JIeKung Nel7 _
Tema BBITSKKA TETAJIEU KOPOBYATOU ®OPMbI

ILnan nekumm: Obracms npumenenus, XapaKkmepucmuxka onepayuul
soimsxcku, H/[C., onpedenenue pazmepos 3a20moeKu, Cuiogvle napamempul
BLIMANCKU, CHEeNneHb 0eghopmayuu, KOIUYeCcmao nepexo0os, nepemsidichvie peopa.

B 3aBucHMOCTH OT 4rciia oTnieparuii, HEOOXOAMMBIX /IS TOJTy9ICeHUST KOPOOUIaThIX
neTaneit TpeOyeMbIX pa3MepoB, MOCIETHIE TIOPA3ACIIOTCS Ha HU3KUE T 8bICOKUE.
Huzkue netanu BBITATHBAIOT 3a OJHY OIEPallMi0, BBICOKHE 3a JIBE€ U Oojee
OTIepaLUU.

Jletanms kopoO4yaToli GOPMBI CUMTAIOT HU3KOH, €CIIM €€ OTHOCHUTEIbHAS BHICOTA
(otHOMmIEHUE BBICOTHI aeTtanu H k ee mupune B) H/B<(0,6+0,8), BEICOKOH — eciin

HIB>(0,6+0,8). IIpu 5TOM OTHOCUTENBHBIH yII0BOH pamuyc F, DOJKEH OBITh HE
menee 0,1-(r,=r,/B>01).

[Ipu BBITSKKE neTaneil kopoOyaToil (popMbI OdYar MIACTUYECKON AedopManuu
HAXOJIUTCS B YIJIOBBIX ydacTKax (iaHIla, OH TAKXKE OXBATHIBAET 30HY COMPSIKCHUS
¢dnanna u 60KOBBIX cTeHOK. HampsikeHHOe cOCTOsIHME YIJIOBOTO ydacTka (piaHua
— IIJIOCKOE (CKATO-pacTsAHYTOE), Ne(OPMUPOBAHHOE COCTOSIHUE — OOBEMHOE.
CTeHKH JeTald UCHBITBIBAIOT CJI0XHOE MW HEPAaBHOMEPHOE HAIpPSKEHHO-
ne(OPMUPOBAHHOE COCTOSIHUE: CKATHE BJIOJIb KOHTYpa U PACTSKEHHUE 1O BHICOTE
(puc. 8.40). Uem BbIlEe JieTajab, TEM XapakTep paclpeiesieHUus HaIpsSKECHUN U
nedopmariinii 6o1ee HepaBHOMEPEH.

A el

Puc. 8.40. Dmropsl HanpsiKeHU BO (iaHIle HU3KON KOpoOUaTo aeTanu mpu
BBITSDKKE



[Ipu BeITSKKE AeTaneil kopoOuaToil (OpPMBI B YIJIOBBIX M KPUBOJMHEHHBIX
ydacTkax (piaHiia BO3HUKAIOT HE TOJIbKO HOpMaJbHbIE HANPSIKEHUS 0, U 0y, JCH-
CTBYIOIIME B pPaJHAIILHOM W OKPY>KHOM HaIpaBJlICHHUSX, HO U KacaTelIbHbIe
HaIpPsHKEHUS. Tpgp M (IO 3aKOHY IMAPHOCTH) Tpp, JCHCTBYIOUIUME B HANPABJICHUSX,
OpPTOTOHAIBHBIX HANPABJICHUI0 HOPMAJIbHBIX HamnpsbkeHud (puc. 8.40). DOTH
KacaTeJibHbIE HANPSKEHUSI BOSHUKAIOT BCJIEICTBUE OTCYTCTBUSI OCEBOM CUMMETPUU
neopMUpoOBaHUs M,  CJEIOBAaTEIbHO, HEPABHOMEPHOIO  pacIpeiesieHus
nedopmariuii mo KOHTypy AeTanu. Ha OuccekTpurce yrioBoro ygacTka KacaTelbHbIC
HaIpsHKEHUST OTCYTCTBYIOT (B CBSI3M C TE€M, UYTO 3TO OCh CHMMETPHUH JTaHHOTO
y4acTKa), & B MECTE CONPSIKEHUS KPUBOIMHEHHOTO U MPSAMOJUHEHHOTO y4aCTKOB
KOHTYpa JOCTUTAIOT HAUOOJIBIIETO 3HAUCHUSI.

BcenenctBue CIUlOmIHOCTA MeTallla KacaTelbHbIE HAIPSHKEHHUS TMOCTETIEHHO
yOBIBAIOT B IBYX B3aUMHO MPOTHUBOTIONIOKHBIX HAMPABIICHUSX: K OMCCEKTPUCE yTiia
2y (puc. 8.40) u B HaNpaBJICHUH MPSIMOJIMHEHHBIX YYaCTKOB KOHTYpA.

KacarenbHble HanpspKEHUST U3MEHSAIOTCS M IO IIUPHUHE (UIaHIla, YBEIUYHBAsACH
1o Mepe NpUOIMKEHUS K IepudepuitHoi ero yactu. Takum 00pa3om, KacaTelIbHbIE
HaIpsDKCHUS U3MEHSIOTCS BJIOJIb ABYX KoopauHaT — p u 6 (puc. 8.40).

A. T'. OBuMHHHMKOB moONy4usl GOPMYITY ISl OMNPEACTICHUS PagualibHOTO
pPACTSTUBAIOIIETO HAMPSKEHUSI, PEIIMB COBMECTHO YpPAaBHEHHUS PAaBHOBECUS H
IUIACTUYHOCTU MPU TPAHUYHOM YCIIOBHM, COTJacHO KoTtopomy mipu p=0 um =R

o= QI R"s:
o, =lo.fly -V3) - In(R1 p)- 6]+ [-QI(z - R-5).

Ananus 370 (HOpMyIIBI TOKA3bIBAET, YTO 0, YBEIHMUNBACTCS C YMEHBILICHUEM p U
0. Ilpu p=ry, u 6=0 paguampbHOE pAaCTITHUBAIOIIEEC HANPSIKEHUE JIOCTUTaeT
MaKCUMyMa:

O e = l(fs /(7/\/5)] In(R/ry)Jr,wQ/(zr- R-s). (8.39)

DKCTIePUMEHTAIBHO YCTAaHOBIIEHO, YTO YTOJI ¥, ONPEACSISIFOIINNA MTPOTKEHHOCTh
oyara IIacTU4ecKoi AeopMaIliu, MOKET ObITh IPUHST PABHBIM OJHOMY PaJHaHy:
y = 1 rad. B 3TOoM ciiydae MakcMMalbHOE MO odary AeopManuu paauaibHOS
pacTsruBaroiee HanpspKeHue OyneT paBHO

O ) max :[O'S/\/g] -In(R/ry)+,u-Q/(7r- R-s). (8.392)
CpaBHuBas MOJY4YEHHBIN pe3ynbrar (6€3 BTOPOTO ciiaraeMoro) ¢ (GpopMyson

(8.5), MO)KHO YCTAaHOBHUTb, UYTO NPHU BBITSDKKE KOPOOUYATHIX JeTalield HaNpsHKCHHE
o Ha Ouccektpuce yriaa 2y B 1,73 pasa MeHbIIE, YeM MAaKCUMaJbHOE

 max
paaviaiIbHOE pACTATHUBAIOIICE HAMPsOHKEHWE, BO3HUKAIONIEE TPU  BBITSIKKE
HWIMHAPUYECKUX JI€TaIEH.

VYkazaHHoe  OOBSACHSETCS  pa3rpyKaroIIMM  JCHCTBHEM  KacaTelIbHBIX
HaMpSHKCHUH, BO3HHUKAIONMIUX BCJIEJACTBUE OTCYTCTBUS OCEBOM CHMMETPUU
neopMUpPOBaHUSI TPU BBITSHKKE KOPOOUYATHIX JeTajell W OJarompusTHOTO
HaIpaBJICHUS ATUX HAMPSHKCHUN K IEHTPY KPUBOJMHEHHOTO ydacTKa KOHTypa Ha
IPaHUIIC 30H U3TU0a U BRITSHKKU. DTOT BBIBOJI XOPOIIIO MOATBEPKIAETCS IPAKTUKON
— TpemenbHO JOMyCTHMas CTeneHb JedopMaivi TPU BBITSHKKE HHU3KUX
KOpoOYaThIX JeTajed mnpuMepHo B 1,5—2 pasza BbIlle, 4eM IIPU BBITSKKE



HWIMHAPUYECKUX JETAICH.

[Ipy BBITSKKE TOHKOCTEHHBIX KOpPOOYATHIX JeTajel B YIVIOBBIX Yy4yacTKax
BO3HHMKAIOT OKPY)KHbIE€ HOpMaJlbHbIE HAMNPSKEHUS, OOJBIINE MO 3HAYCHHUIO, YEM
HaIpsHKEHUs, IEHCTBYIOUIUE BIOJIb MIPSIMOJIIMHEMHBIX Y4acTKOB. B CBs3M ¢ 3TUM npu
pasrpy3ke BO3HUKAIOT pa3fuyHble YIpyrue naepopMaldd B VYIJIOBBIX H
NPSIMOJIMHEMHBIX y4acTKaX, IPUBOIAIINE K MOSBJICHUIO C)KUMAIOIINX HAMPSXKEHUH,
CIIOCOOHBIX BBI3BATH YIPYTUW U3rHO CTEHOK. DTO MOJITBEPKAACTCS TEM, UTO Jaxe
JIETKO€ HAJaBJIMBAaHUE HAa CTEHKY KOpPOOKM COIPOBOXKIAETCS XJIOMKOM (TaK
HAa3bIBAEMBIM «XJIOITYHOM)).

XJOMYHBI MOYKHO YCTPAaHHTh, €CIU MPHU BBITSDKKE MPUIATh CTCHKAM KOPOOKH
ClIeTKa OBAJIBbHYIO, BHIMYKIYIO (JOpMYy HIIM MOABEPTHYThH €€ MPaBKE PaCTKECHUEM
cTeHOK Ha 2,5—4 % B coenuanbHOM IITAaMIIE C Pa3ABMKHBIM CEKTOPHBIM
ITyaHCOHOM.

Omnpenenenue ¢popm 1 pa3mMepoB 3aroTOBOK. Pa3mepsl 3aroToBOK IS IeTallel
KOpoO4aToil (hopMbI ONPEAEIAIOT U3 YCIOBUS PAaBEHCTBA IUIOIIAAN MOBEPXHOCTU
3arOTOBKU W BBHITSTHBaeMoOi jeranu. dopma 3aroToBOK 11 KOpOOYATHIX JeTaleit
3aBUCUT OT COOTHOILLIEHUS OCHOBHBIX Pa3MEpPOB ACTAINA: OTHOCHUTEIBHOU BBICOTHI
(H/B), otHOcuTenbHOU MmHMpUHBI (B/A) U OTHOCHTEIBHOTO paanyca CKpPYIJICHHUS
YIJIOBBIX y4acTKOB KOpoOkH (ry/B) (puc. 8.41). B 3aBUCHMOCTH OT OTHOCHTEIbHBIX
pa3MepoB JleTald MPUMEHSIOT pPA3JIUYHBIE CIOCOOBI IOCTPOEHHSI KOHTYpa
3arOoTOBKU. ODTH CHOCOOBI M 00JacTh MX NPUMEHEHHUS MOAPOOHO H3JI0KEHBI B
pabotax [11, 18,27 u ap.].

Hfry <5 | Hiry=5

Psc. 8.41. CxeMbl TOCTPOEHUS YTIIOBBIX YUACTKOB 3arOTOBOK ISl BBITSIKKH
HU3KUX KOpOOUYATHIX JIeTaleil pa3inuyHON OTHOCUTENBHOU BBICOTHI: a - H/1y<6; 6 -
H/ry=5;6-Hr>5

PaccMoTprM HEKOTOpBIE YACTHBIE CIyYau MOCTPOSHUSI KOHTYPOB 3arOTOBOK JIJIsI
HanmOoJIee YacTO BCTPEUAOUIMXCS B MPAKTUKE COOTHOUIEHUI OCHOBHBIX Pa3MepOB
KOpOOYaThIX JAeTaNCH.



MeTonnka MOCTpOCHUST KOHTYypa 3arOTOBKH JUIsl HU3KHUX JIeTaleH, Y KOTOPBIX
H/r<5, 6bina npeiioxena B. I1. 3BopoHo u 3akimouaercs B cienyroiiem (puc. 8.41,
a):

1. KonTyp neranu B IJIaHE BBIYEPUYMBAIOT B MacuiTabe, Mocje 4ero AearoT
pPa3BepTKy MPSMOJMHEHHBIX YYaCTKOB KOHTypa JETald Ha IUIOCKOCTb: JJIMHY
pa3Beptku | (cuMTas OT IUIOCKOTO ydacTKa JHA JETalli) ONPEICNISIOT, KaK IpU
OObIYHOM THOKE:

I=H+0,57"r,.

2. Tlo popmyiie, mOTyICHHON M3 YCIOBHS PaBEHCTBA TIOBEPXHOCTH 3aTOTOBKH U
JIeTaliv, OMpPEACISAIOT paJAuyC 3aroTOBKM Rp, HEOOXOMUMBIA [Ji1 TOJIY4YEHUS
HUAJIMH]IPA,

BIIMCAHHOTO B YTJIOBOM y4acTOK KOPOOKH:

Ry=+1,-(r, +2-H)-r,-(086-r, +014-r,) ,

rae I — paauyc CKpyTJIeHUs JHA UINHAPA: TIPU MaJIoM [,

3. Pagmycom Rg u3 iertpa O npoBoAsIT ayry a—b. 10 mepecedeHus ¢ npsMbIMu
Oc u Od, orpaHMYMBAIOIIUMH PSIMOJIMHEHHBIC YIaCTKH KOHTypa 3arOTOBKH.

4. Otpesku ad u be ensaT momnosam (TOYKH 71 M 1 COOTBETCTBEHHO) U Uepe3 3TH
TOYKH IPOBOIAT KacaTelbHbIC K ayre ab.

5. KacarenbHble, IPOBEICHHBIC Y€PE3 TOUKU M1 U 1, U IPSIMOJIMHEUHBIC YUaCTKU
KOHTYpa 3arOTOBKH COTPSITAIOT TyTaMH, paanyc KOTOPHIX R.

PaccMmoTpeHHbli crmoco0 MOCTPOSHUS KOHTYpa 3arOTOBKY JJIS BBITSXKKH HU3KUX
KOpoOYaThIX JieTajiell OCHOBAaH Ha MPEANOJOKEHUHM, YTO HEIOCTAaTOK MeTallia
(TpeyrosbHUK akm) KOMIIEHCUPYIOT ero n30bsiTkoM (Tpeyroipauk mdf) (puc. 8.41,

a).

@dopMa YIJIOBOrO0 y4acTKa KOHTypa 3aroTOBKM 3aBHCHT OT COOTHOILICHHS
pa3smepoB kopoOku HIry. Tlpu HIry<5 KOHTYp YIJIOBOTO Y4YacTKa 3aroTOBKU
BRIMYKJIBIN (puc. 8.41, a), npu HIry=5 — npsmonunelineii (puc. 8.41, 6), npu
H/ry>5 — BornyTtslii (puc. 8.41, 6).

DKCNEPUMEHTAIBHO YCTAHOBIIEHO, YTO JJIs1 U3TOTOBJICHHS BBICOKHX
KBaJIPAaTHBIX JIeTaleil MOKHO MCIOJIb30BATh 3aTOTOBKH B BUJIE KPYra, TUAMETP
KOTOPBIX OMPEAEIIAIOT MO YCIOBHUIO pABEHCTBA IUIOMAAN noBepxHocTel. Eciau He
MPUHUMATh BO BHUMAaHUE PAJMYChl CKPYIJIEHUS YIJIOB U JIHA U C YYETOM 3TOTO HE
Ha3HayaTh MPUIYCK HA OOPE3Ky (UTO AOIMYCTUMO MPU OPUEHTHPOBOUYHBIX
pacuerax), TO yCJIOBHE paBEHCTBA MOBEPXHOCTEH OyAeT UMETh BUJ ,
0,785-D?=B°+4-B-H,

OTKYJla TMaMETpP 3arOTOBKH OIPEACIISIOT Mo (popmyie:

D, =113-\/B-(B+4-H) . (8.40)

[Ipu Oosiee TOUHBIX pacyeTax C YYETOM PAJAUYCOB CKPYIJICHHUS YIJIOBBIX
YY4aCTKOB W JHA JETalM, PaBHbIX ApYyr Apyry (ry =r,— ), 1uaMeTp 3aroTOBKU
OTpeesioT 1o GhopmyJie

D, =113-/B*+4-B-(H, -0,43-r)-172-r-(H, +0,33-r), (8.41)
rae H, — BbICOTa IeTanu ¢ MPUITyCKOM Ha 0Ope3Ky.




3aroToBKa AJi MPSAMOYTOJIbHBIX BBICOKUX JETaeil ¢ OTHOCUTEIHHO OOJIBIIUMHU
pamuycamu ckpyrieHus yrios (ry/B>0,2) umeer GopMy 3UTMITHYECKOTO OBaJa.
Crenenp nedopManuu JUisi TaKOM 3arOTOBKM Ha Pa3/IMYHBIX Y4YacTKax KOHTypa
JeTalli MPUOIU3UTEIBHO OJMHAKOBA, OJTHAKO HCIIOJIb30BAHUE TAKUX 3arOTOBOK HE
UMEET CYIIECTBEHHBIX IMPEUMYIIECTB. [l BBITSDKKM OTHOCUTENIBHO BBICOKHMX
IPSIMOYTOJIBHBIX JETajeil MPUMEHSIOT 3aTOTOBKU B BUJIE OBajia, KOHTYP KOTOPOTO
o0Opa3oBaH ABYMs MOJYOKPYKHOCTSIMH U MapajyIeIbHBIMU KacaTeJIbHBIMU K HUM
[18]. Pa3mepbl Takoil 3aroTOBKM MOTYT OBITb OIpENENICHBI, €CIU PaCUJICHUThH
IJIOIIAIb THA PSIMOYTOJIBHOM JI€TANIN JJIMHOW A Y IIMPUHOM B Ha TpH y4acTKa, 1Ba
U3 KOTOPBIX MPEACTABISAIOT €000 TOJOBUHKHM JHA KBaJApPaTHOW KOPOOKU C
pasmepamu B-B/2, a Tpetuit — mUpAMOYroibHOH ¢ pasmepamu (A4-B)-B. Torma
COTJIACHO BBIIICH3I0KEHHOMY 3aroTOBKaMu [iJIsl JIBYX IIOJIOBUH YCJIOBHOMU
KBaJIpaTHOM KOpPOOKH OyAyT MOJYKPYTH, AMAMETP KOTOPBIX OIMpPENEsIoT II0
dbopmyne (8.40) mnm (8.41) ¢ 1HEHTpPOM, COBIIAJAIOIIUM C IIEHTPOM YCJIOBHOM
KBagpaTHOM kopoOku. [lIuprHa 3arotoBku Bo=2'Ry, a ee ninuna Ao =2 Ro+A4-B (puc.
8.42, a).
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Puc. 17.2. 3arotoBku 115t IPsIMOYTOJIbHBIX (@), KBAJPATHBIX (6) BBICOKHX
KOpOOYAThIX JeTanell ¥ 3aBUCUMOCTD BBICOTHI IETAJIA OT JUaMeTpa 3ar0TOBKH (6)

BcenenctBue HEONMHAKOBBIX YCIOBHM  J1eOpMUPOBAHHUS HA Pa3IMYHBIX
y4acTKax KOHTYypa, a TaKKe aHM30TPONMM MEXAaHWYECKHX CBOWCTB MaTepHalia
3aroTOBKM BBICOTa KOpOOUAThIX JAeTaliel eme 0oyiee HEpaBHOMEpPHA, YEM BBICOTA
OCECUMMETPHUYHBIX  JI€TAJIEW,  IOJydaeMmblX  BBITsDKKOM.  [loatomy B
TEXHOJIOTUYECKOM TIPOIECCE HM3TOTOBJICHMSI TaKUX JETaled MNpeaycMaTpUBarOT
oOpe3ky HepoBHOTO Kpas. [Ipunyck Ha oOpe3ky AH 3aBUCHUT OT OTHOCHUTEIbHOU
BBICOTHI JieTanu H/B. Uem ona Oousbliie, TeM Oosblie npumnmyck. Ha ocHoBanuu
OMBITHBIX JAHHBIX MPUMYCK Ha OOpe3Ky MPUHUMAIOT paBHbIM 5—15 % BBICOTHI
netanv H uim BEIYUCIISAIOT 0 SMIMPUYECKON popMmyiie

AH ~08-vH .

[IpuBeneHHble JaHHBIE CIIyXaT JHUIIb IS OPUEHTHUPOBOYHBIX PACUYETOB
pa3MepoB 3aroTOBOK, KOTOPBIE YTOUHSAIOT MPU OTPaOOTKE TEXHOJIOTMYECKOTrO
MPOLIECcCa BBITSKKH.

[Tonyyenne kopoOuaThix jgetanei 0e3 (HEeCTOHOB BO3MOXKHO JIHIIb MpU



WCITOJIb30BaHUU (UTYPHBIX 3arOoTOBOK, KOHTYpP KOTOPBIX CTPOSIT C YYETOM
aHU30TPOIUU JIUCTOBOrO MeTaia. MeToluka MOCTPOEHUsI KOHTYypa (PUIYpPHBIX
3aroTOBOK JJIsi BBITSDKKM KBAJpPAaTHBIX JleTajell pa3paboTaHa Ha 0aze Teopuu
IJIACTUYECKOr0 TEYeHHWs] MeTajula. JTa 3ajada pelieHa METoJoM Ipol B Oolee
CJIOHOM MOCTaHOBKE, YeM 3aj1aua 00 OnpeAesieHnd KOHTypa (GUTrypHOIl 3arOTOBKH
JUISL BBITSDKKM UUJUHAPUYECKUX JeTalied. Mbl OrpaHHuuMcsl pPacCMOTPEHHUEM
METOJMKH TOCTPOCHUSI (UTYpPHOM 3aroTOBKHM JUIsl KBaJApPaTHOM KOPOOKU TIO
AKCIIEPUMEHTAILHBIM JIAHHBIM.

[To pe3ympTaTaM H3MEPEHHMI BBICOTHI KBaJpaTHBIX KOPOOOK B YIJIOBBIX H
MPSMOJIMHEWHBIX YY9aCTKaX KOHTYpa, TMONMYYCHHBIX BBITSDKKOW €3 KPYTJIBIX
3arOTOBOK pa3HOro jauamerpa (MpU ONPEJCICHHON OpUEHTAIlMM 3aroTOBKHU
OTHOCHUTEIHFHO MaTPHIIBI), CTPOST TPaPUIECKYI0 3aBUCUMOCTh BBICOTHI JETATH OT
JMaMeTpa 3aroTOBKM OTAEJIBHO IO YTy U IO CTOpOHE KOpoOkH (puc. 8.42, g, Kpu-
Bbie | ¥ 2 cOOTBETCTBEHHO). VMcnonb3ys 3TU TaHHBIE, ONPEACIISIIOT MaKCUMaTbHBIN
(Do) u munumManbhbiii (Dy) pasmepbl (GUTypHOW 3arOTOBKH, MOKa3aHHOW Ha pHC.
8.42, 6. Kouryp yrioBoro ywactka 3arotoBku |—I| mpezacraBiser coboit
KOCHHYCOMZly, a oOcTaBiuuecss y4yacTtku |—Il mgyru — okpyxkHOCTH paauyca
HCXOIHOM 3ar0TOBKH [25].

[Ipu BBITSDKKE IPSIMOYTOJIBHBIX JIeTajneil BbicoTa (heCTOHOB OyAeT HAaMMEHBIIIEH,
KOIJIa 3aroTOBKa OPUEHTHUPOBAHA HANpaBJICHHEM R°_~ BJOJb OOJbIIEH OCU

paboyero OTBEpCTHsI MAaTPULIBI B BUJIE JIITUIICA WM OBAJIa.

CuJiioBble yCJIOBUSI BBITSKKH. [Ipu BBITSDKKE JeTaniell KopoOuaroil (opMel
oceBas CHUMMETpHUs Je(pOpMHpPOBaHUS OTCYTCTBYET, IOITOMY paJualibHbIE
paCTATMBAIOIIME  HANPSDKEHUsS — paCIpPElNeNsaloTCs 10 KOHTYpy  ACTalu
HepaBHOMEPHO. Kpome Toro, Kak Iokasajid 3KCHEPUMEHTBI, BO BCEX IEMEHTAX
¢1aHLa BBHITATMBAEMON JeTad (B TOM YHCIE U MPSIMOJUHEHHBIX) BOSHUKAIOT HE
TOJIbKO pPAacTSATMBAIOIIME, HO M CXKXUMaroume (BAOJAb KOHTYpa) HOpPMajbHbIE
HaNPsDKEHUs, KOTOphIE YOBIBAIOT IO MEpE yAAJIEHUS OT YIJIOBBIX YYaCTKOB KOHTYpA.
YCTaHOBUTh CTENEHb BIMSHUSA YKA3aHHBIX SBJICHUM HA YCUJIME BBITSHKKA
KOpoOYaThIX JIeTajell TEOPEeTUUECKUM IyTeM Moka He yaaercs. Iloatomy nanHas
3ajlaya pelieHa JIMb NOpUOJMKEHHO, B pe3yJbTare MCIOJIb30BAaHUS psla
YIPOILIEHUH.

[Ipy BBITSDKKE KBaJIpaTHBIX JAETaed C OTHOCUTEIBHO OOJBLIUM pPaInyCOM
CKpYIJIEHUSl YIJIOBBIX YYacTKOB HAaNpsDKEHHOE COCTOSIHUE odvara jaedopMaluu B
yriax NOoJ00HO HampsDKEHHOMY COCTOSIHMIO, BO3HMKAIOUIEMY IpPU  BBITSKKE
LUJIMHIPUYECKUX Jerane. Mcxons u3 aToro, cpeHee 3Ha4€HUE pacTATUBAIOIINAX
HANpsDKEHUN MPUONMKEHHO PaBHO HAIPSDKEHUSM, BO3HUKAIOIIKMM IMPH BBITSKKE
LUAJMHIPUYECKUX JeTaled S9KBUBAJIECHTHOIO JUAMETPA, ONIPEAEIISIEMOTO U3 YCIOBUS
PaBEHCTBA NIEPUMETPOB KBAAPATHON U HWJIMHAPUYECKOMN JETAJICH:

dss=4/7(B-0,43 ).

Ha 5TOM OCHOBaHMM yCUIME BBITSDKKM KBaIpaTHOM JETaad ONPEHEISAIOT Kak
MIPOU3BEACHUE IUIOIIAAN TOMEPEYHOrO0 CEYEHUS YCIOBHOM UMIMHIAPUYECKOU
JeTaal TUaMeTpOM O, Ha HaOOJIbIIIEe PACTATUBAOIIEE HATIPSHKEHHUE 0) max-

P=r-d,, S 0,m=4(B-043-1) 50, (8.42)

max !



rac o

max ~ OTIPENENAIOT 1O Gopmyie (8.39a) npu ycinoBuu, 4to r, =d, /2.

[Ipy BBITSDKKE BBICOKMX MPSIMOYTOJbHBIX JE€Taled HEPaBHOMEPHOCThb
pacnpesesieHus] HalpsHKEHUH MO KOHTYpY OOJIbIE, YeM MPU BBITSKKE HHU3KHX
netanedi. Ecnu oTHOIIEHWE CTOPOH KOHTypa MpsSMOYToiibHOW jetanu A/B
JOCTAaTOYHO BEHKO (4A/B>2), To pu BTATUBAHUU 3aTOTOBKU B MATPHUILy BOSHUKAIOT
JOTIOJTHUTENbHBIE HAIpPSKEHUsT OT JIEWCTBUS CHJI TPEHUS M M3ruda Ha
IPSIMOJIMHEWHBIX y4acTKax KOHTypa aerand. O. B. [Ionos npeanoxuil onpeaeisaTh
YCWIHE BBITSDKKM NIPSIMOYTOJBHBIX JETAJEH C y4eTOM CHJI TPEHHMS KaK CyMMY
YCWJIMH BBITSKKY YCIIOBHOW KBaIpaTHOM JI€TAIU CO CTOPOHAMU, PaBHBIMU MEHBIIIEH
CTOPOHE NPSAMOYTOJIBHOM JeTalu W YCWUJIMS, HEOOXOJAMMOro s THUOKU U
IPEOAOJECHUS] KOHTAaKTHBIX CHJI TPEHHS IpU Je()OpPMHUpPOBAHUM OCTaBIIEHCS
LEHTPaJIbHON YacTH JETallu, JUIMHOM, paBHON pa3HOCTH pa3MmepoB A u B (cMm. puc.
8.42, a).

C ydeToMm cefnaHHBIX IPEANOCHhUIOK U TOMYIICHUN (popMyia Uisl onpeaeeHus
YCWIHS BBITSDKKHA NPSMOYTOJBHBIX BBICOKUX KOpPOOYATBHIX J€Tajeil MOXKET ObITh
IIPEACTABIICHA B CJIECAYIOIIEM BU/IE:

P=4-(B-0431,)5S: 0,0 +2-(A-B)- (0, +0,)-(1+16-1), (8.43)

max

TIE 0, ., — MaKCHMMAlIbHOE PACTATMBAIOIICE HATIPSIKEHUE BBITSOKKH B YTTIOBBIX
y4acTKax JeTajd; o, — YIEAbHOE CONPOTHBICHUE TPEHHS OT CHIIbI MPUKHAMA
3arOTOBKW; o0, — YJEJIbHOE CONPOTUBIEHUE H3rHOYy  LIEHTPaJIbHBIX

HpHMOHHHCﬁHBIX Y4YaCTKOB ACTAJIN IIPU BTATMBAHUU 3aIrOTOBKU B MaTpully, o, = o, .

u

Otmetum, uto B. I1. PomanoBckuii [18] npemayioxun pacyeTHbie GOpMyIIbl st

OTIPEJICIICHHS YCUITUS BBITSKKU JIeTae kopoduaToil (opMbl, HApUMeEp:
P=L-so, «a,

rae 0=0,3+1,1 — ko3punuent, 3aBucamuii ot GopMbl U pa3MepoB AETAIH,
OTHOCUTEIBHOM TOJIIMHBI U MaTepuala 3aroTOBKU, CTENEHH AepopManuu (4em
OombIne cTenens nedopmaruu, Tem 6ombie o) [18].

[Ipu BBITSKKE neranedt  kopoOuaToil GOpMBI  OKpPY)KHBIE —CXKUMAIOIIUE
HaANPSDKEHUS 0y IEPEMEHHBI IO KOHTYPY (JIaHLa, B CBA3U C UEM YCUTUE NPUNCUMA,
o0ecrnieunBarollee OTCYyTCTBHE CKIIAJI0K, TOJIKHO OBITh IEPEMEHHBIM.

CornacHo nanueiM A. A. bebpuca ycunue npuxuma 3aBUCUT OT BPEMEHHOTO
CONPOTUBIICHUS] Marepuaja 3aroTOBKU 0O, €€ OTHOCUTENIbHOM  TOJILIIMHBI
Sorn=S/(A+B+4°1y) 1, popMmsl yuacTka (ranna (IpSMOIHHEHHBIN, KPUBOJIHMHEHHBIH ).
M ycTaHOBIEHO, YTO C YBEIMYEHHEM O YCWIIME MNPUKMMA Ha BCEX Yy4YacTKax
(brnaHa yBETUYMBAETCS, MPU 3TOM C YBEIMYEHHEM OTHOCUTEIBHOM TOJIIMHBI
3arOTOBKM  YCWJIHE TpWXKUMa Ha TOPSIMOJMHEMHBIX  y4acTkax  (uiaHna
YBEIMYMBAETCS, a Ha YTIIOBBIX — yMeHbIIaeTcs. C ydeToM 3TOro yCUiIue NpuKuma
MO>KHO OTPEJIETUTh, KAK CYMMY JIBYX CJIaraeMblX:

Q=F-q,+F,-q,,

rne Fy u F,, — mmomanp yrioBbIX M NPSIMOJIMHEWHBIX YYacTKOB (iaHIla
COOTBETCTBEHHO (B HAYaJIbHBI MOMEHT BBITSDKKH); Oy ¥ Qnp— Yy/CTbHBIC yYCHUITUS
OpWwKAMa Ha YIJIOBBIX M TPSIMOJMHEHWHBIX ydacTKax (hiaHIla COOTBETCTBEHHO.
VY nenbHble ycunus Oy U up B 3aBUCUMOCTH OT YKa3aHHBIX ()aKTOPOB U3MEHSIOTCS B



npeaenax: y,=0,24-2,32; qu,p,=0,24+3,45 MlIla.

KosgpunueHT BbITAKKH, GopMa U pazMepbl noaydadpuxkaroB. OTHOLICHUE
pazuyca CKpyTieHus YyIiIoBOro y4acTKa KOHTypa noiydadpukara, moay4yeHHOTo Ha
npeaplaynen omnepauuu fyn-) K paauycy CKpYIJIEHHS YIVIOBOTO —y4dacTKa
nonydadpukara, MOJYYEHHOTO TOCIE TMOCIEAYIOIIe orepanuu Iyy), WIH, B
YacTHOM cClly4ae, pajguyca 3aroToBku Ro kK paguycy noiydadbpukara nocie nepBou
OTIepalyH Iy(;) Ha3bIBAIOT KOA(P(UIUEHTOM BBITSKKHU JIeTanei KopoouaToil Gpopmsl:

K, =y My = Ro /My (1).

[IpenenbHoe 3HaueHue Ky, 3aBUCUT OT XapaKTEPUCTUK MEXaHUYECKUX CBOMCTB
MaTepuana 3aroToBKH, €€ TOJIIMHBI, (OPMBI M OTHOCHUTEIBHBIX pPa3MEPOB
BBITSITUBAEMOM JeTanu. J{s altOMUHUEBBIX CIUIABOB MpejeibHoe 3HaueHue Ky, =
3,44+2,56, nns cramu 10 K;,=3,57+2,08 [18].

3nauenue K; Bcerna MODKHO OBITH MEHbBINE WIIM, B KpailHEM ciydyae, paBHO
3HaueHno K,,. B Tex ciywasx, Korja 3TO YCJIOBHE HE BBIIOJIHSETCS, CIEAYET
INPUMEHSTH JOMOJHUTENBHYIO ONEpPALUIO I YMEHBIIEHUSI YTIOBOr0 pajanyca Ha
TpeOyeMbIil pa3mep.

[Ipy BBITSOKKE BBICOKMX JieTajed KopoOyaTol (GopMbl  CyMMAapHBIH
KO3((PUIMEHT BBITSHKKA MOYKHO paccMaTpHUBaTh KaK OTHOILIECHUE JITMHBI KOHTYypa
3aroTOBKU Lo K JUIMHE pa3BepTKU KOHTypa Aetanu L:

K, = Lo/ L

WJIU KaK KOPEHb KBAJAPATHBIM U3 OTHOLLICHHUS IOIAU 3arOTOBKH, ILUTONIaAb THA
JeTanu KopoouaTtoit GopMbl Fpy:

3Ta 3aBUCUMOCTH IIpeiokeHa bokcom u IlIpenepom.

Yucno onepanuil BHITSKKA AJIS MOJTYYEHUsI JeTalld ¢ TpeOyeMbIMU pa3MepaMu
3aBUCUT OT MEXAaHUYECKUX CBOMCTB MaTepHalla 3arOTOBKH, PaJNYyCOB CKPYTJICHUS
€€ YIJIOBBIX YYaCTKOB I, OTHOCUTEIBHOM BBICOTHI //B COOTHOILIEHUS pa3MepoB A/B,
a TaKXe OT croco0a BBITSKKH (C TPHXKUMOM UJTM 0€3 IPHKUMa 3aTOTOBKH).

Jlnst onpenenenus ynciia onepaunii BITSHKKA, HEOOXOIUMBIX U1 U3TOTOBJICHHUS
BBICOKHX KOPOOYaThIX JETalei, UCTIOIb3YIOT pa3InuyHble METOJIUKH, OCHOBAHHbBIE
Ha HKCIIEPUMEHTAIbHBIX JAaHHBIX.

Kak yxe yka3blBaJIoCh, 3arOTOBKA JJIsi MPSAMOYTOJIbHOM BBICOKOM KOpOOYaTOn
netanu umeet popmy opaina. [loaToMmy u Bce nmorypadpHuKaThl, HOTyUYEHHBIE MTOCIIE
NEPBOTO U MOCIETYIOIINX ITEPEX0I0B BhITSIKKH, TAKXKE UMEIOT (hOpMYy 0BaJIoB (puc.
8.43, a).

Pazmepsl monydabpukaToB onpenenstorcs J0MyCTUMOM CTENEHbI0 AehopMaIiu
(WM 3HaYEHWEM TpPeneNbHOTO KO3 UIIMEHTa BBITSKKU), YCIOBHEM PaBEHCTBA
IUIOIIA/I TMOBEPXHOCTH U YCJIOBHEM paBEHCTBA CTENEeHH JedopManuu Io
nepexoaam BBITSKKH.

[Tonmydabpukar Ha mnpeamocieaHeM Tmiepexoie umeeT ¢GopMmy oBaia (Win
YEeTBhIPEXYTOJIbHUKA C BBITYKJIBIMA CTOPOHAMU U CKPYTJICHHBIMU yTJIaMu ), KOTOPBIN
OINMCaH BOKPYI KOHTypa TOTOBOW Aeranu. lIpeamocinenHui mepexol BBITSKKHU
BBITIOJIHAIOT 0€3 MPUMEHEHUs MPUKUMHOIO KoJblla ITamna. Pa3zmepbl KOHTypa
nostyadpukaTa Ha3HAYAIOT U3 YCIOBUS COXPAHEHUS YCTOMUYUBOCTU €r0 CTEHKaMH,
a IHO JOJKHO UMETh (POpMY U pa3zMepbl TOTOBOM MPSMOYTOJIbHOU JETaH.

Bricokre KBajapaTHble KopoOdarble paeTand, y Koropeix H/B>(0,6+0,8),



BBITSITUBAIOT U3 KPYTJIO# 3aroToBKU. [l03TOMY 1 Bce monydaOpukatsl, moaydaembie
1ocJie MEpPBOM M MOCIENYIOUUX OINepauuil BBITSDKKU, JODKHBI UMETh (opMy
UMJIMHAPOB, pa3Mepbl KOTOPBIX OIMPEACNSIOTCS TaK e, KaKk W MPHU BBITSHKKE
uunHApuyeckux getanen. [lonydaOpukar Ha mpeanocieqHeM nepexoje UMeeT
dbopMy UMIMHAPA, COMPSIKEHHOTO ¢ KBaJAPATHBIM JHOM, BIIMCAHHBIM B MONIEPEYHOE
CEUYCHHE LUIUHIPA, CTOPOHBI KOTOPOrO PABHBI CTOPOHAM IOMEPEYHOTO CEUCHUS
KopoOuatoit netamu (puc. 8.43, 6). B cBSI3M ¢ 3TUM TIpU BBITSKKE KBaJPATHBIX
BBICOKHX KOpOOUaThIX JeTaneil Koa((UIMEHT BBITSKKU Ha BCEX MEPEX0/1aX, KpoMe
NOCJIEAHEr0, MPUHUMAKOT (WM PACCUUTHIBAIOT) IO paHee PacCMOTPEHHOMN
METOAMKE I LMWIMHAPUYECKUX AeTaned. Ha mocnegneM mepexonae, Korma w3
MUIMHAPUYECKOTo noaydabpukaTa (C KBaAPAaTHBIM THOM) TOJy4al0T KOPOOUYaTyrO
netanb, kKodhPUIMEeHT BBHITKKH K, MOXHO paccMaTpuBaTh Kak OTHOIICHHE
NEPUMETPOB  TOMEPEYHbIX CEUYEHUH TMPEANnocienHero (UUIUHAPUIECKOTO)
nonydabpukara kK nocieaHemMy (KopooyaTomy):
KB = 7'L"dN-1/4 ‘B.

Ilepersxubie pedpa u 3a30pbl. B mpoliecce BBITSKKHU JeTaneil KopoOuaToit
GbopMBl COMPOTUBIICHUE BTATMBAHUIO 3arOTOBKM B MaTpUIly HEOJMHAKOBBHI Ha
Pa3IMYHBIX y4acTKax €€ KOHTypa: Ha MPSMOJMHEHHBIX y4acTKaxX COMPOTHUBIICHHUE
BTATMBAHUIO MEHBIIE, YE€M Ha KpPUBOJWMHEHWHBIX y4YacTKax, TMpUYEM Ha
KPUBOJMHEHHBIX YYacTKax OHO BO3PACTacT C YMEHBIIIEHHEM YIJIOBOIO pajauyca
KPUBH3HBI MaTPHIIHI.
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Puc. 8.43. Tlepexo/ibl BBITSKKH BRICOKHMX KOPOOUYATHIX JETAJICH:
a — TPSIMOYTOJBHBIX; 6 — KBAIPATHBIX; 8 — MAaTPHIIA C IEPETSHKHBIMU pedbpaMu
JUTSI BBITSDKKH KOpOOYaTol AeTau
B pesynbrate STOTO BBHITSHYTHIE neTanu (WM TOdy(paOpUKAThI) UMEIOT



HEPaBHOMEPHYIO BBICOTY: Ha VYIJIOBBIX YYacTKax BbICOTa OoJiplIe, a Ha
NPSIMOJIMHEWHBIX — MEHbIlE. KpoMe Toro, HepaBHOMEpHBIE 0 KOHTYPY MaTpPHULIbI
YCJIOBUSL BTATMBAHUA 3arOTOBKM BBI3BIBAIOT HEPABHOMEPHOE HAIPSKEHHOE
COCTOSIHUE CTEHOK JETaJIH, YTO MOXKET MPUBECTH K €€ pa3pyLICHUIO.

Jnst co3nanust XOTsi Obl MPUOIU3ZUTETHFHO OJMHAKOBBIX YCJIOBUM BTSITUBaHUS
3arOTOBKM B MATpHUIly IO BCEMY KOHTYpPY Ha MPSIMOJIMHEMHBIX €€ y4acTKax
VCKYCCTBEHHO YBEJIHMYMBAIOT CONPOTHUBICHUE BTATMBAHUIO 3aroTOBKHA IyTEM
WCITIOJIb30BAHUS CIICIIMANIBHBIX MIEPETSHKHBIX pedep (puc. 8.43, 6), KOTOpbIE CIy>KaT
CBOEOOpa3HbIM TOPMO30M IPU MEPEMEIIEHUN 3arOTOBKM OTHOCHUTEIIBHO MAaTpPHULIBI.
®opmMa, pa3Mepbl U CIOCOOBI 3aKPEIUICHUSI MEPETSKHBIX pedep pacCMOTPEHBI B
pabote [24], uncio paaoB pedep ycTaHaBIMBaIOT 3KCIIEpUMEHTANIbHO. [lepeTskHbie
pedpa MPUMEHSIOT TOJIBKO MO Mepe HEOOXOJIMMOCTH, MOCKOJIBKY UX YCTaHOBKA
YCIJIOKHSET IITaMII U YBEJIMYUBAET €r0 CTOMMOCTb.

Tak Kak NMpU BBITSHKKE B YIVIOBBIX y4YacTKaX KOHTypa AETald MPOUCXOIUT
€CTECTBEHHOE YTOJIIeHUE (hJIaHUa, 3TO SBJIECHUE YUUTHIBACTCS MPHU ONpPEIEICHUU
3a30pa MEXK1y IyaHCOHOM U MaTpUILIEH IITaMIIa JJIsl BBITSDKKU: B YTJIOBBIX y4acTKax
3a30p JIOJKEH ObITh OO0JIbIIE, YEM Ha MPSMOJIMHENHBIX YYaCTKaX KOHTYPa MaTPHILIbL.
CornacHO MPaKTUYECKUM JTAHHBIM HA MPSMOJMHEWHBIX y4acTKax KOHTYpa 3a30p
MEXKJy IyaHCOHOM M Martpuled r=1,2'S WU Ha KPUBOJIMHEHWHBIX YYaCTKaX
z=(1,3+1,4)'s. HampaBnenue 3a3opa 0e3pa3MuHO HA BCEX OMEPALMIX BBITSKKH,
Kpome nocnienued. [1pu BeITsDKKE AeTaneld ¢ TpeOyeMbIMU HapYKHBIMU pa3MepamMu
3a30p HA3HAYaAIOT, yMEHbIIas pa3Mepbl MYaHCOHA, MPU BBITSKKE AETaled C
TpeOyeMbIMU BHYTPEHHUMH pa3MeEpPaMU, YBETUUUBAsL pa3Mepbl MATPHULIBI.

OpurrHambHBIN CIOCOO BBITSKKM BBICOKHX KBAJPaTHBIX JeTaiel KopoOdaTon
dbopmber O6b1 mpemnokeH C. A. BamueBsiM [5]. CymHocTh 3TOro cmocoba
3aKJII0YAETCSI B COBMEIIEHUU BBITSKKM IUIOCKOM 3arOTOBKM B KOHYCHBIW
noyryabpuKaT ¢ KBaJpaTHBIM JTHOM, C BBITSIKKOH, W3 3TOro mnoirydadpukara,
KBaJIpaTHOM BBICOKOM JieTaiu B KoMOuHUpoBaHHOW Mmartpuue (puc. 8.44). Ilpu
TAKOM CIOCO0€ BBITSKKM JOCTUTAeTCsl pacwIeHEHHE Mpolecca Ha OTAENbHBIE,

cilenyroume Apyr 3a APYroM CTajlud, a Takxke OoJjiee paBHOMEPHOE, YeEM IpH



BBITSDKKE B OOBIYHBIX MATpPHIIAX, PACHPECICHHE OKPYKHBIX HANpPSKEHUH 10
KOHTYpY BbITATMBacMou pertand. llocrmenyromas craauds BBITSDKKHA JOJDKHA
HayaTbCs TOJIBKO IIOCJIE TOro, Kak MPOU3OMAET claj YCWIMS Ha IpeAblIylien

cTaauu.
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Puc. 8.44. Cxema mtamna ¢ KOMOMHUPOBAHHOW MaTpULIEH AJIsl, BBITSYKKU BBICOKOU
KBaJPaTHON KOpoOUaTON AeTalu
Yucno onepanuii BBITSHKKA IS TTOJTyYEHUs ACTalu ¢ TpeOyeMbIMU

pa3MepaMu 3aBUCHT OT MEXaHMUYECKUX CBOMCTB MaTepuaia 3aroTOBKH, paunyCoB
CKPYTJICHUS €€ YTIOBbIX YYaCTKOB Iy, OTHOCUTEIbHOM BbICOTHI H/B cooTHOIIEHUS
pasmepoB A/B, a Taxke OT crioco0a BEI-TSKKH (C IPUKUMOM WA 0€3 MpukuMa
3arOTOBKH).

Jls onpenesieHust Yrciia onepauil BBITSHKKA, HEOOXOIUMBIX JIJIsI
M3TOTOBJICHUS BBICOKUX KOPOOYATHIX JIETaJIeH, UCTIONB3YIOT PAa3INYHbIE METOIUKH,
OCHOBAHHBIE HA AKCIIEPUMEHTAJIbHBIX TaHHBIX.

Kak yxe yka3pIBajaoch, 3aroTOBKa JIJIsl IPSIMOYTOJIbHON BBICOKOM
KopoOuaToii fetanu umeeT Gpopmy oBaina. [loaroMy u Bce nmonydadpukaThl,
MOJTyYEHHBIE TTOCTIE IEPBOTO U MOCIEAYIONIUX TIEPEXO0I0B BBITSKKHU, TAKXKE UMEIOT
dbopmy oBasioB (puc. 8.43, a).

Pa3zmepsl mosryhabpuKkaToB ONpeaestoTCs JOMYCTUMON CTENEHBIO
nedopmalu (UM 3HaY€HUEM MPeAeIbHOT0 KO3 PUIIMEeHTa BBITSHKKH ), YCIOBUEM
pPaBEHCTBA IUIOIIAM TOBEPXHOCTH M YCIOBHEM PABEHCTBA CTENIEHU JaedopMaiiuu

o mepexoaaM BBITAKKH.



