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ANALYSIS OF THE SPECIFIC FEATURES OF DETERMINING
THE COEFFICIENTS OF STRESS CONCENTRATION IN HULL STRUCTURES
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Abstract. The stress concentration factors by various authors have been studied and generalized. Some of the authors
interpret them as a ratio of the maximum to medium stresses in the most underdesigned part of the structure. Others
suggest that the stress concentration factor is a ratio of the maximum to medium stresses in the most remote from the
concentrator part of the structure. These two trends are compared by the example of a plate with a circular hole and
a discontinuous plate. The results of the calculations in both approaches may vary considerably. The reliable results
for the formation and generalization of the stress concentration factors substantialized by various authors are also
given in this paper. According to the results of the study, the theories of failure, ¢.g. maximum-strain-energy theory,
are suggested to be used for estimating the stress concentration factors at the concentrator circuit. The values of the
stress concentration factors are determined by the ratio of the reduced stresses using the assumed theory of failure in
the most critical point of the concentrator circuit to the reduced stresses away from this circuit. Such representation of
the stress concentration factor is the most viable, since current strength software systems, such as ANSY'S, represent
calculation results in reduced stresses.
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AHHOTanusi. BINONHEHO HCClieIoBaHKUE 110 CHUCTeMaTu3anni K03 (GUINEHTOB KOHIIGHTPAIIMK HANPSHKEHUH, BO3HH-
KaloIUX B KOHCTPYKIHMSAX CyA0BOro Kopmyca. CymHoCTh KOI(Q(UIMEHTOB KOHIIGHTPAIIMU HANPSHKEHUH TPaKTyeTCst
MO-pa3HOMY B JIUTEPATYPHBIX HCTOUHHKAX. B CBS3M C TMM BO3HHMKAET BONPOC O 3HAYCHHH KOA(D(UIIMEHTOB KOHIICH-
Tpaluy HAPSHKEHUH B TOCTATOYHO CIOKHBIX KOPIYCHBIX KOHCTPYKIIHSIX. 32 OCHOBY aHAJIN3a IPHHUMAIOTCS PE3yIIb-
TaTHl PACUCTOB METOAMU KOHEYHBIX M TPAHWYHBIX 3JIEMEHTOB B CPAaBHEHUH C pabOTaMH IPyTHUX aBTOPOB.

KaroueBnlie ciaoBa: BBIPE3bI; NPEPLIBUCTHIC CBA3U; MOAKPCIUICHUSA KOPITYCHBIX KOHCprKIII/Iﬁ; KOS(i)(i)I/IIII/IeHTI)I KOH-
HOeHTpalunu HaHpﬂ)I(eHHﬁ.

AHoTauis. BukoHaHO JOCTIKEHHS 10 cHCTeMaTH3aii koedimieHTiB KOHIIEHTpAIlil Halpy>KeHb, SIKi BHHUKAIOTH TIPH
(hopMyBaHHI BHpi3iB, TP BUKOPUCTAHHI IEPEPUBAHUX B’sA3€H, IPH JTOKATBHUX MiAKpimuieHb. CyTHICTh KOS(IIlieHTIB
KOHIICHTpAIii HaNpy>KeHb TPAKTY€ETHCS MO-PI3HOMY B JITEPATYPHUX JDKepenax. Y 3B 3Ky 3 IIMM BHHHKAE 3alUTaH-
HsI TIPO 3HAYeHHS KOe(ilieHTIB KOHIEHTpALl HalpYyKeHb B JIOCUTh CKIIQJHUX KOPIYCHUX KOHCTPYKIIisX. 32 OCHOBY
aHai3y MPUHUMAIOThCS PE3yIbTaTH PO3PAXYHKIB METOIaMHU KIiHIIEBHUX 1 TPAHMYHUX €JIEMEHTIB MOPIBHSIHO 3 poOoTamMu
IHIITUX aBTOPIB.

Kuarouogi ciioBa: Bupi3u; nepepuBaHi B’s31; MiAKpiIuieHHs; KoeilieHTH KOHIIEHTpallii Harpy»KeHb.
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MNOCTAHOBKA IMPOBJIEMbI

Bo MHOrHX citydasx IpH MPOEKTUPOBAHUH KOPITyC-
HBIX KOHCTPYKLMH PELIAOLIYI0 POJIb OKAa3blBAET TAKOU
MoKa3arelnb, Kak KOHIEHTpauus HarpsokeHui. OcobeH-
HO 3TO 3aMETHO TIPH IOSIBIICHUN B COCTABE KOHCTPYKIUH
BBIPE30B, IMOAKPEIUICHUH K HUM, NpH (HOPMUPOBAHUH
IIPEPBIBUCTBIX CBH3eﬁ, a TaKXC IIPpU PE3KOM M3MECHCHUU
poQuIIs KOPITYCHBIX CBS3€H MM Pa3MEpOB UX CEUCHUSI.
OToOpaxaeT HaNpsHKEHHOE COCTOSTHUE TAKUX AJIEMEHTOB
KOPITyCHBIX KOHCTPYKIHH KO3((GHUINEHT KOHLIEHTPALNH
HaNpsOKEHUH B KaXJIOM OTHEJIBHOM CEYeHHH. AHau3
ocobeHHoCTel ompeneneHns KOA(PPHUIMEHTOB KOHIICH-
Tpauuu HanpsbkeHud Beaercss MHorue rofst [1-13]. Co-
MIPOBOK/IACTCSl TAKOW MHTEPEC CTPEMIICHHEM CO3]aBaTh
panmoHalbHbIE ¥ PAaBHOIPOYHBIE KOPITYCHBIE KOHCTPYK-
MM HA OCHOBC YHCIICHHBIX 3HAYCHHUU KOAPPHUIINCHTOB
KOHIIEHTPAINH HaNPSDKEHUH.

OnHako, Kak MOKa3blBaeT aHaiu3, (HOpMHUPOBAHUS
MOHATHH O KOHIICHTPAIMN HAIPsHKEHUH, a CIIeJ0BaTeIIb-
HO, 1 00 uXx K03((HUIMEHTaX Y MHOTUX aBTOPOB Pacxo-
JIUTCS TI0 MPUHINIHATIBHBIM COOOPAKECHHSIM.

AHAJIN3 MOCJIEJHUX
HCCJIEJOBAHU U JIATEPATYPhBI

B HekoTOpoil CIpPaBOYHON JIMTEPAType 3HAYCHMUS
KO3 UIeHTa KOHLEHTPALUUHN HANPSDKCHUH TPUBO-

Shimanskiy Yu. A. Spravochnik po stroitelnoy mekhanike korablya [Reference book on ship structural design].
Palii O. M. Spravochnik po stroitelnoy mekhanike korablya [Reference book on ship structural design].

Timoshenko S. P., Gudier Dzh. Teoriya uprugosti [Elasticity theory]. Moscow, Nauka Publ., 575 p.
Josef E. Shingley, Charls R. Mischke, Richard G. Budynas. Mechanical Engineering Design. Seven Edition.

JITCS Kak OTHOILICHHE MAaKCHMAJbHBIX HaNpsDKeHNH
BBI3BAHHBIX KOHLEHTPALMEH HANpPSKEHUH K CpEIHEMY
3HAQUCHUIO HAIPSDKEHUN B 3TOM K€ ceueHMU. B apyrux
JUTEPATypPHBIX HNCTOYHMKAX KOI(P(PHUIMEHT KOHIEHTpa-
UM HamNpsDKEHUI paccMaTpuBaeTcss Kak OTHOIIEHUE
HauOOBINNX HANPSDKEHUH G, IEWCTBYIOIMX B paloHe
0CI1a0JICHHOTO CEUeHHMsI K HANPSDKEHUIO, AEHCTBYIOMIETO
Ha OECKOHEYHOM ylaJeHHHM OT Hero. Takum oOpazom,
CTaHOBUTCSI HEOOXOIMMBIM aHAJIH3 W OCOOEHHOCTH Ha-
XOXK/IeHHs K09 PHUIHNEeHTa KOHIIEHTPAUH HAIIPSKEHUH K
MOTEHIMAJIBHO 00JIee CII0KHBIM KOHCTPYKIMSM U y3JIaM
CYZIOBOTO KopIyca. B oTaensHbIX myOnukammsax kodddu-
IIMEHTHI KOHIIEHTPAINHU HANPSOHKEHUH ONPeeIIIoTCs IPH
pa3MUuHBIX BHIAX Ae()OpPMUPOBAHUS, BHIAX Harpyxe-
HUs1, CBOMCTBaX MaTepuana (B ynpyroii 3oue nedopmupo-
BaHUs, B YIIPyToIuTacTHUeckoi 30ue). [lpu auctom ciBu-
re MaKCHUMallbHbIE KacaTelbHbIE HAMNPSIKEHUS MPUHATO
OTHOCHUTB K KaCaTCJIbHBIM HAIIPSY)KCHUAM B Ka)KI[Oﬁ TOYKE
KoHCTpYyKIIH. GopMupyYIOTCS IpeacTaBiIeHus 00 3 dek-
TUBHBIX KOO(Q(QUIMEHTaX KOHIEHTPAIMN HaNpsDKeHUH
Tak)ke Ha OCHOBE YCTAaJOCTHOTO aHajM3a pa3pylIeHHs,
ONUPAsiCh HA TPEJIEIT YCTAIOCTH OMBITHBIX KOHCTPYKIIHH,
OTHECEHHBIX K Ipeiey YCTaIOCTH MaTepuania.

HEJIb CTATBU cocroutr B aHajmu3e B3MVISAIOB
pa3IUYHBIX ABTOPOB HAa TOHKOCTH OINpEIEICHUs! KO3(-
(PMIMEHTOB KOHICHTPAIMN HAINpPSHKEHUH B KOPITYyCHBIX



KOHCTPYKIMSAX CyZOBOTO HazHa4deHus. PaccMarpuBanmch
paboTBI, HCCIIENYIONME HANpsHKEHUsI B HPEPBIBUCTHIX
CBSI3SIX NPH (POPMUPOBAHMU BBIPE30B M MOAKPEIIICHUH
K HUM, IIPH PE3KOM M3MEHEHUU IUIOIIAeH MONepeuHbIX
CCUCHHUI, TIPU OIIEHKE HANpPSHKEHHO Je(OpMaIlMOHHOTO
COCTOSIHUSL B paliOHE OKOHYAHUS NPEPHIBUCTBIX CBSA3EH.
Heo0xoanmMocTs B MO00OHOM aHAIN3€ BO3SHUKAET BCIIE-
CTBHE Pa3HOPOTHOCTH KOHCTPYKTHBHBIX 3JIEMEHTOB CY-
JIOBOTO KOpIyca M B Pa3sHOOOpa3uy BOCIPUHUMAEMBIX
UMM Harpy3okK, YTO BBI3BIBACT HEKOTOPBIC 3aTPYAHCHHS
NIPU HAaXOXKJCHUH JCHCTBYIOMIMX KOA(P(UIMEHTOB KOH-
LEHTpAIUX HaNPsLKEHUH.

Wurepec k ompezeneHuo Kod()(UIMEHTOB KOH-
LEHTPALUA HaNpsDKEHUM B  KOPIIYCHBIX KOHCTPYK-
IUSIX CYHOBOTO HA3HA4YCHUsI Pa3IMYHBIMH aBTOPAMHU
CBSI3aH C TEM, 4TO OOJBIIMHCTBO ABTOPOB JAaeT MX K
CPaBHHUTENIFHO ITPOCTHIM KOHCTPYKIMSM. B TO ke Bpe-
Msl TMPOEKTUPOBAHME KOPIYCHBIX KOHCTPYKIHUH CO-
NPSDKEHO C JIOBOJIBHO CJIOKHBIMH KOHCTPYKTHBHBIMH
peLIeHusAMU.

HN3JTOKEHUE OCHOBHOI'O MATEPUAJIA

CornacHo [1] kO3 QUIMEHT KOHIEHTpAaLUK Hampsi-
JKEHUH OTIpeeNsieTcsl OTHOIICHUEM HauOOJIBIINX HaIps-
JKeHMH G, JIEHCTBYIONIUX B paioHe 0cnableHHoro ce-
YEeHHUs K HANPSOKEHUIO, JIEHCTBYIONIETO Ha OECKOHEUHOM
YIANEHUH OT HETO G,

B [2] xoaddunneHT KOHIEHTpAIMH HaNpsHKEHUH
WILTIOCTPUPYETCS IS CITydasi OJHOOCHOTO PACTSKEHHS
U U1t 9ucToro casura. 1o MakcuMabHBIM K03 umn-
€HTOM KOHIIEHTpAlUU HAIPSDKEHUH, Y BBIPE30B B OECKO-
HEUHBIX IUIACTHHAX, NPUHHUMAETCS OTHOIIEHUE MaKCH-
MaJIbHbIX HANPSUKEHUH O, NEHCTBYIOIMX HA KOHTYPE
BbIp€3a K HANPSKCHUAM, IPUIOKEHHBIM K IJIACTHHE Ha
Geckoneqnoctn G,. Toraa npu OXHOOCHOM PACTSIKEHHH
MaKCUMAJIbHBIH KOI((PUIINEHT KOHIEHTPAUHN HaIpsiKe-
HUI IPEJCTaBIAETCS B BUJIE!

o =

0 Gemax 0’

IIpyu YUCTOM CABUTIC!

0’0 =1 Omax / TO’

e T, KacaTelbHbIC HAMPSDKEHUS, JeHCTBYIOIIHE
B TUTaCTHHE Ha OCCKOHEYHOM YHAAJCHUHM OT MecTa KOH-
LEHTPALHH.

HampspkeHHOE COCTOSIHME B OCTAJIBHBIX TOYKAX KOH-
Typa comtacHO [2] MpHHATO XapakTepu3oBaTh Kod(du-
[IMEHTaMN KOHIIEHTPAIUH, KOTOPbIE BBIPAKAIOTCSl B OT-
HOIIECHHUSAX:

G,,0,, & TaKKe G, T,

rie G,— HOPMAaJbHBIE HANIPSHKEHUS. HA KPOMKE BBIPE3a;
G, U T — HOPMAJIbHBIE M KACATEILHBIE HAMPSIKEHNS, IPH-
JIO)KCHHBIE K MIACTHHE HA OECKOHEUHOCTH.

B [3] anammsupyercs B3aMMHOE BIMSHHE HPSMO-
YTONBHBIX BBIPE30B Ha KOHLEHTPALMIO HANpPsDKEHUH

KOPABJIEBYAYBAHHA R\ R={ok}s)

B IUIACTHHE NPH OCEBOM pPACTsHKCHUH. B 9T0# padore
BBOJIMTCSI TaKOe MOHSTHE, KaK TeopeTHuecKuii kodddu-
[MEHT KOHICHTPAIMH HANPsDKEHUH, KOTOPBIi Mpeara-
€TCsI OIPEACISATh 10 hopMmyJie:

aO = cj@max GHCTTO >

rie 6, = — 3HaueHHe IVIaBHOIO MaKCHMAaJbHOIO Halps-
JKEHHS Ha CKPYTVIEHHOH KPOMKE BBIPE3a, G, — CPE/IHEE
HOpMaJIbHOE HAIPSDKEHHUE 110 CepeIMHE BbIpe3a.

PaccmarpuBas nnactuny B [3] ¢ IByMs mocienoBa-
TEJIbHBIMU BBIPE3aMH aBTOPbI YCTAHOBWJIM 3HAYMTEIIb-
HOE pa3yinune MexAy Kod(hPHUIHEHTaMH KOHLECHTPALUH
HANpsOKeHUH B 3aBUCHMOCTH OT IIMPUHBI HEPEMBIYKH
MEK/y BBIPE3aMH ¢ ¥ IIUPHHBI BEIPE30B b, OTHECEHHBIX
K mmpuHe Tiactuabl B. [Ipu Hammuuum mmpoxoi mepe-
MbIYKH (@ / b = 2) u npu otHOomenuu b / B = 0,25-0,33
BO3HHUKAET OOJbIIas pa3HHALA MEXAy Koddduimenra-
MU KOHLEHTpAallMM U HamnpsbkeHuil. B pailone kpaitHux
KPOMOK BBIp€3a, ONMKalIMX K TOpIy, IUIACTHUHBI IO
OTHOIIECHHUIO K PaHOHY IEPEMBIYKH COCTABIISIET OKOJIO
20%. Ilpn mmpuHEe NEpeMbIYKH MEXy BbIpE3aMu PaB-
HOW INMPUHE BBIPE30B pPa3HUIA MEXKAY HaIpSHKCHUS-
MH B T€X ¢ TOUKax KomeOmeTcs B mpenemax 23-38%,
a MpY IIMPHUHE NEePEeMBIYKH B J[Ba pa3a MEHBIICH MINpPHU-
HBI TIPSMOYTOJBHOTO BBIpE3a pa3HUIA B KOd(D(HUIICH-
TaxX KOHIIGHTPAlMU HANPSDKEHWH JIOCTUraeT BEJUYUHBI
6, —6,=36-50%.

[TpuBenenHble UAPHI TOBOPST O BaKHOCTH JIOCTO-
BEPHOTO ONpeeNieHns] KOI(P(PUIIMEHTOB KOHIIEHTPALUH
HAIpsHKEHUH, TOCKOJIbKY OHHM aKTHBHO HCIOJIB3YIOTCS
IIPU KOHCTPYMPOBAHWH KOPITYCHBIX KOHCTPYKIMH CyIO-
BOTO Ha3HAYCHHUS.

B monorpadun [4] xoadduimeHT KoHIEHTpaunuu
HAaIpsHKEHUH PaBeH OTHOLIEHHIO HAaHOONIBIINX HOPMaJlb-
HBIX HANPsKEHUH B 30HAX X KOHIEHTPALMK G, K CPeJl-
HEMY HaNPSHKEHUIO G IO CEIEHHIO, BHI3BIBAIOIIEMY KOH-
LEHTPALHIO.

OmnBIT 3KCIUTyaTallil MOPCKUX CYy/IOB IMOKAa3all, 4YTo
0O0JIBIIIOE YKMCIIO MOBPEXICHUH W pa3pylIeHUH KopIryc-
HBIX KOHCTPYKIIMH BO3HUKAJIO M3—3a MOSBICHUS HAIps-
JKCHUH, B CBSI3U C WX KOHIIGHTpAIMEH, MOATOMY HeIo-
OLIEHMBATh MX B IIPOIECCe KOHCTPYHPOBAHMS OIIACHO.
B kadecTBe npumepa oropapruBaeTCsi KOHIICHTpAIMs Ha-
NpsDKEHUH B paifoHe KOHIIOB HAACTPOEK. MakcuMalbHbIC
HOpMaJlbHble HANpSKEHMs G B palioHe KOHLOB Hajl-
CTPOWKH PEKOMEH[YeTCsl MPEICTABIATh B BHJIEC CYMMBI
Cpe/IHUX HAIpSDKEHUH B HEMPEPBIBHBIX CBS3SIX KOpITyca
Gy @ TAKKE B BUJIE JIOTIOJHHUTENBHBIX HaNpsHKeHHH Ao,
OOYCIIOBJICHHBIX BJIMSHUEM KacaTeJIbHBIMHU YCHIIHSIMHU.
Torna koadUIMEHT KOHIIEHTPAIMN HAPSHKEHUH MMeeT
BUJI TAKOTO BBIPAYKEHUSI:

a=1+Ac/0c,

B pabote [5] mokazaHo, 4TO MPH PELICHUHU III0CKUX
3aj1a4 O KOHIEHTPAI[MH HAMPSHKEHUN HA MOIKPETLICHHBIX
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KOHTYpax OTBEPCTHH 0OBIYHO HCIIONB3YETCsI TAKOE OTHO-
LIEHUE:

k=0 /o

max 02

e 6, — MaKkCMMaJbHOE 3HA9E€HHE OHOTO W3 KOMIIO-
HEHTOB TEH30pa HANPSUKEHUH, G, — HANPSOKECHUS BIAJH
OT JEHCTBYIOILIET0 KOHIEHTpaTopa HampspkeHuil. B [5]
npeajaraeTcs JUisi OLEHKM HalpsDKeHUH Ha KOHTYpe
IUTACTHHBI  BOCIIOIB30BAaThCA THITOTE3aMU TIPOYHOCTH,
a 3HauCHUs KO3 GUIMECHTA KOHIICHTPAIINN HANPSKCHUI
OTIPECIISITh TAKOW 3aBUCUMOCTBIO:

k=0 /o,
p

e an — NPUBCACHHBIC HAIIPSAKCHUA 10 l'IpI/IHSITOf/'I -
NOTE3¢C NPOYHOCTU B HanbosIee OMacHOM TOUKe KOHTYpa,
OIPCACTIACMOI0 BbIPA)KCHUCM!

6 =V6%2-6 06 +62+312
p r r 0 0 0

COOTBETCTBYIOILIEM JHEPreTHUECKOH TI'MIIoTe3e IMpoy-
HOCTH, TJIe: G — TIPUBEACHHbBIC HANPSHKCHHUS BIATH OT
KOHTYpa KOHIIEHTPATopa, G, G,, T, — HAaNPSKEHUS Ha
KOHType oTBepctusi. Takoe omucanue koddduimeHra
KOHIIGHTPAIMU HaIpsHDKEHUH HauOolsiee JKU3HEHHO, I10-
CKOJIKY COBPEMEHHBIE ITPOYHOCTHBIC IIPOrpaMMHbIE
xoMIutekchl, Hampumep ANSYS, pesymbratsl pacyeToB
MpCACTABIAIOT UMCHHO B IIPUBCACHHBIX HAIPSKCHUAX.

Momnorpadus [6] mocssimeHa MpOYHOCTHBIM HCCIIe-
JIOBaHUSIM CYJJOBBIX KOPITyCOB. [IpHMEHNTEIBHO K TPy30-
BBIM JIIOKaM KO3((HIIMEHT KOHIEHTPALMN HallPsHKCHUH
OIPEAENIAETCS KaK OTHOILIEHHE MaKCUMaJIbHOTO IJIaBHOTO
HalpspKeHUsI B yIIax JIOKa K CpeTHEMY HOPMaJbHOMY
HaTIpsSDKEHUIO TalyOBl B paifoHe mroka. B [6] ykazaHo,
YTO MoKa JedopMaluy MeTajula KOPIYCHBIX KOHCTPYK-
LU HOCST yNpyruil Xapakrep ko3(Q(GHUIHUEHT KOHIICHTpa-
LUK HANPSDKEHUH YMCIEHHO paBeH KO(Q(UIMEHTY KOH-
LEHTpaIH Ae(POpMAaIIHii.

Cornmacuo [7] mpeamaraetcsi pabOTOCIIOCOOHOCTD
Y3JIOBBIX KOHCTPYKIHMH CyZOBOTO Ha3HAUCHMs Xapakre-
pHU30BaTh, TaK HAa3BIBACMBIMH, dPPEKTUBHBIMU KOAPPH-
LUEHTAaMU KOHIICHTPAIUU HanpsokeHui o. Mx BennunHa
0TOOpPaXKaeTCsi OTHOIICHUEM:

a=o_"/c_F

e G — MPEIeNn YCTAJOCTH ONBITHBIX KOHCTPYKIHH,
BKJIFOYAIOIINX UCIIBITBIBAEMbIC Y3IIbI, TIPH YHCIIE [IUKIIOB
N =2-10° u CHMMETPHYHOM LIMKIIE HATPYKEHHUS, G * —
TIPEe/IeN yCTaOCTH MaTepHuara.

B kadectBe mpumepa B [7] yka3aHbl cpelHUE 3HaUe-
HUsl 9(QPEKTUBHBIX KOAP(UIIMEHTOB KOHLIEHTPALUH Ha-
TIPSHKEHUH 0L JUTST pa3JINYHBIX TUIIOBBIX Y3JI0B KOPITYCHBIX
KOHCTPYKIHHA. Oco00 MPUBOASATCS PEe3yIbTaThl UCTIBITA-
HUS Y3JI0BBIX KOHCTPYKIHMH JOBEJCHHBIX /IO YCTaJIOCT-
HBIX TPEUIMH NPU IMKIMYECKOM HarpyxeHuu. Takoit
MIOIXO/] TIO3BOJISIET OCYIIECTBISTH BHIOOP MEPCHEKTHB-
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HBIX KOHCTPYKUMH C TOYKH 3PEHUS] YCTAJIOCTHOU MpOY-
HOCTH.

B cnpaBounnke [8] k03¢ GHUIMEHTH KOHIICHTPALUT
HanpspKeHUuH k GOpMUPYIOTCS B 3aBUCUMOCTH OT TOTO,
MOABEP>KEHBI JTM KOHCTPYKIUH KOHCOJIBHOMY 3aKperuie-
HUIO, YUCTOMY HM3THOY, KPyUCHHUIO M €CIIN KOHCTPYKINEH
sIBJIsIeTCs 000JI0UKa.

KoHconpHO 3akperieHHast KOHCTPYKIHS € JKECTKUM
3amemieHueM AaHa B [8]. Harpyxena nmonepednoil Ha-
rpy3Koi P UMeeT OTBepCTHE C IIEHTPOM Ha OCH CBS3M Ha
paccTostHuM d 0T 3ameMiieHus1. Beipaxenue juist koadu-
OUEHTAa KOHUCHTpAUN HaHpH)KeHI/Iﬁ HUMCECT BU/.

Gp
2PD
J

7ie /1 — BBICOTA CEUCHUsI KOHCTPYKIUH, J — MOMCHT HHEP-
LUK €€ MONEePEYHOrO CEUCHHS.

[Ipu unctom m3rnbe KOAPPHUINEHT KOHIICHTPALUH
HAaIpsDKEHUH 110 KOHTYPY OTBEPCTHS TIPEICTABIISICTCS He-
CKOJIbKO B MHOM BH/Ie [8]:

K =

Oe
.

m R

J
rae M — MOMEHT 4HCTOTO M3rnda, J — MOMEHT MHep-
UM TONEPEYHOro ceueHus, R — MOCTOAHHAsA BETMUYNHA,
XapakTepHusyrollas pasMep orsepctus. [nsa snaunrude-
CKOTO OTBEPCTHS, TAKO# pasMep paBeH R = (a + b)/ 2; a
n b — mosryocu srHnca.

ToHkast n30TpoInHas IUIMTA TOJIIMHOW /i ¢ KBaapar-
HBIM OTBEPCTHEM, TOJBEPTHYTa ACHCTBUIO KPYTSAIIETrO
MoOMeHTa H, KOTOpBIH NpHIIoKeH 1Mo Kpasm. Koahpunn-
€HT KOHLIEHTPALUK HANpsDKEHUH, B 3TOM Cilydae, oIpe-
JIeTsIeTCsl KaK OTHOIICHHE MOMEHTa Ha KOHType OTBep-
crust M, x kpyTstiemy H [8].

3agada O HaNpsDKEHHOM COCTOSHHM C(epHUYecKoi
00O0JIOYKHM TOJIIMHON /1, 3arpy)KEHHOH paBHOMEPHBIM
BHYTPEHHUM JaBICHHEM MHTEHCHBHOCTBIO P paccma-
TPUBAETCS NPHU HAJMYMH OCIAOJSIONIET0 KPYroBOIo OT-
BepcTHst 7. Eciu ycuiiie Ha KOHTYpe OTBEPCTHS va TO
KOO((QUIIMEHT KOHIEHTPAIlMM HANPSDKCHUH ITPUHSTO
OTIPEICINIATh BBIPAKEHUEM:

k:

k=to

> h
PykoBomsmuit moxyMeHT [9] TOCBAINICH HaXOXJe-
HUIO KO3()(UIIMCHTOB KOHIICHTPALUU HAMPSDKCHUA B
yrmax OONBIINX MPSAMOYTOIBHBIX MaITyOHBIX BBIPE30B.
31ech M0Ka3aHo, YTO MHTEHCUBHOCTb KOHLIEHTPALMU Ha-
NpPSOKCHUH XapaKTepU3yeTcs] BEIMYMHON HauOOJBIIEro
k03 (HUIIICHTa KOHIICHTPAIIUH HATIPSKCHUI:

= Max .
=0, /GH,
rae o, — HauOOIbIINE HAMNPSKEHUSI B 30HE KOHIIEH-

Tpauuu HanpsbkeHui, Ou = g — HOMMHAJIbHBIC HATIPsI-



xkeHns1, Q — mapaMeTp Harpys3kd, JeHCTBYIOIICH B pac-
YETHOM CCUCHHHM KOHCTPYKIUH (U3rHOArOIINN MOMCHT,
MIPOOIBHASI WIIM CIIBUTAIONIAS HATPY3Ka); S — COOTBET-
CTBYIOIIasT TEOMETPHUYECKas XapaKTECPUCTHKA CEUYCHUS
KOHCTPYKIMH (MOMEHT COMPOTHUBIICHUS, IJIOMIA]h CEYe-
HUS TIPOOIBHBIX FUTH CBSI3€H, BOCTIPHHUMAIOIINX C/IBU-
TOBYIO HAarpy3sKy).

B [10] npunsTO CUNTATh, UTO €CIIN HANIPSKEHUE, ACH-
CTBYIOIIIEE B KOHCTPYKIINH HA JOCTAaTOYHOM yIaJICHUU OT
MeCTa pPEe3KOro M3MEHEHHs IUIOMIAJIM IMONEePEeYyHOro ce-
YeHUs, 0003HAUCHHOTO P, a HaNpPsHKCHUS B KAKOH-THOO
TOYKE, PACIIOIIOKCHHOW BONM3M 3TOTO MecTa P, 10 ot-

P,
HOLIEHUE k = Z1 paspiBaeTcs KO3(1)(1)I/IIII/ICHTOM KOHIICH-

TpalUK HaIpsDKEHUN B JaHHOM Touke. [IpumenurenbHo
K TIPEPHIBUCTBIM CBSI35M OTMEUYEHO, 4TO KOA(P(UIHEHT
KOHIICHTPAIMN HAIpsHKEHUH THX CBS3€H B 3HAYUTEINb-
HOW CTENeHH 3aBUCHUT OT (hOPMBI UX 00pa30BaHUsI.

B [11] ytBepxkmaercsi, 9To KOd(PPHUINEHT KOHIICH-
TpalK HaIPsHKEHUH SIBIISIET COO0I OTHOIIEHHE MECTHO-
IO HAIpPsHKEHUs K CPEAHEMY WM KaKOMY-THOO Jpyromy
XapaKkTepHOMY /ISl paccMarpuBaeMoro ciydas aedop-
MHUPOBAHHMS HAIIPSHKEHHS, TIOJTy4YEHHOTO Ha OCHOBE 3aBHU-
CUMOCTEN conpoTuBieHusl Matepuana. Ilpu He ynpyrom
nedopmupoBaHn KO(GPHUIMECHT KOHICHTPAIMN HAIpSs-
YKEHU Ha3bIBAIOT TEOPETUUECKUM, YTOOBI yKa3aTh Ha €ro
«YTIPYroe» MPOUCXOKIACHHE.

B monorpagun [12] xo3pdunMeHT KOHIEHTpannu
HaIpsHKEHUH TPAKTyeTCsl Kak OTHOIIEHHE MaKCHMaJIbHO-
TO HaNpsDKEHHS K CPEeAHEMY HampsDKEHHIO, B HamOolee
y3KOH 4acTH KOHCTpYKUMH. PaccmarprBaercs TiacTiHa,
HO/IBEPrHYTasl YUCTOMY M3rHOy MOMEHTaMH, MPUIIOKEH-
HBIMU I10 €€ OKOHEYHOCTAM. Torma B [12] koadurment
KOHIICHTPAIIMN HANpsDKEHUH OIpe/ieNsieTcss Kak OTHO-
[IeHHe HauOOJIBIIEr0 HANPSHKEHHUS B MECTE M3MEHEHHs
CEUYCHHUS] KOHCTPYKIMH K HanOOJIbIIEMY HAIlpsSIKEHHIO
B caMOH Y3KOM 4acTH KOHCTPYKIIUH.

B pa6ote [13] B Buze cripaBouHOi HHPOPMALIUU KO-
G PUIMEHT KOHIEHTPAIMU HANPSDKEHUH MpearaeTcs
paccuuTHIBaTh KaK OTHONICHHWE HAMOOJBIIMX HArpsKe-
HUH K HAIPSDKEHUAM B OCIIA0JICHHOM CEYEHHH.

Jlnst cpaBHEHUS pe3yibTaToB MpeAaraéMbIX 0COOCH-
HOCTEH HaxOXJIeHHs KOI(D(PHUIMEHTOB KOHLEHTPALUH
HanpspKeHUH OBUIO NMPOBEIEHO HCCIIEOBAaHWE MX OIpe-
JIeTICHUS JUTS IBYX ClTydaeB. B cirydae oTHOIIEHHST MaKcH-
MaJIbHbIX JCHCTBYIOIIUX HANPSDKCHUH, B OJHOM Cllydae,
OTHECEHHBIX K HANpPSKEHUSIM BAAJIH OT KOHIIEHTPAaTopa
HalpsDKeHUH, B APYroM — K CPEIHHM HalPsDKCHUSIM
B CEUCHUH KOHLEHTpaTopa HampspkeHuid. CpaBHHUTEIb-
HOE COIIOCTaBJICHHE OBUIO MPOBEACHO HA JBYX HamWOO-
JIee pacHpOCTPaHEHHBIX CIIydYasX CyZOBOTO KOPITyCHOTO
KOHCTPYHpOBaHUs. B oHOM citydae aHanu3upyercs pac-
TSATMBacMasl TJIACTHHA C KPyTOBBIM OTBEPCTHEM KOHIICH-
TpaTopa HalpspKeHui, puc. 1,a B Apyrom pacrsiruBaemast
MpephIBUCTAs IIACTUHA, puc. 1,0. Takue cXxeMbl JIaCTHH
COZIEpKAIINX KOHLEHTPATOPHI MOX00paHbl HE CIydaiiHo,

KOPABJIEBYAYBAHHA R\ R={o)}s)

MIOCKOJIBKY B 9TOM CJIydae OHH CONOCTaBMMBI. B kaue-
CTBE KOHLIEHTPATOPA MPEACTABICHBI OKPY)KHOCTh paJIiy-
ca R, TakuM ke paanycoM IMpOBEAEHO COMPSDKEHHE TIpe-
PBIBHO U HENIPEPBIBHON YaCTEH MIACTUHBI.

[IpuBeneHHble CXEMbl IO3BOJIIIOT CONOCTABIATh
3HaYeHUs! KOA(P(UIMEHTOB KOHIEHTPAMH HaNpsDKSHUH
JUId BYX CIyd4aeB: JUli IUTACTHUHBI C OTBEPCTHEM U IS
MpepbIBUCTON TiacTuHsl. [Ipeamnonaraercs paccMoTpeTh
Ha WX IpUMEpe pasinyus B KOAPPUIHEHTaxX KOHIICHTpa-
LMY HANPSDKSHUH, €CIM MaKCUMAaJIbHbIE HaNPsHKEHHUS OT-
HOCHTBH K CpPEJHEMY 3HAYCHUIO HANpPSHKEHUH B CEYCHUU
KOHIIEHTpATOpa WK K CPETHEMY 3HAUCHHUIO HAIPSIKSHUH
Ha 3HAUUTENIBHOM yAAJCHUH OT HETO.

W3 yciioBusi paBHOBECHUsI pacTATMBAEMOMN NPEPHIBU-
CTOW TUIACTHHBI WM TUIACTHHBI C BBIPE30M TOJIIUHON t
yCHJIME B CEUEHUH 3HAUYMTEIBHO YJAJICHHOM OT KOHIICH-
TpaTopa HANPSHKEHUH MOXHO TIPEICTaBUTh B BUJIE!

P = G0t )

ycéniaue B CCHCHUN KOHICHTPATOpa HaHpﬂ)KCHI/Iﬁ PaBHO:

n-1
P :chlTbt, (2)

rae b — muprHa pacTAruBaeMoi mactuHel. [IpupaBHu-
Bas (1) u (2) momyunm:

c
Dept __ N 3)

P : P
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I
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R\ b =
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el =8
n
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Puc. 1. Cxembl 11aCTUH, MOABEPKEHHBIX PACTSDKEHHIO, COIEP-
JKAIIUX KOHIIEHTPa-TOPBI HAPSIKESHUN:

a — TIJIaCTUHA C KPYTOBBIM OTBEPCTHEM; O — IpPEpPBIBUCTAs
IUIACTHHA
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Puc. 2. 3aBUCHMOCTH OTHOLICHHUS CPEAHEr0 HAaNpsDKEHHUS,
JEHCTBYIOIIET0 B CEepelrHE KOHIEHTpATopa HANPSDKEHUH, K
HaIpsUKCHUSM Ha OECKOHEYHOM Y/AJICHHH OT HEro K OTHOCH-
TEIBHOMY 3HAYEHHUIO PaJInyca CONPSHKEHUS NPEPHIBUCTOMH KOH-
CTPYKIIMU MIIN pajiiyca OKPY>KHOCTH BBIpe3a

Jannoe BeIpakeHHE (3) XapaKTepH3yeT, KOCBEHHBIM
o0pazom, OTHOIIEHHE KOA(P(UIIMEHTOB KOHIIEHTPALUH
HaIpsHKEHUH B 3aBUCHMMOCTH OT TOTO, K KaKOMy 3Haue-
HUIO HalpsDKEHUH OTHECEHBI HaNOOIIbIINE HAIPSKEHUS;
K HaNpsDKEHHUSIM BIAJIM OT KOHLEHTPAToOpa WU B CPEIHEH
ero yactu. [ paduuecku 3Ta 3aBHCUMOCTS (3) m300paxe-
Ha Ha puc. 2.

Kak BumHO M3 puc. 2, 3Ha4eHUs KOA(PPUIMEHTOB
KOHIICHTPAIIMH HANPsDKCHUH MOTYT OTIMYAaThCS Ha TO-
psAmoK u Ooee.

BbIBO/Ibl. B nanHoii pabore 00001IeHbI U cUCTe-
MaTH3HPOBaHbI JAHHBIE 110 CXEMaM OIpe/eIeHUs Kod(-
(ULMEeHTOB KOHIEHTpaluy HanpsbkeHui. [Ipakruuecku
B KKIOM U3 PACCMOTPEHHBIX HCTOYHUKOB JIAETCSl CBOE
TPaKTOBaHUE KOI(PPHUIMESHTOB KOHLEHTPALMH HaIpshKe-
Hui. OIHM TIpeAIaraloT OTHOCHTh MaKCHMAaJIbHBIE Ha-
MIPSOKEHHUST B MECTaX KOHIIEHTPALUU K CPEIHHM B 3TOM
XKe ceueHnH. [Ipyrue CuMTaroT, YTO MaKCHMaJlbHbIC Ha-
TIPSOKEHUS CIIEAYET OTHOCHUTH K HaIpsHKEHUSIM, JIeHCTBY-
IOIINM BJIAJIN OT MecTa KOHIeHTpanuu. Kak nmokasan ana-
U3, 3HAYCHUS KOA(PPHUIIMEHTOB KOHIICHTPAIIMH B 3TOM
clly4yae, MOTYT OTJIINYaThCsl Ha TOPSI0K U Ooee.

3bIPHNK HAYKOBUX MPALIb HYK
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10. A. lllumaHckuil yTBepXkIaeT, 4To KodpPHUIUCH-
ThI KOHILICHTPAIMKM HANPSIKCHUH clienyeT (HUKCHPOBATh
BO MHOTHX TOYKaX MPOEKTHPYEMOM KOHCTpyKIMHU. boib-
IIMHCTBO PalOT IOCBSIICHO aHAIN3Y KOHIIEHTPalUH Ha-
MIPsHKEHUH Ha MpUMepe IIACTHH, U3peIKa Ha 000JI0UKax
U TOJBKO B HECKOJBKHMX PAacCMaTpHUBAIOTCS KOHIEHTpA-
[[M B NaTyOHBIX MEPEKPBITHUSIX U CYIOBBIX HAJICTPOCK.

B HekoTophix padorax Ko3(h(GHUIMEHTH KOHIICHTpPA-
1IN HaNpPsOKEHUI XapakTepU3yrT KaKk OTHOLIEHHE JEH-
CTBYIOIIMX MOMEHTOB, HallpUMep, KPYTSMIEro K M3ruda-
fonieMy. B ipyrux xak OTHOIIGHHWE Ipesena yCTaloCTH
OTBITHBIX KOHCTPYKIWMH, mpu uncie rukiaoB N = 2 - 10°
K Mpejiesly ycTanocTu Marepuana o . Jlins onpesiesnenus
k03 (HUIMEHTOB KOHIIEHTPALIMN HAMPSDKEHUHA 110 TaKoi
cXeMe HeoOXOIMMO NMETh Pe3yJbTaThl HCTIBITAHUN MPO-
EKTHPYEMBIX KOHCTPYKIIMOHHBIX Y3JIOB IIPU COOTBET-
CTBYIOIIEM IMKJIE HarpyxeHus. Takoil Mmoaxon Xoporo
COINIACyeTCsl C METOJOM IIOCIIe/IOBATENIbHBIX YKCIIEPH-
MEHTAJIBHO KOHCTPYKTOPCKHX IMPUOIHKEHHH MPOEKTHU-
POBaHMS CYIOBBIX KOPIIYCHBIX KOHCTPYKIIHH.

Cpean TNpOaHATM3MPOBAHHBIX HMCTOYHHKOB €CTh
MIPE/ITIOKEHNE HAXOKACHUs KOO PUIIEHTOB KOHIIEHTpa-
LMY HANPSDKEHUH B 3aBUCUMOCTH OT TUIIA HAIPY>KEHUS —
YHCTOTO U3Trn0a; Npyu KOHCOJIBHOM 3aKPEIICHNH.

B onmoii u3 pabort [5] mpemaraercs ompenenirs Ko-
3¢ PUIMEHTH! KOHIIEHTPAUU HAITPSHKEHUH 110 IPUBE/ICH-
HBIM HaNpsDKEHHsM. Takoe NpeuIoKeHHEe MOXKHO CYUH-
TaTb MEPCHCKTUBHBIM JIA [laﬂbHeﬁIJ.IHX HCCﬂeﬂOBaHHﬁ,
IMOCKOJIBKY pacy€Tbl METOJAaMH KOHCYHBIX JJICMCHTOB
MIPeyCMaTpUBAIOT MO/AYy PE3yNlbTaToOB UMEHHO B IIPU-
BE/ICHHBIX HANPSHKEHUSIX. DTO MO3BOJISIET KOHCTPYHPOBA-
HHUE CYJOBBIX KOPITyCHBIX KOHCTPYKIIMH COIIPOBOKIATH
COBPEMEHHBIMH PacYEeTHBIMH ITPOTPaMMaMH, B TOM YHC-
JIC METOJJaMU KOHCYHBIX 3JICMCHTOB.

ITockonbKy CymoBbIE KOPITyCHBIE KOHCTPYKIIMH UME-
IOT JOCTAaTOYHO CIOKHOE (DOPMHUPOBAHHUE M OOIBIIIOE pa3-
HOOOpasne AeHCTBYIOMNX HArpy30K PEKOMEHIYETCs KO-
(G PUIMEHTH KOHIIEHTPALUK HANpPSDKEHUH ONpeesiTh
JUISl pa3HOOOPA3HBIX KOHKPETHBIX TOYEK B 3aBUCHMOCTH
OT pojia ICHCTBYIOIINX HATPY30K, YCIOBUI 3aKpETICHUsI
B IIPUBE/ICHHBIX HANPSKEHUSAX.
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