Jlexmusa Nel9
Tema O0KUM MyCTOTEJIBIX MAUJIHMHIPUYECCKUX 3aT0TOBOK.

Ilnan gexkumn:l. Cymo o6ocuma, cxema npoyecca, ouae dedpopmayuu,
2.HJ[C, cmenenwv deghopmayuu, 3. ycmouyugocms 3a20mosKu npu obxcume,
MexHos02UYecKue paciemslt, Wmamnvi 0Jisi 00XHcUMA.

0Obstcumom 06pabaTHIBAIOT 3arOTOBKH B BUJIE OTPE3KOB TPYO, CBAPHBIX KOJBIEBBIX 00eUacK
U HWIMHIPUIECKUX M0Ny(HhaOpuKaToB, MOTYYSHHBIX BBITSDKKOM. 3arOTOBKH C THOM MOTYT OBITh
00aThl KaK CO CTOPOHBI OTKPBITOTO KOHIIA (TOpPIIa), TAK U CO CTOPOHBI THA.

B MaccoBOM M KpyMHOCEpHUITHOM INPOU3BOACTBE OOKUM OCYIIECTBIISIOT B CHELHATBHBIX
mrraMiax, pabouuii opraH KOTOpbIX — KoOJiblieBasg MaTpuua. B 3aBucumoctu oT TpeOyemoit
dbopMbI feTanu (KOHYCHOW WIIM KYIOJI000pa3HO#) UCIIONB3YIOT MATPHUIILI C paboYei MOIIOCTHIO,
UMEIOLIEeH MPSIMOJIMHEHHYI0, HAKIIOHHYIO K OCH CUMMETPH U, WM KPUBOJIMHEHHYIO0 00pa3yolyIo.

Ecnu 06:xuM BeyT B CBOOOAHOM COCTOSIHUM — 0€3 MPOTUBOaBIEHUs (TIOII0pa) 3ar0TOBKU
CHApyXH M U3HYTPHU (WIHU TOJNBKO CHAPYXKHU), TUIACTUYECKH AePOPMUPYETCS JIMIIL €€ Y4acToK,
HaXOJALIMIACS B TIOJIOCTH MaTPUIIBI, OCTaJIbHAS YacTh AehOpMUpyETCs yIpyTro.

OOGXUMOM TOJY4YarOT TOPJOBHHBI HUIUHAPUYECKHX OHIOHOB (B TOM uucie OallJIOHOB
a’pO30JIbHON YIMAKOBKH), Pa3JIMYHBIC MEPEXOJHUKH TPYOOIPOBOIOB, TOPJIOBUHBI THIIB3 U TIP.
(puc. 9.12). Kpome TOro, 06°kMMOM B COYETaHUH C IPYTHUMH ONEPALUSIMH JIMCTOBON IITAMIIOBKH
(Hampumep, paszlaueii) MOMY4alOT pa3IUyYHbIC JCTATM M3 CBApHBIX KOJBLEBBIX 3ar0TOBOK
(cemapatopbl HOJIIMITHUKOB Ka4eHUs, AETAIN KOJIEC CENTbCKOXO03sIMCTBEHHBIX MAIIINH U Jp.).

Jleghopmayusn nipu 06xuMe orleHUBAETCS KOAP(UIIMESHTOM 00KUMa, KOTOPBII MPEACTABIISET
co00i1 OTHOILIIEHHE TUaMETpa 3ar0TOBKU K CPEIUHHOMY JAUaMETPy Ae(POpPMHUPOBAHHON €€ YacTh
Kos = D/d.
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Puc. 9.12 [leranu, nomyyaemble 00KUMOM

[Tpu 00kuMe BHYTPEHHSS MOBEPXHOCTh ovara jedopMmaliiu He HarpyxkeHa (puc. 9.13, a), a
HaNPSDKEHUE 0y, IEPENABAEMOE MATPULIEH, TPY OTHOCUTENBHO TOHKOCTEHHON 3ar0OTOBKE MaJIO 10
CPaBHEHMIO C HANpPsDKEHHEM TEKy4ecTH. B CBSI3M ¢ 3TUM MOXXHO CUMTaTh, YTO HAIpPSHKEHHOE
COCTOSIHUE TIpU OOKMME IUIOCKOE, XapaKTepU3yeMoe IBYXOCHBIM HEPaBHOMEPHBIM CHKaTHEM
HOPMaJIbHBIMU HATPSHKEHHUSIMU 0, U oy (puc. 9.13, a).

[Tpu oGxume nedopMHPOBAHHOE COCTOSIHHE 1O odary jaedopMaiii HEOJHOPOAHO, OHO
M3MEHSETCS B 3aBUCUMOCTH OT COOTHOIIEHHMS INIABHBIX HOPMAJIbHBIX HaNpsKeHUH o), u g9. Cxema
oeghopmupoeannozo coCTOSTHUS IPU 00XKMME Ha Pa3IMUHBIX ydyacTKaxX oOpa3yrolleil 3aroTOBKH
nokasaHa Ha puc. 9.13, a. Mexxny HOpMalbHBIMH HallPsDKEHUAMH U iepopManiusMu pu 00xruMe
CYIIECTBYET CBs3b, yCTAHOBJIECHHAs ()OPMYIION:

en=(0,r00) €0l (0,12 00), (9.13)

KOTOpasi IPUMEHNMA JJIs1 TEXHOJIOTHYECKUX Pacy€TOB.
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Puc. 9.13 Cxemsl 1e)opMUPOBAHHOTO HAMIPSHKEHHOTO COCTOSTHUS MpH 00xHMe (a), Dmropa
HaIpsDKEHUH 1o ovary aedopmanwii (0), cxema 00kuMa IMPU MaJIOM Panyce 3aKpyTiIeHUs
paboueil KpOMKU MaTpHULIbI (B).

Hcnonw3ys popmyny (9.13), MOKHO ONPEEIUTh TOIIIKUHY CTEHKH Y KPOMKH OTBepCTHs. Tak
Kak Ha kpoMmke g,=0, popmymna (9.13) npumer Bu

&n =-e0l2. (9.13a)

[TocKONBKY &n M €9 UMEIOT pa3Hble 3HAKUM U & XapakTepusyeT aedopManuio cxarus,
OUEBUJHO, YTO é&n ompeenseT nedopManuio pacTsHKeHHsS. BwIpasuB €9 U en B (QyHKUUHU
COOTBETCTBYIOIIMX Pa3MepPOB 00KATOM 3ar0OTOBKU

eo=In(d/D); en=In(s«/s)
Y TI0JICTAaBUB 3HAYEHMUSI &9 U &n B ypaBHeHHeE (9.13a), nomyuum
In(s«/s)=1/2 In (D/d),

OTKYJa TOJIHHA CTCHKH Y KPOMKHU OTBCPCTHUA

s,=s-vD/d =s- K. (9.14)

W3 monydeHHON GOpMYIIBI CIIEAYET, YTO TOJIIMHA CTCHKHU y Kpas AeOpMUPOBAHHON 4acTH
3aroTOBKHM OOIbIIE TOJIIMHBI CTEHKH MCXOJHOW 3arOTOBKH, U OHA TeM OOJjblle, 4eM OoJblle
koaurment odxkruma Kos. Eciiu mpuHSATE JOIMyIIieHHEe 0 TOM, YTO TOJIIIIUHA CTEHKH U3MEHSETCS
B ouare JaedopMaliuy 1o JMHEHHOMY 3aKOHY, TO CpeIHss ee TONIHA OyIeT paBHa

s, =(s+s)/2=(s+s- /K, J2=05-5-(1+ /K ). (9.15)

O6unacte npumeHeHus popmyisl (9.14) orpannyeHa B CBS3H € TEM, UTO IIPU BBICOKOM CTETIEHU
nepopmanuu (Kos>2,0) pacuersl mo 3Toil (opMyse aroT 3aBbILIEHHBbIE 3HAUYEHUs Sk a IpH
nraMeTpe oTBepcTHst d, OIM3KOM K HYITIO, Sk YBETHIMBAETCS 10 OECKOHEUHOCTH. ITO OOBICHACTCS
TEM, UTO MpH BbIBOJe GopMyibl (9.14) Obl1O clienaHo AOMyIIEHUE O CYIIECTBOBAHUN JTUHEHHON
CXEeMbI HAIPSHKEHHOTO COCTOSIHHS Y KPOMKH 3aroToBKH (0,=0,=0).

[Tpu GombIIo# cTernenu AeopMaIii 1 OTHOCHTEIBHO TOJCTOCTEHHOM 3aroToBke (S/D>0,1)
[JIABHOE HAMNpsKEHUE oy, JEHCTBYIOIIEE B HAIPAaBICHUN HOPMAJIH K ee 00pa3yrolieil, CTaHOBUTCS
COM3MEPHMEBIM C HANpsHKEHUEM oy BOJIM3H Kpasi 3arOTOBKHU M 3TO BIIHMSET HAa XapaKTep U3MEHEHHUs
TOJIIMHBI CTEHKH B o4are Ae(opManiuy — MakCUMalibHasl TOJIIMHA CTEHKU 00pa3yeTcs He y Kpas
3aroTOBKH, a Ha HEKOTOPOM ynayieHuu ot Hero. [Ipu d/2=s°C0S o, Korga KpaeBble y4acTKU 00-
KaToil 3arOTOBKU CONPHKACAIOTCS APYT C IPYrOM M OTBEPCTHE B HEW MPAKTUYECKH OTCYTCTBYET,
TOJIIIMHY CTEHKH Y KPOMKH MPHOIMKEHHO MOXKHO OMPEICITUTh

sxzs-‘/L, (9.16)
2-e-S-C0Sx

IJle € — OCHOBAHUE HATYpPAJIbHOTO Jorapudma.

Pacuersl o ¢dopmyne (9.16) naroT pe3ynbTaT CyIIECTBEHHO MEHBIIMHA, yeM 1o (opmyine
(9.14), monydeHHO 17151 TMHEHHOW CXeMbl HaMpPsSYKEHHOTO COCTOSHUS.

HauGonbmee no ovary miaacTuueckoil nedopmannu mepuouonanvnoe HanpasceHue o, max



ONpEACIAI0T METOJOM COBMECTHOIO pEIICHHS YpaBHEHM, ONPENENAIOIINX paBHOBECHE U
IJIACTUYHOCTh 3aTOTOBKHU MPU MU3BECTHOM I'PAaHUYHOM YCIIOBUH, COTJIACHO KOTOPOMY Ha KPOMKeE
3ar0TOBKH 0) max=0 II[puMeHHUTENBHO K 00KMMY B KOHHUECKOW MAaTPHIIE TAKOE PEIIEHUE C YIETOM
yIpo4HeHus (IIPH UCHOJIB30BAHUU CTEHEHHOW aNMpOKCHUMALMU JUarpaMMbl YIIPOYHEHUS ), CUJT
TPEHMsI, YTOJIIEHHsI KpaeBOM 4acTH 3arOTOBKH, U3rM0a U CIOPSMIICHUS €€ IIPU BXOJI€ B MaTPULLY
UMeeT BUJI:

Gy =110 2y (1—d D) A+ p-ctgar) - A+ VD/d) - (3-2-cosa) . (9.17)

YcraHoBieHO, 4TO mocie oOkuma 0Oe3 MPOTHBOAABIICHUS 3arOTOBKH W3 OOJBITMHCTBA
MPUMEHSAEMBIX B MAIlIMHOCTPOEHUU MaTepHaJIOB yMeHbLIatoTcs B auamerpe Ha 20—50 %, npu
stoMm otHomreHue D/d=1,25+2,0. Ecnu npunsath cpeanee 3Hauenue D/d=1,54, To MHOXHTEIb,
VYHUTHIBAIOIIMI CpEeIHEE YTONIIEHUE CTeHKH, corjacHo ¢opmyrne (9 15) Oymer paBeH

05-(1+s-{K;)=05-(1+1-y154)=112. VuureBas 310, a Takxke BBes B popmyny (9.17)

o6o3nauenne Kos =D/d, momyunm

apmax:%-(1—1/&6)”“"””-(1+y-ctga)-(3—2-c05a). (9.17a)
p

Anamms  ¢opmynsl (9.17a) mokaspiBaeT, 4TO HamOONIbBIIee IO OYary IUIACTUYECKON
neGopMalud  MEPHIMOHAIBHOE CKMMAIOIICEe HANPSHKCHUE YBEIWYMBACTCS C YBEIHYCHHEM
cmenenu oepopmayuu (y=1— 1/Kos) k03 dunmeHTa TpeHUs i, ® HHTCHCUBHOCTH YIIPOYHCHHS
MatepHalia 3aroTOBKH, XapaKTePU3yeMOH BETMUMHON p. DIIOpa pactpeeiCHHs HAPSKCHUH o))
nokazana Ha puc. 9.13, 6. UccnenoBanume dopmynsl (9.17a) Ha SKCTpeMyM MoOcCie psaa
YIPOIIAOIIUX JOMYIIECHUH ITO3BOJISIET YCTAHOBUTH, YTO YTOJI HAKJIOHA 00Pa3yIOIIe MaTPHUIIbI IS
00)XKMMa WMEeT ONTHMaJbHOE 3HAueHHe, NpPU KOTOPOM MEPUIHOHAIBHOE HANpsKEHUE

MUHHUMAJIbHO. DTOT YroJi onnpeacisroT 1o (1)OpMy.TIC
sina, ~3/ul2. (9.18)

Pacuersr o ¢opmymne (9.18) mokaseisaror, uro npu u= 0,1 aom=21° 36, a npu u= 0,05
Oom=17°.

[Tpu 06xMe B KOHMYECKOH MaTPUIIE C IIEHTPAILHBIM OTBEPCTHEM KpacBasi 4acTh 3arOTOBKU
IpU TIEpeXo/ie U3 KOHMYECKOW B IMJIMHAPHYCCKYIO IMOJIOCTh M3rubaercs (MOBOpAvYMBAETCs) U
3aTeM 10 Mepe MPOXOXKIEHHs Yepe3 Hee CHOBa MpUOOpeTaeT HWIMHAPUYECKYIO (Gopmy, T. €.
MOOYEePEHO TMPOUCXOAUT M3TUO U CHOpSIMIICHHE KPaeBOM YacTH 3arOTOBKH TOJ] BO3JCHCTBHEM
M3TUOAIOIIUX MOMEHTOB.

CyliecTBeHHOE BIMSIHHE HAa TOYHOCTH JMAaMeTpa O00>KaToil 4YacTH 3aroTOBKH OKa3bIBAET
pamuyc 3akpyriieHus pabouyelt KpOMKH MaTpuilsl Iy (puc. 9.13, 6). 310 00BACHIETCS TEM, UTO
€CTeCTBEHHBIN paauyc u3ruba (KpaeBoil 4acTH) 3arOTOBKHM Ip MMEET BIOJHE OIpe/lelIeHHOe
3HAYeHHE, 3aBHCAIIECEe OT TOJIIMHBI W JHaMeTpa 3aroTOBKH, a TaKKe OT yIJia HaKIJIOHA
o0pa3yrolieil MaTpUIlbl, KOTOPBIH MPUOIMKEHHO MOKET OBITh OIpeiesieH no popmyne

r,=yD-s /(2-sina).

Ecnu panmyc ckpyrieHus MaTtpuibl Iy<r,, 3JEMEHT 3aroTOBKH, IEpeMEIlaoUnics H3
KOHMYECKOW YacTu ovara jnedopmaiiuu B 00pa3yromuics MUINHAP, TePSET KOHTAKT ¢ MaTpUIleh
U JMaMeTp LMIMHIPUYECKOM YacTu 00XaToil jaeranu uiau mnoiydadpukaTa yMEHbIIAeTCs I10
cpaBHeHHIO ¢ auamerpoM Matpuiisl (d = dy-4d) (puc. 9.13, 8). Ecinu xe Iy >r,, yka3aHHOE SBJICHUE
HE MPOUCXOJUT, U TUaMeTp 00XKaToil YacTu COOTBETCTBYET IUAMETPy pabodyero oTBEpPCTUs Ma-
TpUIBL. B CBSI3U ¢ 3THM pannyc CKpyTrJIeHUs] pabodeil KpOMKH MaTPHUIIBI U 00KUMa Iy JTOJDKEeH
OBITH HE MEHee I):

r.2+D-s/(2-sina). (9.19)
Eciu xe ycnoBue (9.19) mo kakum-nmub0 NpuUYMHaM (HampuUMep, MO KOHCTPYKTHUBHBIM

COO0OpaXeHHSIM) HE BBITIOTHSETCS, TO IUaMeTp IIEHTPATHHOT'O OTBEPCTHS MAaTPHUIIbI yBETUIHBAIOT,
npu 3toM Ad ompenensroT 1Mo popmyie



Ad = [(\/E/sina)—z-r” —s]-(l—cow) . (9.20)

Hedopmupytomiee ycwime o0O0XKHMa MOXKET OBITh ONPEIEICHO MNPUOMIKEHHO Kak
MIPOM3BEICHUE TUIONIAIA MTOMEPEYHOr0 CEUCHHs 3arOTOBKM Ha BPEMEHHOE CONPOTHBJICHUE €€
Marepuana:

Pos=m "D s "0%. (9.21)

®opmyna (9.21) npumensieTcs 11 OpUEHTUPOBOUHBIX, YKPYITHEHHBIX pacu€ToB, HAIIpUMED,
P TI0I00pE TIpecca Mo YCUIIHIO.

bonee TouHO ycunue ob6icuma MOXHO ONPENEITUTh KaK MPOU3BEACHUE HAMOOJBIIETO, IO
ouary IJacTHYECKOH JAedopMaIuu, HapsHKEHUS 0 max, JEHCTBYIOIIETO B OCEBOM HAIIPABJICHUH,
Ha TUIOMIA/b TTOTIEPEYHOTO CEYCHHMS 3ar0OTOBKH U Ha KO3 (OUIMECHT ®:

Pos=m '@ D s 0) max. (9.22)

IIpu oOxMMe B KOHMYECKOW MaTpHUIle MO cXeMe, IMOoKa3aHHOW Ha puc. 9.12, a, nus
ompejeNieHuss ycwiHs O00XuMa HCHoib3yrT (opmyny (9.22). I[lpu oOxume 1o cxeme,
MpUBEJIEHHON Ha puc. 9.12, 6, Korga KpaeBas 4acTh 00XKATOW JACTAIM BXOJWUT B IIEHTPAIBHOE
OTBEPCTUE MATPHIIBI, JJIs ONPEACICHHS YCUIUS 00’)KMMa HUCIIONIB3YIOT TY YK€ 3aBUCUMOCTD C TOH
JUIIb Pa3sHUIICH, YTO K HAMPSHDKEHUIO 0) max, OmpenenseMoMy mno ¢opmyne (9.22), mobapnsior

cmaraemoe +/S/d -SiNa, yduThIBarOIlee BIMSHUE JOMOJHUTEIBHBIX HAMPSHKCHUN, BbI3BAHHBIX
U3ruOOM U COpAMIICHHUEM KPaeBOr0 y4acTKa 3arOTOBKH IPH BBIXOJE €ro u3 oyara JedopMaiuu.
B manHOM cimydae Gopmyna 1is onpeaeneHus yCHUIs 00KMMa TPUHUMACT BUJT

Gy ~(37-D 50/ ) |a-1/K )" A+ p-ctger) +sTd -sine - (3—2- coser) (9.23)

p

[TpeumymiectBo Gopmyn (9.22) u (9.23) no cpaBaenuto ¢ popmynoii (9.21) 3akmoyaercs B
TOM, YTO OHH TIO3BOJISIIOT YCTAHOBUTH XapaKTep WM CTENCHb BIIMSHHS YYTCHHBIX B aHAJHN3e
bakTopoB Ha ycuine 00KuMa.

Pabora nedopmupoBanus. B nponecce odxuma ycunue neopMupoBanus u3Mensercs. B
HAYaJbHBIM Tepuoa (POPMOUMEHEHHsI yCUJIME WHTEHCHBHO BO3pacTaeT A0 MOMEHTa BXOja
KPaeBOro y4acTKa 3ar0TOBKH B IMJIMHIPUYECKUI MOSCOK MATPHIIBI JruaMeTpoM d, mociie yero Ha
YCTaHOBUBIIEICS CTaluU OCTaeTCA MPUOIM3UTEIHHO HEM3MEHHBIM JI0 OKOHUYaHUs mpoiecca. B
CBSI3U C ATHM DPaboOTy aehOpMUPOBAHHS MOXKHO PAacCMAaTPHBATh KaK CyMMY JIBYX CIIaraeMbIX:
pabotsl A1, 3aTpaunBaeMoil Ha AeQOpPMUPOBAHUE KOHHYECKOTO Y4acTKa JAeTalu, U paboThl Az,
3aTpavyrMBaeMoN B MEPUOJ] YCTAaHOBUBIIEHCA cTaauu nporecca: A = A1 + Ao,

Pabora nedopmupoBanus B o011eM BHIie onpeaensercs no Gopmyse
dh, (9.24)

H H
A :Idehzw-ﬂ- D-Sj(jpmax

0

rae Py — «rekymiee» ycunue aehopmupoBanus; dn — saeMeHTapHBINH MyTh MAaTPHUIBI TIPH
00xuMe; H — myTh MaTpHIlbl, HEOOXOAUMBIN IS TOTY4YEHUS] KOHYCHOTO y4acTKa JIeTalu.

Ecnu cuurtath, uto mpu oOxkume yrommenue creHku (mpu Koe=2,0+1,54) yBenuuuBaer
panualbHOE CXKMMAlolIee HalpshkeHne B cpeiHeM Ha 15 %, To dopmyna Ui onpeaenaeHus 0y max
0e3 ydeTa ynpOoUHEHHsI MOKET OBITh TIPEACTABJICHA B CIEIYIOIIEM BHUIE:

Oy =115 @0 -(1-d, /D)-(L+ u-ctga) - (3—-2-cosar) . (9.25)
W3 ycioBust paBeHCTBA TUIOMIA/IN TOBEPXHOCTH 3aTOTOBKH U IETAIA MOXHO TIOJTYYUTh
d,=,/D/(D-4-H sina). (9.26)

O6wenunuB Boipaxenus (9.24), (9.25) u (9.26), nocne MHTErpUPOBAHUS NOIYIUM popMyITy

IUTSL OTIpeNIeNIeHusT paOboThI 1e(hOPMUPOBAHHS:

D-vD —(D-4-H -sina)’
67D -sina

®opmyna (9.27) mo3Bonser ompenenuTh padboTy AehOPMHUPOBAHUS MO XOJY MATPHIBI H
OCTpOuTh 3aBucuMocth P = fP(H).

A=w-n-D-s-o,-1+u-ctga)-(3—2-cosa)-H - 1- .(9.27)



Ecnmu mpuHsATh AomylieHHE O TOM, YTO YCHJIME OOXKHMMa Ha IEpBOM CTaauu Mpoiiecca
U3MEHSETCS 110 JIMHEHHOMY 3aKOHY, a Ha YCTAaHOBUBIICHCS CTaJMU OCTAETCSI HEM3MEHHBIM, TO
cyMMmapHas paborta geopMupoBaHus OyAeT paBHA

A=A41+tA4>=0,5"P-H+P-h =P-(0,5-H«th), (9.28)
rae Hx — BBICOTAa KOHHMYECKOTO y4acTKa JeTayid; h — BbICOTAa IHIIMHAPHYECKOTO 00KaToro
ydacTka aeraiau quamerpom d. Pacuerst o dopmysam (9.27) u (9.28) npu onpenenenuun Ar 1ar0T

pacxoxnaenus g0 10—15 %.
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Puc. 9.14. Bupl 10KanbHOM OTEPU yCTOMUHUBOCTH MPU 00KUME

Jonyctumblii  ko3¢gpuuueHt obxuma. OOKUM  OCYILECTBISETCS B  YCIOBMSX
HEPaBHOMEPHOI'O C)KaTUS B OCEBOM U OKpPY)KHOM HampasieHusix. Ilpu omnpeneneHHoM
KPUTUYECKOM 3HAUEHUM CXKMMAIOUIMX HAINPSDKEHUH 0, U 0y MPOUCXOIUT JIOKAJIbHAs MOTEps
YCTOMYMBOCTU 3aroTOBKM  (BBIy4YMBaHHE), 3aBepliaronias, B OOJIBIIMHCTBE CIIy4aes,
CKJIaIKOOOpa30BaHUEM. DKCIEPUMEHTAJIbHO YCTAaHOBJIEHO, YTO IPU OTHOCHUTEJILHOM TOJIIHMHE
crenku (S/D)'100 cBbime 2—3 00pa3yroTcs MomepeyHbie (KOJNBLEBbIC) CKIIAJAKH Ha YYacTKe
CONPSDKCHUS] KOHMYECKON M IMIMHAPUYIECKON YacTH 3aroToBku (puc. 9.14, a) win y omnopHoii ee
noBepxHocTu (puc. 9.14, 6). [Ipu OTHOCHTENBHON TOJIIMHE 3arOTOBKM MEHEe 2—3 BO3HUKAIOT
IPO/IOJIbHBIE CKJIAJIKA B 30HE IJIaCTUYECKOM aedopMaliiy, HampaBieHHbIE BIOJIb 0Opa3yromeit
(puc. 9.14, 6). Ilpu o0GXKMe 3aroTOBKM B BHJC CTaKaHa C BHEIIHMM MPOTHUBOJABICHHEM Ha
WIMHAPUYECKYIO 4acTh JOHHBIN €€ Yy4acTOK IUIaCTHUECKU J1e(OpMHUPYETCS U TeUeT HABCTpeuy
marpuie (puc. 9.14, 2). Takum oOpa3oM, KpUTHUECKas CTENeHb AedopManuu Ipu o0KUMe, a,
CJIeZIOBAaTEeNIbHO, M 3HAUYE€HUE KPUTHUYECKOTo Kod(dduuueHTa o00XKUMa periIaMeHTHPYIOTCS
JIOKaJIbHOM MOTEpEN yCTOMYUBOCTH.

Ilpeoenvnuiii  (KpUTUYECKU) Kodppuyuenm o06xcuma TPUOIIKEHHO MOXKET OBITh
OTpezieNieH TEOPETUUYECKU U3 YCIOBHS COXPaHEHUS! YCTOMUNBOCTH 3arOTOBKH, T. €. KOTAa

o <o (9.29)

pmax — “kp!
rac ka — KPUTHUUYCCKOC HAIIPSIKCHUC, [TPU KOTOPOM NPOUCXOIUT ITOTCPA YCTOP'I‘II/IBOCTI/I. 910

yCJIOBHE ¢ yueToM ypaBHeHus (9.17a) npuHuMaet Bua
123-0 )y (1-1/K )" - 1+ p-ctgar) - (3-2-cosa) < o, (9.30)
PemmB mosydyeHHOE ypaBHEHHE OTHOCHTEIBHO Kos KOTOPBINM MPH BBHIMOJIHEHUH YCIOBHUS
(9.29) Gyner npeaenbHBIM, OTYIHUM
vy l-vy) e
080w,

K, =1:41—
o, 1+ u-ctga)-(3—2-cosa)

(9.31)

Bonee TouHO, yUnuTHIBast BIUSHUS OTHOCUTEIBHOM TOJMIIMHBI CTEHKH 3aTOTOBKH, KPUTUYECKOE
HANPSDKEHUE Oxp MOXKHO OIPENETUTH Mo (hopMylie, MOTy4eHHON Ha 06a3e TEOpUH yCTONYMBOCTH,
MPUMEHHUTEIHHO K CKATHIO OTHOCUTEIFHO KOPOTKUX TOHKOCTEHHBIX IIMIUHAPUYECKUX 000TI0UEK
3a mpeaenamMu ynpyroi aepopmanmu o Gopmyne A. C. Boasmupa:



o, =g~ E, -%, (9.32)

rne Ec— cexkymmii MoIynb, YHCICHHO paBHBIM TAHICHCY yIja HaKIJIOHA TIPSIMOW,
COCAMHAIONICH HaYal0 KOOPJMHAT C TOYKOM, JeKaIIel Ha AUarpaMMe pacTsDKEHHS B OCAX «a —
O». 3Has Ec, MOXHO ONpEACIUTh COOTBETCTBYIOIIEE KpUTHUeckoe 3HadeHue S/D mis psaa
MIPOM3BOJILHO B3STHIX TOUEK HA TUarpamme «a — Oy, UCrolb3ys 1 30ro Gopmyny (9.32), mocie
Yero MOCTPOUTH KPUBYIO B OCSAX «0ip-S/D».

Uccnenoanre ¢opmynsl (9.31) MmMo3BONSIET YCTAaHOBHTH XapaKTep BIUSHUS OCHOBHBIX
dakTOpoB Ha 3HaueHWe TnpenenbHOro kodddumuenrta obxkuma Kosu. C  Bo3pacTaHueM
OTHOCHUTEJIbHOM TOJIIMHBI 3ar0TOBKH 3HaYeHue Kosn yBenmuuBaercs. C yBelnMYeHHEM paBHOMED-
HOTO CYXEHUS TPH PpACTSDHKCHHH Vp, XapaKTEPU3YIOIIETO0 HWHTCHCUBHOCTH YIIPOYHCHHS,
BPEMECHHOTO CONPOTHUBJICHHUS 0z W Kod(h(duimeHTa KOHTAKTHOTO TpeHus u 3HadeHue Kogn
YMEHBIIIAETCS.

Ha nomyctumyto crenenb 00>KaTHs CYIIECTBEHHO BIUSET HEPAaBHOMEPHOCTh MEXAaHUYECKHUX
CBOWCTB 3arOTOBKH B IIPOJIOJIbHOM HAIPABJICHUH BCIICICTBHE HEPABHOMEPHOTO YITPOYHEHUS, YTO
HaOJr01aeTCsl, HapUMEp, y 3aroTOBOK-I0NY()hadpHUKaTOB, MOIYYECHHBIX BBITSKKOM B XOJIOTHOM
cocTosiHUU. YeM MEHbIIEe CONMPOTHBIICHUE IePOPMHUPOBAHUIO B 30HE OOKATHSI U YeM OOJIbIle
KPUTHUYECKOE HANpsDKEHUE B 30HE BBHIMYYHBAHHS, TEM NPEISIBHO JOmycTUMas aedopmarius
Oosbie. [To3TOMy MpH M3TOTOBJICHUU JIATYHHBIX U CTAJIbHBIX T'HJIB3 MPEAYCMOTPEHA OIEpaIus
«OT)KUT TyJbIa», B pE3yJIbTaTe KOTOPOH KpaeBas 4acTh JACTANN Pa3ylNpOYHSETCS, a MPeIeTbHO
Jornyctumast 1eopManus yBeIHuInBacTCs.

Kpumuueckoe nanpsicenue oy MOXKET OBITh ONPEACICHO SKCICPUMEHTAIBHO Kak
npous3BeicHue Kod(h(dUIMEeHTa 3amaca yCTOWYMBOCTH ¢y HAa TIpeAed TEKy4eCcTH Marepuaa
3arOTOBKHU:

Gu= 0y 0. (9.33)

Jns onpeneneHust KOdPPHUIMEHTa YCTOMYUBOCTH HCIONB3YIOT JAAaHHBIE, TOJTYYEHHBIC TPU
00KMMe KOHUYECKOH MaTpHield OTHOCHUTEIbHO KOPOTKHX 3arotoBok (Bbicoroir 1,5—2,0
IaMeTpa) O MOMEHTa BBl ITyYHMBaHUS. YCTAHOBIIEHO, YTO KOA((UIMEHT YCTOHYMBOCTU @y
YMEHBIIAETCS ¢ YBEJIMUYCHUEM OTHOCHUTEIILHOIO JuaMeTpa 3arotoBku D/S u yBennueHueM yria
HakjIoHa oOpasyromieir matpuiel a (puc. 9.15). Ilpu D/s=20 u 2:a=30° KO3 HUIIUEHT
YCTOHYMBOCTH CTAJIbHBIX 3arOTOBOK OJMU30K K €AUHHIIE, IPU STOM Gyp~0r.
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Puc 9.15. 3aBucumocTs K03pPUIIEHTa YCTONUUBOCTH @y OT OTHOCUTEIBLHOTO JUaMeTpa
3ar0TOBKH
C yuerom (9.33) u Toro, uto wp=0dp/(1+d,)=1-€", hopmyna asst onpenencHnsT MPEAETHHOTO
Kodd¢uimeHTa ooKuMa:

081-¢, o (1-e")"
o, 1+ u-ctga)-(3—2-cosa)

Ko =1:91— (9.34)

Pacuersl mo ¢opmyne (9.34) nokassiBatoT, uto npu =300 Mlla, 0,=400 Mlla, o=15°,
0p=0,25, n=In(1+0,25)=0,223, 1=0,1 u ¢y=0,9 kpuTnyeckuii kodpdurment ooxxuma Kip=1,49, uto
npuMmepHo Ha 10—15 % MeHbl1e 110 CpaBHEHUIO € SKCIIEPUMEHTAIbHBIMU JAHHBIMHU.



Henocratox ¢opmynst (9.34) 3akimrodaercs B TOM, YTO B HEH HE YYTEHO BIIMSHHE
OTHOCHUTEJIBHOTO JuameTpa 3aroToBku D/S Ha 3HaueHue Kosp. KOCBEHHO 3TO BIMSHHE YYTCHO
K03()(QUIIMEHTOM YCTOWYHMBOCTH @y, KOTOPBIN 3aBUCUT OT D/S, omHako cBsi3b Mexay ¢y u D/S B
BU/JIC AaHATTUTHYECKON (YHKIIMHU HE YCTaHOBJICHA.

Pacuernbie k03¢ GuUIMEHTH 00)XKMMa — TPEENbHBIC, T. €. TaKKUe, IPH KOTOPHIX 3arO0TOBKA,
HE MMEIOIIas HUKAKUX JIOKAJIBHBIX J€(PEKTOB M OTKIOHEHHH OT HOMHHAJIBHBIX Pa3MEpOB,
HAXOJUTCs Ha I'paHu BbllyuyuBaHus. /s co3nanns HEKOTOPOro 3amaca yCTOMUMBOCTH € YYETOM
nedeKToB pealbHOM 3aroTOBKM (BO3MOXKHBIE BMSATHHBI, Pa3HOCTEHHOCTb, OBaJbHOCTH
MIOTIEPEYHOT0 CEUCHUS U TIp.) pacueTHbIe 3HaUeHUs Kogp ymMeHbImaroT Ha 10—15 %:

Kos =Koar/(1,1+1,15). (9.35)

Jomyctumble KOA(PGHUIMEHTH 00KMMa MOTYT OBITh OIpENeNIeHbl HE TOJBKO pPacueTHBIM
yTeM, HO U Ha OCHOBAHUHU SKCIIEPUMEHTAJIBHBIX JaHHBIX. B TeXHUUECKOH uTepaType UMEIOTCs
CrenuanbHble TaOMUIBI M Trpaduyeckre 3aBHUCUMOCTH IS OIpPECNICHHUs JIOIYCTUMBIX
ko3 purmeHToB 00kuMa B PYHKITMHM OCHOBHBIX (DAKTOPOB, BIMSIOMINX HA UX 3HaYeHue [11, 18,
24].

Kpumuueckuii  koyppuyuenm o006xcuma, a TaKKe TOYHOCTH pPa3MEpPoOB JeTajeH,
MOJIyYEHHBIX OO0KMMOM, CYILECTBEHHO 3aBUCAT OT AaHU30TPONMHM MEXAaHHMYECKHX CBOMCTB
MaTepuana 3arotoBku. C yBenumueHueM KOd(PUIMEHTa HOpMalbHON aHu3oTponuu R
npenenbHelii K03 duuueHT o6xuma Kosn yBETMUHMBAETCS, TaK KaK IPU ATOM YBEIHMYUBACTCS
COMPOTHUBIIEHUE CTEHOK 3arOTOBKH YTOJIIEHUIO WU BbIMy4YuBaHHUi0. CIelcTBHE TMIIOCKOCTHOMN
AQHU30TPOIHH MTpHU 00XKMME, KaK ¥ MPH BHITSKKE, — 00pa3oBaHne EeCTOHOB Ha KPACBOM y4acTKe
00>aTol 3aTOTOBKH, YTO BBI3BIBAET HEOOXOJUMOCTh OOPE3KH HEPOBHOT'O Kpasi IETaNIU U, CIIC0BA-
TENbHO, MPUBOJUT K IMOBBIIEHUIO pacxofa MeTaia. AHU30TPONHS BbI3BIBAET Pa3HOTOJ-
[IMHHOCTh BEPIIMHBI ()ECTOHA U BIAJMHBI, OBAILHOCTh TOPJIOBUHBI, & TAKXKE BIEUET 3a co00it
HEPaBHOMEPHOE COIPOTUBIEHUE MaTepuajla 3aroTOBKM BO3JCHCTBHIO BHEIIHEH Cpeibl
(Hampumep, OKUCIIEHUI0). [[71s1 momy4eHus BBICOKOW cTeneHu aedopMaluu npu 00xuMe U ycTpa-
HEHHS YKa3aHHBIX 1e()eKTOB HE00X0AnMO, 4T0O0BI K03 puimeHT HopManbHO#H aHu3oTporuu R* B
MPOJOILHOM HAPaBIEHUH 3arOTOBKH ObLI 00JIbIIE KOAPPUIIMEHTa aHU30TPOIIHH B OKPYKHOM €€
HaIpaBJIEHUH, a UX 3HaAU€HUE — OO0JIbILIE €AUHULIBI.

Pa3mepsi 3arotoBku. [IpogonpHas AuHA 3aTOTOBKH, U3 KOTOPOH MOKHO MOITYYHUTh JETalN
TpeOyeMbIX pa3MepoB IOCiIE 00KKMMa, ONpeAessieTcsl U3 YCIOBHS HEU3MEHHOCTHM o0beMa, a
JUAMETp U TOJIIKMHA CTeHKU 3arOTOBKU MPUHUMAIOTCS PaBHBIMU JUAMETPY U TOJIIMHE CTEHKU
HeoOskaToro yyactka D u S cootBeTcTBeHHO (pHc. 9.16).
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Puc. 9.16. Cxema K onpeeieHrIo pa3MepOB 3arOTOBKH IpH 00xuMe (0)

Konnveckuit n nmmmHapudeckuit (nnamerpom d) ydacTku jAeTand mocie 00KMMa MMEIOT
YTOJILIEHHYIO CT€HKY. [IpHHSAB, 4TO TOMIMHA CTEHKH KOHMYECKOr0 yJacTKa U3MEHSETCS OT S J10
Sk 0 JIMHEITHOMY 3aKOHY U TOJIIIIMHA Sx COOTBETCTBYET pacueTHoi no ¢opmyie (9.14), popmyna
JUISL OTIpeieIeHHs] POIOJIbHOM JUIMHBI 3aTOTOBKM L MOXKeT OBITh MpejicTaBieHa B CIEAYIOIIEM
BHJIE:

pu 00kuMe 1o cxeme puc. 9.12, a, korna kpaeBasi 4aCTh 3arOTOBKH HE BBIXOJIUT 3a MPEAEIbI
KOHUYECKOW 4acTHU MaTpPHULIbL:



4.D 2-sinax 180

npu o0xuMme 1o cxeme puc. 9.12, 6, korga KkpaeBasi 4acTh 3arOTOBKH BBIXOJUT 3a MPEIEibl
KOHUYECKOW YaCTH MAaTPHLbI U 00pa3yeTcsl HIMIMHAPHYCCKUN YIacToK nuameTpom d:

|_=|O+|.\/§Jr 14201114 (B D___d_g.r.tgﬁ +M.(9.37)
d d) |4 d 2-sina 2 180

[Tpu BeIBOAE popmyt (9.36) u (9.37) mpuHsTO, UTO paguychl U3THda I' 3arOTOBKH IIPH BXOJIE
U BBIXOJIE M3 KOHMYECKOM 4YaCTH MaTPHIbl PABHBI IPYr IPYry M MX 3HAYEHHE COOTBETCTBYET
pacuetHol [0 dpopmyite (9.19)].

KoHcTpykTHBHBIE 0cO0eHHOCTH ImTamMnoB. KoHCTpykums mramma i o0XuMa
U3MEHseTCs B 3aBUCUMOCTH OT TpeOyeMmoii crenenu aegopmanuu. Eciau crenens negopmanuu
0JIM3Ka K KpUTHYECKOM, BO3MOYXKHA MECTHasl NOTEePsl YCTOMUMBOCTH B BHJIE CKJIAJKH Y OIOPHOMN
IIOBEPXHOCTU 3aroTOBKHU. B 3TOM cily4ae NPUMEHSIOT MOJIY3aKpBITHIE IITAMIIBI C YaCTHYHBIM
IIPOTUBO/ABICHUEM (MOANOPOM), IEPEAaBacMbIM LMIUHAPUYECKOMY YYacTKy 3aroTOBKHU
HEIOJIBUKHOW BTYJIKOM, 3aKPEIUICHHOM HAa HUKHEW IIJINTE IITaMIIa.

[Ipu BBICOKOI cTemeHn oOXKaTus, Korja KodpduuueHT oOkuma OOJbIIe JOMYCTHMOTO,
IIPUMEHSIOT 3aKPBIThIE IITAMIIBI CO CKOJIB3AILIEH BTYJIKOH, CO3At0IIeH IPOTUBOIABICHHUE 110 BCEH
BBICOTE 3aroTOBKH. lcmonbp3oBaHME Takoro IITaMIla HCKIIOYAET BO3MOXKHOCTH IIOSIBJIICHUS
KOJIbLIEBOW CKJIQJKU y OTIOPHOM ITOBEPXHOCTH, KOHCTPYKTUBHAS CXE€Ma TAKOTr'0 IITaMIla IIoKa3aHa
Ha puc. 9.17. IIpu 00krMe 3ar0TOBOK C OTHOCUTEIBHON TONIMHOM cTeHKH S/D > 0,3 B 3aKpBITHIX
HITaMIax MOKHO IOJIy4uTh cTeneHsb Aedopmaruu 10 70—80 %. [Tonydabpukat, M3roTOBICHHBIH
00’)KMMOM M3 CTaJIbHOM TPyO4aTol 3arOTOBKU C OTHOCUTEIbHOM ToNuHON creHku S/D = 0,12 3a
OJIUH NEPEX0/] B 3aKPHITOM LITaMIIe, paHee ObUI IIOKa3aH Ha, puc. 9.16, a.

Mpb1 paccMoTpenu O0XHUM B KOHHUYECKOW Marpuie. Ecnu TpeOyercss mosiydyaTh AeTand
KymosiooopasHoii popmer (cM. puc. 9.12, 6, 2), 00)KUM MPOBOAAT B MATPULAX C KPUBOJIMHEHHOI
00pa3yromei, TMOCTOSHHOW KPUBU3HBL. OTOT BHUJ O0XHMa JOCTATOYHO XOPOIIO H3Y4eH,
pacueTHble (HOPMYJIBI Ul ONpEAETICHUs, €ro TEXHOJIOIMYECKHX IapaMeTpPOB B MOJIHOM OObeMe
UMEIOTCS B HAYYHO-TeXHUYECKOi utepatype [11, 16, 22].

I_:|0+d+D—2.r.(1—C0305)-( D-d —r-tg%)- 1+\/§ e (9.36)

1

A

. \ s /q
L J 1

m ] 5

/

N

u

i y
ol 7
Y 8

7

Puc. 9.17. 3akpsIThIil mTamMn A7 00KHMAa:
1 — BepxHsA IMTA; 2 — MaTpHIla; 3 — JIOBUTEIb, 4 — OOJNT YIOPHBIH, 5 — OmpaBKa
omopHasi; 6 — MpyKuHa; 7 — BTyJIKa CKONB3SINas; 8— MIuTa HIDKHSIS
Kpome 06x1mMa B Ipo107I-HOM HAINPaBICHUU 3aTOTOBKH (MPOIOIbHBINA 00KHUM) IPUMEHSIOT
MIOTIEPEYHBI 00KHMM B KOJIBIEBYIO MIeiib (CM. puc. 9.12, 0), KOTOpBIA OCYIIECTBISIETCS C



MOMOIIbI0 MATHUTHO-UMIYJICHOM MITAaMIOBKH (cM. 1. 12.3).

Jlexkuus Ne21

Tema PASJJAYA HIYCTOTEJIBIX HUJINHAPUYECKHUX
3AT'OTOBOK

Ilnan aexkuun: 1.Cymo cnocoba, cxema npoyecca, 2.0uaz degpopmayuu, HIC
3a2omogku, 3.paboma, ycunue pazoayu, 4.ycmouuusocms npoyecca pazoaiu,
pasmepuvl 3a20Mo6KU, 5. UmMamnsl 05 pazoayu.

B pesynbraTte pa3naun mIpOMCXOIUT YMEHBIIEHUE TOJIIMHBI CTEHKH U JUIMHBI 00pa3yroei
3arOTOBKH B 30HE IUIACTHYECKOH AedopManuy, KOTopas OXBAaThIBACT yYaCTOK C YBEIMYECHHBIMU
HOTIEpEeYHBIMHE pa3MepaMu. B mporiecce pa3gaun B ouare jaedopManiii BOSHUKAIOT OKPY>KHBIC
PACTATUBAIOIINE U paTUalbHbIC COKUMAIOIIIE HATPSKCHUS.

B MaccoBoM W KpymHOCEpMWHOM MPOU3BOJCTBE pa3fadyy BBIMNOJHSAIOT B CHELHATbHBIX
mTamnax, pabdodumii OpraH KOTOPBIX — JKECTKMH IEJbHBIH IIyaHCOH C IOCTEICHHO
YBCIUMYMUBAIOIIUMHUCH pa3sMCpaMU IMOIMEPCUHOTO CCUCHUA. BHGI[pS[SICI) B ITYCTOTCIIYIO 3arOTOBKY B
BUJIC OTPe3Ka TPYObI MJIM CTaKaHa, MOJYYEHHOTO BBITSDKKOW, HJIM CBAPKOM KOJIBIIEBOI 0Oevaiky,
IyaHCOH IIacTu4ecku aeopmupyer ee. Jleranu, moxydeHHbIe pa3aadeii, moka3ansl Ha puc. 9.18.
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Puc. 9.18. Jleranu, nosyyaemele pa3gadeit

DopMOU3MEHEHHE 3arOTOBOK OLIEHMBAETCS KOI(DPUIMEHTOM pa3/iaduu, MpeICTaBIISIFOIINM
co0oil oTHomeHue Haubosbliero auamerpa aedopmupoBaHHON ee yactu Dp k amamerpy
3aroToBku D:

Kp=Dp/D.

Paznauy nmpuMeHSIOT AJ1 TOJIYYeHHS Pa3IMYHBIX JAeTalied U 1moiaypabpuKaToB, UMEIOIINX
NepeMeHHoe TomnepeuHoe ceuyeHue. [IpumeHss pasgayy U OOKHMM, MOXKHO TOJYYHTh W3
KOJIBIIEBBIX CBAapHBIX IWJIWHIPHYECKUX 00€YaeK-3aroTOBOK MOIy(adpuKaTel cernapaTopoB
KOHMYECKUX TMOJAIIUIIHUKOB, KOJIEC CEJIbCKOXO3SMCTBEHHBIX MAIIWH, Pa3JIMYHOrO pojaa
KOPITYCHBIE 3aTOTOBKH U TIP.

B kauecTtBe mpuMepa MOXKHO TMPHUBECTUM JBa BapUaHTa TEXHOJIOTMYECKOTO IpoLecca
ITAMIIOBKH KOJIEC CEITbCKOXO03IMCTBEHHBIX MAIIMH: BBITSHKKOW U3 INIOCKOM KPYTJI0M 3arOTOBKU U
pa3ngadeif, 1 00KMMOM W3 CBapHOW KOJBIIEBOW 3aroToBKH. [IprMeHeHHe BTOpPOTO BapHaHTa
TEXHOJOTHYECKOT0 Mpoliecca MNO3BOJAET MOJYYUTh CYIIECTBEHHYIO SKOHOMUIO METaslia.

[Ipu paszmade 30Ha MIacTHYECKOM aedopmariii OXBaThIBa€T YYaCTOK 3arOTOBKH C
MEPEMEHHBIM TIOTIEPEYHBIM CEUEHUEM, IUIUHAPUYECKas €€ 4YacTh JeOpMHUPYETCS YIpPYyTo.



Hapyxnast d9acTb 3aroToBKM HE Harpy)KeHa BHEUITHUMH CHIIAMH, a yJCJIbHOE YCHIIHUE,
nepesaBaeMoe IMyaHCOHOM, MTPU MaJIoll OTHOCUTENIbHOM TOJIIIMHE CTEHKH MaJlo IO CPaBHEHUIO C
HanpsDKeHUEM TeKydecTr. [103ToMy MOKHO CUMTATh, YTO HAMPSHKCHHOE COCTOSIHHE TIPH pa3aade,
KaK U IpH 00XKHMe, IIOCKOEe, XapaKTepU3yeMoe CKaTHEM B OCEBOM M OKPY:KHOM HaIlpPaBJICHUSIX
HOPMaTBHBIMU HAMIPSIKSHUSIME 0 U g (puc. 9.20, a). lepopMupoBaHHOE COCTOSHUE MTPH pa3ade
HEOJIHOPOJIHO 10 ovary Aedopmaiuu. Tak e, Kak ¥ pu 00kume, 1eOpMUPOBAHHOE COCTOSHUE
WU3MEHSETCS B 3aBUCUMOCTH OT COOTHOIIICHUSI HOPMAJBLHBIX HANPSOKCHUN 0, U gp. B Toukax, rie
HANPSDKEHUS 0p U 09 PaBHBI MEXy COOOU MO abCOIIOTHOMY 3HAUEHUIO, TOJIIMHA 3arOTOBKH B
nporecce nehOpMUPOBaHUA HE HU3MEHsETCs, AeGOopMHUpPOBAHHOE COCTOSHHE IUIOCKoe. B
OCTaJIbHBIX YYaCTKaX 3aroTOBKHU J1e()OPMUPOBAHHOE COCTOSIHHE OOBEMHOE, MpPHUYEeM TaM, TIe
|os|>|os] — mpoumcxomuT, yToNIeHHE CTCHKH, a Ha y4acTke, rne |oy|<|oy] — yronenue. 30Ha
VTOJNILEHUST CTEHKHM Maja [0 CpPaBHEHHIO C 30HOM yToHeHus. [loaToMy ¢ HEKOTOPHIM
npUOIMKEHUEM MOYKHO CUMTATh, YTO B 04are AeopMaIiiy Ipy pasave CTeHKa 3arOTOBKHU TOJIBKO
yroHsiercs [16]. HaumeHnbimas ToanmHa 3aroTOBKM HaXOIUTCS Y €€ KPOMKH U OIPEAEIISIETCA 10
dbopMyIe, CXOIHOM MO CBOCH CTPYKType ¢ hopmyioit (9.14):

s =s- |25 (938

N3 dopmyiner (9.38) ciemyer, 9To0 yTOHEHHWE CTCHKH Ha KPOMKE OyJIeT TeM OoJblle, Y4eM
Oombiie koahdunmeHt paznaun Kp.

Puc. 9.20
PaCHpeI[CJ'ICHI/IC HaprDKeHI/Iﬁ op U 09 110 o4Hary IUIACTUYECKOM ,Z[e(i)OpMaLII/II/I MOJKET OBITH
YCTAaHOBJICHO MCTOAOM COBMCCTHOI'O PCIICHHA ypaBHCHI/If/'I, OMpCAC/IOINX PAaBHOBECHUC U
IJIAaCTUYHOCTDb 3arOTOBKH, HCIIOJB3Ys IIPHU ITOM DAL ,Z[OHym@HHfI. (DOpMyJ'Ia IJI1 OMPEACIICHUSA
paaraIbHOr0 C)KUMAIrOIICTO HAIMMPSXKCHUA HMECT BU/T

c,==p-0, [L+({tgal)]-1-(2-p/ Dp)”“ga] , (9.39)
rae p — TEKyIUd paguyc MONEpPEYHOro CEYEeHMs] 3aroTOBKM B OdYare IUIaCTUYECKOU
nepopmanuu. Ilpu p=D,/2 pagmanbHOE cxKHUMaroliee HANpsSHKEHHE JIOCTUTaeT HauOOJbILIEro
3HAYCHUS:
O pmx =B 0 [L+(tga/ w)]-[L-(D/D,)*"**].  (9.40)

/tga
)"

Ecmu asy4nen 1-(D/D JIBaKIIbl PA3JIOKUTh B Psifl (BHAYaJIe CTENIEHHYIO (DYHKIIMIO, a

3aTeM, MOJYUYUBIIYIOCS MOCIE Pa3IOKEHUsI CTENEHHON (PyHKUIMHU, TOrapu(MUUECKYI0) U YUECTh
IpUpaleHne PaJuabHOrO HANpsHDKEHUS B CBS3M ¢ U3rMOOM IIPU BXOJIE €€ Ha KOHYCHYIO 4acTh
MyaHCOHAa MHOXHUTEJEeM (3-2°COS o), TO Mocie Mpeo0pa3oBaHUil MOTYIUM
O pmax =B 05 - (ultga +1)-(D/D, -1)-(3-2-cosa). (9.40a)
Ecnu yuyecth cpenHee mo oudary JaeopMandy YTOHEHHE CTEHKH BBEICHHEM B (GopMyiy

(9.40a) MHOXUTENS O,5-(1+,/D/ Dp) U IPUHATH CPEIHEE HAINPSIKEHWE TEKYYECTH PABHBIM
Osey =05-0,-(D,/D+1), 4uro coorBercTByeT cCpeaHed cremeHu JepopManvu  1pH

UCIIOJIb30BaHUH JIMHEHHOW alpOKCUMAIIMK JHarpaMMbl YIIPOYHEeHHs 1-ro Buaa, uTo dopmyiia
(9.40a) mpumer BUJ

& =—0,25- -0, - (D? 1D ~1) - (ultga +1)-{L+ /DD, )-(3-2-cosar) . (9.41)
®opmymna (9.41) npumMeHnMa B TOM clly4ae, KOTAa HanOOJIbIINK JuaMeTp ae(opMHUpOBaHHON



YaCTH 3arOTOBKU HE MPEBBIIIACT AUAMETpa WIMHApHYecKoii dvactu myaHcona (Dp<D) (cm.
puc. 9.20, a).

Ecnu xe 3arotoBka IpH pasjadye NepeMeIacTcsl BA0JIb HUIMHAPUYECKOW YacTu IIyaHCOHa,
TO [IPU ONPEACIICHUN T ..., AOTOJHATEILHO HEOOXOAMMO yUUTHIBATH IPUPALIECHHUE PA/IHATIBHOTO

HATPSDKEHUS B CBS3H C €IIe OJIHUM U3TUOOM U CIIPSMIICHHEM KPaeBOTO y4acTKa 3arOTOBKHU.
C ydyetoM 3TuX (aKTOPOB M MOCe psiaa ynpouieHuid Gopmyna (9.41) mpuHuMaeT BUI

O pmex =—0,25-0,-(D,/D+1)-[(D,/D-1) - (u/tga +1) +2-'s/D -sina]-

{1+ /D/D, ) (3-2-cosa)

B dopmyne (9.42) mpupaiieHne paauaabHOTO HAMPSHKCHHST OT M3rH0a M CIPSIMIICHUS
KpacBOro ydYacTKa 3aroTOBKM TIPU BBIXOJAEC M3 odara jaedopManmuu ydTeHO CjaracMbIM

(9.42)

2-~/s/ D -sina . ®opmyisi (9.41) 1 (9.42) MO3BOJISAIOT YCTAHOBUTH BIMSHUC YITCHHBIX B aHAIH3E
(baKTOpOB HA 0, U 0y, @ TAKKE MOCTPOUTH DIMIOPHI PACTIPEICIICHHS TUX HANPSHKCHUH 10 oyary
acTrueckoi aedopmaruu (puc. 9.20, 6).

Puc. 9.21. Cxema pa3gauu mpu MajoM pajnyce CKpyrieHus pabodeil KpOMKU IyaHCOHa

[Tpu nepemenieHuU 3aroTOBKY BJOJIb LIMJIMHAPUYECKON YaCTH IyaHCOHA C MaJIbIM PaJlnycoM
CKpyIJIeHHs pabouell KpOMKU ee 00pasyrolas MOKeT MOTepsATh KOHTAKT C HUM, MU30THYTbCS U
NpUHITE 004K000pasHyto Gopmy (puc. 9.21). DTO MPOUCXOIUT B CBSA3U C TEM, YTO TIPHU Ompe-
JIeIEHHON HIMPUHE KPaeBOr'o Y4acTKa 3arOTOBKH, COMIE/IIEro ¢ KOHMYECKOM YacTH IyaHCOHa,
U3ruOaIUi MOMEHT, 0Opa30BaHHBIN OKPYXHBIMU CHJIAMH, YBEJIMYMBAETCS HACTOJBKO, YTO
KpaeBas YacTb 3arOTOBKM H3rubaercs B MEpUAMOHANBHOM IUIockocTU. [lpu nanbHeliem
CKOJIbKEHUU 3arOTOBKM OTHOCHUTEJILHO IIyaHCOHA JIMaMETpP €€ KPaeBOW YacTH YMEHbILIAETCS, TaK
KaK Ha 3JIEMEHThl 3arOTOBKM HAYMHAIOT JACHCTBOBATH OKPY)KHbIE HANPSDKEHUS 0y, U3MEHUBIIHE
3HaK Ha 0OpaTHBIN (OHU CTAHOBATCS CXKMMAIOLIMMH); OKPY)KHbIE HANIPSDKEHUS YBETMIUBAIOTCS 10
TEX MOp, MOKa BO3HUKIIME CHJbl HE CO3AaAyT HU3rHOArOIMi MOMEHT, HEOOXOIUMBIN JUIs
COpSIMJIEHUS M30THYTOro Kpasi 3arotoBku. Ilocnme wu3rmba u copsMiIeHUs 3aroTOBKHU
negopmupytoliee ycuiaue crabunusupyercs. [Ipuparienue nuamerpa 3aroToBKH IpU pasjade
ADp BcnencTBre n3rnda KpaeBoil 4acTH 3arOTOBKM MOYKET OBbITh OIpeieieHo 1o hopmyiie

AD, = (\/D -s/sina—2-r, —s)-(l—cos,a), (9.43)

I7ie I'n — pajguyc CONpsHKEHUs LIIMHAPHUYECKOTO0 U KOHYCHOTO Y4acTKOB ITyaHCOHA. 3Has
ADp, MOXHO oOIpeneNnuTh AMAMETP IyaHCOHA, NPU KOTOPOM IIOCJIE€ pa3/layd IOJydaeTcs
TpeOyeMblii BHYTPEHHUH TUaMeTp JeTalu:

D,=D,, —AD,.

O6o3nauenus B popmyine (9.43) COOTBETCTBYIOT ITOKa3aHHBIM Ha puc. 9.21.

AHanu3 npuBeACHHBIX (OpMyYI U SKCIIEPUMEHTANIbHBIE TaHHbIE MTOKa3bIBaloT, 4To ADp TeM
OoJibiie, yeM OOJIbIlle YroJl HaKJIOHA OoOpa3yrolel MyaHCOHA, TOJIIMHA CTEHKU 3arOTOBKH S U
IuaMeTp 1e(GOopMHUPOBAHHOTIO yyacTKa 3aroToBkH Dp.

Jedopmupyrolee ycunaue pa3iadi onpeAensioT Kak MPoru3BeieHNEe HauOobIIEro 1Mo oYary
IJIACTHYECKOH 1e()OPMALNN HANPSIKEHUS O, .., , ACHCTBYIOIIEIO B OCEBOM HAIPABICHUH, Ha

IUIOINAAb TONepeyHoro cedeHuss u kospoumueHt o=1,1+-1,2. C yuetom dopmynsr (9.42)
nedopmupyromee ycwine pasgadu:
P=025w®-7-D-s-0,-(D,/D+1)-[(D,/D-1)- A+ u-ctga) +

+2.4/s/D sina] L+ D/D, ) (3-2-cosa)

N3 dopmynsr (9.44) cnemyer, uTo Ui pa3llaud 3arOTOBOK OJHHUX M TEX )K€ Pa3MepoOB

(9.44)



negopMUpyIolee yCUJIHe TeM OOJbIle, YeM BBIIIE XapaKTEPUCTHKU MPOYHOCTH MaTepuana
3aroTOBKH, CTENEHb Ae(opMaluyd U CUIIBI KOHTAKTHOTO TPEeHMs. YTOJ HakJIOHa oOpasyroliei
MyaHCOHA o TAaK)Ke BIUsET Ha nepopmupyroiee ycuiue pa3aauu. MccnenoBanue hopmyisl (9.44)
MOKA3bIBAET, YTO CYLIECTBYIOT ONTUMAIbHBIC YIIIbI, IPU KOTOPBIX YCHIINE pa3faud HauMEHbIIIEe.
[Tpu maneix ko3¢ HuIMenTax TpeHus ( ONTUMAIIbHBIE YTl KOHYCHOCTH paBHbI 15+20°.

Pabdora nedopmupoBanusi. B mporecce pazmaun, Kak ¥ B Iporecce O0XKUMa, yCHIIHE
negopmupoBaHusi u3MeHseTcs. Mcmonb3ys MeTonuKy ompeneneHus paboThl 1ehOpMUPOBAHHS
npu 00XKuMe, MOXKHO TMONY4YHUTh (HOpMyIy JUisl ompeneneHus paboTsl neGopMHpoOBaHUS MPU
pasjade, KOTOpas o CBOCH CTPYKType cxoaHa ¢ hopmyioii (9.27):

A=w-n-D-s-o, -1+ u-ctga)-(3—2-cosa) -

J(D+4-H sinag)* -D-/D . (9.45)
-1
6-H-vD -sina

Ora Qopmyna MO3BOJSIET OMPEACTUTh padboTy AeGOpMHUpPOBaHUS MO XOIy IMyaHCOHA H
IIOCTPOMTH 3aBHCUMOCTE P = P(H).

Ipenenbublii kKo3¢gpuuuent pasgauu. Kpurnueckas crenenp nedopMaiiy npu pasgaue
perJaMeHTupyercs OJHHMM U3 JBYX BHUAOB IMOTEpU yCTOMYMBOCTH, a UMEHHO —
CKJIaIKOOOpa30BaHMEM y OCHOBAHUS 3arOTOBKH WJIH MOSIBICHUEM IIEHKH B OJHOM HIIA OJJHOBpE-
MEHHO HECKOJBKMX YYacTKaX KPOMKH ae(OopMHpOBAaHHOW YacTH 3arOTOBKH, MPUBOJAAIICH K
paspymenuto—-rtpeniuHe (puc. 9.22). IlosiBaeHue TOro MM WHOTO BHUAA J1€(PEKTOB 3aBUCUT OT
XapaKTePUCTHK MEXaHUYECKUX CBOMCTB MaTepralia 3aroTOBKH, €¢ OTHOCUTEIbHOU TONMIHHBI S/D,
yrja HakJIOHa 00pa3ylollell yaHCOHa 0, YCIOBUI KOHTAaKTHOTO TPEHUSI U YCIIOBUHN 3aKpeIuIeHus
3aroTOBKHM B IIITaMIIE.

OTtHOmIeHne HanOOIBIIEr0 TuameTpa 1eOpMUPOBAHHON YacTh 3aroToBku Dp k muamerpy
UCXOJHOU 3aroToBku D, mpu KOTOPOM MOKET BO3HHKHYTH MECTHAs MMOTEPS YCTONYMBOCTH, HOCHT
Ha3BaHWe npefensHoro kodhdunmenta pazmaunm K.

.H.

Puc. 9.22. Buapl 10KaapHOM NMOTEPH YCTOMYMBOCTH TP pa3jadye:

a — CKJIaJJKooOpa3oBaHUE, 6 — IMOSIBICHUE IIEHKH, pa3pylLIeHue
[Ipenenbupii K03GGUIMEHT pa3gadyr MPUOIMKEHHO MOXET OBITh ONpENeNieH U3 YCIOBHH,
Y KOTOPOM HanOoIbLIee 110 oYary JepopMaluy pajuaibHoe CKUMAIOIIEE HAPSKEHUE O, .

HE MPEBBIIIAET KPUTHUECKOE HAMPSKEHUE Oxp, BBI3BIBAIOIIEE CKIAAKOOOpa30BaHUE:

O, max < oy
IIpupaBHsiB o »max COTJIACHO dbopmyre (9.41) KpUTHUECKOMY HAIMPSHKEHUIO Oxp=@y Or (371€CH
@y=0xplor — KODPPHUIIUEHT yCTOWYMBOCTH) M PEIIUB TOITYYECHHOE YPaBHEHHE OTHOCHUTEIHHO

npeenbHoro ko3 dunuenrta paznaun Kyp= Dp/D, nomyuum [11 ]:

220 -
x Py O 11, (9.46)
P o, L+ u-ctga)-(3—2-cosa)

~

Jnst monydeHus 3aMKHYTOTO PEIIeHHsS NMpu BhiBoje Gopmynsl (9.46) mpuHSATO, 9TO s
cpenuero 3Havenus kodpduumnenta pasaaun Kpr=1,43, cymma 1+ ,/D/D, =1+1/,/1,43 =183.

Pacuetsl no popmyne (9.46) nokasbiBaioT, uto npu o=15°, 6:=260 Mlla, ¢,=400 MI1a, ¢,=1
u 1=0,10 K,=1,405, a Ky, =1,405/1,1=1,277.

Henocratok dopmynsl (9.46) TOT ke, yTO U (QOPMYJBI JUIsl ONpeneSeHUus KPUTHYECKOTO



kodd¢unmenta ooxuma (9.34), paccMOTpeHHOH paHee.

Omnpenenenne KpUTUYECKOM cTeneHu aedopManuy B MOMEHT MOSBIICHUS MIEHKH Ha KPOMKE
3arOTOBKH OCJIOKHSAETCS TEM, YTO OKpYKHas JedopMarus npy pa3aade KOHHIECKUM TyaHCOHOM
HEpaBHOMEpHA BJOJb 0Opasyrouieil 1eopMUPOBAHHOTO y4acTKa 3aroTOBKU: mHepudepuitHbIi
CJIOH, HAXOIAIIMICSA Ha KPOMKE, Je(OpMHUpYETCsl OOJIbINe, YeM CIIOH, yJaJIeHHbIE OT KPOMKH, B
pe3ysbTaTe Yero MOCIeqHUE CIEPKUBAIOT paspyllieHue nepudepuitHoro ciaos, yBeJIUYUBAs €ro
OTHOCHUTEJIBHOE YAJMHEHUE. B CBSI3M C 3TUM OTHOCHUTEJIBHOE YIJIMHEHUE KPAacBOI'O ydacTKa
3aroTOBKH Bcer/ia 00JIbIle OTHOCUTENIBHOIO YAJTUHEHUS CTaHIapTHOTO 00pa3iia Mpu pacTsHKEHUH.

OnHO W3 peleHui 3aJadd OIpenesieHus] MpenenbHOro Koddduuuenta pazgaun Kpn 1mo
YCJIOBHUIO TOSIBJICHUS IIEHKH HAa KPAa€BOM y4acTKe 3aroToBku nojydeHo A. 0. ApepkueBbiM u C.
A. llynero#. [Ipennoxennas umu popmyna mis onpeaenenus K, numeer Buj

K., =exp(2-n/3)+1{5-cosa/[2-exp(n/3)]}-(L+2-n/3), (9.47)

rjie @ — yroj HakjioHa oOpasyrorieii myancona; S=2-S/D — oTHocuTenbHAS TOJIIMHA
3arOTOBKH.

Ananu3z ¢opmynsl (9.47) nokasbiBaet, 4To Kpn yBETUUYHMBAETCS C yBEIMYCHHEM MTOKa3aTess
e OpPMALMOHHOTO YIIPOYHEHHUS JI, OTHOCUTEIIEHON TOJIIIMHBI 3aTOTOBKHU S U YIa O

s o6neryenus pacuetoB popmyna (9.47) npeacrasieHa B Buje rpadudeckoil 3aBUCUMOCTH
Kon = Kpn' (S, N) iput a=30° (puc. 9.23). AHAIIOTHYHBIC KPUBBIC MOXKHO IOJIYYHUTh JJIS APYTUX YIIIOB
a.

Ha mnpenenbubiii koddduumeHT ¢GopmMonsMeHeHHUs] MpHU paszjade BIMSET AHU30TPOIUS
MEXaHMYECKUX CBOICTB MaTepuana 3aroroBku. C yBenndeHHeM KOd(PPUIMEHTa HOPMAIbHON
aHm3oTponuu R* mpenenpHBI KOAXPOUIMEHT pa3fgaydl yBEIMYHMBACTCS, TaK Kak IMPH STOM
YBEJIMYUBACTCS COMPOTUBIICHNE CTEHOK 3arOTOBKHU YTOHEHUIO.

Jli1s moy4yeHus BBICOKOM cTeneH! AepopMaliy Ipy pazgaye He00X0AUMO, 4YTOObI, Kak U IIpU
o0xxume, KOAP(OUIMEHT aHW30TPONHMH B OCEBOM HAIpPaBJICHUU 3aroTOBKH ObLT ObI OOJIBINE
K03 pHIIMEeHTa aHU30TPOIIMH B OKPY>KHOM €€ HAIPaBJICHUH, a X 3HAUCHHE — OOJIbIIIE €JMHUIIBI.

Homnyctumble KO3(QOUIUEHTH pa3fgadyd MOTYT OBITh ONpENeNieHbl M Ha OCHOBAaHUU
AKCIIEPUMEHTAJIbHBIX JIaHHbIX. B Texuumueckoi smreparype [11, 24] umerorcs crnennalibHbIC
TaOJIULIBI AJIs ONIPEEIICHUS TOITYCTUMBIX KO3 (DUILIMEHTOB pa3aayuu (KOTOpbIE, KaK U IPH 00KHUME,
Ha 10—15 9% Oonpiie mnpenenbHbIX), MNPUMEHSEMble B HMHKEHEPHOW MpaKTUKE MpHU
IPOEKTUPOBAHUN TEXHOJOIMUYECKUX MPOLECCOB HW3rOTOBJIEHHUS INTAaMIIOBAaHHBIX JeTajei,
BKITIOYAOIIUX OTIEPALIUIO Pa3/IauH.

Puc. 9.23. 3aBucumocTsb npeaenbHoro kosddurmenta pazaauu (Kp) OT OTHOCHUTETBHOMN
TOJIIMHBI CTEHKH (/D) 1 MEeXaHMYECKUX XapaKTePUCTHK 3aroTOBKH (N)



Puc. 9.24. Cxema K onpezielIeHHI0 pa3MepOB 3arOTOBKU IIPH pa3fade

Pa3mepsnl 3aroroBku. [[yinHa 3aroTOBKU, U3 KOTOPOW MOKHO IMOJYYUTH JI€Talb TPEOyEeMbIX
pa3sMepoB, ONpEeNseTcs] U3 YCIOBHS PaBeHCTBA 00beMa 3aroTOBKH /0 W IOCIE pa3jiayd, a
JUaMETp U TOJIIMHA CTEHKU 3arOTOBKM IMPUHUMAIOTCA PaBHBIMU JUAMETPY U TOJIIMHE CTEHKU
LMJIMHJPUYECKOT0 yyacTKa Aetanu D u S coorBercTBeHHO. [locne pa3naun KOHMYECKU y4acToK
JeTald UMEEeT HEepAaBHOMEPHYIO TOJIIUHY CTEHKH, U3MEHSIOIIYIOCS OT S 10 Sk. Eciu mpuHsTh
JIOIIYIIEHHE O TOM, YTO 3TO U3MEHEHME HOCUT JIMHEHHBIM XapaKkTep U HaMMEHbIIasl TOJILIMHA
CTEHKH J1e(hOPMUPOBAHHOTO Yy9acTKa COOTBETCTBYET pacueTHOH 1mo dopmysie (9.38), To popmyiibl
JUIS OTIpeACTICHUS IPOJOIBHOM JITMHBI 3aTOTOBKH MOTYT OBITB ITPEJICTABICHBI B CIIEAYIOIIEM BUJIE:

MIpY pa3jaaye 1o cxeme, NpuBeJAeHHON Ha puc. 9.18:

D +D+2-r-(1-cosa) ( D, —D a T-r-a
. | =L -r-tg—|-l+.,/D/D, J+——;
4-D 2-sina gz ( p) 180

IpHY pasjave Mo cxeMme, MPUBEJICHHO Ha puc. 9.18:

1 D -D a T-ra
L=I,+1-,/D /D+1+D /D)-|~-1+/D/D, || —L—-2-1r-tg— ||+———.
° P 6o, )4( f’) 2-sina 92 180

L=1,+

(9.48)

[Tpu BeIBOIE hopMyIEI (9.49) IpUHSTO, YTO paanyChl U3rHba 3ar0TOBKH I TPH EPEMEIICHUN
€e Ha KOHMYECKYK YacTb IIyaHCOHAa M CXOJE C Hee paBHbl JAPYr JPYyry U MX 3HA4YEHUs
COOTBETCTBYIOT pacdeTHbIM 1o dopmyiie (9.19) (puc. 9.24).

HTamnsl s pazaaun. KoHCTpyKTHBHAS cxeMa IITaMIia AJis pa3adu, Kak U Jjs 00xuma,
3aBHCUT OT TpeOyemoii crtemenu nedopmanuu. Eciam cremenp aedopManivi CpaBHUTEIBHO
HeBenuka U ko3 duuument pazgaun K, MeHbIIe penenbHOr0, MECTHAS TOTEPsS] YCTOWYHBOCTH (B
TOM YHUCJIEC TMOSBIEHUE HIEHKM Ha KPOMKE JeTalM) HUCKIIoYeHa. B 3ToM ciydae NMpUMEHSIOT
OTKPBITHIC ITAMIIBI 0€3 MPOTHUBOIABICHUS (ITOANOPa) Ha HMIMHAPUIECKUN YIaCTOK 3aTOTOBKH.

ITpu BeICOKMX cTeneHsx AedopMaluy, Koraa ko3 UIueHT paziauy Ooblie NpeaeabHoro,
OPUMEHSIIOT IITAMIIBI CO CKOJIB3SLIEH BTYJIKON-TIOJIOPOM, CO3Jarolleill MPOTUBOAABICHUE Ha
LWIMHAPUYECKUI Yy4acTOK 3aroToBkd. Cxema Takoro mrammna nokaza€a Ha puc. 9.25. Ero
KOHCTPYKTHBHAsI 0COOCHHOCTH 3aKIIFOYAETCSl B TOM, UYTO CKOJIB3AIIAs BTYJIKA 4 OIyCKAaeTCsl BHU3
PEryapyeMbIMU TIO JUTMHE TOJIKATEIsIMU 3, 3aKPEIUICHHBIMU Ha BEepXHEW IuTe mramna 1, uto
UCKJIIOYaeT BO3MOKHOCTh NEPEKMMa 3aroTOBKM Ha y4acTKEe KOHTAKTa IyaHCOHA, 3arOTOBKH U
ckonp3smei Brynku 4. [IpuMeHeHHe mTaMna co CKOJb3AIIeH BTYIKOW-MOJNOPOM MO3BOJISET
MOBBICHTH CTereHb aedopmarmu Ha 25—30 %.

Puc. 9.25. llltamn a1s pa3gadu Co CKOMB3AIEH BTYJIKON-TIOAIIOPOM:
1 — BepxHsis IUTA; 2 — IMYaHCOH; 3 — TOJKATENb; 4 — CKOJIB3SIIas BTYJKa; 5 —
OTIOPHBIN CTEP)KEHb; 6 — MPY)KHUHA; 7 — HWKHSAS IUIATA



Puc. 9.26. Cxema MHTEHCU(DUKAIIIH pa3aadn

[IpenensHyto cTeneHp nedopMalMM HOpU pas3jlaue KOHYCHBIM ITYaHCOHOM TaKXKe MOXKHO
MOBBICHTb, €CIIM Ha KPOMKE 3aroTOBKH IMOJyYUTh HEOOJBINOW (praHen MMpUHONH 5—6°S mpu
BHYTPEHHEM pajuyce usrubda r>s. Ilpu paznaue ¢aanen BocnpuHumaer 6e3 paspyuieHus Ooiee
BBICOKME OKPY)KHBIE PACTATHBAIONINE HANPSIKCHUS, YeM KpOMKa 3aroToBku Oe3 duanna. [lpu
9TOM IpesesibHas cTeneHs Aegopmanun yBenuuupaercs Ha 15—20 % (puc. 9.26).

Kputepuem BbIOOpa THma mrTamma A pa3nadyd (CO CKOJIB3SIIECH BTYJIKOH win 0e3 Hee)
CIy’)KaT pacyeTbl MO IPHUBEICHHBIM Bbllle (GopMyJdaM Ul OIpPENeNeHUuss MpeaesIbHOrOo
K03 PHILIMEHTA 110 YCIOBUIO OTCYTCTBHS CKJIAZIOK Y OCHOBAHUS 3aroTOBKH (9.46) M yCIOBHUIO OT-
CYTCTBHSI TPEIIUH Ha KpoMKe neranu (9.47).



