL. DJTO TOJTBEPKIAAETCS M ONBITAMHU IO PE3aHHIO MOYB M
rpyHTOB [3, 4, 65].
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Buoieoowt

Ha ocHOBE 3aKOHOMEPHOCTEW TEOPHUH TMPEACIBHOIO  COCTOSIHUA
TPYHTOBBIX MacC ¥ IIOJIOKEHUH, HCIIONB3YEMBbIX B TECOPUM pE3aHUs TPYHTa,
pa3paboTaH METOJ| aHaJIu3a B3aUMOJICUCTBUS TPYHTA C TPaKOM T'yCEHHYHOTO
JBIDKHUTEISI, YUYUTHIBAIONIMNA MHOTO(A3HOCTh M albTEPHATUBHBIC BapHAHTHI
paspyuieHus TpyHTa.

[IpensioxkeHHBIM METOJT aHaK3a, OCHOBHBIE TOJIOKEHHUSI KOTOPOTO TOJIT-
BEPKICHBI AKCIICPUMECHTAIBHBIMUA HCCIEIOBAaHUSAMU (PU3UUECKUX IPOIIECCOB
pa3pylIeHus TPYHTa TPYHTO3aIIeTIaMH, TTO3BOJIMI HAYYHO 00OOCHOBATH:

— CYIIIECTBOBAaHUE ABYX (pa3 pa3pylieHus rpyHTa TpyHTO3aleaMu,;

— YCJIOBHS MOSIBJICHUS TIEPBUYHOM IIOIIAAKUA CKOIBXKEHUS U ee-mepedop-
MHPOBaHHS BO BTOPOH ase;

— aJIbTepHATUBHBIC BAPUAHTHI Pa3pyIICHUs TPYHTA TPAKOM:

a) cpe3 TpyHTa TpyHTO3allellaMU Ha PAHHEW - CTaJWd B3aHMO-
JICUCTBU,

0) cpe3 rpyHTa Iociie 00pa3oeBaHus IEPE] I'PYHTO3alECIIOM BBITEC-
HSIEMOM IIPU3MBI,

B) Cpe3 IpyHTa IPH HAKIOHE IUIOIMAAKHA CKOJBKEHUS 0 KPHUTH-
YeCKHUX 3HAUEHUH,

I') BEIKJIMHUBAHKUE TPaKa U3 TPYHTA Ha BBITECHICMOM MPU3ME;

1) paspylieHUe TPYHTa..y. 3aJHEeH TpaHd NPEIbIYIIero TPYHTO-
3allena,

¢) HaumboJee MOJIHOC HCTIONb30BaHE HECYyIel CIIOCOOHOCTH IpyHTa
IIpU €ro cpe3e BO. BpeMs. BTOpOH (a3bl pas3pylieHus B YCIOBHUAX, OJIU3KUX K
YCJIOBUSM BBIKJTMHUBAHUS TPaKa.

[TomydeHsl palMoOHATBHBIE COOTHOIIEHWUS MEXIy IIaroM MU BBICOTOM,
00eCIIeYnBaOIINE HAWITYUIIINE TSITOBO-CIICITHBIC KAYECTBA T'YCCHHYHON MaITHHBI
pu e¢ paboTe HA TPYHTE Pa3IUYHBIX KaTeropui. [I[puMeHUTENBHO K TPaKTOpy
T-170 yBeanyenue mara rpyHro3anenoB 10 3HaueHuid 390—-410 MM mo3BoJser
YBEIUYUTh ~CUIy TATH 1o cueriennro Ha 9-11 %; ymeHbIIeHHE BBICOTHI
IPYHTO3AIIEIOB JI0 3HAUeHUH 22—24 MM HE OKa3bIBaeT CYIIECTBEHHOTO BIUSHUS
HA CUITY TATH TIO CIETIIICHUIO.
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Hpuaoxenne A

(cmpaBoYHOE)
Tabmmma A.1 — Yucnennsie 3HaueHus kodpdurmmenta Cp, COOTBETCTBYIOIIHE
JIABJICHUIO MCIIBITATEILHOTO OCHOBaHMS Ha TpyHT po = 0,02 MIla
Tun rpyHTa Co, Hlem®
['TUHBI ¥ CYTIMHKY TEKy4eTiacCTHYHbIe ([ToKa3aTeab KOHCUCTECHITUH 6-7
Ir=B>0,75)

['munel v cyrmubku Msrkortactiuuabie (0,5 < 11 < 0,75) 8

I'musel u cyrnmuaky Tyromtactuynsie (0,25 < 17<0,5) 20
'nunel ¥ cyrnuaky TBepabie (Ir= B <0) 30
Cymnecu mactuunbie (0,5 < 17< 1) 10
Cynecu miactuunsie (0 < 17 < 0,5) 16
Cynecu tBepabie (I7< 0) 22
[Mecku BogoHackIeHHbie peixibie (¢ > 0,80) 12
[Mecku nputeBaThie cpennet miotHocTH (¢ < 0,80) 14
[Mecku (HE3aBUCHMO OT BJIQXKHOCTH M TNIOTHOCTH) 18
I'paBwuii, ranpka, medeHb 26
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