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Huowe. B, A. CHJITHH
TEOPUS TOP®SAHOIO MNPECCA

: BBEJEHHE

Topdsaras npombimnennocts CCCP 3a nocaenuue roabl, Hapaay C pasBus
THeM Bcelt npombimiensocTd Coio3a, IOCTHIIA KPYNHBIX YCNeXoB. . 3Ta OTPacb,
KaK OJIHA W3 BA)XKHBIX SHEPreTHYeCKHX 6a3 H HCTOYHHK Pa3BHTHS XHMHYECKOH
NPOMBIIIEHHOCTH, BHIUIJIA HAa NepelOBHE MNO3HIUHH COLHAJAHCTHYECKOrO XO--
safcTBa.

BuicTpui#t pocT TOpdAHOH NMPOMBIUIIEHHOCTH 00yC/A0BAHBaeTcHd Bce GoJablued
u Goabmed mexanusauued Bcex pabomux npoueccos TOPPOAOGLIYH (IKCKABALMH,
nepepaboTkH, CyIUKH W TpaHcmopra Topgda), uro TpebyeT moABeNeHHS Teope-
THYecKoH 6a3ml 1/a HauGosee PauHOHAAbHEIX PACYETOB U MNPOEKTHPOBAHHUSA KaK
OTHeNbHHX AeTasell TOPpPAHEIX MAaUIMH, TAK H NeJAbX HHXXEeHEePHEIX KOHCTPYKUMuH.

OneuM #3 TaKMX aKTyaJbHHX BONPOCOB SBASETCS NMPaBHAbHOE, T. €. Hejie-

. coo0pa3io 06GOCHOBAaHHOE MNPOEKTHPOBAaHHE H 3KCNJAOATAUHA IHEKA, Kak
TPAHCNOPTHPYIOUIEr0, PasMEeUIHBAOIMIEro U PasApobasiouniero saeMesTa Topd-
MallHH, B IPOTHBOMOJOXKHOCTb NPHOJIHKEHHEIM SMIHPHYECKHM METOAM pacyeTa.

[Mpeanaraemans TeopetHueckas pa6oTa W MMeEeT leAbio 3aMOJHATH npobeJ,
CymecTByomuil B 004aCTH H3y4YeHuss pexuma paboTel IIHEKAa, TOP(AHOro
npecca W:pexyumux 3JeMedToB TOPQAHLIX MAIIHH.

YYHTHBAA Xe, 4TO BCAKHI YHCTO AHANMTHYECKHH METOA HCCJAENOBaHUA, HE
ﬂOlleeIIJIEHHHﬁ SKCNEPHMEHTAJIbHBIMH JAaHHBIMH, HE J3a€T BO3MOXKHOCTH mpa-
BHJAbHO y4eCThb BJHSHHA BCeX (PaKTOPOB, @ MOKET AaTh MPHOJHKEHHE K HCTHHE,
AdHHAs TeOopeTHYeckKas paGora SIBJAAETCH JIHIIb NPEeABAPDHTEJbHEIM MATEPHAJIOM
AJs NOCAeAYIOmHX, 6oJee ray50oKHX HCCAeLOBaHHA, HA OCHOBE COOTBETCTBYIOS
HIHX SKCINEePHMEHTOB H TPOH3BOACTBEHHBIX OIIBITOB.

HacTtosimasi pa6ota cTaBuT mepen coGOi ueab:

1) nath oObACHEHHE TeM fBJEHHSM, KOTOPHE BO3HHK&OT NpPH paGoTe cnjaom-
HOro IIHeka, NPepHBHCTOrO IIHEKa, a TaKXe MNpPH HX .COBOKYnHO# pabore,
CO BCEMH OCTA/NbHBIMH 3JEMEHTAMH TOP(AHBIX MALIHH, B YaCTHOCTH mpecca;

2) yctaHOBHTb (DYHKUHOHAJbHYIO 3aBHCHMOCTH MEXIy HIATOM, JHAMETPOM,
BHIOM TPAHCIOPTHPYEMOro M NepepabaTHBaeMOro MaTepHana, YHCIOM 060pPo-
TOR, MPOU3BOJHTENbHOCTBIO H PacxoJO0M MOIIHOCTH,

3) naTh BO3MOXHOCTH MPOH3BOACTBEHHHKY Ppa3bupaTbcsi B TeX mpoueccax
nepepaborku Topda, KOTOphe NpoHcxoaaT B mpecce PoroBsa, a Takke mnpa-
BHJIbHO BECTH 3KCNJOATALUMIO MAaIlIHH —B CMBIC/JE pacx0ja MOIIHOCTH, Mare-
PHAJAOB H JOCTHXKEHHS MaKCHMaJbHOH NMPOH3BOAHTENbHOCTH;

4) onpesesuTh ONTHMAJbHLIA pexum paboTe TOPPAHOro npecca;

5) Ha OCHOBAHMH TEOPEeTHYECKHX BLIBOAOB H COOTBETCTBYIOHIHX nocTaBJi€H-
HbIX OMNBITOB /aTh BO3MOXHOCTb KOHCTPYKTOPY BMNOJHE CO3HAaTEAbHO paslu-

~= paThCd B TOM CJOXHOM KOMIOJEKCE€ BONPOCOB, KOTOPLIE BO3HHKAIOT npH

KOHCTPYHPOBAHHH TAKOTO pOJAA Mall¥H, W TMPaBHABHO BHIOHPATL NPOYHLIE
pasMepsl X Jaerajefl, oTBeyaomue HauGoabmeH SPPEeKTHBHOCTH.
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§ 1. OcHoBHBIe CBOHICTBA BHHTOBOH MOBEPXHOCTH 2

BHHTOBAa® MOBEPXHOCTH MOJYHYaeTCs KaK CAell ABHIKeHHS KaKOH-Nu60 JARHHE
Bpamaoniefici OKOJA0 HEKOTOPOH OCH, ONHOBPEMEHHO HMeloLlell MocTymnaTe
HOE JABHKEHHE BAOJbL OCH.

]

H

P n c. 1. Cnea BuHTOBOIM AHHEM, O6pa-

30BaHHOH BpallleHHEM AHPEeKTPHCHI
HAa NOBEPXHOCTH LHAHHAPA. Pmuc. 2. Passeprka BHHTOBO#H JHHHH.

Ocb, OTHOCHTEABHO KOTOPOH MPOMCXOAHT ABHIKEHHE, HA3LIBAETCH OCHIO BHHS
TOBOH NOBEPXHOCTH. :
Jluuns ab, cayxamas ans o6pasoBaHHsi BUHTOBOH NOBEPXHOCTH, HASHIBAETC

06pa3ymmeﬁ BHHTOBOH MOBEPXHOCTH. BunTOBas JHHUA de, ONMHCHIBAEMAR
BpalIEHHEM KaX10# Toukoil o6pa=

sylome#, HasHBAeTCAd AHPEKTPH=
coft MM HanpasAsiOUER BHHTOBOR
nosBepxHocTH. Paauyc R uuauHapa
(puc. 1), Ha KOTOpOM BHUEpYEHA
BHHTOBAf JMHHS, HA3BIBAETCHA Pa
AMYCOM BHHTOBOH sunuu. Ocepolf
pasmep H,cooTBeTCTBYIONUA NO1D-
eMy npoHu3BojfAllell TOUKH 32 OAHE
noJanbif 060pOT, Ha3bIBAETCH MIA-
roM BHHTOBOH JNHHHH.
Ecau pasBepHYTh UHJAHHAD, HA

Puc. 3. lpasuasno n%:;n;:s:‘fnumsas NOBEPXHOCTE KOTOPOM HauepieH OAMH O0GOPOT
nNpaBHJAbHOH BHHTOBOH JIHHHH, TO
NOJY4YHM NPAMOYTOJBHUK C OCHO-
BaHHEM, PaBHHIM JJHHE PasBepHy-
TO#l OKPYXHOCTH 2zR, H C BHICO-
TOH, pABHOH WIAry BHHTOBOH JH-
uuu M. [Toayuenusi#t npaMoyrons-
HELl TPEYroAbHUK HA3LIBAETCH LA~
rOBbLIM TPEYTO/JLHHKOM. -
¥Yroa a, coctaBieHHn BHHTOBOR
JIHHHEN CPAa3BEPHY THIM OCHOBAHHEM
HUJHHEAPA, HA3LIBAETCA YrAOM BHH-
Puc. 4. [pasuabHo kocas BHHTOBasi moBepxsocts TOBOH JHHHH HJIH [IArOBHIM YT-

(urmek). Aom (puc. 2). :

tgd'. =j2‘lr

B saBucuMocTH OT BHJa 06pasyiouefi BHHTOBOH MOBEPXHOCTH, KOTOpas
MOXeT ObiThb B BHAE NPAMOH JHHHH, NEPNeHAHKYJASPHOH K OCH, NPAMOH Ba-
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KaAOHHOH M KPHBOW,— BHHTOBAA NOBEPXHOCTh GYJIET COOTBETCTBEHHO NPABHABHO

npsivasi (puc. 3), npaBuabHO Kocas (puc. 4) u kpupas (puc. 5 u 5a).
JlupexTpucoii Moxer ObITh Kak NpasuibHAS BHHTOBAs JHHEA, [10JYyyaio-

mascsi B pe3yabTaTe PaBHOMEDHOTO JBHXKEHHA TOUKH, TaK H HENpaBHAbHAdA

Puc. 5. KpuBas BHHTOBas MOBEpPXHOCTh P uc. 5a. Bropo# BHA xpEBO# BHETOBO
(mHek). - nosepxHocTH (mHEK).

BHHTOBAs JAMHHA. [IBuxeHne oO6pasywolied BOKPYr OCH BHHTOBO# JAHHHH
H BAOJD nocAeiHe# MokeT ObTb KdK PABHOMEDHOE, Tak H HEPaBHOMEpHOe.
COOTBETCTBEHHO 3TOMY MOJYHaeTCs IUAr MepPeMeHHO-PaNHaAAbLHHA H nepe-

MEeHHO-aKCHalbHEIH#, a TaKxKe

nepeMeHHO- aKCHANbHO - Pa K-
I, oo e anbHbif (puc. 6, 7 u 8).
Koopausars Toukn P npa-

BHJIbHO NPAMONH BHHTOBOM JIH=- -
HHH B CHCTEMe NpPAMOYroJib-

Puc. 6. [llnex ¢ nepeMeHHbIM AKCHANbHBIM INATOM, HHIX KOOpPAHMHAT X, J, 2
(puc. 9):
X=r.cos ¢ =
y=r.sin ¢ )
»
z2= ;
o= ¢

rAe ¢ — yroa, o6pasyemblit 1ByMs BePTHKAJAbHBIMH NJIOCKOCTAMH, NPOXOAALIHMHE
OjHa yepe3 oCb Xz, a Apyras yepe3 TOYKy P H ocCh 2,

r—panuyCc BHHTOBOH JIMHHH,

H —ar BHHTOBOH JAHHHH.

PaccmoTpum o6mufi BuA BHHTOBON NOBEDXHOCTH, MOJYYaeMOR BPalLEHHEM
KpHBO#i = f (r), pacnosoxeHHO B NJIOCKOCTH X2, BpaulaemMoO# BOKDPYT OCH
Z W JBHXYyluefica B TO XKe Bpems na-
pajnenbHo caMmofi cebe, BOKPYT OCH.

¥pasHeHue BHHTOBOH noBepx-
HOCTH B MNapaMeTpPHYeCKOH cHCTeMe
KOOpPAMHAT X, y, Z Oyner:

X=r.Ccos ¢
y=r.sin g

H
= ‘Q—R‘Z?+u

rae #=f (r)— o6pasyioumas Kpusas
B MJOCKOCTH XZ.

),

Pruc. 7. llliek ¢ mnepeMeHHbiM PaaMaNbHBIM

M3 nepsBIX ABYX BhpaXKeHH# cJe- maroM.
AYer: : SRS
R AT ey T Y -
% X ‘_tg‘?l ?"’"m'tg X (3)3
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OTKYyJa, noncraun} NOJIy4eHHOE 3HAYCHHE YIa ¢ B TPEeThe BHIDAKEHHE ypaBe
HeHHst (2), noayuus: .

b — ]

;‘; =2 tg_%-;-u ().

Jns Bpipaxkeduss BHHTOBOH NOBEPXHOCTH, MpeACTaBAeHHON B obmeh dopme
z=f (x, ¥), ypaBHenne KacaTeabHO# MIOCKOCTH B Touke P (x,, yi, z;) umeer
BHA

0z 0z »
I Y E
2
b
N
~
B
G ~
H R
- t—-.-l
P
__2’5"‘ s -
R
z
_ ¥
Puc. 8. llluex c mepemMeHHBIM aKCHaJAbHO-pa- Puc. 9. Koopaunatsi TO4ex BHHTOBO#H
AHANbHBIM I[HAroM. 3 JAHHHH.
. -
0z 0z
acTHee NPOHU3BOJHBEIE e 3y B TO4Yke P (x;; ¥;; 2,) AAA BHHTOBOH
fIOBEPXHOCTH PaBHHI
grs -9 H y H 1 —y g -
ox . Ox (2:: arctg7+u)= o Y ox Tox
14 =
e H x2.y du or fo M. du

: i s
= 2.=r‘{x2-{—y2).x2+ 7 R M o e

B e L VXS &

ox ox e
Anaxorununo dr — s
ay r
oz 0 H y M y du
oy O (2—1: ar tg}"+“>_2.u.r§+7"—dr“ -

lloxcrapassi B ypasuenue (5) 3sHaueHHss 4YACTHHIX NMPOW3BOLHHIX, NOAYYAEM

(X, du  H.y, || Y du | H.x O 3

(28 Ao Mo g)p(duy He-n), ) i(%)=0 @
Ias onpenenenus yraa HAKAOHA KacaTeAbHON MAOCKOCTH K BHHTOBOR mMO-

BEPXHOCTH B Touke P, (x, y,, 2;), COCTaBAAIOMUNE MaKCHMaAbHbI#l HAKAOH C
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MJI0CKOCTBIO XY, TPAMEHAEM H3BECTHEIE YDABHEHHS U3 aHANUTHYECKON FEOMETPHH,
CAYKAMWHE AA5 ONPEAeJNeHHs JABYXTPAHHOrO yriaa Mexay JABYMS MJAOCKOCTAMH

A1x+BIy+CJZ+DI=0} ©)
Ax+Byy+Cz+ Dy, =0
Cosy= AA, + B8, 1 GG, (10).

i 1/(‘41B + 312 _l“ Cls) (A22 + Bz’ + Cze)

B paccmaTtpuBaeMoM cayuae OJHA INIOCKOCTb BHIPaxKeHa ypaBHEHHeM 8,
- a BTOpas xy ypasHeHHem z=0.
CaenosatennHo:

e | du H.y
= R c{r+21r re

B h du H. x Koaduuuenrs I ypasueHus.
A R £ i—: r2 : '

e 1 .
* B, =0 } Kospuuunenrs Il ypaBHeHus.
=1

[Toncrasass nonydexHusie 3xauenus B ¢opmyay (10), maxoxum:

# X, du H. W du H. xl) 23
S (?'?}“‘W)' 0+(r =% "Ta ) Ot

V[ e = E) ][]
1 i

_. “Vitehtign = (n
s (2 yr=r
SNl .
rae {2. ®. 1 =
—-‘;—l:-_=tgﬁ TAHTEHC yrIJa HakJoHa xaca‘reﬂbndn K ofpasyiomen Kpu-

_poft 1 BMHTOBO@ AHHHHM B paccMaTpuBaemoit touke P.
- ﬂpeoﬁpasonunan noJy4eHsoe ypannenne,oxonqa'renbuo MOJyYUM

¥V 1—cos’y ]/ 83 l+tg {3+tg'=‘ (s A
08 Y Vig*+1igia

tg1=

Mpu sTOM AJ% NpaBHAbHON KOCOH BHHTOBOM NMOBEPXHOCTH, T. €. KOTJAA U €CTh
npAMas HAKAOHHAA K OCH X NMOJX yrjom f= const, no mepe ynaieHns TOYKH

____P.'m' ocH z—1g( yMeHbmaercs, cTpeMsch K tg B | Tak kak fga=—5—
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cTpeMuTca K Hymio lim tg e = lim _Q{-IE = 0) . HOas npamoit Ke BHHTOBOR

I—>co

tgr=V tgtat0®=tga

.6, y=a

sepxnoctr f=0°

=

(12)

§ 2. Besmyuna Tperus npH ABHMKEHHH MaTepuana B xonobe

[lpocTefiminM BHAOM BHHTOBOH NOBEPXHOCTH SBASETCS NOABEMHEIA BHE
JAOMKpaTa C NpAMOYroJAbHOHR pesplofi, KOTOPHH NpeacTasaAfeT u3 cebs HENP
PHIBHYIO HAKJOHHYIO NJIOCKOCTb € YIJIOM HAKJAOHA o, PaBHBIM YTAY MNOLBE
Hape3ku Ha CpPeaHeM JaHaMeTpe. :

B xauectse caMOTOpPMO391MXCS BAHTOB NPHMEHSIOT HA MNPAKTHKE BHE
C TpaneuHoNaJbHOA H OCTPOYroJabHOH pe3b6ol (60aTH). 3

Kpome TOro, xax yxasaHo Buillle, BAHTOB&H NOBEPXHOCTE MOXET OHTH
KPHBOJHHEHHOH, NPUMEPOM 4Yero MOTYT CJAYXHTb Pas/iHuYHble BHAL TIPeOHE
BHHTOB, B YaCTHOCTH rpe6Hofi BuuT ['mpma, obpasyiomeid KOTOpPOro Cay
apXuMeN0Ba CNHPaAb, BO3AYWHEE BHHTH (Mponeanepn), npHMeHseMsie B asp
NJAaHax, AMPHIKAOAAX W BEHTHASITOPAX, a TaKkKe HECKOAbKO PasHQBHIHO
IWIHEKOB, KaK TPAHCHOPTHPYIOMIMX H LEPEMELIHBAIOMMKX SAEMEHTOB MaulHH.

Kax Buano, o6nacTb nmpuMeHeHusi BUHTOBOH MOBEPXHOCTH OYeHb OGMIHDHE
OHAKO TEOpeTHYeCcKH Majno usyueHa. Tak, Hanpumep, B HACTOsEe Bpems C¥
mecTByeT 79 Teopuit rpeGHLIX BHHTOB, OJHAKO HH OJHA W3 HHX HE BCKP
BAET CYIIHOCTH AEHCTBHA BMHTA, a4 NMOTOMY He JaeT BO3MOXHOCTH BHOAH
NPABHJABHO YUHTHIBATE BAWSHHE OTJENbHLIX S/IeMEHTOB Ha pafoTy noc/aejHe
Bce nepeuncaennbie BHAH BHHTOBHIX NOBEPXHOCTEH MOryT GHThH NpaBele H
BLIE, OJIHOXOLOBHIE H MHOTOXO0/J0BHE. ‘

PaccmoTpim cambift npocToft cayualt IpHMEHEHHS BHHTOBOM MOBEPXHOCTH -
BHHT H Trafiky. e

Ecan varayxo sakpenuTsh raiéiky W Bpamath BHHT, TO MOCAEAHHH mepe
raeTcd B/0JIb OCH BNPABO HJH BJAEBO-—B 3aBHCHMOCTH OT HanpaBJeHHA
pe3skH. ;

Ecau xe aBuiKeHWe BUHTA OFPaHHYHMTDH B AKCHAALHOM HanpaBJeHuH (ynopoM)
a rafiky B paAuHaJbHOM H2MNpaBJeHUH (HANPABAAIOUIHMH), TO NPH BPAUICHE
BHHTA BAOJb OCH nocJjeasero Gyner nepemeliarbcs rafka. 3

AHAJIOrMYHO 3TOMY NPOHCXOJMT M ABHKEHHE MaTepuaia B mHeke. B arol
cly4yae poJb BHHTA HrpaeTr IHek, a rafiko# cayxut cam Topd, KoTOpHHE
Nepe/iBUrasick B aKCHAJbHOM HANpPaBJAeHHUH, YAEPKHBAETCA OT BpaliCHHS
CHIaMH TPEHHS O KOXYX (TPeHHEe B NAaHHOM CJydyae SBJISETCH JKeNnaTenbHHIM
H60 TOJBKO NPH 3TOM YCAOBHH DPOHCXOAHT JABHXKEHHE TOP(Aa B aKCHANBHO
Hanpasaenun). OTCI0Aa cAeayeT, YTO AJAs MOJYUYEHHs MAKCHMaAbHOH NPOH3BE
AHTENBHOCTH IHEKAa NpH koaduuueHTe HanoaHeHHs $ =1 Tpebyercs, 4TOD!
Mdcca B KOXYXE He NpoBOopayuBanach, T. €. HE Bpamasack, [las sTOro H&
06X0AHMO CO3/aTh B KOXKYX€ IIHEKa KaK MOXHO GOJbllee OKPYKHOE COnpe
tupaenne. OcymecTsasercs 3T0 0o6HUYHO C momoOuibio pe6ep HA BHYTPEHHE
NMOBEPXHOCTH KOXYyXa, kak Hafp. pe6pa B msacopybxe. '

§ 3. luHaMHKa M KHHEMAaTHKA JABH)KEHWS MaTepHaJbHOM
TOYKH MO BHHTOBOH NMOBEPXHOCTH =

Marepnansnas TOuKa, HAXOAACH B CONPHKOCHOBEHHH C ABHXKYyuIefics BHE-
TOBOH NOBEPXHOCTbIO LIHEKA, HCMLITHIBAET CO CTOPOHLI MOC/AEIHEro JAaBAEHHE.
BCJICICTBHE Yero nepeMenlaeTrcsi BAOJb JeHCTBHUSA BHEUIHEH CHJBL
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Ilas onpeneneruss XapakTepa ABHXKEHMS MaTepHaAbHOH TOUKH B UIHEKE
J23BEPHEM BHHTQBYIO JWHHWIO MOC/JENHEro Ha NJA0CKOCTh, KOTOpas, KaK yKa3aHO
ssigle, NPeAcTaBAseT H3 cebs mpamoyroabHell TpeyroabHuk ABC (puc. 10)
Bpauiense BUHTOBOH MOBEPXHOCTH INHEKa HA MJAOCKOCTH H306paxaercs
peMelleHHeM Crnpasa HaJ€BO Pa3BePHYTOrO MNPAMOYIrOJbLHOTO TPeyroJbHAKA
BAOJMb OCH XX, @ HMEHHO; JBMXXCHHE OCHOBAHHS Pa3BepHYTON BHHTOBOH

8 8
2 i T
* |
= A4 = i‘ -; = InR g

Puc. 10. Maobpaienne 1BHKEHHS MATEPHAaABHON TOUKH MO pasBepHy-
TOH BHHTOBOH JAMHHH DPH OTCYTCTBHH TDEHHS.

ausnE (2=R) u3obpa)kaeTcs mepeMenleHHEeM ee BAOAb OCH xx (UCxoas M3
TOro, 4TO CaM IlIHEK HE HMEeeT IOCTYMAaTeNbHOTO JBHMKEHHs); NABHIKEHHE Ke
paspepHyTOil BHHTOBOA JHHHM wHexa AB 3a oausH 060pOT Basna H306paKaeTCs
H4 NJAOCKOCTH NMepeMelieHHeM ee M3 noJoxeHus AB B nosoxenue A;B, U T. I.
- Ecau 6Bl OTCYTCTBOBAJIO TPEHHE MEXAY MATEPHAAbHOH TOUKOH W BHHTOBOH
MIOBEPXHOCTHIO, TO, NPH BPALIEHMH IIHEKA, MOCJAEAHSA, HCOLITLIBAA AABJEHHS /

‘Puc. 1l. [Ipuxenne MaTepHAALHOH TOYKH
- MO jeilcTBueM naockocth AB npu o1-

= 2 3 ) i
- X TN
gg__ ______‘..-&_M'_B
T g - = I\ p p A= B
U H
B \
e T
B oS \
3% \ B
:g,,,g‘ = : a \ T 8
A | \ Brenue
. Hanpo
B gffxeuuﬂ
D naockocmu

P nc. 12. Hanpasnenne ABHKEHHS MaTEPHAALHOH
TOYKH NPH OTCYTCTBHH TPEHHH.

CYTCTBHH TPEHHS.

CO CTOPOHH IIHEKA, Nepememanack Gh BIOJAb HAKJAOHHOH maockocTd AB, Bce
BpeMsi C Helt conpukacasice. [lpu 3ToM Touka npowmsa Obl 32 0AuH 06OPOT
BaJa NepneHAHKYyJAApHO BHHTOBOH JHHHH OYTh

h=CD=H-cosa.

- 3TOT BHBOJA HE BLI3bIBAET COMHEHUS TIDH PACCMOTPERHH HHKEC/JeN1yIOMEero.
- Bosbmem wmatepuaabuyio Touky M u naockocts AB (puc. 11). [lpu orcyr-
~ CTBMM TPeHHsi, Touka M BOCIPHHUMAGT YCHJHH, HanpapJeHHbIE TOAbKO JHUlb
" NepNeHAuKYyAApHO MNJAOCKOCTH AB H, CAe10BATENbHO, NEPeMellzercs BMecTe
- ¢ Hefi TOJIbKO JMIUb B “NEPNeHIHKYAFDHOM HANPABACHHH, HE3aBUCHMO OT TOFO,
- ABMTA€TCs JHM HPH 3TOM NJAOCKOCTb B CTOPOHY HAH HeT (puc. 12).
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Tak, ecau PasJIOKHTb B STOM CAyYae ABHXKYIYIO CHAY P MI0CKOCTH A
(puc. 12) Ha cocrasasiomue Py #H P, TO Ha MaTEePHAJBHYIO TOUKY Nepefder
aawb cuna P, Cuaa xe P; BCAGACTBHE TPEHHsI He OKA3LIBAeT HUKAKO

“.BAHAHMA M NOTOMY TOodka M nepeuema‘e'rcs B moJsioxenne M, S

Puc. 13. Hanpasaemue apmxenns wmate- Puc. 14. JIBmieHue MaTepHaibHOH TOUKH B
PHANLHOH TOYKH NpPH HAJNHYHH TPEHHS. BHHTOBO{i TOBEPXHOCTH NPH HAJAHYHH TPEH

INpu-Haanuuu Xe TPeHHs MeXAYy MAOCKOCTBIO AB M MaTepHaibHOM TOUK
noc/aeAusss BOCOPHHHMAET rOPH3OHTAJbHOE YCHJHE, PABHOE CHJAE TPEeHHH.

BeaieacTBue 3TOro TOuka mepe
MEIIAeTCs YiKe He IepHesiut
JSIDHO MJIOCKOCTH AB, a nmoj
JIOM 9, T. €. MOJ yIJIOM KOHYyCa TPes
HuA (ecan yron o> o). [Ipu ato
ecan niaockocTb AB (puc. 13) ABEs
KeTCs MOJA YIVIOM ¢, TO Hanpas-
JIEHHE NBHXKEHHA TOYKH COBNaxae
C HanpapJeHHEM IBHXKeHHs IJIOC:
koctH AB. B nporusHOM xe
yae He COBMauaeT.

AHajJOoruuHoe JIBHKEHHE MATE

P nc. 15. Ular nponsuikenns MmatepHaabHOMH TouKH PHSELEOH i, o M nponcXonHE
1O pasBepHyTO# BHHTOBOH AmHMm npu orcyrcreun UPH JABHXEHHH €€ N0 BHHTOBOI
TPeHHS. JHHHH 1IITHEKd, &8 HMEHHO: packK

AblBas N0 NPaBHJAy Napaienos

8 rpaMa BHEIUIHIOW OKPYXKHYIO CHJ

Po, NPHNOXKEHHYI0 K [IHEKY B

D ase cCHAb Py v Pr, HAXONHM CHJ

E Tpenua F = P,tg¢, koropas Hs

D T npasjeHa B 00OpaTHYi0O CTOPOHY
.~

A

ABHXXEHHS MAaTePHAJBHON TOYKH
BN N0 BHHTOBOH JHHHH. Takoe BE
XeHHe BO3HHKAaeT BCHeACTBHE HE
Geranusi BHHTOBOH IOBEPXHOC

H e

&\ ] HA HENOABHXHYO TOUKYy (pHC.

y!
; £ ].‘_ C . 14).
.. S Takum o6pasoM MaTepHaIbHA:

Puc. 16. llar npogsmkenus u Beamumna ckojgp- TOYKa HAXOJHUTCHA MOA AeficrBues
JKeHHs MaTepHanbHOH TOUKH N0 BURTOBOH Anuuu npn  JIBYX CHJA. CHALI Py H CHJH Py - 129,
: HAIHYHH TPEHHS. PABHOJAEMACTBYIOIAs KOTOPHX Pas-
Ha P W Hanpasi€Ha NOJA YrJAOM TPEHHS ¢ K MEPNEHAHUKYJAAPY HAKJIOHHOR
NJAOCKOCTH.
B stom xe HanpaBJeHHH JBHKETCH M MaTepHaJbHasd TOuKa.
I/I'rax, pE3IOMHPYA BCE€ BLIIIEH3/0XKEHHOE, NPHXOJAHM K 3aK/JKYE€HHIO, 4TO
nmpid CTCYTCTBHH TPEHHA MaTepHa/bHad TOYKAa NPH BpPAllEeHHH LOHEKa ABE-
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KETCA NepneHIuKYAIpHO BWHTOBOH NOBEPXHOCTH, MPOX0As 3@ OXHH 060pOT
mHeka nyTtb h=H-cosa, [Ipn 3TOM B aKCHaJLHOM HANDABJAEHHH MPOXOIAUT
ho = H cos?s Bceria MeHbwie wara BHHTOBo# aumuu H. B oxpyxHOM Xe
(PaauanbHOM) HanpaBAeHHM NMPOCKAAb3BIBAET B O6PATHYIO CTODOHY ABHIKCHHS
HmHeKa nyte S=H - cosa - sina (puc. 15). [Tpu Haanunu xe TpeHus MeXKAY MaTes
~ PHaNbHOH TOYKOA M BHHTOBOM NOBEPXHOCTHIO, TOUKA NPOJABHraeTCss B AKCH-
4JIbHOM HanpasJ/JeHHH Ha elle . B
MEHBbIIEEe PAaCCTONHHE, @ HMEHHO
corsiacHo puc. 16 na ho

CD= C‘Dl =H s
cos¢ cose
ho=DE=CD sin [90°—(a-}¢)] =
__ H-cosa-cos(at9)
Ber cos @ 3

Beanunnea ckoabxkenus'S Tak-
K€ yBeAHYHBAeTCs W paBHa

S— H - cosa - sin(a+¢)
Ccos @ :

Puc. 17. Hanpasaemne cus, RefiCTBYIOIMX Ha MaTe-
Tenepb onpeaeNHM YCHIMA  PpHAAbHYIO TOUKY NMpPH €€ ABHKEHHH NO BHHTOBOH_1O%

Ha Mmatepuanbnyio Touky. Jlo- DERANGOLE,

CTaTOYHO CKA3aTh, YTO BCE ABH-
TaTeaH, He3aBHCHMO OT HX MOMHOCTH, PasBHBAIOT Ha BaJy TaKyi0 JABHraTelb-
HYIO CHJAY, Kakas HeoOXOAMMa AJAA ONPEAe/]eHHS CONpOTHBJAEHHs pPaboYuX
OpraHoB Mawmuubl. Mraue rosops, ABAraTe b Pa3sBUBAET CHAY, PaBHYIO BeJHYHHE
‘CONMPOTHBACHHA. AHAJNOrHYHO 3TOMY, K MJOCKOCTH BHHTOBOH MNOBEPXHOCTH
' HIHeKa, NPH - BpalleHHW TMOCAeNHEro,
8 = npukaaagsiBaeTcsi B KaXAHA MOMEHT
CuAa, paBHas NO BeAHYHHE CONPOTH-
D, Z  BJAGHHIO TPEHHS MaTepHanbHON TOYKH:
90 0 GOKOBYI MOBEPXHOCTb LIHEKa KO-

Dol Uy X\ - XK 4 Kyxa,

]; ' . Ilpu satom 3a omuH 060pOT WIHEKa
Uy = MaTepHa/bHas TOYKA MEpeMelaeTcs B
2 . noaoxenne D (puc. 17).

A q c Orcioza cAeAyeT, uTO MaTepHaJbHas
e Touka (puc. 17), ABHXKYIAACs N0 BHH-

1D : toBofi nosePpXHOCTH (C yueroMm Tpe-

Puc. 18. Beanunna CKOPOCTH B aKCHAJbHOM HHsL TOpDA O WHEK H KOKYX), 32 OAUH
H pagHajibHOM HATIPABIEHHH IUHEKa (BHIBOX 0GOpOT IIHEKAa NPOCKaAb3LIBAET MO
KO3(HUHEHTA CKOALMKEHH:). OTHOIIEHHID K KOXYXY, T. €. B CTOPOHY

] Bpamenus, nytb DK (puc. 18), uto co-

CTABASET MO OTHOIIEHWIO KO BCcefl AJHHE pa3BepHYTOH OKPYKHOCTH IIHEKa Be-
JUYHHY X, T. €. KO3(HIHEHT CKOJAbXKEHHs pPaBHLIA

o DK _ DC:sin(a-+¢)
T 8
tga LN

%

HAH nocae npeoGpa3oBaHHs MNOJAYYaeMm

o Sina-sin(a+g) = (19).
Cos g -
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- Moacrasans pasauynnle 3Wavenns Kodpuuwento Tpeuws B opmyay (I
fIpH PAasSHEIX YrJAaX HAKAOHA BHHTOBOH NOBEPXHOCTH, BHIYHCASEM KOIDHIUHEHT
CKOJIBXKEHHS X, C NOMOWbIO KaKOBHIX CTPOMM rpaduk KPHBBLIX aKCHAAb
OPOABHXKEHWA MAaTepHANbHBIX TOYEK, NyTeM OTK/JAAbIBaHHA 3HAYEHHHA X HE
COOTBETCTBYIOMIHX Yray NOABEMA & BHHTOBHLIX JHHHAX, NPH OXHHAKOBOM AJNH
Pa3BepHYTON OKpyKHOCTH wHeka (puc. 19) 2xR. -
Kax Buamo u3 weprexka, TOUKM pacnosaraioTcss Mo KPUBOH, KOTOpas Has
TASAHO NOK33bIBae€T, YTO NPOA+HXEHHE, a OTCIOa W NPOH3BOAHTEIHHOCTE
MacChl B aKCHaJAbLHOM HanpasJEHHW HE NMPONOpPUHOHANbHA yray noabeMa BHE:
TOBOA JIMHHH, M YTO 3Ta 3aBHCHMOCTb GoJee CJ0xHas. [IpH 3TOM MaKCHM)

90 g 78 o0 50° 50" 2°

: o3 o8 az o6 as a4 o3 a2 aq a

Puec. 19. F'paduk KpPHBHIX aKCHAJABHHIX NPOABHMKEHHIT MaTEpPHANLHBIX
TOYEK [0 BHHTOBOI NOBEPXHOCTH B 3aBHCHMOCTH OT Yria HaKAOHa BHH-
TOBOH NHHHH H KOS(HIHEHTA TPEHHS,

F 4
NMpOABHYXEHHS TOYKH B AaKCHAaJbHOM HanpasJeHHH GY.II.ET HE IpH ¢=90', :
4 NPH 3HAYHTEJbHO MEHbLIEM ONTHMaJbHOM YrJI€ B 3aBHCHMOCTH OT KOB(‘JK" ¥

uuenrta tpenus (raba. 1).
Tabauya 1

Ontumansubiit | [1pu koadruuenTe TpEHHA TOPdA 0 METAAA
yroa ponbema
08

BHHTOBOH 1. 0,36
JHHHH i

04 | 06 1,0

Gmax o+ = - 30°

34° 30“,25"' 220

§ 4. lunamMuka ¥ KHHEMAaTHKAa JBUXEHWS pPsila MaTepHaJbHBIX
TOYEK N0 BUHTOBOH MOBEPXHOCTH

“Paccmotpum Tenmeph xBuxeHwe Topda mo BHHTOBOH MOBEPXHOCTH, MPEA-
cTaBasis ero cebe BHayaae, KaK JBHXKEHHE LEJOrO Psijla He CBASAHHHIX MEXKAY
coboit MaTepHaJbHEIX TOueK. B 3TOM cayuae kaxcaas Takas MaTepHaJbHasg
TOYKa, COMpHKacalwasca ¢ BAHTOBOH NMOBEPXHOCTHIO LIHEKA, Oy AET ABHIaThCA
no cBoe#l BHHTOBOH JuHMH. Tak Kak yrasl NOAbeMa BHHTOBHIX JUHHH, Jeka-
MMX H3 BHHTOBOH nOBEePXHOCTH WIHEKAa, B 3aBHCHMOCTH OT PacCTOSHHA pac-
CMAaTpHBaEeMOH AMPEKTPUCHL OT OCH, €CTh BEeJHYHHA NepeMeHHas, U3MEHAI0-
mascs oT yraa e ao 90°% To MaTepuaNbHLIE TOUKH HMEIOT pa3Hbie KOPHUHEHTH
CKOJMIBXEHHS X H MOTOMY MPOABHTAIOTCHA B AKCHAJABHOM HANpaBACHUH (T. €. BAOAB
OCH) Ha HEOAHHAKOBHE paccrosuus (puc. 20), a MMEHHO: yroJ HAK/AOHA BHH-
TOBOH JHMHHH AJAs MaTepHaAbHOW TOUKH A, Aexamel Ha nepudepuu, paseH a,,
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AAsi TOYKH A, COOTBETCTBEHHO &, W T. A. (puc. 20). [asa Touku A, aewamed
B LUEHTPE IIHEeKa, T. €. M0 OCH, yroa noabema o= 90° u, clexOBaTENBLHO, BHH"
TOBas JHHWS NPEBPAaMAeTcd B NpAMYI0 AHHUIO (OCh WIHEKaA),

B passepuyToM BHAE BCe 3TH BHWHTOBHE JAHHHH NPH OJXHOM H TOM IKe
mare H (puc. 20) ects AB, AB, AsB u T. 1

S
2 s
H
n ol I azﬂ-‘h_
2”21_""'""
e T2

Puc. 20. dnopa nBMXKeHHA MaTepHAJAbHHX TOYEK B AKCHAALHOM H B
PajiHaJbHOM HAMpaBJeHHH IUHeKa (NMPH OTCYTCTBHH TPEHHA).
CorsacHo npensiAymuM BHBOAAM, MATEPHAJAbHBIE TOUKH, JBHKYIHECs He-
_ 3aBHCHMO ApYT OT Apyra Nno BHHTOBOH MOBEPXHOCTH (HE YYHTHIBAs MACCOBBIX
Cua, w00 nocaejHHe HE BAMAIOT Ha ABHxeHHE npu 100% sanonHeHHH LIHEKa,

1“

Axcuansroe (npogonsHoe) nepegludicenue
\ mamepuanselT movex Bgons ocu wHexa

Paguanoroe (axpycroe) npogbuscenue
- Lgy=06 - MOMepUONLHbIT MOYEK

Co_ WHera

r?a:&sz:?:z.ﬂsﬁ 8

2nR -

Pc. 21. Smopa ABHXEHHA MATEPHAIbHBIX TOUYEK B AKCHAJABHOM H PaiHAALHOM HaNpaBJCHHH
(upn HaAMYMH TPeHH:).

9 Tpyas Yxpuucropdha - 129
-“‘.
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T. e. npu $=1), 3a onun 06GOPOT MmHEKA NpPH OTCYTCTBHH TPEHHS O WIHEK
npoxoaat nyta CD, CD,, CD, u 1. 1,, pacnosarasicb Nno MOAYKPYTy.

YuuThiBas ke TPeHHE, BOSHHKAIOUIEE MDH JABHIKEHHH MATEPHAJNbHHIX TOUYEK
O BHHTOBYIO NOBEPXHOCTb INHEKa, NOCJAEAHHE NPOJABHTAIOTCA HA MEHBIIHE
PaCCTOAEHA B aKCHaJbHOM HAaNpaBJEHHH, B Pe3y/bTaTe 4Yero pacHoNaraioTes
no kpuso#t mn (puc. 21, ¢).

BcaeacTeue STOro, €CAM MYTH, NPOXOAWMEE MATEPHANbHHIMUH TOYKAMH B OK-
PYXKHOM HanpaBJeHHH, T. €. MO OCHOBAHWAM Pa3BePHYTHIX TPEYrOAbHHKOB

=

B8
7 )
N

0 )

Puc. 22. O6GpasoBanke TPEUHH H BHJ SaKPy4YeHHOH TIHHLH NPH BHIXOAE H3 KHPNHUHOTO NpECCa.

BHHTOBHX JHHHHA (puc. 21, @), mepeHeCcTH COOTBETCTBEHHO HA MJaH BHHTOBOH
MOBEPXHOCTH, TO KOHEYHOE IOJO0XEHHE MaTepHaJbHBIX TOYEK, HAYABIIHX CBOE
JABHIKEHHE OJHOBpPeMEeHHO oT obpasylomeit OA (3a oauH 060pOT IUHEKA), Bbi-
pasuTcs cnupanbio. Ms storo caeayer, 4TO MaTepuaabHble TOYKH 3a OJMHH
o60pOT NpOLOAST PpasHbie YLAH T, Ti H
Ta (pHc. 21, @), uem H 06ycAOBANBAETCH CABHT
MEXAy HHMH.

B cayuae TtpancnopTHpoBaHHs MacChl MO
BHHTOBOH MOBePXHOCTH (mpH KoapuuHeHTe
HanoaHeHHss ¢=1) ABHXKeHHE nocaenHel
4 OyNEeT HECKOAbKO OTJAHYATECA OT NPEeABIAy-
Eero paccMaTpHBAaeMOro cJayuas, Koraa Obl-
A0 CAeNaHO AONYIeHHe, YTO MATePHANbHHE
TOYKH HE HMEIOT MOJeKYJspDHHIX CHJI cuem-
JNeHds Mexay cobof. Ecau sta ceA3b yacTHIl
TPaHCNOPTHPYEMOro MaTepHasa (Hanpumep,
Topda) ApPYyr C APYroM HE3HauMTe/AbHd, TO
Pxc o3 & = NPOMCXOAHT PaspeiB HX H ONLHOBPEMEHHO C
e ao0IWXeIe  oTuM_nepeTHpARMe, BCICACTBHE Nepememe:

Jly zepmtante. HHUA MOCJAEAHHX OTHOCHTEJLHO ADPYr Apyra.

Ecan xe sta cBa3b uactuu Apyr ¢ Apyrom

Goablue, HEXeNH PasPHBAIOIHE YCHAHA (BO3HMKAIOU[HE B Pe3yabTaTe Pa3HbIX

CKOpocTell Ha BHHTOBOM MNOBEPXHOCTH IIHEK3), TO MaTepuaJ JABHKETCs € Ka-
KOH-TO CpeJiHe#l CKOPOCThIO.

Tako# BHBOJ BnOJHE NPaBHJAEH H MOATBEDXIaeTcs NPaKTHKOH, 4 HMEHHO:
B TOPQAHBIX, KHPNHYHEIX H APYrHX NpPeccax, a TaKkKe IIHEKaxX, TPAHCNOPTH-
PYIOUWHUX NJAaCTHYECKHE BASKHE Macchl, OOLIKHOBEHHO MAaTepHaa 3aKpyuYHBaeTCH
CIIHpaJabIo.

B uactHOCTH, 3TO MNOATBEPKAAETCH CHEUHAJAbHBIME ONubTamu Gupmu -
AepmITaaTe, KOTOpas AJs BOCHPenATCTBOBaHHA BPall€HHA TVIHHB B KADAHYHBIX
npeccax (4To yxyAumaeT KadyeCTBO KMPNWuYa, BCAEACTBHE NOsBASIOMMUXCA TPe-
[HH — PHC. 22) CHAGKAET rOPAOBHHY NPECCOB OCOGHLIMH BHICTYNAMH HANOLO-
6ue TypOHHHLIX JIONATOK, YTOJAMAIOIUXCS B NPOTHBOMNOJOKHYIO BPalleHHIO:
mHexa CTopory (pHc. 23). ITHM ke 00bACHACTCSH, YTO HU3HHHELIE TOPQH BHOAHE
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nepepabarniBaioTcss B TOPGAHLIX NMpeccax, CHAGKEHHHIX TOJLKO HIHeKamH, 6es
HaJMHuHS pexymux siaementoB (Hanp., B mnpeccax HoanGepra). [lpm 3TOM
Hanboabmas jnedopmanud MaTépuasa AOCTHraeT OKOJO UEHTPA BpameHHd
IIHEeKa.

Bor nouemy u9acTo AJf TPAHCNOPTHPOBAHHA MaTepHasa, B- LeAsX NpeAo-
XpaHeHHsl NoCaAefHero oT aedopmauuu, NPHUMEHNIOT CNEUHaJbHBE THMOB ChH-
panbHBIX MHEEKOB (PHC. 74), KOTOpHE MMEIT, BMECTO MOJHOCTEHHOTO BHHTA,
AEHTOUYHYIO crnHpanab. Ocob6eHHO TakHe CNHPaJbHbBIE BHHTH MPHMEHAIOTCA Ha

Puc. 24. CnupanbHbifi mHEK.

NPaKTHKE JJ9 TPAHCMOPTA KYCKOBHIX H BA3KMX MaTePHAJOB, YeM YMEHbIUACTCH
BO3MOXHOCTh 3aKJAMHMBAHHMSA, KDOUIHMOCTb W HAaJHNAHHE MaTepHala Ha BHHTO-
BYIO NOBEPXHOCTH.

§ 5. llpon3BoauTENbHOCTh WIHEKA

[Ipou3BOAHTENLHOCTD IUHEKA NPH KOIDHIHEHTe HamoJHeHHs (=1 Buipar
JKaercsi He BeJHUMHON aeficTByloulell NJAOMAAM WIHEKA, YMHOXEHHON Ha war H
IIHEeKa, KaK 3TO OOHYHO NPHHUMAaeTcs

x(R2—r)H

rae R —puemnnfi paauyc uiHeka,
r— paadyc BaJja,
H—mar mnexa,

a 3HAYATEJbHO MeHblIed BeJHuYHHON, TAK KAaK MAaTepPHAJbHLIE YACTHUL B aKCH~-
anbHOM HamnpaBJeHHH NPOXOAST MyTH, BEPAXKeHHbe KPuBo#t k= f(r) (puc. 21, ).
CaenoBaTesbHO, TPOH3BOAHTEABHOCTD WIHEKA NPpH $=1 pasHa o6bemMy ¢Qu-
ryphl, OrpagHyenHoff niomansio wHeka F W obpasywouledi KpHBO#A npoaBHMkKe-
HHSl TOYEK B aKCHaJAbHOM HanpasieHHH ABC Bpamiaemoff BOKPYr OCH HIHeKa yy
(puc. 27). Ob6nbem Taxkofft xpuBONHHeHAHOH (DPUrYypE MOXKHO ONPEASAHTH ABYMSA
cnoco6amu: NpHGAHXEHHBEM rpaHYecKHM HHTErPHPOBAaHHEM HJH aHAJHTHYE-
CKHM INyTeM. ' =

Has onpexenerus NPOH3BOAMTENBLHOCTH IIHEKA METOAOM NPHOAHXKEHHOro
rpaduyeckoro WHTErpEpoBaHusA: a) pasbuBaeM nJaomaAb mHeka (puc. 21, @) Ha
PR KOHUEHTPHYECKHX OKPYKHOCTeH; 0) BHIUHCAAEM MJIOMAAH OTAEJbHBEIX
Koaen no popmyae w(R3, —%’h_,); B) YMHOXKaeM IJOLIAJAH NOJYYEHHHIX KOJelf
Ha COOTBETCTBYIOILHE HM CpPefHHE AaKCHAJbHHE NpOABHKeHHS fg, M, u 1. A.;
r) CyMMupyem BhYHCAeHHHe o6beMu Vi, Vi u T. A. _

[Moayueraufi cymmapuuii 06'beM COOTBETCTBYET AeHCTBHTENBLHOMY NPOABH-
KEHHI0 MacCh 3a ojAuMH 060pOT INHEeKa, T. €. NPOH3BOAHTEAbHOCTH.

Buas o6vem oaHoro BuTka wHeka V==R*{, moxem HaliTH Ko3dHUHEHT

Vi :
NMO/Ae3HOro AefCTBHSA NPOH3BOAMTE/]LHOCTH WHEKa mo Qopmysen= v Ipu-

Mep TAaKOro mojcyera npuBoAHM B Taba, 2 ans weexka npecca Porosa, npe
koapuuuente tTpenus topda o merana tge=0.,. N
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Tabauga 2

& Cpennee axcu-
Ne pa-| Pammyc R Maomans aabuoe npoasu- | O6vem V,
R R}, — PR3, _,| xoabua B cM? [enHe IS KaXIAOTO
nwyca B CM (R — R%—1)| Koabua BIATO cM®
¢ puc. 21,8
1a 2.15 4,6 3,0 49 1,5 14,0
1 2,75 7,6 22,7 g9 9.0 650
2 5,9 30,3 31,7 118 13,5 1650
3 8.25 68,0 93,0 116 16,0 2660
4 11,00 121,0 68,0 214 17,7 3800
5 13,75 189,0 833 250 18,5 4+00
6 16,50 272,3 98,3 310 19,3 6000
7 19,25 370,6 1134 366 20,0 7320
F =1515 — IV = 26894
LV ZV, 26894
OT = E = ) = ——
e o ~ R H 314 2.3 0

9TO HECKOJbKO 6oJbiue 3Hayenus Taba. 3, BHYHCAeHHOro no (opmyane (14),
BCJE€ACTBHE TOTrO, 9TO B TaGJa. 2 B3ATH CpeAHHe AKCHAJAbHBIE NPOABHKEHUS
KaXA0ro KOJbHa,

Kak nokasnBaiOT BBYHCAEHHs, NMPOH3BOAHTENbHOCTL WHeKa npu H=D u
OTCYTCTBHM TpeHHs cocraBaser n=0,75 or Bcero o6nmema, T. €. NMPOW3BOAH-
TeJbHOCTh A€ B HAEaJbHHX YCJAOBHAX NpPH Ko3duuueHTe 3anoaneHus =1
cocrasasier 3a 1 o6opor V= V.q=0,75.%.R%.H.

" 3TO yMmeHblIeHHEe NPOH3BOAMTENbHOCTH €le CHAbHeE CKa3LIBAETCH MPH yyeTe
TPeHHs MaTepuaibHOA TOukH o wHek. Tak npu =D u ige=0,6

Vx = 0,537 R2H.

Cneayer 3aMeTHTb, YTO KO3(HUHEHT MoJe3HOro AeHCTBHA NPOU3BOAHUTENBHOCTH
mHeka TeM 6oJablue, YeM MEHbIIHH yroJa noAbeMa BHHTOBO# NMOBEPXHOCTH.

Tak npu H=0,5D u xo3apunuesre tpenus tge=0,6, npoH3BOAUTENLHOCTD
pasha V, = 0,71 = R®H, 1. e. KO3(QHIHEHT NOJE3HCTO AEHCTBUA My—o:p = 0,71
Goabmni, HEXeAH B mpeasaymeM ciayyae, Koraa H =D, HO no a6COMIOTHOH
BE/NHYHHE MPOHU3BOAHTENBHOCTb MEHbIUE, 4 HMEHHO

0,53 = R2H > 0,71 = R°H,
0,53 = R?2R > 0,71 = R*R
1,06xR3 >07]=R?
rie H=D=2R; H=05D=R
TouHO TakKe KO3()UIHEHT NONe3HOro AeHCTBHS NPOH3BOAMTEALHOCTH UIHEKA
TeM Gosbuuil, yem MeHbUWHHA KO3(HUHEHT TPEHHH.
Tak, suuucass ,m* aas wHeka mpecca Porosa, npH pasHHX KO3(QHUHEHTAX
TPEHHsl JBHMKEHHs NOoJAyuaeM Cienyiomue sHauenus (tada. 3).

Ta6auna 3

- 3
Kospunuent tpenns tg o= 0,4/tg  =0,6|tg 9 = 0,8 Mpumesanne
Kosduunenr mnonesnoro aeHcTBHA 0,80 0,71 0,70 } B cpenuem 1 MOMeM CUH~
TPOH3BOAHTENLHOCTH  1LIHEKa  MNpH TaTh (TaKk kak KoaebGauHs
H=0,5D HEe3HAUHTENbHbIE) PaBHBIM
0,804-0,714+-0,70 _
3
=0,72
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Ananoruunyio xaprumy (coraacso rpadukos puc. 25) MOxHO Haba0AATH H
Npu APYrdX COOTHOWIEHWAX WIAra M AHAMETPA IIHEKA, MPH BCeX MPOYHX APY-

rHX paBHBIX ycJ0BHsX, HanpuMmep, tg¢ =06 (Taba. 4).

Tabauya 4
llar wwxeka ‘z:&ﬁ"%) ’ H = 0,75D H=D H=125D
* Kosgwument nonesnoro neiicTeusa 0,71 | 0,64 0,53 0,43
MPOH3BOAHTEABHOCTH IIHEKa 7
-. !
\\ | //
{11y
W
\ |||/
E‘;"‘
{

i

l

J!?ﬂS&J??fOfZJ!*JG?{

a/w/
6 51 & 3 32 1 a
."= 4 2nR

‘ ‘ :
P uc. 25. Inopsl AKCHAABHOTO H PaAHANBHOTO MPOABHMEHHS MaTepHAJIBHEX TOYEK MO BHHTO-

Boit mosepxHoCTH npn H =125 D

Boabuioe BAHSHEE HA NPOH3BONHTENBHOCTD LIHEKA B npecce Porosa Okashi-
BaeT 1060BO€ CONPOTHBAEGHHE MPOABHKEHHA MACCH B MyHAmTYyKe. Beaeactsue
STOro KpHBas MNOABEMA TOUYEK {10 BHHTOBOH MOBEPXHOCTH CMEUIAETC B CTO-
POHY YMEHbIIeHHS TPOABHXEHHS TOYEK B AKCHAJAbHOM HampaBAeHHH, T. €, yBe-

JHYHBAETCH K03¢HHHE HT CKOJIbXEHHA.

~.  Oganako 3a OTCYTCTBHEM JaHHLIX COMPOTHBJEHHS B MYHAWITYKE ONPEAEJHTH
. NpPH STOM M0JOXEHHe KPHBOW MOKAMeCT HE YAanoCh, ECTb Wb HEKOTOPHE
DPeANOCHJ/KH, YTO 3Ta KPHWBas AOMKHA J84b, KAK yKasano Ha pHC. 26. 310

YMEHbIUAT NMPOH3BOAHTENBHOCTb IWHEKA A0 0,2— 0,3 = R*Hn.

PaccmarpsBas TaG/. 2, NPHXOAHM K 3aKJIOUEHHIO, YTO H3MEHEHHE CeueHHs
UWIHEeKa 3a CYeT MJIONIAJIH BaJa MaJ0 yMEHbIIAET NPOH3BOAUTEABHOCTD, HOO KAK
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HATAANHO BHAHO HA puc.2] u 25 ABHKEHWE MATEDHANBHLIX TOYEK B aKCHalAb-
HOM W OKD)IKHOM HAanpaBJeHHH HAYMHAETCH (B 3aBHCHMMOCTH OT KO3(HuUHEHTA
TPEHHs) HA HEKOTOPOM PAaCCTOSIHMH OT OCH. DTO yMeHbUIEHHe MPOH3BOAHTENb-
HocTH mocruraer B mpemenax 0,2—0,3R ot och Bpamenus a0 5%. Beauun-
Ha xe paboThH, 3aTpayWBaeMas Ha NpPEOAOJeHHEe TPEHHsT B 3TOM ydacTke, Ha-
060pOT AOCTHTraeT MAaKCHMaJbHOrO 3HAYEHHS, YTO BHI3BIBAET HENPOH3BOLH-
TeNbHOE NosBbimenHe MomuoCcTH. OTClI0OAa caeayer, 4TO HIHEKH, NPeAHA3HA-
YeHAbe A48 TPAHCMOPTAa MaTepHasna, BLIMOJHO H3rOTOBJAATH H3 TOHKOCTEHHBIX

Tpy6 GoabuIOrd amamMeTpa — 4eM AOCTHraercsi GoAbiuas NPOYHOCTb, SKOHOMHSA

MaTepHaJa, YMEHbIICHHE 06]’.!.],81"0 BeCa MAUIHHE H YMEHbIIEHHE MOMHOCTH
NPpH NOYTH He H3MEHAINIEeACHs NMPOH3BOJAHTENbLHOCTH, 4 TAKKE NPH OTCYTCTBHH
AedopMalHH TPAHCIIOPTUPYEMOro MaTepHasna.

[locaennee mHOrza OHIRAET MKeJaTeNbHO, HanpuMep, B npeccax TOPDAHBIX
MamuH, rae iedopmanus H NepeMelinBaHHe TPaHCOOPTHPYEMOro MaTrepuana
OCYNIECTBASETCS B IIHEKE 3a
CYUeT PpAasHOCTH CKOpocTel
ABHKEHHA MeXAY TOYKaMH,
JAeKamuMu Ha nepudepHH H
B LEHTpe, 4em 06yc/10BIHBA-
eTCd CABHraiomiee ¥ pasphl-
Balollee yCHJAHE Mexay 4a-
CTHIAMH MaTepuana. Tak, Ha-
npumep, B npecce Joanbepra
H Ap., TIe OTCYTCTBYIOT pe-
Pue. 26. Kpupan cmemenHs MaTepHaJbHBIX TOWEK Ha pas- MYOIHE SACMEHTH, - N

BEpTKe BHHTOBOJ TMOBEPXHOCTH IDH Haiwwmi MymumTyka |UHBAHHE, TEpPETHpaHHe M
B mpecce. paspeHB BOJOKOH TOphaHOHK

Maccel NMPOHUCXOMAUT NMOJX AaB-
JIeHHEeM LIHeKa, 4YeM /JOCTHraeTcs AJAs HH3HHHBIX TOPPOB BLICOKHH KO3DH-
muesT mnepepaborTku. [locaennee OO6DBACHAETCH TEM, YTO CBASHOCTb MEXKAY
YaCTUIAMH HHU3UHHOTO TOP(da C BLICOKOH CTENeHbIO Pa3JOXKEHHA HE3HAUYUTENb-
Ha, Gnaroaaps 4eMmy 4YacTHUH TOp(da upesshHYafiHO MOABHKHLI, W MOTOMY MOJA
BAHSIHUEM JefCTBHA NIHEKA Jerk0 NPOMCXOJAHT HX CMEIIeHHe KaKk B aKCH-
aNbHOM, TaK H B PajuajJbHOM HANpasJeHHH, coraacHo puc. 21 u 25,

§ 6. Ananutnueckunil BoiBOoA opMyJsIbl NPOU3BOAUTENLHOCTH
HeKa

[Mpu xosduunente HanonHeHHs mHeka (Y=1), T.e. KOrAa IWHEK NOJHOCTHIO
3aNOJNHEH TPAHCMOPTHPYEMBIM MAaTE€DHAJOM, MACCOBLIE CHJBI OTAEJbHHIX MaTe-
pHaABbHBIX TOdeK (YACTHI) B TAKOM CJydYae HE OKa3bBalOT BAHAHHA HA Be/H-
YHHY CKOJAbXEHHs W noTtoMy ¢opmyaa kospumHeHTa CKOJAbXKeHHs (x==

sina - sin(a— ¢)
-

€os ¢
NJIOCKOCTH, OCTaeTCss BEPHA M AJA Onpefe/]ends KO3(DHUHEHTA CKOJbKEHUS
Topda B muexe. CornacHO KPHBBIM aKCHAJbHBIM nMpoaBukesusm (puc. 21 u25)
MaTepPHaNbHEIX TOYEK B INHEKe, BCe TOUKH INPOJABHralOTCA MEeHbIIe, YeM Ha
WIAr BHHATOBOH JAHHHM. DTO OTCTaBaHHE OT INDOJBHXKEHHA HAa NOJAHHA mar
wHeka Tem GoJabme, uem OJHKE K LEeHTDY HAXOAATCA MATepHaAbHbIE TOYKH,
49TO BHIPaXaeTcs ypaBHeHHem'

), BHIBE\CHHAA AAs Pa3sBePHYTOA BUHTOBOMA MOBEPXHOCTH HA

H. sinoy - sin(ax -} 9)
cos 9

1 BeanunHa OTCTABAHHA MaTEPHAAbHBIX TQYEK OT NpPOABHIKEHHS Ha moaubifl war 3a oaum o6o
poT Bana, coraacio puc. 18, cocraBaser

y=H.x=

BK DK
EZ.=A-—C.=x, BK=BC:x=Hx
y=H-x.
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e y — BeJMYHHA-OTCTABAHHA MaTePHAIbHOH TOUKH B aKCHANLHOM HAMPABJEHHH,
H-—mar muexa,
X —KO(HIUEHT CKOMBXKEHHS.
CnesoBaTenbHo, KPHBAs OTCTABaHHA TNPOABHIKEHHS MaTEpHaJAbHEIX TOYeK
~ BAOJb OCH WIHEKa BHpaxaercs opmynoi

E - __H. sina, . sin (& + ¢)
' : i cos @

3, Orciofa HAXOAHM MNPOM3BOAHTENLHOCTH INHEKa KaK OGBbeM Tesa BPAUICHHSA
. ABC (puc. 27) Bokpyr ocH mHeka yy (M0 OCH X OTJAOKEHH ymu HaKJ0Ha

BHHTOBBIX JHHHI)
V1= V'— Vg—' Va (133).

Puc. 27. Ueprex K BbIBOAY aHATHTHYECKO#H
GopMyabl TPOMSBOAMTENBHOCTH ILIHEKA Kak
ob6bem Tesna BpameHns KpuBoii ABC BOKpyT

Ry OCH Y.
- 'l"ne 'V —ob6bem Tesna BpallleHHs BOKPYT OCH LIHEKa yy, PaBHEIA NMPOU3BEeHHUI0
nnoma,uu LIHeKa Ha war.

H-ctga\*, H':-cig?a
V== R H—x( e )H_T

= P . <= _H-ctga
e (tga-—D 1 OTKyZAa R"'"_4s ),

=7 A —o6bem Tela BpAIICHHA nmBe BOKPYr OCH ¥y paBHHIH
. Vo=%+R* - hy==-R*-H-x H_f__zc_fg_ﬁ. X=
H' ctg?a sina - sin (a-+%) s =
- 4= cosg
u—yro.n HAK/JIOHA BHHTOBOH MMHWHM WIHEKa HA nepudepuwu,
Vy— 00bem Tesa BpameHHs eBAg BOKPYr OCH yy paBHblfi COrMacHO puc, 27
-..\. y : — H

Vi== | pady -

y=ho ;
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