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E. H, Ilyxkuua

PACYET BUBPAILITUOHHOM NMNPOYHOCTH
KOPNYCHbBIX KOHCTPYKIUH

Jlo cux mop elue HepeNKU CJydyay BO3HUKHOBEHHS IOBPEXKIEHHH
KOHCTPYKIIMH KOPMOBO¥M OKOHEYHOCTH CYHOB TIIOCJe HEKOTOPOro
CpOKa HX 3KCHJIyaTallud, HeCMOTPs Ha TO, UTO B IpOIecce IPOeKTH-
pOBaHHS CYJO0B MPOH3BONHUTCH 00bIyHO pacuer BUOGPANMOHHOH NPOY- -
HOCTH 9THX KOHCTpYKuumi., Pacuer, xax NPaBuJI0, CBOAMTCA K MPO- '
BEpKe OTCYTCTBHS DESOHAHCOB KOHCTPYKIHH C 0611ex0/10B0# BUGpa-
nuell Kopmyca B palioHe IOBHILEHHOH ofmel BHOpaLuH, a AJd
KOHCTPYKIHH, TOABEPTalOMIUXCSH HeNOCPeNCTBEHHOMY BOSAEHCTBHIO
NyJbCHPYIOMHUX JNaBJeHHH OT PaboTamolMX rpebHbIX BHHTOB— JO-
HOJHUTENBHOMY PACUETY BLIHYKIEHHOH BHOpanuy Ha JEHCTBHE yCH-
Auil or BuHTOB, OZHAKO 3THX DACYETOB HEJOCTATOUYHO IJIsI OLLEHKH
H pJanpHefmero ofecleueHuss BHOPAUYOHHOA IIPOYHOCTH KOH- -
CTPYKIUH. .

KpoMe nmyapcUpYIOMIUX LaBAeHHH OT paboTaiomux rpe6HLIX BHH-
TOB Ha KOHCTPYKIHH, IPaHHYamiye ¢ 3a0OPTHOH BOXOH, HEHCTBYIOT
elle THAPOLMHAMUUECKHE NABJIEHHS, o6yCJIOBJIeHHb1e ob6uie#r Bubpa-
nuel kopnyca cyana [1]. Benruuuna stux faBieHU# NPU 3HAYUTENB-
HOH o6me# BuOpanuu (OOGBIYHO JIONACTHOH 4YAaCTOTHI) MOXKeT ObITh
OJIHOTO TOp$ifKa C IYJbCHPYIOINUMY JaBJeHHSIMH, CO34aBaeMBIMH
rpeGHBIME BUHTAMH., KOHCTPYKIHH, OTPAaHHUYHBAIONINE IUCTEPHBl HIIH
Hecylue Ha cebe 3HAYUTENbHBIE TPY3bl U PACHONOXKEHHEIE B pall-
OHe NOBBIIIEHHOH 00Ilell BHOpAal#uy, UCHBITHIBAIOT TaKXKe BO3LeHCT-
BHe HHEPIHOHHBIX VCUJIMNH, 00YCAOBJEHHBIX o6miell Bubpanuel Kop-
myca U CO3MaBaeMBbIX CTONGOM JKMAKOCTH COOTBETCTBYIOIIEH BHICOTHI
i rpyzamu. COBMeCTHOe NeHCTBHE YKa3aHHBIX YCHIHUH MOKET Bbl-
3BaThb BECbMAa 3HAUHTENbHLIE HaNpSXKeHHS U NOCAEAVIOIIee NMOBPEX-
JIieHNe KOHCTPYKIU.

Kpome Toro, He BCernga NPaBHJAbHO 32 KPHUTEPHH BUOPAaIHOHHOHN
[IPOYHOCTH KOPIYCHBIX KOHCTPYKHHE INPUHUMATHL NONYCKAEMBIE Ha-
npsixKenus (Kaxk yacTh Npefesa BLHIHOCAMBOCTH), NOCKOJBKY MHOrHe
KOHCTPYKIIHOHHBIE MaTepuaJbl, OCOOEHHO HpH paboTe B arpeccHB-
HOH cpefe (MOpCKOH BOIe), He MMeIOT (DH3WUECKOro Ipefesa ycTa-
JgoctH. B aroM ciyuae omeHKY BHOPalMOHHOH HPOYHOCTH KOHCTPYK-
LNl TpaBHJbHEE TPOH3BOJAUTE UePe3 MX AOJrOBEYHOCTb, T. €. CIO-
COGHOCTh COXPaHSAThb HaJEXHOCTb Ha ONPEeAeNeHHBIH CPOK CJHYKOHI
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B cratbe cienaHna MOMBITKA H3/JI0XKHUTh OCHOBHbIE IPUHIKITLL H Me-
TOJB pacyera BUOPALHUOHHON - IPOYHOCTH KOPMYCHBIX KOHCTPYKIHH
M JIATh KPUTEPUH ee oleHKH. IIpu aTOoM cam pacyer MOAPasAeNIeTCs
Ha TPH OCHOBHBIX 3Talla:

. 1) pacuer cBOGOAHBIX KOJeOaHUI M YCTAHOBJICHHE BO3MOMKHOCTH
BOSHHKHOBEHHSI PE30HAHCHBIX KOJeGAaHUH KOHCTPYKIMI;

2) pacueT BBHIHYXAEHHBIX KoJeGaHHMH, BHI3HIBAEMbIX BHOPALHOH-
HBLIMH HarpysKaMi, H ONpefe/eHHe aMILIMTY[HOro 3HaYeHHs! 3HAKO-
HepeMeHHbIX HalpAXeHni B KOHCTPYKINY;

3) ycTaHOBJEHHE HAAEXKHOCTH KOHCTPYKIHH C HNOMOILIbIO KpHTe-
. pHeB BHODAIlOHHOH NPOYHOCTH.

W3 Bcex KOPIYCHBIX KOHCTDYKIHH HauOojee YSI3BUMBIMU TNPH
NMeHlCTBHM H4 HHX BUGPANMOHHON HATPY3KH SBJAIOTCS IJIACTHHBL
U moAxpenisomuii ux Habop (pe6pa xecrkocth). Bubpauus mepe-
KPBITHE W KOpmyca CyJHa B IeJOM OMACHOCTH, C TOUKH 3DEHHS HX
eJIOCTHOCTH, OOBIYHO HE MPeACTABJASET H BEAET JHIb K YXYAIIEHHIO
. OBHTAEMOCTH M 3aTPYLHEHHIO SKCIUIyaTallUH MeXaHu3MOB U amna-
patypsl. ITosaToMy B cTaThbe OrpaHHyMMCsl pacCMOTPEHHEM BOIPOCA
0 BUGpANHOHHON MPOYHOCTH IMIACTHH M peGep KeCTKOCTH.

YCHUJIHS, BBLI3BIBAIOIIHE BHUBPALLHIO KOPNYCHBIX KOHCTPYKLHMHU

OcCHOBHBIM HMCTOYHHKOM BHOpamuMH KOPIyca CyAHa ¥ OTAEJbHBIX
ero KOHCTPYKIHH SBJSIOTCS IpeOHBle BHHTHL. BosHuKawollue Npu HX
paboTe myJbcUpyIOHe THAPOAMHAMHYECKHE JABJEHHS BBISHIBAIOT
HEMOCPEACTBEHHO BUOPAIMIO KOPIYCHBIX KOHCTPYKIHMH, pacrnonoxen-
HEIX B pafioHe BUHTOB, U ofluLylo BuGpamuio Koprnyca cyauna. [Tocmen-
HsS, B CBOIO OUepe/b, TAKIKE SIBJISETCS MCTOUHHKOM MECTHOH BHOpa-
LM KOPHNYCHBLIX KOHCTDYKIMH, BBHISbIBAsl MHEPUHOHHBIE YCHJIHUA 3a-
GOPTHOH BOABI, KHUAKOCTH, HAXOAAUIEACA B IUCTEPHAX, U CAMOI KOH-
CTPYKIHH C PACIOJIOKEHHBIMH Ha HEH rPy3aMH. '

B paitoHe HemocpeICTBEHHOTO BO3JAEHCTBHS AAaBJEHHH OT rpes-
HBIX BHHTOB 3TH YCHJIHd: IeHCTBYIOT COBMeCTHO. B3anMHoe HanmpaBie-
HHME YCHJIMH C OXMHAKOBON YacTOTOH 32BHCHT OT COOTHOLUCHHS 4Ya-
CTOTHl BO3MYIIAIOMIKX YCHAMH M COOCTBEHHBIX 4YacTOT KopIyca
CymHa.

Paiion HenocpenCTBEHHOIO BO3JEHCTBHSA MY/JbCUPYIOIIUX AaBJe-
HHH OT paGoThl rPeCHBIX BHHTOB ABJSETCS BeCbMa OrpaHHYEHHBIM
7 He TIPeBHIIIAeT BEJMYHHHl AMaMeTpa 1o JJHHE Kopryca B ofe CTo-
poHE oT aucka BHHTA. OCHOBHAs COCTABJSIOLIAS IYJBCHPYIOLIHX
JABJEHHI OT BUHTOB MMeeT JOIACTHYIO YacTOTY, PAaBHYIO UHCIy 060-
POTOB BHHTA, YMHOXKEHHOMY Ha UMCJO €ro JOMAacTel; BeJHYHHa AaB-
JICHHH C YABOEHHOH JIOMACTHOH 4acTOTOH 3HAUMTEJIbHO MEHBIIE.

VnepuuonHsle ycuaus, o6ycaoB/IeHHble o0mmel Bubpanues cyasa,
3aBHCAT OT ee nmapaMeTpos. ITapameTpsl ¥ pafioH PacHPOCTPaHEHHs
ob1ell BUOpANMU YCTAHABJIUBAIOTCA HA OCHOBAHMU HATYPHBIX HCIBI-
TaHUH ONHOTHMIHBIX cyA0B. [l GOJBIIMHCTBA CYAOB PayOH pacmpo-
CTpPaHeHHs] 3HAUUTENBHON BHOPANHHM C JOMACTHOH 4acTOTOH He mpe-
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BHIIIIAET /4 JJAUHBEL CyJHa, OLHAKO AJS KPYNHOTOHHAXKHBIX, 0COGEHHO
HedTeHANTHBHBIX, CYJOB OH MOXKeET OBITb HEeCKOJbKo Gogblue. Kode-
Ganust Kopryca C YABOEGHHOH JIOMACTHON YaCTOTOH JIOKAJdH3YIOTCSH
B CaMoil KopMe. '

JIpyruMm BaKHBIM HCTOYHHKOM IEDHOJUUECKUX HATPY30K Ha KOp-
nyc sBJISIOTCS HeypaBHOBeLIeHHbIe YCHJHA OT PabOThl MEXaHW3MOB.
Pajion mx HenoCpeACTBEHHOTO BO3AEUCTBUSA OIPAHHYHBaeTCsd OOBIUHO
OTCEKOM, B KOTOPOM yCTaHaBJAHBaeTcs MexaHusM. HeypaBHoBemieH-
Hble YCHJIMS BOCHPHHHMAIOTCS IepeKphITHeM, Ha KOTOPOM YCTaHaB-
JUBAETCS MEXaHu3M, U uepe3 Hero mepenaiorca (B BuAe KoJaeGaHME
ONOPHOrO KOHTypa) Ha IVIACTHHH H pebpa KeCTKOCTH.

TIpoBepka u obecneueHrne BHOPALMOHHOH NPOYHOCTH KOHCTPYK-
UM KOpIyca OrpaHMUYMBAaeTcs, KaK IPaBMJIO, PalOHOM KOPMOBOK OKO-
HEYHOCTH C HHTEHCHBHOH oflied BHOpanued Kopmyca M MAallMHHBIM
OTZe/eHEEeM B CAyuyae YCTAHOBKH HEYPaBHOBEILIEHHBIX MeXaHH3MOB.
B ocranpHBIX paiOHaxX KOpIyca HaOpPsXKeHMs, BO3HHKAIOUIHE Kaxke
B YCJIOBHSIX pe30HAHCA KOHCTPYKIMH ¢ ofumiell BHOpanuei, He Ipex-
CTaBJISIOT ONACHOCTH JJIA IEJOCTHOCTH KOHCTPYKIIHI, H3rOTOBJIEH-
HBIX #3 OGBIYHBIX KOPIYCHBIX CTaJel. '

Bonpoc 06 omnpeneneHHr BeJHUYHHB DYJALCHPYIOUIMX THAPOJAMHA-
MHYECKHX JaBJeHHH, CO3aBaeMblX rpeOHEIMH BHHTAMH, B HEKOTOPOH
CTelleHd OCBeuleH B Jureparype [2, 3]. Beauwunna u 4YacToTel He-
YpaBHOBEIIIEHHBIX YCHIUE OT paboThl MEXAHHSMOB NIPUBOAATCS B TeX-
HHYECKOH HOKYMEHTAIHN Ha NOCTABKY 3THX MEXaHH3MOB.

BosMymaromumMy yCHIHSIME, BOSHHKAIOIHMH BCJICACTBHE 00liel
BUOpaNUK KOpIlyca.CyAHa, SBASIOTCS:

— CHJIBl MHEPIUH CaMOH KOHCTDYKIHH;

— CHJIBI MHEPIIHM NPHCOEJHHEHHBIX Macc BOABI KOpIlyca CyIHa,
00YCIOBJEHHBIX 001edl BUOpalHell B NPUXOAALIKNXCA HA PaccMaTpH-
BaeMYI0 KOHCTPYKIIHIO;

— CHJIBl HHEPIUY XHUJIKOCTH, Haxo[sdllelcs BHYTPH KOHCTPYKIHH
(uucTepHax, IBOUHOM AHE U T. IL.).

[TepBast KaTeropus CHJ HMeeT, OOLIYHO, BEJHUYHMHY, CYILECTBEHHO
MEHBIIIYIO, YeM BTOPHIE JABE, U BHIYHC/ACHHE ee He NMPEACTAaBJseT 3a-
TPpyZHEHHUH.

JaBiedusi, 06ycaOBJIEHHEIE CHJIAMH HHEepLUH 3a00pPTHOH BOMAH
U onpejessieMbie B IPEANOJNOKEHHH HeeQOPpMHPYEMOCTH OTAENbHEIX
KOPHYCHBIX KOHCTPYKIH{I, MOTYT GEITh IPEACTaB/JeHH B BUAE!

g = m, wyw? sin of, )

Tl Wo— aMIIUTYJa KoJeOaHHll ONOPHOrO KOHTYPa KOHCTPYKLUH,
paBHas aMILUIUTYJe O6Liell BUGpAUHH KOpPHyca B PacCMaTpHBAEMOM
CeUEHHH; ® — KPyroBas 9acToTa BHUODALHH KOpIyca CyaHa; Mx—
TpUCOeAKNHEHHAsl Macca 3a60PTHOH BOJBI, IPHXOAAINASICSA HA €AUHUILLY

1 BeslencTBHE YIPYTOCTH CYLOBHIX KOHCTPYKUHI (TacTuH H pefep JKECTKOCTH)
BEJHYHHA AABJEHUN GyIeT MHOHN, 4TO OTpaxKeHOo B (opMyaax pacyera BEHIHYKACH-
Holl BHOpauHH KOHCTPYKUMH.
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njaomany oO6WHBKH H 0O0yc/aoBJeHHas ofmel BuOpamueilt Xop-
myca cynHa.

TlpucoenuHeHHas Macca BOABI My MOXKeT OHITh ONpEResE€Ha yepes
TIPUCOEIMHEHHYIO MaCCy My, OGYCIOBIEHHYIO 001ell BuGpanueir xop-
myca CyAHA W NPUXOISHIYIOCS Ha eJHHHILY ero AJIHHEL

BesnunHa IPHCOENMHEHHOH MacChl 3KHIKOCTH My, 3aBHCAINAS
oT pasMepoB u (OPMBI IOIEpeUHBIX CeUeHWH Kopmyca CyaHa,
a takxe OT (QOPMEI ero YHPYTHX KoJeOaHHN, MOXKeT OBITh BBIUHC-
JieHa 1o BEIpaxKeHusMm [4, b

”TbiCBxKi 9
BET T 9y )

— IJid BEePTHKAJBHBIX KOJ1e6aHuH;
X ﬂg ( )

— JIJ1s1 TOPH30HTAJNBHBIX KOJIeOaHHH.

31ech y— yIeabHBIH Bec BOIH;, g — yCKOPeHHe CBOOOAHOTO ma-
JeHusl; dx ¥ by — COOTBETCTBEHHO OCajKa M IOJYIIHPHHA CyIHA NO
JeficTByIonell BaTepauuun B 1aHHOM ceueHHH; Cpx U Crx — K03 DHU-
IIHEHTH], 3aBUCAIIHE OT GOPMBI CeUeHHUST NOTPYXKEHHOH B BOAY YaCTH
mnanroyra [4, 5]; K;— xosdduunenr, yuuthBaomui GopmMy KoJje-
Ganuit Koprmyca (TOH KosneGaHWH) M 3aBHCHIIUH IPH BePTHKAJbHBIX
Ko/MeGaHusIX OT OTHOIIEHHS AJIMHEI CyAHA K ero mupuHe L/B, a npu
TOPU30HTAJNBHBIX KOJeOaHHAX — OT OTHOLIEHHS  JJUHBL CYHHa
K ocauxe L/T [4, 5].

Benuuuua npucoenvHeHHON Macchl 3a00PTHOH BOABI, NPHXOAA-
Hielics HA eHHMNY IJIOIAAH OCIIMBKH, C Y4eTOM HepaBHOMEDHOCTH
ee pacmpeieseHus II0 MONEPEeYHOMY CEUeHHIO KOpIyca CyJAHa MOXKeT
OBITH ONpemeseHa IO BhHIPAakXeHHIM

my= ';Z" sin 6 4)

— /1S BepTHKAJBLHEIX KoJieGaHuil cynHa;

M= m‘;" sin 0 (5)

— JJIsI FOPH30HTAJNBHEIX KOJMeOaHui.

31ech 6 -—yroJ, cOCTaBAfeMBIH IJOCKOCTLIO paCCManHBaeMou
IUIACTHHBL C HATIPABJICHHEM KoJgeGaHuil KopImyca.

Jlns KOHCTPYKIIHH, OTPAHUUUBAOIINX IHCTEPHH, CAeLYeT YUYUTHI-
BATb TaK¥e CHJbI HHEPUHH KXHUIKOCTH B LHUCTEPHAX, ABHIKYyUIeHCS
BMecCTe ¢ KopmycoM. Macca KHAKOCTH Mg, NIPHXOAAINASCS HA €IH-
HUIY [OLIAAY IJIACTHHH M BXOAAINAS B NPHBOAUMEIE HIXKE pacuer-
Hele GopMyJbl,! paBHA:

Mer==pofd, ‘ (6)

1B ¢opmyne pas naeieHud (1) B 3TOM ciydae nlx CIeRyeT 3dMEHHTH HA fMicr.




rie oo — IJIOTHOCTb XKUAKOCTH B IucTepHe (ABOHHOM nHe); H — BLI-
coTa CT0J16a XKHUAKOCTH, 3aBUCAILIAsS OT HaNpaBJeHHST KOJIeGAHHH
KopIlyca CyJHa.

B cnyuae HesampeccoBaHHBIX HHCTEPH H IPUHHUMAETCS PaBHBIM
PacCTOSHHIO OT DacCMaTpUBaeMOH KOHCTPYKLHH A0 CBOOOLHOH IO-
BEPXHOCTH KUJKOCTH NMPU BEPTHKAJBHBIX KOJeOaHUSIX KOPIOyca H 10
OPOTHBOINIOJIOXKHOH IO HAMPABJAEHUIO KOJeOaHUl BePTUKAIBHOH KOH-
cTpykuuu (6opTa, NPOAOJILHOH rHepeGOpKM W T, I.) — IPH TOPH30H-
TaJpHOU BuOpaumu.! B cayuae sampeccoBaHHBIX LuctepH H pasmo
PACCTOAHHIO MeXAy KpalHUMH TOYKAMH LHCTePH B HAINpaBJAeHHUHU
paccMaTpuBaeMbIX KosieGaHHH Kopryca.

®OPMbI BBIHY)KJTEHHDBIX KOJIEBAHHUHN H YCJOBUS NPOBEXEHUS
PACYETA BUBPALHH KOPNMYCHBIX KOHCTPYKIIUNA

PeanbHble CyHOBBIe KOHCTPYKIHUM HMEIOT TycToH crekrp dhopm
H 49acToT CBOGOXHEIX KoJseOaHuil. OIHAKO 1/ pEeLIeHHS KaKuX-
J160 KOHKPeTHBIX AMHAMMUYECKHX 3a7au HYXKHBI XapaKTEPUCTHKH TEX

Puc. 1

KoJeGaHUH, KOTOPble MOTYT GbITh BHI3BAHBI JEHCTBYIOIHMH HA KOH-
CTPYKUHIO YCHUIHSAMH, IIOCKOJABKY B 3aBHUCHMOCTH OT THHA KOHCTPYK-
UM M Xapakrtepa BO30YXKIEHHUS BO3HHKAIOT BIOJHE OlpENETeHHbIE
dopmel KomebGanuit. V3 xapakrepa paGoThl KOHCTPYKIHH H HEHCT-
BYIOIINX Ha Hee BOSMYIIAIOUIUX YCHAHH YCTAHABIHUBAIOTCS YCJIOBHS
IPOBENEHUS] PACUETOB BUOPALMOHHON IPOYHOCTH STHX KOHCTPYKIH.

Tax, npyu Bo3#eHCTBUM Ha KOHCTPYKIHIO HATPY3KH CO 3HAUUTENb-
HOIl HepaBHOMEPHOCTBIO B IIpefiesiax PacCMaTPHUBaeMOH KOHCTPYK-
IUH AOMHHHPYIOT AHTUCUMMETPUUHbIE QOPMBI BHIHYKIEHHEIX KOJE-
6aHuil MHOTOIIPOJIETHBIX NJIACTHH, IJIOCKHX W MaJiO KPHBH3HBLZ T. €.
(OpMBI, NIPH KOTOPEIX COCEAHHE NPOJETHl KOMeGJIOTCHA B MPOTHBO-
(dase (puc. 1), 4TO COOTBETCTBYET CBOGONHOMY ONHPAHUIO IJACTHHEL
Ha ee onopax (HEKOTODPYIO 3ajelKy co3faer KpyueHue Habopa). [Ipu
3TOM HaMMeHbHIas yacToTa Xapakrepuayerca ¢opmol koneGanuii mo

1 Jla1s1 KOHCTPYKUHH, PasrPaHHYMBAIOIIUX HHCTEPHE! (CONPUKACAIOUIHXCH C JKU-
KOCTbIO JIBYMSl CTODOHAMHM), HMHEPUHOHHBIE YCHAHS KHIKOCTH C OGEHX CTOPOH
CK/aABIBAIOTCS. : :

- 1
2 K mwracTHHAM MaJjioll KDHBUSHBL OTHOCATCS HJIACTHHHL C —J;—o < Yo' Tme fo—

CTpEJKa norudu I/ISO]"HyTOI‘;I IVIaCTHHEL, 4 ~— X0pAa IIJIACTHHEL.




OIHOH NOJYBOJHE BAOJMb 06EMX KPOMOK IIacTHHBL! B u30rHyTHIX
1 .
MJIACTHHAX (c%_}w) IpH HaHMeHpIIed yacrore ofpasyercs

HECKOJIBKO TOJIYBOJH BAOJb KPHBOMHHEHHOH (puc. 2) u omHa moay-
BOJIHA BJOJIb NPSIMOJHHEHHOH KPOMOK.
ITpu neficTBHE Ha KOHCTDPYKIIHIO, NOJKDENJIEHHYIO PaBHOOTCTOS-
HIUM HabopoM, HarpyskH, OJH3KOH K DPaBHOMEpHOH B mpejenax He-
CKOJIbKHX IIPOJIETOB  KOHCT-
PYKLMH, BO3HHKAIT CHMMET-
pHuHBIe QOPMEL ee KoseGaHuH,
ODH KOTOPHIX COCEIHHE IIPO-
JeTsl  Kojebaiorcss B dase,
a nacTHHa paboTaeT Kax xe-
CTKO 3a/leJIaHHAS Ha YOPYTHX
OTHOCHTEJBHO IONEPEYHbLIX mIe-
peMeumieHuil onopax — pebpax
xecTkocta ? (puc. 3).
3HauHTebHOH  HepaBHO-
' MEPHOCTLIO XapaKTepH3yITCH
MyJbCHPYIONIHE HABJEHHUS OT
paboTH  rpeGHBIX  BHHTOB.
Puc. 2 Maxcumagasnoe 3HayeHue
STHX  JaBJEHHH  JOCTHTaer
GOJIBLIOH BEJHUHMHBI, IOSTOMY pacueT BHOPALHH KOHCTPYKIUI B paii-
OHE HX JIEHCTBHS COCTOUT M3 [IBYX 3TAamoB: 1) pacuera CBOGOIHBIX
KOJeGaHui KOHCTPYKIHE H HPOBEDKH OTCYTCTBHS PE30HAHCA C BO3-
MyIIAaIOMVYMH  YCHJIHAMH, 2) pacuera
BHIHYXJEHHOH BHOpanun Ha peHcTBHE
NyJIbCHPYIOUIUX AaBJeHud 0T BHHTOB. ITo-
CKOJIbKY B paliOHe HENOCPEACTBEHHOTO
'BO3JICHCTBHSA ITYJbCHPYIOLUMX [aBJEHHH ;
OT paboThl TPeGHEIX BHHTOB MOTYT BO3- b b b
HUKHYTbh pasHooOpasHble HOPME Kojeba- Puc. 3
HHH Hepaspe3HbIX IIACTHH, pacueT BHG-
pauuy HapyXHOH OCIIMBKH, BOCIPHHHMAIOIEH 3TH NAaBJIEHHS, IPO-
M3BOJAMTCA JJI CaMbiX HeOJIarONPHSATHBIX CJyd4aeB: COBGCTBEHHBIE
YaCTOTHl NJTACTHHB! ONPEAEJAIOTCA IJIsI CIydast aHTHCHMMETPHUHBIX
Gopm koseGauuil (HamMeHbINAs YacTOTa); pAaCyeT BHIHYXKIEHHON
BUOPALUM MPOH3BOAHUTCS B IPEANONOKEHHH XKECTKON 3a/1e/KH maac-
THHBl Ha ONOPHOM KOHTYpPe-— CUMMETPHUHEIX (OpPM KoJeSanui.
B nocnenneM ciyyae MecTO AeHCTBHST MaKCHMAaJbHBIX H3THGAIONIHX

T T T

i ] i

[ 1] !
’I ’l ]
1 7 ,'

! s TJIacTHHBL ¢ OTHOLIEHHEM CTOPOH Gostee 2,5 H3TMO BAOJAb NJIWHHOI
KPOMKH NPOHCXOAHUT II0 UHJIMHAPHYECKOH TOBEPXHOCTH.

2 Ilpu cHMMeTpHUHBIX (GOPMaX KoJeGaHuil OOMWIHBKH HOXKPOIVIAIOMHY ee Ha-
6op paboTaer Kak yHpyruii (ynpyrue omopsi), mpH 2HTHCHMMeTPHUHHX (opMax —
KaK JKeCTKHi. DT0 0OBACHAETCA HANPABJEHHEM YCHJHI, JeHCTBYIOIEX Ha OMOpE:
HEPaA3PE3HOH KOHCTPYKUHH €O CTODOHBl COCEJHUX NPOJETOB. B mepsoM ciyuae
OHH OJHOTO HANPABJEHHS, BO BTOPOM — PasHOro.
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MOMEHTOB B TLIACTHHe COBIajaeT ¢ DaHOHOM HaHMeHbINEH ycTa-
JIOCTHOH IPOYHOCTH — PafiOHOM TPHBApKHM Habopa K OOWuBKe.
Bre pafioHa HeMOCPeACTBEHHOTO BO3JEHCTBHS IYJIbCUPYIOLHMX
JlaBJeHHH OT BHHTOB XapakKTep pacmpejesleHHs BOSMYIIAIOIHUX YCH-
Juii (cua1 HHepUuH, o6yCcJoBJAeHHEIX o0ulel BHOpanyel Kopuyca) He-
ONHOPOJHEI: B IPOJOJNBHOM HANPaBJCHHH B pafoHe IyYyHOCTH HopM
KosnebaHull Kopmyca (Ha TIPOTAXKEHMH HECKOJbKHMX IINALuU¥),
a Taxkxe B IONEPEYHOM HanpaBjeHHH (Ha HEKOTOPOM OTCTOSIHHH OT
CKyJ/IBl) HHTEHCHBHOCTH N aBJECHUH O/IH3Ka K paBHOMepHou (puc. 4);
B paiioHe y370B 00Llell BUOpanyuyu ALaBJAEHHSA MO Da3HbIE CTOPOHBI OT
yasna geficTByioT B nporuBodase. Ilpu Takom pacnpeneneHun Ha-
IPY3KH M CHMMETDHH KOHCTPYKIHUH (PaBHOMEDHOM DACCTOSHUH
MeXAy NOAKPenJsoinuM HaGopoM) HauboJee BepOATHHIMH Qop-
MaMH Kojie0aHHH IJACTHH ¥ IOAKPEIISIONINX MX 6aJOK IpH Ipo-
MOJNBHOH cHCTeMe Habopa HABJASIOTCA: AHTHCHMMETPHUHblE (OPME!

Puc. 4

BIOJb Kophnyca! M CUMMeTpPHUYHBIEe — B TPABepP3HOM HAaIpaBJeHHH 2
Ilpu nomepeunoii cucreMe Hafopa — CHMMeETpHYHEIE (POPMEL BJOJb
Kopnyca B pafioHe IyyHOCTH * H aHTHCHMMETPHUYHBIE — B paHOHe y3-
JioB 0011eX00BOk BHOpanyH.

BuGpauuoHHas NPOYHOCTh KOPNYCHBIX KOHCTPYKIMHE BHe paHoHa
JeACTBHS NYJAbCHPYIONINX [ABJeHHH OT PaboThl IpeOHBIX BHHTOB,
KaK MPaBHIIO, ObiBaer o0ecleyeHHOH, €CJIM HCKIKYEH PEe30HAHC 3THX
KOHCTPYKUHE ¢ oOmedl BuGpanuedi kopmyca. Ecan mo KakMM-IHGO
NMpHYMHAM pe30oHaHca H36eXKaTh He yAaJI0Ch, NOMIKEH -OBITh TIPOH3-
BeJleH pacyueT BHIHYXKAECHHOH pe30HAaHCHOH BUOpalliH 3THX KOH-
CTPYKIHMHA HA AeHCTBHE WHEPIHOHHBIX YCHJHH, BHI3LIBAeMBIX O6IIeH
Bubpanuedl Kxopuyca cyjHa.

OnHako HepenKH CJAydYaH, KOTAA B KOHCTPYKLHAX, OTPAHHYUBAIO-
[IUX NUCTEPHBI GOJMBIIMX PA3MEPOB, 1 BHe Pe30HAHCA BO3HMKAIOT Ha-
NpSIKEHHs, NPEBHIIAOIHE JONYCTUMEIE. DTO OTHOCHTCS IVIABHBIM
06pa3oM K BHYTPEHHHM KOHCTDPYKIMUSM, MeHbIIas IPOYHOCTH KOTO-
pBIX OOBSICHSETCS HX MEHbIIEH «OTBETCTBEHHOCTbIO» MO CPaBHEHHIO
¢ KOHCTPYKUMSMM HapyxKHOH OOMHBKH. [ TaKMX KOHCTPYKLHH,

! Tlpu HeGospiioM npoJdere pefep B palioHe IYYHOCTH (POPMBEL OOIIEXOROBOH
BuGpayun pe6pa paGoTAalOT KaK XKeCTKO 3ajelaHHEe HA ONOpaXx.

2Ecnu paccTOSHHS MeXAY IPOXOJBHBIM Ha60pOM CYHIECTBEHHO OTJIHUAKOTCA
JIPYT OT ApPYra, TO ¥ B IONEPEYHOM HaIpPaBJeHHH BO3MOXKHH aHTHCHMMETPHUHBIE
¢dhopmel KoNeGaHu.

8 TIpu momepeyHOH cucreMe HaGopa LIMalHs HeCOHM3MEPHMO MaJja HO CpaBHe-
HHIO C PACCTOSTHHEM MeXIY yaJaMH (opMbl o6LIeXOA0BOkH BHODAIMH.
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KpOMe pacyera CBOGOAHBEIX KONeOaHHH, JOJKHDI ObITH IPOU3BEAEHE
pacyeT BBHIHYXKJEHHOI HEPE30HAHCHOH BHOpalMM M OLEHKA Bubpa-
IIHOHHON IIPOUHOCTH.

AHanusupyst paboTy KOHCTPYKUMH, BCErIa MOXKHO HaHTH Haunbo-
Jee HeGJIATONPUSATHBIE [JIS Hee YCJAOBHS M NPOHU3BECTH COOTBETCT-
BYIOIIIHH pacyer.

YYET BJUSHHSI NMPUCOEJHUHEHHBIX MACC )KXHAKOCTH

KoncTpykuuu, XoaeG/ioliuecs B JKHAKOW CpPele, BOBJIEKAIOT
B [BHKEHHE 4acTb OKpPYXKalwollell HX XKHAKOCTH, HHEPUHOHHEIE CBOH-
CTBAa KOTOPOH XapaKTepH3yIOTCA C NOMOILBIO NPHUCOeHHEHHBIX Macc
3TOH KHUIKOCTH.

[IpucoennHeHHble Macchl KHAKOCTA [Jisl H30JUPOBAHHEIX MJia-
CTHH, BAEJAHHBIX B HEOTPAHHWUEHHYIO TBEPAYIO CTEHKY, NMOJYYEHHBIE
I. JIsm6om, H. H. BaGaeBsiM u Ap., IPH HCIONB30BAHUU HX B pac-
yerax BHOGPAIHMH CYAOBBIX (MHOTONPOJETHEIX) KOHCTPYKIHH, INPUBO-
AT K 3HAUMTEIBHBIM HOTPENIHOCTSM pacueTa, 00YCJOBJIEHHBIM TeM,
YTO NOJIS CKOPOCTEH, BHISBAHHBIE OTAENBHOH (M30JIMPOBAHHOH) mia-
CTHHOII ¥ HepaspesHOH KOHCTPyKImeil, GYAYT, B o6IeM caydae, pas-
JIMYHBIMH, BCJAEACTBUE BIUSHHS Pa3JHYHOrO Xapakrepa nepeTekaHus
KHUAKOCTH NPH PasHbIX (opMax KojeOaHUH Hepa3pesHbIX IVIACTHH.

Jas ompeneneHusi BeJHYHHB NPUCOEIMHEHHBIX Macc Hepaspes-
HOJ IJIACTHHBI PACCMOTPHM KOJEOAHMS NPAMOYTOJBHOH IJIACTHHEL
NOXKPEIVIEHHOM XeCTKUMU DPe6paMH OIHOro HanpaBleHH:A, BICIAH-
Hoii B HEOTPAHHWUEHHYIO TBEPAYIO CTEHKY H CONpHKacaromeHcs
¢ JKHUAKOCTBIO OfHON cropoHO#. IIpHHHMas nepeMelleHHus MJIACTHHBE
B BHJE

z(x, y, )=w ()¢ (%, ¥),

rie w (f) — o6o0ierHas KOOpAKHATa; ¢ (¥, y) — dpopMa KoJieOaHUH
HepAaspe3HOH IJIACTHHBI; X, § — NEKAPTOBbl KOOPAMHATEL, f:— BpeMd,
3aMeHHM BJHSIHME KOJIeOJIomelcss [IacTHHE JeHCTBHeM NPOCTHIX

0z
HCTOYHHKOB MOWHOCTH §=—7-" HeNpEepLIBHO Paclpe/le/leHHBIX IO

IOBEPXHOCTH IuiacTHHHEI §. Toraa BeIpaXeHHE [JIs1 KHHETHYeCKOH
SHEPIHH OKpyKalomei xuakoctu 6yaet [6}

P 0z 4o\ \ 02,38
T‘"ES 5 98 SS TR ' (7
S §

HJIH
T=

f-ar [ feds [ [o -7 ®

31ech P — IIOTHOCTD KHAKOCTH, 7 — PACcCTOSIHUE MeXAy paccMar-
puBaeMoll H TeKyllel TOYKaMH IJaCTHHBL

" Kosbdunuent npu o60OLIEHHON KOOPAMHATE B BEIDAXKEHHH (8)
mpeacTaBjseT COOON NPHCOEMHEHHYIO MacCy XHAKOCTH K0J1e6.II0-
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mefics MIacTHHBL JIJS NMPAKTHYECKHX PpACueTOB yAOGHee MOJb30-
BaTbCcAd 0Oe3pasMepHbBIME Ko3(hduIuesTaMu INPUCOEAHHEHHBIX Macc

fg"?dS’f!?%

w (%)__—W ffq:?ds ’ ] ‘ (9)

i
‘ l

rae [ ¥ b — cTOpOHBEI HepaspesHOH mJaacTuHH (puc. 1); ~—~ LIHHA

OTHEeJBHOTO IpoJieTa Hepas3pe3HOHd MJIACTHHE, —- = @; n-— 40

IPOJIETOB, HA KOTOPOE JAeNuTCs pe6pamMy CTOPOHA IIJJACTHHEL AJIHHOIO
[ (uncyio KoJMeGaIoIHUXCSI TIPONETOB HEpPas3peaHOH IJIACTHHH).

* |nmc l Yy J \\ | nmx | 2 &Y
141 p(z,y)=sin 7" sin7~ 1,4 \ \cp(x  y)=sin —l—stn 31
12 _ 1,2 \\L |
=6
\ W\ |z
10 1,0 :
] \ 'y \ 3
" \ \\\\5\</ 2
08 2 08 \ Q \ g 1
06 }gx 08 \\\ NN
04 \< T~ 04 \\\\
£ § » e
02— 54 06 08 L/nd b7 45 95 08 Un

Puc. 5 : Puc. 6

Torpa npucoenuHeHHad Macca XHAKOCTH, OTHECEHHAA K eRUHHIe
NJ0WAay JIACTHHE, 6yAeT

{ [
my=p— w5 )- (10)
C NOMOIUBIO UYHCJEHHOIO HHTErpHMPOBAaHHUSA, BBIIIOJHEHHOrO Ha

OLBM, 6bun nonyuensl KO3Q(HUIHEHTH W (—l—) (puc. 5—9) nas

CJIeAyoImux ¢opMm KoaeGaHUA miacTaAHB (OCh Y Hampap/eHa BAOJb
peGep):

@ (x, y)=sin"7=sin ;o (x, y)=sin? 77 sin?
T A S

¢ (%, y) =sin? 7= - 1.
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[Mocaennue nBa ciayyas XapakTePH3YIOT LHJIHHIPHUECKHH H3IHO
COOTBETCTBEHHO CBOGOMHO ONEPTON M KeCcTKO 3ajle/laHHOH 10 AJAHH-
HEIM KPOMKaM IIACTHH (CIOpaBelJHBO AJisl MJIACTHH C OTHOIIEHHEM
cTOpOH GoJee 2,5).

17

1,2

¢p(x,y)=sin*=5—sin 3

iz . Y

~

o [
\ | otgp-enz=
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\ |
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NNz

08
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\\
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2 d
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nod

08 N n=1

T

06

N

%

zz\\ 04 <SS

04

]

~——] 62

0

0,2

05 06 0,8 1/nb

Puc. 7

0 02 04 06 081/
Puc. 8

HpI/ICOGILI/IHeHHaﬂ Macca, OéYCJIOBJTeHHaH KOJIe6aHusIMH NoJiel me-

PeKpHITHII (maHeJell, MOAKPEIVIEHHbIX peCpaMH OJHOrO Hampasie-

T
1.8 \ cp(x,y=sin2%€1——
111 16 \
R
12 -
| o\ i\/“‘;
NI NS
S
06 —
T ——
04573704 05 08 1/m
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HHA), T. €. KoseGaHusMHu pebep xecT-
KOCTH U INepeMelleHHsaMH BMecTe C HY-
MM TJACTHH Hactuiaa (OOMIMBKH), OI-
penensiercss Takxke no dopmyne (10).

IIpu aToM Ko3hGHUUHEHT u(—l— Ha-

XOAUTCS HAJIsI OTHOLUEHHST CTOPOH noJis

b
MepeKpBITAST — .
Ec/in KOHCTPYKLHSI CONPHKACAETCs

¢ JKHAKOCTRIO 00euMH  CTOPOHAMH
(mampumMep, ¢ 3a6OPTHOH BOINOH H
KHIKOCTbIO B LHCTEPHE), BEJIHYHHA
TIPHCOEIMHEHHBIX MAacC CKJIalbiBaeTCs
(yaBamBaercs NPH OAMHAKOBOM IIOT-
HOCTH KHUAKOCTH C 0GEHX CTOPOH).

Puc. 9

BJMSIHUE TEXHOJOTHYECKHX #AKTOPOB HA KOJIEBAHMSA
NJIACTHH. KO3®®HILUEHTBI 3ATACA 1O YACTOTE

I _
; Pacuerhl BUGPAINHK CY[AOBHX IUIACTHH IPOH3BOAATCS OCBIUHO Ges
yuera TEXHOJIOTHYeCKHX (aKTopoB, BOBHHMKAIOUIMX INpH CBapKe



u c6opke KOHCTPYyKUuH. BausHue sTux PaKTOpPOB Ha 4YaCTOTH CBO-
GOMHBIX ¥ AMIVIHTYIBl BHIHYKJAEHHBIX KOoJeOaHHH KOHCTPYKUMH ydu-
THIBAETCS NYTEM BBEeleHHT Ko3(h(GUIHMEHTOB 3amaca I0 YacToTe
¥ TPOYHOCTH, TAPAHTHPYIOIINX OTCYTCTBHE DPE30HAHCA KOHCTPYKLUHMI
¢ BOSMYLIAIOMUMY YCHIWSIMH U JAOCTATOYHYIO NPOYHOCTb NPH AEHCT-
BHH 3THX CHJ. '

OCHOBHBHIMH TEXHOJIOIHUECKHMH (PAaKTOpaMH B CYLOBHIX KOHCT-
PYKLHSX, OKa3bIBAIOIKMH BJIMSHHE HA MX NPOYHOCTHBIE M NUHAMH-
YeCKHE XapaKTePUCTHKH, IBJAAIOTCS:

1) ocraTounble HaNpsKeHHS, BHI3BAHHBIE CBAPKOIT;

2) 6yxTHHOBATOCTb (HayasbHasi morup) IJIACTUH, 06pasylo-
[1AasiCA B Pe3yJbTaTe CBAPKH U COOPKH KOHCTPYKLHH,

3) mepekar JHCTOB;

4) OTCTYNJIEHHS OT UepTeXa B PACCTOSHHSX MEXAY pebpamu xe-
CTKOCTH (M3MEHEHHSI B pasMepax IJIacTHH).

OcraTounbie HANpPSXKEHHS, BLI3bIBaeMble CBADKOH, NPH HaJUUHH
CTECHEHHsI KOHCTPYKIIMH B CBOHX TE€MIIEPATYPHBIX AehopManusx Mo-
I'yT GHTH ABYX THIIOB [7].

IlepBHuHEEe HMJOH MECTHblE CBAPOUHBIC HANPAXKEHHd BOSHHKAIOT
B JI000M Cjyyae CBapKH, AaXKe €CJIH CBapHBaeMblli OOBEKT CBOOO-
oed oT cBaseh. OHU ABASIOTCS CACACTBHEM YCAAKH MeTajjaa MNpH
OXJaXIEHHM, T. €. PE3YIbTATOM TOTO CTECHEHHS, KOTOPOE HCIILITHBAET
IPH CBOEM INEpPeMEIleHHH OfHA YacTh OCHOBHOTO MeTajja cO CTO-
POHBI APYTUX €ro gacrTed. DTH HANPAKEHHs JOKAJHU3YIOTCA B HEIO-
CPeACTBEHHON GJM30CTH OT CBApPHOrO IUBAa M OLICTPO YMEHBIUIAIOTCS
B 00€e CTOPOHEL OT HEro.

PeaktuBHble (BTOPHUYHEIE) CBApOUYHBIE HANPSIKEHUS BHISBIBAIOTCS
CTeCHEHHEM CBApHBAEMOTO OOheKTa B ero TeMIepaTypHHIX pedopMma-
OUsX, T. €. AeHCTBHEM CBsizell WJIM CTECHEHHH, HajaraeMblX H3BHE
Ha CcBOGOAHOE IBHIKEHHE KOHCTPYKIMH HJIH OTAEJBHBIX ee uacTed.
PeakTuBHEIE HANPSIXKEHUSI 3aXBATHBAIOT O0JblIHE 0GBEMB! MeTaJIa
H HecyT B ceGe 3HAUUTENbHBIE KOJUYECTBA SHEPIUH B IPOTHBOIOIOXK-
" HOCTb MECTHBIM OCTATOYHEIM HaIpSKEeHHSIM.

PeaxTuBHBEE HANPSIKEHUS B IUIACTHHAX CYJOBBIX KOHCTPYKIHH
MOTYT IOCTHTaTh BeJHYMHBHI SHNEPOBBIX HANPSkKEHHH, BHI3HIBAA II0-.
TEPIO YCTOMYHUBOCTH STHMU IIACTHHAMH M 00pasoBaHHe HayajbHOM
TEXHOJIOTHUECKOH mnoru6u. TexHoJoruyeckas IOTHOb BO3HHKAET
TakxKe B pesyabraTe nedopMaiui, BLISLIBAEMHIX HAJNOXKEHHEM YIJIO-
BHIX IIBOB (IpHBapKo#i HaGopa X OOIIMBKe) H YCaJKOH Marepuaja
B palioHe IIBAa NIPU OCTHIBAHHH. B GOJNBIIMHCTBE C/lyyaeB TEXHOJOTH-
yeckasi TMOTHOL OGYCJOBAEHA COBMECTHBIM [eHCTBHEM OOEHX 3THX
npuurH. COrJIacHO HOpMaM Ha JONYCTHMBIE MECTHBIE IOCTPOEUHBIE
nehopManyy CBAPHHEIX KOPIYCOB CYAOB, HauOOJbIIHE BEJIUYHHBI 10-
IYCKAEMBIX CTPEJOK OYXTHH HJisl CYHZOBBIX IJACTUH IIPH HX TOJIIH-
HAX W PACCTOSTHHAX MeXAYy pefpamMy XKeCTKOCTH, OOBIYHO HCHOJb3ye-
MEIX B KODMOBO!i OKOHEYHOCTH CYJAOB, HE€ IIPEBLIAIOT TOJIIHHEL
JIMCTOB.
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B cynoBBIX KOHCTPYKIHAX, B cooTBercTBun ¢ ['OCTom, nomy-
CKH Ha TOJIIYHY JHCTOB Pa3pellaloTcss TOAbKO B MEHBIIYIO CTOPOHY
OT HOMHHAJa, H MaKCHMAaJbHEI! epeKaT JIUCTOB He JOJIKEH IPEBHI-
marb 10%.

OrcTyIleHusl OT 4YepTexXa B KOHCTPYKIHMAX, OKasbiBaloulue 3a-
MeTHOe BJMSHHE Ha COOCTBEHHBIE YaCTOTH! IJIACTHH, CBOMSATCS IJIaB-
HBIM 06Pa30M K H3MEHEHHIO TPeGYeMOro DacCTOSHHSA MeXAy peo-
paMH 3KeCTKOCTH, KOTOPOE MOXKET COCTaBIATh 3—5%.

3anac mo gacroTe, OGeCHeyHBAIOMHH OTCYTCTBHE pE30HAHCA,
JIOJIKEH YUMTHIBATh BJKsSIHHE Ha COOCTBEHHBIE YaCTOThL KOHCTPYKIHU
. YKasaHHBIX (paKTOPOB, 2 TaKKe HEOOXOAMMOCTH YAaJEHHS OT Peso-
HaHca (BBIXOJ U3 30HBI PE30HAHCHOH KPHBOH).

[TonyueHHble HA OCHOBAHHH NDOBENEHHOr0 aHaNu3a MHONMPABKH
K COGCTBEHHBIM 4Y4CTOTAM CYAOBBIX IIaCTHH, YUUTHIBAIOLINE BJIHfA-
HHe TeXHOJIOTHUECKUX (AKTOPOB, CBeJeHH B Tabs. 1. BausHue cxu-
MamIUX YCHJIKHA ¥ HauyaJbHOH NMOrubu AaHo 3[eCh AJS Ciaydas CHM-
METPHYHBIX (OPM KoseGaHul MIacThH %,

Tabaruya 1

BakTOP, BAUAIOMME HA YACTOTy CBOGOLHBIX

KOJIe6aHKI NAaCTHHEL Hamenenue uactoTs, %

CiKuMAaiONHe YCHIHS —15

Hauaabuas norubb -+30 } +25
Ilepexar JaucTOB —10
OTCTyIUleHHs B DACCTOSIHHAX Mexay 6Oai-

xamu Hatopa +5

IpumeuanHe 3HaK IOC-0603HAYAET YBEJIHYEHHE YACTOTHI, 3HAK MUHYC —
€e YMeHbIIeHHe.

W3 Ta6/umpl BHAHO, YTO NPU CHMMETPHYHBIX (opMax KojaeGaHu#
IJIACTMH BJMSHHE PAas/HUHBIX TEXHOJOTHUECKHX (aKTOPOB MOXKET
IPUBECTH K U3MEHEHHIO X COOCTBEHHBIX YacTOT Ha 30—35Y%. Hdas

‘pefep IKECTKOCTH BJHsHHE TEXHOJOTHYECKHX (akTopos (HMePBBHIX
JBYX) Ha COGCTBEHHBIE YACTOTHl 3HAYMTEJNBHO MEHbBIIE H He IPEeBOC-
xomut 10%. .

AHanu3 pe30HAHCHLIX KPHBBEIX PealibHBHIX CYHOBDLIX IJ4CTHH, NOA-
KPEeIIEHHBIX pe6paMy 2KeCTKOCTH, I0KasaJl, 4To [ YX04a OT peso-
HaHCA HEOGXONUMO H3MeHeHHe COGCTBEHHBIX 4acToT pebep W miaa-
cTHH He 6oJjiee ueM Ha 10%.

CyMMuDYsl pesyJabTaThl H3JOXKEHHOrO H IPUHUMAsS HETOYHOCTD
pacueros B npefenax 10%, moqyunM OKOHYaTeslbHble 3HAUEHHS KO-
s(duuneHTOB 3amaca MO yacToTe: AJsI CYAOBBIX IJIACTHH OKOJO 1,5,
AJst peGep KecTKocTH oKovo 1,3.

| BOSHHKHOBEHHIO YHCTO AHTHCHMMETPHUHBIX (OPM KoJeOaHHit NJACTHH B pe-
aNbHEIX KOHCTDPYKIMSAX IIPENATCTBYET JKeCTKoCTh HaGopa Ha kpyuenue. I1pu mpome-
XKyTounblx dopmax xonebamuit (ynpyroil sajeske IJIACTHH Ha ONOPHOM KOHTYpe)
BJIHSIHNE CKHMAIOMHUX YCHJIMH Ha COOCTBEHHBIE YACTOTHI YBEJIUYHBAETCH 10 CpaBHe-
HHIO ¢ IDHBELEHHHIM B TabJule. .
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CBOBOJHLIE KOJIEBAHHS NJACTHH W NOAKPENJAIOIIHNX
HX PEBEP )XECTKOCTH

Kosne6anHs naacTHH HAa XKeCTKOM KOHType

Cob6cTBeHHBle YacCTOTHl (B C™!) IJIaCTHH Ha KEeCTKOM KOHTYype
1P KoJe6aHuaX KOHCTPYKIUH B XKHAKOH Cpelle MOTYT OBITh onpefe-

JIeHE!l 110 (hopMyJIe
. : . ——
=V (12)

raie D u m — nuJuMHADHYECKAas XKECTKOCTh U Macca E€XHHHUIBL IJ0-
Ulafy IJIACTHHBI;, o — K03(h(HULKNeHT, 3aBUCAUIHE OT 3aKpenjeHHs
IJTAaCTHHLL HA ONOPHOM KOHTYDE; Vi — KO3(DDHUIIMEHT, YUNTHBAOIIHH

- BJAUSIHEE IIPHCOCIHHECHHBIX MAacC XKHIKOCTH Ha KonebaHusd miaa-

CTHHEL

W3 Bcero MHOroo6pasus dopM KoieOaHH Hepa3pE3HBIX IJIACTHH
KpalHue 3HayeHHd 4acCTOT NPHM OJHOYSJOBHIX B KaxKAOM IpOJETe
dbopmax uMewoT aHTHCHMMeTpH‘IHbIe H CHMMeTpPHUHblE (DOPMBI KOJe-
Gauutt. Jns Hux:

oc2=n2[ 1—|——(——) l—npn CBOOOAHOM  ONMHPaHHH IJIACTHHE
‘Ha KOHTYype (aHTchMmeTqume dopmax kojeGanuii);

a2=4n2'V [1—]— ( )—[—(%ﬂ —IpH  JKecTKOH 3a-

JeJIKe T1JIaCTHHBI HA OIIOPHOM KOH-

Type (cuMMerpHuHBIX (dopmax Tabauya 2
KoseGanuii);

a, b— CTOPOHEI NIJIACTHHEI, CO- Koadduuuent 3HaueHust
OTBETCTBEHHO KOPOTKAad M HIJHH- OMOPHOH Mapet x flapanerpa «
Has. »

Jlis nJacTHH € OTHOIIEHHEM 0 3,14
cTopon GoJsee 2,5 3HaueHHs KO- 0,25 3,46
sbdunyenTa o B 3aBHCHMOCTH 0,50 3.81
OT CTelleHy 3aJesK{ NIaCTHHEHI
Ha ONMOPHOM KOHType (Xapakre- 0,75 4,22
pu3yeMoH K03 dUIMEHTOM OMOP- 1,0 4,73
HOH  mapel %) anBe,n;eHbI
B Tabus. 2.

ITpn anTHCHMMeTpHYHBIX (opMax KoJeOaHHH IJIACTHH HEKOTO-
PYIO 3aeNIKy HX Ha pe6Gpax KeCcTKOCTH CO3JaeT KpyueHue Habopa.
JKecrrocTp 3aeqkn 2 B 9TOM cayuae paBHa:

w2
A=—55» | (13)

Tlle ¢ — ¥eCTKOCTh pefpa Ha kpyuyenue. IIpu yuere auinb Cen-BeHa-
HOBa KpYy4eHHST

c=G0Jy
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G — MOJy/b YOPYTOCTH NIPH CABUTE; Jg —— MOMEHT HHEPIHH [IPH KPY-
YEHHH, BLIUHCASEMBIH [Js TOHKOCTEHHBIX OTKPBITHIX Npodu/edl no

dopmye
Jy=— D d,

d ¥ 8 — COOTBETCTBEHHO IUMPHHA H TOJIIHHA OTAEAbHBIX IPSIMO-
YTOJNBHUKOB, HA KOTOPBIE MOXeET ObITH pPa3buT NPOdHIb.

Jns npactul, yIpyro safielaHHBIX HA pe6pax ¥ MMEIOIIHX OTHO-
IleHHe CTOPOH Gosee 2,5, K03 HIHEHT ONOPHOH maphl OyaeT

1
== 14
— (14)
Qla

KoapdunueHT Vgm, YUHTHBAOIIHME BJAHSHHE NPHCOSIHHEHHBIX
MacC KHAKOCTH Ha KoJeGaHHs NJACTHHBL, ONpeledsercs no ¢op-
MyJIaM: .

OpH CONPHKOCHOBEHHH KOHCTPYKUHM C JKHAKOCTBIO ORHOH CTO-
POHOH

e = 1p () 22 (15)

NpPU CONPUKOCHOBEHHH KOHCTPYKLHE C KHAKOCTBIO [BYMSI CTO-
poHaMu

=140 () (er-p2), (16)

rie P1, P2 — IJIOTHOCTH KHJAKOCTEH, HAXOAAUIUXCA IO PasHble CTO-
POHBI KOHCTPYKIHH. :

Kostppunuenrel p (%) ompenensiorcs no rpaduxam (puc. 5—9)

C y4YeTOM BO3MOXKHOCTH NEPETEKAHHS KHIAKOCTH IIPH KOoJeOaHHAX
[JIACTHHBL B COCTaBe Hepaspe3HOH KOHCTPYKUHH (KoaebaHHH cocel-
HUX IIPOJIETOB).

KoneGanus pebep :KecTKOCTH

Peb6pa xecTKoCTH IpH KoJeGaHUAX BOBJIECKAIOT OOLINBKY B HABa
JBUXKEHHS: TIepeHOCHOe BMecTe C pedpaMu (KaK IPHCOeLHMHEHHEBIE
HOSICKH pefep) W OTHOCHTEIbHOEe (ympyrue KoJeGaHHs IUIACTHH).
ITostomy xoneGaunusi peGep XeCTKOCTH, CTPOTO IOBOPSI, BCErga Mpo-
HCXOAST BO B3aWMOAEHCTBHH C KOJeOaHHSIMHM OOHIMBKH. YacToThl
M aMILIATYAbl KoJie6anuil peGep ¢ yueToM B3aHMOJEHCTBHS HX C 00-
IIHBKON H NPHCOEAMHEHHBIMU MacCaMU KHAKOCTH MOTYT ObITb OHpe-

16




nedens no ¢opmysnam (18) u (32). Hacrorel kosebaHuit peGep 6es
yuyera B3aHUMOJEHCTBHSI ¢ OOLIMBKOH B C/Iyyae HEOOXOLHUMOCTH MO-
ryT GHITH OpefesieHsl o dopmyae (22).

Kone6GaHus MIACTHH HA YOPYIOM KOHTYpe

IMogatauBocTs HaGOpa OTHOCHTEIBHO NMONEPEYHBIX NepeMelleHu
cKasbiBaeTcs TpH Tex (opMax KoJeGaHHH HePaspesHOH KOHCTPYK-
IIMH, TIPH KOTOPHIX ee MpoJeThl KoJebaiorcs B dase. B sToM ciayuae
pacueThl CBOOOXHOK M BHIHYX/ACHHOH BHOPalMM NJIACTHH H Debep
JKECTKOCTH HeQOXOAHMO TMPOU3BOAUTL C YUETOM HX B3aUMOLEHCTBHS,
KOTOPOE OKa3hIBaeT OCOOEHHO 3HAUUTENbHOE BAHSIHKE HA MapaMETpH
BUGpALMH NPH KOJeOAHHAX KOHCTPYKIHH B XKHUIKOCTH.

CsoGonHble KoneGaHus NJIACTHHBI Ha YHPYyTHX pebpax Moryr
GHITH OMMCAHBI CHCTeMOH nuddepeHnnaNbHbX YPaBHEHHH

‘ié)—{—AO’iQ;I—I_AIw =O,
‘ié)l +A2‘Z’Q‘)—I—A3w1 =‘O,

rae wy U @— 06O0ILeHHEe KOODAMHATH, XapaKTepH3YIOIIHEe COOT-
BETCTBEHHO IlepeMeleHnsl pebep KECTKOCTH H IJIACTHHBl OTHOCH-
TeqbHO pebep; Ao, A1, A2 u A3 — BeJHUHHB], 3aBUCAINHE OT IapaMer-
POB KOHCTPYKIUH, YCJAOBHH ee 3aKpeleHHs Ha KOHTYpe (QopMer
KoJie6aHu#) ¥ CONPHUKOCHOBEHHSI € KHIKOCThIO. Ay m Az mpeacras-
JAI0T COBOH KBagpaThl COGCTBEHHBIX NApHUaJbHBEIX (BHIUHCICHHBIX
B NPEINONOXKEHHY H30JMHPOBAHHON PaGOTE) 4acCTOT MJIACTHH U pebep
JKECTKOCTH.

PaccmaTpuBasi rapMOHHYECKHe KoleGaHUS KOHCTPYKLHH H IIpH-
paBHHUBAs K HYJIO ONPEIENUTENb CHCTeMBl ypaBHeHHH (17), MoXHO
HONYYuTb (GOPMYJIY AJS OHpelesNeHHs COOCTBEHHBIX YAaCTOT IIa-
CTHHBl U peGep KeCTKOCTH (B ¢2) ¢ y4eToM HX B3auMOAEHCTBHA®

32 o A1t A V(A4 A3)2 — 44 A3(1 — Aody) (18)
b 2 (1~ Aody) '

TlpuBenem BBIpaXKeHUS HNJs OCHOBHHIX, MNPEACTABJSIONIMX HaH-
OONbLIKME NPaKTUUeCKHH HHTEpeC YCJIOBHH 3aKpeNJICHHS Ha OMOPHOM
KOHTYpe IJIACTHH ¥ NMOAXPENISIOMHuX ux pedep.

! Tpu ucnosp3oBanuu Gopmyasl (18) mnHorma mnomyvaercsi Manasi pasHOCTb
6mu3KHX BeJauyMH. Bo u3GeikaHne 3HAYHTENBHBIX NMOIPENIHOCTEH DACYETOB B TaKHX
cayyasgx MOXKeT ObIThb HCIOJb30BAHA NPHOJMKeHHAas (QOpMyaa AJS ONPENeNeHHS
TIepBOil M3 COBMECTHBIX YAcTOT IJIACTHHE M NORKPelVIsiomux ee peGep (B c~%),
Jaomas JOCTATOYHYI0 TOYHOCTh Pacyera: .

7\2=__£1:4§_
1= A+ 45

2  3ax. Ne 341 17
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1. Tlnactuua XecTko 3ajenaHa Ha pebpax, pebpa M KOPOTKHE
CTOPOHHI INIACTHHBI CBOGOLHO OIIePTHI:

t= i [14 ) <\en,,—1>(\fn—"1>j,

A =iy (17 (5] + 5 (5]

(19)
A = 2mnvn [ + V— " O — 1) (a — 1)]
T

2. IMnacTura XecTKO 3ajenaHa 1Mo KOHTYpPY, pebpa KecTKo 3a-
HOeJaHbl 10 KOHLAM:

om0
A3=1_6(_1)4E_J . J

3 b myvpa *

(20)

Ao 1 Az OnpeensiioTes Mo COOTBETCTBYIOIINM BhIpaxKerusam (19).

B Bripaxenuax (19) u (20) npusaTh crenyomue 0603HAUCHHA:
my— MpHBEJEeHHAd Macca eMHHOBl IJOWIaAM NJIacTHHEL C yue-
TOM pacrnpefie/eHHOR MO NMOBEPXHOCTH IJIACTHHBEI MacChl pebep XKe-
cTkoCTH; E — MOAy/Jib HOpMAaJIbHOM YIPYTOCTH MaTepuana KOHCTPYK-
uuu; D — NUJAMHAPHYECKAS KECTKOCTh IIIACTHHBL; J — MOMEHT HHED-
WK [ONEPEYHOro CeyeHHs pebpa XKeCTKOCTH (C NPHCOeLHHEHHBIM
HOSICKOM) ; Yoy W Vg — K03 (UINeHTE!, YUUTHIBAIOIIHE BJIUSHUEC MPU-
COeIMHEHHBIX MacC, OGYCHOBJEHHBIX KOJEOAHHSIMH COOTBETCTBEHHO
IJACTHHEL W TIOJfA., vyy ONpeHensercs no BeipaxeHusm (15), (16);
Vg — 0 BEIPaXKEHHIO

a1 () (pr ). @n

Koadhdunuents u(—%) "W (—f—) HaxojasTcs N0 rpaduxam

(puc. 5—9) B 3aBHCHMOCTH OT XapaKrepa 3aKpenJieHHs IJACTHH
U pebep XKeCTKOCTH.

Ecny KOHCTPYKIMSA CONPHKACAETCS C FKUAKOCTBIO OLHOM CTOPO-
HOM, CJefyeT MOJMOXUTb B Bhipaxenun (21) p:=0. IIpn xomebanuax
KOHCTPYKIIHH B BO3JAYXE Vyg = Vg = 1.

3. Hns muacTHHBL ¢ OTHOIIEHHEM CTOPOH GoJsee 2,5 (miacTHHA
MOXKET PaccMaTPUBAThCs KaK 0ajika-moJiocKa) BbIpaxeHus mis Ay
u As 6ynyt:

16Dmt v .
A= 3atmyy, A3_amn\an K (22)

Ao n A, Briymcasiiores no Beipaxenusam (19).
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Bxogsamas B As peaumumna V mpeicrtaBasieT coGOH KeECTKOCTD
YIPYro# ONOpPHEl 6aNKH-TI0JO0CKH

at .
rAe o— 6e3pa3MepHbIA Ko3(DUIMEHT, 3aBUCAUIHA OT 3aKpeNyeHHs
KOHIIOB pebep kecTKocTH (cM. Taba. 2).

Beauuunsl, Bxopsamue B ¢opmyasl (18)—(23), supaxawTcs
B KHJIOTpaMMax, CAHTHMETPax H CeKyHAax.

ITonyuennrie mo ¢opmyne (18) BeAHUUHBI NPEACTABASIOT cOGOH
YacTOThl CBOOOIHBIX KOJMeGaHUl NJACTUHBL U pebep XKEeCTKOCTH, BEHI-
YHCJAEHHBIE C YUETOM HX B3aHMOJAEHCTBUSA, KOTOPOE CYHIECTBEHHO #3-
MeHseT COGCTBEHHble YaCTOTHl 3/71eMEHTOB KOHCTPYKIINH, ONpeLesieH-
Hble B NPEJINONIOXKEHUN HUX H30MupoBaHHOH paboth. Ilpu aTomM, Kak
H3BECTHO U3 TEOPHH KoNeOaHHUi, YIeT COBMECTHOCTH YMeHbIIAeT HU3-
Y0 H3 NapUHaJbHBEIX YaCTOT CHCTEMBl M YBEJHWUYHMBAET BEICUIVIO.!
Bauanaue yKa3aHHOrO B3aUMOAEHCTBUS HA YACTOTHI KOPIYCHBIX KOH-
crpykuuit cocraenasier 20—40%. Ilpu KomeGaHUAX KOHCTPYKIIMH
B JKHJKOCTH BBHICIIAS HaCTOTAd €€ - COBMECTHHIX KOJeOGaHHH MOMKET
OBITE B OBa-—TDPH pal3a OoJblle NMapnHajbHOA YAaCTOTHI, BHIUHCJ/IEH-
HOH C YYeTOM BJUSHUS HOPHCOEAHMHEHHBIX MacC XHAKOCTH. D10 06b-
SICHSETCS TEM, UTO JBUMKEHHE IJIACTHHB W pefep Iipu KosaeGaHugx
KOHCTPYKIMHU ¢ BHICHIeH yacToTol (A2) HampaBJsieHO HABCTPeUy APYT
IPYry, IO3TOMY BJUSHHS HIPHCOEIMHEHHBIX Macc, 00YCIOBIEHHBIX
KoJeOaHuAME IO U IJIACTHHBI, B 3HAUUTENBHOH CTENeHH KaK OBl
B3aMMHO YHHUTOXKAIOTCS.

BbIHY)XIEHHBIE KOJIEBAHHUA NJACTHH H PEBEP )KECTKOCTH

IlnacTuHbl, NOAKPENnJdeHHble YAPYTHMH peGpaMu

HauGonpmunil nHTepec ¢ TOYKH 3PEHHS MPOYHOCTH KOHCTPYKIHH
UPEACTABJISIOT CHMMETPHYHBIE (DOPMBI HX KoJeGaHHUl, Npyu KOTOPBIX
MaKCHMaJbHble HANpsSXeHHS BO3HMKAIOT Ha ONOPHOM KOHTYpe IJa-
CTHHBI, I'le YCTAJOCTHAS NPOYHOCTb KOHCTPYKLMH 3HAUUTEIBHO CHU-
JKeHa 3a CYeT CBApKH.

PaccmoTpuM ciyuail OZHOBDPEMEHHOrO BO3ZEHCTBHS HYJAbCUPYIO-
[UHX AAaBJEHHH OT paGOThl rpeGHBIX BUHTOB U HHEPLHOHHBEIX YCUAUH,
00yCaI0BIeHHBIX o0mmeli BuOpanueli xoprnyca. KoHCTpyKuus OZHOH
CTOPOHO# collpuKacaercsi ¢ 3aBOPTHOM BOAOH, NPYro# — ¢ KUIAKO-
CTBIO B IIMCTEPHE. -

lnaleHaJIbeIe YacTOThl MJIACTHHDBI H pe6pa COOTBETCTBCHHO PaBHBL:

7\rm = V‘TI’ 7‘p = V:I?; (24)

B peasnbHBEIX CYyZOBBHIX KOHCTDYKUHAX HH3LIYIO WAaCTOTY MOIYT MMETh Kak Iuia-
CTHHa, TaK H pebpo. .
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Cuauasa mpHBENEHE Pe3y/bTaThl pPellleHHs 3afa4yl O BHIHYKAEH-
HOH BHUOpAIHKM Hepaspe3HOH NJIACTHHB, NOJAKPENJIeHHOH YIPYTHMH
pe6pamu. BenencrBre yOpyrocTH KOHCTPYKLHH ¥ ee KosieOaHuil BMe-
CTe ¢ KOPTIYCOM CYHHA ¥ OTHOCHTENBHO HEro, KOHCTPYKUHUS B KAXAOM
K3 COCTABJSIOIMX JBHKEHUs yBJAeKaeT 3a cob0l ONpefefeHHOE KO-
JIMYECTBO MKHUAKOCTU (NMPHUCOeIUHEHHbIe MAacChl KOHCTPYKIHMH, 00yc-
JIOBJICHHEBIE NaHHHIM BHAOM KojeGanuii). IlosToMy B3amMogeHCTBHE
KOHCTPYKIHH C OKPYXalomiel XKHAKOCTBIO SIBJISETCS BeCbMa CJIOXK-
HeIM. 1 310 OTpaxaercs Ha TMAPOJHHAMUYECKOM /IaBJIeHI/II/I OKas3Hl-
BaeMOM XKHIKOCTBIO HA KOHCTDPYKIIHIO.

. Pemas 3agauy sHepreTHueCKHM METONOM H IPeACTaBJAsA ofluiee
nepeMelleHne IJAaCTHHB B BAJE CYMMbl OTHENbHBIX €r0o COCTaBJSAIO-

mux |
z(x, y, t)y=wpsinot-+w ()¢ (y)+w () e(x ¥), (29)

TIe Wy H ® — aMILIETYZla W 4acToTa KoJeOaHHH XKeCTKHX CBA3eH
Kopmyca cyaHa (oGiuexomoBo#l BuOpanuu); wi(f) u w (f) — 06006-
IEHHbIe KOOPAMHATH, XapaKTepHsylolllue nepeMelleHus pebep xe-
CTKOCTH OTHOCHTEJBHO KOPIyCa W IJIACTHHH OTHOCHTEJILHO Debep;
Y (y) u ¢(x, y) — dopMbl KoNeGaHUH COOTBETCTBEHHO pelep M OT-
IeJIbHOK miacTHHB (B Hpeaeiax Mexny pebpaMu), MOXKHO cocTa-
BUTh BBIpAXXEHHs [JIs1 ITOTEHIHAJbHOH ¥ KHHETHYECKOH SHEPTUH CH-
CTEMB! KOHCTPYKIUS—KHIKOCTb. IIPH 5TOM B BHIpaXKeHHUA AJS KUHe-
THYECKOH SHEPTHH CHCTEMBI, KDPOMe UJIEHOB, IPONOPIHOHAMbHBIX
KBagpaTaMm OGOCIIEHHBIX KOODAMHAT, MHOJXKHB BXOIAHWTH TaKkKe
W YIeHbl, MPONOPILHOHA/BHEIE HX TPOU3BEJEHHUIO. llocnennve yun-
THIBAIOT B3aUMOJEHCTBHE 3JIEMEHTOB KOHCTPYKIMHM H IPHUCOEIHHEH-
HBIX Macc, OGYCJAOBJIEHHBIX OTHAENbHLIMH COCTABJAIINMH €€ JBH-
JKEHUS.

Cocras/ieHHe BBIPQXKEHUH [/ KHHETHUECKOH M IOTeHUHAaJbHOH
SMEPTHH CaMOH KOHCTPYKIUHMH TPYAHOCTH He IpeJCTaBJseT. Buipaxe-
HHE IJIS KHHEeTHUECKOH 3HEepPTHU BOBJIEKAEMOHN B IBHIKEHHE XKHUIKO-
CTH IIPH NPUBEJEHHBIX BLIIIIE YCJAOBUSAX CONPHKOCHOBEHHS C HelO KOH-
CTPYKIINY MOXKeT ObITh NMPEACTABJAEHO B BUIE

1 - -
Ty =5 {(Marb-Mer) (o cOs 084 My -+ My’
. 3 £ . FVEYCE
2w cos of [y () MMat-V MecMz) -+ (V McMirat
+V M) | 42000, V WM} (26)
311er qepes M ¢ éOOTBETCTBYIOULYIMI/I UHaeKcaMu 0003HaYeHkl
0606HleHHbIe NPUCOCAUHEHHbIC MACChHI KHUJKOCTH, IPUXOASAIIUECT Ha
NOBEPXHOCTh OTAENBHOH TIIACTHHB (OTPAaHMYEHHOH pefpaMH KeCT-
KOCTH) ¥ OOYCJIOBJEHHBIE:

- My — Kole6aHHAME Kophoyca cyaHa (IJacTHHA IepeMeniaercs
KaK TBepAOe TeJo BMeCTe ¢ KopmycoMm); Mp— KoleOaHuAMH IO
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(mepeMeleHnsiMH IIACTHHEL BMeCTe C pe6paMH KeCTKOCTH) ; Mpn —

KOJIeGaHHIMU IIaCTHHBl OTHOCHTENbHO pebep; Mey— MACCOH KuA-

KOCTH, IPUXOASIIEHCS HA OTAeNbHYIO IJIACTHHY M CO31aBaeMOH CTOM-
60M XHIKOCTH (BBICOTA KOTOPOTO 3aBHCHT OT HampaBJeHHs Kojeba-
HU# KOpIyca) B LIUCTEpHE.

[IpuBeneHHEle TPUCOEINHEHHbIE MAacChl MOTYT OBITh OIpeJeseHbl
N0 CJAEYIOMIHM BEIPAXKEHHSIM:

a b
M=mab; Mo=m.ab; M=y (vn—l)”?"’ (v) dxdy;
00

Maz=11 (g — 1) f()\’@ (x, y)dxdy. @27)

0

Bxopsamue cioga 0603HaueHus IpUBEIEHH pPaHee.
Beauuunst M* w M7~ 1npeicraBifior coGOM IPHCOENHHEHHbBIE

MacChl € OJHOH CTOPOHBI KOHCTPYKIMH, HE3aBHCHMO OT TOTO, OJHOM
HJIM JBYMS CTOPOHAMH OHA CONPHKAcaeTcs C KHUAKOCTbIO. UJieHbl
B BblpaxeHun (26), conepiKallne 5TH BEJIUYHUHBI, XapaKTEPHU3YIOT
B3aUMOJEHCTBUE KHUIKOCTH B LUCTEDHE HJH NPHCOENHHEHHBIX Macc
3a6OPTHON BOAKI, OGYCJAOBJIEHHBIX o0mell BuOpanued, ¢ IPUCOENH-
HEHHBIMH MaccaMy M’*;I HJu M"l‘m, BbI3BAHHBIMM KOJI€OAHHUIMH caMOH

KOHCTPYKIHH (II0JIsl HJIH [IJTaCTHHEL) .

Juddepennuanbible ypaBHEHHS BBIHYXKICHHBIX KOJNeOAHHI CH-
CTEMBl KOHCTPYKUMS—KHUAKOCTD MOTYT OBITh IOJYYEHbI, HAIpUMEP,
C moMomIblo ypaBHeHu# Jlarpamxka. /1S MJIaCTHHBI, HOLKPeENIeHHON
pe6paMyu KeCTKOCTH, 3TH YPaBHEHHs C Y4E€TOM HEYIPYroro cOmpo-
THBJEHHS KOHCTPYKUMH, npousBomuMuiM 1o rumotese E. C. Copo-
kuHa [8], uMeroT BUA, '

W@ - Agy - A, (1-4-is) w=Pe'™,
WAy As (14-ie,) @, = Py’ (28)

rie & H &€ — Ko3bdUIUeHTH HEYNPYTroro CONPOTHBAEHHUS TIACTHHB
u.pebep; P u Py — 0606IIeHHbIEe CHJIbI, OTHECEHHbIE COOTBETCTBEHHO
K TIpUBENEHHOI Macce ITacTHHE U pedpa.

Koshounuentsr Ao, A1, Az, As v o6obimennre cuanl P u Py 3a-
BHCAT OT GOpMH KOjeGaHUH KOHCTPYKIHUM (YCJIOBHH 3aKpelJIeHUs
Ha omopHoM KoHType). IlepBbie ONpefeNsIOTCA 110 BBIPAXKEHUAM
(19), (20) wuam (22). TlpemcraBuM BHIpaxeHus AJg 060OuIeH-
HBIX cuat P u Py mpu OZHOBPEMEHHOM BO3AEHCTBHH MYyJbCHPYIOIIUX
NAaBJEHHH OT TPeOHBIX BUHTOB M HHEPHIHOHHBIX YCHJHH, 06YyC/IOB-
JEeHHHX 00Iell Bubpanyell, ¥ TeX K€ YCJIOBUH 3aKPeIJIeHHSI KOHCT-
pYKH,I/I;lI Ha ONOPHOM KOHTYpe, AJs KOTOPLIX NOJY4eHb KO3pduum-
eHTH A;.
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1. Tlnactuna xectko 3ajgenaHa Ha pebpax, pefpa H KOPOTKHE

KPOMKH IIJIACTHUHBI CBOOOMHO OIIePThI:

P— i {[ +V 8 (v 1) +

+V3 Per (ypn— I)JwOm + — a},

P=L{ L1V i+
+V 2 e (i 1)]w0m2+ = }

(29)

2. IlnacTuna XecTKO 3ajenaHa 10 KOHTYpPY, pe6pa )ecTKO 3ajie-

JIAHBI Ha Ollopax:

et 4 Y T
+—§— V% (v — 1)]w0w2+7p3};

{1V T 2 -+

+l/3 Mer *_1)]1:3)0(0 —-}—_n-z;'ps}'

(30)

3. IlracTuHa ¢ OTHOLUEHHEM CTOPOH ONOPHOTO KOHTYpa Goilee

2,5, pebpa /T06bIM 00pasoM 3aKpernyieHsl o KoHnam i:

P (| +V 3 5D+
+V%%wmwhW+%M:
A+ V-

l/’”“ (n— 1) [+ o).

(31)

B suipaxenusx (29)—(31) uepes pp 0GO3HAYEHO aAMILIHTYLHOE
3HAUEHHE IIYJIbCHDYIOUIUX HABJAEHHH OT pa60TbI rpe6H1>1x BHHTOB.

Kosdduuments nprcoenyHeHHEX Macc vip B OVE

ONPEnENATCA

HCXOAS M3 OJHOCTOPOHHErO COHpPIKOCHOBeHHH KOHCprKuHH C KHI-
KOCTBIO, KO9Q(PUIUHEHTH Vyy M Vo — HCXOAS H3 (DAKTHUECKHX YCJIO-

BUH CONIPHKOCHOBEHHSA C KHAKOCTHIO.

! CreneHb 3afesku peGep xapakTepusyercs Bequuunolt V [em. dopmyay (23)].
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Ipu onpeneneHnn 06001eHHbX cull P u Py Gepercsa ajreGpauye-

cKasi cyMMa ycuiuii (C OAMHAKOBOH uacTOTOl) OT paGOThl rPeCHBIX
BHHTOB M HHEDIMOHHBIX YCHJIHH, 00yCJIOBJIEHHBIX obInel Bubpanuei
Kopmyca. MIx B3auMHOe HanpaBJeHHe 3aBHCHT OT COOTHOMIEHHsS CO0-
CTBEHHBIX YacTOT Kopmyca cynHa Ne W 4acToT BO3SMYILAIOMIMX YCH-
aui ®. [Ipu Ne> @ 3TH yCUJIUs CKIaABIBAIOTCS.

ITpH OTCYTCTBHH KaKUX-IHOO COCTaBASIOMMX ycmauit P u Py
B Bhipaxenusx (29)—(31) COOTBeTCTBYIOUIME BENHUYHHBI TOJNKHBI
6BITH NMOJOXKEHH paBHBIME HYMI0. Tak, BHe paloHa JEHCTBHUS IyNbCH-
PYIOIKX AaBJEHNUH OT paGoTH IPeGHBIX BHHTOB pp=0; /s BHYTpeH-
HHX KOHCTPYKUHH (He CONPHKACAIOUIHXCs ¢ 3a00PTHOH BOMOH): Mx=
=0u peg==0urT I '

Pemenne ypasHeru#i (28) NpHBOJUT K CAEAYIOIIHM BBHIPaXKEHUIM
IJIs ONpeleJeHHs aMIUINTY[ BHIHYKIEHHON BHODAHHH TIJIACTHH f
¥ TIOAKPEIJSIIOIUX UX pe6Gep KeCTKOCTH fi:

:V(MB + NC)2 4+ (NB — MC)?

f BT C2
(32)
_ V(MiB + NiC)2 + (N1B — M C)?
Si= BT C2 )

rage

B=A{As(1 —ee)) — (A1 +A3) 0?4 (1 — ApAg)o%;

C=A,4; (s-F&) — (ArsfAger) 0
M=PAs-(PAy—Py) 0?; N =PAg; (33)
M1=P1'A1+(PA2—P1) o?; Ny=PA¢.

dopmynamu (32) MOXHO HOJb30BATHCS HJsI pacdera BuIHYXK-
JeHHOH BHOpauun KOHCTPYKLIMH KaK DE3OHAHCHOH, TaK M Hepeso-
HAHCHOH, T. €. Npi JIOOBX COOTHOIUCHHSAX MEXAY YacTOoTaMu CBO-
BOIHBIX KOJeBGaHHH H 4acTOTAMH BO3MYIIAIOMIUX YCHJIUH.

Ilo MakcuMaJbHBIM aMIUIHTYAAM KoJeGaHuH IIacTHH M Debep
JKECTKOCTH MOXKHO, MOJB3ysich HOpMyJaMH HMX CTATHYECKOrO MHpO-
ru6a NpH COOTBETCTBYIOIEHl HArpyske, ONpPENeNHTh HaNpPsIKEHHs,

AeHCTBYIONME B JIOGOM CEUeHHH KOHCTPYKIMH (IJIACTHHH U pebep).

IInacTuHBI HA XKECTKOM KOHTYpE

AMIUIHTYAB KoJieGaHuil IIACTHH HA KECTKOM KOHTYpPEe MOTYT
GLITh ONpeMedeHE HENOCPEACTBEHHO AJIA JI000T0 ciaydasi 3akpemie-
HHsI UX Ha ONOPHOM KOHTYype: :

ab
§£v<x,y)dxdy _
7 B, (34)

0
a
.fgqﬂ (x, y)dxdy
0

adp
f=— an
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T

) Tze (p(x y) — ¢opma xosebanuii MIACTHHBI, o — KO3(DHUIHEHT, 3a-
‘ BHCSAUIMA OT 3aKPENJICHUs IJIACTHHB Ha ONOPHOM KOHTypE; p — AaB-
JIEHHe, NIPUXOASIEecs Ha eUHUIY HJOMANH IIACTHHBI; B — K03(-
(pHuHeHT JUHAMHAYHOCTH;

B— 1

© 712 ;
V(5T +=
€ — K03 QuilMeHT HEYIPYroro CONPOTUBJEHUS, PABHBIH AJAA IJIa-
CTHH cygoBoro kopuyca 0,03—0,05.

. Jns npactuH, KeCTKO 3afeJlaHHBIX HA ONOPHOM KOHTYpe, ¢op-
myna (34) npuMeT BUL

(35)

f=22 28, (36)

IaBJIeHHe NIPH COBMECTHOM MAEHCTBHH NYJbCHPYIOIIHX AaBJeHUE OT
TpeOHBIX BHHTOB M HHEDUMOHHBIX YCHJIHH, OOYCAOBJEHHBIX O6LIef
Bubpanuel Kopuyca,

pP= m[1+ 2 ]/mk (Vnn_l 3 ]/mm- n _1)}1}(‘) + Ps.
(37)

Jas nnacTHH, THYIMMXCS 1O NHIHHIDHYECKOH HOBEPXHOCTH
a
('T > 2,5) U JKeCTKO 3aJeJIaHHBIX 0 AJIUHHBIM KPOMKAaM,

r=5 (5= 58 - (39)
=1t V 2 G D+ V52 G 1)] o041
(39)

KPUTEPHH BUBPALLUOHHOM NMPOYHOCTH

KoprmycHble KOHCTDYKIHOHHEIE MaTrepHaldbl B KOPPOSHOHHOH
cpejle, a HEKOTOpLIe U3 HUX (aJ/IOMHHHEBO-MATHUEBbIE CIJIABE U 1P.)
H B BO3JyXe, He HMECIOT (DU3HUECKOro Ipefesa YCTaJOCTH: HX ycTa-
JOCTHAsT WJH KOPPO3HOHHO-YCTAJMOCTHAS MPOYHOCTH MOHOTOHHO
YMeHbIIaeTCq C POCTOM 4YMCJIa IlepeMeH Harpy3kd. B To XKe Bpems
y MaJOYyrJIePOAHCTHIX M HU3KOJETHMPOBAHHLIX CTaJjell (Hampumep,
craau CXJI-4) B BO3oyXe yCTaNOCTHBIE KPUBBIE BBIXONAT HA FOPH-
30HTAJb.

Ha puc. 10 npuBeneHs! yCTaNOCTHLIE KPUBHIE A/ CTANH MAapKu
CXJI-4 u ee pasjqHyHBIX CBAPHBIX COeJHHEHHII B pas3Hoi cpenre: ] —
OCHOBHOIl MeTaJl1 — B BO3AyXe; 2 — OCHOBHOH MeTasJs — B MODCKOH
BOJe; 3 — CTHIKOBOU IIOB — B BO3AYyXe; 4 — CTHIKOBOH LIOB — B MOP-
CKOH BOJe; 5 — TaBpOBBIH ABYXCTODOHHHH CIJIOLIHOM IIIOB — B BO3-
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Jpyxe; 6 -— TaBPOBBHIH ABYXCTOPOHHHI CIJIOIIHON NIOB — B MODCKOIiX
BOZLE. :

B cBsisu ¢ pasiuYHBIM XapaKTePOM YCTAaJOCTHHX KPUBLIX KPHTe-
pueM BHODPALHOHHOH NIPOYHOCTH MOTYT CJYKHTB:

-— JONyCKaeMble HaNpsKeHHs — [/ KOHCTPYKIHHA, H3rOTOBJEH-
HBIX H3 MaT€PHAJIOB, UMEIOUINX QU3HUECKUN HPEAe YCTad0CTH;

— AOJITOBEYHOCTb Ha TpeOyeMblH CPOK SKCILIyaTalMi — LIS KOH-
CTPYKLHH, M3rOTOBJEHHBIX M3 MaTepHas]OB, He HMEIOMHX (H3HYe-
CKOTO Tpejiena yCTaJoCTH.

Honyckaemble HANPSKEHHS ONPEREAIOTCH KAK TPees YCTado-
CTH KOHCTDYKIMH, NEJEHHBIM Ha KO3()(HIUEHT 3amaca, Y4UTHIBAIO-
M TIOrPEIIHOCTH B OmNpele-
JIEHUH BHEIIHEH HATPYSKH, HA- g yap/mm?
IPSXKEHUH M YCTAJOCTHHIX Xa- 30
PaKTEPHCTHK KOHCTPYKUHH. \\

ITox mosroseunocThio moO-

25

HHMAIOT CPOK CJyKOGBI KOHCT- AN
PYKILHH, B TeueHHe KOTOPOTO | -
rapantupyercsa ee paborocrno-  gg

2
COGHOCT B 3afaHHBIX YCJIO- \\ \@
P —

BHSIX SKCIUIyaTallii. 3a Mepy

ROJITOBEUHOCTH IpHHHMaercs 15 N5 4
BpeMsi pPaboOThl KOHCTPYKIHH \\§<

T or Havaxa JKCIIIyaTauuu

e —

IO TOSIBNeHHS TOBpEXAEHHMH. \ Do —F=mendoo--

YcioBue paspyledus, oc- . 7%5‘------ S
HOBaHHO€ Ha NpHHUHMIE JIH- .

7 w° 10° 107 0% 10°
HEHHOrO HAaKOIUIEHHSI ycCTa- N(sucao gunos)
JIOCTHBIX TOBPEXKIEHHH, UMeeT Ve yux
Bun [9] Puc. 10

Nap
Y=l (40)

k

rue Nak— JHCJO HUKJIOB C MAaKCHMaJbHbBIM HanpsaXKeHUeM Ok, COOT-

BETCTBYIOIUM JaHHOMY OIHOPOAHOMY DeXHMY H3MEHEHHs Hampsi-
*EHHl (BOSHUKAIOLUEMY HA KAKOM-JIHGO ONPELENeHHOM XOLO0BOM pe-
Kume cyiaHa); N* —mpenenbHOe 4YHC/IO LUKJOB NPH OXHOPOAHOM

HCHLITAHHH, COOTBETCTBYIOIIEE HANPAXKEHUIO Op U ONPENSISEeMOe IO
KPHUBBIM YCTaJOCTH. ’

®opmyna (40) mosyueHa Ha OCHOBAHWM HM3BECTHON THIIOTE3bl
O JIMHEAHOM CYMMHDPOBAHHM YCTAJIOCTHHIX HOBPEXJIECHHH, COMVIACHO
KOTOPO# Ka¥J0e HOBOE TOBPEXKIEHHE CYMMHPYeTCs C IOBpexje-
HUSIMH, BBISBAHHBIMH IIPEIUIECTBYIOMIMMH IHKJIAMH,

Jast onpenenenus TOMroBeYHOCTH KOHCTPYKIMH HYXKHO ONMpefe-
JUTb Mepy ee MoBpexieHus G 3a OAMH roJ 5KCIVIYATAUHUH, TPHHU-
Masg BO BHUMAaHME PasHble PeXUMEI pabOThl KOHCTPYKIUH H COOTBeT-
CTBYIOLIHE HM HaIPsKeHHs M YHC/IO UHMKJIOB Harpyxeuus. [lpu
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BO3MYUIAIIIUX YCUAUAX C JOMACTHOH UACTOTON U yuere Koaphuuu-
€HTAa 3amaca IPOYHOCTH 3Ta Mepa NOBPEeXIEHHS paBHA

G= GOzZ G ”kfk) | (41)

31ech np — 4uCI0 0GOPOTOB B MUHYTY TPeGHBIX BHHTOB Ha NaHHOM
pexXuMe XoJia CYAHA; {,— BpeMs XOJa CYAHa Ha JAHHOM peXHUMe
B TEUEHHe roja (B yacax); 2 — 4YHCIO JOmacredl TpeGHOro BHHTA;
(N*,)’ — npepenbHOE YHCIO IUK/IOB (IPH KOTOPOM JOJIKHO IPOH-

30HTH paspylleHHe KOHCTPYKLHHA), COOTBETCTBYIONIEE HANPIKEHUAM

K0y 3Hanenus (N?, )’ CHEMAIOTCS MO YCTAJOCTHBIM KPHBBHIM JJISL CO-

OTBETCTBYIOILIEro MaTepHaja M THUIA CBAapDHOTO COEIHHEHHS; Op —
MaKCHMAa/JbHble HANPSKEHHS, BLHIBBIBAEMble BHOPAIYOHHBIMH YCHU-
JHSIMH Ha PeXHMe X014 ny 06/MHuH; K — K03 dunueHT 3amaca npou-
HOCTH, YUYHTHIBAIOUIKH TOTPEIIHOCTh B OIpeJeseHHH BHEITHeH
HArpy3KHW, HANPSKEHHH, YCTAaJOCTHBIX XapaKTEPHCTHK KOHCTDYK-
W, a TakXKe YHCIa BOCHPHHATEIX KOHCTPYKLIHe#l HMKJIOB Harpy-
KeHHH.

CymmupoBanue B dopmysae (41) BefleTcsi S BCEX HCHOJIb3Yye-
MEBIX CyZHOM XONOBBIX PEXKHMOB.

Jlo/roBeUHOCTh KOHCTPYKIMH, ONpefenseMas B rofax, 6y11eT

1

T=—G—. (42)
Eciu Ha KxakoM-au60 XOA0BOM peXHMe BO3MOXKEH Pe30HAHC KOH-
CTPYKIIHH, ONpeeasiomuMn B Gopmyte (41) sBasiorcs: caaraeMele,
COOTBETCTBYIOIHE DE3OHAHCHOMY PEKHMY. JoJroBeYHOCTh B 3TOM
caAyyae € NOCTATOYHOHM TOUHOCTBIO MOKeT OHITh OIpeleseHa uepes

MEpPY HOBPEXK AEHHUS

nt

FAe 7 — YMCJ0 OGOPOTOB B MHHYTY TpPeGHEIX BHHTOB, IPDH KOTOPOM
BO3MOXKEH PE30HAHC KOHCTPYKIHM; f— BpeMsl XO#a CYAHa Ha pe-
XKuMe n o6/MHH B TeueHHe roja, d; (NP®)’ —mpeaenbHOE YHCIO

IIHKJIOB, COOTBETCTBYIOIUEE HATIPAXKEHUAM, PABHBIM KOpes.

G=60z

IlpuBenennrie B cratbe HOPMYJLI NO3BOJSIOT ONPEAENAUTL mMapa-
MeTPHl CBOGOAHEIX KOJeGaHUH M HaNpsKEeHHOe COCTOSIHWE KOHCTPYK-
IHH, BHI3HIBAEMOE OJHOBPEMEHHEIM BO3JEHCTBHEM MIYJIbCHPYIOMIHX
AaBjaeHud oT paboTalolux TIpeGHBIX BHHTOB ppSiN®f H YCHINH,
06yC/IOBIEHHBIX - KoJeGaHHeM  OHOPHOIO KOHTYPa KOHCTPYKIHH
W SiN ®f, a TaK¥kKe OLEHHTb CPOK ee CJayKOBl (rosaroBeunocTs). Pac-
yeTHble (GOPMYJIEI NOJTYYEHEl C YYETOM B3aUMOIEHCTBHS 3JIEMEHTOB
KOHCTPYKIHH MeXAY coGOH U ¢ OKpyXKalouled KHAKOCTBIO.
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IMpaBuibHOCTE W AOCTATOYHAS] TOYHOCTH INPHBEAEHHBIX (GOPMY.
GblJla HOATBEPIKIEHA COMOCTABJEHHEM Pe3yJIbTaTOB PacyeTa U 3KCIe-
pHMEHTa, MPOBEIEHHOrO Ha IMiaBamoluX cyaax. Ilpu pacuerax BH-
HYXIEHHON BUOGPAlMy NPH 5TOM HCIOJb30BANUCH MCTHHHBIE HCXOI-
HBle JaHHBIE (Wo U €), NOoJydeHHBle B HPOLECCe SKCIEePHMEHTA,

PacueTsl mapaMeTpoB CBOGOIHBIX M BLIHYXKAEHHBIX KOJeO0aHH#
IJIACTHH, MOJAKPEIJeHHEIX YIPYIMM HaGopOM, aBTOMAaTH3WPOBAHBL
Jas HHX CcOCTaBJeHBl COOTBETCTBYIOLIHE NPOTPaMMEI.
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M. H. Bnuwreiin

TPEBOBAHUS PETHCTPA CCCP
K KOHCTPYKTUBHOMY O®OPMJIEHUIO
¥3J10B KOPIIYCA'!

YunuThBasg sHaueHHe PaIHOHAJBHOTO KOHCTPYKTHBHOTO odopMie-
HASI Y3JI0B JJISL HANEXHOCTH Kopmyca, B riase 1.7 wactu II «Kop-
nyc» IIpasma Permcrpa [1] pernamMeHTHPOBaHH COOTBETCTBYIOILKE
TpeboBaHUs. , ‘

COEJUHEHHST BAJIOK HABOPA

[IpaBuiaMu IpelycMaTPHBAIOTCA COeNMHEHHs Oasok Habopa
(BRJIIOYAsi paMbl) NpH NOMOIIM KHHI. PasmMepsl KHMI[ DErjaMeH-
THPYIOTCSI B 3aBHCHMOCTH OT BEJHUYMHBI MOMEHTAa CONPOTHBJEHHUS

1 TIponosxkeHue craThd, OMYGIMKOBAHHON TION TEM JK€ HAasBaHHEM B HAyYHO-
rexunueckoM c6. Perucrpa CCCP, Bhm. 3, 1975 1.
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3akpenasieMoll 0aJiKH, pacueTHOH CXeMbl, IPHHATON npH BEIBOAE Hop-
myael IIpaBun pas onpemenenuss W asrtoift 6alku H KOHCTPYKIHH
ysJa coeluHeHus (KonuuectBa 3aszopos). Hanpumep, past xuul, 3a-
KpenJsiomux OUMCH, npeanuceiBaeTcs kKosdduuuert n=1,8, no-
cKOMBKY Won~ Wypon, @ AJS HUKHHUX KHHI[ CTOEK nepeGopok n=2,2,
'ra11< 7KaK B IlpaBunax npunarto nasi croek mepe6opok Won/Wipon=
o~ 94 .

B 3aBucuMocTH OT KO/iMuecTBa 3a30POB B y3/e COeJHUHEHHs Npel-
THCLIBAEMBIE pasMephl KHUIL MOTYT OBITH YMEHBUIEHBI, KAK YKa3aHO
Ha puc. 1.

YeTONUHBOCTE KHHI PErjiaMeHTHPYETCS OrpaHHYeHHEM CBepXy
BeJMYKHBl OTHOLIEHHST AJHHEL CBOOGOLHOH KPOMKH KHHIMI [ K ee TOJI-
I[{HE § B 3aBHCHMOCTH OT Ipefesa TeKydeCTH MaTepHasna KHHILHL

max40
¢ Yy Y
: aremr

3 32{/ QI/ {/
> P
g e=0,9¢, c=075¢c,

[ f—p o
>

Puc. 1. Omnpenesenue pasMepoB KHMI B 3aBHCHMOCTH OT
KOHCTPYKLUHH COELHHEHHS

Taxk, gasa cranau ¢ 0,=2400 xrc/cm2 sTa BelMuWHa COCTaBjsger 45,
a npu 6,=3000 krc/cm2— 40. TIpu //s, npeBuiaomEeM IONYCTHMYIO
TlpaBunamu, HeoGx0oauM HOSCOK umau ¢Janen. Chenyer IpuU 5TOM
06paTHTh BHHMAHHEe Ha JOCTATOYHO PAacnpoCTPaHeHHYIO OIIHOKY:
B OKOHEUYHOCTSIX TMPH COXPAaHEHHU HEH3MeHHEIMH Da3MepOB KaTeTOB
KHHIBI JJIHHA ee CBOGONHON KPOMKH yBenuuuBaercs (puc. 2). 3T0
TPUBOJHUT B Psife CIyuaeB K HEOOXOIMMOCTH MOAKDPEIVIEHHS CBOOOX-
HOI KPOMKH, 4TO He BCET[a YUHTHIBAETCS IPOEKTAHTOM. :

PapHpiM 06pa3oM MOXKET 0KasaTkCd, UYTO Takasg <«jIexadas»
KHHIA HMeeT MaJoe paboyee ceuenue (CM. puc. 2). .

BricoTa paGouero cedeHHs KHHIH 0e3 IIOSCKa MMM (uaHma LoJ-
KHa 6HTH He MeHee 0,7c, rae ¢ — npeanuceiBaeMuil IlpaBunamu
pasmep kHuIBL. OAHAKO OpW HaJuUYHY NOACKa Wid (uanuma sta Be-
JIMYUHA MOXKET GBITh YMEHbIIEHa HO COIVIACOBAHHIO ¢ Peructpom.

IIpasunamMu mpemycMaTpuBaeTcsl coeluHeHHe OaJok Habopa
(Bk/IIOUAst paMbl) BCTHIK. JIMIIB [JIST OCHOBHBEIX 0aJIOK HOIIEPEYHOTro
‘Ha0opa BHe palioHa WHTEHCUBHON BHODALUH AONYCKAaIOTCH COeLHHe-
HHS BHaxJecTKy. IIpu aTOM [Js CYZOB, IPH NPOEKTHPOBAHHUH KOTO-
PBIX MOXHO NpeANoJaraTh, 4TO BHOpalUs B MAlIHHHOM OTHC/ICHHH
6yoeT NpakTHYECKU OTCYTCTBOBATD !, MOXET OBITH ZONYILEHO COemH-

1 FMeeTcs B BHLY TOJIOXKHTENbHBI OIMBIT 3KCIyaTauuu Cyaos, GIU3KUX K npo-
€KTHPYEMOMY IO DPa3MEPEHHSAM, PacCIiONOXKEHUIO, MOUIHOCTH CHJIOBOR YCTaHOBKH H
JABHUKUTEAAM.
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HeHue GuJI0K IONEPeyHoro HaGopa B pafioHe MAaIIMHHOTO OTAeIeHHS
BHAXJIECTKY. -
Cuaenyer o6pauiaTh BHIMaHHe HA IPOYHOCTD ONOPHBIX KOHCTPYK-
usii. OyeBuAHO, UYTO, HECMOTPSI HA YCTAHOBKY KHHIL TPeGyeMBIX
. pasMepoB, 3akpemenre 6aJKH He MOXKET pacCMaTpHBAThCcd KakK Ha-
JICXKHO€, €C/IH IpU AedCTBUM Ha 6alKy DacyeTHOH HarpysKH OIOp-
Has KOHCTPYKIHSA TepsieT yCTOHUUBOCTL (pHC. 3).

s4. sl
i
!
i
Puc. 2. PaaMephl «iexaueil» KHHIbI Puc. 3. Henpasuabuas KoHcT-
(A — BBICOTA KHHIIH) PYKUHS 3aKpelsieHHst KapJ/HHTCa

[IpaBunamu pernaMeHTHPYIOTCS HETAIH COeNHHEHHS pam. Kpome
nepefavyy H3rubalomMX MOMEHTOB, NEPepe3bIBAOIIAX CHJ U npo-
JOJIBHBIX YCHIIMH, 0G€CIeunBaeTCs YCTOAUHBOCTD KAK CTEHOK, TAK H
I0CKOB COENMHEHHUS NPH Pa3NHYHEIX BAPHAHTAX €r0 KOHCTPYKTHB-
HOro oQopMJIeHHS. _

K coennnenusiM 6allok ¢ paMaMi NpexbsBJISIOTCS TpeGOBaHUs
AOCTATOYHOCTH CEUEHHS CBAPHBIX LIBOB JJIl NEPEJAul PEaKIHU OT
6anox Ha creHku paM. [loTepu mio-
mafyd CTEHKH paMbl H3-3a BHIpe-
30B JJs IpoxXoma 0anok, a Takxke
BEJTHYHHBI KO3(PODHIHEHTOB KOHIIEH-
TPal¥Hd B yIJaX STUX BHIPE3OB
HO/XKHEL  OBITh ~ MHHMMaJbHBIMH.
B llpaBmnax persaMeHTHpyOTCS
MUHMMAaJbHblE 3HAYEHHS IIJONIAAH
CEeUYeHHsi CBAPHBIX HIBOB, COENMHSIO-
wHx  6aJKy C paMmMoi, a TakKxe
IIOLaAN CEeYEHHs CTEHKU paMbl  Puc. 4. dopma BbIpesa CTEHKH pambl
B JM1000M MecTe IO JJIHHE €e IIpo-
aera. C HeJbI0 CHHKEHUS KO3((HIUMEHTa KOHIEHTDAIMH B yriax
BEIDE30B B CTE€HKAaX paM JIJist npoxoaa 6a/nok Perucrpom npeiuch-
BAeTCs. MUHUMAaJ/bHAsl BEJUYHHA PAfHyca CKPYIVIEHHS YIJIOB BHPE3OB
H OJOCpEHBI COOTBETCTBYIOIIHE CTAHAAPTHL [lepPCHEKTHBHBIM Ipei-
CTaBJISETCS NPUMEHeHHEe BHIPE30B, HMEIOIHX (OPMY COrIacHO pHC. 4.
Pagymeercs, Bo Bcex C/Iyyasix KPOMKH BHIPE30B LOJKHE GHITh IVI1aj-

Ias coenuHenus 6ajok ¢ paMaMH B TAHKAX GOJIBIIHX TaHKEPOB
NDUMEHSAIOTCS 'OCBIYHO  YaJibl, TIOKasaHHEle Ha puc. 5. ITpexmou-
THTEJLHON SIBJISIETCS KOHCTPYKIHS, B KOTODPOH COeJHHEHHe GajkH
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C paMoH oCyliecTBJAsETCS ¢ 00EHX CTOPOH OT CTEHKH paMbl, YeM CHH-
JXKaercs KOHIEHTpalus HanpsKeHHH B MeCTe COeNMHEHHs HHUKHEro
KOHIa pe0pa XKeCTKOCTH IO CTeHKe paMul ¢ 6ankoir. 1o 0CcOGEHHO
CYIIECTBEHHO IIpM HArpyske HOPMAaJbHOH NJIOCKOCTH CTEHKHU DaMBL:
IpH THAPOAMHAMHYECKHUX NABJAEHHSIX B TaHKaX, a TaKke IpPH BHOpPa-
IIHOHHBIX Harpyskax.

YTo6H HCKJIOURTL HOSBJAEHHE TPEIIUH H3-3a JKEeCTKUX Touek [2],
[IpaBusamu He gomyckaercss ONHUpaHue KHUIL WJIH KOHIOB 6ajoK Ha

_ /]
I e

Puc. 5. 3axpeneHne KOHIOB pefep XeCTKOCTH paM Ha Gaj-
Kax IVIaBHOTO HaNpaBJEHUS

HemojKpenjeHHble HaBOPOM Y4YacTKU OOLIMBKU WJH HACTHIA HENPO-
HHIIA€MBIX KOHCTPYKHHE. PaBHHIM 06pasoM He NONYCKAETCS HPOIY-
ckaTh Gasky Habopa HeNOCPEICTBEHHO uepe3 OOIUNHUBKY HJH uepe3

a—a

N

ia Puc. 6. HenpaBuneHast KOHCT-

PYKUHs DOPOXOAA IPOMEXY-

TOYHOrO IIMAHrOyTa 4Yepes He-
NpoHUNaeMYyI0 nanxyly:

] — TPELIUHHEl ¥ «XKECTKHX TOYEK?»;
2 — nanyba

HACTHJ HEOPOHUIAEMBIX KOHCTDYKHIMH 0e3 IepeBs3KH ¢ OaHKah-
muMu 6ankamu HaGopa (puc. 6). AHajorHyHBIE TpeﬁoBaHI/Iﬂ npens-
SIBJIFIOTCS W K NPOHHIAEeMBIM KOHCTDYKLHAM B panonax MHTEHCHB-
HOI BHOpaNUA.

JHHUILE

OpuuapHoe QHO HCIOJB3yercs, KaK NPaBHJIO, Ha MaJbX CyAax
WY Ha OTHEJBHBIX yu4acTKax (GoJblledl yacThi0 B HOCOBOH HJIH KOP-
MOBOH OKOHEUHOCTSIX) CYXOIPY3HBIX CynoB Gousbiuux niuH. Ompene-
JSIOMHM IPH HA3HAYEHUH Da3MEPOB 3JIEMEHTOB KOHCTPYKIHMH OJM-
HAPHOTO [HAa [PHU 3THX YCJIOBHAX SBJASETCS IONepeuHas Harpysxa.
TTockONIbKY pacCTOSTHHUSI MEXKAY HOIEPEYHBIMH Tepe6opKaMu OOLIYHO
IPEBHINAIOT IMHPHHY CYAHA, TO HaHOOJee HANDPSIKEHHBIMH CBS3TMH
npu 31oM sigasiorcst Gaopsl. Eciu M3 KOHCTPYKTHBHBIX HJIH TEXHO-
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JIOTHYECKHX COOOpaXKEeHH BEPTHKAMBHBIH KH/Ib NPEfiyCMaTPHBAETCS
HePa3pesHbIM OT NepeGOpKHU JO nepefopKH, TO COefHHEHHe MOSICKOB
({JIOPOB C IOSICKOM BEPTHKAJNbHOTO KHJISI NOJKHO BBIIOJHSATHCSH, KAK
[I0Ka3aHo Ha puc..7.

IlpaBunamu mpeanuchiBaercs s ABOMHONO JHA YCTAHOBKA pe-
6ep XKeCTKOCTH (PJIOPOB HA PACCTOSHHUSAX, 00ECIEUHBAIOIUX YCTONUH-

1

:,/2 —t
t

1

1

Prc. 7. Yanel ycuieHHs COeMHEHH C - = ;:F)_ ___&F_éz
[TOSICKOB IPOAOJbHEIX H IOIEePEeYHBbIX | < 3

CBs3ell AHHINA: \ / \ \__\

1 1] 4

i ] — TOSICOK BePTHKAJBLHOIO KuJIsi; 2 — HOos-
i cok ¢uopa; 3 — kKHHHA; 4 — NEPEXOMHBIl
3J€MEHT L]

] BOCTb NIOCJEHHX, ONHAKO HE PeXe ueM Ha KaxKAOH BTOPOH IPOJIOJIb-
| HO¥ juuileroll Ganke. Kpome TOro Tpefyercs, utoGbl KOHIHI pebep
‘» XKECTKOCTH (JIOPOB NPHBAPHBANUCh K MPOJOJBHBIM GankaMm IHHUINA
1 Broporo nHa. Ilenecoo6pasHo mpemycMaTpuBaTh IepeBsi3KYy KaixK-
HOH mapbl NPOAOJILHLIX Ga/IOK AHUILIA ¥ BTOPOTO AHA, TAK KAK CO3/a-
BaeMble TeM CaMbiM 0e3pacKocHble (epMBl NOBBLIUAT HPOYHOCTD
IHHINEBOTO IepeKPHITHS.

Kak usBecTHO, 3HAUHTE/IBHEIE TPYAHOCTH BOSHHKAIOT IPH CBapKe
MOHTAXHBIX CTBIKOB 0a/IOK YTOJKOBOTO HJIH HOJOCOGY/IBGOBOrO Mpo-

B

) e —————

- N

Puc. 8. KoHcTpykuus ycuieHHS CTHKA Gajiky

¢uist: TpyaHO o6ecneunth TpeSyeMoe KaueCTBO CTHIKOBOTO IIBA IIO-
fcka (Oynp6a). [ NOBEILIEHHS HAJEKHOCTH COENMHEHHS 3TH
CTBIKM PaCNoJaraioT NOJ KHUUAMH, 6paKeTaMu U T. II. 3JeMeHTaMH,
pasrpyxaiomumu mwos. [Ipy HeBO3MOXKHOCTH YCTAHOBKH YKa3aHHBIX
9JIEMEHTOB NOTyCKAaeTCsl YCH/IEHHE CThIKA, KAK NOKas3aHO Ha pHc. 8.
OnHako BO BCeX CaIyyasXx KAueCTBO CTHIKOBOTO IIBA CTEHKH (rosicok
IIpH STOM Cpe3aeTcss A0 CTEHKH) MNOJKHO COOTBETCTBOBATH TPedo-
BauusaMm Ilpasud.

Hasnnune xanasoB 1 (#/M) yCTYNoB BO BTOPOM [LHE MOMKET YMEeHb-
IHTH NPOYHOCTD AHHILEBOrO NEPEKPHITHS M IMPHBECTH K TPEUIHHAM.
910 06YCIOBIUBACTCS TEM, UTO B MECTe BBIEMKH /IS KaHAJTA HJIH
ycTyna mpouCXoAAT IOTepsl IJIOLIAaAy MPHCOSIHHEHHOTO TOSICKA Ha-
CTH/Ia BTOPOTO JHA M YMEHBLIEHHE BBICOTHI CBsI3u (pHC. 9), a TaKxe
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H HeJOCTATOYHLIM CKPYTJIEHHEM YIJIOB BLIPE30B B CTEHKAX CBSA3CH.
[1o5TOMY KOHCTPYKUHH KaHAJIOB H YCTYNOB BO BTOPOM AHE TpebyioT
IOBLILIEHHOrO BHUMAHHA NIPH OPOEKTHPOBAHUH M H3TOTOBJIEHHUH.

Oco6eBHO 3TO BaXHO /s KOHCTPYKIMH ABOMHOTO AHA B MAaIIHH-
HOM OTJeJIeHHH.

3acayXKuBaeT BHUMaHHS KOHCTPYKTHBHOe odopmienne ysnia CO-
eIMHEHUS ABOMHOrO AHA C ABOMHEIM G0pTOM. B TO Bpems Kak HpH
TPAJHIHOHHON KOHCTPYKIUA ABOHHOE JIHO CYMTALTCH cBOOONHO OMEP-

lA Bud A

Puc. 9. VsMeHeHHe CceyeHUs CBS3M B MeCTe KaHaJja

! —cxeMa H3MeHeHHs IIHPHHBI NPHCOELHHEHHOro IOsCKa;
92— creHxa ¢aopa (IHHMINEBOro CTPHHIepa HJM BEPTHKAlb-
HOTO KHJd)

THIM Ha 6OPTAaX, HajJMYUe ABOKHOro Gopra obGecneynBaeT ONPeAc/ieH-
HYIO CTeNeHb 3afeKu KOHIOB (uopos. loaromy npu TpagUIHOHHOK
KOHCTPYKIMH TIPEAMETOM BHHMAHHS SBJISETCA NPOUYHOCTE ~CTEHOK
¢0opoB y 60pTOB, Ha Ccpes. B KoHCTpyKIHH C ABOHHBIME GOpTaMH

a a—a

O

—

a

| Puc. 10. Coenunerne JBOHHOTO GOpTa C ABOMHLIM IHOM:

(@) 1— KHHa (KHHIBI); 2 —wmacrun Broporo aHa; (6) I—
KHHIBI, 2 — BHYTPEHHHH GOPT

H HeOGXONMMA NPOBEpPKA MPOUHOCTH (JIOPOB HA H3THG U CPe3 B Ceue-
HMH Y BHyTpeHHero 6opra.

HauGosee pacmpoCTpaHeHHOH OMMOKOM B KOHCTPYKUHH pac-
CMaTPYBAEMOTO y3Jia SIBJISeTCs Pe3Kuit 0OpLIB HACTHJIA BTOPOTO IHA
y BHyTpenHero Gopra (puc. 10, a), 4TO NPUBOAHUT K CYIIECTBEHHOMY

YBEJMUEHHIO HOPMAaJIbHBIX HaTIPSIKEeHHH.
PaBHEIM 06pa3oM, ecjd BHYTPeHHHE GOPT yCTAaHABIUBAETCS Ha

BTODPOE JHO, MOJIKHBI OBITh npexyCMOTPEHBL KOHCTPYKTHBHbIE MEPO-
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NpHUATHS, o0ecneunBalolle NepeBsa3Ky OOIINBKY BHYTPEHHErO GopTa
¢ HabopoM nBo#HOTO nHa (puc. 10, 6).

CKyJioBble KHJIM — OfHA U3 HauOoJiee MOBPEXAAEMBEIX TPH IKC-
IIyaTaluu KOHCTPYKIME Kopnyca., OcoGeHHO BENHKH TOBPEKICHHS
CKYJIOBEIX KuJIeH (BOJAOTH [0 TOJMHOH HX YTEPH) VY CYIOB, IJIaBaio-
IIUX BO JbAax. IloaToMy nipu oLlieHKe OCTONYHBOCTH TaKHX CYIOB Ha-
JIHYKe CKYJIOBBIX KHJIeH He NOJIKHO NPHHUMAThCS BO BHHUMAaHHE,

ITockoabKy CKysOBble KHMJHM BKJIOUAIOTCS B OGMIME H3THG KOp-
nyca, IlpaBumaMu perilameHTHPYIOTCS TpeGOBaHUS X MaTepHaIy
CKyJOBEIX Kuijell. Ciuemyer o6ecHeuHBATH YCTOMUHBOCTb CKYJOBBIX
xuJefl. OKOHUAHHS CKYJOBHIX KuJefl JOJKHBI BRIMOJHATHCA ILIABHO,
a KOHIBl HX CJeAYeT pPacmnojarath Ha JXKECTKHX CBSI3SIX JHUIIEBOTO
nepexpritug (puc. 11, a).

a) 8)

Puc. 11. Jletann KOHCTPYKLHH CKYJOBOILO ;PHC.JQ.()ﬁbeM-
KHJsE: Has " KOHCTPYK-

@ — y3eq OKOHUAHHA CKYJOBOTO KHAsS;, 6 — yaea oug - CKyJOBOro
CThIKa CTEHOK KHJIs

CTBIKH CTEHOK CKYJIOBOTO KUJISI HE JOJKHBI JOBOJAHUTHCS IO HOJ-
KnajHo# nyiaHku (puc. 11, 6).

Eciu nmo pnnHe CKyJOBOro KuJIs NPELYCMATPUBAIOTCS Da3pessl,
TO KOHCTPYKTHBHOE O(QOPMJIEHHE 3THX MECT J[IOJKHO COOTBETCTBO-
BaTb TPeGOBAHUSIM, UPEABSBJIAEMBIM K MECTaM OKOHYAHHS CKYJO-
BHIX KHJeH. ‘:

CyuiecTBeHHOE YBeJHYEHHE NIONEPEYHOH TPOYHOCTH CKYJIOBBIX KH-
JIefl MOXKeT ObITh NOCTHTHYTO IIPHMEHEHHEM OGBEMHON KOHCTPYKIHH
(puc. 12). OpHako BecbMa 3aTPYAHUTENbHBIM IIPH 3TOM SIBJSETCS
BOTIPOC HaJeKHOH KOHCEPBALUWHM BHYTPEHHEH IIOJIOCTH CKYJIOBOTO
KHJIS.

BOPT

IlpaBunamu mpepycmaTpuBaercs, 4T0 CBOGOZHAS KPOMKA IIHp-
CTpeKa JOJKHA OBITb IJIaAKOH M CKPYIJIEHHON B IIONEPEYHOM Ha-
npapiedny. Kax mpasuio, He AOTMyCKaioTCst KaKHe-TuGO NPHBAPKH
K cBOGOJHOH KPOMKe IIHpCTpeKa B patione 0,61 B cpexuelr vacty cy-
108 ¢ L=80 m.

Ho nockonbKy Takue npuBapkd HeH3GeKHBI B MeCTaxX OKOHYA-
HHS HaACTPOEK, TO PErIaMEeHTHPYETCS KOHCTPYKTHBHOE BEHIIOJHEHHE
NOJOGHBIX Y3JIOB ¢ O0ECTeYeHHeM IIaBHOIO NEPeXofa K KPOMKe
IMUPCTPeKa U 3a4YHCTKOM Ha HeT (3amtudoBKo#) — cm. puc. 13. Aua-
JIOTHYHBIE KOHCTDYKTHBHBIC TPeGOBAHHS NOJIKHBI OBITH BHIIOJIHEHEB

3 3ax. N 341 ﬂ% B 33
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B Tex Cy4asx, KOra B TMOPAAKE HCKIIOUEHHs K KpOMKE IIHPCTPeKa
kpenurcs QyHIaMEHT MOA Kakoe-1u60 yCTPOHCTBO, @ TaKKe B Mec-
rax OKoHuaHms dampmbopTa (Ha CyAax, r'ie ¢anpmbopT MpUBapeH
K IIAPCTPEKY). BHe cperHel 4acTy NMpH L>=80 M, a TakKe Ha cyaax
¢ L <80 M pomyckaercs mpuBapka X BepxHell KpOMKe LIAPCTpeKa
Ipy BEINOJHEHHH TpeGoBanuii K IJIABHOCTH NEPEXOAOB H OTCYTCT-
BUY KOHCTPYKTHBHBIX ¥ TEXHOJIOTHYCCKUX Hajpesos.

~ Ilpasmia Perucrpa CCCP persiaMeHTAPYIOT NPOIHOCTDE 3aKpel-
JleHus HHMKHEro KOHIA TPIOMHOTO LINAHFOyTa HCXOAd M3 COOTHOMLIe-
HUS

Mog= 1 :44anon .

JLnsi cBAapHBIX IIBOB, BHITIOIHACMBIX fe3 MOJHOrO IIpoBapa, ycio-
BHE IIPOYHOCTH NPH usrube [3]

M
[G]:: Woasa < Tgon-

Wexonsi W3 NPUBEJEHHBIX BhIIIE yCaoBHH, MHONydeHa tdopmyna
[TpaBua AJsi ONPENEJCHHAA IIMPHHBI CKYJOBOH KHHLBI B KOHCTPYK-
P IMH ¢ FOPH3OHTAJbHBIM MEXAYAOHHEIM JIUC-

- ToM (aHaJOTHYHO HPH OUHAPHOM nue). Ilpu

C8QPKY
}\' / STOM:
] a) IIMpHHA KHUIB HOJIKHA o6ecrneynBaTh

i / IPOYHOCTD CBapHOTo coelUHEHHA B OIIOPHOM

CEUeHHNH;
Puc. 13. Oxoguanie. 6) BbiCOTa KHMIBI HaJ BTOPBHIM AHOM (mo-
BBLICTYTAIOMIEro JIMcTa
Gopropoli  OGLIMBKE sicioM (hopa) HOMKHA OBITh HE MEHee 0,1
HAZCTPOHKH nposera IIMAHFOYTA. YMeEHbLUIEHHe BELICOTH

KMHIB  JOIYCKaeTcsl HPH COOTBETCTBYIOIIEM
(yka3aHHOM B [IpaBuax) yBeJIHYECHHH IIMAHIOyTa. MunnMaabHasd
BELICOTA KHUIE He [OJKHA OBITb MEHbIIE €€ LUFPHHEDbI, H3MEPEHHOH
110 HACTHJY BTOPOTo fHA (MOSACKY daopa);

B) MOSICOK CKYJIOBOH KHHIEI HE IPUBAPUBAETCS K HACTHJIY BTO-
poro aHa (MOACKy ¢opa, CM. M. 1.7.2.6 u 2.5.3.6 u. II Ilpasun).

VMeHblleHe Pa3MepoB CKYJIOBBHIX KHHIL Oo6LIUHO BecbMa XKeJsa-
renpHO as dKcmryarauuu. C 10H Leabio npejiaraiTes pasani-
HBle KOHCTPYKTHBHBIE DelleHHA. Tag, HanpuMep, HEKOTOPOE yMEHb-
jifeHye IMMPHHBI KHHMIl AOCTHTAETCs IPH cBapKe CKYJOBBIX KHHIL
C HACTHJIOM BTOPOro AHA (NOSCKaMH ¢10pOB) C MOJHBIM IPOBAPOM.
Pasymeercsi, i CBAPHOE COCAHHCHNE HACTHJIA BTOPOTO AHa (mosicka)
¢ duiopom Ha ydacTke HOL KHHIeH TaKXe JOMKHO ObiTh BBHIIOJIHEHO
¢ TIOJIHBIM NIPOBapoM, & TOJIIMHA CKyJI0BO¥ KHHIIb He JOJIKHA Npe-
BHILIATH TOJNLIHEY CTEHKH PACIOJOKEHHOro noA Helt yuactka (iopa
Gosee yeM Ha 2 MM.

CymecTBeHHOE yMeHbIlleH# e LIMPUHEL KHHUIIBI MOMKeT OBITb AO-
CTUPHYTO NPH NpHUBapKe NosckKa CKYJIOBOH KHHIIB! K HACTHJIY BTOPOro
nua. PasyMeercs, B 9TOM caydae IO BTOPHIM JHOM JOJKHEI GBITD
IpeLyCMOTPeHBl KOHCTPYKTHBHBIE SJIeMEHTEL ¢ IEeJbI0 HCKJIOUEHH
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«XKEeCTKHX TOYEK» B HACTHJ/IE .BTOPOTO JHA y KPOMOK IIOCKA CKYJIO-
BOH KHMIE ¥ ObecneunBaromue 3p(eKTHBHOCTh TOSCKA B ONOPHOM
ceueHnH (pHuC.. 14, a). [lonONHATENbHOE YMEHbLICHAE UPHABL KHHALIEL
IpH 35TOM MOXKeT OBITh MOJNYYEHO B CAydae IPHBAPKH K HACTHIY
BTOPOr0O [HA NOACKAa U CTEHKH KHHIIBl, a TaKXe YKA3aHHBIX BHIIIE
KOHCTPYKTHBHBIX 3JIEMEHTOB C IOJHBIM IPOBAPOM.

IlpennucriBaemoe IIpaBuaaMu yBeanueHHe IPOYHOCTH OMOPHOTrO
CEUEHHS TPIOMHOrO IINMAHTOyTa Y BTOPOTO AHA MOXKET GHITb obecre-
HEHO TAKXKe YBEJHYEHHEM IUHMPHHBI I0FCKa y ILINAHTOYTOB TaBPO-
BOTO NPOGMJS MA¥ YCTAHOBKOH KHHL, HOPMAAbHEIX ILTOCKOCTH
CTCHKH, y WINAHrOYTOB N0J0CO0YAbG0BOTO npoduns (puc. 14, 6).
Ilpu sTOM, Kak ¥ ;I BapHaHTA C NPHUBaPKONH NOSCKA' CKYJIOBOI

Puc. 14. KOHCTPYKIMM 3aKpeNJieHHs HUXXHHX KOHIOB IUIAH-
TOYTOB B OIOPHOM CEYeHHH Y BTOPOrO LHA:

1 — mOACOK CKYJIOBOH KHHIBI; 2 — moJoca; 3 — pebpo KecTKOCTH;
@ — DIPHBApKa HOSACKa CKYJAOBOH KHHMIMB; 0 — yIMDeHHe MOSCKa IIMAaH-
royra

KHHIIbI K HAaCTHJY BTOPOTrO JHA, OA HACTH/IOM BTOPOTO AHA NOJMKHEI
OLITH YCTAHOBJIEHH! JONOJHHTENbHblE KOHCTPYKTHBHEIE 316MEHTHL

Ecau yBennuenye mpousoCT onopHOro CEYEHHs TPIOMHOTO INMAaH-
royTa AOCTUTAETCA NPH YMEHBIUEHHOH BBICOTE, CKYJOBO: KHHIBI HJIH
BOOOIEe 6e3 CKyJIOBOH KHHIbI, TO HEOGXOLUMO BHIIONHHTD IPOBEPKY
OIIOPHOTO CEYEHHS HaA CPe3. »

Cllefyer 3aMeTHTb, YTO NMPOTACKUBAHHE HWII{aHTOYTOB Yepe3 Ha-
CTHJ BTOpOro axa IIpaBunaMu He 3ampellaeTcs NPH YCAOBUH yBeau-
ueHusl B 1,44 pasa MOMeHTa CONPOTHBJIEHHS CEYEHHS npoduas. Ox-
HAKO Takasi KOHCTPYKIHS HE MOXeT OBITh PEKOMEHIOBaHA H3-3a
TPYAHOCTeH ¢ obecreyeHHEM HeNPOHHIAEMOCTH MECT OPOXONA Kak
NP MOCTPOHKE, TaK H 0COGEHHO NPH SKCITYaTaLHH.

Ha pspge cynoB saTpyaHeHHS BHISHIBAIOT KHHIB, 3aKPeIlIsoHe
HIKHAC KOHUL TBUHLEYHBIX WNMIAHTOyTOB. B coorBerctsum ¢ Ilpa-
BHJIAMH KOHCTDYKUHS 32KPENJIeHHs JOJXKHA OOecneunBaTh IIpOY-
HOCTb HE MEHBIIYIO, UM Y 3aKPEN/ISIEMOro MNaproyTa. 10 yciaoBHe
BLINIOJIHACTCA TPH YCTAHOBKE KHHL B COOTBETCTBHH C pHC. 15, @,
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a Takxe (B BapHaHTax) COMVIACHO puc. 15, 6, 8. HemocpenctBeHHast
npuBapKa (06e3 YCTaHOBKH KHAIbI) HIJKHETO KOHIa TBHHAEUHOTO
mmanroyra K manaybe (puc. 15, e, 0) ofecneunBaeT IPOYHOCTh 3a-
KPEILIEHHs, MEHBIIYI0 YeM MPOYHOCTH IINAHTOYTa, MOCKOIBKY yrJIo0-
BOH IIOB MO IEpUMeTPYy Npoduis WNAHroyTa (| 6pon| =Tgon) B cO-

a) 0) }— 8)

¥

Puc. 15. KOHCTpYKUHH 3aKPEIVIEHHS HHKHAX KOHIOB TBUR-
JledsblX IMIAHTOYTOB (a—%)

yeTaHuy C HpI/ICOQ,U,I/IHeHHbIM TIMOACKOM 60pTOBOﬁ OOIIUBKY MOXET
BOCHPHHATE MOMEHT .

'

Mon= chq"non-
B 10 e BpeMs A KOHCTPYKIHH COTJIaCHO PHC. 15, 6:
v

- "
Mon== chqdnon .
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Ilonaras, uro W/ __~W”  moayuaem
ceq ceq

on _ Syom 1
M T O =1,75.

Cienyer uMeTb B BUAY 3aTPYAHHTENBHOCTS 00ECHEUEH s OJHOrO
npoBapa rojoBKy 6ynb6a (IpH NPUMEHEHHH HOJO0COGYAbGOBOrO Mpo-
Guis1) 1 Tem Gosiee COBMELIEHUS €€ ¢ COOTBETCTBYIOMUM 3JEMEHTOM
IIPHBAPHBAEMOr0 CHH3Y K najny6e npoduais,

[ostoMy mpH npuMeHEHHH NOAOGHBIX KOHCTPYKIHE COeLHHEHHS
IPUXOAHUTCS YBEJIUUHBAThL NPOQHIL TBHHAEYHOTO IIIIAHTOYTa 1O CPaB-
HEHHIO ¢ mpeanuchiBaeMbIM IIpaBuiaMu Tak, 4ToGbl NPOYHOCTH CO-
€MHeHNs] HMINAHroyTa YBEJNHYEHHOTO npoduns ¢ maayGol 6uiia 6o
He MEHBIUEH, YeM B BapHaHTE COEJMHEHHs COrJacHo puc. 15, 6.

[Tpumensiembie MHOTAA BAPHAHTH GECKHHYHOTO 3aKpPelIeHHs KOH-
LOB TBHHAEUHBIX IINAHTOYTOB (CM. PHC. 15, €) XapakTepH3yOTCS
oc/abJ/leHHeM TOMEPeYHOro CEeueHHsi B MECTE CThiKa NpOdH/IeH.

PapHpIM 06pasoM, He MOIYT CUMTATBHCH pANVOHAJBHBIME KOH-
CTPYKILHMY, TPUBEJEHHBIE HA pHC. 15, os¢: wmarufaromufi MOMeHT Ha
Orope BOCIPHHUMAETCS B TOYKE ONMHPAHHS NOJOCH (MM KHHIBI) Ha
Oumce, He 0GecIIeUHBAETCs Epefada cpesa.

. Heo6xoauMo uMeTb B BHAY, 4TO NpH HPOXOfie NPOMERKYTOUHBIX
WIIaHTOYTOB Yepe3 HEeNpPOHHIaeMbie YyJacTKH HACTH/IA many6 (maar-
¢dopM) NOJKHB GBHITH NPELYCMOTPEHE KOHCTPYKTHBHBIE MEPOIpHS-
THS, MCKJIIOYAIOIHe «XKEeCTKHEe TOYKH» B HACTHJIe Maay6wl y mosic-
KOB IINAaHrOyToB (CM. puc. 14, a).

YKasaHHOE B TIOJHOH Mepe OTHOCHTCS H K Y3JaM OKOHYaHHS IPO-
MEXYTOUHBIX IINAHIOYTOB Ha HENPOHHUAEMBIX Y4YacCTKaX HACTHJIAA
nanyé.

B KayecTBe MpOMexKyTOUHBIX MEXAY Nany6aMu Omop I/ LiMaH-
rOYyTOB YCTaHABJHMBAIOTCS GOPTOBBIE CTPHHTepHl. IX KOHCTPyKHus
omnpenensercs B 3aBUHCHMOCTH OT TOTO, HACKOJIBKO 3(P(HEKTHBHO OHH
HOJNKHBl NMOANEPKHUBATh INAHIOYTH. Ecau 60pTOBO CTpuHrep NpH
ONpeeNeHHH Pa3MepOB ILNAHTOYTOB PACCMATPUBACTCA KAK KeCcTKas
01opa, TO MPOYHOCTH GOPTOBOrO CTPHUHIepa IpH U3rHbe U cpese A0J-
JHa OTBEYaTb COOTBETCTBYIOIIMM TpeGoBaHusaM [IpaBui, a koH-
CTPYKLUSI — 06€CneynBaTh YCTOHYMBOCTD NPH NEHCTBHH PACUETHEIX
Harpy3ok. OCOGeHHO CYHIeCTBEHHO NOC/eAHee YCIOBHE A PaiioHOB
OKOHEYHOCTeH, I/le YCTaHOBKA GOPTOBBIX CTPHHIEPOB HOPMAJBHO 06-
BOJAaM IINAHTOYTOB CBA3aHa ¢ 3HAYUTEJbHEIMH TPYAHOCTIMM KOH-
CTPYKTHBHO-TE€XHOJIOTHYECKOTO Xapakrepa. [Ipu ycTaHoBKe crpure-
POB napaJiie/bHO OCHOBHOH IJIOCKOCTH YMEHbIIAeTcs: uXx 3(hdexTus-
HOCTb KaK INEPEKPECTHBIX CBs3eH, NOAJepKHBAIOLIUX MIHNAHTOYTHI.
Ilostomy npu ycraHOBKe GOPTOBBIX CTPHHIEPOB IapaslJIelbHO OCHOB-
HOM JIMHYHM MOTYT GBITb PEKOMEHIOBAaHbI CJIEAYIOIHE KOHCTPYKTHB-
Hble MEDONPUSITHS:

a) mpeamuchiBaeMble IIpaBHiaMH MOMEHT CONPOTHBIJECHHS W
IOmab IOTMEePeYHOro  CeveHHss OOPTOBOTO CTPHHrepa Cjelyer
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YBEJHYHTh NPONOPIHOHANLHO BEJIHUHHE k= roge o — yrola

cosa’

MeXJy HOpPMaJjblo K 06BOAY IINAaHTOyTa B MeCTe YCTAHOBKH CTPHH-
repa M CTEHKOH NOCJIEIHETO; ' :

6) mo xpafiHell Mepe KaXXIbiii BTOPO# HIMAHFOYT AOMKEH COeIH-
HATBCA ¢ GOPTOBBLIM CTPHHTEDOM IIPH IOMOIIM KHHIbH, NOBEICHHOH
JI0 MOSICKA CTPUHIepA Y NPHUBAPEHHOH K HeMY.

BopToBele CTPUHIEPBl YCTAHABJIHMBAIOTCS TaKkKe H /s pasHece-
HHS COCPEOTOUEHHBIX YCHJMHA Ha HECKOJIbKO IIIAaHTOYyTOB, & TakKXe
C IeJIbIO IIPENOTBPAIIEeHHs] 3aBaJHBAHNS OCAEAHNUX. B oTHX cayyasx
'KOHCTPYKLHsI ~ CTPHHTEPOB  BBINOJNHSETCS B TPeX  BapHaHTax
(puc. 16, a);

I) 6pakers BhICOTOH, PaBHOH BBHICOTE IINAHrOyTa, NpHBapuBa-
I0TCA K CTeHKaM MOCJeQHHX, HapYKHOH OOIIHBKE ¥ HEeNPephrBHOMY

T T

)
8)

I I I

L~

D

. V.
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Puc. 16. BopToBrle CTPHHTEpHI:
a — no mpaBuiaM PerHcrpa; 6 — BapHAHTHEl KOHCTPYKIHH

nosicky. Takas KOHCTPYKUUsS NPEANHUCHIBAETCS 1Jisi paiOHOB Jejo-
BBIX yCHJIeHuil cyaoB kateropun Y A;

II) 6pakersl ¢ ¢aaHIeM NPUBAPHBAIOTCA K CTEHKaM MINAHIOYy-
TOB ¥ HApYkKHOH o6uiuBKe. HempephIBHEA MOSCOK OTCYTCTBYET. Ta-
Kas KOHCTPYKIMS NPHMEHseTcss B PafioHaX MOJKPEIVIeHHs HOCOBOM
OKOHEYHOCTH H JIELOBHIX ycuaenust cynos kareropuit A 1—A4;

III) mosockl («CTPYHBI») NPHBAPHBAIOTCA JHIIb K TOSCKaM
INMAaHrOyTOB. YCTAHABJIMBAIOTCA B pAaMOHAX, TJe -HYXHO MOBBICHUTDH
YCTORUMBOCTD IJIOCKOH -(pOpPMBI ©3ruba MINaHroyToB.

Hau6osee CI0XHOK B HCHOJHEHUH SIBJISETCS KOHCTPYKUUS, yKa-
3aHHas B I. «a». Clenyer ofpalaTh BHUMaHKHe Ha obecrneueHne Ka-
YeCTBEHHO ABYCTOPOHHEH TpPHBAPKH IOACKa K Opakeram, a Opa-
KeT — K CTeHKaM IUNAaHrOyTOB H HapYXKHOH o6urnke. C TeM 4TOOHI
06JIETYATb YCJIOBHUS BHIIOJHEHHS CBAPKH, NPUMEHAITCH KOHCTPYK-
IIMH Pa3iuuHbIX THIOB (pHC. 16, 6).

KoHcTpykius «GpakeTHOTo» CTpuHrepa (IL. «6») CyHIeCTBEHHO
npoule, Ho MeHee 3()(peKTHBHA,

KOHIB CTPHHTEPOB JOJIKHBI COEIMHATBCS C HEPeGOpKaMH IpH
OMOIIH KHWIL JJAHON He MeHee aByx wmauuf. Kuummel crieayer
OKaHUMBATh Ha xKeCTKMX cpasax (m. 1.7.1.9 u. II Ilpasui).
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IMAJTYBbI

Cnenyer oGecneunBaTh BeIIONHEHHE BHIPE3OB A/ IPOXOLA TPYG
yepes BEPXHIOW nanyly Ge3 HaApPe30B ¢ MOCTELYIOUIEH 3aUHCTKOI
CTEHOK BBIPe30B. OCOGEHHO BaiKHO BHIIOJHEHHE 3TOrO YCAOBHSL Ha
Cylax ¢ GOJbIIMM DPAaCKPHITHEM Naayd, T. e’ NpPH MaJoH IIHPHHE
M 3HAYHTENbHOM TOJINHHE Y4aCTKOB Nasyoml.

Ecnu pasi koHCTPYKUmMiT BepxHell NAMyGBl HCIOJB3YETCA CTAMb
TNIOBBIIIEHHOA NPOYHOCTH, TO BO3HHKAET BONPOC O TPEBGOBAHHUAX
K CTaju [Js1 NPEPBIBUCTHIX KOMUHTCOB TPY30BBIX JIIOKOB, @ TaKKe
AJisi HaBaphIlIeH, BBaphiliel u T. I. Jerasell. MOXHO pPeKOMEHIO-
BaTh NPH DpeIIEHHH YKa3aHHOTO BOIPOCA PYKOBOACTBOBATHCST Clle-
LYIOLUMH IOJOKEHHAMH:

a) CTEHKH NPEPHIBHCTEIX NPOLOJBHEIX KOMHHICOB I'PY30BBIX JIIO-

KOB BepxHell MasyOH Ha y4yacTKaX HPOTSKEHHOCTBIO He MeHee 1,5
BBICOTEl KOMHHICA, CUHTAsl OT €r0 KOHIOB (BKJIOYas KHHIBI), KO-
JKHEBI BHIIOJHATLCH M3 CTAdH C TeM , .
Xe IpeleJoM TeKY4eCTH, YTO U
HAaCTHJ BepxHe# maunybul. Ha Bcem )
IPOTSXKEHHH  KOMMHICAa  CTaJb .
IUIsE ero CTeHKH HNOJIXKHA COOTBET-
CTBOBaTh TpeOOBaHUAM IlpaBua  Puc. 17. KapamHre ¢ unTepKOCTeab-
K KayecTBy CTaJH A/ BepXHell ma- HOJ CTEHKOI '
ay6ul. Ilpu ompemenenum W Ko-
MHHTCa NO/KHO GBITh OOpalleHO BHUMAHME Ha TO, UTO MOANATyGHAS
YaCTb KOMHHICA BBINOJIHSIETCST Ha BCEM MPOTSIKEHWH H3 CTaly,
UMeIOIell Npefes TeKy4yecTH, OAHHAKOBLIE C IPHHATBIM A Ha-
CTHJIA BepXHeH nanayow; _

0) NpH PaCNONOXKEHHH NPEPHIBUCTHIX KOMHHICOB HAJ IPOIOJE-
HBIMU T1epeGOPKaMH TPeGOBAHAS K NPeJeNy TEKYYeCTH W KaTeropuy
CTaMu MOMKHBI GBITh TAKMMH XK€, KaK H JJIsi HENPEPHIBHEIX IPOLO0JIb-
HBIX KOMHHTCOB,

.~ Cranp g HaBaphIllell, BBapbilell # T. I. O CB4dPHUBAEMOCTHU
U YIApHOH BASKOCTH LOJXKHA OTBEUATh TPEGOBAHUAM K MAaTepHaJIy
HacTHIa [adyGhl, ‘

HeoGxonumocTs orpanuumBaTth BHICOTY NOANAIYGHOTO Habopa
(HampuMep, Ha pedpHKEPATOPHBIX CyNaX, HA CYLaX TUIA «pO—po»
¥ T. I.) OPHBOAAT K KOHCTPYKIHMSIM KADJIHWHICOB H PAMHHEIX GHMCOB
C HEOOBIYHO TOJICTHIMH TOSCKAMHM, C ABYMS CTE€HKAMH H IIHPOKHM
NOSICKOM  (KopoGuaTas  KOHCTPYKUHS), C OPAaKeTHOH CTeHKOM
(puc. 17). IoatoMy ueseco06pa3HO HECKOJIbKO KOHKDETH3UPOBATh
TpeboBanus PerucTpa K TaKHM KOHCTPYKIHSAM.

Tommuna nosicka He nomxHa Gojee 4eM BTPOE IPEBOCXOLUTD
TOJNIIKHY cTeHKH. [Ipy sTOM mupuHa noscka, usMepeHHasi OT CTEHKH
Gajku A0 CBOGOIHOH KPOMKE TIOSICKA He JOJIKHA GBITh GoJee gem
T

Os

rae § — TOJIIIHHA NOsICKa, MM. Paccrosinue MeXay CTeH-
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KaMH 6aJkH KopoGuaToro npoguis He [OJNXKHO HPEBHIIATDH b=
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Caeayer Takxke ofecneyuBaTb YCTOHYHBOCTB YYACTKOB namayo-
HOFO HACTHJA, IBJAAMIOIIMXCA NPHCOSAHHEHHBIM MOSICKOM KapJ/HHICOB
(pamublx GumcoB). B To Bpems Kak AJS PaM C ILIOMANBIO NPHCO-
eMHEHHOTO MOSICKA, CYILeCTBEHHO GOJbINEH yeM Y CBOOOAHOTO, 3TO
yC/I0BHE OGBIYHO BHINOJIHAETCS aBTOMATHYECKH (0 5 /Oneiicr == 1), TIpH

nNpHMEHEHHH paM C MOHIHBIMH CBOOOJAHBIMH IMOSICKAMHA BO3MOXKHBI

cayuan (HampuMep, AJIs KOMHHICA-KapJuHICa HHXHel nany6s),

KOTJa TLIOULafbh CBOGOMHOTO TMOSICKA OKa3hIBAeTCsl OJIM3KOH K IJIO-
IajH IPHCOEMUHEHHOTO NIOSICKa WK MpeBhimaomei ee. B aTux ciy-
yasgx MOMKeT MOTPeGOBAThCS HJAH YTOMIIEHHE COOTBETCTBYIOIIHX IO-
fiCheB HACTHJIA TANyOHl MM YCTAHOBKA HOMOJNHUTENbHBIX pebep xKe-
CTKOCTH.

B 6anxax ¢ GpakeTHOMN CTeHKOH 0co60e BHMMaHHE CJeayer 06-
pamaTh Ha OGecreueHHe NPOYHOCTH NPH CPese W NPHBAPKY GpakeT
K CTEHKAaM GHMCOB (IPOAOMBHBIX HOANANYGHEIX 6aJoK).

NEPEBOPKH

[Ipu KOHCTPYHPOBAHHHK TePe6OPOK BO3HHKAIOT BOTPOCH], CBA3AH-
Hble ¢ BHIGOPOM KOHCTPYKIMHU 3aKDeIJIeHHs KOHUOB CTOeK. Kak usse-
CTHO, 3aKpeIlJieHHe KOHIOB CTOEK B TPIOMAax IpefyCMaTpUBaercs Kak
IpH TOMOUIM KHHI, TAaK M HENOCPeJCTBEHHOW MNPHBAPKOH KOHIIOB.
Ipu mpuBapke KOHIIOB MOMEHT CONPOTHBJIEHHA CTOEK NPHHHMAETCH
B 1,7 pasa GOJbIINM, HEXeNW NPH KHHUHOM kpemrenud. Onxaxo
OTCYTCTBHE KHHIl, YMEHBUIAIOMHX TNOJE3Hyl0 Ky6arypy TDPIOMOB,
B sje CIyuaes MPEACTaBAsieT A MPOEKTaHTa OCOOHIA HHTEpEC.

KoHCTpyKLHs ¢ NPHBapKO# KOHLOB (Kak, BIPOYEM, H APYrue Ba-
PHAHTH 3aKPEMJIEHHs] KOHIIOB CTOEK) INepellia M3 KJIEMmaHoro Cyno-
crpoenns. OpHako B CBapHOM BapHaHTe NPHBApKa KOHIOB CTOEK
FMeeT HeKOTOphble OCOGEHHOCTH, KOTOpble HEOOXOIMMO YUHTHIBATH
IpY NPOEKTHPOBAHHH NepeGOpKH.

Tak, IpHu IOMepeyHoy cucTeMe Haopa JBOHHOTO IHA HEMOCPEn-
CTBeHHAsl IPHBAPKA KOHLOB CTOEK K HACTHJY BTOPOro AHa (HEmpo-
HELA€MOH KOHCTPYKIHMH, uallle BCETro KpHIUa LUCTEPHBI) He MOXKeT
GLITH JOMYyIIEHa H3-32 ONACHOCTH BO3HMKHOBEHHs TPEUIHH (KeCTKHAe
TOUKH B HACTHJe y KPOMOK mpoduas croex —cm. m. 1.7.1.9 . II
IIpaBua). :

Ipu mpomoJbHON cHcTeMe HaGopa ABOMHOTO IHA CTOHKH Iepe-
GOPKY YCTaHABJAUBAIOTCH B INIOCKOCTSIX NPOAOJIBHEIX GaJlOK BTOPOTO
nHa. TeéM CaMbiM, B OTJIHYME OT KOHCTPYKIHMM C IOTEPEYHOH CHCTe-
Moli HaGopa BTOPOTO LHA, YCIOBHS 3aKPEIUIeHHs CTOeK GIU3KH K Ta-
KOBBIM IIPH KHHYHOM KpemieHud (%=0,9), a BenuunHa H3rHOaIOMIero
MOMEHTA B ONODHOM CEUEHHH INIPEBHINIAET €ro NpPOJEeTHOE 3HAUEHHE.

13 M3J0KEHHOTO CJAEAYEeT, YTO NP HEOGXOAMMOCTH OCBOOOLHUTEH
TPIOM OT KHHI, CTOEK Nepe60pOK Lenecoo0pasHo NPUMEHATb KOH-
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CTPYKLMIO C KHHIAMH, YCTAHOBJEHHBIMHE HODMAaJbHO CTEHKAM CTOEK.
ITpn 3TOM KOHIBI CTOEK [NOJIAKHBI NPHBAPHUBATHECA KO BTOPOMY [IHY,
0OJ, KOTODHIM JAOJIXKHBI OBITH YCTAHOBJEHH KOHCTPYKTHBHEIE 3JIe-
MeHTHl, ofecneyuBaoomye 3QGEKTHBHOCTb 3THX KHHIL H OTCYTCTBHE
JKECTKHX TO4eK B HACTHJIe BTOPOTO AHa. PeKoMeHAyeMas KOHCTPYK-
Ul aHaJOTHYHA DACCMOTPEHHOHN BHIIE KOHCTPYKLHHM COENMHEHHA
TPIOMHBIX IINAHTOYTOB ¢ ABOHHBIM JHOM K IO3TOMY HPHUBELEHHBIE
TaM KOHCTPYKTHBHBIE Y3JIBI MOLYT OBITH HCIOJB30BAHEI U B HACTOS-
HeM cJaydae, ‘

Hapno umers B BuAy, uTO IIpH HONEpeyHOH cHCTeMe Habopa gBOH-
Horo AHa 6Gajika HOoj BTOPHIM JAHOM, YCTaHaBJAHBaeMas B IJIOCKOCTH
KHHUI CTOEK W ONHpAalollasics Ha [JHHUINEBBle CTPUHTEDPHI, [JOJKHA
HMeTb JOCTATOYHYIO NPOYHOCTH [IJIS BOCIPHSTHS YCHJIHH OT CTOEK,
BLICOTY, paBHyI0 MNPHOJH3UTEJbHO IIOJOBHHE BBICOTEI KHHIIH,
U TOJUIHHY, OTJIUYAIOUIYIOCA OT TOJINHHB KHHUIL HE GoJiee ueMm
Ha 2 MM.

Kak u3BeCTHO, KOHCTPYKIHS C OOpE3KOH KOHIIOB CTOEK «HA YC»
IONyCKAaeTCsl JIMIIb B BEPXHHX TBUHJEKax (MCKIIOYas TapaHHYIO
nepeGOpKY), a Tak:kKe B TPIOMAax MaJbIX CYIOB ¢ BbIcOTOH GopTa, He
npesnimatomet 3,0 M.

IIpy BBHINONHEHWH HEKOTODPHIX YCJOBHA 0OpEe3Ka KOHIOB CTOeK
«Ha yc» MOXKeT ObITh NOHYINEHA M B TpioMax. B nepBom mpubimxe-
HHM HeOOXOOUMO NPEeAOTBPATHTHL BO3MOXKHOCTh 3aBA/JHBAHUS CTOEK,
a Takxe 00eCHeudTb BOCIPHSTHE CPE3bIBAIOIINX YCHIUH OT CTOEK
HemnocpefCTBeHHO OOIMIMBKOHN nepefOopKH. YKa3aHHOe, [O-BHIHMOMY,
MOXeT OBITh o0ecHedeHO YCTAHOBKOI DasHOCHINEro CTpHHTepa Gpa-
KeTHOTO THIIA U YTOJIIEHHEM BepXHEro H HHUIKHEro MOACheB OOIIHBKH
nepe6opku. Konu4ecTBO pasHOCAIINX CTPHHIEPOB U HX PACHONONKE-
HHEe 1O AJHHE CTOEK, PABHO KaK W CTeleHb YTOMIICHHUSA TOSICHER Hepe-
GOpKH, B 3aBHCHMOCTH OT HpOJIeTa ¥ HNPO(HJIS CTOHKH M BEJHUHHBI
Harpysk# Ha Hee, JOJXKHB IPUHUMATBCS HAa OCHOBAHHH ON0OGDEHHBIX
Perucrpom pacueros. .

[IpaBuna mpeinuceiBaioT 06513aTeNbHOE 3AKpENJEHHE KOHLOB
cToeK nepeGOpOK HHCTepH npy nomomu KHUN., OZHAKO B HPAaKTHKE
KOHCTPYHPOBaHHA OHBBAIOT CJHydYaH, KOTZa MOXKET OHITb HOMYy-
meHa o6peska «Ha yc» KOHIIOB CTOEK nepeGOpKH LHCTEPHBI, PABHO
KaK ¥ 34KpeIJieHde KOHIIOB HENOCPEeICTBEHHOM IpuBapKoH 6e3
KHHULI.

Obpeska croex nepeGOpOK LUCTEPH «HA yC» AOMYCTHMA AJS OT-
HOCHTEJLHO HeOGOJBHIMX 10 00BbeMy LMCTePH MDY BLIIOJHEHHH yC-
JIOBHH, YKa3aHHLIX BBIIE [/ CTOEK BOAOHENPOHHIAeMbIX IHepedo-
poK. MOMEHT COIPOTHBJIEHHUS CTOEK JOJKEH OBITh IIPH 3TOM YBEJH-
4eH npuMepHo B 2,1 pasa.

[Ipu npoeKTHPOBAHUH KOHCTPYKIMH C HEIOCPEICTBEHHON MpUBap-
KOl KOHIIOB CTOEeK HepeBOpOK LHCTepH (6e3 YCTAHOBKH KHHI[) CJe-
AyeT o6paTUTh BHUMAaHHE HA ClIeLyIoUIe MOMEHTHL:

a) CTeNeHb YBeJAW4YeHHS! MOMEHTA CONPOTHBJIEHMS CTOMKH, Npei-
nuceiBaeMoro [lpaBmmamu [as KHMYUHOTO KpemJeHHS KOHIIOB,
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JOJI’KHA GBITh YCTAHOBJIEHA Ha OCHOBAaHMH aHa/IH3a yCJIOBHH 3a/l€/IKHA
KOHIIOB CTOEK M CONOCTaBJIeHHS NEHCTBYIOLIHX B OIOPHBIX Ce4eHHAX
¥ B IpoJeTe M3THGAIOMKX MOMEHTOB C PacueTHON BeJHUYHHOHM,
npunsToii B [IpaBuiax And HOPMHPOBaHHS MOMEHTa CONPOTHBJE-
HHS CTOMKH, 3aKPENJIEHHON MO KOHIIAM KHHIAaMH:
I
M“PM:—_QQ]_ 3
6) B ONOPHOM CEUYEHUHU KOHCTPYKUUH, aHAJOTHUYHBIX IPUBEIEH-
Holl Ha puc. 18, uarubaromuii MOMeHT GyAeT BOCHPHHUMATBCS CBap-
HEIM IIBOM. B 3aBHCHMOCTH OT €ro THna (C IOJHBIM NPOBApPOM HJIH
HeT) yCJIOBHE NPOYHOCTH 3aNHChIBACTCA:

Mpse _ [Gzon— TIPM COEJUHEHHH C TIOJHEIM NPOBApOM;
Wusa > |Tgop— IPH COENMHEHHH G€3 mposapa.

W3-3a HenocTaTOYHOTC BHHMA-
HUS K KOHCTPYKLUHE OTOOHHBIX IIe-
pebOpOK B HHX OTMEHAIOTCA Tpe-
IUHE, 4 TaKXke ¥ 3HAYHTENbHBIE

1o 06beMy NOBPEXAEHHUS.
YuuTHBasg IUHAMHYECKHH Xa-
_{G pakTep AeACTBYIOWIHX HAa OTOONHBIE
T nepeGOpKH YCHJAHH, 0co6oe BHUMA-
__{ HHE [HOJKHO ofpaliaTthess Ha XKe-
S S S CTKOCTh 3THX IepeGOpoK H, B dacT-
HOCTH, Ha HaJeXHOe 3akpellieHHe
KOHIOB CTOEK, OrpaHHYeHHe CBO-
Puc. 18. Cxema onopHoro cegemms OOMHOTO NPOJIETA CTOEK yCTaHOBKOH
Ganxu JOTOJHHUTENbHBIX ONOp — FOPH30H-

_ TaJbHEIX paM.

B paiionax HOCOBOE M KOPMOBOM OKOHEUHOCTeH HaGop OTOOMHBIX
nepe6opoK NO/KeH GHITh NEPeBs3aH C XOJOCTHIMH OMMcaMH A (HM/IH)
naathopmamu. IlpuueM B KOPMOBOH OKOHEUHOCTH CTOMKH OTGOMHBIX
nepeGopPOK MOMKHBl YCTAHABIUBATLCS HA KaXIOM IHNAHIOyTe, a pas-
MepH H PAaCloJIOXeHHe BHIPE30B He NPHBOAUTL K BHOPALHOHHEIM IIO-
BPEXIEHUSM OOIIHUBKH I1epebOpOK.

PaccrostHES Mexay 6ajkaMy Ha6opa H KOHCTPYKTHBHOE 0popM-
JieHHe OTOOHHBIX NepeGopoK B TaHKaX HOJXKHBI ObITh TAKUMHU XKe KaK
H ¥ 1epeGopoK, OFpaHHUHBAIOUIHX TaHKH.

[lpy uCHOMb30BaHMH TrOQPUPOBAHHBIX KOHCTPYKIUH CJIELyeT
HMeTb B BHAY HEKOTOphle HX chenuduuecKkne 0COGEHHOCTH.

Tpu mepeceuenun ropupoBaHHbX mepe6opok Gankamu Habopa
BEIONHeHHe Tpebosanui nn. 1.7.1.6 u 1.7.1:9 u. II Tlpasun o6 wuc-
KJIIOUEHHY <«IKECTKHX TOUEK» NPHUBOAHT K CYIIECTBEHHOMY YCJIOXKHE-
HHIO KOHCTPYKLHUH M3-32 HEOOXOA¥MOCTH BBEJEHUS NOMONHHTEIbHBIX
KOHCTPYKTHBHBIX 3J1€eMeHTOB (puc. 19). ‘

" PaBHbIM 06pa3oM BHI3BIBAET ONACEHHsS HEIPOHUIAEMOCTb JHHIIE-
BOI OGUIMBKH NIPH HEMOCPEACTBEHHO! YCTAHOBKE BEDTUKANBHLIX rog-
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poB (puc. 20). PexkomeHAyeTCs B 3TOM Clyyae YCTaHOBKa rodpos
‘Ha IOSICOK HEMPOHHUIaeMoro ¢Jiopa, XOTs, KaK NOKa3aJH UCIBITAHNS,
NPOYHOCTD NePeGOPKU IPH HATPYXKEHHH, HOPMAJIBHOM €€ IIOCKOCTH,
BHIIIIE IPY YCTaHOBKe nepeGOpKY HENOCPEACTBEHHO Ha JHHIIE.

Ecnn mepe6opka ycramaBiauBaercss Ha BTOPOE JHO, TO B MeCTax
ONHpaHus rPaHed ropoB HA OCHOBHBIE CBSI3H — BEPTHUKAJbHBIH
KUJb, [HUINEBHIE CTPHHTEPH H (QJUIOPH — CO3MAI0TCH  <«KECTKHE
TOYKH». TakkKe BLI3BIBAET ONAaCEHHE COXPAaHEHHE HEHNPOHHMIAEMOCTH
HdcTHJIa BTOPOro AHA Ha y4acToK y yraoB rodpor. Msmomxenwuoe
nperonpeneaser HEOOXOXUMOCTb YCTAHOBKH

JNOTOJHHUTEJIBHBIX HNOJAKPENJEHUI B ABOHHOM
IHe,
CymecTBeHHbIE. KOHCTPYKTUBHEIE 3aTPYAHE-
HUs BOBHHMKAIOT B MecTaX OKOHYAaHHS IIPO-
2
Puc. 19. Cxema Puc. 20. Mecra BO3MOXKHEIX TpeLIHH
KOHCTDYKIHYU IIPO- B OOMIMBKe THHUINA IOL YIIaMH rog-
xona GOpTOBBIX PoB IepeCOpKHU:
TPOJOJILHEIX  GRJIOK I — «xecTKHe TOUKM»; 2 — OGIIHBKa
gepes roppupoBaH- AHHILA
HYI0  HONEPeuHYIo
nepeGopKy: NOJMbHEIX TO(OpPHUPOBAHHBIX NepeGopok. Bre
1 —pebpa xeckoota; paiioHa TaHKOB nepeGOpKH 3aKAHUHBAKOTCS
Hanon Ba mentpe GOJIbIIMMH KHHIAMH, KOTODHE, KaK NpPaBHJIO,

nenaiorcs miaockumu. ITostomy Ha nepe6opke
koddeprama, rae rohpHpoBaHHAs KOHCTPYKIMSI CPady IEPEXONHT
B IIJIOCKOJIHCTOBYIO, CO3MAIOTCSI «KECTKHE TOYKH» — HCTOYHHK Tpe-
wuH. JIMKBUIALAS 3THX «KECTKHX TOUEK» TaKkKe OGYCIOBJAHBAET
HEOOXOJHMMOCTh YCTAHOBKH JONOJHHTEJNbHBIX KOHCTPYKTHBHBIX 3Ji€-
MEHTOB,

HAICTPOVKH, PYEKH H ®AJBLUIBOPT

Ycunvs, npuBIeKaole HafACTPOUKH U PYOKH K YYACTHIO B HPO-
JOJIBHOM H3ru0e KOpIyca, NOCTHrAIOT 3HAUMTENbHLIX BeJHYMH. B Me-
CTax ONuPAHHSA KOHUEBHIX NepebOpOK HAaACTPOEK M PYOOK, a TaKke
GOKOBEIX WTEHOK DY6OK Ha IOAMayGHbIE KOHCTPYKIHH (mepeGopKHu
ADPYroro HanpapJeHus, paMHble 6aJku M 6alKu OCHOBHOrO Habopa),
nepegava STHX YCHJIHI NMPOHCXOAMT B TouKe ¢ (puc. 21). ITockonbky
BOSHHKAIOMVe NPH STOM HANPSKEHWsS BECbMA BEJHKH H MEHSIOTCH
10 BesMuyKHe (M OOBLIYHO IO 3HAKY), TO HEM3GEKHO MOSIBIEHHE B yKa-
3aHHBIX MeCTax TPeUIWH, UTO HOATBEPKAAETCS MHOTOYHCJEHHBIMHU

43




npuMepaMy U3 NPAKTHKH KcItyaranuu [4]. Becbma adderTuBHEIM
CpeACTBOM NPO(UJIAKTHKH B 3THX CJIYyYasix SIBJISETCS HCKAOUEHHE
JKeCTKHMX TOYEK, T. €. 3aMeHa TOUeUHOTO Xapakrepa mepenaud yCH-
Nuil JHHEHHBIM TyTeM YCTAHOBKH «PA3HOCAMIMX» KHHI[ H pebep XKe-
cTKOCTH (pHuC. 22).

a—a
2
\ 1
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Puc. 21. ToueuHoe omu- Puc. 22. Tlepepsska
paHHe KOHUEBOH mepe- cBs3ed HaICTPOHKH
GOpKH HAaACTPOAKU HJIH (py6ku) ¢ noxnanxy6-
py6Kn Ha KapJuHIcC HBIMH KOHCTPYKIHSMH:
(HJ]H nepeGopky) I — KHHIBI, 2 — CTeHKa

HapCTPOHKH (pYOKH)

3HayuTe/bHEE TI0 BEIUYUHE YCHJIHS BO3HHKAIOT y KOHIOB 0OKO-
BBIX CTEHOK PYGOK. DTH YCHIMSA SABJSIOTCS NPUYMHOH TOSABJIEHUS
TPEIUHH B Tajy6e y KOHLOB GOKOBEIX CT€HOK py6ok. [Jas Toro,
yTOOLl CHH3HTH BEJIWUYUHY YCHJAHE, NPeLyCMAaTPHBAIOTCH PasjiHuHbE
KOHCTDYKTHBHEIE MEDOIDPHSTHS: COeJHHEHHE Ha KJENKe KOHIEBBbIX
YUYaCTKOB CTEHOK PYOOK ¢ masny6oH, CKpyT/JeHHe B IJIaHE 1O pajuycy

Y

]
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Puc. 23. TNoaxpenseHye y KOHIOB PyGOK:
1 — npomonbHast CTeHKa pyOGKH; 2 — KapJuHre

JOCTATOYHOM BEJHYHHEL yIyla COefvHeHus GOKOBHIX CTEHOK C KOHIle-
BbIME IepeGopKaMu PYGOK, YCTAHOBKA MECTHBIX KapJIMHICOB Y KOH-
110B GOKOBBIX CTEHOK py6oK (pmc. 23).

UTo6H yMEHBIIHTD TOJNUIVHB CBS3€H U TeM CaMBIM BeC KOHCTDYK-
IWH pyGOK, HHOTJA IPMMEHSIOT pAacCIIHpPHTeJbHble COeAHHeHHs.
B [IpaBusnax nmperycMOTPeHE! COOTBETCTBYIOIHE TpeGOBaHudA, obec-
[NeYyHBAIOIINe HAJAEXKHOCTb KOHCTPYKIMHA Koprmyca B 3TOM CJAydYae.
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Caenyer, 0IHAKO, OTMETHTb, 4TO 3(PGEKTHBHOCTD PACIIHPHUTENBHLIX
COeNUHEHHH, MO-BUAUMOMY, MEHBUIAg, UYeM 3TO IIPEeANoJaraercs.
KpoMe Toro, y KOHIOB pacIIMPUTEJIbHEIX COEIMHEHHH HeusGexHa
BBICOKAs KOHLEHTpPAlus HanpsSKeHHH BCAEJCTBHE 3aTPYIHHTENBHO-
CTH BHIIOJHEHUS OOBIUHEIX TPeGOBAaHUE K KOHCTPYKTHBHOMY odopM-
JIEHHIO KOHIIOB IPEPHIBUCTHIX cBsizell. OOecrneueHne HENPOHUIAEMO-
CTH PaCHIMPUTENbHEIX COEAWHEHHE B HPOIecCe IKCINIyaTalluu Takke
CB3aHO C TpyZHOCTAMH [4].

YuacTHBIIHECS B IOCJAeHee BpeMs HOBpeXIeHus (GajablUIfopTOB
3aCTaBUJI# OOpPATHTh BHUMAHHE HA perjlaMeHTallHio Da3MepoB H je-
TaJu3aiiuio TpeGoBaHuil K KOHCTPyKuuu (anpmbopra. [Tocaennuit
MOJKET PacCMaTPUBATECH KaK 6anxa (IIaHIIHpE C 0OMIHBKOH cpam;m-
fopra), Jexamasg Ha CIVIOIIHOM VIPYTOM -OCHOBAHWM — CTOHKaX-
KOHCOJISIX, 3aieJIaHHBIX HA nany6Ge. OCHOBHEIME CHJIOBBIMH 3JeMeH-
TaMH 3TOH KOHCTPYKLHH SBJSIOTCS CTOHKM W miaaHmupb. [IpaBuaa
Perucrpa n0 HefaBHero BpeMeHH OBLIM €IHHCTBEHHBIMH H3 IPaBHJI
KJacCu(UKaUUOHHBIX OOINeCTB, NPeAbABIABIINMU KOHKPETHEE Tpe-
6oBaHusl K pasMepaM 3JeMeHTOB KOHCTPYKUHH ¢ampméopra, T. €.
perJiaMeHTHPOBABIIUMH INIPOYHOCTh (anbpmGopra. AHanu3 MOBpPEX-
neHnit Ganpii6OpTOR NOKAa3LBaeT, UTO NPHYHHAMH IOBPEXIEHHUN
BECbMa 4ACTO SABJAIOTCA KOHCTPYKTHBHBIE OIINOKN M TEXHOJOTHYe-
CKHe JedEeKTH.

" Tak, pacnpocTpaHeHHOH OIIHOKOH $BJASETCH YMeHBHIEHHe IIH-
PUHEI OIOPHOTO CeYeHHs CTOHKU HJM H3-32 HEBEPHOIO OIpEHeseHHus
TpeOyeMOTO pasMmepa HMJU OTCYTCTBUS IIOA KOHLHOM CTOHKH 6uMca
(RHHLIH ¥ T. I.), HENIOCTATOYHAS YCTOMYHBOCTh CTEHKH CTOHKH
(puc. 24). Yacto BCTpeualoTCs KOHCTPYKIHMH, B KOTOPHIX CTOHKA
¢anpmibopra IpHBapeHa K manyOHOMY CTPUHIEPY CYLIECTBEHHO
OOJIBIINM IIBOM, HeXKeqlM OUMC (KHHIA) K CTPUHrepY.

~OtpunarespHoe BAUSHEE Ha IPOYHOCTh (GanbméopTa OKA3BIBAIOT
HenpoBapH CTHIKOB OOMMBKH M IylaHmupg ¢anpmbopra, Hogpe3n
B CBAPHBIX IIBaX, COSAUHSIONINX CTOHKY C maayOoH.

IlpuagTas B Hacrodllee BpeMfA KOHCTPYKUHUS (anapmibopra xa-
paKTepU3yeTCsd HaJIWYHEM PACIIHPUTENBHBIX COEMHEHUH MEXKIY
¢(anpmiGopTOM M BEICTYNAIOIMMY JUCTaMH OOPTOBOH OOLIMBKY HAa-
cTpoeK (mexopartuBHasi o0mMBKa PYOOK), a TakXKe CINIOIIHOH HpoO-
Pe3bl0 MeXIy HuKHell KpoMixoi#l danpmibopra u muperpekom. He-
CMOTPS Ha TO 4YTO yuacTHe (ajpmub6opra B NPOLOJBHOM H3rufe Kop-
Iyca DOPH TAaKOH KOHCTPYKHHM CYLIECTBEHHO. MEHbIEe, YeM IpH
npucoefuHeHnu (pasbmbopTa K IIUPCTPEKY M HAACTPOHKAM, TEM He
MeHee CBSI3H, IpuBJeKalolue (GaabmbopT K ydacTHio B OOLIEM H3-
rube, T. €. CTOMKH, HHOrA IONYyYaioT IOBpeXAeHuA (cM. puc. 25).
JLys yMeHbIIeHHS NOBPeXIeHUA peKOMeHAYyeTcs BBefeHue B (ajpll-
GOpPT AONOJHHTENBHEIX PAaCHIMPHTENbHBIX COELWHEHHH, KOJHUECTBO
KOTOPBIX 3aBHCHT OT IJIMHBI Cy[Ha U €0 HAIIPSI}KEHHOCTH (T. €. OT Be-

W’rpeﬁ, \ o
JUYUHBl ——]) . KOJIPI'-IeC’I‘BO H pacloJOXKeHHe TaKHX COCIHHECHHH,

‘W(IJ aKT.
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PaBHO Kak ¥ KOHCTPYKLHsS CTOEK (ajplibopTa y pacIHpHTEb-
HBIX COEIMHEHMH, SIBASAIOTCA HPEAMETOM CIELHa/bHOTO PaccMOTpe-
Hug Perucrpow. ” . _

B IlpaBunax yxaseiBaercs, 4To Ha CyAax, He HIBAPTYIONHXCH
B MOpe, LjuHOi Menee 80 M, a Takxke AnuHO# 80 M u GoJee B pail-
one BHe 0,6L, B cpennell yact, GaapIGOPT MOXKET GHITh MPHBApeH
K IIHPCTPEKY. :

B nomosnenme x ykasamHOMY, o COIVIAcOBaHMIO ¢ Permcrpowm,
MOXeT ObTh [OMyIleHa IpHBapKa (anpmGopTa K UIHPCTPEKY
M B CDeIHeH yacTd AJuHBL cynoB ¢ L=80 m. OpHaKo NPy 3TOM AOJI-

Puc. 24. 3akpensenne  Puc, 25. Tpewuus
HHUMKHEro KoHHa croiike (/) B cTeHKe CTOH-
¢anpmbopra: ki Qanapmbopra (2)

a — dakruueckas LIHPHHA
OIIOPHOTO CEYEHHSI CTOWKH

MHO GBITH JOK43aHO, YTO B OGLIYHBEIX YCJOBHAX SKCIIyaTalldd BO3-
MOXKHOCTb JedopMaunil pampmibopra HCKAIOYAETCS, 4 K DPOYHOCTH
KOpIIyca ¥ KOHCTPYKUHH (aipliopTa NPeXbsABISIOTCS CJAeAyIOIe
TpeGoBaHus: o

a) BeJHUAHA MOMEHTA COIPOTHBJICHHS IONEPEUHOrO CEYeHHUS
KOpIyca Ha ypoBHe IJIaHMMPs (HOosicKa) (anbmbopra AOMKHA OLITH
He MeHee mnpeanucbiBaemoil IlpaBunmamu Iy BepxHell Naay6H
y 6opra;
~ 6) YCTONUMBOCTL 3J1EMEHTOB KOHCTPYKIMH (hanpmbopra HOMKHA
oTBeuaTh TpeGoBanusaM [lpasun nn1s HacTwia U Habopa BepxXHeil ma-
JIYGEI, & MECTHAs MPOYHOCTb GBHITH -3aBEJOMO JOCTATOYHON IPH BO3-
NEHCTBHY BOJIHOBBIX HATPY3OK;
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B) IPH HEOOXOJMMOCTH BHIIOJHEHHs B (anblufopTe BHIPE3OB
I/ TPOXOLOB OHH JOJXKHBI OTBeuaTb TpeboBaHuAM lIpaBua k xoH-
CTPYKTHBHOMY OGOPMJIEHHIO KOHIOB BBICTYNAIOIIKX JHCTOB GOPTO-
BOH¥ OOIWIMBKYM HAACTPOMKH (moJsiaras BLICOTY HAACTPOHKHM DaBHOM
BricoTe ¢anasmbopra);

r) BHpe3s B (anpmbopTe NOA IITOPMOBLlE NOPTHKH, IIBAPTOB-
HBle KJIIO3Bl H T. II. HOJKHBI COOTBETCTBOBATb TPEGOBAHHSAM K BHIpe-
3aM B UIHPCTPEKE;

I) KauecTBO CBapKH JOJKHO OTBeYaTb TPeOOBAHHAM K KAUECTBY
CBApKYU IIHPCTPEKA;

€) KaTeropuu CTanu AJs OOLIMBKH M MOscKa (ajplibopra Koa-
JKHEI NPUHEMAThCS TAKUMH JKe, KaK a4 WHPCTpeKa U maaybHoro
CTpHHTepa.
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H. i. Xapxypum

AHAJN3 YHPYFOﬁJIACTHqECKOFO JHE®OPMHWPOBAHNUA
NJACTHH OT CBAPKH U MEXAHUYECKON HATPY3KH
METONOM KOHEYHBIX 9JIEMEHTOB

Mmuorue uHXKeHeDHBIE COODYIKEHHS COCTOSAT W3 HAGopa MNJIACTHH,
COCHHEHHE KOTOPHIX OCYIIECTBJASETCH C IIOMOLIBIO 3JEKTPHYECKOMH
ayroBod cBapkd. OJHAKO TaKOH TEXHOJOTMYECKHH IpONEece HMeer
M CBOM HELOCTATKH, CBSI3aHHElE C Ne(OPMUPOBAHHEM SJEMEHTOB KOH-
CTPYKUMH B Ipollecce CBapKH.

J71s1 IPOEKTHPOBAHUS CYHOBHIX KOHCTDYKIMH HEOGXOLMMO 3HATH
34KOHBl BO3HMKHOBEHMS M Da3BUTHH CBapoOuHHIX HAedopmaiui
H yMeThb ONpPeNeJdTb HOJs BPEMEHHBIX M OCTATOYHBIX HATPSIXKEHHH
H MJacTHYeCKux nedopmanuii.

Kpome Toro, sawacryio BO3HHKaeT HeOGXOLHMOCTh (HANpPUMEP,
TPH PEMOHTE) COeIHHHTbL JEeMEHThl KOHCTPYKUHUE CBapKOM, yKe Ha-
XO4slIhecs 10J AeHCTBHEM IepeMeHHOH 2KCNAYaTAllMOHHON MeXaHH-
4eCKOH Harpyskd.

HsBecTHO, uTO B mpolecce CBapKH IJIACTHH B HUX BO3HHKAIOT He-
06paTUMbIe SBJEHHS, B Pe3y/bTATE UETrO NP OCTHIBAHKH B IIJIACTHHAX
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HMEIOTCS 30HBl OCTATOYHBIX HAMpSKEHWH M IIacTHYeCKHX JHedop-
MaIui.

3ajaua ompefeJeHns TaKUX HOJell SBJAETCS YPe3BEIYaiHO CIOXK-
HOH M CONPSIXKeHa €O 3HAYUTEJbHBIMH MaTeMaTHYeCKHMH TPYAHO-
CTSIMH.

i npubAMKXEHHOTO pelleHHs HOCTABJIEHHOH 3aJaun HCIOJB3Y-
€TCsl METOJl KOHEUHbIX 3/1eMeHTOB [1].

Yno6cTBo B HagexnocTs MKD B cOYeTaHWM C TeOpHEH MaJblX
VIPYrOIIACTHUECKHX AepopManuii mokasansl B padore [1]. Bmecre
C TeM JJIs pelieHusi 6oJiee CJAOXKHBIX 3ajay IPH IPOU3SBOJLHOM Ha-
TPYXEHHH H CBAPOYHOM HarpeBe COOTHOIUEHHS MeXIYy HampsxKe-
HUSIMH H 1e(opMalyaMy JOJIKHb YCTaHABIHBAThC HA 6a3e TeOpUH
HEM30TEPMHYECKOTO TeUeHHs, KOTOPAasi H HCIONb3YETCs B HACTOALIEH
pabore. »

CienoBaTeibHO, Bce ypaBHeHns MKD po/KHB OBITH 3aMHCAHbI
B IPHpAINEHUSIX, YTO NPHUBOJAHMT K HEOOXOAMMOCTH INPOCJIEXHBATDH
Tpollecc HATPYIKEHHS O LIaraM (JIOTPYXKEeHHsiM), IPUMEHAST Ha KaXK-
JOM ILIare UTePallMOHHBIH IPOIece YTOUHEHHs IEPEeMEHHBIX NapaMeT-
POB YIPYIOCTH. ‘

OTcioga BHTEKaeT HeoGXOAMMOCTh MHOTOKDATHOTO PEIIeHHs CH-
cTeMbl YPaBHEHUI BBICOKOTO NOPSIAKA, UTO BHI3BIBAET H3BECTHEIEC BBI-
YHCJAUTENbHbIE TPYAHOCTH U TpeOyeT 3HAUUTEJIbHBIX 3aTpaT MalliH-
HOTO BpeMeHH.

B Hacrosimei pa6oTe ONHCAH aJrOPUTM peIleHHs 3afay AJis I/1a-
CTHH, paGoTAIOWUX B YCJIOBHAX IJIOCKOTO HAMPSXKEHHOTO COCTOSHUS
U IUIOCKOH JedopMaluy [OJ COBMECTHBIM BO3LEHCTBHEM MeXaHW4e-
CKOH ¥ TEeIJIOBOH HArpy3KH HPH YIPYromJIacTHYeckKoM AepopMHpO-

-BaHHHU C YYETOM KpaTKOBpeMeHPIOfI TIOJI3YUYECTH.

AnropuTM!  peanusoBaH B BuAe AJrOn-IporpamMm «Pole»
u «TERPLAS» mas OBM «Munck-32». C NOMOIIBIO 3THX NPOrpaMM
pemes psin 3agau. HekoTopble U3 HUX NPHUBEJeM HHXKE.

PaccMaTpHBaercs pellleHHe YNPYrolJiacTHUECKO# 3ajauy COBMe-
CTHO ¢ 3ajayeil TEPMOILUIACTHYHOCTH N0 TEOPHH aCCONHKPOBAHHOTO
TeueHns Ge3 YIPOUHEHHs W YCJIOBHeM TeKydecTH Mmuseca. YunThiBa-
eTcsi KpaTKOBPEMEHHAs T0JI3yYecTb, NPOsIB/ISIOIAACs IIPH pasrpyske.

3ajaua peraercs Ha 06JacTd L B INIOCKOCTH Xy, OTpaHUYEHHOH
KOHTYPOM [, Ha YacTH KOTODPOTO [ 3afaHbl IepeMelleHHs, Ha 1aCTH
I, IPHJIOMKEHBl BHENIHUE TOBEPXHOCTHbIE CHJIbI, a N0 JHHKK N o6Ja-
ctu L makjJagbiBaeTcs cBapHofl moB. Lo MpuIoKeHHs: BHEIIHAX BO3-
LeHCTBHH M CBapKH TeJO HAXONUTCA B HELEHOPMHPOBAHHOM CO-
CTOSIHHY.

Matepuasn npeanosaraercs OXHOPOAHBIM, H3OTPONHBIM H HAC-
aJIbHO YIPYTOIIACTHYECKHM, MeXaHHUECKHEe CBOHCTBA KOTOPOro Xxa-
pakrepusylores Moayiem ympyrocta E (T), ko3 ouiuenrom Ilyac-
coHa v (paccMaTpHBaeTcsl CIyyail HeCXXnMaeMOoH CPeAsl, KOraa B €o-
cTosiHHM TeKydecTH v==0,5) ¥ npenenoM TEKYYeCTH os(T), npuueM

! Asroput™ paspaGoran cosMmecTHO ¢ jgouentom JIKH K M. TaToBCKHM.
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E(T) u os(T) siBASIOTCS (QYHKUMSIMH TOJBKO Temnepatypbl T. s
IOJTHOTO PEIIeHHs 3aJauy TepMOINIACTHYHOCTH IIPENBAPHUTENBHO pe-
mwaercs TenJaopusuueckas 3ajgada, B KOTOPOH AJISI 3aJaHHBIX HHTEp-
BaJIOB BPEMEHH OTHLICKHBAIOTCS HECTAIMOHADHbLIE TEIJIOBHIE MOJA OT
JHHEAHOTO HCTOUHHKA TEIJIa MOIIHOCTBIO Q, IepeMelnaeMoro BAOJb
3azanHoi tpaekropuu N obgacru L.

TemnepaTypHoe nosie onpepessieTcsi NPU AOMYLIEHHH, 9TO TEILIO-
¢$usvYeCKHe XapaKTePHCTUKH MeTajia He 3aBHCAT OT TEMIIEPATYpHI,
a C IOBEPXHOCTH IIJIACTHHBEI HPOUCXOAUT TEIJIOOOMEH C OKPYKAIOIel
cpenol no 3akony HeioToHa.

[Nonyuennrle TeMmepaTypHble IOJIS B AaJbHEHINEM pPacCMaTpH-
BAIOTCS HAMH B KauecTBe BHEINHEr0 TEeMIIepATYPHOTO HATPYKeHUS
Hapsaay ¢ LeHCTBYIOLIeH CHAOBOH MeéXaHH4yecKo#l Harpyskoi. ITocie-
JNOBATEJbHOCTh NMPHIOXKEHHS TEMIEPATYPHOR H MeXaHMUYECKOH Ha-
FPY3KH NPOU3BOJIBHAS, XOTA HX CYMMapHOe BO3IeHCTBHE BCJIEICTBHE
HEJTHHEVHOCTH 3afaul He NOAUYHHSETCS NPHHLIHNY CYHEePHO3HIMH.

PaccmarpuBaercs ciayuali cIOXKHOTO Harpy:eHHsl, KOUja Mexa-
HYYeCKHe BO3HEHCTBHA, HAPALY C TEMIepaTyPHBIMH, MOILYT H3Me-
HSITBCA 110 TPOU3SBOJBHOMY BO BDEMeHH 3aKOHY, OLHAKO CJAENYeT H3-
Gerath Pe3KOro M3MeHEHHS IPAJHEHTOB CHJI U TEMIIEPATYP B ONHO
U TO Xe BpeMs, TaK Kak IJf ONHCAHHS IpPOIecca MOXKET IOTpeso-
BaTbCsl pasOHeHHe ero Ha OOJBLIOE YHC/IO HHTEPBAJIOB II0 BPEMEHH.
Bynem cumraTh, 4TO Ipolecc pPasBHBAETCS IIABHO, M CHJIAMH HHEpP-
IUH npeHe6pe>KeM

PaccmoTpuM BapHANHOHHYIO IIOCTAHOBKY 3aJaud TEOPHUH Tede-
HUsI, cQOPMYJHPOBAHHYIO NJIS MAJIOro NPHpAaIeHns] HATPY3KH H TEM-
nepaTypHL.

IIycTe M3BECTHO B HAYaJbHBEII MOMEHT BpPEMEHH pacmpejenenue
Hanps{)ernH nepeMellleHuli ¥ nedopmManuii mox AedCTBYEM Ha-

rpysKu {P—I—T} H M3BECTHA UCTOPHUS HATPYIKEHHS.

[Iycre manee marpyska mosyuur npupamenue d{P+T}. Torma
COTJIaCHO BApHAIMOHHOMY NPHHUUNY TEUeHUs, AeHCTBUTENbHbIE MPH-

pauleHHs cMelleHu# du, COOTBETCTBYIOUIME MPHUPAIIEHHSIM HATPY3KH
d{P+T}, MOXHO ONpPENENUTb U3 YCAOBHSI MHHUMYMAa SHEPTHH NPHU-

pamenufi D (du) Ha MHOXKECTBE KHHEMATHYECKH BO3MOXKHEIX HpHpa-
IIeHuH, YIOBJETBOPSIONUX I'PAHHYHLIM YCJOBHSIM B NepeMelleHHsX
Ha [5:

83 (du) =0, (1)
rae
3 (du) =75 doy;dey;dL — { d (P+T),du,dl;. )
L A

Jns OTHICKaHHS MHHHMyMa (GYHKHHOHANa TPeOyeTcs B MOIBLIHTE-
rpajpHOe BHpaxeHnue (2) MOACTaBUTh BMECTO d0;j MX BBHIPAXKEHUs
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uepes nedopManiy, X KOTOPHIM MBI HHKeE O6paTI/IMC§I a TocJaegHue
BHIPA3HTD Yepes3 CMeHeHHs

1 {ods, , 0du;
) 0

ITosnnas samaua ompefesNeHHss HaNpAXKeHHO-Ae(hOPMHUPOBAHHOTO
COCTOSIHMS OT CBapKH M 3aJlaHHEIX BHELIHHX CHJ M TPaHHYHEIX Iepe-
MeHIeHHH pellaeTcs IO CIEeRyIOIeH cxeme (MOMIArOBBIA MeTOX).

Pazobrem Bech mpolece, IPOTEKAIOMHI BO BpeMeHH £, Ha MaJkble
HHTepBaJbl BpeMeru AHS™, Afs) Afs+) y 1, 1. Byaem cuurath, 4To
B HHTepBaJe BpeMeHU Af) TeMImepaTypa OT CBapKH H3MEHAETCS HE-
3HAYUTENBHO, a 3aJlaHHAS HArpy3Ka IPHK/JIAJBBaeTcss MAaJbIMH LO-
IPYKEHHAMHM U Ha KaxJOM AOTPYXKEHHH pellaeTcs BapHaIlHOHHAs
3ajauva, chopmyaupoBanHas Boile, [IpH 5TOM COOTHOIIEHHS MeXAY
HaNpAXKEHUAMHY 1 AehopMaluaMHU JHHEaPUSUPYIOTCS,

Takum o6pasoM, HeJMHeHHAs 3a1a4a CBOAUTCSA K IIOCAELOBATENb-
HOCTH JIMHEWHBIX BapUalUOHHBIX 3aJad, KOTOpas Ha KaKJAOM IIare
penraeTcs MeTOAOM KOHEUHBIX 3JeMeHTOB.

OctasoBuMCcs opoGHEE Ha HCNOJb3YEMBIX B HaJbHeHIIeM ypas-
HEHHSX CBSI3M TEOPUH HeuzorepMuueckoro teueHus [2]. Ilpexmosara-
eTcsl, YTO TpHpalleHHs MONHBIX Redopmaunuil de;; MOXKHO IpencTa-
BHTb B BHAe CYMMBbl NpHpaLleHUH YIPYTHX - Aedopmanut dagj .-
«MTHOBEHHBIX® NJIaCTHUECKHX medopMauuil del?;. u pedopmanuii noJa-

3y4ecTH dacﬁ: =
de;j=deij-delj-Fdeiy, (6 j=x, 3, 2). 4)
IIpupautenue Tensopa ynpyrux aeopMauuil Onpeaensercs 3aKOHOM
I'yka
. Gi;— Bi ;G
defymad [y, (ke 1), )

roe 0;; — KOMHOHEHTH HalpskeHHH; §;; — cuMBoi KpoHekepa, pas-
el | npu i=j, unaue §;==0; 0 — cpegHee naBJieHHe; k& — KO3(-
¢bunueHT 06GBEMHOrO CXKAaTHS; (@ — CBOOOAHAS TeMIepaTypHas Jie-
dbopmanus.

[Ipupamenne TeH30pa «MTHOBEHHOH» IIACTHYHOCTH OIpeesi-
eTCsl 3aKOHOM OPTOTOHAJbHOCTH:

defy—=dr 2L df —d\ (5;;— 3, 5), (6)
rae dh— cxaasgpuas QyHKHU, onpenenﬂemaﬂ YCJIOBHEM TEKYUECTH:
A =0, ecan f=-o-(o;;—0) (o1j—3) —3s(T) < 0;

uan =0, Ho df<C0; (N
. dv>0, ecim f=0n df=0.
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[TpuBeneHHBlE COOTHOIIEHHS BbIPAXKAKOT ACCOUHMPOBAHHEIA 3aKOH
TeyeHHsl C YCJIOBHEM TeKyduecTH Museca IIs HAeaJbHOrO IJIacTHUe-
CKOTO MarepuaJa, KOTOpbI XapakKTeDH3yeTCs TeM, YTO He MOXKeT
BOCHPHHHMATb HANPSKEHHS, IPEBOCXOANINE ONpeNeJeHHbIA Npese
0s(7T), 3aBUCAILUE TOJLKO OT TEMIIEPATYPHL. ’
[pupamienue gedopmanuil MOA3YIECTH CBA3AHO C HANPSKEHHBIM
COCTOSIHHEM THIIOTE30H KPaTKOBPEMEHHOH IOA3Y4eCTH:

deS; = (T, o) dth (a1;—39), ®)

rae @ (7, 0;) — yHKUMSA HOJ3Y4YECTH, ONpenenseMas SKCIepUMeH-
TaJbHO M XapakTepH3yloulas CKOPOCTb MOJ3Y4YeCTH HPH TeMnepa-
type T ¥ MHTEHCHBHOCTH HaNpsKeHHH o;; A — efuunuHas QYHKIUSI,
onpejessiomas CBA3b Mexny de?, u deg; mo cxeme Onxksucra, co-
IIaCHO KOTOPOH IOJI3yd4ecTh NPOTeKaeT Ha (OHE TOJNBKO YHPYroiH
nedopmanuy,

TMopcrasiass Beipaxenus: (5)—(8) B (4) u mepexoxs K mpupa-
weHusIM Ag;j, MONYUHM: ‘

As”—-——qf (Gij_BijG)—{"aijkc_bij! (9)
rape
W=t A RO (T, o) At

6;;—9;0 \* .
sz=(i9ﬁ*i‘> + 35 [(k)* —Ae],

Ap==a (T —T*).

(10)

N e i, 2 ittt o e

Vpasuenuns cssisu B ¢dopme (9), (10) oTauyalOTCs MNPOCTOTOH
A MMEIOT TO NPEUMYILIEeCTBO, YTO COJepPXKaT B ABHOM BHJE He IpHUpa-
mwenuss Ao;j, a TMOJNHYIO BeJHUYHMHY Ojj, ONPENENsIOILyI0o Heympyroe
HOBeJeHKHe MaTepuaJia, IpuYeM HHAEKC «*» OTHOCUT BeNHUYHHY K Mpe-
IBIIYIIEMY 3Tany HarpyxeHus.

Kpome Toro, 3T ypaBHeHHSI (OPMAJbHO COOTBETCTBYIOT ypaBHe-
HUSM CBSI3H B TEOPHM YIPYIOCTH, €CJIH NOL CKanspHOH dyHkuuelr W
'IOHUMATh BEJHYUHY, OOPATHYIO YIBOGHHOMY MOAYJIO CABHTE, & IOA
b;;— 3ajanHEle CBOOOAHBE AedopMalHn e‘;j ¢ 0o0paTHHIM 3HaKOM.

CiiefoBaTe/ibHO, Ha Ka3KJOM IIare UTepalMOHHOrO mpolecca 3a-
Jlauy MOXKHO pacCcMaTpuBaTh KaK KPaeBylo 3ajayy TEOPHUH YIpPY-
TOCTH. ‘

OnuieM KpaTKO MPOIEeAyPY pellieHHS 3a4a4y METOAOM KOHEUHBIX
3JI€MEHTOB. : : : '

Jas storo mpeofpasyeM 3aBuCUMOCTh (9) XK MaTpUYHOMY BHALY

{s}I=[D]® ({Ae}N4-{5}(), (11)

~rie [D]® —nnacTHYeCKUH SKBUBAJIEHT MaTpPHIbI YOPYroCTH, KOTO-
PHIH B cayyae OOBEMHOTO HANPSAMKEHHOTO COCTOSIHHS MOXKHO Tpen-
CTaBUTh KaK
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oW + & v_ g =t | ool o
Vtor | $rok | Ti%%
v—p |204r | v—r | | o],
U ok | WFroke | U+2%
T—k | W—k |20+k]| 0| o | o
L TF% | U r% [T
e 1
[D]"N =5 ;
0 0 0 |00
0 0 0 0 —;- 0
1
0 0 0 0|0 |5

B nocnepneM BhIpa)KeHWH BePXHUH HMHAEKC r O3Hauaer NpHUHAM-
[ —2v
JIEeKHOCTb K r-MY KOHEUHOMY 3JIeMeHTY, a k== B — Ko3¢dunu-

€HT O0'BEMHOTO CKATHS.

Becio o6macts L pas6uBaeM Ha CeTKY TPeYrOJbHBIX KOHEUHBIX
2J1eMeHTOB. {11 OPOW3BOJNBHOIO £-TO 2JEMeHTa HPUPALIEHUS Y3J0-
BHIX CMeEIIeHHH XapaKTepH3yIOTCs BEKTOPOM

[Ag)N={Aq,Ag; Agy)", (12)

rne i, j, k—y3nel ajeMeHTa r.
Torpa npupamerne QYHKIHH CMeNIeHHs 110 NOJIO 3JeMeHTa 3a-
TMHIIETCS

{Au}0=[U]" {Ag)"), (13)
a npupauienus gedopmanuil Kax
{Ae}n=[B[") {Ag}™, (14)

rie [U]®—wmarpuna GyHKOHH, anOpOKCHMHPYIONIMX NepeMelleHus
JHHEHHBIM NIOJHHOMOM BHJA '

Uy ==y~ toX; -3y, (15)

a [B]" — marpuunblil puddepennnansunil oneparop Kouru.
[Toacrasnsissi BeIpaXeHUsi HJsl Ojj, €;5 U U; B BHIPAXKEHUSA s
3Hepru (2), NoayuuM:

9=£([BI {Ag})" [D]([B] {Ag)-{6}) AV =

v

| =mq}’<§ IBJT[DJIBJdV{Aq}+§[BJTID1 {b}dV). (16)
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Bappupysi Boipaxenue (16) 1Mo y8/JIOBBIM CMELIEHHAM, MOJYYHM
CHCTEMY JHUHEHHBIX a/jrebGpauuecKuxX ypaBHEHUH Tula

[K] {Ag}={P}—{F], (17)

rae [K]—ofmas Matpuua xectkoctd cucteMbl; {Ag} — mosmbii
BEKTOp MpHpAIleHHii Y3JOBHIX CcMelleHuH; {P} — BEKTOD Y3J0BHX
cunt; {F} — DOMHBIE BEKTOP TEMIIEPATYPHBIX H MeXaHHYECKUX HArpy-
30K OT NPeABIAYILIero mara o BPeMeHH, OIpefesseMblll IJd 3Je-
MEHTa KaK

(F}) =S, [B][D] ({6}", (18)

rie S —mIomanb TPEYyTOJbHHKA; f;~— TOJILHHA TPEYTOJbHOTO 3JjIe-
MeHTa; {b}* — BeKTOp HauaJbHBIX AedOpPMALUHA OT NPEBLIYIIEro
nrara 1o BpeMeHH.
_ ITonyuenne nonuoit marpunsl [K] u Bexropa [F} ocyumectBis-

eTCsl IO3JIEMEHTHHIM CJOXeHHeM C NMOMOIUBI0 MAaTPHIE HHIEKCOB,
ONIICAHHOH B pabote [l], a peinenue cucremsl (17) BHIIOJHSETCS Me-
tofom I'aycca.

Pemenne cucremer (17) maer Bekrop {Ag}, na Gase koToporo

B KaXJOM 3JieMeHTe 00JacTH BBIYUC/ASIOTCS N0 BhIpaxeHuio (14) me-
dopmanuu u no dopmyne (11) mamnpsikenus. ITocne sToro B Kax-
JIOM 3JeMeHTe BLIUHCJSETCS MHTEHCHBHOCTh HANpAXKEHHH O; ¥ Npo-
BepsAeTcd YCIOBHe TeKydecTH Museca

M=3/y(D,) —a;(T), (19)

rae fs(Ds) — BTOpOH WHBApPHAHT NEBHATOPA HANPAKEHUH.

KomnoneHTH BeKTOpa HauadbHHIX gedopmanuit B gopmyae (18)
B CJAydyae IIOCKOTO HAaNPSKEHHOTO COCTOSIHUS OIpPENe/sIoTcs Ccle-
IYIOIIYMH BBHIP AXKEeHHUSIMH:

* 1 *
bxx"_:F (Gxx_vcyy) ‘_'A“P:

® 1 ®

byy=—‘—‘—E* (ogy —Vorx) — Ao, (20)

EY

1 #
by =5z (9xy) 5

H B cayyae miaockoil pedopmanun

® 5i; \*
rue
3w wf 1 * E—W (g, \*,
b=grrg [boto (o —#) | Farre(25) 5 @
0=—;— (0xx+0yy+0,) — cpenHee HANPSIKEHNHE,
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3aTteM mpousBOAUTCSA yTouHeHHe GYHKIUKM ¥ 10 KPHTEPHUIO, Mpes-
JIOXKEHHOMY B pabote [3]: '
WD =TO p (1 —p) [+ @ AE]  mpr M< -2,
WE+D.= g mpr —o? << M<Ca?}  (23)
G+ =@ 5L nmpu M > a2, |
as » J

THe {-— HOMep HTepaluH BHYTDH OJHOIO lIara Mo BpeMeHH, 0K Os
u 0<Cp<C|-—mapaMerphl HTEPALMOHHOTO IPOIECCa, onpelesiolite
CKOPOCTb €r0 CXOAUMOCTH H TOYHOCTb NOJIyYAEMbIX Pe3yJIbTATOB.

B HynesoM npubIHIKEHHH

Y
6 y cuuraem ¥ =g 1 410 nepeBo-
mat  martpuny [D]® B martpuny
2 5| YOPYrocTs, a Ha BCEX MOCJIEAYIO-
1 - IUX OPUGAMKEHUAX NPHHAMAaeM
A’ = napaMmerp ¥ paBHEIM €ro sHaue-
{ . ' HHIO Ha NPeIBAYLUINX NpUOIHKe-
k o x ~ HHAX.
c8 lI.UB l—I
polece IOC/eI0BaTEIbHBIX,
HoopGunamsi NpuOIMXeHHH  3aKaHUHBaeTCH,
Hayana 1-2o wea €CJH  BBIIOJHSETCS OCHOBHOM
Puc. 1 Kputepui
pE+1) ‘ :
_,——1|<a G, 24)
w®) . _

TpuueM ycaoBue (24) MOKHO OBITH BHIIOJIHEHO [Js1 BCEX JIEMEHTOB
006J1aCTH, IIOCTIe Yero MepexofuM K aHaJu3y CHAEAYIOIerc liara o
BpEMEHH. ,

Haxoxaenne TeMnepaTypHBIX HOJIeH OT CBAPKH OCYLIECTBJISETCH
B pe3yJbTaTe pellleHHd 3afaul TemJIONPOBOAHOCTH

oT aT |, 0T
*ﬁ“:“(_o‘xz‘ 32 ) : (25)

TAe ¢ — KO03(ppHUNEHT TeMIepaTypoIpPOBOLHOCTH.

PaccMOTpUM IpoOLEcC HAJOXKEHHS BajJuKa Ha HNPSIMOYIOJbHYIO
nacTuEKy (puc. 1). HanpasiaeHue cBapKH NOKa3aHO CTPeJKOH, NPH-
yeM Bce YeThipe WIBA mapaJielbHbl ocaM x ¥ y. Hawasno l-ro mmsa
(undpa I B MOTYOKPYKHOCTH) C KOOPAHHATAMHU Xo, Yo HA puc. 1 mo-
KasaHo uudpoi 0, 2-ro msa — uudpoi I u T. 4.

. B cayuae moCTOSIHHOH CKOPOCTH CBAPKH Ucs U NMOCTOSIHHBIX TeIl-
Jobu3UYECKHX CBOMCTBAX Marepuasia, He 3aBHCAIIMX OT TeMrepa-
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TYphl, pelienue AndepeHnuasbHOro ypasHeHus (25) Ha npsamo-
YronbHOH 06JacTH xy MOXKeT OBITL 3aNHCaHO B BUIEe HHTerpaja

T(x y, f)— 411}\3 2 ‘S' [1+ —ai(u -l-ai)_l_e—ﬁi( i"‘pi)]

X ea, + Bi—1 drt (26)

t—=x’

rae T(x, y, t)— TemMmepaTypa TOUKH C KOODJHHAaTaMH X, Yy B MO-
MEHT BpeMeHHU f; Q — MOIIHOCTb HCTOYHHKA Temia; A-— Koaddunu-
€HT TENJIONPOBOJHOCTH; O — TOJILKHA IJIACTMHKH; [— HOMep LIBa
(i=1-+-4); y=b(t—7), rie b-—xo3QdHLHEHT TEMIEPaATypPONpO-
BOJHOCTH M T — [apaMeTp HHTETPHPOBAHUSI.

[Ipenenn HHTErpHPOBAHUS ONPENENTIOTCS KaK

d,_s, ecsu t<fca(z_1)»
di=\t—tmu_1, eca tcs(i—1)<\t<t°5(‘)’ (27}
fen (i) ecm £ > Les (1)s
roe |
P
tcs(i)=tc3(i—-1)+ifu_c:_1— (28)

— ' BpeMd CBapKH i-ro 1iBa 1
2=1x, . (29)

€CJIH [ — HEeUEeTHOE YHCJIO;
2=y, (29")

ecIy [ — YeTHOe YMCJO.
ITokasarenu cTeneHell B BhIpaxKeHHH (26) onpemensioTcs paBeH-

cTBaMH
| “i=—i“ (z—2)%
= (22
oz/;:——i— (2+2,—2L,)?

(30)

R e N —

ll

[2—2_1-H(—1) D]t \|
et = (~ Do, 31)
[z —l“zl-l'—(*‘l)i@csf—ﬂz]?,J

rie z OHpEILeJIHeTCﬂ ycaoBusamu (29), a
C=—4a(t—’t), tca(0)=d0=0-

II

lI
nlt— h‘»—t n‘»—-
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Onwucanubfl anropuTM peanusoBan Ha IBM «Munck-32» B BuLe
Ausros-niporpammur «Pole». ,

st HaxoX AeHUs TEMJIOBLIX HOJEH ¢ MOMOLILIO 3TOH MPOTrPaMMbl
[IaCTUHKA Pa30HBAeTCsl CETKOH Ha TPEYroJdbHEIE KOHEyHble 3Je-
MEHTHL.

Crymenue ceTKH NPOM3BOAMTCS B pafiOHAX LIBOB, NPHUEM IS
TOCJeAYIOWEro PEUIeHHsT YIPYTOIIaCTHIECKOH 3aauy U 3afaul Tep-
MOIVIACTHYHOCTH MOXKeT ObiTh HCIOJIb30BaHA U APyrasi ceTKa KoHeu-
HBIX 3/JeMeHTOB.

Sapatorcs BCe Temno(H3NYECKHEe XAPAKTEPHCTHKH M HHTEPBAJbI
BPEMEHH, B KOTOPHIX HAaC HHTEPECYIOT 3HAUeHHS HCKOMBIX TeMiepa-
TYp B LEHTPax TAxKecTell TPeyroJabHHKOB., Kpome TOro, 3agaoTcs Ko-
OpAHHATH Hayaja 1-ro IBa, KOJIHYECTBO IUBOB, MX MIJHUHH M CKO-
POCTb CBapKH.

B pesyabTaTe pemenus 3amauyu ¢ IOMOIIbIO mporpaMmsl «Poles
NeqaTalTCs U 3aNHCHLIBAIOTCA HA MAarHHTHYIO JIEHTYy TeMIEpaTyphl
BO BCEX 3JIeMEHTax M IJs BCeX HHTEPBAJIOB BPEMEHH., v

OTH TeMIepaTtyphsl 3aTeM YHTAIOTCS ¢ MArHUTHOH JIEHTH B HYX-
Hble MOMEHTBHl BPeMeHH NPH pelleHHH 3a4a¥ TEPMOHAMPSIAKEHHOCTH.
Bpems cuera mo mporpamMe «Pole» xoseGaercss B mpegenax 3—
20 MHH B 3aBHCHMOCTH OT 0GbeMa HCXOLHOH HHGOPMALMHK H Cylle-
CTBEHHO 3aBHCHT OT LIara HHTErpUPOBAaHUA A, KOTOPBHIA 3amaeTcs
B KayecTBe HCXOLHOH MH(pOpMAaLHH.

Kaxk mokasanu pacuerst Ha BM, BHGOp A=0,lc maer nocra-
TOYHO BLICOKYIO TOYHOCTBH PacyeToB.

ANTOpHTM pellleHHsl YIPYrOMJIACTHYECKHX 3a4a4 COBMECTHO C 34-
Jlauel TepMOMJIACTHYHOCTH Deasu30BaH B BHAE AJIIO/-IPOrpaMMBbI
«Terplas» B gByx BapuanTax. [lepBHl BapHaHT NPOrPAMMBI OCHO-
BaH HAa aBTOMATHYECKOH pa3OMBKe 00./1aCTH C MOMOIULIO JHUHHH, Ia-
paJlIesbHBIX OCIM KOODAMHAT X, Y, Ha CETKY TPEYrOJbHHIX KOHEU-
HBIX 3JIEMEHTOB M TpebyeT MHHMMyMa HCXOLHOH HH(OpMAIMH, OA-
HaKO CeTKa MNOJIy4yaeTcs HEONTHMAaJbHOH B CMEBIC/IE BPEMEHH CueTa
U HAKJIAa[BBAET Cepbe3Hble OrPaHHUYEHNS Ha KOJHUECTBO SJEMEHTOB.
Tax B pexume COBMECTHMOCTH pPasMepHl CETKH ONpPENeNsIOTCS IPH-
6.1uxerHol hopmyJion

v(v+g+1)+5(v—1) (g—1) < 1200, 32)

TZle U— KOJIMYECTBO BEePTHKAaJedl ¥ g -— KOJHYECTBO TOPU3OHTAJEH.
®opmysa (32) cBA3aHa C OrpaHHYEHHOM OmepaTHBHOH 1a-
MAThI0 DBM.

B nepsom BapuanTe nporpammul «Terplas» Bech mpomecc cuera
aBTOMAaTH3HPOBaH: BHyTpH DBM mnpousBoaMTCS HyMepauusi yaJjoB,
3JIEMEHTOB, BBIUMCJAIOTCS KOOPAMHATHL Y3JIOB, INMHPHUHA JIEHTHI, YM-
CJIO YPaBHEHHH, IPOHCXOAUT aBTOMaTHYECKOE MOCTPOeHHE K03hdu-
OUEHTOB CHCTeMHBI ypaBHeHuH. B ciayuae, ecau cucreMa He moMerna-
ercsi Ha pabodee IOJIe, OHA aBTOMATHYECKH Pa3sGMBAETCS HA YacTH
4 GOPMHPYETCH U PelIaeTcs MO YaCTIM.

56



Bo BTOpOM BapHaHTe npelycMOTpeHa pa3buBKa 06J1acTH Ha Npo-
H3BOJIBHYIO CETKy KOHEUHBIX 3JeMEHTOB, OJHAaKO B 3TOM ciayuae
06beM HCXOAHOH HHGOpMAaINY 3HAYUTENbLHO BO3PACTAET,

B xauecTBe HCXOZHOH MHOGOPMALMH IJS NPOrpaMMBI 3a1aI0TCH
caeqylOUlde JaHHBIE: Pa3Mephl CETKH, I'DaHHUHbBIE YCJIOBHS, UHCJIO
3TANOB JAOTPYKEHHH MeXaHMYecKOH HaTrPy3KH H COOTBETCTBYIOIAs
TabJIKIA Y3JIOBBIX CHJI, KOJHYECTBO HHTEPBAJIOB IO BpEMEHH CBAPKH,
BpeMs INPHJIOKEHHS MeXaHHUecKOH Harpysku, TabJauiia MeXaHHUe-
CKHX CBOHCTB M OYHKLHS IOJ3yUecTH B 3aBHCHMOCTH OT TeMIepa-
TYPH, KO3(G(UUMEHT YCKOPEHHS CXOJHMOCTH M OKOHUAaHHS HTepa-
OHH, TabJMUIA TOJNIIUH ¥ IJHUTEIbHOCTH BPEMEHH B CEKYHIaX.

B pesysbraTe cuera Bhigaercsi HHGOpMaLus: AJST KaXKIOTO MO-
MeHTa BPeMeHU U (MJH) 3Tamna NOTPYKeHHS NeuaTaioTCd Hanpsike-
HHA ¥ obmue HedopMaluy B 3JE€MEHTaX, CMEIIEHHUS, HAKOIJIEHHAs
njacTHyeckass gedopManysa M 30HBI HJIACTHYHOCTH, YHCJIO HTEpalui
W NpHYHHA [HOMep 3JeMeHTa, B KOTOPOM He YAOBJIETBODEH KpUTe-
puii (24)], cBoGoxHas TemnepatypHas nedopMmaius U TEMIEpaTyp-
HOe TI0JIe.

BpeMsa cuera xosebsercs B npenenax 0,5—4,5 u u 3aBucur or
HCXOJHBIX NAHHBIX H OCOGEHHO OT 3aJaBaeMHIX IapaMeTPOB CXOMH-
MOCTH ¥ TOYHOCTH PaCUETOB.

PaccMoTpuM HEKOTOpPHIE YHCIOBEIE IPHMEPHL.

" IlepBEIfl TpUMEp OTHOCHTCSI K aHAJHM3y HAMNPSIKEHHO-Te(hOopMH-
POBAHHOrO COCTOSHHS PACTAHYTOH IJIACTHHKH C MHKPOCKONHYECKOH
TpeluHOH (pHc. 2, a). DTa 3ajxaua SBJISETCS YPe3BBIYAHHO BaXKHOM
I IPaKTHKH, TaK KaK TEOPETHUECKH IJacTHYecKue nedopMaiuu
B palioHe cMbIKanua OeperoB TPellHHE BO3HHKAIOT TPH HYJEBHIX
BHEIIHMX BO3NeHCTBHAX. MexaHHuecKue CBOHCTBA IIPH HOPMAaJbHON

TeMrIepaType NMpeAcTaBJeHsl Ha PHC. 2, 6, Ile BeJIHUYHHA G COTJIACHO
BHIpaxeHuo (23) cBs3aHa ¢ NMOPAXKOM yrouHeHHs napamerpa V.

Ha puc. 2, & mpencraBnena pacuetHasi cxemMa !/, IJIaCTHHRU
13-3a CHMMETPHH Halleld 3amaud. Iloc/enoBaTebHOCTL IPHUJIOKEHUS
BHEIIHe# Harpysku AP; = k;0p 3apaercss tabauuelf 5TamoB JOCpy-
keHusd (cM. crp. 61).

B sro#t Tabauue B 3-if u 4-f rpadax NnpuUBeNEHO YHCHO HTEpa-
uui ¥ BpeMsa cuera npu p=0,9 u 6§=0,02.

Passutne muacruueckux nedopMauuii BO BPEMEHH IIPHBEIEHO
Ha puc. 2, 2, 9. Ha puc. 2, e npuBeleHa 3mwopa HANPIKEHUH Gy
B palioHe Hauaja TPELIUHHl IIOCJHe IIOJHOrO CHATHS BHeIIHeHd Ha-
FPY3KH.

Bropo#t npuMep OTHOCHUTCS K aHAJHM3y OCTATOUHBIX ¥ BPEMEHHBIX
HanpsKeHu# B maacTuHe (pHuc. 3, @) B IPOLECCE HAJOKEHHUsI BaJuKa
H HOCJIe TIOJTHOTO OCTHIBAHHUS.

Ota 3ajaya #jaAd OeCKOHEUHOH IJIACTHHBL MMEET TeOPEeTHUYECKOoe
pelIeHHe ¥ IO3TOMY Hallle PelleHHe MOXKeT OBITh KaUeCTBeHHO C HUM
COIIOCTABJIEHO. D

Kpome Toro, majs 3TOH 3alaud HMEIOTCH SKCIEPHMEHTaJbHLIE
Jaunnele. ITo nporpamme «Poles mag 12 nutepBasoB BpeMeHH GBI
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paccuuTaHBl TelJOBbie MOJs. HekoTophle M3 HUX mpexcTaBJ/IeHbBI HA
puc. 3, 6. Pacuernas cxema (puc. 3, 6) umeer 90 Y3JIOBEIX TOYEK
(180 ypaBmenuit), 141 smemeHT u 26 y3J0B C HyJeBHIMH 3a7aH-
HBIMHM CMeUIeHHSIMHM (BCAeACTBHe cHMMeTpuu). Tensodusnueckue
XapaxkTepucTuku (marepuas —cranp 30XI'CA) npuBegeHsl uHa
puc. 3, e, d, e. HekoTophle pe3ysbTaThl PacueTOB IPEACTABJIECHL Ha
puc. 4. Bpems cuera 3 u 39 MuH.

Tperuit mpuMep OTHOCHTCA K aHA/IH3Y OCTATOYHBIX HANPSKEHHI
u jedopmanuii 0pu cBapxe TaBpoBol 6anku (puc. 5, @, 6). Pacuer-

3uops 0CMaAmoYKsIx HanpsKeHul Ty, kzc/mr’ nocre
Noscox OXNAINFEHUS

Cmenxa
158 ~g- 74 19,3~
. 5,2
32,5 28,2
l[/l&< ”I 1,0 i [UDB\_ % i
36,2 77 ' \§’§
1 v _ . 3147 . L
10,8 253 8,1
12,4- | . /2,4- . ~ /’
Puc. 6

Hasi CXeMa IpHBEeNeHa Ha pHC. O, 8. YUHTHIBAETCH IIJIOCKOCTL CHM-
MeTpuu BAOJb pebpa. Umcio uHTepBasoB BpeMeHu 15. TemsoBas
3ajada cyuTanach 23 MHH, a TepMoMexaHuueckas —4 u 12 mun.
Ha puc. 6 npezncraBieHsl 5IIOPE OCTATOUHBIX HANPSIKEHHH 'Oy AJS
HEKOTOPbIX CeueHH# B paHOHe CBAPHOrO IIBA IIOCJE IIOJHOLO OCTHI-
BaHHA. MartepuaJs TOT XKe, YTO ¥ B IIPeAbIAYIIEM MPUMepeE.

CIIMCOK JIUTEPATYPELI

l.MMocrror B. A, Xapxypum K. §. Merog KOHEUHHIX 3/ICMEHTOB
B pacueTax CyLoBHIX KoHCTpykuuit. JI., «Cymoctpoesue», 1974, c. 228—235.

2. Kavanos JI. M. OcHoBH Teopun naactuunoctu. M., «Hayka», 1969.

3. BenukouBaneHko E. A, Maxneuko B. Y. Bonpoch pacuera csa-
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o6pa6oTkn MaTtepHasoe», 1967, Ne 4, c. 87.

B. A. Kyporwmos, [. E. Xeidicun

XAPAKTEPUCTHKHM CTPOUTEJIBHOW U JIELOBOM
MPOYHOCTH KOHCTPYKL U JIEAOBOTI'O NOSICA
JIEIOKOJIOB

Pemenne 3anaun 06 yzape JeLoKosia O KPOMKY JEASHOTO NOJS
[1] mosBosisier paspaGoTaTh CxeMy pacuera JeIOBHIX Harpy3oK Ha
KOHCTPYKUMH JIELOBOTO Iosica. DTH HATPY3KH ONpelessioTcs Kak
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KOHTAKTHBEIE JaBJEHHS p, NEHCTBYIOIINE B Npefeaax 30HBl KOHTAKTa
6opra co apAoM. OTHenbHEIE 3J1eMEHTH, KaK ¥ Bcsi 60pTOBasi KOH-
CTPYKILHsI B LEJIOM, BKAIO4ass OOIHMBKY M Hab0p, MOJKHBL IPOTHBO-
CTOSITh BO3MEHCTBHIO JIELOBHIX Harpy3ok. s o6muBku B KadecTse
TAKOH HAarpPy3K{ BBEICTYNaeT MaKCHMaJbHOE KOHTaKTHOE IaBJICHHE
Pwax. Hasi HabGopa pacuyeTHBIMH SIBJASIOTCA AABJCHHE ¥ NOTOHHAS
Harpyska, BeJMUHHA KOTOPOH ONpeNessieTcs yXe AByMs Iapamer-
pamu: p u b. IlnvHa 30HH KOHTaKTa Lp npu samammofi dopme
KDPOMKH JIbJla OJHO3HAYHO ONpPENeNsIeTCsl KaK (QYHKIHS BHICOTH 30HB
KOHTaxTa b.

30Ha IpUJIOKEHHUS JIELOBON HAIPY3KH K 6OPTY MMeeT BHUI BBITS-
_HYTOTO NsATHA OBaJbHOH (QOpMBL. KOHTaKTHBIE HaBJeHHs pacrpese-
JIEHBI 110 IIJIONIAAH 9TOTO NsTHA MO NMapaboJHYecKOMy 3akomy. [lis
pacuera NpPOH3BOJHTCA HEKOTOPOE YIPOILEHHE 3MIOPHl KOHTAKTHBIX
naBJeHHH. [ITHO cyHTaeTcs MPAMOYTONBLHBIM C BBICOTOH by, paB-
HOH 5(Q(EKTHBHOH TEOPETHUECKOH by, T. €. C yUETOM CKoJa H Bpe-
MEHH NOCTHXKEHHs MAaKCHMAaJbHBIX 3HAUEHHI NABJEHHH, TOTOHHBIX
Harpysox u cymmapsoro ycuaus [1]. Takum o6pasom, BricoTa 30HBI
IeHCTBYS JIELOBBIX HATPY30K yMEHBbIIAeTCs MPHMepHO Ha 159% mpo-
THB MaKCHMaJbHOH B KOHIIE yAapa, T. €. by==0,85bmax.

Hauna natHa Ly npunuMaercs paBHoi 80% TeopeTHueckoil,
a JaBJieHHe Ha KOHLAX CYuTaeTcss paBHBIM 25% MakcuMmaJsbHOrO.
MakcuManbHOe NaBJEHHE B CePeJIMHe 30Hbl CMSTHS HA IPOTSKEHHH
0,2Ly cuntaercs paBHOMepHBIM. [Ipu 3TOM CcyMMapHas KOHTAKTHAS
CHJIa OYeHb OJIM3Ka K TEOPETHYECKOM, a MaKCHMAaJbHBE IaBJACHUSA
CJIeTKa YMeHbIIeHH. '

O6muBka 60pTa pacCUHTHIBAETCS HAa MaKCHMaJbHOE AaBJEHHe
B cepelluHe nsATHa. Pacuer Bemercss Kak IS XKECTKO3aneJaHHOH HA
IMNAHrOyTaX  GajKHU-TOJOCKH, T. €. ONpPEeIeJsIOTCS HaImpsKeHHs
B ONOPHBEIX ceyeHHAX. BoprtoBoii HaGop paccuuThHBaeTcs Ha HaBJe-
HHe, paBHOe 85% OT MaKCHMaJbHOTO LI OGLIHBKH, NOCKOJBLKY IIPH
3TOM JOCTHraer MaKCHMyMa MNOTOHHAas Harpyska ¢=pb. BricoTa
B0HBl KOHTaKTa b BHIYHCASeTCH A MOMEHTa yAapa, COOTBET-
CTBYIOIIEr0 MaKCHMaJbHON Harpyske Ha HaGop. [las pacuera
HaGopa LEHTDP 30HBI KOHTAKTa COBMEILIAETCS C CepeIMHON IpoJera
COOTBETCTBYIOLIEH OaslKi M BBIUHCJEHHS IIPOM3BOISATCA C YYETOM
CIBHIOB, HENPM3MATHYHOCTH DaMHLIX IINAHIOYTOB W CTPUHTEPOB,
KHHIL ¥ T. II. .

Pacuernrle MakcuMaJbuble NaBJEHHS p H BBICOTA 30HBI KOH-

A . . X
TakTa b B CEYeHHH CynHa C OTHOCHTEJbHOH KOODIHHATOHU T oIrpe-

nessiiores 0o GopMyJaam
13 1
p—0,660" M"a, (2R) " F, (L), (1)
71 2 1
5

b=1330>M%a, ° (2R) ' F,

8=
(\,k

_——

) @)
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e

rie vo— CKOPOCTb XOJAa CyAHA B MOMEHT ’y,uapa(;ﬂM—‘M%ca CyIHa;
Gp — TapaMerp AMHAMUYECKOH NMPOYHOCTH JbAa; R — Pajuyc CKpyr-
JIEHUS] KPOMKH 104151, Fp u Fp — QYHKIUH, ONpeaessioulue BIAHIHHC
dopMBI KOpHyCca Ha nmapaMeTpsl p H b;

RES 1 -1
Fp=1*(c") ®cos ®Bsin *g; (3)
z -1 _1 ~L :
Fo=1"(c’) ®cos ®psin *8, (4)

rae fp —yroa HakJoHa WNaHroyta; ¢’ u [ — ko3bdHIHEHTH NpHBe-
NeHHs MacChl M CKOPOCTH K HamnpaBJIeHHIO yhapa. Benuunna koad-
(uIHeHTa NPUBEAEHHS CKOPOCTH [ pas/uyaercs AJs IPSIMOIO H OT-
paxeHnHoro ynapos [2].

Takum 06pasom, MOXKHO IPOH3BECTH pacueT HNPOUYHOCTH KOHCT-
PYKUHII JIELOBOTO Tosica Je0KO0/I0B. sl aHa/u3a pesyJbTaTOB Ta-
KHX pacueToB ILe/1€CO06Pa3HO HCI0JIb30BATh NOHATHS CTPOUTEJBHOI:
H JIEROBO# MPOYHOCTH, BBEJeHHbIe B pabote [3].

ITon crpontenbHON MPOYHOCTBIO NOHHMAETCS BENMUHHA pACYeT-
HOHl Harpy3KHW, BBISHIBAIOIEH B CBSI3SIX KOPHyca, K KOTODHIM OH&
NpHUJIOKEHA, NPEJeNbHOe COCTOSIHHE B COOTBETCTBHHM C IIPHHSTHIM
AJA 3THX CBfI3€H KPUTEPHeM NMPOYHOCTH. B oTeuecTBeHHOH mpakTHKC
NPOEKTHPOBAHKS JIELOKONOB MPUHHMAIOT CJIEAYIOIIHE HOPMBI JIOMYC-
KaeMBbIX HANPSIXKEHHH AN KOHCTPYKUHII JIEIOBOTO HOsica:

1. Makcumanbuble HOpMaJ/ibHBle HANPAXKEHHS B KpaiHel dhubpe
He JI0JIKHBI IPEBOCXOMMTb NPejesia TeKYyUeCTH MaTepHaa.

2. MakcumasibHBle KacaTeJbHBIE HANpPSKEHHS B paliOHE Hell-
TPaJbHOM OCH HEe NOJIKHBI IIPEBOCXOAHTb MpeJesa TEKydecTH Ma-
TepHaJa npu casure t,==0,570;. :

OtmernM, uro mjasi npoduiel, IpHMeHSEeMEX B KOHCTPYKIUSX
JIEJOBOTO TI0sICa BTOPOH KPHUTEPUH NPAKTHYECKH SKBHUBAJIEHTEH yC-
JOBHIO Tep=0,50s, TZie Tcp— CpPelHNEe KacaTeibHElE HANPKEHHs!
B CTeHKe 6aJKH. _

Bropo#i KpuTepmit IPOYHOCTH B CYIIHOCTH COOTBETCTBYET npe-
NEJPHOMY COCTOSIHHIO IIO CABHTY, TaK KaK MaKCHMaJbHble KaCaTelb-
Hble HaNpsKeHHs OTJMYAIOTCI OT CPEXHHUX BCero Ha 5—129.

3a Bce BpeMs -9KCITYaTallMd apKTUUECKHX JEIOKOJOB (JELOKO.T
Tuna «MocKkBa», aTOMHEBIH JELOKOJI «JleHuH») He OBIJIO OTMEYEHO
HH OIHOTO MOBpeXKAeHUs JnefoBoro nosica. ITogo6HEle MOBpEXIeHHS!
HEJONyCTUMBI, TaK KaK NpPaBKa WJIH 3aMeHa CEeKUHH GOPTOBHLIX KOH-
CTPYKILM#I COBPEMEHHBIX JIE/IOKOJIOB HOTpeGOBana OB Upe3aMepHEL:
8aTpaT M AJHUTENbHOTO BBIBOAA CyHHA M3 3KCIayaTtauuu. Mcxons uz
STOT0, MOXHO NPENBABHTH K JIEAOBOMY IIOSICY JIELOKOJIOB Tpe6oBa-
HHE HENOBPeXAaeMOCTH H BbIOpaTh HOPMEI NMpOYHOCTH. Iloj Hemc-
BPEKA2EMOCTbIO, OYEBHIHO, IOAPA3yMEBAETCH OTCYTCTBHE B Mpe-
AeJbHO BO3MOXKHBIX CIy4asiX SKCIVIyATallHH JeL0KOJaa 3HAUHTENDL-
HBIX H3MEHEHHH (QOPMBI 3/IeMEHTOB KOHCTPYKIHH,
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TpeGoBanue X HemOBPeKAaeMOCTH, CTPOTO TOBOPS, He MOAPA3Y-
MeBaeT PaboTy KOHCTPYKIMH HCKJIOUHTENbHO B YIPYroil 06JacTH.
Onmnako B macrosiulee BpeMst He yHA€TCS PeaaH30BaTh YIPYromJa-
CTHYCCKHH pacuer CJOXHBIX KOHCTPYKHHil Ha JIeOBYIO HATpY3Ky.
Hostomy B maJbHefimeM GyneM N0/b30BaTbCA TPaXAHIHOHHBIMU HOp-
MaMH JONYCKAEMBIX HaINpsiXKeHUH, HECMOTPSl HA UX HELOCTATKH.

B paccmatpuBaeMoM ciryyae CTPOMTeNbHAS MPOYHOCTb ONpPEIe-
JAseTCsl KOMOMHALuell JBYX mMapaMeTPOB: NABJEHHEM p H BBICOTOH
30HBl KOHTakTa b. IlpemenbHOe COCTOSTHHE B pAas3JHUYHBIX CBSI3SX
0=0gp OyHeT BO3HUKATb NpPH PAa3JHUYHBIX KOMOuHALusx (p, b).
IlosToMy pacueTsl KOPIYCHBIX KOHCTPYKLHI JENOKOJOB CJeIyeT

p 1c/m?

1200 Q\

1000 \ - 74

S N A\ 7
600 1>\‘ \\‘\ ~
\\\§

400 T

W05 a50 075 40 425 150 bn
Puc. 1. KpuBble CTPOHTENBHON IPOYHOCTH JEZOKOJA
' «Mocksax:

I — nas OOGLIKHOBEHHOTO WINAHTOYTa, H3 YCAOBHs (GHGPOBOH TeKy-

YeCTH NpH H3rube; 2-—-TO 3Ke IS DAMHOCO IUNAHIOYTa; 3 — AJs

PaMHOTO INNAHrOYTa M3 YC/IOBHA Cpe3a; 4 —To ke A GopTOBOro
CTpHHrepa

NpOUSBOAMTL IJI Pa3/JMYHBIX BAPHAHTOB IapamerpoB (p, b).
Ilo pesynbratam 3THX pacueToB MOMKHO NOCTPOHTb KPHBBIE CTDPOH-
TEJbHOH NPOYHOCTH p=f(b|a=(711p ), DAa3JMuUHBIE MM PAa3JHYHBIX

cBg3er. CUMBOJIHYeCKas 3amuch b |g=gnp 3[leCb O3HAUaeT, YTO IJIst

3a[1aHHOTO b BEIUAC/AETCS TaKoe 3HAYEHWE p, IPH KOTOPOM B JaH-
HOH CBSI3H BO3HMKAET TIPeJie/IbHOE II0 BLIGDAHHOMY KDHTEPHIO IpOU-
HOCTH COCTOSIHUE,

IIpuMepbl KPUBBIX CTPOHTENBHOH IPOYHOCTH, OCTPOCHHBIX 110 Pé-
8yJbTaTaM PacyeTOB KOPIMYCHBIX KOHCTPYKIHI Jefokoaa «MockBay,
NpUBOAATCH Ha puc. 1. OueBuaHO, mpu b — 0 MBI IONYYNM HATPY3KY,
NIPUJIOKEHHYIO 1O JIMHHH, & NPH b—> 0o — HarpysKy, pPaBHOMEPHO
pacnpenesieHHyIo 0 BCeMY NEPeKPHITHIO.

. Ion nenosoit mpoynocTsio GymeM NOHHMATh CHOCOGHOCTD KOp-
nyca JienokoJ/ia IPOTHBOCTOSITL JIENOBHIM HAarpyskam Ges mepexona
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3JIEMEHTOB GOPTOBBIX KOHCTPYKIHE 34 NPEAEJBHO HOMyCKaeMoe co-
crosiune. Kak moxkasaHo Bhlllle, BeJMYHHA JEHOBOH HArpy3KH 3aBH-
CHT OT CKOPOCTH COYAAPEHHS Up, BOAOM3MEILEHHA (Macch) cyana D,
(u3HKO-MEXaHHUECKHX CBONCTB JibAa, ONHCHIBAEMBIX OJHHM Iapa-
METPOM @p, QPOPMBI KPOMKH JIbJa, & TakKke (OPMBI KOpHyca Jejo-
KoJIa.

Ilnst KOHKpETHOro cyAHa BOZOMSMENleHHe M (YHKIAH (GOpMBI
KOpoiyca fABJAIOTCA 3ajaHHBIMH. Pagumyc BHICTYyNa KPOMKH Jbia
TaKXKe [PHHAINJEKUT K 3aJaBaeMbIM napamerpaM. JlemoBasi Ha-
rpyska, AeHCTByiOWlasi Ha paloOH KOPIyca ¢ OTHOCHTEJNBbHOH KOOp-
AuHato# x/L, u BHICOTAa 30HBI KOHTA4KTa B 3TOM paliOHEe BHIUHCJISA-
I0TCH 1O opMyJiaM Buma

P=e,(0, @) F, (L) b=e(w a)F(F). @)

B Kaxmom KOHKpeTHOM cilyyae JefoBas NPOYHOCThL ONpeEnes-
€TCsl JBYMs pacCUeTHBIMH NMapaMeTpaMu: v H ap. TakuM 06pasom
B KauecTBe M3MEpUTENs JENOBOH NMPOYHOCTH KOPIyca MOXKHO IpPH-
HATP TaKyl0 KOMOWHALHIO mapameTpoB (v, dp), IPH KOTOPOH pac-
4eTHasl JieJOoBasi Harpyska BHILIBAET B CBSI3SIX KOPIyCa MPEAESbHO
momyckaemoe cocrosinue. M3 dopmyn (5) caexyer, uto mas Kax-
JOro  paHOHa no [IJHHE KOpIyca JeJOKOJa MOMXKHO yCTaHOBHTb
B3aHMHO-OJ{HO3HAYHOE COOTBETCTBHE (p, b) «— (v, ap) ¥ mepelTH OT
KDPHUBBIX CTPOHTENBHOH INPOYHOCTH K KDPHBHIM JELOBOH INPOYHOCTH
B KOODAHHATAX U, Ap. [IOHATHO, UTO AJIST NMPSIMOTO W OTParKEHHOIO
YAapoB MBI NOJYYHM JIBE€ Da3JHUHblE COBOKYNMHOCTH KDHUBBIX JeI0-
BOH INIPOYHOCTH, Tak KakK (YHKuU#H (QOPMbl B 5THX CJyuasx pas-
JIMUHBI,

KoopauHaThl KaaoH TOUKH KPHBOH JeLOBOM IIPOYHOCTH TI0
ONpeJleJIeHHIO NAlT KOMOUHAIMIO PACYETHHIX BHEINHUX 1apaMeTpos,
IpH KOTOPO# B COOTBETCTBYIOLEH CBSI3M BO3HUKAET PaCYETHOE Ha-
OpsiKeHHoe cocrosinue. KpuBble v=q, (aplc;:cnp) MOXHO TMOCTPO-

UTb AJIS J060r0 HcCenyeMoro saeMenta. HeTpyauo noctpouts ana-
JIOTHYHBIE KP¥BHIE NPH Onp = 0,505, Han 110060M APyroM 3amLaHHOM

' YPOBHE DACUETHBIX HANPAXKEHHH. JICHO, 4TO NPH YBEJUYEHHH IIPOU-
HOCTH JbJa, T. €. IapaMeTpa dp, pacueTHas CKOPOCTh Uy AOJKHA
OBITh yMEHbIIIeHA, U HA0BOPOT.

CoBOKYNHOCT, TMOMOGHEIX KPHUBBIX, MOCTPOEHHHIX M/ PAa3JIHY-
HEIX 3/1€MEHTOB OODPTOBBHIX KOHCTPYKUHH, XapaKTepPHSyeT JeIOBYIO
HNPOYHOCTH Kopnyca Jsiefnoxona. Ha puc. 2 npuBenens! KpuUBHE JEL0-
BOH IIPOYHOCTH, MOJIydeHHBIe st pafiona 101—111-ro mmanroytos
nefoxona «MockBa»., KpuBas I coOTBeTCTByeT O6IIMBKe M IOJY-
UY€Ha H3 ycaoBusA (GuODPOBOH TEKyuyecTH B ONODHOM CEUEHHH Ha
mmanroyre. KpuBasg 2 mosydena fj1st paMHBIX IUTAHTOYTOB H3 YCJIO-
BUS LOCTHKEHHS TpeJeJa TEeKyYeCTH MaKCHMaJbHBIMH KacaTeJb-
HbIMM HanpsiKeHHsIMH B CTeHKe pambl. Hakonen, xpuBas 3 moctpo-
eHa 1l OOBIKHOBEHHOIO WIMAHIOyTa M3 yCJaoBHsS (GUOPOBOH TeKy-
YeCTH B CE€pPefiMHE NpoJera. ‘
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Kak BHIHO u3 pHC. 2, COOTHOLIEHHE NPOYHOCTH MEXJAY OTIeJb-
HBIMH 3JIEMEHTaM¥ KOPIYCHEIX KOHCTPYKUMH MeHsAeTCA HNPH pPasjind-
HBIX 3HAUEHHUSX PaCUETHBIX apaMeTPOB U H p.

Ecan 3agaso pacueTHoe 3HaueHHe CKOPOCTH U, TO JJS AAHHOH
KOHCTPYKIIMH TeM CaMbIM OIpele/sdeTcsl HapaMeTp Qp, B ONpeeseH-
HOM Mepe XapaKTepH3YIOLIHH JefOBble YCJIOBHS nJaaBanus. Ecan
OrOBApHUBAIOTCS IIPOUHOCTHLIE XapaKTEePHCTHKH Jbla, TO B Kaue-
CTBE Mephl JIELOBOH NMPOYHOCTH CBS3€H BHICTYIIAET COOTBETCTBYIOINAS
pacgeTHas CKOPOCTb COYLapEeHHS.

Kak yxe oTMeyasnoch, KpHBHeE JeEIOBOH MPOYHOCTH U==

=g (ap| o=0,,) AJIS PASTHUHBIX KOHCTPYKUHH N0 AJIHHE CYJHA MO-

S N

1000 \\
\
800 z 800 o
NE\A A N2
500 £ 600
N 14 5
NG
1/\ - 3]
400 \\ \s\ 400 \\\ =
NN N
200 \\E 200 SR

00— 6 Bowme ' 2 4 o

Puc. 2. Kpussie nefoBoil IpOYHOCTH JeAoKoma «Mo-
CKBa» MAJS <«IOPAMOTO» (@) H OTpaxeHHOro yna-
poe (0)

O6osHadeHHs KDHBBIX Teé Xe, YyToO M Ha puc. 1. Kpumas §
NOCTpOeHa AJs OGIIHMBKH JELOBOTO II0OACa, H3 YCnoBHa (ub-
pOBOHl TEKyuecTH NpH Harube

JKHO paCCUMTaTh, HCIOJb3YS 3afaHHBIi KPHUTePHH INPOYHOCTH, YC-
JIOBHO 0603HauaeMbIi 4epe3 Omp. 3a(PUKCHPOBAB JIEAOBHIE YCJIOBHS,
T. €. TIoJaras @p = const, MOXKHO IIOCTPOHTb 3MIOPY MOIYCTHMBIX

. x
CKopocTel U(—-I-:) NpU O = Oyp .10 [JHHe KOpIyca JefoKoJa. 3a-

TeM 3Ty 3MIOPY OTHODMHPYEM, NPHHSAB Umax=1. OTHOpMHpOBaHHAS
3MOPa U/Umax XApPAKTEPU3YET OTHOCHTENBHYIO JENOBYIO IIPOYHOCTD
GOPTOBBIX KOHCTPYKLHH OpH yAapax o jef. OfHHAKOBBIE OPAMHATEL
SHIOPHl COOTBETCTBYIOT PABHONPOYHBIM B 3TOM CMBIC/IE padOHaM.
Takasi olleHKa PaBHOIPOUHOCTH KOpMyca CyAHa IO AJaHHe Obljia cie-
JaHa B pa6ore [3].

Xopomo CnpoeKTHPOBAHHHIH JIELOKOJ NOJIKEH HMeTh 3mopy Ges
0CO6LIX «rop6oB». B npeasbHOM ciyyae 3TO JAOJKHA ObiTh TNpsiMast
JWMHHS, OOpBIBAOIiasics TAe-TO B palOHe Hauaja CPefHEH YacTH,
T. €. TaM, Jle IPOYHOCTD KOpIyca OIpeensercsd H3 YCJAOBHH CKa-
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THSL BO JbjAaxX. TakuMm o6pa3om, IIpH NPHHATON CXeMe NpPHJOKEHHS
HAarpy3Kd B HEH3MEHHHIX JIEJOBbIX YCJIOBHSX TpPeGOBaHHE paBHO-
IPOYHOCTH MOXKHO CHOpPMYJIHPOBAThH TaK:

v="7,=const u a,==const. (6)

Econ  pacuernas CKOpOCTb Xofa Up H- QH3MKO-MeXaHHUECKHE
CBOHCTBA Jblla @p 3aJaHbl, TO AJS JIOGLIX 3HAUEHHE KOODIHHATHI
X XapaKTePHCTHKA JIeJOBOH IIPOYHOCTH MOJIKHA IIPOXOAHUTL uepes
TOYKY (Up, @p). IlycTh NPHHATHIH KPUTEPHUH NPOYHOCTH BBHIIOJHS-
ercst JUIsl JIOOBIX X IIPH PacyeTHOM NaBJIEHHH p (X), ONpEmensieMOM
no gopmyae (1). .

YuutriBas, uto Fp (x) u Fp (x), KaK IPaBUJIO, HMEIOT MAaKCUMYM,
YAOOHO BBECTH OTHOPMHDOBaHHBIE (QDYHKIUH (ODPMEI

e TR

rie x4 — KoOpAuHaTa Makcumyma ¢yskuuu Fp. Torza ¢opmyas (1)
H (2) MOXKHO NPENCTaBHTh B BHAE

p=pmapr; b=b0Fb’
A€ Pmax — HaunboJbilee JIEJOBOE JaBJICHIE; b()—BbICOTa 30HBI KOH-

. . X
TaKTa B CE€UEHHH C OTHOCHTEJNbHOU KOOPIAUHATOMN 7

PaBunonmpounocts kopmyca mo JuiHHe GYAeT NOCTHTHYTA, €CJIH
€r0 CTPOUTEJNbHAS NPOYHOCTb, ONpefessieMas pPACUETHHIM [aBJe-
HHEM p ¥ BBICOTO¥ NPHJIOKEHHS 3TOTO HaBJeHHs b, 6yneT HasHa-
YeéHa B COOTBETCTBHH C H3MeHeHHeM (yHKUME dopMbl Fp(x) u
Fy(x). HcnombsyeMble pacueTHble CXeMBl TO3BOJIOT yuecTbh 06a
napamerpa (p, b), 4TO CylIeCTBEHHO, HAIPHMep, NpH pacdeTe 6op-
TOBBIX IEPEKPLITHH, KOTAA NPUHMMAETCS BO BHHMAHHE Iepepacipe-
JleJIeHHe HAaTPy3KHW BCJAEACTBHE NIPOCANKH PaMHBIX CBA3eH M BJIMS-
HHe YIPYIrUX peakuuil OGLIKHOBEHHBIX IIIIaHIOYTOB.

B ynpyroir 30He npr 0<{0; HaNpsXKeHUS B CBA3SIX JMHEHHO 3a-
BHCAT OT JIELOBOTO NaBJEHUA P, T. €.

s=pf(b),

rae Kospduuuent f(b) onpeiensercs B 3aBUCHMOCTH OT PasMepPOB
B0HBI KOHTAKTa CO JIbJOM, IIPOYHOCTHLIX H TEOMETPHUECKHUX XapaKTe-
PUCTHK KOHCTPYKIuH. OUeBHAHO, B 3TOM CJydae YCJIOBHE pPaBHO-
IIPOYHOCTH MOXHO 3aNHCATh CJAELYIOLUM 06pasoM:

G(x)__—p ('X')f(b: x)=‘5np
HJIH

an=pmax—F—p (x)f(b’ )C). (7)
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Beauunna b 3aBHCHT OT [BYX BHEIIHHX IlapaMeTpoB U H ap,
TaK 4TO PABHOIPOUYHOCTb B CMBICAe GopMyJbl (7) MOxeT OHTbL I1O-
CTUrHyTa NpPH OXHOM KoMOuHauuu (v, @p) M He JOCTHTHyTa B ApY-
rux caydasx. [IpoBefenHuble pacueThl NOKas3hiBAlOT, YTO XapaKTepH-
CTHKH U=y (@p| °='Unp) JOCTATOUHO CTaOMJIbHEI IJs KaxXAOH KaTe-

ropuH CBs3eHl BCeX JIeLOKOJOB. [103TOMy BHOJIHE YAOBJAETBOPUTEJb-

HOe COGJIIOJIeHHEe YCJIOBHI PaBHOIPOYHOCTH IO JJIMHE KOpIyca MO-.

KHO TOJYYHTb, IOJaras CTPOHTEJbHYIO NPOYHOCTb Perp PaBHOM

pacyeTHOMY AAaBJEHHIO p(x) ¥ IPHHHMAas BeJWYHHy b H3 pacuera.
Torga DOJXKHO OHIThH

F .
P Perp

= FTI, (x). )

Pmax

0,8
TIpakTHYECKH HEBO3MOXKHO CHPOCK-

asr I THPOBaTh KOHCTPYKIHH JIEIOBOTO NOsi-
[/ Tm=allpmed’ydap | ca rak, wro6H ycuoBue (8) cTporo

04r ”mﬁﬂ”ée””b'“ BHIIIOJIHAJIOCH BO Bcex Toukax. [luasa
/ yoap 5TOTO NPHIIJIOCH OBl MOHTH Ha NMPHUME-
42-/ HEHHE upe3MepHO OOJBpIIOTO KOJHYe-
! CTBAa THIOPa3MepoB GaJIOK H' JIHCTOB.
%957 Ab‘ s 4 32710 dakTHueckKass 3mIOpa CTPOHTEJbHOM

IIPOYHOCTH HMEET CTyHeH‘-IaTbII';I BUL 1
JOJKHA OHTb ONHCaHa BOKpPYI 3IO-

Puc. 3. OTHOpMHpOBAHHBle SMI0- DEl HATPY30K, T. €. JOJXKHO cobJaiofa-

pBl CTPOUTEJLHOH HpQ‘IHOC"TH H ThCS HepaBeHCTBO
THCTOrpaMMa TOBPEXKIEHHH Jie-

Nemeop. wn.

nokoJgoB THna «Kanuran bBeno- — [ x
ycos» pc-rp>pmapr (_L‘) . (9)
U3 sroro BBEIDAXKEHHA MOXKHO IIOJYYUTL HAJHHY 30HbI JIENOBBIX
YCHJIEHUT.

Omnpepesnente AJIHHBL PaHOHOB JIEJOBBIX YCHJeHHH, BooGuie ro-
BOpsi, HEOAHO3HAUHO. B KaXJOM KOHKPETHOM Clydae ero Cjaeayer
IPOU3BOJNTL C YUETOM KOHCTPYKTHBHHIX cooGpaxenuit. Ilpu orpa-
JKEHHOM yrape [JHH4 YCHJIEHHOro pafioHa GoJblle, 4eM B CJIydae
npsMoro ypapa. HecoGaoneHue 3TOro mpaBusia, HalnpuMmep, Ha Je-
nokose «Kanuran BesnoycoB» NPHBOZUT K 3HAUHUTENBHOMY YHCAY
HOBPEXEHUE B 30HE IPOBaJa» NPOYHOCTH (pHc. 3).

IlpakTHueckn Harpyska Ha HOCOBYI0 OKOHEUHOCTb Ha3HadaeTcs
DABHOH Pmax, & PacyeTHble HAarpy3KH Ha NepeXOojHbe PaHOHBl IPH-
HYMAIOTCS B JOMSX OT MAKCHMAJBHON: P;=R;Pmax. B II€pBOM NIpH-
OamKeHHH KO3(pOHIHEHTE R; MOXHO NPHHMMATh B COOTBETCTBHU
¢ XOpOUIO 3aPEKOMEHJOBABIIUM cebsl B IKCIIyaTalld IPOTOTHIIOM.
Onpepenenne MJIMHE PalOHOB YCHJEHHS JELOBOTO IMOSCAa CBOJUTCA
K Ha3HaueHHI0 abCIUCC X1, X2 M T. X. TaK, 4TOOH I/ KaxKJIOTO X
BHYTpH BBIGDPAHHOTO HHTEpBaja cOGMI0NaJ0Ch HepaBeHCTBO (9).

Jnss GONMbUIMHCTBA TMOCTPOEHHBIX JeJOKOJOB MaKCHMYMEl (DyHK-
uuit Fp u Fp qubo coBmafaoT no AJuHe, Jub0  pacnosaraioTes
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6susko. B ciyuae, Korja MakCHMYMBI OKa3hIBAIOTCSI CyLIECTBEHHO
CMEILEeHHBIME OTHOCHTEJBHO APYT APYra, MOXKET OKa3aThCs ILeseco-
006pa3HLIM Ha3HAaYaTb PaHOHB YCHJIEHHS i OOIIMBKE M Hadopa
OTHE/IbHO. DTO BO3MOKHO IIPH IPOEKTHPOBAHHH JIELOKOJOB C He-
OOGEIYHBIM COOTHOUIEHHEM IJIABHBIX DasMepeHHi, MeJKOCHASIHX Jie-
IOKOJIOB H T. L. :

CIINCOK JIUTEPATYPH

l.Kypnwmos B. A, Xeitcun I. E. K onpeneieHuio seioBbix Harpy-
30K, NeHCTBYOLMX Ha KOpmyc Jefokoaa npu ypape. Tpyms JIKH, smm. 90.
JI., 1974.

2. ITonos 10. H. u ap. TIpouHocTs cymoB, IIaBaiolyX -Bo Jbiax. J1., «Cy-
JocTpoeHHe», 1967, :

3. Xeficnn M. E. OnpefeneHne W oueska NPOYHOCTH KOHCTPYKIUH CYNOB
JIEJIOBOr0 NJI2BAaHHA NPH Hepecyere ¢ mporotuna.— «Cymoctpoenne», 1961, Ne 1.

0. H. Hasarouenro,
A. A. Tarapuenxo

TMIAPOOHNHAMUYECKHUE HATPY3KH,
AEVCTBYIOIIUE HA MONEPEYHYIO
INNEPEBOPKY TAHKEPA

B rtpe6oBanusax xnaccuuKaLHOHHBIX OGLIECTB K IPOYHOCTH MNO-
NEPEUHBIX NepeGOpOK B OCHOBY MOJOMKEHHI CTATHUECKHE HArpy3KH
[1]. Onnako miaBaHHe MOPCKHX TPAHCIOPTHBIX CYJOB C OTCEKaMH,
UacTHYHO 3aNOJHEHHBIMH XKHIKUM TDY30M HJH GasjacToM, B yCJIO-
BHUSX BOJIHEHHSl M CHJIbHOHM KHJIEBOH KAaUKH NPHBOJAUT K BOSHUKHOBE-
HHIO 3HAYHTE/]PHBIX THAPOANHAMHYECKHX HarpysoK, AeHCTBYIOUIHX
Ha KOHCTPYKUHH IONEPeUHBIX NnepeGOpok. B TaKHX yCIOBHAX pery-

' JIIPHO IJIaBAIOT TaHKEPH, CHaOKaloHe HepTENPOLYKTaAMH Cyla
SKCIEUIHOHHOTO JIOBA, T'a30BO3HI, II€PEBOBSIHE a3 B JKHUIKOM CO-
CTOSIHMH, H KPYMHOTOHHAXHbIE KOMOMHHPOBAHHBIE CYAA.

B ycaoBusix pesomanca, korma nepuon koJaebaHHH KHUAKOCTH
B OTCeKe GuM30K K NEPHOJY NPOXOJBHEIX KoneGaHuii Kopmyca
CyAHa, THAPOJMHAMHYECKHE NABJEHNS NOCTHTAIOT TaKOH BeJHUHHH,
UTO monepedHas nepeGopka mogdyuaer AepOpMAlMH H IOBPEXAA-
10TC1 HauGosiee csIabble Y3JIB KOPIYCHBIX KOHCTPYKIHIL. Hanpu-
Mep, Ha TaHKepe «AnuBa» (THna «AKcafi») (UHCKON MOCTPOHKH BO
BpEMA IJaBaHUSA C YaCTHYHO 3alOJHEHHBIMH HOCOBBLIMH TAHKAMH
JIICTEL TIONEPEYHOH ePeGOPKHU HOJYUHIH JehOPMAalHH CO CTPEaKOH
Zo 80 MM M y <«XKeCTKHX» TOUEK B JIHCTAX IepeGOPKH BOSHHKJIO
HECKOJILKO TpEILHH,

Her Hopcke Bepurac sapeructpupoBan XapakTepHLIA caydyah
noBpexjieHus nepe6opok Hedrepynososa [2]. Ipu GamnracTHoM me-
pexofie cynna B TpioMax Ne 2 u 4, 3anosHeHHHIX 6aJIacTHON BOXON
Ha 25%, muCTH epeGOPOK MOTYuHIH HehOPMaLHA CO CTPeJNKO# 1o
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80 MM ¥ B HEKOTOPHIX MecTax OblIH OoTOpBaHH OT Habopa. Oxasa-
JIOCh, UTO JIEPHOXB KHJIE€BOH KauKH H TOPDH3OHTAJbBHBIX IiepeMele-
Hui Gasgacra Geliu OMH3KH K pe3OHAaHCHOMY. maponunHaMuueckoe
gasjaenue 6u110 1,6 Kre/cm?, yto B 5 pas HpeBHIIaeT THAPOCTATHYE-
CKOe JlaBJIeHHWe NIPH TAKOM JKe YPOBHE 3aIIOJNIHEHHSI OTCEKOB.

DKOHOMHYECKHEe TPEHMYIlecTBa KPYNHOTOHHaXHBIX TaHKEPOB
ONpeNe/U/IA TEHAEHIHIO K HENPEPHIBHOMY YBEJIHUEHHIO HX JefBEHTA.
B nacrtosuiee BpeMs YCIEUIHO 3KCHJIYaTHPYIOTCA TaHKEPHI-THTAHTHI
neasediToM 483 THIC. T M paccMaTpUBaeTcs Leaecoob6pasHOCTh 3a-
Ka3a TaHKepa peisefiToM 1 MJH. T, mpelrnojaraeMasi IJHHA KOTO-
poro — 460 m.

YBennueHne pasMepoB IPY30BBIX TAHKOB, 00yCJIOBJIEHHOE POCTOM
JeJBeldTa TAHKEPOB, BEI3BAJIO COOTBETCTBYIOIEE YBEJIHUEHHE THIPO-
JUHaMHYECKHX Harpys30kK, AeHfcTBylomuX Ha nepeOOPKH BO BpeMs
KHJEBOH KAauKH CyJHa TIpH YaCTHYHOM 3allOJJHEHHH OTCEKOB.
B OCHOBHOM 3TO OTHOCHTCSI K OTCEKaM, PaClOJIOXKEHHBIM B HOCOBOH
OKOHEUHOCTH, T/I¢ BEPTHKAJbHEE [TePeMellleHusT JOCTHIAI0T HaH60Ib-
el BeJUYMHBI W XapaKTep IiepeMellleHHS XHIKOTO TPy3a pe3Ko
OTJINYaeTcs OT HaGJIIOAAEMOr0 B OTCEKAaxX Y MUAES.

B cBsI3W ¢ 3THM NIPH NPOEKTHPOBAHHH KPYNHOTOHHAXKHOTO TaH-
Kepa HeoGXOIMMO 3HAThL XapaKTeD M BeJHYUHY THIPOLMHAMHYECKHX
HArpy30K, HeHCTBYIOUIMX Ha KOHCTPYKLHM NepeBOpPOK, 3aBHCHMOCTh
9THX HAUPY30K OT MECTOIIOJIOKEHHS OTCEKa, CTEeNeHH €ro 3amnoJjHe-
HUSL ¥ aMILJIUTYAB KQUKH.

[Ipy NBHXKEHHHM TaHKepa KUAKUH I'Dy3 HCIBITHIBAET BBIHYXKJEH-
Hble KoJeGaHHus OTHOCHTENbHO Kopmyca. Ecan KoseGaHus MaJibl, TO
JHHAMHYECKHE CBOMCTBA XKHAKOTO Tpy3a MOTYT OHITb HCCJASLOBAHBI
OpH TOMOLM TEOPHH Masbix BOJH. Ilpu Goapminx KojeOaHHSIX XKHUI-
KOCTH 3Ta TeODHA He HAaeT OOCTOBEPHHIX pe3y/bTaToB. B CBA3H
C 3THM PaCXOXKJeHHe MeXIy pe3yJabTaTaMH TeOPeTHUeCKHX H sKcie-
pPUMEHTAJBHBIX HcCaefoBaHui mopo#i mocturaer 200% [3] u maxe
JLAaI0T KaYyeCTBEHHO IPOTHBOPEUHBLIE Pe3YAbTATHL. :

JlocTaTouno JOCTOBEpHYI HHGOOPMALMIO O I'HAPOAHHAMHYIECKHX
JaBJEHHSAX B 3THX YCJOBHSAX MOXKHO NOJYYHUTb NyTeM NpPOBENEHHS
MOJI€JbHBIX U HATYPHBIX 5KCIEPHMEHTOB.

B 1971—1972 rr. B Ja/JbHEBOCTOYHOM IOJUTEXHUUYECKOM UHCTH-
TyT€ BRHINOJHEH KOMIIJIEKC MOJEJbHBIX KCIEDPHMEHTOB C IIeJbIO
MOJIYYeHHsT KaUeCTBEHHON KapTHHBl H3MEHEHHS THADPOJHHAMHYECKHX
faBJAeHMH Ha NOmepeuHyio HepeGopKy M nanyfy OTCEKa TaHKepa
B 3aBHCHMOCTH OT IapaMeTpPOB KaukH, yHaJeHHS OTCeKa OT HEeHTpa
BpallleHHsi, JJHHL OTCEKa, CTENEeHH €ro 3anoJHeHHs, HaJHuus OT-
6oliHO# mepeGOpKH ¥ CTENleHH ee nepdopalltH.

WcnbiTanust IpOBOXHAMUCEH C IVIaIKOCTEHHONH MOJeNbI0 pasMepaMu
21001000 1000 MM, xOoTOpas COOTBETCTBYET UEHTPAJbHOMY OT-
CEKy TaHKepa, OTPAHHYEHHOMY IPOXOJLHEIMH M INONEpPeYHBIMH Iepe-
6opkamu. Poab many6w urpaer repMeTHuHas Kpbllika. BHyTpH MO-
ey NPELyCMOTPEHBl HAIPABJSIONIYE HJIS YCTAHOBKH JOIOJHHTE/b-
HEIX - lepeGopok. DBJjarogapa 2ToMy IJIMHA 3alOJHAEMOTO OTCekKa
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MoxeT npuHuMmatbes pasmon 700, 1400 maum 2100 mm. [maponuna-
MHUUECKOe IaBJeHHue (GHKCHPOBAJOCh AaTUMKaMH JaBjeHusd, ycTa-
HOBJICHHBIMH Ha KOHIEBOH mepeGopKe B BOCBMH TOUKaX M Ha manybe
BOJIH3H OT NOIEePeUHOH nepeGopKH — B IBYX TOUKAX.

Koaebauus Momenn oTceka, HMATHPYIOILINe KHJIEBYIO KauKy, CO3-
NaBaJHCh TPH NMOMOINH CIEIHaJbHOR YCTAHOBKH — KadaJjKH NpH 3a-
nojHenuy orcexa Ha 25, 50, 75 u 90% wu npu aMmIHTyAaxX Kaukd
5, 10, 15 u 20°.

///// / ”%m

’/f% 7 f’/%
7/
%

Gizzz 7
’ O

)77,

Puc. |. BapuaHTE KOHCTPYKTHBHOrO 0QOpMJIEHHS
TIOIepeuHblx CBsI3ell MOJENH OTCeKa TaHKepa

E,

KoncrpykTBHbBIE OTJIHYHS MOLENH OTCEKA IPH COOTBETCTBYIOIIUX
CepHsiX SKCIEPHMEHTOB 3aKJIOYaJHCh B CJAEAYIOUIEM.

Hanua orceka — 0,7 m u 1,4 M:

1) orbofinas mepeGopKa OTCYTCTBYET;

2) orcek pasnesen OTGOHHON mepeBOpKOH, KOTOpas B HHIKHEH
gyactu uMeeT nepdopanuto. [Inomans nepdopanuu cocrasiaser 10%
oT mJomanu nepebopru (puc. 1, a);

3) or6ofinas mepe6opka paBHOMEepHO IepdopuUpOBaHA, CTeneHb
nepbopaunn — 309% (puc. 1, 6);

4) ycTaHOBJIEHH TOJNBKO BePXHAS M HHXKHAS CEKIMH nepdopi-
poBauHo#i mepeGopku. OOCmas maomags mnepdopauuu — 53%
(puc. 1, 8). - '
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Hnnaa orceka — 2,1 m: :

1) ot6oiinbie nepeBOPKH OTCYTCTBYIOT;

2) orGoiinas mepeGopka ycraHOBJeHA Ha paccTostndd 0,7 M OT
KOHIEBOM 11epebOPKH, Ha KOTOPOH yCTaHOBJEHH maTuukd. OTGofHas
nepe6opka paBHOMEDHO NepdopHpOBaHa, CTENeHb mepdopaiHy —
30% (puc. 1, 6);

3) uepes Kaxnanle 0,7 M yCTaHOB/JIeHA BEpPTHKAJIbHAS CBS3b, MJO-
IaAb KOTOPO# COCTABJACT /3 MJOWIAAX NONEPEYHOro CedeHHS! OT-
ceka (puc. 1, 2);

4) uepes xaxnable 0,7 M NO AHHIIYy YCTAHOBJIEHEl CBSI3H THIIA
paMHBHIX ¢uopos BeicoTOk /3 H (puc. 1, d);

5) uepes xaxasle 0,7 M mOA naay6oii OTCeKa YCTAHOBJIEHEI
CBSI3M THII2 PaMHBEIX OHMCOB BbicoTOH /3 H (puc. 1, e);

6) B orymume ot cayyas 1, e paMHEle GHMCH HMEIOT OTBEDCTHS.

Iaomanb nepdopamuu 30%.

ITocne 06paGoTku HaHHBIX SKCIEPHMEHTa GBIIH NOCTPOEHH I'pa-
GuKH 3aBHCHMOCTH THAPOXMHAMHYECKOrO XaBJeHHS Ha nanyGy H
nepeGOpKY Ha DasHBIX YPOBHAX OT CTENEHH 3ANOJHEHHS OTCeKa HpH
PasNHYHBIX aMIIUTYAaX Kauku. Hekoroprle u3 Hux mpHBefeHH Ha
puc. 2. N .

PesysbTaTel MCHBITAaHHHA IO3BOJAIT CHETATh CJACAYIOL[HE BHI-
BOJIHL. '

1. Benuuuna THAPOAMHAMHUYECKOTO AABJIECHHS 3aBHCHT OT MECTO-
IIOJIOXKEHHUST OTCeKa OTHOCHTEJNbHO LIEHTPA BpallleHHs, IJIHHBE OTCEKa,
CTENEHH ero 3amOJHEHHS ¥ AMIIATYAbl KauKH.

2. ITns OTCeKa, DACIOJIOXKEHHOrO: BOJM3H LEHTPA BpalleHHs,
THIPOAHHAMHYECKOE [aBJeHHe Ha KOHIIeBble IepeGOpKH H maaydy
YBEJIHYUBAETCS C YBENHYCHHEM CTENEeHH 3alOJHEHHS OTCeKa U JO-
CTHraeT MAKCHMyMa NPH 3aNOJHEHHH OTCeKa Ha 75%: HauGoJb-
IIIero 3HaueHust AOCTUTaeT Ha Bhicote 0,80 BicOTH mepeGopku. Han-
Gospliee faBJenne Ha nany6y OTCeka HaGJIOZAETCS NPH 3aIOJHE-
HHu ero Ha 75—90%; npu GONBIUKMX AMIIETYLAX IO BEJHUHHE OHO
npuGJHKaeTcs K HauGo/IbIUIEMy JaBIEHHIO HAa 1epeGOpKY; C yBeJH-
yeHneM aMniuTyasl ¢ 10 xo 20° rugposuHamMuyeckoe 1aBJeHHUe BO3-
pacraer Ha 15—209%; npu yBeqMueHHM AJHHBI OTCEKAa NaBJEHHE Ha
mepeGOpKy B GOJsbIUell CTENEHY YBENUUHBAETCS IPH MaJIbIX aMILIH-
Tynax (nmpu ammauryge B 10° naBsenue yBeJuuuBaercad Ha 159,
a npu ammuutyne B 20° ToJbKO Ha 5% NpH YBENMYEHHH MJIMHBL OT-
cexa B 1,5 pasa). :

3. Il orcexa, y KOTOPOro LEHTD TAKECTH PACIOJIOKEH LAJIEKO
OT LIeHTPa BpallleHHs, THAPOLHHAMHUECKOE LaBJIEHHE:

a) nocrhraet HauGOJbliedl BeHYUHB Ha ypoBHe 0,7 BBICOTHI
nepebopxy;

0) mpu yBeJMYEHHH AMIVIATYAB Ka4KH BIBOE YBEJHUHBAETCS
npubausuTensHo Ha 509%;

- B) NPH yBeJMYEHHH JJIHHBI oTceKa ¢ 0,7 o 1,4 M ¥ npu aMmuiu-
Tyze B 20° yBesnnuuBaercs Ha 509%;
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r) YBENHYUBAETCH IO CPAaBHEHHIO C OTCEKOM TAKOH JKe JJIHHEL
pacmoJOXeHHbBIM BOJH3H IEHTPA BPAIIEHHs, H TeM CHJbHeE, 4eM
GoJble aMIVIATYAb Kaukn (Ha 15% mpu 10° u Ha 50% npn 20°);

I) B OTCeKax OOJblell AJMHLI BeJHUYMHA BO3NEHCTBUH Ha ma-
Jay6y MOXKET NOCTHTaTh T€X Ke BEJIHUHH, UTO W Ha NnepeGopKy.

Apg Him?
9 10
500 s> 3
5 o5
%1 YA Cxema mecm yomanogxu

-damyuxos

1 2
400. ’ //-\

Y

Puc. 2. MaMeHeHHe THAPOZMHAMHUECKOTO NABJEHHA

B 32BHCHMOCTH OT CTEIEHH 3aNOJHEHMS OTCeKa MJIH- .

HOo#t 1,4 M npu amnuaryzax kauku 20° ( yu
10°

Ilpu ycraHoBKe B OTCeKe OTGOHHON IPOHHLAEMOH NepeGOPKH,
HMelolel creneHb npoHHiaeMoct 309%:

a) MakcuMaJbHOe THAPOAMHAMHYECKOe NaBJ/IeHHEe Ha IepeGopKy
yMeHbiaercsa Ha 15%;

0) yzapsl BoAbl O masy6y HaGJIONAIOTCS TOJbLKO NPH YPOBHSAX
3anoJiHeHns cBhinre 759%;
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. B) DOCT NaBJICHHs C YBeJHUYEHHEM aMIUIHTYIL Kaukd B OTCEKe
¢ 0T6OIHOM MepeGOpPKOH yMeHbILAETCS B 2 pasa 1o CPaBHEHHIO C OT-
CeKOM 0e3 Taxkoi mepeGoOpKH.

Cpennas mo BBICOTe YacTb OTGOMHOH HPOHMIAEMOIX nepeGopxru
HE OKashlBA€T 3aMETHOrO BJIMSIHHS Ha H3MEHEHHE THADOJHHAMUYE-
CKOTO JaBJIEHNs, HEHCTBYIOIIEr0 Ha IONEPeuHyi0 NepeGGpKy H Ia-
ayBy OTCceKa.

IlpuBenennble 31ech BHIBOABI OTPAXKAIOT TOJNBKO KayeCTBEHHYIO
CTOPOHY pacCMaTpPUBaeMOrO BONpOCa, U TPeGyIOTCS JONOJHHTENbHBIE
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Puc. 3. CxeMa yCTaHOBKM JaTYMKOB JXaBJEHHS HA
HOCOBOH monepeynoll nepeGopxe Tankepa <AHoH»

SaMepel  THAPOAMHAMHYECKHX NABJIEHHH, NeHCTBYIOUIMX Ha Iepe-
OOpKH IJIAaBAIOLIUX B MODE CYZOB.

C centsibpsa 1973 r. no auBaps 1974 r. maTypHEe 3KCIEPHUMEHTH
BLIIONIHAJACh ~ HA TaHKepe-Bojosee «Alon» (tuma «AuTaiiy) BO
BpEMs PEHCOB IO CHAGXKEHWI0 BepuHroBOMODCKOH — SKCIEenUHH.
Huauna cynna 106 M, neaseir 4600 1. 3aMeps IPOH3BOLHINCH B Clie-
IHa/npHO 00OPYNOBAaHHOM AJIsi 9TOM ueau Tanke Ne 1 JIB, ma moco- .
Boii nepe6OpKe KOTOPOro O CTOPOHH Kobdeprama 6bLin YCTaHOB-
J€HBl B /lBa pfja TOCEPeNUHe WIMPHHBI OTCEKA H y IPOAOJbHON
nepeGopKH 12 naTuuKoOB KaBJeHHS. KpoMe TOro, ABa HIATUMKA NaB-
JIEHHs1 ObIIM YCTAHOBJIEHb Ha BepxHell masybe. Jlatuuku pacrmo-
Jaraqnuch Ha yposHe 0,25; 0,5; 0,75; 0,80; 0,85 u 0,9 BbICOTHL nepe-
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6opku (puc. 3). XapakTepHCTHKH TaHKa: AquHa — 10,75 M; o6beM —
540 m®; BBICOTa HOCOBOH mepebopku — 9,4 M.

JlaTuHKH NaBJEHHS TMOCPENCTBOM Kabess GBLIM CBA3aHBL C TeH-
30METpPUUECKUM yCHJUTeJeM H ocuuaaorpadom. [datuuxoMm KpeHa
u puddepenta sSBAANACh THPOBEPTHKAJb, paboTamollas Ha OCLHMJI-
aorpad. ‘

'mxponunaMuuyeckoe HAaBJIeHHE H3y4ajoCh B 3aBHCHMOCTH OT
CTENleHN 3allOJIHEHHS OTCeKa W aMIJIHTYA KaukH, IpHUYeM CTeleHb
3amoJIHEHHS OTCeKa mpuHuManack ot 16 mo 97%, a ammautyna
KaykKu — oT 3 1o 12°.

Ha puc. 4 nokasana noJjiyueHHas 3aBHCHMOCTb BEJUUMHE AHMHA-
MHUYECKHX HATPy30K OT aMILIHTYABl KAUKH NIPH 3aNIOJHEHHH OTCEKa
ga 50 u na 75%.
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Puc. 4. 3aBHCUMOCTb BEJIHUHHBI AUHaMHYECKHX Harpysox OT aMIJIHTYIbl
Ka4yKu:

a— Npy 3aloJHEeHHH TaHKa Ha 50% ero BBICOTHl; 6 — NpPH 3amOJHEHHH TaHKa Ha

75%. YKasaHbl 3aMephl NO AATYHKAM, ycTaHOBJXEHHBEIM or JIIT Ha paccrosHuu 380 MM

(uITpuxoBas JHHHsA) ¥ 1900 MM (CHJIOIUHAsI JIMHHSA). £ — BO3BBIIEHHE KaTYHKa HaAX
OCHOBHOM JuHHeH, H — BbicOTa romepeuHoll mepeGOpPKH

Ananns pesysbTaTOB SKCIEPHMEHTA IO3BOJISIET CHENATb PSif BHI-
BOJIOB, OTPaXKAIOUINX KaueCTBEHHYIO CTOPOHY SIBJICHHUS:

1. Bennpunna ruipogMHaMHYECKOTO HABJEHHS BCerZa BO3PacTaeT
C YBeJIWUYeHHEM AMIIITYABl KAUKH.

2. C yBequueHHweM CTeNeHH 3anoJHenus orceka or 0 mo 0,75
€ro BHICOTH JaBJieHHe BO3pacTaeT, a NpPH [ajbHeilleM yBejauue-
HUH — MAKCHMyM THAPOJWHAMHYECKOTO LABJEHHUS yMEHBIIAeTcsa IO
HyJI IPH 3alPeccoBKe TAHKA.

3. HaunGoJaplllee JaBieHne HeHCTBYeT HA yYacTKe, PACIOJONKEH-
HoM Ha BulcoTe 0,75 BBICOTH HepeOGOpKH INPU 3aMOJHEHUU OTCEeKa
ot 0,5 1o 0,75 ero BHICOTHL

4. JlaBieHne Ha HONEPEUHYI IepebOpKy BOJH3H IIPOHOJIbHOM
nepe6opku Ha 10—15Y% Bhie, uemM Ha cepeiuHe HIMPHHLI OTCEKa,
BCJEACTBHE MCKAaXKeHHsI BOJHOBOH HOBEPXHOCTH INPOJNOJBHON mepe-
GOpKO# ¥ BOSHHKHOBEHHS OTDPaXKeHHBIX BOJH.
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5. B oTiMume OT pacmpefeseHHS THADPOCTATHYECKOrO NAaBJEHHS
110 BLICOTE IIONEPEYHO NePefOpKH AMHAMHYECKOE HaBJeHHEe BO3pa-
CTaeT 110 HaNPaBJEHHIO K CBOOOAHOH IMOBEPXHOCTH XKHIKOTO IPYy3a.
MeTonuKa omnpenencHus naBJeHuil Ha nepeGOpKE TaHKepoB, Npel-
Jqaraemasi B pabote [3], He oTpaxkaer 3TOH 0coOBeHHOCTH pacnpene-
JIEHHsS] NaBJIEHUWH, B TO BPeMsI KaK MNOJyUeHHBIE HAMH pe3yJabTaTH
NOATBEPKAAIOTCA NAHHBIMH MOJEJBHOTO 3KCIIEPHMEHTa, IPOBefEH-
HOI'O paHee. .

6. Peanbuble HampsiKeHus B CTOlKe mepe6opKH TaHKepa <AfoH»
IPEBHILAIOT pacdeTHLIE B 2 pasa [1].
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10. M. Macrywurun

O IMMPOBJIEME HOPMUPOBAHUS YNIPABJISIEMOCTH
MOPCKHX CY 0B

PoCT HHTEHCHBHOCTH CyZOXONCTBA HA MOPCKHX NyTAX, HEIPEPHIB-
HO€ yBe/MUEHHE Pa3MepPOB MOPCKHX CYAOB NPENbABJASIOT IOBHILICH-
HBbIE TPeGOBaHHUS K HX YNPAaBJISEMOCTH.

B cBAsn c aTHM mOsBHNAach HAaCTOSTENbHAS —HEOGXOMHMOCT
B paspaGoTKe COOTBETCTBYIOUIHX HOPM, KOTOPBIE DerJaMeHTHPOBAJIH
OBl [I0Ka3aTeqH yOpaBJseMOCTH CYIOB B 3aBHCHMOCTH OT OCHOBHBIX
XapaKTePHCTUK YCJIOBHH HX SKCIJIyaTalHH.

Ilonteepxnennem sToMy cayxat, HampuMep, MaTepuaJs paGoT
[1], [2], a TakXKe psan u KPYrUX HCCAETOBAHHIL. .

B snonckux npegnoxenusx [1], mpencraBiesHbX B HMKO, co-
APKATCS PEraMeHTHPYIOLHe TPeGOBAHHS BO BPEMEHHU IIepPeKJIafKH
PyJse#l  KPYIHOTOHHAXKHBIX TAHKEPOB. BenuuuHa BpeMeHH mepe-
KJaiKu pyJjed ¢ 6opra Ha 6OPT 2f, B 3THX NPENJIOKEHHSX HAXO-
AUTCH BO B3AHMOCBS3H C HEOOXOAMMOH NIOmMAafibio PyJs SpB GYHK-
UK OCHOBHBIX TEOMETPHYECKHX XaPaKTePHCTHK NOABOLHON YacTH
KOpIyca Cy[Ha H €ro CKOPOCTH.

He ocramaBiuBasce Ha moapoGHOM aHadnse SNOHCKHX npemnJo-
XKEHHH, HeOOXOJMMO BCe K€ OTMETHThb, YTO OHH OCHOBAHH Ha pac-
CMOTPCHHH BO3MOXKHOCTH BBLIIOJIHEHHS MaHeBPa YKJOHEHHS CyLOB
IpH BCTPEYHOM JBUIKCHHH, KOTa HCXOLHOE PACCTOSIHHE MEXAY Cy-
Jamu paBHO 3L, rme L —pacueTHast AiuHA CYAOB. DTO HCXOZHOE
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paccTosiHue HE OGOCHOBAHO MOJIKHEIM 06pasoM, KpoMe TOro, He
paccMOTPEHa BO3MOXHOCTb BO3AEHCTBHS Ha Cyla BHELIHHX CHJIO-
BHIX (PAaKTOPOB, K KOTOPHIM, HALIPUMeEP, MOXKHO OTHECTH CHJIbI FHAPO-
JMHAMHUYECKOrO B3aMMOJEHCTBHA CYJOBBIX KOPIYCOB MNpPH Majiom
TPaBEP3HOM PACCTOSTHUH. :

B pa6ore [2] BricKasaH psan HAel, HANPAaBJEHHHIX Ha OGOCHOBA-
HHE€ BEDPOATHOCTHOH CXeMbl HOPMHDOBAHHS YIDPaBJSEMOCTH MOPCKHX
cynoB. Ilpu aToM HCIOIB3YIOTCS JaHHble aBapHHHON CTATHCTHKH HO
3apy0eXHBIM HCTOYHHKAM.

Heo6xoaumMo oTMETHTD, UTO HCMOJIb30OBAHHE 3THX JAHHLIX BechbMa
npobJaeMaTHYHO, TAK KaK OHH KacaloTcs, B OCHOBHOM, TOJIBKO KJac-
cuuKauyuy aBapuil IO BHAAM, Pa3MepOB aBapHHHLIX CYNOB, YHCJIa
aBapHA TOrO HJIM HHOTO BHAA 3a COOTBETCTBYIOIIHE IEPHOLBI Bpe-
MEHH, PasMepoOB MOBPEXACHHH H T. II.

Haunple 3apy6eXHEIX HCTOYHHKOB, KaK NPABUJO, HE COAEPIKAT

KaXux-jJu60 KOJHUECTBEHHBIX OLECHOK 3J/JEMEHTOB MAaHEBPHPOBAHHSA

CYZOB IpH CTOJKHOBEHHSIX H IIOCAAKaxX HAa TPVYHT. B cBssu ¢ stuMm

IIPHBJICYEHNE YKa3aHHBIX MaTepHaJoOB K DaspaGoTKe HOPM YIpaB-

JISIEMOCTH OKa3bIBaeTcsl Helle1ecoofpasHbIM.

Kpome roro, B pabore [2] monyuieH H3BECTHBI TPOH3BOJ B TOM,
4TO BEPOSATHOCTHAS B3aHMOCBSI3h MeXIy NOCaNKOH Ha TPYHT H Iep-
BOHAYaJbHOM  JHCTAaHUHEH MaHEBPUPOBAHHS YCTAHABJMBAETCS
TOJNBKO Ha OCHOBE IPOUSOLIENIIHX aBapuil (BEPOSITHOCTDL' KAMXKIOH
aBapuy, TaKHM 00pa3oM, paBHA eIUHHIE).

BriosiHe OYeBHMAHO, 9TO I ONpEeJEJEHHS] B3aHMOCBA3H MEXILY
3JeMEHTaMH  MaHEBPHPOBAHHS CYAHAa H BEPOSITHOCTBIO aBapHH,
KpOMe BCero Ipouyero, HeOGXOAUMO pacnonaraTh CBEAECHHSMH O TOM,
B KaKHMX CHTYalUHMsiX, IPH KaKHX 3/IeMEHTaX MaHeBPHPOBAHHS Cy/a
6e30macHO pas3OUIIHCh HJIH Ge30MacHO NPOILIH BOJH3H HOABOLHOTO
npenatcTBusi. Heo6x0quMO TaKXKe 3HATL M OTHOIIEHHE KOJIHYECTBA
aBapui KOHKDETHOTO BHAA K YHCJIy GE30IacHO BBLINOJHEHHBIX Ma-
HEBPOB IIPH TEX XK€ YCIOBUIX. ’

OxHako TakuX CTATHCTHYECKHX MaTepHAaJOB B HACTOANIee BpeMs
He HMeercs. Bce 3TO TOBOPHT O TOM, UTO IPOGJeMa HOPMHPOBAHHSA
yUpaBJseMOCTH MODCKHMX CYHOB SIBJAETCA BecbMa CJIOXKHOH U IIpH
paspaboTKe COOTBETCTBYIOIIMX PAaCYETHBIX CXeM, KOTODHIE CJIYMKHJIH
G5l 6a30li HODMHPOBAHHS, NOJIKHO YUHTHIBATHCS BCE MHOTOOGpasie
OCHOBHBIX HaBHT'ALMOHHLIX YCJOBHH B peaJbHOH MDaKTHKE KCIJya-
Tall¥H CYyROB. o

C 1972 r. B KanuHUHTPAACKOM TEXHHYECKOM HHCTHTYTE PHIGHOMH
TIPOMBIIIIEHHOCTH H XO3AHCTBA IPOBOAMTCS KOMIIJIEKC HCCJIeL0Ba-
HHM, HaNpaBJEHHBIX Ha Pa3paGOTKy HOPM YIPAaB/ISIEMOCTH CYIOB
¢aora pribHO#H mpoMemteHHocTH (PPII), B coctas KOTOpPOro BXO-
AAT cyAa pauMHOE 1o 220 M, B TOM wuHc/Ie miaB6aswl, pedpuxkepa-
TOPH, oGecreunBaliie TPAHCIOPTHHE CYAa, TPAyJephl, CelHepH,
GyKcHupHI-CIlacaTesd, ABYXKOPIYCHEIE CyLa.

Ananus aBapuiiHBEIX CiydaeB, npousomenmux ¢ cygamu OPIT sa
Noc/IeIHee JIECATHJ/IETHE, a TakKXKe MAaCCOBBII OHPOC KOMAaHIHOTO
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COCTaBa THHOBBEIX CYAOB IO CNELMAJbHO Pa3paboTaHHON aHKeTe CBU-
JETENbCTBYET: '

1. TlokasaTenu ynpaBasieMocTH 06eCIeUHBAIOT 6e30nacHy0 3KC-
IIyaTauuio CyAoB NPH Pa3/IMYHBIX BHAAX HABHTALHOHHBIX yCJOBHE,
OCHOBHbIE XapaKTEPUCTHKH KOTOPHIX NOJKHEL GhITb 3a]aHEL.

2. Ilokasatenu ynmpas/sieMOCTH CyJOB AOJKHBI OTBeyaTh 060G-
UIEHHBIM TPeGOBaHHAM CYNOBOAMTEJNEH, KOTODHIE SBJSIOTCS eCTECT-

Cucmema— cydno

| |
Kopnye (L/B,0,,C Vnpaensiouiee Yempod—
g AP rey—e
FasVs.-.) cmeo(cydosodument)

L |
f

Obvexm
ynpasnerus

1.
Pacxoxdenue
8 mymare

Boamoxuocmuy

2.
Asuxenue
1 |d#7 ynpassenus

8 Kananax

3. Pacxoxdenue Hasuzayuonnsie Kavecmso ynpasre-
Ha cmecrennor yenosus Hus cydnom
papsamepe

4. Jsuxenue
npu sempe
Ha qonHeHuU

Takmuxa
cydosodenus

5. Aeunenue ¢
Syncupyemvimu —
obbexmamu

6.
UWeapmosgru
Ha xody

Puc. 1. K ompesenennio o6bekTa HOpMHPOBAHYsT

BEHHBIMH HOCHTEJISIMH ONLITA 3KCNJIyaTaluy, CyAOB B PasJHYHEIX Ha-
BUTalIIOHHBIX YCJIOBHSAX.

Hcnonpsopanne  npuBeeHHBIX  BBHIIIE TOJIOMKEHHIT TIPHBOZLUT
K HEOOXONHMOCTH PacCMaTpHBaTb CyLHO KaK CHCTEMY, COCTOSILIYIO:
H3 KOpmycCa, XapaKTepH3YeMOTO TeOMETPHYECKHMH NapaMeTpaMHu
NOLBOAHOH M HAJBOLHOH YacTH KOpIyca; W3 IJIaBHOTO CPEeICTBA
yopasnenuss (I'CY) u w3 ynpasasowmero ycrpoiicta (YY) —cy-
nosoautens (puc. 1). '
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Mpes 0 HeOGXOAMMOCTH DaCCMOTPEHHS Cy[AHAa KaK CHCTEMEI
Brepsbie Oblia BhickasaHa P. §. Ilepmuiem u ABJsercsd, Ha Haul
B3TJISMl, BECbMA IIePCIEKTHBHOH.

Kopnyc cynna xapakrepusyercsi OCHOBHBIMH T€OMETPUYECKHMH

COOTHOUIEHHSIMU H KO3 PHIHeHTAME: ,Cp, On, Fu, Xm, TIE

L B
B’ d
L —pacuernas  pgniuma, B —pacueTHas IWMpHHA, d-— pacyeTHAs
ocaaka, Cp—KoaddHUHEHT HPOLOJIBHONH NONHOTH, Gy — IPHBEIEH-
HBIH KO (QUUHEHT NOJHOTH NOABOXHON YaCTH AHAMETPAbHOro 6a-

=3 F]I o
TOKca [3]; Fn=—F——-—OTHOCHTeJIbHaS{ nJomane GOKOBOI mapyc-
JI .

— x o
HOCTH, xn=—£l——omocmenbﬂaﬁ abcuycca nentpa GOKOBOH ma-

pycHocTH. 3pech Fyp— miomank NOABOLHON YacTH AHAMETPAJLHOTO
Garokca. Kpome TOro, KOpPIyc XapaKTepPU3yercsi CKOPOCTBIO XOXa
B y3J1aX — Us. :
Kopnye cynna Ges py.s oGramaer To# MM HHOH CTEeHeHBIO yC-
TOHYHBOCTH Ha Kypce, KOTOpas TPaJHUMOHHO OLEHHBaeTcs B pado-
Tax [3] , [4] GesapasmepHOi yIJIOBOH CKOpOCTBIO CyIHA Ha ycCTa-

HOBUBIIEHCSH THUDPKYAALHH Qn}{: H COOTBETCTBYIOIWUUM YIJOM

Rr. x
apefiba fr.x (3mech Ry x— paiHyc YCTAHOBUBINEHCS IHPKYJISIHH
Kopnyca cyfHa 6e3 pyJs).
. L B

IIpy 31OM B YCAOBHSX THXOY BOXBI Qr_ﬂ=f(F, d_’: Cy,
Oy, Us).

Qr. %, Pr.x ONPENENSIOT IOJOXKEHHe BTOPOil KPHUTHUECKON TOUKH
AWarpaMMBbl YNPaBJAseMOCTH, OT KOOPAMHAT KOTOPOH CYLIECTBEHHO
3aBUCAT XaPaKTEPUCTHKH yNpPaB/JIsdeMOCTH (Ha puc. 2 uepes & 06o-

P
3HAUeH YroJ NEepeKJIaAKH pyJs B rpagycax). -

['naBuble cpeacTBa ynpaBJeHHs CYAHOM XapaKTepPH3YIOTCH CBOEH
3¢ dekTHBHOCTRIO E, KOTOpast AJsl CyAOB C OOBIYHBIMM PYJ/ISMH MO-
XKeT ObITh npuHATa [5]:

Ss
S

Empp () [1-hep 2] 22 (13,2 M

rae @ (Ap) —TrPajueHtT IONMePeYHO CHJIbl H30JHDPOBAHHOTO OT KOp-
nyca cyiHa mepa pyJs, KOTOPBHIE onpepessieTcs B (DYHKIHH OTHO-
CHTEJbHOIO YAJNUHEHHS Nepa PYJAst Ap; Op — KO3)UIUEHT HATPY3IKH
rpeGHOrO BHHTA IO ynopy; Sz— mJomaib  pyJs, ONALAIOm(as
B CTPYIO OT I'PeGHOrO BHHTA; Pp — KOIhDULUMEHT HOMYyTHOTO IOTOKA
IUIs epa pyJs.

3ameTuM, 4T0 BhIpaxKeHHe (1) 3amucaHO B NPENIOJIONKEHHH, UTO
BbI3BaHHble TPECHEIM BHHTOM AaKCHaJbHBIE CKOPOCTH B MecCTe pac-
NOJIOXKEHHS  PyJsi  PaBHBl COOTBETCTBYIOUIMM BBI3BAHHBIM CKOPO-
CTSIM Ha OECKOHEUYHOM yHaJIeHHH OT Tpe6HOro BHHTA. CHelHaJbHO
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NOCTABJ/ICHHbIE ONBITHI MOKA3aJH, YTO 3TO INPEANOJONKEHHE BIOJHE
ONpaBALIBAETCS NPH CYLIECTBYIOWIHX Ha NPAKTHKE PACCTOAHHUAX Me-
XK1y rpeGHBIM BUHTOM H II€POM PYJIS.

Ecnn E nomxHa obecrieunBaTh Hamepes 3afaHHbIe 3HAYCHHS Ka-
KuX-nu60 mnokasaresell ynpaBJsSeMOCTH B TeX WJH WHBIX HABHIa-
LMOHHBIX YCJOBHSIX, BIIOJIHE OUEBHAHO, UTO 3Ta BeJuuYuHa GyHeT Ha-
XONUTbCA B NPAMOM CBS3H KaK CO CBOHCTBAMH CYNOBOTO KOpImyca,
TaK 1 C KOJMYECTBEHHBIMH XapaKTEPHCTHKAMH HABHIALHOHHBHIX yC-
JIOBHH.

Koprnyc cynna n I'CY 06pasyior B COBOKYNHOCTH O0GBEKT yopas-
JIEHUS, KOTOPBIA 06/1a/laeT ONpe/e/IeHHEIMH BO3MOXKHOCTAMH YIIpaB-
JIEHHUS.

N
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Puc. 2. JluarpaMMbl ynpaBasieMOCTH GOJBIIOTO MO-
PO3uILHOrO Tpaydepa THma «MasKoOBCKME» NpH pas-
JUYHOH BeuyuHe 3Q(PeKTHBHOCTH Pyas

OTH BO3MOXKHOCTH MOTYT GHITh peaqu30BaHbl B HaBHTAIHOHHBIX
YCJOBHSIX NPH NOMOIIM YIPAaBJSIOWEr0 YCTPOHUCTBA Pa3JHYHBIM 06-
pa3oM B 3aBHCHMOCTH OT KauecTBa MOCJEXHEr0 H OT TAKTHUKU CYHO-
BOXJeHus (cM. puc. 1). .

TaxTHKa CymOBOXKAEHHSI ONpEHENseTcss CBOHCTBaMH YY, cBOHCT-
BaMH OOBEKTa YIPAaBJEHHS, COBOKYIHOCTbIO HABUIAUMOHHLIX YCJIO-
BHH, 5KOHOMHYECKHMH DaKTOpaMu H T. .

- PaccmoTpers 3Ty COBOKYIHOCTH B LEJOM MOXKHO TOJLKO IHPH
YCJIOBHM HaJU4Hs JaHHBIX KOJIMYECTBEHHOH OLIEHKH CBOHCTB YV,
KOTOpble MOTyT OBITb IIOJYHYEeHBI NPHOJMKEHHO NyTEM CTaTHCTHYE-
CKOTO aHaJi¥3a METOJOB YINPAaBJEHHS CyLAMH B Da3/JUUYHBIX HaBH-
FalHOHHBIX YCJIOBHSIX.

CraTucTHyecKne XapaKTepPUCTHKU CBOKCTB YV (HampuMmep, KOJIH-
YeCTBEHHbIE NOKasaTe/u OIIHOGOK CYyROBOAHTEJEH IPH IBIXKEHHH CY-
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‘ TR
JI0B IO CTBOPY B Y3KOCTSIX) NOJIKHBEI YUHTHIBATHCA TIPH HA3HAUEHUU
E B QyHKIHH XapaKTEPHCTHK CyAHA.

Taxum 06pasoM, HODMHPOBAHHIO MOXKET NOAJIERKATh 3pPeKTHB-
HocTh E, KoTopas sBasercs (yHKIHe XapaKTepHCTHK Kopmyca,
HaBUTALIHOHHBIX YCJIOBHH M CBOHCTB YV B pasHOH HaBHIalUHOHHON
00CTaHOBKeE,

C y4eTOM H3JIOXKEHHOTO NPHHLMNE HOPMHPOBAHHS yIpaBJIsi-
€MOCTH MOPCKHX CyJOB MOXKHO C(OPMYJHPOBATH CIEAYIOLIHM OG-
pasom:

1. Hopmupyemoit Besnunnoli B cucreme kopnyc — I'CY — VY siB-
JaAeTcss 3pPeKTUBHOCTD E.

2. D¢ dexruBHOCTL E siBASieTCss GyHKIMeH TeOMETPHYECKHX Xa-
PAKTEPHCTHK MOJABOJHON M HaABOJAHOM YacTeH KOpHyca cylHa, CKO-
POCTH Xona, XapaKTepUCTHK PYJS ¥ ABUKHUTEEH.

3. OYHKIMOHAJbHAS B3aHMOCBSA3b MEXJY HopMHpyeMol E u xa-
PaKTEPHCTHKAMHU KOpIyca [OJ/KHA YCTaHABJHBATLCS N0 Pe3yJbTa-
TaM ONpEJENEHHS YCNOBHH JJ/Is1 6E30NIACHOrO MJIABaHHUS CyNOB B pas-
JIMYHOH HABUTallHOHHOM O6CTAHOBKE.

4. Ilpu paccMOTPEHHH OTAENLHBIX BHAOB HABHTAIHOHHBIX ycao-
BHH HEOOXONMMO YUHTHIBATH KOJHUECTBEHHbBIE IIOKA3aTeJM KauecTBa
paborer VV.

Crarucrudeckass 06pa60oTKa IAHHBIX ompoca KOMAaHIHOTO CO-
craBa THHOBBIX cynoB PPII nd aukere, comepxamedi 80 Bompocos
O MaHEBPEHHBIX KauyeCTBax CyNOB C HX OLEHKOH B PA3/IMUHON HABH-
FalMOHHOH OGCTaHOBKE, IO3BOJIHJIA YCTAHOBHTb OCHOBHbIE BHIM Ha-
BHIalHOHHBIX yCJIOBHH, NPeNbABJAIONIHNE HAUGOMee KecTKHe TpeGo-
BaHHs K IOKA3aTeIAM YIPABISIEMOCTH. DTH BHUAH YKasaHb Ha
puc. 1. Bcero mo nammeiM amker o06o6meno 32 000 oTBeros, OIpo-
1eHo 420 KanuTaHOB ¥ MX IIOMOILHHUKOB. '

Ha Gase paccMOTpeHHs NpHBOAMMBIX BHAOB HABHTALHOHHBIX ye-
JIOBUH IOJYYeHE COOTBETCTBYIOUIHE KDHTEPHHM YIIPABASEMOCTH cy-
AOB ¥ YCTAHOBJECHBl DEIVIAMEHTHPYIOIIME  TPeGOBAHHS K MHHH-
- MaJIbHO HeoOxozuMoll adderrusHoCTH E.

Pasmepn nacrosuell nmy6apKaUHH He NO3BOJSIOT paccMoTpeThb
BCE BHJLI HaBUTaMOHHBIX YCJOBHH, NPUBENEHHHX Ha puc. 1. Ilo-
STOMY OCTAaHOBHMCSH 3[€Cb JMIIb HAa JABYX BHAAX HABUMAIHOHHBIX
YCJIOBHI: pPaCXOXKJAEHHE CYNOB B TyMaHe H [BHIKEHHe CYZOB B MOJ-
XOLHBIX KaHa/aX NOPTOB, a TaKXKe B MaruCTPAJbHBIX KAHAJIAaX MOp-
CKHX CYHOXOIHBIX Tpacc. : '

AHa/u3 aBapUAHEIX CTOJKHOBeHHMH cynoB OPII HOKa3bIBAET, UTO
449% ofIero KOJHYECTBA CTONKHOBEHHH HPOH3OULIM B YCJIOBHUSIX TY-
MaHa, a oxono 209% ciyuaes aBapuil 3TOoro BHa HOPOU30OUIIA B YC-
JOBUSX IJOXOH BHAMMOCTH. JlaHHBIE HAXOHATCH B XOPOILIEM
COOTBETCTBHH C MaTepHa/aMH HCCACNOBAHHS CTOJNKHOBEHHH CYLOB
MM [6]. A

Hccnenosanne moKaswiBaeT, uTo IpH yrpo3e CTOJKHOBEHHS cy-
HOBOZMTENEM MOTYT OBITb OCYLIECTBJIEHEI CJIeLYIOLIHE MaHeBpHI:
SKCTPEHHOE TOPMOXEHHE CyIHA C HOMOIIBIO pesepca IJIaBHBIX
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JABuraTesnedl uau nepekaankoi sonacrelr BPII, skcrpennbiil 0TBOPOT
C NMepBOHAYAJ/IbHOrO Kypca NMyTeM NepeKJaiKd pyJs Ha 6OpT, YKJIO-
HEHHe C IePBOHAYaJbHOTO KypCa H BBIXOJ Ha NpexXHMHA KypC IpH
JIOCTHXKEHHH HEKOTOPOH BeJHYHHBl IONEPEYHOrO0 CMEIeHHS 1
(puc. 3).

K nacrosimemy BpemMeny HaM# 0GOGILEHE MaTepHAaJIbl HATYPHBIX
HHEPUHOHHBIX W MAaHEBPEHHBIX HCOBITaHWH cynoB P®PII 56 THIOB.

AHanus STHX MaTepHA/OB, a TaKxKe JAHHBIE HCIBLITAHUH CYIOB
MM® u peuHBIX CYZ0B NOKa3HBAaIOT, YTO AJS BCEX THIOB BOJOH3-
MeIawnuX CyAOB IIYyTb SKCTPEHHOIO TOPMOXKEHHS S; 60JbIie BH-
JBUra CyAHa Ha uupkyJsiumu Iz ma 20—40%. Kpome Toro, ycra-
HOBJIEHO, YTO BEJHYMHA [p NPAKTHUYECKH IIOUTH HE 3aBHCHT OT CKO-

1 . 2

U, —— T,

Puc. 3. CxeMa BCTPEYHOrO PACXOMKAEHHS CYAOB Ha
OCHOBe MaHeBpa KOODIOHAT:

@ — TPACKTODHS LEHTPa TAXKECTH CYAHA HNPH MaHeBpe KOOp-
JOHaT; 6—TpaeKTOpHﬂ IIpH 3KCTPEHHOM OTBOpPOTE

poCTH X0Ia. JTO MaeT OCHOBAHHE IIOJIAraTh, YTO MAaHEBD 3KCTPEH-
HOTO OTBOpPOTA GoJiee NPEANOUTHTENIEH, YeM 3KCTPEHHOE TOPMOXKe-
HHe, OJHaKO IPH ITOM, €CJIH CYAHO ABMKETCS B Y3KOCTH C HHTEH-
CHBHBIM  CyNOXOACTBOM, CYIIECTBYET OIIACHOCTb CTOJKHOBEHHS
¢ TperbuM CyAHOM (puc. 3). ITocaemnee oGcTosiTesnnbeTBO TpeGyer
OT CyJAOBOAMTE/SI BBHINOJHEHHS MaHEBpa KOODIOHAT MpPH Hamepen
3ajaHHOM Bennyune M. ITpu 3TOM 3aKOH mepek/iaiku pyJast BO Bpe-
MEHHM MOXKeT OBIThb JOCTaTOYHO IPOM3BOJBLHBIM (pHC. 4); BeauuHHA

tue

L
MCXOIHAasi CKOPOCTb XOJa Ha NpsAMOM Kypce (B M/c). Beaumunna tp
o6osnayaer Ge3pa3aMepHOEe BpeMsi MepeKJaiKH PyJas Ha 3aLaHHBLH
YroJ, Ty, T2, T3 — BPEMs 3aJepXKKH DY/ B 3aJaHHOM MHOJIOKEHHH.

MvHuManbHO HEOOXOAMMAsl BeJMYMHA IONEPEYHOro CMeEIeHHs
CylHa NpH MaHEBPe KOOPJOHAT MOXKET ObITh OOBEKTHBHO YCTaHOB-
JIEHa Ha OCHOBE NAaHHBIX MCCJAEIOBAHHMN THAPOJHHAMHUECKOTO B3ay-
MOJEHCTBHsI CYAOBbIX KODPNYCOB NIPH BCTpeyHOM asuxenuu [7], [8].
KOTOpble IMOKAa3aJH, YTO THAPOLHHAMHYECKOE B3auMOAEHCTBHE OT-

T= ecTb 6e3pasMepHOe BpeMs; f— pasMepHOe BpeMs, C; Up—
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CyTCTBYeT NpH 7 >7B, T. e. Korga Mexnay GopTamu CyI0B YKJIafibl-
Baercg 6oJee 6 IIUPHH MEHBLIEro CyIHA.

C Apyroél CTOPOHEI, KakK IIOKA3aJu CleluajbHbE HCCASNOBAaHHS
[6], npy ABHXKEHHM B TyMaHe JaJbHOCTb YBEPEHHOTO OOHAPYKEHHS
nJaBamoIiuX 00BeKToB ¢ NHoMombilo cynoshix PJIC mMmoxer cHH-
xKatbed A0 1 MHun.

IMpumem a1y mucranmuo 3a ucxopuyio. Torma mas cymos ®PIT
nnunoi 200—250 M npuGIMEKEHHO HMMeeM,. YTO MaHeBP KOODAOHAT
J0JKeH OBITb BBINOJIHEH TaK, 4TOObl Tipu 1N==7B OoTHOCHTEJBHOE

- X
IIPOJOJBHOE CMeLleHHe IO JHHHH IIePBOHAYAJbHOTO Kypca JC=T

He npesbimago 4,0—4,5,

oy

Tp T Tp T2 Tp Ty Tp

~ap

Puc. 4. XapakTepHCTHKH YIpPaBJeHHs! PyJeM CyAHa IpH
MaHeBpe KOOPJOHAT

Pacyetnble uccienopanus MaHeBpa KOODHOHAT, HPOBEIeHHbLIE
HaMu npu nomomu OIIBM, nokasanu, 4To npu GUKCHPOBAHHOM 3a-
KOHe yNpaBJieHHs PyJeM, KOrja BpeMs NepekJaaiku pyas ¢ 6opra
Ha GopT onpenensercs AedcTByOWUMH npasusiamMu Peructpa CCCP,
BO3MOXKHOCTb BBHIINOJIHEHHS MaHeBpa KOOPIOHAT IPH OTOBOPEHHHIX
BBILIE YCJIOBUSAX CYIUECTBEHHO 3aBHCHT OT L5, $o/Qss, XapakTep-
3YIOIIUX AMarpaMMy ynpaBJsieMOCTH CyAHa (pHC. 2).

Anasm3 MaHeBPOB THIA KOODAOHAT BBITOJIHEH Ha 6as3e HesHHEH-
HbIX YPaBHEHHH ABMXKEHUS CyAHA

1 dv w1 d
Ay G B Ay (@1 Brg) B+

s (a4 Bl — L) 0= Ee, @)
— Ay L (b1 — Exly) 04 (65— Exg2) 00+ 0,8°00° — — Eloa,,

3)
85




rne

C
A1=2—G—B——L£(1+ku), (4)
P8
' C
A=2 -2 2 (14hn); )
5 (1 + kgg) ,
AS:%RLSL. (6)

3necs Cp— koapuuuent obuiedl MOSHOTH; ki, Ku, kss— k03ddu-
UHMEHTHl NPUCOCANHEHHBIX Macc; J;— MOMEHT MHEPUUH CYIAHA OTHO-
CHTENIbHO BEPTHKAJBHOM OCH; @i, @2, @3 — KO3(h(HUHEHTE KOpIycC-
HO# TUJPOJMHAMUYECKO! CHUJEL b1, ba, bs — KO3DPUIUMEHTH MOMEHTA |
PBICKAHHUSA; %n— KO9QQUUMEHT BJUSHHS KOPHIyca W rpeGHOrO BHHTA

- [
Ha yros aTaku pydas; lp, = —z’———OTHocheJIbHaﬂ abcuucca pyas;
— v
U == —— -~ OTHOCHTeJIbHAs NOCTYNaTeNbHaS CKOPOCTb.
B

Ilockonbky reoMeTpuueckue XapaKTePUCTHKH TPAeKTOPHH CYLOB
NPaKTHYECKH He 3aBHCAT OT' CKOPOCTH, HJIsi YNPOIIEHHS pacuyeToB

11es1ec006pa3Ho NPUHSATL V=1,
Torna yroa kypca onpenensiercs Kak

v («>=0§ Q (x) ds, (7)
4 YroJl CKOPOCTH NPH 5TOM
9 (x) =4 (x)—B (). | 8)

OtrocuTeABHOE NPONOJIbHOE U TIOTIEPEYHOE CMELeHHe LUEeHTpa Tdaxe-
CTH CyZIHa HaXOASATCS IIO BRIPDaXKEHUAM

X= Y cos ¢ d-r, %)

n= | sinodr. » (10)

Ha puc. 5 npusenens pacyerHsle Tpaektopun BMPT tuna «Ma-
SIKOBCKHH» NPH MaHEBPE KOOPJAOHAT JAJS 3aKOHA YNPABICHHS Op==
=35% Tp=1,0; 71 =0,5; 12=0; 13=1,0 npu pasnuunoit sddex-
THBHOCTH pyJisi. IIpu 3TOM B COOTBETCTBHH C puC. 2 nMeeMm npu E =
== 0,01 90/935 == 0,57; npu E = 0,04 90/935 = 0,156, Inpu E =0,08
90/935 = 0; npu E = 0,12 90/935 =0.

Ws puc. 5 BumHo, uto npu x << 4,5 NOCTHraeMoe OTHOCHTENbHOE

NONepeyHoe CMellenne 1 = 1/L NpaxTHYeCKH IPONOPUUOHaNbHO E.
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B cpoto ouepedr E ompenenser XapaKTepHCTHKH JHarpaMMbl
yHpaBJ/sgeMOCTH 35, o mpH GHKCHPOBAHHBIX 3HAUEHHSX reoMeTpu-
yeCKHX XapaKTepUCTHK KOpIyca.

Ananu3 pacyeTHBIX MaTepPHaJIOB NOKAa3aJs, UTO HAHMJAyYlIee COOT-
HOLIEHHE MEeXKJY IOBOPOT/IHMBOCTDIO CYyJHA H €T0 OLEPIKHBAHHEM MPH
MaHeBP€ KOODIOHAT JOCTHTAETCS NPU YCIOBHH

Q
o< 0,15, (11)

B uacru IIOBOPOTAHUBOCTH CyAHA IO OAaHHBIM aHaJHu3a MaHe€BpPOB
THUIIa KOOPAOHAT MNOJYYEHO, UTO 935 AOJIZKHa OTBEUYaThb YCJOBHIO

Q45> 0,5. - (12)
7
2,5 /’ —/
20 A )

3 /N
& /
A :
10 > %
| e
05 .

|

AN
\

—/OrM//
0 _ J
1,0 20 3,0 40 x
Puc. 5. Tpaextopun BMPT tuma «MasikoBCKufi» npH MaHeBpe

KOODIOHAT

Hepasencrsa (11), (12) Moryr GHITb HCHOJB30BAHLL B BHAE Per-
JIAMEHTHPYIOLIHX TPeGOBaHUi K yCTOHUHBOCTH CYZHA Ha KypCe B YyC-
JIOBHSIX THXOH BOABI U NOBOPOTJIMBOCTH COOTBETCTBEHHO.

OTO NOATBEPXKAAETCS CONOCTABJEHHEM MATEPHAJIOB HATYPHBIX
ucnbitanuil cynoB ®PIT no onpepesnennio Qo/Qss, Qss ¢ cooTBeTcT-
BYIOIIMMH OLEHKaMH CyIOBOIAHTEJEH HOBOPOTIHBOCTH M yCTOHYHBO-
CTH Ha Kypce HCHBITAHHBIX CyI0B 56 THHOB (puc. 6, 7).

Pernamentupyiouiee TpeGoBaHHe K IOBOPOTJIHBOCTH CYAOB (12)
NOATBEPXKAAETCA TaKXKe M MaTepuasaMH HATYPHBIX LMpPKYyJASIHOH-
HBIX MCIBITAHHE CyJOB M COOTBETCTBYIOIIHX PACYeTOB B 4acTH ONpe-

JeJIeHUd OTHOCHUTEJbHOH BEJWUYUHBI BBIABHTA CyIHa Ha OUDKYJAIHHA
lb '

h=t
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Bennuvna l, HaxooUTCS B NpPSIMOH B3aHMOCBS3M C OTHOCHTEIb-
HOH YIJIOBOH CKOPOCTbIO Ha yCTAHOBHBHIEHCS IHPKYJALINHH, KOTOpas
NPHOGJMKEHHO BHIDAXKAEeTCH 110 YCTAHOBJIEHHON HaMu dbopmy.re

- 2,6
ZB~W‘ , (13)

CootBeTcTBYIOMMUI aHAJN3 NOKA3AM, UTO YCJIOBHE [p < Sy (rme Sr=

=7,l HOCTHTaeTes B ciydae, ecnn Qg == 0,5.

Takum obpasom, BhnoiHeHHe yeaosus (12), KpOMe BCero mpo-

- Hero, NO3BOJISIET CYIHY COBEPIUHTb SKCTPEHHOE YKJIOHEHHE C BHI-

ABUTOM, MEHBIINM YeM NIYTb SKCTPEHHOrO TOPMOKEHUS IIpH peBepce
MallFH (WX TpH nepeksagxe jonactefr BPIII).

f (ﬂ“)r Xopowue oyenxu

nogopomausocmig
0,6 . 1050POmAUBOCTIL

051

0.4 f(‘ﬂ" ) ' Xopowue oyenxy
2

yemodvugocmu

0,3 02

02

o1

0 | m— | I
02 03 04 05 0,6 0,7 08 0,98,

m :
07 008 G2 Gf6 D]

Puc. 7. ComocraBjeHue BeJuynH

Puc. 6. Conocrasnenne seamuun s Qo/Q35 ¢ ouenkamu cymoBoxHTeNeH
C OLEHKaMH CyHAOBOLHUTENeH IIOBOPOT- YCTOHYMBOCTH Ha KYPCE B YCJOBHAX
JUBOCTH cyzoB OPIT THXOH BOAH cyxos ®PII

Ha puc. 8 npusenena soma mpakruueckux JHarpamMM yopabJsie-
Moctn cynoB ®PIT 56 Tunmos. dTa 30Ha orpaHuueHa KpuBLIMH AB
1 OC, XoTOpHIe TaKkKe SIBJISIOTCS HATPaMMaMHu YIIPABJISAEMOCTH.

O6nacte OABC paer HarnsaHOe NPEeiCTaBJEHHE O JHanasoHe
u3MeHeHHs Qo u Q. ,

B 5Ty somy Bomum THIB CyXOB, XapaKTepHCTHKHU yIpaBJsgeMo-
CTH KOTOPHIX He BHI3BIBAIOT HEAOBOJIBCTBA CYHNOBOJMTENEH, W THIIB
CyHOB, 0 XapaKTePHCTHKAM KOTODHIX MMEIOTCS HpeTeH3HH.

OueBuHO, UTO B 3TOH 30HE MOMKHO BHIIETHTDL YCJOBHYIO HauIyu-
myio (auEusa OB) u Hauxypwyio (aumus AC) AHarpaMMel yrnpas-
agemoctd. Touky N nepecedeHuss 3THX OHArPaMM MOXKHO CUHTATDH
CpenHeHd BTOPOH KPHTHYECKOH TOYKOH COBOKYIHOCTH NPaKTHUYECKUX
IHarpaMM yIpaBJseMOCTH.

Eciu uepes touky N mposectu muarpammy KNM, KpUBH3HA KO-
TOPOJT ABJSIETCS CpelHeli MeXKIY KPHBH3HOH OrpaHHYHTENbHBIX KpH-
Beix OC u AB, To, 1O CyTH pnema, MHI noNyYyaeM NPHGJIHKEHHYIO
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CpelHIOI0  NIHarpaMMy YNpaBJseMOCTH, Yy KOTOpok  Qu/Q:<<0,15,
935=0, . .

OT0 emle pas MOATBEPXKAAET OGOCHOBAHHOCTb BBOIAMMEIX Derid-
MeHTHDYIOIHUX TpebGosanuit (11), (12).

Paccmorpum  Temepn  TpeGoBaHHS, KOTODHE INDELbSBIAIOTCSA
K YOPaBJAEMOCTH CYNOB NPH HX JBHXEHHM B MOPCKHX KaHaJax
3aKDBITOTO HJIH OTKPBEITOTO NPOGHJIS.

Q

-7 8B
/ﬁ;
Tk

0,6 i

30 ap2zpad

Prc. 8. Ilpakruueckass 30Ha AHArpaMMH YIpaBJisie-
Mmoctu cypos DPII

I[InaBanue cynoB B kaHanax OCJOKHAETCS CJeLYIOMIHMHA dbaxro-
pamu: riy6uHa H u mmpuEa By CyLOBOTO XOia OrpaHWYEHHbI, OCh
CYROBOTO XO[1a MOXKET HMETb 3HAUHTENbHYIO H3BHJNCTOCTb, a PajlH-
YCBl 3aKpYIJIEHHH Ha NOBOPOTAaX Ry MOTYT GBITb HE3HAUHTENbHBIMH

L’ﬁkk
n 8/2 h
—1 w -
= X
N 31
8,

By op

i BK L}

Puc. 9. Cxema ZBHXKeHHS CYyIHA He 1O OCH
KaHana (06O3HAYECHHUSI)

(B CyIIeCTBYIOIIUX KaHalaX MHUHHMAJbHbE paguychl 3aKpyriaeHHi
OCH CyZI0BOT0 X0/a NPUOJIUSHTENBHO paBubl 1000 M). |

[Ipy He3sHAUHTEJBHOM NONEPEYHOM CMEIIEHHH CyIHa C OCH Ka-
Haja (pHuc. 9) K OTKOCYy HA KOPIYC MOMKET BO3MeHCTBOBATbL SHAUM- ‘
TeNbHBIH THAPOJUHAMHYECKH] MOMEHT, KOTODHIii BLI3BIBAET pasBo-
POT CyNHa TOMepeK KaHaJsa, ecau 3((PeKTHBHOCTb pyJell HemocTa-
TOYHA,
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Cyma nmBHXKYTCS IO KaHajaM C HeGOJbLIOfN CKOpOCTbIO, Halle
Bcero Ha Masiom xony. ITpu stom umcna ®pyna no ray6use Fry=

He npeBblIaoT 3Havenui 0,3.

VegH

Ilpy nBuxeHHHM NO KaHajaaM HabJOZaeTCs npocajka Kopiyca
cynHa. IIpoBeneHnblii HaMy aHAJIHM3 IIOKa3aJI, YTO JJIS BO3MOKHOCTH
[IPOBOJIKH KPYNHOTOHHAXKHBIX CYAOB B KaHaJ/e C TOYKH 3peHHA obec-
[edends JOCTAaTOYHOrO 3amaca BOXBI NMOJ AHHINEM IpH Fry<< 0,3 He-
006X0IHMO, YTOOH OTHOIIEHHE rayOuHbl KaHaja K oCamke CyIHa OT-

BeYaJso yCJIOBHIO %2 1,22.

IIpoBenenroe mamu oOGC/IeOBaHHE XapAKTEPHCTHK CyIIECTBYIO-
IIHX KaHAJIOB H KPYNHOTOHHAXKHBIX CYIOB, NPOBOASLIMXCS IO 3THM
KaHaJ/iaM, II0Ka3aJ/io TaKXKe, YTO OTHONICHHEe IJIHHbI HaHGOJDbIIHX Cy-
JOB K MHHHMAJIbHOMY DajiHycCy 3aKpyIJIEHHs NPH NJaBaHHU B Ka-

HaJle COCTaBJsIeT IpH — = 1,2 + 1,25 ——22% .~ (,22.
d RK min

Ecan cuuTaTh OBOPOTH B KaHa/e TUMOTETHYECKH [IPABH/IbHBIME
(B BANE KOJIBIA), TO CHO, YTO IJIsi IPOXOXKAEHHS CyZHOM HAHHOIO
IOBOPOTa pajuyca Ry HEOOXOAHMO HMETb BEJHUHHY OTHOCHTEJbHOH
YIJIOBOH CKODOCTH YCTAHOBHBIUEHCA UHMPKYJASOMH Ha MEJKOH BOJe

Gpu op = 35° He MeHee OTHOUICHHS R -
. _ -
B pa6ore [9] nokasamo, 4TO A y4eTa CpelHEro OTIMUHS Tpa-
€KTOPHH HEYCTAHOBHBILEIOCs NBHXKEHMS CyJHa Ha NMOBOPOTE OT yc-
TaHOBHBILEHCS LUHPKYJIANHH HEOGXOAMMO BBOLUTH KO3(DDHUMEHT 3a-

naca 1,4.
Takum o6pasom, mosyyaercs, 4To HJst o6ecneueHus IPOXoia

KDYTTHOTOHHAXKHBIX CY[OB MO KaHasjgaM HeOOXOAMMO, UTOGH IPH MaK-
CHMaJIbHOM YTJIe TIePEeKNajKH PYJas op==35° OTHOCUTENbHAS YIJIOBAs

o : H
CKOPOCTb Ha YCTAHOBHBINEHCS UHPKYJIALHH TNpPU 7=‘1,2+ 1,25

YAOBJIETBOPAMa COOTHOIIEHHIO

Qo > 1,4-,{%* >0,31. (14)

VsBecTHO, 4TO Ha MEJKOBOJbE NPOHUCXOLUT YBEAHUEHHE PajHyca
UMpKyJasiuuu cynos. B paGore [10] nmoxasaso, 4To MeXIy BeJHYH-
HOlt Q Ha ruyGoKoi#l Boie u BeqnunHOM QH/d Ha MesJKOH Boe cy-
IIECTBYET 3aBHCHMOCTD

2h1a
o= 140,12 0,71 i)z ' (19)
» ﬁ y (H
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C yueTroM HepaBeHctBa-(14) u dopmyant (15) npu nepexome or

%}:1,2+ 1,25 x = 6yreM HMeTh

Q.. >0,51. (16)

Taxum 00pas3oM, BHOBb INOATBEPKAAETCS  persJaMeHTHpYIOLlee
tpe6oBanue (12) K MOBOPOTIHBOCTH CYIOB.

PaccMoTpum ciryyall nBHXKEHHs CyAHA He IO OCH KaHaJja, KOraa
HMEETCsT MONEpPEeYyHOe CMEUIEHHE 1] C OCH BCJIEACTBHE CAy4afiHBIX
daxropor (puc. 9, 10).

CMemnenre CyIoOB ITPOMCXOLHT B OCHOBHOM BCJIEACTBHE CJydali-
HBIX HABUTAlHOHHBIX OLWIMOGOK CYHLOBOJHTEJNEH, HETOYHOCTH pPabOTHI
py/ieBOro (B KaHa/Jax He HCIOJb3YIOTCS aBTOPYJEBble) H T. IL.

/ /7.

B

8
)
Ocs kananra (cméopa) Y'“’"zf] ] v 7

ZZ

Puc. 10. CxeMa cu1 B MOMEHTOB, HeHCTBYIOLIUX Ha CYAHO
NpH YCTaHOBHBIIEMCS NBHXKEHHH He IO OCH XaHaja C yr-
JoM Apefida

[Tpu cmemenun CylHa C OCH KaHaJa Ha Beawuudy m (puc. 10)
H3-332 HECHMMETPUH B OOTEKaHHM KOPIyca Ha CYILHO B TOPH30HTAJb-
HOH IIJIOCKOCTH HAEHCTBYIOT BHELIHH TUAPOIHHAMHYECKHE MOMEHT
Myan u MONEpeUHas cHaa Yiam.

M5 obecneuenus: 6€30macHOrO JBMKEHUS HA CYAHE HEOGXOLHMO
[IepPeJOXKHUTb PYJab, KaK NOKasaHO Ha puc. 10, B pesyibTaTe CyAHO
nproGperaeT HEKOTOPHIH yros apefipa f.

CrnenunaJgpHble HCCIEIOBaHMS NOKasaau [8], uto B amanmasoHe
ckopoctell Fry << 0,3 nonepeunass BHeIHSA CcHaa Yian BECbMa Maja,
TaK 4TO MOXKHO TNoJarath Yxan==0.

Torna ypaBHeHHS YCTaHOBMBIIErOCs IBHXKEHHUS CyAHA HE HO OCH
KaHaJsa 3aluIlyTcs B BHIE

Y —Y,=0, (17)
MMy — Mgy =0, (18)
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rae Yp, Mp—monepeunas cuma u MOMeHT oT pyuasi; Y, M — nosu-
IMOHHAA NONEPEUHas KOPIYCHAs CHJIA H MOMEHT DHICKaHHSL.
Ha6mionenus, nposenennrle HaMi 3a ABHKEHHeM MOPCKHX Cy-
AOB B KaHA/IaX, NOKa3alW, 4TO OTHOCHTE]bHAsl BeJHUHHA CJydaii-
HOrO TIONEPEYHOro CMeIleHusl CyHOB C OCH KaHajaa (cTBOpa) m ==

=mn/B nocruraer sHauemmit n=0,5 npu Haubosee pacnpocTpaHes-

: B
HOM COOTHONIEHHH ‘%— = 0,25 + 0,28 (cm. puc. 9).
Emin
0,04 — :
: %p gon=21 l rp=25
gos =< cpan=29° /| ng=10
'y e | ——— f
0025 50 60 L/B

Puc. 11. Torpebuas sbdextusrocts I'CY ua
YCIOBHSI LBHIKEHHS CYZOB He 1O OCH KaHAJOB

(% = 1% Fr=03F =215 cn=o,95)

C yueTom 370r0 GBIIH NPOH3BENEHHI PACUETH HEOGXOLUMON Be-
JuauHb adpderrupnoctn I'CY no ypasuenusm (17), (18), xoropsie
B DAa3BEPHYTOM BHJe 3aNUCHLIBAIOTCA CJIEAYIOUUM 06Pa3oM:

04 (ay 4 Erg) = Eny, (19)
(bl _E‘nl—p) @— Cm KaH — -El;a'p , (20)

rae Cmgan — KO3bGHUIHENT MOMEHTA, 06YCJOBJIEHHOTO B3auMoael-
CTBHEM CyIHa C OTKOCOM KaHaJja.

Ilpn 3ToM yunThIBaIOCH BIMSHME OrpaHHYeHHOCTH rayOuHBL Ha
THADOAMHAMUUECKHE TIO3HIHOHHEIE KOI(D(HUHEHTH ai, as, by [10].

Ha puc. 11 npusesens 3aBHCHMOCTH MHHHMAJBHO HEOGXOLUMON
BeAUYUHH Emy o L/B us YCIOBHA JIBUIKEHHS CYAOB HE MO OCH Ka-
HAJIOB IIPH PA3JIHYHBIX YIJIHHEHHSIX CYNOBOTO PYJIS Ap, ONPEmEJSIO-
IIEero, Kax H3BECTHO, KPUTHYECKUE YIJIB ATAKH PYJS Qp. xom.

Ha ocnose nosyuennbix xpurepues IIOBOPOTJIHBOCTH cyAoB (12)
U HX YCTOMYHBOCTH Ha Xypce (11) 6buim mpousBeneHs pacuern
HEOOXOMMBIX BennunH 3¢ dertusHocty I'CY o Kpa#iHUM JONyCTH-
MBIM mpejesaM BeaHdun $2s = 0,56 u Qy = 0,075.

Ha puc. 12 mpemcraBiens cootsercrsyiomue pacdeTHrle 3aBH-

L
CHMOCTH MUHHMAaJbHO HEOOXOIHMBIX BeJUUUH Egs = f( Ox, 5) DpH

op=235°u Ey= f( Oy, é—) npu ap = 0. TaM Ke HaHeceHH 3Haue-

HusA Emin, Onpene/eHHble TO YCJAOBUIO 6e30macHoro JABHXKEHUST HE
110 OCH KaHaJa.

92




Ha puc. 12 nanecenn snauenns E 1O peasbHO CYIIECTBYIOUIHM
cyram OPII (nnaB6aswl, TpaHCOpTHbIE pedpHIKEPATOPHI, NPOH3-
BOJCTBEHHEIE pPedpHIKEPATOPHI).

Bunno, uro nopasusiomtast uacth tHmos cynos ®PIT YIOBJIETBO-
pseT TpeboBanHI0 E>>Eym. Cyma Ne 1, 2, 13, 22 ne VAOBJIETBOPSIIOT
BBOJIUMEIM TpeGoBanuaM. OTMETHM, 4TO HMEHHO 3TH THIIHI CYLOB
BBISBIBAIOT HENOBOJBCTBO CYAOBOAHTENEH NMDH OLEHKE WX yIpaBJse-

MOCTH.

Ess)s 123

0:1 \‘\

, A\ i
aoe N vae | NN
2N + A A 4
006 LG ot 7
(2

ot X/ Enin
0,02F
’ Nel3% 220 15 Vet
/)
0,85 . 0,90 0,95 - O

Puc. 12. Tlorpebnas s¢dextusrocts I'CY nag TPaHCIOpPT-
HBEIX CYZOB

. N S S NS
(Cp_0,6870,75, 1= =10 2=5-=60; 3—— _5,0.)

I'paguku puc. 11, 12 MOryT HEMOCPEACTBEHHO HCIIOB30BATHCS
IpH Ha3HAYeHHM MUHHMAaJbHO NONYCTHMHIX 3Hauenuii F B 3aBHCH-

L.
MOCTH OT Op, 5

CIIUCOK JIUTEPATYPH

1. Amendments to part “c” of Chapter II of the 1960 Safety Convention.
Proposed Amendments to Regulation 29. IMCO. Submeeted by Japan, April, 1972.
2. Anexcannpos M. H. Hopmupopanue MaHEBPEHHHIX KaYecTB MOpPCKHX
cynoB.— «Cygmoctpoenue», 1973, Ne 6.
Bolitrkynckuit 4. U, Mlepwuun P. I, Tutos U A, Cnpasounuxg
no teopuu Kopabaa. JI., «Cynocrpoennue», 1973, ¢, 248—391. .

" 4 Mlepwnu P. ., Onun E. B, BriGop KopmoBOro Hamsopa u mrowamu
PyJa cynoHa C NOMOLIbIO BTOPO KPHTHYECKOH TOUKH AMATPaMMBL ynpasJste-
mocra.— «CynocTpoenue», 1966, Ne 6,

5. @ensesckuit K. K, Co6ones I. B, Ynpasnsemocts kopabus. JI.,
Cynnpomrus, 1963, c. 150.
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6. I0noBuy A. B. CTONKHOBEHHST MOPCKHX CyZoB. MIX NpHUMHB H Npeny-

npexgenre. M., «Tpancnopt», 1972.
7. MacrymwxuHi 0. M. J[pmKerne CyfoB HpH BCTpeuax H OGTOHAX.—

«Peunoil Tpancnopr», 1967, Ne 11.

8 Macrymkun I0. M, ITasnenko B. I, Semasnoscrkuit I K
Onpenesiene cui B3aWMOZLEHCTBHA NPH BCTpeYaX M o6roxax.— «Peunod TpaHc-
nopt», 1966, Ne 12,

9. Mapnenxo B. I'. DjeMenTH TeOpHH CYNOBOXIEHHS Ha BHYTPEHHHX
BOJHBIX myTaX. Y. 2. M,, «Tpancnoprs», 1964.

10. Topman A JI. Teopust u pacyeT IOBOPOT/IHBOCTH CYLOB BHYTPEHHETO
nnasanus. JI., «Cynocrpoenues, 1971.

. A. ¥pycos

ONPENEJIEHUE YCHJIMN B UBLAEJIUAX CYIOBBIX
YCTPOMCTB C YYETOM TPEHHA

Ilpn ucnonb30BaHHE CYHOBBIX YCTPOHCTB C pASJHUHBIME CXe-
MaMH TPOCOBBIX IPOBOROK M DAa3JIMUHLIMH BHIAMH H3JENHH, NIpH-
MEHAEMBIX HJI 9THX LeJeH, OT IPaBHJBHOTO yueTa CHJ TPEHHs 3a-
BHUCHT 90 QeKTHBHOCTb ¥ HaJEXHOCTb YCTPOHCTBA B neaoM. Cymiect-
Byloulas NpaKTHKa npuMeHeHHs Kosdduuuentor tuma 1==0,95 gis
6J0Ka HMJIH POYJbCa HA NMOAIUMIHHKAX CKOJbKEHHS HE3aBHCHMO OT
€r0 OCHOBHBIX XapPaKTEPUCTHYECKHX NaPaMETPOB IPUBOIUT K CEPb-
€3HBIM OLIKMOKAM. Y4UeT CHJI TPEHHS ¢ GObIIEl CTENEeHbI0 JOCTOBEp-
HOCTH JOJIKEH BBINOJIHATBCA B COCTAaBe OOBIUHBIX MHXKEHEPHHIX pac-
YeTOB.

PaccmoTpum BamsHue TpeHus Ha KO3Gh(UIMEHT IOJE3HOTO Ael-
creust (KITJ) manGosee XxapaKTepHBIX H3LEMHH CYNOBHX YCTPOHCTB.

- Jas pacuera KIIJ onsOmKHBHOrO 6J0Ka (pOyJbca H T. I.) BOC-
noan3yemcst Gopmyso, npusenensoir B pabore [1] (cm. puc. 1):

1 .
Ne= d P (1)

rie n5=—;—KHI{ 6J0Ka; & — K03 dHIUEHT XKECTKOCTH TPOCa;

d — puamerp ocu 6s10Ka; D — nuamerp 6JOKa MO NHY KaHABKH IS
Tpoca; P—nonesas marpyska; I — TsroBoe yCHAME MeXaHH3MA;
o — yroJ o6xBata 610Ka TPOCOM; [ — KO3(DOHUUHEHT TPEHHS HA IIO-
BEPXHOCTH OCH BpalleHHS. ‘

Jaist cTanbHBIX KaHATOB ABOMHON CBUBKH, IUMPOKO NPHMEHSEMBIX
B CYJIOBBIX YCTPOHCTBAaX, Ha OCHOBAHHH SMIIMPHYECKHX NAHHBIX [I]
IpHMeM

0,142
E=D5_——1F" (2)

e dx — IMaMeTp KaHaTa, CM; Dg — nuamerp 6s0Ka, CM.
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dopmyna (1) yuuThHBaeT morepu B GJOKE COBMECTHO: morepy,
3aBUCAIINE OT XKECTKOCTH TPOCd, H HOTEPH, 3aBUCSAIIHE OT TPeHHS
Ha MIOBEPXHOCTH OCH BpallleHus 6J0Ka. '

LlesnecooGpasnee u yno6Hee 1Js NPAaKTHUECKHX PACUETOB YUHTI-
BaTb 3TH IOTEDPH Pasie/bHO, T. €.

N6 ="Nx"o> (3)

IpHHAB
1

N = Tre “4)
rhae M — IIOTEPH, 3aBUCAlLHE OT KECTKOCTH Tpoca,
u

1
710= d a (5)
1 + 2(.1-7 sin T

Toe Mo — NOTEpH, 3aBHUCAIIME OT
TPEeHUs] Ha IIOBEPXHOCTH OCH Bpa-
HIeHHs 6JI0Ka.

Takoe monymenne e mpoTHBO-
peuuT OOWIeNpHHATON pasAebHOM
cxeme pacueros KILIO. Kpowme
TOTO, - Puc. 1

1
1 +€+2p—g~sin ——;— +2Eu%sin %

NwMNo ==

H, YYHTBIBas, YTO BTOPOH M TPETHH UJEH BHIpAKEHHS 3HAMEHATE/S
ABJIAIOTCS BeNMMYMHAMH MAJIOrO MOPsAKa, NpeHeGperas ueTBEpTHIM
YICHOM KaK BEJHYHHON BTOPOTO NOPSAKA MAaJOCTH, IPUXOJUM K BEHI-
Bony ¢opmyJarl (1).

B Tabs. | npuBeleHsl cpennue SHAUECHHUS T, paccuuTaHHLIE IO
dopmysnam (2) u (4) past Tpocos amamerpamu ot 15 1o 30 MM,
OPHMEHSIEMBIX B CYAOBBIX YCTPOHCTBAX. ‘

Tabauya 1
Dlde .. ....... 6 8 10 |12 |15 |2 25
T e e e e e e 0,89 | 0,94 | 0,96 | 0,97 0,98‘ 0,985 0,99

IIpumeuanue D— gnamerp 6aoka, dyx — JuaMeTp KaHara.

B Ttaba. 2 npusenenr BenwuMHBI Mo, pacCUMTAHHBEIE IO top-
mynae (5).

W3 rtabn. 1 u 2 BuAHO, 9TO Mg B 3HAUMTENHHOH CTEIEHH 3ABHU-
CHT OT KOHCTDYKTHBHBHIX mapamerpoB 6joka d/D, D/dw. u a,
a TakKXe OT KO3 (HIYeHTa TPEHHS .
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Jlas KPHBBIX NOBEPXHOCTEH, [0 KOTOPHIM CKOJb3HT TPOC (KJIHO-
30B GOPTOBLIX 6€3POYALCHBIX H T. II.), IO aHAJOIUU C OJHOLIKHBHEIM
6aoxoM KIIM moxer 6HITH pelncTaBIed

Wn_—__'rbx"]c: (6)
rae N — KITJ xpuBo¥i moBepXHOCTH;
Ne=e"/% (7)

¢ — YUHTLIBAET NOTEPH TPEHHS-CKOJIbXKEHHS abCO/IOTHOTO THOKOTO
Tpoca B COOTBETCTBHM C H3BecTHOH dopmysaoll Direpa; f — roadhdu-
OMEHT TPEHHUS I/ Maphl TPOC—IIOBEPXHOCTh; & — yros o0xBaTa Io-
BEPXHOCTH TPOCOM.

Ne
I
N
039
! " A/D=3,0
0,8 ™ . ; 25
y \ ~ )“§0 35
A =8 2,0
07 AN o) M~ X 15—
\\ \\
™ ~
™~
0,5 ~
™~
0 40 80 120 160 200 240 280 o6 2pad
Puc. 2

Ha puc. 2 npuBesieHbl 3HaUEHHS N¢, OLIPeAe/IeHHbIE 110 Gopmyde (7).

PaccmoTpuM BuMsHHE TpeHHSI B Haubojee XapaKTEPHBIX H3Je-
JIUAX CYHAOBBIX YCTPOMHCTB. _

1. O0HowKuBHbLE OAOK, POYAbC, NOBEPXHOCT CKOAbXCEHUS (Ge3-
POYJbCHBIN KJ103) — cM. puc. 1. P —mnosesunas narpyska, I — Taro-
Boe ycunue mexanusma, | — KILJ uanenus (ng MAK Mgz — B 3aBHCH-
MOCTH OT THIA H3JeJHs), onpenensemble no dopmynae (3) uan (6).
ITpu noxweme rpysa (BHIGHpAHUH)

T——P; )

NpY ONyCKaHUH I'Dy3a (TPaBJIEHUH)
T=nP. )

OueBuano, 4t0 3(PEKTHBHOCTb PabGOTHl M3AEIUS XapaKTEPHU3Y-
€TCs1 BeJUUUHOA 1).

7 3ax. Ne 341 ) 97




ITpu pacuerax ne HIH 1y PEKOMEHAYETCS IPHHUMATD:

u==0,15 — nnsi 6JOKOB Ha HOAIIMITHHKAX CKOJbKEHHS (cranb
110 GpoH3e, B YCIOBHSIX MOJNYCYXOH CMa3KH);

i =0,015— n1s9 610KOB HA NMOAIIHNHHUKAX KaveHHs: (IPUBELEH-
HBIA K pajuycy ocu 6aoxa) [1];

f==0,15 — 1 cTanbHBIX TPOCOB.

B rabun. 3 npuonsTcs smauenus 7 M Wy AJA psAma Xapakrep-
HBIX HSJeJIHH, NOJYYEHHble NPH H3/OMEHHHIX BEHINE HCXOJHHIX yC-
JIOBHSAX. -

Tabauya 3
OcHoBHKIE Ne W 7y
XapaxTePHCTHKH npu o, rpag
Haneaune
Djd. d/p 45 90 135 180

K

BJox rpysoBoil Ha HOAIIHIHH- 15 0.156—0,18} 0,98 |0,9750,974|0,974
kax kavenns (OCT 5.2002—70) :

BJIoK Ha NMOXIMUTHUKAX CKOJIb- 15 0,15 | 0,96 |0,95 (0,94 |0,94
KEHUs
Kanugac-610k Ha noguunyu- 9 0.2—0.25) 0,93 {0,9 10,89 [0,88

Kax ckosbxeHus (OHY-145—59)

Poyabe nas wsapToBHHIX Ka- 6,3——7;3 0,5% 10,850,810 (0,79 {0,78
Haros (F'OCT 9321—66)

Kmos 6Goprosoit mBapropumii | 12—14 — 0,88 10,77 |0,69 |0,61
(ckonbxenus) (OCT 5.2005—70) _

Kmoa mBaproBubfi ¢ poy.n- 6 0,6 0,83 {0,79 [0,76 (0,75
caMH Ha NOAIIMIHUKAX CKOJb-
JKeHUsT

Koz mBaprosHeiit ¢ poyas- 6 0,6 10,89/0,88 [0,88 (0,88

CaMH Ha NONIUHIIHHUKAX KauyeHHS
. .

* B xauectse d mpuHAT cpexHeapH(pMETHUECKHI IHaMeTP BepXHeH W HuKHeH
OIIOPBI poyJbca.

W3 taba. 3 cienyer, 4To yactTo mpHMeHsieMOe B pacuerax cymo-
BBIX yCTPOHCTB AJIs GJIOKOB CKOJIbXKEHHs 3HaueHue Mg = 0,95 crpa-
BEIJIUBO TOJIBKO NIPH XapaKTEPHCTHKAaX 6/0Ka (IUKHBA), GJIH3KHX
K IPUBEJEHHBIM BO BTOPOH cTpouke Tabauuel. Mcnoabsosanue 1g =
=0,95 npu xapaxTepucTHKax 6J0Ka (wkuBa), GJHSKHX K Hpe-
CTaBJCHHBIM B TPeTbedl CTPOKe TalJHIbl, MOXKET NPHBECTH K CY-
IIECTBEHHON OINOKe B ONpele/NeHHH yCHJMHl B TpocaXx. Tak, Ha-
IpUMep, npu 7 WKMBAaX (UTO XapaKTePHO AJs NLIIONOYHBIX YCT-
POJICTB)  ycuine B XONOBOM M KODEHHOM KOHIAX Tpoca Oyzner
OIpeneseso ¢ omubKoi Gosee yeM B 1,5 pasa.

Hauuble Ta6a. 3 He MeHee HArVISAHE B OTHOLIGHMM H3JIeuil
IIBADTOBHBIX YCTPOHCTB. CuHTaercss OGIIENPHSHAHHBIM, UTO KJIIO3HI
UIBAPTOBHBIE C DOYJIbCAMH G0Jiee NPENNOUTHTENbHE], UeM KJIO3bl
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CKOJIbXKEHHs, 0co0eHHO mpH paboTe C aBTOMATHYECKUMH IIBAPTOB-
HoiMy Jgebeaxamu. Haubonee xapakTepusMu yriaMu o6xBaTta Tpoca
fpH HPaBHUJILHOH YCTaHOBKE aBTOMATHUYECKOH IIBAPTOBHOL JebelkH
MOKHO cuutath oo=45°+90° Ilpn o=45° KIIJ km03a CKOJbKeE-
gus (5-a cTpoxa tabu. 3) make BEIIIE, YeM K032 POYJALCHOTO H PO-
yabca no 'OCT 9321—66 (6- u 4-1.ctpoku taba. 3); npu o =90°
KII[ Kma03a CKOJbXKeHHs] NPAaKTHYeCKH HE3HAUHTENBHO YCTyIaeT
KIIJ xa3a poysnbCHOTO, T. €. C TOUKH 3peHHs obecneuenus 6Jaaro-
OpUATHBIX YCJIOBHE paboThl AJS aBTOMATHUECKOH IIBAPTOBHOM Jie-
6ellKH YCJOXKHEHHAS KOHCTPYKIHS POYJbCHOTO KJI03a C XapaKTepHc-
THKaMH 10 6-i cTpoke TabJ. 3 IpakTHUeCcKH He JaeT HPeHMYLIeCTB.

CuienoBaTesnbHO, HE BCAKHMH POYJIBCHBIN KJII03 YyJydllIaerT yCJIo-
BUS pabOTLl aBTOMATHYECKON INBAapTOBHOH JeGenku. s npaBuib-
HOTO BbIOOpa THIA M KOHCTPYKIUM KJI03a CJAEAYET KOJHYECTBEHHO
onenusaTts Beauunny KITJI.

2. llpamovie  knextor (npu 066iu4rOl 3a800Ke TpPoCca 60CLMep-
Kamu— cm. puc. 3). B KHeXTaX ycHJHe FacuTCs BCJAEJICTBHE TPEHHS
CKOJIbXKEHHS, H 3aKOH H3MEHEHHS YCHJIHH B CMEXKHBIX BETBAX TPOCA
MOXKeT OBITb IIPEJCTABJEH B BHJE

Si+1=”1nSi- (10)

OGo3HaunM ycuime B NEpBOi HUXKHeH BeTBM Tpoca (HAyIleH OT
KHEeXTH K IpHYaJbHOH TyMOe) uepe3 Si H yCUJAHE B TNOCJENHEH
BETBH Tpoca uepe3 Sy. Ycuime Sp onpenensercsi BhIPaXKeHHEM

) Sy="11"Sy, . (11)

T/le 1 — YUCJI0 HAJIOXKEHHHIX IIJIaToB Tpoca.

Nz cdopmynst (11) moayyaem BEIpaskeHHe MAJsI HEOOGXOIHMOTO
KOJIMYeCTBA IJIaroB # (a CJAeN0BAaTEeNbHO, BBICOTHI KHEXTOB) JISI
ofecneuyeHuss HOpMAaNbHONX paGOTH KHEXTOB:

_— (12)

Ilast cTafbHBIX M PaCTHTEJbHBIX KAHATOB C BBICOKHM KO3(dHIH-
€HTOM TDEHHS NPAKTHKOH yCTaHOBJIEHA HeoOXOAMMasl BHICOTA KHEX-
TOB W Ompelensatb ee no Qopmysne (12) une nmpuxomurca. Ho mas
TPOCOB K3 CHHTETHUECKOIO BOJOKHA C HH3KHMH 3HAUEHHSIMH KO3(Q-
¢uuueHTa TpeHHs, Ge3yCNOBHO, BBICOTY KHEXTOB CJEAYET Ompene-
JIITb ¢ yuetoMm dopmyan (12). ,

OnpenenuM pe3yJabTHPYIOLLYIO CHIY, AEHCTBYIOILYI0 Ha Haubo-
Jiee HarpyxXeHHywo TyMOy KHexTa. PesyabTupylouias Cujia OJHOIO
msiara R; paBHa reOMETPHUYECKOl CyMMe YCHJIHH B CMEXHBIX BeT-
BSIX TpOCa, T. €..

R=Sis1+3s.
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[Ipoexunn cuner Rj Ha mpogombuyio o NONEPEUYHYI0 OCH CHMMeT-
pun kHexrta (ocb—0x u Oy Ha puc. 3) ¢ yuetroM dopmyasr (10)
NPeNCTaBHM CJEAYIOIHM 06pa3oM:

Rjs=Si(1+41y) sin

Riy=S,(1—1,) cos

Hpusenem Buipaxenue ms R;:

R;=V Ri:+Ry=

- . a I—np\2 I3 ‘
—Sl(l—{—‘f)n) SIHT -l/l—}—(m) Ctg2—2-. (13)
y Alns kuexmos ¢ spawaro- Si,

wurucs mymbarmu

* Puc. 3

3akon H3MEHEHUq PE3YIbTHPYIOMWUX YCHJIHﬁ L1JIarTOB MOXKHO
NPEACTaBUTL B BHIE:

Rj+1=“flr21Rj-

Pesynprupyiomas cuna, IeHCTBYIOmMAsS Ha TYMOY F, MOKeT 6biTh
BbIpaxeHa ypaBHeHHeM

n
2 R; siBnsierca cymmoi TeOMETPUYECKOH IIPOTPECCHH, ¥ KOTOPOH KO-
G

JIIECTBO WIEHOB DaBHO KOJMYECTBY LIJIATOB (1), 3HAMEHATEID npo-
TPECCHH paBen 17,° NEPBBIA UIEH MPOTPECCHH ONpenesieH bopmymnoi
(13), B KoTOpO# B KavecTBe S; CJELYeT NPHUHATE S

CaenosaTtenbHo,
St (I—m) e U
F= — sin - V1+(1+7]n) ctg?—o-.  (14)
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. A
JJ1s1 OOBIYHO NpPHMeHSIEMEX B KHEXTaX OTHOIIECHWH 322,0 H

kosp¢puiuenTe Tpenus Tpoca =0, MoIKOpeHHOE BHIpaXKEHHE
B (opmyne (l4) He3HAUMTENBHO. OTJIHYAETCS OT CLHHHIE H HM
MOXHO IipeHeOpeus; ommbKa IpH TOM GYHET COCTABJIATH He 60-
gee 3%.

B 3TOM cirywae dopmysia BEIISINT TakK:

S 1_"12” .a
=-1(IT_’1:-)—SIHT. (15)
YuuTeIBas, 4TO B OOBLIUHBIX KHEXTAX C YBeJHUYEHHEM KOJHUECTBA
IIJIATOB YCHJHS B BeTBAX OHICTPO yOBIBAIOT, a YCHJHE B XOLOBOM
KOHIIe TPOCa HE3HAYUTENbHO, [/ NPAKTHYECKHX DacCueTOB MOMKET
ObITP PEKOMEHIOBaHO BMecTo F, ompenesenHoro no gopmyne (15),
IPUHUMAaTh. Frp — npefesbHOe 3Havenne F npu n—- oco:

F

_ Sy .
an-—m—n—S].nT. (16)
< Rﬂ
—
o -RZ b:t
- Rf
Puc. 4

[as onpenefeHHs NOJNOXKEHHS DPE3YJIbTHDPYIOMEH CHJB IO BHI-
coTe obpatumcs X puc. 4.

Orcroagnue y pesyabTHpyiOme#d cuasl F OT mepBoro miara Mo-
XKeT OLITh ONpPEeJe/IeHO U3 YPABHEHHS

. Rh+Rmi20 4+ ... + RV (n—1)4
R1+R1'ﬂﬁ+R1‘f|§+ +R1ﬂi(n—l)

C yuerom dopmyn (13) u (15), nponmyckas mpoMeXxyTOUYHbIE BHI-
KJaJKyu ¥ npeo6pasoBaHHus, He IPEACTaB/IANIHE 0COBOTO HHTEpeca,
NPHBENEM KOHEUHOE BhIDAXKEHHE JJIs Y:

y=*h

2 2n
I 27y

— 17)
2 2n (

e

I pacueToB OGBIUHBIX KHEXTOB IO aHaJIOTHU ¢ GopMmyJoit (16)
MOXKET  ObiTh PEKOMEHJOBAHO IPHHHMATL IPeleJbHOE 3HAUCHHE
pr HpH n—-00;

: hr?

—m (18)

1——‘qi

ynpz
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Crenyer o6patuTs oco6oe BHUMaHHe Ha TO O6CTOSATEBLCTBO,
IT0 ¢ yMeHbIUeHHEM KOS((QHIHEHTa TpeHHS Tpoca IO TymGe f
BeIMYHHE F W y yBeJHYHBAIOTCH. Ilostomy B pacuerax mpounoctn
KHEXTOB C/I€NyeT NPHHAMATL HaUMEHbIIHE H3 IPEeNoaraeMbiX 3HA-
yeHu# f.

Hanpumep, nns craabmoro TPOCa BO BCAKOM C/Iyyae CJeLyeT
npuHEMaTh f << 0,1,

sin—g—
B Tabn. 4 npusemens smauenus K03 dunresToB k1=1 .
— fln

2

YIH [
" /Tez__—lh2 AJSL Pa3NHIHBIX COOTHOWeEHHH A/D, paccumTtampble
-1

o

D
AJIS OCBIYHEIX KHEXTOB MPH OTHOLICHHSIX = 10 m 15 u f=0,1.
k

B atom ciyyae sHavenus Fp ¥ ynp onpepensiiores tbopmynamu

Fao—FiSi 1 yog— hoh. (19)
Tabauya 4
A
il 1,5 2,0 2,5 3,0 3,5 -3 ITpumeuanue
1,88 | 2,37 | 2,57 | 2,72 | 2,84 | 3,45 nJmED—=IO
K
#y D
2,0 | 2,45 | 2,77 | 2,82 | 2,93 | 3,64 nan 2 =15
K
D
0,61 | 0,67 | 0,71 | 0,75 | 0,79 | 1,02 aan 2~ 10
K
ko —
0,65 | 0,72 | 0,76 | 0,8 | 0,84 | 1,11 ans 2. 15
K

Kax Bupno us raéa. 4, OOIIENpPUHATOE 3HAYEHHE ky=— 2,5 crpa-
BEIJIMBO  TOMIBKO [JIST  OUPENENEHHBIX  COOTHOLICHHI A/D wu
D/dw; nns Bcex npyrux XapaKTePHLIX I1aPAMETPOB IPHMEHEHHE
ky=205 Bemer K 3aHHKeHWIO WIH X BaBBIIIEHHI0  TeHCTBYIOUIHX
YCUJTHI. _

WUs tabn. 4 Bunmo, uto F me pacnonaraercss BHIIE BTOPOTO
lnara (CunuTas OT OCHOBAHHUS KHexta). [lnsa mpakTuuecKux pacue-
TOB MOXET GBITb DEeKOMEHIOBAHO NPHHUMATb MOJIOMNKEHHE cuasl F
Ha ypOBHE HaUBBICLIEH BO3MOXKHON B 3KCIVIYaTALHH BHICOTHL BTOPOTO
uara.

MakcuMabHOe 3HAueHHE CHJIBL Fup cnenyer ompenensite mo

'(popmyﬂe (19) npu Si, paBuom Pa3peIBHOMY YCHJIMIO TpOCA; AJs
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5TOrO pacueTHOro caydyas B coorBerctBuH ¢ IlpaBumamu Perucrtpa
CCCP

620n=0,956,,

rre Opom — JOIyCKaeMOe HODMAaJbHOe HaNpskKeHHe;,  Op — Ipefed
TEXyYeCcTH MarepraJsa TyMOH.

3. Krextol ¢ spauwjaroujunuca tymbamu. IIas obaerdenuli ycmio-
BHH paGoTHl CO IIBAPTOBHEIME TPOCAMH B NOCJAENHEE BpeMs HAXOAAT
NpHUMeHeHHe KHEXTHI C BpallaloIUuMHCS TYMOaMH.

I1pu BHIOWpAaHHY HWIBAPTOBHOIO TPOCA HA KHEXT NPEABAPUTENLHO
3aBOJUTCA HECKOJBLKO IIJaroB, TyMOH BpaijaimTcd, T. €. TpPOC pa-
GoTaetT B YCJOBHSIX, aHAJOTHYHBIX YCJOBHSIM paboTHl Tpoca B Ta-
JIIX, ¢ TOH JIHIIb pasHuLlel, 4yTo TyMObl KHeXTa He IepeMellatoTcs.

IIpy npekpalieHny BHIOMPAHHUS Tpoca TYMOB aBTOMATHUECKH
cronopsaTesl (HampHMep, XpallOBBIM YCTPOHCTBOM), 3aBOJAHUTCH JO-
MOJHATENbHOE KOJHYECTBO IIJATOB Tpoca, HeoOXoaumoe AJS CTO-
SHKM CyJHAa Ha IIBapTOBaX, M KHeXT C BpamlaioluMuca TymM6aMu
paboTaer B YCJAOBUSAX, aHAJOTHUHBIX OOLIUYHBEIM TPSIMBIM KHEXTaM.

s pexuma paGoThl KHEXTOB C BpallaloUMUCH TyMOaMu
nocje IpeKpalleHHs BHIGHpAHHA TpOca CHpaBelJIMBE BCe coobpa-
JKEHHS M pacueTHble (OPMYJIbl, H3JMO0XKEHHBIE B pasfene 2. MomeHnt
BpalleHuss TYMOb!, BOCHPHHHMAEMEI CTOMOPHBIM ycTpoiictBOM My,
ONIpPEeAEJUTCH H3 CAeLYIOINX YCAOBHI.

MowmeHT BpalleHus, co3naBaeMbli onuuM mtaroM Mj, MOXKeT
OBLITb BHIPAXKEH

’ D
My=($;—Si11) 5
u ¢ yueroM dopmyJer (10)
D
Mj"—-‘Sz(l—‘ﬂn)"z—- (20)

3aKOH H3MEHEHHS MOMEHTOB Bpamesusa OTHEJbHBIX HIJaros MO-
XKeT OBITh npeacTtaBJ/ieH B BHAE

M; =M,

H CyMMapHBIH MOMEHT BpalleHHs] TyMOH

M= M,
j=1

(3
2. M; sBasieTcst CyMMOJ FeOMETPHUECKO! IPOrPeCcCHH, ¥ KOTOPOH KO-
j=1
JHUECTBO YJIEHOB PAaBHO KOJHMYECTBY HINAroB #, 3HaMeHaTeJdb IIPO-
rpeccuy paBeH M2, IePBBHIA WIeH Nporpeccun onpenenen Gopmysnol
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(20), B xoTopoii B KauecTBe S; caexyer npusATs S;. C yuerom cka-
3aHHOI'O

M__S]D l_")in
T2 L °

Pekomenznyemoe A5l MpaKTHYECKHX pACUETOB IpefeJbHOE 3HA-
yenne M= npu n— oo:

S1D
L S . 21
T2+ @1
Ilpu pacuere M™ cnenyer nmpuHEMATh My NPH HAMMEHbIIEM U3

IIPE/TIONaraeMEIX 3HAYEHH [ (mas cramwroro tpoca f<<0,1).
Paccmorpum  paGory KuexToB
C BpamlalOIKMHCA TyM6aMu B pe-

Nxn
10 L1 noduunsung }Kmée BBIGHPAHHUS TpoOCa.
Kavenus : TOYKH 3peHHd 5(¢peKTHBHO-
0,9 CTH WCIOJNb3OBAHHS TACOBOIO YCH-
Tt -3 S IIBAPTOBHOIO  MEXaHH3Ma
08 - — 7 KHEXT B 3TOM pexuMme paBoThl fB-
\\ I A
0.7 5] JISIeTCs BPEIHBIM 3BEHOM, YMEHb-
! \\ ) | Wasg BeqHuuHY Kos(dHIMEHTa mO-
0,6 NS A7 noduiuniuxa JIE3HOTO  NI€HCTBHS  HIBAPTOBHOLO
CHONBIKOHUST o
05 \\ YCTPOHCTBA B LIEJOM.

4 \ [Tpn  TsiroBoM  ycHamu Mmexa-
0,4 S de HusMa T moje3Hass Harpyska 3a
\\ L KHexToM P 6yner paBHa:

. 2n
0,2 \6\ P=us T=nT,

¥

0.1

e =12 —k HEeHT TI0-
07 02 03 04 05 06 o7ap A€ Mhe = Wg —KOspuumeH

JIEBHOTO HEHCTBHSI KHEXTa B LEJOM;

Puc. 5 ns — KII, onpenensemsiit mo hop-
MmyJe (3).
Ha puc. 5 NpeACTaBJeHbl pesynbTathl pacueta KIIJ kuexra
C BpaWlAOMUMUCA TyMOaMH (Nxu) OPH = 15, %=2, Y=
3

= 0,015 nns omop nHa moAmMNEMKAX KaueHus u p = 0,15 — pis
ONOp Ha MOJIIHNHHUKAX CKOJbXKEHHS B 3aBHCHMOCTH OT COOTHOLIE-
HHUsl d/D ¥ KOJIM4YeCTBa INJTAarOB TPOCA HA KHEXTe IpH BHIGHpaHUM.

Crnenyer o6paTuTh BHEMaHHE HA OYEHb HH3KYI0 Benununny KITJI
KHEXTa ¢ BpaIlaoIUMUCH TyMOaMu B caydae NPUMeHEeHHs NOXIINII-
HHKOB CKOJIbXKEHHA. ,

YuuTEIBas, YTO B STHX KHEXTAX M3-33 3HAUATENBHON BeJHUHUHDI
HarpysKy NPAKTHYECKH TPYAHO IOJYUHTb MaJjible COOTHOMWeHHS d/D,
CTAQHOBHUTCS OYEBHJHOH HENEJNeCO00Pa3HOCTh NPHMEHeHHS KHEXTOB
C BPALIAIOMUMHCA TyMOaM¥ Ha NONUTHIHHKAX CKOJbKEHHS HPH KO-
s dunuentax tpeuna p = 0,1 = 0,15.
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Hanpumep, npu -%—:0,4, n=3 KIIJ xuexrta pasen 0,5; B 1e-

JSIX KOMIIEHCAIMH TaKof HOTepH IPHINJIoch OBl AJs LAaHHOTO CyIHA
IIPHHSITL UIBAPTOBHEIE MEXaHM3M BIBOe GOJBIIEH MOLIHOCTH, JHOO
OpU TOM K€ MeXaHusMe I[IOJe3Has Tara yMeHbIUHJach Gbl BIBOE.
- IlpuBenennass B KayeCTBe IpHUMepa BRJAHUHHA Nxw = 0,5 mo cy-
LIeCTBY SBJSIETCS NPENeNbHO AOCTHKHMOH B KHeXTaX Ha INOALIMI-
HUKaX CKOJbXKEHMs; B psle CJaydaeB IOTePH OYyAYyT 3HAUUTENLHO
odablIne.
Beanuuna pesynbTupyiomieil cuasl Fp, nefictyiomell Ha Hau6o-
Jiee HarPyXKeHHYI0 TyMOy KHeXTa B pexuMe BHIOMpaHHA TpOCa, MO-
XKeT ObITh MosIyueHa u3 GpopMyJan (15) 3ameno#t Sy Ha T u 3aMeHOH

Nz Ha 7o, T. €.
7(1 — 2n
FB—_—%%)_S“I %, (22)

rie T —Tarosoe ycujue IIBAPTOBHOrO Mexamuama; Mg — KILI,
onpenengeMei no gopmyne (3); n— KOJHUECTBO LIJIATOB, 3aBOIH-
MBIX Ha KHEXT B peKHMe BEIOHPAaHHUS Tpoca.

OrcrogHHe  pesy/JbTHUPYOILEH CHibl Fy OT IIEPBOrO BEPXHETO
mJjara (MAYLIEro OT KHeXTa K IUBADTOBHOMY MEXaHH3MY) Y HOJY-
yaercs u3 popmyanl (17) sameno#l My Ha M6t

2 n 21
Yot 1 i 2 nﬁzn ’ (23)
—5 1=
rje A — pacCTOSIHHE MeXIy CMEXHBIMH IujaramMd (IpU HaJHUHH
ClelyalbHLIX ~ KaHaBOK MAJS TPOCAa — PACCTOSIHHE MeXIy KaHas-
KaMH;, IpH OTCYTCTBHH KaHABOK — AMaMeTp IIBApPTOBHOTO Tpoca).
- YuuTeBas, YTO C YMEHbIUIEHHEM KO3(pGHIMEHTA TPEHHS U BEJIH-
ygHa Fp yBesnuuBaercs, B pacuyerax NPOUYHOCTH KHEXTOB CJELyeT
OpPUHMMAaTh HaMMEeHbIlee M3 HpPeJIoJaraeMblX 3HAYEHHH
w << 0,1 — gssa napel crasp 1m0 GPOH3e B MOANIHIHUKAX CKOJbKE-
us; p = 0,015 — B mopmnmuukax Kavenns [1].
Ha puc. 6 npuBenens snauenus Koa(p(pnunema
1—q 6 a

ky=—— —sin—
3 — 5 2

A A
RS = 1,6 u 2,5 npu pasnuyHBIX COOTHOLIEHHUSX d/D, paccunraH-

Hele no Qopmyne (22) npm ykasaHHHIX BBILIE SHAYEHHSAX [. 3HA-
yenne Fp B 3TOM Cilydae MOMKET ONPENeNsThCs 0 GopMysie

Fy=F,T. | (24)

Ilpn swauenusx Fs, ompepensieMbix 1o dopmynam (22) wuau
(24), npu T, paBHOM HOMHHAJbHOMY TSITOBOMY YCHJIHIO IUIBAPTOB-
HOrO MeXaHu3Ma, JOJXKHO NPHHUMATLCS Cpon <= 0,407.
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OueBuHO, YTO NPOYHOCTh KHEXTa C BPAIAIOIUMHCH TyMGaMu
IONXKHA NpoBepAThbeA NpH T, PABHOM TATOBOMY YCHJ/MIO IHBAPTOB-
HOIO MEXaHHM3Ma NPM INpeJeSbHOM SHAUEHWHM MOMEHTAa ABUTATeNS,
Jau00 1npH MOMeHTe cpabaTbiBaHHST MY(TH MNPENEJIbHOr0 MOMEHTA
M T. II. IpHcnocobiaenuft. st 3TOro cayuasi cjaepyer NpUHEMAThb

Gz0n < 0,950;.

ITposenenntie pacuersl mo gopmyse (23) MOKa3HIBAIOT, UTO 16
OKa3blBaeT HE3HAUNTEIbHOE BJHSHKE HA BEJUYHHY Ys.
- C moCTaTOUHOH M/ MPAKTHYECKHX PACYETOB TOYHOCTHIO MOXKET
ObITb PEKOMEHIOBAHO Yp ONPELEISTh 10 CAEAYIOWHM GOpMyJaaM:

Y=0,48 (n—1) & (25)

— JJId KHEXTOB Ha NONUIINIHHKAaX KaueHHs

ks Ana n'aﬂwum[luka Ann r;ac?wumlvuka
Kayerus CKOJIbIHEHUR
70 A/D=2,5
15

]

SN

A S
NN

Wi

40 [T T
T}_==2
50 ] ,\
20 |
02 04 06 08 02 04 06 dd
Puc. 6
u
v.=038(n—1) 1 (26)
~— IJIS1 KHEXTOB Ha NOAWIHIHAKAX CKOJbXKEHHUS.
®opmyan (25) u (26) npUMeHHMBl B [HANa30He g— =15=+ 25,
Di=0,2 +~08un=2-+4.

Caenyer MOAYEPKHYTb, YTO NPH ONpPEAENEHHH BLICOTH NpPHJIONKE-
HUSL paBHOJEHCTBYOILeA cHabl Fg NOJOXKEHHE NMepBOro wuiara (Hay-
IEr0 ¢ KHeXTa Ha HIBADTOBHBIH MEXaHH3M) HOJIKHO NMPHHHUMATLCS
MaKCHMaJbHO BO3MOXKHBIM B 9KCIJIyaTalHH.
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I10. A. Manscoc

OCOBEHHOCTH JIEHTOYHbBIX TOPMO30B
3BE3JOYEK BPAHINMUJIEH

B nocneaune rommt Bce mapoxonctBa CCCP mmupoko mnpakTu-
KYIOT CTOSIHKY CYJOB Ha SKOpe C 3aKpelJeHHeM IelH OCPeICTBOM
TOPMO32 3BE3J0YKH BCJAENCTBHE yNOOCTBa, OBICTPOTHI B G€30I1aCHO-
CTH M3MEHEHHS IJIMHBI BEITPABJCHHON IIeNH IIOJ HaTsXKeHHeM, 3Jac-
THYHOCTH TaKOro KpemJeHHs, YMEeHbIIalllell AUHAMHYeCKHe PEIBKH
B UEINH [IPH CTOSIHKE B IITOPMOBYIO HOTOAY.

B cepennne 50-X IT. npu IPOEKTHPOBAHHU TOPMO30B, IIPEAHA3HA-
YEHHBIX JJIS1 YAep:KaHUg CyAHa HA SIKOpe, pacueThl TOPMO30B IIPOH3-
BOAMJHUCH TI0 H3BECTHOH (hopmyJe Dijepa ¢ HCHONAB30BAHHEM KO3(d-
GUIMEHTOB TPeHUs, 3aJaHHBIX B craHmapTax W TY Ha (PUKUHOH-
Hble MaTepuanbl. UYepes HECKOJBKO JeT OT CYLOBJAILE/BIEB CTAJIH
HNOCTYNATh CHTHAJIBl O HENOCTATOYHOCTH JepKallell CHJIB TOPMO30B
IpH CTOAHKE B GyDHYIO IOTOAY, KOI'Za TOPMO3a He MOTJIH YIepXKaTh
3Be3J04Ky Opalnuis OT NPOBOPauyMBaHUsA. AHAJOTHUHYIO KapTHUHY
MB HabaomaeM U Ha HEKOTOPHX cymax MM® u MPX 3apyGexuon
MOCTPORKH, TOPMO3a 3Be3jouek Opammujedl KOTOPHIX, MO0 HaHHBIM
¢upmM, paccunTaHBl Ha yIepxKaHHe Ge3 NMPOCKa/b3bIBAHHUS DPEKOMEH-
ayemoit MAKO marpysku B uemnu, paBxo# 0,45 paspbIBHOTO YCHJIHS
Hemny.

Jisl BEISICHEHHS NPHUUYMH 3TOrO GBIIHM HPOBENEHBI HCCAENOBAHUS,
KOTOpBIe II0KA3aJiy, 4TO NPaKTHYeCKHe 3HAYeHHS NEPKALUX CHJ
TOPMO30B  3HAUYHTEJNbHO MeHbIIE pacueTHbIX. TaK KakK CBeIeHHS
O NPHYHHAX 3TOIO OTCYTCTBOBAJIH, OblIa HCCJIEIOBAHA 3aBHCHMOCTh
3HAYCHHH KO03(p¢HUIHeHTa TpPEHHS (PUKUHOHHLIX MAaTEpHAJIOB OT
YAENbHOTO JAaBJIEHHS B CBA3HM C TeM, UTO YAEJNbHEIE NaBJEHHS B Ha-
OeraroLUX KOHLAX JIEHT TODMO3OB IPH YIEPXKAHHH YCHJIHS B ILIEIH,
pasgoro 0,4—0,45 ee paspriBHOTO ycuausi, pocruranu  100—
120 krc/cm?, yto B 10—15 pas mpeBbiliaer peKOMeHAALUM CTaHAap-
ToB 1 TY. HcnbiTanus GONBIIMHCTBA OTEUECTBEHHBIX (PPUKIHOHHBIX
MaTepualoB, a Takxe HanboJsee pacIpOCTPaHEHHBEIX HA OTEUEeCTBEH-
HBIX CyJaX HMIOPTHBIX MaTEpHAaJ/OB HOKAa3aJjh, YTO C MOBHIIEHHEM
yaeaoHoro AaBJieHHs oT 10—15 mo 100—120 krc/cm? kosddunnent
TpeHust pesko nagaer (06buHO B 2—4 pasa). Kpome TOrO, yeTanoB-
JIEHO, YTO IIPH CMAauYMBaHMH TPYIUMXCS INOBEPXHOCTEH KOapdUUMEHT
TPEHHS MHOTMX (PUKIHMOHHEIX MATEPHAJIOB CHHXKAeTCd elle Ha
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Puc. 1. 3aBucumocTb Ko3dHIYeHTa TPEHHS W TKAHBIX (DPHKIHOH-
HBIX MaTepHaJOB OT YIEJNbHOrO JaBJeHHs p A CyXux (

H MOKPHX (— —-—) TIOBEPXHOCTEH TPeHHS
. 3Hauenne Kkod3bdu-
: LHEHTa TPEHMS,
Tpadux Crpana Tun YKa3aHHOe (GHpPMOM-
& (p) (GpHKIHOHHOH H3TOTOBHTENIEM
JIEHTLE (AnA crpaBoK)
a CCCP | «B» N 0,40
6 CCCP «B» 0,45
B CCCP «Ckar» 0,50
r TTHP «BuHONEKC» 0,40
I HJanus «Paiibep» 0,38
e JaHus «Porekc-31» 0,35
ER AHrnus «Pepono» 0,38—0,41
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15—259%. Ha puc. 1 nokasansl rpaduky 3aBHCHMOCTH K03 dUIMeHTa
TPeHuss OT YIEJbHOro JaBJEHHS NPH CYXWX U CMOUEHHBIX MOBEpPX-
HOCTSIX HJI51 HEKOTOPHIX (PPUKIMOHHEIX MaTepHaJoB (NaBjeHHe 25—
120 krc/em?). Mcnbitanus DpoOBeNeHBl HAa MAIIXHE MPOTSIKHOTO THA,
B KOTOPOI CTa/JbHas I0JOCA NPOTArUBAETCS MEXAY JBYMS CXKATHIMH
32/laHHON HAarpyskoi o6paslaMH U3 HCOBITYEMOrO (PHKIHOHHOTO
Marepuaga. Ilonyuennoe conmpoTHBJIEHHE NPOTATHBAHUIO PABHO Y-
BOGHHOH CHJIe TPEHMHs, a4 UACTHOE OT JEJeHUS CHJBl TPEHHS Ha CXKU-
Malpllee ycuiaue naer KoahPHIHEHT TPEHUS.

ITockobKYy TOpMO3 3BE3AOYKH JAOJIKEH OOEeCreuHBaTh HajekHOe
3aTOpMaXHBagye Najarollero SKops, 1enecoobpa3Ho OTMETHTD, UTO
YCHJHSA HOPH 3TOM C y4eTOM AUHAMHKKM TODMOXKEHHSI 3HAUHTENBLHO
Menbiie (B 4—6 pas), ueM IIpH YAEPKaHHH CyAHA Ha IKODE B IITOP-
MOBYIO noroxy. I103ToMy TOpPMO3, IPOBEPEHHBEIH Ha YIEpKAaHHE YCH-
jaus 1o tpeGosapusamM MAKO s ofecleueHus CTOSHKHM Ha SIKOpe,
BCErjla JIETKO 3aTOPMaiK{BaeT OTAABAEMEIHl CBOGONHEIM TMajeHHEM
SKODb.

M=ul mostaraem, 4TO NIpHBELEHHEIE KPATKHE CBEIEHHS IO3BOJSIOT
OLIEHHTb INPHUHHH TAKHX CJy4aeB B MHPOBOH IpakKTHKe CYLOXOI-
CTBa, KOrJa Ha cylax B OYPHYIO IIOTOLY IIDH CTOSIHKE Ha SIKODE CO3-
Japajacb aBapuiiHas OOCTAHOBKa H3-3a HEZOCTATOUHOHN HepiKaeld
CHJILI TOPMO30B Opamnuied, XOTS 3TH TOPMO3a OBIIM DaCCUHMTAHBI
Ha yaepxaHue 6e3 IPOBOPOTA 3BE3LOUKH HATPY3KH, PEKOMEHIOBAH-
Holt MAKO (0,45 paspeiBHO# Harpysku uenu). OZHOBPEMEHHO MO-
JKHO TIIpefocTepeub HEKOTOphle (HPMBI — NOCTABINUKH Opalimuiet,
KOTOpHle MOJarasicb- Ha TOYHOCTh PAacCUeTOB TOPMO30B MpPH Ko0zd-
(duUyeHTaX TPEeHHs, 3aJaHHBIX B IPOCIHEKTaX H3TOTOBHUTEJeH
(pUKLHMOHHEIX MaTepuanoB (cM. tabauny K pHC. 1), HE VUHTH-
BAIOT CHHXKEHHS 3TOro KosbduimeHTa ¢ yBelnHUeHHEM VIeJb-
Horo famJjeHus n0 80—120 Krc/cM? ¥ He MPOBOASAT HCIBITAHUS TOP-
MOB3OB.

CkazaHHOe BHIIIE IIOATBEPXKIaeT BaXKHOCTH cobJiofenus Pexo-
Merganuy MAKO Ne 19 B oTHOLIEHMH AepiKalled CHJLL TOPMO3OB
Opammnuaell 1 HeOOXOJUMOCTb HCIBITAHHSI MX IHOJ HAN30POM KJIacCH-
¢dukanuonHoro obmiectsa. Takue HCIOBITAHHS NPOCTEl, HE TPeOyIOT
CJIOXKHBIX CT€HIOB M MOTYT OBITb NPOBENEHBH B 3aBOJCKHX W CYHAO-
BEIX YCJIOBHSX. v

Ha puc. 2 nokasana cxema HCHBITaHHS JIEHTOYHOTO TOPMO3a
6pammnuns, a Ha pUC. 3 — JICHTOYHHIH TOPMO3 BO BPeMS HCIBITAHHI
B CYLOBHX YCJI0BHsX. HaTsaKeHue B lUenu co3faeTcs THAPOIMJIHHI-
pOM H 3aMepsgercs AMHAMOMETPOM HWJ/IH [0 JABJEHHIO B HITOKOBOM
HOJIOCTH THAPOLMJHMHIAPA. TOPMO3 3aTArHBAIOT TAPHPOBAHHBIM KJIIO-
YOM M HCIBITAHHE CUHTAIOT YCIEINHBIM, €CJH B TEUeHHe 5 MUH
3B€3/0YKa NOXA IeHCTBHEM 3aJaHHOTO YCHUJHWS B LENH He INpOBep-
HyJ1aCh. ’

B saxiioueHre IOJIE3HO OTMETHTb, YTO HaMK paspafoTaH mpoc-
TOH KpHUTePHUH, HA3BAHHBIH KO3()(PHUUMEHTOM HANPSKEHHOCTH TOP-
MO3a, TO3BOJISIOIIMH OLEHHTh HNOCTATOYHOCTb PasMepoB TOPMO3a
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3BE3JIOYKH Opammuis Lis yLepXKaHud 0e3 IpPoCKaJb3bIBAHHS Tpe-
0yeMOoro yCUIus

/r
L\
1

Puc. 2. CxeMa HCOBITAHHS JIEHTOUHOTO TOPMO3a OpallIuis:

I — TOpMO3; 2 — 3Be3jouKa; 3 — AKOPHAs Wenb; 4 - MAaHOMETP; 5 — CHAPOILH-
JARHAP; 6 — PY4YHOH Hacoc

Puc. 3. McnbiTaHHe JIGHTOYHOrO TOPMO3a Gpallmuds
Ha Cy[He -

OTO BBIPaXEHHe MOJYYeHO M3 YCJOBHS, YTO HAUMEHBIIHH YIOJ
00xBaTa IIKUBA TOPMO3a JEHTOH, 3aMepeHHbI!l MeXAy OCSMH LIap-
HUPOB HaGerawmmero u c6eramollero KOHIOB JIeHTH, pasen 270°,
a.Bxonsaume B GopMysay OyKBeHHBIe BHIpaXKeHUS 0603HAUAIOT:
U — okpyxHOe ycHIMe, NPHBEJEHHOE K JHaMeTPy LIKHBA TOPMO3a,
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Krc; Dy — nuaMeTp WKHBa TOPMO3a, CM; Bp— IIMPHHA JIEHTH TOP-
MO03a, CM.

Ecnz 3Hauenne KospHIHEHTa HaNpPSXKEHHOCTH %y Oyner
Menbiie 40 Kre/cm2, TakoM TOPMO3 MOXKHO CYMTATh HPHEMJEMBIM
IJis yoepiaHus CyAHa Ha dKOpe B HITOpMoByio noroay. Heo6xo-
JMMO TOJBKO IIPaBHJALHO PACCUHTATh (C YU4eTOM DEKOMeHJalHH IO
3HAUEHUSM KO3(p(HLMEHTOB TPeHHs) ycHJIHs B Haberawoumem u cbe-
ramlleM KOHIAX JeHThl ¥ 00ecileudTh NOCTATOYHYIO NPOYHOCTL TOP-
MO3HOH JICHTH W NPHUBOJAA YIPaBJIEHHI TOPMO3OM.
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YIOK 629.12 : 624.02/09—752

Pacyer BHOPaMHOHHON TMPOYHOCTH KOPHYCHBIX KoHcrpykumii. Iilykuuna E. H
Hayuno-rexunueckufi c6opuux Peructpa CCCP, Bum. 6, 1976, ¢. 3—27.

Hsnoxena MeTORMKa pacuera cBoGOJHON H BBEIHYXKAEHHOH BuOpauyH Kopmyc-
HBIX KOHCTPYKUMHA: IVIACTHH H TNOAKPEIUISIOMHX HMX pefep KecTkocrH. PacueTHble
¢$OPMYNIEl MOMYUEHE! ¢ YYeTOM B3auMOAEHCTBUS 5/MEMEHTOB KOHCTPYKUMH (INACTHH
H pebep) MexAy cobofi M ¢ OKpyKaiollel KUAKOCTEIO. IlapaMeTpEl BEIHYXKAEHHOH
BHODallMH ONpPEREeJAOTCsS IIPH OJHOBPEMEHHOM BO3IAGHCTBHH Ha KOHCTPYKLHIO
NyNbCHPYIOIHX THAPOAMHAMHYECKHX NABJEHHi OT paGoTH rpeCHBIX BHHTOB ¥ YCH-
JuH, 00YCIOBNEHHEIX KoJeGaurueM ONOPHOro KOHTYPa KOHCTPYKIHH (ofuwieft BuGpa-
IHelt Kopmyca).

Ha ocHoBauuM aHa/H3a BJHMSHUS TeXHOJOIHUECKHX H JPYIHX HE YUHTHIBA€MEIX
B pacueTe (aKTOPOB YCTaHOBJEHB KO3(hQHUMEHTH 3amaca MO uacTrore. JlaHbl
KPUTEPHH OLEHKH BHODALHOHHON NPOYHOCTH (MOJNCOBEYHOCTH) KOHCTPYKIHEL

Puc. 10, Taba. 2, 6u6a. 9.

YK 629.12.01.011

TpeGopanuss Perncrpa CCCP K KOHCTPYKTHBHOMY OGOPMJIEHHIO Y3JOB KOp-
nyca. dnmwteiu M. H Hayuro-rexauuecknii c6oprux Perucrpa CCCP, BuL 6,

1976, c. 27—47.

B macrosimell crathe NIPOKOMMEHTHPOBAHBI OTHeJbHBIE MOJIOXKeHHsA IIpaBua
Peructpa CCCP 1 u3/M0XKeHB TPeGOBAaHHA, NPELBSABASEMBIE IPH PacCMOTPEHHH
IPOEKTOB CYAOB K Y3J1aM, KOHCTPYKTHBHOe O(OpMJEeHHe KOTOPHIX BCJEACTBHE HX
MHOT00Gpasus He MOKeT GEIThb JOCTATOYHO KOHKPETHO persiameHtupoBano B Ilpa-
Buaax Perucrpa CCCP.

Puc. 25, 6uba. 4.

YIK 539.41

Anannz ynpyromnacTHyeckoro aeopMHPOBAHMS MJACTHH OT CBApKH W Mexa-
HHYECKOH HArpy3KH MeTOJOM KOHeYHmhx ajeMeHtoB. X apxypuwm H. §I. Hayuno-
rexHuueckuit c6opuuk Perucrpa CCCP, Bum. 6, 1976, c. 47—63.

.Onuncana MeTOAMKAa YMPYTONJIACTHUECKOrO aHanusa nedopMHPOBAaHHS NJIACTHH
OT MeXaHHYecKOoH HarpysKH H CBapOYHOro Harpesa. Mcmosb3oBaH MeTOJ KOHEUHBIX
SNEMEHTOB B COYETAHWH C TeOPHeil acCOLMHPOBAHHOTO TeUeHHS 6e3 YNpPOUHEeHHs
M TpH yCJIOBHE TekydecTH Museca. Mcronp3soBaH IIAroBblfi MeTON Harpy:KeHHS
C IPHMEHEHHeM Ha KaxXJOM liare IO BPEeMEHH CBapKH H Harpyske HTepPallHOHHOTO
npolecca YTOYHEHHsS NepeMeHHEIX MapaMeTpoB YApyroctd. B ciyuae cBapxu mpen-
BaPHTEJbHO PEIaeTCsl HeCcTAlHOHAPHAs 3ajlaya TeMJIONPOBOAHOCTH, YYHTHIBAIOLIAS
ee HCTODHIO BO BpeMeHH. AJropuTM peasnusoBar ans DBM «Munck-32» B BHIe
Anron-nporpamMm «POLE» u «TERPLAS». B kauecTBe mpHMMepOB NPHBENEHH pe-
LIEHHs] TpeX 3ajau: pacTAHyTas IUIaCTHHKA C TPEINMHOH, HaJloXeHHe CBapHOTO
BaJMKa Ha INIACTHHKY M CBapKa TaBPOBOH OasxH.

TpuBeseHsl 3MIOPH OCTATOUHBIX HATPSIKEHHH, [OJS MAACTHYeCKHX Hedopma-
IHH ¥ cMelneHuil.

Puc. 6, Taba. 1, 6uba. 3.
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VK 629.12.011 : 539.4

XapakTepUCTHKA CTPOUTENbHON B JI€A0BOH NMPOYHOCTH KOHCTPYKUHMH JeLOBOTC
nosica aenokonoB. Kyppwomos B. A, Xeiicun I E. Hayyno-rexuudeckuit
c6opuuk Peructpa CCCP, Buwm. 6, 1976, c. 63—71.

OnpepneseHbl NOHATHS CTPOHTENBHOA H JIe0BOM MPOYHOCTH KOPMYCHEIX KOH-
CTPyKnuil NeJOBOTO fosica JEAOKOJOB B OKOHEYHOCTSX M MEPeXCJHEIX paHoHaX
H HCCNeNyIOTCS HX XapakTepHcTHKH. IIpousBejieHa OlEHKa PABHONPOUHOCTH KOH-
CTPYKUHE, BOCIPHHUMAIOUIUX JIELOBbE HATPY3KH, O AJHHE KOpIyca.

Puc. 3, 6uba. 3.

YK 532.513.1 : 629.12

T'ugponuHaMHYecKye Harpysky, AefiCTBylollde Ha moNepedHyo nepeSOPKY TaH-
xepa. Ilasawuenxo 0. H, Tarapuerko A. A. Hayuno-rexnuueckuil
c6opuux Perucrpa CCCP, Bem. 6, 1976, c. 71—78.

TlpuBefeHtl pesynbTaThl HKCIEPHMEHTOB C MOJENbI0 rpysosoro Tanka. HMsme-
HeHHe TUAPOJHHAMHUECKHX Harpy3OK ONpPENeJAnoch B 3aBHCHMOCTH OT MECTONOJIO-
JKEHHS, JJIHHB TaHKa, CTeleHH ero 3aloJIHeHHs, NapaMeTPOB Kaukd ¥ KOHCTPYK-
THBHOTO OopMyeHHs 0TCOHHBEIX NepefopoK.

Jlaunl peayabTaThl HATYPHBIX SKCIEPHMEHTOB Ha TaHkepe <«Afion». Crenmanbt
BBIBOJBI, OTPaXKAWIIKHEe KAUECTBEHHYIO CTOPOHY BJHAHHS PasJHUHBIX (aKTOPOB Ha
BENMYUHY TUADORMHAMHUECKHX NaBjenuil, JeHCTBYIOMUX Ha IepeGOPKH TaHKEPOB.

- Puc. 4, 6uba. 3.

YIK 629.075 .

O npoGiaeMe HOPMHPOBAHMS YIPABJIAEMOCTH MOPCKHX cyfoB. Macrym-
gkun 0. M. Hayuno-texunueckuit c6opruk Perucrpa CCCP, Bom. 6, 1976,
c. 78—94.

PaccMOTpeHs IPUHUMIOB HODMHMDOBAHHS YHPaBAAeMOCTH MODCKHX CYJOB Ha
[pUMepe HCCef0BAHUI, IPOBEAEHHBIX g CYAOB (0oTa PHIGHOH NPOMBIIIIEHHOCTH
CCCP. IlpuBeneHB KOHKDETHBIE Pe3yJbTaTH IO ONPeJeNeHHI0 MHHHMAJbHO He-
06X01uMON BenMuHHE 5()(eKTHBHOCTH IVIABHBIX CDEACTB YHPABJEHHS CyHaMH Hc-
XO#Sl M3 YC/JOBHH Ge30MacCHOCTH BCTPEYHOTO PACXOXKJEHHS CYJOB M H3 YCJOBHI
GesonacHoli IPOBOAKH CYHOB B MOPCKHX KaHaJjlaX.

Puc. 12, 6u6a. 10.

YIOK 629.12.04.24 : 532.62

Onpepnesienye YCHIAMH B U3JEIUAX CYAOBLIX YCTPOHCTB ¢ YUE€TOM TPEHHs. Y DY -
cos LI A, Hayuno-texnuueckut cGopuuk Peructpa CCCP, Bun. 6, 1976,
c. 94—107. '

PaccMOTpeHO BJIMSIHHE TPeHHMST Ha YCJIOBHS paloTHl H3feJME CYJOBLIX yCT-
po#icTs B mape ¢ TpocaMu. IlpuBeneHB KO3dHIHEHTH NOJE3HOro AeHcTBHA OJIo-
KOB, KJIO30B, NPAMBIX KHEXTOB M KHEXTOB C BpaINAOIIHMHCS TymMOaMu, a TaKxe
(GOpMYyNEL B PeKOMEHAALMH JJIs ONpefeNeHns ycuiaull, ReflcTBYIOIHX B yKa3aHHLIX
U3JeNusx. :

Puc. 6, Taba. 4, 6uba. 2.
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YIOK 629.12.015 : 621.59

Oco0eHHOCTH JEHTOYHBIX TOPMO30B 3Be3jovex Opamnmieir. Mauxoc 0. A,
Hayuto-texuuuecknit c6opuuk Perucrpa CCCP, Bem. 6, 1976, ¢. 107—I111L.

Paccmorpera HeoGxomuMocTh yduera H3MeHeHHSI KOs duuuenta TpeHus ¢pHk-
LMOHHBIX OGKNANOK B 3aBHCHMOCTH OT YAENBbHOIO [aBJEHHS NpH pacueTax JeH-
TOYHEIX TOPMO30B 3Be3fiouek Gpammnuiefi. O6ocHOBaHa 0653aTeNBHOCTb HCIBITAHHS
asTHX TOpMO30B. Ilpensioxkena dopmyna ajs onpeneseHHs Kosdduiuenta Hanps-
JKEHHOCTH JIEHTOYHOTO TOpMO34.

Puc. 3, Taba. 1.

UDC 629.12 : 624.02/09—752

Calculation of vibration strength of hull structures. Shchukina E. N.
Transactions of the USSR Register of Shipping, issue No. 6, 1976, p. 3—27.

The procedure of calculating free and forced vibration of hull structures:
plates and their stiffeners is considered. Calculation formulae are obtained with
regard for interaction of structural items (plates and stiffeners) between each
other and with surrounding liquid. The forced vibration parameters are deter-
mined for simultaneous effect on the structure of pulsating hydrodynamic pres-
sures due to propeller rotation and forces caused by general vibration of the
hull.

Frequency safety factors are established on the basis of analysis of pro-
duction and other factors being not taken into account in calculations. Crite-
ria for structure vibration strength (durability) estimation are given.

Fig. 10, tabl. 2, ref. 9. ’

UDC 629.12.01.011

The requiréments of the USSR Register of Shipping for the structural de-
tails of the hull. Epstein M. N. Transactions of the USSR Register of
Shipping, issue No. 6, 1976, p. 27—47. ’

Commented in this article which is a continuation of the article published
under the same title in the Register Transactions, jssue No. 3, are some provi-
sions of the USSR Register Rules. The requirements imposed in considering
technical designes of ships upon structural details of ship’s hull, which cannot
be fully regulated by the Rules in view of their variety are considered.

Fig. 25, ref. 4. '

UDC 539.41

Analysis of inelastic/elastic deformation of plates due to welding and me-
chanical loads by finite elements method. Kharkhurim I Y. Transactions
of the USSR Register of Shipping, issue No. 6, 1976, p. 47—63.

The procedure of calculation of inelastic/elastic deformation of plates due
to maghining loads and welding heating is described. The finite elements method
is used.
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Algorithm is provided for “Minsk-32” computer POLE and TERPLAS as
Algol. programmes. The doing of three sums: an extended plate with a crack,
pass of weld bead on the plate and welding of a T-bar are given as examples.

Diagrams of permanent sets, plastic deformation and shift field are de-
monstrated.

Fig. 6, tabl. 1, ref. 3.

UDC 629.12.011 : 539.4

Characteristics of structural and ice stréngth of icebreaker ice belt. K ur-
dyumov V. A, Kheisin D. E. Transactions of the USSR Register of
Shipping, issue No. 6, 1976, p. 63—71.

The meanings of structural and ice strength of the icebreaker ice belt
in the extremeties and intermediate hull portions are defined and their charac-
teristics are investigated. The estimation of equivalent strength of structures
taking ice loadings lengthwise the hull is made.

Fig. 3, ref. 3.

UDC 532,513 : 629.12

Hydrodynamic loads affecting a transverse bulkhead of a tanker. Pav-
Iyuchenko J. N, Tatarchenko A. A Transactions of the USSR Regi-
ster of Shipping, issue No. 6, 1976, p. 71—78.

The results of experiments with cargo tank model are given. The change of
hydrodynamic loads was determined depending on the location and length of
ﬁ ’[é(link, its filling level, rolling parameters and structural design of wash bulk-

eads.

The results of full-scale experiments in tanker “Arion” are described. Con-
clusions reflecting the effect of various factors on the value of hydronamical
pressures acting on the bulkheads of a tanker are made.

Fig. 4, ref. 3.

UDC 629.075

On the problem of steerability standards for sea-going ships. Mastush-
kinSJ. M. Transactions of the USSR Register of Shipping, issue No. 6, 1976,
p. 78—94.

The principles of establishing standards for steerability of sea-going ships
are investigated for Soviet fishing vessels. The results of determination of mi-
fimum necessary efficiency value for main means of ship’s control are consi-
dered, proceeding from safety of ships moving by divergent courses and safe
pilotage of ships in sea canals. :

Fig. 12, ref. 10.
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UDC 629.12.04.24 : 532.62

Determination of forces in items of ship’s arrangements and equipment with
regard for friction. Urusov Sh. A. Transactions of the USSR Register of
Shipping, issue No. 6, 1976, p. 94—107.

The effect of friction on the operating conditions of items of ship’s arran-
gements and equipment together with ropes is considered. The efficiency values
of blocks, hawses and bollards are specified.. The formulae and recommenda-
tions on determination of forces acting in the above items are given.

Fig. 6, tabl. 4, ref. 2.

'UDC 629.12.015 : 621.59

The peculiarities of windlass brakes. Manhos J. A Transactions of the
USSR Register of Shipping, issue No. 6, 1976, p. 107—111.

The meeting of the IACS Statement No. 19 concerning the capacity of
windlass brakes involves great specific pressures on friction surfaces. In cal-
culating such brakes the sures on friction surfaces. In calculating such brakes ,
the reduction of friction coefficient as compared with data contained in book-
lets of iriction materials makers is to be taken into account. A simple formu-
lae is given for determination of brake sirain acting on the brake band, allow-
ing to quickly estimate the acceptability of sizes of the brake concerned.

Fig. 3, tabl. 1.




