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TSITOBO-CHEIHBIE CBOMCTBA
U IPOXOJUMOCTD KOJIECHBIX MAIIIMH
IO 'PYHTAM CO CJIABO HECYIIIEIA CIOCOBHOCTBIO

kano. mexn. Hayk A.B. 'YCbKOB
(Munckuii mpakmophulii 3a600)

Paccmompena memoouka onpedenenust msazo60-cyentvix C60UCME U 2yOUuHbl Koaeu 6edyuwux Koaec npu
KayeHnuu ux no ciabvlm epyHmam, no360A10uds. OYeHUmMb NPOXOOUMOCHIb KOJLECHbIX Mawun 6 yerom. Ilpusede-
Hbl pacuemvl YKa3aHuvlx ceolicme ons koneca 18,4 R 38, kamawezocs no yenunnomy mopganuxy. Pazpaboman-
HAsL MEMOOUKA NO ONPeOdeNeHUI0 MS2080-CYENHBIX KAYECME 6€0YUX KOLeC NPU KA4eHUU ux no 2pyHmam co cia-
601l Hecywel CROCOOHOCMbIO NO360JIIeN OYEHUMb 8 YeLOM NPOXOOUMOCHb KOJECHbIX MAUUH NO VKA3AHHbIM
epyumam. Ananuzupyiomest Kodghpuyuenmol, xapaxmepuzyiowue 0eQopmMupyemMocns U RPOYHOCHb PA3TUYHBIX
MopgsAHbIX 3anedicell npu colcamuu, a makdice Kodspuyuenmol, xapaxmepusyloujue 0eh)opmupyemocms u npou-
HOCMb PA3IUYHBIX MOPGAHbIX 3a1edceli npu cosuze. Paccmompennvie 3asucumocmu no3eonsom ¢ 00cmamoy-
HOU MOYHOCHbIO ONUCANb NPOYECC B3aUMOOCUCBUS NHEBMAMUYECKO20 KOAECA C PA3IUYHBIMU UOAMU MOPDSIHO-
00I0MHO20 2PYHMA NPU PAZTUYHOU 6LAICHOCTIU.

Beenenne. B Hacrosimiee Bpems B TOP(SHON NPOMBIIUIEHHOCTH HAaXOJAT NMPUMEHEHHEe KOMOMHUPOBAH-
HBIE arperaTsl st pa3paboTku TOP(SIHBIX MECTOPOXKIICHNH, 00Iagaronye OOJIBIINM TSATOBBIM CONPOTHBIICHUEM
1 TpeOyloIre 3HaYUTEIbHOr0 0TOOpa MOIIHOCTH ISl [TPUBOJa pab0YNX OPraHoB.

Kak npaBuio, 5T MalIMHBI arperaTUPYIOTCS ¢ KOJECHBIMH TPAKTOPAMH WJIM UMEIOT CaMOCTOSTEIIBHBIN
MPUBOJ U 000PYAYIOTCSA KOJIECHBIMH ABHXHUTEIISIMH.

Taxoke cremyeT OTMETUTh HIMPOKOE ITPUMEHEHHE KOJIECHOTO JBIDKHUTEIS ISl CPE/ICTB CIICHAIbHON TeX-
HHKH, IPEIHa3HaYEHHOTO JABUTAThCS MO FPYHTaM CO CJ1aboi HecyIed CHOCOOHOCThIO, B YACTHOCTHU IO OCYIIEH-
HBIM ¥ HEOCYLIEHHBIM TOP(SHUKAM 1 3200J0USHHBIM 3€MJIIM.

CymecTByIOMUE 3aBUCUMOCTHU JIsI ONIPEAEIEHHS TATOBO-CLEHBIX CBOMCTB KOJIECHOTO ABHXHTEINS U €TO
NPOXOJAMMOCTH B OCHOBHOM 0a3MpyIOTCSl Ha 3aKOHAX MEXaHWKU I'PYHTA, ONMCHIBAIOLIMX MPOLECCHl CXKATHS U
CZBMTIa MOCJIEIHET0, XapaKTepHOTO Il MUHEPaJIbHOTO rpyHTa [1, 2].

OcHoBHas yacTh. [Ipy ucciae0BaHUU MPOLECCOB B3aUMOJICHCTBHS KOJIECHOTO JABMKUTENS ¢ TOP(SHO-
0OJOTHBIMH TPYHTaMH OoJiee 1enecooOpa3Ho MPUMEHNTh 3aKOHBI CKaTHa U casura, npemnoxenasie C.C. Kop-
4yHOBBIM U B.B. KanbIiruasiM IMEHHO /151 Iporiecca Cxxatusi Top(siHO-00I0THOTO TPyHTA:

h
c=0,|l-e* |, (1)

rIe G, — Hecymas CHOCOOHOCTh TOP(SIHO-O0TOTHOTO TPYHTA, H/™M%; k — koodduiment nehopMammu mpu cxa-

THH, M; h — TTyOMHA KOJIEH, M.
Hecymas cnoco6nocTh mouss! o C.C. KopuyHOBY onpeaensiercs ciemyiomen hopMyoii:

7
6y =4, +By—, 2)
S
rjie S — miomap mramna, M’; I7 — iepuMeTp mramma, M; Ao i By — KOHCTaHTHI 1e)OPMUPYEMOCTH TPYHTA.
Benuuunsl 6, u k aBisarorces GU3HYECKUMH XapaKTepUCTUKaMK TOPQsIHO-00I0THOTO IPyHTA.

W3 ananusa ypaBHeHus (1) BbITEKaeT: KOHCTAHTA k UMEET JIMHEHHYIO Pa3MEpHOCTh M MOKET OBITh Olpe-

1
JielieHa Kak JeopMaliysl 3aJIekKH [TaAMIOM NPHU yJIeIbHOM JIaBICHHHU, COCTABJISIOLIEM (1—— , WM TIpUOIN3u-
e

tenbHO 0,63, OT BEMMYHHBI €€ HEeCYIIeH CIOCOOHOCTH.

OTHOIIEeHNE TIEPUMETPA K IDIOMIAAN TIPH COOFOICHUHN YCIIOBHS MOJOOHS T€OMETPHUUECKOI (POPMBI IIITaMITa
M3MEHSETCSl 00paTHO IPOIOPLMOHATBHO JIMHEHHBIM pa3MepaM IuTamna. TakuM o6pasoM, Uil HEOCYIICHHOTO
TopdsHKKa, 00JIaafoNIero B 3HAYUTENBFHOM Mepe IIIACTHYECKUMHU CBOMCTBAMHU, U I IITAMIIOB, CON3MEPHUMBIX
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o 17
C IJIOAJAbIO0 OMOPHOM MOBEPXHOCTHU KOJICCHOI'O ABUIKUTCIIA (OTHOHICHI/IC ? MaJ'IO), MOXHO CYMTaTb, 4YTO

c,=15..4, [3].
Koaddunumentsl, xapakrepusyromue 1eGopMupyeMOCTb U MPOYHOCTh PA3IUYHBIX TOP(MSHBIX 3aleKer
IIPU CXKAaTHH, IpuBeAeHb! B Tabiuue 1 [3].

Ta6mmma 1

Koaddurmentsl, xapakrepusyroume 1eGopMUPYEMOCTh U IPOYHOCTD PA3TMYHBIX TOPQSHBIX 3AJICKEN MPU CIKATHN

OTHOCHTENbHAs KoodpuumenTsr
Bun TopdsiHo-6010THOTO IpyHTa o 5 >
BII&KHOCTB, %o Aoy, xH/™m By, kH/™m k, M
JlepH HeocymienHOTO 60JI0TA 88...92 41...49 6,5...6,8 0,038...0,042
Top¢, nenuna 85...87 68...75 7,1...7,6 0,048...0,056
Top¢, maxora 77...79 45...48 5,5...59 0,031...0,037
Top¢, NOATOTOBIEHHBIH IO TOCEB 75...78 31...39 5,4...5,8 0,029...0,034

Jnist pacdera nporecca caura TopgsiHo-0ootHoro rpyHTa B.B. Kausirus [2] nmpeanoxui ciieIyonyro
3aBHCHMOCTh KacaTeIbHBIX HANPSDKEHUH 0T feopMalvu:

f Ax
T=fuq,| 1+ —5— |th—, 3)
chﬂ K‘r
K

T

rie T — HanpskeHue casura, Ha?; f,

Ci

, f,, — K0P DULUEHTBI CKOJIBbKEHHS U IIOKOSI COOTBETCTBEHHO; ¢, — AaB-
nenne, Hv?; A — nepopmanus, M; K. — koddduument nedopmanuu npu CaBure, M.

Koadduiments, xapakrepusyroiye 1ehopMUPYEMOCTh U MPOYHOCTh PA3IUYHBIX TOPQSHBIX 3aIekKeH
NpU CIBHIE, IPUBECHBI B TabuLe 2 [2].

Tabiuna 2

Koa¢pdurmentsr, xapakrepusyronme 1epopMHPyeMOCTb U IPOYHOCTE Pa3IMIHBIX TOP(MSIHBIX 3a1eXeil IpH cABUre

N Bun TopdsiHo-60510THOTO IpyHTA Ormnocutensnas Koopepriumentet
IpyHTa BII@XKHOCTB, % /, S K. ,™m
1 JlepH HeocymieHHOTO 60JI0Ta 87...92 0,88...0,92 0,82...0,86 0,002...0,003
2 Topd, uenuna 81...86 0,87...0,91 0,81...0,85 0,001...0,002
3 Topd, nmaxora 77...80 0,82...0,85 0,79...0,81 0,001...0,002
4 Top¢, MOATOTOBICHHBIH O TOCEB 75...78 0,83...0,86 0,80...0,82 0,001...0,002

Hcnons3yeM NpUBEJCHHBIE 3aBUCUMOCTH Ul pacdeTa MpoILecca B3aUMOJEHCTBHS THEBMAaTHIECKOTO KO-
jeca ¢ TOp(SHBIM IPYHTOM.

Teopernueckuii ananus [1, 2] 1oKa3bIBaeT, YTO YBEJIMYEHHE Pa3MepoB LIMHBI (1uamerpa D u mMpHHBL D)
IpU OJMHAKOBOM BEPTHKAIBHOW Harpy3ke G Ha IIMHY NPUBOJUT K YIy4IIEHHIO €€ TAMOBO-CLIEMHBIX KauecTB
(YyMeHbIIaeTcsi COnpoTuBIeHHE F,, NEPEKaThIBAaHUIO 3a CUeT 00pa3oBaHMs KOJIEW M MATHS TPYHTA JBIKUTEIIEM,
YBEJIMUMBACTCS KacaTellbHas CHJIa TATH F) 33 cUeT yBeNMYEHMs IUIOIIaJH ONOPHOH MOBEPXHOCTH) W YIIyHYIICHUIO
MPOXOUMOCTH (YMEHBIICHHE AABJICHUA ¢, IBIDKHUTENS HA TPYHT, YBEIMUCHHUE TOPOKHOTO MpocBeTa). Bmecre ¢ Tem
YBEJIMUYEHHUE pa3MepoB MapaMeTpoB MHHBI (pu G = const) MPUBOAUT K YBEINYCHHUIO BECA BCEH MAIIMHBI M CTOUMO-
ctu mmH. [ToaToMy panmoHansHO nogoOpaHHble MIMHEI (110 1MaMeTpy D u mmpuHe b, TaBICHNIO BO3LyXa B IIH-
He P,,, 9uCITy cJ0eB KOpAa U T.1.) Mo3BOJAIOT yiryumuTs KITJl MOOMIBEHOM MaIlIMHEL U €€ IPOXOANMOCTh. Takum
00pa3oM, He0OXOJMMO UCKATh KOMIIPOMHCCHOE PEILIEHUE, KOTOPOE MIPEACTABISIETCS CIEAYIOIUM aJITOPUTMOM:

npu G =constu D, b =var F,,, — min; F,, — max; n, — max; ¢ — min,

e 1), — TATOBBIA KO3 (HUIIUEHT MOJE3HOTO ACHCTBHS BEAYIIETO KoJieca; ¢ — NABJICHUE HA TPYHT, H/M?.
HccnenoBanue no Teopuu B3aUMOJEHCTBUSA KOJIECHOTO ABIKHUTENS ¢ 1Mo4Boi [1, 2] mokasaino, 4ro s

KaXI0¥ IIUHBI OMPECICHHON pa3MEPHOCTH MOXKHO MOJI00paTh TAKYIO HArpy3Ky, IPU KOTOPOi OHa Oyaet 00Ja-

JIaTh HAWTYYIIAMU TATOBO-CIICITHBIMU CBOMCTBAMH U POXOIUMOCTHIO. [IprHAMAas B KadecTBe KpUTepus 3P Qek-
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tuBHOCTH KIIJ Bexgymmero koxieca 1), MOXKHO HAWTH ONTHMAJIBHYIO BEPTUKATBHYIO HArpy3Ky G IS 3TOH IINHEI,
a TaKoKe U IS BCel MallIMHBI B IIEJIOM, T.€. HMesl (QyHKIIMOHAIBHYIO 3aBUCUMOCTS 1), = (), peIINTh ypaBHEHHE:

o, _
oG
MoHO pemuTh U 00paTHYIO 3a1ady: npu G = const HATH oNTHMaNbHBIE pa3Mepsl muH D u b (gaBie-
HHE B IIMHE P, ompejessieTcs arpoTeXHUYeCKUMH WU APYTMMHU TpeOOBaHMSAMM U NPOYHOCTBIO LIMHEI), T.C.,

uMest 3aBUCUMOCT M, = f'(D,b) , pelnTh ypaBHeHuE:

M. _,
oD,b,P,

UccrnenoBanms [1, 2] mokazanu, uto Tsaroenid KIIJ[ xoneca 1, B 3aBUCHMOCTH OT TIEPEMEHHOW BEpPTH-
KaJbHON Harpy3ku (D u b...=const ) U3MEHSETCS COTIACHO PHCYHKY 1, T.e. mpH HyJeBoi Harpy3ske G =0,
N, =0, (3necsy M, — KI1JI Bexgymero koneca). 3aTeM IpH yBEIUICHUH BEPTHKAIBHON HATPY3KH 1), BO3PACTAET U
B TOUKE A MOCTHUraeT Makcumyma. JJ1s Kojeca JaHHOW pa3sMEpPHOCTH COOTBETCTBYIOIIAS BEPTHUKAIbHAS Harpy3Ka
Oyner ontumanbHOM. [lanmpHeiiiiee yBequueHHEe HArpy3ku BefeT K ymenbineHuto KIIJ[ xoseca, uro Hexena-
TCJIbHO € TOYKH 3pCHHSA DKOHOMUKHU U OOJTIOBCYHOCTH HIWH BEAYIIUX KOJIEC.

Fo Bp, m, h
A
~—
Fi
e | /
]
Fy
Fop
LT
// / h
L1
G
D
Ganm
Gl

Puc. 1. TsroBo-cuennele cBOMCTBa BeAyLIEro Kojeca:
F, — xacatenpsHas cua TsrH; F,— CHIa TATrU Kosieca (KPIOKOBOE YCHIIHE);
F,, — cua conpoTUBIICHUS ABM)KEHHUIO 33 CUET MATHS TPYHTA JABMIKHTENIEM M 00pa30BaHusI KOJIEH;
h — rny6una xoneu; Gy, — npeneabHas BecoBasi Harpyska; G,,,, — ONTHMaJbHas BECOBas Harpy3Ka

Ecnu npuHATh npenen u3MeHeHus 1, 10 5 % B Ty WU APYTYI0 CTOpoHY (cM. puc. 1), To nomxyuaem 00-

JIaCTh BEPTUKAIBHBIX HATPY30K D, ONTUMAJBHBIX IS KOJIECA JaHHOM Pa3MEPHOCTH.
Koad¢urnuent mone3Horo neicTBrs BeAyIIEro Kojeca B TEOPUH MOOHIBHBIX MAIIUH MPUHSITO OLIEHUBATH
cienyromniei hopMyo:

F
cnp
nKZ(l—S) 1-——1, 4)
F,
rae d— 6yKCOBaHI/IC, B I0JIAAX €AWHUIIBI, Enp — CHJia COIPOTHUBJICHUSA NIEPEKATBIBAHUIO ITPU MSATUHU IT'PYHTA ABU-

XKUTeIeM U oOpa3zoBaHuu koiey, H; F, — kacarenbHas cuna tara, H.
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IIpu B3aumonecTBUY KoJleca C TPYHTOM ONOpHas

MOBEPXHOCTH IMHWHBI UMECT CIOKHYIO KOH(l)I/IpraIII/IIO. Mmno-

TOYMCIICHHBIE IOTIBITKH OIMUCATh €€ MaTEMAaTUYCCKUMHU 3aBUCUMOCTAMH YaCTO YCIIOKHAIOT PACUCThI U IIPUBOIAT

K HEaJeKBATHBIM [0 CPaBHEHHIO C PEaJbHBIM MPOIECCOM
pe3yibraram. OHaKo B Cilyyae B3aMMOJIEHCTBHS KoJjieca C
TOPGAHO-O0JIOTHBIM TPYHTOM OIOPHYIO MOBEPXHOCTH IIHU-
HBI pEaIbHOTO KOJIeCa MOXKHO 3aMEHHUTh )KECTKUM KOJIECOM
6onbpmero auamerpa (puc. 2) [1], mockompKy oHa Oim3Ka K
LWJIMHAPUYECKOH.

3aMeHa JUaMeTpa 3TACTHYHOTO KOJIeca IPHBEICH-
HBIM JIHAMETPOM KECTKOIO OCYIIECTBIISETCS B COOTBETCTBUU
co cxeMoit (cM. puc. 2). [InnHa oTpe3ka AB g 31acTHIHO-
IO ¥ 9KBUBAJICHTHOTO €MY JKECTKOT'O KOJIeca COCTABUT

AB:\/Foz_(”o_(”o_h_hm)2 :\/rnz _(rnp_h)2’

HnJIn

2r(h+h,)—(h+h,) =2r h.

np

oA

BT o _r : ‘_‘E

Puc. 2. Cxema 3aMeHbI paanyca 3JIaCTUIHOI'0 KOJIeca Iy
paanyCoM KECTKOTo KoJjeca 1,

[IpeoOpa3oBaB BeIpaxkeHHE, TOTYIUM

b _Duhth)-h,@p+h,)
np h

=D0+h7“‘(DO—2h—hm). (5)

Tax xak BTOpoOif uneH npasoii yactu Gopmynsl (5) 6omsme Hyns u Dy > 2h + hy,, T0 D, Bcerna 6onbie D.
IIpu A, — 0 snacTU4HOE KOJECO MPUOIMKAETCA K XKEeCTKOMy. Takoi ciiydail MMeeT MECTO IpH KaueHUH dia-

CTHYHOTO KOJleca ¢ GOJIBIINM JaBIeHHEM BO3/yXa B IIIMHE 110 NIepeyBIaKHEHHOMY TPYHTY. 3z1¢eck D,, — IpuBeneH-
HBIH AMaMeTp JKECTKOTO KOJIeca, S3KBUBAJIEHTHOTO ITHEBMATHYECKOMY; /I — ITyOMHa Kojieu; /i, — IPpOruo MINHEL

[Tporu® mKHEI MOXHO ONPEIEIUTH [0 3aBUCUMOCTH, NPeUI0KeHHON Xeilinekenem B kuure [1]:

h

u

G

Y
2P \J1yr.

w

rae G —HopManbHas Harpyska, H; P — naBieHue Bo3iyxa B LiMHe, [1a; 7, — HOMMHaIBHBLI paguyc Kojeca, M;

7, — pajuycC Ce4eHHs LIMHBI, M. B mepBoM IpHOIMXKEHUN €ro MOXKHO INPHHATH PaBHBIM IIOJIOBUHE MIUPUHBL b

c

IOWUHBI, T.C. 7, = E .

Onpenenum cuily CONPOTHBIIEHUS JBHKEHUIO [, N Tybuny kosen. Cxema B3aMMOJEHCTBHS KECTKOTO
KoJleca, SKBUBAJICHTHOT'O 3JIACTUYHOMY, C TOP(AHO-O0JOTHBIM I'PYHTOM IPUBEJICHA HA PUCYHKE 3.

X

Puc. 3. Cxema Kk oIpeenaeHuIo Cuilbl COPOTUBIEHUS
JBIDKCHHIO KOJIEca 33 CUET MATHS IpyHTa U 00pa3oBa-
HHMS KOJIEH

B cooTrBercTBUM € NPUBEICHHON CXEMOU 3JIEMEHTap-
HblE pEeakuuH TIpyHTa dR HampaBieHbl MEPIEHIUKYISIPHO
00011y KoJieca (CM. puC. 3) ¥ MX TPACKTOPHEH SIBIISETCS TPaK-

cosa
Tpuca S =rIn——. B sTOM cnyuae aneMeHTapHas peax-

COs 0L,

LIMsI OYBBI HA ydacTke 000/a miomansio A = brdo

dR=0c br do ,

np

Ille G — HOpMalbHOE HanpsvkeHne, H/M*; b — mmpuHa Kole-

ca, M; 1,

3JIEMEHTApPHON peakiyu, dR.

Pa3noxiM 3JeMEHTapHYI0 pEaKklMI0 Ha TOPH3OHTAIIb-
HYIO dx ¥ BEpTHKAIIbHYIO dy coctasisiromue. [Ipu atom dy = dG
udx= F,_,rne G — HOpManbHas Harpyska, H; F, ~— cuia

cnp cnp
COTIPOTHUBIICHUS IBIKEHHUIO 32 CUET MATHS IPyHTa JBUKHTE-
JieM ¥ 00pa30BaHus KOJICH.

— HpI/IBCHCHHHﬁ paanyc, M; O — YIOJI HpUJITOKCHUA

10
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Torpa dF,,, =cbr,, sinoda .

h
- cosol
[Mockoneky 6 =0,|1—e * |u h=s=r, In——, TO
P
cosa,

T | cosa o Tup - cOSOU

k S : k S .
dF,, =br,o| 1=¢ ' |.sindou F,, =br,o, [|1-¢ * 7 |-sindo
0

Beruncnus 3ToT HUHTErpaj, nojydyum

cosa, Incosa,

F,, =br,0,| 1-cosa,+ - (6)
e
U3 tpeyrompuanka O'BA (cM. puc. 2) ciiemyeT, 4To
r, —h 1 r, —h
: 2
cosa, =———,sina, =—~2rh—h" n o = arccos-—
rnp rnp rnp
Tornma
Ty =R T
h rnp rnp
F;lzp = b’/;szO —+ Ty . (7)
k4 e’”np

B ypaBHeHuu (7) HEeM3BECTHOI BENMYHHON sBIseTCS TTyOnHA Koneu /. Halimem 3HaueHue w3 ypaBHe-
Hus: Y =Rcosoo—G=0; G=Rcosa.

ITpu sTom
P
. m (rn - h)arccos R
0 -7 —_ 7
cosa n p
_ 0 _ P P
G=br,o, j - da =br,c, r - 7 . )
0 e* cosa " r ek

np

CoBmMmecTHOE perreHue ypaBHeHu# (7) u (§) maeT BO3MOXKXHOCTH OTIPENENIUTh BeIHUnHbl F u h, ux 3a-

cnp

BHCHUMOCTb OT IIapaMeTpoB Kkoneca (b, D, P, ), oT npuxopsieiica Ha Hero Harpy3ku G u (PU3MKO-MEXaHHYECKUX
cBoiicTB Top(siHO-O010THOTO IpyHTA (O, A, 11, S n k).

VYpasHenus (7) u (8) MOKHO 3HAUUTENBHO YIIPOCTUTD, €CIIH IIPEHEOpPeYb WIEHAMH, COJIEPKAIMH B 3HA-

T

MeHaTese et (BeMMUYUHBI Ty = 0,7...2,0 mu k= 0,035...0,69).

Tornma
F‘cnp = bGOh 5 (9)
G 2
W =2rh+|—1| =0 (10)
Go

3HaueHue KopHs B ypaBHeHuH (10) cinemyer OpaTh ¢ OTpHLIATEIBHBIM 3HAKOM, B IPOTUBHOM CIIydae TiIy-
OWHa KOJIEH MOXET MPEBBIIIATh 3HAYCHUE MPUBEICHHOTO PaJnyca, 9YTO IPOTUBOPEUUT JEHCTBUTEILHOCTH.

11
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U B okOHYATETLHOM BUJIE:

(11)

(12)

PesynbraTel pacueToB 1Mo ykasaHHBIM (opMysiam JUIsi THEBMAaTHYECKOTo Kojieca (IapameTpbl KOTOPOro
PUBEICHB! B TAO/IHIE 3) B 3aBUCHMOCTH OT HOPMAJIbHOH HATPY3KH MPH NPUHATHIX 3HAUYCHHAX Gy = 79 kKH/M%,
K =0,051 M mpuBeneHbI Ha pUCYHKE 4.

Tabnuma 3
[MTapaMeTpbl THEBMATHYECKOTO KoJieca
Mapia Mapa [TapameTps! MKUHBL Tasnenne | Tomycrimas
CTaTUCTHYECKUI panuyc BO3/IyXa, Harpyska,
IIIMHBI o6oza LIMPHHA, AHAMETP, pazuyc, KaueHus, P,, MIla Giim» XH
b, M D’ M ws lim>
Vems M Y, M
184 R 38 | DW181-38 0,467 1,750 0,805 0,829 0,08 19,5
T Tz200
Ni
1 15 0 / \(7
0,6 /
jan
k o
::_ F(nm.\'

: /
1 "=10,0
0.4 V4 d =

<
FL'!PJ
L/ }/
0,2 /
é .
_#/
0 5,0 10,0 15,0 20,0
Gonm G’ KH

Puc. 4. Tsroso-cuenusie cBoiicTBa muHb 18,4 R 38 npu kaueHnu ee 1o HeITMHHOMY TOPQSHUKY

[Ipu onpeneneHnn KacaTesIbHON CHIIbI TSTU Fj BOCIOJIB3YEMCSl METOUKOM, npeioxkeHHoi B.B. I'ycbko-
BBIM [2], Ut TOP(STHO-00TIOTHOTO TPYHTA, B KOTOPOH ncnonb3yercs Gopmyna B.B. Kampruna.

Ha pucynke 5 nzobpakeHa cxema B3aMMOJEHCTBHS BEAYILETr0 KOJeca ¢ TPYHTOM, B COOTBETCTBHH C KO-
TOpOH ompexenseTcs KacaTenbHast Fy cuna Tsru. IIpu 3ToM mpuMeM NOMyINeHHs, aHATOTHYHBIC IPEABIIYIIEMY,

12
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T.e. Koseco (cM. Tabxn. 3) mox BO3AEHCTBHEM KPYTSIIETO MOMEHTA KaTUTCS IO TOPHU30HTAIBHON ITOBEPXHOCTH IIe-
JIUHHOTO TOp(hsHUKA, PU3NKO-MEXaHNIECKHE CBONCTBA KOTOPOTO MpeICTaBIeHBI B Tabmuie 2 (mo3unus 2).
[Ipu ycraHoOBHBLIEMCsI pEKXUME KacaTellbHas Chiia

G F} Trn Koneca paBHa CyMM€ TaHI€HLMAJIbHBIX peakLui
A IpYHTa, HalIPABJICHHBIX B CTOPOHY JBHXEHUS (CM. pHC. 5).
Fn Kak u3BecTHO, 31acTUYHOE KOJECO OIS YIIydIICHHs
M. CLETJIEHHS C TPYHTOM 000pyyIOT IpyHTO3anenamu. B stom

Cllydae MpoLecC B3auMOJEHCTBUS TaKOro Koyeca ¢ IpyH-
TOM OTJIIMYAETCS OT Ka4eHUs BEIYyIIEero XKEeCTKOTo Kojeca.
¥ IIpu B3auMOENHCTBUY BENYILIETO KOJIEca C IPYHTOM
JENCTBYIOT:

- CWIBl TPEHHUS MEXIy OIOPHOM INOBEPXHOCTHIO
LIMHBI U TPYHTOM;

777 T W < - CHWJIbl, BO3HUKAIOIIKE TPU YIIOPE T'PYHTO3aLENOB
4, Ton IIMHBI B TPYHT M IPU Cpe3e IPYHTOBOIO KUpHuya OOKO-
[ BBIMU I'PaHsIMU IPYHTO3ALEIIOB.
z Ha noporax ¢ TBepAbIM MOKPHITHEM OCHOBHOE 3Ha-
/UJ/U’L 2R '\J‘ = YEHUE UMEIOT CUIbI TpeHusl. Ha phIX/IbIX IpyHTax 3HaYEHUs
L1 ] CWJI CABMIa U Cpe3a BO3PACTAIOT U BO MHOTMX CIIydasiX sB-
o« JISFOTCS OTIPEIEIAIOIIMMA.
[ [Ipu aBMXKEHUM BeAyILIETO KOJIECA €T0 TPYHTO3ALEIbI
L | CIBUTAalOTCS M CPE3al0T IPYHT B HampapjeHHH, 0OpaTHOM
o JBIOKEHUIO. YTIOp TPYHTO3aLENOB B IPYHT, CABHUT U CpE3
TPYHTOBBIX KHUPIUYEH, 3aKaTbIX MEXKIYy HHUMH, BO3MOXKHBI
TOJIBKO ITPX MMOJTHOM HMCIIOJIb30BAHHU CUJT TPECHUA, T.C. KOrJla
Puc. 5. CxeMa K ONpe/IeIeHHIO KAacaTeIbHOM CHIBI TATH ~ MMEET MECTO NMPOOYKCOBKa Kojeca. TeopeTndecku mnepeaa-
Ya BEIyIIEro MOMEHTa O0s3aTeJIbHO JOJDKHA COIPOBOXK-
JaThesi OyKCOBaHHEM, B pe3yJbTaTe Yero och Kojieca Kak Obl
MepeMeIaeTcsi Ha COOTBETCTBYIOIIEE PACCTOSIHUE Ha3al. B ATOM riiaBHBIM 00pa3oM 3akirodaercs (u3nueckKast
CYIIHOCTH OyKCOBaHMS BEAYIINX KoJec Ha MehopMUPYEeMOil TOBEPXHOCTH M MPUYNHA CHIDKEHUS WX TOCTYTIa-
TeIbHON CKOPOCTH. J[ONOJHUTENBbHOE HE3HAUUTEIbHOE CHIDKEHHE MTOCTYNATeNIbHOM CKOPOCTH BEAYIIHUX KOJIeC
00yCJIOBIMBAETCSl TAHTCHIMANBHBIMU JeopMalisiMi IHH. biaronaps 37JaCTUYHOCTH IIMHBI B OKPYXXHOM
HAIIPaBJIICHUN YYACTKH ee, IMPUOIMKAIOIINECs TP KaYeHUH KoJieca K IUTOMAAKe KOHTAKTa IIUHBI C TPYHTOM,
10J] IHCTBUEM BEAYIIEI0 MOMEHTA CKMMAIOTCS, BCIEICTBUE YETO ITyTh, TPOXOANMBIN KOJIECOM 3a OJIMH 000-
POT, YMEHBILIAETCA.

W3 cka3aHHOro BBIILLIE CIEAYET, UTO CLIETIJIEHUE ONMOPHON NOBEPXHOCTH KOJIECA C TPYHTOM MPOUCXOIUT 3a
CYeT CUJ TPEHMs], BOSHUKAIOLINX MEXIy IMIMHOW U TPYHTOM, U CHUJIBI CBUra U Cpe3a FPYHTOBBIX KUpIUYEH, 3a-
JKaThIX MEXIY TPYHTO3aLlEIaMHU.

[Ipu ycTraHoBUBIIEMCS IBIKEHHH Kojieca (v = const) CABHUT U Cpe3 TPYHTOBBIX KUPIHUYEH MPOUCXOAUT B
OCHOBHOM B II€PHO/IbI BBIXOJIa ITOCIIEHET0 IPyHTO3alIlena OOPHON TOBEPXHOCTH KoJieca U3 rpyHTa (CM. puc. 5).
B 3TOT MOMeEHT Harpy3ka OT BBIIIEAIIET0 U3 3alleIUIEHUs IPyHTO3allena MepepaclpenesiseTcss Ha OCTalbHbIe,
HaxXOJAIIMECS B 3aLEIUICHUH. Bce rpyHTO3alensl CABUTAOTCS U CPE3aroT TPYHT Ha OJMHAKOBYIO BEIMUUHY A,

| P~ 7777

h

']

Anrax
\

Prna
/

IpUYeM IEpBblil CIBUrAaeT IPYHT HA A, , BTopoil —Ha A, + A, =2A,, tpetuii —Ha A, + A, + A, =3 A, ut.n
[TockonbKy MepBBIN TPyHTO3AIET MPOUIET BCE CTaUU 3alleINIEHUs] OT BXOJa B TPYHT J0 BBIXOJa U3 HEro, Hau-
OonpIINH CABUI M CPE3 IPYHTA NPHU BBIXOJE €ro M3 3allemieHuss A =nA, (37ech 1 — YUCIIO TPYHTO3AlIENIOB B

3aleNICHUH OTIOPHOI OBEPXHOCTH KOJIECA C TPYHTOM).
C mpyroit cTOpOHBI, HANOOJIBIINI CABHT M CPe3 TPYHTA MOXKHO TPEACTABUTH KaK MpOu3BeAeHUE KO DH-
[HeHTa OyKCcoBaHHs O Ha JUIMHY ONOPHOU IMOBEPXHOCTH Koneca L, T.e. A =0L.

HccrenoBanus moka3aiy, 4To pacipe/elieHie qepOopMalii CIBUTA U Cpe3a TPYHTOBBIX KHPITHYCH B KOH-
TaKTe OMOPHOH MOBEPXHOCTHU KOJIeca C TPYHTOM MOXKHO IPEJICTABUTH B BHIIE TPEYTOIBHUKA (CM. pHC. 5).
Hanpspkenus capura T, BOSHHKAIOIIKE B TPYHTE NP BO3ACHCTBUHU HA HETO IPYHTO3ALEIIaMH, BO3pac-
TalOT U OpU A, AOCTUIAlOT MAaKCUMyMa T, , [IOCJIE Yer0 OHM YOBIBAIOT U IIPU IIOJIHOM CPe3e IPYHTOBOIO KHp-
I14a JOCTUTAIOT IIOCTOSIHHOTO 3HAYCHUSI T, . B TO ke Bpems HanpspkeHHe T,,, BO3HHUKAIOLIEE IPH CPe3e IPYH-
TOBOI'O KupIM4a OOKOBBIMU I'PaHSMHU IPYHTO3allela BBICOTOH /1, , MOXKHO B IIEPBOM NPUOIMKEHUU CUUTATh HE

3aBHUCAIINM OT Ae(HOpMaIHH.
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2008 BECTHHUK IIOJIOLKOI'O I'OCYJAPCTBEHHOI'O YHUBEPCUTETA. Cepus B

CymMapHO aehopMariio rpyHTO3aleoB, paBHYI0 B HA4alIe 3alleIUICHHS HYIIO U TOCTUTAIONIYI0 B KOHIIE
3HaueHus A, =3L , kak ObUIO ITOKA3aHO BBIIE, MOXKHO IIPEJCTaBUTh B BUJE TpeyronbHuka. Torga gedopmanns

IpYHTa Ha PacCTOSHUU X (CM. PUC. 5) OT Hauasa 3alleIUIeHus paBHa A = 0dx .

KacarenpHas crita Taru KoJ1eca, H€06XO,I[I/IMa$I JUII TPEOMOJICHU CABUTA TPYHTA, COCTaBUT
L L
F,,=|v.dd=[brdx, (13)
0 0

rae dA — sneMeHTapHas IUIONIA/IKa OMMOPHON MOBEPXHOCTU KoJjieca, paBHass dA =bdx ; b — mupuHA rPyHTO3a-
1erna Kojeca; dx — JJIMHA JIEMEHTapHOMN TUIOTIAIKH.
B o01em cityyae T, 3aBHCUT OT HOPMAJIBHOTO JABNIECHUS ¢, Ae(OpMAaIi IPYHTA, €ro (GH3HKO-MEXaHUYECKIX

CBOWCTB, MapaMETPOB KoJieca, MEPEMEHHBIMUA W3 KOTOPBIX SBJIICTCS HOPMAlbHOE NABJICHUE W JedopManus
cIIBUTA, T.C.

T, = f(q,A,).

[oncrasnss popmysl B ypaBHenue (13), momyyaem

L . Ar
F.,=[bfq. |1+ A |t
g v

3amensa A, = dx, uMeeM

L
Jop ox
F, —!bfw% 1+_8i fhk—dx’
k,

rae p, = f(G,x).

G
[Ipu ycropuu = = —— 3aBHUCHUMOCTbH yIpomacTcsa U UMCCT BUO:
x cp

bL

Jukby, 5L 1
E( = z lnchk——fn W—l . (14)
T ch—
nim
kbG sl | 1
i Chki

T

JlnrHA ONIOPHO# MOBEPXHOCTHU TPH ITUX YCIOBUSAX OMPENENIeTCs] POPMYIION:
L=r,0+2r,h, (16)
np

raer,, - - NPHUBEAEHHBIN PafnyC LIMHBI, M; O, — YroJl 00XBaTa OOPHON MOBEPXHOCTH (CM. PHUC. 3).

2rnph—h2
o, = arctg, |[———. (17)
t,—h

Dopmysl (14) u (15) moka3pIBaroT, YTO KacaTellbHas CUla TATH F, Kojleca 3aBUCUT OT OYKCOBAHHUS.
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Ha pucyHke 6 mpuBeJeHBI pe3yIbTaThl PacyeTOB 3aBUCUMOCTH F, = f(8) mpu pa3nu4HBIX BeIMYMHAX
HOpMaJIbHON Harpy3Ku.

15,0

|

T G =20 kH
VA

-

\ iz | G=15«H
0 \ ™ Vel

g \
[_7:' ]
— G =10 xH
\
/T — [
N
5,0 s
N, G=5xH
| —
0 0.2 0.4 0.6 0.8 .0

_ =5

Puc. 6. 3aBUCHMOCTB KacaTelIbHON CHIIBI TATH OT OyKCOBaHHS
npy kayeHnu muHb 18,4 R 38 npu kaueHnu ee o LelMHHOMY TOP(sSHUKY

W3 pucyHKa BUIHO, YTO MaKCHMalbHas KacaTellbHas CHJA TSATH B 3aBHCHMOCTH OT BEPTHKAIbHOH Ha-
IPY3KH Pa3BUBACTCS NPH Pa3IMYHOM OYKCOBaHHMHU: 4eM OOJbIIe Harpys3Ka, TeM MEHBIIE BEIMIMHA OYKCOBAaHHS,
KOTOpOE€ Ha30BeM ONTHUManbHbIM G (CM. puc. 6) BepTHKaJIbHOM Harpy3ku Ha koseco. Cienyer BMecto Qop-

onm

MYJIBI (4) HCIIOJIB30BATH (POPMYITY:

F‘cn
n, =(1-3,,,)01 —F—p) : (18)

k max

PesynbTaThl pacueToB oNTHUMaabHOM BECOBOM Harpy3ku G,

on (@PH M, —> max ) mug koneca 18,4 R 38
TIPY KAYSHHUH €TO T10 IEeTHHHOMY TOp(SIHUKY (CM. puC. 4) TOKa3BIBAIOT, YTO ONTUMAaJIbHAS BECOBAs HATPy3Ka IS

paccMaTpuBaeMoil muHbI coctaBiieT 14,9 kH (npu npenensHoit Harpyske Gy, =19,5 xH, naBnenuu Bo3ayxa B
mmue P, = 0,08 MIla, cm. Tabx. 3). [Ipn atom rimyouna xoxen # = 0,168 m.

BoiBoabI
1. PaccmotpenHsbie 3aBUCUMOCTU G = f (/) U T(A) MO3BOJISIOT C TOCTATOYHON TOYHOCTHIO OMTUCATH MPO-

I[ECC B3aMMO/ICHCTBUS ITHEBMAaTHUECKOTO KOJIeCa C Pa3IHMYHBIMU BHIAMH TOP(PSHO-O00JIOTHOTO TPYHTA MPH Pas-
JIMYHON BJIAKHOCTH.

2. IlpuBencHHbIC HOPMYIIBI TO3BOJSIOT ONPEACTUTD C JOCTATOYHON JOCTOBEPHOCTHIO MPEICIbHBIC U OTI-
TUMAaITbHBIC HATPY3KH Ha IIHMHY, & TaKXkKe TIIyOHHY KOJIEH, YTO JTaeT BO3MOXXHOCTH OIICHHUTH TATOBO-CIICITHBIC Ka-
YeCcTBa BEAYIIMX KOJIEC TIPU KaUueHUH UX 0 TPYHTaM cO ¢1aboii Hecyliel cltocCOOHOCTEIO.

3. PaspaboraHHass METOUKA TI0 OMPEICICHHUIO TATOBO-CICITHBIX KA4eCTB BEAYIIUX KOJIEC PU KauCHUH
WX TIO TPYHTaM €O clIaboil Hecymel cnocoOHOCTBIO MO3BOJISET OLEHHUTH B IIEJIOM MPOXOANMOCTH KOJECHBIX Ma-
IIFH 10 YKa3aHHBIM TPyHTaM.
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