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YIAK 629.12:539.4

A. M. I'pebeniox

O KPUTEPHSX NMPOAOJIBHOU hPO'—IHOCTl/l
TPAHCHOPTHBIX CYAOB

[TpoGseme yCTAaNOCTH MeTaJJHYeCKHX KOHCTPYKLUHH M Kopryca
CyOHa MOCBSILIEH psif HcciaenoBaHMH. M3 HMX HeoOXOZMMO OTMETHThb
pa6orst B. M. TpydsxoBa [l1], a Takxxe M. U. HubGGepunra u
X. I'. loarepa [2]. B. K. pr(pﬂKOB paccmatpuBaer npobJieMy ycra-
JIOCTH HAa OCHOBAHHHM HMCHBITAHHI Monesell H 06pasloB CBAPHHIX COEAH-
Henn#l. Mcenenyercs BBIHOCHHBOCTh MeTaJJa B OKOJOIIOBHOH 30HE NpH
pasanyHbBIX KO3(pQUIHeHTaX KOHIEHTPALMH AJs CTaJH PAa3HBIX MapoK.
[IpuBeneHs HaHHBIE O Npelenax BLIHOCIHBOCTH CBADHBIX COENMHEHHH
B 3aBHCHMOCTH OT Pas3/IMUHBIX NapaMeTpoB, B TOM YHCJE OT Xapakre-
PUCTHK LHKJA, B IPEANOJNOKEHHH, YTO CPeAHHe HaNpsIKEeHHs — pacrs-
rUBalolIe.

Yeranosiaerno, uro 6sarojaps BBICOKHM OCTaTOYHLIM CBapOYHBIM
HalPSIKEHUSIM BJHSHHE CPeJHUX HalpsKeHHA B OLEHKax . mpenena
BLIHOCJIHBOCTH BechbMa Majo. OTMeuaeTcs, YTO OCTATOUHBIE CBAPOYHbIE
HANPSIKEHHs] CYLIECTBEHHO CHHXKAIOT NpeJiesl BBIHOCJAHBOCTH CBapHOM
KOHCTPYKIUHH. IIpenensl BBIHOCHHBOCTH A7 CTajJied C Pas3IHYHBIMU
npejesaMy TEKy4ecTH NPUMEPHO OAHHAKOBBL.

B pa6ore paccMaTpHBAIOTCS TAK Ha3blBaeMble KPHTEPHH YCTaJsOCT-
HOTO pa3pyLIEHHs, XapaKTepH3YIOIHecs COCTOSHHSMH: HayajoM, pas-
BUTHEM H IOJHBEIM paspyuieHueM. OTMeyaeTcs, YTO NPH XKECTKOM Ha-
IpyKeHHH 06pas3oBaHHe YCTAJOCTHOH TPEUIHHbE nponcxo,um npu =0,3
0611ero yucaa UHKJOB [0 TOJHOTO PaspyleHus.

Haumennltee yucao LHKJIOB, COOTBETCTBYIOLLEE npeneJIy BBIHOCJIH-
BOCTH, BCErfa OKasbiBaercs Oojbiue =108, yTBep}KILaeTCH YTO THIIO-
Te3a JIHHEHHOro CyMMHpPOBAaHHSI MOBpeXAeHHH cobiiofaercs B AOCTa-
TOUHON Mepe NpH BCeX KPUTEPHSX yCTaJoCTHOro paspyuwenus. [losaa-
ras, uTo COXpaHsiloTCs (opma AuarpaMMbl IpelesbHBIX HanpsiKeHHH
(ImarpaMMa Cmura) ¥ IpyrHe XapaKTepUCTHKH, paspabaThiBaeTcs Me-
TOAMKA HODMHPOBAHHS YCTAJOCTHOH  IPOYHOCTH M [OJCOBEYHOCTH
CBApPHBIX COeIUHEHHH.

Ha »3Toli e ocHoBe, BHayajJe B. B. KosjisKoBHM, a IOTOM
Y. B. BoiuoBeM, 6BI0 NPENJIOKEHO HOPMHPOBaHHE MOMEHTA COIPO-
THBJICHHS] CEUEHHsI KOpIyca CyAHA IIO yCTAJOCTHOMY KPHTEpHIO.

B cratbe [2] oTMeuaercs], 4TO NIPHBOAUMbIE B HeHl LaHHBIE YACTHYHO
OCHOBAHBl Ha HCCJEJOBAHHAX, BHINOJHEHHBIX IO €JHHOH IporpamMe,
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paspaboranHoit EBpomefickofl KoMHCCHell «YCTa/JOCTh M THIEl KOHCT-
PYKLHH», ;

B aroii craThe yKaseiBaeTcs TakKxe, YTO CYJHO HCIHITHBAET BeChMa
CHOXKHOe HarpyxeHHe [0 CPaBHEHHIO C -ADYTHMH METaJJIHYeCKHMH
KOHCTPYKUMSAMHU: HEIOCTOSIHHbIE CTATHYeCKHEe HArpy3KH ¢ GOJbUIAM Iie-
pPHOAOM JeHCTBHsI Pa3sHOH BeJMYMHBLI M 3HAaKa, KBA3HCTATHUECKHE IEpe-
MeHHble BOJHOBLIE HATPYSKH, AEHCTBYIOILHE B PA3JMUHBIX TJIOCKOCTSAX
Kopryca, BOJHOBas BHOpalMs, HMNOyJbCHbe H BHOpDallHOHHbIE Ha-
IDY3KH, BbI3biBaeMble NHHLIEBHIM CJIEMHHIOM H yAapaMm# BOJIH B pas-
‘BaJ1 6opra, BUOpauus oT paGoTHl BHHTOB M MEXaHH3MOB H T. L.

B cBapHOM Kopmyce, Kak OBl ‘HH OBbLJIH COBEpIUEHHLI KOHCTPYKIHS
'ero OTJeJ/bHBIX YacTeHl H TEXHOJIOTHS HCIIOJNHEeHHUS, BCerAa COAEPKHUTCA
GOJIbILIOe YHCJIO PA3JIHYHBIX KOHCTPYKTHBHBIX HECOBEpIIEHCTB H Aedek-
TOB C BHICOKOH KOHUEHTpaluefl HaNpsAXKeHHH, B KOTOPHIX C MEPBHIX
J)Ke 3HAYHTEJbHBIX HarpyXeHHH HNPOHCXOINT LHKJAHYecKoe HehopMHpPO-
BaHMe B TIJIACTHUECKOHW obaacTd. B 3THX yciaoBHSX, 0COOEHHO IDH
’KeCTKOM HarpyKeHHH, YKC/JAO LHKJAOB, Heobxoiumoe njs ob6pas3oBa-
HHSI yCTaJIOCTHOH TpEUIHMHbl, HAMHOIO MeHbIlle, 4yeM Tpefyercs O/ ee
PasBHTHA A0 HEKOTODOH KPHTHUYECKOH AJIHHBL,

B cBs3u ¢ 3THM OoTMedaeTcd, YTO AAS CYLOBBIX KOHCTPYKIHI HH-
dopMauysi 0 CKOPOCTH pPacnpoCTPaHeHHS TPeUIHH sABJsAeTCA Gogee
BaXXKHOH, YeM O HUHCJe LHKJIOB JO HX BO3HHKHOBeHus. Kpome Toro,
IIOAYEPKHBAETCS, UYTO TEOPHs «Oe30M1aCHOr0 NOBPeXAeHUsA» (ycTaJsocT-
Has TpelHHa MOKeT OHTH AONYIIEHAa) NpPHMEHHMa K NOJABJAIIEMY
O0JIPIULHHCTBY KOHCTPYKTUBHBIX Y3JI0B, U TOJBKO AJs OTHe/bHLIX AeTa-
Jefl Kopryca, YHCJAO KOTODBHIX HEBeJHKO (HalpHMep, YIJBl JIIOKOBHIX
BBIDE30B), ONpaBiaHa TEOPHS OTCYTCTBHS IOBpeXAeHHSA» (T. e. ycTa-
JIOCTHafl TpellHHa He HROJIKHA Jonyckarbcsi). KpuTuyeckas AJHHA
TpelllnHBl (HOocJe KOTOPOH OHa pa3BHUBAeTCs KaK XpylKas) CyIlecT-
BEHHO 3aBHCHT OT CTPYKTYpHl MeTajja B JAaHHOH OrpaHHUYEHHOH 06-
JacTH KOHCTPYKLHH, KOTOpDas MOXET CHJBHO OTJHYaThcsd OT CTPYK-
Typhl OCHOBHOFO MeTaJia.

B 3aBHCHMOCTH OT TOJIIHH, OPMBEl KOHCTPYKUHH M APYTHX Xapak-
TEPHCTHK, OCOOEHHO B 30HAX TEPMHYECKOrO BJHSHHS, YXKe HAa CaMBbIX
PaHHHX CTaAuSX CYIIECTBYeT ONACHOCTb MEepepOXACHHSA YCTaJOCTHOH
TPEILHHBl B. XPYIKYI0 JaXe NpPH CTaJsX BLICOKOH KaTeropuu. B ycao-
BHSIX ONHMCAHHOTO Harpy:KeHHS KOHCTPYKHHH IIPH CJIOXKHOM HalpsiKeH-
HOM COCTOSIHMM MeTaJlia B MeCTaxX BBICOKOH KOHIEHTpAalHH Halpsxe-
Huf, ecJH OlIeHKY YCTaJOCTHOH NPOYHOCTH NPOM3BOJAUTH MO (PakTopy
Pas3BUTHsI YCTAJOCTHOIO MOBPEXK/EHHs (TPEIlMHHl), CyLIeCTBEHHOE 3Ha-
YeHHe NpHOOpeTAalOT CpefHHe HAaNpAMXKeHHs, a TaKXKe yepeloBaHHe
HArpyKeHHH C yUeTOM BeJHUYHHBl ¥ 3HAKa CpelHHX HanpsxeHud. Ilpu
TOM TaKXKe 3HAUHUTEJNBHO BO3pacTaeT POJb Npefena TeKy4yeCTH CTaJsH.
IIpumMeHenye rumnoTesbl JHHEHHOTO CYMMHPOBaHHS NMOBPEXICHHH IJs
pacdeToB o6uieHl NOJrOBEYHOCTH B TOM BHJE, B KAKOM 3TO OOBIUHO NPH-
HATO, SABJSIETCS AJS KOPNYCHHIX KOHCTPYKLHH, €CJH OHeHHMBATL IIPO-
IecC HAKOIUIeHHS TOBpeXAeHUH mo AedopMalHOHHOMY IIDH3HAKY
C y4eTOM Da3BHTHS YCTaJIOCTHBIX TpPEIOWH, METOAOM KpaliHe rpyOhIM.
31ech - Haun6GoJsee BaKHBIE BOIPOCH! CBSI3BIBAIOTCH C CYIIECTBEHHOH

5



|

HECTAUMOHAPHOCTBIO HATPYXKEHHH, a TakxkKe C BJHSHHEM CDEIHHX Ha-
npsiKeHui, U3MEHeHHeM HaNpPAXKeHHOTO COCTOSIHHS y BePIUMHBI Tpe-
IIMHB B [IpOLleCCe €e PasBHTHA U T. M. ’

Takum o6pasom, BuiBoanl B. M. Tpydskosa He MOryT GbITh Geso-
rOBOPOYHO INpPHMEHEHH K KOPNYCHBIM KOHCTPYKIHAM, HaXOAAIHMCH
B 60Jiee CJOXKHBEIX YCAOBHAX paboOTH. |

B nHacrosimee BpeMst 060CHOBaHHBIE METOJB HOPMHDOBAHHS IPO-
IOJMbHOH MPOYHOCTH KOPIyca C IO3UIMH KPHUTEPHs yCTaJO0CTH OTCYTCT-
ByIoT. BoJjlee M3yuyeHH BONDOCH KDHTEpHs IJACTHYECKOrO MNperesb-
HOTO cOCTOsiHHsI. [IpaBUJIBHO OHEHUTL (PAKTOPHI, HA KOTOPHIX OCHOBaHa
NpaKTHKa HOPMUDOBAaHHS NPOJOJNbHOH NDOYHOCTH — KOpNyCa, MOXKHO
TOJILKO B Pe3yJbTaTe TLIATEJNbHOIO HCCJEeJOBAHHs BCEX OCHOBHHIX ac-
TIeKTOB KPHTEDHs MJIACTHYECKOTro NpefelbHOro cocTosnusd. B mepsyio
ouepenb HEOOXOIHMO YTOUHHTE:

— pacueTHbie 3HAYEHHS! BOJHOBBIX H3TMOAIOIIHX M KPYTSILIEro MO-
MEHTOB' B KBAa3HCTATHYECKOM INpENCTaBjeHHH (0e3 BEICOKOYACTOTHBIX'
W APYr¥xX ATMHAMHYECKHX 106aBOK);

— KOppeasiiuio MeXAy HanOOJbIIHM paC'-IeTHbIM 3HaYeHHeM H3TH-
farollero MOMEHTa Ha THXOH BoJe B JIOOOM IIONEPEYHOM CeYeHHH KOp-
myca H BOJHOBBIM H3rHGalOLIMM MOMEHTOM, AEHCTBYIOIMMM B BEPTH-
KaJbHOH IJIOCKOCTH;

- omnpejesieHne 3HaYeHHH N06aBOK K BOJHOBHIM H3IHOAIOIIUM MO-
MeHTaM, VYHTHIBAIOUIAX BOJIHOBYIO BHOpalHMIO, AHHLIEBHIA CJAEMUHT,
yAapH BOJH B pas3Bajl 6opTa H JpyrHe [HHAMHYECKHe BO3JeH-
CTBHS;

— pasfeieHye pasMaxa BOJIHOBOTO H3rHOAOIET0 MOMEHTA, nencr~
BYIONIET0 B BEPTHKAJbHOH IUIOCKOCTH, Ha COCTABJAIONINE, COOTBETCT-
BYIOIHe BepIUHHE H NOJOIIBE BOJHH, C YY€TOM YKa3aHHBIX BHIIIE J0-
HOJIHUTEJIbHEIX AHHAMHUYECKHX (paKTopOB (370 BaXHO JJf CKOPOCTHBIX
CYJOB OCTPHIX 06pasoBaHHH)

— HOPMHpOBaHHE YCTORYHBOCTH CXKATHIX cBs3edt ¢ Bpra60TKOH He-
06XOMMMBEIX 3aBHCHMOCTeH MeXIy KpPHTHUECKHMH H 3HJepOBBHIMH Ha-
NPSIXKEHUsIMH sl 6aJ0K U TJAacTHH Kopmyca. B cBsism ¢ atum noJ-
XKHbl GHIT YTOUHEHBI BOMPOCH PeIYUHPOBAHHS M HASHAUEHH HOPMEI
KPHTHUECKHX HaNpsKeHuH.

OneHnka NMPOXOJBHOA NPOYHOCTH NO npeﬂeanOMy COCTOSIHHIO [0JI-
3XHa BBHIIOJHATHCS He TOJNBKO B CBS3H C IPOBEPKOH YCTOHUHBOCTH CXKa-
THIX CBfA3edl Kopmyca. Bo-nepBHX, ypoBeHb HOPMHPYEMBIX CKHUMAKIIHX
HaNpSXKEeHHHA IpH JaHHOM MOMEHTe CONPOTHBJIEHHS CEUEHHs Kopiuyca,
B 3aBHCHMOCTH OT KOTOPOI0O Ha3HAUalOTCs KPHTHYECKHE HANDSXKEHHS,
He NOJXKEeH CAMIKOM OJM3KO NMOLXORHUTh K IIpeJiesly TEKYYecTH; OH
IOJIKeH 6biTh (PMKCHPOBAHHO OrpaHuueH. Bo-BTOpHIX, He HOJXKeH OBITh
JONYILIEH Npefes TeKyYecTH B PaCTAHYTHIX CBS3SAX Kopnyca.

CyliecTByeT CIOPHOE MHEHHe, YTO B NPAKTHKE 3TO He NOATBEpXK-
naetca. B paiioHax KOHIEHTpallMM HANpsXKEHHH, 3aXBaTHIBAIOUIHX
Gosibline 06JacTH KOHCTPYKLHM, NDH 3HAUHTEJIbHHIX HOMHHAJbHBIX
pacTAryBalOIINX HANPSXKEHUAX MNpeleJ TEeKyYyeCTH MOXKeT BO3HHMKATH
C MOCJERYIOLM[MM IOC/TIe MTHOBEHHOrO CHATHS HArpysk BO3HHKHOBe-
HHEM OCTATOYHBIX necpopMaunn OT cXaTusl. Bo3HMKHOBeHHe IIpefena



TEKYHECTH NP PACTSXKEHHH BIIOCJEACTBHH MOXKET oum6o:mo BOCIIpH-
HHMATbCsl KaK Pe3y/nbTarT AeHCTBHUA CKHMalollell BHELIHeHl Harpysku.,

[Ipu npoBeseHHH HCCIEROBAHUS NIPOJAOJIBHON MPOYHOCTH B COOTBET-
CTBHH, HampHMep,.c BpemeHHHMH HOpMaMH TIpOYHOCTH Permcrpa
CCCP, penawoTcst pasiuuHbie OGOCHOBAHHS, CBS3aHHBIE C BJHSHHEM
LJIAHEL CynHa. JTH OOOCHOBAHHS .3aKJIOUAIOTCH B TOM, UTO IJIsS CYJOB
HeGOJIbIUINX J/JUH OCHOBHBIM HOPMHDYIOUMM KDHTEDHEM SBJSETCH yC-
TaJOCTHAst JoJroBedrocTb. C yBesHUeHHEM AJMHHE CyAHa Bce GoJibliee
3HaueHHe IMpHOGpeTaeT KPHTEPUH NPEHeJbHOrO COCTOSIHHS, OTCEKas
obnacTb AJIHH CYIOB, IOCJAE KOTOPHIX STOT KPUTEPHH SHBJSETCA oOc-
'HOBHBIM. JTO — CJIOXKHasl M BaxHAad 4acThb BCEH CHCTEMBl HOPMHPOBA-
HHS, BAHAOIAA HA Pe3yJbTaThl SKCTPANOIALKH JJ% CYL0B HEOGBUHBIX
THNOB. BosHukaer Bompoc, sIBJISI€TCSA JH TaKOH IOAXOA NPaBHJbHBIM,
YUHTHIBasg OGOJIBINYIO HEONpPeNeJeHHOCTh B CYIIECTBYIOIIHX OHEHKaX
JOJTOBEYHOCTH. .

YuuTHIBATE  BOJHOBYIO BHOPAIHIO, BJAHSHHE KOTODOR BO3pacTaer
C yBeJHUYEHHEM Pa3MepoB CyJHA, AOCTATOYHO TOYHO elle HHKTO He
yMeer. C yBeJHueHHeM pa3MepoB Cy/lHa YBEJHYHBAIOTCA TOJIIMHBI,
ITOJIT OCTATOYHBIX HANpsXKeHHH M- CTAHOBHTCH 6oJiee CJIOXKHBIM Hamps-
JKEHHOE COCTOsiIHHe B 30HaX BBICOKOH KOHUEHTPALHMH  HANPSKEHHH.
OO6HIYHO B TAaKHX CAyYasx BO3pPacTaeT BHHMAaHHE K TeXHOJOLMH M KOH-
CTPYKTHBHOMY oQopMJyeHu0. OLHAKO 5TO HE HCKJYdeT BO3IMOXKHOCTH
BO3HHKHOBEHHS yCTaJIOCTHLIX NOBPEXAEHHH, BEPOSITHOCTb  OIACHOrO
Pa3BUTHS KOTOPHIX YBEJIHYHBAETCS. o

YcrajocTHas JOJTOBEYHOCTh KOPIyca, KaK y¥e YKashiBaJoCh, Olle-
HHBaeTcsl JaJeko He ToyHo. Ecom paccMoTperb Bce 3TH YCJOBHS, HC-
KJIOUATEIbHAA BaXXHOCTb KPHTEDHSA HpPeJeNbHOf INPOYHOCTH JHIIb AJS
O60MbIINX CYNOB OKaXkeTCsi COMHHTEeNbHOH. B mnpaBmiiax OTHENBHBIX
KJIaCCHOHUKALHOHHBIX OOLIECTB, Ile B SBHOM BHJE COLEPIKUTCH HOPMH-
pPOBaHHE IO KPUTEPHUIO TPENENbHOIO COCTOSIHHS, CIIelHaJbHEIX OFOBO-
POK, KacalomHuXcsl BAHAHMSA NJIHMHE CyJHA, HE COAEPIKHUTCHA, 3a HCKJIO-
YeHHeM CJlyYyaeB OLEHKH HPOAOJBHOH IDOYHOCTH IJsi CKOPOCTHBIX CY-
[0B MPH yAapax BOJH B pasBas 00pTa, Tie 3Ta OLEHKA HMEET CMBIC
IJ1s1 CPaBHHTEJIbHO He6ObWHX cymoB (xo 180 m).

Bce ykasanubie npopaGoTKu HEOGXOAMMO BHINOJHSAT, OCHOBHBASACH
He TOJNbKO Ha TpPeOOBaHHAX NPABHM KJIACCHPUKAUMOHHBIX OGIIECTB.
910 Ho/xHA GbITh 06LIast HHMKEHepHAS METOAHMKA pacyera IPOJOABHOH
INPOYHOCTH KOPIIyca IO NPEAeNbHOMY ‘COCTOSHHIO, PE3yAbTATH HCIOJb:
30BaHHA KOTOpOH GYAYT IIOKA3bIBATh, B KAKOM OTHOIIEHHH K HeH Haxo-
JHTCS CyLIECTBYIOLIAsl NPAKTHKA HOPMHPOBAHHS NPOJOJNBHOH NPOYHO-
CTH, OTpaXeHHAasi B MpaBHJaX, H KakKue IPOYHOCTHLIE KPUTEPHH B Hel
HESIBHO IPHUCYTCTBYIOT. ~

Meronuka npsMoOro paciera IPOROJbHON NPOYHOCTH KAK CPENCTBO
SKCTPAIONSIUMH CYLIECTBYIOLIEr0 ONBITA B Jpyrue o6JgacTH HOJKHA
ObiTh paspaboTaHa Ha OCHOBe TPeGOBaHHH NMpaBHJ K CylaM, KOTOpEIE
MOTYT GbITh HOJHOCTHIO HaOpaHBl MO STUM NpaBHJAaM. 3[echb HOJKHb
GbITh YTOUHEHH BHEIIHHE HATPY3KH C YYETOM BCEX OCHOBHBIX dakro-
POB, 0 KOTODPBLIX TOBOPHJIOCH BhiLle, a TaKxkKe BrIGpaHa cucreMa JoIyc-
KaeMblX HOMHHAJIbHBIX HATPSAXKEHHH C y4eTOM TOro, YTO AEHCTBYIOLIHE
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B KOpNyce HOMHHAJbHbIE HANPSKEHHS ONPENe]sAIOTCS C YyYeTOM HX He-
06xXoauMbiX cymMupoBannii, COIOCTaBJAA Ppe3yJabTATHl DPACUETOB IIO
IpefieIbHOMY COCTOSTHHIO M YKA3aHHOMY TPAMOMY pacuery, Ml 06Ha-
PYXKHM, 4TO B OTJAEJBHHIX cjaydasx cpabaTeBaer KpHTepHH Ipenenb-
HOTO COCTOSIHHSA, YTO moTpebyeT yBeJHUEHUS pasMepoB CBA3eH Kopmyca.
B psnme ciyyaeB B 3aBHCHMOCTH OT PacXOXKACHHS YKa3aHHBIX De3yJib-
TaTOB M YCJOBHH, CBA3aHHBEIX C OCOGEHHOCTSMH HAarpyXKeHHs, XapakTe-
POM KOHCTPYKIHH H TEXHOJOTHH, MOTYT OBITH NDHHATH 0OOCHOBaHHbIE
BHIBOAL 06 yMEHBIIEHHH DPa3MepoB .CBA3eH HJAH pellieHbl ApYrue BO-
IpOCH. -

B cBSI3HM ¢ H3JI0KEHHBIM BHIle He0OXOJMMO OCTAaHOBHTBLCS Ha BO-
mpocax, KacalIIHXCs CYIIeCTBYIOIMX CTaHJapTOB NPOJOJbHOK NpPOY-
HOCTH KJacCH()HUKAINOHHBEIX OOIIeCTB. - '

O6ias 3aBHCHMOCTH AJS MOMEHTA CONPOTHUBJIEHUSI CEUEHHS KOp-
nyca B pPas/HYHHX CTaHAZApTaX NPOJOJbLHOH IPOYHOCTH HMeeT BHJ

W — /:Iw al—"“ /?Sw ds. (1)
w Sw .

HpI/I 3TOM CyLIeCTByeT NOHATHE MHHHMAJBHOIO MOMEHTaA COIPO-
THUBJIEHUS, ONPENENAECMOr0o BhipaKeHHueM

W=, @)

Gw.

HsruGamonmyii  MOMEHT Ha THXOH BOJE, COOTBETCTBYIOLIMH MHHH-
MaJbHOMY MOMEHTY COIPOTHBJEHMS, oNpefensercs mo Qopmyse

M .
Mfw: Wmin"sw =-—2 Gy, (3)

Ow
B npuBemenubix dopmynax W — MOMEHT CONPOTHBJIEHHS CEUCHHSA
Kopnyca; M, —— BOJHOBOH u3rHbalolluii MoMeHT; Mg, — H3THOAOWUR
MOMEHT Ha THXOl BOJE; Oy, — BOJHOBOE HalpsiXKeHHe, COOTBETCTBYIO-
mee Wmin 1 M° ; 0sp — HanpskeHHe Ha THXOH BOJE, COOTBETCTBYIO-

‘mee Wpin H M

MoxHo anBecm Takxe cyMMapHoe HaNpSKEHHe, COOTBETCTBYIO-
miee W/mm H M°

G —°w+ sw’

04 H O — NMOCTOSIHHBIE KO3(OUIHEHTHI, XapaKTepH3YIOL[He HEKOTOpEIE
ocoGennoctu pocra W B obaactu Ma, > MJ ; 1pu 2TOM, eciu o4 ==

=0yp/0c H Olg=0sy/0c, TO W yBeNHYHBAETCS IPONOPLUHOHANBHO CYM-
MapHOMY H3rubammeMy MOMEHTY Npu O = const (cayya#t 1); ecan
a1 << Op/0¢ H Oz = Osp/0¢, To W yBennunuBaercs OHICTpee CyMMapHOro
H3rH6AIOIEero MOMEHTa IIpH yMeHbIIAIoIleMcsl HalpsiKeHHH Oc (cay-
yaf 2); eCHH Oy => 0y/0c U Q2 << Osuw/0c, TO W yBeJqHUHBaeTCH MelJIeH-
Hee CyMMapHOrO M3THGAioUIero MOMeHTa NpH YBeJHYMBalolleMcs Ha-
npsiKeHuu o (cayuai 3). Ilpu sTom Beerpa oo =1,
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B cBa3H ¢ 3THM moJaraem

[+
a1=1 —a2 U azzk%’ . . (4)
[
rae k& — ko03GbPHIIHEHT, TOKA3BIBAONIHH, KAKYI0 4aCTh OT Ggw/0c COCTAB-
JAET ag. MOXKHO ONpeNe/uTh YroJl HakK/JOHA KacaTeJbHON K KDHUBOH
B o6aactd Mey > M° =~ (puc. 1), nonesysch popmyion

P~ W — Wi _. &2 _k_

0 G G
Mgy — My Sw ¢

Brite 6bl10 yKa3aHO, YTO Oy, Oswy H O¢ COOTBETCTBYIOT Wimn u

M . Oto cie;yeT NOHMMaTb TaK, YTO IIPH 3HAUEHHSX Msw>Mosw

w

Wnin

Puc. 1

H npu 0 < Mg <<M° ~ yKasaHHBE BeJHUYHHEI MOTyT HMETb JApYyrHue

sHauenus (puc. 2). @opmyny (1) c yderom Bhipaxenud (4) MOXHO
IpeACTaBHTb B BHIE :

My

'

Sw M
W= O (1_a2)+ /:/.lsw “2=Wmln[1+a’2 ( Mow _1>]
Pesw
HJAA
R Msw
W =W in [w;(——wmm —55a) . (5)

B mnocaenne#r ¢opmyse npu gaHHoM Wrn HOJHOCTBIO — PACKPHI-
BaeTcs XapaKTep BJHSAHHS Pa3/IHUYHBIX NapaMeTPOB HAa MOMEHT COIpO-
THBJIEHUS ceuenus: kopryca W npu Ms, > M° ..

IlpuBeneHHEIe 3HAUEHHS Q4 U O, ONPERENSIOINe YCAOBHS H3MeHe-
Hug W npu Mg, >M‘lw, 3aMEHEHBl COOTBETCTBYIOIUUMH 3HAaYEHHAMHU

koabppunuerra k. Hanpumep, B ciyuae 1 k=1, B ciyyae 2 k> 1 u
B ciaydae 3 & <C 1. IlpakTHuecKH B PasJHYHBLIX CTAHAAPTAX MPOHOJb-
HOM IPOYHOCTH MOT'YT BCTPETHTLCSI BCe 3TH CjydaH, XOTsd uyalle
BCEro — cjayuail 2. DT0 3aBHCHT OT HOPMATHBHOTO 3HAUEHHS] BOJHOBOTO
uarubaiollero MOMEHTa M COOTBETCTBEHHO 3HAUEHHS HANPSIZKEHHS Oy,
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4TO, B CBOIO OYepelb, 3aBHCHT TaKkKe H OT BEJHUHHB Osy. Hampumep,
ecnin M, coorserctByer obecmeuenHocTu!. 1072 mpu o6,~30 H/MMm2
(RINA), npumensiercsi cayuyaéi 3, a HeOGXOZHMBIH rpagueHT BeJH-
unHel W npn Me, >M° =~ oGecneunBaeTcss B OCHOBHOM 3a CUeT HU3-

KOro 3HAa4YCHHsI CYMMAapHOro HamnpsikeHust oc. Ecnn M, cooTBercTByeT
obecnevennocty 10~® mpu o, == 100 H/mm2 (PerucTp cymoxoicTBa
Jlno#ina) m NOBOMBHO BBICOKOM 3HAUEHHH Osy, MMEET MECTO CJAyYAl 2
NpY BBICOKOM 3HauYeHHH KO3(¢dHIHeHTa k. B HEKOTOpHIX crTaHgapTax
TNIPORONBHOH IPOYHOCTH MOXKHO OOHADPYKHTb HEKOTOPYIO, YaCTO BEChbMa
0011yI0, 3aBHCHMOCTb JIJI BOJIHOBOT'O M3TrM6alONIero MOMEHTa, HO 3Ha-
YeHHE ero ocraercs HewsBecTHHIM. O MOpSAAKe 3TOH BeJHMYHHB MOXKHO
: 'CYyIHTb TOJIBKO N0 3HAYEHHIO
06eCreyeHHOCTH, €CJH  OHO
rie-uu0yap yKa3aHo, OXHAKO
H B 3TOM -CJlyyae HHOrJa He-
sicHa JAeficTBUTeJbHas obecre-
YEHHOCTb BOJHOBOTO H3rubaio-
HIero  MOMeHTa. JTO JIerkKo
OCYIeCTBHTb, YUYHUTHIBAS], 4TO
Wmin  sBAslETCS masi  Beex
CTaHZAPTOB INPOIOJBHOH Npo-
YHOCTH BeJHUHHOH CTabuib-
HOH, a CHCTeMY YHCJIOBBIX KO-
Puc. 2 3¢ ¢puuHenToB, obecneynBalo-

o _ X  HYXHHHA rpaguent W

B obnactn Msw > M° , MoxHO momo6path mpu JoGok obecrederHo-

CTH BOJIHOBOT'O M3THOaIOMIEro MOMEHTa H COOTBETCTBYIOLIEMY 3HAUEHHUIO -
Ow. Hanpsxenue Os, OOBIYHO H3BECTHO, a COOTBETCTBEHHO H3BECTHO H
sHavenHe M° = WmnOsw. [109TOMY, HCXOLS M3 PASJHUHBEIX YCHOBHIL,

NPUXOAUTCSA 3a4aBaTbCs BEJAHUHHON HaNpsiKeHHS Oy H yeped Wi
onpenenstb My, HanpuaMep, m3BecTHO, 4TO GONBIIHHCTBO CTaHLAPTOB
IIPOLOJbHOH IPOYHOCTH OpHEHTHpyeTcs Ha obecmeyeHHocTh My,
10—%...107% uro cooTBeTCcTByeT 0, ==70...80 H/MM2 Oxnako ecTb
CTaHAApTH, OPHUEHTHPOBaHHble Ha obecmeueHHocts 1078 mpu oy =
== 100 H/mm? (Peructp cynoxoacrsa Jljoiina), a Takke Ha ofecme-
uenHocTs 1072 mpu o,~30 H/mm2 (RINA). Muorga B -pasiuyHBIX HC-
TOYHHKaX BHOOp obecneyeHHOCTH M, CBSI3BIBaETCS C KPUTEPHAMHU -
IPOYHOCTH: NpeJeNLHOro MyacThHuecKoro cocrosinua (107-8), manomux-
JIOBOH yCTaJIOCTH MJM Xpynko#l mpoudoct# (10~%...107%), MHOroumx-
JoBo# ycranoctu (1072). . :

Ilpu mocTpoeHHH CTaHZAPTOB NPOXOJBHON NPOYHOCTH OGBLIYHO HC-
HOJb3YIOTCS aMIVIMTYIHBEe 3HaueHus M,. Benwunsa ~ Wy Bcerza
HMEeeT OJHO M TO e 3HaueHHe AJf NanyObl H QHHILA OpH nporube
u meperufe Koplyca Ha THXOH BOJe, B CBSI3H C UeM BeJHYHHB M, H
Ow JOJXKHB IJA 3THX CJydaeB TaKXe HMETb OJMHAKOBble 3Hade-

e}

f Mz My

! O6ecneueHHOCTh — 3TO BEPOSTHOCTh IPEBBIMIEHHS CAYYaHHON BENWYHHB, B AaH-
HOM cJly4ae — BOJIHOBOTO M3rHGalollero MOMeHTa. :
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Husi. Bce npuseAcHHbIC IIPDH3HAKH H COOﬁpa)KeHI/Iﬂ HCIIOJB3YIOTCH:

C UeJIbIO aHaJu3a.
I[JIH HJIIOCTPAllUH PaCCMOTPHM HEKOTOpbIe CTaHAAPTHl IIPOJOJb-

HOH NMPOYHOCTH. '

CTAHIAPT NPOAOJIbHON MPOYHOCTH
HOPBE)XCKOIO BEPHTAC 1977 r. [3] .

Jas mpocToTh 6yIeM MOoJaaraTh, 4TO KO3 (UIHEHT, YUHTHIBAOIIHK
BJIHAHHE H3THOa B IOPH3OHTAJBHON IJIOCKOCTH, k3= 1 u K03 duuu-
€HT, YUHTLIBAIOIHH NTpesesl TEKYUeCTH CTaJH, f1== 1.

MuHnManbHEIL MOMEHT CONPOTHBJIEHHS CEUeHHS KOpIyca olpefe-
Jasiercs no popmyne

Wiato =22 . 10°—0,L%B (c5+-0.7),
w
S 00 2
rie npu L <300 M ¢4 == 10,75 —(-—3 10~0—L )2 ,

npa L >300 M ¢1 == 10,75; .
cp — Ko3bdunueHT o6miell MONHOTH, NpuHAMaeMblll He MeHee 0,5.
MoMeHT conpoTHBIEHHs ceueHHs1 Kopnyca npH Mg, >M?  onpe-

Aenasiercs no GopmyJie

W=k1Wmln+k2Ms'w: (6)
r7ie ki ¥ ke — KO3 PUIUEHTD], 3HAYEHHS] KOTOPHIX TPHBEJEHB! B Ta6J. 1.
' Tabauya 1
Hedbopmanus Ces3b ky ko
Many6a 0,476 76,5
Hepemé Ha THXOH BOZe
Hunute 0,452 71,5
[Tany6a 0,476 71,5
TIporn6 Ha “TuxOH BOje .
Junime 0,500 76,5

. :
Besnuuna M° = paccuurbiBaercs mo dopmyie

Wmin:kl-"vmin_l—kQMsw,
OTKY A
0 | —&
Msw‘-——-—kz—' Wmln .



Coorsercrayiomee Wmmn HanpsAKeHHe HaXOLHTCS MO HopMyJe
0 —
o o Msw 105=I_.ﬁ'- 10°.
sw u7min ko .
Koa¢puuuenr k; aHajorHyeH NpPHBENEHHOMY BHIIe Ko03()bHIU-
eHTy «y. B cBsa3u ¢ atum, monaras ki=oay u 1 — ki =, dopmyny
(6) nssi MOMEHTa CONPOTHBJIEHHS! CEYEHHSI KOPIyca MOXKHO 3aMHCATh
B BHIe, aHajoruuHoMm (1),
My - 105 M :
W=k1—£———{—(1~—k1)—cs—w- 108,
Sw

S

Ecau npeanonoxurs, uro uamenenwe W npu Mew > M~ mponc-
XOIUT NPU NOCTOSIHHOM CYMMAapHOM HaNpSIXKEHHH O¢, TO, OYEBHIHO,
. v

O o
b= oy | = sw
Ge Sc

Otciofia HaNPSXKEHHS O¢ H O MOXKHO ONpENEJHTb MO0 (POPMYJIaM:
G.— Gsw L —Fk 105 105
STl —k kg I —ky ~ ky

k
<77] :kldcz'k—;- . 105

B pesyabraTe MOXHO NOJYYHTH H COOTBETCTBYIOLULHI YKa3aHHOMY
NPEeANoJOXEHHIO BOJHOBOH H3rHOaIOIUH MOMEHT

Meym= W00 - 1075 =01 2L L2B (c54-0,7).

3HaueHns HaNpSXKEHHI M BOJHOBOH KOI(D(HIHEHT, OmpeieleHHble

* 10 NpHBENEeHHHM (POopMyJsaM, yKasaHul B Taba. 2.

Tabauya 2
Hedopmanus Cas3b Tsw 0w oc ky/ Ry

[Tany6a 68,5 62,3 130,8 | 0,00622

ITeperu6 Ha THXOH BoJze
JHnuze 76,7 63,2 139,9 | 0,00630
IMany6a 73,4 | 66,5 139,9 | 0,00665

IMporu6 ua tuxoi Bone
) JHEnme 65,4 65,4 130,8 | 0,00654

MoOXKHO 3aMeTHTb, YTO BOJIHOBOH H3rMGAIONUil MOMEHT COOTBETCT-
ByeT oGecneyenHocTH npuMepro 1074 Kpome Toro, cienaHHoe mpei-
noJioxKeHHe 06 M3MEHEHUH MOMEHTa CONPOTHBJEHHS CEUeHHs KOopIyca
B 06sacTd Mgy >> M° ~1pH NOCTOSHHOM CYMMapHOM HATpSXKEHHH SB-

JAISI€TCS] HETOYHBIM BCJIELCTBHE Pa3NHUYHBIX 3HaueHHH Oy B My Aas na-
JyObl u auuma npu neperuGe um mporube xopmyca. CiefoBaTelbHO,
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(akTHUECKHE 3HAUEHHS STHX BEJHUHH, 2 TAaKKE 0o MOKHB GHITH opy-
ruMd. Hanpsxenue oy, ABAsIeTCS  HeHCTBUTENbHBIM HaAINpsKEeHHeM,
ONpeAeNAlomuM uepes BennunHy M° =~ obaacte npumeHenus Wy,

Ecan pans-obecneyensoctd 107 npuusaTs 6, = 70 H/MM2 HCIIOJb30-
Bath QopMyay (5), TO MIA MONYYEHHS TOTO Ke Pe3YJIbTaTa HeOBXO- -
AMMO BBECTH B Hee KO3()pulMeHT £ >> 1, KOTOpHH 6yaer YKa3bBaTh
Ha (aKTHYECKOe, XOTS H HeGOJbIIOe YMeHbLIEHHE CYMMapHOro Hanps-
XKenus npu pocte W B obnactu Mgy, > M, (rabu. 3).

Tabauya 3
ﬂe(bopmaum CBfa3b Osw [ ac k

TTany6a 68,5 70,0 | 138,5 1,06
IMepern6 Ha TuxOl BOmE — .

Junie 76,7 70,0 146,7 1,06

TTanyGa 73,4 70,0 143,4 1,03
[poru6 wa texoit Boze -

JHrnute 65,4 70,0 135,4 1,04 -

Qopmysa (5) B 3TOM Ciayyae JaeT Te Ke 3HAYEHHS, UTO M ¢op-
Myna (6), HoO IPHHIKNHAJILHO OHa GoJjiee MpaBHJbHA.

CTAHIAPT NNPONOJIBHOM NPOYHOCTHU PETMCTPA CYJ10XOACTBA
JIJIOMJA [4]

B atom crammapre Bce cyma pasmessoTcs Ha nBe IpYNIEL

| — s TAXKeNBIX HABANOYHBIX TIPY30B H pPYHbI, He(TeHaBaNOY-
HHKH, He(TEPyA0BO3bl, TAHKEPHI;

2 — o6GBIYHbIE CYXOTpY3HbIE.

Persiamentupyercst BesHYMHA BOJHOBOrO W3rH6AIOMEro MOMEHTA
B BHE

My=0,01,BL? (c5+0,7),

TH€ ¢4 —Ta XKe BeJMYMHA, YTO M B crangapre Hopsexckoro Bepurac,
OAHAKO NpelycMaTpuBaeTcss yMeHblIeHHe ee npu L >>350 M B cooT-
BETCTBUH. ¢ QopMyiod:

150 ’

01—10,75—(L320 )37

Cp— K03 puuneHT o6Liell NTOMHOTEL
OG6ecneyenHOCTb BOJHOBOTO H3MHGAMIIN0 MOMEHTA  COCTABISET
103 o

13



Hopmupyiores Hanpsizkenus, H/mm2:
— BOJIHOBOE JJIf1 CyAOB O0eHX rpym oy == 100;
~—— Ha THXOH BoJe H CyMMapHOe
Osw = 64, 0¢ = 164 — g5t cymos rpynmsl 1,
Osw == 81,5, 0 = 181,56 — pus1 cyaoB rpynmst 2.
MUHUMATbHEIE MOMEHT COTPOTHBJICHHS CEUEHHS KOPIyca Ompee-
JIAETCS 110 tdopmyae
M
Wmin ==

S

. 105=¢,BL2 (QB+0,7).- (N

Ecnn usrubarouuii MOMERT Ha THXOH BOJe MMeET 3HAYeHHs:
s cynoB rpynns 1 Ms,, << 0,8 My,

JUI CYAOB TPyImbl 2 Msw;'s My,

TO MOMEHT CONpPOTHBJIEHHSI CEYEeHHS KOpIyca AOJIKEeH onpeueﬂmbcs{
Jau60 mo dopmyJe (7), 60 MO BuIpAKEHHIO

My + M '
Wz__ﬂ_»g . 105, 8)
c .
B 3aBHCHMOCTH OT TOro, Kakasi M3 HUX JaeT OOJIbLUYIO BeJIHYHHY.
ITo Q)opMyJIaM (7) 1 (8) MOXHO OIpeNeNHTb TaKXKe HHIKHIOW Irpa-
HHIy 3HayeHHH H3rubaollero MOMeHTa Ha THXOM BOJE, IocJe KOTO-
po#l npuMensercs popmyaa (8):
My, 15 Mo T ¥ow,
3

S -a¢

OTKYZa MOJyYMM JIJf CyAOB rpynnbl | Mg, = 0,64M,; Ana cyLoB
rpynnsl 2 Mgy, = 0,815M,,. '
Ecu usruGarowuii MOMeHT Ha TuxXof Bome Gosbiue Msy !, yKasaH-

HOrO BbIIIE, MOMEHT CONPOTHBJIEHUS CEYEHHs KOpHyca NOJIKEH olpe-
JensAThCS MO CASAYIOIUM (popMyJIaM:
JJIS CY OB rpynusl |

W =[5 o (Mo —0,8My) w] . 10% ©
IJsl CYyIOB rpynnbl 2
W— [ (MSW—M ) @] 108,

Bo Bcex npuBexeHHbIX ¢opmysax ¢urypupyer My, H COOTBETCT-
BEHHO Oy, HMEIOIllNe BechMa BLICOKHE 3HAYEHWS, COOTBETCTBYIOILHE
obecneyenHocTd 1078, B cBsI3u. ¢ yeM KpafiHe ByaJHpyeTCs BHyTpPeHHee
cozepxaHue crargapra. Mruopupysa ¢opmyny (8), XxapakTepH3yIoOIIyIo
YCJOBHE IpeXeNbHON MPOYHOCTH, ONPENESHM BEJHYHHY MONYCTHMOTO
M3rHOAIOMIEro MOMEHTa Ha THXOH Boxe M° " mosaras B ¢opmyne (9)

W == Wnin, Msw=M" u My= Wm0y 1075 B pesymbratre no-
JYUIHM:

14



JJIs CYZOB rpynms | ‘
3
Miw=—5-0 Wy - 1075(1408 - 222 _ 18

Sw

AW
. /’

JJISl CYyZOB Ipynnsl 2

' 0 3 - . 2 @
Msw=—5 0y Wy + 1075(1 -~ —2 2 Jw )
2 ! 3 o5y - B¢

Hens st BEpaxenust Ha Wi, MOXHO OIpPeJ&HTb COOTBETCTBYIO-
mue Wmin Hanpsokewus Ha tuxofi Boge (B H/MM2), KoTophle 060sHa-
YHM: . '

AJISL CYyJI0B TpyHnsl 1

So=g%su (108 - -2 —18

):70,5,.

Sw
Sw Cc
AN CYJOB I'PYNIH 2
0 3 2 o, G
Osw="5 Csw (1 +"'3— 2 —2 01: )—_*87,5

Ssw

‘3aMmeyas, 4TO IJIf CYJOB rpynmsl 1

o°

M=M= =0,705My;

S
ILJA CYLOB I'PYIIEL 2
. 0
M= Mey —2— 0,875 M,
w

MOXKHO NOCTPOMTb rpaduru W =f(Ms,) (puc. 3, a u 6). Kpusrnie
1, 2 u 3 puc. 3 XapaKTepH3yioT -HOPMHPOBAHHE NPOLOJIBHOH HPOYHOCTH
M0 HEKOTODHIM TpeM KPHTEepHSM, H3 KOTOPHX KpHBas 3, OUEBHIHO, CO-
OTBETCTBYET KPHTEPHIO IpejebHOro cocrosiuus. Kpuswle I u 2 coot-
BETCTBYIOT OOBIYHO IIPHHHMaeMOMY BO BCeX CTAaHAApTax MeToAy HOp-
MHPOBaHHsA TPOAOJbHONH mpounocTd. Kpusast I coorBercrByer Wmm,
KpuBas 2 NpeJACTaB/deT YKa3aHHYI BhILe OOCIIyI0 3aBUCHMOCTb (5),
KOTOPYIO AJ151 JAHHOTO CJy4asi IpUBEJEM B BH/E

W:Wmm[wrcic({,‘;—m—c?w)]. (10

OTa 3aBHCHMOCTb MOXKET OBITh NpeJCTaBJeHa Yepes Koa(hQHIHEeHT
k, COOTBETCTBYIOMIHH 0O€CIHEUeHHOCTH BOJHOBOrO H3rM6aloLIero Mo-
MeHTa 1078, B sTOM cayuae oH GymeT MMeTb 3Ha4eHUS:

Jig cynoB rpynne 1k =1,85;

JJI CYIOB Ipynnel 2 k== 1,55,

OTo HeoOBYHO GOJbIIMe BEJHYHHBI, YUHTHIBAs, KpOMe TOTO, CO-
BEPLIEHHO Pa3JHMYHLIH XapaKTep KPHUBBIX Ha pHUC. 3, @ H 6, BO3HHKAET
HeoOXOMMOCTh BHIGOpA TAKHX 3HaueHu#l My U Oy, IPH TOH e BeJH-
uyiHe Wmm, KOTOpHE, HpHMeHHTeNbHO K $opmyse (10), coorBercTBO-
BaJgu Obl APYro#, oueBHAHO, GoJiee BEICOKON BEDPOSITHOCTH IpeBhillie-
HHS, T. €. ¥ B NAHHOM CJydae BeJHUHHH M, M 0y, OCTaloTCs, 1O Cylie-
CTBY, HEH3BECTHHIMM (KpOMe YKas3saHHOrO BHIIle HOPMHPOBAHHSA, 1O
IpefesIbBHOMY COCTOSIHHIO) . '
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OpuerTHpysice Ha ofecneyeHHocTb My, OGEYHO MPUHUMAEMYIO ApPY-
THMH KJacCH(OHKAHHOHHHIMH ofIiectBaMu paBHoi 107% u mpuHHMas

0w = 70 H/MM?, MOXKHO NOJYYHTH CJIEAYIONIHE 3HAUCHUST HOPMATHBHBIX
HanpsiKeHH# A cranzapra Perucrpa cynoxoacrsa Jlaoiiaa.

@
w
Cyoa zpynn 1
7
0 Mow084My  Msy=0705Hy  Msy,=00 My My
)
w

Cyda 2pgnnsr 2

0 M 0815 My Moy =0875My Msuy=biy Pow
Puc. 3

ITo xputepusm, cOOTBETCTBYIOIUM KpHBHIM [ U 2 Ha puc. 3,a u 6,
nojayuuMm (B H/mm2).

Has cynos rpynnel 1 o, = 70; G‘S’w = 70,5; 0. = 140,5; nas CyJLOB

rpynnst 2 oy, = 70; 0, =87,5; oc = 157,5.

Uro6bl mosIydnTh Te Ke 3HaueHHs W, Kakue HoJayyamTcs mo dop-
mynam (9), sHauenus KoapouuueHtra k2 B Qopmyse (10) HOIKHBHI
OBITH IIPHHSTHI:

Jast cypoB rpynnel | k2 = 1,46;

JAJIs CyNOB rpynns 2 k= 1,28.
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Ilo xputepuro mpenesbHOl NPOYHOCTH (KPHBasi $ Ha pHC. 3,q 6)
Aast cyRoB rpymnel 1 o, =100 H/MmM% oc = 164 H/MMm%; nna cynos
rpynunsl 2 o, = 100 H/mMM2, 0, = 181,56 H/mm2.

®opmyJibl, IAOLIKE TOT e PesysabTaT, 4To U hopmyus Perucrpa
cynpoxoncrsa Jlmofina, 6yoyT HNpeACTaBJASATbCA B 3TOM CJyyae B BHIE:

npi My < Myw, W== Wans o ‘ (11)

mp Mgy, < My < Mg, W= - 105 (12)

Te k£ HMeeT yKa3aHHbIE BbILUE 3HAUEHHS.

IIpuBeeHHEle HOPMATHBHEE HANPAXKEHHUS, a TaKxke Gopmyanl (11),
(12) u (13) B OCHOBHOM pacCKpHIBAIOT HPHHIUNHMAJBHOE COAEpPIKAHUE
cranjgapra obue#i npouHocti Perucrpa cynoxoncrsa Jliofina.

AnanornusbiM 06pa3oM MOryT ObIThb PaCCMOTPEHBI H ApyrHe CTaH-
JapThl oblel TPOUHOCTH.

BosiukaeT BONpoc, KAKHMH KPHTEPUSIMH MOXKHO OOBSCHUTL CTPYK-
TYPY CYLIECTBYIOIIHX CTAHAAPTOB IPOLONBHON IPOYHOCTH.

B nekoTopbIX cTaHAapTax BBIAENSETCS KPHTEPUH IJIACTHYECKOrO
OpeNeIbHOr0 COCTOSIHHA IPH 06eCIedeHHOCTH BOJIHOBOI'O H3THOAIOIEr0
moMenTa 1078, B kaKolf Mepe NpaBHJIbHO HHTEPIPETHPYETCs 3TOT KPH-
Tepui, ckaszaTb TpyAHO. COMHEHHe BBI3BIBAIOT HETOUHOCTH B 3afaHHH
BOJIHOBHIX Harpy3ok. OcoOeHHO 3TO OTHOCHTCS K Y4YeTy HapaMeTpoB
KopIyca, K pasjeseHuro pasMmaxa My, ydeTy HONMONHUTENbHBIX JHHAMH-
YECKHX BO3JCHCTBHH, BLISBIBAIOIIHX CHPHHTHHI» H «BBITUHr®, K CyM-
MHPOBaHHIO My U Msy u np. HopmupoBanue Wi u W npu Mg, >
> M = dBHO He OTBEYaeT KPHTEPHIO MPEIeNbHOTO COCTOSHHS, H MO-

JKHO MPEANoJIOXKHTh, YTO 3TO HOPMHDOBaHHE NpeIycMaTpuBaeT ycTa-
JOCTHBIA Kputepuil. BennunHa Wmm, 3aBHCSIIAS TOJNBKO OT aMIUIH-
TYAHOro 3HaueHus M, W HHKJIHYECKOTO BOJHOBOLO HATPSIKEHHUS Oy,
onpenessieTcss B NMPeANOJOXKEHHH, YTO BJHSHHE CPEeIHHX HAIPSKeHHH
orcyrctByer. TakuM o6pasoM, o6Hapy:KHBaeTCs NMpeiacTaBierne o6 yc-
TAJIOCTHOH NMPOYHOCTH KaK O CONPOTHBJIECHHU KOHCTPYKLUHH BO3HHKHOBE-
HHIO YCTAaJIOCTHBIX TpELiHH, a He MX pacnpocrpasenuto. I[Ipu oGecre-
yeHHOCTH M, 1075...107% o6biuHO NMPHHHMAEMOl B CTaHIAapTax Ipo-
JOJIbHOA IPOYHOCTH, Peyb MOXKET HATH O MAaJOUHKJOBOH yCTAaJOCTH,
mojiarasi, 4To B OTJE/NbHBIX KPHTHYECKHX TOYKAX C BBICOKOH KOHIEH-
Tpauued HanpsiKeHHH HOJXKHa OHITb ofecneueHa CONPOTHBJSEMOCTb
KOHCTPYKIIMH BO3SHHKHOBEHHIO YCTAJOCTHBIX TPEUIHH MPH LUKJIHYECKOM
neopMHPOBAHHHK B IJacTHYecKOH objacTu. Bmecre ¢ atum B onpene-
JIEHHOX Mepe yYMTHIBAeTCS POJb CPENHUX HANPSKEHHH, TaK KaK CTPYK-
Typa (GOpMyJ . CTaHZAPTOB IIO3BOJISIET CHHUKATH BEJHYHHY O
B mpouecce pocra W. IT0 nosnoxenue, XapakTepHOe A YCJIOBHI Pacipo-
CTPaHEHHsI TPELIHH yCTaJOCTH, OCHOBBIBAETCSl HA pesynabraTax Hab.io-
JEHHH, COrJlacHO KOTOPBIM YCTAJIOCTHBIE H XPYIKHE TPELIMHH Yalle
00HapyXKHBAIOTCS HA CyJaX, HCHBITBIBAIOIIMX YBEJHYEHHEBIE PACTSrH-
BalolIMe HANPAXKEHHS Ha THXOH BOJE.
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B kauecTBe pacueTHOrO BCerja NMPHHMMAETCs HauGoJblilee 3Haye-
HHe H3rHOAIOMero MOMeHTa Ha THUXOH BOJE, a OCOOEHHO XapaKTepHhie -
JJIS MaJIOUMKJIOBOH ycTaJjocTH 3(PQeKTH OT UepelfoBaHHS Harpyxe-
HHH Ha THXOH BOJe, KOTJa CpelHee HalpsKeHHE MOXKET MEHATLCS IIO
BeJHYHHE H MO 3HAKY, He YYHTHIBAIOTCHA. PacueTHbie HArpy3kH, HOMH-
HaJIbHBIe [ONyCKaeMble HalpsAXKeHHsS, a TaKiXKe INOCTPOEHHS PACUYETHHIX
3aBHCHMOCTeH nojoGpaHHl, OCHOBBIBASICh Ha MpaKTHKe 3JKCHJyaTaluH,
TaKkuM o6pasomM, uTtobvl noayuath 3HaUeHUd Wmiyn 1 W > Wnin, 0bec-
MeyuBalolliMe HOCTATOYHYIO HANEXKHOCTb B OTHOUIEHHH BO3HHKHOBEHHS
H OIaCHOTO DPasBHTHS YCTaJOCTHHIX INoBpexienuil. Koneyro, ator Bo-
IpOC ONpeJeneHHHM O0pasoM CBSI3aH C CYILIECTBYIOIUUMH CTAHJAD-
TaM# B 00/IaCTH NIpUMeHSEeMBIX MATepHaJIOB, KOHCTPYHPOBAHHS U TeX- -
HoJiorhH. B 1enoM MOXKHO OTMETHTb, YTO CTAHAAPTH  NPOAOJBHOH
OPOUHOCTH KIacCH(PHKALMOHHBIX oOlllecTB elle c1abo oTpaxaor neil-
CTBHTEJIBHYI0 (H3HYECKYI0 KAapPTHHY YCTaJOCTHOIO KpHTEpDHS H SB-
JISIOTCA ellle SMOHPHYECKHUMH.
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YIK 629.12: 624.04

I. B. Boiiyos, A. H. Maxcumadscu, 0. M. Haauii, B. B. Cyryao
O HOBDbLIX HOPMAX INPOYHOCTH ‘MOPCKI/IX CcCy0B

Co BpeMeHH BBHIIyCKa NOCJAELHEro O(HIKAJBHOTO H3JAHHS HOPM
npounoctH Perucrpa CCCP mpomo okosno JABaAlaTH JeT. 3a 3TO
BpeMs perJaMeHTHDPYIOUiHe IPOEKTHPOBaHHE KOPIyCOB IpaBHJA KJjac-
cuUKal¥MH M NOCTPOHKH (B JaJjbHellleM—IpaBHJa) PasJHYHBIX
KNacCH(PpHKANHOHHEIX  OOIIECTB TMOJYYHJIH CYIIECTBEHHOE Da3BHTHE.
Ananuruueckass GopMyJupoBKa TpeGoBaHHE K OGHIeH MTPOYHOCTH BO
BCceX MpaBHJax cjejaja HX DeKoMeHJauuu Gojee o603puMbIMH. He-
CMOTDPSl Ha DAasyIHYHe BHJA aHAJHTHYECKHX (GOpMYyJ, 3TH TpeGOBaHHSA
KOJIHYECTBEHHO B HEJIOM XOPOUIO COr/acyloTes, YTO, HAapsLy C ONLITOM
IKCIIyaTallHy CYJOB, CBHAETENLCTBYeT 00 HX A0CTaTOYHOH OlpaBiaH-
HOCTH. B 3ToT ke mepuon GoJbllioe pa3sBHTHE NMOJNYYHJIH HayuyHEE Me-
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TOABI HCCJENOBAHHS U YTOUHHJMCH NPENCTABJEHHS 06 YCJAOBHAX, ON-
peneJAOMUX TpeGOBaHHS X  NPOYHOCTH CYHLOB. DTH MNpeICTaBJeHHS,
a Takxe TpeOGOBaHHS K NPOYHOCTH KOPHNYCHBIX KOHCTPYKIMH MpaBHJI
BOIIIH B IIPOTHBOpeYHe ¢ MpexHell peparuuedl nopm. Oxnako yupo-
IEHHble II0 CTPYKTYpe W IOJYSMIHPHUECKHe HO OCHOBe TpeGoBaHus
NpaBUJ HE B COCTOSIHHM JOCTATOYHO GEICTPO H OOBEKTHBHO pearupo-
BaTh Ha NPOUCXOJSIIYIO B NOCJTefHee BpeMs KaYeCTBEHHYIO H KoJuue-
CTBEHHYIO 9BOJIOLHIO COCTaBa MHpOBoro (Jiota, HOABJEHHE CYIOB HO-
BBIX apXUTEKTYPHBIX THIIOB, Ha3HaueHHH u pasmepenui. HanGosee
OpaBUJIbHOE W MOJIHOE peHIeHHe 3TOH 3aJaud BO3MOXKHO JIHIIL € IO-
MOIIBI0 PACYETHBIX METOJOB, OCHOBAHHBIX Ha COBPEMEHHBIX NAHHBIX H
NpefCTaBJEHHUAX O HArpysKax, HaNpsiXKeHHOM COCTOSHHH H (H3HYe-
CKHX KPHUTEPHSIX HPOYHOCTH KOPIycoB cyaoB. ColepKaHue H KOHKpeET-
HEIH MOPSAJOK HCIOJB30BAHHA STHX METOLOB HOJKHHI OHITH OTPaKeHH
B HOBBIX HOpMax, NpeJHAa3HAaueHHBIX AJS INPOEKTHPOBAHHS KOPIYCOB,
OTJAMYAIOLUIMXCH 10 CBOEMY APXHTEKTYPHO-KOHCTPYKTHBHOMY THIY, CO-
OTHOIUEHHSIM pasMepeHUH, CKOPOCTH, SKCIIyaTallHOHHOMY Ha3HAYEHHIO
U APYrHM TOKAa3aTesJsiM OT THIOBBIX CYAOB, perjaMeHTHPyeMbIX mpa-
BusamMu Perncrpa CCCP u fpyrux KiaaccHOHKAaNMOHHBIX —OOLIECTB.
IpuMeHenn0 HOPM [JIsi CYAOB HOBBHIX THIIOB, OIHIT MOCTPOHKH U 3KC-
[IyaTalHd KOTOPHIX OTCYTCTBYET, AOJKEeH NpPeALIeCTBOBaTh ClelHA/b-
HbIH aHaJn3 OCOGEHHOCTell Ha3HAYeHHs H IPEANOJaraeMbiX YC/AOBHH
9KCIIyaTalUuu HOBOro cyaHa. Llenbp Takoro aHa/Hu3a.— yCTaHOBHTH
BO3MOXKHOCTb COXPAaHEHHS. HJIH HeOOXOAHMOCTh M3MEHEHHS NPUHSTHIX
B HOpMax Ko3((GUIHEHTOB 3amaca H IONMyCKaeMbIX HalpsxeHnudl. Bme-
CTe C TeM HOPMBI MOTYT OBITb HCIOJB30BAHBLI AJsI KOPPEKTHPOBKH U
Pa3BHTUSI COOTBETCTBYIOMIMX TPeGOBaHHIT NMPaBHJ KaK K CTAHZAPTHBHIM
[0 HA3HAYeHHIO CyJaM, TaK H K CyJaM HOBHIX THIIOB.

EcrecTBeHHO, YTO TpeGOBaHUS NPABHJ W HOPM JOJXKHBI OBITH KOJIH-
YECTBEHHO COIJIACOBAHBl H OGBENHHEHH B €IHHYIO cuHCTeMy TpebGoBa-
- kK mpounoctd cyzos. B IIHHWHM um. akaxn. A. H. Kpsuiosa,
OHUUHM®e, JIKH u B psje APYrux opranusauuil Obli BHIOJNHEH
KOMIJIEKC CHeNHaJbHbX HCCAEIOBAHME, HANPABJEHHBIX Ha CO3JaHHe
COBpPEMEHHBIX METOJOB PacueTa W NPHHIHIOB HOPMHPOBAaHHS MPOYHO-
cth  cynoB. Ha ocHoBe atux uccneposanuit 8 LIHMM uMm. akan.
A. H. Kpuinosa paspaGoran u mpencrasied B Perucrp CCCP npen-
BapHTEJIbHBIA NPOEKT HOPM IPOUHOCTH MODPCKHX CYHOB. st paccMoT-
PEHHSI 5TOrO IPOEKTa H IOJArOTOBKH O(HIMAJILHOIO HOPMATHBHOIO IO-
kyMenta Perucrpa CCCP 6blna co3gaHa MexXBeIOMCTBEHHAsT KOMHC-
cusl, TpHU3HABLIAS LENeCOOGPAa3HBIM, YUYHMTHIBAA PA3JHUHYIO CTEIeHb
HOATOTOBJIEHHOCTH PA3JesIoB HOPM, OTHOCSIIHXCS K OOLiell M MEeCTHOH
IPOYHOCTH, OTPAHHUYUTHCS BHITYCKOM JHLIb Pasjena, perJamMeHTHpyIo-
mero TpeGoBanust K obmel npoynocTu. Pabora sra 3aKOHYeHA H INPH-
nara Komuccnedi. Ha ee ocrose Perucrp CCCP Bumyctuan B 1979 T.
«BpemeHHbIe HOPMBI 001Iell IPOYHOCTH MOPCKHX CYZOB». 3aBeplIaloTCs
i paGoTH 10 YCTAHOBJEHHIO HODMAaTHBHBIX Tpe6oBaHHH K MECTHOH
NPOUYHOCTH, B KOHEYHOM wHTOre 5TO. NMO3BOJHT BHIPaboTaTh EIHHYIO
cucTeMy obecleueHHs: IPOYHOCTH CYJOBOrO KOPIyca.
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TPEBOBAHI/ISI K OBLIEM NMTPOYHOCTH

[IpepycmarpuBaercst mposBepka o6LieH IPOYHOCTH KOPIIyca Nno ABYM
OCHOBHBIM KDUTEPHUAM:

— INpeAeJbHOMY COCTOSIHHIO IIpH JEHCTBHH Ha KOPIYC CYyAHA Mak-
CHMaJIbHOrO CyMMapHOro H3ru0alollero MOMeHTa, BKJ/IOYAIOLIerc BOJ-
HOBYIO COCTaBJSAIOUIYIO BEPTHKAJbHOI'O U3rHOAIOUIEr0 MOMEHTA Mlgax‘,

' yHAapHYIO (IMHAMHYECKYIO) COCTABJSIONLYIO My v HaruGalmui MOMEHT

Ha THXOH Boie M™X njsa mOJIOKeHHH CyAHa HA NOZOWIBE H BEPLIMHE

PacyeTHOH BOJIHEI (4HAJIOTHYHBIA pacyeT NMPOU3BOAHTCA TaKKe IpPH
HeCTBUH CyMMapHOH IepepessiBaollell CHIH);

— JIOTyCKaeMbIM HaNpsXKEHWSAM NPH OeHCTBHH CPEXHECTATHCTHYE-
CKOH TepeMeHHOH (BOJIHOBOH) cOCTaBJfIOMEl H3rHGamIero MOMeHTa
Mg ¢ yuetoMm BNHARASA NOCTOSHHOM COCTaBJSIIOMIEH HATPSXKEHHH O, BH-

8BAHHOH M3rHOalOLMM MOMEHTOM Ha THXOH Boje, HauboJee XapaKTep-
HBIM _IJIS1 YCJIOBHH 9KCIJyaTallWH Cy[JHA B IPy3y M B GaJjacre.

YkasaHHble pacueTHble KPHTEPHH HCIOJb30BANHCH H B paHee Aefi-
CTBOBABLIMX HOpPMaX NPOYHOCTH, OZHAKO B HOBBIX HOPMAaX 3THM KpH-
TePHAM NpPHAAH GoJee OOIHH M KOHKpeTHBH (u3nuecKuii cMbica, Tak, -
B KPUTEPHH MpEIeJbHOA NPOYHOCTH YYHTHIBAETCS DPasfinude paboTH
NPONONBHEIX CBf3€H KOpIyca NpH AeHCTBHH CKHMAIOUMX U PACTATH-
BAIOLMX HAarpys3ok. JT0 oTpaxeHo B KodhdHIMeHTaX 3amaca u B pas-
JHYHH OTHOCHTENBHOH POJIH CTATHYECKON M AMHAMHYECKOH COCTABJSIO-
WHX BHEWHHX cuil. IIpoBepKa NMpouHOCTH MO ZONYCKaeMBIM HampsKe-
HHSIM HOCHT $IBHO BBIDAXKEHHBIH  CMBICA  KpuTepHs .o6ecnedeHus
HEOGXOAMMOH YCTaJOCTHOM AOJrOBEYHOCTH KOpIyca: GbopMa mpeicTaB-
JIEHHS] NAHHOTO KDHTEDHS OIpenensieT mnpeobaajgapolliee BAHSHHE ITe-
peMeHHOH cocTaBJsiomell H3aru6aroNero MOMEHTa. ‘

PekoMennyemble 3aBHCHMOCTH AJIsl ONPENEJIeHHS PACUETHEIX BOJIHO-
BBHIX M yHapHBIX M3THOAOLINX MOMEHTOB NPH NPOBEPKE IPOYHOCTH IO
ABYM yKa3aHHBIM KPUTEPHSIM YCTaHOBJEHB Ha OCHOBE HCCJAEILOBAHHI,
BBIMIOJIHCHHBIX COBPEMEHHBIMH METOJAMH aHANH3a BHEIIHUX CHJ, Hel-
CTBYIOLIUX Ha CyAa B YCJOBHUSX DEryJsPHOrO H HEPEryJspHOrO BOJ-
HeHHusl.

PesynbTaTel Hcc/leloBaHHS BOJHOBHIX HAarpysok, AeHCTBYIOLIMX Ha
KOpIyc cyJHa B YCJIOBHSIX HEDEryJ/sIPHOrOo BOJIHEHHS, MpPEACTaBJSAINCh
B (opMe N0JNrOBPeMEHHBIX DaClpeleeHHil MPONOPUHOHANBHEIM STHM
HarpyskaM TakK HasblBaeMBX 3SKBHMBaJIeHTHBEIX BhicOT BoaH ! CBs3b
SKBUBAJIEHTHBIX BBICOT BOJIH C BOJHOBHIMHM Harpy3KaMH OIpelensaach
Ha OCHOBe 000CIUeHHS pe3yJbTATOB COBPEMEHHBIX  HMCCJELOBAHHUE
BHENIHHX CHJI, NEHCTBYIOIMX HAa KOPNYC CyAHAa TPH €ro HPOLOJIBHON"
Kayke Ha BOJHEHHH.

Ilpr ouenke sKcTpeMasbHBIX 3HAYEHHH, ONpeAeNAOMHX TpeGoBa-
HUS K Npelie/IbHOH NMPOYHOCTH KOPNYCOB CYIOB, B KauecTBe XapaKTep-

1 Cm.: Boﬁuos [. B, MMaanuit O. M. KoMmmiexkcHmlii momxom x npoGJeme
obecreyenfis NPOYHOCTH CyA0B.— B kH.: IlpoGieme mpousocTd cymos. JI., 1975,
c. 71—152,
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HOro pafloHa MyaBaHMs NPHHHMAJICH yYacTOK ATJAHTHKH B Tpejesax
40—50° c. m. n 20—40° 3. 1., yepe3 KOTOPHI#l NPOXOAST OCHOBHBIE CY-
JIOBBlE MapLIPyThl, cBs3biBatoulne Cesepuyto Espony u Cesepuyio Ame-
PHKY. Biuskue pexKMMHbIe XapPaKTEPHCTHKH BOJHEHHS UMEIOT Y4aCTKH
Tuxoro okeana, pacrnosoxenhsie Mexay 35 u 50° c. w. B paiione
180-rpagycHoro MepuauaHa u y IOXKHOH oOKOHeuHocTH IOxHoB Awme-
pukd, u VMHaufickuii oxean B pafiome 35—42° 0. mw. OTu pafions.
TaKXe OTJIHYAlOTCsd CPaBHUTEJIBHO HHTEHCHBHEIM CYJOXOACTBOM.

HopMaTuBHas BeposTHOCTh (00eCleueHHOCTh) 3KCTPEMaJbHBIX BOJ-
HOBBIX HM3ru0arollMX MOMEHTOB, OHpeNeJsOlUX, Tpe6OBaHUA K mpe-
JeJIbHOH -NPOYHOCTH IJSl CYZAOB, HaXOASLIMXCA B YKa3aHHHIX palioHax,
IPUHEMAaJachk B COOTBETCTBHH C YCTAHOBHBIUEHCS NPaKTHKOH paBHOH

n= 1078 .. 1075, ‘
. BeposTHocTHBIe (KaK H [JeTepMHHHpPOBAaHHEIE) METOXBl He rapau-
THPYIOT AOCTATOYHOH JOCTOBEPHOCTH aOCOJIOTHEIX OLIEHOK HAarpysok.
[TosTOMYy OHH HCHOJNB30BAJNHCh TJIAaBHBIM 06pa3oM [/l yCTAHOBJEHHS
3aKOHOMEPHOCTEH OTHOCHTEJNBHOrO H3MeHeHHsl TpeOOBaHHH K Ipelesb-
HOH NPOYHOCTH CYAOB IPH YBeJHYEHHH HX pa3MepeHHH, a Takke IpH
HU3MCHEHHH JPYTHX XapaKTepHCTHK CyLHa. AGCOJIOTHHEH yPOBEHb 3THX
Tpe6OBaHHH NMyTeM BhIGOpA COOTBETCTBYIOUIHX KO3(pOHIHEHTOB 3amaca
COIJIaCOBBLIBAJICA ¢ TpebOBaHUAMHU K 0O6Ilel NMPOYHOCTH KPYNHOTOHHAXK-
HEIX cyRoB (L == 200 M), OpHHATHIMU B AeHACTBYIOIIUX MpaBHJAX Kjaac-
CH(MUKAIHOHHBIX 0OIIEeCTB.

Kpurepuii ycrajocTHOH NPOYHOCTH CYHOB (pacyeT 0O OOMycKae-
MBIM HalpSKeHHSM) YCTAHABJHBAJCS HAa OCHOBE H3BECTHOI'O MeTOAa
OHEHKM YCTaJOCTHOH JOJTOBEYHOCTH HeCTALHOHADHO  HarpyxXKeHHBIX
KOHCTPYKUMH, 6asHpYyIOLIerocss Ha THIOTe3e JHHEHHOTO CyMMHPOBaHHS
yCTaJIOCTHBIX NoBpexpernil. Ilpu sToM HCHONB30Bajcs HNpPeJIOKEH-
Heid B. B. Ko3/19K0BBHIM. BapHaHT, OPHEHTHPOBAHHEIA Ha NpHMeHEeHHe
JIOJITOBPEMEHHEIX pachpele/eHHH BOJHOBBIX Harpy3oK M BBI3BIBAEMBIX
HUMH HanpsKeHHH, IpeACTaB/eHHHIX B dopMme 3akoHa Befibyaaa. doaro-
BpeMEHHBIe pacnpeleseHdsl BOJHOBBIX H3rHOAIOLHX MOMEHTOB H COOT-
BETCTBYIOUIHX HM 3KBHBAJIEHTHBIX BBICOT BOJIH OMPeesIHCh IPHMEHHU-
TeJbHO K THUIOBHIM MaplIPyTaM OKeaHCKOro HJaBaHHA CYIOB C OTHO-
CHTEJILHO BLICOKOH HHTEHCHBHOCTHIO BOJHOBHIX pexuMoB (Jla-Manm—
Hero-HPlopk, Jla-Manm—Ky6a, Jla-Manm— Kefintayn—Menb6ypH).

Ha ocHoBe yKa3aHHEIX NPeANOCHIIOK Gbija ONpefeseHa 3aKOHOMEp-
HOCTbL OTHOCHTEJbLHOrO H3MCHEHHS MOMEHTOB CONPOTHBJEHHS KOPIY-
COB CYIOB, NIPH KOTOPHX o6ecleynBaeTcs paBeHCTBO 3aIacoB HX yCTa-
JIOCTHOH AOJrOBEYHOCTH (HPOYHOCTH) B 3aBHCHMOCTH OT JJIMHHL CyAHA.
PernamentupyeMmble npaBHiaMy KJacCH(QHKAIHOHHBIX OOLIeCTB 3Haue-
HHSl MHHHMAJbHBIX MOMEHTOB CONpOTHBJEHHS Wmn KOpPHYyCOB CyAOB
aianHoH 100—130 M, nMelOm¥WX HAaHMEHBIIYIO YCTaJOCTHYI [OJIO-
BEYHOCTb, OBLIM TIPHHSITHL 332 OCHOBY INpH ONpenesNeHHd abCoJIIOTHOroO
YPOBHS TpeOGOBaHHH K YCTAJOCTHOH JOJTOBEYHOCTH KOPIYCOB CYAOB
JAPYruX pasMepeHul.

[Momumo yKasaHHBIX OOIIHX CBeINEHMH O NMPUHATHIX KPUTEPHAX HOP-
MHPOBaHUsI MPOYHOCTH, Oosee MOAPOOGHO ONHCAHHBIX B YHNOMSAHYTOH
pabore, NpuBeeM HX JOTOJHHTENbHLEIE OCOOEHHOCTH.
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- KPUTEPUM l'lPEllEJleOl'O COCTOSAHHUA

B aHa/nuTHYECKOe BhIpaXieHHe 3TOrO KPHTEPHS BBeXEH pDaCUETHHIH
npejest TEKYJeCTH MaTepHa/IOB OF = ks, OTVIHYAIOWUACH OT €ro Ho-

MHHAaJIBHOTO 3HAYEHHS Os, FaPAHTHPYEMOr'O0 COOTBETCTBYIOUIUMH TEXHH-
YECKUMH YCJOBHAMH. [IpH 2TOM INpHOJIMKEHHO YYTEHO OT/IHYMe neil-
CTBUTE/IbHEIX CPEJAHUX 3HaUEHHH Os OT HOMMHAJBHBIX HJs CTajlell pas-
HbIX Mapok. [IponsBefeH TakiKe KOCBEHHBIH yueT BJMSHHs MacuTad-
Horo Gakropa (TOJIIIMH) M M3HOCA IIPOLOJBHBIX CBSI3€H, UTO OTPaKEHO
B CTPYKType Koa(duuueHnTa Rs. B 4yacTHOCTH, yUTEHO B3aHMHO MPOTH-

~BOIIOJIOKHOE, BJHSAHHE Macmtaba TOMIHH IPOAOJIbHBIX cBsA3eH Ha 4qyB-

CTBUTEJILHOCTb K H3HOCY U INPOYHOCTHEIE XaPAKTEPHCTHKH KOHCTPYK-
IIHH.

IIpenmoxensl pacueTHbe 3aBHCHMOCTH AJISI ONpPELENeHHAst H3TUBAI0-
MK¥X MOMEHTOB, JEHCTBYIOUIHX B KOpPIyCe NIPU yIAapax BOJH B AHHUIIE
H pasBaJH OGOPTOB HOCOBOH OKOHEUHOCTH CYJHA. YUeT STHX KOMIIOHEH-
TOB Harpy3Kd MOXKeT NPHBOAHTb K HEOOXONHMMOCTH CIIENHAJbHOrO yBe-
JHYEHUST XapaKTePHCTHK IDOYHOCTH KOPIYCOB CYIOB, HMEIOMHX IIO-
BBHIIEHHYIO CKOPOCTH Ha BOJIHEHHH. ]

Ha ocHoBanum pesysnnTaToB aHajH3a [1] PEeKOMEH0BAH IOPAI0K
yuera CKPYYHMBAIOIHX ¥ TOPHM3OHTAJBHBIX H3rHGAIOUINX MOMEHTOB IpPH
OlleHKe TpeJeabHOH IMPOYHOCTH CYAOB ¢ GOJIBIIHM pacKpHITHEM Hajyod.

KPHUTEPHM YCTAJJOCTHOH NPOYHOCTH

Tlpou3BeneHO NOHMIKEHHE JONYCKAEMbIX HANPSIKEHHH OT o6Iero
usruba JAJs TaHKepOB IO CPABHEHMIO C CYXOTPY3HBIMH CYZAMH, UYTO
CBSI32HO C OTHOCHTEJIbHO GOJIbLIHM BJHAHHEM KOPPO3HOHHOrO BO3Je€il-
CTBUSA B IIEPBOM CJyyae.

Yyer pasauuusi BJHSHHS KOPPO3HOHHOTO H3HOCA [IJd CYIOB pas-
JINYHOH JJIMHB (aHAJOTHYHO NPHHATOMY B KDHTEPHH NpENeNbHON HpOY-
HOCTH) He IPOM3BORMJCS BBHAY OTHOCHTENbHO OOJBLIOH NPHGIHIKEH-
HOCTH OMNpeJeJeHHs 3KCTPANOJALHOHHBIX 3aKOHOMEpPHOCTEH KpHTEpHs
ycrajsocTHoli npouyHoctH !. IlpuHHMAanoch TakXke BO BHUMAaHHE, UTO
npeHefpekeHHe -BJAMAHHEM YyKa3aHHOro (akTopa NpH YCTAHOBJEHHH
YIOMSAHYTHIX 3aKOHOMEDHOCTEH NPHBOJHT K INOTPEMHOCTH B Gesomac-

" HYIO CTODOHY.

YuTeHO BIHsHHE BHICOKOYACTOTHBIX HAMpSAKEHHH, 08yCIOBIEHHBIX
Tak HasblBaeMoi BOJIHOBOM BHOpalHedl, poJib KOTOPOH 3HAYHMTEJBHO
BO3pacTaeT A/ NEPCHeKTHBHHIX KPYNHOTOHHaXKHHX cynoB. CxeMma
yYeTa BLICOKOYACTOTHHIX HANDSIXKEHHH BKJIOYAaeT BJIHAHHE CKOPOCTH
XOAa CyJHa Ha BOJIHEHHH, NapaMeTPOB OTHOCHTEJNbHOH KECTKOCTH ero
KOpIlyca M ero pasMepeHHH. BiusiHne HampsKeHHUsS OT CJIE€MHHra, Ko-
TOpOe MeHee CyILeCTBEHHO M INPOSIBJSETCS B OCHOBHOM MJISI CYLOB OT-

1 B 4acTHOCTH, HampHMep, He YUHTHLIBAEMOE HPH CONOCTABHTENBHOM *aHA/M3E
YCTANOCTHON NPOYHOCTH CYAOB Pa3HOil AJAMHLI BAHAHHEe MaciuraGHoro daxrtopa, Io-
BHAHMOMY, COMSMEPHMO C BJHMSHHEM H3HOCZ H MPOTHBOMOJOXKHO €My N0 3HaKYy.
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HOCHTEJIbHO HeBOJBIIHX pasMepeHHn (L 150 M) HemocpeacrTBeHHO
He YUHTBIBAETCS,

YKasaH NOPSZOK yueTa CKPYYHBAIOWIHX M TOPH30HTAJBHBIX H3LH-
Galollux MOMEHTOB AJifi CyHOB C OOJIBIIMM DACKPBHITHEM NaJjay6.

OroBopena NpHHUHNHA/NbHAS 3aBUCHMOCTD IONYCKACMBIX HaNpsKe-
HHH B KOpmyce OT KauecTBa O(OPMJEHHS H H3FOTOBJEHHS KOHCTPYK-
Hu#, KoTopas MoOXeT ObITh YyuYTe€Ha COOTBETCTBYIOIIUM H3MEHEHHEM JO-
IyCKaeMBIX HalpsIKeHHH,

CONOCTABJIEHHE C TPEBOBAHHMAMHU K ITPOYHOCTU CYA OB NPABHJI
KJIIACCH®UKAUHOHHBIX OBULECTB

Ha puc. 1—3 npuBelieHb pe3y/bTaThl CONOCTABJEHHS TPe6OBAHHH
K 00llell MPOYHOCTH CyJOB, COAEPIKALIMXCA B HPOEKTE HOPM, ¢ Tpe6o-
BaHHAMH [IPABHJ KJ1aCCH(HKALHOHHEIX obulecTB. Pacuersl IpousBoaH-
JIECh NPHMEHHTEJBbHO K TIPY30BOH OcajKe CYAOB NpPH OTHOLICHHH ee
K anuHe do/L = 0,055.

s comocTaBieHHs OCHOBHbIE HmapaMeTphl npe,ucraBJIebe B 6e3-
pasMepHOM BHZE. XapaKTepncha MOMEHTa CONPOTHUBJEHHS KOpIyca

ONIPeNeJsieTCsl OTHOLICHHEM W W/we rae W — MOMEHT COIpOTHUB-

min ?

JIGHHsl KOpIyca, ONpefessieMBIi 10 HOBHIM HOpMaM; We  — MHHH-
MaJibHbIH MOMEHT CONPOTHBIIEHHS Kopnyca 0 IpaBHJAAM HopBexcxoro
Bepurac.

YpOBEHb CTATHUECKOTO HATPYIKEHHS KODIYCa XapaKTepH3yercsl Ma-
pamerpoM p = Mz »/M% , rne My p— H3rubaiomuii MOMEHT Ha TH-

XO# BOAe (MaKCHMAaJbHBLIA HJIH CPEJHECTATHCTHYECKHH B 3aBHCHMOCTH
OT HCHOJIb3YEMOrO KPHTEDHs, YTO OTMEYaeTcs COOTBETCTBYIOUIUM HH-
HEeKCOM: u™ax yun p°); M% — xapakrepHoe 3HayeHHe H3rubaiouIero

MOMEHTa Ha THXOH BOLE, COOTBeTCTByxomee BO3HMKHOBEHHIO B BepxHel
nasny6e Kopnyca cyJHa HampskeHuit, pasunx 0,330

BBe,[LeHbI TaK¥Xe napaMerpbol OTHOCUTEJBHBLIX BEJHYHH — QCAAKU d,

WHpUHE B u umcna $pyga Fr,— npepcraBasionmye HX OTHOLIEHHS
K CPEJHETHIIOBbIM 3HAUCHHAM.: AHaNOTMYHBIH CMBICJ HMeEeT OTHOCH-

TeJILHBIl MOMEHT CONPOTHBJEHHS 12 Ha pHuc. 3.

ComnocraBienne, pe3yabTaThl’ KOTOPOTO Hpe,lICTaBJIeHbI Ha puc. 1,
BBHIIOJIHEHO AN cTaju ¢ JnpefeaoM Tekyuectn 24 000 Hfem2
H I CTaJu IOBBIIEHHOH HPOYHOCTH (0coB0 OTMeyeHHOH Ha pu-
CYHKe). ’ .

Ha puc. 2 noxkasaHo H3MeHeHHe MOMEHTA CONDOTHBJCHHS Kopmy-
COB CYNOB B 3aBHCHMOCTH OT H3THGAOUIEro MOMEHTa HA THXOH BOZe.
Comnocrasaens pesy/ibTaThl BHIYHC/IEHHH 10 HOBHIM HOpMaM M 1O Mpa-
BHJIAM DPAJA KJIACCHOHKALHOHHBIX O6IIEeCTB.

~OCHOBHblE 3JIEMEHTH KOPIYCa NPHHHMANHCh DAaBHEIMH CDeIHHM
3HAa4YeHHSIM STHX MapaMeTpoB  JJs THIOBBIX CYHOB. PesysabtaThl
CONOCTABJIEHHS] ~ NPEACTABJEHbl B . 3aBHCHMOCTH OT IlapaMeTpa W,
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XapaKTepU3YIOLIero YpOBeHb CTATHUECKOH Harpy>KeHHOCTH KOpIyca Hs-
ru6aromuM MOMEHTOM Ha THXOH BoJe !

Kak BuAHO K3 NpHBEJAEHHBIX Ha DHC. 1 M 2 JaHHBIX, TpeGOBaHHS
K o0llell MPOYHOCTH, CojepKalluecs B HOPMaxX, B CPEAHEM YyHOBJeT-
BODHTEJBHO COIVIACYIOTCS C AHAJOTMYHBIMM  TpeGOBaHHAMH IpaBHJI
KnaccuUKaUHOHHLIX obmiecTB. Hawuayullee corjacoBaHHe — [OCTH-
raeTcs IpH 3HauYeHHAX W= 1: pacxoxJeHHe TpeOoBaHHH HODM H IIpa-
BHJI YNOMSIHYTBIX KJacCCH(HKAaUHOHHBIX OOIIECTB HAaXOAHTCA B Ipele-
aax 2—5 %. Ilpu GosplIMX W MEHBIIHX 3HAUYEHHUAX W PACXOXKICHHEe
yBeJHyuBaeTca. B nepBoM cayuae 3T0 00BsCHAETCS 3HAUHTENbHBIM

w
ZJ I //'/
Tasxepy (npoeus) 12 Gyzoepyomne eyon (ne,aezm)) / /

=250

Puc. 2.- li3MeHeHHe OTHOCHTENBHOTO MOMEHTa COIPOTHBJIEHHSA

W B 3aBHCHMOCTH OT YPOBHS CTATHUECKOH HArpyXeHHOCTH W:

nO0 HOBBLIM HopMaM ( ; mo npaBuaaMm Hopsexckoro Bepurac
(— — —); Perucrpa cymoxoancresa Jlaofiga (—-—-— 5
Peructpa CCCP (—X—-X—)" .

pasiauyHeM TpebGOBaHHI INPaBHJ KJacCHOUKANHOHHBIX 006ilecTB (IO
15 % wu Gosee), HabGaomaeMbIM NpH GOJBLIMX H3THOAIOIHX MOMEHTaX
Ha THXOH BoZe (Mgy ). Ilpu MenbwHx 3HaueHusX Mg s yBeJHUEHHE
00bACHAETCS TeM, UTO NpaBHJa He NPEeLyCMaTPHUBAIOT B 3TOM Caydae
CHUKEHHS Tpeéyeme MOMEHTOB CONDOTHBJEHHS (32 HCKJIOUEHHEM
[pasun Perucrpa CCCP, nomyckaoumux Hekotopoe ymeHsluenue W).
YacTHyHOE CHATHE 3TOrc OorpaHuueHus (B npegenax ao p= 0,7) mos-
BOJISIeT YMEeHbIIAaThb MOMEHTHl CONPOTHBJEHHS KOPIYCOB CyAoB A0 10—
12 9%. JlomoJHHTe/bHOE YBEJHUEHHE PA3JMHUHS MOMEHTOB COIPOTHB-
JIeHHS, perJaMeHTHDYeMBIX NpaBHJAMH H HOPMaMH, MOXET NpPOHCXO-
JAUTb NpPH HEOOBIUHBLIX COOTHOIIEHHSX pa3MepeHHH H CKOPOCTAX XOna
cynos (puc. 3).

Kax cnemyer u3 npeicraBieHHBIX Ha pHC. | M 2 maHHBIX, AN CY-
JIOB OTHOCHTEJbHO HeGOJBIIOH NJHHBE H3 CcTaJjell oOBIYHON NpPOYHOCTH
JUMHUTHPYIOLIUM OKa3blBAeTCSl KPUTepHUH ycTajocTHOH mpouynoctH. Ilpu
6osnblIed JJHHE JUMHTHPYIOWEH OKasaJjach NpelesbHasi NMPOYHOCTb.
JvanasoH JUMHTHPYIOIETO BJIMSHHS KaXIOTO M3 3THX KDHTEpHEB

! 3yaueHHe U=1. COOTBETCTBYET CTATHUECKMM HANpPSKEHUSIM OT MOMEHTa Maq, »
B BepXHelf nanybe KOpnyca, H3TOTOBIEHHOTO U3 CTaJH OCHYHOH IPOYHOCTH (Cc=
=7000 ... 7500 Hjcm2 nmsi cyXOTpysHBIX CyHnOB H 0.=6500 ... 7000 H/em? mas
TaHKEpOB).
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B 9TOM cayuae (4Jisl cTaJH OOBLIYHOK HpO'—IHOCT}:I) B OCHOBHOM OIlpefe-
Jsiercsl H3rubaOIIHM MOMEHTOM Cy[ZHa Ha THXOH BOJe. L
[Mpeobaagaomas poib KPUTEPHs NPeAEIbHOH MPOYHOCTH C yBEJH-
YeHHEeM [IJHHBl CYJOB -IPOSIBJASETCS TeM paHblle, YeM . OTHOCHTENbHO
Goubie mapamerp . IIpu cpepHux 3HAUeHHAX H3THOAIONIHX MOMEHTOB
Ha THXOH BOAE, cooTBeTCTBYIOIHX n=0,7 ... 0,8, TpeCoBaHus npejes-
HOH TPOYHOCTH OKAa3BIBAIOTCS JHUMHUTHPYIOUIEMH AJA CYAOB JIHHOH
L=180...220 m. v _
[Tpu ucnosp30BaHUM cTasel NMOBBLILIEHHOH HPOYHOCTH BJIHSIHHE KDH-
TEpHUSl YCTAJOCTHOH HPOYHOCTH NPOSBJISETCS NPH MEHBIUUX pasMepe-
HHSIX W YPOBHSIX CTATHYECKOrO HArpYy>KeHHs CyJOB, OrpaHHYMBAs INipe-
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17 = ]MN‘” Puc. 4. DpdexTuBHLE Tpefeanl Te-
‘ ~ | Mg >0 Ky4YecTH cTajel B 3aBUCHUMOCTH OT
5 EL IJIMHBL cyaHa L u ypoBHsX craTHde-
e CKOl HanpS)KEHHOCTH W
' : /D=12; — — =~ L/D=14,5)
Puc. 3. HsmeHenue Tpe-
6yeMOTrO  OTHOCHTEJBHOIO
MOMEHTa  CONpOTHBJICHHS JIEJIBI uenecooﬁpasﬁoro HCIOJB30BA-
NpH  BAPHAUMH  OTHOCH- HMsL 3THX craneii (puc. 4). 3a-
TCJBHEIX BEJIHIMH:- . METHOe BJIHMSHHE HAa 3TH OrpaHuye-
a — OCajKH; 6 — HIMDHHEL; HHsI OKa3blBalOT IMPUHHHMAaeEMEBIE CO-
8 — uHcna  Ppyna: o
Mo KpHTEpHIO mpe- OTHolIeHus pasMepenuii L/D.
AeNBHOH IIPOYHOCTH; -
........ Mo MomycKaeMLM Brirexkalomas H3 HOBEIX HOpMa
HaNpsiiKEHUAM THBHBIX TpGéOBaHHI/I 3aBHCHMOCTDb

3¢ (heKTHBHOCTH IPUMEHEHHUS CTaANeH
TOBBILIEHHOA HMPOYHOCTH OT AJHHBI CyJOB M YPOBHS HX CTaTHYeCKOH
HarpyXeHHOCTH (pHC. 4) He YUMTHIBaeTCs COOTBETCTBYIOI[HMH Tpe6o-
BaHHUSMH MpPaBUJ KiacCHOUKAUHOHHHX o6uiects. HMckiouenne cocras-
JasoT gauiis npasusia Perucrpa CCCP, yuuThBaoumue AJHMHY CypH4.
3aBHCHMOCTb INpEJeNOB PAUHMOHAJIBHOrO HCNOJb30BAHHS CTajdefl OT
JJHHE  CyJAOB, COFJIACHO HOBLIM HOpPMAaM, KaueCTBEHHO AHAJOTHYHA
STHM TPAaBU/IaM, OLHAKO B OTJIHYHE OT HHUX abCOJIIOTHHIH ypPOBEHDb
STHX TNPEJesIOB 3aBHCHT OT BEJHYHMHH M B ONpeAEJeHHOH Mepe OT
3HaKa n3rubaolero MOMeHTa Ha THXOH Bofe L.

! Creayer OTMETHTb, UTO CHHXKEHHE «3()(EKTUBHBIX»> SHAYEHHII NPENEJOB TeKyde-
CTH CTaJleH NOBHIIEHHON NMPOYHOCTH NPH NMOHHKEHHH PACYETHHIX M3THOAMOMIUX MOMEH-
TOB Ha THXOH BOJe HE CBA34HO C JOIOJIHHTENBHBIMH OTPAHHYEHHAMH BO3MOMKHOCTH
CHIKEHHS] MacCHl KOPITYCOB CYJOB. YMeHbIUEHHEe PasMepoB NPOLOJILHBIX CBA3EH B HaH-
HOM c¢jly4ae BOSMOXKHO O/arofiapsi CHHXEHMIO oOLiefl HArpy:KeHHOCTH KOpiyca CymHa,
YYHTHIBAEMOH HOPMATHBHLIMH KDHTEPHAMH IPOYHOCTH. B mpasunax KiaccubuKaIHOH-
HBIX OOILECTB TaKas# BO3MOXKHOCTb HPAKTHUYECKH OTCYTCTBYET.
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Buansinue OTHOMIEHHS AMHHB K BEICOTE KOpIyca CyLHA CoIIacyeTcs
C COOTBETCTBYIOINMMH OIPDAHHYECHHSAMH, HMEIOIHMHCH B GOJBIIHHCTBE
NpaBAJ, HO KaYeCTBEHHOE INPOSBJIEHHE STOr0 OTPaHHYEHHS B HOp-
Max MeHbllle, B OCOOCHHOCTH JIJIA CYJOB CPABHHTENIbHO HeGOJBIIHX
pasMepeHHu. : :

Takum o6pa3oM, HOBbIE HODMBI IIDOYHOCTH MODPCKHX CYJOB, COLJia-
COBaHHbBIE B LI€JOM C aHAJOrMYHBIMH TPeOGOBAHHAMH KJACCHU(DUKAIHOH-
HBIX OOLIECTB, MO3BOJSIOT 6ojiee MOJNHO H OGOCHOBAHHO YYHTHIBATH
BJIMSIHHE KOHCTPYKTHBHBIX OCOOeHHOCTell CyfOB Ha 3amachl MPOYHOCTH.
OT0 co3faer NPeANOCHIUIKH IJs AaJbHeHLIero CoBepINeHCTBOBAHUS 06-
uiefl cucTeMbl TpeOOBAHHH K KOPNYyCY CYAHA W ONTHMH3ALHH €r0 TeX-
HHKO-3KOHOMHYECKHX XapaKTEPHCTHK.

YIK 629.12: 624.04

I. O. Tay6un, C. I. Bazenzein

K BOINPOCY ONPEAEJEHHSA PACYETHBIX 3HAYEHU
BUMOMEHTOB NPH KPYYEHHH CYHOB
C IUPOKHUM PACKPBITHEM MAJYB

Briuncienne 6HMOMEHTOB, a CJIEIOBATEIbHO, H HOPMAJbHBIX HANpPH-
XKEHHH, [IPH CTECHEHHOM KPYYEeHMM B KOPIYyCaX CYIOB C IIHPOKHM pac-
KpHITHEM Najyl CONPSAXKEHO C HCHOJb30BaHHEM NOCTATOYHO TPYLOEM-
KHX pacueTHeIX 3aBucuMocTefi [l]. Takoe mosoxenue 06yCJOB/ICHO
TeM, UTO 3HayeHHs OMMOMEHTOB B JI00OM CeYEHHH CYXHA 3aBHCST, IPH
IPOYHX PABHBIX YCJOBHUSIX, OT OPJAHHAT 3IIOPH. KPYTALIMX MOMEHTOB .
Mo BCe#l JJMHE KOpIyca CyJHA, a He TOJBKO OT OPAHHATH B HCKOMOM
ero cevenuu. B paGorax [2], [3] npuBenensl B rpadyuyeckoM BHAE IIPH-
GiMXKeHHble 3aBHCHMOCTH, IO3BOJSIOWIKE B o6lleM ciydae 6e3 cyle-
CTBEHHOH IIOTPENIHOCTH ONPeNeNsATh 3HaUeHHS GHMOMEHTOB B CEYeHHHM
0 HOCOBOH mepebopKe MallMHHOI'O OTHeNeHHA. B atux paborax npu-
HUMaJsoch, yTo MO pacnosoxeso B KOPMOBOH OKOHEWHOCTH Cy/IHa,
a KO3()(PHUHEHTH CTeCHEHHS AeIVIaHAlMH — II0 KOHLAM OTKPHITOH ya-
CTH B KOPMOBOH H B HOCOBOH OKOHEUHOCTSIX OJHHAKOBHEl U PaBHHl €MIM-
Hule (x = %y = 1). OfHaKO NpelJsoXKeHHble rpadHuIecKue 3aBHCHMO-
CTH HE OXBATHIBAIOT BCEX BO3MOXKHBIX CJlyuyaeB, KOTOPble BCTPEUAIOTCS
B IIpOIlecce IIPOEKTHPOBAHUS CYLOB AAaHHOIO THIIA.

B nacroameli paGoTe BBHIYHC/IEHHS] PAaCOPOCTPAHEHH H Ha Caydai
pacnosoxenus MO Mexay rpy3oBelMH TpioMamu. IIpu satom Koadpdu-
IHEHT CTECHEHHs] Y KOPMOBOH OKOHEUHOCTH NPUHAT #x = 0,6 (ceuenue
-A—A na puc. 1), a B MecTe CONPSIKEHHS OTKPHITOH YacTH ¢ HOCOBOH
OKOHEYHOCTbIO ®x = 1 (ceuenne B—B). Kpome Toro, paccMotpeH ciay-
Yall  pacmosioXeHHs] MaLIHHHOrO OTAEJEHHST B KOPMOBOH OKOHeu-
HOCTH CyAHa ¢ Ko3((UIHEHTaMH CTeCHeHHS xx— | H %y = 0,6, uTo
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. COOTBETCTBYeT YK€ NOCTPOEHHBIM M HaXONSIIMMCS B IKCIJIyaTalHH

cynaM. HeoB6xomumble 0603HaUeHHS M pPasMepHl NOKa3aHBl Ha puc. 1
i 2. PeaynbTaThl pacuyeToB JaHbl Ha puC. 3 B 4 B BHAe TpaduKoOB

m(z) Mmaz
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Puc. 1. Dmopa KpyTSAUIHX MOMEHTOB H

0603HaYeHHsI - pa3MepOB MNpDH PacloJo-

KeHun MO Mexay Tpy3OBBIME TpIO-
MaMH

]

Yo 080; ofi=05

420 \\ v} ey a

§:\\\\\¢/0]ﬂi [
| M . /

TR \\QN

an — Sso ﬁ

_.__k‘, E

7 2 3 A Jol

Puc. 3. I'paduk xoabbuuuentos o1-

HOCHTEJNBHBIX 3HAYeHHMH OHMOMEHTOB

IpH pa3iuyHBIX BequyuHax //L B cay-

gae pacrnoqoxedus MO mexay rpy-
30BBIMH TPIOMaMH
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Puc. 2. Dmiopa KpyTALIMX MOMEHTOB

u 00603HaUeHHS DPa3MepOB IpH pac-

nojioxkenun ‘MO B KOpMOBOH OKO-
HEYHOCTH
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Puc. 4. Tpaduk kostpdueHTOB OT-

HOCHTEJIbHBIX 3HaueHHil OHMOMeHTa

OpH  pasmuyHLX  BejuuuHax /L

B ciyuae pacrnosoxedus MO B xop-
MOBOH OKOHEYHOCTH

GespasMepHbIX KO3(hOHIHEHTOB ks, B ¥ ki B 3aBHCHMOCTH OT Mapa-

Merpa ol (rae !— AJMHa OTKPHITOH uactu cynHa, =7 GJx/EJ,—
M3rHOHO-KPYTH/IbHAS ~ XapAKTEPUCTHKA KOPIyCa) H OTHOCHTENLHOH
JJIMHBL OTKPHITON yacTH cyaua (I/L, b/l u b”[l). Vckomble 3HaueHHS
GMMOMEHTOB ONpeeNTIOTCA M0 CAEAYIOLHM hOpMyaaM:

B(0) = kiMmaxL — npu pacnosoxkenns MO B xopme cyaHa;
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B(b") = ksMmaxL, B(l) = ksMmaxL —IOpu  pacrnosoxkeHnn MO

MeXJy I'PDYy30BLIMH TPIOMaMH. ' ’
Hst Becex pacyeToB GBLIM MCIONB3OBAHBI CAEAVIOUIHE 32aBHCHMOCTH:
— npu pacnonoxennn MO B kopMe cyaHa

B (0)—B, (0) — Mmax (1 —=) {Q_L“ shal-+ M‘nfa . o chalt

achal
2 . 4
o (chal— 1) ——[cha (l—a)— 1]},

rae Bi(0) — GEMOMEHT B KOPMOBOM CEUeHHH NPH g = I;

Mmax 2 2
B, (0)——rmax {—L"— (1—chal) ——— (sh al—al)+

._]_ﬁ_[sha (l;al) ~-—-0!(l—al)]},'

— npu pacnooxkennn MO MexJy rpy3oBLIMH TPIOMaMH H Xy =
= npr = 1

N M B (0) 22 M(0) ,,
B ) =ma i 7y {— Mgy~ @SB~ =7 ——chal’+

+ - (al—shod) — %[0 (l—ay) —sho ((—ay)] —

B (b’ n_ M),
_ M<m) asha(l—b)— Mnfa:},

B()=B (0) eh ol Mmox [ MO shal | 2 (o)

—% [cha(l—ay) — 1]}+B (b')cha ({—b)+B (b")cha (l—b"),
rje :

v Mmax [ 2 . 2 ’ .
M (0) =2 [ (1— %+ ch ab) +— (@b’ — shab’) (1 — xK)],

B (0)=#m:;,[%_ D e ab 4 (ab’ — sh ab')];

Moo
= Mmax B (0) 1 2a
B ) = ey |~ sh ot/ S
_M(0)

WF— ch abl/+ _ai[‘ (abll _ Sh abl/)] .

Kax BuaHO u3 pHc. 3, npu [/L=07 ... 0,8 3HaueHus B(l) no a6-
COJIIOTHO! BeJIHYHHE MEeHblle COOTBETCTBYIOLIMX 3Hauenmit B(b”), Ko-
TOpPBIE H CJIefyeT HCNOMBb30BATh /IS TOCAEAYIOLIErO pacyera. v
' Ipusenennsie rpadukn mossoasior, no kKpajinei Mepe B HepBOM
NPHOJIMKEHHH, pACToiaras TOJIbKO 3HAUEHUSAMH HATHGHO-KPYTHJBHOMN
XapaKTEPHCTHKH, JIETKO BBIUMCJIseMOH o pabote [3], onpesesuTh 0XKH-
AaceMple pacyeTHble 3HAYeHHs OHMOMEHTOB B HauGoJiee HArpyXKEHHBIX
CeYeHHSIX KopImyca. '
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YK 629.12:624.04
0. E. Jluronos

COOTHOWEHHUE ME)XIY COCTABJISAIOLIUMH
BOJIHOBOW HATPY3KH HA HECYUIHE CBSI3H .
CAMONOJABEMHBIX NJABYYHX BYPOBbIX YCTAHOBOK

OnH¥M M3 NEPCIEKTHBHBIX THIOB TeXHHYECKHX CDPEJICTB OCBOEHHS
KOHTHHEHTAJbHOro Iebda SBJSIOTCS CaMONOXbeMHEE TNJaByude Oy-
pOBble YCTaHOBKH, VI3BeCTHO, UTO pacueT BOJHOBHIX Harpysok Ha 3TH
YCTaHOBKH B CBSI3H C HaJHYHeM HECKOJBbKHX COCTaBJISIOLIUX CONPSKEH
¢ GOJBLIMMH MaTeMaTHYeCKMMH TpyZHoctsaMu. Ilosromy mpexacras-
JsieT MHTepec yIpolleHHe MaTeMaTHYeCKOH MOJEJH sIBJIEHHS NPH CO-
XpaHEHHH JOCTATOYHOH TOYHOCTH  OKOHYATEJBHOTO  pe3yJbTara.
B 4acTHOCTH, TaKoe YIPOILEHHE BO3MOXKHO, eCJH NpeHe6peub ONHOH U3
COCTaBJAIOLINX BO3MYINAIOUIKX CHJ, B KauecTBe KOTODHIX paccMaTpH-
BalOTCA CJeLyIouiue: '

— CKOPOCTHasl COCTaBJsiollast BONHOBOH Harpysku

pC exd
Ju—=tSsl 00,
— HHepUHOHHasd cocraBJdruiasn BOJIHOBOM Harpysku
pnCynd2 *
G =L )

rie o — IJIOTHOCTb BOABl; d — NONepedyHbldl pa3Mep Imperpajpwl; v H
U — FOPH30HTaJbHAsl NPOEKLHsT OPOHTANbHOA CKOPOCTH H YCKODEHHS
yactul, BOAB; Cox H Cyn — K03(h(HLHEHTH CKOPOCTHOTO U HHEPLHOH-
HOT'O COTIPOTHBJICHHH.

[MpeneGpexenne ONHOM M3 COCTABJSIMIHX  BO3MYLIAIOMHX CHJ
NPUBOANT K IBYM YaCTHBIM CJAy4asM, COOTBETCTBYIOUIMM IHperpajam
C OTHOCHTEJNbHO O6OJBIUIMMH K- MaJbIMH TONEPEYHBIMH pasMepaMH.
B cBsI3M C 3THM NOCTaBHUM 3afayy ONpefeJieHHss KPUTHYECKHX 3Haye-
HU IOTIEPEUHBIX Pa3MepoB, OTBEYAIOIUX STHM CIydasiM.
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Has srofi menu paccMoTpum OJHMHOYHYIO MHperpany, ycTaHOBJEH-
HYI0 Ha pocraTouHo Gosblnof rayGuue H, mox BosmeficTBHEM BOJIH,
ABHIKE€HUE JaCTHI KOTOPEIX ONHUCHIBAeTCS JHHEHHON TeopHeH! BOJIH Ma-
JIOH aMIIUTYQH Ha ray6oKoit Boxe
I - . 1 —kz .
V=—-0he"*cosof u v =—50%he™* sin of,

Te © —4acToTa BOJHE; k—uacTota GOPMbI BOJHH, k== 2n/A; h u
A — BBHICOTA M AJHHA BOJHBL. _

Hurerpupys mo Bsicote mperpamsl, ONpeNesIUM aMILIUTYABl PABHO-

JeHCTBYIOUIHX COCTABJSIONINX:

Cexdh? —
e =TT (1) (1)
2 — .
Quy =1l (| _o=tt), 2

Iie ¥ = pg — MJIOTHOCTh BOZDL. _
C momompio (1) u (2) Tekylmee 3HaueHHe CyMMapHOH Harpyskd
3amuilieM B BHAE

Qz="Fkh? cos ot | cOs o |4 kyyh sin of, 3)
rie ,
ko=1Cud|16, kyy=1md?C,,/8.
(3HaueHusiMu e~ y e2*H B CBsI3H C PACCMOTPEHHEM Taybun HZ=
= 50 M MOXHO IpeHeGpeYb MO CPABHEHHIO C enununest). AMminuryn-

- L]
HOe 3HayeHHe Qx ONMpeNeNHuTCH H3 YCaoBHA: Qy = 0.
IIpoussens puddepenunposannue, noayanm

. _ huy
sin wf = T
OTKyZa
k?
costof=1——7F",
. 42 h

IMocne mopcraHoBKH 3HaueHuii sin wf u COS wf B BhIpaxeHue (3)
HMeeM '

Qa1+ e e

HJIH
Qu—rtunh (72 gy, (5)
B (5) BolpaxenHe B cKOGKax BCerna GoJblie 1, ecnu kun/2kcxh <
Huxnee npepesbHoe ero snauenne Qz = Euygh UpA Ryu/2Rcxh =

<l
=1, T. e. He 3aBHCHT OT kcx. . :
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TocsenHee CBHAETEALCTBYET O TOM, YTO INPH Ruu/2Rcxh > 1 aMm-
IJIMTyAHOe 3HadeHne Qz QopMHpYercs 3a CueT WHEPLHOHHOH COCTaB-
Asiolell. 3HaUeHHe BLICOTH BOJIHBI, A0 KOTOpOH Habmopaercst mpeol-
JajaHue HMHEPUHOHHOH  COCTaBJAMIIEH, ONPENENHTCA H3 YCJIOBHS

n

e < ———— uam, ¢ yuetoM (3),
2kex

hm—x <ﬂd'f;' ; (6)

: 1
. IlpunuMmas 3a JONYCTHMYIO MOrPELIHOCTh BEJHYHHY —16—,' MOKHO

OLEHHTH 06J1aCTh HapaMeTpPOB, COOTHOLIEHHE KOTOPHIX NO3BOJAET Ipe-
HeGpeub HMHepUHOHHOH cocraBasiomel. ITpupaBnuBas B (4) BTOpOe

2
] , I kHH _l_ kuﬂ
cjaraeMoe B CKo6Kax K 15+ MOAYIHM —4K—2h—2—< 16> OTKYyHa R >2 Fror
CK
T. €. B 4 pa3a Goabiie Ay
Cun
hey = 4nd =, (7)
- Cex
Ucnonpsys (6) u (7), ompelenuM KpHTHYECKHEe 3HAUEHHs JaHa-
METPOB
Cex h Cex h
dnu> me —7:— u ch\<\'Tm:T._

B KauecTBe OpHEHTHpa MpHBELeM KPHTHUECKHE 3HaueHHs JHa-
MeTpa IIepOXOBATOH THJIHHAPHYECKOH KOJOHHH, Mt KOTOPO# Cox =
= 1,33 u CMH= 2 [1], .

2h
dcx <—5?’ dﬂﬂ>ﬁ"s

CBUETE/IbCTBYIONIHE O TOM, 4TO IPH pacyere Harpysok Ha IMIaJKYIO
KOJIOHHY C auaMeTpoM d << h/6m HoJKHA YYUTHIBATHCSH TOJBKO CKOPO-
CTHas cocrapJisfwmasi, ¢ d = 2h/3n — TOJbKO HHEPUHOHHAS, C AHAMET-
poM h/6m << d << 2h/3n — o6e cocraBasioUIMe. .

OTMeTHM, 4TO IOJYYEHHBIE Pe3yJabTaThl HO3BOJSIOT OLEHHTh KPHUTH-
yeckue 3HaUeHMS d MPH ONpeJesieHHH HAarpy3oK B PeryJjspHOH mocra-
HOBKe 3ajayi. IIpu pellleHHH 3aJayd B CTATHCTHYECKOM IIaHe KPHUTH-
yecKHe 3HaueHHs d NpejJaraercs ONpelenaTh HCXOAs M3 CBOKCTB
pacrpejeneHus aMIVIUTY A CyMMapHOH HarpyskH.

Pacmpesiejienrie aMIUIATYJ CyMMapHOH Harpysku Haljgem c I0-
MO0 IPeo6pa3oBanus (4) HCXOXHOTO pacrpenesenns /i, anmpoKCH-
 MHPYEMOro 3aKoHOM Pajiesi (Takol MyTb HepeAKO HCIOJb3YeTCs B 3a-
nauax storo poma [2], [3]): P(A>;) =e~*/Er , rpe En—mapa-
.MEeTp. 3aKOHa.
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Hmes B Bnny, uTo p (Qz)dQsz = p(h)dh [4], momyunm:

np: Qy < - 2 '
R
. A

Q e L ;

B.E,

(Qz) 8)
2

npy Qz T

(e
1 kchh 4k%KE‘h
p(Q)=v-%,¢ R ©

Bripaxkenue (8) nossosnsier HafiTH dyp, NPH NPEBHILEHHH KOTOPOTO
JOMyCTHMO HpeHeOpedb CKOPOCTHOH COCTaBJASIOIleH. DTO BHIpaxKeHHe,
KaK MOXHO BHJAETb, fiBJAseTcs AHGP(PepeHUHaNbHOH IVIOTHOCTBIO pac-
npepeseHusi PaJes, chnpaBeanuBOoro IS  COOTHOIIeHHs Qs <<

< K/ 2k

BOCHOJlb3OBaBH1HCb HHTeraJIbeIM npeJCcTaBJieHNeM 3TOTO pacnpe-
JieJieHHs, IOy YnuM

Q}.‘. = kHH VFh 'l/lll_n-,

rJie 11— 06beM BHIGOPKH, IPUHATHI B PaCCMOTpPEHHE.
2 o
IlockonbKy Qs << kun[2kex, MOxeM samucaTh RV E,VInn <
2
kai/2k,.
YuureBas, 4To

—8.0,143 [—"23]2 (10)

: A VIan C
nMeeM d,; > _31_VS7T C::

3HaueHHs dgp AN CKOPOCTHOH COCTaBJsIOLIeH HafiieM aHaJOTHY-
HBIM o6pasoMm. MHurerpasnpHoe pacnpeneneHue Qz, oTBeualomee (9),
3anuuiercsl B BHIe

E, 152
h 4L E,

_ Qg L
kC]( CK
P(Qz>Qy)=e .
OrlpeJJ,eJIPIB Haubogabllee XapaKTepHCTquCKoe 3Ha4YeHHe Hu3 ycCJo-
~. 1
BHSA P(Qz > Qz) = 7,’

2
MOy UHM Qz—kchh Inn (1 + 4kc,<nlﬂnn ) 316 %ZD%

3 3Bak 484 1 33
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ITonaras gomyctumbim YPOBEHb NOTPENIHOCTH —-Ilé—, MOXKeM 3alH-
cato '
kzﬂ : 1
42 Eplnn 16"
[loncranoska sHaueHHH hun, Rex H Ej IPHBOMUT K BHPAKEHUIO

h3VInn Co
ch< 7,4575 CHH .

KpHTH‘IeCKPIe 3HaYeHHs AHAMETPOB AJd paCCMOTpeHHOﬁ BBILIC
raajgkKou I.LI/IJII/IHILpI/I‘-IECKOﬁ KOJIOHHBI paBHBI:

“h3Vlan A3V inn
G < —T97 — H G 2> —5 5o -

B cBsA3H ¢ TeM, UTO Ha NMpaKTHKe HEpeAKO HCIOMB3YIOTCH 06e To-
'CTaHOBKH 3aJau (perynsipHas M HeperyJspHas), NMpeACTaBjseT HH-
TepeC BO3MOXKHOCTb CONOCTABJEHHS NMOJYyYEHHBIX Pe3yJabTaToB. B JaH-
HOM cJydae 3TO BBIIOJIHUTH JOCTATOYHO IIpocto. Ecnu cpaBHeHnme
Pe3ysIbTaTOB N0 dyp NPOMSBOAHTCS JJI HEKOTOPOrO CTALHOHAPHOTO pe-
KUMa, XapaKTepH3yeMOro hs, To obecleyeHHOCTb, KOTOPYI CHeLyeT
IIPDUNACATb BHICOTE DPEryJSIPDHOH BOJIHBL /I, ONDENENHTCS H3 YCJIOBHS
HIEHTHUYHOCTH pe3y/]bTaTOB NO dxp B OOEHX NOCTAHOBKAX 3afayd.
IlpupaBHuBas cOOTBeTCTBYIOLIHE BHIPAXKEHHS, IONYIHM

h3Vln_n Cex __i Cex . (11)
1,870 Cuyy =~ = Cpu °

Monyyennoe us ycnosusi (11) sHauenwe h = hs})Inn/1,87 umeer
06ecreueHHOCTE :

—n? - !
e h/Eh=e Inn=1/n.

Takum o6pasom, eciu BeJHUWHe A NPHIHCHIBATDH obecrneueHHOCTh
1/n, mpyruMu cioBaMH, HCIOJB30BaTb HAHGOJbIIEE XapAKTEPHCTHUE-
CKOe 3HaYeHHe /i B BHIGOpKE 00BEMOM 71, TO Pe3yJbTAThl IOJHOCTBIO
COBHALYT. , :

B sagjiouenwe mpHBeneM NpuMep NPAKTHYECKOTO IIOJE3HOTO HC-
MOJIb30BAHHS PA3AENBHOTO DPACCMOTDEHHS COCTABJSIOUIMX  BOJHOBOM
Harpysku Ha o6TekaeMmble mperpansl. OpHeHTHDPYSICH HA POJb CKOPOCT-
HOH cocTaBisiioliell B (OPMHPOBaHHH <XBOCTOBOM» HacTH paclpeje- -
JIEHHS, NaJHM CIIOCO0 SKCIePHMEeHTaIbHOM OlleHKH napamerpa Cox TpH
NIPOBEJ(€HUH HCIBITAHHE B HEPErYJISPHBIX YCIOBHSX.
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OrceueM rucTrorpaMmy aMIUIMTYAHBIX 3HaueHHH Qz B HEKOTOPOH
T0uKe Qx, > k2 [2kcx. OTcCeueHHAs IVIOTHOCTb BEPOATHOCTH (NpaBasi

4acTh) NOJYYHT BHA

— r@Q
p(Qy)=—p—"— ( _‘) : (12)
[ P (@g)aQy
Qz,
PackpwiBas (12), nonyunm
_ Qn—@Qg

N 1 B
p (Qz)=me e

T. €. IJIOTHOCTb PACHpEeJeJNeHHs He 3aBHCHT OT apaMeTpPOB HHEPIHOH-
HOH COCTaBJAIOLLEH.

HensBecTHrlll mapameTp 3akoHa pacnpeneseHHs RexEn onpenennm
METOIOM MOMEHTOB, NIpHDaBHHBasl MepBble MOMEHTHI TeHepaJbHOH
COBOKYNIHOCTH H-BbIOODKH, T. €.

Qz— Q3

oo

Qg - R
h - .
me' CKI-S : dQ}J:Z miQni, L 2> i,
Qs, . i .
I‘ﬂe. in —_— SKCHepHMeHTaJIbeIe' 3HaUeHHud aMHJIHTyI[ BOJIHOBBIX = Ha-
IPY30K.
HpOHSBe}Iﬁ H306XOﬂHMbIe ﬂeﬁCTBHﬂ, 3anuieM

Hmes B Buay (3) nm (10), mo Bupaxkenuo (13) MoxHO ompege-
JUTh Cex: '

56 @] mQ, — Q,,o)

C =
cK th d

, 1>

Ilonyuennoe 3nauenne Cox CIeLyeT pacCMaTpHBAaTh B KauyecTBE
OLEHKH MAaTeMaTHYeCKOro OXKMIAHHHA, IOCKOJBKY B HATYPHHIX YCJIO-
BHSIX 3TOT KO3(D(PHIHEHT HMeeT onpeeseHHbIH pasbpoc. :
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YK 629.124.74 : 622.42

JI. B. Baazosudos, T. H. Marpocosa

ONPENEJEHHME HATPY30K OT TEYEHHUA
INPU NPOEKTUPOBAHHKH NJIABYYHUX BYPOBbBIX
YCTAHOBOK

Ha nnaByune Gyposble ycranosku (IIBY) geficreyior cambie pas-
HOOGpasHble BHEIIHHE HAarPy3KH, OCHOBHBIMH U3 KOTOPBIX ABJSIOTCS Ha-
TPYSKH OT Berpa, TeYeHHsl H BOJHeHHs Mops. Tak, Hampumep, pacuer-

Hble [TapaMeTphl BHEUIHHX YCJOBHH

50 JJs HeKOTOPHIX PaHOHOB 3KCIIya-
< ‘ / tanuu [IBY npuBenens B TabJ. 1.
3 200 AHanu3 [QaHHBIX TIOKAa3blBaeT 3Ha-
§ N/ , YHTEJIBHYIO CYPOBOCTH BHEIIHHX yC-
N J' JIOBHH B OCHOBHBIX paHOHAax 3SKC-
N 24 \/7\ 1 nnyatauun IIBY. PacyerHme cko-
S 500 ! POCTH TeueHHd, corjacHo Ttabua. 1,
§ N />< /‘i : MOTYT HaXOAHTbCH B Npelenax 1

7000 \ZV > Z 6 ys. '

§< o 3HaHHe HArpysOK OT TedeHHs

- TF HeoOXOJUMO IPH IPOEKTHPOBaHHH

A=A IIBY nass npoBeleHHA pPacueTOB
A MPOYHOCTH MIaTHOPME H 0COBEHHO
A B (R T R T JJIs1 pacyeToB CHCTEMBl yAepXKaHHUS

Cropocms mevenus, wic  Ha MecTe (KaK SKOPHOH CHCTEMBI,

/
TaK U CHCTeMbl AHHAMHYECKOro Io-

Puc. 1. KpuBele Harpysok oT Tege-

HHSI JJI TIONYNOTPYKHEIX TIaThOpM 3HIHOHHPOBAHHA) .

KaraMapaHHOro THna ( Jarom - Harpysku oT TeueHHS MOTYT KO-

K TeUeHHIO; — —— — TIPOTHB HEro): CTHUTATh 3HAYHTEJBHBIX BeJHYHH

I— «Hakuryu III» (ocamka 20 m); 2~— (puc. 1) u nexar B npepenax or 50

«Aker H-3» (ocamka 21,4 M); 3— 150 usg
«Hakuryu II» (ocamka 20 M) A0 T TIPH CKODOCTIX TeYeH

J0 2 y3 17151 HOJYNOrpyKHBEIX IJaT-
dopm  kKaramapanHoro Tuna. OCHOBHBIE 3JI€MEHTHl IJIAaTHOPM, A
KOTOPHX IIpHBeJeHH TrpadHKH HArpy3o0K OT TEUeHHs, YKa3aHbl
B TabJ. 2.

Ananusupys rpaduku Ha puc. 1, Hao NOLYEPKHYTh TO 3HAUECHHE,
KaKOe HMeeT NpaBHJbHOE OPUEHTHPOBaHMe MJIaT(OpPMH HA TOuke Oy-
peHHsT OTHOCHTEJNBHO IOCHOACTBYIOILEro TeueHHd. Hampumep, CTOsSHKA
CTPOTO MPOTHB TEUEHHsI WU ¢ YIrJoM B npenenax go 30° naeT yMmMeHblIe-
HHe Harpy30K OT TeueHHs B 2—2,5 pasa 1o cpaBHEHMIO C HarpyskKamu
IpH CTOSTHKe MIAaT(hOPMbl KaTaMapaHHOrO THIA JaroM K TeueHuw. bHo-
Jiee KOHKPETHO COOTHOIIEHHS MeKJAy Harpy3kaMu OT TeUeHHs IpH pas-
JUYHBIX yrjiax ycraHoBkH maatdopmel «Aker H-3» c¢ nampas/ienuem
TEUEHHS MOXKHO IPOCJIEIHTH IO NaHHBIM TalJ. 3.
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Tabauya 1

PacueTHble MapaMeTpbl BHEUIHHX YCJIOBHil AJjst paiioHOB SKCILIYaTaUHHK
GypoBbix muatdopm

Paiion skcnayarauun
= [=]
. = g g g 2
Mapametpst 5 g g 2 o g g gg %E _
= & 38 5 5% g9 | g8
= Oz Oa Z &= 32 | 482
Bricota BOJIH, M (1 pas
B 100 Jster): _
MakcuManbHas (ma ray6ume | 7,6 | 18,2 9,1 10,0 | 16,7 — 8,5
30—60 M)
Berep, m/c (1 pas B 100 xer):
MaKCHMAaJbHbie NOPEHIBH 46,3 1 69,56 | 51,4 |51,4) 92,6 | — |51,4
NIPOAOJKHTENLHOCTD 1 30,91 46,3 | 33,4 | 33,4| 59,2 — | 33,4
Teuenne: ’
MaKcHMajdbHOe ofliee, y3 2 3 2 2 I ! 6
IpuanBh, M (Makc. actpomomu- | 3,0 | 4,6 | 3,0 2,4 3,3 | 6,4] 9,7
YECKHX U LITOPMOBHIX)
Ta6/mi;a 2
OCHOBHbIE 3JIEMEHTh! MOMYNOIPYKHBIX niaaTdopm
Yeranoska
OCHOBHbIE X3aPAKTEPUCTUKH JAker H-3%, LHakuryu 11I=, .Hak-lll.lyi'r)tlilll 1=,
Hopserua slnoHus »Mitsubishie,
AnoHus
['a6apuTHEE pa3Mephl YCTAHOBKH B Ue-
JIOM, M: -
IJInHA 108,2 101,0 95,0
IWHPUHA 67,4 67,0 62,0
Buicota oT OI 10 BepxHelt nany6ul . 39,6 . 40,93 30,40
HAsnnHa HHXHHX TNOHTOHOB 108,2 101,0 95,0
Mupuna » " 10,98 12,0 12,0
Bricora Gopra HUKHHX NOHTOHOB 6,71 7,0 6,0
BojnonsMeuieHHe B pafoueM mNOJOKe- 18 100 21000 18 570
HHH, M
Ocazika B paGoueM NOJOXEHHH, M 21,4 20,0 20,0
I'y6uHa MOCTAHOBKH B MOpe, M 183 300 200
Cny6una GypeHus, M 7600 9000 9000
KounnyecTso cTaGHAN3HPYIOIIHUX KOJIOHH 8 8 6
Huamerp o, " 4% 17,91; 4% 8,8; 9,0
45,79 4% 6,8
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CpaBHHATENBHYIO OLIEHKY HAarpysoK OT TeUeHHs NPH OPHEHTHPOBKE
IJaTHOPMBL CTPOro NPOTHB TEUEHHs A4 Pa3JHYHBIX THHOB MBII mo-
XHO cpenaTtsb 1o puc. 2 [1]. ' ‘

B o0umelf cyMMe OCHOBHBIX BHEIIHHX HAarpysoK (Berep, BOJIHEHHe
MOpSl H TEYeHHsI) HarpPy3KH OT TEeUeHHS COCTABJAAIOT 3HAUHTEJNLHYIO
BeqHuHHy (Taba. 4). B aTo#i TaGauue npHBeieHbl HCXOAHHE JaHHBIE
IJs pacuera AKOPHOH cHcTeMHl naatgopmer «Hakuryu HI». Ha ocuo-
; BaHWH aHaJu3a 3THX KAHHBIX MO-
/7 xHo cpenaTh cjlelyiOuiHe BH-
BOJHI: v
35 — npouecc GyHKHHOHHPOBA-
nus IIBY nogpasmensierca Ha
HECKOJIBKO  DAacCUeTHBHIX pexXHu-
57 MOB, MJSI KOTODHIX BHELIHHE yC-

= J f S / JIOBMS NPHHHUMAIOTCH  pasJiuy-
wufal 2 .
coo HBIMH,;
7 25 - — pacyeTHbIE CKOPOCTH Teye-
L=28 pym
_ HHS IPHHHUMAIOT YMeHbUIEHHBIMH
4 "IN XKECTOKHX IITOPMOB, TaK

70 xax npu BonHax BhicoToH B 14

= u 185 M (ocamka mraThopmbl

' s 18—20 M) cropocts TeuenHs

/1 OObLIYHO YyYHTHIBAETCA B  pac-
= yeTe HAarpysoK OT BOJIHEHHS;

” — BETep H TEUeHHs paccMarT-

PHBAIOTCSl KaK TMOCTOSTHHBIE Ha-

/L‘z‘jﬁww I'PYy3KH, BOJIHOBBIE HATPY3KH pac-
&
L]

\ -
\XW
N

\\\\N 3

CUHMTHIBAIOTCA KaK JHHAMHYECKHE
’§ H OIpefendioTcss B BHAE aMIl-
e » ~ JIATYJ TOPH30HTaJBHHIX Koseba-
47 gz 45 4k 45 48 oVl HH# OKOJIO HOBOTO CTaTHYECKOro
: TOJIOXKEHHS, JO KOTOPOTO IJIaT-
Puc. 2. Kpusumé Gyxcupoounoro compo- (OpMa JpeddoBana moj pefict-
THBJIEHHSt Ha Tuxod BoAe Kopmycos IIBY  Buem BETpa H TCUECHHS;
pasauuHbX THROB (U —B y3nax; L— — NS peXHMa <«BBIXKHBa-
' B byrax) ' Hua» (100-meTHHE WITOPM) MJaT-
. (hopmMa NPHHHMAETCSA OPHEHTHPO-
BAHHON NPOTHUB HanpaBpJ/ieHHs BOJIHEHHd. '
Kpome Toro, B 3apybexubx nybaukauusax [2] ykasbiBaercs, uTO
OpH NeHCTBHH TeUeHHUs NEepHeHJAUKYJSDHO K HHXKHHM IIOHTOHAM BO3-
MOXKHO sIBJIEHHE CPHIBA BHXPeEl C IOJABOJAHBIX yacTell KOHCTPYKUHH, KO-
TOpO€ TPUBOAUT K BO3HHKHOBEHHIO KoJieOaHHH NAATHOPMEL; B ciaydae
coBnajeHus (GaH30cTH) cOGCTBEHHOro HepHoia KoJieGaHui niaatdopMul
¢ NepHOJaMH BHUXPEeBHIX KoJeOaHH# MoryT OHITh 3HAUHTEJbHbLIE BEPTH-
KaJibHEE H YIVIOBble NepemeliieHus (puc. 3). B sToMm cayuae yMmeHb-
ImeHne KoJieGaHul NnnaT@OpPMBl JOCTHraeTCsl YCTAHOBKOH MeXAy HHXK-

/7

\

\

'HHMH HOHTOHaMH COEeOHHHUTEJBbHBIX IIJIaCTHH.

Bce ckasaHHOe BhIllle KOPOTKO XapaKTepH3yeT BarxKHOCTb H CJIOXK-
HOCTb yueTa Harpy3ok OT TeueHHs NpH npoekrupoBanuu IIBY, a Takxe
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Tabauya 3

Harpysku OT TeyeHHs AJA MOJAYMOrpyXHoi niatrdopmer ,Aker H-3¢

- CKepeeTh Harpysku ot neﬁcraua TEeYeHud, xH TpH yraax yCTaHOBKH MAaTHOpMbI
TeyeHus K HanpapJAeHUIO TEUEHUST
y3 M/c 0° . 15° 30° 45° €0° 75° 90°
0,5 0,26 40 50 70 80. 85 90 85
1,0 0,52 140 200 260 310 340 350 340
1,5 0,77 310 450 590 700 760 760 760
2,0 1,03 550 800 1050 1250 1350 1400 1350
2,5 1,29 860 . 1250 1640 1930 2110 2190 2110
3,0 1,55 1240 1800 2360 2800 3040 3160 3040

‘ _ Tabruya 4
Mcxopnbie AaHHBE AJS pacyera SIKOPHOH CHCTEMbl mlénbopmm wHakuryu ITI*
HitopMm
Pexcum
Yenosug pas pacuera 6ypenns
eserofHby | xecrokui | 100-neTHuit
BHemnze:
perep, M/c 15 30 40 51,5
TeueHHe, Y3 2 2 | 0,5
Bonna: ‘ ‘
BBHICOTA, M 6 10 14 18,5
nepuoi, ¢ 12 12 14 15
Harpyskn, kH: ‘
oT BETpa 260 1030 1920 3600
OT TeueHHS 1380 1380 350 40
1640 2410 2270 3640
AMniuTyaa TOpH3OHTAJbHO-TIONEpeY- 0,75 1,25 2,80 4,16
HBIX KoJeGaHui, M : .

pasHoo6pa3ue BOIPOCOB, CBSI3aHHBIX ¢ UX pacueroM. ITosTomy B mpa-
BHJIaX KPYNHeHINHX 3apyOe:KHBIX KJIaCCHOHKANHOHHBIX OOLIECTB HMe-
IOTCS  ceuuaJjbHble TPe6OBAaHHS HWJIHM YKa3aHHS O HEOOXORUMOCTH
yyeTa Harpysok or TeueHus npu pacuerax [1BY [3—8]. Haubosee KoH-
KpeTHble TpeGOBaHHs BLIIBHTAIOTCS NpaBUNaMH AMepHKaHCKOro 610po
cymoxonctBa [3] m Hopeexckoro Bepurac [4], HanGosee xe IOJHO
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H NOAPOCGHO paspaboTaHbl npaBuia bBiopo Bepurac (Ppanums), usm.
1975 r. [5]. -

Ananus TpeGoBaHHH HCCIELOBAHHBIX NPABHJ NOKA3BIBAET, YTO MX
MOXHO 'CBECTH K CJEeAYIOUIHM MOJOKECHHAM:

— npu npoektuaposaHuu [IBY Heo6xoguMo yuHTHIBATL HArDPY3KH
OT TE€UEHHS B IIPOYHOCTH PacueTHBIX KOHCTPYKIHM H PACUETHHIX CHCTEM

. yAepKaHHd TJaTHOPME Ha TOUKE OYpeHHS;

— PpacCMOTpEHHIO NOoLJEXKAaT reorpa(bnqecxne, NPUJHBHO-OTJHBHEIE
U BETPOBHIE TEUEHHUSA; HX CKOPOCTH U HampaBJICHHA C yKasaHueM Be-
POATHOCTH NOABJEHMS 1O NpeANoNaraeMoMy paﬁOHy 3KCIIyaTalliu He-

®

3

N ]
: :
R <
N s
h-t3

S S
S S
2 5
3 N
S

S 3
Rt — =

Cropocme mevenus Cropocms mevenun. .

Puc. 3. KoseGauns noaynorpyxHoit naatdopMbsl kataMapaH-
HOrO THNA INPH TOJOXEHHH HHXHHX TIOHTOHOB JlaroM K Ha-
IPaBJIEHHUIO TeYeHHs:

® — C COEJHMHHTENBHON NMaCTHHOM MeXAy Kopnycamyu; () — Ges mia-
: . CTHHB

06xonuMo 6paTh Ha OCHOBE MHOTOJIETHHX CTATHCTHYECKHX JaHHBIX
KOMIIETEHTHBIX OpraHHu3aluil; '
— IpPH pacyeTax MOXKHO YUHTHIBAaTh H3MeHeHHe (€CJH OHO
HMeeTCs1) CKOPOCTH TE€UeHHS 1o IyOHke;
— CJIelyeT YYUTHIBATb B pacyeTax BO3MOXKHOe HaJOMKEeHHE CKOPO-

. CTH TEUYCHHUS W CKOPOCTH JABHIKEHHS YaCTHIL BOAbl, BbI3BAHHKIE BOJHO-

BHIMH [BHXKEHHSIMH;
— JUJIA pacyeTa HarpysoK OT TeYeHHs peKOMeHAyeTcst O6LIYHO 06-
I[eH3BECTHAS TeopeTHYecKass (opMmyJia H JAIOTCA YKasaHHWs IO BHI-
6opy KoaduuHenTa CONPOTHBJEHHS MJsS CAMBIX NPOCTEHAIIHX (OPM.
‘Haun6onee o6mupHble peKOMeHIALMK [0 STHM BOIPOCAM HIPHUBEIEHH!
B npasuaax Hopsexckoro Bepurac u Biopo Bepurac [4, 5]; :
— Heo0X0QMMO OLEHHBATb KOHCTPYKLHIO IJIaTdOpMbl TaKke Ha
BO3MOXKHOCTb BO3HHKHOBEHHSI ee KojeOaHUil INpH AEHCTBHH TeYeHHS
(unm mpu OGYKCHDOBKe) B CJydYae CPhiBA BHXpEH C MOABOAHBIX yacTeil
KOHCTpYKUHA. KoHKpeTHble peKOMeHZalui O pacueTe B 3TOM cjyyae
YaCTOTH H3MEHEeHHs THAPOJHHAMHYECKOH CHJBI (T. €. YaCTOTHl pacnpo-
CTpaHeHHs BHXpeH) clelaHbl B npaBuiaax DBiopo Bepurac [5]; B HEX
XKe Tpebyercss HCKJIOYATh GJIM30CTb 9TOH 4aCTOTH K COGCTBEHHBIM Ya-
cToTaM KOHCTPYKUMH. OLEHKA MO 3THM NPaBH/aM YCJIOBHH BO3HHKHO-
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BEHHs] DE3OHAHCHBIX Ko/MeGaHMA NOKa3bIBAeT, 4TO, HANPHMeED, IS
nnardopmer «Hakuryu I1I» 3170 B03MOKHO IPH CKOPOCTH TeueHHs (usm
CKOPOCTH GYKCHPOBKH) MOpsaKa 8 y3; -

— CJIy4aHHBEIe YCJIOBHS OKPYXKalollell CPefsl MOryT GHITh MpeACcTaB-
JIEHbl CXeMaTHYHO ABYMSA XapaKTEPHBIMH COCTOSIHHSMH:

— HOpMaJIbHBEIE YCJIOBHs (TaKHMH 1O mpaBHsaM DBiopo Bepmrac
NPHHAMAIOTCS YCJIOBHS, HMEIOUIME NepHOL MOBTOPseMOCTH 1 Mec);

— upesBHYaliHble yca0BUA 3a mepuox 50 uam 100 jer.

OTH YCJOBHS COOTBETCTBYIOT BEPOSITHOCTH cOOHITHSA 4X10~8 mis
OOBIYHBIX YCJIOBHH; A/ YPE3BHIYAHHLIX YCJIOBHi BEPOSITHOCTH COCTa-
BuT 1078 mpu 3KCTpanoJsLUH CYIIECTBYIOMIHX CTATHCTHYECKHX -IaH-
HEIX. .

B pesysbraTe paccMOTDEHHsI BONPOCOB, CBSISAHHBIX C pacuieTaMH
Harpy3ok oT TeyeHHs! IpH npoekTHposanuu IIBY, u amauausa ocHos-
HBIX Tpe6OBaHMI NpaBHJ KAacCHMHKANMOHHHIX OGIIECTB Heo6XOLUMO,
00 MHEHHIO aBTOPOB, CHEJATb CJAEAYIOLINE BHIBOMHL: _

— KOMIIJIEKC BOIIPOCOB, CBA3AHHHBIX C HATPY3KaMH OT TEUEHHS, JO-
BOJIBHO OOIIMpeH, pasHooOpaseH u TpebyeT AajbHeHIIEro H3yYeHHS,
TEOPETHYECKOH M 3KCNePUMEeHTaNbHON pa3paboTKu;

— Harpysku OT TeYeHHs NOJIKHBI 0053aTeJbHO pacCMaTPUBATLCS
B 061eM Kpyre BHELIHHX Harpysok;

— KOHKpeTHBle MOAPOOHbIEe yKa3aHHS O pacuyeTe Harpysok OT Te-
YeHHs|, UX CYMMHDOBAHHH C OCTaJbHBIMH BHELIHHMH HArpysKaMu HOJ-
¥KHB GBITh OQOPMJIEHB OTACNBHBIM METOAHYECKHM HJIH HOPMATHBHBIM
AOKYMEHTOM, KeJNaTeJbHO KaK ClelaJbHOe DYKOBOJACTBO Perucrpa.
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YIK 629.12.011:539.4 _ :
B. A. Kypdromos, B. H. Tpacxun, [. E. Xeiicun
ONPEAEJEHHUE JEJOBOY NPOYHOCTH KOPIIYCOB
TPAHCIIOPTHbLIX CYAOB

Vcuaus, BO3HHKAIOLIKE NPH YAape CyAHA O KPOMKY JEJSHOro moJs,
ONpEeeNsiioTCs €e IHHAMHUECKHM CMATHEM H paspylleHHeM  STOro
nossi. PaspyuleHne Iiapaiollefl JeAsHOH NJIAaCTHHB CMsAryaer yaap,

-TaK KaK pas;apobieHHe KPOMKH JbJa Ha 3TOM 3akanuusaercsl. Ha-
rPySKH, AEHCTBYIOLIHE HAa KOPHYCHHE KOHCTPYKUHH, 3aBHCAT OT pas-

MEpPOB IIOJIY‘IHBLLIEﬁCH 30HBl KOHTAKTa U JAOCTHTHYTBIX KOHTAKTHBIX

IaBJeHHH. BausHMe paspylleHHs JEAAHOTO IOJs 31eCh Onpelensdercs
nosefi KOJHYeCTBA JABHXKEHHS B HATIPABJEHHM yAapa, IepefaHHOH OT
CyAHa JbLY K MOMEHTY paspylleHHUs.

Takum 06pasoM, RS BBIYHCJEHHS YCHJAME NpH yAape CyAHA OJex
HeoOXOAHMO HCCJIEL0BaTh TPH NMPaKTHUECKH CAMOCTOATE/bHbIE 3a/a4HM:
ONpele/uTh HECYLLyI0 CHOCOGHOCTb JEASHOrO IIOKPOBA; DELIHTh 3a-

" gauy 06 ompefesieHHH KOHTAKTHHIX JIaBJeHHH NpH pasapoOieHHH JbAa

TBEPABLIM TEJOM; ONPEJeJHTh BIHSHHE Pas3pyIUeHHs JIeASHOH MIACTHHBI
Ha MaKCHMaJibHble KOHTaKTHbIe YCHJIHA NIPH yAape. ~

IIpu ompepeneHns Hecyile# CHOCOOGHOCTH JIEASHOrO IIOKpOBA MO-
" 3KHO HMCIIOJb30BaTh pekoMenfanuu [1, 2}.

B caydae OMHOMEDPHOIO BHITECHEHHS! Pa3ApOOJIEHHOrO JbJa U3 30HHI
CMSITHSI KOHTAKTHOE JaBJeHHe onpejeasercs dopmyoi [3]:

. 1 1 ) 1 1
p=o" (6u))" ()7 ("=, ()

IJie U — CKOpPOCTb BHEIPEHUs! TBEPAOro Tela B Jel; W — KodpPHUUHeHT
BHYTPEHHEro TPeHHsi B pasApoGJIeHHOM JIbly; Rp — llapaMeTp AHHAMH-
yecKofl MPOYHOCTH JbAa Ha pa3fpobJienHe; o — KO3(QGHIHUEHT, YUHTH-
BAIOMIHI CKOJEL [0 KPasiM 30HBl CMATHS, 0> 1; b — BEICOTa 30HbBI CMA-

THS; x.= 20.x/b — OTHOCHTeJIbHAS KOODJAMHATA B HaNpPaBJIEHHH BBITEC-

HEHHUS.
YpaBHeHHe ABUIKEHHS CyAHA IO HOpManau K 60pTy B TOYKe yjaapa
3aMHIIeM TPH HAYaJbHOM YCJIOBHH U |g—o= Un B BUIE

My %Z_H pdF =0, )
F

rie Mg B ug—Macca H CKOPOCTb Cy[Ha, IPHBEJEHHBE K HalpaBsJje-
Huio yaapa [4]; {—rayGuHa BHenpenus 6oprta B Jex; F— miolane
30HEI KOHTAKTa. ‘ ’
3agaBasice GopmMoil KPOMKH JIeASHOrO MOJs W pellas ypaBHEHHE
JIBHKEHHS, MOXKHO HOJYYHTb 3aBHCHMOCTb CKODOCTH BHEJPEHHS U=

°
= ¢ OT rayGuHHE BHeAPEHHs §. 3Has CKOPOCTb BHEAPEHHS, MOXKHO BHI-

YHCIUTb JAaBJeHHe p, CyMMapHyio cuay P=)p dF 4 TOroHHy© Ha-
F
TPY3KYy g = Sp dx pas ao6oro MOMeHTa yaapa.
b
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OG6osnauum yepes fmax MAKCHMAJBHYIO TyOUHY BHeJpeHHs GopTa
B HEpaspyllaeMylo JeIsHyl0 miaacTuuy. Ef CoO0TBeTCcTByeT v=0.
Torga v, p, ¢ u P MOXKHO IpeACTaBUTD: -
4

0—20,(1-0)7 ; @)
p=1,288p 00 (1 Rou ®3)
g=1,406¢ 1y (1 —@)—;E’%; )
'P=1,460Pm(1—@)i7@, | )

rJe § = §/Cmax — OTHOCHTeJIbHAS rJIy0HHA BHENPEHHS.

s dopmyn (2)—(5) crenyer, uro Bo Bpems yidapa cHauaJjia JoO-
CTHraeT MaKCHMyMa KOHTaKTHOe JaBJieHHe, 3aT€M [OTOHHAs Harpyska
H Noc/eHell — cyMMapHas cuaa. Bripaxenus (2)—(5) cnpasemuse
B TOM cJjy4vae, KOria Harpyska Pp, paspymamomasi JejsHOH NOKDOB,
Oo/bllle  MAKCHMaJbHOrO ~KOHTAKTHOrO yCHaHA: Py > Ppax. Ecau
Py << Pax, TO paspylieHne JeASHON NIACTHHB TPOHCXOLHT HOpH TAY-
Oune BHEAPEHHS {p << Lmax, H CYAHO B MOMEHT DA3DYUICHHS JEASHOTO
IOoJIsT COXpaHsieT B HANPABJEHHH yJAapa CKODPOCTb, He PaBHYIO HYJIO:
v=ugk (0 <<k <<l). ' .

IlycTh slefsiHas OJaCTHHA JIOMAaeTCs npu (=0 <<1. Torpma wus

4
ypaBHenns (2) umeem k=(1—20})7 . [Tpoune 6e3pasMepubie BeH-
YAHEI B BHNE OTHOWEHHH P[Pmax=F,» q|Gma=Fy, P|Pmax=Fp u
b/bpax= f, MOXHO NpeiCTAaBHTL B npouecce yiapa Kak (QYHKUHH
napamerpa~k: : ‘

RV AR 1 T\L
=1,24%" 1—/34)6; =141* 11— %)%,
P q

1 T\2 J\L
4 4
fp=146k"* (1.-—k )3 : sz(l—k )3 .
MaxcuMasbHEle JaBJIeHHs, [OTOHHAsi HATPY3Ka, CyMMapHasi CHA4
H BBICOTA pacCHpefesIeHHs JIEAOBOH HATPy3KH IIPH YAAPE O CKPYTJIeH-
HYI0 KpOMKY pajnyca R ¢ yUeTOM paspylieHHsi JEASHOIO MOJAS Ompe-
nensercs no GopMyaam: '

113 1

Prac=0,66M° v5* a, (2R) " F,f,, (6)
L3 1

qmax=O,67M 2 ‘008 aps (2R) 41‘:‘(]]‘14, (7)
2121

Prax=0,88M* 05 ay’ (2R)° Fpfp, ' @®)
1 7 3 1

bnn=133M°v0"ay @R) °Fofy, ©)
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r1e Ugp— CKOPOCTb IOCTYNATEJbHOIO ABHXKEHHA CyAHa, M — macca
5

cymHa; ap =(6pkd)** — ycnoBbIli mapaMerp, XapaKTepH3YIOLUHH JH-
HAMHYECKYyI0 IPOYHOCTDb JbJa Ha pas3apolbieHHe.

O yurupy GopMel Fp, Fy, Fp ¥ Fp OIpefessiioT XapakTep H3MeHEeHHS
napaMeTpoB yaapa mo AauHe cynHa [3]:

L I .
F,=1*(C’) °sin *Bcos °B; (11)

s .1 _3 1
F,=I18(C) *sin *gcos * B ‘ (12)

o2 1 2
Fp=Il2(C") *sin 2Bcos °B; (13)

S S . |
Fo=12(C) 3sin *fcos °B, (14)

rae C’ —xosthduluuenT OpUBeNeHHs Macchl; [— KO3(QHUHEHT MpH-
BeJleHHs] CKODOCTH K HANpaBJEHHIO yAapa; f — yros HakJIOHA IIMaH-
-royra. - ’ S

CoorHomenusi (6)—(14) nOJHOCTbIO ONPEAE]SAIOT THapaMeTphl
yaapa IpH YCJIOBHH, YTO BCE BEJHUHHEI, BXOIsIHHE B PACUETHBIE 3ABH-
CHMOCTH, H3BeCTHbl. PaKTHUECKH Hesb3sl OJHO3HAUHO ONPEJEeNHTh HH
OJIMH U3 MHOXKHTeJell B 3aBHcHMOcTAX (6)— (9), KpoMe QyHKumi pop-
MB M Macchl, [T03TOMY, HCXOIsl TOJBKO H3 3THX (QOPMYJ, HeJb3s I1I0-
CTPOHTb METOJAHMKY Olpele/eHHs H NPHHIHNL HOPMHPOBAHHSA JIENOBBIX
Harpy3ok. UToObl nepeTH K HOPMHDOBAHHIO, HYXKHO PacCMOTPEThb CBA3D
MeXIy pacueTHHIMH NapaMeTpaMH H NPOYHOCTbIO KOHCTPYKUHE Jejo-
BOT'O Hosica. ,

" CTpouTeNbHAA NPOUHOCTH KOHCTPYKUHH HOJMKHa ObecredHTs BOC-
TNpHATHE JIeJOBBIX HAarpPy30K, BOSHHKAIOIHX IPH HOPMaJIbHLIX YCJIOBHSAX
SKCIIyaTauun. KarTeropus JeIOBEIX YCHJEHHE CyAHa O0O0yCJOBJeHa
rJaBHEIM 06pa3soM €ero JieZOBOH NPOUHOCTbIO, KOTOpas CBf3aHA CO
CTPOUT@NBHOH NPOYHOCTHIO, HO He HIEHTHYHA eH.

CrpouTesibHasi TPOYHOCTb GOPTOBBIX KOHCTPYKUMH MO OTHOLICHHIO
K JIeOBEIM Harpy3KaM ONPENefsieTcss KOHTAKTHBIM JaBJCHHEM p U BH-
COTOHl 30HH KOHTaKTa b, KOTOPHIM COOTBETCTBYET 3aJaHHOE Ipeielib-
HO HONYCTHMOE COCTOSIHHE KOHCTPYKIHH (0 = Omp). ITO COCTOSIHHE .
MOXeT OBITh AOCTHFHYTO NpH DasJHYHbIX KoMOuHamusx p u b. Ilo-
STOMY CTPOHTeJbHAs NMPOYHOCTL XaPAKTEPH3YeTCs ypaBHEHHEM'

P=p (blozery): | (15)

rpaduk KOTOporo GyXeM Has3hlBaTh KPHBOH CTPOHTEJNbHOH IPOYHOCTH.
Takue KpuBble MOTYT OBITH HOCTPOEHH! HPH pacdeTax B YNDYroi 30He,
Mo TpeNeNbHEIM COCTOSHHAM H T. 4. XapakTep KpHBOH p(b) 3aBHCHT
OT KOHCTPYKIMH NEPEeKPHTHS, MapKH MaTepuajia, NPUHATOTO KpHTe-
pUsl IPOYHOCTH ¥ T. A. KpuBBHIE CTPOUTEJbHOH IPOYHOCTH MOXKHO IIO-
CTPOHTb IJS KaXIOro 3JeMeHTa KOHCTPYKUMH: OCIIMBKH, LINAHrOyTa,
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CTpuHrepa u T. 4. IIpuueM H3-3a HEPaBHONPOUHOCTH OTHEJBHHBIX 3JIe-
MEHTOB 3TH KPHBEIE MOTYT HE COBNAAATh. :

Ilpu pacuerax B ynpyro#t obnacTu AJsi MassIX 3Hauennuit b/l (rze
[ — mpoJieT WINaHroyTa) KPHBbHIE CTPOUTEJNbHOH MPOYHOCTH AOCTATOYHO
O6nuskn K rumepbose p = go/b, roe ¢o— UpefesbHAs TNOTOHHAS Ha-
I'py3Ka. .

B cayuae b — co mosyyuM paBHOMEPHO pacIpeleseHHYIO HarpysKy
Ha Bce TNepPeKphITHe. 31eCh BeJHYMHA p INEpPecTaeT 3aBHCETb OT b
KpuBas p(b) acHMINTOTHYECKH NPHUO/IHKAETCH K HEKOTOPOMY 3HAUEHHIO
p = po == const.

KpuBbie CTPOMTENbHOH NPOYHOCTH ONPENENSIOTCS TOJMBKO pasMe-
paMy 3/eMeHTOB KOHCTPYKUHH H KOHCTPYKTHBHHIM -O0opMieHHeM 6Op-
TOBOro nepekphiTHsa. OHH He 3aBHCAT OT IlapaMeTPOB, XapPaKTEPU3YIO-
IIMX YCJOBHS IJ1aBAHHSA: CKOPOCTb XOAZ, TOJIINHA M NMPOUHOCTH Jbla
i T. A. CBSI3b MeXIy CTPOHUTE]BbHOH INPOYHOCTLIO H YCJAOBHAMH IJIA-
BaHUs (BHELIHHMH NapaMeTpaMH) YCTAHABJIHBAETCS BBEJEHHEM TaK
HaspBaeMol JiefoBOH npouHocTH [4].

[Ton JenoBOH NPOYHOCTBIO MOHHMAIOTCS TPEAENbHO HONYCTHMBIE
3HAYEHHSA BHEIIHMX IapaMeTPOB, KOTOPHIM COOTBETCTBYET 3aJlaHHOE J0-
IyCcKaeMoe COCTOsIHHe KOHCTpyKuui. [lasd JeIoKoJOB, KOTAa paccMar-
puBaeTca ymap o Jej, He pa3pymiaeMmblfi H3rHOOM, TaKas 3aBHCHMOCTH
yCTaHaBJIHBaeTCsl AOCTaTOYHO mpocto [4]. B kauecTBe BHemrnux mapa-
METPOB 3/leCh NIPHHUMAIOTCS CKOPOCTb ABHXKEHHS JeNOKoJa NMpH ynape
U M mapaMeTp AMHAMHYECKOH NPOYHOCTH JbAa ap. [lpunuMas B ypas-
HerusAx (6) u (9) fp==[fy =1, umeem

p=p @, a;); 6=b10, ay), (16)

CrenoBaTesbHO, YeTHIpe pacyeTHEE BeNHUYHMHB (p, b, U, ap) CBS-
3aHBl ApYr ¢ ApyroM ypasBHenuamu (15) m (16). Scmo, uro ozuH u3
napaMeTpoB J0JiKeH OBITH 3alaH He3aBHCHMEIM o6pasoM. [as memo-
KOJIOB 3aJlaBaeMbiM IlapaMeTPOM SBJAETCS CKODOCTh XOJAa NpH yAape
U, KOTOpas Ha3Hayaercs MO YHCTO NPAKTHYECKHM COOOpaKEeHHSIM.

Hcnonpsys saBucumocts (15), ypaBuenus (16) MoXHO mnpexcra-
BHTH B BHJE!

v—0[p(b), b]=v; (p)—=s (B);
ay=a [p (6), 0]=a (p)=a5 (b). (17)

OTH BhIpaxKeHHS 3aJal0T KPHBYIO JIeAOBOH NIPOYHOCTH B MapaMeTpHue-
CKOH ¢opme, rae p (uau b) sABASETCHs BHYTPEHHHM MapaMeTpOM.

- Jag TpaHCHOPTHEIX CyJOB 3alaya CYUIECTBEHHO YCJOMKHSETCS, TaK
KaK HYXXHO Yy4YeCTb HeCYLIYI0 CIOCOGHOCTb JeJSHOro TOKpoBa. Ecau
IPOYHOCTD JIEHAHOTO IoJs 00ycJaoBJdeHa H3rHOOM, TO XapaKTepHCTH-
KaMy €ro Hecyule# CHocOGHOCTH OYyIyT TOJNLIMHA JbAa [ H mpexpen
TIPOYHOCTH NpH H3rube op. PHUKCHDPYS Op, HMeeM TPH BHEIUHUX Dapa-
MeTpa, ONpenenAIOIIHX HATPY3Ky IpH yhape o Jex U, ap, H

U3 ypaBrenu#t (6) u (9) moayunm :

p=p @, a,, k); b=b@, a,, k). (18)
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Kosdduuuenr %2 ompenenuM, NpHpaBHHBas HArpysKy, paspyliaio-
LyO JIe[siHOf TIOKPOB, CyMMapHOH cHJie yaapa

P (v, ay) Fpfp="Py(s,, H). (19)
Yenosue (19) MoxHO nepenucaTb B BHAE
P=P,=P,

rae P——cyM1vrapHoe KOHTAKTHOe YycHJue; Pp— cuia, paspyma}omas{
Jen TOMLUHON H; Perp — KOHTAKTHAsl CHJIA, KOTOpAs AOMYCTHMA [JIS
NAaHHOK KOHCTpYKUu#. HHKakoro HONOMHHTENbHOTO YpaBHEHHT H3
3TOTO YCJIOBHS HOJYUHTb HeJb3s, TaK Kak paBeHcTBO Porp = P 03Ha-
YaeT, YTO BeJHYHHH p H b, BXOJAIIHE
B ¢opmynn (18), Te Xe, uro U B
dopmyne (15).

Eciy cumtath, uTO JEASHOE IOJE
naruGaeTcsd Kak TOHKAf [JacTHHA Ha
YOPYroM OCHOBAHHHM THAPAaBJIHYECKO-
ro THIa M paspyllaeTcs B MOMEHT J0O-
CTHXEHHST MaKCHMaJbHHIMH H3THOHEI-
MU HanpsKeHHSIMM Ipejena NpOYHO-
CTH Jibja. Ha H3THG Op, TO YC/IOBHE
(19) MOKHO IepemnycaThb:

P @, a)) Fpfp=as,H?  (20)

Ile o -—YHCJAGHHBIH KO3 (QUIHEHT,
y'II/ITbIBaIOI.LLEPI 0CcOGEHHOCTH JIOMKH JbJa. DTO PaBEHCTBO MOKHO HC-
M0J1b30BATh MJISI ONpeldeseHHs

k=fr(0, ap, o,, H). ' 1)

Ecnu Pmax << aopH? (k<< 0,371), paspylleHus AbJa HE IPOUCXOJUT
U cJefyeT pacCMaTpHBATh ylIap O HepaspyllaeMoe JefgHOE IoJe, I0-
jgaras £ = 0. B cayyae, korga cTpouTesbHas NpPOYHOCTb 6opTa Xapax-
TEPH3YETCs TOJBKO BEJHYHHOH cyMMapHOH CHJAB Pegp, TO yclOBHE
Perp == Pp 6yneT AOCTATOYHO IS HAa3HaUeHHS Harpy3ok Ha KOHCTPYK-
1y Jefosoro nosica. I1pu 3ToM Je0BEIe HArpys3sku He OYAyT 3aBHCETbH
HH OT CKOPOCTH CYAHAa, HH OT €ro Macchl. PaKkTHYeCKH CTPOHTENbHAS
IIPOYHOCTh XapaKTepuayeTcs mapoit unces (p, b), COOTHOWIEHHSA MeXAY
KOTODBIMH ONpPEHEJSIOTCS H3 pelieHHus KOHTakTHOH samaun (6)—(9)
M 3aBHCAT OT MHOTHX MapaMeTpoB.

HpupaBHHBaﬂ CyMMapHOe KOHTaKTHOE YCHJIHe npejenbpHOR cuile,
paspymiaiolle#i JeAAHO! MOKPOB TOJUIHHOM H, B cnyqae 3aKpYIJIeH-
HOH KPOMKH JIEASHOTO MOJIsI OJYUHM

3 13 ,
Apb® 2R)* sin® p=aq,H?2, (22)
rae A — YHCJIEeHHBI . Koo duuuent; R — pafuyc CKpYyTIJeHHS KDOMKH.

Ha ocroBanuu HpHBelIeHHOI‘O BHIpajKE€HUA MOXKHO NOCTPOUTh Tpa-
¢uku sasucumoctedt P = p(bly_.ong) (cM. puc. 1). Itu rpaduru

IIEpeCceKaloTcsl ¢ KPHBOM CTPOMTENBbHOf IPOYHOCTH — dopmyna (15).

P
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Toukn mepeceyeHHsi COOTBETCTBYIOT DABEHCTBY CTPOMTENbLHON OPOYHO-
CTH HAarpyskaM, paspyllaiOLIMM JeX AaHHOH ToimuHb. [lo Mepe yme-
JIHYCHHS TOJNWHHEL Jbla (M3 > Hy>> Hi) Ttouku nepeceuenus cme-
WaloTcsa BIpaBo (CM. pHC. 1), B 06/1aCThb MEHBUIAX KOHTAKTHEIX IAB-
JEHHH ¥ GOJbUINX PasMepoB 30HH cMATHA. Toraa Ass Kamxno#l TOuku
KPHBOH CTPOHTEJbHOH IPOYHOCTH MOMKHO €IHHCTBEHHBIM 06pa3oM orl-
pesesuTh K00 ToNUMHY abna H (mpn GHKCHPOBAHHOM 3HAYEHWH Gp),
au6o KOMOHHAIIHIO GpH2. : :

PaspewnM BepaxkeHHe IJs JIEAOBHIX Harpysok (6), (9) orHocu-
TeAbHO U 'H ap U NepelifieM K Jef0BOH NIPOYHOCTH. BhigennB Gespas-
MepHEIE MHOXHTEJH, 3aBHCALIHE TOJIBKO :
oT K09 dunuenTa &, noayuum '

v="0(p, b)¢1(k);
G=a(p Ou®. @)

Has pemennss sagaum HyXHO JauGO
OmpelleJuTh 2, NHOO NPEeBPaTHTh €r0 BO
BHYTpEHHHH napaMerp. Bropoil nyTh oKa-
apiBaercsa Gogee apdexTuBHEIM. ITocko/b-
Ky KaXn0H TOYKe KPHBOH CTPOHTEJNb-
HOH TIPOYHOCTH OXHO3HAYHO COOTBETCT-
ByeT TOJIIMHA paspyliaemoro Jjpga H,
chopMyael (23) MOXKHO mepenucaTs BChae- Puc. 2
JAyIOIeM BHJE:

v=fo (H) o1 (k); ap="f.(FH) o (k). @9

YpaBHeHus (24) 3a7al0T MOBEPXHOCTb JIEZOBOM MPOYHOCTH B OCSX
v, ap, H B napamerpuueckofi popme. Koadbounuenr & spiasercs BHyT-
PEHHUM IapadMETPOM. ‘ ' :

Ha puc. 2 nmokasaHBl NpOeKUHH JIHHUH IEPECEYEHHsS TOBEPXHOCTH
JIEIOBOH ITPOYHOCTH C NJOCKOCTAMH [{==const Ha MJIOCKOCTb Udp.
Kpaiinas nesas xpusad (orubaroliasi) COOTBETCTBYeT yLapy O Hepas-
pylraemoe JsensHoe none (k<< 0,371). Ee MOXHO NOCTPOHTb HyTeM
IIPAMOro nepecueTa KPHBOH ' CTPOHTENBHON INPOYHOCTH HO METONMKE,
OpUHATOH AJs Hepaspylulaemoro Jbia [4] IlonyueHHoe ceMe#cTBO
KPHBBIX MOJHOCTBIO ONpeJe]seT JeJOBYIO NPOYHOCTh KOHCTPYKLHH 3a-
JNAHHOH  cTpouTeNbHON mpouHocTH. IllecTp pacueTHBIX mapaMeTpoB
(p, b, v, ap, £ u H) cBssannl coorHowenusmMu (15), (19) u (24).
Yto6bl 3aMKHYTh 3ajayy, HyXkKHO au60 3a7aTh ABA U3 HHX, JHGO MpH-
BJIEUb JOIOJIHUTENbHOE COOTHOLIEHHE MEX/AY PaCUeTHBIMH BeJUYHHAMH.
OTH COOTHOILIEHHS ECTECTBEHHO ONpPEeAe/sATb H3 YCJOBHIl JIef0NpoXo-
JUMOCTH CyJZHa, TIPH €ro CaMOCTOSITENhHOM [ABHIKEHHH BO JbJAX, H
JABUXKEHHH B KaHaje 3a JeJoKosoM. B rnociegHeM ciyyae MOXKHO
notpe6oBaTh, YTOGH JONYCTHMAS CKOPOCTh ABHIKEHHs CYAHa OBHLIA He
MEHbIIE CKOPOCTH HENPepLIBHOTO ABHIKEHHS JIEAOKOJA B CIJIOUIHBIX
JAbpax. 3aBucuMocts v(H) omnpemensercs JeJOBHIMH  KauecTBaMH
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CyAHa HJH JIefOKoJa, cnafo 3aBHCHT OT MPOYHOCTH JbJA H, KaK Ipa-
BUJIO, ONIHCHIBAETCS JIMHEHHOH dyHKIueH [5]:

H

v="o(1 an), (25)
rie Ugp— CKOPOCTb ABHMKEHHS Ha YHMCTOH Bojne; Hyp — npemenabHas TOJ-

IIMHA JbJa, NpeojoJeBaeMas HellPEPLIBHEIM XOZ0M. :
Yenosue (25) B ocsx v, ap, H ecTb IJIOCKOCTh, MapaJefbHas OCH
ap. Ha pmc. 3 mokasaHa NpOEKWHS JHHHH IepecedeHHs IOBEPXHOCTH
JEOBOH NMPOYHOCTH [cM. opmyay (24)] u mmockocTdH [cM. opmydy
(25)] Ha nuockocTh vap (kpusas [). [IpoBeseM IpaMyI0 ap == a;, Ka-
calolyocss KpuBo# / B TOUKe MUHHMMYyMa.
B nuockoctn vH oHa COOTBETCTBYeT KpH-
BOH JiegoBo# npouyHoctu //. Hauunas c Tou-
Ku Op, UMeeM JIMHHIO, NMapaljesbHyI0 OCH
abcumce, TaK Kak 3jech JefoBasg MPOYHOCTDb
onpefensercss U3 yCJIOBHS yAapa O Hepas-
pyluaeMBbl#l Jiell © He 3aBHCHT OT ero TOJ-
IIHHBL B Touke KacaHHS HMeeM TOYHOE CO-
OTBETCTBHE JIEAOBOH MPOYHOCTH U JEAONPO-
XOJUMOCTH CcyAHA. BHe 3TOif TOYKH Jeno-

Bask IPOYHOCTb U3OBITOUHA. »
Ecnu npoBecTu NnpsMyIo ap = ag (o) >
>OL;) (cMm. puc. 2), To B maockoctH vH mo-

Jy4uM 30HY, I'le JefoBas NPOYHOCTb MeHee
| Tpe6yeMOil U3 YCJIOBHS JIEZOMPOXOAHMOCTH.
‘ JTa 30Ha OrpaHHYeHa TOYKaMH mepeceueHHss KpuBod [I] w mpsimoit
: [cM. dopmyny (25)] u ompenensiercs HepaBeHCTBaMH Perp << Pp mpu
|
|
|

| Puc. 3

v, <v’<vy w H]>H'>H]. OrMernM, 410 MUHHMYM KDHBOH Je-
JOHNPOXOAHMOCTH B IIOCKOCTH UQp AAaeT ORHO3HAYHO OIpelesnseMylo
KoMOuHauumo v, ap # H (puc. 2). AHaJOrHYHO MOXKHO IOJYYHTH IIO-
BEPXHOCTb JI€OBOH IPOYHOCTH HAPYKHOH OOLIMBKH JIELOBOTO NOsicCa.

PaspaboraHHbiil MeTOA OLIEHKH JeXOBOH HPOUHOCTH KOPIYCOB
TPAHCHOPTHBIX CYAOB IIO3BOJIET pellaTbh pPSAJ NPaKTHUECKHX 3alay:
HCXOJS U3 NMPOYHOCTH OCIIHBKY M Habopa JIeZOBOro mosca, OnpeaendaThb
pacueTHBIE 30HB CKOPOCTell NBHKEHHS TPaHCIIOPTHOTO CYAHA BO JbAaX
IPH CaMOCTOSTENbHOM IIJIaBAaHUH M B cjaydae IPOBOJAKH 3a JeLOKOJIOM,
T. €. COCTaBJATH JIeLOBBIl MACHOPT CyAHA; Ha OCHOBE aHaNH3a JeMIo-
_ BOH HpPOYHOCTH CBSI3efl JIELOBOTO IlOsica IO JAJHHE CyJHAa OLEHHBATDH
! PaBHOIPOYHOCTH PAa3HBIX PaHOHOB CYHHA; H3 yCJOBHS KaCaHHA KPHBOH
JIe[OBOH NPOYHOCTH M KPHBOH JIeLONPOXOAHMOCTH IPH 3afaHHBIX ¢H-
3HKO-MEXaHHYECKHX CBOMCTBAX JibAa IOJyYaThb 3aBHCHMOCTb JIeJOBBIX
Harpy30K OT MOIIHOCTH CHJIOBOH YCTaHOBKHM Cy[HA. '

Merton 103BOJISIET HODMHPOBAThH JefOBhle HArpy3KH Ha Koplyca
TPAHCHOPTHHEIX CYZAOB C y4eToM oco0eHHOcTell GopMbl KOpmyca, ycJo-
BHI J1e0BOro IJaBaHHS, MOUIHOCTH CHJIOBOH YCTAHOBKH M T. [.
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VIK 629.12 : 532.3
B. H. Kawreann

TPEBOBAHHS K <I>‘OPME OBBOAOB KOPHYCA JIENLOKOJIOB

Ha ocHoBe TeopeTHUeCKHX H 3KCHEPHMEHTAJbHBIX AaHHBIX Jabopa-
TopHefi JenoBex KauecTB cynoB AAHIM Gwinu npoBelneHBl HCClIeRo-
BaHHA ¢opM 06BOJOB KOpIIyca JeJ0KOJIOB.

YunThiBash pasiHYdsl B XapakTepe B3aHMOAEHCTBHS Kopiyca CyAHA
CO JIbIOM, a TaKXe B LEJSAX yA0O6CTBa HM3JIOXEHHS PaHOHHBI MO AJIHHE
JejoKoJia OyZeM HasblBaTh: «HOCOBOI», «NePEeXOLHEIN», CPeAHSAS YacTh
KOpIlyca ¥ KOpMOBas 4acTh.

HOCOBOM PAMOH

dopMa 00BOIOB KOpHyca JeAOKOJa B pafioHe, IPHMBIKaOLIEM
K (OpIITEBHIO, BO MHOrOM OIlpejesseT JiefOBHe KadyecTBa CyJHa B lie-
JOM, H TpexXie BCEro ero JeIOBYI X0AKOCTb. IlapamerTprl (opMul
paccMaTpUBaeMOro pafioHa BJMSIOT Ha JbAONPOXOJHMMOCTH B CIJIOMI-
HBX W GHTHIX Jbaax, s(dekTuBHOCTL paboTH HaberaMu, a TakKiKe CIIO-
COOGHOCTD JIeIOK0JIa He 3aKJIHHHBATHCS B TAXKEJBIX JIbIAX.

®opma 06BOLOB KOpHyca JefOoKOJa B HOCOBOM paHOHe XapaKTepH-
3yercs yraaMmu HakjoHa QopiuteBHA ¢, Bxofa KBJI oy u passana ny-
JIEBOTO TEOPETHYECKOro mnaHroyra PBo. Mexay yKasaHHBIMH YriaMu
CYIEeCTBYeT aHAJHTHUYeCKas 3aBHCHMOCTb. [loatoMy INpH IpPOEKTHPO-
BaHHH BLIGOD 3THX NMapaMeTpPOB HeJIb3si NPOH3BOIHTb HE3aBHCHMO.

Yron Bxoma. KBJI mnpu 3agmamHOM oTHoweHun L/B ompenenser
thopmy Hocosoil BerBH KBJI. ¥ mocTpoeHHBIX JIeLOKOJIOB BCTPEYAIOTCA
BHIIYKJIas, TpsiMasi H s-o6pasHas ¢opMsl HocoBuiXx BerBed KBJI. Mo-
Ie/ibHBle MCHBITAHHS T0Ka3aJjii, YTO BhINyKJAas GopMa BaTepJHHUH
MMeeT oNpefie/leHHOe NpeHMyllecTBO meped ApyruMa dopmamu KBJI
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IPpH JBHXKEHHHM B CIVIOLIHBIX JIbJAX, HO YXyALIaeT JbIONPOXOAUMOCTb
B Ourbix. [Ipn Bhimyksof u s-o6pasuoit KBJI yBenuudBaercs BeposiT-
HOCTb 3aKJHHHMBAaHHSA JENOKOJa CpefHell yacTbio Kopmyca H (opLITeB-
'HeM COOTBeTCTBeHHO. [I03TOMY peKoMeHZOBaTh BHINYKJAYIO HJH S-06-
pasnyio gopmy KBJI nyisi mpoekTHpPyeMBIX JI€L0KOJIO0B, KOTOpble Mpe-
HasHaueHH JJisi paboTe B TAXKENBIX JbJaX, Heleaecoobpasno. Popma
KBJI y sTux 7nefoKoJIOB Lo/KHA GHTb 6/1MSKa K NpPAMOH T. e. JOJ-
XHa OHITh YMEPEHHO BBHITYKJIOM. '

Tabauye 1

| ¥rabl, xapaktepusyiomue GopMy o6BOJOB KOpNyca JeNOKONOB

! . ] Yran ¥roa passasa
Jlenoxonst TLegontli mHT %IE:?(:;H :’ o Ioro meap. lol-;-g. 70p-
rpan . - rpaa ~ rpaa rpan

«Epmak» (CCCP) . 26 25 48 18

«Mockea» (CCCP) 19| 26 23 4] 18

«JIyn C. Can-Jlopan» 11 - 26 — - —
(Kanana) '

«Kpacmu» (CCCP) 111 25 92 43 17

«Cubups» (CCCP) 11 25 22 40 17

«dxon A. Mak-JoHaabi» 111 30 30 35 6
(Kanaga)

«JI’H6epsuaab» (Kanaga) HI 30 30 35 6

«Fnacee» (CHIA) 1 30 26 40 13

«Kanuran Benoycos» v 25 26 40 20
(CCcp)y -

«Bacuanuit TTponunines» v 30 30 40 20
(CCCP)

«J/la6panop» (Kamana) IV 30 30 40 20

«Yuung» (CLLA) 1w 30 29 38 17

«Bofima» (dJHHJI;{Hn;Hx) v 25 - 23 — 20

«Kapxy» » v 25 23 — 20

«Tapmo» . v 25 23 - 20

* JlemoKOJEl pacCTaBieHH B COOTBEICTBHH €O CJAeAylouiell KaaccHdHKamei:
IT—or 18400 mo 51 500 kBt, 111 —ot 8830 mo 18400 xBr u IV — 8830 xBr.

¥ron Bxona KBJI @y y cyIlecTBYIOIHX JeHOKOJOB HAaXOJHTCS

B npenenax ot 22 no 30° (ra6a. 1). 3Hauenus yria op He H3MEHSIOTCS

. B 3aBHCHMOCTH OT JIElOBOTO KJiacca, K KOTOPOMY OTHOCHTCS JIeZOKOJI.
HauGonbiune snauenns 3Toro yria HMeEIOT KaHajickue M aMepHKaH-
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CKHe JIeJOKOJIbI, KOTOPble OTJIHYAIOTCSI OT OTEYECTBEHHHIX HasHaye-
HueM. B yKasaHHOM AHanasoHe M3MeHeHHS YIVIOB Oy IPEACTABJSETCS
BO3MOXKHBIM 00eCleUHTh HOCOBOMY DaHOHy JI€LOKOJIOB Bce HeoOXOmHU-
Mble KayecTBa B OTHOILIEHHH JIEJOBOH XOJKOCTH, TMPOYHOCTH H He3a-
KAHHHBAeMOCTH BO Jbaax. Ilpu ag > 30° yxynlraercs «3akaJbiBae-
MOCTb» HOCa Cy[H4 B JIEISHOH MOKPOB, YTO fBJSETCS HEMaJOBaXKHBIM
KauecTBOM JJs JiefoKooB. IIpu oo << 20° Bo3pacTaeT BO3MOMKHOCTB
3aKJHHUBAHUS QOPIITEBHEM faxke B O€CCHEXKHOM JIbIY.

Yrael HaKJIOHA LINAHNOYTOB B HOCOBOM pafOHe KOpIyca B OCHOB-
HOM ONpeJesIoT JIeLOKOJbHOEe KauecTBO CYAHA, T. €. CIOCOOHOCTh HO-
COBOHM 4acCTH KOpIyca JoMmarh JeisHo# mokpos. C yBenndyeHueM pas-
Bajia GopTa BO3PACTAIOT BePTHKAJbHBE YCHJHS, Paspyllaiomine Jem.
OnHako HCCJASIOBAHHSA MOKA3aMH, YTO OITHMAJbHBIX 3HAUEHHH YIJ0B
HaKJOHa IUNAaHrOyTOB B pafioHe (opiuTeBHs He cymtectsyer [l].

HakJ/0H IMaHroyTOB HOJXKeH ObiTh IOCTATOUHBIM, uTOOB 006paso-
BaBIIMECs B TpoLlecce JIOMKH IOJISI JIbAHHBI MOBOPAauYHBAJHCh H Oec-
NpensaTCTBEHHO YXOAMAH NOA Kopmyc. JIis pasHbIX 3HAueHu# K03pdu-
IHeHTa AWHAMHUECKOrO TPEHHs JbAa 06 OOINHBKY fg H OTHOIIEHHH
IIMPUHB JBAHHEL K ee TOJUMHe b/h HMeeTcs OIpeAe/ieHHOe 3HadYe-
HHe yrjla HaKJOHA LINaHroyTa $, Ipu KOTOPOM BHIMOJHSIIOTCS YC/JIOBHA
nputanjuBanus JbiuH [1]. HDasg abauH co 3HaYeHHEM bih=1,5, Ko-
TOpHie 06pa3yIOTCs TMPH JOMKE JbJa GOpTaMy, MPHJIEralokuMy K $Hop-
IITEBHIO, ZOJKHHE 6HTh: npu fx = 0,1 f = 33°, a npu fz = 0,3p =>46°.
Tagum 06pasom, s JeLOKOJOB, KOTOpHie NpefHa3HayeHbl AJIS IPO-
KJAaJKM KaHaja B TSKeJbX JbJaX, yroJ passajia 6opra B paiione 0—2
TEOPETHUECKUX IITAHIOYTOB HEOGXOAMMO YMEHBIIHTb Ao 45°. B sToM
cayyae Jef0KoJ Gyner GecnpemsTCTBEHHO NPHTANJINBATDH JIbAMHBI TPH
K03} dHuIMeHTe TPeHHs Jba 06 oOmHUBKY fr == 0,3, 4TO COOTBETCTBYET
'TPEHHIO BO BpeMsl JIBHKeHHS CyJHa BO JIbAY, MOKPHLITOM CBeXXeBblNaB-
HINM CcHeroM ToJulHHOR He Menee 15 cm [2]. M3 raba. 1 BHAHO, YTO
PEKOMEHyeMBe YIJbl HaKJIOHA LIMaHroyTa AJs HOCOBOTO pafioHa Ha-
XOMATCA B Mpejenax HX GaKTHUECKUX 3HAUCHHH.

[Ipn NpOEKTHPOBAHUM JELOKONOB BhHIGODY  yrsia HakjaoHa (op-
IITEBHSA JOJXKHO OBITH yAeneHo ocoGoe BHHMaHHe. YMeHblLIeHne yria
@ C LeJbI0 YBEJHUEHHS JIEJOKOJNbHOH CIOCOOHOCTH KopIyca CyAHa AO-
IyCTHMO B ONpEJeEHHbIX IPaHHIAX, MOCKOJLKY 3TO MOXKeT IIPHBECTH
K 3aKJHHHBaHUI0 (opurTeBHeM. IIpu mpouux paBHBIX YCIOBHSX Bepo-
STHOCTb 3aKJHHHBAHMS (OPLITEBHEM YMEHbINAETCS IMPH YBeJHUEHHU
yryia ¢, yMEHbLIEHHH Pa3Baja UINaHrOyTOB U YBEJIHYEHHH BHITYKJIOCTH
HOCOBOH BeTBM BaTepJuHu. [10aToMy mpH BhIGOpe yria HakJjoHa ¢$op-
LITEBHS B NePBYIO OYepelb HALO YAOBJETBOPHTH YCJOBHIO HE3aKJIHHH-
BAeMOCTH, IIpeJCTABJEHHOMY Ha pHC. 1 B BHAe KpuBHX @ = f(B) H
@ = f() ana Ko3dHUHEHTOB CTaTHYECKOTO TPEHHs Jbja 00 OCUIHBKY,
paBHBIX fer= 0,3 # fer ==0,6 1.

! 3nauenue fer=0,3 COOTBETCTBYET TPEHHIO MODCKOro GeccHEXHOro Jasia o6 06-
IIMBKY B MOMEHT CTParMBaHus NpH TeMmepatypax Bosmyxa —I5°C, a fer=06—
TIpH CTPATHBAHHM B 3aCHEKEHHOM JIbIY, ¥ KOTOPOro Kos(HuHenT TPeHHA B ABA pasa
Gosbiie, ueM Yy GecCHEKHOrO.
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Ha sToM pHCYHKe 06saCTbh, PACIONOKEHHAS HHXE COOTBETCTBYIO-
mux KpUBHX @ = f(B) u ¢ = (o), oTBeUaeT yCJIOBHAM, IPH KOTODHIX
IIPOHCXONUT 3aK/JIHHMBaHHe (QODUITEBHEM, a PACHOJOKEHHAS Bbille —
YCJAOBHAM, Korja obecnmeunBaercs caMonponsBOJlebIﬁ CX0J HOCa €O
JbJla TMocjie Hajle3aHHs Ha JeAsHo# nokpoB Hampumep, nmpu ¢ = 30°
B GeccHeXXHOM JbAy (fer==0,3) Hoc semokosa He 6yfeT 3aKJHHH-
BaTbCA, €CJIH 3HaUeHHe YIJIOB HAKJIOHA IINaHrOYTOB H BATEPJIHHHH
B pafioHe ¢opwireBHs B=>23° u o= 14°

M3 puc. 1 crenyer, 4To Aid KaXKAOro 3HaYeHHS CTATHYIECKOIO KO-
5 QHUKEHTa TPEHHS JbAa 06 OOLIMBKY CyINECTBYeT NpeieabHOe 3Ha-
YeHHe yIyla HAKJOHA @, C YMeHbIIeHHeM KOTOPOro HOC JeA0Kosaa OyfeT .

33KJHHHBATLCSA IHPH JIOOGHX 3HAYEHHSX
5954 . yraoB o H B. Has fer = 0,3 @mp =175,
& Hprcrp—OGq)np=28

90 :

i [T 1] (1 i 3HayuTeNbHOE YMEHBIIEHHE Yraa @
70 3~ ___zrl’:(i; yXyluaer JeNOBYIO XOJZKOCTb CYyAHA B
s OUTOM JBAY, TAaK KaK TPH MaJjbiX yraax
NN BO3DACTAET UHCJO JbIHH, GYKCHPYEMBIX
PENG=SENEE BIepen Hoca. B srom cayuae rtakme
T el YBEIHUHBAETCS UHCJIO TONAAHHHN JbIHH

T for 43 O KOPNYC K rpeGHEIM BHHTaM.
2030 40 50 80 10 80 30 W3 tabu. 1 BHAHO, YTO YroJl HAKJIO-
o, prg7z ool Ha (DOPIITEBHS K TOPH30HTAJH Y CYIIECT-

BYIOIUX JIEJOKOJIOB H3MEHAETCs B HE3HA-

Puc, 1. 3aprcmwoctn 9=f(a) 4 yHTeBHHIX npenenax (or 25 po 30°).

®=f(B) npu saimmEBammM Ne- Tappe YTJIbl IDH PEKOMEHJOBAHHBIX BhIIIE

JOKOTA - popILITEBHEM 3HAYEHHSX G U [ TIO3BOJSIOT YCTPAHHTH

3aKJUHHBaHHe (bopiuTeBHeM U obecme-

YHTb JIEAOKOJY AOCTATOYHO BEICOKYIO JIEIOBYIO XOAKOCTb B CIIOUIHOM
H GHTOM JIbJY.

Ilpu yraax Hakaona ¢opuresus ¢ << 20° yBeJuunBaercs BO3-
MOXKHOCTb  3aknuHuBaHHA. OHO OymeT INPOMCXOMTH [daXe IMPH
CPAaBHHTEJNLHO  HeBGOJBIIHX  3HAUEHHAX Koscp(bHuHeHTa TPEHHU4.
Kpome Toro, mpu Mauabix yriaax ¢ yxyjuiaercsi yCTORUMBOCTH Ha
Kypce, «3aKaJBHBaeMOCTb», B JIel, a TaK¥XKe JeL0Basi XOIKOCTh B GUTOM
JBIY.

DopiTeBeHb JELOKOJA MOXKET ObITh BHINOJHEH C MOCTOSHHEIM HJIH
IlepeMeHHbIM YIJIOM HaKJoHa Io BhicoTe. Boruyras ¢opma dopiresus
NPHBOAUT K OOJblllefl IOJIHOTE HOCOBBIX BATEPJHMHHH, UTO ILeIeco0b-
Pa3HO B OTHOIUEHHH XOJKOCTH B CIJIONIHOM JIbAY.

Ha. ocHOBaHHH CK43aHHOrO MOXKHO AJisl J1e[OKOJIOB, MpeaHA3HAUEH-
HBIX JJIsI IPOKJIAJKH KaHaJa B TSXKeJBIX JEeIOBEIX YCJIOBHSX, PEKOMEH-
AOBAThb CJEAYIOIIHE 3HaUeHHsI YIVIOB HaKJOHA (DOPIUTEBHS Ha BHICOTE Jie-
AoBoro mosica ¢ = 30...25° (y KBJI), Huxe jemoBoro mosica ¢ —
HJIaBHBIA Mepexof B HOCOBOH OTPaHHYHTE]b, BHICOTA KOTOPOTO Ha CY-
IIECTBYIOIUX JeoKoaax 6e3 HocoBoro BHHTAa MeHsiercs oT 0,4 1o
0,17. Takum o6pasom, GopIITEBHIO NpPHAAETCS BOrHyTash GopMa, uTo
03BOJISIET JIELOKOJAaM BHICUIMX KaTEropHi COXPaHATb XOPOILHE Jiedo-
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KOJbHBIE KauecTBa Ipu paboTe B TAXKeNBIX JbJaX, KOrAa BO3HHKAIOT
3HauMuTeNbHble NHDGEPEeHTH.

s e HOKOJIOB, KOTOpbie B OCHOBHOM pPafoTaloT coBMecTHO ¢ 6o-
Jee MOIIHBIME JeJOKOJNaMy, a TaKKe IpeJHa3HAYEHHl AJS IPOKAaAKH
KaHaja B MeHee CJOMKHEIX JIEIOBBIX YCJAOBHAX, He HMEeT CMBICHaa [e-
JaTh (OPIITEBEHb BOTHYTOH. (DOPMBI, TEXHOJOTHYECKH GoJiee CIOXKHOM.

MonenbHble HCIOBLITAHAS TO3BOJSIOT clleJaTh 3akKJlOueHHe, 4yTo Iie-
pexojl OT OGBIUHOH 3a0CTPeHHOH (HOPMEL POPIUITEBHS K NPAMOYTONbHOH
(ne1ke06pasnoit) ¢ YINHDEHHOH TepeiHedl IPaHbio NPAKTHYECKH Majo
CKasbiBaeTcs Ha OBLIeM JeJoBOM compotuBieHud.. lIIupHHa mepenpsel
rpaHu (OPLITEBHS ONpefe/feT JHIUb pasMep 30HB NpPOpesaHusd, HO
He MeHsSeT XapaKTepa paspylieHHs JpAa. IIpu ABUXKeHHH JIeLOKOJa
B GUTOM JIbAYy YIIHpEHHAs HEepefHsst rpaHb (OPIUTEBHS CHOCOGCTBYET
6yKCHPOBAHHIO JIbAHH HocoM, [105TOMY Ha JIeOKOJaX BCEX KaTeropHi
dbopMa momepeuHoro ceueHust QopumresHs B pafione KBJI nosxma
GEITb TpaNeHeHAaJbHON, ¢ BOTHYTOH BHYTpEHHEH IPaHbIO Ha JKCHIAya-
TAaIlMOHHLIX OcajKax HJIf yJAyUIIeHHS «3aKaJblBaeMOCTHY.

V Jen0KoJIOB ¢ HOCOBHIMH BHHTAMH K HOCOBHIM 06BOJAaM B paii-
oHe (OPIUTEBHS NPELBABIASIOTCS AONOJHHTENbHSIE TpeboBaHHSA, CBA-
- 3aHHBIe B OCHOBHOM C 3alIMTOH BHHTA OT TOBPEXAEHUH H NOBBILICHHEM
5 heKTHBHOCTH TPH OMBIBAHHH KOpIyca cTpysaM# Boxsl [1].

Vroa magaoHa ¢opiuteBHs y KBJI Je10K0g0B ¢ HOCOBHIMH BHH-
TaMH TOJyuYaeTcs HECKOJbKO MEHbIle, a HOCOBLIE BETBH BaTepPJIHHHH
HoJiHee, 4eM Yy JeLOKO0JIOB 6e3 HOCOBBIX BHHTOB.

NEPEXOJ HbIA PAMOH

dopma 06BOLOB JIELOKOJIOB MeX1y HOCOBOH OKOHEYHOCTBIO H Cpel-
Hefl yacTbio Kopnyca (IepeXOXHHH pafioH) B OCHOBHOM OINpejessercs
Tpe6OBaHUAMU JIEJIOBOH XOAKOCTH H JIeLOBOH NPOYHOCTH — [VIABHBIMH .
JeJOBLIMH KauecTBaM{ CyAHAa. B OTHOLIEHHH JeJOBOH XOXKOCTH BO
JbJaX Npe/eJbHOH TOJIIKHBE ONPeAesIsIoUIUM Y4acTKOM HOCOBOTO Iie-
PEXOJ[HOTO pafioHa clefyer CUMTaTh YHacTOK Kopmyca Ha 4—>5-M Teo-
peTHUECKHX UITaHroyTax, e NPOHCXOAMT O06JOM H IpHTAlIHBAHHE
JbJHH, 06pasyloluX KPOMKH KaHaja. IIpu 3ajlaHHBIX 3HAYEHHAX YT-
JOB ¢, o B f B pafioHe GHOPIUTEBHS HEBO3MOXHO WIHPOKO BapbHPOBATH
¢opMy 06BONOB KopIyca B NepexojHoM pafone. [lisi oTOH Hend Mo-
JKeT GBITh HCIOJL30BAH JIHLIb YroJ HaKJIOHA IImMaHroyra f.

[Ipy HasHAueHMH STOTO yrja HaZO HCXOAUTb M3 TpeGoBaHus obec-
[leyeHHUss HeOOXONMMOH Jef0BOH NPOYHOCTH. H NPUTAIUIHBAHUA JIBAA.
IIpu OTHOCHTEJBHBIX pasMepax JbIHH b/h = 2, o6pasyiolinxcs B pai-
OHe 4—5-T0 TeopeTHYEeCKHX LINMaHrOyTOB, MPAKTHUECKH 06ecNedHuTsb yc-
JOBHs TPHTANJIHBAHHS JbAa MOXKHO JHIUb JJIS CJyYas HempephrBHOro
IBuxenus, Korxa fy = 0,1. [las sToro 3HaueHus P 3[ecp crepyeT NMpH-
HUMAaTb COOTBETCTBeHHO He MeHee 30—25°. B Tab.. 2 mpuBeneHb 3Ha-
YeHHs YIVIOB HAKJOHA LIMAHTOYTOB IJIsi NEPeXOZHOro pafioHa Ha 4—
5-M TeopeTHdYecKux wWwmnaHroyrax. Kak BuaHO H3 TalJ. 2, yKasaHHBHIM
Tpe6oBaHUsAM YIOBJETBOPSET JHLIL (opMa 06BOLOB KOpIyca JedoKosa
«Cubupb». ‘
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Tabauya 2
¥Yrasl HakIOHA, rpaj, WNAHIOYyTOB JEAOKOIOR B NEPEXORHoM paiioHe

%;ig— »McckBa® ,,Cuéupb‘i »EpMak® »Kpacun*® g’éﬁg;:::. l JCaacee® oY MHA®
4-1 ) 27,5 30 23,5 23,5 26,5 23,5 23
5-it 21,5 25 20,0 24,0 23,0 19,5 19

CPEOHSA YACTb KOPIIYCA

3a CpeNHIOI YacTh KOpINyca JeIOKOAa IPHMEM pafioH, pacmoJio-
KEHHBI MeXAYy 6-M 1 16-M TeOpeTHUECKHMY LINaHTOYTaMH.

Besiencreue cpaBHHTENbHO HEGOMBIIEX YI/IOB HaKJIOHA BaTepJHHHH

u GopTa B 5TOM paiiOHe YHOBJIETBOPHTH OXHOBDPEMEHHO YCIOBHSAM pas-

PYLIEHHS H NPUTAN/JHBAHHMSA JbJA IPAKTHYE-

“‘57{3”’“’ CKM HeBO3MOXKHO. M3 puc. 2 BuAHO, uTO 3a-
25 I  KJIHHHBaHHe 3TOro pafioHa (Ha PHCyHKe 30-
A r Ha 3aK/JIHHUBAHHS DACNOJIOXKEHa HUXKe KDH-

20 L\ | BOH a=f(B)) MOKHO HCKJIYUTL JHIIb
A9 CO3LaHHEM BEPTHKAJbHHX Goptos.. [Toaro-

15 5g My Tpu BHOOpe yria Hak/OHa Gopra B cpef-
' / ' Hell YyacTu KOpIyca B IepBYIO Ouepeab HeoO-
p XOQMMO CTPEMHThC 00eCHeuHTb BHIKHMA-
. HHe cyaHa npu cxkartud [l1]. Ecnaum npunu-

‘MaTh 32 MHHHMMAaJbHOe 3HayeHHe Koapdu-

J LHEeHTa CTaTHYeCKOrO TPEHHS CYAOBOH cra-
K JIH TIO JIbAY fer == 0,3, BBIXKHMaHHE KOpIIyca

0 W 4 4 w Jenokoja Oymer ofecneynBaThCS IpH P =

B pai = 17°. Takum o6pasom, passBaa Gopra

79 B cpelHell YacTH KOpIyca JieA0KOJIOB, KOTO-

Puc. 2. 3asucumocts a=f() PHIE NMONANAIOT B CKATHSA, JOMKEH GHITb He

NpH 3aKMMHMBaHHH JMefokona ~MeHee 17°. M3 tabm. 2. BHAHO, 4TO 3TOMY

CpejiHel HacThio Kopmyca TpeGOBAHUIO YAOBJETBOPSIET GOJBUIHHCTBO

CYILECTBYIOUIMX JIEJOKOJOB, 32 HCKJIOUE-

HHEM KaHaJCKHX, ¥ KOTOpHX yroa B =>5...10° daa Jemokosos, Ko-

TOpble PaboTalOT B OCHOBHOM B NOPTOBHIX paiiOHaX, BHIIOJHEHHE

3TOr0 TpeGoBanus He 0613aTENbHO..

Cuepyer OTMETHTb, UTO Ha JEHOKOJNAX BCEX KATEropuH NOMIKHO

OBITH 0GECreYeHo NIaBHOe H3MeHeHHe yIJIOB Hak/JOHa 6opTa ot ¢op- .
WITEBHS 10 MUJEJSA Ha BCEX IKCIIYaTaHHOHHHIX OCAAKaX. :

KOPMOBAS YACTb KOPIIYCA

Jlefokonsl mosHH paGoTaTh Ha 3ajHEM XOLy TaK e YCIHeIIHO,
Kak Ha ‘nepepneM. [lostomy yriml, Xapakrepusymwoune Gopmy o06BOAOB
Kopnyca Jiefl0KoJa B palffoHe aXTepHITEBHs, HE JOJKHB CYIIECTBEHHO
OT/IHYAThCS OT AHAJOTHYHBEIX YIJIOB B pafioHe ¢opIuTeBHs.
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dopma 06BOLOB KOpIyca KOPMOBOH OKOHEUHOCTH JOJKHA obecie-
YuBaTh 3alIUTy TPeGHBIX BHHTOB OT JEJOBBIX NOBpeXAeHHHl. AHaJau3
MOBPEXAeHU rpeGHLIX BUHTOB JI€JOKOJIOB NOKa3hlBaeT, YTO HaHOGOJb-
1Iee YHCJIO IOJOMOK NPHUXOMUTCS HAa GOPTOBbIE BUHTHI

Tpe6oBanus, cBsi3aHHBE ¢ OfecrnedeHHeM 3alHTh GOPTOBHIX BHH-
TOB KOPMOBBIMYM OOBOJaMH Ha HePedHeM XOIy W IpH HaBaJjax Ha Je[

IIpH MaHEBDHPOBAHHH, NPOTHBOPEYHBEHL. Tak, mnonanse BaTEPJIHHHH

B KOpPMe CIOCOGCTBYIOT 3alllHTe BHHTOB OT HABAJOB, HO HE 3aLIMIAIOT
HX Ha IepeIHEM XOAY, IOCKOJbKY NpPH MOJHBIX KOPMOBHIX BETBSX
BaTepJAHHAN NPHTOIIEHHBIE HOCOBOH YacThbio KOpIyca JbIHHBL OyAYyT

BCIIJIBIBATD B HEHOCpeﬂCTBEHHOﬁ 6JIM30CTH OT BHHTOB. BepOHTHOCTb

B3aHMOLEHCTBHS BHHETa CO JbAOM B 3TOM CJyude yBeJHUHBaeTCs.

KpynHble JbIuHB, KOTOPble MOTYT NPHBECTH K NOBPEXIEHHIO BHH-
TOB JIEJIOKOJIA, Ha NepejHeM XOAy He NMomajaioT moj Auuule. IlosTomy
IPH NPOEKTHPOBAHHH OGBOJOB KODMH B II€PBYIO ouepeib HEOOXOZHMO
o6ecneunth TpeGoBaHHe 3AIUUTH OOPTOBHIX FPeOHBIX BHHTOB JIELOKOJA
OT HaBaJa. DTO HAOCTHIAeTCsl YBeJAHYEHHEM IOJHOTH KODMOBOH BETBH
KBJI; ona goJsxkHa GHIThH Takoi#, uToOB ee NPOEKUHA B IJaHe, KaK MH-
HUMYM, TepeKpbiBaja GOpTOBHE BUHTH. UeM OoJblie 3HAuUeHHE «Ile-
PEKDBITHSI», TEM JIyullle 3alllHIIeH BHHT.

Ha saanem xoay omacHOCTb AJsl BHHTOB IPEACTABJSET JHUIb CJIYy-
yall IBMKEHHS] B TODOCHCTHIX TSKeJBIX JbA3aX HJAH B OHTHX JbLax
6OJBIIOA CHOJIOCYEHHOCTH, KOrja OTAeJbHBe 60JbliHe JbAHHB NMPHTAI-
JHBAKTCS KOPMOBHIMH O0OBOJAMH H NONAJ20T B BHHTHL. B Takux Je-
JIOBbIiX YCJOBHAX 0OBOJAB KOPDMOBOH OKOHEUHOCTH HE MOLYT IOJIHOCTHIO
ofecneynTh 3alUTy IPEOHBIX BHHTOB OT JIEZOBHIX MOBPEXACHHH, XOTSH
qacTHYHAA 3al(UTa PYJs M CPefHEro BHHTA JOCTHraercs IyTeM yCTa-
HoBKY B JII1 06b€MHOrO BEICTYIIA — «JIELOBOrO 3ybas.

Ha samunieHHoCcTs G0PTOBLIX BHHTOB 0OJIBILIOE BJIUSIHHE OKa3BIBAET
3a30p MeXy JONaCTAMU BHHTA M OOIIMBKO# Kopmyca. MozxesabHble HC-
HOBITAHUS [IOKA3aJH, YTO CTENEHb 3alMINEHHOCTH TPeGHEIX BUHTOB Ha
mepenHeM XOIy BO3pacCTaeT C yBeJHYeHHeM 3TOro 3asopa. Ilocaensuu
JoJKeH OBIThb He MeHee NpEeAeJbHOH TOJNIIMHBE Jbla. B 3ToM ciyuae
rpe6Ho#i BHHT OyZET JIErKO CHPaBJATbCA C MOMAJAOIIHMH B HETO
JbJHUHAMH. ‘ '

Hansoanas uacTh KOPMOBOH OKOHEUHOCTH JIefOKoJa AOJXKHa ObITh
NOCTATOUHO ITIONHOH. DTO HeobXoAMMO A obecHeueHHS INPOJOABHOH
¥ NoNepeyHoll OCTOMYUBOCTH JefoKoJa NpH pabore ero HaGeramm.
KpoMe Toro, moJiHBIE HaJBOZHBIE KOPMOBHIE 00DasOBaHHsI MO3BOJSIOT
6osiee HaZeKHO 3alIMTHTh OOPTOBBlE BHHTH OT INOBPEXJIEHHH BO
BpeMsl CTOJKHOBEHHH NpH OYKCHPOBKaX M OKOJKe 3acCTPsiBIIHX BO
JbJlaX CyIOB.

CIIUCOK JIUTEPATYPH

1. Tenokoan/B: U. Kamrensn, A. 4. Pueaun, O. B. ®anneer, B. 9. frox-
KuH. JI., Cynocrpoenne, 1972, 285 c. )
2. Pusauu A §. DKcnepuMeHTalbHOe H3yuenne Tpemus Jbna.— Tp. AAHHUN,

1973, 1. 309, c. 186—199.
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YIK 629.12.752

H. B. Bapabanos, A. M. 3axapos, B. H. Jlaxrronkun, C. A. Xydakos

BUBPALIHOHHBIE MOBPEXXIEHUA HA CYIAX THIA
«BAPHEMIOHJ E»

PasBuTve TPaHCIOPTHOTO CyOCTPOCHHS, CBA3aHHOE C yBeJHYeRHeM
CKOpPOCTeH M ¢ yJIy4YIieHHeM XOJKOCTH CYIOB, HAXOAUT OTPayKeHHe B HX
apxurekrype. Tak, kopnyca KoHTefiHepoBO30B Tuna «BapHeMmionzes
uMeloT Oyab6 B HOCY, TPaHUEBYIO KOPMY C NOJIYTIOZBECHBIM pPyJeM H
IIECTHAPYCHYIO HaJCTPOAKY, cMelleHHYlo B KopMmy. Cynaa MOCTPOEHH
Ha xnacc Permcrpa CCCP co clelyloUMH OCHOBHBIMH XapaKTepH-
CTHKaMH: AJHHA MaxkcuMmasnabHag L == 150 M, mupuna B = 21,8 m, BHI-
cora Gopra H=13,6 M, ocagka B rpysy Trp==8,8 wm, CKOpPOCTh U ==
= 18,5 y3, mMomHOCTb riiaBHOTO ABurateas N, == 8243,2 kBrT.

Ilpu Tpanuesoft KopMme HHHLiE CYZOB paccMaTpHBaeMol cepud
MMEET MEHDLIIYIO KHJIEBATOCTb, YeM IpH KpeHcepckoH. ITo. NPHBEJO
K YBEJHYEHHIO THAPOAMHAMHYECKHX [aBJeHH OT BHHTa Ha KOpIyc,
YTO SBHJIOCh NPHYHHOH BHOPAUHH B KOPMOBOH OKOHEUHOCTH, BBI3HIBAIO-
leH MOBPEXAEHUS KOPNMYCHBIX KOHCTPYKUHH, Hecmorps Ha To uto 3a-
BOpEl MEXJy KPOMKOH JIONACTH BHHTA H KOPIYCOM 3HAUHTENBHO Ipe-
BBHINAIOT pekoMeHayeMeie Ilpasunmamu Perucrpa CCCP (taba. 1),

Tabauya 1
3asop a b 4
PexoMeHAyeMHH (MuHH- | 0,10 0,15 0,10
MaJIbHbIH ) .
Dakrayeckuit 0,288 0,346 0,192

THAPOAMHAMHYECKHE HaBJICHHS BEJIHKH ¥ OOYCJOBJEHB KaBHTalMel
BHHTA.

IloBrpimenHast BHOpaNUs KOPMOBOH OKOHEYHOCTH H OCOBEHHO many6:
HOTO NEePeKPLITHS MOJ KOPMOBHIMH LIBAPTOBHHIMH JeGexixaMu Ghljia
o6Hapy:KeHa elle NPH CAATOYHBIX HCIBITAHUSX TOJOBHOIO CyxHa. JLas
€€ YCTPaHEHHs MOJ IePEKPHITHEM OBLIH YCTAHOBJEHB ABa MHJJIEPCA.
B nepsom xe peiice Ha rOJIOBHOM CyIHe MOSBHJMCH TPELIWHH B KOH-
CTPYKUHAX KOPMOBBLIX TaHKOB. [Iof06HbBIe MOBPEXAEHH BOSHHK/IM U HA
BCeX ApYrux cynax cepun. Tak, Hampumep, Ha OZHOM H3 Cy[OB yepes
MoJroja dKCIvlyaTauuu 610 o6Hapy:xKeHo Gojee 40 TpemiuH.

Hast npenoTBpalenns MOBpeXAeHU GHPMa—CTPOHTEb CYIOB yBe-
JIAYHIIA KECTKOCTb psAAa KOHCTPYKHMH KOPMBI NyTeM IIOCTAHQBKU
JOMOJIHUTEIBHBIX pebep XKECTKOCTH, YTO YCTPAHUIO PE3OHAHCHBIE KOJIe-
GaHus UX C MepBOH M BTOPOH JIONMACTHEIMH YacTorTaMu. OnHAKO IIpUHS-
THIX Mep 0Ka3a/loch HeJOCTATOYHO, TaK KakK I0C/]e MOAEPHH3ALHH Tpe-
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IHHE GoJibllle He MNOSIBJASJIHCh TOJBKO Ha nonepeyHo# mepeGopke
4-ro WM., 4 Ha OCTANbHBIX OHH HMEJH MECTO, XOTA M B MeHbllem KO-
auyectse. Tak, HanpuMep, Ha TPOJOBHHX MePeGOPKAX TAaHKOB No 49—
52 mocie yCTaHOBKH INeJb(OB TPEIIMHB MOSBJSJIHCH BIOJD peGep
BhILIE M HIXe Iuesbda, a paHee OHH GBIIH 110 BCeHl BHICOTE, H B OCHOB-
HOM B CpeJHel YacTH. :

Takum 06pasoM, MOAKpPEN/IEHHs! OTAEAbHbIX KOHCTPYKUHH B KOpMO-
BOH OKOHEYHOCTH NO CYIUECTBY He PEUIHIH NPOo6JEeMEl TOBDeXTeHHHN
TOJIHOCTBIO, TeM GoJiee UTO BONMPOC YBEJHYEHHS KECTKOCTH KOPMH B Le-
JIOM ITyTeéM YCTAaHOBKH DAMHBIX CBfI3eHl OT MAIIHHHOTO OTAENEHHS N0
TpaHlla He paccMarpuBadcs. OQHAKO A CHHXKEHHSI KOHTYPHOT'O BO3-
OyxKnenuss maHegeHl (miatdopm, nepeGOPOK H OTJe/IbHEIX HX YYaCTKOB)
HeOOXOAHMO YBeJHYHTb OGUIYI0 JXKECTKOCTb, a TAKXKE CHH3HTD YCHIINS,
Bo30yxalolye BUGpaluio.

NOBPE)XXJIEHHUSI KOHCTPYKIHIT B KOPMOBOH OKOHEYHOCTH

OcHOBHO! pafloH NOBpeXAeHHH B BHIe TpeL[HH pacnosoxeH
B KOpMy OT MallHHHOTO OTHeseHHs. TpellnHsl BOSHHKAIOT N0 CBAPHBIM
IIBaM HJIM B OKOJIOIIOBHOM 30HE HACTHJIOB, NJIargopM M nepe6Opok
KOpMOBBIX TaHKOB. Ha puc. 1 u 2 nmokasaHbl KOHCTPYKIMH, HMEIOLIHE

s Tpewurna

Puc. 1. Iloppexaenns TpelHHH axTepnuKOBOH me-
pebopku

HauGoJblIee YHC/IO MOBPEXKACHAN HA BCeX Cyaax AaHHON cepun. Bojb-
IIMHCTBO TPEUIHH PACHOJNOXEHO NPEHMYLIECTBEHHO IO KOHTYpY IJIac-
THH, 110 KOHIIAM GHMCOB, a TaKXe APYrHX pefep :KECTKOCTH ¥ BLI3BAHO
YCTaJIOCTbIO MaTepuaja B pe3yJbTaTe BHODALMH OTHENbHLIX IaHeseH,
HaXosIHNXCA MeXKAY HabOPOM PasHBIX HampaBJeHH. '
OGmee uncao TpelIWH, OGHAPYKEHHHIX B HEMPOHHLAEMBIX KOHCT-
PYRUUAX Ha wIecTH OGC/eNOBaHHHIX CyZaX DaccMaTpPHBAaeMOro THIIA,
HpyuBefeHo B Talbu. 2. :
- IloBpexnenusm noasepraioTcs raasHLM 06pasoM KOHCTPYKIHH, pac-
TOJI0KeHHbIE BHYTPH Xopnyca (maTdopMEl, MepeGopKH NpOAOJbHEE
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g monepeunsie). OpHako ObliM CiaydaW TOSBJEHHS TpPEIlHH B Ha-
pyxHOH oGIKBKe HA [OBYX CyLax B axTepmuke u TaHke Ne 48. TlomoG-
Hble IOBpEXAEHHS HaOJIOAHCh H PaHblle HA OTEUECTBEHHBIX W HHO-
CTPaHHBIX Cy[aX, OJHAKO OHH He HOCHJIM MaccoBOro xapakrepa [I].
Yame oHH HaGJOAaMHCh HA KDPYMHOTOHHAMKHBIX CYAaX H GBICTPOXOX-
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Puc. 2. IToBpexeHHs TpewlMHB AHHINZ TaHKOB Ne 5l
u 52

Tabauya 2
Konreitne posca . nt? gg‘;,i’;g‘;’g;;‘f“;‘e‘c Yueao TpewyH
A 12 ' 18
B 5 12
Cc 7 15
D 26 67 *
E 10 52 %
F 26 35

* Co BTOPHYHHIM DACKPHITHEM TPEU[HH MOCJe 3aBapKH.

HHIX KOHTEHHEpOBO3aX, UMEIOIIUX CHJIOBHE YCTAHOBKH OOJBIIOH MOLIL-
HOCTH, IIOJIyTIIOBECHbIE PYJIU H TPAHLEBYIO KOPMY.

BUBPALLUSL KOPNIYCHBIX KOHCTPYKILHH

OcHoOBHO! TpHYHHOK 06pa3oBaHHsA TPellWH, KaK yxKe OTMeUaJsoch,
ABJAAETCS NOBLIIIEHHAs BHOpauMs, BH3BIBAIOLAs YCTAJOCTh MaTepu-
ana. C LesbI0 OnpefeNeHns TapaMeTpoB BUOpAllHH NPOH3BOAHJIHCh H3-
MEepeHHs ee Ha PAa3NUUYHBIX cydax (GUpMOH-CTpOHTEsNeM H ADPYTHMH Op-
raHHsanusiMu. MakcHMaJsbHbEle aMIVIETYIBl BUOpALMH OTAEJbHBIX KOH-
CTPYKIH#, 3aMepeHHBle Ha pa3JHYHBIX CyJax CepHH, NPHBeIEHBl
B TabJu. 3. v v o

[IpuBeneHHbIE pe3yJbTAaThl CBHIETENIbCTBYIOT, 9TO KOJeOaHHSA KOH-
CTPYKIHH B KOpMe HMEIOT pEe30HAHCHHIH Xxapakrep. B GoJblinHCTBE
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Tabauya 3

Mapamerpun BuGpaunu
Cocreanue -
Koureiineponos 3ATPy3SKH KOpMBL KOHCTPYKIIME KODMBL
cyaua i

2A% MM - v 2A % MM L
ToaoBHOM B 6aanacre — — 1,17 - 4
B rpysy — — 0,14 4

D To xe — — 1,05 4
1,25 8
A B Gannacre — — 2,00 4
C To xe 0,173 -4 0,33 4
G ” 0,038 4 0,14 16
E B rpysy 0,120 4 0,32 4
/ 1,31 S
0,82 12

1,03 16.
. 0,51 20
F B 6aanacre - 0,046 16 0,16 | 16
Cc B rpysy 0,268 4 1,34 8
1,50 12:
1,10 16.

D To xe 0,310 4 1,60 4
1,55 8
1,05 12
1,70 16,

* A — amnauryga.

C/IyuaeB DE3OHAHCHbIE KOJNeGaHHS TPOHCXOASAT C YACTOTAMH, HPEBHI-
IAIOWHUMH NePBYI0 JIONACTHYIO (mOpsaok v=4, 8, 12, 16, 20), urto
CBHIETEJbCTBYET O LIHPOKOM CIIEKTPE YaCTOT NePeMEHHBIX YCHJHH, cO-
3NaBaeMBIX BUHTOM H TJIaBHHIM JBHTraTeseM.

W3 anaausa ypoBHe#t BHGpaIy, TOJIyueHHBIX HA Pa3JHYHBIX Cynax,
H OBPEXAEHH KOPIYCHBIX KOHCTPYKIHH caenyer:

—— NOBLILIEHHAas! BHGpAUHA B KOpMOBOH OKOHEYHOCTH BO3HHKAET H4,
BCeX CyJax CepHH;

— pe3OHaHCHBIH xapaKTep Bnépamm KOHCTPYKIHH Ha0JII0faeTcst
C 4acCTOTaMH OT TIePBOH L0 NATOH JIONACTHOMH;

— HEKOTOpble KOHCTPYKIHHM KOPMOBOH OKOHEUHOCTH HMEIOT TaKYIO
HE3HAUUTEJbHYI0 KECTKOCTh, YTO BO3HHKAIOT PE3OHAHCHbIE KOJeGaHHs
ﬂa}Ke C NepROH H BTOPOH JIOMACTHOH 4aCTOTaMHU.
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MCTOYHHKHU NMEPEMEHHBIX YCUJIHH, BO3BY)KIAIOHIUX BUBPAILHIO

I'pe6roit BHHT. Ha cynax tuna «BapHeMIOHLe» BHHT YeThIpex-
JIONACTHOH, ¢ nHaMerpoM 5,2 M U AHCKOBHIM oTHomeHueM 0,58. OcHOB-
HBIM HCTOYHHKOM T€pPeMeHHBIX YCHJIHH B KODMOBOH OKOHEUHOCTH CY-
OB, KaK H3BECTHO, SIBJSIOTCA THAPOJUHAMHYECKHE AaBJEHHS OT BHH-
toB [2—3]. KosneGauus ymopa, peaknu#f ¥ H3rHOaOUMX MOMEHTOB
B JEHABYMAHOM NOJIIHIIHHKE IPH YETHIPEXJ0ONAaCTHOM BHHTE Ha MOPSJOK
HHXe pe3yJbTHpYIOLlefl THIPOAMHAMHYECKHX JaBJIEHMH H MO3TOMY
0OBIYHO He NPHHHUMAIOTCS BO BHHMAaHHe.

-l onmpemesieHHs] IyJAbCAllHH AaBJeHHs Ha OOUIMBKe OHALNA HaX
BHHTOM CYXOB paccMaTpHBaeMOHl CepHH IIPOM3BOAHJIHCH pacyeThl IO -

a) d)
Ap
420 ]
015 /
7y
4,10 + //
2
0,06 |2
/"7'/-.
f—

0§ 07 048 89 10/,

Puc. 3. CxeMa pacrnoJioXKeHHs LAaTYMKOB [AaBJEHHS Haj BHHTOM
(@) ‘M 3aBHCHMOCTb Ty/bCallMii HABJEHHH OT YaCTOTH BpPAILEHHT
(6) t/x «IlecroBo», samepenHux (1) ¥ pacueTHbX (2)

meronuke [2], a Takxke HaTypHble H3MepeHus Ha T/x «IlecToBo» BO
BpeMs KCITyaTaluu B pefice yepes Tuxuii okean. Cxema pacnosoxe-
HHSl NAaTYHKOB JaBJeHHs NpUBeJeHa Ha puc. 3. Perucrpauus mnoxasa-
HHH JaTYHKOB NpPOH3BOAMJACH LIIeH(POBBIM OCHHMJIIOrpaoM NPH pas-
JIMYHHIX OCaJIKaX CyAHA Ha THXOH BOJE M BOJHEHHH.

Ha puc. 3 npuBeJeHbl pacueTHbIE H 3aMepeHHbIe 3HAUCHUSA HMITYJIb-
COB HaBJeHHMH Ha Tuxo# Bojxe. Kak BHAHO H3 PHCYHKA, IPH HacTOTe
BpalyeHHs BuHTa Bhine 0,857y (120 Muu™) myabcanus JIaBJeHUE pe3Ko
yBeJHYHBAETCs, YTO MOXKET BBISBIBATBCH TOJIBKO MOSBJICHHEM KaBHUTA-
nuu. KaBurauus BuxpeBast KDOMOYHAs, He NAIOLasi 9PO3UOHHOTO pas-
PYIIEHHSI TOBEPXHOCTeH JomacTel (npu 00CH€fOBaHHHM BHHTA B JIOKe
CJIeOB 5PO3HM HA TOBEPXHOCTH Jomacrefi He o6HapyMXeHO). Pesyiib-
TAaTH TAPMOHHYECKOrO aHaju3a 3anucedl JABJICHHH, NPHBEJCHHbIE HA
puc. 4 (cpepuue 3HaueHust o 10 naTuukam), NOATBEPKIAIT HaIHYHE
" KaBHTALMH, TaK KaK 3HAUHTEJbHO YBEJIHYMBAIOTCS COCTABJAIONINE BHIC-
IAX MOPSAKOB IO CPaBHEHHIO C JAaBJEHHEM OT HEKaBHTHDYIOLLEro
BHHTA.

Kak ykaseiBajoch B pabore [2], OCHOBHYIO SHEPrHIO HAPOAHHAMHU-
YeCKHMX JABJCHUH NMPH OTCYTCTBHH KaBUTAUUH 06pa3yloT UMIIYJIbCH Tep-
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BO¥ JionmacTHO# wacroTel (85—90 %). st 3aMepeHHBIX AaBJEHHH HA
T/x «IlecToBo» 3Ta BenmuuHa paBHA ToabKo 30 %, a mpeo6iamgaer co-
CTaBAfIOUIAs BTOPOH JonacTHoH uwacToTel (47 %).

CymMapHble faBJeHHsl Ha OOWIMBKY AHHIIA paBHH 480—500 H/Mm2.
Ha Bonnenun Haburonaercsi yBeJqHYeHHe STHX JaBJeHHH 10 860—
900 H/mm? (marTyuxk 1), '

Fnasuwii gBurartean. [naBusill gBuratesp ¢upmer DMR
MAN rtuma K8Z70/120E (Ne==11200 a. c. npu -nz== 140 0o6/mun
C HOPSAAKOM PabOTH UHJAUHAPOB | —8-—2—6-—4—b5—3-—~7) uMeer raias-
HBle TNIOPSIAKH HEYPABHOBEIICHHBIX CHJ HHEPIHHM H MOMEHTOB v =14, §,
12, 16. OnHaKO [pH NPHHSATOM MOPSiAKe PabOTH UHIHHAPOB CO3AAETCH

Ap .
H fwe? I
a0t
60y Hexabumupyrowud Busm
4o
20+ "' .
T I~ T T Tl +rr T )
4 8 2 16y
A N
H/Mﬁe? . . o
ok ( Busm mfz , llecmobo
4+ ' ( ; ,
20+ ;
Trr Tl et Trrloras
4 8 72 % 20y

Puc. 4. PesynbTaTh rapMOHHYECKOTO aHAaJM3a TH-
POAMHAMHYECKHX  JAaBJeHHH (Vv — MOPSIAOK KoJe-
GaHuii)

3HAYUTENBHLI MOMEHT 4-ro MOPsSiKa OT rOPH30HTAJBHEIX CHJ, BOCHPH-
HEMaeMBX KpeHukondamu. BexkropHas AHarpamma-3THX CHJ TpHBe-
IeHa Ha pHC. 5, pacueTHoe 3HaueHHe MOMeHTa cocrasiser 10,2 T-M
(c yuerom dopmsl Kose6anuit). [Tonepeunrie KoseGaHus AU3ENS COBMeE-
CTHO ¢ IHHILEM IPOHCXOIAT Mo GpopMe X M HOCAT pe30HAHCHBIH Xapak-
Tep, YTO BHAHO H3 rpadHKa Pa3BHTHA aMILIUTYJ BHGpalNHH HOCOBOM
yacTy 6J0Ka UHJHHAPOB (cM. puc. 5). MoMeHT, nepenaromuiics mo
nuanepcaM (51-# IUm.) Ha HaACTPOHKY Ha IOJHOM XOAY IO 3aMepeH-
HBIM HaNpsKeHHAM B HHX, paBeH 31 T.M, UTO CBHUAETENBCTBYET O 3HA-
YHTENBHOM JHHAMHUYECKOM YCHJEHHH BO3OYXKIAIOIIEro MOMEHTa peso-
HAaTOPOM <«IBHUraTeJb—IepekprITHe» (6e3 ydyera yCHIH, mepenalo-
muxcs yepes 6opra u nepeGopKH).

M3 pesyabraToB rapMOHHYECKOTO aHajJH3a 3amucedl BHOpamuu
BHJHO, YTO Npeobiafalollee 3HAUEHHEe UMET COCTABAAKIIHE 4-r0 HO-
psiiKa, BHI3BIBAIOLIME MOBHILEHHYI0 BHOpDALMIO KOpNyca H HaACTPOHKH
B rOPU30HTAJBHOM HAIpPaBJEHHH,

AMnuuTyAE BepPTHKaJbHOM BHOpAUWH LBHraTesis, HE IPEBHIIAIO-
wue 0,1 MM, ¢ yacroraMu 8-ro B 16-T0 MOPANKOB HE paccMaTPHBAIOTCS
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B IaHHOM CTaThe, TaK KAK UX SHEPIHS HA NOPSAAOK HHNKe, 4eM Yy HUM-
NyJbCOB THAPOAMHAMUYECKHX JABJICHHHI OT BHHTA.

Ha ocHOBe BBINOJIHEHHBIX HCCIEA0BaHHUIl IPEJIATAIOTCS CeyIOUlHe
MepHl JJIs IpeAOTBPALEHHUS TOBPEKACHHI. :

CHuxxeHHe BO30OYXKAAOMNX YCUIHE:

— YMeHbllleHHe T'MAPOAHHAMHUYECKHX AABJEHHH OT BHHTA (IIyTeM
ero 3aMeHbl 5-JONACTHEIM MEHDbLIEr0 AHAMETPa HJH MOLPE3KoH Kpo-
MOK JIONACTe# 4-JI0NACTHOTO B C/lyyae yTsXKeJeHHOro BHHTa). JTo yBe-
JIHYHT 3230p MEXKIY KOPIyCOM H BHHTOM B paiHa/jbHOM HalpaB/IeHHH
H CHHSHT MHAPOJHHAMHYECKHe HaBJIeHHs Ha KODIYC;

— YyCTpaHeHHe DPe30HAHCHHIX IONEpPeuYHbXx KoJeGaHHil TIJIaBHOrO
HBHraTesisi MyTeM AONOJHHTENbHON HEPEBSA3KH €ro ¢ KOPIYCOM.

Bospefictue Ha peakKuuio Koprnyca myTeM BBIIIOJHEHHUS PEKOMeEHOa-

IH# 1O HOPMUPOBAHHIO YACTOT CBOGOAHBIX KOJI€GaHUE KOHCTPYKIHH
KOPMbl M YCTaHOBKHM DaMHBIX CBsi3efl B KOPMOBOH OKOHEUHOCTH, Ha4H-
Hast ¢ MO, corsiacHO peKoMeHAaLusAM [3], uepes TpH mWManHH.

Takum 06pasoM, pellleHHe BOIPOCOB, CBA3AHHHIX C MOBPeXKACHHIMH
cynoB tHNna «BapHeMioOHAe» OT BHOpAlHM, MOXKET. GBITb IOJYYEHO
TOJIBKO NIPH BBHIIOJHEHHHM DPEeKOMeHAalHMH, Kacaloluxcs Bo3GyauTenel
H peaKluH Koplyca.

CIIMCOK JIUTEPATYPH

l.Taspuaos M. H. CraTHCTHYECKH aHA/JHM3 [OBPEXAEHHH KODIYCHBIX KOH-
crpyknuit. ‘M., 1971 (LIBHTH).

2.ba6aes H. H, Jlearaxos B. TI. HexoTopsie ponpocs BHGpauun
cynos. JI., Cynnpomrus, -1961. :

3. PekoMeHJalun N0 OrPaHHYEHHIO  BIMAHHS BHOpalWH Ha cymax — HHbopm.
6oan./Biopo Bepurac. ITapux, 1970.

YK 629.12.015
J. . Kosyezo8

HUCNOJIbBOBAHHE XAPAKTEPUCTHKH CHAB)XEHHS
AJist BBIBOPA IKOPHOT'O YCTPONCTBA : :
COBMEUMEHHbBIX ®YHKU U MOPCKHUX BYPOBbIX
YCTAHOBOK

HcnosnbsoBanue KOHTHHEHTAJBHOTO meabda A HOGHIYM HOJE3HBIX
HCKONlaeMBIX — BaXKHasl HapPOLHOXO3AHCTBEHHAsl 3ajaua, pelleHHe KO-
TOPO# CTAaBHUT Mepes MPOEKTAHTAMH CyAOB U CYAOCTPOHTEISIMH CIOKHEIE
MpoGAeMbl CO3AAHHS HOBEIX BHJOB YCTDOHCTB AJIS Fe0JIOrOpa3Bepod-
HOro GypeHHsl B OTKPHITOM Mope. MeXJyHapoiHasi IPaKTHKA ONpefe-
JuJa TPH OCHOBHBIX BHJAa TAKHX YCTPOHCTB: GypoBBle Cyja, MOJYIO-
rpyxHbie OypoBEle ycTaHOBKH (semisubmersible drilling rigs) u ycra-
HOBKHM TaK Ha3biBaeMOro goMxparHoro tuma (Jackup). Bo Bcex Tpex
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cayuasx AJs BHIOJHeHHs: GypoBHIX pafoT Tpefyercs A0BOJLHO TOUHOE
COXpaHeHHe TO3HMIMH HajJ TOYKOH OypeHHS C MaJbIMH KoJeGaHHAMH
B BepPTHKAJbHOH H TOPH30HTAJBHOH IIOCKOCTAX. OMNBIT NOKa3biBaer,
4TO, HallpHMep, B TOPH3OHTAJBHON IJIOCKOCTH OTKJIOHEHHA He JOJKHbI
npesbimath 3 Y rayGuHB Mopst B Mecre OypeHus. HecoMHeHHBIM
IPeUMYIIECTBOM B OTHOLUEHHH COXPAaHEHHs NO3UIMH HaJk TOUKOH Gype-
HHSl H3 TPeX yYKA3aHHBIX BBILIE THIOB HMET YCTAHOBKH AOMKDPaTHOTO
tuna. OpHako a1 Gypenuss Ha GOJbLIMX IiyOHHAX YCTAHOBKH JOM-
KPaTHOTO THIIA HEIPHTOJHBI, TaK KaK B HHXKEHEPHOM OTHOLICHHH OUCHD
CJIOKHO CO3JaTh AJs MaaTGOPMbl BHIABHIKHbLIEC ONOPHBEIE KOJOHHBE! BHI-
coToit 200 M u Gosee. YUHTHIBasl, 4TO HauGoJee IEPCHEKTHBHBI Iy~

L]
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‘\’\75% 3 N2
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AN ST
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Puc. 1. Cxema 3aBO3KH fAKOpeH

Gunb 200—400 M, HMEHHO 5TO O6CTOATENHCTBO BBIABHHYJIO Ha NEPBHIA
TIJIaH HOJYIOrPYyXKHble 6ypoBbl€ YCTAHOBKH, MPOEKTHPOBAHHE KOTOPHIX
BeJleTCsl ¥ B HallleH CTpaHe.

[HosmynorpyHole OypoBble yCTAHOBKH B IOAABJIOLIEM 60JIbIIHH-
CTBE WMEIOT MHOTOSIKODHYIO CHCTeMY MACCHBHOTO IO3HIHOHHPOBAHHUA.

. DTa cHCTeMa 06ecleyuBaeT yAep:KaHHe YCTAHOBKH B TEXHOJNOIHYECKOH
NOSHUMH ¥ TIPH pasefouHoM 6ypeHud. CHCTEMB HMEIOT 6—12 TaxKe BX
siKopefl; KOTopble MJIs PAacKpelJieHusi yCTAHOBKH 3aBO3SATCH, KaK IHMOKa-
3aHO Ha pHC. 1. ’

Macca siKopeii.Cc yyeToM JeprKaliedl CHJIH, paspbiBHAs NPOYHOCTH
¥ IJIHHA AKODHOM LeNH MJH TPOCa PACCUMTHIBAIOTCSA HA SKCTPEMaJIbHEIE
yC/I0BUS yHEepKaHHs, HANPHMeD, [JIs NPHOPEXKHBIX pafioHOB OTKPHITOIO
OKeaHa — Ha [efCTBHEe BeTpa CO CKOPOCTbIO A0 53 M/C M BOJIHEeHH:
¢ BBICOTOH BOJHBL 10 18 M. JIJis 3aKpHITHIX PaHOHOB napaMeTphl BETpa
1 BOJIHEHHS MOIYT NPHHHMATBCA HECKOJbKO MEHbUIMMH MO MaKCHMaJb-
HBIM BeJHUMHAM MHOTOJETHHX HabiromeHuil B sTux pafionax. Kaxnoe
SIKOpHOE yCTPOHCTBO GypOBOH YCTAHOBKH, HCIOJIb3YeMOe B CHCTEME I10-
3UIHOHMPOBAHHS, NMEET BCE dJIEMEHTH OGBIYHOTO SKOPHOro ycTpo#cTBa
MOPCKOTO Cy/AHa, TpeGOBaHHs K KOTOPhIM perJaMeHTHpOBAHL! B Ilpa-
Busax Perucrpa CCCP. K TakuM s/JeMeHTaM OTHOCATCA ycTpoficTBa
TIPOBOJKH SKODHOM IleTH, MeXaHH3MBl NOJXbeMa H OTAdYH fKOpd, CTO-
nopHBIE YCTPOHCTBA AJsS YAEPKAHHSA UENH U T. IL Ha puc. 2 npusesena,
cxeMa KOMILIEKTALMH SIKODHOIO YCTPOHCTBAa MOJYMOrpyXHO# GypoBoi
yCTaHOBKH. _

Kak yxe GbUIO CKa3aHO, IJis 3asKOPEHHs YCTAHOBKHM HA MOSHIHH
Gypenus sKOps 3aBo3Arcd. OTa Olepalyds BBHINOJNHAETCHA CIeIHajb-
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HbIME cylaMH. OZHaKo MOXeT GHITh NIPELYCMOTpeHa W OTHAYa SKOPS
HEMOCPEACTBEHHO C CAMOH yCTaHOBKH, IPHYEM Ha COBPEMEHHBIX yCTa-
HOBKaX fIKODHble MEXaHH3Mbl CHAGXKAIOTCS CNELHANbHBIMA KUIKOCT-
HEIMH TODMO3aMH, PEryJIHPYIOMHMH CKOPOCTb TPABJEHHs TaKuM 06pa-
30M, 4TOOH MOXHO OBIIO OTAABATh SIKOPb CBOGOAHBIM IajfeHHeM HA
ray6uny 200 M u Gosmee. IlpuHuunmanpHas cxeMa Takoro TopMmosa,
UCTIQIb3yeMOro Ha SsHOHCKHX Oyposelx ycraHoBkax «Hakuryu Vs,
npuBeleHa Ha pucC. 3. Bpammuas, cHabxKeHHHBI TaKHM TOPMO30M, o6ec-
MIeYHBAET CKOPOCTh TPaBJeHHS SIKODHOH Ienu He GoJee 3,3 Mm/c.
TaguMm o6pasom, cilelyeT CYMTaTh, YTO SIKODHOE VCTPOHCTBO CH- .
CTEMBl NO3HLUHOHHPOBAHHUSA [OJHOCTBIO AHAJOTHYHO OOBIYHOMY SIKOp-

i m 1T 1]
/ /
[N
F_"'%T
| |
N
6
— 1 Puc. 2. Cxema xoMn- Pyc. 3. CxeMa Kumxocr-
JIEKTalHH SKOPHOTO HOro TOpMoO3a:
B YCTPOHCLPBa nonyno: 1 — 3Be3pmouka Gpammuas;
AN PYyXHOH GypoBOll 5 _gax ¢ TOPMO3HOM MKUA-
% YCTaAHOBKH: . KOCTb10; 3 — KphITbUaTKa
\\ 1 — aKopB; 2.— paMa
1 4“3 2 C DPOYJbCOM, BHINOJHSAW-
—~— - ufass  posb  KJAW3a; 3 —
HanpaBJSIOIHI POYJLC;
4 — SKOPb-LeMNb; 55—
Opallmuib; 6 — nenuot
SLUHK

HOMY YCTPOHCTBY MOpPCKOro cyiHa. IToueMy ke psif KJIacCHMHKANMOH-
HBIX OOLHeCTB TpeGyer SIKOPHOE YCTPOHCTBO MJIsi BPEMEHHOrO yAepiKa-
Hust (temporary mooring), He NpHHHMAsi BO BHHMaHHE TAKOE Da3BH-
TO€ FKODHOE XO3fHCTBO, KOTOPOE BXOJHT B CHCTEMY IIO3HIMOHHDPOBA-
BuA?  OueBHIHO, B JAHHOM cJjydae OOJBIIYK pPOMb  HIPAeT
TPaJUUHOHHEIA MOAXOM K NPHCBOEHHIO KJacCHOUKAUHOHHBIMH O6IecT-
BaMH Kjacca IJIaBYYHM MODCKHM CQODYIKEHHSM, NPH KOTOPOM Ji06Goe
TEXHOJIOTHYeCKOe 00OpynOBaHHe He BXOAHT B YCJIOBHE NDHCBOEHHS
Knacca. Mcxons M3 9TOro yc/aOBHS M CYHTAsl SKOPHYI CHCTEMY IO3H-
IHOHMPOBAHHS] TEXHOJOTHYECKHM O0GODYAOBAHUEM, KJACCH(PUKAIHOH-
Hple obutectBa TpeGylOT Ha KJIACCHOHUUPYEMBIX yCTAHOBKAX HAJHUHMS
TPaJUIHOHHOrO SKOPHOrO YCTPOHCTBA, XapaKTePHOrO AJis BCEX MOp-
CKHX CYIOB. ,

PaccMoTpuM npaBOMEPHOCTb TAKOTO IMOJIOMNKEHHS BelleH, a Takke
BO3MOKHOCTb COBMELIEHUs] QYHKIUH AKOPHBIX ycrpoiicts. B [IpaBunax
Perucrpa CCCP B 0o6mux yKasaHHsX O SKOPHOMY CHaGKEHHIO TOBO-
purest: «Ha kaxaom cynne HOMKHO HMeThCsl SIKODHOE —YCTPOMCTBO,
npeaHasHavYeHHOE AJI yOePXkaHHA CyAHAa Ha HHX NPU OTHAHHHX CTa-
HOBBIX AKODsiX». Konkperno B IlpaBuiax yc/ioBus ylep:KaHus He yKa-
BBIBAIOTCS, HO HOPMHpYyeMEbie pa3pblBHBIE HATrPY3KM HA  3J€MEHTH
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‘yerpoiictBa obecreuuBaloT GesonmacHoe yAEpXaHHE CylHa TpH neficT-

BHH BeTpa CO CKOPOCTBIO 10 25 M/C M CKOPOCTH BCTPEUHOrO TEHEHHS J10
1,54 m/c (3 y3). Takue ycJOBHs NPHHSATEI, II0JIaras, 4To fKOpHasd CTO-
SHKa HOPMAJbHO OCYLIECTBJAETCS B PEKOMEHIOBAHHBIX JIOLHAMH Mec-
TaX B OTHOCHTEJBHO 3aKPHITHIX OT BO3JEHCTBUS BHELIHHX CHJ aKBaTO-
pHsAX. BypoBble yCTaHOBKH, KJacCHuuupyeMble KAK MUIABYIHC MOpPCKHE
COOpYeHHs ¥3-3a MX CHELH(HUKH, MOTYT OKa3aThCd B TAKHX YCJIOBHAX,
KOTJa SKOpb. (siKops) OymeT eAHHCTBEHHBIM CpPEACTBOM obecneueHns
6e30NMacHOCTH NPH HAXOXJAEHHH HX Ha He3aIIUIIEHHBIX aKBATOPHAX.
JlornuHO GBLIO 6B B 5TOM caydae, NpeAbABJss TpeboBaHHA K TpalH-
IHOHHOMY SIKODHOMY YCTPOHCTBY, yd4ecTp ¥ Gosiee CJOXKHbE YCJOBHS

- SIKOPDHOH CTOSTHKH.

sikopHoe o6opynoBanue, no IIpaBunam Perucrpa CCCP, BHGu-
paeTcs B-3aBHCHMOCTH OT XapaKTepACTHKH cnabxenus No. Cama xa-

‘PaKTEPHCTHKA CHaﬁ)KeHI/IH——JlByXKOMHOHEHTHbIﬁ MOLYJIb, y‘-IHTbIBaIO-

IH# DPOMOPIHOHAJBHOCTD BHEIIHMX CHAJ H HoBepXHOCTEH CydHA:
Ne=A?3+A.

[lepBasi cTeneHHast KOMIOHEHTa B 3ToH 3aBHCHMOCTH A%3 yCJIOBHO
VUHTHIBA€T CONPOTHBJICHHE [OTPYKEHHOH YacTH CyLHA BCTPEUHOMY I1O-
TOKy, BTOpast JHHeliHas KOMIOHeHTa — ACHCTBHE BETPa Ha CyMMapHYIO
AJIOHIAAh NPOEKIHA BO3BHINAOMKXCA Hal BOJO¥ yacTell Ha IJIOCKOCTD,
HOPMaJIbHYIO K JIHHHH [IeHACTBHS BETpa. :

Macca axopelf, TPOYHOCTHEIE XapPaKTEPUCTHKH nene#l u uX AJHHA
BHIGMpPAIOTCS N0 PACCUHTAHHOM XapPAKTEPUCTHKE cHabXeHus U3 yHUDH-
IMPOBAHHON TaGJHIB CHA0XKEeHH: MAKO, xopollo 3apeKOMEHI0BaB-
meit ce06s Ha MPaKTHKE. '

VkasausHas (GopMyJa XapaKTeDHCTHKH BIIOJHE NPUMEHHMA K Oypo-
BHIM yCTaHOBKaM, €CJIH y4ecTb, HalpHMep, C NOMOIIIbLI0 HEKOTOPbIX KO-
3¢} HIIHeHTOB, HEOOGBYHOCTD YOPMBI NOrpyKEeHHOH 4acTH U BETPO-BOJI-
HOBBIX YCJIOBHH SIKODHOW CTOSHKH:

Ne sp=lokaol "+ bocd. (1)

YYET ®OPMbI NOrPY)XEHHON YACTH kg

I[TorpyxeHHast 4acTb OypoBOi YCTAHOBKH MOXKET HMMETh dbopMy
OGLIYHOTO CY[AHA MJIH MOHTOHA (IIaTdOPMBI) NPAMOYTONBHBIX o6paso-
BaHHH C NMOJPe3aMu HJIH THIA KaTaMapaHa WX TpHUMapaHa. B nepsom
cayuae Ko3(pdHIHEHT GOPMEl Ry HOJKEH NpUHKMATbCS PABHEIM 1, TaK
KaK HHKAKHX TPUHIMIHAJbHEIX OTJHYHH B COOTHOLIEHHAX IJIABHRIX
pasMepeHHuii O CPaBHEHUIO ¢ OGBLIYHBIM MOPCKHM CYIHOM HET. B psane
cJyyaeB NPOCTO HCIOJb3YETCsl KOPHYC MOPCKOrO CyiHa IJIs nepeo6o-
pyLoBaHHs o GypoBoe cyAHo. Has BrIGOpa Koadduunenra Gopmbl
BO BTOPOM CJyyae MOXHO BOCIIOJIb30BAThHCH paspaboTKaMH, BBEINOJIHEH-
HBHIMH [J5 ONpeieJeHUs CONPOTHBJEHHS NOTPYKEHHOH HacTH IIAB-
KpaHa, 0 KOTOPHIM 3TO CONPOTHBJIEHHE NIPHHHMAETCS NMPONOPUHOHAIL
HLIM [UIOWIAM CEUeHHs NOTPYKEHHOH 4acTH B IJIOCKOCTH, HOPMaJbHOK

K IIOTOKY:

: 2
RK = /s.
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B Ilpasunax Perncrpa CCCP aas yuera Taxroro CONPOTHBJEHHSA
OPUHAT Koahuuuenr ky = 1,5.

OTOT KO3 (HLUHEHT ¢ ZOCTATOUHOH TOUHOCTBIO OGecHeyHBaeT yyer
CONPOTUBJIEHUSA MIATPOPMEL C IPAMOYTOJIbHLIMI 06Pa30BaAHHAMHY Hpaxk-
THYECKH JII060H (popMHE B IJIaHe.

Jasi yuera CONPOTHBIIEHHS ABYXKOPIYCHOIO cylHa (KaTaMmapaHa)

HCIONb3yeM paspaloTKH JJs  OHpejeseHus CONPOTHUBJIEHHS CYROB

-THIA «DKCIEPHMEHT», KOTOpPble GBI BHIIONHEHH N0 3afaHHi0 Dery-
crpa CCCP. Cornacro atuM paspaborkam PEKOMEHJI0BAHO Maccy
AKOD#, HafJEHHYI0 10 XapaKTepUCTHKe
CHACXEHHs, pacCYHTaHHON Kak jgas  Kx
OGEIYHOTO OHOKOPIYCHOTO CyIHA, YMHO- th
XKHUTb Ha Koddduuuent Ky, BHOpaHHHIH :
B 3aBHCHMOCTH OT TOPH30HTAJBHOTO KJH- ~ Tt
PeHca N0 KpUBOH pHC. 4. T
Ilpunsas crnpaBenJMBHIMH 3TH peKo- ]
MEHJal¥H, MNOATBEpPXKACHHbEe NAHHBIMH A R R TR TR

MOJIENIbHBIX HCIBITAHHH, HECJTIOXKHO ompe- : Knupens
ACJHTh ¥ KO3} PuuHeHT GopMH AJf IIO-

rpyXeHHO! YacTH KataMapasa. Ilpu or- Puc. 4. Tpadux sasucumocra
HOCHTeJIbHOM KJIHpeHce Gosee 1 3T0T Ko- kxospduunenta Ky, yunreipa-

K
3O (QHLMEHT C NPHEMJEMBIMH IONyIe- fOIero. Kimpere

HHSIMH MOXeT GbITb IPHHAT PaBHHM 1,75,
Ins TpumapaHoB Ko3ddumueHT ¢opmbl crenyer npurnMaTh pas-
HEIM 2. .

YYET BOJIHOBbIX HATPY30K k.0

Iocrosinmas cocraBasiomas BOJHOBOrO IABJIEHHS B obuieM BHAe
MOX(eT OLITh NpPENCTaBJEHa KakK IPOH3BELCHUE HEKOTOporo koadou-
LHeHTa O6TeKaHHs ¢y HAa MJIOWAAb NOTpPYIKEHHON YaCTH, BHIPaXKeHHO
Uepe3 MaccoBoe BOLOH3MeELUeHHe, Ha !/ KBagpaTa BOJHOBOM Xapakre-
PHUCTHKH H Ha IJIOTHOCTb BOJH;

ho)2 2/,
paon=cy—p’(7w)—A ! . (2)

Ha ocHOBaHMM HaHHBIX MOZENBHBIX HCIBITAHUIY HEKOTODHIX BHAOB
OypOBBIX yCTaHOBOK K03(p(HIUEHT 06TeKaHus Cy MOXHO IPHHATHL paB-
HeM 0,3. Ipuuss oo AaHHBIM MHOTOJIETHHX HaOJIOAEHHH MaKCHMAJb-
HEI€ SHAUCHHS! BBICOTHl H MEPHOKA BOJIHM (HAampHMep, Aas okeana H —
=18 M 1 T =15 ¢), a TakXKe MIOTHOCTD npu coqedocru 35%,, mocro-
AHHO€ BOJIHOBOE JAaBJIeHHE GYLET ONpefesaThCsl IO bopmyuie

Psos = 0,247,

CaenoBatensno, BosHOBOI KO3 QUIHEHT [Js pafioHOB OTKPHITOr0O
OK€aHa MOXKHO NPHHATb PaBHHIM 1,2, :
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VYET BETPA NPH LUTOPMOBAHHH Zsex

B orsinune oT OGBIYHOrO MOPCKOTO Cy/HA, KOTOPOE MOKET H3MEHHUTDb
CBOIO SIKOPHYIO NO3HIMIO NIPH IITOPMOBAHKK HA AKODE 32 cyer AeHCTBHS
[JIABHON MalHHH, GypoBas yCTAHOBKA, KaK NPABUJIO, BEIHYX/EHA CO-
XpaHATb NEPBOHAUAJBHYIO TOSHUMIO JaXe B JCJHOBHUSAX MKECTOKOro
wropMa uau yparasa. CJeloBaTe/]bHO, NpU BEIGOpe YHH(HIHPOBAH-
HOTO SIKODHOTO CHAGXKEHHS CHe/lyeT YIUTHIBaTh NPENCJBHBIC ‘BETPOBHIE
Harpysku. MexayHapoaHas MNpakTHKa NIPOEKTHPOBAHHS H CTPOUTEJD-
cTBa GypOBBIX yCTAHOBOK NPHHHMAET BETPOBbIE HAIPYSKH JJiS CHCTEMBI
O3UIMHOHUPOBAHUS OT BeTpa 53 m/c. Tak Kak 06BHUHOE SKOPHOE YCT-
PONCTBO MOPCKOTO CYyJAHA MOXKHO yCJOBHO CUNTATb PACCUHTAHHBIM Ha
BeTep KO 25 M/c, B pacuer BTOPOH KOMIIOHEHTH XapaKTEPHCTHKH cHab-
WeHHs A cielyeT BBECTH IONPaBOYHBI K03 DHIUEHT Rper = 53/25 =
=2,12. : _

Ecnu cTpoHTENbCTBO GypOBOH Beiercd AJs 3aKPLITOro H 3apanee
ompejesieHHOro pafoHa, BMECTO BETPA 53 M/c MOMXKHO B UHCJIHTE]E
NPHHATH BeTep, MAKCHMAabHbA LIS AaHHOTO pafiona.

Takum 06pasoM, [Js pacyeTa XapaKTepHCTHRH cHaGxenus Oypo-
BOH YCTAHOBKH COBMEIIEHHBIX yrKUME caeayerT B popMmysy (1) moxm-
CTABHTb 3HAUEHHH KO3(h(OHIHEHTOB, YUHTHIBAIOMIHX dopMy TOrpyKeH-
HOfl yacTH KOpWycCa, BETPOBblE H BOJHOBEIE HATDYSKH, omnpeesNeHHbIE,
KaK yKa3aHo BhILIE.

Jlas mpuMepa OIpeenuM noTpe6GHyI0 Maccy AKOpA U ganubp sKOp-
HON Ilemd IOJyNOrpy¥XHoit GypoBod yCTaHOBKH BOJIOM3MEILeHHEM
13700 T ¢ Hecylnel MyIaByYecTbio KaTaMapaHHOro Tyiia, npexHa3HayeH-
HOf IS SKCIIyaTalii B OKeaHCKUX paioHax. [puMeM: IJIOLIAAL A~
pycroctu A = 2127 v, koa(hduurenT GopMbl KaK 1Js KaTaMapaHa,
paBHEIM 1,75, BOJHOBOM K03 HIHEHT /s OTKPHITEIX pafioHOB OKeaHa
1,2 u Berposoil 2,12.Torna mosy4uM No=1,75.1,2. 13 700°:+2,12X
X2127 = 5710. ’ .

o Ta6um. 3.1.4.1 wactu III «YerpoiicTBa, o6opynoBaHHe H CHabXKe-
spe» [IpaBuil KJacCAQUKAIMH U MOCTPOMKH MOPCKHX CY[OB BhIGHpaeM
HA TIOJy4EHHYIO XapaKTepHCTHKY AKOPA maccoit 16900 Kr u HenOH
TpeTheil KaTeropuy Kaanopom 100 mMMm.

JnpHy SIKOPHOH Lieny AJs rJyOHHBL SKOPHOH CTOSTHKH 200 m ompe-
JleJIMM, BOCIOJIb30BABUIACH PeKOMEHAALHAMU XupOCHMCKOTO TeXHHYE-
CKOrO HHCTHTYTa&, COTJIaCHO KOTOPHIM AJA HOPMaJbHOM CTOSIHKM Ha
Gouapinofl rayGuHe Tpebyerca 3aBesTH CyAHOM-3aBOSHEM sKOpA A0 OT-
JayH Ha paccTosiHue, paBHOE yABOeuHOH riy6uHe, ¢ MPOBHCAHKEM LeNH
J0 KacaHHS TPYHTA.

Heo6X04uMYI0 AJHHY SKODHOH IeIH JJs BBIMOJHEHHS 3TOrO yCJO-
BYUS MOKHO ONPENEIHTb, HCIONb3Ys NPHHIHI Twofirenca. Torga L ==
=2[+2/s(I—H). '

O6mas AJHHA STKOPHOH LENH NOJKHA GHITb NPUHATA C yYeTOM BhHI-
coTul caMofi GypoBOH YCTaHOBKH Losm = L-+2H, rme H—Bricora
3Be3I0UYKH Gpallnuis HajJ ypOoBHEM BOABL. '

Jlnist BEIGOpA AJIMHBL IKOPHOH 1eNH MOXHO HCHONB30BATh H paccy-
TaHHYyI0, KaK YKa3aHO BBIIIE, XapaKTepPUCTHKY CHAGMKEHHS. B sTom
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L JEemmma——
caydae [JHHA MOXKET ONpefesaThCs 1O dopmyae Losg = 59r Y N¢, rne
r=1,0; 1,3 u 1,6 nas AKOPHO# CTOSHKH Ha rayGHHe COOTBETCTBEHHO
100, 200 1 300 M.

[IpuBeAeHHEIH MeTOJ pacuyera SKOPHOIro ycrpoficTBa COBMEIUEHHBIX
(YHKIHMI OCHOBAH HA SKCTPANOJHPOBAHUN ONBITA HHKECHEDHBIX pacue-
TOB 1O GYPOBBHIM YCTAHOBKAM TMOJYIOIPYXKHHM H AOMKDATHOrO THIE;
N03TOMY BCe NpHBELEHHBIE KO UIHEHTE CEyeT CUATATh IMIMPH-
YeCKHMMU.

YIK 629.12.014.6
. A. Ypycos

O PACYETHDBIX 3HAYEHHIX U3TUBAIOIIUX MOMEHTOB,
PEAKILM¥ U NEPEPE3BIBAIOLIUX CHUJI IPH NMPOBEPKE
MPOYHOCTH JEMEHTOB PYJIEBOTO YCTPOVICTBA

IIpusenennsie B ITpasuiax Perucrpa CCCP [1] ¢opmyas AJs
olpefieNieHus PacueTHHIX 3HaYeHHH Hru6aoMuX MOMEHTOB H peaKIu#,
JENCTBYIOUIHX B 3JeMEHTaxX DYJeBOro yCTpoHCTBa GOJIBIINHCTBA THIOB
pyJieH, MOJIyueHE H3 PACCMOTPEHHs CHCTEMEL pyab—~06aJiep Kak MHO-
rOONOpPHONl Hepaspe3Hod Oasiku, HaXoAslleficd Ha KECTKHX Omopax.
[Ipu 3TOM B LeJSX YNpomeHHs (Popmyds GLIIM OPHHATH TpeAeJbHbIE
3HaueHHs OTHOWIeHHH xapakTepHbX Bednuuy —e/l2, [/l Js/Jp v T. I
(puc. 1), He YYHTHIBAJCA M 3aKOH paCIpPENeJenus MO BhCOTE nedcr-
BYIOLIETO Ha PyJIb THAPOAMHAMHYECKOTO AABJIEHHA. _

B crpaBouHHKe N0 CYAOBBIM YCTPOHCTBAM [2] Takxe He YYHUTH-
BAJOTCH TIOAATJAMBOCTb ONMOP PYJNEBOrO yCTPOMCTBAa M 3aKOH pacnpefe-
JIeHHsI JABJIEHUS IO BLICOTE DYJIS.

QueBHHO, TIPHHATHE NPENeJbHbIX OTHOINEHHH XapaKTepHBIX BEJH-
YHH TIPH BHIBOJE PacyeTHHIX (OPMYJ BeleT K CYLIECTBEHHOMY 3aBBILIC-
Huo (KOJMUYECTBEHHO 3T0 OyAeT NoKasaHo HyxKe) U3rnbalomux MOMeEH-
TOB, peakUuil H, B KOHEUHOM CUETe, PeOMEeTPHYECKHX Pa3MEPOB 3JeMEH-
TOB pYJI€BOTO YCTPOHCTBA NpPH 3HAYCHHAX OTHOIIEHHH, OTJIHYHBIX OT
NPUHATHIX IpH pa3paboTke GopMyI..

B crarbe HCIOJb30BaHbl CiefyIollHe OCHOBHBIE 0003HaueHHs: Sp—
WIomMaAb pyas; Sz — IJOMaAb 4acTH pyJsd, HaXOAsmascs B CTPYe
Ipe6HOr0 BHHTA; Sy— MJIOMANb HaCTH [O0MyGasaHCHpPHOrO pyJd, pac-
OJIOKEHHOrO HIMKE HUXKHEro INTHIps pyJas; F-—cyMMapHas Harpyska,
KeficTByIomas Ha pyJb; Fi—yactb Harpysku F, ycjioOBHO paBHOMEDHO
paclpeseseHHas [0 Beefi muomagu Sp; Fa— HLONOJHUTENbHAA HACTh
Harpysku F, Bbi3BaHHasi JeficTBHeM CTPyH IpeGHOro BHHTA, YCJIOBHO
PaBHOMEPHO paclpelieileHHas TOJbKO MO IIOoLaAH Sy; Fz—uacTp
cyMMapHO#i Harpysku F, IpHJOXKeHHAs K YacTH MJOMAAn py.sd, pac-
HOJIOMKEHHON Bbillle HHMKHEro UITHIPA pyis, Fx— 9acTb CyMMapHOH
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HarpysgKu F, NpuJoKeHHasdA K 4YacTH nJjomanu pyﬂﬂ,‘pacnono}xenﬂoﬁ
HUXKE HUXKHEro WITHIPS PyJsfl; Op — KO3(QQHUHMEHT HArpysku rpeGHOro
BHHTAa IO YHODY; Or — IIPeAes] TEeKyueCTH MaTepuana; E — Moaydb
YIPYrOCTH MaTepHaja NPH PacTaXKeHHH; G — MOJy/b yNPYrocTH Mare-
puana mnpu caBure; Jg— MOMEHT HHEpLHH NOMEPEYHOro cedeHHs Gal-
Jepa; Jp— MOMEHT HHEPIHH TONEepPEYHOro CeyeHHss mepa pyns; Ju—
MOMEHT HHEPIHH [ONEPEYHOrO CeyeHHs IOAOLIBHl aXTEPIITEBHS HIH
KpOHIITefiHa Py (IPH MOCTOSHHOM NOMEPEYHOM CeYeHHH); Jpm — MO-
MEHT MHEPIHH NOMEPeyHOro CeueHHs PYAepProcTa; Jxp — MOMEHT HHep-
LMK TONEPEUHOTO CeueHHs P KPYUeHHH IJIsl KpoHWTefiHa pyJas (npH
IIOCTOSTHHOM TIOTIEPEUHOM CEUYEHHH); Jp. xp — MOMEHT HHEDIHH NONepey-
HOTO CEYeHHS MPH KPYUEHHH AJS PYyAepPNocCTa; Ju, xp — MOMEHT HHEPIHH
TIONEPEYHOro CeYeHHs NPH KPYUYeHHH JUIs IMONOIIBH  AXTEPLITEBHS;
W6 — MOMEHT CONPOTHBJIGHHS MHOIepeyHoro ceuenus Gasnepa; Wo—
MOMEHT CONPOTHBJICHHS NOMEPEUHOro CEYEeHUs MOJOUIBHl aXTEPUITEBHS;
d — nuaverp 6Gasuepa; fg — IUMPHHA TONEPEYHOrO CeUeHHs MOLOIIBH
axrepmrTeBHs; Ms, Ms u M, — u3rubaoline MOMEHTH, AEHCTBYIOLIHE
COOTBETCTBEHHO B OINOPHHIX ceueHHsx 2, 3 u 4 6ajky, Ri, Ry, Rs v R —
peakuys COOTBETCTBEHHO OIOP 1, 2, 8 u 4 6anxu; fs, f3 0 f4— mpocaaka
COOTBeTCTBeHHO omnop 2, 3 u 4 6anku; A4 — NOAATIUBOCTL ONOPHI 4
pyas. :

PaccMOTpHM BJAHSHHE MOAATIMBOCTH ONODP PYJEBOro yCTPOHCTBA Ha
mpUMepe NPSIMOYTOJIBHOTO PYJs CO WITHIPEM B MOJOIIBE aXTePLITEBHS
(cM. puc. 1, 8 1 u).

JIONONHHTENLHEIR H3ruGaloIini MOMEHT, CO3JaBAaEMBIl B CEUCHHH
Gassiepa y HHXKHEro MOAUIMNHHKA (omopa 2 Ha puc. 1) us-3a moAatsiu-
BOCTH MOJOIIBH AXTEPIUTEBHs, ONPeJeJHM B IEPBOM MNPUO/IHKEHHH,
paccMaTpHBas CHCTeMy Oajulep—pyJb Kak Oajiky Ha JABYX Omopax
(1 1 2) ¢ xoncoano lz (cM. puc..1) mpu Je/Jp = 1: :

AMy= £, __8EJs

2 U
b (l + lz)
H, COOTBETCTBEHHO 3TOMY, AONOJHHTEJbHOE HOpMaJbpHOe HANpsXKeHHe
Ao B yKA3aHHOM CeueHHH GaJiepa, co3flaBaeMoe MOMeHTOM AMo:
AMy _ AMod 3Ed _ (1
-2 /4 { '
Ws  2s 2 (1+)
Iz .
[Iporu6 MOHOWIBH aXTepITeBHs B IePBOM NDHOJHMKEHHH ONpeje-
asercs Gopmyaon

AO‘Q =

Ry 2R 9

fa= 3ES,  SEWghy : @

[TofCTaBUB 3HAYEHHE MOMeHTa compoTusienusi Wy B dopmyny (2),

pernamentupyemyio IlpaBunamu [1}, moayuum
2. 10%3

= ) 3

J4 3Ehy ( )

[Mocse mojcTaHOBKH 3HaueHusi f; B (1), moayuum ¢opmyay s

OLIEHKH JONOJHHTEJbHBIX HOpPMaJIbHBIX HANpSXKeHHH B paccMaTpHBae-
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MOM ceyeHuH Oasjiepd, BHI3BAHHEIX IOAATJIMBOCTHIO MOAOIUBH axTep-
wreBHs (omopa 4 gns pyJeit Ha puc. 1, 8, u):

d 103

AGQ Bl

— @
IZh h
SRSy~
Ha puc. 2 npusenens snauenus Ao, ompejesnennsie 1o (GopMy-

Je (4). Kag BuAHO 3 DHC. 2, 111 PACCMOTPEHHBIX OTHOLICHHH Xapak-
TEPHBEIX BeJHYHH NONOJHHTEJbHBIE HANPSXKEHHS H3-3a NOAATIHBOCTH

Ac,
Ml )
. / f
200 — d
I
760
B
A

720 - } QQ‘)
60 )
/ e }'g=0,5

40— 0,9
%%/
43 45 497 3 17 14
/12
Puc. 2

ONOPHI KOJeOJIOTCS B MIHPOKOM AuanasoHe: ot 2,4 MIla npu d/hn==
=0,5; i/, =0,9; ls/lz=10,3 mo 226 MIla npu d/hz=1,5, li/lz=10,3;
ls/ly=1,4. Ilpu ypoBHe HanpsiKeHHI, ONpeleNeHHbIX 6€3 yueTa IoJaT-
JIHBOCTH OMOpP, paBHHX okono 100 MIla (corsacuo Ilpasunam [1] mss
cranu ¢ oy =240 MIla) omubxa B ONpeNeJieHHH HAIPSIKEHHH COOT-
BETCTBEHHO cocTaBuT OT 2,4 10 226 % B onacuyio cropony. QueBHIHO,
CTOJIb' CHJIbHOE BJIMSIHHE NOLAT/JAMBOCTH OIOD MHOJIXKHO YYHTHIBATHCH,
1 IpH 3TOM AH(PPEepeHIHPOBAHHO, B 3aBUCHMOCTH OT KOHKDETHHIX Be-
JAuuun l1/ly, 13/l; u Js/J, paccMaTpuBaEMOro YacTHONO PYJIEBOTO YCT-
pOFCTBA, XOTH 3TO BEJET K CYLIECTBEHHOMY VCJIOXKHEHHIO DaCUETHBIX
dhopMy.I.

KsBectHo, uTo rHAPOAMHAMUYECKOE JABJIEHHE HA NEPO Py Hepas-
HOMEpHO IO ero IJIomlaju. 3aKOH H3MEHEHHs AaBJCHHS BHOJb XOD.El
nepa pyJs He ¥MMeeT NPAKTHYECKOro 3HAUeHHs] IIPH -PACCMOTpPEHUH
npoudocTH Ganku 6asnep—pyab. OfHAKO 3aKOH H3MEHEHHs AaBJIEHHS
IO BEPTHKAJH, T. €. BJAOJb OCH CHCTEMHl Oajjep—pyJb, MOXKET OKa-
3aTh CYLNIEeCTBEHHOe BJHAHHE Ha pacyeTHHle H3THOAIOMIHE MOMEHTH
H peaKiui.
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B pacuerax mpoyHOCTH MOXKET OBITb YY4TEHO pas3jiHyHe NABJIEHHS Ha
MACTH MVIOMANH PYJIs, HAXOAANEHCs B CTpye rPeGHOTO BHTHA H BHE ee.
OrHouleHHe ycpeIHEHHBIX AaBJEHHH Ha 4acTAX MJOUAAX DPyJs, Ha-
XOJAIMHUXCA B CTPye rpeGHOr0 BHHTA U BHE ee, MOXKET OHITh Npe[cTaB-

JIEH KaK .
( gp )i 1. )

Has noany6anancuproro pyasi (cM. puc. 1, a, 6, %, 3), €CH He YUH-
ThIBaeTCsl COOTHOIUGHHE NaBJEeHHH, yKasaHHoe B ¢opmyJnae (5), neHcrT-
ByIOIlME HANPSAXKEHHS B CEUEHHU PYJsd Y HHKHEro ITHPA (¥ onops 4)
OIpeeAIoTCs ¢ OMHOKOM, B IPONEHTaX, B ONACHYI0 CTOPOHY H BBIYHC-
JSIOTCA CAeAYIOIUM o6pasoM:

_Ss :
Agy— 84p(1 SS") . o (6)
SIJ

B Ta6n. 1 mpuBeneHn 3HaueHHs Aoy, onpeneneHHule 1o ¢Gop-
Mmyae (6).

Tabauya 1
Omubka Agy, %, TpK 3HAUCHUAX 6mn6ka AGy, Y, NP 3HaUCHRAK
qp ‘ sp, PaBHBIX °p sB/sp, PABHBIX
05 | 07 | 09 05 | o7 0,9
0 : 0 0 0 3 56,0 27,5 7,7
I 29,8 16,0 4,8 4 63,8 30,2 8,4
2 45,9 23,3 6,7 - 5 68,0 32,1 8,8

W3 rabauns 1 BujgHO, yto ommubka Aoy pas mepa noaybanaHcup-
HOTO pyJsl CyllecTBeHHa. Takoro ke IOpsiAKa ouWHOGKa IOJydaercs
B OlpelieJieHHH HanpsiKeHu#l B GaJiepe W mepe pyJs AJs IOABECHBIX
pyJeH, ecIH He YUMTBIBAETCH COOTHOHICHHE HNaBJeEHHH, yKasaHHOe
B opmyae (). .

OueBHAHO, 151 YKA3aHHBIX CJIyYaeB 3aKOH PACHpEJeseHHs AaBile-
HHSl IO BBICOTE DYyJId JOJIKEH YYHTHIBATBHCS INIPHU ONpEIesNeHUH pacyer-
HEIX 3HAUEHHHA H3rHOAIONHX MOMEHTOB, pPeakluii M mepepesbBalo-
KX CHJL

CirejiyeT OTMETHTE, YTO YKa3aHHAS oun6ka B ompeseeHHH Hanpﬂ-
JKeHu# (cM. TabJj. 1) COBMECTHO ¢ OIpeJeJieHHeM BHEIUHel cyMMapHOR
Harpy3ku no IlpaBusam [1], B psme cayuaeB ¢ ownGkKoR B JBa pasa
B ONACHYIO CTOPOHY, ABJISACTCS OAHOM H3 IVIABHHIX NPHUHH HMEIOIIHXCS
HOBpeXIEHHH Nony6asaHCUPHBIX pyJed B paCCManHBaeMOM CeueHUH
(y omopet 4 puc. 1).

Kak nokasmpiBaioT pacueTs], NPH HeyueTe HEPABHOMEDHOCTH paclpe-
IeNleHHs] [aBJeHHS IO BBICOTE HPSIMOYTOJBHOIO pPYyJasl H IO BHICOTE
BepxHelt yactu mnosaybasiaHCHPHOro pyJas (Bbilie omopel 4 Ha pHuc. 1,
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a, 6, oic, 3) olIKMOKa NpH ONpPeJeNeHUH HANPsAKeHHH B ceueHuu Gasiepa
u mepa pyns He mpesblmaer 2—3 %. Bo usbexaHne H3MHIIHETO yCJI0-
JKHEHHs PACYETHHIX (OPMYJ B STHX CHydasXx HEPABHOMEDHOCTb JaBJje-
HHs, 10 MHEHHIO aBTOpa, MOXKET He YUMTHIBAThCS.

ONPEJEJEHHE PACYETHBIX 3HAYEHHH
U3TrMBAIOIIHX MOMEHTOB, PEAKIIMH H NMEPEPE3bIBAIOIHUX CHII

B o6meMm cayyae pysab (IOBOPOTHAs HacafKa) COBMECTHO ¢ GaJe--
POM SIBJISIETCSI MHOTOONOPHOH 6aJ/IKOH C MepeMeHHBIM MOMEHTOM HHep-

a) le
Jp
f .
L o Js
Z B ’
;7_ /
-(—c—)-‘ e lf
)
Mgy Fy
g
F
M4=f;l ¢ 8 .
Jg Js
& #AJ 2 !
7 7
42 A e 14
s i
T
Puc. 3

LHHA uonepetmoi‘o CEUEHHSI H MNpPEACTaBJIAeT CTATHYECKH HeomnpeneJ/Jau-

MYIO CHCTEMY.

He yuuThiBas BO3MOXKHOH IpOCajXH ONOp H3-3a JedopMalHu KOp-
myca cyJAHa Ha BOJHEHHH, HETOUHOH HEHTPOBKH OCH 0aJiep—pyib, H3- -
HOCOB B MNOAIIMIHHMKAX M T. I, MOXKHO PacCMaTPHBAaTh ONOPH PYJsd
wan Gajjepa, PacloJIOXEHHbIe HAa JKECTKHX KOHCTPYKUHSIX Kopiyca
CyJlHa HJIH B HENOCPEACTBEHHOH GJH30CTH OT HHUX, KaK KeCTKHe, C IIPo-

. caKoH, paBHo¥ Hymo (onopw 1, 2 u 4 Ha puc. 1, 6, e, 3, # u onops [

u 2 ua puc. 1, g, 8, ¢, 0, o, u, K, 2). OcTajbHble ONOPHl ABJSAIOTCA NO-
IaTJHBLIMH. FIX mpocajka NpONOpUUOHA/NbHA HArpyske, MPHJONKEHHOM
K OIOpe, H 3ABHCHT OT OCOGEHHOCTell KOHCTDYKUHMH, Ha KOTOPOH OHa
pacrnonoxeHa.

Ha puc. 1 mpejcraBieHO BCe BO3MOMKHOE MHOroo6pasue NPUHLH-
THAJbHBIX CXEM PYJEBBIX YCTPOHCTB, SBJISIOLIUXCS CTATHUECKH HEONpe-
IEeNUMEIMH CHCTEMaMH, 3a HCKJIOUeHHeM pyJell ¢ TpeMs u 6oJee LITH-
PAMH, PACIOJOXKEHHHIMH 32 PYAEPIOCTOM HJH 32 AeHABYLOM.

Ha puc. 3, a mpeicraBjeHa pacueTHas cXema JJs pyJas, Hsobpa-

“JKEHHOTO Ha pHc. 1, @, KOTOpasi YUUTHIBAeT H3JOXKEHHOE Bhllle 06 omo-
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pax M 0 HEPABHOMEPHOCTH DaCHpele/ieHHs! NABJEHHsS MO BHICOTE PYJIS.
HepaBHoMepHOCTb pacnipesieieHus AaBJeHUS B Ipojete 2—4, KaK yKe
' OblJIO yKa3aHO, He yuyuThIBaercsd. Cxema pHC. 3, @ MOXET GHITb 3aMe-
HeHa SKBHBAaJIEHTHOH et (puc. 3, 6), B KOTOPO# AeficTBHE OTGpOLIEHHOH
KOHCOJIbHO¥ 4acTH Iepa pyJas 3aMeHeHO cunoit Fy M MoMmentom M, —
= FyC, NIPUJIOKEHHBIMY y OTOPH 4 (3/1eChb ¢ — KOOpAHHATA LEHTpa TH-
JKEeCTH IIOWIAH HUXKHEH YaCTH PyJis, PACOJIOXEHHOH HHXe OmopH 4).
B cxeme 3, 6 BBefleHa BcroMmoratesbHas ((HUKTHBHAas) omopa &.
‘Herpyano samerurs, 4To cxema puc. 3, 6 U ee pelleHHe B 0OIEM
BHJle NPHMEHUMBL IJisi ONpeJeJeHHs] H3THOAIOUHX MOMEHTOB, peaKuui
U NepepesbiBalONHX CHJI BCETO MHOrooGpasusi pyJied, NpeacTaBIeHHBIX
-Ha puc. 1, ecld paccMaTpPHBATb OTJeNbHbIE CXeMHl pyJell KakK dact-

TR” | R R R R
s 5 g 2 P
M, 1
/\ Jp .
L M o, My M
E F /\\3 3 2 2
H YBY ,"\ Js | N % 3
44 3T z T
f, ” lo-e £ e U
Puc. 4

Hblf cayuail pyas puc. 1, @ npu 3HaYeHHAX OTHEJbHBIX HNapaMeTpos,
PaBHHIX HY.JIIO. :

s pacKpHTHS CTaTHUECKOH HEONpPeNeNUMOCTH paccMaTpHBAaeMoH
Ganku (puc. 3, 6) MBEICJEHHO pa3pexeM ee BO BCeX OINOPHHIX CeYeHHSX
M 3aMeHUM [eHCTBHE ABYX COCEIHHX ee JacTeff APYr Ha Apyra Hewus-
BECTHBLIMH OINOPHLIMH MOMEHTaMH (cM. puc. 4). :
CocraBuM ypaBHEHHS HeENpPEpPBHIBHOCTH YIVIOB MOBOPOTA:

4as1 onopel 8 [3—5]

Mi(ly—e) | My(h—e) _Falh—e) _ fi—fs _

6E/p 3E/, . 24EJ, Iy—e —
. Mge My ﬁ ’ (7)
- 3EJg 6EJ/g e’

a
JUISL OTIOPBL 2

 Mae Mae fs _ Mol
6FJ¢ + 3E]s ~ e  BEJg - @)
Bripasum peaxuuio R3 depe3 ONOPHLIE MOMEHTH H HATPY3KH MpH-
JIETaOLIUX  MPOJIETOB C YYeTOM TOrO, 4TO peakKUus Ha (UKTUBHOH
ornope 3 paBHa HYJIO: '

M3z —M Mz—M 1 :
Ry=0= lZ—e4 e+ Fa. ©)
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Peakuusi Ri, BHpaXKeHHasi yepe3 IOJAATNHBOCTb ONOPH 4, ONpere-
auTes no popmyse R, = fi/As, depes oNOpHEE MOMEHTHl H BHEIIHHE Ha-
rpysxn — 110 <popMy.11e .

m—%;%+—F+n, (10)
OTKyZAa '
FomAy[ M2y PR (11)

TTocae OACTaHOBKH 3HaueHu# fs, fi U M3, onpefeJeHHbX COOTBET-
cTBeHHO u3 ypasHenuii (8), (11) u (9), B ypasHeHue (7) mocse cOOT-
BETCTBYIOIUX NpeoOpa3oBaHHH HMeeM:

[Q—Zé<3+-2—)+<l+5—:;—>%+m<1+2-@—>%]

~ L
4M2_“8F5/Z [<1+_2_>2<1+%+i) +3EJ5A4]
__I_FcI%i—<3+%>+<l+s%>——s<l D]
PR e A
h=ly,—e.
MowmenT Ms onpenessercs HeMOCPEACTBEHHO U3 ypaBHeHHs (9):
M3=—l’;— M2+_52-Fﬂc_-;—-;’2—1~“,,/z.- C(13)

Peaknun Ry u R, HaXO[sTCs 4epe3 ONOPHble MOMEHTHI (CM. PHC. 4)
¢ yuetoM ¢popmyasr (13):

Rlzfy_lﬂ; (13a)
1 I 1 h ¢ .
R2=M2(T+7;)+—2_F37;_"FH’TZ" (136)

Peakuus R, ompejejsieTcsi HemocpeicTBeHHO u3 ypasHenus (10)
¢ yyeroMm ¢opmyan (13): ,
1 e 4 M2

Ry—5 Fo (110 )+ Fu(147) — 72 (135)

* IlepepessiBaomgyio cuny Ps Ha ypoBHe QUKTHBHON OHODH 3 (meter-

ByeT Ha (pJ1aHIeBOe CoequHeBHe OaJsjepa ¢ IepoM pyJsi) MOXKHO onpe-

JIeJUThb 0 QopMyJe: .

h c ., Mgy

P3=R2—R1=—2— Fopo—Fuprt—,- (14)

s ompelesieHusi PACYETHOrO 3HAYEHHs H3rHOalOMIEro MOMEHTA,

JeHCTBYIOLIEro Ha mepo pyJast B nposaere 2—4 (cM. puc. 3, 6), MOXKeT

paccMaTpUBaTbCsl ABYXONOpHAsi Oaska, HarpyxeHHas Harpyskoii Fg
¥ MoMeHTaMu My u M,, IPHJIOKEHHBIMH COOTBETCTBEHHO Ha omopax 2
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i 4. Usrubatomuii MoMeHT M, tako#i Oasnku Ha yuacTke 3—4 (cM.
puc. 3, 6) olnpexensercs mo popmyse
, 2 2 | 2 2 e \2
Mo=My - Mo (1 =) = Falt| 75— %))
e z — TeKylias KOOpAMHATA, OTCUHTHBAEMas OT ONOPLI 2.
KoOpAHHATY 2, AN 3KCTPEMaabHOro 3HauCHHA M3rHOaoero Mo-

MeHTa HaliZleM, IPHpaBHSB HYyJIO MEpPBYI0 MPOHUSBOAHYIO IO z ypaBsHe-
uust (15):

dMz My My | h 2z e
Z=0=" "7 — 7 F87;+Fa(h )
OTKy 4
_(Ma—M oLk
ge=——p T AT

. IMomcraBnsisi 3HaueHHss 2, B YpaBHEHHE (15), mnocue 1npeol-
pasoBAHUI NOJNYYHM BHIpAXeHHe JJIA SKCTPEMa/bHOr0 SHAYCHHA H3TH-
Garomero MoMeHTa M, Ha ydacTke §—4%:

1 h Mg — My
—_—— o __. - £ 7
Ms 2 M2 [H Iy Fgls :l+

e NI P

" CsieyeT OTMETHTb, UTO B peasbHO NPHMEHAGMBIX nosybasaHCHp-
upIx pyasx (puc. 1, @, 6, o, 3) BO BCeX CjyHasx | Ms| <|Ma|, u pac-
YeTHHIM M3rHGAOUMM MOMEHTOM AJIA Nepa pyJs Ha BceM ydacTke 3—4
apngercs MoMenT M, IlosTomy aas aTHX pyseidr dopmyua (16) we
HMeeT MPaKTHIeCKOro 3HaueHHusl.

[logcrasus B (16) My=0, nomyuum GopMyay AN MAKCAMAJBHOTO
H3rHGaIoLIero MOMEHTa, NEHCTBYIOILEro Ha IEPO Py Mp, mas BCex
IpSIMOYTOJBHEIX pyael (puc. 1, 6, 8, e, U, K, 4, Mm:

1 h h M2 1 h\2
My=— M?TQ(Q—T;‘—;;)*TFB’Z(Q—TJ - 1D

CilefyeT OTMETHTh, UTO NepepesniBaiollas CHia, fefcTBylollas Ha
pYJIb B CEUEHHH C KOOPAHHATOH Zp, PaBHA HYJIO. :

PaccMOTpuM Ha IpHMEpe MPSAMOYTrobHbIX pyredt (puc. 1,6, e,u, M)
BJHSHAE XAPAKTEPHBIX IeOMETPHUECKHX DasMepoB PYJeEBOro yCTPO¥-
CTBA Ha PACUYETHBHIH H3THOAOIHA MOMEHT Ganepa y HUXKHErO MOAIIAN-
unKa Ms. MoMeHT My 1Jist STHX pyJie# onmpejensiercs mo dopmy.e (12)
npu Fyx =0, npuyeMm aus pyJiell, MOKasaHHLIX Ha PUC. 1, u, m, elh=
[MomaTnuBOCTh OMOPH 4 NpH Jy = const ompenensierca 1o Qopmyie

3
3EJ, ° ' .

Ha puc. 5 npejcrap/ies KO9(QOUIUEHT ko st Jo/Jp =102 u Js/Jp =
— 04, rae ks = Ms/Fsh. Ha aToM Xe pUCYHKE JAaHO 3HAUCHHE ke =
= 0,170, npugiToe B AEHCTBYIOIHX [lpasuaax [1]. Kax BHIHO U3
puc. B, TpaKTHUECKH JJs BCeX DeEAJBHBIX DYJEBBIX yCTPOHCTB
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usrubamomui MoMmenr M, no HpaBnﬂaM [1] Bcerna cymecTBeHHO 3aBHI-
waercq. Taxk, npu Jo/Jp=0,2; Jo/Ju=104; ls/h =0,4; e/h=10,2 npu
h/h=1,0 moment M, s3aBnmaercs B 5,2 pasa, npu L/h=0,5—

&) Js
R
1.0
420 i —T -7 '
’ 64)1%
k2 =0)770 i 1" e 10 él
—% 45
0;75 | , { /0’2 v I3
E o b_.
| i 5=i0
3 =
H H
|
805 f ‘
/) / l ]
L I L%
a05 a10 q15 4820 025 430 B I,
g,
D k.
gy L)’ﬂ/K ]
0)20 Jﬂ—) h [
ko=0,770 J}i,_”5
- M h™Y%
L~ ;
A7 4
// /} h_7,0
——
/
g9
030 s 3

aq75 G20 42§

Puc. 5

B 2,7 pasza. DT0 BeleT K 3aBHILCHHIO Aunamerpa GaJuiepa COOTBETCT-
BEHHO NpHGaH3KTeNbHO B 1,7 u 1,4 pasa (macca Gaslepa IpH 3TOM
YBEJIMUHBAETCST COOTBETCTBEHHO MpPHOJH3HTENBbHO B 2,9 W 1,9 pasal).
U ronvko npu /A =10,5 u (B/1%) [ (J6/Jx) = 0,3, uTo COOTBETCTBYET,

Hanpumep, ls/h=1,0 npu Jg/Jx=0,3, Harubamomui MoMment M. o
IIpaBunam [1] COOTBETCTBYET CBOEMY JeHCTBHTEJbHOMY 3HAUEHHIO, H
€CIH IIpH 3TOM BHEIUHAS HArpysKa ONpejeleHa Naxe ¢ OUIHGKOMN
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B 2 pasa B ONAacCHyIO CTOPOHY, BCe elle 3amac IPOYHOCTH Gansiepa Cy-
1ecTBeHHo 6oabiie exuHEuun (ot 1,3 mo 1,9 oTHocuTeabHO npegena
TeKydecTH Marepuasa). M ne caydaen Tor daxr, uro He HabaonaeTcs
NOBPEXK/IeHHs Oasepa u3-3a HEJOCTATOUHOM NMPOUYHOCTH AJIA paccMaT-
pHBaeMBIX THIIOB pyJeil.

ONPEAEJEHUE NOJAT/IIUBOCTU ONOP PYJNEM

Kponmresin pyae# (puc. 1, g, oc). [lox BosmeiicTBHEM CHJIBL
R, KpoHmTe#n mojsepraercsa H3ruby u KpyueHuio. Kak mpaBmio, KoH-
CTPYKLHS KpOHIITeHHa B IO-
NepeyHoM CeyYeHHH IIpeJCcTaB-
JIsIeT OTHOCHTEJbHO TOHKOCTEH-
HBId 3aMKHYTBIH KOHTYp He-
BBITSIHYTOH (OPMBEL, A/ KOTO-
POro HanpsSKEeHHSIMH CTECHEeH-
HOTO Kpy4YeHHs MOKHO INpeHe-
Opeup [6]; AAS mpaKTHYECKHX
Hesefl TepeMellleHHe ILUTHIPS
pPyJd MOXKeT OIpeRexsaThCs
KaK cyMMa He3aBHCHMBIX IIe-
pemeweHH# ot H3ruba H OT
«YHCTOTO® KpPy4YeHHS KPOH-
mrefina. CooTBeTCTBEHHO, HO- N
JNaTIHBOCTD KDOHUITEHHA ¥
onopsl 4 MoxeT OHITH Ipen- 0
cTaBJ/leHa B BHJE

Ay=Ap+Aw. (1)

B pacuerax MpOYHOCTH pY- s
JIEBOI'0 YCTpPOHCTBA paccMaT-
pHBaeTCs HOpMAaJbHAas COCTAB-
Jsfolas THAPOJUHAMHYECKO- .
ro AaBJIEHHS Ha PYJib; COOTBET- Yy
CTBEHHO CHJa Ry HampaBJjieHa -
HepHeHIHKYASPHO K OCH CHM- -
MeTpuu nepa pyas (pHc. 6). ' . . -
Kpome Toro, Ha nepo pynas ' . ‘
JelACTByeT  TaHreHIHaJjbHasd /N& i &
cocTaBafOLIasd IMAPOJHHAMH- - \%o y
YECKOTo NaBJIEHHS, H COOTBET- ' = :
CTByIOILas] elf TaHreHUHAJbHAN
CHJIA, IPUAOXKEHHAS K KPOHII- Prc. 6
TefiHy, B HepBOM IpPUOJIH-

JKeHHH MOXeT OBITh HPHHSATA v
pasuoit (0,15...020)R.. ‘ :

Pacuers HOKa3kBaloT, 4YTO B JHalla30He YIJOB HNepeknaiku 25—
35° moJiHOe IepeMellleHHe ITHIPA OT u3rknba KpoHIITeliHa B HampaBJe-
HHH JeHCTBUA CHJAB R4 MOXKET OHpelessAThCA C AOCTATOYHOH CTeleHbIo-
TOuHOCTH (omHK6Ka He npeBhiuaer 1—3 %) Kak paBHOE IepeMelIeHHIO-
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B HAIPABJEHHH, 1aPajJIeJbHOM OCH Yy OT AEHCTBHA CHJIBL R., paBHO#
¥ HanpaBJeHHOHN NapaJlJeIbHO OCH Yy (cuna R{: na puc. 6). CooTser-
CTBEHHO IMOAATIHBOCTh ONOpHl 4 Haru6y Au (mpu Jn = const) ompene-
JsieTcs no gopmyJe:
3

n= 3Ejn- .

Cka3aHHOE BHIILE O IPUMEPHOM DPaBEHCTBE IE€pPeMeIleHHsT WThIPA OT
cuabl R, npu msrube 10 HANPaBJEHUIO NEHCTBUS STOH CHJILI IEpeme-
LIEHHIO B HATNPABJCHHH, NapajJIeJbHOM OCH Yy, OT CHJB R crpasel-
JMBO M JJIs TepeMelleHds WITHPs IpH KpyueHuu kpomwrefina. Coor-
BETCTBEHHO NOAATJHBOCTD ONMODPHL 4 KPpyueHHIO Ay ompenensercs (mpH
J«p = const) no dopmy.e:

A (19)

s
A4K= GJKp . (20)
Ipu kosdodunuente Iyaccona pas cranu p= 0,3
¢ R @1)

T2+ 2,6°

C yuerom dopmya (18)—(21) mosiHas HOAATAHBOCTb ONMOPEI 4 npu

Jz = const u Jyp = const umeer BHX .
3

Ape 1+7‘8—l§———J“ | (22)
47 BET, T T |
rjie MOMEHT HHEPIUH CeUeHHs] KPOHIUTEHHA NPH KPYYCHHH MOXKET onpe-
aeasThesi no ¢dopmyde [6]: : ,
482
_ P
Jp= I, (23)
ti
rie Sxp— IJIOILAAb, OXBAaThiBAeMas CpefHell JUHHeH OOUIMBKH KDOH-
wrefiHa; L;— QJHHA CpexHell JUHHK OOIIMBKM KDOHIITEHHA JAaHHOH
TOJMIMHEL f; — TOJNIIMHA PaccMaTpHBaeMOM YacTH OOUIMBKH KPOHLI-
TelHa. :

1: s

IIpu ¢ = const mo BceMy KOHTYpy CeueHHs KpOHIUTefiHa n =
i

L .
=" thge L —rmojHas AJUHA CPelHEeH JHHMH OOCIUMBKHM KPOHII-

b

TeHiHa B pacCMaTPUBAEMOM CeYeHUH.

OleHHM HA NPUMepe KPOHIITEeHHA NPSIMOYrONBHOro TpyGuaToro ce-
yeHHs BJHMSHHE KPYJeHHS Ha OBLLYI0 MOJATIHBOCTb omophl 4. Jlis Ta-
KOro KpOHUITeHHa _ ‘
J thS (1 + 3a) 2th3s?

n N——6 41 Kp— 1 +a ’
T1€ o == b,/h, ¥ OTHOIIEHHE MOMEHTOB MHEPIUUH
. J 3a) (1
1 (14+32) (1 1) . (24)

1
Jxp 12 a2
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Jlasi oTeueCTBEHHBIX CTAHAAPTH3HPOBAHHBIX KPOHINTEHHOB [5/(3=
=0,34... 0,43.
l2

' J ,
B ta6/. 2 NpHBEIeHbl 3HAYEHHS BEJHUHHEI 7,81—‘27“—, paccuuras-
3 “Kp .

Hble npH s/ls = 0,38, ¢ yueTom dopmyiier (24).

Kak crexyer u3 1absa. 2 u GopMyan (22), HOLATIHBOCTL paccMar-
pMBAEMOro KpOHIITeHHAa KPy4eHHIO mpu o= 1 ... 3 cocTaBuisier 75—
41 9 Toro e KpoHwTefiHa u3ru6y. OueBHAHO, TpeHeOpPeYb MOAATIH-
BOCTBIO KPOHIUTEHHA KPYUEHHIO He NPENCTABJSETCS BO3MOMKHBIM.

Tabauya 2
a 1,0 1,5 2,0 2,5 3,0
l2 J :
78— 0 0,745 0,569 0,490 0,444 0,414
’% Tkp ~

PaccMoTpuM MOXATIMBOCTb H3THOY KDOHIUTEHHA MEPEeMEHHOro IO-
mepedHoro ceuexusi. B obulem cayyae KPOHIITEHH pYyJsl NMpeACTaBJsAeT
co60il KOHCTPYKIHMIO, y KOTOPOH pasMephl HOmepeuHoro ceuenus (A
W b, Ha puc. 6) [0 BLICOTEe KPOHIITEHHA MEHAIOTCS COIVIACHO JIHHEH-

HOMY 3aKOHY, T. €. ’
ho=to (14 —4-2), (25)

bZ:bo(1+_§§_z), (26)

rae Bi1 = (h1— ho)/ls, B2==1(b1— bo)/ls; ho, bo— COOTBETCTBEHHO BHI-
cOTa ¥ LIHPHHA I[ONEPEYHOro CeYeHHs KPOHIUTEHHA Ha YpOBHe ceue-
Hust 0—0 -(cM. puc. 6); hy, by —TO XKe, Ha ypoBHe ceuenus [—I.
JI7s KpoHLITEeiHA C IIPIMOYTOJbHBIM TPyO4aTHM CeYeHHeM, y KOTO-
POTO OTHOLIEHHE CTOPOH COXPAHsAeTCs NMOCTOSHHHIM IO BBICOTE KPOHII-
tehina (h,/b,= const), a pasmep A, MEHSIETCA O JUHEHHOMY 3aKOHY
[eM. dopmyay (25)], MOMEHT MHEPIHM IONEPEYHOrO CEYECHHS OTHOCH-
TeJIbHO OCH XX MOXKeT OLIThb MpeACTaBJIeH B BUAE :

L= (% +%Z—;) eny (141 2)’
158)87¢ ’ a

hg . B 3 o
JZ=J1§(1+,1—Oz) , @7)

rie Ji— MOMEHT MHepIHH Ha ypoBHe ceueHus I—I. @opmyna (27)

- CllpaBeJJiiBa U JJis1 Kponuneﬁna OBaJBHOI'O U KPYIJIOTO préanMx ce-

yenuii. OueBugno, popmyna (27) mMoxeT OLITb NPHHATA M M PeasbHO

6 3ax. 481 81



NIPHMEHSIeMBIX CeYeHHIl KDOHIUTEHHOB NpH AONMYLIEHHH H./b, = const.

XoTs B IEeHCTBHTENBHOCTH y peajibHBIX KPOHINTeAHOB A./b, = const,
OJHAKO .3T0 OTHOIUEHHE TIO BLICOTE KPOHIUTEIHA H3MEHSETCS HACTOJBKO
HEe3HAUHTeJbHO, UTO BJIMSHHEM 3TOrO HU3MEHEHHS MOXKHO IIpeHeGpeus;
Tak, Hanpumep, IJisg OTEYeCTBEHHBLIX CTAHLAaPTH3UPOBAHHHX KPOHII-
TefiHOB oWIHOKa B ONpejesIeHMH MOMEHTa HHeDUHH NpH 9TOM He Oyner
mpeBHIIaTh 3,5 9.

Juddepennnanpioe ypaBHeHHe u3rHba KpOHHMITeHHa onpele-
JISTETCA:

a2y Ryz
dz2 EJ,
H c yuetoMm (27): _
3
d?y . R4hl 2
dz2 TR UEPACEE (28)
(14 ?)

YpaBHeHHe H30THYTOH OCH KDOHIITeHHA ONpefetsercs nocje ABOH-
HOr0 MHTErPHPOBAHHUA MO 2 ypaBHeHHA (28) mpH HayaJbHBIX YCJAOBHAX:

npH 2=I/3 %—=O;
npu 2=l y=0

H, COOTBETCTBEHHO, MaKCHMAaJbHBIH HpPOr#6 HHXKHEro KOHLUA KPOHII-
TefiHa fy npu sHauenuu z = 0:

(o5t}

f4= - 3ET; . (29)

Orciofa nomaTiuBOCTh H3rHOY KPOHIITEHHA MepeMEeHHOro Ionepey-
HOTO CeueHHs OmpenenseTcs no ¢opmysae :

A4“._3Ei (4 3 ) (30)

PaccMOTpEM NOJATAHBOCTL KPYUEHMIO KpOHIITeHHA IepeMeHHOro
nonepeyHoro ceueHus. [liss pacCMOTpPEHHOro paHee KpOHIUTeHHA C NpH-
MOYTOJIbHBIM TPYOUaTHIM CEUeHHeM, Y KOTOPOrO OTHOIIEHHE CTOPOH CO-
XpaHsdeTcs NOCTOSHHEIM 1O BbICOTe KpoHmTefiHa (h/b, == const),
a pasMep A, Mensercs mo ¢opmyne (25), MOMEHT WHEpLHH IOleped-
HOT'O CeueHHs NPH KPYUeHHH ¢ yueToM (opMmynanl (23) npu ¢ == const
MOXKeT OBITb NpeACTaBJeH: .

o hz.) t

R (Z)ZQ(I—'*‘%—)

HaH, ¢ ydetoM ¢opmyan (25)

pr(;z)— xpl (1+ ) (31)
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rie Jupt— MOMEHT MHEPLUUH NONEPEYHOro CeueHHs NPH KPyueHHH Ha
ypoBHe ceuenuss I—I (cM. puc. 6).

HuddepennuansHoe ypasienne yriaa 3aKpyuYHBaHHst TAKOTO KPOHII-
TeliHa ONpefesseTcs:

ﬂz‘__ Ryls
.dz GJ,?
¢ yuerom (21) m (31):
Ay 2.6Rds M I _ (32)
dz EJyp1 S (1 +%2)3

¥Yros1 3aKpyuHBaHHS KOHUEBOTO CeYeHHs KPOHIITeHHA ¢y (Ha ypOBHe
ceuennss 0—0 Ha puc. 6) ompeaessieTcs IOC/Ie HHTETPUPOBAHHS IO 2
ypasHenus (32) B npefenax or 2 =0 10 z=[s:

o 2,6Relsls 1 My hy
= = (1) (33)

Ilepemernienne WTHPA pyJs B HANPABJIEHHH OCH Yy [i MOXKET GHITH
onpeleseHo no popmyde:

J1=lsp. (34)

C yuerom ¢opmyn (33) u (34) mOAATIHBOCTb KPYUEHHIO KPOHII-
TeHHa NEePEMEHHOro TOMEPEYHOrO CeueHHs Ompefesisercs Mo GopMyJe

1 ,3[% Iy A hy
Ap=—pgr o (1m)- (35)

C yuerom ¢dopmyan (30) u (35) mosHas NOZATIHBOCTL ONOPH 4 AJis
KPOHLITEHHA IEPEMEHHOrO IONEPEYHOr0 CeYeHHS ONpefesNseTcss IO

dbopmyae

13 o\, 1320y P |
As=3g7; (4“3T) Eepn To(1+h_o)' (352)

[TogomBa axTepmreBHs pyae# puc 1, s, 8, u. Ilpu 3a-
AeNKe KOHyCa HHXKHEro IITHIPS B NHepe pyJs NOLOWBA aXTEpIITEBHS
(puc. 7) mpencraBiseT KOHCOJBHYIO GaJiKy mepeMeHHOro [IONEPEYHOTO
CEUEHHS, TOJABEDKEHHYI0 H3rHOy mojx nefictBHeM cHabl Ri. Kak mpa-
BuJIO, b=const. Jlng Tako# NMOJOIIBH aXTePUITEBHS CHpABEJHBLL
dopmyast (25), (27), (28) u (30). CoOTBETCTBEHHO 3TOMY NOJHAS HO-
AaTIHBOCTb ONOPHl 4 paccMaTpHBaeMbIX pyJell ompenensercs ¢op-
MYJIOH

73 ko
Ay=— (4—3,1—1), (356)

rae Jy — MOMeHT uHepuuy B cedennu I—1 (cM. puc. 7).
IIpu saneinxe KOHyca HHXHEro WITHIPS B MOJOINBE AXTEPLIEBHS [O-
C/IellHAs TOABEPKEHA, KpOMe H3rH6a, KpyueHHI0. PacyeTsl MOKasHBAIoOT,

6% , 83




yTO BJIMSHMEM KpyYeHHs Ha NOJATJHBOCTb TaKoi omopel ¢ -
MOXKHO npeHeGpeub. Tax, Ipn OTHOIUEHHH IVIeY Ha KDPyYeHHe H H3THO,
pasroM 0,1, omubka He npesbimaetr 4 %.
" PymepnocT ¢ NIOROWIBOK axTepmeBHa pyaeh puc. 1,
e, kK, 4. PyznepmocT COBMECTHO C HOAOIIBOH axTEpUITEBHS MOXET pac-
. CMaTpHBAThCs KaK MJOCKAasi paMma, 3alleMJeHHas Ha OOOHX KOHIAX.
OueBHIHO, PYAEPIOCT ¢ MOJOLIBOY axTepIUTeBHA pyne# puc. 1, e, k¥ 8-
‘ JSleTCs YACTHBHIM CJydYaeM CheMHOTO PYAepnocTa C IOJOUIBOM axTep-
‘ mTeBHA pyJas puc. 1, 4 npu 3uauennn a/ly=0 (puc. 8). Pacuernas
i cXeMa CHeMHOTo pyJepIocTa ¢ [OJOIIBOH aXTePIUTeBHs MOMKeT GBITh

| _

11 7

[ '

[ ¥

- Iy

0, =~ 2 '7
f’ﬁ*’”’r’/ {

N = /\Q
Puc. 7

3 npencTaBieHa paMoi, H306paXeHHO! Ha puc. 8, rie B LeJNAX yupolle-
i HHA pelleHHs AEHCTBYOIas B ceueHHu 2 (COOTBETCTBYIOIIas omope 2
| - pyas Ha puc. 1,4), cuna Ry sameneHa cuioil Ry OueBuAHO, BBUAY
» 6AM30CTH cedeHHs 2 K 34llleMJEHHOMY KOELY pyJAeprocTa Takas 3a-
| MeHa CHJ AONyCTHMAa M He IPHBeleT K CYILeCTBEHHOH OLInOKe.

| . Cusipl ‘R, paccMaTpHBAIOTCS KaK HANpaBjieHHble MEPHeHAHKYJAPHO
K TJIOCKOCTH PaMHl (IO aHAJIOTHH CHJILI R, TpPH PAaCCMOTPEHHH KPOHII-
TelHa).

Jns pacKpbITHS CTaTHUECKOH HeOoNmpeleJHMOCTH PacCMaTpHBaeMoH
paMBl MEICJAEHHO paspexkeM ee B y3je § W 3aMeHHM [eHCTBHe yacred
paMul JPYT Ha APYyra HEM3BECTHHIMH MOMeHTaMu Ms.i, Ms2 U mepepess-
it Balollel cuioi Ps.

Cuna Ps HanpaB/eHa NePIEHAHKYISPHO K IJIOCKOCTH paMel. Mo-
N MEHT Ms SBJISIETCS M3THOAIONIUM MOMEHTOM, IPHJOXEHHHIM B y3ie &
- K DYAEpIHOCTy, ¥ KPYTAUIMM MOMEHTOM, NPHJOMKEHHBIM K MOJONIBE aX-
TepliTeBHsl. MoMeHT Msz ABIACTCA USrHOAIOMIHM MOMEHTOM, MPHJIO-
h . KEHHHIM B y3Jie 5 K IATKe aXTepPIUTEeBHs, U KPYTAIUM MOMEHTOM, NIPHU-
JIOXKEeHHBIM K pyaeprocty. Temepp pyAeprnocT U HOJAOMIBA aXTepIUTEBHSA
i MOTYT PaccMaTpHBAaTbCsd KaK KOHCOJbHEIE 3allleMJIeHHEIe Gaslkh, KaX-
| @
|
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nafi marpyxeHHas cuaoil P; u moMeHntaMu Msi; u Msz. Pynepnocr,
KpOMe TOTO, HaTrPyXKeH ABYMsS CHJIaMH Ri.

W3 ycioBHSI HeNmpephIBHOCTH JedopManuil B ysjae 5 pamel (puc. 8)
MOIyT OBITH COCTaBJIEHbl TPH YPaBHEHHS, JOCTATOUHBIX JJifl OTHICKAHMS
Tpex HeudBeCTHHX: Ps, Msy 1 Ms..

Hs ycnoBusi: yroJ 3aKpyuyHBaHHS PYAepPNOCTa B CEUEHHH 5 paBeH
yrJy TOBOPOTa CEeUeHHs O IOJOIIBHI aXTEePIITEBHA NpPH H3THOe

2
Msaly  Polj __ Ms, 9l3 (36)
GJp_ Kp - QEJH E'lﬂ )

Pyns-Berrep

7
R,
: 4 / bl By
7 /
R, & : >
/5 Ie . . Pydepnocm
Iy 2 2 # /-\\Mi,
N A 2 4 X
NS a a
R
4 L
13 } /.75
; N T 4) _ ]2\\ 4
. 4#
. Y e
Puc. 8 : Puc. 9

M3 ycnoBus: yros sakpyudBaHHs NOAOLIBHl aXTePLITEBHS B cede-
HHH 5 paBeH yrJy IOBOPOTa CEUYEeHHS & pyAeprnocra NpH H3rube

2
Msals _ Rya? Ri(ly—a)2  Psly  Msyy (37)
G xp  2E/pm 2T o % s Elpn

U3 ycnoBus: nporub pynepnocra B ceyeHHH & paBeH mporuby no-
JOIIBbl aXTEPIUTEBHS B CEYCHUHU &

Ryas (33_1)4_ Ry (lg—a)? (3 ; Iy _1)_.

6E/ \° a 6E /5 —a
3 2 3 )
_ Psly Mgl Ply  Mgols (38)
SE OB/ BN, 2B,

[Ipu onpemeneHun H3rHGaiOIHX MOMEHTOB, PEaKLUHH H Hepepe3bl-
BalOWUX cus pyas (pHc. 1, 4), cTporo roops, cjeiyeT ydecTb IOJAT-
JIUBOCTb HE TOJIBKO OTOPHI 4, HO ¥ ONOpPHL 2.

Pacyernas cxema Ganku pynab—6adiiep, onupaiomelica Ha chbeMHBIR
pyZepriocT, MOXeT OBITh NpeJCTaBJeHa, Kak NOKasaHo Ha puc. 9, a;
NPHJIOXKEHHBIE B CEUeHHH 5 pyleprnocra cusaa Ps H usrubaiomui Mo-
MeHT Ms,; onpelensiloTcs cucreMmoil ypaBHenu# (36)—38).
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ITpn mnepeMelleHuH ONOPH 2 Ha BEJHUHHY f; M COXPaHeHHH OCH
Ganiiep—pysab NPSMOJMHEHHOH omopa 4 NMepeMecTHTCS Ha BeJHUHHY
[, (puc. 9, 6). Takoe IepeMelleHHe CHCTEME, IPEACTABJIEHHOH HA

puc. 9, a, He cosnaer B 6anke Ganaep—pyab HU3THOAIOMHX MOMEHTOB.
[Tepememenue f; ompenensercsa GopMyoi:

FimFo(142). (39)

[Tonnoe mepememenue omopel 4 f, cucTeMbl, H306pa)eHHOH Ha.
pHc. 9, @ MOxKeT OHITh LIPEJCTABJEHO B BUAE:

Ffo=Fi-+fa (40)

The [/ MOMXeT paccMaTpHBATbCS * KaK NPHUBEJEHHOE IepeMellleHHe
OmopHl 4, YUHTHIBAOIlee MepeMelleH e ONoph 2 H BHI3BIBaIOIee H3THO
B Oasike Oananep—py/ab H3-3a mojarauBoctd omop 2 u 4. C yueroM
dopmyn (39) m (40)

Fi=fim Fo(14-1) (41)

[Mopatmusocts onopst 4 Ai, Bxogsimas B dopMyay (12), nas pyas,
ONHPAIOMIErocss Ha CheMHEBIH PYyZepIOCT:

4

f
A4_=R—‘:. (49

[Tepemelnenne f, pyaepnocra, Harpy:KeHHoro cunamu R, u Ps u Mo-
MentoM Mss (cM. pHc. 9, a), onpenensercs

R a3 Ryl§ a 2
fe=agr (1 =) +'e‘sj—<3—,g—4, 13)»—

Mgy Pyl a | ad '
—QE_JW__'W(Q—&ZT—{—E ’ -

nepeMmelllesue f, pyAepnocra
3
_ R Rili (g g a)
fo= 3EJpn + 6E/pn 3 2 4 5]

M5.1612 Psli 3 a2 asd 44
2B 12 GEJ g B 4
pnt4 pr 4 4

Ilocnie moncranosku B ¢opmysny (42) sHauenns f mo dopmyne
(41) c yuerom (43) u (44) Moxer GHITH OnpeneneHa HCKOMasi MOXAT-
JHBOCTb OnOpEl 4 Ay ITpu aroM 3HaueHust Ps u_Ms4, BXOAAMHX B HOP-
MyJnl (43) n (44), onpejeNsIoTCs H3 CHCTEMBI ypaBHeRHi (36)— (38).
C yueToM CKa3saHHOTO MOXKET ObITb COCTaBJEH AJTOPHTM DElIeHHs 3a-
nayu Ha IBM. [lns mHTepBasoB 3HaueHHH Jpu/Jn=10,2 ... 0,8; Is/lL =

86



r

= 03...1,0, a/lLb=0...0.2 PE3YJIbTATH  PACHeTOB MO YKa3aHHBIM

BhIILIE qoopMleaM c JlOCTaTOqHOI/I CTEIeHbI0 TOYHOCTH aNNPOKCHMH-
pywoorca ¢opmyaoit (ansa pyas puc. 1, .ﬂ)
ly )

3
»A“_ BEIJ [(

a I 12 a Jq
_0,565-1T<1,5573-+ 0,083 75+ >] (45)

Hna pyne# puc. 1, e, x, noacrasus B dopmyay (45) afly=0,
HOJIYUHM . :

7
 p— 3EJ (o 075 -~ +o 334 L4 ) (46)

B yxasaHHHIX pacuerax yuHTEIBaNaCh QopMyna (21) u npuHHMa-
a0¢hb Jp, kp/Jpn = Ju. xp/Ju =2 (B HEHCTBUTEJLHOCTH 1Jii CHEMHOTO DY-
aepnocta Jp xp/Jpn =2, AAA pyhdepnocra pyne#l puc. 1, ¢ U x, BBEIIOJ-
HEHHOrO 10 MHHHMAJbHBIM HopMaM jefictBylomux IlpaBua [1]
Jp,}(p/]pn=2,05 u Jn,xp/Jn:- 1,69).

Ha npumepe pyns puc. 1, K pacCMOTPHM BeJHUYHHY BO3MOMKHOH
OIIHOKH B ONpEJEJEHHH PacUeTHOro usrubamoliero MoMmenra GaJepa
M, ecan He yyMTHIBaeTCs NOJAATIHBOCTb ONOPH 4 (pyAepHnocT ¢ Io-
JOIIBOH axTepLITEBHS). :

Mowmeut M, ang paccMarpuBaeMoro pyJas onpegpeasercsa mo ¢op-
myae (12) npu sHavenusx Fy=0; e/h =0; U ecau y4uTHIBaercs Imo-
JaTJAUBOCTb Onopsl 4, A, onpenensercs mo dopmyde (45), ecan nomart-
JHBOCTb He yunthiBaercs, A, = 0.

C yuyerom ckagaHHOro, Ha puc. 10 mpeacTaBjieHa BO3MOXHAf
omubKa B onpeleseHHn MOMeHTa Ms, eCili He YUHTHIBAeTCs IOAATJIH-
BocTh onop (AMg, BelpaxKeHHas] B IPONIEHTaX) B 3aBHCHMOCTH OT l3/h,
Jo/Jp n Js/Ju paccunrannas npu L/h=0,/4. [as paccMaTpHBaeMoro
pyaa h==1[. Caelyer OTMETHTb, YTO OTHOWIEHHE [i/h HECYLIECTBEHHO
BJHsieT Ha BeamuumHy olWHO6KHM AM;. [Ipm pacuere AM, y4uUTHIBaJOCH,
uro B AedcrByromux IIpasunax [1] npuHsiTa NOCTOSHHAS BeJHUYMHA OT-
HoweHust Ju/Jpn=3,

Hs puc. 10 oueBuaHO, YTO MpeHeSpeyb NOXATIMBOCTBIO PYAEpPNOCTa
C NMOJOILIBOH aXTePIUTEBHS] He NPEACTABJISETCS BO3MOXKHEIM,

O PACHYETHBIX 3HAYEHHSX U3FHBAIOMErO U KPYTAUWEr0O MOMEHTOB
H NMEPEPE3BIBAIOMIEM CHJIbl 4J151 CbEMHOIO PYAEPHOCTA

B kauecrBe pacueTHOH cXeMBl A/ CBEMHOrO PyAEpHOCTAa paccMaT-
pHBaercs KOoHCOJbHas 0aska, 3allileMJIeHHash B CeueHHH 6, HArpymxeH-
Has cunaMu R, B cedyeHuAX 2 u 4, cunoft Ps ¥ H3rubaioliuM MOMeHTOM
Ms.1, IPHIOXKEHHBIME B ceueHuH § (cM. puc. 9, a). Kpome Ttoro, pynep-
IOCT 1O BCeH AJMHE 3arpyXeH KPYTSIIHM MOMEHTOM Mss.

Kak noxasan aHanus, B PIHTepBaJIe 3gaveHu#t Jpn/Jn=0,2 ... 0,8;
LiL=03...12; a/l4_ 0...0,2 Bo Bcex ° cayuasx H3FH68101HHﬁ
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MOMEHT JOCTHI'AaeT MaKCUMaJIbHOTO 3HaUeHHs B CeUEHHH 6 pyleprocra,
KOTOpO€e H JOJKHO pPaccMaTpPHBaTbhCs B KaueCTBE PACUETHOr'O CeUEHHS.
Hsrubarowmuit MOMeHT B ceueHuH 6 pynaepnocta Mg onpefensercs:

Me=Ryly— Psly— Ms1; (47)
nepepespiBaomas cuna Ps B CEYeHHH 6 PyAeprocTa:
Ps=2R,— P5. (48)

Kpyrainuit MoMeHT Mso, NPHIOXKEHHHE K DYyAEpHNOCTY, a TaKke
3HayeHHsl Ms. u Ps, Bxonamux B Gopmyasl (47) u (48), onpepensoorcs
U3 cucTeMH ypaBHeRHH (36) ... (38).

M/ Mg

30
J; \

50 2,5\

7
X 20

-y // _ —}05{\\<
Y N\ “ Z
80_/L,% . 15 PN

Js

. [\ —=(6
Jp q? \
/ QL \& b

40 / 0 4 % \} 209

o % T
= _ §J }&:0,5
43 % 69 a5 ol a0 Lo

I/ ) 5 afl

Puc. 10 Pue. 11

HOas wHTepBasoB 3HaueHUH Jpu/Ju =102 ... 0,8; I3/L =03 ... 1,2;
a/l,=0...0,2 ¢ gocraTo4HOH CTENEeHbIO TOUHOCTH 3HAUEHHE MOMEHTA
Ms annpoxcumupyercs GopmyJo:

a 13 Jpn l%
Ms=Rl, <0,85 IJFO’%Tz 7PT+0’15 -l?) . (49)

B sroM ke uHTepBase 3HauUeHUH Jpn/Jn, l3/l ¥ a/l, BnusHHE KDPYTH-
mero MoMeHTa Mso B CHNBl Pg Ha NPOYHOCTH CHEMHOTO pyAeplocra He-
CYyILIecTBEHHO, M 3THM BJHSHHEM MOXKHO nipeHebpeun. IIpum sTOM
OIIHOKa B ONpele/eHHH NPHUBEJEHHEIX HANPSAXKEHUH B ceyeHUH 6 CheM-
HOTo pyleprocra (IO YeTBepTOH TeOpHH HMPOTHOCTH) He OyIeT HpeBH-
wark 3—4 %. ,

" PacuerHslfi M3THOQIOLIMA MOMEHT. IJis CBEMHOIO pYAepIocTa IO
pedictBytomiuM [IpaBuaam [1] ompenesnsierca mo ¢opmyldie

Myp=0,804Fa (50)

IpH 3anace NPOYHOCTH OTHOCHTEJIBHO Ipelesia TeKyYeCTH MaTepHasa i
or 2,5 no 3,9 (masa cranu ¢ 0, =240 H/mum®2 n=2,5; npn o,=
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=400 H/mm? n=3)9). Ortnomenue Mg/Myp [cM. dopmyan (49)
u (50)] xapaxrepusyer cTeneHb OMIMOGKH B OTpEReNeHHH H3rHGaIOIIero
MoMmeHTa, npursartoro B IlpaBusax [l]. Has oumeHKn omMOKH B [EpPBOM
npuGIMXKEHHH DeaKlis B HHXKHeH omope pynsd MoXKeT GHIThL NPHHSTA
Ry=1/5F.

Ha puc. 11 npeacrasnena senuunda Me/Mpup B 3aBHCHMOCTH OT OC-
HOBHBIX TeOMeTPHUYECKHX XapaKTepHCTHK pyJeBoro ycrpoiictea. Kak
BHIHO M3 pHC. 11, B GoJbIUHHCTBe cayyaeB BejuuHHa Me/Myp, cylle-
CTBEHHO OTJHYaeTcs OT edMHHIE. Tax, nas 3Hauenult [3/l=0,9,
Jou/Ja = 10,2, a/ls= 0,05 usrubaomuit Moment no IlpaBunam [l] omnpe-
Jensercsa ¢ ownbkoit B 3,2 pasa (B ONMAacHYIO CTOpPOHY), yXKe He KOM-
HNEHCHPYEMYIO Aa’Ke NPHHATHIM MNOBHILUEHHBIM 3allacOM IIPOYHOCTH.
YKa3aHHOe 00CTOATENbCTBO IOATBEPKAAETCS HMEIONIHMHUCS HOCTATOYHO
YaCTHHIMH CJAYyYasiMH [OBpPEXJEHHH CBHEMHOI'O pYAepNnocTa HMeEHHO
B PacCMOTPEHHOM BHINIE OIIACHOM CeUeHHH 6 pynepuocta (cM. puc.9,a).

OCOBEHHOCTU NMPUMEHEHHUSI ®OPMYJI PA3JEJIA «ONPENEJIEHHE
PACHETHBIX 3HAYEHUHM H3TUBAIOLIHX MOMEHTOB, PEAKLLH M
H NEPEPE3BIBAIOIIHUX CHJIl» K PA3JIHYHBIM PYJISIM

Pemenne B obmiem Buje pacueTHOH cXeMbl NoJay0aaHCHPHOrO PyJas
(cM. puc. 3, 6) DpUMEHHMO AJs ONpEeNeJeHHs] H3THOAIMIHX MOMEH-
TOB, PeakUMi H Nepepe3bBAIOLINX CHJ AJs8 BCeX pyJed, npelcTaBJeH-
HEIX Ha pHC. l. :

[Tpu npumenennu ¢opmya (12)—(14), (16) u (17) caeayer npu-
HAMATb CJAeAYIOIIHe 3HAYEHHS BEJHYHH:

h=lo—e— a5 Bcex pynel; e/h=e/lr=0; h/lo=1—n1a py-
ade#t puc. 1, m—m; Fa=0— nna pyaneit puc. 1, 6—e, u—m; Ay=0—
AJA pyJed puc. 1, 6, ¢, 3, m. :

YYUTHIBad, YTO MOMEHT MHEpILHH IIOBOPOTHOH HAacaJKH MHOIO
foJibllle MOMEHTA MHepuHH Gasjepa AJs pyJs puc. 1, d, MOXKeT NpUHH-
Mmarbcs 3Hayenue Jg//p=0. :

B Taba. 3 npuBeneHbl CBOJHBIE CBEJSHHS NPHMEHEHHS] PACYETHHIX
(GopMys AJa KaxXJOTo THNA PYJisl, NPeJCTaBJEHHOrO Ha puc. 1.
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2. CrnpaBoyHHK 1o cynoBeiM ycrpoficrBaM. T. 1.JA. H. Typoswuu, B. U. Acu-
H50 Bcku#, B. H. Jlosraues, J. A Tpunrbepr. JI, Cynocrpoenne, 1975.
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A. H. Py6yos

OHPE)IEHEHﬂE YCHUJIUM B 3JIEMEHTAX I'PY30BOI0
YCTPOMCTBA, BOOPY)KEHHOIO MPOYHBIM TOMPHUKOM,
NPU CIAPEHHO¥ PABOTE CTPEJI PASHbBIX CYLOB

Ipu cnapennofi paGoTe cTpesi B TPHU HJIM B UeThIpe INKEHTEJS 11
/s 3a60PTHEIX CTpes IpefycMaTpHBaeTcss IPUMeHeHHe BHYTDEHHHX
KOHTPOTTSIXKEK (pPHC. 1), BOCHPHHHMAIOMIUX FOPH3OHTAJbHYIO COCTaB-

| —

. /) -

Puc. 1

JIIOUYIO YCHJIHsSI B LIKEHTe/AX, KOTAa PY3 HAXOJHTCS MEXIy HOKaMH
CTpPeJI. CYAOB, OCYIIECTBIAIOUHX NeperpysKy.

BuyTpeHHAsT KOHTDOTTSIXKKAa [ HCKJIIOUaeT #3 PaGOTHl TONPHK 2,
yCTaHOBJEHHBLH MeXy HOKaMH 3a60pTHOH 3 M JIIOKOBO# 4 cTpes H Bbl-
TIOJIHEHHBIH, KaK MPABUJIO, B BHIAE Tajled ¢ KAHATOM H3 PACTHTENbHBIX -
WM W3 CHHTeTHYeCKHX BOJIOKOH. OJHAKO NpUMEHEHHE BHYTPEHHHX
KOHTDOTTSIXKEK He BCerja ya00HO, MOCKOJIBKY OHM 32HHMAIOT MeCTO Ha
nagy6e CymHa, MELIAOT MPOXOLY HJK MpPOesfy Io majyGe rpysoBHIX

 MeXaHH3MOB, TPeGyIOT BpEMEHH H 3aTpaT PyYHOro Tpyla Ha HX ycra-
HOBKY, MEIIAl0T NPOHOCY 3acTpomsienHoro rpysa. Ilpencrasiserca ue-
J1ecoo6pasHEIM HCNOJNb30BAHHE TONPHKA H3 CTAaJBHOTO KaHaTa, BOC-
NPHHMMAIOLIEr0 FOPH3OHTAJBHYI0 COCTABJISAIONYIO YCHJIHS B IIKEHTENE
W Tepelalolero ee KOHTPOTTAXKe (H APYrHM 3JeMEHTaM) JIOKOBO#

CTpeJbl.
ONPEAEJEHUE YCUJIUA B 3JIJEMEHTAX 3ABOPTHON CTPEJIbI

M3 pacueTHOH cxemsl (PHC. 2) BHJIHO, 4TO ONpEJE/EHHe YCHJIHH,
AeHCTBYIOIIMX B SJeMEHTax IPy30BOrO YCTPOHCTBA, MPEACTABJIACT HH-
Tepec TOJMBKO MJisl CAydYas HaXoxjeHus (IepeMelleHHst) Tpysa Ha
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TPaeKTOPHH MeXJAy ToukaMu A H B, T. e. MeXIy HOKaMHu CTpPeJ CYLOB,
nepeammero U NPHHEMAIOMEro Ipys, HOCKOJALKY INPH IepeMelleHHH
rpysa Mexny HOKaMu cTpes ofHoro cynua (Touku A u C) pacuer ycu-
JIMA MOKET BBHIUIOJNHATBCA II0 METOAMKe, IpHBeNeHHOH B pabore [2]u mp.
JJis1 clapeHHOR paGoTHl cTpes OLHOro CyAHA.

Harsxenue mkenTess 3a60PTHON CTPENH HAXOAUM H3 NOCTPOEHHH
(puc. 3), UCIOJB3YS TEOPEMYy CHHYCOB:

T,—=QSn%: (1)

sin ¢ °

rie Q — rpy3onoxbeMHOCTs NPH CHapeHHOH paboTe crped; P H P —

Puc. 2 Puc. 3

YIJIBl MEXAY BEPTHKAJbIO H IIKEHTENAMHU CTpes (P — yroJ MexIy cla-
PEHHBHIMH UIKEHTEJSIMHE).
CocraBHB ypaBHeHHe NDPOEKIUN CHJ Ha OCb, INepIeHIUKYJISPHYIO
K 3a6opTHO# crpese B niaHe (cM. puc. 2), HAXOAUM HaTsSXKeHHE TOI-
puka Ty: : ,
Ty sin gy cos (9, — 90°) — T, cos 8 cos (90° — wg) =0,

IIe @s— YroJa B IJaHe (B HPOEKUHH HA OCHOBHYIO IJOCKOCTB) MEXIY
3a00pTHON CTpPEJIOH M IJIOCKOCTBIO CHApeHHBIX IIKEHTeJeH; ®wz;— yroa
B MJaHe MexXAy 3a00pPTHOH CTpeJoH H TONPHKOM; O — yron MeXIy
TONPHKOM H OCHOBHOH IIJIOCKOCTBIO :
' . cos (93 — 90°
T Ty sin gy —ae B 2000 @)

cos 3 cos (90° — w3)

BBenem o603HadeHHE

{— sin 93 . 3)

cos 3 sin @,

ITocae HO}ICTaHOBKH B tdopmyny (2) ypaBrenus (1), ¢ yuerom (3)
HOJIYYUM

T,=Q Ssii—rr’l‘}f— sin ¢,
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Ha HOK 3a60pTHO# CTPesBl B IIOCKOCTH CTPeJa—TONEHAHT (pHC. 4)
JNeHCTBYIOT YCHJIHUA:

— BEpTHKAJbHAS H TOPH30HTAJbHASI COCTABJAKOIINE HATSAXKEHHS
mKenTeas Tm cos Py, Tm Sin Py cos @q; Tompuka ¢ sin 8; Ty cos § cos wg;

— OT HATsXKEeHHs BETBH LIKeHTeJNd, cberalollell ¢ rpy3oBoro 6J0Ka
(npoxoasiuied BAOMb cTpedibl) (14-%) Tm, rie k& — KoappuumeHT, yIUTH-
BAIOIHI BO3pacTaHHe YCHJHS BCJAEJCTBHE TPEHHsS Bpalllaloliuxcd Jac-
Te rpysoBoro 06JioKa: ¢ NOJIIANHHKAMH KaueHus k=0,02; ¢ nox-
ITHIIHAKAMH CKOJbXeHHus k= 0,05;

— HaTsgXeHHe ToneHaHTa T, W XOZOBOrO KOHIA TONPHKA Tr.

Harsixende TONeHaHTa HAXOMHM, NPHDABHSIB HYJIO CyMMYy IpOEK-
IHA Ha Ochb, EPNEHIUKYJSIPHYIO K CcTpese BCeX YCHJHH, HAEHCTBYIOLIHX
B IJIOCKOCTH CTPeJa—TOIEHAHT, IPH 3TOM IojaraeM, 4to 6JIOK TOM-
pHKa 3aKperlljieH Yy HOKa JIIOKOBOH cTpesnl (T. €. He yUHThIBaeM pasrpy-
JKAIOIIEro TOMEHAHT AeHCTBHS XOLOBOTO KOHIA TONPHKA)

Ty cos ¥y cos 0, — T, sin ¢y cos ¢, cos (90° —08,) 4T, sin 3 cos 6; —
— T cos 8 cos w, cos (90° —8;) — 75 cos (B, — 0,) =0

3nech 0;— yros Mexny 3a6OpTHOH CTpesofi B OCHOBHOH IJIOCKO-
CTBIO; Ba — Yros1 MeXAY npsMo#l, NepneBAUKYASPHOH K OCHOBHOH mJjocC-
KOCTH, H TOHEHAHTOM, SIBJASIOUIHACA BHYTPEHHEM YIVIOM TPEYTOJbHHKA,
06pa3oBaHHOIO CTPEJOH, TONCHAHTOM H IPAMOH, COeNMHSIONIEH BepT-
JIIOTH LINOPa B TOIEHAHTA. .

Ioxcrapup Buipaxkenusi (1) u (3), mpeo6pasoBbiBag U pellasg OTHO-
cuTesbHO T, TOSyYaeM '

T—0Q sin ¢g cos 05 [COS 01 -+-sin gy sin ¢5tg 3 — sin (93 + w;3) tg 03] .

sin¢ cos (f;— 6 sin o,
Beenem o6osHayeHue
Ve sin ¢3tg 8 — sin (ps + ws) tg 65 (5)
3T sin g *
YuurHBas, 4To
cos 0, t

cos (Bs—B8;) A’
npuBoguM (4) K BHLY, aHAJOTHYHOMY AJis caydas crapeHHOH paboTH
cTpes omHoro cynHa [2]

T=Q S;?n% | t/j (cos ¢1+-Vgsin ¢y). ©)

CxkuMalouiee ycuiHe B 3a00pTHOH cTpese OmpefelisieM, COCTABUB
ypaBHEHHE MOMEHTOB OTHOCUTEJLHO BEpTJIOra TomeHaHTa (puc. 4).
[IpuHsiB BO BHEMaHHe, YTO 6JOK TONPHKA MOXET PAaCNoJaraThcs y HoKa
3a060OpTHON CTpesbl, YUHTHBAEM YyCHJIHEe B XONOBOM KOHIE TONDHKA:

T €08 Gl €08 B+ Ty 8in dy COS gt cOS By (14-£) T cos b,
4T, sin 8/ cos 8, 7", cosdcoswyt cosPy -T2 sin (15 — Bs) — N cosf,=0.
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[MoacraBue ¢opmyant (1) u (3) ® pemuB OTHOCHTENbHO N,
nosyuaem

N,—Q fw{l+k+7[cos%+smapl %

sin ¢

X( cos 9 , sin patgd + sin ¢4 CoS wa' + sin @3 sin (7as — B3) )]}
tgPs | sin-o, tg B, sin ©, COS B sin o, sin Ba .
YuuTEIBas, yTO Sin @s/C0s & sin ws ={, BBeAa oGo3HaueHUe

__Sln (03 4 93) I ctg Ba 4 sin patgd
Ps= sin w4 ?

[~ Ty sin ¢, 0055
' Tw cos ?1

T; sin 8

Puc. 4

nocJe npeo6pasoBaHUs MOJYYHM

NemQ B (14 [csbrbsnn (S BZRNLL 0)

sin B,

ONPEAEJEHHE YCHJIUA B 3JIEMEHTAX JIIOKOBOMW CTPEJbI

Ilpounblfi TONPHUK, BOCIPHHHMAs TOPH3OHTAJIBHYIO COCTABJSIOLLYIO
OT HATSKEHHS] IUKeHTedeH (IPH INepeHOCe TIpy3a MeXAY HOKaMH
CTpeJiBl CLAIOLIETO I'PYy3 CyLHA H 3a06OPTHOH CTpessl IPUHUMAIOLIEro),
Harpy:Kaer JIIOKOBYIO CTpeJy, NOTOMY HOABJAETCS HeoOXOAHMOCTDb
ONpejesieHHsl yCHJAHH, BO3HHKAIOUINX BO BCeX 3JeMeHTax ee OT Ha-
TPY3KH B TOIIDHKE,

CocTaBUB ypaBHeHHEe NPOEKHHH CHJ Ha OCh, NePINEHIHKYJASPHYIO
K JIIOKOBOH cTpeJje B NJaHe (CM. pHC. 2), HaXOAMM HaTfXeHHe KOHTD-
OTTSXKKH '

T.cosdcos(90° —9,) — 2, cos p, cos (90° —w,) =0, 8)

_ cos B sin ¢,
=T CoSpy Sin @, ° ®)
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QO603HaUUM: )
_ sin @q . (10)

"1 ="cos o SiD @y
IMoacrasass (8) B (9) ¢ yuerom (10) moayuynm

. sin 4o . y, S s
z2,=0Q g S0 o (11)

Ha HOK JIIOKOBOH CTpessl B MJIOCKOCTH CTPeNa—TONEHAHT AEHCT-
BYIOT CJieJyIOllHe YCHIHUSA: '

— BepTUKaJbHAasl H TOPH30HTAJMb-
Has COCTaBJAIOIIHE HATHAXKEHHsT Tol- 2,005 Py COSW; Tr cas & cos ¢,
puka T sin §; Tr cos 8 cOs @u; . ~-=

— KOHTpOTTH}KKI/I 27 5in oy
25 COS P COS Wx}

— TomeHaHTa — I, XOLOBOTO KOH-
na ronpuka — I

Veusine B IIKeHTENE JIOKOBOH CTpe-
Jbl MpHHEMaeM paBHBIM Hyawo. Ilpu
9TOM IpeAnoJaraercs, 4To IPH mepe-
MellleHHH I'py3a MeX[y HOKaMH CTpen
ciaoiero rpys CyxHa H 3abopt-
HO#l IPHHHMAIOLIETO LIKEHTENb JIIOKO-
BOH CTpesibl He BKJOYaercsi B paboTy Puc. 5
(nebenka BEIOMpaeT cjaabHHy LIKeHTe-

Jis, He Harpyxas ero).
CripoenupoBaB BCe YCHJHS, nencmyromne B IVIOCKOCTH CTpesia—

TONEHAHT, HA OCb, NEPIEHAUKYATPHYIO K cTpeste (puc. 5), HaljeM ero
HATSKEeHHe, Nojiaras, 4To 6JI0K TONPHKA 3aKPellIeH y HOKa 3aGOpTHOM
cTpessl (T. €. He YUYHTBIBAeTCs pasrTpyxaiollee TONMEHAHT AeHCTBUE
XOJOBOrO0 KOHIA TOIPHKA):
T, sindcos 8, — T, cosdcosq,cos (90°—0,)-|2z,sinp, cos b, —
: . — 2, COS p, COS 0, cos (90° —8,) — T, cos (B, — 8,)=0. (12)
BeeneM o603HayeHHe
VB S0 90 18 Ba sin (@g + $a)
sin @y
YuureiBag, yto cos8y/[cos (Bx—0s)] = {/h, mocie NOACTAHOBKH
anHauenus (3) u (11) u npeo6pa3zoBaBb, NoJyiaeM
Ty=Q L2 sing; - o (g 3V, (13)
IIpupaBHsiB HyMIO CYMMY MOMEHTOB BCEX CHJI OTHOCHT@JIBHO BeEpT-
JIOra TONEHaHTa, HaleM OCeBOe CKHMalolilee yCHJHE B CTpele:
(T, sind-Fz,sinp,) L cos 8,4 (T, cos B cos ¢, 2, COS p, COS wy) £ COS B+

~4~T ot sin (Y, — By) — N 4 cos 0,=0;
N —Q Snyz sin Yo sin LP1 [ sin @4 _Sin 95 v

Trsin8

2y sinp,

: Tsin ¢ “sin ©f
& sin (Ya — B.rx) sin 9y tg px + Sin (g -+ @5) Ctg By
X [tg 0+ sin By cosd + sin oy ] (14)
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Bsegem o6o3HaueHHe

i 1, i x — ©g) Cig B )
= sin 9, gPJl+SS;r1:(§:P o) ctg B (15)
H MOJYYHM
- sin Yo sin ¢ , sin (Yqp— Ef ;
Na=Q —5rg- Tsin ¢ sin ‘{J /L sin ms [tga sin B; cos & +P“]' (16)

ONPEXEJNEHHE YCHJIMA B 3JIEMEHTAX IPY30BOI'O YCTPOMCTBA,
BOOPY)XEHHOI'O TOIIPHUK-TAJISAMH

B cayuae npumeHeHHs TONPHK-Taned i-ff KPaTHOCThIO (HOPMYJIHE
OIIpeleISIONINe YCHIIHS, TeHCTBYIOILKE B 3JIeMeHTax PYy30BOro yCTpO#-
CTBa, NPHHHMAIOT BHJ!

B nojBecke 6JI0Ka TONPHK-TafneH

*_ _sm UQ
Tr=Q" Sy sin ¢y&;

Jionaps TONpHK-Tajef
k
To=T:—

cxHMalomee 3a60pPTHYIO CTpeay

N,—Q-Sn2 {1+k+[cos Py - sin i (p,s—-I—f’ “_“%;»_B?;El)]%}

sin ¢

rne
_sin @5

==C08 95 Ctg fa- 5 o (cos o, ctg By -t );

CXKUMaKlllee JIIOKOBYIO CTpesy
Ny=Q 2 ging, 0% 2 gy S0 Qrb py ],

sin ¢ sin 0wz A ' icosdsin

OcranpHble GopMyJBl 3aNHUCHIBAIOTCS 6e3 H3MEHEeHHS.

ONPEAEJNEHUE HAUBOJIbIIUX YCHJIUY B 3JEMEHTAX FPY30BOI'O
YCTPOKCTBA INPU HEHW3MEHHOM YIJIE PACXO)KAEHHA HIKEHTEJIEN

BBeneM B moJydYeHHOe BhIpaxkemHe (7) HJs OCEBOr0 YCHJHsA 3a-
GOPTHOM CTpe/sl 0G03HaYEHHE
! sin (v — Bs)
{143={L3+C———.————,

| sin f;
Nom QI [t cos - trisin) £ ]

CpaBHHM 3TH BLIpaXKeHHs] OCEBOI'O YCHJHS B CTpPese M HaTAXKeHHs
ToneHaHra (6) ¢ BbHIpAXKEHHAMH AJA YCHJHH B ciydae HCHOJb30BaHHS
KOHTPOTTAXKKH. 113 cpaBHeHHs BHAHO, 4TO (OPMYJsl, MNPUBENAEHHLIE
B paboTe [2] ¥ 1p., HMEIOT OAHHAKOBOE HaNHCAHHE C NOJYyYeHHBIMH BBHI-
PaxkeHUSIMH, U3 YEro CJAEeAYET, 4TO AJs 3a00PTHOH CTpeJbl HPOYHBIH
TOTIPUK BHINOJHSAET HYHKIHIO KOHTPOTTAXKKH.




Bocnoab3oBaBIINCh NPOBELEHHBIM B pabore [2] aHanu3oM HAEH-
THUYHBIX BHIPAXKEHHH, MOXKHO 3aIHCATh

Nanw=—ag Q[14k+4— (V1 (e — pacosp-+-sin ) |,

rAe .
L sin (03 + ¢s) CigBs 4 sinpstgd + sin ¢35 sin (13 — Bs)
3 sin @y cos B sin wg sin fs

B cayyae, Korfa HampaBJsOLHA O0J0K TONpHKA 3aKpellieH Ha
MayTe HAa ypOBHE BepTJIIOra TONEHAHTa WJIH BHIIe ero (T. e. Bz << y):

' [+ VZ_ v,
1 <1+ 1/ cos ¢ )

' t
o] =_P‘3; Ta max = 5 Q _/j‘ sin ¢

/

Hos omnpeeseHus HaubOoJBIIHX YCHJAHHA B TOIPHKe, a TAKXKe B dJe-
MeHTaX JIKOBOH CTDeJIEl NPH YCJIOBHM HEH3MEHSEMOCTH yria pac-
XOXK/JEHHS IUKEHTeJIeH, paccMOTpUM OOUIMHE A/ HafJeHHBIX yCHJHH

(3), (11), (13) u (16) comHoXKHTeapb (Sinpe/sinqp) sin ;.

Beens sameHy W =P — 1, Hocse npeobpasoBaHuil MoJydyaeM

sin (¢ — . 1 cos (¢ —2¢1) — cos
e e

Orciofa BHAHO, YTO HaHBOJblIee 3HaUeHHE COMHOXHTesd (a cae-
JIOBATEJNbHO, H YCHUJIUN TT, 2a, Tn 1 Ny) coOTBeTCTBYeT 3HAUEHHIO

qJ]— d (Tamxe U dy= ——l— q)).

IMopcraBuB Y1 =y B Qopmyay (17), mocie mnpeoGpasoBaHui
nosyyaeMm
1 cos(p—241) —cos¢y __ | l—cosy 1 t b
2 sin ¢ =72 T sm¢ 2 g3

[loacTaBHB NOJyd4eHHOoe BhpaxeHue B ¢opmyas (3), (11), (13)
" (16) HaXOJUM HaHOGOJbIIHE YCHJHS B TONPHKE H 3JeMEHTaX JIIOKO-
BOH CTpeJibl IpH HeH3MEHAEeMOM YIJie pacxoxmeﬁna IIKeHTeNel:

———th-—C; z,,—_—Tth—- Sin 95 Ty

sin wg
sin 9

- Qg5 7 e tgd+Va);
N,—-1 0t g%TL‘Ps[tgHerh],

7 sin @, sin By coS

YCJIOBHA HEONMPOKHIABIBAHHUS CTPEJI IIPH CHIAPEHHOM PABOTE
CO CTPEJIAMH JAPYIroro CyaHA

IIpencraBaser uHTepec ONpPENe/eHHe YCJOBHH HEONPOKHAbIBAHHA
3a0OPTHOM CTPeJIbl, MOCKOJIbKY A/ JIIOKOBOH ClpaBedJIuBbl T€ XKe yc-
JIOBHSI, YTO H TpH cnapermou paboTe cTpesaMH OJHOTO CyAHa («Ha Te-
JaedoH>s). .
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OnpoxuariBanue 3a6OpTHOH cTpesnl (LJsl DHama30Ha H3MEHEHHS
yraa @z ot 0 mo 180°) npeacraBisier co0off MOBOPOT CTPEJIH NMOX BO3-
IedcTBMeM BeTBH IIKeHTess, cOeramouiefi ¢ rpys3oBoro 6Joka 3abopr-
HOH CTpeJibl, BOKPYr IPsSMOH, coefuHsIOUleH BepTJIor Linopa 3a6opr-
HOH CTpesbl ¢ HOKOM JIOKOBOH. 3TOT NMOBOPOT Heu3beXKeH IpH coye-
TaHHH ABYX O0OCTOSTENbCTB:

— HIKeHTeJb 3a60PTHOH CTPesbl PACHoJOXKeH BHILIE IVIOCKOCTH 3a-
6opTHAas cTpejia—TONPHK;

— KOHTPOTTSIKKa 3aGOPTHOMl CTpesbl TakKkKe pPaclojIoXKeHa BHIIIE
IJIOCKOCTH CTPeJIa—TOIPHK UJIH JEeXHT B Hell.

IlepBoe 06cTOsATENIBCTBO JIETKO pealiH3yercd B YCJAOBHAX KAUKH CY-
JIOB, a BTOPOe SBJISIETCS] Pe3yJbTaTOM HEYZAYHOrO B3aHMHOTO pacIoJio-
JKEHHS CTPeJ H KOHTPOTTAXKH 3a60pTHOH cTpeanl. M3 BToporo o6crosi-
TEJbCTBA H BBHITEKAeT yCJOBHe HEONPOKHUABIBAHHS CTPeJbl.

Ecan xonrportsikka 3a6opTHOH crpessl OyleT pachnoJiaraTbes
HHXe IJIOCKOCTH CTpesla—TOIpPHK, TO NpsiMas, COeAVHSIOUIAs TOUKY
KDeIJICHHsT KOHTPOTTSKKH K KOPHYCY CyZAHa ¥ HOK JIIOKOBOH CTpelH,
6ymeT NMPOXOJUTb HUXKE CTPeJIBl, T. €. NMOJYYEHHOE YCJIOBHE HAECHTHUHO
YCJIOBHIO HEONPOKHIALIBAHHS CTpeJ IPHU clapeHHo#l paGoTe «Ha TeJe-
¢oH». VIHBIMH CJIOBAMH, €CJH BBIIOJHEHH YCJIOBHS HEONPOKHILIBAHHSA
CTpes Npu cnapeHHOH paboTe «Ha TenedOH», OHU He GYLYT OHPOKHIBI-
BAThCS M IIPH CHapeHHOH paboTe co cTpejaMy APYroro CynHa.

Heckosbko €10B 0 (H3HUECKOH KapTHHe ONPOKHILIBAHUS 3a60pT-
HO#t cTpenarl. ONpPOKHABIBaAHHE CTDPE/Bl CONPOBOXKAAaeTcsi mpocaalie-
HHeM ee KOHTPOTTAXKH H ToneHaHTa. IIpocnabneHne KOHTPOTTSKKH
Oyner HaHOOJBLUINM B MOMEHT, KOI'a CTpe/ja OKaXeTcs B IJIOCKOCTH,
IpoxoAslied dYepe3 TOYKH:. HOK JIIOKOBOH CTpesibl, HOK 3a60pTHOH
CTPEJBl H TOYKa KpellJieHHs KOHTPOTTHAXKKH K KOPHOyCy cyZHa. 3arTeM
no Mepe HOABEMa CTpesbl clabuHa 6yneT yMeHbIIAThCS, H ONPOKHABL-
BaHHe NIPEKpaTHTCs, Korga caabuna Oyger BmOpaHa. ITocae Toro kak
BeTBb ILIKEHTeNs, cOeramouias ¢ rpys3oBoro 6J0Ka K y3/y CIapHBaHUSA
IIKeHTeJefl, BCAeJCTBHe KauKH MJIH PaboTH IPY30BHX JieOeloK, mepe-
MEeCTHTCSl HACTOJIbKO, YTO OKaXKeTCsi HHXKe IUIOCKOCTH 3abopTHas
CTpeJa—TONpPHK, cCTPesja BO3BPATHTCH B IIePBOHAYAJBHOE MOJO-
JKeHHe.

Harpysku auHaMHyecKoro xapakrepa, BOSHHKAIOLINE IPH 3TOM, MO-
TYyT HMeTb 3Ha4eHHus, ONMACHbe [Jf 2JeMeHTOB ycrpoicrBa. dtuMm 006-

-CTOSIT@NBCTBOM JIHIUHHHI pas noa4YepKuBaeTCAa HeOOX0IUMOCThL obecme-

YEHNs HEOIPOKHIABIBAHHA CTPeJ BO BCEX IKCIIyaTaUUOHHBIX CJY-
qaax.
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0. M. Macrywrun

OCOBEHHOCTH PACYETHOTO AHAJIH3A
B HOPMHWPOBAHHH YINPABJISIEMOCTH
MMPOMBDBICJIOBbBIX CYHLOB

Tlpu peanusaluu KpUTepHeB YNpaBJasgeMOCTH, IPEAJOXKEHHHX B pa-
6ore [l], Bo3HHKaeT HeO6XOZMMOCTh PACYETHOI'O AHAJH3a PA3JMYHBIX
MaHEBPOB CyJHA, COBEpLIAEMBIX INPH JBHXKEHHH B TOPH3OHTAJbHOH
IJIOCKOCTH. B oOTedyecTBeHHOH NpakKTHKe AJsi pacueTa XapaKTepHCTHK
YIpaBJsSeMOCTH MOPCKHX CYIOB Yalle BCEro HCIOJb3YIOTCS MaTepHaJbl
cnpaBouHuKa [2]. OnpenesneHHOe pacnpocTpaHeHue NOJYUHIa METOLHKA,
npuBenernHasi B pabore [3]. OnHako aHa/u3 NOKa3bBaeT, YTO HCHOJb-
30BaHHE 3THX METOIMK JJIs CYJO0B HPOMBICIOBOIO (JioTa OKaswBaercs
HEBO3MOXKHBIM, TaK KaK 3TH CyJa HMEIT DAL CICHUPHUECKHX 0CO-
OeHHOCTeHl B reOMeTPHH Kopmyca: BecbMa MaJible 3HaueHHS Kos(pdu-
[IHEeHTa IIOJHOTH KOPMOBOH YacTH JHaMeTpaJbHOro 6aToKca Ok, OueHb
GoJiblliie 3HAYEHHS OTHOIUEHHMS OCAJKU CyJHA K pacueTHoi AnauHe d/L,
CPaBHHTEJBHO MaJjible 3HAUeHHs OTHOWIEHWHl MJMHB K InHpHHEe L/B-
u 1. n. Kpome toro, ¢dopma KOpMOBOH OXOHEYHOCTH IIPOMEICJOBHIX CY-
JIOB HUMeeT SIPKO BEIPAXKEHHYIO CHeUH(HKY, CBA3aHHYK' C HaJHUHEM
CJIMIA 715 CIyCKa WM Hoabema TpajoB. IIpu aToM ciaeayeT saMeTHTh,
YTO PasMephl COBPEMEHHHIX CYNepTpayJsiepoOB HelpepbIBHO PACTYT, YTO
BLIJBUraeT 3ajayy CO3LaHMS JOCTOBEPHHIX CIOCOBOB TNPAaKTHUECKOTO
pacueTa HX ynpasJisieMOCTH.

PaccmoTpuM JBHKEHHE NPOMBICJIOBOrO CyJAHa B PeXHMe CBOGOJ-
Horo xona. C ueHTpoM TaxkecTH cyrHa G cBsixkeM [lekapToBy cucTeMy
koopauHat Gxyz. Oce Gx HanpaBuUM IO JHaMeTpaJH CyJHa B HOC, OCb
Gy — Ha mnpaBHi 60pT, ochb Gz — BepTHKaJIbHO BHH3. O603HAUHM de-
pes3 ¢ IOCTYNaTeJbHYIO CKOPOCTh HEHTPa TAXKECTH CYAHA; ) — YIJIOBYIO
CKOPOCTh CyHHAa; P —yroa npefiba B ueHtpe Tsxkectu. Kpome Toro,
npuMeM: { — pasMepHOe BpeMs, ¢; A — MaccoBoe BOLOHU3MEIIeHHE; g —
yCKOpeHHe CBOOOIHOrO HajeHHd; Up— HCXOLHYIO CKOPOCTb CyAHA Ha
IPSIMOM Kypce.

C yyeroMm BBeneHHBIX 0003HaYeHHH 3amHUIlIeM ypaBHEHHS ABIKERHA
CyAHA B TOPH30HTAJBLHOM IJIOCKOCTH HAa NPOH3BOJBHOH TPAeKTOPHH
B MPOEKIHSIX Ha OCH KoopIuHAT [2]:

2 () = (1 ) o2 (B vef= X5 ()
— 2 () B-G7 — 5 (k) v G+ (k) vo=F; (2)

T (14 k) -G-=M. - 3)
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Ypasuenus (1)—(3) sanucaHbl ¢ yueToM 0BGLIEH3BECTHOrO JOMYIIe-
HHS, YTO IPH NPAKTHYECKH JOCTHTaeMBIX SHAYEHHSX YIJIOB Jpefida
MOPCKHX CyZOB MOXKHO NMpHHATHL Sinf =P, cosfpa1. B ypaBHeHusx:
Jz~— MOMEHT HHEPIMH MacChl CYJlHA OTHOCHTE/IbHO BEPTHKAJBHOM HEHT-
pasbHOH OCH; Ky1, ko2 M kes — KO OHIHEHTH NPOJLOJBHON M IOMEpey-
HOH NpPHCOENMHEHHOH MacChl, a TaKXKe [IPHCOEIMHEHHOr0 MOMEHTa
HHEPLUHH Macc XKHIKOCTH [2] COOTBETCTBEHHO.

IIpaBele gacTu ypaBHeHHH 3anulIeM B BHIe

X:P—XK—XP; Y=YK—YP+YB; M=MK+/M1)—_MB-

3nmech P—ymop rpe6Horo BHMHT2; Xk, Y, Mx— COOTBETCTBEHHO NpO-
IOJIbHAS KOPIYCHAsl CHJa, TIoNepeunas KOpIycHasi cusa apeiida U Mo-
MEHT phicKaHus; Xp, ¥p, Mp— COOTBETCTBEHHO NpOJOJABHAS CHJIa Ha
pyJe, TIoNepeyHass CHaIa Ha pyJe H MOMEHT pPyJeBOH CHJIB OTHOCH-
TeabHo LT cynna. Tlpu atom Mp=7VYplp, rae lp— abeuucca Gaanepa
pyns. Kpome toro, Yy (Mz = "Yslz) — coorBeTcTBeHHO 60KOBas crabH-
JH3HPYyIOImas cHla Ha rpeGHOM BuHTe [2], a My — MOMEHT 3TOfi CHJIH
orHocutesbHo T cymma (/s — abeicca rpeGHOrO BHHTA 1O OTHOLIeE-
a0 K LT).

O6wenssecrno [2], [3], uTo H3MeHeHHe NOCTYNATEJBHOH CKOPOCTH
CyAHa NMpPaKTHYECKH He BJHseT Ha yrosa JApefipa u Gespasmepryo
YIJIOBYIO CKOPOCTb Q ==wL/vo. ITosTOMYy 1pu pelleHHM 3amad ympas-
JSeMOCTH ypaBHEHHE NMPOJOJbHBIX CHJ [2] He paccMaTpUBaercs, a 3a-

KOH H3MEHEHHsl CKOPOCTH U == U/Up IJis CY[JOB Pas3JHUYHOrO HAa3HAYEHHS
C IOCTATOYHOH A/l MPAKTHKH TOYHOCTBIO MOXKET ONPEAE]ATbCS IO CH-
CTeMaTH3UPOBAHHLIM MaTepHajJaM HaTYpPHbIX ucuslTamufi [2], [4]
C yueroM MaTepuasioB CHCTEMATHUECKHX HCIBITAHHE MOAeJeH NpOMbIC-
JIOBHIX CYJOB B pOoTaTHBHOM OaccefiHe BeJMYHHBH Yy, My MOryT GHITH
npesncTaBJaeHsl B Buge [5]:

Vie=(a:f-+a:8+a,9) 932 F;

Me=(b,— 6,2 — by0) B2 FL,

rae o — IVIOTHOCTb BOAH; F — mjowlajp NOTPYKeHHOH B BOAY YaCTH
AuaMerpaspHOro 6aTokca; qi— as, bi— bs— sMnupuyeckie Ko3dhdu-
UHEHTH, ONpeje/sieMble IO METOAHKe [5] B 3aBHCHMOCTH OT XapakTe-
PHCTHK ok, L/B, Bl/d, Cp (Cp— npusmarudecku#i Ko3GHIHEHT MOA-
BOJHOM YyacTH Kopuyca). Bennunnsl Yy, My npu OGHIUHOM pyJsie MOMKHO
npencTaBuTh B BuIe [2], [3]:

S Ss 2
YP=P‘?[1—}_°p S }(1*4)1))2‘19 P; Fy

My=Yl,,
rie U —TrpajJHeHT IONMEPeUHOR CHJIBl H30JHPOBAHHOrO mepa pyas [2];
S — momans nepa pyas; Sp— IJIOWafb Nepa, HONajaninas B CTPYIO
OT TpeGHOrO BHHTA; Op— KO3(Q(OHIHEHT HATPY3KH IPeGHOTO BHHTA IO
yIOopy Ha KPHBOJHHEHHOH TpaeKTOpHH (IpH HaJMuHu yraa apefida
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B KOpMe Bx); Pp — K03(DUIMEHT NONMYTHOrO INOTOKA pPyJs Ha KPUBO-
JUHEAHOH TpaeKTOpUH; o — 3 eKTHBHE yr0J1 aTaky pyJsi, KOTOPHIH
onpejeasercs oo gopmydae [2]:

aazap_“npx,

re ap— yroJ NepekJaiKu PYJs; %g== Ks¥x — IPHBEJEHHBIH K03(du-
IHEeHT BJHSHHS I'PeOHOrO BHHTA W KOPIyca Ha yroJ araku pyJas. Be-
JIMUHHA %x B COOTBETCTBHM C AaHHEIMU paboThl [6] ompenensercsa aast
IPOMBICJIOBBIX CYAOB IO (opMy.JIe:

re=1,25—0,1 .

BennunHa %y C HOCTATOYHON TOYHOCTBIO MOXKET ONpPedesAThCHA MO
PEeKOMeHIAlHsIM CIpaBoyHHKa [l]:

_ (8—=8)4+S:VT+9,
(S§—Ss) +Ss (1 +3p) °

Bennunna p ¢ JOCTATOUHOH TOYHOCTBIO ONpefessieTcsl H3BeCTHOH
dopmyqoit [Ipaanras [2]:

2r

h?

14+2-2

T2

rgpe hp—BbICOTa nepa pYJIﬂ. HpOBeAEHHbIe HaMH HCCJAEHOBAHUS IIOKA-

3BIBAIOT, 4YTO KOS(I)(I)I/II.[PIeHT l'IOl'Iy'THOl"O IIOTOKAa py.neﬁ HpOMbICJIOBbIX

Cy,ZLOB, pacnoxaraeMbe B ;maMeTpaanoﬁ IIJiIOCKOCTH, XOpOIlIO onpe-
IeJsieTcs JJis pexuMa IpsMoro kypca ¢bopMyao# .

q’pO=013CB 3

rie Cp— xoadpduuuent obmeili NOJHOTH Kopmyca cynHa. [Ipu yrie
npefiba B KopMme By Koa¢h(HULMEHT NONyTHOro IOTOKa pyad omnpele-
JeTcs SMIHPHYECKOH (opMyJoH, KoTopas NOJYy4eHa IO MCHBITAHHAM
KpyHHOMAacIITaOHEIX MOZesell B ONBITOBOM Oacceiine: Pp = (1 — Bx) X

XPpo; mpu 3TOM Pr =B+ [pRQ, rne lp =Ip/L [2]. UccrenoBanus moxa-
3HIBAIOT TAaK¥Ke, UTO KO3 PHINEHT HAarpysKu rpe6HOro BHHTA O YIOPY
IIPU HaJMYHY yria Apefida B KopMe ¢p CBSI3aH C COOTBETCTBYIOLIMM KO-
3(QhHIHEHTOM Opo HA NPAMOM Kypce IO 3aBHCHMOCTH:

Gp = (1+px) 9p0-

[Tonepeunas cuja, co3faBaeMass Ha rpe6HOM BHHTE [IPH HAJHYHH
yraa apefiba B KOpMe, B COOTBETCTBHH C JaHHEIMH paboThl [7] MOxKeT
ObITh MpeJCTaBJeHa B BHIE

Yo=K ,pn2D*,
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rie D — nuaMeTp rpe6HOro BUHTa; 1 — YacTOTa BpallleHHs BUHTA. Be-
" nuunHa Ky onpenensiercs no dopmyie:

K = (6 %):@K - 57,34, X

x{0,000 143 5-(1,74 — 0.7 F+8)[ 14435 (1411 F)]},

rae 0 u H/D — nucKOBOe W IIaroBoe OTHOLIEHHSI BUHTA; Ap — OTHOCH-
TeJbHasi MOCTYNb rpe6Horo BuHTa. C y4eToM TOro, YTO YacToTa Bpalie-
- HHA rpe0HOTO BHHTA A IPH yrie Apefida B KopMme nmajzaeT MO CPaBHe-

HHIO C YaCTOTOH BpalleHWs HAa HCXONHOM IIPSIMOM Kypce gy (A=
= n/no<1), 115 DU3eNBHEIX CYIOB C IpeJeJbHBIMH peryiasropaMu 6y-
! J1eM HMeTb _

Vo= (p-+50) ® (6 ) pns D,

AHanus MarepHasOB HATYPHBIX HCIBITAHHME IPOMBICJOBHIX CYJOB
HOKa3kBaer:
n 1 1+v

= Tre ™~ g3

rae v=uv/vq.

MowmeHT, co3faBaeMEbll MONepeyHOi cuaod rpeGHOro BHHTA, MOXKHO
3amucaTh B Bule My~ Ysly (lp=ls, ecnu pyan pacrojaraercs 3a BHH-
toM). Ilepexonsi K 6eapasMepHOMY BpeMeHH

. t
. Tl—_j& , 4)

npuBexeM ypaBHeHHs (2)—(3) Kk OespasMepHOl (opMe, HCNOJABL3YA
NIPHBE/ICHHBIE BhIlle BHIpa:KeHUA JJs CHJ ¥ MOMEHTOB. Torga mosyuyum:

1)@‘{—(“3— ?)9—‘

Ay dv

2 dt p+
— N3+ (a3 —N,) B — NsR24-N PR N2~ N3+ N 28+
(1 =) (1) B2 =pt; (5)

Ao dp

b “As dQ
2

A+ NolpBQ+N Lo 4- Nl @ — N7l Q%3 — Nl — N J 20 —

“@<1+%)267;’”(1+ = ) DLQ——ptla,, ©)

1N ilp) B— (b2 — Nop) @ — (654N oly) 2+
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C, C
A=2 2 (1 bk 2y A=2-E (k)2

ppeltbs) o S,

oLz =R
N,y =; (tlap —xtg); Ny =E (t2a‘p - Knl—p zfo); Nj =E (tSa‘p — %nta);
Ny=p. (tsay—nat)); Ns=p(tsa,— tabpts);  No==pnn (ts+Tpta);

N 7=E%n (ts-l—l;fs); N s=;*nf4; N, =_P‘-xn7;)t5; '

—_ — S —_
t0=[1+°p088] [1"'2%0]; Sy = SB ; t1=[°p058+24’p0]§

by = [Gp()*?s_{—Qq)pO] Z); t3=4§s°'pol—pq’p0; ty =2‘Pp0*—§scp0; t5=2q)p0§86p07%'

IMonyueHHas cucTeMa ypaBHeHHH IBHKeHHs cynHa (5) m (6) cyue-
CTBEHHO OTJIHYAeTCs OT 0oOLiem3BecTHOH [1], mpHueM ee CTPYKTypHBIH
BuJ TpeGyer mpuMeHeHHs s pacueToB DBM. HucieHnubie pacuerH,
npoBelenHbie Hamu Ha OBM no cucreme (5) u (6) AJs THNOBHIX IPO-
MBICJIOBBIX CYAOB, MOKa3aJjH, YTO OHA JaeT NMpUeMJeMble pe3yJbTaTHl.
B Ta6s. | MOKa3aHO COMOCTaBJIEHHE PACUETHHIX 3HAYEHUH (YHKUHH
Q=17[(t) u p=7F(7) c sKcneprUMeHTaJbHbHIMH AaHHBIMH HaTYPHBIX HC-
neitapuii BMPT tHna «MagkoBCKHE» IPH BHIMOJIHEHUH HEYCTaHOBHB-
medics nupryasuuu (op = 35°).

Tabauya 1
T 1,0 2,0 3,0 4,0 6,0 8,0
Qpacq 0,3 0,5 0,6 0,65 0,67 0,68
Qon 0,26 0,49 0,58 0,63 0,65 0,65
Ppacu (l,_O_S 0,2 _ 0,28 0,3 0,3
Bort = 0,19 0,25 0,27 0,27

B Ta6a. 1 yroan gpeiida pam B panuanax. Ilpu ocymiecrsiennu pac-
YeTOB HCHOJIb30BAaJACh SMNHUPHUECKAsh 3aBHCHMOCTb AJs1 MajeHHs CKO-
POCTH XOJa CyNOB B 3BOJIONHOHHOM NepHoje HUpKyaauun [2]:

dv (l—vy)n .

_ (12 T
7‘—-———7-—-—SIH-T4—-TCOS—14—T.
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31echb Up=0g/Uo — BeqHYMHA TAaJeHHss CKOPOCTH Xojia IIpH BXOMe
B COOTBETCTBYIOLIYI0 YCTAHOBUBIIYIOCS IHPKyaAauuio. das mpomeicio-
BHIX CY/I0B Ha CBOGOIHOM XOAY IIO JAHHBIM HATYPHBIX HCIBITAHHH IO-
JIYYHJIH:
.5_—— l .
12,7920

IIPH 3TOM
- — . T T
=1—(1—1,) sin® - —,
Ty

rie Ty — Geapa3MepHOe BPeMs YCTAHOBJCHHS CKODOCTH.

Cucrema ypaBHeHHH nBuxeuds Bupa (5) u (6) saABasgercs Oonee
TOYHOH, yeM u3BecTHhie paHee [2, 3]. OoHaKO ee HCIONB3OBaHHE 3a-
TPYIHSIETCS H3-32 AOBOJIBHO CJIOXKHOH CTPYKTYpH. [TosToMy HaMu mpen-
NPUHSTA MONBITKA YIPOLIeHHs 3TOH cucreMbl. [lJis 3T0ro BBEeLEHO NO-
nyumenue, yto Yy =0, Mpz=0, a KOa(Q(PHUHUEHTH Cp == Opo, Pp="Ppo

HeusMennhs npu v = 1. Toraa cucreMy ynpoOIeHHBX ypaBreHHH MOXKHO
3amucarh ‘

Ayt (@ Eve) Bt (@at-Eedy— A1) @+ asfP=-Ep;  (7)

Q 7 . —
— 8522y (b — Elte) B— (b +-ETo) @— b2 = — T @)

Ss Ss
rze E=p-2-[14op-g-| (1= 40"

B npuBeneHHBX 0003HaYEHHMSAX BeJHUYHMHA O O3HAYaeT. KO3hQuuH-
eHT IOJIHOTHl TOABOJHON YacTH AuaMeTpajbHoro 6atokca. Kosdduiu-
eHT Harpy3KH rpeGHOrO BHHTA IO yNOPY onpenessercss Gpopmy.1oH

L 8P
PO 3 2 2.
=D7pvp (1 — $p0)

o)

ComocTaBHTENBHBIE pacueThl, HpPOBEACHHEE HaMM IO CHCTEMaMm
ypasuenuit (5) u (6), (7) u (8), moKasaju, 4TO pPE3YJIbTATH MOJY-
YAJOTCSl NPAKTHUECKH ONMHAKOBLIMH H XOPOLIO COrJacyloTcs ¢ JaH-
HEIMH HATYPHBIX HCHBITAHHI HIPOMBICJOBHIX CyAOB. TakuMm 0GpasoM,
LJisi TPAKTHYECKHX DPAaCUYeTOB YNPABJASEMOCTH NPOMBICJIOBBIX CYAOB
MOZKHO HCIOJb30BaTh YIPOIEHHYIO cHcTeMy ypasHeHHH (7) u (8), TeMm
He MeHee M B 3TOM cJyuyae peasu3alusl PACUETOB AOJXKHA IPOU3BO-
IHTbCS C IPUMEHEHUeM CPefHHX HIH Maanx DBM.

PaccMOTpHM Temepb JBHIKEHHe IPOMBICJIOBOroO cyiHa c¢ Oykcupye-
MHM o0bekToM (cyaHoM) Ha puc. 1. ITonaraem, 4To GYKCHPHBIA TpOC
aGcoaioTHo xKecTkuit, Torna B 0603HaUEHHSAX PUCYHKAa YpaBHEHHA NBU-
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3KeHHs1 GYKCHDOBIIMKA 3aMHLIYTC B CBASAHHOM CHCTEMe KOODAMHAT
Gxyz cnepylomuM o6pasoM:

——<1+ku>——‘——<1+kn>v B pto (1) D=
=P - X,—Tcos1—X,, (9)_
— & (o) S p— - (1) 0+ (Lh R vo=
=Y, —Y,+4Tsiny, (10)

Puc. 1. K cocTaBneHHI0 ypaBHEHHI ABUMKEHHS NPOMEICIOBOro cyiHa ¢ OYKCH-
pyeMBlM 00BEKTOM

jz(1+k66)%;"__—_MK—I—MP—Tszinx, (11)

Tlie Xy — OTCTOSIHHE TOUKH KpemjeHus 6ykcupyemoro tpoca ot LT; T —
TATOBOE YCHJHe B OYKCHPHOM TpOCE; Y- yroJ OTKJIOHEHHs Tpoca OT
nuamerpaau. OcranbHbie O0603HAUEHHS COOTBETCTBYIOT BBEIECHHBIM
BHILIE 151 CyAHa Ha cBOGOJAHOM XOnY.

[lpn HanuCAaHMH ypaBHeHHH ABHXEHHs OYKCHPHOro CyAHa moJja-
raeM, 4To TOYKa KpeIlsieHHss OYKCHPHOrO Tpoca pacmojioxeHa Ha dop-
mireBhe. (Takoe monyiieHwe OyJIeT CIpaBelJUBO U A5 OYKCHPYEMBIX
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opyauil Jjosa.) BceMm BenHuHHaM, OTHOCALIHMCA K OyKCHpyeMOMY
cyIHy, OyneMm IpHUIMCHIBaTh HHAeKC «1». Torma mosnyumm

{ A A , .
—(1—1“/3111) ‘ v1 ’gl‘ (I+%) v %%1‘ Bl'{‘?l(l‘i‘km) V0 =
=T coso;— X3 (12)

—%(1+k221) Lo B — A (1+k221)7)x dBl -i,—l(l—i‘km) V0=

=Vu+T sing; (13)

d Ly .
S (1 kesi) =M +T —-sing,. (14)

3zech @r— COOTBETCTBYIOIIME YroJ MeXAy TPOCOM H JLHaMeTpasbio
O6ykcupyeMmoro cyigHa. s puc. 1 uMeeM oueBHAHOe COOTHOLIGHHE:

b—r=b+e1, (15)

rze 1, P; — COOTBETCTBYIOLINE YIJIBI Kypca.
Uz otHomenus (15) umeeM

Ao | (16)

rie ®, ©;— COOTBETCTBYIOIHE YIVIOBEIE CKOPOCTH cymoB. C apyroi
CTOPOHH!, AJIsl YIJIOBOH CKOPOCTH GYKCHPHOTO TPOCE, B NPEANONONKEHHH
€ro eCcTKOCTH, uMeeM (pHuc. 1):

di—y) —_ Uyn—v
dt — { = ’ (17)

rge | — pguHa Tpoca.
BenencrBHE KECTKOCTH TpoOca AJI NPOEKUHI CKOpOCTel nMeeM

V=%,
rge

cos B
cos B

k=7 cos (p!c_"f); U)le'z)lﬂ cos (BIH+CP1)'

WHOeKCH «H» H «K» MPHUMEHSIOTCSl COOTBETCTBEHHO K HOCOBHIM H KO-
MOBBIM TOYKaM CYA0B, [ 0603HAYAET COOTBETCTBYIOILYIO NMPOEKLUHIO Ha
aupHuio tpoca. C yyerom cootHoweHuit (16), (17) mosyunm

dy v [cos (Bx — ¥) tg€ (B1u + ?1) — sin (Bx —71)] cosB
dt ®— = [ cos By - (18)




Ilpu atoMm

S cos B cosB cosBiy  cos(Bk—7Y)
177711 "cog By~ cosBx cosBy  cos (Bta + 91)

Cucremnl ypaBHeHu#t (9—11) u (12—14) 3ambIkaloTcs ypaBHe-
pusimMu  (16), (18), uTo TMO3BOJAET ONpPEAENHTb BCE XaPaKTEPHCTHKH

CHCTEMBI GYKCHPOBILHK—OYKCHPYyeMbIH 06beKT. [Jisi 3TOro Heo6X0AUMO -

. PEIUNTh CHCTEMY H3 BOCbMH HeJHHEHHHX AH(depeHUHaNbHBX ypaB-
HeHHU, YTO sIBJAsIeTCS CJOXKHOH 3ajauell faxe NPH HCIOJb30BAHHH CO-
BpPEMEHHOH BHIUHCIHTENbHON TeXHHKH. [TosToMy memecoo6pasHo ympoc-
THTb CHCTEMY yPaBHEHHI C yUeTOM MaTepHaJIOB CHCTeMaTHUeCKHX 3KC-
IIepPHMEHTOB, TPOBEAEHHHX HaMH ¢ OYKCHPYeMhIMHM CHCTeMaMH CyXOB
u opynuii goBa [4].

PesysbTaThl 3KCIIEpHMEHTOB HMOKa3HIBAIOT, 4TO Npu flepexoje GyK-
CHPyeMOI CHCTEMBI C NPSIMOrO Kypca Ha KDHBOJHMHEHHYIO TPAEKTOPHIO
npu KOpotkoM GykcupHOM Tpoce ({ << 4L, rie L — mauHa OyKCHDOB-
muKa) ycuaue B Tpoce I mnpakTHuecku He usMensercs (T'=~To, rae
To—ycuiue B Tpoce Ha npaMoM Kypce). Kpome Toro, okasmiBaercs,
4TO HEe3aBHCHMO OT BHJAa OYKCHDYeMOH CHCTeMBl 3aKOH NaJeHHs CKO-
pocTH XoJa GYKCHDOBINMKA NPH BXOJAE B 3BOJIOIMIO HOCTATOYHO XO-
pOLIO aNNMpPOKCHMHPYETCS 3aBHCHMOCTBIO '

v ()=1—(1—1,] e,

rae T — 6espasMepHOe BpeMsi, a Uy— llaJleHHe CKOPOCTH XoJa OyKcH-
pOBLUIHKA Ha YCTaHOBHBHIefICH HUPKYJAALNHN TIPH JIBHXEHHH C 6yKCI’I'
pyeMEM 00BeKTOM. HJsl vy COOTBETCTBEHHO IOJIYYEHO:
By gt
a 13/(14-1,592)2

BeanunHa Q== wL/vy B JaHHOM cJydyae OTHOCHUTCS K caMoMy OVK-
CHPOBIIMKY M Ha yCTaHOBHBLIeHCS LHDKyJasuuH paBHa Q= L/R, rae
R — pajuyc ycraHOBHBLIEHCS LHDPKYJSUHH OYKCHPOBIIHKA.

TlosiyueHHble JaHHBE HO3BOJSIOT CYIIECTBEHHO YIPOCTHTb pacyer-
HOE ONpelesNeHHe XapaKTePHCTHK JBHKEeHHS OYKCHDYeMOH CHCTEMH
H caMoro OYKCHPOBINMKa. B yacTHOCTH, HCNOJb30BaHHe ycaoBus T~

~To u 3aBuCHMOCTH v ={ ({2, T) MO3BOJSET HCKJIOUHTH H3 pPacCcMOT-
penus ypaphenns (9) u (12) nas NpoAOJBHBIX CHJ, YTO CYIIECTBEHHO
ynpomaer 3ajxauy. Takum o6pa3oM, .AJs pacuera YIDaBAAEMOCTH

(B 4aCTHOCTH, IMOBOPOTJHBOCTH) OYKCHPOBILIMKA ¢ OYKCHPYeMBIM 00Db-

€KTOM MOXHO HCIOJb30BATh BCEro ILIECTh YypaBHEHHH, H3 KOTOPHIX
ONpefeasoTcss TpeGyeMble XAPaKTEPHCTHKH IBHXEHHA CHCTEMBI IIPH
nepekynagke pyJas Ha OykcupoBiuke. BBemem o6osHauenusi: Cp=

= 2To/pv% F; Qi = 01L1/vo, 1=1/L. Torna umes B BHAY BHIpaXKeHHE

nasa OGespaaMepHoro BpeMeHH (4), B IPUHATHIX BHIIe 00603HaUeHHAX
MOJKeM 3alHCcaTh CHCTeMY VypaBHEHHH, OIHCHBAIOUIHX [IBUXKeHHE
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GYKCHpOBIIHKA U GYKCHpYeMoro cyjnHa B OespasMepHoil popme:

A2 d'U Az d3

= +
+<a3+Exn;_%)g+cT siny=Eay; (19)
13 80 4 (b, Eu)f— (b End3) @ — bf2 |
— Coxpsiny=—FEla,; (20)
é? ddzl B+ -2121 “h “-aupi+anfi+-
+(asx——[‘£1——‘jf‘) 914‘&%51“ ¢y =0; (21)

L de F i
As 2 1—}—b1181—b2191—531@191—1“ 5 Fosiner=0;  (22)

_2
1

d d ’ L

o e N @)
Ao v [cos (Bx — 1) tg€ (Bt + 1) — sin (B — )] cosB 24
de 7 cos B

o = cos(Be—Y) ’
U= s (o ¢ - @)
Unpexc «1» B ypaBHennsx (21)—(25) ykaselBaer, 4TO COOTBETCT-
BYIOIIME BEJHYUHE OTHOCATCH K OYKCHPYeMOMY CYAHY.
[Tpu mBuKeHHH OYKCHpyeMOH CHCTEMBI Ha yCTaHOBHBLIEHCS HHPKY-
JSLHY U3 KHHEMATHYECKHX COOOpaKeHHH ypaBHEHHE CBSI3SH MEXIY Cy-
JaMH{ MOXeT GBITh 3alHCAHO B BUIE

sin (v — fx) Ly sin Biut91) 7
) +I Q; -

T

Ha puc. 2 nmpuBefeHbl pe3ynbTaThl pacyera TPaeKTOPHH GYKCHPHOrO
TEIJIOXOAa MOHIHOCTBbIO 442 KBT npH JBMIKEHHH C JHXTEPOM TIpPy30-
nogweMHocThio 1000 T, Korga Ha OYKCHPOBILHKe NEpesoXeH Pyib Ha
yron oap =30°. CoBnaneHHe AaHHHLIX pacyeTa H HATYyPHOrO JKCIIepH-
MEHTa OKa3aJ/IoCh BIOJHE YAOBJIETBOPUTEAbHbIM.

[Ipu paccMoTpenum [ABHKeHHs OYKCHpPOBIIMKa (ZOGHIBAOIIEro
CyAHa) C TPaJOM BO3HHKAIOT CYUIECTBEHHbIE TPYAHOCTH, O00YCJIOBJIEH-
HBIE TeM, YTO B HACTOSLIEe BPeMs COBEpIIEHHO OTCYTCTBYIOT KaKHe-
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Ju60 CBeJeHHs O THAPOJHHAMMYECKHX CHJAX, AEHCTBYIOIIUX Ha TPaJ.
npH KpHBOJHHeHHOH Tpaekropud. IlosToMy BBeleM YCJOBHYIO CXeMY,
3aMeHAs TpaJ IIapoM ¢ KBUBAJEHTHBIM CONpPOTHBJIeHHeM (puc. 3).
ITonaraeM, yTo ropH3oHTasJbHAd HPOEKUUS Baepa [==const obaanmaer
CBOMICTBOM abcONIOTHOH kecTKocTH. Torpa mpw yCTaHOBHBLUEHCH IHpP-
KYJSIuM 43 pHC. 3 AJd yraa Apelida Tpana moayuuM

I —NB [ —Rygsin (1 —B)

»

A t _— p— - ’
eh="3x% Ry <05 (1 — )
7oL
K RN
// é‘// p’
J;U N T
B N
LN
}
20 \ //
///
10 7
) //
//
0 = — _
, 10 28 30 E=ElL
Puc. 2. PacueTHbie TpaeKTOpHE GYKCHDHOTO Puc. 3. Cxema IBHXKeHHA CyIHa
T/x «XabapoBcK» MOLIHOCTBIO 442 kBT M ¢ TpajJoM Ha LUPKYJISHMH

GYKCHDYEMOTO  JIHXTepa IPY30MOLABEMHO-
crio 1000 T, ap=30°

rne

R.—R cos f :

cos By *

Iocne npeo6pasoBanuii:

Ql .
tg Bp= e — tg (1 — Bu).
g p‘r cos (,‘ _ BK) g (T BK)

MoxHo NpPEeanoJIOXKHUTh, YTO IIpH ABUXEHUH CEeTHOH YacTH TpaJa no
KpHBOJIHHGﬁHOﬁ TpaeKTOpHH OHAa 6y11e’r H3MEHATh CBOIO (bopMy B CO-
OTBETCTBHH C BHIOM TPAE€KTOPHH, T. €. UTO [3-;%0. TOI‘Ila 6YJ.IEM HMETH

sin (1 — B,) ~ @L. (26)
Takum 06pasoM, X cHCTeMe HBYX ypAaBHEHMH, ONHCHIBAIOUIUX ABH-
xkenne O6ykcuposiuka (19)—(20) npu ycraHOBUBINEMCS ABHKEHHH He-

00X01MMO J06aBUTL ypaBHeHHE CBs3K (26), UTO MO3BOJISET PacCUUTATE
XapaKTEePHCTHKH JBHKeHHs OYKCHpOBIIMKA C TpajoM. B Taba. 2 maHo
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Tabauya 2

Beapasmepﬂan yriacpas cKCpCceTh TIOBOPCTA CyAHA
MaTepuaas
Ha cBOOGORHOM XOA4y ¢ Tpasom 91 M | ¢ TpaJjom 64 m
OmnbiTHBIE 0,17 0,075 0,105
PacuerHbie 0,19 0,09 0,11

CONOCTABJEHHEe PE3YJbTATOB DPAacCueTOB, BBIIOJHEHHBIX MJs TpayJepa
PTM «ATaanTHK-2» (0p=28°, [=120 M, Tpalsl IeJaruyeckue), c Ma-
TepHaJaMH ONBITHLIX 3aMepoB. BujHO, uTo mpeAnosaraeMas pacueTHas
cxeMa BmoJsige IesnecoobpasHa. v

[IpuBOAKMEIE MaTepHasbl MOIYT HCIOJb30BATBCS B NPAKTHUECKHX
pacyerax yNpaBiseMOCTH IIDH €e HOPMHDOBAHHH MJIsSi IPOMBICJIOBBIX
U 6YKCHDHEIX CYJOB.

CIIUCOK JIJUTEPATYPDI

l. Mactymwxun IO. M. O npoGieMe HODMHUDOBAHHS YNPABJIAEMOCTH MOP-
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2. BofirkyHckuir 1. U, Mepmun P..§, Turos N A. Cropasounsx
no Teopuu kopabus. JI., Cymocrpoenne, 1973. .
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6. Mactymkun I0. M, lllecrepuenko E. M. HccnenoBanue B3auMo-
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YIAK 629.12:539.4

IpeGentok . Il O rpurepusx IPONOJBHON NPOMHOCTH TPABCHOPTHHIX CYNOB.—
Hayuno-rexn. ¢6. Perucrpa CCCP, 1980, Bum. 9, c. 4—18. :

PaccmoTper Bompoc 06 HCIOMBb3OBAHHH CYIUECTBYIOIMUX 3aBHCHMOCTEN KpHTEpHEB
TPOYHOCTH (YCTaJOCTHOrO H IJIACTHYECKOro MNPENEJbHOTO COCTOSHHS) [IJis PacyeTos
obmeli NPOAOJBLHON NPOYHOCTH Kopuyca cyAHa. [IpoaHa/MSHPOBAaHHI CTAHAAPTHL
IPOJOJLHOR TPOYHOCTH KJIAaCCHPHKALHMOHHBX OOHIeCTB H cAedaHa MONLITKA PacKpH -
THA HX (H3UYECKOrO COAEPKAHHS C NMO3HUHI MPOYHOCTHHX KDHTEPHEB.

Hn. 3, Tabn. 3, 6u6auorp. 4 Hasb.

YIK 629.12 : 624.04

O HoBbIX HOpMax NMpoyHocTH Mopckux cynos/I'. B. Boiinos, A. M. MakcumanxH,
O. M. Tlamui, B. B. Cyryno.— Hayuno-texu. ¢6. Perucrpa CCCP, 1980, Bmm. 9,
c. 18—27. .

OnucaHel CTPYKTYpa H COLepKaHHe BpeMeHHbix HOpM ofllefl MpOAOJBHOH mpou-
HOCTH TPaHCHopTHEIX cynoB Perncrpa CCCP. IlpuBeseH comocTaBHTeNbHHI aHATH3
Pesy/bTaTOB pacyeTa MO HOBHIM HOPMaM H TpeGOBaHMAM Da3JHYHBIX KJacCH(HKalH-
oHHBIX o6mects. OTMeueHa HeoGXOAMMOCTb AaJbHEHIIEro COBEPLIEHCTBOBAHHMS METO-
JOB HOPMHDOBaHHS NPOYHOCTH.

Hn. 4.

YIOK 629.12: 624.04

Tay6un T. O., Barenreiim C. I. K Bompocy omnpejefneHHs pacueTHHIX 3HAYeHMIT
6UMOMEHTOB NpPH KDYUeHHH CYAOB C IUHDOKMM packphiTHeM nauy6.— HayuHo-TexH.
c6. Perucrpa CCCP, 1980, Brm. 9, c. 27—30.

B rpaduueckoM BuAe HpPHBEIEHH INpPHO/MKEHHbIE 3aBHCHMOCTH, MO3BOJIAIOLINE
OTpEeensiTh C NOCTATOYHOH A/ NMPAKTHKY TOYHOCTbIO Ge3pasMepHble 3HaueHus GUMO-
MEHTOB B PacCUETHHIX CEYEHHSAX CYAHA IIPU TPAAHLMOHHOM NOJXOAE K PEHIEHHIO HaH-
Ho#t 3amaud. I'paturu cnocoGCTBYIOT YCKOPEHHIO NPOLEAYPHl NPOBEDKH NPOYHOCTH
CBfI3el KOPIyca NpM KPYUYEHHH CYIOB C HIHDOKHMH JIIOKAMH.

Wn. 4, 6ubauorp. 3 Hass.

YIK 629.12:624.04

Jintonos O. E. CooTHOLIEHHe MeXIy COCTaBJSIOUMMU BOJHOBON HArpysKH Ha
HecylmHe CBSI3H CAMONOJBEMHEIX HJaBYYHX OYpoBHIX ycraHoBok.— HayuHo-TexH. c6.
Perucrpa CCCP, 1980, Bumn. 9, c. 30—35.

Omnpepesenbl KPHTHYECKHE 3HAUEHUS MOMEPEUHBIX Pa3MepoB OOTEKAaeMEIX Iperpaj,
NO3BOJIAOIIKE npeHe6peub OMHOM M3 COCTABJAIOMIMX BOJHOBOM Harpysku Ha Hecy-
mye CBS3H NUIaBYYHX OYpOBHIX YCTaHOBOK. KpHTHUeCKHe 3HaueHHS HalileHH IPH pery-
JAPHON M HEPeTyJsSPHOH NOCTaHOBKAX 3anaud. IIpHBeleH npuMep NpaKTHYECKOTO
HCIOJIb30BaHHA Da3felibHOT0 DPACCMOTPEHHS COCTABJAIMMX BOJHOBOH HATPY3KH.

Bubaunorp. 4 Hass. . :

111



VK 629.124.74 : 622.42

Baarosupos JI. B., Marpocosa T. H. OmpenejeHHe HAarpysok OT TeueHud npH
MPOEKTHPOBAHUH ILIaBYYHX GYPOBEIX yCTAHOBOK.— Hayuso-texn. c6. Perucrpa CCCP,
1980, BB 9, c. 36—4L.

IpoaHau3HpOBaHEl HEKOTOPHIC npoG/eMEl [POEKTHPOBAHHS MOPCKHX INIABYHHX
6ypoBix IAaTdOPM, CBASaHHbHE C JEHCTBHEM BHEIIHHX Harpysok H, B YacCTHOCTH,
¢ HarpysxaMu ot Tedenus. IIofpoBGHO PaccCMOTDEHHl TpeGoBaHus MPaBHJ 3apYGeKHEIX
KJIACCH(UKAIHOHNEIX OOMECTB K ONpEJENeHHI0 Harpysok OT TEUEHHH. PesyabTaThi
paBoThl MOryT GBITH HCMOJb3OBAHE! NPH MPOEKTHPOBAHHY MOPCKHX nJaasy4nx OypoBEIX
naathopM U paspaGoTKe HOPMATHBHEIX AOKYMEHTOB.

Wn. 3, taba. 4, 6ubanorp. 8 Hass.

VIK 629.12.011:539.4

Kypmiomos B. A., Tpsckur B. H, Xeitcun J. E. Ompenenenue Jef0BOH NPOUHO-
CTH KOPIYCOB TPAHCHOPTHHIX CYAOB.— Hayuno-Texu. 6. Peructpa CCCP, 1980,
BHIL. 9, c. 42—49.

TIphBeseH MeTOA OLEHKH JELOBOH MHPOUYHOCTH KOPTYCOB TPAHCIOPTHHIX CYHOB
npu OeHcTBHM YHapHBIX Harpysok, KOTOpHIl NO3BOJSET ONpeleasTh JORYCTHMEIE
CKODOCTH JBHIKEHHs CYAHA NPH CaMOCTOSTENbHOM ILIaBatii BO JbRAX M TpH JBHXKE-

HHH 32 JeLOKOJOM.
Wa. 3, 6ubanorp. 6 Hass.

YIIK 629.12:532.3

Kamrensn B. M. TpeSosanus K ¢opme 0GBOJNOB KOPIyca JELOKOI0B.— HayuHo-
rexn. c6. Pernctpa CCCP, 1980, BhiL 9, c. 49—b55.

[IpoananuanpoBaHo BausHAE (OPMBI 06BOIOB KOPIYCOB JIEOKOJIOB Ha JIefOBHIE
gauecrBa. IIpuBefeHp PEKOMEHJANUH IO BHGOpPY YIVIOB HAKJIOHA ¢opruresres, KBJI
# GOPTOB JIEAOKOJIOB PasJHYHOrO HasHAYCHHA.

Wn. 2, raba. 2, 6ubanorp. 2 Hass.

VIK 629.12.752

Bu6pauuoHHbie NOBPEXIEHHS] HA CYyAaX THNA <Bapuemionpe»/H. B. Bapa6auos,
A. M. 3axapos, B. U. Jlakrionguy, C. A. Xynasxos — Hayuuo-Texs. c6. Peructpa
CCCP, 1980, B 9, c. 56—63.

TIpuBeneHs XapaKrepHbie NOBPEXJECHHS KOPHYCHBIX KoHCTpYKuui. JlaHB peayib-
TaTH HATYPHHIX 3aMepoB BHOpalMH- KOpmyca, ABHraTeld M THAPOLHHAMHYECKHX [aB-
JIeHHH OT BHHTA, PeKOMEH[OBaHB HYTH CHHXKEHHA YPOBHI BHOpalUK K HOBpeXJaae-
MOCTH KODITYCHBIX KOHCTPYKLHI.

Uan. 5, Taba. 3, 6ubauorp. 4 HasB.

VIK 629.12.015

Kosueros JI. II. Vcnonb3soBaHue XapaKTEPUCTHKY cuaGkeHus Ans BHGOpa SKOD-
HOTO YCTpOHiCTBA COBMEUIEHHHX (YHKIMIA MOPCKHX 6ypoBrIX ycTaHOBOK.— Hayuso-
rexy. ¢6. Perncrpa CCCP, 1980, Bum. 9, c. 63—69.

Ilo pesyabTaTaM H3ydeHHs HOPMATHBHEIX HOKYMCHTOB 3apyBexHBIX KJacCHpuKa-
LHOHHEIX OOINEeCTB, a Takke aHaNH3a SKOPHBIX yeTpoHicTB Ha CYUIECTBYIOIIUX by
TpeAJoxKeHa BOSMOXKHOCTb HCIIO/NB30BaBHS AKODHBIX YCTPOHCTB CHCTEMBI MTO3HLHOHH-
poBaHusl B KauecTBe SKOPHOrO YCTPOHCTBA, tpebyemoro Ilpasmimamu Perucrpa CCCP.
IMpenioxena ¢opMysia pacuera SAKOPHOro ycTpodicTBa B COOTBETCTBHH € taba. 3.1.4.1.
gacte 111 «VYcrpoiicra, obopynoBasie H cHaGxenne» [IpaBual KIacCHQHKAUMM H
HOCTI}Z:IOI’IKP.‘I} mopckux cynos Permerpa CCCP.

a1 4.
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YIOK 629.12.014.6

Ypycos Il A. O pacueTHHX 3HauYeHHAX H3rHOAIOUIMX MOMEHTOB, peaknuil U mepe-
pesHBAIOIIKX CHJI NPH MPOBEDKE TpPOUYHOCTH 3JEMEHTOB DYJEBOro ycrpoiicTBa.—
Hayuno-texu. c6. Perucrpa CCCP, 1980, Brm. 9, -c. 69—90.

PaccMoTpeHa CrelieHb OIUHOGKH B ONPejie/ieHHMH M3rH0alollHX MOMEHTOB 0 cylle-
CTBYIOIIHM METOJaM PACueToB, He YUHTHIBAIONIHM NOJAATJHBOCTb ONOP PYJEBOrd yeT-
poitcTBa K HePaBHOMEPHOCTb AaBJeHHMs BOAH Ho Iuowagu pyJs. IIpoaHanusupoBaHsl
pacueTHHIE CXEMBI BCEX M3BECTHEIX THHOB PYJEBEIX YCTPOHCTB, NPEACTABJSIOMKX
CTaTHYECKH HEONpPEeJeNHMYI0 CHCTEMY, C YYETOM NOAATJHBOCTH ONOD ¥ HepaBHOMep-
HOCTH JaBJIeHHMS BOJAR IO INlomanu pyns. IIpuBeieHH YHHBepcanbHEE (QOPMYJB AJIs
OTIPENENIeHHST PACYeTHHIX 3HAWeHHA H3rHOAIOMHX MOMEHTOB M INEPepesbIBAIOIHX CHJ
LI XapaKTepHBIX CeYeHHi PYJEBOTo YCTPoHCTBA M peakiufi onop, a Takxke GOpMyJH
IJs1 Onpejie/ieHHs NOXAT/IMBOCTH OCHOBHBIX KOHCTPYKTHBHBHIX THIOB ONOp pYJEBOro
ycrpoficrsa. !

Ha. 11, Taba. 3, 6ubmanorp. 6 Hass.

YK 621.86:629.12

Py6uos A. WU. Onpesenenne ycuiuil B 3/JeMeHTax IPY30BOrO ycTpPoicTBa, BOODY-
JKEHHOTO TPOYHBLIM TONPHKOM, NPH ClapeHHO# paboTe cTpesl pPasHBIX CYAOB.—
Hayuno-texn. ¢6. Peructpa CCCP, 1980, Brm. 9, c. 91—88.

ITokasado, YTO HCIOJb30BaHHE NPOYHOI'O TONPHKA B3aMeH KOHTPOTTAXKEK W TOI-
PHK-TaJell, BEIIOMHEHHHX H3 DACTHTE/]bHBIX WJIH H3 CHHTETHUECKAX KaHATOB, 06ycio-
BJIeHO TpeGOBaHMAMH 3Kcliyartaumu. IIpefsioxKeHa MeToAHKa pacueta YCHIul, fedl-
CTBYIOIIMX B 3JEMEHTAX CTPEJOBOTO YCTPOHCTBA IIDH HCIOJb30OBAHMH HPOYHOTO TOI-
puxa. llpuBenensl (GopMyJsl LS pacyeTa B CJAydyae HCNOJb3OBAHHA TONPUK-TaJeH.
OG60CcHOBaHO YCJOBHE HEONDPOKUIAbIBAHHA CTPE] IPH crnapeHHOH pafoTe cTpes pasHBbIX
CYII0B.

Wa. 5, 6ubmuorp. 4 Hass,

YK 629.12.075

Mactymkun F0. M. OcobenHocTH pacyeTHOro aHa/Nusa B HOPMHPOBAHHM Yympas-
JSIEMOCTH TPOMBICJIOBHX CyAoB.— Hayuno-texn. ¢6. Permcrpa CCCP, 1980, smm. 9,
c. 99—110.

Ha npuMepe NBHKEHHS NPOMHICIOBOrO CyAHa B pexuMme cBOGOJHOro Xoma pac-
CMOTpeHBl BOIpPOCH! IIPAKTHYECKOro pacuera ero ympasasemocTH. OcoOwlif HHTepec
NPEACTABJAIOT pacueThl YIPABJAAEMOCTH NPOMBICJIOBOTO CYAHa ¢ GYKCHPYyeMbIM 00b-
eKTOM.

Wa. 3, Tabn. 2, 6ubanorp. 7 Hass.
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UDC 629.12 : 539.4

Grebenyuk Ya. P. On Longitudinal Strength Criteria of Transport Ships.
Transactions of the USSR Register of Shipping, 1980, issue 9, p. 4—18.

The question is raised in connection with application of the existing relation-
ships between  strength criteria (fatigue and plasticity ultimate conditions) for
calculation of the longitudinal strength of the hull. The longitudinal strength
standards of Classification Societies are analyzed, and an attempt is made to
reveal their physics from the standpoint of strength criteria.

Figs 3, tabs 3, reis 4.

UDC 629.12: 624.04

On New Strength Standards of Sea-Going Ships/G. V. Boitsov, A. 1. Mak-
simadzhi, O. M. Paly, V. V. Sutulo. Transactions of the USSR Register of Ship-
ping, 1980, issue 9, p. 18—27. : :

The structure and contents of the Provisional Strength Standards of Sea-
Going Ships of the USSR Register of Shipping (Longitudinal -Strength) are out-
lined. Comparison and analysis of calculation results according to the new stan-
dards and requirements of different Classification Societies are given.

The necessity of further improvement of the strength standardization pro-
cedure is noted.

Figs 4.

UDC 629.12 : 624.04

Taubin G. 0., Vagengeim S. G. On the Matter of Determination of Bi-Moment
Design Values due to Torsion in Open Type Ships. Transactions of the USSR
Register of Shipping, 1980, issue 9, p. 27—30.

Approximate relationships are given in the graphic form permitting of de-
termination, with an accuracy sufficient for practical purposes, of the nondimen-
sional bi-moment values for ship’s design sections at the conventional approach
to the solution of this problem. The graphs will aid in speeding up the procedure
of checking the torsional strength of hull members of open type ships.

Figs 4, refs 3.

UDC 629.12 : 624.04

Litonov O. E. Relation between Components of Wave Load Acting on Primary
Members of Self-Propelled Mobile Offshore Drilling Units. Transactions of the
USSR Register of Shipping, 1980, issue 9, p. 30—35.

The critical values for lateral dimensions of submerged portions are deter-
mined which permit to ignore one of the components of the wave load acting
on the primary members of the mobile offshore drilling unit. The critical values
are found at the regular and irregular statements of the problem. The example
of practical application of separafe consideration of wave load components is
given.

Refs 4.
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UDC 629.124.74 : 622.42

y Blagovidov L. B., Matrosova F. N. Determination of Load’s due to Sea Cur-
i rents in Designing Mobile Offshore Drilling Platforms: Transactions of the USSR
Register of Shipping, 1980, issue 9, p. 36—41.

Certain problems of mobile offshore drilling platform designing are analyzed
in connection with the action of external loads, in particular, the loads due to sea
currents. The requirements of Classification Societies for determination of sea
current loads are considered in detail. The results of this work may be used
! in designing the mobile offshore drilling platforms and in working out the re-
‘ gulating documents. : :

Figs 3, tabs 4, refs 8.

UDC 629.12.011 : 539.4

Kurdyumov V A., Tryaskin V. N., Hejsin D. E. Determination of Ice Strength
of Transport Ships. Transactions of the USSR Register of Shipping, 1980, issue 9,
p. 42—49. _

The method of estimation of ice strength in transport ships under impact
loads is described. :

This method offers a means of determining the permissible speeds for the
ship navigating in ice independently or astern the icebreaker.

Figs 3, refs 6.

UDC 629.12 :532.3

Kashtelyan V. I. Requirements for Hull Lines of Icebreakers. Transactions
of the USSR Register of Shipping, 1980, issue 9, p. 49—55.

, The analysis is performed for the effect of the icebreaker lines on the ice
characteristics. The recommendations are given as regards the choice of angles
of bow and stern rake, construction waterline and sides of icebreakers intended
for different purposes.

Figs 2, tabs 2, refs 2.

UDC 629.12.752

Damage Due to Vibration in Ships of “Warnemunde” Type/N. V. Barabanov,
A M :Zakhargv,_V. L Laktyunkin, S. A. Khudyakov. Trarsactions of the USSR
Register-of -Shipping, 1980, issue 9, p. 56—63.

. Tl._le_ltypxcal damages of hull structures are given. The results of the full-scale
vibration’ measurement for the hull and engines and hydrodynamic pressures from
the propeller are presented. Means of reducing the vibration level and damages
of the-hull structures are recommended.

Figs:5, tabs 3, refs 4.
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UDC 629.12.015

Kovchegov L. P. Application of Equipment Number for Selection of Combined
Anchor Arrangement for Mobile Offshore Drilling Units. Transactions of the
USSR Register of Shipping, 1980, issue, 9, p. 63—69.

As a result of studing the regulating documents of foreign Classification
Societies and the analysis of the anchor arrangement of the existing mobile off-
shore drilling units the proposal is made as regards the possible use of the an-
chor arrangement of the positioning system as the anchor arrangement required
by the USSR Register Rules. The formula is proposed for calculation of the
equipment number with selection of the anchor arrangement according to Table
31.4-1 of Part III “Equipment, Arrangements and Outfit” of the USSR Register
Rule}s: for the Classification and Construction of Sea-Going Ships.

igs 4.

UDC 629.12.014.6

Urusov Sh. A. On Design Values of Bending Moments, Reaction and Shear
Forces in Checking Strength of Steering Gear Elements. Transactions of the USSR
Register of Shipping, 1980, issue 9, p. 69—90.

Consideration is given to the degree of error in determination of the bending
moments according to the existing calculation procedures ignoring the flexibility
of the steering gear supports and the nonuniformity of water pressure on the
rudder area. The design schemes for well-known types of the steering gears re-
presenting the statically indeterminate systems are considered. The flexibility
of supports and nonuniformity of water pressure on the rudder area are taken
into account. The universal set of formulae is given for determination of the
design values of the bending moments, reaction and forces. The formulae are
given for determination of the flexibility of structures which are the steering
gear supports.

Figs 11, tabs 3, refs 6.

UDC 621.86:629.12

Rubtsov A. 1. Determination of Forces in Structural Elements of Cargo
Handling Gear Having Sound Boom Head Guy with Derricks of- Different Ships
Working in Union Purchase. Transactions of the USSR Register of Shipping,
1980, issue 9, p. 91—98.

The use of sound boom head guy instead of inboard preventer guys and guy
tackles made of natural or synthetic fibre ropes is governed by the service re-
quirements. The procedure is suggested for calculation of the forces in structural
clements of derricks when the sound boom head guy is used. The formulae are
given for calculation in the case of the use of guy tackles. The conditions for
obviating the risk of vertical jack-knifing of derricks of different ships working
in union purchase are specified.

Figs 5, refs 4.

UDC 629.12.075

Mastushkin Yu. M. Special Features of Design Analysis in Regulating Steer-
ability of Factory Ships. Transactions of the USSR Register of Shipping, 1980,
issue 9, p. 99—100. -

The example of the free running factory ship is given which illustrates the
practical calculations of the ship’s steerabilify. The calculation of the steerability
of the factory ship with a towed object is of particular interest.

Figs 3, tabs 2, refs 7. .
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