Jlekuuu Nel2 - 15
TEMA: BBITAXKKA

Ilian gexnun: 1 Cnocobwr ebimsiorcku,
2. Ananu3z eblmsoicku 6e3 npudcuma,

Beeoenue evimarcku

BbITSKKOM  OCYIIECTBIIACTCS TMOJYYEHUE TMOJBIX IMPOCTPAHCTBEHHBIX
JIeTAJIEN U3 IUIOCKOM JIMCTOBOM 3arOTOBKH.

[Ipu BBITSKKE MTyaHCOH OKa3bIBAET JIABJICHHWE HA CPEAHIOI0 YacTh 3arOTOBKHU
U BTATMBAET €€ B MaTpUIly; IPU 3TOM IEPUMETP 3aroTOBKM yMeHbIIaercs. B
3aroTOBKE  MOj ~ JCHCTBMEM  IyaHCOHAa  BO3HHMKAIOT  MEpUJMOHAIbHbBIC
pacTATHBAIOIINE HANPSDKCHUS, OOCCIEUMBAIONINE BTATUBAHWE TEpUPEPHITHON
YaCcTU 3aroTOBKM B MaTpUIly. BBITSDKKOW TOMy4YaloT JeTalld Pa3InyHbIX
KoH(HUrypanuii B TUlaHe W MPOQUICH B OCEBOM CeueHWHU. PaznmnuaroT mepBbIit
Mepexo]i BBITSHKKHU, MPEBpAIIAONIUNA TJIOCKYI0 3arOTOBKY B MPOCTPAaHCTBEHHYIO
JeTaib Wid noiyhadpukar, U MOCISAYIONIUE MEePEX0/ibl, B KOTOPHIX MPOUCXOIUT
JanpHeliiee (GopMOU3MEHEHUE MOJoro mnoiaydadpukara, T. €. YBEJIMUYECHHE €ro
BBICOTHI TMPU OJHOBPEMEHHOM YMEHBIICHUH TMOMEPEUYHOro ceueHus. OOBIYHO
BBITSI’KKA OCYILIECTBIISIETCS C MOMOIIBIO MAaTPHIIBI U ITyaHCOHA; paboure KPOMKH HX
CKPYTJIEHBI JIyTaMH OKPY>KHOCTEW, paJiiyChl KOTOPHIX B HECKOJIBKO pa3 OoJbIie
TOJIIWHBI 3aTOTOBKHU.

[Ipomiecc BBITSKKH JOCTATOYHO CJOXKEH. IIpoexkThpoBaHne u oOTiagka
TEXHOJIOTMYECKHX TIPOLIECCOB C OMEPAIUSMU BBITSHKKU YaCTO CBSI3aHbBI C OOJIBIIUMU
TpyaHocTsiMU. [Ipu BBITSDKKE BO3MOXKHOE (POPMOM3MEHEHHME 3arOTOBKH, Kak
MPaBUJIO, OTPAHUYMBACTCS €€ pa3pylIeHHWEM B TOM MECTe, TIJe JACHCTBYIOT
HanOOJIbIIME IO BEJIMYMHE PACTATUBAIOMIME HANPSHKEHUS Gp yax , [MOATOMY IMpHU
W3YYEHUHM OTMEpaluu BBITSHKKM 0CO00€ BHUMAaHHE OyIET YIEJIEHO BBISICHCHUIO
(aKkTOpOB, BIUSIIOUINX HA BEIUYUHY Gp vax » M OLIEHKE CTEIIEHH 3TOTO BIUSHUS.

AHaJIN3 NPOLIECCOB BBITSHKKK HAYHEM C HanOO0JIee MPOCTOTO CITy4ast BBITSKKU
HWIMHAPUYECKOTO CTAKAHA U3 MIIOCKOW KPYTJION 3arOTOBKH.

Buvimsasickoii nonyuarom nonvle oemanu pazHOOOpazHON (OPMBI U3 TIIOCKUX
JIMCTOBBIX WJIM TIOJIBIX TOHKOCTEHHBIX 3arOTOBOK, HE TPEOYIOIIMe, KaK MPaBUIIO,
nanbpHeie o0padboTKu, KpoMe 00pe3KH HEpOBHOTO Kpas. K HUM oTHOCSTCS:

demanu, umerouwjue hopmy men epaujeHus (0CECUMMETPUUHBIC): THUIIA KOTJIOB
U PA3IUYHBIX UUIMHIPUYECKUX PE3EPBYapoOB, METAJUIMYECKas IMOCyAa, JeTalu
OCBETHUTEIIbHON anmaparypsl (Hampumep, AeTald aBTOMOOWIBHBIX ¢ap) U MHOTHE
Ap-;

demanu Kopoouamou Gopmvl: mMonaueHvle OaKU JBUTATENICM BHYTPEHHETO
CropaHusi, OMJOHBI JIJII TOPIOYE-CMA30YHBIX MaTepHayioB, Tapa JJisl MPOJAYKTOB
KOHCEPBHOTO ITPOU3BO/JICTBA U TIP.;

demanu, umerowue 00OHy 0Cb CUMMEMPUU UTU ACUMMEMPUYHbBLE. ABIMOKY306Hble
Odemainu — KpbIllla aBTOMOOMJIS, €T0 JIBEPHU, KaroT U Mp.;

YunuHopuyecKue 0emainu, Y Komopvix moaujuHa OHa 6obuie moaujuHbl CeHOK:
apTUUIEPUNCKUE THIIb3bI, TUIb3bl CTPEJIIKOBOTO OPYXKHUS, METAJUIMYECKasl ocyaa ¢
TOJICTBIM THOM H TIp.



[lepeuriciieHHbIE AETAIA MOTYT UMETh THAMETP (WM IJIMHY) — OT HECKOJIBKUX
MUJITUMETPOB 10 HECKOJIBKUX METPOB U TOJIIUHY CTEHKU — OT ACCATBIX I0JICH 10
JECATKOB MUJIJIUMETPOB.

d

Do
a) 5)
Puc. 8.1. Ilepexombl BBITSKKHU:
a — TEPBBIA; O — MOCIEAYIOIUI

Jletanu, mosryyaeMbl€ BBITSKKOM, B 3aBUCHMOCTA OT OTHOCUTEIBHOW BBICOTHI
HITAaMIYIOT B OJIHY WJIM HECKOJIBKO omepanuii mim nepexoaos. Ha nepBom nepexojie
IJIOCKYIO 3aTOTOBKY BBITSITUBAIOT B MOIYI0, OTKPBITYIO C OJHOTO KOHIIA IETANIb WU
nonyhadpukart (puc. 8.1, a).

Ha mnocnenyromux mnepexofax MPOUCXOJUT YBEIMYEHHE BBICOTHI IIPH
OJTHOBPEMEHHOM  YMEHBIICHUHM IMONEPEUYHbIX pa3MepoB  Moiy(hadpUKaToB,
MOJYYCHHBIX Ha MPEIbIIYIUX epeXxoaax BHITHKKH (puc 8.1, 6).

N3roroBnenue netanell BBITSDKKON OCYIIECTBIsETCSl O€3 HarpeBa 3aroTOBKH, B
XOJIOIHOM COCTOSIHUM. VICKIIIOU€HHEe — BBITSKKA TOJICTOJIMCTOBOIO MeTaslia
(TommmHOM cBbilIe 20 MM), KOT/ia 3arOTOBKY HarpeBaroT JJIsl TOrO YTOObI CHU3UTh
nedopmupyroiee ycunue. [Ipu BBITSKKE 3aroTOBOK M3 aTFOMUHUEBBIX CILJIABOB JIJIS
NOBBIIICHUS CTENEeHU AedopMali 3a OJHY OIEpalui0 NPUMEHSIOT MECTHBIN
(JIOKaNbHBIN) 3IEKTPOHATPEB 30HBI IMIACTHYECKOW AedhopMariii.

Jns  W3roToBJICHUS JI€Tal€dl BBITSKKOM MPUMEHSIOT JINCTOBOM METall,
oOnafarouii  BBICOKMMHM TUIACTUYECKHMMH CBOMCTBAMHU: HU3KOYTJIEPOIUCTYIO
KAQUEeCTBEHHYIO U KOHCTPYKIMOHHYIO HU3KOJETMPOBAHHYIO CTallb, aJlOMUHUN U
pa3JIMYHbIE €r0 CIUIABBI, MElb, JIATYHb U [[pyrue MeTauibl.

BBITSKKY OCYIIECTBIISIIOT B CHICIIUATBHBIX IITAMIIAX, padoure OpraHbl KOTOPHIX:
Matpuiia, 1 co CKpyrjieHHOW paboyell KpOMKOW, IyaHCOH 2 U, €CIH JTO
HE00XO0IMMO, MPUKUMHOE KOJBIO 3 (puc. 8.2). Mexy myaHCOHOM M MaTpuIei
MMEETCS 3a30P Z, B KOTOPBII IyaHCOH BTSATUBAET 3aroTOBKY. [IpH BBITSKKE BHEIIHSIS
Cujla, mepeaaBacMas MyaHCOHOM, IMPUIIOKEHA K JIOHHOM YacTH BBITATMBAEMOU
JIeTalM, KpaeBas K€ €€ 4acTh OCTaeTCs CBOOOJHOM, HE HArpyKEHHON BHEIIHUMH
cunamu. [Ilpumensrom 08a 0OCHOBHbBIX CROCOOA BLIMSANCKU

1) 6€3 NCKYCCTBEHHOTO YMEHBILIEHHUS TOJNIUHBI CTEHKH (BBITSDKKA);

2) ¢ HCKYCCTBEHHBIM, MpEIHAMEPEHHBIM YMEHBIICHUEM TOJIIHUHBI CTECHKH
(BBITSIKKA C YTOHEHHEM ), B TOM YKCJIE KOMOMHUPOBAHHASI BBITSKKA.
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Puc. 8.2, CxeMbI mITaMIIOB JIsl IEPBOTO MEPEX0/1a BHITSHKKU:
a — 0€3 IPWKUMHOTO KOJIbI[A; 6 — C MPWKAMHBIM KOJIBIIOM

BreiTsbkka  06€3  yTOHEHHSI CTCHKHM  XapakKTEPHU3yeTCs  CYIIECTBEHHBIM
YMEHBIIICHUEM JUaMETpa 3arOTOBKH MPH MPUOIU3UTEIHEHO HEM3MEHHOW TOJIITUHE
CTCHKU BBITATUBACMOW JETalu. BBITSIKKY OCYIIECTBIISIOT B IIITaMII€, Y KOTOPOTO
3a30p MEXIy MyaHCOHOM WM MATpHUIIEH paBeH WM OOJBIIE TONIIUHBI 3arOTOBKHU
(z>9).

BoITsbkka € yTOHEHHMEM XapaKTEepU3YeTCsl CYIIECTBEHHBIM YMEHBIICHHEM
TOJIIUHBI CTEHKH MPU OTHOCUTEIHLHO MAajiOM YMEHBIICHUH TUAMETpPa 3arOTOBKH.
[Ipu BBITSKKE C YTOHEHUEM 3a30p I' < S.

B mporecce BBITSDKKKM 0€3 YTOHEHHMSI B KpaeBOM YacTH 3aroTOBKH, €II€ He
BTSHYTOW B MaTpuily (Bo QuiaHie, cM. puc. 8.2, a), OMHOBPEMEHHO BO3HHMKAIOT
pacTATUBaIOIINE 0, U COKUMAIOIINE 0y HanpshKeHUs. CKUMAIOIINE HANPSKEHUS O,
JEHCTBYIONME B OKPY)KHOM HAIlpaBJICHUH, MPU OMPEACICHHOM COOTHOIICHUN
JTMaMETPOB 3arOTOBKHU M BRITATHBAEMOM JIETATH MOTYT BbI3BAaTh MOSBICHUE CKIIAIOK
BO (raHIle (SBICHWE MOTEPU YCTOWYMBOCTH), TMPUBOIANINX TIPH BTATUBAHUU
CKJIQJIOK B 3a30p MEXIy ITyaHCOHOM M MaTpHIIE K MaccoBOMY Opaky BCIIEACTBHE
OTphIBA JTHA.

Jns  ycTpaHeHHMss  CKJIaAKOOOpa3oBaHUsI B INTaMIax JJis  BBITSIKKH
MPEAyCMaTPUBAIOT MIPXKUMHOE KOJIBITO (CKIAAKOAEPKATEND ), KOTOPOE MPUKUMALET
(raHer] K MaTPHUIIE U STUM MPEMATCTBYET CKIaAK000pa3oBaHuio (cM. puc. 8.2, 6). B
CBSI3M C OTHM Pa3JIMYAIOT JIBA CIIOC00A BBHITSHKKH: 0€3 YTOHEHHUS C IPUKUMOM U 6€3
MPKUMa 3aTOTOBKH.

BoITsKKOM 32 OJHY OIEparuio MOXKHO TMOJYYUTh OTHOCHUTEIHHO HETIyOOKHe
JIeTaJM, BICOTa KOTOPHIX He npeBbimiaet 0,7—0,8 nuamerpa. [1pu BeITsDKKE OoJiee
BBICOKMX JI€TaJell pacTATHBAIOIIME HANpPsDKCHHsS, BO3HHUKAIOIIUE B CTEHKE,
BO3pACTaOT HACTOJBKO, YTO MOKET HACTYIIUTh, OTPHIB JTHA. B CBSI3M ¢ 3THIM TIporiece
BBITSDKKM HEOOXOJMMO Ppa3AeiiaTh Ha HECKOJBKO IEPEXO0J0B, YTO ITO3BOJISET
YMEHBIITUTh PaIUATIbHBIC PACTATUBAIONINE HAMPSHKEHUS B CTCHKAX BBITATHBACMOUN
netand. B mporecce BBITSHKKH MaTepHall 3arOTOBKH  YIPOYHSETCS, €ro
IJIACTUYECKUE CBOMCTBA YXYAIIAIOTCA. YUpe3sMepHOE YNpOYHCHHE MeTaiia
MPUBOJINT K IOTEPE IJIACTUIHOCTH U, B KOHEYHOM UTOTe, K pa3pymeHuto. [ToaTomy
MpoIleCC M3TOTOBJICHWS  BBICOKMX JeTaleld (BBICOTOM Oojiee  nuamMmerpa
BBITSITUBAEMOM JIETaJIN) 3aKJIFOYAETCS] B YePEJOBAaHUU CIEAYIONMIUX JIPYT 3a IPyTUe
OTIepaIliy BBITSKKU, B TIPOMEKYTKE MEXITY KOTOPHIMH, IO Mepe HE0OXOIUMOCTH,
MPOBOJIUTCSA PEKPUCTAJUTM3AIMOHHBIA OTKUT 1MOMy(pabpuKaToB ISl CHSATHUSA
ynpouHnenus (puc. 8.3).
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Puc. 8.3. CxeMa TeXHOJIOTHYECKOT0 MPoliecca BhITSKKHU BHICOKUX JeTanei

[Tocnenyromnue onepanuu BBITSKKH OCYIIECTBIISIOTCS B IITAMIAX C MPUKUMOM
(puc. 8.4, a) wim 6e3 Hero (puc. 8.4, 6) B 3aBUCUMOCTH OT OTHOCHUTEIIBHOM TOJIITUHBI
3aroTOBKM M cTerneHu aedopmanuu. [locnmemayromme omnepamuu BBITSKKA MOTYT
OBITH BBITIOJIHEHBI TMPSMBIM WM PEBEPCUBHBIM criocoboMm. B Tom ciyuae, korma
MyaHCOH TepeJaeT JaBJICHHE Ha IOJIYIO 3arOTOBKY C BHYTPEHHEH CTOPOHBI JHA
(puc. 8.4), crioco0 BBITSHKKH Ha3bIBAIOT MPSIMBIM. ECiy ITyaHCOH NepeiaeT 1aBjicHue
Ha IIOJYI0 3arOTOBKY C BHEIIHEH CTOpPOHBI aAHA (puc. 8.5, @), crnoco0 BBITSIKKU
Ha3bIBAIOT PEBEPCHUBHBIM (0OpAaTHBIM ), TOCKOJIBKY ITPH 3TOM 3arOTOBKA BTATHBACTCS
B MaTpHIy B 0OpaTHOM HaIpaBJICHUH MO CPABHEHUIO C HAIIPABJICHUEM BBITSIKKU Ha
MIEPBOM ONEpalNH.
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a)
Puc. 8.4. CxeMbl ITaMIIOB JJ1s1 TOCJEAYIOMIAs! IEPXO/I0B BBITSIKKHU:
a — C MPWKUMHBIM KOJIBIIOM; 6 — 0€3 IPIKUMHOTO KOJIbIIa

PeBepcuBHYIO BBITSKKY TMPUMEHSAIOT IS TIOJNyYeHHs] JAeTalied  Wid

nosry(haOpUKaTOB CIOXKHOW (POPMBI, HAPUMED, C TBOWHBIM JTHOM WM JTBOWHBIMHU

creHkamu (puc. 8.5, 6). KpoMe Toro, peBepCHBHYIO BBITSKKY MPUMEHSIOT, KOTJa

TpeOyeTCss COBMECTHTh NEPBBIM M TOCIEAYIONIUN TMEpPeX0]] BHITSKKA B OJHOM
IITaMIIE, a TaKXKe TIPU BBITSKKE JieTalieid chepudaeckoi popMel.
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a)
Puc. 8.5. PeBepcuBHas BBITSKKA: @ — CXeMa IITaMIIa; O — JIeTaln
B maccoBoM M KpyMHOCEPHITHOM MPOU3BOJCTBE BBITSKKY OCYIIIECTBISIOT Ha
KPUBOIIUITHBIX IIpeccax MPOCTOro M JABOMHOTO aeicTBus. Kak mpaBwito, meranu
KPYIHBIX U CPEIHUX pa3MepoOB (aBTOKY30BHBIC JETaIM, METaJUTMUECKas mocyaa u
Jp.) BBITATUBAIOT Ha TIpeccax JBOWHOTO JEWCTBHS, MEJIKHE JIeTald — Ha
KPUBOIIUITHBIX IIPeccax MPOCTOTrO JEHCTBUSI.
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HccnenoBanuio mporiecca BBITSHKKH TOCBAIIEHO OOJBIIOE YHCIO padoT
OTEUECTBEHHBIX U 3apyOEKHbIX Yy4eHbIX. OJIHAKO HCCIAEAOBAHUE BBITSKKH
MPOJI0JKAETCS, TOCKOJIbKY HEKOTOPBIE 3aa4i PEIICHbI MPUOIMKEHHO U TTO3TOMY
TpeOYIOT YTOYHEHUS, a TaK)KE€ BO3HUKAIOT HOBBIC 3374l B CBSI3U C IOSBICHUEM
HOBBIX CIIOCOOOB BBITS)KKH, COBMEIIEHUEM BBITSDKKHA C JIPYTHUMHU OIEpanusMu
JIMCTOBOM IITaMIIOBKH U TIp. Cxema, o0o01iaronias pa3auyHble ClIOCOObI BBITSHKKH,
MpUBEECHA Ha puC. 8.6.

BsimAMHT
1
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| | uswenenuu Ui{’;ii’:;gg
] quanempa (Homburupobar -
ApRMAAR Feleocubros | HAA)

|
B mennocepulison npeusbodcmbe

rudpocmamuaqecruMy |C mpumenenuer
Ha MoRomax dabnenuem UMITYN5CHEIX Nynscupyouan
PE3UHES UAY ucmoyrunol
mubnocmuy JegopmupoBarur

Puc. 8.6. Cxema, o6o01aronias pa3auyHbie CIOCOObI BBITSXKKU

2. BBITAXKKA BE3 IPUKUMA 3AT'OTOBKH

BeiTsbkky 0e3 mpmwKMMa 3arOTOBKM  OCYIIECTBISIOT B IITammne  0e3
CKJIQJIKOJIEpXKaTeNsi Ha TMpecce MpocTOoro naencTBus. Ouar IIIacTHYECKON
nedopmalii HaXoUTCsL BO (iiaHile KOHUYECKON (OpMBbI, B KOTOPOM BO3HUKAIOT
pajviaJibHbIE PACTATUBAIOIINE U OKPY>KHBIE CKUMAIOIINE HANIPSDKEHUS 0, U 09 (CM.
puc. 8.2).

B03MOKHOCTB BBITSDKKH 0€3 MpIKUMa PErIaMeHTUPYETCsl IBYMs (pakTopamu:
NpU  OTHOCUTEIBHO MAajol TOJIIMHE 3aroTOBKU — CKJIaJIKOOOpa30BaHUEM
KOHMYECKOTO (hJIaHIIa OT BO3JICUCTBUS OKPYKABIX COKUMAIOIIUX HATIPSI)KEHUM 0 WK
MPU OTHOCHUTEJHHO OOJBIION TOJIIMHE JIOKAIbHOW nedopmariuedt mo TOJIIHMHE
CTEHKH, 3aBEpIIAloNIeHCs pa3pblBOM B 30HE COMNPSDKEHHS JHA W CTEHKHU
BeITaruBacMon  getaiau. Ilo mapaeiMm E. H. MomHnHAa BO3MOXKHOCTH
CKJIaIK00Opa30BaHUsI MPU BBITSHKKE B MATPHIIE CO CKPYTJICHHON pabouelt KpOMKOH
MOXXET OBITh YCTAHOBJICHA C TMOMOIIBIO TPAHWYHBIX KPHUBBIX, MOCTPOEHHBIX IIO
pe3yapTaraM HKCIHOJIb30BaHMS YpPAaBHEHUW TEOPUU YCTOWUHMBOCTH U TEOPUHU
MJJACTUYECKOTO TEUEHHsSI TMPHU Pa3IMYHbIX paguycax CKPYIJICHUS MaTpUIbL [y
(xpuBble 1 m 2 Ha puc. 8.7), ¢ yBEJIMYEHUEM KOTOPBIX MpEJEIbHAS CTENEHb



nedopManmu, — xapakrepusyemas — koddpdummentom K, yBenmuumBaeTcs.
Teopernyeckue MAaHHbIE MPOBEPSUIUCH HKCIEPUMEHTAIBLHO MPUMEHUTENBHO K
ITaMIOBKE AHUIL pa3iudHoro poaa u3 craiu 20, 12X18HI9T u antomMuHHEBOTO
craBa {16 AM [15]. Kitro4 K HCTIOJIb30BaHUIO TPAHUYHBIX KPUBBIX IMOKA3aH Ha PHUC.
8.7 cTpenkaMu Ha MyHKTUPHBIX JTUHUSIX.
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Puc. 8.7. I'pannynbie KpUBbIE, yCTAHABIMBAIONTUE OOJACTH IIITAMIIOBKU U
CKJIaJIKOOOpa30BaHUs MPH BHITSKKE 0€3 MPUKUMa 3aroTOBKU: | U 2 — 110 TaHHBIM
E. H. Momauna 11t matpui ¢ Iy=6'Su I,=8S (COOTBETCTBEHHO); 3 — IO
nanabiM JI. A. llodmana

B03MOKHOCTh BBITSKKM 0€3 MpIKMMa 3aroTOBKH TMPUOJIUAKEHHO MOXKHO
YCTaHOBUTb, UCNOJB3YS yciioBue, nmpeanoxennoe JI. A. [llopmanom:

Do -d<(18+22)s.

B HayanpHBII MOMEHT BBITSDKKM 0O€3 MpUWKUMa 3aroTOBKM B paJvaibHOMN
MaTpule HaoOmonaercs H3rud (uiaHa OTHOCUTENBHO pabodyeil KpPOMKM Ha
HekoTopelt yron y (puc. 8.8). IloBopoT (iaHma MPOMCXOIUT IMOJ JEHCTBHEM
U3rU0AIoNEer0o MOMEHTA, KOTOPBI BO3HUKAET BCJIECICTBUE CMEIICHUS CHJI,
MPUJIOKEHHBIX K 3aTOTOBKE CO CTOPOHBI [TyaHCOHA ¥ MaTpulbl. B cBsi3u ¢ moabeMoM

(dbaHIIa HaJl TIIOCKOCTHIO MATPHIIBI OH MPUHUMAET KOHHYECKYI0 (popmy (cM. puc.
8.8).
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Puc. 8.8. HauanbHbIil MOMEHT Puc. 8.9. J/IByxkoHyCcHasi MaTpuua JJjist
BBITSDKKH O€3 MPHKUMa 3arOTOBKH BBITSDKKH

Kak npaBuio, BRITSDKKY 0€3 IpHKKMa 3arOTOBKY BEIyT B MATPHULIE C KOHUYECKON
3aXO/IHOM YacThlO, TaK KaK BEPOSTHOCTh CKJIAJKOOOpPA30BAHUS B TAKUX MaTpHUIIAX
MEHBIIIE, YE€M B UWIMHIPUYECKUX C PAJUaJIbHOM 3aXOJHOW  YaCTBIO.
CkiaikooOpa3oBaHUE MPH BBITSXKKE B KOHUYECKON MaTPUIIE 3aBUCHUT HE TOJIBKO OT



OTHOCUTETHHOUN MUPUHBI (JIaHIA U paguyca CKpYTJICHUS MAaTPHUIIbl, HO B OT yIJia
HaKJIOHA ee 00pa3yrollen ¢, KOTOPBIM MPUHUMAIOT paBHBIM 30—45° NpH BBITSDKKE
OTHOCHTEIBLHO TOHKOCTCHHBIX cTakaHoB (0/s>30) m 15—20° mnpu BBITSKKE
OTHOCHMTEJILHO TOJICTOCTEHHBIX cTakaHoB (d/s <30).

JlnameTp 3ax0JIHOM YacTH KOHMYEeCKOW maTpuilbl Dg A0KeH ObITh HEMHOTUM
MEHee IramMeTpa 3aroToBku (puc. 8.9) [5]:

Dy~ 0,9Do. (8.1)

[Ipu yrie HakioHa oOpasyromieit p=15° u codmoaenuu ycnosus (8.1) marpuiia
MOJTy9aeTcsi OTHOCUTEIBHO BBICOKOH. Hampumep, npu cootHomennn Ro/r = 2 ee
BBICOTA PaBHA MMOYTHU ABYM JUAMETPaM BBITSTUBAEMOI0 cTakaHa. BeicoTy MaTpuiibl
MO>KHO YMEHBIIIHUTb, €CJIM UCIOJIb30BaTh JBYXKOHYCHYIO MaTpPHILY, COCTOSIIYIO U3
JIBYX TIOJIOCTEW: BEpXHEH (3aXO0/HOI), MMEIOIIEH Yyroj HakJIOHa O00pa3zyrouien
»1=30-+45°, 1 HUXKHEH, UMEIOoIIeH YroJl HaKJIoHa oOpa3yromien ¢p=12+15° (puc. 8.9).

B nHauvanpHO# cTaguu nepopMupoBaHUS MyaHCOH, OKa3biBas JaBJICHHE Ha
[EHTPAIbHYI0O 4YacTh 3arOTOBKH, BBI3bIBAET €€ Mporud, TaKk Kak yCHIIHS,
JEUCTBYIOIIME CO CTOPOHBI IMyaHCOHA M MAaTpHULbl, CMEUIEHbl B pPaJAHAIBHOM
HaIpaBJICHUN U 00pa3yrOT U3rHOAIONTI MOMEHT.

JanpHelilliee  ONMyCKaHWE IIyaHCOHA NPUBOAUT K  BO3HUKHOBEHHIO
MEPUIMOHAJBHBIX_ PACTATUBAIOIINX HAIpPSKEHHUM, JAOCTAaTOYHBIX ISl IEpPEeBOJia
¢daHI1a 3arOTOBKHU (YaCTH, MPOTHUBOCTOSAIIEH IJIOCKOCTH MAaTPHUIIBI) B IJIACTUYECKOE
COCTOSIHUE.

C »3TOro MOMEHTa HAUMHAETCS BTATUBAHUE 3arOTOBKM B MAaTpUILy C
oOpa3oBaHHE€M OOKOBBIX IIOBEPXHOCTEH  BBITSITMBAEMOrO0  CTaKaHa  IpH
OJTHOBPEMEHHOM YMEHBILIEHUH JUamMeTpa 3aroToBkh. OpHaKo HW3ruOArOIIMii
MOMEHT B 4YaCTH 3arOoTOBKH, MpPWIETAIONIEH K CKPYTJIEHHOW KPOMKE MATPHIIbI,
MPOJOJKAET JIEUCTBOBATh, TAK KaK MEPEXO0J 3JIEMEHTOB (piIaHIla HA CKPYJICHHYIO
KPOMKY MAaTpHIIbl JOJIKEH COMPOBOKIATHCS 3HAYUTEIbHBIM U3MEHEHUEM pajuyca
KPUBU3HBI CPEIMHHOM MMOBEPXHOCTH ATHUX BJIEMEHTOB. B MpoMeXyTOUHOU CTaauu
nehopMUpOBaHUs 3aTOTOBKA MPUHUMAET (PopMy, MOKa3aHHYO Ha puc. 8.8.

JlerictBue MEPUAMOHAIBHBIX PACTATMBAIOIINX HANPSKEHUN G, IPUBOAUT K
TOMY, 4TO BO (pJIaHIIE B TaHTE€HIIMAIHLHOM (IIMPOTHOM) HANPABICHUU BO3ZHUKAIOT
CKUMawNMe HanpspkeHus: Gp. COBMECTHOE JEHWCTBUE OSTUX HANpsHKEHUH
oOecrieunBaeT BTsAruBaHue ¢uiaHiia B OTBEPCTHE MaTpUllbl. Tak Kak MOBEPXHOCTHU
3aroTOBKHU BO (pyiaHIle CBOOOAHBI OT BHEIIHUX HANPSHKEHUH, a TOJIIMHA 3arOTOBKU
Maja Mo CPaBHEHUIO C €€ JAMAMETPOM, TO HANpsHKEHHOE COCTOSIHME BO (piaHIiie
MOXET OBITh € JOCTATOYHOM CTEMEHBIO TOYHOCTH MPUHATO IUIOCKUM
pa3HOMMEHHBIM. [l7s1 OTBICKaHMS MOJS HAOpsLDKEHWM BO (piiaHile HEOOXOAMMO
pelIuTh COBMECTHO YPAaBHEHUE PABHOBECHS M YPABHEHUE TIJIACTUYHOCTHU. Y YUTHIBASI
HaJW4Yue OCEBOM CHUMMETpUHU Ae)OpPMUPOBAHMS, ypaBHEHUE paBHOBECHS s
3arOTOBKHU MTOCTOSTHHOW TOJIITUHBI MOXKET OBITh 3alMCaHO B BHUJIC

0% 4 6p-60=0. (150)
dp

YpaBHEHUE IUIACTUYHOCTH MO THUIOTE3€ MAKCHUMAJIbHBIX KacaTeJbHBIX
HaIpspKeHU 0e3 ydeTa BIUSHUS YINPOUYHEHMS JJIS paccMaTpUBAeMOro Ciydas
MMEET BUJ



6p - 09 = 305 (151)

3[IECh PACTATHBAIONICE HAIMpPSDKEHWE O, SBISETCS MaKCUMalbHBIM, a
C)KMMAIOIIEE Cp — MUHUMAIBHBIM TJIaBHBIM HOpMaJIbHBIM HaIPSIKEHUEM.

CoBmectHoe penienue ypasHeHudt (150) u (151) naet auddepenunanbuoe

ypaBHEHUE

do, = -, P (152)

p

WNuTterpupoBanue ypaBHeHus (152) ¢ uCcnosib30BaHUEM IPAaHUYHOIO YCIOBUS,
no KoTopomy mnpu p= R (0 KOHTypy 3arotoBku) G, = 0, MO3BOJISIET MOJIYYUTH
dbopmyy Uil ONIpeiesieHHs BEJIMUMHBI G, B PYHKIIMU pajnyca

o, = osIn(R/p) (153)

W3 ypaBHEHHUS IUTACTUYHOCTH HaXOoAUM (QOpMyIy JJid ONpeleTeHUs
BEJIMYMHBI Gy B QYHKIIUU pajnyca

oo =-os[1 - In(R/ p)] (154)

Kak Bunno u3 ¢popmyinsl (153), Bo daanIe npu 6, < 6s MOXKET MPOUCXOIUTh
miactTuueckass aedopmanus, B TO BpeMs Kak Uil Hayajla IUIACTUYECKOTO
neopMupoBanus JOHHOM YacTh (TJIOCKOE pacTsoKeHue) wid oOpasyronieics
CTEHKH (JIMHEWHOE PacTsKEHUE) HEOOXOAMMO, UTOOBI G, = Gs. 113 3T0H ke (opMyIIbl
BUJTHO, YTO HANPSKEHHUE G, YBEIMUYUBAETCA C YMEHBIIEHUEM TEKYILETO paguyca p.

®opmyisl (153) u (154) MOryT OBITH UCIIOJIB30BAHBI VISl OLIEHKW BEJIUYUHBI
M3rHOAIOIEro MOMEHTA, AEHCTBYIONIETO HA nepexojie OT (iaHia, K TopooOpazHon
YaCcTH 3arOTOBKH, KOHTAKTUPYIOIIEH CO CKPYTIICHHOM KPOMKOM MaTPHIIBI.

Tak kak HampsDKEHUS Gy JCHCTBYIOT B IIMPOTHBIX HAIpaBICHUSX I10
KOHUYECKOM TIOBEPXHOCTH, TO OHHU OOpa3ylOT OTHOCHUTEIBHO KPOMKH MaTpPHIIbI
MOMEHT, YPaBHOBEIIMBAIOIIUNA W3rHOAIONIMII MOMEHT, M3MEHSIOUIUN KPUBU3HY
CPEIMHHOM MOBEPXHOCTH AJIEMEHTOB MPH MX MEPEX0/i€ Ha CKPYTICHHYIO KPOMKY
MaTpPHIIHI.

MoMeHT, OTHECCHHBIM K CAWHMIIC JUIMHBI B IMHPOTHOM HANPABJICHUHU II0
KPOMKE MaTpHIIbl, Onpenensercs no popmyse

My=Mo__os (R, R (157)

rdy 2rtgortgo r r

3nas R. 1, a, S u o5 (U3 onbITOB), M0 Gopmyse (157) MOXKHO OmpenenuTh
BEJTMYMHY MOMEHTA, JICUCTBYIOIIETO Y KPOMKH MaTPUIIHI M BHI3BIBAIOIIETO MOIBEM
¢dnanma 10 yria KOHyCHOCTH 0.

B nmnpoBeneHHBIX ONBITaAX IO OMNPENEICHUIO BEJIUYMHBI HM3TrHOAIONIETO
MOMeEHTa [41] ncrnoap30BaIuCh HU3KOYTIIEPOAUCTAs CTallb, MEb, CBUHEI] U TAKUE
pa3MepHbIE XapaKTePUCTUKH 3aroTOBOK, NPH KOTOPBIX (hiaHen He Tepsi
ycToiunBoCcTHU. [Ipu 3TOM yCTaHOBUIIM, YTO BEJTMYMHA MOMEHTA, OTIpeIeICHHAs 1O
dopmyne (157) ¢ Tounoctsio 10 20%, paBHa MOMEHTY M = Y4 G52, T. €. MOMEHTY
n3ruda MmoJjIoCchkl CAMHNYHON IIMPUHEI 0€3 y4eTa YIPOYHEHHS, YTOHEHHUS 3arOTOBKH,
U BIHUSHHUS  yOpyroae(OpPMHUPOBAHHOTO CJIOS. OTOT BBIBOJ  HECKOJBKO
napajoKcalieH, TaKk KaKk B CEYCHUH, MPUJIEraloileM K KPOMKE MAaTPHUIIbI, TEUCTBYIOT
pacTAruBaroIire HanpsHKeHUs G, MPUBOISIIUE K TOSBICHUIO MPOJOIBHON CHUIIB, a
MOCJIeHAS, KaK OBbUTIO TIOKA3aHO paHee, YMEHBIIAET BEIMYMHY H3THOAIOIETO




MoMeHTa. OOBICHUTH 3TO MPOTUBOPEYHME B KAKOM-TO CTEIIEHW MOXKHO TE€M, YTO
YMEHBIIEHUE MOMEHTAa OT JCHCTBUS MPOJOJBHOM CHIJIBI KOMIIEHCUPYETCS
YOPOYHEHUEM, [AIOIIUM YBEJIMYEHHE Os, @ TAKXKE HE YUYTEHHBIM B aHaJIU3e
JEHCTBUEM MOMEHTOB B IIUPOTHOM HaIPABJICHUH.

OnpiTamMu OBUIO TakXKe YCTAaHOBJIIEHO, 4YTO, XOTA B JIEWCTBUTEIIBHOCTH
KpUBHM3HA CPEIMHHONW TOBEPXHOCTH 3arOTOBKM B MEPUIUOHAIBHOM CEUEHUU
HEMOCTOSIHHA (HEMHOT'O YBEJIMYUBAETCA 10 Mepe NPUOIMKEHUS K KpPOMKE
MaTpulibl), oOpa3yromias (praHa He3HAYUTEIHHO OTIUYAETCS OT MPSIMOM.

Ecmu npunars, uto M = Y% 652 1 M = M, TO IOCIe HECIOKHBIX
nmpeo0pa3oBaHUl M3 ITOTO PABEHCTBA MOXXHO BBIBECTH (POPMYITy, MO3BOJISIONIYIO
IpUOJIMKEHHO OMPEICNIUTh YIoJl KOHYCHOCTH, MOTy4YaeMblid (IaHIleM 3arOTOBKU
MIPU BBITSKKE:

2
tgox sina, = £(R—2—1—2In5)
s'r r
3Has 1oJie HapsHKEHUH BO (piiaHIe, MOXKHO HATH 1oJie AeopMaruii.

VYpaBHEeHUE CBA3M HaNpsDKEHUH U aeopManuii  MPUMEHUTENBHO K
nedopmupoBanuto ¢anua npu 6; = 0 (cuuras, 4ro B npouecce AehopMUPOBAHUS
G, / Gg. = CONSt 17151 Ka)K0ro 3JIEMEHTa) UMEET BUJT

o :gp+2<9Z (159)

(158)

P

Oy &9—¢&

W3 ycnoBusi mocTosiHCTBa oObeMa uUMeeM €, = —& — €. llOACTaBIIsIs
HalJIEHHOE BBIpaXXEHHE €, B ypaBHeHHE (159), nmomydaem

o £, +2¢ 1

L _Z0 "%z (159"

Oy &9~ &,

OO003Ha4YMB OTHOILIEHUE G, / Gp = O, MOCIE HEKOTOPBIX MpPeoOpa3oBaHUI
dbopmys (159") momyuum

g,= - (160)

2-«a

Otcroma caeayet, uto mpu o, = 0 (y Kpast 3arOTOBKH) &, = - 1/2 gy, T. €. ©MeeT
MECTO JIMHEWHAs CXeMa CXKaThs B TaHTCHIIMAJIbHOM HAMPABJICHUH, [A0Ias
YTOJIIEHUE 3arOTOBKH.

Tax kak TMHEHHas cxemMa HaMPsDKEHHOTO COCTOSIHUS Y Kpast 3arOTOBKH UMEET
MECTO Ha MPOTSHKEHUH BCETO MPOIecca BBITSKKU, TO, 3aMEHUB OTHOCUTEIHHBIC
nedopmalii  4yepe3  JIorapu(pMUUYECKhe, MOXKHO  MOJYy4duTh  (QopMyiy,
OTIPEMETSIONIYI0 KOHEYHYIO TOJIIKUHY Kpasi BBITSHYTOTO CTakaHa (IIPpH U3MEHEHUHU
paauyca 3aroToBku ot R 10 r):

Sk = So \/E = so\/E (161)
r d

VYToJeHne 3aroTOBKH NPHU BBITSHKKE BO3HUKAET B TOW YacTH, Y KOTOPOWU
nedopmariim €; u €y 0OpaTHBI IO 3HAKY. BeipaskeHue

az= e
Oy
nocJie MOACTaHOBKU B HETO 3HaUEHUH G, U 6o U3 popmy (153) u (154) moxeT ObITH
MPECTaBJICHO B BUJIC



InB

a=- —F£_. (162)

1—InB

Yo,
Beanunna o sBisieTcs OTpHHaTeHBHOﬁ. HO3TOMY 1 U3MCHCHUSA 3HAKa

nedopmai B, He00X0UMO, 4T0Obl 00 < —1. Paaunyc, pa3rpaHMuMBarONINil 30HY
YTOJIICHUS! OT 30HbI YTOHEHUS 3arOTOBKU MPH BBITSKKE, MOXKET ObITh HaleH U3
yCJIOBUS, TIPU KOTOpOM o, = —1.

Torna uz hopmynsl (162) Haiinem, 94To paauyc, pa3rpaHUYUBAIONIAA 00JIaCTH
YTOHEHUS U YTOJILIECHUS, PAaBEH

b= % - %: 0,607R. (163)
e 1]
B nporiecce BeiTsKkH 1pu p > 0,607R 3aroroBka yToOJIIAeTCs, a MpU p <
0,607R yronsiercs.

BbITsKKa 3aroTOBKM IO MPUBEIECHHON cxeme 0e3 JOMOIHUTEIBHOM OMOpbI
(draHIa MOXET OCYUIECTBIATHCA JHIIb MPU  ONPEAEICHHBIX Pa3MEPHBIX
XapaKTEepUCTHKAX (piiaHLa, 00eCleynBaOIUX OTCYTCTBUE CKIaJAKOOOpa30BaHUA.
CxuMarolme HanpshKeHUsl Gy, JACUCTBYIOIIME BO (hJaHUE MNpU ONPEAEICHHBIX
YCIIOBUSIX, MOTYT IPHUBECTH K IOTEPE €ro YCTOMYMBOCTH C OOpa3oBaHUEM B
paJvaJIbHBIX HAMPABIECHUAX BOJH WU CKIIAJOK.

B nureparype UMEIOTCS TOCTaTOYHO TOYHBIE, HO BMECTE C TEM U JTOBOJIBHO
CJIOXHBIE pemeHus [56], ¢ MOMOIIBI0 KOTOPBIX MOXXHO HAWTH YCJIOBHUS IOTEPH
ycroiunBocTd (uanua. Kpome Toro, MMerTcsl yHnpolleHHbIe, NpUOIMKEHHBIE
3aBHCHUMOCTH, TMO3BOJISIOLINE OINPEACIUTh BO3MOXKHOCTh CKJIQJAKOOOpa30BaHUS.
EcTtecTBeHHO, 4TO yCTOMUMUBOCTH (hitaHIia OyJeT TeM 0oJibliie, 4eM OO0JIbIIe TONIINHA
3aroTOBKU MPH JJAHHOM JUaMeTpe WK upuHe ¢uiania. J{Js nepBoro nepexo/ia Boi-
TSOKKM B MaTpULE C IUIOCKUM PabO4YMM TOPIIOM YCIIOBHE BBITSKKH 0€3 CKIIaJOK
MO>KHO 3aIlicaTh B BUJiE [S6]

D —d <(18...22)s (164)

rne D — nuamerp 3arotoBku; d — nuamerp BBITATHBAEMOTO CTaKaHa.

Ecmu HepaBenctBo (164) He ymominerBopsiercs, T.e. D - d > 18...22s, To
BO3MOYKHO, 00pa30BaHUE CKIIAJIOK U BBITSKKY 11€J1€CO00pPa3HO BECTH C MPHIKUMOM.
Ha puc. 50 mpeacraBieHa cxema BBITSKKH C TNPUXKUMOM (3aMETHM, YTO B
3aBUCHUMOCTH OT YCJIOBUH BBITSDKKH B rpoMexxyTke oT D - d = 18s o D - d = 22s
MOKET OBbITh, @ MOXKET M HE OBITh CKJIAJKOOOPa30BaHUs).

bonee TouHBI aHaNMM3 MOTEPH YCTOWMYMBOCTU (hJaHIA 3arOoTOBKH IPHU
BEITSDKKE, mpoBeneHHbl JI. A. [llodpmanom [56], mokasan, 4ToO MHTEHCHUBHOCTH
YOPOYHEHUsT MeTajyla B mporecce neGOpMUPOBAHMS OKa3bIBAaCT BIIMSAHHUE Ha
CKJIOHHOCTbH K CKJIaJKOOOpa30BaHUI0. bbUIo yCTaHOBIEHO, 4TO 60Jiee MHTEHCHUBHO
YIPOYHSIOIIKUECS METaJJIbl, MEHEE CKIIOHHBI K CKJIaJIKOOOPa30BaHUIO U MPEEIbHOE
otHomeHue S/D s HUX MEHbIIe, YeM JUIi MEHEe MHTCHCHBHO YIPOYHSFOIIUXCS
METaJUIOB. 3aMETUM, YTO MO Mepe AehOpMHUPOBAHNS MHTEHCUBHOCTh YIIPOYHEHUS
YMEHBIIAETCS, MOATOMY MOXKHO CUMTaTh, YTO 3aroTOBKM U3 HAKJIEMAaHHOIO
(ynpoyHeHHOT0) MeTajljia 00Jiee CKJIIOHHBI K CKIaKO00pa30BaHUIO, YEM 3arOTOBKHU



U3 OTOXOKEHHOT'O MEeTala.

JluameTp BXOJHOTO OTBEPCTUS HUKHEH KOHMYECKOU 1oJIocTH MaTpullsl Dy (puc.
8.9) MOXXHO OIpeeanuTh, UCTIONB3Yys mpemioxkenHoe C. A. BaimeBbiM ycioBue,
COrJIaCHO KOTOPOMY BBITSKKAa B IMJIMHIPUYECKON MOJOCTH MATPHUIIBI JTOJKHA
HAYyaThCsl IMOCJE TOTO, KaK MPOM3OMIET yMEHbIIeHUE (craj) AePOpMUPYIOUIETO
YCWIMSI B HaXOJSIIEHCS Hall Hel KOHMYECKOU MOJI0CTU MaTpullbl. B 3TOT MOMEHT
BHEIIHUN JWAMETP MEHBIIIEr0 OCHOBaHUS MNoNyQadpukaTa CTAHOBUTCS PaBHBIM
IUaMeTpy MWIMHIAPUYEeCKOoW mojoct Mmatpunbsl D,, a nuamerp Oosbiiero
ocHOBaHMsI — paBHBIM Dy. PacuiieHenue nporecca BHITS)KKH Ha OT/ICTIbHBIC CTAIUN
MO3BOJISIET MOTYYUTH BRICOKYIO CYMMapHYIO CTETICHbD AehOpMaIiiy IPU YMEPEHHBIX
cTeneHs X neopmaruy Ha KaKI0i cTaauu mporecca [5].

Hcnone3ysi ycloBHE paBEHCTBA IUIOMIAAM TIOBEPXHOCTH 3arOTOBKH |
nosrydabpukaTa B pacCMaTPUBAEMbIF MOMEHT BBITSIKKH (CM. pHC. 8.2)

7-Di14=7(D,+D,)-1/2+7-D2/4,

rie | = (Dy-Dy)/2'sin ¢ — nmuHa oOpasyromeit (cMm. puc. 8.9), MOXHO
OTIPEJICTUTH JUAMETP BXOTHOTO OTBEPCTHS HIDKHEH KOHUIECKOMN ITOJIOCTH MaTPHIIBI
D« B dynkiun kosdpdurmenta Ky=Do/Dy u yrna ¢:

D =D, -\/(KB2 1) -sing+1  (8.2)

Pacuetst mo dopmyne (8.2) mokaspiBaroT, uto npu Ky=2 u ¢=15° nuamerp
BXOJIHOTO OTBepcTHs MaTpuilbl D=1,34-D,,.

[Ipu BBITSDKKE 0€3 MpMKUMa 3arOoTOBKM B MATpPUIE ¢ KOHUYECKOW 3aXOAHOU
4acThI0 KOY(PPUIIMEHT BBHITSHKKA paBEH OTHOIICHHUIO THWAaMeTpa 3aroTOBKU K
IUaMeTpy BBITAHYTOM Aetanu (monydadpukarta) Ky=Do/d. Hamboibmee nmo ouary
nedopmari paguagbHOE PACTITHBAIONIEE HAIMPSHKCHHE B «ITHUKOBBIN» MOMEHT
BBITSDKKH (KOT/Ja YCHUJTUE BBITSDKKH JIOCTUTACT HAMOOJBIIETO 3HAYCHUS) C YIETOM
KOHTaKTHBIX CHJI TPEHUS W JOIOJTHUTEIBHBIX HAIMPSHKECHUN, BO3ZHUKAIOIIUX TPH
u3rube ¥ COpsSAMIIEHWM 3arOoTOBKM TIPU BTSITUBAaHUM €€ IyaHCOHOM B
MUJIMHAPUYECKYIO TOJOCTh MATpPHUIIbl, OMPEEsSeTCs CISAYIOMUM 00pa3oM
(0o003HaueHue cM. Ha puc. 8.2, a):

G pmx = B0y [(D, /D, —1)- L+ p-ctgp)+s/(2-1, +s)]- U+ u-9), (8.3)

TJIE 05 op — CpEllHEee 3HAaUCHHE HaIpsDKeHUs Tekydectu; D, — nmamerp kpaeBoi
4acTH noirypadpukaTa, NpUOIMKEHHO onpeaensieMsblil no ¢popmyse (8.2).

®opmyna (8.3) modydyeHa METOJOM COBMECTHOTO PEIICHUS YpaBHCHHM,
OTIPEJICIISIIONINX PAaBHOBECHME U IUIACTUYHOCTh 3aroTOBKH, TIPU HW3BECTHOM
IPaHUYHOM YCJIOBHMHM, COTJIaCHO KOoTopoMy mnpu p=R'c, = 0. IIpoucxonsmee B
MPOIIECCE BBITSHKKA YIPOYHEHUE MeTaiia yuyTeHO B gopmyie (8.3) ¢ moMoIbio
CPEIHEr0 3HAYEHUS HAIpPSDKEHUS TEKYYeCTH Os cp, KOTOPOE OmIpenensercs B
pe3ysibTaTe WCIONB30BaHUS KPUBBIX yIpouHeHusa. AHamu3 ¢opmynsl (8.3)
MTOKAa3bIBACT, YTO C BO3pACTAHUEM CTEIIEHHU JAeOpPMAIINH, CUJT TPEHUS, HATIPSKCHUS
TEKYy4eCTH U TOJIIIMHBI 3aTOTOBKU PaHaIbHOE PACTATHBAIOIIEEe HATIPSKEHUE O)pmax
YBEIMYHMBACTCS, YBEIIMUCHUE KE pajgnuyca CKPYyriacHUs pabodeil KpOMKH MaTPHIIbI
MIPUBOJINT K €70 YMCHBIIICHHUIO.

BrITsDKKY 0€3 mpmKrMa 3arOTOBKH MOKHO MPOBOJIUTH B MAaTpPHIIE, Y KOTOPOU
oOpazyrorias padoueil mosoctu umeet popmy mpaxmpucst. JlehopMupysch B TaKOu




MaTpule, (praHer; 3aroTOBKM MPHOOpPETaeT ABOSIKYI0 KPUBHU3HY, YTO, BEPOSITHO,
CHOCOOCTBYET IMOBBIIIEHUIO €ro Hecylled crnocoOHocTu. [Ipu 3Tom mosblaercs
KpUTHYECKasl CTENeHb JAepopMaly IpUd  OJHOBPEMEHHOM  YBEIMYEHUU
WU3HOCOCTOMKOCTH MATPHULIBI.

OKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO MPEAEIbHO JOIyCTUMAas CTEICHb
nedopManuu IMpU BBITSDKKE B KOHMYeckoW Mmatpuue (p=30°) Bbllle, 4eM B
paguanbHOMW, a IPY BBITSKKE B TPAKTPUCHOM MATPULIE — BBILIE, YEM B KOHUYECKOM.

OpHako, HECMOTpPs Ha MPEUMYIIECTBA, TPAKTPUCHBIE MATPHIbI IIHPOKOTO
MPAKTHUECKOTO MPUMEHEHHSI HE TIOJTYYHIN B CBSI3U C 00Jiee BBICOKOM CTOMMOCTBIO
WX M3TOTOBJIEHUS IO CPAaBHEHHUIO CO CTOMMOCTBIO HM3TOTOBJIEHUS KOHUYECKUX
MaTpHII.

3. Tema BBITAXKKA C TP KUMOM 3AT'OTOBKHA

R<lly
f)

Puc. 8.10. CxemMa BBITSKKH C IPHKUMOM

[Ipy BBITSDKKE C NPHKUMOM 3arOTOBKHM pa3jiMyaroT JBE CTauU: HAYaJIbHYIO,
KOT/Ia TOJIbKO HAYMHAETCS BTSATHMBAHUE 3arOTOBKM B MATPHUIly U YIroJl OXBara
3aroTOBKOM CKPYTJIEHHBIX pab0YMX y4aCTKOB IIyaHCOHA U MaTpHILIbI Mal a<z/2 (puc.
8.10, a), u mocneayroniyo, koraa o~xr/2 (puc. 8.10, 6).

Ha HauanpHOM cTaAuK BBITSKKHU IPOUCXOIUT YMEHBIIEHUE TOIIIMHBI 3aTOTOBKH
B ouare JepopMaliii, TPeICTaBIAIONIEM COOOM KOJIbLIEBOW yYaCTOK LIMPUHON ¢ —
d (cm. puc. 8.10, @), mpu 3ToM pamuyc 3arotoBku Ry He ymensbrmaercs. [Ipu
JIOCTATOYHO BBICOKOM J1€(OPMUPYIOIIEM YCHIIMU U YCUIIUU MIPUKUMA pa3pyllIeHUE
3arOTOBKH HACTyNAaeT Ha y4acTke ¢ — d, TOATOMY Ha IaHHOW CTaIMH BBITSHKKH yda-
cTOK ¢ — d sIBIIICTCSI OMACHBIM (HAaMMEHEE MPOYHBIM).

[Io mepe yBenuyeHUs yCWJIMS BBITSDKKM OYar IUIACTUYECKOM Aedopmanuu
pacTer, MOCTENEeHHO PacIpOCTPaHsAiACh Ha (piaHel] U, YaCTUYHO, Ha IOHHYIO 4acTb
3arotoBku. Ilocie Toro kak Bech (rmaHer OyJeT OXBayeH IUIACTHYECKON
nedopManueii, HauyuMHAETCS BTOpas CTaaus BBITSKKH, XapakTepusyemas
YBEJIMUYCHHUEM YTJIa 0XBaTa o U yMeHblleHueM paauyca duanna (Ry<Ro).

Korma yron oxBara a mpubnamkaercs K /2 (OJHBIN 0XBaT), IIEHTPHI PAINyCOB
' U Iy CKpPYyIJIeHHs paboyMx KpOMOK ITyaHCOHAa M MAaTpPUIbl HaXOASTCS



pHOIM3UTENBHO Ha OJJHOM ypoBHE (cM. puc. 8.10, 6).

B nipou3BoibHO GUKCUPOBAHHBIA MOMEHT BTOPOM CTaIMU BBITSHKKH, TIOCIIE TOTO
KaK IMyaHCOH Yy’K€ BTSIHYJI 3arOTOBKY B MATpHUIly Ha OINpPEJCICHHYIO TIIyOUHY, IO
KpallHEN Mepe, TpU y4acTKa 3TOW 3arOTOBKM HAXOJATCS B PA3JIMYHBIX YCIOBHUAX
HaIpPSHKEHHOTO COCTOSTHUS (KOJIbLIeBOM (yanen 1, MuIMHAPUYECKUNA 2 ¥ TOHHBIN 5)
(puc. 8.10, 6).

Konbuesoit ¢nanenr 1, orpaHudyeHHBId JBYMS OKPYXKHOCTSIMH, PaJdyChl
KOTOpPBIX R W I, HCOBITBIBACT IIJIOCKOE HAMNpPSKEHHOE COCTOSHHUE, TaK Kak
HANpsDKEHUE CXKATUS 0,, BBI3BAHHOE JABJICHHUEM MNPWXMMHOTO KOJIbIAa IITaMIIA,
MaJjio TI0 CPaBHEHUIO C HAMPSHKEHUEM TEKYYECTH Os, a TIPH BBITSDKKE 0€3 MprKuMa
— coBceM OTCyTcTByeT. Ha aymemeHTapHBIi 00BEM, BBIACICHHBIA BO (hriaHIiie
JyraMd JIByX KOHUEHTPUYHO pACHOJIOKECHHBIX OKPYKHOCTEW H PaJAAIBHO
HANpaBJICHHBIMU JIMHUSMH, B PaJAAIBHOM HAIPABICHUHU JIEUCTBYIOT pacTs-
TUBAIOIIME HAIPSKEHUSI 0, U B OKPY)KHOM (TaHTCHIMAJIbHOM) HaIpaBiIeHUU—
COKUMAIOIIINE HAaNpsHKeHUs oy (cM. puc. 8.10, ).

[Ipu BBITSKKE nuaMmeTp (iaHlla YMEHbIIAEeTCSd, UMEHHO B HEMCOCPEIOTOYCH
ouar ractTuieckoit nedopmaruu. OHaKO 71 HaYajaa U JabHEUIIEero MpoTeKaHUsI
iacTuaeckoro ¢GopmousmMeHeHus: (iania HeoO0XO0aUMO, YTOOBI COOTHOIIECHUE
MEXIy HaIpsHKEHUSIMU 0, U 0 OBbLIIO BIOJHE OrpeeieHHbIM. COTJIacHO YCIOBHIO
wiactuaHoctu ['ybepa—Museca:

‘Gp‘+|69| =p-o,. (8.4)

[MunuaaprUyYecKuil y4acTok 2 B pe3ysibTaTe JaBJIEHUs ITyaHCOHA, Mepe/laBaeMOro
Ha JOHHYIO YacCThb 3arOTOBKH, HAaXOJIUTCA B YCJOBHUSX, OJMU3KUX K JIMHEHHOMY
pacTsbKeHur0. B 3ToM citydae BO3HUKAIOT pacTITUBAOIINE HAIPSKEHUS 0,, KOTOPBIE
JIOJDKHBI OBITh MEHBIIIEC HANIPSDKEHUS TeKy4ueCcTH (0,<0s). Ecitn 310 ycnoBue He OyeT
BBINOJIHEHO, ITPOU30UIET JOKAIBHOE YTOHEHUE CTEHKH, 3aBEPILIAIOIIECECS OTPBIBOM
nHa. PaccMmarpuBaeMblit ydyacTok aedopMUpyeTcs yOpyro B oTyinuue oT (hJiaHiia,
KOTOpbIN JehOopMUpPYETCSl MIIACTUYECKH, HECMOTPS Ha TO, YTO B HEM 0,<0s [CM.
ypaBHeHue (8.4)].

JIOHHBII y4acTOK 3 HCHBITHIBAET JBYXOCHOE pacTsokeHue. Tak ke, Kak |
HUJMHIPUYECKUI y4acTOK, AHO CTakaHa aehopMUPYETCs YIPYyro, ONpu STOM
HOPMAJIBHBIE PACTITUBAIOLINE HANPSHKEHUs, JACHCTBYIOIIME B PaJAAUIBHOM H
OKPY’KHOM HAaIpaBJICHUSX, BCET/la MEHBIIE HAMpSKEHUS TEKYy4yeCTH MaTepuaia
3aroTOBKHU: 0, < 05 U 0y < Os.

KombiieBoit (aHel] BBITATHBAGMOM JI€Tald HAa3bIBAIOT 30HOHM IIACTHUYECKOM
nedopManmm, a MUIHHAPUICSCKUN U JOHHBIN — 30HAMU TIepeauu yCUITH.

Pacnipenenenne HanpsokeHuit 1mo odary jAedopMaiiii  YCTaHOBJIEHO B
pe3yabTare COBMECTHOTO PEIICHUS YpPaBHEHUW CTATUKUW M IUIACTUYHOCTH MpPH
W3BECTHBIX TPAHWYHBIX YCIOBHUSX. [ MaeanbHBIX yCIOBHM AehOpMHUpPOBAHUS
ObUTM TMOJIy4eHBI cieayronme ypaBHeHus  [22]: Kaxayr cocTaBistOIIyIO
HalpsOKEHUS! Oy (Gp) MOXHO  ONPEACNIUTh AHATUTHYECKUM IyTeM MpuU
ONPEAECIECHHBIX YIPOIIAKIINUX AONYIIEHUIX. HanpsikeHHOE COCTOIHNE B OCHOBHOM
ouare naedopmaruu — BO ¢JaHIE BBUJY TOTrO, UYTO HAMNPsDKEHUE CXKATHUS G,
BO3HUKAIOIIEE OT CWIbl MPUKKMMA 3aroTOBKH, BEChbMa Majo MO CPAaBHEHHIO C Os



(mensbuie 4,5 MIIa), ero MOXHO NPHUHSTH PABHBIM HYJIIO U CUATATh, YTO 3/1€Ch UMEET
MECTO TUIOCKas pa3HOMMEHHAas cXeMa HaIpsHKEeHHOTO COCTOsIHMS. TommmHa
3arOTOBKH CYMTAETCS HEU3MEHHOW U PaBHOW MCXOTHOU TOJIIIIMHE S.

Pacnipenenenne HampspkeHHd B odare JaedopMalldd MPH ITHX YCIOBHUSX
OTIPENETSAETCS MyTeM COBMECTHOTO pEIICHUs YPaBHEHHS PABHOBECHUS MAaJIOTO
ydacTKa — OJJIEMEHTa, BBIJICJICHHOTO B ouare naedopmMaiuid, COBMECTHO C
ypaBHEHHUEM TUTACTUYHOCTH.

Tak Kak MpW BBITSKKE IMOJIOTO IMJIMHAPA U3 TUIOCKOW KPYTJION 3arOTOBKH
UMEET MECTO OCe CHMMETpHUYHas JehopMaliysi, 3TO MO3BOJISCT ISl ONPEACTICHUS
HANPSHKCHHOTO COCTOSHUS B o4are jaedopMaiiy OrpaHHYUTHhCS PAacCMOTPEHUEM
HANPSHKCHHOTO COCTOSHHUSI AJIEMEHTAPHOTO CEKTOpa
(8 mmockoctu 3arotoBku) A BCD c yriom B mumane dy (puc. 75). Kacarenbabie
HaNpsHKCHUS TOTA Tpp = 0, @ HAPSDKEHMSI G, U Gp SIBIISTIOTCS TIIABHBIMHL.

PaccMoTpuM yclioBHE paBHOBECHS KOJIBLIEBOM TMOJOCKK IMpuHON ORy,
HaxXosIIercs Ha paccTossHIH Ry oT ieHTpa O mpu MajaoM nepeMeieHHH 3ar0TOBKH
B CHCTEME MOJISPHBIX KoopauHaT. BBemem o0o3HaueHus: Rgy — BHYTpEHHHI
panuyc m3nenus (r1 = d1/2); R (Rs) — pamuyc 3aroroku (D/2); Ry — HapyXHbBIH
paanyc nepeMenieHHoro ¢uianna; Ry (p) — TeKynmil paauyc KOJIbIIEBOH TTOJOCKH.

CrpoektupyeM CHJIBl Ha pajguyc, MPOXOISIIUNA Yepe3 LEHTP ydacTka, U
npupaBHseM 3Ty cymmy Hymo. Cwibl, JCHCTBYIOIIME HAa Y4YacTOK, DPaBHBI
HaNpsHKCHUSIM, YMHOKCHHBIM Ha COOTBETCTBYIOIIHME Iutomanau. Hampspbkenue o,
nevictyet Ha miomans fi1 = Rydys, 6, + do, — Ha miomans f; = (R + dRy) dys, a oy
— Ha IJIONIAaJIU C JBYX CTOPOH MEPIIEHAUKYISIPHO TPAHU KOJIbIIeBOM nojocTH fz =
= dRyS. CoctaBum nuddepeHImaibHOe YpaBHEHUE PAaBHOBECHS JCHCTBYIONUX Ha
ANIEMEHT CHWII, TIpeHeOperas il ynpolleHus wieHamu BToporo mopsiaka do,dRy
(puc. 75),

6,Rxdys + 6,dRxdys + do,Rxdys - 6,Rxdys - 26,dRxsin(dy/2)s = 0
WM, TIOCJIe COKpamieHus u nuddepeHmpoBanus, UMess B BUIY, YTO JIJISI MaJIbIX
yrioB Sin dy/2 = dy/2, nony4yum

Rxdo, + (6,- 6p) dRx =0 (214)
VYpaBuenue (214) moxuo HanucaTh (pu dRy = dp u Ry = p) u B TakoM Buje
pdi+ Gp-09=OI/IJII/I d&+ﬁ: (215)

dp o p

Jns pewenus muddepeHunanbHOro ypaBHEHHUS HMCIOJIb3YyeM YpaBHEHHE
IUIACTUYHOCTU 0€3 yyeTa yNpOYHEHHUS MpHU IJIOCKOM HANpsHKEHHOM COCTOSIHUH,
KOTI'/Ia HAMPSKEHUSI UMEIOT Pa3Hble 3HAKU
(6,00 < 0), TOrma

Gp - Gy = Os (216)

IJie G, U Gp — TJIaBHbIE HOPMaJIbHbIE HAMPSKEHUS (PACTSKEHUS U CXKATH);
Os — HaNpsHKEHHE TEKYUYECTH.

B cnydae cuibHOrO nAaBiieHUS! MPUKHMA, KOTJa MMEET MECTO OOBEMHOE
HaIPSHKEHHOE COCTOSIHUE, CIIEAYET MOJIb30BAaThCA YPABHEHUEM IIIACTUYHOCTH

Op - Go = POs (217)

rae f — xko3dpUIKeHT, yauThIBAIOMIMK BIUSIHUE Gy U paBHbIil 1,00...1,15.

Pemas ypaBHenue (215) coBMecTHO ¢ ypaBHEHHMEM IIacTUUYHOCTH (216),



IIOJTYyYUM

do,=- o, Ru__5 % (218)
R, p
Cp = - GSI dII;X =—(55J. de (219)

[TpousBens uHTerpupoBanue ypaBHeHus (219) u ucnonb3ys 171 OTBICKAHUS
IIPOU3BOJIBHOM IIOCTOSSHHOM HWHTEIPUPOBaHUS TPAHUYHOE YCIOBHE, 4YTO Ha
CBOOOJHOM KpOMKE 3aroToBkM npu Ry = Ry Hanpsixenue o, = 0, nosryuum

o, = s IN(Ru/Rx), mmu 6, = o5 In(Ru/p), (220)

TaHreHIMaIbHOE CKUMAIOIIEE HANIPSHKEHUE G OMPEETSAETCS U3 YPaBHEHUS
MJIaCTUYHOCTH (216), eciiv B HEro MOJCTaBUTh 3HAUYECHHE Gs. Toraa

oo = - 6s[1 - IN(Ru/Rx)] i 69 = - o5 [1 - In(R/ p)] (221)

3amaBasich pa3HBIME 3HAYCHUSIMU Ry Wi p B ipeenax or figp, (1 + $/2) 1o Ry
(R = D/2), MOXHO onpeaeNuTh XapakTep pacnpeaciieHus HAPsHKeHUH G, U Gp TI0
(1aHIly BBITATUBAEMON JETaIH.

Paccmotpum nosppoOHee BIUSHUE OCHOBHBIX (PAaKTOPOB Ha I10JIE€ HATIPSHKEHUN
JUIs HanboJiee 001Lero ciry4asi — MEepPBOro MEePEX0Aa BHITSHKKH € MPUKHUMOM.

Kak BuaHo n3 cxemsl (puc. 50), Ha 3aroToBKy B npoiuecce 1ehopMUPOBAHUS
BO3/JCICTBYIOT €O CTOpPOHBl IIyaHCOHa: 1)TAHymias cujia, CcO3Jarolas
MEPUJIMOHAJIBHBIE PpACTATMBAIOIIME HANpsDKeHUs, 2) ycuiaue mnpwkuMa Q,
nprkuMatoniee (uiaHel] K mIOCKOCTH MaTpPHIbl, 3)CUJIbl TPEHUS, PUIIOKEHHBIE K
HIWOKHEH M BEPXHEW IJIOCKOCTSIM (piiaHua, ¥ 4)CWiibl TPEHUs, IECUCTBYIOIIHME Ha
BHYTPEHHEN OBEPXHOCTH IIPH €€ CKOJIBKEHUH IO KpoMKe MaTpulibl. S)Kpome Toro,
B MECTaxX PE3KOro M3MEHEHUS KPUBU3HBI CPEIMHHOM MOBEPXHOCTH (M3rMO MpHU
BXOJI€ AJIEMEHTOB Ha CKPYIJIEHHYIO KPOMKY MaTpHUIbl U COPSIMIICHHE MPU CXOJE
AJIIEMEHTOB CO CKPYIJIEHHOM KPOMKM MATpHIbl) Ha mpouecc 1e(popMupoBaHUsS
3HAUUTEIBHOE BIMSIHUE OKAa3bIBAIOT M3THOAIOIINE MOMEHTHI.

[TonbITaemcst yuecTb BIMSIHUE OTMEUYEHHBIX (DAKTOPOB HA I0JI€ HANPSHKEHUN
B ouare gehopMariui.

B TOoM cnydae, koraa IUIOCKOCTM MNPWXKUMa M MaTpHULpbl, 110 KOTOPBIM
CKOJIB3UT 3aroTOBKa, MapajjiesibHbl, MOXHO CYMTaTh, YTO BCJEICTBHE Ooiee
MHTEHCUBHOI'O YTOJIILEHUSI KPaeBOW 4acTU 3arOTOBKM YCHJIME MpPHKKMMa He Oyner
pPaBHOMEPHO paclpeAessaThCs M0 BCeW MIIOCKOCTH (uIaHla, a ero JehcTBue Oynaer
COCPEOTOYEHO MO HEKOTOPOMY KOJIBLIEBOMY YYAacTKy, FpaHMYalleMy C Kpaem
3aroToBku. OTCIOAA CIEeNyeT, YTO MPU BBITSKKE C MPHKMMOM Ha OCHOBHYIO YacTh
(brnaHa He ACUCTBYIOT HOpPMallbHbIE HANPSKEHUSI, BbI3bIBAEMbIE YCUIMEM IpPH-
xuMa. B To ke Bpems, kKak OyAeT NOKa3aHO jgajee, ycuiaue 'mprokuma'
CPABHUTEJIBHO HEBEJIMKO U Ja)KE Ha YaCTH (pJIaHIIa HE MOXKET CO3/1aTh HOPMAJIbHBIX
HaIpsHKEHUH, COM3MEPUMBIX C MPEIEIOM TEKYUYECTH.

CrnenoBaTelibHO, M TMPHU BBITSDKKE C MPUKUMOM JIOMYCKAETCSA, YTO CXeMa
HaIPSHKEHHOT'O COCTOSTHUS MJIOCKAS.

BcenenctBue 6ojiee MHTEHCHMBHOTO YTOJIIEHHUS KPAaeBOM YacTH 3arOTOBKH
CHUJIbI TPEHUS, BBI3BAaHHbBIE JCHCTBUEM NMPUXHUMa, OyIyT COCPEOTOUYCHBI Y KPaeBOM
yacTu ¢1aHua. ITo 00CTOATETHCTBO MO3BOJISET MPUOINKEHHO YIECTh BIUSHUE CUIT
TpeHUsl BO ()JIaHIle B TPAHUYHBIX YCIOBUSX.



JleicTBUTENBHO, CWJIBI TPEHMS, NPWIOKEHHBIE K BEPXHEM WM HWXKHEN
IUIOCKOCTSIM  (p1aHLla BOJNM3M €ro Kpas, BBI30OBYT IOSIBJICHHE paCTATMBAIOLINX
HaIIPSDKEHUH B PAIHAJIbHOM HAlPABJICHUM Y Kpasl 3arOTOBKHU.

BennuuHy 3THUX yCpEIHEHHBIX IO TOJIIMHE PACTATMBAKOLIMX HAIPSIKECHUN
MO>KHO OIPEJIEIUTh U3 BEIPAKCHHUS

o= R _ R (165)

27Rs  7Rs

B ostom cinyyae MoxHO mnpuHATH (puc. 50), 4YTO TpPU OTHICKAHUU
IIPOU3BOJIBHOM MOCTOSIHHOM MHTErpUpOBaHus ypaBHeHus (152) rpaHnyHOE yclioBHE
npu p = R umeer Bua

Gp = Orp
[Tociie UHTErpUPOBaHUS TTOTYy4aEM
o, = o, InR 42 (166)

p RS

@opmyna (166) mo3BONSET YCTAHOBUTH PACHPENCICHHUE HAIPSIKCHUN B
IIJIOCKOM YaCTH 3arOTOBKH.

Kak 0b110 oKa3zaHo B 1. |, BiugHue nu3ruda Ha BEIUYUHY MEPUIHOHAIBHBIX
HaIpsHKEHUH MOXKET OBITh OIIEHEHO MOINpaBKoW Ha HW3rud AcG,, Ha KOTOPYIO
CTYIEHYaTO YBEJIMYMUBAECTCS MEPUAMOHAIILHOE HAIpPSHKEHUWE B 30HE H3ruba
cupsimiieHus. [IpuMEHUTENbHO K paccMaTpUBAEMOMY IMPOIECCY BBITSDKKH, IMPHU
paanyce CKpyIJIEHHs] KPOMKHA MaTpHULIbI Iy 3HaYeHHue AG, MOKET ObITh ONPEIEIEHO
o gopmyiie

Ac,= Lo, S (167)

s
2

BnusiHue TpeHus Ha KpOMKE MOXHO NMPUOIMKEHHO YU€CTh MHOXKHUTEIEM eH*
(MO aHaJIOTUU C MHOXHUTEJIEM, YUYUTHIBAIOIIUM BIMSHUE TPEHUSI NMPU CKOJIbKEHUU
peMHs Mo MIKUBY). B 3TOM cilydae BenMuMHaA HaNpsDKEHUSG,, AEHCTBYIOLIETO Ha
IPaHULIE y4acTKa, KOHTAKTHUPYIOIIErO CO CKPYIJIEHHONM KPOMKOW MAaTpulbl U
LEHTPaJIbHON YaCThIO 3arOTOBKH, OYAET OMPENENIThCS BBIPAKCHUEM

Cp = (csln5+ hQ o, 8 e (168)

p, mRs 4 _— ;

M

B Tom ciywae, korma yroy oxBara 3arOTOBKOM CKPYIVIEHHOW KpPOMKH
MaTpHULbl JOCTUTaeT 3HAYeHUs 0. = 7/2, & p = I, BOBHUKAET y4aCTOK CIPSIMIICHUS
AJIIEMEHTOB NPH MEPEX0/Ie UX B CTEHKU 00pa3yrouerocs crakada. B aTom ciydae
YJIeHaM, HaxoJsdmuMcs B ckoOkax (opmyiel (168), cienyer npubaButh Ac, 1
ydeTa BIUSHUS CIPSMIICHUS, a B TIOKa3aTellb CTENEHU MOJACTaBUTh o = 1/2. Torna
MaKCUMAaJIbHYI0 BEJIMYMHY PpACTITMBAIOIIETO HANpPsDKEHMs, JEHCTBYIOIIETO Ha
IpaHULIe TJIACTUYECKU 1e(POpMUPYEMON YacTH 3arOTOBKU, MOKHO OINPEAEIUTD IO

dbopmyie

_ R nQ S\
Opmax = o.(IN— + + e? 169
pax = O r mRsc, 2r, +s) (169)

®opmyny (169) MOXHO yNpOCTUTH, €CIU, YYUTHIBAas Mallble 3HAYCHUS
ko3 dunreHTa TpeHus |, MPU BBITSKKE, 3aMEHUTh KCIIOHCHITUATBHYIO (QYHKIIUIO

S



NIEPBBIMHU JBYMsI YWICHAMH Pa3JI0KEHUS €€ B PSAJI IO COOTHOIIICHHUTO
T
B T
e?~1+ ,uE ~1+16u
B 3TOM cirydae popmyina (169) umeet Bua

= B nQ S !
Gpmax = o¢(In r + TRso, + > +S)(1+1,6y) (169"

M

[Ipu BBITSKKE 0CO000 TOHKOro Matepuana (S < 0,2 MMm) Xapakrtep
CKJIaIKOOOpa3oBaHusl H3MeHseTCsl (CKIaaka oOpasyeTcss B BHIE YEPTOUCK,
BBITSIHYTBIX B PaJUaIbHOM HaMpaBlICHUH), U AJISl ATOrO ciaydas Oosiee MpaBUIIBHO
MPUHUMATDH CUJIBI TPEHUS, PABHOMEPHO pacipeiejeHHbIE 0 TUIOCKOCTH (uanma. B
TOM CJyd4ae peUIeHHE MOXET OBbITh MOJIYYeHO C HCHOJB30BaHWEM YypaBHEHUS
paBHOBecust (7), B KOTOPOM cienyet npuHiITh R, = Ry = 0 u o = m/2. Pemas 310
ypaBHEHHUE PABHOBECHSI COBMECTHO C YpaBHEHUEM I1acTUYHOCTH (151) u npuHuMast

= - Q
w(R* —r?%)

= CONSst, mosyyum

R 2
6,=ocln—+——"% _(R-—
P *p ns(Rz—rz)( P)

Opy p = T U, YUUTHIBASI U3TUO U TPEHUE HA KPOMKE MATPUIIbl aHAJIOTHYHO
npeAbIIyIIEMY, TOJIyYaeM

= 5 hQ S "
Opmax = o, (In ot 2R+ )50, + o +S)(1+1,6u) (169")

N3 conocrasnenus popmya (169") u (169") BunHO, 4TO pH pacupeieTEHHBIX
CHJIaX TPEHUS BIMUSHHUE TPEHUSA MO TPKAMOM OOJIbIe, YeM TpU Cujax,

R+r
COCPEIOTOUYEHHBIX 110 Kparo 3ar0TOBKHU (T < R) B CJIy4ae, €CIIU YCUIINE MPHKUMa

Q 0oaMHAKOBO, YTO B MPUHIIUIIE HE IOJDKHO UMETh MECTO, TaK KaK OHO 3aBUCHUT OT
OTHOCHUTEIHHOU TOJIIHUHBI.

B dopmyny (169') BxoauT ycunue npuxuma Q, BEIMUUHY KOTOPOTO HAXOIUM
10 JJAHHBIM, MIPUBEJICHHBIM B CIIPABOYHOMN JHTepaType. MUHUMAIBHYIO BEJIMUUHY
YCWITHSI TIPYKAMA, HEOOXOAUMYFO IS PEIOTBPAIICHHS CKIaAKO00Opa30BaHUs MPH
BBITSDKKE ITMIMHAPUICCKAX CTAaKaHOB, MOKHO TaK)K€ HAWTH MO MPUOIMKEHHON
AMIIUPUYECKON QopMysie, TMOJYy4EeHHON Ha OCHOBaHUU OOPAOOTKU OMBITHBIX

JIAHHBIX

Q=01(1L- 8K Syep,.. (170)

k-1D

Ecnu muist npuOIMKEHHBIX pacueToB NMPUHSATH, 4TO Py = wds (K — 1) o, a
111 6051€€ TOUHBIX Pmax = 1dS G max ¥ MiCTIONB30BaTh hopmystsl (169) u (170), MmoxkHO
PEUINTH MOJTyYaroleecs TPy 3TOM YPAaBHEHHE OTHOCUTEIBHO G max-

B dopmyine (170) mpunasro kK =D/d = R/r (D — wucxomHblit auaMeTp
3arOTOBKU; Prax — MAaKCHMAIIbHOE YCHITHE BBITSKKH).

[IpuBeneHHbI aHaNM3 OBUI BBHIMOJNHEH 0€3 ydeTa YIPOYHCHHUS, HO OH
TI03BOJISICT OIICHUTD BIMSHIE HEKOTOPBIX (JAKTOPOB HA BEJIMYMHY PACTITUBAIOIIETO
HANpPsDKEHHMS, IEHCTBYIONIETO B OMACHOM CEYEHUH 3arOTOBKHU.

N3 dopmynsr (169') BuaHo, uyTo BenuuumHa Kod(pUIIMEHTA TpEeHUS W



OKa3bIBACT BIIUSHUE HA Gpmax, IPUUYEM C YBEIMUEHUEM | HANPSDKEHUE B OMACHOM
CEUYEHHH BO3PACTAET.
o,=po,-In(R/p); (8.5)
o,=-B0o,-[1-In(R/ p)]. (8.6)

[IpuBeneHHbie JaHHBIE TO3BOJISIIOT MPOCIEAUTH XapaKTep H3MEHEHUS
HaANpsDKEHUH 1o oyary JaedopMalluu: pajnaibHOE HANpPSDKEHUE 0, U3MEHSETCS OT
HYJICBOTO 3HaueHUs Ha KpoMke (ianma (p~+R) 10 HanOobIIEIO 3HAYCHHUS B MECTE
conpsbkeHus (uiaHa ¢ HWIMHAPHUYECKUM YYacTKOM JeTanu (p=r), a OKpYKHOE
HaANpsDKEHUE 0y — OT MaKCMMAaJbHOTO 3HaYeHUs Ha KpoMke (ranma npu p=R 1o
MUHUMAJIBHOTO B MECTE COMpsDKEHUS (IaHla ¢ UUIMHIPUYECKUM YYaCTKOM MpU
p=r. Dmiopa pacnpeneieHus HapsHKeHU o, U 0y 110 MHUpUHE ¢IIaHIa MoKa3aHa Ha
puc. 8.11, a. Ananu3upys 3MI0py, MOKHO CAENAaTh BBIBOJ O TOM, YTO HA y4acTKe
dbnanna c¢ npeobnagaromuMu (MO aOCOMIOTHOMY 3HAYEHHUIO), CHKUMAIOITUMU
HANPSHKCHUAMU |0g|>|0,| pou3olaeT yTojIeHne, a Ha ydacTke (JiaHma ¢ mpe-
00JIaZIAlOIMMHU  PaIHATBHBIMUA  PACTATUBAIONIMMH HANPSDKCHUSAMH  |0,|>|0g] —
yroHenue. [Ipu |o,|=|og| TOMmUHA (raHIa ocTaeTcss HEU3MEHHOMN, PaBHOM TOJIIIUHE
UCXOJIHOM 3aroToBKU. B 3TOM ciydae odegopmuposannoe cocmosinue TpU I3TOM
yCIIOBUU — njockoe. CxeMbl 1e(OPMUPOBAHHOTO COCTOSIHUS PA3JIMYHBIX YYACTKOB
dnanma nokasansl Ha puc. 8.11, 6.

il

Gs

a) 3]
Puc. 8.11. Pacnipenenenune HampspkeHu u gedopMmariuii mo (aaHily JeTaau MpH BBITSDKKE

['panuily MexTy ydacTKaMu YTOJIIIEHUS M YTOHCHHS (DJIaHIIa MOKHO YCTAaHOBUTD,
UCTIONB3YSl YCJIOBHE IIJIOCKOTO JAe(POPMHUPOBAHHOTO COCTOSIHHS, KOTOpPOE B
NPUHITHIX 0003HAYEHUSIX UMeeT BUI (0,+0p)/2=0,. YUUTHIBAsA, UTO MPH BBITSIKKE
0n=0, YCTIOBHUE TUIOCKOTO JIe(HOPMUPOBAHHOTO COCTOSTHUS TPUHUMAET BUJT
a,-09 =0. (8.7)
[ToncraBuB B ycnosue (8.7) 3HaueHusi g, u oy coriacHo (8.5) u (8.6) ¢ yuetom
3HAKOB, TIOJTy4aeM
B-o,-In(RIp)-B-o,-[l-In(R/ p)]=0, (8.8)

OTKyZda TIpH p=pr, PaguyC OKPYKHOCTH, pPa3TpaHHUMBAIONINN YYaCTKH
yTOJIIIICHUS U YTOHEHUS (uaHIa, pr,=0,606'R (puc. 8.11, 6).

Haubonpimas tonmuHa ¢iaHna mo ovary aedopManuu S HaXOAMTCS Ha €ro
KPOMKE, TJie HaNpsHKEHHOE COCTOsIHME OJIM3KO K JMHeWHoMmy (0,~0, 0,=0). Ilpu
JUHEHHOM CXXaTUU B pPAJAMAIBHOM M aKCHUAJbHOM HAIPaBIEHUSX CTEMECHU
nedopmaru paBHBI IPYT IPYTY |€,|=|€q|, TP ATOM yCIOBUE HEM3MEHHOCTH 00bEeMa



npuUHUMAET BUJ g12°¢,=0, oTkyna en=(1/2) &p.
YuuteiBas, 4to &=IN(S/S) u &= IN(R/Ro), momyuaem In(s./s)=-1/2:In(R/Ry),
oTkyaa s, =s-,/R,/R, Ilpu TOIHOM NepeTArMBaHUM 3arOTOBKH B MaTPUILY (haHer

OTCYTCTBYET, COOTBETCTBEHHO R=I, ClieZI0BaTEIbHO,
s, =S /R, /T, (8.9)
VI C Y4€TOM HOPMaJIbHOW aHU30TPOIHUH MeTauia [25]
s, =s-(R,/r)' ™", (8.9a)

Jlis u30TponmHOro Meramia KodphuueHT anu3otponuu R* =1, npu 3ToM ero
3HaueHuu Gpopmyna (8.9a) mepexoaut B popmyiry (8.9). ®opmyia (8.9) MokeT OBITH
UCIIONb30BaHa Ui MPUOIMKEHHOTO pacyera 3a30pa Z MEXIy MYyaHCOHOM H
MaTpUIel IITaMna JUisi BBITSDKKH, MPUHSB Z = Sy 0oJiee TOYHO 3HAYECHHE Z
OTpEeNeNAoT 1Mo TabiuiaMm, TpuBeleHHBIM B pabore [18]. Takum o00Opazom,
ne(OpMUPOBAHHOE COCTOSIHUE MO ovary ae(opmanuy Ipy BhITSHKKE HEOAHOPOIHO,
OHO 3aBUCHUT OT COOTHOUIIEHUS TJIABHBIX HOPMAJIBHBIX HampshkeHuM (cMm. puc. 8.11,
0). B cBs3M ¢ HSTUM TONIIMHA CTEHKH JI€Tald, IIOJIYYECHHOW BBITSKKOH,
HEpPaBHOMEpPHA IO BBICOTE: y KPOMKHU OHa OOJIbIIE, a HA Y4acTKE COIpPSHKEHUS C
JTHOM — MEHbIIE TOJIIMHBI MCXOJHOW 3aroTOBKH; TOJIIMHA JHA OCTaeTcs
PHUOJIM3UTEIIEHO PABHOM TOJIIMHE HCXOIHOM 3aroToBKH (puc. 8.11, 8).

[TonepeyHoe cedeHWE AETAM C HAUMEHBIIEH TOJIINIMHOM CTEHKM HA3bIBAIOT
OIMACHBIM, UMEHHO B HEM JIETAJIb Pa3pYLIAETCs, MPOUCXOIUT OTPHIB JHA (puc. 8.12).
PaccmoTpenHoe cedeHue omacHO €€ M IO TOW NMPUYMHE, YTO KOJIBLEBOU CIION
MeTasula, HaXOJAIIUNCA B 3TOM CEYEHHH, MEHEE YIPOUYHEH, YeM CJIOM MeTajuia,
HaXOJISAILIMECS B BHIIIEPACIIONOKEHHBIX MONEPEUYHBIX CEUCHUSX.

Ecnu crenens nedopmaruu He MpeBHIIIACT JAOMYCTUMYIO, TOJIIUHY CTEHKH B
OITACHOM CE€YEHUH MPUOTMHKEHHO MOKHO OMpeeTuTh Tak [16]:

S :W (8.10)
0

Henocrarok dopmysi (8.10) 3akitodaeTcsi B TOM, 4YTO B HEM HE YUTEHO BIUSHUS
XapaKTEPUCTHK MEXaHUYECKUX CBOWCTB MaTepuasa 3aroTOBKH Ha Smin.

B peanpHbIX ycnoBuax AehOpMHUpPOBAHUS Ha XapakTep paclpenesICHHUs
HAIpPIHKEHUH, BOSHUKAIOIINX TIPH BBITSKKE, CYIIECTBEHHO BIMSIET s (PakTOpOB:
YIPOYHEHUE METAIIA, CUITBI KOHTAKTHOTO TPEHUSI, U3THO U CTIPSIMIICHUE JIEMEHTOB
3arOoTOBKM MPHU BTATUBAHUM €€ B MATPUILY, aHU30TPOINHSI MEXAaHUYECKUX CBOMCTB
MeTaJlia u mp.

Mertonuka y4deTta BIMSHHUS MEPEUUCICHHBIX (AKTOPOB MOAPOOHO U3JIOKEHA B
HAyYHO-TEXHUUECKOU TuTeparype u yueonukax [16, 22]. Crnemxys 3TOl METOANKE U
UCIIOJIb3YsI CTENEHHYIO alllIPOKCUMAIMIO KPUBOM YIIPOUHEHUs, MTosTydeHa ¢popmyia
JUIsL  ompenereHus HauOoJIbIlIero, MO odYary IJlacTU4YecKoil —aedopmariuu,
paauaNbHOrO PACTATMBAIONIETO HAIPSKEHUST B MIPOU3BOJIBHO (DUKCHPOBAHHBIM
MOMEHT BBITSIKKH JJIs1 U30TPOMHOro MeTaia [16]:



Yp

1y, .
o —g. 1 X -(In&—x]Jr #Q P 1+16-4), (8.11)
1-y, v, X 7-Ry:-s-o, 2-1r,+8

rae X = (Ro — R)/Ry — oTHocHTenbHOE cMeleHHe Kpas (jIaHIa B IPOIECCe
BBITSIKKH.

[lepBoe craraemoe B mNpuBEACHHOW (opMyse — HaMpsHKEHUE, BBI3BAHHOE
COMPOTHUBJICHUEM Je(POPMUPOBAHUIO (PJIaHIIA 3aTOTOBKH C Y4E€TOM YIPOYHEHUS
MeTaljia; BTOpOe — HaNpsbKEHUE, BO3HUKAIOIIEE MPH MPEOI0JICHUN KOHTAKTHBIX
CHJI TPEHUS, MPUIOKEHHBIX K TUIOCKON 4acTH (3epKajly) MaTpHUIbl U MPHKUMHOTO
KOJIbIIA; TPEThE — HANpsKEHHE, BO3HUKAIOIIEE OT U3r10a 1 CIPSMIICHHS 3aTOTOBKU
Ipy BTATMBaHWU €€ B Marpuly. Muoxwutenem (1+1,6°4) yduThIBaIOT BIUSHUE
JIOTIOTHUTEIBHBIX PACTATUBAIOIIUX HAPSKEHUH, BOZHUKAIOIINX MTPH IPEOA0JICHUN
KOHTAKTHBIX CHJI TPEHUs Ha paboyeil KpOMKe MaTpPHUIIbI.

C yBenuueHueM X MEPBbI MHOXKHUTEIb BTOPOro ciaraemoro ¢opmyssl (8.11)
YBEJIIMYUBAETCS, @ BTOpPOl — yMeHbIIaercsa. CliejoBaTenbHO, paccMaTpuBaeMast
(GYHKIUS JOJHKHA UMETh SKCTPEMaIbHOE 3HaU€HUE. ITO OOBSACHAETCS TEM, UTO I10
Mepe BTATUBAHUS 3aroTOBKM B MATpUIly HapyXHBIM pamuyc ee duanma R
YMEHBIIAETCS, NIPU JTOM 3HAYEHUE o, YMEHbHIaeTCa. B To e Bpemsa ¢

YMCHBIICHUCM R crenenn Ile(l)OpMaHI/II/I YBCIIMYMBACTCA WM O3TO IIPUBOJUT K
YBCIMYCHUIO HAIIPSKCHUA TCKYUYCCTH BCIACACTBHUC VYIIPOYHCHHA MCTAJIAa M,
CJICAOBATCIIbHO, K YBCIWUYCHUIO o

pmax *

B cBsa3u ¢ sTuM B IIPpOHECCCC BBITAXKKHU O,m U3MCHACTCA HCMOHOTOHHO, H

ax
MaKCUMYM 3TOTO HAMpPSHKEHUS BOZHUKAET B HEKOTOPBIA MIPOMEKYTOUYHBII MOMEHT
nedhopmupoBanus, korga Ro>R>r. UccnenoBanue dopmyisl (8.11) Ha MakcuMyM u
MUHUMYM TIO3BOJISIET OMPEICNIUTh JKCTPEMajJbHOE 3HAYeHHE OTHOCHUTEIHHOTO
cMmeleHus ¢aHua:

x°=(Ro-R°)/Ro =y, In(Ro/T); (8.12)

3nech R’ - skcTpemanbHbiil paguyc daanua. IIpeobpazys (8.12), MoxHO
TIOJTYYHTh

R°= Ry [1- v, In(Ro/1)]. (8,12a)

DKcTpeMallbHBIN pamuyc (iaHia R’ TeM MeHbIE, YeM BBINIC HHTCHCUBHOCTH
YIPOUYHEHHUsI MaTepuaja 3aroTOBKU, XapaKTepU3yemasl BEIWYMHOW yp, U BbILIE
crereHb jaedopMalm, XapakTepuszyemas Jjorapupmom otHomeHus Ro/r. Ilpu
wp=0,2 u Ro/r=2 »skctpemanbhblii pamuyc ¢uanma R’= 0,86'Ry =1,72°r, uro
corjacyercss ¢ JKCIepUMEHTAIbHBIMU JaHHbIMH. [lomctaBuB B opmyny (8.11)
BMECTO X BEJIMYHMHY X° corjacHo (8.12), moimy4um 3KCTpeManbHOE 3HAaUeHUE o) ...

pmax *

1
, R \t-v, . S
o =o, |Inf= [ £ Q| (1+16-u). (8.13)
r 7-R-s-o, 2-r +S

IIpy nOmyCTHMOM COOTHOLIEHUM pPAAUyCOB 3arOTOBKM U BBITSATUBAEMOIO
cTakaHa (JIJIsl IIaCTUYECKUX MaTtepralioB R/r < 2) Bes 3aroToBKa MEPETSITUBACTCS B
MaTpHIly Oe3 pa3pyIleHus, B 3TOM ClIydae o, < o,. [Ipu BEITSKKE ¢ Ooiee BEICOKOH



l

crenenpto  gedopmanuu  (Ro/r>2) sKkcTpeManpHOE HANpPsHKEHUE o, MOMKET
JOCTUTHYTH HAIpSHKEHUsI TEKYUYeCTH o, , KOTOPOE, KaK 3TO YCTAaHOBJIEHO SKCIIEPH-

MEHTAJIbHO, B MOMEHT OOphIBa jHa jaetanu paBHO (1,1+1,2) 05 mpuOIMKEHHO
NpUHUMAKOT o, . =o, [16]. B sToM ciaydae Oe3 paspylleHHs BO3MOKHA JIMIIb

HE3aBEpPIICHHAs BBITSDKKA C TAaK HA3bIBAEMBIM IIUPOKUM (DIIaHIIEM.

B MomeHT 00pbiBa 1Ha AeTanu (uiaHel UMEET ONPEAEICHHbIN paguyc, KOTOPbIN
Ha3bIBAIOT KpPUTHUECKUM Ry,. Kpurnueckuii paguyc ¢raaHna npubInKeHHO
ONpENENSIOT U3 YCIOBUS o)., =o0,. Hcnonb3dys ¢opmyny (8.11) m npunss

p max
nomyieHue o Tom, 4to In(R,/r)+x=In(R,/x), MOXHO OHpEeneIuTs KPUTUUECKOE
OTHOCHUTEIILHOE cMeleHue (raHma X, [16]:

1y,
1- . o
v, 1 Qs " (8.14)
In(R,/r) 1+16-x 7#-R,-S-o, 2-r,+S

X =Vp -

C yuetom (8.14) kputnueckuii paauyc iania
Rp =Ry (1=Xg)-

Ecnu paguyc danma BeITATHBaeMON aeTainu Oosbiie kpurudeckoro (R > Rgy),
OH CUMTAETCA IUPOKUM. BBITsDKKa Aetanell ¢ MUPOKUM (JIaHIIeM BO3MOXKHA C
Oosee BBICOKOW CTEeNeHbI0 AedopMallii, YeM BBITSDKKA aetanu Oe3 Quianma (c
MTOJTHBIM TIEPETATUBAHUEM 3aTOTOBKH B MATPHILY), WU J€Talieh C IaHIeM, paanyc
KOTOPOTO MEHBIIE KPUTHIECKOTO. OCOOEHHOCTh TEXHOJIOTHH BBITSDKKH JIETAJICH C
HIIMPOKHUM (pJIAaHIIEM pacCMOTpEHa B 1. 8.5.

Hocnedyrwuwue nepexoont 8blmAHCKU

Iocnedyrowue nepexoowt 6bimsadcKu. BHIIIOTHIIOTCS B MaTPHUIAX C
KOHUYECKOM 3aX0JIHOM YaCThIO0. B KauecTBe 3arOTOBKM CIIY>KUT CTAKaH,
NOJYYCHHBIN Ha miepBoM miepexoze. [Iporecc Begercs 0e3 mpukuMa 3arOTOBKH,
eciu oTHocuTenbHast ToiuHa (/D) 100>(5+7) (1 — m), u ¢ npWKUMOM
3arotoBkH, ecnu (/D) 100< (5+7) (1-m); 3aeck m = r/R..

g ) N
y . ‘§\\\\\\
%
Cﬂ ”
& 1

)
Puc. 8.13. YcraHoBuBIIasICS CTaUs BBITSKKU MOCTEAYIOUUX IEPEXO/IOB:
a — 0e3 MpUwKUMa 3aroToBKH; 6 — C IPUHKUMOM 3arOTOBKHU
[Ipy BBIMOJHEHUH TOCIEAYIONIUX IEPEXO0JIOB BBITSHKKK ovar aedopMaiuu
OXBaThIBAE€T TPU KOJBIIEBBIX ydacTKa — JBa TOPOUIHBIX M OJUH KOHUYECKUH,
orpaHu4eHHbli paauycamMu R; u r (puc. 8.13). B mepuon ycranoBuBmIerocs



IpOoLecca BBITSKKU MPOTSHKEHHOCTh odara JeopMaiuyu OCTaeTcsi HEU3MEHHOM, B
TO BpPEMsI Kak Ha IEPBOM IEPEXOJiE, 10 MEpe BTATMBAHMS 3arOTOBKM B MATPHILY,
oyar IJIacTUYECKOM eopMaluy COKpAIAeTCsl.

VYcnoBusa nedopMupOBaHHsS Ha TOCIEAYIOIIMX MEPEX0Jax BBITSKKH MEHEe
OJIarONpUSTHBI, YEM Ha IIEPBOM IEPEXOJIE, B CBA3M C TEM, UTO 3arOTOBKA (CTaKaH),
HOJIyYMBIIAs YIPOYHEHUE, UMEET IEPEMEHHOE, BO3paACTAlOIIee M0 MEpe yAAICHUs
OT JOHHOT'O Y4acCTKa, HANPsHKEHUE TEKYYECTH M IIEPEMEHHYIO TOJIIMHY CTEHKH I10
BBICOTE.

OauH W3 BapuUaHTOB pPEUIEHUS 3a/ayd O PpACIpPEACIICHHH HANpsHKEHWM Ha
YCTaHOBUBIIEHCS CTAaJWW BBITSDKKH BBIMOJHEH Ha 0a3e OE3MOMEHTHOW Teopuu
000JI0YEK TMOCJ€ YCTAaHOBJIEHUS paclpeleieHuss HanpsHKeHUH 10  TpeMm
TeOMETPUUECKUM TPOCThIM y4yacTkam odvara aedopmarmu: | u Il u Il (cm. puc.
8.13). B pe3ynpTrare COBMECTHOIO pEUIEHUS YPAaBHEHHI, ONPEAECISIOIUX
PaBHOBECHE U IUIACTUYHOCTH KaX/I0T0 y4acTKa ovara ae(opmanuy B OTAEIbHOCTH,
U UCMOJb30BaHUs KPAEBBIX YCIOBUN Ha rpaHMIIAX 3TUX YYAaCTKOB IOJIydyeHa (op-
MyJia JiIsl ONpeIeeHs HauOOobIIEro paJualbHOTO PaCTATUBAIOIIETO HAIPSKEHUS

o BO3HHUKAIOIMICTO IIPHW BBITAXKKC OTOKCHHOM 3aroTOBKM B INTaMmie 0Oe3

pmax o
IIPUKUMHOTO ycTpoucTea [16]:
s . s
O pmx = Oser | @=T/R)- A+ p-ctgp) + |—— -sing+——— |- (1+16- u). 8.15
pmax = Tsep | ( ) L+ - ctgg) ,/2_R3 Pt s | ¢ m.  (8.19)
Cpennee, mo oyary paedopmanuy, HanpsbKeHHE TEKY4eCTH o, MOXKHO
ONPENETUTh B PE3ylbTAaTe€ MCIOJIb30BAHUS JIMHEWHON anmpOKCMMAalUU KpUBOMN

YIIPOUYHCHUA IICPBOTO BUA:
Oiy =0, +05-I1-(1-r/R)).

scp
N3 ananuza ¢gopmynsl (8.15) ciaemyeT, 4TO CYHIECTBYET ONTUMAJIbHBIN yToOJ
HAKJIOHA O0Opa3yloliell KOHMYECKOW MAaTPHIIbl MJisi BBITSDKKH, MPU  KOTOPOM
3HAUYCHUE O HauMmeHblee. [IpubimkeHHo, 3HaYeHUE ONTHUMAJIBHOTO Yria

o max

OIIPCACIIACTCA TaK:

sing,, = Jul-r/R)-\/2-R/s.  (8.16)

B 3aBucuMOCTH OT ycioBui neopMHpOBaHUS ONTHMAIbHBIE YIJIbl MATPHUIIBI
n3Mensroresd ot 10 mo 35°.

[Tocnemytomue mepexoabl BHITSHKKH MOTYT BBITIOJTHATHCS KaK B KOHUYECKUX, TaK
U B paUaNbHBIX (LMJIMHIPUYECKUX) MAaTpULIaX CO CKPYTJIEHHOH (TOpooOpa3zHOi)
3aX0JIHOM YaCThI0, HAPUMED, MIPH BBITSDKKE JA€TaeH ¢ ITMPOKUM (DIIaHIIEM W TIPU
BBITSDKKE B JieHTe (cM. § 8.6).

Ha ycraHoBuBIIEHCS CTaauU MOCIENYIOMIET0 (BTOPOr0) Mepexoaa BBHITSKKU B
KOHMYECKOW MaTpulle MPOUCXOAUT CYIIECTBEHHOE W3MEHEHHE KpPUBHU3HBI
CpPEIMHHON MOBEPXHOCTH 00pa3yrollel 3aroTOBKH, BBI3BIBAIOIIEE BO3HUKHOBEHHE
U3rU0AIOIIMX MOMEHTOB y TPaHMIIbI YIPYTroil M IIaCTUYECKOW 30H JedopMaluu.
[Tpu 5TOM B UMIMHIPUYECKOM Y4YacTKE 3arOTOBKH, €Ille HE BTSHYTOM B MAaTpHILY,
BO3HUKAIOT OKPY)KHbIE PACTATMBAIOIIME HAIPSDKEHUS 0p, CIIOCOOHBIE, B OIpee-
JEHHBIX  YCIIOBUSIX, BbI3BATh IMOSIBJICHHE MPOAOIBHBIX TPEHIMH. TOMY
CHIOCOOCTBYET emie u Ae(popMalMOHHOE YIMPOYHEHHE 3arOTOBKH IOCIE TEPBOTO



nepexoaa BbITAKKH, B CBA3H C HCEM €€ IIJIIACTUICCKHC CBOMCTBA YXyAUIUJIUCh.

Ecnn CUUTAaTb, YTO HAIPSAKCHUC 0p IMOCTOSAHHO II0 BBICOTEC ynpyroﬁ 30HBbI
3arOTOBKHU BBICOTOM h, TO €TI0 3HAYCHUC MOKHO OIIPCACIINTD U3 YCIIOBUA PABCHCTBA
H3FH6&IOHIPIX MOMCHTOB, I[CﬁCTBYI-OHIHX Ha I'paHUIC ynpyroﬁ U IJIAaCTUYECKOM 30H
3arOTOBKH.

. d
0,25-0,-s°-Rdy =0, -S-|2SIn7]/,
rne dy — UeHTpaIbHBIN dJIeMeHTapHbIH yrou (puc. 8.14, a). [Ipuanmas
. dy d
sin-2 ~ =2y ciemaB HEOGXOUMBIC IPEOOPA3OBAHHS, TIOTYIHM
c,=0,-R,-s/(2-1%). (8.17)

[To Mepe BTSATMBaHMS 3arOTOBKH B MaTpHILy BbicoTa | yMeHbIIaeTcs, B CBSI3U €
yeMm coryacHo (opmyne (8.17) okpykHoe HampsikeHHe, oy Bo3pacTtaeT. Korma
HANpsDKEHUE 0p JOCTUTACT HANpSKEHUS TEKy4eCTH Op, BBICOTA HE BTSHYTOTO B

MaTpHIly y4acTKa 3ar0TOBKH [16]

l=ys-R/2. (8.18)

Takum 00pa3om, KpaeBasi 4aCTh 3arOTOBKH HAUYMHAET MJIACTUYECKU
ne(hopMHUPOBATHCS paHbLIE, YEM BOMJET B KOHUYECKYIO MTOJIOCTh MAaTPHUIBI (TaK
kak | > 0), mpu 3TOM AMaMETp 3arOTOBKH HECKOJIKO YBEITHYHUTCA.

Uccnenosanusi, BoinoaHeHHble M. A. HopullbIHBIM, MOKa3alH, YTO OKPY’KHbIE
paCTIATUBAIOIINE HANPSHKEHUSI 0p, BOZHUKAIOIIUE B €II€ HE BTSIHYTOM B MATpPHILY
YaCcTU 3arOoTOBKH, B OINPEAEJIEHHBIX YCIOBUSAX MOTYT BBI3BaTh MOSIBJICHUE
MPOJIOJIBHBIX TPEUIUH BJOJb oOpasyromield 3arotoBku (puc. 8.14, 0). [us
YCTpaHEHHs] BO3MOXHOCTU TOsBIICHUS ykazaHHOTO jAedekta M. A. HopuibiHbiM
OBLIIN MPEAJIOKEHBI MATPHUIIBI JIJIS1 BBITSXKKH C PEAKTUBHOM MOJIOCTHIO B BUJIE KOJIbIA
Beicotoit H = 0,4'D (puc. 8.14, 6), npensATCTBYIOIIEH IMOSBICHUIO W Pa3BUTHIO
OKpYXHBIX naeopmauuid. Fcrnonp3oBaHHe MaTpHUl] € PEAKTUBHON MOJOCTHIO

IIO3BOJISIET BECTU MHOFOHCPCXOI{Hy}O BBITH)KKy 663 MG)KOHepaL[I/IOHHBIX OTXKHUI'OB.
Dy

s

4

Puc. 8.14. Oco0eHHOCTU BBITSKKU MOCTIEAYIONIUX TEPEXOI0B:
a - dIIopa pachpeliesieHus] PaCTATUBAIOIIUX — HANPSOHKEHUN; O - TPEIIUHBI
BO3MOXXHBIE TMPOJAOJBHBIC; 6 - MaTpHIla C PEAKTUBHOMN MOJIOCTHIO



TEXHOJIOT'HMYECKHUE PACYETBI

Paszmepvr u ¢popma 3azomoeku. Vicxonss W3 TPEANONIOKECHHS O TOM, YTO
IpUpAIICHUE TUIOIIAIN IMOBEPXHOCTH BBITATUBAEMOW JETalld W3-32 YTOHCHUS
CTCHKH PaBHO YMEHBIIICHHIO IUIOMIAAN €€ MOBEPXHOCTU BCJICICTBUC YTONIICHUS
CTCHKH, TUAMETP 3arOTOBKH MOYKHO OIPENCTUTh U3 YCIOBUS Frer = Fapr.

Ecnu 310 yciioBre He BBIMOIHICTCS, TO BBOJUTCS MOMPABOYHBIN KOIPPHUITCHT
fep, yUHTBHIBarOIMi cpeiHee W3MEHEHHE IUIOMIATN TOBEPXHOCTH 3arOTOBKH B
nporiecce BHITSDKKA. Koaddumument f,, MOXKHO ompenennts, WCIOIH30BAB
npubIMKeHHYI0 AMIupudeckyro dopmyrny JILA. Illodmana:

fep == Faar | Frer = 1/[0,95 + 0,8-1-(5/1y) Ke2]. (8.19)

Haubounbiee Biusiane Ha n3meneHwue fe, okaspiBaeT ko purmeHt BeITskKu K,
= Do/d. Yem on GoubIie, Tem MeHbIIIE fep.

B 3aBHCHUMOCTH OT COOTHOIIICHUS MTapaMeTPOB, BXOIAIINX B hopmyiy (8.19), fe,
MOKET OBITH OOJIbIIIE WJIM MEHbIIIE EAUHUIIBI, B CBA3U G YeM IUIONIA/b IOBEPXHOCTU
JICTAJIH TI0CJIC BBITSHKKU MOXKET yBenuunBathes (fo,<<1) u ymensbinarscs (fop>1) nimu
octaBaThcs HemaMeHHOH (fop=1).

D710 00BACHAETCS TEM, UTO C U3MEHEeHUeM Ky, i U Iy UBMEHSIOTCS U paiualibHbIE
paCTATUBAIOIINE W TaHTEHIMAJIbHBIE CHKUMAIOIIUE HANPSDKEHUs o, U 0y,
CJIEIOBATEIIbHO, M3MEHSIETCS MPOTSHKEHHOCTh YYacTKOB (piiaHIa BBITATHBAEMOM
JeTalmd ¢ MpeoONaNalolMMU  PACTSATUBAIOIIMMU WM TPeobiagaroliuMu
CKUMAIOIIMMU  HampsbkeHussMd.  [locrmegHee cBsi3aHO € yTOHEHHEM — HIIK
yTonmeHueM ¢aHia W, CIeJOBAaTeNbHO, C YBETUYCHHEM WM YMEHBIICHHEM
TUTOIIA/IA TIOBEPXHOCTH JI€TAJIH MOCIIE BBITSIKKH.

Jlnsa neraneit, umerommx Gopmy Tell BpaleHHs], 3ar0TOBKA, KaK MPaBHIIO, UMEET
dbopMy Kpyra, IOSTOMY YCIIOBHE PaBEHCTBA IUIOMIAIM MOBEPXHOCTU 3aTrOTOBKU U
JIETAJIH MPU TTOCTOSIHHOM TOJIITMHE 3aTOTOBKU MOXKET OBITh MPEJCTABICHO B BUJIC

Fe =0,785- DZ,
OTKYyJla TUaMeTp 3arOTOBKH
D,=113-/F_ . (8.20)

[Tnomany moBepxHOCTH JeTanmud Fper BBIYMCISETCS TyTEM CYMMHPOBAHUS
wioniaied MOBEPXHOCTEH TI'€OMETPUYECKHM MPOCTBIX 3JIEMEHTOB, U3 KOTOPBIX
cOCTOUT neranb (puc. 8.16), AuameTp 3aroTOBKHM MOXKHO ONPENETUTh, MPUMEHSS
CJIEYIOIYIO 3aBUCHMOCTb:

D, =113-/f,+ f,+..+ f, =113- />,

(8.21)

rae f,— MOBEPXHOCTh TEOMETPUYECKHM NPOCTOro 3jeMeHTa Aetanu. [lpu

n

pacdyere JMaMeTrpa 3aroTOBKM JUISI BBITSDKKM OCECUMMETPHUYHOM JAeTallv
HE0OXOIMMO YYUTHIBATh MPUITYCK Ha OOPE3KY BOJIHUCTOM KPOMKHU NoJrydadpuKara,
KOTOpasi 00pa3yercsl BCIEICTBHE IJIOCKOCTHOW aHU30TPONHUHM MEXaHMYECKHX
CBOICTB MaTepuajia 3aroTOBKU. BbIMyKiible Yy4YacTKMU KpPOMKH Ha3bIBAIOT
¢ecmonamu, ux Bricota nocturaet 20 % BbICOTHI AeTanu. PECTOHBI pacoIaratoTcs
Ha y4yacTKaxX KPOMKH JIETaId CHMMETPUYHO OTHOCUTENILHO HANPABJICHUS POKATKU
(puc. 8.17,a).
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Puc. 8.16. Cxema pazaeneHus MOBEPXHOCTU JI€TAIM HA TEOMETPUUYECKH
IIPOCTHIC DJIEMEHTHI

AH
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a)

Puc. 8.17. [letans ¢ pectoHamu

Pacnonoxenue (ecTOHOB 3aBUCUT OT CBOWMCTB MaTepuaia, 3aroTOBKH, PEKUMOB
IPOKaTKU M TepMUYecKoM o0paboTku mucta. [lpum BBHITSDKKE [eTaned U3
XOJIOIHOKATaHbIX JIMCTOB €O cTeneHbto oOxkatuss wmeHee 30 9% mocine
PEKPUCTAIUIM3AIMOHHOTO OTXKHUra (PECTOHBI 00pa3yroTcs moj yriioM 45°, a mpu
Oomnee BbICOKOM, oOkatuu - moj yriaamMu 0 u 90° OTHOCUTENBHO HaIpaBJICHUS
npokaTku JucTa. [Ipu BRITSDKKE CTaJIbHBIX JIeTajieil eCTOHBI pacronaraloTcs moJy
yriamu 0 1 90°, a pu BBITSIKKE I€TAJIEH U3 aJIOMUHUEBBIX CIJIABOB U JIATYHHU MO/
yriioM 45° OTHOCHUTENIBHO HAIpPAaBJICHUS MPOKATKH JucTa. McXoqHas aHU30TpOIus
XOJIOHHOKATaHOTO JIUCTa» W3 KOTOPOTO MOJY4YarT 3aroTOBKH, — CJIEICTBHE
oOpazoBaHUs TEKCTYPhI — NPEANOUYTUTETHHOU OPUEHTUPOBKHU
Kpuctajuiorpaguyeckux oced 3epeH meramia. B mporecce aedopmanuu 3epHa
MeTallJla U HEeMETAUIMYECKUE BKJIIOUEHUS] MPUOOPETAIOT BBHITAHYTYIO (opMy, B
CBSI3U C 4YeM o0Opa3yeTcsi CTpodedHasi CTPYKTypa, Mpeaonpeaeistonas
aHU30TPOIHUIO MeTasla.

[Tocne BBITSKKM (PECTOHBI YAAISIOTCS OOpE3KOM, 3HAaYeHHE TMPHUITyCKa Ha
o0pe3ky AH 3aBUCUT OT COOTHOIIIEHUS TUAMETPa U BBICOTHI BBITATUBAEMOM JIeTalIN
Y TOJIIIMHBI 3aTOTOBKH. DKCIIEPUMEHTAIBHO YCTaHOBIIEHO, yTo AH cocTaBmsieT ot 5
110 20 % BBICOTHI JIETaIM, 4YeM OOJIbIIIE OTHOCUTEBHAS BBICOTA U TOJIIIE METAILI, TEM
Oomnpiie TpHUMYCcK Ha 00pe3ky. OO0pe3ky (ecTOHOB MPOBOAST CTYINMEHYATHIM
MyaHCOHOM, COCTOSIIITUM M3 pab0dero y4acTka M JIOBUTEINS, JUAMETP KOTOPOro Ha
0,2— 0,3 MM MeHbIIIe BHYTPEHHETO quamerpa aetanu (puc. 8.18, a).

e 3

a) 6) ‘0
Puc. 8.18. CriocoObl ynasienusi GecToHOB: @, 6 — oOpe3ka (uiaHIa ¢




MOCJICTYIONIEH BBITSIKKOMN; 8 — «OTKYC» HEPOBHOTO Kpasi B IIITAMIIE

[Ipu oOpe3ke nuaMeTp MaTpUIlbl PABEH Pa3HOCTHU HAPY>KHOTO JuaMeTrpa ¢uiaHia
JeTal W YJIBOEHHOro mpuilycka Ha oOpe3ky 2-AH. I[lpu srom mocne obpe3ku
TpeOyeTCs AOMOTHUTENbHAS OTIEPalls — BBITSXKKA KpAeBOIro ydacTKa JeTainu (puc.
8.18, 6). Ilpu oOpe3ke 1Mo cxeme, MoKa3zaHHOW Ha puc. 8.18, 6, AMaMeTp MaTPHUIIBI
paBeH HapyXHOMY JuaMeTpy naetanu. [lpu omyckaHuu IMyaHCOHA MPOUCXOJUT
OTJIEJICHUE HEPOBHOTO Kpas AeTad (OTKYC), MOCJIE Yero MyaHCOH MPOTaJKUBAECT
JieTallb CKBO3b MaTpuily. JleTas., moydeHHas ocie yaJeHuii HEPOBHOTO Kpasi B
nTamrie, mokasana Ha puc. 8.17, 6. Eciiu neranb BHITATUBACTCSA 3a OJHY ONEPAIIHUIO,
00pe3Ky (eCTOHOB MOYKHO COBMECTUTH C BBITSDKKOW B OJHOM INTaMmIie, B 3TOM
cirydae pabodast KpoMKa MaTpPHIIBI JOJKHA OBITH OKPYTJICHA PAIUyCOM, PABHBIM HE
MeHee 6—8 ToimuH 3arotoBkd. OaMH HW3  COCOOOB  YMEHBIIEHUS
HEPAaBHOMEPHOCTH BBICOTHI BBITSHYTOM JETali — WCIOJb30BaHUE (UTYPHBIX
(MpouUIBHBIX) 3arOTOBOK, (opMa U pazMepbl KOTOPBIX OIMPEACIAIOTCS C YYETOM
aHU30TpONUK  MeTaya. Pasmepsl  (GUTYypHOM  3aroTOBKM  JIJISi  BBITSDKKH
OTIPEJICIISIIOTCA U3 YCIOBUS PABEHCTBA BPEMEHU TMEPEMEICHUS MaTepuaIbHBIX
Touek K u M, nexxamux Ha ee KOHTYpE BJIOJIb OCU CUMMETPUHU (DECTOHOB U BIAIMH,
0 KOHTypa oTBepcTusi (mpoema) wmatpunbl (puc. 8.19, a). B pesynbrare
WCIIOJIb30BAHUSI ITOTO YCJIOBUS TMOJy4deHa (opMyia JUisl ONpeiesieHus paauyca
JIyTH, KacaTeJIbHOM K BnajauHe [25]:

R /R =[l+(2+f ) (K=" —1)/@+ f)[“™,
p cp

rie R,— paidyc npoeMa MaTpuipbl. 3HadeHus [, u f,  3aBucar ot

pacroiokeHust GECTOHOB U BIAJUH OTHOCUTENILHO HAIIPaBJICHUS MPOKATKH JIMCTA,
OHH oTIpesieNstoTes 1o popmynam fy=—1-(1+R}); fo =—1-1+R}); fq =—1-[1+R}).
[Ipu BeITSKKE IMUIMHAPUYECKUX JeTanedl u3 cranu 08km (hecTOHBI pacroyIoKeHbl
BIOJb U IONEPEK HAIPaBJIEHHUsS MPOKATKH, a BMAIUHBI MOA yrioMm 45° K HeH,
CIEOBATENBHO, 1 -1, U 1 - 1. Pagnyc Ro ompenensercs U3 ycioBUsl HEU3MEHHOCTH

0
noBepxHocTH. Paanycel R, u Ry ompenenstor MakCUMalIbHbIA U MUHUMAJIbHbBIN
pa3Mepbl (PUTypHOW 3arOTOBKH, MPU BBITSKKE KOTOPOH (DECTOHBI MPAKTUUYECKU
OTCYTCTBYIOT. KOHTYyp 3aroToBKM CTPOUTCS C HCIOJIb30BAHUEM YpPaBHEHUS
KOCHHYCOU/IbI, C aMIUTUTyA0M, paBHo# (1/2) (Ro — Ry), u mepuoaom /2 (cM. puc.
8.19, a). Ilpu BbIpyOKe (PUTYPHBIX 3arO0TOBOK BIAJMHA pacrojaraeTcsl BJOJIb WU
MOTIEPEK HaAIIpaBJIeHUS MPOKaTKH. [[puMeHeHne (GUrypHbIX 3aroTOBOK JJIS BBITSDKKH
HWIMHAPUYECKUX JeTaIell CHUXaeTr pacxon Metamia Ha 15—20 %, omHako

CTOMMOCTSD IITaMIIa OJId BBIpy6KI/I HpI/I 9TOM YBCIIMYHBACTCA.
d

Iim. t
Ab\

%
£)

Puc. 8.19. ®urypnas (HpO(anbHaﬂ) 3aroToBKa (@) Ui NOJy4YeHus AeTanei 0e3




decToHOB (0)

Kpome wucnonp3oBanuss (QUTYpHBIX 3aroTOBOK [UIsl YMEHBIICHUS BIIHSHHS
aHW30TPONMHM MeETaJla Ha HEPaBHOMEPHOCTH BBICOTHI JIE€TajeH, MOydaeMbIX
BBITSDKKOW, IPUMEHSIOT MaTPHIIBI C IEpEMEHHOM (TI0 KOHTYPY ITpoeMa) KpUBU3HOM
pabodeil KpoMKH, HEOJUHAKOBBIM HarpeB (riaHma, auddepeHIMPOBaHHBIA IO
KOHTYPY MaTpPHIIBI IPHKUM (JIaHIIa U TIp.

[Tpu onpeeneHuN quaMeTpa 3ar0TOBOK JJISI IETaJICH, TOTy4aeMBbIX BBITSKKOU U
UMEIOINX CTEHKY TOJIIWHON MeHee 2 MM, pacdeT BEIeTCA IO Hapy>KHBIM
(BHEILIHUM) pa3Mepam JeTaju, a JJis AeTalell CO CTEHKOW TOJIIUHON CBBIIIE 2 MM
— I10 CPEIMHHBIM €€ pa3Mepam.

B kadectBe mpumepa ompenenuM AMaMETp 3arOTOBKH JJII OCECHUMMETPUYHOM
JeTall € Y4YeToM T[puIlycka Ha o00pe3ky HepoBHoro kpas AH. Jlud
IIWIHHIPHYECKOTO cTakaHa 0e3 duanma (cm. puc. 8.19, 6) ycioBue paBeHCTBA
TUTOMIA/IA TIOBEPXHOCTH 3aTOTOBKU M JICTAIM OIpPENEsIeTCs] ypaBHEHUEM

”'T[)gz’”'—dlzm-d-(h+AH)+%-(2-ﬂ-dl-rn+8-rj), (8.22)

OTKyJa

D, =/d?+4-d-(h+AH)+2-1,-(z-d, +4-1,) . (8.22a)

JlnameTp 3aroTOBKU MOKHO OIPENEIUTH 110 OoJiee mpocToi hopmyrie, MpUHSB

r.=0, h=H u d;=d, Torna
D,~d-(d+4-H) (8.226)

B nanHoM ciywae mpumyck Ha oOpe3Kky HepoBHOro kpas AH MOXHO He
Ha3Ha4aTh, TaK Kak nmpu Hew3MeHHbIX d U H u npu =0 miomanab MoBEepXHOCTH
nerany Oobiie, yeM npu I,#0.

JlnameTp 3aroToBKM I OCECUMMETPHYHBIX JIETAIEW CO  CIIOKHOMU
KPHUBOJIMHENHOMN oOpasytouiei ONpENEIACTCS IBYMS METOJIAMH:
rpadoaHaTUTUYECKUM C HCHOJb30BaHHEM Teopembl ['ynbaeHa-lIlanma u yucto
rpaduueckuM C UCIOJIb30BAHUEM MPABUIIA BEPEBOYHOTO MHOTOYTOJIbHHKA.

CuwiioBbIE yC10BUSA

CuioBble ycnoBus; feopMupyronue ycujime, yCuine Npukuma, padora
aepopmMupoBaHus.

B navanpHOM cTaanu GopMOU3MEHEHUS deghopmupyrouiee ycuaue — GyHKIUSA
yria oxBara o (puc. 8.20):
P,=2-7-p-S-0,., SN,

A

rane p=r—r, -(l-sina).

A\,

Puc. 8.20. Cxema neicTBUs CHJI HAa HAYAJILHOM CTAaIUH BBITSHKKHU



W3 mpuBeneHHO#l (OpMyNbI CIEAyeT, 4YTO MpU yrie a, OJU3KOM K HYIIO,
nedopMupyrolee ycuine 0JI13K0 K HYJTIO 1aXKe MPU OOJIbIIIOM 3HAYCHUU o 910

00BACHAETCS TEM, UTO IIPOCKINHN JICMCHTAPHBIX CHJI, BBIBBAHHBIX HAIIPSKCHUAMHA
Ha OCb ITYaHCOHA MaJIbl.

pmax *

O ) max
ITo MCEpPC BTATMBAHUA 34aI'OTOBKH B MAaTpHLIy YIroJl a CTPCMHUTCA K 71'/2, ITOCJIC
AJOCTUIKCHUS 9TOT'O 3HAUCHUS OH OCTACTCA IIPAKTHYCCKH HCU3MCHHBIM U HAa YCHUIIUC
HC BJIUACT.
HpI/I YBCIIMUYCHUHU YIJIa O YBCIMYHUBACTCA W IIPOCKIHA BCKTOpPaA Cym Ha OCb

ax
IIyaHCOHA, OCTUTas HAaHOOIIBIIEr0 3HAYEHHUS IpU o = 7/ 2i
P.=2-7-r-s-oc (8.23)

pmax *

cornacHo (8.3), (8.13) u (8.15) B (8.23), MoxHO

MOJIYIUTH (POPMYIIBI JIJIs1 OnIpeaesieHrs AeOPMHUPYIOMIETO YCHIINS C PUKUMOM U
0e3 mprKrMa 3aTOTOBKH HA TIEPBOM U TIOCTIEAYIOIIHNX MePEX0aX BHITIKKH.

B Tex cmydasix, korga tpeOyercs moaoOpaTh 0OOpYyAOBaHUE MO CHUIIOBOMY
napameTrpy, JAchopMUpYIOLIee YCUIHWE  ONPEACNAOT  MNPUOJIMKEHHO IO
yOpoIIeHHBIM GopMynaM. Hampumep, ycunme BBITSDKKH MOKHO OIIPECIIATh, KakK
pOoM3BeIeHNEe HAaNOOBIIEro, MO OYary MmiacTUYecKon nedopMaIui, pagrialbHOTO
PACTATUBAIOIIETO HAMPSIKEHUS, BOSHUKAIOIIETO B MICABHBIX YCIOBHIX BBITSXKKH
(8.5), Ha mIOIIAIb MONEPEYHOTO cedeHus aetanu auameTpom d. [Tocie 3aMeHbI B
dbopmyne (8.5) os Ha o0z U pa3OKEHUS B s UMEIOIIETOCs B 3TOM dopmyrie
norapudma otHomieHus Do/d (mpuHSB BO BHUMaHHE TOJIbKO IMEPBBIN WiCH psjia)
dbopmyna nis onpeneneHus AepOpPMUPYIOIIETO YCUITUS TPUMET BUJY

P~rz-d-s-(K,-1)-0o,, (8.24)

HOI[CT&BJIH}I 3HAa4YCHUC o

p max

roe K =D,/d.

BnusHue ynpoyHeHUs M CWJI TpeHHsS B 3TOW (hopmysie B U3BECTHOW CTEMEHU
komrnencupyertces tem, 9to (Do/d — 1) > In(Do/d) u 6,>0s.

Cornacno pexomenaanusim Pomanosckoro B. I1. [18] nepopmupyromiee ycumnme
onpeesaeTcsl Kak MPOU3BEICHUE BPEMEHHOTO COPOTUBIICHUS Pa3pbIBY 0y Ha
TJIOIA/Ib MOTIEPEUYHOI0 CEUCHHS BBITATMBACMOM JETAIM U Ha TIOTIPABOYHbBIN
kKod(pdunreHT £, 3HaYeHNE KOTOPOTO 3aBUCUT OT CTEINECHH JieopmMaliuu,
OTHOCHUTEJILHOM TOJIIIUHBI 3aTOTOBKH U MOPSIKOBOTO HOMEpa MEPEX0/1a BBITSIHKKU:

Px¢&-o,-nls.

Koadpduument ¢ omnpenenstor mo TabiauIiaM, COCTaBICHHBIM Ha OCHOBaHUH
000011IeHNs SKCTIEPUMEHTAIIBHBIX JTaHHBIX. [[J1s1 mepBoOro mnepexoja BHITSIKKU & =
0,28+1,I, mma Broporo — &=0,15+1,1 u T. A. 3HaueHue ¢ YBEIUYMBACTCS C
YBEIMYCHHUEM CTETICHH JIehopMaIiii 1 OTHOCUTEILHOM TOJIIIUHBI 3aTOTOBKH.

Ycunue npusicuma 3aroToBKU JOJDKHO YJIOBJIETBOPSATH JBYM YCIOBHSM, a
MMEHHO: OHO JIOJIKHO OBITh HE HACTOJBKO BEJIUKO, UTOOBI BBI3BATh OTPHIB JHA MPHU
BBITSDKKE, W HE HACTOJBKO Majo, 4YTOObl 00pa30BajiuCh CKJIAIKH B 30HE
MJIACTUYECKOM edopmaliuu.

[Tpubnmxenno ycwine npwxkuma Q MOXHO TPEACTaBUTh, KaK MPOU3BEIICHHE
CPEIHETO YAEIbHOTO YCUIIUS Y, YIOBJIETBOPSIONIETO MOCTABIEHHBIM YCIOBUAM, Ha
wiomanas (aanma getann F$, Haxomsmyrocs MOx HPHMKMMHBIM KOJIBIIOM B



HAYaJIbHBIA MOMEHT BBITSIKKH:
Q=g Fyn
[Ipy BBITSDKKE HMIMHIAPUYECKUX JeTaled W3 TUJIOCKOM 3aroTOBKU YCHUIIWE
nprxuma OyeT paBHO
Q=0,785'[D¢? - (d +21)?]'q. (8.25)
Ha nocnenyronux nepexoiax BHITSDKKH YCUIIME IPHXKUMA OTIPEEIIsIeTCs 10
cXoJiHOH hopmyiie
Q=0,785"[dn-12 - (dn + 2°1)?] 0, (8.26)
IJic n — TOPSIKOBBI HOMEp Tepexoja BBITSHKKH, Ong u d, — amamerpsl
nosypabpuKaToOB HA MPEABIAYIIEM U MOCIEAYIOUIEM MEPEX0aX BBITSKKH.
YnenwbHoe (cpenHee) ycwive MNOpKuUMa ( 3aBUCUT, B OCHOBHOM, OT
XapaKTePUCTUK MEXaHUYECKUX CBOMCTB MaTepuaa, TOJNIINHBI 3aTOTOBKH, a TaKKe
OT cTeneHu aAeopmannu. B 3aBUCHMOCTH OT MEPEYUCICHHBIX (PAKTOPOB COTJIACHO
JTaHHBIM, TPUBEJICHHBIM B CIpaBo4yHOM jutepatype [18], q=4,5+,8 Mlla, yem

TOHBIIIEC 3aroToBka u Oombine K,=Do/d, TeM yaenbHOE ycuime MprkuMa OOJIbIIe
(puc. 8.21).

0 05 10 15 smm

Puc. 8.21. 3aBUCUMOCTB yIEIBHOTO YCWIHS IPUKMMA OT OTHOCHTEIIBHOU
TOJIITMHBI 3aTOTOBKU

s ompeneneHust YCHUIHs TPYWKUMa TPU BTATUBAHWHW TIJIOCKOM 3arOTOBKH B
MaTpUIly MOKHO HCIONb30BaTh MNPUOIMKEHHYI0 (OpMYIy, TIOJYyYEHHYIO B
pe3ysbTare 00pabOTKH SKCIIEPUMEHTAIBHBIX TaHHBIX [16]:

Q:O,l-{l—M]Kf-PB, (8,27)
(K,-1)-D,

rae P, — aedopmupyroliee ycuiaue, onpenensemoe mno popmyse (8.24).

U3 dopmynsr (8.27) cmemyer, uro ycuwnme mpmkuMa Q Bo3pacTaer ¢

yBenmuueHueM K, = Do/d, ycunus P, M ¢ yMEHBIICHHEM OTHOCHTEIBHOW TOJIIIHHBI
3arotoBku S/Dg. Ilpu D — d<<18's Q=0, T. ¢. HEOOXOAUMOCTh B MPUMECHCHHUU
IpKUMa OTIAIaeT.
A. A. bebGpucom ObUTO YCTAaHOBJIEHO, YTO MPHU BBITSDKKE YCUIIME TMPHKHUMa MOYKET
HU3MEHATHCS B ONpPEACIeHHBIX npeaenaax 0T Qmax 10 Qmin. MHTEPBAT Qmax — Qmin
3aBHCHUT OT CTEMEeHM Aedopmalnuu 3aroTOBKH: YeM OHa OoJiblle, TEM HHTEpBal
n3meHneHus: Q menpire (puc. 8.22).
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Puc. 8.22. 3aBucumocth unrepBana Qmax —_Qmin OT cTenenu nedopmanuu
ToJBKO MPH BBITSHKKE C MPEETBHO TOMYCKAaeMOM (KPUTHYECKOM) CTENEHBIO
nedopMalui yCUINE MPHKUMa JOJHKHO OBITh BIIOJHE OIMPEICICHHBIM,
€IMHCTBEHHBIM. OTCIO/1a CIIEAYET, YTO YEM BBILIE CTENEHb AePOpMaIu IpU
BBITSDKKE, TEM TILATENbHEE JOJKHA OBITh HACTPOIKa IpoLEcca 10 3a30py MEXIY
3€pKaJIOM MaTpPUILIBI U 3€pKAJIOM IPHKUMHOIO KOJIbLIA IITaMIIa.

HccnenoBanus MOKa3ajad, 4YTO B IPOLECCE BBITSDKKM YCHIIME NPHXKHUMA,
o0ecrieunBaroIlee OTCYTCTBUE CKIIAJO0K, M3MEHSETCS BMECTE C YMEHbIIEHHEM
MIMPUHBl (JIaHLA BBITATUBAEMOM JETald W 3aBUCUT OT HWTOTOBOW CTENEHU
nedopmalu TOJIIMIMHBI U XapaKTEePUCTUK MEXaHUYECKUX CBOMCTB €€ MaTepHaia.

Pabomy oOegpopmuposanus A MOXKHO ONPENCITUTh HHTETPUPOBAHUEM
ypaBHEHUS, PYHKIMOHAIBHO CBS3bIBAIOLIErO AehopMUpyolee ycunue Py U myTh
IyaHCOHA:

H H
A=[Pdh=2.7.rs[0,,dh (8.28)
0 0

[Ipu otcyrctBuM ynpouyHeHus yw, = 0 U 0;=0s; Ui JAHHBIX YCIOBHUM
nedopmupoBanus ¢opmyna (8.13) g onpenenenus o, MOXET OBITH

NpEJCTaBICHa B BHUJE
Cpmx = B0, [IN(RIT)+ -Ql(x-R-5-0,) +s/(2-1, +5)]- 1+16- ). (8.13a)
B sroit popmyne paguyc ¢uanna R, u3MEHSIOMUNCA B MPOLECCE BBITSKKH,
OTIPEIETISICTCS U3 YCIOBHUS PABEHCTBA TUIOIIAIN TOBEPXHOCTH 3arOTOBKH M JICTAIIH.
[Tpu MambIX Iy ¥ I'; IO CPABHEHHIO C TUAMETPOM 3aTOTOBKHU

R=JRZ-2-r-H. (829

ComectHoe pemenue hopmy (8.28), (8.29) u (8.13a) ¢ yueTom npeodbpazoBaHus
norapudmuueckot ¢GyHkuu, Bxomsmed B ¢dopmyny (8.13a), mo3BoJseT

ONPENENUTh padoTy AeOPMHUPOBAHUS NP BBITSHKKE HEYIPOUHSIOIIET0CsS MeTalia

[22]:
2— . .
A=z.r2(K —1)-s-0, | InK, —Ke =1, 2 1-Q >

4.K? ﬂ-r-s-(KB+1)-as+2-rM+

S](1+1,6-y), (8.30)

rone K, =D/d.

Ananmuz  ¢opmynsl  (8.30) mnokaspiBaeT, uTo paboTta aedOpMHUPOBAHUS
YBEIMYMBAETCS C yBelnueHueM K, , KoapduuumenTta TpeHus y, ycunus npmwxuma Q,
OTHOCHUTEIILHOW TONIIUHBI 3aroToBKU S/D 1 pamuyca BeITssrMBaeMoit aetanu . [Tpu
K,=1 A=0.

[Ipenenbhas (kputnyeckas) crenenb Aehopmannu. CteneHs nedpopMaiuu mpu
BBITSKKE XapaKTEPHU3YETCsl OTHOCUTEIBHBIM COKPAIEHUEM IUIOIMIAINA [TONEPEUYHOTO



CEUEHHUs BBITATHBAEMOW JI€TaMM MPH NPUOIUUTEIBHO HEU3MEHHOM TOJNIIUHE
CTEHKH. YUUTBIBasA 9TO, CTENEHb JehOopMaluu
Cmenens oeghopmavyuu v K03HPUINEHT BBITSKKH CBSI3aHbI 3aBUCUMOCTBIO
w=(K, -1/K,, (8.31)
U3 KOTOpPOM clemyeT, uTo uyeM OoJblle cTeneHb aedopmanuu (M, cieaoBaTeNbHO,
OTHOCHUTENIFHOE COKpallleHHe AuaMeTpa BBITATMBAEMOro mnoiydaldpukara), TeM
3HaueHue K, OoJbIe.

CymiecTByeT mpenenbHas (KpUTHYeckas) CTemeHb aepopmammu i W,
CJIEIOBATENbHO, MPEAENIbHBIN (KpUTHUECKUN) KOd(D(PUUMEHT BBITSXKKU K, , TpU
KOTOPOM HaNpsKEHHs B ONACHOM CEYEHUH BBITSTMBAEMOT0 1oty padprkara OJIu3Ku
K pa3pyLIatoIIyM.

OmnpeneneHne MNpeAeapHOro  (KpUTHYECKOT0)  KOI(PPUIMEHTA  BBITSKKH
TEOPETUYECKUM MYTEM JIOBOJBHO CIOXKHO. CII0)KHOCTH pPELICHUs STOW 3ajauu
3aKJIIOYAeTCsT B TOM, UYTO pACTSATHBAIONINE HAMPSOHKCHHs, HEOOXOAUMBIE st
IJIACTUYECKOro POpMOU3MEHEHUS (PIIaHIla, 3aBUCAT OT OOJIBIIOrO Yucia GakTopos.,
CTETICHb BIUSHUS KOTOPBIX YCTAHOBJICHA JIMINb MPHOIMKEHHO BCIEICTBUE pAa
JIOTYIICHUH, TPUHUMAEMBIX B aHAJIHW3€  HaNPSHKEHHO-Ae(OPMHPOBAHHOTO
COCTOSIHHSI, @ yCIIOBHS pa3pylieHusi moiydaOpukaTa OCHOBBIBAIOTCS Ha JKCIIE-
pUMEHTANIbHBIX JAaHHbIX. [loaToMy 3amaya 1O ONPENENEHUIO MPENEIbHOTO
KOA(pQUIMEHTa BBITSKKA TEOPETHUYECKHM MOXKET OBbITh pEIIeHa  TOJBKO
OpUOJIMIKEHHO, OCHOBHAsl 1I€JIb TaKOro poJa peUIeHUs — YCTAHOBJICHUE
(YHKIIMOHAJIBHONW CBA3M MEXIy OIpenesieMblM MapaMeTpoM M (aKTopamu,
BJIMSIIOLIMMU Ha €ro 3HaYeHHUE.

OnHO U3 pelIeHni 10 ONPEAETICHUIO MPEAETLHOT0 KO3(PPUIIMEHTa BBITSKKU U3
NIEPBOM OIEpalyy MpH ITAMIIOBKE ¢ MPWKUMOM 3aroTOBKH B IWJIHHIPHYECKON
MaTpHIE C PAIUATIBLHON 3aX0HOM YacCThIO OBLIO MOJYYEHO C YYETOM YNPOYHEHUS
MeTajljla, KOHTAaKTHBIX CHJI TPEHUS M W3TUOHBIX HANpsHKCHUHA B pe3yibTare
WCIONIb30BaHMsl ypaBHEHHs (8.13) M NPHHATOrO YCIOBHMS DPAaBEHCTBA O,

HAMPSHKCHUIO TEKYUYECTH 05, KOTOPOE MPHUOIMIKEHHO MOXKET OBITh MPUHSITO PABHBIM
BPEMEHHOMY COTPOTHUBIICHUIO MaTepraa 3aroTOBKH o, [23]:

1 v
K, —exp|09- s 40 (8.32)
1+16-4 2-r,+s =n-R-s-o,

Pacuetst mo Qopmyne (8.32) maroT npuOIMKEHHBIA pe3yibTaT, OJHAKO OHA
oTpaxaeT (U3MYECKYI0 CYIIHOCTb MPOIECCa BBITSKKHM, TaK KaK €€ aHalu3
MO3BOJISIET YCTAHOBUTH XapaKTep W CTENEHb BIUSHHS YUYTEHHBIX (DAKTOpOB Ha
3Ha4YeHue K, .

Cnenyer OTMETHTH, YTO YCIOBUE o, . =0z — IPUOIMIKEHHOE, IOCKOIBKY

3HaueHue o, JAEHCTBUTENbHOE, a 3HaYeHue o, — YycloBHoe. Kpome Toro,

max
YCTAaHOBJICHHOC 3KCIICPUMCHTAJIbHO YCIOBHUC OTPhIBA JHA ITPH BBITAXKKE HMCCT BHU

G —(1,1+1,2) ‘05, IlonpaBounsni koddduument (1,1—1,2) B Kakoi-to MmMepe

KOMIIGHCUPYET YKa3aHHO€ JOMylIeHWe, He Hapymas (QyHKIIMOHAIBHON
3aBUCUMOCTH MEeXIy K, U (pakTopamu, BIUSIOIMIMMH HAa €T0 3HAYECHHUE.



[Ipr BBITSKKE JAeTajed C MaJIOW OTHOCHUTEIBHOM TOJIIUHOM CTEHKH
(100-s/D<0,1) cknaakooOpa3oBaHUe UMEET CBOCOOpa3HbIi XapaKTep: BMECTO BOJIH,
nepeceKaroIux Bech (ianell, 00pazyercs 00JIbIIOE YUCIO MEIKUX CKIAJ0K MaJon
JUITMHBI B paJiiajbHOM HampasieHud. [Ipu 3ToM co3aarorcs yciaoBus, IPH KOTOPBIX
yAEIbHOE YCUJIME MPUKUMHOTO KOJIbIIA PACHpeNesieTCsl M0 BCEH MOBEPXHOCTU
¢bnaHI1a paBHOMEPHO, CIEA0BATEIILHO

C yuerom »3Toro mnoidydeHa Gopmyna JUisi ONpeeieHUs pPaaualibHOTO
pacCTATUBAIOLLErO HanpskeHus [23]:

Gpmaxzﬂ.as-(ln5+ #Q S j (8.33)

r z-(R+r)-s-o, 2-r,+s

CpaBHuBas pe3yibTaThl pacueToB 1o ¢opmynam (8.33) u (8.13a), MOxkHO
YCTaHOBUTh, YTO MPU PABHOMEPHO PACIPENEIEHHOM IO MOBEPXHOCTH (haHIa
yAEIBbHOM YCWIMU TpHKUMa (CIeAOBAaTEeNIbHO, M CHUJI TPEHHUs) HAIpSKEHUS B
OITACHOM CEUYEHUHU OoJibllle, YeM, KOrja YIeIbHOE YCUIHE (M CHJIBI TPEHUS)
MPUIOKEHO TOJIBKO K KPAa€BOMY Y4YacTKy (iaHIia.

Ecnu npu peniennn Toi ke 3a/1a4i UCIOJIb30BaTh CTEIEHHYIO alllIPOKCUMAITUIO
KpUBOH ynpo4yHeHus Buaa os = C-¢" (rme e=In R/r — nmorapudmudeckas creneHb
nedopmarii), TO TOJYYHTh pPE3yJbTaT B BHUAC aHAJIMTHYCCKOW (QYHKIIUHA HE
yaaercs. [1o3TOMy 4YHMCIEHHOE pEelIeHUE 3aJa4d BBIOJIHEHO ¢ momoupio DBM.
Pe3ynpTaT Takoro perneHus NpuBeACH B BUE KPUBBIX B ocsix K —W mpu x =const
u nepemeHHoM n (puc. 8.23, a) u n = const u nepemennom u (puc. 8.23, 6), B
KoTopbix mapamerp W=2'g'rlo,e"'s. AHamM3 PHCYHKOB IIOKa3bIBAaCT, YTO
NpeaeNbHbI  (KpUTUYECKUN) KOIPPUIUMEHT BBITSHKKH K, YBEITUYUBACTCSA C
YMEHBIIIEHUEM ( U I' U YBETTUUCHUEM T, 11 U S.
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Puc. 8.23, 3aBucUMOCTb MpeAeIbHOTO KO3 PUIIMEHTA BBITSDKKU K, OT
napametpa W:
a — mpu i — const; 6 — mpu N = const
Ha npenenbHOEe opMOU3ZMEHEHHE MPHU BBITSKKE MOJIOKUTEIBHO CKa3bIBACTCS
aHU30TPOIKA  MEXAaHWYECKHX  CBOMCTB  XOJIOAHOKaTaHoro Jjucra. Ilpu
ko3 duLeHTe HOpMATBLHOW aHU30TponTuK R*>1 MeTaut XopoIo CONPOTUBIISETCS
YTOHEHHMIO, TIpeiesibHOe (POPMOU3MEHEHHUE 3a OJIHY OINEpalnio yBelnduBaeTcs. B
JAHHOM cJlyyae NPUHUMAIOT BO BHUMAaHHWE€ MUHUMAIBHBIA KO3(PPUIUEHT
aHn30TponMU R’min (2 He MaKCHMMAalbHBIA WIIM CPEJHHMI), TaK KAaK IPEJETIbHOE
COCTOsIHUE (TOSIBJIEHUE LIEHKH ) BO3HUKAET MEXy (heCTOHAMU, BO BIIAJIUHE, T. €. B
HanpasieHun R min. IIpenenbubiii K03QQUIMERT BBITSHKKH C YYETOM aHM30TPOIMH
MeTajula MOKHO ONpPENENATh, €CIU HCIIONb30BaTh YCIOBHE TeKydecTH Musuca—
Xwura.  [ng  TpaHCBEPCAJbHO-MU30TPONHOIO  MeETauia  I[pPU  IHIOCKOM



1e(OPMHUPOBAHHOM COCTOSHHMH yCIIOBUE TEKYYECTH B COKPAILECHHOM 3aIIICH HMEET
BUJI o1- 05 =P 05,

Te p-—1R__ (8.34)

Ji+2.R"

N3 dopmynsr (8.34) caenyer, uto um3meHeHue R* or 1 mo 2 BBI3BIBaeT
yBEJIMYEHHE £ TpUMEpHO B 1,2 paza u oka3bIBaET BIMSHUE HA PACUETHYIO BEJIUUYUHY
/Cyp- 3aBHCUMOCTB TIpeieIbHOTO Kod(hdunmenTa BoITSHKKY (K, = Do/d) oT 3HaueHns
R min, MIOCTPOCHHAsI C YYE€TOM aHM30Tponuu nmo AaHHeM FO. M. ApsliieHckoro,
noka3aHa Ha puc. 8.24. M3 pucyHka BUIHO, YTO C yBenudeHrueM R* xoadduiment
BBITSDKKHA yBelIMuuBaercs; npu R*>1 on Oompme m npu R*<1 — MeHblIe
K03 GUIIMEHTA BBITSHKKH U30TPOITHOTO MeTallia, y kotoporo R*=1.

KoadduimenTsl BBITSDKKH, TMOJYYEHHBIE PACUETHBIM IIyTEM, SIBISIFOTCS
NpeneNbHbIMU (KpUTHYECKUMH ). J{J1s1 CO31aHMsI HEKOTOPOro 3araca yCTOMYMBOCTH
pacueTHble 3HaYEHUS KO3(pPUIIMEHTa BBITS)KKM HEOOXOJUMO YMEHbIINTh Ha 10—

15%. YuuteiBast 3T0, JOMYCTHMBINA KOIQ(UIIMEHT BEITSHKKA K/ Oyaer paBeH
He
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Puc. 8 24. 3aBucuMocTb npeesibHOro Kod(ppuImeHTa BeITSHKKA K, OT
ko3 duIrenTa HOPMAILHON aHU30TPONHHU R min

Jomyctumblie K03 (UIIMEHTA BBITSKKH MOTYT OBITh OTIPE/IeJICHBl HA OCHOBAHHUU
OKCIIEPUMEHTOB M TPOM3BOJCTBEHHBIX JaHHBIX. B cmpaBodHO#l nuTeparype
UMEIOTCS CTIeIUATbHbBIE TaOIUIIBI JIJIS1 OTIPEACIICHUS JOMYCTUMBIX KO3 HUITUEHTOB
BBITSKKH, IIIUPOKO MMPUMEHSIEMbIC B HH)KCHEPHOU MPAKTHUKE MPU MPOSKTUPOBAHUHT
TEXHOJIOTUYECKHX MPOLIECCOB MPOU3BOJACTBA IITAMIIOBaHHBIX JieTaneil. B pabore
[18] u ap. ko3 duueHTH BHITSHKKH (M;) IpUBeACHBI B Bue oTHOmeHur d/Dg mim
dyv/dn-1, TIO9TOMY WX 3HAUeHUs MeEHbIIEe eAWHMIBL. CBs3b MEXAYy K, U my
creayromias: m, = 1/K, .

Ecnu MmHOTOTIEpEX0AHAs BBITSDKKA BeIeTCsl 0€3 MEXKOIEePaIlHOHHBIX OT)KHUTOB, TO
IpU yBEIMYCHUH TMOPAIKOBOTO HOMepa mepexona N 3HaueHwe K, yMmMeHbIIaeTcs
BCJIEZICTBME BO3pACTaHUsl YIPOUHEHUSI MaTepuaia 3aroToBKu. Pa3Huiia B 3HaueHUU
K, CyIIecTBEHHA JIUIIL Ha MEPBOM M BTOpoM mepexoaax BHITIKKU (Ki>Kj). TIpu
BBIMIOJIHEHUH MOCIIEAYIOIIUX NIEPEX0A0B 3HaUeHHE K, M3MEHSAETCS He3HAUUTEIbHO.
C Wu3BECTHBIM MPUONMIKEHHEM MOXKHO cuuTaTh, 4To K, ~K,;~..~K =const.

VYkazaHHoe siBJIeHUE OOBSICHSIETCS TEM, YTO C YBEIMYCHHUEM CTENEeHU JedopMaliu
WHTEHCUBHOCTh YIIPOYHEHUS METaJlIa IIOCTETIEHHO 3aTyXaeT.

Ecnu MHOTOIIEpEeX0THAS BBITSKKA BEACTCS 0€3 MEKOTEPAIIMOHHBIX OTXKHUTOB, TO
IpY YBEIMYEHUH TOPSAKOBOTO HoMepa mepexona N 3HadeHne K, yMEHBIIASTCS
BCJICJICTBHE BO3pACTaHUS YIIPOYHEHUS MaTepHasa 3aroTOBKU. Pa3Hulla B 3HAUCHUH
K, CyIIeCTBEHHA JIUIIIb Ha MEPBOM U BTOPOM mepexonax BhITKkU (Ki>Ky). [Tpu



BBIITOJTHCHUH ITOCIEAYIOIMUX NIEPEX0I0B 3HaUeHUE K, M3MCEHACTCSA HE3HAYUTEIIHHO.
C Wu3BECTHBIM MPUONMKEHHEM MOXKHO cuuTaTh, 4To K, ~K, ~..~K =const.

Yka3aHHOE sBJIEHHUE OOBSICHIETCS TEM, UTO C YBEITMUYECHHUEM CTENeHU aedopmanuu
UHTCHCUBHOCTH YIIPOYHEHHS METaJUIa MOCTETIEHHO 3aTyXaeT.

Onpedenenue uucna onepayuil (uau nepexoooe) u pa3mepoB NoayhpadprKaToB
OpU  BBITSDKKE LWIMHAPUYECKHX JAetaieil. Eciu u3BeCTHB  JIOMyCcCTHMbIE
KOA(GUITUEHTHI BBITSDKKH JIJIs1 IEPBOM U TIOCITIEAYIONINX ONepanuii (onpenaencHHbIe
pacdyeToM WJIH TMPHUHATHIC COTIACHO SKCIICPUMEHTAIBHBIM JaHHBIM), TUAMETPHI
noypabpukaToB, MO TIEpeXoJaM BBITSDKKH, JIETKO OMNPEICNISIOTCS COTJIacHO
CIICAYIOIIUM 3aBUCUMOCTSM (puc. 8.25):

d,=D,/K;
d,=d,/K,;
d,=d,/K,=D,/K,-K,-K,. (8.35)
YdauThIBast, 4TO MPH BBHITSHKKE 0€3 MEKONEPAMOHHBIX OTXKUTOB K, ~ K, ~...~ K’,
D, . D D,

(8.35a)

— — 0 . —
rae N — umcio onepaiuii (iepexonoB) BRITSHKKA. bosiee Touno K’ ompemensior
KaKk  cpeaHeapudMeTHYeckoe 3HaueHHue  KOAP(DPUIMEHTOB  BBITSDKKA  Ha
nociaenyomux mepexogax: K'= (Ky+Ksz+...+Ky):(N—1). Hdus ompenencuus N
MO>KHO MCIOJIb30BaTh ypaBHeHue (8.35a), nposorapudmMupoBas ero:
lgd, ~19(D,/K,)

V=L (8.36)
T
T dn;_ B #
i :
a | |F o F *
- 9 =

Y

< Dq =]

Puc 8.25. Cxema K ONpeaeseHrIo YKciia MepexoqoB (Onepalnii) BhITSKKH

Onpenenus quaMeTpbl OTy(padpUKaTOB MOCIE KKIONW onepaluu BbITSKKU U
3aJIaBIINCh PAJNYyCOM CKpyrJieHHus Iy (cMm. puc. 8.19, 6), onmpenesisioT BBICOTHI
nonydadbpukaroB (Hi, Hy, ..., Hy) U3 ycinoBus paBeHCTBa IJIOMIAIM TOBEPXHOCTH
3arOTOBKU U JAETAJIU:

O,785'D2(): Fl - ng...zFN,

rae Fi, Fo, ..., Fn — mmomanu moBepxHocTH monyabpukaToB mociae KaKaou
orepaluu BeITSDKKY. Mcnosb3ys ypaBHeHue (8.22), MOXKHO MOTYYUTh (HOPMYITY IS
OTIpEJICIICHHS BBICOTHI IIJIMHPUYECKOTO noyabpukaTa 6e3 duanma:
Dj—d12—2-rn-(7z.dl+4-rn)+rn_AH’ (8.37)

4.d
rne AH — npumyck Ha 0Ope3Ky HEpOBHOTO Kpas, OCTajbHble 00O3HAUEHUS

H=




noKaszaHsl Ha puc. 8.19, 6.

BoicoThl  monyhaOpukatoB MO  MEPexXoJaM  BBITSHKKM — MPUOIMHKEHHO
onpenensroTes 1o hopmyie (8.37), B kotopo't npuHATH =0 u AH=0, mocine yero
OHAa MPUHUMAET BU]T

HN=(D02 -dNZ)/(4'dN), (8.373)

rae dyv — numamerp monydadpukara mocine Af nmepexomor. @opmyny (8.37a)
UCIIOJIB3YIOT TIPU OMPEEICHUN BBICOTHI paboveil 4acTu MmyaHCOHA JJISl BBITSKKU,
BBICOTHI NMIPM>KUMHBIX KOJIEI U TIPU BBIOOpE Tpecca Mo X011y MOI3yHa.

Pamunyc ckpyraenus pabodeit KpOMKHA MaTPHUIBI I, KK 3TO CIETyeT U3 (HOpPMYIIbI
8.32, BimMseT Ha 3HAYCHHE TMpeAenbHOro Kod(pduuuenta BHITDKKH K; C
yBeJIUYEHUEM Iy K03 Puiment BuTHKKHN K, yBennuuBaeTcs. OgHaKo 4pe3MepHOe
YBEJIIMYEHUE PAJIUyca CKPYIJICHUS MATPHIIBl MPUBOJUT K YMEHBUICHHUIO TJIOLIAAN
3arOTOBKH, HAXOMSIICHCS IO TPWKUMHBIM KOJBIIOM INTaMIIa, 9YTO MOJKET
NPUBECTU K CKJIaakooOpa3zoBanuio. Kpome toro, ucciemnoBanue Qopmyinbsl 8.32
MOKAa3bIBAET, YTO YBEIUUCHHUE PAJNyCca CKPYTJICHUS MATPHUIIbI CBbIMIE 6...10 TONIIKH
3arOTOBKM HE JIA€T CYILECTBEHHOTO yBelIHueHus K, m03TOMY 3HAUEHHE PaInyCcOB
CKpYTJIeHUsI paboueld KPOMKH MATPHUIBIl MPUHUMAIOT paBHbIM 6—10 TonmuHam
3aroTOBKHU, MEHBIIIME 3HAUYCHUS JUIsl METaJlla TOJIIUHOMN CBBIIIE 4 MM, a OOJIbIITNE
— Juist 0oJiee TOHKOTIO MeTaJlja.
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Puc. 8.26. UepTtex neranu, MoIy4yaeMOW BBITSHKKON

Pabouune (MCnOTHUTENbHBIE) pa3Mepbl UHCTPYMEHTA ISl BBITS)KKU 3aBUCAT, B
OCHOBHOM, OT 3HaY€HHUS OJTHOCTOPOHHETO 3a30pa MEX Y IyaHCOHOM M MaTpuLEH Z,
KOTOpbIM, B CBOI OYEpENlb, CBSI3aH CO CTENEHBbIO Je(opMaluu BBITATUBAEMOMN
netanu. [Ipu BBITSKKE neTaneid ¢ (pUKCHPOBAHHBIMH HApYKHBIMH (BHEUTHUMH)
pa3MepaMu 3a30p Ha3HAYAIOT [IPU YMEHBIIEHUH Pa3MEpPOB IIyaHCOHA, MPU BBITSIKKE
netanel ¢ (UKCUPOBAHHBIMU BHYTPEHHUMH pa3MepaMH — IMIPU YBEIHUYECHHH
pazMepoB Marpuibl. C ydeToM TOro, YTO B pe3ysibTaTe M3HAIIMBaHUS pabouuii
nuametp matpunbl D, yBennuuBaercs, a nuameTp myaHcoHa D, ymeHblnaercs,
(bopMyIIbl U1 ONIpeAeSICHUS] UCTIONHUTEIbHBIX Pa3MEPOB HHCTPYMEHTA MOTYT OBITh
MpEACTABIICHbI B CIeaytomeM Buae [8]:

npu (PUKCHPOBAHHOM HAPYKHOM JHaMETpe AeTaIu

D, =(d, -08A)"; D,=(d,-08A-2-2),; ,
npu (pUKCHPOBAHHOM BHYTPEHHEM JMaMeTpe JeTallu
D, =(d, +0,2A)_, ; D, =(d, +0,2A+2-2)",

rae dS — HOMUHANBHBIN TUAMETp JeTaiu; A — JIOMyCK Ha U3rOTOBJICHUE JICTalIH;
Om ¥ Oy — JTOMYCKU Ha U3rOTOBJIEHUE MATPUIIbI U TyaHCOHA, COOTBETCTBEHHO;



TEMA: BBITSIAKKA OCECUMMETPUUYHBIX
JTETAJEN, OTIUYAIOIIMXCS OT
WIUHJIPUYECKUX

I[nan nexkuun: 1. Boimsoicka ¢ wiupoxkum granyem, 2. 8bimsxicKa Cmynenuamasix
Odemanneti, 3.8bIMANCKA KOHUYecKux oOemaneu, 4.evimsodicka noycgepuyeckux
Odeumaneti, 6bIMAN*CKA 8 JIeHMe.

A) ¢ mupokum paranyem

BBITSDKKOM MOXHO TOJTy4aTh OCECUMMETPUYHBIEC NETaNH, OTIMYAIOIIMECsS I10
cBOCH (opmMe OT HMIMHAPUYECKHUX JeTaliei, a UMEHHO — C IIUPOKHUM (IIaHIIEM,
CTyNeHYaThle, KOHUYECKHE, C KpPUBOJIMHEHHON oOpa3syromieid (B 4YacTHOCTH
chepuvecKue) u ap.

W3rotoBneHne TMEPEUUCICHHBIX JeTaleld MPEJCTaBIsIeT OMpeeICHHbIC
TPYAHOCTH B CBSI3M C TEM, YTO yCIOBUS (POPMOM3MEHEHUSI MEHEE OJarompusiTHBI,
9YeM YCJIOBHS BBITSDKKM IMIUHAPUYECKUX neTaneld 06e3 (rmaHma wim ¢ MajibiM
dnanmem. [loaToMy mpu MTAMIOBKE OCECUMMETPUYHBIX JI€TaleH, OTIUYAOITUXCS
no ¢opMe OT UWIMHAPUYECKUX, NPUMEHSIOT ONpENEICHHBIE TMPUEMBI,
MO3BOJISIONIME TOJIy4aTh HMX 0€3 paspylieHus. MHOTronepexoJHyr BBITSKKY
JeTanel ¢ MUPOKUM (IIAHIIEM MOKHO OCYHIECTBIIATH 0€3 MpHKMMa 3aroTOBKU
JIBYMSI CIIOCOOAMU: BTATMBAHUEM 3arOTOBKH B MAaTPUIly ITyaHCOHOM; MEePEa0IIuM
JIaBJICHUE JIOHHOMY €€ y4YacTKy C IMOCTeAyIollel mpaBkod ¢iaHIa B OTIACIBHOM
IIITAMIIE WU BBITSDKKOM C OJHOBPEMEHHBIM IIPOTATKUBAHUEM 3aTOTOBKH B MATPHILY
CWJIOH, MPUJIOKEHHOM K TOPLUOBOMY Y4YacTKy 3aroTOBKM, M NpaBKOW (¢iaHIa B
KOHEUHBI MOMEHT BBHITSDKKM (puc, 8 27). Bropoii crmocod BBITSDKKHA OoJfiee
IPEINOYTUTENCH, TaK KaK MPU MPOTAIKHUBAHUH CO3TAIOTCS OCEBBIE CHKHUMAIOIINE
HANPSDKEHUS, KOTOPBIE PasrpykKaroT OMAacHOE CEUEHHUE JETaal M 3TO MO3BOJISAET
BECTH MHOTOIIEPEXOIHBIN Mpoiecc 6e3 MEKOMEePallMOHHBIX OT)KUTOB C BBICOKOM
CTETIEHBIO UTOTOBOM AedopMaliiii Ha MHOTOIO3UIIMOHHBIX JIMCTOIITAMIIOBOYHBIX
aBTOMAaTax.

2)

Puc. 8.27. Cxema BBITSDKKH: @ — 0€3 MPOTAIKUBAHUS, 6 — C IPOTATKUBAHUEM
nosrydadpukara

OcoOeHHOCTh TEXHOJOTMHM BBITSKKM JeTaled ¢ IIHUPOKUM  (praHuem
3aKJIIOYAeTCsl B TOM, YTO IMOCJ€ MEepPBOM Omepaluy MOJy4yaroT AUaMeTp QuiaHua,
IpEeIyCMOTPEHHBII YepTeXoM JeTanu (¢ mpumyckoMm Ha oOpe3ky). Ha Bcex
MOCJIEYIOUIUX OTEepPalUAX 3TOT IUAMETP OCTAETCA HEM3MEHHBIM, (POPMOU3MEHEHNE
INPOUCXOANT BCJICACTBHE YMEHBIICHUS JUaMeTpa WIMHIPHYECKONH dYacTh
nosydabpukara, yBeJIMUeHUs IIMPUHBI (PJIaHLIa U BBICOTHI AeTanu (puc. 8.28).
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Puc. 8.28. [lepexoasl BRITSDKKY JIeTaliel ¢ UPOKUM (iaHIeM

BricoTta nonydadpurkara mocsjie nepBoi orepaliy BEITSHKKHE Ny onpeaenseMoit u3

YCJIOBHSI PaBEHCTBA ILJIOMIAACH MOBEPXHOCTH 3arOTOBKH M JICTAJIU:
D; +d,
h=—0"%1086-r,
4-d,

rae d; — nuamerp monygadpukaTa 1Mociie IepBOM ONepaIK BBITSKKH; Oy —
nraMmeTp uranIa.

Bricoty monydabpukaToB Ha MOCISAYIONIUX OTIEPAIUAX BBITSHKKH OMPEIACIISIOT

o ¢popmyne [18]

h, =(h,,—086-r,_,)-K +086-r,,
rae r,, U r, — paguychl Noay(paOpHUKATOB IO MEpPEXOJaM  BBITSKKH;
K,=d,,/dy — KO3 (DULHUEHT BBITIKKH.

Cy1iecTBEeHHOE BIUSHUE HA CYMMApHYIO CTENEHb Ae(OPMALIMH IIPH BBITSDKKE €
IPOTAJKUBAHUEM OKa3bIBAET pacipeesieHne o0beMa, MeTailia 1o onepauusM. [lon
JEUCTBUEM MPOTAIKUBAIOMIEH CHIIBI CTEHKa NoiydadpuKaTa yTOJIIAeTCsS U €€
YTOJIIEHHBI YYaCTOK YACTUYHO BBITECHSETCS BO (pJIaHEl, B CBSI3U C YEM 00bEM
nosrydabpukara, nperepreBaronero GopMou3MeHeHHe, yMEHbIaeTcs. B pe3ysib-
TaTe ATOTO MPU BBITHKKE Y JETATH MOXKET OBITh OTOPBAHO JHO. {151 TOrO 4TOOBI
MPOIIECC BBITSHKKKA TPOTEKAl YCTOMYMBO, HEOOXOJMMO TPU pacueTe BBICOT
nosry(haOpuKaToOB MPEAYCMOTPETh HEKOTOPBIM M30BITOK METalla Ha MpeAblyIien
OIepalyy MO CPaBHEHUIO C Mocienywuen. Ha nepson onepaunu peKkoOMeHIyeTCA
HaOpath Ha 20— 25 % meTtasa 60JbIIe O CPAaBHEHUIO C TIOCTEAHEH onepauei u
PABHOMEPHO PaCHpEAEIUTh €ro MO OCTAIbHBIM ONEPAIUSIM.

[Ipy BBITSDKKE JAeTajie ¢ IUPOKUM (UIaHIEM MPOTAJIKMBAHUE 3arOTOBKHU
OCYUIIECTBJISIETCS  CHELHAIBHO TMPEIyCMOTPEHHBIM B IUTaMII€ TOJKATEJEM,
onuparouMcs Ha Oy(epHoe yCTpoHCTBO, HIIM ITyaHCOHOM C 3aIJIEYUKOM (OypTOM).
[IyaHCOH ¢ 3amjIeYuKOM HE TOJIbKO MPOTAJIKMBAET 3arOTOBKY B MaTpHIly, HO U Ha
3aKJIIOYUTENBHON CTaJMM TMpoliecca pa3rubaeT W NOpaBUT (QuiaHen. OTambl
dbopMOU3MEHEHHUS I€TAJIA MPU BBITSHKKE ¢ MIUPOKUM (DJIAHIIEM TOKa3aHbl Ha PUC.

8.29.
), AL

Puc. 8.29. Ctaguu ¢popMOU3MEHEHHS MPU BBITSKKE U MTPOTATKUBAHUY JETAIIN C
MIUPOKUM (PJIaHIIEM



W3numrae 60JbIoe ycuiive MpOTATKUBAHMS IPUBOJNT K MTOTEPE YCTONIHBOCTH
nonydabpukara, B pe3ysibTaTe Yero NOsIBISIOTCS KOJBIEBbIE BBITYKIOCTH B MECTE
COTPSDKEHUS ydacTKa CBOOOHOTO M3rubda u HeneopMupyeMon MUIHMHIPUIECKOM
yactu mnonydadpukara. [loTeps yCTOMYMBOCTH HACTyINaeT NEPUOIUYECKH, UTO
MPUBOJIUT K U3MEHEHHUIO YCUITUS POTAIKUBAHUS U 00pa30BaHUIO KOJIBLIEBBIX MTOJIOC
Ha [WJIMHIPUYECKOM TOBEpPXHOCTH monydaldpukara. [ias ycTpaHeHHS 3TOTO
SBJICHUSI HEOOXOJIMMO YMEHBIIUTh YCUJIIME MPOTAIKUBAHUA 32 CUET YMEHbIIICHUN
KOHTAKTHBIX CHJI TPEHHS WIM YBEJIMYCHUS pajuyca CKpyrieHus paboyeid KpOMKHU
MaTpHIIbI.

bonpmiol BKIaag B WCCIAEAOBAHHME BBITSDKKH JETale O IIUPOKUM (hrraHIieMm
cnenan M. A. HopuupblH, TalbHEWIIEe pa3BUTHUE €r0 MCCICAOBAHUM MOJIYYWIIO B
pabotax A. A. bebpuca, I1. I'. OpnoBa u ap.

b) Cmynenuamote ocecummempuunple

Takue geTad MOJMy4aroT, KaK MPaBUIIO, MHOTOOIIEPAITMOHHON BBITSDKKOM (pHC.
8.30). [lepByro cTyreHb 1uamMeTpoM (1 BEITATHBAIOT U3 TUIOCKOW 3aTrOTOBKH 32 OJIHY
WM HECKOJIBKO OTIepalyid, ociie Yyero auaMeTp d; paBHO Kak u quaMetp dutania Dy
(eci 4YepTeKOM JACTAlld MNPETyCMOTpPEH (IaHel), OCTaloTCsl HEU3MEHHBIMH, a
HOCJICIYIONUE CTyNeHu auaMetrpoM dz, O3 W T. a. MOJAy4arOT B pe3yibTare
nepepacrpeieieHuss MeTajia 1o aHaJOTUH ¢ TEXHOJIOTHEHN IITAMIIOBKH JIETAJIEH ¢
mupokuM  QuianiieM. BpicoThl  monydaOpukaToB 1O OmEpamusM  BBITSDKKU
OINPEEIISIOT MO YCIOBUIO PABEHCTBA IUIONIA/IE MOBEPXHOCTEN U MOJCUYUTHIBAIOT C
BBICOKOU TOUHOCTHIO. OTCYTCTBHE U30BITKA BHICOTHI MOy PadprKaTa, moJIydeHHOTO
Ha IpeAbIAYyIIeH onepanuu, TPUBOAUT K OTPBIBY JHA HA MOCIEAYIONIEH onepaiuu
BBITSDKKH. M30bITOK (3-5 %) moBepxHocTH monydadbpukara, BTITUBacMOIo B
MaTpuily, HUCKJIIOYAaeT BO3MOXXHOCTh OTPBIBOB, OH JIOJDKEH YYHUTHIBATHCS MpHU

pacyere BbICOT MOy padpuKaToB.
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Puc. 8.30. ITepexo/ibl BHITSIKKM CTYIIEHUYATHIX JETaJIeH
B Tom cnyuae, korma wuTOoroBblid KodhduIMEHT BbITKKH K, Oo0mbIie
JIOTTYCTUMOTO, BBITSDKKA CTYIEHYATOM JIeTadu BO3MOXKHA 3a OJIHY orepanuio. B
JJAaHHOM ciiy4ae o(jopMiieHHe CTyrneHed B KOHEUHbIH MOMEHT IITaMIIOBKU
COMPOBOXK/IACTCS YMEHBIIICHUEM TOJIIIMHBI CTCHKHA B YIJIOBBIX Y4YacCTKax JCTaJIH.
CymectByet smnupuueckas dhopmyia, npeayioxennas 3. M. Kansmanosituem st
OTIPEJICIICHHS] HTOTOBOTO KO3 (HUIIMEHTA BBITSHKKHA CTYNICHYATON JCTaIH:
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rae hy u dy — BBICOTBI M TUAMETPHI CTYIIEHEH, COOTBETCTBEHHO, HAUMHAS OT
ctyneHu HauOombiiero quamerpa. Ecnu Ky<Kg, mrammnoBka cTyneH4YaToW aeraiu
BO3MOJKHA 32 OJ[HY OIEPaIHIO.
B) Konuueckue oemanu

| 1
T 1
a) 5)
Puc. 8.31. Konnueckue aetaiu

BBITSKKON MOKHO MOTy4aTh JE€Tadlld KOHMYECKOW (OpMbl: HU3KHE — B BUJE
ycedeHHoro konyca (puc. 8.31, a) U BBICOKHE, OCTPOKOHEUYHbIE — C MaJIbIM U
OonpmM  yriioM  koHycHoctu (puc. 8.31, 0). OcoOGeHHOCTh YCIOBHIA
nehopMUpPOBaHUS KOHUYECKUX JETale MpU BHITSHKKE MX U3 TJIOCKOM 3aroTOBKU
3aKJII0YAEeTCsl B TOM, YTO MyaHCOH IITaMIIa JJIS BBITSHKKH KOHTAKTHUPYET TOJBKO C
HEOOJIBIITUM 1IEHTPATIbHBIM YYaCTKOM 3arOTOBKH, & OCTaJIbHAs €€ KOJIbIIEBask YacTh
HE KOHTaKTUPYET C MyaHCOHOM M MPUKUMHBIM KOJIBIIOM M OCTAeTCsl CBOOOHOM, HE
Harpy>keHHou BHemHuMHU criiamu (puc. 8.32, a). Ilo mepe ornyckaHus myaHCOHa Ha
3TOM y4YacTKE BBITSATHBAEMOM JETali BO3HUKAIOT PAJAHAILHBIC 0, U OKPYXKHBIC Oy
HaIpsHKEHUS. Y CIIOBHE PaBHOBECHS AJIEMEHTA, HAXOJISIIETOCS B pacCMaTpUBaeMOM
30HE, BBIBOJMUTCS C IOMOIIBIO TPOCIMPOBAHUS CHJI HA HOPMaJb K CPEIMHHOU
MOBEPXHOCTH eMeHTa (ypaBHeHue Jlammnaca). [Ipu o, = 0 oHO UMeeT BUn

O'p/Rp+O'9/R9:0, OTKyJZa Rp:'RQ'O'p/O'Q,

rne R, u Ry — panuycel KpUBHU3HBI CPEIMHHOM TOBEPXHOCTH JJIEMEHTa
3arOTOBKY B MEPUAMOHAIEHOM M OKPYKHOM CEUCHUSX.

IIpu 0p)=0 R,—o0, T. €. TOJIBKO MpPU OTCYTCTBHUHM OKPY>KHBIX HaNpsKEHUH
oOpasyrolas AeTaji MOKET ObITh MPSIMOJIUHEINHOM, TIPU BCEX JIPYTUX 3HAYCHUSIX Ty
— KpuBoJIMHeHHOW. Hampumep, mpu pa3HbIX 3Hakax HamnpsokeHu R, u oy
oOpasyromas AeTajid BBITyKJasi 1 UMEET TOT K€ 3HAaK KPUBU3HBI, UTO U KPUBHU3HA
okpyxHoro ceuenust (puc. 8.32, 6). Omgnako npu o0,=0 COTJTACHO YCJIOBHIO
IUTACTUYHOCTU  0,=f3°0s, YTO TIPH BBITSKKE HEAOMYyCTUMO, TaK KaK MOXET
MpOM30UTH, OOpBIB AHa JAceTanu. [lodTomMy, ecimu HEOOXOIUMO TMONYIUTh
KOHUYECKYIO HU3KYIO IETAJb C MPSMOJIMHEHHOW 00pa3yromiei, B TEXHOJOTHIECKOM
nporiecce HeoOX0IUMO MpeTyCMaTPUBATh ONIEPAIIHIO MPABKH KOHMYECKOTO y9acTKa
JeTalu.
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Puc. 8.32. CxeMa BBITSDKKHA HU3KUX KOHUYECKUX JIETaJIEN

[Tox nercTBUEM OKPYKHBIX CKUMAIOIIUX HAMPSHKEHUN 09 KOHUYECKUN y4aCTOK
JeTany (HaXoAs1Iasicsi BHE MPUYKUMA) MOXKET OTEPATh YCTOMYUBOCTb, B PE3YJIbTATE
Yero MosIBITCS CKIAIKU. [{J151 TOro 4ToObl yMEHBIIUTh C)KUMAIOIINE HATIPSKSHHUS Oy,
HEOOXOJMMO HMCKYCCTBEHHO YBEIWYHUTh PACTATUBAIOIINE HANPSDKEHUS 0, AC-
CTBYIOIIME B pajualbHOM HAMpPaBJICHUU, NPU 3TOM MO YCIOBHUIO MIACTUYHOCTH
0,+0p= 05 CUMAIOLIEe HANIPSHKEHUE 0y YMEHBIIACTCS.

OnuH U3 CcrnocoOOB YBEIWYEHHS paJUalbHBIX HANpPSHDKEHUW — BBITSDKKA B
MAaTpHIIE C MePETHKHBIM TOPoroM (puc. 8.32, 8), KOTOPBIH CO3/IAET TOTIOTHUTEIIEHOE
CONMPOTHUBJICHUE HAa IyTH TeEpeMemeHus (QIiaHma 3aroTOBKA OTHOCHUTEIHHO
MaTpUIbl, YyBEJIHYMBAs HaNpsoKeHHE a,. OJHAKO YBEIWYEHUE paJuaibHBIX
pPaCTATMBAIOIIMX HAMIPSKEHUM BhI3IBAET YTOHEHUE CTEHKH, UTO MOKET IMPUBECTH K
paspymieanro aetaneid. [loaToMy pasmepsl MEepeTsSKHBIX MOPOTOB JIOJDKHBI OBITH
no1I00paHbl TakK, YTOOBI YBEJIMUYEHUE PAIMATBHBIX HAIMPSKEHUN HE TPUBENO Obl K
OTPBIBY JHA JeTaiu [24]. MaTpulibl ¢ NEPETSHKHBIMU MOPOTraMy MPUMEHSIOT MPU
BBITSIKKE OTHOCUTEIBHO HU3KHUX JeTallel, UMEIoIuX (GOopMy YCEUEHHOTO KOHyca
BeicoTol H<0,3'd, rne d — nuamerp 0OJbIIEro OCHOBaHHS KOHyca. BBITSKKY
neraneii  koHwuecko (Gopmbl  cpenaHeir  Bbicothl  (0,70>H>0,3'd) MoOXxHO
OCYUIIECTBJIATh 0€3 MpUKUMa WIH C MPUKAMOM 3arOTOBKM B 3aBHCHUMOCTH OT
OTHOCUTENIbHOW TOIMHBI 3aroToBKH (/Do) 100. Ilpu (S/Dg)'100>2,5 BBITSHKKY
BelyT 0€3 MprKuMa B 3aKPBITOM MATpHUIle C IJIABHOM 3aXOJHOM 4YacThiO B OJIHY
oIeparyio ¢ rmpaBkoi B KoHIe xojaa (puc. 8.33, a). Ilpu (S/Dg) 100<2,5 BBITSIKKY
OCYIIECTBIISIIOT ¢ MPWKUMOM (hJIaHIIa U, Kak MpaBuio, 3a ABe onepanuu (puc. 8.33,
0). Ilpu sToM monydabpuKaT, MOJYUICHHBIH TOCJIEC MEPBOM ONEPAIMH BBITSKKH,
MMEET IJIaBHBIE OYEPTAHUSI KOHTYpa, JUAMETP €ro paBeH IUaMETPy OOJIbIIOTrO
OCHOBAaHMSI KOHYCa, a BBICOTY OIpPEACNSAIOT M3 YCIOBUS PAaBEHCTBA IUIOLIAAU
MOBEPXHOCTH JeTanu (v nonydadpukara) u 3aroTOBKH.

! 5)
o)

e

a)
Puc. 8.33. Cxema BBITSKKM KOHUYECKUX IETAJIEW CPEIHEU BBICOTHI:
a— B OJIHY OIlE€paluio; 6 — B JIBE€ ONEPALNU

Bricokre koHnYeckue AeTaiu ¢ OOJBIINM YIJIOM HakjoHa obpasyromieit (30—
60°), y kotopeix H > 0,7'd, BBITATHBAIOT 3a HECKOJIbKO OIEpalliii OAHUM U3
CJIEIYIONTUX CTIOCOOOB.

[TepBbiit ciocod 3akiIo4aeTcss B MHOTOOINIEPALIMOHHON BBITSDKKE CTYIEHYATOro
nosryadpuKara ¢ mociaeayoIUM PacTSHXKEHUEM U TIPABKOH B CTICIIMAIBHOM IIITAMITe
(puc. 8.34, a). laHHbIii crtoco0 He 00ecreunBaeT MOIyYCHUE TIaJKON TOBEPXHOCTH.
[ToaToMy HEOO0XOaUMO TPOBOAUTH OOpPabOTKY (BBITIAKHBAHUE) JETANH Ha
pPOTallMOHHOM CTaHKeE.



a 7)
Puc. 8.34. Tlepexo/ibl BBITSDKKH BHICOKUX KOHMUECKHUX JIeTaneu

[To BTOpOMYy crnioco0y Ha mepBOW Omepary BHITATHBACTCS LMIMHIPUYECKUI
nostydabpukar, IuaMeTp KOTOPOTO paBeH JuaMeTpy OCHOBAaHUS KOHYCA, ITOCIE YEero
32 KaXAyl0  TOCIHEAYIOIIYyI0  OINEpalMio  BBITSOKKM — oOpasyercs  Bce
YBEJIIMYUBAIOMIASACA KOHWUYECKas ToOBepXHOCTh (puc. 8.34, 6). KauectBo
MOBEPXHOCTU TOTOBOM JI€TaIN MPHU BBITSKKE BTOPHIM CIIOCOOOM BBILIE.

[Ipy BBITSDKKE BBICOKMX KOHHYECKHMX J€Taleld BTOPHIM CIOCOOOM Ha BCEX
nepexo/iax, KpoMe MepBoro, JIJIsl yCTpaHEHHsI BO3MOKHOCTH 00pa30BaHMsI CKIaI0K
IPUHUMAIOT OoJiee BBICOKME 3HAYEHUS JONMYCTHUMBIX KOA(DPHUIIMEHTOB BBITSKKH,
Hampumep, id  Huskoyriepoauctoix crainet Ky=1,2+1,35. Ilpu BBITSKKE
KOHUYECKHX JIeTale AuaMeTpbl Noiay(adpukaToB MO MEPEXojaM OIpPeIestoTCs
TaK JK€, KaK W IIPpU BBITSDKKE LWIMHIAPUYECKUX JeTajeil, T. €. JuaMmerp
HUIMHAPUYECKOM  YacTH  IOCIENYIOLIEro  IEpeXoJa  pPaBeH  AUaMeTpy
HWIMHAPUYECKOM  4acTH  IPEeAbLAYyLIEro  Mepexona,  JEJI€HHOMY  Ha
COOTBETCTBYIOIIMN KO3 duuueHT BoITsKKU d =d, ,/K, . Bbicokre koHnueckue

JIETATF MOT'YT OBITh M3TOTOBIICHBI U3 MOJIBIX MIJIMHIPHUICCKUX MOTY(HaOpuKaToB —
3aroTOBOK, MOJTYYEHHBIX BBITSXKKOM, MPOJOJIBHBIM 00KUMOM CO CTOPOHBI JiHA. [1pu
HTOM 3arOTOBKA 3aTAJIKUBAETCS B KOHUYECKYIO MATPUILy CHIIOHN, MPUIIOKEHHOH K €€
topiy (puc. 8.35, a). B mpomnecce o6xkuMa guaMeTp JIOHHOW YacTH 3arOTOBKHU
MOCTENEHHO yMeHbInaeTcs. Korma nquaMerp JHa CTaHOBUTCS PaBHBIM IPUMEPHO
MOJIOBUHE JMaMETpPa UCXOITHOM 3arOTOBKH, IJIOCKAst TJOHHAS YaCTh BBIITyYHUBACTCS U
TO CHOCOOCTBYET O(OPMIICHUIO BEPIIMHBI KOHYyCa. 3aBepliaromias CTajaus
MITAMIOBKYA KOHUYECKOM JIeTalld TIPOI0JIbHBIM 00KMMOM TO0Ka3aHa Ha puc. 8.35, 0.
[Ipy TakoM cmoco0e YHCIO TMEPEeXOJOB IITAMIOBKH IO CPaBHEHUIO C
TPaJAWIIMOHHBIMHA TEXHOJOTHYCCKAUMH CXEMaMHU TIOCIEAOBATCIIbHON  BBITSHKKA
KOHUYECKUX AeTanen cokpamaeres [17].
I') Ycnosusn oeghpopmuposarnusn noaycghepuueckux oemaeil,

JIns Takux netanew, BBITATMBAEMBIX M3 TIOCKOM 3arOTOBKH 32 OJIHY OIEpPAIHIo,
BO MHOTOM CXOJTHBI C YCIIOBUSIMU J1I€(pOPMUPOBAHUSI KOHUYECKUX AeTaneil. OTiuuue
COCTOUT B TOM, YTO TIPH BHITSHKKE HU3KMX KOHUYECKUX JETANICH y4aCTOK 3arOTOBKH,
KOHTaKTHPYIOUIUH C TyaHCOHOM, Je()OpMHUpPYETCS YIPYro, a TMPU BBITSHKKE
noyryc(hepudecKux Jnerajgeil — BCS 3aroTOBKAa, B TOM YHCJI€ M KOHTAKTHBHIN e€¢
y4acTok, jaedopMHUpyeTcs IJIacTU4ecKku. Kpome Toro, TIpH  BBITSKKE
noyrychepudecKux JeTale MPOTSHKEHHOCTh HEHArpy»KEHHOTO, CBOOOJIHOTO
ydacTKa 3arOoTOBKY B HaYaJbHBIN TIepro] Ae(OPMUPOBAHUS €IIle OOJIBIIE, YeM MPU
BBITSI’KKE KOHUUYECKHX JICTAJICH.
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Puc. 8.35. Cxema nosiy4eHusi BBICOKOM KOHMYECKOM AETany MpOa0IbHBIM
00KHMOM:
a - HavaJIbHAs CTaus; 6 - 3aBepIIaroas CTaaus
HanpsikeHHOE COCTOSHME Pa3IMYHbIX YYaCTKOB 3arOTOBKU IPHU BBITSHKKE
HEOHOPOJIHO: B IICHTPAIHHOM YaCTH BO3HHMKAET JIBYXOCHOE PacCTsKEHUE, a BOJIHM3U
pabouell KpOMKHM MaTpullbl — cXaTue ¢ pacTsbkeHueM. Popma oOpasyroien
HEHArpy»K€HHOr0 Y4acTKa KpUBOJMHEWHas, BbITyKJas (puc. 8.36).

O g

Puc. 8.36. Cxembl Hanps»KEHHOTO COCTOSIHUS ouara JedopMaliuy B HauaJbHOU
CTa/IMU BBITSKKH MOJTyC(EpUUECKOH 1eTanu

B cBsI3u ¢ TeMm, 4YTO UEHTpalibHAas 4YacTh NOJyCHEpUUYECKON JeTanu
neopMHUpyeTCss B YCIOBHSX JIBYXOCHOTO pACTSKEHUS, Ha JTOM YYacTKe
IPOUCXOJUT YTOHEHUE CTEHKHU [EeTalu U, CJIEeJ0BAaTEIbHO, HE3HAUMTEIbHOE
YBEJIMYECHHE €€ MOBEPXHOCTH. Ecnu cuibl TpeHUS HA KOHTAKTHOW MOBEPXHOCTU
IIyaHCOHA W 3arOoTOBKHM Majibl WM COBCEM OTCYTCTBYIOT (HAlpUMEp, B YCIOBHSIX
ruapoaepopMUPOBaHUs), YPE3MEPHOE YTOHEHUE LIEHTPAJIbHOM YacTH JAeTalu
MO>KET IPUBECTH K MOSIBJICHUIO TPEUIUH B €€ BEPUIMHE UM Ha HEKOTOPOM yJIaJIEHUU
OT Hee.

Jlis yBenmu4eHus CUJl TPeHHsI, OJOKUPYIOUIMX 30HY BO3MOXHOIO pa3pyLIECHUs
(BepUIMHY J€TaNu), TPUMEHSIOT IITaMIIbl C MPOTUBOAABICHUEM, MPHKUMAIOLIUM
3arOTOBKY K ITyaHCOHY M IITaMIIbl C ITyaHCOHAMH IIOBBIIIEHHOW MIEPOXOBATOCTU
KOHTAaKTHOM IMOBEPXHOCTH.

[Tpu BBITSKKE mMoMychepuuecKux JAeraneil B CBOOOJHOM, HEHArpy>KeHHOM
Yy4aCTKe 3arOTOBKU BO3MOXKHO CKJIAJIKOOOpAa30BaHUE, 3aBUCSIIIEE OT OTHOCUTEIbHON
TOJIIIUHBI 3ar0TOBKH S/Dg. [ToaTOMY crI0CO0 BBITSHKKH MOIyC(HEepUIecKuX aeTanei
BBIOMPAIOT TNPHU YCIOBUM OTCYTCTBUA CKJIaIOK. Eciaum oTHOCHTENbHAs TOJIIMHA
3aroToBKH (S/Dg)'100>3,0, BBITSHKKY BeayT O€3 MPMKHMMa 33 OJHY OIEpPaIUio B
riyxoi marpuie ¢ (popMOBKOM M mpaBKoW B KoHie xoaa (puc. 8.37, a). Eciu
OTHOCUTEIIbHAs ToJmuHa 3aroToBku (S/Dp) 100<3,0, BBRITSHKKY ToychepruecKux
JI€TaJeil BBITOJIHSIIOT C MPUKUMOM 3arOTOBKM B OTKPBITOM MaTpuLE, B MaTpHIE C



HePEeTSHKHBIM oporoM (puc. 8.37, 6) mim peBepcuBHBIM criocodoMm (puc. 8.37, 6).
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Puc. 8.37. CriocoOb! BHITSKKH MOTyCHEPUUECKUX JIeTaneh

BBITSDKKY TOHKOCTEHHBIX BBICOKHMX JI€Taled ¢ KPUBOJHMHEHHOM 00pa3zyromiein
(Tuma oTpaxkaTesaeil OCBETUTEILHOM armapaTyphl) BEIyT B HECKOJIBKO orepaiui. 3a
MIEPBYIO ONEPALIMIO BBITSTUBAOT MOJIBIN HWJIMH]IP C MJIOCKUM WJIU BBITYKJIBIM THOM,
JMaMeTp KOTOPOTO OOJIbIIE AUaMETpa OCHOBAHHUS JIETAIN Ha yIBOCHHYIO TONIIUHY
CTEHKH KOJIBIIEBOM MAaTpHUIIbI g peBepcuBHOM BBITsDKKM (Ha 30—50 mm). Ha
MOCJIETYIONIUX OIepanusax (I Mepexoiax) BBIIOIHIIOT BBITSKKY PEBEPCUBHBIM
criocobom (puc. 8.37, 6).

PanmonanbHbI  C1IOCOO TOJYyYEHUs] JHUIN, OCHOBAHHBIM HAa COBMEIICHUHU
IPSIMOTO U PEBEPCUBHOTO CITOCOOOB BBITSKKH, ObLT pa3padoTan JI. A. Illopmanom
u II. W. Jloxoromem. IlepeTrsiruBaHue 3aroTOBKM 4Yepe3 pabdouyl0 KpPOMKY
KOJIBIIEBOTO  ITyaHCOHa-Matpuibl (puc. 8.38) MNPUBOIUT K  YBEJIMUYCHUIO
paCTATUBAIOIINX HANpPSOKEHWM B JOHHOW 4YacTH JETAlM, YTO YMEHBIIAET
CKUMAIOIINE HANPSHKEHUS U, CJIEI0BATEIIBHO, BOBMOKHOCTD MOSIBIICHUS CKJIaJ0K. B
TO K€ BpEMs YMEHBIIICHUE JUAMETPa KpPA€BOM YacTH JAETalH, IMOJIBEPrarouIciics B
HaYaJIbHBIN Mepuoa eopMupoBaHusl MPSMOM BBITSKKE, MOBBIIIAET €€ YCTONYH-
BOCTh. OOpa3yromnirecs: Mpu BHITSKKE HEOONBIINE CKIAAKU Pa3MIaKUBAIOTCA MPU
IIEPEMEILIEHUH 3arOTOBKHU B 3a30p€ MEKYy IIyaHCOHOM U MaTPULEH.
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Puc. 8.38. IlITamMn 111 peBEpCUBHOM BBITSKKHU JHUIIA

MHOT OIIEPEXO/THAS BBITSI’KKA JTETAJIEW B JIEHTE
CyIIHOCTh TpoIEcCa 3aKJIKYaeTCs B MHOTOIMEPEXOJHOM MOCIEI0BATEILHON

IITAaMIIOBKE MOJydaOpukaToB HenocpeAcTBeHHO B JeHTe. [lomydabpukars
YACPKUBAOTCS B HEH CHENHMAIBHO TMPETyCMOTPEHHBIMU TIEPEMBIYKAMH —
MOCTHKaMH WJIA 3alPECCOBKOM OTJCICHHOTO MoJTy(adpuKaTa B COOTBETCTBYIOIIEE
rae3n0. Ha mocneanem nepexojie mpoucXoauT BEIPyOKa 1Mo KOHTYPY, B PE3yJbTaTe
yero Jeranb oTaensercs oT JeHThl (puc. 8.39). Ilpu mnepemenieHUU JIEHTBI
OTHOCHUTEJIbHO HWHCTpyMEHTa (IlITamIia) BMECT€ C HEW IepeMeIlarTcs U Bce
nonydabpukarel. Takum o00pa3om, J€HTa €€ U CPEACTBO MEXIEPEXOTHOTO



TPAHCTIOPTUPOBAHUS NOTyPaOpUKaTOB.
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Puc. 8.39. Ilepexopl IITAMIIOBKY JIeTaJIel B JICHTE; a - 0€3 BEIPYOKH OKOH; O -
C BBIPYOKOM OKOH
B sieHTe MOKHO IITaMIIOBATh ACTAIN Pa3IMIHON (HOPMBI: IIJIOCKHE — BBIPYOKOH

U MPOOMBKOW, M30THYThIE — THOKOH B IITaMII€ U IYCTOTENbIE — BBITSHKKOM,
OoTOOPTOBKOM U T. 1. Pazmepsl AeTaneil, morydaeMbIX BBITSKKOM, OOBIYHO HEBEJIMKH,
10 40—50 MM B AuameTpe, pa3Mepsl JIeTajiei, Moay4yaeMbIX BIpYOKOM, JOCTUTAIOT
200— 250 MM nipu TommuHe gucta 2—3 M. B nente mmpunoit 330 MM ITaMITyIOT
KOpIyca aBTOMOOUIIBHBIX (ap B IEBATUIIOZUIIMOHHOM IITaMIIE ITOCIIEI0BATEILHOTO
nercTBus JMHOM okoJio 4000 M.

IIpermymecTBa IITaMIOBKM B JIGHTE OYEBUIHBI: BBICOKAs MpPOU3-
BOAMTEIBHOCTD IIpoLiecca, 0€30IacCHOCTh B pad0Te, BOZMOXHOCTh aBTOMATH3AL[UU
npoliecca NMo/Iayu JIEHThI B IITAaMIT U 00bEeIMHEHUS OOJBIIOrO YUcia MEePEXO0B B
OJIHOM IITaMII€ MOCIE0BATEILHOIO JIEUCTBUS (0 AECATHU), B TO BpEeMs KakK B
ITaMIax COBMEIIEHHOTO JACHCTBUS yAaeTCs 00bEIMHUTH JIUIIb ABA-TPU MEPEX0/Ia.

Henocratkm 1aHHOro crocoba IITAMIIOBKM 3aKJIIOYAIOTCA B HEKOTOPOM
OTPAaHUYEHHUH Pa3MEpPOB MITAMITYEMbBIX AETajeil, MOBBIIIEHHOM pAacxXxoJe MeTalljia
BCJICJICTBUE YBEJIMYEHUS IEPEMBIYEK, B CJIOKHOCTH M BBICOKOM CTOMMOCTH
ITaMIIOBOM OCHACTKH.

BBITSDKKY B JIEHTE€ MOKHO BBITIOTHSTH TIO CXEME BBITSKKH JIeTajel ¢ IIUPOKUM
¢bnanuem (cMm. puc. 8.28). [ns ompeneneHuss auaMeTpoB Noay(paOpHUKATOB MO
nepexo/iaM BBITSKKA HEOOXOJIMMO 3HATh JIOMYCTUMbIE KOA((MUITUEHTHI BBITSIKKH.
WX 3HaueHus MPUBEJICHBI B CIIPABOYHOM JINTEPATYPE U OTPACIEBBIX PYKOBOISIINX
TEXHUYECKUX Marepuanax (Hanpumep, PTM-105-0-212—83).

BhITsKKa B JIEHTE OCYIIECTBISIETCS IPU YCIOBUH :

h, <1 -92<L2
d d

e Yucio mnepexomoB W HX Ppa3MEPbl  ONPEACHSIOT 10 MPEAeIbHBIM

6H 6H

kod(pduneHTaM  BBITSDKKM.  YCJIOBHBIM — auameTp  3arotoBku D3
pPacCUUTHIBAIOT, KaK M JJi1 OOBIYHOM BBITSXKKM KPYIJIOW LUIUHAPUYECKOU
JIeTalH, a BOT ILIMPUHY MOJOCHI IO PopMyIie

* Bn=1,1Ds+2a, (47)



* 1Ie a - 00KoBasg mepeMbluka, 3aBucsmias ot D3. Illar mramnoBku B jieHTe 6€3
Hajape3oB npunumMaror t=(0,8-1,0)Ds.

 OOmmii KOPPPUIMEHT BBITSHKKH — OMNPENEISIOT KaK  MPOU3BEICHUE
K03 GUIIMEHTOR 1O Mepexoaam

» Koraa mobw>mnpeo B 1eHTE NpeIBapUTEIBHO BBIIOIHAIOT Haape3bl. Dopmy
TEXHOJOTHUECKUX HAJIpe30B BHIOMPAIOT B 3aBUCUMOCTH OT (HOPMBEI
mramiyemoit neranu /1,3,11/. YcinoBHBIN AuaMeTp 3arOTOBKH MPHU BBITSDKKE
¢ Hazgpe3amu yBenuunBarot B 1,05 - 1,1 pasa. [llupuHa BUHTA PU BBITSHKKE C
HAJ[PE30M PACCUUTHIBACTCS

* Bn =bu +ki-S (48)

* rae kz - ko duIMeHT, 3aBUCAIINNA OT TOJIIUHBI JeHTHL; ipu S ot 0,2 10 1,5
kz n3amensiercs ot 15 1o 4.

 [llar mogaym npu BBITSKKE C HAIPE30M ONPENIETAETCS KaK

« t=Ds3+b, (49)

* rae b -mmpunra mepembrukm Haapesa paBHa 2-3 mMm. KoaddummeHTs
BBITSDKKHM C Hajpe3aMHu OObIYHO OepyT Ha 5- 7% MeHblle, yeM 0ObIYHO O€3
HaJPE30B.

 Ilpu BBITSKKE B JIEHTE AepopMUpYIOIIee yCHiine, He00X0AUMOe /1Sl BEIOOpa
npecca 1o yCUIIMI0, ONPEIEIsIOT MPUOIMKEHHO C HEKOTOPBIM 3aI1acoOM Kak
CyMMY A€(OPMHUPYIOLIUX YCHUIMH 10 NEpexXoJaM ITAaMIIOBKH (B TOM YHUCIE
pOOMBKHU OKOH, 00pyOKa (hjjaHua ¥ np.) 1 MpaBKu  (priaHma.

JI71s1 HU3KOYTIEPOAUCTON CTaIM 3HaUY€HHUE KOA((DUIIMEHTA BBITSHKKA U3MEHSIETCS
ot 2,63 no 1,96 na nmepBom mnepexoqe u ot 1,37 no 1,19 — Ha mocaemyrommx
nepexonax [181. [IpuBenenubie KOIPOUIMEHTHI BBITSKKA — TpeAeIbHbIE, MpU
IPOEKTUPOBAHUU TEXHOJOTUYECKUX IMPOLECCOB HMX HEOOXOAMMO YMEHBIIUTh
Ha 10—15%.

Ecnu BBITSKKY B JIEHTE BEAYT MO CXEME BBITSKKH JAETAJICH C IUPOKUM (IIaHIIEM
C OJHOBPEMEHHBIM MPOTATKMBAHUEM 3aTOTOBKH B MaTPHUILY, UTOrOBasi (CyMMapHasi)
creneHb naeopmanuu 0€3 MEXOINEepPalMOHHBIX OTKUIOB MOXKET OBbITh OYEHb
BBICOKOM, TIPEJEIIbHO JIOMYCTUMBIE MTOTOBbIE KO3(PPUIMEHTHI  BBITSKKU
COCTaBJISIIOT: ISl HU3KOYIJIepoAucTon cranu 7,14; nns amoMuHus — 6,25; mid
natyau JI62 u JI63 — 5,0—3,7.

[Ipu BBITSDKKE B JIEHTE Ae(pOpMHUpYIOIIEe YCUINE, HEOOXOAMMOe sl BhIOOpa
npecca 1o YCUJIUIO, ONPEACIIAIOT NPUOIMKEHHO C HEKOTOPHIM 3allacoM KakK CyMMY
neopMUpYIOIIUX YCUIUM MO MepexojaM IITaMIOBKH (B TOM 4YHUCJE MPOOUBKU
OKOH, 00pyOKa (yiaHia ¥ np.) 1 TpaBku  QuiaHIa.

OOnacTh HpPUMEHEHUS IITAMIIOBKM B JIEHTE — H3TOTOBJICHHE HEOOJIBIINX
JIeTaJIE B MACCOBOM U KPYITHOCEPUMHOM IPOU3BOJICTBE.



