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BJIMSITHUE NEPEKPEIIIMUBAHUSA NPSAJAEN JBHSIHOI'O CHIPIIA B
IHOJIE TPEHAHUSA HA UBSMEHEHUE CUJI UX HATAXKEHUSA
A.B. Opnos, E.JI. [Tamuu

IIpeocmasnena oyenka 6rusHusA OeheKmo8 MONUWUHbL U OPUEHMAYUU CIOS
JILHOCHIPYA HA 8ENUYUHY HAMANCEHUS OMOENbHbIX Npsoell. Ycmanoseneno, umo
npu nepekpewueanHul npsioeil COBOKVNHbLIL POCH HAMSNCEHUS C Y4emom
VMOnwWeHust C1osi Modicem 8o3pacmams 6 4 —5 pas no cpasnenuio co cpeOHum
Hamsoicenuem — closi  6e3  cmpyKmypHolx — Oegpekmos.  Omo  Oyoem
cnocobcmeosams  00pvigy HAUOONee HACPYICEHHbIX Npsoell U CHUNCEHUIO
8b1X00a OJIUHHO20 BOJIOKHA.

KitoueBble cioBa: e, mpenanue, nepekpewjusanue npsoeti, HamsdxHceHue

YcranoBieHo [1], 4To npu TpenaHUM MpsAeil Chlplia ¢ UCIOJIb30BAHUEM
0apabaHOB ¢ KOHYCHOW BXOJHOM YacThIO M C BUHTOBBIM PACIIOJIOKCHHUEM OWII
BO3HUKAIOT YIJIOBBIE CMEIICHHUS MPsAAeH B MPOJOJIBHOM IIOCKOCTH 30HBI
TpenaHusi. JTU YIJIOBbIE CMELIEHUS pa3IMyaroTcs IS ChIplia pa3HOM JJIMHBI,
YTO MPUBOAMUT K MEPEKPEUIMBAHUIO Npsjed. DTO SBICHHE, BEPOSATHO, OyneT
BBI3bIBATh MEpepaclpe/ielieHue YCWIMA HAaTSHKEHUS B MPANSIX U MOITOMY
HEKOTOpbIE U3 HUX MOTYT OOpBIBATHCS U BBINAJATh B OTXObI TPEHAHUSI.

PaccMoTpuM 3TO siBeHHE MOApOOHEE C ILEeJIbI0 OLIEHKU U3MEHEHHUS CHUJl
HATSDKCHUSA MIPSIICH B YCIIOBUSIX UX TMEPEKPEIIUBAHMUS.

O¢ddexT nepepacnpeneneHuss Harpy3ku B MEPEKPELIEHHBIX MPSASX ObLI
BIIEpBBIC paccMoTpeH B [2, c¢. 111] cormacHo cxemMe WX HarpyKeHUs,
MPEACTABICHHOW HAa PUCYHKE 1.

Hamu ObUTO yCTaHOBJIEHO, YTO B MECTE IMEpEeKpelnBaHusl HaOIoqaeTcs
VTOJILEHUE CJ0sI, KOTOPOE MOKET MPHUBOIUTH K POCTY CHUJ HATKEHHUS

CXOSIINX C KPOMKH Y4acTKOB mpsifeit (puc. 2). Takum oOpa3oM, Mmpu OIEHKE



N3MCHCHHA CHJI HATAXKCHUIA HpﬂI[CI?I HN3-3a HMX IICPCKPCIIMBAHUA CIICOYCT
YUUTBIBATE COBOKYITHOC BJIMSHHUC 3(1)(1)CKTOB OT TIICPCKpCIIMBAHUA W OT

yYBEJIWYEHUS TOJIIIUHBI CJIOS MPU MPOXOXKIESHUU KPOMKHU Ouiia 6bapabaHa.

[~

77
Puc. 1. Cxema HarpyxeHus nepeKpelieHHbIX Mpsiei TbHOChIpIA
1 — npsiau, 2 — GuibHAS TUIAHKA, \y — YTOJI IEPEKPEIMBaHus IpsieH,
P —cuna HaTsKeHUs NP, paClOI0KEHHON NEPIIEHAUKYIIPHO JIMHUH 3aKUMa;

T\I/ — CHJIa HAaTSDKEHMS OTKJIOHEHHOM npaau
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Puc. 2. Cxema popMupoBaHUs yTOJIIIEHHS B TOUKE MEPEKPELIMBAHUS MPsIEH

1 — HabGeraromue y4acTku npsaeH, 2 — OuibHas IIaHKa, I — paJnyc 3aKpyrJIeHUs KPOMKH,

0,5h — TomuHa npsian



B coorBercTBHE ¢ [2] cunTaeM, 4TO CHIIbI TPEHUS MPHUBOIAT K (DUKCAIUH
TOYKM nepecedeHus mnpsaei. 1loaToMy Ha OCHOBaHMM H3BECTHOM M3 Kypca
CONMPOTHUBJIEHUS] MaTepuana 3aBUCHUMOCTH, OIHUCHIBAIOIIECH paclpeesieHue
Harpy3Ku Ha Tpyniy COeIUHEHHBIX SJIEMEHTOB, UMEEM:
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IJIe | — yroJ NnepekpenuBanus npsgeit, P —cuna HaTsKeHus NpsMou Mpsiau,
T, — cuna HaTsOKEHUs] OTKJIOHEHHOH Npsau, D — COOTHOIIEHUE JKECTKOCTU Ha
pPaCTsKEHUE TPSAEH.

Bocnonp30BaBmINCE  METOAOM  HMHTETPAIBHOTO  OCPEAHEHMUS  CHUJIBI

HATSOKEHUs W NpHHAB Y €[—7/4;7/4], BennunmHa oCpeJHEHHOW CHIBI OymeT

N2v |v+1| b
T = N P. _
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[Tonarast paBeHCTBO JKECTKOCTH Ha pacTsbkeHue Juis Bcex npsei (b = 1),

paBHa:

[MoJIy4um P :219 Tcp. M3 sToro CJIeayer, 4TO 3HAYCHUC CHJIbI HATAXKCHUIA

NpSAIH, PACONOKEHHON moa yrioMm y = 0, B 2,9 pa3a mpeBbIIa€T CpeaHee
3HAYEHWE IO UX COBOKYITHOCTH.

Jlnst yaera BIWSHUS W3MEHEHHS TOJIIMHBI CIIOS M3-3a MEPEKPEIIMBAHUS
IpsAe BOCIONB3YEMCS MOJACISAMH JJIsi pacueTa CWJI HATSDKCHHS TPSIeH C
HaJIMYMEeM Ha HUX OJKECTKMX OJJIeMEHTOB (KOCTpPhI) TIPH  OrHOaHHH
[WJIMHIPUYECKOW  MOBEpXHOCTH [2,3] B COOTBETCTBHE CO  CXEMOid,
Npe/ICTaBIIEHHON Ha pUCYHKaxX 2 u 3.

[TpenmonoxxuM, 9To TpsIb OTHOAET KPOMKY OMIIBHOH TUIAHKH C PaIIyCOM
r, popmupys yrom obxBara ¢, COCTOSIIMNA W3 yIiia ¢, Ha cOerawmieidl BeTBU
NpsId U yIiia ¢, Ha HaOeraromieil BeTBu. BenencTeue hopMupoBaHus Ha MPSIH

yroumieHus pasmepom Ah, Ha kpomke chopMHUpYETCsl TOTONIHUTEIBHBIA Yroil

obxBara A, =A@, +Ap,,. IIpu 3TOM BO3MOXHSI ABa ciaydas: ecan Ah < Ah_



TO YTOIILEHUE LETUMKOM IIPUXOJMTCA Ha KPOMKY; ecimu Ah > Ah, | yrommeHnune

YaCTHUYHO COMPHUKACAETCS C TNIOCKOCTHIO, HECYIIIEH KPOMKY OMIIBHOMU TIJIaHKH.

Puc. 3. 'eomerpuueckas cxema oru0aHus Mpsiabl0 KPOMKH

BbipasuB Benuuuny yrna Ag, depe3 MHY Xopael AB, MoxHO

BBIYMCIIUTD JUIS IEPBOTO CIydasi 3aBUCUMOCTD yriia A¢,; ot Ah:

] / Ah
A = 2arcsin | —
(DH]_ 2r . (3)

Ucxons u3 (3) onpenenum Benudauny A,
. (T @
Ah_ =2r-.sin| ———*
o ( 77 j . )

Bo BTOpoMm ciyuae, npupaiienue yria obxsara Ag,; COCTaBUT x/2—¢,,

Torja yroi A¢,, ,Kak 100aBOYHbIN, OYJET ONPEAENATHCS CIEAYIOIIMM 00pa3oM:
Ah—Ah,,
Ap,, =arctan——= (5)
r-cose,
OO0benuuuB  BeIpakeHus (3...5), MOIydYnM 3aBUCUMOCTH TOJHOTO

npupamnieHuss yriia obxBaTta Ag, =A@, +A@,, OT BEIUYMHBl H3MEHEHUS

TOJIIIMHBI npsiau Ah:



2arcsin wfé—h ecru Ah < Ah,
r

Ap, =1 Ah—Ah, (6)
P arctan———  eciu Ah > Ah

r-cose, v

Ha pucynke 4 npeacTaBieHO HpupalieHuEe yria o0xBaTa s paauyca
paboueit KpOMKHU 2 MM TP PA3TUYHBIX HaYaJbHBIX yTiiax o0xBara Haleraromei

BCTBH.
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Ilpupanienue yrna obxesara, rpaj

wH = 30 rpan
307 — wH=45rpan
— wu = 60 rpan
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[IpupameHye TONMMHET IIPATH, MM

Puc. 4. 3aBucUMOCTb yBEIMYEHHS yIiia 00XBaTa OT MPUPALIEHUS TOIIIUHBI

NPSIAM JIUIS1 Pa3IMYHbIX YIJIOB 00XBaTa HaOeraromen BEeTBU

JlJis OLIEHKH POCTa CUJIbl HATSKEHUS MPSAJEH B yCIOBUSIX YBEIMUYEHUS UX
TOJIIIMHBI B 30HE MEPEKPEIIUBAHNS BOCIIOIB3YEMCSl MOJIEbIO0 OTMOaHMsI KPOMKH
3aKOCTPEHHOM TPS/IBIO, IPEICTaBICHHON B [2, ¢. 2.65]. Onpenenum, HACKOIBKO
BO3pacTaeT CWJIa HaTSHKEHUS TMpsiAM B pe3yjbTare  BBILICONHMCAHHOTO
npupaieHuss yriaa obxsara. CyTh pacueTa CBOJIUTCS K OIPENEICHHUIO CHIIBI
HaTSDKEHUs] B cOeraromieil BeTBU MpU Pa3iUYHbIX YIiiax 00XBaTa, BhI3BAHHBIX
YBEIUYCHUEM TONIIUHBI cyios. [Ipu 3TOM mpodwe mapamerpbl mMomenu [2, ¢.
2.65] mpUHATHI CIEAYIONIMMU: TI0 TPsau Tpou3BeneHo 10 Bo3meHCTBUIA, cuia

HaTsDKeHUs1 HaOeraromen npsau 5 H, paguyc paboyeil KpOMKH 2 MM, JTMHEHHAas



IUIOTHOCTH MpSOM 5 I/M, 4acToTa BpameHds Oapabana 300 MuH, pammyc
Oapabana B paccMmarpuBaeMoM cedeHun 0,3 M, kodpdunment tpenus 0,3,
HaYaJIbHBIN yroyi o0XxBaTa KPOMKHU Mpsibio ¢, = 60°.

[Tony4yeHHbI€ pe3yIbTaThl MPOUUTIOCTPUPOBAHBI T'Pa(PUKOM Ha PUCYHKE 5.
N3 nero cnenyer, uto npu (HOpMUpPOBAHUM YTOMIIEHHH 10 4 MM cuia
HaTsDKeHusT Oyzner Bo3pactath g0 1,5 — 1,8 pa3 mo cpaBHEHHIO C CHIION

HATSOKCHUS Tpsael 0e3 UX IepeKpelnBaHus.
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YTOJIIICHUSAMU K CUJIE HATSKCHUS
OJHOPOJTHOM MPsIAN

OTHOIIEHUE CUJIBI HATSDKCHUS npsAgn €

[Ipupamenue TOIIMHBI NPSAIA, MM
Puc. 5. OTHOLIEHNE CUIIBI HATSHKEHUS NIPSIAM C PA3HOM BETMYMHON YTOJIIEHUS K

CUJIC HATSIKEHHS OHOPOIHON Npsian

B  ycnoBuaAx — mepepacnpenelieHus ~— CWJl HATSDKEHUS  NPSACH,
pPaCIONOKEHHBIX MO  pa3HbIM  yrjioMm, coriacHo wmozemsm (1) u  (2),
BBISIBJICHHBIN TIPUPOCT HATPY>KEHUS M3-3a YTOJIICHUS CI0S MOXKET MPUBOAUTH K
JIOTIOTHUTENIBHOMY PpOCTy Harpy3ku. Cuiia HaTSKEHUS OTIEIbHBIX Mpsiaei
MOKET TPEBOCXOAMTHh CPEAHIOI IO CIOK 03 YKa3aHHbIX CTPYKTYPHBIX
nedexToB B 4 — 5 pa3. DTo, BEpOATHO, OyAET CIOCOOCTBOBATh OOPBIBY HauboJiee

Harpy>XCHHBIX Hp;{z[eﬁ U CHM)KCHHIO BbIXOA44a AJIMHHOI'O BOJIOKHA.
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2. [Tpu orubanuu cioem paboyeil KpOMKHM Ouia B y4acTKax C MOBBIILIEHHON
TOJILIMHON 0O0pa3yroTCsl JTONOJHUTEIbHBIE YIJbl 00XBAaTa, BBI3BIBAIOIINE POCT
CHJI HATSDKEHUA B COEraroluX BETBSIX MpPsACH.
3. B ycnoBusx mepekpemuyBaHus MPsAAEd COBOKYITHBIA POCT HATSIKEHHS C
Y4ETOM YTOJIIEHUS CJI0S1 MOXET BO3pacTtatb B 4 —5pa3 IO CPAaBHEHHIO CO
CpPEIHUM HaTSIKEHUEM CcJIosi 0e3 ero CTPYKTYpHbIX JedeKToB. DTo Oyaer
CIOCOOCTBOBATh OOPBIBY HanOOJIee HArPYKEHHBIX MPSAEH U CHUKEHUIO BBIXO/1A

JUTMHHOT'O BOJIOKHA.
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