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' [
BBEJIEHUE | . -

CoopyxeHne MarucTpanbHBIX M IPOMBICTIOBBIX TPYGONpPOBOIOB —
OJIHa M3 BaXXHEHIIHX OTpacleil CTPOUTENbCTBA, 06eCe HBAIOIHNX PAIBUTHE
He)TAHOH M Ta3’oBOH NPOMBIIINTEHHOCTH M JHEPTeTHKH Haleit CTpPaHBL

[llnpoxoe pa3sBUTHE OTEHECTBEHHOM 3HEPreTHKH, HedTIHOM, XHMHMUEC-
KOH, r430BOH M APYrUX OTpaciicil MPOMBIIITEHHOCTH HEPA3PHIBHO CBA3AHO
CO BCE BO3PACTAIOIIHM OOBEMOM paGOT MO MPOEKTHPOBAHHIO M CTPO-
HTENBCTBY IIPOMBICTOBBIX M MAarHCTPANBHLIX TPYOONPOBOIOB.

B cBa3M ¢ OCBOCHHEM HOBLIX MECTOPOXIeHH B paiioHax Kpaitnero
CeBepa MarucTpaibHele M IPOMEICTOBBIE TPYSONPOBOABI MPOKNALBIBAIOT
B CIOXHBIX THAPOTEOJIOTHYECKUX YCTOBHAX, HTO OGYCIOBIMBAET MOMAIN-
HHUTCJIBHBIE. HATPY3KM HA TPYOONPOBOABI, CBA3AHHLIE CO CTPYKTYPHBIMH
H3MEHECHHAMH CBOHCTB TPYHTOB. MarucTrpanbHBlE M NPOMBICTIOBEIE TPY-
GOMpoBOLI  OTHOCATCA K B3PBIBO- M MOXAPOONACHBIM COOPYXCHHSM,
0TKa3 B paGoOTe KOTOPBHIX MOXET NPHBECTH K OHYeHb TSKEIRIM TIOCTe-
creuaM. [To3ToMy obecmeyeHHI0 KOHCTPYKTHBHON HAAEXHOCTH TpyGompo-
BOJOB HEOOXOAMMO YAENATh Cephe3HOe BHUMAHHe. ONHAM U3 OCHOBHBIX
3MEMEHTOB, OOECIIEYHBAFOIIAX KOHCTPYKTHBHYI0 HAAEXKHOCTH TpyGompo-
BOOA, SABIAETCA BBHIMTOTHEHHE MPOYHOCTHOIO pacyeTa Tpybonposonaa, oT-
paxarollero ACHCTBHTEIbHBIE YCIIOBHA €ro pabGoThl. | :

Ocnopnas 3agaia pacueTa TpyGOINPOBOAOB HA TPOYHOCTH GOPMYTHPY-
eTCA KaK 3a/1aya ONpeJeNeHNus HampsKeHHO-1e(OPMHUPOBAHHOTO COCTOSMHHS,
ODYCNIOBNIEHHOTO HATPY3KAMH M BO3JEHCTBUSMH, ICHCTBYIOIIMMH B pas-
TAYHBIE MEPHOOBI M OUEHKH YpPOBHA JTOr0 COCTOAHMS MCXOAA H3
MpeaensHLIX. | .

C uenpto obecmedeHHs KOHCTPYKTHBHOM HANeXHOCTH Tpybonporoaa
TpeGyeTcs OMEHKAa BCEX CHJIOBBIX M OeOPMAIMOHHBIX (AKTOPOB, BO3-
AedcTBYIOIMX Ha Tpybomposoa. B mepByio ouepens 310 OTHOCHTCS
K ONpeJeNieHHIO pabodYHMX MapaMerpoB TPaHCMOPTHPYEMOTO TNPOAYKTA:
paGoyero IaBjieHMA, TEMIEpPAaTYphl M BO3NEHCTBHA MX Ha MaTepHal
Tpy6bl. Bo BTOpYIO O4Yepenb—ITO BIMAHHE TEMIEPATYPLl MOOA3EMHOTO
TpyGONpOBOJA Ha OKPYXAOIIYIO Cpedy, T. €. HA H3MeHeHHe CTPYKTYPHBIX
M MECXaHHYECKHX CBOWCTB rpyHTa. HamexHocTh Tpybonpomoamoro TpaHc-
MOpTa OOECMEYHBAETCA 3d CUET NPOTHOBHPOBAHHUA H3MEHEHHS THIpOre-
ONOTMYECKHX YCTIOBHH B TPOIECCE JKCIUTyaTamu# Tpybomposoma, Bei6opa
(pH3NYECKHX H MATEMAaTHYECKHX MoOJENeil, OTpaxkarowmx paboty Tpy6o-
npoBoaa. CoBpEMEHHEBIE METObI pacyeTa ¢ MpHMeHeHHeM DBM no3ponsioT
Gosiee MONMHO y4ecTh MHOTOYHCIICHHBIE HENHHEHHEIE (GaKTOpbl | ¢ GOMbIIEH
MOCTOBEPHOCTBEO OMPENENATE (PAKTHUECKOE HATIPMKEHHOE COCTOSHAE TpYy-
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6onposoga. [IpuMeHeHHe ONTHMHU3AHOHHBIX METOAOB DPACYETA INO3BONIACT
 NpH  3aJaHHON HANCKHOCTH 110/1yyHTb OoJec 3KOHOMHUYHOC DELICHHE,
4 METONAMH BAPHAHTHOrO IIPOCKTHPOBAHUA BBIOPAaTE PAlMOHAJIBHOE

KOHCTPYKTHBHOE PpELIEHUE,
Lleneto 270 paBore sBAsercs paspabOTKa METONOB pacueTa, OpH-

EHTHPOBAHHEIX Ha NpuMeHeHHe DBM, 410 MO3BOJAET COKPATHTE CPOKH
HPOCKTHPOBAHUS W OOECHEYHTh HAJEKHOCTh CHCTEMBI Ha CT4AMH HPOEK-

THPOBAHHA,



m
[JIABA |

OCHOBHBIE TIPHHLIMIIBI MPOEKTUPOBAHHMSA H

PACYETA MATHMCTPAJBHBIX U NMPOMBICJIOBBIX

TPYBONPOBO 0B '

m

'KOHCTPYKTHBHLIC pemieHHS HHeiiHOH wacTH
TpyGonposoos

[lo cmcremam npokgagku Tpy6ONpOBOAEI CHedyeT pa3deMTh Ha
MNOM3CMHEIE, HA3¢MHBIE. B HACHITH, HA3€MHBIE OTKPLITBIE M HaI3eMHEIE.
IToaseMunie  TPYGOTPOBOIBI oGLIqu COCTOST H3 NPSIMOIUHEHHBIX, YII-
PYTOM3OTHYTHIX YYACTKOB M YY4aCTKOB, BBHIMOJHEHHBIX C NIPMMEHEHHEM
KPHBOJIMHCHHBIX BCTABOK (0TBOJOB). K mNpsMOTMHEHHBIM Y9acTKaMm oOT-
HOCATCH YHaCTKH TPyOONPOBOAOB, MMEIOLIHE NOCTOSHHBIA YKJIOH, MpUYEM,
YYMTBIBasi AONYCKH HA IIPOBEJCHHE CTPOUTENbHO-MOHTAXHEIX paGoT, mpu
pacueTe NPAMOJHHEHHBIX YYacTKOB HAa MPOOONBHYIO yCTomeOCTL npu-
HUMAIOT HAYanbHBIA M3rHd ¢ pamaycoMm 5000 M.

YIpyrousoruyTeie y4acTKH —3TO YYACTKH [OBOpPOTAa OCH . TpyGompo-
BOAA B BEPTHKAIBHOH IUIOCKOCTH, BBHUIOJHEHHBIE 34 CYeT H3ruba Tpy-
Gomporofia moj HEHCTBHEM MONIEPEYHOH HATPY3KH, B TOM YHCIE OT Beca
TpyOBl. [Ipodmme nHA TpaHIIEH B 3TOM ciydYae BHLIOHpAlOT M3 ycIoBUS
MPUIIEraHHs TPyOONpoBOJA MO AHY TpAHIIEH TO Bcell NHMHE, T. e. 1O
ynpyro# nuHum TpyGonposoaa. K ympyroM3orHyTeIM y4acTKaM OTHOCATCH
H YYaCTKH TIOBOPOTA B TOPH3OHTANBHOW ILTOCKOCTH, BBHIMIOJHEHHBIE 34
cHeT u3rHGa TpybonpoBoaa MpH YKJIAJOYHBIX paboTax, M COXpAHSIOLIHE
CBOC TMOJNOXKEHHE HAa [JOHE TPAHIIEH 3a CHET TpeHus TpyOonporoga
C OCHOBaHHeM. O4epTaHue OCH TPaHIIEH B 3TOM CJIy4de BBHIOHPAIOT MO
YOpYro# JMHEM TPyGONpOBOAA M3 YCIOBHA OTCYTCTBHS KOHTaKTa TpPyObI
CO CTEHKAMH TpaHLIEH.

K y4acTkam, BBIMOJIHEHHBIM C TIPHMEHEHHEM KPHBOJMHEHHBIX BCTABOK
(OTBOZOB), OTHOCATCHA YYACTKH HOBOPOTA B BEPTHKANBHON U TOPH30H-
TAJILHOH MJIOCKOCTAX, KOTOPHIE OCYINECTBIAIOTCA BKIIOYEHHEM B HPIMO-
THHEHHBIE YYACTKM 3ArOTOBJCHHBIX 3apaHee 27eMeHTOB. KpuBonmueiinbie
BCTABKH MOTYT OBITE KPYrOBHIMH C PaIMycOM OCH JUIS JIMHEHHOH 4YacTH
NOA3EMHBIX TpyOONMpPOBONOB He MeHee NATH AMAMETPOB TpyGel (M3
YCTIOBHA TPOMYCKA OYHCTHBIX YCTPOHCTB), 4 TakXe C IMEPEMEHHOI
KPMBH3HOH, B TOM YHCJIE M ¢ KOHLUEBHIMH NPAMOJIMHEHHBIMA YYaCTKAMY.
ITpo¢uie OHA TpaHIEM M OYEPTAHHE €€ OCH B IUIdHE B 3TOM ciy4ae
H43HAYAIOT B COOTBETCTBHH € TEOMETPHYECKHMH NapaMeTPaMH KpHBO-
JMHEHHBIX BCTABOK.

K KOHCTpYRTHBHBIM pCLICHHSM IOM3EMHEIX TPyGONpPOBOLOB 6yneM
OTHOCHTE M pa3IHYHBIC CNOCOORI, OTPaHUYMBAONIHE WM YMEHBINAIOLIME
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omepeyskble NepeMElleHHs B BEPTHKANbHOH ILIOCKOCTH BBepx. K HuM
OTHOCATCA; 06eTOHUpOBaHKe TpYGOMpoBOAa, 6annacTupoBka TPyOonpoBoaa
rpy3amMH (kee300eTOHHbIMH, MYT'YHHEIMUA U JIp.}, 3aKPETUICHHE TpyOOIpPOBO-
na aHKEPAMU-CBAAMH Pa3JIHYHOM KOHCTPYKLUM, HECYIIIHE 3JIEMEHThl KOTOPHIX
HAXOJATCA B TPYHTE, 0B/1a1at0IIEM JOCTATOYHOH YACPKUBAIOLIEH CIIOCOOHO-
ctbio. [IpuMeHsAeMble AHKEPBI {BUHTOBBIC, PACKPBIBAIOLLUECA, CTEPKHEBDIC,
JUCKOBBIE H Jip.) B pacdeTax NPUHUMAIOTCA KaK OJHOCTOPOHHHE CBA3M
¢ HeJHHEHHBIMU XapakTepucTHKaMH. K KOHCTPYKTHBHBIM pEICHHAM 3TOrO
THII4 CJICAYET OTHECTU H CNOCO0BI MOBBILICHHA YAEPKHMBAKOLICH CIIOCODHOCTH
I'PYHTA 3aCBINKYU 33 CYET IPUMEHCHUA HETKAHOTO CHHTETHYECKOI'O MaT¢pHaa
¥ no6aBOK B TPYHT pa3jM4HBIX KOMINOHEHTOB. B mocnexnem ciyvae
MeHSIFOTCA QH3NKO-MEXaHUYECKME XapAKTEPHCTHKU TPYHTA, YTO HEOOX0AUMO
OTP43UTh HPH IPOMHOCTHBIX pacderax. K KOHCTPYKYMBHLIM PCLUCHHAM
NOA3eMHBIX TpyOONPOBONOB CJEAYET OTHECTH TAKKE YTVl MOBOPOTA,
OOBIMHO B TOPH3OHTANIBHOI MIOCKOCTH, H MX COYETaHUs, He O0YCIOBICHHBIC
U3MEHEHHEM HAIpaBIeHUs TPAcChl, @ OCYIIECTBIACMbIe ¢ LEAbIO YMECHbIIC-
HUs YCHJIMif M NepeMeIleHuil B ONpeNecaeHHBIX ceveHnax Tpybbl. B oOliem
cllyyae TA4KHe YYACTKH TpyOOMpOBOAOB HAa3bIBAKOT IOA3CMHBLIMH KOMIEHCA-
TopaMu-ynopaMu. KoMneHcaTophI-ynopel NPUMEHAIOTCS € LEJIbI0 YMEHbILC-
HMSl HATPY30K HA TPOHHHKOBHIE COC[AMHEHHA, HA KPAHOBBIC Y3JIbI U JpYIUE.
3MEMEHTB TPYOONpOBOAOB, HANpUMEP B MEPEMBIYKAX MEXIY HHTKAMHU
TpyGONpOBOJOB,B MECTax BHIXONA MOA3EMHBIX TPYGONPOBOAOB HA MOBEPX-
HOCTb, B y3JaX 3alycKa —INpHEMA OYHCTHBIX YCTpPOMCTB.

B pane ciayvaeB Npd NOA3EMHOM CHCTEME MPOKIATKH MPHMEHAIOTCA
KOHCTDYKTHBHbIE DEILEHHUs, CBA3AHHBIE C OCOOCHHOCTAMH B3aMMOJICHCTBHA
TpyGONnpoBOoAa ¢ OKpPYXKAalOIUM €ro TPYHTOM, HanpHMEP NpH IPOKIAAKE
Ha 6GOJNOTax, MpOCAJOYHBIX M NYYHHHCThIX TpyHTax. K HHM oTHOCATCA
TpyOONPOBOAL! HA TOIUIABKOBLIX H JApPYTHX ONOpaX, NPHMEHCHHE TpYy30B,
KOHCTPYKIIHs. KOTOPBIX OOECNeYHMBaeT OJHOCTOPOHHIOI CBA3b C TpYOOH,
YCTPOHCTBO CHEUHMANBHBIX 3330POB MeX[y [HOM TpaHIleH u TpyGoit
H ap. PacuetHas cxema TpybonpoBola B 3THX Clydasx AOJDKHA OTPaxaTb
0COGEHHOCTH €ro paboThi, CBA3AHHBIE ¢ KOHCTPYKTHBHOH HENTMHEHHOCTHIO.

HaseMHBlii B HACKIMM TPYOONPOBOA MpelCTaBiseT cobo# TpyOonpoBox,
YIOXKEHHBIA Ha MOBEPXHOCTh 3€MJIH, B HEKOTOPLIX Cly4asx 3apaHee
CILUIAHUPOBAHHYIO, C YCTPOMCTBOM HAJ HHM HACHIIM 3aJaHHBIX Pa3sMEPOB.
KOHCTPYKTHBHBIE PeIlicHHsl Takoro Tpy0olpoBOoda BO MHOTOM AHAJOTHYHL!
nomzeMHoMy. Vickmouas B GOJNBIUMHCTBE CIYYacB HEOOXOAMMOCTH Oai-
NACTHPOBKM TpyOONpOBO#A, T4KOE KOHCTPYKTHBHOE pellEHMe Tpedyer
obecreueHMe COXpAHEHUs HACHIIM ‘B IPOLECCE IKCILTyATAlMH M CO3JaHHC
BOJIONPOMNYCKHEIX YCTPOMCTB. PacyeT Ha3zeMHOro TpyOOnpoBOAa B HACKHHIM
6AM30K pACUETY MOI3EMHOIO, 33 MCKIFOHEHHEM MOJENH B3aUMOJCHCTBHs
TpyObl ¢ FPYHTOM MpH €€ NOHEPEYHBIX TFOPU3OHTANILHBLIX MNEPEMEILIEHHAX.
PasMepsl HAachili BO MHOTMX ClIy4adX ONPEOENAIOTCA H3  YCIIOBUA
NPOYMHOCTH H YCTOHYHUBOCTH TPYyGOMpPOBOIOB.

Ha3zeMHblT OTKPBHITBII TPYGONpoBOA HpEACTABnsieT coboit Tpybonpo-
BOJI, YJIOKECHHBIA O MOBEPXHOCTH 3€MJIM MJIM HA NMOBEPXHOCTHBIX OIOPAX —
onopel HeOONBILOH BBEICOTBI M  DACIONOKEHHbIE € MajblM IIArOM,
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. MPaKTHYeCKH obecleunBatolMe OTCYTCTBHE NepeMeEIleHHH oT monepedHoi
Harpy3kd. OOBIYHO KOHCTPYKTHBHOC DeEIleHHE Takoro TpyGonposoaa
BKIIFOYAET B ceOA KOMITEHCAIMOHHbIH Y4aCTOK, BBIMOJHEHHBIA € IIPUMeEHE-
HHCM KpPHMBOJMHEHHBIX BCTABOK (OTBOJOB).

PacyeTHas cxemMa Takoro Tpybonposona MoxeT OBIThH NpEACTaBlICHa
B BU/AC CTEPXKHEBOH CHCTEMBI C OJHOCTOPOHHEH CBS3bEO IPH MOMEPEYHBIX
BEPTHKATIBHBIX NEPEMELUCHHAX H OMOPAMH ¢ YYE€TOM TpPEHHS MpH lomepey-
HBIX TOPHU3OHTANBHBIX HEPEMEIICHHAX.

Hamsemasle TpyGomposoant 0BbIY4HO HeNAT Ha [Ba npmmunnanmmx
THNA: Hal3eMHas TPOKJaJka —IpH OONBIIOM 4YHClIe IPONETOR M Hald-
3€MHBIE TIEPEXONBI Yepe3 MPelnsTCTBHSA. ‘

Yto kacaeTcs HA[IEMHBIX MEPEXOJOB Yepe3 NPEHATCTBHA, TO KOHCT-
PYKTHBHBIC DeHICHHS HX pa3HooOpa3dnsl. OmHako Haubonee MacCOBBIMH
ABTIAIOTCA TaK HAa3bIBaeMble OAOYHBIE M ApOYHBIE MEPEXOIBI, B KOTOPHIX
HCIONB3YETCsl TOJIBKO HECYMasi CMOCOOHOCTH caMoil TpyOsl.

KOHCTPYKTHBHEIC peIlleHHs HAM3EMHOMN [POKIANKH — OGBLIYHO TIPOKIAL-
Ka HAa OTOpax, MMEIOMIMX PA3HYHYIO CTENEHb OTPaHHYCHUS MepeMEILCHHI
'TIO HANPaBJIEHASM — OPOIOTLHO-TOABHKHEIX, CBOGOIHO MOABHKHBIX H He-
TOOBHAHBIX («MepTBLIX»). KoMneHcanuss npo/jonbHbIX HanpskeHui, obyc- '
TOBICHHBIX BO3ACHCTBMEM TEMIEPAaTYPHOTO mepenaga W BHYTPEHHErO
AaBleHHUs, TPOH3BOOHTCA MO0 3a cueT KOoH(Urypauum Tpybompososa,
GO 3a CYET KOMIICHCAIMOHHBLIX YYacCTKOB DPa3iHYHOTO THMZ — Tpamele-
HAANBLHBIX, CTAOOM3OTHYTHIX W Ap.

. IIpy OTHOCHTEJILHO HeGOJIBIIMX TCMIIepaTypHBIX nepenagax BO3IMOXHA
T_axxce GeckoMrieHCATOpHAs NpoOKTadka TpyGonpoBoga, NpH KOTopoit
OONBIUMHCTBO OMOP BBHIONHSAKTCH HENONBHXHBIMHM, T. €. OTPaHHYMBA-
IOMIUMH  TiepeMellieHns. Ecnn ypoBeHb HanpsKeHHOTO COCTOSHHA . TPyOo-
NpOBOAa HE NMPEBHIINACT NPENE]bHO-IONYCTHMBIH, TO, YYHTHIBAA MIPOCTOTY
KOHCTPYKTHBHOTO PpEIUCHHS OIOP K TPyOONpOBOJA, 3TOT THII MPOKJIAJKH
MOXET ObITh OoJlee SKOHOMHYECKHM LENCCOOOpa3HbIM, YEM CHCTEMBI
C KOMIICHCAIHEH.

OcHoBHble NpHHUHOBI pacyeTa

ITox OCHOBHHIMH TpPHHIHOAME pacyeTa MATHCTPAJBHBIX H IIPOMBIC-
TOBBIX TPYOOMPOBONOB TOHHMAETCS BHIOOP pAcYeTHOH CXeMbl Npu pa3-
JHYHBIX HArpy3kax H BO3JACHCTBHAX, HCOOXOAMMOCTB Y4Ye€Ta pa3THYHBIX
HArpy3oK W BO3OCHCTBHA, a TaKkke Ha3HAYMEHWE NpPEleNbHEIX COCTOSHHIA,
T. €. JOIYCTHMOTO YPOBHS HAIPSHKEHHO-IS(POPMHUPOBAHHOTO COCTOSHHS,
obecneYnBaloLIero HAASKHYI paloTy Tpy6OmpoBOAA C Y4ETOM NPHHATHIX
DOMYHMICHNH M THIIOTE3 NpPH pacuyeTe.

PacyeTHas cxeMa TpyGoIpoBofa JOMKHA MO3BOJIATE ¢ UCHOMB30BAHHEM
CYLIECTBYIOILErO YPOBHSI PA3BMTHS METOJOB pacueTa ONpeNessiTh Hanps-
KEHHO-NEePOPMHPOBAHHOE COCTONHHE, OOYCIOBICHHOE HArPY3KaMH U BO3-
NeHCTBHAMH, NEHCTBYIOIUMMH B  Da3iMYHBIE MNEPHOABl, H MNpPH 3TOM
AOCTATOYHO MOJIHO OTPaXaTh NEHCTBHTEIbHBIE YCAOBHA DaboTel Tpy6o-
TIPOBOJA.




IMpu npOYHOCTHOM pacyeTe TPYOONPOBOA4 € YYETOM JCHCTBHTCIBLHBIX
YCIOBUil €r0 paboThHl BO MHOTHX CJIy4asX HeEJb3fd NPHMCHATL JIHHCHHYIO
TEOPHIO CTPOHTENBHON MexaHukH. OCHOBHBIC MPUHUMILL JIHHEHHOH TEOPUH
CTPOMTEJILHOM MeXaHHKH BKJIIOYAIOT JIHHEHHYIO 3aBHCUMOCTH MEXAY
HAIpsOKCHUAME | JedopManuaMu MaTeprana TpyOsl (3akoH ['yka), a Takxke
" MeX/y COMPOTHBACHUEM U mepeMEHICHUEM CBA3CH, pacyeT MO 3a/IaHHOMY
(HayalbHOMY) HeJle(OPMHPOBAHHOMY COCTOAHHIO, T. €. OTOXIECTBIAIOTCA
dopmMa M pasMepsl KOHCTpYKHui 10 W mocie pepopMauuy (IPHHOMI
MaJblX NEpEMENIEHHi), a Takke HEH3MEHHOCTb B npoucccc JepopMUpOBa-
HHA PACYETHON CXEMBEL.

JlonycTuMbI ypoBEHb HANPAKEHHOTO COCTOSHHA, OTcyrchﬂc orpa-
. HHYCHHS N0 HEPEMEILCHHAM, XapakTep CBA3¢H, THI CTPOMTENBHOH KOH-
CTPYKLMH, BO3/jcicTBuA, uMeromue Acopmanumonusii Xapakrep, obycmon-
JMBAIOT NPUMCHECHHE HEJIHHEHHOH TEOpHH crpomeanoﬁ MEXaHHKH K pac-
yeTy TpyOOmpoBOAOB. ,

Hcnonp30BaHie HEMMHEHHOHW 3aBHCHUMOCTH MEXAY HaupsokeHHAMH
H gehopMauusMu MaTepuana M (MIM) MeXAy CONPOTHUBICHHEM H Iepe-
MeEIIcHYEM CBf3ed COCTAaBIAET CYLIHOCTh TAaK Ha3bIBaeMoOM (PH3HUEeCKOH
HexuHeliHocTd.  [IpH pacyeTre KOHCTpPYKUMH TpyOONpOBOOOB, HCHBITHIBA-
IOMX B Mpolecce 3KCIUTyaTalud B 3HAYMTENLHOH MEpe HE TOJIBKO
Harpy3kH (CHJIOBOrO XapakTepa), HO M BO3JACHCTBAA (IIPECCOBOIO Xapak-
Tepa), yd4eT (PH3UYECKOW HETMHEHHOCTH MatepHana Tpyd MOXET OKasaTh
CYIIECTBEHHOE BJIMAHHE Ha OINPEIE/ICHHE HX Haﬂpﬂ)KCHI{O-JlC(bOpMHpOBdH-
HOIO COCTOSHHSA.

Jnd nomg3eMHBIX TpyOOMPOBOMOB, CBA3AMH [JA KOTOPBIX CIYXHT
TPYHT HIMd TIPYHTOBBIE AHKEpa, HMMECIOIIME CYILECTBEHHO HEIMHEAHBbIC
XapaKTEPUCTHKH, YYeT PU3AYECKOH HEeTMHEHHOCTH CBA3CH MOXET NMPHBECTH
HE TOJLKO K KOJHYECTBEHHOMY, HO M KauyeCTBEHHOMY HW3MCHCHHIO
XapaKkTepa HanpsKEeHHO-Je(GOpMHPOBAHHOIO COCTOSAHHA.

Ucnonp3oBanne geGopMHPOBAHHON pacuyeTHOR CXeMBI W HEJIMHCHHBIX
COOTHOMICHHI Mexay naedhopMaundsMH H TEPEMELIEHMIMH ~ COCTABIIACT
CYIUHOCTH Tak HA3BIBAEMOH TIeOMETpUYECKOH -HEIMHEMHOCTH. [l KOHCT-
pyKuMii TpyOONMpOBOAOB, PACYETHAA CXEMa XKOTOPBIX IpH OfMpeACICHHH
KOMIIOHCHTOR - YCHJIMA M NEpeMElIeHAH B Pa3jIMYHBLIX CCYCHMAX M0 HX
JUIHHE OOBIYHO MIPHHAMAETCH CTEPXKHEBOH (0aI04HOH), POAOABLHO-NOIEpe-
HbIH H3rM0 H H3MEHEHHE MPOHOCJLHOIO YCHNHA, 00YCIOBJICHHOIO BO3-
JeHCTBHEM TEMIIEPATyphl H BHYTPCHHEIO [JABJICHMS, CBA3AHHOE ¢ NEpeMeEllie-
HHEM, OKA43bIBAET 3HAYHTEALHOE BIIMAHHC Ha Hanpﬂxeﬂﬂo-neqyopmuposaﬂ-
HO€ COCTOSHHE KOHCTPYKLHH. ,

B npouecce Harpyxenus prﬁonposo,ua IpH €T0 NEpEeMELLCHUAX Pl
cBA3ell BLIKIIOYAIOTCA M3 paboThl, MOIYT CO3HaBaTLCH HOBLIC CBA3H
(ckaukoo0pa3sHO HIIH TUIABHO), U3MEHAIOTCA BEIMYHMHBI H HaripaBneHnﬂ
HAarpy30K, 4TO onpenenﬂcr TAK Ha3bIBAEMYKO KOHCTPYKTHBHYIO HETHHCH-
HOCTE. :

PaccMoTpeHHe Tpex BHAOB HEJIMHEHHOCTU — reOMETPHYECKOIH, q:vu:mqec-
KON M KOHCTPYKTHBHOH CYLLUECTBEHHO YCIOKHSAIOT PpCLICHHA, NMOJy4YacMble
Ha OCHOBE HEIHHEHHOH cTpouTenLHoit MexanmkH. K ToMy xe 2Hepras
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nepopManuu HeaMHeRHOH CHCTEMBI HE ABASETCH KBagapaTuuHoi ¢opmModn,
MO3TOMY HEJb3sl NPUMEHATH HPH PEILCHHH 33JaYd MPHHLMI CYHePHo3uLMy.
C nemtbio HEKOTOPOro YHPOIUEHAS PeLleHnit B psige Cy4aeB, B 3aBHCHMOCTH
OT OCOOEHHOCTEH KOHCTPYKLMH, XapakTepa HAIPYy30K M BO3IEHCTBHIl,
UefMeid pacueTa, MPUXOJMTCH YYMTBHIBATH HE BCe TPU BHAA HEIUHEHHOCTEH
Cpa3y, 4 HEKOTOpbIC H3 HHX. ‘

[TpaxTHueckas BO3MOXKHOCTEL PeINEHAS 3aaq ¢ y4eTOM HEJTUHECHHOCTEH
MOSBUIACE C DPAMEHEHHEM YMCICHHBIX METOJOB H peajM3alldell  ux
Ha DBM.

PacueTHas cxema Tpy6GompoBoga B GosbIIMHCTBE CIIYYaeB ONPEAeIACTCA
X4paKTEPOM HATPY3KH, HA KOTOPYIO PAacCUHTBIBAKOT TPYOGONPOBOA, 4 TAKKE
TeMH (aKTOPaMH, KOTOPBIE YYMTHIBAIOTCA MPH Ha3HAYEHHH NPEACTBHBIX |
cocrosHui. Ilpd pacyeTe Ha BHYTpEHHee MaBNEHME B COOTBETCTBHU
C OPECBHLIME COCTOSHHAMM, YCTAHOBJIEHHBHIMH HODMaMu Ha TpOeK-
THPOBAHHE, B K44eCTBE PACUETHOM Mojend Tpy6ompoBoAa NpHHHMAETCH
HHIHHApUYECKAd TOHKOCTEHHAs (npH AaBjeHEu go 10 MITa) u ToncrocTeH-
Has 0GoJoykH 0e3 HayaJbHBIX HecoBepileHCTB. HauaibHbre HECOBEPIIIEH-
CTB2 TPYOBI, HANPHMEP OBANTBHOCTb, PETNAMEHTHPYIOTCA HOPMAaMH.

Ilpu pacuere TpyGONMpPOBOAA KAK CHCTEMBI OOBIYHO B KAMECTBE
PACUCTHOH ero MOJENH NPHHUMAETCH CTEpXKeHb (Ganka) Tpybuaroro
cedeHHs. DdexThl, CBAIAHHBIE C H3IMEHECHUEM (OPMBI CCUCHHS (>dpdekT
KapmaHa), yuuTBIBRIOTCH ¢ HOMOIIBIO KO3PPHUHEHTOR MOHMKEHHS KeCT-
KOCTH, ‘ ‘ - _
Kpome BHyTpeHHero napneHus Ha TpyGONpOBOA B 3aBHCHMOCTH OT
THINA TPOKNANKH OCHCTBYIOT M APYTHE HATPY3KH H BO3AEHCTBHA, KOTOpHIE
HEOOXOUMO YUHTHIBATE IIPH pacuere. ‘

Knaccupukanus HArpy3ok ® BO3JCHCTBME, BKIIOYAN HX XapakTep
(OCTOSIHHBIE, BPEMEHHBIE [UTHTENBHbIE, KPATKOBPEMEHHEIE H 0COOLIe)
a Taxxke KO3(QQHIMEHTH HaJCKHOCTH 110 HATPY3Ke MPHBEJEHLI B HOpMax
NPOCKTHPOBaHKA. Tak Kak NpakTAYeckHe METOABI pacuera TpyGompoBoaa
IOJDKHBI OTPaxaTh OCOOCHHOCTH NMpPEAETLHBIX COCTOSHHIA, YCTAHOBJICHHBIX
HOpMaMH, TO HEOOXOAMMO OCTAHOBHTLCH HA MPHHATHIX MPH 3TOM
AONYIIEHHAX H THmOTe3ax. Kak yke OTMe4aloch, HOPMBl H TEXHHUYECKHE
YCTIOBHA Ha TPYOBI yCTaHaBAMBAIOT OrPAHMYEHHN MO OTKJIOHCHHSM
TEOMETPHH TPYOB! (MONEPEYHOTO CEYCHMS H KPMBH3HBI OCH), a TakKe
TpeGOBaHMs, HANPABJICHHLIE HA NPEAOTBPAILICHHE XPYNKOro pa3spymieHus
TpyGonposoa (MHHHMAJBHBIE YAApHAS BA3KOCTH M OTHOCHTETBHOE YIUIH-
HeHHE H Ap.). Ilo3toMy npesenwHble COCTOAHHS B HOPMAX 3amHCAHBI U3
YCJIOBUSA BSI3KOTO pa3pylICHHS.

HopMbl NpoeKTHPOBaHHS Kak MATHCTPAJNBHBIX, Tak o TIPOMEICITOBBIX
TpyOONPOBOJOBR MPEANONATAKOT pacyeT HO MEePBOMY H BTOPOMY Ipe-
ACJIEHOMY COCTOSHHIO — IO Pa3pyIUEHHIO U 110 OFPaHMYEHHIO AeopMaliHii..
Ilpa pacyere mo mepBOMy MOpeaeTLHOMY COCTOSAHHIO XapaKkTEpHCTHKOH
HECYIeH CIOCOGHOCTH SBIAETCS BPEMEHHOE CONPOTHBIIEHHE METALIA TpYO
(mpegen mpouHocTH). PacueTHOE COMPOTHBIEHHE MeETANa Tpy® omnpenens-
€TCH € HCMOJIL30BAHMEM pPANA KOMPPUOHEHTOB, KOTOPhIE AOMKHBI 06ec-
NEYHTH 330aHHYIO HAMEKHOCTH TPYOONMpPOBOAA, YyYMTHIBAS BEPOATHOCTHBIN
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XapaKTep HOPMATHMBHBIX XapaKTepHCTHK. OIHAKO NPUMEHAEMas B HOPMdX
cucTema K03(GQHIHEHTOR OTpaxaeT H Pl AONOJHUTENLHBIX (PAKTOPOB,
KOTOpHIE HE WMEIOT OTHOLIEHMS K IpPENEIBHbIM COCTOAHUAM. Tak,
HanpuMep, Ko3pGUIHMEHT HaJeXHOCTH N0 MaTepHajly 0TpaxaeT BOIMOXHOE
yMeHbIlICHHE BPEMEHHOrO COMPOTHMBIERMS METalla Tpy6 HO CPABHCHHIO
€ €ro HOPMAaTHBHLIM 3HAYECHUEM, HANCKHOCTh KOHCTPYKIUM TpyOBI, a Taxke
BOBMOXHOE YMEHbIlUEHHe (AKTHYECKOH TONIIMHBL CTEHKM TPyOBl IO
CPaBHCHMIO C €€ HOMHHAJIbHBIM 3HAYCHHEM (MUHYCOBBIH ponyck). Ilocnen-
Hui (AKTOp HE BIHMAET Ha PpacyeTHOC CONPOTHBJICHHE, @ ROJDKEH
YYUTHIBATLCA MIPU ONpeJeeHHH HanpskeHuil. B NHHEHHOH IOCTAHOBKE And
| 334a4M IIPOYHOCTHOTO pacyeTa Oe3pasuyHO yBCIMYHBACTCS M HANPKCHUC
OT BHYTPEHHEro [JABJEHHUS 3a CYET MMHYCOBOIO [OMYCKd MM YMCHBIUACTCS
HpeeIbHO-A0NYCTEMOE HAIPAKEHHE, TAK KAK PACHCTHASL TOJILMHA CICHRY
TpyGBI NTpH 3TOM He MeHsAeTcsA. (HAKO B HENMHEHHOH IOCTAHOBKE 3a1aiH
NPOYHOCTHOTO pacueTa C y4eTOM (HU3HYECKOH HENMHEHHOCTH MATEpHala
TpyObl, BONPOC 3TOT IPHHUMIHAJEH, TaK Kak IMapaMeTphl YNPYrocTH
apnstoTcs  QyHKkuuedl wmanpsokeHuid. IIpx  onpejeneHMH HANPKCHHOIO
COCTOSIHHS TPYOOIpPOBOAa AN TIPOBEPKH IIEPBOIC MPEAEIBLHOTO COCTOAHMS
YYUTBHIBAIOTCA TOJBKO Te HANPSKEHHSA, KOTOPHIC TPAKTHYECKM BIHAIOT Ha
-paspyiuende Tpybnl. Tak, B Y4CTHOCTH, HC YYUTBIBAIOTCA HANPKCHHS,
o6ycnoBleHHble OBAJNBHOCTbIO ceueHHs. I[lepBoe Mpene/bHOE COCTOAHME
B HOpPMaX HPOECKTHPOBAHHMA BbIpaXaeT coboll ycioBue, 4ToOb! MHTCHCHB-
HOCTh KOJBLEBBIX (TAHreHIMAIbHBIX), OCEBbIX IPOMOCJbHBLIX M pAalUATIbHBIX
" Hanpspkenui (npu masneHun Gonee 10 MIla) —3KBHBaNCHTHBIE HANIPAKECHHS
U abCONIOTHBIE BeIWYHHBI KOMIIOHEHTOB HaMNpSKEHHH OT pPAacUeTHBIX
HATPY30K M BO3/ICHCTBHIl HE MpPEBLILAJH PACYETHOTO CONPOTHBIICHUA
MeTalia TpyO. Bropoe mpeaensHOe cOCTOsHHE — OrpaHMyeHue N0 Aedop-
MAIUAM 3allUCAHO B HOpMAX 4epe3 HampsDKeHHs M OTpaxaeT YCIOBHE,
4yTOGb MHTEHCHBHOCTH KOJBLEBBIX, MAKCHMAIIbHbIX HPOACJLHBIX H paju-
ANbHBIX HaNpsoKeHWid (mpd Oasnenuu Gosee 10 MIla) u abcontoTHBIC
BEJTMYMHBI 9THX HAIPLKCHUH OT HOPMATHBHBIX HAIPY30K M BO3JEHCTBHI He
NpeBbIaE HEKOTOPOH YacTH OT HOPMATHUBHOIO Mpelena TEKy4ecTH
MeTaia TpyObl. OTMETHM, 4TO Ipenell - TEKY4eCTH MaTepuana Tpyobl
ABJIAETCH YCIOBHOM BEJHYMHOW —3TO HAIPSDKEHHE, COOTBETCTBYIOLICE
ocrato4Hoii medopmauun pasHoH 0,2%.

['JIABA 2 | ‘ : :
PACUYET TPYBOIIPOBOJAOB C YYETOM ‘

YIIPYTOILIACTUYECKOI PABOTHI METAJLIA TPYB

ITocTanoBka ~3aiaH H MCTO/bI PeIUICHAA

Vier ymnpyromncTudeckoli pabGoTel MeTasula TPyO, T.e. ¢u3muecKoit
HEIMHEMHOCTM MaTepHala — HENMHEHHOH 3aBUCHMOCTH MEXIy Halpshke-
HUAMH H OedopMaldaMH, SBJIAETCA OJHUM M3 pe3cpBOB 0OoJjiee IONHOIO
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HCMIONbL30BaHWA Hecymledl cnocoGrocTH TpybGonpoeoma. KoauyecTBeHHO
yueT (QH3nYeckoil HeMHEHOCTH CYLIECTBEHHO CKA3BIBAETCS HA PE3yIhTATAX
pacveTa Tak#X KOHCTPYKLHH, AN KOTOPBIX CYIIECTBEHHLI HE TOJIBKO
CANIOBBIE, HO M TaK HA3bIBa€MEBIE MPECCOBBIE HArPY3KH — BO3AEHCTBHS,
CBSI3aHHbIE C JAeOopMalMsAMH — TEMIEPATYPHBIMH H JP.

HAns pacvyera TpyOompoBOJOB ¢ y4eTOM YympyronmacTHdeckux maedop-
Malnuid HEOOXOJMMO HKCHOJIB30BAaTh OHArpaMMY pACTSDKEHHS MaTepHalna
H anlpoKCHMHPOBAaTL €¢ TAKOH 3aBHCHMOCTBIO, KOTOpas He TOJbKO
OTpa)kaeT CBOHCTBA MaTepHala, HO W NO3BOJAET MOJIYYHTh MPAKTHYECKOE
peIlleHHEe 3alayl pacyeTa Ha MPOYHOCTE.

JUtg noNMyueHNsl aHAJIMTHYECKOrO pelIeHHd, T. €. PElICHHS B 3aMKHYTOM
BHJE, 0OBIMHO BHIOUpaeTcsa npocreiimas pacyerHas MOJENb, IPH YACIEHHOM
peuienun 3ajzaun (¢ npuMeHenueM OBM) BO3MOXHO HCNOJIL30OBATEH
NpaKTHYECKA JEOOBIE CIIOXKHBIE MOMAETH, T. €. 3aBHCUMOCTH «HANpPSKeHHe-
nedopmaims», 3aJaHABIE KAK YPABHEHUAMH, Tak H TAOJMYHO.

[Tpu pacyere TpyGompoBoJa Ha BHYTpeHHEe NaBIEHHE KaK TOJCTOCTeH-
HOW 06OJIOYKM C NIeNbIo ONpeAefcHUS TOIIIMHBI CTEHKH TPYyOBl BO3MOXKHO
HCITIOIb30BaTh PACYETHYIO MOJEb MaTepHala B BUAe THarpammel ITpanaris.
Opanako mpH pacyeTe TpybompoBoAa Kak CHCTEMBI, NPH HAXOXICHHA
pacnpefeNleHusi HanpsKEHHR He TOJBKO MO TOJNIIHHE CTEHKH, HO H IO
moboMy ceyeHHto TpYObl, HEOOXOIUMO HCIONE30BaTh (G0Nee TOUHBIE MOJETH.

OcobeHHocThIO pacdeTa TpyGompoBoaa, B KaYecTBE PacYETHOH Mozaein
KOTOpOTO MPHHATA CTEPKHEBAsl CHCTEMA, B OT/IHYHE OT OOIIECTPOHTEILHEBIX
KOHCTPYKLIHA THIIA PaMHBIX CHCTEM, SBIAETCA HEOOXOMMMOCTh YUeTa
IBYX- HJIH TPEXOCHOTO HAMPMXEHHOTO COCTOSIHMAL. ‘

VunThiBas OrpaHUYEHHOCTh TIACTHYECKHUX MAedopMalMii B MeTase
TpyO, pacyeT TpyGompoBoma MOXKET BBIOJHATHCA HA OCHOBE TEOPHH
MaJeIX YIIPYTOIUIacTHYecKUX nedopMandii, OCHOBHBIMH THIOTE3aAMH KO-
TOpO#l ABIAIOTCA CIEAYIOILIAMH.

1. Obvemnuas nedopmalmsi NPONOPHHOHAIBHA CPEIHEMY HOPMAILHOMY
HampsKeHuio, a Ko3(pQHUOHEHT MpPONOPUHOHAIBLHOCTH TAKOH Ke, 4TO
H B Mpeaeiax YyOpyroctd, T. e.

g,t+0o0,+ 0,
A=—2"2r" % .
3K (2.1)
rae K— oOneMHEIIE MOJYNb YIPYTOCTH,
E, '
=——, 2.2
3(1—2p0) *2)

2. KoMnoHeHTH [eBHATOpPAa HANpPSKEHHH IIPONOPIHOHANBHBI KOMIIO-
HEHTaM JeBHaTopa Oedopmarmii, T. e,

g—g=¥(o;~cd) (2.3)

roe j=1, 2, 3—COOTBETCTBEHHO XOMOOHEHTBI IO OCAM X, ), z. &,
09— COOTBETCTBEHHO CpenHue achopManmp H HAOPKEHH.

3. HTeHCHBHOCTD HanNpsOkeHHH sBngeTcA (QYHEKOHEH HHTEHCHBHOCTH
AedopManMH M HE 3ABHCHT OT THNA HAMPSHKEHHOTO COCTOAHHA. MHTeH-
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CHBHOCTB Hdeﬂ)KeHPIlfI Bblpd)KeHHdﬂ 4yepe3 rJ1aBHBIC Hdleﬂ)KeHHﬂ 3alu-
ChIBAETCA B BHJC

NN S CE Y a9

WHTEHCHBHOCTE AedopMalMii — BeJIMYUHA, TPOMOPIHMOHATIBLHAS KBaj-
pPATHOMY KOPHIO H3 BTOPOIrO . UHBAPMAHTA JIcBMaTopa JAedhopmalmii,
M BBIPAXCHHAA 4YCPE3 IJaBHBIE JIMHEHHBIC ACPOPMALMH, MOXET OBITh
3amucaHa B BHAC

85=2(\l/+iu)\/(51—82)2+(52*33)2;|‘(83_81)2' (2.5)

BripaxeHust (2.4) u (2.5) MOXHO HCHOONB30BaTh IS IOCTPOCHHSA
34BACHAMOCTH MHTEHCHBHOCTH HAIPSXEHHA OT HHTEHCHBHOCTH AcopManuii
[0 Pe3yJbTaTaM OJHOOCHOIO pacTshKeHUs oOpasna. [ns 4acTHOIO Ciyvas
OJHOOCHOIO paCTSKCHHUS

G,=0, G,=063=0; £,=¢€; g3=¢;3. (2.6)

IoacTapiss 3HAYEHUS IJIABHBIX HANpSKEHWH M gedhopMauuii B COOT-
Holteuus (2.4) u (2.5), monyvyaeM 3HAYEHWS MHTEHCHUBHOCTH HAIPSHKECHHH
U aeopManuii ‘

G, =0, §=¢&—E&g. o 2.7)

Ha ocHoBe nepBoil rumotesnl I0JIy4deM
12y,

3E,

Takum 00pa3oM, HCHOb3ys AUArpaMMy pacTsDkeHuss ¢—€ 1o ¢op-
Mynaam (2.7) u (2.8) MOXKHO IIOCTPOHUTH AHArpaMMy AepOpPMHPOBAHHS
O, —&;

Ha ocHoBe BTOpOH runore3bl 00o0uwIeHHbIA 3akoH ['yka ¢ yyeToM
TEMIEPATYPHBIX AcpopMallMid MOXKHO 34lHCATh B BHIE .

g,=£— 7(2.8)

=%[o-x—p.(o'y+oz)] + oAt ' - 29

31ech TiepeMeHHRBIE IApaMeTphbl YOPYrOCTH ONPEUENsoTCS Ha OCHOBAHHHU
AMArpaMMBL neGOpMHPOBAaHUA IO cbopMyJIdM.

E=_—]ii:—; .‘ (2.10)
1+ ”02{' )

. 3E{) E;
1-2p, o;
3E, &
1-2 P

4t 2

3E, &

0,5—

n= @11
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JmarpaMma «Hanpsokenue-gedopMalUag» IS TPYOHBIX cTajeii

B pacyerax xoHCTpykIMid, B ToM 4YHCNIe TPyGOIPOBOIOB, 3a fMpenelioM
YHIPYTOCTH NEPBOCTENMEHHOE 3HAYEHHE HMeEET HCXOfHas Ouarpamma Je-
- opmupoBanus MaTepmana, KOTOpas OCHOBBIBAETCA HA OMArpamMme pac-
TAXKEHHA MaTepHana. JAeHCTBHTEIbHBIE JHArpaMMBl PACTSHKCHUS HaXOISTCH

3KCTICPUMEHTANBHBIM TyTeM. OIHMM M3 ONTUMANBHBIX IyTelt WMCIO-

Jb30BAHHA QUArpaMMBl pabOTHI MaTepuana [ PACYETOB KOHCTPYKIHIEA,
0COOEHHO C TIpHMEHEHHEM YMCICHHBIX METOMOB, SBIAETCA MpeAcTaBJICHHE
3TOH [OMarpammel 1O pe3yNbTaTaM HCMBITAaHUA B TabnumuHoi dopme,
T.€. B BHIE OTHOCNBHBIX Y3IIOBBIX TOYEK, B KOTOPBIX M3BECTHBI CO-
OTBETCTBYIOIIHE OPYT APYTY Naphbl 3HAYEHHS «HATIPsSIKEHHE — HAeopManms».
IpugeM pacrnosiokeHHe M YHCIO Y37OBHIX TOYEK JOMKHO OBITh TaKuUM,
YTOObl Ha y4YacTEaX MeXTy HHMH MOXHO OBbLIO IPUMEHATh JIMHEHHYIO
HHTEPIIONANHIO. :
PaccMOTpUM pe3ynbTaThl 3KCIEPHMEHTATBHBIX HCCIEOBaHHil, MpOBe-
neuneix B0 BHUWCTe, nns TpyOHBIX cTameil Mo MeETOAMKE, COOTBETCT-
BYIOlWeH HOpMaTuBaM. [l MCTBITAHUS NPHMEHSIHCH TUIOCKHE CTaHIAPT-
HBIE. «KODOTKHE» TATHKpaTHble OOpa3mbl, BBIpe3aeMble M3 Tena Tpyo.
Iepen ncnbiTaHMAaME 00pasusl NMOOBEPrajMch TPaBKE M TOCHEAyIOLIEit
uwH@oBke GOKOBBLIX TOBEPXHOCTEH ISl MPUAAHMS HM OAPAJICIBHOCTH.

Hcnpitanua obpasios, BemonHeHHsle B. I1. Yepnuewm, [IPOBOJWIHCD -

Ha pa3spBIBHOH MalllMHE ¢ NPUMEHEHWEM CaMO3aXHMHOTO HMHAHKATOPHOLO
TeH3OMeTpa. WHIMKATODHBIA TEH3OMETpP YCTAHABIWBAICA Ha 0Opazen
TIOCJe er0 YCTAHOBKH B 3aXBAThl MCIBITATENBHON MAIIMHBEI H MIPHIOKEHHA
K HEMy HArpy3kW, BBI3BIBAIOIUCH HaNpskeHWe, NpPHMEpHO pasHoe 0%
OT YCJIOBHOTO Tpefcia TeKyYecTH. Perucrpamus YyIIMHEHHS IO MH-
OUKATOPHOMY TEH30OMETDPY BBINOJIHANACE 10 NePOPMALiHif, paBHBIX MpUMep-
Ho 3%. [lanee TEH30OMETp. CHAMAJCH, a o0pa3en IUIABHO HAFpYXaJCs
- A0 pa3pyiueHud.

Jina menbrtammii 6biim OTOGpaHBI 06Gpa3slbl M3 CIEIYIOIMX MApoK
cranu —O09I2Cd, 17TICY wu cramm noctaBkH Snommu. Ha ocHoBaHHEH
M3MEPEHUH ONpeNeNeHbl OCHOBHBIE XAPAKTEPHCTHKH — BPEMEHHOE COMpO-
TUBJIEHHE G, YCIOBHBIH TIpeHeNl TEKYYeCTH Gy, M OTHOCHTEJbHOE
YANMHHEHHE TIpU pa3spbiBe d;. BpeMeHHoe compoTuBieHHe oOmpemensioch
KaK 4acTHOE OT [NENeHHS pa3pyllalomed HATPy3Kd Ha IEPBOHAYANBHYIO
mIowanb cedenus oOpasiia; YCIOBHBIM Mpelesl TEKyYeCTH HAXOIMICH Kak
TOYKa MEpEeCeHeHU OHArpaMMEl PacTAXKCHHA ¢ MOPAMOM, OTcekalomeil Ha
ocu abcmmuce orpesok £€=0,2-10"2 ¥ HaKJIOHEHHOH K 3TOH ke OCH IO
YTIOM Ha4aJbHOTO MOOYNS YNPYTOCTH; OTHOCHTENBHOE Y/IMHEHHE TpH
pas’peiBe ONpeNeNsIoch Ha OCHOBAHWH [UTHHBI 06pasma moche paspyieHHs
(Tadn. 2.1). : -

Harpyxenne o0pasuoB NpOM3BOAMIOCE C OOECHEYCHHEM TMIABHOCTH
BO3IpACTAHHA HAIPY3KM H BO3MOXHOCTH €€ HpPHOCTAHOBNICHHs HA 5—7 ¢
A CHATHA MOKAa3aHHA MO INKAle CHIOM3MEPHTENS M T0 MHIMKATOPAM
TEH30OMETpOB. [luarpaMMbl pacTskeHuss oOpasloB B KOODAHMHATAX «Ha-
npsbkeHne — neopManua» NpHBENEHB! Ha pwuc. 2.1, 2.2, 2.3
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Tabnuua .2.1

PesyabTaTol ucnniTannit obGpasuos Tpyod

Cepud Mapka crany; XapakTepHCTHKA 3HAYCHUA XAPIXTEPHCTHK

~ 3KCIe- CeYeHHEe, MM; ' .

1;3;4 cH- H3rOTOBHTENE 10 cepTH(H- |NO SKCHEPHMEHTY

KaTy :

1 0or2Co a,, MIla 530—540 604—617
1220 % 12 09,2, MIla 400—410 [420—424
YTII3 o5, % 23—-24 19,6—27,5

2 17T1CY 6., MIa 550—600 | 589—611
1220 x 14,5 Go.2» MIla 370—420 [403-—421
YTII3 o5, % 26—30 25

3 X-60 c,. MIla 640 595 618
1020 x 14,2 Tg,2. MIla 550 484—522
Anonua o5, % 23 19,2—19,6

KoHe4Ho, Tpe/cTaBICHHE 3aBUCHMOCTH <«HAMpPsbKeHHE — dedhopManys»
B Bule TaOJHYHBIX 3akoHOB, kak pekoMeHayeT [I. E. benpckun, s
KOHKPETHBIX TPYOHBIX CTajleil IO3BOJIAET HE TOJNLKO OTPa3uTh AeHCTBHTEIb-
HBlE¢ CBOHCTBA MATCPHAJOB TpYO, HO M YHHQUUHMPOBATbL METOABI pPACYCTa
¢ npumererneM IBM. Oanako 4715 UCTIONL3OBAHUA B MIPAKTHKE MPOCKTHPO-
BaHHMA AMarpaMmbl paboTEl MaTepHala HEOOXOOUMO OMHCAHHE NUATPAMMBI
B 3aBHCHMOCTH OT T'OCTHPOBAHHbIX XapaKTepHCTUK MaTcpHana. B Hactos-
" 1Hee BpeMSA HOPMbI, TEXHHYECKHE YCIOBHS H CEpTHQHKATHI 1A KOHKPETHBIX
Tpy6 MAKOT 3HAYeHMs TOJBKO YCIOBHOTO TIIpedesla TEKYYeCTH Oo,2,

&, MNa
500
/
[ ] ®
500 = sl LN
5.. 7 p——
W

[ |
300 I{l’
QBuPT I'
.‘ml 7’ R
]| 4
L

A ¥ A 7

3&%

Puc. 2.1. Juarpamma «Hanpsxenue — nedopmaida» and crang mapku 09I2CO
(tpyGa 1220 % 12 Mm) ‘ .
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Puc. 2.2. narpamma «Hanpsokerne — nedbopManusty» s CTAIIM MapkH
17T1CY (Tpyba 1220 x 14,4 Mm) .

o,MNa
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Csom| o ole 82—
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/
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Puc. 2.3.  Jimarpamma  «Hanpsxe-
HHE — nedopManusy IS CTAJH, Map-
KH X=60 (1py6a 1020 x 14,2 MM,
nocraska Snonus)
BPEMEHHOTO CONPOTHBIEHHS G,, OTHOCHTEIBHOIO YAJIHHEHHS TIPH pa3pbine

ds, Moaynsa ynpyroctd Eo ¥ ko3ddHUMEHTA MNONEPEYHOro pacluuperus o.
‘ 15




&\ © Puc. 2.4. Juvarpamma ‘«Hanpsoke-
‘ nue — gedopmManuan B TNpeleaax

6-0‘ paBHOMEPHBIX JedopMaUMH
d,,z
d'n
o 82107 e, , gy €
———nf .

IMosToMy aHaMUTHMYECKHE 3aBHCHMOCTH JMAIPAMMBI JOJOKHBI OCHOBbI-
BaTbCd HA4 JTHX HMCXOJHBIX MOaHHbIX. B TO ke Bpems HCNOJIB30BaHHC
YHCJIEHHLIX METOM0B pacyeTa [0O3BOJISIET OTKA3aThCd OT 4HANHTHYeC-
KOTO OMHCAHHS 3aBHCHMOCTH O —€ €AHHOH QYHKUHEH BO BCEM JHama-
30He pAepopmanmit. OOmas aHanUTHYECKds (oOpMyla ILIOXO alNpoK-
CHMHpYeT ONBITHble KpHBbie B OOJACTH Majblx HiaM OGojbmmx aepop-
‘Maumii, He BCErgd IEPEXOJHT ' aBToMaTHiyecku B 3akoH I['yka B 00-
nacT¥  ynpyrux gedopmanuii, TpeOyeT JOMOJIHHUTENBHLIX " HCXO/IHBIX
JAHHEIX 10 CBOMCTBAM MAaTepHalld. JTO HBAAETCA €€ CYIUECTBCHHBIM
HEJOCTATKOM. : : .

JIng OpakTHYECKHX PACUeTOB MPEIaraeTcs alllPOKCHMAaLHKO AHArpaM-
MBI «HanpsxeHue — gegopManms» NPeaCTABUTE B BHAE Tpex (QyHKOHiH
(Tpex y4acTkoB) mo oO0jacTaM: yYacTOK YyOpyrod pabortel, ynpyron-
JacTHYeCKOM paboTel n ynpoudeHns. Ha puc. 2.4 npuBeJeHO CXeMaTHYECKOE
OpeACTABACHHE JHATPAMMEI O —€, COCTOALICH H3 ABYX MPAMOIMHEHHLIX
yyacTkoB OA u BC u opHoro HejmsciiHOro —AB. B xauectBe Oasuca
OPUHEMAIOTCA YEThIPE TOYKM JUArpaMMbl, COOTBETCTBYIOLUME: Havaiy
koopaudgaT—Touka O (0; 0), npenemy UPONOPUHOHAJIBHOCTH —TOYKA
A (Cu, €n), YCIOBHOMY Dpefeny TeKyvyecTH—Touka B (Go.z, Eo.2)s
BPEMEHHOMY CONPOTHBNEHHIO —TOo4KAa C (OCa, Ea).

Ipenen DPONOPUUOHANBHOCTH Op B COOTBETCTBHM C JAHHBIMH 9KC-
NEPHMEHTANBHBIX HCCOefoBaHHE TpyOHBIN cTajled (cM. puc. 2.1—2.3)
H JaHHBLIX [JIA CTajcld, NPHUMEHAEMLIX AJ2 OOIIESCTPOHTE/ILHLIX KOHCT-
pyKIuil, MOxHO npuHATE paeHOA 70% oT mnpemena Tekyyectd. Ha
OCHOBaHMHM aHAJIM3a M CpaBHeHWsA JeopMalMi, MOJy4YaeMbIX TIPH HC-
NBEITAHUH O paspylueHds oOpa3uoB pacTsskeHHEM W TpyD BHYTPEHHHM
oaBieHueM, AedopMalHi €, COOTBETCTBYIOLNAs BPEMEHHOMY COIIPOTHB-
JIEHHIO Gy, MOXET OBITh NPHHATA PAaBHOHM NATOH 4YaCTH OTHOCHTEJBHOrO
VIUIHHEHHS 0Opd paspbiBe ds. OTMETHM, 4YTO BEIMYHHA Js5 OTpaxacT
TONBKO paBHOMepHYo JiepopManne 00pa3suoB H HE YYHTBIBACT CO-
CPeNOTOYCHHYIO NeOopMALHI0 B IHeiike, 0Opa3yIOIyIOCs TPH HCHBITAHHH
 CTAHIAPTHBLIX 00pasnoB HA PacTAXKEHHE.
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JIuHelHbIE Y4aCTKH AMATPAMMBI G —£ OMHCHIBAIOT 3ABHCHMOCTSIMH:
Ha ydactke OA (0<e<g,

[l .

o= EoE; ‘ (2.12)
Ha y4yacTke BC (g0,2<EXE,)
' G=00.2+E1(e—¢o,2), . Q13
re ‘ '
Ey =200 o 20021021072 £,=0,25;
£.—Eg,2 Ey

(2.41) -

0,70
= 2 6,=0,70y,,.
Eqy

n
HenuHeHHBIH y4acTOK muMarpaMmsl (AB)‘ (cM. puc. 2.4) Ha oTpeske
(En—=80,2) MOMKEH AaNIPOKCHMHPOBATHCH (YHKLUEH, OTBEYAFOLLCH crnegy-
UMM YCIOBUAM: OBITE MOHOTOHHOM M BO3pPACTAIONIEH, Kak MUHHAMYM,
ABAXibl AUPOEPEHIUpPYEMOH HAa 3TOM OTpe3ke o BRIYKJIOH. DTHM
TPe6OBAHHAM COOTBETCTBYIOT YCIIOBHA TPH €£,<E<Ep,
- do d’oc ‘
—>0 < 0. - (2.15)
ds ’ de? (2.13)
KpoMme Toro, ¢ymxums, omuchiBaromas HeaHHeHHBIH y4acTok, JOMKHA
CONCPXATh YCTHIPE HEM3IBECTHHIX MAPAMETPA JUIS Y/JOBICTBOPEHHA YCIIOBHI
HEPA3pLIBHOCTH M MOHOTOHHOCTH B Toukax 4 H B. :
BLuTH HccnieoBaHbI WeCTh GYHKIMOHAILHEIX 3aBUCHMOCTEH, OMHCHIBA-
IOIMX JHArpAMMY G —€ Ha OTpe3Ke &,—E&g ,

_ c=ay+a,(e—¢,)+a,(e—g,)%; - (2.16)
c=a0+a1(e—~s,,)+a2(a—én)[1—(‘:—__5':;_)‘1’]; | (2.17)
0.2 n _

| S Y 1) -
G=ay+a,(s—¢,)+a, (m_a); - (2.18)

c=a0+a1‘(s—s,,)+a2(\-/s—£“+a3—_,/a3); | - (2.19)
O=a,+a,e+a,6% +a,¢?; (2.20)

£E—g . E€—¢
— f4a,sin ——2_ 7. 2.21
EO.Z_En. 3 2(80'.2_En) ' ( )

G=ag+a,(e—&,)+a,sin

HeusBecTHBle mapamerprr - a;

]

CONPSXEHHH, KOTOPBIE MMEIOT BH

: . do
IpH e=§g, O=06,, E= o»

(i=0-+3) ompemenstoT w3 ycrosmii

(2.22)
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Tlocne onpeaeiieHHsi TIPOM3BOJIBHBIX ITOCTOSAHHBIX ypaBHeHHil (2.16—
2.21) u3 ycnoeuil (2.22) mpoBeneH aHATH3 M3IMCHCHHS [APAMETPOB 4; U4
TpyOHbIx craneil. Cnemyer OTMETHTb, HYTO YCIOBUA (2.15) okazamuce
JTOCTATOUHO KECTKHMH [J18 (YHKHHMOHAJILHOH 3aBUCHMOCTH (2.20) B BHIE
oNUHOMZ M 3aBrcuMocTH (2.21), HenMHeHHAs 4acTh KOTOPOH COCTOHT M3
OBYX WYIEHOB CHHycoMaambHoro psajga. O0e 2TH 3aBHCHUMOCTH HMMEIOT
B HCCTIEAYEMOM HHTEpPBANE MO B4 IKCTPEMYMa U N0 OJHOH TO4KE neperuoa.

Ha OCHOBAaHMM HpPOBEJEHHOIO aHamu3a BCeX (DYHKIHOHANLHBIX 32BU-
CHMOCTeii G—¢ . Ha oTpe3ke (g,—&o,) Haubonee INpHEMIICMOH 1A
MICIIO/IB30BAHMS B pacyeTax ObLia MpHHATA 3aBACAMOCTH (2.16), B KOTOPOH
napameTpsl ¢; BBIYHCISIOTCS 1O GopMynam ' '

ay=[1—(E; /Eo)]/[1—(0.3602/EoL)]; ar=—(EqL—0,30,,)L™%;
a,=E,, ay=0,, L=¢g;;—&,. _ (2.23)

Ha puc. 2.1—2.3 npHBEAEHB JHATPAMMBI PACTHKEHUS B COOTBCTCTBHH
¢ dopmynamu (2.12), (2.13), (2.14), (2.16), (2.23), B KOTOpBIX YHMCICHHBIE
3HAYEHHS BCEX MApaMETPOB ONpEAENeHH Ha OCHOBaHMH 06paboTkn
aKTHYECKHX IKCTIEPHMEHTANBHLIX JaHHBIX. CpaBHCHHE 3KCTIEPUMEHTABHOH
AMArpaMMbl «HanpsbkeHue — geopManusy ¢ ¢ aHATHTHYECKHM ONHCAHHUEM
I0KA3BIBAET, YTO MPELTOKEHHBE 3aBHCHMOCTH. (2.12), (2.13) m (2.16)
'XOpOILIO COIJIACYIOTCS ¢ IKCNMEPHMEHTOM. :

Jns TIPaKTHYECKOro HMCMOJB30BaHHA HENMHCHHOH YacTH JHArpaMMbl
o—¢ ee ypaBHeHue B (opMe (2.16) ymobHee npeAcTaBUTL B BHJC

£—E

c:on-ka(e—an)+b|il—( L")m‘], (2.24)

a=036,,/L, b=E,—a, m,=(a—E,)/b. C.25)

Jns onpenefieHHs BEJIMYHHBI € 710 W3BECTHOMY 3HAYCHHIO BENHYMHBI G
no ypaBHenmio (2.24) otpe3ok L (g,—€p,) pa3OHBAETCA HA 1 HHTEPBAJIOB,
T. €. HenuHeiHas Gynkuua (2.24) npeAcTaBNACTCS B BUAE KyCOUHO-THHEHHOM '
yHKIHME. Y3I0Bble HaNpspkeHHsA H JehOpMamHu NPH ITOM BBLIYUCIAIOTCA
no dgopmyiue ’

rac

o;=0,+(j/n)aL+(j/n)bL[1—(y/n)™];
ei=eo+(j/n)L, j=0om (226

Pacuer TpyGonpoBo/0oB HA BHYTpeHHEe JaB.IeHHE
KaK TO/JICTOCTeHHOil 000JI0MKH ¢ Y4eToM (pH3HYecKoH
HEJIHHEHHOCTH

Harpyskoil, ompefcisAolell TOJIUMHY CTCHKH KdK MArHCTPAJIBHBIX,
T4k M TNPOMBICIOBBIX TpPYOOMPOBOJOB, ABJNAETCA BHYTPEHHee JaBJEHHE
npoaykta. IIpH 3TOM OOBIMHO B KAYECTBC pAaCHeTHOH MOmEnu TPyObl
IIpY ONpEIE/IEHUH TAHICHIAANLHEIX (KOMBUEBLIX) HAMPSIKEHUH NPHHUMAETCA
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Puc. 2.5. Cxema ocecummerpud-  Puc. 2.6. CxeMa auIs coOCTaBICHUS

HOH feopMalMM TONCTOCTEHHO-  ypaBHEHHMS DPABHOBECHS
ro UWIMHApA : .

TOHKOCTEHHas 6e3aMoMeHTHas o6osnouka. OnHako IS psiga TpybompoBooB,
OCOOEHHO MPOMBICTOBLIX, PAfOTAIOMHUX TIPH 3HAUMTENbHBIX BHYTPEHHHX
HaBNEHHAX, a TAKKe TPYOOMpoBONOB, NpeAHA3ZHAYCHHEIX T TPAHCHIOPTHPOB-
KH IPOIYKTOB, BIMAOIIMX HA MEXaHMHECKHE XaPAKTEPUCTHKA METAIIA Tpy6bL,
B KQYECTBE PACYCTHOM CXEMBI Clle1yeT MPHANMATE TOJICTOCTEHHYIO 06GOI0YKY.

Pertenne 3agaui 0 HaNpsKEHHAX TOICTOCTEHHOIO IMJIHHIPA B PAMKaX

TCOPUH YNPYTOCTH TOpHHaMERKuT JlaMe. OpHako ¢ UCTBIO  ONEHKH
IPENENBHOIO COCTOAHUS TPYGOmpoBOAa HEOGXOAMMO PAcCMOTPEHHE 3TOi
KNaCCHYECKOR 3a[ay C yYETOM YNpPYro-MacTHYecKod paGoThHl MaTepHana
TpyOHI. _ '

AnpdepeHuuantioe ypaBHEHME DABHOBECHS B HANPSOKCHUAX IS
TOJICTOCTEHHOTO WHIHHApPaA OGONbLIOH IMAHBL (£,=const) ZI8 OCeCHMMET-
PHYHOI 3aJa4H IPH HATPY:KEHHH BHYTPEHHMM NaBIECHHEM p (pHC. 2.5—2.6)
HMeeT BHO ‘ :

do, o,—c

%y, 2.27)

. dr r

CornacHo o6obmenHoMy 3akony [yka ¢BA3b MEXKIY COCTABNSIOMMMHE
nedopManmif M HaTpsDKEHW cregyforas: :

1 | 1 S
=7 [6,~u(g.+0,)]: =% [oe—n(o.+0,)];

Ce=[ou(o+a)] e®

JanHmem BeIpaxeHne AN obobuleHHOTO 3aKoHa I'yka, Hcxons M3
(2.28), B BHme CBA3M MEXIy HaNpHKEHAAMU H OehopMarusMu

E
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E
1—p— 2p.

[(1 e, +u(e;+e(,)]. '(2.29) |

[u—m%+um+an;

Cy=

o]

R 2u

Ucxoas U3 reoMeTpHYECKHX COOTHOLUCHMH, NP JIMHEHHOH 1MOCTaHOBKE

3amayd KOMIOHEHThI PajMalbHbIX M TAaHICHIHMANIBHBIX Jedopmanuil cBs-
3aHbl ¢ padvaJIbHBIMH HCpCMeIHGHHﬂMK 2ABACUMOCTAMHA '

c - du £ ]

rodr’ L

(2.30)

PaccMOTpHM  HECKOJIBKO . CIydaeB JUIs TIDAHMYHBIX YCIOBMH BZAOMb
MPOMONBHOH OCH.

IlepBoiii ciayyaii. O6004YKA C 3aKPBITBIMH KOHIAMH (3ariayuikaMH MO
KOHIaM TpPYGONpoBOAa), OTCYTCTBYIOT OrPAHWYCHHA, MPENATCTBYIOMIAC
MPOAOJLHBEIM TIEPEMELICHUAM.

Jns 3toro ciyvas NPOAOJIbHOE HAlps eHHe

(2.31)

rae F,— wiomage Tpybsl B CBETY, F— IUIOLIAAL CEYCHHA CTEHOK TpYOHI,
fup M Tpy— COOTBETCTBEHHO BHYTPCHHHH M HAPYXHBI paguycel TPYORL

M3 TpeTbcro ypaBHeHHs CHCTeMbl (2.29), 3HAs BEXMYUHY O,, HaAXOAHM
(2.32)

MoacraBaas (2.32) B HepBuie JBa ypaBHEHHS cHCTEMBI (2.29), HaxX0[HM

, £ Koo
| o _Mz (e +nea)+ 1 O @3

B , '
OB:I 2(89+]J.8 )+1—_—E Lo ‘ (234)

IMoacrasnss TeOMeTPHYECKHE  YPABHCHNUA (2.30) B .(2.33) u (2. 34)
[oJIy4aem

= E (Zf+u“)+—u" 5 (233).
E u du T '
ce=1_u2(—+u dr)+——;c o (2.36)

Mpu moacranoBke (2.35) u (2.36) B ypaBHeHue PaBHOBECHS (2.27)
oJay4aeM

L (237)



O6muit mHTerpan guddepeHIMATBEHOrO ypasuenus (2.37) maxomures
B BHIE _ ‘ :

u=C,r+C,/r. | - (2.38)

Iocrosunbie uHTerpupoBanus C, u C, HAXOOUM M3 TPAHUYHBIX
YCJIOBHH, a HMEHHO -

(Gr)r=r..,= .—ps‘ (O-r),-:,"pzo- (239)
ﬂl’[ﬂ H.’:U_(O)K,E[CHPIH MMPON3BOABHBIX NTOCTOAHHBIX NpEaCTaBUM BbIpa>KeHHE
(2.35) B BHIE

E ‘ , C " ~ o
G,=1_u2[cl(uu)—,—:(l—u)}q . e

Hcxona U3 rpaHMYHBIX yCNOBHiA (2.39), nonyyaem cucTeMy ABYX ypaBHeHHd

~AJIA ONIpENCIICHUS IIOCTOSTHHLIX UHTEerpUpOBaHUA

E C i
—p= 1~¥u2 [Cl(l +u)—r-21 (1 —u)]+-— o,;

BH l—l,l
__E G, _‘ u -
0=1 [C1(1+u) = (1 u)]+1_u % @4
OTKYIa
-  on B _ ,
il
, C2=(1+u)————r27_ 5 _ (2.43)
. Hp BH o .
Iocne moAcTaHOBKM MOCTEqHHX BBIpAXeHHi B (2.40) u npeoOpazopanmit
nonyqaem :
3 L2 o
— P¥an _r_"g
\ %=z ( rz)' | | (2.44)

Ans onpeneneHus TaHTEHOMANBLHBIX HATIPSKEHMH 3aMHILEM YpaBHEHHE
(2.36) uepes NpoH3BOILHBIE TNOCTOSHHBIE, HCHOONB3Ys pemeHue (2.38),

6= [Cl(uu)%%(l—h)}ﬁcz- (2.45)

1—p?

Moncrasue B (2.45) smavemws C, u C, mo (2.42) u (2.43), mocne

nmpeobpa3oBaHuil HaxoguM

pr&n r;‘:'
Gp= (1+-2—“). | , (2.46)

Hp = ' mn r

3Has KOMIOHEHTH HANPSKEHUH O,, 6, U G, COOTBETCTBEHHO IO (2.31),

(2.44) u (2.46), MoxHO Ha OCHOBe o6o0mennoro 3akoua [yka (2.28)

ONpeeIUTL KOMMOHEHTH aedopmarnnit

- 2 .
gz-:__.k) (] _2u),

: .2
E(rk,—r2,
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A=

W7///R=]

Puc. 2.7. PacnpepeneHue paadaibHBIX O, TaHreHUHAJBHBIX Gy H' hpono.ubﬁbxx
o, HanpsXeHUH

rdo | ra

E(rap—" r

Eg= [1—2p+7§(1+u)]. | (247)

E(I" wp Vo

Pacnpe/icfieAue paJHUaJIbHBIX O,, TAHFCHUHATBHBIX O U IPOAOJBHBIX
O, HanpsDKeHHH H300pa¥eHO Ha PHC. 27, a. ’

PaccMOTpHM BTOpOH ciyyail: obonodka ¢ OrpaHHYCHHAMM, HCKJIEO-
YAIOIMIKMHI TIPOAOJILHEIE NepeMeLieHns (TpyOonpoBoa, 3alleMJ/IEHHBIA B Ipy-
HTe Wi muo konuam), Juas aroro ciyyas MPOAOJbHBIC nedopmanuu
GyayT paBHE Hymo, T.e. €,=0. Kak u paHece, 3HAs BEIHYHHY E,,
OnpeeafioTcs U3 MEPBBIX ABYX ypaBHeHEi Gopmyasl (2.29) paguatbHbIE
1 TaHreHIMAJIbHEIE = HANPSDKEHHS, XOTOPHIE 3aTEM BHIPAXAKOTCH HEpE3
nepeMeinennus. 3aTeM COCTABJUICTCS YPABHEHMC PABHOBECHA, KOTOPOE H JUIA
aroro ciyuas umeer Bupm (2.37). [lamee Ha OCHOBE PELICHUS YPAaBHCHUA
pABHOBECHA ¥ T'PAHMYHBIX YCJIOBHH ONPENENAIOTCS MPOM3BOJILHLIC TOCTO-
sEHBe. Kak ¥ cle1oBalo OXHAATh, AT 3Toro ciayyas (¢,=0) paauanbHbe
¥ TaHTeHIMAJIbHbIe HANPSDKEHUS ONPEAE/IAIOTCS, KAK H PaHee, 1o $hopMynIaM
(2.44) u (2.46). TIpoaoibHbIC HANpPsOKEHUA ‘OnpeaenswTCs M3 TPETHEro
‘ypaBuesus dopmynsl (2.28), npuaaMas g, =0:

a,=p(c,+0,). ) (2.48)

IMoacrapass B (2.48) 3HAYCHUA O, ¥ Gy IO (2.44) m (2.46), HaxoaUM
s _

o,=2p = (2.49)

2 2
rnp'_'rnn

KoMmmnoHeHTsl fedopmaiuii JUIg 3TOro ciry4das OyayT paBHBI

£, =0;
_ Pra 2 T :
Sr—E(rip—rfn) [1 H 2"" r2 (l+p):|’
Pras ra |
o= g [ e 0 =20
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PacnipeneneHne KOMIIOHEHTOB HaNpsOKEHHH IUIA 5TOTO cnydas H306-
paxeHo Ha puc. 2.7, 6.

PaccmoTpum TpeTHii cnydait— nnmHHas o6omowka (g, =const) ¢ orpa-
HUYCHUSAMM, HCKJIOYAIOMMMHE IPOJONBHBIC MEPEMENICHUS, H BO3IEHCTBH-
AMH, KPOME JABJIEHUSA, TaKXE TEMICPATYpPbl, NOCTOSIHHOH 1O BBICOTE .
cegeHus TpyOel. IlpmdeM TeMmepaTypHOe BO3AEHCTBMEG TAaKOBO, HTO
NPONONBHBIE HATPMKEHHS PaBHBI HYMO. DTO OOMH M3 Haubomee pac-
NPOCTPAHEHHBIX CHyYaeB IPOCKTHPOBAHWA IOM3EMHBIX TpyOOIMPOBOIOB,
TPAHCTIOPTUPYIOIUX OPOAYKT TPH TEMOCpaType BBIE TeMIEPaTyphI
CTPOUTENbCTBA, H [PHUMEHACTCE C MEJIbIO HE YBEJIHYHPATH TOJILLHHY.
CTEHKH TpyOGBl MO CPaBHEHWIO C PACYETOM HA BHYTPeHHEE MNaBICHUE 3a
CYeT CKUMAOIUX (6, <0) NpoaONBHBIX HanmpskeHHil. B mpakTHke 3TO
ycioBHe 0OeCeYHBAETC HA3HAYEHHEM COOTBETCTBYIOLIEH TEMIEPATYPHI
TPAHCIIOPTAa MPOIYKTa (IPH HEOOXOOHMOCTH NPOU3BOAUTCA OXIAXKICHHE)
H TEMIEPATYphl CTPOMTENLCTBA (MPH HEOGXOMMMOCTH BBOIATCH OrpaHUYe-
HUS IO MHHMMAJBHLIM TeMIEpaTypam).

Hns 9Toro cimydas MpoHOJbHEIE ne(bopmannn H NpOJOJIBHBIC HAMPAXKE-
Hug OyayT panm.l HYJIFO, T. €.

c,=0, =0 sy

C y4eTOM BO3ACHCTBHSA TEMIIEPATYPHOTO mepenana Af (ITOJOKHETEILHOTO npu
HArpeBaHuH) H ycnosus (2.51) 06o6wmennsiit 3akoH ['yka 3amMceIBaeTCS B BHIE
] ,

s,=E(cr,—u0'5)+ocAt;

aﬂ=é(ce—pcr)+aAt;

0=—%(o,;ca)+aAt,' - (2.52)

rae o—Kod(QOUIHEHT NHHEHHOro paclIMpeHHs.

U3 Ttpethero ypabmenus (2.52) ompemensieM BenmuMHY oAf, KOTOPYIO
MOJCTaB/ASEM B NEpPBbIe ABA ypaBHeHHS (2.52) W, pemas CHCTEMY YPABHEHHil
OTHOCHTENIEHOM HANPSDKCHHH, MNONyYaeM 3aBHCHMOCTh MeEkIy HampsDKe- -
HASMH H JedopMandsiMA JUIA JIAHHOTO YACTHOIO Ciydas

, I ‘
c,=—— Eg,; Ge——— Ee,. (2.53)
. l+p l+p
VyuTeiBas CcBA3b MeXAy fAedlopMaldAMH M mepememeHusma no (2.30),
MOJIy4aeM 3aBHCHMOCTh MEXAY HANPAKCHHUAMH H TepeMEIICHHIMHI

E  du oo E u
I+ dr’ % (14p) 7
IMoncrasnas. (2.54) B_ ypaBHeHHe paBHoBecHs (2.27), ONy4yaem lII/I(b
¢epennuansnoe ypasHenme B Buge (2.37). OTcroma cleAyeT, 4TO M s

aavHoro cay4yas (At#0, 6,=0, g,=0) paguaTbHBle M TAHTCHIMAIIBHBIC
HAMPSHKCHAA OMPEaCIISIOTCH COOTBETCTBEHHO IO d)opMynaM (2 44) u (2.46).

] . o) 3

G, = (2.54)




_ Mopcrapnsas B TpeThe YypaBHeHHe (2.52) 3HAYCHMS KOMIOHCHTOB
Hal'[pﬂ)KCHHH mo (2.44) u (2.46), MOXHO ONpelde/UTb [pelde/IbHbI TeM-
- mepaTypHbIi nepenan u3 ycnonun e,=0 u o,=0

Ar =22 ”"“. - (2.55)

n 2
?T wE ri,—r2,

KomronesTel aeopManmii 1t 3TOr0 cnytlaﬂ oynyT paBHbl g,=0;
ﬁl P

I+p  pri, ( r?.p),
g = E r2 N L
rnp ¥ au r

i ok (R
,ge=ilf Pran (1+’r_;), (2.56)

2
E rnp_rnu

PaccMOTpHM YeTBEPTHIA Ciay4ai, OpH KOTOPOM BEJIHYHHA TECMIEpaTyp-
HOIO mnepenaja TakKoBa, 4YTO HMEKT MeCTO NPOAOJBHBIC HAMNPSHKCHHS,
T. €. YCJOBUS BJONbL TNPOINOJBEHOH OCH HMEIT BHJ

§,=0, o,#0. @5

OGobuieHHbi 3akoH T'yka aong 3toro ciay4asds HMeEeT BHA

a,=%7 [0,—n(0,+6o) +aALE];
l .
Ee= [co—k(0.+0,}+aAtE]; .

ozlE [0, —p(0g+0,)+aALE]. O (2.58)

N3 tperrero ypaBHeHU# (2.58) ompeaenseM BEJHYUHY O, NOICTABISEM
e¢ 3HAYCHME B NEPBbIE BA YPABHEHHUA, HAXOIUM 3aBHCUMOCTD neopManuii
OT HANpsHXKCHHH :

_l4p

&=—f [(1—p)o,—noe+aEAL];
£y = “E'” (1 —p)oeépo,+a54t]. ._ (2.59)
Pemaﬁ CHCTEMY YpaBHeHHH (2.59) OTHOCHTEIRHO HATPSOKEHHH, Haxo,u;gM
e e (T A e e i
°e=(‘1f_F_u)}(E_]__2I) [(I_H)Eefﬂar]_]_Ezp‘ aAr. - (2.60)

Jlanee mnoacraBaseM B (2.60) 3Havenus gedopmanuii mo  (2.30)
M IOJIydeHHBIC BBIPAXCHWS —B ypaBHeHME pasHoBecus (2.27), momyyaem
- muddepenumancHoe ypaBHenne B BHiue (2.37). Otcropa cinedyer, 4TO
u B atoM ciayyae (Ar#0, o,#0, g,=0) paavaabHble U TAHICHUHAIbHbIE
HANPSDKEHHUS OIPEAENAIOTCA COOTBETCTBEHHO Mo dopmynam (2.44) u (2.46).
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b

IToncrapnas B TpeThe ypaBHeHHE (2.58) 3HaueHHS KOMITOHEHTOR
HAMpsokeHHA 0o (2.44) m (2.46), HaAXOAMM MPOROJILHBIE HATPSIKCHHS
2

G,=2up " —aFAr. (2.61)
Hp BH

KomMmnouentst nepopmammii mas aroro cny4as OynayT paBHB £,=0;

‘l 2 ’ 2\
g =1 f”“é (1—2p—5r'$)+(1+u)am;

E up~— ! su
I+l,l. P"fu rlzlp | \
£g=" i 1—2;1—|-r—2 +(1+p_t)czAf. (2.62)

HanGonemme ckumaromme paguanbHble 1 pacTArMBalOIINE TAHIE€HIH-
AJIBHBIC HATIDSKECHUA BO3HMKAIOT B TOYKAX Y BHYTPEHHEH TIOBEPXHOCTH
TpY6RI, T. €. mpH r=r,, ' -

B> +1

ﬁa | \‘..'

maxo,=—p; maxc,=p (2.63)

- rae |

' [3=r,;p/rm. - (2.64)
~ Onpegetum  06OOLICHHBIE XapaKTEPHCTHKH HampsaxeHud u  medop-
MAaIH -— HHTEHCHBHOCTE HATPSIKCHHH u Aedopmanuii. '

WHTEHCHBHOCTh HANpsUKEHMt 1 JepopManumit onpegenseM MO M3BECT-
HbIM  dopMyTam : :

1 2 3 2.
Gi:ﬁ V{(6,— 6 +(0,—0,) +({0y—0,)%;
. | o
€= ——" \/(gr_89)2+(8r_82)2+(86“Sz )2' (265)
J2(1 + 1) : | .
Honctasnas B (2.65) 3Havenus HanpsOKeHM M nebopManmii, momyueH-
HBIE DaHEE NI BCEX YETHIPEX CIyYaeB, HAXOAHM HHTEHCHBHOCTH HAaTIpsKe-
HUH 17151 TOYEK y BHYTPEHHEH NMOBEPXHOCTH TPyGBI (r=r,,), HHTEHCHBHOCTH
- mepopmamuit 1S HApYXKHOR MOBEPXHOCTH TPYOr (r=r,,).
IlepBriii cny4aii: Tpy6a ¢ 3arayruxoi, £,#0, Ar=0, o,#0,

2 1 :
ci=‘\/§p -B—ZB:_I_; £=./3 %Bz_—f (2.66)

Bropoit cayuait: Tpy6a 6e3 sarmyuikw, £,=0, At=0, o,#0,

6= ot /I {20 ‘ei=E(—;f’_—l)\/l—u+u2- (2.67)

Tpetnit cnyuwait: Tpy6a 6e3 3arnylukd, €,=0, At#éO, c,=0,

0__./3B4+1 N 2p 1 ' (2.68)

= ——— Pp. gl.=——‘__
N E B*-—1
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UeTBepThlil ciywail; TpybOa 0e€3 3arjyllkKH, g.=0, Ar#0, c,#0,

12
=_r 44(1-2 Zl:_E_E_AL_:l o _GEAL
o ﬂz—I\ISB HL-20' P -1 | T 1)
2

p : 2 aEA? ? GEAI
= | — —_ _—. 2.69
“CEE-ny M +[2P/(B’—1)] METYIC) 2

W310XCHHOE pelllcHHe MOJyYeHO B paMKax TEOpPHM YHOPYTOCTH, T. €.
Koraa matepuan tpyOel paboTaeT B YNpYrod obnactu. '
" Hcnonp3ys ycloBue TUTACTHYHOCTH, MOXHO OUDCICHHTL JABJICHHC,
118 KOTOPOTO MaTepuasn TPyObl paboTdeT B yrpyroi obnacti. 3amiiuem
YCIIOBHE IUIACTHYHOCTH 110 JHEPTETHYECKOH TCOpHH C y4eTOM TOro, o
U1 PACCMOTPEHHON 3a71a4M HAMpSDKeHUs O, G, ¥ Gg ABNAOTCA IJ1aBHBIMH,
a MaTepHas) oOnafaeT HICANBHOH MIACTHYHOCTBIO H HE HMCCT adexTa
YIPOYHCHHS. '

% ,\/(70}—0'0)2+(0’r—0'z)2+(0‘9—0‘z)2%G,, (270)

ric G,—Opefe] TEeKy4ecTH MaTepHana.

- Jlng mepBoro ciy4uas (e,=0), moactapnsia B (2.70) 3HaveHus O, U Oy
no (2.63) u o, no (2.31), Ana BHYTPCHHEH NOBCPXHOCTH TpyOHI, Te
HauOONIbIIME HANPAKCHUS, MONTYYacM :

. B2 |
NEY 57 =0 . | 2.71)
Orcro,ua MAKCHMAaJIbHOE HABJICHUC, NMPH KOTOpPOM HUHTEHCHUBHOCTh HaIpPsiXe-
HUi Ha BHYTPEHHEH MOBEPXHOCTH paBHA Ipelcily TCKY4eCTH,

1 p2-1
= —— O,.
p‘r \/3 ﬁz T

C yBenMYeHHEM [JABJIECHHA p > p, TIACTHYECKHC aehopMalMH  pac-
APOCTPAHAIOTCA IO TOJILUHMHE CEYEHHS. B sTtoM cayuyae B MONEPEYHOM
~ cedenud TpyObl OyaeM HMEThL JBE 30HEI: BHYTPEHHIOI — ILIACTHYECKYIO -

U HapykHyro — yopyryro. OOo3HauuM paiuyc MJIACTHYECKOH 30HBL Fy,,
IPHYEM 7, < Iy, < Fyp- T10JIYYHM peIIEHHE LA 3TOTO Clydad.

Venopue wiactHunoctd (2.70), yumteiBag, 4ro ©,=0,5 (6,+0g), mo-
JlyyaeM B BHIE S :

(2.72)

2 -
0y—0,=— O;. ; . (2.73)

J3
Ucxonsi u3 yciosua papHobecus (2.27) # yCIOBHA IUIACTHYHOCTH (2.73)‘,
nonyyaeM aupdepeHinanbHOE ypaBHEHNE :
plo_ 2 o e
dr \/g - ' ‘ ( )
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Unrerpupys (2.74), HAXOXUM

2 ‘ ‘ ‘
o,=——= o, Inr+C. (2.75)
V3 -
Q603HaYMM JABJICHHE [UFACTHHECKOH 30HBL HA YIPYI'YEO Hepes3 - q.
Torna rpaHuuHBIE YCIOBHS COOTBETCTBEHHO AN TPAHMI  [L1aCTHYECKOM
30HBI OyOyT UMETH BHA

(S )r=r==P> (0))s=y,=—1. (2.76)
H3 ypaBHeHHﬂ (2.75), PICHOJI]:?.yS{ rpaHUYHBIE YCIAOBHA (2.76), HAXOOUM

In Byy. (2.77)

P—q=—

NG

IlpuMeHuTENLHO X YIpYro#f 30He, OTOXIECTBISNA Mpenert YOPYTOCTH
C NpenejioM TEKY4YCCTH, HA OCHOBAHHH (2.72) oJiy1aemM

g=— F Bon— cs,. . (2.78)

i P - g

B dopmynax (2.77) u (2.78) BBEIEHBI Ge3pa3MepHLIE MapaMeTphI:
B _raﬂ/rmn Byn_rup/rnn ‘
CxnmagwBas (2.77) u (2.78), HMeeM

2 i 1 ;
p=——=0|InPy,— ' (2.79)
NG 262,
OnpenemuM TpeeIbHOE BHyTpeHHee NABJICHHE, IpU KOTOPOM BCs
Tpy6a TpUXOAMT B TMACTHYECKOE COCTOSHHC. B aTom  caywae
Ban=B="up/Fen> Bn=1. U3 (2.79) maxomum ‘ :

2 ' .
=G, Inp. (280

Taxum o06pazoM, MoNyyeHO 3HAYEHHE BHYTPCHHErO MNaBIEHHs, MpH

KOTOpOM HHTEHCHBHOCTEH HANPSKEHHHA Ha BHyTpeHHeH ITOBEPXHOCTH paBHA -

npeaeny TeKyqecTH (2.72), H 3HaYeHHE NPEACIBHOIO BHYTPEHHETO JaBICHUS,
[PH KOTOPOM BCE CCUCHHS TPYObl NMEPEXOAHT B ILIACTHYECKOE COCTOSHUE
(2.80). :

ITepeiizeM K HAXOXIEHHIO peI_UCHHﬂ nng Tpetbero (Ar#£0, g =0,
' 6,=0), nambojiee BaXHOTO C MPAKTHYECKOH TOYKH 3PEHHUS cnyqaﬂ'
HCTIONIL3YEMOr0 MOpH MPOSKTHPOBAHMM TpPyGONpPOBOIOB. :

Ucnonwsys ycnosme mmactmunocTH (2.70) M MOACTABJIAS 3HAYEHUS o-
u Gy o (2.63) u 0,=0, HaXoOUM [aBJICHHE, NIPH KOTOPOM HA BHYTPEHHCH
TIOBEPXHOCTH pr6m e MMEIT MECTO Han6onbmne HaNpSXKEHUS, OHH
paBHBI MIpENey TEKY4deCcTH :

. |
pT=% .. | 2.81)
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Onpeaenum namlcﬂne TpHU KOTOpOM HANIPSDKEHHSA  TIO BceMy CEUECHHIO
Tpy6bl NOCTHIHYT mpegena Tekyd4ecTd. Jlns 3Toro, u3 yCroBHs ILIACTHY-
HocTH (2.70), yuuTEIBasA, YTO G, =0, HAXOIUM TAHICHIMAJIPHBIC HANPAKCHHA

1
op=2+3/4ciciok (2.82)

Moxacrapnss (2.82) B ypaBHeHHe paBHOBecHA (2.27), moaydaeM ougdepen-
1[HAJILHOE ypaBHEHHE

do, __ __4& (283

0,+./402—30} 2r
[IpounTerpupyem ob6e vacTd ypabHeHHs (2.83).
HeckoJIbKO MOAPOOHO OCTAHOBMMCH HA HHTErPUPOBAHHM JICBOH YacTH.
Beenem 0603HaYEHHE MNEPEMEHHOHR |

c -2 o, sint. (2.84)

r
/3
- ' 2
YuuTbiBas, 4To d0,=— G, COs {d! ¥ BBIIOIHAB NPe0OPa3OBAHHE, MOTYHaeM

dig! o dr
(tg1+/3) (1 +18%1) 2
Beenem HoBoe ©O0O3HA4YEHHC NEPEMECHHOH _
| _ tg1=x. | (2.86)
Torna nudpdepeHuHATBHOE ypaBHEHHE OyleT HMMETh BHJ

1 dx . 1xa‘x+\/§ dx _' dr
4yp 3 4xP+l 4 xI+l  2r

(2.85)

(2.87)

BLIMONHAB MHTErpupoBaHHe obeux dacTed ypapHeHus (2.87), mosydaem
I 2
‘In x+\/§ ——ln (x2+1)+ 3arctgx=—21nr+C. - (2.88)

OcyimecTBUB 0OpPaTHYIO 3aMCHY EPEMEHHDIX H BBINOJIHUB npeo6pazoBaHne,
HAXOIUM pemeune ypasHeHns (2.83)
ﬁ 5,

,ln\/i(%-z—w [1- ( ))+\/arotg _ 2% _ omrtC (289)
| | 4(0—') o

" TIpoH3BONBHYIO IOCTONHHYIO ONPENENHM H3 YCIOBHS, 4TO IPH F=ry, -
0',.=‘0, ' . . / ‘
| C=In/3rZ,. (2.90)
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HOL[CT&BJIHH 3HA4YCHHE IIPOU3BOJIBHOI HOCTOﬂHHOﬁ, Inoayvyaem

_ o
I 2 ‘ B 2
In (_ﬂ+ I_E(E:) )+ 3arctg——0'—=ln r—"z‘i (2.91)
2o, 4 o, a 3 o, 2 ¥
| )

HUcmons3ys BTopoe rpammunoe yciosue, uto OpH F=rty, O,= —p, MOJYIUM
YPaBHCHHE, ONpPE/CNAIOUIES TIPCNCLHOE BHYTPEHHEE aBJIEHHE, OpH KO-
TOpPOM BCe CCYEHHE TPYOLI TEPEXOMMT B IUIACTHYECKOE COCTONHHE

. NEL
: 3pl, 1p, 2 o, - .
In( 1——~—2"———T")—\/§arctg———z=2lnﬂ. (2.92)

{3 P
' 4 o2

HAns uetBeproro cayyas (o,#0, €.=0, At#0) naBreHue, IpH KOTOPOM
Ha BHYTPCHHEH TOBEPXHOCTH HANPAXEHHS pABHBI npenesny TeKy4YecTH,

- ONpENIeNIETCA KaK H paHee M3 YCIOBHA TIACTHYHOCTH (2.70), noncrasnss

B 3TO ycnoBHe 3HaYeHHA O, M G, 1Mo (2.63) m o, no (2.61)

p.= il o : (2.93)

V3 +(1—2p)7 T

Onpenenum Temeps ana weTBepTOro Clydasl JABJIEHHE, HA KOTOPOM
HAPSKEHHA 110 BCEMY CEYCHHIO JOCTUTHYT INpedena TeKYYeCTH. Hns

' 3TOTO 'M3 YCIOBHS IUTACTHYHOCTH (2.70), yuuTeIBAz, 4YTO

a.=R(0,+0,) B X 7Y
HAXOAUM TAHTCHIMANBHBIC HANPSOKCHHS ‘ ) |
Gy=—0,b+./(b>—1) 62 +g02, (2.95)
roe ‘
Z__,_ ' : .
pbmm=05. 1 (2.96) -

T S I e
INoncrapnss (2.95) B YpaBHCHWe paBHOBecus (2.27) u pasjenss nepemen-
HBIE, MoyryyaeM MuddepeHUHANBHOE ypaBHEHHe
d d ' '
‘ o =-Z (2.97)
o, (1+6) (b~ 1) ol+gqc? 1 A

BBenem obo3Hauenne mepemenHoit

) q 2u '
o= T (298)
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VyurbIBasi, 4TO

[Tq 20—v -
do,=0, 1_qb2(1(+ul:)z)du-’ o (2.99)

J BBLIIOJHUB Tpe0oOpa3oBaHMsA, TOJY4YdeM YpPABHCHUA (2.97) B BHOE

2 ) . (2.100)

1—b2 a2 1+b r
{14u )(u +2———u-—1
‘ J1-b?

BLINOMEMB MHTErpHpoBanus o0eux vacTedl ypaBHeHMs, HAXOAMM

. _
Infu+au—1|=
al+4 lu”+ |

R
VAILES ML R 2.101)

— arctg u—+

o
- .4ln(u +1)

rne

g=2 12 (2.102)

J1-b%

[IpoU3BOIbHYI0 TIOCTOSHHYIO ONpPENETMM M3 YCIOBMS, HTO TIPH F="Vyp,
c,=0, :

—p?
c=———*’121nr,,,,. o (2.103)

Mcnons3ys BTOpoe T'DAHMYHOE YCJIOBHE, WTO HPH F=Tlg, Gr= —Pup,
nojiydacM YypaBHEHHE, OIpelelArollee TPEACIbHOE BHYTPEHHEC IaBJICHUE
Pnp, TIPM  KOTOPOM BCE  CCUCHHC TpyObl TIEPEXOAUT B IUIACTHHYECKOC
coctosame. s atoro m3 (2.98) ompenenseTca NEpeMCHHAA U, 2 nanee
w3 yciaosus (2.101) uMCneHHO ONPEACNACTCA npeJenbHoe  BHYTPEHHES
JaBJICHUE Ppp-

AHaaH3 Pe3ybTATOB M MpesioXkeHHA MO ONPE/IeEeHUI0 TOMIHHDL
CTEHKH TpyO npn OeHCTBHH BHYTPEHHEro JaBJICHHH

OTMeTEM, YTO C YBEIWYEHHEM TOJILUHBL CTCHKH TpyObonpoBoa
OTHOLICHHE [aBJeHH{, IPH KOTOpOM BC Tpyda (N0 TONIUMHE CTEHKH)
NPHUXOMAT B ILIACTHYECKOE COCTOSHHE M TOJIBKO MHTCHCHBHOCTD Hanpsxe-
HMA Ha BHYTpPEHHEHl NOBEPXHOCTH JOCTHIAacT Npefcia TCKYHCCTH, yBEJIH-
yupaeTcd. Tak TpH uapaMeTpe TOJNMMHBL CTCHKH, pasuoii Pp=1,1, aro
OTHOImeHMe cocTapaseT 1,1, ¥TO ABJACTCA ONHHM W3 pE3CpBUB HecyLiei
crmoco6uoctn Tpybomposoga. Mcmaub3oBaHHE ITOTO  pe3epBa TpedyeT
CYLIECTBEHHOTO YCIIOXHEHHS METOJOB pacucTa, NOJy4eHHs JONOJIHUTENb-
HOii mHdopMamud 00 YIPYromaaCTHYECKUX colicTBaXx MaTepHana TpyOh!
M W3yYcHHs Tpollecca TMOBTOPHBIX HArpYXXKeHHH. '
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. TPY62 HAXOAMTCS B MIACTHYECKOM

Puc. 2.8. 3asumcnmocts napamerpa I3
BHYTPCHHEro JaBieHHs OT NapaMer-
P2 TONUMABI CTEHKH, NPH KoTopoit 1,78

COCTOAHNH

> ‘
29 1 1 ] —
1025 105 1075 11 A

Cornacho HOPM NPOEKTHPOBAHHA MaruUCTpPaNBHBIX TpyOOnpoBOaOB
TAaHTEHUMANBHBIE (KOJIBLEBEIE) HANpPsKEHHE ONPEeNsioT Mo bopmyne

Go=prau/0, (2.104).

Tde O-—TONIIMHA CTEHKH . TpyGHL. | '

JamumeM dopmyny (2.104) B Hammx 0603HAYCHHAX U ofpeacIuM

Kak ¥ panee TABNEHHE, KOTOPOE COOTBETCTBYET TAHTEHIMATBHOMY HAIpSKe-
HHIO, DaBHOMY TMIPENENyY TEKYYeCTH '

r=(B-1)o,. C(2.105)

"Ha puc. 2.8 mnpuseseHsl 3aBHCMMOCTH Ge3pasMepHOro mapamerpa
HaBNEHAs p=p.{p. OT 6e3pasMepHOro mHMapaMeTPa TONIMHB OGOIOYKH
B=rup/re IUIA pATA  YCNOBHIL. KpuBpie 1, 2 u 6 COOTBETCTBYIOT
PACCMOTPEHHBIM paHee CnyvasM. TPaHHYHBIX YCIOBHH M BO3JEHCTBMIL
Kpusas 4 coorsercryer cmyuaro, korma BermumHa Px. OTIpenenseTcs
COTJIACHO HOPM KOTIOHaa3opa, KpuBas J-—mo Hopmam CIHA. Uz
CpaBHCHMA TpadHKOB ClefyeT, 4TO HaubBojkIIee JONMYCTHMOE NaBJICHUE
COOTBETCTBYeT CJIy4aro, KOra TpyOONPOBOX HMEET 3arfiylku W HeT
OTPaHUYEHHH, NPENATCTBYIOIIAX MPOIOIEHBIM nepeMeleHuaM (Kpnsas /).
IIpn oTcyTcTBHM 3arnymek u orpaHHYeHwit, NPENATCTBYIOMINX NPOIONLHBIM
TIEPEMEIIICHHSM, AONMYCTHMblE NABTCHUS YMEHBIIAIOTCA (kpuBas 2). Or-
METHM, YTO mpsMas 3 (p= 1) COOTBETCTBYET peEIIEHHIO cornacHo CHull
2.05.06—85. C yMeHbIueHHEM PaCTArHBAIOIIMX TPOJOIBHBIX HANPSHKEHHH
(0.) momycTHMoe napeHue YMEHBIIAETCA, a4 KpUBad 6 COOTBETCTBYET
MOJIONKATENLHOMY TEMIICPATYPHOMY BO3ICHCTBHIO, TIpH KOTOpOM G, =0.
Kpussie 4 u 5 mokaseipaot, 4to HOpMBI KOoTAO0HaA3opa u CIIA Gonee,
yemM CHull 2.05.06—85, otpaxaror paboty TpyOompoBoma, kak To-
CTOCTeHHOH oOonouku. OmHako ¢ YBETHYCHHEM TOJILUMHEL CTCHKHM PELICHUE
no CHull 2.05.06—85 we maer B 3amac NIPOYHOCTH. [INTs TOHKOCTEHHBIX
TpyGonposonos (B—1) pemenns no meem HOpMaM OJIH3KH. '
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a ] ' Puc. 2.9. 3aBUCUMOCTb TO/ILIH-

0 15 20 75 Jo ﬁHﬂﬂ : Hbi CTEHKM Tpy0 OT BHYTpEH-
‘ ‘ ' _ HEro [aBJICHUA

JIns OpaKTHYECKHX PACYETOB IPOMBICIOBBIX TPYOONpOBOIOB, pabura-
IOIMX B OCHOBHOM I@IPH TOJIOXKHTECJBHOM TEMIIEpaTypHOM MeEpenane,
TOJIMHY CTEHKH CJeXyeT OMNpefeiATh AIA TPAHAYHbIX YCIOBHH Cydas 6.

Beinouue npeo6pazopaHusa ¢opmyssl (2.81), 3anuuiem pelicHue s
onpele/eHHs TOJNLINHBL CTEHKH NPOMBICTIOBBIX TPYOOTIPOBOKOR B obo3naye-
'HHSX, TIPHHATBIX B HOPMAax [POEKTHUPOBAHHS |

—1 ~ '
6=D“B—2B—, | (2.106)

. » - ' . '
ﬁz\ﬁ_‘F(Hz%’ 1—%(%) ) (2.107)
1 3(—) ‘ -
R

rac

roe —HOMHHAJIBHAA TOJILMHA CTEHKHM; n—KO3pQUUHEHT HANCKHOCTH
[0 HArpy3ke MAds BHYTPEHHEro HaBfieHMd;, p— pabouce (HOpMAaTHBHOE)
AaBjieHHe; R— pacueTHoe CONPOTHBJICHAE MaTepuana Tpyo.

CpaBHUM pacyeTHBE TONIIMHBI CTCHOK MO NPe/1araeMoH dopmy:e
M 10 BEIOMCTBEHHHIM HOpPMAM HA [POEKTHPOBAHHE NPOMBICIOBBIX
TpyOONpPOBOAOB, ‘

Pe3yabTaThl MO ONPEEICHUIO TOJIMHBL CTCHOK TpyO B 3aBHCHMOCTH
OT JaBJeHHA NpHBEAcHH Ha puc. 2.9. COIOMHLIMEM JIMHHAMH IOK3a3aHEI
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pe3ymbTaTel 1O npeanaraemoit  Mertoauke —dopmyna  (2.106), myH-
KTHPHBIMH —110° HOopMmaM. Hmerommiics - paspblB  (CKauKH) mpH pacyere.
M0 HOpMaM OOBACHAIOTCA muddepeHUMPOBAHHBIM 3HA4YeHHEM = KO3(-
_(bmmenra HAJEXKHOCTH, ycraHaBnHBaeMc'Jro B 3aBHCHMOCTH OT Ja-
BJICHHSI.

C.nenyeT OTMETHTh, YTO B LEJIOM NPHHATHIE KO3DGhHIHEHTH HAeXx-
HOCTH B HOpMAax OTPaXaloT BIMAHHE TOJIUWHLI CTEHKH TpyOn.. OnpHaxo,
IOpeajiaraeMas: 31ecb METOMMKA HoJiee MONMHO H HEPa3PLIBHO, 4YTO BAXHO
- 1A TPOMBICNIOBBIX TPYGOMPOBOAOB C Pa3NUMHLIM AABIEHHEM, OTpaXaeT
BIIUSIHHAC PaJHANBHBIX HANPKEHHH M PACYETHOrO CONPOTHBJICHHA METaNIa
TPy0 Ha TOMUMHY HX CTeHKH. [na TpyGOmpoBOAOB GOMABIIOro JUaMerpa
H M3 BLICOKOMPOYHBIX CTajeil mpeanaraeMoe pelleHHe NaeT YMEHBIIEHHE
TOJNIUMHBI CTEHKH, B HEKOTOPBIX caydaax no 12%. Kpome Toro,
NpeUIaraéMelii IPUHIMIT [TO3BOJISET METOIMYECKH . MPaBUIILHO BECTH PACYeT
' TpYOOINPOBOAa KaK CTPOHTENbHON KOHCTPYKIHMK ¢ YIETOM JOMOTHATENEHBIX
pa;mam,nmx Hanpaxcemm B pr6onponone : ’

-Hanpnmenno—neq)opuuponannoe COCTOSHHE W AKECTKOCTHRIE
XAPAKTEPHCTHKH CeHeHHs!

Kak m3BecTHO, mpH pacqere Pa3NHYABIX KOHCTPYKIHE TPYGOINpPOBOAOB
_ (MOA3EMHBIX HWJIH OTKPHITEIX) s ONpeAeNeHAs . BHYTPEHHHX YCHIIMIA
B KauecTBE HX PAaCYETHOH MOJENH NPHHUMAETCH CTEPXHEBAA CHCTEMA
co cBA3aMH. [Ipu 3TOM ANA CIOKHBIX CTATHYECKH-HEOTPENETMMBIX CHCTEM
pacripeieNieHne BHYTPEHHHX YCHIHMN Yamle BCETO HAXOAHTCA MCXOOA H3
ynpyro#i paboTel MaTepHana TpyG. Pe3ynsTaToM Takoro pacuera ABJIAOTCS
3HAYCHAA BHYTPEHHMX YCH/HA B CedeHHAX TpyGomposona.

Yporenr HanpsxerHO-nedopMuposannoro coctosas (HIAC) TtpySo-
NpoBoJa B pAAE CHAYY2eB XApPAKTEPH3YIOTCA HANpPSDKEHHAMH, [IpeBOC-
XOAALMMH MPEAEn MPOMOPIMOHANLHOCTH, Koraa paboTa MaTepuaga Tpyd
He momunHsAeTCA 3akoHY ['yka. Kpome Toro, BO Bcex clyyasx IS OIEHKH
NpeneNbHBIX COCTOSHME KOHCTPYKIMH HEOOXOOMMO NONYYHTb pacrpefeiie-
HHE HANPSOKEHHH B CEYCHHH TPYOOMpPOBOJA MPH HArpy3Kax H BO3,LICPICTBHSIX
BBI3BIBAFOIIMX IUIacTHYecKHe nedopManyH.

3amaya onmpemeneHHs HaNPAXeHHO-NeOPMHPOBAHHOIO COCTOSHHA .Ce-
YEHHA CINIOLIHOTO CTEPXKHA M3 YNPYrolIaCTHYECKOTO MATEpHAna IIpH
OTHOOCHBIX HANpAXEHHAX paccMoTpeHa B pabortax A. B. emmepsmura.
IIpu 3toM mns ompenenenns HanpsokeHWd, nedpopmammit W KECTKOCTH
CeYeHHA HCMOJIb3YETCA HTEpAaNHOHHBIE MeTod. HambGomee yaayHpIM
CleayeT NpH3HATh MOXOOHBIH AaNTOPHTM, ONHCAHHBIA B  paboTax
B. II. Konomuena. [IpHHuMmuanbHas uies MeTOAA, NPHBEACHHOTO B HTHX
paborax, BolIa B CHpaBOYHYIO JIHTEPATYpy NOA HA3BAHHEM AJTOPHTM:
«Cevenuen. 3nech NPHBEACH METOR ONpEACTEHAs HaNPXeHuit, nedopMamuit
H XECTKOCTH CeYeHHsl HANOPHOTO TOHKOCTEHHOTO TPYOOIpPOBOJA C YYeTOM
- YOPYTOMmIaCTHYeCKHX OedopMarnuii Matepuana. OcoGeHHOCTBIO MeTOla
ABNACTCA y4ET IBYXOCHOTO HANPSIKEHHOTO COCTOSHHA B CTEHKE Tpy-
Gonponop;a Banaqa pelaeTCH  METOAOM MEPEMEHHBIX = HAPAMETPOB
, ' : 3

3-Pacuer... rpydonpononos




Puc. 2.10. CxeMa ccycHHa TpyGONpoBo-
Ja, ycAImii M pasGMBKM Ha 3J€MEHTap-
. Hbl¢ ILIOLIAKA '

YIOPYIOCTH ¢ HCIOJB30BAHHEM OCHOBHBIX YPABHEHM TCODPHH NJIACTHYHOCTH
B ¢dopme, uanoxenHodt B padorax H. M. besyxosa. ’
PaccmoTpumM cevenne Tpybomposoga (puc. 2.10), HarpyXeHHOIo BHYT-
PEHHMM [ABJICHHEM p, NPOJOJBHOH cHIOH N, H3rubaromuMU MOMEHTAMH
B JIBYX B3aHMHO-TICPIEHAHKYNAPHBIX - IIOCKOCTAX M, M, KpYTALIHM
MmoMeHTOM M, (oce OX coBmagaer ¢ OCbHO TPyOBI) H MOJABEPKEHHOIO
OeficTBHIO TeMmuepaTypHoro mepenana Az [Ipu 3ToM SBIAAIOTCS H3BECTHBIMU
TeOMETPHYECKHE XapaKTepHUCTHKH CeyeHMs Tpybomposoaa (HapyXHBIA Iua-
MeTp D, ¥ TONILKMHA CTEHKH 3) H AuarpaMma «HalpsbkeHHe — aedopMalua»
(0—€), XapakTepusylolllafd OJHOOCHOE pacTHKEHHE MaTepHana TpyOsI
Huarpamma, «HanpsokeHde-geGopMaImsa» MOXKET 3aJaBaThCi B JIOOOH
.bopme kak, Hampumep, TaOnuned KOOPIUHAT TOYEK B OCAX T —§& HIH
B (GOpMe AHAIMTHYECKOTO ONHCAHHA, M MOXET OBITh INPOU3BOJBHOTO
BH/A C €IMHCTBEHHBIM OIPAaHHYHBAIOLINM YyCnoBHeM: do/de>0. Harpysku
H BO3ACHCTBUS MOTYT MMCETh HIMPOKHH MHana3oH 3HAYEHUH, HE OTPaHHYCH-
HBIX TpeGoBaHHAMH paborTsl MaTepHana Tpy® Tolbko B ynpyrod obsactu.
OcHoBHas 3adaia — ONpeAcfieHHe KOMIIOHECHTOB H/AC u xectkocrtei
ceyeHus B TpybompoBoje ©OH [HOeHCTBHEM 3a[aHHBIX YCHIHHA. 3anava
pelaeTcs HTePalHOHHBIM METOAOM € HCIOJIb30BAHHEM OCHOBHBIX NOJIOXE-
Huii crmocoba onpepencHds HJIC crutommHbeIX ceyeHMH  CTEPXKHEBbIX KOH-
crpykumii. IlpMHMMAETCA THIOTE3A O IPOCTOM HATPYXKEHHH.
‘ briaroaaps oceBoil CHMMETPHH cedeHHs TpyOonpoBoaa, Js ynpoLUeHUs
3a71a4¥ H3rHOArOIME MOMEHTBI M, H M,, OeACTBYIOIIME B TOPU3OHTAIBHOM
H BEPTHKAJIBHOH IUIOCKOCTAX, 3aMEHAIOTCA OAHMM  PE3YNbTHPYIOIIHIM

H3rUGaomuM MOMeHTOM M=./M}+M?, neHCTBYIOIAM B IUIOCKOCTH
XOU, pacnonoXeHHOH TOX- YIJioM . (p=arctg(M,,/Mz) K ocu OY (em.
puc. 2.10). Ceuyenne TpyGonposoaa, NpEACTaBIAIOLIES co0oil  KOJIBLIO
¢ pamuycoM cpeaHeil yuHuM r=(D, —8)/2 u IUMPHHOH . 3, pa3buBaeTCs
CCKTOPHAJIbHBIMH CCYCHHAMH Ha 1 PaBHOBEJIMKHX JJEMEHTapHBIX IIOMIA-
IOK, Kaxaas W3 KOTOPHIX XapaKTECpPH3yeTCA CBOHM INOPAIKOBRIM HOMEPOM
[, a TaKxe IMEPEMEHHBIMHU NapaMETpaMH YNPYTrocTH. CEKYLUUM MOIYJIEM
E; u xo3¢pduunenToM nonepeuHoi aepopManuu J;, KOTOPLIC BEIYHCIAIOTCS

?



AN NTEHTPOR J3ICMCHTAPHLIX IUIOIIAAOK H CYHTAKOTCHA TOCTOAHHBIMH

‘B TMpefienax oHO# muowankd. [Ind ynoGcTBa BLIMACTEHUH UEHTp NEPBOi
wiowanku (i=1) pacnonaraeTcs Ha TepeceueHHH CPEIHEN JIMHMHM CEYeHMS

'H TIONIOKHTENLHOIO HampapieHus ocd OU B pACTSHYTOH 30He CeYeHHS,

4 YHCI0 TUIOWIANOK # TMPHHMMAETCA KPATHBIM HETHIDEM (B TOM CIydae
BCroMorareabHsle ocH OU u OV nepecekaloT UEHTPH COOTBETCTBYROIIHX .
TLTOLA 0K ).

[IpsAMOYTONbHEIE KOOPAHHATHL i-i IUIOWANKA B cHcTeMe UQV BBIYHC-
nfrorcd no ¢gpopMynaM

w=rcosf, v=rsinp, P=2(i~1)n/n; i=1,n. (2108

B cuny pacuyeTHoH CcXeMBI TOHKOCTEHHOTC KOJIBIA, HAXOIMIIErOCH
non BHYTpeHHHM AABJICHHEM, KOJBICBHIC HANPAKCHASA HE 3aBHUCAT
ot apyrux kommnorentos HJIC TpyGonposoaa u OTIPENEIOTCH HIBECTHBIM
" BBIPpAXCHHEM

o p(Da—28)/25. O (2.109)

IlpuHuMas THNOTE3y 0 MOCTOSACTBE MOTOKA KACATENBHBIX HAMpPSKSHHH
B CEYCHMH TOHKOCTCHHOH prﬁbl MpH KPYYEHUH, HAXOIUM KacaTeJIbHbIC
HANPSXKCHUS :

— 1, =Mr/2l ‘ o e 110) »

rae M, —prTﬂH_[HH MOMEHT; [-—o0ceBoli MOMeEHT nHepmm CCYEHHA.
‘Taxum 06pa3oM, KOJBLEBBIE M KACATEIbLHBIE HANPKECHHS CYATAIOTCA
NOCTOAHHBIMA H HE 3aBHCAT HH OT HOMepa MJIOIAAKH, HH OT HOMeEpa
WTEpaluny.

B xaxpoi mepaunn J HAC cevenns xapaxtepusyeTcsi 0G06LICHHEIMHU
OCEBbIMH €y; H H3THOHBIMH He=H; nepopmaaAMu ' (%;— IpUApAIEHHAE

KPHBH3HBL OCH B TUIOCKOCTH XOU). Ha HagansnoM sTame pacdera BO
“BCEX TUIOIMAZKAX TIEPEMCHHBIE MapaMeTphl YIPYTrOCTH TPHHUMAIOTCS
PaBHBIMH HAYaNbHBIM YNPYTHM HOCTOSHHBIM MaTepuama E, U po,
a obobmennble NedOpMAIMH BHYHCIAIOTCA M0 (QOPMYJIam

=N/Bor; %= Mr/Boy, - (@2.11D

rae Bop=FE,F; BOI—EOI —HAaYaJIbHbIE XECTKOCTH CCUCHASA TIPH pac:'r;mcemm
(cxaTun) H WIrubE.

Vctionb3ys THMOTE3y IWIOCKMX CE4eHHH, NPONOJIbHBIE Hanpmxennﬂ
HA [aHHOW HTEPallAM HAXONATCA B 3aBHCHMOCTH - OT 0GOGINEHHBIX
aepopMandii u CEKYILEro MOy, OTpPENENCHHBIX Ha npe,ubmymen HTe-
pauym

61ﬁ=Eu—1)i[?N(}—IJ‘*‘“*U-l)COS B:]. (2-112)

3aech crmefyeT OTMETHTB, YTO NPOACJBHBIE HAIPSKEHHS B SBHOM BHIE
HE 34aBHCAT OT BHYTPEHHEro MJABJICHHN, NOCKOJBKY JIPOAOJhHAS CHJIA
N yxe comepxuT B cebe yCHJIHE, BHI3BAHHOE BHyTpeHHHM JABJICHUEM.
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. Tlo H3BECTHBIM KOMIIOHEHTAM HanpskeHHH ONpeensoTCa yCIOBHbIE
UHTECHCHBHOCTH HANPSAXKCHMI, COOTBETCTBYIOLIME CEKYIUHM MOAYJAM Ipe-
AblAyLIeH HTEpalHH: . ,

[ 2 2 2 ' '
‘ Oyenji= Oxu— OunCuji +01;+ 3o ) (21 13)
JInd ynpoleHHS BBIPAXEHHH, HUCMONb3YeMbIX [ ONPEACICHHA Ie-
peEMEHHLIX TapaMeTPOB YNPYTOCTH, JAaliee .HAXOMATCA HE HHTCHCHBHOCTH
JeopMalMii, a COOTBETCTBYIOLUME HAMpsKCHHAM (2.113) neopManun
Opd OMHOOCHOM PACTSKCHUH - ' .
€ji =Oyenji/ EGi-1) 15 - (2.114)

KOTOpble B COBOKYIHOCTH C M3BeCTHOH (3aJaHHOMH) AMarpaMMo# OZHOOC-
HOTO PAacTSKEHHS O — & MO3BONAIOT ONPENCNHTL NEPEMEHHBIE MapaMeTphl
YIPYrOCTH Ha JAHHOH HTepalyu

1 1—-2u4 E4 ‘

Eji=0j/ej, l-'-ji_—'i—-TmEjja (2.115)
rae G — HalpskeHHs, COOTBETCTBYIOLIME IO HuarpamMme ¢ —& Hedop-
ManuaMm (2.114). Takoifi nprmemM NO3BOJAET OTKa3aThCAd OT NEpepacyera
IMArpaMMbl «HaNpsxeHns — AehopManiu» B JHArpaMMy Ie(OopMHPOBAHUS
H MCnoNp30BaTL Oosiee TpoCThie 3aBHCHMOCTH (2.115) [ns mepeMeHHBIX
napaMeTpoB YIIPYrocTH. B : -
IIpuMeHAs OTHOCHTENLHEI cexyrumii Moayib Mji= Ejy/ Eo, Jajiee BHIYHC-
JASIOTCS OTHOCHTENBHBIE MECTKOCTH (OTHECEHHLIE K COOTBETCTBYIOLIMM
HaYalIbHbIM JKECTKOCTAM) JeOpMHPOBAHHOrO ceueHHst Tpybonpopoga
COOTBETCTBEHHO TpPH PACTSXKECHHH (CKATHUH), HIrude, KpydeHMH, a TaKKe

NpHBEJCHHbIA CTATHYCCKHH MOMEHT CEYEHHR HAa JAHHOH HTepauyM:

13 . 21 ¢ 2,
| ‘er=;i§l M jis 'le=;ﬁ z Mji ki

i=
1+ & Nii

Yiep= )y

e no =y 1Ry

- OGoOwennste faehopMaluMH j-H HTEpallid HaXOAATCA H3  CTATHYECKHX
YCIOBHH paBHOBECHSA CEYEHHS, COCTABJAIOUIMX CHCTCMY JBYX 'yPaBHEHHM:

N={oc,;dF, M={o,;udF. 2.7
F : F o

s Yis=

1

10 | |

;Z Njithi- - 7 (2.116)
i=1 '

-~

Hoacrapnaa B ypaBHeHns (2.117) 3HaueHHs O,j, ONpEACTCHHLIE B COOT-
BeTCTBHH ¢ ¢QopmMynoii (2.112), 3aMeHss NpOHOJBHYIO CHIIY H MOMEHT
BRIPAKEHHAMH, ClAeaAyrommMH 3 (2.117), a Takxke YYMTBIBas CBOHCTBEHHOE
' KONIbLIEBOMY TOHKOCTEHHOMY CeYEHHIO NPHOIHXKEHHOE COOTHOLICHHE MEXY
MOMEHTOM HHEPUMM H ILIOMIAJAbio ceueHHs I/F~r?/2, mony4yuM CHCTeMy

ypaBHeHHHl N1 ONpedcneHHA o6o6GmeHHBIX nepopMamMil ey H Xj..

IR

Yir Yis Ein |l .|| En . :
- : =1, - (2.118)
Yis E‘Yj{ | Hje 7 %o :
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[TpoBepxa CXOAMMOCTH HTEpAIMOHHOIO IIPOIECCA BHINOMHAETCA TIO |

OTHOCHTC/IBHBIM NPHUPAILEHUIM 0606MeHHsIX medopMmanmii Ha AaHHOH
uTepanuy. Bonblliee M3 ABYX OTHOCHTEIBHBIX npupaiteHuii 06o6IeHHbIX

nedopManyit CpaBHHBAETCA ¢ 3aRXaHHEIM KPUTEPHEM CXOZHMOCTH. B cmysae .

HEYIOBJICTBOPEHHA 33JaHHOMY KPHTEPHIO mepaunonﬂmn OHKT TOBTOPA-
eTcs. B mnpoTHBHOM cnydae WrepanMOHHBIA Mpolece 3aKaHYUBAETCH
M HaHICHHBIC HA MOCTECAHEH MTEpalldd KOMITOHSHTHI HANpPSKEHU H *ECT-
'KOCTH CeveHHil SBJAIOTCA OKOHYATENLHBIMH pacueTHHMEH. K HalIeHHBIM
06061IEHABIM JehopMamuaM  T00aBIAIOTCS TAKXKE KOMIIOHEHTH! Aedop-
Mauui, ONpelCNAEMBIE B 3aBUCHMOCTH OT HANPKEHAR M TEpEMEHHBIX
MapaMeTPOB YNPYTOCTH, HAWIEHHLIX HA MOCHeqHEH MTepaIHu:

1

€1 -‘=E;(G'.1J, .u,, ,,,)+aAt

aﬂéELﬁ(qm—u,-,-cn,-.-)JrocAt;

g £ = —;—;(c.;+ c‘l',-,-)—f-“aAt;' |
eu=2(1+ )t/ Ec. - (2119

MHTCHCPIBHOCTPI Hanpsmcemm COBMAdANOT IIO BEJTHYHHE C HaNpAXKCHHUA-

. MM, onpefeNfieMbLIMHM IO JHATPaMMe OJHOOCHOTO PACTSKEHHS B 3aBH-

CHMOCTH OT «OJHOOCHBIX» nedopmanmid (2.119) B mocnenueif uTepalun
(0,i=0;). Uurencusroctu. medopmarmit 119 craguu HATPYXCHUA H pa3-
rpyaxu (octaTtouubic) onpe,ueJm}oTcsl no ¢opMyaaM

l—2|.: Oai |
535=8ji'——3-—0 E 5
S 0
2 l+u Ga.‘,.
€r0cri=E3i— ( 3 O)EE- (2120)
. 0

Hockoneky mpu pacueré prﬁonpondna HEOOXOMMMO HMMETh OTHO-

CHTE/IbHBIC KCCTKOCTH MpH H3rHOE B TOPH3OHTANLHOM H BEPTHKANBLHOMN
TUTIOCKOCTHX, TO OHH HaxoJaATcs ny'reM nepexona ot oceit Uu 'k ocsiM y W 2

21
'Yw—'—”— Z n;,(ulsmcp+v cos 9)?,
er—,%,—zZ s (05 @ — vsmcp)2 a2

B mpouecce ynpyromnacTuueckoro ae¢popMHPOBaHMS TOYKA [TPHIIOXKE-
HUsA MPOAO/BHOM CHIIBI B ceeHMH TpyGonposona, coBnanaromas ¢ dusmnyec-

KAM HEHTPOM THXKECTH CEYCHHA, TTOCTEIHEHHO CMEIIAETCA H3 reoMETpHYCC-.

ROro ULCHTpPA CeYeHHA. ITO CMelleHMe BAoak ocH OU HaxomdTcs o
nocieauei urepauuu no gopmyne a=(y;s/y;r)r. lipomonpusie aedhopmammn

H HanpsKEeHUS, a TAKXKE NEepeMEHHbIE MAPAMETPEl YIPYTOCTH B (H3HYECKOM'

HOEHTPE THXECTH CCYCHHA TNPHHHMAKOTCA PaBHLIME COOTBETCTBYIOLIHM
37
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Puc. 2.11. Bmopm I'[pOJIOJIbelX HalpsxeHUid (0,) H NPOJOJbHBIX JdedopManui
NpH JOCTHXCHMH (UOPOBOA TekyvecTH / W IJIACTHYECKOro lLiapHupa 2

JHAYeHHAM [Nd TOH 3JIeMEHTApHOR IUIOIMANAKH, KOOPAMHATA HEHTpa
KOoTopoH u; fABnsAcTca Onmkainjed K HAHACHHOMY CMCIUCHHIO 4.

C ucnosb3oBaHneM npemnoxerHoro anropurMma KOxxHHWHI unporaszom
cocrasieda mporpamma (VII[A) pacuera ais DBM EC, mosposAromas
onpenensaTh xecTkocTy u HJAC ceyeHns HanopHoro TpyGomposoja.

C 1enpr0 CpaBHEHHs pPe3YJIbTATOB pPACYETOB IO MpOTpaMMe C aHa-
JUTHYECKMM pEIICHHEM 3aJa4d O 9HCTOM H3rube B 3aMKHYTOM BHIE
(onpeneacHus H3rubarOLMX MOMEHTOB OPH 3afaHHBIX (HUOpoBLIX Hedop-
Mamusx) Ha puc. 2.11 OpHBeACHBI 3MIOPHl  MPOAOIBHBEIX  HANPAKCHUH
u jgedopmanmii MpH OBYX 3HAuYEHUAX Marubaroulero MomMenra M.=o, W
(MOMEHT,  COOTBETCTBYIOLIMA  JOCTHXE¢HHMIO = (HOpDOBOH  TEKy4ecTH)

" B M,,=40,. W/t (MOMEHT, COOTBETCTBYIOILUH AOCTHXCHHIO ILIACTHIECKOrO

LWIAPBMPA) AN CHEAYIOIMX HCXOOHBIX IaHHbIX: D, x8=1420x 17,5 mMm;
E;=2,06-10° MIla; po=0,3; o,=
WieanbHbI ynpyromaacrudeckuil. 34ech ke IMYHKTHPOM 0003HauveHBI
SMIOPhl ' MPOAOJIbHLIX HANPAXKEHHH, BbIYMCIACHHBIE COIIACHO IIOJIYYCHHBIM
no nporpamme «YI1[» nmpoaoibHeIM JedopManuaM W 3aJaHHOH JHArpaMm-
Me «Hanpskenue — aedopManus» Martepudana. Jnga odoOmeHHOro cpas- -
HEHHs pe3yJbTATOB M OLEHKH HX JOCTOBEPHOCTH OBUIH OIPEAEICHBI
3HAYEHUS H3rubaromMXx MOMEHTOB M, u M,, NyTeM TEOPETHYECKOTO
perieHuss oOpaTHOM 3a]a4H, HCXOAS U3 3HaveHHH (UOpOBBIX JedopMaruii.
" [lonydeHsr CIEAYIOLUHE - PE3yNBTATHL OporpaMma «YHL[»-—
M.=1,121-10* xH ‘M; M., =1,42810* kH -M; TeopeTHYecKOE pellleHne —
M,=1,113-10*xH M; M, ,=1,385xxH M. CpasHeHHe NOKA3bIBAET, YTO
PACXOXICHHE B 3HAYCHHMAX H3rHOAIOIMX MOMEHTOB COCT4BIISET COOTBET-
creeso 0,7 u 3%. -
B Tabn. 2.2 mpuBedeHbl pe3yabTAThI YHCJIEHHOTO pacyera Ha 2BM
mo nporpamme «¥II[» pns tTpybompoBoma ¢ TeMH X¢ HCXOJHBIMY
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JAHHBIMH, HO TIPH CIEAYIOMMX Harpy3kax poaneicTeuax: p=4,2 Mlla;
A1=100° C; N=1,311-10* xH; M,=0; M,=1,055-10*xH -M; M,=0.
TaksM 00pa3oM, H3IJOXKEHHBIH METON YHCJICHHOIO PEILICHHA 3aaaty
onpencican-1 HJIC ceyeHus M ero XeCTKOCTHHIX XapaKTepUCTHK H pe-
amm3amus ero Ha DBM nosBonger 0oNee TOYHO YYECTh [ACHCTBHTCIBHBIC
ycrnopus paboTel TpyGonpoBoaa U 3d cyeT foniee NOJHOrO HCNOMB3OBAHMA
"Hecylleil cmocoGHOCTH ceyeHMs Tpybomposoja BRIOMpAThL MApPaMETPEI
pAHHOHAILHBIX KOHCTPYKTHBHBIX peIUeHHi (TONMIMHY CTCHKH, HAYAJBHBIC
paanychl M3ruba, coYeTAHME NPAMOIMHCHHBIX 'Y4ACTKOB M OTBOJOB, ILuar
cps3eil (GaylacTHPOBKY) M ONOp, AOMYCTHMBIH “TeMNepaTypHBbIA Iepenan

" ,up.)_. '

PR

TJABA 3 | . o
ONPEAEJEHUE OCHOBHBIX KOHCTPYKTHUBHBIX
IIAPAMETPOB MOJA3EMHBIX MAT'MCTPAJIBHBIX
nu HPOMBICJ[OBBIX' TPYBOINPOBOAOB '

1
{

- HopmaTtuBHble TpefoBanus mo onpeneﬂelimo OCHOBHBIX
KORCTPYKTMBHBIX MNapaMeTpoB | '

IMox HOpMaTHBHBIMM TpcGOBaHHAMM K OCHOBHBIM KOHCTPYKTHBHBIM
mapaMeTpaM MOHHMAKIOTCA  YCIOBHA NPOYHOCTH, AeOpMATHBHOCTH
A YCTOHYHMBOCTH, COAEPXKAILMECH B HOPMAX, KOTOPhIC ONPEACIAIOT KOHCTPY-
kTuBHbe pemenus. B Hopmax mpoekTHpOBaHus Kak MaruCTpaJibHBIX, TaK
M NpPOMBICTIOBBX TPYGONpPOBOAOB NpHBEACHB! GOPMYJIBI V1A ONPEACICHHS
PacHeTHOH TONLIMHBI CTEHOK TPYOBI B 3aBUCHMOCTH OT pabouero (Hopma-
THBHOTO) [JaBJICHHH, KATErOPHH Y4acTka, PU3HKO-MEXaAHHYCCKMX XapakTepH-
CTHK MaTepHana Tpy6 M Ka4ecTBa MX M3TOTOBIEHHA, BUAOB TPaHCHOPTHPYe-
MOTO TPOAYKTA M paia ApYrux ¢axropoB. OCcOGEHHOCTBIO 3THX PACHETHERIX
GOpMyN - ABASETCA TO, YTO OHH MOJYYEHBI HCXO4d M3 NpPECIbHLIX
COCTOSHHIf NPH BO3JCHCTBHH TONBKO BHYTPEHHErO JaBIeHHA. JTO O3HA4a-
€T, YTO 3TH PACYETHBIC TOJIUMHBI CTEHKH TPYOBI ABIAIOTCA MHHHMANBHLI-
'MH, M B BEKOTOpHIX CIy4asX, B 3aBHCHMMOCTH OT APYTHX NapameTpoB
KOHCTPYKIHH, HATPY30K, H BO3eiCTBHIA, MOTyT ObITh yBeauucHbl. ITockon-
KY JUIfl POTHAXEHHBIX TPYGONPOBONOB TOMIKHA CTEHKH TPYOBI onpenciseT
METAJLUTOEMKOCTb COOPYXKEHHS, TO OCHOBHBIM HPHHIMIIOM [IPOCKTHPOBAHMA
Tpy6onposoaa, .T.¢. BHIGOpPAa €r0 OCHOBHEIX [apaMeTpOB, ABIAETCA
OrpaHHYEHHE TEXHOJOTMYECKMX HArpy3oK H NpPHHATHE KOHCTPYKTHBHBIX
pelleHHd, He TpeOyIOIMHX YBEJHYCHUS TOJIUMHBI CTCHKH TpyObl. ‘

MaxkcHManbsHBIA JOMYCTHMBIA TeMiepaTypHBIA nepenag npu MEHUMAJIb--
'HOH TOMILEHE CTEHKH ONpPENeNseTcs yCI0BHEM, TPU KOTOPOM NPOIOJIbHEIC
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' OCCBBIE HANpPSKEHHS OT BHYTPEHHETO [aBIEHHS M - TEMIEpaTyPHOT O

nepenana ObtH OBl . PaBHBI HYMWO WIHA Gonblile Hyns, T.e. OBLIH
pactarusaromtiuMi.  OgHAKO NPOJONBHBIE DACTATHBAIOLUINE. HANPKEHUS
'OTPAHHYCHBI PAcCuYeTHBIM CONPOTHBICHHEM MaTepHana Tpy6.

Ecnn npuAsras B NMpOEKTE COTJIACHO COPTAMEHTY Ha TpyObl TONIMMHA
CTCHKH TPYO Gonblile pacyeTHOM, TO ITO O3HAYAET, YTO MOXKHO YBEIMYUTH
NONOXHTENbHLIA TEMIEPATYPHBIH Tepenag Mo CPAaBHEHHIO C paHee OIIpe-
AeNeHHBIM MAaKCHMAThHO NONMYCTHMBIM.

JUIs TIpeOTBpalieHHs HEIOMYCTHMBIX ITACTHYECKHX medhopManui |
- MPOBOJUTCSH PACHET M3 YCIOBHSA OTPAHHYCHHS MaKCHMAJLHBIX HAPAXCHHMH,
BKIOYas OanoyHsic M3THOHBIE. -JTO YCTOBHE 3alHCAaHO B HOPMAax uepes
HAMPSXXEHHE M OTpaXaeT TpeOoBaHHA, YTOOB KOMIIOHEHTHI HAMpPSXCHHK
M HMX HHTCHCHBHOCTh OT HODMATHMBHEIX HArpy30K HE MpeBblana Obl
BEJIMYAHDI, CBA3AHHOM C NpENENoM TekydecTH MeTaua. OOBIMHO 3TO
YCTIOBHE, 33 MHCKITIOYCHHEM CTalel ¢ oOYeHb HH3IKAM COOTHOILIEHHUEM
npeaena TEKYYeCTH M IMPOMHOCTH, HE SBIAETCA ONPEHCASIOIMM [PH
‘HA3HAYCHUH TONIUMHBI CTEHKH TpPyDO, a B OCHOBHOM OMNpelenseT MAO-
MyCTHMBIE PagHyChl YOPYroro H3ruba, : rmyoHHY - 3aMOXEHHS TPYOHI,
GanmacTapoBKY H T. W, :

OcHoBHbe KOIICprKTIIBHHe NapaMeTphl MO/X3EMHBIX
MardcTpagbHbIX TpYGONpoOBROIOB

IMon OCHOBHBIMH KOHCTPYKTHBHBIMH napaMerpaMn IHOHHMAETCR TOJI-
LIMHA CTEHKH TpPYOBI, TEMNEPATYPHBIH Nepenan ¥ MHHMMAIBHBIH paguyc
YTpYroro muaru0ba, KOTOpEIE, B OCHOBHOM, ONpPEIENAOT KOHCTPYKTHBHOE
petienne nOM3EMHBIX TpyGonmpoBomos. OGHIMHO BHAYANE 3TH NapaMeTpHI .
HaXoOMAT AN TaK Ha3bIBAEMOTO  «3aIleMJIEHHOro» TpyOonpoBoma, T. €.
MpH OTCYTCTBHH NPOJONBHBIX H TOMEPEYHBIX NEPeMEILEHHA. 3aTeMm
MPOBEPACTCSH NPOYHOCTE, APOPMATHBHOCTD H YCTOMYMBOCTE TpyBonpoBsoaa
KaK CHCTEMEI, COCTOSMILEH U3 COMETAHUS NPAMOIHHEHHBIX, YIIPYTOH3OIHYTEIX
Y44CTKOB H OTBOAOB C YYETOM B32HMOJEHCTBHA ¢ TPYHTOM H 3akpen-

NAIOLAMH  YCTPORCTBAMHA.
-~ CornmacHo HOPMaM IPOSKTHPOBAHHMS MATrHCTPAJIBHRIX prﬁonpononon
(CHHIT 2.05.06—85) pacyeT Ha mNpPOYHOCTH NPOM3BOMMTCA C yyeTOM
YIPYrolLTacTHYECKOH paboThl MeTasna prG HCXONS M3 HOpMHpOBaHHOH
OUarpaMMbl  pacTsDKEHUS.

Jins nmocTpoeHHs HOpMHPOBaHHOH }Iﬂar‘paMMH &—E& mpu pacueTe o
' NpeeNbHBIM COCTOSAHUAM. HEOOXOMHMO YYECTH H3MEHYMBOCTh MIPOYHOCTHRIX
XapaKTEPHCTHK MeTajuia Tpyd. B ¢BA3# ¢ 3THM HOpMaTHBHasA JHAarpaMMa
PacTsKCHHA ©—¢& MEPECTPAHBACTCA B HOPMHPOBAHHYIO JHATPAMMY & —&

c'r:c/k.,,‘o,.é_-—-s_(l_'ki)cr/Eo, @30

B0

rae Ky o~—KO0I(QQHUIHEHT BepOATHOCTHOLH oﬁecneqeuﬂocm npquocrm,Ix
xapaxrepncmx MeéTamna Tpyo.
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‘

KpoMme Toro, ANt TOCTPOCHHS HODMATHBHOW X HOPMHPOBAHHOM
AHAarpaMMbl HCHONB3YIOTCS HOPMATHBHbLIE CONMPOTHB/ICHUSA PACTSKEHUIO
meraula Tpy6é Ry, ® Ry,, ONOpCACISCMBIE B COOTBETCTBUH  CO
CHull 2.05.06—85. - :

CxeMaTH4eCKOE H306pa>xcrme HOPMATHBHOI JHAT PAMMBI IpeCTABIECHO
Ha pHC. 2.4, a ypaBHeHMs e¢ TpeX BeTBed ommucaHo B ri. 2. B ciyuae
jaJlaHdd AHarpaMMbi B TabGnM4YHOH ¢QopMe = IepepacueT HaNpsSKCHUH
H nedopManMii IPOU3BOAUTCH IO (bopmynaM 3.1). ‘

VyeT B pacyeTax YOpYroIUTACTHYeCKOH paGoThl MeTalna TpyO BBI3HI-
 paeT HeobXoAUMOCTH GoJiee TOYHOIrO ONpe/cleHMs (QUIHYECKOTO CMBICIA
Koa(huIeHTa ycmoBHa paboThi, Kod(huiHeHTa HaNeKHOCTH MO MaTepH-
amy Tpybnl H kod(hHUIMEeHTa HAJEKHOCTH IO HA3HAYCHHIO TPyOolpoBona,
KOTOpbIE COIJIACHO HOPMam ucnonbay}orcsl IpH ONpeJe/ICHUH PACYETHOrO
CONPOTHBJICHHA. * :

IMox lcoacp(pnuneHTOM yCIIOBHSA pa60Tm NPUMEHHTENBHO K TPYyOOo-
IPOBOJAM, MOHMMAeTcs K03G(HIHEHT, OTpaxXaroliui TNPUOIMKECHHOCTE
pPAaCYETHOM CXeMbl M NPHHATBIX NPEANOCBUIOK pacyeTa, Hey4eT Ha4aJIbHbIX
' HeCOBEPIICHCTB KOHCTPYKIMH M APYrMX (akTOpoB, BIMSIOIIHX HA Ha-
NpSUKEHHO-1ePOPMHPOBAHHOE COCTOANME. B Takoit TpakToBke K03dGHUHEHT
ycnoBus paGoThl JOJKCH BBOOMTHCH B ONPEIACHSEMEBIE PACYCTHBIM IyTeM
HATIPSDKCHWs. OT DPACYCTHBIX HAIPY30K H BO3/ICHCTBHH, a He B PACYETHOE
COIPOTHBIICHHE. '

KoadgbuiuesT HaJeKHOCTH IS MaFHCTpaJlebIX prﬁonpononos omnpe-
nensieT CTeleHbh OTBETCTBEHHOCTH M MOLIHOCTH TPAHCIOPTHOH CHCTEMBI,
a TaKXe 3HAYMMOCTDH NOCIEACTBHH HACTYMNEHHsA NPEACIbHBIX COCTOAHHUH
-(otkazoB). Ilo Takoii TpPakTOBKe HAa KO3(OHUIMEHT HameKHOCTH (k,>1)
ciaeayeT JENHTh TIpE/IC/IbHBIE 3HAYCHMS, XapaxTcpU3ylolIue Hecymym
CIOCOOHOCTD.

Ko3d}HIHEHT HafeXHOCTH MO 'MATepHATY JOJKEH OTpaXaTh H3MCH-
YHBOCTb TNMPOYHOCTHLIX XAPAKTEPUCTHK TPYyD, T. €. OOECHEeYEeHHOCTh HOp-
maTuBHbIX conpotusneHuii CHull II. A-10—71. Oagnako koa(pduuuenT
HAJEXHOCTH TO MaTepualy Tpy® COrJacHO HOpPMaM YpPOEKTHPOBaHHA
MarHcTpajbHbLIX TPYOOIPOBOAOB OTpaxaeT HE TOJIBKO 3TOT (haKTOp, HO
M KadecTBO TpyD, 4 Takxke OONYCK O TOJILHHE CTeHKH. OIHAKO eCIH
nepBbie /B2 (akTOpa MOJKHBEI YYUTHIBATECH TPH onpe,ucnennn pacueTHOIO
CONPOTHBJICHUS MO €r0 HOPMATHBHOH BEIMYHHE, TO TpeTHH  paKTop —
" IOMYCK N0 TOJILIMHE CTEHKH TPYO .He MOXET YYHTHIBATHCA B KOd(uimenTe
HANEKHOCTH IO MATEPHMAdy, a JOJDKEH YYHTLIBATBCA IPW ONpE/IEICHHH
pacueTHLHIX HanpsHKeHUH. ' ‘ ‘

"Ecin B JMHEHHOH MOCTAHOBKC 3a1a4¥ NAPAMETPHI YNPYTOCTH HE .
34BHCAT OT YPOBHS HANPSOKEHHOrO COCTOAHHMA, TO MPH pacyeTe (hH3HYECKHX
HeJIMHEHMHBIX CHCTEM MCKOMbIE HANPSDKEHUs] 3aBUCAT OT Aedopmanuit
CHCTEMBI. B CBS3M ¢ 3TUM TpH pacieTe Ha IPOYHOCTE C YUETOM
YIpyromIacTHIecKol paboThl MeTasLia pr6 BBOJIUTCA IIOHATHE YCJIIOBHOIO
pacquHoro COMPOTHBJIEHUS : :

'R, —an, n kb/m 3.2)
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. rie R,, m—pacyeTHoe CONPOTHBNEHHE M Ko3pdHUHEHT ycIIoBHs paboTHI,
onpenensemele cormacio CHuIT 2.05.06—8S; k;— xoadduumenTt, y4HTHI-
- BAIOIIHH  BO3MOXHOE YTOHEHHE CTEHKH TPYOBI 32 cuyeT MMHYCOBOTO:
HOMyCKa.

Kosdpdnuuenr k;, kak OTMEY4JIOCh - paHee, HABIAETCA OJHHM H3
3JIEMEHTOB KO3({HLUHEHTA HANEKHOCTH MO MATEpHATY kK, M MOXET ObITh
OpPHEHTHPOBOYHO HA3HAYEH B 3aBUCHMOCTH OT IIOCJEIHEr0o Ha OCHOBE
CHulII 2.05.06—85: | ' '

4 147 1,5

L LIS .12 _

) Koapdumuent n meobxomumo Takxke yyecTs INpH OlpencieHuu Ha-
NPAXKEHUN OT BHYTPEHHEro /[IaBIICHHS WU TEMIIEPATYPHOTO TMepenaia

alu=ndxu; Gar=T0Ca= fﬂOtEAt, ' T (3.3)

rae a— Ko3pPUIMEHT JTHHEHHOTO paciMpeHns; E-—mepeMeHHBlii mapaMerp
YOPYTOCTH; Af — TeMIepaTypHelit Iepemajl, TOJIOXHTENbHBIH PH HArpeBa-
HHH; 3HAK = MHHYC BO BTOpoi dopmyne (3.3) oszwawaer, uyTO npH
MOJIOXHUTEIILHOM TEMIIEPATYPHOM I[IEPENajge HATPSKEHUS CHKUMAOIINE.

B cooTeTcTBAM ¢ HOpPMaMH Ha TPOEKTHPOBAHHE MATHCTPAJBHBIX
TPYOOIPOBONOB MpedENbHOE COCTOSHUE MIA MOI3EMHBIX TpyGonpoBoaoB
IIPH  pacyeTe' Ha MPOYHOCTh (POPMYITMpYETCA B BHIC

\/6§u+6§pN‘“6r;p'N6xu‘€-R‘l;
61:11‘<\R_1a lanpNigﬁl ‘ (34)

Ypasuenus (3.4) BEHIpAXarOT YCIOBUS, YTOOBI HHTCHCHBHOCTD, obyc-
JIOBJICHHAS KOJBLEBHIMH H TPOJONBHBLIMU OCEBBIMH HATIPIKEHUAMH, A TAK-
XK€ CaAMH KOMIIOHEHTH = HANPAKEHUNA HE INPEBOCXOMMIM Ohl pacYeTHOTro
COTIPOTHBIEHHS. , | : _ R

B u4acTHOCTH, AN NpPAMONMHEHHBIX U  YOPYrOM3OTHYTHIX Y44CTRKOB |
ITOA3€MHBIX M Ha3eMHBIX (B HACHIM) MAruCTPaibHBEIX TPYGOUpPOBOIOEB
IIpH OTCYTCTBHUM NPOAOJBLHBIX H MONEPEYHBIX IEpPEMEILEHH TPyOBl KONb-
UCBLIC M HNPOMNONBHBIE HANPSUKEHHS ONPENENAITCE mo dopMynam

Gea=M1PDu/28; Gupy=WUGpy+6ar . (39)

ABanu3 npeensHBIX COCTOSHMHE (3.4) MOKa3blBaer, 4To CYIUECTBYET
'00J1aCTE. HAMPSKCHHOTO COCTOAHHS, KOT/A TOJILMHA CTEHKH He 3aBHCHT
OT TeMINEPaTYpHOIro mepemaga: Ta oOJacTh COOTBETCTBYET YCIOBHIO,
KOrZa BCE TPH OIpaHMYeHHs 1o (3.4) COBMANAIOT, T. €. MPH M3MEHEHUH
HATIDAXCHAS G,,y B HHTepBane ot 0 mo R;. Ha octopanuu YCIO0BHHR
MPEXSTBLHOrC  COCTOAHHA (3.4) W dopMyn ans ONpeNeNeHHA HAUPIKCHUR
(3.5) MOXHO pemdTh TPH 33aJAYA MO HAXOXKICHHIO: _ ,

MHHUMAQJIGHOW TONIIWHBEL CTEHKH, WCXONSA W3 BHYTPEHHEro OaBJeHHS,
W COOTBETCTBYIOILETO eif NONMYCTHMOTO TEMMIepaTypHOTO Mepenafa — o
NOXATEILHOTO H. OTPHLATETLHOTO; _ '

TOJILMHBI CTEHKH TpyObl MPH 3aaHHOM TEMICPATYPHOM Tepename;
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TeMIepaTypHOro Iiepenaja NpH 3aJaHHO# TOMUHMHE CTEHKH TPYOBI.
JIns pelieHHs BCEX 3THX 3aday BO3HHKAET HeOoOX0OUMOCTh HalTH
NepeMeHHBl napaMeTp ynpyrocth E H  NEpeMCHHBIH K03 HIMEHT
nolepeHoi nedOpMaL|H |, COOTBETCTBYIOIME PACYETHOMY CONPOTHBIIE- '
g0 R,. Jas 3Toro Hcmoab3yercda HOPMHMpOBAHHas [amarpamMma, Tpen-
CTapJiCHHAS B AHAJMTHYECKOM BHAC WIM B TabnuuHOH ¢opme. :
Jlebopmaums onpenensercds no dopmyaam

npy R, <&, &(R,)=R./Ey;
npr &, <Ry <802 E(Ry)=8+(E+1—5)[(Ri—6,)/(8j+1-8)));
! . npu 6o, <R <G, E(E1)=EO.2+(E1—60.2)/E19 , 3.6)

Tle j—HOMEp Y3JIOBOH TOYKH, MEXIy KOTOPEIMH 3aKJII0YCHA BEJIMYHMHA
R,. HoMep y310BO# TOMKH omnpenensiercsi M3 YCnoBH &;<R;<&;y;.
Bropas dopmysa H3 (3.6) Taxxke MCHOJIB3YeTCs NpH TaONHYHOM BAapHAHTE
3afaHHA JMarpamMmel G —E&. _ :

IlepeMeHREIe MOy b AedopManun E (CeKyummi) B COOTBETCTBYIOLMH
eMy Ko3puuueHT nonepeyHod NedopMaLpH | ONpelesoT Mo dopMynaM

E=R,/&(R.); n=0,5—(1—2p0)E/E,, | (3.7)

roe po ¥ Ep—koadpduuuenr IlyaccoHa ¥ MoAyinb YIOPYTOCTH. - .

- PacueTHbie (GOPMYJTH ANA  ONpeleNcHHs MHHHMATbHOH TOMIIHHBI
CTEHKH, COOTBETCTBYIOLIETO € TEMIEpATYpHOrO mepenana (MOJIOXHTENb-
HOTO M OTPHIATEJBHOTO) ONPEleAOT YCIOBHAMH PABEHCTBA . KOJBICBBIX
HANpPSKEHHUH pacdeTHOMY CONMPOTHBICHHIO, NPOXOJBHBEIX HANPAXEHIH —
Hy/}0 H NPONOJBHBIX PAaCTATHBAIOIUMX HAMNPSDKEHHH — pacieTHOMY CO-
NPOTHBJICHHIO ' : .

-5=npDn/2(Rl+nﬁ); | S (3.8)
Aty=pRy/aE; (3.9
At(-)= —,(1 "IJ.)R]_/GE (310)

Ipr 3agaHHOM TeMmepaTYpHOM Iepenaje TOMIMHY CTEHKH ONpelens-
IOT Takke no dopmyne (3.8), oaHako A 3TOro ciy4as

R1 =m.in(R1,, Rl), ‘ ‘ ‘ (311)

roe R;,— YCIOBHbIE CONPOTHBJIEHHA, KOTOpLIE B 3aBHCHMOCTH OT 3HAKA
TEMIEpaTYPHOro Iepenaja -OnpeldeisoT o (GopMyaaMm :

_—(1-2)adi E+ AT W) RIBEAE) 5
- 2(1-p+p%) , o

Ri.=(Ri+adt,E)p. BN CRE)

‘Heo6X0aMMO OTMETHTb, YTO €CIH BeJH4YHHA K;, WIM MOAKOPEHHOE
BEIpaxeHue B uucnatene dopmMynsl (3.12) uMeeT OTPUUATENLHOE 3HAUCHHUE, |
TO 3TO O3HAYaeT, 4YTO COOTBETCTBYIOIUHIA 3aJaHHBIA TeMIEPATYPHBIHA
nepenaj MPeBBINAET TMPEACIbHO OONYCTHMYIO BEIHYHHY.
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JonycTumelit  MONMOXHTENBHBIA M OTPHUATENBHBIA TeMIEpaTypHBIE
Oepenajbl NMpH 3aTaHHON TOJNIUAHE CTEHKA

At(ﬂ:(Rl/dE){\/l—0,75[%2—&]2.—(1—2;})%2—8—)}; (.14)

) 26R,

. ' np(D,~28) | o '
At_y=—(R/aE)} 1 —p—2 "7, 3.15
(-) ( 1/ ),: H 3R, ‘ ( )
3nech HeOGXOMUMO OTMETHTE, YTO ECIIHM BEIMYHMHA Hp (Da—28)/286R; > 1,
TO 3TO O3HAYaeT, YTO 3afaHHas A TOMIHUHA CTEHKH TPYGH MeHsHIe
- IPEnCIbHO NOTYCTHMO#MN - BETHIHHEL. ‘ .
B HEKOTOPBIX CllyyasXx mapaMeTpsl— TOJIIMHA CTEHKH M TeMIepaTyp-

HbIHA nepenan ABIATCA 3aMaHABIMH BEIIMYUHAMH, a HCOGXOJIHMO oIpe-

ACNUTE HANPANKEHHOE COCTOSHHE M TPOBECTH OLEHKY YCIOBHH IPOYHOCTH.
Tax kak HanpsxeHHOE COCTOAHHE (KONBIEBEIE H MPOXOTHHBIE HaTpsAXCHHS,
onpenensieMsie mo (3.5)), apnagerca (QyHKUHeHl TNepeMeHHBIX 'TApaMeTpOB
YIPYTOCTH, KOTOpBIE B CBOIO OYepenb 3aBHCAT OT WHTEHCHBHOCTH
HANpJKEHNH, TO 330242 PEILACTCA METONOM MOCIENOBATEMLHEIX IPHGTHKe-
HHH. B xavecTme Hynesoro mpmbimkenus mpHHHMAaeTcH YIIPYyroe pelicHHe,
T.e. E=E,, H=po. ITo dopmyne (3.5) ¢ ywetom (3.3) onpemensror
KOJIBLEBLIE U IPOMOJILHBIE HANPSIKEHAA., 3aTEM BBLIYHCIAIOT KHTEHCHBHOCTE
HanpsHXeHiH - '

0i=/8k+ 62 v = GruGnp .. @B16)

Janee HOPMHpOBaHHas [MAIPAMMA DPACTHKEHHS IIEPECYHTHIBAETCH
B IMarpaMMy NehOpPMHUpPOBAHHA B COOTBETCTBHH € (OPMYJIAMH

G'l=0', Ei=g— ‘ - (3.17) ‘
[To amarpamme nedopMuposanns mo GpopMyiaM, aHATOTHYHEIM (3.6),
. C IPHCBOCHHEM BCEM NMAapaMeTpPaM HHJEKCA i ONPEACNAIOT BEINYHHY g (c‘r,-).
. 3aTeM ONpeneNAioT MEepEMEHHBIE ApaMeTPhl YOPYTOCTH no dopMyiiam

&,/%,
E“Hl.—mo 5 (3.18)
. _ 3Eo’ g : S , ‘
o p=05—(1=2p)ERE, ©(3.19)

3aTeM O HOBBIM 3HAYCHHSM E M |1 BHOBb BBIMHCIIIOT HANDSKEHHS,
HHTEHCHBHOCTh HATIPSKEHHMIl M T. I. :

B KauecTBe KPHTEpHH CXONMMOCTH NpOlEcca NPHHHMACTCH YCIIOBHE,
4TOORl OTHOCHTENLHAS OWHOKA BENMHUMH NEpeMeHHBIX TAPAMETPOR YII-
PYTOCTH, ONpeNeNicHHBIX HA ABYX TMOCIHEAYiOINX ATEpAUHAX, He NpeBBIIIaa
3a[aHHOH MaJloH  BEIHYMHEL SRR '

CornacHo HOpMaM NPOCKTHPOBAHHA MATMCTPANBHEIX| TPYGONPOBOLOR
~pacieT TO [eQOPMATHBHOCTH BENETCA HAa HOPMATHBHBIE HArpy3kd
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H BO3JEHCTBHS C YYETOM YNpYrOIIACTHYECKO# paboThl METajla TpYyO,
MCXOJs M3 HOPMATHBHOTO mpefena TekydectH. B cpasd ¢ aTem
A pacyeTa MCHOJB3YIOTCS HOpPMATHBHAA JMarpamMMa  pacTsKeHUd,
2 TpU ONpENeNCHHM HANMPSKCHHA HE YYUTHIBACTCA HX ~ YBCJIMYCHHC
3a CYeT MHHYCOBOTO ~JOMYyCKa M MpHOIMKEHHOCTH pacYETHOM CXEMEL,
T. e. BeJuyuHa n=1. ‘ : : :

B COOTBETCTBHH C HOpMAaMHU IpeAe/bHOE COCTOSHHE MpH TPOBEpPKE

neopMaTHBHOCTH (OPMYIHPYETCH B BHIC . . ‘

“\/Gsﬂﬂ_*_qlzlj‘)ﬂ—'cxuﬂonpﬂéﬁz;. ) .
CuunS Ry | Tnpal SRy, (320
rae R,=mR,,/09k,.

JIng TpAMOJHHEAHBIX U YIPYTOH3OTHYTHIX MOJ3EMHBIX M HA3EMHBIX
(B HACKHIM) MATHCTPAILHBIX TPYOONPOBOJOB NPH OTCYTCTBHH NPOJOIBHBIX
M TONEpeYHBIX NEpeMelleHuil KOJBICBHE M MAaKCHMaJbHbiC (B KpaidHUX
¢ubpax cedeHHs) NMPOOJIbHbIE HAMPSIKCHUS ONPEETAOT 1O dbopmynam

] ' Gxu.‘!l =pDnH/2 85 ‘
o,,p_ﬂ=pom,u—aEAziED,lfzp. o (3.21)

Ha oCHOBaHMHM YCIOBHMi upemenbHoro cocrosHus (3.20) # dopmyn
IUIA  OlpefcneHHs HampspxkeHud (3.21) MOXHO PpelIMTh TPH 3alain 1o
HAXOKICHHUEO: ‘ ‘

TOMIMHL CTCHKH TpyOBRl TPpH 33J4HHOM TEMICPAaTYpHOM HEpeHane
d paagmyce H3ruoda; : ‘

TEMOEpPAaTypHOro NEpenaja TpM 3aJaHHOH TOJIMMHE CTEHKM M paamyce '
n3ruba; - : o

.paguyca W3rMOa OpH 3aJaHHOH TOJIIMHE CTCHKM H TEMMEPATYPHOro
nepenana. :

Tepemenuslit mapaMeTp ynpyroctd E . u koadduuuent nonepeyHon
nedopmManyu | ONPEAENAIOT, KAK M paHee, NMPH pacyeTe Ha NPOYHOCTS,
'HO C HCHOJL3OBAHHEM HOPMATHBHOM AMArpaMMbl G —€ M BCIHYHHDI R,.

TIpu 3aJaHHOM TEMIEpATYpPHOM mepenazie A¢ W pajMyce ynpyroro
u3ruba p TOJLIMHA CTEHKH '

&=pD,/2(R;.+p), , (3.22)

rae | | I i
 Ri.=min(R;, Rexos Rsel)s (3.23)
R,.=[~(0.5—p)B+/(1+ 1 +r?)RI-075B2]{(1 +p+p?)  (3.24)
| Ryeo=[R+aAtE—(ED,20)lis -~ (329
. B=oAtE+(ED,/2p). S (3.26)

Eciu MOIKOpEHHOE BbipaxeHde B (3.24) muu 3HaueHHe R, mony4aercs
OTpHIATENbHBIM, TO 3TO CBHAETENLCTBYET O HECOBMECTMMOCTH HCXOAHBIX
_ DaHHBIX 1O pagHycy H3ruba ¥ (wid) TeMIepaTypHOMY Mepenany.
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ITpH 3apaHmOf TONILHMHE CTEHKH TPYOB M paduyce ynpyroro Hsruba
- TeMOEPATYPHBIN [epenan ONPEHeNslOT MCXOO W3 YCIOBHi NpeaenbHOTO
COCTOSIHAS B KpaWHHX (PuOpax ceyeHHs. . '
[pofobaRE HANMPSKEHHS OT BHYTPEHHETO MAABIEHHS W YIPYTOro
W3rHOa B CKATOM (C TOYKH 3peHHS W3ITHGA) H PACTAHYTOH 30HaX CeYeHHS

Ocn.s (15 P)=110, —(ED,/20); @I
| Opac.n (P, P)=RO, , +(ED,/2p). (3.28)
WckoMblil TeMnepaTypHeIi THepenag ompemessroT mo dopMymnam

Ar=[o, .(p, P)+V; R, ]/ E; o (3.29)
. At:[cpnc.n(ps p)—ﬁz]fOtE (330)

B 34aBHCHMOCTH OT COOTHOIICHUI ‘ ‘ _'
Cenn (25 YV Ry> — 1 . (3.31)
Opsc.n(P: PRy <1 (332

B T1abn. 3.1 npuseneHbl yKa3aHps, 1o Kakoit u3 dopmyn (3.29) umm
(3.30) onpenensieTcs HOMOXHTENBHbIN Aty M OTpHUIATENLHBI At
TEMIICPATYPHBIC MEPEMAAbl B 3aBUCHMOCTH OT BBHIMOJIHEHUS YCIIOBHIM (3.31)
n (3.32). - - '

‘ Ilpu 3ajmaHHOM TONMAHE CTeHKH M TEeMIEpaTypHoM mnepenage (mo- -
TOXHUTEILHOM HJIH OTPHUATENEHOM) MCKOMBIH paamMyc YNpyroro Hirm6a
ONIPENENAETCS YCIIOBHEM : ' '

P=maX (Peys Ppac)s (3.33)

e | - | | |
Pex=ED/2(s Ry +10 . —aALE)];  (334)
Poac=ED,/[2(R, 10,y , +xALE)]. S (339)

Ecnu nonmywennoe 3uademme pammyca mo (3.33) MeHbIme HyNs, TO
3TO O3HAYAET, YTO 3aMAHHBIC. HUCXOAHBLIE NAHHBbIE HECOBMECTHMEL

Ta6nuna 3.1 i
Onpenenielne TeMmepaTypHbiX nepenagon
Brinonnenne CoOTROLICHHIH ‘ ‘
- At ) Kpurepnii -
(3.31) (3.3 '
Ha Ha - Ay, ! no (3.29)
‘ At no (3.30)
Ha Her Aty : min' {(3:29), (3.30)}
oA, © He onpenengerca
Her Ha Aty He onpenensercs -
- At max {(3.29), (3.30)}
Her . Her Aty . He onpenensercs
‘ At - He onpenemsiercs
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A

Mpu HeoOXOANMOCTH OLECHKH BHINONHEHHS MNPCACTLHBIX COCTOAHUMH
no AeGOPMATMBHOCTH MO 3aJaHHBIM BEIMYHHAM TOJHUIHMHBI CTCHKH,
TeMOepaTypHOrO Iiepemaza M paauyca YOpYroro uaruba OmIpemencHUe
HAaOpKCHHIT M HX HHTEHCHMBHOCTEH NPOM3BOMHTCA AHAJIOTHYHO METONY,
M3JIOXEHHOMY IIPH OHEHKE NpENelbHBIX COCTOSHHH IO MPOYHOCTH, HO
¢ HCHOJBb30BAHMEM BCEX HOPMATHBHBIX, @ HE PACUCTHBIX XapaKTCPHCTHK
'H Harpysok. ' s _ ' ’ l

Jlns onpedencHus. OCHOBHBIX' KOHCTPYKTHBHBIX HapameTpoB Marucr-
palLHEIX - TPyOOIpOBOJOB BHUHUCToMm ‘u KOxHUWrunporaom pas-

pa6orana nporpamma OKII-86. - ‘ .

OcHoBHBIE koﬁc‘rpyxmnuue napémeTpu POMBIC/IOBBIX
TpyGonpoBoioB . . -

[MpoMBic/IOBhIE TPYGONPOBOLEI TPOEKTHPYIOT /Ui TPAHCIOPTa MPOIYK-
tTa Tpd naBnenusx no 40—S50 MIla. IIpw pacuere MaracTpajbHbIX
Tpy6GONpPOBOAOB, TPAHCIOPTAPYIOLIMX NPOAYKT A0 9,8 MIla, He YYHTHIBAIOT -
paJHabHbie HANPAXCHAA BBHAY MX OTHOCHTE/IBHOH MAjOCTH. Ilpu pacuere
TIPOMBICIOBLIX TPYOOIpPOBOMOB BIHAHHEM PaJHAJIBHEIX HampshxeHd# (1o
50 MIla) npeneGpeys Henw3s. IloaToMy NpeneNpHBEIE COCTOSHWA 3aIHCHL-
BAKOT C YYETOM ' PaiHafbHBIX HATIpSKEHHAIA. ‘

B kauecrse IpeACIbLHOIO COCTOSHHS TIPH MPOBEPKE NPOYHOCTH TPOMEIC-
nosoro Tpybompopona (mpH - naBieHmn Gosee 9.8 MIla) nprAHHMAIOT
yC/IOBHE, IPH KOTOPOM KOJbLEBbIE HANPSKEHHA O, NMPOACJILHEIC OCEBbIC
HANPAXEHUS O,, DPaJUAJIbHBIE HAOPAKCHUA G, M HX HHTCHCHBHOCTE O;
He NpeBHIILAJIH PacyeTHOrO CONPOTHBIICHHA ' : ' ‘

A}

'.-ﬁv/(c,'—o,)w(c,—&,,)z+(o.,_—cz.)2<&:

oe<R, |0.,.I<R,; |o,|<R, (3.36)

e R,—pacdeTHOE CONPOTHBJCHHE DPaCTHKCHUIO (cxaTHIO) MaTepHaja
Tpy® M CBApHBLIX CONPOTHBICHHHA. MO BPEMEHHOMY COTPOTHBIICHHIO

R =—unle o 3.37).
Y Y o ( ,)

‘ R,,—HOPMaTHBHOE CONPOTHBJICHHE, KOTOpOE IIPHHUMAETCA PABHHIM MH-
HAMAaJbHOMY 3HAYCHMIO BPEMEHHOTO COMPOTHBJICHHA COIJIACHO TroCyAa-
PCTBEHHBIM CTAHAApTaM MIH TEXHHYECKHM YCIOBHAM HAa TpYOH Y,
¥y, —xo>pdunment ycnopus paGotel M xo3duUMEHT 6e30MacHOCTH
mo MaTepuany, kotopsie npunumatorcs mo CHull 2.05.06—85, kak-.
A8 MATHCTPalbHBIX TPYOONPOBOAOB; Y, — KOI(PPHUHEHT HAAEKHOCTH
[0 . HA3HAYEHHIO, TPUHHMAETCA PaBHLIM Ul TpYOONPOBOJOB. IHAMETPOM
1420 MM — 1,1; auamerpoM 1220 MM — 1,05; nnamerpoM MeHee 1220 MM —
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A

Konbuessle H paguaiibHele HANPSXKEHHS OT pacueTHOTO IaBJICHUS
OTIPEeXeNIAIOT COOTBETCTBEHHO MO (opMynam

T2 : 2 |
YrpPali [ 1 e ), :
Gef———rfg"_ril (l+ﬁ)’ - (3.38)
Y pnril i -"3 . - “
"':_g_rs (1_72)‘. | (3.39)

MaxkcuManbHble KONbIEBRIE M pafHATIbHEIE HATIPSDKEHHSA Ha BHYTPEHHei
MOBEPXHOCTH TpYyOBI r=¥; :

P41 R
max Gy="Y,,p EZ_—T; (3.40)
max oc,= —Y,,p, (3.41)
rae A -
B=r/r, S (3.42)

[IponojibHEIE OCEBHle HANPSKEHMS G,, ONpPENEeNAT OT  PACYETHBIX
HATPY30K H BO3IEHWCTBHI C yY4eTOM YIpyrolacTHHecKoidl paboTht- MeTaIa
Tpy6 METOAaMH CTPOHTENRHOW MEXaHWKH, OTPaXKaIOMHAMH (GHUIHYECKYFO
H TEOMETPHYECKYIO HENIMHEHHOCTH CHCTEMEI. '

B 4ACTHOCTH, WIS TPSIMOJHHEHHBIX M YNPYTOM3OTHYTHIX ytlacncon
MOA3EMHBIX H HA3€MHBIX (B HACHIDH) TpYGONMpPOBONOB TIPH OTCYTCTBHH
MPOJOIBHBIX W MOIMEPEYHLIX TepeMeIleHHid NPOoMOJIbHbIE OCeBble HATpPsXe-
HHS onpeendor no dopmyse

0,,=—aEAI+2py,,p, (3.43)

1
pi-1’
30eCh Y, — KO3(PHIMENT HAJEXHOCTH TNO Harpyske (JaBleHHio); p,—
pabouee (HOpMaTHBHOE) NABJIEHHE; F,, F;, ¥— COOTBETCTBEHHO HAPYXHEIH, -
BHYTPEHHHH M TeKYLUHii pagnyc; E, | — nepeMeHHALIE MapaMeTphl YOPYTOCTH
H TIONEPEtHOre PaCcIIMpEHHs; At— TeMnepaTypHbIif nepenan, TONOXHTC/h-
HbIf TIpH HATpEBAHHH.

Hcxona u3 mpefenbHEIX COCTOAHUH IO TPOYHOCTH (3 36) u cbopmyn
IUIS OTpeJeleHHsA KOMIOHECHTOB HANMPSDKEHHIA, pacyeTHYIO TOJIUMHY CTEHKH
TpyGBl OMpeNeNMM M3 YCTOBHA TaK, YTOObl MHTEHCHBHOCTbH HAMpSKEeHHWid
npH ©,,=0 papBHANach pacueTHOMY CONPOTHBJICHHIO MaT¢pHana TpyOH!.
Torma pacveTHas TOMIHMHA CTEHKH

ﬁ ‘ .
t=d, 2'[31 | XD
rae , : .
1 L 215,P 3 (1P | |
Br= +[1+~’P "\/1——(—*” ) ]; (3.45)

e '

4-Pacyet... Tpy6onposogos - o ‘ . " 49




d,—HapyXHbIH IHAMETP TpYOHI. :

INpeneabHO TOMYCTUMBINA MOJOXKHTEIbHbIH TeMHepaTypHBIi Hepenarn,
COOTBETCTBYIOIIMH pACYETHOH TOJIUHHE CTEHKH, ONpemeicHHOH mo (3.44),
HaXoOAT U3 YCJIOBHS PAaBEHCTBA HYJIO NMPOJOJIBLHBIX OCEBBIX HANIPAXKCHHH,
a OTPHIATEIbHBIA — PAaBEHCTBA IPOJOJIBHBIX OCEBBIX Haﬂpﬂ)l(eHHH pac-
YeTHOMY COIPOTHBIICHHIO

ArPBRe vl (3.46)
aE  /y2iy+1l ' . o
rac
1
&il (3.47)

E W p—nepeMeHHbIE MAapaMeTPHl YIPYroCTH, KOTOPHIE OMNpPEIeHfloT MO
OMarpaMMe PpACTAKCHHA MaTepHana TpyOml U HANPSDKEHWs, COOTBET-
CTBYIOLLIEro pacyeTHOMY. MeTomuka pacyera C y4eTOM YNpYyrolulacTHYeC-
Koii paboTel MeTa/na TpyO I MPOMBICIIOBBIX prﬁonponoams 4HAJIOTAYHA
METOJHKE pacdeTa MATHMCTPAJIbHBIX TPYOOIPOBOAOCB.

Jna mpenoTBpallieHHs HEJONMYCTHMBIX IIACTHYECKHX Jcdopmanuii
NO/3eMHEIX M Ha3eMHBIX (B HACHIIM) TpYOONPOBOJOB NPOBEPKY HEOO-
XOJAMO BBIMOJHATE H3 YCJIOBHSA

s

_\/ Ue" "l +(0-"l_0-2n)2+(09n_czn)2sRys

Go.<R,, 10,,/<R,, |6,,|<R, o (348)

rne Gy, B G,,— TaHTeHUHAILHBIC (KOJBLEBbIE) U PalHaJIbHLIE HANPIKCHAA
oT HopMaTuBHOro (paboudero) IaBJIEHHA, OIpedeiseMble N0 (GopmyraaM
(3.38) m (3.39) mpu v,,=1; G,,— MAKCUMaNbHbIE CYMMapHbIE NPOAOJILHbBIE
HAMPSOKEHHS, ONpeAeNAEMblE OT BceX (C Y4eTOM HX COYETaHHUS) HOP-
MATHBHBIX HArpy3oK H BO3JACHCTBHH C YYeTOM MepeMEILUCHHH TpybGompo-
BoMa, (QU3NYECKOH M TEeOMETPHYECKONH HeNUWHeHHOCTH cHucTeMEl. [Ipu
OMNpEAEJICHAY INEPEMEHHLIX NApaMETPOB ynpyroctd E m p ncnonbsy}o'r
"HOPMATHBHYK [HATpaMMy JIedOopMHUpPOBAHHAL. '

B d4WacTtHOCTH, I NPAMOJIMHEHHBIX H YHOPYTOH3OTHYTBIX YYACTKOB
TpyOONmpoBOZa NpPA OTCYTCTBHH NepeMelieHHH TpyOnl MaKcHMalbHbIE
NpOJOCJbHbIE HANPSAXEHUS OT HOPMATHBHBIX HArpy30K M BO3ACHCTBHM —
BHYTPCHHETO [4BJICHHSA, TEMIIEPATYPHOro Hneperaja M ynpyroro mirmpba —
OTIpeneNsaoT no ¢QopMyJie

Ed,
B2—172p’

O,n=—0EAL+ (3.49)
TIoe p— pamguyc YOpPYroro Harméba.

PacyeTHOE CONMPOTHBICHHE PACTAKCHHK (CKATHK) MaTepHasia TpyOsl

HCXO0JA M3 HOPMATHBHOIO Mpefena TekydecTH R, onpenenmoT o popmylie

¥
— J’" < .
=0 (3.50)
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Ecmu u3BecTHa TOMMIMHA CTEHKH TPYOBI M TeMIepaTypHBIH Iepenan,
TO pANHYC yOpyroro u3ruba ONpeneisroT HCXOAA M3  MpeaeibHOro
cocTOsHUA (3.48) KaK MaKCHMAaJbHOE 3HAYEHHE, ONPESAEICHHOE MO IBYM
NpUBEACHHLIM (bopmynaM

ox=Ed,/2[V3 R, +M(Y—l)p-—aEAt]; 3.51)
ppac=Ede/2 [R,—n(y—1)p+aEAL], | (3.52)
re ‘
\h3=\/1—§(1+27+v2)(£)23;1 Ly (3.53)
4 R, 2 R,

MeTommka onpenencHUs TepeMeHHBIX napameTpoB E u p s
- IPOMBICIIOBBIX TPYOONPOBOAOB aHAJOTMYHA METOIMKE HX OIpPeIeNleHus
JUIs MarucTpajibHeIX TpybompoBogoB. Oco0eHHOCTHLIO 3TOH METOOMKH
NPHMERHTENILHO K MPOMBICTOBBIM TPYOONpPOBOMAM ABISETCH Y4eT pajiy-
' aNbHBIX HANPAKEHWH W - ONpeJe]eHHe MHTCHCHBHOCTH HATPSXKCHHI OT
BCEX TPEX KOMITOHEHTOB.

"Buﬁop npoduiIs AHAZ W OCH TPAHIEH [IPH E€CTECTBEHHOM
(ynpyrom) mirube TpyGompononaa

[Ton ecrecTBeHHBIM HM3rROOM TpYGONpOBOAA MOHMMAETCS TIOBOPOT
OocH TpyOompoBONa B BEPTHKAIBHOM MM (M) TOPU3OHTANBHOH ILTIOCKO-
CTSIX, OCYIIECTBJIACMBI B Ipolecce CTPOUTENLCTBA ©Oe3 NPHUMEHEHHS |
KPHBBIX BCTaBOK (OTBOJOB, KONEH MAIUHHHOTO THyThsA). [Ipu mosopoTe
ocH TpybonmpoBoga B BEPTHKANBHOH [UIOCKOCTH M3THG B . mpoLecce
"CTPOUTCILCTBA  OCYIUECTBISETCA 33 CYET TONepevHoil Harpysku. Ilpw
yknajgke TpybompoBoja Ha [HO TpaHUIEH TONEpeYHAas HATPY3Ka CKJa-
AbLIBAETCS M3 MACCHl - TPYOONpPOBOAA, MAcchl. 0annacTHPYIOUHX Ipy3oB
(Ipy  MX HaNMMYMH) M BHITAJIKMBAKOWIEH CHABl BOABI (IPH  VKJIAJKE |
B HACTHYHO HIM MOJHOCTRIO OOBOAHEHHYO TpaHiucio). Ilpm mopopore
OCH TpybONnpOBOAa B TOPH3OHTANBHOMN . IUVIOCKOCTH M3TMG B mpolecce
CTPOUTENLCTBA OCYIUECTBISACTCA 34 CYET TOPM3OHTANBHOH HArpy3kH OT
TpyGOYKIaYHKOB, OJHAKO ¢uKcaius TpyOONpoBOAa, CBOGOIHO nexale-
rO Ha [HE TpaHUIeH, [0 ee¢ OCH, NPOMCXOAUT 3a CHeT ropmomanbﬂon
peaxkIiMM TPYHTA—CHJI TpPEHHA. :

Bribop npoduns aHa TpaHIUCH OMPENENAOT YCIOBUEM TIPHICTaAHHUA
TpyOONpoBOAA KO AHY TpaHIIEH MO BCell [UIMHE BOMHBI M3rU6a, ypOBHEM
HaMpsHKCHHOTO  COCTOSIHHA B MNPEAIKCIUTYATAIHOHHBIH  [IEPHOJ,  JOMOJI-
HUTENBHOM HAarpyskod (6annacTHpOBKOi) H YCIOBHAMM HEIOMYILEHHS
NPEBBIIIEHAS BCEX MPEICTBHBIX COCTOSHHUI B 3KCILUTYyATAIMOHHBIH MepHOo.
N3 Beex 3THX ycnosuit 6e3ycnoBHO# ABNAETCA HEOOXOXUMOCTh NPUIEraHHS
TpyGONpoBOda KO AHY TpaHIUEH, NMOTOMY 4TO OCTalbHBIE MAPaMETpHI
OnpeaeNsAoTCS MHOIUMH (aKTOPaMH: KOHCTPYKTHBHOH CXEMOH MPOKJIAIKH,
YPOBHEM [PYIHX HAIPy30K M BO3EHCTBHIH (BHyTchHHM )I&BJICHHBM
TEMINEPATYPHEIM [IEPEHIafoM) H np :
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Puc. 3.1. PacuerHasa cxema MOBOpPOTA OCH prﬁonponozxa, B BEPTHKAJILHOM TLIOC-
KOCTH, BBIMOJIHEHHOTQ YIPYrHM M3ruboM

JIns obecrieyeHns yCIOBHs MpANIEraHua TPyOONpoBoaa KO THY TpaHIUeH
POdHIb HA TPAHLLEH CASAYeT IPHHUMAThL B COOTBETCTBHUH C YIPYrO# MHHHCH |
pr60npoaona OOYCJIOBICHHOH TIPaHHYHbIMH YCIOBHAMH, IIONEPEYHOH
HArpY3KOM U e¢ PaCTIPEIENICHIEM. IMoatomy 6yneM paccMaTpHBATh 3ajady 06
u3ruGe Tpy6ONpPOBOAA [0 ASHCTBUEM NONIEpeYHON HAarpy3kn. OOHAKO crenyeT
HOOYEPKHYTh, YTO PacCMATPHUBACTCA 3aJaia ¢ OTPAaHHYEHUEM IEPEMEILEHHH,
nosToMy ToA noNepeyHoll HArpy3kodl IOHHMaeTCA pPaBHOMACHCTBYIoLIAA
'BHELIHEH Harpy3KH B PeakKMH OCHOBaHHA Nok TpybonposonoM. Ilogatimso-
CTBEO OCHOBAHHA NPEHEOPEratoT ¥ OHO CYHTAETCst ADCOIOTHO KECTKHM.

B kayecTBe pacyeTHOH cxeMbl TpyOoNpoBOoAa MPHHUMAETCH CTEPXEHb
Tpy64aTOTrO CeYeHHs, MaTepHaq KOTOPOro CUMTAETCH YNPYTHM, pacyeT
BemeTcs Mo HeaedopMHPOBAHHOH pacyeTHOH cxeme ©Oe3 yuyeTa rOpH3OH-
TaNbHEIX COCTABJAIOLIMX TEPEMELIECHHH. B [TONEPeYHONH HAarpy3KH.

3agauy chopMyIHpYeM cIENYOUIMM 00pa3oM: HAHTH YHIPYTYHO JHHUFO
HEBECOMOro TpyOompoBoAa 3aJaHHOH XECTKOCTH E/ NpH €ro mopopore
B BEpPTHKAJbHOH IUIOCKOCTH BO BOTHYTOH (pHc. 3.1,4) HIN BHITYKIOH
(puc 3.1, 6) XpHBOii Ha. 3aJAHHBIA Yroj ¢ H HauOOIbLIYIO HHTEHCHBHOCTH
nonepevHoll pacnpene/ieHHOH Harpy3kH IO 3aJaHHOMY 3aKOHY C OrpaHHYe-
HHEM MAaKCHMANbHBIX H3CHOGHBIX HAMpsHKeHHH.

JIns MoNydYeHHsA 3KQHOMHYHOTO DELICHHA B 3aMKHyT0M BHIE 3I€ECh
paccMaTpHBacTCi PaclpefelieHHe HArpy3kH MO CHMMETPHYHOMY 3aKOHY:!
YYaCTOK € PABHOMEPHO PpacnpelelIiCHHOH Harpyaxou q M yqacmx Ha
KOTOpPOM IIOMEpedMHas Harpy3ka paBHa HYJIO.

HUcxoas H3 NPHHATHIX THIOTE3, YPAaBHCHHE paBHonecm{ ,u.rm obonx
Y4acTKOB HMEET BHA :

Eld*y/dx*=0; ,Eld“y“/dx =q. (359

3nech mupexcom 1 u II 0Go3HadeHB! NepeMeEILEHHA COOTBETCTBEHHO Ha
HE3aIPYKEHHOM H 3aTPYKEHHOM YYacTKaX.

PaccMoTpuM ciyvait ynpyroro marmba Tpybonposona B BCpTHKaJIbHOPI

IUTOCKOCTH BBIMYKJIOCTHEO BHU3 (BOTHYTas KpHBas). B coorBeTcTBHH
C NIPHHATON CHCTeMOH KOOPAMHAT (CM. PpHC. 3.1,a) TpaHMYHBIC YCJIOBHA -
M yCIOBHSA COMpSDKCHUA 000HX YYacCTKOB HMMEIOT BHJ -

mpu x=0 y,;=0, yi=¢/2, yi'= ,
TpH X=d y1=Ym Vi=¥m Y=Y yi”—yii’, - (3.55
. npu x=L/2 yp=0, yii'=0.
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panuynble ycmoBMA HA JIEBOM KOHIIE BBIPAXAKOT YCIOBHS CONPSIKEHHA

UPAMOJIMHEHHOrO0 y4acTKa ¢ KpHBOH TPH aGCOMIOTHO KECTKOM OCHOBAHUM

non TpyboM, TpaHUYHBIE YCAOBHA NOCPEAMHE —— YCIIOBUS CHMMETPHM.
Peitenue cucteMbl JMBYX JHHEHHBIX aH(dEpeHUMANBHEIX YypaBHEHHU

yeTBepTOro nopaaka (3.54) cogepXuT BOCEMBb NMPOHU3BOILHBIX TMOCTOSHHBIX.

Hen3BeCTHBIM MapaMETPOM ABIAETCA Takke MIIMHA BOMHK marmba. Ha
OCHOBAaHMH PEILCHHA ypaBHEHHH (3.54), UCONE3ys HeBATH ycrmosui (3.55),
HaxXo[UM Bce HeuspecTHoie. Torza ypaBHeHHE YIpyrofi nuHHM TpPYOO-

NpoBOJa MOXKHO 3alucaTh B BHle o 4
npr £=0=+n
oL,  qL* s |
| 3 §+12E1( n—1)&?; (3.56)
mpu E=n-+0,5

oL qL*(t n n’? € & n n® nt '
Y= +2EI(12 R R ST TAL s (3-27)

3)1er BBClIeHbI CACOYIOIITHE GCBPaBMEDHHC napamMeTpel COOTBETCTBEHHO
abcuucchl M JJTMHEBI HE3ATrPYXKCHHOIO Yy4YacTKa

| E=x/L, n=aL: | | (3.58)

JInuHa BONHBI M3rmba OTIpeIeNIAETCA M3 pemeHmI HETMHERHOT O ypaB-
HCHH A

qL? (1—6n*+4n®)=12EIe. o "(3.59)

B mpakTHKe MPOEKTHPOBAaHHA HANPSDKEHHOE COCTOAHHME TpyGomposona
NPHHATO XapaKTePH30BATh MUHUMAIBLHBIM PAJMycOM YOPYIoro Hiruba p.
Hctionb3ys 3aBHCHMMOCTE H3rHOAIOIEr0o MOMEHTA OT KpHBIrIBHI:I

M——Ely”—. Ellp (3.60)

M YYHTBIBAs, 4YTO MAaKCHMAJBHEIA H3rMGarommid MOMEHT BO3HHUKAET
nocpemme AMuHEL BONMHB! M3ruda (§=0,5), unomaydyaem

gL?*(1—4n?)=8EI/p. ’ (3.61)

Pewast cosmectHo (3.58) m (3.61), ompemenseM QIMHY BOIOHBI u3rHGa
H HHTEHCHBHOCTH HArPy3KU

3 1—4n? ‘
=3P eniran® (3.62)
32 EI (1—6n+4n)? |
=7 o3 (—dn)? (3.63)
Cymmapnas HeoOxomumas Harpyska ' -
16 EI  1-6n’+4n’ o
O=q(L—2a)= i (3.64)

3 op? 1+2n—4n? +8n
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Puc. 3.2. 3aBUCUMOCTb UIHHBI BOJHBI U3ru6a, MHTCHCHBHOCTH MONEPEYHOM HArpy3ku
M CyMMapHO# HArpy3ku OT PACNpPECICHUA HATPY3KU MO JUTHHE

B uacTtHOM clydae MpM HArpyske Mo BCeHd IJIMHE BOJHBI H3ruda,
1. ¢. npu n=0, U3 TONYYCHHbIX PELICHHHA HAXOAUM JUTHHY BOJIHBL uaruda,
HHTEHCUBHOCTEL IIOIEPEYHOI -HArpPY3KH M CYMMAapHYO HArpysky

32 EI 16 EI
Lo=15¢p; g0=7 orpr D=7 opT (3.65)
VpaBHeHHE YIPYroi JHMHUM
_3 g 5 & —() =

Ha puc. 3.2, 2 npencraslensl. Ipaguku 3aBHCHMOCTH Oe3pa3MepHBIX Ma-
paMeTpOB JUIMHBL BOJHBI M3THO2 L, MHTEHCHBHOCTH MONEPEYHOH HArpy3kH
g W CYMMapHOH Harpy3ku ® o1 Oe3zpa3MepHOH IUIMHBI HE3aTPYyXEHHOrQ
yyacTka # NpH 3aJaHHOM 3HAYCHWM Yr71a NOBOPOTa ¢, MHHUMAIBLHOTO
pamuyca ynpyroro mirmba p M KeCTKOCTH TpyOLl Tpu wm3rube EL
Belpa3sMepHble NapaMeTpbl BLIPaXeHbl OTHOIUCHUEM  COOTBETCTBYIOWIHX
BeqnuHH npu ##0 X BelMYMHAaM 0OpPH PaBHOMEPHO pacnpeeTeHHOH
Harpyske (n=0): ‘ .

L=L/15p9, q=q/(32EI9¢%p?),
_ @=<D/(16EI/3cpp2). - (3.67)
PaccMOTpHM BTOpO# cilyyail ynpyroro Wsru0a B BEPTHKANBPHOH MIOCKOCTH

BBUIYKJIOCTBIO BBEPX. B COOTBETCTBMH C TpPHHATOH CHCTEMOH KOOpAMHAT
(cM. puc. 3.1,4) rpaHHYHBIE YCIIOBHA M YCIIOBHA CONPSKCHUS UMCIOT BHI

npu x=0 y,=0, yi=0;

1o fee,

mpn x=L2-b y;=yy, ¥i=¥u yi=rum ¥i'=yu;
mpu x=L/2 yy=¢/2, yn=0. - (3.68)

['paHmuHble YCTIOBHA IOCPCIMHE BBIPAXKAKOT YCIOBHMEC CHUMMETDUH, B MECTC
' M3MEHEHHMsA HArpy3Kd — YCIIOBHE CONPSXKEHHs, B KOHLE — YCJIOBUS TIPUMBI-
KaHus K OpAMOJIMHeiHO# Oanke Ha KeCTKOM OCHOBAHHM.

Ha OCHOBaHMM pelIcHAS CUCTeMbl ypaBHeHmid (3.54) mpu rpaHHYHBIX
yenopuax (3.68) monyuagM YPAaBHEHHE YIPYTOd JIMHHH :
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opu £=0-+(0,5—m) _
. qL4 &2"1 §2m2 glm
= - — : : 3.69
d 251( > 2 3 ) (3.69)
npr £=(0,5—m)-=0,5.

af 9 m .mz‘a 4 2 3 4
Jmﬂ{@l—)ﬂiCL+3 +1—£—3ﬁ;i-§)om)

384 24 16 4 8 48 16 12 24

3neck m=>b/L -—Ge3pa3sMepHBI TIapaMeTp IIHHEL 3arpyXeHHOH 4YacTH.

- JliuHa BONHBI U3rnda, HHTEHCHBHOCTE TOMEPEYHOH HATPY3KH H CyM-
MapHas MPHIPY3Ka B 3aBHCHMOCTH OT .yIJa TMOBOPOTA M MHHHMATBHOLO
pagmyca ympyroro u3rua oOmnpemeNstoTCs BHLIPAKEHHAMM:

. l—m '
Lo Gmram® .70
I El' (3—6m+4m?)?
“Hest miom] (3.72)
e |
3 EI 3—6m+4m 3.13)

~2 op?  (1-m)?

B 4acTHOM cCry4a€ npH paBHOMEPHO paclpefelecHHOH Harpyske 1o

IUTHHE BOJHBI W3rHOa, T. e. mpH m=1{0,5 ANMUHA BONHbLI, MHTEHCHPOBAHHOCTH
MOMEPEYHOH Harpys3kd o CyMMapHasi Harpy3ka, Kak cneuyeT m (3.71)—
(3.73) paBmBI

Ly=3¢p; q0=8E1/9<p2p3;‘ g
@, =S8EI3¢p?. | (3.74)

VpaBHeHne ynpyrdﬁ JTHHAH UMCET BHI ‘
3 . o . .
yo=—¢2p(3€2—4lﬁl3+2§4) npy §=(—0,5)+(+0,5).- (3.75)

Ha pnc. 3.2, 6 npeacTaBieHs! 3ABHCHMOCTH 6e3pa3MepHLIx napame'rpoa
L=L/L,, q=q/q, 1 ®=®/®, ot m=b/L.

[Mony4eHHBIe PEICHAA MO3BONAIOT OTUPEACIATh NPOGHUIb THA TPAHIIEH

U NIPUIpYy3Ky ONA BBITOJTHEHHS MOBOPOTA TPyOONpOBOMA B BEPTHKAILHOI

-, INIOCKOCTH IIpH 33dJ4HHOM YIJIE MNOBOPOTa H MHHHUMAILHOM paanyce

niruda. _

Bet6op Bcex mapaMeTpoB NpH YIIPYrOM H3THOE OMpeNeNseT parHoHaNh-
HOCTB KOHCTPYKTHBHOI'O peilicHus. Bo Bcex cayvasx HeoOXoawMo Ha3Ha-
YaTh 3TH NAPaMETPLl U3 YCIOBHS OTPAHAYEHHS HAIpsHKEHUE W obecrieyeHHs
ycToiuHBOCcTH Tpybomposona. C yBenMueHHeM padmyca YNPYroro Hirmba
YMEHBIIAIOTCA HE TOJTBKO HAMPSDKEHHS, BOZHUKAIOIWE B MPOIIECCE YKIIAIKH,
HO M HANpsOKEeHHs, OOYCNOBJCHHBIE 3KCIIYATAlHOHHBIE HATPY3KAMH (1aB-
NeHWeM W TeMIcpaTypoif). VBelaHueHHe yria NMOBOpOTA NMPHBOIHMT K YBE-
THYEHHIO Hampsbkeinii. B To ke BpeMsi yMeHBLIEHHE paJuyca YIpyroro
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usru6a NMPHBOAMT K yBEIMYeHHIo o6BEMa 3eMJAHbIX paboT, a ysenmeﬂuc
yrjia TOBOPOTA M paiKyca—K YMEHBIICHHIO TPHIPY3kH. Mertomom
BApMAHTHOIO IIPOEKTHPOBAHHA MOXKHO HAHTH PpAalMOHAILHOC KOHCprK-
THBHOE PpeELUECHHE. :

PaccmoTpuM HauboJjee pacnpOCTpaHeHHbm corydail  yKIaaKu prﬁo—
 ppoBoAa B HEOOBOJHEHHYIO TpaHIIEI0, Korfja H3rub TpybompoBona
OCYLIECTBIISCTCA oA AeicTBHEM ero Becd. B aToM ciyyae IpH INPHHATOM
yrjle MOBOPOTA OCH TPYOht MM HaobopoT, paaHyce MOXHO HaHTH HIIHM
COOTBETCTBYIOILME MHHHMATIBHBIE DPajyc HJIM YTON TOBOPOTA, HCXOAs
TOJBKO M3 YCIOBHA oOecrieyeHHs nprIeranus prﬁonpOBOJJ;a KO JHY
TPAaHIUCH:

IUTS BOTHYTOH KpHMBOH

Poin =/32EI9q,, 0% . - (3.76)
0.=</32EI9q,.p% ' (3.77)

OIS BBIMYKJIOH XPUBOA

Puin=JBEIOG 9% SRR ¥ 1)
Poin=~/8EI/99,, P>, - (3.79)

rhe g,,—BEC €IMHHIE! JUIMHEL TPYOBI.-

[Mpu 3agaHHOM NOBOPOTE M pPaJMyce YNpyroro uarnﬁa HE0OX0IHMO
onpeAeauTs mno  (GopMmynam (3 65)—/uId BOTHYTOH KpHBOH WM TIO
(3.74)—nns BLITYKIOH. KpHBOH HeOOXOAHUMYIO0 HHTEHCHBHOCTbh HArpy3KH.
Ecnu 5Ta BEeJMYHMHA MEHBLIIE MJIM DABHA BECYy ¢AMHHIBI JJIHHBI TpyOO-
mpoBoAa, TO OOCCIEeYHBAETCA YKJIAJIKa prﬁonponona [Ipoduns naHa
TpaHLIEH TpH 5TOM HA3HAYAETCA B COOTBETCTBHH € YNPYroi mnuHucH
Haruba Tpyom mo (3.66) wmm (3.75). \

OnmHako ecnu go<g,,, TO MOXHO [OJYYHTL Oosiec PALHOHANLHOE
pellieHMe C TOMKH 3DECHHA YMEHBINCHHS OOLUEH NPUrpy3kd. JTO cieldyeT
u3 rpa¢uxoB puc. 3.2, Tak npu .n#0 wm npa m#0,5 cymmapHas

NPHIPY3ka & MeHblue, YeM [UIA Cy4as PaBHOMEPHO paclpeleleHHOH
HArpy3ka mo anuHe. Jlnsg onpemciacHus HCKOMBIX TIApaMETPOB NpOQHIIA
Jma TpaHiuew, TPHHSB ¢=g,,, ONpeaensercss OGe3pasMepHBIH mapaMerp

. Janee no rpajuky pwuc. 3.2 omnpenendeM Oe3pasMepHbiil mapaMerp
n uid m. Ilo 3HayeHHsAM YypaBHEHHE B M M TO COOTBETCTBYIOLUMM
GopMynaM onpejenseM ypaBHEHHE YIPYIOH JHMHHMH, JUIMHY BOJHbI M3ruba
¥ OpPYTHE MApaMeTpbl, HEOOXOMMMBIE 1A NPOCKTHPOBAHHSA.

[Mpu mamnyuu GannacTHPOBKH TpyOompoBoZa Ipy3aMH pPallMOHAIBbHO
HX pa3sMELaTh Ha YYacTKAaX MPHIPY3KH, H300paxeHHbXx Ha puc. 3.1.
B cBasMm C yBenmdeHHeM IapaMeTpa §, Kak cleayeT Ha puc. 3.2,
ymeHpluaercs M obmas npurpyska @. OTMeTHM, 4TO JUIA BBINYKJIBIX
YYaCTKOB TpyOONpOBOJAOB YMEHbIIAeTCs W JUIMHA BOJIHBLI M3rHOa.

B HOpPMax NpPOEXTHPOBAHHA MATUCTPAIbHEIX TpyGONpPOBOXOB NpHBE-
JeHsl TIOJIYYEHHBIE 37ech (GOPMYyNH TOIBKO [UIA YACTHOIO. Ciyvasi——
IpA PABHOMEDHOH 6alnacTHPOBKE MO IJIHHE BOJHBI M3rHOA.
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PaccMoTpum 3apmady . Bbifopa O4YepTaRMA OCH  TpaHIIEM B IJIAHE HA
Y4ACTKE YOPYroro wmiruba TPyOONpOBROMA B TOPH3OHTAJILHOH [JIOCKOCTH.
3amaveil sABNsETCA HAXOXKIEHHE YpaBHEHHS OCH TpyOompoBona B yn-
PYro-H30THYTOM COCTOSHWH INpPH 3a0aHHOM Yrile MOBOPOTa OCH TPAacchl
TONBKO TMOX AeHCTBHEM pacmpeseNeHHON CHIBl TPEeHHs TpyGonpoBoia
O TPYHT NP OTCYTCTBHH KACAHHA MeXIy CTeHKAMH TpaHIleH u Tpybo-
POBOJIOM. ' : R

Bompoc onpenenenus mapaMeTpos TpyGomposoaa IIPH YIIPYIrOM H3rHOe

B TOPH3OHTaNbHOH  IJIOCKOCTH  paccMoTpern  Bb. B. CamoiinossiM

u WM. B. Bepeaunoii. [MonyueHHOC HMH pewleHHe COOTBETCTBYET HATHUMIO
IO XpasM MPHMBIKAHHA H3OTHYTOIO YYacTKa K IpPAMOIHHERHBIM - CO-
CPeOTOYCHHOR ONOPHOH PeakuuH, TaK KaK NMpH NPHHATONH HMH MOCTOSHHON
CHJIE TPCHMA MO INIMHE HM30THYTOrO YYacTka (¢,,=const) TPeTbs mpous-
BOTHasl YNPYToH JIMHWM B 3THX TOYKaX He PaBHA Hymr0. [IpUHATHIE HMH
THIOTE3bl MpH pEINCHAM 3aJaiM ONpedelleHWs Yhpyroit THMHAH TpyGo-
IIPOBOAA MOTYT NPHBECTH M K KOJMYECTBEHHBIM OMIMOKAM NpH OONIBIIN
yTIax HOBOPOTA. ‘ : -
Hamu npenmaraercst uHoil moaxon. ByleM CYHTATB, YTO CHITBI TPEHUS
0 INIMHE BOJHBI H3ru0a, BO3HHKAOIME NPH YIPYTrOM OTIIOpE H3OTHYTOrO
- TpyOOmpoBOJa, B3aHMHO YPaBHOBEWIEHbI, TOTAA PEAKOHH TIO KpasMm
IPAMBIKAHHA M3OTHYTOH OCH K NPSIMOIIMHEHHBIM YYacTKaM pPaBHBI HYJIIO,
4 MEXIYy HarpyXCHHBIMH YYaCTKAMH HMeEET MECTO HHCTHIA H3rHG, npH
KOTOpPOM KPHBHM3HA NOCTOSAHHA. TakuM o6pasom, Bca KpHBas wu3ru6a
OyIeT COCTOATL' H3 ABYX YYACTKOB IIEPEMEHHON KPHUBH3HLL CHMMETPUYHO
PACMOIOKCHHBIX TI0 KPasiM, W . yYacTKa MOCTOSIHHOW KpuBM3HEL PacyeTHas
cxeMa TpyOONpOBOJA, PACCMATPUBAEMas Kak 0ajlka ¢ 3aJaHHON H3THGHOI
KECTKOCThIO EI, pactipesneNeHHBIMA cHIaMU TPEHHsL ¢.,, MOKa3aHa Ha
puc. 3.3, Tlpu npuHATOR CHCTeMe KOOPOWHAT ypaBHEHHS PaBHOBECHS IS
yyactka [ m II umeror BHO : :

EIyY=q,,; EIpY =—q,, .' (3.80)
L T
! .
f “"J | 9rs
| —=t & 72 a
g ’z "y b/ \Ne)*
Z 1 p

Puc. 3.3. Pacuernas cxema mnosoporta
OocH TpybOmpoBOJa B TOPH3OHTAJIBHOM
TUIOCKOCTH, BBINIOJIHEHHOTO YNPYIrUM H3- J'. .

THGOM : gy 0,(%,, 4,
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Perenue cOOTBETCTBYHOLIMX ypaBHeHHﬁ (3.80) MOXHO 3amucaTb B BUJIE
"3

}’l=z

i=0

=Y Dxi——2—, ' 3.81
ErvTL L DX 38D

rne C; H D,—TpOU3BOJbHBIC HOCTOSAHHBIE.
CpaHu4HEIe YCNOBHS, BBUAY. OTCYTCTBHS 110 KOHIIAM (x=0) meruGarommx
MOMEHTOB M IIONEPEYHLIX CMJI, W YCIOBHA CONPSUKCHUS HMEIOT BHJ,

npu x=0 y;=0; yi=0; y/=0; yi"=0; - (3.8
Cmpu x=l yi=yy ¥i=yii ¥=yi y=yi. (3.83)

Mocne peuwenus ypapHeHmid (3.80) W HAaxXOXOCHHA TPOH3BONBHBIX
MOCTOSIHHBIX TOJyYacMm: '
JJ8 MepBOro ydyacTka

Y1=4¢.,X*24E1L yi=q,,X*/6EIL i =q., x*[2EL yi”-qu/EI; (3.84)

oA BTOPOro Y4HacTKa

Y "=_?§El; q;pgx_qrgzlz q;"ga%ig";:; L (38Y)
i AR

= ,'qgf.*zqé‘}lx’qé‘g;; (387)
yii’=2§;l—q—g’—f | -G8y

Tpu 3aAaHHOM YTIIE MOBOPOTA OCH TPAcchl @, MUHHMAIbHOM paiHyce
u3ruba p, MHTEHCHBHOCTH BEJMYHMHEI CHIBI TPSHHSA ¢.,, KOTOPYIO MOXHO
NPMHATL NPOHOPIMOHANBHOH (KO3(pHUMEHT MPONOPUHOHANLHOCTH — KO-
aq)qmunem TPeHHA) HOPMAJIbHOMY [ABJICHHIO, MOXKHO OIPENCIUTh UIHHY
nepexonHoii kpupo# L. Ilpu yknagke TpyOompoBola B CyXyI0 TpaHLUCIO
HOPMAJIBHOE NABIEHHE MOXKHO IPHHATL PABHBIM BECY EIMHMIBI ANHHBL
TpybomnpoBoaa, NpU yKiaake B O0BOIHCHHYHO TpaHmem—OTpHHaTeﬂbHOH '
iaBy4yecTH TpyOoIrpoBoaa.

“Wcxond w3 THANOTE3bl MJAOCKHX CEYEHHH M TOro, 4Yro NpH MAaJbIX
yIraax HakJoHA YOPYrod ocd KpUBH3HA 1/p=)", U HCHO/b3yd BRIPAKCHHUC
' (3.87), ompenenyiM MCKOMYH IJIHHY '

Ellq,,p, | S (389)

rae p—3aJaHHLIE paguyc TpyOompoBoga HA YYacTKe YHCTOIo H3rHOa,
T.e. npd x=2. -

U3 ycnosns (3.85), 3Has No (3 89) senmuuny Ol'[pe.IlBJIPIM nepcmemeﬂue
B TOUKe A, T.cC. npH Xx= 21

Ya=TEIl12p*q,,. ' (3.90)
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U3 ycnosus (3.86) onpegenum. yroia nonopora ceycHus A, T. e.
IpH Xx= 21 :

g,y I3/EL | 391)

Tak kak Tpernmii ywacTok AC mpeacTaBaseT coboii 30Hy YHCTOrO M3rHba
(p=const), To KOOpPIMHATEI UEHTPA OKPYKHOCTH O, Ha TpeTbeM YYacTKe

Xo=2[—psin@y y,=y,+pcose, (3.9

Op/auHATa KPYroBodl KPHBOI |

Y=Yo—/PE—(x—x,)>. ‘ (3.93)

B rpakTukg mpoekTHpOBaHUSA HEOOXOIUMO OIpeNeNATh Takke napa-
MeTp T, HasbiBaeMBIff TaHreHcoM W ONpeeNAOMMi MIMHY OT Hayajia
KpHBOH O 1O BEPINHMHBRL YIJIA MOBOPOTAa OCH B, a Takke mapameTrp b,
Ha3bIBAEMOTO OMCCEKTPHCON H ONmpefeNsArolMdA AMMHY oTpe3ka BC 1o
~ HaMpaBJICHUIO PaJHyCa OT BEPIUMHBI IOBOPOTA OCH TPACCHI A0 BEPILHHEI
MOBOPOTa OCH TpyOBl. OTH BEIMYHHBI OUPEAENAIOT o GopMyIaM

T=21+p(tgp/2—sin@,); (3.94)
_ [eoseutylp R ‘
F=p (———COS = 1). | (3.95)

TakuM o006pa3oM, ypaBHEHHe OCH TpaHILEH ONMpPENeNsIOT Ha ydacTke
or x=0 mo x=/ mo dopmyre (3.84), rme ! Haxomar u3 (OPMYJIBL
- (3.89), Ha y4actke orT x=/ #0 x=2/—mno dopmyne (3.85), a Ha TpeTheM .
KpyropoMm y4actke—nmo ¢opmyne (3.93), e xo W yO onpe,ueanOT no
¢opmyne (3.92).

OmpefeM MUHMMATBHELA YIOJ TOBOPOTA OCH Tpacchl MpH 3a11aHHon
CHIE€ TpeHMA ¢, U MHHHMAIBHOM pajJHyce YIpyroro usruGa. 3ToT
CIyualt COOTBETCTBYeT OTCYTCTBHIO YY4CTKa YMCTOrO M3rmba, T.'e. yroi
20, =@y,- Noacrasus B (3.91) 3nauenue mo (3.89), Haxomum

2 \/EI
\/q‘rp

MunumaneHO HEOOXOOMMAas CHIIA TPEHWS [UIA BHINONHEHHS TOBOPOTA.
Ha 3aJaHHBIf YIOM ¢ TpH MHHHMAIBLHOM panHyce yIpyroro usruba p

q‘rpmm_4E1/(P : . ) (3 97)

B HEKOTOpHIX cilyyasx HEOGXOHMO ONpeaeaaTh MUHUMAIIBLHBINH paluyc
_YNpyroro u3ru6a u3 ycJaoBHA MpHJIEranus TpybonpoBofa KO JHY TpaHIed
Opd 3aJaHHOM YIJIe NOBOPOTa ¢ B FOpPIBOHTaJII:HOPI TUIOCKOCTH M CHJIE
TPpeHHA ¢,,. Hckomblii pammyc

(3.96)

. (3.98)
q'rp (P
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'TJIABA 4 o -
PACYETHBIE MOJEJIM T'PYHTA,
B3AMMOJAEVICTBYIOIIEIO C TPYBOINIPOBOAOM

du3nKo-MeXauHYeCKHe XaPaKTEpPUCTHKH TAJloro rpydTa

ILis onpeneneHus KOJHMYECTBEHHBIX MapameTPOB B3aHMOICHCTBUS MO
3eMHBIX TPYOOMPOBOJOB ¢ I'PYHTOM HEOOXOIHMBI JAHHBIC MO €T0 ¢u3HKO-
MEXaHUYECKHM XAPAKTEPHCTHKaM, a TakKXkKe pAX NApaMeTpOB, ONpemes- .
IOLIMX HATPY3KH H BO3ICHCTBHS HA TPYOOMPOBOJ, CBA3AHHBIC ¢ HIMEHEHUCM
MHKEHEPHO-TeOJOTMYECKMX H FHAPOICONOTHYECKAX YCROBMil. DTH Xapak-
TEPUCTHKH OTPEIENAOTCS Ha OCHOBAHHM MHXKCHEPHBIX H3BLICKAHHH TpAaCChI
H IIPOTHO3MPOBaHHs M3MCHEHUH I'DYHTOBBIX YCIOBHH BO BPEMCHH, CBA3aH-
HBIX CO CTPOHTEILCTBOM H JialbHeiiedl DKCIUTyaTanuen TpybOonpoBoaa.

IO HHXEHEPHEIMH M3BICKAHMAMH CHEAYeT TOHHMATH KOMIUICKCHBIA
NIPOM3BOACTBEHHBIA mponece, 00eCIeYMBAOIMHE CTPOHTENBHOE MNPOCKTH-
poBaHHE HCXOMHBIMU JAHHBIMHM O NPUPOJHBIX M UHXCHEPHO-ICOJOIMYECKHX
YCJIOBHAX Tpacchl Oyayiero TpyOonpoBoga. YHHTEIBas 0cOOEHHOCTH
TpyGompoBoga KAk JMHEHHOrO COOPYXCHHWA M OIPAHHHYEHHOCTb JAHHBIX
0O JUIMHe, Lejaecoob0pa3Ho YTOYHATh HCXOOHBLIE MapaMeTphbl, MPHHSTHIC
NpH OPOEKTUPOBAHMM, HA OCHOBAHHUM NAHHBIX, MOJYYAEMEIX B.IPOHECCE
MpOM3BOACTBA 3¢MIAHBIX paboT. DTO B MNEPBYIO O4EPES]b OTHOCHTCH
X XapakTepHCTHKaM IDYHTA 3achiIKH H YPOBH OOBOJHCHHS. ‘

IMpu M3BICKaHUAX CJeAyeT PYKOBOJICTBOBATbCH HE TOJIBKO HOPMAaTHB-
HBIMM [AOKYMEHTAMH, OTHOCALUIMMHCS HENOCPEICTBEHHO K WU3BICKAHHAM
4 HCCIeJOBAHHAM TI'DYHTOB JUIS CTPOMTEIbCTBA, HO NOKYMEHTAMH, perI-
JIAMEHTHPYIOLIKMH HOPMBEI NPOCKTHPOBAHUA MAIKCTpANbHBIX Tpybompo-
BOZOB, KOHCTPYKIMii, 3arnyOJeHHHIX B TIpPYHT, a TakKke MpaBUlaMu
NPOH3BOACTBA U NPHEMKH 3¢MISHBIX paboT. IIpH MpoBeNCHHH HHXCHEPHBIX
H3BICKAHHH M IPOrHO3MPOBAHHM CHENYECT Y4YHTHIBATE KOHCTPYKTHBHOC
pemleHne TpyOOmpoBOAa, TEXHOJNOIHYECKHE —MapaMETPhl — TEMIEpaTypy
TPAHCIOPTHPYEMOrO HPOAYKTA, a Takke CHocoObl 3aKperieHus Tpy6o-
NpoBOAa — TUNBl AHKEPOB H 0annacTHPOBOYHLIX TI'PY30B.

Ha OCHOBaHMHM. MHKCHEPHBIX M3bICKaHuii M B coorsercTBud ¢ [OCTom
Ha KinaccuMKalKio TPYHTOB IO KOMILIEKCY IPH3HAKOB YCTAHABIMBAIOTCR
K7acchl, TpyNObl, OOATPYIINBI, THIb, BHIABI H pPa3HOBHIHOCTH - TPYHTOB.
®u3EYecKHe XapaKTEPUCTHKH T[PYHTA ONPElSNAloT 1O OeHCTBYHOLUMM
FOCTaM. B cBA3M ¢ BBEJEHHEM HOBOH TEPMHHOJIOIHH IIOJ ILTOTHOCTBK)
I'PYHTa p CJIELYeT NOHHMAaTh OTHOINEHHE MAacChl IPDYHTA, BKJIFO4Yas Maccy
BOOL B €ro Mopax, kK 3aHAMaeMOMY 3THM TPYHTOM 0OBeMY; INIOTHOCThL
CYXOro TPYHTA p;— OTHOIICHHE MacChl CyXOTO rpyHTa (HCKMIOuas Maccy
BOJL B €ro mopax) K 3aHUMAEMOMY 3THM TpPYHTOM O0BEMY, IJIOTHOCTh
yacTHI[ TPYHTa P,— OTHOIICHHE MAacchl CYXOIo rpyHTa (HCKIIO4as Maccy
BOILI B €ro Hopax) K oObemy TBepmoii yacTu rpyHra. IIpH pacuerax 4acTo’
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HCTIONIBb3YFOTCA MOHATHA: YACIbHLIA BEC TPYHTA Y, YAENbHBIH BEC CYXOro
IpYHTA Y, H YACNbHBIH BEC YaCTHII TPDYHTAa Y,, KOTOpBbIE ONPEICIAIOT
YMHOXasi COOTBETCTBYIOIIME IIOTHOCTH Ha YCKOPEHHE CBOOGOIHOTO Mage-
Hust. OpHEHTHpPOBOYHEIE 3HAYEHHS IUIOTHOCTEH 4YacTWIl IpyHTAa ps A
TPYHTOB, HE COHEPXALIMX BOAOPACTBOPHMBIX CONell M OpPraHHWYECKHX
IIPHMeECe, MOXHO TIPUHAMAaTbL PABHBIMH: [UIs IlecKa— 2,66: cynecu — 2,7,
cyrmuaka—2,71 u ramusl— 2,74 r/cm3. |

OcHOBHBHIMH NapaMeTPaMM MEXaHHYECKUX CBOMCTB IDYHTOB, ONpecs-
IOLIKMX HaNpsXXeHHOe NehOPMUPOBAHHOE COCTOSHHE MOM3EMHLIX TpPY6oO-
MPOBOJOB, ABISIOTCA YIONl BHYTPEHHETO TPEHMA @, YIENBbHOE CIECIUICHHE
¢, MOZynb fedopmarmu rpyHTOB E, mpegen NMPOYHOCTH HA OQHOOCHOE
ckatae R u np. o ,

Metonst onpenenenus nedOPMALHOHHBIX M IIPOYHOCTHBIX XapakTepH-
CTHK, KOTODBIC XapaKTepPH3YIOT KaX/blil BEIIEIEHHbI! MO Tpacce Tpy6onpo-
BO2 WHXEHCPHO-TCONOTHYCCKH MEMEHT, HINOXKEHbBI B COOTBETCTBYIOLIHX
I'OCTax, nmepeueHb koTopbix npuBeneH B CHull 2.02.01—83. OTMeTuM -
TONbKO, YTO NPH ONPCACICHWH NPOYHOCTHBIX XapaKTEPUCTHK () M ¢ TPYH-
TOB, RISl KOTOPLIX TPOTHO3MPYETCHA MOBLIIEHHE WX BIAaXHOCTH, 00pa3Lbl
TPYHTOB TPEABAPHTENBHO HACHIIIAKOTCA BOHOH N0 3HAYEHH BJIAXHOCTH,
COOTBETCTBYIOLIMX MPOTHO3Y. Moayne gedopmaiun £, mHoTyYeHHBIH
B TIOJIEBBIX YCHOBHAX TPH MPHPOIHOH BJIAXHOCTH, YTOYHSETCS HA OCHOBE
KOMIIDECCHOHHDLIX HCIBITAHHA C IPYHTOM MpPOTHO3MPYEMON BIAXHOCTH.

HopMaTuBHBIE M pacyeTHBIE 3HAYeHHs! XapaKTepHCTHK TPYHTA YCTaHAB-
JIMBAIOTCA HA OCHOBE CTATHCTHYECKOH 0OpalOTKM pe3ynbTaTOB MCHBITAHMIA
1o MeToauke, uanoxenHodi B I'OCT 20522—75. .

Bce pacversl TpyGompoBOOB-HA MPOYHOCTh M YCTONYMBOCTL JOJKHBI
BBHIMOMHATECA ¢ HCHOJIB30BAHHEM PpACYETHBIX 3HAYCHHMI IIPOYHOCTHBIX
XapaKkTePUCTHK: YAENLHOTO CUEIUIEHHS, YA BHYTPEHHErO TPEHHA M IUIO-
THOCTH TpPYHTa, KOTOPBIC pAaBHBl COOTBETCTBYIOIIMM 3HAYEHMSM HO-
PMATHBHBIX XapaKTEPHCTHK, NENEHHBIM HAa KO3(HIHEnT HAASXKHOCTH
0 TPYHTY 7Y,. . , -

Kospdruunent 6GezomacHoctd mo rpynTy Y; YCTaHaBIHBAETCH B 3a-
BHCHMOCTH OT W3MEHYMBOCTH XapaKTEPHCTHK, YMCIIA ONpelelIcHMit u 3HaYe-
HHH TOBEPHTENILHOR BEPOATHOCTH &, KOTOPYIO MOXHO MPHHAMATH paBHOI
0,95 mma Ttpybomposomos kaTeropux B, 0,9— mas kareropun I wuw II
H 0,85— s xareropun III m IV. ' ,

Jis. NpenBapHTENBHBIX - PACYETOB, a TAKXKe JUIA OKOHYATENBLHBIX
pacieToB TpyGonpoBomoB, oTHocawmmxcs ko II xmaccy mo napnenuro, IM1
1 IV knaccaM no amamerpy (cornacuo knaccuduranun CHull 2.05.06—85),
Mo HALEMY MHEHHIO, JNOIMYCKAETCS ONpENeNATh HOPMATHBHEIE H PACHETHLIC
3HAYCHHA MPOYHOCTHBIX M JePOPMANHOHHBIX XapPAKTEPHCTHK. TPYHTOB IO
" MX (M3HYECKMM XapaKTEPHCTHKAM B COOTBETCTBHH C pPEKOMEHAAIHAMH
CHuIl 2.02.01—83.

HAna pagyeta TpyGONpoBONOB WCMONBL3yeTCs TaKkKe nedopManHOHHBIH
napameTp U—xkoddrurent IlyaccoHa rpyHTa, KOTOPbI IpPHHHMAETCS
PAaBHBIM: 1jisl KPYMTHOOBIOMOYHEIX rpyHTOB — 0,27; NeCKOB M cymeceii — (,3;
cyrinuukoB — 0,35; rmun— 0,42, ' -
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[IpOYHOCTHBIE ‘XaPAKTEPUCTHKM TPYHTOB OOBIMHO ONPEACASOTCA JUIA
IPYHTOB HEHApyIUEHHONW CTPYKTYphl. Jlas TIPYHTOB o6paTHOH 3aChINKY
pAacYeTHLIE 3HAYEHHS YACTLHOTO CLENUICHHA o M yIJla BHYTPCHHETO TPEHHA
(¢ OPHMHUMAIOTCA PABHBIMH: Co=TIC1, Po=T@y, I ¢; U ¢y — PACICTHLIC
aHaYeHHS COOTBETCTBEHHO VACJIBHOIO CICIJICHHA M YIJIa BHYTPEHHCIO
TpeHUSI TPHPOJHOTO CIIOXKCHHA, N — ko3¢ PunueHT, NMPHHHMAEMbId B 3a-
BHCHMOCTH OT IUIOTHOCTH TpyHTa p (3aCHITKH): .

Py T/MP et s s 1,55 1,7
n .
TIECKH, KpPOME ThUIEBATHIX, BJAXHBIX H HACBHILLCHHBIX
BOJIOM  covvivesiiesisseeesnneeaseneerrassssessasesasnnnaasbaasazensasansseresssnns 0,5 0,8
NBUIEBATO-TIMHUCTEIE TPYHTHl IIPH YOKaszaTesie TEKY- . ‘
YECTH I K 0,5 overcircere e et 0,4 0,6

3nayenne ko3dgduumeHTa m JUTA TBLIEBATHIX IECKOB, BJIAXKHBIX, [JIHH
M CYIrJIHHKOB INpPH IIOKa3aTese TCKYYeCTH 0,5<1;,<0,75 n cyneceil IpH
0,5<I,<1 momkHO ObITh MOHMXEHO Ha 15%.

ConpoTHBJICHHE TPYHTA MPOXOJIBLHLIM [epeMelieHHaM TPyObl

Camoii mpocTeiiueil pacYeTHOH MOJCABIO TPYHTA IpH NPOXOJIBLHBIX
epeMEILeHAAX TpyObl ABISETCS JMHEHHAs MOJCAb. 3Ta MOICIL BIEPBBIC
Onina npeamoxena npo¢. B. A. QuopuHbIM W MCXOAMT M3 TOrO, €TO
COMpPOTHBJICHNAE IPYHTA NMPSIMO MPONOPUHOHANBHO NMPOLOJbHEIM MEpeMerie-
uuaM. C HCHONB30BAHMEM OTOH Mojeiad Obll pelieH pAA NMPaKTHYECKHX
- 3apgay. OAHAKO, KaK IOKA3ald INPOBEIECHHBIC pPa3iMMHBIMM aBTOpPaMH
HCCTENOBAHNA, 3TY MOJENb - MOXKHO HCIOJL30BAaTh TOJABKO IIPH paccMoOT-
PEHMHM «MAJbIX» TEpeMelleHMH, TaK Kak NpH «DOABLIMX» TNepEMELICHUAX
HMEET MECTO CYLISCTBEHHAS HEJAMHEHHOCTH MEXIY COMPOTHBICHHCM M TIE-
peMelicHueM. JKeCTKOIMIACTHYECKAS MOZE/b TPYHTa, B KOTOpPOH IpHHHMAa-
eTcsi COMPOTUBIICHHE TPYHTa NOCTOSHHBIM, MOXET HCHOJIB30BATHCA IPH
pElicHHH 3aJay, [A€ PAcCMaTpPHBAIOTCA OOJBIIKE NMEPEMELUCHHS.

HUcnoap3oBaHHe HEJIHHEHHBIX MojeiteH IMO3BOJAET CYLISCTBEHHO IIO-
BLICUTE TOYHOCTb pPE3YyJbTAaTOB pacyeTa.

IposeneHo GoONBILIOE YHCIO 3KCHEPUMEHTAIBHBIX HCCNenoBaHUH IO
YCTAHOBJCHHIO PACYETHOH MOJENH IPYHTAa M €€ KOJHYCCTBCHHBIX NapaMeT-
pPOB. DKCHEPUMEHTHl NPOBOAMIMCh Kak HAa MOZIEAX TpyOonpopona, Tak
W B pealbHbX YCIOBHAX. CleayeT OTMCTUTh, YTO KOJMYECTBCHHBIC
XapaKTEpHCTHKH, MMONYYCHHBIE HA MOIEMsAX, HE BCCIAA OTPAXAIOT YCIOBHA
pabore Tpybompoeoma. OOBACHAETCS 3TO TEM, HYTO Ha MCXaHHYECKHE
H QHU3AHECKHE CBOMCTBA TPYHTA, XaKk (DM3MYCCKOrO TeJd, OKa3blBAIOT
BJIMAHHE HATPY3KH, OOYyC/IOBJEHHble Maccoil rpyHra. Ilosromy mpH
MOJICIMPOBAHUH B3aHMOJCHCTBHA coopyxenus (TpyDONpOBOAa) ¢ TPYHTOM
peobxonumo, kak ykaseiBaa upod. I'. M. TTokpoBckuil, BOCIPOH3BOIMTH
TO MOJE HANpPKEHHN, KOTOPOE OOYCIOBIEHO ACHCTBHEM CHIBI THXECTH.

Ha puc. 4.1 u 4.2 npuBeAcHBl PE3yNbTATbI YETBIPEX H3 NPOBEACHHBIX
HAMH 3KCIIEPUMMEHTOB MO ONPEACICHHIO 33BHCUMOCTH CONPOTHBJICHHA
IpyHTa OT NPOJOJbHLIX mepememieHnd Tpyonl. Ilo ocu abcryce OTIA0XKEHBI
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g7 6% 0f 48 10 12 uom

Puc. 4.1. Jlnarpamma «COnpoTHBIEHHE MeCYaHOTO pyHTa — Opo-
OOJIBHOE MEpPEMEIICHHE):

a— auamerp 720 MM, BbicoTa 3ackinku 100 cM; 7 —mpu t=1,2 u; 2—npu -
1=0,59 5927, 3—npu t=08sinu; 6 —nuamerp 529 MM, BBICOTZ 3IACLINKH
120em; I—unpn 1=2,1 u; 2—npu 1=0,93 1% 3—npu t=1,05sin .54 u
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Puc. 4.2. JAuarpamMma «CONPOTHBJICHHE IVIMHUCTOrO TPYHTA —IIpPO-.
JAOJILHOC Il(?pCMCIL(CHHC»: ! ’
a—nuameil"p 273 MM, BbICOTa 3achinki 80 cM; I —rnpu T=2,45 u; 2—1pH
1=0,63 %% 3—npu t=088sin 0216 x; 6—auameTp 325 MM, BBICOTA
saceinkn 40 cm; I—npr  1=24u; 2—npu  t=0,58 u%28 3 —
1=0,71sin0,184 u ..



NPONOJIBHBIC MEPEMELLICHHSI OTPE3Ka TpyOhl, Kak HemedopMHpyeMoro Tena,
MO OCH OpAMHAT — CPCAHHE 3HAYECHHS CONPOTHBIIEHHH IPYHTa CHBHTY HO
MEPUMETPY TPYOBI HA e¢ eAMHUIY UTHHEL. O6Ias KaYecTBeHHAA XapaKTepH-
CTHKA 3aBHCHMOCTH CONPOTHBJECHHA IPYHT4 OT NPOXOALHOIO CONPOTHBIIE-
HHA TPYOLI COOTBETCTBYET HPHBENEHHBIM auarpaMmaM. Ha amarpammax
MOXHO BBIJICTIMTH TPH y4acTka. IlepBEIi y4acTok COOTBETCTBYET CTaauM, Ha
KOTOPOH MeX[ly COTNPOTHBICHHEM M IMepEMCEIICHHEM HMMEETCA TOYTH
TMHEHHAA 3aBHCMMOCTB. OTo—nmeppas ¢aza (mo H. M. epceBaHOBY
1 H. A. LIbITOBHYY) HanpsXeHHOTO COCTOSHMS TPyHTa — (ha3a YIUIOTHEHHS,
KOraa TpyHT YIUIOTHAETCS W MpHOoOpeTaeT cBoiicTBa ympyroro Teaa. Ha
BTOPOM Y4YacTke NIPOMOPUHOHANBHOCTh MEXAY CONPOTHBICHHEM H IlepeMe-
IICHHEM HAPYINAETCA, HTO COOTBETCTBYET BTOpOH (a3ze, HA KOTOPOH Oois
ynpyrax fedopmanmit yMeRbIASTCA ¥ IPOUCXOHUT HApacTaHAE OCTATOYHBIX
medopMaumii. ITOT GaKT WIIIOCTPUPYETCS MONYIEHHRIME TIPH KCIIEPHMEH-
Tax MeTIAMH rHcTepesuca (puc. 4.1,a). Hakonen, TpeTuii y4yacTok — nps-
Masl, KOTOpas XapakTepH3yeT PABHOMEPHOE INBHXCHHE OTpe3Ka TpyOnl. 1o
TpeThbs (asa HampsHKEHHOTO COCTONHUA TpyHTa. OHa XapakTepHiyeT paGoTy
IpYHTa B CTafuH IPENCILHOTO DABHOBECHS, T.€. KOrJa Mexny TpyOoi
H TPYHTOM YCTAHOBMJIACH IUIACTHYECKAA CBA3b, KOTOpAas . ONMCHIBAETCA
CBOWCTBOM MUIacTHyeckoro Tena Ipanarns — Kynona. :

Kak Moka3said 3KCIepUMERTRI (cM. pHC. 4.2) IS CBAZHBIX TPYHTOB (TIpH
CHENJIEHHH C,, > () IpeaeNbHOEC CONPOTHBIIEHNE TPYHTA CABATY YMEHBILAETCS
IO CPABHEHHIO C MAKCHMAITBHEIM. ITOT pakT oT™eduer I1. I1. BopopaBkuHbIM
u B. JI. TapanoM IIpH mpoBeJeHHH ONBITOB Ha Mozensx. Kacasce MPHPOIEI
3TOTO asnenust, H. H. Macmos orTMedaer, uto crnennenme, ofnpenenseMoe
n260paTOPHBIMH HCIIBITAHHAMH TPYHTOB, COCTOMT M3 JBYX CJIATdeMbiX:
HEOOPAaTHMOTO CLEMJIEHASt M CBA3HOCTH BOMHO-KOJUIOMIHON MPHPOIBI
obpaTtumoro xapakrepa. Ha npemembHOe CONPOTHBIEHHE TPYHTA. CABHLY
OKa3bIBacT BIMAHHE TONLKO HeoOpaTuMmoe cremnende. CrenyansHO NOCTAB-
TIEHHBIC OTBITHI, MpoBeneHHbe b. H. )KeMOUKHHBIM, TaKXKe MOKa3aH, YTO MpU
MEIEHHOM JIBHXKEHHH HapYIIEHHBIE CHIIbI CHEIUIEHHS HE BOCCTAHABAHBAIOTCH.

Takum 006pa3oM, KauecTBEHHBIA XapakTep B3aHMOIEHCTBHR Tpy6o-
MpoBofa H TpPYHTA NOpPH UPONOJBHBIX TNEPEMEIICHHAX MOXHO OIHCATh
cremyroule cxeModl. JIns BOSHHKHOBEHHS COCTOSHMS MpeNeibHOTO pas-
'HOBECHfl TPOMCXOOMT fehopMalMa CTPYKTYPHl TPYHTa, M KacaTelbHbIE
- HanpsXeHHA ABNSAIOTCR ¢yHkuueil nepememennii. [Tpy MansHeiimem pocte
NepeMelLIEHU#H KacaTeIbHbE HaNpPSHKEHHA OCTaFOTCA MOCTOSHHBIMH, MPHTOM |
HX MAaKkCAMAllbHaA BEJIHYMHA OrPAHHYMBAETCSA HANPAKEHHEM CIBHTd IPYHTA,
a MHHHMANbHAA — TPEHHEM CTPYKTYPHI.

PaccMOTpAM oJHY M3 BO3MOXHEIX HETHHEHHBIX 3aBHCHMOCTEH CO-
NPOTHBJIEHAA TPYHTA OT MNEPEMEIIEHHA B O0ONACTH YNpPYyrolsIacTHYECKHX
nedopmaimii rpyHTa B BHIE

| T, =cui, . @
roe T,—COHPOTHBHCHHC TpyHTA, npHEXogAUIceCd Ha CI[HHKHY IUIOIAOH,

¢ — K0 OUIHEHT, XAPAKTEPH3YIOIMA MAKCUMATTLHOE 3HAYEHNME COMPOTHBITE-
HUS TPYHTA; Z — NMOKA3ATENb HEIMHEHOCTH; U, — MPOJOJILHOE HepEMEIIIEHHE.
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HMesa pe3ynbTaThbl 3KCNEPHMCHTATILHBIX HcCleIOBAHMi|, I8 onpejaene-
HHS MCKOMBIX TIAPaMETPOB ¢ H Z MOXHO BOCIONL30BATHCA cnocobom
HaHMeHBIIHX KBAADPATOB. IIpM 3TOM = HEODXOMMMO PELIHTb CHCTEMY
HeJIMHEHHLIX ypaBHeHHH. Bocnonbayemcs cnocoboM onpedeneHns nmapaMer-
poB  ypaBHenus, mpemnoxenHeiM b. IL JNemugosndeM. CyilllHOCTE €ro
3aKJIFOYAeTCs B CICAYIOIIEM: MCKOMas KpHBasd, ONUChIBAacMas ypaBHECHHEM
(4.1), mpoxomuT depe3 OJHY M3 XapaKTCpHBIX TO4CK, B HallleM Clydac
yepe3 TOYKY € KOOPAMHATAMH Umay M Tmax- ‘Toraa ypaeuenue (4.1) MOXHO
MpeaCTaBHTL B BHIE

o= T (e thoa )5 @D

[O€ Tgay — MAKCHMATBHOE COMPOTHBICHHE I'PYHTA CHBHIY; Umay, — HEPEME-
LeHWe, COOTBETCTBYIOIUEE BEIMYHHE Tmay. _

Hcnoapdys crmoco® HauMEHBIINX KBAJApaToB M TPHHAB B Ka4CCTBC
Mepbl - OTKJIOHEHHS BEJIHYHHY :

Sm= 3. (lnc+zlnuiflnri)2, 4.3)

i=1

HaxOJMM W3 HE3ABHCHMBIX BBIPAXKEHUH koaduunenTrl ypaBuenus (4.1)

2 Ineyftmay InT;/ Tmax

=1

z - s

Z 11’12 ul‘/umax

i=1 - : ) .

c= Tmax/ufnax . . ‘ (44)

A Kaxmoro U3 OIBITOB, MMes N JKCICPUMEHTANBHBIX TOUCK,
OIIpeIe/IAT HCKOMBIE NAPAMETPhi Z M (.

" IlpuBeneM JaHHBIC, MOJYYEHHbI¢ HAMM HAa OCHOBAHHH TPOBECACHHBIX
58 akcrepuMeHTOB ¢ Tpybamu auameTpoM oT 114 no 729 mMm. Mcnoarp3sys
TEOPHI0 MATEMATHHYECKOM CTATHCTHKH, ONPCACITHM JIOBEPUTEIILHBIA HH-
TepBas MApaMeTPoB C 3aJaHHOM HajaekHoCTbio P. CHATad, YTO pe3yJIbTAThI
BCEX M3MEPEHHI MOIMMHAIOTCH HOPMAJIbHOMY PACHPEIEICHHIO, TOBEPUTEIE-
HbIl MHTEPBANl BEJMYMHBLI 2z OMNpeAENAeTCs MO dopmyne

\

. <z<f+z-f"— 4.5)

?

S Jn
.'" ) .-

. 37ech Z— cpelHee 3HayeHue Koddduumenta, Z= Y z;/n; t=t(P, n)— pyn-
i=1 .
KOS 3a7aHHOH BEPOATHOCTH (HAQJEKHOCTH OLCHKH) M HHMCIa M3MEPCHHH
(OTBITOB) #; 3HAYCHWE ! ONpPEAENseTcs Mo TaOJMIAM MHTErpana BEpOAT-
HOCTH, §,— BLIOOpOYHLIA CTaHAApT,

Sa= \/ z (z—3)2/(n— 1)-l

)
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06pa6aTmBaﬂ pe3ymbTaThl KaXIO0TO M3 ONBITOB M BCEX 3KCHEPHMEHTOB,
HAXO/TMM, TO MCTHHHBIC 3HATCHHI HCKOMBIX HapaMeTpOB C HANEKHOCTBIO
P=0,9 cocTaBifoT:

IS HECYAHBIX TPYHTOB
| 0,278 <z <0,33;
0,0477 < ¢ < 0,0605;
OJI8 TI'TIMHUCTBIX TPYHTOB‘
o . 0,233<2<0,298:
0,0552 < ¢ <0,0756.

Kax mokaszamu mpoBefieHHBIE HCCENOBAHMSA M PACYEThl, B OONBIIMHCTEE
"CITy4aeB 3aBHCHMOCTB COTIPOTHBIEHMS TPYHTA OT IIPOAOJBHBIX IEpeMere-
HHi B OOJacTH YHNpPYTOIIACTHHECKHX AedopManuii MOXHO JIHHEAPH3HPO-
BATh C MOMOIUBIO 0006ieHHOTO KO(pUIMEHTa KacaTeILHOTO CONPOTHE-
JIEHHMs] TPYHTA Cyo U TPEACTABHTH HCKOMYK 3aBHCHMOCTh B BHiE

. Tx=Cxolx, ] (46)

T. €. CYHTATh NOKA3ATENb HENHHEHHOCTH z B ypaBHEHMH (4.1) paBHBIM '
eaquanle. OTMETHM, OJHAKO, CYLECTBEHHOE PA3JiMYHe MEkKIy napamMeTpaMu
¢ B ypasHenuu (4.1) u c¢,o B ypaBHeHnnm (4.6).

- O6061ueHHBIT k03D GUIUEHT KacaTelbHOTO CONPOTHBIEHHS TpYHTa,
OTpakawllpil ero yNmpyromnacTuueckHe AedopManud, omnpemeliseM IO
MMEIOIUMMCS  IKCIICPHMEHTAIILHEIM - IMarpaMMaM t=t(u) mo <nocoby,
npeanoxennoMy mnpod. H. K. Cautko mns onpemenenus oGoOLieHHOro
kodhdpumeHTa ckatusa. g 3TOro MCTHHHYIO AMArpaMMy 3aBHCHMOCTH
© COIIPOTHBJICHUA TpYHTAa OT MPOAOJBHBIX TMEpeMelleHHit 3aMeHgeM Hie-
ANM3HPOBAHHOM, TIOCTPOCHHOH IO aHANOTHM ¢ amarpammoii IMpangrns.
3Has npeneIbHOE CONPOTHUBIICHHE TPYHTA CABHTY, ONpPENESMM 00001eHHBIH
k03(pduuueHT M3 ycioBHA MHHAMyMA OIIHOKM. [lns sToro H3 Havama
KOOpAMHAT MpOBEIEM JIOMAaHyro obc (cM. pHc. 4.1) Tak, 4ToOBI' MIomamu,
0o0pa30oBaHHBIE 3KCHEPHMEHTANIBHOH XPHBOH M JIOMAHOH IMHHER OBLIA
paBHbl. O0061eHALI K03)GUIMEHT KACATENLHOTO COMPOTHBJICHAS IPYHTA
Cxo BBIYHCIISETCS KAK OTHOIUCHHE Tnp/Ayen, TAE Ay, — MEpeMelienHe,
COOTBETCTBYIOIIEE TPENCTBHOMY CONPOTHBICHHIO TPYHTA  CABHIY.

Ha OCHOBAHMH IMPOBENCHHBLIX HAMHM M ONYONMKOBAHHBIX B JIHTEPATYPE
pe3yNBLTATOB OJKCIEPHMEHTOB, a TaKXe CYIIECTBYIOIIEH HOPMATHBHOM
KlaccA)HKALNK TPYHTOB COCTaBleHAa TaONHMIA peKOMEHIYEMBIX 3HATEHHI
o6obumieHHoro  ko3dduIMeHTa - KACATENBEHOTO CONPOTHBIICHHA TPYHTa
(Tab. 4.1). '

OTMETHM, 9TO Y4eT ynpyronnacmqecxon paﬁorm rpyHTa ¢ MOMOIIBIO
00001LIeHHOrO MHHEHHOTO K03 dUIIeHTa 00BIMHO A2ET YAOBNETBOPHUTEH-
HEIE PE3YNbTaTH 1A MpaKTHIeckUX pacueToB. IIpumeHenue Goliee TowHOM
anmpOKCHMANMH AN 3TOr0 AManai3oHa 3aBUCHMOCTH CONPOTHBIICHHHA OT
nepeMelieHuii oOBMHO BO3HUKAET NPH pElIEHHH OGpaTHOH 1ilawu, KOTAa
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Tadnuua 4.1

3uavcknn  oGobenuoro KoIPGUIMENTA KACATENLHOTQ CONPOTHBIEHHR TPYHTA €0
MiIla/em ' _ .

Ipeaenut HOp- . - KoappauseHT MOPHCTOCTH
MATHBHBIX 3Ha- :

Buaet TpywTos 4eHuii KOHCHC- | o5 | 0506 [0,61—0,7]0,71—0,8| 038
TEHUAH TPYHTOB '
lMeckn  rpaBennCThHIC, — 0,033 0,03 0,027 0,025 0,025
KpYNnHele M - CpeaHEH : ' i o h
KpPYNHOCTH - : ‘ ‘
Tleck® MeNKHE M IIbl- . — . 10,025 0,021 0,021 0,019 {0,019
JIeBATHIE N ‘
Cynecu 0<1,<0,25 10,035 0,033 0,03 0,030 . 10,03
0,25<1,<0,75 |0,035| 0,032 0,03 0,025 10,025
CyrniMHku : ‘ 0<1;<0,3 |0,038]| 0,035 0,035 0,032 |0,03
o ' 0,3<1;<0,75 10,035 0,033 0,03 0,025 10,02
Coannb 0</.<0,3 (0,04 | 0,038 0,035 0,033 0,03
0,3<1;<0,75 |10,045| 0,04 0,035 | 0,03 0,03

no pesyabTaTaM (AKTAYECKHX TNEpeMEIUEHHH CeYeHHH HanpsHKeHHOro
TpybonpoBoJa ONpeAciAeTCA €ro HanpsKCHHOE COCTOAHME.

BaxHeAIIHM NapaMeTpoM, XapakTEepPH3IYIOLIHM [HArpaMMy «CONPOTHB-
JIeHHe IpPYHTa —IMpOIOJBHOE MNEPEMEILCHHCY, ABAACTCA npenensHOe Co-
MPOTHBJIEHUE TPYHTA CABHTY Tpp.

IMpenenbEoe cCONpOTHBICHHE TPYHTa CABMTY 3aBHCHT OT paJHAJbHBIX
COCTABJIAIOLIMX OABJEHUA TPYHTA MO MOBEPXHOCTH TPYOBI M OT CUEILICHHSA
rpyHTa. Tak Kak pagdajibHbiE COCTaBIAIONIME PA3AYHBI [0 MOBEPXHOCTH
TpyOBl, TO QN pACYETOB LEJeCOOOPAa3HO HMCNONbL30OBATh HHTETPAJIBHYIO
CYMMY KacaTellbHbIX HANpPAXECHHH MO NEpHMETPY TPyOsL.

Kax noxasajs NpoBeJCHHLIC HAMH 3XCIIEPHMEHTHI, NIPeAe/IbHOE CONPOTH-
BJICHHE TPYHTA CIBHTY HEJTMHEHHO 3aBUCUT OT BBICOTHI 3aCHINKM Hal TpYyOoi.
KpoMe TOro, Ha npeacibHOE COIIPOTHBJICHME IPYHTA 'CABHTY OKa3bIBaeT
BIIHAHHE TOJBKO HeoOpaTHMas 4acTh CLEILIEHHA, KOTOPYIO MOXHO ONpese-
AATH 0O METOAY UOBTOPHLIX COBUTOB (NMPH pa3HOH BIaXHOCTH) IPH
HOPMAIILHBIX HANPSKCHHAX B TPYHTaX, ONMIKHX K ACHCTBHTEIBHLIM.

Ha ocHOBaHHH aHajiu3a OMyOJMKOBaHHBIX pabOT H NpPOBEACHHBIX
HAMH OJKCHEpDHMEHTOB /A OINpelelicHHs INpedeNbHOro CONPOTHBIICHUA
rPYHTAa COBHCY MOXHO DPEKOMEHIOBATE CIEdyROILYIO ¢opmMyny:

lnp=qrp 18 Prp+ Z'erchﬂD % tg @rpt+ O,6TID,, Crpy 4.7

rae ¢, —Bec TpybonpoBooa € NPOAYKTOM; @, —Yrojl BHYTPEHHEro
TPERAS IPYHTA; Y.p— YACTbHBIH BeC TPYHTa; cp— O€3pasMepHbI KO-
¢uuMenT; D, —HApYXHBIA OHAMETP TPYORI; ¢;,— CUCIUICHME TpYHTA.
TNepsoe cnaraeMoe 2310l (OPMyJBl YYHTHIBAET BeCc TpyGompoBoaa
¢ NPOAYKTOM HIIH OTPHLATEIBHYIO ILIaBYYECTh, BTOPOE — JABIEHHE I'PYHTA
10 NEPHUMETPY TPYOBl M TpeThe — HEOOpPAaTHMYIO YacTh CLENJICHMA TPYHTa
no nepumerpy TpyOnl. Koadbduiment c,, oTpaxkaromuii obpa3oBaHHe
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Puc. 4.3. Koadpdummenr, yqnn.maloumu 06- - &y

‘pazoBaHHE CBOAA OOpYIICHHA:

I -—necyanslif TPYHT, 2—TCJIMHHCTBIE TPYHT ,
o ' 475

as

425

I\

/A

ra

F n/D

cBojia O6pyilleHHs!, 3aBUCHT OT OTHOLLUEHUsS BBICOTBHL 3acBIKH Hajg TPyOoit -

© K ee JqUaMETPy H MOXeT OBIThb MNonyyeH mo rpaduky puc. 4.3. Jnd
pacyetoB Ha IBM kpueeie / u 2 rpaduka pwuc. 4.3 npeacTaBIIeHbI
B BHAe MHorowieHos. Kospduuuent ¢, onpememsiercs mo dopMyaM:

ons [eCHYaHbIX TPYHTOB

h o
e =0416 5-—0,056 —+0,095;

H

. IUIA TIMHACTBIX TPYHTOB

2

h . A
cy=0,367 o 0,046 D_f,+ 0,06.

H

ConpoTniiene TrpyHTa nNonepeyHbLIM liépememennﬂm TPYObLI

(4.8)

(4.9)

ConpoTHBIIEHHE TPYHTA NOTEPEYHBIM IEPEMEEHUAM TPYOB! 3aBHCUT
OT TNOJOKEHHs IUIOCKOCTH, B KOTOpPO# NPOMCXOOUT mepeMemnenue. IIpu
NepeMelIeHAAX TPYOBl B BEPTHKAJIBHONH RIOCKOCTH BC/EACTBHE pPa3iHuUs
CBOMCTB- TPYHTOB 3achlIKH H OCHOBAaHHA IOX TPYy6oH (HX IKeCTKOCTH)
COMPOTHBJIEHHE rpyHTa pasnmnino. IIpu mepemMetneHusx TpyObl B rOpH3OH-
TaJIbHON IUTOCKOCTH CONPOTHBIIEHAE TPYHTA 3aBUCHT OT IUMPHHBI TpaHuIei

H CBOMCTB TpYHTAa HapyllleHHOH H HEHADYLIEHHOH CTPYKTYpEI.

B cBs3u

C 3ITUM pacyYCTHBIE MOICIH [PYHTa H. ¢ KOJIHYSCTBCHHBIC napaMeTphl
6}’JIyT pa3’nin4yHbl B 3aBHCHMOCTH oT HEIl'IpaBI[eHI/Iﬂ l'ICpCMCU.ICHHH

Conpomugaenue 2pyima nonepeurvim (6 wpmurca.rtbnou

NAOCKOCMU) NepeMewjeRuam mpyovl - 8gepx

B cBA3M ¢ HeoOXOmMMMOCTBIO pacueTa TpybompoBona Ha IPOJONBHYIO
YCTOHYHBOCTh TIPOBENEHO JOCTATOYHO MHOTO 3KCOEPHMEHTANBHBIX HC-
CIeNOBAHAK MO COMPOTHBJIEHHIO TIPYHTa TMONEPEYHBIM MEPEMEILCHUAM
TpyObl BBepX. Pe3ynbTaTel MHOTHX M3 3THX MCCIe[OBAHHMIl IpUBEXEHBI
B pabotax 3. M. Slcuna, II. Il. BoponaBkuHa ¥ ap. VunTHIBag, 4to M
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pacyeTa TpyGONMpPOBOAOB NPHHAMANACh B OCHOBHOM JECTKOMJIACTHYeCKAs
MOJ€Jb, OCHOBHOE BHHMAaHHE YACIANOCH ONPCCICHIIO TpeacabHOR yaep-
KHBAIOLIEH CMOCOOGHOCTE TIPYyHTA. : :

OCOOeHHOCTBIO TIPOBEJEHHBIX HAMH 9KCIEDHMEHTOB OBUIO TO, HTO
Tpy6a Harpykajiach HE CTATHYECKHM YCHJIHEM, a PECCOBOH HATpY3KOi,
YTO TO3BOJHIC TIONYYATh 3aBHCHMOCTE CONPOTHBJICHHA TpYHTAa OT
HepeMELIEHHS BO BCEM HX. Auana3oHe. OmbIThI MPOBOMKIA Ha 3aray0JIeHHBIX
“Tpy6ax jutEHOM 4 M, AuameTpamu 273, 529 1 720 Mm. Tpybpl TTOTHHMAIK
neGeIKaMHu ¢ MOMoInbIo TpocoB. IlepeMellieHus H3MEPAIH MPOruOdoMepaMu
MakCHMOBa, YCHIHA — JUHAMOMETpaMi . pacTsxenus. Harpykenne Ha
KaXK/IOM 3TANE OCYLLECTBIISIN C BBHIAEPKKOH BO BPEMEHH 0 CTAOMIM3ALMH
yernusa. ONBITH NPOBOJAHIM MPH Pa3jIM4HOM BBICOTE 34CHIKM IPYHTA
Hap Tpyboit (or O go 100 cM). Kpome TOro, HCHONB3OBAJH HECKOJIBLKO
BHAOB IpyHTa. OO0llasg KapTHHA 3aBHCHMOCTH CONPOTHBJICHHA rpyHTa OT
MepeMellleHHs OJMHAKOBAa IS BCEX ONLITOB (pHC. 4.4, 4.5). Bnauarne,
MOKA NEPEMELLUECHUA HEBEJIMKH, MEKAY CONPOTHBICHHEM ¢, H IONEPEHHbIM
IepeMelleHHeM ¥ HaboAaeTcs MOYTH JHHEHAHAS 3aBUCHMOCTD. JocTurnys
MAKCHMYM4, COTMPOTHBJEHHE IPyHTa cHHXaeTcd. OcoOEHHOCTBIO aHarpam-
MbI [T [JIMHHCTHIX TPYHTOB IO CPABHEHHIO C AHATPAMMOM I MEeCcIaHbIX
IPYHTOB SBAAETCA TO, 4YTO JOCTHKEHHE COIPOTHUBJICHMEM MAaKCHMyMa,
XapaKTepu3yeTcs GONbIUEM MEepPEMEIieHHEM TpyObl, T.e€. B 3TOT NEPHOL
npoucxoauT Gojlee 3HAYMTENbHOE YIUIOTHEHHE IPYHTa Hajl TpyOoil.

Bripa3um 3aBHCHMMOCTb  MEXIY CONPOTHBJIEHHEM TpyHTa
g, ¥ TONEpPEYHBIM IePeMEIeHHEM y TPYOBI Ha KPUBOJHMHEHHOM YYACTKE
AMATPAMMEI, XapAKTEPH3YIOIMM YIIPYrolUIaCTHYECKYl paboTy rpyHTa,
¢ MOMOIIBI0 000OLIEHHOTO KO3h(PHUIMEHTA HOPMAJLHOIO CONPOTHBICHHA
rpyHTa

Qy=cyODuy- _ (410)

Ha ocHoBanuu o0paGOTKH pe3ysbTaToB IKCIIEPHMEHTOB € HCIIONbL30BA-
HHEM pelllcHHs JUI8 [ITaMma Ha YIOPYroM OCHOBAaHMH 33aBHCHMOCTD
06061IcHHOT0 KO3(ppUOHECHTa HOPMAJIbHOIO CONPOTHBIICHUA TpPYHT4 OT
_CBOWCTB TpYHTa M HAapaMeTpoB 3ariIybieHHOro T1pyOompoBoga MOXKET
OBiTh TPEOCTaBICHA B BHAE ‘ - '

. 0,12E 5 Nep
}’0=
(1= )}/ oDy

rae c,o— 00O6IEHHRBIH KOI(QPUIHEHT HOPMANBHOTO CONPOTHBICHUS I'PYH-
ta, MIlajem; E,,—moaynap AedopMaiud IpyHTa HEHAPYIICHROH CTPYK- .
Typsl, MIla; 1, —K03(pPUIEEHT CHIKCHUA MOILYNS JedhopManuK IpyHTa
JACHIIKM II0 CPABHECHHIO C TPYHTOM HEHApYMICHHOH CTPYKTYPBL, Mep—
xo3¢p¢uuuent Ilyaccona TpyHTa; [o—eIMHWYHAA JUIMHA TPYOORPOBOAA
(/o =100 cM); D,—HapyxHEBIl IuaMeTp TpyOBI, CM; ho— PacCTOSHHE OT
BEpXa 34CHIIKM OO OCH TpYOEI, CM. : -

Jlns ompedeneHus NpelenbHOR yldepxkuparolie COOCOOHOCTH IPYHTa
3aChilIKH HaJ TPyOOiH, T. €. €ro CONPOTHBJIEHHSA, COOTBETCTBYIONIErO MOTEpe
70
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Puc. 4.4. JlnarpaMMa «CONpPOTHBICHHE TIHHUCTOrO TPYHTA — BEPTHKANb-
HOE ncepeMellieHHe (BBepx)» TpH auaMeTpe Tpyoer 529 Mm

4y,H/cu .
/60 - T 1
° o1
g ( '”*-.-._Q:-Mau
120 “ﬂ—L
. 100
= L e
80 ‘
w0 - 20
i %0‘5‘-&-
. zﬂ 4
S 5 0
| SR B S s

0 —
20 %0 60 80 100 120 149 760 180 Ymm
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'YCTOHYHBOCTH TIpPYHT4, CYIUECTBYeT paa pelieHHd. OTMETHM pelucHHE
10. N. ConoBbeBa U MeTO/ pacyeTa aHKEpHBIX QYHAaMEHTOB, U3N0XKEHHBIH
B HOpMax HA TPOCKTHPOBAHHE JIMHHI 3JICKTponepeaady. :

OO6BIYHO NpeIENbHYIO YAEPKUBAIOUIYIO CIOCODHOCTL IPYHTA ONpeaens-
IOT IPH3MOH BBIIOpAa. YUMTHIBAsA, YTO /I peadbHBIX TpyOONpOBOAOB
OTHOUICHHE TIIYOHMHBI €ro 3aNOXeHHs K AHAMETPY HE MpPeBbIAET NATH,
MOXKHO CYHTATh, YTO BO BCEX CIy4asX yroJ OTKOCA TIPH3MBI OHpeeiseTcs
YIJIOM BHYTPCHHEIO 'TpeHHMs rpyHTa. HeckoabKO CIIOXHEEe CO ClIAraeMbiM,
BXOSIIIM B MpPEJeNbHYIO YAEPXKMBAKOLIYIO CIIOCOOHOCTL IpyHTA H YYH-
THIBAIOIIMM clUemieHre rpyHra. Kak mokasanm wuccnenopamus I U, IMo-
kpoBckoro H JI. A. Jleonapnaca, cHIBI cUEMICHHSI 3aBHCAT OT CHJI CKATHA.
CHlbl XK€ CXaTH4, T. €. HOpPMalbHble HANPSKCHHSA B I'PYHTE, Bbi3BAHHBIC
€ro Maccoi, A TpyOOnpOBOAOB HMEIOT HEC3IHAYHTEIIBHYIO BENHYMHY €ro
M M3MEHAWTCA B npeaenax or (0 Ha mosepxHoctd ao 0,02—0,04 MIla
HA raybune 2—2.5 m.

Ha ocuope 06pabGoTKH HONYYCHHBIX HAMH JKCHEPHMEHTAJILHLIX JaHHBIX
VIS ONpEeAENeHHs NOpeac]bHOrO CONPOTHUBJICHHS TPYHTA BEPTHKAJIbHBIM
BBEPX IEPEMELICHHAM TPYOB MOXHO PEKOMEHIOBATH GOpMyIy

0,7¢,ph0

4.1
c0s0,7¢,, (4.12)

“Gup.rp=Yep D (10 —0,39D, )+ ¥,, 23 t 0,70, +

TA€ Y.p,—YyHeNbHBIE Bec TIpyHTa; D,—HapykHblii mnamerp TpyObI;
ho— paccTosiHUE OT BepXa 3acBHINKH IO OCH TPYOLI; @, — YTOJ BHYTPEHHErd
TPeHHA TDPYHTQ, ¢, —CUEIUICHHE TPYHTA.

HaMmu onpeaensnock conpoTHBIICHHE IDYHTA H HpPH TEPEMCIUCHHAX,
KOTAa MMeJA MECTO NOTEPA YCTOIYHBOCTH TIPYHTA, T. €. COMPOTHBIICHHE
IPYHT4 YMEHBILAJOCh IO CPAaBHEHHIO C MAKCHMAJILHBIM €T0 3HAYCHHEM.
3710 o3Hauaer, 4TO, eciH OBl paccMaTpHBaiu TPYOy KaK aHKEp, TO IIpH
NPUIOXKEHUM TOCTOAHHOIO YCHUIIMA, PAaBHOTO MAKCHMAJbLHOH yaepkHBa-
rowed ¢cnocoOHOCTH IpyHTa, mpom3ouino Obl BelAepruBaHue TpyOnl. Ilpu
HeOONBILAX JOMOJHHTEIBHBIX HEPEMEIUeHHAX TPYObl K II€pEMEIUCHHIO,
COOTBETCTBYIOLIEMY * NIPEACIBHOMY, CONPOTHBIIEHHIO TpPYHTA, MOCICOHEE
YMEHBINANOCH He3HauHTeNbHO. IlpH mepeMelleHusX, HMEIOIUHX OOUH H TOT
K€ MOPSHOK ¢ BBLICOTOH 3achiIKH, CONPOTHBICHAC 3HAYHTCILHO YMEHb-
IIMJIOCh, TAK KaK NPOHCXOJMJIO pa3pylleHHe TpyHTa HaA Tpyboii U «pac-
TeKaHUE» €ro MO MOBEPXHOCTH. BricoTa cnoa rpyHta Han TpyOoil Takke
yMeHbInanach. Pu3HYeckas CyIHOCTh 3TOro ABJCHMA o4eHb clioxHa. IIpn
OGONBINAX NHepeMEIEHHAX HA YMEHBIUEHHE BBICOTHI 3aCHIIKH HEIMOCPEACT-
BEHHO HajJ TpyOoH B peanbHBIX YCHOBHAX OyZyT OKa3LIBAaTh BJIMAHHE
aTMocdepHle (HAKTOpPHI— YBIAXKHEHHE, BETEp M T. 1. YYHTHIBAS 370,
' COIPOTHBJICHHE TPYHTA IpPH NEpPEMELICHHAX TPYOBl BbIllle HPEHCIbHBIX
MOJXKHO OIIpefleIATh UCXOAA M3 JIHHCHHOH 3aBHCMMOCTH, CYHTas, YTO OpH
MEpeMEIICHAAX, paBHBIX ITYOWHe 34JI0XKEHHMS, CONPOTHBICHHE TpPYHTA
PaBHO HYIIO. ’ ' :

Qy#qnp-rp(l+cp/k)'cpy OpH V> Vup.rps (4.13)
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IEe ¢, — ko3 dHIHEHT PasTpy3KH;
Cp=Gnp.cp/ H; k=cyo Dy, (4.14)

k — ko3 duuMeHT NPONOPUMOHANBHOCTH; Vnp. rp—— NIEPEMEILIEHHE, COOTBET-
CTBYIOIIIEE NPEACNIbHOMY CONPOTHBJICHHIO TIpYyHTa; H—paccrosHue OT
- BCpXa 3aCBIIKM A0 HH3a TPYOBI.

[fs ananu3a pa3snmuYHBIX PACUCTHBIX MOJENeHf IPYHTA 3aCHITKH HAMH
‘6BLTO BBIOJHEHO IKCNIEPUMEHTANLHOE HCCIIEAOBAHUE TOTIEPEYHOTO Harﬂﬁa
B BEPTHKANbHOH IUIOCKOCTH NOA3EMHOTO TpyOompoBonma.

TpyGonposon muameTpoM 529 x 8 MM, amuHoit 90,1 M 6BIT  ymOXeH
B TpaHuero Ha rayouny 133 cM (10 HMkHEH 06pa3y}omeﬁ Tpyosl). ['pyHT
3aCBHIIKH —TIECOK YAENBHBIM BECOM Yr,= 15,2 kH/M? n yrnmom BHYyTpeHHEro
TpeHua ¢ =28°. Hocpennﬂe ILIeTH prﬁonponona uMexca wypd ¢ dyn-
JaMEHTHOH NANTOH, rae ObLIM yCTaHOBIEHBI 1Ba THPABIHYECKHX [OOM-
kpata. [Ipw mombeMe TpyGonposoga ¢HMKCHPOBANKCL NONEpeYHAS CHIA -
(M0 MOKa3aHMAM MAHOMETPOB HACOCHBIX CTAHIOMH) H  BEPTHKAJBHBIE
NEpeMelliCHAs TPYOONMpoBO#a uepe3 KaxAble 5M IO €ro mHe (10
- Pe3yNbTaTaM HUBCIHMPOBAHUA BBICTYNAIOUWIHX CTEPXKHEH, TNpPHBApSHHBIX
K TpyGam). PesympTaThl H3MepeRHMil mnokasaHel Ha pHc. 4.6 u 4.7.

Ha puc. 4.6 npnBefeRs! 3aBHCHMOCTH (SKCNEPHMEHTANLHAS H  Te-
OpeTHYeckas) MaKCHMANBHOTO TONEPEYHOro0 MEpEMELIEHHs Tpybonposoaa
(ctpenkm mporu6a) f or momepeunodt cansi P. Kpusas |/ COOTBETCTBYET |
PELICHMIO noNepeyHOro W3rHba Gankm 1A ynpyrod (BHHKJIEPOBCKOIH)
Moend cpeisl g=Ky; KpuBad 2— il KECTKOIUIACTHYECKOH MOIENH
4 ={qnp.rp; KPHBAA 3— AN MOJICIH, YYHTHIBAIOIICH YMEHBIICHHE COTIPOTHB-
JCHUSl TPYHTA ¢=(pny rp—Cp). y

' 33BHCHMOCTh MAKCHMANBHOTO NEepeMeIleHHs — CTpelkd nporuba f ot
MonepeyHoro ycunus P ans 6axku-¢ M3ruGHOM )ecTkocThio Ef, nexkanieit
Ha YNpYroM OCHOBAHWH, KaK H3BECTHO, HMeeT BHI: :

f=Pv|2%; v=%/kj4EI. = . - (4.15)

[Ipu BBIBOZE 3TOH ke 3aBHCHMOCTH [IS [OBYX' JPYTHX MOAenei
HCIONb30BaH BapHaHHOHHI:IH meroa. I[Ipmammas ynpyryio oce 6anku
B BH,IIE ¢uymcum1 y=fosin® tx/L, oTBeuarowmeil IpaHHYHBIM YCIOBHAM
(y=y'=»"=0 npu x=0, L) abCOMOTHO KECTKOTO HHXHETO OCHOBAHHS,
HaXxoIHM 3aBHCHMOCTb TOHEPEYHOH CHMBI ot npomﬁa H JJNHBl BOJIHBI
u3runba

- P=4q,,pL 451t4E[f_5c'po

- ' in 16L3 16 °
TN¢ gnp— NpEOENbHOE CONPOTHB/CHHE NONEPEYHbIM HEPEMEILECHHAM BBEpX,
paBHOEC TPEAENbHOMY COMPOTHBICHHIO TPYHTA U - BECY prﬁonpoaona

L—pnusa BOJIHBI H3ruba.
AnuHa Bomuel u3THGa ompenensercs H3 yclnoBus dP/dL=0

4057 EIf s
L=s |22 2T .
V 4gm—15mc, 1 a (4‘17)
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Puc. 4.6. 3aBMCHMOCTh CTPENKM Tporuba or [OTIEPEYHOR CHIIBL
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Puc. 4.7. Yopyrasg juxud NOA3EMHOro TpyGonpososa mpH uarube ero monepevHo#
CHJIOH '

Torga A >KeCTKOILIACTHYECKOH MOIENH Cpefbl (¢p=0) 3aBHCHMOCTb
MeXK1y NMpOrKboM M NOmnepevyHol CHilolh M3 (4.16) ¢ yuyetom (4.17) Oymer

UMETH BRI

- ) P=376%/q3Elf. ALY

Kpupple I, 2 u 3 (cM. puc. 4.6) NOCTPOCHBI COOTBETCTBEHHO 1O
popmynram (4.15), (4.18) m (4.16) npu mnapameTpax IpyHTa 3ACKHIIKH,
OIpENcieHHbIX Ha OCHOBAHHMM ONBITOB Ha MOJCIAX: k=1,75 MIla;
gnp=147 H/cM; ¢,=0,011 MITa. ‘ '

Ha puc. 4.7 B CHCTEME KOOPIHMHAT — PAacCTOSHHE MEXAY CCHCHHAMH
! B nepemerenneM [ NPABEAEHBI IKCNCPHMCHTAJIBHBIC JAHHLIC ynpyrou
ocn TpyGompoBoja TpH €ro MONMEpeYHOM H3THbe CHIOH P. 3pece xe
TIOCTPOEHAa TEOPETHYECKAsd YNpyras JNHUA TpyOOmpoBOJa, pacCiMTaHHAA
I8 TpeThbeld MOMENH CpPelbl ‘B COOTBETCTBHH € 3aBHCHMOCTAMH (4.16)
H (4.17). Pe3aynpTaTbl NPOBEACHHOIO JIKCHECPHMCHTA CBHACTCIBCTBYIOT
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0 TOM, YTO eciii mepBas MOJENb CpPEMbl XOPOMIO OMUCHIBACT HOBEACHHE
Tpy6onpoBOAa NpH MAakCHMaTbHOM Hpormée go 3 cM, BTopags—oT 1 10
5¢M, TO TpeThs MoIedb Cpelbl XOPOIIO COTNACYETCA C pe3ylibTaTaMHu
oneiTa IIpu mnporube mo 50 cM. Taxkum o6pazom, pesynsTaThl 3TOrO
ONLITA TOATBEPXIAT HeOOXOOIUMOCTh yYeTa YMEHBLIEHUS CONMPOTHBIICHHS
TPYHTa MpH TOMEPeuHbIX MEPEMEIICHHSX TPyObl BBEpX. OTOT (HakTop
CyluecTBEH IIpPH pacyeTax MNOpPOAONbHOH YCTOHYMBOCTH BEPTUKANBHBIX
BBIIYKIBIX KPHBBIX YYACTKOB TPYOONPOBOAOB U NPH ONpPEIEICHHA HATPY3OK
Ha TpyOOYKNaAYMKH NpH Crocode peMoHTa, npenyCMannBammeM TOABEM
~ TpYOOIpOBOAA U3 3achIMaHHOW TPYHTOM TpaHIUEH.

Conpomuaaetue 2pyHma NonepeuHsiM (8 8epMmuKdabHOil
nAOCKOCMU) hepemewyenuam mpyost eHu3

Haubonee yacTo OpM pellleHHH 3a4a4¥ [0 H3ruby O0ajok Ha YNpPYyrom
OCHOBAaHHH WCHONB3YIOT THMOTE3y BHHKIEpa, COrNacHO KOTOPOH MEXIY
nporuboM (ocaakoif) 6aTKd U peakTHBHLIM JAaBJIEHHEM CYIIECTBYEeT NMpsMas
IpONOPIHOHANBHOCTE. HecMOoTps Ha HMEIOIIMECS HENOCTAaTKH, 3T4 THIIO-
Te3a [aeT YIOBJIETBOPUTEIbHBIE Ppe3YJIBTATHI [IPH pPacueTe pPasIHYHBIX
CTPOUTENBHBIX KOHCTPYKIUH. -

JKCEPUMEHTANTBHEIE MCCIEA0BAHUS, NPOBEACHHBIE Ha MOJAERSX TpY-
BOMpOBOAOB, TaKXKe TMOKA3aJH, YTO MOXHO NpPHHSTh JHHCHHYIO 3aBHCH-
MOCTh MEXJAY CONPOTHBJIEHHEM IPYHTa M TONEPEYHBIM (BEpTHKANBHBLIM)
nepeMernenueM TpyObl BHM3. JTa 3aBHCHMOCTH CTpaBelHMBa OO Tex TOp,
IOKa CONPOTHBJCHHE TPYHTA MEHBINE ero Hecymeil cmocobHocTH. [anee
MOXHO CYHTATb, YTO CONPOTHBJICHHE IPYHTA OCTACTCH NMOCTOAHHBIM W HE
3aBHCUT OT MNEPEMEIINCHHS.

TakuM oOpa3om, npuHUMAs 3cbcbeKTHBHylo LTUPUHY Gaku paBHO#
OUaMeTpy TpyOBI, pAacUeTHYIO MoJelb TPYOOMpoBOJa MPH HONEPEYHBIX
nepeMelleHus X TPyObl BHM3 MOXHO ONHCATh 3ABHCHMOCTBIO ‘

i

qzcl’oDﬂy pH yerp/Cy(;; o
g=R.;D, pu y>R,,/cy0, (4.19)

Ie ¢—COMpPOTHBJIEHWE TPYHTA TONEPEeYHBLIM TepeMEIICHUsIM  TpyORl;
¢y0— OBOOIIEHHBIA KO3DOHINEHT HOPMAJIBHOTO CONPOTHBIICHHS, TPYHTA,
D, —HapyxHbiii 1HaMeTp TPYOBI;, y—MONEPEIHOE NEPEMELICHHC, Rrp
VCJIOBHAS Hecyliasi CiiocoOHOCTh TPYHTA.

' OGOGIeHHEI  KOIQGUIHUEHT HOPMANBHOIO. COTMPOTHBJIEHUS rpyHTa
K4k M paHee, MOXHO CBf3aTb C MOJYIeM necbopmaumd TPYHT2 3aBHCH-
MOCTBIO .

0,12E,,

Cyo= )

(1-n%)/ToDs

rae E.,—Moxyllb nedopMamuu rpyHTa, MIla; p,,—koaddunuent Iy-
- accoHa TpyHTa; lo-—eauHWYHas JMHA Tpybonposoma (/o=100 cMm); D, —
HapyXHblii OHaMeTp TPYOBI, CM. :

(4.20)
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Conpomueaenye 2pyRMa NONepedHbiM (8 20PUIOHMAALHON
HAOCKOCMU) nepemewjenuam mpybs 6 mpaHuee ‘

IIpu onpeaeneHHH HANPsOXXKEHHO-AePOPMHPOBAHHOIO COCTOSHHA TPY-
6onmpoBoAd, HMEIOWEro YIbl NOBOPOTA B TOPH3OHTAJbHOM IUIOCKOCTH,
HeoOXoa¥Ma COOTBETCTBYIOILAS pacyeTHas MOJEIb IPyHTA. DKCNEPHMEH-
TaJbHbIE HCCHeaoBanus,  nposeacHuble C. K. ['Mnp3HHBIM, NOKa3and BO3-
MOXHOCTh HCIIO/IL30BAHMA JIMHEAHOH 34BUCHMOCTH MEXIY CONPOTHBIIE-
HHEM TpYHTa M INEpeMEILCHHEM. DKCMEPHMMEHTH MPOBOJUINChE Ha Tpybax
HECKOJBKHX IHAMETPDOB NIPH pa3iIMYHOM PpAacCTOSsHHH OT ©O0KoBOH 00-
pasymomeil Tpybsl mo creHkd TpaHueH. Ha puc. 4.8 npusesedsl HEKOTOPEIE
H3 [O.IYYEeHHBIX 3KCTICPHMEHTAJIBHBIX KPHMBBIX B KOOPAHMHATaX COIPOTHB-
JICHHE TPYHTA ¢—INepeMEIleHHe y TPH PACCTOSHHM OT OO0KoBOH 00-
 pasyrorueii Tpybpl Do cTeHkH TpaHmen a=380 cMm. OOwmit xapakrtep
3aBUCHMOCTH COTNPOTHBJICHHS TpYHTA OT MNEPEMEUICHHS OJHHAKCB 4
BCeX OMNBITOB B JHANA30HE MepeMellieHHMd oT 1 o 6 cM (opu Tpybax .
AMaMeTpoM 10 529 mm). [lig aToro AHana3oHa NepeMelIeHHH 3aBHCHMOCTD
Oau3ka K nuHeiHo#. [IpH anmpoKCHMAaUUH NOJIYYEHHBIX KPHBBLIX JTMHEHHOH
$yHKUHEH MOXHO OTMETHTB, YTO KO3pPHIHEHT HOPMaJbHOTO CONPOTHB-
JIEHHS TpYHTA, paBHBIA TAHI€HCY YyIja HAkJIOHA NpSMOH, TeM MeEHbLe,
yeM GOJbLIE JMAaMEeTp TPYObl, YTO COOTBETCTBYET (PH3MYECKOH CYILHOCTH -
ABJNCHHA. ' o

Ha ocHOBaHHH NpPOBEOCHHBIX 3KCNIEPUMEHTOB 0000meHHbIA XK03dpPHUIM-
€HT HOPMAJIBHOI'O CONPOTHBJICHHA TPYHTA PEKOMEHIRYETCH BLIYUCIATHL IO

popmyie

0.12E 0,4,

(1=p5p)+/ lo Dy

KoapdHuueHT 1,0, ONPEHECINETCS B 3aBHCHMOCTH OT OTHOUICHHSA
pacctogHuss oT OokoBoit oOpasyromeid Tpybbl 0 CTEHKM TpaHILEH
a K PaccTOAHUIO OT ocH TpyOBl MO Bepxa 3acelmku hy. Ha puc. 4.9 -
NpHBe/ICH MOJY4EHHbI Ha OCHOBE 00pabOTKHM 3KCNEPHMEHTANBHBIX JAHHBIX
B COOTBETCTBHH ¢ Qopmynoit (4.21) rpadux s onpeaencHus Koag-

[1—exp(—2ho/Dy)]. (4.21)

Cyo=

g Hfcm?
15

10 ““O

529
a-arntg (.'y Puc. 4.8. 3aBUCHMOCTL CONPOTHB.IE-
0 : I { : HUA TPYHTa OT NONEPCYHLIX TOPHIOH-
/ 2 3 4 § ycM - TanbRBIX TepemelicHHEt TPYObI
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Puc. 4.9. I'paduk ans onpencncnun Puc. 4.10. quarpammet ‘«conpo-ruane;‘me-
xo3pduunenTa Nrop FPYHT4 -—MOMEPEYHOC  TOPHIOHTAJIBHOE

nepeMenueane Tpyobin

uumenta n,,. Kak cneayer ua rpaduka, npu a=0 (npuneranue tpyGni
BIUIOTHYKO K CTEHKE TpaHien) Ko3QpuuueHTt Neap=0, 93, T. €. 3aBUCHMOCTH
(4.11) u (4.21) npakTHYeCKH cOBNagaioT. } ‘ ‘

[TpUHUMNUATLHBIM OTJHYHUEM MOJENEH FpyHTa Opi NONEpPEeYHLIX Ne-
peMEIIEHHAX TPyObl B TOPH3OHTANBLHON (B MUIaHE) M BEpPTUKaJIbHOH (BBEpX)
MJIOCKOCTAX, HECMOTpA Ha ananorutro dopmyn (4.11) u (4.21), asaserca
TO, YTO TNpPH NONEPEYHBIX NEPEMCLUCHUAX B TJIaHE JMHCHHAN 3aBUCHMOCTH
PEaNH3YETCA UPH 3HAYMTENbHBIX NCPCMELICHHAX TPYObl, COCTaBAAIOMAX
npumepro 0,1 auamerpa Tpy6u. Oanako ana Tpy6onporoaa, MPOKIaabIBa-
'€MOIO B C/1a0bIX TPYHTAX, B HEKOTOPBIX CNy4asX MONEPEHYHLIC MEPCMELLCHHS
MOTYT ObITh (B 3aBHCHMOCTH OT Yyria MNOBOpPOTA M KPUBH3IHBI Tpybo-
nposoga) u 0o0jee YKa3aHHOTO 2HavYcHUA. JIId TAKUX CJIy4acB MOXHO
NPEATOXKHTL HEJIMHCHHbIE MoJenH AByX BUaoB (puc. 4.10). Ilepsulii Buna
moneau (puc. 4.10,a) COOTBETCTBYET YCNOBHMAM TPOKJIAJKH, KOTAA Tpche-
JibHAA  yJaepkHBalolilas cndcoﬁnonb_ rpyHra OoJblie ero YycJIOBHOM
HECYIUEil CNOCOBHOCTH (quy. rop > RepDy). MMon npesenvhoit ynepkuparonici
CNOCOBHOCTBIO * [PYHTA  §np op NMOHHMACTCA MPEAESIBHOC CONMPOTUBJICHHUC
rPYHTa MEPEMCLUCHUAM TPYOLl B rOpU3OHTANBLHOW NJIOCKOCTH, ompeness-
eMOe TaK XC Kak MaccMBHoe 0BokoBOe NaBJICHHE TPYHTA NpH pacdeTax
NOATNOPHON CTEHKH:

q“p.rop=erhODukp' (422)

Koadpduuuent naccuBHoro GOKOBOro O4aBJeHUS ONpeAeNseTcs Mo
dbopmyre

k

p= 82 (45 + 0o/ D+ (1845 + 0y 2, (4.23)

rpfQ

rae @p,—— YroJl BHYTPEHHEro TpeHHs rpynTa;
Yep— YACHBHBIA BEC [PYHTA.

‘Top mecyuieit cmocobHocTeio rpydTa R,, MOHMMAcTCA KPUTHYCCKOE
_ 3HAaYEHME CPENHErO AABMNCHHUS, KOTOpPOC nppmcncno B- HOpMaxX Ha npocx-
TUPOBAHUE OCHOBAHHUI H cbyuuamemon

: B S

Cep— CUCTUIEHHE TDPYHTA;




Bropoii Buy mogenu (puc. 4.10,6) COOTBETCTBYET yCnoBuUsIM TPO-
KIAIKH, KOTAA ¢up.rop <RepDy- B 3toM caydyae npH.OonbmMX nepeme-
IIEHMAX HE HPOMCXOIAMT BBIXOJAL JIMHUM CKOJIBXEHMS H4 TMOBEPXHOCTE,
¥ COHpPOTHBJIECHHE TPYHT4 ¢ TONEPEYHOMY IEPeMEIIEHHIO TPyOpl OCTaeT-
CA NOCTOSHHBIM.

ConpoTuB/icHHe TPYHTA MOBOPOTY TPYOLI OTHOCHTEILHO
€e MNpOJ0JLHOH OCH

TIpu NpoCTPaHCTBeHHOH XOHQHUIYpALH NOJ3EMHBIX prﬁonposonora
OTJ/IeIbHbIE €T0 YYaCTKH MOJBEPraloTcs 3aKpyunBanuio, I'DyHT, B KOHTAKTE
C KOTOpbIM HAXOAUTCH TPYOOMpPOBOJ, OKA3LIBAECT CONPOTHBICHHE YTJIOBBHIM
nepeMelleHHaM (3aKpyuMBAHHIO) TpyObl. OJKCICPHMEHTAIbHOE H3YUCHUE
CONPOTHBIICHHS TPYHTA 3aKPYYUBAHHMIO TPYO MPOBOANIOCH PAJOM aBTOPOB,
B Tom umcie U. X. XoxmerossiM M B. A. Monogenxkum. Ha puc. 4.11
mpencTaBlcHBl TPadMKH 3aBHCHMOCTH KpYTAILETO MOMEHTA. M,, OT yIia
3aKpYYMBAHMA @, . TNOCTPOEHHBIE MO  pPe3ylNbTaTaM  IKCIEPHMCHTOB
B. A. Monoaeuxoro. TIpuHMMas pachpeesieHHe KacaTeNbHEIX HANPSKCHHH
1 TIpU NPeeIbLHOM COCTOSHUH M, PABHOMEPHBIM 110 JUIMHE N NEPHMCTDPY
TpyObl, ONpeHEsseM BEIUYHHY T,, H 3aBHCUMOCTH €€ OT OTHOCHTEJIBHOTO
yriia 3aKpy4HBaHMs.

Ha ocuosanuu o6pabGoTKu Pe3y;IbTaTOB IKCNEPUMEHTOB MpelNOXeHa
YIIPYTOTIACTHYECKAA MOJENb B3aHMOJEHCTBAS TpyOONpoBOLa C IPYHTOM
(puc. 4.12), T. e. AMarpaMMa 34BHCHMOCTH KaCATEJIbHBIX HAIPSHKCHHH T OT
VIia 3aKpy4MBaHMA ¢. AHQJIMTHYCCKOC OTHCABME NUArpaMMbl HMECT BUI

t=k (pDH/2 pH (pé_21:,, JtkoDy); -(4.24)
P P L4
=Ty, NPH Q> 2T,/ (ke Du), T (425
d
Myp M , _
| . o0 ‘ _,4#"‘"’3 }'
« | A L]
Mis Hm 00 -
220 = : /!
y, o=t " 200 |— /]
80 7 — V7
i 7 oo / /
100 ‘ ‘ o // /
g ¢ 8 12 fF ¢-10%pad 07— ‘J_"‘_Ib“_' 2% 37 910%ai

Puc. 4.11. . 3aBHCHMOCTb  yTJIa  TIOBOPOTa OT ' KPYTHLUETO MOMEHTA:
a—D,=102 MM 6—D,=125mm, [+—M,,=219,69 H-M; ho=0,3mM; 2— M.,p—1897l H M;
he=02m; 3- A, 425 33H-m; he=03 M 4— an_319 56 H- M; ho—O M
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Puc. 4.12. 3aBHCHMOCTB KACATEIBLHBIX T ‘
CHIT COMPOTHRIIEHHS OT yrja MOBOPOTIA

TpyOBE , t"F S

a=a}-ct5k ¢

-
¢ycn B/2 o 0.2 _-

np— WHTEHCHBHOCTE TIPENIESIBHOTO CONPOTHBJICHUA FPYHTA 3aKPYYHBAHMIO,
COOTBETCTBYIOIAA YIJIy 3aKPYYHBAHHA @y.,; K,— 00O0OIICHHBI KO-
QUMUHEHT COIPOTUBICHHS TPYHTA 3aKpPYYHBAHHIO.

TMpefcnBHYI0 HWHTCHCHBHOCTB COINPOTHBJICHHA TPYHTA 3aKpyYHBaHHIO
T,p MOXHO [PHHHMATE PaBHOH MNpPEAENLHOMY CONPOTHBJICHHIO IpYHTa
OpOAONEHRIM  TIepeMeIlleHHsIM, TaK KaK XapakTep B3auMOJEHCTBHSA
TpyOOmpoBOJa ¢ TPYHTOM INPH ITHX MEPEMELeHHsAX NPHMEpPHO OJuHA-
KOB. ' \ '

O06o0mennplii KOo3(pPULUHESHT CONPOTHBIICHHS TI'PYHTA 3aKpYYHBAHHIO
k, Taxxe cBa3aH ¢ 0000LIEHHEIM KOIGPUIMEHTOM KacaTebHOTO CO-.
HIPOTHBJICHUS Cro. Ha OCHOBAaHMH MMEIOMIMXCA 3KCHEPHMEHTAIBHBIX JAHHBIX
MOXHO TPEIIOKHTh CJISAYIOMYI0 3aBHCHMOCTB! o

ky=0,08c,0. ' (4.26)

3HAYCHHA C,9 B 3aBHCUMOCTH OT BHJ2 TpYHTa OpHUBeIcHBI B TaOmd. 4.1.

PHIHKO-MeXaHHYECKHE ‘XapaKTEepHCTHKH Mep3JbIX TPYHTOB .

'K Mep3neiM IpYHTaM OTHOCATCS IPYHTBI BCEX BHIOB, €CJIM OHH
AMEIOT OTPHUATEJBEHYH TEMIIEpATYPY M COAEPXAT B CBOEM COCTaBe ME.
'pyHTBI OTHOCAT K BEYHOMEP2NIBIM, €CIM B YCIOBHSX HOPHPOAHOTO
3ajieraHis HaXOJATCS B MEP3JOM COCTOSHMM HENpepruIBHO (0e3 OTTaHBaHHSA)
B Te4eHHE TpeXx aeT U Oouee. '

[ToBepXHOCTHBIH CNOH I'PYHTA, 3aMEpP3arOIIHA 3WMOH H OTTAHBAIOLUHHA
JIETOM, HA3BIBAIOT CIOEM CE30HHOTO NPOMEDP3aHUA HIH CIIOEM CE30HHOIO
' OTTaHBaMHA. ’

Ha ocuoraumnu HpOBeI[eHHLIX M3BICKAHKI B paiioHax pacnpoc‘rpaHeHHﬂ
BEYHOMEP3BIX IPYHTOB JOMXHBEI PHBOANTHECA HE TONBKO JAHHEIC TIOJIEBBIX
X 1abopaTopHBIX oOmnpenencHui (H3INKO-MEXAHUYECKMX = XapaKTepHCTHK
TPYHTOB, HO M [AaHHLIC, XaAPAKTEPHIYIOIIHE TEMIEPATYPY BECYHOMEPZIIOrO
IPYHTa, €ro . TeMNOPHU3NYeCKHE XAPAKTCPHCTHKH, XAPAKTEPUCTHKH CIIOS
CE30HHOTO TMpPOMEP3aHHUS — OTTAMBAaHHA, /[AaHHLIE TPOTHO3a HM3IMEHEHHIA
MEp3JIOTHLIX W THAPOTEONOTHYECKMX XaPAKTEPHCTHK, OOYCIOBIEHHBIX CTPO-
UTENLCTBOM TPYOONPOBONA, B TOM YHCIE M CTPOMTETBCT R HECKO.TbKHX
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TpyOOIpPOBOAOB. B OOHOM Kopuaope. [asd BeYHOMEP3JIbIX TPYHTOB, HO-
MUMO OOLIMX = XapaKTepHCTHK s TAalbiX [PYHTOB, JOMONHHTEIBHO
ONpedeNAoT: ' ' ~

CYMMApHYI0 BJIAaXHOCTh MEP3JBIX TIPYHTOB Wy, KOTOpas paBHA
OTHOIIEHHMIO MACCHI BCEX BHJIOB, COJACPKALUIMXCA B MEP3NOM IPYHTE BOJBI
M nbAa, BKIIOMas OPOCTOHKM JbAa, K Macce CYXOoro IpyHTa,

BJIAXKHOCTL MEP3JIOT0 TPYHTA MeXAY JIEASHLIMH BKIIOYCHHAMH Wp,,
KOTOpas pABHA OTHOIUCHUIO MAacChl COJEPXKALUCHCH B MEp3IIOM TPYHTE
NOPOBOHM BIATH 34 CYET JbJAa-IEMEHTa M HeaaMepaafomeu BOJEI K Macce
CYXOro IpyHTa, :

BIAXXHOCThL MEP3INOr0 TPYHTA 32 CYET HE3AMEP34IOLIEH BOALL W,
' KOTOpas paBHA OTHOIICHUIO Macchl He3aMep3lied OpH JaHHOH OT-
pHLATENLHOH TeMmepaType BOABI K MAcCe CYXOro TpYHTa;

CYMMApHYI0 JBIMCTOCTE MEDPIJIOr0 TPYHTA i, KOTOpas paBHa OT-
HOIneHHIO 0o6BeMa BceX BHIOB COJAEPKAIUMXCA B IPYHTE .Jibaa K oObeMy
MEp3NOrQ TPyHTa, MOXET ONPEICNAThCA M PpacuyeTHhIM NyTeM MO BEJH-
YUHAM BJIAXHOCTH W, W, H IUIOTHOCTEH MEp3JOro IpPYHTa pr, JbIA
p:i M 4YacTHU TpyHTa p; 0o Gopmyne

"

Lot

_Pf(Wxax—.Ww), |

N pi(l-+wlal) ’ (4.27)

. \ K . .

JIBIACTOCTL MEP3JOro FPYHTA 33 CHET JIEAAHBIX BK/IIOYCHHH {;, KOTOpas

paBHAa OTHOIIEHHIO 00beMa IeNdHLIX BKJIIOYEHMHA K 00BEMY MEp3INOro
TPYHT4, MOXET ONpENENATbCA M PAacyeTHRIM MyTeM M0 ¢opmyrne

. Ps (u';at - ww) . . I ‘ .
: l'_pi+ps (Wlol—_oslww)’ ’ (428)

CTENMeHb 34M0JIHEHMA 00beMa MOop MEP3IOro IpyHTa JbIOM H He3aMep3-
IIHM [PYHTOM §,, XapakTepH3yIOLiylo CTeNeHb OOWIEro BOJCHACHILUCHHA
IPYHTa MEXIYy JNeAAHBIMHA BKIIOYECHHAMH, KOTOpds ompeAengercd pacyeT-.
HbIM [yTEM 1O ‘' 3HAYEHHIO BIAXHOCTH MEP3JOr0 TIPYHTA 3a CHET
He3amMep3iled BOABI w,, BJIAXHOCTH MEP3JIOrO TPYHT2 MEXQy JeXAHbIMH
" BKTMIOYCHHAMM W,,, [JIOTHOCTH YacTHIl TIPYHT4 P, IUIOTHOCTH BOMABI
P H KO3(QHUMEHTA MOPHCTOCTH MEP3NOTO FPYHTA MEXKAY JCIAHBIMH
BKIIOUCHHAMM e,y IO QopMmyIne

=l m=Obin)ps @29)

€fPw

PacueTHOEe OAaBICHUE Hd MEP3Jble TPYHTH R, pacYETHBIC CONPOTHBICHHA
MEp3JIbIX TPYHTOB CABHIY IO MOBEPXHOCTH CMEp3aHHf R, onpeaensiercs
OILITHBEIM MyTeM HIHM NMPH OTCYTCTBHH OMbBITHBIX JAHHBLIX, IO IPHIOKCHAIM
kK CHull 2.02.04—87 «OcHoBaHMA M GyHZAMEHTB HA Bequomepaﬂmx
rpyHTax». \
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['JIABA 5

HEPEME[[[EHI/[H B MECTE BLIXOI[A I'IO,IBEMHOI"O
- TPYBO“POBOI{A HA TIOBEPXHOCTH

Tlepememienus npH JeicTByH nonepelmou CHITBE
H narnﬁammero MOMENTa

PaccMoTpHM HpﬂMOHHHeHHbIH nonyﬁecxoneqﬂsm NOA3EMHEI y4acTOK
TpyGonpoBoaa, kK cBOGOAHOMY KOHIY KOTOPOTO HPHIIOKEHa nonepevyHast
cuna P, u marabGarommii MomeHT M,. B KavecTBe pacueTHoil: Momen
TPy6ONpOBOAA INpPHHHMAETCA CTEPXKEHb (6anka) TpPyGuaTOro CeveHHms,
B3aaumoneiicTeie TpyGOmpoBoaa ¢ rpyHTOM — 3aBHCHMOCTH COTIPOTHBJICHUN
ITPYHTA OT MNONEPEYHHIX nepememennn ONHMCHIBAEMAs - JHATPAMMOR THNA
IIpanatna (puc. 5.1). PacueTHas cxema prﬁonpono,ua " HpHHﬂTaﬂ cHcTeMa
KOOpIMHAT MPUBEACHBI Ha pHC. 5.2.

VpaBHECHHs DABHOBECHS [UIS NEPBOTO M BTOPOTO yqacnca B COOTBET-
CTBHH C NPHHATHIME THIOTE3aMH HMEIOT B :

mpu —[<x <0 Elyl' = —qpp; ECH )
npu 0<x< Elyly=c¢,D,y, . - (5.2
rae EI—wmsrubpas XecTkocTh prﬁonponona | |

Pemenns ypaBHeHnu HMCK)T BHIO
N\

4 ' :
y]=Al+A2x+A3x +A4x3—‘;'IEI' . ‘ . (5.3)

yu=e ““(Cl sin ax + C, cos ocx)+e“(C3 sinax+Cycosax),  (5.4)

Puc. 5.1. Iuarpamma B3a-
UMONIEACTBHA TPy6ompoBo-
fa C TPYHTOM TIpH mome-
- PEYHOM n3rHbe

S EREERS ;
§np | ;yr

Puc. 5.2. PacuetHas cxema
Tpybonposoaa mnpH mome-
peyHOM u3arube

6- Pacqe-r.. ydonpononoa , i ‘ - 81




i (&

¢y Dy |
4EI

a=4 (5.5)
PaccMOTpHM  NepBHIf  Clydaif, . KOTAa  COOTHOIHCHHA  YCHJIMH
P, ¥ My B OTHOCHTENIBHOH XXECTKOCTH MOA3EMHOTO TpybonpoBoa
TAKOBBI, 4YTO OTCYTCTBYET Yy4acTOK IpEHCAbHOTO PpaBHOBCCHA TpYHTA.
PelieHEe I8 3TOTO CIyuas-—3TO OOILEH3BECTHOE pelleHHe Oajgkd Ha
YOPYIOM OCHOBAHMH. 3amHIIEM 3TO pelllcHHe OTHCALHO JUIf NeHCTBHR
CHJIBI H MOMEHTA, TaK KaKk NPpH HAJIHYHH Y4acTKa TpeAe/bHOTO pPaBHOBCCHSA
rPYHTa NPHHIMI HE3aBMCHMOCTH [CHCTBHA CHJI HE NPHMCHHM.
VpaBHeHHe MOMEPEYHBIX MEPEMEIIEHHH IO IMHHCE prﬁonponona, T. €.
ypaBHeHHe (5.4) ¢ FPAaHHYBBIMH YCIOBHAMM, COOTBETCTBYIOLUMMH BEHCTBHIO
nonepeyHoil CHIBl H M3THOAIOIEro MOMEHTA, 3aNMieM B BHAC

=_“"_0e_u. ! ‘
Y=3F COS ox; : : (5.6)
Mye ™ » ‘ ‘
y—ﬁ(cosax—smax). - (5.7

3nece x OTCHHTEIBAETCAd OT TOMKH lePLTIO)KCHHﬂ yCHJIHl'l -4 -Ha4alio
KOOpAHHAT COBHAmAcCT ¢ 3TOH TOUKOMH. -
HCpCMeH];EHHﬂ B Havaje KOOpIHHAT COOTBCTCTBCHHO PABHEI -

Yo=Po/(2u*EI), . (5.8)
yo=Mo/(2a2EI). . '(5.9)

Mpu neficTBuM CANBl P, BO3HMKACT HEOOXOAMMOCTHL ONPCIACTCHHA Mak-
CHMANBLHOFO M3rn6aoIero MOMEHTA, KOTOpHIA B ce4eHHH x=31/4a paBcH
—(3/4)1
M= (5.10)
PV Rk . |
OmnpegendM KpATepHil, NPH KOTOPOM OTCYTCTBYET YYaCTOK INpPEAEIb-
HOTO paBHOBecHsi I'pyHTa. OB onpelenseTcs W3 yCIIOBHS, YTO NEpeMELLEHA
B MECTe NPWIOXECHHA YCHINS HJIH MOMEHTa HE NPEBHLILIANOT IEPEMEINCHHUA,
COOTBETCTBYIOLIEr0 JIHHEHHOH 4YacTH AMarpaMMEl «COMPOTHBIICHHME — HC-
peMELLICHHEY ‘

<qnp/(D ¢y)- (511

U3 ycnoema (5.11) ¢ yuerom (5.8) mm (5.9) onmpenenum xpnrepnn
OTCYTCTBMSl Y4acTKa IPeJe/IbHOrO PaBHOBECHS

PoC,.DH ] 7
20°Elqn, (5'1_2)
M,e,D,
202 Elgop (3.13)
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PaccMOTpUM pacyeTHEIH CTyuail, Ipd KOTOPOM COOTHOIIEHAS HATPY3KH
‘M OTHOCHTENILHOM ECTKOCTH IOA3EMHOro Tpybomposoga TakoBBl, 4TO
MMeeTCH] YYACTOK MpeAEHbHOrO PABHOBECHA IPYHTA, T. €. kpurepud (5.12)
‘unma (5.13) He mumonasrorcd. I[lpu AcHCTBHHM CHIB P, NpOU3BOJBHBIE
MOCTOSHHBIC HAXOAATCA M3 TPaHW{HBIX YCHOBHHA M YCIOBHA COMPSIKCHUSA
060HX YYacTKOB :

npu x=-—1/ y{ 0 Ely{ = Po; (5.14)

npu x=0 yi=yi, YI=¥m, ¥{ =Y Y1 =Y (3.15)
-nopu x—=N yr=yn=0. o ‘ (5.16)

JUIHHA Y4acTKa HPEACNBHOTO PABHOBECHS ONPEHEIACTCS TNEPeMCLUCHHEM,
COOTBETCTBYIOIIHM JIHHEHHON 9ACTH JMATPAMMEI «IOINEPEYHOE COTNPOTHB-
SICHHE — NepeMELLICHHE»
mpr Xx=0 y;=qnp/(Dacy). (5.1
C ucnoap3oBanueM ycinoBHit (5.14)—(5.16) HaxoauM npoOM3BOJILHALIC
nocrosHHble ypasHenuii (5.3), (5.4), a w3 ycnonml (5.17)— pnuny yuacrtka
ApeAeALHOTO PABHOBECHA

2P, (1 +o:l)-—q,,,,[(2 +al).

A= 4Ela® ’ (5.18)
4, 24! (1+aiLIjPo(1+2a:) (5.19‘)
A3='2ﬁ)l4;—?”ﬁ; N | (5.20)
A4=P°;T‘;‘"”; (5:21)
C=Bl i Comty, C=Cem0 . (52D)

s/ Phat+ql, ] -' (5.23)

TakuMm oOpa3zom, onpexenuB no (5.23) [INHY YYacTKa NPEAETIbHOIC
paBHOBecHs, HaxoguM 1o~ (5.18)-—(5.22) nNPOH3BOMLHBIE MOCTOSHHLIE,
a no (5.3) u (5.4)—nepeMerieHdss B MoOOM CEYCHUH X. I/Icnonbayx
CBS3b MeX/Iy H3rHOaoUMM MOMEHTOM H nepememienueM M= EId*y/dx?,
MOXHO ONpeNeTuTh H3rHbatoLmi MOMEHT B moOOM ceueHUH prﬁonpo-
BOZA. -
IMpu peiicTBHHA mruﬁammero MoMeHTa M, HpOHSBOJIbeIe NOCTOAHHEIE
~ ypaseenuit (5.3) ® (5.4) naxonsrca H3 ycuosmi (5. 15) A (5.16), a BMecTO-
ycnosus (5.14) ucnoib3yercd 3aBHCHMOCTH -

x=—I; yt=M/EI, y'=0. C (5.24)
6* o ' | 8



,[[J]ﬂ pPACCMATPHBAEMOro Ciaydyas HpOH3BOJ’IbHHC NOCTOSAHHBIC H IU]HHa
YYaCTKa IpCAC/IbHOIO pPaBHOBCCHUA PaBHBL |

2Moa— gl (2+ Al)

A4y = B T20, L 525)
Ag;zqul(l“-;t;i)z—llMa; .(.5-26)

o A4=—zL£1{; | I (5.28)
cF%, Comdy, Cy=Comt; (5.29)
1= _é+ 2;:,". 530

'AHAJOTHYHO paHee H3NI0XeHHOMY, onpeaciaue no (5.30) mIMHY yyacTka
OpeAeibHOrO paBHOBecHs, HakzaeM no (5.25)-—(5.29) npon3BosibHBIE TOCTO-
fAHHBIE, & Mo (3.3) H (5.4) nepemeuicHde B cedeHHH x. Ha ocHOBaHMM
YpPABHEHHs YHNpPYro#l JIMHHH HaXOOAT U3rudaronmii MOMEHT,

OTH pelleHHs MOXHO HCNONb30BATH INPH ONpPEAE/ICHUH BETHYHHBI
NEpeMELLeHN (WM HArPY3KH) TIDH 3aJaHHOM Harpy3ke (WUTH MepeMeLIeHUM)
Ha KOHLE nosybecKOHewHOro yuwactka Tpybonposona.

Ilepemelienus npH JelCTBHM NPOJOJLHOTO YCHJINS,
TEMIEPATYpPHOro Tiepenaja H BHYTPEHHEro JABJICHHS

- PaccMoTpuM  mipAMosHHEHHBIE DoOA3eMHBIAH  yd4acTok Tpybonpopojaa
. KOHEYHOH AMUHLlI L, JIEBBIA KOHEW KOTOPOTO BBLIXOJHT HA TOBEPXHOCTD
M K HEMy NPHIOXKEHO PpacTArHBaollee YCHIMe Ny, @ NpaBblii  KOHEL
HemolBXeH (3amemiueH) (puc. 5.3). Tlpu L—O0 nonyydM perueHde Ans
noaybeckoHeyHore ydactka. TpyOGonpoBoa HaxXOQHTCA [OJ BO3AciiCTBHEM
BHYTPEHHEI'O JABJIEHHA p M TEMIEpATYpHOro mnepenaga Af.

B xayecTBe pacyeTHOH MoAeJM TPyOONPOBOJA HCIONB3IYEM CTEPXKEHD
(banxy) Tpy6uaToro cedeHus, B3aHMOACHCTBYIOLIMIL CO Ccpenoi. Baaumopeii-

¢~0 9—-—..‘ At,ﬂ
. - L ‘ ‘ —
‘ |". ) : nr
bap

Puc. 5.3. PacueTHas cxeMa TOA3EMHOrO ywactka Tpybonposonaa
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CTBHE TPYOOMPOBOAA C IPYHTOM OMHCHIBAETCS 34BHCHMOCTBIO COMPOTHBIECHAS
TPYHTa OT MepeMellUeHHdA, OHarpamMma ITpHBeAcHA Ha pHc. 5.4,4. Oma
~ YYMTEIBAaeT OTPAHHYEHHOCTD 110 PEakUUH NPOJONBHBIX CBS3el. AHATMTHYECKOE
BEIPAXXCHHE MOJCITH TPYHTA, MPEACTABCHHON HA 3TOH AMarpaMme, MeeT BHT:

‘ t, -
ty==nDycrou, MpA |u, | <—"—; . (5.31)
. . : EDchO : ’ .

ty=ty, MPU |ug|>—"2 (5.32)
D, n€xo :

TAC f,— COMPOTHBICHHE TPYHTA NPONOJBHBIM [EPEMEUICHHIM TpYGbL

Cxo — K03 PHIHEHT NPONOPLUMOHATLHOCTH, HA3BIBAEMRIA 0GOGIIEHHBIM KO-

- 3pPHIMEHTOM KacaTeabHOrO COMpPOTHBICHHS TpPYHTAa. T4 MOAeNb HC-

nose3zoBanack pauee JI. M. EmensanorbiM u C. B. BuHOrpaaoBbiM.

B 3aBHCHMOCTH OT Harpysok, BO3IEHCTBHI H OTHOCHTENLHOM KECTKOCTH
TpybonpoBoAa BO3MOXHO, YTO MO BCeif JUTHHE PACCMATPHBAEMOTrO YYacTKa
TPYHT paboTaeT TONLKO B YNPYroif CTaimH, XapakTepu3yeMo# yclIoBHEM
(5.31), GO UMEIOT MECTO ABa Y4ACTKa, OMACHIBAEMBIX yc10BHAMH (5.31)
H (5.32). Vwuactox, rae B3amMopeiicTBHe TpybompoBoga ¢ TIpyHTOM
ONHCHIBACTCA 3aBHCHMOCTBIO (5.32), HA30BEM YYACTKOM TpeleIbHOTO |
PABHOBECHSA, A €ro JUIMHY 00O3HAaYMM 4epes lyp- B nannHeiiizem Gynem
HA3BIBATh Er0 [IPOCTO MEPBBIM YIACTKOM. YpaBHeHne PaBHOBCCHSA JJIEMEHT2
dx (cM. pHC. 5.4) umMmeeT BuA -

dN,/dx+1,=0. = . (5.33)

C yuyetom (5.31) i (5 32) nna KQXI0TO M3 YYacTKOB 3TO YPaBHCHHE
3aIHILETCA TaK:

: dN,
fl’--—'+ ={ npu qu|> . (5.34)

dx TE.D uCx0

dN,
- ——nD, ¢ ql, —0 npu |u.|<
7 dx x0 p ‘ | TED,.C,O

(5.35)

OTHOCHTENILHOE YI[JIHHE:HHE YY9UTBIBAsA NBYXOCHOC Haﬂpﬂ)!(eHHOC co-
CTOAHHC HAMOpHOTO TPY6OHDOBOJIEI 3ANMHCBIBACTCA B BHJEC

' =—+ozAt—“2“" (5.36)
d Ly
Ty '8, + 26
g x Gtk
RS = D
Ll i< RRRERKIOCT o L
ate et et ety
. Nx Nxfdﬂx
e

Uy

Puc. 5.4. PacueTnas MOJeTh TPYHTa H 31eMeHT TpyGonposona
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rae &,—npomonbHas aebopmaus; E-—MOAyab yOPYTrOCTH MaTEpHANA;
F—IJIOIIAAL CEYEHHS CTEHOK TpyObl, ot-—K03h(HUHEHT JNHHEAHOrO pac-
[MpeHHn; A?— TeMIepaTypHbIil Mepeniaf; MONOXUTENbHBIA NMpH Harpesa-
HAY, H—KoadpdunueHt IlyaccoHa,; Oy~ KOIBLEBBIC Hal'lpil}!(eﬂﬂﬂ oT

. BHYTPCHHCTO [IIABJICHHA.

B nuseiiHONH MOCTAHOBKE 3adadu ne(bopMauun H 1iepeMeIlCcHHS CBS3AHBI
3aBHCHMOCTBEO

£x=du/dx, (5.37)

TOrAd4a
NszFgf(aAtE—uc,n)F. - (5.38)

HUcnone3ya (5.38) ¥ cuuras, 4To CeYeHMEe TPYyOONpoOBOAA, TEMIICPATypPHbIH
mepeniaj ¥ BHYTpeHHee JaBjedde OynyT MOCTOAHHBIMH 10 JJIHHE,
ypapHeHHs paBHoBecus (5.34) H (5 35) B ﬂcpememcrmax HMEIOT
cleAyiolail BRI

2u;/c;bcz-+-t,,,,/(EF);O; (5.39)
d“’_uH/dxz,—'yzuH=O, , (5.40)
THe . ’ ‘ |
© y2=nDyceo/(EF). C(5.41)

3anumeM pemeﬂne ypaBHCHHH (5 39) u (5.40) OTHOCHTENBHO nepemelie-
HHi B yCMIHi: .

| u[--;;( e’ ) - (5.4

Ni= — tapx+ Cy — (0ALE— Gy ) F; ' (5.43)

ug=C;shyx+Cychyx; (5.44)
Ny=EFy/(C3 chyx+Cy sh yx)—(tALE— Oy ) F. (5.45) .

Hycrb napaMeTpel TpybompopoAa TAKOBHI, YTO IO IUIHHe Tpy6ompo-
BOZA MM€ETCHl Y4acTOK MPE/ICIbHOTO paBHOBecHA rpynTa. Torxa rpasuyHbC
YCOBUS M YCIOBHA CONpSKEHHS ODOHX yYacTKOB HMMCIOT BHIL

npe x=0 N,=No; npu x=l,, uy=uy, Ni=Ny,
U= — gy = — lup/(WDuCx0); MpH x=L wuy=0. (5.46)

Mcxoas ¥3 3THX YCIOBHI, ONpenenseM NPon3BoibHBIE NOCTOAHHBE Cy—Cy
ypaBHeHHil (4.2)—(4.5) H [UIHHY Y4YacTKa NpeAcibHOTO PABHOBECHA:.

_t,,,,lﬁp 2 2N),
Co=Nt¥; C2="5 (1 E,_T..p)’.
Cymtmlin_ 2(F-T,,) Ci=—CithL. - (547)

: 2 Iy(chl,—thLsh l,.,,)EF
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Benuunny /,, ONpEneNAoT IO TPAHCUCHIACHTHOMY ‘ypaBHEHHIO, pellas
€ro OTHOCATENBHO Iy,
I—-thLthl, + =

—— " +l,=N. ‘ 5.48
thLvtthp-!:l_"’ N (5-48)

3nech BBENEHB! CHEAYIOLIHES 6e3pa3meptn',1e mapaMeTpBL: ,
' L=vL; Tp="hp; N=y(No—=Nu)tng, - (549

‘Toe B
No=(—0AtE+pogy)F. - (5.50)

Onpenenus u3 ypasuenas (5.48) I,,, mo dopmyne (5.47) Haxoaum
NPOM3BOJIbHBIE MOCTOSHHBIE, KOTOPBIE TO3BONAT ¢ NOMOINBIO YPABHEHUH
(5.42)—(5.45) onpenenuTh IEpeMeEIllCHHE M MPOAOJIBHOE YCHIIHE nmroboro
ceuends Tpybomposoaa. ‘ .

JamurneM 3HAYeHHE MPOAOJLHOIO epeMeIeHds B MPOJOIBHOIO YCHITHA
COOTBETCTBEHHO B HAaYale H KOHLE YYacTKOB TpybompoBona:

uo=C; /(EF); | (5.51)
EF _— '
ML#NN+~(m—Z%C3. a (5.52)

PaccMoTpum oauH 3 Hambosiee pacHpOCTpaHEHHBIX CIIy4acB, Korjaa
y4acTOK TpYGONpOBOJa MOXHO CUMTATh NONYOECKOHCUHBIM, T. €. L—-ocv.
JIna nonydeHHs HEOOXOJHMBIX PpacyeTHBIX QopMys packpoeMm Heon-
peneiennoctr B (5.47), (5.48). M3 (5.48) maxonum :

- = . No—N. 1 |
lo=N—1, L=— —~—. -~ (5.53)
tnp ’Y ' . .
" [Ipon3BONIBHLIE TIOCTOSHHEIE B ITOM CIydae
: No—N.)y2+12
- C1=No—Ny; C2=_( ° )72 =K
2y
_ __ lm : .
C3 == C4—EFT2e-Tlnb, . ' (5.54)
TOTZIA MepeMelllcHAe B HAyaje y4acTKa
L [(No=Na)? | tup e
Z— o - (5.
Uo 2EF[ = +'Yz (5.55)

VcunKe B «3alieMNIeHHOR» YacTu TpyOonpoBona, TAE NepeMELIeHHE PaBHO
HYJIIO, COCTABHT -

Np=N+=(—aAtE+po,,) F. (5.56)

JIns omeHKd pa3Mepa yyacTka, KOTOpbIH MOXHO NPHHATE 3a Hec-
 KOHEYHO JUIMHHBIN, MpPHAMEM YCJIOBME, UTO [IE€pEeMCIEHHE €IrC IIpaBoro
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KOHL[a paBHO [% or nepEMCEILIICHUA, COOTBCTCTB)’IOLLICI' o HCpCMC[ﬂCHIfIlO
KOHIZ2 Y4Y4aCTKa TIPEOCJBHOrO paBHOBeCHﬂ T. €.

u;, =0,01u,,= EFy . (5.57)
‘U3 (5.42) c Y4ETOM (5 57) NOJIYYHM ypaBHeHne
L2y Mooy - (5.58) -
t,,,, ‘

ITo 3T0li ¢opMyJe MOXHO ONpeSeNATh IJIMHY Y4acTka TpyGonpopoda
L, ¢ xoToporo «cobuparoTca» HepeMELIEHHA K €ro Havaiy.

M30oxeHHOe OTHOCHTCA K Ciydal, Korga mo /[umHe TpyGompoBoza
MMEIOTCA BA YYacTKa: Y4YacTOK MNpENeNbHOTO PAaBHOBECHA IpyHTa Iy,
IIC CONPOTHBJICHHE MO [JMHE NOCTOAHHO M paBHO T,,, M Y4acTOK
ynpyroi paboTel IpYHT4, THAE CONMPOTHBJCHHE IPYHTA NPONOPHHOHAILHO
nepeMerneHMio. KpHTepuit HanHuHs yyacTKa mNpedeibHOrO paBHOBECHs
TPYHTa MOXHO noayuuth u3 (5.49), cumras, uTp I,,=0. Toraa yka3aHHbIi
KPHTEpUH MOXHO 3alACaTh B BHIE.

Nthi>1, (5.59)

JAna nosyGeckoHEeYHOTro y4acTka 9TOT Kputepmil OyneT HMeTh BHA
No—N.
(°—t_—)7’->1 (5.60)
ap :

Tenepr paccMOTpHM cny4aif, KOrZa y4acTOK IIpelejbHOTO pPaBHOBECHS
OTCYTCTBYET, T.€. Korga KpuHTepHH (5.59) u (5.60) He BHINOJHSAIOTCA.
Kak u panee, paccMatpuBacM B kadecTBe HAyaJbHOrO MapameTpa (TpH
x=0) mpogonpHoe ycumue N,.

YpaBHeHHe, OIMICHIBAIOIIEE H3MEHEHHE NPOIOJLHEIX ‘MepeMeleH
H MPOJOJBLHBIX YCHIMHA 1O AnuEe TpyOONpoBOZa, 3aNHCHIBACTCA aHAJIOIHY-
HO (5.44) u (5.495)

uy=D, shyx+ D, chyx; (5.61)
N,=EFy(D, chyx+D; shyx)—(aeAtE—po,, ) F. (5.62)

HpOH3BO.TIbHLIe nocToAHHBIE D, M Dz onpeneﬂﬂeM H3 TpaHHYHBIX
YCIOBHIA: : :

mp x=0 N,=Ny; npu x=L u =0. (5.63)

IIpo,uom,noe MECPEMEIUEHUE M MPOMOJIBHOE YCHIIHE COOTBETCTBEHHO
B HayaJle M KOHIE YYaCTKOB . pr6onpoaona '

No— :
U= — EF'y ————thyL; | _ (5.64).
 N,=N, + chyL . (3.65)

88



Hnsa monyGeckoneunoro yyactka npa L—oo thyL—l, ch yl—+(\3 Hnsa
OLCHKH THHBI Y4ACTKA, KOTOPBIA MOXHO MPHHATH 3a nonyGecxor{equm
ucnonb?.yeM TOT XK€ KpUTEPHIL. Tor,ua IJIHHA Y4acTKa

t 0,05 : '
L'=-ln——1'-’—. : ' (5.66).
Y (No—N.)y

[TonyyeHAble 3aBHCUMOCTH MO3BOJSIOT PEMIUTEL  pAX npaKTqucmx

3a1a4, €CNM M3BECTCH HaYaJIbHBIH napaMeTp—ycmme No.

IKCIepUMENHTAITbROE - onpeneﬂenne pacnpene.rlennﬂ leOIlOJIbeIX
nepeMeleHnii No [UTHHE TpyGonpoBoaa

J\ns ananu3a pasiUYHLIX PACUETHBIX MOJCNEH IpyHTa TIPH HPOONBLHbIX
NepeEMELIIEHHAX TPYOOMPoOBOAa U MOJNyYEHHS PpACYETHRIX 3aBHCHMOCTEM
OBUTH TIpOBEAGHBI JKCIEPUMEHTHI HA THHHOM IHIETH TpybonpoBoaa
muaMeTpoM 529 MMm. TpyGonpooz nmunoit 91,7 M GbIT yIOXeH B TPYHT
Ha ray6uay | M go Bepxmeit ofpasyromteii Tpy6el.. Mo minme TpyObI
qepe3 kaxapie 17,2—19.8 M 6biin ycTpoeHH mypdbl 11 H3Mepenus
nepeMenleHdid TPYORI H NPOAOJIBHEIX HAMPSXEHUH B Meramre. OIMH
KOHEll MOI3EMHOTO TpyGompoBoaa Guin cBOGONEH, K APYrOMY ero KOHIY
¢ MOMOIUBIO ABYX THAPABIHYECKHX NOMKDATOB NMPHKIAALIBANOCE MPOIOb-
Hoe ycunue. Ha puc. 5.5 mokazanma 3aBHCMMOCTB NepeMelleHHS CeYeHHs
Ug OT NPWIOKEHHOTO K ITOMY CeueHHIO ycuumns S. Ha 3ToM ke prcyHke
NOKa3aHO MPEACNBHOE YCHNHE, TIPH KOTOPOM HMEJN0 MECTO nocrynare.nbnoe
OBIKEHHe TpyOBl Xax  menoro.

Ang aBanH3a BAMSHHA 3aMEHBI HEJIWHEHHOMN ,IIHal‘paMMbl T—~u JHHe-
ApH30BAaHHOH TEOPETHYECKHE KPHBBIE MOCTPOECHBI MO JIHHEHHORK MOmemH
(z=1, cwo=19H/M*) n ¢ Y4eTOM  HenuHEHHocTH  (z=0,218,
c;=0,75 H/cm?). 3Hayenns stux napaMeTpoOB MOJYYEHbLI H4 OCHOBAHUH
ONMBITOB HA MOJENAX W COOTBCTCTBYIOT 3ABHCHMOCTAM T, = — Cyql,
H T,=—c,u. ‘

IlpoonsHoe nepememenre MOA3EMHOTO TPyGONpOBOAa NMPH AEHCTBHH
MPOAONLHOTO ycunmus S ompegensieTcss Mo (opmMylam:

NpPH OTCYTCTBHH yt{acnca IPENENLHOrO PABHOBECHS TDYHTA, T. €. TIPH £, <y,

S (1 +2) |
! tg=| —>—— : (5.67)
2
EFy, [— ‘
Y 142/, ,
TIPH HANHYHH YYACTKA MPENEIBHOTO PaBHOBECHS TPYHTA
) S t/z ‘ . o | s
Y <1; | (5.68)
[ 2 - )
. l = tslzp+ 1)/2:(EF)(2 1){2z
3 1 [ 1,\1 ol | '
CUn=—| [ P — e . .69
o EF[(YS) + Sy =222 |, (5.69)
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Puc. 5.5. JluarpamMma <«Opojo/ibHOE NEPEMEUICHUE HYJIEBOTO CEMEHUA — YCHIHEN.
] —neppoe HarpykeHae, 2—BTOPOE HATPYXeHHE, 3 — pacyeTHbie TOYKH

rac lnp—nnm{a YYaCTKA TPEncabHOro papHOBECHS TI'DPYHTA,

s 1 [2 [EF\¢ V2 | =
lnp—zp_:;; 1+z( ) . , : ‘(5.70)_

T'paduxu 3aBHCHMOCTH IPOACILHOrO NEPEMEILCHUA OT NPOAOIHLHOTO
_ycunms B COOTBETCTBHM ¢ (opMynamH (5.62), (5.63) npu z=1 u mpm
2z=0,218 npuBeseHnl Ha pHuc. 5.5. Pe3ynbTaTsl 3KCOCPHMEHTA CBHRETENb-
CTBYIOT O TOM, 4YTO TOJYYCHHbIC YPaBHEHHA AOCTATOYHO. XOpoLIO
OMHKCHIBAIOT akTHYecKylo pabory Tpybonposoaa. [lepeMerenns o MIHHE
NoA3eMHOTO  TPYGONIpOBOAA  BBHIPAKAKOTCA  CIEAYIOUIUMA YPaBHEHHASIMH,
NOJYYCHHBIMH Ha OCHOBAHMH peuleHHi udpdepeHInabHIX ypaauennn
 paBHOBecHs TpyOonposoja:

NpH OTCYTCTBHH YYAacTKa INpPEACILHOTO paBHonecpm IrpyHTa

' 1 2/(1-2) o
u,=[u9"”2—(1—z)'yz 2(l+z)x] s (5.7

NpH HaJIUYMH YY4CTKa NpEJEIbHOr0 DPaBHOBECUS

: _ Uy = EIF[('“;’)I +S(l,,,,—‘) ,,,,(zg,,z 2)] 57

Ha puc. 5.6 B COOTBETCTBHH C ypanuemmmn (5.71) u (5.72) NOCTPOEHDI
KPHMBRLIE, XapaKTEPH3YIOLIME U3MEHEHHE MEPEMEILCHHA Uy MO JUTUHE TpyOni
! npH pa3iNYHOM INPOAONBHOM YCHIMM S, a TAaKKC NpPHBEACHbI JKC-
MEPKMEHTAJIbHBIC JaHHbIC. Ypanﬂemm (5.71) u (5.72) nocTaTOYHO XOpOLIO
' COTMACYIOTCS C XapaKTepPOM MACACTBHTENBHBLIX NPOMOIbHBIX NEPEMCLICHHHA
pasnMYHbIX CeYeHu# mo JAmuHe Tpybonpopoaa. PakTHYECKHE MEPEMCLICHUA
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Puc 5.6. HpOJlOJILHOB nepeMelIeHUe TO JUIHHE MOA3EMHOre pr60nponona
mpu z=0218; ————— npu z=1

rpyﬁm mo JTHHE 60Jiee TOYHO OMACKIBAIOTCA YpaBHECHUEM, YHTHIBAIOIIHM
du3HYecKy0 HETHHEHHOCTL CONPOTHBIEHMS TpPYHTA.

TakuM oOpa3oM, Ha OCHOBAHAH CPAaBHEHHS 3KC[IepHMEHTaJ'IBHbIX IOaH-
HBIX C PACYETHRIMH MOXHO C/I€JIaTh BBIBOJ, UTO YHYET YHPYTOMIACTHICCKOMH
paboThl rpyHTa ¢ moMombko o6oGiierHoro xoagduiMeHTa KacaTeJbHOro |
CONpPOTHBICHHA TIO3BONSET C ° AOCTATOYHOH JUIA MPaKTUKH TOYHOCTBIO
onpenenuTh NPOAOILHOE NEPEMEIIENHE TOI3EMHOr0 TPYOONpPOBOIa B MeCTe
€r0 BHIXOHA Ha TNOBEPXHOCTD.

OnpenesichHe NMPOOILHLIX NepeMeiieiuii B MecTe BBIXO/Ia
MO/I3¢MHOr0 y4acTka Ha NOBEPXHOCTh

dna psuxa KOHCTPYKTHBHBIX pemelmn NpUMEHAEMBIX npn Haa3eMHOi
npokiajgke TpyOoompoBoaoB, TpeHeOperas BIMSHHEM HECYIIECTBEHHEIX
$akTopoB, MOXHO HONYYATh DPEIICHUA B 3aMKHYTOM BHIE.

Jna OTKpHLITHIX y4acTkoB, MMetommmx [I-, Z-, T-obpasubie # ApyrHe
KOMIICHCATOPH, MJIK HaI3EMHBIX NEPEXOJOB 2pOYHOrOo THIA MOXHO
NpHHATh, YTO OTNOP 3THX KOHCTPYKUMH NPONOPUHOHANEH NEpeMEINCcHHIO,
a YCHIHE OT BHYTPEHHEro AABJICHUS PABHO INPOH3BEJCHHIO - AABJICHHA Ha
mrowanse Tpybst B ceery. Torma Ha4anbHBIH TNapaMeTp —MPOIOJIBHOE
ycunue ‘ ' o

2

i om0 SouF-e, 7))

No=p

rge n— )KCCTKOCTB KOHCprKHHH T €. )"CHJIHC BBI3BIBAIOILICE EMHHHYHOC
nepememeﬂne €e KOHIA.
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v

INpu HamHYuH NONY6ECKOHEYHOrO MOM3EMHOIO YYACTKAa U3 YpaBHEHMIt
- (5.55) n (5.64) MOXHO ONpEIEaUTL HUPOTONBHOE MEPEMELICHHE B MECTE
NPUMBIKAHUA €ro K OTKPBITOH YacTH TPyOoNpoBOAa, HOMOIHUTESILHEBIH
pacmop H [UIHHB MOA3EMHBIX y‘laCTKOB Ha lEOTOprX npoucxo,um‘
[IepeMeELLECHHE: :

a) NpH HallM4UK yqacrxa npe,ueﬂbuoro P4BHOBECHS, T. €. npn BbIIIOJI-
HEeHAM ycnoBHa (5. 74)

Sy

| _ —'—'—n
. 1+ ——
( EF 'y)

up=a(l—/1—(b/a)*); | (5.75)

>1; | (5.74)

Ha=A(1-/1—(BjA)?); - (5.76)
L2457k (57T
‘Y tnp

rae o :

=(<xAtE+0 20,,) F; o (5.78)
2 2 ’

a_§+EF’ b= (S) +(’“—") ; | (5.79)

n n? n m i
. A=na; B*=n2b%; (580

npi b/a<0,1, ncnonwyﬂ npaamo HpHﬁJIId)KBHHbIX BbI‘!PlCJICHHPI, MOXHO
CYHTATb, YTO

‘ b?
to=>-, (5.81)
4
BZ
Ha=>; (5.82)

€C/Ii npcHeOpedb KECTKOCTBIO IPHMBIKAIOIIEH KOHCTPYKIMH 1), TO,
. PACKpBIBaf HEOMpPERENeHHOCTL B (5.75), MOXHO HOJAYYMTH

1 (8 ty . ' :
u“’_zEF( 'f'yz), | ) (5.83)
_ kak crmepyer u3 (5.83), yanubende 4o HENHHEIHO  3ABHCHT OT Harpysks
So; ¢opmyna (5.83) copaBennupa npM AEHCTBHH HAa TOPEL npo,uonbﬂon
cunsl P.{(¢c 3amenoli Sy Ha P);

0) mpH OTCYTCTBHM YyYAacTKa IpPEACNAbHOIO PaBHOBECHA TI'pyHTa, T. €.
TIPH HEBLIMOJHEHMH KpUTepHus . (5.74), Te e BeAMYHHLI ONpPEIENAIOT no
GopMysam :

S

HO=EFT+T‘,; (584)
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= ‘
n | .
1. - 005,
L=—In ——™—, ) 5.86
: Y (S—nu)y . ( )

- JAna KOHCTPYKIMH pa3nMYHBIX THIOB, NPHMEBIKAMOWMX K HOXIEMHBIM

YYacTKaM, XeCTKOCThb OupelclsioT METOJAMH CTPOHTEIbHON MEXAHUKH,

HAIPHMEpP METOMAMM CHI HIIH [epeMelueHuil. \
JAns mpakTHYECKHX PAcYETOB CHCTEM ¢ KOMIEHCATOPAMH XECTKOCTD

KOMNEHCATOPOB MOXHO ONPEAENsTh B COOTBETCTBHMH ¢ HopMamu CHull

2.05.06—85: . ,
- | n=EI/5,. - (5.87)

- [Tapamerp 6, ompegenserca ciemyrommmH GopMyTaMHu:
"o -o6pa3Horo xommencaTopa ' '

| 8,=13/3% . (5.88)
ans I'I-oﬁpaznoro KOMIIEHCATOpa ‘ '

5K=£(nptlf —2,28p21 +1,4p3)+0,6713+1 12—
| —4p I3 +2p2,—1,33p3; (5.89)

7

st Z-06pa3Horo - KOMIEHCaTopa

B = (19,2~ 2.28021,+1,4p3) +0.67} — -
| —2p, 13 +2p21, —1,33p2. (5.90)

»

B ¢dopmymax (5.88)—(5.90) mpumaTEl creayrolme o6o3HauCHHS k—

KO3(UIHEHT YMEHBIUEHHS XECTKOCTH OTBOAA; p— pamHyc W3THGA OCH
- OTBOJA; /,—BBUIET KOMIIEHCATOPA; [, — IUMPHHA TOJNKM KOMIEHCATOpA.
Tak kax mapameTpel OTKPLITEIX KOMIIEHCATOPOB SABMAIOTCA BYHKIINEH HX
KOMINEHCHPYIOLIEH CIOCOOHOCTH, TO 3TH NapaMeTPhl MOAGHPAIOTCA METOIOM
MOCIeAOBATEIBHEIX MIpUOMDKenHit. BHAYA e NPUHNMAIOT XECTKOCTh KOMITEH-
catopa 1 =0 ¥ ONPEeREJRIOT IPOAOIBHBIE NEPeMeLIeHHs 1o GopmMynam (5.83)

uny (5.84). Onpegenyp napaMeTphbl KOMIIEHCATOPA, HCXOIA U3 KOMITEHCAIIMH

BBIYHCIIEHHBIX IPOROJIBHBIX MEPEMEIICHHIT MOA3EMHON M OTKPBITOH YacTH
TPYGONPOBOAA, HAXOMAT €To XecTKocTh. Hanee mo dopmynam (5.75) miu
(5.84) onpenensOT yToYHEHHOE 3HAYEHHE NEPEMEIIIEHHH, IO KOTOPbIM BHOBE
YTOYHAKT MapaMeTpel koMnercaTopa. OOLIYHO NBYX NpHOGIHKCHAN GbIBaCT
AOCTATOYHO, 4TOOBl OMPEAENHTb PACYETHBIE MAPAMETPHl KOMIEHCATOPA.

Onpesieiende PaccTOSHHI Mexkly KOMNEHCHDYIOUIHMH YCTPOHCTBAMH

Kax  WiBeCTHO M IOATBEpXkIaeTcs TPHMBEIEHHLIM DELICHHEM (5.56),
NPOAONBHOE YeuNHe (MOJIOKHTENBHOE [IPH PACTSKEHHH) B CTEHKAX TPYGHI
B 3allleMJIEHHOH 4YacTH TpybompoBona

N_=(—oaAtE+pc,,)F. : (5.91)
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Puc. 5.7. Dniopbl NPOAOALHBIX YCHIHA H TMEPEMEUICHHH TIPH N0,13¢MHOH NPOKIAAKE
¢ XOMNEHCAaTOPaMHU _

TIpu 3HAYMTENLHOM MNOJNOXKHTEIBHOM TEMNEPATYPHOM INEPENafc Mpoaob-
HOE OCEBOC ' YCHIME MOXeT ObITh CXHMAOMHEM (3HAK MHHYC), HTO,
YYHTHIBAA JBYXOCHOE HANIPHXXCHHOEC COCTOSAHHE - TpybonpoBoZa, MOXET
YIPHBECTH K HCHEPNAHHMIO NpeiecibHOro cocrosnus. Kpome Toro, cyluecr-
BEHHO VBEJIHYHBAETCH H 3KBHBATEHTHOE OCEBOE CXHMAROLIEC YCHIIME,
BBI3BIBAIOLICE TOTEPI; YCTOHMMBOCTH ION3EMHOIO Tpybonposoga. 3ITo
ycuaMe omnpenensercs no dopmyne '

S=pF,— N >(¢AtE+0,20,,)F, - (592)

roe F—IUIOUIaAb cedcHUs TPYOH B CBETY. , ,

[Ipn HaJMYMH KOMIIEHCATODOB IO JUIMHE TPYOOIpoBoAd MPOHCXOLUT
YMEHbLICHHAEC MPOJOJBHOIO YCHIHS. ,

Ha ocuosanuu pemenns (5.43) m (5.45), cunras, uro Ny=0,50,,F
(Ip¥ HaIMYH¥ KOMICHCATOPOB), M NpeHeOperas OTHOPOM KOMIICHCATOPA,
IOCTPOMM JIOpPY TPOAONBHBIX YCHAHH TO  JUIMHE TpybonpoBoaa
(puc. 5.7). S _ -

3a ochb CHMMETpHH Ha pHC. 5.7 NPUHMMAETCH CEPEAMHA MEXIY ABYMS
COCEIHHMHM KOMIIEHCATOPAMH, NMYyHKTHPOM IIOKa3aHO paclpeleeHHe Mpo-
JONBHOTO YCHMAA NpH TojybeckoHeynoM ydacTke Tpybomposoia. Obo-
3HAYHM JOIYCKAEMOE M3 YCIOBHS NPOYHOCTH WM YCTOHYHBOCTH YCHIHE
Ha paccTosHHM L oT KoMmeHcaTopa 4epe3 [N] M ompesenum HCKOMOe
PacCTOSHUE.

Iipunse B ¢dopmyne (5.52) wmm (5.65) N, =N, u3 HEJIMHEHHOT O
YpaBHCHMS . ONIPEIETHM HMCKOMYIO BeqMuuMHy L. VYpabHeHHe (5.52) nnun
(5.65) MOXHO pEMIHTE MCTOJIOM TMOCRERXOBATENILHBIX NpHGINKEHHH C Mo-
MolbIo TpocTeiiieil nporpammb Ha IBM, cocrabnenHo#t no cleayroLei
6mok-cxeMe. 3ajaeMca JiauMHOW L, paBHOH IOJIOBUHE pacCTOSHHS MEXIY
KOMIIEHCATOpaMH, BEJHYHHY N, D'peﬂeﬁperaa OTIIOPOM KOMIIEHCATOPA,
NpHHAMAcM paBHOH

Ny=0,50,F.
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Mo dopmynaM (5.49) onpemensem Ge3pazMepHble napaMeTpsl L H N,
nanee mpopepseM kputepud (5.59). 3peck mocnmemyromiee periieHue pas-
BeTBIsieTcA. Ecau ycrmosue (5.59) BeimosnHAeTcs, TO, pellas HEJHHEHHOeE
ypasHenue (5.48), onpenenseM AMMHY y9aCTKa MNpPeAcJbHOTO PaBHOBECHA
rpyHra [, mpamee mo ¢opMmynam (5.47) onpeaeaseM NPOH3BOJBHBIE
NOCTOsSHHbIE, 3aTeM mo (5.52)—ycunme B ceveHMH TpybompoBoma I[oce-
peaMHe MeEXOY KoMmeHcaTOpaMH. EcnH 3To ycuaMe OT/JHYaercs oOT
aonyckaemoro [N ] Gonee yeM na 5—10%, TO, NpHHHMAasA HOBOE 3HAYEHHE
L, pacyer nosropsior. Ecau ycnosde (5.59) He BHINOHAETCH, TO YCHIIHE
onpeaensercs no dopmyne (5.65). INMocne urepanmii nmo gopmyae (5.51)
WK (5.64) BRMHCIAIOT HCKOMOE NIEPEMEIIECHHE, IO KOTOPOMY nonﬁupalorcn
napaMeTphl KOMIICHCATOPA.

Heckonbko yCIOXHHB NpOrpaMMy, MOXHO BeCh pacyeT BBITOJHMTH
Ha DOBM, yuuThiBas nNpM 3TOM H XKECTKOCTh KoMmeHcatopa. B atoMm
CIy4yae HYXHO IOOMOJHHTHL TNPOrpaMMy BBIYHCICHHEM MapaMeTpoB KOM- .
MEHCATOpa M €ro XeCTKOCTH. ONpeleNIHBE XKECTKOCTh KOMIIEHCATOpa MO
NepeMEILICHUAM, HaXOAAT €ro OTIOp, a CAEAOBATENbHO, MoJy4aloT H Gonee
TOYHOE 3HauYeHHe N,. B KadecTBe KpHTEPHA CXOOMMOCTH 37€Ch MOXHO
NPHHATL YCIIOBHE OJNHIOCTH NBYX 3HauYeHMHl N,, omnpedensieMeix B ABYX
NOCHEAYIOMMX 3Tanax BbIMHCICHUS. MOXHO NpemIOKHTbh NPHOIHKCHHYIO
METONHKY ONpEAcNCHHUA PACCTOSHHA MEXOYy KOMIEHCAaTOopaMH (B HaIleM
ciaydae omnpefencHue 2L), OCHOBaHHYIO Ha pane nonyuueHuii. [[axe mpH
HAJIMYMK NPOrpaMMel pacdera Ha IBM st1a METO/THKA TO3BOJMT 33/1aBATb-
ci 3HaYeHWeM L Ha mepBOM TNPHOIMKEHHH.

BHauame cuMTaeM, YTO TDYHT Ha. BCEM yuacrke paboTaer B ynpyrou
cragme, Torga H3 (5.65), npuHaMmas N,=[N], omnpenensem mamuuy L.
Ilo kputepmio (5.59) mpoBepseM cnpaBeANMBOCTL Hammed runortesnl. Ecnu
ycaoBue (5.59) He BBINONHAETCA, TO omIpedeiacHHas no (5.65) miuHA
apnserca HckoMoii. Ecnu ke ycnosue (5.59) BEIMOARAETCAd, TO HA
paccMaTpHBacMOH [JIHHE HMEETCH YYacTOK MpeaesibHOrO paBHOBECHA
rpyHTa. EciM TMpHHATH, 4TO BIHAHMEM ynpyron paboTHl rpyHTa MOXHO
npene6petm TO

0,50,,F—[N]
t )

L= (5.93)

ap

IpononeHOE NepeMeleHne MOX3EMHOTO yt!acnca prﬁonponoua B Me-
CTe NMPHMBIKAHHA K KOMIEHCATOPY :

. 0,20, (L2 | .
u0=(ocAt+ 5 ")L.— "2 . “ | - (5.94)

OTMeTHM, YTO MPH ONpelENIeHHN PACCTOSHHA MeXIy KOMHIEHCATOPAMM
K03pHUIHEHTH Tleperpy3K¥ JUIA TPYHTA CledyeT TNpHHHUMATh OoJee
€AMHMIEI, A NpH ONpEICNCHHH NEPEeMCILIEHUS — MEHee EIMHHIOL. OJTO
CBH3aHO C HeoOXOMMMOCTHI0O B O00O0OHMX cnyqaﬁx BECTH pacieTl B 3amac
TPOYHOCTH.
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OnpeesieHne NpOa0ILHOIO NepeMellieHHd B MecTe COnpsikeHHs
' IRYX Y4acTKoBR TpyGonpoBoja ¢ PadHYHLIMH TeMNEpaTypPHbLIM
nepenasioM M BHYTPeHHHM JaBjeHHEM ‘

B MecTax pacmoJiokeHHs KOMIIPECCOPHBIX CTaHIMHA CO CTOPOHBI BXOAa
W BBIXOJd OpPOAYKTa HABleHAe p W TemmepaTypd Af¢ Ha [OBYX Y4YacTkax
Tpybonposoga jmHOd L, W L, Moryr ObITh pa3mMyHeIMH (pHC. 5.8, a).
KpoMe Toro, nmpH CTpPOHTENLCTBE JIYITMHIOB, YTOOB YMEHBIUKTD HepeMeilie-
HMEe B MECTE COEIMHEHHS €ro ¢ OCHOBHOH HHUTKOH TpybGompoBoaa TIpH
MOMOIM TIEPEMBIYKM, BMECTO YCTPOHCTBA ymopa yKJaAwIBaloT HEKOTOPBIH
y4acTOK TPYOBI MIMHOH L., KOTOPBIA CIyXHT «AKOpeM», yMEHBILAIOUIMM
nepemeitenue (puc. 5.8, 6). 3akpenieHHe Takoro THIA SBJIACTCA bonee
pAalMOHATbHEIM, YeM YCTPOHCTBO CHELMANbHOIO O€TOHHOIrO YMopa, Tak
Kak TpyGONpoBOA-1KOPb B IalbHEWINEM HCIIONB3YETCS B Cly4ae mpeod-
pa3oBaHHs JIyHHTa BO BTOPYKO MAIMCTpalb. B CBA3HM C 3THM BO3HHKAeT
HeoOX0AUMMOCTE ONpPEAe/IeHNS NEPeMELLEHAA B MECTE CThIKA JIBYX YYaCTKOB
TpyGonpoBozaa, a NpH ycTpoicTee TpyGompoBoia-iaKops — HeOOXOAHMOCTD
onpelesicHUs €ro MHHHMAJLHOH [UIHHBI, 0OECTeYMBAFOIICH MHHUMANbHOE
. TIepeMELLICHHUE. |

PaccMaTpHBaeM Ciy4a#, xoraa (M3MKO-MEXaHNIECKUE XapaKTepPHCTHKH
IPYHTA H TEOMETpHYECKHMe INapaMeTphl TPyObl OAMHAKOBHI 114 00OMX -
YY44CTKOB, d J[UIHHBI YYacTKOB TaKOBBl, YTO HMX MOXHO [MPHHUMATh
nonybeckoHeyHbiMy. Pelnenne OyaeM HCKaThb Kak . Ul CTATHYECKH Heom-
peneTMMoi CHCTEMBl METOAOM CHJI, HCTIONB3YS paHee MOJYYCHHBIC PEILEHHA
AN 1noJIyOECKOHEYHEIX YYacTKOB.

PaspexeM paccMaTpuBaeMblii ydacTOK TpyOONpoBoJa B MECTE CThIKa,
no o0oMM KOHIAM YCTAHOBMM 3arlylUKKH M NPHIOXKHM K HHM HEH3BECTHOE
yeuane X, Ero BenMdHMHY onpelenMM M3 .. YCIIOBHA, HEpPa3pbIBHOCTH
nepeMeuIeHn i ' ‘ .

H2 KO
Ha NC

4t,, py

N——

Aynunz dto h At=0, p=0
I Axaps |

at;, p2 '|‘ la3

Cevenue 0
1%

nepe—~
MYRG

ﬂt‘llﬂlﬂaﬂ MaULMPAAS

Puc. 5.8. CxeMbl Y4acTKOB C. PA3HYHLIMH BO3JEHCTBHAMM
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-u01+u02—0 ' _- (5.95)

rae Uy, — NEPEMeELICHHE ceuena 0, kak cno601moro KOHIIa TEPBOTO
(1eBOTO) yyacTka NpPH BO3NEHCTBMM TeMIEpaTyphbl, JABlEHHA H | yerus
X, ug,—TO0 Xe, mus BTOPOro (mpaBoro) y4acTka.

Kak u panee paccmarpuBaeM nsa cay4as paﬁon,x TPDYHTa Ha 9THX
y4acTkax.

Hpu orcy'rcmun Y4ACTKA MpesenbHOro paBHoaecm IpyHTa nepeMeme—
HUA onpenenmor o (bopmynaM :

X—(aAt, E+026,,,)F

Hoy = — FFy T (5.96)
X—(aALE ' -
thgy = —( IZE;'YO 20,2) F (5.97)

TMoacrasnsaa (5.96) u (5.97) B (5.90), monyuaeM HCKOMOeE YCHIHE

;y:[qgéil’z“_’*’z+o,1(c,ulfc-m)]z?. (598

HOHCTéﬁﬂﬁﬂ.(5.98) B (5.96) WIH (5.97), MONyYaeM HCKOMOE nepeMellcHUS
Aty —Ar,  0,1(0,,;—0,,,)

wmo ISR S S (5.99)

KpmepneM OTCYTCTBHA y4acTKa MOpelebHOTO pABHOBECHS ABIAETCH
- yCIIOBHE .

ug EFy?

<1 (5.100)

tnp

BLIMONHAE BBLIMHCIEHHS IO hopmyne (5.99), MpOBEPIIOT KPHTEpHH
(5.100). Ecu kpHTepHii BRIMOJHAETCS, TO- MOTYHEHHOE 3HAYEHHE — HCKOMOe
NepEMELLIEHHE. -

JUiMHy y4acTKa, HA KOTOPOM. NPOUCXOAMT nepeMemeHue onpeuennm*r
U3 'BeIpaxeHHA (5.65), ucnom.aya 3aBUCHMOCTH (5.98), (5.99), '
I, 005t,

-In .
Y Y EFu,

L= (5.101)

Ecmu kpuTepuii (5.100) He BnmonHseTcHs, TO pacyer HeoO6XOAMMO
BEIMOTHATbL 0 GOPMYNIaM, YYHTHIBAIOIINM HANHYME YYacTKa IPEAeIbHOTO
PaBHOBECHA TPYHTd. DTH (GOPMYIEI MOJMYYaeM aHATOTHIHO npe,umnymHM
HCIONIb3ys pewteHne (5.55).

HemsgectHoe ycumue X onpenensem mo dopmyne (5.98), a npogoasHoe
| NepeMellleHHe B MeECTe CTHIKA OGOHX YYACTKOB M JUIMHBI YYacTKOB, Ha
KOTOPBIX TIPOMCXOMAHMT IepeMeleHHe TpyOonposoaa, nmo ¢gopmyiam

u-——~l—[ (—S—SZ)_J; L Ga0)

2EF 4¢

. _np
7-Pacuer... rpySonporonoce ‘ : ‘ 97
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e

PRI & o (5.103)

rac - : )
S, =(xAt; E+0,20,,,) F;
S,=(2A1, E+0,26,,,) F.
HpnqéM YCIIOBHO IIPHHATO, 4TO S;=S§,, a OPHHATOC MHUHHMAIBHOE

nepemMenieHHe Ha aumMHe L coctaBnseT 1% OT NeEpEMEIICHHS HyJNEBOTO
CEeUCHHS. '

(5.104)

Onpejelienne NOBOPOTa TpyOomnpoBo/a npu JeHCTBHA
KpyTsllero, MOMeHTa

PaccMOTpHM TOA3EMHBIA  y4acTOK Tpybonposoga aumaMerpoM D,
HMEIOLIMM KECTKOCTb. IIPH Kpy4eHHH GI,, HaTpyXeHHB# HA CBOOOIHOM
KOHLIE KpPYTAIMM MOMEHTOM M., ), 3aBHCHMOCTH HHTCHCHBHOCTH Kaca-
TEAbHBIX CHI COTPOTHBICHHA T OT yIJa TMOBOPOTa ¢ NPHMEM Kak
H paHee B BHIOEe AuMarpaMmbl Tuma [IpaHaris.

Tlpu Manbix 3HAYEHHAX YIJIOBLIX TEPEMELIEHHH HHTEHCHBHOCTH Ka-
CaTeJIbHBIX CHJ CONpPOTHBICHHs IIPONOPHHOHANLHA YIJy 3aKpYYHBAaHHS.
Haunnpas ¢ onpeaesieHHOro yrja 3aKpy4YHBaHHs (cp>2tn'p/(kq,Dﬂ)), HHTEH-
CHBHOCTb XacaTeJbHbIX CHJI CONMPOTHBJICHHS OCTACTCA NMOCTOSAHHOH M HE
33BHCHT OT YTJ1a 3aKpy4YHBAHHA. .

HuddepeHunaIbible  yPaBHEHHs PABHOBECHA COOTBETCTBEHHO IUIA
yYacTKa JIMHEAHOH 3aBHCHMOCTH HMHTCHCHBHOCTH COLPOTHBJICHHS OT yrija
3aKpYyYMBAHHMS H [UIA. Y4aCTKA MPENEIbHOrC PABHOBECHA [, HMEIOT BHA

d* M,y [dx? — 02 M, =0; o (5.109)
d*M,,/dx? +1D3t,,/2=0, (5.106)

Tac - '
| @?=k,nD3/(4GIL). C(5.107)
YPaBHCHHe, CBA3LIBAIOMIECE YIOJl 3aKpY4YHBaHUsA C KPYTAIIAM MOMEHTOM:
do,jdx=—M,,,/(GL,). (5.108)

Kax BHAHO H3 CTPYKTYyphHl ypapHeHHii (5.105)—(5.108), on# MONHOCTBIO
MCHTHYHBI YpABHEHHAM, 3QIHMCAHHBIM paHee TPH PEIICHHH 3a]a9H
O NpOJONBHBEIX TepeMeLIeHHAX - oA3eMHOr0 Tpybomposoaa. B  cesasu
C 3THM IpPHUBEAEM 3HECh TOJILKO OKOHYATENbHBIE Pe3yJBTAaThl. B BHIE,
noayuedsaoM B. A. MoJjogenknm.

" B 3aBHCHMOCTH OT KPYTHIIEr0O MOMEHTAa M OTHOCHTE/IbHOM XKECTKOCTH
OpH KPYYeHHUH NOA3EMHOTO TpybomnpoBoda BO3MOXHO OTCYTCTBHE y4acTKa
npenenabHOro pasHoBecHs (puc. 5.9). B 3ToM ciy4ae KpyTAUMHH MOMEHT
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Puc. 5.9. DOmopu 1,
Mxpx(px HpH Kpy4e-
HAU nogieMHoH
TpyOBI

77717

H Yrog 3axpyanaHnﬂ B MPOM3IBONBHOM CEYEHHH X OT HA¥ana KOOpﬂHHaT
onpe,uenﬂmT no dopmynam

M =M, 0 chox(l —thol thox); (5.109):
¢ (x)=(1/0GI,) M, o, ch ox (th @/—th ox). (5.110)
Ha cBo6ogHOM KOHUE Tpyosi (npu x=0) yron 3akpyyHBaHuA
| QO:@ M. 0 th(ol,‘ (5.111)
a B KOHUe TpyOompoBOAAa KPYTAIHI MOMEHT ‘
‘ . M 0y =M 0 chol (1—th? wl). N CRAV);
B cnywae monmyGeckoHeYHOTO ywacTka, T.¢. NpH [—»00
M =M 0¢ | S (5.113)
1 ‘A —ox, ‘ i :
(p(x):EE;; Mxp(())e ) ] .. (5114)
@0 =Mi/(©GL,). o (5.115)

JIns NpaKTHYECKMX PacuUeTOB yqacTOK pr60nponona MOXHO NPHHATD
nonyGeckoHeyHbIM, ecan [>3,5/m.
- KpuTepusMm OTCYTCTBHSA ydacTka npenenbnoro PaBHOBECHS [JIS y4acTKa
KOHEYHOW IONMHHLI H TNOJyOeCKOHEYHOTO YywacTka OYIMyT COOTBETCTBOBATH
3aBUCHMOCTH

| Mo Sy, cthol)o, M, o <m, /o, - (5.116)
™. o B SRR ' 99




S i (el

rae m — HHTEHCHBHOCTH NPEACIbHOr0 MOMEHTA CONPOTHBIECHHS TPYHTA
3a1<py'mBaHmo Tpy6e, m,=nDlt,. /2.

[Ipy HEBLIMOJHEHHH ykaaauublx KpUTEpUEB N0 MiMHE Tpybomporoma
MMEETCs YYacTOK NpeaeibHOro papHopecus. JimHa y4acTka NPERENBHOTO
paBHOBeCHS [, onpeAendeTcs U3 PEWCHHA TPAHCUCHACHTHOTO YPABHEHMs
" OTHOCHTENBHO 1,

N

cth?, =7, = My o~ | (5.117)
L=a(-0) Myo=Moe@/M, (5.118)

Odna yvacTka TpyGonpoBoaa nojyfeckoHeYHOH IJIMHEBL JUIMHA y4acTKa
npenelbHOrO PaBHOBECHA . ' :

= (00— 1)/ (5.119)

prrﬂuum MOMEHT M Yroj 3aKpyyY¥BaHus B NPOK3BOAbLHOM CEYECHHHU
JUIA c1ydas HAJNMYMA y4acTKa NpedcnbHOrO papHoBecHs ([, >0) ONpeeNsIoT
No ‘AJIMHE 3TOTO ydacTka no ¢opMmysnam

M oy =M 0) = MnpX; - ‘(5-120)
.= GII (m""+M”"°’_”2’""x+M‘), BERNEAEY
rac M —npenenbuun KpYTHIIMA MOMEHT _
.. M, =m,/[othe(l-1)] | (5.122)
Mpn /-oco BoipaxeHue (5.122) sanuchiBaeTca B BHAE
| M, =m, |o. . (5.123)'

Ha yuacTke ynpyroit pafoThl IpyHTa KPYTAWMA MOMEHT B NPOH3BOJLHOM-
CECYCHHH M YTOJl 3aKpy4YHBaHUA ONPENENAIOT N0 dopmynam (5.109) u (5.110)
¢ 3aMeHoit Benuuuubl M, [0 x Ha M, (/—1,) u (x—1I,) COOTBETCTBEHHO.
XapakTep M3MeHeHUS BeXMYHH M ' W @, NPUBEACH HA PHC. 5.9.
Yrom 3akpy4uBaHHd Ha cBOOONHOM KOHIlE HJA Clay4yas HaadyudAs
y4acTKa NpeAe/bHOro PaBHOBeCHA Ans yuacTka Tpybomposoaa KOHeuHOH
JUIMHEI H TIOJYyOECKOHEYHOrO onpe,uemlerca COOTBETCTBEHHO MO (PopMylaM

m, o ' * ,' E
(P°=2Gjpz,z(Mxp'(o)f1)- | B (5.125).

TMonyvyeHHbie PELICHAS MOXHO HCNONbL30BaTb MPH pacqéTe TpyGompo-
BONOB KOMOGHHHPOBAHHOFO MPONOXKEHUA — OPH COYCTAHMH MOIA3CMHOM
ApOK/JaZKl W HaA3eMHLIX. NEPEXOAOB C xomneﬂcaTopamn CIIOXHO# KOH-
(burypauuu :
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)
'TTABA 6

NPOJAOJBbHASA YCTOﬂ'-II/IBOCTb 3AFJIYBJIEHHI:IX
TPYBONIPOBOJAOB MNMPU AENUCTBUU
MOJMOXUTEJLHOI'QO TEMIIEPATYPHOI'O IIEPEI'[AI[A
151 BHYTPEHHEFO TTABJIEHUSA

\

Onpene.uenue KPHTHYECKOro ycn.rmn IS prﬁonponona,
HMeroLlero ﬂaqam,m,m HIrHO

[Ipy - neficTBUM MONOKHTENBHOTO TEMNEPATYPHOIO INepelaga M BHYT-
‘PEHHETO JIaBJICHHS B CEYeHHH TpPyOONpoBOda BO3HMKAET MPOAONBHOE
OCeBOEC CRUMAIOILCe YCHJIME, KOTOPOE MOXET NMPHBECTH K BBINYYHBAHUIO
TnoaseMHoro Tpy6onpopona. [ToatoMy npu pacueTe Tpydonposoaos 6osb-
LIUX NHAMETPOB HEOOXOIMMO ONPEENATh MX KOHCTPYKTHBHBIE TIApaMETPHI
(xkoHdurypauuio ocn TpySomporona, GarLTaCTHPOBKY TpyOONpoBONa, €ro
TIyOUHY 3aJI0KEHAN) U3 YCJIOBUA OOECHeYeHHus MIPOMOILHOM YCTORYMBOCTH.

PaccMotpuM 3arnyGuieHHBli TpyGonpoBoa NMOA AcHCTBHEM SKBHBANEHT-
HOTO CKHMAIOLUET0 YCHJIMA, BBI3BAHHBIX TOBBILCHHEM TEMIEPATYPBI
H BHYTPEHHEro aBJIEHHA. .

~ Ecoiu HecneaoBaTh yCTOWYHBOCTB B COOTBETCTBHHM C PACYETHOMH CXEMOIt,
NPEANONAraroue, YTo A OPAMONHHEHHOH (GOPMEBI BO3MYIIEHHS CKOJb
YTOMHO MaJibl, TO TNOJA3eMHBIH TpYOONPOBOA MOXHO PaccMaTpHBAThL Kak
CTEPXKEHb B JIMHEHHO-YIPYIOH Cpene, T. €. CUUTATH conpomnnenne rpyHTa
IPOMOPLUHOHANLHBIM TIEPEMEILECHHUIO.

-Kak W3BCCTHO, ypaBHECHHE PaBHOBECHS npﬂmonnﬂeuﬂoro CXaToro

CTepKHA B JIMHEHHO-YOPYTOH Cpede MMeeT. BHA
d*y . S
EId 4+S +kv 0, , 6.1)
roe EI—n3rubHas KeCTKOCTh prﬁbr; v—MEPEMEHICHUSA CEYECHHA X
S —3KBUBAJIEHTHOE TIPOMOJIBHOE CXMMAIOMIEE yCHIue; k— koadduupuent

IPONOPUHOHANBHOCTH, PABHBIA NpOU3BEefeHHIO 0606mIeHHOrO KO3QdHUIM-

€HT4 HOPMaJNBHOTO CONPOTHUBICHHA TPYHTA Cyo H3 3(QCKTUBHBIE pa3Mep

CEYCHHMA CTEPXKHS, NPUHAMAEMBIA DABHBIM HAPYXHOMY IHAMETPY TpyGsl.

TIpoBeaeHHbIe IKCIEPUMEHTANBLHEIE HCCIENOBAHHS YCTOMYHBOCTH TpYy-
GonpoBo10B MOKA3LIBAIOT, YTO MCKPHUBICHHA (aKTHUECKH NPAMOIHHEHHOro
~ TpyGonpoBona, NeACTBUTENLHO NPOMCXONAT NpH NapaMeTpax, ONpeaesis-
€MBIX H3 pellieHHs ypaBHeHua (6.1). OpgHako pe3ymbTaThl . pacyera
B COOTBETCTBHM C ypaBHCHHMEM (6.1) maxe NpH 3aHHXEHHBIX 3HAYEHHAX
ko3¢ pUIHEHTA OCTENH MIPHBOAAT (TIOYTH A BCEX YCIOBHIA IKCTLTYaTAILIHN)
K BRIBOZY O 3HAYHTENBHOM 3amace YCTOHYMBOCTM TMOI3EMHEIX TpyGompo-
BoJ0B. B TO ke BpeMs, Kak MOKAa3HBAET OMNBIT  IKCIIYaTAIHH TpyOO-

.

MIPOBOOOB, HMEKTCA CAy4Yan Bblﬂy‘lHBaHPIﬂ OTOCILHBIX 3arny6nemmx

y4aCTKOB. Kaxcymeeca MIPOTHBOPEHE MEX LY peaynbraTaMu IKCIEPHMEHTOB
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Puc. 6.1. PacuerHas MOACTL TOA3EMHOrO TPyOO-
MpoBOAa NPM AHANM3EC €ro NPOJONLHOA YCTOM-
YHUBOCTH ' '

Puc. 6.2. PacueTHas Mopnelb TPyHTa IpPH TOTEPEY-
HBIX BEPTHKAJIBHBIX (BBEPX) MEPEMCUICHHAX TPYObI

M OOBbITOM 3KCILUTYaTallHH CBA3aHO ¢ HEYYCTOM HA$aJIbHOIO HMCKPHUBJICHHS
TpyGomposoga ¥ (aKTHYECKOrO CONpPOTHBJEHMS TIpyHta. S M. Scun
u B. 1. YepHHKHH HccleqOBaIA YCTOHYHBOCTh TPYOONpOBOAA NIPH OOoBILIHX
nepeMemenusax. Kak mokasan aHanms, B paic CIy4acB HHXHEE KPUTHYECKOC
YCHJIHE He SABIAETCS OIPEHEeNAOLAM s nog3emMHoro TpyGompopona.
KpoMe Toro, NMpHHATAas aBTOPAMH XECTKOIUIACTHYECKAs MOMEdb TpYyHTa
JIOCTATOYHO YCJIOBHA, TaK KakK HE YYHTBIBACT 3aBHCHMOCTH CONPOTHBICHHA
rpyHTa OT TIEPEMEILUCHHH, XOTOpBIE MOTYT ObITh 3HAYHTEIBHBIMA.

Jlns aHanu3a OPOMONBHOH YCTOHYMBOCTH TpyOONpoBROJa C HAYaJIbHBIM
UCKpuBJIeHHeM (pHC. 6.1) HeoO6XOJAMMO NPHHATL MOJICJIb TPYHTA, YHHThHI-
BAIOIIYIO HIMEHYHBOCTb ¥ OrPaHHYEHHOCTE (MO 3HAYCHHIO) CONMPOTHUBIICHHA
[PYHTa DONCPEYHbIM INepeMCINcHHAM TpyOonposopa. g mojyucHHS
pelucHEss 00 ycToiyHBOoCTH TpyOONpOBOAA, HMMEHOLICTO HA4albHBIC HC-
' KDMBJIGHMSI B BEPTHKANBHOU IUIOCKOCTH BBINYKJIOCTBIO BBEPX, NpAHUMAaEM
GUIMHEHHYIO MOJCHb TPYHTa (pHC. 6.2), XapaKTEpH3YIOLLYIOCS TEM, 4TO
BHAYajJle C POCTOM TMEPEMELICHHA CONPOTUBIECHHE TIPYHTA BO3pacraer,
JOCTHrasi «IpclAeiabHOro», 3aTeM [PH IMPOJOJIKAIOLIEMCS HEPEMCLICHHH
YMCHBIIAETCA. YTrOJ HAKIOHA HHUCXOLAUIEH BETBH XapaKTEpH3YET pas-
PYLICHHAE TPYHTA 3aCHIIKM M YMEHBIUGHHS CNOsi TPYHTa Hal TpyOod npH
BEPTHKAJIbHBIX [MEPEMEILEHNAX B BEPTHKANBHOM IUIOCKOCTH. :

AHAIHTHYECKYIO 3aBHCHMOCTH CONPOTMBJICHHS TIpYyHTa IIONEPEYHBIM
nepeMellieHHAM TPyObl (CM: pHC. 6.2) MOXHO BLIPa3HTb B BHIE:

/ zj:kv npn 0<v<gq,/k; (6.2)
q=~qnp(1+cp/k)—-cpv 1pH |, qnp/k<,t‘1<H,- _ (6.3)
102 ' e



TOe §n,— TpefeNbHoe COMPOTHBIEHHE MOMEPEYHBIM NEpeMeLUEHUAM TPYOBI
BBEPX; ¢, —KOIQGHIUHEHT pasrpy3ku; H —rﬂyﬁpma 3aTT0WEHHUS (OT Bepxa
3aCHIMKHA 10 HHM3a TPYOH). ‘

. OmanM #3 Haubollee pacHpPOCTPAaHEHHBIX METOIOB ‘pemeHnﬂ moqoOHBIX
HETHHEHHBIX 3ajau SBJAETCS JHEPreTHYSCKMH METOL, OCHOBAHHBIN Ha
aHanmM3e MOJHOH 3HEPrHH CHCTEMBI, B JaHHOM Clly4yae’ CHCTEMEBI Tpy6o-
npoBod—TIpyHT. IIpH HCMONB30BaHHME 3TOro MeToda 3amaroTca GopMoid
BOJIHBl BLINYYHBAHWSA, @ €€ XapaKTEPHCTHAKH ONPEUENSIOTCA H3 YCIOBHA
MHHAMYMa SHEPrHH 10 NapaMeTpaM . BEIMY4eHHOro . ydacTka. [Ipm 3ToM
NPHHEMAETCS 06BIMHO, YTO (OPMBI HAYaTBHOTO M3TAGA H JOMOTHATENBHBIX
nepeMeeHHiA coBnanaroT. IlosToMy mpeAcTaBisieTesl IENecO0Opa3HBIM
HCCNENOBATE BIHAHME pa3JWYHBIX (GOopM HaYalLHOTO H3rH0A U AOMNOJ-
HHUTENbHRIX TEpEMEIICHHH Ha moBelNeHHe cxatoro TpybompoBoma. s
MOJYyYEHHS OOCTOBEPHOTO CpPAaBHEHHA BIHMAHASA Pa3JMYHBIX (aKTOpPOB
HCTIoNB3yeM - 6ostee TOYHbIC pelleHHs, TOMYYeHHble Ha OCHoBe IuddepeH-
[MAJBHOTO YpaBHEHHA paBHOBecHA. I[IpH 3TOM, 4TOOBI TIONYYHTE pelIeHHE
B 3aMKHYTOM .BHIE, OYyIEM pacCMaTPHBATh TOJBKO JVHEAHYIO MOJENs
IrpyHTa, ONHCHIBAEMYIO 3aBHCHMOCTBIO (6.2).

VpaBHeHHE MPOROALHO-NONEPEYHOTO H3rHOA CTEpXHA HA YOPYrom
OCHOBAHMHM WMeeT BHI '
d*v d*v dv,

E[-—+S—+kv-— -

Sdx,

6.4)

rae S—NnpoIoNabHOE - OCeBOE. CKHEMAIollee YCHIHE B CEUEHHH TPYOEI;
k —xko3¢HIHEHT PONOPHACHATHHOCTH; vy H ¥ — COOTBETCTBEHHO HAYAJIb-
HBIH M JOMONHHUTENbHBIA NPOTHOBI B CEYCHHH. '

PacemoTpum nBe opmer HavansHoro mnporuba prﬁonponana'

vo=/foe " 073 [sin(0,75nx/l)+cos(0,75nx/1)] (6.5)
IpH  — 0 <X < + 00;
vom=Jo sinzn(x+;l)/2l npu ~l<x<l ;
Voqy=0 mpr —I>x, x>/, (6.6)

' 3aecr Hawano KOOPIMHAT NPHHATO B CEPEIMHE KPHBBIX, HMEIOMMX CTPEJIKY

HayanpHOTO mporu6a f,: uumexcel I u Il 0603HAYAIOT COOTBETCTBEHHO
7IBa y4YacTka BTOpod ¢opmMbl m3ruda.

IMeprast popma HauansHOro nporuba mo ypapHeHmro (6.5) XdpakTepusy-

€TCA TeM, YTO 34 «OCHOBHOH» BOJNHON JMHHOH 2/ B obe CTOpPOHBI OT Hee
pacnpocTpaHsioTcs ' OBICTPO 3aTyXaloILe BOJHBI C MAJTLIMH aMIUTATYIaMI.
Bo Bropoii ke ¢opMe HavamBHOTO W3rHOa K BONHe JUmHOH 2/ ¢ obeux
CTOPOH MPUMBIKAIOT MOIyOECKOHEHEIE MPSIMO/MHEHHBIE YUACTKH.
& C yderoM. mpuHATHIX PopM HavansHOro mporuda (6.5) u (6.6) 6ni10
HAHJEHO pelIcHHe HeoqHOpoOHoro nud¢epeHUHanbHOro ypaBHEHHA (6.4).
IIpon3BonbHBIE MOCTOAHHLIC ONPENENATUCE A3 TPAHUYHBIX YCIIOBMI # ycmo-
BH CONPAXKEHHS, KOTOPHIC COOTBETCTBEHHO M1IA (GOpM (6 5) m (6.6)
HMEIOT BHI:

' npu x=0' dv/dx=0, dv/dx3=
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mpu x—a v=0, dofdx=0; - (6.7)
npux I vy=vy, du/dx=dvy/dx, dzv,/dx =d*v, /dx?;
npu x=0 dv/dx=0, d*v;/dx*=0. | (6.8)

4

' [Mo MpOM3BOJILHBIM MOCTOSHHBIM ONpeAeTuIH GOPMY IONOTHATENBHbIX
‘mepeMellieHHil  TpyGONpOBONOB, a HCXOJA M3 H3BECTHOTO COOTHOIIEHHS
MeXIy HM3rEOarolHM MOMEHTOM H HepeMeilicHueM M= —Eldlv/dx
[OJIy4HH pacnpeldelicBHe H3rudaolmxX MOMEHTOB MO [JIHHE. :

B COOTBETCTBHH C H3JIOKEHHBIM QJIrOPHTMOM pacyera ¢ NOMOLIbIO
OBM BLIMHCICHBI NepeMellicHHs H H3rHOAIoHEe MOMEHTBl IUIA CTPEJKH
. HavajpHOro nporuba f,=1- -NpH pasnH4YHEbLIX 3HA4YEHHAX MPOJONBLHOTO.
younus S M AR BoJHBLI /. PelueHve BHINONHEHO B Oe3pasMepHbIX
napaMerpax: f,=/f,/i— OTHOIIEHHE CTPEeJIKH HA4aJIbHOro Nporuéa K paigu-

YOy HHepIHH CeucHHs Tpybel; S=S5/2./Elk—OTHOIUEHHE NPOJONIBLHOTO

YCHIHS K KpﬂTPl‘iCCKOH cune mis GeckoHeuHolt 6ankm; /=1I/n*  EI16k—
OTHOILICHHE [JHHBI TOJYBONHBLI H3rMba K [JIHHE MOJYBOJIHBEI, COOTBET-
CTBYIOLUEHi MOTEpe YCTOMYHBOCTH OSCKOHEYHOH Oasku. '
BEIYHCIICHNA BBINOJHEHBI TOJBKO [ ONHOH CTPEJKH HAYaJIbLHOTI'O
nporuba, Tax Kax - BCe BBIYHCIICHHbIC XAPAKTEPUCTHKH NPAMO. NMPONOPLH-
OHAJIBHBI €€ 3HAYEHHIO. 5
' Ha puc. 6.3 u 6.4 npmsencnm BBIYUCIICHHBIE 6e3pa3mepnble IapaMeTphl
MaKCHMANBHOTO 3HayeHMs mnporuba f=f/i ¥ u3rubaromero MoOMEHTa
M=M/2i./Elk nans crpenxs HayaasHoro mnporuGa f,=1 npum Tpex
3Ha4YeHMAX MPOJAOJILHOrO YCcHaMA S. Peluenns 11 nepsoil  GopMsl

-

¥
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a4 F— e - 2%
gil e "% = 43
" =
. S=g25 | g2
a1 F— — g
0 ' ‘ g _ -
152z 25 1 gs 1 15 20 125 1

Puc 6.3. 3aBucumocTb cTpenku npornba  Puc. 6.4.  3asucumocTe  M3rubatoulero
J OT npoaonbHOTO ycHiaMs S W [JUIMHBI  MOMeHTa M OT TNPOACHBHOrO YCHIIHA
BOJIHBI HayaJIbHOrO M3ruba [ (o ypas- S M [MHLE BOJHBI HaYanbHOro MiruGa
HEHUIO pPaBHOBECUA) ‘ - T (no ypaBHeHuio paanoaecua)
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HAYaNBLHOrO mporu6a Mo  ypasHeHnio (6.5) moka3aHsl HAa pHCYHKAx
NYHKTHPHBIMH JIRHUSAMHM, AN BTOPOH Mo ypaBHEHHIO (6.6) — CIJIOLIHOIL.

AHamu3 pe3ynsTaToOB MOKa3zal clefylolnee: HAHOONBIIHE TIOHEpEeYHbIE
HEepEMEILCHUA H HArHbarolmMii MOMEHT HAaXOMATCA B CepeluHe KpHBOI
~ {(x=0); ans BrOpOit GOPMEI HAYATILHOTO H3rHOGA MONEpEYHbIE MEpPeMEIICHUS
HaOMIOAAIOTCH M HA MEPBOHAYANBHO UPAMONHMHECHHBIX y4YacTkax Tpybo-
MpOBOAA; 3aBUCHMOCTH HAHOOJBIIErO NEpeMelleHHs OT MIMHBI HavaJIbHOH
MOJIyBOJTHHI MMEET MAKCHMYM; [JHMHA TONYBONHBI, COOTBETCTBYIOIIAS
MAKCHMAJIBHOMY 3HA4YCHHUIO MPOTHbGa, HE 3aBUCHT OT MPOAONBHOI'O YCHUIHA,
4 OmpedesseTCA COOTHONICHHEM XKECTKOCTH = TpyOompoBoaa U cpeibt
(rpynTa); m3rnGatoMit MOMEHT, KaKk H CIENOBAJI0 OXHAATH, YMEHBINAETCA
C YBeNHYCHUEM HAYAaNLHOH [UIMHBI BOJHEL, JOIMOJHHUTEIBHBIE NPOrHOBI
H HM3rH0arolie MOMEHTHl IIs 06eux GopM HavannHOrO Nporubda GaU3KH
Opyr K JApyry. OTo NO3BoXsfeT CJAeIaTh BHIBOA O TOM, 4To ¢opMa
'HaYaIbHOrO mporuba Mamo BAHSET HA MOBeACHHE TNOA3EMHOro Tpyoo-
MpoBOAA TPH AEHCTBHH MPOJONBHOTO YCHIIHS, ONPEAC/IAIOIMINMH ABISIOTCS
AMILTUTYAA M [JIHHA BOJHBI Ha4aJbHOTO mporuda.

C HConbL30BaHMEM BHEPreTHYECKOTO METOA TAKKE MPOAaHATH3IHPOBAHO
BIMSHHE PA3IMYHEIX QOPM OOMONHHTENLHLIX [ePeMELICHMIl Ha MOBeIeHAe
ckaToro TpybompoBoga. B Tolt ke MOCTaHOBKe 3agauyd M IOpPH TeX Xe
HPHHATHIX O0O3HAYEHMAX MOJHAS DJHEPrUs CHCTEMBI «TPyOOMpOBOL —
IPYHT» NpH NCHCTBHH MNPOAOJABLHOTO YCHIHA Oyaer

X, -

._1 : dzU d(”"‘."o) g dvg\y -, 4 | »
Q_EI{EIdx2+S|: — ] -85 - —kv= > dx. (6.9).

X

Hpunsro, 4ro ammna pmedopMupyemoro. yyacTka mnpu HarpyXcHHH
ocTaercd MOCTOSHHOM, X,, X, —COOTBETCTBEHHO aGCHMCCH Ha4dalla H KOHLA
' 3TOTO Y4YacTKa. HaqaﬂbHyfo ¢opMy maruba TpyObompoBOJA NPHHHMACM,
KaK M paHee, no ypasHeHHsaM (6.5) u (6.6). DopMEl NOMOIHHUTETBHBIX
nepememennn A8 KAKAOTO W3 CNYYAcP 3AUMUIEM B BHIC:

v=fe~ 075>/ I'5in (0, 751rx/l)+cos (0,75nx/1)];
v, =fsinn(x+1)/21,
vy=/sinn(x+1)/2/;
B vy =fsin ft(x+l)/21 - (6.10)

Brrvucnsem 3HEPIHI0 CHCTEMBI B COOTBETCTBHH C Bmpa)xemteM (6.9)
npu ¢opmMax JONONHHTENBHEIX mepeMetnenuid no (6.10). Janee, wu3
YpaBHEHAS pPABHOBECHS, IOJYYCHHOIO M3 YCIOBHS pPaBEHCTBA HEPBOi
BApMALHHM MMOJHOW 3HEeprud Rymo (83/df=0), 6ymeM HMeETh 3aBHCHMOCTH
MEXy CTPENKOH DOMOMHATENLHOrO MpOoTHOa H MPOJONBHBIM YCHITHEM

S N , |
S=f 3= - | 6.11)
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1

‘rae BenM4HHBl A H B BBIMHCIAIOTCA CleAyROLMM oGpasom:

‘ 2,24 2
A1='-P—‘+'3—, Bl'—“l,
1 P _

Ay= 1_32+0,375F, B,=0,935;

A= +0 287%,  B,=0,845; ' ~ (6.12)

3neck HHACKCHL TPH Koacbtbnunemax Au B COOTBETCTBYIOT HHIEKCAM
OpH MEPEMELICHHAX V.
MakcuManbsHBI H3rdbarouid MOMEHT

| M=cyr, | (6.13)
rae Ko3(pduuueHT C, MMEIOMHA TOT Xe¢ uHaexe, 4To A u B, pasen:
C1=4-‘,5/1t, C2=0,5; C3=1; C4;1,5-

AHAJOTHYHEIM 00pa30M BBLIMHCAEHB MAKCUMaJILHBIC JOTMOJHHTE/ILHBIC
nepeMeLIcHEsT ¥ MOMEHTE! [Uia $OpMbl HadalabHOro mporuba mno (bopMyJIe
(6.5), a momomHuTenbHO MO Qopmyne (6.7).

- IlonyyeHHBle pe3ynbTaThl MUIA PASTHIHBIX ¢opM HaAYaJBLHOTO H [JO-
MOJHUTENLHOrO OPOTHOOB HpPH NAPAMETPE MPOAOJNBHOTC YCHIIHA 5=0,45
U CTpelike HA4aJbHOTO Iporuba fo=1 npuBegeHsl Ha pHC. 6.5 B 6.6
CnoIIHEIMY JHHMAMHE, KdK U paHee, MOKa3aHBl pe3yJbTaThI, IOJTyMeHHEIE
ApH HauadbHON (opMe nporu6oB Mo BeIpaxeHUo (6.6), NYHKTUPHBIMA — 1O
BbIpaxkeHnto (6.5). Lludposrle HHACKCH KPHBBIX COOTBETCTBYIOT Pa3/IMYHBLIM
dbopMaM TONOJHHUTENBHBIX NEPEMEILEHHA 1O dopmynaMm (6.10). TIpupenen-
HbIC KPMBBIE TOATBEPXKAAIOT NPEAbIAYIINH BBIBOJ O TOM, 4To ¢opma
HAYaJbHOTO H3rM0a HE3HAYMTEJBLHO BIHUAET Ha OporHd u M3rubarolmid
MOMEHT, 4 (hopMa JONOJBHTENbHBIX MEPEMEILECHHMH OKA3bLIBACT CYyLIECTBCH-
HO¢ BIHSHHE HAa 3TH IOKA3aTelH, OCOOEHHO Ha H3rHOarommid MOMEHT.

Jlna cpaBHeHHS Ha pHC. 6.5 U 6.6 mOCTpPOeHB! KpuBBIEe (03 HHAEKCOB)
IO pe3ynbTaTaM, NOJyYeHHBLIM H3 PpEIUEeHHs YPaBHCHHA paBHOBechs. I3
rpalMKOB ClleJlyeT, 4TO BCE PELUEHMs, OCHOBAHHEIC HA SHEPIreTHYECKOM
MeTOfe, JAlOT TY € Ka4eCTBCHHYIO 3aBUCHMOCTh Nporuda H H3rudaroluero
MOMEHT4 - OT IUIMHLI HA4YaJJbHOH BOJHBI, 4YTO M PpeEUICHAC YPABHCHHA
paBHoBecns. KpuBad Nporu0oB TakkXe XaPAKICPU3YETCHs HANMYMCM Mak-
CHAMyMa, 3HadYeHHe /, UIpH KOTOPOM HMMEET MECTO ITOT MAKCHMYM, He
3aBHCUT OT (OopMbl HAYAJILHOrO H3ruda M JeXuT B HMHTepBane 1-—1,73
B COOTBETCTBHH C I[PHHATOH (GOpPMO# JONONHUTEIBHBIX MNEPEMELICHHA.
Kpusas u3rubarollfx MOMEHTOB TaKXE HMMEET MOHOTOHHBIA Xapakrep,:
a wuaruGarolMi MOMEHT YMEHBINAETCS € YBEJIHYCHHEM [UIMHB! BOJHBL
C KOJHYeCTBEHHOM TOYKH 3pPEHHs HauOOJbllee COBHANCHHE DE3YJILTATOB
B 00JlacTH MAaKCHMATBHBIX IepeMelleHuil HMeeT MECTO Js  (GOPMEI
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Puc. 6.5. 3aBUCHMOCTB cTpeaKH Mporkn6a  Puc. 6.6.  3aBHCHMOCTb  M3rHOZIOMIETO
f OT UpononLHOro ycunus S W JUMHBI  MOMEHTa M OT MNpPOJOJLHOrO YCHIHS
BOJIHBI HAYambHOro Haru6a / (mo sxHep- S W AMUHBI BOJHBI HAYANBHOTO H3rHOa
[CTHYCCKOMY METORY) - ' © | (N0 JHCPTETHYECKOMY METOAY)

JIOMOJTHUTEABHBIX TIEpEMEllleHHH, OMHCHIBaEMON YeTBEPTHIM YpaBHECHUEM
(6.10). Tak xax dhopMa HaYaJBHOTO MPOTHOA MaNO BIUSAET HA pe3yNbTaThI
pacyeTa, TO HpPH UCCISJOBAHHH YCTOHYHBOCTH TpPyOONpOBOAA C Y4ETOM
HEIHHEHHOCTH HHATPAMMEI «CONPOTHBJIEHHE TPYHTA — MepeMellIeHHe» OYy-
IeM CYMTATh, 4YTO HadanbHas d¢opma mnporuba coBmagaer ¢ Gopmoi
BRITY4UBaHUA. ‘ : o

Onpegenum (GoOpMy BONHBI BBITYYHBAHHA TIPH MaJbIX TMEpEMENICHHAX,
paccMaTpuBag TpYOONMpPOBOA KAK CXATHIH CTepXeHb B YIPYToil cpele.
VuuTBIBasA, YTO XECTKOCTh TPYHTA 3ACHIIKH 3HAYHTENLHO MEHBINE XECT-
KOCTH OCHOBAHHSA, M aHAIM3UPYA CJIyYyaH BBIIYYHBAHHUS TpyOompoBoIoOB,
MOXHO JOMYCTUTb, UTO TIPH MEPEeMELIEHHAX TpyOONnpoBoAa B BEPTHKANBHOMI
IUIOCKOCTU 00pa3yeTcs oQHA BOJHA BHINYYUBAHUS, NPUMBIKAIOLIUE YYACTKH
OCTAIOTCS TPAMONMHEHHBIMM, a4 MO KOHIIAM BOJHBI YTOJ TNOBOpPOTA
¥ u3rubarolMifi MOMEHT paBHBl HYMTIO, T. €.

v=dv/dx=d*v/dx>*=0 mpu x=0,L. ° (6.14)

Pemrenue ypaBHeHMs (6.1) mpu rpaHMuyHeIX yenoBuax (6.14) maet
clenyromue 3HAYCHMS KPUTHYECKOH CHNBI U COOTBETCTBYHOILEH. ATHUHBI
BOJIHBI ' '

1 | ' o
Sm=—39 Elk, L,=n*/9EIk. | (6.15)
‘ | 107
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Onpe,ueneHHy}o mpu  3TOM (popmy BOJIHEI BbITYYUBAHHSI nanumaeM
3a HayjaJbHyr0 ¢opmMmy wusrubda

vy =f, sin’ nx/L. | o (6.16)

ﬂOHOHHHTCHbeIC NOMNCpeHHLIC- IICPEMGUIBHHH NpHHHMacM MaJlbIMH,

HO KOHCYHBIMH, M NMpPCANOAdracM, 4TO OHH PaCNpCOcsisiloTCA N0 aHAJIOIHvH-

HOMY 3aKOHY ’ _ ‘
o v=Fsin®nx/L. | 617

WHEIMH  CIIOBAMHM, Mbl CYHTaeM, 4YTo .(QopMa HayalbHOH BOJIHBL
COBIAJaeT ¢ GOPMOM BLIMYYMBAHHSA TPyOOTIPOBOA B Mpolieece JeopManum
M HTO €/MHCTBCHHBLIM HAMCPC 33 MaHHBIM napameTpOM ABJIACTCS CTPEJNKa
HayaJnbHOro mnporuda. -

JTlpH BeINyYMBAHMU IOI3EMHOTO prGOHpOBona conpOTuBJIeHMe TpyHTa
BCpTHKaHLHHM nepeMeIeHuAM (CM. pHC. 6.2) OMUCBIBAETCA B COOTBETCTBUH
C BeIpaxeHueM (6.2) Ha MepBOM y4acTKe IJIMHOW a K BeIpaxeHueMm (6.3)
HAa BTOPOM YYacTKE .BOJIHBL BBUTYYMBaHUS OAUHOU [—a (cM. puc. 6.1).
B nanpmefinem, Tak kak k>>c¢,, OTHOWUEHMEM c¢,/k npeHeOperaem.

OnpepensieM MOJHYIO 3HEPIMIO CHCTEMBI «TpYOONpPOBOA— IPYHT» IPH
MOHEPEYHbIX NePeMEIICHHAX (cM. PHC. 6.1)
I !
1 a’2 d{v+1,) |
D=—<FEl ] d S Rt Ty P

0 ‘ 0

()

a ' !

Q a

3mech O MHTEHCUBHOCTH IIOIEPEYHBIX HArPy30K NPHHAT MHOXHTENb
1/2, Tax KaK 3TH MHTEHCUBHOCTM HpH mepeBoe. OalKM U3 HarpykeHHOro
COCTOSIHMS B MepBOHAYANbHOe OOpaIlaloTcs B HYJdb, M CIEI0BATENLHO,
MO MpHpPOJE CBOCH HOJIKHBI OBITH OTHECCHBI K KATETOPHM BHYTPSHHHX CHIIL.
: HoacrasnseM B Bhlpaxende (6.1) ypaBHEHMs HA4aNbHOTC M JIOHOIN-
" HUTEJILHOT O nporu6on (6.16), (6.17) u nocne HHTETpHpOBaHHﬂ nonyqaeM

~ m 160
3= ;(”-‘QCCO) ?Czd)l(n)+m—2§<bz(n)— | |
m: : "
- 2[Z—<D1(n):|, (6.19)
rae - ) “ '
nn sinmn 1 07 'nn‘ 4 n TH
(1) = - P —sin’®—;
1 (n) T 3055 sin® 5 7508 sin X
sz(n)=cosf2fsin2£2§+2cosn—2'3, (6.20)
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B ¢dopmynax (6 19) 1 (6.20) BeexeHsl cne,uyrouu«le 6e3pa3mepub[e '
BEJTHYHHEL: _ -

~ . 2561 ) _

= e Comfofis C=fli: n=afr; |
my=S,/N, — mapamerp npofonbHOro ycunas; A=5n*El/(41’N, )-—napa-
METp [IMHB! BBIYYEHHOTO yuactka, m, = 10./Elk /(3N )— XapaxTepHCTHKA

yrpyroii paboTsl rpyHTa mp= 10/ Elc /(3N) XapaKTEPHCTHKA - 30HDBI
pasrpysku, rie . _
| N,=/q.,iEF. (62D

OTHOCHTeNbHAA [UIHHA Y4aCTKa yIpyroil paGoTel IPYHTAa ONpEAENSETCH
M3 ycnoBHA, 4TO.v(x=a)=gq, /k

nr=2arcsin.y/ 100/9m2¢.

VCIOBHIO PaBHOBECHS CHCTEMB! COOTBETCTBYET PABEHCTBO HYJIO NMEPROit
BapHAIIHH MOJHOHR 3HepruH. Mcxoasd M3 3roro, onpeAeisecTcs 3aBHCUMOCTD
'MEXZY OPOAOJBHLIM YCHIHEM M [EpPEMEILCHHEM:

5 v 2 6T
my= C+C0{l+ I:fbl(n) ST:Cn sin 2]+

80 3 LT
= D, (1) =2 = |-
+27nl§[ 2(n) S sin® 2] )
. 2 ) N

p

m-|n 2 . Ttﬁ .
_E_}:[Z—Ql(n)—gnCn"SIQ6?:I},_ (6-22) :

rae ‘

n'=— . N (6.23)

3ng./(9m25/100)%3 — 1. :

- JlnvHA BOJHB! BLITYYHBAHHS, COOTBETCTBYyIOIIAA MHHHMaHLHOMy 3Haue-
HHIO MPOJONBLHOTO. YCHIIHA, ONpeNenseTcs H3 YCIOBHA JOmiy/0h =10

m2

2
l;:-jtl[ml(n)+§ncn'sin5%]+ | .}‘

| 80 |1 | 3 | LT :
2o, (n)—2 2
+35 [C 2(n) i sin® 5 } |

2 »
—E[E—fbl (n)—g'TtCn’sin6EE:|. (6.24)
n |4 5 2

[MocTpouM AMATPAMMY 3aBHCHMOCTH MOJHOTO npomﬁa oT nponom:—-
HOTO YCHNHMA B COOTBETCTBMHM C BhIpaxenuem (6.22). HeckoJIbKo  KpHBBIX
PaBHOBECHBIX COCTOSIHHE NpPH pasfIMYHBIX CTPENKAaX HAYANBHOTO Mporuda
{o M XapakTepHCTHKaX I'PYHTA [IPHBE/CHRI Ha pHC. 6.7 (IPOrpaMMUPOBAHHE
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mg BB Puc. 6.7. duarpam-
/‘k Mad «IOJIHbIA MpO-
a, rud — npoxoaeHOE
o Y \ ,‘ . YCUIIHE» C  YYETOM
' NN ' o o YIpYroii M -ynpyro-
2 N ‘ niacTuueckon pabo-

Thl I'pyHTa ‘

-+

.

b

/ | ) — ST E.
1
/ > N
: 16 S A

s 14

0 95 7 15 2 25 J 50,48

U pacyeT Ha OBM- sumonHensl uHx. M. M. KynuneiMm). Cnenys xiac-
cudukanmn, npeanoxenHo# S. I'. [TaHoBKO, HMeeM MOTepr0 YCTOHYMBOCTH
BTOPOr0 poaa, KOTopas XapaKTepH3yeTcs HEMIMEHHOCTREO (B KaYCCTBEHHOM
OTHOIIEHHH) KOHQHUIYpAUMM CHCTEMBI B IPOLECCE e IIOCTENCHHOIOo
HATPYXEHH, CyUIECTBOBAHHEM MAKCHMyMad HATPY3KHM (KPHTHYECKHH CHUIBI
.BTOPOTO PAJa) H OTCYTCTBHEM paBBeTBJICHM $opM ycrowmnoro pap-
HOBECHS. ~

HeTpyIHO moka3aTh, YTO 4acTb (rae omg,/6(>0) KxprBoH PaBHOBECCHBIX
cocTofHuit (Ha pmc. 6.7 —cCmIomHas JHHUA) ABNAETCA ycToM4mMBOH. He-
caenysd MNOJHYH 5SHEpruio cucteMnl (6.19), mosyyaeMm, . YTO Ula 3TOH
 4aCcTH KpHBOH BTOpas BapHalUs TOJHOH SHEPIHH TOJOXHTEIbHARK, IS
npaBoil (Ha pHC. 6.7 —IYHKTHpHAS JMHASA) — OTPHIATENbHAA, TOYKE CO-
€JHHECHHUS COOTBETCTBYCT HYJIEBOE 3HAUCHHME.

Ha puc. 6.8 nprBefieHEl TOACYHTAHHBIE 3HAYEHHS MPOACIBHOIO KPATH-
YeCKOro  YCWIHMS B 3aBHCHMOCTH OT I[IapaMeETpa, XapaKTePH3YIOLIEro
yOpyryro paboty TpyHTa. 3HaY€HHE M, COOTBETCTBYET IKCTPEMAJbHOMY
3HAYECHAIO Mg, OMPEACIIACMOMY BHIPAKCHUAMH (6.22), T. €. TOUKE COeOMHE-
Hus BerBell (cMm. puc. 6.7). Kak crnenyer m3 rpaduka (cM. pHc. 6.8), npu
MaJIBIX HAYAJBLHEIX CTpejiKax mporuda {, napaMerp ynpyroid paboThl TpyHTa -
m; HMeET 3HAYMTEIBHOS BIMAHUE Ha KPUTHYECKOE YCHIIHE, YTO COOTBETCTBY-
eT pesyabraTtaM 3kcnepumentoB [I. I1. boponaskuna u JI. M. beixosa.
EC/IH CYMTATH, YTO Ha BCEM YYACTKE BHIDYYHBAaHHUA TPDYHT pa0OTAaeT TOJIbKO
B ympyrou craaumd, T. €. NPHHATL k=1, TO KpHTHYecKas CW/I4, KaK 3TO
crenyeT U3 BuIpaxeHHd (6.22), Oyner Mgy =M1, YTO COBNANAET C PEILEHHEM
(6.15). TIpu 3TOM. KpuBas PABHOBECHBIX COCTOSHHMHl HMEET acHMIITOTY
my=m,, H AHATHTHYECKOE BBLIPDAXXKEHHE STOH KPHBOH IPHHHUMAET B
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Puc. 6.8. 3aBucuMocTh napamerpa npo-  Puc. 6.9. luarpaMma «KpUTHHECKOE NPO-

JOMBHOIO KPATHYECKOTO YCHNIHA OT Na- JOJbHOE YCHIIHE — HAYANBLHBIK NpOruc»
. paMmeTpa ynpyrod paloTel rpyuta npu ;

PA3NHYHBIX 3HAYCHHNX HAYAILHOTO TIPO-

ruba

[Tpr OoNbHIMX 3HAYEHHAX HAYANBHOrO MNpPorMb6a M mMapameTpa m,
BIMSHHE YOPYrod 30HBI paboTBE IPYHT2 HA TPONOJIBHOE KPHTHHECKOE
YCH/IME HEIHAYHTEABHO (CM. pHC. 6.8), OfHAKO IIPH ITOM CKa3kIBaeTCH
BIMAHME 30HBI pasrpyskd. Ecnu mpeneGpeds BiMAHHEM yRpyroit paGoTsl
TpyHTa, T. €. Cc4UTaTh #=0, TOo n3 (6:22) MOXHO NONYYHTH pPEIICHHUE
B 3aMKHYTOM BHJE

640 P

MuHHMANTBHAS [TMHA BOJHBI M CTPENKA BLITYHMHBAHHS, COOTBETCT-
-BYIOIIIMC TIOTEPE YCTOHYMBOCTH, ONpefensiorea mo dopmynam :
2 _ 160 + mg
®2ME, 4°
1
/8 +2Tnm2 /3207

I'paguk puc. 6.9 mokassiBaer, 4TO HAYANBLHBIE H3rMO, ONpeReNICMBI
B . JaHHOM CIly4yae¢ HavaldbHOH CTpenkoit npormba {,, cHHXaeT cuiy

1

M= e 1 - 6.26)
YN, | 2, o 6

6.27)

Cap (6.28)
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HeydyeTe. HadalbHOro HM3ruba. .

JlocTaTOYHBIX CTATHCTHYECKHX NAHHBIX O HAYAIbHOM n3ru6e MO3€EM-
HBIX TPYOONpPOBOJOB B HACTOsiee BpeMa He HMeercad. B mpakTmke
NPOEKTUPOBAHMA MATMCTPAJIbHBIX TPYGOIIPOBOAOB MEPBOHAYAIBHAA KPH-
BH3HA OBLIYHO onpedenseTcs TONbKO paiuycom u3rumba. Jins mepexona
OT M3BECTHBIX pajJMyCcOoB M3ruba K HavajbHOH CTpedke mnporuba HaMu
¢ noMolublo OBM HccnenoBaloch BIHAHHE pACHpeRclIeHHs HaYajJabHOrO
nporuba Mo JJHHE YYacTKa BLINYYMBAHMA Ha IONEPEYHbIE MEPEMELLCHHUS
CXaToro CTEpXHs B yOpyrod cpeje. AHaIM3 [okasal, 4YTo TpH
DpaKkTHYECKUX pacyeTax TpyOONpoBOROB Ha ACHCTBHE MPOAOJLHBIX
YCHJIHH MOXKHO CHYHTATh, YTO HAYAJIbHBIA M3rHO pacmpenesieH no Beed

JAnuHe, a ero ¢opMma Oau3ka k CcHHycomje. Toraa 3aBHCHMOCTL MeXAy .

CTPENIKOH HavalbHOTO rlpornﬁa W pajuycoM 143rn6a MOXHO BBIPA3HTD
B Bule

Co=5/MoPo) - (6.29)

- rae ﬁO%Géspasmeprlﬁ paguyc usruda

f’olzpov ani/(EI)'. Co ' (6.30)

an ONpCcIcICHHH H HCCIIEA0BAHHH HO.I.IHOI‘H’I SHEPIrUH CHCTEMBI NNpOOOJIb-

HOC YCHJHE SO OPpHHATO NOCTOIHHBIM 1O [JJHHEC H HE3aBUCUMBIM OT

IUTMHBl ¥ CTpejKH BoJHbI BhmyumBanus. I[IpomonsHoe ke ycuiue oT
Harpy3kd (MOBLILIEHUS TEMOEPAaTYPhl U BHYTPEHHETO IABJICHHUS) ONPEIETHM -

Ha OCHOBE HEJHMHEHHOM 3aBMCHUMOCTH MEXIY YCHJIHMEM H NEPEMELLEHHEM,
YUMTBHIBASL CONPOTHBJIEHHE TPYHTA MNPOTOJbHHIM MEPEMELIEHUAM HA INpi-
MOJNMHEHHBIX YYACTKaX, NMPUMBIKAIOIIMX K MECTY - BHINYYHBAHUSA.
Benuunua S, npexacrasaser coboil anrebpaHyeckylo CyMMy BO3JICH-
CTBHA NpOAYyKTa Ha 3arnymky P,=pF. (F.—unomanb TpyObl B CBETY)
_'H mpogoabHoro ycuymusi N, B cTeHkax TpyOsi, Bei3BaHHOro aepopmauunei
TpyOONpoBOga MoJ JeHCTBHEM BHYTPEHHETO RABICHHA M TeMIEpaTyphl:

N

SO=P3—NO, - | (6.31)

Ny -—TNONOXKHNTEABHO HPH PACTAXKCHHH.
HeuspectHoe mpogoabHoe ycumme Nj onpenenaeTca H3 ycnomm
HEPa3pBIBHOCTH MEPEMELLCHUH

uy +u2=0, ‘ ) (6.32)

rae u; M u, —(HKTHBHBIE MPOZONBHBIE NEPEMELICHAS HYJIEBOrO CEYCHHA
YyY4aCTKa BhIYYHBAHHA M TPHMBIKAIOLLETO HpﬂMOJ]HHeHHOTO y4aCTKa.
JAna yuactka BBy YHBAHKS

u1=_j_(du/5x)dx. : - (6.33)
o ‘
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HedopMauus u3ruGaeMoro sJeMeHTa CBA3aHA C NepeMeLUeHHEM He-
JMUHEHHONH 3aBHCHMOCTBIO :

du 1[d(v+ve) > 1 dvy 2 ‘ : -
=—t| —| =) . ‘ 6.34
B dx+2[ dx ] 3\ dx _‘ (6.34)
BoipaxkeHHe IS FAPOACNBHON AchopMand HMEET BHI
' g, =No/(EF)+aAt—po/E, (6.35)

At — IONIOXKHTEIBHO TIpH HAIpeBaHMHU.
Cpasnnbas (6.34) u (6. 35) H y‘IHTI:IBaﬂ 4TO /118 TOHKOCTEHHBIX TpYy6
,u—ZP /F, mony4yaem : :

%——[AtEF+P(l-—2u) 0]—-[‘1("%‘-’—)] +2((j;’) ‘(6-36)

I[Tpon3Beass HHTErpHPOBAHHE B COOTBETCTBHH ¢ (6.33) v Y'{‘CTOM,
' HavyajpHOW ¢opmel u3arnba (6.16) u Beimyuusanua (6.17), umMeem

1 . |
uy=A, —— [aAtEF— P (1 —21)— S, ], (6.37)

| EF | : | '
rug

. TlpoponsHoe mepeMellieHne npﬂmonnﬂeﬁnoro TpybomnpoBofa, NpUMEI-
KalOIIETO K YYACTKY BBEITYYHBAHHSA, OTIPEJIEIACTCA B COOTBETCTBHH C pelle-
aHeM . 4. HcrnonbiyeM ycnosHe Hepa3phiBHOCTH . (6.32), - TIony4aeM
' YpaBHCHHA IUIA OHpENEIICHHs IIpO,ElOJILHOI‘O YCHIIHA B 3anucnmocm oT
HarpyaKH: v
NPH  OTCYTCTBHH Yy4acTKa npenenmoro PaBHOBCCUS TPYHTa npu
npenenmmx NEPEMELLICHAAX - :

A,
= e 6.39
npn HaludIuH Y4acTKa Hpeﬂeﬂbﬂoro PaBHOBCCHS TPYHTA -
: 2A 1 - -
mp.r=mo+“l:\/l+71_,yzlz_.l:|- ‘ '(6'40)

- KpHTepueM OTCYTCTBMS . yuUacTKa TNpEIebHOTO PaBHOBECHS TpYHTA
TIpH TPOJAOJIBHEIX TMepeMEIIEHHAX ABJIAETCH YCIOBHE ' '

" |

2 (e —mo) <1. ‘ (6.41)
3neck NPHHATHL CleAyolMe 0G03HadeHus: m, = [¢AtEF+ P, (1-2)|/N,—
napaMeTp HarpyskH;, %= I,,//N, — XapakTepHCTUKA paGOTm TpyHTa y4acT-

8-Pacuer... rpy&onposonoa : ‘ oy 113




Xa TpeaAeIbLHOrO PaBHOBECHS opH NnpoaoJIbHBIX TICPpEMELLICHAAX,

A= T 012 (5% +2L5,) — Ge3pasMepHoe yINIMHEHHE YY4CTKA BBIMYYHBAHHS.
. IlpoaHa M3MpyeM BJMSHEE HAYAILHOTO OPOTMGA M IPUMBIKAFOLIMX
K MECTY BHIMy4HMBaHHS TPAMOJHHEHHBIX y4aCTKOB HA IPOJOJbLHOE YCHIIUE,
BLI3BAHHOE M3MEHEHHEM TEMIIEpAaTYPhl M [AaBJIEHHS, paccMaTpusasi Tpy-
GompoBol KaK CTEpXKEHb B YIPYroil cpele, CONPOTHBJCHHE KOTOPOIf
BEPTHKAJbLHBIM NEpeMelleHusIM — BelIiYMHa HeorpaHuyeHHas. Torga ¢ yde-

TOM (6.25) Haxoaum

9 1 | :

Vpasuenue (6.39) aBasercs HEJIMHEHHBIM OTHOCHTEJILHO mo, TaKk Kak
BeJMYuMHA A, ompedensieMas B 3TOM ciaydae mo (6.42), ectb (yHKIUL my.
VpaBuenne (6.39) moxuo pemuTs rpadmyecku. Ha puc. 6.10 npupeaeHsl
Irpa¢¥KH, NOCTPOCHHbIC B COOTBETCTBHM C ypaBHEHHEM (0.39) U c: yyeTOM
(6.42). Kak cieayer u3 rpaduxa, O NpsMOJIMHelHOro tpybompoBoaa
(Lo=0) umu B oOlIEM chayyae TpH OTCYTCTBHHM CONPOTHBICHHA TDYHTA
NPOACABHEIM MepeMelieHuaM Tpybomposoga (y/=0} mg=m, ,. 7
C yBeIMYEHHEM CTpEJIKM HA4allbHOTO Nporuda mnapamerp Mg /My
VMEHBINAETCA. YBeMUUeHHe CTEHEHH 3alleMJIcHUs Tpybonposoaa y/ Takke
BBI3LIBAET YMEHBILEHHE M1y, T. €. MOJHOE TIPOJXONLHOE CXHMAIOIEE YCHIIHE
U3MEHSIeTCH OT Sy=oAtEF+ P,(1-2y) npu ;=0 mo S,=0 mpu {,—c0,
a NpoAOJbHBIE OCEBble. HANPSXKEHUA B CTeHKax TpyOm corsacHo (6.31)
OT TEMIEpPaTypHOIO Iepenaja M3MEHATCI OT oArE N0 Hynd, a or
- BHyTpeHHero paslieHHs —oT 0,36, mo 0,5c,. '
Vpapaenus (6.39) nnu (6.40) MO3BOJAOT IO M3BECTHOMY 3HAYEHHIO
KPUTHYECKOTO NMPONOJIbHOIO YCHIUS M [t,, ONPEAEIHTE COOTBETCTBYOLIYIO
KPUTHYECKY1O Harpysky m,,. B aToM ciyuae npu onpeaencHuy A, 3Ha4eHHs
BOJHBI BHINYYHBAHHS A H CTPEJKH Iporu6a { HeoOXOOMMO NpHHEMATh
PaBHBIMH COOTBETCTBEHHO A,, H Uyp. Tak Kak BEJHUHHBI A, H Cep 3ABHCAT
TOJBKO OT HA4YaJbHOH CTpEJIKH nporuba M NapaMeTpoB TIpyHTa, TO
ypaBueHusn (6.35) u (6.40) cTaHOBATCA JMHEHHBIMH OTHOCHTEILHO Mg /Myp.
Paccmorpum  pabGoty HazeMHoro Ttpybonporoga. OcTaHOBHMCA Ha
MOTEPE YCTOMYMBOCTH Ha3eMHOTO TpyOompoBoda, YJIOXEHHOTO B HACHIIH
- ¢ H3ruboM B TOPH3OHTANLHOH IUIockOCTH. PacyeTHyro Mogeils IpyHTa
3€Ch MOXHO TPHHATH AHAJOTHYHO NPHBEJACHHOM Ha puHc. 6.2, OJHAKO
oHa OyneT cmpaBelIMBa IIPH TepeMellleHHAX TpPyObl kak BOpaBo, Tak
M BJICBO B I'OPM30OHTAJBHOH IUIOCKOCTH OT Il€pBOHavaJibHOH ocu. Ha
pHc. 6.11 TpHBENEHBI 3aBHCHMMOCTM IapaMeTpa KPUTHYECKOrO YCHIIHS
M., OT OTHOCHTEJIBHOHM CTpelKM HayaldpHOro mporuba (, OpH pa3juiHbIX
dopmax moTepH ycrouyumBocTH. I'padHKkH moCTpoeHBl [/ NAapaMeTpoOB
m,=4 u m,=1. CIIOWHBMH JHHUAMH TIOKa3aHbl PE3Y/IbTATEl, COOTBET-
CTBYIOLLME IIOTEPE YCTOHYMBOCTH, IPOUCXOAAINEH Mo GopMe JONOJHUTEb-
HbIX MNEPEeMEINCHUH, OTBEYAIOINCH CHHYCOMJE NEPBOH CTEMECHM (Mgoq= 1),
TTyHKTHPHBIMA — CHHYCOHMJIC TPEThell CTENCHH (750, =3). Kaxknas us Tpex
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Puc. 6.10. 3aBUCHMOCTB HPOAOJILHOLO
YCHTMS OT CTPeNKH HAYaJIbHOro nporuda

i
i

Pric. 6.11. Bausuue dopm notepu yeroi- 45 L
YUBOCTH HA KPUTHYECKOE YCUIIHE 7 43 as a9 12 g,

AMHHE COOTBETCTBYET OMHOM M3 (OPM HAYAILHOLO H3rHba (My,.=1-3).

Kak creayet wu3 rpaduka ‘puc. 6.11, ¢dopma HayanpHOro. H3rHOa Mamo.

BJIMSET HA KPHTHUECKOE YCHIHE, ONpEeAeNFIomcH ABIACTCA tbopMa, Io-
IOJTHATEbHBIX NCPEMEIICHHH.

OHEBHIHO, YTO YCIOBUIM paboThl HazeMHOro TpyGompoBosa B HaCHINA
C H3ruboM B TOPH3OHTANBHOH IUIOCKOCTH (BBHAY ONHHAKOBOH KECTKOCTH
I'PYHTa B 3TOH TMJIOCKOCTH) U3 PACCMOTPEHHBIX (JOPM HOTEPH YCTOMYHBOCTH
6onee MOTHO OTBEYAET CHHYCOMAA NMEPBO#M CTENeHH (Mnon=1). 3TOH dopme
(cMm. puc. 6.11) COOTBETCTBYET MeHbllee 3HAYCHHE KPHTHYECKOrO YCHIIHA.

W3 npuBeneHHOro aHanu3a CieAyeT, 4YTO AN MOA3EMHOTO - Tpybo-
MPOBOJA ¢ HAYaJIbHEIM HCKPHBJECHHEM B BEPTHKAIBHON MIOCKOCTH BbIMYK-
JIOCTBIO BBEPX MJK AJI8 TpYOONpoBORNA B HACKIIM C HAYATNbHBIM HCKPHB-
JIEHWEM B TOPH3OHTAJBHON IUIOCKOCTH XapaKTepHA HOTEPs YCTOHYHBOCTH
BTOPOrO poda, KOTOpasA XapaKTepH3YETCA HEM3MEHHOCTHIO (B Ka4eCTBEHHOM
' OTHOUICHHH) XOH(HTYpalMM CHCTEMBI I[IPH HACPYXEHHH W HAJHYHEM

MAaKCHMYMa YCHIIHA. Hpu MaJIoOM HavdaJlbHOM l'[pOI'PIﬁC KPHTHYCCKOC YCHITHE -

onpefenseTcd B OCHOBHOM ynpyro paboToll TpyHTa, KiIaccHYecKoe
pElIeHHME 30eCh COOTBETCTBYET MPAMONHHEHHON HadanbHOH Gdopme; IMpH
3HAYMTENILHOM HaYalbHOM Iporube BiMsHue ynpyrod paboTel rpyHTa
HA KPHTHYECKOE YCHJHE HE3HAUMTEIBHO, ONpEHCHsIoOlcH sABRgeTcA Iina-
cTH4eckas cTagus paboTBl rpyHTA.

Vnpoueniibie 3aBHCHMOCTH /sl MPAKTHYECKHX PAacUeTOB

Taxk - kak pelleHHe B 3aMKHYTOM BHJE€ MOXHO IOJNYYHTb TOJBKO
7 YacTHBIX CNYYaeB, TO AJIA MPAaKTHUYECKHX PACYETOB MO PEKOMEHOANHAM
BHUHUCT ncoone3yroTcs  yOPOMIEHHBIE  3aBHCHMOCTH,  TOJIYYEHHBIE

g ) ' 7 o : 115




C JONYIICHHAMH, n,uyumMH B 3amac  YCTOHYMBOCTH. HpnBeneM He-
OOXOAMMSBIE pACYeTHBIE (OPMYJLI. - :

Kpurtndeckoe mpoacnbHoe ycuiaMe Anid ﬂpﬂMOJIHHeHHLIX Y4aCTKOB
3arnayO0J€HHOTO B TPYHT pr6onponond

2 2 .
_WEl 6uDuLiy
"P . 2 2
Ly  m .
rae c¢y,—Ko3pQHIHEHT HOPMAILHOIO COMPOTHBJECHHSA TDYHTA.

PacuerHas anuHa BOJHEI BBIINYMHBAHNA, COOTBETCTBYHOIIAA MHHHMAIE-.
HOMY 3HaYCHHIO KpP[TH‘lCCKOI“(‘) YCAJIHS

;
' lEI
L,=n . , 6.44
- \/CyoDu ‘ ( ) '
Noxcrasnas 3navenue (6.44) B (6.43), NOJYYaeM MHUHHMAILHOE
3HAYCHHE KPHTHYECKOTO MPOACIBLHOTO YCHIIAA
Nip=2\/¢Cyo D, EL _ (6.45)

KpuTHyeckoe NpomoJibHOE YCHIME M pacdeTHas AJIMHA BOJIHLI BBINY-
YHBAHHA MM TOJ3EMHBIX YYacTKOB TpybompoBoJa ¢ yrjaMu I[OBOPOTA,
OOpalleHHbIMH BBIYKNOCTBIO BBEPX, COOTBETCTBEHHO OyrerT:

‘Sm2El. Sc. L2 ' |
Nep=22 22 2"xe, C (6.46)

(643)

Li  9n?
- 265El | : '
L= — (647
-\
n 1+ 1+——")
Gup o ( q2,pd

TA€ gnp—NPEAENLHOE CONMPOTHBIEHHE TOMEPEMHBLIM IEPEMELECHHAM TPY-
Oompopoaa BBEPX; P, — PACUECTHBI paauyc ocH HM3ruba TpyGompoBona.

MuHEManbHOE 3HAYEHHE KPUTHYECKOrO NPOAONBHOIO YCHIHA IIpH
33/TAHHOM PaCYETHOM pa,zmyce ocH Haruba

=0,375¢,Po- (6.48)

HOHOJIHI'ITeJ'lLHaﬂ crpem(a HpOI‘HGd COOTBCTCTBy}Omaﬂ HOTepe )’CTOPI-
‘IHBOCTH

f Ly
om0t fo= o (649)
1+3-21, ?
qnp

rae c »—NApAMETP pasrpy3kH TpYHTA. ‘

I[Jm HAa3¢MHOTO TpyOOIMpPOBOA, YJIOXKEHHOIO B HACHIMH, ¢ HM3rHOOM
B T'OPH3OHTANBHOMH IUIOCKOCTH T X€ MapaMeTphbl, 4TO H I YJIOKEHHOTO
B TI'DYHT prﬁonponona pasubt

nEl ¢ L},

iz e | ¢ (6.50)

Nyp=
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93.5ET

Li=— TN -~ (6.51)
C . .
n 1+ ———")
! "po( vV amp3 ) |
Kp ='3—'Qpr0=0s212qnpp0- . (652)

CTpemca JOTIOTHUTETBHOTO npomﬁa BEIMHCIIAETCS TIO q)opMyne (6.49).

- Kak orMedanoch, SKBHBANCHTHOE CXKHMAIOMIEE INPOJONBHOE OCEBOE
ycunue OOGYCNOBIEHO H3IMCHEHMEM TEMIIEpATYDHl M OABJCHUS M 33BHCHT
OT nepopMaTHBHOCTH CHCTeéMBl. Kak Moka3an NMpoBeAeHHBIH AHAIA3, TPH
MAanbiX HAYANMbHEIX HMCKPHBIEHHSX NepeMelleHHs CHCTEMBI HE3HAYATENbHBI
H 3KBHBAJICHTHOE CXHUMAIOIIEE YCHIME MOXKHO ONpenensTH 6e3 y4erta
AehOpMATHBHOCTH CHCTEMB. _

Ilpu pacyeTHOM paguyce mrn6a po=21000D, 3xBUBANCHTHOE ycmume

S,.m—So—(ocAtE+02cr,u)F ,' (6.53)

rae At—TeMHepaTyprm nmepenas, MOJOKHTEIbHBIH pH Hal‘pCBaHHH

Oy —KOJTBIEBBIC HANPSOKEHAS. OT BHYTPEHHEro JaBIICHUSL.

‘ Hpn MEHBIIEM ~pacieTHOM pamuyce (p,<1000D,) sSKBHBaNEHTHOE

MPOIOJILHOE YCHIIHE BLIMUCITAETCS TIO GopMyIaM, YYHTHIBAFOIHM npoz[om,-

HbIE CBA3M M «CAMOKOMIICHCAIMIO» CHCTEMBI: '
IPU BLITIOJTHEHUH YCIOBHS

EIfp A,
x 1+2/B

T. €. HpPI OTCYTCTBMH Y4acTKa, MPEAETBHOT O paBHOBCCHﬂ 'TPYHTa, TpH
NPOJONEHBIX MEPEMELIeHHsIX TpyGonposona :

L . EFA,

<1, | (6.54)

Soxn=S8y— , 1(6.55
JIKR 0 1+2/[3 ( )
rie
A= 32L2 (f2+2jf0) B - (6,.56)
. , nD,,cxo
’ B pr 'ﬁ""‘, =[anxp; | (657)

npu HeBBINO THEHHH ycnonna (6.54), T.e. mMpM HATHNYMM YyYacTKa
IIpeJeTLHOIO PABHOBECHS IPYHTA MpH NPOTOBHbIX rrepeMemeHnﬂx Tpy-

| Gonponona .
Y 4A, EF 4 . ‘
L Se=Sy—=| [1+——————=—1]. ' 6.’58
B mpupeneHHBIX Qopmynax (6. 48) H (6.52) HavanbHbIH n3rub 3arny6-
NEHHOTO TPYOONPOBOAA XapaKTEpH3yeTcs PACYETHBIM PaiHycoM p,. B co-
OTBETCTBHH C NPHHATON MOCTAHOBKOH 33a/a4YM MOA PACYETHEIM PAgHYCOM
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‘Puc. 6.12. PacueTHble CXCMbi BCp-
TUKAJIBHBIX BBIMYKJIBLIX YIIOB TO-
&,  BopoTa

Lyp

Po TOHAMAETCH MUHAMAJIBHBIA pamlyc H3ruda OcCH pr6m eCd H3rub
MMeeT MeCTO Ha Bcefl [AJMHE BOJHBI BHIMYYHBAaHMA. ITO OOLIMHO
HabroRacTCd TipH cBoboaHoM (ynpyrom) Harube Tpy6ul. Takum obpasom,
€CIM JUTHHA XOpAbl KpHBOHW 6ONbIIC HIH PaBHA KPHTHYECKOH [JIHHE
BOJIHLL BLINYYHBAHHA, TO B KAueCTBE PacYETHOrO pajmyca NPHUHAMAETCA
dakTryecknif pajamyc ocr m3ruba TpyOwl, T.e.

npu L, <2p sm% Po=P; ‘ (6.59)

rIe p—MHHAMANBHEIA paluyc ocH H3ruba TpyOml: o—yrol MOBOPOTA
OCH Tpacchl TpybompoBoaa.

B npakTHKEe NpPOEKTHPOBAaHHA H CTPOMTENLCTBA TPYOOIPOBOOOB HX .
nOBOPOT (pHC. 6.12) MOXET BLINOJHATHLCS C MPUMEHEHAEM OTBOJIOB (KOJIEH)
MAIIHHHOIO THYTbY HJAH CBapHbLIX. B 3TOoM cCiyyae OOBIMHO YCIOBHE
(6.59) He cobmogaercs, T.e. TepeMelleHHe TpyOonpoBoAa NPOHCXOOHT
00 JIAHE, BKIOYAlolledl M NpPUMBIKAIOUIHE K OTBOJAM MEPBOHAYANIBHO
HpHMOJIHHeHHb[e yuacTkd. Torma, 3Has JIHHY BOJIHBL BBINYYMBAHHUS,
pACUCTHBIH PAZMYC MOXHO ONpeJC/HTh KaK PajuyC KPUBOH, NPOXOASUICH
Yyepes HAY4J0 M KOHEl BOJIHBI BRIMYYHBAHWA ¥ BEPUIMHY yrija NOBOPOTA.
Tak kax [JIMHA BOJIHBI BBINYYMBAHHA 3aBUCAT OT pacueTHOIO pajadyca
ocH M3ruba, TO pelieHHE BBINOIHACTCA METOAOM MOC/]eA0BATEILHbIX
npubnwxkenuii. BHavale 3aaaeMcs BO3MOXHOH ,unpmon BOJIHBI Bbmyqvma-
HHsl, npuUMepHO (40—70) D,.

B 3aBHCHMMOCTH OT CXeMbl OPOKIAIKH 1o (opmynaM (6.60)—(6.64)
OmpejesieM pacdeTHel pauuyc pg. Hanee mo dopmynam (6.47) wmm
(6.51) Haxom¥M pacyeTHYI0 AJTHHY BOJHBI BeinyuuBaHus. s BTOpoOro
npubaHkKeHAsA NPHHAMAEM BO3MOXKHYIO JUIHHY BOJIHBI BLINYy4HBAHMA Kak
cpeaHee 3HAYEHHE MEXAY NPEAILCCTBYIOUIMM M BBIYHCIEHHHIM. OOLIYHO
Tpex-4eThIpEX TPHONMXEHHHA A0CTATOYHO MU ONpPEAC/]eHMs PacyeTHOIO
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pajuyca, 3Has KOTOpEIA mo (6.48) umm (6.52), HAXOABMM KPHTHYCCKOC
TPOAONBHOE YCHIAE M TIO (6.5) wm (6.58) IKBHBATEHTHOE IIpOI[OJn:Hoe=
yCHIIUE.

[lpu npokmagke NOA3EMHOTO Tpybomposoza mo cxeme puc. 6.12, a,
xorga yron o<9°, AnMHA XOpIBl KPHBOi MeHee JIMHBI BONHEI BHITYYHBA-
HASA ¥ JJIMHA KaXIOTO M3 MPAMOJHHEHHBIX TNPHMBIKAIOMIHX YYaCTKOB
Lo, TakoBa, 4TO Lp,+Ly/22 L.p/2, pacueTHBIA pamnyc mruba

o
2L, COS —
PT2

Po= : OL ,
[L,psmi 2p (l—cos 5)]

TJe o-—yroJl [OBOpOTa prﬁonponona B BEPTUKANBHOH TUIOCKOCTH,
p—panuyc M3ruba ocu (xpusoit); L,,— pacueTHas - IMTMHA BOJIHBL BBIIY-
YiBAHUs. _ . |

IMpu npokgamke MOO3EMHOr0 TpyOOHNpOBOAA MO cXeMe pHC. 6.12,6
Opd KOTOpO# pPacdYeTHBIA YYaCTOK COCTOMT M3 [BYX KpPHBBIX BCTaBOK
u npﬂMonHHeﬁHoro : yqacnca MEXIY HHMH, [PHYEM KaKIB H3 YITIOB

(6.60)

MeHee 9° u sm 1 sm L. <L, pacueTHBIH paamyc H3ruba
1 2 2 2 y 4 Kp

: o, ol o'
po=2L{, {nz [L,ptg ! 5 2-+-(L,.p+p1 tg—21+

‘ . —a oy +a o, —0o
| +p2tg%)(sm%2 L _tg 12 2 cos 22 1)]} (6.61)

[Ips mpoknagke MOA3EMHOrO TpybompoBoga mo cxeMe puc. 6.12, s,
NpU KOTOPO# HAa pacueTHo#l MUTHHE JTHIIL OOHH YroJl MOBOPOTd, BHIMOJ-
HEHHEI ¢ MOMOIIBIO KOJeH pagaycoM He bonee 5D, pacueTHBId paaityc
H3ruda _

: 2L, ; ,_ S
Po=—2. | (6.62) .

o
2ty —
)

[pu mpoxnaake NoA3eMHOro TpybompoBoda To cxeMe (puc. 6.12, 2),
Opd KOTOpoit Ha pacyeTHOH [UMHE HMCIOTCA [NBA  Yyrja TIOBOPOTA,
BBIIOJIHEHHBIE € MOMOLIBIO KoNleH (mpudeM p,<5D.), pacHeTHBIA paauyc
u3ruda ’

+ _'oc —o
po=2pr{ [prtg 12a2+an (sm—lz—l-*

_tgalzmzcos%‘;al)}}. © (6.63)

Fcnmu npM Ipokdaaxe TpyOoNnpoBOAOB KpHBas 3aMeHseTCA JTOMAaHOH
AMMMel ¢ OJAMHAKOBBIMH YTrIaMH, 00pa3oBaHHBIMHM KONEHaAMHM p,<5D,
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M o=3—6" H C paBHBIMH DACCTOSHHAMH MEXIY HuUMH (pHcC. 6.12, ), .
TO PACHECTHHIH paauyc H3ruba -

2L2 005"2_%_ . \ ,
' (6.64)

Po= :
[L,p sin n:;i- Lo(n—1)sin al:l

OrMeTHM, 9YTO 3TH pacyeTHple (GOPMYbl. HE YYHTLIBAIOT BJIHSHUA
NPUMBIKAIOLIUX K -PAaCCYUTHIBAEMOMY Y4YacTKy Tpybonpopojga YIJIoB No-
BOpOTa NPOTHBOMOJOKHOLO 3HAKa, 4YTO HAET B 3amac NPOJOJBHOM
YCTOMYUBOCTH,

Urobel HOYYMTh pelteHue, yao6Hoe pis PYYHOIO CHYeTa, HPUHUMAETCA
'Psi/L OTYLLUCHUH ¥ IMIOTE3, KOTOPHIE HE MO3BOJNIOT y4eCTh pd3H006pa3Hﬂ
pacueTHEIX cxeM. Hanpumep, paccMaTpuBaeTcsi TONbKO calydail, Korga
CONPOTHBJICHHE 'TIONEPEYHBIM HEPEMEIICHHAM TpPyOBl OZMHAKOBO HO BCel
AUIMHE - BONHBI BbinyysBanus. Ilpu 3akpennenun ra3zonpoBoia MPOTHB
BBUTYYHBAHHA AHKEPAMH WJM Tpy3aMi palMOHANBHO MX pa3sMELIaTh HE
PaBHOMCDHO HO JUJTHHC BOJIHBl BBHINYYMBAHMS, 4 COCPEAOTOMHBATL BOIIH3H
BEPLIMH yIJIOB NoBOpoTa. PacyeTHbie ¢opMynbl IS 3TOH CXeMBI NpOKIad-
KM NOJIYYCHBI U3 YCJIOBMIH PaBCHCTBA paboT HA HOMOMHUTEILHBIX nepemere-
HUAX I[IONEPEYHBIX HATPY3O0K.

Ecni 0003HAYMTL yAEPKHBAIOLIYIO CIOCOGHOCTL B OKPECTHOCTH BEp-
LWMHLl Ha [JUIHHE @ Yepe3 ¢,, a4 Ha OPHMBIKAIOIMX K BEpLIHHE
Y4aCTkax-—¢,, TO OTHOCHTENbHas JUIHHA, Ha KOTOpol Heobxoamma
MPUTpy3Ka ¢,, onpeiensercs no ¢Gopmyse \

=EarcsinM, a=nl,,. - (6.65)
T q2—d ‘
Ilpu 5TOM DOJKHBI COGNIOIATECA YCIOBHA ¢) <qup M §,>¢,. DKOHOMHS
MOJY4aeTCA 34 CYET TOrO, 4TO BO BCEX CJIydYasx

‘Ianxp/‘h(L —a)+q,a. '(6.66)

Bennuuna ¢, onpeaeifeTcs M3 yCJIOBHS NPOXOJIBHON YCTOHYHMBOCTH -
- TpybonpoBsoga B HOpeANOIOKEeHUH PaBHOMEPHOMH HArpysku mo BCel mnmHe
BOJIHbI BBINYYHBAHHI.

IKCnepEMEHTAJIbHbIE nccnenonannﬂ npono.m.non ycmnqlmocm
MoA3eMHbIX prﬁonponoaon \

OpuH U3 cnoco60B MPOBEPKH MMONYYCHHBIX KAYECTBEHHBIX M KOTHYECT-
BEHHBLIX pE3YJIBTATOB MO PAacHerTy MPOAONLHOH YCTOHYHBOCTH MOZ3EMHBIX
TPYGOnpOBOAOR — AHANK3 ONBITA JKCIIYATALMH. - :

Hami Obina oOcnenopaHa cucTeMa ra3onpoBOOB, NPOJOKEHHBIX
B paiioHax CpefHell A3WHM, W NpPOAHANTH3UPOBAHEI CJIyYaH BHLINYYUBAHUA
OT/IENbHBIX YYAaCTKOB. Ka‘lCCTBCHHb]PI XapakTep BbIIl)('-IHBaHPlﬂ NPHMEPHO
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Puc. 6.13. Tlpodunb yuactka BhImyymBaHuA TpybonpoBoga auamerpom 1020 Mm

oauHAKOB. [lna rasompoBosa amamerpoM 1020 MM UTHHA BOJIHBI BBITTY-
YHBAHWS CocTaBasAna 65—30 M. ITpH 3ToM YeM MeHbIne 6bIT OEpPBOHAYAE-
 HBIE paguyc ympyroro m3rmba, TeM MeHblIE 6bina JNMMHA BOJIHBI
BLINYYHBAHHA. [l Ia30MPOBOJOB, PONIOXEHHBIX ¢ OTBOJAMH MANIHHHOLO |
THYTBA, [NTAHA BOJIHBI BLINTyYMBAHHS COCTABIAIA BCEro 30— 35 M,, CTpeska
nporuéa npH BHITYYHBAHAHE — 0,8—3 M. OnHieM CllyYail BBINYYHBAHUS
MOI3EMHOIO  yHacTKd Tral3onpoBofa auameTpoM [020 MM, koTophli Ha-
XOOUJICA WA PACCTOSHAM OKOJO 10 kM  oT KOMIIPECCOPHOH CTaHIHHA
(puc. 6.13). TasompoBog mnpoxomur mo YYaCTKY, CIIOXCHHOMY CYXHMH
NBUIEBATHIME TIECKAMH 0apXaHHOrO THMA. BLICOTA 3achINKM Ha TIPUMBIKA -
FOIIMX K MECTY BBIIYYMBAHHA Y4YacTKax cocrtaBmsna 0,2—0,3 M Ha
MHQOPMAIIMH SKCIUTYaTHPYIOIEH OpraHn3amym H3BECTHO, YTO ApH paboTe
AEpBOHl OYEepPEeNH KOMIIPECCOPHOM CTAHINH, KOIAA TeMIepaTypa raza Ha
AAHHOM  ydacTke cocrapaana 34° C, rnybmma 3ajoxenus Tpyoel (mo
BepXHei obpasyroeit) B cpenneM 6nima 0,3 M. Hcenonways pe3yastaTh
" TEO/IE3NYECKOH CBEMKH MPHMBIKAIOIIMX K MECTY BBIMTYMHBAHHUS YYacTKOB,
MOXHO - MPEAMOIOKUTE, YTO PA/MyC M3ruba OcH TpPyObl B BEPTHKAIBHOI
- T10CKOCTH  cocTapnan npuMepHo 1000 M. C myckoMm BTOpo#l ouepean
KOMIPECCOPHOH CTAHUMM TeMNepaTypa rala mosbicHmack xo 43° C, wa
y9acTke KPHBOH HA4aJIoCh BRIMYYHBAHAC Ha JJMHEe I5M u cTpenka
m3ruba cocrauna 30 cm. B paneHeiiuem IPU MyCKE KOMIPECCOPHOI ‘
CTaHIIHH Ha TOJHYIO MOIUHOCTE TeMIepaTypa rasa Bodpocna go 48° C,
IpH 3TOM TNPOJOKANOCH JaNbHEHIee BHITYYMBAHMC M CTPETKA MIrHGa
YBETHYHNAcCk 10 308 €M, a ANMHA OPUIOAHATON YacTH MOCTHIIA 66,5 M.

ITo H3MOXeHHBIM pacdeTHHIM QOPMyTaM TNpPOBedEM KOJIUYECTBEH-
HYIO OLCHKY 3TOTO CTyYaf, HCHOJB3YS ONPEAC/HCHHbIE HAMHE . ¢u3uko-
MCXAHHYECKHE XAPAKTEPHCTHKYA IPYHT2: YAC/IbLHBIN BEC TPYHTA Yro=15,4 HM3,
Yrold BHYTPEHHCro TpeHHA ¢,,=16", cnennenne c¢,,=0. [Ipeagenbnas
YOCPKHBAOIIAA  CHOCOOHOCTE  NMPOTHB  IIONEPEYHBIX nepeMeLLeH i
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qup=118 H/cM, xoddduumenT pasrpyskd c,=9,1 H/cm?.  Kputudeckoe
MpomONBHOE Ycujde Mo (6.48) cocTaBiseT N.‘,¢,=4,42-'106 H, xpuTHueckuil
TeMIepaTypHblii mnepenan At no (6.53) paseH 50,5° C. YuutbiBasg, 4YTO
JAHHBLA YY4CTOK MOHTHpOBAJICA B HekaOpe IpH TEMIOEpaType MpHMCPHO
— 5" C, MOXHO CYATATh, 4YTO (PAKTHIECCKHH TEMIEPATYPHBIH wCpenal
OIU30K K pPAacyeTHOMY. '

PaccMOTpMM TakXe ciy4adl BbIIy4HBAHHS OTKPLITOrO TpyOonpoBOIa,
omucanubi . M. Scuusim. Tpy6omposoz ceueHneM 529 X 9 MM HAXOIUI-
cd B OTKPBLITOH TpaHINEE, TPH TEMICPATYPC 33°°C OH BBIDYYMICS.
OnpefeJdM TO PpaHee NPHBEICHHLIM dopMynaM pacueTHbIH paaHyC
BO3MOXHOro ympyroro usru6a. Tlo Qopmyne (6.33)  daxrHiecKoe
KpUTHYECKOC NPOMOJIBHOC —YCHJIME Nep=1,24 -10° H, pammyc ymopyroro
u3rn0a, TPH KOTOPOM MOXET [POU3OHTH BBIIyYHMBAHHE, IO dopmye
(6.48) Gymer p=2820 M. DTOT pajuyc MEPBOHAYAILHOTO u3ruba ocu
Tpy6nl cootsercTBYeT 4300 gMaMeTpaM TpyObl, T. €. IOYTH NPAMOJUHEH-
HOMY Y4acTKy.

Jins aHaiW3a psada JAOUYLUEHHHA M IHOOTE3 BLIABICHUS THNA HOTEPH
. YCTOMMHBOCTH, 4 TaKX¢ KOJMUYECTBCHHOH OICHKH PpE3yJIbTaTOB ObLIO
IPOBEIEHO KCIEPHMEHTANBLHOE MCCICAOBAHKE TOBEACHUS MOICIH [OA3EM- -
Horo TpybompoBoAa HpH ACHCTBHM TPOACIBHOIO CXHMAIOUICIO YCHJIHA.
Tpy6onposox cedenueM 219 x 6 MM OblI YIOXEH B TpPaHLUIE COOTBET-
CTBYIOLIErO - OUEPTAHMSA W COCTOAN H3 IBYX NPAMOJIMHEHHBIX Y4aCTKOB -
wmaoit 29,8 M W 31,2M € Kakaod CTOPOHB OT PACIOJOXCHHOTO
B CpeQdell 4YacTH CBAapHOIO KOJCHA p,=40 D, c yrimoM TmOBOpPOTa
B BepTHKANBHOM IUIOCKOCTH 7°56. BBICOTA 3aCBINKH (mo - Bepxseit 06-
pasylomeit  TpyOe)  coctapmia  h=280 cm, 'TPYHT  MECYaHBI
¢ Yrp=17,4 kH/M® B ¢, =33°. Konnpl TpybonpoBoaa 3ariylieHbl d yCH-
JNeHbl POTHB CMATHA cnenuanbHbMU pebpamu, Tlo konnam TpybonpoBoaa
YCTPOCHbLI GETOHHBIC YIODHI, PACCYMTAHHBLIE HA BOCHPHATHE. CIBUTAMOLICIO
yeunus o 2000 xH. Yceunue Ha 3arjiylueHHBIC TODLbI TpyOonpoBoIa
NEpeadBaIOCh ABYMS THAPABIHYECKUMH JOMKpaTaMu JAr-100. Ha xaxaom
‘aTame HATPYKEHHS TOCHE COOTBETCTBYIOILEH BLIAEPKKA HAIPY3KH duK-
CHpOBAJHCh BEPTHKAJBHBIE MONCPEHHBIC NEPEMEILCHHS IO JUIMHE TpybO-
ApOBONd M MPOMOJLHBIE MEPEMELICHHs KOHIIOB. ‘ o

JKCIePUMEHTATBHAS 3ABHCHMOCTb NPOruda OT MNPOACTBHOTO YCHIMA
(puc. 6.14) coBepIICHHO YeTKO (UKCHPYET HAJMYHEe MaKCHMYMa HATDY3KH,
COOTBETCTBYIONIETO KOHEYHOMY MEPEMEIUCHHIO, T. €. NOJHOCTBIO MOLTBEP-
KIAeTCs TO, YTO JUIS TMOA3EMHOr0 TpyboInpoBoJa, HMEIOLIEI0 MCKPHBJICHUC
B BEPTHKAJBLHOH IUIOCKOCTHM BBINYKJIOCTBIO BBEPX, XdpaKTepHA IIOTEPSH,
YCTOMYHBOCTH BTOPOTO POAA. |

Ha puc. 6.15 npuBedeHbl yOpyrue JHMHAH IOA3CMHOIO YYaCTKa Tpy:
fonpoBoJa IpH [JCHCTBHM NPOJOJIBHOTO  YCHIIHUA. Kak cneayer wu3
pe3ybTaTOB ONbITa, Gopma NONOTHATEIbHBIX [epeMELIECHIA, TPHHATAS
pH aHdnuze ycroiumpoctH mo (opmyne (6.18) u [OKAa3aHHas Ha - pHc. 6.15.
NYHKTHPOM, COTJIACYETCS C pPe3ylabTaTaMH IKCICPAMCHTA.

 IepefigeM X KOJNMYECTBCHHOH- OLEHKE pE3yRLTATOB IKCIIEPUMEHTA,
ompeleNas PAcYETHBIC NAPAMETPHl IPyHTA (UpefeibHbIE COMPOTHBIICRU,
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Puc. 6.14. 3KCHCpHMCHTaHLHaﬂ 3aBHCHMOCTh 'TIPO- NN [
ruba ot npo;:omuoro YCHIIHSA 300 _ _/ N
2500—f

|-
150

i
- | 50
Puc. 6.15. Vnpyrne numwm nomsemuoro T1py6o-
MPOBOAA NMPH IKCNIEPHMEHTAILHOM UCC/ENOBAHUN 0 :
MPOJONBHOH YCTONYHBOCTH : § 10 I5fcu
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YcaobBuste ammemnu, M

3
S

Koacbcbuuuenrbl NIOCTENH H paarpyzm) o paHee I'IpPIBC,HEHHLIM dopmMmynam:
' qup=104,8 H/c™m, c,=1,1 Hjem?, k=4,6-21,9=100 H/cm?, tap=30,6 H/cMm.

3amaemcs I[Jmnou BOJIHEI Beiy4yuBaHust L., =20 M, mo (6.60) Haxozum
Po=060,6, mo (6.47) onpegenseM COOTBETCTBYFOLIYEO Li,=21,2M; BO
BTOpoM TnpuOnmkennn 3amaeMcs L,,=20,9M, mo (6.60) p,=63,4, mo
(6,47) L,,=21 M, T. e. pacueTHas JMTHHA BOJIHEI BLIIYYHBAHNS L., =2095M.
IlosnyuyeHHass OnMHA BOJIHBI BLUIYYHBAHMA paBHA 16 M, T. €. pacxoxIcHHe
coctasngeT 30,8%. OxcnepUMeHTaNBHAA [JIMHA BOJHBl BLIMYYABAHHUN
onpelensiach Kak- paccTOAHHE MEXKIY CEYCHHAMH, IO HaOJIr0ganuch
nonepeyHbie cMmemieHHa. Tak Kak TOYHOCTR H3MEpEHHs = TepeMelleHuit
COCTABNIANA 5 MM, TO 3THM, MO-BHAMMOMY, OOBACHSETCA MEHBIIEE BKC-
MEPHMEHTANBHOE 3HAYEHHE [JIHHBI BOJHbLI BLINYYHBAHHUS IO cpaBHeHmo
C TEOPETUYECKHM.

Kpurndeckoe ' npogonpHoe ycwmue npH L,,=20,95Mm 1o (bopmyne
(6.46) Gymetr N,,=245kH. ®akruueckoe 3HAYEHHE KPHUTHYECKOLO [IpO-
OONBHOTO YCHJIHA, PABHOE pa3HOCTH MEXAY MAKCHMAaJbHBIM YCHIIACM,
OPHIOKEHHBIM K Topuy TpyOonpoBoma, M CONPOTHBICHHEM TPYHTA
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NpOJOALHBIM TEPEMEIUCHHsIM [0 JUIMHE TpybompoBoJa, COCTaBIAIO
349 kH, T.e. Ha 30% BuHie pacueTHoro. boubllee 3KCOCPUMEHTANIBHOC
3HAYEHHUE [0 CPABHECHHIO C PpAaCYeTHbIM OOBACHAETCH HE TOJBKO TeM,
YyTO B NOCHEAHEM I MOJIyYeHHd GoJiee IpOCTOro PEUIeHHS HE YYUTHIBACTCA
BIAMYHHE VIpYrux AcdopMaluii IpyHTa, HO M TEM, YTO MpEAENbHbIC
CONMPOTHBJICHHS TPYHTA HECKOJIbKO MeHblle ¢dakTudeckux.  OT™eTuMm,
YTO KPHTHYECKOE YCHIIME, ONpeAe/eHHOC HCXOMAs M3 JIMHEHHOH Mozesu

IpyHTa Mo wu3pecTHOH Gopmyne N,,=2./EIlk, npepblacT (HaKTHHECKOE

fonee yeM B 12 pas.
BTopo#i 3KCIIEPHMEHT OBLI ¢ rpy60npono;10M TOIO XK€ CEYEHHs

219 x 6 MM Ha yrie MOBOPOTa B BEPTHKAJIbHOH IUIOCKOCTH, BBHIIIQJIHEHHbIM
ynpyruM m3raGoM. JlHO TpaHiien ObUl0 CNNaHUPOBAHO TNO OTMETKAM
TakaM obpaszom, uTOGHI Mo JeficTBMeM Beca TpYOBt mpH yrie MOBOPOTA
6°20" MAHEMAJILHBIA panauyc ympyroro usruba cocrabmsin 210 M. Hemp-
CPEACTBEHHO K KPHBOH ympyroro H3rmba, k cBOOOAHBIM KOHUAM Tpy-
GonpoBoJa, BbUIM OpPUBAPEHB! OTPE3KH TPYO, YIOXKEHHBIE HA JHO TPAHINCH,
nMerolIelt 3amaHHbI  yKkioH. OOwias anMHa Tpy6ompoBoAa COCTaBHJIA
66,1 M. I'nybuna 3anoxeHuss TpyOnl Obula NpHHATA paBHOH 35c¢cM (OT.
BepxHell obpasyromei). I'pyHT 3achHiIKH—TOT ¢, HTO H B paHee
ONMMCaHHOM JKcnepuMeHTe. HarpykeHue TpyOoOmpoBoja OCYIIECTBIANOCH
C HOMOILLIO THAPABJIHYCCKUX JOMKPATOB, ONBIT IPOBOAMICSA N0 METOIHKE,
OIIHCAHHOH paHee.

Xapaktep 3aBHCUMOCTH nporu6a (IOTIOTHATENBHOTO [ICPEMCIICHHS)
OT TPOXOJBLHOTO YCHIMs aHAJOTHYEH MNpPEABIAYIIEMY OJKCIepuMeHTy.. On-
Hako ecnd pamnee (MpH Yrje TNOBOPOTA, OCYIIECTBICHHOM C MOMOILLBIO
OTBOIA) MAaKCHMMaJIbHOMY YCHIIMIO. COOTBETCTBOBAJIO IEPCMELICHHE, PaBHOE
12cM, TO TpH yIjde NOBOPOTR, BBHINOQJHCHHOIO YNOPYIMM H3THOOM,
MaKCHMAJIbHOMY YCHJIHIO COOTBETCTBOBANO NepeMelenue, pasaoe 0,95 M.
MaxcHmanbHoe mpoaoabHoe ycuime cocrasiuso 521 kH. OrMeraM Takxe
pPe3KOe HAPACTAHHE NepeMEIUEHMS B HHCXONAUIEH BETBH [HalPaMMBI
«yCHJIHe—NepeMelnenue». Tak, nocie HOCTIXEHHAS MaKCHMAJIbHOW HArpY3-
KU ¢ JDaJbHEHHIMM pOoCcTOM NepemerneHnil yeunuwo 306 kH cootseTcrBosasio
nepemeinene 21,2 oM. _

CpaBHeHHE PAaCuYETHOIO 'KPHTHYECKOIO ycmmsr OIPEJENeHIOr0 MO
OPUOIIKEHHO METOAMKE, C IKCIICPUMEHTAJbHOR BCJIMYHHOH NMOKa3bIBAET,
YTO ‘pacdeTHO¢ 3HayeHue B 1,8 paza Menblie, HeM 3KCTEPHMCHTAJILHOE.
Pacuernasn 1MHA BOJHBI BLIOYYNBAHMA IPUMEPHO COBOANAET € OIKC-
nepUMeHTAJIbHOH, paBHOH 26 M. '

IlpoBeeHHbIH KCIEPMMEHT MOKa3aJl, ¥TO AOMNOJHHTENLHOE MEpeMere-
HHME, COOTBETCTBYIOIIEE MAaKCUMAaJIbHOMY IPOJOJBHOMY YCHJIMIO, HEBEIMKO.
CnemoBaTeNbHO, KPHTHYECKOE YCHIIME CYLIECTBEHHO 3ABHUCHT OT YNpYrod
pa6oThl rpyHTa. [IpHHATOE YIPOILUECHUE PACYCTHBIX 3ABHCHMOCTEH C LENLIO
NOJy4YeHHs peuleHMs B 3aMKHYTOM BHIE, He Y4YHTHIBAIOLICEe YIPYIYIO
paboTy IpyHTa, MJET B 3anac YCroMyMBocTM. OOHAKO B JaHHOM ciyvac
NpH KPHBBIX YIPYroro M3ruba 3TOT 3amacC 3HAYUTENEeH. DTO MO3BOJIACT
clenaTh BEIBOJ O HEOOXOAMMOCTH B IMPAXTHYECKHX pacyeTax HCHOJIb30BaTh
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Gostee TOYHBIE YHCIIEHHEIE METOMEL, NO3BONIAIOLIHE GoJlee MOTHO OTPA3HTH
- ACHCTBUTENBHBIE YCIIOBUS B32HMONEHCTBHA TPYy6Bl C TPYHTOM.

Taknm o6pa3oM, Ha' OCHOBAaHHH INPOBENEHHBIX BO. BHUUCTe 3k-
CTIEPUMEHTOB, TEOPETHYECKHX MCCiIeI0BaHuil NPOAOJBbHON YCTOHYHBOCTH
H aHaju3a CIyvaeB BBINYYHBAHUS OT/IENBHBIX YHYACTKOB MATHCTPATbHEEX ,
TPYOOIIPOBOROB  H3MOXEHHYIO METOJIHKY pacdeTa IMPOJOTBHON YCTOM:"
YHBOCTH TNOJ3€MHBIX TPYGONPOBOZOB MOXHO PeKOMEHAOBATH . /I MC-
UONBIOBAHMS [PH MPOCKTHPOBaHMM. TIpH 3TOM cielyeT uMeTh B BHIY,
UTO  aHHOE pellleHWe [MaeT 3amac Mo  MpoJoJIbHOM YCTOHYHBOCTH
Tpy6ONpoBOAOB, Tak Kak ¢ ILENbio HOJYYCHHS PpPELIEHHS B 3aMKHYTOM
BHIC YOpOLICHA pacyeTHas MOMENL TPYHT4, HE YYMTHIBAETCS HM3MEHEGHHE
TIPOAOJBHOIC YCHJHA TO [UIHHE y4yacTKa BBLINYYHBAHHSA H UCIIONIb3YETCH
NPHOMMKEHHBIH  JHepreTHYecKHit - MeTom.  Bojiee - TOWHBIC pe3yabTaThl
MOXHO TIOJIySMTh ¢ HCNOJL30BaHHEM Pa3paboTaHHOH MporpaMME pacuerta
Ha 3BM. - :

" TTABA 7 ‘ _ , -
TNPUMEHEHUE METOJA KOHEYHBIX IJMEMEHTOB
K PACYETY JIMHEMHOM YACTH TPYBOI'IPOBO,[[OB

\

VpaBHenne paBHOBECHH CTepXKHEBOr0 JieMeHTa HaNopHOro
TPYGOIpoBOa € YHETOM reoMeTpH4YecKoil W $u3uueckoii
- ReJIHHeHHOCTell -

~ B kavecTBe pacyeTHO# CXeMBI MOT3EMHOrO Tpybonposoaa, npejicras-
JSIOLIETO  COBOKYIMHOCTD - MPAMOTHHEHHBIX | KpHBOJIMHEHHBIX Y4acTKOB,
OOBMHO NPHHHMAIOT CTEPXKHEBYIO cucreMy. MoOXHO. cUMTATD, YTO KaxK bl
KPHBOJIHHEHHBIH ' y4aCTOK NpeLCTABNAET co6oil IUTIOCKYIO KpuByio. Ilpn
COCTaBNICHHH YpPaBHEHHI DaBHOBECHS MPHMEM TaKXKe Pl OONOJHHUTCILHBIX
THIIOTE3. THIOTE3y IUIOCKHX CEYCHMH, MaTepHaa TPY6hI-— H3OTPONHEIH
C HEJMHeRHOW JHarpamMmoi mebopMHpOBaHUd, XapaKTep Harpy>xeHHus
M YPOBCHL HANPSIKEHMA IIO3BOJIAET HCUONB3OBATH TEOPHIO MaJbiX
TIACTHYECKHX aedopManmii, Opornbel Madel 10 'CPaBHEHHIO C JJIMHOIL.
KacatensHbIMH  HanpsikeHHAME H JedopMatsMu CABHIA, BBI3BAHHBLIMH
NEPEPEIBIBAIOIIMMH - CHIAMH M KPYTAIAMH MOMCHTAMH, a Takxe
AedpopMaUMAMH 3aKpyYHBaHMS GyZeM moka npeHebperars, MOCKOJLKY MX
BJMAHME CPABHHTENIPHO HCBCJIMKO, & MX YYeT CYIIECTBEHHO YCIOXHSET
3agavy. . - '

Hamopustii  TpyGonporon mpeacraBuM Kak 3/eMeHT c BHYTPEHHHM
AaBjieHHeM p (puc. 7.1), B KOTOPOM HMeIOTCH NPOONBHLIE HANIPAKEHHA G,
B CTCHKaX TPYOBI, KOJBLEBBIE (TaHTEHIMANLHBIE) HATPIKEHHS. G, OIpe-
JAeTIAeMbIC ' KaKk 118 Oe3MOMEHTHOH -060I0YKH

6y =pD,,/25. N A),
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3 .ﬂ.,. ) Puc. 7.1. PacyeTHasa cxe-

o /f: i ' ” Ma CTEPXKHEBOTO 27eMe-
, s O ITIES HTA4 C BHYT -
5x prct =X FIF] =l S+t JIeHHEM YIDERHIN a8
‘.’ i -l 3] 1 .. | = -_—— dx
| _'/'" AJ,er'- Y &y + déy
d‘ dx . X d‘

Bnn}mue OTGPOIICHHOH H4CTH TPYOBI 3aMCHACTCS yCHIJIMEM
P=ch13=pﬂDgﬂ/420!50qu' (72)

JInsi HAIOPHOTO pr6onp_03011a SKBHBAJIEHTHBIM MPOJOJBHBIM YCHIIHCM
ABNIKETCA PABHOLSHCTBYIOLIASA YCHIHMSA OT NABICHHA B CEUEHHH p M B CTCHKE
Tpy6bl N, E _ : , :
S, =pF_—N,=pnDg/4—0F, (7.3)

roe F—mnioulafb IONEPEYHOro CEUYCHUS CTCHOK TpyOBl.
OTMETUM, 4YTO 3JeCh NPHHSTO CleAylollee MNpaBujio 3HAKOB ans
ycumit: N TIOJOXKHMTENLHO MPH PACTHXCHHH, S—mpu cxartud. llepemelne-
HMS ¥ YCHJINs, a TaKke CONPOTHBICHHC IpPYHTa (peaknum) CBA3M CUHTAEM
BO3MOXHBIM pa3oXUTb HAa KOMIIOHEHTHl MO MIOCKOCTAM H OCSIM. '
Ucxonas M3 TPHHATBIX THUNOTE3, PacCMOTPUM YyCIOBHA paBHOBECHA
GeCcKOHEMHO MAJIOro 37eMEHTa B CIETKd H30THYTOM COCTOSHMA (puc. 7.2).
Cymma TpoeKumi BceX CHJ1 Ha OCh U -

Sv'— (S+dS) (v +dv')— Q+(Q+dQ)+qdx=0. (19

0T6pOCHB YJeHbl BTOPOro Nop#AKd MaJOCTH H pa3[eiuB Ha dx, TOJNYYHM

HepBOE yPABHEHHE DABHOBECHS
dS dv  .d% dQ - |
e dx SH?_E;_-Q_O’ _ | (7,-?)

win B Oosice KOMIAKTHOH QopMe

d [ dv\ dQ :
s ) -=—g=0. 6
dx'(de> dx g=0 ‘ _ (7.6)
x ‘ .
S 2
~ +d
> q+aq dv
|
P ’mdu\s*ds
dy ax
vy ' Puc. 7.2, Cxema paBHOBECHA oNeMEHTA

CTEPXKHA =



CyMma mpoekumii BceX CHX Ha och x

—S+(S+dS)+ 00" —(Q+dQ) (v’ +dv")+1dx=0. - (1.7
. AHamoruyno HIPEABIAYINEMY, MONYy4YaeM BTOpOE ypaBHCHUE PaBHOBECHS
af v\ ds | "
—| Q— }|+=—=r=0. . 7.
dx(de)+dx t=0 N (7.8) .

CyMMa MOMEHTOB Bcex CHn

| —M+(M+dM)+Qdx=0. (9
- Tpetne ypaBHenwe pasHOBecHs g '
M_o=o, - (7.10)
dx ‘

HUcxons w3 npuuATOi HAME TUNOTE3B! MIOCKHX CCYEHH H YYHTHIBAA,
- YTO TpPOTHOBl Majbl MO CPABHEHHIO C JUIHHON, MOXKHO 3AIHCATE

M= —EI, x=1/p=d*v/dx>. ‘ (7.11)
N3 TpeTbero ypasaenus Haxomum . ‘
d [  d* o
dx (IEldxz) , (7.12)

I"fo,ucrannﬂﬂ sHawennss Q mo (7.12) B nepsoe (7.6) n BTopoe (7.8)
YPaBHEHUSI PaBHOBECHS, IIOJyYaeM ‘

d dv d? d?v\ . ‘
ds a'i d*v dv ‘ ’ ' *

Takum o6pazom, M monyuunH CHCTEMY IBYX (1A IUIOCKOM 3aaym)
B3AMMOCBSI3AHHBIX Au¢hepeHHalbHBIX YpaBHEHMH, B KOTODBIX HHTEHCHB-
HOCTH PACPE/ICIEHHBIX TONEPEYHbIX ¢ W NMPOAONBHBIX ! HarPY30K B CBOIO
O4€penr ABIAIOTCA (DYHKUMEH NepeMelneHuii. Ans  mpocrpaHcTBeHHOIM
3allail € yMeTOM pa3fe/icHHss KOMIIOHEHTOB MOIEepeTHbIX nepeMeIeHai
3aIMHCBIBACTCA U TPETLE YpABHEHHE PABHOBECHS AHATIOTHYHO (7.13) ¢ 3ame-
HOW mepeMellleHus v Ha .

C y4eTOM 3HaYeHHS SKBHBANEHTHOTO NPOAOJIBHOTO ycumust no (7.3).
YPaBHCHHA DPaBHOBECHA [ TpyOONmpOBOAOB OYAYT HMETh BH]] '

d dv d? dv\ .

| (pF. —NYE2 L& hadill DS 15)

dx[(P s N")dx:l+dx2(EId.r2) =t a1
d d [ d' dv\ . |
d—x'(chB‘—Nx)—EE(EIF E;)‘*l':() . (716)
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J{ns nonydeHHs 3aBACMMOCTH NPONOJHLHOIO yCHIIHA OT TNepeMeIleHHs
YICTIOJIB3YEM CBSI3b OCEBOH’ npoaoibHol gedopMalul € TEPEMEILCHHEM

du A[(a\* [dy\? [dv)® (w0 C .
o= (2} (L) (S0} —(Z2) (717
0 dx 2| \dx dx dx dx :
U MPOJOIbHOM neopMallMH  OT YCHIIHS, TEMIEPATypHOTO nepenazia
H OAaBJICHHA ‘ \ : '
N, TR} B '
Er0=—taAl——. - {7.18
Jnech och X HATPABEHAd 1O OCM 3NIEMEHTA, v H y— NCPICHIHKYIAPHO
K OCH, u, U M Yy COOTBETCTBYIOLUHE TPOHOJBLHBIC H  TIOMEPCHHLIC
nepeMellicHus, MpHYEM O v M ) NOHHMACTCH noJHBIA poru®, paBHBIA
CyMMeE COOTBETCTBYIOUIHX HAialbHBIX Ug H Yo M HONOJTHHTCIBHEIX D, HY,.
U3z (7.17) u (7.18) HaxomuM 3aBHCHMOCTH TIPOILOJBHOTO yCHIHA

B CTeHKax TpyOH oOT nepeMeLleRHIA _

, du- 1[(d\*> [dy\* [dv, 2
)

dy, \* ' '
—(Eyf) ]}EF—aAtEF+u0mF. o (1.19)

BHyTpeHHEEe OaBJEHHE p H TeMpepaTypHulil mepenaa Af B o0r'1eM
cyyae sBIArOTCS QYHKUMEH KOOPAMHATBI X, T. €. M3MEHAKOTCH 1O JUTHHE
Tpybonposona. OObMHO HX MPEACTABIAT B BUAC JIUCKPETHO NMOCTOSHHBIX
BeJMYMH M B TAKOM BHIE 3aNalOT MPH pacyeTe MPOTSHKCHHOTO y4acTKa
TpyGonposoaa (puc. 7.3). [rowmane TpyOnl B cBeTy £, W TI0oMalb
ceveHHs cTeHOK TpyObl F, spastonmecs GYHKIUAMH AMaMeTpa U TOJILMHBI
cTeHKH TPyObl, Takke H3MEHSIOTCA N0 JAJHHE BCCTIa NHCKPETHO MOCTOSAHHO
(aHajioruyHo pHc. 7.3), Tak KaK MPOTHKEHHBIH Y4acTOK Tpybompopoaa
COCTOHT B oOIIeM clIyyae M3 TpyG, OTBOJOB M KOJICH PA3HOH TOJUUMHBL
a ‘B HEKOTOPhIX Cly4YasX M PpasHbIX JHAMETPOB. Taxoil ke 3aKOH
W3MEHEHHH M0 JUIMHE (JUCKPETHO TOCTOSHHBIA) XapaKTepeH At KOJIbLEBbIX
HATIPAXXEHUH, KOTOPbLIC SBIAIOTCH, COTJIACHO (7.1), dynkuueil . napjicHu,
OMAMETpa U TOJIIHHEI CTCHKH Tpy6ei. B ypasaenus (7.15), (7.16) u (7.19)
BXONAT TAKXKe BEIHYMHB M3TMOHOM XecTKocTM EJ M XeCTKOCTM HA

pat |
b o
. L
| p ‘
/
_ Puc. 7.3. dopMa H3IMCHEHUS JABICHUA
. —ln. H TEMIEPATYPHOrO NEcpenand no [UIHHE
Xy X3 X, X4 X Tpy6onpoBoAa '



'vh v"'

Puc. 7.4. [lonepeynoe cevenue Puc. 7.5. JAuarpamMma.  «MHTEHCHBHOCTD
Tpybonposoaa HaMPAKECHUA — UHTCHCUBHOCTL  medop-
Malum» 4 :

pactaxenue (cxkatue) EF, KOTOphIE /Ul HEJHWHEHHO YIpPYyroro Marepuasna
ABNSIOTCA QYHKUMAMM HANPSKEHHOTO COCTOSHUS. - ‘ ,

PaccMoTpuM cTepxeHs TpyOuaToro ceuenms (puc. 7.4) mu3 ympyro-
HIACTHYECKOTO MaTepHasa, 18 KOTOPOro H3BECTHA AMAIpaMMa «HHTEHCHB-
HOCTD HANPOKCHHSA — HHTEHCUBHOCTD fehopMammny (pUC. 7.5) B B AaibHedIueM, -
KaK yKa3aHo paHee, Oy/1eM UCIIONIb30BaTh TEOPHIO MAJIBIX YIIPYTOIIACTHYECKUX
AedopMauEit M’ METON NEepeMeHHbIX napaMeTpoB YUPYTOCTH.

CoriacHO THOOTE3e IIOCKUX CeyeHMI OTHOCHTEJIbHYKO gehopMaliiio
B TPOU3BOJLHOH TOYKE CeYeHHs ¢ KOOPAMHATAMH ), H v, MOXHO
3anucaTth B BHIE ‘ :

e(y,vy) =g, +x, (7.20)
THe Ep,—oOCeBad MpPOAONbHAs pAeOopManMs B Hayane KOOPOMHAT, CO-
BMCUICHHOM C. HEHTPOM TAXKECTH CE€YeHUs (OCh TPYOBI); %,— KPMBH3HA .
OCH CTEPXHS B MJIOCKOCTH, NEPHEHOMKYASAPHOH kK ocu y,. :

Hanpsxenne B Touke (y,, v,), MCIONB3yda MepeMeHHBbIi napamerp
ynpyroctn E, MOXHO BBIPa3HTh Tax '

G(.—Vls Ul)lﬁE(.Vv ”1)5(}’19 U:)=Eon(1’1, }’1)5(,1’1’ Ul)s (7.21)
rae Eq—Moayns ynpyrocte matepmana; n (v, y,)=E(y,, v,)/Ey— OTHO-
CATENLHEIA Ge3pa3MepHbili MapaMeTp NEPEeMEHHOTO MapamMeTpa YAPYTOCTH.

Ilepemennbiit napamerp ynpyrocrn E (vy, Y1) B COOTBETCTBHH C MHC-
- MONL3YEMbIM METOIOM ONpeneNseTcs HA OCHOBAHRM DMArpaMMbl Jedop-
MHPOBaHHA G;(g;) MO (haKTHYECKOH HHTEHCHBHOCTH HampsxeHHl o:(yy, v,)
B JaHHOH Touke no dopmyre c

_ G/€;
[+(1=2p0) 0i/(3 Ey ) )
YCroBHS paBHOBECHS! BHEINHUX M BHYTPEHHHX CHJ B PaccMaTpUBAEMOM
CCUCEHNH HMEKT BHA :

(1.22)

N=fa(y,, v1)dF;
F

- S Mo,=—~[o (v, 0,)y,dF. (.23)
| ) o
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"IloacTaBHB B (7 23) sHaueHue o (y;, v;) mo (7.21) ¢ ywerom (7.20),
nosyIuM L

Mo, =— [ E(e+%,0,)0,dF. | 0
0y =" |

Ka;xnbm U3 OTHX MHTETPAJIOB - MOXHO pa30HTb Ha [Ba W KAXAbli
u3 Hux, kak orMerun A. B. emmepiunr, Oyaer HMeETh onpeneneﬂﬂbm \

(pu3HIECKUi CMBICI
N=E, (anF +%, Sup b
My, =—E; (g5 S (7.25)

rac miomane F,, CTaTU4ecKHii MOMEHT CONPOTHBTICHHA S,y M MOMEHT
uuepuuu 1 : ‘

+x%,1

nyi y ']J'l)

Fn=5ﬂdF; Swl=fnv1dF; I,,,,l=jnv%dF, o (26)

SBNAFOTCA YIPYTOMIACTHYECKAMH XaPAKTEPHCTHKAMH CEYCHHS, BLIYHCTICH-
HBIE OTHOCHTEJbHO NCHTPANBLHBIX OCEH, NPOXOASIIAX YePe3 T€OMETPHYECKHM
" HeHTp CeucHMs (UEHTPANbHbIC TJABHBIE OCH V; M ;).

 Ons noockoi 3amawn (M,,#0, My,=0) xoopnuHartbl (PEIHIECKOrO
HEHTPa TAKECTH

F: a, =0. (7.27)

a ny

noy nyl/

Jlns Tpy6uyaToro cedeHus, YUMThIBas (cM. puc. 7.4), 4TO 0y =rcosf, a dF= .

=rddf, ynpyromnacTUYEeCKHe xapaxrepncmm CeueHys BBIMHCISIOT 1O
¢bopMyIaM

2n 2n ' 2n '
F,=rd [ ndp; S,, =r8 { ncospdp; 1, =r*d [ ncos?pdp. (7.28)
0 0 0 .
VYpapuenus (7.25) nomyyeHs! [UIS cliyuas, Koria OCH y,H U, TPOXOIAT

Yepe3 reoMeTPUYECKHIt UEHTD (UEHTp THAXECTH) ceueHHs. Eciu TOMecTHTh OCH
B (DHIMYECKOM LEHTPE, HMEIOMIEM KOOPAMHATH OTHOCHUTENRHO OCeH y H v,

BLMHCAeHHBIE IO PopMyde (7.27), To cucTeMa ypaBHEHHH (7.25), Kak IOKa3aHO

A. B. FCMMCpJIHHIOM pacnanaeTcs Ha B3 HE3ABUCHMBIX YPABHEHHA

M, =

y=—Eol %1y (7.30)

riae _ _ ,

Fi=F; g10=8t%,dq,; M, = MUJ,—Na,,,,l; ) _

I, =1, Fam,; My p Ny, _ (7.31)

OTmMeTHM, 4TO IS Hanopﬂoro pr6onponona B COOTBETCTBHMH

c pacyeTHOH cxemoii puc. 7.1, mox BenmuuHOH N clenyeT HOHMMATE

JKBMBAJEHTHOE YCHJIHE S, CBS3aHHOE C YCHJIMEM B CTEHKE TPYyOHI
cootuomeaueM (7.3). ,
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N=EyF, €0, - (7.29)



TakuMm 06pazoM, ¢ YYETOM YIPYroMIaCTHYECKOR paboTel MeTanna Tpyd
paHee COCTABICHHbIC YPABHEHHA PABHOBECHS (7:13) u (7.14), ucnonpzyroiue
runoTely IIockux ceyeHui (7.14) mo dopme (7.30), OyayT crpaBeaMBEL
€CIIH MOJ M3THOHOMH XECTKOCTBIO YIPYroro ceueHus £/ B 3Tux dopMysiax
OyneT MOHMUMAThCS H3CHOHAA JKECTKOCTH YIPYrOMIACTHYECKOTO CEYeHHA
Eyl,,, BouuMcnagemas 1o d¢opmyne (7.31), a mon NepeMeleHHEM U,
OTCYMTBLIBAEMBIM OT TE€OMETPUYECKOH OCH, —NEpEMELICHHE b, =V—a, .,
OTCYHTBIBAEMOE OT OCH, TMpOoXoJsiied dYepe3d ¢u3nueckuid ueHTp O,
YIPYTOMIACTHYECKOTO Ce4eHHA. M3MeHATCA Takke M ypaBHEHHE CBA3H
MexJly poJIoNLHOR NedopMalueii H nepeMemieEHeM (7.17), 1 COOTHOILUEHHE
TepMoynpyroctd (7:18), B KOTOpPHIX, KaK ClEIyeT H3 BTOPOTO COOTHOILLE-
aud (7.31), HeOOXOAUMMO Y4eCTh H3MEHCHHE INMOJOXEHHA HEHTPAaJIbHOH OCH,
T. €. OCH, TIE HaNpsokeHAA oT H3ruba paBHe Hymo. [lox XecTkocTbro
YIPYTOTO CEYeHHA Ha pacTsaxendHe (ckarue) EF OydoeT  MOHHMATbCH
KECTKOCTB ' YIIPYTOmacTuyeckoro cedenus E,F, suiumcnsemas no (7.26).

IlepeiineM k ompefeNeHHI0 YIPYrOMIACTHYCCKUX XAPAKTEPHCTHK Cede-
HUs, IPAYeM HeOOXOAMMO BLIPA3UTh ITH XaPAKTEPUCTHKM, KAK H YPABHEHHUSA
paBHOBecHS, B MepeMettieHusax. [lapaMerp 1, XapakTepH3yrolMid NepeMeH-
HBI MOAYJH YIPYTOCTH, ABAfeTcHd (yHKIMEH HMHTEHCHMBHOCTH HANPMXCHUH,
KOTOpBIE OIS paccMaTpHBAEMOr0 ILIOCKOTO Haﬂpﬂ)KCHHOI‘O COCTOSIHHUA
ONpeNIENAOT MO (popMyJIe

)=+/[o,(B ]2+o,.,-c,, (B) o, - (032
KonslieBrle' HAMPAXEHHA ©,, B Hallled MOCTAHOBKE 3aJaYM HE 3aBHCAT -

OT mnepeMelleHud U onpeaensrorcs mo (7.1), npoaoNbHBIE HAMPAKCHAS
B TOYKE CEYEHHA CTEHKHM TPYOBI, XapakTepu3syeMoH yriaoM [3, OyOyT paBHBI

o, (B)=nE, (ao;—;’—:rcos |3). 3 (1.33)

IMogcrasuB: (7.33) B (7.32), nonyuyuM 3Ha4YeHHEe HHTCHCHBHOCTEH
HANpSKEHHH B (DYHKIIMH IepeMelleHHid v H u, TaK KaK 3HAYCHHE OCEeBOM
JeopManMH OT NEpeMellleHUs OMUCBHIBAaeTCs 3aBHcHMOcThiO (7.17). s
3HaYeHHH HHTEHCHBHOCTH HaIlpsDKEHHH B KaXJOH TO4YKE MO IHarpaMme
o (e;) onpeneNseM COOTBETCTBYIOIIEE 3HAYCHAE WHTCHCHBHOCTH Iedop-
MaIMi B TOll Xe Touke, a no (7.22)—3HadeHHe MEPEMEHHOTO MapaMeTpa
yopyroctd E, a cnegoBaTenbHO, H ero Oe3pa3MepHslii mapamerp 1. [lo
MOC/IEAHEMY, HHTCIPHpPYA B cooTBeTCTBHH (7.28), momydaem ympyro-
IUIACTHYECKHE XapaKTEPHCTHKH CEUCHHS.

B ypasHenme (7.19) BXxomuT Takxke INepeMEHHbIH napaMeTpmxoybdm-
LMEHT MONEPEYHOTO PACHIMPEHHS, KOTOPHIA B COOTBETCTBHH C TeOpHEi
MaJbiX YIPYTOMIACTHYCCKAX ~ AeGopMalliii B METOJOM IMEPEMEHHBIX IIa-
PaMETPOB YIIPYTOCTH BBIYHCIIAETCA IO ONIPENEICHHOMY paHee NepeMEeHHOMY
NapaMeTpy YIPYrocTH M8 TOYKM, XapaKTEPH3yeMoil yrioM [, paBHBIM T/2,

| p=05[1—(1-2u,)n]. (7.34)
Tenepr B ypapnenmax (7.13) u (7.14) HeoOXomuMO ONHCATH HHTEH-
CHBHOCTH MONEPEYHBIX ¢ M MPONONLHBIX ¢ Harpysok. [lpenctaBum oTH
9* | | | 131




MHTEHCHBHOCTHM HATPY30K KaK CYMMY IIOCTOSHHONW HATpY3KH, He 34aBHCAIIECH
OT COOTBETCTBYIOLIMX IlepeMEIICHUI, H NEPEMCHHOMH, OTpaxarowen 3a-
BHCUMOCTS, HAIPY3KH M CONPOTHBJIEHHA OT COOTBETCTBYIOLIMX IEpe-
MeEILCHHH, : ~

g=qo+4; o (1.39)
t=ty+1,. o (136)

Ilpu pacuere TpyOONpoBOAOB, NPOKJIAALIBAEMEIX B PA3NHYHBIX YCIOBH-
fIX,” HATPY3KH, KaK TIOCTOAHHBIC, TaK M IlepeMeHHble, pasauubbl. OOBIYHO
K TIOCTOSHHON YacT¥ INONEPeYHOH HAIPY3KH OTHQCAT Harpy3k# OT MAcchl
TpybonpoBoga ¢ NPOAYKTOM H 0aJUTACTHPYIOLIMX YCTPOHCTB, IpPH Orpa-
HUYEHHBIX NEPEMCHICHHAX — THpOCTATHYEeCKOE BO3JAEHCTBHE BOABLI HA TPY-
donpoBoad H rpy3 m Ap. K nepeMeHHOH 4acTH TONEPEYHOM HArpy3ku
OTHOCAT HAIDY3KM, CBSI3aHHBIE C IyY€HHEM T[PYyHTa, CONPOTHBJICHHEM
[PYHT4 M TDYHTOBEIX aHKepoB u [p. IlpomonbHas Harpy3ka Ha Tpybo-
NPOBOX OOLIMHO OMpEeACIACTCA €ro NEPEMEHHOHM 4acTbl0, KOTopas Xapak-
TepU3yeT B3aMMOJCHCTBHEe TpyOONpOBoAa ¢ TPYHTOM.

Ilpn pewleHMH KaxJ0H KOHKPETHOH 3agavd OOBIMHO (OPMYJIMpYETCs
MaTeMaTHveckasi. MoOJenb B3aMMOJECHCTBHA TpydompoBoda ¢ TPYHTOM
A CBA3AMH. JTa MOACE NPSACTABAACT COBOM CBA3L HATPY3KH ¢ MEpeMeEllle-
HueM ¢ (v) ¥ ¢ (1) ¥ IPH CIOXHBIX HEJHHEHHBIX 3aBHCHMOCTAX OINHUCBHIBAETCH
B BHAE KYCOYHO-THHEHHBIX ¢yHKIMHA. [dna oOmHOCTH pelueHns oObIYHO
H TIOCTOSHHYH) 4YacTbh HaIpy3KM BKJIOYalOT B 3TY MOJedb, CYMTad
KOJMYECTBEHHO, 4YTO OTHOIIEHHME INepeMEUIeHHs K 3TON Harpyske ecTh
Manaf, HO KOoHeyHad BeaMuMHA. QOTMETHM, 4TO ¢CJIM MPOJOJLHAA HArpyska
OOBIMHO , CHMMETpHYHA OTHOCHTENIbHO HAIPABJICHAS = NepeMelIeHHH, TO
nonepe4Has Harpyska CyILIECTBEHHO, 3aBHCHT HE TOJIBKO OT BEIMYMHBI, HO
M HANpaBICHUA MNEpeMELICHUH, OCOOEHHO ‘B BEPTHKAJIbHOH IUIOCKOCTH.
Taxum o6pa3omM, cucremMa JuddepeHIManbHbX ypaBHeHnit (7.15) n (7.16)
COBMECTHO € 3aBHCHMOCTAMH HpPOJOJBHOIO YCHIIMA OT nmepemertenus (7.19),
3ajJlaHHad OUCKPETHO-NOCTOAHHAS 3aBUCHMOCTb TEMIEPATYPHOTO Nepenana,
BHYTPEHHEI O OaBJICHMSA, JUaMeTpa B TOJNIIUHBI CTEHKH TpyOBl mo JUTHHE,
HHTETpaNbHbiE 3aBHCHUMOCTH YIPYTOMJACTHYECKAX XapaKTEPHCTHK CeYEeHHSA
no (7.28) coBMecTHO ¢ YpPaBHEHHAMH IO ONPEOEJCHHIO IEPEMEHHBIX
napamerpoB E #w p mo (7.22) n (7.34), HHTEHCHMBHOCTH HaIpsXeHHH,
onpelenseMeix no dopmyne (7.32) ¢ ysetom (7.33) m (7.1), a Taxxe
3aBHCHMOCTH IONEPEYHBIX H NMPOMONLHBIX HArpy30K OT NepeMelleHHH ¢ (v)
U t(u), ONHUCHIBAIOT pPABHOBECHE CTEPXHEBOIO 2JIEMEHTA HAIOPHOTIO
TpybonpoBoaa ¢ y4yeToM reoMeTpUYecKol ¥ (QU3HYECKOH HEeIUHEHHOCTEH.

Jaxe uHCIACHHOe pelleHHe C NMpHMeHeHHeM J3BM Takux CylecTBEHHO
HEJMHEMHBIX CHCTeM YypaBHeHHH B JuddepeHUMAaNLHOA H MHTErpalbHOM
(dopMax TMPENCTABNAETCA B HACTOAINEE BPEMS NPAKTHYECKH HEBO3MOXHBIM,
ITosaToMy A7%A pellcHus MOCTABICHHOH 3aa4d ONPEJCICHHA HANpPSKEHHO-
ne(OpPMHPOBAHHOTO COCTOAHHA TPyOONPOBOIA HCIOJNB3YIOTCS pa3IUYHbIE
WTEpAlAOHHBIE METOLbl IIPM JIMHEAPH3ALMHM 3aJa4H Ha KaXIOM JTaIe.
pacyera. byaneM cudTaTh, 4TO Ha pacCMATPHBAEMOM 3Tale pacyeTa
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KECTKOCTH El W EF M3BeCTHBI (MM ONpENENeHbl Ha OCHOBAHUH npenmnyme-
ro 3Tana pacyeTa) u He 3ABHCAT OT KOOpOMHATH x. ByleM Takke cuMTaTh,
YTO  M3BECTHO (M/IM ONpPENENEHO Ha OCHOBAHWM MpelBIAYHIET0 93Tamna
pacveTa) 3naueHue JKBHBAJIEHTHOr'O NPOJOIBHOTO ycHamsa S, KOTOpOe TaKke
HE 3aBHCHT OT KOOPAMHATHI Xx. ByJdeM Takxke CUMTATEL, YTO IeOMETPHYECKHS
napaMeTpsl TpyObl, NaBICHHE, TEMIIEPATYPHBIX Mepemaj MOCTOAHHBL Ha
amune. [Ana pasaenerus ypasuenuit (7.15) u (7.16) Ha HezaBHCHMEIE TIPUMeEM
Taxxce, YTO mpHpanienve OECKOHEYHO MalloT0 3MeMEHTa JUIMHBL KPHBOIf

N dv, .
wsl(@) (&) o

M HE 3aBHCHT OT KOOP/JMHATBL X, 4 MOC/HEJHUM CIATAEMbIM B ypaBHEHHH
(7.16) MoxHO mpeHeOpeysb, KaK GECKOHEYHO MANOH BETHUMHOH BBICLIErO
HOpAAKA MaJIOCTH. ByneM T3KXe MPEeANoNaraTh, YT0 3aBUCHMOCTD MOMEPEY-
HOH Harpy3kH OT NepeMeeHHMIL OTMHCHIBAETCS JIMHEHHBIM 33KOHOM

9=4qo—k,0; (7.38)
t=to— k.u. - (7.39)

C yt[eTOM M3JIOKEHHBIX JOMYLIEHAH ypaBHEHHS paBHOBCCHﬂ 6yayT
HMETL BUJ

d4U d2 ‘ . ‘
! ‘EIF d 2+k v=4,; : (7.40)
o B .
EFo—kau=t, (7.41)

Ha neprom JTame pacyera BCe XapaKTEPHCTHKM MATEPHATa TpyGhI
MOXHO NPHHATE YIPYTHMH, & 3KBHBANIEHTHOE YCHIMe S, CYHTas MepemeLiie-
HHS DABHLIME ¢ HyT0, w3 (7.3) ¢ yuetom (7.19) NpuHATH paBHBIM

‘ S=S,=pF,— PG F+AtEF. (7.42)

Pewenne ypapHemnmit (7.40) u (7.41) ¢ yuerom TPAHUYHBIX YCIIOBHH
MO3BOJIET Ha MEPBOM HTale pacuera nonytmTL 3HAYEHHE nepemememm
v(x) m u(x).

3aTeM  THC/ICHHBIM HHTerpHpOBaHMeM B cootrBercTBUA ¢ (7.28) onpe-
RENAOT yNPYTOTUIACTHYECKHE XAPAKTCPHCTHKH CedeHHs. JKBHBAJICHTHOE
~ IPOJIO/IBHOE YCHIIHME IS CNEAYIOMIEro 3Tana pacyeTa ONnpenensieTcs MCXOAs
U3 nonepeqnmx MepeMENICHHH H TPAHHYHBIX YCIOBHH N0 KOHLAM

!

_ “t_-“b 1 @ z (dvg . ‘ | 1
S—So—[ n +2f[(dx) (dx) ]dx]EF. (7.43) |

Koad¢duiuenTs! MponopuuoHatbHOCTH MEXIY HHTEHCHBHOCTBEO Harpy3-
KH W MepeMelleHHeM k, U k. YCTaHABAUBAIOT MO 3HAYCHUAM MEPEMElICHHH
v H 4, HAXOOAT HA MpeIbIAYLIEM 3Tame pacyera. :
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Jivueapulanus 3afayd Ha KaX/JAOM 3Tale M NOJYYeHHE MEPEMEHHBIX
MApaMCTPOB Ha OCHOBAHMH PE3yJbTATOB [PEMBLAYLIETO 3Tana pacdyera
MO3BOJAET TPHMEHHTh MpeAnaraeMhlil cmocob st MeToAa KOHEYHBIX
JEMEHTOB. ‘ : ‘

.

Buﬁop KOHEYHOT'O - JICMEHTA H €ro CBOHCTBA

B ocnony MeYoJa KOHEYHBIX DJJIEMEHTOB TIOJOXKCHO PACHICHCHHC
paccMaTpHBAEMOH KOHCTPYKLHH Ha 3JCMEHTBI HOPOCTOH TI'eOMETPHYECKOH
xoHpurypauud. COYJEHECHHE OJJIEMEHTOB OCYILCCTBIACTCA B y3JaxX, B Ko-
. TOPbIX MOJHOCTBIO YROBICTBOPAIOTCH YCJIOBHA PABHOBECHS M HEPA3phIB-
' 'HOCTH mepeMeineHui. BbIOOpD KOHEYHOrO 3/ME€MEHTA ONpPEACNACTCA BO3-
MOXHOCTBHEO) ONHCAHUSI TEOMETPHH DPACCYUTHIBAEMOH CHCTEMBI, pacYeTHOH
MOJENBI0 KOHCTPYKIMH, OTHOCHTEIBHOH DPOCTOTOH NOJYHMCHAS MATPHIbL
WECTKOCTH WIH NOAATIMBOCTH, OTpaxaroulel paboTy KOHCTpPYKLHH, BO3-
MOHOCTBIO y4eTa HEJIHHCHHOCTH MaTepHana M CBA3cH M Jp.

Jlns pacyeTa JHMHEHHONM 4YactH TpyOOmpoBO#4, COCTOALICH M3  Nps-
MOJIHHEHHBIX M YIPYTOM3OTHYTHIX Y4acCTKOB (¢ Majoi KpPIBHBHOH) Ha-
#6osee yOOHBEIM KOHEYHEIM 3JIEMEHTOM SBJIAETCA OMHOMEPHBIA JTUHEHHBI
aneMedT. KpuponuHeHHEIE YJacTKM B 3TOM CIy4a¢ 3aMEHAIOTCA COBOKYII-
HOCTBIO - JIMHEHHBIX 3JEMCHTOB, ﬂnmmmnxcn CTOPOHAMH  BITMCAHHOI'O
MHOIOYTOJIbHUKA., .

OcobBeHHOCTBIO HOIL36MHOT0 TpybompoBoaa ABIKETCA HaJIH4YUC CBA-
jefi —rpyHTa, OKkpyxarwinero TpyOy. [IpHdyeM ecim B KayeCcTBe PacYCTHOH
CXeMbl TPYOONpOBORA NPHHMMATL CTEPXKHEBYK) CHUCTEMY, TO TPYHT IIpH
BO3IEHCTBMU Ha TpYOONpPOBOH TPOJOJBHOIO YCHIMS M [ONEPEYHOH
HArPY3KH OT BbITAJIKHBAIOIICH CHJBI BOJABl HMrpacT poJib HE HATDY3KH,
a conpoTHBieHusa. CONPOTHBIIEHHE I'DYHTA MEPEMELICHUAM TPYObi 3aBUCHT
OT HamnpapjieHHd U nepemeineHus. IIo3ToMy B KadeCTBE KOHEYHOIO
37E€MEHTA HCIOJL3YETCA JHHEHHBIH 3JEMEHT € PAaCIpEqeICHHBIMH CBA3AMU-
no ero mmuHe. KpoMe TOro, HeoGXO[AMM YYET TeOMETPHUYCCKOH HEC/IHHEIH-
HOCTH CHCTEMBI, OOYCJIOBJICHHBIA NPOOBHO-NONEPeYHbIM H3ruboM. Ecmm
NpPOAONBEHOE YCHJME MOCTOSHHO IO JJIMHE, 4 PeakUMH CBS3¢H MpOMOp-
LIHOHABHEI NEPEMEIICHUAM, TO CYIUECTBYET JIHHEHHAA 3aBHCHMOCTL MEXIY
Y3J1OBHIMM YCHIMAMHM H IE€PEMEINEHMSIMH. OJTO TO3BOJIAET HA KaXIOM
3T4lle PacyYeTd MCMOJB30BATh OJHY H Ty %€ 1o GopME MATPHUILY KECTKOCTH
WIM IONATIMBOCTH, MEHSA TOJIBKO XAPAKTCPUCTHKHM 3JieMeHTa. Takum
o6pa3oM, B KavecTBe KOHEYHOTO 9JJIeMEHTA IPWHUMAETCH JIMHCHHRIH
3JEMEHT OIIPEIEICHHOTO pa3Mepa ¢ HOCTOSHHBIM MPOJONBHEIM YCHIHEM
. M YNPYTHMH pacnpeAec/IcHHBIMA IIOIICpe‘lHLlMH H HpO,IlOJILHI:-IMH CBA3AMH
o JUIKHE.

JIMHA KOHEYHOrQ 3JIEMCHTA ONpeACsAeTcA AN KPHBOJHMHEHHBIX Y4acT- -
KOB KPHBH3HOH W YIJIOM MOBOPOTa, a AN NPAMOJIMHEHHBIX YY4CTKOB —
MMHHMAJBHOH M MAaKCHMAJBLHOM ANMHHOH M3 YCJIOBHS TOYHOCTH BBINOJI-
HEHMS PpEIICHHS YYUCICHHLIM MeTogoM Ha OBM. Kaxasli KOHEYHBIH
9JIEMEHT AOJDKEH 00NlagaTh NOCTOSHHEIMH cBoiicTBaMH. IToa 3THM noHHMa-
eTCs, YTO B TIpeAeliax .3JIEMEHTAa BCE MapaMeTphl— AHAMETD H TOJILHHA
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CTeHKM TpyOBl, paGodee JgaBlieHHe, TeMICpaTYpHBIA nepenan, KaTeropHs
y4acTka, QM3MKO-MeXaHH4YeCKHe CBOMCTBA TpYOBl, (UIMKO-MEXaHHYECKHE
CBOWMCTBA. rpyHTa, YPOBEHb OOBOMHEHHA, THI H YHUCJIO 3aKPELIAIONIMX
YCTPOHCTB JOMKHE OBITh OJWHAKOBH. CleaoBaTelbHO, Y3JOBBIE TOYKH —
MECTd CTBIKOBKM 3JIEMCHTOB 00A3aTeNbHO HA3HAYAIOTCA B CEUSHHAX IIO
IUIHHE PACcCYMTBIBAEMOTO , yYacTka TpyOompoBO/a, KOTOpBIE ABIAIOTCA
TpaHHnell W3MEHEeHHs 3THX TApaMETpOB.

JInsi- yyera ¢U3MYecKoil HEMUHEHWHOCTH Cpeabl, B3aUMOACHCTRYIOLICH
¢ TpybompoBogOM, a TaKXke MaTepHana TPYO HCOONB3YETCH MeTON
TEPEMEHHRIX MMAPAMETPOB VIOPYIOCTH. DTH MApaMeTphl OMNpedeNstoTCA Ha
OCHOBAHHH Pe3yJIbTATOB pacyeTa MepeMelieHMd H xedopMauuid, mosiydes-
HEIX HA TPeABIAYINEH HTepalliM, B OJHOM WM HECKONBKHX CEYCHHSX TIO
amaHe  aneMenta. C  menpro  Oojlee TIOMHOrO yyeTa HeENHHEHHOCTEI,
OPHHATHIA HMCXOOM M3 paHee YKa3aHHBIX YCIOBWI, - JIWHEHHBIA pa3Mep
KOHEYHOTO 3JIEMEHTA TPU OXUIaeMbiXx OOMBLIMX NepeMelleHuaX (medop-
MAaNKaXx) OOJKEH OBITh yMeHbilleH. J{IA TNpakTHYECKAX pacyeToB Ha
OCHOBAHHH YHCJICHHEIX 3KCICPUMEHTOB pa3padoTaHbl PEKOMEHIAUWH IO
pa30HBKE CHCTEMBI HA 3IEMEHTHI. '

VpaBHenue nepeMeilieHuii M yCHJIHMil IS KOHEYHOro 3J1eMeHTa

OGHYHO MATPHILYy JKCCTKOCTH WM MONATIMBOCTH U KOHEYHOTO
JNEMEHTA IOJIYYalOT JHEPreTHYECKAM METOA0M C MCIONB30BAHHEM HaTIepeNl
3ajgaHHoii dopmel nepemeitenmii. C Uenpl0 Oojiee MONHOrO y4era Jcii-
CTBHTENBbHOH OpMBI H3ITHOA IPH HATPYXKCHHMH MATpHIA  KECTKOCTH
H MOJATIMBOCTH TIONyYeHa Ha OCHOBAHMH ypaBHeHHs m3ruba. duddepen-
UMATBHOE YpaBHEHHE PaBHOBECHA — MPOTOJIBHO-TIONIEPEYHOTO H3THOA KO- |
HEYHOTO 3JeMEeHTA—C paHee ONHCAHHBLIMU CROHCTBAMH WMEET . BHJ '

d*v _d*v

EI ~—+8 ——+ko=0, (144) -
rae EI—u3rnbHas >eCcTKOCTh TPYORL' S— 3KBHBAJEHTHOE IPOJONBLHOE
yCHIIHE, TOCTOSHHOE TO /IHHE 3JeMEHTa M B JIHHEHHOH MOCTAHOBKE HE
3aBHCAIICE OT TEpeMelIeHHs, MMOJIOKUTEIBHOE MPH CXaTHH; K —Koad-
HULHEHT NPOMOPIHOHAIBEHOCTH MEKTY COMPOTUBICHHEM W MEPEMEIICHUEM.

Peureave ypaBHenus (7.44) B ¢opMe HAa4YaTbHBIX MapaMETPOB B Mart-
PHYHOM BHJE ' :

7(x)=0(0)4 (x)+ B(0)B(x);

B(x)=0(0)C(x)+P(0)D(x). (7.45)

B 3THX BBIpaxkeHWsX MaTpHma #'(x) m P(x)— mepeMellieHus (JTHHEHHOE
U YrIOBOE€) M- BHYTPEHHHME YCHIMSA (M3rHOaroIMi MOMEHT M HONepeyHas
CWiIa) B TPOH3BOJLHOM CCYEHMHM CTEPKHA X

| ﬁ(x){;((?)]; " p(ﬂ:[%”&)} (7.46)
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a Matpuupt 7(0) 4 P(0)—nepeMemeHus U BHYTPCHHHE YCHIIHS B ‘Hayab-
'HOM CEYECHHH CTepXHA

5‘°)=[fp((()<)))]; F WF[ﬁm - ‘ 747

OTMeTHM, 4YTO 31ech MOJ NONEpeYHol CHIOH MOHMMAETCH CHJIA, HANpAB-

 JICHHas NEpIECHAMKYJIAPDHO K HededOpPMHUPOBAaHHOM OCH cTepxHA. Bribop
TAKOTCO HAaNpaB/eHUA MNoNepeyHoll cuibl o0BsicHAETCS HEOOXOAMMOCTHEO
MOCTPOCHHA MATPHIUbI KECTKOCTH WIH NOJATJIMBOCTH MPH (bmccuponaﬂuon
CHCTEME KOOPAHHAT.

Oyrkmur A4 (x), B(x), C(x), D(x), onpenenﬂmmue H3MEHEHHE [Ie-
peMelIeHMd H yCHJIMH IO JJIMHE 3J€MEHTA, HaXOOATCH M3 pelIcHHA
nuHeHHoro aud¢epeHUHaNbHOTO ypaBHeHHA (7.44) TpH 3aJaHHLIX T'paHHY-
HBIX YCJIOBHMAX C YYETOM CBSI3H MEXIYy YCHIMAMH H MepeMEUICHAAMU

/ dv ., . d*v  _dv
M(x)=—EI—5; Q(x)=—El5+S—

3anuiteM HCKOMBIe QYHKIHH Yepe3 napaMeTpsl R;, KOTODBIE HAXOAATCA

B 3aBHCHMOCTH OT KOpHeill XapaKTepMCTHYECKOTO YpaBHEHHS:

' R, Ry - R, R
Ax)=|"* ">V B{x)=—VEI| * |
77| Rg R R, R,
: ‘Rg R R; R ‘ |
Clx)=-£1{ " ® 7 D(x)=|° | © (749
) [RgR] ) [R RS U
Hepebtu cayuvai. SZ/4EI>k S>0 k>0. Kopﬂu xaparcrepucmllecxoro
YPaBHCHUA (7.44) |
| o [S S\ k.
T\ 2EI \J\2El] EI
s /s &k -
= [—= =) ——. 7.50
" 2EI+\/(2EI) EI (7.0

OGo3uauus Qynxnun P,

(7.48).

®, =sinvx; ®,=cosvx; D;=sinpx; o, =cosuux,, (7.51)
HaxoJMM mNapamMetpbl R, ‘
v, —pd, _ -9, _ VO, —p®;
vuld

R1=

136



(7.52)

rae “
| H=vi—p? S (7 53)
Bmopou cxtyqau SY4EI>k; §>0; k=0, Torma cormaceo (7 50)

v=0, n=S/EL. (7.54)

HAns HaxoXmeHHs mapameTpoB, R; ama 3Toro ciydas packpbIBaeM
HEONPENEAEHHOCTH No mnpasuny Jlonmurtans .

vsinpx—psinvx  px—sinpx

=i = :
T u?
l—cospx _  sinpx . . -
R2=*2—ux; Ry= ux; Ry=1; Ry=cospx;
BT | M
R=0; R,=—psinpx; Ry=0; R,=0. (7.55)

Tpemuii. cayuaii: S*/AEI>k; S<O0; k=0, torna

v=0, 'u=~‘ /—SJEI | (7.56)

Hcnone3ys cooTHOIIEHAs Mexay Tpuronome'rpuqecxnmu n ranepbonuyec-
KEMH QyHKIHSIMH, Haxomm 13 (7.55)

shux px chpux—1 shpx
R1=‘_" —3 '_; R2= 2 "; R3= .
H . n H
R,=1;, Rs=chpx; R,=0; : :
Ry=pshpx; Ra_o Ry =0, | - (1.57)

. Yemeepmeni cayuaii: S=0; k=0. Pacxcpmnaﬂ HCOI‘[peﬂe.TICHHOCTH H3
Bmpaxcenma (7.55) wmm (7.57), Haxomum

3 2
- Rl—%; R2=x7; R3—x, R4—l,
| R;=1; R6=‘R7=R8=R9=O- v. L I(7'58)

ITameblit cnytlazi' S*/4EI>k; k>0; S<0; Torma

V“\/ 21 Y, ZEI) EI'

\/ T3E 2E1) S e
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1

3peck @, =sinivx= —(shvx)/i; ®,=chvx;
@, = —(shux)/i; @,=chpx; H=p>-v’. (7.60)
DJieMeHTHl R, onpenenmiorca mo teM, ke dopmynam (7.52)

;vi(—.sh px)/i—pi(shvx)i vshpx+pshvx,

! vipiH | vuH
chpx—chvx —vshvx+pshpx
2=———_H ; 3= - H - ;
_—v’chpx-kpzchvx_ R _—vz‘chvx+512'chpx'
4 ' H P H ’
2 2 .3 3 ‘
v shvx — v pushpx p* shpx—v?shvx
o7 H - &= H o
R8=vz“2(chvx—Chpx); Rgzvp('—u3shvx+v3shpx)‘ (7.61)
H H :

Hlecmoii cayuait: S*/4EI<k; $>0 wm S<0; k=0. Kophu xapak?
TEPUCTHYECKOr0 YPAaBHEHNA '

s T
TN V4EI 4ET | |
[k s
= —t—. . 7.
P 4EI+4EI ‘ (7.62)
Ob6o3nayus ¢yHkuuu @; depes :

@, =shaxsin Bx; ®,=chaxcosPx; ®;=shoxcospx;

®,=chaxsinpx; H=2ap, - (7.63)
 HAXOIUM napameTps R, -
o, —po @ O )
R1=E—2-4—[3—3; R2=_l; R3=0"__4_+_I%_3;
(e +P*)H H H
g B0+ 20RO, _(22—p?) @, +20p0,
4 | H ’ 5 : H ls‘
R ;__(“2""32)('3@3’;0‘@4), R =B(3°‘2—Bz)@3+0€(dz—3|32)d)4. ,
6 o H ’ 7 H y
—(o+ B2 D
24 B2 :
Ry=> HB [B(B?—30?) By + (o> —3p%) @, ]. (7.64)
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Cedbmoit cayuaii: k>0, §=0, Torma o ‘
- a=BY/kjAEL, | (7.65)
(D4'—¢3-. ®4+¢3-
4p* 7 2
. Ry=D,;; Rs=0y; RG—B(‘D3 ‘D4)
R'7=l3(¢3—®4); 8=_2ﬁ2 1 Rg=—2p° (P +®, )
npu k=0; S=0

R = R,=®,/2B%; R,=

R,=x36; R,=x%/2; Ry=x; R,=1;
Rs=1; R,=R,=Ry=R,=0. (1.66)
- DIeMeHThi MaTPHLB! JKECTKOCTH MM OOJATIMBOCTH TIPH TPOIOILHOM
PACTSDKEHHN (CXATHM) TOXe MOMYYHMM Ha OCHOBE pelreHHs mu(depeHIn-

aNbHOTO YPaBHEHUS PAaBHOBECUS CTEPXKHS ¢ pacHpeleeHHLIMA THHEHHLIMU
CBAZIMHU ‘

7 d*uldx®> —n’u=0, (7.67)
rjae u—NPOJNOJIBHOE TIEpeMElIeHNe 110 OCH Xx; 1> —K03pPHIHEHT OpoHop-
LIHOHANBHOCTH MEXAY CONPOTHUBJIICHHEM M TIPOACIBHBIM TepeMellcHHEM:

n’=nD,c, |EF, (7 68)

‘D, ~—HAPYXHBI JUAMETD TPYOBI; c, —O606H1€HHBIH KospdHIUEeHT Kaca-
TEMBHOTO CONPOTHBIICHHA TPYHTA, EF ~-KECTKOCTh CEYCHUA HA PaCTAKCHHE
(cxaTtue). :
Pemenne ypaBHenus (7.67) B ¢dopMe HAYAIBHEIX T4paMETPOB
u(x)=u(0)4(x)+ N(0)B(x);
| N(x)=u(0)C(x)+N{0)D(x). - (7.69)
B o3tHX BBIpaxeHUAX ti(x) 0 N (X)—Opof0JBHOE - MepeMEIHCHUE
M IpOJONBHOE YCUNHE B IIPOM3BONBHOM CEYEHWHM CTCPXHA X, cbymcupm
A, B, C u D 3anuceBaloTCA B BHJIE :
A=®,(x); B=(1/EFn)®,(x); |
C=EFfn®(x); D=b,(x), (7.70)
rae - : o » : :
@, (x)=shnx; ®,(x)=chnx. ‘ 2T
_ JIns BLIMMCTEHHMS TPY3OBBIX YJIEHOB paCCManHBaéTCﬂ HarpyxeHue
JIEMEHTAa PaBHOMEPHO-PACTIPEACTICHHONR MONepeYHOd HArpy3koik ¢ H BO3-
OeiicTBHEM TeMIEpaTypHOro nepenaga At W BHYTPEHHEIO HOABJCHHR p.

Torma obumee peutienne ypapHenus (7.44) Oymer cocrofiTh U3 pelICHUS
OIHOPOOHOrO YypaBHeHMA (7.45) u vacTtHOro pelleHnAs

. o(x)=(a/EDE(x); . -
| ] F() gF(x). _ (1.72)
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~ byskumu E(x) u F(x) onpenensroTcsa IO ¢)0pMyJIaM, 3aBUCALIHM
OT KOpHEH XapakTepHCTHYECKOro ypaBHeHHs (7.44),

. |R IR,
E(x)=| ", F 1.73
=k FE=| " .73
Mpu SY4EI>k; S>0; k>0 |
R - 1 vip, —pld,
REITE H ’
1 vud, —pvd,
LRV T H ’
- d, | VO,—plo,
Ry = ; Rp= 7.74
M H 0 vuH ( .)
Mpu §>0; k=0
1 [(px)?- nx —sinpx
R,=— —l4cospx |; R,=—5—;
g u“[ 2 reesw & u |
RM=F(1—C95H~V)5 Ry=x. | - » (1.75)
l'[pn S 0 k=0 : ‘
- R,=x%24; R—x3/6 Ry=x%2 Rg=x. (1.76)

OO01Luee pellcHHe ypapHerus (7.67) OydeT cocToATh H3 CYMMBI ypanucunﬂ
(7.69) M YacTHOro pelICHHS

EFoAt—po F \
- )= 0 |
| = (2ALEF 16, F) [, (x) - 1], (7.77)

rae o —koagduuueHT JIHHERHOTO pACUIHPEHHs; Af— TEMIEpaTypHLIR me- -
penaji, MONOXHTCNLHBIA NPH HATDEBAHMM; Oy, —KOJbLCBHE (TAHICHUA-
anbHbIE) HANPSXKEHHS OT BHYTPEHHEIO MH4ABIICHHS.

- _ Ma'rpuua no,ua‘mnnocm BHCMEHTa

Tak Kak .Ha KaxAOM 3Tane pacuera HMpPHHUMAETCH JMHeHHas Mogeib
IPYHTA, a YCHJIHE S CYHTaeTCA MNOCTOAHHBEIM N[O AMHHE (T. €. YIpYrHe
XapaKTepHCTHKH [PYHTA, KAK U BEJIMYHMHA S, IPHHHEMAKOTC HE3aBHCHMBIMH
OT nepeMEIUEHUH), TO HA OCHOBAHHHM pELUCHHA YpaBHEHHH 'paBHOBECHs
IIDH PAcCTSUKCHHH (CKAaTHH), KPYYCHHH, H3ru0Oe MOXHO NOJYYHTb MATpHLIY
NOJATAMBOCTH Hayana M KOHIA 3JIEMCHTA. _ '

Of03ua4dB MaTpHLy . MOJATIAMBOCTM Havaja OJJIEMEHTA Meped A,
a KOHNa — 4epe3 A,, 3aMHUCHIBAEM YCIOBHMS s ONpEOENEHHS 3THX MAaTpPHIY
IIPH  [OPOIONLHO-IONEPEIHOM nam6e M CKATHH (PAacTSHXCHHH)
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O1p 815 33 (Po(Mo—l) (Po(Qo=1) (Po(N0=l)
Ay= 82 335 853 | = —Uo(Mo=1 ‘Uo(Q():l) _UO(N(J:I) )
831 d3; 83 uO(M0=) “o(Qo=l) “o(No=1) 7
(7.78)
D (Mo= l)' P (Qo=_ 1) ‘PJ(N01= 1) .
A= | ~o(Mo=1) —v,(Fo=1) —p,(No=1)]. (7.79)
m(Mo=1)  w(@o=]) u(Ny=1)

. - [
flpu onpenenenun MaTpulbl NOJATIMBOCTH MOXHO HCMONBL30BATb HE3a-
BUCHMBIC YPABHCHHMS DABHOBECHS OTHOCHTE/IbHO NPOAONBHBIX M IIONEpEY-
" HBIX MCPEMEIICHHH, TaK KaK A% KaXKIOTO 3/IEMEHTa MOXHO CYHTATh,
9TO BBHAY MANOCTH NOMEPEYHBIX M YIJIOBBIX NEPEMELUEHHH NPOAOIbHBIC
MEPCMCIICHAA HEIHAYHTENBHO 3aBMCAT OT TONEPEYHBIX U YTJIOBBIX.

Ha ocnoBaHMM TONy4YeHHBIX pelICHMIT ypaBHEHHMI paBHOBECHA, HCXOS
u3 ycnosuit (7.78) u (7.79), [I071y4aeM 3NEeMEHTBEl MATPHUBI MEOAATIMBOCTH.
[IpuBeieM ©X 3HaYeHWe [UIS OBYX T[JaBHBIX CIYY4€B COOTHOLICHHA

. KECTKOCTH TpyObl M cBA3eH —mepBoro u imecroro. IIpu S>2./Elk,
§>0, k>0 - : ' ‘
-G

Sua=pg 000, 0)-0, (),

1 | . ‘
812;.:5211;:;9? [G3®1 ([)(Ds ([)+G4‘D2 (l)®4 (l)_G4]§
1 .

G . _
023, = BG zvp [vio, ()@, ()= p’ 0, (), (D)];
. . _ «
L Gl 3 | 3 |
811x=“ﬁ[u D, (1) —v @ (1)];
1 ‘
‘o e RTI
"85, = “521x=82—c;1[¢2(1)_¢4(1)];
G .. . 3 .
522x=BG i [V D, (-1 o, (1)];
b6y
1 chnl | 2

- L. 7.80
| Ba= 4nshal 3-3." An shnl (7.80)

rge : :
| A=EF; B=EI;,
Gy =2v*p* [1-0, (1)@, ()] - v [(v* +p8) @, (1) ®, ()];
Gy=(~v)uv; Gy=(u*+v*)pv; G, =(u>+v?)pv;
©, (l)=sinvl; ®,(l)=cosvl; @y())=sinpl; ®,(l)=cospl. (7.81)
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OcCTallbHbIE A3ACMEHTB MaTpHilbl NOJATIHBOCTH PaBHBI HYJIHO. HpH
S<2/Elk; §>0; k>0

afd o
6““?517 (Hysh 2a(+ Hz sin 2p/);

3

i o
612H=821H=EIT(BH1$h2od+0tstin2[3!);
2ok _ _
op ) :
822H=m(f11Sh2al_H251ﬂzpl);
. 3 :
2P ) ' .
61“:3?(H1chodsmBl—l—sthcx[cos,Bl);
3 .-
- 2ap{a®+p? L
2 _
822,‘=§]}-ﬁ%—25(ﬂlsinoclcosBI——HzchulsinBI), (7.82)
. . 3
re H =B(o>—p2); H,=a(3p*~o?); o
‘ H,=H?}sh?>o/— Hsin? Bl. . (7.83)
3 .

JeMEHTBl CTOAGLUA CPY30BBIX WICHOB OT BO3JCHCTBMA TCMIICPATypbl

M BHYTPEHHEro JaBJICHUS Ha OCHOBC YACTHOTO PCLICHHA (7.77) BBHIYHCIAOT

no dopmyie : ‘
a1p=0a3,=0;

0,20.u)th nl

(7.84)

E

a3pu=a3px:(uAt+ "

.Ma'rpuua KECTKOCTH JJ/JIEMCHTA

Tax kak - ocHopgHoe aundupepeHUMANbHOE YPAaBHEHHE  DPABHOBECHUA
aneMenTa (7.44) YYUTHIBAET TEOMETPUYCCKYIO HEJHHEHHOCTh CHUCTEMBI
(1posOaBHO-TIONEPCYHbL i u3rub), To B OAHHOM CJly4ac MaTpHUla XeCT-
KOCTH He fBJISETCA BeNMuYMHOH, obpaTHoit Marpuue noaatnusoct. Kak
W pance 0003HA4YMB MATPHULY XKECTKOCTH Havajna 3JEMEHTa HCpe3 R,
'a KkoHma—vuepes R,, B3aNMCBIBAEM YCJIOBME I OIIPCIC/ICHNA 3TUX
MaTpuI |

Cp Pz faa 'A{o((Po"—‘_l) _A{o(vo=1)- ﬂ'{o(’f_’o'—_l) 7
Ry= |1y tyz F23| = Qo((Po=1) ‘_QO(U0=1) Qo(“cv:l) >
Fa1 Yaz Fas No((P0=1) No.(l”o:l) Np(uo?l)

(7.85)

R=1 Oloo=1) OQilvo=1) Qiluo=1) . (7.86)
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Ha ocuosanun nony'{eHHHx paHee pelICHMH YpaBHEHMH paBHOBECHS,
uexons u3 yenosuid (7.85) m (7.86), monydaeM 3IeMEHTHI  MAaTpPHIIbI
KECTKOCTH 3JIEMCHTA.

Mpn S>2./Elk; $>0, k>0 | »
) [0 ()0, () -0, ()0, ()]
1l1a™ Q )

i (12 +v2) ©, (7) B, (1) + 20v®5 (1) @, (1) — (> +v7),

rys =V“(”2“Vz)[‘@l(1)¢4(1)—H¢3(1)q)2(1)]_

. - 0 ;o
chnl

shnl’

(w? —vz)[vd’ ()—ne, ()],

0 B

L _we—)[e,0-0,0)]

12k 21k T Q _ 3
=)0, (-0, ]

| 22— Q | s

. 1 !
pran

F124=F21a= —

r33H—nEF

Fi1x=

F33x=nEF (7.87)

' roe
0= 1
El

Mpn S<2/Elk; S>0: k>0
o (B sh 2a/— ocsm2Bl)

(v +12) 0, ()0, () + 200 (0, ()0, () 1)]. (788

Fiin= 0 ] ) |
(o + B2)(B* sh? a/+ o2 sin? Bi)
Fi2a=F210a=— 0 7 ;
o (o + B2 ) (P sh 20/ + ot sin 2/)
Frau™ . > .
R Q ™
2aB(xchal sin f/—Bsh ol cos Bl
Firie= N
9 _
20B (o> + B2)shol sin B/ -
S Te =T = %) ;
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i 20 (o +B2)(Bshod cos pl+ech ol sin Bi)
22k | ] Q ’

(7.89)

rae . |
. o 0= B2 sh? ol —a? sin? Bl
' - El .

Peakuum OT JaBileHUs ¥ TEMIEPATYPHOrO Mepenaja OnpenensoT no popmyie

(7.90)

a1 p=a3,=0; . ' r

t

a3 ,=(¢AtE+0,26,,)F. g

VpaBHeHiHe Hepa3pbIBHOCTH Y3/1a HEPa3BETBJICHHOH CHCTEMbI

[Tox Hepa3BETBJIEHHON CUCTEMOH TpyOONpPOBOAa MTOHHMAETCA JTMHEHHBINA
" YHacTOK TPYOGOMPOBO/A, COCTOAIIMI M3 NPAMOJHHEHHBIX, YIPYTOH30THYTBIX
Y4aCTKOB H OTBOJOB 0€3 OTBETBIEHMIi, OOBIMHO BHIMONHACMBIX C TIPUMEHE-
HMEM TPOWHHMKOB. - JInsi 'Takux cXeM B KaxJAOM Y3J€ CTHIKYFOTCH JBa
3JeMEHTA, UMEIOMIME KaXKILI CBOH TEOMETPHYECKUME U (H3UYECKHE Xapak-
TEPUCTHKH. MeTOJ KOHEYHBIX 3JEMCHTOB [ PACYETOB MOXHO HCIMOIb-
30BaTh KaK B OPME COCTABJIEHHS YPaBHEHHS HEPA3PLIBHOCTH MEPEMELLICHHHA
y3JIa, TaK B B (JOpPME COCTABIIEHMS YPAaBHCHUA paBHOBeCHs y3na. OTMETHM,
MTO XOTS pellieHHE - ¢ MCHONb30BAaHHEM MeEToNIa CHI Oosiee MPOCTOE,
OJHAKO MCIOJIB30BATh €IC MOXHC TOJIBKO B CIy4ae HaJIMYHA BHEIIHUX
cBfidell (Y3NIOBBIX HIIM pACIpedeNeHHBIX) B KaXZOM asemeHTe. B 1O e
BpeMs IUIS pPa3BETBJEHHHIX CHCTEM O0oJiee TPOCTOE DPEILUECHHE IMOJIy4aeTCs
¢ HUCMONB30BAHHEM METOAA MEpeMCLUCHMUI. ‘

TunoBoif y3el CTHBIKOBKH SJIEMEHTOB C MCHOJb30BAHMEM METONA CHII
' H300paxeH Ha pHuc. 7.6, a, a ¢ UCNONbL30BAHHEM METOAA NCPEMELUCHUA — Ha
puc. 7.6, 6. O6o3HauuM HOMEp y37a i, JJHHY 3JIEMEHTA, MPeAILECTBYIOMIETO
yany, /, [OHHY TIOCHEAYIOMIETO 3M€MEHTA 4y, Y01 MeXOy OTHMH
IJJEMEHTAMH Y;, YCHIHA B Yy31de: Xj;_;— MOMEHT, X3i- —nonepeynas
cuna, X;— NPOINONbHAS CHIIA (cM. puc. 7.6, a), TIEpEMEILEHHA B Yy3Je:
Z3;_,— YITIOBOE, Z3;_ 1 — NOTEPEYHOE, Z3,—NpOJoJIbHOe (cM. puc. 7.6, 6).

VpaBHeHMe HEPa3pLIBHOCTH TIEPEMELIEHUH B i-M  y37e BhIpaxaer
PAaBEHCTBO HYJIO NEPEMEIEHAN y3Na MO TPEM KOMIIOHEHTaM OT YCHIiHi
B y3max (i—1), i m (f+1), a TakKe OT HArpy3oK ¥ BO3ICHCTBUH,
AEACTBYIOIMX Ha NPHMBIKAIOLIME K Y31y 3JIEMEHTHI L u iy, ' :

VpaBHEHHE PABHOBECHS B i-M Y3JI€ BHIPAXacT PaBEHCTBO Hymo yCHUIIUHR
MO TpeM HalpaBICHHAM OT ncpeMemeHHn B y3max (i—1), i 1 (i+1),
a TaKkKe OT HArpy3oK H BOB,I[CI/ICTBHH JeACTBYIOIIAX Ha HpHMHKa}OH.lHe
K Y30y onemeHThi [, u [y, ‘ :

Takum o6pa30M IS KaXgoro y3J1a ‘MBI NOAY4aEM CHCTEMY Tpex
YPaBHCHHIA, KOTOpb]e B MaTpHYHOM (GopMe HMEIOT BHI

=

RJ(J—I)X —1+RJJX +RJ(J+1) =R, R (7.92)

,FI€ BEXTOPHI Y3JIOBBIX OOOOILECHHBIX YCHJIHH
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X3i+1 R(3i‘2)p

Xj+2= Xziva | Rjp= R(3i-—1)p
X3i+3 R(3i)p

Manuua MOoAATIHBOCTH HUIH XKECTKOCTH Yy3na UMeeT BUIO

A3i—2)3i—5) A3i-2)(3i—4) . d3i—-2)3i—-1)
Rii-1= | 43i-n@i-35  @i-133i-4) A3i-1)(3i-3) { »
d3i3i-5) a3i3i-4) a3i(3i-3)

A3i-ndi-2) A3i-2)3i-1). A3i-2)3i
Rjj= A3i- 13~y A@i-1@Ei-1 A3i-133i |

d3iy(3i-2) 0(3;)‘3;L 1) a3i(3i)

10 - Pacuer.., Tpy6onposonos.

(7.93)
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dii-23i+3) 9@i-21@i+2) 4@i-2)3i+1)
Rjj+1n= | Q@i-na@i+s 4@i-neEivn 4@i-na@ito | - (7.94)
a33i+3) © d3y3i+2) - Q3;3i+1)
DNeMeHTH MATPHIB! IOJATIMBOCTH Y3lla OLPEAEAIOT Yepe3 3JIeMEHTBI

TONATIMBOCTH KOHEYHOro 3fEMEHTA HCXOAS W3 NPUHATHIX HA puc. 7.6,a
HANpaBJICHHNA YCHIJIMH

| A3i-23i-5" =81 B@i-2Bi-4H= —8y2iv AGi-naEi-3=0
a(3i—2)(3i—2)=811in+611(|'+ Ly
a3i-2)@i-1)= —012:a COSY; + 8126+ 1as
a3i-2)(39= — O12ix S5
Ai-2@ivn= — 116+ o
a(éi—:)(3i+2)=§125xCOSY(i+ 1y
‘ Ao 2)i+ 3 =126+ nxSINY i+ 1))
a(aiél)(s_i—5)= —81:: COSY;;
a(3i-1)(3i-4)= — 022, COSYy5
Q(3i- 1)(3i-3)=%33¢ siny;;
di3i-1)3i-2)= —821ia€08Y;— 821 i+ 1w
(31 1)3i- 1) = 022in €082V + 83355 SIN ¥, + 855 44 1yu
agi- 1)3i=(522ia_.533in)3in7i COSYy;

Aai3i-1)3i+ x)=521(i+ e

d@i-1)G6it2) = _522(i+‘1)- COSY;+ 1y
AaEi-13i+ )~ — 0,56+ 1)x SIDY i+ 1)
d3i)(3i-5) =085, SI0Y; AEy@i-a= =855, SInY;;

_. AEpEi-3)= 0331 €08V d@ip@i-2)= —8;1:a SINY5
a(3i)(3i—1)=(522iu_8331-:)Sin'YiCOSYi§
A3y 30y = 0221 SN 7Y+ 8334 €08 %Y, + 8334 1)
' Ia(3i)(3i+1)=0;
Q3030 +2) = 0336+ 1 SINY 4 1)}
a(3i)(5i+3)= — 8336+ 1) COSY i+ 1) (7.95)
MpaByro wacTe ypaBHeHuil (7.92) 3amuceiBaeM B BUJIE
Rii-2)p=0; R3;-1)p =83, 5107;; _ :
Ri-gyp= —R3,iC08Y+ 3545y - (7.96)

JIng ydera TrpaHHYHBIX YCHIOBHHE OylneM c4HMTaTh, 4TO K IEpBOMY
H DOCNEAHEMY y3JlaM pPacCYHTHIBAEMOIC Y4acTKa TpyOompoBOAa NMpHMBIKA-
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10T KOHCTPYKIMH, TOLATAMBOCTH KOTOpPBIX IO TpeM HalpaBIeHHIM
uipecTHbl. Toraa npu GOPMHPOBAHME CACTEMBI YPABHEHHA g NCPBOTO
(i=1)- ® mocnenmero yoB (i=k) K OJMEMEHTAM MAaTPHIbI. [JIABHOH
OVATOHAIH O06GaBIMIOT COOTBETCTBYIOLUME MONATAMBOCTH.

AHANOTHYHO M3MOXKEHHOMY ONpPENenstoT 3JIEMEHThL MATPHILL KECT-
KOCTH Y3714, KOTOpbIe 3alMchiBaroT B BAAE (7.94), HO BMECTO BENHYHH
MIOAATIABOCTH HJIEMEHTa 8, BXOOAT BEMMYHHBI XECTKOCTH JINEMEHTa Iy,
BBIMHCIISEMEIE O «bopMynaM (7.87y nma (7.89).

Onpe}le.rlemle nepemeluemm H yClIJllil[ no mmne
KOHEYHOI'o )JJIEMEHTA

Ha OCHOBaHWM pellEHMS CHCTeMbI YypaBHeHmit (7.92) omnpemensmoT
y3noBele ycwnnd X (NpE UCNONB3OBAHWH METONA CHII) HIH Y3JI0BbIE
nepemMenieana Z. YTobsl MCMONB30BATH petieHns ypaBHCHHA pPaBHOBECHS
37EMEHTa, OMMCHIBAIOI(ME M3MEHEHHE YCHIHH U MepeMeLieHHH Mo JUIHHE,
HeoGXOMMO ONPENENHTH HAYANbHBIC NAPAMETPBI 0(0) u P(0) B ¢pynxunu
VIIOBBIX YCHNIHIA WiH nepemellieHui. [Ipyd HCNONB30BaHMH METOJMA - CHI
HAaYaJlbHLIE TAPAMETPHl ONpPEfeNsoT Mo GopMynamM

0(0);= —8311aX31-5 — O2inXaica— O210aX 31— 3 +822:0 (X311 COSY; + Xy; sinyy);
(P(O);':aumXai—s+812inX3i—4—511’i.:X(3."—2)x+312:x(X3£—1COSTi+X3isinTi)'§
M(0)i=X5_s; 0(0),=X5_, o (7.97)

Jina ompeneneHus MPOXONLHBIX NMEpeMEINEHHH H MPONONLHAIX YCHTHiA
0 UTHHE 3JIEMEHTa  HeoOXooMMO y4ecTh OCOOEHHOCTH TpybompoBona Kak
CTEPXKHA TpyOuaTOro Ce4eRMst MPH HANHYMH BHYTPEHHETO AABNCHHA

| ch [nl( }’;)] . \chnig
u(&)—‘m{xai—s shnl (XSECOS‘Yi_Xs.i—l 5"17.')_ sl
— S, (shnlg—"h’: Len zg)
. sh [/ (1-§)] l‘;)] _ . shnlt
.N(&)—X:ﬁ— il +(X3;co87,— X3 Sm'ﬁ)‘sm+
. sh[nl/(1—E)]+shnit
+Sao(i) L shr):j} + Ny (7.98) -

rie &=x/|—6eapa3mepraa koopaunata, S, =(aeAzE+0,20,,)F—osxpuBa-
JEHTHOE = NpOJOJbHOE  YCHJIME - TNpPH  OTCYTCTBHH nepeMemeHm‘i;
N,=(uo,,—AIE) F—To Xe yCHiMe B CTEHKax TpyOsl.

'Tlps HCIONB3OBAHHM METOAA TIEpeMellleHnit HavajbHBE NapaMeTpsl
ONpENENsoT Mo ($opMynam

”(0)i= —Z3;_ 1 SiNQ;—Z4;,co8Q;; @ (O)Ii_—hzsi—z; '
M(O}i=zsi—zr11iu—zsi— 17215 SINQ; — Z 3,051, COSQ; +
‘ CH+Zsi it 2 s 17y 00 SINQ L3752 COS P ,
10* - . | 147




0 (0).' :;(Z3iCOS(pi+23i—l Sin(Pr) FazintZai—221in—
—(ZsscosfPi+Z3f—;Sin(Pi) Fazix T Zsi 2 21ix :
u(0),= —Z3i- 1 COSQ;+ Zy; SINQ;. -(7.99)

Yyer reoMeTpHYecKOl HEIHHEHHOCTH CHCTEMbI

i

B c¢BsA3n ¢ BO3MOXHBIMH 3HAYHTEILHBIMH NEpCMCILLICHHUAMHA pr60-
ﬂpOBOﬂa AJITOPHTM aporpaMmMel y’-{HTI:IBaCT IrC¢OMCTPHYCCKYHO -HEJIMHEH-

- HOCTh CHCTEMEIL.

I'eoMeTpuyeckad HeJIHHEHHOCTH CHCTEMbI (IPOAOJIBHO-TIONEPEYHEIH H3-
D) YYMTBIBajach BBIMHC/ICHHEM COCTABJISFOIIMX MaTpHIbI MOJATIHBOCTH
M3 YPaBHEHHs NPOAQJILHO-NONEPEYHOTO- H3rnba, MpHYeM CUYHTANOCh, HTO
IKBHBAJICHTHOE TPOJOJBLHOE YCHIHE S, cnocoﬁcTBymmee YBETHYCHHIO
uarub6a 3aeMeHTa, HEe 3aBHCHUT OT [epeMellcHHs. DakTHHEeCKH Xe 3TO
YCHJIHE 3aBHCHT OT mepemeitcHus. [MoaToMy Ha KaXOOM 93Tale pacyera
HCIIO/IL30BAJIOCH 3HAYECHHE YCHJIMSA, MOJNYYSHHOTO HAa OCHOBE OIpeneieHHbIX
HA OpeAblAyiUeM 3Talle pac4yeTa MepeMelleHUH. -

Jlis ompeneNeHAAs OCEBOTO YCHJIMA HCIOJb3YIOT HEJTHHEHHYIO CBA3D
mMexay aedpopmanued H nepeMemeHHeM

du 1{dv\? o

g, =—+-|— : - 7.100

* dx 2\dx/)” , ( )

rme u H v—COOTBETCTBCHHO ]'[pOIIOJIbe]E 154 _HOUCpC‘{HbIe HepeMeLLICHHH.

3aBUCUMOCTE MeXAy JedopMaiMedl H  yCUIHWEM, BO3NCHCTBHEM TEM-
nepaTypr U. BHYTPECHHETO [aBJIEHHS HMMEET BHI

N, o ‘ .
g, =—— +aAt 7.101
* " EF H E (7.101)
rae N,— pacTarusarolilee NpoJOJIBHOE YCHIHMe B CTeHKax TpyObl, koTopoe
CBA34HO C 3KBHBAJIEHTHBIM CKHMAIOIIHM MOPOAOALHBIM YCHIMEM 3dBHCH-

MOCTBHO

N,=pF,_—S.,. (7.102)

llon §, nDoHMMaercs paBHOAEHCTBYIOWIAA YCHIIMiH, MACHCTBYIOIWX -
B CCUCHUH prﬁm

W3 ypasnenuii (7.100) u (7.101) ¢ yquOM (7.102), cunras ycuﬂue
MOCTOAHHEIM TIO JUIMHE 3JIEMEHTA, BBHIOJHHB MHTEI PHPOBAHHUE, HaXOI[HM
3HAYeHHE 3KBHUBAJEHTHOIO OCEBOTO YCHUIMA JJA 3JIEMEHTA

S Soi—EF(Au+A4s), | - (7.103)
rae ‘ '
o=(0ALE+0,20,,)F O (7.104)
| . |
Al,.=_-’-'if:—”‘_"'; A= J (d"i) e (7.105)

. o B 0
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B mporpamMme HWHTErpupOBaHHWe OCYHIECTBIAETCH YHCIIEHHBIM METOAOM
MO BEMUCIECHHBIM B COOTBETCTBHMM C dopmyloi (7.45) 3HaYeHUSM YTIIOB
- noBopoTa - ceueHMH. KpHTepHeM CXOAMMOCTH HTEPAIMOHHOFO Ipolecca
- OTpencliCHHS YCHIMH SIBJIAETCS CPaBHCHHME WX 3HAYCHMIA, IOJYUCHHBIX Ha
MpeablIyIleM H IOCIeAyHOLEeM 3Tallax pacyera. '

1 TpakTHYeCKHX pAacueToB paspaGoranHa mporpamma «[TPVTy,
kotopasi xpauurcda B0 BHUMUCTe m HOxunumrumporase. ‘

. \

TJTABA 8 S

PACUYET MO/3EMHBIX TPYBOITPOBO/JOB, ‘ Lo
MPOKJAIABIBAEMbBIX HA OBBOJAHEHHbBIX |
YYACTKAX TPACCHI

OcHoBHbIE 0COGEHHOCTH ' pacyeTa Mo HPOYHOCTH, YCTOHMHBOCTH
NoJ10%eHHs (POTHB BCIUIBITHA) H NPOJOJIbHOM rcmi‘vmuocm

Ha mnoaseMHble TpyOGONpoBOMABI, NMPOKIAAbIBACMbIE HA OOBOMIHEHHBIX
1 3a00MOYEHHBIX YYaCTkaX TpacChl, a Takke HAd BEHHOMEP3JbIX TPYHTAX
(mpx TpaHCHoOpTe MPONYKTAa € IOJOXKUTEILHOW TeMnepaTypoi), mAomnos-
HUTEJLHO [efCTBYET HArpy3ka OT BRITANKMUBAroWed cmisl Bomel. O6Box-
HEHHOCTh Y4YacTKa OKa3hlBaeT BIHUAHME U Ha (UIMKO-MEXaHHYECKHE
XapakTEpUCTHKY [PYHTA, OKpyxkaromlero tpybomposoa. B GonemmnacTee
CAyYaeB MpPH MPOKIagKe TPYOONPOBOMOB B .3THX YCIOBHAX ' IPUMEHSIOT
JAOMOMHATENBHBIE KOHCTPYKTUBHBIE MEPONPHATHS, 06ECTICUNBAIOLTHE HAIEXK-
Hy10 pabory TpybonpoBoga. K HEM OTHOCATCS OJOMOJNHUTENBHAS NPUTPY3Ka
TpyOonmpoBOoAa rpy3aMu pazUYHON KOHGHIYpaIliH, B TOM 4YUC/ie W HpH-
MeHeHHe O0eTOHMPOBAHHBIX TpyO, NPHMEHEHHE pa3/IMYHBIX CBai-aHKEPOB,
JIONACTA KOTOPBIX HAXOOATCA B YCTOHYHBOM TpYHTE, pa3lIMHHBIC CIHOCOOBI
OOBBILICHHS YIEPXUBAIOLIEH CHOCOOHOCTM TPYHTA 3aCHUIKH, B TOM 9HCIIe
34 CYET TIPUMEHEHWsS. HETKaHbIX CHHTETHYECKMX MATEpHAalioB, BLIGOp
 palMOHANBHOTO OYEPTAaHMS OCH TpyOonmpoBoma Kak B BEPTHKAJIBHOM
IUIOCKOCTH (BOTHYTBIE KPHWBLIC), TAK W B TOPH3IOHTANBHON (BONHA) W mp.

C pacyeTHON TOYKM 3peHds ONOJNHATENbHAs OaJUIaCTHPOBKA, Jdxe
Opu IPYIONOBOH pacCTaHOBKE IPy30B, MOXET paccMaTpUBaThbCd KAk
pacnpenelicHHAas TONEpPevHas HArpys3ka, OKa3blBaloIasl COMPOTHBICHUE
TMOTEpEeYHbLIM MepeMertieHns M TpyOomnpoBozaa Beepx. Cpam-aHKephl Tpe-
CTaBJAIOT cOOOM COCPEAOTOUEHHBIC CBSA3M, CONMPOTHBIIEHHC KOTOPBIX OIIpe-
genseTcsl WX B3amMojgeiictBueM ¢ rpyATOM. [Ipm Manmom 1mare ankepob
(10 MATH OMAMETPOB TPYOBI) ITH CBSA3H MOXHO C JTOCTATOYHOH CTENCHBIO
- TOYHOCTH paccMaTpHBaTk Kak pacnpenaencHHbie. Ilpm pacuere TpybGompo-
BOJOB HEOOXOOMMO Y4YecTh, 4YTO IIPHUMEHSEMBIE B HACTOSLICE BpEMS
AHKEpHBIE YCTPOHCTBA M MX KpelUleHHe K TpyOe oOecnevmBaloT TOJIBKO
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OJHOCTOPOHHIOK €BA3b, TPENATCTBYIOLIYI0 TOJBKO TIONCPEIHbIM  BEp-
THKAJILHBIM TIEpeMEILEHHSIM TpyOBl BBEpX.

Tlpn [poOeKTHpOBAaHHY TPYOONMpOBOJOB HA 06Bo,uneHHL1x yyacTKax
Tpacchl pacyeT TpyGOmMpoBoda HA MpPOYHOCTb, NEePOPMATHBHOCTE H TIPO-
HNOJIbHYIO YCTOMYMBOCTS IIPOM3BOAMTCA KaK M JUIA HEOOBOJHEHHBIX y4acT-
KOB, HO C Y4eTOM MOIOJHHUTEJLHOrO BO3JICHCTBHA BBHITAJIKHBAIOILEH CHIIBI
poagsl Ha TpyOONpoBOA, Tpy3bi M TPYHT 3achilkd. JlONOJHHMTETBHO
HeOOXO/UMO TIPOBEPATH YCTORYUBOCTHL IIOJIONKEHHs (NPOTHB BCILUIBITHA)
TpybonpoBoag, T. €. MPOBEPHTh JOCTATOYHOCTH 3ANAHHOM OAITaCTUPOBKH
AWM ONpPENEIuTh BEJIHYAHY HeoOXxoauMol 6a/1nacTUPOBKH. DTO MpelesbHOe
cocrosude, npuHaroe B CHull 2.05.06.85, Bupaxaer co0oH ycroBHe,
yT0oOB! A1 PACCMATPUBAEMOrC Y4acTka TPyOONMpPOBOAA OTHOLUCHHE CYyMMBI
BCeX CHJI, AEHCTBYIOIIHX Ha TPYOONPOBOAHYIO KOHCTPYKIUIO BHH3, K CYMME
BCEX CHJI, ACHCTBYIOILMX BBepX, ObII0 OBl He MeHee KOIQHMUMEHTA
HaJEKHOCTH MNPOTHB BCIUILITHS '

QulOuShs JRCAY

B HopMax TIPOSKTHPOBAaHUA TPYOOIPOBOLOB TIPUBOISATCH 3HAYHCHHSA
koodduueHTa k, , B 32BHCHMOCTH OT XapakTepa ydacTka Tpybomposofa.
IIpn yknajgke MpAMOJIHHEHHOTO y4acTKa TpyOOmpoBOoAa B MOMHOCTHIO
0OBOJHEHHYIO TPAHILCK) B YACTHUTENb JIEBOH dacTH yciosua (8.1) sxoaut
HArpy3Ka OT Macchl TpybompoBoda H 0ajIaCTHPOBKHM, B 3HAaMCHaTesb —
BBITANKHBAIOLIAS CHJA, JEHCTBYIOINas Ha TpyOONpPOBOJ H KOHCTPYKLHIO
GayactupoBki. Tlpu HeoGxomumocTH ydera YmIpyroro uisruba Tpybo-
‘NMpoBOJa B BEPTHKAJIBHOHR IUIOCKOCTH Jo0aB/sgeTCs 3Ta Harpyska, onpencis-
eMad, KakK OIHCAaHOo B TJ. 3, B 3aBUCUMOCTH OT YyIjla TOBOpPOTAa OCH
Tpaccel, paguyca ynpyroro M3ruba ¥ nNpUHATOrO O4YEPTaHHA OCH TPAHILCH.
Tpu yikraake tpyOonpoBoga B TPaHIUCK, YPOBEHb OOBOJAHCHHA
KOTOpO# B MOMEHT YKJAJKA HUXEe MAaKCHMaJbHOH NMpOEKTHOH (B mpolecce
SKCIUTyaTalliH), BO3MOXXHO INpH IPOBEPKE IPOTHUB BCIUILITHA Hd IEPHON
CTPOMTENILCTBA YYHTHLIBATH BBITAIKMBAIOLIYIY CHIIY BOOBI C YY4ETOM €€
YPOBHA OTHOCHTEILHO TpyOonpoBoZa M OAJNACTUPYIOIMX YCTPOHCTB.
'3T0 BO3MOXHO TOJBKO B TOM CJy4de, €CIM IDYHT 3aCBHIIKH obajaeT
yaepxuBaoweil cnocobHOCTBIO KaK 0O CBOWCTBAM, TaK U 110 BEJIMYHHE.
Bonpoc 06 yuere Beca mnpoxykta [Ius HedTe- M HEQTENpPOLYKTO-
NpoBOJOB MPH PacyeTe MPOTUB BCIUILITUS SBISETCH AOCTATOMHO CIIOPHBIM.
Ilo HOpMaM TIPOEKTHPOBAHHA HEOOXOOMMO PACCUYMTHIBATH OANNACTHPOBKY
nHedre- ¥ HeTenpOAYKTONPOBOJOB M3 YCIOBHS BO3MOXHOCTH ONOPOXHE-
Hus TpyOompoBoga B mpolecce OSKCIUTyaTalMH. JICHCTBHTENBHO, -€CIH
B TPOLECCE HOPMAJLHOM DKCMIYATALHHM TEXHOJOTMYECKMMH PEXUMaMHU
NpeaycMOTPEHO ONOpOXHeHHe TpyOompoBoJa, To Takoe TpebopaHue
sBrsieTcsl cnpapeMBbIM. OIHAKO B HACTOfAIUEE BPEMs pacHeT BeAeTCA
BO BCEX CIy4asX H3 YCIOBHS OMNOPOXHEHHMS. 3TO MOTHBHPYEICH TEM,
4TO BO3MOXHBI OTKa3bl TpybompoBoga. Kak Iokasai .onbIT 3KCIUTyaTallkH,
B 3TOM CJIy4ae -OTKA3 IIPHBEET ‘U K BCIUILITHIO NPUMBIKAOUIUX y1acTKOB
HeGoBIION NpoTkeHHOCTH. ‘OQHAKO NONOJHHUTEIbHbIE 3aTPaThl HA JIHK-
BUOAIMIO OTKa3a Ha KOHKPETHOM Y4YacTKe 3HAYMTEILHO MEHbIIE 3aTpar,
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© CBA3AHHBIX C NpPOEKTHPOBAHHEM BCEro TPyOONpoBOJa HA AaBAPHAHBIN
PeXHM. S ,
OTMeTHM eille OfHY OCOBEHHOCTH pacyeTa TpybompoBoga H2 o06Bo.-
HEHHDBIX Y42CTKaX [0 JOUOJHATENBHOMY MpEAeTbHOMY COCTOAHHIO — YCTOH-
YHBOCTH MONOXEHHA (MPOTHB BCIUTLITHA). YUHTHIBAsl, YTO B GOJBIUMHCTBE
Cly4aeP BO3IEHCTBHEG BLITANKHBAIOMICH CHJIbI BOJbI AB/ACTCA MHOTOKPAT-
HBLIM HArpyXeHHeM, TO YIePXKHBAIOLIYIO CIOCOGHOCTb IPYHTa, B3aHMOJCH-
CTBYIOIIETO € TPYOONPOBOAOM H aHKEpAMH, CJCAYET YYHTHIBATL TONBKO

B obnacTH yunpyrux JegopMaliii rpyHTa.

Onpefie/ielHe XAPAKTEPHCTHK AHKEPOB, HAXOAALIHXCH
B TAJOM TIpyHTe

[Ton xapaKTepHCTHKAMHK AHKEPA, HAXOASAIIETOCA B IPYHTE, MOHUMAETCH
3aBUCMMOCTh MEXJY HAIpy3Koii Ha aHKED H €ro NepeMeiNeHHeM. ITa
' 3aBHCHMOCTH MO3BOJISIET YCTAHOBHTBH DA OCHOBHBIX PACYCTHRIX NMapaMer-
POB: YIEPKUBAIOMIAS CHOCOOHOCTL AHKEp4, COOTBETCTBYIOLUAs YIPYrow
paboTe TIpYHTa, —YyY4CTOK JIMHEHHOM 3aBHCHMOCTH MEXIy Harpy3ko#
¥  [epeMEINeHHeM; TpeAeAbHAas YAECPKHBAIOMAS CIOCOOHOCTE . aHKEpa,
COOTBETCTBYIOIIAA YIPYroIIacTHYECKOi paboTe TIpyHTa; yAepXKUBAromas
crmocoGHOCThL aHKepa OpH NepeMelleHHAX OONBINMX, YeM OepeMelleHne,
COOTBETCTBYIOILEE MpeNeNbHON YACPKHBAIOILER CHOCOOHOCTH.

CornacHo HOpPMaM IpoekTHpoBanus TpyGonposoxos (CHuIT 2.05.06 —
85) mpH IpoBepke MpefeNbHBIX COCTOsHMI TPyOonpoBoaa MO YCTOHIHBOCTH
MONOXEHAS (DIPOTHB BCIIBITHA) Hecyllas CHOCOOHOCTh aHKepa, TOrpyxa-
EMOro B Tadble TPYHTH, ONpeAeNseTcsi B COOTBETCTBHH ¢ HOpMaMi
IPOEKTHPOBaHHA CBAHHBIX (YHIAMEHTOB. ’ .

Cneayer oGpaTHTh BHMMaHHE Ha TO, 4YTO pacueTHblE (GOPMYJIbL,
NpHBEICHHEIE B JTHX HOPMAxX, OTHOCATCA K CNy4asMm, KOrjia TCiayGHHA
3aJIOMEHHA JIONACTH OT YPOBHS OHA TpaHmed (UPHMEHHTENBHO K TpY-
GonpoBoaM) He MeHee S5d, NpH NBUIEBATO-TIIMHACTBIX TPYHTax M HE
MeHee Gd, MpY NECYaHBIX IPYHTax (TA¢ d, — YCIOBHBIH AHAMETP JONACTH).
OTH GOPMYAb N0 ONpPeIeNeHHI0 HECYIeH COOCOOHOCTH aHKepa MOJIyYCHBI
MCXOOA M3 PacueTHOM cxeMbl 06Pa3oBaHHA YIUVIOTHEHHOro siapa B dopme
napabosyonna BpallieHHs ‘

Fy=v. (o, + oty ¥ gty ) A, S (8.2)

rOe oy M o,— Oc3pasMepHble KOIQGHIHCHTL, MPHHUMAEMEIE B 3aBHCH-
"MOCTH OT pPAaCYeTHOTO YIJA BHYTPEHHEro TPeHHMs IpyHTa @, B pabodei
3oHe (Mon pabodeil 30HOM MOHMMACTCA MPHJICTAFOUIMA K JIOMACTH CIOH
TPYHTA TOJIHHOH, paBHO# d,)

@, &y % @y oy &,
13 78 28 24 18 92
15 84 33 26 231 12,3
16 94 38 28 295 166
18 10,1 - 45 30 38 22,5
20 12,1 55 32 484 31
22 15 7

4 649 444
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— PAacYETHOE YAENBHOE CLEILICHAE NBUICBATO-TJIHHACTOIO WIH MapameTp
JIMHEHHOCTH TecYaHOTO TpyHTa B paboueit 30HE; Ysb — OCPE/IHEHHOE
PacyeTHOE 3HAYCHME YACJLHOIO BECA FPYHTA € chTOM B3BELIHBAHUS €TO
BO,E[OPI :

Vsb=(Ys—Yw)/(1+€)s ‘ @y
¥, — YACILHBIA BEC YACTHIL FPYHT4; Y, — YACIbHBIA BEC BOIbBIL € — KO3(h-
GULMEHT NMOpHCTOCTH; A, -—IJ1yOMHA 3aNeraHus JIONACTH d4HKEpa OT JIHA
TpaHIleH; A-—TIIolank JIONacTH; Y,— KOo¥puitdeHt ycnosuii paboThl
TMPUHAMAIOT B 3dBHCHMOCTH OT TPYHTZ PaBHBIM: ° -

[IMHEL B CYTITHHKH: ‘
TBEPABIE, NOJYTBEPABIE M TYTOIIACTHYHBIE ........ b e
MAIKOILUTACTHYHEIE ... eeeraens e e L erer e et ie et e e e ava e e e r e neraeeennanans
TEKYUYEIUIACTHYHDBIE  ...ocovmieiieeiiaeraaecicraanaraeaennnnis J OO TR

[Meckd u cynecu:
MECKH MAJTOBJAXKHBIE H CYIECH TBEPABIC w.oooruiiiiecivineaiaiaresenaneessssratessecss
NMECKH BJAXHBIE H CYHECH IUTACTHYHBIC ...eoeecrnvraeeenranicnanan, e
HECKH BOJOHACHIIUEHHBIE H CYHMECH TEKYUHE ..eoeiiiiiiirimierniaeeienenemreeresennensaes

-

»

[F =N [ S IR |

b4

IMpr mMeHbHIEH TyOHHE 34JI0XKCHHA IPH3MA BBHIIOPA MOXET BRXOIHTD
H4 TNOBEPXHOCTb, TAKAf PAacyCTHAs CXeMa MpPHHATA I[PU ONpecIeHHN
HECYIUEH CIIOCOOHOCTH 4HKEpA B COOTBETCTBHH C HOPMAaMH IPOCKTHPOBAHUSA
OCHOBAHMH 3JaHHA H COOpYXCHHH , !

_ Fy= Ve (Yoo Vor +¢14pp€080,), © (84
roe V,,—o0beM Tena BHNMPAaHHA B (GOPME yCedeHHOH IMpaMHIb,
00pa3yeMoOi ITLIOCKOCTAMH, MPOXOAAINHMH YEPE3 KPOMKH BEpXHelM MoBep-
XHOCTH JIOMACTH H HAKJIOHEHHOH IIOI YIJIOM, P4BHBIM PACUETHOMY VYIJTy
BHYTPEHHEIO TPEHHA TPYHTA Q,; A,,f-—mlomanb GOKOBBIX nosepxuocren
YCEYEHHOH TIMpaMuIbl.

[IpUMEHHTEALHO K aHKEpPaM C KPYIJOH JIONACTbiO TEJIO BBITMPAHHA
uMeeT (OpMY YCCUCHHOTO KOHYyCa M B 3TOM ciaydae obmem Tena
BRIIIMPAaHHUA H NIOLAAb OOKOBRIX IIOBEPXHOCTCH MOXHO OIpEeIeiauTh IO
$opmynam

dz
be=1[12 (1+a+a)
'na'h (1+a)
A, = ! R 8.5
b= COsSQ, (8-5)
rie \
‘ o ' “
a=1+,d—‘tg(pl. (8.6)

\ Ha .

Kak ormevanoce panee npH pacdere TpyOONpoBOJa Ha INPOYHOCTD,
Je(pOPMATHBHOCTh M YCTOHYMHBOCTb aHKEpA pPACCMATPHBAOT KaK HeEJMHEH-
HyIO CBA3b, T. €. pacueT BEAYT ¢ YYETOM IOAATIHBOCTH AHKEPOB B FPYHTE. |
IpenenbHas yAepxuBaoLWas cIoCcOOHOCTL aHKepa NMPH HATHUHH YIPYrom-
JIACTHYECKUX Aedopmanmid ‘

Fo=Fg¥. | (8.7
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[TpumeHseMble B HACTOfllliee BpeMs AaHKEPHBIE YCTPONCTBA COCTOST
H3 napel aHKEpOB, COEJHHEHHBIX mofcaMu. HMXx Hecymas cnocoGHOCTE
OMpeAeNAeTCA HE TOJNILKO HX KOJHYECTBOM, HO H PACCTOSHHEM MEXIY
HHMH, KOTOpOE€ MOXXHO IPHUHATH PABHBIM HAPYXHOMY IHAMETPY TPYORL
[TpuanMasn, 4TO NpH PACCTOAHAY MEXKOY OCAMH AHKEPOB, PABHOM AHAMETPY
4HKepa, HeCyIlas CnoCOOHOCTh YCTPOMCTBA paBHA HECYIEH CIOCOGHOCTH
| ONHOrO dHKEpa, a NpH pACCTOSHHM MEXAY aHKepaMH He MeHee Tpex
ero [AHAMCTPOB HE [MPOHCXOXHT B3aHMOACHCTBHA MEXIY AaHKEPaMH,
HCIIONB3YS. JHHEHHYIO MHTEPIOIANHK, HAXOIAT Koatbtbnunel{r VCIIOBHS
paboTsl aHKEPHOTO YCTPOWCTBA ‘

{0,25 (1+D,/d,) npu D,,/d,'<3';
ma =

- (8.8)
1 npu D, /d, =3 ®-8)

B HopMax pacyeTa MAarMcTpasibHBIX TPYGOMPOBOAOB pPACYETHYIO He-
CYLIYK CINOCOOHOCTh aHKepa Onpenensior no dopMyne

P,=0jk,, | “ (8.9)

rage @, —Hecymas cnocoﬁﬂocn, aHkepa, onpeaensemas mno (8.2), (8.4)
HIIH (8 7) B 3aBHCHMOCTH OT TpPE[E/IBHOrO COCTOARMSA; K, — K03 GHUIHEeHT
HaJeKHOCTH AaHKEPA, MPHHHMAaeMbId paBHHIM L4, ecnu Hecymas crocob-
HOCTh oOIpelencHa pacdeToM, HIM 1,25, ecnw Hecymas cmnocoOHOCTh
onpefieNieHa Mo pe3yTbTaTaM MOJIEBbIX HCOBITAHUA CTATHYECKOH HATPY3KOIi.

Torma Hecyiyio CIOCOGHOCTL  AHKEPHOTO  YCTPOMCTBA  OIIPEIETISIOT-
o q)opMyﬂe :

\

B,=2m,P,. (8.10)

' HOpMBI -IDOEKTHPOBAHHS MaruCTPagbHBIX  TPYOOIPOBOIOB , TPEOYIOT
y4eTa MOAATIMBOCTH AHKEPOB B PYHTE IPU PacdeTe HPOYHOCTH M YCTOR-
YHBOCTH TpYGOIpoBoAa, s 4ero HeoOXOMHMO ONpeneleHHe mapaMeTpoB
paboTsl aHKEPOB TIPH BEPTHKANBHBIX MEPEMENICHHAX TpPyGOmpoBoxa.

. C nemero onpesefeHHs NOJATIHBOCTH BHHTOBLIX 4HKEPOB, T. €.
ONIPE/IETICHHA 3aBHCHMOCTH «CONPOTHRIICHHE AHKEPA — IIEPEMELIEHHE», Obl-
MM TIpOBEJEHEl 3KCNEPHMEHTANLHbIE HcCneaoBaHus. il 3KCHEPHMEHTOB
HCIIO/Ib30BANIUCh CEpHIHBIE aHKEPH! 3aBOJICKOI0 H3COTOBJIEHHS C OJHO3a-
XOMHBIM BHHTOM JIONIAcTH auaMeTpoM 400 MM, IOCTaBjfeMBIe C TAroi,
TMIPHBAPEHHO#H K CEpACYHHKY 1ONacTH. [nd NpuHCOeAWHEHHS aHXepa K Ha-
' TPY304HOMY IPHCHOCOOJICHHIO . Ha KOHIE THTH I[IPHBAPHBAJIM IIPOYIIHHY
' M TIONEPEYHHY I IONCOeMHEHHs mporudomepa.

3arny0Onenve (3aBHHYMBAHHE) AHKEPOB B [PYHT OCYIIECTBIANOCH T'HJ-
PaBIMYECKHM BpAalATENEM, CMOHTHPOBAHHBIM HA ITIACCH T'YCEHWYHOTO
TpakTopa. 3ariaybneHme cocraBiasno 2,4-—2.5M, T. €. COOTBETCTBOBAITO
NPHHATOMY B CTPOHMTENLCTBE 3ariyBGeHHIO HOPAAKA IUECTH OHAMETPOB
nomactd aHkepa. [lepeMernieHne ankepoB BBEpX OCYILECTBASIIOCH PYYHOM
neGeqkoll 4epe3 CHCTeMY GJ0KOB M. YETHIPEXKPATHEIA momucmact. Ha
ONHOW TPYHTOBOH TJIOIIAJKE 0[O MEPHMETPY - OCHOBAHHS YCTRHOBKH
3arny6asuce 6 aHKepoB. BepxHAs TpaBepca YCTAHOBKM TO3BOJANA
NIOBOPAYNBATH €€ BOKPYI BEPTHKANEHOW OCH IIOCHE MPOBEICHUS HUCIIBITAHUI
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KaxIOr0 aHkepa M TIPHCTYyNaTh K MccuenoBaHHio apyroro amkepa. ITocne
IPOBEACHAS IIECTH OSKCIEPHMEHTOB BCsi YCTAHOBKA TMiEpecTapidnack Ha
HOBYIO IUTOIIAAKy. W3MepeHde HArpy3kd Ha aHKEp IPOBOJHIIOCH CCPME-
HbiMH THHAMOMEeTpaMHd. IlepeMeilieHHe aHKepa (UKCHpOBAnoce € TOY-
HOCTRIO A0 0,1 MM cepHilHbIMH TIPOrMOOMEpAMH, YCTAHOBJICHHBIMH Ha
BLIHECEHHBIX peNepHbIX onopax. OAHOBpeMEHHO (HHKCHPOBANACE MPOCAIKH
‘Beeil YCTAaHOBKH, He NpeBblIaBluMe 1,5 cM NMPH MakCHMAaJIbHBIX Harpy3Kax.

B KaXOOM OKCNEPHMEHTE IMPHHYIWTENLHOE TEPEMEIUEHHe aHKepa
JIPOH3BOAMIOCH ITANAMH OT CTAOWIM3HPOBAHHOTO TNOJIOXCHHS, HaCTyIIM-
BUIETO Mocle mnpenbyayluero onepeMemenus. IlepemMeinenne aHkepa Ha
XaXJI0M JTame cocTaBnio g0 10 MM Tpy ManbplX NEPEMEILEHHAX M 10
100 MM TIpH 3HAYATENBHBIX CYMMapHBIX nepeMeluenuax. Ilocne 4ero
HacTynan nepuof crabunmsaunud. Ilpu 3TOM CHMMAIACH 10 npurbopam
OTCYETHI MOJIOKEHHS AHKepa M NeidCcTBOBaBIIEH HA Hero Harpy3ku. OTCYeTHI
CHAMANHCH B CJEAYIOINEA TOCIENOBATENbHOCTH: 4 pa3a uepes Kaxabie
15 MHH MOCJE OCTAHOBKM TIPMHYIMTENLHOTO HEpeMElleHHs, aajee 2 pasa
yepes Kaxaple 30 MuH, Janee depe3 Kak[Obii dYac 10 HACTYILICHHA
CTAGWIM3AIMH. 3a OCHOBY METOIAMKH INPOBEJNEHHS MCILITAHAA AaHKEPOB
6Lila [PHHATA METOMMKA MCILITaHWs CBafi Ha BelgepraBanme. bbiio
IPOBEJIEHO CEMb 3aBEPILICHHBIX JKCIEPHMEHTOB. B YeTHIpEX JKCHEPUMEHTAX
.aHKEpa MOTPYXAJIHCh B CYTJHHOK TYTOILTACTHYHDLIA, HMEIOWIHNH CleyIOouiHe
pPACYCTHBIE XapaKTEPHCTHKM. YHEJbHBIA BEC TPYHTA 19,5 xH/m?, yrox
BHyTpeHHero TpeHus 21°, cuemnenme 18 xIla, x0a()HIMEHT HNOPHCTOCTH
0,76, monyar nmedopmauun rpynta 13 MIla, xooddunment MONEPEYHOH
nepopmannu 0,3. Harpyxesue B JTHX IKCHEPHMEHTaX IPOBOAHJIOCH 1O
HATPY30K, COOTBETCTBYIONIAX MAKCHMaJbHOM YAEPKUBAIOLIEH CIOCOOHOCTH
aHKepa. : ~ . ‘

Ha puc. 8.1, a u306paxeHbl pe3ylbTaThl TPEX IKCNECPUMEHTOB, KOTOPHIC
NOKA3LIBAIOT, 4YTO CONPOTHBJICHHE TaK HAa3bIBAEMOH  «ynpyrod» 4acru
paGoThl YpyHTa, B3aHMOJEHCTBYIOUETO € AHKSPOM, COCTABIAET OKOJIO
80% OT mpefcibHON yaepHBArOUICH CMOCOOHOCTH aHKepa, a MepeMeLIe-
Hyie —ToNbKO 20% OT NPENeNbHOr0 NepeMemieHHA.

Ha puc. 8.1,6 mmoka3aHsl pe3ylbTaThl OJHOTO 3KCHEPHMEHTA [pH
IOBTOPHBIX TOCJIE PA3TPY3KH HArpyXeHHAX dHKEpa B IPEAeax Harpysok
MEHBIIAX, 4eM TpelelbHas yaepXuBaiomas CrocobHocTh. OTMETHM, YTO.
pasrpy3ka MPOMCXOJMT MO NPAMO#l NPAMEPHO NapajlICIbHOM HavYalbHuH
YIpYroit XapakTepHCTHKe aHKepa. B mpollecce TNOBTOPHBEIX, HATpYXEHHH
IPOMCXOAHT HAKOIUIEHHE OCTATOYHBIX IEPEMELUCHNH AaHKEpa M KaX[oe
MOCTEAYyIoLiee HATPYXEHHE A0 NPeAbAYyIICH HATPY3KH BbI3bIBACT yBeJTHYe-
HHE CYMMApHOI'O TIEPEMEILCHHS aHKepa.

JIns mog3zeMHBIX TPYOONPOBOACE NpeENesbHbIE COCTOAHHA ONpEACIIoT-
cs He TIEpeMelueHHeM TPYGONMpOBOAA, a €r0 HANPHKEHHO-ACHOPMHPOBAH-
HEIM COCTOAHHEM H ycToiumBocTbio. IloaroMy g 4acT¥ aHKEPOB,
PacHOJIOREHHBIX IO ANHHE TPYOOIpPOBOAA, B NPHMHIKMIE MOXKHO JOIMYCTHTD
IepeMeILeHHs DObILIME, YeM NEPEMELICHHA, COOTBETCTBYIOIIME IIPEAEIbHOM
yaepxuBarowed cnocobnocT ankepa. OCOOEHHO 3TO BaXHO JUls y4aCTKOB
TpyGonpoBoAa, HMEIOIMX H3THO B BEPTHKAJILHOMN IUTOCKOCTH BBRINYKJIOCTBIO
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Puc. 8.1. DKCIEPUMEHTANBHBIE 33BHCMMOCTH CONPOTHBIEHAS AHKEpa OT NepeMertie-
HUA: :

a—B o6JacTH YOPYroWwIAcTHIECKOH pPaBoOThl [PYHTA; 6 —NpPH . [MPOMEXYTOYHEIX pasrpy3kax
aHKepa, 8 —B OOJACTH YNPYTOMWIACTMYECKOH W MNIACTHYECKOH paboThl IpyHTa

BBEpX, TaK KaK MPH 3TOM BCTymaloT B paboTy aHKEpHl, yHaNleHHbIE OT
BEPIUHHLI KpUBOH. B CBA3M ¢ 3THM DpPEACTaBIAETCH BaXHBIM TIOJMyYCHHE
aMarpaMMel paboTel aHkepa Tpu 6oNbIIEAX nepeMeinenuax. B nurepartype
OTCYTCTBYIOT HAHHBIE MO TARKHMM HCCIECIOBaHM]IM, TaK Kak NPHMEHEHHE
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Fi ' : ‘ Puc. 8.2. PacueTHas nuarpamma pd60TbI
4HKCPd B TAlOM IPYHTE

Sinaretg cp

ce=arcty cq

—rn
v

AHKEPOB B JPYIHX OOGNACTSX CTPOMTENbCTBA, KPOMe TPYGOIPOBOAHOIO,
npeaycMaTpHBaeT CYLUECTBEHHOE OrpaHHYeHHEe HX IepeMeILCHHIL.

Ha puc. 8.1, ¢ mpeAcTaBAeHbl pe3ylabTaThl TpeX 3SKCIEPHMEHTOB ¢ aH-
KEPAMH, MOIPYXEHHBIMH B CYIJIMHOK MATKONJIACTHYHBIH, MMEIOLUHR Cle-
AVIOUIHE pacyeTHblE XapPAKTEPHCTHKH: yAenbHBIA Bec rpynta 19 kH/m?®,
yron BHyTpeHHero tpenus 18°, cuemsienue 20 xIla, xoadduumeHT mopu-
crocty 0,75, Moayns nedopmanuu rpyuta 12 MIla, koaddunpent nonepey-
Hod gedopmanuu 0,3, Pe3ynbTarhl 3IKCIEPUMEHTA IOKAa3bIBAKOT, YTO
fipeficNbHAs  YACpXKUBaIoUlas CMOCOOHOCTh aHkKepa JOCTHIaeTcd IpH OT-
HOCUTENIbHO GoNbmx nepeMelieHuax 30 — 60 cM, 4To HMeercd OONBIIOMH
y4acTox (Io nepememeHHaM) YIPYIOMJIaCTHYECKOH paboThl I'PpyHTA H y4a-
CTOK, XapaKTepU3yeMbId YMEHBIICHHEM YICPXUBAFOLLEH cnocoﬁﬂocm aB-
Kepa Opd YBEJIWYEHHH CYMMAPHBIX HNEpEMELUCHHH.

JInsg npakTH4ecKMX pacyeToB JHarpaMMy paboTBl aHKepa MOXHO
NPHHATEL . OUIMHEeHOR (pHC. 8.2), BOCXOAslUas BETBb XAPAKTEPU3YeT yII-
pyroniacTuueckyro pabory amkepa, HHCXOOAIUAS -—— YIaCTOK DPA3TPY3KH.
MaxkcaManpHas Harpy3ka COOTBETCTBYET - IpeJe/IbHOH  y/IepXKHBAFOLLEH
cnocobHocTH aHkepa b,, onpenenseMod mo dopmyne (8.10), npuyueM npu
€¢ ONpeJeNICHMH HCNONL3YETCS BeNnuYuHA F,, HaijeHHas no <¢opmyie
(8.7), Tax XaK OOJATIMBOCTHL 4HKCPOB YUMTBHIBACTCS IIPH ° IPOBEpPKE
OPOYHOCTH, NEPOPMATHBHOCTH M YCTOMYHBOCTH TpyObompoBoaa.

OGoOLIEHHBIH KO3pOHUIHERT CONPOTHBIEEHA aHKepa ¢, ONpeldeNcH Ha
OCHOBAHMH CTATHCTHYECKON OOpPABOTKH pe3yibTATOB HMCOBITAHHH, MPOBE-
JEHHLIX HAMM M ONHCAHHBIX B JIMTEPAType 0O METOMY HAHMEHBILHX
xBaapatoB. KoosdpduuueHT pasrpyskd ¢, onpeieies us yCOBHS, YTO IIpH
IIEPEMELLEHHH aHKEpPA BBEPX HA rnyﬁuﬂy ero 3aJIOXeHHs Y/epKUBAFOLLIAS
CHOCOOHOCTD PABHA HYJFO. Y4YeT COBMECTHOHM pabOTBI mapel aHKEpOB
NPOBEIEH AHANOTHYHO TOMY, KAK ONpEAENEHa YACPKHBAIOIAs CIIOCOOHOCTE
aHKepﬂoro ycTpoiicTea:

‘ . :

ca=o,2252mﬂE‘“\/_ L e=BJhy, (@811
| ]_prp ' ) .

rae  z-—4HCI0O AHKCPOB B YCTpOMCTBe, K, W, — COOTBETCTBEHHO

MoAyab  AcopManuMH M KO3(QUIHMEHT TONEPEYHOIO  PACIUMPEHHS

TPYHTA. S '
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[Mpu pacyeTe ABYXAHCKOBBIX aHKEPOB HX CyMMapHas YAepKHBarolIas
CIOCOOHOCTh OMpENENISETCE CYMMUPOBAHMEM YAEPKHBAIOLICH CIOCOGHOCTH
KaX/J0# M3 JOTMACTeH, MPH TOM YYMTHIBAETCS COOTBETCTBYIOulas riybuHa
3aJIOKEHHA  KaXOOW JIONACTH, PpACCTOSSHHE MeEXAy HUMH ©  (UIHKO-
MeXaHUYECKHe XAPAKTEPUCTHKH TPYHTA, B KOTOpPOH HaxoAHTCH COOTBeT-'
CTBYIOIIAst JIOTIACTh. : ‘

- [Ipu ompe neteHUA ynepxcnﬂaromen CIIOCOOHOCTH AHKEPHOro ycrponcraa
K03QQHIMEHT YCIOBHs paboThl onpefenseTcs OIS KaKJOH mapsbl JIOMACTeH
IBYX QHKEpOB, a MO/ BEIHYHHOH dY) moHuMaeTCs MaKCHMaJIbHEI# JIMHEHHDIA
' pa3Mep NepIEHIHKYIAPHO K OCH TPYOOTpOBONA MPOCKUHA OJHOH JIONACTH
'HA TOPH30OHTANBHYIO TIJIOCKOCTD.

QO000mennpiit k03¢ dUINEHT COIIpOTHBJ'ICHHSi aHKepHoro ycTpoiicTBa
TIpH mayxnncxonmx aHKepax
' (1) (1) ,,,(2) .(2) .o
comp G M G - (8.12)

2 D A mP D

Jns onpeneneHHs XapaKTCPHCTHK aHKEPHBIX YCTPOMCTB, MOTPYXAEMBIX
B tameii rpynr, BHUMNCTom u HIOxkuHArunporazoM cocTabjieHa Mpo-
rpamma «JIAT». Ucxoanas HHboOpManua: HapyXHBI IHaMeTp TPYO.I,
YHUCJI0 AomacTedl Mo BBICOTe aHKepa. [ kKaxnod U3 jomacTeH aHKepa
jajaeTcs: NHGO YCTOBHBIA OMameTp OSToll JomactH, Jmbo WIOLIALb
- IONACTH, IIIy6HHA 3aJI0KEHHS JIONACTH aHKEpa, THI TPYHTA HaJ JIOMACTBIO,
MOIyab AedOopMamMM [pPyHTa, Ko3((unueHT nonepeyHoH, AedopManuH
TPYHT&, KO3(pdHIHEHT MOPHUCTOCTH TIpPYHTA, [JIOTHOCTh 4YacTHI TPYHTA,
IJIOTHOCTh BOABI C YYETOM pPacTBOPHMBIX COJICH, pacyeTHbE HIH HOp-
MaTHBHEIE 7HAYEHMS Yrja BHYTPEHHETO TpPEHWS W CLEIVICHUS TPYHTa.

BoixonHad wmnHQopManmHsa AN aHKEPHOTO YCTPONCTBA: Mpelc/ibHasg
yAepxXuBaowas cnocobHOCTh, PacYeTHas yAepXHBalomlas CnocobHOCTH,
060011eHHBIH KO3()(GHUIHEHT CONMPOTHBICHHS, KOIDDUIHEHT pasrpy3Ku. ITH
XapaKTepHUCTHKH TOJHOCThIO ONHCHIBAIOT OHArpamMMy paboThl aAHKEPHOTO
" YeTpoHCTBA — 3aBHCHMOCTb COMNPOTHBICHHS AHKEPA OT €ro MepeMeIeHnMs.

Pacuer crepkHERLIX M /HCKOBBIX AHKEPOR,
HAXOIMIMXCH B MEp3JiOM TpyHTe

CTepXHEBBIC - WM TUCKOBBIE AHKEpa NPEICTABIAIOT COOOH CTepXKeHb
C MMCKAMH MO BLICOTE (U1u Ge3 HHX), KOTOpHIE Pa3MYHBIMH COCOGAMH,
B OCHOBHOM C HCIOJb30BaHHEM MAPOOTTAMBAHAS, HOTPYXEHBI B Mep3JIbIH

- IPYHT HA COOTBETCTBYIOHIYIO TIYOMHY HCXOAS M3 PAaCYETHOTO Opeosa

NpoTauBaHUA BOKPYT TpYOBl B Ipollecce TPAHCMOPTA NMPOAYKTA C MOJO-
xuTenbHOi: Temnepartypoif. Ulpenensnas YAepXHBAIOMWAs CHOCOGHOCTB
BepTHKaJIBHO HarpyX€eHHOT'O nncxoaoro aHKepa
_Fd= Z R;A;+ Z R',,ﬁA,,ﬁ,' (8.13)
R i=1 :
rae R;—pacyeTHOE [4BJICHME Ha MeEpP3Jbii IPYMT ‘mm J-TO, - THCKa,
MPUHUMAEMOE paBHBIM Kak [aBleHHE MOJ KOHIIOM CBaH, padoTaroilleci
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Ha cxaTue, mo CHHIT «OcHoBaHns H GQYHOAMEHTH Ha BEYHOMEP3JIBIX
IPYHT4X», €CJIM CXUMaeMas ToJila o0ecHeYuBaeT MOJHYK peaH3aLHIo -
3TOTO HAUPSKCHUA, WM C YYETOM CKHMAEMOH TOJILM [PYHTA HajJ JHCKOM;
IUIA HEe3aCOJIEHHBIX M HEOHOreHHBIX TIPYHTOB 3HAYCHHE R; nns csay,
paboTalonleil Ha CxaTHe, UpHBeAcHO B TaOu. 8.1, IpH 3aCOJIEHHOCTH CBBILIE
0,1% H m1a GHOreHHBIX TPYHTOB BENHYMHA R; YMEHBINAcTCA, €€ 3HAYCHHE
onpeneJAeTca B coOTBeTCTBHH ¢ yKasaHHbiM CHullom; A;—nnomans j-ro:
aucka, R,,;— pacyeTHOE CONMPOTHUBJIEHHE MEP3JIBIX TPYHTOB H I'PYHTOBBIX
PacTBOPOB IO MOBEPXHOCTH CMEP3aHUA CTEPXHA A KaXAOTO I-ro CJIosA IO
TeMIepaType B CEPEOHHE 3TOrO CIos, npuHuMaemoe 1o CHull «OcHopaHuA
u QyHAAMEHTH HA BEYHOMEP3JIbIX TPYHTAX», Mg OOBIMHBIX (HE 3ACOJICHHBIX
H OHOTrCHHBIX) TPYHTOB 3HaueHHE R,,, NpHBENEHO B Tabm. 8.2.

Ta6nnua 8.1

" PacueTHOe JaB/eHRE HA Mepibil IPyRT

Pacvetnple naenenns R; (8 kIla) mpu TemnepaType rpynra, °C

Tpysrat .
: -03] —-0,5 -1 -1,5 -2 1 =25 -3 -3,5 —4 -

- Ilpn nbaucTOCTH
;<0,2 .
l&pynnoc&nomomue 2500 | 3000 | 3500 | 4000 | 4300 | 4500 | 4800 1 5300 | 5800
Fleckn KpynHble H 1500 | 1800 | 2100 | 2400 | 2500 | 2700 | 2800 | 3100 | 3400
cpeaHeli KPYMHOCTH
Tleckn menxse u nbine- | 850 | 1300 | 1400 | 1500 | 1700 | 1900 | 1900 | 2000 | 2100
BaThIE .
Cynecu . 750 | 850 | 1100 | 1200 ] 1300 { 1400 | 1500 | 1700 | 1800
Cyrnuakd ¥ rimeel ‘| 600 | 750 | 850 | 950 { 1100 { 1200 [ 1300 | 1400 | 1500
Bce Buanl rpyAToB npi| 400 | 500 | 660 | 750 | 850 | 950 | 1000 | 1100 | 1150
abaucrocT 0,2 < -

€504
Ta6nuna 8.2 ‘
PacueTHoe CONPOTHRJACAHE MEPIIBIX FPYHTOB CIABHFY N0 NOBEPXHOCTH CMEP3aHMd
R, ,;i’ kila R, klla
Temneparypa TeMneparypa
rpyara, °C I’ manucroril [lecyannri rpyuta, °C I HBACTHIH Hecuanstii
‘ rpyHT TpyHT TpydaT [PYHT
—-0,3 40 ' 50 2.5 : 180 230
—-0,5 . 60 80 - -3 . 200 260
. | ] 100 | 130 —-3,5 230 290
—-1,5 ] 130 160 —4 ‘ 250 - 330
~2 150 200 : :

Mpumeuanne. 3nadenns R, OpH JbauMcTOCTH Mep3noro rpyHTa 0,2<i<0,4 cnemyer
JOHONHUTEIILHC YMHOXATL Ha ko3ddmmuest 0,9. 3mauenme R, cheayeT yMHOXaTh Ha
K03QQAUMENT ¥,,, 3JAPHCAIIMA OT MOBEPXHOCTH CMEPIAHHS; IVIR METAILUIHYECKHX TOBEPXHOCTEA
H3 ropsYekartasoro mpoxara y,,=0,7; ana ‘APMATYPH  DEPHOIMIECKOTO npoburs Yor=1.
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a A ‘ . d
NMobeprnoemu gemau
Q sl |
| < (1),
= Jpeos A : :
Yo hse JH %Rjes | npomaubanun : _“’ H’-"’I
UL ' T T T

Puc. 8.3. Pacuernas cxema paboTel OIHOMACKOBOrO (a) ¥ JIRYXIHACKOBOrO (6)
AHKEPOR B MEP3INOM [PYHTE: . ,

[ -—3niopa GLITOROTO HABJICHHS I'PYHTA; 2—3I0Opa pacHpéneneHMs HOPMAJIbHBIX HANMPAKEHHHA
NP BBIACPTHBAHHA ] ‘

Ay p;—IIOMANL TIOBEPXHOCTH CMEPIAHHS BEYHOMEPINIOro -0 CIos
¢ OOKOBOH MOBEPXHOCTBIO IITaHIH. ‘

OnTAManepHag - MAHKMAalbHast TyOMHA 3aJIOKEHHAs OJHOOHCKOBOrO
ankepa z (puc. 8.3,a) onpedcnseTcs YCIOBHEM, HYTO HANpPsSHKEHHE IIPH
BHIJIEPITMBAHMM Ha YpPOBHE OpeoNia MpPOTauBaAHUN paBHO OBITOBOMY aaB-
JICHRIO TPYHTa: , _ : C

: . : OR;_ =Yg hy, | : (8.14)

riae o« — JOJs BEPTHKANBHOIO HAMPAKCHUA Ha YPOBHE OpEOJIa NPOTAUBAHMA
OT HaNpPAXKEHUSA HA YPOBHE JIMCKA, OMNMpEnenaseTcs XKak Ui JMHEHHoaedop-
- MHPYEMOTr0 MOJYMPOCTPAHCTBA B 3aBHCHMOCTH OT OTHOLICHHH PACCTOAHHA
OT OHCK2 OO0 Opeosa TNpOTaHBaHHS z K AWaMeTrpy Aucka d.

2/d oo, 0o 04 08 14 2 3 4° 5 6
& oo 1075 0398 0,65 0087 0040 0022 0015 00l

Yo — YACHBHBEIA BEC IPYHTa C Y4eTOM B3BEHIMBAIOILEro NEHCTBHS BOJBI,
- ompepensieMelii -no ¢opmyne (8.3); h,—PpacCTOSAHHUA OT HOBEPXHOCTH
JeMIIH 10 Opeosa MpPOTAMBAHUS. '

‘ M3 (8.14) ompenensiem <, Aanee OTHOMICHHE z/d, a cClleloBaTeNbHO,
W BENMMYMHY 2z TIPH 3aJaHHOM d, XoTopas OydeT XapaxTepu3oBaTh
ONTHMANBHYI0O MHMHHAMANBHYIO TJYOHHY 3aJIOKCHHS MOHCKA 3aJaHHOTO
OuaMeTpa. YBeJHYeHNEe T[IyOHHBI 3aJIOKEHMA [OHCKA 10 CPaBHEHHIO
C HAHIEHHBIM 3HAYEHHEM MOXET NPHBECTH K YBEJHYCHUIO yAepXHBarollei
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CNocOOHOCTH AHKEPd TOJIBKO B TOM Cliydde, eciM ¢ rIyOMHOo# yMeHbIIaeTcs
TeMrepaTypa Mep3aoro rpyHta. Betbop riayOuHbl 3a10XkeHas onpeﬂeﬂHeTCﬂ
TEXHHKO-IKOHOMHYECKMUM CPAaBHEHHEM BAapHAaHTOB.

PaccMOTpHM pacyeTHYIO CXEMy JIBYXJHCKOBOrO aHkepa (pwc. 8.3,6).
Jng mpocToThl pelleHHss OydeM cYHTaTh, YTO TEMIEPATYpA MEP3JIOro
I'pYHT4 Ha ypoBHe o0OMX OUCKOB ONMHaKoBa, T.€ R,_;=R;_,=R.

Ecni 00603HAYUTE COMNPOTHUBJCHHE TPYHTA NOM HIDKHHUM JHCKOM 4Yepe3
R, TO CONpPOTHBIEHHME TPYHTA MOJN BEPXHAM JOUCKOM ©OyleT paBHO
R(l—a,), roe o,—ecTh ¢YHKNHS OTHOLIEHUS Z,/d. ConpoTrupieHue
TPYHTa Ha YPOBHE oOpeold NpoTAUBaHHsA azR(l—al) rae o, —ecTh
dYHKIHMS OTHOIUECHHA Z,/d. BeJmthy ke, z; ClIeayer onpenemm; H3
ycJ/lopHS, 4TOOBI

oy R (1 =0, ) =Ygy gy ’ o (8.15)

TakuM 06pa3oM, eclH oOeCHEYHTh ONTHMANIBHYIO TIYOUHY 3a710KeHHs
3 ycrmoBus (8.15) BepxHero . oucka, TO JUIsi HMXKHETO OHCKA PpacyeTHOE
CONPOTHUBJIIEHHE PABHO Rj=R(1—oc1), a s sepxaero R. C yBenmyeHHeM
PAacCTOAHMA MEXKAY MOUCKAaMH z, BEJIMYMHA o, YMCHBIIAETCHA, T. €. yBe-
JHYMBaeTcA ofmas yIepKHBaollas cnocobHocTs. Beibop paccrosHus
MEXAY MOUCKAMH, HX YHCJIO ONpeaenseTcss Ha OCHOBAHHH TEXHHKO-
SKOHOMHMYECKOTO CpaBHEHHS BapHaHToB. OTMETHM, YTO pacyeTy Xapak-
TEPHCTHK BMOPAXHBAEMBIX AHKEPOB [OOJ/DKEH. MNpeAUIECTBOBATH PpacyeT,
TEIJIOBOTO B3aHMOIECHCTBAA TpyOompoBoJa ¢ TPYHTOM, TO3BOJSIOMHH
OMpeaeNuTs JUIA PACYETHOTO - EPHOAA PACHPENEIICHAC TeMquaTyp A0
rny6HHe aHKepa. ’

Onpenesienne  HArpy3KH OT BBITAJKHBAKOWICH CHIABLI BOIBI

INonepeunasn Harpy3Ka Ha TpyGOTPOBOA OT BBITANKHBAIOIIeH CHIIBE
BOJBLI 3aBMCHT OT YpPOBHS BOJbI OTHOcHTENBHO TpyObl. Eciam mnpenebpeyb
KPHMBH3HOH TpyOONpoBOAa, TO BHITAJKHBAIOIIas CHIA, OEHCTBYIOIasd HA

CAWHHULY OJIMHBI prﬁOl’IpOBOlIa,
| . 2 ~

Gy ="YuEu Fw=%(a—sina), (8.16)

-TOe Y, —YIOENbHBIH BeC BOOBI ¢ YY€TOM pDAacTBOPEHHBIX H B3BEILICHHBIX
B HEll BemiecTB; D— HApyXHBIA OUMAMETPp TpYOBl C Y4€TOM H3OJALUHOHHOIO
MOKPLITHA H (PYTEpOBKH, O.— YIOJl, xapamepnsyloumu YPOBEHb BQALI
OTHOCHTEJILHO OCH TPYOBL,

(2n, ecnn h,<h

ho—h,) . R

2m—arccos —Lﬂl—)-»‘“—), ecad h<h,<hg; o

o= - (8.17)
—h

: 2 arccos 2V °), ecnu hy<h, < H, | |

L0, ecnu h,> H,
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rae h,— paccTOSHHE OT BEpXa 3achiKH OO0 YypOBHA BOABL, A, A,
H-—coOTBEeTCTBEHHO pPacCTOSHHA OT BEPXA 34CHIIKA 10 BepxHed o06-
.. pasyloieif, ocu H HUXHelr oO0pasyromeid TpyoOuI. -

Mpn A,<h ¢opmyna (8.17) 3anmHceIBaeTcs B BHAIE

D2
4

qw= Y.,~0,8D%y,. (8.18)

i

ConpoTHBJIeAHe TPYHTa NepeMeltieHnsiM  TpyGbi

Ilpn pacyerax noA3eMHBIX TpPyOOONPOBOAOB, MPOKIAJBIBAEMBIX HA
00BOOHEHHBIX YYacTKax, Kak Mmoka3zamd mposedeHHele Bo BHHMHUCTe
IKCTIEPUMEHTE], MOXHO TONb30BATHCH, TEMH XE& MOAENSAMH TIpYHTA, HYTO
H Ana TpybompoBomoB B OOBIYHBIX ycroBmsax. [Ipw 3ToM H3MeHSIOTCA
TOJBKO KOJIM4eCTBEHHbie mapaMmeTpel Monenn. Ha ocHoBanmu nposeneH-
HEIX 3KCIIEPHMEHTOB YCTAHOBJEHBI SMIMpHueckue GOpPMYJbl I8 onpele-
JeHAsl TpeAenbHOH ymepXHBalolleld cmocobHocTH rpyHTa. B 3apucmmo-
CTH OT YPOBHA BOABI TNpeAeNBHOE COMPOTHBICHHE TPYHTA TMONEPCHHBIM
BEPTHKAJIBHBIM BBEPX TIEPEMCILCHHAM TpyOBl oOmpenensercs no dbopmy-
maM: Tpu h,<h

qnp.rp=Du [erhw+Ysb (ho_hw_';E Du)]+k {[erhw (2h0_hw)+

oy L 0,7¢,.h ' ~
+vsb(ho-hw)2]tg0,7<p,,,+c——oso;’(p"}; : (8.19)
, »! ¥rp .

npu h<h,<h,

qnp. rp = er ( w

2
w>+ysb[(k ~h)D,+ "0 E,,}r

. o 0Teh
+k [erhw (Zho_*hw) tg 0’7 (prp+ysb (ho_hw)z] tg 0a7 (prp -_'_0'7_ (8 20)
npa h,2h, ‘
R D, S 0Tk,
qnp. rp_er Dn ( (1] 8 )+k [erho tg 097 (prp +COS 0,7¢rpi|s (821)

rae D, —HapyXHblil quaMeTp TpyOsl; v, — yIENbHEIH BEC IPYHTA B €CTECT-
BEHHOM (HeOoOBOIOHEHHOM) COCTOSIHHH; Y, YAEAbHBIA BeC TIPYHTa BO
B3BCILCHHOM COCTOAHHMH; K —K03(QHIHEHT, XapPaKTECPHIYIOWIMIE TPUIMY
BEINIOpPA, NPHHEMAEMBIA DaBHLIM €IHHHIE 1 TPYOOMPOBOAOB YCIOBHBIM
arameTpoM oT 100 cM u Gosiee M MeHBIIE EAMHULBI — I8 TpyGOIpPOBOACE
MEHBIINX THamMeTpos (k= D,/100); ®,p~— YIOJl BHYTPEHHETO TPEHUS IPYHTA;
Cp—ClETUIeHHe TpyHTa: F, —IIOmAaab . Ce4eHus . pr6m Haxoasnieics
B oﬁnonHeH}mM COCTOSTHHH.  _.» :
[Ipu HasRadeHMM YpoBHA OOBONHEHHS PACCYMTHIBAEMOTO YYacTKa
TpybonpoBoaa cleiayeT chomm) HE TOJILKO M3 JaHHEIX HETIOCPEACTBEHHBIX
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U3BICKAHMH Tpaccel TpybonpoBOAd, HO M YUHTHIBaTh MPOrHO3MPYEMbIH
YPOBEHb BOABI, CBA3AHHBIH C THAPOTEOJIOTHUYCCKUMHM YCIOBHSMH W HX
H3MEHCHUSAMHM BO BpemeHd. IIpu HaszHaweHHH OOBEMHOTO BECa HeOOBOI-
HEHHOTO TPYHT4 HEOOXOMMMO YYHTBHIBATH HM3MEHEHHE €0 BJIAXHOCTH 3a
| CYET KANWUIAPHOTO IIOACOCAa M3 HHXHEH OOBOAHEHHOH YacTH TIpyHTAa.
Kosddumuenr TmMOpHCTOCTH TpyHTa [JOJDKEH OTpaxaTh He TOJBKO
pe3yaLTaThl M3LICKAHHWHA, HO M cHocoG ¥ BpeMs OOpPATHOH 3aCBHIIKH
TpaHiuies IpyHToM. [lpu ApoeKTHpOBaHHM TPYOOIpPOBOAOB HA Y4aCTKax,
CIIOXKEHHBIX TPYHTAMH, KOTOpPLIE MOTIYT MEPEATH B XUIKOILIACTHYECKOE
COCTOSIHHE, MpU ONPCACICHHM BbITAJIKMBAIOUICH CHJIbLL CIEAYET BMECTO
00BEMHOrO Beca BOJbI NPHHUMATL OOBEMHBIR BEC PA3KMIKEHHOTO IPYHTA,
ONpEEAAEMBbIH 110 AAHHBIM HHXKEHEPHBIX H3LICKAHUA.

ConpoTHBICHHE TPYHTA IMPOAOJbHBIM MNEPEMEIICHUAM TPYOBl 3aBH- -
CHT OT YpOBHY BOJBl M OTHOCHTEJNBHOH TIJyOMHBI 3a70XKeHHA Tpybo-
nposoja.. IlpeaeiabHoe CONPOTHBICHHE TpYHTA IPOJOJILHBIM IepeMellle-
HUAM  TpYObl Ha eiMHHLY ee UIMELL MOXHO OMPEAC.ATE TIO cneﬂy-
1ol popmylie: ~

h

“he—h
Lnp. ,p—27tD2c,,(er, + Y )tgcprp—i—() 6nD,c., (8.22)

0

Ifpu pacuerax no dopmyne (8.22) cneayetr YYHMTBIBATBL, YTO €CIH
h,>h, TO HeobxoaAuMO NpuUHHUMaATL h, =h, KospduuueHt c,, y4uuThl-
BAIOIMH 00pa3oBaHUE CBOJA €CTECTBEHHOIO PAaBHOBECUS IPHU MPOAOJLHBIX
nepeMelleHHAX TpyObl, ompelensaeTcs MO CICAYIOIMM  3aBHCUMOCTAM,
AIINPOKCUMHUPYIOLLIMM 3KCIEPUMEHTAIbHbIE KPHBBIE! '

A TIECHaHbBIX I'pYHTOB

2

c,,=0,416’——o 056 ;+0,095; (8.23)

H

JId TIIMHHCTLIX TPYHTORB
2

L 4
¢,=0,367 D——0,046 %4—0,06. : (8.24)

H

Onncanne NpUMeHeHHA NPOrPaMMbl LI pacieTa prﬁonpono,uon,
3aKpenifeMblX AHKEPHLIMH YCTPOHCTBAMH

IIporpamma «AHKEP», paspaborannas BHHUUWUCTom u HOxuuurum-
porasom, IMpelHAa3HA¥MEHA MAJIs pacyeTa TpyOONpOBOIOB, 3dKPEILISEMbIX
AHKCPAMH, JONACTH KOTOPBLIX HAXOAATCA B T4JOM IDYHTE, MNpensiTCT-
 BYIOLIAMH TIONEPEYHbIM BEPTHKANBHBIM MNepeMelleHnaM TpyOul  BBEPX.
PacuyetHad cxema aHKepOB NPHHATA B BHJAE OJHOCTOPOHHEH HeJIMHEHHOMN
CBS3H, XAPAKTCPUCTHUKH KOTOPOH ompeacistoTca nmoanporpaMmon «JAIN.
Ilporpamma mno3BoJleT pPACCHUTHIBATL TPYOONPOBOL € HNPOH3BOJILHBIM
OYEPTAHHEM OCH B BEPTHKAJILHOH TUIOCKOCTH MpH AHKEpAX € pa3jMyHbIMYU
XaPAKTCPHCTHKAMM. ' '
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Lene pacueTa — onpefenenne HanpsHkeHAO-IehOPMHUPYEMOTO COCTOSA-
HHS TPYOONpOBOJA B pa3NHYHBIX CEYEHUSAX PACCYMTBIBAEMOrO- YYacTKa,
HATPY30K Ha aHKEPHBbIE YCTPOMCTBA M BBIMOJHEHHE NMPOBEPOK Ha NMPOYHOCTH,
YCTOHYMBOCTE ¥ JIehOPMRTHBHOCTE B COOTBETCTBHHM C TpeGOBAHUSAMH
CHull 2.05.06—85.

ANICOPUTM . MPOTPAMMEl  KUCMONB3yeT METOJ KOHEYHBIX JJIEMEHTOB
© B IepeMelleHHAX, NoJApoOHO onucaHHBlf B 1. 7. Kak W anroputMm
[IpOrpaMMbl pacyeTa MOA3EMHBIX TPyOONPOBOAOB C IPOHU3BOJILHLIM OYep-
TAHWEM ‘OCH, 3[I€Ch YUHTBIBAETCS F€OMCETPUYECKAs HEJTMHCHHOCTb CHUCTEMBI,
HEMHHENHOCTL CBS3¢H U yupyromnactudeckas paborta metanna Tpyo.

OCoOEHHOCTRIO ANTOPHTMA JAHHOH TIPOrPAMMSBI SBISIETCS TO, UTO
IPYHT OCHOBAauHMA NOJX TPYOOH paccMaTpHBaeTCs TaK Xe KaK M aHKep,
B BHIE COCPEJOTOYCHHOW CBA3W B MeCTe YCTAHOBKH AHKEpPA, MpENsTCT-
BYKOIIEH HOMEPEYHBIM BEPTHKANBHBIM nNepeMernenuaM TpyOosl Buus. Flpu
HAJIHYHH YCTOHYMBOrO MHHEPAJBHOIC IpyHTA 10 TPyOOH ero pacueTHOH
MOOCBIO CIYXHUT XECTKOIUIACTHYECKOE TeNO. YUNTHIBAsA, YTO 3aKpeTUIeHHe
TpyOONpoBOJa aHKEpAMH MPHUMEHSCTCH TONBKO NPH TPOKJajgKe Tpybo-
TMPOBOAOB Ha OOBOOHEHHBIX YYACTKAX, TAKHE JOTIYIIEHHS TpPaKTHYECKH
HEC BIHAIOT HA TOYHOCTR Pe3YAbTATOB pacdeTa. BHawame BCS paccUMTBIBA-
eMasi CHCTEMA, T. €. y4acTOK TpyOOmpoBoAa C 3aJaHHBIMH JKECTKOCTSMH
NPUMBIKAIOIIUX KOHCTPYKIHH, pa30HBaeTCAd HAa KOHEYHBIE JJEMEHTHI.
Y310Bble TOUKH O0J3aTeNbHO HA3HAYAIOT B MECTaX YCTAHOBKH AHKEPHBIX
YCTPOHCTB, HM3MEHEHHS IHOOBIX M3 MCXOOHBIX JaHHBIX. KpHBOIHHEHHEIE
YYaCTKH 3aMEHAIOTCA COBOKYMHOCTBIO TPSMBIX, SBISIOLIAXCA CTOPOHAMH
BIIUCAHHOT O MHOTOYTOJTEHHKA.

BxojHasi uHQOpMALKs BKJIIOYAET TEOMETPHIO prﬁonponona 3amaBa-
eMYIO0 JUIMHAMH KOHEYHBIX 3MCMEHTOB M YTIOM MEXTy HUMH, Xapak-
TEPUCTHKY TPYOBI (IHAMETpP, TONIIHHA CTCHKH, BPEeMEHHOE CONMPOTHBIEHHE,
npeaen TEKYYECTH, OTHOCHTENbHOE YIIHHEHHE NPH pa3pbiBe, KO3GdUIHEHT
HAJEXXKHOCTH [0 BPEMEHHOMY CONPOTHBICHHIO), (QHU3HKO-MeXaHHYECKUe
X4pAKTEPHCTHUKM TPYHTA OCHOBAHMS, MeCTa YCTAHOBKH dHKEPOB M HX
tull. [loz TUMOM aHKepOB MOHHUMAETCH HOMEP AHKEpa B TaOJIHIE MCXOIHBIX
JAHHBIX noanporpammsel «JIAI'y», B KoTopoii onmucaHsl (pHIHKO-MEXaHHYEC-
KAe XapaKTEPHUCTHKM TPYHTa, B KOTOPOH - HAXOASTCS JIONACTH TAHHOTO
aHKepa. :

BrixonHas HH(bopMaum COJEPXKUT TS KAKIOTO M3 INEMEHTOB B TpeX
CEUEHHSAX TIO €ro INHHE 3HAYEHHMS H3ruOAIOMIEr0o MOMEHTa B BEPTHKAILHOH
TUIOCKOCTH, MPOAOJLHON CHIBI, AeHCTBYIOWIEH B ceueHnn TpyOBl, monepeu-
HOTO ¥ NpOHONBHOTO MepeMellleHuH, 3HA4YeHHs TNPOTOJBHBIX OCEBBIX
H MaKCHMAalbHBIX HAmpspkeHHit. IIpUBOAsSTCA HArpy3kd Ha adkepa. Berame-
JAKTCSA TPeJcAbHO AONMYCTHMBIE 3HA4YCHHUS HANDPSOKEHHH B COOTBETCTBHH -
C HOPMaMH TPOCKTUPOBAHHUS W NPOBOJUTCA CPABHEHHE BBIMHCICHHBIX
HANPSDKCHUH C TMPEIeNIbHO JOMYCTHMBIMHA M J€J1A€TCA BBIBOM O BBIITO NHEHIH
PA3MUYHBIX MPEOCHBHBIX COCTOSHHIA.

Pacuyer 1pybompoBona no mporpamme «AHKEP» sBnsetrcs momepod-
HbIM, METOIOM BapUAHTHOTO NPOCKTHPOBAHHS MOXHO ONpedeUTh pa-
HHOHANILHYIO PACCTAHOBKY aHKepOB IO AMHHE YYacTKa.
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TJIABA 9

PACYET MNOA3EMHBIX TPYBOI'IPOBOIIOB

'C MPOU3BOJIbBHBIM OYEPTAHHUEM OCHM .

B BEPTUKAJIBHON U T'OPU30HTAJILHOH IVIOCKOCTAX

O0aacTh NpUMEHEHHS  NPOrPaMMBbl «IIPY.T»

[Iporpamma «IIPYT», paspaGoransas BHMHUCTom u FOxuuurun-
pora3oM, MO3BOJAET PACCUUTHLIBATL HEPA3BETBJICHHLIE MOI3eMHBIC U HA3EM-
HblE (B HACHINH) TPYOONPOBOIEI, IIPOKIAILIBAEMBIE HA CyXHX, OOBOMHCHHBIX

H 3a60n04eHHBIX yYacTKax. TpybonpoBoa MOXET COCTOATE U3 MPAMOJIHHEH-
HBIX, YIPYIrOH3OrHYTHIX YHMacTKOB H OTBOAOB. (OucpTaHWe OCH B IUIaHe
H npodmie NPOM3BOJLHOE, 32 MCK/IIOYEHHEM YYACTKOB IIOBOPOT4, C COB-.
MEIIEHHBIMA YIIdMH B 00enx ILIOCKOCTAX. TpybompoBom MOeT ObiTh
3a6a/1acTHPOBAH I'pY3aMH, ‘MOT'YT OBITh IIpHMEHEHBI OOETOHMPOBAHHAS
Tpyba WnM ankepsl. [IpH NpHMeHEHHH aHKEPOB ¢ Iarom Oonee 5 AHaMeT-
poB TpyGhl [UIA pacdeTa TpyGonpoBoJa CIEAYET HCNQJAB30BATh NPOrpamMmy
«AHKEP», xoropas 6ojee MOIHO OTpaxaeT B3aMMojeicTeue Tpybompo-
BOJIA C AHKEPHBIMH YCTPOHCTBAMH.
- JsaAHA paccYMTHIBAEMOIC Y4YacTKa prﬁonpoao;[a HE OOJDKHA TIIpe-
poimatk 5000 M. Ilo xoHDaM paccqmmaaemon CHCTEMBI HeoOxomH-
MO 3aJaTh 3Ha4yeHHs IMOHNATIMBOCTEH MM IMECTKOCTEH MNpHUMBIKArO-
med  xoHCTpykipn., C  IEeNbiO NPAKTHYECKOIO . pacyeTa . NPOTIKCHHBIX
JIHHEAHBIX TpYOONMpPOBOMOB KOHILI PACCYHTBEIBAEMOIO YYacTKa cleayer
BeIOMpaTh IOcepeanHe MANAHHBIX (mopanka 200—300 auaMeTpoB TpYOHI)
TMPAMOJNMHEHHbIX y4acTkoB. B 3ToM cnyuae, YYHThIBas HEMOIBHXHOCTh
3THX CEYECHHH, NOJATIMBOCTH NPUMbLIKAIOIIEH KOHCTPYKIIHH MOXHO IIPHHATH
PABHBIMH HYJIIO, a *ecTkocTH — Geckoneunoctu (102'). TIpu orcyrcTeum
TAKHX TOYEK, IJie 3apaHee H3BECTHO, YTO BCE KOMIIOHEHTBI IEPEMEILEHHA
pasHel HYJI}O, cleflyeT NPHHMMATh B KAYECTBE I'PAHHYHBIX TOYEK CEUCHH,
TOe OXHIAITCH Majable nepeMclicHMA. B 3TOM ciydyae IPHHHMAETCH,
YTO pe3ydbTaThl pacueTa CHOpaBeIMBLI Ha PpAacCTOAHMH mopaaka 100
IauaMeTpoB TPYGBI OT IpaHHYHBIX céyeHwid. [{ns pacueta Bcero Tpy6o-
mpoBoda HeoOXxoguMo pa3OMTh €ro Ha OT/AcIbHbIE YYaCTKH C HAaXJIEeCTOM
Apyr Ha Ipyra. -
leoMeTprveckne mapaMeTpsl. rpy6onpoao,ua XapaKTEPHUCTAKA MeTalla
. TpyD, GPU3EKO-MEXaHHYECKUE XaPaKTEPUCTHKM I'PYHTd, YPOBCHL 0OBOMHEHHUs
MOTYT OBITH NEpEMEHHBIMHM IO [UTHH¢ PAacCUMThIBAEMOro ydactka. Ms-
MEHATHLCH N0 JUIHHE MOTYT TaKXe HArpy3KH H BO3ICHCTBHUA, THII
3aKpeIUICHHA TpyOONMpOoBOAa, KATEIOPHH Y4Y4CTKOB. J
~ TIporpaMma CAYyXHT TOJBKO IS NOBEPOYHBIX PacyeTOB M NPH BCEX
3afJaHHBIX IapaMeTpax oOIpede/seT HalnpsXeHHO-AeGOPMUPOBAHHOE CO-
CTOsIHHE TPYOONpOBOAa H AEIaeT BLIBOA O BBLIIOJHEHHWH BCEX NMpeNeabHBIX
COCTOAHUM, YCTAHOBJICHHBIX HOpPMaMH H4 IPOEKTHPOBAHHE.
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AITOpUTM mporpaMMbl  pacHeTa

ANTOpHTM NporpaMMBl PAacueTa HCIOJb3YeT METO KOHEYHBIX JIEMEH-
TOB B YCUTHAX. YUMTHIBAETCS TEOMETpHYECKas HETMHEHHOCTE CHCTEMBI
B CMBIC/IE MTPOJONBHO-NOMNEPEYHOI0 U3rHba, reoMeTpUYecKas HeHHEHHOCTD,
CBAI3aHHASA C HENMHERHON 3aBUCHMOCTBIO MeXy MPONOJILHOM Aedopmarueit
H mepeMelleHHeM, ¢u3MdecKkas HEIUHEHHOCTBb CBA3¢H (IpYHTa M aHKEPOB),
dusmdeckas HeJIMHEHHOCTh MaTepuania Tpy6ul, o6ycloBIeHHaA HeIMAEHHOM
3aBHCUMOCTBIO MEXAY HAMpsAXeHUsMH H AedopManusaMu.

Ha OCHOBaHMM MCXOMHBIX MAHHBIX MO (HINKO-MEXaHMYCCKMM Xapak-
TEPHCTHKAM T[PYHTA ONPEASTAOTCS AMarpaMMbl padoThl TPyHTa — 3aBH-
CHMOCTb CONPOTHBJECHUA OT MOMEpPEeYHbIX B BEPTHKANBHOH H TOpU30H-
TanbHOM MUIOCKOCTAX M NMPOIOJBHBIX nepeMerueHuit. [Ipu 3TOM HCIOAB3yIOT
MOJCIH TPyHTa, H3JIOKEHHbIe B Ti. 4. Ha OCHOBAHMM HCXOAHBIX IJAaHHBIX
O THMAX aHKCPOB M (M3NKO-MEXAHHYECKMX XAPaKTEPHCTHK FPYHTd, B KO-
'TOPOM HAXOHATCA JOIACTH aHKepa, ONpeleNdercs AuarpaMma paﬁon‘
aHKepa — 3aBUCHMOCTb yﬂepmnaammeu CriocoOHOCTH - am(epa OT €ro
[IEPEMEIICHHS.

Ha mepBoMm o3Tame pacuyera, cuHTas, 4TO nepemel.ueﬁm CHCTEMBI
pPaBHBI HYJIIO, OMpele/IsicM 3KBHBAJICHTHOE Npoaoibhoe ycuine. Ha nepsom
JTame pacyeTa Takke MPHHUMAaeM, UTO BCC ceyeHHS TpyOml paboTaroT
B YNMpYro oOacTH, T. €. KECTKOCTH CeYeHHA TMpPH DPACTXKEeHMH (CKATHH)
H H3rHOE OMPEACNACM HCXOIA U3 HAYANBHOTO MOAYNA yrnpyroctd. CHuTaem
TaKXKe, 4YTO paboTa IpyHTa TOXE OIHCHLIBACTCA JMHEHHOM AMATPaMMOIL,
Hcxons m3 3TMX  OONYyWIEHHH BHIYHCTACTCA MaTpPHIA MOJATIHBOCTH
KaXIOr0 U3 3JIEMEHTOB PACCYUTBIBAEMOH CHCTEMBL. - 3JIEMEHTHI MATPHIIBI
YUUTBIBAIOT TI'€OMETPHYECKYIO HEJIHHEHHOCTh CHCTEMEI, T. €. OTPaXaloT
TIPONOIBHO-NMONCPeYHBIA H3rHO, 06YCIOBIEHHbIH YKBHBATIECHKTHEIM MPOJOJb-
HBIM ycHnveM. C HCIIOJIBb30BAaHHEM MATPHUBI MOJATIMBOCTH M Crosbma
TPY30BBIX WICHOB B COOTBETCTBMH C IEOMETPHEH OCH PaCCYHUTHIBAEMOTrO
y4acTka TpyGonpoBona (GopMHpYIOTCS ypaBHEHHS PABHOBECHS BCEX Y310B
cucTeMsl. IIpn 3ToM peanH3yroTcs M 3alHCaHHBIE BO BXOAHOM MHGOpMAaIUU
IPaHHYHBIE YCIIOBUA MO KOHIAM. _

YpaBHeHUSI DaBHOBECHS TNPENCTABIAIOT COGOM CHCTEMYy JMHEHHBIX
‘anrebpaMyeckix yYpaBHEHHH BBICOKOTO nopaaka. [IpmyeM Matpuma cHm-
METPHYHAS, JICHTOYHAs, MaJO3alOMHCHHAs. B CBA3H C 3TUM 1% pemeHus
 CHCTEMBI HCHOJB3yeTCA ClCOUanbHasA nonnporpaMma YYUTBIBAKOMIASA 3TH
_OCOOCHHOCTH MAaTPHIILL.

B pe3ynbTaTe pemieHHss CHCTEMBlI YpPaBHEHHMIA onpeneﬂmoTca y310BBIE
YCHIMSA, IO KOTOPBIM OMPEACASAOTCS HAYaNBbHbIE MAPAMETPHI A KaXA0TO
anemenTa. [10 HAYamBHBIM TIAPaMETPaM OMMpPEdEISTIOTCA BCE KOMIIOHEHTHI
HaMPSKEHHO-AeOPMHUPOBAHHOTO COCTOSIHHA CHCTEMBI, KOTOPBIE BEKIIOYAFOT
OpOTONBHBIE H IONEPEYHBIE TEpPEMEILEHUA, BHYTpeHHHe Yycuauda. Ilo
KOMIIOHCHTAM TICPEMEIUECHUH, . OTIPEeJCCHHBIX Ha MPEABIAYIIEM 3Tarme
pacdeTa, HAaXONATCA TEPEMEHHBIE MapaMETPhl, XapaKTepH3YIOIIHe B3a-
UMoJeicTBHE TpybompoBoma W amkepa ¢ TpyATOM. JIng 5TOro mo
qMarpaMme «CONpOTHBJIEHHE — EPEMELLIEHNEY» HAXOAMTCSA COTPOTHBICHHE,

165




COOTBETCTBYIOIIEE BBIYHCICHHOMY MEPEMELIEHMIO, H B KayecTse Koad-
GUIMEHTA MPONOPUUOHATBHOCTH HCHONB3YETCA CEKYIUMH MOIYJIb.

B COOTBETCTBHH ¢ MPHHATHIMH MOJACISAMH TPYHTA dHAJIUTHYECKHUE
3aBHCMMOCTH [Nl OUPEAENCHHs ITHX KOIPOUUHCHTOB HUMEIOT BHA:

rp/vcp led vcp > Rrp/c_fo;

cyO [pu _an/(D C ) cp\Rrp/('y(b

_qup_[vcp_kqnp/(Duc,vO)] Cp npu — Gap — qrp+
Cy: < D}; Ucp . . Cp
4 _
+ i . g~U<:p< _qnp/(DHCyO)s
. Goly ‘
3 Ynp— ¢ du . )
= Gepl(Dy Vep) TPU 1 < —| 24— ) (9.1)
\ : n ¥yQ ~n
i I
e npx |u I UL |
L= KD Iu | ﬂ:Duch
x oo
Cxo  IPH || <5, (9.2)
o - H-x0 B

rae R, —npeneapHas Hecymias CIOCOOHOCTb [PYHTA NPH HEPEMELLEHHH
 TpyOONpOBOAA BHHU3; U, — OCPEAHEHHOE IIONEPEYHOE NEPCMELICHUE 3ICMEH-
Td, OIPEACICHHOC Ha MPEIbLAYLIEM 3JTAlle pAcyeTa, MHOJOXKUTEINLHOE IIPH
NepeMellicHHH  TpyOONpOBOJA BHM3; ¢, — UPENEIbHOE COLUPOTHBIICHUE
[OINEPCYHbIM TepeMellieHUsIM TpPYObl BBepX, BKJIKOYas BeCc TpyObl U Oau-
NACTHPOBKY; ¢, —HpelelibHasi YACPKUBAIOIAS CIOCOOHOCTD TPYHTA IIpH
mepeMellieHMd  TpyGompoBoga  BBEPX; ¢, — 000OIIEHHBIE  Ko3bbULIMEHT
HOpPMAJIbHOTO COHNPOTHBIIEHHS TPYHT4, XapAKTEPH3YIOIUMH BO3PACTAIOIYIO
BETBbL JMATPAMMBL «CONPOTHBJICHHE — MEPEMEILICHUE?; ¢, — KO3 puuuedT
pasrpysku; {,,— OpedebHOE COUPOTHB/IEHHE TPYHTA HPOLOJIBHBIM IIEpe-
MEIUCHAAM TpyObl;, ¢, o — 00OOLEHHBIH KO3(pGUIHEHT KACATENBLHOIO Co-
MPOTHBJIEHNA [PYyHTa; u.,— OCPEAHEHHOE MPOTOJLHOE TEpeMElICHHE 3JIe-
MEHTZ, OMNpeAe/IeHHOe Ha TPEAbIAYIIEM OTAlEe pacyeTa.

Ucnonp3ys Takke KOMIOHEHTDE HEPEMEILCHUM, YTOUHSETCS SKBUBATEHT-
HOE TPOJOJNLHOE YCHIHE. :

OcTaHOBMMCS NOAPOOHEE HA ONpPENEIeHHH KECTKOCTHLIX XAPAaKTEPUCTUK
ceyeHHs TpY  YOPYromilacTuyeckoi padore metama Tpyo. [lom xke-
CTKOCTHBIMH X4paKTCPUCTHKAMM TIOHMMACTCS JKECTKOCTbh CEYEeHHs IIpu
PacTsOKEHHH (CKATHH) By, Ha u3rub B Bepmxanhuon B, ¥ TOPU3OHTANLHOH

IIoCKOCTAX B,

Bg —EF, B,=EI (9.3)
Tie E—IICpCMCHHbIH HdpaMCTp YOPYIOCTH, F——II.IIOLU,dL[b CceueHUusl TPyObl;
I—MOMEHT HHEpLUH CEYEeHHHA.
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Jlns omnpeneneHns XCCTKOCTHBIX XaPaKTEPHCTHK CEYSHUH, 3aBHCAIIMX
OT YPOBHS HATIPSHKEHHOTO COCTOSIHHS, HCIIO/NB3YETCs HTEPALHOHHBIA METO.
Ha meproii uteparmun (1=1) kecTkocTH cedeHus By W B; BBIYHCIAIOTCA
npH Moayiae ynpyroctu FE=E, [lanee ¢ HCOOIb30OBAHMEM MCTOOA
KOHEUHBIX 9]ICMCHTOB ONPE/ENAFOTCA BHYTPEHHHME YCHJIHS IJIS KaXJOTO
M3 JJIEMCHTOB CHCTEMBI: MPOJOJBHOE OCeBOe Ycuwiue N, U3THGArOIHe
MOMEHTBI B BEPTHKANBLHOX M,, H Topm3oHTamkHOW M, naockoctsx. Ilo
3THM 3HRYEHHAM ONpEHEIArOTCd COOTBETCTBCHHO IPOJOJBHASA OceBad
medopmanys U KPUBH3HEI B BEPTHKAIBHONH W FOPU30HTAJIBHON IIOCKOCTSAX

ex=N/B,_,p n,=M,, cp/B (t= DTy
M‘2=17‘lzlrcl:)/B(t—l)Iz!' (94)

[JIc f,,—CPEIHHA paauyc CeyeHHs TpPYOBI.
Jnga xaxmod u3 - MIOIIAJIKM B CEYCHHH TPYOBI, YMCIO KOTOPBIX
paBHo 1, ONPEASIAOTCA MPOAONbHBIE HAMPSKCHUA ‘

=N -1y: Bo (Ex + %, 2,4+ %, ;) (9.9
rge z,=sin [2(i—1)/n]7|:; yi=cos [2{i—1)n]m; :
By
Ne-1)i= (Eol)' (9.6)

Konumesnie HANMPAXKEHNA O,, CHATAKTCA MNOCTOSHHBIMH H HE 3aBH-
CAIMAMH OT XapaKTepHCTI/IK CG‘[GHHH A ONpCHCHAKOTCH Kak IU!H 663MOMCHT-
HOW TOHKOCTCHHOM OOOJIOYKH.

ITo IIpOAOJIBHBIM H KOJBICBBIM HaHpﬂ)KeHI/IﬂM OI'[pG,[[BJ'IHI—OTCSI I/IHTCH-
CHBHOCTH Hal'IpFDKCHI/II/I H ,uecbopMaunH ' -

Gycnl \/011 Gllcnu+cku’ \ (97)
Sizcycni/(Eo T](z—i}i)- » (9.8)

Mo gepopmammuu g mo (OPMyNaM, ONHUCHIBAIONIMM JHATPAMMY
pacTakeHUs MATCPHANA, OMPEICTAIOTCA 3KBHBAJICHTHBIE HATPSKEHHA O,;

) G,;= Ey¢& npn 0<g;<¢
C,;=ag+a, (g,—€,)+a,(e;—¢&,)" TpH &, <& <E;
c,,=0,+E, (g,—¢,) npn g2« (9.9).

31eck a,+a,, €, €, C,— lapaMeTpLl AHArPAMMEI PACTSXEHHA MaTepHaaa
TpyOBl, NIPUBEOCHHBIE B TJ. 2.
Jlasiee ompenensieTcs Ge3pazMepHbId MepeMeHHBI HApaMeTp YIPYrocTH

Gyil Eo€;- - (9.10)

Ucnonszya Oe3apasMepHYK BeJIMYMHY [apaMeTpa YIPYrocTH t;, Ha-
- X0gaT Ko3(PPHUITHEHTH TOHUXKEHHA JXCCTKOCTH IIPH PACTAKEHHH W M3rHbe

an Yly Zn;zlz;
l'=l

1—1

2 n
V== > i (9.11)
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Torga WCKOMbIE XapaKTEPHCTHUKHM KECTKOCTH CEMCHHUSA
Be=¥¢Bor, B;,=%Y1,B01 Br.=%Y1:Bo1 - 9.12)

Kospduuuent nonepeunoil nedopmandd B COOTBETCTBHH C Teopuei
MAaJIbIX YIPYIOILTACTHYECKUX - ncd)opmamm onpe,uenaerca AN KQKIOH -
TUIOLUANKH IO q)opmy.ue

L. | 9.13)

Taxkum 06pa30M, Had KaXIOM 3Tanc pacHdcTta OnpciacilarTCd - BCC
. paCME€THLIC MMapaMeEeTpbl, KOTOPHIC NO3BOJIAIOT JIHHECAPUIHUPOBATE HGHHHeﬁ-
HYI 33jadvy. KpHTCpPleM CXOMUMOCTH, UTCPAITMOHHOI' O Npoueccca MNpUHATO
CpaBHECHHE yCI/IJIHId H Hanpﬂxcem»m, \OHPGJIGJICHHLIX Ha [ByX COCe,E[HHX
HUTCpALHAX.

Ucxoanbie gaHHble IS pacdeTa H BHIXOAHAS an)()pmauﬁﬂ

Kakx yxe oTMmeuanoch, paccuMThiBAeMBIH ydacTok TpybonpoBoga
' JOJIKeH OBITH OrpAHHYEH CEYCHHUAMM, [JII KOTOPBIX M3BECTHBI TPAHWYHEBIE
ycnoBus. Janee Ha3zHA4YarOTCH Y3JIOBHIE TOYKH. Y3JIOBBIE TOYKH Ha3Hadya-
IOTCS B CEYEHMSX, I¢ U3MEHSETCA XOTS Obl OJMH M3 TapaMeTpoB: THI
TpyOBl — TOJILIMHA CTEHKH, Npeled OPOYHOCTH HIIH TEKYYECTH, OTHOCHTEIb-
HOE YIUIMHEHHE TIPH Pa3pbiBE, XapaKTEPUCTHKM T'PyHTAa — MJIOTHOCTb, YIo.l
BHYTPEHHEIO TpPEHHA, CLEIUIEHME, MOAydb AedbopMalud U Ap., T1yOHHa
3aJ10KEHHS, YpPOBeHb OOBOJHEHHMS, THI OanlacTHPOBKH. Y310BBIE TOYKH
TaKK€ HA3HAYAKOTCA B Ha4alie U KOHIE KaxIoh KpuBoi. KpuBoIuHelHbIC
YY4CTKH TpyOONpOBOAA 3aMEHAFOTCA COBOKYIMHOCTBIO nps{Mblx ﬂBJIs[}or_uHx-
c CTOpPOHAMM BNHCAHHOTO MHOI'OYTOJILHHKA.

Juis Oonee mosHOro ydvera (QU3HYECKOH H TCOMeTpH‘{CCKOH HEJIMHEH-
HOCTH MNpAMOJIMHEHHBIE y4YacTKH TpyOompoBoda Takxke pa3bHBarOTCa Ha
OTJEJIbHBIC JJIEMEHTHI. TaK KaK HEJUHEHHOCThb NPOABIAETCH B OCHOBHOM
Opu OOMBIUUX NEPEeMELIEHHAX, TO IJIMHBI 3JIEMEHTOB Ha 3ITHX ydacTKax
JOJKHBI - OBITh MEHBUIMMH. ~

BxonHas uHpOpMalusa COCTOMT M3 OTAciAbHBIX OJiokoB. B mnepsom
010Ke 3a/al0TcA NapaMeTpbl OOBLIMHO IOCTOSHHLIE IS BCEIO PAcCYUTHIBA-
eMOIo Yy4acTka: Ko3()(pHUHMEHTBI HAJCKHOCTH [0 HAIPY3KE, IUIOTHOCTH
NpoAyKTa M MaTepHana TpyOwl, KOo3(QQPUUUMEHT JMUHCHHOTO PpACLIUPEHHS,
MOJIyJIb ynpyroctd, kodpduument [lyaccona. 3zech ke 3aHOCATCA 3HAYCHUA
KOMIIOHEHTOB TOJATAUBOCTH, NMPHUMBIKAIOLIMX MO KOHLAM KOHCTPYKIHH,

Janee BHoCHUTCH HHpOpMAIHA B TPH OJ0KA, KaXKIblA H3 KOTOPLIX HMEET
UHACHTHPUKATOP, NPUCBAUBAEMBIii B JAIbHEHIIEM 3JIEMEHTAM PacCYUTLIBA-
eMoil cucteMbl. B nepBoM OJ10ke comepxuTca UHGOpMALMA O TEMIOEpaTyp-
HOM Ii¢pemaje M BHYTPCHHCM JABJICHUH, BO BTOPOM — XaPAKTEPHCTHKH
TpyD, B TpeTbeM — XapAaKTEPHUCTHKU TpyHTa. B ueTBepTOM OJIOKE QA Kax-
JOI'0 M3 3JAEMEHTOB COAEpKATCA HHACHTHPHKATOPH! TPeX Mpedblaymux 6Jo-
KOB, 4 T4KXe Cledyrowas HHGOpMAalHA: ATUHA 3JIEMEHT4, YI0J IOBOPOTA
OCH TpACCHl B IOPU3OHTAILHOH IJIOCKOCTH H pa,unyc OCH TIOBOPOTa, TO
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e B BEPTHKANBLHOH IIOCKOCTHM, pPACCTOSHHE OT TpyOul [0 CTEHKH
TPAHLIEH, TIYOMHA 3a10%KcHUA TPYOBI, YPOBEHB OOBOIHEHMS, WHTCHCUB-
HOCTb GalacTUPOBKM M Da3Mephl HAachiM N0 BEPXy M IO HH3Y (npu
€e HalN4uM).

Pacuer BbImoMHAeTCA Ha HOpMaTHBHLle H PpacueTHble HATPY3KH.
PeaynbTaThl pacyeTa AN KakIoi M3 HArpy3oK COHNEPKAT [Be TaOHIBL:
YCMITHSL M. TepeMellieHMs, (AKTUYECKHe HAUPSKEHUS M MpenefbHO HO-
nyctumble. [IpoBOAMTCS cpaBHeHWe HANPSKEHHH U IelaeTcs BLIBOA 00
YAOBIETBOPEHUH (HE YIOOBIETBOPEHMU) MpeNeNbHBIX COCTOAHMH, YCTaHOB-
JeHHbIXx HopMamui. OTMevaeTcsi y4acTOK, Ha KOTOPOM HeE BBINONHSCTCA
TpeboBanue HopM. ECIH He BLINOMHACTCA YCJIOBHE IO TPOMHOCTH, TO
B 3TOM ciyyae 06b4HO TpebyeTcss MuGo yMEHBUINTE HATPY3KY (BHYTpEeHHeEe
JaBjieHHe WK (M) TeMNepaTypHBHIH nepenan), MU0 YBETUYUTh TOJIIUHY
CTEeHKH TpyOBbL. - :

OcofeHHOCTH MPOMHOCTHOTO PACueTa HAIEMHOH CHCTEMbI
NPOKIAAKH € KOMIECHCAIHOHALIMH YYaCTKaMH

[Mon Ha3eMHOH CHCTEMOW MPOKIAJKH MOHMMAacTcs coocob mpoknamku
- TpyOompoBoJa TO CILTAHUPOBAHHOM MOBEPXHOCTH 3€MJIM MM HA [OBEp--
XHOCTHBIX OHOPAX, PacCTOAHHME MEXAY KOTOPbIMM HEBENHKO, T. €. MOXHO -
npeHeGpeyr M3ruboM TpyOompoBola B BEPTUKAIBHOH [LIOCKOCTH MEXIY
gumu. Tlpw 3TOM 3aceimka TpyOompoBoJa TpPYHTOM, B TOM YHCTIE
H YCTPOWUCTBO BajMKa, HE MNPeNycCMOTpeHbl. Takas cdcreMa NPOKJIAIKH .
MOXET HafiTH [MPOKoe NPHMEHEHHE, OMHAKO CICAYET YYHTHIBATEL, 4YTO
NpH  BO3MOXHOCTH JUIMTEILHOH OCTAHOBKM TPAHCIOpTA rasa, TIpH CoO-
XxpaHeHuy B TpyGe pabouero maBJieHMsA, TemmepaTypa TpyObl , MOXeT
IPYHHMATL TEMIEPATypy OKpyxaroulei cpensl. [Toatomy mpyu npokianxe
TakdXx TPYOONMPOBONOB *B PaiOHAX ¢ HHUIKMMU OTPHNATENBHBIMH TeM-
IepATYPaMH  BO3/lyXa MOBBILIAIOTCA TpeOOBAHHN K BA3KMM CBOKCTBAM
Matepuana TpyOsL. :

B kavecTBe pacdyeTHOM CXEMBI TaKOIo pr6onpoaona TPAUHAMAETCS
CTep)KHEeBasg CHCTEMA C MPOW3BOJBLHBIM OYEPTAHMEM OCH B TOPU3OHTAJILHOM .
IUTOCKOCTH, OCHOBAHHE MO TPyOONpPOBOAOM CHYUTAETCA JOCTATOYHO KECT-
KMM, HO HMeEeT KOHEYHYK) BeJIHYMHY. XapakTePUCTHKH MOJATIHBOCTH
3TOTO OCHOBAHHMS TOCTOSHHEI MO UIMHE paccYMThIBaeMoro yvactka. I[lpu
BO3IMOXKHBIX TICPEMEILEHHAX TpYOOMpOBOAAa B . BEPTHKAILHOH [IIOCKOCTH
BBEPX MHTECHCMBHOCTb COHNPOTHBIEHHS 3TOMY [EPEMEIICHHIO PABHA CyMMeE
MHTEHCHBHOCTH OT Beca caMmoro TpybomnpoBona, NPOAyKTa U OajlTacTHpOB-
KH, TIPM €€ HAJIH4YHH. :

ITpr BO3MOXHEIX MepeMeIieHHsAX TpyOomnpoBoaa B TOPHU3OHTAILHOH
IOCKOCTH — BJIOJIb . OCH #— COMPOTHBJICHHE TNEPEMEUICHUIO HE 3aBHCHT
OT 3HAKa MEPEMEIUCHHS W OMPEOENACTCSA POU3BEACHUEM koaddunmenta
TpeHHA Ha HOpPMalbHOE JlaBleHuie TPYOOMpoBoIa Ha OCHOBAHHE. AHAIOTHY-
HBI XapakTep MMEET CONPOTHBJICHHE MepeMellleHHio Tpybomposoaa B ro-
PH3OHTANTBHOM [UIOCKOCTH TomepeK ocu TpyOompoponma (w), mOpuieM
k03(pUIHUEATBI TPEHHSA NIPH TOPH3IOHTAJBHBIX TEPEMEIIEHUAX MOTYT ObITh
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pasnu4HeiMH. KpoMme TOro, MNpH MaibiX MEPEMEIUEHHAX - YYUTHIBAETCH
pasaniude Ko3hQGHIUEHTOB TPeHHs TIPH CPLIBE H ABHXKEHHH. DTO 06bAC-
HACTCA HANMYUEM B pAJC -CIYYaeB HEKOIO JI0KA BLOJAbL OCH TpyOh 3d
CYeT YIUIOTHEHHMS TIPYHTZ TMod OeHCTBMEM BECOBBIX HATpy3ok. Kpome
TOro, AJTOPUTM IPOrpaMMbl YYUTHIBACT, YTO HOPMAJbHOE J4BJIEHHUE Ha
OCHOBAHHUE ONpE/ENIAETCH HE TOJIbKO BECOBLIMH HArpy3KaMM, HO W, NpU
HAJIMIHH  KPUBM3HBL OCHOBAHMS - O] TpyOOH, NPOTOILHBIMU CHJIAMH,
O0yYCII0BNEHHBIME BO3CHCTBHEM TeMIIEPATYPHOTO nepenand H BHYTPEHHET O
JIABJICHUS. :

Takum 06pa3oM, dnropuTM H3J0XKEHHOI0 METOJA OTPAXKAET Pa3jIMYHbIC
KOJIMYCCTBEHHbIE XAPAKTEPUCTHKH KOI(GGHIHEHTA TPEHHA [PH T[OPH3OH- -
TAJIbHBIX HNEPEMCIICHUSX TpyObl BAOJbL M HONEPEK OCH TpyGompoBoaa
W 33aBUCUMOCTb HOPMANLHOIO [ABJIEHHSA OT IeoMeTpuu TpyOonpoBoaa
B BEPTUKATBHOH IUIOCKOCTH IIPH BO3JACHCTBUM TEMIEPATYPHOTrO Iepenald
U BHYTpeHHero papjeHHsi. PaspabGoranmnas BHHUUCTom u FOxuumrun-
porazoM nporpamma «HAIIP» nospossteT paccUUTHIBATL HEPA3BETBIICHHYEO
CHCTEMY NpOKIAJKH HA3¢MHOTO TpyOONpoBOJA € NPOM3BOJILHBIM OYEp-
TAaHHEM OCH B TOPU3OHTAJILHOH ‘M BEPTHKAJLHOM TUIOCKOCTAX IpH
HECOBMEIICHHBIX YIJIAX MNOBOPOTA. B KavecTBe I'DAHHYHBIX YCIOBHH IIO
KOHUAM PACCYMTBIBACMOH CHUCTE€MBl 34aJal0TCA TOJATIMBOCTH MO BCEM
HAallpaBJIeHUIM TIEpEMENICHHA,

3anaya peuraercs ¢ IPUMEHEHHEM OJHOMEPHOIO JMHEHHOIO KOHEYHOI'O
3JIEMEHTA. Y3JI0BbIE TOYKH O0A3aTENbHO 33aJal0TCA B MECTaX H3MCHEHHUS
JIFOOOro M3 3HAYCHUN WCXOMHBIX J4HHBIX, HA KOHEUHLIC JIMHCHHBIE 3JIEMEHThI
pasOUBAIOTCA KPHBOJIMHEHHbIC YYacTKH TPyOOIPOBOJOB H, KPOME TOTO,
C UMLK YYETd HEMUHCHHOCTH CHCTEMBI DOJIee MeJIKME KOHEUHBIE 3JIEMEHThI
'MCTIOAL3YEOTCS HA  y4acTKax prﬁonposo,ud HMEKOILHMX 3HAYUTEILHEIC
NEPEMEILICHHS.

C Uenbi0 HCTIONB3OBAHMS IS PACYETA MATPHI XKECTKOCTH JIMHEHHOIO
IEMEHTAa 'C YNPYIHMH CBA3AMH M METOJa TIEPEMEHHBLIX [aPAMETPOB
YNPYrOCTH [JI OMHCAHHMA OHAIPAMMBI «(CONPOTHBJICHHE — MEPEMELLICHHEN
HUCHONB3YIOTCA KOHCYHBIC HavaJdbHble KOI(DOHUUHUEHTH CONPOTHBJIEHHA. BHI
PacYETHBIX JMArpaMM TpuBedeH Ha puc. 9.1. Ilox ¢, ©Ha puc. 9.1,qa
NOHHMACTCH HOPMAlbHOE JAdBICHHE HA OCHOBAHHE 1OJ TPYOONpOBOAOM,

g 74 g o K’
Y gll"f qu C Qw ‘ \
l{;M -1 -veM q5 1 lult:M. as 7 le?M

Puc. 9.1. udarpaMmbl 3dBECHMOCTH «CO]‘IpOTMEJ‘ICHHG‘HG})CMCU.ICHPIG)) IIpK HA3EM-
HOH cucreme IpOKJIaaKH

4 —IpH NOMEPeYHOM BEPTHKAILHOM MepeMelcHIH pr6b1 BHM3 (020); 6 —IpU TOTIEpeHOM
BEPTHKANILHOM YICPEMELUEHHH TPy6bl BBepX (2<0); §—IpH UPOAOILHEIX HEpeMelleHHAX BAOML
ocu 1py6bl; s—upu noncpclmmx TIEPEMELLICHMAX B TOPH3IOHTAILHOH IIOCKOCTH
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BKJIFOUAIOIIEE BCCOBLIE XAPAKTCPUCTHKH W JABJICHHE, OOyCIIOBICHHOE
BO3CHCTBHEM TEMIIEPATYpPHOTO Mepenaja M BHYTPEHHErO [ABJEHWS, MOA
v— MONEpeyHOE NepeMelIeHie B BEPTHKANBHOM IUIOCKOCTH BHH3. TaHTeHC
yIJTa HAKJTOHA 3TOM BETBH YYUTBIBAET HEKOTOPYHO KOHEYHYIO TOJATIWBOCTH
OCHOBaHHSA nion Tpyboii. MMox ¢,, HA puc. 9.1, 6 TOHHMAETCH HHTEHCHBHOCTD
BEPTHKAJILHOU pacipeleleHHOH HArpy3KM, OMNHCAHHONW paHee, W YCJIOBHO
CUMTACTCH, 4TO OHA peaM3yeTcs NOpPU MAaJIoM KOHEYHOM TNEpeMEIUCHUH
TpyOBI BBEPX, B JAHHOM BepCHU MPOrPaMMbI OPH NEPEMEIIEHHH, PABHOM
1 em. Ilog ¢, Ha pHc. 9.1, TOHHMAETCA COMNPOTHBJIEHHE MPOJOJTBHBIM
mepeMclleHHsM # BAONL' OocH TpyOel. B JaHHOH BEpPCHHM INPOTrPaMMBbl
YCJIOBHO TPHHATO, YTO MAaKCHMAJTbHOE COINPOTHBICHHE DPEANU3yeTcs MpH
. mepemelneHnn, paBHoM 0,5 cM H pPaBHO CyMME CHJl CIIMIAHHST H MPOU3-
Be/ICHHS HOPMATBLHOTO JaBJIEHHS HAa KOIDDHUIHEHT TPCHHSL. C yBemmucHIEM
nepemeniearss ot 0,5 mo [ cM cHIBI CAMNAaHHA T[pyHTa ¢ TpyOoil
HAPYIIAIOTCA, HIMECHEHHe B JTOM HWHTEepBale NepeMEIleHHH MPOHCXOMHT
'O JIMHCHHOMY 3aKOHY, a IIpH lepeMemeHdsx Oomee 1 cM  (OBHXKCHHE)
COHPOTHBJICHUE OMNpeeNseTCS TOJNbKO MNPON3BEACHHEM HOPMATBHOTO O4B-
. meHust Ha kodpduument Tpemms. Ilox g, HA pHc. 9.1,2 TOHHMAETCA
CONPOTHBIICHAE TOPHIOHTANBHBIM TIOMEPCYHBIM TEPEMELIEHHAM TPYOBhL W,
NpHYEM, 34 HCKJIFOYEHHeM KOJMYeCTBEHHOTO 3HAYeHHA Kod(pdunuenta
TPeHHs, OUarpaMmel puc. 9.1,8 u 9.1,2, UIOCHTHYHBL

BBUIY CYIIECTBCHHOH HENMHHCHHOCTH CHCTEMBl (3a CUYET JHATPpAMM
«COMPOTHBIICHAC — MEPEMELICHAE», 3aBHCUMOCTH HOPMAJBHOTO JIaBIICHUA
OT BO3JCHCTBAA TEMIEPATYPH W JABJICHHA, T. €. TOXE OT CONPOTHBICHMNS)
3a/1a4a pelIaeTcs HWTESPALMOHHBIM METOIO0M.

[Mpy HaMHYUH . BEPTHKANBHBIX YIJIOB HOBOPOTA BHAYAJlIE CHCTEMA
paccuHThIBaeTCS O€3 yueTa TOpPH30HTANBHBIX YIJIOB MOBOPOTA B COOTBET-
CTBHH C PACYETHBIMH muarpamMmamu puc. 9.1,a u 6. B pesyasTate 3T0r0
pacuera OMpeAesIeTCA HOPMAJIbHOE [ABIIEHHE HAa OCHOBAHME C YYeTOM
BECOBBIX HATPY30K H IPOJOTBHBIX YCHIMiA, OOYCITOBINEHHBIX BO3/JICHCTBHEM
TEMOEPATYPbl H BHYTPCHHEro JsaBieHHA. Ilpu 5TOM, Tak Kak auarpamMmma
puc. 9.1,6 HenMMHEHHAS, HCIOIB3YETCS METOM - MEPEMEHHBIX IapamMeTpOB
VOPYrOCTH, T. €. KO3QQHUIMEHTH COMPOTUBICHHA ONPCACISAIOTCA. HA OC-
HOBAHMA Pe3yIbTaTOB IIEpPeMEIUEHUM, ONpeAeeHHBIX Ha TPEAbLAYIIAX
JTamax pacuera. 3Hag HOpMANbHbIE HABICHWS I KAX/OTO JJIEMEHTa
H 3ajandbie kod>POUIMEHTHl TPEHHS B COOTBETCTBHM C JHarpaMMaMH
puc. 9.1, W 2, TIPHUMEHSST METOJ MNEPEMCHHBIX HAPaAMETpPOB YIPYIOCTH,
PACCUHTBIBACTCA CHCTEMA, MMEIOILIAS . IPOH3BOSILHOE OYEPTAHHE B TOPH3OH- -
TANBbHOM MJIOCKOCTH. IIpH 3TOM ONpeAestOTCS Kak MPOJOJbHOE YCHIINC
B CTeHKaX TPYOBI, TAK W SKBMBAJICHTHOE YCIUIHE B CEUeHHH TPyOorpoBoaa
C Yy4eTOM CAMOKOMIICHCAIMA cHCTeMbl. Jlamee ¢ y4eTOM H3MCHCHHUSA
OpOAOILHBIX YCHAMH BHOBBL ONpeReNsacTCa HOPMAJIbHOE AAaBIEHHE [UIS
KAKIOTO HIEMEHTA, 4 3aTCM BHOBb NIPOM3BOJHUTCA pacueT TPyOOIpOBOIHOH
CHCTEMBI, UMEIOLICH IMPOH3BONLHOEC OYEPTAHWUE B TOPH3IOHTANLHOM ILITOC-
KOocTH. B_ kauecTBe KPHTepHEB CXOIAUMOCTH HTEPANHOHHBIX MPOIECCOB
MCTIONB3YeTCA CPaBHEHMe OTHOCHTENBHBIX HOpHpamennit Koaddumuentos
HOPM&JIBHOTO H KacaTeJIbHOTO COTNPOTHUBJIEHHA. B pesyiabTarte pacuera .
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Puc. 9.2. PesyabTaThi GHCIICHHOrO  pacHeTa HA3E€MHOM CXeMbl OpOKIaaxH Tpybo-
nposoaa
a—TreoMeTpus Tpy6ompoBoja; & —3Mopa NEPEMELUEHHH; & —IJMIopA YCHIHH

OMpEAENSAIOTCA U3rHGAIOIIHE MOMEHTBI B ODEHX IUIOCKOCTSIX, IMPOZOJILHAS
H TIONepeuHas CHIbl, ¥ TPH KOMIIOHEHTHI MEpeMeUIeHUd v, u M w ,E[J'Iﬂ‘
TPEX CEYEHHH KaXAOro H3 IEMEHTOB. :

B COOTBEeTCTBHM ¢ [JeACTBYIOIIMMM HOPMaMHd II0 KOMIIOHCHTAM
BHYTPEHHUX YCHJIAH M JABJECHHIO OINpPEJENAIOTCA COOTBETCTBYIOLLME Ha-
NPSKEHUs, KOTOPBIE ' CPABHHBAIOTCH C TPEACITBHO JIOMYCTHMBIMH.

‘MeTOo/IOM BapMaHTHOTO MpOEKTHPOBAaHUA ONpEAeNeTcs palMOHalIbHOE
TEXHHYECKOE pEIICHHE, B JAHHOM CJIyYae OYepTaHHE OCH Tpybomposoaa
(CoYeTaHHE NPAMOJHHEHHBIX YYacTKOB M OTBOIOB), YAOBJIETBOPSIOLIES
npedelbHBIM COCTOSHUAM. Bxonnasa HHQOpMAaiMs BKIIOYAET BEJIMYUHBI,
MOCTOSIHHLIE OJIA BCEr0 PaccYMTHLIBAEMOIO y4acTka: paboyee (HOPMATHBHOE)
JaBJCHHE, TEMIEpAaTYPHBI Nepenaj, HAapyXKHbIA OHaMeTp TpyObl U mogaTt-
JIMBOCTH B Ha4aJbHOH H KOHEYHOH TOUYKAX CEYCHHS IO BCEM HAMpPAaBJICHUAM
nepeMenieHnit. Jlng KkaXxzaoro KOHEYHOrO 3JIEMEHTA4, 4YHMCIO KOTOPBIX
B /I4HHOM BEPCHM TIPOrpamMMbl MOXeT ObiTh g0 500, omMcebiBacTca ero
FEOMETPHS: JUIMHA, YTOJl TIOBOPOTA, PAjMyc OTBOAY WK KPUBOH yIpyroro
u3rnba.

Kpome TOro, s KaxLOro U3 OJNEMEHTOB MACCHBOM BBOAUTCH
caeayroias HHOOPMALHUS:

m—KaTeropus ydacTka prﬁonposo;m O — TOJIIHHA CTEHKH TpPYObI;
R, —HOpPMATHMBHOE BpPEMCHHOEC CONPOTHUBICHME; R, — HOPMaTHBHBIN
npefen TeKy4ecTH; Kk, —KO3(QHUUHEHT HaJeKHOCTH MO MaTepuany;, k,—
KOGQHUIUCHT HAACKHOCTH IO JWAMETPY M AABJICHHIO; f, —KO03hHLIHEHT
TpeHHs IIpH IONEPEYHBbIX TOPU3OHTAJIbHBIX TIEPEMELLIEHUAX TpYObl; f,—
K0(pQMUHEHT TPEHHU TPHU [PONOJLHBIX NEPEMEUIEHUSX BIOIL OCH
TpyOOIpOBOJA; ¢ ,— YAENbHAS CJIHNaeMOCTh TpyOOMpOBOJA C TPYHTOM.

Ha puc. 9.2 npejacTaBieHsl pe3yjbTaTsl pacyeTa OJ8 CXEMbl NPOKJIaJKH
Tpybonposoaa 720 x 8 MM, BBIIOJHEHHONA C TPEYrOJbHBIM KOMIIEHCAIIMOH-
HbIM YY4CTKOM B T'OPHU30HTAJILHOHW IJIOCKOCTH C YIJIJaMd TIOBOpOTd
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15°—30°"—15° ¢ npumeHcHHEM OTBOJAOB paauycoM 30 M u ApHMBIKA-

IOMKMA  NPSIMOHHCHHBIME - ydacTkamMu aAnuAod 155 M. Ha pne. 9.2,a
AIPe/ICTABJACHBl OMIOPHI - NPOAOIBHBIX ¢ (C/I€B& OT OCH) W MNONEpeqHbIX
v (cnpaBa ot ocu) nepememeHHi. [TonoxKUTEIBHOEC HANPABICHHE NPOJOJb-
HBIX TIepeMElIcHH#t O03HAY4CT, 4TO OHK "HANPaBIEHbi CleB4 HANPaBO,
a MepeMELCHHE B KAXKAOH TOYKE COOTBCTCTBYET ApeabIayIEMY INEMEHTY,
NI03TOMY B YITIax MOBOPOTA COOTBETCTBYIOUINC KOMIIOHEHTHI MepeMelueHnH
He coBnadaroT. OOimee mnepeMeuleHne - ONPeCNseTCs BEKTOPHBIM CyM-
MupoBaHueM nepememennit. Ha prc. 9.2, 6 npeactasiedsl 3MOPEl MPOAOIb-
HblX ycunuit N (cneBa oT OocH) M M3rMGalINMX MOMeHTOR M (crpaBa
OT OCH) B Ce4eHHH TpyOonpoBond. Honommenbuoe 3HaYeHHEe MPOAOTABLHOTO
YCHJIAA 03HA44eT PACTHKEHHE.

3KCﬂepﬂMeﬂTaJleble HCCJICI0OBAHNA MojJedeil Moa3eMHBIX
prﬁ()llp()BO}]OB, HMEROIHHX pa:muqﬂoe oqep'ranue OCH B
FOPHSOHTZJIBHOH HJI0CKOCTH '

3KCHCPHMCHTaHbHHe ucciaeaoBaHusd TMNPOBOIAHNTHCE Ha IKCNCPpHUMEH-

" ranwHoit 6aze BHUMUCTa c¢ ‘yuactuem C. K. Tunsamna na wMogensx

NOA3eMHBIX TPyOONpPOBONOB, BBLIMOJHCHHBIX M3 Tpy6 cedcHuem 219x6
n 426 x 6 mm. Koudurypauus tpybonposoma B miaHe Mpencrapisia

'coboil codeTaHHe YIIOB TMOBOPOTA, BLIMOJHEHHBIX C TIPUMCHCHHEM .

OTBOJOB, 00pa3ylolice KOMMNEHCATOP-YNOp, 4a . TakkKe pa3BETBJICHHBIA

' mom3eMHBIl Tpybomposoa ¢ TpoiiHmkaMu. FeomMerpryeckue pa3Mepbl BCex
MOJelel MNpHBedeHbI HA PHUCYHKaX, T[A€ TPEICTABJCHBL PE3yabTaThbl

wamepenuii. - [lpononbHOe ycunHMe €O03/1aBajlock € - MOMOMIBIO  ABYX
rugpaBnudeckux aoMkpatos JT-100, cBA3aHHBIX € ABYMs HACOCHBIMH
cranpmamun  HCP-400.. Konubsl TpyO Oblsim  yCHIIEHBI TIPOTUB CMATHA,
a C JApyroiti CcTopoHbl OBINM YCTPOEHBl  OETOHHBIE YNODPBL. YCUIIHE
OMpEAenAnOCh MO MOKA3aHUIM MaHOMETPOB HACOCHBIX cranuuid. [lepe-
MelleHWa TopueBoro ceuenus GukcupoBanoce mnporubomepamn Mak-
cuMoBa. JIn8 M3MEpeHHs TepeMelleHui Tpybomnposoaa BO BCEX Ipeayc-
MOTPEHHBIX CEYEHHSX TPHBAPHRAIINCh BEPTHKANBHLIE YTOJKH, K MOCIen-
HHM Ha KOHIE— KPYTJble WThIpH auametipom 2 mMm. YTobwl yronku
B Tpolecce nepemelieHuss TpybonposoJa He H3rubanuck, OHM ObLTH

JaKTIOYeHb! B «obcammbiey TpyOkm aumaMerpom 329 u 519 mm. Han

WITLIPSMH ObIMM YCTAHOBJICHB TUIAHINETHI, OPUEHTHPOBAHHBICE B COOTBET-
CTBHM ¢ HANpaBIACHUEM OCH TpybOonpoBoda, KOTOpPBLIC = KpeNnMIHChH
K mepeBsnHON pame. Ha mpaHmeTax B ABYX B3aHMHO NEPUSHAHKYIAPHBIX
HANpaBleHUax OwUIM TNpHKAceHbl JHHeikH. [lpoBeaenHble KOHTpPONbHbBIE

M3MCPEHMA TO0KA3a/M, 9TO MOrPelIHOCTh H3MCPECHUA NMEPEeMEEHHil TakuM

cnocoO0oM He npesBbImacT 1 MM

DKCNCPUMEHTANBHBIE UCCNeJ0BaAHMA paboTH yrios NOBOpPOTA B NIaHE
npoBoAMfMch, HA Mofend u3 Tpy6 cedennem 219 x 6 mm. Vron nosepora
Oern paBen 33°, ANMHBL TPAMBIX  YYACTKOB, TPHUMBIKAIOMWMX K yray,
coctapnsinn 36 M. Henocpeacrsenno yroa noBopotra Obil  BbIMOJHEH
C TOMOIIBIO OTBOJAOB paauycamu 50 W 5 auamerpoB TpyOwl. ['mybuua
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Puc. 9.3. Dmiopel  nonepevHsIx (4) M TpPOACJBHEIX (§) NEPEMELIEHAR HA yrJe
MOBOPOTA, BBIMOIHEHHOTO C NPHMCHEHHCM OTBOAA Paauycom 50 TuUaMeTpoM TpyGsl

3aJ0X%eHUs Tpybonposoaa coctaBaana 50 cM (0T BepxHell obpasyromeil
TpyObt). (DU3MKO-MEXAaHUYECKHE XAPAKTCPHCTHKH TPYHT4: ILIOTHOCTh
p=1810 xr/mM>, yron BHyTpenmero Tpenus ¢, =22°, yOenpHOE cueleHHe
¢,,=0,07 MIla, Moayas amedpopmannu E,,=30 MIla.

Ha puc. 9.3 npuBeseHnl pe3ylbTATHl IKCHEPHMEHTA (HOKA3aHBI TOY-
KdMH) [N YIJa IHOBOPOTA, BLIIOJHEHHOTO C NPHMEHEHHEM OTBOAA
pajmycom 50 auaMeTpoB TpyOBl: MEPEeMEUICHHS B MHJIMMETpPAX, -COOT-
BETCTBYIOLIME olpedesieHHOoMY ycuinw Z (B kH), nprnoxedHomy k oboum
kOHIaM Tpybonpopoga. K cokameHuro, B npomecce JKCIIEpHMEHTA HE
yAanock J0OUTLCS CHMMETPHH B IIEPEMELLUCHHH KpafHMX KOHIOB TpY-
00npoBOJa, YTO HECKONLKO HMCKA3WIO KOJIMYECTBEHHYH) KAPTHHY OIBITA.
Ha sTux e pucyHKax npuBejenbl KPUBLIE, NOTYYCHHBIE IIO Pe3YIbTATAM
pacdera. CpaBHCHME DE3yIbTATOB DACYETA C IKCIEPUMEHTANBHLIMH [J4H-
HLIMH CBHIECTENLCTBYET O IIOJIHOM K44ECTBEHHOM H JOCTATOYHO V/AOB-
JETBOPUTEILHOM COOTBETCTBHH Pe3yJLTATOB.

Ha puc. 9.4 npusenenb! pe3yabTaTsl 3KCIEPUMEHTA A8 YIUd IOBOPOTA,
BLIIONHEHHOTO € NPUMEHCHMCM OTBOJA PAJHYCOM 5 JHAMETpPOB TpyOHL.
Heobxoaumo oTMETHTh, 9TO AAS YINA NOBOPOT4, BBIIOJHEHHOIO C HpH-
MEHCHHEM OTBOJOB MAJIOIO paguycd, NPH NPOAOJILHO-TIONEPEYHOM HITHOe
HABIIOMACTCS. 0OpA30BAHUE NECKONBKMX BOJN. DKCOEPHMEHTATLULIE MC-
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Puc. 9.4. Dnropel momepedHBIX (a) M UPOJONBHBIX (6) TNEpeMelUecHMH HA  yrie
MOBOPOTA, BBITOJHEHHOTO ¢ MPHMEHEHHEM OTBOLA pPaadycoM 35 JHAMETpPOB TpyObl

CITEIOBAHHS Ha MOJENAX TMOI3EMHBIX KOMIECHCATOPOB-YIOPOB POBOIIITHCE
NS ABYX THIOB-—Z-06pa3HbIX M TpamereHaaJbHBIX.

Ha puc. 9.5,a npeactaBieHsl pe3yNbTaThl IKCIIEPUMEHTOB  (3MIOPHI -
TIPOAOJILHBIX TIEPEMELIEHNH) C MOJECIbI0 Z-00pa3Horo KOMIIEHCATOpa M3
TpyG 426x6 MM C yrmamu noBopoTa, paBHBIMH 42°30" W 44°36°. Vriel
TOBOPOTA BBINONHEHLI H3 OTBOAOB DPAadHycOM 5 [JHAMETPOB TpYOHI
[nybuna 3anoxenus tpyd coctaBmstma 55 cM (0T BepxHeit oGpal’yromei).
I'pyHT —CyrnuHok,  ¢M3WKO-MEXaHMYECKHe  XapaKTEPHCTHKH  TPYHTA:
p=1550 xr/m*, @,=19°, ¢,,=0,1 MIa, E_ =30 MIla.

Ha pwuc. 9.5,6 mpejicTaBneHsl pe3yabTaThl  IKCHEPHUMEHTA (3mopbl
APOAOJIBHBIX NEPEMELICHHUI) TAKKE C MOIENIBI Z-00pa3sHOTO KOMIEHCATODA,
HO C YBEIHYEHHBIMHU - 10 CPAaBHEHHIO C MOpeAbLAyLIEeH MOMENbIO yriiaMi
TIOBOPOTA, COOTBETCTBEHHO O 69°40° m 71°5(/. B nmammom oskcnepumeHTe
BLICOTA 34CBINKH coCcTaBiIAna 60 cM. ['pyHT — necHansrit, GU3HKO-MCXaHHTEC-
* KHE XapakTepHCTHKH Tpynta: p=1810 kr/m?, ¢,,=22°, ¢, =0, £, =30 MIla.
' Kak crenyer u3 cpasHEHHS pPe3yabTATOB oﬁom afccnepumcmoa
C ' YBEIWMCHHEM ermB noaopoTa l'IpOL[OJIbHLIe NEPEMCEIIIEHHSI B MECTE
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Puc. 9.5. Dmopht nMpoaoIbHEIX
Q ‘ nepeMetneHuil Ha Z-oOpa3Hom
: K ramax Io-
265 | 29 ooy hopota okono 45° (a) n 10°
' 6) :
BLIXO/]a TpyOOTpOBOAA HAa MOBEPXHOCTh CYLUECTBEHHO YMEHBINAKOTCH, B TO
€ BpeMsl YBEJIHYMBAIOTCS IMONEpPEeYHbIE NMEPEMELICHHs Ha YIJIaX MOBOPOTA.
PeaynpTaThl 4YMCIEHHOI'O pacyeTa, NPHBEACHHBIE Ha JTHX ~ PHCYHKaX,
CBHAETENLCTBYIOT O XOPOIIEM COBNAACHMH PACYETHBIX H 3KCHEPHMMEHTANb-
HBIX gaHHBEIX. Popma ynpyrodi JMHHM BCEl CHCTEMBI, MNOJYYCHHAs Ha
OCHOBAaHHM H3MEDEHHMH, B IKCIICPUMEHTE COOTBETCTBYET PACYETHOH, IpH
yeumun Z=250 kH ¢axTudeckoe NpoaoiEHOE I[EPEMEILCHAE B MECTE
IPHIOKEHHS YCHJIHS OTJMYAETCs OT pacyeTHoro Ha 6%.

- Ha puc. 9.6 npencrapieHsl pe3yibTaThl M3MepeHMH NPOJOJBHBIX (a)
W 1onepedyHbIX (6) nepeMelleHHH MOJENH  TpameLeHganbHOro KOMICH-
caTopa, BLIOMHEHHOro M3 TpyG 426 x 6 MM, c yrimaMe nosopota 41°15,
40°28', 73°56’, 71°35'. I'pyHT 3achlIKM —CYIJIMHOK C paHee yKu3aHHBIMH
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- Puc. 9.6, Smopel npoaobHEIX (@) ¥ TIONEPEYHBIX (3 ) TIepeMENICHI Tpanelenaainb-

HOTO KOMTIEHCATOPA

Puc. 9.7. PeaynnTaTbl HATYPHOrO : IKCNMECpUMEHTA Ha yrje T1oBopoTa M3 Tpyo

325x 11 MM npm masneunu 4 MIMa

12 - PacueT... Tpyfonporosgoe




XapaKTepUCTHKaMH. Beicota 3aceinkd Haja TpyOoid 50 ¢cM. Pesyaeratsi
3TOr0 3IKCIEPHMEHTA CBHIAETEJNLCTBYIOT, YTO HCMOJIb30BAHHE IIOA3EMHbIX
KOMIIEHCATOPOB-YIIOPOB TPAMeLeUAaILHOR POPMBI MO3BOJISAET CYMIECTBEHHO
YMEHBILIHTh, NMPAKTHYECKH IO HYyJIdA, NPOMOJbHO¢ TNEPEMCLIEHME B MECTE
BBIXOJA TOI3eMHOIO TpybompoBoda Ha moBepXHocTh. IIpuueM, Kak
MOKA3alld JKCIEPHMEHTHI 1A pa3iv4HbIX GOpM TpaleleHIaIbHbIX KOM-
NEHCATOPOB, - NPHMEHEHHE HECHMMETPHYHBIX TpAMNeleHTaabHEIX KOMIICH-
catopoB Oonee 3pdeKTHBHO, 4eM CHMMCTPHYHBIX. . '

- CpaBHAM Takke pe3yJbTaTbl pacyeTa C IKCHEPHMEHTANBHBIMH MC-
cnenoBaHdaMH, mnpobedeHHBIME C. B. BHHOIpagoBbiM HAa JIEHCTBYIOLUEM
y4acTke TpyOomnpoBoja ceyeHueMm 325 x 11 MM, mpedcTapastomero coGoi
YyroJ IOBOpOTa, paBHBIH 90°, BEIMONHEHHBIH C NPHMEHEHMEM OTBOIA
panuycoM 10 M. Kak H3MCpCHHA, Tak M pacyeThl BBINOJHEHBl TPH
H3MEHEHHH [aBjieHus Ha - yyacTke ¢ 0 mo 4 MIla npe mocTOsHHOH
temnepatype. Ha purc. 9.7 npeacrapieHbl CIUIOMIHOH JIHHHCH pE3YJIbTaTh
pacieTa mo NpoTpamMMe ¢ YYETOM (H3MYECKOH HENHMHEHHOCTH IPYHTA,
MyHKTHpPHOH THHHed — pemieHHe C. B. BuHorpazosa, BLINOAHEHHOE B 3aM-
KHYyTOM BHOE OJA JHHEHHON  MOAEHY TPYHTA M TOYKAMM — 3aMEPCHHBIC
nepeMeltieHns. HeoGX0AHMO OTMETHTH XOpolllee COBMAJeHHE pe3ylbTaTOB
pac4eTa, TOJy4eHHBIX O00HMH cnocobaMH, 0 paJHaIbHEIM MEPEMEIIECHUAM
® H TPOJOJBbHBIM YCHIHSAM N, HO OTHOCHTENBHO XyJillee COBIAJCHHC
no u3rubarmuM MoMeHTaM M. Xopoliee COBNAXEHHE pe3y/IbTaToB
pacdeta ¢ YyueroM H 6e3 ydeTa (HMIMYECKOH HEJIHHEHHOCTH TPYHTA .
OOBACHAETCA TEM, YTO TepemMelleHHs TpybompoBoda HMeNH HeOOJIbILHE
3HayeHHsd, B OOJIbIICH YaCTH COOTBETCTBYIOINME YNpyroil pabore TpyHTA.
CpaBHeHde pe3yJbTAaTOB pacueTa C IKCIEPHMEHTAIBHBIMH 3HAYCHUAMH
TEpEMEICHNIT cleyeT TPH3HAThL YXOBJIETBOPHTCILHBIM. '

Q606mas Bce H3J0XKEHHOE, OTMETHM, YTC INPOBEIEHHBIH LHKJI 3JKC-
TMEPUMEHTAJILHBIX HCCICTOBAHHH, YacThb PE3yJbTaTOB KOTOPBIX NPHBEICHA
3jech, Ha MOJEIAX YIJIOB IOBOPOTA H KOMIIEHCATOpax-ynopax, obnana-
IOIIHX KPHBOJHHERHOH OChIO HOCTATOYHO CIIOXHOH KOH(QHIypalHH, IO-
 KazajJ, YTO METONHKA pacyeTa HA QCHOBE METO/AA KOHEYHBIX 3JIEMEHTOB
' C HCMOAL30BAHHEM HEJIMHECHHOH MOJEM IpyHTA JAeT YIAOBJIETBOPHTEIIbHOE
COBMAJICHHEC TEOPETHYECKMX JAHHBIX C 3JKCIEPHMEHTaJbHBIMH.

CepHust 9KCTIEpHMEHTOB 110 B3aMMOJACHCTBHIO TPYOONpPOBOMHOH KOHCT-
PYKIHH ¢ TPYHTOM O6bllTa TpOBEJCHa HA MOACJAX Y3JIOB Pa3BeTBIICHHH
noazeMHBIX TpybonposonoB. TpybonpoBoaHas KOHCTPYKUMSA IPEACTABIAIA
coGoii coueTaHMe NPAMOJHMHCHHBIX YYaCTKOB, BBITIOJIHCHHBIX U3 TpyO.
cedenneM 219 x 8 MM, COEJIMHEHHBIX PaBHONPOXOAHBIMH TPOHHHKaMH cede-
HueM 219x 14 MM. BeicoTa 3achimkd Haa TpyOo# cocTamisiaa 55 oM.
['pyHT mnecyaHmI#, €O cnenymmumn XapAKTEPHCTHKAMH: YyIAENbHBIA Bec
rpynTa Y,,=15,3 kH/M°, ymeneHEIi Bec wacTui rpyHta p=26,1 xH/M3,
nopucTocTh ¢=10,45, yroa BHYTpeHHEro TpeHus @ ,=18°, MOL[yJIb ,uetbop-
mauuu rpynra E_ =10 Mlla.

MeTtoauxa mMepeHnsx nepcmemennn B J3HHBIX 3KCIIEpUMEHTax Gbma
IPMHATZ AHAJIOTHYHO TOM, KOTOpas NPHMEHANACH TIDH IKCIEPHMEHTAIbHBIX
HCCIIEeJOBAHHAX NOA3E¢MHOTO HEPA3BETBJIIEHHOTO pr6onp030na IIPOU3BOJb-
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Puc. 9.8. Pacqcmme JNEOPEI  TIONIEPEHHBIX (a) H ]'lpOJIOJIbHHX 6) nepememenun
nepemquu Mexay TpybonpoBOAaAMHE

HOrO odepTaHus (Yribl MTOBOPOTa, KOMIEHCATOPBI-YIOPHI). Hpononmoe
OCEBOE YCHJIME CO3[MABATOCH TAKXe C MHOMOLILIO THAPABIMMECKHX JIOM-
KpaTOB M HAaCOCHBIMH CTaHUHAMH. CaMM JOMKpaThl YIHpaduCh B CHEHH-
' amBHO COOpPYXEHHBIE JKeJe300€TOHHBIE YMOPBI, PACCYHTAHHBIE HAa BOCH-
puaTHe casuraromero ycunus ao 2000 xH. : : ‘

C nomowsro nporpaMmel «Y3JIbI» GBI nMpoBeneH  pacyeT peaNbHBIX
Y3JI0B pa3BeTBIEHHIf - MOM3EMHBIX TpyOOmpoBoAOR OOJNBIIOrO OHaMeTpa.
Ha puc. 9.8 mpencrabieHa pacyeTHas CXEMa TNEPEMBIYKH MEXKIY IBYMA
HATKaMHd TpyOOmpoBOAa ¢ KpaHOBBIMH y3naMH, OO0¢ HHTKH BBINOJIHEHEI
a3 1py6 cevenmeM 1420 x 19 MM, nepemeruka ®3 TpyG 1020 % 16 MM,
KpaHoBas oOBsizka M3 Tpy® 325x 14 mm. Tlapamerpbl HArpy3ok # BO3-
JEUCTBHM: BHYTpeHHee naBiieHne 5,4 MITa, TteMmepaTypHBIH Tiepemanm
+43°C. B y3nax /, 2 ¥ 5 ycNOBHO NOCTaBJIEHBI 3al€/IKH, Tak Kak
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TpyOOmpoBOA B 3THX CEYEHHAX MPHMBIKAET K KPAHOBBIM YCTpPOHCTBaM,
YCT4HOBJIEHHBIM HAa MOLUHBIX (YHOAMEHTAX, 4 Jajiee upsamongHeeH. B ysne
14 yCnOBHO MPUHAT CBOOOJMHEIA KOHEU, TaK KaK IOJA3EMHBIA TpyObompoBoOxI -
NPUMBIKACT B 3TOM CedeHHMH K kommencaropy. Kak ciaenyer u3 amrop
puc. 9.8, HauGonblIME MONEpPCYHBIe NEpeMelleHrs HabIromaloTcas Ha Ma-
THCTPANBHBEIX TpOoHHMKax (yaibl 3 u 6)— g0 10 oM, nepeMelieHus KpaHOBOR
0OBA3KM HeBeNMKH — 10 2,2 cM. OTMETHM TaKXke, YTO NPOJOJILHBIE
NCPEMELICHAS B MECTE BLIXOA NOA3EMHOrO TPYOOIpPOBOAA HA OBEPXHOCTD
(y3en 14) IOCTATOMHO BENIHKM, 4TO HEOOXOAHMO. YYHTHIBATH TIPH BLIGOpE
napaMeTpoB KomneHcaTopoB. [IpoBeaeHHBIE pacyeT NOKa3bIBAET, 4TO
C LENBIO YMEHBILEHUA HATPY30K Ha TPOHHUKOBBIE COCHUHEHHS NEPEMBIYKY
¢ MarucTpalbHbIMH pr60Hp0B0ﬂdMH CIEAYET BBUIONHATL C NPHMEHEHHEM
TIO/I3EMHOT O KOMneHcaTopa ymopa.

TJIABA 10
PACYET: TPYBOHPOBO}IOB COOPYXKAEMBIX HA
CTPYKTYPHO-HEYCTOMUUBBIX ﬂPOCAﬂO"IHBIX

FPYHTAX

OcobennocTn CTPYKTYPHO-HEYCTOHUHBLIX T'PYHTOB

K cTpykTypHO-HEyCTOMYMBEIM NPOCAJOYHBIM I'PYHTAM OTHOCATCS [PyH-
Thl, B KOTOPBIX IPH HEKOTOPBIX A0OABOMHEBIX BO3IEHCTBUAX — HAIPY3KE,
00BOJHEHMM, OTTAMBAHUM PE3KO HApyLIAEeTCA CTPYKTYpa, ¥TO OOYCJIOBIIM-
BACT YBEJUYCHHUE OCAJOK, YMEHbUICHME HECYLIeH cocOoOHOCTH, YXyAUICHHE
(HU3MKO-MEXAHHYECKMX CBOMCTB H Np. 3HAYUTEJIbHBIE OCAIKH ITHUX IPYyHTOB
00ycNoBIEHsl TEM, YTO. B. IPUPOAHBIX YCAOBHSX OHM SBISAIOTCA HEIOYN-
JOTHEHHBIMH, TakKk Kak IpH He3aBepIUCHHOH KOHCOMMAAUWH 00pa3oBaUCh
CIPYKTYPHBIC CBsi3M, NMPENSTCTBYIOLLUME HMX YIONOTHEHHIO, 4 OPH YKa3aHHBIX
BO3ACHCTBHAX I3TH CBA3H HAPYLUAIOTCA.

[IpOCagouHOCTL TPYHTOB ONPEAENAIOT HA OCHOBAHHME KOMIIPECCHOHHBIX
KpuBhIX. KoMIpecCMOHHBIE KpUBBIE - (3aBUCHMOCTh KO3(Q(HIHEHTA MOPH-
CTOCTM ¢ OT . JaBJeHHA p). OO CTPYKTYPHO-HEYCTOHYMBEIX TIDYHTOB
(puc. 10.1, a— nmeccoBbIX MpH 3aMAYHBAHHH, H — MEP3JBIX MPH OTTAUBAHUH,
6 — PBLIXJIBIX TIECKOB NpPH BHOpalMH) ‘MMEIOT - GOpMY CYLIECTBEHHO OT-
JINYAIOIIYI0 OT OOBIMHBIX IPYHTOB TEM, YTO INPH IABIEHHH p. CKaYKO-
00pa3HO, COOTBETCTBEHHO HA BENU4YHHY 'Ae,,,, Aem, Aeg,s M3MCHACTCH
KO3 HUUEHT NOPHUCTOCTH, ‘

Ha pnc. 10.2 cxemaTHuecky, /Uis OIHCAHHA Kavu€CTBCHHOH KAPTHHBI
' MOBEQICHHA TPYHTOB, H300paxkeHbl KOMIIPECCHOHHBIC KpHBBLIE IS TpPexX
COCTOSIHMIA TpyHTA: [— HaxoJslerocs B MEP3JOM COCTOSHHM, 2-—OBbIY-
HOTO HEMEP3JIOre (IPH HOJIOKUTENBHOH TeMmuepaType), 3 — OTTAHBAKILETO
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Puc. 10.1. Kommpecen- c -
OHHBIE KPHBBIE ¢CTPYK- - - 0,66[ 7 v
TYPHO-HEYCTOHYUBBIX z y ,
IPYHTOB - .
py 2 Hl

Puc. 10.2. Kommnpeccu- .
OHHBIE KDHBBIE ISl MeC- 7 a1 47 g Mna
. . - f 4 ?

Ka

rpynta. ITo ocM aBCIHCC OTMOXEHO HOPMAJIBHOE J4BIICHHE p, MO OCH
OpAMHAT — KOYPHUITHEHT TMOPUCTOCTH ¢, AOCOMIOTHBIE BETHYUHBI OTHOCATCS
K MecyanbIM rpynTaM (mo ganHbiM H. A. LfpiToBuua). M3 comocraBnenus
KOMIIPECCHOHHBIX KPUBBIX [UIA [PYHTOB HEMEDP3NbIX (TaJIbIX) H MeEp3NbiX
- MpY OTTAaMBaHUH CIEAYET, YTO HAHOONBLIHEC WIMEHCHHSA Koacbcbnunema
MOPHUCTOCTH HMEIOT, MECTO B MPOLECCe OTTAWBAHHA.

- KoMmnpeccnoHHass kpuBast I7d MEP3JILIX TPYHTOB TpH OTTauBaHnH'
MOXET ObITE YCTTOBHO pa3buTa Ha TpH ywacTka:. Ha mepBoM yuyactke ab (cMm.
puc. 10.2) uU3McHEHHE MOPUCTOCTH OOBACHAETCA BbITAMBAHHEM NbAa (M3Me-
HeHHa 00beMa JbJd NPH NEepPEXoJe €ro B BOJAY) U OTXKaTHeM BOAbL. Bropoi
Y4acTOK b¢ — XapaKTepHU3YETCH NMPOUECCOM 3ABEPIUSHHA OTXKATHS BOIbI U3
TPYHTa H H3MEHCHHEM 00BEMa OT HEKOTOPOTO 3aKPBITHA MAKPOTPECIIHH
TPYHTa MpH OTTAaWBaHUU. JlaBleHHE, COOTBETCTBYKILIEE BCEMY YYACTKY ac,
He3HauuTensHo, MeHee 0,02 MITa. Tpetui ywactox, mocnme' Touku c,
_ XapakTEpU3YETCA JIMHCHHON 3aBHCHUMOCTBIO MEXAY H3MEHEHHEM MOPHCTO-
CTH M JaBleHHeM. OTMETHM, YTO, KaK MNOKA3aM HCCIENOBaHHA paAfa
aBTOPOB, JIMHEHHAS 3aBUCHMOCTH MEXIY H3MEHEHUEM MOPUCTOCTH MEP3bIX
TPYHTOB MpPH OTTAWBAHHM CIIPABEITHBA TAKXKE IS BEYHOMEP3JIBIX TPYHTOB
'€CTECTBEHHOH HEHAPYIIECHHOH CTPYKTYPHI.

_ JInd TMpakTHYECKOT® MCMOJIL3OBAHHMA B pPacueTax pr6onpOBonos Ha
MPOYHOCTD ,uencmmenbnoro npouecca HpOTaHBaHHH H TIPOCajkH TPYHTa,
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NPOTEKAIOLEr0 BO BPEMEHH, paccmarpnnamrcx TOJBKO CTA0HIH3M-
poBaHHBIE OcagKkd. Bce BO3MOXHbIE ~ NepeMeLICHHs TpyBonpopoa
B BEpPTHKaJbHOW IUIOCKOCTH BHH3, B Ipefcnax Tajoro TpyHTa,
pa30MBAIOTCS HA JBa HHTEpBaJa: MEPEMELIEHUE, COOTBETCTBYIOLIEE
ocalke OTTAMBAHMA, M INepeMELICHUE, COOTBETCTBYIOLEE OCaJKe yII-
JIOTHEHHA. :

Ilpu rlpoxna,m(e prﬁonponona Ha MEP3JbIX H BEYHOMEpP3/IhX rPyHTax
OTTAMBAHHE TPYHTA, HENMOCPEACTBEHHO OKPYXAIOLIEro TPyBOHpOBOA, BO3-
MOXHO KakK 3a CYeT TEMIICPATYPHl HAapyXHOTo BO3JAyXa MpPH INIyOuHe
3aJI0KeHUsA TpyObl, MeHbLUeH HauOOJBINErO CE30HHOIO NPOMEP3aHHs
IPYHTA, TAK H 3a CYET TeMIepaTypsl TPybompoBoaa, Tpancnopmpy}omero
IPOAYKT ¢ MNOJOXHMTEIbHOH TeMnepaTypoi. '

IIpn paccMOTPEHHH CBOMCTB MEp3/IOr0 TpPyHTa MOCHE OTTAUBAHUA
HEOOXOAMMO YYHTHIBATH, YTO IPM NPOMEP3AHUM TAJOr0 TPYHTA NPOMC-
XOAMT CYIUECTBEHHOE H3MEHCHHE €ro TEeKCTYpPel H (GOPMHpPYETCS HoBas
KpHOTEHHas TEKCTypa, 3TO CBA3aHO. ¢ MuUrpanmed BOAbl M IHCIEPCHBIX
MHHEPaJBHBIX YacTHll, C YyBeldueHWeM oO0BeMa BOABI B NPOLECCE
IIPOMEP3aHHsA, ¢ O0XATHEM MHHEpANbHBLIX YACTHL I'DYHTA H OTHEIbHBIX
ero c¢joeB Kpucramtamu Jbga. OcoOeHHO CyLUECTBEHHBIE ‘H3MEHEHUS
IPOUCXOAAT MPHM IPOMEP3aHHH TJMHHUCTHIX TPYHTOB, CONPOBOXIAIOLIEM-
cA pagoM (PU3MKO-XHUMHYECKHX mnpoueccoB. [loaToMy npH BO3MOXHOM
H3MEHCHHH TEMOEpaTypel NpoAykTa (N0 3HAKY) B MpOLECce = IKCILTY-
aTalMd TPH 3KCICPHMEHTANbHOM ONPEHENICHUH  XapaKTEpHCTHK TIPyHTa
np¥ OTTAWBAHUHU cne,uyeT YHHTEIBATL NPOTHO3  H3MEHEHHS CBOHCTB
I'PYHTA.

Mojgels O0CAAKH OTTAMBAIOIIHX MEP3JAbIX IPYHTOB OCHOBAHMA
MO3eMHOr0 TpPYOONpoBoaa

Jns mpaKTHYECKOTO HCIIONIL30BAaHMA B pPacueTax CJIOXKHOTO Mpoliecca
YILTOTHEHUST MEP3JIOr0 TPYHT4 NPH OTTAMBAHHH 3aBUCHUMOCTE e=f(p),
npuBefeHHY0 Ha puc. 10.2, MOXHO YHpPOCTHTb, HE HCKaxXas (QUIHKY
npolecca VIUIOTHEHHH: TOYKY b MOXHO IOMECTHTh HA OCh OpPMHHAT,
TaK KaK COOTBETCTBYIOILAs € Harpy3ka Maja, T. €. YMEHbIICHHE NOPHC-
" TOCTH OT ¢, A0 e, MpoHcXoauT mpu p—0, JanbHelllee H3MEHEHHE KO3(-
(QHIHEATa TMOPUCTOCTH MOXHO NPHHATH NPONOPLHOHANILHBIM HAIpY3Ke.

CornacHO MeTOAMKE TPOBENCHHS HCOLITAHHA MEP3JIBIX - IPYHTOB
TOpAYHMH  HITAMIaMH Koaq)(bmmcﬂr OCaJIkKH OIlpeeNseTCd 3aBUCH-
MOCTBEO : : ‘

4 ) " a )
z=e,,,+;p, o (10.1)

rAe &, —KO3QOHUIHCHT Npocaigkd; a—Ko3pduuuenT cxkuMaeMOCTH, p—
NIaBICHHE, HM3MEHSAIOINEECA OT OLITOBOrO A0 3HAYEHMs Hecyilel crnocod-
HOCTH TpPYHT3; K—KO3(Q(HUIMECHT, NPHHAMAEMBIA PaBHHIM [s IECKOB

_H cyneced 1,3, nna cyrnmucoa——l 2'u 1——)11151 CJIMH.
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[lepexoms OT ko3hGHUIHEHTA CKAMAEMOCTH TPYHTa a K €ro MOIymo
nebopMmammn £ no ycioBuio E=f/a, Haxomum KoodduuueHT OCATKK
B BHUIC ‘ '

i=eut o) | a0

rae B—Koaq;tbuuuem npnnumaeMbm paBHBIM 0,74 1717 ECKOB U CYTIECCH,
0,62—nna cyrmuukoe u 0.4 —nna riMd.

Tak Kak B NPAKTHKE TMPOESKTHUPOBAHUA OOBIYHO sanatores Koatbcpnml-
EHTOM OCAIKH, COOTBETCTBYIOLMM IABJIEHHIO p, PaBHOMY HeCyIcH
crocobHocTH TpyHTa R, To U3 (10.2) monydaeM kodhuUMCHT NpOCaaKK

R r :

OTMeTHM, 9YTO TOJCTHIIAOLIMIA TpyGOTIPOBOA TPYHT N0 TiyGuHe
MOXET HMETh Pa3NIMUHBIC XapaKTEPUCTHKH, BXonsimue B Gdopmyny (10.3),
IO3TOMY IIPH M3BECTHOM OpeOie NPOTaMBaHHA NOJA TPyOoi, HeoOXommmo
onpeaenaTk Ko3pOUIHEHT MPOCAAKH E€4; IS KaXIOTO M3 CIOCB.

Kpome onpeaenenus ko3 dUIHEHTa MPOCATKH MO METOIUKE HCTIBITAHUS
BEYHOMEP3NBLIX TPYHTOB TOPSYMMH  LITAMIIAMH, BO3MOXHO HAXOXICHHE
koa(puIHeHTa Mpocaakn (OTHOCUTENBHOH MNPOCAIKH [pYHTa) pacieToM
no ¢opmyne

L iwyg—wy—0,1w,,
i ‘ pw/ps+wmt

THE Wy U Wy — COOTBETCTBEHHO CYMMApPHas BJIAXHOCTb Mepanoro TPyHTa
M BJAXHOCTH OTTAfiBLIETO TPYHTa MO OPHPOOHBIM [ABJICHUEM; W, —
BJAXHOCTE MEP3JIOF0 [PyHTa 3a CYET HE3AMEp3IUed BOIBL, Py, M Py—
COOTBETCTBEHHO TUJIOTHOCTh BO/IbI M MJIOTHOCTH YacCTHIl I'PYHTA.

3nas ko3QOUIUEHT MPOCAIKH Epj, MOXKHO METONOM CYMMHPOBAHHSA
mo cJI0AM ONpPEAENHTh a0COMIOTHYIO [POCAIKY.

TMpu mpoknagke TpyOonpoBoja B BEYHOMEPIJBIX TPYHTAX (pnc 10.3)
npocaaka TpYHTa MOA pr6onpoao,u0M 3aBUCHT OT HECKOJBKHX (PakTOpOB:
ryOMHEIL - 32JI€TaHHS  BEYHOMEP3JIBIX TPYHTOB hg,; Opeola MPOTAMBAHHS
mox TpyGoll p, B Haa TpyOo#H p,; MOIUHOCTH MPOMEP3AIOIIEro C TMoBep-
XHOCTHM CJOSi TPYHTA J; KOTOPAs 3aBUCHT OT TEMIIEPATYPh! HAPYXKHOIO
BO3/IyXa; TMONOKEHHUS OCH TPYGONpPOBONA OTHOCHTENBHHO IHEBHOW MOBEp-

Eni=

Puc. 10.3. Cxema prﬁonpoao,c(a PACTIONOKEHHOTO B NpEACIaX NEATENBHOTO CITIOS
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XHOCTH hy u ero guamerpa D, OTMETHM, 4YTO Opeos HpOTAUBAHUA
.M MOUIHOCTh TPOMEP3AIOLLEro ¢ NOBEPXHOCTH CJIOS TPYHTA OMPELENACTCA
HA OCHOB4HHH pacyeTd TEMIOBOro B3dMMOICHCTBHS TPyOONpOBOLA C TPYH-
TOM. DTHA NApaMeTphl OMHUCHIBAIOT MOJIOKEHHE pr6onposo,ud OTHOCHTEJIb-
HO BEYHOMEP3JIOIO TPYHTA.

Ilpy 3TOM BO3MOXHBI TPH PACYETHBIX CJIydas:

TpybonpoBoa pacookeH B npe,uenax EATEJBHOIC CJIoA (puc 10.3, a)

e. ho+(Du/2)<hay;

pr’ﬁOHpOBOlI YaCTHYHO = 'PacCHOJIOKCH B BCYHOMEP3JIOM . TI'PYHTE

(puc. 10,3,6), T.¢e. ho—(Du/2) <hon; .

TpyOONPOBO TIOJHOCTHEO  PACIONIOKEH B BC‘[HOMCP3JIOM I'PYHTE *

(puc. 10.3,6,2), T. €. hp—(Dy/2)>hyn.
Ji1s BCex Tpex cy4aeB NpocajKy TPYHTA MOXKHO onpe,uenurb o (bopMyJIe

s=en(Pu—li), . | (10.4).

rae
hy=hyy—(ho+D,/2) npu h,>20;

h,=0 _ npu b, <0. (10.5)

B psane ciyyaeB XapakTePHCTHKH BEHHOMCP3JIOTO IPYHTA IOJ Tpyboil
, R, E, &, N0 rnyOHHE OPOTAMBAHHUSA PAa3lIMYHBI, B 9TOM CIyyae npocamcy
cnenyeT ONpEAeNATh KaK CyMMy NpPOCAJOK OTAEIbHBIX CIIOEB.

[Toa ,MOMENBI0 OCANKH OTTAHBAIOLIUX MEP3ILIX T'PYHTOB OCHOBAHHS
MoA3eMHOT0 Tpy6ompoBona OylieM HOHEMAThL 3aBHCHMOCTh CONPOTHBIIEHUA
TPyHTa NPH NIEPEMEINCHUH TpPYGOMPOBOJAa BHH3 M 3aBHCHMOCTBH YIEp-
KHBAIOILEH CIIOCOOHOCTH TpyHTa, CBs3elt . (3aKPEIUIAIOIIUX  YCTPOIHCTB)
'H MAacchl CaMoro TpybompoBoja C YY€TOM BBITAJIKHBAIOLICH CHILI BOJIBI
IpM NepeMelleHHH Tpybonpopona BBEpX OT IepemellcHus. B o0mem
ClIy4ac 3Ta 3aBHCHMOCTBb «CONPOTHBJICHHE (yICpXKHBAIOWIAS = CIHOCOO-
HOCTb) — IEPEMELUEHKE HEHHEHHAS, OQHAKO JUIS MPAKTHYECKHX PACHETOB
OPCACTABHM €€ B BMJE KYCOYHO-JIMHEHHOH (YHKIHH.

Ilpu 1nocTpoeHHE pacyeTHOH MoJeNd MpH o6pd3oaamm opeosa
NpOTauBaHUsA OyleM YCIOBHO CYMTATDL, YTO IPYHT OCHOBAHHUS IO TpyboH
XapakTEPH3YETCAA TPEMS CIOSMH: TEPBbIA — paBHbIH Mpocaike, BTOPOi —
PasHHLE MEXKIY MPOTAHBAHHEM M IPOCAIAKOH, ,uanee—rpyHT HCHdpyLLIeH-
HOH CTPYKTYDBHI. :

[IpuHEMaeM, 4TO CONPOTHBIECHHE TPYHTa ¢, OO nepememennﬂ pr6m
DABHOTO MPOCAIKE Soc, NPOTOPUHOHANBHO NepeMenieHnto. CornacHo Tpe-
GoBanusiM Ha TPOBEICHHE H3BICKAHUN 34 MOaBIEHHE, COOTBETCTBYIOLIEE
OCpBO# CTYNECHH HArpy3KH, MPHHHEMAeTcsd OBITOBOE NaBJiCHHE TPYHTA:

| ps=v[ho+_(D.,)/2)], E (10.6)
re Y—YAC/IbHBIA BEC I'PYHTA. ‘ ‘

B 1O ke BpeMs 3Ta Harpyska JOJKHA 6bITL TaKOH, YTOOLI NaBiieHue

He npepbinuano 0,01 MIla. _
Takum o6pazoM, Ha guarpamMMe «COMPOTHBIIEHHE — MEPEMELLICHHE
TpyOsl BHEH3» (pHc. 10.4) achHccc TOMKH b paBHon Soc; OYHET COOTBET-
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Puc. 10.4. 3arucuMocTts compoTuBicHua = 4§
[PYHT4A OT MNepeMeilcHus TpyOLl BHMU3 kD
‘ ' . H

ﬁc'urctg{.'.‘y‘aﬂ,,):

np— N
& ; Mrctg(c,p ﬂn,

v
CTBOBATh OPNHHATA pgD,, B KOTOPOH BEJHYMHA rg NPUHUMAETCH IO
tdopmyse (10.6), HO He Gomee 0,01 MITa. Toraa ko3dduUHEHT HOpPMAalb-
HOTO CONPOTHBNECHHS IPYHTA, T.€. TAHIEHC YrNd HAKIOHA BETBH ob (cMm.
puc. 10.4) 6yner ompepenstees mo dopMyre

!

oc =Ds/Hoe TIPU P <0,01;
Coc=0,01/h,, mpu ps>0,01.

-~ C panbHedIMM YBENTMMEHHEM HEPEMEIeHMA CONPOTHBJIECHHE TPYHTA
yBeMuMBacTca. s BTOPOTO CJIoA NPHHUMAEM, 4YTO 3aBHCHMOCTb CO-
NPOTUBNCHUA OT TepeMelleHus JMHeHHas, cyuTaeM, 4TO KoaddummeHnt
TIPOIOPHMOHANTEHOCTH paBeH 00001meHHOMY K03bGUIMEHTY HOPMATBLHOTO
COTIPOTHBJICHHS, ONPEACIACMOMY KAK [UI% OOBIMHOrO TAJIOr0 TpyHTA

0,12E,,
(l - I-lsp) v lODH
te E.p Wp—MOAYMh M K03dGUUMEHT TMONepedHoi AedopMaIMu Taloro
TPyHTa; /o — equMHuYHAS | J:mpma pr6onponona D, — HapyXHRIH AHaMeTp
TpYOHL.

[lo HOCTHXEHHH CONMPOTHBIICHUEM BeJTHYHHEI, coomemmymmem nas-
JIEHAIO, PABHOMY PACYCTHOMY COMPOTHMRIIEHHIO TAJIOrO TPYHTA R, CUMTaeM,
YTO fOallee COTPOTHUBJICHWE I'PDYHTA OCTAaeTcs MOCTOAHHBIM (cM. puc. 10.4).

TaxuMm 00pa3oM, HIITEHCHBHOCTh CONMPOTHBJICHHA IPYHTA ¢ IONEPEYHbIM
. TIepeMELUEeHNAM TPpyObl U BHM3 MOXHO OMHCATh TPUJIMHEHHOH IWarpamMmoit

(10.7)

L te= (10.8)

qicoch; OpU VX Socs
g=[CocSoc+ (0 —54c) Cyo | Dy -1IpH Soe <V <S04+ R/Cyo;
g=RD, MpH 0350+ R/cy0. L (109)

IIpu nepeMeuieHun TpyObl BBEPX B IECPBOM NPUOMMKEHHH (B 3amac
NPOYHOCTH U YCTOMMBOCTH) OyJeM HCXOAMTH H3 OAHOCIIOHHOTO THIIA
rpyHta Hax TpyOoif—Tanoro. AHAJNOTHYHO HPHHATHIM METONAM MpU
pacucTe TpYOONPOBOLOB B OOBIYHBIX YCIOBHAX CYHTaeM, 4YTO [OJTHOE
MaKCHMaJNbHOE COMPOTUBJIEHHE TONEPETHBIM MEPEMEILCHUSM CKJIAbIBAETCH
U3 MONOXHUTEIBHOH TNNaBy4yecTH TpyOompoBoda ¢,., KOTOpas paBHa
paBHoneucrny}omeu Beca prﬁm C IPOAYKTOM, MTOMONHHUTEIBHON TpUrpy3Ke
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q ‘ Puc. 10.5. 3aBMCHMOCTL CONpPOTUBICHMA

Gar* q;"" PYHTA OT fepeMerlcHus TpyOb! BBEPX
o ’ Pe-arctq c, :
Gar p-arcty (c,’”“.ﬂ& ' ‘ :
B @, =arctg (c,0,) '

)

*(6annacTHpOBKE), BBITAJIKUBAIOLUEH CHJIbI BOAbBI M MAKCHMATBHOH Yyaep-

KHUBAIOMIEA cnocoOHOCTH TIpyHTa HAax TPYOOH gup rp-

3aBUCMMOCTb COMPOTHBICHHSA OT NEPEMEILEHUS NPHHHMACTCA KYCOYHO-
JmHe#HoM. Tak kak BeIM4MHA g, , OOYCOBJIEHA BecOBOH XApaKTEPUCTMKOMH,
TO OHA peaN3yeTCd TEOPETUYECKH IPU OCCKOHEYHO MAMBIX IEPEMEILUCHUSX
BBepx. [lpu oTCyTCTBHHM NepeMelleHUH MONMEpeYyHas Harpy3ka CYMTacIcs
paBHOM HyJIIO, TaK XakKk [OJIOKUTENbHAS IUIABYYeCTh TpybompoBoga
YPaBHOBCIUMBACTCA < peakUMcd - OCHOBaHuA. [l NpaKkTHYECKHUX paciyeTOBR
MOXHO TpPHHATE TAHIEHC YIJIA o, HAKIOHA MEPBOH BETBH, XapaKTepH3y-
€MBbIi Koacbcbuuucmom ¢y, HA MOPAA0K OOXbIIE TAHIEHCA YIJAa B HAKIOHA

BTOpOI BeTBH, XapaKTepH3yeMbIi 0606LHCHH!:IM KO3 PHIHEHTOM TpPYHTA

3ACBIIKU Cyq a5 (PHC. 10.5).

Bropas BeTBR XapaKTepH3yeT pa60Ty Ttajnoro rpyara 3saceinkn. Ilo
OOCTHXEHHIO MaKCHMMAbHOTO COMPOTHBIIEHUS ¢ AaIbHEHILMM YBETHYEHHEM
NEPEMEIICHHS CONPOTHBIICHHE YMEHBUIACTCA BHOBB JIO BEJIMYMHBEI, PaBHOiL
NOJIOKHTENIBHOH IUIABYYECTH -TpyOonpoBoaa. Yronl HAakJIOHA HHCXOASLUEH

"BetBH P, (cM. puc. 10.5) MOXKHO ONpedeNMTb H3 YCIOBHHA, YTO IpH

MepEeMELLICHUH, PAaBHOM BBLICOTE 3achiKM Hag Tpyboit A, compoTuBieHHE
ITPYHT4 PAaBHO HYJIHO.

Taxkum o6pa3oM, HHTEHCHBHOCTb CONPOTHBICHHS MOMNEPEYHBIM MEPE-
MCILUCHHUAM BBEPX MOXHO OIMCATh YeTBIPEXJIMHEHHOM AMArpaMMOIL:

g=cyvDy TPH < qne/caDy;
9= 4n.x+{0=4nc/(cnDn)] €y0.10: Dn
OpH gy, 1/(CaDu) <0 <que/(cnDu)+Gap.ro/ (Cye. mD)
=Gt Gup.cp— {0 [n 1/ (€aDu )+ Gup.rpl (Cyo.:0: D) ] }
0pH [ /(CaDu) + Gup.rp/ (Cyo.1ae D) | <0 <5 |
4=Gu. mpu v2h. (10.10)

OTtMeTHM, UTO MpH onpedgeleHdn odoOuieHHoro kodbduideHTa HOp-
MaJIbHOTO CONPOTHUBJICHHS TPYHTA 3ACBIKH CJIEAYET YYMTLIBATH YMEHBIIE-
HUe MOAyNA AedopMalMH IpyHTA 3acHIIKH IO CPAaBHEHHMIO ¢ MOOYJIeM

- DeopMaLUH T'PYHTAa HEHADYMICHHOH CTPYKTYpbI, @ IPH HAaJIMYHH HPOMEp-

3aHMsL TPYHTA C MOBEPXHOCTH Ko:-nbdmuueu’r pasIpy3kH ¢, CHEeIyeT
MPHHHMATL PaBHEIM HYJIIO. : -
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Mogelh OCaAKH NpH 3aMayHBaHHK (BOJOHACKIIICHHN)
HPOCaJAOYABIX [PYHTOB OCHOBaHWS MOJ3eMHOro TpyGomponoaa

Psix TPYHTOB, B.OCHOBHOM TTHHUCTHIC W TECCOBHIHBIC, TIPH TOBBILICHUH
BIAXHOCTH BBIIIe OMPEJENIEHHOTO YPOBHA NRIOT ACHOIHHTEILHbIC nedop-
Mal{i — IPOCajkKK OT BHEINHeld HAarpy3kH M (M) MAacCel - IPyHTa.
UameHeHHE BIAXHOCTH TPYHTOB MOXET OLITH BBI3BAHO ITOABEMOM YPOBH:A
TPYHTOBBIX BOJ, MOBBIIICHHEM BJIAXHOCTH 3a CYCT W3MCHCHUA [PHPOIHBIX
YCIOBH, M3MEHEHUEM THAPOFEONOTMYECKHX YCIOBHA B pe3ynbTaTe CTpO-
UTENBLCTBA M IKCIIyaTamuy TpyOONpOBONOB MWIH IpYyroil Xo3siCTBCHHOH
JeaTenbHOCTH. IIpocajoyHBle TPYHTHE . XapaKTEPH3YIOTCA OTHOCHTEJILHOH
IPOCaJOYHOCTBIO H HAYalbHBIM OPOCANOYHBIM ABJIEHHEM.

JonmonHuTeNsHble NedopManuu TPOCATOUYHBIX TPYHTOB MOXHO pas-
HenuTh HA JIBE COCTABJISAOIINE: NPOCAAKH OT MAacChl ITPYHTA, TIPOUCXOASALINE
B HIDKHEH YacTH TIPOCAIOMHOM TOJMM, H TPOCaIKH OT HATPY3KH,
nepenanaeMon TpyOOIPOBOAOM, NPOUCXOAAIIME B npenenax nedopmupo-
BaHHOH 30HBEI OCHOBAHMA. ‘

IMpocagka rpyHTa OT MAacCHi rpyHTa IpH YBEJIMHCHHH €ro BIIXHOCTH
BCIEACTBHE 3aMavyMBAHHUS CBepXy OGONBIINX IUIomiafei (mis Tpybomposo-
Ja—TIpH IIHpHHE JaMadnBaeMoit TUIOIWAAN PaBHOH WU Gonbluel pazMepa
IpOCagOYHON TOJNIIH), a Takke BCIEACTBHE nonLema ypomm l’IO)I3eMHl:IX
BOJT onpcnenuerca o (bopmy.ue

Sst.q= Z esl lh ksl is o (1011)

=1

rge i——-HOMep CJIOf; H—YHCIO CJIoeB, Ha KOTOpoe pa3bura 30HA
IPOCaKH, PABHAA PACCTOSHUIO, OTCYHTHLIBAEMOMY ¢ INTyOHHEI, HA KOTOPOH
BEPTHKAIbHBIE HANPSKEHWS OT MAacChl TPYHTa PaBHBI HAYaOLHOMY MpO-

CcaJoOvYHOMY  [AaBJICHHIO, [0 - TpaHUIBI MpOCaJOYHOH  TOJILUW;
£41,;— OTHOCHTENbHAA INPOCAAOYHOCTH i-FO CHOS TPYHTa; h;— TOJIIHHA
i-ro cnos; kg ;—Kko3(hdunueHT ycnoBus paGOThI OCHOBAHHA.

OTHOCHTENIBHAS MPOCAAOYHOCTh TPYHTa Ey ONpPENENAETCA HA OCHOBE
HCIBITAHUA OOpa3s’loB I'PYHTa COOTBETCTBYIOLIETO ClHOA HAa CkaTue Oe3
BO3MOXHOCTM €ro OOKOBOTO paclIMpcHHS '

&= Aty — Psa, ,.)/hm;, \ (10.12)

rae hn,, —BbICOTa 0Opaslia NpHUPOAHOH BIAXHOCTH; Har, ,— BBICOTA 00pasua
moclie ero HOAHONO BONOHACHINEHHMA. BrICOTHI 06pa3moB Kak. [MPHPOIHOH
BIAXHOCTY, TaK H IIPH NMOJHOM €ro BOJOHACHIIIECHWUH ONPENECIAOT MpH
00XATHH AaBJICHHEM, PaBHBEIM HANPSKCHHUIO HA pacc:MannBaeMOii rayonHe
OT BeCa BHIIMIENEXKAIIEro Cclos TPYHTa (G.,:=7Hh;).

TomliMHa 30HB OPOCAIKY Ay, OT BECA IPYHTA ONPEIENIACTCA C FyOHHbI
z,, THE HANpsOKEHHE OT Beca TIPYHTA (G,=7YZ,) PaBHO HAYAJILHOMY
NPOCAfIOYHOMY [ABJICHHIO pg A0 HUXHEi IpaHULbI pocaj0YHOR TOJILM.

3a HavaIbHOE MPOCAZIOYHOE ARBJICHUE i-T0 CIOA MPHUHUMAETCS HaBIICHHE,
COOTBETCTBYIOIIEE:

4
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npu 1400paTOPHBIX. HCOBLITAHUAX TPYHTOB B KOMIPECCHOHHBIX IPH-
.60Opax — NABJICHNIO, TIPH KOTOPOM OTHOCHTENBHAS MPOCATOYHOCTH, BbIYHC-
aeHaas no ¢opmyne (10.12), paBHa g4=0,01; ‘

[PY MOJIEBbIX MCOBITAHMAX IUTAMIAMH INPEABAPUTENBHO 3aMOYEHHBIX
IPYHTOB — JaBJEHHIO, PABHOMY TpPefiesly MPOOPUHOHAIBHOCTH Ha lpa(bmce
«HATPY3Ka — OCaJKay.

* 'Koadduiuenr ycropus padoTel OCHOBAHHA IOJ pr60npoaon0M kg i
Bxomawmii B ¢opmyay (10.11) mo onpexeneHuro npocankd oOT Beca
IPYHT4, H4AXOIAT IO BBIPAXCHHIO :

a,i=0,5+1,5 "‘;} Feai 7Peti - (10.13)-
0 ‘ n

IIE O, — HANPSKCHHE OT Bmmenexcal_uero TPYHT4 HAI PaccMaTpHBACMBIM
CN0EM; py;— HAYAJILHOE NPOCaAOYHOC JABJICHHE i-[O CIIOH, Po—yCIIOBHOE
JaBlicHHe, IpMAMMaeMoe paBHbiM 100 kIla. -

Tpocagka rpyHTa OT €r0 MAacChl OpH 3aMadyUBaHHH CBEpXy MallbIx
rUom@aneii (IpH ILHPUHE 3aMadHBAEMON ILUIOLIAAM MEHBIIE MPOcaZoqHOM
TOJILLM) OMpede/IAETC MO NPHOMMKEHHOH 3aBHCUMOCTH

. ’ Sst; qw=Ss1.q b—”(2—E), (10.14)
B hg . ‘
rae Sy ,—Upocajgka, onpeaeiaeHsas no. ¢gopmyxae -(10.11); b, — umpuna
'3aMauyMBAEMOIl IUIOMANYN; /y— pasMEp NPOCALOYHOH TOJILLH. -
Ilpn npokypanke TpyOonmpoBona Ha NPOCAJOYHBIX TPYHTAX B psae
CyyacB TIPOMCXOOHUT MOCTENEHHOE - HAKOIUJICHHE BJIATH B TpyHTe. B atoM
| clyyae OTHOCHTeNbHasl TMpPOCAAOYHOCTH TPYHTA TPH €T0  HEMOJHOM
BOJOHACBILCHAH, COOTBETCTBYIOIAS BJIAXKHOCTH W, OIpPEIeseTcss IO
dopmyie o :
Wege — W W—wgy

83;,,:0,0]. + &g ’ ' (1015)

Wea — Wy W — Wy ‘

TT€ Wyq — BJIAXHOCTb, COOTBETCTBYIOL[AS TIOJJHOMY BOJOHACBILICHHIO
TPYHTa; w-— BJIAXHOCTL TPYHTA; Wy —HadalbHasg TPOCATOYHAA BJIAXK-
HOCTb, paBHAas BJAXHOCTH, INPH KOTOpPOH NPOABIAIOTCA IIpOCcaJO4HbIE
CBOWCTBA FpYHTOB, T.¢€. g£y4=0,01; &, —OTHOCHTEIBHAasA MNPOCATOYHOCTh
IpYHTa TPH €ro NOJHOM BOJOHACHICHHH, onpenenﬂcmaﬂ no (bopmyne
(10.12).

3necs, Kak M paHee, 0] MOMEIBIO  OCAJIKH, IpH -~ 3aMauyBa-
HHMH (BOAOHACBILICHMHM) NPOCAJQYHBIX TPYHTOB OCHOBAaHHA IOJ3EM-
HbIXx TpyboIpoBodoB OylJeM IOHMMATH 3ABUCHMOCTL COIPOTHBJICHHS
TPyHTa OT mepeMelUeHHs TpYOnl. Kad4eCTBEHHO MOIENM -OCA[KM, K4K
IPH NpPOTAMBAHUH - MEP3JbIX T[PYHOB, TaK IIpH 3aMavHBaHHHA Mpoca-
JOYHBIX TPYHTOB, OAMHAKOBBI (CM. pHc. 10.4). Aﬁcuncca TOYKH b on-
penenserca no ¢opmyne (10.11), opaunata paBH4 TPOU3IBENEHHIO Obl-
TOBOI'O JABJICHHA HA HHXHEH rpaHuLe NPOCAdOYHOMN TOJILHMH HA ;maMeTp
TpYOBI.
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OcobeHHOCTRIO pacqera TpybOMpOBO/IA, MPOKNAJLIBAEMOTO Ha 3aMa-
_YMBAEMbIX MPOCAJTOYHBIX IPYHTaX, B OTJIHYHE OT pacuera TpyOomnpoBoaa
'HAa OTTAWBILIEX MEpP3JIbIX. TPYHTaX, 3aKIIOYdETCA B TOM,  HTO 3ACCH
‘ HEOOXONMMO YYUTBHIBATE W3MEHCHHE YPOBHSA JTHEBHOM TOBEPXHOCTH (noaep-
. XHOCTH rpyHTa) 34 ~CYET TPOCASKM TPYHTA. '

Onpenenenue HACPY30K Ha TPYGONMPOBOX H TMepeMeHHbIX
napamMeTpoB YNPyrocTH B

IMpu pacvere TpyOompoBoda, TMPOKIAABIBAEMOTO HA TMPOCAOU-
HLIX TPYHT4X, B OTJMYHME OT pacdera TPYySOMpoBOAa, MPOKTadbIBAEMO-
ro B OOBIMHBIX TajblX TPYHTaX, TPH TMEPEMENICHUHM TPpYOLl BHH3 34
CUeT Tpocaikd, TPYHT HAd TpyOoi #AB/IsETCH aAKTHBHOW HATPY3KOMH.
[TosToMy B MaHHOM CIyuae 3Ty HArpy3Ky CIeAyeT YYHTHIBATH BMeECTC
C OPYTUMH HArpy3KaMH H B03£[CHCTBHHMPI BOSHHKaIOLﬂPIMH B npouecce
3KCTLTYaTalllH. , :

ByneM cuMTaTh, B 3amac MPOYHOCTH, HTO B TpOICcce OTTAMBAHMS
MEP370T0 TPYHTa BOKPYr TpyOBl ypOBEHL THEBHOH TMOBEPXHOCTH IpyHTa
" He HM3MEHsieTCsl, T. €. HAJIMYMeM TaK HAa3BIBAEMOl  «4alld OTTAHBAHHS»
npeneGperacM. Takke TonaraeM, 4TO TUIOTHOCTH TPYHTa B TAloM
M MEP3IOM COCTOAHHH DaBHBL. Torma MHTCHCPIBHOCTI: HATPY3KH OT MACCHI
rpyata Hag Tpyboi ,

Gep="1Dylho—1D,/8). (10.16)

C y4eTOM HM3MEHEHUS YPOBHS [HCBHOHW MMOBEPXHOCTH TpPH pa-
cueTe TPYyOONPOBOAOB, MPOKJIALABIBAEMEIX B NecCOBHIX TPYHTAaX, HArpys-
Ky OT Beca CPyHTa MOXHO. TaKkKe ONpeleATh [0 TpHBeIeHHOH ¢op-
MyJle, TpHHAMAas By KaK paccTOSHHE OT Yallld NPOTauBAHUA G OCH
TPYORI. '

Hdns yvera ¢u3nveckoil HETHHCHHOCTH Cpefbl, T. €. HEIHHCHHOCTH
JNarpaMMBl «COTIPOTHBIIEHHE — MepeMElIeHAe» HCIOMB3YeTCs TakXke METOM.
NepeMeHHBIX [apaMeTpoB ympyroctd. O@HAKO B OaHHOH 3ajaue, NpH
nepeMeIeHHAX TpyOOoMpoBoaa BHH3 B CBS3H ¢ OCOOEHHOCTBIO AHATPAMMBbI
. «COTPOTHBIEHHE TPYHTAa — IEPEMCIICHAE), 3aKMOYAOMIEHcS B TOM, HTO
TAHIEHC YIJIa HAKJIOHAa MEPBOM BETBH JHATPAMMBI CYLIECTBCHHO MEHbIIE
TAHTEHCA YIrIa HakKJIOHA BTOPOH BETBU, HCIOIb3YETCH KOMGHHHpOBaHHLIH
MCTOJ OMNpEeAeNcHNs IMEePEMEHHBIX [apaMeTpOB YINPYTrOCTH.

Kak -06BIMHO, HA, OCHOBAHHMH MpeIbIAYLIEr0 3Tana pacdera ONpemeis-
IOTCSl MEPEMEIEHNE KAX/I0I'0 M3 KOHEYHBIX 53JeMEHTOB. OTMETHM, YTO
niepeMelledne TpyObl BHH3 TIPHHATO 3a MonoxkuTensHoe. Hosrie nepeMeH-
HblE TIapaMeTphI onpe,uemuorcs no (bopmynaM :

npu 0<v<h, €)== Coc
0Coc ‘
-coc (U - hnc ) ’

Cyo

mpu hy<0<R/Coe Cy=
’ o Hoct
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npu v>R/c,e €=
: boc +

npH _qﬂT/(anu)S.U<0 Cy=Cn;

qur qnp.rp
npH — — v — ¢ Dy )
p cran cy.o.uch\‘ an/‘( n H).

p .
QHI_(CHEH_{PU)C)'.O,MCDH .
T oD, o

| ‘ . npH o< — Gar _ Gnp.1rp
anu Cyo.:ncDu

qn1+qﬂe-rn+(”+cq’; +cqnp-r;) )cp
&= N G GomeTh/ (10.17)
o vD, :

Taxpm 006pa3zoM, MeTOJMOM MOCJEAOBATENRHBIX NPHOMKCHHH ompe- |
NENAOTCA MEPEMEHHBIE TAPAMETPE! YIPYTOCTH, OTpaXatolue (HU3HYECKylo
HEJIMHEHHOCTE B3aMMOJCHCTBHA TpyOOIpOBOAa C TIPYHTOM. S,

Pe3lel:TaTbl YUHCJ/ICEHHBIX JKCNCPUMEHTOB

Ha ocHOBe pa3paboOTaHHOTC aJropuTMa COCTABJIEHA NpoTrpaMMma
«JTIPOCAAKA». 1o nporpaMMe npoBe/ieH pA/1 YUCJIEHHBIX 3KCICPAMEHTOB,
B TOM 4YHCJIe pelleH pPsAl TECTOBBIX 3alady, UMEIOLWMX YACTHRIH XapaKTtep,
ANA KOTOPBIX HMEETCHA PEIUCHUE B 3aMKHYTOM BHIE. [IpoBeneno cpaBuenue
C pelleHWEeM [N MHOTONpOJeTHOH Oajky, Iad XECTKOH HUTH, [IA
MHOT OIIPOJIETHO A ‘6'51111@1 ¢ ynopyro#i onopod. Ha pHc. 10.6 npuBenehbl

a 60M  JOM 10M FOM JOM 10M JOM  60M Ig

‘ ' EJEM\S/r
' : 6,57 cM

500 kH-M 1198KH-M

®

TYT KH-M

Puc. 10.6. Dmopsl nonepeynbix NepeMeillleHdii v B HArnbaroluX MOMEHTOB M ais
OPSIMOJIMHERHOTr0. Tpy6onpoBOAa, NEPECEKAIOLEr0 YYACTOK TPOCAJOYHOTO TPYHTA
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1248 KH-re

. \jz”'”-” |
TZ5KH-M , o

Puc. 10.7.  Drmopbl NONEPEHHBIX TICpeMELLiCHHH v U HArHO2IoNmx MOMCHTOR M s
yuacTka TpybompoBoaa ¢ BOrHyTeIM (a) M BIIYK/IbIM (6) yIJIaMH TOBOpOTa

1248 aH-M

! | ' 158 XH-Mm

Puc. 10.8. Ouropsl nonepeqHbIx NEpeMerenHil » W u3rubaronmx MOMeH-
ToB M pans TpybompoBoma ¢ Y4acTKOM YIIpyroro uaruda -u AByMs
OTBOJAMH T - .




pe3ynbTaThl pacyeTa (AMOPbl MONEPEYHBIX NEPEMCINECHUA U 11 U3TMOAFOUIMX
MOMeHTOB M) nns TpybomposBoda ceyenueM 1420 x 19 MM, umMmerowiero
obyro JmuHy 260 M TpH. HENOABMXKHBIX XoHUax. Ha mnure 100 M
TpYOONPOBOA YJIOXKEH B MECYAHBIA TPYHT CO CPeIHUMH (PU3MKO-MEXaHHYeC-
KHMH XdpaKTePHCTHKAMH, HA AJIHHe 60 M OH IepecekaeT MeEp3Jbld I'PyHT,
Ipd 3TOM YCJIOBHSL TAKOBBl, 4YTO BOKpPYl Hero o0pasyerca opeout
NMpOTAUBAHWSA, OpPM I3TOM ocaaka pasna 40 cM. Moayiae ocaxoynoro
rpyHTa E,, NPUHAT paBHBIM HYJQ, T. €. OTCYTCTBYET CONPOTHBICHHE
nepeMELIeHNIo TpyOomnposoda BHU3. XaPAKTEPHUCTHKH MOJOXEHHSA TPyObI
TAKOBBL, YTO HA4IPY3Ka OT Beca BBHILICNCKAIIETO TIPYHTA HAa - eAUHMILY
‘JIUHBL. TpYOBl cocTaBnseT 41,38 kH/M (Beiuncasercs nporpaMMHO) aaB-
JeHde M TeMIICpaTypHBI Tiepenaj paBHB HYIIO. \

MakcuManpHBIE TEpPEMELIEHHA I[P 3TOM COCTaBIAKT 6,57 cM, Ha-
uboyiee HANPSAKEHHOS CEYECHHE HAXORUTCH NPUMEPHO HA DPAacCTOSAHHH 5 M
OT OpCONBHOMH 30HBI, NIPH 3TOM HANPSAKEHUS HE NMPEBBILAIOT NPEICIbHBIX.

Ha puc, 10.7,¢ npmBenmeHsl pe3ynbTaThl pacueTa A1 yriaa IOBOpo-
Ta 6" ydyacTka pr6onpoao;[a COOPYXEHHOIO Hd INPOCRJOYHOM TIPYHTE
(#oc =10 cM), BBINOJHEHHOIO C HPUMEHEHHEM OTBOJA MALIMHHOTO THYThS
paapycoM 60 M. 3zech paccMOTPEHBI [Ba cllydas HarpyxeHus: I —To-
JIbKO. TONEPEYHOH HArpy3kod M 2— JOIOJHUTENIbHBIM TEMIEpaTyp-
HbIM Bo3faeiictBueM Ar=60" C ¥ . BEYTpeHHMM naBieHueM p=7,5 MIla.
OtTMeTHM, 4YTO TeMIEepaTypHBIA Mepenan | BHyTpeHHEES IdBJICHHE BhI-
3bIBAIOT HE TOJILKO JIOTIOJNHMTENILHOE NpPOIOIbHOE ycuime B TpyGo-
IPOBOLE, HO H B 4 pa3a YBE/JIMYMBAKT IepeMellleHus, B 3 pasda—
mirgOaroumit  MomeHT. IIpencraenennble Ha - puc. 10.7,6 pesynb-
TaThl pacyeTa YyIia moBopoTa 2,57 IS yqacTKa ¢ BBIIYKIOH yOpyroi
KpuBOH paguycoM 2500 M CBUAETENbCTBYHOT, YTO B 3TOM CJIYYd€ BHYT-
PEHHEE [JaBJICHHE BLI3BIBAET KAYSCTBEHHOE H3MEHEHHE IOBEINeHHS Tpybo-
HpOBOﬂa—yMCHbmeHHC nepcmemeﬂnﬁ, u3rgdarolero MoMeHTa H  HX
XapaxTepa. '

Ha pmuc. 10.8 npeﬂcmBneHH Pe3yIbTATLl pacyeTa (3MIOPBI nepememe—
HUii v ¥ m3ruGarommx MOMEHTOB M) nus  yvactka TpyGonpoBo-
J4, BKIIOYAOIIErc YNPYryH KPHBYIO M [BA OTBOJA MAIIMHHOIO I'HYTbS
HAa BOTHYTOM M BBHINYKIOM penbedax. Ilpum marpyxenun Temnepatyp-
HbIM TepenagoM Ar=60°C ‘M BHYTpEHHHM JaBieHHeM p=7,5 MIla.
Ilpu sToM J[UIA BOTHYTOIO y4acTKd, Onarojapsa BO3ZIEHCTBUIO BHYTpEH-
HEr0 JABJEHHA W TEMIEPATYPHOIO NEpeNdna, MONEPevHLIC NEpeMEILecHHA
U NPEBBRIIANOT OCAAKY TPYHT4, 4 HA BBIMYKJIOM —IE€pPEMELICHUS HAalpas-
JEHbBI BBEPX, B CTOPOHY, MNPOTHBOMOJOXKHYH. TEPEMEILUEHUIO TI'pPYHTA
(ocanke). ' !

IIpencraBneHHbie  pe3yJBTATHI - CBH,HCTCJII:CTB)’IOT, 4YTO  IEpeMe-
LIeHHS TpYOONpOBOA4 HE COBOANAIOT, C nepememeﬂnﬂMn IPYHTA H ON-
pEdeNsIOTCsl - TEeOMETpHEH  CHCTEMB, HdeyBKaMPI»' H  BO3JEHCTBH-
amu. TlonyyaeMele KOJIMYECTBEHHEIE XAPAKTEPUCTUKY MMOBeAeHUs TPYOOmpo-
BOZA TMO3BOJIAT BRIOPATL PALIMOHAIBHBIE KOHCTPYKTHBHBIE PELICHUS TpPyHo-
NpoBOAd, YAOBIETBOPSIOILUHE YCIOBUSAM MPOYHOCTH W AeOPMATHBHOCTH.
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TJIABA 11

PACYET MOI3EMHBIX TPYBOMPOBOJOB, =~
MPOKJTAJBIBAEMBIX HA NIYYUHHUCTBIX TPYHTAX

OcoleHrocTH MOPO3HOr0 NYHEHAS PALTHYRBIX [PYHTOB

TpybonmpoBson Moxer OBITH YJ0KEH B Mpelenax cjaos CEe30HHOTO
TIPOMEP3aHUS H OTTAUBAHAA IPYHTA (MEATENBHBIN CNOiT), HIDKE AEATENBHOrO
Clof, a Takke B TIpeAeslax cJIOS MHOTOJETHEMEP3NIOTO TpyHTa. TeM-
fiepaTypa TPAHCHOPTUPYEMOIO MPOLYKTZ MO TPYOOMpoBOOY MOXeT OBITh
KaK MOJIOKUTENBHON, TaK M OTPUIATENBHOMN, TIPHYEM TEeXHOJIOTHA TpaHC-
NOpTa MOXET IMpPEeIyCMaTPHBRATh H3MCHCHHME pEXKHMOB TeMOepaTyp, Ko-
TOpBIE CBA3aHBI ¢ YCIOBHAMH [OArOTOBKM NPOAYKTA K TPAHCUOPTY' Ha
KOMIIPECCOPHBIX HMJIM HACOCHBIX- CTAHUHUAX. V3MeHeHME TeMIEpaTyphl
TPYHTa, OKPYXAIOWEro TpyOOMpoOBOM, C MONOXKHMTEIBHOW HA OTPHLATEND-
HYKO, BHE: 3aBHCAIMOCTH OT TOrO BBI3BAHO JIH JITC TEMIEPATYpPOil
OKDYXKAIOIIEro BO3AyXa HJIHM MPOAYKTA, OOYCIOBIMBAET MOPO3HOE MydYEHUE
rpyaTa. o Mopo3BeIM MyueHHEM MOHUMAETCA BHYTpHOOBEMHOe medop-
MHpOBaHHE MPOMEP3AIOINNUX BJIAXKHBIX MOYB, HECKANBLHBIX MOPOT H TPYHTOB,
NPHBOJALICE K YBEIWYCHUIO UX 0OBbEMa BCMEICTBHE 3aMEP3AHHA B HHX
BOOBl U 0OpA30BAHUA IEAAHBIX BKMIOYCHHH B Buje npocnomcos JIHH3,
MOTUKPUCTANIOB H T. Tl ' -

Mopo0300MacHOCTE I'PYHTOB onpe,ueJmeTCﬂ HX CMOCOGHOCTRIO B MpOLIEC-
ce MpoMEp3aHus HOPMHPOBATL KPUOTEHHYEO CTPYKTYpy. OHa 3aBHCHT OT
. MHOTOYHCJICHHBIX (DPaKTOpORB: ‘BHAA TPYHTA; €r0 CTPYKTYPHI H 3€PHOBOIO
coCTaBa H IUIOTHOCTH, BNAXHOCTH M TJYOMHBI 3aJieTaHHA MOA3EMHBIX
BOJ, COCTaBa M CBOMCTBA BOMABI B IPYHTE, CKOPOCTH IPOMEP3aHUA TPYHTA,
HANpSOKEHHOTO COCTOSHUA TpPYHTA, HAJNHYHA B T[PYHTE OpPraHHYECKHX
pHMecedl, HEOOHOPOOHOCTH TPYHTOB, HEPABHOMEPHOTO pacupeneneHHs
BAAXHOCTH, TJIOTHOCTH, HEOJWHAKOBBIX YCIOBHH OpOMEp3aHHSA.

B raMHEHCTBIX TpyHTax (CYTTUHKH, [IIHHBI) MPH GJIM3KOM K TOREPXHOCTH
YPOBHE TPYHTOBBIX BOJ MOPO3HOE MYUCHUE IIPOHCXOJMT B VYCIOBHSX
H30LITOYHOTO JIBJOBBIACNCHH C OOpPAa30BAHMEM CIOHUCTBIX H CETYATHIX
KPHOTEKCTYpP, TPU 3TOM NYyYeHHE MO IJyOHHE - oT/IMYaeTca OOJbIION
PABHOMEPHOCTBIO, WHTEHCHBHOCTB [MMydeHUA Benanka. [IpH HH3KOM, OT-
HOCHTEIBHO MOBEPXHOCTH IPYHTA, YPOBHE TI'DYHTOBBIX BOJI TIPH MpOMep-
3AHHH TPYHTA C [OBEPXHOCTH NPOUCXOCIHUT - CYIICCTREHNHOE M3MEHEHHE
HAYaJdbHOH BIAXHOCTH MO TayOuHe TpoMep3aemMoil Toirm. OO6sMHO
MAKCHMAaIIBHOE 3HAYCHHE BJIAXKHOCTH COOTBETCTBYET HHMKHEH IpaHHIe
- TMTACTHYHOMEP3Oro crnost HeGONBINOW TONMUIKHBL, 4. B ClOE TPYHTA,
NOAOCTHIAKOIIEM IUIACTHYHOMEP3JIBIH CJIOH, HMMEET MECTO YMEHhHICHUE
BJIAXHOCTH 110 CPABHEHHIO C NEPBOHAYANBHON BCNEACTBHE TPHTOKA BJIATH
kK ppoHTY npomep3anus. [1oBbilieHHe HAYaBHOR BIAKHOCTH CNOS MIACTHY-
HOMEP3JIOTO TPYHTA, pPACNONOKEHHOro BOMM3M (ppoHTA mpoMep3anus,
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CMOCOGCTBYET CErperalliOHHOMY JIbJO0OPA30BAHHMIO H BEI3HIBAET PAclydeH-
HOCTb TPYHTA. YBeIMdEHME BJIAXHOCTH 3d CHYeT MHUIPDAlMH 3aBHCHT OT
KOHCUCTEHIMH TJIMHUCTHIX TpYHTOB. IIpH NpoMep3aHHH TTTHHHCTRIX TPYHTOB
TBEPJOH KOHCHCTEHI[HM CYLIECTBEHHOIO TepepacnpeleieHus Blard Io
ryOHHE HE NMPOMCXOAMT, NMPH IJIMHHUCTBIX IPYHTax MONYTBEPAOH W Tyrom-
JIACTHYECKOHM KOHCHCTEHI{HH NPOHCXOMIUT YBEIHYCHHUE Ha4aIbHOH BIaKHOCTH
npuMepHO B 1,5 pasa, mpd MATKOIUIACTHYHOM KOHCHCTEHIHH ——B CPEIHEM
B 2 pasa. ' ' :

Ilpy npoMep3anud cyneceidl Hapany ¢ TEIUIOBOM MHUrpalueil BoIBI
K (pOHTY OpOMEp3aHUs NPOHCXOMHUT H OTXKATHE BJArH BLayOb OT ¢ponTa.
BeieAcTBMe 3TOrO MOPO3HOE My4EHHE Cynecedl 3HAYHTENBHO MEHbIE (B
1,5—2 pa3a), 4eM CJIMHACTHLIX TDYHTOB IPH IPOYMX PABHEIX YCJIOBHSIX.
Ipu npoMep3aHHH HEOOHOPOIHBIX I'DYHTOB, KOIJd CYIECH HPHCYTCTBYIOT
B TOJIIE. CYIIMHKOB B BHIE HeOOJBIIUX HpOCHIOEK, IPOMCXOOHT 00e3-
BOXKHBAHHE IIPOCJIOEK € OTXKATHEM BJArH B C/IOH CY[JIMHKOB, Ha TPaHHLE
HX KOHTAKTa BO3pacTacT BJIAXHOCTL M O0Opa3ylHTCA 3HAYUTEIbLHBLIC [0
TONILMHE JIHH3BI M NPOCIOHKH JIbJA.

Mopo3Hoe ny4eHHe KPYNHOOOJIOMOYHBIX TPYHTOB H IECKOB ONpeaeaseTcs
BHJOM H COCTABOM 3aHOJIHATENA, OCOOSHHO MBLIEBATO-TIIMHHCTRIX (pakIyil.

KpynHoo6J10MO4HEIE TPYHTBI € TECYaHBIM 3aNOJIHUTENIEM, NECKH Ipa-
BEJIHUCThIC, KPYMHBIC M CpCOHHE, HE COJepXallde MbLLIEBATO-TIHHUCTBIX
dpaknmii, TOPPbI OTHOCATCH K HEOYYHMHHCTBIM TPYHTaM MNpH IOO0M
IOJIOXKEHHH YPOBHA TPYHTOBBIX BOJ H HX BIaXHOCTH.

XapakTepuCTHKOH NY4YHHHUCTBIX IpyHTOB coriacho. CHull 2.02.04—87
SIBJISETCA OTHOCHTEJBHOE INyYeHHe (MJIH KO3(HMIMEHT MYYCHHs), OIpeOess-
eMoe 1o ¢opmyne

f=h,/d,, - (11.1)

rac h; —nepeMelicHHE MOBEPXHOCTH COS NPOMEP3AILETO IPYHTa; dp—
MOIUHOCTh C/IOS OPOMEP3aloIIero FPYHTA. _

Ilo cTemeHH MOPO30OMACHOCTH B 3aBUCHMOCTH OT BEJNHHYUHBL f Bce
Oy4MHHCTHIE TPYHTBl HOAPA3ACNSIOTCA HA IMATh TPYMIL NPAKTHYECKH
HenyuynHHCTHIE f<0,01; cnabonyuunucthie 0,01 <f<0,035; cpeanenyumsuc-
toie 0,035 </<0,07, cunpronyuunucroie 0,07 <f<0,12, upeamepHOnyHHIUC-
Teie [>0,12. :

Harpyaku n mepemenieHusi, o0ycjoBlieHHble NyYeHHeM IpyHTa

Ilon momepeduHo# Harpyskoil, AedcTBylolllelh Ha TpyOonpoBond mpH .
IyuycHuH rpyHTa, OyJeM HOHHMAThb BEpPTHUKAIbHYHO HATPY3KY, HANlpaBJIcH-
HYIO . BBEPX, JCHCTBYIOLUIYIO HA4 €OMHMIY JIMHBEL TPYOONpOBOJd mpH
OTCYTCTBHH mepeMellenuss TpyOnl. Jlong mepemerucudeM OyIeM IOHUMATb
NEepeMEILCHHS CI0si TPYHTa Ha YPOBHe Bepxa oOpasyloile#t TpyOsl mpu
pa3gUYHOM I[OJOXEHUH (POHTA HPOMEP3IAHUA.

[Ipn npoMep3aHMM MYyYHHHCTBIX TPYHTOB, . KAK YKE OTMEHalocCh,
OPOUCXOJHMT YBEJIMYCHME HX O00beMa 3a CYeT MepexoAa BOLLL B Jed.
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Ecmu cymectrytor KaKPIclJIHGO BHEIIIHHE OrPAHWYEHHS, TPENATCTBYIOIIHE
VBSJIMUCHHIO 00BeMd, TO pPa3sBUBAIOTCA HANpskeHns. Tak kak Hamu
IPHHATO ONpeAcisTs HArpy3ky Ha HeCcMeHalommica TpyOOmpoBoA, TO
3TO SBJAETCA OrpaHHYeHHEM, M TMO3TOMY HAa TPYGOMPOROA AEHCTBYIOT
CUNIBI NMy4YeHHd. Tak Kax CHJIBI IIYYEHHS HABIAIOTCA CAMOYPABHOBEIICHHBIMH,
TO OHH OeHCTBYIOT H Ha NPUMEBIKAIOUIHA kK GPOHTY NpOMEep3aHHA TalbIi
rpyHT. ECTecTBEeHHO, YTO HATNPSIKEHUS OT MYyYEHUS HE MOTYT NPEBLICHTH
BO3MOKHEIE MaKCHMalbHbIE -HAMPSOKEHHA B TPYHTE.

TIpuMeM THMOTE3y, YTO TNPHUMLIKAIOIIMA K (PPOHTY HpOMEP3IAHUA
' TANIbIA TPYHT SBASETCA HECKHMAEMBIM (OTHOCHTEILHO YBETHYHBAFOLIETOCA
B 00BEeME MEp3NOTro TIpyHTa), a €ro CONPOTHBJIEHHA ONpPEACHAOTCA
AHANNOTHYHO TACCHUBHOMY [IABIIEHHIO I'pPYHTa4 ‘

R=y, htg? (45°+(prp/2)+2crptg(45°+(prp/2) S (11.2)

TAE Yrps Crps (prp——coc)TBeTCTBcHHo yIOenbHBIH BEC, yIENBHOE CLECIIICHHUE
H yroJl BHYTPEHHETO TPEHHA TANIOTO TPYHTA; A— pacCTOSHUE OT IOBEP-"
XHOCTH [O PaccMaTpHBAEMOTO CIIOA.

Torga CHUIBI TyYeHHS MOXHO OTNpedenaTh Takxe mo dopmyne (11.2).
Ipn npoMep3aHUM C TOBEPXHOCTH TpYHTa NOX 4 OYyIOET NOHUMATHCH
riayOuMHa TpOMEP3aHUS, T. €. CHIIBI TIYUeHHSA TIPH OTCYTCTBHH CIEMIIEHHSA
IIPOTIOPIUOHAIBHEI TIyOHHE NMPOMEp3aHus, YTO B NPHHUMUIE COOTBETCTBYET
THIOTE3aM, HCIOJB3YyeMbIM [IpH pacueTe (yHIaMEHTOB.

PaccMOTpHM HAarpyskH, HEHCTBYIOIIME HAa TPYGONPOBOA TpH TpOMEp-
3aIlMM IPYHTa ¢ TIOBEPXHOCTH, TIPH 3TOM CYHTaEM, 4TO Tpyba HaxomauTcs
B TpeJenTaxX CEe30HHOTO MNpOMEP3aHMS TpyHTA, a TeMmeparypa TpyOsl
paBHA TEMIEPAType IPYHTa, T. €. HE H3MEHACTCA NIPUPOTHOE paclpeaeIcHHE
' TEMIIEpATYphl B I'PYHTE,

Tak kKak (PUIHKO-MEXAHHYECKHE xapamepncmm Mep3JIoro TpYHTa
'3aBMCAT OT TeMIepaTypbl TpyHTa B 3aJaHHOH TOYKE, TO 3aNHIIEM
dopMyIBL [T OTIpEIENEHAA TEMMIEPATYPEl TPYHTA. - :

‘T'ny6una npomep3anns h,, B pacCMaTpHUBAEMBIH MOMEHT - BPEMEHH
T OT  HavYana TPOMEp3aHUs TNpH 3a0aHHOMU rnyﬁlme IeATeNBHOIO Cos
h, MOXET OMpeRensThCa NO ¢opmyle

T T,=h, /i, o (113)

i

rae T,——npo,uomm’renmocn JUMHETO nepuona.

[nyOHHY CE30HHOrO NMPOMEP3aHWs TPYHTa h, (JeATENbHBIN cnon) npu
OTCYTCTBUM JAaHHBIX MHOTOJETHAX HaGJIIOI[eHHI/I CIeqyeT OmpedendaTh Ha
OCHOBE TETUIOTEXHMYECKHX pacyeToB. Jins paioHoB, rae riyOHHA mpoMep-

3aHNS HC TIPSBBIMNACT 2,5M, eec 3HaueHHE B M AJCTYCKACTCA BBIMHUCIIATH

no d¢opMmyie
h,y=dy /M

roe M, —GCBPHBMBPHHH KoacquuneHT YHCIEHHO PaBHBIH cmee ab-
COJTIOTHBIX 3HAYEHHH CpEeOIHEMECAYHBIX OTPHUATEILHBIX TEMIIEPATYp B [aH-
HOM paitone, npuHumaemelid no CHull mo crpouTensHO# KITUMATONOTHH
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Puc. 11.1. Cxembr neiict-
BiSL CHJI TIYHEHHH HA TPY-
o, ~ 0OMpPOROA NpH TMpOMEpP3d-
N HHMH TPYHTA C NOBEPXHOCTH

4
OOCH
KR5S
2020201.

H reoM3vKe, a IpH OTCYTCTBMM B HHX J4HHBIX AJii KOHKPETHOI'O TYHKTA
HIH paiioHa CTPOHTEILCTBA —IIO PE3YJbTATAM HAOMIONEHHH THAPOMETE-
OPOJIOTHYECKHX CTAaHIMH, HAXOAALMXCA B AHAJOTMMHBIX YCJIOBHHX C pai-
OHOM CTPOHTEILCTBA; dy— NApaMeTp, PABHBIA A CYIJIHHKOB M IJIMH —
0,23, cynmeceif, NeCKOB MEJIKHX M TbLIeBaThix — 0,28, NMECKOB I'PaBEJIMCTBIX,
KPYIHBIX ¥ CpelHeH KpyIHOCTH — 0,3, KpynHO0OI0MOYHBIX rpyHTOB — 0,34,
- Temneparypa rpyHTa B paccMaTpMBaeMOH TOYKE 'HA TMOBEPXHOCTH
TpyOBl ABNseTCA (QYHKUHMEH - BpeMEHH OT HAa4ajia NpOMEp3aHHMs TI'DYHTA
H PacCTOSHUS OT IHEBHOH IOBEPXHOCTH OO PACCMATPHBACMONH TOYKH.
IIpunuMas rapMOHHYCCKHH (CHHYCOHAANbHBIH) 3aKOH M3MEHCHHS BO BpeMe-
HH TEMIOEPATYypbhl HAa NOBEPXHOCTH IPYHTA, NOJIYYaeM BBIPAXCHAE A
TEMIIEPATYphl rPpYHTA B HPOU3BONIBHOH TOuKe ¢ KOoOpAUHATOM [

b}

 Aminsin(nt/T,)

Tep= p %cos([} —Bo). o (11.4)

M

Ilpu npuxenuH GpoHTA IPOMEP3aHUA OT NOBEPXHOCTH B 3aBHCHMOCTH
OT €ro MOJOXCHHUS OTHOCHTENPHO TPYORI MOXKHO BLUIEIHTH YCTHIPE
KA4eCTBCHHO PAa3JIMYHLIX PACUETHRIX cay4yas (puc. 11.1).

1). TnyOuna npomepsaHus h,,, OTCIMTHIBAEMas] OT IOBEPXHOCTH IPYHTA,
MCHBIIE PACCTOSIHMSA /1 OT HOBEPXHOCTH IPYHTA [0 BepXHEH oOpasyioreii
TpYOBl, T, e. (QPOHT NpPOMEP3aHUS PACTOJOXKEH BBILIE Tpybpl. B atoM
Cilyyae CHJIBI Ny4YeHHdA, [OeHCTByIOIHe Ha TpyOy, HAIpaBJcHLl - BHE3.
Pacnpenenende 3TMX CWE 110 NOBEPXHOCTH TPYOBl (BBILIE OCH) MOXKHO
ONPEIE/HTh B COOTBETCTBHH C 3aKOHOM PpAaCHpele/ieHHs HANPSOKEHMH 1o
TIYOMHE TaJOr0 rpYHTA B COOTBETCTBHM ¢ OOmuMu Meromamu. Ilpu
3TOM IOJDKHA MMETh MECTO OCaaka TPyOBI, T. €. mepeMEILEHHE €e BHU3,
"YTO M IMOATBEPXKIACTCA IKCMEPHMEHTANBHBIMH HUCCIIENOBAHUAMU. QQHAKO
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3TO ' MEPEMCIIICHHE HE3HAYATCIILHO H™B I[IPAKTHUYCCKHUX pacyeTax - MOXHO
NpHHSATH, YTO IUIA 3TOTO CAy4Yas CHJIA TyYeHUs, NeHCTBYylomass Ha TPYOy
# HanpaBJicHHAS BBEpPX :

4,=0 mpum  h,<h S (1LY)

2). ®poHT NPOMEP3aHMA DPACIONONKEH MekIy BepxHeil o6pasyromei
H OChto Tpybwl, T.e. h<h,<h+D,/2 (puc.ll,a). B 3tom cnyyac
NPOABNAETCA IBOMCTBEHHBIH XapakTep cun nydyeHus. Ha yposHe ¢poHTa
IpOMEP3aHUA MO TPYOBI HOPMANGLHLEIE CHIBI MydEHHS HA TPYOy OeHACTBYIOT
BHHM3, 4 B Mpeaenax TpyObl MO IJIHHHH COMPHKOCHOBEHHA ¢ Tpyboit 3a
CYET CMep3aHHs TpyHTa C Tpy6oit — peiicTeytor BBepX. IIpeHeGperas
CHNAMH, NeHCTBYIOUMMU BHH3, OYJ€M CYATATb, 9YTO CHABI [YYEHHS
OMpEeNeNsAOTCS CMep3aHMEM TIpPyHTa ¢ TpyOOH, ecId yIeabHble CHIIb
CMEP3aHuA HE MPEBBILIAIOT HOPMAllbHbIE CHIBL MyuYeHHAA. MOXHO TPHHATH,
YTO YAENbHOE CMep3aHMe (HA EOVHWIY [JWHBI OKPYXHOCTH TpPYObI)
TAHEAHO 3aBHCHT OT TEeMIIEpaTyphl TpYHTA

D pex=keutrp+b, | . (11.6)

- TIe kCM*KOE)(bQ)HHHeHT TIPOTIOPITHOHATLHOCTH, PABHBIH W3IMECHEHUIO YIENTb-
HOM CHJIBI  CMEp34HHS TpH HSMEHEHHMH Temnepatypel: Ha . 1°C; t,,—
abCoMOTHAaA OTPHHATENBHAS TEMIEPATYPa B - PACCMATPHBACMOM TOWYKE,
b—TpovYHOCTE rpyHTa HAa paspweis mnpu 0°C.

Ana mpakTHYECKHX PACYETOB BEIHYHHEL kCM H b MoxHO HpIrIHHMBTI:
PABHBIMH: :

CPYHT o, Cymecs CyriaaHok TuHa
ke, MIIa/rpanycs ............. 0,055 0,065 - 0,068

b, MIla ..o - 0,03 0,04 0,04

rd

BepTHKaTbHAS PABHOAEHCTBYIOINAS VAEIBHBIX CHI CMEp3aHHs, NEHCT-
BYIOIMX TIO BCEH JIyTeé OKPYXHOCTH TPYOBL conpnxacalomemﬂ C MEp3JIBIM -
TDYHTOM, T. €. MOTEPEYHASs HATpy3ka

‘ Ba
gem= | PewD,cos BdB, (11.7)
4] ' . ’

rae f,—yron, OTCYMTHIBAEMEI OT BEPTHKAJNBHOIO JHAMETPA OO TOYKH
nepecedeHdst GpoHTA NIpoMeEp3aHHUs ¢ TPYOOH (ompenenseTcs B 3aBHCHMOCTH
OT OTHOCHTENILHOIO IOJNIOXKEHHS (QPOHTA IPOMEP3aAHHS),
' ho—hy\ SR
Bo=arccos(2 0w}, (11.8)
D .
Itoncrasue (11.6) B (11.7) ¢ yverom (11.4) M BHIMONHAB MHTer-
PHPOBaHWE, HAXOMHM TMOTICPEYHYIO HATPY3KY

H

[ : i 1
=3 keouD? M(%—131n ZBO)+D bcosB,  (11.9)

™

3). ®pour NpoOMep3aHuUs pacnoﬁoxceﬂ MeXIy OCHI0 M HHXHelt 06-
pasyromeit - Tpy6Hl, T.e. h+D,/2<h,<h+D, (prc. 11.1, 6).
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B 3TOM cnyyae MNOJHBIE CHJBl IYY€HUS ONPEHOE/ISIOTCA CHIAMH
. CMep3aHUA I'PYHTA N0 BEPXHEH IMOJYOKPYXHOCTH TpyOBI H HOpMaJIbeiM{J
CHJIAMH IYYCHHS. : e '
BenuuuHa, 0O0YCIOBAEHHAA - CUJIAMH CMEp3aHud, I8 93TOro ciy4as
onpegenactcs no dgopmyne (11.9) npu By=n/2

minSin(nt/ T,)

qcm=gka§’ p +D,b. o (11.10)

m

Jins ompeneacHus HOPMANBHBIX CHJ TIYYCHHA MCMOJIb3yeM THIOTE3Y,
YTO IPH HPOMEP3AHUH IPYHTA ¢ IOBEPXHOCTH CHIIb] IIyYeHHs, NEHCTBYIOILME
OO IUIOCKOCTH NIPOMEP3aHHs, OIMCHIBAIOTCA Bhipaxenuem (11.2), KoTopoe
NpeICTABUM B BHIE :

pa=koh +b,, - (11.11)
rac : . ‘
k=Y tg2(45° 4+ 00/2);  bo=2¢pt8(45°+@,p/2),  (11.12)

hM-—paCCTOﬂHHe OT MNOBEPXHOCTH TI'pYHTAa A0 (ppOHTa IIpoMEp3aHus.

OTMETHM, YTO 3[€Ch Yep, Qrp U C;p— PACYCTHBIC 3HAMCHHA YICIBLHOTO
BECa, YIUIa BHYTDEHHEIO TPCHHS H CUCIUICHHS TAJOrQ0 IPYHTa, KOTOPHIE,
B 3alMac NPOYHOCTH, OOJDKHBI OIpPEENAThCA IIPH pacyeTre Ha IIyYeHHE,
KAK MX HOPMATHUBHBIC 3HAYCHHS, YMHOXCHHBIE Ha KO3(QQHIHCHT Hamexk-
HOCTH To rpyHTy. IlomepeuHas Harpyska, AeidcTBylollas Ha OecKOHEYHO
" Madbld 3JICMEHT, WMCIOLIMIT xoopauHaTy \f, OyaeT paBHa

dg,=p,dx=0,5p,D,sinydy. . (11.13)
[Tonepevnast Harpyska, JIeHcTByromlas Ha TpyOompoBoOf, Oymer paBHa
: VYo Vo . ‘
gu=2 | dg,= | pyD,sinydV, (11.14)
Q Q , '

rae Yo—Yroj, OTCYMTHLIBACMBIA OT OHAMETPa R0 TOYKH IIEPECEYECHHA
¢ponra npomepsarus ¢ TpyOoii,

Yo =arcsin [(A,—hg)/2D,]. | (11.15,)7

~ BrimonHHB HHTErpHpPOBAHHE, HAXOAHM TONEPEYHYIO HArpy3ky, nciicr-
' BYIOLLYIO Ha TpyOOmpoBOI, OT HOPMAJbLHBEIX CHJI IYYEHHS

gu=D, (1—cos Vo) (kuhiy +5.). (11.16)

IlonHasa mnonepeyHas HAarpy3ka TpH 32J3aHHOM (POHIE HPOMEP3aHHS
OLpPeJIENACTCA CYMMOH CHMI CMEpP3aHHS H HOPDMANbHBIX CHJ My4YCHHSA

Guon =YGem+ G- (11.17)

4). ®poHT HNPOMEP3AHHE PACIOJIOKEH HHXE HMXHEH 06p_a3y}omeﬁ
Tpyber (puc. 11.1,6), 1. €. h,>h+D,. B 3TOM ciayYae NOJHbIE CHJIBI
NMyuYcHHs ONPEACNAIOTCA CUAAMH CMeEp3aHUsd TpyOompoBOAa € IPYHTOM
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Puc. 11.2. 3amucumocts xodddmmmenta  Puc. 11.3. 3aBUCHMOCTL COMPOTUBJCHUS

ycnosusa paboTel OT rAyGMHBL MpOMEpP-  CMEILUEHHIO MPOMEP3AKIEr0 TPYHTA OT

32HHA W IUIONIAJM OCHOBaHHA .~ pacqMeTHON TeMNEpaTYpel M CKODOCTH
- npoMep3aHust 4

[0 BEepXHEH MOJYOKPYX HOCTH TPYObi H HOPMAJIBHBIMH CHJIAMHA MYYEHHS,
AEHCTRYIOIIAMM HA BCIO HIDKHIOKO MOJNYOKPYXHOCTB TpPYORI,

tminsin(nt/T.
in(x5/T,)

q.,;n=§kmD§ — p D, (b+k,h,+b.). (11.18)

M

Ha OCHOBAaHMH NpPHBEACHHBLIX (GOPMYT B 3aBHCHMOCTH OT paccMaT-
PHBAaEMOro BPEMEHH T, MO KOTOPOMY HAXOAHTCA TAyOMHA NpoMep3aHHs,
ompefendercs TomnepeyHad HArpyska Ha TpyOonpoBoa TIPH - OTCYTCTBHH
€ro INepeMellicHHA B 3aBHCHMOCTH OT (JH3HMKO-MEXAaHHYECKMX Xapak-
TEPHCTHK Tanore TIpyHTA H MEXaHHYCCKHX MapaMeTpoB, XapaKTepH3y-
IOLHX CcMep3anue TpyOompoBoga ¢ rpyHToM. IlomepevHyro HArpysky OT
HOPMANbHBIX CHJI TYYEHHS IHpPH IPOMep3aHHH TPYHATA C IHOBEPXHOCTH
© MOXHO OMNpeJendaTh KaK /T4 JeHTOYHHIX (yHIaAMeHTOB. 3[ech HCNONb-
3yeTCd THNOTE3d, YTO JABJICHHUE MyYCHHA TPYHTA MPAMO HPONOPLUOHANB-
HO TIIyOHHe [pPOMEP3aHHA TMYYHHACTOTO TpPYHTA M YBEJIHYHBAETCH
C TOHMKEHHEM paCYeTHOMH TCMHCpaTypBI H YBEJIHYCHHEM CKOPOCTH
. IPpOMEp3aHuA: - B

| pn=2ka%o,, - (11.19)

rae d,—TnyOHHa mpoMep3aHus NYYHHHUCTOTO TPYHTA mojd TpyOoit, koTopas
H3MCHACTCA MO [NHpHHE; a-—UWHPHHA TPYyOn, KoTOpas OpH ¢POHTE
NpoOMep3aHuA HHXe TpyOb paBHA OHaMeTpy Tpyowl, &, — xoadduiuuent
yCIOBHs paboTHI IpyHTA oA (YHIAAMEHTOM, OMpelelsieMBlii no rpaduxy
(puc. 11.2) B 34BHCHMOCTH OT 3Hauenuii d, U A=al, tae [=1Mm;
G,— CONPOTHBIICHHE CMEILEHHIO IPOMEP3AIOLIETO IPYHTA OTHOCUTETBHO
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TPYOBl, oOmpeaenseMoe. No pHC. 11.3 B 3aBUCHMOCTH OT PACHYETHOM
TeMneparypel T, ¥ CKOPOCTH HYYeHUs TIDYHT2 noa Tpyboi v,

Ty=T,(1—d/d);
d—raybuHa 3aloKEeHHsA prﬁm d,—pacueTHass TnyOMHa CE30HHOIrO
NPOMEpP3aHH,; o _ S _
THSM( _i), | (11.20)
tg 2¢, _

-T,— TeMuepaTypa y NOBEPXHOCTH IUIAHUPOBKH B MEPHOJ €r0 MPOMEP3aHus
noa ¢yHgaMeHToM; T, —CpelHAA TeMmepaTypa HaubGolee XOJIOZHOIO
Mecdlla TepHoda TpoMep3aHHs, onpeaensemas no CHull 2.01.01—82;
t,— MPOROKHTENABHOCTD NEPHOAA NPOMEP3aHHSA IPyHTA NOA (yHaaMeEH-
TOM, td—to(l—d/df)z; o ——HPOOOXUTENBHOCTE MEPUOAA ¢ OTPHIIATEID-
HOH TEeMIIEpaTypoll BO3XyXxa B MecAuax, onpenensemMas mo CHull 2.01.01—
82, Ui y4acTKOB, IZe CJI0ll CE30HHOrO NPOMEp3aHHs MPOTAHBAHHA
TPYHTOB CJMBAETCA C BEYHOMEP3JBIM TIPYHTOM I,=3.
CxopocTh mepeMelieHns INYyYHHUCTOIO TPYHTAa 1o (yHAAMEHTOM

v, =hys/(304,), | (11.21)

hyi—nepopmanns nyyeHus (DORBEMA) TPYHTA IO (byH,LlaMeHTOM

Mopo3Hoe y4yeHHe (TIOABEM) HEHATPYXKEHHOTO BEPXHETO CIOA I'PYHTA,
KaK YK€ OTMEHaJIoch, 3aBHCHT OT MHOIHX ¢(aktopos. B. O. OpnosbiM
IpeAI0OKEHB! PacYeTHBIE 3ABUCHMOCTH [JISl ONpele/cHHS 3TOH BeJIHYHHBL
Mopo3Hoe yueHHe TPONOPLMOHAIBHO T'NyOMHE MPOMEP3aHHS H OTHOLIE-
HHIO IUIOTHOCTH CYXOrO TIpYHTa X TIUIOTHOCTH BOABl H 33aBHUCHT OT
BJRXHOCTH B CJO€ CE30HHOTO NPOMEpP3aHus TIpYHTA, OT COHEpPKAHUA
HesaMep3lledl BOoABI B MEpP3IOM IPYHTE IIPH TEMIEPATYpe, pPaBHOI
HOJIOBUHE MMHUMAJIBHOH  TeMIepaTypbl IPYHTa, NPH KOTOPOH npekpalia-
€TCA '€ro  My4yeHHe, OT MOJHOH BIAFOEMKOCTH TPYHTA, a T4Kke OT
TEMIIEPATYPHOTO HMINYAbCa IBUXEHHS BJard B NpPOMEP3AMOLIEM T'PYHTE.

TlepemellleHne HEeHATPYXKEHHOIO BEPXHEIQ CIOA TPYHTA MOXHO OIpe-
JeJIUTh HA OCHOBAHMM HHJKEHEPHBIX H3bICKAHMH M J1aOOPATOPHEIX HC-
CIICOBAHUI, BBLIIOJHEHHBIX ¢ Y4ETOM IIPOrHO3a M3MEHEHMS BJIAXHOCTH
H CKOPOCTH UPOMEP3aHHS, MO OTHOCUTENBHOMY IYYCHHIO (Koaq)qmuneﬂr
Ny4YeHHA) KaXIOTO H3 CIOCB Mo IayOuHe npomMep3aHus

hf=Zﬁdf:, - (11.22)
. i=1 .

rae f,—kodpQULUHEHT NyYeHHS i-TO CNOA TPYHTA; dy;— TONIUMHA i-TO -
CIIOfl; - n~—4HCIO CJOEB, Ha KOTOpOe pa3buTa BcA TIyOHMHA NpOMcp3aHuA.

‘MopozHoe mydYeHHe (epeMeruenue)  Ha IIyOUHE 3aJ0XKeHMss TpyOBl
h (10 BepxHel obpasylouieii) MOXHO ONpEOENHTL MCXOLA M3 Jmnemloro
‘3aKOHa pacnpenenermﬂ nepeMelleHuil mo rayOuHe

. hf.:—h,(1~h/h) P (11.23)
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Puc. 11.4. 3aBucumocts Moposuoro ny- - Puc. 11.5. 3aBucHMocTs Harpyskn, ooyc-
YCHUSA (NIEPEMEINEHIA) OT COOTHOUICHHA  JTIOBJACHHON CHIaMM IIYYEHHA, OT Bep-
BHCITHEH HArpy3KM M HArPy3KH OT Myue-  THKAJBHBIX NepeMelueHuii Tpy6sl BBEpX
HUA ‘

~ ®opmyna (11.23) onpemenser cBoboaHOe Ny4eHne, T. e. NPH OTCYTCTBHHU
Oepeayd Ha IpyHT BHEUIHErQ JABJICHUS. .

Ilpu mepenade Ha TpyHT BHEIIHel HATPY3KH MepeMeIlieHNe YMEHBIIAETCS.
Ilpumem, 9TO npH BHEIUHEM MaBNEHMH, pPABHOM [ABICHHIO Ha npoMep3a-
IOWMH TPYHT. OT MydYeHHs, TEpeMeUleHHe pPaBHO Hym0. B CoOTBeTCTBHE
C HHSHHBIM 3aKOHOM M3MEHEHHS MOPO3HOTO fmywenus (puc. 11.4) gaxomum

hf"q.=hfd(1_—qh/qn) nmpH qagqn;
heaa=0 MpH  ¢,>4,, o (11.29)

rae Agg,—Ty4eHne (MepeMelueHus TpyObl BBEPX) MpH  AKTHBHOM Bep-
THKANBHOH TMOMEpeYHoHd Harpyske ¢, H HAarpy3ke OT CHMJI MyYcHHS G-

Kak. yxainsamock paHee, Mo momepeunoii HArpy3Koi, JAeHCTBYIOMICH
Ha TPYOONMpOBOA OPH TYYEHWH TIPYHTA ¢, MOHMMANACh HACPY3Ka pA
OTCYTCTBUM MepeMelteHnit TpyOsl. [IpM HAMMYMM mepemerneHnit TpYOHI
BBEPX HATpY3Ka, oOyCHOBJCHHAS CHAAMH MYYEHWS, YMEHBLIAETCS, a TIpH
MCPEMEIENNH TPYOBbl, PABHOM MODO3HOMY INYYEHHIO (mepeMeltienuio) Ha
YPOBHE BepxHed oOpasyromeit TpyOwl, paBHa HYJIO. ' :

B 3TOM 1MamazoHe 3aBHCHMOCTB HATPY3KH OT. NMEpEMEILCHWI HeIIHHe-
Has, OJHAKO B MCPBOM NPUONHKCHHH MOXHO NPHHSTH 3TY 3aBHCHMOCTD
miHeiHoR (puc. 11.5). Torma Harpysku, OOGYCHOBNEHHVIO MydeHHeM, npH
HA/IMMY ACpeMeLleHusd TpyGBE v MOXHO ONpeAcHnTh Mo GopMyre

 Guy=q, ' mpun »<0;
qnvzqn(l_'ufhfd) HpH O<U<hfd, .
Gno=0 mpu - v>hey. - (11.29)

\

31ech TONOXKATENLHBIM 3HAYCHHUAM TEPEMEIICHAS v COOTBETCTBYCT Iepe-
MeIlEHHE TPYOBl BBEpX, OTPHUIATEILHBIM — BHH3.

ConpoTHBienne nepémemennﬂM .prﬁm

Ilepemeinenne TpyGompoBona o6GyclnoBIeHO PAAOM HATPY30K M BO3-
' ICHCTBY, B TOM 4HCJIE HArpy3koil OT my4eHnd, KOTCpOC B CBOKO Ouepenb
3aBHCHT OT nepemelleHus. - Kpome  Toro, mepeMettieHMio mom3eMHOro
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Puc. 11.6. 34BUCHMOCTb CHJl CONPOTHBIEHUS OT BEPTHKAJILHBIX NEPEMELUEHHH TPYOBI
BBEPX ‘ : s -

TPpyOOINpOBOga INPENATCIBYET COMPOTHBJICHUE TPYHTA, KOTOPOE 3ABHUCHT
OT HalpasJleHHs nepeMellieHus. OJHOBPEMEHHO 3JIeCh YYTEM H IIONCPEYHYIO
Harpy3ky, o6yCIIOBJIEHHYI) BeCOM TpyOONpOBOMA, BHITANKMBAIOLICH CUTIOH
BOJAM W [OTOJHATENbHOH 64NNaCTHPOBKOH Ipy3aMy (U HX HaJIHYAH).

Ha puc. 1.6 uzobpaxeHbl 3aBHCAMOCTH CHJ CONPOTMBIIEHHSA OT
' BEpPTHKAJILHBIX NepeMelueHuit TpyObl BBEpX NS PasigHYHBIX  C/y4aes
HOJIOXEHA TPyObl OTHOCHTENHbHO (poHTAa npomepsanus. Jid Beex
pacueTHBIX cly4aeB OydemM cuMTaTh, 4TO TIPH OTCYTCTBHH CHJI IYHeHHA,
IeHCTBYIOIMX Ha Tpy0ompoBoJ, H €ro TNONEPEYHBIX IEPeMELICHNH, HH-
TEHCHBHOCTD IOTEPESYHOH HArpy3KH OT Beca TpyObl (IOJIOXKHUTENIbHAS
[1aBydecTh) pAaBHA HYJIK, TaK KaK OHa YPaBHOBEINHBAETCS peaKIHEH
ocHoBaHudA. [Ipu MajoM NepeMellieHHH TpyOoIIpoBoda BBEPX peasld3yeTcs
BecoBass Harpyska. Ilo cpoedl mpupoAe K 3THM CHJIAM MOXHO OTHECTH
¥ CHJIBI, OOYCIIOBJICHHBIE CJIMIIAHHEM TPYOBI € TAJbIM IPYHTOM IO HIDKHEH
NOJYOKPYXHOCTH TpyOwl. bByneM ycioBHO cudTaTh, 4YTO 3Td HArpyska
W3MEHACTCA OT HyJId [0 KOHCYHOH BEJIMYUHBI, PaBHOH HMHTCHCHBHOCTH
TonepeyHoN HArpy3KH OT MOJIOXMTEIbHOMH IUIABYYECTH TpyObl, @ KOHEYHOH
BEJINYHHE COOTBETCTBYET Majoe, HO KOHEYHO¢ MEePeMEILCHHE BBEPX, paBHOC
1 cM (ycroBHo). Torda Ais Bcex PacHeTHBIX CIIY44€B NMapaMeTpbi [epBOH
BETBH JQHATpaMMLI ONpedenstoTca no ¢opmynam:

MakCHMaJIpbHas OpJHHATA — MOJIOKUTEIbHAA [UIaBYYECTh

qo=qu+qﬁan*4nurs ‘ | (1126) ‘

TAHT€HC YIJa HAKJIOHA IepBOil  BETBH (tgay =tgo 2 =1ga,3)
¢n=4qo/a Dy, ap=1cMm. ‘ (11.27)

3neck g,,—BEC EQHHANBI UIMHBI TPYOBI (¢ MPOAYKTOM); §ga;— MH-
TEHCHBHOCTb IOINEPEYHON HArpY3KH OT BeCd TPY30B; (g, — BHITAIIKHABA-
folias cuia BOMAbI, 3aBUCALIAA OT ypOBHA OOBOIHCHHA.
~ [Hanee, ¢ pocTOM NepeMElIcHHA TpyOnl BBEPX, CONPOTHBJIICHHE MEpe-
MEILICHUIO O0Ka3biBAET TPYHT Han TpyOoii, KOTOpRIH B 3aBHCHMOCTH OT
YpOBHS - MPOMEP3aHHA . COCTOMT M3 CJIOEB TajJoro M MeEpIIOoro rpyHTa.

B cBA3M ¢ TUM HEoOXOMHMO pacCMOTpPEHHE Pa3jIM4HbIX CIy4ace B 3a-
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BHCHMOCTH OT COOTHOIIEHHH TTyOMHB MpOMEpP3aHuA, TIyOHHBL 3aJI0KEHHA
TpyObrl W yposHs oOBoaHeHus. [Ipm rnyOuMHE npoMep3aHHs BBIIIE OCH
Tpy6OoIpoBOAa CONPOTHBICHHE = BEPTHKAJIBLHOMY IIEPEMEILEHAI0 TPYOBI
BBEPX, OKa3LIBAeT TaNbli M Mep3aelil rpyHTH. MakcuManbHyIO yAep-

KHBAIOIIYI0 CIIOCOBHOCTh TANOTO IPYHTa ONpEAe/seM TPU3MONH BHIOpA,
a Mep3Jioro IpyHTa — pacYETHBIM CONPOTHBJIEHMEM Ha cxaTHe. [Ipuaumas
JMHEUHEIA 3aKOH MX COOTHOIHNEHHH, MOXHO 3aMHCaTh, YTO MAaKCHMalbHast
MHTEHCUBHOCTD ynep)mnaromcﬁ CIIOCOGHOCTH TPYHTA '

’ h, .
Im _q0+h Rrp MD +qnp rp(l B ) opu A, <hy;
0 0

‘ I = qO + RI‘P.MDH npu hM > hO; (1 128)
rae R, .— pacueTHOE COMPOTHBJIEHAE MEP3INOro IPyHTA MpH TEMINeparype,
pPaBHOH MOJIOBHHEe TEMMEPATYpbl I'PYHTAa HA IOBEPXHOCTH; {pp p— IIpE-
JeNbHAS yOEepPXKHBAOIIAas CIOCOOHOCTH Tajoro IPYHTA.

Jns onpenenenus NpeaefbHON yaepXuparomeid cnocobHOCTH TpyHTa
M OMNHCAHMS NMAIPAMMBI 3aBHCHMOCTH CONPOTHBIEHHE — MEPEMEIICHHE
TpYOBl BBEpX PaccMOTPUM Psf pacyeTHBIX CIy4YaeB.

I'nyGuna mpoMmep3aHus /s, MeHbIIe TIyOHHBI 3aNOXKCHHA TpyOwl IO
BepxHeil obpasyroweld, T.e. h,<h. JlnarpamMma «CONpOTHBICHHE — Mepe-
MeIleHNe» A 3TOro cnyqa;{ Maoﬁpa)lceﬂa Ha puc. 11.6, a.

B 3TOM ciyyae mnpedenbHas YAEPXUBAKOWIAHL CIOCOOHOCTHL  TAJOTO
TPYHTa B 3aBHCHMOCTM OT YPOBHA OOBOIHEHHA /,, OTCUMTHIBAEMOTO OT
MOBEPXHOCTH TPYHTA, 6yneT paBHa -

opu h,<h,

Gup.rp= Yszn (h()_ M

opa h,<h,<h

TI:DH _ 2 : | 0’7crp(h0_hm).
8 )+k[¥Sb(h0 hM) tg(0;7(‘?rp)+ COS(O,7(prp)

’

nD

qnp.rp=Dﬂ [Yl‘p (hw_hm)+YSb (ho_kw—_ 8 “):|+ |

a . ' L ' 0,7¢ep(ho~h,)] |
+k{[yrp (hw hM) (2h0 hw)+YSb(h0 hw) ]tg(097(Prp)+ C_OS(O- ',7'(p—m) N
npu h<h,<h,

D2 . DZ
qnp.r,,:y,p[(hw—hM)D e 0 ]+ys,, [( h,)Dg+— 2 Fw]+

o,7c,,, (o —hu)}.

+k {[er (hw_hm) (2h0#hw“hu)+ ¥sb (hoﬂhw)z] tg (Oa7(prp)+

05 (0,7 @)
npu hy<h, :
| D,
Gnp.rp er (ho 8 )+
| 076 (h —h )
—h, )t PN Sk L . LY }
+k[y,p(h0 h.) tg0,7¢:,+ w0s(0.700) ] (11.29)
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30eCh Yy — YACHbHBIA BEC TPYHTA ¢ YYETOM B3BELIMBAFOLIETO ACHCTBUA
BObI Ysp =(Y,—7,)/(l+€); Ys— yOeabHBIH BéC YACTHI] TPYHTa; Y, — YJIe/b-
HBIH BeC BOABL; ¢ — KO3Q(QUUUEHT NOPHUCTOCTH; k — Oe3pa3MepHLl mapa-
METP, OTPaXarolUMi XapakKTep [pPH3Mbl BHIIOPd B 3dBUCHMOCTH OT
agaMeTpa Tpybsl "D, (B cM), OOBIYHO IpuHUMAETCS paBHBM D, /100,
Yrp— YACTILHBIA BEC TPYHTd; Qrp— YIOJl BHYTPEHHErO TPEHHUS; Cpp— YAEHb-
HOE CLIETINICHHUE; F,,—mnowans O0OBOJHEHHOH - 4acTH TpYOBI;
F, Dz( —sino)/8; o—yron, XapakTepU3YIOIUMH YpOBCHb BOOBI OT-
HOCUTENBHO ocu TpyOel: a=2m—arccos[2(hy—h,)/D,] mpu h<h,<h,,
a=2arccos[2(h,—h,)/D,] upu hy<h,<h+D,. '

Tanrenc HaKIOHA BTOPOH BEeTBH (tgoty;, tgd), 18 023), ONHCHIBAFOILMIL
CONpOTHUBJICHUE TIPYHTA OT ¢, A0 G,, OIPEACIAcM Takke MeTOAOM
THHEHHOR HRTEPIOTALNK MexAy KOIQPUUHMEHTOM HOPMAJILHOIO COIPOTHB-
JICHHS TaJoro M MeEp3JIoro TPYHTOB

I/ h ‘
- Cn™ at cM+(1 __M) Caacs .
g hy

. 01445,,,'M .
M —piw) Vo D 7
14 —2(h.— :
= 4E’“”” (l—expl:——-(i]—h—“):D (11.30)
- (1=pZ) VD, D, ‘

upu h,=h, n,=1,
mpu h,<hy. n,=0,5(1+h,/hy), ‘ (11.31)

[ 1 (R D prp‘M—Monym: Jeopmanun M koapduuueHt Ilyaccona
MEp3NIOr0 TPYHTA, ONpedeisieMble Ip¥ TCMICPAarype, PaBHOH IIOJIOBHHE
TCMICPATYPhl TPYHTA HA TOBEPXHOCTH; Ei, [y — COOTBETCTBYIOLIME
XAPaKTepPHCTHKH 1A TPYHTA 3aCBLIIKH.

C JanbReHLIIEM POCTOM IlepeMelueHHi (TpeTbs  BETBb LmarpaM-
Mbl) COIPOTHUBJIEHHE T[PYHTA YMCEHBILUAETCH, TAHIEHC YIVIA HAKJIOHA
(tgotz;, tgozy, tgo33) MoxeT OBIThb ompe/ieNIeH U3 aHATIOrMYHBIX npen-
[OCBLIOK

9m—9q .
= HDO(I— fh./hy) 1pu i?M<h0,

¢, =0 mpu h,>h. (11.32)

IIpn ¢poHTE NpOMEP3AHUA, PACHONOKCHHOM MEXIY BEpXHeit o0-
pasyroieil 4 oCbl0 TPYOBI, T. €. npu h<h, <h, 3aBACHMOCTb COIIPOTHB-
JICHHA OT MEPEMEIICHUs MOXeT ObiTh INpeAcTaBleHd B BHJE IATH BETBEl
(puc. 11.6, 6). Ileppasm BeTBb, K4K W paHee, OIMCLIBAET COMPOTHBIICHUE,
O0YCIOBNICHHOE TOJIOKUTENLHOM MIaBy4ecTh0 TPYOOIpPOBOAA ¢, BTOpAL,
TPEThS U YETBEPTAsl BETBH OTPAXAIOT CONPOTHUBICHUE TAJOrO.-H MEP3JIOTO
TPYHTOB. 31¢Ch CIEAYeT YYUTHIBATH, YTO B JAHHOM DPACYCTHOM Ciydae
UMeeT MECTO MOPO3HOE IUy4cHHe (mepeMeLlCHUE) CcJIOoS TpPyHTa, pac-
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MOJIOKEHHOTO 10  BepxHeil - oOpasylowreit TpyObi. B cBa3m ¢ 3TuMm,
COINPOTHBJICHHE TPyHTA B 3TOM [HANA30HE MNepeMELlcHHil TpyOml A, He
M3MEHsETCA. ) : :

, Pacdernrie opMyBl AN 3TOFO pacyeTHOro CAyYas MO OMpeeNeHUIO
MAaKCHMANbHOM ‘ynepxuparoilieit cnocobnoctn (11.28), Tanrenmca wakiona
BerBeit (11.27) m (11.32) ocraroTcsl peXHUMH, H3MEHAIOTCS TOJBKO
dopMynel ang ompeseneHMs TpeeTBHOM YACPKHBAROIICH CMOCOGHOCTH
. Taxoro rpyHTa (11.29). [IpenensHas ymepKuBaIOMmas CHOCOOGHOCTh TAJOTO
TpyHTa Had TpyOoH ompemensercs mo QGopMynam: .

mpH h,<h, |
. . _l ' 2 1 TE. 1 . ‘
qnp.rp—iyszu[POSB—E(E—B)—ZSIIlszI-f—
k 2 2 0,76,.,,(’10—/1“)
+4 I:Vsbpu Cos~ Btg («prp+W , | (11.33)
rae B=arccos [2(hy—h,)/D,]; (11.34) "

mpH  h,=h, BeIMUAHA ¢, ., BBHYUCIHICTCH IO bopmyse (11.33)
C 3aMEHOH YHETbHOre BeCa B3BEILUEHHOIO TpyHTa Y,, Ha YIOETBHBIA Bec

TPYHTA Y p;
npu h,<h,<h,

o | | ,
qnp.rp=h—0";7[’u’npmp(l)(ho—hw)+4np.rpr2v(hw—hM)]a - (11.35)

THE qnp.rpe1y OMpeneseTcsa o dopmyne (11.33), a Gup.rp (2) TO hopMyTIe
(11.33) ¢ 3ameHoit y, Ha 7, ‘ , '

- Hpu ¢pponte mpomepsanus Hixe ocu TpyOsl, T. €. A, > h,, 3aBHCHMOCTS
CONPOTHBICHHA OT MNEPEMEILCHHA MOKET OLITh  IIpeIcTaBNieHa - (CM.
puc. 11,6, ¢) B Buae 4YeTHIpeX. BETBEH, BBHAY OTCYTCTBHA COMPOTUBJICHUS
TIEPEMELICHAIO - TATIOTO T'PYHTa Had TPYOGOH (¢np..p,=0), a Bce pacueTHRIe
NapaMeTphl, OHArpaMMBl OMPEAENAIOTCA MO paHEE NMPHBENEHHBIM (OpM-
yJaam. , _

Ilpu nepeMellleHHH TPyOBI BHH3, KOTOPOE MOXET OLITH obycrnoBneHo
BO3ZICHCTBMCM TEMIICPATYPHOI'O MEPenana M BHYTPEHHETO IaBJIEHUS npH
ONpPENCICHHOM OY¢PTAHMH TIPOJONBHOW ocH TpyOOmpoBOAa, pacyeTHYIO
MONENL TPYHTAa MOXHO MpPHHATL B BHAE YIIPYrOMNTACTHYECKOrO0 Tena
C YNpYro#l 4acTbro, TAHTEHC yIJa HAKJIOHA KOTOPOii paBeH Koa(dunuenty
HOPMANBLHOTO conpoTuBIcHUA rpyuTa. Ipu A, <A, 1. e. HIKE ocH TpyGs
HAXOMMTCH TOJIBKO TANbI TPYHT, H B 3TOM CJIYYae MOXHO HCTONB30BATDH
PAcYeTHYIO MOZENE IS TANOrO IPyHTa; npH A, > (h+ D, ) MOXHO CYHTATh,
YTO "HWXE€ OCH TpyOHl HaXOMHTC TONBLKO MEp3NEil TPYHT, pacuernas -
MOJZIe]Ib  KOTOPOrO MOXET OBITh MMPHHATA KAUYeCTBCHHO AHANOTHYHOIR
TalIOMY TPYHTY, HO KOJHYECTBEHHO . OTIPEIENATHCH MEXAHHUYECKHMH M fe-
bopMANHOHHBIME XaPAKTEPHCTHKAMH MEp3OTO I'PYHTA, TIPH MPOMEKYTOY-
HOM TIOJIOKEHHH (GPOHTA MPOMEpP3aHHUs XapPAKTEPUCTHKH OIPEReNAIOTCA
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METOJIOM JTUHEHHON HHTEPHONALUH.
INpenenproe conpomnneﬂne rpyHTa onpegensercs no gopMynam:
npu h,<h+D,

¢u=RD,; - (11.36)
npu h+D,<h,<2(h+D,)

du = |: (2_th)+Rrp.M(;_?_ED—_1):|DH; . (11.37) ‘

npw hy>2(h+D,) | |
' gy=Rep.uDy. (11.38)

TaHrenc yriia HaKJIOHA YOpPYro# BeTBH, T. €. K03(QHUUEHT HOpMab-
HOTO CONMPOTHBJIEHHs TPYHTa, ONpeacaseTcd 1o QopMyJiam: :
npu h,<h+D,

» €y = Cocn (11.39)
npu h+D,<h,<2(h+D,)

SRR A h, :
e = N 11.4
¢, cw,(z .h+o,,>+ (hw ) (11.40)

upw. b, >2(h+D,)

(11.41)
Tac

0;144E,,

Cocn =™ —-
~(1-n2) JhD,

3mecs R, Erp, Repm; Erpw—COOTBETCTBYIOIUHE XapPaKTCPHCTHKH
IPYHTA B TajJOM M MEp3JIOM COCTOSHMIX. '

ConpoTHBJIeHHe TPYHTa IPOJONBHLIM NMEPEMEIeHHAM TPYOs! onpeaess-
eTcsl CHBUFOM TpyHTa IO TPYHTY, KOTOPHIi 3aBHCMT OT HOPMAJIBLHOIO
NABJICHMS M YIJa BHYTPEHHETO - TDEHHS TPYHT4, a IPH TNpPOMEpP3aHHU
ITPYHTa —H yOeNbHHIMH CHJIAMH CMCpP3aHHA.

VaenbHasd CHJIA CMEP3AHHA T.y n, MOXET ObITh OINpedenacHa Kak
HEKOTOpasi YacTh PACYCTHOrO COMNPOTHBJICHHA MEp3JBIX. IPYHTOB CABHIY
1o TOBEPXHOCTAM cMep3aHud R., npn COOTBETCTBYIOLIEH TemIepaType
rpyHTa . _ '

Tow.21= 0,07 R - (11.43)

- TemnepaTypa IPYHTA, TIpH KOTOpOil OIpegenseTcs BeamdimHa R,
3JABHCUT OT TIIYOHHBI npomepsanuﬂ H B nepBoM IpHONMXEHUH MO-
XET ONpeleNsAThCA B 3aBHCHMOCTY OT MHMHHMAJIGHOM TeMIeEpaTyphl I'DYH-
Ta HA NOBEPXHOCTH Iy, U COOTHOLIEHHA INMyOHHBLI NpOMEP3aHHUs TPyHTa
C [OBEPXHOCTH h,, M TIYOHHBI 3aJI0XKEHUA TpyOn A mno ¢dopMynam

npr h,<h+D, :rp=";'"”';1 h, (11.44)

~

(11.42)
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’ mm h _', D l
pE h,>h+D,  lp=" —(——h’)— (11.45)

M

3ABHCHMOCTD conpom}meﬂm TPYHTA HpOL[OJII:HLIM nepeMerIeHUAM
TPYOHI ¢, MOKeT OBITh MPHHATA B BHAE YIPYTOMIACTHYECKOH AHATPAMMBI.
HHTeHCHBHOCTE TIPeAENBHOTO COMPOTHBJIEHUS TPYHTA B 3aBHCHMOCTH OT
r1yOuHbsl MPOMEP3aHHR A, H YpPOBHsS OOBOIHEHUWA /A, ONpeAeaseTcs Mo

bopMmynam: .
~a) mpE Tay6uHE npOMep3aHm BBIILIC BCpXHCH oGpaayromen TpyO®I,
- T.e. h,<h :

npn h,<h,

—h )tg<p,,,+o 6nD,cp;  (11.46)

| h, hq
np_qo tg (prp+2nD ck ('er h +Ysb h
1] [

- mpu h,<h,<h,

h,, hy
qO tg (prp+2nD zck ('er h +'Ysb
0

—h,
)tg(prp+0 6nD, cp;  (11.47)

0
IIpH 'hw>h0 ' ‘ | -
- =qotg Qrp+2nD 2 c,,y,ptg(prp—l—o 61D Cep:  (11.48)

6) ipH (bpome HpPOMEP3aHUS, PACHOIOKRKEHHOM MeXIy BEpXHEH 00-
pasyromied W ockro TpYGHI, T.e. h<h,<h,
npa h,<h, . ”

I —h,
fnp=40 tg (prp+2chD (er I +Ysb h ) X
' 0 0

X (16— B) tZ Prp+ Dy BTew. an+0.6 (1 —B) Dy ' (11.49)
npn h, <h,<h,

' h,  hy—h,

tnp=q0tgcprp+2chD§('er Z_+'Ysb Oh ) X

V] 0 '

X (T—B) tg @rp+ D, Plernnt+ 0,6 (T —B) Dytrps (11.50)
upH h,>h, . _ :
tup =40 t8 Prp+26, D 2 Voo (m— B) te o+
_ + D, BTer.ant+ 0,6 (m—PB) D, crp; (11.51)

B) nipA (QpOHTE MPOMEP3ARHA, PACTIONOKEHHOM MEKITY OCBIO H HIKHEH
obpasytowet Tpybm, T.e. hy<h,<h+D,

T R
=q0 tg (pl‘p+2’erchDi2! (5—‘-';) tg (prp-l"

DH (g-'_\ll) TCM.III!+0,6 (’g_‘b) Dncrp; . (1152)
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r) npu 1yyOHHE OPOMCP3aHHA HHXE HHKHEH 06paaymmeu TpyOHI,
T. €. h, >I1+D .

Tnp =D, Tey. - | j (11.53)

3neck ¢,— Oe3pasmepHblii TApaMeETp, XApaKTepH3YIOUWMii obpa3oBaHue
CBO/IA TIPE/ICILHOTO PABHOBECHS IPH HPOJOJILHBIX NEPEMELUCHHSX M BBIYHC-
JISeMblii:

JUIA TECYAHBIX TPYHTOB

c4=0,416h/D,—0,056 (h/D,)? +0,095; | O (11.54)
JUIS TIIMHMCTBIX TPYHTOB |
" ¢y=0,3761/D,—0,046(h/D,)*+0,06; (11.55)
B u y—yrusl, onpé,qenmou.me 30HY CMep3anus TpyObl € IpyHTOM, .
B=arcc0$ [2(ho—h,)/D,]; W=arcsin[2 (hM—hO)/DH]. (11.56)

TaHreHc yria HakJOHA YIOpYroii BeTBH ompedeifeTcs 060BIICHHLIM
KO3Q(UIHEHTOM KacaTeJbHOTO CONPOTHBICHHR TIPYHTA C,,, 3HAYECHHE
KOTOpPOro ENA Talor'o IPYHT4 NpHBeAcHO B Il 4. [ng Mepajore rpyHra
3Ha4YeHHE KO3(QMUIMEHTA KAacaTETbHOTC CONPOTHBIICHHS I'PYHT4 YBEJIHYHBA-
€TCA B COOTHOIUCHUH MOAYNeH aedopMalMi TIpyHTa

Cxomzconrp.M/Er;‘)‘- ‘ _ (1157)

Torma B 3aBHCHMOCTH OT TINyOHHEI TNIpoMep3aHuA  KO3PPALHEHT |
HOPMANLHOTO CONPOTHBIICHUS IPVHTA ¢, (TAHICHC YINI4 HAKJIOHA VIIPYroii
BETBH) MOXKHO ONpPSACNIATL IIO (bopmyndM

npu h,<h
. Cx=Cxo} . (11.58)
npu.h<J’1M<h-}-D,‘i
T | | ffx=cxo—(1—hf_f,)ﬂ)+cmg,fD (11.59)
pH hM511+DH ‘
Cx= Cxo.m (11.60)

Takum 06pa3oM, CONPOTHBICHHE TPYHTA 3ABMCHT OT XapPAKTePHCTHK
TPYHT4, IIYOHHbI 3aM0XEHMS TpyObl, ITMyOHHBl MPOMEP3aHHs, YPOBHSA
oOBOIHEHMA M SBIAETCA HEIMHEHHOH (QYHKIMeH MepeMellCHHs.
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TJIABA 12 |
" PACYET HAI[3EMHBIX HEPEXOJ_IOB TPYBOHPOBOHOB

Pacuer KOMIICHCATOPORB HA BO3£[CIICTBH€ Temnepa'rypm
H BHYTpPCHHEro J1aBJICHHA

Mpu 3amaHHOM (MPHHATOM) PACCTOSHHM MEXIy KOMITEHCATOPAMM
pacyeT KOMIIEHCAaTOPOB CBOMAMTCH K BLIOOPY HX F€OMETPHYECKHX MapaMeT-
POB M3 YCIOBHA BOCIPHATHS [IE€PEMEIICHHA TPAMOJMHEHHOR 4YacTh
TpyOonpoBoaa, 0OYCITOBICHHEIX BO3ACHCTBHEM TeMIIEpaTyphl U BHYTpPEH-
Hero naejeHHs. EcnaH  koMmneHcaTop paclmoliokeH B MeECTe BbIXOAa
MOI3eMHOTO TPYGOTIPOBOAA HA IOBEPXHOCTh, TO MEPEMEILIEHHE, HA KOTOpPOE -
JOJDKEH pACCUHTHIBATLCA KOMIEHCATOP, CKJAAIbLIBAETCH M3 [epeMeIleHH
COOTBETCTBYIOILETO OTKPHLITOrO Y4acTKa M IlepeMenienusi Tpybomposoga
B MecTe BBIXOJA ero u3 rpyHra. [Ipu 3anaHHBIX (OPHHATBIX) TeoMeT-
PHYECKHX [dpaMeTpax KOMIIEHCATOpa pacdeT CBOOHTCH K ONpeAcACHHEO
IpefefbHLIX TEePEeMEIeHHi, BOCIPHHAMAEMBIX OTHM KOMIIEHCATOPOM.
Onpenensonicid BeMHYHAHOR NMPH ITOM ABJIASTCSH IpeiebHO. OONYCTHMBIHA -
YPOBEHb IPOIOJIBHBIX HANPAXKECHHAM.

' Jlns onpeaeneHds NPONONLHBIX HANDSKCHHA B KOMIEHCATODE OT
MPOACJIBHBIX MEPEMCIIEHHH BBIYACIAM €T0 MOAATIHBOCTH, T. €. MepeMellle- |
HHE ), €ro KOHLIA OT eOHHAYHOTO ycunds H. J{ng oOuHoCcTH penicHHs
'PacCMOTpPUM Tparneuer aIbHbI KoMiteHcaTop (puc. 12.1, a). Bee npunsThIe

v

Puc. 12.1. Cxemnl KoMnchaTopOB
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TEOMETPHYECKHE NapaMeTpbl KOMIEHCATOpa (a—Yyroja NOBOPOTa, P,—
pamuyc ocH wirub6a oTBoAa, /,— BBLIET KOMICHCATOPa, /, — JUIHHA. MOJIKH)
NpeACTaBJeHbl HAa PHCYHKE. Komncncarop NpeACTaBALET coboil cucreMmy,
COCTOALLYIO H3 KPYTOBBIX OTBOLOB M TpPAMOMHHEHHBIX ydacTkoB. ITogaTt-
JIMBOCThL €rQ ONpPEHENsieTCA TaK XK€, KakK A CTEPXKHEBOH CHCTEMBL

R |2d ) . :
8= Z 011;= EI d Z jy 2 (12.1)
{

i=1

rae n—4HCJO0 Y4acTKOB, KOTOPO€ U CXCMBI, nzoﬁpaxceﬂﬂou Ha pHc. 12.1,
pasio 7; M, ,——Hamﬁa}omnﬁ MOMEHT OT eAWHHYHOTO ycunusa, EJ,—
Harubuas KEeCTKOCTh KaXJIOTO Yy4acTKa.

BLITOJSHHB HHTEIPUPOBAaHHE B COOTBETCTBHH C q;opmynou (12.1),
NOJyYHM MNOJATAHBOCTh MJIA TpPaneleHJanbHOrO KOMIEHCATOpPA -

1 (2] , 1
311 "Ei{fc_ l:p‘ (3q+4cos a—sin 2m—4)+

13-2pi(1—- —cosa)’+
[ p

2 —_—
+12p,a— 2p,l(cx+cosa 1):| T

+31p2(1 —cosa)2—313p,(1 —Cos ot)]+l,,lf—-2p,lf(l —cos oc)}, (12.2)

rae k —-KOB(p(bHHHeHT YMEHBIIEHHS XECTKOCTH oTBOJA.

HonarnuBOCTb IM-o6pasHoro kommneHcaTopa (puc. 12.1, 6) MoXHO
nmomyydts u3 (12.2), NpHHAB yron MOBOpOTZ O=f/2 W BHIIOJHUB
npeoOpa3oBaHu: ‘ :

1

Y (a2p3 4 34p02 22802
allell:k,(l’42p‘+3’14p'l" 2’28p“1')+

+0,6713—1,34p2+21.p3+1,,13—'4p,13]. o (12.3)

AHaJNOTHYHBIM OGPa30M ONpPEAETHM NOAATINBOCTE Z-06pa3noro Kom-
IEHCATopa, COCTOSILEro TOJNbKO M3 aiemeHToB [, 2, 3 (puc. 12.1, 6).

1 : 1. :
8“_1-:_1{ I:p,‘ (3a+4coscx—ism2m—4)+

+12p,a 2pl I(a+cosoc—1)]+—[l3—2p,(lucosa) +

: .+3l,p.2(1—cosa)2—3lfp,(1—cosa)]}. (12.4)

Jina Z-o6pa3noro KOMIIEHCATOPA, HAKJOHEHHOTO mNoA yriaom 90°
K mepexonay, T.e. NpH a=m/2 (pnc 12.1, 2), mOmaTAHBOCTE, KaK CIEAYET
us (12.4),

210



I
= 1,422 +3,14p, 12 —2,.28p2 1,
e 251[ (L,42p2 +3,14p, Pl )+

+o,6712—1,34p3+2l,p3—213p.]. T (12.5)

Hopgatnusoctk [-06pa3zHoOro KOMIEHCATOPAa, COCTOAUIETO TOJBLKO M3
anemeHra 2 (pHc. 12.1, ), ompemenserca mo dopmyine

[3

811=3Elsina' | (12.6)
Ipwu a=m/2 | ‘
' 811 =12/(3EI). (12.7)

OTMeTHEM, 4TO BCe QOPMYNBI 1A HaCTHBIX ClIy4aeB, MOJY4EHHBIE M3
o0111ero peuicHAs, COBMaNalOT C q;opmynaun npuBeacHHsIME B CHull
2.05.06—85.

O603Ha4HM MPOJONBHOE TIEPEMEIEHHE B MECTe NMPUMbLIKAHHA Tpy6o-
MPOBOA2 K KOMICHCATOPY, T. €. NO HANPABNCHHIO EIMHIMHOTO ycmma
yeped -A,. Toraa pacmop koMmeHcaTopa

H,=A.[8,,. | (12.8)

: | , |
3uas pacoop KOMIIEHCATOpa MpPH TeX ¢ JONyIICHHSX, UTO W panee,
Onpefie/OT MAKCUMANBHBIH HIrHGAIOUME MOMEHT B CeCHHH, HauGonec
YOAJIECHHOM OT JeHCTBUS CHIIBL:

(12.9) |

MakcHManbHEIE MPOAONLHBE HANPAKEHHS, BOSHHKAIOUME B OTBOAE KOM-
NEHCATOPa, ONPEACIAIOT C YYeTOM xoatquunema KOHICHTPALMH HampsxXe-
Huik m, no dopmMmyne

AL

G‘—Wa: I‘. (1210)

Ilpn onpemeneHMH NPORONBHBIX MEPEMEIICHUHE CledyeT YYHTHIBATH
BHYTPCHHEE [aBJIeHHE TOMNBKO . MPH TNOJOXHUTENBHOM TEMIMEPaTYPHOM
nepenage. B COOTBETCTBHH ¢ NOpEeRENbHBIMH COCTOSHHAMH, XOTOpPBIE
YCTaHOBJICHB HOPM2aMH, NpeeiibHas BEIHYHHA G, ONPELENeTCS YCIOBHEM

0,<R,—(0,50,,+0y), (12.11)

rae R,—pacueTHOE COMPOTHBICHME, onpeaensemoe coraacHo CHull
2.05.06—85; O.q—KOJBIEBbIE HAMPSXKEHHA OT . PACUETHOIO BHYTPEHHETO
NABNICHAS; G — NOMONHUTENLHEEC MPOROMNbHEIE HANPAKEHHS B KOMIICH-
caTope OT M3rHba nox OEHCTBHEM IONEpedHbIX HArpy3ok. _
Cneayer y4ecTh, 4TO NpH onpegedenuu o, mo Gopmyne (12.11) -
I KOMIIEHCATOPOB, YCTAHOBJICHHHIX HA ~ yYacTKkax TpyOOnmpoBodoB,
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pPA0OTAIOIMX NPH Maji0 H3MEHSIOWEMCA TEMICPATYPHOM PEXHUMe (Ha
‘JIMHEHHOM YACTH Ta30MNpoBOJAOB, HeQTENPOBONOB M HehTEOPOAYKTOI-

pOBOﬂOB), ,H,Ol'lyCKaCTCﬂ COINIACHO HOPMAM NPHHUMATE BMECTO PACHETHOIQ -

CONPOTHUBJIEHNA R, HOPMATHBHOEC CONPOTHBJIEHHE R,,.

Pacuer xoMIeHCATOPOB TNPOBOAMTCS B CIEOyIOIIEH ToCHea0BATENb-
Hoct. ITo (12.11) ompeaensoT mnpemesbHYylO BenHdusy o,. Hanee
BO3MOXHEl [Ba MoAaxoia. Jns TpHHATOH KOHCTPYKLHH H H3IBECTHBIX
TEOMETPUYECKHX TAapaMeTPOB KOMICHCATOpA ONpeledioT ero [oaar-
JIMBOCTBL 035, 3arem W3 (12.10) onpenensioT ero KOMIICHCHPYIOLIYIO
cocobHocTe A,. OJTa BenHyHHA, Kak caemyeT u3 (12.10) u (12.11),
OIIPEAEIAETC HMCXOAs M3 MPEACIbHOIO COCTOSIHHS, YCTAHOBJIEHHOI'O HOp-
Mamu. 10 KOMOECHCHPYIOHIEH CIOCOOHOCTH ONpPEeAeIAIOT PacCTOSHHE MEXLY

KOMIICHCATOPAMH. BTOpOﬁ noaxoca oOCHOBAH Ha ‘Bb160pe IIapaMETpoeB |

KOMIIEHCATOpAa HeoOXOAMMOH KOMIEHCUPYIOMICH CIIOCOOHOCTH.

Ans Tpybonpoponos GOMBINHX OHAMETPOB MPOACJbHBIC TICPEMEIIECHHS
B MECTE BBHIXOJA MOA3EMHOIO TPpyOONpPOBOld HA MOBEPXHOCTh 3HAYMUTEIBHBI.
OTH MNEPEMELICHHS PANHOHAJLHO YMEHBIIATH, YCTPAaMBAs TIOJA3EMHBIE
KOMITCHCATOPDbI-YITOPHL. ' ' '

Ko3dhuueHT yMeHBHIEHHS JXECTKOCTH Kk, U KO3((HIMEHT KOHIIEH-
Tpanuid HANPSXKEHWH m, ClEOyeT ONpedclATh C YYETOM BIHAHHA CO-
OpSDKEHHS OTBOAOB € TMPAMOJIMHEAHBIME  y4acTKaMH TpyOONpPOBOIOB

d BHyTpeHHero naapacHua. C stoi uensk0 BHUUCTom u HOxHHHIUI--

porazoMm pa3paborana nporpamMma pacdera. «OTBOM» ona O3BM EC.
ANropMT™M INpOrpaMMBl MCHOJb3YeT MATEMATHYECKYID MOJECJb, OCHOBAH-
HYIO Ha IIPUMEHEHHH THMIoTe3 moaybesmomeHTHOH Teopuu B. 3. Biacosa.
[Ipr paccMOTpCHHH YCIAOBHM CONpPSXEHUA YYUTBHIBACTCA KpacBoH 3dext
B 3TUX 30Hax. PelueHMe 3a7aud 118 OCHOBHOTO HAMPSMKEHHOIO COCTOSHHSA
OCHOBBIBAETCH HA TEOPHH M3TH0A KPUBOJIMHEHHLIX TPYO ¢ NOAKPENJIEHHHIMA
kpasmd B. IL. Minbuna. ‘ '

3amMcaHHas ANd 3JEMEHTAa CPEJAHHHOH IOBEPXHOCTH KPHBOJIHMHEHHOH
TpyObl. CHCTEMA YypaBHEHHMiII PpABHOBECHsl CBOZUTCS (TIpH Pa3IOKEHHU
NEPEMELICHHH B TPUI'OHOMETPHYCCKHE PsAJbl) K OECKOHeYHOH CHCTeMeE
Iud¢epeHIMANLHBX YPABHEHHH YETBEPTOrO MOPAAKA OTHOCUTEIBLHO HEH3-
BCCTHBIX mapameTpoB nepemeuicHud. Tlpu ynepkaHHu B pa3jIokEHHUAX
11 MEepEeMELLEHUH NEPBBIX TPeX YWICHOB PELUEHHE CHCTEMBI MPEeACTABIIACTCA
B BHM/JC KOMOMHALUH NPOH3IBEICHUH HEM3IBECTHBIX MPOHM3BOJLHBLIX NMOCTOH-
HeiXx M ¢ynxouii Kpbuiopa. Muoxurenu aprymentoB ¢yskuuii Kpbriosa
OTIPEEASIOTCA U3 pelieHHMA KyOHUYECKOTro XapaKTepHUCTHYECKOTO YPABHEHHA.

HensBecTHbiE TPOM3BOJIBHBIC IOCTOSHHEIE OMpPENEHAIOTCA M3 YCJIOBMId
COTPSIKEHUS TOPIOB KPUBO- U NPAMOJMHEHHBIX TpyO. YeThipe KuHeMa-
THYECKKX M YETBIPE CHUJIOBBIX YCIOBHA IO3BOJAIOT MOJYYHTh CHCTEMY
BOCBMM JIMHEHHBIX anrebpauuecKux ypaBHEHUI. |

Bxoanas HudopMauus 104 pacdeta npo. mporpamme «OTBOJI»:
D, —muapyxuplii amaMeTp TpyOONpoOBOA2, MM; &, — TOJIIMHA ~ CTEHKH
KPHBOJIHHCHHOTO Y4YacTKa, MM; O, — TONMIMHA CTEHKH TPHMBIKAFOLIX
y4acTKOB TpyObl, MM; p—paluyCc KPHBH3HBI KPHBOJMHCHHOIO y4acTKa
TpyGB, M; ,—YyIroa IIOBOPOTa TpyOompoBOAa, TIpaaycel; p,—Ko3p-
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/

-QUUHEHT monepeyHodt medopManmm B yOpyroi 3one; E,—Moaynp yn-

pyroctu, MIla; p—pabovee (HopMaTHBHOE) naBneHne, MIla.
Beixoguas wnpopMaims: Kk, — KOIbGOHIMEHT TIOHM)KCHHAA KECTKOCTH;
m,— k03 barmenT MATeHCHQHKAOMKH IPOJOILHBIX HAMPMKCHHM.
HeobXxouMoe OTMETHTD, 4TO yYeT YKa3aHHbIX (GAKTOPOB IPH pacueTe
¢ ucronbs3oBanueM nporpammsel «OTBOd» mo3songer bonee TOYHO OLICHUTD
HAITPSDKEHHOE COCTOSIHME BAXKHEHINEro 3MEMEHTa KOMIIEHCAaTOpa-oTBOJA.

v

‘Onpenenenne paccroanuii Memny onopaMH JIJ]SI O0amoYHbIX

MepexoI0B ¢ KOMIICHCATOpPAMH

PaccMaTpuBaroTCs HaA3eMHBIE MEPEXOIbl CO CHENHMATbHBIMU KOMITEH-
catopamu —I'-, Z-, [1- u TpamenennansHoM KoHHrypauun. Pacyer Takux:
CHCTEM MOXHO pa3geNnTh Ha aBa 3Tama. [Ipy MajioM 4HCIe NpOIEeTOB
BHAYAJIC ONPEACISIFOT IOMYCKAEMBIC PACCTOSIHHSI MEXJY OMOPAMH, a 3aTeM
napaMeTpel koMneHcatopoB. Ilpu GonbiioM YuCie DpoJeToB, KOraa
YCTPAMBAIOT HECKONBKO KOMIICHCATOPOB, BHAYANEC NIPH IMPUHATBHIX TapaMeT-
pax KOMIIEHCATOPA ONpeAeNHOT HeOOXOAMMOE pACCTOSHHE MEXIY HHMH,
a 3aTeM paccTosiHHe Mexay omopamu. IIpm onpenmeneHMH M3rnOaroLIuX
MOMEHTOB [Tt 0ATOUYHBIX CHCTEM HA3eMHBbIX TPYOOIPOBOIOB OT AeHCTBHSA
TONEPEYHOH HATPY3KM B KayeCrBe PpAacHeTHOH| Mojenn Tpybomposona
TIPHHMMAOT Banky Tpy064YaToro ceyeHms. FpaHquﬂe YCIOBHA Ha Omopax
3aBHCAT OT CIOC062 MOHTaxa Iepexona.

B mpakTHKe CTPOUTENbCTBA TPYGOMPOBONOB NPHMEHSIOT [Ba cr[oco6a
MOHTaXa MHOTONPONETHBIX OaJoYHBIX NepexonoB. Ilepswiii crmocob, Ha-
3bIBAEMBIl «HEPA3PE3HBIMY, 3AKIHOYACTCd B TOM, 4TG IJIHHHYIO IUIETh,
PaBHYIO 00IIeH QTHHE Mepexoa, HCIONb3ys TPYOOYKIa YAKH, YKIAABIBAFOT
Ha ' POMEXYTOUHBIE OmMOphl. PacueTHas cxeMa Takoro mnepexona mpen-
CTaBIseT MHOromponeTHyso 6anky. Ilpu «HepaszpesHoM» criocobe MOHTaXa
MHOTOMPOJIETHOTO MepexoJa TpyOomposoda MAaKCAMAJBHBIR H3rHOAroLHit
MOMEHT OT TIOTIEPEYHOH HATPY3KH BO3HUKZET Ha HpOMc)Ky‘TO‘!HbIX omopax
M ompenensercs OOMMH NpaBUTAMH CTPOMTENbHOH Mexannkn. [lpu

‘paBHon IJIHHE CPCOHHX IIPOJICTOB MAKCHUMAJIbHBIA H3rM0arOlMi MOMEHT

M,=ql*/12=0,0833¢/2, B (12.12)

r1e g—CyMMa HHTEHCHBHOCTeH BceX MOMepeyHBbIX, Har'pyaox, BKJIIO4As
H coOcTBeHnwli Bec Tpybompomoma (mpH pacyere TpybompoBoma Ha
BEPTUKAILHBIE HATPY3KH); [— PACCTOAHHE MEXAY OIMOPAMH. o
Bropoii. coco6 MoOHTaXa, Ha3LIBAEMBIH «pa3pe3HbIM», 3aKIKOYaeTCd -
B TOM, 4TO TpyOONpOBOO YKJIAALIBAIOT HA OMOPHI OTAENbHBIMH CEKIHAMH,
PaBHBIMHM JUTMHE OJHOFO TpOJeTa, a4 3aTeM CeKIMH CBapHBAIOT MEXIY
coboii. . PacyeTHasa cxeMa Takoro mepexoJa MTpH MelCTBUH Beca mpes-

' craBnseT coboit omHOompodeTHylo OafiKy ¢ IMIAPHHPHBIMH ONOpaMu (KOH-

[aMH); ONOPHBIA H MPONIeTHBIH (MOcepedUHEe I[poJieTa) MOMEHTEHL:
My=0; M,;=q.,1%/8, N PR )

T1E gup——BEC CIMHMIb! JUTHHBI TPYyOB®I.
213




Ha warpy3ku, Bo3HHKalollHe B MPOLECCCE IKCILIyaTaluM, TpyGompoeoa
PACCYUTLIBAIOT K4K MHOTONPOJETHYIO 6ajky, T. €. ONOPHBIA. H NPONCTHBIA
MOMEHTbI onpe,uemuo*r no (bopMy.uaM

Mo=(q—gup)1?/12;  Myy=(9—q.p)1%/24. (12.14)

B 3aBHCHMOCTH OT COOTHOIUEHHS Beca TPYOB M NMPORYKTA PACYETHLIM
MOMEHTOM MOXET ABIATbCA NGO mponeThuiit, nubo onopubii. [TosTomy .
Heo6X0JMMO BBIYHCINTbL CyMMAapHbIH H3rubarouuif MOMEHT Ha omope
¥ B NpPOJIETE OT BCEX MONEPEYHBIX HArpy3oK (g,, # g—¢,,) H B KauecTBe
pacueTHOro npuHATL Oonpmui. JiaIuHel XpaHHHX NPOJIETOB - MHOrO-
NPOJCTHOM CHCTEMBI KeJATEIbHO NPHHUMATh passuiMu 80% o1 npo-
MEXKYTOUYHBIX, UYTO OOecHeynBaeT NPUMEPHOE PABEHCTBO ONODHBIX M NpO-
JIETHBIX MOMEHTOB.

IIpr mpOeXTHPOBAaHHH M CTPOMTEJBLCTBE MEPEXOAOB NPHUMEHANOT OJHO-
M MHOTONpPONETHBIE (A0 4eThHIpeX MPOJETOB) KOHCOJNbHLIE CXCMbl ¢ HaKJIOH-
HBIMH KOMIEHCATOPAMH MO KOHLAM. Ba)!(HblM siBngeTca BpiOOp palHOHAIB-
HBIX AJHH KOHCOJCH. :

I[Ipd npoeKTHPOBAHHH OJHONPOJIETHBIX JABYXKOHCOJIBHBIX BanounsIx
nepexoA0B AJMHHY KOHCOJICH U3 YCIIOBHS MHHUMYMa H3TrUOGHBIX HANpMXEHHH
cieayeT NMpAHMMAaTh paBHOH 35% or aaumb apojera (/,=0,35/), B 3TOM
CJIyyae pacyeTHbIi# H3rubarolMd MOMEHT

M =ql*/16=0,06254]. (12.15)

Kax cnenyer us cpasHenus gopmyn (12.12) u (12.15), npu.oxuoil u TOM
Ke NJIHHE NpPOoJieTa 33 CHeT pas’rpyXaloiuero AcACTBHA KOHCOJCH H3rMOHBIE
HanpAXECHHA OAHOMNPOJETHOrO NEpPexoda ¢ JABYMS KOHCOJAMH MeEHbLIE
HANpPAXEHUIi B MHOrOMpoJeTHOH cucteme Ha 33%, T.e. NPHUMEHEHHE
3TOH CHCTeMbl NO3BOJNACT YBEJAHYHTH mpoaer Ha 15%..

MHOronpoNeTHY0 CHCTEMY ¢ KOHCOJNSMH PACCYHTHIBAIOT TaK XKe, Kak
H OOBIYHYH0 MHOTOMPOJIETHYK CHCTEMY, AJNHHY Xe KORCOJH TNPHHHUMAIOT
paeHoii 40% oT AJMHB npoJeTa.

BosaeitcTBue TeMNepaTypHOro Iepenala M BHYTPEHHETO JaBJIcHUA
BLI3BIBACT MpOAC/BHBE HanpmkeHus. Ilpu pacuere OOBIYHO YYHTBIBAIOT
TONbKO MNPOJAOJBHEIE OCEBble HANPAXKEHUA, TfpeHebperaloT BIHAHHEM
M3rubHbIX HANPMKEHHH OT ITHX BO3ACHCTBMH, TAK KAK CHCTEMA CaMOKOM-
MEHCUPYIOLLAS. ’ ‘

IMpoaonbHbIe OCEBble HAMPAKEHUA B CTEHKAX TPyOhl nepexoga ¢ KOM-
neHcaTopamMmu ' ‘ ‘

Oup.n=(PF—H,)/F, , ~ (12.16)

rae p— pacqe'moe BHYTpPEHHEE NaBJcHHe; F_ — miomans Tpy6L B CBETY:
‘HK—peaxuua OTHOpa KoMIeHcaTopa; F— nnomanb CeYCHHA CTCHOK TPYOHI.

Tpenebperaa OTNOPOM KOMIEHCATOPA # BLIMOJHAA COOTBETCTBYIOIHUE
- mpeo6pa3soBaHuA, NMOJNYyYacM -

Gy =0,50 (12.17)

ra¢c o, -—KOJ'lbLlCBBlC HANPAXCHNA B TPY6C oT BHYTPCHHCFO JlaBJICHHﬂ
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Jlna onpefeneHus mnponeTa GanoyHBIX TEPEXOLOB  MCMOJB3YIOT-
csi TipefleNbHbIE COCTOSHUSA; YCTAHOBJEHHBIC HOpMaMHA. [IJis MHOromposer-
HEIX CHCTEM TpPOKNAJKM C KOMIIEHCAaTOPDAMH TPH OTCYTCTBHH MM
| yCTpaHeHMd pPEe3OHAHCHBIX KoNeGaHMii mepexolla B BETPOBOM TIOTOKE
npeenbHOEe COCTOSHHE H3 YCJIOBHS 00pa3OBAHHSA TUIACTHYECKOTO UIApHHpPA
UMEET BHI ' :

050, +R,

= W si
|M|=1,27R, Wsin IR,

T, 7 (12.18)
rae | M|—abcontoTHBIH MaKCHMAlbHBIH niruGaronmii MoMmerr; W—mo-
MEHT COTPOTHBICHHS CEYeHMs CTEHKH TpPyOsl; G,, — KOJBIIEBEIC Hanpsxe-
HHA B TpyOGe OT BHYTPEHHEro NABJICHHS; R, —PpacuieTHOC CONPOTHBJICHHUC,
onpeAenieMoe COracHO HOPMaM. ‘

Tak kak Hirudarommit MOMEHT 3aBHCHT OT IJIHHBI TpOJIeTa, TO H3 - -
“yeaopua (12.18) MOXHO ONpeNeNdTh MAKCHMANBLHOES PAcCTOAHHE MEXIY
onopaMH. B YaCTHOCTH, [Jif MHOTONPOJIETHBIX CHCTEM TIDH «HEPa3Pe3HOM)
criocofe MOHTaXa MAKCHMAJBHOE PACCTOAHHE MEXIY MPOMEXKYTOYHBIMH
omopaMH

0,50 R
1,27R, Wsin 220t
2R,

I= 0,0833¢ ' ' (12.19)

JInd OAHOUPOJETHBIX TNEPEXOHNOB € KOMTICHCATOpaM# IIpeesIbHOE COCTOo-
SIHHE, YCTAHOBIEHHOE HOPMAaMH, MOXHO 3aMHCaTh B.BHIC

|M|=(R,—0,50,) W. | - (12.20)
Tor,na MakCHIMAJBHOE PacCT OSIHHE MCXKIY OmopaMH nepexona cC KOHCOJISMHA

1=\/w. - (12.21)

0,06259

Fcmu TOJUMHA CTeHKH Tpy0 nepexoma momobpana mo BHYTPeHHEMY
. JaBJEHMIO T4k, 4TO YOOBNETBOPSETCA YCIOBHE G,,=R,, TO dopmyisl
(12.18) u (12.20) npeobpa3yloTcd COOTBETCTBCHHO K BHOY: '

IM} <09R,W; |M|<O05R,W.

TakuM 00pa30M, HCIOJB30BAHHE B KayeCcTBE IPENEIBbHOTO COCTOSHHA
ycnoBHA 06pa3oBaHHA TUIACTHYECKOrO INAPHHPA TO3BOJSCT YBCIHYHTD
nponer Ha 30%. _ o :

[IpnBenenubie pacyerHble GOPMYJEl ONPENENAIOT HANPSKEHHOE CO-
CTOAHME TpYOONpOBOJA TOJBKO OT BEPTHKANIBHBIX MOMCPEYHBIX Harpy3ok
M BHyTpeHHero nasneHus. [Ipu neHcTBHM BETPOBOH HAarpy3kH B rOPH30H-
TAaNbHOH TJIOCKOCTH HM3THOalOiME MOMCHTHI BBIMMCIAIOT MO dopmyram
(12.20)—(12.15), npuHEMas B KaYecTBE MONEPETHOH HArpy3KH BETPOBYIO.
FeoMeTpHYecKad PaBHONEHCTBYIOIAA H3rn0alonMX MOMEHTOB '

M= Mzep+M|?op' . ‘ (1222)
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ITpu -pacuere Ham3eMHbIX Tpy6onpoBOJAOB <CNeAyeT YYUTLIBATH BEC
TPAHCHOPTHPYEMbIX TUpoAYKTOB. HopmatusHbiii Bec raza (8 H/M) B 1M
TpyOONPOBOAa MOXHO ONPEAeNATE 10 NpPUOIMKESHHOI d)opMyne

‘I'ra:—IOOPDau’ . - (1223)
raie  p— HOPMATHUBHOE¢ [J14BJICHHE, MHg; DBH—BH)’TPCHHME IUAMETD
 TPYOBI, M. .‘

HopMaTtupubiii Bec HedJTu HIIH uednenpo;lyma B 1M tpybonposona

qnpon*‘YHanH /45 ’ - ) (1224)

rAC, y,—— VAEJIbHBIH BeC HepTH Miau .HePTENnpoOaAYKTA.
B cnyusae, koraa BozmoxHno odnedacHeHne TpyGonpoBoaa, HOPMATUBHAA
Harpyska or obneicHenus (8 H/m) 1M Tpy6hl

. | Gaex=17bD,, +(12.25)

rae h— TOMUHA CJIOS JbJa, OPHHUMAA B COOTBETCTBMH ¢ riaasoii CHull
2.01.07—85 «Harpy3ku u BO3ZCHCTBHA», MM; D, — HapyxHblit 1uamMeTp
TpyOBl, M. o

HopMaTuBHas CHEroBas HArpys3ka . Ha TOPU3OHTANbHYIO [POCKLHIO
HAa3¢MHOro TpyGonpoBoAa U NPUMBIKAIOUICTO 3KCHIYATALHOHHOTO MOCTHU-
Ka Takxke ONpeac/secTCs B COOTBETCTBHM ¢ TpeOOBaHMAMU TOIl Ke rJaBbl
CHulIl. " INpu stom ans oAMHOYHO nNpokaadbiBaeMoro TpyBouposona
kO03QQUUMEHT nepexoga oT Beca CHCrOBOIQ - IOKPOBA 3¢MJIH X CHETrOBOH
Harpyske Ha TpybonpoBoa npHHUMAeTcs paBHBIM 0,4,

HopmatuBHas BeTposas Harpyska, AciffCTBYIOLAd NepNeHANKYIAPHO
'K OCeBOH BepTUKANLHOH NJIOCKOCTH - OAMHOYHO [POKNIAALIBAEMOTO  TPY-
60np03011a , :

Goers = Gu.c T Gun ) Dy o 12.26)

TA€ ¢, .+ ¢, ,— COOTBETCTBEHHO HOPMATHRHBbIE 3HAYEHUS CTATHYCCKOM
W JAMHAMHYCCKOW COCTaBJIAIOUINX BETPOBOH HAarpysku.
CraTuyeckas COCTaBIAIOLIAS BETPOBOH HATPY3KH

9u.c =40Cx> ‘ ' (1227)

TAC ¢o— CKOPOCTHOH HAaNOp BETpa; ¢, — a3POJAMHAMMYECKMI xoad)dmuueHT
N0060BOro CONPOTHUBJIEHHA HAA3EMHOTO TpybonpoBoa.

CxopocTHOl Hanop BeTpa ¢, OUpesenseTcs B 3aBHCHMOCTH OT palioHa
pacnojiokenns . HapzemHoro tpybonpoBoaa.. Palionuposanue tepputropuu
CCCP mo cKOpPOCTHHM Hamopam npHBeaeHo B rRase CHull 2.01.07— 85
«Harpyzku u Bo3aecicTBHA». 3HAueHMA  CKOPOCTHOTO Hanopa do AN
PAa3NIUYHBIX pauouon CCCP cnenylomuc

Pafonsi CCCP ..l we 1T MWV VI VI
Gor H/ME oo 270 350 450 55 700 850 1000

Ana  TpybonpoBoaoB, pacmONOXEHHBIX HA BHICOTE. A0 5 M  Hax
NOBCPXHOCTBIO 3CMJIM, PA3PELIAETCH CHUXKATHL CKOPOCTHONH Hamop Ha 25%,
34 HCKIIOYCHHEM pr6onp030uon COOpPYXAEMBIX B [OPHOH MECTHOCTH.
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[Io W3BECTHBIM CKOPOCTAM BETpa » CKOPOCTHOI HAMOp MOXHO
BBIYMCIIUTE TIO GopMyle ‘ o
Cgo=ov*/1,6, (12.28)
rae o=(0,75+5/v)—nonpaBouHsiii ko3hdUUKEHT K CKOPOCTH BeTpa, -
nony4eHHBId myreM 0OpabOTKM HabmtofeHUWid mo ¢mrorepy; v-—ckopocThb
BeTpa Ha BbicoTe 10M HaJ NOBEPXHOCTBIO 36MJH, HauOodbIIAf 3a
Sner, Mmjfc. _

KoapduuuenTr n0o60BOr0 CONPOTURICHHS ¢, ONPEETAOT B 3aBHCH-

MOCTH oT 4uciaa PeitHonsaca Re no rpadwiky puc. 12.2. Yncno Peitnonsaca
BBIYHCAACTCH MO dopMyne

Re=0D, /v, - (12.29)

IIle p— yyMThIBAEMas B pACYETE CKOPOCTh BETPa; V— KAHEMATHYeckas
BSI3KOCTD Boaﬂ;yxa (mpr t=15"C u arMocheprnom naprenun 1000 ['Tla
v=0,146-10"* m?/c).

IIpu uncne PeitHonnaca Re >35-10% 00OBbIYHO HpHHHMaCTCﬂ €, ~07

JHHaMMYECKYIO COCTaBAAIOUIYI0 BETPOBOH HArpy3ku Ha pr6onpoaon
MOXHO TPHOIIKEHHO OIpPeNeNaTh Kak i COOPYXKEHHUSA TOCTOSAHHOH
KECTKOCTH H' C paBHOMepHo pacnpeneeHHOR Maccoi. JuHamMmdeckasi
COCTaBJAIOLIAN

qn.n=0535qﬂ.c§’ ) . ! ‘ : (12.30)

rae 0,35 —xko3pdpunnenT nyabcamuu CKOPOCTHOTO HANMOPA; & — KO3hhHIIH-
CHT JWHAMHYHOCTH, 3ABHCAIHA OT MEPHOIA, COOTBETCTBYIOIUETO' BTOPO
¢dopMe CBOOOIOHBIX TOPUIOHTANBHBIX KoJNeOaHWH, H - norapnq)MquCKoro
JleKpeMeHTa KkoJyiebaHuit Ham3¢eMHOro TpyGonpoBoaa.

3navenns ko3pdUIMEHTa JHHAMEYHOCTH MOXHO ONpeleNaTh 1o rpadu-
Ky pHc. 12.3, rae mo ocu abemMce  OTIOXEH NePHOA COOCTBEHHBIX

E

ol
- _d
' o ' }
Cy 8 A
/ i . | 0’03
25 - Y g : 005
T . Il ey
g.==8 - o
: ——
5 4 B8 1215 20 2¢ 28 32 35 / "]
RE/ 105 _ oy, " =05 —.
g 2 1 7¢

Puc. 12.2. I'padmk ana onpenenenun ko- Puc. 12.3. I'paduk ana onpeaencuus ko-
s¢dunmenta n1060BOro conporusneHus . IOHIHEHTA AHHAMHAYHOCTH
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ropu3onTanpHplx konebammii. Ecnm nepmon konebammii T <0,25¢, To
JVHAMHYECKYIO COCTABJIAIOMYIO BETPOBOH HAIPY3KH HC YYHTBHIBAIOT, T. €.
npunumaiotr g, ,=0. Jlorapudpmmieckuil QekpeMeHT konebanmd Tpybo-
IpoBOJIa 3aBHCAT OT KOHCTPYKTHBHOH CX€MBI HAI3eMHOIO Ilepexoja
H ONpeleNAeTCs NO 3alHcAM BHOpPOrpaMM  CBOOOMHBIX 3aTYXalOLUX
xosieGaHuii, '

.\.
LY

6=}tln(A‘-/A'H,,), - (12.31)

rA¢ n— qHCJIO LHKJIOB Ha YYacTke BHOpOrpaMmsl, A; H A;,,— aMIUIHTYIbI
KoJeOanuii B HAYAJE U XKOHIUE PacCMaTPHBAEMOro y4acTka BHOpOrpammbl.

- JIna mpeapapHTeNbHBIX PAacyeTOB JOrapu¢MHUYECKHH TEKpeMEHT pe-
KOMEH/YeTCS MNPHHAMATh U1 TOPH3OHTAIBHBIX Kouaebanuit 0,05, mns
BEPTHKAJBHLIX KoyeOammil (SCIH HeT YCTpOHCTBA Inf raienus koJeba-
uui) —0,03—0,05.

Jlna onpeaeneHHs nepHoAa COOCTBEHHBIX KOJE€DaHMH HaZ3eMHBIX
nepexogos TpyGompoBomoB T HaxoAAT 4YacTOTY H3rHOHEIX Konebanui
v (T=1/v). '

Cob6cTBeHHAs 4acTOTa M3rAOHBIX KoJeOaHui

o« [Elg. Elg_ R
= 5 (1 m) (1-m?). (12.32).

rae |—paccrosnue Mexay onopamu, EJ/—musrubHas xecTkocTh TpyGo-
. IPOBOJIa; g— YCKOPCHHE cnoﬁonnoro NaJCHHA; ¢ — pacyeTHas BEPTHKAb-
Haf Harpy’ka Ha Tpy6omposox; m?=S/N, ,—O0e3pasmepHrlii napamerp
KBHBAJICHTHOTO MPONOJIBHOTO YCHIHA (3ne0b 'S — 3xBUBaNeNTHOE NpOa0.b-
Hoe YcHame; N,,— KPUTHYECKOE IIpO,IIOJIBHOC YCHIIME); IJIA TNepexoJoB
¢ KOMMECHCALHEH HpO,IlOJ]bHHX nepemenleHuid m*=0, qna GeckommnencaTop-
HBIX THEPEXOJOB ONPEAENACTCA B COOTBETCTBHH ¢ METONMKON, M3JIOKCHHOM
B 1 12. Kospduumenr k. 3aBMCAT OT 4YHCIa MPONCTOB, YCHOBHH
3aKpEIUIeHHs KOHIOB TpyGompoBoda u ¢opMbl coOGCTBEHHBIX KojeOaHMi.
Jdna OGamku ¢ 3alIEMJCHHBIMH KOHIAMH 3HAYCHMA &k, TIpHBEICHEL
8 Ta6m 12.1. 3geck MHAEKC 1 COOTBETCTBYET NEpBOH (04HA MOJYBOJIHA
B TIPOJIETE), a MHOEKC 2— BTOPOH 30HAM CTYINECHHA HacTOT, WHAEKCH (H)
u (B)—HIDKHEH W BepXHell rpaHMUaM 30H CryleHHa 4wacTtoT. Ilpu
onpegencuau k., mo T1abn. 12.1 mna MHOrONPOJNETHBIX HAA3IEMHBIX NEpE-
xofoB Oe3 kpaliHHX OMOp YCIOBHO NPHHHMAETCA YHCIO MPONETOB HA
aea Gonabmie. HanpuMep, ANA TPEXMpoJIETHOTO HAA3EMHOTo Mnepexoni
¢ KOMIICHCATOPOM H3a OJHOM KOHILE YCIIOBHO MPHHHMAETCA YHCIIO MpPOJIETOB
paBHBIM mnaATH, 1o Tabm 12.1 Haxomum 3HaueHme k.,,=1,74. Yuectsb
IeHCTBUTENbHBIE TPAHHYHBIE YCJIOBHA JUIA DPCAJIbHBIX  CXEM HAU3EMHbLIX
TlepeXOAQE TPYOONpPOBOJOB NpPEACTABIACTCA [OCTATOYHO CJIOKHBIM.
JIns OAMONPONETHOrO HAO3EMHOro mnepexoaa ©6€3 KOMICHCATOpOB
C TIPHMBIKAIOLIMMH TOA3EMHBIMH YYacTKaMH BJIMSHHE YIIPYroro 3amieM-
NEHHS OIOP MOXHO YYECTh. C TIOMOIILIO Ko3ddHUMeHTa A, HA KOTOPHIi
YMHOXAETCA TapameTp k., And OalkH C 3allEMIICHHBIMH KOHIAMH,
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Ta6anua 12.1

3uauennn kodpdummenta k. 1

qHCJIO npo.ﬂeron kcln kc]n knln . kcln
i 3,56 — 9,82 S
2 2.46 3,56 796 . 9,82
3 2,01 3,56 7,16 9,82
4 1,83 3,56 6,82 9,82
5. 1,74 3,56 6,64 - 9,82
6 1,69 3,56 6,54 9,82
_>6 1,57 31,56 6,28 9,82
' 14w |
A= , ' 12.33
\/;v4+12v3+10v2+5v+1 S ( )
raoc .

y=2ef 2EL (12.34)
I\ ¢,oD, _

3pece [— nponeT mepexofa B CBETY;. ¢ q— OOOOIICHHEIH k03 OULHEHT
HOPMAJILHOTO COMPOTHBIEHUA TPYHTA. ,
BetpoBas HArpy3ka OpPH HaJlM4HH PE3OHAHCA BHI3BIBAECT H3rHOAOUAIH
MOMEHT W B BEPTHKAbHOMN MIOCKOCTH, MO3ITOMY HEOOXOAMMO NPOBEPHTH,
¥UMeeT JH MECTO /Ui TNPHHATOH CXeMbl TPOKNAAKH BETPOBOH PE3OHAHC
M BLIOpATL DPAcCTOSHHE MEXAY OMOpPaMH M3 YyCIOBHA npeaoTBPALLECHHUSA
BETpOBOro pesoHaHca. MckoMoe pacCTOAHHE MEXAY ONOPAMH onpenenseTcs
MCXOQS W3 KPHTEPHS, YTO TpU KPHUTHYECKOH CKopocTH BeTpa Oonee
25M/c Ans HaA3EMHBIX TpybompoBOAOB HE HMMEET MECTO BETPOBOH
pesonanc. KpuTHieckas CKOpPOCTb BETpa AN HAAIEMHOrO Tpybonposoaa

vep=D,v/S" ' (12.35)

ra¢ D, — HapyXHblil [#aMmeTp, v-—4acToTa cBOBOAHBIX KONeOaHMi Tpy-
Gonposoaa; Sh—uucno Crpyxand.

Yucno Crpyxans ANK Haa3eMHBIX Tpybomposonos (NpH OTCYTCTBHH
aIpOJAHHAMHKYECKAX racHTenci konebanui) ' ‘

Sh=0,240,0163D, /A, _ ‘ (12.36)

roe h— BbICOTa PacnojOKEHHA TPyOOnmpoBoa Hal MOBEPXHOCTBLIO JEMUIH.

Ucionb3ys 3aBHCHMOCTh 4YacTOTHE KojiebGaHWil oT mponera (12.32)

¥ npuHSB p,,=25 m/c, u3 (12.32) u (12.35) naxoaum MaKCHMalbHOE

paccTosHHe MEKAY ONOpaMH, MPH KOTOPOM HE BO3HMKAET BETPOBOIi
pe3oHaHC: -

| DIKXEIg
i =4\-/ «e™7S (1 _m?). . 12.37
n 625¢Sh? (1 " ) . ( )
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IIpuuse yucao CprXdJ’l}I pasubiM 0,2 1pn h/D,>2 u TOACTABHB -
3HAYEeHUE g= 981M/c MOJIYYHM

2 A o
1_03\/3”’(1—’( (1—m?). (12.38)
- Bubporacurenu unemecoo6pasHO NPUMEHATH B TeX CIOyyasX, Korua
YMEHBIIICHHE JUIMH TIPOJICTOB IEPEXOJOB OO BEJIMYHH, IMPH KOTOPHIX HE
BO3HUKAET PE3OHAHCHBIX KOJEOAHHl, He DPAUMOHAIBHO MO TeXHHKO-3KO-
HOMHYECKMM COO0paXeHHIM. OCHOBHHMPI cmocobamu 60pbOEL ¢ KoneOa-
HHUAMHM HAJA3EMHBIX IIEPEXOJOB SBIAKOTCH: ,

IIOBHILLICHHE nemncbnponauuﬂ KOHCTPYKITMU prGOHpOBO,Ha U IpUTOXKeE-
'HUE MHEPHHOHHBIX YCHAMH B poTHRO(A3e — MEXAHHYECKHE CIIOCOORL;

YCTPAHEHME INPUYHH, BLI3LIBAIOIWIMX KONeOaHUA,— A3POTHHAMUYCCKHE
CHOCOOBI, ' ' '

OJHOBPEMEHHOE HCIIOJB30BAHHE YKa3aHHEIX CHOCOOOB;

HU3MCHEHHE MACTOTHL COOCTBEHHBIX KoJieDaHuil myTeM yCTpolicTBa
AHTHBHOPALMOHHBIX CBA3€H. _
[py npoknagke TpyOONPOBOAOB HA MYYHHMCTBIX TPYHTAX BO3MOXKHO
NIepeEMEIIIEHHEe ONOp HOJ HEHCTBUEM CHMI my4YeHMs. B cratuyecku ompe-
AeMUMBIX (OXHOMPOJETHBIX) CHCTEMAX BEPTHKAJIbHBIE MEPEeMELIEHHs OMOpPHI
HE BBI3BIBAKOT MAONOJNHUTEIbHBIX HANpskeHWid. B MHOromposieTHwIX cH-.
CTeMax MpH NEpPEeMEINECHUY OOHOH M3 OmOp BO3HHKAIOT JOINOJIHHUTENbHEIE .
M3rHOHBIe HANpsDKeHUA. WX MOXHO OIpelennTs B COOTBETCTBUH C M3BECT-
HBIMH PEIIEHHAMY /11 MHOIONPOJIETHBIX OAJIOK MpH 3aaHHOM MIEpPEMELLC-

HHH OIIOPBL ' '

Hsrubaroline MOMEHTEI IS OMOPHOTO M MPOJETHOTO CEYCHUA MOXHO
onpeneJme 1o gopMmynam:

My=439EIA/l*;, M,,=102EIA/I?, (12 39)
rae A —OTHOCUTENBHOE BEPTHKAILHOE ncpememcﬂue OIIOPH BBEpX; [—
PaccCTOsiHHE MeXAY OMOpaMHu.

Ipu onHOBpeMEHHOM AeHCTBHM NONEPEYHOW HATPY3KH H IyYeHUS
H3ru0aroIMe MOMEHTH - CyMMHpYIOTCd. OOGpaTHM BHUMAHHE Ha TO, HTO
U3rHbaroWMi MOMEHT OT NONEPEYHOI HATPY3KH TPONOPUMOHAJIEH KBaIpaTy
PACCTOAHHA MEXKAY ONOPaMH, 4 OT Iy4YCHHS — OOpaTHO HPOMOPIMOHANICH
KBagpaty paccrosHus. ChnenoBaTenbHO, HyXeH MpPOJET, IPH KOTOPOM
CYMMapHBIi MOMEHT B

+

- M=k ql?+k,EIA[I?, (12.40)

UMEET MUHHEMAJIBLHOE 3HAYeHHE, ' '

3meck ky 1 k, —Ko3hULHEHTDI, 3aBUCALLHE OT PACYESTHOM CXEMBI mepexoa

H pacyeTHOTO -CEYCHHA — ONMOPHOrO WJIH MPOJIETHOTO. o
OrnpenenM paccTOSHHE MEXIY ONOPAMHM, COOTBETCTBYIOILEEC MMHH-

MyMy H3rH0AIOIIEr0 MOMEHTA NpH ‘33/IAHHOM TepeMelIeHHH. MHHEMYyMY

CooTBEeTCTBYeT ycnosue dM/dl=0. W3 (12.40), suimonnus puddepen-

LHUpPOBAHUE, HaHOEM _
: k,EIA
Ly =2 =—. (12.41)
. kiq ;

220



HbﬂcraBHB (12.41) B (12.40), HaiineM MWHHMAJLHBINA M3THOAIOIHA MOMEHT
| M =2k k,qEIA. T (1242)

min

Tlo npenenbHOMY HITHOAIONIEMY MOMEHTY, OMpEIeseMOMY YCTOBHEM
(12,18), npupasusB ero M, u3 (12.42), MOXHO OTNpefcNHTh MAKCHMATIbHO
JOTYCTHMOe My4eHHe OMOpHI, Aanee, Mo ¢dopmyne (12.18) —makcuManbHO
MONMYCTUMEIR TIpoNeT mepexond. Ecnum  QakTudeckoe 3HaYeHHE MyuCHUS
onopel A GoJblle MakCHMAJIBHO JONYCTHMOTO, 4 H3MEHAS KOHCTPYKIIHIO,
YMEHBIIATL €r0 HEBO3MOXKHO, TO HeoOXOAUMO YCHIHTH 0alovHYIO KOH-
crpykunro. Ecnmm ¢akTuueckoe 3HAUCHHE Ny4YeHMS OIOPBl MEHbIUE TIpe-
ACTBHO JIONYCTUMOrO, TO JUIMHY MPOJeTa onpenensroT U3 ycenosusa (12.40),
MPUPABHUBAA 3TOT MOMEHT K MpeaclIbHOMY, BBIMHCIEHHOMY IIO (bopMyne ‘
(12.18).

~ Pacuer 0 HOMPONETHLIX GeCKOMIEHCATOPHBIX NEPEX0/10B
- TpyOOTIPOBO/IOB HA MNONEPEeYHYH) HArpy3KYy, TeMﬂepaTypnmu
nepena,cl H BHYTpeHHee [aBlieHHe

Jns Haa3eMHOH POKJIaAKH MOXHO HCIIOJIB30BATH OSCKOMIIEHCATOPHBIE
CHUCTEMBI MPOKJEAIKH, B KOTOPBIX HANpSXKEHHA OT TEMIIEpaTypHOIO BO3-
OEHCTBHSA BOCIPHHUMAIOTCH TpyOONpOBOMOM, & TIEpEeMEINEHHA OTPaHHYEHBI
onopamu. Haubosee 4acTO NPUMEHAIOT OJHOMPOJIETHBIE 0ECKOMITEHCATOP-
HblE TIepexo/kl De3 cheinaNbHBIX OMOp, padoTaroliMe COBMECTHO ¢ MpH-
MBIKQIOUMKMH [OJ3EMHBIME y4acTKaMu TpyGompoeona. PaccMoTpum mo-
BCIGHHE  OJHOMPOJIETHOTO  HAA3EMHOTO OeCKOMIIEHCATOPHOrO MEpexoaa
v IIpI/IMLIKaK)I.LII/IMI/I MOJ3¢MHBIMH YHacTKaMU MOA BO3ACHCTBHEM paBHOMEp-
HO paclpeAc/eHHOH TNONEpeyHOH Harpy3kd, H3MEHEHHA TeMIepaTyphl
H BHYTPCHHETO IaBJICHUA NMpoAykTa. PacueTHas Mopaenbs rpyHTa IpHHEMA-
- eTcf B BHAE YNPYroro (BUHKJIEPOBCKOTO) OCHOBAHHA, T. €. CYUTACTCA,
YTO CONPOTHMBIIEHHE TPYHTA MPOMOPIMOHANBHO MOMEPEUHLIM NEpeMEINeHu-
AM TpyOBl. DTa MOMelb TPYHTA JOCTATOYHO XOPOINO OMHMCHIBaeT paboTy
TpybOoNpoBOAa Ha NTPHMBIKAIOUMX MOA3EMHEBIX YYACTKAaX, YYMTHIBAA Ma-
JIOCTh TNOMEPCHHBIX TEPEeMEIICHHH.

HAnsa  pacuera TtpybGompoBoma Ha JOeHCTBHE TIONEpeHYHON HArpysku
H TPOAOILHOTO YCHIHA, OOYCIOBIECHHOTO BO3JACHCTBHEM TEMIICPATYPHI -
H JIaBJICHUA, TIPAMeHHM cnocod, npemtoxenasid C. 1. TuMornenko u 3a-
KJIIOYAIOIMiCA B TOM, 4TC BHA4ajle BBINOJHACTCA paCYCT Ha IMONEPEHYHYFO
HATPY3KY, TpPH pacyeTe XK€ Ha MNpOJCJBHOE YCHIHME JedCTBUE NONEpeuHOi
HATPY3KH 3aMEHAETCA HadallbHBIM NporuboM, BeI3BaHHBIM 3TOH Harpy3koH.
OrnpenesnfacM YCUNBA U NIEPEMEIICHHA TpyOonpoBOaa OT ACHCTBHA paBHOME-
pHO pacnpelesIeHHOR NonepeyHOl HArpy3KH. YpaBHEHHS DAaBHOBECHS TS
HaJ3¢MHOTO H MO/JI3¢MHOTO y4acTKoB TpybomnpoBoaa (puc. 12.4) uMeroT Buj

d“uI
E d
d*u, | " o
Eld +k vy =0. _ - (12.43)

221




Ux 0

i aliren i i —-'——-—-.x

Puc. 12.4. PacyeTHad cxemMa ORHOMPOJIETHOIO GECKOMIIEHCATOPHOIO
nepexoja ‘

Pemienua ypasHerui (12.43) 3amuchiBaioTcs B BHIE
_a
. T 24E1
vy=e€%(4,cost/@+A,sinE/@)+e ¥® (A4 sinE/ o+ A cosE /o). (12.45)
3necy v, v —TEpPEMELIEHUS COOTBETCTBEHHO HAa HAJ3eMHOM M TNOA-
3eMHOM Y44aCTKaXx; §—HHTEHCHBHOCTb  TIONEpeyHO#  Harpysku,
k=c,,D,—KO3(pOUIHEHT . NPONOPUHOHANBHOCTH — POU3BECHHE o0bo-
GweHHOro x03Qp¢HUHEHTa HOPMAJILHOTO COMPO1.."TMEHHA TPYHTA H JMa-
‘MeTpa TpyObl; /-—NOJOBHHA AAMHBI HAJ3EMHOTO YsacTkKa TpyGompopo-
‘ma; &=x/l—oTHocuTennHas koopauHata, ¢=Y4El/k/l—napameTp,
XapaKTEPH3YIOWMA OTHOCHTENBHOE 3alIEMJICHHE KOHIOB HAN3CMHOTO
Tpybonmposoaa. : ‘
Hcnonpays ycnoBHMs CHMMETPHH H cONIpsOkeHHs ODOHMX ydacTkoB (IpH
NPUHATON CHCTEME KOOPAMHAT, cM. pHc. 12.4):

3 2
‘vl €4+C1 ?'*‘Cz —2‘+C3€+C4, : (12.44)

vy=dvg/dx=0 1npH x—> —OV;
vy=vy, dv/dx=dvy/dx; d*v/dx*=d?v,/dx?;
d3v;/dx*=d’vy/dx® 1npu x=0; |
dy/dx=d3v,/dx*=0 npu x=l, (12.46)

HAXO0IUM 1IPOHU3IBOJIBHBIC NMOCTOAHHBIC: -

gl C' _ql* 2-3¢7

C =T = ’
YU El 6EI 1+¢
__ 97 9(2+39),
3T 6EI 1+¢ |
' I1* 9 (30246042
Comty =1Lt 2200746042

12 I+o -

_ql4 (p2(3(p2—2)_ ' e | '.
‘ A2—12_EI o Ay=A,=0. (12.47)
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U3 ypaeuenus ynpyroi muuuu (12.44) onpesenseM H3rubaroKe MOMEHTHI -
H TNepeMeLeHHS, B
Harubaroriie MOMEHTHI:
ans cepeaunsl nponera (E=1)

M=1"M,; (1248

a8 onoproro cevenns (§=0)

2 —
M,= -5 3, (12.49)
12
Tlonepeunsie nepeMerEHHS:
VIR CepeaMHEl TponeTa
| _ gLt -
) Si= 384 ET Ji; ' (12.50)
I ONOPHOTO CEYEHHA
_aL |
Jo=19357 Jo- | (12.5)

Be3pa3MepHbIc ITapaMeTphl M,, M,, [, fo gpasioTcs QyHKIMCH BEIMYAHBI
1 o J1s Jo

@, XapaKTepu3yoIledi OTHOCHTENIBLHOE 3AlIEMNeHHS xonuon NMOA3EMHOr O

nepexond, M ONpENENATCH 110 dhopMmynamM

S = 30?+3e+]

=" e s | ' (12.52)
.-H,, 22(]1“;) (1253
]1=6(p4+l2(p31—i-|-l((;tp2+5(p+l; | | (12.54)
_0= (p2(3¢12:(:(0+2). ' (12.55)

. Kak cnenyer u3 pHc. 12.5, BIHAHHC TIPUMBIKAIOIHMX YYacCTKOB TIpH
pacueTe MNepeXONOB Ha BO3IACHCTBHE HONEPEHHOH HArpy3kn OTpaxacrcd
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>ﬁﬂ ﬁ’ ‘ / _' Puc. 12.5. 3aBucumMocTb u3rufarouwimx

f' MOMCHTOB H Hpom6a OT OTHOCHTCJIbL-
i,’ 5 HOrO 3AIUCMJICHHS KOHLOB Iepexoid
,.

575

.’*,/' -
7 . S

2

#,
S~

g2 44 45 ¢

/)

B [EpepacnpeacIcHUH H3ruOalolMX MOMEHTOB MEXIY CpeIuHHBIM
H ONOpHBIM CeYeHHsAMH, U~ Tipi @=0,2 OHH OPUERTHPOBOYHO
paBHbl. YueT 3TOro (Qakropa Mo3BoiasieT Ooliee HOJHO HCNOAL30BATH
HECYLIYEO  CMOCOGHOCTE  TPyOONpOBOAa M YBCIMYMBATE - IPOJIETH
[epEeX0I0B. ‘ . '

[Mpu pacyere HAA3EMHOrO NEPexXoaa TpyGONPOBOAA HA BO3JEHCTBHE
TEMICPATYPHl. U BHYTPECHHETO [ABJICHMS NPOAYKTA BIIHSHHE NOIECPEYHOU
HATPY3KH, KaK YXe OTMEYaJIOCh, MOXHO 3dMEHUTh [EPBOHAYAJILHBIM
nporuboM mnepexomda, oOYCIOBNEHHBIM 3Tod Harpy3kod. C mocTaTo4HOH
AN NPakTUYECKUX pACYETOB TOYHOCTbK) HAYaJibHbIE HNPOFHD MOXHO
‘TIPEACTABUTE B BH/E -

voqy=Sosin*nx/L mpn 0<x<L;

oan=0 mpu —cv<x <0 ' (12.56)

Crpenka HagadbHOro mnporuba f, 37ech ONOPCACNAETCd B COOTBETCTBHH
¢ ¢opmynoil (12.50). B kauecTBe pacyeTHOH MOJETHM . rpyHTa MNPUHH-
MA4€TCsl yNpyroe OCHOBAHHE, CONPOTHBJICHHE KOTOPOI® HPONOPIHUOHAIbL-
_ HO [ONEpeYHbiM M NPONOJbHEIM IIEpEMELNEHUAM TpyOH M Xapak-
TEPU3YETCS  COOTBETCTBYROINMMH - KO3(()HUIHEHTAMY  HOPMAJILHOTO | Cyo
M KacaTeJbHOIO ¢,, conpoTurieHHU. IIpoaonbHOE YcuIMe MO JJTHHE
HaJ3eMHOH 4YacTH NepexoJa NPHHHMAETCS NOCTOSHHBIM, HA [pHMBbIKA-
HOUHMX Y44CTKax YYHTBHIBAETCA CONPOTHBJICHHE [PYHTA MNPOIOJILHBIM
[epeMELIICHUSIM. ‘ , ' ,

VYpasHeHUs paBHOBECUsl HAJ3€MHOIO M TOA3EMHOIO 'YY4CTKOB TpyGo-
IPOBOJA 3alUCHIBAIOTCA B BUJIEC '
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=_S
ET dx“+S° dx? O d@x?

S odYo, o d dvy,

EI dx";‘+ﬁ( e )+k vy =0, (12.57)

rae S,, S,—TmomHbe MPOIAONBHBIE OCEBBIC CXUMAIOUIHE YCHIHS, JEHCTBY-
IOLIHNE HA 37eMEHT dXx COOTBETCTBCHHO HA HA3EMHOM H NMOA3¢MHOM YYACTKAX,

So=pF.,— Ny Sy=pF,—N,; ' o (12.58)

k=c,,D,—xo3pdunuent IPONOPLUHOHALHOCTH; p— BHYTPEHHEE JABICHHE
npoAyKTa; F,,—Nnoliags cedeHus Tpyowl B cBETY; Ny, N, —NpONONBHbIE
OCEBBIC PACTATHBAIKINME YCHITHA, NSHCTBYIOIHE B CTeHKaX TpYOBI COOT-
BETCTBEHHO HA HaJ3eMHOM M NOMN3eMHOM y4acrTkax, N, ompesensercs
U3 YCJIOBHS HEPA3pPLIBHOCTH HPOIOIBHBIX nepememenmi 000HX YYaCTKOB,
N, onpenen;xeTcsl no dopmyne .

Nx=—(0tAt‘E—-M0'x )F+(N0+ocAtEF uo,, F)er, (12.59)

(30ech X | U3MeHAeTcA OT 0 [0 —c\); IMOJHOE l’IpOJZ[O.TIbHOG YCHUITHE,
cornacHo (12.58), MOxHO npeNCTaBMTE B BUIE

_ Sx=So[l—e*?‘(NO-{—aAtEF—pcrmF)], (12.60)
rae '
| D c.q : |
= [—2= | 12.61
Y EF - (12.61)

o — KO3 UIUEHT JHHEHHOTO PACIUMpPEeHHs MaTepuana; Af— TeMmepaTyp-
. HBIH Mépenaj, MOJIOKHUTENbHBIH MPH HATpeBaHWH; E—MOJYNb YNPYTOCTH
MaTepuana; u— ko3pduiment IyaccoHa; o, — KoNbIEBbIE HATNPAKEHUS OT
BHYTPEHHETO AaBNCHHS; F— IIomanb nonepeyHoro ceYeHus CTeHOK TpyOsl.

[Mpanuynvie ycmoeuda ans ypaBHeHHH (12.57) 3anuceIBarOTCA Takxke
B BUae (12.46). YuuTHIBas MaJIOCTh BTOPOTO WieHA B BhIpaxeHuu (12.60),
HeuHeAHoe ypaBHeHHE (12.57) MOXHO pellIuTh METOAOM MAJOr0 mapaMeT-
pa. Jns NPaRTHYECKHX pacyeTOB MOCTATOYHO OTPAHHYHTHCA TNEepBBIM
YJICHOM pa3sIokeHus. 3anuceBacM pelneHns ypaBHeHuid (12.57), onpenenen-
HBIE C YYETOM rpaHMuHBIX ycnoBuii (12.46) B Oe3pasmMepHBIX napamMerpax:

mZ

_ p o
=&, - sinmnE—2ctgmnsin _ﬂf—‘é-—{——— +smz-fé ;0 (12.62)
I—m%] . 2 n, 2

m2

iy=8, o %E (cos BE+ % sin Bl‘,), | -(1‘2.63)

rie 9=v/i— APNOJHATENBHEIA TPOrub, OTHECEHHBIH K pAaguMycy WHEPIHH
. CeueHHs TpyOm; &£,= fo/l—Haqam,Haﬂ CTpejka Tporudba, OTHeceHHasd
K pajHycy HHEpIUH CeueHust TpyOrL, 712 — MOJHOE NPOMOIBHOE CXKUMAFOLLEE
yCHIIHE,;, OTHECEHHOE K Kpnmqecxon CWIe JUIR CTEPKHS C 3alEMICHHBIMH'

KOHI.[aMI/I \ ‘ '

15 - Pacuer... Tpy6onposonon . U 225




n  Puc. 126. Mpadmk obnacreidl paBHOBECHS

\ ' Ha/I3¢MHOTO  [IEPEX0/Ia
a8 ‘
06 dbxacms .
» neyemodvubozo —

ﬁalﬂakmﬂ

a4

Jbracms

yemaivaboe
42 \pabuabeiun AN

P
4z 4+ 45 48 m?

=S, /N,=S, L |4n2El); . (12.64)

L— umHa Hag3eMHOro yvacTka tpyGomposoaa; 6, n,, o, [—o6e3pas-
MEpHLIE NAapaMeETPhl, BBIYHCISEMBIC [0 (bOpMyJ‘IaM

8=m? (n +2n,ctgmn—1}); —n)/n; (12.65) .

1—n mn 1+n
ﬁ_

(12.66)

B .n.

n—IOJIHOE npononbnoe CKHMAIOLIEE YCUIIAE, OTHECEHHOE K KPHTHYCCKOM
CHJIE I OECKOHEYHOTO CTEPXHA B YIPYIroH cpene '

n=S,/N,,=So/(2</Elk). (12.67)

H3 ypaBHeHrm yOpyroi muHuM Tpybomposoda CAEAYeT, UTO 0OIacThb
YCTOMYMBOrO paBHOBecHus cyiectsyeT npu 0>0. I'paguk mHa pmC. 12.6
[IOKa3LIBAET, YTO ¢ YMEHBIICHHEM OTHOCHTC/ILHOH XKECTKOCTH IFOA3EMHOI0
yyacTka TpyOompoBoja (mapameTp n) 065acTh yCTOHYHBOIO. PABHOBECHs
3HAYHMTEILHO cyxaeTcs. Hen3BeCTHOE NPOAOJBHOE YCHIHE Nj, a Cleko-
BatenbHo, U S, (cM. dopmyny (12.58)) ompedensieTcs H3  YCIOBHs
HEpA3PBIBHOCTH [POJOJbHEX TIEPEMEILEHHH ODOHX Y4acTKOB

Uy tup=0, * - (12.68)

rAe #, W u,—TPOAOJBLHLIC NEPEMEIIEHHsS HYJEBOIO CEYeHHA HaI3eMHOM
¥ MOA3EMHOH dHacTell TpyOompoBoja. '
, Jlnda olpencacHUsA MPOACJBHOIO MEepPEeMELICHHs 3aluIIeM CBA3b aedop-
Malldd C TEpPeMEILEHHEM, YYUTBHIBAas HEJIMHCHHOCTH M COOTHOLUCHHE
TEPMOYIPYrocTH AJIA NPOACILHON ;(ecbopmaunn ' '

du 1 [ dv\? dvo , ‘ L
N Tiu ' ‘ ‘
EF_” +oAt, | (12.70}) .

OTCHOA4
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2 ) 2

du_Noy oAt 1 (ﬁ) +1 (5"—”9) , 2

dx EF E 2\dx ). 2\ dx :
rme E—™Moayns yopyrocTH mMaTepuana TpyOnl; F— NIoiaab CedeHHs
CTEHOK TpyOBl; o~—K03hGUIMEHT JHHEHHOrO pacIIMPeHHa MaTepuana
TpyObl; At— TeMTepaTypHbIA Hepenal, MONOXUTEIbHBIH MPH HArpeBaHHH;
p—koadourument [Myaccoma martepuana Tpybwl; ©,,—KOJbLUEBBIC HANps-
AEHUSA OT BHYTPEHHETO [ABJICHHS. ‘

Torma MOXHO BHIYMCIHTE TPOJONBHOE MEpEMELIEHHE HYJIEBOTO (Ha-

4anpHOrO) CeYeHHsi Haa3eMHOH wacTH 1o dopMyle

. I
. ", = —f% dx. | (12.72)
‘ : )

[MpofonpHOoe MepeMeleHde MOA3¢MHOH HacTH TpybompoBoga B MecTe
CTHIKA ¢ HAM3EMHOM HaCThIO #, ONPENENAeTcs B COOTBETCTBHH C PELICHHEM,
nonyyeHasiM B I 5. W3 (12.68) monyvyaeM YpaBHeHHE A ONpEACICHUA
MOJHOro MPOAONLHOTO YCHIMs B cedeHHMH Tpybomposoaa. Ilpu oTcyTcTBHH
y4acTRA OpefeibHOTO PABHOBECHS TPYHTa NPH MPOMOJIBHBIX TICPEMEIIICHAAX
. TpyObi ypaBHeHHe MIs ompereiteHds 0e3pasMepHOrQo mapamMeTpa Hpg,uoms-
HOTO YCUIAA HMeeT BHI ‘

..

A
2 a2 I 1 ‘ 2

KpKTCpHCM OTCYTCTBHS YYACTKa NMPEICIbHOTO paBHOBCCHﬂ IpyHTa HBﬂﬂeTgﬂ
_ycnosue ‘ '

Vo —mty<1 (1)
®x = ' T

IMpu HanHYHH y4acTka npe,uenbnord paBHOBECHA TI'pyHTa
s s Ay 1 |
Mpn=mM"+% 1+2—=——-1). - (12.75)
BbespazMepHbiit napaMéTp, XapakTepHU3yIOIUi BO3aeHCTBIE JABJEHHS U Te-

MIepaTyphl (MapamMeTp HArPY3KHW), onpefensercs no dopmyre

,  (QAtE+020,)F o
M= - 627

BespasMepHbIl mapaMeTp %, XapaKTepH3yIoMiA B3amMoicHCTBHE Tpybo-
nmpoBoAa ¢ TPYHTOM, ompedenseTcs mo ¢opmyne ‘ :
too! ‘ '

%:——-ﬂp . : 12.77

: o nEl|l? . ( )
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] — y Puc. 12.7. 3aBucumocTs camo-
1 S "KOMIICHCALMK 0T NPOJOIbHO-
_ (0 YCHIMA M OTHOCHTEIbHOI
16 - KECTKOCTH TEpexXoa

. / Puc. 12.8. 3asucumocts npo-
f JOJIBLHOIO YCHIIHS OT HArpy3KH
NPH  PA3TMUHBIX  IPaHHYHBIX

g gz 0,4" a8 m YCJIOBHAX
mi A
a9 , _ /./ $o=0,5
08 ' ¥ /‘( /'T——
/ ’ 4)’01 cn"
06 ' ‘Q\ / o rl-f ¢-ﬂl Cd_ )
/A s =Y |
0:5 /' //’l’_-—’ = or 95,”4 7=
o\ AT [ r e et
03 —AA
42 A
41
g

gz 0% 4 08 10 12 14 46 i8mqT

Be3pasmepHbld  mapaMeTp EI, XapaKTEPH3YIOLHUNA CaAMOKOMIEHCALHIO, .
TpyOonpoBoda, onpeAeNAeTCA HHTErpHpPOBaHMEM ympyrod nunHum (12.56)
u (12.62)

1 ! ' . .
~ &2 d(o,+7,) |* { dig \* | : ‘
A=53 {[T] "(EE) }d%’;. T 278y

7 .

“ BenuuuHa A, 3aBHCHT OT MCKOMOTO ndpamerpa IIpOI[O.IIbHOI’O ycnmm

m?, T.e, ypaBmenus (12. 73) n (12.75) HenMHEEHBI OTHOCHTENLHO M’

Moscuurapneie 3HAYEHHA A, npHBeacHH! Ha puc. 12.7 B dynkuun m?

H  NpH CTpeJIKE HavaJbHOro nporuba &,=1. [lis TnonyYeHus 3THX
3Ha4eHHH MNpPH APYIMX CTpesKax HaudldbHOTO pporuda, Kak ciegyeT H3
228 T )



(12.78), BemuuMHBI, MpuUBEAeHHLIE Ha puc. 12.7, HEOGXOMEMO YMHOXHTb
Ha KBaJpaT OTHOCHTEIBHOH HayaJbHOH cTpenkd. JIng yao6cTBa pacyeTon
rpaqmm MOCTPOEHb B (DYHKIHH.

Y=n/m*=N,/N,. = - (12.79)

Hernumeiinoe oTHocutenbHo m?2  ypasuenue (12.73) MOXHO peLINTH

rpaduyeckmM cnocoboMm. Ha puc. 12.8 noctpoeH Ttakoi rpadmx s
HEKOTOPHIX [ApAMETPOB, XapaKTEPU3YIOUMX  3alllEMIEHHe NpHMBIKa-
JOIMX TOA3EMHBIX Y4aCTKOB TpyOonpoBogoB. CHJIOMIHBIMY JTHHHAMH.
DOKa3aHLI 3ABHCHMOCTHM MPOAOJBHOIO YCHIMS OT HArpy3kH [JJIf Ciy-
' 4ag IMOJHOTO 3allcMIICHHA KOHIOB HAJ3€MHOTO Y4YacTka TpyOolposoja
(yi=oo, ¥=0), 4YTO COOTBETCTBYET. CTCPXHIO C HEMOIBHMXHBIMH OIIO-
pamu. Kak cneayer w3 rpadukoB, NpH OJHOM H TOM Xe 3HAYCHHH
HATPY3KK M2, MPOAONBHOE YCHIHE M YMCHBIIACTCA C YBEITHYCHUEM
CTpeNKM HavalbHOTO. mporuba -&,. I[IyHKTUpPHBEIMH JHHHSIMH [DOKa3aHBI
ITH X€ 3aBUCHMOCTH 11 MPOMEXKYTOMHBIX 3HaYeHHH Y/ W V, xapak-
TEPU3YIOIUMX ~ COOTBCTCTBEHHO ~ CONMPOTUBJICHHE IPYHTA  NMPOJONBLHBIM
M TIONEpeYHBIM NepeMellleHHAM TpybompoBoda HA TION3CMHOM Y4aCTKe.
IMpamas TYHKTHPHAS JIMHKS COOTBETCTBYET CNYYal0 DaBeHCTBA HYJIO
CONPOTHBIICHHA '[PyHTa MPOJOABHBIM NepememerusM (y/=0), B 3ToM
clyd4ae MPOIONbHOE YCITAE HE 3aBHCHT OT  CTPENKH Ha4aJIbAOTO
nporuba. :
Onpencmm mo rpadmky puc. 12.8 mapameTp TPOJONBHOTO ycmmﬂ
m?, Ha ocHopamuu (12.58) m (12 64) BBIYHCIIUM NPONOJBHOE pac-
TATHBAIOLIICE - YCHIIHE

g N0='chn—m2Nj. ' - T (12.80)

3Has ‘HapaMeTp TNpPOAOALHOTO YCHIMS m’, ONpEefensAloT OCTalbHBIC
pacuyeTHLlE TapaMeTpbl Haa3leMHoro mnepexoaa. HMcxoas u3 ypaBHCHUH
YyOpyrod JHEMH (JOMOJHHUTENBHBIX NPOTHOOB) 'HAM3EMHOTO Mepexona
(12.62), onpenensieM 3HaYeHHS M3rAOAIOIIHX MOMEHTOB H JOTOTHHUTENbHBIX.
HONepedYHbIX INepeMeuleHnid TpyOsl. [Jlnd Havama HaA3EMHOIO YYacTKa
TpybonpoBoaa (&=0) ' '

" n2El f, m?* _ . ‘
M, = —2‘2 — Mo; (12.81)
m? _
UO"-—"'fO l—_'? Ugs : . (1282)
wo="0 (mi—m?) : (12.83)
0 ¥! pm , : - e

HIH

it 2 5 5 -
=377 [(—) +(mia—m?) |. | . (12.84)
Boiuucnerue mo (12.84) nponomrrcs: B TOM clyyae, eciH Icpﬁ"repnﬁ'

(12.74) cobmopaaercs, B NPOTHBHOM CIyYac NPOIONBHOS MNEPEMEIIECHHUE
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3aBUCHMMOCTE

M ~ M NARIR Puc. 12.9.
a R "’Q @Iéf} ! —% oy BY K § OeapasMepHBIX — HapaMeT-
21 " 265 [ pOB OT NPOJAOJIBHOIO YCH-
S I I I l I M H OTHOCHTEITLHOR Ke-
. j J| / 22 ]I l[ I1/1] CTKOCTH mepexoja -
| 4 / A/
13 18
Moa| “ALLILY
49 ry7/4 L/
=4 —
a5 10 g=0
g o0 8z a4 4Fm? g 27 a4 gém?
B aIn]wfid S8 Z = AN AN
?. e - % %\ Q‘ & ﬁ..
S‘J / / 26t /-» [H ’
a37s Y
\
'”25 / A W
' / 18 4 /
/ ‘_ L P B P
a175 7 14 -
» ¢=ﬂ /0 1 ?’0
4 gem?: 8 G2 4% g6m

onpenenxerca no (12.83). Jna cepenuHbl HdﬂSCMHOFO ydyactka Tpybo-

apoBona (£=1)

M, =— =
" : ! 22 1—-m?

2

.m i .
=f0 ]_mz Ul;

S

e

_ m
Ug=—"->=
0 8(1—m?)
_ 2m?n,
M1=1 " ;
Osinmn .
L 4n,tg oF
ntg —
5

fy=——— 41

0

ZEI 2 ._
T fo m- i

{12.85)

11

(12.86)

(12.87)

(12.88)

(12.89)

(12.90)

Ha puc. 12.9 npuacneﬂm 3HaveHUs Oe3pasmMepHBIX K03 PUUUEHTOB
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M, 59, M, o, B Qysaxuun m? u . Ucnonb3ys monyueHHbIE 3uBHCHMOCTH
H rpadHKH, NOPHUBEIACHHBIE - HA pHC, 12.7-—12.9,

ONpCACIIAT 3HAYCHHA



MPOXOABLHOTO OCEBOTO YCHIHA M M3rHOAIOUIMX MOMEHTOB OT BO3NEHCTBHUA
TEMIEPATYPHl M BHYTPCHHETO [aBJEHHSA. '

PaccMOTpHM HEKOTOpPBIE IPAHUYHBIC YCIIOBHA H ocoﬁeHHo o0paTum
BHUMZHME Ha HM3MEHCHHE TMPOMOJbBHBLIX HANPMKEHHA OT BHYTPEHHETO
NaBNeHHMs B 3ABHCHMOCTH OT HayalnbHOH KpHBH3HBI TpyGomposopa. Kak
crneayeT U3 rpadHka M3MEHEHHS NMapaMETPOB M3THOAIOUWIMX MOMEHTOR Ha
orope ¥ TOCepequHe MpONETd, NpH MOIHOM 3amiemiueHud Oajiku Ha
omope (Y=0) 6espasmepublii mapameTp M=l (cM. puc. 12.9), T.e.
COOTBETCTBYET H3IBECTHOMY PEILEHHIO npononmo-noncpetmoro u3iruda
Ganku ¢ samemienHeM Ha omopax. [IpH nNpomoNLHOM YCHITHM m?* < 0,25,
T. €. MEHbBIIE YCHJIHs, COOTBETCTBYIOLIErO IOTEPE YCTONYMBOCTH CTEPXKHA
¢ WAPHHPHBIM 3AKPENICHHEM OfOp, C YBEJTHYEHHEM CTCMEHH 3alLEeMIICHHS -
(YMeEHBILIEHAEM TIapaMeTpa \f) H3rubaronmi MOMEHT Ha ONOpE, yBEJIHYHBA-
ercsi. [Tpm m? > 0,25 ¢ ymenbwenneM napametpa { H3ruOaromui MOMEHT
Ha orope yMeHbIaercs. LaruOaroluuii . MOMEHT B CEpellHHE MpOJIeTa
C YMEHBIIEHHEM CTEMCHH 3aILeMJIEHHs YBEJIHYMBAETCH, OCOOEHHO Ha
rpaHmrie o0JacTH YCTOHYHBOIO PaBHOBECHSL. :

TaxkaM 00pa3oM, yueT BIUSHHS MONEPEHHBIX MEpeMEIUEHHH nomeMHHx
YH4CTKOB TpPyOOmpOBOMOB, OCOOEHHO st cNabeiX TPYHTOB, NPUBOIMT
K CYUIECTBEHHOMY H3MEHEHHIO Hanpﬂx(emm H MepeMEIleHNH TMpUMBIKa-
FOLICTO HAM3EMHOTO [epexoa.

YpaBHeHHC [JIsi ONpEACHAeHHsA TPOJONBLHOTO YCHNIMS IIpH HanaeMHOM
fepexolie ¢O CHEHATHHBIMH OMOPAMH, OOECHEYHBAIOLIAMH 3allleMIIeHHE
gt TpybompoBonma, T.e. OpH y=Q0 U =0, HMeeT BHA

mi,=m2+A,, o o (12.91)

rac

R ao b |

A= ——1|. : 12.
‘T 16 [(1—;112)2 1] ( 92)

Ha ocHoBaHHH ypasaeunit (12.91) u. (12.92) HOCTpOCHbI rpacbmcn ans

ompencieHus yCHNIus /% B 3aBHCHMOCTH OT HATPY3KH M ir (puc. 12.10).

m? ;}0-3.#
475 /V’a‘i{' [
a5 / 2‘// - —r ]
>
- 3 _L— — |
025 A= '
4 vy
L=t
0 . ' —
. . 2 J .

Puc. 12.10. Tpadux ans onpeneieHns TPOJONBHONO YCHIMA OT BO3AEHCTBHA
TEMﬂepaTypr B BHYTPEHHEro JAaBieHds IUTA OalKH C HEMOABMXHBIMH OTOPAMH
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[paduku 0OCTpoeHbl [Uisi PA3NHYHBIX CTPEIOK HAvaldbHOrO Opormba
Tpybonpoeoaa. Kak BuaHo u3 3Toro rpadmuka IpH miir > 1 0pu Hammuuu
HaYaJILHOTC HM3ruda, NpoJOJIbHOE YCHIIHE HE MOXET TPEBBICHTL KPHTHHEC-
Kyl culy, T.e. m? <1, C yBeJHYEHHEM CTPENKH HAYATIBHOIO H3ruba
NpH OJHOM H TOM X€ BO3JACHCTBHM TPOJOJBHOEC YCHIME YMCHBILACTCA.
IMTocMOTpHM, Kak H3MeHsAeTCs UOPOAOJILHOE OCEBOE. YCHIME B CTEHKax
TpYObl TOJILKO HOPU BO3ACHCTBHH BHYTPEHHEro AabneHus. [ npsamonuneii-
Horo mepexoga (§,=0) m?=m,;. Torma mn3 (12.80) nomyuaeM, uTO -
NPONOJIBHBIC -OCEBBIC HAUPSIKEHHS O, y=N,/F B cTeHkax Tpy6ml OyayT
paBHbI 0,30,,. C yBenuyeHHMEM CTpeJIKIfI HAa44JbHOTO nporuda BEIHYMHA
m? yMeHbHJdeTCﬂ uapu &, —oom? =0, T.e. w3 (12.80) Ml moyuaem,
YTO NS 3TOTO NPEACNbHOrO cay4as o,, y=0,56,,. Takum obpa3som,
OCEBbIE NPO/IOJIPHBIC HANPSKCHHA OT BHYTPCHHErO JABJICHHS ' SBJIAKOTCH
PACTATHBAIOIIMMY M H3MCHSIOTCH B npc,uene 0,3—0,5 or KOJIBIEBbIX
HaNPsOKEHUH. , :

PaccMOTPHM  OTKpbITEIE TPYGONpPOBOA ¢ CAJbHUKOBBIMM HIH  JIHH-
30BbIMH KoMmneHcaTopaMu. [IpH TakoH KOHCTPYKLMH MPOOOJRHOE OCEBOE
YCMIIHE B CTeHKaX TpyObl N, paBHO HymO (eCld NpeHedpedb OTIOPOM
koMmneHcatopa). Torma m3 (12.80) mnonmywaem, uro m?=pF_/N,, T.e.
NpH  [OEACTBHH BHYTPEHHETO JaBjJeHHA TpybompoBon u3rubaercs, Yro
HeoOX0JMMO yYuThIBAaTL B pacueTax. [IpH m* =1 3Ta KOHCTDYKIHUS TepseT
YCTOHYMBOCTE. BO3MOXKHOCTh HOTEPH YCTOHYHBOCTM CTIEPXHA TpyGuaToro
CEY€HMs OT BHYTDEHHErO [aBJICHHS [PU OTCYTCTBHH MNPOAOIBLHON CHIIbI
otMmeTH B. . deoocnes.

OCTaHOBUMCS HeCKOJILKO HoApobHee HA 3TOM Bonpoce. B naGoparopun
npoynocty  BHUUCTa M. I1. IletposeiM 1 * K. W. Kanomaneim 6010
OPOBEACHbLI IKCIEPMMEHTH 10  OIPEACHEHHIO KPUTHYECKOH CHIIBI IS
CTaJIbHBIX- H AJIIOMUHHEBLIX TPYO € y4€TOM BJIMAHUA BHYTPCHHETO JABJICHHA.
B otpeskax Tpy6 ‘c 3ariywikamMu (ZOHBSMH) CO31ABAJIOCh BHYTpPEHHEE
JABJIEHHE C MOMOLIBIO THAPABIMYECKOIO MACISHOTC HACOCA C PECHBEPOM.
[IpononbHoe ycunue NPHKIAABIBAIH C NOMOLIBIO YHHUBepcadbHoit 50-
TOHHOM MCOBLITATEJbHOR MaluHbl. ONBITHI MOKA3aNHM, YTO TIPH JaHHOMN
CXeMC HCIBITAHUA BHYTPCHHEE [JABJCHME HEC OKAasbiBaeT BIUSAHHA Ha
KPHTHYECKYIO CHIly. 3TOT pe3yiabTaT TakkKe OOBACHAETCA HA OCHOBAHHUH
NOJYYEHHBIX paHee 3aBucuMocTell. IlpoaoibHoe pacTAruBaroniee YycHiIde
B CTEHKax TpyOsI

'NO =pf —N

"BH?

(12.93)

rae pF,,—ycHIue OT BHYTPEHHEIO NABJEHMS, OCHCTBYIOIUCE HA 3aIJIyLUKY

TpyOBl; N,,— BHElLlHee, CKHUMAIOLIEe NPOJOJBHOE YCHIHE. |
YuuThiBag, 4YTO NOTEpe YCTOHYUBOCTH COOTBETCTBYET PpABECHCTBO
=8, /N,=1, nmonyuaem '

[’_(P_Nnn)
N

a

=1, NBH=N3, o (12.94)

T. €. BHYTPCHHEC NABJICHHE IpH HATMYHAH 3arjiyIlieK (,uom;en) HE BIIHAET
Ha KpPITPI‘[CCKOC r[po,uom,uoe YCHUIHE.
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OpHako NpH CKATHH TpyO ¢ ONHOBPEMEHHBIM JAEHCTBHEM BHYTPEHHETO
JaBJCHUS yBEIHYHBAETCA TpENeN M[PUMEHUMOCTH Gopmyssl  Jinepa.
dopmyna Diinepa chnpapeIHBA IPH YCIOBHH, 4TO jedopmanms cxaTusd
CTEPXHS, BIUIOTL A0 MOMEHTA NOTEPH YCTOHYMBOCTH, MOJAYHHSETCS 3aKOHY
Cyka. MHBIMH ClOBaMH, KPHTHHYECKOE HANpsHXKEHHE O,, HE [OOJDKHO
OpPEBBLIIIATh NPEHeNia MPOMOPLUHOHATEHOCTH MAaTEPHANA CTEPXHS GOyl

| Gy Opr - (12.95)
MM Ui JAHHOM CXeMbl 3KCEPUMEHTA
2E p

-t <o, (12.96)

ra¢ A——TMOKOCTb CTEPXKHS,
o A=vifi B (12.97)

v/—npuBeNeHHAs JUTMHA CTEPKHA, i— PAJHyC MHEPIUMM CEUCHHS.
 TlpemenbHas «ympyras» THOKOCTH TPYOBI, T. €. HAUMEHBIIAA THOKOCTS,
MPH KOTOPOl ellle MOXHO NOJb30BaThes ¢opMysoi Jiepa:

Ao=m | — o (12.98)
c)-l'll.l_-}-pF'Cl/F‘ ’

Ycnosue (12.95) monydaer BHA '
he <A o ‘ (12.99)

TaxuM 0o0pa3oM, MOMYYEHHBIE DEIIEHAS XOPOMO OOBLACHAIOT IMOBEACHUE
OTKpBLITOr0 TpyOOmpoBoAa MO BO3AEHCTBHEM BHYTPEHHETO OABJIEHHA.

Jlns AHHAMMYECKOTrO pacdeTa mnepexoga TpybompoBoda HEOOX0IUMO
3H4Th 4YaCTOTYy COOCTBEHHBIX Kosebamuit TpyGomposoja. MiapectHsle 3a-
BHCHMOCTH CTPOMTENBLHONH MeXaHHKH OTHOCATCA K OaNkaM ¢ Tak Ha3bIBa-
eMBbIMH KOHEYHBIMH TPAHHYHBIMH YCJIIOBHSAMH — INIAPHUPHLIMH, >XECTKHMH
WM YIIPYTHMH omopaM#. B JaHHOM ciyyae B KadyecTBe ONOP HaI3EMHOTO
nepexofa COyxaT NpAMbIKaolie NOJ3eMHbIE Y4YacTKM TpybonpoBona.
Jlns onpeneneHHs 4acTOThI COOCTBEHHBIX KOJNEeOAHWH TaKOH KOHCTPYKIHH
MOXHO BOCIIOJIb30BAThCH H3BECTHOM 3aBHCHMOCTBIO, B KOTOPOIH cooTHoUIE- -
HHE 4YacTOT KOJcOaHWi OaJNKM. ¢ pPa3NIUYHBIMH TPAaHMYHBIMH YCIOBHUAMHU
POMOPIHOHANBHO KBAAPATHOMY KOPHIO H3 COOTHOLICHHS HX CTATHYECKHX
nporu6os. Torma 4acToTy COGCTBEHHBIX KojeOaHuii (OCHOBHOTO TOHA)
0, HAaI3EMHOTO NPAMONHHEHHOTO 64NOYHOTC OTHOMPOJIETHOTO MNepexoa
C NPHMBIKAIOIMMH TMOM3eMHBIMH Y4acTKaMH (0€3 CIenHaNdbHBIX ONOp)
MOXHO ONpPEeIETUTh MO NPHOMIKEHHOH dopMye

s [EI -

raé |—TONOBMHA ANMMHBI HAZ3eMHOTO YdacTka TpybonpoBofa, cm;
EI—XeCTKOCTh cedeHHS npu Harnbe, H-cM?; g—Bec eAMHMUBI [UTHHEI
Tpybonposona, H/cm; f1 —xo3hPUINEHT, YYHTHIBAIOUMHA YBCIMYECHHE
crpekn nporuba mepexoga OGe3 creHMANBHBIX ONOpP MO  CPABHEHHIO
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Puc. 12.11. T'padux skcnepumenTansubix  Puc. 12,12, ['padux IKCIICPUMCHTANIBHBIX

H TEOPETHYCCKUX 3HAYEHME MpPoruda OT M TEOPETHHECKMX 3HAYCHMA 4acToT co-

BHYTPEHHEIO [4BJECHHS - OcTBeHHbIX ‘KONebaHUl oT BHyTpeHHero
JIABNIEHUS :

.C MEPEXOMOM C 3ALIEMIEHHBIMH ONMOPAMH M OIpedeseMblll 1O (bopMyne
(12.54) vnu mo rpaduky puc. 12.5.

Hcnone3ys M3BECTHOE COOTHOILUECHHE M3MEHEHHS YACTOTEI COOCTBEHHBIX
KOJICOAHHA Oanku NpH JEHCTBHM OCECBOTO CXHMAFOIICTO YCHIIHS, YACTOTY
COOCTBEHHBIX KOJeOaHMH (OCHOBHOTO TOHA) MEPEX0d ¢ IPMMBIKAFOLIUMH
HOA3EMHBIMH  YYACTKAMH ‘MOXHO OINPEACIHTh Mo GopMye

(12.101)

Ille G —4acToTa cOBCTBEHHBIX KoJeGaHmii; m? —mapaMeTp HpoLOTBHOTO
OCEBOro YCHNHsl; U; — KO3(QQHUINEHT, YYHTBHIBAFOLUMH YBEIHYCHUE CTPEIIKH
nporuba, onpegenseMsii mo (12.90) wiu mo rpaduky puc. 12.5.

CpaBHMM [NOJIyYEHHOE pEIUCHHEC ¢ pe3ydbTaTdMM  3KCICPHMEHTA.
3kcnepuMenT Ol mposBeneH B Jabopatopud npoyHocth BHUUCTa'!
Ha MOJACNAX - OJHONPONETHOIO NEPEX0Jd, HAIPYXKEHHE OCYLLICCTB/IA-
JIJOCH BHYTPEHHHM JaBiieHNMeM cTyneHsMM no 2 MIla. Mogenu O6blan
H3IOTOBJICHBI M3 OTPE3KOB CTAJbHBIX TpYyO auHamMeTpoM 38 MM M TOJI-
wuHoH creHku 3 MM. TpyOpl Ha omopax ObINM HEMOABHXKHO 3alleMIle-
Hbl, d MPOJOJNBHOE YCHIHE OT 3AIJYWCK BOCIPHHHMAIOCH ONOPaMH.
Paccrosmue wMexay omopamu  2/=360cMm. HcnpimbiBamuck  Monesu
C Ppa3JMYHBIMH CTPEJKAMHM HavyalbHOro mporudGa. [lonydedHble 3Haue-
HMsl [0JHOIO- mporuda f=f,+f, B  cepeauHe NpOJECTd NPH H3Me-
HEHHH BHYTpeHHEro pgamieHus oT 0 ngo 18 MIla moka3aHel B BUIE ToO-
yek Ha puc. 12.11. TaMm Ke [OCTPOEHBI COOTBETCTBYIOLIHME KpHBLIE,
paccuMTaHHele Mo 3aBucumoctH  (12.86). Bemuuuna m? onpegens-
Jach ¢ noMeinero rpaguka puc. 12.10. Bo BpeMs HCHbITAHUA W3MCPSIIHCH

! DKCnepHMEHTBI npoaommu‘ kaunn, TtexH. Hayk . WM. I1. [letpom, HHX.
T. B. I'puropeaan u H. I'. JlouiMaHosa. ‘ ‘ '
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4acTOTHl KOJleGanuii mopmenedl Oe3 BO3OEHCTBHS BHYTPEHHCIO JIaBJICHHUSA
@, W MPH JABJICHUH ©,.

OTHOIIEHU YacTOT @, /M, [PH H3IMEHCHHWH BHYTPCHHETO [aBIICHUS,
HafiIeHHBIE 3KCIIEPUMEHTAJIHLHO, norcasaﬁm B BHJE OTHENBHBIX TOYEK Ha
puc. 12.12, 31eck Xe MOCTPOEHbl COOTBETCTBYIOLIME KPUBBIC, PACCIMTAHHbLIC
mo (12.101). Kak puguo u3 puc. 12,12, ¢ nopbllicHUEM TaBICHUAA 4acTOTa
konebaHuil Majgaer, XOTS, KaK OLUIO IIOKAa3aHO paHee, B CTEHKAX TPYORI
BO3HHMKAIOT TIPOJIOJIbHEIE PACTATHBAIOLIME HANpskeHus. Xopoliee coBnaze-
HHE OTBITHBIX JAaHHBLIX C PAacYCTHLIMH MO3BOJIAET PEKOMEHIOBATH HU3MeEpE-
HHE YacTOT KoneGaHuil TpyOOmpoBOoAa B KadecTBe METOAA ONpeAcTcHHS
APOJOBHOTO YCHIIHS. o

TaxkaM 00pa3oM, MPOBEACHHBI aHANH3 ITOKas3all, 4YTo NpHMBIKaOINe
K HAZ3eMHOMY Nepexofy MOA3EMHBIE Y1acTkM TpyGOmpoBOga OKa3blBAIOT
CYLIECTBEHHOE  BJIMSHUE HA HANpSHKEHHO-IePOPMHPOBAHHOE COCTOSHHE
TpyGONpOBOAa, 4 HAuaIbHOE HCKPHBJIEHHE TPYyOONpOBOdd H3IMEHSET TPO-
JONBHOE OCEBOE YCHIME H 4TO /ISl MPAKTHYECKHX pPAcIeTOB NPAMOIUHEH-
HOTO Iepexoa MOXHO NpeHeOpeds CAMOKOMIEHCANMEN CHCTEMBI.

PacyeT apo4unIX nepexo0B prﬁoﬁponouon

B HacToOslee BpeMs IIMPOKOE PAcHpOCTpaHeHHE MONYYHIN MPOCTEHIIHE
apoYHEIe MepPeXoibl, B KOTOPBIX pACHOp IepeqaeTcs Ha IPHJCTAIOIME
DOM3eMHBIE YYACTKH TpyOompoBoJa, a BEPTHKAIbHAS peakuus BOCIH-
pUHMMAETCS TPYHTOM. DTOT THIl apOYHBIX NEpexoioB Haubosee MOJHO
HCIIONB3yeT HECYIIyr CIIOCOGHOCTH camMoro Tpybomposoga, He Tpebyert
YCTPOHCTBA JOTIONHATENBHBIX OMOP, MPOCT B MOHTaxe. [IponeTs apoYHBIX
MEPEXOI0B MOTYT GBITE GONBINE MPOIETOB GANOYHBIX MEPEXOIOB. APOYHBIE
epeX0ABl MO3BOJIAIOT YBEJIMUYKTH TMOANCPEXOIHBIH rabapiT, YTO OCOOEHHO
" BaXHO TPH TMpOKIajfke TPYOONPOBOJOB B paBHAHHBIX MecTHOCTsX Cenepa
a1 Cpenmeii Asun. [TpaBuibHO 3alpPOEKTHPOBAHHBIC APOYHbBIE [IEPEXOIIbL,
PACCUMTAHHBIE C YYETOM BCeX (AKTOPOB CHIIOBOTO BO3AEHCTBUSA, B TOM
YHCHIe C YUeTOM BIIMAHHSA HA HAUPSHKEHHOE COCTOSHUE apKH IMPUMBIKaIOMIHX
HOM3eMHEIX YYACTKOB TPYOONpOBOAa, SBIAIOTCH MOCTATOYHO HAJICHHBIMH.

B pacueTHOM cxeMe apoK MHATHl X MOXHO MNPHHATH YOPYro3amiem-
JIEHHBIMH, a Bce UM(poBble KOIQPHIHEHTE BO3MOXHO ONPEACHATH Kak
cpelHee 3IHAUEHHE MEXIY KOIQQHIMERTaMM [UT JBYXLWADHAPHOH M 6ec-
mapHupHOii apok. [IpH OmpemeNieHMH BEJMYMHBI pacmopa AN IOJIOTUX
ApPOK CYIIECTBEHHOE 3HAYCHHE HMEET YYeT MPOJONBLHOro 00KATHS apoK,
H3MEHEHHEM TPOJONBHOM CHIBI TIO0 NHHE MOXHO npencbpeds. C yueToM
 IpOmONIBHOTO 0BXaTHsi apoK pacmop OT BEPTHKAJBHOH paBHOMEPHO

' pacipezicieHHONH HAarpy3KH Ompenensetcs mo ¢opmyne ' ‘

H, 9 o (12.102)
T8 | '
rac
1 . : ‘
k= R (12.103)
: 1+0£2( w)
( - rJ
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3mece I, f u D,=D, —-8~——c00TBeTCTBeHHo npoJeT, crpe.ruca U CpemHuit
auaMeTp TpybonpoBoja. -

H3menenMe TeMmepaTypel B apke, KaK B CTATHYECKH Heonpe,aeﬂnmou
CHCTEME, BBI3BIBACT JOMNOJHHUTE/NBHBIE HanpsxeHus. Pacmop apku ot
M3MEHCHHS TEMIEPATypPHl HA BEH{HHY At “onpenensercs mo ¢opmyne

=BSaAL, (12.104)

rae $—pacmop OT eZMHHYHOTO H3MEHEHHA IJHHBI , APKH: S— JUIMHA
KPUBOH OCH 4DKH (AT MOJOTMX 4POK MOXHO TPHMHATH PABHOM LPONETY);

C8(1\? »,
S=1i [l-i—g({) :'; 0. —KO3QPULHEHT TEMIEPATYPHOIO PACIUMPEHRS METal-

na Tpy0;, Af—pacdyeTHBIl mepenan’ Temiepatyp.. .
C yueroM ympyroro o6xatus P onpeaenserca mo GopMye

. EF 1
p=— ]TFF . (12.105)
B 1057

d®opmMyna (12.105) cnpapennupa a1s dPOK ¢ pAa3JIMYHBIM OTHOLICHUEM
f/l, a nna rpanmvHoro cnyyas npu f=0 PB=EF/l 4TO COOTBETCTBYET
YCUJIMIO, BBI3BIBAKOLIEMY ¢AMHAYHOE Y/JIMHEHHE MOPAMOJHHERHOro 3Je-
MEHTA. ‘ ‘ '
BinsHue BHYTpeHHEro MaBeHHs HA KPMBOJMHEHHEIH APOUHEIN Mepexox
MOXHO XapaKTepH30BaTh paJHaJbHON paclpelecHHON HATPY3KOi, Hanpas-
JICHHOH B BBINYKJYIO CTOPOHY, BBIYHCIAEMOH MO QopmyJie

D2, p
4

dp= , O (12.106)

o |

;

rae p— J4BJIEHHE ra3a B TpyOONPOBOAC;, P——pPalguyC KPHBHM3HBL

Ilpy mapaGonudeckoM OYepTAHMM ApKM, MPUHAR HPHOIWKEHHO ‘

1/p=d*y/dx?, HAXOMHM  p = [*/8f, a pacnop onpeneanM no cbopMyne
nD2,

Hyp=—"2"px—0,5 Gy F. © (12.107)

PP

-

‘ 3mech 3HakOM IO OGO3HAYCHBI OOBLIMHBIE U1 apOK CHHMAIOLIHE
YCUIIHA; 3HAK MHMHYC HOKAa3bIBAET, YTO BHYTPEHHEE UABJICHHE pa3rpyKaer
apKy, BBI3BIBASl PaCTATMBAIOLIME HanpsbkeHUd. OnHako 14 MOJyYeHHd
YHUBEPCATIbHBIX (OpMyn s paciera Heo6xo,unM yyer oﬁxama (pac-
- TSDKEHUSA) apKH.

Hedpopmauun, Bpi3BaHHBIE ACHCTBHEM [IaBJICHHA Ha KpuBonHHeHHyLo
TpyOy, ¢ .yd4eToM LlByxocnoro HANPDKEHHOTO - COCTOAHHA Bblpa)KdEOTCﬂ
popMyoit '
GKH

Al=(0.5—p) = S~0,2 2

236



TakuMm o6pazoM, BHYTPeHHeS 'ﬂaaneﬂne BBI3BIBAET pacnoop

O"m

H,= —0.56,F+0,2p

(12.108)

Ananuz dopmynst (12.108) noxaasmae‘r, YTO B MOOBEMHCTBIX apKax
BHYTPEHHEE MABJIEHHE BBI3BIBAET MPOJOJILHBIE PACTATMBAIOIIYE HaMpsKe-
KM, paBbble 0,5 G, NpPH yMEHbILIEHMH f// OHH YMEHBLIAXOTCH, 4 IS
MPAMOJTHHEHHBIX Nepexonos (f=0) Ge3 KOMOEHCAl|H MPOAOIBHEIX Hedop-
MalHi NpoJoJibHble HampspkeHUs paBabl 0,36, (mpm pu=0,3, 6e3 yueta
B/IMSHUA TPHMBIKAIOUIMX MNOA3EMHEIX YHAcTKOB TpyOomnpoBoma).

JlononHUTENBHBIA pacliop apkd, BHI3BAHHBIH CMCLICHHEM MAT, Ompe-
JengeTcd B 3aBHCHMOCTH  OT Hanp;mcefmoro COCTOAHHA T[pyHTa Ha
TPAMBIKAIOIIAX YYACTKAX, '

B ciyuae OTCYTCTBHS CppiB2a TpYGOMpOBONa OTHOCHTENBHO TPYHTA-— -
OTCYTCTBHS yHACTKA NpPEACIHHOTO paBHonecm FpYHTa—,ELOHOJIHHTCJIBHbIPI
pactiop

N o
HA=@, (12.109)
. -2
rae . .
Npse=Npai—Hooe =Ny ai— (H,+ Hy+ Hy).  * (12.110)

[Tpu HanAYuR y4acTKa MpeNeTbHOTO PABHOBECHS TPYHTA JOMORHWTEIbLHBIM
pacnop OIIpE:JleJIHeTCSI no ¢opmyne -

Hy=A—JA°—B3, = (12.111)
l‘I[e Vv i .
N EFty, L
A=Npot—m (12.112)
| )2 |
31=Ngac+(f) | (12.113)
_ [aDyeo __105E
n= [T, =t (12114

Tak xak B pacueTHOH CXeMe OIOphl APOK MPHHATH YNPYro3aeMIeHHbIMH,
TO HM3IrUOAIOMIME MOMEHTHl B KJIIOYE ONPEHCHAIOTCA. [0  CIEAYIOIHM
dopMymaM: :

OT BEPTHKANBHON HAarpy3ku

ql? n -
M, =" (1=k); o (2a1s)
0T H3MEHEHUs TEMIEPATYPLI H CMC[HCHHF-I AT
2 | ;
Maia=—3f(Hy+ Ha); (12116
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‘0T megopMalHMM, BbI3BAHHOM BHYTPEHHHM JaBIlIeHHEM,

ey

Mp: ——-3—f‘0,2ﬁ E

s (12.117)

‘I/Iar‘u6am1une MOMEHTBI B HATE apku.r
M,=-05M_. (12.118)

MaxcumanbHble HanpskeHUsA B CKATOH WM PACTAHYTOH 30HaX CCYEHMSH
olnpenensoTcs Kak anredpamyeckas CyMMd OCEBbIX M HM3rMOHbLIX Ha-
PAXECHHA :

H M

O=Onpn & Oy == O (12.119)

Pacuer MHOFOHpOJleTHbe f6eCKOMNIEHCATOPHBIX nepexo/108
prﬁonponozmn ¢ npumenennem I3BM

Jaxe 114 OAHONPOJIETHOIO NEPEX0/1a aHANUTHYECKOE PELUEHHE [OJyYa-
eTcsl JOCTATOMHO CJIOXKHBIM. JIJIs MHOrONpONETHLIX CHCTEM PpellueHne
CYLUECTBCHHO YCJIOKHAETCA TEM, 4YTO HE0OXOAMM Y4YeT HadalibHbIX HC-
KPHRBJICHHIT (HAYaJbHbIX HECOBEPLUEHCTB), OOYCIOBJAEHHBIX COOPYXECHUEM
nepexona, reoMeTPUIECKOH HEMMHEHHOCTH (MPOOOJIbHO-ONEPEYHbIt U3rnod),
0COOEHHOCTEH NOBEACHAA NPUMBIKAIOMHUX K HAA3EMHOMY NEPEXOAY MOA3EM-
HbIX Y4acTkoB TpybonpoBoaa. [lns pacdeTa pa3siM4YHbIX KOHCTPYKTHBHBIX
PELIEHHA  MHOronpoJjieTHbix 0asiouHbIX cucTeM TpyGomnposoaos Ha JBM
Ob1 UCNOJIL3OBAH YHMCJCHHBIH METOJA, METOA KOHEYHbIX 3IJTEMEHTOB
B mepemelieHuax. OCHOBHbIE NPHHUMIB MCNOIb30BAHMA I3TOr0 METOAA,
MATPHUA XECTKOCTH AJiA cTepxHA Oe3 cBaAseit onucaHel B ta. 7. Ocoben-
HOCTbI0 OECKOMIIEHCATOPHBIX TNepexojioB Tpybonposoaa * ABAAETCS TPH-
MBIKaHHE C ODEMX CTOPOH TaK Ha3bIBAEMBIX TOJNyOECKOHEYHBIX YYAaCTKOB
TpyOonposoaa. IIpuBeacHHbIe 34ect 3IJEMEHTbl MATPHUBI © KECTKOCTH
M TIPY30BBIX U4JICHOB TOJIy4€Hbl Ha OCHOBAaHHM PCIUCHUA YPaBHEHHI
OpPOAOJTBHO-NIONEPEYHOTO M3ruda M cxaTHd (pacTskeHud) NONyOeckoHed-
HOTO CTEpXHA B JHHEHHO ynpyro cpeae ¢ ob6o0uieHHBIMH kK03gdunu-
€HTAMH HOPMAaJIbHOIO (;, M KaCaTEJbHOIO (y, COTNPOTHBJIECHHMH IpyHTa

F11 =EI

El

2./¢cye DLEI-S
Fas=+/C,o Dy EI R
vy EI

ri,= —~/¢yODHEI, ‘r33=EFn;

ria=rz3=ryy =rz;=0, . (12.120)
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rap=OUALEF+pFou—OuF. = (12.121)

ITH 3MEMeHTH MATPULBL UCHIONB3YIOTCA 1% ONUCAHHMA TONBKO TPHMbIKA-
JOIMAX K HAO3EMHOMY NEpeXoly ¢ O6eHX CTOPOH NOJA3EMHBIX YYaCTKOB
Tpy6onposoaa. [Ipu COCTaBIEHHA ypaBHEHUS DABHOBECHS Y3JIOB yHUMTBIBA-
€ICA HALMMME OmoOp B y3lle, XAPAKTEPUCTHKOH KOTOPBIX ABIAETCA HX
WKECTKOCTh. : ‘

OTMeTHM TakXke pAR OCOOEHHOCTEH aNropuT™Ma 3TOH MpOTrpaMMEL
B pesynbTate PELUCHHS - CHCTEMBI YpaBHEHHA HAXOAATCA KOMITOHCHTHI
V3NIOBLIX MepeMeleHnil it kaxgoro yina. [lo 3TEM nepeMereHusM
C HCTOJb30BAHMEM JJIEMEHTOB MATPHIILI KECTKOCTH MOXHO ONpEeaeTuTh
y3JI0BBlE YCWIHSA. Pa3sHOCTh ~y3JI0BBIX YCHJIMH B Yy3ne ANA 3JEMEHTa
clieBa M CIpaBa OT HErO M OMPEAENieT PEaKIHIo ONop. IKCIEPUMEHTAIbHBIC
uccnenopalus Ha 3BM moxazan, 4TO MPUMEHCHRE ypaBHeHH# B dopMe
- HAaYaNbHBIX MAPAMETPOB. [ ONPENC/ICHUS YCUNIHH H mnepeMellcHUH
Mo AMWHE 3JEMEHTA NPUBOJMT K OIIMOKAM, CBA3AHHLIM C TOYHOCTBIO
BhIMMCICHMM. [loaToMy [UIa  OmpeAcieHHs YCHAMIE M IepeMELICHUH
No JUIHHE J3NeMEHTa HCIONb3yeTcs ypaBHeHME B (GopMe TIPaHHYHBIX
apaMeTpoB. '

Cocrapneanas BHUNCTom n IO)kHHHanporaBOM -nmporpamma HBI1
s O9BM EC nmosBonser paccanLIBaTL HaJ3e¢MHBIE MEPEXOBI npaKTquCKn
¢ JoOBIM YUCJIOM TIPOJIETOB.

TIpOMEXYTOUHbIE OMOPBL MOTYT OBITH KaK ECTKHE, TaK M YIpPYrHe,
MpHYeM OMOpa MOXET OBITh MPEACTABIEHA KaK CBA3b, MPEMATCTBYOLNAS
B TOH WIA HMHOH CTelcHM (B 3aBHCHMOCTH OT 3aJaHHOM JKECTKOCTH)
VTJIOBBLIM, TIONEPEYHEIM B MPOJCTBLHBIM TNepeMeleHHaM. B 1o ke Bpemd
KpaifHHe. OMOphl MOTYT M OTCYTCTBOBaTh, HX pONb B 3TOM cCryyae.
BBIIOJHAIOT MPHMBIKAIOIIHE NOA3¢MHBbIC ydacTKH. IlpH pacueTax MOXHO.
| YUUTHIBATb HAYANbHBIC HCKPHBIICHHS TpyOonporoaa, 00yCI0BICHHBIMHA
' cBapkoii TpyOONPOBOAA M3 OTACIBHBIX TpyO M YCIOBHAMH BBITIOJIHEHHA
CTPOUTENLHO-MOHTAXKHBIX paboT.

Harpyaka mno pgmuHe T1py6onpoBoaa HpHHHMaCTCﬂ paBHOMEPHO-
pACIIpelie/IcHHOM,  TEeMIepaTypHElii  mepeman  (NOJOXHTENBHBIA  HIH
OTPHIATENBHBIA) M BHYTPeHHEC MAABJEHHE OMMHAKOBHI MO BCCH JUTH-

CornacHo 3TOii MporpaMMe pacyeT MNepexoJ0B MNPOHU3BOIUTCS TOJb-
KO XaK IUTOCKHX CHCTeM, MO3TOMY TP HARAMYHH HATPY30K, BO3JEHCT-
BUM M HavadbHOro H3ruba B JBYX IUTOCKOCTAX pacyeT BBIMOTHACTCS
IS KaXIOH IUIOCKOCTH B OTAENBHOCTH. ANFOPHTM MNPOTPaMMBl YHTEHI-
BaeT TEeOMETPHYECKYl0 HEIHHEHHOCTE (IPOAOJIBHO-TIONEPEYHBIA u3rnb),
‘MO3TOMY JONOMHUTENbHAS MPOBEPKA MOPOJOJTBLHOH YCTOHYMBOCTH HE Tpe-
Oyercs. Ecim pacyeTHas cxema TpyOomposoaa B- npouecce MOHTaxXa
OTJMYAETCA OT pACUETHOH CXeMBI B ITPOIlECCE IKCIUTYATAIlHH, TO pacueT
TpyOOIpPOBOAa BHIMONMHAETCA B ABa JTama. BHavane (Ha mepBOM 3Tamne)
BEIIOAHSAETCA pacyeT HA HArpy3k¥, BO3HHKAIONUME MpH ‘MonTtaxe. Ha
BTOPOM 3TAll€ BBIMOJHAETCA PacieT HA JKCIUIyaTAllMOHHBIE HArpy3KH A
TpyGONPOBOJA, MMEIOIIETO HAYaNLHBIK H3rMG, OOYCIOBJIEHHBIH MOHTAaX-
HBIMH HArPy3KaMHU. OnpeneneHHEe Ha o6onx JTamax pacyera Hanpmxenml

239




anredbpandecku CyMMHPYIOTCA. [lonHble HaNPsXeHUsA 34TeM CPABHHBAIOTCA
¢ [petesibHbIMH.

IloaroroBKka HCXOAHBIX JAHHBIX IJI8 pacueTa Io l'IpOI‘paMMc HBI1
BKJIIOYAET PA30MBKY PACCYUTHIBAEMOIO MEPEXOAA Ha KOHEYHBIE 3JIEMEHTHI.
VYanosele TOUKH (TI€ COSAMHSIOTCA ABa 3JIEMEHTa) 0043aTeNIbHO HA3HAYA-
IOTCA B MeCTax COCAUHEHHS MOJ3EMHOM YacTH ¢ HaJ3eMHOMH, paclioNoXeHus
onop (cBs3eil) U coeqUHEHHUS NPAMOJIMHEAHBIX W KPMBOJIHHENHLIX YYACTKOB.
Hponer TpybonpoBoaa, HMeIOIUHA HavYanbHLIA U3rud, peKOMEHIyeTcs Ha
OCHOBAHMH WYHCJIEHHBIX JKCIIEPUMEHTOB, pa3butes Ha 3—10 3J€EMEHTOB
B 3aBHCHMOCTH OT KpPUBH3HBEI OCH TpyOonpoBoga. Kpuewle Heobxoaumo
3aMEHHTb PAAOM IIPAMBIX, COSIMHEHHBIX TIOA YoM Apyr kK apyry. Ecim
ONOpbI {CBA3M) HAXOMATCA HA KPHMBOM, TO TpH pa3OuBKe KpHBOH Ha.
3JEMEHTHL CHeAyeT NMpeIyCMATPHBATL, YTO K OIOpe JOJDKHBL NPHMBIKATH
c oOeHX CTOPOH IpsAMBIe, SBJAMLIMECH NPOJOTKEHHEM HAPYr APYra.

Bouucngiorcs OeficrBuTenbHBiE XKeCTKOCTH omop (cBs3eil). Eciu cpasb
B XakoM-THOO HalpaBlieHHM abCOIIOTHO JKecTkad, TO B K44ECTBE ee
XAPAaKTEPUCTHKH BBOAMTCA 4Hcno, pasHoe 0,1-10'8,

®U3NKO-MeXAHHYECKNE XAPAKTEPUCTHKHA TPYHTA 3aIaroTcs IO AAHHBIM
. MIDKEHEPHO-TEOTIOTHYECKHX  H3bICKAHHIL.

- HMicxoauas nHdopmanus s pacyera: p—BHyTpeHHee pabouee (HOp-
MATHBHOE) JaBJIICHHE NPOAYKTa; A/-— TEMIEPATYpPHBIH nepenai, NOJOXKH-
TEJIbHBIH IPH HArpeBaHuy; D, — HApYXHBI AUaMeTp TpyObl; 6 — TOMIMIMEA
CTEHKH TpYOBl; o —KO3(PQOHUHEHT JMHEHHOIO pacUIMpeHHs MaTepHana
TPYOB; E—MOAyldb YOPYrocTH MaTepHaia TpyOsl; p— koadduiment.
Ilyaccona matepuana 1py6; ¢— MHTEHCHBHOCTbL PAaBHOMEPHO-PACIIPEIEIcH-
HO#i mnonepevyHOl HArpy3KH; /ho— paccTOSHHME OT. OCH TpyOH JO Bepxa
3aCHIMKM Ha MNPUMEBIKAIOUIAX K IMEPeXOdy NOJ3EMHLIX Y4acTKax Tpyoo-
-nposoaa; E.,—moayiar AepopManuM TIPYHTa; M., —Kkodddumuent Ilyac-
COHA TPYHT4; Cyo—KOIPPUUUEHT KACATENLHOTO COMPOTHBIECHHS TPYHTa;
n, — k03¢ PHIHEHT HaJeXHOCTH o nonepeyHoi Harpyske;
n,,—lcoatptbuunem HaJeXHOCTH IO BHYTPEHHEMY JABJICHHIO IPOAYKTA;
A, —0apaMeTp CAMOKOMNEHCALHH, KOTOPLIA MOXET NPUHUMATLCS MEHbIIE
€OUHMIBLI O CHCTEMBl CO 3HAYHMTC/BHBIMH NEPEMEIICHHSIMH, BBOJXHTCH:
IUTS YCKOPSHHA TPONECca CXOAUMOCTH; m —K03QQHUUUEHT yCnoBig paboThI;
k, —xoapPuuMeHT HaOEKHOCTH MaTepHala (0 BPEMEHHOMY CONPOTHB-
JeHuIo);  k; —Ko3hdHMUMEHT HAJEKHOCTH MaTepuana (MO TeKy4ecTH),
k, —Kk03pUIHEHT HANEKHOCTH 1O HA3HAYCHUIO; R;,, R,, —Tpelen Ipo-
YHOCTH H TEKYYeCTH MaTepHana Tpy0; & —mar TeKylued XOOpOMHATHI,
A4 KOTOpOH TeYaraercs BHIXOAHAN MHGOPMAUHA [ BCEX 3JEMEHTOB.

-Hanee BBOAMTCA MHGOPMALMS O ANHHAX KOHEYHBIX 3JIEMEHTOB, Yrilax
- MEXIY HHMH M XECTKOCTAX Omop (cBs3eid).

. Boixojgnas uHPOpPMANMA COOEPXKHT pACHEYATKY HMCXOTHBIX JAHHBIX.
PesymbTaThl pacuera BKIIOYAlOT B ce0sl 3HAYEHHS M3rHOAIOLIHX MOMEHTOB,
¢GUOPOBLIX HaNpPsKEHHH OT M3rnba, OCeBbIX NPOAONBHBIX YCHIIMH H IpO-
JONBLHEIX HANPMOKEHHH, NONEPEYHLIX M MPONOJIBHBLIX IIEPEMEILCHHNA H Tpex
COCTABJIAIOMIMX PEAKUMH YIOPYTHX OIOpP — BEPTHKAILHOMH, FOpH30HTdJIbHOH
‘M yII0BOH.
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[JIABA 13
HECYINASL CHOCOBHOCTL HAI[?,EMH]:IX HEPEXOJ]OB
TPYBOIMTPOBOAOB

JKCnepUMEHTA/ThHOE mlpe,ue.rlenne KPUTHYECKOIO
TEMIEePATYPHOr0 mepenana

- O6bIMHO MPUHATO, YTO [ ONpedeTIcHUSA TaK HA3bIBAEMON KpPHTHYEC-
KOl TeMmepaTypbl B 3HJIEPOBOH MOCTAHOBKE 3aJa4H YCTOHYMBOCTH MOX-
HO WCMOJBb30BaTh KJACCHUCCKOC pEIeHHe A ckaToro crepxHa. Kpn-
THYECKOE YCHIIHE [JIsI CXATOro CTEPXKHS C© MapHAPHBIM 3aKPCIIICHHEM
KOHITOB ' ‘ " ‘

P,,=mn*EI/I* | _ (13.1)

- Ce3b MEXAy YCHIHEM M TEMIOEPaTypoid, CYHTAs KOHIBl CTEpPXKHA
HECMEIIACMBIME, HMEET . BUIT '

P=oTEF. ' - (13.2)

Orcloma TeMmepatypa HArpeBa, COOTBETCTBYIOMAS TOTepe  YCTOH- .
YUBOCTH CTEPKHSA C HIAPHAPHO-HEMOABHXHBIMA “OMOPAMH, PaBHA

Tep=n2i%/(2l?). | ' B (13.3)

3mecy . E[—MHHHUMAaNBbHAS *XKECTKOCTb CCYCHHMSA CTEPXHA MpH H3ruoe;.
/— ntuHa cTepxkHS; P— cXAMalolee ycuiane; oo — Ko3hpuiuenT JIMHeHHOTO
paclIipeHHs MaTeprana; T — TemmepaTypa Harpesa (pa3HOCTB MEXTY
BO3IEHCTBYIOLIEH TEMIEPaTYpOH M TeMIepaTypoH, npH KOTOpOH Gbinn
HCKJIFOYEHBl MEPEMEIIEHHA KOHIOB CTepXkHA); EF-—KECTKOCTh CeYCHHS

CTEpXHS MPH CKATUH; z—,/I | F— MUHAMANBHBIH PajAyCc MHEPUMH CEYEHMS
CTEpXHA. o

JKCHepPHMEHTATLHBIC HCCIIEA0BAHMS, TOATRepkAatonme pemerne (13.3),
B JUTeparype He omucadbl. OTmeTuM, 4TO peweHne (13.1) momydeHO H3
ananmza IndipepeHIHANBHBIX YPABHEHHHA B - BHIE

Eld*y/dx*= <Py wiu Ela*y/dx*=—Pd*v/dx>. (13.4y

IMepsoe w3 ypasucHm# (13.4) 3anmcaHo W3 YCIOBHS PAaBHOBECHS BCETO
CTEPXHS B LIETOM MPH CHIIE P, MPHIOXKEHHOH MO €ro KOHIAM H Hampas-
JeHHO# BAoib HenepOPMHUPOBAHHOW OCH, BTOPOE-—H3 IBYX YpaBHEHUId
paBHOBecus OeCKOHEYHO-MAJIOro 3JIeMEHTa cTepxHsA. B TO ke Bpems
BO3JEHCTBHE TEMIIEPATYPhl OTJIHYASTCA OT MAEHCTBUS BHEILHETO YCHIIHA,
IOTOMY TNPENCTABISIET HHTEpeC 3KcnepnmeHTaanoe ompeJieSIcHHe KpH-
THYECKOA TeMTIePATYPHI.

OKCIEpHMEHTANLHOE ONpe/IecHHe kpnmqecxou TeMIMepaTyphbl, COOT-
BETCTBYIOWIEH MOTEepe YCTOMYMBOCTH CTEPKHA B JHUIEPOBOM NOCTAHOBKE
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3a[44YH, OCHOBBIBAJIOCh HA HCIQJIb3OBAHHH IIBYX TEOPETHYCCKMX KPHTEPHEB
YCTOMYHBOCTH: HavaJIbHbIX HECOBEPLICHCTB H AMHamupyeckoro. Hcnosk-
30BaHHE METOAd HAYaJhHbIX HECOBEPIUCHCTB JUIA  AKCIEPHMEHTALHOrO
OlpefleJieHHsl KpHTHYeCKOH cCcunel Obl10  TmpemnoxkeHo JI. Caycpennom
H OCHOBBIBACTCA Ha MCIOJIL30BAHMH YPaBHCHHS

=hlPel®)=11"% 39

roe f—crTpelka MOONOJHHUTENIbLHOTO Hporuda; fo—cCTpelka HavyaJdbHOro
nporuba; P,,—KpHTHYecKas cuna; P— mefCTBYIOMmA OCEBasd CKMUMAIONAN
CHJIA. . ‘ o A

Hcnonb3opanve OHHAMMYECKOIO METOAA OCHOBBIBACTCA HA HCIOJIb-
30BAHMHM 33BHCHMMOCTH H4aCTOTHI CcOOCTBEHHbIX KOJNEeOAHHH CTEpXKHS OT
OCEBOM CHJIBI

[1-(P/Pw)],

IJe Vo—4acToTa coﬁcTBeHme KONCOAHUA CTEPXKHS HPH OTCYTCTBUH
OCEBOM CHJIBI.

OnpiTel OPOBOJMINCE CO CTAJIBHBIM CTEPXKHEM rpyﬁanoro cevenus '
¢ HapyXHBIM AMAMETPOM 76 MM H TOJILMHOH cTeHkH 2 MM. PacctrosiHme
MEXIy INapHHPHO-HEMOABHXHBLIMH ONOpaMH coctaBiasio 5000 mMm. Ha-
[PEBAHHE CTEPKHA OCYLIECTBIISJIOCH 3J1eKTPOKaMMHAMH, YCTAHOBJICHHBIMH
mo Beeil ero mHe ¢ obeux cropoH. C menblo moiaydeHHs Oornee
PAaBHOMEPHOIC HarpeBa MO JUIMHE U CCYEHHIO TPYOBI OHa ObLIA MOJHOCTBEO
- 3amoJiHeHa Bojoil. W3aMepeHne TemMmepaTypbl HpPOBOAHMIIOCE TEPMOMApOi
-B LLIECTH CEYEHHAX IO JIMHE CTEPXKHs, MPHYEM BO BCEX ONBITaX pa3HHLA
TEMIEpPATyp MO MIHHE (MeXOy XpaHHHM M CpeaHUM CCYEHHAMH) HE
npebbltzana 2°C. B pacueT mpHHMMANOCh Cpe/iHee 3HAYCHHE TeMIeparyp-
HOTO Tepenaja, T. €. PasHOCTH MEKOY CPeAHCH TeMIepaTypod CTEepXkKH,
NpH KOTOPOH NPOBOJWIMCL H3MEpPEHHSI, H TEeMNEpaTypoil, NpH KOTOpOH
3aKPENNIAIOCh ONOPHOE ceyeHHe. 3HA4YeHUS TEeMIEpaTYPHBIX Nepenagon
Ul BCEX OIBITOB NpHBeZeHO B croabue 2 1abm 13.1 m 13.2. JlaHHBIE
Tabn. 13.1 mpHUBeleHBI MO 3KCHEPHMEHTAM, OCYLUECTBISEMBIM [0 METOHY
Ha4aJapHBIX HECOBEPINCHCTB, MaHHbBIC Tabn. 13.2—no JauHAMHYECKOMY
MeToay.

Y 060ux ONOpHRIX CceYCHHH OBUIO YCTAHOBJICHO IO [Bd nnﬂnxaropa
YacOBOIC THIIA, NO KOTOPBIM ONpPEdeAIHCh OCEBhIE IIEPEMEINCHHSA OCH
IIAPHHPA OTHOCHTEIBHO OMOPbI, H OMOPHl OTHOCHTENLHO CHJIOBOrO IIOJIA,
K KOTOpPOMY OHY NpPHKpEIUIEH.

CyMMapHOE 3HA4YECHUE OCEBBIX MEPEMEUICHHH 0OOHMX KOHLIOB (C yYETOM
MX 3HAKa) OTHOCHTENBHO HAYAJBLHOIC TOJNOXEHHsA (OC BO3JcHCTBHA
TEMOEPATYpbl W BHEIIHEH [ONEPEYHOH HArpY3KH) MJIS BCEX OIBITOB
npnBe,ueHo B CTonﬁuc 3 o0eux Tabmum. '

, ' DKkCnepHMEHTH NPOBENEHEl HA OIBLITHO- 3KCHCpHMCHTaJIbHOH 6a3e BHHUUCTa
cobmectHo ¢ HMEX. JI. H. Ycc. :
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Taﬁnnua‘ 13.1

PCZ‘yJ’leﬂTbl OILITOBR MO onpeﬂe.rlennm KpllTll‘lﬁCKOl‘O ycuang IIO MeTOJ.’ly HAYAJIBHBIX
HECOREPIIIEHCTR .

HOMCp T=tl_10v U=HU— Uy, fﬂv _fl! ‘ P1 Plps

ONBITOB °C MM ‘ MM MM kH xkH
1 2 3 4 5 6 7
1 50 0,357 43,93 12,59 20,8 914
p 16 0,161 25,6 39 7,1 53,5
3 26 0,353 26,6 5,9 14 74,9
4 39 O 553 25,6 8,35 23,8 96,7
5 47 0,68 25,6 13,9 26,8 76,1

Ta6nuna 13.2

i

Peaynb'ram OnbiTOR MO oONpeae/TeHHIO KpﬂTH‘leCKO]’b YCHIHR [H0 OHHAMHYECKOMY -

MeToay
Homep T=t;—Iy, u=iz,—u0, Vo, v, P, F.,,
OMNBITOB °C MM I'no I'n kH - Kl’P[
1 2 3 4 5 6 7
1 11 0,197 6 5,74 91 107,1
2 23 0,495 6 5,5 17,3 108,1
-3 37 , O 74 6 53 29 126,1

- IIpn onpepcacHMM KPHTHYECKOTO YCHJIHS HAa OCHOBE HCIOTb30BAaHHA
KPHTEpHUs HAYJILHBEIX HECOBEPLICHCTB HavyalbHBIA H3rM6 crepkHA (mo
HarpeBaHMA), OCYIIECTBISAICA 3a CHET TIPHIOXKCHHA JOMONHUTENLHOR
nonepevHoil HArpy3ku B 10 ceveHusix Mo [THHe cTepkHA. MHTEHCUBHOCTH
TOTMEPeYHON HATPY3KH (C YYe€TOM HAJIHM4As BOABL' B TPyOE) COCTaBHNIA
B JkcniepuMeHTax 4,6 u 2,54 H/em. Kak u3BecTHO, petneHde i1 CTEPXHSA
IIPH  [IPOAOJIBHO-TIONEPEYHOM U3rHO0E —IIPH COYETAHHH OCEBOTO YCHITHA
M PaBHOMCPHO-PACIpENEIICHHON MONEpeYHOi HATPY3KH, TIPHBOIAT K PE3YJib-
tary, Ommkomy K (13.9). _

[Mporubel TOCpenMHE NpoONeTa H3MEPSINCh TNporuboMepaMu Mak-

CHMOBa. 3HAYEHHS HAYaJIbHOTO MPOTHOA OT MOMEPEeYHOM HArpYy3KH H [JO-

MOJIHUTE/ILHOTO TPH ‘BO3ACHCTBHH TEMIIEPATYPHI HpHBC,l]eHI:I COOTBETCT-
BeHHO B ctosbmax 4 wm 5 T1abn. 13.1. '

OnpeaencHue B HKCTIEPUMEHTE HEMOCPEACTBEHHO 0CEBOTO cnga}omero
YCHJIASL C IIOMOIILIO JUHAMOMETPOB CXAaTHA WM TEH30METPOB IUIs
CTEPXHS C HEMOABMXHBIMH KOHLIAMH MpH BO3ACHCTBHU TeMIEPATYpHl He
TIPEACTABJISETCA BO3MOXHBIM, . TAK KAK B MEPBOM CJIY4ae CYIIECTBEHHO
W3IMEHHNIach OBl pacdeTHast cxema, a. BO BTOPOM —H3-3a OTCYTCTBHS
nepemeiicHHd. B ¢BA3m ¢ 3TUM 3TO ycHIMe ONMPEHAENANTIOCh KOCBEHHO,
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pacchHblM oyTeM, C nomouu.}o H3BECTHBIX HEJIMHEHHBIX coomomeﬂnu
Mexay aepopmauumel | nepeMeLueHueM

‘ o . (dy) —oaT—L, (13.6)

dx  2\dx EF

Uuterpupys ypabuenue (13.6) mo mmmne, 3agaBasck (GOPMOIl BOJIHBI
u3ruba B BUAE CHHYCOMJBI, HAXOOHM CBA3b Mex,uy OCEBEIM  YCHJIHEM,;
TeMl’ledTyPOH M MepeMellcHUEM :

P=EF[aT—(nf}/41%)—(u.—uo)/1]. (13.7)

3mece OJIA Halllero Cay4yas mojg f; IOHMMAETCS IIOJHBIA 1mporud
crepxHs (f; =fo+f), Tak KaK 3aKpeIUIcHHE CTEPXKHA Ha OMopax (OrpaHmue-
HUE NepeMeleHUH) B ONBITaX OCYIIECTBAAIOCE OO0 MPHIOXKEHHS MONEPEYHOH
Harpy3kd. IloacuutanHbie B cooTseTcTBHM ¢ (13.7) 3HaYeHUA OCEBOTO
YCHIMs npuBedeHbl B cToudue -6 Tabm. 13.1.

Kak cnemyer u3 (13.5), xpurudeckas cuia

Po=P(+/[f) 139

IMogcuuranubie B cooTBeTCTBHH ¢ (13.8) 3HauYeHHs IKCIEPUMEHTAIbHOR
KPUTHYCCKOH CHITBI, MOJYYECHHBIC JUIS CTEPXKHSA C 1HAPHUPHO-HEMOABIKHBIMH
' KOHIAMH TIpH BO3IEHCTBAM TEMIEPATYPHl HA OCHOBE KpPHTEPHS Ha4aNBHBIX
HECOBEPILEHCTB, TIpHBEACHHI B cTonbme 7 ‘tabm. 13.1. '

Ha rpaduke puc. 13.1 B xoopmunatax [(L+/fo/f) "} P] touxamn
[NOKA3aHBl JKCIEPHMEHTANbHbIE 3HA4YeHUS IO JaHHBIM cTonduoB 4—6
1abin. 13.1. Kak crneayer u3 (13.8), HCIOJB30BAHME NPHHATOH CHCTEMBI
KOODAMHAT NO3BOJISET ONpeNeNsTh KPHTHHECKYIO CHJIY K4K TaHIeHC Yrjia
HAKJIOHA NpAMOMN, COSMUHSAIOUICH HAYANIO KOOPAMHAT M IMPUBEACHHYIO HA
rpaduke Touky, T. €. tg o= P,,. HoMepa ToYeK na rpaduke COOTBCTCTBy}OT ,
HoMepaM onwToB B Tabn. 13.1. ,

Hng onpeseeHUS KPUTHYECKOH CHJIbI HA OCHOBE JUHAMHYECKOrO
KpHTEpHs YCTOMYHMBOCTH H3MEpSAIach YacTOTd COOCTBEHHBIX KOJIEOaHUH
Vp CTICPXHHA ¢ IIapHUPHO-HCMIOIBHKHBIMH ONOPAMH IIPH - OTCYTCTBUH
HarpeBa H 4YacToTa CcoOOCTBEHHBIX KoOJcOGaHUH V NpH pasIM4HOH TeM-
nepatype. CTepkeHb—Tpyba, kak W paHee, OBUIM 3aMOJIHEHHLI BOAOH.
H3mepenns nposoauiuch -¢ moMolubio Budporpada Ieirepa. M3amepeHHbIe
3HAYEHUA YacTOT IpupedeHbl B croadbuax 4 u S5 Ttabn. 13.2 :

3Ha4eHUs OCEBOI0 YCHJIMA, MpPHBEACHHbIE B CTOJOLE O, MOINCYHTAHBI,

Kak B paHee, no ¢opmyne (13.7), B kotopoil nporud f;, BBUAY MaJIOCTH
aMILUIMTYOBl KOJIeOaHMH, NPHUHUMANCSH PABHBIM HYIK).
- CnefyeT OTMETHTh, YTO OCHOBHAA 44CTOT4 COOCTBEHHBIX Kone6dnun
Vo, OOpefelcHHas TCOPETHYECKH KaK [JIf CTEPXHS ¢ I[IAPHHUPHBIMH
OMOpaMH IUIs OAHHOro onbita, pabHa 5,81 'm u oTiuyaercs Bcero Ha
3% ot »skcnepuMenTanpbHOrO 3HaveHus (6 I'm). D10 mokaswBaeT, 4TO
KOHCTPYKTHBHO ONOPBLI JOCTATOYHO xopomo o0ecneyuBaJIn LWapHUPHOE
3aKPeTLICHHE KOHHOB. : :
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Puc. 13.1. DkcmepAMeHTANBbHbIE 3Hauwe- Puc. 13.2. DKCNepUMEHTANBHBIE 3HAYe-
HHUSl W3MEHCHHS TIPOrHGAa NMPH UIMEHEHHH  HUS W3MEHEHHS YaCTOTHI Konebannii npn
YCRITHA H3MEHEHUM YCHUITHH .

Kax crenyer us (13 6), KpUTHUCCKAS CHIIA onpenenaerca mo (bopMync

Pep=P/[1—(v/vo)?]. 39

[ToacynTanHbie B COOTBETCTBHH ¢ (13.9) 3HaYeHNs 3KCTIEpPHMEHTANBHOM
KPUTHYECKOH CHIIBI, TOJYYESHHEIE TJIst CTEPXHS C IMAPHUPHO-HENOABHXHLIMH -
KOHIIAMH TIpH BO3JEHCTBHH ' TEMIEPATYpPbl Ha OCHOBE JAMHAMMNYECKOTO
KPHTEPHUs YCTOHYMBOCTH, MpHBedeHbl B cronbue 7 Tabu. 13.2.

Ha rpapuke puc. 13.2 B koopammartax [l—(v/vo)% P] mnoxazausi
3KCNEePHMENTAJIbHBIE 3HAYCHHS O TAHHBIM CTOJIONOB 4—6 Tabm. 13.2. Kak
H paHee, KPUTHYECKYEO CHJIY Ha rpaduke ompexensieT TAaHTeHC yrijia HAKJIOHA
psAMOHR, COSTUHAIONIEH HAYano KOOpIOWHAT C TPHBCACHHOH Ha rpaduke
toukoi. Ha pue. 13.1 u 13.2 upuBeseHsl Takke MpsiMble JIMHHH TIOJ YTIAMH
O H &; COOTBETCTBYIOIIAMH KpPHATHYECKO# cune P, =4n>EI/[* (cnmomnas
ynms) U P,=n?El/]* (nyuxTHpHAA JHHHSA). AHATIH3 IKCIEPHMEHTAJIBHBIX
JAHHLIX IOKa3LIBAET, YTO JUIA . CTEPXKHA C [UAPHUPHO-HEMNOABHXHEIMH
ONOpaMH TP  €ro PABHOMEpPHOM MO [JHHE HAIpEeBe KpPUTHHYECKH#
TeMIepaTypHEIH Tiepenaj CYIIECTBEHHO, MpHMEpHO B 4 pasa, Ooublie
KPUTHYCCKOTO TEMMEpATYPHOTO Nepenaa, ONMpeeieHHoro mo gopmye (13.3)
(TyHKTHpHAs JIMHHS), MCXOAS M3 HOJHOH SKBHBAJCHTHOCTH Bo3ueiicTBUs
TEMIIEPAaTYPHl M COOTBETCTBYIOLUEH BHEIIIHEN CUMEBL. 3 NpHBeIeHHBIX JTaHHBIX
CJIEyeT, YTO KPUTHYECKUH TEMIIEpaTYpPHBIH nepenal [T CTEpKHSA C HIApHHApP-
HO-HEMOJABWKHLIMA KOHIIAMH COOTBETCTBYET PELUIEHHUIO AJIS1 CKATOTQ BHELITHEH
CIWIOH CTepKHA € 3AlUCMJICHHBIMH KOHHAMH (CIUIOILHAS JIHHHA). ,

Bonemoit pa36bpoc 3IKCHepUMEHTANBHBIX TOHYEK, TMOJYYEHHBIX MpH
HCITONB30BAHHM METOJa HAYAJILHBIX HECOBEPILIEHCTB, OOBACHAETCS, IIO-
BUIMMOMY, HRJIMIHEM™ pa HEYYTCHHBIX MpH 06paboTKe 3KCIIepEUMEHTA
Ha4YabHBIX HECOBEPLIECHCTB: PAa3HOCTH YPOBHe#d 06eHux Omop, COCTaABHUBIINX
10 MM, oTnHyueM (QaKTHYECKOH Ha4alkHOM W KOHeyHOH (opm wm3ruba
OT PacYeTHOM, WCMOJIL30BAHUEM IIPH BhIBoAe 3aBucuMocTH (13.7) mporuba
OT Macchl CTEPXHS M [p. |
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JunaMuyeckuii MeTOJ MeHee WYBCTBHTEIEH K HayaJbHbLIM HECOBED-
IIEHCTBAM M J@aer 6oJsiee cTaGHIBHLIE PE3yJbTATbl BO BCEX OILITAX.

SKCHePUMEHTAILHbLIE HCCIEOBAHUSA [OKA3aJdd, 4TO [pU ONpEeAEIEHUH
KPHTHYECKOrO TEMIEPATYPHOTrO Mepelajd PacieTHBIM MyTeM Heo0X0quMo
YTOUHMTb ¥ [JOMOJIHUTL YPDABHEHHE PABHOBECHS  CTEPXKHA C TEM, 4YTOOLI
oTpaxanach OCOOEHHOCTb TEMIIEPATYPHOIO BO3JEHCTBUA CTEPXKHA ¢ IUap-
HUPHO-HENOABIKHEIME - KOHLAMU.

AHaTH3 ynpyroi u ynpyronﬂacmqemon paﬁorbl
HA/(3eMHBIX [EPEXO/I0B

B pabore U.II IletpoBa u B. B. CnupujoHoa o0TMe4anoch, 4To
[peaebHOE COCTOSHME, T. €. HECYIas CIOCOOHOCTL HAI3EMHOI0 HATIOPHOIO
TpyOonpoBoaa, ONpeNenAeTcs YCJIOBHEM PpaBEeHCTBA MaKCHMAJILHBIX MpO-
-~ MONBbHBIX HAMPSKECHUIA Tpeaeny TeKy4ecTH MeTalla. JKCHEPUMEHTaJbHBIC
uccaenosanus, mupoBeaeHHsle Bo BHUMUCTe, nokasamu, 410 M Hocae
NpeBLIlIEHUs [UPONOJbHBIX HANPsDKeHHH mOpelena TEeKyuecTH Hecyllas
. CHOCOOHOCTL HAM3eMHOrO TpyOOmpoOBOJA HE HCYEPUBIBAETCs, T. €. MOXHO
JOMYCTUTL B IPONECCE JKCIUIYaTANME TPyGONpPOBOAA YIPYrOMIACTHYECKHE
JedopManuyd MeTalna.

AHanu3 ynpyroit W ynpyromiacTHyeckoii pa®oTel HaJ3eMHBIX Mepe-
XOIOB MNPOBOJHUJICA HA OCHOBE 3KCIEPHMEHTAJIBHBIX HCCICAOBaHMM, OT-
paxarollUX YCIOBUA paboThl HAIOPHOrO TPYOOUpOBOJA. DKCHEPHMEHTAID-
HbIE MWCCIEAOBAHHA TIPOBOAMIIMCHL Ha Mogensx OaslouHBIX OEPEXOnoB
¢ 3allIeMJIEHHBIMY KOHIIAMH NpoJieToM 760 ¢cM U3 cTalbHBIX TPYO pasMepoM
76 x 2 MM, XapakTepHU3yeMBIX MpeleloM TeKyuyecTH, paBHeIM 347 -MIla,
BpeMeHHbIM conpoTupiicHneM 503 MITa ® OTHOCHUTENBHBIM YIJTHHEHHEM
MeTanna Tpy®O mpu paspeise 21%. '

‘ Moaenn 6al04HBIX NMEPEXOJOB UCIBLITHIBAINCE HA neficTBuE [OTIEPSHHOH
HATPY3KM ¥ BHYTPEHHETO JIaBJICHHA. 3ameMacHHe KOHLOB MoZeek
TpyOonpoBoaa MCKIIOYANO Nepejayy YCHIMA OT HABJCHHA Ha 3allyLUKy
Ha pacyeTHRI mponer Tpybonposoaa. Ilepemewenus Ttpybonposona
B OINOPHOM CEYEHHMH KOHTPOJHPOBAJHUCh HHAMKATOpPAMM YacOBOTO THIIA.
IlonepeyHas HArpy3ka NPUKIAALIBANACE ¢ MOMOLILIO OJMHOYHBIX IDY30B,
PABHOMEpPHO pacupeJe/IeHHBIX MO NpoJieTy. 3akpeluieHHe TpyOolpoBoja
Ha oIopax NpOTHB NMPOJOJLHbIX NEPEMEILEHUH NPOBOAMIIOCH B HEKOTOPBIX
IKCTIEPHUMEHTAX [0 NPHIOKEHHA IONepEeYHOH HATPY3KH, a B HEKOTOPBIX
10OC/Ie, YTO HAIIO OTpaXeHHe MpH pacyeTax. 3aTeM ¢ MOMOIULK PYYHOro
THAPABIHYECKOTO Hacoca 4epe3 pecuBep B TpyOompoBOAE - cO3AABAIOCH
BHyTpeHHee namienue Ao 10 MIIa stamamu no 2,5 MIla u ganee no
1 MIMa. Hdasnenne QUKCHpOBAIOCH OGPa3LOBBIM MaHOMETPOM. |

IIporubul TpyGompoBOoAa oONpeAeNaluch B BOCBMH TOYKAX MO JUIMHE
NpoJieTa MPEIU3NOHHBIM HUBeHpOoM. JedopManun u3MepsaIuch JaTYHKAMH
Ha OymMaxHOit U MIcHOYHOM oOcHOBax ¢ Da3off 5 w 10 MM ¢ TOMOILIBIO -
aBTOMATHYECKOTO M3MepuTens nepopmanuun AU-1. [ns onpeleieHus
ponppx aedpopMauMid B CeTb AKTUBHBIX M KOMIEHCAUUOHHBIX JAaTYMKOB
BBOAHJIOCH, [0 MeEpe HaJoOHOCTH, JONOJHHUTENLHOE CONPOTHBICHHE,

240



xo*ropoe TapupoBaiock Takxke Ha AHM-1. JlaT4MKn HakIeHBAIHCh Y 00enx
onop, B TpeX ceucHHsx HA paccrosHAM 35, 95 m 145 MM OT oOmOpE!
U [ocepe/MHE mpolera. B Kaxaom ceYeHHM HaKJIeHBATOCh MO BOCEMb
JATYAKOB B MPOAOABHOM HAINpPaBIEHHH K MEPNCHIHKYISPHO K HHM (o
okpyxHocTn). JIaTYHKH, pACTIONOXEHHBIE MO HEKHeH M BepxHed o00- .
pa3yloluM, AyOIHpOBAIHCE. -

B aByx J3KclepvMeHTax 3arpyxeHue npomnommom; IO pa3pylleHns -
- TpyGompoBoma. Pa3peis TpyGbl NpoMCXOAMN IO  HIXKHed ofpasyromei
.BHE TIPONETa MeXAy ABYMs OMNOPaMH, 3AKPEILISOIIHMH OJWH H3 KOHIOB
pr60rlpono,ua npH JABJICHHUSX p=272 MHa (g=4,72 H/cm)

u p=27,4 MIla (¢=3 H/cm). '

Jns aHanM3a IKCIEpUMEHTabHBIX JaHHBIX TONYYHM TEOPETHYECCKOE
pellieHne s HaJA3eMHOTO NPAMOJHMHEHHOro GecKOMIIEHCATOPHOro mepe-
Xofla TpyGompoBoia ¢ 3allEMIECHHBIMH KOHIAMH, MPH BO3OCHCTBHH Ha
HEro PaBHOMEPHO DacCUpeAeNCHHON HATPY3KH TEMIEpaTypHOro mepenana
¥ BHyTpeHHero maBnenus. Ilepexol paccMaTpHBaeTcs Kak Oamka TpyoO-
YaTOro CeYeHHs, MPH ITOM [PHHAMAOTCA OOBIYHBIC AOIYILCHAS TEOPHH
6aJoK: TPOruOBI CYHTAIOTCA MAIbIMK II0 CPaBHEHHIO C IPOJIETOM, HE
YYHMTEHIBAIOTCS KACATC/MBHBIC H PAMATLHLIE HANPSKCHUS H aehpopMHpPOBaHHE
KOHTYpa IONEPEYHOro CeYeHHS TpYORI.

VuuThIBas, YTO MOIENb TPYyOONpPOBOJA BHIMOJHEHA W3 [LUIACTHYHOH
CTaJIH (GT/G,—O,69, 05=21 /a), a nedopMalHn TPH HATPYXeHHH He
~ mpesbiamn 0,7%, YCTOBHO NPUHHAMAeM 3aBHCHMOCTb HANPSXKEHUHE OT
negopMaimii B BHAC auarpaMmsel IIpanmrs. R

Tak Kak NEepBbe IIAPHMPHE TIACTHYHOCTH 00pa3yroTcd B OIOPHBIX
CeYeHHSX, TO I8 OOGLIHOCTH peilleHHs paccMaTpHBaeTcs Oanka c . map-
HHPHO-HETIOABHXHBIMH OIIOPAMH ¢ (DHKTMBHBIM MOMEHTOM M, Ha o6omx
koHmax. Chenys KOHUEMIAM (TMIOTE3e) TIACTHYECKOTo IIapHHpa, Oynem
CYMTATh, YTO BEJMYMHA M, BIUIOTH [0 0Opa3oBaHHA MOMHOrO TIACTHYEC-
'KOTO IIAPHMPA, OMPENeNAeTCA H3 YCJIOBHS, HTO YION MOBOPOTA HA OMOpe
paBeH HYWO, T.e. (GUKTHBHBII MOMEHT PaBeH MOMEHTY B 3allleMIICHHOH
oanke (Mo— M,..). Ilpu naneHeiiieM pocTe HArPY3KH MOMEHT B OTMOPHOM
CeHeHMH M, He M3MeHseTcs M papeH ImacTHdeckomy (Mo=M, )

VpaBHeHHe NPOIOJBHO-ONEpEYHOro H3ruba Oajiku HUMeeT BHA

4 dz ’ .
Eld——+S =q. . (13.10)

TMpunnMas El=const, S const, Lmq)q)epeﬂnupyﬂ (13.10) Jma)xnm m x,
ooJTydaeM
dSv  _d* :

Eldx6+S =0. (13.11)

B 1aBUCHMOCTH OT TPaHHYHBIX yCJIOBHﬁ HCIONB3yeTcsA MO0 ypaBHEHHE
(13.10) wam (13.11).

VyureiBag, YTO MO KOHIAM OalKu npunoxenm H3ATHOAKIIHE MOMEHTHI,

a OpofONbHLIE YCHIHs, OOYCNOBIEHHbIE AePopManuaMH OT MOBBILUCHHA
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- TEMINEPATYPLl H BHYTPCHHEIO [ABJICHHMA, HMMEIOT DPEAKTMBHBIA XapakTep,
TPAHHUYHBIC YCJIIOBHA -3AMHCHLIBAIOTCA B BHE: ‘
npn x=0,L

v=0; a‘zv/dx-——Mo/EI d’v/dx? —+ql/2E1 C (13.12).

Pemenue ypaBuenus (13.10) npu NePBEIX JBYX rpaﬂnlmmx ycnommx
IUIS HAYaJIbHOH H KOHEYHOHW TOouek :

24 o H g 2
,_,c" [(tgnm31nnm§+cosnm§ 1)( —— gznm nm)_i_?__a].

\ { 2
Cnlim wm* My, n°m tgnm

(13.13)

" Pewenne ypasrenus (13.11) npn HCROJIB30BAHUM BCEX TPEX IPaAaHHYHBIX
YCIOBHMH JJIS HaAvalbHOH M KOHEYHOH TOYEK

. {Comm(l_&)ﬂzmz[l— Mo (1'—"”"“)]&(&*.2)—1}, (13.14)
nem> g nm cos m 2 M,., ~mm -
rae v=v/i—nporud, OTHECEHHBIH K pajlHycy HHEpPLMH ceveHus; ,=f,/i—
OTHOLLUCHUE CTPENIKH .Iporumba 3alleMJICHHO# Galnku oOT paBHOMEPHO-
PAaCIPEICICHHON HATPY3KH K panuycy uxepuu ( f,=¢L*/384El);, E=2x/l— -
Ge3pasmepHas TeKylnas KoopmuHaTa; m’=S/N,,— OTHOUIEHHE OCEBOrO
CKHMAIOLIErO YCHUNIHS K KPHTHYECKOH CHJIE 3allEMIICHHOTO CTEpXKHS
(N=4n>EIl/L* Mq=M;/(c, Wy,)— OTHOIIEHHE BHENIHEro ((HKTHBHOIO)
MOMCHTA, MPHJIOKECHHOIO X KOHIIaM PAaCCMATPUBAECMOMH OAJIKH, K ILUIACTHYEC-
KOMYy MOMEHTY NpH u3rube (o,—Ipenen TEKyd4ecTH MeTalia Tpyeé;
W x — macTuveckui MOMEHT CONPOTUBJICHHUA npu u3rube);
Mo My, /(07 W,y,) — OTHOIICHHC MOMEHTAa HA OMOpe Galky T 3aIleMIICH-

HBIMH KOHIAMH K IUIACTHYECKOMY MOMEHTY IpH H3rube.

Ormerum, uTO OTHOIIEHHE Mo/M,,, XapakTepu3yeT BHA OIOp IO
KoHUam banku: Mo/M,,,=1—HEmoABHKHbBIC OMOPEI, My/ M, =0—mmap-
HUpHBIe onopwul;, 0<My/M,,,<1—ynpyrue Omnopel.

U3 (13.13) u (13.14) monyuyaem COOTBETCTBYFOLLHE IPOrHOLI TIOCEpe IHHE
nponera (£=1)

4L, 1 {1 M, tgnm—nm [
Chnlml[(cosﬂm' l)(nzmz Mynpﬂzmzlgﬂm) 2], (1315)

. > s _
(= e {1 - [1— M, 1 ‘g“’")]}.  (13.16)
n°m’tgnm {cosnm 2 My, nm

I'paduyeckoe  u3obpaxenme 3aBcuMocredt. (13.15) u (13.16) nis
HayaJpHOH CTpenku mnporuba or nonepeyHod Harpysku (,=0,5 npu
Pa3NMYHBIX OTHOIICHHAX My/M,,, (COOTBETCTBEHHO CIIOIIHBIMH H TIYH-
KTHPHEIMH JIHHHSIMH) NpUBeAeHO Ha puc. 13.3. Ilpu M, /Mynp-—l peleHus
(13.15) u (13.16) coBmajaioT, T. €. AN 3AILEMJIEHHOTO CTEPXKHA H3BECTHOE

 PCIUCHHC M TOJIYYEHHOE HAMH PpEIUCHHE W3 NpeanojoXeHui o6 ydere
PEAKTHBHOTO XapaKTepa NpPOA0JbBHOrO YCHJIHA cosmagarT. OTMeTHM, uTo
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Puc. 13.3. 3aBUCHMOCTE IOMOTHUTETBHO-
re mporuda OT MNPOACTRHOTO YCHITHS
IpH pa3MYHBIX COOTHOLICHHAX MOMEH-
Ta Ha oMnope .

g
aF 5 285 35 4 ¢

npu m?=1 nporud [ cTpeMHUTCI X OECKOHEYHOCTH, T. €. KPHTHYECKOE
‘mpofoNibHOE ycuime S,,=m>N,=4n?EI/L* m COOTBETCTBYET KpHTHHuEC-
KOMY TMpOJAONLHOMY 'YCHIHIO JUISl 3aIIEMIICHHOTO CTCPXKHAL.

Mpu Mo/ M,,<1 oba pemenns pacxoaarca. OOBACHAETCS 3TO
pa3HLIMH KpUTHYESCKHMH ycuiusaMH. Kak crieayer W3 peleHus (13 15),
HEIABHCAMO OT JKECTKOCTH YMPYrux cesaeit (0< Mo/ M, < 1) npu m*=0,25
{00, T. €. KPHTHIECKOE MPOJONLHOE YCHIHE PABHO Sy, =m>N,,=n>El/ L2
A COOTBCTCTBYET KPHUTHYECKOMY IPOJOJBHOMY YCHIHMIO [ . CTEPXKHA
C [IAPHHAPHBIMH KOHIIaMH Kak ciaegyer w3  pewenns (13.16), L—oco
Toabko npu m?=1, npu m?=0,25 peauunna { AMeeT KOHEYHOC 3IHAYECHHE
HE3aBHCHMO . OT OTHOHIEHHS MO/M,,np - ,

OT1croaa CIeayeT, 4TO €CT yYHTBIBATh PEAKTHBHBIA XapakTep npononb-
HOTO YCHIIHS, oGycnoaneHHoro BO3JEHCTBBEM, TO KPUTHYECKOE TPOAOILHOE
YCHIME [T CTEPXKHSK C ynpyrHMH YIJIOBBEIMHU CBA3AMH JIFOOOH XKECTKOCTH,
B TOM 9YHCIIC W TIpH TIAPHAPHOM H XECTKOM 3aKpeIUICHHd KOHIICB,
OMHAKOBO M PAaBHO KPHTHYECKOMY YCHJIMIO CTEPXHA C 3aLICMIICHHBIMHU
KOHIAMH, K KOTOPOMY NPHJIOKEHBI BHEIIHHE CXKUMAIOUIAE CHIBI, T. €.
Sy =4m*EI/ L2, : :

OnopHBIii MOMEHT JUTA 3allleMIICHHOR 6allki onpemeuM Hu3 yCIOBHS,
4yTO [0 00pa30BaHHs NIACTHYECKOTO ILAPHHpA Yroj NOBOpOTa Ha OMoOpe
_ paBeH HyNIO, T. €. dv/dx=0 npu x=0, L. 3 ypapnenus (13.14) naxomum

)
i 6\/5 — tg mm—nm
YW g PR 2 2 tgam

(13.17)

rae | .
N=4n’El/c FL®. . (13.18)

Takum 06pa3oM, ecIH HCXOAWTh H3 KOHNENIMH I[UIACTHYECKOTO
IIAPHHPA, TO ONOPHEIH MOMEHT MPH BO3pPACTAHMH HATPY3KH U BO3IEHCTBHIL,
' BIIOTH 10 00pa30BaHMs IMIacTHYeckoro mapuupa (Mo<M,,), onpenens-
eTcs yeoBHeM Mo=M,,,; TpH JadbHEHIIEM BO3PacTaHHH HATPY3KH
OMOPHBIA - MOMEHT OCTAaeTCS TOCTOSHHEIM H PaBHBEIM ILTACTHYECKOMY
MOMEHTY, COOTBETCTBYIOLIEMY o6paaoBaHmo [TaCTHYECKOrO  [APHUPA
B PACCMATPHBACMOM CHCHHM. -
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B ypasuenusx (13.10) u (13.11) BeauynHa S sABIACTCA CKHMArOLLEH
CHJIONl B CeYeHHMH TpPYOOMpOBOAd, BO3HHKAIOWICH OT BO3JCHCTBHA TEM-
HepaTypbl M BHYTPEHHErO JaBieHHA. B oTimymMe OT yCHaHMs B CTeHKax
TpyOE1 Oymem ee Ha3bBATh I3KBHUBAJEHTHBIM CXUMAIOUIEM 'YCHIIHEM.
DKBHBAJICHTHOE CXMMalOlllee YCHIIMEe B CEYEHMH HamopHoro TpyOonposona

. _ S=pF.,—N, - (13.19)

rae  pF.,—upousBeicHUE BHYTPEHHEIO IABJCHHA M IUIOLAA¥ TpyO6BI .
B CBETY; N —ycuimue B CTEHKaX TPYObl OT BCEX HArpy3oK H BO3JCHCTBH.

IlpogonbHOe ycuiHe ONpPeAcIAeTC M3 YCJAOBHS IPOAOJIBHOIO 3aKpel-
JeHdss TpyOompoBoga Ha OMOOpax M sl pacCMaTpHBaeMoro cCly4as
OIpeeseTCS U3 ' YCIOBHS HEMOABIXKHOCTH ' ONOP

‘L/2 IL{Z . Lj2

| du N O , 1 dv\? _
0 0 o .

rae o—Xxo3p¢uIEeHT JTHHEHHOrO PACIIMPEHHs MaTepHand, Af—noJo-
KHTEILHBIM TeMIepaTypHbIi rnepenal; p— koapduuuent Ilyaccona; o, —
KOJIbLEBLIE HANPAKEHHS OT BHYTPEHHEro [IaBJICHHsA; v—nporu® Oaixd
‘OT HArpy3oKk M BO3JCHCTBHil; EF—3KeCTKOCTH TPYOBI NpH pPACTAXKCHHH.

Jna ynpollgHHsl pEIUCHAS MO ONpeJeNCHHIO IIPOJCNBHOIO YCHIIHSA
‘annpoxcuMpreM ypaBHeHHe  ympyroit = jnHHuM  Oankd  QyHKnHei
i={sin?rx/L, B KoTopoii cTpeika mnpormba ompeigenserca no (13.16).
Torma mn3 ycmoeus (13.20) nosyyaem credyolliee ypaBHCHHE:

¢ : ia
mi+=mk,, - (13.21)
16 : :
rae _
2=8/Nyp; Min=(2AIEF+0,26,F)/ Ny, (13.22)

Vpapnerue (13.21) HenuHEHHO -OTHOCHTENbHO Mm%, Tak Kak CTpeJiKa
npornba {, kak ciaeayeT u3 (13.16), Takxke 3aBHCUT OT 3SKBHBAJEHTHOIO
OPOJOJIBHOLO YCHIIUA.

HpoaoapHoOe YCHIIHE, KaK cne,uyer u3 (13 19), npunamas pF.,x0,50,,F,
onpegenAloT mo gopmyne

N=0,50,F—m?N,,, o (13.23)

rae m?—onpeaenserca M3 peuleHns ypasHenus (13.21).

Ecnu He yydThIBaTh JeQOpMAalMIO CHCTEMBI, T. €. MPeHEOpPEYb BTOPBIM
cnaraeMbiM B J€Boi  yacTH ypasHenus (13.21), TO 3IKBHBaJCHTHOE
CKUMAOIIEe YCHJIHME H TPOAOJIbHOE PpACTATMBAIOLICE YCHIHE B CTEHKaX
TPYOLl TP MOBLILICHUE TEMIIEPATYPHL BHyTpCHHeFO IaBJIEHAs ONpEeAes-
I0TcA no ¢opMynam:

§=(0,20+0ALE)F; . (13.24)

N=(0,30,,—0AIE}F. o (1329)
1250 ' |



Tenepp HEOGXOAUMO HANTH COOTHOLICHHE MEXAY CHJIOBBIMU ¢ak-
TOpaMK — H3rubaroIUM MOMEHTOM H TNPONONBHBIM OCEBBHIM YCHIHEM,
COOTBETCTBYIOINMMH 00pPa30BAHHIO TEIacTHUecKoro mrapaupa. Kak ykaswl-
BAJIOCL paHee, B KAYECTBE ' pacyeTHOH CXeMBbl HaI3eMHOro Mmepexona
Tpybonposoia npuHHManack Oanka TpyG4aTtoro cedyenms. O@Hako UpH
9TOM HeoOXOAMMO YYHTHIBATH HANMYHE KOJBUEBBIX HANPMKEHHH OT
BHYTPEHHETO JaBjleHHsA. PacyeT Takoif 6anku Ipu ABYXOCHOM HANPAKECHHOM
COCTOSTHHH MOXHO CBECTH K pacyery oObiyHOll Oanku (npu OJHOOCHOM
HaNPsKEHHOM COCTOSHKM), MaTepHall KOTOpo# MMeEeT pasHbie Npeaciibl
'TEKY4eCTH IpH CXKATHH H pPACTKEHHH.

' [pemensi TekyvecTd B PACTAHYTOH Oy, M CXaTOd O, . 30HAX CeHeHUA
MOXHO CBA3aThb ¢ MPEACIOM TEKYYeCTH IMpPH. OJHOOCHOM PacTsXeHHH
' O; 33aBHCHMOCTBIO! '

Or.p =03} Or.=V0,, . (13.26)

roe  mapamverp \, sBonommitics  QyHKUMEH BHYTPEHHErO JIaBIICHHS
(puc. 13.4), omnpenensercs W3 NPUHATOTO YCHOBHA IMacTHYHOCTH CeH-
Benana (corommas muuus) wiw  Museca-I'yGepa-I'enkn  (nmymxTHpHAs
KpHBas). -
U=1-5,, wm y=,/1-0,7562%—0,56,,, - (13.27)

' TAe Gyq=Ow/O;—0€3pa3MepHOE 3HAYCHAE KONBUEBLIX HANPSKCHUH.

3meck NPH HCHONBL30BaHMH ychoBus Museca-I'yGepa-I'enku mpene6-
peraecM TpeBbILICHHEM Mpenena TeKyYeCTH B pacTAHYTOH 30HE CeUCHMA
N0 CPaBHEHHIO C O,. ' : :

Ha puc. 13.5 uzoOpaxxeHa BO3MOKHas JII0pa pacnupeeneHus Npoaoib-
HbLIX HalpPskeHU, COOTBETCTBYIOIIAS OGPa3OBAHHIO (IACTHIECKOFO IIap-
HUpa. YION Y, OTCUMTHIBaeMBIf OT Kpaiiheidi QuOppl pacTAHYTOH 30HHI,
XapakTepH3yeT TNOJOKEHHe - HeHTpanbHOro crnos cedenua. M3 ycnoBus
paBeHCTBA BHEIUHWX W BHYTPEHHMX CHII 3alHCHIBaeM, 4TO

¥ n/2 )
N=2c,r8 (do+2¥c,r8 | dop; (13.28)
4] ¥ . .
o \\ .
g8f ‘\\
. N
g6 <
ge 11 N\
\b
/¥ \\i

=32 0% 46 48 I
Oxy=8yy /6y
Puc. 13.4. 3aBucumocTs mapamer-  Puc. 13.5. DOmropa HampskeHHid,

pa { OT OTHOCHTENBHBIX KOJNb-  COOTBETCTBYOIAs TIACTHYECKO-
LUEBBIX HANPAKCHHHA : My IIApHHPY Co
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Puc. 13.6. 3amsncumocts wu3irubarolero MOMEHTA OT POJ0/ILHOIO  YCHITHA _ K3

yeIoBus o6pa303anuﬂ TNNIACTHYECKOI'C TUAPHHPA H TEKYYeCTH B Kpaineil ¢mbpe
n/2

M=2ac,r 26[coscpa’(p+2\|10' r?d f cos<pd(p, ' (13.29)

Y

rae r—CpelHui paauyc TpyObl; 8 — TOJILMHA CTEHKH TPYyOBl.

VaTerpupys M nepexofis K O0e3pasMepHbIM IapaMETpaM, II0J1y4aeMm
3HAYCHUA UCKOMOIO YIJIA Y M U3rHOArOLIEro MOMEHTA, COOTBETCTBYHOLIErO
TJIACTHYECKOMY LuapHpr:

N+\11 o T+y
Y= 1+¢ T My,= siny. - - (13.30)

B q)opMyJIe (13.30) MCII0/1630BAHb creayroue despasmepHbie HddeCT-
pei: N=N/o. F, My,,=M_,/6,Wa,, We,=aW, 118 TOHKOCTEHHBIX TpyO
a=4/m=1,27. 3anuueM Takxe yCJIOBUE JOCTHDKEHUS TEKy4eCTM B KpaiiHei
¢nbpe COOTBETCTBEHHO PpACcTAHYTOW M CXKATOH 30H CeueHUs

IMI |M| N

o
W F GT’ W F "" T’ (13 3 )
HIH B Oe3pasMEpHBIX MapaMerpax .
a|M|+N=1, a|M|—N=1. O (13.32)

I'paguueckoe usobpaxenne coorsomwenuit (13.30) u (13.32) npubene-
HO Ha pHC. 13.6. CHiaomHbie TpAMbIE JHMHMM COOTBETCTBYIOT HOSMBJIEC-
HHMIO TEKYYeCTHM B CXATOH 30He, MYHKTUPHBLIC MpPAMbIE—B pACTAHY-
Tod. JIroGads TOYKka KPHUBOH . COOTBCTCTBYET NpPEIEIbHOMY  COCTOS-
HUFO ceueHMd TpyObl (WIAPHHPY IUIACTHYHOCTH), T. €. onpenenseT
AN 3TOr0 COCTOSHMSL COOTHOIUEHME MEXAY - M3THOAIOIEM MOMEHTOM
M unpononbHbiM ycunuem N (MOIOKUTENbHBIM TIPH PACTAXEHHH) M Ma-
pamMeTpoM BHyTpeHHero mapneHus . Jlna Touek BHYTPM KpHBOii pac-
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Puc. 13.7. 3aBucuMocTh mporuda nocpeauHe MpojieTa OT BRYTPEHHETO AABJICHUS
OpH pa3gMyHOM NoNepeYHoll Harpyikc: ‘ .
1 —¢ubpoBag TeKyyecTb B CXaTOil 30HE; 2 —duGpoBad TeKydecTh B DPACTAHYTOHR 30He;.
3--o0pa3zopaHMe NOJNHOIO MIACTHYECKOTO [HAPHHPA '

MpeeNicHue HaNpsDKeHHA B ceuenun Oyaer mbGo ynpyruMm, ubo ympyro-
JaCTHYECKHM B 3aBHCHMOCTH OT TOTO, JIEXAT JH OHH HHXC WITH BBILUE
MPAMBIX, XapaKTEPH3YIOIHX NOABNEHHE TEKYYeCTM B KpalHHX BOJOKHaX
- CEYCHHS.

[lepeitneM Temeph K aHanu3ly OKCIEPHMEHTANBHBIX JAanubix. Ha
puc. 13.7 mpuBeacHH! 3HaYeHHd NPOrubOB MOCEPEIUHE TPONETA MOUCTH
MOA3EMHOTO Tepexojla TpyGonpoBoda MpH pa3IMYHOM BHYTPEHHEM [AaB-
JIeHUH TpoaykTa. Jnd KaXAOoro M3 SKCIEPHMCHTOB MOMEpeYHas Harpyska:
q coctammana: 3; 3,67, 42; 472 u 537 H/cM. 3nmech ke TpHBEJEHBI
IUTA COOTBETCTBYIOLIMX MOMEPEYHBIX HATPY3OK PacYETHBIE KPHBHIC, TIOJY4EH-
mele mo dopmynam (13.15) n (13.16). CngomHble JTHHHA COOTBETCTBYIOT
«1epOpPMANMOHHOMY» pacyeTy, T. €. C YYETOM BIIHSIHHs MEPEMEILEHHI Ha
npoposibHOe ycunue mo ! (13.21), NYHKTHPHBIE — «HEASHOPMAITHOHHOMY»,
T. €. NPH MOCTOAHHOM TMpPONOJBHOM YCHIMH, ompesenseMoM mo (13.24).
«dedpopMauMOHHBIA» pacueT ObLUT BBIMOJIHEH Ha ODBM ‘mo creayromemMy
anroput™My. Micxoas W3 3HaUYCHMH TMOMNEPEYHONW HATPY3KM H BHYTPEHHETO
JABNEHUA, ONPERETLUCE (,, mﬁ,,, u . Jdanee, npunumana B (13.15) umn
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(13.16) My/M,,=1, T. e. mpeauonaras, 4TO HE NMPOH30LLIO. 0Opa30BaHHE
TIUIACTHYECKOTO IIapHHpa, U3 ypaBHedua (13.21) ¢ mcnone3osaHuem (13. 22)
METOJIOM TOC/CIOBATENBHEIX NPUOIMXKEHNH ONpelensIca napaMetp m?
sateM N (13.23), M., (13.30) u M,,, (13.17). Ecau ycnosue M,,J,/Myrlp
BBINOJHAIOCh, TO IIOJYYCHHAs BEIMYHHA m? sapnsnack uckoMoif. Eciu
M ,<M,,,, TO BCe PEIUCHHS BHIIOJHANHCL B COOTBCTCTBHH C HNeHCT-
BHTCJIBHBIM  HX oOTHomecHHeM. KpoMe Toro, u3 ycmosuit (13.23)
u My,,/M,=]1 onpenensuHch [IABICHHA, COOTBETCTBYIOILHE HAYAIy
TEKY4eCTH B PAcTAHYTOH H CXaToll 30HaX H 00pa3oBaHHIO ITOJHOTO
ILTACTUYECKOTO WIADHUPA B OMOPDHOM CEYEHHH. :

Pe3ynbTaTel 3KCOEPHMEHTA MOKA3BIBAIOT, YTO, HAYHMHAA C MOMCHTA
MOSIBJICHAA I1aCTUYeCKHX JAepopMaldii B KpaHHeM BOJIOKHE CEYEHHA
BIUIOTH J10 0Opa3oBaHHA MOJHOTO IUIACTHYECKOrO IIApHHpa HA OMOpAaXx,
TpOAOJBHBIC H KOJBICBBIC AepOpMalliH, a TakkKe INONEPEYHbIE IepeMerle-
HUA (nporubbl) NpoXOJDKAIOT OBITH OJHOIC NOPANKA C YNpYrUMH (He
HaOmrofaeTcs 3Ha4YMTENbHOrO HapacraHus). Ilocne obpa3oBaHus IOJIHOrO
IUTACTHYECKOTO INAPHUPA ' HA ONOpPax Takke HE IPOHCXOOMT PE3KOro
yBequueHuss nporudoB. JedbopMaiuy IOIEpPeYHOIO CEYEHHS TPYOBl mocite
00pa3oBaHMs TUIACTHYECKOrO IUIAPHHMpA HE3HAYHTENIBHBI, M3MEHEHHE IIOIIe-
peuHoro pasmepa coctaBiasger 0,4—0,7%.

Takum 006pa3oM, HOJIYYECHHOE peEUICHWE JJAs1 YIOPYIoH o ynpyro-
TUTACTHYECKCH paloThl MeTamna Tpyl AOCTATOMHO XOPOINO COrjacyercs
C pe3yJbTaTaMH JKCHEPHMEHTOB, YTO IOKAa3bIBACT NPHEMICMOCTh IIPHHSA-
THIX [JONYLUEHWH H rumore3. Pe3yapraTel NpPOBEACHHBIX HCCHENOBAaHHH
OTPaXcHBl B HOPMAX MPOEKTHPOBAaHUA MAaruCTpajbHBIX TPyOONpPOBOIOB
(CHuII 2.05.06—85) H ncnonb3yloTci B NPAKTUKE NPOEKTHPOBAHHA.

B CHull 2.05.06—85 ycmoeue oOpa3oBaHHS MOIHOTO ILIACTHYECKOIO
IIADHMPa B CCUCHMH TPYObl 3ANMCAHO ¢ 3aMEHOH YIpeJeNa TeKy4ecTH
MCTaJJIa TpYO ©; HA €0 PacueTHOE CONMPOTHBIICHHE Rz

o-np N < ll"4R2;

an N + \IJ4R2
P e L
(1+ ‘|’4) R,

' 2
G
Ya= [1-0,75(=
R, | R2

Ecau anN>0 TO B (bopMyJIax IpUHUMAETCA Yu=1. '
Pacyer mo 31tuM ¢opMynaM BBIIOAHAIOT TOJBKO IS 6an01n-mx
CHCTEM HAI3€MHOH NPOKJIAIKH, SBJIAIOLINXCA CTaTHYECKH HEONpPemeIdMbIMH
CHCTEMaMHM, TPH OTCYTCTBHM [OUHAMHYECKHX HarpskeHHd. [nsa Opyrux

CXeM Hala3eMHOoHR IIPOKJIAaaKH pacqu B]:IIIOJIHHIOT H3 YCIOBHA AOCTHKCHHA
Tequecnd B KpaHHCM BOJIOKHE CCYCHHUA

Cwp<WeRs (1334)

Can€0,635R1 (1 +lll4) sin

re

(13.33)

254



Bansinme M3MeHeHH HATPY3OK M BO3JeCTBHIl Ha Hecym[yio
cniocoGHOCTs TPYGONPOBOa NPH NAACTHYECKHX jedopManmax

IMpu skcrinyatanuu TpyOOIpoBOJa MOXKET MNPOHCXOAUTL H3IMCHEHHE
Harpy3oKk W BO3HEHUCTBHH KakK TO BeNMYMHE, TAK U MO 3HAKY, MOITOMY
TIpH OTpeaeieHHH ero Hecylled CIOCOOHOCTH CNENYET HCXOOMTh TAKKe
U3 yCIOBHS HCKIFOYEHUS BO3MOXHOCTH HAKOIUIEHMS ILIACTHYECKHX Aedop-
MaIMid W TIIACTHYECKOH YCTANOCTH B Kako#-InOo 30He ceuenus. B. cBaA3m
¢ 3THM B HOpPMax YKa3aHo, YTO YCJIOBHe 0Opa30BaHMA TMIACTHYECKOTO
MIAPHUPA KaK NpeAeI-HOTO COCTOSHHS, IPHHUMAETCS TOJIBKO ISl CTATHYEC-
KH HEONpPEIEIUMBIX CHCTEM. : :

OnpenenduM TpedeNnbHOE COCTOSHHE JUIA CEYEHHS CTATHYECKH Ompee-
JMMOM CHCTEMBI H3 VCIOBMHA, HMCKIIOYAIOUINX HAKOIUIEHHE MIACTHYECKOM
nedopMamMK H TUIACTHYECKYIO YCTANOCTh MeTasua. Pacyer Tpybomposona:
MpH JBYXOCHOM HANPSOKEHHOM COCTOSHHH CBOAMM K pacyeTy Oanku mpu
OJHOOCHOM HANpPSKEHHOM COCTOSIHMM, MaTepHasl KOTOpOH HMeET pa3HBIC
npeJesibl TEKYYeCTH NMPH CXATHM W PACTSIKEHUH. DTH TMpeaesibl TeKyYeCTH
ONpelensAtoTCsT B 3aBHCUMOCTH OT BHyTpeHHero HaBieHHs 1O (popmyJIe
(13.26).

ﬂpHBCIIeHH]:Ie Ha pHC. 13.8 3MMIOPbl  HANPIXKEHHH MJUIIOCTPHPYIOT
BO3MOXHOCTb HAKOTLIEHHs MIPOJOJbHBLIX TIACTHYECKHX deopMalni B cede-
HHM HamopHoro Tpybonpopona. Ecam nocie 00pa3oBaHUA TOJIHOIO
IIacTHyeckoro mrapaupa (puc. 13.8, 4) npoucxoaut pasrpyska Tpybompo-
'BOJA, TO JMIOPA HAMPSDKEHHI OT PasTPY3KH Gp,, U3MEHSETCS 10 JITHHEHHOMY
3aKOHY TO BbICOTe cevenus (puc. 13.8,6), npuyeM JId CTaTHYECKH
OTIpeSIeIMMOM CHCTEMBI COOTBETCTBYIOLIME 3TOH JMOpe BHYTPEHHHE Mo-
MEHT - H TPOJONBHOEC YCHIUE paBHBI 110 BEJHYMHE H INPOTHBOMOMOKHEI
10 3HAKY MOMEHTY M TIPOJOJNBHOH CHJIE TIPH MEPBOHAYAIIEHOM HATDYXEHHH.
B pesyabTate cymMMupoBaHus obenx osmiop (puc. 13.8,8) mma bactH
CeYeHHs MeXy HENTpaNbHBIMH OCAMM CYMMApHbIC HAalpsKeHAs MpeBHILIa-
IOT TpedesT TeKyYecTH, T. €. TIPM MOBTOPHBIX HarpyXeHHAX B 3ITOH 30HE
CeyeHHsl IMPOMCXOQUT HAKOIMUIEHHE IUTACTHYECKUX aedopMalruii.

Cornacno teopeme breiixa-Menmana npu 1:060M H3MEHEHUM YCUIHIA
ceueHne nmpucrnocabmupaeTcs, T. €. HE IIPOACXOOUT HEOTPAHMYEHHOTO HAKOI-
NMeHds acTHdeckux aedopmariilt (TIPOrpecCHBHOTO Ppa3pyLIEHUA), €CIH
IUIA KaXJOoH TOYKH CEYeHHS CYMMAa OCTATOYHBIX M VYIIPYTHX TOBTOPHBIX
HAMpsKEHUH OT M06Oro BO3MOKHOTO COYETAHHWS BHEIIHMX HAarpy3ok (mpu

&

a ‘
67 ~6ps

Puc. 13.8. Dmiopsl HAmpsxeamii B céde- |
" HUA TpyOonpoBoJa:- ‘ :
]-—30Ha HAKOMJEHHA [AacTRYecKUX nedop- '

MalLHii #or 6pas 951 ~5ma3
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HEOTPAHAYCHHOH YNIPYIrOCTH MATEPMAIa) HE TIPEBBILIAET Npetesd TEKYYeCTH
MATEPHANA. DTO YCIOBHE IS TOYKH, Kak TokazaHo b. M. JIioGaposeim,
MOXHO CBECTH K HHTETpaJIbHBIM VCIOBUAM ISl BCEI'O CCYCHUA B TEJIOM.

Mﬂocr+Mocr+Myn. or =Mﬂp3 Nnocr+No.c.‘r+Nyn. orzj_v-npa (1335)

roe Mye; U N, ,—TOCTOSHHO [eHCTBYIOINHE M3THOAIOLIMI . MOMEHT
M TpoJosbHoe ycumie; My, ¥ Ny ;—MOMEHT H YCHIHME, K KOTOPHIM
CBOAMTCS JMIOPA OCTATOYHBIX HAOPSDKEHMHE; M,.,o. ¥ Ny oo — MOMEHT
H YCHJIHME, K KOTOPbLIM CBOJAWTCA orufaromas OSIopa  HANpKEHHH,
1I0J1y4eHHAs] OT J0OOr0 BO3MOXHOIO COYETAHMS BHELIHHMX HATPY30K TPH
 HEOTPAHHYEHHOH ynpyrocru Martepuana; M,, u N,,—MOMCHT H YCHIIHE,
'K XOTOPBIM CBOJHTCA 3MKOpa MPOROJLHBIX HANPSKCHHH, COOTBETCTBYOLIAS
O0pa30B4HUIO TIOJIHOFO TUIACTHYECKOTO MIAPHHPA B CEYEHHH. _
Vcenosue (13.35) 3anucano B 0e3pasMEpHBIX IApaMeTpax, BhIpaXaroLmx
OTHOLICHAE COOTBETCTBYIOIHMX MOMEHTOB H YCHIHH K ILIACTHYECKOMY
MOMEHTY H ILTACTHYECKOMY YCHJIMIO COOTBETCTBEHHO TOJIBKO NpH H3rube
HJIH PACTSXCHHH, HANPHMEP Mocr =M e, /(67 Wis), Nocr=Noer/(0:F ). 3nece
Wy —NIIACTHYECKHH MOMEHT CONPOTHBJICHHS, [IA TOHKOCTEHHBIX Tpy6
Wm—4W /m; W—ynpyraii MOMEHT CONPOTUBICHHA; F—mnoumags cevYeHus
- CTEHOK - TPYOBL. :
- 3uavenus M,, u N, OnpeJenstoTes no  gopmynam:

_ 1+¢

. = l
an=—2—Sll'l’Y; N +‘I"

(13.36)

TIe Y — yroJl, OTCHATLIBAEMBIH OT KpPalHEr0 pACTAHYTOTrO BOJIOKH4 CEHCHHS
H XdPaKTEPH3YIOLIMH 1I0JI0XKEHHE HEHTpaJBHOH OCH CEYEHAS TIpH 00-
PA30B4HHH ILIACTHYECKOTO LIAPHHUPA. : ‘

3aBucHMOCTb MeXay M,, u N, xak cuemyer u3 (13.36), umeer Bux

e 1+¢ . N+
b=M,, 5~ sin m

(13.37)

1 u3o0paxeHa Ha puc. 139 m 13.10 CHJIOUIHBIMH KPHUBBIMH, .

A onpemeneHust My, o M Ny CTPOMM OFHOAIOUIYIO 3MEODY
yOpyrux Hanpspkeui (puc. 13.11). Hanpsxenus oy H Gy OT NEpeMEHHBbIX
yculIud M u N onpeeisitoT HCXOAA U3 NPEHNOIOXKCHHSA O Heorpannquﬁou
YOPYTrocTH MaTepHana.

Ha puc.13.11 nocrpoeHbl OTHOAIOLIKE IMFOPHI, COOTBETCTBEHHO IJIA
Apyx cinydaeB N>0 u N<(0. IIpu N>0 B pacTaHyTO#f 30He Ce4yeHHH
HANPAXCHHA OT MNPOIOJILHOIO YCHIHSA O'N--N/F d MOMEHTA G = M/W"
CYMMHPYIOTCS, B CXA4TOH 30He OruOaromas 3mMopa COCTOHT TOJBKO H3
HANPSDOKCHHH OT MOMEHT4; npu N<(, HaobopoT, B pACTAHYTOH 30HE
orufarolliass 3MOPAa COCTOUT TONLKO U3 HANPSXKEHHA OT MOMEHTA,
'a B CKATOH 30HE—M3 CYMMbI HANPSOKEHHH OT IMPOHOJLHOH CHIIBI
u MomMeHTa. IlojgoxkeHHe ke HeHTpanbHOH OCH NOKA HEH3BECTHO M OMNpe-
JENACTCA HCKOMBIM VIJIOM Yor. | ' '
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" Puc. 13.9. 3asuch0crb M3rU6AIOLEro MOMEHTa OT NPOAONBHOTO ycnmm H3
YCIOBHSL TIPHCTIOCOBNISEMOCTH CEYEHUS
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Puc. 13.10. 3aBHCHMOCTbL H3rHGaIOMIEro MOMEHTZ OF I‘IpO}lOJlLHOI‘O YCHIMS M3
ycnosuﬂ NACTHYECKOH YCTANOCTH CCHEHHA

Ha ocHOBaHMM NMOCTPOEHHBIX OrHOAIOLIMX MOP HAMPSHKEHMIA MONyYaeM
3HAYeHHA M, . U N,, .. Hanpumep, nnas smoprl puc. 13.11

x/2 o
Ny, o,—-2[ _[ oyrdde— | o,cos (prSd(p] - (13.38)

Yor 7
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Puc. 13.11. Orubatowne smro-
pbl YOPYTHX HAaNPXCHHH TNpH
PACTArHBAOIUMX (4) H CXHUMA-
ouwx (6) NpoRoNbHBIX YCH-
JHAX

x
s
q
x

nf2

B Yor . . .
.Myu,°r=2|:J‘O'MI‘ZSCOS(Pd(P-F%l— foMcosz (prZSd(p], (13.39)
0 ’ Yor -

[Je r, 6 —COOTBETCTBEHHO pPaAMyC M TOJILHMHA CTEHKH TPYOBL

VinTerpupys # mHepexoas K Oe3pa3MeEpHBIM IapaMeTpaM, MoJyyaem
3HaYeHUsA Ny, o M My, ., B QYHKUMH OT %,, KOTOpPHIE IIOJCTABIAEM
B BelpaxeHue (13.35).

CornacHo TeopeMe o mnpucnocobasemoctd Baeiixa-Menana, cne,uycr
noao0paTe caMoe HEBHITOJHOE COYETAHHME YCHIHM, ONpeleaseMoe ImapaMer-
pPOM Yy U3 YCIOBMA NOCTHXKEHMA MakcHMyMa ¢yukunn O(N, M), 1. e.
u3 yeumus d®/dy,, =0, xotopoe ¢ yderom (13.37) mmeer Bug :

dd dM,, =« otV :
= ) =0. .
Yor  dYoer 2 (COS 1+ ) ﬂ'Yor (13.40)

YuuThBaf, YTO O CTATHYECKH ONpEACIHMBIX CHCTEM OCTATOYHbLIE
HANPMDKCHAN CaMOYpaBHOBeIleHb: M., =0, N, =0, ¥ noacraenss B (13 40)
. 3HAYCHUS TPOM3BONHEIX, HalneHHwix u3 (13.36), momywaem

an+¢'n
T+y

T. €. CaMOH HEBBLITOJHOH 3MOpOH OrmbarolMX Hanpsokenuit Gyfaer Takas
IMKOpa, KOIAa Ha YYacTKe, [O€ IPH OJHOKPATHOM HArpyXe¢HHH JOCTHraeTcs
Opelies] TEKYYeCTH METAIUIA HA PACTSKEHAE G, NPHHHUMAOTCA MOMOKHUTEb-
HBIE HANPAKEHHSA OT 0000 BO3MOXHOTO COYETAHHSA BHEIIHMX HATPY3OK,
a Ha YYacTKe, IAe AOCTHraeTcs Tpefen TEKYHeCTH Ha CKaTHe Vo,
OTPHIATENLHBIE HATPKCHHA.

Yyurnieas (13.41) v BBOAS 6e3pa3McpHme napaMeTpbl o= Nm,c/N
B=Muo./M, ycnosus mpucnocobasemoctd (13.35) @A CTaTHYecKH orpe-
JenuMoH  Gankn

npu N>0

=7, | (13.41)

Yor =

(2+y)N—

Al &

(I—Sinv)ﬂ=(1+¢l)v.—¢m;.

sin 2y

2 - -
Nsiny+( 2p+ Y-I- +1)M=(1+!l!,)sin7; : - (13.42)
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mpr N<0

(q-}-n—y)ﬁ—%(l —siny) M=(1+{)y—¥m;

(13.43)
sin 2y

Nsmy+(2[3+2y+ +1) =(1+V{)siny.

Pemrast cuctemsl ypasHennil (13.42) u (13.43), 3anucanHele B [IapaMeT-
puueckoii dhopme (mapameTp Y), HaXOAHM 3HAYECHHs YCHIHAH N n M,
KOTOpPHIE MOTYT MHOTOKPATHO MOBTOPATLCA B MIOOOH NOC/IENOBATENBHOCTH,
He OpHBOISA K HAKOIUIEHHIO INACTHYECKHX nedopMaluié B Kako#-mubo
jone ceuenns. Ha rpaduxe puc. 13.9 myHKTHpHBIE KPHUBBIE JHHHMH H300-
paxaroT rpaQHuYeckoe pellieHre cucTeM ypaBHenmit (13.42) m (13.43) sns
qHaueHuit Y=1; 0,7 & 0,3 npa o« u P, paBHRIX HYmO, T. €. 3T KpHBhHIC
onpenensoT obnacTe Tex 3HaueHHd N W M, MHOTOKpaTHOe MOBTOPEHHE
KOTOPHIX HE BRI3BIBAET MPOTpecCHMBHOTrO pa3pyuennus. Jlis  cpaBHEHHA
371ech e NMPHBEACHBI MPAMEIE, ONpenessionHe obmnacTe ynpyro# paboThl
cevenus. Ha rpadmxe xe puc. 13.10 ama 3Hadends ¥=0,3 npuseneHO
takke pemenme aas caydas o=0,5 p=0,5 1 a=f=cv. Kak BHmHO H3
rpaduKOB H H3 4HANH3A MOJIyYEHHBIX PELICHHH, C' YMEHBUICHHEM 3HAYEHHA
\ BIMAHME [OBTOPHOCTH HArpyXeHHA HAa HECYIIYIO CMOCOGHOCTb CeveHMS
BO3pACTAET, NpelelbHEIi MOMEHT, TOJyYeHHBIH H3 YCIOBHA MpHCIocoG-
MAEMOCTH CE4YeHHWd, Ui BCEX 3HAYEHHWH {f MOCTHTaeT MAakKCHMYMa NpH
N=0, Torma xak mnpemenbHBIH MOMEHT MNPH OJHOKPATHOM HATPYXCHHH
gocTHraeT MakceMyma npu: N=V{. HamGonbmee CcHHXeHHE Hecymel
CIIOCOGHOCTH CeYeHHsS TpH MHOTOKPATHBIX HArpyXeHHSX Habmronaercs
ans N>0 npu cpegHmx 3HaueHWsX N ¥ [JOCTHFAET MakCHMyMa IpH
N=1. Tak, manpamep, npu y=0,3; 0,2<N<0,55 npenenvHbIi MOMEHT,
MOJYYEHHBIH W3 YCIOBHA NPHCHOCOOIAEMOCTH, OKa3bIBAETCH MEHBIIE
MOMEHTA, HOJYYEHHOIO W3 YCJIOBHSA YIPYroCTH, T. €. WIS 3TOro ciy4as
NpH MHOTOKPATHBIX HATPYXEHHAX HENB3s AOMyCKaTh HHKAKHX MmIacTHYEC-
KEX gedopMamuid. HeGonmblnoe CHHXEHHME HeCymIeH CHOOCOOHOCTH MUIA
3HaYeHHH <1 MpH HOBTOPHBIX HaTpyXeHHsAX HabmrogaeTcs Jaxe mpH
omHoM Toipko marube (N=0). Ilpu N<O0 ana Bcex 3mayenmit | HOBTOP-
HOCTh HATPYXEHHMsS BEChMa MAJIO CKA3bIBaeTCA Ha HecCylled cnocoOHOCTH
TpyObl. TIpH meHTPaNbHOM PpaCTMKEHHH -— CKaTHH (M =0) moBTOpHOCTD
. HATpYXXeHWs TPH BCeX 3HA4YEeHWAX \ HE OKa3biBacT BIHMAHHE Ha HECYIIYIO
CIIOCOOHOCTh  TPYOBI. |

[ns TpyOonmpoBoda, KpOME H3MEHEHHs Harpysox H  BO3IEACTBHMH
| B MpoOllecce OJKCIUTYaTalldE Mo BenwYuWHe (MHOTOKpAaTHOE HATPYXEHHE) .
BO3MOXHO H3IMEHEHHE HEKOTOPRIX HATPY30K M BO3JCHCTBHH MO 3HAKY
(HampEMeEp, TEMNEPATYPHBIA Iepenan), T. €. MOXET MMeTh MeCTO NOBTOp-
HO-MEpEMEHHOe HATpyXeHHe. B 3TOM ciTyyae paspylleHHE MOXET [MPOH30M-
TH OT HCPGMCHHOH TEKy4ecTH MaTepHaya (IUIACTHYECKAs YCTANOCTB), ECIH
npu yopyroit pasrpy3ke B KakoH-mubo 30He CeYeHHs! HalpsKCHHA
JIOCTHTAIOT Mpelea TeKyYyeCTH NPOTHBOIIONOXHOrO 3Haka. s TpybuaToro
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CCYCHHS IIPH HAallM9MM BHYTPEHHCIO JaBJICHHA YCIOBHE, TapaHTHPYHOLIEe
Tpy6y oT PaspylieHHs H3-33 M1aCcTHYECKOH YCTANOCTH, MMECT BHA

E(l—v)ﬂ‘di(l—n)ﬁ <149, - (13.44)

roe 1 ¥ V—COOTBETCTBEHHO OTHOLUCHHS MUHHMMAJIBHBIX 3HAYEHHA CHI
H MOMEHTOB K HMX MAaKCHMAJbHBIM 3HAYECHHSAM.
_ [ocTpoenuniii Ha ocHoBaumn (13.44) g ciay4yasa =0, 3 rpaduk (cMm.
puc. 13.10) moka3speaet, yTo HauGonpluee CHHXEHHE Hecywleit ciocobHOCTH
B PE3yNbTATE ILTACTHYECKOH YCTAIIOCTH HMeeT MECTO TpH CHMMETPHIHOM
LMKIe H3MEHEHHMA ycuwmuii (n=--1, v=—1). Kak BuaHo (W3 rpaduka,
npefielbHas Hecymas cnoCOOHOCTE NPH MAJbiX 3HaYeHHAX N onpenensercs
YCIIOBHEM NPOTPECCHBHOIO PA3pYIIEHHS BCJIEACTBHE HAKOILIEHHS IUIACTH-
HeCckHX AedopManMid, nNpH CoNbIIHX 3HaYeHHAX N — yclIOBMEM ILTacTHYeEC-
Ko ycramoctd. Koraoa yCHIMA, M3MEHASCh, HE MEHSAIOT 3HAKA, YCIOBHE
(13.44) naer 3HayeHHA mNpeJENBHBIX YCHIMHA OONblEe, 4YeM 3HAYCHME
NpeACNbHBIX YCHIHA TPH OQHOKPAaTHOM HAarpyXe¢HHH H, CJIEJOBATEJLHO,
pa3pylieHHe BCIEACTBHE ILIACTHYECKOH .YCTalOCTH TNpH MHOTOKPAaTHOM
HATPYKECHMH HE MOXKET HMETh MECTO.

TakuM o6pa3oM, npu H3MEHEHHH B HpoLEcce 3Kcmlyaraum1 Harpy3ox
.M BO3ZEHCTBHUIt B Y3KHX NpEJeNax HECYLIas CIOCOGHOCTH CeYEHHA OIpeaeis-
€TCA YCIIOBHEM TIPOrpeccHBHOro paspymenma (13.42) u (13.43), a npu
H3MCHEHHM HATDY3KH B IIHMPOKHX Npedenax, BKMIOYas NEPEMEHY 3HAKa,—
YCNOBHEM ILIACTHYCCKOH yCTAIOCTH (13.44), B IPOMEXYTOYHBIX CyYasx —
MHHHMAJIbHBIM 3HaveHueM N u M, onpenensieMbix M3 OGOHX yCIIOBHIL.

FJIABA 14

BOITPOCBHI OHTI/IMPBAHI/II/I ‘
KOHCTPYKTHBHBIX PEHMIEHHUIM ITPH OI PAHH‘IEHHHX
O HNPEAEJBHBIM COCTOSSHUAM

OnTimazamms 6a/L1acTHPOBKH M 3aKpensienns TpyGonposona

Onucansbie paHee METONL H TPOTPaMMBI pacyeTa IpeAHA3HAYEHbI
Al TPOBEPKH TPOYHOCTH, YCTOWYMBOCTH M JeOPMAaTHBHOCTH 3ampoek-
THPOBAHHOH KOHCTPYKUMM TpybompoBoga. DTo O3HAYaeT, 4TO BHIGpAB
NPEABAPHTENILHO TOMUMHY CTEHKH TpyOM M OTBOAOB, MHHHMAJIbHEIE
PazuyChl yIpyroro M3ruba, MCXoAs M3 HalpaBJICHHs TPACChl, MHHMMAJbLHOM
rayOunsl 3amoxeHus TpyOBl M NpOMHX YCIOBMIL, MPOEKTHPYETCA IIAH
H npodwis Tpy6onposona. [anee, B 3aBHCHMOCTH OT YPOBHA obBOIHEHHS
TPACCBI M XapAKTEPHCTHK IPYHTOB moA TpybompoBomoM, ompegensercs
XapakTep OaJUIACTHPOBKH HJIM 3axpem1eﬂna Tpybonporoga. Hasmavaercs
TAKXKe WAl IPy30B HJIH aHKCPOB HA KaXAOM KOHKPETHOM YYacTKe. OTH

260



XapaKTePUCTHKH yqacrxa Tpy6oIpoBoga, BKJIrOYasd HArpy3kKH H BO3JCH-
CTBHA, a TAKXKE TPAHHYHBIC YCIOBHs MO KOHIAM HCHONB3YIOTCA B KauecTBe
BXO/IHOM WHGOPMAIME B ONUCAHHBIX PaHee NPOrpaMMax pacueéra. B pesyms-
TaTe pacyeTa OMNPEAENAIOTCH HANPKEHHO-RePOPMHPOBAHHBIE COCTOSHHS
Tpy6GompoBoaa ¥ [POM3BOAMTCA INPOBepka BBINOJHEHHA IPEACIBHBIX
cocTosHHil. B clyyae BBINOJHEHMA BCEX MpPEACHBHBIX COCTOSHHH BO3MOXHO
HEKOTOPOE YMeHBIeHHe BBIOPAHHBIX PACYCTHBIX IIApaMETPOB, B HEKOTOPHIX
caydasx pagMycoB YNpyroro HaruGa, mara rpy3oB HJH AHKEPOB, ITyOHHBI
3a7I0%CHNA (B Mpelesiax MUHHMAIBHO-IONYCTHMOM), @ HHOTOA W TONILMHLL
credkn TpyG unm orBogoB. TakmMm o6pa3oM, METOIOM BapHaHTHOTO
NPOeKTHPOBaHHA C BHINONHEHHEM pacueTa [UIA KaxAOro BapHaHTa oOnpe-
JENseTCs pPalMOHANBHOE KOHCTPYKTHBHOE peIlIeHHe, YIOBJIETBOpsOIlee
peAeIbHBIM COCTOAHUAM.

MeToa BapMaHTHOIO MPOEKTHPOBAHHA oﬁna,uaeT PAOOM HEIOCTATKOB,
‘TaK KaK BO-TEPBBIX, HET aJrOpHTMa TMOHCKA PAalMOHAJBHOrO PEIICHHA,
‘a BO-BTOPHIX, I KaX[IOro BapHaHTa pacyeTa TpebyeTcs NOAroTOBKA
B PBOJA HOBOI McxonHoi wuHbopMaimu. [ToaToMy paspaboTka METOJOB
ONTHMH3ALMH SABJAETCA AKTYaJNbHOH 3anaveft, MO3BONAIOHICH HE TOJBKO
YMEHBIUIMTL 3aTPaThi, CBA3aHHBIE C pAacucTOM, HO H IOJYy4YHTh 60J1ee
3KOHOMHYHOE peLICHHE.

OnmHoil M3 JIOKAJBHBIX 3aaay OHTHMHBaIlHH ABNIAeTCA 3aja4a BrIGOpa
6a/UTaCTHPOBKH H 3aKpelUleHMs TpyOonpoBoAa, NPOKIAALIBAEMBIX Ha
0o0BONHEHHBIX H 3a00NOYEHHBIX y4YacTKaxX Tpaccel. 3Ta 3anaya, B 3aBH-
CUMOCTH OT METOJa YyYeTa B3aHMOIEWCTBHA TpyOONpoBOJa CO CBA3SAMH
(pacrpeeneHHbIMI HIH COCPENOTOYCHHEIMH), GOPMYNMPYETCA COOTBETCT-.
BCHHO B BHIEC HAXOXK/ACHHS HWHTEHCHBHOCTH OallTacTHPOBKH MIIH 3aKpen-
JIEHAS MO OTHENBHBIM y4aCcTKaM HIR mara aAgepoB. [Ipm mare aukepos
[0 5—7 anaMeTpoB TPYOhl HX MOXHO pacCMaTPHBATh KaK paclpeleneHHbIC
CBA3H, NpH GonblleM Imare—kak cocpefoTo4eHHble. [lpuyem B o6omx
CNy4asX YYHTHIBACTCA NOJATIMBOCTH AHKEPOB.

Beifop ONTAMANBHOTO KONHYECTBA IPY30B MM aHKEPOB M HX
pasMelliende JOJDkeH ofOecnmeuHMTh MHEAMYM 3aTPaT ¥ BBINOJIHEHHE
TpeGoBaHmuit MO TpelNenbHBIM COCTOAHMAM. B 3TOH 3amade cumTaercd,
yTo npoduIs TpyOOMpoBoAa 3alaH H B OOIIEM clydYae MMEECTCHA pellIcHuE,
T. €. BO3MOXHO HA3HAYATh Takyro OaJUTaCTHPOBKY, YTO KOHCTPYKUHA
OyleT YHAOBIETBOPATL BCEM NPEHEIBHBIM COCTOAHHSAM.

B cymiecTByIOUIMX MporpaMMax ONOTHMM3amuH OalIaCTHPOBKH H 3a-
kperieHus TpyGonpoBojaa, pa3padoTaHHBIX HMHCTHTYTOM kubepreTHkn AH
VCCP, KOxumurunporazom u BHHUHUCToM, nepen madanoM npouecca
ONTHMH3ALMN MPOBOOHUTCA NipeBapHTE/IbHAA MPOBEPKA BBITOJHCHHA DAAa
npefebHEIX COCTOAHHA A 3aJaHHOTO KOHCTPYKTHBHOTO PeLUEHHA. ITa .
npoBepka BHIIONHAETCA IS TeX MapaMeTpoB XOHCTPYKTHBHBIX DeIleHMIt,
KOTOpHIE B MAJIOM CTEleHd 3aBHCAT OT OamiacTupoBkH. Tak, Hanmpumep,
ecTH HA XaKOM-THGO yYyacTKe TONNIMHA CTEHKM HEJOCTATOYHA TOJbKO
H3 YCIOBHSA BOCIPUATHA BHYTPEHHETO NABNCHMs, HWIH HadanbHas KPUBHM3HA
(mpu yknaaxe) Ooibmie nOMycTUMOH, TO PpacyeT MO  OHPEACNEHHIO
6aJUIACTHPOBKHM HE BBIMOJHACTCA, a2 Ha MEYaTh BBIAACTCA COOTBETCTBYIOIAS
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uH(opMalms. Tak Kak 3afaya ONpENENCHHS HANPAKEHHO-1epOPMHPYEMOro
COCTOSIHUSL TPyOOmpOBOAA PEILAETCA METOAOM KOHEYHOTO I3JEMEHTA, TO
B Pe3yIbTaTe PEIICHHA 3a1a4Yd ONTHMHU3aIHUH 6aUIaCTHPOBKH ONpENeISseTCH
3HAYCHHC HHTCHCHBHOCTH 3aKpPEIUICHHA Ha KaX[OM H3 3JIEMCHTOB IMpPOEK-
THpyeMoro yuactka. Ha BTopoM stame ocyecTsiasgerca BoI6op NpoeKTHOTO
3aKpEILICHHS HAa OCHOBE QHAJIM3a DEILEHHS 3a4a4H ONTHMAJILHOIO 3aKpem-
JIeRMs. TpyOompoBoOa.

PaccMoTpuM MaTeMaTHYECKYHO IIOCTaHOBKy 3a/1a44 BeIOOpa ONTHMAJIL-
"HOTO 3aKPEIVICHHA MarucTpaieHoro Tpybonposoaa. Ilycrs & (x)— kycouso-
HElpeprIBHAs (C KOHEYHBIM YHCIOM PAa3phiBOB) ()YHKLHA, ONHCHIBAIOLIASN
MHTEHCHBHOCTh 3aKpeIUIEHHA Ha NpOoeKTHpyemoM yuwactke [0, L] u mycts
D, —cToMMOCTh 3aTpaT Ha 3aKpenieHHe eAMHALLI LTHHBL TpyOompopoza
CMHUYHOM Harpy3kod B Touke x. Toraa dyHknMOHAN 3aTpaT Ha
3aKpeIUIeHHe TPyOONMpoBOAa MOXHO 3aIHCaTe B BHJE

é=fu¢ﬁ5@ﬁu. - (14.1)

O06o3HaYuM uepes G(x) 3aMKHYTYIO O0JacTh JOMYCTHMEIX - 3HAYCHMI.
Torma Tpebyercs HalTH KyCOUHO-HENPEPHIBHYIO QyHKIMmIO &*(x), MuHH-
MH3Hpylowyo ¢GyHkunoHan (14.1) OpH COOTBETCTBYIOIIMX OIpaHHYEHHAX,
CBSA3AHHBIX C TPEAC/IBHLIMH COCTOSHHAMH IO YCTOHYHBOCTH IOJIOXKCHHS
(MpOTHB BCIUIBITHA), OPOYHOCTH, AeHOPMATHBHOCTH H 06ILeH mpOmXONBHOM
ycToHyHBOCTH, OrpaHMYeHHs HCIIONB3YIOTCH B BHAE BEKTOPa HEBA3OK
MEXIY PpacYeTHBIMH [apaMeTPaMH HalpsDKeHHO-Ae(hOPMHPYEMOIO COCTO-
AHMS H TNpedeNbHO IomycTHMbIMHM. Kpome Toro, Hcmonssyercs OXHO
TEXHOJIOTMYECKOE OTPAHHYEHHME, CBS3AHHOE C MAKCHMAJBLHO OMYCTHMOMR
HHTEHCHBHOCTBIO 0alllaCTHPOBKH (MHHHMaJIbHI:IH Iar rpy3os ONpencicH-
HOH KOHCTPYKLHM). :

B obmeM Buze 3ta 3a11atra ABNACTCS  IKCTPEMANBHOM 3ajavci
MATEMATHYECKOI'C MPOrPAMMHPOBAHMS. JTY 3a[Jauyy MOXHO CBECTH K 3a-
Naye HENMHEHHOTO NPOrPAMMHPOBAHHA, €CJIH Pa3bHTD IIPOEKTHPYEMBIi
ysactok [0, L] Ba » snemenToB TakmM oGpa3oM, YTO Ha KaXIoM
3NeMEHTEe GYHKUHS 5(x) cumranace mocTosHHOH. 3TO TeM Goice oIrpa-
BAHO, YTO JUIS BBIYHCJICHHMS OrPaHUYEHHH HCIONb3YeTCA NpOrpamma,
OCHOBAHHAA HA METO/E KOHEYHEIX ' 3JIEMEHTOB.

B AHCKPETHOM BHIE 3aJada 3aMHCHIBAETCH CJICI[yIOU.IPIM oﬁpa30M

. fo,(z*)=minfo(z)=min Z l,‘Z" (142) :
7. A . L
OpH OTpPAHBYCHHAX , | _
fi@=0; j=1,2, om (143)
O<z;<a, '

rae  fo (z)——cyMMapHas, OGamnactupoBka; /~—mmHA i-TO0  y¥acTka;
i=1,2, .., n, z;—HMHTCHCHBHOCTb GaJMacTHPOBKH Ha i-M y4acTtke; f;(z)
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— BEKTOpP HEBA3OK MO OTPaHMYeHHAM; j=1, 2, ...y M1— YHCIIO OTPaHHYCHHUIL;
a— MAKCUMAaNbHO [JONYCTHMAas HUHTCHCHBHOCTh 3aKpPEIICHUSA.

B MaTeMaTuyeckoM IJIaHE paccMaTpHBaeMaf 3aa4a OTHOCHTCSA K Kiac-
CY HEJNHHEHOro ~NPOrPaMMHPOBAKHA C JHHEHHOW LeENEeBOH - dyHKRIHEH
M HEJHHEHHBIME OrpaHUMYCHHAMH, aHANHTHYESCKHA BUA KOTOPHIX HCU3IBECTCH.
OrpaHuYeHHA MOTYT ObiTh BHLIYUCIAEHBI TOJBRKO aJrOPMUTMHYECKH. JLis
3Toll menu Hcnosedyercd nporpamma «ITPVTy.

Jina pewenus JAHHOM 3aJa4H, BHINOJHEHHOH HHCTUTYTOM KHOCpHETHKH
Axanemnu Hayk YCCP (MK AH VCCP) (B. B. Muxanesu4, A. A. Bakaes,
[. B. Onespur, JI. C. Mranuna) uCNONB3YeTCA METOL, OCHOBAHHBIH HZ
UaesdX CTOXACTHYECKHUX KBA3IUTPAJAMCHTOB, C NPHBICYEHHEM IBPUCTUYCCKHX
npoueayp. ITporpaMmuoe obecneveHue paccMaTPHBACMOM 3aXa4H peanu3o-
BAHO B BUJE MPOBJIEMHO-OPHEHTHPOBAHHOTO MakeTa nporpamm. Ilpennarae-
Mblii maker nporpamm «ITPO3A» ABaseTCA CpeACTBOM ISt AaBTOMATHU3HPO-
BAHHOTO OPOCKTUPOBaHUSA O6aNAaCTUPOBKH. ONBITHO-MPOMBIIIIEHHAS 3KCII-
nyatanus NPOTPaMMbl NOKA3aMa, YTO 33 CYET MPUMEHEHUA ONTUMHU3ALHOH:
HEIX METONOB MOXHO CHH3UTh PACXOA Xkene306eTOHHBIX rpy3os Ha 7—20%.

B npenpiaymeil 3anade COMPOTHUBICHUHE NEPEMEIICHHIO TpyOnl BBEpX
33 cueT 6anNNacTAPOBKM PACCMATPHBAJOCHE KakK pAacilpeleNeHHas Harpyska. -
IMpu sakpenncHuu Tpybomposoaa aHKkepamMHd TIpH ILAre aHKEPOB Gonee
5—7 nmameTrpoB TPYOHI B KauyecTBE pac4eTHOM MOJACAH aHKepa CleayeT
NPUHUMATh COCPENOTOYEHHYIO ONHOCTODOHHIOW CBfI3h C HEJNHHCHHOH
XapakTEePHCTHKOM. B cBA3N ¢ 3TUM MEHACTCA METOAMKA OLEHKH HATPAKCH--
HO-Ae(OPMUPOBAHHOIO COCTOSHHA. DTa ONEHKA HANpsXeHHO-AedopMuUpo-
BAHHOTO cocTOsHMA TpyDonpososa B ofmeM ciayyae MOXET ObITh
BHITIOJHEHA TOJBKO ANTOPHTMHUYeckH. CneaoBaTe/lbHO U BEKTOD HEBA3OK,
T. €. pa3HANA MeExAy (AKTHYECKHMH NapaMeTpaMH, XapaKTCPH3YHOLUIMMH
HaNpskKEHHO-IePOPMHPYEMOE COCTOSHHE, H HpeJlEJleO JOMYCTHMBIMHU BbI-
YHCIAETCH TOJAbKQ AJTOPUTMHYECKH. _

B nanHoil 3ajJaue CYMTAETCH, 4TO u3BecTeH (dukcupoBaH) npoduib
noj3eMHOro TpybonpoBoa, M3BECTHHL -THN aHKEpPa (MO KOHCTPYKIMH)
M XapaKTEPHCTHKH TPYHTOB MO JUIHHE PAacCYHTHIBAEMOIO ydyacTka. ITo
03HAYAET, YTO TNPK YCTAHOBKE aHKEpa Ha ONpPEAEICHHOM YYacTKe M3BECTHA
MpeAebHAN YACPKHBAFO A crocoOHOCTL TPYHTOBOTO aHKepa H Xapak-
TEPHCTHKA ero paboThl (unarpaMma «yIepXHuBaKOI A cnocoﬁnocrb—ne-
peMeleHue»).

Onrnmmaunom{aﬂ 3aJa4a (popmy.rmpyeTcst B cnenylomeM BHIE:

cp(x)=m1njfj( )—»max 1<ji<

i
(020, (@x)=Y x=0 x24 (4
: ‘ =0 . ‘ ' . :

rae f;(x)— BEKTOp HEBA3OK, XapaKTepH3YIo At HanpmerHo ,aeq)opmupy-
€MOe COCTOSIHME; X;— PAcCTOAHME MEXAY [-M H (i+1) aHkepaMH, d—
BEKTOP MHHHMAJBHO JAONMYCTHMBIX PACCTONHUIA MEXAY aHKEPHBIMH YCTPO#H-
cTBaMMu.
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B Martematuyeckom rurame 3amaya (14.4) oTHocuTcs K KJIaccy - 3a/1ay
HEJIMHEHHOrO IMPOrpaMMHUPOBAHMA ¢ HEJMHEHHOH ueseoit bynkumeit. s
PEILCHHA 3TOH 33424 - MCTIONB3YETCH MOJUQPHIHPOBAHHbIH MeETOoO, Oc-
HOBAHHEIA Takxe HA HAEAX METOAA CTOXACTHYECKHX KBa3MIPaJAHEHTOB.
B kadecTBe mHayanpHOro NpHGMDKEHHS BbIGHpaeTCs paBHOMEpPHaA pac-
CTA4HOBKA AHKEPOB M pPacCMATPHBACTCA CNEAYIOUMI HTEPANMOHHBIH po-
necc: ‘ : : L

xs+1=ns(x’+psgs(xs):l S=0’ l’ 2 cres 7 (145)

TAE X*— BEKTOp, SBAAIOLIMICA MPHOMMKCHHEM K DEIUCHUIO HA § MTEpaLHH; |
T, — ONIEPATOpP MPOESKTHPOBAHHUS, p;—1Iuar, g*(x*)—BekTOp CayyaiiHoro
HAIpABJICHHA. . _

Pentene 3To#t 3amaym BrinogHeno B UK AH VCCP ¢ yYacTHeMm
BHUKWCTa u IOxsuuurunporasa. Jna npakTHYECKOTO MOJbL3OBAHHS CO-
crapieHa nporpamma «AHOII», koTopas mo3BongeT Npu (PHKCHPOBAHHOM
npodune TpyGompoBoLa M BCEX 3a[aHHBIX XapaKTEPHCTHKAX, onpenens-
IOLWMX HANPSDKEHHO-AeOPMUPYEMOE COCTOSHHe TpyGompoBoaa, ompene-
JATL PACCTOSIHHE MEXIY aHKEPAMH IO [UIMHE PACCYHTHIBAEMOIO YYaCTKA.
ONLITHO-NPOMEINLTEHHAs JKCIUTyaTalUMs NpOrpaMMBl [OKa3ada, YTO ee
HCTIOTB30BAHME IMO3BOJIAET HA 5—15% yMEHBIINTL 0Ouiee YHCIO AHKEPOB
MO CpaBHCHHIO C METOAAMH BAPHAHTHOTO TIPOCKTHpoBaHHMsA. JlaHHAA
OporpaMMa MOXET ObiThb TakXke HCMOJNb30BAHA JUIS ONMPEACHCHHS Tak
Ha3bIBAEMOI0 «ONTHMANBbHOro mnposiera». Ilox onTUManeHLIM TpOJETOM
NOHHMAETCA TO PACCTOSHHE MEXIy AHKEPAMH, HMEIOLMMH HEOTDAHUYEH-
HYIO NPCAE/bHYIO YACPKHBAIOIIYIO CIOCOGHOCTh, MPH KOTOPOM BBHINOJ-
HAIOTCA NPEOEIBHBIE COCTOSHHA TOJBKO IS TPyOOnmpoBOna, HMEIOLIEro
3a1aHHOE O4Y€pTaHMe, HAarpy3kM H BO3ACHCTBHA M (H3IMKO-MeXaHHYECKHe
XapakTepHCTHKH TPyOnl. Ilpu 3TOM mporpaMmHo onpemensercs HAarpyska
Ha aHkepe, 4TO MO3BOMACT BHIOPATh COOTBETCTBYIOIUMI THN aHKepa,
obecrieuMBarOIMif TIPH H3BECTHBLIX XapAaKTEPHCTHKAX FPYHT4, B KOTOpOW
Haxo4sTCd JIOMACTH aHKepa, €ro MNpedelbHYHO YIEpPXKHBAIOIYIO crocob-
HOCTE. ONBITHO-NPOMEIILICHHAA 3KCILTYaTAIMA TIPOrpaMMEl MOKA3a7a, 4TO
M3 YCIIOBHS MPOYHOCTH TPYOONPOBOAA, «ONTHMANLHEIHA IPONETH COCTABIAET
- 20—30 amamMeTpoB TPYOBI, mpH Harpy3kax Ha aHKEPHOE YCTPOHCTBO
- 300—600 xH (B 3aBECHMOCTH OT OuepTaHHA OCH TpyGonpoBoaa H Xapak-

TEPHCTHK MaTepuana TpyOwl).

OnTHME3aIMA npoduas JiHHEHHOH YacTh Tpybonposoaa
€ Y4YeTOM Oa/LIacTHPOBKH

IIp NpOEKTHPOBAaHHMM JHMHEHHOM HacTH TpyOONpoBoAa OCHOBHOM
3amavet sBiserca’ BEIGOp npodmrs TpyGompoBoga H GaniacTHpOBKH
OTAENLHbIX €ro yyacTkos. Iloa BLiGopoM npoduns Tpybonpoposa nonnma-
CTCA HA3HAYCHME OHYEPTAHMA [JHA TpaHIIEH TakuM. o6pasoM, Y4TOOBI
00eCTIeYMTE BOSMOXKHOCTb YKIAAKK TpyOONpOBOAA B COOTBETCTBHM C 3THM
'OYEpPTAHMEM 3a CYeT YNpyroro M3ruba TpybGompoBoja mOL HeHCTBUEM
€r0  MacChl MJH C YYETOM JOMNOJHHTCIBHOH TpPHIPY3KH H 33 CYET

264



YCTAaHOBKH TpPEABAPUTENLHO M3TOTOBIEHHBIX oTBoJOB. [Ipu 3toM B Tpy-
60MpoBOJE BO3HHURAIOT, B OCHOBHOM, H3ITHOHEIC HANDPAXECHHA, KOTODRIC
HEOOXOMHMO YYHTHIBATH [PH ONEHKE €ro HAMNpKEHHOIO COCTOAHHA.

Mpoduns tpybompoBoJa B CyLISCTBEHHOH Mepe BIHACT HA €ro
HANIPAKEHHO-1e(OPMHAPOBAHHOE COCTOSHHUE, OOGYCIIOBICHHOE SKCILTYaTallH-
OHHBIMH -HATpy3KaMH H BoazeiicTBuamd. Kpome Toro, npoduns TtpyGo-
NpOBOJA OMpeNeNseT M HONONHHTENBHYIO NPHTPY3KY, OGYCIOBICHHYIO
BO3ACiCTBHEM BHYTPCHHETO J[aBJICHAS M TEMINEpPaTypHOro mnepenana.
Pemmenne Tako# KOMIUIEKCHOH 3afaud, B KOTOPOH ONpeAEHsitOTCS MHOTHE
napaMeTphl - KOHCTPYKTHBHOTO PCIICHHA JHHEHHOH HAaCTH MOA3EMHBIX
TpybompoBoAoB, TpeOyeT NMPHMEHEHUS 3BPHCTHYECCKHX W MaTEMaTHYECKHX
MeTO/I0B. '

Ha puc. 14.1 npeacraBneHa ykpymHeHHas ONOK-Cxema MpOrpaMMBbl
BhIGopa onTHManbHOro mnpoduns TpybompoBona. B kadecTBe HCXOAHOH
urpopMauun (Gnoku ! W 2) HCOONB3YIOTCS JaHHEIE YePHOTo Mpoduis
(MMKeTHI M OTMETKH . IOBEPXHOCTH 3EMITH), QHIMKO-MEXAHHYECKME Xapak-
TepPUCTHKM TPYHTOB, YPOBEHb OOBOJHEHUS, MHAMETP U TONIUHHBL CTEHOK
Tpy6 B COCNUHHTENLHBIX HeTaleld TpyGonmpoBoaa, HX (pU3NKO-MeXaHHYECKHE
XapaKTEpHCTHKH, BHYTPEHHEE JapleHHe, TeMNEpaTypHblid mepenmai, THMN
H XapakTepHCTHKM OaJIaCTUPOBKH M 3akperneHud. Bea ucxonsas wH-
dopMalHsa 3aXacTCH MacCHMBOM H ABJIETCHA MOCTOSHHOHM ANA OTACHABHBIX
YKPYTHEHHBIX 3JIEMEHTOB, HA KOTOpHIE Pa30MBACTCA BeCh PAacCUHUTHIBAEMBbIH
yyacToK. B kadecTse y3/I0B MeXIy YKPYNHCHHBIMH 3/IEMCHTAMH NPHHAMA-
JOTCA CEYeHHe, e MeHdeTcad XOTA Obl OJWH H3 HCXOOHBIX NapamMeTpoB.
Jlanee (6mox 3) d¢opmumpyercad koppumop (o rnybHHe 3anoXeHus),
B KOTOpPOM MOXET HaXoauThcs TpyGomposon. Koppuaop omuchiBaeTes
MUHHMATBEHEIM H MAKCHMAJIBHEIM 3arnyGiieHueM TpyOonpoBoja, KOTOPLIE
OMpeeTAIOTC HOPMAMH TNPOEKTHPOBAHHSA, BO3MOXKHOCTBIO 3EMJIEPOHHON
TEXHUKH, TepecedeHHEM PpAa3/IMYHBIX OOBEKTOB H JpYrHMM  (GakTopamH.
Janee, uCrnonr3yds HHGoOpMaIHio 0 MpodHIe MOBEPXHOCTH 3€EMIIM H OMNBIT
. MPOEKTHPOBAHHA, HA3HAYAIOTCA MECTa DACHOJIOXEHHS YTNOB MOBOPOTA
ocM Tpacck (B BepTHKanbHOH muockocTn). Ilo 9roit  mHbopManmH
BLIYMCAAIOTCH YIIIBl mMoBopota. [Ipu yrne moeopora mo 0,5°, y4MTHIBas
NOMYCKA HA MpOW3BOACTBO pabort, cydATaercs, 4TO TpyOOmpoBOA MPAMO-
yuHeiinbii. [pn GonpiueM yriie NOBOpoTa ocK TpybonpoBola BRIMOIHAETCH
YIOpYrHM H3rHGOM HAH ¢ TIpUMeHeHWeM oTBofos (Omoku 9 wmm I/ ).
Hcnons3ys MpenoMTATENBHBIA PAN YIPYTHX KPHBBIX, BBEJCHHBIA B naMAaTh
SBM, BHauare BLIOMpaeTCs KpHBas, MMEIOWIAs MAKCUMANLHBIA TAHIEHC.
OTMeTHM, 4TO pPAAbi OTBOJOB TNPEACTABAMIOT COOOH COUETaHHE KPHUBBIX
¢ NPAMOJSIMHERHBIMHE BCTaBKaMH. 3aTeM MpOBEPACTCSA BHITONHEHHE YCIOBHS
BO3MOXHOCTH MOJIYYCHHA HHTKH TpyOompoBOAa H3 NpHHATOro Habopa
kpuBbIx mo amuHe (670K /4). TIpH HEBLIMONHEHHWM 3TOTO  YCIOBHA
BRIGMpAETCA CIEAYIOMMI 3MEMEHT NpeMIoYTHTEAbHOro paga. Ilpu Heros-
MOXHOCTH BBIIIONHEHHA YCJIOBHA [4 HeoOXOoAMMO BBIOpATh HOBBIE MECTA
PACIIONIOXEHHA YTIOB IOBOpoTa OCH Tpacchl, Ilocnme BHMONHEHHS YCIOBHA
14 onpenenserci, ¢ y4eTOM OHCCeKTpuC, TTyOHMHA 3al0XeHHA TPyOonpo-
soaa (bnok /6). 3aTeM, B 3aBHCHMMOCTH OT 3aJaHHOTO THNA 6annacTUPOBKH,
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HA3HAYAETCS B MEPBOM MNpHOMIDKEHMH war rpy3oB unn amkepos. Mmes
TEOMETpHIO - TpybonpoBoja W 3aJaHHBIA  [Har rpy30B MM aHKEpOB,
¢ TMOMOIbIo HOAmporpaMmbl  «ABTO» . pasGuBaeTCd pacCUMTHIBAEMBIH
Y4acTOK Ha KOHEYHBIE 3JIEMEHTEI. Jlanee, ¢ WCMONB30BAHWUEM TOANPOI-
pammer «[IPYT» onpemensercd HaNpsXEHHO-AeHOPMHPOBAHHOE COCTOSHAC
Tpy6OnpoBoJa M MPOBEPSETCS BHINONHEHHE NpPENENLHBIX COCTOSHMA (60K
20, 21). Ecmu He BHIMONHACTCA YCIOBHE TNPOYHOCTH, TO PpEHICHUC
NPAKTAYECKH HANTH HEBO3MOXHO, TAK KAK JUIL NOJ3EMHBIX TPYGONPOBOOB
M3MEHeHHe KPUBH3HBI, FNyOHHBI 3anoXeHus H OajlTacTHPOBKH Tpybomnpo-
BONA NPAKTHYECKH HE CKa3bIBAECTCA HAa YPOBHE KOJIBLEBBIX M MPONOTBLHBIX
OCEBBIX HaNpskeHMH. B osTOM ciy4ae - HeoGXoZMMO nmubo YBETUYHTH
TONUMHY CTeHKA TpyGnl, nu60 NpuMeHHTH TPYOH ¢ OoJee BHICOKOH
[POYHOCTBIO KJIM YMEHBLIIMTE TEXHOJNOrHYECKHE HArpyskd (IaBjeHue,
TemrepaTypy). M3MeHenHe MapamMeTpoB [UIS pacueTa NPOM3BOIMTCA B [HA-
JIOTOBOM pEXMMEe Ha OCHOBE MoJlydeHHoi mudopmaumuu (6nox- 23).
Ecnu He BHIMONHAGTCA YCIOBHE MO YKIagke TpyGompoBoja, T. e.
HEBO3MOXHO 0O0CCIeYHMTh mnpuierande TpybonmposoJa Ko [HY TpaHUICH
332 cMeT ympyroro miruba, To nHOO YBENHYMBAETCA PAJHYC YNPyroro
H3rg6a, MO0 YBEIMUHBACTCS YroJl IOBOPOTa OCH, HIH TNPOH3BOJHTCA
' 3aMeHa YIOpyrod KpHBoH Ha oTBod. Ecnd HE BBINOJHAETCH YCIOBHE MO
YCTOHYHBOCTH TOJOKeHHS (OPOTUB BCIUILITHS) MM YCJIOBHE OTPAHMYCHHSA .
nepopmamuifi ® NPOJOJBHOH YCTOMYHBOCTH, TO Jm0O0  yBEeNHYHBAECTCS
- rIyOuHa 3amoxeHds TPYOHl (ecnu yIepkusaromas CnocoOHOCTE TPYHTA
yMMTEIBAaETCH), MO0 yBenuuuBaeTca OajulacTHpOBKA, PajHyc YIpyroro
mruda uiIH u3MeHseTcd THEOD oTBoxa. Ilpm 3ToM B KaxaoM BapHaHTE
ONpE/IeNAeTCd CyMMAapHas CTOMMOCTB 3EMIIIHBIX paboT, YCTaHOBKH OT-
BomoB H GannactmpoBku. OKOHUATENRHO BAPHAHTOM NPUHUMAETCH TOT
M3 BApHAHTOB, KOTODBIA YJOBJIETBOPAET BCEM NPEIENbHLIM COCTOAHHAM
H MMeeT MHHHMMYM 1eneBoll (QyHKUHH — CTOMMOCTH. :
MatemaTuueckas (GopMYJIHpPOBKa 3adadd BHOOpa ONTHMANbHBIX Ma-
PaAMETPOB TPOIOJLHOIO Mpoduns TpybonpoBojJa 3aMMCHIBACTCS B BAIS

ob (x)”’(")’m(ﬂaﬁ(x)]{c. (v (x). B (x))dx+

_ L .-
+{z(y(x) h(x), o(x))dx+ | D(x)8(x)dx—min,  (14.6)
] Q

rae y(x)—oyHkups, omuchHBaromas TpodwIbL TPyOOMpoBO.a; h(x)—xy-
© coYHO-TMHeiiHas (YHKINSA, ONMMCHIBaMoWas Hpodmlb Tpacchl ¥ 3aJaHHasd
B BHAE XapaKTEPHbIX TO4EK NpPO(GHUIA TPacChl ¥ COOTBETCTBYIOIIMX HM
abemmce x; ©{x)—yHKOuA, OnpenenAOmAs HANAYHE KPUBOH HCKYC-
cTBeHHOTr0 THYTRA (@(x)=0 wn 1); 8(x}— KycouHO-HENpEPHIBHAA C KOHCH-

. HBIM YHCIOM Pa3phiBOB (YHKIHA, OMHCHIBAROINAS 6a1acTHpPYIOIUE

yerpoiicta; C(y(x), h(x))—3aTpaTsl Ha 3eMisHBIE PaGOTHI NPH COOPYXKeE-
HMM eJMHMIb JUMHBL Tpy6omposoma; z(y(x),h(x)w(x))— npusenenHnie
3aTpaThl M0 YCTAHOBKE OTBOXOB; D(X)—CTOMMOCTH 3aTpaT Ha 3aKpem-
NeHHe CAWHMIbI OIMHBL TPYGOMpOBOJa EAMHUYHOH HArpyskoit.
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HeobxomuMo Halitu Taxme ¢ymxkumum y(x),0(x),8(x), koTophe Mumn-
MM3HPOBAIM (PYHKIMOHAN CyMMApHBEIX 3aTpaT (14.6) 1 s xoTophix G
BLIMTOJHSAINCE OTPAHMYEHHS TO NpelJefbHBIM COCTOSHMAM. DTa 3aadqa
ABJIAETCH SKCTPEMAJILHOH 3azadveifl MaTeMaTHYecKOro IIpOrpaMMHUPOBAHHS
B QYHKUHOHAILHOM NpOCTpaHcTRe. Pemenue 3anaqn ONTHMH3ALMH BHITIOJ-
nanoce MK AH YCCP. [lna pemenns 3toil ‘3aja4¥M  HeJHHEHHOT o
NPpOrpaMMHPOBAHHA C HEIMHEHHOM NeneBoil QyHKUMEH W HEIHHEHHBIMHA
OTPAHMYCHHAMH, dHANHTUYCCKHH BHUA KOTODHIX HEH3BECTEH, NPHMEHeH
paHee YKa3aHHBIE METO. .

HUcronezopanue nporpammer’ BeIGopa ONTHMAILHOLO npopnns Tpy-
GompoBona NO3BONAET NONYYHTDL HE. TONBKO HANEXHOE KOHCTPYKTHBHOE
PCIICHHE, HO H YMCHBIUHTH 3aTpaTel Ha 8—12%. ' :



8¢

|43

06T £p LT€ g6l $°96 ol 9°gt LI vL
- g5t - £9¢- €€ L8I r°€6 8001 10 o 91 9L
Tese— gLy 142 €E°E 081 06 tL6 98d 8'cr Sl 8L
A A YA 08 YA 9¢°¢ eLl c'o8 141 L9Y ) 4 vl 08
Teie— 4y $0¢ 6£°¢ $9l 9 d 68 oy 88t £l 8
TTel— ¥'ss $87 [4 2 9s1 £°8L 9r8 £y U9t 4 8
TILI— 1°8§ £9C cr'e 8Pl 6'L 86L 66¢ S'Ee 11 98
051 — 809 i 8p'e 8t1 1’69 9L ¢LE 8°0¢ 0! 838
TLeli— | 619 61c 491 8TI ‘P9 69 Pi4) 8T 6 06
7’501 ¥'99 L61 gg'e L1l $°8¢ g9 9ig 16T 8 6
78— #'69 YLl 8S°¢ yol 8°Z¢ 0Ls €8¢ 't L v6
7’65 — £ZL 181 9°¢ £6 S9r 0s 1$4 Z'61 9 96
T'sE— vSL LTI #9°'¢ 9'6L 8°6¢ ocP S1e 91 S 86
410 G C'8L €01 89°'¢ 9'¢9 8°C¢ 1231 LL1 I°€l L[4 001
I'v1 L18 LL IL'e vos T'st e 9¢l 6'6 £ 201 801
Y- 197 r0g S1't 181 £5L 89L N 4:33 L'8€ 14 L
v'E0T— | €St 8T 81°¢ 124, ‘e 9eL 89¢ £€9¢ | - €l 9L
FrL1— 8Ly 99¢ 1€ LEL 9°89 00L 0S¢ 6'€e ¢l 8L
P'S91— 08 LyC vT'E 6C1 L'Y9 099 0tt 128§ Il 08
oyl — 8°T¢ LT LT'E 171 9°09 - 819 60t 6'8T 01 8
124745 Pics 90t £t el £°9¢ 1429 - L8T £92Z 6 (4]
128 4') G 1°8% 981 pee £01 9°IS 9t¢ £9¢ 9°¢T 8 98
vz — 909 1221 LE'E £6 c'op 1784 Lee 60T L 88
$'09— 9'c9 441 123 8 oI giv 60T 181 9 06 -
P8 — ¥°99 oci y'e 9°0L €6 09¢ 081 49! g 6 -
I's1— ¥'69 L'96 LY'E 8¢S 6< 96¢ vl . €71 14 v6
1 4 £'7L T'eL ge 8'vP ¥t 87T 148 8€°6 € 96
£C¢ v'SL . £6r psE 80t a1 LST 9°8L 879 [4 86 <01
w/H ~ we .=
‘rghdL w | ewa o - ====0M~tn=a uzzumhnum
HOITIOIB 1 W3 BHHOUGHLOD WO M g f $F0 Y WAl M2 L]
wiH 9123k -IroueE H ‘Mghdy | 4 wundoun [-uod LHAWOW BHHINEW10dUOd | HANIDIHA LHIW -daHR LHAW ‘4 BHAIWID AXHILD
-Keeryy ‘Mifod 2ag w1 a4 AN Rd pEaEdErol] | tHowow gou3dQ| -ow hMudsro(} -OW H0E23) qremory] CHAMIO ] wiW ‘dLawen]f

gAd1 exnrondorwedey

] suHaxorudyJ -

269



697

«

0Ly — Lit8 9L clol 90¢ 06011 13299 801 Ll §81
vevr— SLT 108 L 9%6 1214 08501 06Zs [44]! 91 L81
- 8LE— 08¢ gsL €L 0Z6 4 49001 6C0% 1°96 S 681
IEE— 987 80L LT'L 0.8 (5194 1745 09Lp 206 14! I61
€8¢ — 6T 499 €L 818 60 968 [4:14 7 ['v8 £l £61
ote— 86C £19 £€°L 9L 131 06¢8 S6if 8L cl S61
L81— S0¢ vo¢ LEL ClL 9%t 86LL 668¢ 6°1L I L6l
8tl— 11¢ SIg Pl 959 .43 881L 12193 9'¢9 0l 661
68— LIE 99¢ £VL 86S 662 - 0959 08ce ¥'6S 6 102
N 1 Y43 9Iv LYL 049 0L¢ Ccl6s 956T £ 8 t0¢
I 0te 99¢ S'L 08t ore b 749 £29¢ 9'9p L 0T |
69 9ttt SIE £6°L 184 8OC 8¢sh 6LCC 1ot 9 LoT
el (343 | TAR LS'L [43) 9LI [4%:13 9Z61 9°ce § 60T - 61T
08— 111 989 L6Y 1129 0LT 90ty 13 14 £L8 0z 611
LSt— SIIL 959 S vis 9¢ Ly 9807 9't8 61 1T
Lir— 611 929 £0°C 90¢ 1394 Bov vioc L'6L 81 £l
96¢ — £l $6S 90°S 38 L4 BL8E 6tol 8°CL L1 ¢t
$9t— LTI ¥9< 60°S 39 274 CCLE 1981 6°IL 91 LTl
pet— 1€l £es (459 9t X4 9s5¢ 8LL1 6'L9 S 6Cl
ot — SEl 10§ SI'c azy 13 14 PREC <691 2'€9 14! - TEI
697 — 6tl 80 81°¢S rov 414 V743 091 965 el eel 651
9¢C— bl Sty 1T°¢ 08¢ 061 910t LOST 1439 Cl SEl
£0C— A4 v €T’s 1213 LLY 918C 80¥1 11§ Il 8¢l
691 — [AS | - 89¢ 8T'S 149 oI 809C POel 8op 01 6l
PEl— 951 1323 [€°¢C c0e I¢1 Y6£T L611 134 6 |41
66— 191 86¢ SE'S LT 9tl 0L1T $801 6'LE 8 - 134
£9— §91 (474 8e's L4 [#41 veel L96 PEe L Shi
Li— 0Ll 9cz IFS cle 901 0691 Sp8- 8°8¢C 9 iri
6 Ll 06l St's 181 £06 9evl 8lL 474 ¢ 6ri
9 6L1 134 8¢ Lyl LEL L1 98¢ ¢'61 L4 161 651
WH \ , g wa
mgkdL w 0 M e | unenadiing | mamwiden
HIMOIBH W2 snearanLod O M oI Cr SO f HHI o W ‘9
W/H “1L3R -lrouee H ‘wgAdy | <4 wundasH [uod imswon smuaramioduos | mundomm Leaw -daHH LHOW ‘4 BHHIRID HAHILD
-Keerg g ‘|rod g [ W 29g MRy naudsiro]| | Luawonw HoaQ| -ow gandsropp | -ow HOHID() quUemon]| | eHHITKO] Wi ‘diowenyy

[ “acovndu anuancyogodyy

270




L8Y L €26 0tcl - LS9 06L91 86¢8 v'86 4! 6vC

s6b - [IL LT'6 oril 0LS - 0LsS1 y8LL ¢‘06 11 16C

08 89 . 1€°6 0501 Y4Y OlErl LSIL . 978 or 13414

ols 98¢ PE'6 56 LY - 0T0tt zl59 9°pL 6 34

81§ £es LE'6 868 6t OLLLT . £586 999 3 LST

LTS 65¥ 1v'6 8L 6L 05£01 LLYS '8¢ L 65¢

StS - S6E 940 8¢9 S 6Ct 3.68 68Pb €08 9 19¢

tbs 0Lt 8v°6 pss CLLT - 981 - J18LE 'ty ¢ £9¢ ELT
86¢ - 09¢1 8L 8TL1 ¥98 0811¢C 06s01 | tLI ST €61

S0t OIEl e8'L 0891 or8 0090C - 00£01 L9 vC L6l

e 09¢l 68°'L 0£91 cI8 09661 1866 091 154 - 661

L1t 01Tl 6L 0881 | -~ 06L 0Se61 9096 ol (44 10C

143 0911 S6°L 8¢5l oL 01.81 1393 8b1 [z | ¢toC

0t€ 011} 66°L vivl LEL 01081 6106 1t1 0c S0C

9t 0901 | Z0°8 8Ivl 60L 0stLl 9L98 §el 61 L0T

1343 0101 90°8 09¢t1 089 - 099l (4% 8cl - 81 60C ,
vt 956 60°8 00¢t1 059 0z6s1 gs6L | Tl L1 11z S 74
9¢6¢ ¥06 zr'g 8Tl 619 - OLIST ¥85L Gl 91 tIe

t9t 168 SI°8 LT LSS 001 661L 801 ¢l SI¢

69¢ 86L 618 11011 399 019¢1 . 089 01 14! LT

9Lt | V¥l - '8 ol (443 06LT1 96t9 L'Y6 £l 61C

£8¢ 069 - ST'8 9L6 88p 09611 8L6S 8'L8 [4! I7¢C

06t -$¢9 878 906 SR % 4 00111 149 . 608 1 £TC

L6t 6LS (A% 4% LY 01201 LO1S 8€L or §TC

Sop vis ¢e's 09L | - 08¢ . 90t6 €59y L'99 6 LTC

(484 LoV 8¢€°8 ¥89 (4242 9.8 881y 965 3 6CC

61y [y w's 909 tot 1475 Ollt €8 L 1t

9ty £t 918 9zs £9¢ orr9 07cCt ()% 4 9 1374

iy 967 613 La44 [ad4 (A% 4" 91LC L'Le | S Stl 8 74
{4 0071 69 Otel LS99 - 08SPl 68CL 438 4 691

67T 051l €69 roll Ly9 0611 960L Lyl (4 IL1

Y4 o111 | L69 [AYA! 679 06LE1 9689 (44! £ tLl

T - 0L01 10°L [44a! 119 08¢tl 6899 . 9tl 14 SLI

9T €201 £0°L 811 - 168 05621 CPLYS 11 17 LL]

(44 86 LOL (441! ILS 01671 354 S B A | ac 6L1

LsT LE6 1L 011 188 . 0£0Z1 ¥z09 611 61 181

£92 768 EI°L . 8501 6Cs 05021 +¥209 1749 S ] £81

271



168

1343 £65 44! (44 9€9 0£eCT 0911l 9°CL L LEE
9ty 206 oIS T 9011 £65 0lvel ¥OL6 59 9 6tL I6¢
899— 8¢9 00¢1 801 vSLT LLtl 0oLy 08ECT 61 0T $8C
865 — 9 113 41 801 [40°04 [cel ov6cy 0Lvie £81 6l L8T
-4 9¢9 . 09¢1 6°01 9TsT £9¢1 0901+ 0£50T Vil - 81 68¢
8y — £99 06C1 601 0¥ 14174 oriet 0LS61 91 Ll 162
88t — vL9 07Tl 601 88CC 1244 081LE 06581 §S1 91 €67
gle— £89 0sl1 11 9Ic 801 08IS¢ 06SL1 14 S B | $6C
891 — 69 0L01 i1 00T 020! Orite 04591 Lel vi L6T
P6— 0L 0001 Il 401 956 0901¢ XYY LCl £l 66¢
0z— 1L 976 11 78L1 168 0v68¢ oLyl 8l 4] [0t
94 1L [A%)] 111 8191 14 089C 06CEl 601 11 €0t
56 0tL LLL 11l ClIst 9sL 08SvT 06771 66 1] S0€
el orL 10L il pLE] L89 0CET 09111 £68 6 L0E
LOT 6bL §79 T [4%4] 919 0200Z 01001 L6l 8 60¢
$8C 65L 8vs Tl 8801 1445 - 069L1 LV88 6°69 L LI
09t 69L oy €11 [44) 1Ly 00£St S9L 1°09 9 Ele
13 4 6LL | {13 €11 6L 96t 08821 H9 T0s § SlE Y43
Sv6— 06¢ 0tsSl 88 -9ITC 8011 0920¢ . 0IEST S6l §T €T
£88— L6t OLvl "} ¥8'8% | TSIT 9L01 08£6C 3 | 881 v ST
SLL— (444 09¢l 16°8 8102 6001 OpSLT OLLET ELl (44 627
StL— 6l¥ OltEl v6'8 |  8b6l vL6 08597 Q6CEl 991 1T 1tC
$99-— 9y 05?I L6'8 9L81 86 009SC - 00821 651 0T 34
S09— 1434 061 1L 6 208t 106 L1 4 0021 [4Y| 6l 13 X4
SS¥S— |§44 0Elt ¥0'6 9Ll £98 096€T 08L11 -l 81 LEC
S8y — 8t 0Lot 80°6 . 0591 S8 005TT 0S<lI LEl Ll 687
Sy— 9cy 0101 Zl'e 0LST . §8L 0Tvil 01401 6Zl 9l |8 4
69¢ — 1344 P56 ¢1'6 88¥1 142? 00t0C 0s101 11 S1 (344
60t~ 1Ly P68 81°6 Yovi 0L 09181 (856 148 vi 19374
6ve— 8LY 122 176 81t1 659 066L1 L668 901 tl Ly¥c
’ :\I 4 . E-Q :Q,
"RGAAL W | . L : w . . gunpodifua | yruoxdden
HoIMOIsH n sHHIAKLOd e ‘M Wy Iy SV 7 uMn 1 WA '
W/H “9129n -rouee H ‘rghdy | 4 wumdouu juoo tuawow smndrexloduod | wHUdonH 1o ~doHH 1HIW | °§ KBHIR3O MNHALD
-Aeer]] ‘MIog g | wy g BRIV (g | urudsirof] | 1howoW HoudQ| -om umudsropp| -omW HOE0Q Wemor[] | eHHmIro] W ‘drawesy?

! -xcovndu annamcvogodpy

272 |




00!
061
067
06¢

965
869
008
09—
09¢ —
08y —

01e—

68
6£8
0S8
098
0.8
188

0cr!
0cel
0eZl
Otll
0t0r1
§c6

P8

<L

0C9

0941
0L91
06¢1
0IS1
0Zr1

(U2

05Z1
0911
0801
£66
$06
918
8cL
8¢9
6vs
0€91
09¢1
08t1

. 00F1

0zel
ovZl
0911
0801
0001
Ze6

18

6SL
9.9

919¢
Z8¢t
vrie
06T
9592
30¥C
9512
9061
091

-008¢

99t
8LVE

8IEE"

9rit
0L6¢
p6Ll
919¢
yeve
05TC
90T
8981
8191
il

.08¢1

86¢CE
0C1¢
086¢
[474:14
869C
(4354
wore
0sce
¥60¢
g9t6l
9LL1
<I91

448

8081
1691
TLS1
854!
8Tl
0Tl

"8L01

£56
0z8
0061
€281
6ELT
6591
€451
S8
L6£1
80¢1
LTI
STIT
1€01
vE6
6£8
LEL
b9
6291
0951
06¥1
1z¥l
6vEl
9LT1
1021
§Z11
L01
896
888
908

tCL

000LL
0202ZL
0v699
00819
0850¢
00€1S
0265t
0t90t
0cere
0ro1L
0ZL89
0p$s9
09579

00€65

00095
089¢S
oceer
0885t
00¥Ty
0988¢
00cse
1122183
08LLT
orirc
081LS
008¥<
09tcs
0886p
09tLy
08LYY
091¢y
08r6t
09.9¢
000%t
0911¢
00£87
09t5<

00¢8¢
0109¢
175423
0060¢
0628¢
059S¢

-096¢C¢

o1e0e
09pL1
174:1%

09¢ept

0LLTE
08CI¢
05962
00082
0p£92
099r¢
0¥6lT
00212
061
009L1
085t
068¢1
0LOT1
0658¢
00bLT
0819¢
)74
089¢t¢
06£TC
0801¢
0rLel
08t81
000L1

085S

0STPI

08921

8]
691
o<1
134!
it
8II
£01
w6
6L
vt
17 K4
£0¢
761
181
IL1
091
k14!
8¢l
9¢1
Sl
01

£18
669
80¢
861
881
8LI1
891
8¢
4!
8¢l
8C1
L1l
01
L'96
798

L6

86¢
00v
(414

Yor

80v
orr
(414
1414

LEE

133
843
1943
1943
Lyt
6v¢
1St
133

- S6¢

LSE
65¢
19¢
tot
c9t
IT€
183
clt
Lit
61t
| (43
XA
Y4Y

Ltt

6C¢t
1€
tee
cee

9y

LLE

273

18 - Pacyer... TpyGonporonos



- . P j),’rll(l’lf.\ll!
ovLl o6t 08¢l 6'1C 9LES 8897 00rao1 089¢38 9LI 6 (48]
0061 096C- -] OTTI [44 008t 00rT 00Z1¢1 0T9sL 9s1 8 14%)
LAl 086T 9L01 | §r44 peer- LTIT 0opeel 00L99 LET L 919
20T 000t 816 1'ze P9t 1281 00LpIL 09eLS LIl 9 819 0t9
o16— 0081 orte 8'LL 9£56 89Ly 002¢st o191cI - 96t S 6Ly
06L— 08I 066T 8Ll v6li6 L6SY 002eyT 009171 18t ve 18
0L9— 0esl 0L8C 6Ll - 9988 139 47 009%¢¢ 00ELTIT $9t £ 314
0SS — 0581 0sLT 81 €68 89TV 008¢¢T . 006T11 st (44 914
0ty — 0981 09z 8t 9818 £60b 00¥91¢C 002801 St 1 L8Y
ole— 088t olsT 81 0s8L - ST6L 009L0T 008£01 0ze 0z .14
061 — 0681 - 067 181 6vL obLE 002861 06066 v0e 6! 16¥
0L— Olet 0LTT 1'81 14915 9LSE 002681 08516 682 8t tor
09 0Z61 oviz 181 ¥8L9 1333 0096L1 0868 €L Ll S6v
- 0Ll 0vel 0£0T 1'81 ¥Ivo (4143 006691 056v8 8¢T 91 Lep
00t 0sol 0061 '8l 9509 8¢0¢ 002091 08008 (444 Sl 66¢
oy 0L61 08LL '8l ¥89¢ [42:14 00£0S1 OLISL LTT v 10
Qss 0661 0591 Z'81 80€S 123°T4 000t 1 00coL [e £l £0S
0L9 0002 0tsI £81 8L6¥ Yove. 00€0€l 0LESO ¢6l 4! 508
6L 020T omvl €81 V4454 LTt 00zoTl 08009 6L1 11 LOS
0C6 0802 08¢l - 241 14114 LLOT 006601 - 0L6PS €91 01 60§"
0501 0502 0s11 P81 09Lt 0881 Ot+66 0TLey Lyl 6 |R8Y
0Lt - 090C 0c01 v'81 9GEE 8L91 0bL88 OLert IE1 8- tIs
L6C1 0807 £06 S8l 96T 18%1 09¢8L 0816t SII L SIS
Levl 00I1T - ELL S8l 8PST pLCl 08¢L9 . 069€€ $‘86 9 LIS 6C¢
08¢ — 0Lt 000¢ PPl 8y6t vive 00t<01 ~QOLTS SSC 0C 98¢t
06v— 0811 o161 1248 oviy 0LET 000101 d6¥0s 13 14 61 88¢
06€— 0611 0I8I 144! 81y 65TT 0£296 - OI'I8p 1€£T 81 06t
06— 114! OILL . Sbl [4iYA 4 Sric 174 41 OILSY 81T Ll 6L
00T — 0Zer | .. 0091 . Sl 8LOV 6£0C 0L898 4234 90T 91 vot
001 — Otcr | . 0cSI 9%t 8Pt R 74 0L618 08601 £61 &l - 96t
_WH | . " | g
‘MgAdL W | . N I w , : uuauadiAna | wrnxiden
.| deroisg | wo EHHIranLod oM : Wy g SO 7 HHO A0 WKW ‘¢
WH ‘1%9h -vouee ' | Y ‘MoAdr |4 wundamm fuoo irawoW sumarawsoduos | mmdamm Lnow -doHM 1HOW | ‘4 BHHIRO IIHILD
- -Aeerfy ‘Mo’ Pg | W[ 2 JAurred urindsiro)f | LHawon goeaaQ| oW wmudsror] | -ow mossg . | wremoryy CHHIO |, Wi ‘diswenyy

[ “ncovndu u::mugc@a&:.

274




089¢
088¢
080v
0t —
O.ﬂ —_
0T1
06¢
(194
079
06L
056
Ocll
00¢€l
o9%!1
0£91
0081
oLel
0s1¢
[{rd x4
06¥C
0992
Or8c
QZ0t
019—
oLy —
{1742
081 —
09¢

058

ov8

066 -
ovil
06C1
orrl
0651

0L0S
001%
0Lis
075t
obse
0LS¢
065t
019t
0t9t
059¢
0L9t
069¢
0CLE
ovLE

09LE .

08LE
008€
0T3€
058E
0L8E
068€

olét

OF6t
Ov9C
099¢

089C

00LL
05LC

0LLT
- 06LT
0187
[11%:14

- 0¥8T

098¢
088¢
0067
0Z6C

0091

oov1
0021
06Ty
oLy
oty
08LE
079t
9 49
08zt
174 1
1) (T4
0LLT
0192

oPT -
0LZZ
0012

076l

0SLT -

0851

ol

0Tl
osol

- 0ELE

06S¢t

© Q0EE -
098¢

-0ZLL
0LST -
0T
08T

0eiZ
0861
0¢81

L0891 -
- 0Eet

00 o2 08

05000\ 00 00 I
~<f & 000 00
NN NI NN

-

-

Y]
b
233383

CIs
0TCL
0619
ovesl

- 0L9LT

oL9LY

0pE91 |

09951
086rI
00tv1
019t1
06871
00Tl

08pLI

09.L01

- 0E001

96176

. 8668

CI8L
090L

~ 90£9
85§

95LY

- 0t8el
0Sttl

098C1

0LET]

0£3801
00£01
9LL6

W6

90L8

9918

079L
990L
8059

9¥65

901¥
019¢
$60¢

6916
- LESS

L£88

8918

[€8L
16vL

0SIL
- 9089
89

0019
8ELS

- 8LES

108
syor
6LTY
906¢
0£st
£S1¢

YLLT
- BLET

S169
£L99
69
¥819

104%

£S1S
888
9y

13334
. £80¥

018t
LEst

14148
£L6C

0089t¢
00856C
008€¢T

002099

0079¢9
00TT19
00T88¢
008t9¢
00F6LS

008P1S
00006¥
- 00TYSP
00T6tY
00Tt 1Y
00TLBE

00019€
009¥E€
00080€
002187
007#ST
000LZT
00661
00TILI
0095€P
0010z
00050

00968¢
00Z1ve

009¥Ct
00080¢

00Z16T

00TPLT
00TLST
0000¥T
0097CC
00050C

00€L81

00t891
006Lp1
0069C1
0010¢tE
00181¢
00190t

-001¥6¢

006¥87C
00L69T
00¥LST
0005¥C

0012¢C

00961T
009902

009¢61

005081

00tL91

000¥51

0090v1

001LT1
00SEILL
05866
07958

- 008LIT

00T0IT

+.008T0C
006¥61

0090L1
00£791
000P<l
009¢s¥1
001LEl
0098C1
0000C1

~QOEIT1
005201

019¢6

0z
8L1
139
oS
¥Ts
£0S
[4:14
19%

8y
L6t
GLE
€St
4%
olt
68¢
L9T

Sve -

€77
102
6LI
LS1

veEl

CLYy
LSY
sty

oty

¥9¢

9bt
LTt
- 80t

06T
1LC
(44
13 X4

vic

<61

A1

¥08
908
808
0L9

L9

¥L9
9L9
8L9
089
89
¥89

989

889
069
769

- $69

969
869
00L
oL

oL

90L
80L
08¢

78§

¥8S
98¢

" T6S

v6S
96S

865

009
c09

909
- 809

019

078

Tl

0£9

275

18*



0861 0$09 099 09082 0e0€l 0006611 005665 £6s- 1T 3L8

00¢T 0809 OFt g1t 0z6tT (74| 0009¢%11 000€LS §9¢ 0c (88

474 0119 oy 81g 09LET 08811 000t601 00E9%S 8¢€S 61 88

0y9T O0E19 000t 6°'[€ 095¢T 08Z11 000L£01 00L81S 01s 81 88

098¢ 0919 08LE 6°1¢€ 08tiT 06901 009¢86 00816t st Ll 988
080t 0619 09S¢ [43 0020C oorot 09676 008191 1294 91 88%

00ce 079 1] 4% 43 06681 Lor6 009€L] 0089ty a4 Sl 068

OISt 0529 0tie [4) 06LL1 £688 00C818 00160t 86t 14! 768

0ELE 0L29 016z’ [43 0,591 878 00CT9L 0or18e 0LE £l ¥63

0s6¢ 00£9 069¢ |§r43 oFest TL9L 008S0L 006ZsE re 4 968

L1y 0£E9 0LYC 1°7¢€ 184! 950L 00C6t9 009%CE vit Tl 868

00+y 09¢9 V) 744 TTE 0L8CI1 9Er9 000265 000967 98¢ -0T. 006

0ot - 069 0c0T 443 0T911 [18¢ 009+€S 00£L9T 85¢ 6 06

08y 0Zr9 0081 €€ 0LE01 v8IS 000LLY 0058¢ET 6CT 8 v06

090¢ 09 0851 £C€ [480.% 11394 00061t 005607 10T L 906 026
08t 0S¢ 006t 1°8C 001#T 06s0TI 00886 006t6t ¥29 $ST 0LL

0Ls 080t orivy T'8C 002eT 00911 009156 008SLy 009 ¥e CLL

OLL 00LY 01S+ 414 0CETT 09111 00CS16 009L5t GLS £C vLL

0s6 0Ly OEeY '8t Orvic. 02L01 00938L8 oototr 839 (44 9LL .
0s11 0sLy Otly €8T 0ps0T 0LZ01 000Z¢8 00012y gcs 4 8LL

oSt 008t GbLE ¥'8C 0ELSI P9e6 008L9L 006€8¢ LLY 61 8L

0TL1 0Z8r 09S¢ v'8T 05081 £206 00r0EL 00Z59¢ 139 4 81 v8L

0Ze61 058y 09te 8T 0L891 9Er8 0038169 0065¥E 8 L1 98L

0cIe 0.8t 091¢ $°8C 05681 9L6L 000t59 000Lce tOb 91 88L

00s¢ 0cet 08L¢ )14 0sorl ST0L 0009L8 00088Z 1232 14! 6L

069T 0s6y | 065T 9514 060€1 L¥S9 0089¢5 00189¢ 0EE (A voL

068C 0L6t " 06£T 9'8T 0e1cl 9909 00t Lot 00L8¥T 411 4! 96L

080t 000s ~00¢T 9°8C 09111 -186% 009L5Y 0088ZC 08¢. Il 86L

08ce 0zos 000T L'8T 08101 605 009L1Y 00880¢ ¥el 01 008

a8re 0505 0081 L'8T -00C6 009t 00TLLE 009881 6CC 6 <08

W/H . sy "7
'HgAdL W | oy R HHHHALAHE | Hruoelden
HOOIK i P ) BHHIUanLod N0 'Y Wa g SO YF MHU N3 WA ‘g
W/H ‘WI9s| -rouee H '194dy| ‘2 uundouu|-uoo wmawow| sunsremtodnoos E.:MEE LHIN -doHE LHIW 4 BHHORD HAHILY
-Agery ‘MOE 39f | W[ oog-| oAHIrey Hiandsro) | -oW gaHdBUO]] | -ow HosasQ qaEemou]y | eHHmMIQ] e ‘diawen|y

LHIWOW HOHIO()

[ “ocovndu anuamcvogodry

276




09£9 00011 11239 STy 00CO¥ 0010T 000ZS¥T 0009¢T1 089 .81 811
0999 o011 0r0S STy Or6LE 0L681 000F1£C ‘000LST1 w9 L1 9811
0569 08011 0SLy 9Ty 0719¢ 09081 000+0TC | 000ZOI1 $Q9 ! 8311
o¥ZL 0TIl 09 9Ty 0r8te 07691 000+90T gooceol 89¢ 9| 0611
0vSL OSTIT | 091% 9T 0791¢ 01851 ‘00¥6L61 -00L¥96 Ots v | Tell
0t8L 06111 0.8t Lty 09v6C OtLvl 000L6L1 005868 . %414 £l 611
0Zig | Otcll 085¢ Lty 09cLe 09t 1 0002991 00CrEs 3% 4 4! 9611
oy | 09¢l1 08ze. L'ty 0¥0sT 0TeTl - 000Les | 009t9L 81y 11 8611
0CL8 00ET1 086C 8Ty 078¢C 01¥11 000Z6¢1 006569 08¢ 01 0021 el
0¥8 0eTL 0TtL 0°se 0088¢Y 0¥+l 00088ZT 00011 £to 0t 096 . :
0801 09¢L 080 1°ee 00CSer 009L1T 0000¢ZT 0000111 06 67 96
OItl 00¢cL 0689 1°6¢€ )4 4 00L01Z 0008¥1T 000¥L01 [42 8¢ -¥96
0scl 0£eL 0199 T'ge 009L0V 008t0T 000080¢ 0000+01 [44 LT 9%6
06L1 09¢L (A T'se 009¢6t 008961 . 000800¢ 000001 [4t: 9T 896
0£02 06¢L 0€t9 435 0096LE 00868t 0009¢t61 000896 184 ST 0L6
- 09C¢ 0TrL 0065 (433 0ovs9t | 00LT8E 000¥981 0081t6 ISL T - TL6
0IsT 0S¥L 0595 £'se 0oTIsE C09SLT - 00016L1 009568 0CL 4 ¥L6
05LT | 08pL 0ivs €'ce 0ooLEE 005891 00081LI 007658 689 (44 9L6
066C 08¥L 0ivs §c€ 0097t 00£191 0005191 000TC8 659 1T 8L6
06Tt OvSL 0L6v 1233 00780t 001¥S1 000ZLST 00658 879 114 086
0OLYvE 0LSL 069t ¥'ee 008¢6C 00691 00086¥1 -00T6vL L6S - 61 86
0TLt 009L ot gce 00¢6LT 0096¢1 000y 1 000CIL 99¢ Bl ¥86
096t 0L9L ooz g'se 00¢y9T oofzel 0008PE1 Q06ELI StEe Lr 986
00y 099 096t ' 0096¥C 008t 000eLT1 0099¢9 +0¢ 91 386
osky | 069L {1 FAS . 9%sE 09veT 0LL1 0009611 007865 ¥4 ST 066
069 0CLL A 4) 9'CE 0961¢ 08601 | 0000CII 00009S | T 14! 66
Ot6y 1. 09LL | 0STE 9°CE 09t0¢ 0ecol 00001 005 1S [y £l 766
081¢ 06LL 086¢ 9°CE 0c631 L9ve | 009596 00878t 08¢ <l 966
174 49 0Z8L . OFLT L'sg OIvLi y0LS 00888 11344 4% It 866
0L9% 0S8L 06%T L' 0L8S 1 - 9¢6L - 005608 | 00LYOV L1t ] 0001
0z6S 088L e L'sg ottyi ¥IL 0080¢tL 00¥59¢ 98T 6 001
0L19 016L 0661 - 8'cg 08LC1 009 008159 006578 1474 8 YO0l . ,
ol¥9 | Ob6L 061 g'ce ol Cl9s 00¥TLS 007987 €T L 0001 0201
0Ctt or6s 0zss 9°1¢ 0F90t 439 00060%1 009+0L £0L s¢ 0.8
ovel -0L6S 00ts L€ 0056C 0SLyl 000L6ET | QOSBL9 S6L9 e L8
0¢S1 .| 0009 0605 L1€ 09£8T 081%1 00050t 1 00£TS9 89 £C L8
OLLT 0z09 0L8Y 81¢ 0TTLe OI9¢€l 000Z¢TI 000929 079 [44 9L8



079s 4% 4! 8201 Al 4 000ce8 009%¥ 000TEe9 000991 € 60t 0ot 09¢1
0565 09s¥1 0566 A4 0Cr98 0ITEY 0009¢19 000890¢ L9TI 6T 9¢t
0£99 0591 0196 6. 009¢€8 Q08I 0009t6S 0008962 ¥l . 8C. yocl
0£99 059%1 0LT6 t'6r 07808 115402 - 0008ELS 0006982 I811 LT 99¢1 -
-0L69 069%1 | 0£68 got 0008L 0006t 0009tss 00089.Z BEll 9 29¢1
00EL 0tLvl 0098 1214 0TISL 095Lt 000PLES 000L99C S601 Y4 0LET.
0E9L 8Ly 0.28 1414 0zecL 0919¢ 000bEIS 000.95¢ €501 tZ cLel
0L6L 174:1 41 0t6L 12014 Orre9 0Cive 0000E6Y 00059t 1G] £ PLET
4% 098¢k 08¢L 94 09599 08zee 0009ZLY 000¢9tT 996 (44 9Lyl
0598 L34 0stL s‘o 00LE9 0s8lt 000TTSY 00019¢C tTo 1T 8Lt
0006 0s6¥1 0069 $6¥ orL09 0LE0t 0002172 009s1¢ 6.8 - 0T - 08¢l
1233 066¥1 0959 96t 0r8LS 07087 000901+ 000£50T 9¢8 6l. [4:1
0896 0r0s 1 0<79 9'6v ocers 9tLT 000006¢ 0000561 £6L 81 P8El.
01001 080S1 068S 9'6t 000ts 0009C 000v69¢t 000LP81 0sL Ll 98¢l
09¢01 0cIsl 1 4% 9'6t o6y 4Y (4 000081t 0000PLI 90L 91 88¢1
0001 0LYS1T LiT4Y L6y 009 020¢£T 0000LCE 0005€91 799 ST 06¢1
05011 01¢S1 0S8 L'ev 030tt - OpSIT 000850t 0006251 | - 819 vl z6el
06E11 0scsl 1189 4 L'6t |  0900F 0£007 000++8¢ 000CTr1 SLS €1 p6cl
tLITL 00€S1 OLTY 86t - 080LE orssl 0007e97 00091¢1 39 <l 96t 1 17441
09.L¢ 0,901 ov6L I'ty 088s 4474 000265t 00096L1T 1101 Lz 9911 -
0s0t - 0IL01 059L T OCILS 09¢8¢ 000v8re 000Z¥LI SL6 9 8911
obty 0sL01 0SEL T 0Ters 09t8¢ 00005EE 000SL91 8L6 4 0LTT
“0L9Y 08L01 0LOL Tw 00LTS 05£9¢C 00091¢ce 0008091 106 ve LIl
06y 0Z301 08L9 144 0v60¢ 0LyST 000801¢ 00arsst p98 €T PLII
olzs 09801 069 44 0CL8Y 09evZ 000TL6T 00093871 LTS [44 9LIl
00ss 06801 0029 vy 00s9t 114 X4 0009¢8¢ 00081¥I 06L 1T 8LIT .
08LS 0t601 0C6s vy 089+t arecl 00092LT 000£9¢€1 veL 0c 0811
- 0L09 0,601 0£9< ST 1)°) J44 XA ¥4 00006S< 000s6T1 LIL 6l (4141
.zwm..kr:z { wa Yy ~q aq
HIIOIBH wWo siinoraHLod O M wo SN f M 0 W ‘9 yusuadLing | yrumfden
W/H ‘1L39h -[rouee H ‘vgidr | 4 amndinnj-nod 1HIWOW| sHHEIUEHIOdI0D HMNdeHH LHAW ~done LHOW ‘4 BHH3R3 HIHOLY -
~Adery ‘MFog J3g | W[ dof shuireq yradsro]] |LHOWOW H0820Q | -ow pradsrol] | -OoW Hod3dQ quemory] | eHHOOJL W ‘dioweryy

[ 'ocovndu anuaxcvogodry

278




Pl L §°L (O .0v—)9'6e| 0T Z0¥ 6€S OJe1l §'T1 | - 0TT

7'l 9 9 (O or—)9'6e| 0T oy 6£$ OJer| sor | 0Tl

A A L D .0r—)96E] 0T £9¢ 01§ ode1| TEl 0zl ,

vl | 6'S 1‘9 (O .0r—)9'6E} 0T £9¢ 01§ DJe1| #1I 0TZ1 ss—erel-e-vl AL ‘E1X
vEl 3°g 6 O .09-)er| 61 |LITr | T6¥S qdTLe0] 891 otvl 8L—1pL-¢-¥1 AL ‘€LX
pET | L8 6 (D .09-)6'es| 0T | €1vr | L'88S oLX |- LS1 0Trl 18—S66-€-¥1 AL ‘€IX
peE‘l | SOl ‘11 (D .09—)6cs| 0T |€Tvy | L'88S qazI0r| L8] 0Tl .
peErT | L8 6 (O.00-)6cs| 0T | €Tpy | L'88S qpzIol| L'S] ifad| 78—LEIT-¢-vl AL ‘€IX
ve'r | 68 6 (D.09—)6v| 0T {€Ivy | L'88S oLX| Ls1 | 0Tkl __— -
vE‘l | 68 6 Gm%l;w 61 |viey | Ters 9PTI60| 891 0Tyl $8—E9EI-E-vI-AL ‘tl1d
' r U OOWIJ. : A ’ . .

v'1 | 88 96 _A. m,ww 9] o6y | LED D1dLY| LS 0Tyl s8—potl-€-¥I AL ‘tld

- ‘ K U 09— . ) . ,
pel | Lol €11 . 6'¢s| 0T vy | L'88S oLX| L8t (174 41 L8—0sp1-E-#1 AL ‘€IX
vel | L0l €11 (D .09—-)6r| 02 1% $8¢ qocLol| L'81 | oTvi o
vE'l | 68 v6 (D .097)6r| 0T 1+ 886 qdbTLor| L§Y oThl L8—¥IrI-€-v1 AL “€LX
FEl 16 96 (O 09-)6r| 0T 19¢ 98¢ LTLor| LSl otvl L8—TIST=E-vI AL "€LX .

: 18—Ss10I-€¥1 AL
) (eld) wosee
S ANHQAdL prIoXIrof
T | 9 (D .51—) A-LDTLOI : : (LX) wosee
ve'r | € | 9T 6°LOT| 0T 19v | L88 | A-9@TLOI| 91T | T'eTh] . WraHgAdL ymaocrndey
eIN | LN RAKLT % ‘oHm BN ‘
‘wod ‘ed %k -SHAY elIW “IHHIY
-oniou -oulou -EHI ou XA QoW ‘o -anLodu .
_a. .h—hﬂ-_a WMNd O.—Mmooo .:.uwuwun =qU3LAa -u_..u.hﬂnh 02 OM: -
oLew o -930 D aq ¥ender g -OHLQ rorad[] | -HIWS n.
HLIOANA ] 31, ] WW
<“BH LHIATY B[N ‘oWROU BYLLELAW OJORA4OHDD HIFBLD ‘HAAALY | ‘dIoweRrl BHEOLSA - JHAIDRARXIL
-Hppeo)] | -uell uoma_:ua.mhzﬂ_os _ naniondarvedex ammrantendoH ‘exdeiy enAnmro] [rrnxAdep] A 11HE0LOIEH-TIodef

vaLovoacHodin o..o==_an.50r.awo edLIWeHY osomarog o0Ad1L Arendolew oft RIJORNITEH IURMNHGDEON B BILLINOW SMMIBHHEXIN-ONHERD

N‘u.a-zxoq”:n\m

279



v | s's Ls  [(.09-)v6T 0T £9¢ 0£S | dVTICI 6 0Z01
¥l | 68 v [(O.09-)¥6er|  oC £9¢ 0ZS | ADLILL| T¥I 0zo1
Ll L PL [(D.09-)16T 0T £9¢ 01S | ADIILE | #il 0z01
1l ‘9 v'9  [(D.09-)¥6T 0z £9¢ 01§ | A-DIILI 01 0201 (ELH). vou
¥l | 8% 1o [(O.09-)t'6Z 0z £9¢ 0IS | ADLILL | 9% 001 |[-B€ HNMHQADL HHXOHOADOWOEOH
Lv'L | €9 g9 |(O0v—)T6E 1T | 9°29¢ 01S | LH-DIJLI 4| ozel |
120 B 4y V'L 1D .09—)T6E 0z Iy | L'88S | L-DIILI 4! 0zTTl
12 S A £9 [{D.09-)T68 174 Ty | £°88S | L-OLUALT | SOI 0zl 8L—ITLEVl AL ‘t1d
L'l L 9L (O 0r—)T6E 0 |9T9¢ | 9%6¢S | DVZISI 8¢l 0zzl _ o
LYI-| LS 9 (O .0r—)T 6t 0T |[9°79¢ | 9°%6ZS | ®VTIEI SI1 02Tl .
'l | Lt £8  |[(D.0v—)T6E 0T | 9°79¢ OIS | A-DLILY | €¢I | 0721
L | EL 8L |(O.0r—)T6E 0T |979¢ 0IS | A-DIJLI | €% 0Tzl ‘ :
LY'1 9 9 [(D.0r—)T'6E 0T | 99t 0IS | A-DILILI 4! 0zTl oo
Lb'1 $s 9 [(D.0p—)T6E 0T |979¢ 0IS | A-DLILI I red | - I8—BEIIE-¥l AL ‘ELh-
YLl 98 6 [(D.09—)T6¢ 0T |979¢ 6ls | dVITICI £91 0Z¢1 : )
2l 8 £8  [(D.09—)T6¢ 0z | 979t 67§ | OVTIEI TSI 0Tzl
Pl 69 L 1O 09—)T6¢ 0C | 979¢ 6¢S | DVYTIEI el ozel
YL | T9 g9 (D .09—)C6E 0T 1979 62§ | DVTILI 4 0zTl
! 8's 9 |(D.09-)T'6¢ 0z | 9T9¢ 6CS | PVTIET 11 0zl -
vl 6 ve |(O.0p—)T6E 0 19C9¢ | 01S | A-DIILT LI 0zl
12! 8 £8 [(D.00—)T6E 0z | 9'79¢ 01S | ADLILL | TSI 0Tzl
2l I'c | ¥L [(O.0b—)T6¢ 0T | 979¢ 01S | A-DIILI | 9l 0zl
vl 89 UL |O.0r=)T6e| 0T 979 [ OIS | A-DIALL| €1 | ozar
Al 9 | 19 [(O0r—)T6E 0T | Z°79¢ OIS | ADIJLL | 1 0221 L8—8ETHE+I AL ‘€IX
_ _ S8—HEI-€-¥I AL
LYl ‘'L L' (O .00—)9'%6E 0T £9¢ oIS DIET 6°¢l 0ZTI | : (ELh) Towee
LYl 9 §'9 1O .0r—)96E 07 £9¢ oIS DIEI 4 0TTI |@rHiexoduogAdL  HANOHHQKLO|
eI BN NI XYT % ‘aMH BLIN .
‘wod ‘ed I ~3HHI BlIN *IHHAU
-ourron -ouxou -BHIpy ol vk 30H r_w:wu -anLodu
Ty Jatut:] 0109330 1LI0NEE" -qU3aLlHd -3 L =03 30H
-Mhmiqa%_w -0 D g seuder g oy | wawady | -mawadg )
HLIOH XN ) W WK . o
-BH  LHOMI BRI ‘IHHAU BULIRIIW OJOHHOH3O BueLn ‘s | ‘drameny EHEOUJA JHNIORMHXIL
-uddeo)] |-ael SOoHAILRLIMUIY wuaudanedex smuauLendoy exdepy eHHIMIO | |urixAdey H 9U3LKM0LOJIEH-TOHRE

"7 wcovndu  anuancyogodfy

280




-
-

—

kY

=~ 00 00 ON ™

S Coono oy S

—

-
-~

~
-~

-~
-

NN~

-

N O o Oy N

-

-
-

-
-

-
ES
-~

[ o

A OO R

-
-
-

N S SV S S O Y= o

-
~

(o e
R AR R A R

-
~

oY~ r-SnNre-\o -~

-~

-
-

[~ a0 00 W O N \O

-

ﬂ—l-lv—.iv—!n——ﬂ'\ﬁv-lv—!v—‘v-l—ﬂv—‘v—i—l
OO A E e Oh e O LT

-
-

NNt — I~
=~ N NO T~

-
-
-

™~
<t < < <t <t
<t <t

~ A — N

~

<

(D 0P—) V6T
O ov—) 6T
(D 0r—) 6T
(D Oov—)P'6T
(D Oov—) V6T

(O 09-)¥6T

O 09-)¥62
(O 09—-)¥'6T
(D 09—) 6t
(D 09—)¥6T
(O 09—-)¥6T
(O .09-)T'6T
(D .09-)T6C
(D 09—)T'6¢

(D .09—)T6E

(O Ov—)T68
(O 09—)T6E

(D 09-)T68

(D 09—-)T6E
(O 0vr—)96E
(O Ob—)96E
(O 09—-)Y°6T
(D H9-)v'6T
O 09-)¥6C

€5t
1333
1333
€5t

€S .

£9¢
£9¢
£9¢
£9¢
£9¢
€9t
Ty
(484

9°79¢

9z79¢
9°79¢

A 4

(444
(484
£9¢
£9¢

£9¢

£9¢
£9¢

OdLI
DAL
OdLT
DAL
OJLL .
OVIILl
OVIIEL

S PVLdLl

DVTIEI
OVTIEI
®VTIt]
LOLILT
IDLILL
LHLILI

LHDVILI

LHDIILE
LOIJILT
LDLILT
LD1dLI

DJET
JIE1

PVIILl -

DVl

 DVTIEL

111
01

£91

\.”ﬂ
ST

ges
0ZL

0L

0ZL
0z3
078
0Z8
0c8
174
irdi)
0201
0201
0201
az01
0201

0zOI -

070}

0201
0z01 -

0Z01

P—0LTI€¥! AL ‘SLh

" 93—szhI-€bl AL ‘€ELh

8L—1TL-€H1 AL ‘€ld

§L—1TL€vl AL ‘€14
$8—¥HEl-€¥l AL ‘€LH

281



Mpunoxenue 3 !

(Duanxo—mexanmecxue cBoOiiCTBA M K03bduunenTR  HANCKHOCTH BO Marepuany
RMOOPTHHMX TPY6 Goabinoro. AuameTpa

CrpaHa-U3roToBHTENR M HapyxuuntTonmnHa HOpPMATHRHEIE XAPAKTEPHCTHKH OCHOBHOI'O TapantHpo-
TEXHHYESCKHE YCNoBHAR | AadamMeTp, CTEHKH, B MeETanna . BaHHOE 3Ja-
- MM_ MM BOAOM HC-
Bpemen- | Tlpeaen | Orrock- | Yaapuas "g:;:ﬁ:‘;oc
Hoe co- | Tekydec- | Tesnmnoe | mgakocts Mila
NpOTHB- TH, Yaaune- |no Mena-| -
NEHHE, MIla HHe, %a | xe upm
Miia —60°C,
C Howc/cm?
HAnomna - - 1420 18,6 | 686,5 | 539,4 16 58,8 134
TY 100—80(HC) 1420 222 686,5 | 539,4 16 58,8 16
100% ymbTpaasykosoit | 1420 27,5 | 686,5 | 539,4 16 . | 588 18,8
'KOHTpOJb, perymmpye-| 1420 | 20 637,5 | 510 . 18 58,8 13,6
Mas npoxama : 1420 ¢ 239 | 637,5 | 510 18 | 588 | 16,3 .
' | 1420 | 29,6 | 637,5 | 510 18 58,8 19,1
1420 | 21,6 | 588,4 | 461 20 58,8 13,3
1420 | 258 | 5884 | 461 | 20 58,8 16
1420 | 31,9 | 5884 | 461 20 58,8 18,6
Anonua 1220 | 15,3 | 686,5 | 5394 | 16 58,8 12,9
TV 100— 80(HC) 1220 18,3 | 686,5 | 539,4 16 58,8 154
100% ynvTpassykosoit| 1220 | 16,5 | 637,5 | 510 18 58,8 13,1
KOHTpONb, perynupye-| 1220 19.6 | 637,5 | 510 18 58,8 15,6
Mas TpoKaTka 1220 17,8 | 5884 | 46} . 20 58,8 12,8
R 1220 | 21,2 | 5884 | 461 " | 20 58,8 15,3 -
SAnonus 1 1020 12 2 | 686,5 | 5394 16 49 12,3
TY 100—80(HC) 1020 _146 686,5 | 5394 16 49 14,7
- 100% ynbTpa3sykosoii | 1020 13,1 | 637,5 | 510 18 49 12,5
KOHTpOJb, - perynupye- | 1020 | 15,7 1 637,5 { 510 18 | 49 14,9
Mad npokaTka { 1020 142 | 588,4 | 461 20 49 12,2
' _ 1020 17 | 588, 4 | 461 20 49 14,6
Anonna- 1420 { 15,7 5884 461 20 | 49 9,2
TV 40/48/56— 79 1420 18,7 5884 461 20 - | 49 10,5
100% ynabrpassykomoii | 1420 23,2 588,4 461 | 20 49 13,1
KOHTpONb, peryiampye-| 1220 12,9 | 5884 | 461 20 49 8.4
Mag npoxanca ' 1220 | 154 | 588,4 | 461 20 | .49 10

. 1020 12,9 | 588,4 | 461 20 49 10,1

~ SAnouus 820 7,1 ]-529,2 | 392 20 .1 39,2 6,3

- TY 20- 28-40-48 79 - 820 85 | 5292 | 392 20 | 39,2 7.5
100% ynntpa3zsykosoii| 720 6,2 ] 5292 | 392 20 39,2 6,2
KOHTpONb, peryaupye-| 720 74 | 5292 | 392 20 39,2 7.5

© Mas NpoKaTxa 530 6 - | 5292 | 392 20 34,3 8,2
- : 530 65 | 5292 (392 ] 20 | 343 8.9

. OPI 1420 { 21,6 . 588,4 461 18 58,8 | 12,4
TY 40/48/56—60 - 1220 17,8 | 5884 | 461 | 18 58,8 11,7
100% ynpTpassykosoii | 1020 (1420 . | 588.4 | 461 18 | 58,8 11,1

- KOHTpOJb, peryiupye- : p - :

' ..Mas mpokarka . |- N IS N : R
“Dpanuus 1 1220 12,9 | 588,44 | 461 - 20 58,8 8,4
TY 20/28/40-48 79 1220 | 154 | 5884 | 461 20 58,8 10.

100% ynbrpassykoBoi | 1020 12,9 | 5884 | 461 220 49 | 10,1
~KOHTpoOIb, -perymupye- | 1020 16 .588,4 | 461 20 49 12,5
Mas npoxaTxa ) 720 f 7.6 | 5884 461 20 - | 39 . 8,3

‘ . 720 9,1 | 588,4 | 461 20 39 10
-6 | 5296 392 3 20 1 39. 8,1

S 530
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Hpodoawcenue npusoxc. 3

Crpana-nsrotoaurens #  [HapyxHsiit Tomuuna {HopMaTHBHRE xapamepﬂc*mwi ocHoBHoro | FapanTHpo-
TEXAAYECKHE YCIOBHA JTAAMETP, | CTCHKH, ‘ METANna . BaHHOe 13a-
MM MM BONIOM HC-
Bpemen- | Mpenen | Otnocu- | YiapHas "‘;;;f,?ef,:‘;f"
HOe CO- | TeKydec- | TenbHoe | BAIKOCTh MTIla
nNpOTHB- ™, yauHe- (1o Mena-
TEHAE, MTla | nue, % | x& npH
MiTa ’ —60° C,
- Jioxjcra _
: : 530 p 5296 p92,3 20 B9 11,3
HUranus : 1420- RO p37,5 - 500,2 18 [58,8 13,6
TY 100—80 - 1420 23,9 637,5 00,2 | 18 P88 16,3
- 100% yawTpassyxonoif| 1220 16,5 637,5  [500,2 18 58,8 13,1
KOHTpONb, peryampye-| 1220 [19,6 (37,5 00,2 18 8,8 15,6
- Mafi TIPOKaTKa 11020 13,17 p37,5  p00,2 18 H9 12,5 -
. 1020 {157 p37,5 00,2 18 9 14,9

I1 p;i meqanne. KodpdruMenT HagexHOCTH 10 MaTepuany k;= 1,34.




CITNMCOK JINTEPATYPBI

i

1. Azanxkun B. M., Bopucos C. H., Kpugoweun B. JI. Cnpasounoe PYKOBOACTBO
no pacieram Tpybonpososos. M., Hempa, 1987, .

2. Anyuxcun M. I1., Topuyxuii B. H., Mupownuvenxo 5. H. Tpy6el ans Marucr-
panbHbiX TpyGomposoaos. M., Hempa, 1988. : '

3. Aiinbundep A. b., Kamepuumeiin A. . Pacver MAarucTpansHuIX TPY6ONpoBOAOB
Ha NPOYHOCTE H_YCTOMYMBOCTb. CnpamodHoe Nocobue. M., Henpa, 1984.

- 4. boaovipee I'. I'.. YcTORYMBOCTD U AchopMHpyeEMOCTy  OcHOBaMMiL aHKEpHBIX
¢yunamenTos. M., Crpoiinzaar, 1987. . ' ‘

5. bopooasxun IT. II. Mexanuka TPYHTOB B TPYGOTMPOBOAHOM CTPOMTE/BCTBE.
M., Hegpa, 1986. ‘

6. Bopooaskun I1. I1., Cumokoe A. M. IIpoqHOCTh MarucTpanbHRIX Tpybompo- -
BoaoB. M., Heagpa, 1984. -

7. Bunoepados C. B. Pacuer momseMHbIX TpyOONpoOBOACE Ha BHeWIHME HATpy3KH.
M., Crpoitnanar, 1980. o

8. I'emmepaune A, B. Pacyer CTEPXHEBBIX CcHCTeM. M., Crpoimapar, 1974.

9. 'ynas A. M. CroxacTHueckue METOAb! DellleHHA HEerlajJKuX 3KCTPeMaJIbHBIX
saga4y. Kues, Haykosa nymxa, 1979. .

10. Jaamamos B. H., Jacmouxun B. C. YCTpoiicTBO rasonpoBooB B MyYHHHC-
TeIX rpyHrax. JI., Hegpa, 1978. : _

11. Jyxaw IT. A. OcHOBB! HenRHeiHOI CTPOMTENLHON MexaHukd. M., Crpoiiua-
nar, 1978. : ‘ T

12. Maaunun H. H. Tlpuxnagnas TCOPHS ILIACTHYHOCTH M MNOJ3ydecTH. M.,
MaunHocTpoenne, 1976.

13. Memoodw: pacueta crepxHeBbIx CHCTEM, TUIACTHH H 000JI0YEK €. HCHOJb-
3oBanueM IJBM/A. B. Anekcanapos, B. §. Hamennkos, H, H. Manownukos u Ap.
M., Crpoiuagar, 1986. . .

14. Moposos B. H. MarucTpaibHsle TPYOONPOBOALEL B  CIO0XHLIX _HH)KEHEPHO-
-reonoruieckux ycjaosuax. JI., Henpa, 1987. .

15. Hucapenxo I'. C., Moxucaposcxuii H. C. YpaBHeHNs U kpaeBble 3aa4K TCOPHH
IIaCTHYHOCTH M monayvectd. Kues, Haykosa mymka, 1981.

16. Mocobue no BLIGOPY OCHOBHBIX NApAMCTPOB, ONpPEAeNsrOUIHX KOHCTPYKTHB-
HOE pCllieHHE NMOA3eMHBIX Tpybonposogos. Kommiekc nporpaMM ana OBM EC.
M., u3n. BHUNCT, 1988. : -

: 17. Mocobue no pacuery noazeMbIx TPYOONIPOBO/JOB NPH NPOU3BOJILHOM
OHYEPTARHH OCH C HECOBMCLUCHHBIMM YIJIaMH TIOBOPOTA, 3aKPEILICHHBIX rpy3aMu
K ankepamH. Ilporpamma ITPVT-88 ana DBM EC. M., man. BHUHCT, "1989.

18. Pacuem w xoHCTpyHpoBanue TpyGonposoxes. Ilox pea. b. B. 3BepbkoBa.
JI., MaumHocTpoenne, 1979. ‘

19. Pexomendayuu ‘10 NpPOEKTHPOBAHMIO W pacueTy ManosarayblieHnbix ¢yH-
AAMCHTOB Ha IIyYHHMCTHIX rpyHTax. M., man. HUMOCT, 198S. ,

20. Yupckos B. I., Heanyoe O. M., Kpueoweun 5. J1. Coopyxenue cHcTeMbl
ra3onpoBofos 3anagHas Cuoups — Llentp cTpanel. M., Hexpa, 1986.

21. lllsey B. B., Tapacoe K. JI., lllgey H. C. HanexHocTb OCHOBaHHWH H ¢yH-
AameHToB. M., Crpoiiusgar, 1980. _ ‘

' 22. lllesenes A. C. DUIRKO-MeXaHHUCCKHE XAPaKTCPUCTHKH MHOTONETHEMCP3JIbIX
rpyuToB. M., Crpoiiusaar, 1979. :



OI'JTABJIEHHUE

* BBEIEHHE .....oceeunee. rerennane erererreaans rteeerarereeeeearaneie e rrre s ceereiest et e s enas

Tnasa 1. OcHoBHble hpmlulmu npoelc'mj:onnnm H pacHeTa MAarucCTPa/bHLIX

B OPOMBICTOBBIX: TPYBOMPOBOMOR ......ocooiioiiiiiniiii i e ‘
KOHCTPYKTHBHBIC DCIUECHHSt JNHEHHOH HaCTH TPYGOMPOBOJOB .ooeeeecariniesinnn

OCHOBHBIE TPHHIHMBL PACHETA ..cooovvininiiiiininnns

Cnasa 2. Pacyer TpyGonpoBo/ios ¢ yueTom ynpyronnacaneéxoﬁ paGoTsl
METARMA TPYD .oooveeiieine il erenenenin SRT PR SO ITO

[MocTAHOBKA 34724 M METOMBI PEIIEHMA ..ocovirniiineaisirnsssseessessinsssse st s
Jinarpamma  «HampaxeHne — AegopMaiuay 418 TPYOHBIX CTANCH ...oo..covnnie

Pacuer TpyGONPOBOIOB HA BHYTPEHHEE JABJICHHE KAK TOJCTOCTEHHOMH 060NI04- -

KM C YYETOM QMIMYECKOM HEMHHEMHOCTH ool
AHANH3 pe3ynbTatToB M TNPEIUTOXEHHA MO ONPENCJCHHIO TONIHHBL CTCHKU
Tpy6 NpH ACHCTBHH BHYTPEHHETO JABICHHA oooovoiiiiioiisnsnsssstesnsssenctnsssiseas s

HanpsxeHHO-eGOPMUPOBAHHOE COCTOSHAE M KECTKOCTHHIE XAPAKTCPHCTHKH
CEUCHMA .vvvioririniearssisnsssesessessaesiossnesnrasssassans reteieateieeeerserasaseaeansnreeaaaenteararierabeees ‘

Inasa 3. Onpeleienne OCHOBHBIX KOHCTPYKTHBHBIX TapaMeTpoB DO3eMHBIX
MATHCTPANBHLIX H MPOMBICIOBBIX TPYGONPOBOOB ........coovvmniiiiiiinns treereeenen

Hopmatusble TpeGoBaHHS 0[O OMpPEIENEHHIO ' OCHOBHBIX KOHCTPYKTHBHEIX:

TTAPAMETPOB «vvrseeceuensssiscssssnnssbeessinmsaenasasesssstassiss e ine bbb s se s e st b et n s e
OCHOBHBIE KOHCTPYKTHBHBIE NAPAMETPH! NO/3EMHBIX MArHCTPATLHEIX TPy6o-
TPOBOIOB ...covtrrieaianaennnnns e teeiteerieeiraareeereeesiseienseetieseansanaes Cerebeerireesir sl e
OCHOBHBIE KOHCTPYKTHMBHBIE MAPaMETPHl MPOMBICIOBEIX TpyGOMPOBOMIOR ...

Bribop npodmnis AHA B OCH TPAHIIEH MPH €CTECTBCHHOM (yripyrom) uarnGe

TPYOONPOBOAA ....ovee I TTORIRR AR reeerrreerareaataeasanaenaasssaran bnresesbearhessasarenan e nanias

I'naga 4. Pacuernnie Moaeas rpyHTa, BlaHMoJeiicTrylomero ¢ TpyGonpo-
BOMOM ............. R PP PUPI PN SN

PUINKO-MEXAHUYECKHE XAPAKTEPHCTHKH TANOTO TPYHTA .orccecnnnnnenisriiinnsnenins
CONpPOTHB/ICHHE TPYHTA APOAONBHBIM TEPEMEIEHUIM TPYOBI .ooovrvriiniian
CONpOTHBJCHWE TPYHTA TNONEPEUHBIM TEPEMEUIEHUAM TPYOBI ....oovvve. pesvenrans
CoNpOTHBJIEHUE T'DYHTZ MOBOPOTY TPYObl OTHOCHTENBHO €€ MPOJONbHOH
TOCH .onenene ibeeeeeseaaaatarastessaseneaenettieritbaiAeeatatee e reeeateeereaneeeieiatssiab b Ar s i e e s Eannasreanares
DUINKO-MEXAHHYECKHE XAPAKTEPHCTHKH MEP3NBIX TPYHTOB ..ccovivniinviniaircnanes

Tnasa 5. TepeMemenas B MecTe BbiXoJa MNoa3eMHoro TpyGomposoaa Ha
TIOBEPXHOCTD ....covvvisrnerrnseessiassnasessanseesessanens TP e ereseerrereneteneeiartessbna e naas

MepeMeIeHHA NIPH JCHCTBIM NONEPEYHOH CHIIBL K M3THOAIOIEro MOMEHTA ......
Mepemeltienna Mpy AeHCTBHH MPOJONBHOTO YCHIIHA, TEMNEpaTypHOTro mepemna-
A2 M BHYTPEHHETO [ABIIEHHA .icoiiiiiriiiiianissiseresssnaensesanses st ratesesssaserbassassassessess
JKCIEPHMEHTANIBHOE OMNpe/IesieHHe PacnpefecHis NpoJONbHEIX NepeMeineHni

N0 JUTHHE TPYOOMPOBOIA ..vieeviiriinrianseaanacn, iesseriasineneenn etreerensieennrenban—a, rereeaes :

Onpefienenue NMPOAOJLHBIX NMEPEMENICHAA B MECTE BBIXOAA MMOA3IEMHOTO yHacT-
KA HA TOBCPXHOCTD .iurerimiiiieereciiiieatetinaaancsnsansts et s sananis v resae e teeae

~J h

10
10

13

18
30

33

40

40

41
48

51

60
60

- 62

69
78

©79

81
81
84
89

91

285




OnpenencHue pACCTORHMIA MEXAY KOMIEHCHPYIOLIHMHE YCTPOHCTBAMM .........
Onpenenenne nponoALHOTO NEPEMELIEHAS B MECTE CONPAKEHHS ABYX Y43CTXOB
-Tpy6onipoBona € pa3NIMYHBIMH - TEMIEPATYPHBIM NEPENAAOM H BHYTPEHHHM
AABJICHHEM ....iiitiiuiiiiiiatictias s cae st cerecais s s eseet s e e e s e e st sm st e e eeeenebeenns
Onpenenenne nosopora TpyGonposoja JIpH . JeACTBMH  KpYyTAWIEro Mo-

MEHTA ..ioviiiiieeeiieeesiiveseeneies aeseeseseeean vrrernen e ervere g e enteees sentnreeeaaes rerenrnan :

[nasa 6. denonl;naa YCTOHUHBOCTD aarnyﬁﬂeliuux prﬁonponouon npH aelcT-

BHH NOJJOKHTCALHOIC TEMNEPATYPHOTO Nepenana u BHYTpECHHET ¢ /IaRJICHHA .......... ‘

Onpezenenne KPHTHYECKOro yowina ans TpyGompoBoaa, HMEIOIIET0  Ha- -
YaaeHblH H3rnb ... etreeeeeenies et eaeeeer ey freeee e ‘

YHpomeHHme_ JABHCHMOCTH 114 ﬂpaKTHHeQKHX PacCHETOB ..........ciiiiva Feeteanaany

OKcnepUMeEHTalIbHBIE MCCICAOBAHMA TPONOJIBHOM YCTORYMBOCTH NOL3CMHBIX -

TPYBOMPOBOMOB .ottt e s et e e er s

Fnasa 7. TIpumesenme MeTo]a KOHEMHMIX I/IEMEHTOR K PacyeTy. JHHEHHON

HACTH EPYOOMPOBOMOB .........ccoivinitiiit ettt et ee e ees s e eeeeee e easeaeans _

YpaBHeHHE PaBHOBECHA CTEPXKHEBOTO 3JEMEHTA HAaNOPHOTO TpyGonposoaa ¢
YIETOM TEOMETPHYECKOH H . puinueckoil HenHHeHHOCTEH :
Bb16OD KOHEYHOIrO IEMEHTA M ErO CBOMCTBA voveeveeeevvuoereeeeersieere oo
YpapHeHHEe NEPEeMCIUEHHE K YCUIHI NS KOKEYHOrO 7UleMeHTa
Matpuna mnogaTAMBOCTH 3ieMeHTa ‘
MaTpuia XECTKOCTH 3MEMEHTA ....cveveveelvnenenne.. S SO

YpaBHEHHC HEPA3PLIBHOCTH Y3J1a HEPA3BETBICHRON CHCTEMBI ...oocvoveneeenann.
OnpegeiicHne nepeMelieHAA M YCHJIAR TO ANIMHE KOHEYHOrO 3JieMEHTa .....

Y4ET reOMETPMYECKOH HENMUHEAHOCTH CHCTEMBL cenveeeeeeeeeeieeeereseeeseeseeeeeee s _

Caasa 8. Pacuer noniemuwix 1py6onposoaos, OPOKIaAbiBAEMbLIX Ha 00BOINEN-
HBIX - YHACTKAX TPACCBE . ovoiriiiiiiiiiiti e ntesseeesae st s estesaste st e strseeaeesemesesseesaemneseseeses

OcnoBhble ocobeHHOCTR pacyeTa N0 NPOYHOCTH, YCTOHYMBOCTH MONOKEHAA
(IPOTHB BCTUILITHA) H APOAOJIBHON YCTOMUHBOCTH ..leovveeeeesioeeereeeeereesensennns,
OnpeaclicHHe XapakTEPUCTHK aHKEPOB, HAXOASIWAXCH B TANOM TPYHTE .....
PacueT cTepHEBBIX M AMCKOBBIX AHKEPOB, HAXOAAILHXCA B MEpP3JIOM TPYHTE
OmnpeaefieHne - Harpy3Kd OT BbITAJKHBAKIEH CHIB BOJM ...... et ieeretrreeeerasanan :
ConpoTuBieHne IrpyHTa DNEPEMEWEHAAM TPYOBl ..cooovveveeeeni . e aaa e
OnncanMe NpUMEHEHHs NPOrpaMMel N8 pacieTa TpyGoOmpOBOAOS, 3akpen-
JACMBIX AHKEPHBIMH - YCTPOHCTBAME ... coovevvvirireeeernnnnn.. e rea s

Tnasa 9. Pacver noazemubix Tpy6onpoBonos ¢ upouIBOJILHAIM O4epTaHHeM OCH

B BEPTHKAILHOH W TOPHMIOHTRIABHOH TIOCKOCTHX iooovveivveeeeneeaeereeseseeensaens e '

-O6nacte npuMedeHAs nporpaMMbl €TIPYTH .oovoooiiiiiieeeeeeeeeee et
ANTOPUTM NpoOrpaMMbl pacdeTa ........ re e L a e et e e e r et s sa s e e e s sabbaeve e
Ucxonuele namuple nna pacyera ¥ BHIXOAHAS HHPOPMALMA ......... TN .
Oco6EHHOCTH MPOYHOCTHOTO pacyeTa HA3EMHOMH CHCTEMBL IPOKJIAJKR ¢ KOM-
OCHCAUHOHHBIMH  YYACTKAMUE ..oiiiiviiiiciiiiiiiiieiiiees s it eeeees e eeeeeseeeeeesraeaens e s enaens
DKCOepMMEHTANbHEIE HMCCIENOBAHNA MOJENed NOAIEMHbIX Tpybonpoeonos,
MMEIOIIHNX PAMHIHOE OYEPTAHHEC OCH B TOPHIOHTANBHOH MJIOCKOCTH .........

Taasa '10. Pacuer TPYGONpOBOI0B, COOpYXaeMBIX Ha CTPYKTYPHO-HeYCTOH-

HHBBIX NPOCAROMHBIX TPYHTAX ...oomciiovieieiraiiniiinnsnoees peereeennereraamrerere e et ranba s e
OCOGEHHOCTH CTPYKTYPHO-HEYCTOMMMUBBIX TPYHTOB .vovvveevevereeressiesseesesneeeseos

Monens ocaixM OTTAMBAIOUIMX MCP3JILIX IPYHTOB OCHOBAHHS TNOA3EMHOTO -
TpYOONPOBOJA ..ovvevivieneiiiiiriaen, e s st e e e e e e et ae e e e e e aeresaas ST -

286

98

101,

101
115~

120

125

125
134

135

140
142
144
147
148

149

149

7151

157
160
161

162

164

164
165
168
169

173

180

180

182



Mofenb OCALKM MpPH 3aMaYHBAHMU (BOXOHACHILIICHUH) NpOCAIOYHBIX IPYHTOB
OCHOBAHHA TOM3EMHOIO TPYOOMPOBOMR ..oveeueeaie it b it bbb s
Onpenenenne Harpy3oK Ha TPyOompoBOl M TEPEMEHHLIX MAapaMeTpos ym-

PYTOCTH oevavuestevareasassecesssssasesaeassabs e e b e sb s esE s s A LS00 _
Pezynb'ra"rhl YUCITCHHBIX IKCTIEPHMEHTOB .oceoruvrerenscireescssmsusunnians ererensarenenntianeeis

N

I‘.rmm 11. Pacyer nonwunux prﬁonpononon, npomunnem.lx Ha ny-mmlc- '

TBIX CPYHTAX ..ocveiannet ereeeteaseeesesisiesstessneeeiaeasneisanaeealterrrr et e s e e st h e ant b e e
QOcoOeHHOCTH M0p031{0r0 nyqeﬂna PALTHYHBEIX  TPYHTOB .oooiviiniiiimnrininnninnncecs :
Harpy3xd |- nepeMeiicHHs, OOYCIOBJICHHBIC IMYyYCHHEM rpyma
ConpoOTHBICHAS nepememennﬂm TPYOBE .covicivianeiiemeeresicisciebisssesaane rerieesi e
Tnasa 12. Pacuer HajileMALIX NEpexo/ios prﬁonpoioﬁon'- e esviee e ine

PacueT KOMMEHCATOPOP HA BO3ICHACTBHE TEMNEPATYPHl M Bnyrpeﬂﬂero Aap-
TIEHM «ovveeeseeeesssessiessessmessessssssssmeass et enbrsasas scosissansnnsasansantanasaetbsass soinnsascassaieniasannts

OnpeneneHue pacCTOAHHA MEXIy omopamu s Gmoqnmx TMEPEXOaoB ¢ KOM-
TIEHCATOPAMH .vooverereerereesaserssssabossesshanssss s sens mesetssanssmsnssmasedasarsss e e sna et .

PacyeT OAHOMPONETHRIX Gecxomlcnca'ropnmx nepexonos TpyGonpoBomos Ha
MOMEPEMHYIO HATPY3KY, TEMINEPATYPHEIA NEpenajl U BHYTPCHHEE ABJICHUE .......
PacueT APOYHBIX [EPEXOAOB TPYOOIPOBOMOB ..oovrriieruimoneresiasansensinsnnanansnesinees
PacueT  MHOTOIPONCTHRIX 6ecxomncﬂca'ropﬂux nepexonon 'rpy60npononon
© npnmeﬂenuem € ) 23, ST S U S OO P OISR LY

TI'nama 13. 'Heéymaa Cf10COGHOCTE HAIIEMHBIX ' EPeX0/10B prﬁonpononbn

JKCMEPUMEHTANLHOE  ONPENIENeHHE. KpHTH‘lCCKOl‘O  TeMIEPaTypHOTO nepe-'

TEAJTA +ovvevseenecsessesensessanasetesenenssase b seatbeans s en et SamnseanaE e b eSO SRR e
AHATH3 YIPYTo#l H YNPYroITacTRYECKO# paboTsl HAMIEMHBIX TIEPEXOHOB ....iciit
BnusHHe H3MEHEHHA HArpy3ok H BO3MCHCTBHM HAa HECYIUYIO - CIIOCOGHOCTI:-
pr60nponona NpH NIaCTHYECKUX ne(bopmauuﬂx .......... ptenrerseeae e aareetn

Tnaea 14 Bonpocu ONTHEMMIAINH KOIIC’l‘pyKTIII!lle peulemnl llpll ‘OrpaHmMenHax
0 DPEEBHBIM COCTOMMBEM .....oooviiorcstnssismsissssnansssesasses e sad st s st s

OnTAMu3aums GaniacTHpOBKM M 3aKPETNEHAA pr60nponona rreeerrensadenneeneed

 OnTAmu3auuA mpotduna nuHefiHOM uact TpyGompoBona C y4eTOM Gan-
TACTHPOBKH «.c.cuvvesseasessesensssesssstesossstobs s sssse sese st s shsrne s s A AR S0 s
TIPHITOMEHEA ...oeueirvemievininimrseereassssssnersiodiossenssaennss s e snosesicassussninnes eetreei eees
CIUCOK  JIHTEPATYPBI «.oveirrencenniensensosessssissinnansesnasnasess feererrersiessnraensanleneeseaibbirreas

187

189

190

193

193

194

201

- 209

209
213

21
235

238

241

241
246

255

260
260

264

269
284




ABTOMATH3POBAHHAS
' CUCTEMA o
TEH30KOHTPOJISL (ACT)

IlpennasHayena mias OnNpeneNeHHs HANPAXEHHOTO COCTOAHMA YYACTKOB
ras’onpoBolla ¢ mepefaycH pe3ylnbTaTOB H3MEPEHHH 1O KAHAIAM CBA3M.
TEJEMEXAHUKH MAarucTpajibHbIX ra3oNpOBOACB HA MYJbT AMCHETYEPA.

ACT ocHoBaHa Ha MeTOJe HATYPHOTO TEH3OMETPUDOBAHMSA, YCTAHAB-
JIMBACTCA HAa NUHEHHOH YacTH rasompoBojia B 610k-60KCax TeleMEXaHHKH..

TEXHUYECKAS XAPAKTEPUCTHMKA

ConpoTHB/IcHHE TEH30PE3HCTOPOB, OM .ovvieveeeieeeceeeceee e 60—1000
JAuana3od u3MEHEHMA BBIXOAHOIO CHIHANA, B ..., 10—0—10
MakcyManbHas JUIMHA JUHHE CBAIM, M 1000
IIMTaHue ..o, N restestennerereseeeas v . Ogdodaznas ceTh nepeMeH-
: ' i : HOTO  TOKA = HampsXeHHeMm
220 (+33 H YacTOTOH -
50 (£1) Ty :

Pa6ouas Temieparypa, “C ... e en e 5—50

ABTOMATU3MPOBAHHAN CHUCTEMa O6ECIEYMBAET NEHTPATH3O0BAHHOE TIO-
NY4YCHHC TCH3OMETPHYCCKOH MHPOPMANMM, HTO 103BOJAET 3PPEKTHBHO
NpOBOAHTL NIAHOMEPHBIH KOHTPOIb TEKYLIETO HANPSKEHHOI'C COCTOSHHS
H TEM CaMbiM TIPEAYNPEAUTL PAa3BHTHE 4Ype3MepHOll agehopmaluu raso-
mposoaa. Ilpeactasnen MeETOn oONpeneicHHs AaBAEHHS ra3a NyTeM TeH-
30MCTPUPOBaHUA ¢ ucnonb3osaduem ACT. :

Hcnbitanus cucrembl nposoamnuck B Ipasoseukom JIIYMI T10
«Ceseprasnpomy. IpoBeJeHHbIE HCOBITAHAN MOKA3dJH HAAEKHOCTD byuk-
UHOHHPOBAHHA COCTABJIAIOLUMX 3JIEMEHTOB M BCCH CHUCTEMBI B HEJIOM.

ABTOPLL: : S
B. B. Xapuounoscknii, C. C._tbecemqo (BHHUMra3).



