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VIIK 621.224

B Ilocobuu conepxarcs o CHOBHBIE MaTEpHabl, HEOOXOAMMBIE IS OIIpe-
JEJIeHUST U3MEHAIOIHUXCA BO BPEMCHU THAPOJAMHAMHYECKHUX Harpy3ok, JAuHa-
MHYECKOT0 HATPSHKEHHOrO COCTOAHHMS H INMPOrHO3a YCTAJOCTHOH MPOYHOCTH
o0MHLIOBOK KaMep pabodero koseca HMpOMNeIePHbIX H ITOBOPOTHO-JIOMNACTHBIX
FMJIpOTYPOHH IIPH Pa3NHYHBIX CXeMaxX HX paboTsl.

[IpumMeHeHue pa3paboTaHHBIX METOAMK M NPOrpaMMHOrQe obecrneyeHus
MO3BOJIAET 000CHOBATH BHIOOD MJIAHOBEIX Pa3MEPOB H TONIIHWH OOJIHMIIOBOK KaMep
pabouux xonec (KPK) ¢ noMonis1o CoBpeMeHHBIX MMOAX00B K pacueTy Harpy30K
¥ JHHAMHYECKOTro HanpspkeHHOTo cocTosHuA obnmuioBok KPK npu obecneuenun
3aJ1aHHOTO YPOBHA HX HaJAEKHOCTH.

B npunoxennsax k Ilocobuio maHbl KpaTkas UHCTPYKLHA A1 pabOTHI C
MAaKETOM IIPOrpaMM I10 pacuyeTy rUAPOJIHHAMHUYECKHUX HArpy30K, IHHAMHUYECKOMY
Hanps)KeHHOMY CcOCTOsHHI0 0ONHIIOBOK KPK H nporHosy ux ycrajnocTHOH
HPOYHOCTH, a TAKXKE PUMEP pacyeTa dTHX BEJIHYHUH JUId KOHKpeTHBIX | OC.

OtaenbsHbIE pa3aessl NpeACTaBlIeHHOH METOJIHKH MOTYT OBITh TPaHC G Op-
MMPOBAaHbI U1 COOTBETCTBYIOUIUX PACUETOB OOTHIOBOK BOAOCOPOCHBIX COOPY-
XKCHUH U OPYTHX DJIEMEHTOB PA3IHYHbLIX KOHCTPYKUHH, HCMBITHIBAIOIIUX JU-
HaAMHYE€CKHE HArPY3KH.

[Tocobue npeaHazHaveHo 111 paOOTHUKOB MPOEKTHLIX, KOHCTPYKTOPCKUX
H HayYHO-HCCIIEA0BATENIbCKHX OpraHH3allui,

ISBN 5-85529-065-4 © OAO “BHUUI um. B.E. Beaeneena’”, 2000



NPEAUCNIOBUE

“Ilocobne nmo pacuery AMHAMHYECKOrO HAIPSKEHHOIO COCTOSHUSA ME-
TAIUIHYECKHUX OOJIMIIOBOK KaMep paboUuHX KOJEC MOBOPOTHO-JIOMACTHBIX MTMOPO-
TYpOHH C OLIEHKON HX YCTAJIOCTHOW NMPOYHOCTH COAEPXKUT MaTepualibl, 000C-
HOBAHHLIC COBPEMEHHBIM OMBITOM CTPOMTEILCTBA, IIPOEKTHPOBAHHUSA U HUCCIIE-
JOBAHHH BOIIPOCOB, CBA3AHHBIX C Pa3lMYHBIMM acCIlleKTaMH YCIIOBHH paboTHI
METAJUTUYECKUX OOJHIIOBOK (AMHAMUYECKOE BO3JICHCTBHE MOTOKA, aAre3us K
OeTOHYy M Apyrue paspyiuarouive ¢$GakTopbl), H IOMOraeT B NMPAKTHKE NMPOEK-
THPOBAaHHUA U PEKOHCTPYKUHUM NPOMNEMIEPHBIX U MOBOPOTHO-JIOMACTHBIX THI-
poTypOHH (I1JI-ruapoTypOHH) rpH OLEHKe HAJEKHOCTH O0OMIMIIOBOK KaMeEp pa-
0ounx xonec (KPK). [Tocobue Briouaer COBpEMEHHOE NMPOrpaMMHOe o0ec-
[EYCHHUE JJIA ONPEACIICHHS HU3IMEHAIOIUXCS BO BPEMEHH T'HMAPOAHMHAMHYEC-
KHUX Harpy3o0K, JHHAMH4YECKOIro HAIMpPsSXKCHHOI'0 COCTOAHHUA M MPOrHO3a yCTa-
JIOCTHOH NPO4HOCTH 001HII0BOK KPK npH pasnuuHbIX cxeMax uX paboThl.

MeTtamnyeckue OOIUUOBKH OTHOCATCA K OOBEKTaM 3KOHOMHYECKOH Ka-
TErOpHM, CTOUMOCTb HX COCTABIIACT 3HAYMUTEIBHYIO YacTh B O0ILEH CTOMMOCTH
Ir'HAPOCOOPYXEHU. TeXHHUeCKHE napaMeTphl TaKMX 00bEKTOB, B TOM YHCJIC Ha-
IEXXHOCTB, NIOMJIEXKAT, MO BO3MOXHOCTH, HAaU00J1e€ TOYHOH H KOPPEKTHOH OlI€HKE
Ha YPOBHE COBPEMEHHOTO COCTOSHUS HAYKH B TAHHOM 0ONMacTH ¢ y4ETOM NMPAKTHKH
CTpOHUTENECTBA H 3Kcrnyaranuu KPK [ UI-ruapotypOnH.

Hacrosmee [Tocobne nozposnsger 000CHOBaTh BBIOOP IJIAHOBBIX pa3MEPOB
¥ ToNMH 00mH1oBOK KPK ¢ MoOMOILLIBIO COBpEMEHHBIX MOAXO0I0B K pacueTy HArpy-
30K U IMHAMUYECKOIO HanpsXxKeHHOTr o cocrosnusd oomuuoBok KPK nmpu obecneue-
HHUH 33JaHHOI'0 YPOBHS UX HAaIE€KHOCTH.

[Tocobue paspaborano Bo BHHUHMI um. b.E.Beaeneesa nokropom pu3s.-mar.

Hayk B.H1. Knumosuuem v kaua.texs.Hayk C.M.Jlesunou npu yyacTum BeQyLIETO
uHxeHepa H.H. Kopomxkosa.
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[locobue mno pacuery AHHAMHYECKOIO

PAO HaNpsAXKCHHOO COCTOAHHA MCTAJJIMMCCKHX BHUUI

00MMIOBOK KaMep padoyHxX Koec MOBOPOTHO-
JOMACTHBIX THAPOTYpPOHR
C OLIEHKOH HX YCTaJOCTHOW NPOYHOCTH

«E3C Poccuu»
Beoaurcsa
BIIEpBLIC

1. OBLWHUE NONOXEHUA

AHanu3 naHHBIX oOcnenoBaHuil paspyumieHHd obnunoBok KPK Ha
nercTByromnx I'9C no3BonseT BBIACIUTE B KAYECTBE OCHOBHBIX IMPHYHH, TIPH-
BOAAIIUX K UX HEMPOEKTHOH pabote, HanuyHne mycror 3a KPK niH oTcyrcrue
cueruienus o6auoBok KPK co mrrpabueiM 6eTonoM. HapynieHne koHTakra ¢
OETOHOM MOXET MPOUCXOANTH BCIEACTBUE TUIOXOHM mpopaboTku OetoHa, ero
yCaJIKH M BEIHOCA MO (PUIBTPALIMOHHBIM XOAaM U T.M. Y4eT H3MEHEHHA MPOCKTHBIX
ycnoBu# pabortsl 00nuoBok KPK noipkeH ObITh NpoU3BeEeH U B pacyeTax ImyTeM
paccMOTpPEHH AHHAMHUECKOro HanpsbkeHHOro coctoaHus KPK ¢ yueroM addexra
r'HAPOYNPYTOCTH M HAIMYHMA NOAIIMTHBIX oOnacter. KpomMe Toro, i pacuera
JHHAMHYECKOIo HanpsaXXeHHOro coctoaHusa obnmuopok KPK Heobxonumo Takxe
OMNpEJAECIUTh PaCYECTHBIM MYTEM THAPOJAHHAMHUYECKHE HAIPY3KH, NEHCTBYIOILME
Ha creHkH KPK npy pasnuuHbix pekuMax paborTsl rHApoarperara, KoTophle
ABIAIOTCA Hanbojiee xapakTepHbIMHU s AaHHON I'2C. Ha ocHOBe yKa3aHHBIX
BBIILIE PACYETOB HOJIKEH OBITh NMPOU3BEAEH INPOTHO3 YCTAJIOCTHOH NMPOYHOCTH
obnuuoBku KPK 1 n1aHa oneHka ero goaropedHoctH [1].

CxeMa MOHTa)Xa THITHYHOM, HauboOJIee pacnpoOCTPaHCHHON KaMeph! pa-
Oouero koneca IJI-ruaporypouns! (B [Tocobun paccmarpuBaloTca TOIBKO TAKHE
KOHCTPYKLMH) NMO3BOJIAET pacCMaTPUBATh €€ B BHJAEC KOHCTPYKIIHH, COCTOSALLEH
K3 OTNEJNBHBIX 31EMEHTOB (0OJMIIOBOK) € 3aJIENIKOH M0 KOHTYPY, 0Opa30BaHHOMY

BHeceHHBl YTBEePpXKAEH bl Cpok
OAO «BHUUT PAO «EDJC Poccuu» BBCJACHHUSA B

uM.b.E.Beneneena» nucsMO Ne 02-1-03-4/632 IEHCTBHE
ot 03.07.98 IV kB. 2000 1.




BEPTUKANLHBIMA U TOPU3OHTAIBHBIMH peGpamu kecTKOCTH. OONMUIIOBKM B3aU-
MOJEHCTBYIOT C TOTOKOM BOJBI, IPOTEKAIONIHM B NPOTOYHOH YaCTH THAPOTYPOH-
HBI. |

PacueTHbIe HCccnenoBaHUA NPOU3BOAATCA U METAUTHYECKUX O0IMIIOBOK
C YYETOM HX MECTOIMONOXKEHHA, pa3MepOB H YCIIOBHH paboTel. MecToOnon0XeHHE
OOJIMLIOBKH 3aBHCHT OT CXeMBI pacrnonoxeHHs oonuuosok KPK. PasMeps! 06nu110-
BOK paBHBI PACCTOAHHAM MEXIY BEPTHKANbHBIMH W FOPHU3OHTAJILHBIMH peOd-
paMH KECTKOCTH. YCJIOBHA paboThl OONHMIIOBOK XapaKTEPH3YIOTCA HAJIMYHEM
WIH OTCYTCTBHEM: MOAIUIMTHOH IOJIOCTH, CLEIUIEHHS ¢ OETOHOM, OTBEpPCTHA B
00JIMLIOBKE, COEQHHAOIIErO MOAIUIHTHYIO MOJIOCTH C MPOTOYHOH Y4acThIO I'HJIPO-
TYypOHHBI.

[Tonnas Harpy3ka Ha obnuunoBky KPK paBHa cymMMe Harpysok,
JEHCTBYIOILLIUX KaK CO CTOPOHB! MPOTOYHOH YaCTH, TAK U CO CTOPOHBI LUTPabHOIO
OeTOHa WM NOANMIHTHOH rnonaocTH. Ilpu 3ToM BcaeacTBue BpaiuceHHs PK
’HAPOJHHAMHUYECKAA COCTaBAAIOLIAA HArPY3KH CO CTOPOHBI MPOTOYHON 4YaCTH
NEpEeMEHHA BO BPEMECHH.

PacdeTsl rHapOAMHAMHYECKOH COCTAaBIAIOIIEH HAIPY3KH Ha OOIHLIOBKY,
MECTOIIOJIOKEHHE H pa3Mepbl KOTOPOH 3aJlaHbl, NMPOH3BOIATCS 1AM 3alaHHBIX
peXHMOB padoOThI rHApoarperara ¢ rOMOIIBIO COBPEMEHHBIX METOAOB pacyeTa
FHAPOAHHAMHUKH NPOTOYHOM 4acTH [2,3]. 3a30pbl MEXKIY KAMEPOH M JIONACTHIO
PK nonaraitcsi MaJIbIMH.

IIpu pacyeTe rHAPOAHHAMHYECKHX Harpy3oK Ha 0OJIHIOBKY CO CTOPOHBI
KaMepbl IPUHHUMAETCA THIIOTE3a 00 WICHTHYHOCTH CIIEKTPa HAarpy3KH Ha XKeCT-
KYH M YNIPYTYIO KOHCTPYKLIHH.

PexxuM paboThl ruapoarperarta XapakTepHu3yeTcs pacXOgoM BOABI Yepe3
ruapoTypOMHy, YHcioM o0opoToB BpauleHusa PK, Hanopom, BeIicOTOM
OTCaCbiBaHUA, OTKPLITUEM Hampasisitoniero anmnapara (HA), yrioMm ycTaHOBKH
nonactex PK.

g ruapoAMHaMHYECKOIoO pacyera Te4eHHH B NPOTOYHOH YaCTH IMAPO-
TYpOHHBI TpeOyeTCcss HCXOAHaA HHPOpMaLUA (UEepTEKH) O FEOMETPHH NPOPHIIS
HA, nonactu PK, HH>XHero H BepxHero 060408 MpOTOYHOH YaACTH.

Hna pacuera ruapoauHaMudeckoi Harpy3ku Ha 06nuioBky KPK Heo6-
xonuMsbl 9eprexku KPK IJI-ruapotryp6bun.

PexxiMHBIE mTapaMeTpbl THAPOTYPOHHBI ONPEACIIAIOT C MTOMOLLUBIO IJIaB-
HOH YHMBEpCAJIbHOH XapaKTePUCTUKH, ITPU HEOOXOAMMOCTH HCTIONb3YIOT TAKXKE
IKCIUTYaTAllHOHHYIO XapaKTEPHUCTUKY U COOTHOLIEHHSA [0 MEPECYETY HATYPHBIX
H MOAENIbHBIX MapaMeTPOB.

B kadyecTBe HArpy3ok, JEUCTBYIOIUMX C BHYTPEHHEH CTOPOHBI MOATUIAT-
HO¥H ITOJIOCTH, MPUHUMAIOTCA (3alaBaeMbI¢ B KAXIOM C/Iy4ae reHIIPOCKTHPOBIIH-
KOM) HAUOOJbIIHE U3 HHUX: HHBEKLUMOHHOE JABJICHUE HWIU (PHIILTPALHOHHOE

JaBJICHUE C YYETOM BaKyyMa BHYTPH xaMmephl pabodero kosneca.
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O6n1uOBKa paCCUUTHIBACTCA KaK yIpyras IUIacTHHa (cxeMaTH3auus 00u-
11oBKH KPK B BHI€ TNIOCKHMX IJIACTHH IS CTAHJIAPTHBIX Pa3MEPOB JIEMEHTA CIIpa-
BEUIMBA NNPH AHaMeTpax pabouero kosneca 6onbiue 3M), 3aKperyieHHas Ha MPAMO-
yr'OJILHOM XE€CTKOM KOHTYP€E, rpaHHYaIas ¢ OQHOH CTOPOHBI C MOTOKOM B IPOTOY-
HOHM 4YacCTH, a C APYTOH — € NOATUTMTHOH MOJIOCTHIO, HANOJTHEHHON BOLOH.

[Ip1 AMHAMHYECKOM pacyeTe YYHUTHIBAETCA THAPOYNPYroe B3aHMOAEHCT-
BHE TUIACTHHBI C OKPYXKaIOLeH €€ BOAHOMN CpeNoN.

Jlns pacueToB HEOOXOMMMBI JIAHHBIE O MPOYHOCTHBIX XapaKTEPHUCTHKAaX
MaTrepHaa 00JHIIOBKH, KPHBOH YCTAJIOCTH H Harpy304HbIX peXHUMax.

Ouenka HanexuoctH obmuuosku KPK, oTka3sl koTopo¥ HOCST npeuMy-
[IECTBEHHO YCTAJIOCTHBIH XapaKTEP, OCHOBBIBAETCA HA MOHATHAX O€30TKa3HOCTH
H JIOJINOBEYHOCTH.

[Ipn pacyere BEpOATHOCTH OTKa3a 3JIEMEHTaA CTaJIbHOM OOJHMUOBKH
KPK npuHumaeTcs BO BHUMAaHHUE JIBa KPUTEpPHUsS OTKa3a:

NpEeBbILIEHHE YPOBHEM CTATHUYECCKUX HAIpPsHKEHUIH B NIEMEHTE Ipenaena
Mpo4yHoCTH S > R" (rme S_ — pacyeTHbIE€ HANPSXKEHHA OT CTATHYECKHX
Harpy3ok; RY -~ mnpenen npo4HOCTH);

HApYIIEHHE YCJIOBUSA YCTAJOCTHOM IMPOYHOCTH C YYETOM KOPpPO3HUH
Seer > R ", rne S.. — PacdeTHble YCTalNOCTHBIC HANPSKEHHS C YYeTOM
KOppo3HH; R ¥ — yCNOBHBIH Mpefen KOppO3HOHHO-YCTaNnOCTHOH NPOYHOCTH.

Pacyer no nepBoMy KpPUTEPHIO MPOBOAUTCA INpPH BO3LEUCTBHH Ha
OOJMLIOBKY CTATHYCCKOM HAarpy3kd, 10 BTOPOMY KPHTEPHIO — Ha OCHOBE
JHHAMHYECKOrO IMPOYHOCTHOIO pacyeTa.

JAuHaMHYECKHH NMPOYHOCTHOH pacyeT COCTOMT M3 ABYX 3TalOB. pacyeT
CrieKTpa I'HAPOJAMHAMHYECKHX HAIPY30K M CIEKTPa HaANpsAXECHHH, COOTBETCT-
BYIOLIMX THM Harpy3kam.

PacueT 1onroBeYHOCTH CTATLHOHN OOHIIOBKH 118 JAHHOH COBOKYITHOCTH
PE>XUMOB MpEANaracTcs NPOBOAUTE MO ABYM TECOPHAM: NETEPMHHUCTHYECKON M
BEPOSATHOCTHOH.

[Ipu pabore arperara Ha pa3HbBIX peKHMax AJAA ONpeAcICHHUs pecypca
ctansHOH 00MHLIOBKH KPK ncnonb3yercs nmHenHas Mogenb CyMMHPOBaHHS MO-
BPCKIACHHUMN.

PacyeTrsl rHApOAHMHAMHYECKHX HArpy30K, HAlpPSXEHHOIO COCTOSAHHI, a
TaK)X€ OlLIEHKA BepOSTHOCTH O€30TKa3HOH pabOThI M AOJINOBEUHOCTH METATUTHYEC-
KOH OOTHIIOBKH BBIMOJTHAIOTCSA C MOMOILBIO NPOrpaMMHOI0 0J10Ka, CHa0KEHHOIO
nporpaMMHoN 00607049k0i, obecneduBaOIleld BHYTPEHHUH H BHEIIHHIHA
MHTEPQEHC.

[Ipennaraecmas MeTOAMKA NMO3BOACT MPOBOAUTEH CPABHEHHE ITPOCKTHPYEMBIX
WJIH PEKOHCTPYHPYEMBIX BAPHAHTOB KOHCTPYKLIMIM MeTaluMye CKUX 00m11oBOK KPK
10 HAJEXHOCTH, a TAKKE OCYIIECTBIATE UX IKOHOMHYECKYID ONMTUMH3ALHIO.
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Obs1acTe npUMeHEeHHA

Hacrosiuee Ilocobue pacnpocTpaHsercs Ha pacyeTbl METAJLTHYECKHX
o0nuLOBOK (0Oeyaek) Kamep pabodux KOJEeC MOBOPOTHO-JIOMACTHBIX THIAPO-
TYpOHH, NPOBOAUMEIE KaK HA CTAAHAX NPOEKTHPOBAHHA M PEKOHCTPYKUHH
KPK, Tak ¥ Ha cTailud pEMOHTHO-BOCCTAHOBUTEIIBHBIX Pa0OT.

ITocobue npeaHasHadeHO I PAOOTHUKOB IIPOCKTHBIX, KOHCTPYK-
TOPCKHUX ¥ HAYYHO-UCCHEAOBATEIILCKHX OpIraHU3aLU M.

HopmaTHBHbBIE CCLLIKH

B HacTtosameM [TocoOHU npUBEACHBI CCBIJIKM HA CJEAYIOUIUE HOP-
MAaTHBHBIE JIOKYMEHTHI:

['OCT 19185-73 “I'maporexnuka. OCHOBHBIE MMOHATUSA. T€PMHHBI H
ONpeaAcICHHA ;

['OCT 27.002-89 “HanexunocTts B TeXHHKE. OCHOBHBIE TOHATHS H OIpe-
HEJICHHUS

PTM 108.243.101-83 “TypOuupl ruapaBIU4YeCKHe MOBOPOTHO-JIONACT-
Hble. Pacyersl HA YCTaJIOCTHYIO IPOYHOCTE .

TepMuHoIOTHH

TepMHHLI M ONpeneseHHs, HCNOJB30BaHHbIE B HacTosduieM Ilocobun,

npuHATE] B TpakToBke ['OCT 19185-73 , I'OCT 27.002-89 u PTM 108.243.101-83.

2. PACHET N'MAPOAUHAMUYECKOWU HAIPY3KW
HA OBNMUUOBKY KPK CO CTOPOHbI MPOTOYHOW YACTHU
rMAPOTYPBUHDI

2.1.001mue nooxeHus

J1ns pacuera ruApoAHAMHYECKON Harpy3ku Ha 00nmuuoBky KPK co cTo-
POHBI MIPOTOYHOH YAaCTH IUApOTYpOMHBI HEOOXOAMMO I 33JJAHHBIX PEKHMOB
paboTEI riAgpoarperara pacCUuTaTh TCHEHUE BO BCEH IPOTOYHOM YaCTH, BKITHOYAs
obnactn HA, PK 1 cBobGoaubix BuxpeBrsix TeueHHH 10 HA, mexay HA u PK, 3a
PK. PacyeTHO-TCOpETHYECCKOC H3YYCHHE TECUYCHHS XHAKOCTH 3aTPYAHACTCS
BCIEACTBUE CIOXHON reOMeTpUYECKOH (GOPMBI IIPOTOYHOM YaCTH, IPOCT-
PAHCTBEHHOI'O XapakTepa T€UYeHHsA, HEOOXOAMMOCTH y4yeTa BIIMSAHHSA BSA3KOCTH,
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HaJIMYHE KOTOPOH NposBiAsSeTCA B 00pa30BaHHM CHIIBHO 3aBUXPEHHBIX obnactei
IOrPaHHYHLIX CJIOEB Ha CTEHKAX MPOTOYHOH YAaCTH, a TAKXKE BHUXPEBBLIX CIIEIOB
3a jonnatkaMy HA u 3a ionactaMu PK. B HacTos111ee BpeMs CyneCTBYIOT MOIEIH
Pa3IHYHOM CIOXKHOCTH IS UCCIIEAOBAaHHA [IOTOKA B ruApomManirHax. [Ipu aTom
B OCHOBHOM HMCHOJB3YIOTCS JABYXMEpPHBIE, KBA3UTPEXMEPHBIE H TPEXMEPHBIC
Mozenu. B HactroameM IlocoOum MCMONB3YyETCA KBa3UTPEXMEPHBIA MOAX0H K
pacdyeTy napameTpoB TE€YEHHS B MPOTOYHOH YACTH THAPOTYPOHHEL.
[{enecoobpa3HOCTs NPUMEHEHUSA KBAa3HTPEXMEPHOH MoOJIeNH JABHXEHHSA
00ycCJIaBIHBAETCA BO3MOXHOCTBIO YYE€CTh BUXPEBOH XapakTep TEeueHHA B
NMPOTOYHKLIX YACTIX THAPOArperaToB, a TakXe B3aWMHOE BIHSHHE JIONMACTHBIX
CHCTeM Jipyr Ha japyra. IIpakrtuueckas 3¢p¢eKTHBHOCTh KBAa3HTPEXMEPHBIX
MOAXOA0B OOBACHAETCA YAOBJIECTBOPHTEIBLHBIM COINTACOBAHHEM PE3YIBTATOB
KBa3sUTPEXMEPHBIX PaCYETOB € 3KCNIEPUMEHTAJIbHBIMU JAHHEIMH IS IPOTOYHBIX
yacTel r'uIpoarperaToB pa3IiiHOrO THIIA B IIMPOKOM IMaNa30He H3MEHEHHA HX

ITapaMeTpPOB.

2.2. Moaenb TeYeHHUs KMAKOCTH B IIPOTOYHOH YACTH THAPOTYPOHHBI.
Pacyer ruaApoAHHAMHYeCKOH HArpy3ku Ha KPK

(OCHOBHBIM JIONYILICHUEM KBA3UTPEXMEPHOH MOIE/IH ABHYKCHHUS ABJIACTCS
NPEATIONIOXKEHHE, YTO TEYECHHUE XXUAKOCTH B NMPOTOYHOH YaCTH T'HMAPOTYPOUHBI
MPOHUCXOANUT HA OCECUMMETPHUYHBIX MTOBEPXHOCTAX ToKa. [Ipu 3TOM JonyuieHHH
YpaBHEHHS KBa3UTPEXMEPHOU MOICIIH TEUCHHA NMPEACTABIAIOT COO0HM cUCTEMY
YPaBHEHHH MUl PEILLIEHHS 3a7a4 OIpeJiesICHH IOJIOKEHHs! 0CECHMMETPHYHBIX
IIOBEPXHOCTEN TOKA M OOTEKaHHA PEUIETOK MPOQHIICH HAa 3THX IMOBEPXHOCTAX
TOKa B CJIO€ NMEPEMEHHON TONIIHHBEI.

B obnacrdax 1OMacTHBLIX CUCTEM YpPaBHCHHSA KBa3UTPEXMEPHON MOOECIH
TEYEHHA UMEIOT BH [3] :

div 'rl_;}=0; ' (2.1)
L (0H), JdHV | 1 91 +J(D,RV,)+ 4, + A4, + 4;; (2.2)
H H, aql 3% V\H, a‘h |
—g——{= ; rot V=0; div V=0. (2.3)
)

3necy H , H,, R - xo3¢duumenTsl Jlame, COOTBETCTBYIOIHE KPHBOJTHHE -

HBIM KOOpJIHHATaM ¢, 4,, ¢ (puc.2.1); 17;, V,, V. — KOMIIOHEHTBI aGCOIOTHOIA
8
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CKOPOCTH V , NIONYYEHHOH
MYTEM OCPEIHEHUSA CKOPOCTH |
-_—

V' I10 OKPY>XHOH KOOpXHHATE *

( B IpeieIax MeXUIONAacTHOIO |

KAHANA, S, N — eCTECTBEHHas JA®
CHCTEMA KOOPAHHAT B MEPH-
JUOHANBHOHN IIJIOCKOCTH,
KOOPAVHATHLEIMHM JIHHHAMH
KOTOPOH ABNAIOTCS JIMHHH TO-
Ka OCPEIHEHHOI'0 TE€YEHHA; 0 |—
I — uHTEerpan bepHyiy B oT-
HOCHUTEJIBbHOM IBHXEHHUH;
¢~ D(gq,,q,)=0—ypaBHeHHE
CpEIHEH ITOBEPXHOCTH JIOMac-
TH.

| -R
och Jjonactu PK

OTMeTHM, 4TO B CIIy-
4ae Ir'yCThIX JIOMACTHBIX CHC-
TeM (E=L/T> 1) ypaBHEeHHH,

OMHCBIBAIOIHE KBAa3HTpEX- B C
MEPHOE TEYEHHE, MOTYT OBITH
YIPOILEHHI 33 CYET OTOPACHI- \Z

BaHUJ cllaraeéMbIX MaJIoro 1o-
psaka A, A,, A, H ydeTa CBA3H
OCpPEOHEHHBIX NApPaMETPOB

Puc. 2.1. MepuanoHanbHaa NpoeKLUs NPOTOYHOM
yactH [1JI-ruapoTypOuHsl

H, dq, H, dq, | (2:4)

rIe (0 — YITIOBas CKOPOCTh BPAIEHHUA JIONACTHOH CHCTEMBI.
B obnactsix cBOOOIHOr0 BUXPEBOIO TEYEHHsS YPABHCHHUS KBa3HTPEXMeEp-
HOH MOJAC/IH TEUECHUS HMEIOT BH]I

divV = 0; (25)
B _ 2
|_(9H,V, oMW \__ 1 9 L 9RV)” | 4. (2.6)
H\H,| dq, 99, - WA, o3, 2VR°H, dq,
OE ORV
— 0; L= O 3 .
- » (2.7)
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rac £ — uHTEerpan bepHymid B abCONMIOTHOM JABHXKECHHH.

OT1MeTuM, 41O craraeMoe 4, B popmyie (2.6) B cirydae ryCTbix JIONacTHRIX
CHCTEM MOXET OBITH OTOPOILEHO, TAK KaK HMEET MaJIbIH MOPAIOK.

YucneHHas cxema pellieHUs ypaBHEHHUH (2.1) — (2.7) CTporTCA Clie IyIoIHM
00pa3zoM. YpapHeHHe (2.2) (cM. Tarxxke (2.6)), 3anucaHHoe ANA QYHKIIMH TOKa,
anmnmpoOKCUMHPYETCSA KOHEUYHBIMH pPasHOCTAMH. IlonydeHHast HeJIHHeHHAsA CHCTe-
Ma pPa3HOCTHBIX YPAaBHEHHH C YUYETOM I'PAaHHYHBIX YCJIOBHH pEIIaeTCa METOIOM
YCTaHOBIICHHSA. PelreHue 3agaun o6TeKaHUA penieTok npodunei Ha 0CeCHMMET-
PHYHBIX MMOBEPXHOCTAX TOKA POHU3BOAUTCA Ha OCHOBE ITPOrpaMmsbl, pazpaboTaH-
Hou b.C.PayxmaHom [4], B KoTOpyr0 ObLJ1 JODABIIEH pacyeT XapaKTEPHUCTHK TeUe-
HHSA B KaHAJIE MEXAY COCEIAHUMH NMPODHIIAMH.

Ha ocHOBE NOIY4EHHOrO B pe3ysbTaTe pacuera o ypaBHEHUAM (2.1) —
(2.7) nond cKOpOCTEH M3 HHTErpana bepHYJUIH OINpeIeNsaeTCA pacnpeaciicHHe
napieHus B PK

—

_ V.
g(qlﬁQZ:(p) = Enmr. _wRVu, BhIX 22 +U‘)RV“ _gZI ? (28)

rme £ = gP_, P_ — arMocepHoe namiieHHe (M BOA.CT.), £ = H.— Z, H, —
BbICOTA OTCACHIBAHHSA; Z — KOOpAUHATA, OTCYUTHIBaeMas 1o OCH ruApoTypOHHEI

OoT ocH nosopora jonacred PK B HanpaBnenun teuenus; RV, . — MOMEHT

U, BhIX

OKPYXHOH CKOpOCTH Ha BeIXone H3 PK; ¢ — okpyxHasg KOOpIHHATa B
OTHOCHTENHFHOM JIBHOKEHHH.

M3 nocneaHero COOTHOIUIEHHS B KOOPAHMHATAX OTHOCHUTEJBHOTO
IBHXXEHHS TOJIyYaeM CICAYIONIee BeIpaxXKeHHE ana aapinenua P (M Boa.cT.) B PK

(P = pl/(pg))
p:ﬂT—H5+Z+(mRm—mRﬂ_ﬂmx—51—172)/3'- (2.9)

B crydae BO3BHMKHOBEHHA oOjacTeH ¢ AaBneHHeM P < P (4TO COOT-

BETCTBYET 30HE KaBHTAlMH, P — naBjieHHe NapooOpa3oBaHHA) B 3THX 001acTAX
nojaranoces P=PF .

B npeanosnoxeHdy MajloCTH 3a30pa MeXay kamepod H jonacteio PK
MOKHO T10J1arath, YTO paclrpeac/ieHUe AaBJICHUSA B KaHAJIEe MEXAY COCECAHHUMH
NIONACTSAMH B nNEpuPpepuitHOM CeueHUH Kosieca nepenaerca Ha kamepy PK. Torna
pacnpenaeneHne AaBneHua P, Ha kamepe PK onpenenuTcs ¢ yueToM BpaleHUS
PK cnemyromum 06pa3zom

PU (t‘l (p{}i Sp) = P(Sp! (pu o Wr), (2 10)
10



e t—BpeMs;s =S (4, ¢,) — KOOpIHHATA, OTCYHTHLIBACMAs BAOIE nepudepuiHOro
obona; @, q,, g, — HETIOABMXKHAA CHCTEMa KOOPAMHAT (P,= ¢ + W7 ).

Bceanencreue oceBon cuMMerpun (MEXay coceaHUMH jonacTsaMu PK pac-
pele/ICHHE AaBJICHUS B KaHaJie OAUHAKOBO) F'MAPOAMHAMHYECKAs Harpyska co
CTOPOHBI IPOTOYHOM YacTH P, ABNsSeTCS NEPHOAMIECKOH QYHKIIHEH 1O 7 C MEPHO-
oM, paBHbIM T = 2p/(N W), roe N, — uncno nonacrer PK.

2.3. Pacuer cneKTpabHBIX XapaKTePUCTHK rHAPOAMHAMHYECKOH
HArpy3KH Ha dieMeHT 00HIoBKkH KPK

Ilocne pacuyera mapaMeTpoB noToka B NpotodHor dyactu I1JI-ruaporyp-
OWHEI 1 ruapoauMHaMuyeckoi Harpys3kd Ha KPK onpegensercs cpenHssa mno
rowanu Harpy3ka P (f) Ha obnunosky KPK mnomansio S

1
P(1) =§IP(<pu - 0t,Z)dS. (2.11)
AY

CnexrpalnbHble XapaKTepHCTHKH THPOAMHAMHUYECKON Harpy3KH Ha 001H-
OBKY P (7) HAXOIATCA Ha OCHOBE pa3lokeHHA P (¢) B paa Pypre

1 > 2Tkt . 2Tkt
Ps(t)=-2-a0+é(ak COS - + b, sin = ), (2.12)

S
o
3

yi (= P (1) cos d’t; = ——;

27
T 3,

drt.

2 fP('t) sin 27K
T 3, T

[Ipu 3TOM CrIEKTpaNbHas IVIOTHOCTD g (£2) IMHAMHYeCKO# Harpy3kH P (¢)
UMEET BU/

- 2Tk

g, () =) cid(Q-9Q,), Q== (2.13)
k=D
ci=all2, ¢ =(a; +b})/2.

OTMETHM, YTO CHEKTpajbHas IUIOTHOCTD g (£2) uMeeT BHA (2.13) npH
€€ BBIYHUCIICHHH C NIOMOIIBI COOTHOIICHMH XMHYHHA-BuHepa [5]

11



[
&E pr (£2) = ;IRPP (T) cosQtdr, (2.14)
0

0

S |

R,, (0 =lim— [ P(O)P,(t+7)dr
-

H yuere pasznoxeHus P (1) B suge (2.12).

XAapaKTEPHUCTHKH CHEKTPAJIBHON TJIOTHOCTH T'HAPOAHMHAMHYECKOH Ha-
rpy3kH (k03bHUMEHTEI ¢,” M €2, ), PACCYUMTAHHEIE C MTOMOMIBIO 3aBHCHMOCTEH
(2.12), (2.13), aBTOMaTH3UPOBAHHO NEpeaAarOTc B OJIOK pacyeTa AMHAMHYECKOTO
HaNpPsYKEHHOTO COCTOAHUS OONMHUIIOBKH (CM. pasaen 3).

2.4 Onpenenenne pexuMubix napaMerpoB ILJI-ruapoTypOuHbLI,
Heo0X0AMMMbIX [IJIA pacyera r’HAPpOAHHAMHYECCKOH HAIPY3KH

OnpeaeeHue pexXUuMHbBIX ITapaMeTpoB IS pacdyeTa TMApOJHHAMHMKH MpPO-
TOYHOH YaCTH H rHApoAHHaMuuecKor Harpy3kH Ha KPK nospkHo ocymecTBisTee
HAa OCHOBE 3KCIUTYaTalHOHHOW M YHMBEpPCAJIbHOM XapakrepucTHk IlJI-ruapo-
TYpOHHEL. IIpH 3TOM, IS 3alaHHOIO PEXXHUMA, T.€. IMIPH HU3BSCTHBIX Hamope f,
mouHocTH N H o6oporax PK 7, Heo6X0QMMO YCTaHOBHTB OTKpbITHE HA a,, yron
ycraHoBku sonacred PK @ , pacxon uepes TypOuny (). Kpome Toro, 11 pacuera
pacnpeaencHns gasinenus Ha KPK HeoOxoauMo OnpeaennTs BEICOTY OTCAChIBAHUSA
H.

5

Pe)XMMHBIE MapaMeTphl a, o, On HJ IpH 3a0aHHEIX /1, N ¥ n HaxonaaTcH
cneayromuM oopasoM. Io skcrnyaTallHOHHONW XapaKTEPUCTHKE rujipoarperara
110 3a7iaHHbIM H ¥ N BEIYHCIA10TCS KO3 OHIHEHT MOJIE3HOI0 ACHCTBHA (K1) 1| U
BBICOTa OTCachiBaHus . C 1OMOIIBI0 COOTHOIHEHHS '

N = pgQHNM/1000 (xBr) - (2.15)
onpeaensercs pacxol xuaxkocty O (M’/c) uepes TypOuHy.

Jlanee pacCUHTBHIBAIOTCS MPUBENCHHBINA pacxol () Y npuBeAcHHBIE 000-
POTHI | :
Q; =Q/(D12‘\/E): n; — nDl/\/I—{, (2.16)

rne D, — nnametp PK.
C noMolLBI0 YHHUBEPCAJILHOM XapaKTEPUCTHKH 10 HANIICHHBIM 3HaYEeHHIM

(/ ¥ n/ M ¢ y4eToM NOMpPaBKH Ha MacmTab Moaenu Haxonarcs oTkpeiTHe HA
12



MOJIEIbHOK TYPOHMHBEI g, H yron yctaHoBku Jyonacredl PK (p . OxonuyarensHoe

OTKpeITHe HA 11 yCIIOBHH HaTypHOH I'MApPOTYpOHMHBI g, IEPECUHTHIBACTCS
cneaymonmmMm odpaszom

a,=a,D,/D,, (2.17)

rae D - JHaMeTp MOIEIH TypOHHEL
JIns BHIMONMHEHUA THAPOJAHHAMHUYECKOTO pacdeTa HEOOXOAUMO TaKKe
3a1aTh SHEPrHI0 NOTOKAa £ Ha BXOAE B POTOYHYIO YacTh M 3aKPYTKY IOTOKa

RV y6x , POpMHUPYEMYIO CIHPAJIEHOH KaMepoH. JTH 3HAYCHHA HaXOOATCA U3
COOTHOIICHHH:

E=gH; RV uox= QI(2Tth, tg O_), (2.18)

rae b, — Beicota HA; 6_ — yron cnupais.

Yron cnmpanu O_ BEIOHpaeTcs Ha OCHOBE JaHHEIX [6,7] B 3aBHCHMOCTH
OT yIVla OXBaTa CITUpaJbHOM KaMephl, KOTOPLIH M3BECTEH U KaXXIOH I'MAPO-
TypOHHBEL.

2.5. IloaroroBka MCXOAHBIX JAHHBIX AJIA FHAPOAHHAMHUYECKOI0 pacyera
nporoyHoit yacTtd ILJI-ruapoTypOonHsI

Ha ocHOBe MOJy4YE€HHEIX 3HAYEHHH PEXHMHEIX IapaMeTpoB a, H @
(cM.n.2.3) JUIA HAaTypHBIX YCIOBHH HEOOXOHMO PENIMTH ABE BCIIOMOTATEJILHEBIE
FEOMETPHYCCKHE 3a/1a4¥ 110 ONPEACIICHUIO TpeOyeMBbIX I THIAPOIHHAMHYECKO-
I'0 pacyeTa reOMETPHYECKHX XapaKTEPUCTHK JIONTACTHBIX CHCTEM: KO3 PHIUEHTA
cTecHeHHs T(R, Z) U yIJIOBOW KOOPAWUHATE! CPEAHEH JIMHHM JIONAacTH (JIOMATKH)
D(R, Z) (cM.11.2.2).

JUisg yKa3aHHBIX FEOMETPUUECKUX 3aau TpeQyercd UMETh TeopeTHUeC-
KHH yeprex Jjonactd PK u yeprex nonmarku HA.

s pacyera pyHkiui @ u T B HA 1o H3BE€CTHOMY OTKPBITHIO 3aalOTCA:

yuciio Jonatok HA - N,

KOOpAHHaTa R, (M) HHMIHHAPHYECKOTO Pajiyca OCH MOBOPOTA JIOMATOK
HA (R, = D J2);

BeicoTa HA — b, (M);

koopauHarta Z (M) HrwkHero konsla HA (Z = 0 Ha ocH noBopora nonacrei
PK);

MaCCHB KOOpIWHAT {x, y.} (M) BEpXHEH H HHXHEH CTOPOHBI MPOPHIA
(puc.2.2) ;

KOOPIHHATHI X, y, (M) OCH noBopoTa Jionarku HA;

13



KOOPJIHHATHI X , ¥ (M) LIEHTpa BIMCAHHOH OKPYXXHOCTH H €€ pajguyc r.
Ha BXOJIHOH kpoMmke HA ;

KOOPJTUHATHI X, ¥, (M) LIEHTpa BIIMCAaHHOH OKPY>KHOCTH M €€ Paguyc
r. (M) Ha BBIXOZHOH Kpomke HA (YCI0BHO MPHHUMAETCs, YTO PajuycC ¥, paBeH
MOJIOBHHE TONINHBI BEIXOJHOH KpoMKH HA);

oTKpbITHE HA - a, ( MM).

Jlna pacuera pyukunii @ 1 T B PK 1o M3BeCTHOMY yrily yCTaHOBKH
JIONacTeH (P 3aNAK0TCA:

yucio Jonacted PK N ;

YUCIO LHWJIMHIAPHYECKUX CEUYEHHUH R = const, B KOTOpBIX 3aJalOTCH
cedenus jonactu PK;

MACCHUB UHANMHJIPHYECKHAX paauycoB R (M) 3THX CEUYECHUH ;

PacCTOSHHA 0 BEPXHEH b, (M) M HHXHEH 0a3 b, (M) OT OCH ITOBOpPOTA
JIOTIACTH B Pa3BEPTKE LIMIHHIPHYECKOIO CEUESHUS Ha MIOCKOCTH (pHC.2.3);

YTOll pa3BOpOTa JIonacTei @ (rpan);

MacCHBbl KOOpPAHHAT {x"°, y} (M) To4eKk BEpXHEH CTOpPOHBI IpodHieii
(OT BepxHew 0a3pl) B ceueHUAX R = const ;

MaCCHBEI KOOpPAHHAT {x", y } (M) To4ek HHXHe# cTOpoHbI npoduieH (ot
HIDKHEH 0a3bl) B ceueHUAX R = const ;

MAaCCHB KOOpAMHAT X , y (M) LIEHTPOB BIIHCAHHBIX OKPYXHOCTEH Ha
BXOZHBIX KPOMKax NMpoduiiel U ux paguyc r (M) B cedeHHsiX R = const (x_ oOT-
CUMTHIBAETCH OT BepXHEH 0asnl) ;

MAaCCHB KOOPJAMHAT Xx_, ¥ . (M) [IEHTPOB BIIHCAHHBIX OKPYXHOCTCH Ha
BBIXO/HEIX KpOMKax NMpoduied U ux pamuyc r_ (M) B ceueHusix R = const (x
OTCYMTBIBAETCSH OT BEpXHEH 0a3kl, yCIIOBHO IPHHUMACTCS, YTO 7', PABEH MMOJIOBHHE
TOJINIHHBI BRIXOOJHOH KPOMKH JIONACTH) ;

MAaCCHB KOOPAMHAT y, (M) MONOXECHHS OCH BPAILICHHS JIOTIACTH B CEUCHHAX

K = const.

Puc. 2.2. Ilpoduns nonatku HA B ceuenuu Z = const

14



Bepxusasa 0Oaza
" SN

i l __I_'Irﬂ}lfﬂﬂﬂ Da3a

. . ——— . Y
0 y, Y, y.

Puc. 2.3. PazsepTka cedenus nomnactu PK UMIHHAPHYECKOH ITOBEPXHOCTBIO
R = const

Jd pacuera ruipOAMHAMHKH NMPOTOYHOH 4aCTH TpebyeTcs Taxoke 3ajlaHue
reoMeTpr HHXXHeEro (CD) u BepxHero (AB) 060n0B MpoTOYHONH YAaCTH (CM.
puc.2.1). Ilpu 3TtoMm koopauHarel R, Z nUHUHA AB u CD nonxHel BBIONPATHCA B
OJMHAKOBOM YMCJIIE TOYEK H TOUYKH PEKOMEHIYETCS pacronararb NpuOIN3UTEIILHO
paBHOMEPHO BIOJb IMHUK AB u CD. JInuud DA u BC' 3a1a10TCA COOTBETCTBEHHO
Kak R = const u Z = const. JInuua DA BblOHpaeTcsa MeXOy cTaTopoM U HA,
muaua BC — 3a PK B koHyCe orcaceiBaromieii TpyO.l.

Mecrononoxenue u pasmepsl obnuuoBkd KPK (utmHa oOnmuuoBku DS
Mo OCH TypOHMHEI, LIMpHHA OONMIOBKH [, B OKPYXXHOM HaIlpaBJIEHHH, KOOP-
JIMHATa Z MOJNOKEHUSI HHKHEro Kpas OOJMHUOBKH Z, ) HaxoOAT C IOMOIIBIO

yeprexa KPK.
IIoMUMO reoMeTpMYeCcKHMX JaHHBLIX NpoToYyHOH 4dacTH I1JI-runpo-

TypOHHBI, B COOTBECTBHH C 11. 2.4, Haxoast takxe 06opotsl PK 7 (06/MuRH), pac-
xon Q (m°/cex), aHepruio noroka £, v 3akpyTky noroka RV, Ha BXoae B

[MPOTOYHYIO 4aCTh, aTMOC(HEpHOE faBieHne P (M), BBICOTY OTcachiBaHus H (M).
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3. PACYET AUHAMUYECKOIO HAMPSXEHHOIO
COCTOSHUA CTANbHOW OBNMLIOBKM

3.1. Beibop pacuerHoH cxeMbl

B kauecTBe pacueTHBIX cXeM 1A OOMUIIOBOK KaMep pabouux Kojtec TH-
MUYHBIMH, HauOonNee pacnpocTpaHeHHBIMH, IPHHHMAKOTCA JIBE€ OCHOBHBIE CXe-
MBI (pHc.3.1):

OOJIMLIOBKA ITOJJTHOCTHK) OMOHOJIMYEHA C OCHOBHBIM DETOHOM coOpYy-
)KCHHSA. HE UMEET OTBEPCTHH, MOATUIMTHBIX MOJIOCTEH H OTCJIOCHHS METaJlIa OT
OMOHOJIMYHBAIONIETO pacTBopa (puc.3.1,a);

oO/MHLIOBKA B NpeAeiaX pacCYUTHIBAEMON MaHeIH, OrpaHHYEHHOR ped-
PaMH XECTKOCTH, HE OMOHOJIMYEHA U HMEET NMOAIUIUTHYIO MOJOCTh IMyOHHOH
a (puc.3.1,6,6—a>0; puc.3.1, 2 — a =0, 4T0 COOTBETCTBYET TEPMHHY “‘OTCIIOE-
HUE’). [IpH 3TOM BBIAENAIOTCA ABA HACTHBIX ciydas: oOJHIIOBKA HE HMeeT
OTBEPCTHH B IAHEIH, COCIMHAIOIIUX BOAY B MOAMINTHOM MOJIOCTH C TPAH3UTHBHIM
MOTOKOM (pHcC.3.1,6); o0nuLI0OBKa HMEET OTBEPCTHE B IAHEIIH, COSIHHSIONIECE BONY
B NOAIUIUTHOH MOJIOCTH C TPAH3UTHBIM MOTOKOM (pHuc.3.1, 6,2).

3.2. Harpy3ka Ha 3J1eMeHT O00/HIOBKH

Ilonnas narpyska P__ Ha obnuuoBky KPK onpenensiercs cooTHo-
IICHHEM

P,=P()+P, (3.1)

rae P (f) — naBjeHHe B KaMepe CO CTOPOHBI NMPOTOYHOH YACTH, COCTOALICE W3
OCpPEHEHHOH P M IylIbCallHOHHOH P cocTaBnsAommx; P 6 (GUNBTPALIHOHHOE
JaBJIeHHE,

JaHHBIE O HArpy3Kax CO CTOPOHBI MPOTOYHOH YACTH MONYYAIOT U3 pe-
IICHUS THAPOAUHAMHUYECKOH 3amayu (CM. 1. 2). 3HaYCHHA (PUIBTPALIHOHHOTO
HNaBJICHUS TIPHHUMAIOTCH JIHOO 10 MPOCKTHBIM NaHHBIM, THOO MyTEM BBEACHHA
HEKOTOpOro ko3 duureHta kpf, mokaspiBaloliero, Kkakas Ooias OT THAPOCTATH-
YECKOr0 (B MECTE pacClONIOKEHHUA JaHHOIO 3MIeMEeHTa OONHMIIOBKH ) NPHHUMAETCA
3a BEJIMYHHY DPUIBTPALHOHHOIO JdaBJICHHUA.
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¢ — OTCIOCHHC

UMEETCA OTBEPCTHE B NMaHeaH OOJIHIIOBKH

p

CBA3HU C TPAH3UTHBIM NTOTOKOM HCT,

3

Puc. 3.1
a — 00NMII0BKA NOJHOCTHIO OMOHOJIHYEHA C OCHOBHBIM OETOHOM COOpPYKEHHUA; 6 — oA

Y

COCOHHAIOLICC BOAY B MOATLUIATHOH MNOJIOCTH C TPAH3NTHLIM [IOTOKOM,

OOJIMLIOBKOH UMeEeTCA MOAIIMTHAS NMONOCTh
6 — 1noJ 00NHLOBKOH HMEEETCS NOAILUIUTHAS NONOCTh, OOHIOBKA HMEET OTBEPCTHE,

OOJHLIOBKH OT WITpabHOro 6eToHa



3.3.0cHOBHBIE NPEANOCHIJIKH pacdeTa HA MPOYHOCTD
3JIEMEHTA O0IHIOBKH

PacyeT Ha NPOYHOCTE MEMEHTA OOIMUOBKH COCTOMT U3 CTATUYECKOIO H
JUHAMHUYECKOIO pacuyEeToB.

CTaTHYEeCKHI pacuer IPOBOJMTCA COMIACHO CYLIECTBYHOIUIMM HOPMaM H
[pasBuiaM NPOEKTHPOBAHUS MEXAHHUYECKOTO 000py0BaHHSA THAPOTEXHHYECKHUX
COOpYXeHHH. B kayecTBe pacyeTHOH NMpHUHMMAETCH Harpyska, MMeromlasi Hau-
OosblIEE U3 3HAYEHUH: (PUIIBTPALIHOHHOE AaBIeHHE P » AUTH JIaBIIEHHE IIEMEHTHOTO
pacTBopa (CTPOUTENIBHBIH Cllydan) P  IUII0C BaKyyM NpH BO3MOXHOM BHE3an-
HOM OIIOPOXHEHHH BOZOBO/IA PH.

DHIETPAMOHHOE fIaBNeHNe P, , KOTOPOE MOXET JIEHCTBOBATH Ha ¢parMeHT 00-
JIMLIOBKH CO CTOPOHEI MOAIUTUTHOM MOJIOCTH, a TAKXKE NPUHUMATE pa3THYHbIE 3HA-
YEHHUS B 3aBHCHMOCTH OT peasibHBIX YCJIOBHH. [IprMeM ero B BUAE 3aBUCUMOCTH

P, =kpf*(H - H+Z) (3.2)

rae H — Hanop; H — BBICOTA OTCACBIBAaHUSA; Z — KOOPIHHATa EHTPa OOIHIIOBKH,
OTCUYMTBIBaeMas OT ocH nosopota nonactd PK; kpf — ko3@duumneHT, MEHsAIO-
muHuca oT 0 10 1 (3Hayenue 1 COOTBETCTBYET HAUXYALIEMY ClyYalo, KOrjaa JaB-
JICHUE B NOAIUIUTHOH NONOCTH PABHO HAMOPY).

AHanui BIHUAHUA QUIBTPALMOHHOIO JABJICHHA H OCTATOYHBIX TEM-
[IepaTyPHBIX HATIPHKEHHH HA YIIPYTYIO YCTOMYHUBOCTE H BBIHYKJIEHHBIE KOJ1eOa-
HUA OOJIMUOBOK, NPOBEACHHBIA Ha OCHOBE PELICHMA 3aJa4yH I'MAPOYIPYTroCTH
B HCJIMHCHHOW MOCTAHOBKE, MOKAa3ajl, YTO JOCTHXXECHUE IPAaHUIL CTATHYECKOH
U THHAMHYECKON YCTOWUYHBOCTH M1s npuMeHseMoro B KPK nuana3ona tonmuuH
00MMIOBOK (TOYHEE AHANA30HA HX YXKECTKOCTH) BO3MOXHO M MPH pealbHBIX
CKOPOCTAX TPAH3UTHOrO IOTOKA B TOM CJIy4yae, €CJIH YPOBE€Hb HaIPsXKEHHH B
CPEAMHHOMN MOBEPXHOCTH 00mHLOBKH N, N ~ (1 — 3)107 H/m? .

[Tpu npoBeIEHHU pacueTOB JHHAMHYECKOIO HANPSHXKEHHOI0 COCTOAHHA H
YyCTaJIOCTHOH NMpOYHOCTH (pparMeHTOB 00nuLoBkH KPK 1 conpsraroniero nosca
ClIEYET NMPUACPKHUBATHCA F€OMETPHUECKON CXEMATH3allHHU: PACUETHBIM 3Jie-
MEHTOM OOJIMIIOBKH ABNAETCS (DpArMEHT, OrpaHUYEHHBIN BEPTHKAJIBLHBEIMH H
FrOpU30HTAJILHBIMH pebpaMu xecTkocTH KPK, pa3zMepnl KOTOpOro OTCHHTHI-
BaloTca 1o obpasyouiein uHuIHHApHYECKOH KOHCTpYKUUMH KPK (H) u no
okpyXHOCTH ceueHuss KPK neprienaukynsapHo ee ocu (L = 2 [). PparMeHT
OOTMLIOBKH NPEACTABIAETCS KaK IJIOCKAs, yIipyras MaHesb NOCTOSHHOHN TOJIIIH -
HBI, paguyChl KpHBH3HEI R peanbHBIX (parMeHTOB OOIHUIIOBKH IMPHHHUMAIOTCA
PaBHBIMH 00 .

Cnedyem umems 8 U0y, YmMoO 3MO NPEONONLONCEHUE MOICEM GHOCUMDb
CYUjecmeeHHble NOZPEWHOCMU 8 PACYem CNeKMpa CODCMEBEHHbIX Yacmom naxneneu
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npu pacueme KPK czudpomypbun ¢ maneimu (< 3M) paduycamu PK. B smom cryuae
HAIUYUe YUAUHOPUYHOCMU NAHeRU Npusooum K YNlIOomHeHUuIo cnekmpa cobcem-
GEHHBLIX Yacmom, HOOAGAEHUIO OOHUX U 8030VIHCcOeHuto opyaux popm Konebanuu.

YHHTBIBAETCA HAJTMYHME NOATIIMTHOM [OJIOCTH IMYOMHOH d M BO3MOXXHOCTBD
XOTs1 OBl OZJHOI'0 HE3aBAPEHHOTO UHBEKIIMOHHOIO OTBEPCTHS.

TpaH3uTHBIH MOTOK, HA YKECTKOW IPaHHUIIE KOTOPOro HAXOAMTCA ynpyras
BCTaBKa, CYHTACTCA HAMOPHBIM, 33 INTYOHHY MOTOKa /1 pHHHMAETCS pacCTOAHHE
MEXIY CTEHKOH KaMepbl U BTYJIKOH pabo4ero koneca.

[Ipn nuHamMudeckoM pacuere pparMeHTa OONHIOBKH HEOOXOIUM yder
rufipoynpyrux 3¢p¢exro. C pocTOM CKOPOCTH TPaH3HMTHOIO MOTOKAa COOCTBEH-
Has 4acToTa naHend oOMMIOBKH majaeT. 3HayeHue ckopoctd U, NpH KOTOpOH
OHa CTAHOBHUTCS PaBHOH HYJIIO, COOTBETCTBYET NOTEPE MIACTHHKOH CTAaTHYECKOH
YCTOHUYHBOCTH (Havdany JAUBEPreHIMH ~ BBIITYYHBAHUIO). B nmepBoM nmpulmmxe-
HUH OLIEHKY MHHHUMAJILHOIO 3HAYE€HHUSA 3TOH CKOPOCTH MOXXHO HMPOBOAMUTH IIO

rpaduxy (puc.3.2)

0,7 —~ ' - - r
0,6 ] ! T T
3 015 : 1 » ']
-2 Ofnacts cramueckdit
;-; 04 HeYy CTOM4YUBOCTH *
03 <
02 —+ —— —
0,1 =T ~
e et - -
0 I 2 3 4 5 6 7 8 9101112 13 14
v
Puc. 3.2. 3aBHCHM§lCTh Oe3pazMepHoOi CkOpPOCTH auBepreHudu U, oT 6e3pasMepHoro
KoMruiekca U = ?)0 P (P, —~ TVIOTHOCTEL BOARL, P, — IUIOTHOCTH METAJIa; /1 — TOJILIMHA;
" 2/ — nivHa 3neMenTa OOMHIIOBKH).
— = U, [21w,; = UEP/Z [, =30/(0,5w,,)

Takpe OLeHKH MMOKa3bIBAIOT, YTO IPHU PEATBHBIX CKOPOCTAX TPAH3UTHOTO
[TOTOKA MOTEePH AHHAMHUYECKON YCTOHYHUBOCTH HE MMPOHUCXOAMT.
[1pu pemieHuH 3aga4u rHAPOYNIPYTOCTH HAZAO YUHTEIBATh, UTO (hparMeHT
OOJIMIIOBKH, KOJIEOMIOIIHUCS 1101 BO3AEHCTBUEM JaBJICHHA TPAH3UTHOIO MOTOKA,
HHAYLUHUPYET B HEM AOTMOIHHUTENLHOE MOJIE CKOPOCTEH M caM UCIILITBIBAET PEAKIIHIO
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XXHMAKOCTH p KaK CO CTOPOHBI MOATUTMTHOMH IOJIOCTH p_, TAK ¥ CO CTOPOHBI IOTOKA
D, , CBA3aHHYIO HEMOCPENCTBEHHO C KONEOaHMAMM CaMOH KOHCTPYKIIHH

P=P,+p,. _ (3.3)

3agaya ornpeiencHUus rHAPOYIPYroi COCTABIAOLIEH p B CIIEKTPE ITYJIb-
CallMH NaBIICHHS Ha KONEOMIOMENCs NOBEPXHOCTH JOCTaTOYHO CIIOXKHO peLIaeTCs
KaK paCuy€THBIMH METOAAMH, TaK U IKCIIEPUMEHTAIILHO.
Pe3ynETarsl 3KCIIEpUMEHTAJIBHBIX MCCIICAOBAHHH MOATBEPXKAAIOT alpPHOP-
HbI€ TIPEANONOKEHHS O TOM, YTO NMOAATIUBOCTL I'PaHULBI MMOTOKA JOJIKHA
IMPUBOJHUTE K NIEPECTPONKE CIIEKTPA ITyNbCallii JaBJICHHUs Ha €€ IMMOBEPXHOCTH 34
cyeT No0aBleHHA HHIYLHPOBAHHBIX MYIbCALKH p . ITO NPOABIIETCSA B MOSB-
JICHHH B CIIEKTpE MOTOKA AOMOJHUTEIBLHBIX, APKO BHIPAXEHHBIX ITHKOB Ha
4acTOTax, ONH3KHX K NEPBLEIM COOCTBEHHBIM YaCTOTaM ) KOIEOaHHH NaHeNIeH B
JKHJIKOCTH, IPHYEM CTaHAAPThl NYJLCAllMHA HAa 3THX 4YacToTaxXx (/1 HaTypHBIX
OOJIMIIOBOK) CTAHOBATCS CPaBHUMBI CO CTAaHAApPTAMM Ha BEAYUIUX HYaCTOTaX
OCHOBHOTO MOTOKAa. KpoMe 3TOro 3HaYuTeNbHO YBEIHYUBACTCS CTAHAAPT ITYIIb-
CalMH JIaBJICHUA B ITHPOKOM MO0 CE YacTOT. I IpOMCXOAUT CYILIECTBEHHOE BO3pac-
TaHUE KOAPPHUHEHTOB B3aUMHOH INMPOCTPAHCTBEHHON KOPPEIALUH MEXAY
MyALCAUHAMH JaBICHHS Ha BCSH YIPYTOH NOBEPXHOCTH, YTO HOATBEPKAAET CIIpa-
BEJIMBOCTh MCIOJB3YEMOTO IMPU JUHAMHYECKOM pacyeTe AOMYIUICHUA BO3-
MOYXHOCTH OCPEAHEHH Iy/TbCALIHOHHOM Harpy3kd P_(t) no rutouiaau gparMeHTa.
DJIEMEHT OONMHIIOBKH MCIIBITBIBAET JUHAMHUYECKNE HArpy3KH CO CTOPO-
HbI NPOTOYHON YAaCTHU M NYJIbCALUH HaBJICHUA, IPOHUKAIOUIUX B NMOATUIMTHYIO
MOJIOCTE (MIPH HAJHMYHUH HENMpPOBApEeHHOro orBepctus). [IpHbamwxeHHO onpene-
JIMTb YACTOTHI MOCICAHUX MOXKHO, HanipuMep, 1o ¢popmyne Poccurepa, xkoropas
[peaAHa3Ha4YeHa ISl OLCHKH PE30HAHCHOM 4YacTOTHl Majlod MOJIOCTH, COOT-

- mU
BETCTBYIOLIEH OTBEPCTHIO B DJIEMEHTE OONMHUIOBKH: f = -‘l---:-l— i (-
dy(M,+ k)
m — HOMEpP MOOBI KOJIeOaHUH IUTACTHHKH; d[I — IJTHHA OTBEPCTHSA BIIOJIB MOTOKA;

C
k = ?]_l_ = (},5 - Ge3pasMepHOE 3HAYSHHE CKOPOCTHY pacnpOCTPaHEHUs BOZMYyLIE-

o

HHH; M, — uiciio Maxa B 3aTOpPMOXECHHOM ITOTOKE.

OueHKa 4acTOThI MyJIbCALUH HaBJICHUS, IPOHUKAIOIIHNX B MOAIUIUTHY IO
NOJIOCTD, [0 APHBEACHHONH 3aBUCUMOCTH 110Ka3aJ1a, YTO NPOHHKAIOT TOJIBKO BBICO-
KOYACTOTHBIE COCTaBIAIONINE TYPOYNEHTHBIX NyJbCalldil TPAaH3UTHOI'O MOTOKA,
T.€. T€, KOTOPBIE YCPECOHSIOTCA I10 TIOIIALH ITTHTHL.

MeToaHKa AHHAMHYECKOTO pacueTa cTalbHbIX obmuioBok KPK uexoaut
U3 IPENIIOI0KECHNA OTCYTCTBHSA HANPSXKCHUN B CPEAUHHOH MOBEPXHOCTH (YA0B-
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JIETBOPSAETCA KPUTEPHH XXECTKOCTH — nNporud MeHbme 1/5 TOMMIMHBI) H YTO
KOHCTpYKUHA paboTaeT B 001aCTH JMHAMHYECKOH YCTOHNYHBOCTH.
CornacHO MHOTOYMCJIEHHBIM pacyeTraM MaKCHUMaJIbHBIA MNPOTrHO 2Jie-

MeHTa o0auioBKH KPK konebnercs B npenenax 2 — SMM, 10o3TOMY NPH IITyOHHE
MOAIUIMTHOH IMOJIOCTH >1CM KoJNIeOaHHS KOHCTPYKUHMH HE OyOyT HCIBITHIBATH
MOMEX CO CTOPOHBI O€TOHa, MpH MEHBIINX ITyOHHAaX aMIUIMTYAa KosebaHHu# Oy-
JCT OrpaHHYEHa CO CTOPOHBI O€TOHA, HO BEJIHUMHA €€ NMPH BOTHYTOCTH BHYTPb
KaMepbl HC YMEHbIUUTCA. TaknMm oOpasoMm, npH riybHHe BOAHON MPOCIOHKH
1-2MM cTtanbHas 00nHLOBKA He paboraeT coBMecTHO ¢ 6eToHOM. ['nybOuHa nox-
TUTUTHOH MOJOCTH > CM Mano BITHACT Ha KOJieDaHUA H, COOTBETCTBEHHO, Ha Harpsi-
KEHHA, BO3ZHHUKAIOIHUE B TeJie dIeMenTa oONHLOBKH. PacdeT JONTrOBEYHOCTH
3IEMEHTA O0JIMIOBKH Ha O0JNBILIYIO TMTYOUHY NOAIUIHTHOH NMOJOCTH MOXKET HMETh
4YHCTO IIPOBEPOYHBIN XapaKTep.

[1pu onpeaeneHnn AUHAMHYECKHUX HANPSXKEHUH B TENE OO0JIHIIOBKY MPE-
110J1araeTcs, UYT0 KOHCTPYKIHA JOCTAaTOYHO XECTKAsA U KOJIeOaHUs €€ MOXXHO CUH-
TaTh MAaJbIMH, a CaMy CHUCTEMY JIMHEHHOU. Toraa HanpsXeHUs G OyayT BBHI-
paxKarbCa uepes Harpysku B suae © = L(P ), rae L — nuHeHHBIA oneparop, a
CIICKTP HANps>KEHHUH OYACT paBeH CINEKTPY BHCELIHEH HArpy3KH Spr, YMHOXXEHHOMY
Ha KBaJIpaT nepeAaTouyHON (PyHKUUH CHCTEMBI

S, =|M,(iw)[*S (3.4)

pr-

Ilepenarounas dpymkums [1_(iw), npencrasmsiomnias cobo# HHYTO HHOE Kak
i — it
peaKLHIO YIIPYyTrOoH CHCTEMEI HAa €AHHMYHYIO Harpy3ky Buaa P_ = e'™, HaXxoaurcs
TEOPETHUYECKHU IIYTEM PEUICHHUA 3a0a4U r'HAPOYIPYTOCTH.

3.4. IlocTaHOBKA 33 a4 THAPOYIIPYIOCTH

3anaya pewaercs npy CaeayLHX NpeanochUIKaX:

pPacCMaTpHUBAETCS MOTCHUHAIBHBIH ITOTOK XKHIKOCTH, CKHMaeMOCTb KOTO-
POH OTpENeNACTCA CTENEHLIO PABHOMEPHO pacnpeIe/ICHHON ajpalluH ITOTOKA;

KOJNICOMOHACA NIPSMOYTONBHBIH 3JIEMEHT OONMLOBKH, OrpaHHYEHHbIH
BEPTHKAJILHBIMH U I'OPHU30HTAJBHBIMH peOpaMH XXECTKOCTH, pacCMaTpHBACTCS
KaK IUIOCKas yrpyras INIaCTHHa, U1 KOTOPOH CripaBeUINBLI runote3sl Kupxroda;

KpaeBbi€ YCIOBHA dI€EMEHTa OONHUIIOBKY ITPUHHUMAIOTCS JTHOO B BUAE I1ap-
HUPHOIO OMHUPAHHA, THOO B BUAE XKECTKOrO 3allleMJICHHS;

paccMaTrpuBacTCA HallOPHOE TEUYEHHUE KHUAKOCTH;

NMOATIIMTHAS NMOJOCTh NIYOMHOH a 3anojiHeHa BofoH (BO3MOMKHA €€ IHj-
paBIHYECKasd CBA3b C TPAH3UTHBIM MOTOKOM);

KoeOaHUA JIEMEHTA CYHTAKOTCA MAJIBIMH.
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Mamemamuuecxas popmynuposka 3aoavu :

YpaBHeHHE KOneOaHUA TIIACTHHBI
a 2
ot

rae w — AMHaAMHYECKHH NPOrud MIACTHHBL, P H p ONpEAeNAIoTCs, COOTBETCT-
BEHHO, 1O ¢opmynam (3.1) u (3.3);

D'Vi'w+p_ h

14 %
pJ + p = PBH ' (3'5)

D’ =D (u + iv); u=(1-Y448)/(1 +y44);
Eh*
Y — k03Q@PHUUUEHT HEYNPYroro CONPOTUBICHUA; [ = YRR - LUJUH]-
-V

pHYECKash KECTKOCTD IUIACTHHBI; P — TUIOTHOCTh MaTepHalia MIacTHHbI, £ —
MOJYJIb YIpYyrocTH; V — ko3¢ duuneHT Ilyaccona; s — ronuuna; / —~ nonoBuHa
JUIMHBI TUTIACTHHBI; { — BPEMAL.
I paHHUHBIC YCIOBHA:
d’w
a) IapHHUpHOE onupanue w=_0, E¥%) =0, pu x=-l ux=1,

\ (3.6)

ox

Jist onpeesieHHsA COCTaBIIAIOIEH NABICHHA p  peLIaeTcs 3aaa4ya ruapo-
JIHMHAMHKH OTHOCHTEJILHO MOJIs CKOPOCTEN U JaB/IEHHS, HHAYIIMPOBAHHBIX KOIEO-~
JIIOILIECHCA TJTAaCTHHON B TPAH3UTHOM ITOTOKE.

YpaBHeHHE I NOTEHIHAJA CKOPOCTEH, HHAYLIUPOBAHHLIX KOJIEOIIIO-
IIIHMCA 3JICMEHTOM B TPAH3UTHOM IMOTOKE @

0) xxecTKas 3agenka w=0, =0, mpu x=—-I nx=1.

2 2 2 2M, 9°?
(= p2)2 0 300 L 30, Mo 0%, L _ L gy
ox dy” C ot C, oxdt G G
[ paHn4HbIE YCIIOBHAL:
d9, "
TS = Ha YXECTKOH CTEHKE,
p,=0  HacBOOOQHOH MOBEPXHOCTH (OC3HAMOPHBIH NOTOK),
Jdp, OJw dw
3y =57 T Vo o, Ha yNpYrox NnaHeu,;
d
(;E_" >0 npu x — oo, (3.8)
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JlaBiieHHe, HHAYIUPOBAHHOE KOJCOMIOMINMCS IEMEHTOM, OIpPEACIIAEeTCA
C MOMOIIBLI YpaBHeHHs Jlarpamka-Komu

P [do 510,
L= L+ Uy —|.
P, Ot ? ox ] (3.9)

AHaJIorHyHas 3a/1a4ya CTaBUTCA IS ONIpelieNICHUs pEaKMU )KHAKOCTH Ha
kosieOaHHs 31eMeHTa OOIIHMIIOBKY CO CTOPOHBI HOAIIITHTHOU IOJIOCTH, 3aII0JIHEH-
HOH Bo#OH. [laBlieHHe p_ Ompeaensercs Yepes IOTEHIHal CKOPOCTEeH BO3MY-
EHHH @

Pu _ _ 99,
) o (3.10)
KOTOpPbIA HAXOJHUTCA W3 YPAaBHEHHH I'MIpPOJHHAMHKH
d’e. d’ep, 1 dg,
I ayz = Clz 2 - (3.11)
[ paHHYHBIE YCITOBUS:
o
=0, x==%/
ox
0, _J0 Ha JKECTKOM CTEeHKe
ay --%% Ha ynpyroﬁ IJIACTHHC (312)
:
d %, 1 2
S e O
Y Y ~] J d x=={+b+d /2

PellieHHe MOCTARIEHHON 3a/1a49H OCYILECTRIACTCA CIIEAYIOLINM 00pa3oM.
__ it .

Onpenenserca peakunus CHCTEMBI Ha €IHHUYHYIO HAarpy3ky Buaa P = e, Ilpo
0 NpeacTaBasIeTCs B BUAE Pa3IOKEHHU B pAd 110 popMaM KosieOaHHN B BO3IyXE

km(x+1
W =Y A4,sin (;z ) (3.13)

Eciu k ypaBHeHH10 (3.4) npuMeHUTh MeTO ['alepkuHa MoJydaeTcs

CUCTEMa anreOpanvyecKkux ypaBHEHUH AJg onpenciaeHHs Ko3¢p@PHIIHEHTOB B
pasznoxeHnd. Haitns kosdduumentsr 4, onpenenderca nporud oT eAMHHIHOH
HAarpy3kH (T.€. mepeaarodHas (pyHKIUA 110 NMporudy),xoropas oOyaer pyHKIHEH
OT LEJIOro pAAa nNapaMeTpoB:
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(o U, | _p02!_h_l_a_a,a_ Cou . Cop .

Wy 2lwy  ph H O OH CH. Y V2w, 21w,
IT,(w)=f

V. 20 @u¥,21w,:0/H ;d/H,

\

(3.14)

B Boipaxenune (3.14) Bxoasar 6e3pasMepHbIC KOMIUIEKCHL, COCTABIICHHEIE
U3 psaja BEIUYHMH, KOTOPBIE IPH PACYETE CYATAOTCA H3BECTHBIMH:

P — IUNIOTHOCTh, £ — MOAYNb ynpyroctH; v — ko3¢ duuueHt Ilyaccona
MarepHala OOJMIOBKH (TaONMUYHbBIC JaHHBIC);

i — TOJNIMHA OOJINIIOBKH,

[ — IOJIOBHHA JUTHHEI 3JIeMEHTa OOJIHUIIOBKH:

a — rnyOuHa NOAIUIMTHOM 1MOJIOCTH;

b ~ paccTOsTHUE OT MEPBOH MO MOTOKY KPOMKH 3JIEMEHTA OOJIMIIOBKH 10
OTBEPCTHA B HEM;

d — OIHaMeTp OTBEPCTHA B IEMEHTE OONULIOBKH, COCIUHSAIOLIECTO
TPaH3UTHBIA IOTOK H NOAIUIMTHYIO I10JIOCTD;

(,, — NepBad coOCTBEHHAs YaCcTOTa IEMEHTA OOTHIIOBKH B BO3IYX€E;

H_ — rmyOuHa moToka (pacCTOsHHE MEXIy CTEHKOH KaMepel M BTYJIKOH
pabouero koneca);

U,— cpeaHdas CKOpOCTh NMOTOKA HaJ pacCMaTPHBAEMBIM 3J1€EMEHTOM
OOJIMLIOBKHU;

C, B C, — CKOpPOCTh 3ByKa B a3pHpPOBAHHOM MOTOKE HaJl U IOJ
0OJIMIIOBKOM;

Y MY — KOIQGUUHEHT 3aTyXaHHs, ONpeAe/AOIMH THCCHIIALINIO
YIIPYTHX BOJIH.

3nayenua C, H | 3aBHCAT OT CTENEHH adpalliH MOToKa O [8] u ompene-
JNAOTCA 1O Tabnuile.

3aBMCHMOCTH BEJHYHMH CKOPOCTH 3BYKA H KOIPPHIHEHTA 3aTYXaHH
YHPYIrHX BOJIH B BoJe OT Ko3(h¢PpuuneHTa a3pauuu

o 0,03 0,12
1200 160 111
0,001 0,001 0,004 0,012
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CoOOTBETCTBEHHO NEpeaToYHas (GpyHKIHUA 110 HANPsHKEHHUIO OTIpeaesieTCs

d*W h

dx*> 2
Crnenyer OTMETHTD BIIOJIHE YOBJIETBOPHUTENLHOE COBNIAAEHHE pe3yJibTa-

TOB pacyeTa HanpsHKEHHOIO0 COCTOAHMSA MaHENH OONHUOBKH MO BLIILIEH3/I0XKEH-

HOH METOOMKE C 3KCIIEPUMEHTAIbHBIMHA JAHHBIMH, NOJTYYEHHBIMH ITIPH MOJETH-
poBanuH obnuoBok KPK. Hekoroprle HeCOOTBETCTBHA B 9KCIIEPUMEHTANBHBIX
U pacYETHBIX 3HAYEHHAX CICKTPAJNBLHAIX IUIOTHOCTEH NYNIbCALIHA HAIIPSXKEHHH B
obnacty 0>2w, ¥ 0 = 0,l0__ (0 — Be;dywas 4acTora mpouecca) Cleayer
OTHECTH KakK 3a CYET MOrpelIHOCTEH IKCNEPHMEHTAJIBHOIO MOAETHPOBAHHS, TaK
M 33 CYET JONYILIECHHH, IPHHUMAEMEBIX B PACUETHBIX CXEMaX.

Heobxomumble 11s JanbHEHIIIHX pacueTOB MaTeMaTHUIECKOEe OKHAAHHE
M CTaHJApT HANPAKEHUHA B Tele OOMHLIOBKY HAXOIATCSA 10 CIIEKTPaJILHOH IIO0T-
HOCTH HamNpsDKEHHH 110 popMyam:

[1,(i0)=E (3.15)

6=11(0), P, o = (|11, o) S(e),. do. (3.16)

4.01EHKA HAOEXHOCTU CTANbHbLIX OBNLIOBOK KPK
nn-rugPpoTyYPBUH

4.1 OueHKa BepoATHOCTH 0e30TKa3HON paboThl 21eMEHTA 00 THLIOBKH

Ouenka HagexHocTH o6anuoBkH KPK, oTka3el KOTOpOH HOCAT NpPEHMY-
IIIECTBEHHO YCTAJIOCTHBIN XapaKTep, OCHOBLIBACTCA HA KPHTEPHUAX O€30TKAa3HOCTH
H JOJITOBEYHOCTH.

PaccuHThIBaETCA BEPOATHOCTh OTKa3a (MU BEPOATHOCTH O€30TKa3HOH
padotsl) aneMeHTa cranbHOi obmuuoBku KPK. IIpy 210M mipHHHMAalOTCS BO
BHHMAaHHE JBa KPHUTEPHUA OTKA3a:

NPEBLIIICHHE NpeJeia IPOYHOCTH YPOBHEM CTaTHYECKUX HAMNPAXKCHUH B

WIEMEHTE
O, >0, ; (4.1)
HapylI€HHE YCIIOBHA YCTAJIOCTHOH IPOYHOCTH ¢ YYE€TOM KOPpPO3HH

Gy > O, (4.2)
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T

rie ¢, — YCIOBHBIH Npefen KOPPO3HOHHO-YCTANOCTHOH MPOYHOCTH,; O, ~

PaCYETHBIE YCTANOCTHBIE HANPXKEHHA C YYETOM KOPPO3HH.
OlieHKa BEpOATHOCTH OTKAa30B BEAECTCHA MO METOAWKE, OCHOBAHHOH Ha
paborax A.P. Pxanunpina [9].
Bce pacyeTHbie BEIWYMHBI MOXKHO pa3sACIUTh Ha IBE OCHOBHBIE TPYIIIILL:
epBas BKJIIOYAET B Ce0s XapakTEPHUCTUKH, OTHOCAIIHECS K CBOMCTBAM CaMoii
KOHCTPYKUMH R, a BTOpasg — XapakKTEPUCTHUKHA BHEIIHUX BO3JACHCTBHMH O. Torma

YCJIOBHE HENPEBBIIIEHUA TI'PaHUUBI 00J1aCTH NOMYCTHMBIX COCTOSHHN HUMEET BH]I
S=R-o0 >0. (4.3)

B pacyerax Ha MpOYHOCTb: G — HaHOOJbIIEE 3HAYCHHE YCHITUS WM

HaMpsHKEHUA B JJIEMEHTE, BBIPAXKEHHOE Yepe3 BHEUIHIOW HArpy3ky; R — Hecyiuas
CITOCOOHOCTH, BEIpAXKEHHAA B T€X XK€ €IUHHMLAX, YTO M G, W OTBEYAIOILAS NPEIEITh-

HOMY COCTOSIHHIO KOHCTPYKLHH IO MPOYHOCTH; S — pe3epB IpoYHOCTH. B 0buiemM

clly4yae YCHJIHS M HECyllasg CIOCOOHOCTh SABIAIOTCA CIIYYaHHBIMH (YHKIHUSIMU
BPEMEHH, HO B paCCMaTpUBAEMOM ITOCTAHOBKE R U O CUMTAKOTCA CIIy4YalHbIMH
BEJIMYMHAMH C 33/IaHHBIMH 3aKOHaMH pacripeaeneHus fAR) u o).

Orka3 aneMeHTa OOJMUIOBKH NPOHUCXOAWT BO BCEX CIIy4yasX, KOTrJa HeE
BEITIONHAETCA ycnoBue (4.3). Iloa oTkasoM B JaHHOM ClTy4ae MOHUMAETCS TOCTH-
XEHHE DJIEMEHTOM IIPEACIbHOINO COCTOAHHA 110 MPOYHOCTH.

[Ipu moObIX 3akOHaX pacrpeneieHus Ru ©

el @000 el

S=R-0, S =~JR*+072. (4.4)

rae S,R,0 — MaTeMaTHYECKHE O)KHIaHHud, a S, R, o — cTaHzapThl, COOTBETCT-

BCHHO, pe€3€pBa MPOYHOCTH, HECYILIEH CITOCOOHOCTH U HAMNPSXKEHHA B JICMEHTE.

[Ton xapakTepuCTHUKONH O€30MaCHOCTH MOHUMAETCs YHCJIO CTAHIAPTOB S,

yKknagsiBaromeecs B uateppane 0< S< S

L —————

Y_:S_‘_ R-o
o . 4.5
S ‘\[sz_'_crz ( )

dopMyia BepHA 3a HCKIIIOYEHHEM TEX PEAKHX CIIy4aeB, KOria CyleCTBYET

KOppEAALIMOHHAasA CBA3b MEXAY YCHIHMSIMH M Hecylled cnocobHocTeio. Toraa

BbIpaXKCHHE /1 ONpeJeNICHHs XapaKTePUCTHKH 6€30I1aCHOCTH MPHHUMAET BU]L

e @00 -

R—-0O
Y= ’2 'y
JR? +6-2k(R,0)

(4.6)
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roe k(R,0) — KOppensIHOHHBIA MOMEHT CITy4aHHBIX BEMMYUH R M ©.

B npakTH4eCKHX pacyeTax JUIf XapaKTepUCTHK MPOYHOCTH MOXKHO
NMPHHAMATh HOPMAJNLHOE pacrnpee/icHUE. 3aKOH pacnpeacIcHUA HalIPSOKEHHH B
aneMeHTax oomuuoBkH KPK Toxke cuuraeTcs HOpMasbHBIM.

B npeanonoxeHuu, 4T0 R U 0 NOAYHUHEHBI HOPMAJIbHBIM 332KOHaM
pacnpenecneHus, NPpOEKTHAs BEPOATHOCTh 0€30TKa3HOW paboThl 3JIEMEHTA

KOHCTPYKLIHMH BBIPAXKAETCS

P=P(R>0)=05+d(Y), 4.7)
1 Y ( 32 \
rme Po(y) = \/E'E Iexp 5 ldx — MHTErpan BepoiATHOCTH ['aycca.
0 \ y,

J18 olleHKM HAaJACKHOCTH 3JIEMEHTA CTaJIbHOH OOJMIIOBKH HEOOXOAHUMO
3HaTh MAaTE€MaTH4YECKHUE OXMIAHHUA M CTAHIAPThI COOTBETCTBYIOILIMX XapaKTe-
PHCTHK NIPOYHOCTHBIX CBOMCTB KOHCTPYKIIMH R M BHEIIHHX BO3eiCcTBUH G (3.16).

IIpusoauMele B 'OCT HopMaTHBHEIC 3HAYEHMSA IIpeC/IbHBIX HAIIpPsHKe-
HUH ABIAIOTCA MHHUMAJNIBHO AONYCTHMBIMH H HX MOXHO OTHECTH K

98 — 99% BepodaTHOCTH HepaspylueHud. [1losTomy HEoOXOAMMO BBECTH KOA (-

PHLHMEHT JJIA Iepexoaa K MaTeMaTUYECKOMY OXXHIAHHIO IPEACILHEBIX Hanpsike-
HUH, T.e. K 50% BeposATHOCTH HepaspymeHusa. Tak xak npeaen TeKy4eCTH O
HMeeT 00ecrieueHHOCTE 98%, TO npeaenpHoe 3HaYeHHe QYHKITHH pacnpesierie-

HUA pagHO F =1-0,98=0,02. Orciona

o \/:2_1; J.e){p b ?;)2 ax = Fop, (4.8)

T

|
]

e 6. M O, — MareMaTH4YeCKOe OKMIAaHHE M CTaHJAapT mpejea TEeKY4YECTH.
PaBeHCTBO BBIMOJIHATCSA NPH

r

GT
1-2,056(G. )’ (4.9)

o, =

rme v(o_) = —  k03d¢HUHEeHT BapHaLIUMH Npeiesia TEKYYECTH.

O

T

B cnyuae, ecnu Bxogamiue B ¢popmyny (4.3) cnyvyaiHble BEIHYHHBI R U O
SIBIAIOTCA (PYHKUMAMM JPYTHX CIIy4YalHBIX BEJIHYMH, HX BEPOATHOCTHBIE XapakK-
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TEPUCTHKH MOXHO OIpesie/isiTh cleayromuM obpasom. Ilycte X = (Y oY)

H3BecTHasd quddeperHuupyeMas QyHKLUMsS CIyYaHHBIX apryMeHTos Y ,....Y . U3
pasnoXeHHus (GyHKIHH @ B pAd Toiiopa BBITEKAIOT 3aBUCHMOCTH A MaTeMa-

THYECKOr'0 O)KMIAHHA U CTAaHJapTa BEIHUHHEI X

Y — (p(Yl geeay ?n) )
2
, NS0 ) 7
A= o | 1 4.10
N; Y . (4.10)
o )
i (= 'a_fﬁ_ — 4acTHas npousBogHas GyHKUMH (P 1o dakropy Y, BEIMHCICHHAsA

npu Y, =Y,..,Y =Y,. B npakTHueckux pacyerax HEKOTOPbIC M3 BEIHIHH Y

MOXKHO CHHTATh ACTCPMHAHHPOBAHHBIMH. B sToMm CJiyda€ COOTBCTCTBYIOILIHC UM

crauaaptel Y =0.

|

4.2 OneHka 10JroBe4HOCTH JJIeMeHTa 00JHIIOBKH

O11eHKa BEPOATHOCTH YCTATIOCTHOrO pa3pylICHHS U J0JTrOBEYHOCTH KOHCT-
PYKUHH MOXeET OBITh IIPOBEACHA HA OCHOBE Pa3JIMUHBIX METOJHK ~ BEPOATHOCT-
HbIX WJIH JeTepMHHUCTHYeCKHX. HH1xe npearalorcs ABe BEpCUM TAKMX METOIUK,
KOTOPBIC TOKa3alHd YAOBJICTBOPHTEIBHOE COBHAJACHHE PE3YILTATOB PACUETOB
MEXy COOOH H C HATYPHBIMH JITAHHBIMH.

Beposmnocmuas memoouka — METOANKa, OCHOBAaHHAsA Ha KYMYJISTUBHOH
MOJIEJIH OTKAa30B H HCIOJB3YIONLIAA JIMHEHHYI0O MOJENIb CYMMHPOBAaHHA yCTa-
JIOCTHBIX NoBpexaeHu# [10]. I1pu 3ToM XapaKTEpUCTHUECKOE 3HAYEHHUE YCIIOBHOM
AO0JTOBEYHOCTH T , OJIM3KO€ K MAaTeMaTHYECKOMY OXHIAHHIO MIIH HaunOolee
BEPOATHOMY 3Ha4Y€HHIO YCJIOBHOIO pecypca (cpoka cinyx6sl), onpenensercs [10]
o Gopmyrne

- -1

2T i P(o)
T =qal — d :
¢ = U . U_[ N(o) U (4.11)

[TJIOTHOCTH BEPOATHOCTH MAaKCHMYMOB P(G) JUld CTallMOHAPHOrO rayc-

COBCKOrO Tpornecca 6(f) ¢ MaTeMaTHYECKHM OXXHIAAHHMEM O BhIpaXKaercs ¢op-
MyJion Paiica
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P(o)= ) - _ A, (4.12)

3nechk B — k03 bHUIHEHT NIHPOKOIIOIOCTHOCTH NpoIecca

L =

\ I S, (m)m“dmjl S_(w)dw
B= 0 0 . (4.13)

L=

.[S“ (0)w’do

0

3a ©__ MPHHHMAETCA TNpeAes BEIHOCIMBOCTH O, ,a 3a O — Mpenen
TEKYUIECTH O_.

Koagduuuentr o cormnacHo JIMHEHHOH TEOPHH paBeH 1.

IIoka3zatens IONMTOBEYHOCTH TC ~ CllydyarHad BeauuuHa. (OIHAKO, YEM
OOJbIlIE YWUCJIO UHUKIOB [0 pa3pylleHUsA, TCM MEHbIIE OTHOCHUTE/IbHAA
U3MEHYMBOCTL YCJIIOBHOHM JoiroBeduHoctTH. [losToMy, B nepBOM NpuOIMKEeHUHM,
MOXXHO NMPUHATE 1, =1 C BEPOATHOCTLIO, paBHOH 1.

emepmunucmuueckas memoouxka — UIAPOKO UCTIONb3yEMas B HACTOALIIEE
BpeMsl METOAHKA, IJI€ 32 JOJIOBEYHOCTE JIEMEHTa IIPUHUMAETCS BpeMs 7, 3a KOTO-

poc NMPOHCXOANT CHHKCHHC 3ariaCa IPOYHOCTH 3JICMCHTA n_ IO €ro HOPMATHB-

HOro 3HauyeHus [ n_ ] [11]:

. AN Il (4.14)
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3aecy Oy, — npenes BLIHOCIHMBOCTH NPH CHMMETPHYHOM IHKIIEC

HarpyxeHus npu 6asosom umcne uukiaoB N, = 10°; (k ), — ko3¢ dunmenr,
YYHATBIBAIOMIMA MacluTaOHbIN (aKkTop, KOHIEHTPALHIO HANPSKEHHUH H BIHAHHC
06paboTkH; Y — KOIQ(PHIUHEHT, YUUTHIBAIOIIHA OTHOCHTEIBHOE YMEHLUICHHE
npeneNsHON aMIUIMTYABI C POCTOM CpEeQHEr0 HAIPSKEHHUS LIMKIIA; p -~ CTEICH-
HOM moka3arens (aHajior koddgduuueHra perpeccuu). llo 3aBucumocru (4.14)
HAXOJHUTCA YHCIO LHKIOB KojaeOaHuid N, 3a BpeMsl KOTOPBIX 3arac NMpOYHOCTH
3JIeMEHTAa CHU3UTCA 10 HOPMATHBHOTO.
Bpemst pabotbi (CpOK CiTyXKObI) OIpEACUTCA KaK

N
L=, (4.15)

roj

rae N — 3aJaHHOE YHCIO KOJIeOaHHi Harpy3KH 3a rof.

Benmnunua n. MoXeT ObITh Ha3HaYeHa, HAPHMEp, N0 PEKOMEHAAIUAM
HIIO LIKTH kak npu pacyere ycTaJoCTHON mpodHocTH sonacredt [LJI-ruapo-
TypOuH, paBHoii [ n_ ] = 1,5.

[IpH NIMPOKOINOJIOCHBIX CIIEKTPAX HArpy30K M HANIPSDKCHUH 1A NOJTyde-
HUA O0Jiee HAJEXKHBIX PEe3yNbTaTOoB MNPEAJIaracTcsa TAKXKe IMPOBOIANTL OLICHKY
BpeMEHH 0€30TKa3HON pabOThI KaK BEJIHYHHY, 0OpaTHYIO CYMME ‘“3JIEMEHTAPHBIX
MEP NOBPEKACHUA (Y})“

T, = Z(T}Tl ; (4.16)

j=!

rae s 7} C YYE€TOM 3aBHCUMOCTH (4.14) H MOAENHUPOBAHHUA CIIEKTPaA €ro
Pa3JI0KCHUEM B pAJl II0 FApMOHHYECKHM COCTABJISIOLKM MOXHO 3aITUCATh

_G-IN{: (l—nﬂom/ﬁnp) /p{ifo'/‘" ’
%4 |

Il_q nﬁ (kct )D \ j=1

B 11eJ10M OLICHKH 11O 00€HMM TEOPHSIM HAlOT CORMAJECHUE MO MPaHUYHBIM

3HAYECHHUAM I1apaMETPOB.
IIo M3/10)KEHHBIM BBILLIE METOAMKAM IPOCHHTLIBACTCA YCIOBHAs JOJIIO-

BEYHOCTH I/ pAJa BO3MOXXHEIX 3HAYCHHH NMapaMeTpoB (FEOMETPHYECCKHUX) dJ1e-
MEHTa OOJIMIIOBKHM. 3a KOHEYHOE 3HAUCHME JOJTOBEYHOCTH NPHUHUMACTC:

T=min(7,,T,). (4.18)

s aHAJIHTHYECKOro OIMMUCAaHUS KPHBOH YCTAaJIOCTH PEKOMEHIYETCs
IOJIb30BAaThECA 3aBUCHMOCTELIO BUJA
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m

0]
N(©)=N,| —L | (4.19)

rae 0asoBo€ YMCIIO UUKIOB N, M IMapaMeTp KpUBOH m OepyTcs IO CIIpaBOY-
HUKaM; G — mpees BEIHOCIHMBOCTH; N(G) — 4HclIO0 UMKIOB 10 HOSIBICHHS
YCTAJIOCTHOIO pa3pylIeHU NPH AEHCTBUH MEPEMEHHBIX HANPIKEHUH C aMILIH-
TYIOH O.

3a BpeMa paboThl 2JIEMEHTa, paBHOE JOJITOBEYHOCTH, BEPOATHOCTDb €TI0
Oe30TKka3HOH paboTh! (HAaIEXKHOCTh) OJIM3Ka K 1, HO He paBHa €M, T.K. HMEETCH
pa3dopoc NMPOYHOCTHRIX XapaKTEPUCTHK, BO3JACHCTBHHA H CBOHCTB DJICMCHTA.

Ouenka BEpOATHOCTH 0€30TKa3HOM paboThl MEMEHTAa OOJIHUIIOBKH IPH

BO3/ICHCTBUH MEPEMEHHOM HAIPY3KH NMPOU3BOAUTCA 110 3aBUCHMOCTAM (4.5) niun
(4.6) u (4.7).

4.3. OueHka A0JIr0BEYHOCTH YIEeMEHTA 00JIHIOBKH
C YUYeTOM peajibHOIo rpadguka pador

Typbura B nporuiecce 3KCIUIyaTallMd UMEET pa3sHble PEXXHMMBI paboThI
(nycTth UX Oyner n), KaXAOMY M3 KOTOPBIX COOTBETCTBYET CBOM HArpy30UYHEIH
PEXHUM Ha CTaJdbHY0 00IHIOBKY. IIpH OLICHKE AOJITOBEYHOCTH METAIJIMYECKOM
OOJIMIIOBKHM BO3MOXHBI JIBa ITONXO0/A:

IIpU OTCYTCTBHH 3apaHeEe H3BECTHONO rpaduka paboTel TYPOHHEI B TCUEHHE
roga HeoOXOJMM aHaAIN3 BCEX pEalIbHO BO3MOXKHEIX PEXKHMOB Ui BbeIOOpa
peXxuma, o0ecredyuBaoilero HAaMMEHBIIYIO JOJTOBEYHOCTE JAHHOH KOHCTPYKIIHH
OONMIIOBKH, KOTOPYIO M CIHEAYET NPHHATH 32 HCKOMYIO JOJITOBEYHOCTH
OOJIMIIOBKH; TaKOM MOIX0M AACT 3anac Mo J0JIrOBEYHOCTH;

€CJIM MOXKHO OLIEHHTBH paboue pexxumsl TypOHHBI B TEUYECHHE Iojia, To
PEKOMEHIYETCA NPOBOANTE pacueT JONIOBEYHOCTH € yIETOM IPOOIDKUTEIIBHOCTH
paboOTHl TYPOUHBI HA KaXKJIOM PEXKUME.

IlyCcTh B T€UEHHE roia COOTHOIICHHE MEXIY peXKHMaMH ONpPEaAcnsaeTcs
ko3¢ puumenTtamu k. Bpems paboThI Ha MEPBOM pexHME NMPHMEM 3a €IHUHHILY,
CJIE0BATENBHO K =1, TOrAa rogosas HapaboTka Oyner

n no
;Aq = At Zk,.) | (4.20)

YCTanoCcTHOMY pa3pylUEeHHIO dIeMeHTa OONUIOBKH paboTrarome TypOu-
Hbl COOTBETCTBYIOT N MOCHEAOBATEIbHBIX HAarpy304HBIX PEXXHUMOB (OJIOKOB),
T.€. B pacCCMaTPHBAEMOM CJIy4ae 3TO CIEKTPHI U CPEAHHE 3HAUCHUS ITyJIbCAUi

_._}
INABINECHHUA, ACUCTBYIOHNIUX CO CTOPOHBI ITOTOKA B KAMEPE HA OOJIHMIIOBKY (SP,., Pi).

IIpouecc oaa KaxXI0oro U3 peKMMOB CUUTACTCS CTALIMOHAPHBIM.
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[Tycts j — HOMEp Os10Ka, mpuyeM j = 0 COOTBETCTBYET Ha4allbHOMY Harpy-
304YHOMY pexXuMy, HauuHasg ¢ [ = (. 3HaueHue Mephl MOBPEXKACHHN HENOC-
PEACTBEHHO I0CHE OKOHYAaHHs j-ro 6inoka o6o3HaynM V ;. Torma umeem [10]

YPaBHEHHE
V=V, =wl, ,,q,)..(J =1,2,...N), (4.21)

rne N — HoMep 0110Ka, COOTBETCTBYIOLIETO HCUEPHAHHUIO pecypca.
[Ipu sTOoM B Hayane nepporo Ooka Mepa NMOBPEKACHHH paBHA HYJIIO, a
rmocne paborel N Onoka HarpyxeHWil paBHa equHuue, T.e. Y, =0; y, =1.
[IppMeHseTca MOJEIE JIMHEHHOTO CYMMMPOBAHUA MOBPEXKICHHH, TOINA,
ecnd N — paspymawoimui 0510k, TO

N
Y ZZAW,-*EI- (4.22)

j=l

dusnyeckoe BpeMst HENMPEPLIBHO U YPABHEHUE JJIS MEPHI MOBPEXKICHUS
IUT Kaxaoro 6oka

ay
dt

B pganpHe#deM NMPUHHUMACTCA KYMYJSTHUBHASA MOIENb. CUHUTAECTCH, UTO
MOBPEXIACHUA, BHOCUMBIE KAXIbIM LIMKJIOM HJIM OJIOKOM, HE 3aBUCST OT COCTOAHUS
KOHCTPYKIHH (€€ TOBPEKACHHUA) Ha npeapiaymem uukie. Torma B ¢popMmynax
(4.21) 1 (4.23) npaBble YAaCTH 3aBHCAT TOJBKO OT BEKTOPA HArpy3KH.

Pemienne ypaBHenus ( 4.23) ans j-ro 0Ogoka HarpyXeHus

L= f(v,.9). (4.23)

t, -t

= TV
J Tb [q-’] j-1 (424)

W

rne T,[q.1= L _ pecypc NpH CTAMOHAPHOM PEXXHUME HArpy>XeHus C 3aJ1aH-

f(q)

HBIM 3HAYEHHEM BEKTOPA (..
CyMmapHas Mepa NoBpexJacHHH 3a N 010koB paBHa |, Toraa ¢ ydeToM

TOIO, 910 Y, = 0, HMeeM

At Al = U + =1 _ (4.25)

N = +
W) Tl T,(qn]
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I[Ipu oTom Af; =k Af; uTorna

Mk, o Dk, L Atk

N =t e =1
‘Tlal " Tlg,] ’ (4.26)

llllllll

rae Ny+N,+....+N, =N - cyMmma uncna O110koB HarpyxeHus q.(j =1,2....n),

-1
NNk (& Nk
AY L1 wm Ay =| Y L (4.27)
j=l Tb[qj] \ j=1 Tb[q;]

CyMMapHas J10JI'OBCYHOCTHL paBHA

T=At Y kN, (4.28)

J=

Ecnn n3BecteH rpaduk rogoBoi Harpy3kH, T0 N HAXOAUTCS CPaBHUTEIBHO
JIETKO U3 3aBUCUMOCTH (4.26).
J1s HOpMaJILHOTO CTaMOHAPHOIO Mpoliecca

-1

_2n|P (Uj )dcrj
Tb[qj]_(_l;;;!. N(O'j)

(4.29)

4.4. Ouenka HAZEKHOCTH OOJTHIOBKH KAK CMCTEMBI

KOHCTpYKTHBHO OOMHLIOBKA NMpEACTaBIACT COOOH CTalbHBIE JIUCTHI C
pebpaMH XKECTKOCTH, K KOTOPBIM TMPHUBAPEHLI aHKEPHI, T.€. €€ MOXHO
pPacCMaTPHBATh KaK HEKOTOPYHO KOHCTPYKUHIO, COCTOALLYIO U3 OONBIIOro YHUCchna
OOHOTHITHEIX 3IeMeHTOB. OTKa3 OTHOro U3 HUX BEJIET 3a COOOM pe3Koe YXYALICHHE
paboThl H OTKa3 pAAOM CTOALIEro U T. A. LIS Takol CUCTEMBI BEPOATHOCTH
be3oTkazHOH paboThHl OmNpenensaseTcss BEPOATHOCTHIO 0€30TKa3HOW padoTHI
Haubolee ciadboro 3seHa, T.e. ecnu obnuuoBka KPK cocTouT 3 m 3r11eMeHTOB U
ij ~ BEPOSTHOCTL 0e30Tka3HOM pabdoTel j-ro 3sneMeHTa j = 1,..,m, B k-OM
peXHUME, a (ij)min — MHUHHUMaJIbHAs U3 HUX, TO BEPOATHOCTE 0€30TKA3HOH paboOThI
BCceM OOMMLIOBKH paBHa (ij)min. JlonrosedyHocTh BcelH OONMILIOBKH TaKXe

onpeaeseTcs JOJArOBEYHOCThI0 Haubosee cnaboro 3neMeHTa.
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lIpunoowcenue 1

MHCTPYKUUA NO PABOTE C NAKETOM INPOIrPAMM
NO PACHETY mrmaPOAMHAMUYHECKUX HAIPY3OK,
ANHAMUYECKOMY HAMNPSAXEHHOMY COCTOAHUIO
OBNULOBOK KPK U NPOTHO3Y UX YCTANTOCTHOW NPOYHOCTH

I11.1. 3anmyck nmakera

Jlna 3ammycka nakera HeOOXORUMO BOHTH B JUPEKTOPHIO, IIE HAXOJAUTCS IAKET,
Y HaOparb B KOMaHIHOH CTPOKE:

a.bat WM MOXHO HaOpaThb a <uMs™> , rie UM — UM TIPOEKTa. B xauecTse
HMEHHU MPOEKTa MOXKHO B3STh JIO0YI0 KOMOHHALIMIO M3 TPEX CHUMBOJIOB (MOXHO
HCITOJIb30BATh JJATUHCKHE OYKBBI, HHQPHI K 3HAKH ).

Ecnu Bl He 3aganu uMs NpoeKkTa, 3a1a4a 1peIjioxKUT €10 3a1aTh:

BeeauTe HazBaHue IIPOEKTA ‘n O\

ITocne 3apaHusg UMEHH NPOEKTa (WM NPH U3MEHEHHH HMEHH B KOMaHIHOH
CTpoKe), HanpuMep “XXX", MOogBJIAECTCSI MEHIO:

M'mapoavHamMuka npotTovHon YacTn flonroseqyHocTb 06nnMUoBKu Bbixoa
(IT1.1)

Jlna pacuera ruapoAHHaMHYecKOoH Harpy3ku Ha o6annoBky KPK u ee
CTIEKTPalbHBIX XapaKTEPHCTUK BbIOMpaeTcs nepBhlii MYHKT MEHIO. B pe3ynbTare
NepPeXoaNM K MEHIO:

UcxonHble aaHHble PacueT [poexkr PesyneraTthl [lOMOWL YAanuThb
Buixoa (I11.2)
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[Ipexxne yeM Hauarb paborars ¢ 3TUM MEHI0 HEOOXOAMMO BHHMATEJILHO
npo4yecTs onucaHue B MyHKTE “Ilomomp”. [TyHkr “IloMouib” eCTh TIOYTH BO BCEX
MEHIO ¥ noaAMEHI0 nakera. [loapoOHo pabora ¢ mento (111.2) onucana B . I11.3.

g pacueTa JHHAMHYECKOrO HANPSXKEHHOTO COCTOSAHHS OONHLIOBKH M
OLICHKHM €€ JOJrOBEYHOCTH BhIOUpaeTcs BTopoi nyHkT MeHo (111.1).

ITocne BrIOOpa pacueTa JOATOBEYHOCTH OONHIIOBKH I1AKET NPEIJIOXKHT Bbl-
OpaTh BUA OOJIMIIOBKH:

Metannuueckana oonvuyoBka KomMno3utHasa obnuuoBKa

[Tocne BriOopa Buaa oONHUOBKH TpeOyeTcs YTOUHHTH BUJ I'PAHHYHBIX
YCIOBHUH |

LUapHUpHOe KpenneHue uwi  [lsyxcnowvHas
XecTkasa 3agenka KOHCTPYKUUA
TpexcnouHasn
KOHCTPYKUMA

[Tocne 3TOrO nOABIASETCS MEHIO:

AcxoaHbie AadHblie Pacuyer [lpoekr Pesynbrarbl [loMoulb
Yaanuth Bbixoa (M11.3)

[ToapobHo pabota ¢ 3TM MeH10 onkcana B 1. [11.2.

I11.2. Pacuer HA/IeXXHOCTH H A0JrosevyHoctT 00, 1Mnosku KPK

OcHOBHOE MEHIO 0JI0Ka pacuera HaJIE)KHOCTH U I0JINOBEYHOCTH OOJIMLIOBKH
uMeer By (I11.3). C nomoursro nmyHkra “HcxoaHbie JaHHBIE  3TOIO MEHIO BBOIATCH
H KOPPEKTUPYIOTCA UCXOAHbIe AaHHbIe. [ToapobHo paboTa 3TOro myHKTa MEHIO
onucana B n. Il1.2.1. JIng npoBeaeHus pacuera JOJTIOBEYHOCTH OOJIHIIOBKH
BeIOHpaercs NyHKT “Pacuer”. ITyHkT “IlpoekT” no3BosseT BLIOPATh HOBBIHM ITPOEKT.
[TyHkT “Pe3yabTarsl’ MO3BOJCT NPOCMATPUBATh M N1€YATaTh pe3yabTaTbl pacyera.
[TonpobHo pabora 3TOro myHkTa MeHio onucana B 1. [11.2.2. [TyHkT “¥YaanuTp”
MO3BOJIAET YIAIUTD C AUCKA (PalNbl JAHHBIX 3TOrO OJI0Ka.

I11.2.1. [ToaroroBxka HCXOAHBIX JAHHBIX

[Tpn BeIOOpe nyHkTa “Ucxoanble naHubie” MeHIO (I11.3) nmogsisercs
cleayiouee noJMeEHIO:;
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BBoa
Pacuer®*
BcTraBHUTL

IIpocmotp
IlepeKHHYTH
ITomonin

[pexne, 4eM BHIOPATh MYHKT “BBoA”, HE06XOAHMO 03HAKOMHTBCA C HHCT-
PYKLIHEH N0 BBOAY UCXOJHbIX JaHHBIX, MPUBEACHHOH B MYHKTE “Ilomoilus’ 1aHHoro
noaAMeH0. ECIIM 1ns 1aHHOTO NMPOEKTa OTCYTCTBYIOT JaHHBIE THAPOJHHAMHYEC-
KHX XapaKTEPUCTHUK HIIM MX HAJ0 3aHOBO IE€PECYHUTATh, TO HEOOXOAUMO BHIOpATE
nyHkT “Pacder”. Torga nonyunm meHro (I11.2), omucannoe B 1. IT].3. Ecniu nanHele
O TUJpOAHHAMHYeCKUX Harpy3kax Ha obimuuoBky KPK paccumtansl B cOOTBET-
CTBYIOILEM OJIOKE JAHHOTO MMAKETa, TO ¢ MOMOUIBIO ITYHKTA “BeTaButh” 9TH aHHbIE
OyxyT BCTaBJIEHBI B (aiyl HCXOAHBIX JaHHEIX U1 pacyeTa HaAe)XKHOCTH OOJIHLIOBKH.
[Tynkt “IIpocMoOTp’ O3BONSET NMPOCMOTPETD PaK1 UCXOOHBIX JAHHBIX 11 JAHHOIO
6noxka. [Ipu HeoOXoaMMOCTH OpraHU3auM (aiina HCXOIHBIX JAHHBIX U3 CYIECT-
BYIOIIIETO (paiiia Apyroro NpoeKTa HeoOXoAHMO BeIOpaTh NYHKT “IlepekHHyTD”,
TOTH2 NOABIASTCA TAOMULA CYWISCTBYIOIUX NpoekToB. [lepeMelieHueM Kypcopa
HaZI0 BBIOpAaTh HY>KHBIH MPOEKT U Ha)KaTh «Enter». B pe3yasraTe HCXOAHBIE TaHHBIE
BBIOpaHHOIO MpoeKTa nepedpocaATcsa B TEKYIIHHA NpoekT. Ecnn ¢aitn HexoaHbix
OAHHBIX NpoekTa GOpMHPYETCSA BNEPBBIE, TO BCE HCXOAHBIEC NapaMeTphl pacueTa
3aJ1a10TCS U3 CTaHIapTHOrO (paina s TECTOBOIO NMPHMEPA.

I11.2.2. IIpocMOTp pe3yAbLTATOB pacyeTa

[Ipu BIOOpE myHkTa “Pesynabrarsl’” MeHO (I11.3) nosButcs crenyroiuee
MOAMEHIO:

pocmorp (111.4)

ITeuats

[ padpuxu

CBoaka pes.

[Iyakt noameH:o “IIpocMoTp’ No3BoAsAET NMPOCMOTPETH PE3YILTATHI paciera.
[1yukT noaMeH1o “lIleqaTs’” BI3BIBAET CIECAYIOIIEE NOAMEHIO;

[TIpunTep
HInpoxui

Vikun

[Tocne BbIOOpa THIIA MPUHTEPA IEYATACTCA BBIXOAHOM (aiin (118 y3Koro
MPUHTEpA IeYarth IoTHasA — 1 7 CHMBOJIOB Ha JI0HM),
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[Iynkr “I'paduxy’ nogmenio (111.4) Bei3siBaeT cieayrolee NoAMEHIO:

Pacnp.crcKrpa AasJi.Hajg 00JIHLL
3aBuc.nepen.pyHKI. OT YaCTOThI
Pacnp. cnekTpa Hanp. B 00J411.
Homoub

Boixon

Pabora ¢ rpadyikaMu onucada B nyHkre “1lomoun ™.
Ilyakt “CBoaka pe3.” noaMmeHio (I11.4) nossonser npocMOTPETH CBOAHEBIE
PE3yNabTATh] pacyeTa.

IT1.3. Pacuer ruIpoAHHAMHYECKOH HAarpy3xHu Ha 00HuoBKy KPK

OcHOBHOE MEHI0 O/10Ka pacyeTa rHApOHHAMHYECKOW HAarpy3KH UMEET BHJT
(IT1.2). C nomomsro nyHkra “Hcxoanbie JaHHLIE” 3TOr0 MEHIO BBOIATCH H
KOPPEKTHPYIOTCA HCXOJAHBIE AaHHBIE. [ToapobHO pabora 3TOro MyHKTa MEHIO
onucaHa B 1. I11.3.1. JIns npoBeaeHns pacyera ruApOAMHAMUYECKON Harpy3KH
BoiOHpaerca nyHkT “Pacuer”. I1lyHkT “IIpoexT’ no3Bonser BEIOPATh HOBBIH NMPOEKT.
ITynkT “Pe3yabrarsl’ [103BONACT MPOCMATPUBATH M 11€4aTaTh PE3YALTATHl pacyeTa.
[TonpobHo pabora 3TOro nyHkra MeHio ornucada B 1. 111.3.2. ITyHkr “Yaanure”
NMO3BOJISIET YIAIKTD C JJHCKA PaMiIb! JaHHBIX 3TOro OnokKa.

111.3.1. IloaroToBKa HCXOAHLIX HAHHBIX

[Ipu BeIOOpe nynkra “Mcxoansnie Aannble” MeHIO (I11.2) nmosgBnsercs
clenyoulee moJAMeEHIO:
BBoj (IT1.5)
Pacyer®
I1pocmotp
I padmxcu

IlepeKHHYTD
IHomoiup

ITpexae, yeM BeIOpaTh NyHKT “BBoA”, HeoOX0HMO 03HAKOMHUTLCS C HHCT-
pPYKIIMEH 10 BBOAY UCXOAHBIX JaHHEIX, MPHUBEACHHOH B IMyHKTE “IloMonib”’ TaHHOTO
noAMEHIO. ECIIH s JaHHOTO NMPpOEKTa OTCYTCTBYIOT JaHHBIE IO HAMPaBJIAIOLIEMY
annaparty Wid 1o pabodeMy Kojecy WIM UX HYXKHO 3aHOBO NIEPECUUTaTh, TO He-
00X0auMO BLIOpPaThE MyHKT “Pacuer”. Toraa monmydynm MeH10, ontucalHuoe B 1. [11.4
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u I11.5. Ilynkt “IIpocMoTp” no3Bonsger npocMOTpeTh (paiil HCXOAHBIX JaHHbIX
Ui ganHoro onoka. I1yHkrt “I'paduku’™ BBI3BIBAET ClIE/IYIOLIEE OAMEHIO:

['eomeTpHs IPOT. YacTH
JHEpPIrud Ha BX. B Ip. 4aCTh
3aKpyTKa HA BX. B [IP. YACTh
3aKkpyTKa Ha BX. B P. K0J1eCO
3aKkpyTKa Ha BBIX. H3 p.KoJ1eca
IHomoun
Boixon

Pabora c rpaduxamu onucana B nyHkTe “IloMomn”.

[Ipy HEOOXOAUMOCTH OpraHM3alvU (panyia HCXOAHBIX JAHHBIX H3 CylIec-
TByIOLIEro (haiiyia Apyroro rnpoekra Heo0xoauMo BEIOpaTs MyHKT “IlepekHuyTh”
mMeH1o (I11.5), Torpa nossisgercs Tabnmuia CyIeCcTBYIOIIUX pOeKToB. [lepeMenennem
Kypcopa HaJ0 BbIOpaTs HYXKHBIHM ITPOEKT U HaXkaTh «Enter». B pe3yibrare HeXonHble
JaHHBIE BBIOPAHHOTO MpOEKTa rnepebpociaTcsa B TeKymud npoekt. Eciu dain
UCXOJHBIX JaHHBIX [IPOEKTa GOPMHUPYETCS BIIEPBLIE, TO BCE HCXOJIHBIE MapaMeTPhI
pacyera 3a1al0TCs U3 CTAaHAApTHOTO (paiiia 11 TECTOBOro IpUMEpA.

111.3.2. IIpocmoTp pe3ysbTATOB pacyeTa

[Tpn BeIOOpe nyHkTa “PesyanTarhl’” MeHIO (I11.2) nosBurca caenyrouee
[TOAMEHIO:
IIpocMmoTp (I11.6)
IHevatn

I'pajpuxu 1
I'padpuxn 2

[Tyskr nogmeH:o “IIpoeMOTP” NO3BONISET MPOCMOTPETH PE3YJILTATHI pacyeTa.
[Tyukr noamenio “Ileyars”’ 1103BOJISIET pacneyaTath pe3yasTarel pacuera. IIyHKT
“I'paduku 1” nogmeHro (I111.6) BLI3BIBACT Clieayroiee MoMEHIO:

OcecuMMeTpHYHAas 3a/1a4a
MepuaJIHHUH TOKA B IP.YaACTH
Pacnp.mMepua.ckop.B10J1b JIMH.TOKA
Pacnpenenenne RCu s H.A.
Pacnpeaenenne RCuB P.K.
Pacnpeneaenne RCu na Bx. B H.A.
Pacupenenenue RCu Ha Bx. B P.K.
Pacnipeaenenune RCu Ha Bbix. n3 PK.
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oMol
Boeixon

Pab6ora ¢ rpadukamu onncana B nyHkte “Tlomoun ™.

[Tynuxt nogmenio (I11.6) “I'padpuku 2” BbI3bIBacT cienylolee MoaMeHIO:

«PemeTouHas 3azaya
Pacnp.RCu naBx.B P.K.
Pacnp.RCu na Bbix. n3 PK.
Pacnp.npod.noreps B H.A.
Pacnp.npod.noreps B P.K.
Pacnp.yn.nmoreps B HA.
Pacnp.ya.noreps B P.K.
Pacnpeaesienne RCu B H.A.
Pacnpenenenne RCu B P.K.
Pacnp.cpea.aaBi.Hajg o0,
Pacnp.ci.cp.aasi.Hag obu.
Ilomoiun
Boixon,

Pabora ¢ rpadpukamu onuncana B nyHkre “Ilomoump”.

I11.4. PacueT reoMeTpHUYECKHX XAPAKTEPHCTHK HANIPABJIAIOILEr 0 AMNAPAaTa

OCHOBHOE MEHIO OJI0Ka pacyeTa reOMETPHYECKMX XapaKTEPHCTUK HAnpaBsiA-
FOLIIEro aInnapaTa HMeeT BH:

HUcxoaubie nanHbie Pacuer Pesyanrarsl lloMomb Yaaauts Bouixon
(I11.7)

C noMonipio MyHKTa " CX0AHBIE JaHHBIE 3TOr0 MEHIO BBOAATCA U KOPPEKTUPYIOTCS
HcxoaHele naHHble. [Toapobuo paboTta 3TOro NNyHKkra MeHIo onucaHa B 1. [11.4.1.
s npoBeieHHUs pacyeTa reOMETPHUYECKUX XapPaKTEPHCTHK HATIPABJIAIOILETO
annapara BeiOMpaeTrca NyHKT ~Pacuer”. I[IyHKT “PesyabnTarsl’ MO3BOJAET
MPOCMATPHUBATh U NeYaraTh pe3yibTarhl pacyera. [logpodbHo pabora 3toro
MyHKTa MeHIO onycaHa B . [11.4.2. [IynkTt “¥YaajanTe” 103BONISET yIAIHUTE C AUCKA
¢danuNkI JAHHBIX 3TOTO OJI0KA.

I11.4.1. IlonroTOBKA UCXOAHBIX JAHHBIX

ITpu BeIGoOpe nyHkTa “Ucxoxnbie aanubie” meH1o (I11.7) nossnsercs
clleIyIolIee NNOAMEHIO:
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Brojx (I11.8)
ITpocmotp
I'padpuxn

IlepexuHyTs
IToMon

[Tpexne, ueM BLIOpaTL NYHKT “BBOA’, HEOOXOAUMO 03HAKOMUTHCA C HHCT-
pPYKUHEH 1Mo BBOXY HCXOAHBIX JAHHBIX, IPUBEACHHOH B MyHKTE “IIoMoinb”’ JaHHOIO
noaMeHo. [TynkT “IIpocmMoTp” NMO3BOJIIET MPOCMOTPETH Pailn HCXOAHBIX JaHHBIX
s nanHoro omoka. ITynkt “I'padHki’ BEI3BIBaET clienyouniee NoAMEHIO:

IIpopuas H. A.
IToMonin
Bbixoa

Pabora ¢ rpadgmukamu onucana B myHkTe “Ilomoms”. ITpn HeoOxoaumMocTH
OpraHu3aliy ¢ania HCXOIHBIX JAHHBIX U3 CYILIECCTBYIOLLETO (Daiyia Ipyroro mpoeKTa
HeoOxomuMo BeIOpaTh MyHKT “TlepexunyTh”’ MeHio (I11.8), Torna nosensercs raGmmua
CYLIECTBYIOLUX NPOEKTOB. IlepemenieHueM Kypcopa Hall0o BHIOpaTh HYXHBIH
IIPOEKT U HaxaTh «Enter». B pesynsrare HCXOAHBIE JaHHBIE BEIOPAHHOIO MPOEKTa
rnepedpocaATcs B TEKYILUHH NPOoeKT. Ecny a1 HCXOAHBIX HJAHHBLIX MPpOeKTa POpMH-
py€eTCcs BIEPBBIE, TO BCE UCXOAHBIE NTapaMeTPhbl pacyera 3aJal0TCA U3 CTaHAAPTHOIO
(haitsia 1)1 TECTOBOI'O IIPUMEDA.

I11.4.2. IIpocmoTp pe3yabTATOB pacuera

[Tpu BeiOOpEe yHKTa “PezyanTathl” MeHIO (IT1.7) noasurca cnepyiouiee
[MOAMEHIO:

I1IpocmoTp

Ileuatn

I'papuan

[ Iyuxr nonmeno “IIpocMoTp’ MO3BONISIET MPOCMOTPETH PE3YIIBTATEI pacyeTa.
IlyHkt noagmenio “llevaTs” no3ponser pacneyarars pe3yiabTraThl pacuera. HyHKT
rnoaAMeHIO “I'padpuku ~° BRI3BIBACT ClEAYIOLICE TOAMEHIO:

I[To.10kenue Jionatok H. A.
ITomoum
Boixox

Pabora ¢ rpaduxamu onucana B nyHkre “Ilomomn’.
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I11.5. Pacyer reoMeTpHYeCKHX XapaKTepHCTHK padouero koJieca

OcHoBHOE MeH10 6110Ka pacueTa reOMeTpHYeCKHX XapakTepHCTHK pabouero
KoJleCa HMEET BHI:

HUcxonublie nannbie Pacuer PesynbsTarsl Ilomoms Yaaauts Buixog — (I11.9)

C nomouibro myHKTa “HUcxoHbIe JAHHbIE 3TOr0 MEHIO BBOLITCS H KOPPEKTHPYHOTCS
HCXOIHBIE AaHHbIE. [loapobHo paboTa 3TOr0 MyHKTa MeHio orucana B m. 111.5.1.
s IpoBEeACHUA pacieTa FrEOMETPHYECKHX XapaKTEPHCTHK pabodero koneca Bhl-
oupaercs nyHkt “Pacuer”. [IyHkT “Pe3yabTaTnl’” no3poaser npocMaTpuBaTh H
reJyararb pe3ynbTarhl pacuera. I[lompobno pabora 3T1Oro MyHkra MEHIO ONMCAaHa
B [11.5.2. IlyHKT “YaaJanTh”’ NO3BONAET YAAJIUTD C AUCKA (PAHIBI JAHHEBIX 3TOIO
0JI0Ka.

I111.5.1. IToaroroBka RCXOAHBIX JAHKLIX

IIpu BeIOOpe nyHkTa “Hexoanbie ganHbie” MeHIO (I11.9) nmosaBnsercs
cneayloniee NoaIMeEHIO:

(11.10)

IIpexnae, ueMm BeIOpaTh MYHKT “BBon”, He0OX0AMMO O3HAKOMHTLCSA C MHCT-
PYKLUHeEH 110 BBOLY HCXONHBIX JAHHBIX, MPHUBECHHON B IMYHKTE “"IloMouIL’’ 1aHHOTO
nnoagMeHi0. IIyRkT “IIpOocMOTP” NO3BOIACT NPOCMOTPETH (PAHA HCXOAHBIX HAaHHBIX
s aanHoro 6oka. ITyHkT “TpadHKH’”’ BBI3BIBACT CNIEAYIOLIEE MOAMEHIO:

Ilpodns P. K.
TIomoi

Buixon

Pa6ora c rpagukamMH onucana B myHkre “TioMouib™.

IIpy HEOOXOAUMOCTH OpraHH3aLUMK (aiia HCXOOHBIX JAaHHBIX H3 CYIUEC-
TBYKOUIETO (paisia Apyroro npoexkra HeodxoauMo BeIOpaTh NyHKT “IlepekHuHyTh”

MeH1O (I11.10), Trorza nossnsgeTcs Tauina CyneCTBYIOMMX MpoeKToB. IlepeMernieHueM
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Kypcopa Hano BBIOpaTh HY)KHBIH IIPOEKT H HaXKaTh «Enter. B pe3ynbrare HCXOMHBIE
JAHHbIC BHIOPAHHOIO NpoeKTa nepedpocaTcd B TeKyuui npoekt. Ecnu dann uc-
XOIHBIX JAaHHBIX MPOEKTa (POPMHPYETCA BIEPBLIE, TO BCE UCXOAHBIEC MapaMeTpPhI
pacueTa 3aalTC U3 CTaHAApPTHOrO ¢aitna s TECTOBOro MPHMEpA.

I11.5.2. IIpocMoOTp pe3y/ILTATOB pacueTa

I1Ipu BeIGOpE nyHKTa “PesyabTaTnl’” MeHIO (I11.9) noABuTca cnegyromee
[TOJIMEHIO:

IIpocmoTp (I11.8)

[Teyats

['padmxu

ITynkr nopmeH1o “IIpocMOTpP” NO3BONSAET MPOCMOTPETH PE3YILTATHI PAaCUETa.
[Tynkr noameH1o “Iledars’’ NoO3BONACT pacneyaTaTh pe3ynsTarsl pacueTa. ITyHKT
noaMeHIo “I'pauku ™ BBIZBIBAET CIEAYIOLEE TOAMEHIO:

JInnuu Fi=Const
IlomMoun
Boixon

PaboTa ¢ rpadukamu onucaHa B nyHkTe “Tlomoup’.

I11.6. 3aBepuienue padoThI NaKera

s 3aBepiieHHs paborel B n1000M MEHIO H nepexoaa B MEHIO Dojiee
BBICOKOIO YPOBHS AOCTATOYHO HAXaTh Kiapuimy KEsC miy BeiOpaTh NYHKT MEHIO
“Bbixoa”. BEIX0oA U3 CaMOr0o BEpXHEr0 MEHIO IIPUBOAMT K 3aBEPIICHHUIO pabOTHI C
NAKCTOM.
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Ilpunoowcenue 2

NMPUMEP PACYETA MNAOPOOMHAMUYECKUX HAMPY3OK,
HANPS)XXEHHOIO COCTOSAHUSI U ONMTOBEYHOCTH
OBNULOBOK KPK

B xadecTBe npuMepa pacCMOTPHM PacyeT rHIAPOJHHAMHYECKHX Harpy3o0kK,
JUHAMHYECKOr0 HaNPsHXKEHHOTO COCTOAHHUA U AOJTOBEYHOCTH OONHIIOBOK TPETHETO

nosca KPK I UI-rupporypbunsl Muartnunckoi I'2C (III1-60-B600/1075) s pexu-

Ma MaxkcuMasTbHOro Hanopa (H = 59 m) n HoMmuHanpHOH MomHOCTH (N = 113 MBT).

Ha puc.I12.1 —I12.6 npuBeneHs! UICXoHEIE AaHHbIE 0 reoMeTpHH PK, HA, 06B010B,
yeptexX KPK, akcrnyaraiiyoHHas U yHHUBEpcallbHad XapaKTEePUCTUKH T'HAPOTYP-
6MHBI. Yron cnupanu O Obw1 paBeH 32°, n =125 06/MuH., D=6 M, D =172 M,
N,=24m, N=7, b=2,1m.

C noMolusio 3KCITyaTauMOHHOM XapakrtepucTuku (puc.l12.5) onpenens-
eM N =935% n H= -1,6 M. C nomomrio ¢popmynsl (2.11) onpenensem
0 = 208,8 m’/c. PaccunTeiBaeM npHBeICHHBII pacxoa ¥ o6oportsl (cM.(2.12)):
Q=0,765m/c, n =97,64 06/Mun. Ilo yauBepcanbHoi xapakTepHcTHKe (pHC.I12.6)
onpenenseM @ =1,6" u a =26 mm. OTkpriTHe HA ans HatypHOU TYpOHHEI
onpenensercs o (2.13) u pasuo a,=339,2 mm. Hcnoas3sys 3aBHCHMOCTE (2.14), o1
penensiem E=578,8 M*/c’, RV _=23,3m%/c. [lo yeprexy KPK (puc. I12.4) onpe-
nemsieM D =0,464 M, D,=0,7645 M, Z =1,028 M. AtmocdepHoe narinenne P_=10 m.

Bce HeobOxoauMele reomerpudeckue pasmepsl PK, HA 1 00BoI0OB mpHBeeHsI
Hapuc.I12.1 - T12.3.

PesynbraTel pac4eTOB rHAPOJUHAMHYECKOH HArpy3ku Ha OONHIOBKY 3-T0
noaca KPK u ee criekTpanbHble XapakTEpUCTAKY NMoKazansl Ha puc. I12.7 (F = Q/2m).

Janee nmpoBoaAUTCA pacuyeT HaAnNpsHKEHHOro coctosaHus oomnuioBkH KPK.
PaccmarpuBaeTcs HEAbHOMETAJIJIMYECKAsA KOHCTPYKIHSA, U3rOTOBIECHHAsA H3
oumeramnndeckoro Jucta (c1.3 U 08X13). CooTBETCTBYIOIIKME MPOYHOCTHEIE
XapakKTEPHUCTHKH npuBeacHbI B Tab. 112.1.
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Tabauya I12.1

Mapka IIpenen npoqnoc*rﬁ [Tpenen Teme‘-IeCI‘H Ilpenen BBLIHOCTHBOCTH
CTaJIH Gep ,MIIA o; , MIIA c. , MIIA

Cr.3 350 215 1225
08X13 600 420 . 210

ir = e — gy

B pacuere npuHATO, YTO OLLT HAPYILIEH KOHTAKT METasl1a C O6TOHOM H MEXTY

HHUMH HMENach meap 2 MM. OHIBTpallMOHHOE JaBJICHUE IPUHHUMAJIOCh PABHBIM
ruipocraruieckomy. ToamuHa oONMHIIOBKY BapbUPOBANACE H, COOTBETCTBEHHO,

MEHSUIUCH IIPOYHOCTHBIE XapAKTEPUCTHKH.
PesyneTarsl pacieTOB B BHJI€ MAKCHMAJIBHBIX CPEAHUX HANPSOKEHHUH (g ) U

CTaH1apTOB HanpsKeHU (o’) npuBeneHbl B cBoAHOMR Tabi. 112.2. Ucnions3ys ux,

MOXKHO OLICHHTh HAZEXHOCTh H JOJTOBCYHOCTH OOMHIOBKH (cM. Tabn. 11.2.2 u
puc. I1.2.8).

Tabruya 11.2.2
pﬂEMEpH,M M MHA MI-IA HOCTD HOCTB HOCTE
T,en, JET T jeq, HIET
0,7645* CpeaHKe HAIPSIK. >0y
*(),464 _
0,017 0,00008 0,207 0,000005
0,019 | 85265 | 1,0536 | 000024 | 7042 | 0,1598

PacueTsl mpoBOAATCS A0 TEX MOP, ITOKA AOJIOBEYHOCTH U BEPOATHOCTH
Oe30TKa3HOM paboThl HE AOCTHTHYT, COOTBETCTBEHHO, 3HadeHu 100 ner u 1.
Hexkoropsii 3anac 1o JOArOBEYHOCTH B3AT H3-3a TOT0, 4YTO MO NPHUMEHAEMOH METO-
IUKE BBIYUCIIIOTCA CpEeIHUE 3HAUEHUS JTOJITOBEUHOCTH, TOTAa Kak U3-3a pazdbpoca
MPOYHOCTHBIX XapakTePHUCTUK METALIIOB U CIIYYaHHOCTH APYTHX, BXOAAIIHUX B pac-
4yeT PaKTOPOB, MOJYYECHHBIE B pe3yJIETaTE pacyera JOJArOBEYHOCTH HMEIOT pasdopoc
U ABJAIOTCA CTYYaHHBIMH BEJIHYHHAMH.
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.M
-3.6 | —— AP

agd T
0 1,2 2,4 3,6 4,8 6 R,M

Puc. I1.2.1. Ouepranus npoTouHoO# yactu ruapoTypouusl [1J160-B-600/1075
(D,=6m,D,=72mMm,b,=2,1 M); kpoMkn HA u PK noxasanel ju1a pexuma f1 = 46 M,

N =113 MBt
Y,
0112 : /—L—\
0 ﬂ"T‘/’-’—l +
1

P I I I s s ] O

0 0,12 0,24 0,36 0,48 0,60 0,72 084 0,96 1,08
X, M

Puc. I1.2.2. Ilpoduns nonatkn HA (N, = 24) nna 11J160-B-600/1075
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a — uMaMHApHYeckoe ceueHne R = 0,0753 Mm; 6 — R = 0,0951 M; 6 — R = 00,1141 m;
e-R=0,1331mMm, 0-R=0,1522M, e-R=0,1712 M
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Puc. I1.2.5. OxcrimyarannonHas xapakrepuctuka rugpotypbun [1LJ1-60/1075 Muarmasckoi ['3C

JIMHUS OrpaHHYEHHs MOMHOCTH — K,-E . THD YCTAaHOBKH — BepTHKaabHafA. THn pabodero koneca — I[LJI50/1075. Duametp pabouero xoneca -

D, = 6,0 M. Hactora spamenus — n = 125 o6/MuH. VYHuMBepcanbHas xapaktepucTeka [IOTXT3. Bsicotra orcacriBaHHs H OTCUMTHIBAETCA

. .
\O OT YpOBHA HHXHero Obeda A0 ocH nmoBopoTa nomnacreii paboqero koneca
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Puc. I1.2.7. Pe3ynbraThl pacyera ru ApOAMHAMHYECKON HArpy3ku Ha 00JIMLIOBKY
3-ro nosica KPK I1J160-B-600/10735 ans pexxuma H=59Mm, N=113 MBT:

a — pacnpefielicHHe JaBJeHHA 1101 0OMHLOBKOH; 6 — KO3 PHULMEHTR ¢, IS CHEKTPANEHOM
NIOTHOCTH g  HArpy3kH Ha obnuuosky KPK
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Puc. I1.2.8.

a — nonroseudocTs obmuiosku KPK r/a ITJI-60-B-600/1075, 3-it nmosac, MakcMManbHBIA Hanop,
HOMHHANBHAS MOIHOCTh;

6 — "anexunocts o0nmunoskH KPK r/a ILJI-60-B-600/1075, 3-i mosic, MakKCMManbHbIA HaIop,
HOMHHANbHAA MOILHOCTE

(—e— KyMyJATHBHag MofAeab;, —M— . 1O 3anacy Npo4YHOCTH)
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