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The emergence of robust design concept that gain strength in engineering community while traditional damage
tolerance design (that rules out any irregularities and, more importantly, their influence on structure behaviour) becomes
less popular necessitates in-depth analysis of postcritical deformed shapes and factors determining the possibility for a
structure to develop such and such postcritical deformed shape along with ability to bear load, if the shape happens to
emerge. Particularly, of fundamental interest is to ascertain the “worst” imperfection for thin-walled structure of a
certain kind.

In the present paper, non-linear boundary problem of shell theory is studied for the case of cylindrical shell with vertical
cut under uniform pressure. The problem was solved with employment of iterative variable decomposition method
(generalized Kantorovich method). Critical loads area as well as pre- and postcritical deformed shapes was ascertained;
the shapes turned out to be similar to those associated with secondary bifurcation paths for the case of cylindrical shell
without initial irregularities.

Cylindrical shell with length L, radius R, and thickness h with a vertical cut placed symmetrically with respect to
central shell cross-section is subjected to uniform external pressure L. The shell is simply supported; free edge
conditions are satisfied along cut edges; at the cut tips, strain compatibility conditions are satisfied. Inasmuch as the
definitional domain of the respective boundary problem is partitioned into subdomains in order to make it possible to
follow generalized Kantorovich method, it is necessary to add conditions binding solutions associated with different
subdomains; the conditions consist in difference between some integrals of solution components over the respective
subdomains. It is worth noting, that these integral conditions are responsible for the fact that Newton method does not
hold its quadratic convergence speed.

In the course of a wide-ranging simulation, it was revealed that the loss of stability for that case has two phases; during
the first one, localized dents are developed in a neighbourhood of the cut, the shell, however, retains its bearing
capacity. The second phase are featured with development of deformed shapes similar to those of single or two adjacent
local dents associated with secondary bifurcation paths of the non-linear boundary problem for the shell without initial
irregularities. Ultimately, shell losses its stability (bearing capacity) and develops one of the shapes in the postcritical
area.

The following conclusions were reached in the paper. Firstly, the method of iterative variable decomposition can be
successfully applied to the case of non-linear boundary problem with boundaries for which different boundary
conditions are formulated, provided the domain considered is partitioned into subdomains with single type boundary
conditions. Secondly, such irregularity as a vertical cut initiates development of deformed shape similar to those
associated with the secondary bifurcation paths of non-linear boundary problem for the case of cylindrical shell without
initial irregularities. Consequently, as far as cylindrical shell with a cut losses its stability developing shapes analogous
to localized shapes of the same shell without irregularities, boundaries with respect to load parameter of the secondary
bifurcation paths area (that is 0.6-1.0 of the critical load estimate for the shell without irregularities obtained in the
framework of the linear theory) determine critical loads for the case in question.

Key words: cylindrical shell with cut; non-linear boundary problem; generalized Kantorovich method.

BBEJIEHUE

[upoxomaciiTabHOe MPUMEHEHHE TOHKOCTEHHBIX 000JI0YEUHBIX KOHCTPYKIMI B aBUa- U PaKeTo-
KOCMMYECKOM MAIIMHOCTPOCHUH, JAPYIMX OTpACHsIX TEXHUKH, OOYCIIaBIMBAET IOCTOSHHBIMN,
HE3aTyXalolluii MHTEepEC K aHAJINW3y MOBEICHMS YKa3aHHBIX KOHCTPYKIHMH, KaK TEOPETUYECKOMY,
TaK 1 SKCIEPUMEHTAIIbHOMY.

OcoObIii HHTEpEC 3/1€Ch MPEACTABIISACT aHAIHM3 MOBEJCHUS KOHCTPYKIIUK ¢ Hain4IueM nedekra [1-7],
KOTOpI)II\/'I MOXET HMETHh Kak T@XHOJ’IOFI/I‘IGCKH?I, TaK H 3KCHJ’IyaTaHI/IOHHBII>'I XapaKTep, a TaKKe
BIMSIHUE YKa3aHHOTO JedeKTa Ha MOTEpI0 YCTOWYMBOCTH, M, B KOHEYHOM HTOre, Ha HECYIIYIO
CIIOCOOHOCTh HArpy>K€HHON KOHCTPYKIUH.

[MosiBneHne KoOHUENIMH poOACTHOTO MpoekThpoBaHus (robust design) [8], koTopas MmoOCTENEeHHO
BBITCCHSICT B HH)I(eHepHOﬁ IMMPAKTHUKE KOHUECIIIUIO IMMPOCKTHUPOBAHUA, HCKITIOYAIOIICTO BO3MOXHOCTD
MOSIBIICHUSI UPPETYJISIpHOCTEH 1I000T0 poAa M MX BIUSHHE Ha MOBEACHHE KOHCTpyKuuu (damage
tolerance design), oOycnaBiuBaeT HEOOXOAMMOCTh TINIYOOKOrO aHajiu3a BO3MOXHBIX (opM
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3aKpUTHUYECKON JeopManud U (PaKTOPOB, OMPEACISIOMNX BO3MOXHOCTh peajH3alMyd TOH WiIn
WHOW 3aKpUTHYECKOW (OpPMBI, a TaKkKe BO3MOXHOCTh COXPaHEHHUS KOHCTPYKIIMEH HeCyIen
CIIOCOOHOCTH TPH MEPEX0e K TOW MIIM MHOM 3aKpUTHIECKOH (hopme.

YacTHBIM pe3y/IbTaTOM TaKOro poja aHajiu3a SBJISACTCS YCTAHOBJCHHE XapaKTEPUCTHUK
«HAMXY/AILIEr0o» HecoBepueHcTBa («Worst»y shape imperfection) [9, 10] mis Toro wim MHOTO THMA
TOHKOCTEHHOM KOHCTPYKIIMH; TS CITydasi OTHOPOJAHOM TOHKOCTCHHOW KOHCTPYKIIUH, HATPY>KCHHOM
HCOMHOPOTHBIM BHCIIHUM [ABJICHUCM, AHAIOTOM TIOHSATHS «HAMXY/IICr0» HECOBEPIICHCTBA
BBICTYIIaeT KOHIIEIIHMs HanOoJiee onacHoro BHemHero Harpy:kenus (infavourable load) [11].

OnnuM w3  Hambonee paclpoCTpaHEHHBIX B HMHXCHEPHOM MPAaKTHKE BUIOB HAYaJIbHBIX
HECOBEPLICHCTB TOHKOCTEHHBIX KOHCTPYKLMI SIBJISIOTCA pa3pe3bl: IpaKTHYECKas BaKHOCTh
o0oiouek, OcialJIeHHbIX pa3pe3aMH, BMECTE CO CIOXHOCTBIO UHCICHHOTO aHalu3a IOTepU
YCTOMUMBOCTM  TOHKOCTEHHOM  KOHCTPYKIMEH JAaHHOTO Tuma OOYyCIOBMJIO  IOSBICHHE
3HAYUTENBHOTO YHCa padoT, OMMCHIBAIOIIUX IMPOLECC J10- WU 3aKPUTHUYECKOH nedopmarmu
LWINHAPUYECKOH 000JI0UKH, OCIIabJCHHON pa3pe3oM, MOJABEprHyTON AEHCTBUIO TOrO MM HWHOTO
HarpyxkeHus. B pabore [12] paccMaTpuBaroTCs KPUTHUECKHE HArpy3KH ISl KOMIIO3UTHOMN
LWINHAPUYECKON 000JI0UYKH, MOJBEPrHYTON JEeHCTBUI0O KOMOMHUPOBAHHOTO HAarpyXeHus (oceBoe
c’KaTHe, BHyTPEHHEE M BHEIIHEE AaBJeHue, 3ruo); o0osouka ocinabieHa paspezamu. B pacuérnoii
CXeMe NMPUMEHSJICSI METOJ] KOHEUHBIX AJIEMEHTOB CO CTYLICHHEM KOHEUYHBIX 3JIEMEHTOB B 00JIaCTH
BEpILMHBI pazpesa [13].

B mpouecce HenuHEHHOro aHanu3a IOBEICHUS YKA3aHHOM KOHCTPYKLIMHU IIPH Pa3IMYHBIX
KOMOMHAIMSIX 3HAUYCHHH PAaCCMOTPEHHBIX HArpy30K aBTOPbI YCTAHOBWIIM CYIIECTBOBAHHS TPEX
pa3IUUHBIX (GOPM MOTEPH YCTOHYMBOCTH: (OpMa OJHA JIOKATbHAS BMSATHHA/HECKOJIBKO CMEKHBIX
JIOKAJBHBIX BMSTHH, XapakTepHas /sl IHJIMHIPUYECKHX O0O0JIOYEK, MOJIBEPrHYTHIX CHCTBHIO
TOJIBKO PaBHOMEPHOI'O OCEBOI0 CKATHsI, Pa3BHUBAIOIIASCS B OKpecTHOCTH paspesa («local mode» B
TEPMHUHOJIOTHH aBTOPOB CTaThbu), peryispHas ¢opma nedopmanuu, xapakTepHas s
IMTMHIPUIECKUX 000JI0UEK, MTOABEPIHYTHIX AEHCTBUIO TOJIBKO PABHOMEPHOTO BHEIIHETO JaBJICHHUS
(«global mode» B TepmuHONIOrMM aBTOPOB CTAaThH); W, HAKOHEI, (OpPMa HECKOJIBKO CMEKHBIX
JOKANbHBIX BMSTHH, XapakTepHas A IHJIMHIPUYECKHX O0O0JIOYEK, IMOJIBEPrHYTHIX ICHCTBHIO
TOJBKO HEPABHOMEPHOT'O BHEIIHErO JABJICHUS C BMSITHHOM MaKCHUMAIbHOW aMIUIUTYAbI B
OKPECTHOCTH pa3pesa («transition modey).

B pa6ote [14] paccMaTpuBaeTcs ucclieJoBaHNE BIUSHUS pa3MepOB, TUTIA U OPUEHTAIIMH pa3pe3a Ha
YCTOMYMBOCTh  IIWJIMHIAPUYECKUX  O00OJOYEK, TOJABEPTrHYTHIX OJHOBPEMEHHOMY  JIEHCTBHIO
BHYTPCHHCEI'O MJaBJICHHA M OCCBOI'0 CiKaTHA. ABTOpI)I YKa3bpIBalOT, 4YTO HAJIUYHUC BHYTPCHHCTO
JIABJICHUS MOKET OKa3aTh CTaOWIM3UPYIOIIee BO3JCHCTBUE HA MOTEPI0 YCTOWYMBOCTH, MOIABIISS
BO3MO>XHOCTb MOTEPU YCTOMYMBOCTH IO JIOKAJIbHBIM (popMaM, a MOXKET CIOCOOCTBOBATh MOTEPU
YCTOMYMBOCTH HUMEHHO IO JIOKadbHOW (opMe BCIEACTBUE KOHIICHTPAIIMM HAMNpsHKEHUH B
OKPECTHOCTH pa3pesa.

IHOCTAHOBKA 3AJIAYA

[umuaapudeckass obomouka mHel L, paanyca R, Tommmuel h, ociabiieHHas BEpTHKAIbHBIM
paspe3oM muuHBI 2|, pacrmoNoKeHHBIM CHMMETPHYHO OTHOCHTEIBHO HEHTPAIBHOTO CEYCHHS
000JIOYKH, ITOJABEPTHYTA JACHCTBHIO PAaBHOMEPHOTO BHEIIHETO JaBJeHHs BeNWYuHBI A . Ha Topmax
00OJIOYKH CUMTAIOTCS BBIMOJIHEHHBIMH YCJIOBHUSI IIAPHUPHOTO ONMUpaHUs, Ha Oeperax paspeza —
YCJIOBUSL CBOOOJHOIO Kpas; B BEpIIMHE pa3pe3a BBIMOJHSIOTCS YCIOBUS COBMECTHOCTH
nedopmaruii.

Jdus  GOopMyIMpPOBKM  pa3pelIalolMX  COOTHOUIEHMH OyAeM  MCIOJb30BaTh  CIEAYHOIINE
0003HAYECHMs: KOMIIOHEHTbI BEKTOpa NEepeMELICHUH KOOpIMHATHOM moBepxHoctw U, U,, W B

npoaOJIbHOM 71 , OKPY’>KHOM )_(2 U HOpMaJIbHOM )_(3 HaIpaBJICHUAX COOTBCTCTBCHHO, YTJIbI TIOBOPOTA

61 ) 62 CANHUYIHOI'O BEKTOPA HOpMAJIU K KOOpIIPIH&THOfI IIOBCPXHOCTH.
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B cedenun X; = CONSt MONHBINA BEKTOP U MOJHBIA MOMEHT BHYTPEHHUX YCHJIMH PACKJIIbIBACTCA HA

YCUIINSL TAHT€HIMATIBHOIO PACTSKEHMs 1,,, cABHra T,, W mepepesblBaronlyto cuiay Q,; M3ruOHbIHI

M;, u kpyrammi M, mMomenThl. B cedeHum X, =const — Ha yCHIMS TaHI'€HIHMAJILHOTO

pacTsbkeHus T,,, caBura T,, W nepepesbiBarolnyro cuity Q,; u3ruOHbii M,, u kpyrsmumit M,

MOMEHTBI. 3HaK TWJbJa HaJl BEIUYMHOW Iepepe3biBaromiell Cuiibl 0003HaYaeT O00O0OIIEHHYIO
Mepepe3bIBAIOIIYIO CUITY.

Kontyp I' cooTBeTcTBYeT TOpLIaM 000JI0YKH, BEpIIMHA pa3pe3a JaéTcsi KOOpIUHATAMU (XlC VXS )

Ilepexox k cucreme Oe3pa3MEpHBIX BEJIUYMH OCYIIECTBIIAECTCS C IOMOULIbIO CIEIYIOLINX
COOTHOH_IGHI/If/'I (ueproii cBepxy 0003HAUEHBI pa3MEpHBIC BEINYHMHBI): Oe3pa3MepHbBIC MePEeMEHHBIE:
X i=12; Oe3pa3MepHbIC HEU3BECTHBIC (DYHKIIMHM 3aTa4d: (ul U, ,W)= (Ul U, ,W)/ h:

T_ (EhAZ) M =M, /(EhAZ);k:’T/(EhA“)'

BapuanuonHas nocraHoBKa HEJIMHEHHOM KpaeBOM 3aladd TEOpuu OO0O0JOYEK B JAHHOM Cllydyae
IpeJCcTaBiseT co0oi 3a7auy OThICKaHHS SKCTpEMyMa ClleAyIomiero GyHKIMoHana

| =TT+ A= [[[ 0T + 0, TS +0gMf + M2, + 0T T, + 0T My, +
0
2
+o, 1My, + 0T, My; + 0 TM,, + 0y MM, + 00, T, +

ou, 1
+a12M122 +03T,My, + Ty [ ox, +- 2 92]

T Wiz 20, —

+_|_22[8u Loo |7 [, O] My, oM
2 aXZ axl axi 6)(2

_8M12 el_aMlz 92 + an W_Ql
OX, o, 0%,

ow
0, —(T,,6, +T,,0,) 91+a +

oW
6(32 w—Q,0, —(T,0, +T,,0,) 92+& + Aw]dxdx, + (1)

2 2

+ I [Tl’;u +TV+Q W+ M 1*161] dx, +
r

+I[Tll(u* —U) =T, (V' =) +Qy, (W —w)+M,, (6] —61)] dx, —> extr .

r

Koaddummentsr a,, i =113 onpenenstorcs COOTHOMECHUSIMH, MOTy4aeMbIMU U3 3aKoHa ['yka.

YUCJEHHBIA METO/J AHAJIN3A HEJTMHEHHOM KPAEBOM 3AJIAUN

Jlna pemieHusi paccMaTpuBaeMoOW HEIMHEMHON KpaeBoW 3aiauyd (JaHHOW CBOEl BapHallMOHHOM
noctaHoBko# (1)) ucrmonb3oBancs METOJ UTEPALMOHHOTO pa3JiesieHus epeMeHHbIX [15], B pamkax
KOTOPOr0 pEIICHHE KpaeBOM 3aJaud Uil YpPAaBHEHUH B YACTHBIX IPOU3BOJHBIX CBOJHUTCS K
PELICHUIO TIOCJIEAOBAaTEIbHOCTH KPAaeBbIX 3ajad s OOBIKHOBEHHBIX JU(QepeHIINaTbHBIX
YPAaBHEHUH, 3aBUCAIIUX TOJIBKO OT OAHOW KOOPAMHATHI — MPOJOJIBHON WM OKPYKHOM.

Crnoco6 hopMynUpOBKM yKa3aHHBIX OJHOMEPHBIX KpaeBbIX 3a/ay MpeJIoJiaraeT, 4YTo yCjIOBUs Ha
rpaHuiax o0JacTH OMpe/esIeHNs] UCXOAHON KpaeBoi 3afaun (I PYHKIIMM MHOTUX MEPEMEHHbIX)
IIOCTOSIHHBI  BJIOJIb KOHTYPOB BHJa X, =CONst, X, =const. B panmHOM ciydae — ciyd4ae
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WIAHIPAYECKONH OO0O0JIOUKH, OCNAOIIEHHOW BEpPTHUKAIbHBIM pa3pe3oM, — JaHHOE TpeOoBaHUE
oOyciaBinuBaeT HEOOXOAMMOCTh pa30MEHMS UCXOTHOM 00JaCTH Ha T01001acTH, YTOOBI 00ECIIeUnTh

IIOCTOSIHCTBO I'PAaHUYHBIX YCIOBHUH Ha IpaHMLIaX BUJAa X, = CONSt s kaxaod momobnactu. 3aech
MOJKHO BBIJISIUTH TP TAaKUX MO100IaCTH:

o, ={0<x <Lfo-1,0<x, <2rf,

0, ={L4g-1<x <L4p+1, 0<x, <2n},

O, = (L n+1<x <b/n, 0<x <2nf.

[Tpu >Tom Ha rpannnax X, =0 obmactu Q, u X, = % obsactu €2, (TOpIBI 0O0NIOYKN) JOTKHBI
BBINIOJIHSTHCS YCIIOBUS IIAPHUPHOTO ONMPAHUs, HA TPAHULIAX X, = %R —1 (obmacreit O, u Q,)u

X, :%RH (obmacteit 2, m ();) — yclnOBHS HENpPEpHIBHOCTH IiepemerneHuit U,, U,, W Ha

rpanunax X, =0 u X, =271 obnacreit Q; u 2, — ycI0BHSA NEPHOIMYHOCTH PELICHUS, HAKOHEII, Ha

rpannnax X, =0 u X, =2 obnactu (2, (Gepera pa3pesa) — yCIOBUS CBOOOIHOTO Kpasi.

B kaxxmoii n3 mogo0iacTeil BEKTOp HEM3BECTHBIX (DYHKIIMH 3a/1a4M MPEACTABISICTCS B BUJIC:

U 065) = (U} ()} =B ()9 () e}

H
=113

rae I, =1, I, =1-1 mng wéruex i, I, =1-1, i, =1 nua Heu€THBIX | (MHIOCKC, OTBEYAIOLIMIL
. o ()
HOMEpY M0/1001aCTH, OMYIIEH /ISl KPATKOCTH U3JioskeHus). DyHkimu ool nepemenHoi h; (X1) ,

gg')(xz) SIBJIAIOTCSI HE3aBUCUMO BapbUPYEMbIMU BHYTPU COOTBETCTBYMOIEH monpodnactu. Takum

00pa30oM, COOTBETCTBYIOIIAsl SKBUBAJIEHTHAs! BapHallMOHHAs (OPMYIUPOBKa MPEICTaBUMa B BUJIE:

U (%, %,)=lim argminI(UJ(.i)(xl,xz)) : )

L0t
[Tpu mocTpoeHuu BapHallMOHHOW MPOU3BOIHON PyHKIMOHANA (1) Mo GhyHKIUAM hgi)(xl) u g Ei)(xz)
byHKIIMH ggi’l) (XZ) u hgi’l) (Xl) ABJIAIOTCS M3BECTHBIMH, ITOCKOJIBKY OHHM YK€ HaWJeHBI Ha
npenbmymeﬁ HUTCpallu UTCPALIUOHHOI'O IIpoHecca.

Cnenyer NOTYEpKHYTb, 4YTO HWTEPALMOHHBIA MpOLECC, ompenensieMblid (2), HSKBUBaJIEHTEH
0000ménHOMy MeTtony KaHTopoBuua, MpUMEHEHHOMY K pEIIEHHIO HEIMHEHHON KpaeBoW 3amauu

().
B kauecTBe KpUTEpHUsl OKOHYAHUSI TAKUM 00pa3oM COPMYIHPOBAHHOIO UTEPALIMOHHOTO Ipoliecca
HCIOJIb30BaJIOCh MAJIOCTh HM3MEHEHMs (DyHKLIMOHAla YIOPYrod SHEPruM Ha IOCIIeN0BaTEeIbHBIX

urepammsax. Bexroper  h(x,) u  g(x,) ompenemmorcs xax h(x)={h(x)}, =18,

9(x)={g,(x)} i=18.

Tem cambIM pelrieHHE JBYMEpHON HEIMHEWHOH KpaeBoW 3ahauu (AaHHON cBOe BapHallMOHHON
(bopMyIMPOBKON) CBOAMUTCS K OTBICKAHUIO PELICHUH MOCIEeNI0BATEIbHOCTH KpaeBbIX 3ajad s
OOBIKHOBEHHBIX TU((hepeHIINATbHBIX YPaBHEHHI:
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dht" _

B fjxl(h(‘)(xl),aXZ,X), =18, x 6[0; %J (3)
(i)
dngj2 _ fsz (g(‘)(xz),axl,k), j=18, X, € [0;27':]. 4)

31ech KOMIIOHEHTBI BEKTOPOB @, a® MNpeACTaBISAIOT cO00i ompeeiéHHbIE HHTETPAbl OT
KOMIIOHEHT BEKTOP-()yHKIIMH h(Xl) u g(Xz), BBIUMCIICHHBIX Ha IMpeablaylied urepanuu. A

MMEHHO, KOMITOHEHTHI BekTopa a* 3asucat ot g™ (x,):

2n . .
asz = I g J(: -1) (x, ) J(; -1) (X, )dx, — 15 KOdDDHUIMEHTOB TMHEHHBIX YIEHOB ypaBHEeHus (3);
0

2n . . .

a}‘Z = I g J(: - 1) (X2 )g J(; -1) (X2 )g J(; -1) (x2 )dx2 — mng Kod(h(UIMEHTOB HETUHEHHBIX YJICHOB
0

ypaBHeHus (3).

X (i-1) .
AHaJOrM4YHO, KOMITOHEHTHI BEKTOpa a ! 3aBuCAT OoT h (X1 X

al . .
ajXl = hj(lI B 1)(X1 )11(: B 1)(X1 )dxl — 17151 KOO UIMESHTOB JTMHEHHBIX YWICHOB ypaBHEHHUS (4);
oy . .
ajl= J hj(lI - 1)(Xl)1j(2| -1) (x, ) J(; B 1)(X1 Jdx, — ams Kod)DUIMEHTOB HETMHEHHBIX UIICHOB

ypaBHeHus (4). 31ech npeesbl HHTErPUPOBAHUS O, , O, Pa3IMYHBI U Pa3au4YHbIX obnacted (),

s =1,3 u onpenensAoTCs rpaHUIaMU JaHHBIX 00JIacTEN B MTPOJIOJILHOM HANPABIICHUH.

VYKazaHHBIE CUCTEMbI OOBIKHOBEHHBIX I[I/I(i)(l)epeHLII/IaHBHBIX ypaBHeHI/Iﬁ JOJI?KHBI OBITh JOITIOJIHCHBI
TOYCUHBIMU I'PAaHUYHBIMHA YCIIOBUAMMU HA I'paHUIAX MPOMECIKYTKOB HHTCTPUPOBAHUSA.

JUis OThICKaHMS pEIIEeHUH BBIICYKAa3aHHBIX HEIMHEWHBIX KpaeBbIX 3aJad Uil OOBIKHOBEHHBIX
¢ depeHINaTbHBIX YPaBHEHUN HCIOIb30BAJICSI METOJ CBE/ICHUS HEJIMHEMHON KpaeBOM 3ajauu K
SKBMBaJIEHTHOU 3anaue Komm tuna meroga HproToHAa B coueTaHMM ¢ METOJOM IPOAOKEHHUS I10
napamerpy [15]. B yka3aHHOM HCTOYHUKE TaKKe MPHUBEACH MOAXOA K aHAINU3Y CTPYKTYpbI
BETBJIEHUS B OKPECTHOCTU OCOOBIX TOUEK PELICHUS U TOTY4YEHHUS 3aKPUTUUECKUX BETBEH peIIeHusl.

Pa3z0ouenne oOmactu €2 Ha HO)IO6J'IaCTI/I IIPUBOAUT K MOABJICHUIO yCHOBHﬁ, CBA3BIBAIOIINX
COMHOXHWTCIN PCIICHUA, 3aBUCAINIUE OT OKp}DKHOﬁ KOOpAWHATHI, I Pa3JInYHbIX HOI[O6J'IaCT€I\/'IZ
YKa3aHHBIC YCJIIOBHUA MPCACTABIAIOT coboit Pa3HOCTb COOTBCTCTBYHOIIUX HMHTCTPAJIIOB BHUOA

2n .
I g J(ll B 1)(x2 ) ﬂ B :L)(x2 )dX, , BEIMMCIIEHHBIX T PA3THYHBIX TIO10OTACTEH.
0

Crnenyer OTMETUTb, YTO BCIEACTBUE HAIWYMS TAKOTO pOJa «UHTETPATbHBIX» YCIOBUH METOJ
HproToHa yTpaumBaeT mpucCyIlyro eMy KBaIpaTUUHYIO CKOPOCTh CXOJUMOCTH; C APYTrOdl CTOPOHBI,
pasmepsl MaTpuilbl dperie Ui BEKTOpa COMHOMKUTENEH pelieHust B OKPYXKHOM HaIlpaBlIeHUH (C
y‘-IéTOM HeO6XO)II/IMOCTI/I MMPUMCHCHU A HpI/IéMa «BpPE3aHUA TOUCK» B CHUITY CUJIBHON N3MEHSIEMOCTH
pelieHuss B JAaHHOM  HAalpaBJI€HUM) CTAHOBSTCA BechbMa 3HauMTeNbHbIMH. llociennee
00CTOSITENHCTBO O0YCIOBUIIO HEOOXOAMMOCTh BBIUMCICHHUS COMHOXUTENEH pEIIeHHUs, 3aBUCIINX
OT OKPY)XHOM KOOpAMHATBHI, KOTOpBbIE OTBEYAIOT paA3JIMYHBIM MOJN00NACTAIM, B pPaMKax
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MTEPALMOHHOTO Mpolecca («BHYTPEHHETO» MO OTHOWIEHHIO K HMTEPALMOHHOMY MPOLECCY
OTBICKAHWs BEKTOpA HeW3BeCTHBIX (ymkumit samaun U(x,,X,)={U"(x,x,)}): Ha xaizom mare

YKa3aHHOTO IPOIlecca MOCIeI0BATEIFHO BBIUMCIISIOTCS PEIICHNEe, COOTBETCTBYIONIEE M0001acTh
Q),; peuieHue, CcOOTBETCTBYyromlee mnojgodsactu €2, ¢ yduéToM «MHTETPAJbHBIX» YCIOBHH,
CBS3BIBAIONIMX PEIICHHUE JUIsl TIEPBOM M BTOPOM TMOM00JIacTel; peIleHue, COOTBETCTBYIOIIEE
nojpobnactu €2, ¢ y4yéToM «HUHTErpalbHbIX» YCIOBHUMH, CBS3BIBAIOLIMX pEILEHHE I BTOPOH U
TpeThel Moa00IacTeH.

KpurepueM OKOHYaHUS yKa3aHHOIO MTEPALMOHHOIO IpoLecca SABJISETCS MAaJOCTh W3MEHEHUs
BEKTOpPa COMHOXKUTEJIEH pelIeHUs, 3aBUCIIIUX OT OKPYXHOW KOOpIMHATBL, Ha JABYX
IoCJIeI0BaTeNbHBIX UTepanusx. [Ipouecc nmpoaeMOHCTpUPOBA BBICOKYHO CKOPOCTb CXOAWMOCTH
(IBe-Tpu UTEpaIii) 3a UCKIIOUYEHUEM CaMbIX MEPBBIX [IAroB aIrOpUTMa JBUKEHHS MO MapaMeTpy,
a TaKkKe IIAaroB ajJropuTMa ABW)KEHUS IO MapaMeTpy, CIEIYIOIIMX 3a CMEHOW IapaMeTrpa, — B
YKa3aHHBIX CIy4asX YUCIIO UTEPAIMil YBEIMUHUBAIOCH IO JECATU-TISITHAAIATH UTEPAIIHA.

Jia mpeofoseHUsT B IpoOLecce JABWKEHMUS 110 IMapaMeTpy MpeAesbHbIX TOYEK pelleHus
ucrnosib3oBajics NpuéMm cMmeHbl napamerpa [15]. IIpu 3TOM omnucaHHBIA BbIllI€ HUTEPALUOHHBIN
IIPOLIECC OTHICKAHUSI BEKTOpAa COMHOXHTENEH pELeHUs, 3aBUCSIIUX OT OKPYXHOW KOOPAMHATHI,
IIPETEPIIeBACT M3MEHEHUs, CBSI3aHHbIE C HEOOXOAMMOCTBIO COBMECTHOI'O BBIYMCIIEHUS MAaTpPHUIL
®pemnte, OTBEUAOIIUX PA3THMYHBIM I10100JACTAM: 3/1€Ch HA KKIOM IIare HTEPaliMOHHOTO Mpolecca
BHayaje OCYILIECTBISAETCSI COBMECTHOE (B paMKaX OJHOI'O HBbIOTOHOBCKOI'O IpOIlecca) OThICKaHUE
COMHOXXMTEJIEH pelIeHHs, OTBEYAIOUIMX PA3IMYHBIM I0100JacTsIM, 0e3 yuéra «UMHTErpajlbHbIX»

06 YCHOBHﬁ, CBA3BIBAIOIINX KOMIIOHCHTbBI

i o S o peleHus JUIs Pa3InuHbIX 0A00acTeil;
—0 ] { mamee B paMkax  OT/ENBHBIX
| T | HBIOTOHOBCKHX IPOIIECCOB
0.5 OCYIIEeCTBIAETCS KOPPEKIHS
i yKa3aHHI)IX BCJIIMYNH JJIA
| | ynosmerBopenus «UHTErPaNbHBIX)

YCJIOBUH.

0.4

Hns obOpamenus marpuubl @Dpemie B
paMKax HBIOTOHOBCKOI'O Ipolecca, B
I paMKax  KOTOPOrO  OCYIIECTBIISETCA
0.3 COBMECTHOE OTBICKAHUE COMHOXHUTEIICH
I pElIEHUs, OTBEYAIOIIUX Pa3JIUYHBIM
o00JIaCTIM, HCII0IL30BAIach
bopmyna oOpareHus OIOYHBIX
MaTpull; B KAau4eCTBE HAYaJbHOIO
pUOIKEHUS JUIS JTAHHOTO
WUTEPAIMOHHOTO TIPOIIecca XOPOoIIo cedst
01 R - - . . . "] s3apexoMmeHmOBaIH pelieHus,
0.3 10 1.3 30 monmydeHHble  myTEM  OpraHHU3alUH
Puc. 1. XapakTepHasi 3aBUCUMOCTh Harpy3Ka-mporuo Jist HBIOTOHOBCKOTO TIpoIlecca OT/ICIIbHO
000J109KH, 0CITa0IEHHOH pa3pe3om VIS KasKIO0H M3 TO06IaCTei.

HEJWHENHAS JE@OPMALINS HUJINHIPUUYECKOI OBOJIOUKH,
OCJIABJIEHHO#M BEPTUKAJIbLHBIM PA3PE30M

0.z

PaccmoTpeHHBIl B MpeAbIAYIIeM pa3zelie alTOpUTM PElIeHUs HeTMHEHHON KpaeBo# 3amayu ObLI
MPUMEHEH ISl OTBICKAHUS W aHaju3a CTPYKTYPbl BETBJICHUSI HETMHEMHON KpaeBOM 3a7a4ll TEOpUHU
oboouek Il ciaydas HUIUHAPUYIECKOW 000JIOUKH, OCIIa0JICHHOW BEPTHUKATBHBIM pa3pe3oM, MpU
JIEWCTBUM PaBHOMEPHOTO BHEIIHETO JABJICHHS — 3a7ada JaHa CBOEH BapHAIlMOHHOM MOCTAHOBKOW

(D).
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BbuTO yCTaHOBIIEHO, YTO MPOIIECC MOTEPU YCTOWYUBOCTH MPOTEKAET B J[BA dTala: HA MEPBOM dTarle
MPOUCXOIUT 00Opa3oBaHHE JIOKAJbHOW BMSTHHBI B OKPECTHOCTH paspesa, MpH ATOM 000J0YKa
COXpaHseT HECYIIYI0 CIIOCOOHOCTh. [lpu nanpHeiinemM yBeInueHHH 3HaUCHHsI TTapaMeTpa BHEITHEH
Harpy3ku 00oJiouka pasBuBaeT (Gopmel aedopmanuu, 6au3kue K popmam nedopmanvu ogHa WU
JIBE CMEKHBIC JIOKAThbHBIC BMATHHBI, KOTOPhIC (PUKCHUPYIOTCS HA BETBSIX BTOPUYHOTO BETBICHUS JIJIS
ciydasi IWIMHAPUYECKOW O00O0J0YKHM, HEe HMeEIed HecoBepiieHCTB [15]. B koHewHOM wuToTre
000J104Ka TepsieT yCTOWYMBOCTH (M HECYIYIO CITIOCOOHOCTB) 1O OHOM M3 YKa3aHHBIX (POPM.

Ha puc. 1 mpexacraBneHa xapakTepHas 3aBUCUMOCTb Harpy3ka-mporud [Uis MHJIMHIAPUYECKOM
000JI04YKH, 0CJIa0JICHHON BEPTHUKAIBHBIM Pa3pe30M; BEJIHUMHA ITapaMeTpa Harpy3KH 3/1eCh OTHECEHa
K BEIWYMHE KPUTUYECKOW HArpy3KH I IEJIOH OOOJIOYKH, TMOJYYCHHOW B paMKax JUHEHHOMN
TEOpUHU, XapaKTepHBIC TPOTUOBI OTHECEHBI K TOJIIUHE OOOJIOYKH; KPYKKOM OO0O3HAYeHA
npeneiabHas Touka 3aBUCHUMOCTH. [IpeacraBineHHass 3aBUCUMOCTH COOTBETCTBYET CIEAYIOIIUM

3HAYCHHSIM T€OMETPHUUYCCKUX XaPAKTEPUCTUK O00IOUKHU: % =4, % =160, 2%_ =0.5.

B nmaHHOM cnyyae JoKalbHas TOTEps
W YCTOWYMBOCTH HabJIr01aeTCst npu
L3 | A=0.18, obmas morepsi yCTOWYUBOCTH
npu A =0.56; mnocnenHsAs BeIMYUHA
KOPPECIIOHIUPYET C HW)KHEM TI'paHULIEH
obnactu CYILIECTBOBAHUS BeTBEU
JIOKaJBHBIX (OpPM UIA 1eNo 00O0JIOUYKH
I | [15]. Ha pucyHke Takxe NpencTaBiI€HBI
naf {1 cedeHHMs XapaKTEPHOH 3aKpUTHYECKOU
I 1 dopmbl aedopmanuu 000J0UYKH: (CeBa
Harpaso) MIPOIOJIEHOE ceueHmue,

09 1

ol monepevyHoe cedeHue B obmactm (2,

(conmeprkaiueit paspes), 1 B obmnactu
KOTOpast HE COJZICPKHT paspes.
A [Tonoxenue  paspe3a  COOTBETCTBYET
ner 1 BepxHel Touke BTOporo ceueHus. Ha puc.
I | 2 npencraBnena 3aBMCHMOCTL HarpyskKu
MOTEPH  YCTOMYMBOCTH  OT  JUJIMHEI
2Rl TpemmmHe;  067acTh  CyIIECTBOBAHMS

0.5 N L 1 L L L 1 L N 1 L 1

0o 0.2 0.4 0.6 0.3 Lo KPUTHYCCKUX HArpy3ok COOTBETCTBYCT
Puc. 2. 3aBrCHMOCT BETUYUHBI KPUTUIECKOHN HATPY3KH OT 0051acTH CYIECTBOBAaHMS 110 HapaMeTpy
JJIWHBI TPCUIAHBI HarpyXCcHUsA BETBEN BTOpPHUYHOT'O

BETBJICHUS JIJIS CITydasi [eJI0N 00O0IOUKH.
BbIBO/IbI
[IpuBeeHHbIN BBIIIE aHATN3 MTO3BOJIAET CHPOPMYIUPOBATH CICAYIOIIUE BHIBOIBI:

1. Pa3zOuenue oOnacTu ompeneneHuss HEIWHEHHON KpaeBoil 3amauM Ha 1oaobiacTy,
COOTBETCTBYIOIIME OJHOMY THUITYy IPAaHUYHBIX YCIIOBHUH, MO3BOJIET MPUMEHUTh METOA0JIOTHIO
METO/a UTEPATUBHOTO pa3fieleHHs MEePEeMEHHBIX JUIs ciiydyast 00JIaCTH, Ha IPaHHUIAX KOTOPOM
chOpMyIUPOBAHBI PA3IUYHbIE THUIIBI TPAHUYHBIX YCIOBHUI.

2. Hamuumne HecoBeplIEHCTBAa B BUJE BEPTUKAIBHOTO pa3pes3a CIY)KUT MHUIIMATOPOM Pa3BUTHUS
dbopMm nedopmaruu, OIU3KUX K JIOKAIBHBIM (opMaM AepopMmaiui, GUKCUPYEMbIM Ha BETBSIX
BTOPUYHOT'O BETBJICHUS PEIICHUS HEJIMHEHHOW KpaeBOM 3ajjauu TeOpUH 000JIOUEeK Ul Cllydyas
UMIMHIPUYECKON 000JI04KH 0€3 HaYallbHBIX HECOBEPILIEHCTB.

3. Tlorepst ycTOMYMBOCTH UMIMHAPHUYECKONW OOOJOYKH, OCIIA0JIEHHOH pa3pe3oM, mo Gopmam,
MOAOOHBIM JIOKAJIBHBIM (opMaM aedopManuu IMUIWHIPUIECKON 000JI0YKH 0€3 HadalbHBIX
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10.

11.

12.

13.

14.

HECOBEPIICHCTB, O0yClIaBIMBaeT O0JACTh 3HAYEHUH HArpy30K MOTEPU YCTOWYMBOCTU IS
nanHoro ciaydas (0,6-1,0 B 10X KPUTHUECKOM HArpy3KH, MOJYYCHHOW B JIMHEAPU3UPOBAHHOM
MMOCTAHOBKE I IMJIMHAPUYCCKOW OO0O0JI0YKM 03 HayalbHBIX HECOBEPIICHCTB), 4YTO
SKBHUBAJIEHTHO OOJIACTH CYIIECTBOBAHHUS BETBEH BTOPUYHOI'O BETBIEHUS (BETBEH JIOKAIbHBIX
dbopM) amst cirydas IMIMHAPUIECKONH 000109k 0e3 HadallbHBIX HECOBEPIICHCTB.
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