TEMA: I'MBKA (1 yacrs-2 gaca)

Ii1an Jexkuuu

1.BBenenue

2.Ctaguu ruOku

3.Hanpsbxenus u nedopmaiiviu npu ruoke

4.PacueT pa3MepoB 3arOTOBKH, YUET YOPYTHX Aepopmariuii npu ruoxe

I'u6xa BHINOJIHAETCS] HA KPUBOIITUITHBIX U THAPABIMYECKUX MPECCax, BATKOBBIX
JUCTOTUOOYHBIX MAIIMHAX, CTICIIHAIBHBIX MPOGUICTHOOYHBIX MAIIMHAX ISl THOKA
C PaCTSDKEHUEM, a TaK)Ke Ha YHUBEPCATbHO-THOOYHBIX aBTOMATAX.

B mawunocmpoenuu HanbOonee IHUPOKO BBIMOJHAIT TUOKY B IITaMIIaXx,
YCTaHOBJICHHBIX Ha KPUBOIIMUITHBIX TPECCaXx.

T'ubky 6 wimamnax OCyIIECTBISAIOT OJJTHOBPEMEHHBIM JCHCTBUEM Ha 3aroTOBKY
MyaHCOHA W MAaTpHUIIbl, MPUYEM TOUYKHU MpuioxkeHuss cuin P u Q HaxonmsTcs Ha
OTIPEJICTICHHOM paccTosiHuu Jipyr oT apyra (puc. 7.1). Cunst P u Q oOpasyior
U3TUOAIONIUNA MOMEHT, IOCTATOYHBIH JIJIsl BHIIOJIHEHUS (POPMOMZMEHEHHS.

Jb*
[

Puc. 7.1. Cxema AeicTBuUs CUJI PU THOKE B IITaAMIIE

B nmpouecce ruOkum KpuBu3HA J1e(OPMUPYEMOTO y4yacTKa 3arOTOBKH
YBEIMYHUBAETCS, IPH 3TOM OJHOBPEMEHHO MPOUCXOIUT PACTHKEHHE BHEIIHMX U
cKaTHe BHYTPEHHHUX cJjoeB. [1o Mmepe ymMeHblleHHs paanyca u3ruda miacTuyeckon
nedopmaliieil  0OXBaTbIBACTCS 6CA  moauwjuHa 3a2omoeku. DPopMa 30HBI
MJIACTUYECKOW AeOopMalMK U €€ MPOTHKEHHOCTh MpHU o = 90° COCTABISIIOT OKOJIO
OJTHOM yeTBepTH Tuteya rudku | (cm. puc. 7.1).

[locne rubku ¢hopma u pasmepvi nonepeuHoeo ceueHus 3arOTOBKH B 30HE
iacTU4ecko nedopmanuu u3MEHstoTCa. V3MeHeHus: MONEepevyHOro CeYeHUs
3aroTOBKHU T€M OOJIbIIE, YEM MEHBIIIE PanyC U3ruoa.

OT0 NPOUCXOAUT BCIIEACTBUE TOTO, YTO IJIACTHUECKAs! AeOopMallisi B OKPY>KHOM
HaIpPaBJIEHUU B COOTBETCTBHUHU C YCIOBUEM HEM3MEHHOCTH 00BbEMa COMPOBOKAAETCSA
IUIACTUYECKUMU AepopMalsiMi OOpaTHOTO 3HAaKa B OJHOM WM JIBYX B3aWMHO
MEPIEHIUKYJIAPHBIX HAITPABICHUSX: PAaJIMAIbBHOM U aKCUAIIbHOM.

Puc. 7.2. Cxema rubku y3xoi (a) v mmpokoi (6) mosioc



IIpu rudke y3Koii mosochl Ha pedpo MEPBOHAYATBLHO MPSMOYTOJbHas Gopma
MONIEPEYHOT0 CEYEHHs MpeBpallaeTcs B TpamneueuaanbHyto (puc. 7.2, a), BbICOTa
CEUYCHHUsI B 30HE IUIaCTHYEeCKO aedopmanmu ymeHbinaercs (S; < S). Ilpm rudke
IIMPOKOii M0JIOCHI WU JUCTA (PopMa MONEePEeYHOT0 CEYECHUS B 30HE TUIACTHYECKON
neGopMaliu U3MEHSETCsI HECYIIeCTBEHHO, YMEHBIIIAETCS JIUILb €€ TOJIIIMHA S (pHUC.
7.2, 0).

Hanpsoicennoe cocmosinue 30Hbl TUIACTHYECKOW nedopMalMd TMpH THOKE
XapaKTepU3yeTCss HOPMAIBHBIMHU HANPsSHKECHUSIMU Gp B OKPY>KHOM HANpPaBICHUH U
HOPMAJbHBIMU HANPSOKCHUSIMH 0, B pPaJUdaIbHOM HANpaBICHUH, IOCICIHUE
BO3HHUKAIOT BCJICICTBUE HAXKATHUS MPOJIOJIBHBIX CJIOEB 3arOTOBKH APYT Ha ApyTa (CM.
puc. 7.2, a, 6).

Kpome moeco, npu rulKe IMUPOKON 3arOTOBKM BO3HHMKAIOT €II€ HOPMAaJbHBIC
HANpSDKEHUSI 0, B aKCHAJbHOM (OCEBOM) HampaBieHHU. VX BO3HHKHOBEHHE
OOBSICHACTCS YHPYTUM H3MEHeHHeM (GOpMBI U pa3MepoB AIIEMEHTAPHOTo (110
HIMPUHE) y4acTKa 3aroTOBKH, HAaxXOJSIIErocsi Ha HEKOTOPOM PAacCTOSHUU OT €€
KpaeB (cM. puc. 7.2, 6).

Ilpu eubke wuporxoii 3aecomosxku (B OTIMYME OT THOKM Ha PeOpPO MOJIOCHI)
aKCuaJbHbIE nepopmaru BCTPEYAIOT COIIPOTHUBIICHUE COCEHHUX,
HEMOCPEICTBEHHO MNPHUMBIKAIOIUX K 3JIEMEHTApHOMY YYacTKy CJIOEB MeTaiia,
BbI3bIBasi 3TUM BO3HUKHOBEHHUE aKCUAIbHBIX HAIIPSHKEHUN 0.

B 30ne pacmscenus akcuanbHbIe HAPSHKEHUS PACTATUBAIOIINE, B 30HE CHKATHUS
— cxuMarone (cM. puc. 7.2, 6). Takum oOpazoM, npu ruOKe MUPOKOM MOJIOCHI
HANPSHKEHHOE COCTOSIHUE — 0ObeMHOoe.

Ilpu ecubke y3kou nonocel akCUajdbHBIC HAMPSDKEHUS Mallbl TI0 CPABHEHUIO C
HaIpsSDKEHUEM TEKY4YEeCTH, MO3TOMY MMM MOXKHO TmpeHeOpeub (02~0). Imo
oonyujeHue noseoJslem Cuumamyv, 4To Npu THOKE Ha pedpo Y3KOM MOJIOCHI
HANPsHKEHHOE COCTOSIHUE NIOCKOe.

2.Cmaouu cuoKu

a) | 5)

Puc. 7.3. Dnropsl HAaNPsHKEHUH 110 TOJIIIMHE 3arOTOBKU HA CTaAUSIX:
a — YIPYroIUIaCTUYECKOW; 0 — YHUCTO MIACTUYECKOU



3Hauenue u xapaxmep pacnpeoenieHus HANPSAXCeHUl, 803HUKAIOWUX 8 30He
niacmuyeckou oegopmayuu, 3a8uUcCam Om paouyca KpueusHvl uUseubaemou
3A20MOBKU.

B HayaabHOM cTaguu e paauyc KPMBHU3HBI BEJIMK, 3aTOTOBKA JeopMupyercs
TOJIBKO YIPYTO, TaHHAS CTaJusl THOKY Ha3bIBaeTcs ynpyeou. OHa XOpOIIO U3BECTHA
n3 Kypca « COmpoTUBIICHUE MATEPUATIOB.

[lo Mepe yMmeHbIIEHHS paauyca u3ruba mnepudepuitHbie CJIOW 3aroTOBKHU
HAYMHAIOT Je(hOPMHUPOBATHCS IUIACTUYECKU, TTOCKOIBKY 3HAYCHUE BOSHUKAIOIINX B
ATUX CJIOSX OKPYKHBIX HAMNPSDKEHUU Oy JOCTUTACT HAIPSIKEHUS] TEKY4YECTU. DTy
CTaJIUI0 HA3BIBAIOT YHPY20-nadcmuyeckou. JMopa pacupeiesieHUs HaPSKEHU oy
MoKa3aHa Ha puc. 7.3, a.

[Tpu nanbHelieM yMEHbBIIEHUH pajryca U3ruda riacTHueckas 30Ha pacTeT, a
yopyras, COOTBETCTBEHHO, YMEHBIIAETCSA M MPU OTHOCUTEIHLHOM BHYTPEHHEM
panuyce u3ruba Rs<5 mouyTu Bce IMomepeyHoe CeYeHHE 3aroTOBKM HAXOJHUTCS B
MJIACTUYECKOM COCTOSTHUU, HAUMHACTCS YUCMO NIACMUudecKads CTaaus u3ruoa.

Ha smoii cmaouu npoucxooum 3aMeTHOE CMEIICHUE HEUTPaTBHOM MOBEPXHOCTH
B CTOPOHY C>KaThIX BOJIOKOH 3arOTOBKH, KOTOPOE YBEJIUYUBAECTCS C YMEHbBIICHUEM
paauyca u3ruba. DMIOpbl paclpeiesieHus HaNpsHKEHUN gy, 0p, U 0 10 TOJIIUHE
3aroTOBKHU Ha CTa/IMM YMCTO MJIACTUYECKOTo M3rnba nmokasansl Ha puc. 7.3, 6.

DHepzocunosvie  xapakmepucmuku — 2ubdku  (M3ruOaAOIMMK  MOMEHT,
neopMupyroiiee ycuwine), paBHO Kak W yHOpyrue jaegopMariiu 3aroTOBKH,
BO3HHUKAIOIIME TIOCJI€ CHSATHUSl HAarpy3Kd, OIPECTSIOT MPUMEHUTEIBHO K
OINPEJENICHHON CTaJuM Mpolecca THOKU B CBSI3U C TEM, UTO [0 MEPE YMEHbBILICHHUS
paauyca u3ruda u3MEHSIOTCS:

- HanpsiKEHHO-1e(hOPMUPOBAHHOE COCTOSTHUE ovara Jaedopmaiuu,

- 3HAYCHHUS BO3HUKAIOIINX HANIPSKEHUN?

- paanyC KpUBU3HBI HEUTPAIBHON ITIOBEPXHOCTH.

C yuemom cOenanubix npeoOnochlioK nepetioem K onpeoeieHuro noJs
HanpsiceHull u oepopmayuii npu uzeube MOMeHmMoM.

3.11one nanpsasxcenuit u oepopmayuu npu u3zcude MOMEHMOM
Bnauane paccMoTpuM U3rud MOMEHTOM IIMPOKOM MOJIOCHI, Y KOTOPOH AedhopMarivu
B HAITPaBJICHUAX, IMICPICHANKYIIPHBIX K IIJIOCKOCTH, B KOTOpOﬁ IMPOUCXOJUT UBMCHCHHC

KPUBH3HBI CPEUHHON MOBEPXHOCTH, MOTYT OBITh IPUHATHI PABHBIMU HYIIIO.
JHlanee Oyner moka3aHO, YTO ATO JOMYIIEHHE CHPABENJIMBO Ui CpPeIHEH YacTu u3rudaeMou
ITOJIOCHI, 4@ KPACBbIC €€ YUACTKH HCIIBITBIBAIOT 0oJree CI0KHOE He(bOpMHpOBaHHe.

N3MeHeHne KpUBU3HBI 3arOTOBKU MOXET MPOUCXOIUTH TOTAA, KOTJa OJHA 4acTh
3arOTOBKHU MO TOJIIMHE HCHBITHIBACT YJJIMHEHUE B TaHTCHI[MAILHOM HaIlpaBJICHHUH, a
Jpyras — CKaTHe.

[TpumeM, 4TO B KaKOH-TO MOMEHT JIe(hOPMHUPOBAHMSI, KOT/Ia HAPY>KHAS U BHYTPECHHSISI
MOBEPXHOCTU HMMEIN PaJInyChl KPUBU3HBI COOTBETCTBEHHO R M T, CIIOW, KOTOPBIA B
JAHHBIA MOMEHT HE UCIBITHIBAET HU YIJIMHEHUS, HU YKOPOUEHUS (HEUTpaJIbHbIN CIION),
UMEEeT PaJnyC KPUBU3HBI py. ToOraa ciiou, sl KOTOPBIX R>p>py, OyIyT UCHIBITHIBATH
YAJIMHEHUE B TAaHT€HIIMAJIbHOM HarpaBiieHHH (go > (), a cJIOU 111 KOTOPBIX Py > P > 2,
UCIBITHIBAIOT CokaThe (&5 < 0).




Hedopmanuu €9 MOTYT OBITh BbI3BAHbI JEHCTBUEM HAIPSKEHUN Go, KOTOpHIE
OyIyT MOJOXUTENbHBIMU (pACTATUBAIOIMMU) A R>p> py U OTpUILIATEIbLHBIMU
(CKUMArOUIMMU) 7S py > p > 2. [Ipu HanuuumM KpUBU3HBI, OTIMYHOM OT HYJIS, 3a
CUET HaJaBJIMBAHM CJIOEB JIPYT Ha Jpyra MOSBSITCS paJualbHbIE HAPSKEHUS CTp,
KOTOpbIE OYJyT CXKUMAIOIIUMH JJIsl 30HBI TAHTC€HIMAIBHOTO PACTSKEHUSI U IS
30HBI TAHT€HIIMAJIBHOTO CKATHSI.

Pacripenenenne HanmpsDKCHHM 10 TONIIAHE MOXKET OBITh HAWICHO W3
COBMECTHOTO pelieHust AuddepeHInanbHbIX YpaBHEHUN PaBHOBECUS U YPABHEHUS
MJIACTUYHOCTH.

B paccmaTtpuBaemMoM citydae, yauThIBasi OCTOSIHCTBO KPUBU3HBI 3arOTOBKH 10
YTy, JUIsl aHaJli3a MOJIsl HAMPSHKEHUN 11e1eco00pa3Ho MPUHSATH HOJSPHYIO CUCTEMY
koopauHat. [lpu 3TOM crieayer yuyecTb, 4YTO NHpPU H3THMOE MOMEHTOM, BBUIY
OTCYTCTBHUS TIE€PEPE3bIBAIOIINX CHUJ, HANPSDKEHUS Gp M Cp SBISIIOTCS TJIABHBIMU
HOPMAaJIbHBIMU HANpPSHKEHUSIMU. {71 3TOro ciiydasi ypaBHEHHE PaBHOBECHSI UMEET
BHU/I:

Mo, (7.2)

*+0 —-0,=0
do ’

JIyst yIpoITieHusT HalmMCaHus MOTYYSHHBIX (OPMYIT M YIUTHIBAsI, YTO CPEIHEE
IJIaBHO€ HOPMAJIbHOE HAMNPSHKEHHUE OKAa3bIBA€T CPABHUTEIHHO Majoe BIUSHUE Ha
yCIIOBHE TepexoJa B IUIACTUYECKOE COCTOSHHME, peUICHUE HalaeM ¢
HCITI0JIb30BAaHUEM THIOTE3bl MAKCUMAJIBHBIX KacaTeNbHBIX HAMPSKEHUH.

Jlst paccMaTpruBaeMoro ciiydasl M3ruda ypaBHEHHE IIACTUYHOCTH IO ITOU
THTIOTE3€ MOKET OBITh MTPEACTABICHO B BHJIC

+o —o,=0, (1.3

IJie 3HaK MUHYC OTHOCHUTCS K 30HE PACTSKEHUS B TAHTCHITUATHLHOM
HaIpaBJICHUH, a 3HAK TUTIOC K 30HE CXKaTHs B TAHTE€HI[MATILHOM HAIPABIICHHUU.

[Tpu coBmecTHOM perieHun ypaBaenuii (7.2) u (7.3) u ucnonbpb30BaHUU
T'PaHUYHBIX YCIIOBHM, TTO KOTOPBIM NP p = R 1 p = 1 Hanpspkenus op = 0,
noyiyqaem (opMyJibl, TOKA3bIBAIOIINE pacIpeiesieHne HAPSHKEHU Gp U G TI0
TOJIIIIAHE 3arOTOBKHU:

30Ha pacTsKEHUS

R
o, ~-0, InB o,~o (1-In—)
p P
30Ha cHKaTUSA (7.4)
o z—agln£ o, ~—0O, 1+In?

P r r



N3 ¢popmyn (7.4) BUIHO, UTO HAIIPSDKEHUS G, BO3PACTAIOT 10 a0COIIOTHON
BEJIMYMHE 10 Mepe yJaJIeHUs OT MOBEPXHOCTEN 3arOTOBKHU B €€ TOJIIIUHY.

Ha HeliTpanbHON MOBEPXHOCTH IIPU P = Py HAIIPSKEHUS Gp, ONPEICIIIEMbIC
u3 ¢opmyi (7.4) 11t 30H pacTSHKEHUS M CKATHS, paBHBI MEXy co0oit. Eciu
MPUPABHATH ATH HAMPSHKEHUS, TTOJTYUHM:

R
o, In—=o.In Pu
P, r
W3 5T0OTO BBIpAKEHUS JIETKO TOTYYUTh (DOPMYITY JIJIsl OTIPEICTICHUS pagnyca
HEWTpanbHOM MoBepxHOCTH, HalaeHHyto U. I1. Penne [48 | [ P. Xunnowm [571:

P =~Rr (7.5)

B Tex ciydasix, KOrja OTHOIIEHHE PaaryCcoB, Haxoasmieecs mo f sHakom
JIOFapI/I(l)Ma, HE3HAYUTCIIbHO OTJIMYACTCA OT CAMHUIIBI, MOXXHO 3aMCHUTDH
Jorapu(m IMepBeIM WICHOM Pa3JIoKEHUS JJorapudmMa B psiT 'O COOTHOIICHHUIO
— Inx =Infl+(x-1)]~ x-1

C ydeToM yKazaHHOTO pasyiokeHus Gopmyisl (7.4) MOTyT OBITh 3aITCAHbI B
HECKOJIbKO UHOM BU/IE:
30Ha pacTsHKEHUS

R
o, ~—o (—-1) ngGS(Z—E)
P p
30Ha cKATHUS (7.4")
R
o, R—0, (B -1) C,~—0,—
r
Ucnonb3yss npubmmkenasle ¢opmynsl (7.4') U npupaBHUBas 3HAYEHUS
HANpsDKEHUN ao 71 30H PACTSDKEHUS M CKATUS PPU P = Pu, MOJIYYaEM Ty K€
dbopmyny (7.5) ayist onpeneneHus paanyca HEUTpaabHON MOBEPXHOCTH.

N3 dopmyn (7.4) u (7.5) MOXHO HAWTH HAMOOJBIIYIO IO aOCOIIOTHOMY

3HAYEHUI0) BEJIMUUHY Cp, JCHCTBYIONIYIO HA HEUTPAIbHON MTOBEPXHOCTH:

1 R R

O ymax &~ 0 IN— G pmax ® —0| 1|~ —1
r (7.6) unm 7.6")

»  Jlyis TOrO 4TOOKI JIeT4de OBLJIO OLIEHUTH BEJIMUUHY GpMax, mpuMeM R=r+s (s-
TOJIILIMHA 3arOTOBKM) ¥ UCTOJIb3YEM JIMHEHHOE pa3sIoKeHUE KBAIPaTHOTO KOPHS B

pan, Torna gpopmyna (7.6") MoxkeT ObITH Mpeobpa3oBaHa K BULY:

S

o ~—0 —
pmax S

2r 47



» U3 dopmyisl (7.7) BugHO, 9TO TIpH IS > 5 MakcumanbHas (1o aOCOFOTHOMY
3HAYEHMIO) BEJIMUMHACPMAX He npesbimaet 1/10 HanpsKeHus TeKy4eCcTH;
B sTOM citydae ¢ JOCTaTOYHOM CTENEHbI0 TOYHOCTH BIUSHHUEM HAIPSHKEHU GpP Ha
BEJIMYMHY TAaHTCHI[UAIbHBIX HANPSHKEHUM MOXKHO MpeHeOpeyb, a HAapsDKeHUE GP
MPUHATH NOCTOSHHBIM, PABHBIM MO a0COTIOTHOMY 3HAYEHHUIO HATIPSAKEHUIO

TCKYUYCCTH.

N3 dpopmyiel (7.5) MOKHO YCTaHOBHUTb, UTO HEUTPAJIbHAS IOBEPXHOCTh

CMEILEHA OTHOCUTEIIBHO CPEAMHHON K BHYTPEHHEN TOBEPXHOCTH 3arOTOBKH.

Haitnem oTHOLIEHHE pa3HULIBI PAJUYCOB CPEAUHHON U HEUTPAJIbHOU

HOBerHOCTeﬁ «C» K TOJIIHHE 3aroTOBKU S, IPUHSIB BO BHUMAHUEC:

R+r
r. =

op
2 u R=r+s

2
r_
_lompu 1 /1+[_\ﬁ
S 2 S S

» Ilpu pacuere no popmyie (7.8) BUaHO, uTO TIpH /S > 5 cMeleHre HEUTpaTbHON

(7.8)

MOBEPXHOCTU OT CPEeAUMHHON cocTaBisieT MeHbiie 1/100 TOMIUMHBI 3arOTOBKHU.
CremoBarenbHO, B 3TOM CIIy4a€ C JOCTATOYHOW CTENEHBIO TOYHOCTH MOYKHO

C4uTaTh, 4YTO Heﬁmpaﬂbnaﬂ no6epxXHocmsb 3a20mo6Ku cosenaoaem ¢ cpeounuoﬁ.

* U3 ¢opmynsr (7.8) BHIHO, YTO 4YeM MEHbIIE OTHOIIEHUE rlS, Tem OoibIie

CMEILIEHUE HENTPAJIbHON MOBEPXHOCTU 3arOTOBKM OTHOCUTEIBHO CPEIANHHOM.
» IIpu rls—> 0 310 cMemenue crpemMutcs K S/2.

* Ilonydennsie GpopmMyJibl TO3BOJISIOT YCTAHOBUTH paclpeieiieHUe HaNpsHKeHUH

II0 TOJIITMHE 3arOTOBKH.



I'NBKA (2 yacTb-2 4aca)
4. PASMEPBI 3AI'OTOBKM, yyert npy:KuHeHus

JInMHYy 3aroTOBKM, HEOOXOIMMYIO IS MOJYYEHUS HW30THYTOH JeTanu C
TpeOyeMbIMU pa3MepaMu, OMPEACNAIOT U3 YCIOBHUS PABEHCTBA €€ JJIUHBI JJIMHE
HeHTpadpbHOW TOoBepxHOCTH aAedopmaruii Lyy, (MOBEpXHOCTH, Ha KOTOpOM
OTCYTCTBYIOT Je(hOpMaIIim).

JUia  ompeneneHus JUIMHBI 3arOTOBKM KOHTYp JeTalnd pa30MBalOT Ha
IPSIMOJIMHEWHBIE W KPUBOJIMHEMHBIE YYaCTKM C IIOCTOSIHHBIMHM paJuycamu
KpUBM3HBI. JUIMHY 3arOTOBKM ONPENEIAIOT, KAK CyMMY JUIMH IPSMOJIMHEWHBIX U
KPUBOJMHENHBIX  Y4YaCTKOB, IIpUYEM [UIMHY KPUBOJIMHEWHBIX  Y4aCTKOB
IOJICYMTHIBAIOT IO HEUTPAJILHON MMOBEPXHOCTHU AePOpMaIIHii:

Lo =L = Zli +z%':0m (7-9)

rae li — nanuHAa NpAMONUHEHHBIX Y4YacTKOB; p, — paguyc HEUTpaabHOH
HNOBEPXHOCTH JiepopMalvii KpUBOJIMHENHBIX YYaCTKOB.

Omnpenenenue JIMHBI 3aTOTOBKH, 110 CYLIECTBY, CBOAUTCS K OTBICKAHHIO pajnyca
HEUTPaJIbHON ITOBEPXHOCTH, a 3aTEM K OIIPEJIEIICHUIO €€ JUINHBI.

Ha cranusix ynpyromiacTU4ecKOro M IUIOCKOTO YUCTO IJIACTUYECKOTo M3ruoa,
KOrja paauyc u3ruba OTHOCHUTENbHO BEJIMK, HEUTpanbHas IOBEPXHOCTh
nedopManuii IPOXOAUT Yepe3 LEHTP TAKECTH MONEPEYHOrO CEYEHUSI 3aTOTOBKHU.

Ecny nonepe4ynoe ceyeHre TONIMHON SIPAMOYTOJIBHOE, TO p, =R +5/2.

B paccMoTpeHHOM ciiy4ae UIMHY 3arOTOBKH OMPECNSIOT MyTeM pPa3BEepPTKU
KPUBOJIMHEHHBIX YYaCTKOB JIETAIM IO TOBEPXHOCTH, IPOXOASIIEH dYepe3 LEHTP
TSKECTH €€ MOTIEPEYHOT0 CEUEHUSI.

Ha ctanun 06b€MHOr0 4HUCTO MJIACTUYECKOrO M3rnda, Kak 3TO YCTaHOBJIEHO B
Teopun 00pabOTKM METAIIOB AaBJICHUEM, HEUTpaIbHasi TOBEPXHOCTH IePopMaIiuii
CMEILAeTCsl OTHOCUTEIBHO CPEIUHHOW B CTOPOHY CXATbIX BOJIOKOH 3aroTOBKH,
IpUYEM 3TO CMEILEHUE TeM OOJIbllle, UeM MEHbIIE pajnyc U3ruda. ITo sBIEHUE
HEOOXOMMO YUUTHIBATh MPHU PacyeTe JUIMHBI 3aTOTOBKH.

Panuyc KpuBU3HBI HEUTPATBHOW MOBEPXHOCTH HAMPSIKEHUN MPU THOKE MOYKHO
OTIPENECTUTh M3 YCIOBUS PABEHCTBA HAMOONBIINX pPaJAMATIbHBIX COKUMAIOIINX
HATIPSHKEHUH HA OTOM MOBEPXHOCTH:  p, =+/R, 'R, =4/(R, +9)-R, (7.10)

A€ p, — pagdyC HEUTPAIbHOM NMOBEPXHOCTH HAIpSHKEHUM: R, U R, —
Hapy>KHbIII M BHYTPEHHUW paaWyChl HU3rMOaeMOM 3aroTOBKH, COOTBETCTBEHHO.
YrpodyHeHue, BO3HUKAIOIIEE IMPU U3Tru0e 3aroTOBKHM BXOJIOAHYIO, 110 AaHHbIM E. H.
MouiHrHa Ha BEIUYMHY Do BIUSET HECYILIECTBEHHO.

®opmyna (7.10) Bnepseie 6pu1a nomydena U. I1. Perne u P. Xuniom HezaBucuMO
JIpyT OT apyra. Ee MOKHO MCIOJIB30BAaTh I ONPEIACICHUS panyca HEUTPAIbHOU
noBepxHocTu Aedopmanumii. Pacuersr mo popmyne (7.10) mokasbiBaroT, uTo npu R,
=s'p,=1,4'S,anpu R, =5°S, p,=5,5S. B nepBoM ciryuae HEUTpaabHas IOBEPXHOCTh
CMEIIEHa OTHOCUTEIBHO CpeIWHHOW Ha pacctosiHue 0,1'S B CTOpOHY CKaThIX
BOJIOKOH, BO BTOPOM CJIy4ae OHa COBNAJAET CO CPEAUHHOM MOBEPXHOCTHIO.

Pamuycel KpWBU3HBI HEUTpPaJIbHOW TMOBEPXHOCTH Jedopmaruii  MOMKHO
OTIPEJICNTNTh, UCTIOJIb3YS KO (PUITMEHTHI CMEIICHHUS HEUTPATHHONU TTOBEPXHOCTH X,



3HAYCHUE KOTOPBIX 3aBUCUT OT OTHOCHUTEIBHOTO pammyca m3rmba r=R /s [18].

KoaddunmeHT cMmenieHuss HeUTpaabHOM MOBEPXHOCTH TeM OOJbIle, YeM OOJIbIlIe

OTHOCHUTENBbHBIN paauyc ruoku. Ilpu r,=0,1-x=0,3, a pu r;=5,0'x=0,5. 3nHas x,

MO>KHO OTIPEJIETUTh PaInyC KPUBU3HBI HEUTPAIBHON MOBEPXHOCTHU Ae(POpPMAIIHIA:
p, =R +x-s. (7.11)

W3 mpuBEeeHHBIX TaHHBIX CICAYET, YTO C YMEHBIIICHUEM PaJNyca 3ar0TOBKU Ry
MOJIOKEHUE HEUTPaTbHOM TOBEPXHOCTH JAePopMalvii CMEIIAaeTcss B CTOPOHY
CKaThIX BOJIOKOH, OHA COBIAJIAET CO CPEIUHHOMN MOBEPXHOCTHIO MpH Ry >5°S, Tak
Kak 1pu 3Tom x=0,5.

3Has MOJ0KEeHUE HEUTPAIIbHON TOBEPXHOCTH Jiepopmaiuii, MOKHO OIPEAEIIUTh
JUIMHY 3TOW MOBEPXHOCTH, a, CJIEIOBATEIBHO, U JJIMHY 3arOTOBKH, HEOOXOIUMYIO
JUTSI TIOJTyYEHUS U30THYTOM JIETaIN ¢ TpeOyeMbIMU pa3Mepamu.

N3meHneHue pa3MepoB 1 (pOPMbI NOMEPEYHOT0 CeYEHUs 3aTOTOBKH B 30He

u3ruoa.

Oco0OeHHO CyIIecTBeHHOEe W3MeHeHHue (OpMBI W pa3MEpOB IIPETepIieBacT
MOTIEPEYHOE CEUYCHHME Y3KOW TMOJIOCH, M3rnbaecMoil Ha pedpo; MepBOHAYATBHO
MPSMOYTOJIbHOE TOIMEPEYHOe €€ CEUEHWE TMpeBpamiaeTcss IOociae THOKA B
TpaneneuaaibHoe. [Ipu ruOke mMUPOKOH MOJOCH 3aMETHO W3MEHSETCS JIMIID €€
tommuHa. DOpMynbl ISl ONMPEISICHUS IIHPUHBI MOMEPEYHOTO CEUYCHHS Y3KOU
MOJIOCHI TIOCTIE THOKHU B JIIOOOM €€ CEYEHUH Ha PACCTOSHUU p OT IIEHTPA KPUBU3HBI
UMEIOT BUJIL:

B 30HE PaCTSHKCHUS

1
b? =b-(py/ p)eriry (7.12)
B 30HE C)KaTUs
3
b’ =b~(p0/p)2< IR, (7.13)
npu p = R, IMIMPUHA MOJIOCKI CTAaHET HAaMMEHbIIIeH U OyeT paBHa: b, =b-\/p/R, (7.12a)
IIpu p, = p, KaK ¥ clenoBano oxuaaTh, b, =b. [pusenennsie popmyisr (7.12)

u (7.13) mosy4eHsl B pe3ynbTaTe COBMECTHOTO PEUICHHUS] YPABHEHUHN CBSI3U MEXIY
HanpsDKEHUsIMU U AeopmanusMH, ypaBHEHHH paBHOBECHS, IIACTUYHOCTH U
HEM3MEHHOCTH o0bema [2].

YToHEHUE TUCTOBOM 3aroTOBKU B 30HE IMJIACTHYECKOU Jedopmariiu mpu ruoke
NpUOIMKEHHO MOXHO OINpenenuTh Tak [16]:
S3
4.(2-R +syf’

Pacuets! 1o 3T0# (hopMyIie MOKa3bIBAIOT, YTO YTOHEHHE CTAHOBUTCS 3aMETHBIM
Ipy MajbIX paauycax u3ruOa, Hampumep, npu R,=2'S 3HaueHwe AS cOCTaBIiseT
0K0JI0 1 % TONIIHMHBI 3arOTOBKHU.

TosnuuHa TMCTOBOM 3arOTOBKH B 30HE IJIACTUYECKOM eopManiuy mocyie ruOKu
MOKET OBITh ONpeJeieHAa MU HAa OCHOBAaHWUU DKCIEPUMEHTAJIBHBIX IaHHBIX Kak
npousBeaeHue K03(PGUIMEHTa YMEHbIICHHS TONILIMHBI 7 HA IEPBOHAYAIIbHYIO (110
r'nOKH) TOJIIMHY 3aTOTOBKH S: S, =77-5. (7.15)

S—s, = As— (7.14)



B 3aBHCHMOCTH OT 3HaY€HUSI OTHOCUTEIHHOTO paanyca u3runoa KoapuuueHT 7|
u3MeHseTcs npu rudke mosioc Ha yroi 90° u3z craneit 10 u 20 ot 0,82 mpu 1, = 0,1
10 0,99 mpu r, = 4,0 [18].

W3 npuBeneHHBIX JaHHBIX CIEIYET, YTO MPU OTHOCUTENBbHOM paauyce Iy > 4,0
YMEHBIICHUE TOJIIMHBI 3arOTOBKM TPAKTUYECKH OTCYTCTBYET, YTO XOPOIIO
COrJIacyeTcs C TEOPETUUECKUMU JTaHHBIMH.

Yuer ynpyrux aedopmanuii npu rudke, Crioco0bl MX yMEeHbIICHUS

Yupyrue gedopmanyu npu rudKe 0JHOYIJIOBBIX JIeTaJIeH.
[Tnactuyeckuit w3rmd, Kak W Jpyrue BHJBI TUIACTHYECKON nedopmaru,
COIMPOBOXAAETCA YNPYrUMU JehopMalusIMU, KOTOPHIE BBI3BIBAIOT W3MEHEHHE
dbopMbI W pa3MepoB 3arOTOBKU: paguyca KpHUBU3HBI M yria MeExIy
IPSIMOJIMHEMHBIMU y4aCTKaMU 3ar0TOBKH (puc. 7.8). T0 00BSICHIAETCA TEM, YTO NIPU
pasrpyske CJIOM 3arOTOBKH, HAXOSIIMECS B 30HE PACTSKEHUS, BCIEACTBUE YIPYTOU
nedopMalui YKOpauuBarOTCs, a CJIOU, HAXOSIIUECS B 30HE CHKATHS, YAJIMHSAIOTCA.
PasHouMmeHHbIe ynpyrue AegopMaii B 30HAX PACTSIKEHUS U CKATUS BBI3bIBAIOT
IIOBOPOT IOIIEPEYHBIX CEUYECHUI 3arOTOBKU HA TaK HA3bIBAEMBIU Y20/l NPYICUHEHUSA
Ao, B pe3ylapTaTe 4Yero IPOMCXOAUT HU3MEHEHHE paadyca €€ KpHUBHU3HBI W,
ClIeIOBAaTeNbHO, yria u3ruba. Ympyrue nedopmauuu (IpyXKHUHEHHUE) CIEIyeT
YUHUTBIBATh MPU pacyeTe pa3MEpPOB HMHCTPYMEHTA sl TMOKU. DTO MO3BOJSET
YCTPAHUTh TPYAOEMKHE OINEpalyd PYYHOM NpaBKH MOCIe MTaMIOBKH. Eciu
W3BECTHO 3HAUYCHHUE MPYKUHEHUS, XapaKTepU3yeMoe U3MEHEHUEM pajinyca THOKU
AY ¥ I3MEHEHUEM yriia ruOKu Ao, TO pa3Mepbl UHCTpYMEHTa (ITyaHCOHA U MaTpPHIIbI)
OIIPEIEIISIOT 110 CIEAYIOIIUM 3aBUCUMOCTSIM:
r.=r,— Ar; (7.16)
Oy=0y £ Agc. (7.17)
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Puc. 7.8. Cxema ynpyro# nedopmariiu npu ruoke
Haubosnee mpocroe pelieHre 3aaun onpeaeiaeHust ynpyrux aedopmanuii npu
YUCTO IJJACTUYECKOM M3ruOe I[IMPOKOW TMOJOCHl M3 HEe-yNPOYHSIOLIErocs
M30TPOMHOTO MaTepuayia, MpU JIOCTaTOYHO OOJBIIOM paauyce u3ruda (kKoraa
BJIUSIHUEM PaJIMaJIbHBIX C)KUMAIOIIMX HANPSXKEHUH 0, MOXHO NpeHeOpedyb BBUIY
OTHOCUTEIBHO MaJION MX BeIMYUHBI) ObUT0 noayyeHo E. A. [lonoseiM [16]:

Aa=3%.(rs_n+1j.a;, (7.18)

r7e o, — yroa us3ruda, paaeii 180° — a.
IIpu pemrennu 3a1a4m MCNIOIB30BAHA TUINOTE3a IUIOCKUX CEUYECHUU, «TEOPEMA O
pasrpy3ke», npemioxkenHas A. A. HWnprommHbiM, W 3akoH ['yka. Ynopyrue



nedopmalui BHEKOHTAKTHBIX YYaCTKOB 3arOTOBKHM IMPHU MpaBKe (pa3ruOaHuu) HE
YUUTHIBATIUCE.

[IpunsiThIE B aHaNM3€e JOMYLIEHUS CHIXKAIOT TOYHOCTh PAacueToB MO Gopmylie
(7.18), mosToMy oOHa MpPUrOgHA JIAIIL JJI KAaYCCTBEHHOW OIICHKH BJIMSHHS
YUTEHHBIX B aHanu3e (akTopoB Ha ympyrue aedopmanuu npu rudke. Hanpumep,
[[BETHbIE METa/UIbl (QJIIOMUHUEBBIC CIUIABbI), WMEIOIINUE TMpeAesl TEeKY4YecTH,
OJIM3KUN K TpeseNly TeKY4eCTH CTaji, HO CYIECTBEHHO MEHbIIHH (B 2—3 paza)
MOJYJIb YIIPYTOCTH, IPYKUHAT OOJIBIIIE, YEM CTaJb, PUYEM yrpyTue nedopmanuu
YBEIMYHUBAIOTCA C YBEIMYEHHEM OTHOCUTEIBHOTO paauyca u3ruoda r, =r, /s, yria
u3ruda oy =180°—au o5 (mpu E = const).

Perenue 3agaun o onpeaeneHuio ynpyrux aedopmanuii npu ruOke MOMEHTOM
Ha CTaJUU IJIOCKOTO YUCTO IUIACTHYECKOT0 M3ruba ¢ y4eToM AepopMalliOHHOTO
ynpouHeHus: Metaiia Obuto monydeHo E. H. MomuubbeiM. TlpemiokeHHble UM
pacyeTHble (HOPMYITBI UMEIOT BUJT

F=r/s= h _(7.19) @ =a, —Aa = % (7.20)
1+2-m-(o,/E)-T, neo 1+2-m-(c,/E)-T,

rae f, =r /s — OTHOCHUTeNbHBIM pagumyc miruba geramu; m=Ki+Ko/(2:1,) —

A

OTHOCUTEIIbHBIA M3rubOaromuii MoMmeHT;, K1=S/W — koadpduiueHt mpodus
nornepeyHoro cedeHusi 3arotoBku; Ko= [l/o; — koaddunuent ynpouyHeHus
metauia. KoadgduuueHt npoduis monepeyHoro CeYeHus paBeH: NpIMOoyTroabHOTO
Y KBaJpaTHOTO (a Takxke yroika) — 1,5; kpyrinoro—1,7; mBesiepa u JByTaBpa —
1,8.

®opmyny (7.19) wmoxHO mpeoOpazoBaTh JII THOKKM 3arOTOBOK U3
Heynpounsitomuxcs  metamwioB  (I1=0, Koy =0), umeromux MnOpsIMOYTrojbHOE
T1+3 (;H/E) F (7.21)

T pig

B takom Buae popmyna (7.21) 6suta momydena C. K. AGpamMoBBIM.

dopmynamu (7.19)—(7.20) MOKHO TOJIb30BAaThCS MPH TMOKE MOMEHTOM Ha
OTHOCHUTEJIHHO OoJbIKe paanychl (6osbie S—10 TONIIMH 3aroTOBKH), T. €. KOTJa
B KOHCYHOH €€ CTauM MPOMCXOIUT MpaBka (cM. puc. 7.5, 2).

['mbka B mTaMmax MTPOUCXOAUT TIOJ JACHCTBUEM IONEPEUYHON  CHUIIBI,
MPWIOKEHHOM K 3aroToBKe MeEXay omopamMu. OJHAKO 3aKOHOMEPHOCTH,
MOJIYYCHHBIC JJI1 M3ru0a MOMEHTOM, C M3BECTHBIM MPUOIMKEHUEM, MOTYT OBIThH
WCITIOJIb30BAHBI IIPU U3THOE MOMIEPEYHON CUITOH (UTO TOATBEPKIECHO MPOBEICHHBIMHU
IKCMIEPUMEHTAaMH), 32 HCKJIIOUYCHHEM Hu3ruba Ha Majble paguychl, 3HaUYCHHE
KOTOPBIX COOTBETCTBYET CTaINN OOBEMHOTO YHCTO TIACTUIECKOTO HM3rHoa.

[Ipy OTHOCHTENBHO MAaJBIX paguycax H3ruda TMOcie COMPUKOCHOBEHHS
3arOTOBKH ¢ OOKOBBIMU T'PaHSMU IyaHCOHA (CM. puC. 7.5, 8), MO Mepe OIyCKaHHS
MyaHCOHa, KaK YK€ YKa3bIBajoCh, MPOUCXOAUT OIHOBPEMEHHOE YMEHBIICHHE
panuyca u3ruda IEHTPAJIbHOTO y4acTKa 3aroTOBKM M pasrubaHue (MpaBKa) ee
noJiok. [Tociie CHSITHS Harpy3KHU B pe3ysibTaTe ynpyrux nehopMannii eHTPaIbHOTO
y4acTKa, COMPHUKACAIOMIETOCS CO CKPYIJICHHONW KPOMKOM MyaHCOHA, YToJl MEXIY
MOJIKAMU YBEJIMUMBAETCS, a B pe3yJbTaTe CHPSMIICHHUS MOJIOK — YMEHBIIACTCH.
YMeHbIlIeHHE yriia MEXAy IOJKaMUi OOBICHIETCS TeM, UYTO TpPHU pasrpysKe

nomnepeunoe ceuenue (K;=1,5): 1,



pacTSHYTHIC CJIOM TIOJIOK COKPAIIAIOTCS IO JJIMHE, a CKaThble — YUITHHSIOTCS, B
pe3ylbTaTe 4Yero IepBOHAYAIBHBIA yronm wu3ruba ymeHbinaercsa. Takod BuI
NPYKHHCHUS TTOJTYYUIT Ha3BaHNE «OTPULIATEIIHBHOTOY.

TeopeTrueckoe HCCIeIOBaHUE THOKU TMPU OTHOCHUTEIBHO MAaJbIX pajrycax
CKpYIJIeHHs pabodeil KPOMKH ITyaHCOHA, KOTJia B KOHIIE IMPOIecca MPOUCXOTUT
pasrubaHue TOJOK 3aroToBkH, ObuTo BhIMONHEHO M. A. HopumpiaeiM u O. T
KannuuaeiM. OHM TIOKa3ajiy, 4TO MPU THOKE Yrojl MPYKUHEHHS OMpelemsercs
Pa3HOCTHIO YIIIOB MPYKUHEHUS IEHTPAJIBLHOTO yYacTKa 3ar0TOBKH (Aoy) U €€ MOJIOK
(Aay): Aa=Aa,—Aa,.

Y CTaHOBIIEHO, YTO «OTPULIATEITHHOE) MPYKUHEHUE BO3PACTACT C YMEHBIIICHUEM
paanyca THOKM M YBEIWYCHHEM pPACCTOSHHUS MEXIy OIOpaMH 3aroToBKU. B
pe3yJbTaTe TEOpPeTHYECKOro aHanm3a Obuia momydeHa Gopmymna (7.31) ms
ONPENENEHUs Pafuyca CKPYIJICHUS IIyaHCOHA, HPH KOTOPOM Aq, =Aca,, H,

CJIECIOBATEIILHO A =0.

.- L-am+17-.s-(7r—a)-sma/2 s (7.22)
3-0,-(7-a)-sina/2+6-0,-cosal2 2

DKCIEpUMEHTAIbHBIE HCCIICAOBaHUS OMNPEACIICHUSI YIJOB NPY>KUHEHUS MpHU
OJIHOYTJIOBOM THOKE YEpPHBIX METAJUIOB Ha Majbl€ PaJNYChl, BBINOJHEHHbIE b. B,
PsiOMHUHBIM, OKa3aJIM, YTO YCHIJIME TUOKH BIIUSET HA YTOJ NPYKUHEHUS Adl TOJIBKO
JI0 BIIOJIHE OTPEEICHHOTO MOMEHTA, ITOCJIE YETO POCT YCUIIUS Ha YTOJI IPY>KUHEHUS
He BiusieT. [IpoBeiIeHHbIE SKCTIEPUMEHTHI MMOATBEPAUIIN TaKkKe, YTO B 3aBUCUMOCTH
OT OTHOCHUTEJIBHOTO pajadyca u3ruda [I; TPYKHMHECHHE MOXET OBITh:
MOJIOKUTENIbHBIM, KOTJIa MPOUCXOIUT YBEJIWUYCHUE YIJIa U30THYTOM JETalid MOCIe
CHATHSI HAarpy3kd, B OTOM ClIy4ae Ou=0y-Ao, W «OTPHUIATEIbHBIMY», KOTJa
MIPOMCXOUT YMEHBIIIECHHUE yTila U30THYTOM AETaly MOCJIe CHATHS HAarpy3KH, B 3TOM
ciydae, a,, = a, T (Aa). Kpome TOro, ycraHoBJ€HO, YTO MPYKHHEHHE MOKET
OTCYTCTBOBaTh, koraa Ao = 0 1, CIeJ0BaTEIbHO, 0y=0;.

N3meHenue yriioB npykuHeHus Aa B 3aBUCUMOCTH OT OTHOCUTEILHOTO pajnyca
u3ruba F, mokazaHo Ha puc. 7.9. AHanu3 MOKa3bIBa€T, YTO C YBEIUYECHUEM

OTHOCUTEJIBHOIO paJinyca F, U YMEHbILIEHUEM YyTJia JE€Taju o, YroJ npyxuHeHus /a
YBEJIMYUBACTCS M YTO JJI1 KaXJOro yria JeTajld CYUIECTBYET OTHOCHUTENbHBIN
paguyc, ipu KOTopoM Ao=0. ITOT OTHOCUTENbHBIA PAINYC SIBISETCS ONTUMAJIb-
HBIM, TOCKOJIBKY YIpyrue aegopmaiuu oTcyTcTByOT. W3 pHuCyHKa BHIHO, YTO
TEOPETUUECKHE U HKCIIEPUMEHTAIbHbIC JaHHbIE COBIAAAIOT YAOBIECTBOPUTEIBHO.

Teopernyeckoe M SKCIEPUMEHTAIBHOE HCCIEAOBaHUE YNpYyrux aedopmanuit
IpU OJHOYTJIOBOM THMOKE YEpHBIX W I[BETHBIX METAIJIOB U MX CIUIABOB OBLIO
BbInoJIHEHO A. J[. KoMapoBbIM, pe3ynbTaThl 3TUX HCCIIEJOBaHUN B BHUJIEe Tpaduka
npuBelieHbI B padoTte [18].

Yupyrue nedopmanyu npu rudke AByXyrJOBbIX JeTajei.

[Ipu cBoOogHON rHOKe, T. €. KOrja MaTpulla UMEET CKBO3HOE MPOBAIHHOE
OTBEpCTHE U OTCYTCTBYeT TPWKUMHAs TUIAHKA-BBHITAJIKWBATENh, 3aroTOBKA
u3rudaercs 10 TeX Mop, MoKa ee KOHI[bI He YIPYTCs B OOKOBBIE I'PaHH IMyaHCOHA.

[Tpu 3Tom yron m3ruba menbiie 7/2 Ha. Jla, a paauyc usruda r, MOxeT ObITh
OomnpIlie pamudyca CKpyriieHus paboueld yacTtu myaHcoHa Iy (puc. 7.10, a).



OAHOBPEMEHHO TTPOUCXONUT M3TUO (BBITyYMBAHHUE) CPETHETO YIACTKA 3aTOTOBKH,
HAXOJIAIIErocs Mol TOPIOM IyaHCOHA. YeM OoJbIle 3a30p MEXIy IMyaHCOHOM U
MaTpHIlel, TeM OOJbIIEe YroJl MPYXKUHEHUS U BBIMYYUBAHUE CPEIHETO y4acTKa
3aroToBku. l[lpu pasrpyske ynpyro ne@opMUPYIOTCS BCE 3JIEMEHTHI JIeTaju:
CpEIIHUI €€ y4aCTOK, MOJIKK U YTJIOBbIE YYACTKH.
[Ipu nByXyrioBoii ruOKe ¢ NPUKUMOM 3aroTOBKH K TOpIly myaHcoHa (puc. 7.10,
0) cpeaHuii ee ydacTok He AehOpMHUPYETCs, MPU STOM YTroJl MPYKUHEHUS MOMKHO
paccMaTpuBaTh Kak CyMMY YIJVIOB NpPYKMHEHUs ydacTka |, mpuiieraromero k
CKpPYIJICHHOM 4YacTH IyaHCOHA, U ydacTka ||, pacmonokeHHOro B 3a30pe MEXIy
IIyaHCOHOM M MaTpHULIEH.
Aa z

__.t_-._.
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Puc. 7.10. Cxema ByXyrioBOW THOKU:
a - 6e3 MpuXK1uMa 3aroTOBKHU; 6 — C MPUKUMOM 3arOTOBKH; 8 — C TMPHKUMOM
(xoHEYHast cTaus)

Puc. 7.12. N3oruyTas aetaib ¢ peOpaMu KECTKOCTH

Hedopmarus yuactka | 3akaHUMBaEeTCS B TOT MOMEHT, KOT'/Ia LIEHTPBI paInyCOB
CKpYIJIEHUSl MyaHCOHA M MATpPUUBbI I, U Iy HAXOIATCA HAa OJHOM YpPOBHE, Kak
nokazaHo Ha puc. 7.10, 6. Ilpum panbHeilieM ONMyCKaHWM IyaHCOHA W3THUO
MIPOUCXOUT TOJBKO B pe3yibTaTe nedopmaruu ydactka |l mpu HenmoaBmkHOM
yuactke | (puc 7.10, ).

Hcxons u3 atux npeanocbuiok, B. T. Memepun u A. H. Mnbun npeninoxunm
HOMOTpaMMy JJIsi ONpENEelIeHUs CyMMapHOro yria mnpyxkuHeHus [1-oOpa3Hbix
neraneil. Ilopsimok HKCIONB30BaHHWS HOMOIpaMMBl IOKAa3aH CTPEJKAMH Ha
MYHKTUPHBIX JTUHUAX.

AHanu3 HOMOTrpaMMbl MO3BOJISIET YCTaHOBHUTb, UTO yroi npyxkuHenus Jla
YMEHBIIAETCS C YMEHbIIIEHHE OTHOCUTENILHOTO pajnyca u3ruda I, 1 yMEeHbIlIEHUEM
3a3opa Z.

Ecnu u3BecTHO 3HaUYeHHWE yria NpyKUHEHUs Ao, TO, KaK U MPU OJHOYTIOBOU
rudke, He0OXOAMMO KOPPEKTUPOBATh YTIIOBbIE pa3Mepbl HHCTpyMeHTa. JJist 3Toro



npu rulke [1-o0pa3HbIX neraneil Ha TOPIIOBOM YaCTH IyaHCOHA JENA0T MOJIOTYIO
BIIQJIMHY, YTOJI HakjJIOHa Ka* caTeJpbHOW K KOTOPOH B TOYKE CONPSIKEHUS CO
CKpPYIJIEHHOM YacThIO IIyaHCOHAa paBeH /Jla, a Ha NPMKUMHOM IUIAHKE JCIIA0T
BBICTYII, CONIPSDKEHHBIN ¢ BIIQJMHON Ha ImyaHCcoHe (cM. puc. 7.11).

Fn=rp/s
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Puc. 7.11. Homorpamma 17151 onpeesieHusi CyMMapHOTO yriia npyxuHenus 11-

oOpa3HbIX JeTajnei

JIByXyrioByr0 THOKY pPEKOMEHIYETCS BBIIOJHATH B TOM cllydae, KOTJa
pacCTOSIHUE MEXy OTOTHYTBHIMH TTOJIKAMH MEHBIIIe CyMMBI uX JuuH: | < |1-lp, ecm
3TO YCJIOBHE HE COOIIIOIAETCS, MPUMEHSIOT MOCIEA0BATEIbHO THOKY JBYX YIJIOB.

Cnoco0bl yMeHbLICHUS YIPYTHX AedopManvid Npu ruoke.

OanH w3 CcHocoO0OB YMEHBIIEHHS yHOpyrux Jedopmanuii npu ruodke
OJIHOYTJIOBBIX JETallell 3aKII0YaeTcsi B KOHCTPYKTHBHBIX W3MEHEHHUSX THYTBIX
JieTajneil, a MMEHHO, B POEKTUPOBAHUU pedep )KECTKOCTH, EPECEKAIOIINX JTUHUIO
usruba (puc. 7.12). PeOpa xecTKoCcTH CACPKUBAIOT YIIpyrue aeGopMaluu AeTaiu
IpU pasrpys3Ke, YeM CIIOCOOCTBYIOT YMEHBILIECHHUIO yTJila MPY>KUHEHUSI.

Puc. 7.12. N3oruyTas aetaib ¢ peOpaMu KECTKOCTH

Jpyroii cnoco® yMeHbIIeHUs ynpyrux aeopmanuii npu ruoke 3aKiaoyaeTcs B
MPUMEHEHUU CIIEHHUATBHBIX MAIIUH U IITaMIIOB, MPY MOMOIIM KOTOPBIX 3ar0TOBKA
HE TOJbKO M3ru0aercs, HO M pacTAruBaeTcs (WJIM CKUMAETCs) MPOJO0JIbHBIMU
CUJIAMH.

OgHuM U3 CcHoco0OB yMEHBIIEHUS yOpyrux naepopmanuii npu ruodke
JBYXYIJIOBBIX JI€TAJIEH SIBJIAETCS YMEHBIICHHE 3a30pa MEXIy IIyaHCOHOM U
MaTpuleld. YToJa NpyKUHEHHs CYIIEeCTBEHHO YMEHbIIAETCs MpHU THOKE B IITamMIax
C 3a30pOM MEHbIIIE€ TOJIIUHBI 3ar0TOBKU (I = 0,9°S). OqHaKo OpHu 3TOM BO3HUKAIOT



BBICOKHME HOPMAaJIbHBIC MABJICHWS] HA WHCTPYMEHT, MPHUBOISIINE K HAIWIIAHUIO
(cXBaTBIBAaHMIO) METAJLIA U, CJICIOBATEILHO, TTOSBICHUIO 3aIUPOB. /{115 ycTpaHeHus
ATOTO SIBIICHUS CIEAYCT HPUMEHATH 3(PQPEKTHBHBIC CMa30YHBIC MaTepHUAJIbl C
HAITOJIHUTEJIEM U XpOMHUPOBATh HHCTPYMEHT.

JIByXyTJIOBYI0O THOKY PEKOMEHJIIYCTCS BBINOJHATH B TOM ClIy4ae, KOrjJa pacCTOSHUE

MEKTy OTOTHYTBIMH ITOJIKAMH MEHbIIIe cyMMbl ux ummH: | < 11-12, eciu 310 ycrmoBue He

coOJTI0/1aeTCs, MPUMEHSIOT MTOCJICI0BATEILHO THOKY ABYX YIJIOB.

MHUHUMAJIBHO JONYCTHUMBINA PAJINYC W3I'UBA, THBKA
MPO®UJIEN U TPYE

Munumanvho oonycmumslit paouyc uzzuda OTPEACISIOT W3 YCIOBHUS COXPAHCHUS

YCTOWYMBOCTU TepuepHilHBIX cI0eB u3rndbaemoil 3arotoBku. [Ipm rubke mupokoi

3arOTOBKHU MOTEPST YCTOMIMBOCTH IMTPUBOINT, B KOHEYHOM UTOTE, K MOSBICHUIO TPEIITMHBI

B 30HE PacTsHKEHUS, MPU THOKE Ha peOpo y3KOW MOJIOCHI — K TOSIBJICHUIO TPEIIUHBI B

30HE PaCTsHKCHUS WM CKJIAJIOK B 30HE CYKATHS.

MuHMMaIBEHO AOIMYCTUMBIA painyc N3THOa 3aBUCUT OT XapaKTEPUCTUK TUIACTUIHOCTH H

AQHU30TPOIIUU MaTepHasa 3aroTOBKH, €€ TOJIIHWHBI, KaueCTBa MMOBEPXHOCTH, COCTOSHUS

KpoMoK. Kpome Toro, Ha 3HaUe€HHE MUHUMAJILHO JIOITYCTUMOTO pajJnyca U3ruda BiIuseT

croco6 rudKu, yroy U3ruda v MHUpUHA 3arOTOBKH.

B oreuectBeHHON M 3apyOeKHOM HaydHO-TEXHHMYECKOH JHMTEpaType OMyOJUKOBAHO

Oospmoe 4yuciao GopMmys IS ONPEACICHUS MUHUMATLHO OONYCHIUMO20 paouyca

uzzuoa. B ux gucne hopmyna, moxydeHHas B IPEAMOI0KESHAN, UTO JOITYCTUMAS CTETICHb

nedopmanyu nepuepuitHOTO CI0sI B 30HE PACTSHKCHUS HE TIPEBBINIAET OTHOCHTEIBHYIO
pPaBHOMEpHYIO JedopMaIiiio mpu pacTsHKEHUH, UMEIOIas BU/:

r /82(1—2-1//p)/2-1//p

min — rmin
Ha 3naueHne MUHUMANIBHO JOMYCTUMOIO pajguyca u3rnda OKa3bplBaeT BIUSHUE IIMPUHA
3arOTOBKH, 4YeM OHa OoJjblle, TeM OOJIbllle MUHUMAIBHO JIOMYCTUMBIN pajanyc u3ruoda.
DTO OOBSCHAETCS TE€M, YTO C YBEIWYEHUEM IIUPHUHBI 3arOTOBKU B 30HE PACTSHKEHUS
YBEJIMUMBAIOTCSI OCEBbIC (aKCUAJIBHBIC) PACTATUBAIONINE HANPSKEHUS , B CBSI3U C UEM
CHIKAETCsl TUIaCTUYHOCTh MeTalljia, XapakTepuzyemasi 3HadeHueM Jedopmaiiuu B
MOMEHT Pa3pylIeHUsl. AKCUAJIbHBIC PACTATUBAIOIINE HANPSHKCHUST PACTIPEICIISIOTCS 110
IIMPUHE 3arOTOBKM HEPABHOMEPHO: y Kpasi OHU PaBHBI HYJIIO, & B CEPEAMHE JOCTUTAIOT
MAaKCUMyMa. IMUM MOHCHO 00bACHUMb NOAGIEHUE MPEeUWUH npu 2UdKe 6 cepeoune

demanu, a He y ee Kpas, a maKyce nosejieHue ced108UHbL 8 30He uzzuoa oemanu (puc.
7.14).




Ha 3naueHne MUHUMAIBHO JOTYCTUMBIX PaINyCOB THOKHU BIHUSIET CIIOCOO
YCTaHOBKHU 3arOTOBKH B ITaMIl. Eciii 3aroToBKY, MOJYy4E€HHYIO BBIPYOKOI,
YCTaHaBJIMBAIOT B IITAMII 3ayCEHIIAMH K ITyaHCOHY, TO IIpU THOKE OHU OyAyT
COKMMATBCS U, IayKe IIPU MaIbIX paguycax u3ruda, TpEelIuHbl HE OSBATCS.
[Ipu ycTaHOBKE 3arOTOBKH 3ayCEHIIAMU K MaTPHUIIE 3ayCEHIIbI
pacTAruBaroTCs (PACKpPBIBAIOTCS ), MOSBIISIOTCS TPEUIUHBI.

YnpouHeHne MeTaa, MPOUCXOIsIIee B MPoLecce BRIPYOKH 3arO0TOBKH,
TaKKe BIMSIET HAa 3HAYCHHE MUHUMAJIBHO JOMYyCTUMBIX pajnycoB ruOku. B
TOM CJIy4dae, KOTJ1a YIPOUYHEHUE SBIIAECTCS IPUUMHOU MOSBICHUS TPELIUH
npu rudKe u3-3a UCUepIaHus pecypca MIaCTHYHOCTH MaTepuasa 3ar0TOBKH,
€€ HOPMAJIM3YIOT WA OTXKUTAIOT, WIIN YAASIOT YIPOUHEHHBIN CIION
METaJIJIa 3a4ACTKOM B IITAMIIE.

DKCHEpUMEHTAIBHO YCTaHOBJIEHO, YTO JJIs1 HauboJee HIMPOKO
IIPUMEHSIEMBIX B MAIIMHOCTPOCHUHN METAJUIOB MUHUMAJIBHO JOIIyCTUMBIE
paanycel nu3ruda u3mMeHstorcs ot 0 10 8 TONIIUH 3aTOTOBKH.

MuHUMaNBHO IOMyCTUMbBIE PAJANYChl U3rn0a Ha3HAYAIOT JIMIIb MIPU KpaitHel
KOHCTPYKTHUBHON HEOOXOJIMMOCTH, BO BCEX OCTAJIBHBIX CIIy4asiX Ha3HA4YarOT

yBenuueHHbie Ha 10—20 % panuycel u3ruda 1o CpaBHEHUIO ¢ MUHUMAJIBLHO
JIOITyCTUMBIM

T'uoka npoguneit u mpyo
[TpuMmeHeHre THYTBIX POQUIIEH U3 TUCTOBOTO U MOJOCOBOTO MIPOKaTa
B3aMeH Npoduiieid, NoJy4eHHbIX HEMOCPEACTBEHHO ropsiuei MPOKaTKOM,
MO3BOJISIET CYIIECTBEHHO CHU3UTH MAcCy U3TOTOBJISIEMBIX U3 HUX JIETajleH U
COOPOYHBIX €TUHUI] MAIITHH.
['myTsie podunm, Gopma 1 pa3Mepbl KOTOPBIX PeTrJIaMeHTUPOBAHbI
rOCy/IapCTBEHHBIMHU CTaHJIAPTaMU, MOTYT OBITh U3TOTOBJICHBI THOKOI B
YHHUBEPCAJIbHBIX IITaMIaX, yCTAHABIMBAEMBIX HA TUCTOTHOOYHBIE IPECCHI,
Ha JIMCTOTMOOYHBIX MAllIMHAX C MOBOPOTHOM Oajkoi U Ha
npoduiiern6ounbix ctanax. [lonepednsie cedeHus THYTHIX TTpoduien
MoKasaHsbl Ha puc. 7.15.
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OO61acTh MPUMEHEHHUS TOTO MUJIM HHOTO CII0C00a U3TOTOBJICHUS THYTHIX
npoduieii 3aBUCUT OT (JOPMBI, pa3MepOB, TOJIIUHBI HCXOHOTO MaTepHraja
¥ Macitaba pou3BOJICTBA.




* B menkocepuitHOM MPOU3BOICTBE THYTHIE TPO(IIIA CPEAHUX U KPYITHBIX
pa3MepoB U3TOTOBIISIOT MOCIIEAOBATEIHHON TIOAIEMEHTHON THOKOM Ha
JMCTOTHOOYHBIX TIPECccax M TUCTOrMOOYHBIX MAIIMHAX CIICIIHATBLHOTO
HazHadyeHus (puc. 7.16, onepanuu 1+8).

* B maccoBoM 1 KpynHOCEpUIHOM IIPOU3BOACTBE (HAPUMED, IPOU3BOJICTBO
JIETKOBBIX aBTOMOOMJIEH) TOHKOCTEHHBIE THYThIE TIPOGUIN HEOOIBIINX
pa3MepoB U3TOTOBISAIOT MPOoPrIMpoBaHUEM Ha NMPOGUIECTHOOUHBIX CTAHAX.

* CopraMeHT THyThIX ITpoduiieid Poccun coCTOUT U3 COPTOBBIX, IMCTOBBIX
ropupoBaHHBIX Npoduiiel u npoduiel crenuanbHOro Ha3HaYeHUs,
W3TOTOBJICHHBIX U3 PYJIOHHBIX 3aTOTOBOK TOJIIMHOM 0,5...8 MM 1 IIMPUHON
30...1500 MM U3 yriepoIucTbiX 1 HU3KOJIETUPOBAHHBIX CTaJIEH C
BPEMEHHBIM conpoTuBiieHreM 10 650 MIa.

O¢dpexTUBHOCTD MPUMEHEHHUS THYTHIX POl B3aMeH poduiieH, moxy4eHHbIX
ropstuel mpokaTkou, oueBuaHa. ['MOka mpouaupoBaHHBIX 3arOTOBOK U TPYO C
OTHOCUTEIBHO MAJION TOJIIMHOW CTEHKH OCJIOKHSAETCSI BO3MOXKHOCTBIO IOTEPH
YCTOMYMBOCTH (CKIaAKOOOpa30BaHUs) B 30HE CKATHUs1, BOZMOXKHOCTbIO U3MEHEHHMS
yria MeXay MOJIKAMU THYThIX YTOJKOB U [1-00pa3ubix npoduneil, a Takxe, npu
OOJBIIMX paJnycax KPUBU3HBI U3rnba, — O0JbLION ynpyroi nedopmanueit
(npyxuHenuem). IlosTomy npu ruOke npoUIUPOBAHHBIX 3aTOTOBOK, COPTOBOTO
METaJUIONpoKaTa THYThIX Ipoduiiell u TpyO NPUMEHSIOT ClIeHUaIbHbIE IPUEMBI U
o0opy10BaHUE.

I'n0ka Ha MAIIMHAX C TOBOPOTHBIM CTOJIOM.
ToHkOCTeHHBIE THYTHIE MPOGUITH, MTOTyYEHHbIE MTPOGUITUPOBAHUEM,
U3ru0aroT MPU MOMOIIU CHEIUATBHBIX MAIINH, PpA0OTAIOIIMX MO MPUHIIUAITY
HamatbiBaHusA. KoHCTpyKTHBHAS cxema mpoduiernO0YHoOM MaIIMHbI 17151 THOKU

OKaHTOBOYHBIX JIeTajleH IBepel aBTOMOOWIIS MTOKa3aHa Ha puC. 7.17.
1 2 34 5 6 7

UWabnow Ponux
Puc. 7.17
DOTa MaluvHa UWMEeT TMOBOPOTHBIM C€TON | U TNHEBMAaTUYECKUN WIHU
TUAPABINYECKUN TUIUHAP 6, HA IITOKE MOPIIHS 5 3aKPEIJIEH HAKUMHOM POJIUK WU



HaXuUMHast Konoaka 4. Ha cTosne MammHbl ycTaHOBIIEH 111a0s0H 3, hopMa 1 pa3Mepsl
KOTOPOT'O COOTBETCTBYIOT BHYTPEHHEMY KOHTYpPY M3rnbaeMoil neranu. 3arotroBka
OJIHUM KOHIIOM 3aKpeIuIIeTCsl Ha Ma0IoHe 3aKMMOM 2, TIOCJI€ YE€TO CTOJI MAaIlIMHbI
HAaYMHAET MOBOPAYMBATHCA W HaMaTbIBaTh 3aroTOBKY Ha IIa0JOH, KOTOpas B
TEUYEHHUE BCEro Mpoliecca THOKK MPUKUMAETCS K Ia0JIOHY POJIUKOM HIIH KOJIOJIKOM.
[Tocne BBIKITIOUEHUS TABJICHUS B IWIMHAPE KOJIOAKA (MJIM POJIMK) OTOJBUTAETCS B
HCXOJHOE MOJIOKEHUE MO IEVCTBUEM MPYKUHBI 7.

I'mOka ¢ pacrsxeHuem.

CyImHOCTh THOKHU € PACTSHKEHUEM 3aKITI0YAeTCsl B TOM, YTO KPOME BHEILTHETO
U3ru0AI0IIEero MOMEHTA K 3ar0TOBKE MPHUKIIA IBIBAIOT MPOJI0JIbHBIC PACTATHBAIOIINE
CHJIbI, KOTOPbIE YMEHBILIAIOT U3TrHOAIOIINI MOMEHT.

1
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Puc. 7.18 - Mammna monenu «IIPI» cocronut n3 rupponnnuuapa pactsokeHus 1,
MOBOPOTHBIX KPOHIITEHHOB 2, THAPOLUMIIMH]IPA TOBOPOTA KPOHILITEHHOB 3,

HarpaBiisroniei 4, Tar 5, mabioHa 6, mToKa 7, ITAaHTOBOTO 3aKUMa 5.

[Ipu 3TOM TOYHOCTH pa3MepPOB U3OTHYTOM AECTAJIU, 3aBUCALIAS OT €€ YIIPYTUX
nedopmaliiii, TMOBBIMIAETCS MPOMOPIUOHATIBHO YMEHBIICHUIO W3TMOAIOIEro
MOMEHTA.

VYKka3zaHHYI0 3aKOHOMEPHOCTh MO>XHO YCTaHOBHUTH C TOMOIILIO (DOPMYIIBI,
(GYHKIMOHATBHO —CBSI3bIBAIOIIEH M3rHOAONIMii MOMEHT M U NpPOAOTBHYIO
pactaruBaroiyto cuity N Ha cTaguu JIMHEWMHOrO YKMCTO IJIACTUYECKOTO u3ruda
MPUMEHUTENILHO K U3TH0Y 3arO0TOBKYU €AMHUYHOMN IIMPUHBI

s> N?

AHanu3 npuBeACHHONW (POPMYJIBI MOKA3BIBAET, YTO MPU YBETUYCHUHU MPOIOJIHHON
cuiabl N BHEIIHUM U3ru0aronuii MOMEHT M yMeHbIIaeTCs

C ymMmeHnblieHHeM M yMEHBIIAIOTCS U yIpyrue aedopmanuu 3aroToBKU; IpH
HYJIEBOM 3Hau€HUU u3rmodaromero momeHra (M = 0) Bce ciou 3aroTOBKM OyAyT
TOJIBKO pacTaHyThl. [Ipm 3TOM mpu pasrpy3ke BO3HUKAIOT TOJBKO JIMHEHHbBIE
nedopmaliu, yrioBeie aegopManuy MpakTUYECKH OTCYTCTBYIOT, T. €. TOUHOCTb
pa3MepoB U30THYTOM JETalld CYIIECTBEHHO BO3PACTaET.

B cepuiiHOM M MEJIKOCEPUHWHOM MPOU3BOJICTBE, HAIPUMEDP B ABUALIMOHHOU
MPOMBIIIUICHHOCTH, THOKY C TIPOJIOJIbHBIM PACTSHKEHUEM TMPUMEHSIIOT —TPU
W3TOTOBJICHUM KPYMHBIX M CPEAHUX TIOJIOTHX, JYrooOpa3HbIX JAeTalield U3
TOHKOCTEHHBIX ATIOMHUHUEBBIX U IOPATIOMUHHUEBBIX IMPECCOBAHHBIX 3arOTOBOK
(ILIMmaHTroyThI, MOsICa HEPBIOP, CIIPUHTEPHI U TIP.).



['mOky ¢ mnpononbHBIM pacTskeHueM (cMm. puc. 7.18, 0) mpoBoasAT Ha
CIeLMaIU3UPOBaHHBIX MammHax moaenu «III'P», Ha KOTOpBIX mpeaBapuUTENIbHO
PaCTAHYTYIO 3arOTOBKY H3rHOAIOT U OOTATHBAIOT BOKPYT Ia0JIOHA, MMEIOLIETO
dbopMy U pa3Mepbl JeTaH.

Bo3MokHa M apyras mociieoBaTeNIbHOCTh pabOThl MallMHBl — BHaYalle
rubka, a 3aTeM pacTsbkeHue. Bech 1uki pabOTh MalIMHBI aBTOMATU3UPOBAH, Ma-
IIMHA, HAaCTPOCHHAs Ha THOKY KakoW-mubo jgerand, paboTaeT MO 3aJaHHOM
Iporpamme.

[Ipu rTHOKE C TPOJONBHBIM  PACTSHKEHHUEM MPYXKUHEHHE BechbMa
HE3HAUUTEJIbHO, OIHAKO OHO IMOJHOCTHIO HE MCKIIOYAeTCs, Tak Kak Jaedopmanus
HapYXKHBIX ¥ BHYTPEHHHUX CJIOEB 3aTOTOBKHU Pa3IMYHA, TOITOMY PAa3IUYHBIM Oy/IeT
U YIPOYHEHHE 3THX CJIOEB, OKa3bIBAOIEE BIUSHUE HA YIPYTYIO 1eopMalHIo.

* B maccoeom u kpynnocepuiinom npouszeoocmee rudxa ¢ npoJoabHbIM

PaCTsHKEHHEM OTHOCUTENIBHO HEOOIBIINX A€Taleld MOKET OCYIIECTBISThCS

B mrammnax (puc. 7.19, a), 0cOOEHHOCTb KOTOPBIX 3aKIHOYAETCS B TOM, YTO

OHU UMEIOT
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Puc. 7.19 — Cxembl: @ — 117151 THOKH C MIPOIOJIBHBIM PACTsHKEHUEM; 0 — JUIs
TMOKU C MPOJOIBHBIM CKATHEM
*  Kpome Toro, npuMeHs0T THOKY C POOOIbHBIM CHCamueM 3arOTOBKY B IITaMIIE,
cXema KOTOporo rnokasaHa Ha puc. 7.19, 6.

JleficTBHE CXKMMAIOIUX TMPOJMOJNBHBIX CHI TpH THUOKE €O CHKaTHeM
aHAJIOTUYHO JICWCTBUIO TPOAOJBHBIX PACTITUBAIOIIMX CHJI TIpU THOKE C
pacTsDKeHHEM - OHU YMEHBINAI0T MOMEHT, HEOOXOIWMBIM ISl TIACTUYECKOTO
U3ruda 3aroTOBKH, B CBSA3M C YEM IOBBIMIAETCS TOYHOCTH Pa3MEpPOB H30THYTOMN
netanu. Ilpm THOKE C TMPONONBHBIM CXKaTHEM HEUTpalbHas MOBEPXHOCTH
HANpsOKEHUH CMENIaeTcss B CTOPOHY BBIMYKIIOW MOBEPXHOCTH 3arOTOBKH W TIPHU
COKMMAIOILIEM Halps>KEHUH, PABHOM 0S, COBIIAJAET C HEH.

Kpome moBbIlIeHHSI TOYHOCTH pa3MEpOB M3rMOaeMbIX JeTaneil ruldka co
C)KaTHEeM TI03BOJISIET MOJy4YaTh JBYXYIJIOBBIC JETAIM C MajlbIM PaguycoM H3THOa.
Ecnu HanpspbkeHust CkaTust TOCTUTAIOT 3HAYEHUN S, TO MOKHO TIOJIy4aTh PagnyChl
n3rnba MEHBITIE TOJIIIMHBI 3aTOTOBKHU.

I'mOka TpyoO.

['nOka Tpy®O Ha OTHOCUTENBHO Majible PaJuyChl UMEET CBOM OCOOEHHOCTH,
CBSI3aHHBIE C MMOTEPEN YCTOMUMBOCTH, MPUBOASIICH K CKIIAAKOOOPA30BaHUIO B 30HE
ckarusa. Kputnueckuit paamyc m3ruba, mpu KOTOPOM 3aroTOBKAa HAXOAWUTCA Ha
TpaHu MOTEPH YCTOWYMBOCTHU, 3aBUCUT OT OTHOCUTEILHON TONIINHBI CTEHKH TPYOHI,
MEXaHUYECKUX CBOMCTB €€ Marepuaia, paauyca u3ruda, JOIMyCTUMOIO YTOHEHUS



CTEHKH, TOIYCTUMOM OBaJIM3aI[MH MOMEPEUHOr0 CeYeHUs: TpyObl B 30HE M3ruda u

np. [IpubnuxeHHO OTHOCHUTENbHBIM KPUTUYECKUW paauyc u3ruda TpyObl, Mpu

KOTOPOM OTCYTCTBYIOT CKJIaJIKH, MOXHO OIPEAEIIUTD M0 SMIUpUUIECKON hopmyre:
r.=r./D, ~925-,02-s/D,

rne DH — HapyxHbIN pagnyc TpyObl; S — TOJNIIMHA CTEHKH TPYOBI.

Pacyer mo sToil (opmyrne moka3plBaeT, YTO MPU HM3MEHEHHH OTHOCHUTEIBHOMN

tosmuHbl creHkr S/DH o1 0,01 10 0,1 OTHOCHTENBHBIN KPUTHISCKUH painyC N3ruoda

TpyOBI u3mensercs ot 4,1 go 3,0.

Kpome ckiagkooOpa3oBanus mpu ruOke TpyO MPOUCXOTUT U3MEHEHHE (OpPMBI ee

MONEPEYHOT0 CEYECHHUSI, KOTOPOE MOKHO pacCMAaTPUBATh KaK OJIMH U3 BUJIOB IOTEPU

YCTOWYMBOCTH; TEPBOHAYAIBHO KpYIJO€ NOMNEPEYHOE CEYEHUE CTaHOBUTCSA

OBAJIbHBIM.

OBanbHOCTH MOIMEPEYHOTO0 CEUEHUs TPYObl pErNIAMEHTHPYETCS OTPaCieBBIM

CTaHJIaPTOM, B COOTBETCTBUHU C KOTOPBIM IPU pajinyce u3ruda Tpyosl O0JIbIIE ABYX

ee TUaMeTPOB, OTKJIOHEHUS IMaMeTpa B 30He u3ruda gomnyckarorcs He 6oiee 8—10

%, a npu paaunyce u3ruba MeHee AByX AuameTpoB — He Ooiiee 20 %.

[Tpu HeoOxoquMoOCTH THOKK TPyO Ha pajnyChl MEHbILE KPUTHUECKUX MPUMEHSIOT

pa3nuyHbIe CIOCOOBI THOKH, K YUCITY KOTOPBIX OTHOCUTCS 2UOKA HAMAM bIBAHUEM

C OINPaBKOW-TOPHOM, HAXOASAIIEICS BHYTPU TPYOBI.

['mOky HaMaTbIBaHUEM IIMPOKO TPUMEHSIOT TPH HW3TOTOBJICHHH JJIEMEHTOB

TPpyOOIIPOBOIOB M Pa3INYHBIX I€TATeH U3 TOHKOCTEHHBIX TpyO nuamerpom 10—300

MM. ['MOKy HamaTbIBAHHMEM OCYIIECTBIIAIOT MPU MOMOIIM KOMIUIEKTa CMEHHOTO

MHCTPYMEHTA, CXEMa YCTAaHOBKH KOTOPOTO ITOKa3aHa Ha puc. 7.20.

Puc.7.20 — Cxema rubku HaMaThIBAHUEM

3arotoBka B BHUJE OTpe3Ka TpyObl HaJleBaeTCs Ha OIpaBKy-AOpPH 2 A0 yIopa,
YCTaHOBJIEHHOT'O Ha TpeOyeMbIil pa3Mep, U 3aKperuisieTcsl B KaHaBKe 1mabdsoHa 1 mpu
NOMOUIIM 3aXUMHBIX KonoAok 4 u 5. Ilocie BkIOueHHs MamMHbI 1ma0jaoH 1
OBOpauMBaeTCd Ha TpeOyeMblil yros THOKM M OCTAHABIMBAECTCS, IPU 3TOM
3aroTOBKAa HAaMaTbIBA€TCS Ha INAOJOH W OJHOBPEMEHHO CHUMAETCi C JOpHa-
ONpaBKHU 2, KECTKO 3aKPEIJIEHHOW Ha cTaHMHe MamuHbl. HaxkumHas konozaka 3,
yBJIEKaeMasi CUJIOW TPEHUs, MEePEMEIIAETCS BMECTE C MPSMOIMHEHHBIM y4aCTKOM
TpyOBbI, TOAJEPKKUBAsL €ro U NpukuMas K madnony 1. IIpoduis padoueil kaHaBku
posivka-madiaoHa | BBIMONHIETCS TMOJYKPYIJIBIM C HEOOJNbIIMMHU pedopaamu,
BBICTYTAIOIINMHU 32 OJIyOKPYX)HOCTh. KaHaBka-pyuei Takoil (hopMbl IpensaTCTByET
YBEJIMYEHUIO IIUPUHBI IOTIEPEYHOT0 CEUEHUsI U3rndaeMoil TpyOsbl

JUis mpenynpexaeHrs UCKaXEHUsl MOIMEPEeYyHOro CeueHUsl TPyObl CIy»aT
JIOPHBI-OTIPABKHU: I1eJbHBIE (WJIM JKECTKHE) U COCTaBHbIE (WM TUOKHE),



U3TOTOBJISIEMbIE U3 M3HOCOCTOMKHUX CTaled M TepMUUecKu oOpabaThIBaeMbIX 10
tBepaoctu HRC=52+58. Jlng rubku Ttpy® M3 KOPPO3UOHHO-CTOMKOM CTaM WIIH
[BETHBIX METAJIOB M WX CIUIABOB, HA BHYTPEHHEW MOBEPXHOCTU KOTOPHIX HE
JIOMYCKAIOTCS LapanvHbl U PUCKH, MPUMEHSIOT ONPABKU-TOPHBI M3 TEKCTOJIUTA
mapku I1T.

Pabouast yacTh onpaBku-10pHa cKpyriieHa (puc. 7.21, a), oHa MOKET UMETh U
J0kK000pa3nyto ¢opmy (puc. 7.21, 6), paaguyc KpUBU3HBI paboyell 4acTH TaKoM
ompaBku paBeH (ru3z+D/2,rme ruz— cpeauHHbIl paguyc usruba TpyoOsl).
JloxkkooOpa3HbIe ONPaBKU-JOPHBI UMEIOT OOJIBIIYIO TIIOLIaAb KOHTAKTa ¢ TPyOoi u
3TO yJIy4IIaeT yCIOBUS, MPU KOTOPBIX

Puc. 7.21. llenbubie (a, 6) 1 cocTaBHBIE (8, 2) OMPABKU-IOPHBI
T'uoka c nokanvHbvIM HAzpegoMm.

CyIHOCTh JaHHOTO croco0a TMOKHU 3aKJII0YaeTcss B TOM, YTO 3aroTOBKa-
TpyOa HENpepbIBHO IMEpPEMENIAeTCs] Yepe3 MHAYKTOP, KOTOPBIA TOKAMH BBICOKOM
yactoTbl (TBY) HarpeBaeT y3KHil KOJBLIEBOW €€ YYacTOK, SBJISIOIIMKCA NpU
BO3JCHCTBUM Ha TpyOy M3ruOaromero MOMEHTa OuYaroM IUIaCTUYECKOU
nedopmainu. 30Ha HarpeBa, a CleI0BaTeNIbHO, U 30HA IIACTUYECKOH AedopManuu
NEepPEMEIIAIOTCS BJIOJIb OCH 3arOTOBKH.

[Tpu 3TOM BBIXOASIIME U3 30HBI AehOpMaLIUU y>KE U30THYTHIE YYACTKHU TPYObI

00pa3yloT KpUBOJIUHENHYIO YaCTh U3rOTOBIISIEMOM JETAJIH.
[Ipn rubke c JOKaJIbHBIM HArpeBOM CKJIAJKOOOpa30BaHME B 30HE CXKaTUA HE
HACTYIIAeT, TaK KaK BCJIEJACTBUE MAJION IIMPHUHBI 30HBI HArPEBa MPOUCXOUT OCATKA
HarpeToro y4acTka IOJ| JEMCTBUEM CKHUMAIOLIUX HANPsHKEHUU. DTO MO3BOJISET
u3rubath TpyOy Ha Majbie pajnycChl.

Kpome Toro, B CBSI3U C TEM, UTO HeHazpemaple, XOJIOAHbIE YHaCTKH 3arOTOBKH,
IPUMBIKAOIIKE K 30HE JeopMallui, UMEIOT CYIIECTBEHHO OOJIBLIYIO KECTKOCTb,
OHU_COepHCU8arom uzmeneHue hopmvl nonepeunozo cevenus HarpeToro yyacTtka
3arOTOBKHU.

['uOKy ¢ nOKadbHBIM HArpeBOM MPUMEHSIOT MPU U3TOTOBJIECHUU PA3THYHBIX
KPUBOJMHENHBIX AJIEMEHTOB TPyOOIIPOBOIOB.

Jliist rubku TpyO C JIOKAJIbHBIM HAarpeBOM MPUMEHSIOTCS ClIEUAIbHbIE
TpyOorndouHble MalIMHbI, Hanpumep, MoAd. TI'Y-300, cxema KoTopoil mpuBeAeHA
Ha pUCYHKe /.22,

Puc;. 7.22. Cxema ycTaHOBKH 1715t THOKHU TPyO ¢ JoKanbHBIM HarpeBom TBY



3aroToBKa MOAAETCS KapeTKoW | uepe3 HanpaBIIAIOIINE POIUKHY 2 B
UHIYKTOP 3, KOTOphIi HarpeBaeT TBY y3kuii KoJblIeBO# y4acTOK TPyOBI J10
temnepatypbl 800—900 °C. Ilo BeIX0oA€ U3 HHAYKTOPA 3arOTOBKA OXJIAXKIAETCS
CTpyeH BOJIbI, ITOJaBaeMON TyIIUPYIOIIeH ycTaHOBKOM (1mpeepom) 4. ['nbka
TpYOBI OCYIIECTBIISIETCS] POJIMKOM 5.

Ilonosxcenue poauka B 3aBUCUMOCTU OT BEJIIMYMHBI TpeOyeMOTO pajuyca u3ruda
ycmanagaueaemcsa HETOCPEICTBEHHO ONEPAmMOpPOM, CHREUUAlIbHOU caedauieil
cucmemoil uiu KORUPHBIM YCHPOUCHMEOM, KOTOPbIE NPHUMEHSIOT s u3ruda
TOHKOCTEHHBIX TPYO Ha MaJible PAJIHYCHI.

[Ipu mmpuHe 30HBI HarpeBa h=3+4 MM U OTHOCHTEIHHOHN TOJIIUHE CTCHKH TPYOBI
s/D = 0,03+0,06 u3ru6 6e3 ckIagoK BO3MOXKEH Ha paanyc r=1,5'D.

K d4wucimy mnpermymiecTB THOKM C JIOKAJIBHBIM HarpeBOM MOKHO OTHECTH:
BO3MOXKHOCTh TMOKHM TpyO Ha Malible paJnychl 6€3 MPUMEHEHUS MO ICPKUBAIOIINX
ONPAaBOK, OTCYTCTBHE HEOOXOJAMMOCTH H3TOTOBJIEHHUS CMEHHOTO HHCTPYMEHTa
(11abJIOHOB, OMPABOK M Mp.), BO3MOXKHOCTh aBTOMATH3allUM IIpolecca TuOKH,
MaJIyl0 OBaJIbHOCTh MOMEPEYHOr0 CeYeHUs TPYObI U Jp.

Heoocmamok pacCMOTPEHHOTO c10c00a TMOKN — HU3KAA nPoUu3600umeabHOCHb
(CKOpOCTb NepeABMKEHUS TPYObl OTHOCUTEIBHO MHAYKTOpa cocrasiseT 0,2—4,0
MM/C),  CpPaBHHUTEJIbHO  BBICOKas  CTOMMOCTh U  OoyblIME  pa3Mepbl
AJIEKTPOTEHEPATOPHON  YCTAaHOBKM, JJII KOTOpPOM HeoOxonuMa  Oosbluas
MIPOU3BOICTBEHHAS TUIOLIAb.

* Kpome paccMoTpeHHBIX ctOcOO0B THOKH TpyO B MACCOBOM U
KPYIHOCEPUIWHOM IPOU3BOJICTBE MPUMEHSIOT THOKY TpyO B IITamMmnax,
YCTaHOBJICHHBIX Ha KPUBOILIUITHBIE WJIM THOOYHO-IITAMIIOBOYHbBIE
TOPU30HTAJIbHBIE MTPECCHI.

. OO0s1acTh MPUMEHEHHUS [ITAMIIOB — T'MOKa TPyO ¢ OTHOCUTEIIbHON
tosmuHou ctenku S/D>0,06 Ha paguyc He MeHee 2—3 TUaMeTpOB
3aroToBKM (mpu TuUOKEe O3 HaNoJHUTENCH).

. KoHCTpyKTHBHBIE 0COOEHHOCTH TaKUX IITAMIIOB B TOM, YTO MaTpHLIa
Y IIyaHCOH UMEIOT MOJIYKPYIJIYIO KaHaBKY, COOTBETCTBYIOIIYIO
HorepevyHoMy cedeHuto TpyObl. Kpome Toro, 111 yMeHbIIeHHs! CUJl TPEHUS
Ha KOHTAKTHOM NTOBEPXHOCTH MAaTPHUILIBI U 3arOTOBKU U YCTPaHEHUS
BO3MOYKHOCTH MOSIBJICHHS 33JJUPOB U PUCOK Ha MOBEPXHOCTH 3aTrOTOBKH
HITaMIbI 151 THOKH TPYO MPOEKTUPYIOT C MOBOPOTHBIMU KOJIOJKAMHU HIU C
OIOpamu JJisl 3arOTOBKU B BUJI€ POJIUKOB.

*  MBbI paccMOTpeIU JUIIb OCHOBHBIE CIIOCOOBI THOKH, MPUMEHSIEMbIE B
MalIMHOCTPOEHUU. J{pyrue crnocoObl X0IOAHON TMOKH, 8 UMEHHO: THOKa Ha
YHUBEpCAIbHBIX aBTOMAaTaxX ¢ MPUBOJAOM OT LIEHTPAJIbHOM 1IeCTEpHH, TMOKa
C OJTHOBPEMEHHBIM BOJIOUEHHEM, THOKA C IPOTAIKMBAHUEM uepe3 (puiibepy ¢
KPHUBOJIMHEHHOM OChIO, THOKA Ha KOHUYSCKON POTO00Opa3HOI OIpaBKe
(rubka ¢ pazgadeil) u ap. U3JI0KEHBI B CIICIIMAIBHON TEXHUYECKOU
JUTEPATYPE



