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NMPEOUCJIOBUE

BuGpousosifiius MallHH — OJ{HO H3 HauGojiee JIEHCTBEHHBIX
CpeAcTB 60pbObl C KoseGaHHSIMH KOHCTPYKIMH 3JaHHi U COO-
pyXeHHH, BbI3bIBAEMBIMH paboTOH MaiukH. BuGpousonsnus
NpHUMeHseTCs JHOO0 /15 YMeHbIIeHHs JHHAMHYECKHX Bo3JeficT-
BHH, Tepe/laBaeMbIX MALIHHOH Ha NOJJepKUBAIOMHe KOHCTPYK-
IlHH, 1U60 /sl CHUKEHHS ypOBHs1 BHGpanuuii mpuGopoB M Iipe-
IIU3HOHHBIX MallMH — BHOpanui, BBHI3BIBAEMBIX KOJ€GaHHUSIMH
NOJIeP3KHBAIOIIMX KOHCTPYKIMH HJIHM OCHOBaHHuSl. BuGpouso-
JSIHA CHMXKAeT ypOBeHb KoJieOaHHH paGOYHX MecT H, CJIefio-
BaTeJIbHO, YCTPaHseT BPeAHOe BJMSHHe BHOpalLHi.

o nocienHero BpeMeHH B IPaKTHKE CTPOUTENHHOTO MIPOEK-
THPOBaHUS NpHMeHslach «MHCTPYKLUHS NO MPOEKTHPOBAHHIO
¥ pacueTy BHGPOM30/MALUHM MALIMH C JAHHAMHYECKHMH HArpys-
KaMH H OGOpYJOBaHHS, UYBCTBHTEJIBHOTO K BHOpamHsaMy
(M 204-55/MCIIMXII), paspaGoraHHas B naGOpaTOpPUH AHMHA-
muxu lleHTpanbHOro Hay4yHO-HCC/IeZOBATebCKOTO HHCTHTYTA
IIPOMBILIIEHHBIX coopyxKeHH#. MHcerpykuusa crmoco6eTBoBasa
BHE/[PEHHIO BUGDOU30/ LMY B IPOMBILIEHHOE M I'paXJaHCKoe
CTPOHTENLCTBO.

B ocnoBy sToro PyKkoBojcTBa Jieryin npHHUHIHANbHEE HO-
JToXeHHusT MHCTpYKuun KM 204-55, xortopnie 3a 16-neTHui me-
pUOJ, MpOLIEeAUIME CO BpEMEHH ee BbiX0/la B CBET, OblJIN IIpOBepe-
Hbl NPAKTHKOH NpHMEHEHHS BHODPOH30JSILIUH.

B PyKoBOACTBO BKJIIOYEHE! MaTepHaJlLl, pacuIup sioliue aua-
11a30H €ro NpUMeHeHHs H JeTaJU3HpPYIOLHe OTJe/NbHbE pacyer-
Hble MOJIOXKEHHs. B OCHOBHOM 3TH JONOJIHEHHS CJeAYIOLHe.
Y4TeHa BO3MOXXHOCTb BOSHHKHOBEHH S pesXHMa MMITYJIbCHOTQ pe-
SOHaHCa, YTOYHEHH! JOMyCKaeMble aMIIMTYAbl KosneGaHuid Ajisi
GyHJaMeHTHOro 6/10Ka M NoAdyHAaMEHTHOro Kopo6a; BBEJCH
[pacyeT npy:KMHHO-pECCOPHOH BUOPOH30JALMH. 3aHOBO HAaNHCAH
pasgen «[laccuBHasi BHOpPOM30/IALNSA», B KOTOPOM DacCMOTpEH
[acyeT BHOPOU30JANHH 060PYAOBAHHS, UyBCTBHTENLHOTO K BH-
6pauusam, IpHu NepruoJudecKux H cay4yalHblX KoJeGaHHsAX OCHO-
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BaHus. BBefeH pacueT nNpyXHMH Ha yCTOHUHBOCTL H pacyer
KOHIEHTPHYECKHX NPYKHH, JaHHI DEKOMEHJAlHU IO pacuery
NPYKHHHO-TIJIACTMACCOBbIX BHOPOH30JIATOPOB H BHOPOH30JISATO-
pOB ¢ rujpowapHupaMu. llpefcTaBJieHbl CBeJieHHs IO COBpe-
MEHHEIM COpTaM PEe3HHbI, pEKOMEHAYEMBIM JJIsi BHGPOH3OMSTO-
poB. [laHbl yKas3aHH$ 1O PacyeTy M IPOEKTHPOBAHHIO JeMide-
POB BSIBKOTO TPEHHS.

B npunoxeHHsX NpHBENEHbl NPHMEPH pacyeTa aKTHBHOM
BHODOH3OJ MM MalIMHBEl C NEPHOJHYECKOH BoaMymaromed Ha-
rpy3Ko#, BHOPOH3O/IALMH (QYHAAMEHTOB IO/ MOJIOTEl H MacCHB-
HOH BHOGPOH30JANHN OGBEKTOB, UyBCTBUTEJbHEIX K BHOpaLVAM.

Kuura noxrorosneHa B saGopaTopun fuHaMuku IleHTpasns-
HOTO HAayYHO-HCCIENOBAaTeNIbCKOTO HHCTHTYTa CTPOHMTENBLHBIX
KoHCTpyKuuit uM. B. A. KyuepeHKo A-poM TexH. HayK, npod.
B. T. KopeHeBelM (pyKoBOAHTENb), JA-POM TeXH. HaykK
B. A. UBoBHueM, KaHAW#ATaMH TexH. HayK B. A. MnbuueBsiM,
I'. JI. Kegmpopoii u JI. C. MakCHMOBEIM.

Ipu cocraBneHnH PyKOBOACTBA HCHOJb30BaHbl MaTepHa-
Jbl, npeactasieHHble uHcruryTamu:  ITHHMHIIpomspanwuii
(A. H. HoBoxunos), Xapekosckuii [TpomcrpoitHHMnpoekr
(B. T. Tlononsckuit u M. M. Bankapeii), ¥Ypaabckuii [Ipom-
crpoitHWHnpoexr (H. A. Ilukynes u A. H. DpgpeneBckuii),
YxpHUMxummaw (B. A. Boponkun u JI. 10. dnmrreiin), ¥Ypas-
HHWHcrpomnpoexr (I'. C. Pocur u II. B. Bamyk), SHUKMAII
(0. . Kypmomos), DHHMIMC (B. B. Kamunckas) u ApyruMu
oprannsauusamu. Ilpu paGore Haj PyKOBOACTBOM yuTeHHl 3a-
MeuaHHusl, CIeJaHHEE J-poM TexH. Hayk, npod. E. C. Copoku-
HEIM B KaHA. TexH. HayK B. C. T'1a3eipuHbIM.

Hupexyus LHHHCK um. B. A. Kyuepenko



Fnasal

OBIIHE YKA3AHUA

1.1. B PykoBoAcTBO BK/IIOUEHR! YKa3aHHU$ [0 PacyeTy | npo-
eKTHPOBAHHIO BUOPOU3OJ AIUH:

a) MallMH, sIBJISIONIUXCHA HCTOUHHKAMH BUGpauMil, il CHU-
JKEHHUs1 JUHAMHYeCKHX YCHJIHH, nepefaBaeMelX UMH Ha MOAJEp-
KMBalOIIMe KOHCTPYKLIMH HJIH OCHOBaHNE, 4TOGHl yMEHBUIUTH
HeGJ1aronpUsATHOE BIHSHHE KoJeOaHUH Ha CTPOUTEJbHBIE KOH-
CTPYKIHH 3JiaHuH, o6CnyXKHBAOMA NepCoHaN M TEeXHOJIOTH-
yecKoe 000pyJOBaHKe, YyBCTBUTEIbHOE K BUOpaUUH (AKTHBHASA
BUOPOH3O/ALUSA);

6) M3MepHUTe/bHBIX NPHGOPOB, TOYHBIX CTAHKOB M JPYTHX
aHaAJOTHYHBIX OOGBEKTOB A/ yMEHbIeHUS HX KojeOaHHH, Bbl-
3BaHHBIX BHGpaLMsIMH NOJJEPKUBAIOIMHX KOHCTPYKUHME (mac-
CHBHasi BHOPOUBOJISIHUS).

1.2. Tlpu npoeKTHPOBaHHH BUOPOU3O/SALMA PEKOMEHYeTC s
HCHOJIb30BAaTh HMEIOIHECS THIIOBBIE peLIeHus .

Jlonyckaercs mpHMeHEeHHe OTAEJbHEIX BEIOMCTBEHHBIX HOD-
MaJjielf, HHCTPYKIHH H ApPYrHX JOKYMEHTOB, COCTaBJIEHHBIX Ha
OCHOBe OOUX ITOJIOKEeHHH JdHHOro PyKOBOACTBa.

Jlna akTHBHOH M nmacCUBHOH BHODOW3OMSLHYU MaliHH, HpPH-
60poB U 06OpPYAOBaHHA pPeKOMEHAYeTCs NPHUMEHSATb NpPEHMYy-
IIECTBEHHO (TaM, TJie 5TO BO3MOKHO) BHGPOM30JISITOPHL, CEPHIHO
BBITyCKaeMble TpOMBILIEHHOCTHIO?,

1.3. YkasaHHS 3TOTO PYKOBOACTBA OFHOCATCS K MAlllHHAM
H 06GOpY/OBAHHUIO, YCTAHABIHBAEMEIM:

a) Ha HeCym¥X KOHCTDYKUHMSAX 3JaHuH;

6) Ha rnosiax NPOMBIIJIEHHBIX 3JaHHi;

B) Ha OTJCJbHBIX BUOPOH30JHPOBAHHLIX (DYHAAMEHTaxX, ONH-
palomuxcs Ha TPYHT.

1 Cm. cchiky B mI. 5.15 PykoBojcTsa,
2 CM. ccbuikd B . 5.15 u 5.30.



1.4. a) JlanHele o JMHaAMHYECKHMX HATpY3KaX, CO3JaBaeMbIX
MallliHaM{, HeoOXOAUMble /i pacueTa BHOPOUSOJMALHH (CM,
nn. 2.1 u 3.4 PykoBojcTBa), IpHHUMAIOT B COOTBETCTBHH C 3a-
JlaHHeM, KOTOpoe BBIaeTCsl TeXHOJOTHYECKOH opraHusauuei,
M NacnopTHHIMH JIAHHBIMH; €CJIM TaKHX JaHHBIX HeT, X HasHa-
YaloT COrJacHo yKa3aHHAM «MHCTpyKuuH MO ONpeAe/eHHUIo
JMHaMHYeCKHX HArpy3oK OT MallMH, YCTaHaBJHBaeMblX Ha Iie-
PEKPHITHAX NPOMBILVIEHHBIX 3Aanui». Crpoiusgar, 1966.

6) IlpenenbHbie 3HaYEHHUsi HATPY30K, NepeiaBaeMblX BUOPO-
H30/IMPOBAHHBIMH MAIMHAMKM Ha MOJJepKHBaloOmye HX mepe-
KpHITHA 3JjaHHi, a TakXKe Jpyrue JaHHbIe, CBS3aHHBLIE C pacye-
TOM NIepeKPHITHH U HCIIO/Ib3yeMble IIPH pacyeTe BUOPOU3OISIHH,
NPHHMUMAIOT B COOTBETCTBHHM ¢ «MHCTpyKLHei Mo pacuery Hecy-
I[MX KOHCTPYKIMH NPOMBILVIEHHBIX 3JaHUl ¥ COOpYXKeHHH Ha
JuHamuyeckue Harpysku». Crpoiuszar, 1970. Ilpu onupanux
BHOPOM30JIMPOBAHHBIX MaUIKH Ha (lepMbl MOKPHITHE — B COOT-
BerctBuM ¢ «MHCTpYKuuell o pacyeTy HOKpHITHE IIPOMBIILIEH-
HBIX 3JaHuf, BOCHPHHHMAIOIHX JHHAMHYECKHe Harpy3Ku».
Crpo#tuspar, 1967.

B) Hanps:keHusi B TPyHTE NpPH yCTAHOBKE HA HErO OTAE/b-
HBIX BHOPOMSOJIMPOBAHHBIX (DYHAAMEHTOB He JOJIKHHI NPEBbI-
warh sHaveHndl, gonyckaemerx CHull 1I-B. 7-70 «®ynpamen-
Thl MaIlMH C AWHAMHYeCKUMH Harpyskamu. HopMmel nmpoekTu-
poBaHuA.

r) I[lpu GecdyHaameHTHOH yCTAHOBKE MAauIMH Ha MOJBI
NPOMBILLIEHHBIX 3JaHHH pacyeT NOCNeJHHX Ha yCHJIHA, Tepe-
JlaBaeMele MaIUMHAMH, BBINOJIHSIOT C HCIOJNb30BaHHEM «YKa-
8aHHH NO MPOEKTHPOBAHHIO 110/10B IPOU3BOACTBEHHBIX, XKUJIBIX,
O6IECTBEHHBIX W BcroMmorare/bHuix 3fanuiy (CH 300-65).

1) Tpu Bu6Gpousosnsiiuu 060pyA0BaHU g 3aBOJAOB IIPOMbILILIEH-
HOCTH CGOPHOro Kese300eTOHa AOJKHbBI OBITh BLINOJHEHH! YKa-
3aHusl «VHCTPYKUMH MO YCTpPaHEHWIO BpeNHBIX BO3JEHCTBHUI
BUOpanui paGoyHMX MeCT Ha NPEANPHATHAX Ke/e300eTOHHbIX
uszpenuniiy (CH 190-61).

1.5. Bo3MOKHBI B2 BapuaHTa HCNOJHEHHs BUOpOH30Js-
MU 3aBOACKOH, KOrja MaliuHy (CTaHOK, NpHOOP M T. II.) Bof-
NyCKaloT B KOMIIIEKTe C BHOPOH30/ AIIHOHHEIMH YCTPOHCTBaMH,
M CTPOHTEJIbHO-MOHTaXKHBIH, IPH KOTOPOM BHOPOU30JIALLMIO OCY-
IECTB/SET CTPOUTENbHAsA OpPraHH3alHsl 1O INPOEKTY, BHIIOJ-
HEHHOMY B IIPOLECCE CTPOHTENBHOIO MPOeKTHPOBAHHSI.

Ecau guHaMuyecKuii pacyeT 3jaHus (COOpPYXKeHHs]) Ha BO3-
JieficTBHe BHODOHM30JHPOBAHHOH MAIlHHBI MOKA3bIBAeT, YTO 3a-
BOJCKOR BapHaHT BHOPOH3OJALUK He YAOBIETBOpsAeT TpeboBa-
HUAM HaJJeXkallero CHUXKEHHsl AMHaMHYeCKUX YyCHJMH, nepe-
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JaBaeMblX Ha KOHCTPYKILMH, TO NPOH3BOAMTCA nepepacueT BHG-
pousossuuu. Jns CTpoUTeNbHO-MOHTAXKHOTO BapHaHTa Bceria
HeoOXOMM pacueT BUOPOU3OJISIHH.

Bu6ponzonsnus, BHINOJHEHHAS B COOTBETCTBHM C PEKOMEH-
JNOBaHHHIMH HAacTOAmMM PyKOBOACTBOM mpaBujaMH, rapaHTH-
pyeT 3ajlaHHOe CHHXKEHHE COOTBETCTBYIOIIHX pAacyeTHHIX BeJH-
YHH JHHAMHYECKHMX YCHJIHH, NepeMelleHul U Jpyrux napaMer-
poB. Ilpumenenue BuGpoumsossuvH Ge3 NpeABapUTENIHHOIO
pacueTa HEJIONYCTHMO, TaK Kak ee 3(h(eKTHBHOCTh MOXKeT OLITh
CYLIECTBEHHO CHUKEHa,  HeT FapaHTHH, 4TO BMECTO MOJIOXH-
TeJBHOro 3QeKTa He YXYJAUATCA YCA0BUS SKCIIyaTalud Ma-
IWHHBL U COOPYIKEHHUS.

F'aasa?2

BHUBPOHU3OJIALUUA MAIUUH C NMEPHOAHUYECKOH
BO3MYIAIOUWEW HATPY3KOM

Ykasauus no NMPOEKTHPOBAHHUIO

2.1. Ins mpoekTHpPOBaHUSI BHOPOU3OJAIUM MAIIMHKE C He-
pHORHUYECKOH! BoaMywaiomelli Harpyskoil HeoOXOAHMBL:

a) yepTeXXH MallMHBI C YKa3aHHEM paclOJOXKEHHA aHKep-
HpIX GOJITOB M ee rabapHTOB;

6) XaHHbIe:

0 Bece MallliHbl M NOJIOXKEHHMH ee LIeHTPa TAXECTH;

O MOMEHTAaxX MHEpPLUHH H30JHPYEMOil MalIHHB> OTHOCHTENBHO
¢e IJiaBHBIX IEHTPANbHEIX Oocef;

0 yHcse 060POTOB B MHHYTY NPH 5KCHJyaTallMOHHOM DeXH-
Me;

NpYU NepeMeHHOM peXKyMe paBoThl — CBENEHUS O MUHHMAJIb-
HOM H MaKCHMaJbHOM 4Hcse 060pOTOB BpallalomUXCcs YacTel

1 3mech W BCOAY Aajee mpeAnofaraercs, UTo nepHojuueckas Ha-
rpy3Ka 6113Ka K rapmMoHuueckoli. Eciind nepuoaiiyeckas cujia HJaH nepHo-
JHYeCKHHE MOMEHT M3MeHAIoTCS nmo 6oJjiee CAOXKHBIM 3aKOHAM, TO HX CJle-
JyeT pa3yiokuThb B psj ®ypee. [asg npuGAuKEeHHOTO PacdeTa MOXHO
OTPaHHYUTHCS TOJBLKO NepBOH rapMOHHKO# 3Toro pspa. Ipyrue rapmo-
HHKH YYHATHIBAIOTCSI JOMOJHHTENbHHIM NPOBEPOYHBIM PACUETOM JIHIIb
B ciiydyae, Koraaj?Pj > Py waw j2M; > My, rae Py, My u P;, Mj; —
aMIIHTYAHBle 3HAYeHHS TepBofl M j-# FapMOHHK BO3MYMHIalollef CHJBL
H BO3MYIIAOIIEr0 MOMEHTa COOTBETCTBEHHO.

? MMeloTcss B BMAY MOMEHTH HHEpPIHH MacCh WU30MHpYyeMOH
MaIIHHEL



MaIIMHE! HJIM YHCJe HUKJIOB B MHHYTY BO3BPaTHO-NOCTYNATENb-
HO JBMIKYIIHXCA JeTanel;

0 CKODOCTH HapacTaHH# YHucja 0G0pPOTOB MAllMHEI NIPH IycC-
Ke W HX yObIBaHMH NPH OCTAHOBKE;

0 BeJIMUMHAX, HampaB/JeHHAX H KOOPAMHATaX TOYEK NPHJIO-
KeHKA BO3MYIIAIOMUX CHI MAIUMHLL U HEOOXOAUMEIE CBEACHUS
0 BO3MYILLAIOMHX MOMEHTaX.

Tlpu oTCyTCTBYMH STHX JaHHBLIX HEOGXONMMO HMEThb: KHHEMa-
THYECKYI0 CXEMy MeXaHH3MOB MalllMHH], BEC ee ABHIKYIIHXCS
yacreH, BeJHYHHE SKCIIEHTPHIUTETOB BpallAIOMHUXCs yacTed,
pajdyCcoB KDHMBOIUMIIOB HJIH XOJOB BO3BPATHO-NIOCTYNATeNbHO
JBHKYIIHXCA YacTeHd M T. Il.; TeOMEeTpHYecKHe pasMephl, HeoO-
XOJlMMBlE JJ1s] BBIYMCJICHHS BeJIHUYHH U KOODAHHAT TOYEK MPHJIO-
JKEHUS WHEPUHOHHRIX CHJI;

B) XapaKTepUCTHKa Pa3JIMUHBIX NMOABONOK (MX HasHAUEHHe,
MaTepHaJ, ¢opMma, pasMmephl H Jp.) ¢ YKa3aHHEeM MeCT HX NpH-
COefiMHEHH S K MalllMHe;

T) 4epTeXXH CTPOMTeNBHOH KOHCTPYKIHH, NOAAepKUBaloef
MallMHy, H ee XapaKTepHCTHKYy (JONmycKaeMasi CTaTHYecKas
Harpyska H Jp.); B cjlyYae YCTAaHOBKH BHODOHM30JISITOPOB Ha
KOHCTPYKLHIO, OMNHpAIOMYIOCS HENOCPEACTBEHHO Ha TPYHT,
JaHHBIe, XapaKTepH3yIOmHue TPYHT (IOMycKaeMoe CTaTHYECKOe
Japjedye, KO3h(hHLHEHT Yynpyroro paBHOMEPHOrO CXKaTHs,
YPOBEHBb TPYHTOBHIX BOJ M T. I1.), @ TaKXKe CBEJIEHUs O Pacmoyio-
KEeHMH U HasHaueHHM OnuKadmux ¢(yHAaMeHTOB;

1) TpeGoBaHHS, INpelbsBASEMble K BHOPOH3OJISIIHH:

1) nonyckaeMele aMIIETY /bl KoJleGaHUH H30HPYeMOH MalIiHE
U 2) JlonycKaemble aMILIHTYAB KoJeOaHuil MoAJep:KUBaroLeH
KOHCTpYKLMH (TPYyHTa) WJIH JOMycCKaeMble AWHAMHYecKHe Ha-
TPY3KH Ha TOANEPIKUBAIOILYI0 KOHCTpyKuuio (rpyHr). Ecin
omnpejlelleHHe BEJIMUUH JONYCKAeMbIX aMILIUTY ]| KojleGaHuH nof-
JepiKHBaroled KOHCTPYKUMH MM IPYHTA 3aTPYAHEHO, TO JOJXK-
HO ObITb COCTABJICHO ONMCAHUE Ha3HAYEHMS CMEXHBIX TOMele-
HHMH C yKasaHHeM NPOHCXOJSAINUX B HHUX TEXHOJOTHYECKHX
IPOLLECCOB H OGOpPYAOBaHHS, UYYBCTBHTENBHBIX K BHOpDALHAM.
Ilpn ouenke HonycKaeMblX aMIIMTYA KoJseGaHMiT BHUOPOM30-
JIUPOBAHHOH MAalUMHBI CJAEAYeT YYHTHIBATH BO3MOXKHOCTh e€e
KoJjie6aHul OT CclydaHBIX MJIM BpeMEeHHBIX Harpy3oK (TONYKOB,
CHJI MHEPLHH SKCLEHTPHYHO pPAaCIOJIOXKEHHOH TsixKesoH obpa-
OathiBaeMOit JieTanW, CHJIOBBIX BO3JeHCTBHH nepcoHana npu
06C/yKHBAaHVH MaUIHH U T. 1.);

e) (M3MKO-MEXaHNYECKHE  XapaKTEPUCTHKNH MarepHalioB,
TPUMEHSIEMBIX JJISi M3TOTOBJIEHHSI YIPYTHX M JAeMnd HPYIOLHX
3J1eMEHTOB BHOPOHU30JI ALUH;
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XK) CBeJicHHN O BO3MOXKHOCTH BO3ZeHCTBHS Ha BUOPOM3OAS-
TOPEI Pa3JHYHLIX arpecCHBHEIX BeIIEeCTB (BOZB!, Macel, KHC/IOT,
WeoYel ¥ T. I.) H Nepenajax TeMmepaTtyphl Bo3JlyXa B MecTax
YCTaHOBKH BHGPOH30J15ITODOE;

3) JaHHbIEe O MKECTKOCTHBIX X4PaKTEePUCTHKAX BHODPOUZOMH-
pYeMoii MaluHHbIL.

2.2. Bu6pou3osSuuio MOXXHO OCYHIECTBHTD B ABYX BapHaH-
Tax:

Puc. 2.1. Cxemsl BUGPOH3OJIALHE MaUIHH

Q — ONOPHEIA BapHaHT; 6 — BapHAHT C MOABECHBIMH CTepXHAMH M NPYKMHAMH,

paGoTalomluMy Ha CKaTue; 8 — NONBECHOM BapHaHT C NPYKKHaMu, paGoralo-

IIHMH Ha PacTaXKeHHe; & — NOABECHON BapHAaHT C ILIAPHADHBIMH CTEPXKHSIMH;

I — MawnHa; 2 —noctament (QyHAaMeHTHBLIA G6JOK); 3 — BHGPOH3OAATOPLY;
4 — noxdynAaMenTHLII KOpPo6 (KOPHITO)

a) onopHoM (puc. 2.1, @), Koraa BHOPOH30JATOPHl pacno-
JIOXKEHB! HEMOCPEACTBEHHO INOJ KOPNYCOM H30JHPYeMOH Mallu-
Hbl HJIH TIOJ XKECTKHM IOocTaMeHTOM ((yHJaMeHTHHIM GJOKOM),
HAa KOTOPOM yKpeljeHa caMa MallHHa;

6) nOABECHOM, KOrja H30JAMpyeMblf OGBEKT MOABENIEH Ha
BHGPOH30JIITOPAX, 3aKPENJIeHHEIX BHILIE MOJOLIBEI MOCTAMEHTa
1 paboraloipx Ha cxatve (puc. 2.1, 6) MM pacrsakeHHe
(puc. 2.1, 6).

2.3. Ecnn B usonupyemoil MaiunHe mpeoG6JiafiaioT rOpH3OH-
TaJIbHBIE BO3MYHMIAIOMIME CHJIB, TO B OTAENbHBIX CAydYasx AId
BBINIOJIHEHH 1 €€ BUOPOH30/IALMH MOXKHO KDOME CXE€M, YKa3aHHBIX
B 1. 2.2, IPMMEHHTH CHELHAJIBHYIO CXeMY, P KOTOpO# Mallu-
HAa NOABEIIMBACTCS HA TPOCAaX MJAM CTEPKHAX C INAPHHUP-
HBIMM [PHCOEAMHEHHSMH K HECYIIHMM CTPOMTEJNBHHIM KOHe
CTpYKuHusaM (puc. 2.1, 2).

ISy cXeMy peKOMEHJyeTcs NPHMEHSATH AJ151 HASKOUAaCTOTHBIX
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MawwH (c yacroTol BoaMymeHusi 10 400 xoa/mun) B cBsizu
C TPYAHOCTBIO NOJYYEeHHS HH3KMX YaCTOT TOPU3OHTAJIbHBEIX
COGCTBEHHBIX KoJeGaHui BUOPOM30/HPOBAHHLIX YCTAHOBOK MpH
HCINOJIb30BAHHH NPYKHHHBIX WM PE3HHOBbIX BHOPOU30JIATOPOB.

2.4. Tocrament uin ¢yHAaMeHTHbA 6/I0K NOJ MaIIMHOM
yCTpauBaloT B CJayyasix, Korja:

a) KOpIyC MaIIHHbl HMeeT HEeJOCTaTOYHYIO IKeCTKOCTb;

6) pasMelieHHe BHOPOH30JISTOPOB HEMOCPEACTBEHHO IIOA
KOPHYCOM MAIl¥HbI BCTpeuaeT KOHCTPYKTHBHEIE 3aTpYJHEHUS;

B) M30JIHpYeTCH arperar, COCTOSIIME M3 OT/IeNbHBIX MalldH,
YCTaHABJIHBAIOMUXCS Ha OXHOM MOCTaMEHTe;

r) TpefyeTcsl yBeJHUYMTb MAacCy H30JIHPyeMOH YCTAHOBKH
H MOMEHTHI MHEpIIHH, YTOOb! YMEHbUINTb aMIJIUTYAB! €e BhIHY K-
JEHHHIX XoJeGaHmiil; )

J) HeOGXONMMO YBEJHYHTh MacCy X MOMEHTH HHEpILHH H30-
JIHDYeMOH YCTaHOBKH BO H30GexKaHHe MNOBBILIEHHS YacCTOTH ee
COOCTBEHHBIX KOJIe6aHHMH, KOTOpOe BHISHIBAETCH YBEJHUEHHEM
KEeCTKOCTH BHODOHS0JIATOPOB, C TeM YTOObH YCTPAHHTb HeJO-
TYCTHMBIE NEpPEeKOChl YCTAHOBKH OT BPEMEHHBIX CTaTHYECKHX
Harpysok (cM. m. 2.20) WJIH yMeHBIIMTb aMIVIHTYABI COGCTBEH-
HBIX KoJeOaHMll YCTAaHOBKH, BhI3BaHHbIE CJIyYaHHBLIMH yAapaMu
(HampHMep, BO3MOXHBIMH TOJIYKaMH OGCJIYXKHBAIOLIErO IepCo-
HaJla TIpH BBINOJHEHMH paGoyHX omeparyi u T. IL.).

2.5. Tlpu BeiGope KOHCTPYKTHBHOH (hOpMbI NOCTaMeHTa
(bynmamenTHOoro GOKa) CleAyeT CTPEMHTbCH K yMEHBLIEHHIO
PacCTOSIHUSI MeXK/y LIEHTPOM TSXKECTH Bcelf yCTaHOBKH H JIMHHEH
JeHCTBHSA BO3MYyIUAIOMIEH CHJIbI, TaK KaK YMeHbllIeHHe 3TOro
pacCTOsIHUsl CHHXKaeT aMIVIUTYAy BpalllaTeJbHBIX KosieGaHHH
YCTaHOBKH. YMeHbIIEHNe aMIVIMTYJbl BpallaTe/bHbIX Kojeba-
HHH HM30/HpyeMOH YCTAHOBKH MOXKET GbiTh JOCTHTHYTO TakKiKe
NyTeM yBeJHYeHHsI ee MOMEHTAa HHEepUMH OTHOCHTENBHO OCH
BpalleHH .

2.6. [Tpn BHGPOHM3OJSUHM MalIMHH ¢ (yHOAAaMeHTOM, 3a-
ry1yG/IeHHBIM B TPYHT, HEOOXOAMMO YCTPOHCTBO OrpaAaloliero
KopoGa (KOpEITa), BHYTPH KOTODOTO pasMellaorcs GpyHIaMeHT-
Helfl 610K M BUGDOH30JIATODH (CM. puc. 2.1, 6, 6).

1 3roli e MOXKHO AOCTHIHYTb TaKXe: a) ypaBHOBELIUBAHUEM, 6a-
JIAHCHPOBKOH M H3MEHEeHHeM 4¥cja 060pOTOB MalluHLl;, 6) MpUMEHeHHeM
BuOporacureneil.

Jns UeHTPOGEKHBIX BEHTHAATOPOB OOIIEro HAa3HAYeHHS JOMYCTH-
Mbi€ BEJHYMHBI 3aBOACKON ¥ SKCHJyaTAaUUOHHOH HeypaBHOBEINEHHOCTH
yCTAaHaBJHBAIOTCS oOTpacieBoi Hopmajibio Ne 0H2211-001-68. Muru-
CTEPCTBO CTPOHTEJNLHOIO, JOPOXKHOIO H KOMMYHaJbHOTO MallHHOCTpoOe-
Hua, M., 1969.
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2.7. Tlogponku K H30JMHpYeMOMY OGBEKTY HOJKHBI GHITh
JIOCTATOYHO THOKHMH, U4TOGHl KECTKOCTb HX OBlIa 3HAYHTENBHO
HUXKe KeCTKOCTH BHOpoH3osasiTopoB. Eciy sTo TpeGoBaHHe He
MOXKeT ObITh BBHIIOJHEHO, TO KECTKOCTb MOJBOJOK JOJXKHA Y4H-
THIBATHCSl NPH pacyeTe BHOPOH3OJISIIHHM, TAaK KaK OHA MOXKET
CYIIECTBEHHO CHH3UTb 3(h(eKTHBHOCTD BHODOHSOJISANMH (CM.
npumeyanne K n. 2.20).

2.8. Pacyer BHOpOM3OJSIIMHM MalIHH C [EPpHOAHYECKOH
BO3Myliaiomielf Harpyskodl COCTOMT H3 CJEAYIONUX STamoB:

a) moAGOp OCHOBHHIX NapaMeTpOB BHOPOH3OJISIIUH;

Zg, Zx

1 ool "
X
0 . g4
z Y I YK
; %g—grg_ 14
[71 X 0 3 UI(

Puc. 2.2. Cxema pacnosioxeHHs ocefi KOODAHHAT, IPHHAMAaeMasi NPH
pacueTe BHGDOH3OJISILHA MaLIUH

1 — p3onupyemMass MallluHa; 2 — NOCTAMEHT; 3 — BUGPOH30AATOPH; 4 — NOAAEP-
KHBAIOW A KOHCTPYKUHA; O — IEHTD THMKECTH YCTaHOBKH; O, — LEHTP KecT-

KOCTH BHGPOH3OASATOPOB; O; — NPOH3BONbHOE HAYANO KOOPAHHAT

6) onpejie/ieHHe XapaKTepHbIX pPasMepOB YNPYTHX SJeMeH-
TOB;

B) BHIOOP pacroJioxKeHHss BHOPOH30JASITOPOB;

) NpoBepKa BHITOJHEHHS YCJIOBHH, HaJIOXMEHHBIX Ha Yac-
TOTHI COGCTBEHHBIX KOJIe0aHHH H30JIHPYEeMOH YCTaHOBKH;

I) mpoBepKa BBINOJHEHUS] TPEGOBaHMH, KOTOPHIM JIOJIMKHHI
YIOBJIETBOPSITh AMIUIUTY/bI BHIHYIKJAEHHBIX KOJeOaHUi H30JIH-
pyeMoil yCTaHOBKHY;

€) ompeJieJieHVe AMIVIMTYJ BO3MYIIAIONIMX CHJ, TEpPefaio-
IUXCS Ha MOAAEPKHUBAIONIYI0 KOHCTPYKIHIO.

Jlns mpoBejieHHs] TaKOro pacuera HeOGXOAMMO mpelBapH-
TENBHO ONPEAEJIHTb MOMEHTH HHepuuH Jo., Joy U Jo, H30MH-
pyeMOH YCTaHOBKH OTHOCHTEJbHO €€ IVIaBHBIX IeHTPaJbHBIX
oceiil unepuuu X,, Y,, Z, (puc. 2.2).
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MopGop 3HaueHHii napaMeTpoB BUGPOU3OIALMH

2.9, OCHOBHEIMH NapaMeTPaMH BHOPOH3OJISIHY SBJISIOTCS:
Macca M MOMEHTH! HHEPIUH MacChl BUGPOH30JHPYeMOH YCTaHOB-
KH, 2KeCTKOCTH H KO3(pdHIHEHTH! AeMnbHPOBaHHs BHOPOU30IIS-
TOpPOB.

2.10. Ilpu BeIGOpe 3THX NapaMeTpoB HEOGXOAUMO CTPEMHTh-
csl K TOMy, 4TOOBI:

a) AMHaAMHYeCKHe HarpysKH, Iepejalolmuecs: Ha MOJJIepKH-
BalOI[He KOHCTPYKLHH, ObIIH CHHIKEHH O YPOBHS, IIPH KOTO-
POM aMIUIATYJBl KojeGaHHH KOHCTPYKUHMH He IPEBBICAT
aMIVIHTY A, JONYCKAaeMelX TPeGOBaHMSMH CAaHHTapPHBIX HOPM
WIH TeXHOJOTHYECKOTO Xapakrepa, snbo TpeGoBaHUsiMH obec-
neyeHHs! Hecymel CMOCOGHOCTH KOHCTPYKIUHH;

6) aMmIATy bl KoneGaHui BUOPOH30JIHPOBAHHON YCTaHOBKH
He NpeBblIIaJH JONYCKAaeMbIX 3HAUeHWH, YCTaHABIHBAEMBIX
TeXHOJIOTaMH ¥ 3aBOJAMU—H3TOTOBHUTE/ MU MaILHH, YTO oGecre-
4hBajo Okl HOpPMANbHYIO PaGoTy BUOPOM30JHPOBAHHOIO arpe-
rata. TIpH OTCYTCTBHH STHX JaHHBIX MOXHO IIOJIb30BAThCH
OPHEHTHPOBOUYHBIMH YyKaszaHHsMHA Tabu. 4.1.

2.11. SdheKTHBHOCTL aKTUBHOH BHOGPOU3OJALMK MpPH Jel-
CTBHH T'apMOHHYECKHX HATpy3OK OlleHHBaerTcs KoaddHiueHTa-
MH nepefiaud. [Ipu nocTymatennHBIX KosleGaHHSAX BHOPOU3OJH-
POBaHHOH YCTaHOBKH B HaNpaB/eHHH ocH X, U €e BpalaTeJIbHbIX
Kosie6aHHAX BOKPYT 3TOH e ocH (pHC. 2.2) COOTBETCTBYIOLIME
KO3(hHIHEHTH TIepesiaut onpefiensioTes: GopMyaMu:

_ka _ 1 .
B Py - oxt—1"

M1 2.1
“"IDX"‘ MOx “agx_l .

Ilpn mocrynarenbHBIX KoJieGaHHAX BHOPOH30JMPOBAHHOMN
YCTAHOBKH B Hanpasjenuu oceft Y, Z, ¥ BpamaTesbHbIX KoJe-
OaHHSX OTHOCHTEJNBHO 3THX XKe ocell HHAeKC X B QopMmyJax
(2.1) 3ameHsieTCA COOTBETCTBEHHO HA y WM 2. Ecau nentp 11-
JKeCTH BHOPOH30/HPOBAHHOM yCTaHOBKH COBMAJaeT ¢ EHTPOM
3EeCTKOCTH BHGPOH30/15ITOPOB, To dopMyanl (2.1) Ansa Beex ocedt
KOOPJMHAT OCTAIOTCA TOUHBIMH. B MpPOTHBHOM clyuae HEKOTO-
pble M3 3THX (opMys GyAyT NpHOJIHKEHHHIMH.

3xech Py, 1 My, — aMIJIMTY/Ibi FApMOHHYECKOH CHJIBI ¥ rap-
MOHHYECKOrO MOMEHTa OTHOCHTENBHO OCH X,, mepejaromuecs
yepe3 BHOPOM3OJISTOPbl Ha MOJAJEDPKUBAIOMIYI0 KOHCTPYKIIHIO;

P, Mgy — aMOIuTypl TapMOHHYECKOH CHJIBI H MOMEHTA,
BO3JICACTBYIOLUX HAa H30JIHPYEMYIO YCTaHOBKY.
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Bosmymatomue MomeHTsl Moy, Mgy, Mo, OTHOCHTENBHO Oceft
X, Yo, Z,, BOsfeficTByIONHE HAa BHOPOM30/HPOBAaHHYIO yCTa-
HOBKY, B OOIIeM c/iyyae CKJaJbhBalOTCH M3 MOMEHTOB, BO3HHKA-
IOIIMX NPH SKCIJAYaTallHOHHOM pexuMe MAallMHBI ¥ MOMEHTOB,
NOSBJSIOUMXCS B pe3yJbTaTe TOTO, YTO BO3MYIAIOUIHE CHJILI
B TOM XK€ peXuMme He NMPOXORST uepe3 LEHTP THKECTH BUOPO-
H30JHPOBAHHOK YyCTaHOBKH.

Uy = Op/0,, gy = 0g/@p, — OTHOUIEHHS  KPYTOBOH
YacTOTHl BBIHYXKJIEHHBIX KoJieOaHHH ©, K KpYroBoil uacrore
®, COGCTBEHHBIX NIOCTYNATENBHLIX (BIOMb OCH X,) H K KPyToBoi
HacToTe Wy, COGCTBEHHHIX BpaIlaTeJbHBIX KOJeOaHHH yCTaHOB-
KM OTHOCHTEJIbHO TOH e OCH.

KpyroByio uactory ®, omnpenensioT H3 (GOpPMYJH ®y =

(1
= 2nf, (Ze—:), rze fo = N/60 — yacToTa BEIHYX/JEHHBIX KOJie-
6anuil B 24; N — uucyo 060poToB (LMKJIOB) MalIHHL B 1 Mun.
KpyroBrpie 4acToThl © , H ® ¢, ONPEASTSIOT 663 yueTa B3aHMHOH
CBsI3M COOCTBEHHBIX KOJIeGaHMH 1O Pa3/HYHBIM HampaBJeHHSM.

Ilpn BHOGpOM3OAALMH MALIMH [O CXeMaM, NPHBEJEHHBIM Ha
puc. 2.1, a, 6, 6, Heo6GXoNHMO, UTOOLI OTHOLIEHHE

@, =>4, (2.2)
z
a BCE OCTaJIbHbie BEJIHYHHDL (%, Oy, Ogx, Ogy, Ogz) OBLIH GBI
6oapmie 2,5.

YuurbiBas, 4TO H3TOTOBJEHHE BHOPOHM30JATOPOB, obecrme-
YHBAIOINX YACTOTY COOCTBEHHBIX KOJeGaHHH YCTaHOBKH HHXKe
2 2y, conpsixKeHO cO 3HAUMTEJIbHEIMH TEXHUYECKUMH TPYAHOCTS-
MH, NIpH BHOGDOU3OJSLUH arperaToB ¢ 4acTOTOH BO3MYLIEHHS
meHee 500 K04/muKr MOMKHO NPHHHMATh, KaK HCKIIIOUEHHE, 3HA-
YeHHe OTHOUIeHHS o, > 3. Ilpn 3TOM ocTa/NbHLIE OTHOIIEHHS
JOJKHBL OBITH MO-TpekHeMy Gosblie 2,5.

B caryuae ocymecTsiieHHs] BUGDOU3OJ ALK MO CXeMe MasT- .
HHKOBOTrO nojiseca (puc. 2.1, &) Heo6XOAHMO, YTOGH!

,
Ap=—>4; a,=

y=2>4 Gg=g=4. (23)
Wy Oy ¢z

BenMunHbl OTHOWIEHHH 0, Cpyx H Opy B 9TOM Clydae He 06s3a-
TeJNLHO OTPAHUYNBATHL B BHAY OTCYTCTBHS -3HAUHTE/NbHEIX Bep-
THKaJbHBIX FaPMOHHYECKHX BO3JEACTBHH.

TpeGyeMbie 3HaueHHsT 9aCTOT COGCTBEHHRIX KojeGaHuiA ©,,
®y H © o, BHYHUCIAIOTCS 0 U3BECTHOH BEJIMUHHE 0y Y 33JaHHEIM
SHAYEHHUSM OTHOLIEHHH CQl,, O, H Ogz.
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2.12. Tlpu npejABapuTeIbHOM MOAGOpPe HEOOXOAUMBLIX 3HA-
yeHHH Macchl ¥ MOMEHTOB HHEpLUMH H30JUPYEMOH YCTaHOBKH,
corjacHo n. 2.10 PykoBojicTBa, aMmIHTYyIbl KoJieOaHHMH 3ToH
YCTaHOBKH JONMYCKaeTcs ONpeAe]sTh MO NpHOIHKeHHbIM (op-
MyJam (2.4.) 1 (2.5.):

Py Py P,
Ao == —— 3 Qgp,, = M ay, = ——; 2.4
%" et Y med’ 7 med’ (24)
Mox . — Moy . . MIJZ 2 5
cPOx - Jocc (002 ’ (poy 'on moz ’ q’Oz Joz moz ’ ( . )

THE Qyx, Gy, Gp; — AMIVIMTYAB KOJ€OaHHH LEHTpPa TAKECTH
YCTaHOBKH B HAMpaBJEHHSX KOOPAMHATHHIX ocell Xy, Y, Z,
(B canTHMeTpax);

Poxs Poy, Por — AMIVIHTYJLI BpAUIATENBHBIX KoseGaHHi
YCTaHOBKH OTHOCHTEJIBHO ocelf KoopauHat X,, Y, Z, (B panua-
Hax);

P., P,, P, — aMmJuTy[s BO3MYIIAIOMMX CHJI N0 Hanpas-
JenusM oceit X,, Yy, Zy B k[

Moy, Mgy, My, — aMIIuTYy/(sl BOSMYLIAIOMHUX MOMEHTOB
orHocutensHo oceit X, Yo, Z, B &I -cm;

Joxs Joys Joz — MOMEHTH HHEPIHH BHGPOM30JHPOBAHHOH
YCTaHOBKH OTHOCHTeNbHO ocell X, Yo, Zo B kI -cm-cek?;

m= Q_ Macca Bcell ycTaHOBKHM B kI -cex®.cm—;

Q — Bec BHGPOM30JHPOBAHHOTO OGbeKTa BMeCTe C IIOCTa-
MeHTOM B KI;

g = 981 cm/cex? — ycKoOpeHHE CUJIBI TSKECTH.

IlpubnykeHHYIO OLEHKY HaHGOJBIIMX aMIUIMTYZL Koseba-
HHH BUOPOM30JIHPOBAHHOTO OOBEKTa B KAKOH-HGO i-# TOUKe
MOYHO TPOH3BOJAHUTL TO (hopMyJIam:

EXI=Ia0x|+|(p0y20l|+lcp01y0i|;
ayi =180y |+| Poz X0 | 4| Pos 20: | ; (2.6)
azl:I‘ZOz[+lq)0xyoil+|(P0yxoi|;

TIE Xoi, Yot, 2oy — KOODAHMHATH i-H TOYKM B cucreMe oceil X,,
Yy, Z, ¢ HauaJioM B LIeHTpe TAXKeCTH yCcTaHOBKH. [IpsMble cko6-
KK 0603HauaioT a0CoJIIOTHBIE 3HAYEHHS 3aK/IOYEHHBIX B HHX
BeJIHYHH.

Ecnu BuGponsosupoBanHas ycTaHOBKa KoJieGJieTcss B OXHO¥
H3 TJoCKocTefl, ofpa3oBaHHbIX ocsiMu X, Y, Z, TO Hau-
GoJpluMe aMIVINTY[pl Kosie6aHMi I-H TOYKH ONpEeedsIoT 10
dopmysam:
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a) mpu KonebaHusAX B miockoctu XY

Exi=|a0x{+l(901yoi|;

_ 2.7
ayi=|a0y [+ Doz Xo: |3

6) npH KoseGaHHAX B IMIOCKOCTH XoZy;
Exi:‘aoxl+lq)0yzoil; (2 8)
Ezizlaozl_}' l(Pnyoil;

B) NPH KOJIeGaHUAX B INIOCKOCTH YoZ,:
a_,,,- =|ayy, |+ Pox 20: | 5 (2.9)

Ezi=la01|+lq)0xyoif-

Ecnn BoluncieHHble no dopmynaM (2.6)—(2.9) aMnauty it
KojieGaHHH YCTAaHOBKH OKaXyTcsl GoJsiblle JOMyCKaeMbixX, TO
HEOGXO0JIMMO YBEJHYHTD €€ MacCy H COOTBETCTBYIOLINE MOMEHTHI
HHEpIHH. DTO JOCTHraeTcsl YCTPOHCTBOM CHENMHATBLHOTO MOCTa-
MEeHTa WJIM YBeJHYEHHEM ero pasMepoB H Beca.

2.13. Heo6xopuMble BeJHYUHBI OGMUX (CyMMapHHIX) 3KeCT-
KocTeHl BceX BHOPOM3OMATOPOB (AJIs CXeM, NMpHBENEHHBIX Ha
puc. 2.1, a, 6, 8) BHUMCISAIOT, B 3aBHCHMOCTH OT HampaBJieHHs
KoneGaHui, no gopmyaam:

Ky =mo3; K, =maj; K, =moz; 2.10)
* 2, 2, * 2 \4
Kox=1Jox 0gx; Koy =Joy 0gy; Koz =J0z Og2,
rze
® ® 5
0, = o; (Dy=—°, (Dz——o,
Ol oy o,

— 5 Wgy=-——; Mg=—
’ Py ’ Pz
®ox %oy %oz

Ogy =

— KpYroBble 4YacTOThl COGCTBEHHBIX INOCTyNaTe/NbHBIX H Bpa-
IATe/IbHBIX KoJieOaHHH BHOPOM30JHPOBAHHON yCTaHOBKH, OIl-
peliensieMble B COOTBETCTBHHY ¢ yKasaHusMH 0. 2.11 Pykosozcr-
Ba;

m, Jog Joys Jo,—eM. 1. 2.12;7K,,, K, K,—o6mue xecr-
KOCTH BHODOM30JATOPOB 1O HampasieHHsm oceit X, Y,

* *

Zy B kl[em; Kox, Koy, K;z — ofue YrJoBble KECTKOCTH
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BHGPOHM30JISATOPOB OTHOCHTENBbHO ocelt X, Yo, Z, B klcm,
onpejesisieMsie 10 (GoOpMyJiaMm:

K“=i§|Kxi’ Ky =1§1K’”; Ky= :§| Ko
K;x=l=z_leiy(2)i+i§ Ky 2013
Kou =i§l K 20 +1§| K x0s; (2.11)

K:pz = ‘gl Ky X1 +!§1 Ky ygi;

rae Ky, Ky, Ky — XecTKOCTH i-TO YIPYTOro ajeMeHTa COOT-
BeTCTBEHHO B HampasneHud oceit X,, Y, Z, B kl'/ca;

Xots Yot 2p4— KOODAHHATEI IIEHTPA HECTKOCTH {-T0 YHPYIoro
aleMeHTa B cHcTeMe KoopiuHat X,, Y, Z, B cu;

7 — YHCJIO YIOPYTHX 3J1€MEHTOB.

O6mue XecTKOCTH BHGPOM3OJIATOPOB HE JNOJIKHBE! NPEBH-
IIaTh BeJIHYHH, onpefenasieMsix 1o dopmysaam (2.10). Ilpu nox-
Gope NMpYKHKH MO HalileHHEIM BeTIMYHHAM KeCTKOCTeH A cxeM
BHOpOH30JI AW, INpHBEJeHHHX Ha puc. 2.1, a, 6, 8, ynoGHO
HCXOJMTD H3 XKecTKocTH K, onpefiensieMoii o Tperseii GopMyie
(2.10). Ecam Bce ynpyrue sjeMeHTHl OZMHAKOBBl, TO TpeGye-
Mas KEeCTKOCTb KaXKJoro M3 HHX B BepPTHKaJBbHOM Hampasjie-
HuH OyZer

K,,=K;=—’f:—. (2.12)

JKectkocTh BHOPOH30JIATOPa B TOPU3OHTANBHBIX HanpasJe-
musx K,' u K, onpefensior no xecrkocrd K, B coorBeTcTBHH
c yKasaHusMH pasjiena 5 PykosopacTBa. BuGpousoasTopnt
JIOMKHBL pacnoJaratbCs Tak, YTOOB HX OOHmIHE YIJVIOBBHIE JKECT-
KOCTH He NpeBbllllalli HeoOGXOAMMBIX PAaCUeTHBIX BEJHMYHH.

Ecnun ajs BHGPOH30JALMH PUMEHSIOTCS TOJIBKO CTaJIbHEIE
NPYXHHEL, TO YAOOHOH XapaKTePHCTHKOH HX MKECTKOCTH MOXKET
CJIyKHTb BeJHYHHA CTAaTHYECKOH OCajkH BHOPOH3OJIATOPOB
OT Beca BHGDPOM3OHMpOBaHHOH ycTaHoBKH. Craruyeckasi ocai-
Ka NpYXHH, TPY XOTOpofi BHOPOW3OIMpOBAHHAS yCTaHOBKA
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6yAeT HMETb 3aJlaHHYI0 4YacToTy COOCTBEHHBIX KoseGaHHH
fz = ©,/2n, onpenensercs no gopMyJe

Ap =2 = B (2.13)

@;? 22

(3mecs f, B 2y, Ao B CH).
dopmyna (2.13) nokaswiBaeT, 4T0 VIS NOJYYEHHS HU3KOM
qacToThl COGCTBEHHBIX KoJjeGaHui BHGPOH30/MHPOBAHHOMN ycTa-

Q L L ’ 6)._
o o K
i A -
oY 1k - £
Y |

- Xﬂ
qur.
8
-t l
Y
P
/7
Puc, 2.3. CxeMa MasTHH- / Q‘/\ .
KOBOTO nojseca JaJf 7 -\ X
@ == YCTRHOBKA CO CTEPIKHEBbi- —1 - {—— . I 4
MM ToaBeckaMu; 6 — ycTpofi- o Qq.7.
CTBO C AOGaBOYHBIMH NPYXKH-
HaMH \ 7
\
\ — — /
8 8

HOBKH B BEDTHKAJLHOM HANpaBjeHHH HeOo0XOAMMO HMeThb mpy-
JKHMHBl, ITO3BOJIAIONIHE N0JyYaTh GOJIbIIHE CTATHIECKHE OCANKH.

2.14. B caydae BHINONHEHHS BHOPOM3OJIAIHH IO CXEMe,
NMoKasaHHOH Ha pucC. 2.3, a, ¢ OAMHAKOBHIMH MOJBECKaMH, CHM-
METPHYHO PAaCIOJIOKEHHEIMH OTHOCHTE/IBHO 1I€HTpa THXKe-
CTH YCTAHOBKH, KPYTOBHi€ YACTOTHl COGCTBEHHBIX KoJeGaHHiH
BHGPOM30NHPOBAHHOK CHCTEMBI ONpPENEAsIOT NO (opMyJam:
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a) 1ipH KosebaHUsAX BIOAL ocelt X, Yo, Zo:

"¢ nKn
mxzwy:]/%; mz-—:'l/"—m—l; (2.19)

6) Ipu BpamaTe]bHbIX KOJeOaHMSX OTHOCHTEJNBHO ocefl
0 0 0:

nk, C? l/nK“ B
Dpx = —E . Qgy= —2—
* l/ Jw T Joy
mg
Wy = -
9z RVJozl»

rieg — YCKOpPEHHE CHJIbl TSIKECTH B CM/CeK?;

| — AJWHA MOABECKU B CM;

n — YHUCJIO MOABECOK;

m — Macca BUGPOH30JHPOBaHHON yCTaHOBKH B kI -cex®/cm;

K, = EF/l — xecTRocTb OfHOH mnopseckd B kl/cm;

E — Mopyabs ynpyrocTH Martepuana mnoiBeckd B kl/cm?;

F — nyomajgp momepeyHoOro CeyeHHS INOABECKH B CM%;
B, C — pasMepsl, yka3aHHbe Ha puc. 2.3, a, B CM;

R =1y B? 4 C* — pajuyc OKpYXKHOCTH, NPOBEIEHHOHA
yepes TOYKHM KpeIlieHHss BHODOM30JHDOBAHHOH YCTaHOBKH
K mojseckam (cM. puc. 2.3, a), B CH;

Joxs Joys Jor — MOMEHTHI HHEPIHM MAaCChl BHOGPOH30JHPO-
BaHHOH yCTaHOBKM OTHOCHTENbHO ocell X, Yy, Zy B kI cex?® cm.

Ecnu Ha BUGPOM3OMMPOBAHHYIO YCTAHOBKY JefiCTBYeT Bep-
THKaJIbHas BO3MyILAOWasl CHJIa, COCTaB/sIonas He Menee 5%
HauGoJblIel TOPHU3OHTANBHOR CHUJIH, TO JJI% CHUMEHUS JKeCT-
KOCTH NOJBECOK B BepTHKAJbHOM HAMPABIEHHH MPUMEHSETCS
YCTAaHOBKAa C JOMOJIHUTENbHLIMU MpPYXKHHAMH (cM. pHC. 2.3, 6).
YacTothl cOGCTBEHHHIX KoJIeGaHNH BHOPON30JINPOBAHHOH CHCTE-
MBl B 3TOM CJyyae MOXKHO onpeienuth mo dopmysam (2.14)—
(2.15), sameHas Ko3(PUUMEHT KECTKOCTH OXHOH MOXBECKH
K, BennudHoOM

(2.15)

> Kz1 Kza
= 2.16
K Kn+Kze ( )

rie K;; u K,; — XeCTKOCTH B BepPTHKAJbHOM HanpaBJeHUH
COOTBETCTBEHHO OZHOH NPYXHHBI H ORHOH NOJABECKH.

2.15. Ina yMeHblieHUs KoJeGaHHH H30/IHpyeMoil ycra-
HOBKM IpH NyCKax U OCTAHOBKAaX MalUMHBI HAJI0 IpeRy CMOTPETh
NpHMeHeHHe BHODOH30JATOPOB, OGMAaJaOMHX JOCTATOYHBIM
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BHYTPEHHUM TpeHHeM (BHYTpeHHHM JemndupoBaHuem). Tpe-
6yeMbiii KO3(PULHEHT HEeynpyroro CONpPOTHBAEHHS BHOPOM30-
JATOPOB Y, XapaKTepH3yIOWHH BHYTPEHHEE TpeHHe, Ompeje-
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Puc. 2.4, Tpaduk mas onpespenenns TpeGyeModt BeJHUMHE KO3¢)pHIIHEH-
Ta HEynpyrorq COMPOTHBJIEHHS Ys, XaPaKTEPHU3YIOULETO 3aTyXaHue BHO-
POH30ALHA

8 — CKOPOCTb HapacTaHHf Maum YORIBaHMA uYHcaa OCOPOTOB MAINMEEI B 2ufcex; fz —

4acToTa COOGCTBEHHBIX KOJeGaHHN MalllHHBEl B 2y; Gmaxc — MaKCHMAaJbHad aMIJIHTY-

fla KoseGaHH MallMHEl HOPH €€ IypKe HAH OCTAHOBKE B CM; oz — aMILINTYHa Bep-
THKaJbHBIX KoJeGaHufl MAalIHHbl NPH pabodeM peHMe B CM

\\RENY
AN CN
A1\

d

P

a01
\

JISIOT 1o rpaduKy, H3o6paxkeHHoMY Ha puc. 2.4, B 3aBHCHMOCTH
OT OTHOILIEHUSI CKOPOCTH HapacTaHud U/iH yOblBaHUS Yucsa 060-
POTOB MalIMHBEI € K KBaJlpaTy 4acTOThl COOCTBEHHBIX KosleGaHH
YCTaHOBKH f,® ¥ OTHOLIEHMS MaKCHMaJbHOH JONycKaeMoH aM-
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IVIATYJbl KONe6aHUA yCTAaHOBKM NPH NyCKe HJH OCTAaHOBKE
MaIlHHB Gy, K @MIVINTYAE BepPTHKAJIBHBIX KosleGaHHi ycTa-
HOBKH IPH paGoyeM peXUMe MALUMHBL dy,.

a
3Hasl BeJIUYMHY & H OTHOLIEHHE ”;*“‘c, no rpaduky onpege-
0z

JISII0T MHHEMaJIbHO HEeOGXOIHMOe 3HaueHye y,. Beauuuna Kosg-
(uiEeHTa Heympyroro COMpOTHBJIEHHS Yy, CBS3aHa C JorapHud-
MHYECKHM JIeKpeMeHTOM KaJieGaHuil § 1 Koa(hHIIMEHTOM 1OrJI0-
IEHHS SHEPTHH KosieGaHHH P 3aBHCHMOCTSMHA

== 2.17)

ERE

Ecnu nafinenHoe no rpaduky anauenue y, << 0,03, To MoXHO
NPHMEHATh BUGPOH30/ATOPH! H3 CTaJbHBIX HPYKHH; IPH y, >
> 0,03 Heo6X0MMO HCIIONBL30BATh PE3UHOBLIE, MJIACTMACCOBHIE
M KOMOMHMpPOBaHHbIe BHOPOU30JSATOPH! HG0, HAaKOHell, BUO-
POHB0/IATOPHI, CHAGXKEHHBIe ClelHaJbHBIME JAeMI(HpYIOLHMH
ycTpoiicTBaMH.

Ecau neMndupoBanne BUGPOH30MHPOBAHHON CHCTEME! OrIpe-
JeNsieTcsl CHJIaMH CYyXOTO TPeHHS, TO KO3(DGDHUIMEHT Y, BHIYHCIIS-
ercs no QgopmyJe

»
=t (2.18)
7K, Gmaxe

rpe F*, — BeqvuMHA Pe3YJbTHPYIOMEH CHJIBI CYXOro TPEHHs,
JedcTByIOmell Ha BHOPOH30JHPOBAHHYIO YCTaHOBKY;

K, — XecTKOCTb BceX BHGDOM3OJISITOPOB MO HAMPAaBJIEHHIO
ocu Z,.

Cuna F,* ompefiesisieTcsl SKCIIEDHMEHTANIBHBIM NMYTEM HJIH
BhIYUCAseTC mo 3akoHy KysoHa.

PacnoJioxeHue BHGPOH30JSITOPOB

2.16. BuGpousonaropsl CJAeLyeT pacmojaratb Tak, 4TOOBI
ObL1 YIOOEH X MOHTaX M 3aMeHa, a Takxe Obl1a Obl BO3MOX=-
HOCTh HaGJIIOJIeHHs 32 UX COCTOSIHMEM B Ipoliecce SKCIIIyaTa-
nun. Jas 3Toro Heo6XOAMMO IIPENyCMOTPETb 3a30pBl WIJIH
IPOXOJiEl, O6ecneyrHBaolie JOCTYN KO BCeM BUGPOU30NATOPaM.

2.17. BuGpousonaTopsl CjefyeT pacnojarath B IJIaHe Ta-
KuM 06pasoM, uToGbl X HNEHTP KeCTKOCTH HaXOAWJCA Ha ofi-
HOH BepTHKa/NH C IEHTPOM TSKEeCTH YCTaHOBKH, T. €. KOOpIH-
HaThL HEHTPA ¥KECTKOCTH X H Y PABHAIHCH COOTBETCTBYIOLIHM
KOOpAMHATaM LEHTpa TAKECTH X, 1 Yo. B 3TOM citydae Bce BHG-
POH30JIATOPHl GYAYyT MMETH OJIMHAKOBYIO CTATHUYECKYIO OCafKy.
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310 yc/ioBHe BCerja BHINONHAETCS NPH CHMMETPHYHOM pac-
[OJIOXKEHUH B IJIaHE OJIMHAKOBBIX BHOPOH30/IATOPOB OTHOCH-
TeJBHO LIeHTPa TAMKECTH YCTaHOBKH. Heo6xomuMo cTpeMuThCS
K YMEHBIIEHUIO PACCTOSIHH S TIO BHICOTE MEXKY LIEHTPOM KEeCTKOC-
TH BHODOH30JIATOPOB M LIEHTPOM TSIKECTH ycTaHoBKH. I1pH coB-
MaJieHUH STHX IeHTPOB IOCTYMaTeNbHble M BpamarejbHble KO-
JeGaHusl BHOPOU30/IMPOBAHHOR YCTAHOBKH CTaHOBSITCS Hesa-
BHCHMEIMH. [ToaGop nmapameTpoB TaKoH BHOPOH3OJSAIHH JOCTa-
TOUHO MPOCT, OLHAKO €€ NMpaKTHYeCcKoe ocyIecTBaenye B 6ob-
IIHHCTBE CJYYaeB BHI3LIBAET 3aTPYLHEHHS.

Ilpy npuMeHeHHMM KOMOMHHDOBAHHBLIX BHODOH3OJIATOPOB,
HeoOX0/lUMO, KDOMe TOTO, BLITOIHEHHE YCJIOBHS, UTOOHI LEHTP
JKECTKOCTH CTaJbHbIX NMPYXKUH H LEHTP XKECTKOCTH PE3HHOBBHIX
3/MEMEHTOB HAXO[WJHCh Ha OJHOH BepTHKand. DT0 TpeGoBaHHe
IOJ/IKHO BBINOJNIHATBCS TaKKe B KaXKAOM OTIETHHOM KYCTOBOM
BHOPOM30JATOpE.

Bu6pousonsaropsl, obnajaiomne oceBoil CHMMETpHeH yIpy-
THX XapaKTepHUCTHK, C/efyeT pacrnosaratb TakuM oO6pasoM,
4ToObl MX OCH CHMMETPHH OblIM mapajenbHLl MexAy Co6of.

2.18. Ilpu npoeKTHpOBaHHH BUOPOHM3OJISLHUHA CIeAyeT ydH-
THIBAaTh, YTO PACNOJIOXKeHHe BHOPOH30/MSTOPOB BAMSET Ha Yac-
TOTbl COOCTBEHHBIX BpalaTEJNbHBIX KoJeGaHHH H30MHpYyeMOH
MalUnHbl; yAajleHHe BUGPOH3O0JATOPOB B JIOGOM HampaBJeHuH
OT IIeHTpPa TSXKECTH M30JHPYeMOH YCTaHOBKH [OBBIILIAET,
a npu6/AMKeHNe HX K LEeHTPY THAKECTH NOHHKAET 3TH YaCTOTHL.

2.19. KooppHATHl LEHTPA KECTKOCTH BHGPOH30JIATOPOB
B miockoctd XY* onpefensiorcst dopmyJiamu:

1w 1 5
xk:'—K‘ZZKzixi; b‘h=1?‘ ZKziyi' (2.19)

i=1 Z =1
BepTHKa/NbHYI0O KOOPAMHATY LEHTPAa KECTKOCTH BHOPOH30-
JIITOPOB OMpeAeNSIOT MO OAHOH n3 dopmyJ 1:

* Havano O; cucremnl KoopausHat X, Y, Z pACHONOXEHO NPoOu3-
BOJIbHO, 8 OCH KOOPAMHAT NapaJ/ieIbHEl COOTBETCTBYIOUHM ocaM Xy, Y,
Zy (cMm. pHe. 2.2.).

! Kak npaBHJIO, XeCTKOCTH BHGPOH304sTOpOB Kyj, Ky: 1 K;
yAoBnetBopsA0T ycnoBHI0 Kx; = aKy; = BK;i, rie o u B — mocTosiH-
Hble BeJIMYHHH. ECJH 5TO ycJI0BHE He BHIIOJHSIETCS, TO PaBHOAEHCTBYIO-
mHe peakluf, BO3HHKAOIAX B BHOPOH30OAATOPAX MPU NepeMemeHusIx
H30JJHDYEeMOH YCTAHOBKH 110 HanpaBJeHHIO KOOPAMHATHHIX OCei, He
OyAyT mepeceKaThbcs B OAHOM Touke. B mociaegneM ciydae ueHTPH! KecT-
KOCTH ONpeAeJsIOT OTASNbHO AJs KaXAOK KOOPAMHATHOH IJIOCKOCTH.
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uin

2, = 2 Ky, z;. (2.20)
Kx i=

B dopmyaax (2.19) u (2.20)

K, Ky, K, — xXecTkocTH i-ro BHOGpoMsO/nsTOpa B Ha-
npasiennn oceit X, Y, Z;

X1, Yi, 23 — KOOPJMHATH! LIEHTPA JKECTKOCTH i-TO BUGPOH30-
JnaTopa B TOit Xe cucreMe Koopausar X, Y, Z;

n — YUCJI0 BHOPOH30JIATOPOB.

KoopaunaTel meHTpa TAXKECTH YCTaHOBKY ONpPEAENSIOTCS 110
l‘])OpMyJIaM:

XYo="¢9 Q ZQ; X35 y{!:_— ZQL 25 O:L
i=1 Q
rie Q; — Bec i-ro sJeMeHTa YCTaHOBKH;

Xi, Y1, 23 — KOODJIMHATHl LIEHTPA TSKECTH [-TO 3JEMEHTa
yCTaHOBKH B cucreMe KoopAuHar X, Y, Z;

n — YHCIO 3JIEMEHTOB YCTaHOBKH.

Ecau H3onupyemast yCTaHOBKA HMEET IVIOCKOCTb, OCh HJIH
LEHTP CHMMETPHH, TO LEHTP THXKECTH YCTAHOBKH JIEXKHT COOT-
BETCTBEHHO B NJIOCKOCTH CHMMETPHM, HA OCH CHMMETPUH MJIH
B IEHTpe CHUMMETPHH.

$2.20. B Tex cnyyasx, Korjia yribl Hak/OHa BHOPOH3OJH-
pPOBaHHOA YCTaHOBKY, BHI3BAHHHIE BPEMEHHEIMH CTaTHYECKHMH
HarpyskaMH, OTpaHHYHMBAIOTCS YC/IOBHSIMH SKCIIyaTalluH, JJs
HX ONpeJieJieHHsl CJIeflyeT MoJab3oBaThes GopMyJamMu:

Q;z;,(2.21)

s

Moy Mcry Menr,
Pere =7 cPc'ry:K—' sy QPer=——, (222)
K(Px QY K‘Pz
rae

n n
2 2
K(px= 2‘1 Kziykl‘]‘lzl Kyi Zhi;
= =
n n .
2
Koy =121 Ky 2k +- 2;1 Kai Xei;
= =

n n
Koz =_zl Kyixii +i21 K yis;
Pl £

Qer x» Pory» Por ,— YIVIBL HAKJIOHA YCTAHOBKH NPH CTTH-
HECKOM JEeHCTBHH HAarpy30K COOTBETCTBEHHO OTHOCHTEJBHO
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oceit X,, Y, Z,, IPOXOASUIUX UYepe3 LEHTP KECTKOCTH BH-
6pOH30JIATOPOB;
Kox, Koy, Koz~ yrioBbE KECTKOCTH BCeX BHGPOM30MS-

TOPOB OTHOCHTeNBHO ocell X, Y, Z,;

K,i» Ky, K,;—X€CTKOCTH i-TO BUOPOH30/MATOPA B HAIpPaB-
Jqennu ocedt X, Y,, Z,;

Xnis Ynis 2p;—KOODAMHATH LIEHTpPA KECTKOCTH i-ro BHOpoO-
u3ojsitopa B cucTeMe KoopauHaT X, Y,, Z,;

n—oblliee YUCJO BHOPOHU30ISATOPOB;

Mgy 3o Moy yy My ,—MOMEHTH JIEACTBYIOIMX CTaTHUECKHX
CHJ1 OTHOCHTeNbHO oceit X,, Y,, Z,.

Ecsin BennurHa opHoro us onpejeiseMbX 1o ¢GopMyJaM
(2.22) yryioB okaxercsi Gosbie JOMyCKaeMoi, To cilefyeT yBe-
JIMYHTh COOTBETCTBYIOIIME YIJIOBBIE JKECTKOCTH, H3MEHHB pac-
HOJIOXKEHHe BHOPOM30JISTOPOB WJ/IH YBEJIHYHB MX KECTKOCTb.
B ciyuyae yBennuennst oGiel yrjoBoH 2KeCTKOCTH BHGPOU30JI -
TOPOB HAJ0 YBeJWUMTh MacCy H30JHPYeMOH yCTaHOBKH, NpH-
uyeM TaKHM 00pasoM, u4ToObl YacTOThl COOCTBEHHHIX KoJieGaHMH
ee yOBNETBOP I yciaoBHsAM 1. 2.11. OrpaHnuenHe nepeMere-
HHH BUOPOH30JMpYeMOH YCTAaHOBKH NPH AeHCTBHH BpeMEHHBIX
CTATMYECKHMX HArpy30K MOXKeT ObiTh TaK¥Ke JOCTUTHYTO MpHMe-
HEHHMEM YIPYIMX OrpaHHUHTeseH, yCTaHaBJIHBaeMHIX MapaJ-
JIeJIbHO BUGPOH30/IATOPAM C 3a30POM MeXAY FOPH30HTaIbHBEIMU
ONODHBLIMH IJIOCKOCTSIMH OTpaHMuHTesiedl W BHOPOHM30JSITOPOB.

Ilpumeuanue. B dopmyaax (2.19), (2.20) u (2.22) ne yynteBa-
eTCsl 2KeCTKOCTb IIOJIBOJOK K BHOPOH30JIMPOBAaHHON YCTaHOBKE, TOCKOJb-
Ky OHH BCerAa AOJKHBI ObTh THOKHMH. Ecau xe o0lnasi XKecTKOCTb NOJ-
BOJIOK TpeBblaeT 1/, CyMMapHOH KeCTKOCTH BHGPOH3OJSLHH, TO €e
clefyeT YyYHTHBaTh B pacyere. O6uiast 2KeCTKOCTb MOABOJOK B POCTEH -
WHX CJIy4YasiX MOXKeT GBITh Haﬁﬂ.ena II0 XECTKOCTH OTJEeJIbHBIX ITOABOAOK
pacueTHBIM IIYTEM, a B CJIOXKHBIX C/yYasX U3 CPABHEHHUsI JaHHBIX CTaTHYe-

CKHX WJIM JIMHAMHYECKHMX MCNBITaHH# BUOPOMSONHNPOBAHHOH YCTAHOBKH
6e3 NOABOJOK H C IOABOAKaMH.

OnpepeneHne 4acroT coGCTBEHHBIX KoJeOaHuii
BHOPOHM30JHUPOBAHHOMH YCTAHOBKH

2.21. Ecin w3onupyeMasi MallHHAa C aMILIMTYAOH BO3My-
maromei cuisl, He npesbiwaomei 100 ke, ycranasnusaeTcs Ha
IIOCTAMEHT, BeC KOTOporo Gosblie Beca CaMOH MallMHBI, TO
4acTOTBl COGCTBEHHBIX IOCTYATENbHO-BPAILATE/bHEIX —KOJIe-
GaHu# MOXHO He ompefeNsaThb B CiAydYae, KOTAa KECTKOCTb BHOG-
POH30JIITOPOB MOJ HATPY3KOH B TOPH30HTAJHLHOM HanpaB/JIeHUH
He 6oJIblle HX EeCTKOCTH B BEDTHKAJbHOM HaNpaBJEHHH, T. €.
K. < K; n K, < K, u paccrosiHie S 1o BEPTHKaJIH MEKLY
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LEHTPOM TSMKECTH H30JHPYeMOH YCTaHOBKH (BMecte ¢ mocra-
MEHTOM) H HEHTPOM KeCTKOCTH BHOPOH30JSTOPOB OTBEYaeT

YCJIOBHIO
‘ S <0,004a,2 ., (2.23)
tae l,u,— HauMeHBIIHA pasMep NocTaMeHTta B NJdHe,
o, = 90
z o, ’

a 0y ¥ ®, — COOTBETCTBEHHO KPYTOBBIE YaCTOTHl BRIHYK/IEHHBIX
H COGCTBEHHBIX BepTHKaJIbHBIX KOJeGaHHH yCTaHOBKH.

2.22. Tlpu pacnojioxeHHH LEeHTpa TAXKeCTH BHOPOH30JIH-
POBAHHOH YCTAHOBKH H LEHTpa 3XeCTKOCTH BHOPOM30JIATOPOB
Ha OJIHOH BepTHKaJH! yacTOTHl COGCTBEHHBIX KoJeGaHHi ycTa-
HOBKM ONpejeasioTess no GopMyaam:

a) NpH BEPTHKAJbHBIX KOJleGaHHAX

@, = ]/% ; (2.24)

6) npu kosebaHHAX B miocKocTH X'Z,

o=0,V A+ VA1, (2.25)
rue
_1/ K. qbactdy
@, = m ’ A—- 9 y
L2 S2 K
b2x=E:f; dy2=R‘;; Lyx= w: H

B) MpH KojleGaHHAX B INIOCKOCTH YoZ,

o=ao,V/ B+ VB b2, (2.26)
rae
o1/ K. p_1tbytdr
v m’ 2 ’

L2 2 K
L=y 25 gl T
R4 Ky,

x =

1 Jlas ompejeneHHs 4acToT COGCTBEHHHIX KoJeGauufi BHGpPOH30IH-
POBAHHOM YCTAHOBKH IPH OTCTYNJIEHHAX (DaKTHUECKHX CX€M BHOPOH30-
JSALMH OT NPHHATHX B HacTOAmeM pasjese PyROBOACTBA MOXXHO HCIOJb-
30BaThb pacyeTHhle 3aBHCHMOCTH NDHJIOXKeHH 1
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r) npH KoseGaHHSIX B IJIOCKOCTH X4Y, OTHOCHTENBHO Bep-
THKaJIbHOH OCH, NPOXOAfAIel yepes LeHTP TSKEeCTH YCTaHOBKH:

Vg = l/ o (2.27)

B dopmynax (2.24)—(2.27) npuHATH 0003HAYEHHS:

R, l/""x » R,= l/@ — pajMyChl HHEDUHH YCTa-
m

HOBKH COOTBETCTBEHHO OTHOCHTEJbHO ocelt Xy u Y,, npoxoss-
KX yepe3 ee HEHTP THAKECTH, B CM;

Jox» Joys Jo,—CM. 1. 2.12.

L,, L,—npuBsefieHHble TJIEYH MKECTKOCTH COOTBETCTBEHHO
B ILIOCKOCTAX YoZo u XoZy, B cM;

.S—paccTosiHe MeKAy LEHTPOM TSKECTH YCTAHOBKH H
LIEHTPOM 2KECTKOCTH BHOPOH3O/ATOPOB N0 BEPTHKAJM;

Koz Koy, Koz—omnpenensior no gopmysam (2.22);
K,, K,, K,—onpenejsor no gopmyiam (2.11);
Kxu Kyu Kzi_CM' o 2.13.

2.23. OTHOlIEHHE YacTOThl BO3MYILAIOIETO BO3JEHCTBHS
K J1060# 13 onpefensieMblx mo dopMyaam (2.25), (2.26) u (2.27)
4acToT COGCTBEHHBIX KOJEeGaHMH YCTAaHOBKH JOJIKHO OHITh
Gosibie 2,5%. Tlpn 5TOM HEOOGXOAMMO BHIMONHATH TpeGOBaHHS
m. 2.11 OTHOCHTE/NBHO BEJHYUHH .

Ecnu kakasi-mu6o 4YacTora COGCTBEHHm:a KOJIEGaHMA He
VIOBJIETBOPSET YKa3aHHOMY TpeGOBaHHUIO, TO ee cjelyeT IOHH-
3UTh, OCYIIECTBUB JJIsl 3TOTO OJHO HJIM HECKOJBKO CJELYIONMUX
MeponpHATHH:

a) yMEHBUIHTH MECTKOCTb BHGPOU3OMSATOPOB;

6) yMeHBIIHTb paccTosiHue S;

B) YMEHBIUUTH INpUBEJEHHLIE IJIEYH 2KECTKOCTH (mpHOAH-
JKEHHEeM B [J1aHe BHOGPOM30JISITOPOB K LEHTPY KECTKOCTH);

T) yBeJAYHTh MOMEHTH HHEDIHH YCTAaHOBKH IyTeM J06aB-
JIEHH ST JIONOJIHUTEJNbHEIX MacC ¥ yAaJIeHHs HX OT OOIIero LeHTpa
BLXKECTH.

* Dro Tpe6oBaHHe He pPacNpOCTPaHAETCS HAa BHOGPOH3OJSLHIO, BLI-
MOJIHSIEMYI0O IO cXeMe, mpuBefeHHO# Ha puc. 2.1, 2. Ilas 3TOi cXembt
YacTOTHl COGCTBEHHHIX KoseGaHuil onpenensiorces no gopmynam (2.14)—
(2.15), a xoa(pdunHeHTH Gy, Oy U %y — TIO dopmyaam (2.3).

25



Onpesenenne aMnJaUTy ] BIHYXACHHBIX KOdeGaHuit
BHOPOH30IHPOBAHHOH YCTAHOBKH

2.24. Amnanrysabl KosmeGaHuil, HalilleHHble MO (opMyJsaM
(2.4)—(2.5), Hajo YTOUHATH COIVIaCHO yKasaHusM nm. 2.25
n 2.26 Pykosoacrsa. Ecin yTouneHHbie aMmiiuTyfst GyRyT
npeBLHILIaTh JONYyCKaeMble 3HAUYEHUS, TO CleAyeT M3MEeHHTb
B COOTBETCTBYIOLLYIO CTOPOHY BeJIMYMHBLI MapaMeTpoB BHGPOH30-
JIUpOBAaHHOH ycTaHOBKHM (cM. mm. 2.9 u 2.11).

2.25. Bojiee TOYHO aMIVIUTYABl BbIHYXKAEHHBIX HOCTyIa-
TeJbHBIX M BpallaTe/bHHIX KoseGaHui BHOPOH30IHPOBAaHHOH
YCTaHOBKH ONpeJienfioTest o $hopMyJam:

p, . Py p, .

Fox = o —Ky * 0= mag? =Ky * YT Tnag—K,
® e P9 o ; (2.28)

ox = ) ’ oy = 0] ’ .
Toi 00— (Kox +S°K)) Joy @0 —(Kogy+S*K,)
@ Mo
0z = 2 ’
"o: mO—sz

rae P,, P, P,—aMIJHTyAb BO3MYLIAIOUIMX CHJI B HaNpap-
neHun ocelt X,, Y,, Z, B kI;
Moy, Moy, My, —aMIIATYAB BO3MYILAIOIHX MOMEHTOB OTHO-
curespHo ocelt X,, Yy, Z, B xlcm;
®,—KpYyroBasi yacToTa BHIHYXKJEHHBIX KoJieGa-
Hull B pad/cex.

K., K,, K, 1 Kox, Koy, Ky. onpenensiores coorser-
ctBeHHo no dopmysam (2.11) u (2.22).

Jns BHOPOH30JISIMH, BHIIOJHSAEMOH 10 CXeMe MasiTHHKOBO-
ro nozseca (puc. 2.1, ¢), yrouHeHHe aMIIMTY [, KoseGauuii, on-
perensieMblx dopmysamu (2.4) u (2.5), He mpousBoAUTCA.

B Tex cnyuasix, Korza HaiileHHEle aMILTHTYJIb! KoseGaHuH
OJM3KH K JIONYCKaeMbIM 3HAUYEHHSIM, a TaKke npH (axTHyec-
KHX cXeMax BHOPOM30JSIHHK, OTJKUYHBIX OT PaccMaTpUBaeMbiX
B 3ToM pasjiene PykoBojicTBa, pacuer BHGPOM3OMSALHMH PEKO-
MeHJlyeTcsl TPOH3BOAHTH B COOTBETCTBHM C IPHJIOMEHHEM 1.

2.26. HauGospiune BO3MOXKHbIE 3HAYEHHS aMIUIHTYJ, KOJe-
6aHul @y, Qyi, O, i-H TOUKH M30MHPyeMON YCTaHOBKH B Ha-
NpaBleHHAX KOODAHHATHBIX oOcefl ompejensioTcst 6e3 yuera
pasHocTH (a3 CocTaBIsIOMMX KosneGanu# no gopmysaam (2.6).
Ecn 3T 3HaUeHHsl He MPEBHIAIOT JIONYCKaeMbIX BEJHUHH, TO
JasipHEHIIero yTounenust ux He tpefyercsi. B mpotusaoM cany-
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Hae UX ClefiyeT onpelesiuTh Gosiee TOYHO — C YUETOM PasHOCTH
(a3 cocraBisiOIIUX KONeOAHUHA yCTaAHOBKH.

YTOYHEHHEIE 3HAYECHMs aMIUIUTYJA BBIHYKJAEHHBIX KoJeba-
Hu# (11060#) i-H TOYKH BHOPOH30/IHPOBAHHOH YCTAaHOBKH MOMY-
YaioT NyTeM IeOMeTPHUYECKOTO CIOKEHHs aMIIMTYJ KosleGaHui
LEHTpA TAXKECTH YCTAHOBKH H aMIUIUTYJ KoJeGaHuH {-H TOuKH,
BHI3BAHHBIX BpallaTeJbHbIMH KONeGaHHSMH yCTaHOBKH, C yye-
TOM DPasHOCTH (a3 CKJIafbIBaeMbIX KojieGaHHH. Dra pasHOCTb
(a3 nprHHMaeTcs: paBHOH pasHOCTH (a3 COOTBETCTBYIOMHX BO3-
MYIAIOMHAX cua (¢ ammaryiamu Py, P,, P,) 1 BO3MyIIAIOMHAX
MOMEHTOB (¢ aMnautyaaMd Mo., Moy, My,).

Iopsifiox yuera pasHOCTH a3 mpH onpefeseHHH aMIUIHTY]
BbIHYXKJIEHHBIX KoJIeGaHHH HEKOTOpOH TOYKH BHOGPOHM30JHPO-
BaHHOH yCTaHOBKH H3JIOXEH B IIPUJIOKEHHH 3.

Ecau cocraBisiouiie KosneGaHHE H30JHPYEMOH yCTAHOBKH
UMEIOT OJIMHAKOBbIe (a3n!, TO aMIIUTY/bl KOJAeGaHui - TOuKH
B HanpaBJIeHHAX ocell KOOPAHHAT onpeessIoTcs 1o GopMyiaMm:

xi = Qox + Poy Zo;— Poz Yoi5
@y; = 0oy + Poz Xo; — Pox Z0i5 (2.29)
Qi == Gy, F Pox Yoi — Poy Xoi»

TOE Xo;, Yoi» P03 OTPEAeTEHn B m. 2.12,

Ecau BosMyImatomue Bo3ieHcTBHA 00y C/10BJIEHB! BpAIlleHHEM
HeypaBHOBELIEHHOA Macchl B mIIocKocTH XoZy BOKpYT ocH Y,
TO (haspl CHJIbI ¥ MOMEHTA C aMIIuTyaMu P, 0 My, OT/IHYAIOTCS
OT (pasbl CHJIBI ¢ aMIIuTyAol P, Ha yroa w/2. B atom ciyyae
aMIVIMTYAbL KOJleGaHui i-H TOUKH YCTAHOBKM B IVIOCKOCTH X Z,
OnpeensIoT no GopMyaam

a,; = l/-a(z)z + ((pOy in)Z; Qi = Qo + Poy 2o;- (230)

Ecsu BosMymiaoniye Bo3fiefCTBH st 06y CJIOBJEHE! BPAICHNEM
HeypaBHOBeLIIEHHO! Macchl B IJIOCKOCTH Y yZ, OTHOCHTENBHO OCH
Xo, TO (ha3pl CHIIBI B MOMEHTA ¢ aMILIUTYAaMu P, u My, otin-
yaioTest OT (asbl CHIBL ¢ aMIIIHTYA0H P, Ha yroa m/2. B stom
cJlyyae aMIUIATY Bl KoJieOaHHH i-H TOUKH YCTaHOBKH B IIIOCKOC-
1! Y Z,y BbipaxkawoTcs QopMyiamMu

Qi = Vﬂgz + (Potior)’s  Ayr =00y —Pox 20 (2:31)

IIpu reoMeTpuYeCKOM CJIOKEHHH ABYX KONEGaTeNbHBIX IBH-
xennit &;(f) u §4(f), npOHCXOAAMHMX MO OAHOH NP MO, C OfHOK
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M TOH Ke YacTOTOH @g, HO DasAMUHBIMH AMIVIHTYIAMH @y,
¥ HayaJbHEIMA (DasaMu @y, @,:

Ei=aycos(@gf+ @), &, =aycos(0,f+p,) (2.32)

pe3yJIbTHPYIOIMM KoJieGaHHeM Gyger

E=acos (w0, +9) (2.33)
¢ aMIJUTyAoH

a= V1112 +a* +2a, a, cos (P, — P2) (2.34)

H HavaJbHOH (hasoi

ay sin @; -} ay sin @, (2.35)
ay Cos Pp | ay COS @y

2.27. B Tex cayuasx, Korja npeoGiajaiomee 3HaueHHe:
HMEIOT CHJIBl H MOMEHTHI, JeHCTBYIOmHE B OAHOH M3 KOOpAH-
HATHBIX TIJIOCKOCTEH, aMIIUTy[pl KoJeGaHHi LeHTpa TsAXKeCTH
UsOMUpyeMOH ycTaHOBKM (m. 2.25) M OTAENBHBIX ee Touek
(1. 2.26), 1151 KOTOPBIX H3BECTHBI JOIYCKaeMbie 3HaYeHH I, MOXK-
HO HaXOJMTb H3 YCJOBHS, YTO BHOPOH30JHPOBAHHAS YCTaHOBKA
coseplaeT KoneGaHus B 3TOH IJIOCKOCTH.

2.28. [lns MamMH C 371eKTPOMOTOPaMH MOLIHOCTBIO GoJsiee
10 kgm HEOGXOAMMO ONpeAeNsITh aMIINTY Bl KoeGaHHH BUGpO-
H30JIHPOBAHHOH YCTaHOBKH, BLI3bIBaeMble BKJIIOUEHHEM TOKa
IpH MycKax MOTOpa HJH KOPOTKMM 3aMblKaHHeM. BosMymato-
IHe MOMEHTHI, BO3HHKAIOIMHe NPH BKJIOYEHHH TOKAa WJIH KOpOT-
KOM 3aMBIKaHHMH, MOTYT PACCMaTPHBAThCSA KaK BHE3ANHO NpH-
JIOXeHHbIe K YCTaHOBKe.

AMIIIHTYZB YIJIOB NOBOpOTa BHOGPOH3OJHMPOBAHHOH ycra-
HOBKH OTHOCHTeNBbHO ocefl koopaumHat Xy, Yy, Zi, mpoxops-
IIUX Yepes IIeHTP KECTKOCTH BHOpOU30AATOpOB Of, NPH BO3-
JeficTBHH MOMeHTa My, BO3HHKAIOLIETO NPH MyCKe MOTOpa HJIH
KODOTKOM 3aMbIKaHMH, BHIYHCJIAIOT 1O (opMysam

¢ =arctg

— My, - oMy~ 2My,

Prx = v Pry=—7"3 Qrz=
Kox ‘ Koy Koz

, (2.36)

rae My, My,, M;,—cocrasasomue moMenta M, B Hampas-
JeHusAX ocell koopauHaT X, Y, Z,.

3HaueHHe M, npH nycKe MOTOpa OPHEHTHPOBOYHO IPHHH-
MaloT paBHEIM M, ~ 2M’, rie M’ — Bpawamowuii MOMEHT
MOTOpa NpH YCTAHOBHBIUEMCST paGoueM peXKHMe; NpH KOPOTKOM
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sambikainn M, =~ 8W xl's, roe W — MomHOCTb MoTopa
B k6m; Kor, Koy, Ko, onpegensior no gopmyaam (2.22).

Ipu peficTBHE BHeSAaNHO NPHUJIOXKEHHOTO MOMeHTa M, am-
IIATYAbl KoseGaHHil; B IEHTpe KEeCTKOCTH i-TO BHOPOHS0JS-
TOpa IO HAaNMpaBJIEHHSIM KOOPAMHATHBIX OCell HaXORAT no ¢op-
MyJsiam:

Ay = @y Zri — CEkz Yriy
Ay :@zxki——(—ﬂkx Zhis (2.37)
Ayt = Ok Ypi— Piy Xie

3necb Xy;, Ypi» Zp;—KOODAHHATHI LEHTPA XKECTKOCTH i-TO BH-
GpousossTopa B cucTeMe kKoopaunat X,, Yy, Z, (cMm. puc. 2.2).

Kaxpas us BennunH Ay;, Ay; wian A,; IpH Iycke MoTopa
He JIO/MI2KHA MpeBblaTh 5 MM, a [OpH KODOTKOM 3aMBbIKAHHA —
10 mm. Ecnu 310 ycoBHe HapyllaeTcs, TO CJAEAYeT: YBeJH-
YUTb KECTKOCTb BHODOU3OJISTOPOB H COOTBETCTBEHHO Maccy
H30JMPYeMOil YCTaHOBKH HJIM YCTAHOBHTL OTpaHHYHTENH KoJe-
GaHui, CKOHCTPYHDOBAaB HX TaKHM 00pasoM, 4TOGLI OHH HMeJH
JOCTA4TOYHYIO MPOYHOCTb H YCTaHABJHBAIHCh C 3a30POM, paB-
HBIM 5—8 mm.

JIns1 cMsiryeHHsl yAaapa K IOBEPXHOCTH OrpaHHYHTeNs KO-
neGaHul, compHKacalomeHdcss C H30JHPYeMOH YCTaHOBKOH,
ClIeflyeT NPUKPENUTD CJIOH PE3WHDb MK NJIaCTMACCHI.

OnpeneneHne JUHAMHYECKHX HArpy3ok,
nepeAaloluXcsl Ha NOAAePIKUBAIOLIYIO
KOHCTPYKUHKIO

2.29. JInnamMuyecKHe HarpyskH, nepejaromuecss BUGPOH30-
JINDOBAHHOH MALUMHOH Ha NOANEpKUBAIOIYI0 (HECYLIYIO) KOH-
CTPYKUHIO, ONPEACISIOT MpH:

a) paGoueM peXXHME MalIWHbI; 6) peXHUME NPOXOKACHUS
yepe3 pPe3OHaHC BO BpeMsl INyCcKa HJIH OCTAHOBKHM MAIlHHb;
B) BKJIIOYEHHH TOKa H KODOTKOM 3aMBIKAHHH (B 3JIEKTPHYECKHX
MalHHax).

Ilpu craTHYecKOM pacueTe MOAJePKHUBAIOMEHl KOHCTPYKLUHH
JIO/IKEH YYHTHIBATbCS BeC BHODOH30MHPOBAHHON yCTaHOBKH.

2.30. ITpu paGoueM pexuMe BHGPOH30JIHPOBAHHOH MAIIHHBI
JMHAMHMYEeCKHe HarpysKH, AEHCTBYIOUIME Ha MOAJEPKHUBAIOLLYIO
KOHCTPYKIHIO, ONpEAEIAIOTCS KaK COBOKYNHOCTb CHJI, mepe-
Jaromuxcsa depes - BUGPOH3OMATOP C y4eTOM pasHocTH (a3
3THX CHJI.

29



AMniuTyAbpl Tipoekuuil Ha ocu Xy, Y, Z, BoaMymiaomei
cunsi P;, nepenaromeiics uepes i-ii BUGPOH30MSATOP, HAXOAATCS

no gopmynam:

le =0y le
i “ayx Kyl' (2'38)
zz *azi Kzu

TAC Qx;, Qyi, Oy — AMIVIMTYJBI BBIHYJKAEHHBIX KOJeOaHHi
B TOYKE NepeceyeHHsl OCH {-ro BUOPOH30/ATOpa ¢ OMOPHOH Mo-
BEDXHOCTBIO H30JIHPYEMOH YCTAHOBKH, onpefesisieMbie COTJIacHO
yKaszanusM 1. 2.26 Hacrosmero PykoBozcTBa.

=10
i

% RS /A —
7 -
Puc. 2.5. CxeMa ansi pacueta NOAJEpKH-
Baiouleli KOHCTPYKIHH Ha JeHCTBHE BO3MY-
ILAMOMIHX COCPEAOTOYCHHBIX CHJ H MOMEH-

TOB
1 — Bu6poH3oAHpyeMasi YCTaHOBKa; 2 — LEHTP
JKeCTKOCTH BHOGDPOU30NATOPOB; J — MOANEPKHUBAIO-
was KOHCTPYKUHA; 4 — OCh NOAXepXHBawlLel
KOHCTPYKIIHH; § — YCJOBHBI aGCONMIOTHO XECTKUH
CTepKeHb.

Ecian paccrosiHue Mexly KpaHHHAMH BHGPOHM30JsTOpaMH
B HANpaBJIeHHH JJIMHBI 3JIeMEHTa HecylleH KOHCTPYKLUHH MeHb-
we '/, mposera 3TOro 3JeMeHTa, TO COBOKYNHOCTh BO3MYLIAIO-
HMX CHJ H30JHPORAHHOH yCTaHOBKH, NepeJaloluXCsi yepes Bee
BHOGPOH30IATOPE!, NMPHOJIHKEHHO MOXHO 3aMEHSATh CQCPENOTO-
UeHHOH BO3MyMIAlOmeH CHIOH ¢ aMIIHTYJA0H P, U MOMEHTOM
C aMIVIMTY0H M}y, NpUJIOXKEHHBIMH B IIEHTpPe XKeCTKOCTH BHUG-
pousosisitopoB. IIpy 3TOM HEHTD KECTKOCTH BHOGPOH30JISTOPOB
CUNTAETCs YCJIOBHO COEJHHEHHBIM C NMOANEpPHUBAIOMEH KOHCT-
pYKiHeil aGCOMIOTHO JKECTKHM CTep:KHeM, 3a/ieJlaHHLIM B 3Ty
KoHcTpyKuuio. Hanpapienne crep:xHsi npuHHMaeTcsi nepneH-
JUKYJSIPHBIM OCH HJIH IJIOCKOCTH 3JIeMeHTa MojfiepKUuBaomie
KOHCTPYKIHH (puc. 2.5).

AMITHTYABL TPOSKIHMH BO3MYIAIOMEeH CHIEL HAa OCH KOOpJH-
HaT BEIYHC/ISIOTCS B 9TOM clydae 1o ¢opMy.siam:

Phx =0, Ky;
Py, =a,, K,; (2.39)
pkz =0y Kz’
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TA€ Qxp, Ayk, Qzp — AMIVIATYJB! BHIHYKICHHBIX KOe6aHUH TOY-
KH NPHWJIOXKEHHS CHMJIBI C aMIVIUTYAOH P B HanpaBjeHHH ocell
KOOpAHHAT, OHpeJeJisieMble COTJIaCHO yKas3aHMsaM m. 2.26 storo
Pykosozcrsa.

K., Ky, K, onpenensior no gopmysam (2.11).

Ecay mHeHTp JKecTKOCTH BHGDOH30JSITOPOB PACHOJIOXKEH
BOJM3H ONOPHI, TO AONYCKAETCS! YUUTHIBATh TOJIbKO M'OPH30H-
TallbHble CHJIB C aMITUTYAaMK Py, ¥ Py,

Ecan BuGpOH30NHpOBaHHasl YCTaHOBKA BHI3bIBAaeT M3TrH6-
Hble KoJ1e6aHu s Hecylell KOHCTPYKUMH TONbKO B BEPTHKAJbHOM
HanpaB/JeHHH M HEHTP YKeCTKOCTH BHOPOU30JIATOPOB pacroJa-
raetcsl GJIM3KO K CepefiiHe ee IpoJeTa, TO MOXKHO YUHTHIBAThb
TOJBKO BEPTHKANBHYIO COCTABJSIOILYIO COCPEAOTOYEHHOH CHIIBI
¢ aMIuTy ol Py,.

AMIIUTY OB COCTaBJSIIOUIMX BO3MYLIAIONIETO MOMEHTA C aM-
mautynoii My OTHOCHTENIBHO OCell KOOpAHHAT, NPOXORAMMX
yepes IEHTP JKECTKOCTH BHOPOU30/IATOPOB, ONpPEAENSIOTCS M0

¢opmyaam:
ka = cPO.x K&px;
Myy = oy Koy (2.40)
Mhz = Qo K(Pz-

2.31. B pexume NpoxoxKIeHHS uepe3 Pe30HAaHC BO BpeMs
NyCKa WJIH OCTAHOBKHM MallUMHBI HamOosbllasi BeJIMYHHA BEPTH-
KaJIbHOH Bo3Mylaomel cuinl P,, Kotopas nepefaercs noaep-
KUBAKOLIell KOHCTPYKIHMH 4epe3 BUOPOH30JIATOPE], HAaXOMHUTCS
no dopmy.e

Pz:amachz: (2-41)

TI€ Qyawe — MaKCHMajlbHasi aMIVINTY[]a BePTHKAJbHBIX KO-
JeGaHH# M30JIMPOBAHHOH YCTAHOBKM B NYCKOBOM HJIH OCTaHO-
BOYHOM pexHMe, OmpefessieMas 1o rpaduky, H3o6pakeHHOMY
Ha pHc. 2.4; )

K, — cymmapHast ®eCTKOCTb BHOPOM3OMATOPOB 1O OCH Zg.

Jast BUGPOM30/MPOBaHHOR YCTAHOBKH, pPaccMaTpHBaeMoM
KaK CHCTeMa C OlHOH CTeleHbio CBOGObI, HaunboblIasi BeIHYH-
Ha Bo3Mywlaomel cHIbl Py, KOTOpas nepefaercsi NOMIepXKu-
Baiolell KOHCTPYKIHH B peXHMax IycKa WM OCTAHOBKH B Ha-
npaB/ieHHH X, MOXeT ObIThb TaKke Haiifiena mo QopmyJe

P he 1 L (h)
=P, m1+r2(1+§>_o_) +km1) . (242)
] Oy !

AHaJIOTHUHO 3aNHUCHIBAIOTCA GOPMYAB st Pyy U P,
3!



B ¢dopmyse (2.42) BeauunHa

_ 1 5
W=y} 1 +— - 2.43
° [ (140, 1y, V 3ng)* ]/44 J @49

npeAcTaB/isieT KPyroBylo 9aCTOTy BO3MYyILAIOLIeH CHJIEL B MOMEHT
JIOCTHKEHHSI BHOPOHM30JHPOBAHHOH YCTaHOBKOH HauGoJbllef
aMIuTYIn KojeGanuii. B dopmynax (2.42), (2.43) BepxHue
3HAKH COOTBETCTBYIOT NMCKY, 8 HIMKHHE — OCTaHOBKE MalUIHHHI.
3pecy P, — aMmuinuTyZa BO3MyIamomel CHJBI, pasBHBaeMoH
H30JMpyeMol MalMHOH B HamnpaBJIeHHH OCH X;

®, — YacTora cOGCTBEHHBEIX KoJieGaHWii BHOPOH30JHPOBaH-
HOH YCTaHOBKM B HampaBJIeHHH ocH X;

m=1 —+wk =% (2.44)

T @em)ze’

e €& — CKOPOCTb HapacTaHHs HJH YObBaHHS 0OGOPOTOB
MallHHbL B 2y/cex;
Vs — Ko3(pHIMEeHT Heynpyroro CONnpoTHBJEHHS BHGpO-
H30JIITOPOB;
fi» [ — Ko30QHUMEHTH], 3aBHCSIEE OT OTHOIIEHUS %’3

(ra6a. 2.1). '

Ta6auna 2.1
3uayenns koapduyuentoB f; u f,

o 0 0,t 0,2 0,3| 0,4 0,5|0,6{ 0,7|0,8|0,9]1
1

fi | 1,465(1,349| 1,239] 1,134] 1,045| 0,956| 0,864 0,765| 0,644/0,460| 0

fa 10,035 0,115| 0,234| 0,328/ 0,419 0,503 0,585 0,672| 0,776/0,890| 1

YMeHblleHHe JUHAMHYECKHX HAarpysoK, Nepefaloluxcs Ha
HECYIlHe KOHCTPYKIIHH MOXET ObiTh JOCTHFHYTO YyBeJHYEHHEM
CKOPOCTH HapacCTaHHs WK yGbIBaHHS YHCIa 0GOPOTOB MAIUHHEL
B Tpolecce NyCKa HJM OCTAHOBKH MamMHEL OJHHM M3 crmo-
C060B yMeHbLUEHHS AMIVIMTYA KoJeGaHHH BHGDOH30MHPOBAH-
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HOH YCTAaHOBKHM MOXET CJYXHTb COKpallieHHe BpeMeHH OcTa-
HOBKH MallIHHB (HampHMep, € IIOMOLLBIO 3JIeKTPHYECKOr0 TOp-
MOXKEHH S HT. 1.). HacToTy COGCTBEHHEIX KoMeGaHUH BHGPOU30-
JINPOBAHHOH CHCTEMEI MOXXHO H3MEHSTh IIyTEM aBTOMAaTHYECKOro
BKJIIOUEHH S MJIH BBIK/IIOUEHHS JOTNOJHHTEJNBHEIX YIPYTHX 3Je-
MEHTOB, Macc HJ/IM CBsiseil B cHucTeMe.

2.32. Boamymaioouye MOMEHTH, BO3HHKAIOIHE MPH BKJIO-
YeHHH TOKAa WJH KODOTKHX 3aMblKaHHSX, MOXKHO ONpelensiTh
KaK CTaTHYeCKHe MOMEHTBl, paBHBle IBYKDPATHBIM BeJHYHHAM
COOTBETCTBEHHO MYCKOBOTO MOMEHTa HJIM MOMEHTa HpH KOpOT-
KOM 3aMBIKAHHH. OJTH MOMEHTHl MOJIHOCTBIO NEpefaloTCs MOoX-
JiepKHBaMoiiel KOHCTPYKIMH Yepe3 BHOPOH30JIATOPhI HIH Orpa-
HUYUTEJIH KoJieOaHMH, €C/IH OHH HMeIOTCH.

2.33. JlunaMuuecKHe Harpy3kH, nepejaromyecs Ha nojiep-
JKHBAIOILYI0 KOHCTPYKLHIO B pa6oueM peXKHMe, C YUeTOM AeMI-
(GHpYIOIIUX CHJ ONpefesasoTcs no gopMyJaam:

Ppy =Py
x x (2.45)
ka = Ml)x Wox,

rie P, — ammautysa cHibl, JAeficTByIowiel Ha H30JHDYEMYIO
YCTaHOBKY B HampasjieHHH ocH X;

Moy — aMIVIHTyJa MOMEHTa, BpAUIAIONIEr0  YCTaHOBKY
BOKpYTr ocu X;

Py, — aMIuIATyZa CHJIBL, epejaroueiics Ha NOANEpIKHBAIO-
IyI0 KOHCTPYKLHMIO B HanpaBJeHHH ocH X,

M}y — aMIIATYIa MOMEHTA, Mepefalolerocsl Ha NoAKepIKH-
BalOMY}O KOHCTPYKUHIO NpPH BpalleHHH YCTaHOBKH OTHOCH-
TeJILHO ocH X

Wxy Wor — KOI(GOUIHEHTE Nepeauyu CHI ¥ MOMEHTOB.

Binsinne cull BHYTPEHHEro TpeHHMs, onpelesigeMbiX MO I'H-
norese CopoKuHa, Ha BeJIMYHHY KO3(pUIMeHTa nepefayH, MoX-
HO He YYHTHIBATh.

KoapuuneHTs nepefaun py, por IPH YyYETE CHJ BSIBKOTO
H CyXOro 3aTyXxaHHsl B BHOPOHM30JATOpPaX HJH B AeMI(HpYIO-
IHX YCTpPOHCTBaX, JAJISI CIy4yasl XKECTKOro 3aKpelJIeHHs JeMIl-
depa MexIy KoseGsiomeHcs Maccoil H ONOPHLIM OCHOBaHHEM!,
ompefeasoT no ¢opMyJaam:

1 Cnyyaih BUGPOH30JHPOBAHHOR CHCTEMBI C YIDYrofl BCTaBKO#H MeX-
Ay neMmndepom H KoseGaioulefics MacCod MJH NOAXepKHUBaiomed KOH-
crpyknueli paccmorpen B paGore H. A. TMukyaea «O poau ynpyroi
BCTaBKE Mexay Aemndepom H xosebaiomefics Maccoit». «CrpountelibHas
MeXaHHKa M pacyeT coopy:xeHuii», 1959, Ne 2.
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a) NpH y4eTe CHJI BA3KOTO 3aTyXaHHs:

]+'st (%’—)2

Py = »
w2\ 2 9 [@g \2
(=) (3 o
®, \2 ’
1
- 720 ( W) .
Hox = @y W \2°’
o)
mq;x Opx

6) IpH y4yeTe CHJI CYXOrO TPEHHS:

p’ :__i_____l/l_@)z /E)i\z.
* 1_(90_)2 (an ((Dx ’
Oy

: 2.47
o 1/[ (4M0x)2( oyt 24D
por=—" |/ 1=\ (o) -

2 \
—(52)
Gx

$,
3nech Yyx = —, Yapr = —];‘35 — KO3(pDHLHEHTE HEeYynpyroro

CONPOTHBJIEHH ST COOTBeTCTBeHHO npy MOCTymaTeJbHbIX H Bpa-
IIATeJbHBIX KOJe0aHHMSIX YCTAHOBKH;

84, 8px — COOTBETCTBYIOLME WM JIOrapHpMHUECKHE JeKpe-
MeHTBHl KoneOaHui;

®, — KpYroBasl 4acTOTa BO3MYIIEHHS;

®4, Ogy — KPYI'OBBIE YaCTOTHl COGCTBEHHBIX MOCTYyIa-
TeNbHBIX ¥ BpalaTesbHbIX KosieGaHui;

F*, — Be/MYHHA CHJIBI CYXOT'O TPEHHS B HAaNpaBJeHHU OCH
Xo;

M*,,. — BejnuuMHA MOMEHTA CHJI CYXOro TpPEHHS OTHOCH-
TeNBHO OCH X .

Cuitel BSI3KOTO B CYyXOTO TPEHU S Liesieco06pa3HO YYHTLIBATD,
€C/¥ BEINOJIHAIOTCS YCJIOBUS:

Yox = 0,05 Yor = 0,05;

4F, M 2.48
>0,05; —2% >0,05, (2.48)
Qo “Kx Py, Kq,x

TJ€ Qyx, Qox — AMIVIMTYJLI [OCTYNATENbLHBIX M BpallaTe/bHbIX
KoJie6aHHi BHOPOH3OJIMPOBAHHOH YCTAHOBKH;
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K, K*px — %eCTKOCTH BHOPOM3OJSITOPOB, ONpEAesieMbie
no ¢opmyaam (2.11).

®opMyJibl, COOTBETCTBYIOIYE HaMpaBieHHdAM Yy U Z;, MO-
Jayyaiorcs u3 gopmya (2.45) — (2.48) sameHoll HHJAeKca X Ha
y uz

Bripaxenus (2.46) noKaspiBaioT, YTo B 06/1aCTH 4aCTOT BO3-

, o W, o
MYIIEHH A ?" <V2u m—" < )/2 BausiHHE BA3KOTO 3aTyXa-
X ox
HH S CBOJUTCS K CHUXKEHHUIO KO3(D(PUILHEHTOB Nepefiadt [y H Roy.
? 5 ® 5 o
B o6nacru wacror o V2u m—" > 1/2, coorBercTBYyIOMEH
X ox

paboueMy peKuMy BUOGPOM30JHPOBAHHOH CHCTEMBI, BSI3KOE 3a-
TyXaHHEe OKasblBaeT OTPHIATEIbHOE BAUSIHYE Ha 3PDHeKTHBHOCTD
BUOPOH30JISILHH, NOCKOJBKY KOIDOMOHIHUEHTH [, H Por C yBe-
JIM4eHUeM 3aTyXaHUS YBEJHUYUBAIOTCH.

Ilpu aunanuse copmyn (2.47) ciepyer o6paTHTh BHHMaHuUe
Ha JiBa 0OCTOSITENLCTBA:

* P
1) aTM BoIpaxKeHHS HUMEIOT CMBICJI, ecaH Fy —4” 5\

* aM
Moy > 4"’“, B NPOTHBHOM cJyuae BblpaxeHnus (2.47) craHo-
BATCS MHHMBIMH;

2) HecMOTpA Ha HaJlMuMe CHJI CyXOTO TPEHMS, pe30HAHCHble
3HauYeHHUS KO(p(UIHEHTOB mepejayd, COOTBETCTBYIOLIHE dUa-
CTOTE Wy = M, HIH ©O) = Mgy, 06pAAIOTCA B OECKOHEUYHOCTD.

Fmasa 3

BUBPOMU3ONALUUSA PYHIAMEHTOB
noa KOBOYHBIE U IUTAMINOBOYHBIE MOJIOTbI

YKazauus no npoekTHPOBAHUIO

3.1*. Bubpousonsinusi ¢yHIaMEHTOB TMOJ MOJOTHI MpHMe-
HAETCS AJIs CHHXKEeHHUS HeGJaronpusiTHOTO BIAUSHUS KosieOaHuil,
HepejalouuXxcsl yepes TPYHT, HAa CTPOUTENbHbE KOHCTPYKIHH

* Drot pasgea PykoBojcTBa MOoxkeT GHITb TAKXKE HCIOJb30BAH C OYe-
BHIAHBIMH H3MEHEHHAMHE JJIs pacuera M NPOeKTUPOBaHHs BHGPOH30JIs-
uuH QYyHJAMEHTOB 110J APYroe TeXHOJOoTHUeCKoe 060pyI0BaHHe, CO3AaI0-
mee MMNYJAbCHBBIE HATPY3KH, IPH YCJIOBHH, YTO BHGPOHU30JUPOBAHHEIH
(YHIaMEHT BMecTe ¢ TeXHOJOrHYecKON YCTaHOBKOH MOXKET paccMarpu-
BarbcA KaK JMHAMHYECKasi CHCTeMa C OfHOH cTemeHbio CBOGOIE, MoABep-
rajouasicss AedCTBHI0O MIHOBEHHOTO HMIYJbCA.
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sflaHufl, OGCTYXHBAIOWHA NEPCOHAN M Ha TEXHOJNOrHUECKoe
ofopynoBaHHe, YyBCTBHTEIbHOE K BUOpPaLUH.

[IpumeneHne BHOPOHAONALUM MO3BOJNSET CYLIECTBEHHO
YMEHBUINTh JONYCKaeMble PACCTOSTHHS OT MOJIOTOB JO OOBEK-
TOB, YyBCTBHTEJbHLIX K BUOpaltH, a IpH ¢1abeX IPYHTax BHO-
POH30/I1SLMsl N03BOJSIET B paAje ciayyaeB H3bexkaTb yCTPOHCTBA
CBaifHOrO OCHOBaHHS.

3.2, Bu6pousonnpoBaHHbIA QYHAAMEHT NOJ, MOJOT COCTOHT
H3 IBYX yacTtell — ¢yHIAaMeHTHOro 6/0Ka U noAdyHAAMEHTHOTO
KopoGa, 3ariyOneHHOro B rpyHT. PyHJaMeHTHHIH OJOK ONH-
paercs Ha moAQYHAAMEHTHBIH KOpoO MOCPeACTBOM BHOPOH30-
JATOPOB. YCTaHOBKa MOJIOTa Ha (DyHJaMeHTHBIH OJIOK NpOH3-
BORUTCSL B COOTBETCTBHH ¢ TpeGoBammamu CHull 1I-B.7-70
(cm. m. 1.4 «B).

3.3. Tlpu CHUKEHHH YaCTOTHI COGCTBEHHBIX KoJjeGaHui QyH-
AaMeHTHOro 6J10Ka AMHaMHYecKoe BO3JefCTBHe Ha I'PYHT yMEHb-
1aercs.

ITpoexTHpys BHOPOH3OMALMIO, CleAyeT HMETb B BHAY, 4YTO
NP ONMHOYHOM yJape: a) aMIVIHTYZa AHHAMHUECKOH Harpys-
KH, nepefiaBaeMoi yepes BHGPOH30JATOPE HA KOpoO, mporop-
IIMOHaJIbHA YacToTe COGCTBEHHBIX KoJleGaHHH (yHAaMeHTHOro
6s0Ka; 6) aMIVINTyAa CKOpPOCTH KojeGanuii ¢yHIaMEHTHOro
6J0Ka o6paTHO MPONMOPLHOHAJbHA €ro Macce; B) aMIJIHTYJAa
yCKopeHHs KoneGaHuH (yHAaMeHTHOro 6J0Ka NponopLHOHAIb-
Ha 4acToTe ero COGCTBEHHBIX KoJieOaHMH, HeNEHHOH Ha ero
Maccy. ¥ Ka3aHHble 3aBHCHMOCTH MOTYT Y CJIOXKHHTBCS AJ1 CEPHH
YAApOB MOJIOTa BCJIEACTBME BO3MOXKHOIO BO3HHKHOBEHHS HM-
IyJibCHOrO pe30HaHca.

3.4. I'lpu npoeKTHpOBaHHH H pacyeTe BHOPOH3OJIHPOBAHHbIX
¢yHAaMeHTOB MOJ MOJIOTHI caelyeT pykoBoictBoBatbcss CHuIl
[1-B.7-70 u n3nokeHHHIMH HHXKe YKa3aHHSIMH.

Insi npoeKTHpOBaHHS HEOGXOJHMO HMETh CJleAylomue AaH-
Hble:

a) CTPOMTeJIbHOE 3a/iaH¥ie Ha NPOEKTHPOBaHHE;

6) THO H MapKy MoJIOTa, YepTexkH oOero BHAAa MOJIOTa,
wa6ora, MOABOAKH Napa WJIH BO3[yXa;

B) Bec Majalomux yacred — HOMHHAJbHHIH M JeHCTBUTENb-
HBIH;

) 4HCNO yAAapoB MojoTa B 1 muw;

J{) CKOpOCTb MafJaIomIMX yacTel B MOMEHT CONPHUKOCHOBEHH S
C IIOKOBKOH;

€) CBeJleHHS O MaTepHaJie NMOKOBKH;

K) Bec waboTa U CTaHHHBI MOJIOTA;

3) JonycKaemble aMIIMTYAR KosieGaHHH ¢yHAaMEHTHOro
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6noka u rpyHTa mon BHOPOH3OMPOBAHHBIM (PyHAAMEHTOM
(cM. m. 3-14¢ry);

H) KOo>(xpHIHeHT YNpyroro paBHOMEDHOIO CXKAaTHsl I'DYHTa
C, B ocHOBaHMH (DyHIaMeHTa.

3.5. Koaduunent ycnopult paGoTs m npu npoBepke cpef-
HETOo CTAaTHYECKOTo JaBJeHHs Ha OCHOBaHHe MOJ(byHAaMeHTHOIO
Kopo6a A/ BHOPOH30JHPOBAHHHIX (PYHAAMEHTOB NPHHUMAETCS
paBHBIM efuHuue. PacuerHele sHaueHnsi C, — Ko3pduLHeHTa
yIpyroro paBHOMEpPHOTO CXATHSI /ISl eCTECTBEHHEIX OCHOBaHHUH
npuunMaiorest corsiacio CHull 11-B.7-70.

3.6. BubGpousonupoBaHHbid (yHIAMEHT MOXeT OHIThb BHI-
TIOJIHEH B ONMOPHOM M INOJBECHOM BapHaHTaX. B onopHoM Ba-
puante (puc. 3.1, a, 6) BHOPOH30JAATOPL! PACIIONOMKEHBl MEXIY
NOAOMBOH (yHAaMeHTHOro 6JioKa H JHOM MNOAdYyHAaMEeHTHOro
KopoBa, B NMOJBECHOM BapHaHTe — Ha GajKax, OMMPAIOMHXCSH
Ha NWJISCTPH CTeH noidyHAaMeHTHoro Kopo6a (puc. 3.1, 6).

Ilpu omopHOM BapHaHTe HeOGXOIMMO MpeAyCMOTPeTb CBO-
6OIHBEIA JOCTYH K BHOpPOH3OJMATOpAM; MAJIS MOJOTOB C HOMH-
HaJIbHEIM BecoM majaromux vacreil jno 10 T ciaedyer ocras-
JSTb TNPOXOABI MeXAYy OOKOBHIMH TrpaHsMH (YHIAMEHTHOTO
6J10Ka M cTeHaMHu MoAGYHIaMeHTHOTO KopoGa LIMPHHOH He Me-
Hee 50 cu, a [ MOJNOTOB C HOMMHAJBHLIM BECOM NAJAIONIMX
yacrefi Gojee 10 T — He Mmenee 80 cm. Ecan BHOpOH30IS-
TOPH B ONODHOM BapHaHTe PaclojaraloTcs He IO MepUMeTpy
nojomsel (yHIAMeHTa, a Ha KeJe300eTOHHBIX JIeHTaxX, YCT-
POEHHBIX Ha JHe KopoGa, TO MOMHMO IPOXOIOB MEXIY CTe-
HaM¥ noAdyHAAMEHTHOro Kopob6a U GOKOBbHIMH TpaHsaMH (yH-
JlaMEHTHOro G6JIOKa JOo/KeH ObITh HpPeAyCMOTPEH 3a30p MexXIy
JHOM KopoGa M moJomBoil ¢yHAaMeHTHOro G6JOKa He MeHee
80 cm nna MOJOTOB ¢ HOMHHAJbHLIM BECOM MajalolUX dvac-
tefi 10 10 T n He Menee 100 cm AJSL MOJOTOB C BecOM Ia-
paromux uvactrefi 10 T w Gonee. [Ipu 5ToM GOKOBBIE TPOXOJiBI
MOryT GHITh OCTaBJIEHBl TONBKO y HBYX IIPOTHBOMOJOXHBIX
rpaHel gyHjpamMeHTHOro 6JIOKa, PacCTOSHHE XKe MEXAY ABYMs
APYTHMH TPaHAMHU H CTeHaMH NnoidpyHAaMeHTHOro Kopoba Mo-
XKeT GhiTh yMeHblieHo 1o 10 cm.

Ilpu nonBecHOM BapHaHTe PacCTOsIHHE MEXAY GOKOBBIMH
rpanamMu (yHJaMeHTHOro 6JIOKa H NMEJACTPaMH CTeH HOA(YH-
AAMEHTHOr0 KopoGa, NOAAePIKUBAOIMMHA GalKu ¢ BHGpoU3ona-
TOpaMH, NpHHUMaeTrcsl He MeHee 10 cum.

3.7. LleHTp TSXKECTH CHCTEMBI, COCTOSIIEH W3 (yHAMEHT-
HOro 6/10Ka, maboTa H MOJIOTa, UEHTP TSKECTH NMaflAlomuX Jac-
TeHd MOJIOTa ¥ UEHTP XKEeCTKOCTH BHGPOH30JATOPOB JNO/KHEI Ha-
XOAWTBCS HA OJHOH BEpPTHUKAJIH.
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Puc. 3.1. BapuaHTel BHIIOJHeHHs BUGPOHU3OMSAUMH MOA MOJOTH

@ ~— ONOpHRIl, ¢ PpacnoJoKeHHeM BHOGPOH3OAATOPOB NO MNepuMerpy NOROWBH GyHAaMBHTHOTO 6/0Ka, 6 — ONOPHLIM, ¢ PaCNONOKEeHHEM

BHOPOH3OJAATOPOB HOA BCEH MAOIaAbl0 (GYHLAMEHTHOTO GJd0Ka Mo JEHTOUYHBIM BBICTymaM Ha JAHHIUle HDOAQYHIaMeHTHOro kopo6a: 8 —

[OABECHON BapHaHT; I — QpyHAaMeHTHBIH GI0K; 2 — moAdyHAaMeHTHRE KOPOG; 3 -— BHOPOH3ONATOPH; 4 — noAmaboTHas BbleMKa; &§ — Ha-
CTHA; 6 — NRAACTPH; 7 — MOABECHEle CTEePXKHH;, 8 — XKenesobeToHHRIE JeHTH (pebpa)



3.8. TonmuHa noAmaGoTHOH wacTH (yHAaMeHTa, yCTaHaB-
JIHBAe€MOro Ha BﬂﬁpOPlsO.HﬂTOpr, JOJIKHa ObLITh HE MeHee Yka-
3aHHO# B Tab6a. 3.1.

Ta6auuma 3.1
MyBumMansHasi TOJMIMHEA noAmaGoTHOM 4acTH (yHRaMeHTHOro GJoka

HomrHaNBHBIH BEC MaRalomux
vacrelf B T o Ho 1 2 4 6 10 >10

MunuMaibpHasi TOMIMHA TIOJ - 1 1,25 11,7 | 2,6 3,2/ 4
waborHoi uactH QyHAa-
MEHTHOro 6JoKa B M

3.9. [lasi BUOPOM30ONHPOBAHHBIX (DYHAAMEHTOB' MOJ MOJIOTH
006513aTeJIbHO YCTPOHCTBO BOKPYT MoJloTa pafoyero HacTuia,
OT/leJIEHHOTO OT 11aGoTa U CTAHKHHBI M ONHPAIOIErocs Ha CTeHB
nozidyHAaMEHTHOTO Kopoba.

3.10. [Ins ypajieHHs BOAbl M Macsa, HaKalJIMBaIOMHXCS Ha
IHe noAdyHAaMeHTHOro Xopo6a, B HeM HeoOXOJMMO YCTPauBaTh
BblEMKY M HaK/IOHHbIE KaHABKH JI151 CTOKA U YlaNeHHsA KHJKO-
CTH.
3.11. TlopBoaxa Tpy6onpoBOOB AJ1s BO3AYNIHBIX H AapOBHIX
MOJIOTOB JIOJ3KHA OHITh clienaHa THOKoH (cM. m. 2.7).

3.12. JIns BelpaBHUBAHUS YYaCTKOB JHHIIA NOAGDYHAAMEHT-
HOTo Kopo0a, Ha KOTOpbie YCTaHaBJIMBAIOTCS BUOPOH30/ISATOPHI,
HeoOXOMMEI 3aK/IaJiHble JieTasld U3 MO0JIOCOBOH CTaJsH, pacnona-
raiomuecs no YpOBHIO Ha OAHOH OTMeTKe NpH GeTOHMPOBAHHH
JHAIA.

BbiGop 3HauYeHHil MapamMeTPOB BUOPOH3OASALHH

3.13. 3nauenys mapameTpoB BHODOM3OJISIHUHU JJIst MOJOTOB
C NPYXHHHO-PE3HHOBBIMH, NPYXHHHO-II1aCTMaCCOBEIMH BHOPO-
H30JIATOPAMH ¥ BHOPOM3OJISTOPAME C THIPABJIHYECKHMH JeMII-
(pepamu BuIOupaloT corsacHo mn. 3.14, 3.15, a Ansg npyXHMHHO-
PECCOPHEIX BHOPOHM30JSITOPOB — corjacHo nn. 3.16 — 3.19.

3.14. Pasmepr! hynzaMeHTHOTro 6J0Ka H noAQPYyHAaMEHTHOTO
Kopoba onpejeasiorcs B CJAeAylomeHd Noc/ieloBaTeNbHOCTH:

a) 3ajaloT BeJHYHMHY Ko3((HIHEeHTa Heynpyroro CONpOTHB-
JIEHNA V,, XapaKTepH3YIOMWEro 3aTyXxaHue B BHOPOH30JATOPAX.
Bennuuna y, jAo/mXHa GbITh He MeHee 0,1.

C yBenuuenueM y,, TpeGyeMblli IO pacdeTy Bec QyHJaMeHT-
HOro GJIOKa YMEHBILAeTCH.
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6) BbIOMPAIOT YacTOTy f, COGCTBEHHBIX BEPTHKAJbHBIX KO-
JeGanni GyHAaMeHTHOro 6/10Ka (BMecTe C yCTaHOBJIEHHBIMH Ha
HeM maGOTOM H MOJIOTOM) B npefieaax 1o 62y (0,<38 pad/cex);
¢ yBeJHYeHHEM BpIOHDPAaeMOro 3HayeHHs f, TpeGyeMsldl 1o pac-
yety Bec (yHZaMeHTHOro G6JoKa ymeHbliaeTcs. [asi GoJee
MOLIHBIX MOJIOTOB (C HOMHHAJIBHBIM BECOM MaJaiomuX yacTel
16—25 m) uan npH HaJHYMH BOMH3H MoOJIOTa IIOMELIeHHH
C TOYHOH anmaparypoil, HOpMaJipHas 3KCIJIyaTalusi KOTOPOi
Tpe6yeT CYUIECTBEHHOTO OrpaHWYEHHs YPOBHA BHOpauuit
NOJJEPKHBAIOIMX KOHCTPYKUHH BHIOHDAIOT (ojiee HH3KHE
YacTOThl COOCTBEHHBIX KojeGaHuH (OKOJIO 3 2y M MeHee).

Jlag MOJIOTOB, Y KOTOPBHIX UHC/IO YAApoB N B 1 Mun noctosis-
Ho u Gosee 100, yacrora coGCTBEHHBIX KojieOaHu#l (yHAaMeHT-
Horo 6/10Ka Jo/2KHA ObITh BhIOpaHa 3apaHee € TAKHM pacyeroM,
4yToOHl MOCTEAYIOMHMH yAap MOJOTa He YCHJIHBaJd KoJeGaHus,
BLISBaHHbIE IPEAINECTBYIOUMM yjaapoM. [losTomy Heo6Xxoaumo
4acTOTy COGCTBEHHBIX KoseGaHHH (yHAaMeHTHOro O/0Ka f,
CBS3bIBATh C YHCJAOM N COOTHOLIEHHEM

N ,.
fz :-67)_ (] +0t5)! (3'1)

ree j=0,1,23, ...
B) Bec ¢ynnamentHoro 61oxa Q, onpefensior no Gopmye

(1+ €9) Qo U
Q¢=—%—mz——gﬁ—Qm—ch (3.2)
rae Qo — ZHelicTBHTE/bHBIH Bec NMajalomHuX uacTefl MoJIOTa;

Qu» Qcr — Bec ma6oTa H CTAHHHB! COOTBETCTBEHHO;
Gy — DONyCKaeMasl aMIINTYyZa KoseGanuil GpyHaaMeHT-
Horo 6/10Ka, KOTOpasi NpPH OTCYTCTBUH HEOOXOAMMBIX JaHHBIX
MOXKeT npuHuMatbes no Tabn. 3.2. Ilo corsacoBanmio ¢ saBso-
JOM-— H3TOTOBHTEJIEM MOJIOTA Qg MOMET GHIThb NPHHSATA GOMb-
wef, yueM yKaszaHo B Taba. 3.2.
Ta6auna 3.2
Jonyckaembie amMnanTyAb KoneGannii hynnamentHoro 6i0ka ag

Houunam;x-labgegei r;‘anaxoumx o 5 10 16 25
ag, MM 3 5 7 8

MNpumeuanue. [na WITAMIOBOYHHIX MOJOTOB C HOMHHAMbHBIM
BECOM Majamomux yacreit go 5 T aq,=4 MM,
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w0, = 2nf, — KpyroBas 4acTora CoGCTBEHHHIX BEPTHKAbHLIX
KoseGaHul ¢pyHmaMeHTHOTrO 6/I0Ka (BMeCTe C yc-
TaHOBJIEHHHIMH Ha HeM 11a60TOM H  MOJIOTOM);

&, — K03(HIHEHT BOCCTAHOBJIEHHUS NIPH yJape, NpH-
HUMaeMulfi paBHBIM: €& = 0,7 — nmpH wTam-
NOBKe H3JleNIHi W3 BHICOKONPOYHEIX cTanel;
gy = 0,5 — npu mraMnoBke H3JeJIHH H3 OGHIY-
HBIX CTaned; &, = 0 — mpH 1UTaMnoBKe H3fle-
JIMH M3 IBeTHEIX MeTa/JoB; & = 0,25 — nis
KOBOYHBIX MOJIOTOB HE3aBHCHMO OT MaTepuaja
NOKOBKH;

Up — CKOPOCTb B M/CeK majamoUIMX YacTel, ompefe-
JgseMass JIJs MOJOTOB CBOOOJHO MNajarouiux
(PpUKLHOHHBLIX H OJHOCTODOHHEro JeHCTBHS
napa M Bosjlyxa) no gopmyse

vo=(0,90 + 0,95) )/ 2gh, (3.3)
a JJis MOJIOTOB ABOHHOIO JAEHCTBHs Nnapa WM BO3AyXa — MO
dopmyae
0o = 0,65 l/ 2h (Plu+ Q) (3.4)
Qo
rae h — pa6oyasi BeICOTa MajieHUs] MafaloUIMX YacTeill MOJIO-
Ta B M,
fo— rmoguam, CeueHHs] NOPIUHS CBepXy B LWIHHApE
B M%;

p — cpefnee JaBieHWe napa Wix Bosfyxa B T/m?%

g = 9,81 wmlcex?;

p — GespaaMepHblft KO3((HUMEHT, B3aBHCAME OT 7.

3Hauenus f = P,y ANA MOJOTOB C NMOCTOSHHOH 4acTOTOM
yAapoB npuHHMaioT nmo Tabni. 3.3; sHaueHUst f = P, AIA
MOJIOTOB C HeNOCTOSIHHOM 4acTOTOH yJapoB TaKXe INpHHH-
MaloT mo Ta6a. 3.3. B Tabn. 3.3 n; osHauaer OnuKaiiuee

60f,
1eJI0e YHCII0, Gonbiuee, 9eM 5— =, TAe Nyape — MaKCHMAJIBHO
MAaKC

BO3MOXKHOE YHCJIO YAApOB MoJoTa B 1 Muw.

Koadpuuuenter B, # By, A1 3HAUCHNUA Y, HE YKASAHHBIX
B Taba. 3.3, GepyT MO HHTEPNOJSLHH.

Tlocsie onpegienerns Beca Qg ycTaHaBJAHBAIOT HEOGXOAUMBIE
pasMepsl (yHAaMeHTHOro 6JIOKa, a TakkKe (C yUeToM yKasaHHH
n. 3.6. sroro PykoBojcTBa) pasMepnl noA¢pyHAaMEeHTHOrO KOpo-
6a ¥ HaXOAAT MIOMAAb F, NMOJOIIBH MOCJENHErO.
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Koaddpuuuentst Box M PBpes

Ta6nuuna 3.3

Bpes Boes
¥s n, ny Box
N ' 3 4 5 | 6 | 7 | >8
0,1 3,42 11,97 }1,51 | 1,29} 1,16 1,09 | 1,03 0,92
0,14 | 2,5 1,6211,21 | 1,07 |1 0,96 | 0,93 0,89
0,181,99|1,27|1,05| 0,9 | 0,91 | 0,89 | 0,87 0,86
0,22 1,66 1,1 0,95{0,88 (0,85 | 0,84 (0,83 0,83
0,26 | 1,42 0,99 0,870,831 0,81 0,8 0,79 0,79
0,3 1,25 ] 0,9 0,81}0,78 | 0,77 | 0,77 | 0,76 0,76
0,3411,120,83|0,76 | 0,74 | 0,74 | 0,73 | 0,73 0,73
0,38 1,010,771 0,72| 0,71} 0,71 | 0,7 | 0,7 0,7

1) TIpou3BOAAT MOBEPOYHBIA PacyeT, 3aKIIYAIOMUACS B ONl-
peliefIeHHH aMILIATYAp KoseGaHu# @, MoAGyHIAMEHTHOTO KO-

po6a no ¢opmyiie

=(1+80) Qo o ﬁ-

3.5
®FxC, & (3-5)

aK

3HaueHHe a, He NOJ/IKHO MPEBBIIATH JAOMYCKAaeMOH aMILIH-

TYJIHl KoJeGaHu#l @, TpPYHTa NOA BHOPOH30JHPYyeMOH yCTaHOB-

KO#i. B IPOTHBHOM C/1ydae ciefyerT HJH YBEJIHYHBATH INIOMAAb

NOJOWBEL NOAQYHAaMEHTHOrO Kopoba F, HJH yMeHblIaTh [,
HJIH YBEJIHYUBATD P,. OTH Mephbl MOXHO COBMEULATb.

Tlpn oTCyTCTBHME clenMa/IbHBIX OrpaHHYEHHH JOIyCcKaeMylo
aMIIIUTYyAy KosieGaHWH I'DYHTa ONPEASNSIoT CJAeNyIOmHM 0o6pa-
30M. JIJ19 MOJIOTOB C HOMMHAJbHEIM BeCOM NAJAlOUX dacTefl
10 T u MeHee KO3(h(UUHEHT X%, YUUTHIBAIOMMKH YyBeJHUeHHe
3KECTKOCTH TPYHTa NOJ (GyHAaMeHTaMu BHOPOH30JHPOBAHHBIX
MOJIOTOB, NPHHHMAIOT paBHHIM 1,7, a aMmiIuTyAa KoJeGaHHi
IpyHTa @, MoXeT OwiTh npuHATa paBHoH 0,15—0,25 mm Heza-
BHCHMO OT BEJIMYHHEI f,.

Jnst MONOTOB ¢ HOMHMHAJBHEIM BECOM NafalOMHX 4YacTei
Gosee 10 T pekoMeHAyIOTCS 4acTOTH f, << 4 2y. Koaddunuest
% = 1,1, nonyckaemple aMIVIUTYAE KoJjeGaHHH IpyHTa @, NpH-
HuMmatoT paBHeIMH: 0,25 mm gns f, = 4 ey; 0,4 mm pns
fo << 3ey. lns npOMEXYTOYHHIX 3HaueHHH f, BeJHUMHY a,
GepyT 1O JIMHEHHOH HHTEPHOJSAILUH.

3.15. TlpyXHHHO-pE3HHOBLIE BHOPOH3OAATOPbl MOT'YT ofec-
neyuBaTh 3HaueHHe y, He Buime 0,2. Ilns gocTuxKeHHsl 3Ha-
ueHHH P > 0,2 MOXKHO MPHUMEHSATh NPYXKHHHO-IIACTMACCOBLIE
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BuGpousossaTopsl (m. 5.40—5.43), a Takxke NONOJHUTEJNbHO
HCIOJIb30BATh Creluasibhple AeMidepr (raasa 6).

LinnuHApHYeCKHe NpPYXKHUHEI M DE3HHOBHIE SJIEMEHTHI pac-
CUHTBLIBAIOT B COOTBETCTBUM ¢ mm. 5.1—5.34. B xKoM6uuypoBaH-
HBIX BUGPOHM30JISATOPAX, COCTOSIIMX H3 NMPYKHHHBIX M PE3HHO-
BBIX 3JIEMEHTOB, NPYHHHBI JOJI2KHBI OBITH IPOBEPEHBl HAa IpOY-
HOCTb COIJIacHO 1. 5.38.

O6myto xectkocTb BHOpousossitopoB K, ompefensioT no

dopmyae (2.10).

Kzn Kznp Kzn Kaap Kzn

Puc. 3.2. Cxema KOMOHHHDOBaHHOro BHGPOH30JITOpa mpH NapaJ-
JIEJIbHOM COe/IMHEHHH NpPYXKHH H JIHCTOBHIX peccop
1 — OpyXuHBl;, 2-— JHCTOBbIE  Peccopsnl

3.16. 3Hauenusi NapaMeTPOB NPYKHHHO-DECCOPHOH BHOpO-
usonsnuu (puc. 3.2) moAGHpPAIOT B CAeAyIOmel nocaeaoBaTeNb-
HocTd. CHavasa BHIGMPAIOT YacToTy f, COOGCTBEHHBIX BEPTH-
KanbHRIX KoneGaHMH  (QyHAaMeHTHOro G6JMOKa aHAJOTHYHO
nyHKTy 3.14 «G». 3areM onpejensiiorT TpebyeMblii Koshduuuent
OTHOCHTEJIBHOTO TpeHHs ¢ B BHOGpOM30JATOpax Nno ¢opmyJe

N L L (3.6)
2¢ (1 +20) 2g Vmr(mit?) -
rgpe
my =2z 3.7

N

OcTanbHEle 0603HAYEHHS NPEXKHHE.

Umcno my, nojsy4enHoe 1o (3.7), OKpyraseTcs A0 MeHbLIero
1LIeJIOTO YHCa.

Besnuuny ay, 6epyT us Tabn. 3.2.

Bec ¢ynnamenTHOro 6/0Ka yCTaHaB/IHBAIOT 1O QopMyJie

_ (1+€0) Quvo

Q=ravire — % Qe (3.8)
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3.17. TIpousBOAAT MOBEPOYHHIN pacyeT, 3aKJIIYaoHics
B OnpefeJeHHH aMIVIUTYAB KoseGaHuit noadyHIaMEHTHOrO Ko-
po6a, no dopmyse
_ Quo(l+e) o, Vito
wFxCr g

(3.9)

K
M CDaBHEHHH ee C JIoNycKaeMol aMIIMTYAOH KoJjeGaHHH IpyH-
Ta a, corjiacHo m. 3.14 «.

3.18. Bpemsd, B TeueHHE KOTOPOrO NMPOHCXOAAT KosieGaHusi
¢dyHnaMenTHoro 6/10Ka npH BHIGPAHHOM 3HAaYeHHH ¢, onpeje-
JAIOT 1o dopMyJe

b= m
AR TR T
rjie m, — HaHMeHblllee LEeJoe YHCJIO, YJOBJETBOpSIOIEE He-
paBeHcTBy (3.11):

(3.10)

m2>]/1+[“g;"q§ J —L 3.11)
EcaiH HepaBeHCTBO
1 60
tm~4—fz< N (3.12)

BBINOJIHSAETCA ¢ GOJIbIINM 3aN1acoM, TO MOXHO YMEHBIUHTD (€CAH
3TO KEeJIaTeJIbHO MO KOHCTPYKTHBHBIM COOODa:KeHHSAM) IpH-
HSTOe 3HaueHHe ¢, NpHYeM HepaBeHCTBO (3.6) He NOJLKHO
HapywaTbCs.

3.19. O6my:o xKecTKOCTb BuGpousoasTopoB K, onpenensior
no dgopmyJe (2.10).

TlonGop mpy»KuH, pPeccop H JIMCTOB B PECCcOpe NpOH3BOAST
TakK, 4YToObl yJOBJETBOPSINCh paBEeHCTBA:

a) npHu mapaaJebHOM COeIMHEHWH IPYXKHMH H peccop:

Kz:Kzn+Kzn.p; (3-13)
p= Pu Ken+ Qup Kzar. p (3}14)
Ken+Kzn, p
6) OpH IOC/EJ0BATEJbHOM COENHHEHHH NPYXKHH M DEccop
K. K

K = 20 AZA. P ; 3.15

Ken+Kza. p ( )

- WnK:n.p+‘Pn.pK1u 3.16
¢ KearKm g " (3.16)
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rae

Kzn=ZK;n; Kzn.p= EK;JIP;
" xp

Ko ¥ K.z, — MECTKOCTS IIPYKHHBI M PECCOPEI COOTBETCTBEHHO;
ng — YACJIO TIPYXKHH,
fy.p — UHCJO PECcop;
@y — KO3(QUIHMEHT OTHOCHTENLHOIO TPEHHS NPYXKH-
HBEl, IIPH OTCYTCTBHH ONLITHBIX J@HHBIX MOXKET
6uiTh npuHAT paBHeIM 0,013
Qq.p — KO3(DGOHIMEHT OTHOCHTENBLHOTO TPEHHS JIHCTO-
BO# peccopsl; AJIS PeCCOPHl C OXHHM KOPEHHBIM
JIHCTOM ONpenessiioT no dopmyse

On.p= 2 (r,— 12, (3.17)

rre p— KospdunueHT TPeHHS MeXAYy JIHCTaMH PeccOpHl, NpH
rpacduTHO! cMaske p = 0,3 ;
h,, L — ToMmHKHA JIMCTA H JJHHBI PeCCOpHI;
n; — YHCJIO JIHCTOB HE3aMKHYTOR DECCOPH HJIM TOJIOBHHBI
SINMNTHYECKORA peccopsl;

TIpyXHHHO-PECCOPHBIE BHOPOH30JATOPH ¢ TpeGyeMbiMH K
H-@ MOXHO NoA06paTh KOMOMHHPOBaHHEM CEPHAHO BHIyCKae-
MbIX NpPYKHH H peccop. [IprH HEOGXOZMMOCTH pacdeTa H Ipo-
€KTHPOBAHHS PECccOPbl HCMOJIB3YIOT CIENHANBHYIO JUTEPATYPY.

KoHCTPYKTHBHbIE YKa3aHHUS

3.20. dyHnameHTHbIH GIOK, yCTaHaBIMBaeMuli Ha BHOPO-
H30JIATOPHl, (32 HCKJIIOUEHHEM €ro MOJOIIBE)) apPMHPYIOT MO
CHulIl I1-5.7-70. ®ynnaMenTHbii 610K ISt MONIOTOB C HOMH-
HaJbHBIM'BecoM majaiomux vacrefl 6onee 3 T JHOMONHHTENBHO
apMHpYIOT MPOCTPAaHCTBEHHO ceTKoH M3 cTepikKHed mepHoanYe-
ckoro mpoduas auamerpoM 16—20 mm, yCTAHOBJEHHEIX Yepes
60 cm.

TonomBy ¢yHAaMeHTHOrO 610Ka apMHDPYIOT B COOTBETCTBHH
co cnenHanbHelM pacyeroM. Ilpu 3ToM (yHAaMeHTHBIH 6J0K
YCIIOBHO paccMaTpHBaeTCs KaK IJIMTa CO CBOGOAHBIMH KDasIMH,
K CepefiHHe KOTOpOil CBEpXY HpHJIOMKEHa COCpPeAOTOYEeHHAas CH-
Ja

P,=0F,, (3.18)

YpaBHOBeLIEHHAs CHHSY Harpysko#, nepenaiomelficsi Ha 6JI0K OT
BHGpOH3ONATOPOB. PacuetrHasi Harpyska oT BHGPOH30JSTOPOB
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B 3aBHCHMOCTH OT HX pAaCIOJIOXEHHS MoMeT OblThb NpUHSATA
a160 B BHJE YEThIPeX COCPEeJOTOYEHHBIX CHJl B yIyax O/oKa,
JH60 CHJI, PABHOMEPHO pacrnpefe/eHHbIX MO NEPUMETPY MOAO-
mBhl 6/10Ka, WK CHJI, PABHOMEPHO pachpefe/eHHbIX Mo NOKOLI-
Be GJI0Ka.

Apmarypa B nofiowuBe ¢yHAaMeHTHOTro 6JI0Ka pacrpeaesnser-
csl paBHOMEPHO.

B ¢opmyane (3.18) npHHSATE 0603HAYEHHSI:

F,, — nJomajb NoJoIBLl LI1a6oTa;
O — HanpsiKeHHs B NOAWAGOTHOH NpOKJAajKe NpH yjape
MoJioTa, onpefensieMsie mo CHull 11-5.7-70.

3.21. IIpousBOAAT NPOBepOUHBIH pacyeT BepPTHKANBbHOMH
apMaTypbl BBICTYHAOUIMX (BOKPYT MOAIIAGOTHOH BBIEMKH) Ge-
TOHHBIX YacTeH (yHZaMeHTHoro 6/70Ka Ha JeHCTBHE OTphIBAIO-
meH cusIBl, HanpaBJeHHOH BBePX H PaBHOH Becy BhICTyHaloOmeH
4acTH, YMHOXEHHOH Ha KoadduIueHT o

o=

QoY (l+30) ‘l//-b (QEnfg )g —1, (319)
m—+Qer

rie E; u b — Mofysib YIPYTOCTH MaTepHasa noAmaGoTHOH npo-
KJIaJKM U ee TOJIIMHA.
OcranbHble 0603HAUEHHs] MPEXKHHE.

3.22. TonmmuHy AHMIIA moAdyHIAAMeHTHOro Kopoba orpe-
JIeISIOT U3 CTATHYECKOTO pacyera, B KOTOPOM JHHILE paccMaT-
pHBaeTcsd KaK IJINTa Ha yNpyroM ocHoBanuH. CHJIBI, nepeaaro-
muecs yepes BHGPOHM30JATOPH! HAa AHHMINE, NPUHHMAIOT:

a) /st BAGPOH30AATOPOB NPYXKHHHO-DE3UHOBLIX H IPYKHH-
HO-IIIACTMACCOBLIX — DaBHLIMH  BeCy  BHGPOH30JMPOBaHHOM
VCTaHOBKH IUIIOC CHJA, ONpefiensieMas mo gopmyJe

Py=a4K,; (3.20)
6) IJsl npyKHHHO-DECCOPHBIX — DaBHBIMH:

PzwnonnKz(l+(p); (3.21)

_ g 289 2 2
Wronn —(l+(P)(0;’+ 1/ [ o, ] + ag®. (3.22)
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IF'masa4

MACCHBHAS BUBPOU3O0JIALLUA

4.1. Henp naccuBHOH BUGPOM3OMALHA OGHEKTOB, UyBCTBH-
TeJIbHBIX K BHOpalusIM (HampuMep, M3MepHTe/NbHBIX HpHGOPOB,
BBICOKOTOYHBIX CTAHKOB, CTEHJOB H T. [.), 3aK/IOYAETCS B CHH-
JKEeHHH YPOBHA KoneGaHHH STHX OOBEKTOB, BHISBIBAEMBIX KOJe-
6GaHHSIMH MX OCHOBAaHMS HJIH MOJJepPKUBAIOIEH KOHCTPYKIHK .

4.2. Hmxe B nn. 4.4—4.12 paccMaTpuBaercsi IacCHBHas
BHGPOU3OMALKSA NPH JAETePMHHHDPOBAHHBIX KOJNeGaHUSX OCHO-
BaHH{, B min. 4.13—4.19 nokasaH pacyer nacCHBHOH BUGPOH30-
JISIUK TIpH CJIyYaiHBIX NepeMelleHnsix OCHoBaHUs. B rex cay-
4asax, KOrja BHODOM30JIHDYeMEIH, 0OBeKT fBJAETCS MCTOYHHU-
KOM HEYpaBHOBEIEHHBIX IlepeMeHHBIX CHJ, yueT HX BJIHSHHS
NIPOM3BOJUTCSl B COOTBETCTBHH C mm. 4.20—4.2].

4.3. TlaccuBHYI0 BHOPOMB0JALIUIO BHIIOJNHSIOT, TaK XKe KaK
H aKTHBHYIO, IyTeM YCTAHOBKH HJIH NOJBECKH MPHGOPOB H Ma-
IIHH Ha BHOpousoaAropax (puc. 2.1, a—6) WIH, B CAydae He-
06XOJJMMOCTH TOTaIlIeHHs TONBKO FOPHU30OHTANbHBIX KosMeGaHHH,
NyTeM NOABECKM mnpHGOPOB H MallMH Ha CTEpIKHSAX WJIH Ha
Tpocax (puc. 2.1, 2)%.

Pacuet BUGPOU3ONAUMHK NPU NEPHOAHYECKHX
NoCTyNaTeJbHbIX M YIJIOBbIX KOJeGaHHsAX
OCHOBaHHS

4.4. PacuetHast MoJlelb BHOPOM3OJIHPOBAHHOTO 06BEKTa
NpejCTaB/sieT CoG0H JIHHEHHYI0 KoJe6GaTelbHyl0 CHCTEMY
C IIECTBIO CTeNeHsiIMH CBOGOARI, NPHYEM IEHTP KEeCTKOCTH BHO-
pOH30JIATOPOB HAXOAHTCS Ha OAHOH BEPTHKAIH C LEHTPOM
TSAXECTH BHODOH3OJHPYEMOH yCTaHOBKH.

Ilepuopuueckasi ¢QyHKuMs, XapakTepHayiomiasi MOCTyna-
TeJbHBIE HJH YIJIOBHE KoJieOaHHMSI OCHOBaHHS, pasjaraercs
B TPHIOHOMETPHYECKHH psJ, M3 KOTOPOTO JuIsi pacyeTa BHOpO-
H3OJIAUMHA HCHOJB3YETCS nepBasl, a HHOTAa H INOCJAeAyIOlIHe

1 Nanee Aasi KPATKOCTH BCIOAY MHILETCS TOJBKO KOCHOBaHHE.

2 B Tex cayyasx, KOrjia 0 YCJIOBHSM SKCIJIyaTalliH BHOPOHSOJIH-
pyemoro o6beKTa nepHOAHUECKH GHIBAET HEOGXOJHMA ero XecTKas ycra-
HOBKa (HampuMep, JJis IOCTHPOBKH), IleJ1ecOOOPa3HO IO OTAeJbHOMY
NPOeKTY NpelycCMaTPHBAThb CHelHaJbHOe YCTPOHCTBO, M03BOJONjEe
1O XKeJIaHHIO OTKJIOYaTh BUOPOUSONALUIO, T. €. NePeXOAUTh OT YNpyroi
ycTaHOBKH 06BeKTa, obecneqnBaiouiesl ero BUGPOH3OISLHUIO, K YKEETHOR .
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rapMoHHMKH. Paspelaercs He yuMTHIBaTh BTOPYIO H MOCJENyiO-
mye FapMOHMKY B CIyYasX:

a) ec/li HODMHDYIOTCA aMIVIMTYJB! DEpeMEeIleHHs] HEeKOTO-
PLIX TOYEK BHOPOH3OJIHMPYEMOro OOBLEKTa HJH aMNJIHTYAH erd’
YIJIOBBIX TI€peMeleHHH H

bhl <bnlj* b(pk]<b¢,1/j2; (i=2,3,..)), (41)

rae byy — amMmiuTyja j-# rapMOHHYECKOH cocTaBJisiiomel Ho-
CTYNaTeJbHOrO MepeMeleHHsI OCHOBAaHHMS MO Ha-
npassenuio k& (R = x, y, 2);
b;, — HauGosibliree 3HauYeHHE M3 by, byy, by
bg kj — aMIUTHTYZA j-# FapMOHHYECKOI COCTaBAIOMeH yIJI0-
BOTO TEpeMeIleHHs] OCHOBAHHS OTHOCHTEJNBLHO OCH
kk=x,y);
by 11 — HauGoJIbLIee 3HAYEHHE H3 Doxg M Doyy;
6) ecli HOPMHDYIOTCS aMIIUTYAbl CKOPOCTH HEKOTOPBIX
TOYeK BHOPOH30/MHpyeMOoro o6beKTa H

bh] < bll/ja (.i = 21 31 u-); (4.2)

B) €CIi HOPMHDYIOTCA aMIWIHTYZAB YCKOPEHHSI HEKOTOPBIX
TOYEK BHOPOH3ONHPYEMOro OGBEKTA H

by <buli* (i=2,3,..), 4.3)

B oTjlebHBIX cay4asix, KOTAa MO YCJIOBHSIM TEXHOJOTHYEC-
KOTO Ipoliecca HOpMHPYeTCsl ypoBeHb KoJieGaHHH BHGPOU30JH-
PYEeMOH YCTaHOBKM B ONpeJeJeHHOM OrPaHHYeHHOM JHamasoHe
YacTOT, CHELHaJbHO YUHTHIBAIOT IapMOHHYECKHe COCTaBJSIO-
mye. KonebaHui, JeXalue B 3TOM JAHanasoHe.

4.5. OxnpaeMasi 3(pdeKTHBHOCTh NPHMEHEHUS] NacCHBHOM
BHOPOHU30JALIME MOXKeT OBITh OLleHeHa O pacuera H IIPOEKTH-
poBaHHs BHOPOH30JALMH 1O 3HaUEHHIO KoaduuneHTa nepena-
YH Py, KOTOPLIH paBeH OTHOLUIEHHIO aMIVIUTY bl KoJieGaHH i IIeHT-
pa TAXeCTH BUOPOH30MHPOBAHHON yCTAHOBKH MO HanpaBJIeHHIo
k (B = x, Yy, 2) K aMIuIUTyle KoJieGaHUH OCHOBAHHS 10 STOMY
e HanpabJieHHio. B cayyae rapMoHHYeCKHMX KoJieGaHHH OCHO-
BaHHA C KPYroBoi 4acToTo# o Ko3(xpULHEeHT nepefaun onpefe-
JISIOT NPHOJMKEHHO no dopmyJe

1
ahﬁ—l

Wy = (o0, = @/ p). (4.4)

3HaueHus ©,, ®, H Oy BHIYACASIOT 10 GOpPMYyJaM, yKasaHHbHIM
B M. 2,22, uau no dopmyJse (2.14).
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Bo Bcex cyuasix mpOeKTHPOBaHHS MACCHBHOH BHOpOHM30-
JIAUMH CJIeJlyeT HMeTb B BHAY, YTO C NMOMOLIBIO 3TOTO METoAa
NPHHIKNAAJIBHO HEBO3MOXHO GOPOThCS C KOJleGaHHSIMH OCHO-
BaHM, 4aCTOThl KOTOPBIX G/IH3KH K YacToTaM COOCTBEHHEIX KO-
Jie6aHuil BHOGDOM30/MHMPOBAHHOH YCTaHOBKH HJIM MeHblle HX.
B cryuasx, kKorza ocHoBaHHe COBEpIIAeT NMOJHIapMOHHYECKHE
KoJieGanus ¢ YacToTod MepBol rapMOHHKM MOpsifka 2—3 2y,
4TO6bl YMEHBIUHTD aMIIHTYJBI CKOPOCTH HJIH YCKOPEHHS KoJle-
GaHufl 3amHIAeMOro 0GbeKTa, BHOPOH3OJMALHMIO NPOEKTUPYIOT
C pacyeToM rallleHHsi He MepPBOH, a BTOPOH H MOCJEAYIOUIMX
rapMOHHYECKHX COCTaBJIAIOLIHX.

4.6. [lna npoeKTHPOBaHHS NACCHBHOH BHOGPOH3OJSLHH He-
0GXOMMO HMEThb CJeAyollHe ACXOAHble JaHHbIe:

a) KHHeMaTHYeCKHe XapaKTePHCTHKH KoJieGaHHH OCHOBa-
HUS:

KDYroBble YacTOThl TFapMOHHYECKHX COCTaBJSIOMHX ®j,

3HauyeHHs aMIIBTYL byj, bys bzjy boxjy boyi's

5TH JiaHHBIE MOI'YT GHITh NMOJIYYEHH! B pesyJbTaTe AWHaMHAYeC-
KOro pacyeTa 3JlaHHsl HJIH COOPYXKeHHs, KOTODLIH BHINOJHSET-
Csl MO MHCTPYKIHSIM, YKa3aHHHIM B pasgede 1;

JUISl ONHOTHITHBIX NIPOM3BOACTB, OOBEKTOB (HampuMep, Mexa-
HMYECKHX IIeXOB MALIHHOCTPOHTEJ]BHBIX 3aBOJAOB, HCCJIENOBa-
TeJbCKHX JiaGopaTopHil onpeliejieHHOro npoduas H T. I.)
BO3MOXHO HCIOJb30BaHHE HEKOTOPHIX OCPeJHEHHHX JaHHBIX,
XapaKTepHSyIOLIKHX KoJeOaHHs OCHOBAaHHS;

€CJIH BHODOHMBOJSILMA NPOEKTHPYeTcsl AJs JeHCTBYIOWIEro
OOBEKTa HJIH M3BECTHO MECTONOJIOKEHHE IJIOmAJKH, TAe OyneT
HaXOJUTLCS BUGPOH30JHpYyeMas yCTaHOBKA, H €CTb YBEPEHHOCTD
B TOM, YTO YpOBeHb KosieOaHu# B AajbHeHAUeM CyIeCTBEHHO He
BO3pacTeT, TO JAHHHIE 10 KOJeGAHHAM OCHOBaHHS MOTyT ObITh
NoJyYeHBl C MOMOLIBIO H3MepeHHs! BHOpaluii Ha Mecre;

6) napaMeTpbl NpelesbHO JONMYCTHMBIX BHOpauuii oGopyno-
BaHHsl, KOTOPHIE JOJI3KHbI ObITh OTOBOPEHBI B 3aJlaHHH Ha NPOeK-
THpPOBaHHe BHODOH30JsLMH. TpeGoBaHMs, NpeXbsBISEMbE
K YPOBHIO KoJieGaHHH BHODOH3OJHPOBaHHOTO OOBEKTa, MOFYT
ObITh MpeficTaBJieHHl B BHAE CJIEAYIOUIMX KpHTEpHeB:

[¢;] — npenesbHO ONMyCTHMBIE aMIIMTYbl YCKOPEHHS
B n, TouKax (i = 1, 2, 3, ..., n,) BHOpOH3OIH-
pyeMoro o0beKTa HJiH

[v;] — DpefieNbHO JIONYCTHMBIE AMILIHTYALl CKOPOCTH
B n, TO4YKax obwekra (i = 1, 2, 3, ..., n,) WK

1 Hauano KOODAHHAT HaXOIHTCH B LEHTPE TAXKECTH BH6POHSOJ!H'
poBaHHOrOo OGBEKTa.
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{a;] — npegenbHO fAonycTHMblE aMIVIMTYAbl mepeMerie-
HUA B n, ToYKax obwekrta ([ = 1, 2, 3, ..., n,)'

HJIU

(@] ¥ [@,] — npeneipHO JONYCTUMLEIE AMIVIHTY/bI YIVIOBBIX
nepeMelieHud 06beKTa OTHOCUTEJIBHO TOPHU30H-
TaJbHLIX OCeH, NMpPOXOJAIMX uYepe3 ero LEHTp

TSXKECTH;

NpH OTCYTCTBHH CHELHANbHBIX YKa3aHHH O JOMyCTHMBIX
BHOpanMaXx OGOpYAOBaHHS MOXKHO PYKOBOJACTBOBATLCS OpHeH-
THPOBOYHEIMH JAHHBIMH Taba. 4.1;

Ta6nuna 4.1

OpueHTHPOBOUHOE JejeHHE MAllHH H NMPUGOPOB HAa KAAcChl
10 YYBCTBHTEJBHOCTH K FaPMOHHYECKHM KOJeGAHHAM OCHOBAaHHS

-]
§. HonyckaeMast
Q| Xapakrepu- ammaETy
g | cTHKa mMawWuH =
= | ¥ npuGopos ~— ®
M0 YyBCTBH- Cel el
g TeJbHOCTH HaumeHoBaHHe MallHH H MPUGOPOB —-EE S E(T
g | K rapmonnye- fa | |5 oo
S | ckum KoseGa- Ex~|E§—
g HUAM gis b3 \s
OCHOBaHUA ) § ele § e
S SRR
4 map (Y RAr
Oco6o TouHBIE AeHUTeJbHEIE MaUIMHbE
M aBTOMATEl. YCTAaHOBKH JUIs BHIBEDKH
ONTHYECKHX NPHOGOpOB H TapHpOBKH TOY-
HBIX M3MEpHTeJLHHIX mpHoopos. Muk-
POCKONE! M H3MepHTeNbHLEe MHKPOCKO-
Ibl. DNEKTPOHHKIE MHKpocKonwl. MHtep-
depoMerpsl, OHTHMETPH H JApYTHe
Bricogo- | TOUHBlE onTHueckde mnpubops. Bhico- 6,3/ 0,1
1 layBeTBuTe s~ | KOTOUHEE (oTomTamnbl. Muxpoanand-
Hbie THYECKHE BecH. MexaHHYeCKHe KOHT-
POJIbHO-HU3MepuTebHEEe NPHOOPE  NpH
JOMyCKax MOpsAKa HeCKOJBKHX MHKPOH.
YcraHOBKH Aa9 AHHaMHuecKoR GasaH-
CHPOBKM poOTOpOB. Mertaopexynine
CTaHKH 0CO60 BHICOKOW TOUHOCTH LIH-
(oBasibHOH rpynnel ¢ HaNpaBJSIOWHMH
KaueHus; TsKeJbie  BbICOKOTOYHLIE
CTaHKH; MacTep—CTaHKH H T. M.
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IIpodosxcenue maba. 4.1

2]
g. Jonyckaemas
‘S | Xapaktepn- aMIJIHTYAa
Q.| CTHKA MaluH by
=]
<~ | ® npu6opos ¥ o
TO UYBCTBH- —EY =S
3 TEeJNBHOCTH HaumeHoBakue MawuH M npuGopos CES IR E~
g | K rapMoHHue- a | =
$ | ckuM KomeGa- E %~ |m S
o HHAM T Se|9S8.
oleF
o OCHOBAaHHUA IR -] 2
5 2 391833
N4 Y mxld o3
Merajopexymye CTaHKH CpeAHHX
Cpenne- | pasmepos: BHyTpHILIH(OBaNbHEE, | 25 | 0,4
49YBCTBH- | KpyrJolHQoBanbHEE €  HANpPaBJsIO-
TeJbHBE | IIMMH CKOJIbXEeHHsd, IJOCKOULIHGDOBAJIb-
Hble, KOODIMHATHO-DACTOYHEIE H T: I
11
Meramnopexymie CTaHKH CpelRHHX
pasMepoB: OTJEJOYHLIE TOKApHbE, al-
To xe MasHo-pacTouHule. KoopaunaTro-pacTou-| 63 1
Hble CTaHKM HeCOJbINNX pasMepoB H
T. 0. ABTOMaThl AJsi TOUKH JIe3BHH
GpUTB M JApyrHe TOYHble aBTOMATH
Tokapsue, ¢peseprble, CBepJIUJIbHEE
H JIpyTHEe MeTajjlopexkyuiHe CTaHKH
I11{ ManmouyBer- | HOpMadbHORt  TourocTH. I[lpsiauabuute | 250 | 4
BUTEJbHBlE | MamIMHbL. TKaukue CTaHKH. Tunorpag-
ckrne MawmuHH. [IIBefinble MamuHBI H
T. T
Bentunaropsl, ueHTpudyru, saek-
TPOMOTOpHI, IUTAMOB H IIPECCH MeTas-

v UYBCTBH- ’ o onee
Hieﬁbﬂ e JooGpabaTeiBaollei ¥ Jerkofi mpombliu- Bg.gge b 4
nenuocTH. Corpacareny. BuGpocToaw.

Bu6porpoxors. PacceBbl H T. I.
Mpumeuanne. CaeneHns, KacaiouHecs MeTaLIOPeXYLIHX
CTAHKOB, YTOUYHEHH TO JaHHBM

«PexoMeHJaIUA 1O YCTaHOBKE

Meraanopexymux craikosy (OHTH SHUMC, M., 1969).

B) [@cq ] ¥ @, ;] — npenensro AoNyCTHMBIE YraB HAKJIO-
Ha BHOPOH30JIHPDOBAHHOTO OOBEKTa NOJ, BO3JeHCTBHEM BpEMeH-
HBIX CTaTHUECKUX Harpysok;
T) CBeJleHHd, yKasaHHble B MONNYHKTaxX «a», «O», «B», «I»,
«XK», «3» nyHKTa 2.1.
4.7. Tloctament (QyHaaMeHTHBIA GJIOK) yCTpaHBAlOT B Cay-
Yafx, MpPepyCMOTPeHHHX B m. 2.4.
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4.8. Tlpu npoeKTHPOBaHHH NACCHBHOH BHOGPOH3OJSLHH Cle-
IyeT YYHTHIBaThb yKa3aHHMs U peKoMeHJauuH nin. 2.6 u 2.7 Ha-
crosmero PyKoBoAcTBa.

4.9. BuGpou30/4TOpEl pPacroJaralor B COOTBETCTBHH C YKa-
saHuaMu nm. 2.16—2.20.

Pacuernble BeIMUHHE! YIJIOB HaKJIOHA BUGPOH30IHPOBaHHOH
YCTaHOBKH OT JeHCTBHSI BPEMEHHBIX CTaTHUECKMX HarpysoK
ompefessioT no dopMynam (2.22). CoGeTBeHHbIE YaCTOTH BHO-
POH30JIHPOBAHHOH YCTAaHOBKH HaXofsaT mo dopmyJsam (2.24)—
(2.26) uan (2.14) u (2.15), a amnauTyas ee KoJaeGaHWi, BbI3-
BaHHBIX HeypaBHOBEIIEHHKIMH CHJIaMH, ACHCTBYIOIMMH Ha
BHOPOM30JHPYeMbI 00%eKT, — no dopmyaam (2.4)—(2.9).

4.10. TIpu rapMOHHYECKHX KoJeGaHMAX OCHOBAHHSA C KpY-
roBoH YacToToll » HaHGOMbLIHE 3HAUEHHS aAMILIMTYJ NepeMelne-
HHS Q;, CKOPOCTH U; H YCKOpEHHS C; i-# TOUKH BHGPOH30JIHPO-
BaHHOrO O0BEKTa, a TaKxkKe aMIJIHTYJ YIJIOBHIX INepeMelefHi
Q. U @, 06beKTa ONpeAeNsIoT no caefyomuM dopmynam:

a;=a; +au; (4.5)

a) = V(au)’+ (a5) 2 +(an)% (4.6)
v; =00 +oay; 4.7

¢; =0%a, +olay; (4.8)

Px=0x +Poxi Py =0,"+Poye (4.9)

3neco a’ y, @’ yi, @' ,; — HAUGOMBIIME AMIIHTY b [IOCTYIATEN b~
HOTO IlepeMelleHHs i-H TOYKH BHOPOH30JHPOBAHHOIO OGBEKTa
B HampaBJIeHHH ocell KOOpJMHAT, XOTOpOe BbI3BaHO KoJseGa-
HHSIMH OCHOBaHHS;

¢x'y @'y — aMIVIUTYZBI YIVIOBBIX MNeEpeMelleHH OGBeKkTa
OTHOCHTEJIBHO COOTBETCTBYIOUIHX Ocel, 0OYC/IOBJIEHHEIE KoJie-
6GaHHsIMH OCHOBAaHHS;

@y — HauboJibillee 3HAYEHHE M3 Gy, Qyi, @y — HAHGOJb-
IIAX aMIVIMTY A NOCTYNaTeJbHOrO nepeMellieHns i- i TOUKH 00BeK-
Ta B Hanpas/eHHH Ocell KOOpAHHAT, KOTOpoe 06YCJIOBJIEHO BO3=
JleficCTBHeM HEyPaBHOBEIIEHHEIX CHJI M MOMEHTOB C 4acToToMH
®,, TDHJIOXKEHHHIX K OGBEeKTy, SHaueHHs ap; HAXOAAT IO
dopmyaam (2.6)—(2.9);

Qox» Poy — AMIVIMTYAB! YIVIOBHIX mnepeMeleHHll ofGmexTa,
KOTOpbI€ BHI3BAHBl BO3/ICACTBHEM MEPHOAHYECKHX CHJI H MOMEH-
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TOB C YaCTOTOH @,, MPHJOMKEHHEIX K OGBEKTY; 3TH SHAYEHHS
OnpeensioT no gopmydaam (2.5).

Ay’ =A,+| %01 (boy +9,) | +1% ibox+9:)|;  (4.10)
Aei’ = b+ Ae| + | 201 (boy+ 9,) | 5 (4.11)

A, ‘"b_f" (4.12)
B3x bx—B 2b
4, =l R ey (4.13)
Byx Ry*b,,— Bax b
A.=B,,. B, —B,2. (4.15)
B ¢opmynax (4.12)—(4.14) 0603]{3qu0.
le—%—l’ B2x=as_z;
* * (4.16)
By = mm’ +a. s — R/
o, =0/
o, =0/, 4.17)
o, =0/

Buipaxenus s @'y, Ay, @x ¥ Ay NOMYYaIOT 3aMeHOH HH-
JEeKCa X Ha y ¥ y Ha X B COOTBETCTBYIOMHX (opMyJIax.

4.11. l'Ipn NepHOAMUECKHX KOJeOaHHsSX OCHOBAHMS, €CIH
KpOMe NepBOl YYHTHLIBAIOTCS ¥ HOC/E/YIOUHE FAPMOHHKH, 3Ha-
YeHHS] aMIATYA, @ x4, @ i, @'y @ x M @'y, BXOLAWMUX B (op-
Myasl (4.6) 1 (4.9), noayyaloTCs KaK CyMMbl aMIUIHTYZ COOT-
BETCTBYIOIMX TapPMOHMYECKHX COCTABJISIIONIMX, a IS Oompele-
JIeHHsl U; U ¢; BMecTo (opMmya (4.7) u (4.8) nosbayiores Bepa-
MEeHUAMU:

vy =V (02:)* + (v31)* + (v22)° + 0 a3 (4.18)
o=V {ca) + (cp )+ () + oty (4.19)

rae
n ny

U;i = 2 0)](1;;,'/; Cpi = ,Zl mﬁak,,. (4.20)

3pecb n; — HOMep HaWBHICIIEH YUMTHIBAEMOHA TrapMOHHKH.
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4.12. Tlopagok pacueTa NaCCHBHOH BHGPOM3OJIALUH:

a) ecau BUOpOHM3ONUPYeMHBIH OGBEKT He ABJseTcs WCTOUHU-
KOM HEYpaBHOBELIEHHLIX MEpeMEHHBIX CHJI U MOMEHTOB H €CJIH
B COOTBETCTBMH C 1. 2.4 mnpefycMaTpupaeTcsi YCTPOHCTBO IO-
craMeHTa (pyHaaMeHTHOTo 6J0Ka), TO ero pasMephl Ha3HAYaIOT
N0 KOHCTPYKTHBHEIM COOGpaXKeHHIM;

€C/IM BHOPOHM3OMHDPYEMEIH OGBEKT SBJSETCH HCTOYHUKOM
YK43aHHBIX HarpysoK, TO pasMepel H MacCy IOCTAMEHTa yCTa-
HaBJMBAIOT B COOTBETCTBHH C YKasaHusmu no. 2.5, 4.20 u 4.21;

6) B 3aBHCHMOCTH OT HODMHPYEMOH XapaKTepHCTHKH KoJe-
Garuxim 3aJ1a10TCSl 3HAYEHHEM ©,, HCXOJS U3 CJEAYIONIHX YCJIO-
Bui:

[ai]
0, <o, ]/Em , (4.21)
HJIH
[vi]
0, < o, qu o (4.22)
WK
[e1)
rIe

Cx C 2
qu = l/ bzll + qu‘l‘ (bzq"}"? boys+ ?ywaq) , (4.29)

g — HOMep nepBod NMOA/exallel rallleH o rapMOHHKH;
Cy, Cy, — nuHeliHble pasmepsl BUGPOH3ONHPYEMOTO OGBEKTA
B HanpaBneHﬂu ocell Xq u Yy,
la), [v)], [c,] — Han6onpmme 3HaueHHs COOTBETCTBEHHO
us [ayl, [v;l, [es]; ecnu BuGpousonsinmio npoekTuUpyIOT ¢ pacue-
TOM TallleHHs He NEePBOH, a BTOPOH HMJH MNOCJAEAYIOUIMX TrapMo-
HHYECKHX COCTaBJSIOUINX, TO 3HaYeHHe ©, BHIGHPAIOT C YUETOM
C/IEAY IOLIETO NOMOJHHTENBHOIO YCJIOBUA:

0,7~=0;+ 25 %; (4.25)

€CJIH TIPeANoNaraeTcst NpHMeHeHHe CXeMbl BHGPOHM30JSIHH
C MOJBECKOH Ha TPOCax HJIM CTepkHAX (pHcC. 2.1, e), To BMeCTO
0, 33J]al0TCS1 3HaYeHHEM © ,, HCXOAS U3 TeX XKe YCJOBHIi;

1 @opmyan (4.21)—(4.23) oTHOCATCS K cay4aio, Hau6oJjee 4acTo
BCTPeYAoIeMycsl B TPAKTHKE NPOEKTHPOBAHHS BHUGPOH3OJALHH, KOTAA
HOPMHDYIOT aMIJIHTYABl NepeMellleHHsi, CKODOCTH HJIH YCKODeHHS B OT-
JeNIbHEIX TOYKAX OOGBeKTa.
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B) COIJIaCHO peKoMeHjamusMm nm. 2.13, 2.14, 2.16—2.20
ONpEeAE/SIOT KOHCTPYKTHBHBIE XapaKTeDUCTHKH, YHCIO M
pacroJ/ioxkeHHe BHOPOU30JISTOPOB;

r) no ¢opmynam (2.24)—(2.26) maum (2. 14) YTOYHSIOT 3Ha-
YeHHE ®, H ONPEASISIOT 3HAUEHHS O, H Oy

1) mo dopmyaam (4.5), (4.7) — (4.9) mm (4.18) u (4.19)
ONpENENSIIOT aMIL/INTYIHbBIe XapaKTepHCTHKH KoJleGaHHi BHGpO-
H30JIMPYeMOro OGBeKTa;

€) B cIyyae, eC/H pacueTHble 3HaYeHHs aMILVIUTYJ a;, U;,
Ci, Qx U @, NPEBLICAT COOTBETCTBYIOLIHE {TIPEJENBHO HONMYCTH-
Mete ammunTygsl [a;], [0:], lei], [@.] u [@,), To ymenbmator
3KECTKOCTD Bu6ponso.nmopos WIH YBEJIHYMBAIOT Maccy Nocra-
MeHTa (1160 ero MOMEHT HWHepIMM), H BeCh PAacueT BHIIOIHSIOT,
HauyhHas C NOAMYHKTA «BY;

yMeHbllIeHHe KEeCTKOCTH BHOPOH3OJISITOPOB NPOM3BOAST B
TOM CJly4ae, €C/IM BeTHUHHA aMIUIHTY] 4y, U;, C;, Py H ¢y KOJle-
6arui BHOPOH30JIHPOBAHHONR YCTAaHOBKH 0GYC/IOBJIEHA TJIaBHBIM
o6pas3oM KoneGaHHSAMM OCHOBAaHHS (mepBoe cjiaraeMoe B IIpa-
BBIX yacTsax ¢opmya (4.5), (4.7)—(4.9), (4.18), (4.19) 6oabuie
BTOPOTO);

yBeJIMYeHHe MacChl [IOCTAMEHTa (MJIH €ro MOMEHTa HHepIHH)
TNIPOHM3BOZAAT TOTAA, KOTAA BEJHMYKHHA aMIVIUTYA @;, Ui, Ci, Py U
@, 0O0ycJ/OBJeHa B OCHOBHOM HeypaBHOBEIICHHEIMH NepHojuye-
CKHMH CHJIaMH ¥ MOMEHTaMM, NPUJIOMKEHHBIMH K BHODOH3OJIH-
pyeMoMy OOBEKTY (BTOpoe cjaraemoe B MpaBhIX uYacTsx ¢op-
mya (4.5), (4.7)—(4.9), (4.18), (4.19) Gonslre nepBoro).

Pacyer BUGPOH30JSIUMH NPHU CIYyYaHHBIX BEPTMKAJbHBIX
HJ¥ TOPU3OHTANBHBIX KOJEeGAHKAX OCHOBAHMUS

4.13. PacuetHass Mofeinb BHOGDOH30JIHPOBAHHOTO 06GBEKTA
npefcTaBaser co6oil MHHEHHYIO KoneGaTeNbHYI0 CHCTEMY C Of-
HOM CTeneHblo cBOGOA!, MMelomyIo 3aTyxanue. Huxe paccmor-
peH pacueT NacCHBHOH BHOPOH3OJSILMH IIPH BePTHKAJNbHBIX
cydaiiHBIX KoeOaHH X, OHAKO Bce HOPMyJIbl H peKOMEeHAalHH
MOTyT OBITb NpPHMEHEHBl H /IS pacueTa BHOPOMSOSILHMH NPH
KoJieGaHHAX OCHOBaHHSl IO IOPH3OHTAJbHLIM HampaBlIEHHSM.

Cnyuaiinble KoneGaHis OCHOBaHHSI XapaKTepH3YIOTCs Cpell-
HHMM KBaJpaTHUYeCKHM nepeMemieHHeM bg, a Takxke napamerpa-
MH & 1 §, KOTOpHE BXOAAT B KOPPeJAUHOHHYIO QYHKIUIO BHAA:

R (%) = b e—altl (cos Bt +% sin[t])  (4.26)
(@ <P).



4.14. Oxunaemasi 3eKTHBHOCTh NPHMEHEHHS NACCHBHOMN
BHOGPOH30JIAIIHH MOXKeT ObITb OLleHEHA J0 pacdeTa M NPOEKTH-
pOBaHUsl BUGPOM30/IALHH 110 3HAYeHHAM KoapUIHEHTOB mepe-
naun (cM. n. 4.18).

4.15. Jlns npoeKTHPOBaHHS BHGDOH3OJAHUM NPH CIydai-
HBIX KoNeGaHMAX OCHOBaHHS HEOOXOJHMO HMMeThb CJeAyloliue
HCXOJHbIE JaHHHIE:

a) sHaueHust by [msm] ¥ nmapamerpoB a [l/cex] u B [1/cexl,
KOTOpHIE XapaKTepH3yIOT KojeOGaHHS OCHOBaHMS;

6) mapaMeTphl Npefie/IbHO JONYCTHMBIX BHOpauui o6opyo-
BaHHS, KOTODbIE JO/KHBEI GBITE OrOBOPEHHI B 3alaHHH Ha NPOEK-
THPOBaHHE BHOPOHM30JSILHH;

TpeGoBaHHs, NpeAbsBAseMble K YPOBHIO Kose6aHHHA BHODO-
H30JIHPOBAHHOrO OGBEKTa, MOI'YT OHITh NMpEACTAaBJEHH B BHJE
TaKUX KPHTEpHeB:

[cs] — npeZenpHO JOMyCTHMOE cpejiHee KBaJApaTHUecKoe ycC-
KOpeHHe Koyie0aHMi LEeHTpa TAXeCcTH BHOPOH3OJHpO-
BaHHOH yCTAaHOBKH HJIK

[vs] — mpesenbHO JomycTHMasi CpefHss KBajpaTHYecKas CKo-
pocTb KoseOaHHH IEHTpa TAMXECTH YCTAHOBKH HJIH

[as] — npelienbHO JomMyCTHMOE CpefiHee KBajpaTHueckoe me-
peMelieHye ILEHTpa TAXKECTH YCTaHOBKH;

NPH OTCYTCTBHH CNENMANBHBIX YKasaHHH O JOMyCTHMBIX
BUOpanusax o6OpYyHAOBaHHS MOXXHO PYKOBOACTBOBAaTbCH OpHEH-
THPOBOYHBLIMH JaHHEIMH Ta6ua. 4.1, npadyeM B pacyerax NpHHH-
Maercs

[ve] =0,7 [v,], (4.27)

rie lv;] — momyckaemasi ammnutyfa ckopoctd no Taba. 4.1;

B) CBEJIeHHs, YKasaHHbe B NOAMYHKTaX «a», «6», «B», €I»,
«XK», 39, NYHKTa 2.1 ¥ B NOAMYHKTE «B» MyHKTa 4.6.

4.16. TlpoexTHpoBaHWe W pacueT NAacCHBHOH BHUOPOW30MfA-
LHH NpH CIydYafdHEIX KoJeGaHHSIX OCHOBAaHHS BHIOJNHSAIOT C yye-
TOM yKasaHuii ¥ peKoMeHjauuii nn. 2.6, 2.7, 4.7 u 4.9 sroro
PyxoBopctaa.

4.17. PacueTHne cpefHeKBajpaTHYHble 3HauYeHHs YCKOpe-
HHS Cg, CKOPOCTH Ug M NepeMelleHns ag KojJeGaHHA BHOPOH30-
JUPOBAaHHOrO OOLEKTAa, OGYCHAOBIEHHBIX CAy4aiHBIME KoJe-
GaHHSAMHE OCHOBaHHSI, ONPEAESIOT N0 CAEAYIomuM (dopMyaam’:

11 dopmyioft (4.28) moxkHO nosb3oBarbes MWL npH # < 1uD <
< L.
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o =bo2 |/ M, (4.28)

N(u’
Vg =be @ ’”jf;(g‘)’ : (4.29)
do=bo Ifza(g) ’ (4.30)
rje
Q=VYar+p2 (4.31)

a muorouwnennt M (w), M,(u), M,(u) u N(u) Brlpaxaiores,
B 3aBHCHMOCTH OT KOHCTPYKTHBHEIX OCOGEHHOCTeH BHOPOM30-
JAIUH, CAefyomuM 00pasoM:

B CJIyYae MCIOJIb30BAHMSI MPYKHHHBIX, PE3HHOBBIX U KOM-
GMHHPOBAHHLIX BHOPOH3O/IATOPOB Ge3 AeMnd)epoB BASKOIO Tpe-
HUS:

M, (4) =utr+ fus; (4.32)
My (u)= ut r +fus; (4.33)
M, (@) = 4fud 4 (b +su®) r +fu; (4.34)

N ()= 42 3+ 4f B+ 1) P+ (it + 2qu* 4+ 1) r,  (4.35)
e
1 .
= Vi (43

IPH HCTIONBL30BAHHHM BHOPOH30/ISTOPOB C jeMndepaMu Bs3-
KOTO TpeHHsI:

M, ()= 16fu3 D* + 4 (sut+ u?) D* + 4fus D> ++ut D -+ fu; (4.37)
M, (1) = 4u? D3 4 4fu3 D* 4-ut D 4-fu; (4.38)

M, () =4u? D?+ 4f (u® + 1) D + (u* +-su?) D 4-fu; (4.39)

N (1) = 442 D3+ 4f (u® ++u) D> + (w4 2qu* + 1) D, (4.40)

rae D — oTHocHTeNbHBIH KO3(h(dHIHEHT 3aTyXaHHd, onpele-

JseMbId 1o dopmy.ie

1
D= (4.41)

3nech 8 — norapudmuyeckuil AeKpeMeHT KoseGanuil BHGpouso-
JIUPOBAHHOH yCTAHOBKH,
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B dopmynax (4.32)—(4.40) ucnonbsoBanti crenyomue 060-
3HaYeHMs:
=a/Q; s=4f%
I f (4.42)
20=5—2; u=0,/Q.

B npunoxenuy 2 npUBeJieHs! ONTHMANbHbIE 3HAYEHHsT OTHO-
CUTeJIbHBIX K03(uunenTos 3aTyxavust D pr o, Dopny B D pr ey
IpY KOTOPBHIX B 3aBHCHMOCTH OT mapaMerpoB o/p H u obecrme-
UMBAETCSl HAUMEHbIIee CPeJIHeKBaJpaTHUHOE 3HAYeHWe Mepe-
MelueHHs (CKOPOCTH, YCKOPeHH 1) BHOPOU30JIHPOBAHHOTO OGBEK-
Ta NO CPAaBHEHHIO CO CPeJHEKBAJPATHYHBHIMU 3HAYEHHSIMH Ile-
peMellleHHsl (CKOPOCTH, YCKOpPEHHs!) MPH MEHBIIHX H GOJbIIHX
3HayeHusix D.

4.18. llns mpeABapHTeNbHOH OLEHKH OXHIaeMo# s¢ddex-
THBHOCTH NaCCHBHOH BHOPOM3OJSLHMH IpH caydafiHbIX Kosé6a-
HHAX OCHOBAHUSI MOXKHO MOJB30BaThcA Tabm. 1—3 npuioxe-
HUsl 2, B KOTOPBIX NpHBeJeHbl KO3(D(HIHEHTH Nepenauu:

[0 CMeIeHHIo

Bo=p; (4.43)
[0 CKopocTH!
B, = g’ (4.44)

a TaKxe YCJOBHble KO3(DdHIHeHTH Nepefaud 10 YCKOPEHHIO

o= "= (4.45)

B rtaGnuuax JaHel ABe Ipynnnl 3HaUeHHH Ko(pHIHEHTOB
nepefayd — A5l CJAy4yaeB HCIIONH30BaHHS BHOPOH30/STOPOB
¢ femidepaMu BA3KOTO TPeHHUSI (3HAYEHHS (L, W, H W, BHIUUCIIE-
Hul mpu D = D;,) ¥ HCNOJB30OBaHHs PE3HHOBBIX HJIH KOMOH-
HHPOBAHHBIX BHOPOH30JSITOPOB C OGOJBLINM KO3(hdHULHEHTOM
HeYNpYyroro CONpOTHBJIEHHS (3HAYEHUS W,, U, H W, BHIUUCTE-
HBl TpH 7y, = 0,22).

4.19. BuGpouz0aauuio pacCUMTHIBAIOT B CJAEAYIOUIEM IO-
paike:

1 Beauynsa b, ompesenser cpepnion XKBaipaTHYECKYIO CKOPOCTD
Ko/sieGaHUull OCHOBaHHS.
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a) BHINOJHSHOT yKaszauusi m. 4.12¢ax;

6) noabaysicb Tabn. 1—3 npunoxkeHns 2 u QopMmynamu
(4.43) — (4.45), 3ajaiorcsi 3HaUeHHEM U, HCXOISl M3 YCJOBHS,
4TO6bl PACYETHBIE 3HAYEHHUS A, Us WM Cg HE NPEBBIANH COOT-
BETCTBYIOIMX MNPENeNbHO JOMYCTUMBIX BEJHYHH;

JJsl pacdeta BUGDOH3OJIALMH NPH TOPU3OHTANBHBIX KoJe-
GaHusX OCHOBAaHHS BMECTO ®, 3aJalOTCS 3HAYeHHEM ®, (HJIH
®,), HCXOAA M3 TexX XKe yCJOBHi;

B) COTJIAaCHO peKoMeHjanusM nom. 2.13, 2.14, 2.16—2.20
ONpEJEeNIAIOT KOHCTPYKTHBHblE XapaKTEpHCTHKH, 4YHCJAO U
pacroJioxxenne BHGPOH30JISTOPOB;

eCJIM 3HAUEHHEe 0,/27(®,/2% win o ,/27) Gojee 5 2y, To Ue-
J1ecoo6pa3HO HCIOJIb30BaTh PE3HHOBHIE WM KOMGHHHPOBAHHbIE
BHODOH30JIATOPEl C BO3MOXKHO GoJslee BBHICOKHM KO3(DHIIEHTOM
HEYNpyroro CONpOTHBJIEHHSA;

ec/H 3HaueHHe @, /2m(® /2% WiM ©,/27) MeHee 5 2y, TO
HMEeT CMBIC/I IPHMEHHTD NPYKHHHbBIE BUOPOH30JSITOPH! C JEMIT-
(epaMH BSI3KOIO TPEHHS;

r) no dopmyaam (2.24)—(2.26) unu (2.14) yrouusior 3ua-
HeHHE ®,(0, HIH @ y);

Jl) B ciyuyae npHMeHeHHs JeMidepoB BA3KOTO TPEHHS YTOU-
HSIOT MO TaGMHIaM NPUIOKEeHHS 2 ONTUMajJbHOe 3HAaYeHHe OT-
HOCHTEJILHOIO Ko3(dHiHenTa 3aTyXaHusl, MOCJe Yero corsacHo
PeKOMeHJallusIM pasjieia 6 ompefensioT KOHCTPYKTHBHLIE Xa-
PAaKTEPHCTHKH, YUCJAO H PACMONOXKeHHe AeMincdepos;

e) mo cdopmynam (4.28) — (4.30) onpenensioT XapakTepH-
CTHKH KoJieGaHHMH BHOPOH30JHPYEMOTO O0BEKTa, BBI3BaHHBIX
cryuafiHbIMK KoJleGaHHSIMH OCHOBaHHS;

XK) eCc/Ii BUGDOU3OJHPYEMBIH OOBEKT SIBASIETCS HCTOUHHKOM
HeypAaBHOBELIEHHbIX NEePEMEHHbIX CHJ, TO 1o ¢dopMyaam (2.4)
OIpeeNsioT @y, — AMIVIATYAY NepeMelleHHs! LEHTpa TSIKeCTH
00BbeKTa MO BO3JACHCTBHEM 3THX CHII;

3) B 3aBHCHMOCTH OT HOpMHDYeMOH XapaKTepHCTHKH KoJe-
6GaHUH NpOBEPSIIOT BHLINOJHEHHE YCJIOBHH:

V e+ ot < e, (4.46)

niau
VUO2+(902%2— <lvdl, (4.47)

HITH
]/ a?+% < lal; (4.48)
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fip HeBuinonHeHHH Tpebyemoro u3 ycaoBui (4.46)—(4.48)
YMEeHBIIAIOT JXEeCTKOCTb BHODOH3OJISATOPOB HJY YBEJTHUYHBAIOT
Maccy MOCTaMeHTa H BeCh pacyeT BHIMIOJHSAIOT, HAUWHAs C MOJA-
MYHKTa «BY;

JKECTKOCTh BHGDOM3OJISITOPOB YMEHBIIAOT B TOM CJyYae,
€CJIM MIepBoe c1araeMoe B IOAKOPEHHOM BhIpaXKeHHH B hopMyJ1ax
(4.46)—(4.48) Gonblue BTOpPOro; B OGPATHOM Cilydyae yBeJHYH-
BalOT Maccy MOCTaMeHTa.

Yuyer HeypaBHOBEIIEHHbIX NIEPHOJHYECKHX HATPY30K
JeACTBYIOLIMX Ha BUODOH30AHPYEMBIii 0GbEKT

4.20, IIpyu Bo3GyXIeHHH HeypaBHOBEIIEHHBIX NepHOAHYe-
CKHX CUJ1 M MOMEHTOB B CaMOM BHGDOM3ONHpYeMOM oGbeKTe
Maccy nocTaMeHTa BHIGHDAIOT C TAKHM pacyeToM, YTOGH B 3a-
BHCHMOCTH OT HOPMHDYeMOH XapaKTepHCTHKH KoJieGaHWH BbI-
NOJHSAMHCH COOTHOLICHHS:

Goxs Qoyy Bo, < [ay]; (4.49)

®g Qgyy Do Qoy, DoQy, < lvl; (4.50)
00 Bpyy @gF Ay, B2 Ay, K [cyl; (4.51)
Pox <K [P, Poy < [Py1: (4.52)

Qoxy Qoys G0, << [dol; (4.53)

0 Aoy, @ oy, B9y, K [Uol; (4.54)
©g® By, ©g® Bgyy F Gy, <K [Co]. (4.55)

3HauyeHUsl aMIVIATYA Qox, Aoy, Gozy Poxs Poy BBIUHCISIOT 10
¢dopmyaaMm (2.4) u (2.5).

4.21. Ecnu BHOpOM30/IHMDYeMBIl OOBEKT CONEPIKUT HCTOY-
HHMK FapMOHHYECKHX CHJI, TO BO BpeMs IIPOXOXKJIEHHs uepes pe-
30HAHC NPH MyCKe H OCTAHOBKE aMIIUTY bl Kosie6aHuH 06beKTa
MOTYT BO3paCTH MO CPABHEHHIO ¢ PaGOYNM PEXKHMOM.

Ilpu6nuikeHHoe onpefesieHNe MaKCHMaJibHOH aMILIHTY bl
KOJIEOAHUH Qyaye TIPH MPOXOXKJEHHH Yepe3 Pe30HaHC OODbeKTa,
H30JIMPOBAHHOTO C IOMOIIBIO [IPYKHHHBIX, PE3HHOBBIX H KOM-
GUHHPOBAHHBIX BHOPOH3OJIATOPOB Ge3 mpHMeHeHHs JeMndepos
BSI3KOI'O TPEeHHS!, IPOH3BOAAT NO rpaduKy, H306paxkKeHHOMY Ha
puc. 2.4. ror rpaduk HCHOJAB3YeTCS TaKkKe AJs OnpefiesieHHs
Qyaxe BUOPOH30JHPOBAHHOIO 0GbEKTa, B KOTOPOM KpoMe BHG-
POH30JIAITOPOB HMeloTC JeMndephl BsidKoro Tpenus. OnHako
B 5TOM CJIyuae BMeCTO 3HaUeHHs P, CJefyeT 6paTh CyMMy Yy +
+ Yn!
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THle Yy — YCJIOBHBIY JONOJMHUTENBHEIH KOS(UIMEHT HEYNpY-
FOr0 CONPOTHBJEHHS, CBASAHHBIA C HaJHYHeM JeMmcdepoB
U BBIYHC/SAEMBIH IO dopMyse

2D
Tn= ]/_T__('D—z . (4.56)

3nece D — OTHOCHUTENBHEIH KO3(p@UUHEHT 3aTyXaHus Jemnde-
poB.

Ipu 5 + v, = 0,2 onpejiesnienne ay,y, MOXKHO He IPOH3-
BOJHUTb.

Fmasab.
PACYET BUBPOU30JISITOPOB

TIpyKMHHbBIE BHGPOHU30JSATOPHI

5.1, Jlna ycTpoHcTBa NPYKHHHBIX BHGPOH30/ISTOPOB IIpH-
FOJHbl KaK OJMHOYHbIE NWIMHADHYECKHE NPYXKHHHL, TaK U CO-
CTaBHble (KOHIIEHTpHYECKHe) NPYKHMHEI cxKaTHs. Uncao mpy-
XKHH 1 1J151 BAOPOH30JIALIMH JAHHOTO 06beKTa BLIGHPAIOT H3 CO06-
paxeHHH yI06CTBa HX pa3MelleHnsl U ycraHOBKH. OOIas xecr-
KOCTb BCeX NPYXKHHHBIX BHOPOH30/18TOPOB K ,;; B BEpTHKaJA6HOM
HanpaBJieHHH JOJIKHA ObITh He Gosiee BeMHYUHH K, ONpeeieH-
HOHM 1o Tperbell U3 dopmya (2.10).

Huxe fambl yKasaHHS 1O pacueTy NHJIHHADHYECKHX NpY-
KHH, H3TOTaBJHMBAEMBbIX M3 NPYTKa KPYIJIOrO CeueHHs.

A. Pacuem OOUHOMHbIX YUAUHOPUHECKUX NDPYICUH

5.2. McxonubiMH JaHHBIME NIPH pacueTe NPYKHHBI, THpex-
Has3HayYeHHOH sl BHODOM3OJISIIHH, SBJSIOTCS:

1) cratudeckas Harpyska P, onpegensieMas mo ¢opmyie

Py =

: (5.1)

CcT

EREs)

rie Q — oOuMi BeC H30JHPYEMOH YCTaHOBKH;
n — YHCJIO BCeX OJHOTHMHBIX NPYXXHH B BHGPOH30JHpYe-
MOH yCTaHOBKe;
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9) XeCTKOCTb MpPYMKHHH B BepTHKaJlbHOM HalpaB/eHHH
Kn, onpefensieMast mo gopmyuie

Kon= Ken 5 (52)
n

3) aMminTyJa BepTHKANbHBIX Ko/NeGaHHH OOBEKTa gy, TNpH
paGoueM yucie 06OPOTOB B MHHYTY;

4) MapKH cTaJiefi /st NPYXKHUH, pekoMeryeMue [OCT 2062—
53 n TOCT 2590—57.

Jlnst BeIGpaHHBIX cTaslelt lomyckaeMoe HanpsixKeHHe Ha Kpy-
yeHHe MarepHaja npyxusel [t] 1 momysas -casura G ompefe-
JSAI0T 10 Tabu. 5.1.

5.3. JIuametp npyTKa d onpefensior no gpopmyne

kP’ c |
d>16)/ 45 (5.3)

OH MOXKET H3MEeHSITLCS B INMPOKHX mpefenax — oT 3 fo 40 mm.
PacuetHyio Harpysky Ha OAHy NpyXuHy P’ npHHHMaOT
paBHOH

P = Pc”r + 1,5P;“,H, (54)

rae Pnuq — IAMHaMHYecKas Harpyska Ha OfHY IPYXMHY B pa-
GoueM pexXHuMe H30JIHPYeMOro 0GbeKTa, onpesesse-
Mas 1o gopmyJie

Prwn= o, Ko} (5.5)

1.5 — KoadduienT, YYMTHIBAIONIMA YCTaNOCTh MaTte-
pHana IpPYKHUH;

c = =4 HHJEKC NpYyXHHBI,

rge D — cpennuil AuameTp npyXuHsi (cM. puc. 5.1).
3HayeHHsI ¢ peKOMeHAyeTcs NIpUHEMaTh oT 4 jo 10.
Takum oGpaszom

D =cd; (5.6)

k — KO3((UIIUEHT, YYUTHLIBAIOWMI IOBHIIEHHE HanpsiKeHuk
B TOYKaX CeyeHHs NpyTKa, JeXKalluX Ha NOBEPXHOCTH LH-
JHHApa AuaMeTpoM D —d, onpefensioT no rpaguky, Hao-
GpakeHHOMy Ha puc. 5.1.

5.4. Uucno paGouyux BHTKOB i HaXOAAT mo dopMyJe

;. Gd
83K on’

(5.7)
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Ta6awuwa 5.1

Jlonyckaemble HANPsOKEHUS AJsl MPYXHHHLIX CTadE

Cranb JlonyckaeMbie Hanpmxeﬂuﬂ|
Mogyne
cnpura G peKUM 1. Hasnauenne
rpynna Mapka B xl/mn? paboTh kI fnm?
Yraepoaucras 65 Jlerkuit 42 Iins npyXHH C OTHOCHTEJBbHO HHU3KHMH HANpPAKEHHs-
70 8000 Cpeanui 35 MH NIpH JHaMeTpe NPOBOJOKH MeHee 8 mu.
Tsxennlit 28
XpomoBanagye- Jlerxu#i 56 Jsns npyKuH, BOCHPUHHMAMNUX AHHAMHUECKYIO Ha-
sas, 3akajennHas | S50XPA 7850 CpesHuit 50 | rpysky, npu guaMerpe mpytka menee 12,5 mm
B Macne T axensiit 40
55C2 Jlerkuit 56 Jlast npy»KuH, BOCNPUHUMAIOUHX AHHAMHYECKYIO Ha-
60C2 Cpeanuit 45 TPY3Ky, NpH iHameTpe npyTka Gosee 10 mm, a Takxke
Kpemnucras 60C2A 7600 T kel 35 | ans peccop
63C2A

[Tpumeuanue, Jlerkuit pexuM pabotel. ITaccusnass BuGPOU30JIALUS OGBEKTOB, UYBCTBHTEJbHBIX K BHO-

pauusaM; akTHBHAA BH6p0H30J’.[ﬂU.HH MauKnH

u 11 xaTeropHH (BEICOKOYACTOTHHIE).
Cpennuii pexxum paborsl. AKTHBHAS BUODOMBOMALMUS MamMH I KaTeropHH JHHAMUYHOCTH (CpeAHEYacToT-
apie) H II] xateropnu (BHICOKOYACTOTHLIE).
Taxenwldt pexum paGorel. ArTHBHAs BuGpousonsuust MamuH [I1 kareropum (cpelmevactordee) U IV kare-
ropuH (CpelHeyacTOTHHE, BEICOKOYAacTOTHbIE).
(Kareropui JHHAMHYHOCTH W XapaKTepHCTHKY UacCTOTHOCTA CM. B «MHCTpYRUMH MO pacueTy HeCYM(HX KOHCTPYKIMH
TPOMBILIJIEHHEIX 34aHUA H COOPYXKEHHH Ha NHHaMHuecKue Harpysku». Crpofimsfar, 1970).

I

KaTeropu# JHHAMHYHOCTH (CpeJiHeuacCTOTHbe, BBICOKOYACTOTHHIE)



IlonHoE 4KC/IO BUTKOB
iy =iy, (5.8)

rie i, — YHUC/JIO MepTBHIX BHTKOB, NpHHHMaeMoe paBHHIM 1,5
Ha 00a Topua NPYKUHBL, ecan i << 7, u 2,5, ecnu { > 7.

5.5. [lns mpenBapuTesbHON ONEHKH [Uara NpYXHHHL A
MOJKHO NOJIb30BaThes GopMyJiof

D ., D
hm 25 (9)

K

155 Gonee TouHOE 3HaueHHe h
150 BBIYMCJIAIOT 10 dopMmyJie

145 l h=d+* 48, (5.10
b | ++8, (6.10)
135 \ rae 64> 0,1d — 3asop Mex-
130 Iy BHTKAMH NpH MaKCH-
125 1 ManbHOH paGouelf Harpys-
120 L ke P’;

115 T ~~_] A —ocaixa npyxuHH OT
110 | 1 Harpysku P’.

105 . ' 5.6. BricoTy nNpYIKHHBHI,
W05 57 8 5 07 os 7 CKaTofi JI0 COmpPHKOCHOBe-

HHSl €e BHTKOB Harpysko#
Prc. 5.. Tpa¢nk onpenenenns Prpey, ONPERENsIOT No ¢op-
Koadduuuenta k MyJie

H =(i;—0,5)d. (5.11)
BricoTy HeHarpyxeHsHoil npyxuHsl H, onpejensior no gopmyse
Hy=H+i(h—d). (5.12)

OpuenTupoBoyHast BeIMYUHA HArpysku Pp... paBHa
Pppen=(1,1 =+ 1,25) P’, (5.13)

5.7. Xectkocts mnpyxuubl Kyn = K;,, B TOpHM30HTalb-
HOM HanpaB/eHHH onpelensiioT no rpaduky puc. 5.2.

5.8. Pacuernyio BeqHunHy KO3(HIHEHTA HEYNPYroro co-
NPOTHBJIEHHS /ISl CTAJIbHBIX NPYKHH NIPHHHMAIOT PAaBHOH Y, =

= ni =0,01, rne 6—aorapudMmuueckuii feKpeMeHT KoJeGaHuil.

5.9. TIpyXHHBI CXKATHA B HEKOTOPEIX CIydasix AOMMKHbI GbITh,
NpoBepeHbl Ha YCTOHYHBOCTD,
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B Ta6n. 5.2 naHbl GopMyJIbl ATt KPHTHYECKOH OCaJKH 7““!5"
npu KOTOPO# NMPYXHHBEL MAJIOro yria INOAbeMa TepsioT yCTOH-
YHBOCTb, H NpeAe/bHEIe 3HaUeHu st 'HOKOCTH H /D, pH KOTOpHIX
ycToHUHBOCTD NPYXKUH elnle obecneyena. [IpyKuHEL ¢ THGKOCTBIO
MeHbIlIel npefie/IbHOH Ha YCTOHYMBOCTD HE NPOBEPAIOT.

A N T

AN 5
N
14
A \\
12 N \\\
1 MR
A \‘Q N
\ .\
“ AN
AR NNAR A
06 NN NBR 2
04 s \\‘\\‘\\ ‘ ‘\\~>
g N\ NN\ L
\g> [~ ™~

u NN LT -
0 " NN NS P~

8 1 12 14 16 18 2 22 24 26 28 § 32 34 I

Puc. 5.2. I'paguxk AN ompellesieHHss KECTKOCTH MPYXHHB B FOPH3OH-
TaJbHOM HanpasJ/ICHHH
Hp — BRHICOTa NPYXXHHREI NOA Harpyskoft PI;J A — nporu6 mNpyXHHBH NOA HArpys-
KOH

5.10. YuuTniBasi BO3MOXHYIO HadajbHYIO KDHBH3HY IIpYy-
JKHHBI, HECOOCHOCTb €e BHTKOB M 3KCUEHTPHIHTET, C KOTOPHIM
MoXeT OhITh MPHJIOKEeHa CHJa, Heo6XoquMo pabouylo Harpys-
Ky cAiesIaTh B 2—2,5 pasa MeHbllle KDHTHYECKOH P, BEIIuCIIsie-
Mo 1o ¢opmyJie

Pry=hyp 22 (5.14)

KD ges ;"

5.11. JlsiuHHele OPYKUHEL IPH 3HaYeHHsAX rH6KocTH Hy/D >
> 3 craBsT Ha ONpaBKaX WJH MOHTHPYIOT B I'Wib3ax. Ilpm
ru6koctd Hy/D >> 5 npy:KuHbL 1iesieco06pa3HO COCTaBNATh U3
OTHENbHBIX CeKUMH ¢ MaJyofi rubKocThio (Hy/D << 3) noouepen-
HO TIPaBOTO H JIEBOTO yria nofbema. CoCTaB/SIONHE [IPYKHHEL
MPHMEHSIIOT TOJBKO C HANpPaB/SIOMAMHE H COEIMHSIOT LEHTpH-
PYIOIUMH KOJIBIAMH.

3 3ax. 721 65



Ta6aunua 5.2

K pacyery nmpyxHH Ha yCTOHYMBOCTD

Tpenenn-

YcoBusa sakpelsieHHst Kpuruueckas ocamra Ayn, Hble 3Haye-
IpH KOTOPOH NpyXKHHA HHSA

NpyXHH TepsieT YCTOHYHBOCTDH THOKOCTH
Hy/D

ERA VAN FANIEE

jEi %;

{p \p -

ig‘p i dist
=~ —2—11,, (l—l/>l—-26 (-5—0}2) 5,1

A

B. Pacuem cocmasHoix (KORUEHMPUHECKUX) RPYICUH CHCAMUS

5.12. B npy:KHHHBIH BHGPOU30JSTOP MOTYT BXOJIHTH OZHA
WM HECKOJBKO NPYXKHH, COCTOSIIMX H3 JBYX-TP€X KOH-
[EHTPHYECKH DAaCHOJIOXKEHHBIX NPYXHH CXKaTHS, COBMECTHO
BOCTIpMHUMAIOMUX Harpysky P. IIpyxuHp, pasMenaeMuie ofHa
B JIpyro¥, NOAGHPAIOT NOCJeJOBaTeJbHO TO NPAaBOro, TO Jie-
Boro yrjoB nojvema. IIpu HasHaueHHH DpajHa/bHBIX 3a30pPOB
MeXAy NpyxXHHaM# O, HeoGXOAMMO YUMTHIBaTh JONYCKH Ha
JIHaMeTpsl MPYKUH U MPUHUMATh BO BHUMaHHe H3MeHeHHe JHa-
METPOB NPYXKHUH NPH HX JAeopMaluH.

5.13. lnsa corjiacoBaHHOH paGoThl KOHIIEHTPHUYECKHX IpY-
KHUH JIO/IKHBl COOJIOAATLCS CIeAYIONniue yCA0BHSL:
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1) onmHaKoBast BHICOTA MPYKHH B IpPEeAeJbHO CHKATOM CO-
CTOSIHHH

iydy =iy dy=igdy (5.15)

rae i; u di(j = 1, 2, 3) — uncio U AuaMeTp paGoOUMX BHTKOB
OOBIYHOH INPYKHHEL;
2) onvHakoBbie Hanpsi:KEHHS, BO3HMKAKOUIME BCJIEACTBHE
KPYYEHHsl COCTaBJISIOUMX IPYKHH:
T =Ty =T < [1]; (5.16)
3) ONMHAKOBBIE MHJEKCH COCTaBJSIOMHX MPYXKHH

Dy _D:_Ds (5.17)
di dy dy’ ’

rge D; — cpelHyue AHaMETPhl COCTABJISIONIHX IPYXKHH.

5.14. Tlonnas Harpy3ka P (o6blyHO 3ajaBaeMas), NpHXo-
Isiasicsl Ha oJIHy COCTAaBHYIO IPY2KUHY, paBHA CyMMe Harpysox,
BOCIPHHHMAaEeMBIX COCTaBJISIOMYMH NPy KHHAMH:

3
p=3 P;, (5.18)
=

rie P; onpesensior no gopMmy/iaM, DPUMEHsIeMBIM L4 pacyera
IIMJMHAPHYECKHX BHHTOBBIX NPYXKHH KDYIJIOTO CeYeHUs:

_ mdy? .
Py= g 19 (=1,2,3) (5.19)

Orcrona

Py 42Dt_dff _Dit, (5.20)
5.15. Ecnu npyXuHa COCTOMT M3 JBYX KOHIEHTPHYECKHX
npyxud, To npu 6, = 0,5 (dy — d,) cnpaBeAIHBEL COOTHO-
LIEHH S
P1 Dl2 1

Di=Dyt2di 40 =5 "oy =(l_—2-)2,
(4

OTKyza

P, = (5.21)
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OnpenenuB onTHMajbHEle Harpysku P; u P, BocnpHHHMae-
MBI COOTBETCTBEHHO HapYKHOH M BHYTpeHHel MpyXHHaMH, HX
napameTpsl noaéupatot no «Karanory mpysXKHMHHBIX BUOpOM3O-
JIATOPOB H MPYXKHH LJIs1 BHOPOH3ONATOpOB»'. BosMoxeH Apy-
rofi BapHaHT, Korja AJisl ORHOH H3 NPYXKUH onpeAaensior d H i
no dopmysam (5.3)] 1 (5.7) npH JaHHOM 3HaYeHHH c, a mapa-
MeTpH ApYToH NpYXHHBL — IO OTHOLIEHHIO

b D _h_ ¢ (5.22)
dy, D, iy c¢—2° )

B. I1006op npyoscurnsix eubpousosmopos

5.16. Huxe paccMoTpeHbl CJy4aH, KOTZA MOXKHO HCIOJb-
30BaTh JJIsi BHOPOH3OJSIHH CTAHAAPTHBIE NPYKHHB H THIOBBIE
NPYXHHHBIE BUGPOH30JATOPLEl H3 aCCOPTHMEHTA, BHITYCKaeMOTo
HNPOMBILIIEHHOCTHIO (11.5.15). B 3TOM ciiyuae 3apaHee W3BeCTHbI
BCe NapaMeTphl NMPYKHH ¥ BHOPOH30JATOPOB, B TOM YHCJIE JKe-
CTKOCTH BHODOHM3OJISITOPOB B  BEPTHKAILHOM HanpaB/eHHH
K.s, HamGonblue paGoune Harpyskd P’ Ha BHOpoHsO/sITO-
PHLH T. X.

Pacuer cBoAuTCsl K ONpefieJIeHHIO HeOOX0AHMOro KOJTHYEeCT-
Ba NPYXHHHBIX BHODPOM3ONATOPOB ny(n, 2> 4) no TpeGyeMoii
CYMMAapHO# KeCTKOCTH BHGDOH30asUHH K.

5.17. Uucno npyXHMHHBIX BHOGDOM3OJIATOPOB N, ONpele-
JISIOT 0 MX OOIIeH XeCTKOCTH U3 YCJIOBHSA

Ko

ng << —

" Kz

3neck Kz — XECTKOCTH OJHOTO NPYRKUHHOTO BHOPOM30JSTO-

pa, IpH onpefieleHHH KOTOPOH CJieflyeT HMeTb B BHAY, YTO:
1) npu napaJ/iesbHOM COEJMHEHHH NpPYXHH

. (5.23)

n
Kzs=121 Kzn, i

! TunoBbe KOHCTPYKUMH M JeTaln 3AaHHil H coopyxeHnd. Cepus
3.001-1. Bu6pousosnupyiomue ycTpoiicTBa $HYHAAMEHTOB M OCHOBaHHI
NOX MallHHB ¢ AMHAMHYECKHMH Harpyskamu, Buin. 1. Karasor npyxuH-
HBIX BHOPOH30JIATOPOB U NPYXKHH JJIsi BHGPOUSOJISTOPOB.

3Jech ke TMOoMelleHbl NacnopTa YTBEePXKAEHHBIX THIOBHIX NPOEKTOB
BHGPOH3ONHPOBAHHEIX (YHKaMEHTOB M NOCTAMEHTOB, a TaKXe Iacnop-
Ta MPOEKTOB, PEKOMEHJAOBAHHBLIX JJsl SKCIEPHMEHTAJILHOIO CTPOH-
TEeJNbCTBA.
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2) NpH MoCNeOBAaTENbHOM HX COeJIHMEHHH
1 n 1
-[q = =1 1?2“—»1 ’
rie Kunj — eCTKOCTb OTJIebHbIX TpYIKHH.

5.18. OnpenensieMoe B 1. 5.17 4HMC/I0O NPYXHHHBIX BHOPO-
H30JISITOPOB NIPOBEPSIOT M0 YC/IOBHIO IIPOYHOCTH

Q
ng = P,Q = . (5.24)

cT. B Py — ]’5%:1(2’.

3uauenue n,, yiosiersopsiouee yciaousM (5.23) u (5.24),
OKOHYATENbHO KOPPEKTHPYIOT B COOTBETCTBHH C KOHCTPYKTHB-
HBIMH COOODaKeHHSIMH.

Pe3nHOBbIE BHOPOU3OJSATOPbI

5.19. PesnHoBble BHOGDOH30JSTOPE MMEIOT (POpMY INpsAMO-
YTONBHBIX TNapaJje/enuneioB HJIH CIVIOIIHBIX M IyCTOTENHIX
KPYTJIbIX LHJIHHAPOB. PacueT Taknx BHOPOH30JATOPOB NpHBe-
JeH HiKe. B HEKOTOPBIX ciyyasix NpH HeGOJBLIHX AHHAMHYeC-
KHX BO3JIEHCTBHAX, 06/aJaloUIMX BLICOKOH YaCTOTOH, MOXKHO
HCIOJIb30BaTh pHbJeHble HIH 1ephopHpPOBaHHBE DE3HHOBHIE
IJIACTHHBL B KOBPHKH. YKa3aHHS MO pacyeTy H KOHCTPYHpO-
BaHHIO BHOPOH30/IATOPOB U3 PE3HHOBBEIX KOBPHKOB, IpHMEHse-
MbIX OGHIYHO B CTAHKOCTPOEHHH, HMEIOTCA B JHTepatype'.

K HCXONHEIM JaHHBIM NPH pacyeTe PE3MHOBHIX 3JIEMEHTOB
BUOPOH30JMSITOPOB OTHOCATCA CJeAyloliMe MeXaHHYecKHe Xxa-
PaKTEepHCTHKH: TBepAOCTb PE3HHBI, pacueTHoe cTaTHuecKoe Ha-
IpsiKeHNe ¢, AUHAMHYECKHe U CTaTHYECKHe MOAYJIHU YIpPyrocTH
pe3uHB M KO3(dHIMEHTH HEYNpYroro CONpOTHBJIEHHS.

5.20. Onpeznenenne TBEPAOCTH pe3MHHl perJiaMEHTHPOBAHO
CTaHAapTaMy:

1) I'OCT 253—53. OmnpenenieHe TBepAOCTH pe3HHHl TBEp-
Jomepom TIIIM-2;

2) TOCT 263—53. Onpepesenne TBEpAOCTH PE3UHLI TBEPHAO-
mepoM TM-2;

! BuGponsonnpyiomue onops H KOBPHKH /ISl YCTAHOBKH METa/LI0-
pexymux crankos. ITpocnmext Ne 10, DHHUMC, 1966.

Pusun E. U. HoBble KOHCTPYKIHH BHGPOH3OJNHPYIOUHX ONOP
1 KOBPUKOB. «BecTHHK MalIMHOCTpoeHHs», 1967,

6 PexoMeHJaluH MO YCTaHOBKe MeTajjopexymux crankos. OHTH,
1969,

69



3) TOCT 13331—67. Pesuna. Meron onpefeyieHus TBEpHO-
CTH pesHHBl B MEXKAYHapOAHHIX €AMHHIAX!.

ConocrapJjienne TBepAocTH pesussl no TIIM-2, TM-2 u ICO
npHuBefieHo Ha puc. 5.3%. B GoJbIIMHCTBE CTyyaeB pasHHIA MeX-
ay tBepfocTeio mo TM-2 u UCO He mnpeswimaer 2—3%, uro
T03BOJIICT C AOCTATOYHOH /ISl NPAKTHYCCKHX Lesielf TOYHOCTHIO

CYUTaTb 3TH MeTOAbI

7 T DaBHO3HAYHBIMH.
r 5.21.  PacueTHoe
cTaTHYeCKOe HOpMaJb-
HOe HampsiKeHue, OT-
/ HeceHHOe K ILIOMIanH
——  TONepeyHoro ceyeHus
7 Hee)OpPMEPOBAHHO T O
Pe3HHOBOrO 3/1eMeHTa,
pEeKOMeHAyeTca  -NpH-
HHMaTb pPAaBHBIM O =
=2 =+ 4 «xl'cm* pnsa
MATKHX M CPEeJHHX
pe3uH (TBEpHOCTb IIO
S w7t a0 % o5 w75 & 1M-2 1 MICO or 30 no
Thepdacms na TM-2 u HCO 70 ycnoBHBIX el;HHHU*)
Puc. 53. CootHomenne tBeprocru pesun B O = 5 xllem? nns
w0 MCO, TM2 u THIM-2 TBEpMBIX pesuH (TBep-
JocTh Boie 70 ycsioB-

HBIX €JUHHI).

5.22. Crarnueckuit (E,,) u punamuveckuit (E;) -Momyau
yOpYroCTH PE3HHBl NIPH CXKaTHH ONPEAE/SAIOT SKCnepHMEHTalb-
HBIM nyTeM. B Ta6a. 5.3 npusesenst snauenus Eq, u E; aas
pesHHbl Pa3HYHBIX MapoK, NOJy4YeHHBIe SKCIEPHMEHTaNbHO
Ha PE3MHOBBIX 3/IEMEHTaX C CyXHMH OIOPHBIMH NOBEPXHOCTSAMH.,
ITH Ke 3HAYeHHs MOAyJeH NPUTroAHBl i BHOPOU3OJISATOPOB
C TpHBY/JKaHH30BaHHBHIMH K MeTa/VIHYECKHM IIIaCTHHAM
ONOPHLIMK NoBepxHocTaAMH. OpHeHTHPOBOYHbE 3HAUeHHS E,
u E; Jns1 pesHHbl Ha HAaTypaJbHOM H CHHTETHYECKHX KaydyKaX
Moryt OHITh OnpefeneHbl 1o rpadukaMm, H300paxeHHBIM Ha
puc. 5.4, B 3aBHCHMOCTH OT TBEPAOCTH DE3HHEL.

N~

3

3

Tbepdocms no TIM-2

Ilo sromy wMeTomy, ocHoBaHHOMY Ha pexkomespamumsax HCO
(ISO/TC-45. Rubber Recomendation R-48), TBepaocTb pesHHB H3Me-
PSIOT ¢ momoulbio mpuGopa MCO.

Kyuepcxuit AL M,, Coxoansckasg B.l. Ksgonpo-
Cy 0 coOTHOWEHUH TBepAocTH pesul no HCO, TM-2 u TIIM-2. «Kayuyk
u peauna», 1967, Ne 8.
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Ta6nunma 5.3
XapakTepHCTHKH Pe3HHbl

=
o " [=% 123 1
«235E, 1 87 =3 |E. | 87
5 e © N e
Mapka 5 E‘?‘ E ;§ § 2 E Mapka g §§ E E,i § ° §
2o |9E% |23 2o |oE® | £28
PESHHBI I 2ax |i5a PE3HHL ga &5 S5
GEM [ EaR | SEE Som |Ea® | SEE
ESE |25 5|2858 Eg el E5 8| 322
HE o |OHy |[Mug He oW | Mo E
3311 251 16 10,038} WPII-1347 B4 | 33 0,09
7-120c 112 | 66 |0,08 2566 38 | 24 0,11
2959 63 30 0,14 CY-363 153 | 51 0,15
56 72 37 10,16 8508 126 | 31 0,15
112A 60| 44 10,16 4326 226 | 60 0,16
194 461 24 |0,17 HO068 166 | 39 0,17
93 200 61 |0,19 199 196 | 40 0,208
1992 100 37 (0,19 122 206 | 73 0,21
KP-407 100 42 10,21 9831 166 | 36 0,25
135 125 [ 37 10,22 3826 236 | 46 0,30
2462 170 | 52 10,31 2542H 314 | 56,5 | 0,32
HPII-1346 39 31 10,035 |

JIns1 pe3svHOBBIX 3/1€MEHTOB CO CMa3aHHLEIMM ONOPHEIMH II0-
BEDXHOCTAMH 3HA4YeHHsI MOAyJefl yNPyroCTH PE3UHBI JOJKHBI
ObITb  yMeHbIIEeHH B

aBa pasa. as puHa- 400
MHUYECKHX MopyJiei 350 /
CABUIa pE3HHHl OpH- /
eHTHPOBOYHO ~ MOXKHO 320 3 /
NPHHUMATD, ~SHAuEHHe X pgp
Q
Gi=E2. (5.25) S
3 o
5.23. Kosppuuuen- 2 /
TH HEYNIPYTOTO CONPO- 3 44p
THBJIEHHS Y, XapaK- 5 ,
Tepusyomue jemndu-  Wzzg // P
pylomye CBOHCTBA pe- jd
3UHOBBIX BHOpPOM30JI5- 40 7 | /| L
TODPOB, 3aBUCSAT OT COP- 40 - .
Ta NPHMeHsIeMON pesu- = =T |
HBL. U6 % 52 60 68 16
OpuentupoBouHbie T6epdocme no TM-2 u HCO

3HAYeHHsS Y, IS pas-

JHYHBIX COPTOB  pe- Puc. 54. Cratuueckue (1) #H nuHaMuue-
ckue (2) Momynm ympyrocTH PE3HHHL Ha

smﬁm SHpI/IBeAeHbI B HarypajibHoM Kayuyke H Ej; pesuHsl Ha

Tabi. 5.3. CHHTeTHYECKHX Kayuykax (J)
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5.24. Tlpu pacueTe pe3UHOBLIX BHOPOH3OJSATOPOB Ompeje-
JIFIOT BBICOTY, OOLLYIO IJIOMaAb MONEPEYHOrO CeYEHHS H KOJIH-
YeCTBO DPesHHOBHIX 3/eMeHToB. CyMmapHas xxectkocTh K,
PE3HHOBHIX 3/1EMEHTOB BHGPOH30JIAIMOHHOTO YCTPOACTBA JOJIK-
Ha GHITh He Gojiee BenuunHbl K,, onpefienseMoil no TpeTbeil u3
dopmya (2.10).

5.25. Ilnomaip nonepeyHoro ceyenus F), BCEX PE3UHOBLIX
3/IEMEHTOB BHIGHPAIOT 110 YCJOBHIO IPOYHOCTH

F,>%, (5.26)
g

rie Q, — Bec H30IHPYEMOil YCTAHOBKH (1/151 KOMGHHHPOBAHHEIX
BHOGPOH30MATOPOB — YacTh Beca, Mepelaomancs
Ha pe3HHOBEIE 3JIEMEHTHI);

O — pacyeTHOE CTATHYECKOE HampsikeHde (cM. m. 5.21).
5.26. Ilpu onpejieJieHHH BBICOTEI PE3HHOBOTO 3J€MEHTa He-
0GXOJIMO YUMTHIBATh, YTO TPEHHE Ha €r0 ONOPHLIX IIOBEPXHO-
crax (Toplax) NMpensATCTBYeT monepedHoi fedopManuu, Beael-
CTBHE Yero YacTb PEe3HHbI, TPHJIErammas K TOpLaM, NpakTH-
yecKM He yyacTByeT B OOpa3OBaHHH OCAJKH PE3HHOBOTO 3Je-
MeHTa. ITosTOMy B pacueT BBOAAT paGouylo BHICOTY 3J€MeHTa

H,p, KoTOpAsl MEHBILE ero MOJIHOM BHICOTH .
Mexny nosmHokt u paboueil BHICOTAMH HMEETCSI 3aBHCHMOCTD

Hy=Hyp+%., (5.27)

rjie A — XapaKTepHIil pasMep IONEPEHOrO CeUeHH I SIEMEHTa,
onpefieaisieMbi B m. 5.27.

PaGouy1o BEICOTY Pe3sHHOBOrO 3/ieMenTa H;, BEUHCISIOT HO
¢dopmy.te

En F,
Hip="22, (5.28)

rae E, onpelensioT corjiacHo m. 5.22.
5.27. PasMmep nonepeuHoro ceyeHust A pesuHOBOro 3/eMeH-

Ta (Iuamerp D HaM CTOpPOHY KBaipaTa b) HasHAualOT HCXOHS
H3 YCJOBHS, UYTO

Hlp<A<8H1p~ (529)
Ina sxoHomuH pesuHsl A BhiGHpaioT B Hpejenax

Hipy <A< 1,5Hy, (5.30)
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5.28. YKecTKocTb OJHOTO PEIMHOBOTO JMEMEHTa B IF'OPU3OH-
TaJIbHOM HaNpasJI€eHHH ONpeAeadIoT 10 (popmyne

: ¢+ _ Fp' G 1
Kp=Kp= ’ (5.31)
Hp
rie F'p, — mjomajp nonepeyHoro (KBaJpaTHOro, KPYIVIOro,
KOJIBIEBOr0) CeueHHsl OJHOrO PE3HHOBOIO 3JIEMEHTa.

5.29. O6mee 9HCJIO pPE3VHOBBIX 3/1€MEHTOB BHGPOHM30JISI-
ILIMOHHOTO YCTPOHCTBA ONpeNesioT mo ¢opMyJe

n= F~?. (5.32)
P

OHO AO/DKHO HAXOAWTRCA B Npefesax
e <ng 2, (5.33)

1p Hyp
rae s = 1 jnst KBajipaTHoro U s = 1,27 Jj1s1 KpyIJIOro CeYeHHH.

5.30. Ilpu moaGope pe3HHOBHIX 3JEMEHTOB 3aJaHHLIX pas-
MepoB! ¢ KPYIJiibiM, KOJLIEBHM WM KBAaAPATHLIM CEYCHHAMH
ofllee YHCJIO Pe3HHOBHIX 3/1EMEHTOB ONpeJe/ioT B cleAylomeit
NOCJIeA0BATENbHOCTH.

1. Haxopar paGouyio BHICOTY pE3HHOBOTO 3JieMeHTa 1o ¢op-
myne (5.27).

2. OmpenensiioT KeCcTKOCTb OJHOTO PE3HHOBOTO 3JIeMeHTa
B BePTUKAJbHOM HamnpaBJeHHH NO PaBeHCTBY

Kop="273. (5.34)

3. YcraHaBIUBAOT KOJIHMYECTBO PE3HHOBHIX 3JIEMEHTOB 7,
KOTOpOE JOJIIKHO OHITH HE MeHee 4eThIpEX, U3 yCIOBUSA

K
"< (5.35)

5.31. Hafinennoe B n. 5.30 UucjiO PE3UHOBHIX 3JIEMEHTOB
IPOBEPSIOT Ha IIPOYHOCTH

n>-2 (5.36)

! Tunosre KOHCTDYKUHM H JeTalu 3RaHHd u coopyxeHuil. Cepus
3.001-1. BuGpousonupymomue ycTpoficTBa (yHLAMEHTOB H OCHOBAaHHH
1O/l MAIIHHK C JAMHAMHYECKHMH Harpyskamu, Bum. 2. Karanor pesuno-
BHX BHOPOH3OJIATOPOB H PEe3HHH NI BHGPOHSOJNATOPOB.
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3necw
Q', — cTaTHYecKast HarpysKka Ha OJHH 3/IEMEHT, ollpefessie-
Mas no dopmyJie

+__Acr.p. Ecx Fp
Q= cr.;){. o Fp; (5.37)
1p

Ac'l‘. p—sa,u,aBaemas{ CTaTH4Y€CKas OCajKa pE3WHOBHIX 3Jie-
MEHTOB.
Cxumaroriee HanpsxeHue B 3JIEMEHTaX HAOJXKHO YAOBJIET-

BOpATb YCJOBUIO

’

O
L

GK= <0)

>

rje ¢ ompegfenaswor no 5.21.

5.32. B ciy4ae HeoGXOAMMOCTH HCINOJNB30BAHUS PE3HHOBBIX
BHGPOH3DJATOPOB B NMOMEIIEHHSIX C TeMnepaTypoit Huxke 0 uiu
Beime 50° C, a TakKe npH arpecCHBHOM BJHSIHMH Ha DE3HHOBHIE
BHGPOH30JATOPHE Maces, KHCJIOT, mesodel cieyer npenycmar-
pHBaTh NpHMeHEHHe PE3HWHBI COOTBETCTBYIOUIMX CIEIHabhHBIX
COpPTOB, XapaKTEPHCTHKH KOTODBIX MOTYT OHITh NOJYYEHH OT
3aBOJa-H3TOTOBHTES.

5.33. Tlpu saTpyaHeHHAX B H3TOTOBJIEHMH MOHOJIMTHBIX pe-
3HHOBBIX 3/IEMEHTOB MOC/TEIHHE MOXKHO HaGupaTh H3 JIHCTOBOH
pE3UHBl U PACCYUTHIBATH MO (OpMyJiaM JJIsi MOHOJNIMTHBIX 3Je-
MEHTOB, HMEIOIHX Ty 3Ke BEICOTY. [lyig obecneyeHus HaileXXHOTO
KpeIUIeHHsI 3JIeMEeHTOB K KOHCTDYKIHMAM IPHMEHSIOT Pe3HHO-
MeTajlJIHgeCKHe BHGPOH30JMATOPH, Y KOTOPHIX pe3HHa NpHBYJI-
KaHM30BaHa WJIM TPHK/IEEHA K MeTaJJIHUeCKMM IJJacTHHaM,
HMEIOLUIHM KpeneKHBe OTBepCTHS.

Crioco6bl KpemieHH sl JIUCTOB pesHHb APYT K ApYry H K Me-
TaJVIAYECKHM ONOPHBLIM JIETaJsIM, a TaKXkKe INpejessl JOCTHrae-
MO HPOYHOCTH KpeIJIeHHSI M peUenThl NPHMeHSeMHIX KJieeB
M3JIOKEHE B JIHTepaTypel.

5.34. Tlpu pacuere BHOPOH30/SITOPOB H3 pE3HH CO 3Haye-
HUSMH Ko3(ipuuuentoB Ilyaccona p = 0,25+-0,35 Bo Bcex
dopmynax caenyer nonarate Hy, = H,.

! Kneu nns xpennenus pesun. LIHHHDuedrexum, 1969. T p -
ropbeB E. T. Pacuer u KOHCTpyHpOBaHHe PE3HHOBEIX aMOpPTH3a-
ropoB. Mamrus, 1960. )Kepeb6koB C. K. Kpeniaenne pe3uHp
K Meranaaam, Iocxumuspaar, 1956.
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KoMGuHHpOBaHHbIE BHGPOH30JATOPHI

A. 1l pyscunno-pesurnosole 6UOPOUIOAAMOPYL

5.35. KomGuHHMpOBaHHBIE BHODOH3OJISATODHI, COCTOSIIHE H3
CTaHAAPTHBIX BHTHIX MNPYXKHH H DE3HHOBBHIX 3JE€MEHTOB, NpH-
MeHSIIOT B T€X CAyyasX, KOrja 3aTyXaHue B BHODOM30JIATOpaX
H3 OIHHX CTAJbHBIX NPYKHH HelocTaTouHO. Koaddunnent ne-

a) 6)
1 ] ] ]

7777777 77777 [7777777. / 77
0 + O] 6+0
4+ 0+ +0+ 0O + 0+ 0 + O
0+0 0+0

o + O + O + O

o+0 0+0
+ 0+ +0+ O + O + 0 4+ ©
o+0 0+0

Puc. 5.5. CxeMEl KOMGHHHPOBAHHBIX BHGPOH3OJSATOPOB H3 NMPYXKHH H pe-
3UHOBBLIX 3JEMEHTOB

@ — KYCTOBOE PacrojioXeHHe NPYKHH M PE3HHOBBIX 3JeMEHTOB (KyCTOBble KOMGH-
HHPOBaHHBle BHODOH30JATOPH), 6 — pasfieibHOe PACHONOKEHHe TNIPYXKHH H De3H-
HOBBIX 3JEMEHTOB PAfaMH; + — npyxunsl; O — pe3uHOBHIE 3IEMEHTH

yOpyroro CONPOTHBIEHHS KOMGHHMPOBAaHHLIX BHOPOH30/S-
TOpPOB ys HOMKeH ObThb B mpefenax 0,1 <y, <<0,2.

KomOuHHpOBaHHbIE BHODOHM30JATOPHl MOXKHO BHINOJIHSATH
B BHJIe <KYCTOB» H3 TIPYKHH H PE3HHOBEIX 3J1EMEHTOB (KYyCTOBEIE
BHGPOU30JIATOPL) KK B BHJE OTHENbHBIX NMPYXKHH W PE3HHO-
BbIX 3JIEMEHTOB, YCTaHABIMBAEMBIX TOJ, arperathl [MaluMHb]
(puc. 5.5)

5.36. Ilpu pacuete KOMGHHHPOBAHHOTO BHGPOH30JATOPA
JKECTKOCTH B BepTHKaJbHOM HalpaBleHHH BCeX NPYKHHHBIX
K,, u pesnHoBrx BuOpoH3onATOpoB K,,, COOTBETCTBYIOMME
TpeOyeMoMy Ko3((HIIHEHTy HeyNpyroro CONPOTHBJEHHS 7Y,
MOTYT GOBITh OIpeJiesIeHs:
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1) npu napannespHOM COeiMHEHHH CTaJIbHBIX MPYXKUH H pe-
3HHOBHIX 3JieMeHTOB (puc. 5.6, a, 6) no dopmyJam:

Kzn =K2_sz;
K. =K Ys—¥n . (538)
® z Yp“?n’

2) npH mocsaefoBaTeNbHOM COEJAHHEHHH CTaJbHBIX MPYKHH
H PEe3HHOBEIX 3JIEMEHTOB (puc. 5.6, 8) mo dopmynam:

K=K, 210
ol (5.39)
K — z \zlt
P Kp—K; '
a) ) 8)

XS
R
25025855
0RXRS
ore%9S ode

X

2

<

=

Puc. 5.6. CxeMb KOMOHHHPOBAaHHHIX BHGPOH30JATOPOB H3 CTaJbHBIX
NPYXHMH H DE3UHOBHIX 3JIEMEHTOB
@, 6 — napaiajesbHOe COCAMHEHHE; 6 — NOCJHEAOBATENbHOE COeAHHEHHe

XX X
S etoted

2

77777777 777777 77 STl

rie K, — o6was KecTKOCTb NpPYXHUHHEIX H De3WHOBBIX
BHOpPOH30JISITOPOB, ONpeAeaséMas Mo Tperbei
u3 gopmyn (2.10);

Ye» Vm» Vp — KODOULHEHTHl HEYNPYroro  CONPOTHBJIEHHS
COOTBETCTBEHHO KOMOHHHDOBaHHHIX BHOpPOH30-
JISSTOPOB, CTA/NbHBIX NPYKHH M Pe3HHOBHIX 3Jie-
MEHTOB.

INapannenvHoe coelMHERHE CTAIBHBIX NPYXKHH U PE3HHOBBIX
3JIEMEHTOB IIPEJIIOYTUTEbHEee He TOJBKO N0 KOHCTPYKTHBHEIM
coo6paxKeHHsIM, HO U C TOYKH 3PEHHS NOBHILIEHHS YCTOHUYHMBO-
CTH KOMOMHHPOBAHHEIX BHODOH30/SITOPOB, 4 TaKkKe CHIXKEHHS
CTaTHYeCKOH Harpy3KH, BOCIDHHMMAeMOH pDE3HHOBBIMH 5Jie-
MeHTaMH.

5.37. B XoMO6HHHPOBaHHOM BHODOH30/JATOpPE CTaTHYeCcKas
ocaZKa pesHHOBHIX 3JIEMEHTOB NPH NapajeJbHOM COeJUHEHHH
HX CO CTaJIbHBIMH NpPYXKHHaMH JOJIXKHA ObITh GOJbllle MaKCH-
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MaJIbHOH aMILIHTY[sl KosleGaHuH H3onupyemoro o6bekra. s
5TOTO BEJIHYMHA CTATHUYECKOH HArpysku @, mepefaBaeMoil Ha
PE3UHOBHIE 3JIeMEHTHl, JOJXKHA YAOBJIETBOPATH YCJIOBUIO

Qp = Qyaxe sz’ (5~40)

TJ€ Qyare — MAaKCHMasbHAasl aMIVIHTYJA KoJeGaHUi yCTaHOBKH
IIpM OCTaHOBKAaxX M MyCKaX MallHHbI.
Harpyska Q,, mepelaBaeMasi Ha NpyKHHH, paBHa
Q=0—Q,. (5.41)
5.38. Ilo naiinennbiM BenmunHaMm K,; u Q, ompenensior
YHCIO M pasMepsl CTANbHBIX NPYKHH COIVIACHO YKasaHHSIM
. 5.1—5.18; no Besnyunam K,, u Q, onpejieisior 9uCIO H

napaMeTprl PeSHHOBBIX 3JEMEHTOB B COOTBETCTBHH C mi. 5.19—
5.34.

Puc. 5.7. CxeMa /st onpeiesieHHsl BHICOTH NOACTAB-
KH MpH NapajlileIbHOM COeHHEHHH BHGDOH30NATOPOB

CraJibHbIe NPYKHHB! A0/TXKHBI GBITh IPOBEPEHH! Ha IIPOYHOCTD
C Y4EeTOM TOTO, UTO Ha HHX TepefiaeTcsa Bec BCeH YCTaHOBKH. JT0
CBSI3aHO C TeM 0GCTOATENIBbCTBOM, YTO B IPOLECCE MOHTAXa KOM-
GMHHPOBAHHBIX BHOPOH30JSTOPOB C Mapall/ie/bHBEIM COEJHHe-
HUEM CTaJbHBIX NPYKHH H PE3NHOBBIX 3/IeMEHTOB HEpeNKO BeC
H30JIUPYEMOH YCTAHOBKH IOJIHOCTBIO MepefaeTcsl Ha CTajbHble
npyxuHbl. IIo OKOHYUAHHM MOHTAXa MNPOMCXOJHT HEKOTOpas
pasrpyska NpYXHH C BKJIOUYeHHeM B paGoTy DE3HHOBHIX 3Jie-
MEHTOB.

5.39. PacuerHas BbICOTa pPE3MHOBLIX 3J€MEHTOB B KOMGHHM-
POBaHHBIX BHGDOH30/15TOPax OOBIYHO ObIBAET MEHbBLIE BHICOTHL
npyxuH. [TosToMy pe3sHHOBLIE 3/1eMeHTHl HEOOXOZUMO yCTaHaB-
JIEBaTh Ha CllellHa/ibHble NMOJACTaBKH, BLICOTY KOTOPHIX Ompefe-

J0T 110 QopMyJie
tho_Hp—Ac'r. u+Ac1~. P (5.42)
rie H,, Hp — nonnble BHICOTH NPYXHHbI H PE3HHOBOTO Je-
MeHTa B HEHarpyXeHHOM COCTOSIHHH;
Acr. n B Acr, p — cTaTHUECKMe AeOpMaluH NPYIKUH U PESHHO-

BHIX 3JIEMEHTOB NOJA HappysKamMu Q H Q
COOTBETCTBEHHO (pHC. 5.7).
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B. I pyscunno-naacmmaccoebie 8UOPOUIOAAMOPbL

5.40. KoMGuHupOBaHHble BHOPOH3O/IATOPHI, COCTOSILHE H3
HapajiyieNlbHO COeIWHEHHEIX CTalbHbIX NPYXKHH H IJIaCTMAacco-
BHIX 3JIEMEHTOB, MOT'YT ObITh BBINOJIHEHbl B BHJE €JMHOH KOH-
CTPYKUMH, u306paxeHHOH Ha puc. 5.8. IIpyxunHO-AACTMAC-
coBulit BHGpousossaTop (puc. 5.8, a) mpencrasaser coboil Hecy-
IYIO CTAJBbHYIO NPYXKUHY, BHYTPH KOTOPOH PacHoOJIOXKEH C He-
KOTOPLIM PaiiaibHEIM 3a30pPOM IJIACTMACCOBBIH KPYIJBIA IH-
aunap. Ha puc. 5.8, 6 He-
CyIlHe CTaJbHble NPYXKHUHBI
BCTaBJIeHHl B THe3Ja, BhIpe-
3aHHBIE B GJIOKE MOJHMEPHO-
ro Marepuaja. ITOT BHJ
IPYKHHHO-IIIaCTMACCOBBIX
BHOPOM30JMSITOPOB  IPEANOY-
Puc. 5.8. Cxempl KOMGHHHPOBZHHHX THTEJIbHEE HCIIOJAKL30BaTh
NPYXHHHO-IINIAaCTMACCOBHI BUOpO-

24 H301710p08 X BHOPO- i BHGDOH3OJISANHM HaHGO-
Jlee TSAXeJNbIX MallHH ¢ rap-
MOHHMUYECKHMH Harpy3KaMH.

KoHcTpyKTHBHAS 0COGEHHOCTE pacCMaTpPUBAEMBIX BUGPOU30-
JISITOPOB COCTOUT B HAJIMYUH 3a30pa /i MeXKy BEPXHUMH yPOBHS-
MH CTa/lbHBIX NPYKHH U NJACTMACCOBLIX 3/JIEMEHTOB, BEJHUYMHA
KOTOPOTO JIO/IXKHA HAXOAUTLCH B Ipelenax

Ay, < h < Gyaxes (5.43)

L€ Qy,ye — AMIVIMTYJA KoJeGaHuil MAIUMHBI IPH ee NyCKe HIH
OCTaHOBKE;
Q,, — aMIIMTyJia BepTHKa/NbHLIX KOJeGaHUH yCTaHOBKH
B paboyeM pexkHnMe.

YcnoBue (5.43) o3navaer, Y10 B paboYeM peXHMe MalIMHA
coBepIIaeT KoeGaHN s Ha OAHUX JIHILIb NPYXXKHHAX, IPAKTUYECKH
6e3 saryxanus. [lnacTmaccoBble 3/1eMeHTH! BKJIOYAKOTCS B paboTy
TOJIBKO B MyCKO-OCTAHOBOYHBIX peXHMax NpDH 3HAUUTEJbHOM
pocTe aMIJIHMTYA KosiebaHul ycTaHOBKH. OTHesbHbIE BHJBI
miacTMacc 06/1ajaioT BBICOKHM BHYTPEHHHM TpEHHeM, 4TO
Croco6CTBYET GLICTPOMY 3aTyXaHHIO KosieGaHHH.

5.41. IliacTmaccoBbie 3j1€MEHTH B KOMGHHHPOBAHHHIX BHG-
POH30JITOpaX MOT'YT OBITh H3TOTOBJIEHBI U3 3/1aCTHYHOTO BHHH-
nopa (ITXB2) n nenomonuyperana (I1I1Y), xoadduuuents: He-
YIPYTOTO CONMPOTHBJEHHS KOTOPBIX pPAaBHEI COQTBETCTBEHHO
Vor = 0,4 = 0,6 U 7y, = 0,2 +~ 0,4. Murepran paGounx
temnepatyp aas I1XB3 cocrasasier or —8 no +-60° C, unrep-
Ban paGounx Temneparyp Aus ITITY or —25 po +120° C.
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5.42. B KOMGHHMDOBAHHBIX BHODPOH30JATOPaxX NOJOGHOrO
THNA PAacyeT CTANbHbIX MPYKHH, BOCIPHHHMAIOUIMX TOJHBIH
Bec Q M30/HMpyeMOfl yCTaHOBKH, H IIACTMACCOBBIX 3J1€MEHTOB
BHINOJIHSIOT B Clefylomeil noc/efoBaTelbHOCTH.

1. OnpefieisioT YUCIO MPYKHH 1, NOKO6PaHHEIX Mo «KaTta-
JIOTY NPYKHHHBIX BHOPOM3OJISITOPOB M MPYKHH JUIsi BUGPOU30-
JgTopoBy, no dopmye (5.24).

2. Haxonsar ofmyio JKeCTKOCTb NPYXHH B KOMOHHHDOBaH-
HBIX BHGpousosisitopax K, no dopmyae (5.23) npu coxpaHeHRH
B Heif 3HaKa paBeHCTBA.

3. JKecTKoCTb BCEX INJIACTMACCOBEIX 5JIEMEHTOB B IPYKHH-
HO-TITACTMACCOBEIX BUGPOHM30/IATOpAX ONMpelelsIoT 1o gopMyJe

Kzrm=Kz_'Kzn' (5.44)
4. TLromajp NONepeyHoro CeYeH s BCeX IIaCTMAaCCOBRIX dJle-
MEHTOB KOMGHHHPOBAaHHBIX BHOPOH30/IATOPOB BHIYHCASIOT MO
opmy.te
KZ et HHJ!
Fop= T E. (5.45)
aa
rie E,; — fuHaMuyeckuii MOAyJab YIPYrOCTH IEHOIUIACTOB,
OpPHEHTHDOBOYHO PaBHbIH

=26 xljcm?,

H,, — BricOTa NJACTMacCCOBOrO 3JeMeHTa, onpefesasieMast
no gopmyae
Hy,=H,—*h; (5.46)

H, — BbicOTa HAarpy:XeHHOH MpPYXHHHI.

5.43. BenuunHy HauGoJjiblileli BO3MyIlawoumel CHJbI, KOTO-
pasi nepefaercsi MOANEPKUBAIOIIEH KOHCTPYKLUHM B peKHMax
nycKa WM OCTaHOBKH, ompefesiorT o dopmyse (2.42). Bxo-
JiALHe B Hee 3HaYeHU sl K03 DULMEHTOB HEYNPYIoro COMPOTHB-
JIEHHSl TPYXHMHHO-IUIACTMACCOBHIX BHOPOH30JISITOPOB BBIUHC-

JASIOT 10 ¢opMmyJie
Kena Yop+ Kon Y

= 0 Vna T R V0 5.47
Vs X, , (5.47)

rae Yox = 0,2 =~ 0,3 Ang npyXHHHO-NJIACTMACCOBLIX BHOPO-
H30JIATOPOB ¢ 3JjieMeHTaMu H3 ITXBD;

Yax = 0,1 =~ 0,2 Ana npyKHHHO-NJIaCTMACCOBHIX BUGpO-

H30JISITOPOB C 3JEMEHTAMH W3 NEeHONmOJIHypeTaHa.

PaBeHCTBO Ynn = Yn,/2 yuuTHIBaeT paGoTy mJIacTMacco-

BBIX 3/IEMEHTOB B TeUeHHe OiHOro noJyuukia. Koaddumuent
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HEYINPYTroro CONPOTHBJIEHHS MPYXHHHO-NJIACTMACCOBHIX BHG-
POH30JIATOPOB JIOJIKEH HAXOAMTBCA B mpefenax v, = 0,15 —
-+ 0,25. B nporuBHOM cjiyyae pacueT HajO MOBTOPHTh NPH
yBeJIHYEeHHOR IIOMAJH NOMEepeYHOro CeYeHHsl IJIacTMacCOBHIX
9JI€MEHTOB.

OnopHbie BUOPOH30JAATOPH! C THAPOIIAPHHPamMu!

5.44. BuGpousonsiuio” HEKOTOPHIX BHJIOB IPOMBIILIEH-
HOro 060pY/loBaHHA (Ts2KeJIbIX MALIMH C FOPH30HTAJIbHLIMH Ha-
rpy3KaMH, B YaCTHOCTH KOHYCHBIX M IEKOBBHIX JPOGHJIOK) MOXK-
HO BHINOJIHATH C TNOMOLIbI0 BHOPOH30JISITOPOB € THAPOMIApHH-
PaMH, KOHCTPYKIHSI KOTODHIX H300paxkeHa Ha pHc.b5.9. I'ma-
paBJHYeCKHe IIAPHHDPH DPAacloOJOXEHbl Ha KOHIIAX 2KECTKOro
CTepXHS I ¥ COCTOSIT M3 OJHOH WJIH HECKOJbKHX JIMH3. JIHH3a
o6pa3oBaHa JABYMS KOJBLEBHIMH IJIaCTHHAMH, COEXHHEHHHIMH
Mo MEepHMETPY 2KECTKMM KoJblOM. Pajuyc rantesau npu nepe-
Xoj/le KOMBLEBLIX IVIACTHH B HapyXXHOe KOJBLO H BHYTpPEHHHH
cTepKeHb MPHHUMAIOT PAaBHEIM TOJIIMHE MJACTHHHL. [IpocTpan-
CTBO MeX]y NJIaCTHHAMH 3amlOoJHSIOT KHAKOCTHIO, HampHMep
MacJioM ¢ HH3KOH TeMmepaTypodl 3acThiBaHMS. BuGpousoss-
TOp obecrneynBaeT HH3KYIO 4acCTOTY COGCTBEHHBIX KoJeGaHHH
YCTaHOBKH B FOPH30HTAJILHOM HanpaBJieHHH NPH OJAHOBPEMEeH-
HOH MaJioft jepopManvu B BepTHKaJbHOM HalpaBJieHHH. ¥Be-
JIMYeHue KOJIMYeCTBa JIMH3 THAPOINAPHHpA pH TOl Ke Hecymel
CIIOCOGHOCTH, YTO H JJIS OHOMH JIHH3HI, IPHBOJHT K YMEHbLIEHHIO
TOPH30HTAJNBLHOH KECTKOCTH BHOPOM30JsTOpaA.

KoaddunyeHT Heynpyroro COnpoTHBIIEHHS BHGPOH3OJIATO-
pa C THAPOLIAPHHPAMH MPHHUMAIOT TAKHM Ke, KaK Jyisl CTajb-
HuIX npyxuH (y = 0,01).

5.45. Hecymyio cnocoGHOCTh BHGPOH30ASTOPa C IMAPOLIap-
HHpaMH B kI'/cu® OTIPEAENSIOT O BeTMYHHE MAKCHMAJILHEIX Ha-
NpsXeHUH B KOJBbLEBOH IJIacTHHE

2
o= % 74P, Metle ( 1—%) <lol, (5.48)
rie P, — Harpyska Ha OfMH BHGDPOH30JSATOD;

r — BHYTpPEHHMH pajuyC KOJIbLEBOH MJIaCTHHEI;

R — napyxHbiii pajuyc KOJIbLeBO# MJIACTHHE;

{ — ToMUIMHA KOJIbLEBOH NJIaCTHHHI;

M, = —0,0364 [79,57 (In 0,1R—0,5) - 0 ,5¢, — 187,2];

! Asropckoe cemperennctso Ne 244023 B. T. ITomoasckoro.
HU. M. Baakapes;, C. M. I'puropbsnua.
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Mg== —179,57[1,3In (0,55R) 4 0,35]— 0,65¢, -+ 15,54;
¢, = 159,15 (0,5—In R) - 36,05,

3naueHH# r, R, { BbIpaXKeHH B CA.

e

[~

4 A A
) %

"\\\\; AN a——

______________ 3
277777

Puc. 59. Cxema onoproro su6Gpousoasropa ¢

THApPOLIAPHHPAMHU:
2 — KeCTKOe KOJIBbLIO;

1 — KecTKHt CTepXKeHb;

3,

4 — KOJIb(EBble NJACTHHBI; 5 — OonoOpa MAIIHHBI; 6§ ~
onopa BHGPOH3OAATOPaA

5.46. ['opH3OHTANBHYIO XKECTKOCTh BHOPOH30JIATOpA C THA-
poumapHupaMu B kI'/cu onpenensior no dopmyse

Ke=K, = (’;—73~ ). (5.49)

rae

Q — crartuyeckas Harpyska Ha BHGPOUSOJATOP;
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[ — paccrosiHEe MexJy LeHTpaMH BepXHEro H HHIKHEro
TH/IPOLIAPHHUPOB;
n — YMCJO JIHH3 Ha OJHOM KOHIe CTepxHsA (IBe Ha

puc. 5.9);
K, — U3rHGHasi KeCTKOCTh OfHOH KOJIBIEBO# MIACTHHEL,

BbluHC/AsieMas 1o QopMyJe
Kua=mras MLATRS? (RS2 —r32) +

43,26 (RO — r6.4) —T79,87RLO (R4S —rh3 )] 20
pa
(5.50)
Et? — LHWJIHHADHUECKAsA 2KECTKOCTb INJIACTHHBI;

T W)
p = 0,3 —Kkoappuunent ITyaccona.
5.47. BepTukajipHyl0 XKeCTKOCTb BHOpoH3oJsTOopa B kKlYcm

HaxoAAT no ¢dopmyJe

K=

63150.103 #3 , (5451)
n(We+We) (1—r/R)*
rae
W,=0,0183R?[79,57 (In 0,1R—0,5) 4 0,5¢, — 187,2];
Ws=(0,1R)?*[39,73 (In0,1R— 1)+ 0,25¢, — 187,21n 0,1R +
~+¢5/(0,1R)*—0,0495];
¢;=R?(39,73 (1 —1nR)—0,25¢; +4,95] 4 1,87R? In R.
5.48. AMmiuTyAy rapMoHHYecKoro Hanpsixenus B kl'/cm?

B KOJIBUEROH IJIaCTHHE NPH aMIVIHTYAE FOPU3OHTANbHLIX KoJje-
GaHHH YCTaHOBKH @ B C# ONPEJENSIOT 10 GopMyJe

3Da

On =k nt’l[Rl.s____ (5%)1.6]2 x
<[ —om () e (55 o))

(5.52)

5.49., Ilns oGecrmeueHHs] YCTOHYHBOCTH BHOPOHU30JSATOpPA
JOMXKHO COBJMIONATLCS YCJIOBHE

Kus - 19, (5.53)

nlQ =
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Fnmasa 6. JEMII®EPDBI BA3KOI'O TPEHHA

6.1. emndepbl BS3KOro TpeHHs, a Takxe JAeMndepsl cy-
XOro TpeHHsl, IPeACTaBJsIomHue co60H €MKOCTH C BSI3KOH
XKHUJKOCTbIO, B KOTODHIX pas3MeleHbl 3JieMeHThHl TPeHH#A, BBO-
IAT B BHGPOM30JHPOBAHHYIO CHCTEMY B TeX CJydasx, Koria
BHYTPEHHEro TpeHHS B MaTepHaje BHOpOM30/ATOpA HEAOCTA-
TOYHO, YTOOLl 0GeCneyHThb
TpebyeMylo  aMIVIMTYZY
Kojie6aHUH  yCTAHOBKH,
(npu IepexXOAHBIX peXH-
Max, yAAapHBIX BO3JEHUCT-
BHIX ¥ Ap.). B aro#t
IVIaBeé paccMaTpUBaloTCs
TOJNBKO JeMmndepsl Bs3-
KOTO TpeHus. 8) ~

6.2. PacuerHoli Benn-
yuHOH Auis leMndepa Bs3-

KOro TpeHHs sBJseTCH —

OTHOCHUTENBHBIH Ko3dpdu- = | —1
HMeHT 3aTyxanus D, on- e S
pelenseMeli mo dopmysie

Puc. 6.1. CxeMbl pa3jiHYHHX KOHCTPYK-

S THBHBIX peIUEHHH 3JEMEHTOB TPEHHs B
D oy’ (k=x,y,2),(6.1) Iemngepax BS3KOrO TpEHHS
Tae % — TNOCTOSIHHBIH KO03(ppHIHEHT 3aTyXaHHsl, 3aBH-

CSIME OT KOHCTPYKUHH JieMndepa u CBOHCTB
sanonHsmed ero BA3KOH KUIKOCTH;

K .
®, = Vﬁk — YacToTa CBOGOJHBLIX KOeOaHHH CHCTEMBI.
Koadpdunuentst D u 9y cBsi3aHb 3aBUCHMOCTBIO

D=—"%_, (6.2)
Vity

Kospdunyent » ans paemndepa BA3KOTO TPEeHHS! OOBIYHO
IIOJYYaloT SKCMEepPUMEHTANIbHBIM MyTeM.

6.3. BapbupoBaTh 3HaueHHE % B JOCTATOYHO HIHPOKHX
npejiesax MOXKHO NyTeM KOHCTPYKTHBHBIX H3MeHEHHH 3JeMeH-
TOB TPEHHH, HanpyuMep, U3MeHeHHeM JIHaMeTpa OTBEPCTHS B Kpa-
He COeMHMTeNbHOH TpyO6Ku (puc. 6.1, @), uHCAR CKBO3HBIX
oTBepcTHi B Tesie nopH# (puc. 6.1, 6), KoauyecTBa CIVIOWIHBIX
HWIH IephOpHPOBAaHHBIX IIAaCTHH, HX pasMepoB, KONHYECTBA
H pasMepoB OTBepCTHi B IiacTHHax (pHc. 6.1, 6).
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DneMeHT TpPEeHHsI MOXKeT ObiTh BLINOJHEH B BHAe rpefeHKH
CO IITHIPbKAMH, OCHOBaHHe KOTOPOH YCTAaHOBJIEHO B KOpIyce
(puc. 6,2, caepa). BoamoxkeH TakKe sjieMEHT TPEHHS B BHJE
BXOASMMX OAMH B JAPYIOH CeTyaThiX UMJIHHAPOB, MeXIy
KOTOPBIMH HMeloTcs 3a3ophl (pHc. 6.2, crpasa).

KoadpuiipeHT % Bo MHOrOM 3aBHCHT OT TeMNepaTyphl Bsi3-
KOM JXHJAKOCTH, YMEHBIIAsICh C €e IOBLIHIEHHEM.

6.4. Bo MHOTMX KOHCTPYKUMSAX MJIACTHHYATHIX MJIH MOpLIHe-
BHIX JieMi(epoB BSI3KOrO TPEHHS 3aTyXaHHe BHI3BAHO BO3HHK-
HOBEHHEM B JKHJIKOCTH BHUXPEBHIX JBHKeHHH. B 3ToMm cayuae

r SRR ERSSIEIN
'\—/“ 5 S\
3 4

Puc. 6.2. CxeMB pasiMuHBIX KOHCTDYKTHBHHIX PELUCHHA 3JEMEHTOB
TpeHus

I — Kopnyc; 2 — KphIUKa; 3 — 3/ieMEHT TPeHHs B BUJE MITHIPLKOB; 4 —3Je-
MEHT TPeHHs B BHAE LHAHHAPOB

CHJla BSI3KOTO CONpPOTHBJEHHS He Oymer NpoNOpIHOHANBHA
nepBoii CTeneHH CKOPOCTH JBHXKEHHS TeJla U He MOXKeT ObiTh
onpefiesieHa pacdeToM C JOCTATOYHOH TOYHOCTHIO. [Ipomopuuo-
HalbHOE MepBOH CTeneHH CKOPOCTH 3aTyXaHHE MOXHO ocy-
HIECTBHTDb C MOMOIIBIO OJHOH UJIH HECKOJBKHX IJIACTHHOK, JIBH-
KYIHXCS napaijesbHO cBoeH nmoBepxHOCTH (puc. 6.3).

[InactuHbl, XeCTKO cKpeIlJIeHHBIe C TEJIOM, NepeMemaloTcs
B BA3KOH XHJKOCTH; Kax/asl NOJBUXKHAS IJIACTHHA HAXOJAUTCS
Ha OJIMHAKOBOM pacCTOsHUM AA OT coce[lHEH HENOXBHKHOM.

ITonHpli TOpMO3AMIMA MOMEHT CHJ, JEHCTBYIONIMX Ha obe
CTOPOHBI BCeX IJIaCTHH NPH BpallaTesNbHbIX IepeMelleHHsAX yc-
TAHOBKH, ompefensiorT no dopmyJe

Q= —2" (L +4)8, (6.3)

rie p — Ko3(ppHIHEeHT BA3KOCTH KHAKOCTH;
N — uncno nnactuy;
S — nJomans ofHOR CTOPOHHI MAACTHHEL;
L, — paccTosHHe OT OeHTpa TSKeCTH NOTPYXKEeHHOA B KUl
KOCTh YacTH IIACTHHH JI0 OCM BpalleHHd Tesa,



0 — yrioBast CKOPOCTh JIBHIKEHHS TeNa;
g — BeJIMYHHA, 3aBHCAWASA OT (OPMBI IJIACTHH.
Ilns npAMOYTONBHEIX MJIACTHH CO CTOPOHAMH @ H b

a2_|__b2
12

TTocne Bruncaenus D no dpopmyse (6.2), B KoTopo#l Tpe-
Gyemoe 3aTyxaHHe CHCTeMbr y >> 0,2, OnpelessioT pasMephl H

(6.4)

of 0 _ofF Y , .
[Bubpousonupoban- xl‘
7 Hold OfBexm
A A 7 ’J
Nz
Ny To,| | Ba3kas
- P “Twudkocme
e 1) T
'
JcroBarue

Puc. 6.4. Cxema memndepa Ba3-
KOTO TpeHus C JBYXKOMIOHEHT-
Puc. 63. JeMndep BA3KOro TpeHusI HOH MHIKOCTLIO

YHCJIO NJIACTHH, UX B3aHMHBIE PACCTOSIHHSA, DACCTOSIHHS OT
OCH BpamIEHHsI U KOIDHUIHEHTH | ¥3 BHIPAKEHH.

A (L2 + 9
B 1
Ah
D = % B Qr = k= X, Y), 6.5
Opp 2Jon @y Jor Ogp ( Y, (6.9)
rae J0k~MOMeHT HHEPLUHH T€JIa OTHOCHTCJbHO OCH

BpaLICHNUS;

Dgp = V[%—prromﬂe YacTOTHl COGCTBEHHBIX BpallaTeib-
°k  gpIx KoneGaHMH Tena;
Kor—yryioBasi XKeCTKOCTb CHCTEMBEI.

6.5. Hixe onucoiBaercs semndep BsS3KOro TpeHHA' ¢ Xuj-
KOCTBIO, COCTOSIILIEH M3 JABYX KOMIIOHEHTOB, OAHH H3 KOTOPBIX
HMeeT 6OJIBIIYIO BASKOCTb, HO MaJiblii yIeJbHHH Bec, Apyrod —
MaJylo BSI3KOCTb, HO 6ouibiloi yaenbHuIf Bec (pHc. 6.4).

! Asrtopckoe cmmmeTenncTBo Ne 247727 B, C. Maprtemkuaa ®
E. M. Muponosa
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Jlemndep cocTONT M3 NHJIMHAPHYECKOTO KOpryca (ctatopa),
BHYTPH KOTODOTO C HEKOTODbIM 3a30POM pa3MelieH NOpIIeHb
(Bu6paTop), BHIIONHEHHBIA B BHJE CTaKaHa, KOTOPbIH YCTAHOB-
JIeH COOCHO € KOpIycoM U ofpameH JHOM KO JHY Kopimyca.
Cratop ecTKO KpemaT K mNojjiepiKuBalomieli KOHCTPYKIHH,
a Bubpatop — K BHOpOM3ONHpYyeMoH ycTaHoBKe. Mexay G6o-
KOBbIMH CTEHKaMH CTaToOpa H BHGpaTopa HAaXOIUTCH Bsi3Kasi
XKHJIKOCTb; MOJIOCTb MEXJAYy JHHIIAMH KOpryca H MOpIIHS
3ario/IHeHa MKHJKOCTBIO C MaJIok BSIBKOCTBIO, KOTOpasi He pacT-
BOpsIeT pafouylo XKHIKOCTb, HalmpHMep, BOJOH.

Cuny Bsiskoro TpeHus P,,, BO3HHKAIOUYIO NPH JBUKEHHH
NOPLLHA B paboueii cpejie O CKOPOCTHIO U, HAXOASAT 1O GopMyie

Po,=h,v, (k=x,y,2), (6.6)

rie hy — HeoOXOAUMBIH KOI(B(PHIMEHT CONPOTHUBNEHHUS BSISKHX
JeMngepoB, onpejeiseMblii o dopmyJie

hy = 2mu =2, mD, (6.7)

Ilpu nBuxeHHH BHGpaTopa B BePTHKAJIBHOM HanpaBJleHHH

CO CKOPOCTBIO U, KO3(DHINEHT CONPOTHBJIEHHSI fi, ONPEAESFIOT
no ¢opmyae

hy=ply % (@). (6.8)

Ilpu ABrxeHnn BuGpaTopa B rOpH30HTAJILHOM HanpaBJieHH
€O CKOPOCTBIO U, KO3((hHIIHEHT COMPOTHBJEHHUS A, ONPENEISIOT

no ¢opmyse

12nuly3ry3
= W ro” (6.9)
(12r2 +1p?) 83
rie W — JAHHaMHYeCKHH KO3(bpHUIHEeHT BSI3BKOCTH

B KI -cex/cm?;
1, — paGouasi BpICOTa CJIOSI BSI3KOH XHIKOCTH B CM,
ro — Hapy:XHbIH pajuyc BuOpaTopa B CM;
R — BHYTpeHHHH pajiuyc cratopa B CAM;
8 = R—r, — GOKOBOIi 3a30p MeX]y CTaTOpOM H BHOPaTOpOM

B CM;
Y (o) — dyHKuUSA, onpefiensiemast no rpadguKy Ha pHc. 6.5;
a = Rlr,.

Briyncans no dopmyae (6.2) TpeGyemoe sHauenue D, om-
peneasior no dopmyaam (6.7)—(6.9) anauenne p femndupyro-
meil KMAKOCTH W IO HeMy MNOJAGHpPAOT BS3KYIO IKHIKOCTb;
npeAnosiaraloT, 4ro reoMeTpUYecKHe mapaMeTpbl, BXOJSIIHE
B ¢opmyan (6.8), (6.9), ussectHsl,
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BesuuyuHa AvHEaMHYECKOro JAaBjieHHs, BOSHUKAIOMWEro BHYT-
pH BA3KOH XKHJKOCTH NpH JBHKEHHH BHOpaTOpa, He JOJIXKHA
HpeBHLIaTh aTMocepHOro JarjeHus. B IPOTHBHOM ciydae
IIPH ABHXKEHUH BHOpaTOpa BBEpX MOX €ro AHumeM Gyner obpa-
30BBLIBATHCS BaKYYM.

45
40 S
3,5 \ \\
N
\. (y“@c)
N\ T~ |
25 \\ %% oS T~

20 \ | \\
\ ly?(‘z)

15 NY 7,
' N

g @(ex), 1g glec), LGV p(e) ¢ (), 1g 10p(x)
Sy
Q

< °C)
0 \\ \‘
7
> \_
05
11 1,2 1,3 14 o

Puc. 6.5. I'paduku Kk pacuery memndepa ¢ ABYXKOMIOHEHTHOH XHA-
KOCTBIO

Pasnoctb JaBfenuit MeXly BEPXHHM H HHXKHUM YpOBHAMH
BSISKOH JKHJIKOCTH OIpeeasioT 1o dopmyJie

Ap=2:B ) 05 kryen, (6.10)

Ty

rie ¢(e) — dyHKIMSA, 3HAYEHHS] KOTOPOH ONpEeAe/ioT No Ipa-
UKy, n306paxeHHOMy Ha pHc. 6.5.

Tpu 3ajaHHBIX BeJTHYHHAX W, U,, BEPTHKAJBHON CHJHI BSi3-

KOro TpeHust P, otHowernsa B = l,/ry u pasHoctn AaBieHuft
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[Ap] = 0,95 kI'/cm® sHauenne o onpefensiioT N0 rpaguKy, H30-
GpameHHOMY Ha puc. 6.5, B 3aBHCHMOCTH OT BhIpaiKeHHs

V@(a)w(a)=%ﬂ. (6.11)

B ciyyae paMTeibHBIX TapMOHHYECKHX BEPTHKAJIBHEIX KOJIe-
6anuii BUGpaTopa C aMIVIHTY/IOH CKODOCTH U, yCTAHOBHBILHHCS

el ] %@ [

P(t)
S Lt} Kz L
= =n,
Puc. 6.6. Cxema BkJO- Puc. 6.7. Cxema coenuHeHus ye-
ueHus HAemndepa Bs3- pe3 ynpyryio BCTaBKy HeMmde-
KOro TpeHHsi B MyCKoO- pa BA3KOro TPeHHS C KoseGiio-
OCTZHOBOYHBIX  PeXKH- uefica maccoft

Max

nepenaz TeMneparypsl AT BHYTPH BfA3KOH XHAKOCTH onpeje-
JSI0T no dopmyJe

_ bo?
AT = o (), (6.12)
rie A = 42,7 &I’ -cm/kaar — MexaHH4eCKHiH 3KBHBAJEHT Tell-

JIOTHL;
A — KOo3(pHIHEHT TEIIONPOBOAHOCTH BSSKOH JKHAKOCTH
B Kaslepad-cm-cex;
n(e) — dyuknua, onpefensieMas mo rpaduky, usoGpaxkeH-
HOMy Ha pHc. 6,5.
3Hauenne AT JOJIXKHO COOTBETCTBOBAaTb HHTEPBaNy paGouHX
TeMnepaTyp npuMeHsemoll Bsisko#l KuAxoctd. B kaugectse
paGoueli BSISKOH JKHMAKOCTH MOXKHO HCIOJB30BAaTh KpeMHHHOp-
raHuyecKHe XKHAKOCTH, B YACTHOCTH NOJIHMETHJICHIOKCAHOBHIE,
ITpoMeivieHHOCTh BHIMycKaeT xupkoctd I[IMC-10000, ITTMC-
15000, TIMC-20000, IIMC-50000, TIMC-100000, ITMC-1000000
(auca B 0603HAUEHHSIX MApPOK YKashiBalOT BASKOCTh KUAKOCTH
B caHTHnyasax). Kosd¢unueHT TEnJIONPOBOZHOCTH 3THX XKUA-
KocTell BO3pacTaeT C yBeJHYEHHMEM BS3KOCTH B Ipefenax oOT
2,3-107* no 3,8-10™ xaalepad-cm-cek. .
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6.6. C menbl0 yMeHblIEHHS HeGJIAaTONPUATHOTO BJHSHHUSA
JeMndepoB BSI3SKOro TpeHHS Ha KO3(pHLMEHT nmepefadyn H pac-
XOJl MOLIHOCTH B paGoueM pexkume (m. 2.32) npuberaior K pas-
JINYHBIM KOHCTPYKTHBHHIM MEDONpHATHSIM, He IPENsTCTBYIO-
MM, OAHAKO, HOpMaJNbHOH paGore AeMndepoB B nepexofHbIX
pexnMax. OHMM H3 TAKHX NPHEMOB SBJISIeTCS CO3JiaHHe cre-
LHaJbHEIX JIOPTOB H 3a30pPOB B y3Je
NpHKpeIVIeHHs JieMndepa K cucTeMe.
Benuunna miodToB ¥ 3a30poB JONMK-
Ha ObITh mojoOpaHa TaK, 4ToGhl B
paGoueM pexuMe JeMmndep BHIKIIO-
yancs u3 pabotwl (puc. 6.6). B ka-
YecTBe JPYroro MOXKHO HCHOJb30BATh
HOAKJIOUeHHe JeMndepoB BS3KOro
TpeHHss K KoseGmiomelcs Macce
yepe3 ympyrylo BcTaBky (puc. 6.7).

6.7. Ilo cxeme, moxasaHHO# Ha
puc. 6.6, paGoralor zemndephl Bsi3-
KOTO TPEHHSI €O CBOGOAHEIM XOZOMY,
cepufino  Beimyckaemple CyMCKHM
MalIHHOCTPOUTENIBHEIM 3aBOJIOM
uM. OpyHse ana cucreM BuGpoHz0-
Jsuny neHtpudyr (puc. 6.8). Jlerkue
IVTYHXepbl, CHaGXkKeHHBIe C ABYX CTO-
POH yIopaMH, IepeMewjaloTcss B Ka- Puc. 68. Jemndep Bss-
Hajax OCHOBHOro mopuiHd. B mopm- Kore Tii’:;"x:;omcmmoﬂ'
He mMeeTcH  JpoccenbHOe OTBep- oo FTTT e
CTHE, OTHOLICHHE IIOIAAH KOTODPO- pu; 3 — BTyAKa c Apocceb-
IO K IVIOIWAJAH TONEePEeYHOro CeueH¥u s AN OTBEpCTHEM
BCEX TyHXepoB paBno 0,01—0,02.

Takoe ycrpofictTBo mnosBojifeT JeMndupoBaTh KoseGaHMA,
AMIVIATY Bl Qyaye KOTODBIX IPEBOCXOXAT Qy,. JlBONHas BesH-
YHHA IOCJELHHMX ompejessieT CBOOGOAHBIH Xof JAeMndepa.

CroGonnbifi xo1 Aemndepa (b) BHIUMCISAIOT U3 COOTHOLIEHHUSI

MeXJy nepeMellaeMbIME OGbeMaMH KHIKOCTH

(F—ks) b= ks (I—b), (6.13)

rie F ¥ s — NJolaj¥ DONEPeYHHIX CeYeHHH OCHOBHOTO MOPI-
HSl M IUTyHXepa;
k — uxcno NAYHXKEpOB (MEpPenyCKHbIX MOpLIHeH);
! — XoJ mepenycKHOro IOpPLIHS OTHOCHTENBHO OCHOB-
HOTO.

1 Apropckce cBuferenbctBo Ne 177235 B. A. BoporkuHa
J1. 0. Onmreiina,
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KoapdunueHt, xapaxkTepHsyIOIWHHA yBesHUeHHE aMIJIHTYA
IIpH PE30HAHCHBIX KOJeOaHHAX:

1
w 2D (6.14)

a
V= MaKcC ~

ans jpemndepa co CBOGOAHBIM XOJOM BhIparkaeTcsi TaKUM 06-
pasoM:

Ve g

1
LI B I KL e g O
2D[2+ narcsm v¥ + v VI_T]
(6.15)
rae P =b/ay,.

6.8. IIns sddexTHBHOH pabOTLl YCTPOHACTBA MO CXeMe
puc. 6.7 Heo6XOANMO NPUHATD ClEAYIONIHe NapaMeTphl XKecTKo-
CTH M TpeHHs B CHCTEME C yIpyroi BCTAaBKOH:

Ky = 2may® y, = 2Kv,;
1= mog(1—7p) = K(1—7,); (6.16)
—o K o —
2n, =2 o Yo = 41y,
rae K — 3ecTKoCTb BHGPOM30JASTOPOB B Ciyuyae

KeCTKOrO IPHCOeMHEHHS JeMidepoB
MexJy KoseGaomelicss Maccod u ¢yHaa-

MEHTOM;

M — Macca MallMHBL;

Vo= % =mLmo — 3aTyXaHHe B CUCTEME C KEeCTKUM [PHCoe-
IMHeHHeM JeMndepa NPH pPe30HAHCHOH
yacrore,;

@2 = K/m.

AMniuTyIE! KoleGaHuil B CHibl, mepefiaBaeMoil Ha dyHaa-
MEHT, U aMIJJUTYJy PacXofia MOLIHOCTH, pACCEMBAEMOK B JeMIl-
(epe; sl yCTAaHOBUBILEroCs pexuMa KoseGaHuit CucTeMul ¢ yn-
pyroii BcTaBKoi onpejessior no GopMmyJaam.

Awmnuiutyna KomeGaHui

M 1+a?
az-'-?rodz]/(I_Yo_a2)2+a2(l+vo_a2)2. (6.17)
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AMriuTya cuabl, mepefiaBaeMoil Ha (yHAaMeHT

1— 2 1 2 4 2 2
P2:Mromozaz]/ {l_gizzgutgg)la;:,;:z . (6.18)

MomuocTts, paccenBaeMasi B jemndepe

_ M2 1% @3 b v, ) (6.19)
ml(1—yo— %)+ * (11— 02)%]

3xech o =2 ;
@

M — Macca 3KCUEHTPHYHO BpalAIoIerocs: Ipysa;

7o — SKCUEHTPHILUTET;

® — YIVIOBasl CKOpOCTb AeGasaHCHOTO 3JIEMEHTa.

3HaueHus1, omnpefensemole dopmyaamu (6.17)—(6.19), ua-
MHOTO MEHbILIE COOTBETCTBYIOUIHX BEJHYMH NPHU JKECTKOM IIpU-
KpemieHHH Jemndepa K KoiaeGmouieiics Maccel.

N,

1 CM. cHOcKy Ha ctp. 33.



IIPHJIOXEHHE 1

ONMPEAEJNEHHE YACTOT COBCTBEHHbBIX W AMIJIHTY]
BbIHY)KAEHHBIX KOJIEBAHHM BHBPOH30JIHPOBAHHOH
YCTAHOBKH NO YTOYHEHHBIM PACYETHbIM CXEMAM

1. B Tex cayuasx, xorja pacueTHHe 3HAYEHHS aMIJIHTY] BHHYX-
JeHHBIX KoJie6aHU# BHODOH30/JHPOBAaHHOH YCTAaHOBKH, HaljleHHbIE MO
npubJanKeHHEIM GopMyJaMm, GIUSKH K JIONYCKaeMEIM, a TaKxke HmpH OT-
CTYNJIeHHH PAaKTHYECKHX CXeM BHOPOH30MAIMU OT PacUeTHHX, YTOUYHSAIOT
pacyeTHHE 3HaYeHHS YacTOT COOCTBEHHBHIX M AMILIMTYJ BHIHYXKAECHHBIX
KoJie6aHH#t BUGPOH30JHPOBAHHON YCTaHOBKH B COOTBETCTBHH C pacyer-
HBIMH CXeMaMH H (OPMYJIaMH HACTOSIEro IPHJIOKEeHHS.

1. OnpeneneHne 4acTotT COGCTBEHHBIX KOJeOaHMMA
BHOPON30/JMPOBAHHOH YCTAHOBKH

2. BubGpousonnpoBaHHBA OOBLEKT, paccMaTpHBaeMbli Kak TBepRoe
Teslo, B o6IeM caydae (Korja HeHTpP XKeCcTKOCTH He HaXOJMTCS HH Ha of-
HOM M3 I'VIaBHBIX LIEHTPAJBHEIX OCeil MHepUUK ¥ HH Ha OJHOH M3 IJoc-
Kocrefl, 0Opa3OBaHHHX STHMH OCSIMH) NpeAcTaBiseT co6of cHCTeMY
C IECTBIO CTENEeHSIMH CBOGOAH, OMHCHIBAEMYIO LIECThIO 3aBHCHMBIMH MEXK-
Ay coGoft ypaBHeHusiMH. HacToThl cOGCTBeHHBIX KoJeGaHui TakoH BHO-
POH30/IMPOBAHHOM CHCTEMBL MOT'YT GHITH HANAEHE KaK KOPHH ypaBHeHus!

Qox Qoy Qo Pox Doy Poz
Kx—mo? 0 0 0 f —e
0 Ky—mo? 0 —a 0 b
0 0 K;,—mo? c —d 0 =0. (1
0 —a ¢ htl—Jg0? —U —u
f 0 —d —u pts—Joy0? —w
—e b 0 —u —w j+g—Jq 02
3necs
n n n
Ky= z Kxis Ky='2 Kys; K,= Z Kzi;

i=1 i=1 i=1

n n n n
a= D Kyizi b= D) Kyixos c= X Kuiyoi; d= D) Kui *os;
i=1 i=1 i=1 i=1
n n n 9 n 2
. . \ . g .
f= D) Kxizon; e= D) Kuitots p= 0 K, ;x5 s= N K, 25
i=1 i=1 i=1 i=1
@
1 B ypaBHenHH (1) A% COOTBETCTBYOIHX CTOJGLOB YCJIOBHO IO-
KasaHbl aMIJMTY Bl TOCTYNATENBHBIX Ggy, dgy, oz H BPAMATENBHEIX Py,

Qoy» Poz KOJeGaHHH, COBEpIIAEMBIX BHOPOH30MUPOBAHHOH YCTaHOBKOH.
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n n n
= 2. 2., 2. 2.
h—ié_Jlezzow j= 2 Ky %ois l=‘i211<z.--‘/0i» ‘l*‘iEIKxiyor

s

i

n n n
u= 2 Kyi 20i %013 U=l 21 KziYoi %13 w= 2 Kxi Yoi 201

i=1 i=]

rae m — Macca o6bekrTa;

Jox, Joy, Joz — TAIaBHBIE HEHTPANbHEIE MOMEHTE HHEPUHH LIS Mac-
CH YCTAaHOBKH OTHOCHTeNbHO oceit Xo, Yy, Zy (puc. 2,2);

Kxi, Kyi, Kgzi — XeCTKOCTH i-ro BUOpOH30/IATOpa B HANpaBJIeHHH
rMaBHBIX LEHTPanbHEIX ocelt X4, Yo, Zy;

Xoi» Yoi» Zoi — KOODAHHATHI HEHTPA TAXeECTH i-ro BuGpousoaATOpa
B CHCTeME€ KoopAHHaT Xy, Yy, Zy, HMelomlell Hadalo B LEHTPe TAXKECTH
o6bexTa; n — obliee 4UCI0 BHOPOH3OAITOPOB, OCH CHMMETPHH KOTODHIX
napaJjJesibHE 0CSIM KOOPJAMHAT.

Iloc/ie pacKpHITHSI ONpefieuTesis B paBeHcTse (1) mojyuaercs aiu-
re6panuecKoe ypaBHEHHE LIECTOH CTENEeHH OTHOCHTEJBHO ®©F

Ao 0123 4; 0104 A, w8+ Az 08+ Ay 02+ A; 02 - Ag=0, 3)

rae Ay, Ay, ..., Ag — mocTosiHHBIE KOI(QPHIHEHTEL.

KopHH ero ®y, @y, ..., g ONPEACIAIOT LIeCTh 3HAYEHHH KPYTOBBIX
4acToT COGCTBEHHBLIX KoJeGaHuil BUOpOH3OJMHpOBAHHOH cucremsl. [las
pewteHnsl ypaBHenus (1) perxomeHjayercsi NPHUMEHSThb 3JEKTDOHHEE BhI-
YHCJHUTEJNbHBE MALIKHEL

3. lia toro utoGul KojeGaHus BHODOU3OJHPOBAHHOR YCTaHOBKHU
no Kaxjo# U3 0606HEeHAbIX KOOPAKHAT ObIH He3aBHCHMH! JAPYT OT LpY-
ra, HeoGXORUMO, UTOOH! BHINOJHSJNUCH YCJAOBUS

a=b=c=d=e=f=u=v=w=0. )

Yupyrufi moABec ¢ pasneabHEIM BO36yXaeHueM KojeGaHuit ympo-
maeTr nMox6op mapaMerpoB, obecrnieduBaolinx 3¢GdeKTHBHYIO BHOPO3aIH-
Ty. YcioBHus (4) AalorT AeBSTb 3aBUCUMOCTel st 37 KOOpPAHMHAT Xgi,
Yoi» 2oi MPU i = 1,2, ..., n, rAe n"— unca0 BHOPOH30JAATOPOB, HA KO-
TODHIX 3aKpenJisfeTcs H3oJHpyeMas ycTaHOBKA. Jlas GoJbUIMHCTBA BHG-

POH30JISTOPOB CYHECTBYET CHMMETDUSI YOPYIHX CBOHCTB OTHOCHTEJNbHO
ocefi, mapannenbHblX ocd Zg, T. €. COGMIOfAETCH YCIAOBUE

Kxi=Kyi' (5)

Kpowme Toro, Ajg BH6POH30JSITOPOB OAHOTO H TOIO e THMa ¢ K0oCTa-
TOYHOM CTENEeHbI TOYHOCTH MOXHO IPHUHATDH

Ky = KyizﬁKzi’ (6)

rae P — NocToAHHBIA KOS(pHUIHEHT.

C yueroM coorHomennii (5)—(6) ocTaerca TOJIBKO WIECTb YCHOBHH
B paBeHCTBax (4), NpH KOTOpHX ofecnmeyHBaeTcsi pasielbHoe BO3GYXK-
JeHHe KoJe6aHui

n n n
D Kura=0 N Kuyu=0 N Kiiza=0;
i=1 i=1 =

(M
n n n
D Kzi %oi 0i=0; E Kzi Yoi 20:=0; D) Kyzi X0i 20:=0.

i=1 i=1 i=1
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[Mepsrie ABa ycaoBus (7) OGBHIYHO BEHIMOJNHSIOTCH, TAK KaK OHH Bhi-
paxaioT Tpe6OBaHMe, YTOOH B COCTOSHHM CTATHUECKOrO PAaBHOBECHA
H30J1MpyeMasl YCTAHOBKA He HMeJa MepPeKocoB, T. e. ocajka Bcex BHGpo-
H30/19TOPOB Obla opmHakoBoil. IlepBrle Tpu yciosust (7) MOXKHO pac-
cMaTpHBaTh KaK TpeGoBaHME COBIAJEHHS IEHTPA TAXKECTH YCTAHOBKH

C LEeHTPOM IKeCTKOCTH BHGPOH3OJAATOPOB.
Cxemy BHOGDOM30/SIMH, NIPH KOTOPOH BBLINOJNHAIOTCA BCe LIECTH YC-

n
gosuii (7), a Takxe ycaoBue K, = 3 K,;, B JajabHefimeM GyAeM Ha3bl-
i=1

BaTh panuoHadbHOR. IIpH pamHoHanbHOR cXeMe HacTOTHLIE YPaBHEHHSA
NOJy4aT NyTeM [PHPABHHBAHHMS HYJIO KaXIOro AHaroHaJbHOrO

A2,

= X Yo qur $> "

L
L |-

I,

4y

r—]
!

7 L

Puc. 1. Cxema BUGPOH30JSIME C CUMMETPHYHBIM pAaCIOJIOXKEHHEM
YIPYrux 3JeMeHToB OTHOCHTeJbHO MIocKocreir XoZg, XoYq, YoZo

sJieMeHTa onpejenutenss ypaBHeHHs (1). YacToTH co6cTBeHHHX KoJie-
6aHHHA BHODOH3OJHPOBAHHOH YCTAaHOBKH JJIfl 9TOTO CAYYasi BLIYHCIASIOT

no gopMynam

opmfa . ga_Ke . Ko
m m
®
h+1 p+s i+g
2 2 2
= 0, =—; =
m(px Jox had Joy (’)(pz J 0z

Bxojsmue CoOXa BEJIHYHHH ONPENeJSIOTCH 3aBHCHMOCTSIMH (2).

Ecnu #30MHPYeMY0 YCTAaHOBKY MOHTHPYIOT Ha OJMHAKOBHIX BHOpO-
¥S0JIATOPAX, TO COBMELeHHe IEHTPa TSAKECTH YCTAHOBKH C IEHTPOM 2KEeCT-
KOCTH BHGDOH3O0/JATOPOB MOXKET OHTb AOCTHTHYTO HX CHMMETPHYHBIM
pacnoJIoOXKeHHeM OTHOCHTeJbHO miaockoctell XoZy, YoZy, XoYo-

OjHa U3 BO3MOXHHX CXeM COBMeileHUs LeHTPa TsIKecTH BUOPOU30-
JHPOBAHHOIO 06BEKTA C UEHTPOM KECTKOCTH BHGDOH3OJAAUHK INpHBe-
JieHa Ha puc. 1.

4. Ecan BHOPOU30JIMPOBAaHHAS YCTaHOBKA CMOHTHPOBaHAa IO CXe-
Me, KOTOpPO#l COOTBETCTBYIT PaBEHCTBA

b=d=u=p=0, 9)
TO coGcTBEeHHBIE KOJe6aHHA CHCTEMH pacnajzanTca Ha JBe Tpynnel HE

CBSI3aHHBIX MeXAYy co6oft KoJjebGaHuii: Koje6aHHA B HJAOCKOCTH YoZ,
H KoJleGaHUs, XapaKTep@3yeMble IIOCTYNATeAbHBIM IepeMelieHieM ycra-

94



HOBKH BIOJB ocH X, H ee BpamenueM Bokpyr oceh Yy, Z,. Hacrorn co6-
CTBEHHBIX Kosie6aHuil BHGPOH30NHPOBAHHON YCTAaHOBKH B 5TOM cayuae
onpejensioT no Gopmyaam:

a) aas xoseGanuit B miockoctH Y,Z,

oy Aoz Pox
Ky— mw? 0 —a
0 K;—mo? ¢ =0; (10)
—a c h+1—Jpy 02
Zok Zy

b

Puc. 2. CxemMa BUGPOH30/NHPOBAHHOH YCTAHOBKH C CHMMETPHUHEHIM pae-
noJioxenneM BHOPOH30JATOPOB OTHOCHTENBHO WIOCKOCTH YaZg

6) s B3aHMOCBS3aHHHIX KoJeGaHuil, MOCTynareJbHHIX MO OCH
Xo 4 BpamareJbHEX BOKPYT ocel Yo u Z,

Qox Poy oz
Kx— mao? f —e
f p+s—Joy @2 —w =0. (11
—e —w i+ g—Jox 0?

Ecaun vsonupyeMass yCTAHOBKA CMOHTHPOBAHa HA OXHHAKOBHIX BHO-
pousoasTopax, TO ycaoBus (9) oTBeUaloT X CHMMETPHYHOMY pacmofo-
JKEHHIO OTHOCHTEJBHO NJAOCKOCTH YoZ, (puc. 2). HacTrorHOe ypaBHeHHe,
COOTBETCTBYIOILEE 3TOMY CJYUaio, mocjie pacKpHTHs onpefenautens (10)
npuobpetaer BHA:

2 2y 4 2, 2 2 2
we——(mj—k o] + m(px) o -l—((.oyu)z + 0 0+

2,2 2 2,22
+ 020k, — vy vy —V V) 0°—(0; 0] 0f —
2 2 _
— 0] v, V,— 0, V. V,) =0, (12)



rhe Oy, Oz, Opx — NapluajbHbie YaCTOTH BUOGPOHSOJHPOBAHHOR ycTa-
HOBKH, BHIUHC/AsieMble 110 opMyaam (8) Hacrosumero
TIPUJIOKEHHS;

Va, Vb, Vey Vd — K03hHIHEHTH CBs3H, ONpejeNsieMble COOTHOIIE-
HUSIMH BHAA

n n
Ky1 Z E14 Ky, 2 20i
v, — i=1 . v i=1 .
* m ' b Jox ’
n n
Ko D) Yoi K D) Yoi
o=t i=1
c m ’ d Jox ’

Ky1, Ky — XeCTKOCTH OJHOTO BHOPOH30JIATOPA B HANpaBJeHHH
ocelt Yo u Zy B xl/cm;
n — 4YHCJI0 BHGPOM3OJISATOPOB;
m — Mmacca ycraHoBKu B xI-cex?/cm;
Jox — TJIaBHBIA NEHTPANTbHBIH MOMEHT uHeguun YCTaHOBKH
OTHOCHTENbHO OCH Xo B KI-cm-cex®;
Yois 20¢ — KOOPJAMHATH IEHTpa TsAxKecTH i{-ro YHPYyroro aje-
MeHTa B cHcTeme KoopauHaT Xo, Yo, Zp B cm;
KO3DULUHEHTH Vg, Ve HMEIOT Pa3MepPHOCTb cm/cex?,
KO3GQHIUEHTH vg, vg — l/cm-cex®.
Tloce pacKpPHITHSA ONPENeNATeNs YacToTHoe ypaBHeHHe (11) mns
BHGPON30AHPOBAHHOR YCTaHOBKH, CMOHTHPOBAHHOH Ha n OAMHAKOBBIX
Bu6pousoisTopax, npuobperaer BHA:

6 (0t ol Lo?)ottlo? o L ool
0, —(0F + 0g,+ 05,) ©* +(; 0y, + 0z0g,+

2 2 2 2 2 9
+ 05,00, —V, v —V, v, —Y, v;) © —(coxmwcowz—;-
2 2 2 —
+2v,V, v, — 0V, V; —mwvevj—u)q,yvgvh)—o, (13)
TIe @, ©y,, Oy, —NapuHATLHbE YacTOTH BHOPOHSOASLHORHOX yc-

TAHOBKH, BhHcJsiemeie o dopmynam (8);
Vj, Ve, V§, Vg, Vh, Vs—KOIQDHIHEHTH CBs3H, ONpeAeisieMble 3aBHCHMOC-

TAMU:
n n n
Ker D) Yoi 2ot Kxi ) 201 Ky D) 201
vj=_i:l___; Vo= =t vy i=1 :
Joy m Joy
n n n
Ke1 D) Yoi K1 ) Yot Kx1 ) Yoi 20i
vg = i=1 . vp= i=1 s ve= i=1 .
m Joz Joz

Kx; — ®ecTKocTh oHOro BHGpOH30/AATOpa B HanpasJieHAH ocH X,
B Kefcm;
n — 4YHCJA0 BHOGPOH30JSTOPOB,
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Yoi» 20i — KOODJAMHATHI CpPefilHeH TOUKH I-TO YHPYIroro 3JeMeHTa
B CHCTeMe KOoOpAHHAT X, Yo, Zy B CM;
m — macca ycraHoBkH B kI .cex*/cm;
Joy» Joz — I'7aBHble UEHTPaJbHBiE MOMEHTH MHEPLUHHM Macch Yyc-
TAHOBKH OTHOCHTENLHO oceli Yo, Zy B kI -cm-cex?.
YacToTHHe ypaBHeHHs JJisi BHOGPOH3OJHPOBAHHOH YCTaHOBKH
C CHMMETDHYHBLIM DpacnoJioKeHHeM BHOPOH3OJSITOPOB OTHOCHTEIBHO
naocKoCTH XY uan XoZ, no dopMe awajioruuusl ypaBHeHHaMm (12) u
(13) ¥ MOryT 6bITE mOJYYeHH M3 YypasHeHHH (1) moZo6HO TOMY, Kak
9TO BHIOJHEHO JJIsi PACCMOTPEHHOIO Cayuas.

% Zo)

Jur

Puc. 3. Cxema BHOPOH30MHpOBAHHON YCTAHOBKM C CHMMETDHUYHHIM pac-
noJoxeHueM BUGPOM3OJATOPOB OTHOCHTENBHO MAocKocTel YoZo u XoZg

5. Ecsu BUGPOH30/AHPOBAHHAS YCTAHOBKA CMOHTHPOBAHA IO CXEMeE,
NPA KOTOPOH BHINOJIHSIOTCS PaBEHCTBA

b=d=u=v=c=e=w=0, (14)

TO ee COGCTBEHHBIE KoJe6aHNA H COOTBETCTBYIOUIHE MM YAaCTOTH MOXKHO
pasOuTh Ha CJeAYIOUHE YeThHpe He3aBUCHMbIe I'DYIINBL:

1) mocrynarenbHile KoJe6aHHs B HaNDABJAEHHH OCH Zg;

2) BpamaresbHbie KoJeGaHH BOKPYF OCH Zy;

3) nocrynarenbHO-BpamaresnbHHe KoJe6aHHs B IJIOCKOCTH X,oZy;

4) nocrynaresibHO-BpamareJbHEe KOJIe6aHHA B MJAOCKOCTH Y,Z.

Ecan Bce BHOPOU30/ATOPH ORUHAKOBLI, TO ycaoBHs (14) orBeuaiot
HX CHMMETPHYHOMY PAaCIOJIOXKEHHIO OTHOCHTeJbHO IIocKocTedl XoZ,
u Y¢Zy Torpa LeaTp TsaxecTH BHGPOH30IHDOBAHHON YCTAHOBKH U LEHTD
JKECTKOCTH BHOPOH30JATOPOB PAaClmonarailoTcs Ha OAHOH BepTUKAMH.
Onxsa U3 BO3MOXKHBIX CXeM BHODOH30JHMPOBAHHON YCTaHOBKH C CHMMeT-
PHUHBIM PacmoJioKeHHeM BUODON3OJASITOPOB OTHOCHTENBHO IJIOCKOCTEH
XoZo u YoZ, npuBefiena Ha pyc. 3. HacToTHEie ypaBHEHHS 3[eCb MOXKHO
obpasoBatb u3 ypaBHeHu#l (10) u (11), mosarasi B HEX K03(HUUHEHTH
¢, e, W, paBHBLIMH HYJ10. POPMYJH, ONpefeNsaomHe YacTOTH COGCTBEH-
HEX KojefaHufi BHOPOM3ONHPOBAHHON YCTAHOBKH AJA paccMaTpuBae-
MOrO cayuyas, mpuBefieHn B nm. 2.22 Pyxopozcrsa.
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6. Ecan  ans  BuOPON3OAMDPOBAHHON YCTAHOBKH BHINOJHAIOTCH
yCIOBHS

a=b=d= =u=v=w=0, (15)

TO ee coferBeHHble XojgefaHus pacnajgaloTcs Ha CAeAYOmHe YeTHpe
He3aBMCHMEIC I'PYNIE:

1) nocrynartesbHbie KoJieGaHHsi B HANPaBJAEHHH ocH Y;

2) ppamarteabHuie KoJeGaHHUA BOKPYT ocH Y,

3) nmocrynarteJbHO-BpamaTeJbHble KONeGaHHA B IJIOCKOCTH Y,Zy;
4) pocrymaTeJbHO-Bpa-
Zg maTenbHLe  KoJeGaHHs B
njockoctd  XoY,. Eciu Bece
BUOPOHU30/TOPH OJHHAKOBEI,
TO paBeHctBa (15) orBeyalT
HX CHMMETPUYHOMY pacmoJsio-
JKEHUI0 OTHOCHTENbHO IJIOC-

Kocreli' XYy 1 YoZy. B stoMm

/ .\ cayyae IEHTDP TSAKECTH ycra-
HOBKH M IEHTP 2KeCTKOCTH

Our] BUOPOH30JIITOPOB  paciona-

Xy, TrawoTcA Ha TOPH3OHTAaNbHON
ocu Y, OpHa U3 BO3MOXKHBIX
cxeM BHOPOH3OJHPOBAHHOR

: YCTaHOBKH C CHMMETPHYHBIM

777" 777 7 pacmoJIoXXeHHeM BUOPOU3O-

JSITOPOB OTHOCHTEJNbHO IIJIOC-
t kocTell XoYy u YoZ, npube-

JieHa Ha puc. 4.

B paccmarpuBaeMom cay-
4ae YacToThl COOGCTBEHHHIX
KoJe6aHHH  BHOPOU30JHPO-
BaHHOH YCTaHOBKH ompeje-
NAT GOPMYyJIaMH:

a) Aas mocTymarenbHbIX KoJeGaHuHE no ocH Y

A

Puc. 4. Cxema BuGpPOH30JHPOBAHHOH

YCTAHOBKH C CHMMETDHYHHIM pacnoJo-

KeHHeM BHOPOH3OISATOPOB OTHOCHTEIE-
Ho maockoctel XoYo u YoZy

K
ot =—"; (16)
N m
6) /s BpamaresqbHbIX KosieGaHHH OTHOCHTENBHO OCH Yy
K
2 oy
W = 17
Py J0y (7)
B) IJist TOCTyHaTejbHO-BpamiaTesibHHX KoJjeGannii B TJIOCKOCTH
XoYo
o’=ol (G x|/ 6=, ), (18)
rue
2 2
2Kx-Gl+b+d-b2 sz'
O, = *m— 3 ———'T—‘ v 0= 3

2 Koz e S R Joz
k3 = 3 z E]
2x ™ Kx 27 R m
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r) Las NOCTyNaTelbHO-BpamlaTesSbHHIX KojeGaHuil B  (JIOCKOCTH
0Zo

0= o (H +)/ HE =L, ), (19)
rjae
2 2 2

otz Mletd o, Le
yA m ] 2 ’ xz Ri 1)

K 52 o
2 Qx| s . Jox
sz=~1€’ d,%": Ri 5 Rx=l/ m

B dopmynax (16)—(19) npuHATH 0603HAYeHHS:
Ry u R, — pajguycel HHEpUHH YCTAHOBKH COOTBETCTBEHHO OTHOCHTEJIb-
HO ocell X Zy, NPOXOASIMHX YePe3 ee LEHTP TAXKECTH, B CM;
Lyy;, L,y — npuBefieHHBIE NJIEYH XKECTXKOCTH COOTBETCTBEHHO B MJOCKOC-
Tax XoYo 8 YoZ, B cu.
3HayeHus ocTaJbHHX OYKBeHHBIX O603HaueHHil, BXoJAumux B dop-
Mmydas (16)—(19), ykasaHbl B 1. 2 NMpPHJIOXEHHS.
7. Ecan pasi BEGPOU3OJHPOBAHHON YCTAHOBKH BHIIOJHAIOTCA yC-
JIOBU S

a=c=e=f=u=v=w=0, (20)

TO ee COGCTBEHHHE KoJe6aHHa pacnajaloTCs Ha Clelyiomue yeThipe He-
3aBHCHMEIE TPYINBL:

1) mocrymartesbHble KojieGaHUs B HANpaBJeHHH ocH X}

2) spamaresnbHule Koje6aHHA BOKPYr ocH X;

3) mocrynarteiibHO-BpamiaTe/bHble KoJeGaHHA B IJOCKOCTH X,Y;

4) nocrynaTesJbHO-BpaiaTe/bHble KoJeGaHHA B NJOCKOCTH XoZ,.

Ecsin Bce BUGPOHM30MSITOPH OAHHAKOBHL, TO yeaoBKs (20) coorercr-
BYIOT HX CHMMETPHYHOMY DacCIOJOMEeHHIO OTHOCHTENBHO IJIOCKOCTEl
XoYo u XoZy,. Torna uestp THKeCTH YCTAHOBKH H LEHTP XKECTKOCTH BHG-
ponsosaTopoB 6YAYT pacmosaraTbest Ha ocH X,

YacroTs! coficTBEHHBIX KoJsieGanuit BUOPON30JUPOBAHAOH YCTAaHOBKH
BRIYHCASAIOT o dopMyJaam:

a) Ans TMOCTYLATeJNbHHX KoseGaHufi mo ocH X,

ol = X2, (21)
m

6) Aas BpallaTeJbHEIX KoJeGaHHH OTHOCHTENbHO OcH X,

K
2 Px
Wy, = ; (22)
X L
@ Jox
B) A5 TOCTYHaTeNbHO-BPAMATENbHEIX KoJeOaHu# B IJIOCKOCTH
OYIJ

CACE) At (23)
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rae

2 2
l+b - d? wz_Ky bg_Lzy
2 v y_“m ’ F47] R21

1‘) AJsi  NMOCTylaTeJbHO-BpaluiaTe/bHRX KoJe6aHHfi B MJOCKOCTH

0 Zo
2 = @2 (NiVNz—bZ ) (24)
rae
0r= Ke ; N=M; fr—‘—f:—;
m 2 Ry
b2 — Lzz - 12 :ET_-”_'_ R :]/ﬁli.
yz R; ’ yz K, ' v m

B ¢opmynax (21)—(24) npussaTh o603HAaTeHHS:
Ry, R, — pajnychl HHEPIMH YCTAHOBKH COOTBETCTBEHHO OTHOCHTEJb-
HO ocell Yy H Z,, TPOXOASIHX yepe3 ee IeHTP THXKECTH,
B CM;
Lyy, Ly — TpuBeAeHHBIE IJIEYH KECTKOCTH COOTBETCTBEHHO B TJIOCKOC-
Tax XoYo u X ¢Zy B ci;
§ — pAacCTOSTHHE MeXJY HEeHTPOM TSAKEeCTH YCTAHOBKH M LEHT-
POM KECTKOCTH BHOPOH3OJSITOPOB B CM.
3HaueHHsI OCTAaNbHBIX GYKBEHHbIX 0003HaueHHH, BXOASmMUX B dop-
MYJasl (21)—(24), yxasaHbl B . 2 9TOTO MPHUJIOKEHHS.
8. Ecau HanmpaBieHus ocefl HeMOABHXKHOH NpPSAMOYTOJNBHOH CHCTe-
MBI KOOpJAMHAT X', Yo, Z'y ¢ HayasIoOM B LEHTPE TAXKECTH BHGPOH30JIH-
POBAHHOH YCTAHOBKH He COBNANAIOT C HaNpaBJIeHHAMH €€ [VIaBHEX LeHT-
paabubix ocedl mHepuuu Xy, Yy, Zy, a och Z’g BepTHKaNbHA M mapad-
JeabHa OCAM BHUGPOU30JATOPOB, TO YaCTOTH COGCTBEHHBIX KoJseGaHuil
YCTAHOBKH ONpeReNsiioT ypaBHeHuem!

’ , , , ’ ’

Yox oy 9oz Fox Poy %0z
Ki'—mw? 0 0 0 i —e'
0 Ky —mw? 0 —a’ 0 b’
0 0 K,)—mo? <’ —d' 0
0 —a’ ¢ Wil—Jge? —v'+J 0 —u'+J e?=0-
f 0 —d —v’—}-J;{y ®? p’+s'_J(',y(:)2 —w'4 J;zm2
—e b’ 0 —u'+J, 0 —w’—l—Jy'zmQ i4q —JT g0 (25)

1 B ypaBHeHHu (25) AJIf COOTBETCTBYIOLIKX CTO.)IGU.OB YCJIOBHO ItO-
Ka3aHel AMIJIUTY/bi NOCTYNATENbHHX KoneGaHult 0oy, a'gy, @'z B HA-
TpaBJIeHHH KOOPAMKATHEIX oceH X0, Y4, Z'¢ u aMILIUTYABI BpaWIaTeNb-

HBIX KoJeGaHul (p(,x, cpoy, (po2 BHOPOH30/MHPOBAHHON YCTAHOBKH OTHO-
CHTEJNbHO TE€X ke oceil.
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3fech

n n
F e R
ZJKXL’ Ky_ Zlei' Ky = ZKZL"
i=1 i=1 i=1
n n n
N e SN e - S
a'= N Ky 203 b= D} Ky xg;5 o= XK, 45
i=1 i=1 i=1
n n n
. ;s et , —
d ",2! Kyi%ois = 2Kz e = Zlei Yoi s
i=1 i= i=

(26)
p”‘ZIKzt 01; 21 thOz’ ZIKylZOL;

i=1 i=1

n
. QO ’ 2 — .
]_EIKyleL’ l_sziin’ q ZKXI Ot’
i=1 i=1 i=1
n
' A\
2 Kyt sz’ v = KZLyOLXOL’ w' = lexi ym ZO;’

i=1 i=1

rae JOX, Joy, JOZ — MOMEHTH HHEPLHUU MACCHl YCTAHOBKH OTHOCHTEJNb-

HO UEeHTpaJbHHX ocen X0, Yo, Z’y (¢ BepTHKANBHBIM HAlPABJICHHEM OCH
Z'g) B «xl-cm-cex?;

ny, . Jyz ~— HeHTpoOexHble MOMEHThl HHEPHHH AJS MacChl
yCTaHOBKH OTHOCHTenbHO ocelt X'y, Y'g, Z7g B K -cm-cex?;

Km., Kyi, Kzi — JKECTKOCTH i(-ro BHGPOH30J5ATOpA 1O HampasJe-
HEAM COOTBETCTBYIOIUX Ocell KoopAuHaT B x[/cm;

. ) , .

Xgi» Yoy 27 — KOODAMHATEI UEHTPa TAXKECTH {-FO yNpyroro aje-
MeHTa B cucreme koopauuat X'y, Yy, Z'y B cm;

m, n — cM. 1. 2.13 PykoBoacrsa.

YacroTHble YpaBHeHHs AJSI PasJHYHLIX 4YacTHHIX CJyyaeB, BCTpe-
YAWHUIHXCA Ha TIPAaKTHKe, MOXKHO 06pasoBHIBATh aHAJOTHIHO TOMY, KaK
9TO BBIIOJNHEHO B NI. 3—7 HAaCTOSIIErO MIPHUJIOKEHHUS.

9. OTHolLueHKe YACTOTH BO3MYIIAMOLIEH CUJIBI X MOMEHTA K 1060
u3 onpeiensemblx no gopmyaam (1)—(25) yacTor cobcrBeHHHX KojeGa-
Hult BUGPOM30JHPOBAHHON YCTAHOBKM ROJIXKHO ObiTh He meHee 2,5. [Ipu
3TOM JOJIXKHBI BBIIIOJHATHCS TpeGoBanug nm. 2.11 OTHOCHTENBLHO BeJUYH-
HBl Q.

Ecnu xakasa-HuGyAp U3 9aCTOT COGCTBEHHHIX KoaeGaHHHA He YAOB-
JIETBOPSIET YKa3aHHOMY TpeGOBaHHIO, TO ee YMeHbIaoT (cM. i1. 2.23 «a»,
«6», «I»).

2. OnpepnenieHHe aMNAHKTYA BbIHYXKJAEHHBIX KOJeGaHHi
BUOPOU3ONHPOBAHHON YCTAHOBKH

10. Ecay ueHTp Ts2KeCTH H30JUPYEMOH YCTaHOBKH M LEHTD XecT-
KOCTH BHOPOH30JISITODOB COBHAAAIOT, TO NPH JAEHCTBHH Ha YCTaHOBKY
BO3MYIalomel CHAL B HANPaBJCHHH JIOGOH H3 ocell KOOpAMHAT HIH
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MOMEHTa OTHOCHTENHHO HEKOTOPOH OCH aMIIMTYAH KoJeGaHHl MOryr
GBITh HalleHsl 0 cooTBeTcTBYIOmMuUM dopmynam (2.28)*. Ilph aToM BHE-
POHU30JUPOBAHHLIA 00BeKT 6yieT KosebaTbCsl TOJBLKO B HalpaBJ/eHUU
BO3MYILAIOEr0 BO3JEHCTBHS.

11. B cayuae, xorja neHTp TsKecTH BHOPOH30JMPOBAHHOH yCTa-
HOBKH M IIEHTD 3KE€CTKOCTH BHGPOH30JIATOPOB JiexXaT Ha OXHOH BepTH-
KaJH, a AeldcTBYOUIHe BO3MYIAIOUIHEe CHJK ¥ MOMEHTHI IOCJe NpHBefe-
HHS MX K IeHTPY TSXKeCTH YCTAHOBKH [aiOT HIeCTh COCTABJSAIOIIHX C aM-
nautynaMu Py, Py, Py, Mog, Moy, Moz, TO aMIJIHTYABI MOCTYTIATE/ b
HBIX dox, Goy, doz M BPAATEJBHBIX Pox, Poy, Poz KOJNEOAHHA YCTAHOBKH
ONpEeNeNsIOT 1o hopMyaam:

a) a4 TOCTYNareJbHO-BPAIaTeJbHHX KoJeGaHuil B MJIOCKOCTH

oZo

fMoy— Py (p+s—J gy 02)

Qox == Ax(py ,
(27)
_ [Px— Moy (Kx— m,®)
Pov= A-’“Py ’
rie
Aoy = Moy (0° —017) (0 —my?);

6) AN TOCTyNaTeNbHO-BPAIIATENLHEIX KoJie6aHHA B IJIOCKOCTH
Yo 2,

aMox— Py (h+1—Jox 0%

a0y= »
A!/‘Px
(28)
aPy— My (Ky —mw,?)
Qox = A ’
yox
rie
Ay =Mdox (09? —03%) (@9* —0,%);
B) MocTynaTesJbHble KoOJeGaHHsT BAOMb OCH Zg;
o (29)
Q="
0z mﬂ)oz—Kz ’
r) BpamaTteJabHble KojeGaHHs OTHOCHTENbHO OCH Zg
Mo,
(30)

%z=-’0z 0o? —(j+9) )

* QopMyan (2.28) sanucaHbl Ijis cayyasi, KOTAa LEHTP TAXKECTH
YCTAHOBKM H LIEHTD KeCTKOCTH BUGPOHM30JATOPOB JexKaT Ha OfHOH Bep-
THKaJ¥, [03TOMY HEKOTOpPHIE W3 YKasaHHBIX QOPMYJ NMpHGITHKEHHEIE.
HPHMCHHTEJIbHO K YCJAOBHAM II. 10 HacTOSALLEro NPHJOXKEHU BHIUHUC-
Jenus no dopmynaam (2.28) 6yAyT ZaBaTh TOUHLIC 3HAYEHHS.
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B dopmynax (27)—(30) npuHATH clefywune 0603HAUEHHA:
@1, Wy, W3, ®y — KPYTOBBIE YACTOTH cOOGCTBEHHBIX KoJiebaHHil BHGPOH30-
JUPOBAHHOH YCTAHOBKH, BHHC/AAeMBbe IO GopMyaIam
(2.25) u (2.26);
©g — KPYI'oBas 4YacToTa BO3MYLIaoHlero Bo3feficTsus (oc-
TaJbHele 0603HAUEHHs YKaszaHbl B I. 2 3TOTO NPHUJIO-
JKEeHH).

12. Tlpm pacnojioxXeHHH IIEHTPa TAMKECTH H30JHDPYEMOH YCTAHOBKH
¥ LEHTPa KeCTKOCTH BHGPOH30AATOPOB Ha OCH Yy U HAJHUUHU BCeX LIECTH
COCTaBJIAIOMEX TJaBHOTO BEKTOpA BOSMYMAMHX cull (Px, Py, Pj)
H TJIaBHOTO BEKTOPAa BO3MYINAIOWNX MOMeHTOB (Mox, Moy, Myz) am-
MJAHTYABl MOCTYNATENbHHX oy, Qoy, Qpz H BPAIMATENLHBIX Qgx, Poy, Poz
Ko/jieGaHuH YCTAHOBKH ONpENEJSIOT o (opMmynam:

a) nocrynarejibHO-BpamaTesibHLle KoJeGaHus B MJOCKocTH XY,

_ — Py (i q—Joz ©%)—eMy,
Aox = qujz )

@31)

—ePx— My, (Kx— mag®)
Poz= A ]
pA (14

rie
B oz ="mJoz (0 —01?) (@4 —5?);

6) mocrynare/bHO-BpallaTeJbHbIe KoJe6aruA B JIOCKOCTH YZ,
— Py (A+ 1 —Jox09?) + cMox

ao = M
z Az(px ’
(32)
cPy— My (Ky— maqg?)
(P0x= A >
zox
rie
Ay px = Ml ox(03—03) (03 —0);
B) MocTynaTeJbHble KoJeGaHHS BAOJAb OCH Y,
Py
Qy=—"—"""""7"7"3; 33
Y mmoa _ Ky ’ ( )
r) BpaareJbHHe KoJeGaHHS OTHOCHTENIBHO OcH Y,
My
' (39)

P o —(p+s)

B dopmyaax (31)—(34) npussTH caepyiomue o603HAYEHHS:
01, 0z, W3, Oy — KPYroBble YaCTOTH COGCTBEHHHIX KoJie6aHHH BHOpO-
H30/IHPOBAHHOH YCTAaHOBKH, BHIYHCJSIEMEIE IO (OPMY-
sgam (18)—(19);
@) — KPYroBas 4acTOTa BO3MYILAIOMIEro BOSAeHACTBHSI.
OcralpHbie 6yKBeHHLHe 0f03HaYe HYs YKa3aHH BhHIIE,
13. B cayuae, KOria IEHTP THXecTH BUGPOU3ONMPOBAHHON YcTa-
HOBKH M LEHTDP XKeCTKOCTH BUOPOM30JMTOPOB Jiekar Ha ocd X, a AeficT-
BYIOHIME CHJIBl H MOMEHTEI 110C/e IPUBeJleHNs HX K LEeHTPY TAXeCTH yeTa
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HOBKH JAdI0T IUIECTb COCTABNAIOIIMX C aMIIuTyAaMu Py, Py, P, My,
Moy, Moz, AMTUIHTY LI TIOCTYNIATENBHEIX Gox, Goy, Gpz ¥ BPAULATEIbHLIX
Poxs Poy» Por KOJNEGAHUH YCTAHOBKH ONPEACHAIT NO (OPMYJIaMm:

a) mocTymarelbHO-BpamlaTe/bHble Kojde6aHuss B IIOCKOCTH XY

bMoz—Py (i+q—Joz 00 .

Qoy == ’
v Ayfoz
(35)
bPy— Mo, (Ky—moo?)
(Poz = A ’
¥z
rAe
Aoz =mJ oz (00" —01%) (0o® —2%);
6) mocTynaTteabHO-BpamiaTeblbie KojeGanHs B IJOCKOCTH X, Zg
—dMoy—P, (p+5—Joy ©?) .
dpz == A 3
20y
(36)
—dP,— Mpy (K;—mwy?)
Poy = A ’
29y
rie
Azq}y = mJoy (0‘)02 —m32) ((002 _m“Z);
B) mocrynarteAsHue KoneGaHns BEOAL ocH X
Py
Qpp=—""7""—""7""7" 37
= Ka (37)
r) BpamaresbHele KONeGaHHS OTHOCHTENbHO OCH X
Pox = Mox/[Jox 9o* — (R +-1)]. (38)

B dopmyaax (35)—(38) o6osnaueHo:
®y, ©y U g, g — KPYTOBLIE YaCTOTH COGCTBEHHBIX KojieGaHuH BuGpo-
H3OJHPOBAHHOH YCTAHOBKM, BBIYHCJeMble COOTBET-
CTBeHHO 1o ¢Qopmyaam (23) u (24);
®p — KPYroBag yacToTa BOSMYyHialomero BosfeHcTBug.

Ocrasnbhble 0603HAYEHHs! YKasaHE! BHILIE.

14, Ecnu XeCTKOCTH H paclojioxeHue BHOPOH3OMATOPOB YHOBJET
BOPAIOT YCHOBHUSAM M. 4 HACTOAWEro NPHJOKEHUs, TO NPH JASHCTBHUH
B LEHTpEe THKECTH YCTAHOBKH LIECTH COCTABJSIOUMX BO3MYLIAIOWHX CHJ
¥ MOMEHTOB C aMILIHTyAaMH Py, Py, Pz, Mox, Moy, Mo, UCKOMEIE aM-
NAHTYAB KoJNeGaHHH BHOPOU3OJMPOBAHHOH YCTAHOBKH pacnajamTcs
Ha JiBe HesaBMCHMEIE rpynmsl: 1) dgy, Goz Qo (TOCTyHATEABHBIE KOJE-
Ganus BROAb ocelt YoZ, W BpamarenbHue KoaeGanus BOKPYT ocu  Xo);
2) agx, Poy, Poz (MOCTYNaTeNbHEE KoJeGamHs O OCH X¢ H BpalWaTelh-
HBle KoJieOaHus BOXpyr ocelt Yy, Zg).
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AMNAuTyAs KoJjeGanuit nepsofl Tpynnel onpegensior no hopmyaam

D D D
1 1 lox
aoys‘ﬁ?y ; a°‘=_D£1- i Px="p (39)
rae
2
K,—maog 0—a
Dje= 0 K,—mwy? c 5
—a ¢ bt —J o 042
— Py 0 —a
Dyy=}—P, Ky — mwy? ¢ H
——'Mox ’ c h—'—l'—-’ox 0)02
Ky-—'ﬂl(l)o.a -—-Py —a
D= 0 —P, ¢ »
—a ——Mox h + I—Jo,;ﬁ)oz
Ky—mw,? 0 —Py
Dypr= 0 K;—may?2 —P,; |.
—a ¢ — Moy
AMIANTYAE KOJMeGaHUH BTOPOH rpynnel onpefensor no dopmysaam:
D D D
2 2¢y 29z
Qox = —Bf y Poy= D, 1 Qox= D, ’ (40)
rie
Kx—mwg? f —e
Dy= f pHs—Joy ©o? —w H
—e  —w Hg—Tpo
—Py f —e
Doe=| —Moy p4-5—Joymo? —w H
—My, —w  j+g—Joz 0
Ky—moe®  —px —e
D 20y = f — Moy —w ’
—e —Mo; j+q—Joz00*
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Ky —mawy? f — Py
Dype= f PAs—Joy0e? —Mgy |.
—¢e —w — Mo,

B dopmyaax (39)—(40) obosnaueno:

@, — KPYroBas 4aCTOTa BO3MYIIAIOWEro BO3ACHCTBHSA.

OcranpHble 0603HaUeHHS NPHHATH T€ Xe€, YTO ¥ B COOTHOUICHHAX
(2) HacTOSWEro NPHUIOKEHHS.

15. Jns BuGpou30/iuPOBAHHOA YCTAHOBKH, Y KOTOPOM HEHTP JKecT-
KOCTH He JIeXHT HH Ha OJHOH H3 IVIaBEHIX HEHTPaNbHEIX Oocell HHEDIHH
H naockocrefl, 06pasOBAHHLIX 3THMH OCSMM, M IPH AEHCTBUM Ha yCTa-
HOBKY BO3MYIAIOMHX CHJ K MOMEHTOB C aMIJIHTYRaMH Py, Py, P,

ox» Moy, Moz aMmAHTYAn KoneGanu#i yCTaHOBKH ompezetsioT $op-

MyJaMu;

D D D.
Qox = —“Di' y Ooy= ; sy Qoz== Dz B
b (41
D D
Px . oy . 9z
Pox="p ' Pwy="Tp ' Pz="Tp '
rie D—onpefesnTesns CHCTEME,
Kx—mw,2 0 0 0 f —e
0 Ky—mme? O —a 0 b
0 0 K,—mw,? ¢ —d 0 .
D=| o _4 ¢ htl-lged —ov —u
f 0 —d —v  ps—Joy et —w
—e b 0 —u —~w  jtg— Jow,®

Dy, Dy, Dy, Dwx’ Dw, anz —— ONpEeJEJUTENN IIIeCTOTO MOPANKa, MO-
Jydalomuecss H3 onpexeauTens cHcrems D mnyTeM 3aMeHH CToa6uoB
COOTBETCTBEHHO NEPBOTO, BTOPOrO H T. K. CTONGLOM, COCTABJEHHHIM M3
aMITHTYJ BOSMYIIAIOMMX BO3ReHCTBHH, 06pas3yomwuX MaTpHLY

-‘-'Px
_Py
_Pz
— Moy

31ech Wy — KPyroBas 4acToTa BO3MYULAIOULETO BO3AEHCTBH .
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OcranbHble 0603HaueHHs B NPHBEACHHHIX (OPMYJNax NPHHATH Te
e, YTO ¥ B 3aBHCUMOCTAX (2) 3TOr0 NPHUJOKEHHS.

16. AMDAUTYABR TIOCTYnaTedbHEIX KoJjeGaHHH BHOPOU3OJHPOBAH-
HOH ycTaHOBKH Bioab ocefi X'y, Yy, Z'g U BpamaTebHEIX OTHOCHTEABHO
oceft X'y, Y'9, Z'y IpH YCAOBHAX 0. 8 HACTOAIIETO HPHJIOKEHHS ONpe-
JeJAI0T (popMyJsIaMH:

. Dy . Dy . DS
Ay = D’ ’ oy == D’ Qo= D'
(42)
- Poe o Do R
(pox_ D, ? (POy“" Dl > (p()z_- DI ?
rie D' —omnpefennTesb CHCTEMH;
K,—mo? 0 0 0 ' —e'
0 K;/——mo)% 0 —a’ 0 b’
| © 0 K,—mo? ¢ -4 0 .
0 —a' ¢ RH'-Ig08 —v'4T 02 —u'+T, 00
f’ 0 —d —v'-|-J;y mg p’+s'—J(',ymg —w’+J;z‘mg
—e b 0wt 0f —w,,0f [+q¢—Tg 08

’ ’ ’
Dy, Dy, D/, DW, D(py, Dq)z — OMpefeJWTeJNH LIECTOrO MOPsjKa,
noJgyuvalomuecss U3 onpelesnTeNsi CHCTeMbl D’ 3aMeHOf COOTBETCTBEHHO
CTOJI6LLOB NEPBOr0O, BTOPOTO ¥ T. A. CTOJGIOM, COCTaBJEHHHIM U3 aMIITH-

TYA BO3MYLLAIOUKX BO3JeHCTBHH, 06pasylOmMuX MaTPUly

—My, |
—M,,
_MOzz

B dopmysax (42) npUHATH Te XKe 0603HaYeHUS, YTO H B 3ABHCHUMOC
Tax (25)—(26) aToro npuJoKeHHs.

17. YTouHeHnble 3HAYEHHs aMIUIHTYJ BO3MYINAIOMUX CHJ, Hepe-
Japomuxcsd Ha NOALEPIKHUBAIOIYI KOHCTPYKIMIO, ONpefessioT Mo Hai-
JEHHBIM aMIJIUTYAaM INOCTYNaTeJbHBIX M BpalaTeNbHBIX KoJeGaHuit
YCTaHOBKH B COOTBETCTBHH ¢ mi. 2.29—2.33.
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NNPHJIO)KEHHE 2
TABJIULBI AJid ONPEREJIEHWUS ONTHMAJIbHbIX

OTHOCHTEJIbHBIX KO3 PHUHEHTOB 3ATYXAHHS

H KO39dHIIHEHTOB NEPEJAYH NMPH PACYHETE NMACCHBHOH

BUBPOW30JALHH HA CJTYYAHHBIE BO3JENACTBHA

Ta6aunna 1

OnTHMaibHbie OTHOCHTEJbHble KO3(hHIMenTs satyxauus Dopp , H
K03h(HUIHEHTH ePeRayH NO nepeMelleHHtIo i,

u
0.5 0,2
Ko OpH W, TpE
a _ a
B I=—g s - ° o
Dom'a % N Dom‘a E «
Q ° Q 7
I I I @
Q > Q >
1 0,70711 1,330 | 0,977 ( 1,739 | 0,610 [ 0,718 | 1,136
0,5 0,44721 0,889 ( 0,950 | 1,613 | 0,515 | 0,610 | 0,925
0,2 0,19612 0,490 | 0,850 | 1,230 | 0,407 | 0,439 | 0,622
0,1 0,099504 0,342 | 0,736 | 0,933 | 0,342 | 0,334 | 0,446
0,05 { 0,049938 0,254 | 0,627 | 0,708 | 0,284 | 0,256 | 0,317
0,02 | 0,019996 0,181 0,514 0,518 0,219 | 0,183 | 0,203
0,01 | 0,0099995 0,143 0,455 | 0,434 §| 0,177 | 0,145 | 0,147
i
IIpodoancernue maba. 1
u
0,1 0,05
Rq TPH W, npH
a _a
B f=— 8 o s o
Donra g N Donra g «
Q° (=) Q o
Q > Q P
1 0,70711 0,543 | 0,521 | 0,804 | 0,519 | 0,373 |0,569
0,5 0,44721 0,498 | 0,426 | 0,643 | 0,497 | 0,300 | 0,453
0,2 0,19612 0,434 | 0,294 | 0,428 || 0,459 | 0,203 |0,300
0,1 0,099504 | 0,384 | 0,218 0,305 0,423 0,148 [0,214
0,05 | 0,049938 | 0,331 | 0,163 | 0,216 | 0,379 | 0,109 |0,152
0,02 { 0,01999 | 0,264 | 0,113 0,137 | 0,313 | 0,0739|0 0959
0,01 | 0,0099995 | 0,217 | 0,0872| 0,0971] 0,263 | 0,0560|0,0678




[Tpodorycenue maba. J

0,02 0.01
u, npu W, TpH
a f O _—
ﬁ - Q ° N S N
Donra E « Donra E ™
o - & =
> >

1 0,70711 0,507 | 0,237 | 0,360 0,504 | 0,168 |0,254
0,5 0,44721 0,498 | 0,189 {0,286 0,499 | 0,134 (0,202
0,2 0,19612 0,481 (0,127 | 0,189 0,490 | 0,0890 0,134
0,1 0,099504 0,461 {0,09120,135 0,479 | 0,06380,0954
0,05 | 0,049938 0,432 10,0658 0,0956] 0,460 | 0,0457|0,0676
0,02 | 0,019996 0,378 {0,043510,0605] 0,420 | 0,0297|0,0428
0,01 | 0,0099995 | 0,329 |0,0323{0,0428}) 0,378 | 0,0217|0,0302
IIpuMmeuyanne. [Tpomexkyrounne sHaueHust Dopp o ONpefesaTh
auHefiHOR MHTepmoasuued no u u f.
Ta6nuuma 2
OnTuManpHble OTHOCHTEJbHbIE Koadduuuentsr 3aryxanua Dopr o
H KO3 HUHEHTH NepeiayHd no CKOPOCTH U,
123
0,5 0,2
U, npH 1, npu
[ a -0
B e ° =
Dom‘v s a DonTv ) N
g o Q °
I ! f f
Q £ Q N
1 0,70711 0,446 | 0,549 | 0,829} 0,261 | 0,185 0,223
0,5 [ 0,44721 0,387 | 0,574 1 0,800 | 0,221 | 0,166 ]0,186
0,2 | 0,19612 0,276 | 0,560 | 0,656 | 0,167 | O 131 {0,130
0,1 | 0,099504 | 0,207 | 0,513 0,637 || 0,134 | 0,108 |0,0975
0,05 | 0,049938 | 0,159 | 0,463 | 0,450 || 0,107 | 0,0889]0,0752
0,02 { 0.019996 | 0,114 | 0,412 | 0,384 | 0,0789 | 0,0711|0,0575
0,01 { 0,0099995 | 0,0899 | 0,385 | 0,358 || 0,0626 | 0,0618|0,0502
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HTpodornxcenue maba. 2

il
0,1 0,05
B, TPH K, npH
"g_ f=_gf I S
Donr » ] g Donrv g g
Q° ‘i QQ ?
d | = d | =
I 0,70711 0,202 (0,0740)0,0798| 0,160 |0,0292 |0,0283
0,5 0,44721 | 0,173 {0,0641(0,0645] 0,139 10,0250 |0,0227
0,2 0,19612 | 0,133 |0,0490}0,0437| 0,106 {0,0190 }0,0152
0,1 0,099504 | 0,106 }0,0394)0,0320] 0,0846 [0,0152 |0,0110
0,05 | 0,049938 { 0,0848 |0,0318|0,0238| 0,0674 |0,0121 |0,00797
0,02 | 0,019996 | 0,0627 {0,0243|0,0170) 0,0498 |0,00906 | 0,00541
0,01 | 0,0099995| 0,0498 |0,0202|0,0140| 0,03%6 |0,00735 | 0,00421
[Tpodoaxcenue maba. 2
u
0,02 0,01
M, mpH W, Opr
+ | - | a -
Donrw = : Donro = g{
Q [ Q ©
I K I !
Q Q >
1 0,707t1 {0,119 |0,00852}0,00718 || 0,0949 |0,00336 |0,00254
0,5 0,44721 {0,103 |0,00729{0,00572 || 0,0819|0,00288 [0,00202
0,2 0,19612 |0,0783(0,00552(0,00381 | 0,0623 (0,00218 |0,00134
0,1 0,099504 | 0,0626 |0,0044010,00273 | 0,0498 [0,00174 |0,000959
0,05 | 0,049938 | 0,0498 |0,00350|0,00195 || 0,0396 [0,00138 |0,000683
0,02 | 0,019996 | 0,0368 |0,00259{0,00127 | 0,0292(0,00102 {0,000439
0,01 [ 0,0099995) 0,0292 |0,00207/0,000945( 0,02320,000811|0,000319
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Ta6nanuwua 3

OnTumaabHbie oTHOCHTEJbHbE Koadduuuenthl 3aTyxanus Dopr ¢
H ycJaoBHble KO3thGHUHEHTH nepefiayy Mo YCKOPEHHIO W

u

0,5 0,2
W, npu R, npu
e | -
B e s | g ol
Donr ¢ § « Donr ¢ g N
Q (=1 Q o
I [ It I
Q £ Q £
1 0,70711 0,209 0,424 | 0,457 | 0,0872 | 0,0732|0,0586
0,5 0,44721 0,200 | 0,440 | 0,461 | 0,0759 | 0,0677 | 0,0540
0,2 0,19612 0,161 0,434 | 0,422 | 0,0581 | 0,0588]0,0479
0,1 0,099504 | 0,127 | 0,412 0,386 | 0,0464 | 0,0533|0,0450
0,05 | 0,049938 | 0,0991 | 0,389 | 0,361 | 0,0369 | 0,0494|0,0434
0,02 | 0,019996 0,0719 | 0,366 | 0,343 | 0,0272 | 0,0460|0,0423
0,01 | 0,0099995 | 0,0567 | 0,355 | 0,336 | 0,0216 | 0,0445|0,0420
IIpodoascenue maba. 3
u
0,1 0,05
W mpH We npu
[ [
B | 7w ° i, o | .
Dom'c 5 | Don'rc E N
9 T i ]
rg £ Q £
1 0,70711 0,0443 |0,01840,0126]0,0222 |0,00460{ 0,00285
0,5 | 0,44721 0,0381 |0,01670,0118/0,0191 |0,004150,00273
0,2 | 0,19612 0,0290 |0,0143|0,0109(0,0145 |0,00355{0,00261
0,1 0,099504 0,0232 (0,0129]0,0105/0,0116 |0,00321|0,00256
0,05 | 0,049938 0,0184 | 0,0120|0,01030,00921 | 0,00297| 0,00253
0,02 | 0,019996 0,0136 {0,0112(0,0102(0,00679 | 0,00277} 0,00252
0,01 | 0,0099995 | 0,0108 |0,0109|0,0101 || 0,00539 | 0,00268| 0,00251
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Hpodorxcenue maba. 3

0,02 0,01
@ _a 1. npH

8 f=—45 R c by o

onr ¢ D=Dy .. | y5=0,22 ¥5=0,22

1 0,70711 0,00891 0,000736 0,000424 0,000103
0,5 | 0,44721 0,00765 0,000664 0,000415 0,000102
0,2 | 0,19612 0,00581 0,000568 0,000407 0,000101
0,1 0,099504 0,00463 0,000513 0,000404 0,000100
0,05 | 0,049938 — — 0,000402 0,000100
0,02 | 0,019996 — — 0,000401 0,000100
0,01 | 0,0099995 — — 0,000400 0,000100

I[Tpumeuanne. IIpomexyrounsie sHaueHHA Dopy . ONpefenars
nuuefinofi mETepnossnued no u u f



ITPHJIO)KEHHE 3

NIPUMEP PACYETA BHUBPOU3O0JALHHU
noa BEHTHJAATOP

1. HcxomHble JaHHbie H cCXeMa BHOPOH3O0JMHPOBAHHOM
YCTaHOBKH

TTonuwiit Bec BenTuaATOpa Qp =180 xI'. Uucjao 060pOTOB rAaBHOTO
Baga N = 1450 o6/mur. BeHTnaAsATOp AUHAMHYEeCKH OTGAJAHCHPOBAH-
Hblii. TIpu paGoueM peXHME BEHTHJSTOPA BO3HHKAET lleHTPOGeXKHAs CH-
na, geficTBylomas B IJIOCKOCTH, NePNEeHAHKYJSAPHOA ocH BpameHus pa-
6ouero KoJseca. llenTpobexnas cusa, pasHasd P = 90 xI’, npuiaoxeHa
K LEHTPY TAXKeCTH pabouyero xojeca. PaccTosiHge OT T'OPH3OHTAJBLHOM
OMOPHOH MJIOCKOCTH BeHTHJAATOPA (puc. 5) A0 ero Baja cocTaBaser
65 cm.

LlenTp TsKeCTH BEHTHAATOPA cMemeHd Ha 100 mumu HHUXKe OCH IVIaBHO-
ro Baja, Ha 55 mm OT BepTHKANDHON NJIOCKOCTH, NpOXoAsmell yepes Ba
BEHTHJISITOPA, B CTOPOHY BHIXOLHOTO OTBEPCTHsI YJAHTKH H Ha 70 mm B cTO-
POHY 3JIEKTPOLBUraTesisi OT BePTRKAJbHOH IJIOCKOCTH, PACMOJOKEHHOM
MEeXIY 3JEKTPOABHIaTe/eM ¥ KOpoGoMm BeHTUAATOpa (pHC. 5).

Ilpn paGouem pexxHMe BEHTHJASITOpPA B MeCTe €I0 YCTAHOBKH BO3HH-
Kal0T BEPTHKaJbHHE KoJeGaHUsA HecymeHd KOHCTPYKHMH C aMIJIHTYAOH
2y = 0,187 mm, uTo HepomycTHMmoO. [lo3poJieHHasi aMIJIMTYyfa KoJeba-
Hufl Hecyme# KOHCTPYKIHH cocrasisgeT ay = 0,01 mm. Honmycrumas
aMIJINTYAa KoJeGaHuil (o JaHHBIM TEXHOJIOFOB) JUisl BaJla BEHTHAATOPA
ZomxHa 6uTh 0,22 mm. CropocTh YGHIBAHHS £ 9aCTOTH BOSMYHIEHHS
B PeXHMMe OCTAHOBKH BeHTHAsTOpa pasHa 0,75 ey/cex. MomuocTh 3J€KT-
poaBuraresss — 3 xem.

BeHTHJATOD NpPEANOJaraeTcsi YCTAHOBUTb Ha KEJIEe30GETOHHYIO
nauty pasmepom 100X 100X 15 cu. Bec nantn Qn = 330 xI'. Montax
YCTAHOBKH Ha IPYXHHHHX BHODOU30JsATOPax 6yAeT NPOHSBOAUTHCA CO-
rJIaCHO 5CKH3Y, NpeACTaBJeHHOMY Ha pHc. 6. I1pn TakoM pacnosoxeHuH
BHGPOU30/ATOPOB LEHTPHl TAXKECTel BEHTHJAATOPA H IJHUTH GYAYyT Ha-
XOJUTbCA B OAHOK BEPTHKaJBHOH NJOCKOCTH, MPOXOAMfIed meprneHAH-
KYJ/ISIpHO IVIaBHOMY BaJly BEHTHJATOPA, HO HA Pa3HBIX BEPTHKAMAX.

KoopauHaTh IeHTpa TAMXKeCTH Bcelf YCTAaHOBKH OTHOCHTEJNBHO KOOP-
AuHaTHHIX ocelt X, Yy, Z,, nMelomux Hauajao nocepeguHe OCHOBaHHUS
nants (puc. 5), cocraBasioT [no dopmyae (2.21)]

330-0—180.5,5
xn.T =T= '—2 cM,
330 - 7,54-180 - 70

Y. 1=0, 2zg o= =28,6 cm.

510

MomeHTH HHepUHH Bcell BHOPOH3ONHPOBAHHON CHCTEMH OTHOCHTEJNbHO
oceft Xy, Vo, Zy, NPOXOAAINHX T€Pe3 LEHTP TAXKECTH YCTAaHOBKH, COCTAB-
JSIOT:

Jox =808 kIl -cm-cex®;  Jo, =826 kI-cm-cex?;
Joz=634 KkI'-cm-cex3.

113



Z
~
Ly
0]
S
Q'E 3
o @
<S
©
/) - Xo
YTy
(=3
=
- o~
@ ol [[urn.
480 [} 520 Xy
20
Yg 1Y,

—

1000

70

X1.Xp

Yrs, 1,4.TN ’

500 ' 500
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2. IlonGop 3HayeHuii napamMeTpoB
BHOPOU3OJIALHU

Macca Bceli ycTaHoBKEM papHa:

o Qe+ Qu _ 1804 3%
g T 981

= 0,62 k['-cex?/cm.

KpyroBast 4acrora BO3MyueHHs Gyler

o2V _ 6281450
=T T g0 02 padicex.

AMnauTyabl BO3MYILAIOWEH CHJAB 10- HanmpasJenusm ocelt Xy, Yy, Zp
COCTABJISIOT:

Px=Pz=90 ICI’; Py=0.

AMDJMTYAH BO3MYINAIOIIHX MOMEHTOB OTHOCHTeNbHO ocelt Xy, Yo, Zg
PaBHH:
ng-—_-‘-th1=-‘90'51 ,4=4626 ICF‘CM,

Mox=MOz=0,

rne hy = 51,4 cm — pacCTosiHNE MeXJIY OChI0 TJIaBHOTO BaJjia BEHTHJIA-
1

TOpPa M LEHTPOM TAXKECTH YCTAHOBKH.
IMpu6GauxkeHHble 3HAYCHHST aMIJIMTYA NOCTYNaTe/NbHBEX KoJeGaHHH

LEHTPA TAXKECTH YCTAHOBKH ONpeAesioT mo dopmynam (2.4)

90

a0x=aoz=wzo,m7ﬁ M, aoy =0.

ITpubavxennsle 3HaYeHHS AMILIHTYJ Bpal{aTeJbHEIX KoJeGaHHH
VCTAHOBKH OTHOCHTEJNBHO oceli KoopAuHaT Xg, Yy, Zg ONpeleasoT no

tdopmynam (2.5)
4626

Pox = Poz =0 q)oy=W=0,00024 pad.

OpHEeHTHPOBOYHOE 3HAUECHHE aMIIUTYAB KOJeGaHUA Ba/a BEHTHAA-
Topa 1o ocH X, BRUKCAAIOT no popmyre (2.30)

ey = B -+ Poy 1 =0,0076+0,0002451,4=0,0199 cx.

AMnauryaa xoneGaHull a,; = 0,0199 cx okasanach meHbLIe JO-
NYCTHMOH aMIJIATYAb KoJeGaHui AJ1s1 BEHTHJSITOPA, COCTAaBJIAIONLEH
0,022 cx.
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Onpenenum Tpebyembiil Ko3pOUIHEHT 3¢ PeKTHBHOCTH BUGPOH3 0I5~
HUH 4 HYXKHYIO )KECTKOCTb NPYXKUH U3 YCJAOBHS, UTOOH aMNIHTYy4a KoJje-
fannfi Hecymel KOHCTDYKIHHM He NIpPEBHINAda AONYCTHMOH BEJNUHHLI
J1as1 3T0ro Heo6XOANMO YMEHBUINTh AMIVIUTYAY BEPTHKAJIBHLIX KojeGa-
HHH KOHCTPYKLUM B OTHOLIEHHH

2, 0,187

— =18,7.
ay 0,01

B sToM cayyae aMnauTyAa AMHAMHUECKOH CHJBI, Mepepamomelics Ha He-
CYIIYIO KOHCTPYKIHIO IPH paGoueM pexXHMe BEHTHJASATOPA, AOJNKHA OLITh
paBHOH:

18,7 18,7

Tpebyemuiii koadduuHeHT BUGPOH30SHUY GyLeT BhIpakeH paBEeHCTBOM
2.1)

I
po=The _ G0 — 1 —0,05%.
P, @ i1 187

Orciofa HaxoauM TpeGyeMoe 3HaueHHe KodddHLHEHTA

“’=l/_l +1=VI18,7F1 =4,4.
Wz

OtHomeHHe KPYroBOH 4acTOTH BO3SMYIEHUs K KPYTOBOH yacTtore co6CT-
BEHHBIX KoJe6aHUfl YCTAHOBKM MPHHHAMAEM DPAaBHBIM:

g
a,=—"=4,85.
z

Torpa xpyroeofi uacToToif cOGCTBEHHBIX BePTHKANbHBIX KojeGaHHH
YCTAHOBKH M, OYJAeT

152
mz—ﬂ'-’-———=3l,4 1/cex;
d, 4,8
O, 31,4
=——=—=0b ey.
o= =68~

JKecTKOCTL BHGPOH3OMALUH B HaNpaBJeHHH ocd Zy BHIYUCIAIOT 110
TpeTbed u3 ¢opmya (2.10)

K;=mo,2=0,52(31,4)2=512 kl'/cx.

Hns onpeneneHust MakcHMaJbHOH aMIJIUTYHZB KoJaeGaHU@ ycTa-
HOBKH @z makce NPY NPOXOXKJEGHHH Yepe3 Pe30HAHC B PeXXHMe OCTaHOBKH
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npelBapUTeNbHO HAXOJHM OTHOLIEHHE CKOPOCTH YGhIBAHUSA yHUCaa 06o-
POTOB € K KBaJpaTy 4acTOTbl COGCTBEHHbIX KosebaHuil f,
e 0,75

BT

PacueTHyi0 BeTHYHMHY K03QhULUUEHTA HEYNPYLOTO CONPOTHBASHHUS LS
CTaJBHEIX NPYXHH IPHHHMaOT paBHol yz = 0,01. B stom cayuzae no
rpaguky (cM. pHc. 2.4) Haxolum

=0,03.

az make 18
oz

MaxcumanpHofl BeNWYHHON aMIAMTYAB XoseGauuii BeHTUAATOpPA
IpH ero ocraHoBKe 6yjer

0 maxc = 18a, = 18.0,0076 = 0,137 cx.

HauGonsiiylo aMIVIUTYAY BePTHKaJbHOH CHJBI, Nepenaioileficss yepea
BHOGPOH3OJMSITOPE Ha HeCYMYI0 KOHCTPYKLIHIO MPH OCTaHOBKe BEHTH/dA-
TOpa, onpeeadioT no dopmyae (2.41)

P, =0, yaxc K, =0,137.512=70 «I.
IIpr paGoueM pexxMMe aMIIMTYJa BEPTHKAJIbHOH CHJH paBHA:

Pp,=ay, K,=0,0076-512=3,9 «I.

3. PacueT npyXHHHBIX BHOPOH30JATOPOB

3ajaguMcs YHCJAOM NPYXHH n = 6, HCXOAS H3 KOHCTPYKTHBHHIX
coobpaxeHu.

CraTHuecKy0 Harpysky, OpPHXOASMILYIOCS Ha OJHY NPYXHHY, oIl-
pezeasior no ¢opmyne (5.1)

P. =£ ='EEITO—=85 kI,

cT n

JKecTkocTEk oxHON npYxHuHH, HalifienHast no dopmy.ae (5.2), pasHa:

JuHamuueckyio Harpysky, nepejapaeMyio Ha OAHY NPYRUHY B pabouem
pexuMme H30MHpyeMOro oO0beKTa, YcTaHaBJuBaioT o ¢dopmyae (5.5)

Py =0,0076-85,5=0,65 &1,

Pacuernylo Harpy3ky Ha OQHY NPYXHUHY onpereiswT no dopmyne (5.4)
P'=85+4+1,5-0,66=86 «I.

Bri6upas Aag NpyxXuH YIVepOAUCTYIO cTadb Mapkd 70, umeeM AJjis

Hee MOAyJAb ynpyroctd npHu capure G== 800 000 xI/cu?, nonyckaemoe

HanpsiKeHHe B CpelHEM pexHMe paGoTsl [7)=3500 xI'/cu® (cM. Taba. 5.1).
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IMpumem nigekc IPYKHHBIC = 5,5, 4T0 COOTBETCTBYET KO3(hbHIIKEH-
ty k= 1,275 (cm. puc. 5.1). Torpa nuamerp npyTtka paseH [popmyaa

(6.3)1:
1,275 .86-5,5
d>1,6 l/—m—=0,665 CM.

[Mpunumas d = 0,8 cm, HAXOZHM CpelHHH RHMaMeTpP NPYXKHHHL o dop+
myae (5.6)

D=4,4 cm.
Yuncno pabounx BUTKOB NMPYKHHB BRUHCIAAIOT 10 Gopmyte (5.7)
= 800000 - 0,8 —5.6.
8.5,5%.85,5

IIpumem { = 6. Toraa uucio MepPTBHX BHTKOB iy = 1,b; mosHoe uucao
BHUTKOB onpegensior no dopmyde (5.8)

i1=i+ig=7,5n
Ocajka npy>XuHb OT AEHCTBHS Harpysku P’ cocrasiser

__8
= 85,5

Ilar npyxuus, BHYHCAsIeMEL 1m0 dpopmyae (5.10):

A 1 em.

1
h=0,8+4+---+0,3.0,8=1,2,

HaXONMTCH B yKasaHHHIX Npefiesax

D D
h= vy - '? .

BrICOTY NPy XHHHL, CXKaToff O CONPHKOCHOBEHHS BHTKOB MpeAe/bHOH
Harpysko#t Pppey, yeTaHaBauBaior 1o gopmyae (5.11)

H=(7,5—0,5)0,8=5,6 cu.
BricoTy HeHarpykewHO# NDYXHHH ONpexeasioT no ¢opmyae (5.12)

Hy=5,646(1,2—0,8)=8 cu.
Bricota npyxuuH noj Harpyskoi P’ pasma:

Hy=Hy—h=T7 cn.

’ ’
XKecrkoers mpyxuumt K, = Kyn B TODH3OHTAJbHOM HampaBJeHUH
onpefensioT no rpaduky puc. 5.2 Ha OCHOBE OTHOIIEHHH
Hy 7 A

B 1,59, ——
Hy

1
D 4,4 =7 =018.
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Umeem

Kxn Kyn

=0,76.

’

Kl’ﬂ Kzn

JKecTkocTh NPpYXHUHBl B FOPDH3OHTAJAbHOM HANpaB/JeHUH

’

Km=K;ﬂ=65 «ljem.

[Ipyxuul, paGoralomue Hd CKATHE, AOJKHB! GHITH MPOBEPEHHl HA
YCTOAYMBOCTb B TOM CJy4Yae, ecIH HX FHOKOCTH GoJibIIe HJIX PaBHHI Ipe-
JeJILHBIM, MPUBEAEHHEIM B Tada. 5.2.

B Hawmem npumepe

H, 8
e :l .
D 1.4 ,82 < 2,55

BriGpaHHoe YHCJIO NPYKHHHHIX BHOPOU3OJAATOPOB, HEOGXOZHMOE
nasi ofecneueHdst NPOYHOCTH, MPOBepAOT no dopMyde (5.24)
) Q . 510 _
nd? [1] 125—0,9756
—@——l +5P o

PaccTaHOBKY DpYKHH IPOH3BOAHM COTVIacHO pHc. 6.

4,1.

4. OnpepeneHue 4acToT cOOCTBEHHbIX MOCTynaTebHO-
BpamiaTeJbHbLIX KOJeGaHuii BUGPON30JIHPOBAHHON YCTAHOBKH

B paccmaTpHBaeMOM ciyuae LEHTP TAKEeCTH BHODOH3OAHPOBAHHOH
YCTaHOBKH H LEHTP KECTKOCTH BHGDOH30JISTOPOB PACIIONOKEHH HA OX-
Ho# BepTuKa/u. 1JeHTP XKecTKOCTH BHODOH30JAATOPOB OYAET HAXORUThCS
B NJIOCKOCTH OCHOBAHHS eJe300eTOHHOM IJIHTH, TaK KaK Kaxjaas npy-
JHHAZ Ha TOJOBHHY CBO€fl BHICOTH BXOILHT B YriyOjeHHe XKele300eToH-
Hoft nauTH. KOOpAMHATH LEHTPA KECTKOCTH Xp, Yk, 2 B CHCTEME KOOD-
nunar Xg, Yy, Zyg (cM. puc. B) cornacHo dopmyaam (2.20) mpHHHEMAOT

CJEAYIOLLHe 3HAYEHHA!

_ Kan (2642, 20)  85,5(—804-0480)

0;
e K, 512
_Ka(®,—%,) _ 8,53.40-340)
Yh K, - 512 ’
K. .62 e,
m 1 (=680 98,6 cx,

= —S = =
% Kx 6.65

rae S — paccrosiHHe MeXAY LEHTPOM KECTKOCTH H IEHTPOM THAKECTH
YCTaHOBKH MO BEpPTHKaJH
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YacroTa co6CTBEHHEIX BEPTHRAJNBHEIX KoJeOanHf He n3MeHseT CBOeH
BeJTHYHHEI

K, / 512
0y = - —l 052 =31,4 1/cex.

YacroTsl COBCTBEHHBIX MOCTYNATeNbHO-BPAMATebHEIX KoMeGaHuUil
BUGDOMSOJHPOBAHHON YCTAHOBKH B IJOCKOCTH XoZ, ONpeiessioT MO
dopmyaam (2.25) uau (2.22). Yucaenusle 3HaYeHNs BEJIHYHH, BXOAAMHX
p Popmyay (2.25) , npuBefeHH HUXKE:

0F =—2 =———=750 1/cex?;, Rj = —L =-—— =1588,4cu?;

n n
Kw=l211<xi 23+ _EIK“.xfu-=85,5-4-402=5472-102 &l -cm;
= =

K,, 5472.10°
Lgx:: K =""6.65 =403 cu¥
x
L2 1403 S 28,62
2 0,88 d2=— =——=0,5
by Rﬁ 1588,4 -88; YRy 15884 oL

1+ b% 4+4d2 140,884 0,51

ole=ol(4 £ )/ AT—02)=150(1.22)/ 1,22~ 0,88);
W, = 18,4 l/cex; @,=238,1 l/cex.

YacToThl COGCTBEHHBIX NMOCTYNATeNbHO-BpamateJbHbEIX KoJdeGaHHH
BUGPOU3OAUPOBAHHON YCTAHOBKH B NJIOCKOCTH Y Zp Onpefeasior no
dopmyanam (2.26) u (2.22):

6-65 808
0)92'=—0’—5—2—z750 1/cex?;, Ry t= 0.52 = 1554 cm?;
K(pxz85,5-6-409:8208-102 kI -cm;
89208 . 102 28,62
2 T —92104 cm? dy =———=0,53;
Ly=""¢"% e T VR
2104 1+1,35+0,53
2 ]
= =1,85; B=——"""T1""_ 1 44;
bxy 1554 2 4

©34=750(1,44 + V1,44 1,35 );
0g=21,1 1/cex; wyz=41,4 1/cex.
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YacToTy coGCTBEHHLIX BpamaresbHolX KoJdeOaHHH 06beKTa OTHOCH-
TEeNbHO BePTHKAJNBHOH ocH Zy BHUHCASIOT 10 dopmyde (2.27) ¢ yueTom
dbopmyas (2.22)

6-65-402 4 4.65-.402
— R 2.
O, = To RY =1640 1/cex?;

O, = 40,5 1/cex.

OTHOWEHHs YacTOTH BO3MYINEHHs K YacTOTaM COGCTBEHHHIX KoJje-
Ganuii BUGPOU30IMPOBAHHOM YCTAaHOBKHM JOJIKHH ObHITH He MeHee 2,5,
B nauuom ciyuae sTo TpeGOBaHHe BhiojHfAeTcsi. OTHOIIEHHS YaCTOTH
BO36YKJAEHUS K 4acToTaM COOCTBEHHHIX KoJeGaHHH BHGPOM3OJHPOBAH-
HOH YCTAaHOBKH COCTAaBJSIOT:

we 152 48 0y 152 —8.9: 0 152 )
o, 31,4 ' o 184 7 e« 381
5 5 152 )
@0 152 —7.2: © __ 152 _3.67: —m°—=——=3,75,
w3 21,1 ®y 41,4 (’)(pz 40,5

5. OmnpepeseHne aMIJIMTYA KoJeGaHuH
BUOPOH30JHPORAHHOH YCTAHOBKH

Bosmymaromas cuja BEeHTH/IATOpA, NOABEepraBHIerocss AMHAMHYeC-
Koli 6ajlaHCHDOBKe, JeHCTBYeT B IJIOCKOCTH, NEPHEHAHKYJSPHOH OCH
BpaleHds ‘Baja, H NPHJIOXKEHA Ha OCH IVIaBHOrO BaJjla BEHTHJATOpPA
B IieHTpe TsXecTH Bpallalomuxcs yacrefi. ITocie npuBefeHHus K UEHTPY
TSAXECTH YCTAaHOBKH 00pasyloTcs BepTHKaJbHAasi P sin 0y M ropusol-
TanbHas P cos Wyl COCTaBJsIOIIME, a TaKKe MOMeHT Phy cos mgyf.

ITockonbKY OpUEHTHPOBOYHOE 3HAYEHHE PACYETHON aMIJHTYAH KO-
nebaHuit ax, = 0,0204 cx okasatocb OGJU3KHM K AOUNycKaeMOH BeJH-
ynue {ay] = 0,022 c#, npousBeleH YTOYHEHHHIH pacueT aMOJHTYJH KO-
JgeGauui.

AMIINTYAY BepTHKaAJbHEIX KoJe6GaHuil ag, ONpesessioT TOJABKO
C y4YeToM BepPTHKAaJ bHOH cocTaBJsionlell Bo3Mymalome# cuawl to ¢op-
Mmyse (2.28)

P, 90
— = —0,0078 ca.
B0 o — K, 0,52 (152)2 — 512 o

OnpeneneHne aMIIHTYA FOPH3OHTAJBHLIX IMOCTYTAaTe/JbHBIX KOJe-
GaHull IEHTPa TAXKECTH YCTAHOBKH dg, M BpalllaTeIbHBIX KoJeGaHHH
YCTAHOBKH Qoy NPOH3BOAST To tdopmyaam (1) u (27) npunoxenus 1.
Bxopsimue B HHUX YHCHEHHLIE SHAYEHUs OTAeJbHHIX NapaMeTPOB GLUIH
onpeJieNieHHl BHIILE.

Hmeem:

6
f="Y) Ky; 20;=6-65 (—28,6) = —11150 «[;

i=1
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]
Ke= ) Kyx;=6-65=390 «I'jcn;

i=1

6
= 2 .
s= ) K 2,=6-65-28,6°=0,319-10 xI"-cx;

i=1

4
p= 3 K, x5,=4-85,5:40"=0,547-105 I'-c;
i=1
—4610-11 150 —90 (—826-15224-0,319-10° 40,547 106)

Qox = =

0,52-826 (152 — 18,42) (152 — 38, 12)
—0,00755 cx;
—90.11150—4610 (—0, 52- 1522 -+ 390)
Pou="0 52.896 (152° — 18, 4%)(152* —38, 1?)
AMnautyasl koneGauui

=0,000248 pad.

Aoy = Poz = Pox =0

B CBfI3H C TeM, 4YTO LEHTDP TAXKECTH BHODPOH30JHPOBAHHOTO OODBEKTa H
LEHTDP KeCTKOCTH BHOPOM30JSITOPOB PACHOJIOKEHB Ha FJAAaBHOH HeHT-
paabHOl ocu Zj, a BO3MYINAION{He BO3AEHCTBYS HAaXOAATCS B MJIOCKOCTH
XoZy. JAnst HaXOXIeHUA aMIJIMTYJBLI TOPH3OHTAJNBHHX KoJjeGaHHH ocH
rAaBHOTO Bajla BEHTHJATOpA cJAelyeT HMETh B BHAY cjaeAylOllHe I10JO-
JKEeHHA:

1) ropu3oHTaJbHAS COCTABJSIONIAs BOSMYmammel cHIbl o ocH X,
¥ MOMEHT OTHOCHMTEJbHO OCH Y, WMEIOT OJMHAKOBYIO Da3y;

2) BepTHKa/NIbHAas COCTaBJAsIOWasi BO3MYHIAIOIEH CHJBl CABHHYTA
o ¢aze OTHOCHTENBHO MOMeHTa Moy Ha yroa /2.

Takum o6pasoM, CYMMapHYIO aMILINTYAY KoJeBaHHH OCH TJIABHOTO
Bajla BEHTHJAATOpPA B TOPU3OHTAJbLHOM HAllpaBJEHHH OIpPeJe saloT aj-
re6paHdecKuM CJIOXKEHHEM COCTaBJAIOLINX

Gy = Gox + Poyhs =0,00755 -0,000248.51,4=0,0203 ca.

Kak BugumM, B paccMaTpHBaeMOM cJyuae YTOYHeHHLIH NOXCHET am-
NAKMTYR KoJeGauufl BEHTHASTOPA MaNo NOBAMSJ HA ee UWUCHEHHOE 3HA-
uenune. PacuerTHas BeJHUHHAE aMIVIHTYAbl KoJeGaHHHA 0Ka3anach MeHbIlle
JONYCTAMOTO 3HaYeHHUH.

6. Onpenenenne BO3MYILAWOUIMX YCHAMiH, mepegalLIUXcs
Ha NOAJEPKHUBAIOIYI0O KOHCTPYKIHIO

Briunc/asieM pe3yJabTHPYIOIHE aMIJINTYIAb! BHHYXAGHHBIX KoJ/eba-
Hujl {-ro BHGpOM3OAATOPa B HanpasJeHHH ocH Xo no dopmyae (2.29)

Qo1 =xg == ..« = Qg=0ox+ Poy 20i=
=0,00755—28,6-0,000248 =0,00045 cx.

OnpeaessieM pesybTHPYIOILHE aMIVIHTYAL BEHHYXKACHHBX Kojeba-
HUf i-ro BHGPOH3ONATOPA B BEPTHKAJbHOM HANPAaBJEHHH MO (opmyJe
(2.30)
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2 2 .2
8,=0,= a,,=0a,= V a5, + Poy*o: =
=/0,00782+0,000248? - 40> =0,0127 cm;

Ayp= G5 =y, =0,0078 cu.

AMNIUTYIB TpOoeKUHH Ha ocH X, Yo, Zp Bo3Mymalomel CHJH
¢ amnauryfoil P;, mepenaiomefica yepes i-ii BUOPOH3ONATOR, HAXOAAT
no gopmyaam (2.38)

Pyi=Pyg= ... = Pyg=ay; Kg;=0,00045-65—0,029 «T";
P21=P13:P24=P23=azi Kzi:010I27'85’5=1;08 ICI‘;
Pyg =P =0,0078.85,5=0,667 &I

PesyapTHpyloinee BOsJeHCTBHE BO3MYL[alOmleH CHJLI HA INOAAep-
JKHBAIOM Y0 KOHCTPYKIIMIO ONpefessiioT KaK COBOKYIHOCTb CHJI, Nepe-
JalomuXcs dyeped KaXKApid i-H BUGPOUSONATOP, C YUETOM PasHOCTH (a3
3THX CHJ.

HarpyskH, mnepepaiomuecst Ha NOAAEPKHBAIOMYI0 KOHCTPYKIHIO
IpH BKJIOYEHHH TOKA M KOPOTKHX 3aMBIKaHHAX 3JEeKTPOJABHUTAaTENA,
MOXXHO HE BHYHCJATb, NMOCKOJAbKY MOIIHOCTb JEeKTPOABHTATeNs BEHTH-
JAUMOHHON yCTaHOBKU MeHblue 10 xem.




NPHJTOXEHHE 4

NPHMEP PACHETA NMPY)KXMHHO-PE3WHOBOH
BHBPOHU30ASALMHU SYHOAMEHTA noa NITHTOHHDLIA
NMAPOBO3YIIHbBIA IITAMIOBOYHBIA MOJIOT

1. 3anaHue Ha NPOEKTHPOBaHHe

a) Mosor CKM3 napoBo3ymIHE MTAMIOBOYHAIH ABOfiHOrO XeHcT-
pusg Mopean 17KII.

6) MoJsor npegHasHayeH s INTAMIIOBKH CTAJBHHIX H3Jeauil M3
OGBIYHBIX CTaJeH .

B) HeficTBuTeabHblil Bec najaromux gacrel Q= 5 T.

r) CxopocTr majaoIlHX HacTefl B MOMEHT yjapa Uy == 7 M/cex.

1) Uucao ypapoB moJsora B MuHYTY N = 40.

e) Bec ma6ora ¥ cTaHEHE MONOTA Q + Qepr = 140, 7 T.

*) laomanes nogowss ma6ora Fyy = 5,6 #2,

3) OrmeTKa noxomiBel aoTa OTHOCHTENBHO IoJia Hexa 2,125 u.

n) Jlonyckaemasi aMIautryjna kosgeGaHuii ¢yHRamMeHTHOro O6J0Ka
ap =4 mn.

K) Toamuna nogma6orHofi npokJajgk#H u3 AyGOBHX GpycheB b =
= 0,4 u.

a) Honyckaemas ammiauTyAa KoneGaHufi rpyHta uanm noadyHaa
MEHTHOro Kopo6a a = 0,25 mm.

M) HopmatuBHOe conportusienue rpynra R = 2 xlfcm?.

H) Kosddunuenr ynpyroro paBHOMEpPHOTO CKATHSA I'PYHTa B OCHO-
BauuH dyupamenra C, = 4000 7/x3.

o) O6weMuBIHl Bec cyXoro rpynra y, = 1800 xI'/m3.

n) Yroa ecTeCTBEHHOTO OTKoca rpyHra ¢ = 25°

p) YpoBeHb I'PYHTOBBIX BOA NPHHAT HA 2 4 HUXKe NOJIA liexa.

¢) BpemeHHas Harpy3Ka Ha [OJ LeXa U HepekphuiTHe NoAGYHAAMEHT-
Horo Kopo6a P = 2 1/M%.

2. Tlposepka HanpsixKeHHWit B noamaGoTHOI NpOKIagKe

HanpsaxeHue, BO3HHKaOIlee B JepeBsHHON NoAWwAGOTHOH mpo-
KJaajKe NMPH yAape NajaloIHX yacreil, ompeneasiioT no ¢dopmylte (39)
CHuIl 11-6.7-70.

— o0
-0, =0,5.5. TIA0TE A0 4
(V] 5Qy vo ]/Qx Fo b 5:5.7 ‘/ 140,7-5,6.0,4

=921 7/m2 < 400 T/u2.

3. Onpexnenenue Beca U pa3mepos PpynaaMenTa
OpuentrpoBoynbiii Bec GyHIaMeHTHOTO 6J10Ka onpefesseM o Gop-
myae (3.2) storo PykoBoicTBa, IpuHHMAs KOS(QQUUHEHT HEYNPYroro
conporusienus yg = 0,12, 4actoTy coGerBeHHBIX KoaeGanHHfl yCTaHOB-
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JIeHHOTO Ha BUGPOU30AATOPE dyHIaMeHTHOTO 6/10Ka f, = 4,5 2y4. Kosp-
¢duuuent P, sasucsamuit ot yp, Gepem mo taba. (3.3).

IIpousBosuM nNpoBepKy BO3MOXKHOCTH BO3HHKHOBEHHS pe30HaHca
npu paboTe MOJIOTa C HEMOCTOSAHHOH YacToTOH yAapos

. _60f, _ 60-45
2™ Nyaxe 40

=6,75.

Okpyrasiem 3HaueHHe np KO Onuxkaiimero GOMbHIEro LEI0TO HC/A.
Ilpunumaem np = 7. Benuuuny B npunnumaem mo rpade Ppes. ITpu
v = 0,12 Ppes = 0,98

1
qu = (_—E;%?Oﬁ ﬁpea—(Qm‘l'Qc'r) =
(140,557
0,004.6,28 . 4,5

0,98—140,7=455,1—140,7=314,4 r.

ITpu rayGuHe noAwraGoTHON BHIeMKH, paBHo#l 1 &, ¥ pasmepax ee B naa-
He 3,2X2,4 » moayuyuM o6beM QyHJaMeHTHOrO 6J0Ka BMecTe ¢ 06beMOM
NOAWAaGOTHOR BEHIEMKH

314,4 2
v®=—2,—r +3,2:2,4.1=131 4 7,7=138,7 2.

TIpuHAB MHHAMAJbHYIO TOJUWHHY MOAMAOOTHOH yacTH (QyHAaMeHrT-
woro 6jioKa, corsacHo Ta6a. (3.1), paBuHo#t 2,2 x, noayuuM BEICOTY GJo-
Ka paBHOH 3,2 m H IJomajb NOAOLIBH G,10Ka

139
F¢=W=43,3 M2,

Pasmepn ¢yHAameHTHOro 6Joka B mnJaHe Oepem 7,2X6 m.
Fg = 43,2 #%

Ilpu npunsATOR TOMMIMHE cTeH moAdyHAaAMeHTHOro kKopo6a 0,4
H UpPOXOAaMH MeXJy GOKOBHIMH I'DaHSIMH (YyHIaMeHTHOro GJIoka H CTe-
HaMHu noAQYHIAMEHTHOTO KOpo6a paBHHIMH | #, mJomajb NOXOIIBH MOA-
{yHZaMeHTHOro Kopo6a Fy = 10.8,8 = 88 x%. AMmnauryny koJue6a-
#Huil noAdyHAaMeHTHOrO KOopo6a nmposepsieM mo dopmyJe (3.5)

_ (1+e[.)Qf,v(,<.>,B _ (140,5)5.7-6,28-4,5
- wFxCz 8 pes ™ 1,7.88.4000.9,81
=0,000248 #=0,248 mn < 0,25 ms.

ap 0,98=

4. Pacuer BHGPOH3ONATOPOB
BriGupaem ONOPHHIE BapHaHT OCYILECTBJIEHHsT BUGPOH3O/ISALHH
{cM. puc. 3.1, 6). IlpuHuMaeM KOMGHHHDPOBAHHEIE BHOPOH3ONSTOPH, CO-
CTOALIHE M3 CTAaHAAPTHHIX COCTABHHIX (KOHLUEHTPHYECKHX) BHTHIX IIPY-
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JKMH M PE3UHOBHIX 3/1eMeHTOB. Bu6poH30/siTOpH NOAGHpPaeM IO CepHR
3.001-1 «Bu6pousonupymomue ycrpoiicTBa (GyHAaMEHTOB H OCHOBaHHM
MOA MAMIHHE C AWHAMHUECKMMH Harpyskamu», Buin. 1. «Karajor mpy--
XKHHHBIX BUGPOH3ONATOPOB M IPYXKHH AJisi BHOPOH30JISITOPOBY H BhIN. 2.
«Karajor pe3nHOBHIX BHOPOH3O0JSTOPOB H Pe3HHb! JJsi BHGPOH3OJATO-
pOB».

[IpuuumMaeM npyxuHHbE BubGpousoasitop mapku BIT-8 ¢ BepTH-

L2 ’ o (73

KaJpHOH xecTKocrhio K, = 3724 «l/cm u MakcuManbHO paGoyelt Ha-

rpy3koii P’y = 13 400 xI'. Pe3unoBne 3aeMeHTh NPHHHMaeM B BHIE

2|_.. 2-2
a0 7004 3600 3600 1000 400 1000 3000 3000 1000, 400

4
T == FTt

Y - ] T ~

R N

S

N 7S
Q [ S
S My

L)

N
1

b3)

Puc. 7. BuGpousonanpoBaHHbIi
(pyHlaMeHT NOJ NATHTOHHHIH Ha-
POBO3ILYIIHBIH  LITAMIIOBOYHBIA
MOJIOT (HpyKHHHO-pe3uHOBas
BHOPOH30JALUA)
1 — ¢Tanufda monora; 2 — byHAaMeHT-
bl 6a0K; 8 — moAdyHNaMEHTHLIA
KOpoB; 4 — GeTOHHHE JIeHTHl; &§ —
OPYXKHHHBIH BHOPOH3OAATOP; 6 — pe-
3HHOBBIA BHODOH3OJAATOP

CTOJIGHKOB C KBaJPAaTHBIM IONEPeYHbIM CeYeHHeM H3 pEe3HHH MapKH
KP-407 ¢ nunamMuueckum MonyJem ynpyrocru Ep = 100 xI'/cm® u xoad-
¢HUUHEHTOM HeyNPYTOTo CONpOTHBJEHHS Yp = 0,21. OGIYIO XecTKOCTh
BCEX BHOPOH30JSTOPOB Haxoaum mo ¢opmyne (2.10)

455100

=3 (1)2
Re=mos* ==&

(6,28-4,5)2=2370000 xI"/cm.

Uncjao NPYXHHHBIX BHGPOMSONATOPOB onpejetsieM no Hopmylie
(5.24), cobaofas ycHOBUS NPOYHOCTH H YYHTHIBAS, COIVIACHO YKa3aHHAM
n. 3.15 Pyrosoacta, Bec ycraHoBKH Qy = 455,1 1.

Qy 455 100
Ng = = =41 mr.
AT 13400—1,5 - 0,4 - 3724 T

CT. B
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INpunumaem 42 npyxxuHHBIX BHGPOU30JisTOpa. JKECTKOCTE BCeX MPYIKHUH-
HBIX BHODOH3OMSITOPOB

Ky — 372442 =156 000 «I'/c.

JKecTKOCTb PeSHHOBHIX 3JIeMEHTOB
Kzp= Kz — K1 =370 000 — 156 000 =214 000 «I'/chu.
Kosdpdunuent Heynpyroro COnpoTHBJECHHUA BCeX BHGPOH30JATOPOB
onpegneasiem H3 popmydant (5.38), IPHHAMAsA, COTIACHO YKa3aHMsAM I. 5.8
PykoBoacrea, yg = 0,01,
_ KenVutKepyp  156000.0,01 4 214000-0,21

_ 0,125,
Ve K, 370000

YacTh Beca YCTaHOBKH, Nepejaloulasi Ha pe3HHOBHE BHGPOH30-
JAATOPHL, onpefessiem mo opmyae (5.40)

Qp=a¢ K;p=0,4-214 100=285 640 «I".
YacTb Beca yCTaHOBKHM, Nepejamollasi Ha TPYyXKHUHHbEe BHOPOH30-
JASITOPEL
Qn = Qy —Qp =455 100 —85 640 = 369 500 «T".

Craruyeckasi ocafika npyKHHHBX BHGPOH3OJAATOPOB

INaowanp NonepeyHoOro ceyeHusi BCeX Pe3HHOBLIX 3JIEMEHTOB MOJY-
yaeM 110 gopmyue (5.26), npuusas 0 = 4 xa/cm®

Fp=——=—""" =21 400 cx2.

Pa6ouyio BLICOTY Pe3SHHOBOIO 3j1eMeHTa HaXOAHM o dopmyae (5.28)

FF 100 - 21 400
afp _ 0 0 =10 cH.
Kop 214 000

Tonepeunnli pasmep A pE3HHOBOTO 3JIeMEHTA B LEJISX 3KOHOMHH
pesuHbl peKOMeHAyercsl BHIGHpaTh ¢ cobaljeHHeM ycaosus (5.30)

Hlp <AL 1:5.H1p-

H1p=

IlpuHumaeM IonepedHbiii pa3Mep pe3HHOBOTO 3jeMeHTa 12X 12 cu.
[Tonuas RLICOTA PE3HHOBOrO 3JIEMEHTa

A 12
Hyp=Hip-+—5 =10+ = =115 cx,

BuifdpaeM mo kaTa/Jory pe3dHOBHI BHGpousojdarop mapku BP-3,
COCTOSIILHE U3 YeThipeX PE3HHOBBIX 3JeMEHTOB pa3mepoM 12X 12X 12 cu.

JKectxocTh BUOPOU3OIATOPA K;p = 5480 xI'/cm, Haubosabwas pabouas
Harpysxa P’y = 2304 «I.
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YHCNA0 pe3HHOBBIX BHOGPOH3OJASTOPOB HAXOLHM:
a) U3 YCJAOBMA  JKeCTKOCTH, ompefelsemoro dopumydaoit (5.35)

K;p 214000
2P T 39 mwr.:
< K’ 5480 e
zp

6) H3 VCJOBHsS NPOYHOCTH, onpejensiemoro dopmynoi (5.36):

Qp 85640
=B = 37 .
Py~ oa0s o7 uT

=

IMpunumaem 38 pe3HHOBHIX BHOPOH3OJSTOPOB.
Ocajgky pe3HHOBHIX BHOPOU3OJSTOPOB OT CTATHUECKON HArpys3ku
HaxoxuMm no ¢opmyde (5.37)

A _ QoHyp _ 8640-105
TP FhEcy 12-12.4.38. 42

=0,977 cu.

5. Pacuer apmarypnl, pacnosioxeHHol B HHKHEH YacTH
byngaMeHTHOro 6J10Ka

PacueTHY0 Harpysky, BO3HHKAIOIYI0 NPH yAape Najaiomux qac-
Te#, onpexensem no dopmydae (3.18).

P,=0Fy;=221.5,6=1240 7.

PacuerHbl u3ru6aioumuii MOMeHT B HanpaBJIeHHH JAJHHHOR CTOpO-
Hbl QpyHAaMeHTHOro 6J0Ka

PacuerHbi #3TH6A0UHIE MOMEHT B HATIPABJAEHHE KOPOTKOA CTOPOHK
¢dyunnamenTHOTO 6/0KA

Mg=£%i=620 T-M.

Jna ¢ynpamentHoro 6Joka Gepem Geron mapku 200. Apmarypa
ropsueKaTaHas nepuojgnueckoro npoduas xaacca A-Il,

B coorBercteuM ¢ ykasauusimu CHull 1I-B.1-62:

a) pacderHOe cONpOTHRJAeHHE (eTOHA HA CKaTUe NDH U3rube Ry =
= 100 xI/cm?;

6) pacueTHOe CONpOTHBJEHHE apMaTypu R, = 2 700 xl/cm?;

B) K03(pdUIHEHTE YCa0BHs paGoThl MPH pacyere Ha NMPOYHOCTH:
Aisi 6etona mg = | ¥ pas apmatypu my = 1;

r) koadpduuHedT mneperpysku k= 1.
s OnpesenuM njomaAb CeueHNs HHKHEH apMaTypH (yHZaMeHTHOrO
JI0KA.
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Onst apmaTyphl, yKaajabBaemMoH IO JJUHHOH CTOpoHe (yHAAMEHT-
HOro 6ioka no Tabi. 3.8 «PyKoBOACTBA MO NPOEKTHPOBAHHIO JKEJIE30-
O6eTOHHBLIX KOHCTPYKuui» 1968 r. npu

A M, _74200000
bhy? 6002152
Ans cranu Kiaacca A-II p = 0,11,

nbho
100

Jas apMaTypHl, YKJIaAblBaeMOH B HaNpaB/ieHHH KOPOTKOH CTOPOHH!
¢yHaamMeHTHOrO 6J10K@, — 1O TOU Ke Tabjule npu

6200000
7720 . 2152
Fa x=0,00076.720-215=118 cx?.

Crepxuu auaMerpom 22 A-II pacnosaralorcs BROJb HJHHHOH CTO-
poHu ¢ mwaroM 150 mm, BLoJIb KOPOTKOM cTOpOHH! ¢ maroM 200 mat.
ITpoBemeM pacueT BepTHKaAbLHOM apmMaTyphl, BECTYyHNamLel BOKPYT
NOAIaGOTHON BbleMKM GEeTOHHBIX yacTell dyHAamMeHTHOTo 6J0Ka, HA LeH-
CTBHE OTpHIBAaIOLIell CHJAH, Hanpas/eHHOH BBEPX M PaBHOH Becy BHICTY-
naimomedl 9acTH, YMHOMXEHHOH Ha KO03(p(PUIHEHT o.
" Bec BrcTynalomei uactu ¢yHIaMEHTHOro 6J0Ka paBeH:

Ogq=(7,2-6—3,2.-2,4)1-2,4=85,2r.
Onpegeaum Koadpdunuent o no dopmyJe (3.19)

o&=(1+80)Q°v°|/ Ecy Fmn =
Qp b(Qu+Qer) g

(1+0,5)5-7l/ 50000-5,6
T 314,4 0,4.140,7.9,81 '

Otprialomas cuaa
Porp=0Qp,q 2 =385,2.2,75=235,1 T.
Ha 'l noz. » BuicTynaiomeit yactu ¢yHzamMeHTHOro GJ0Ka

, 235,1 _
°tP" 7,2.246-2
Ilnomane ceueHHs BepPTHKaJAbHOR apmMaType Ha 1 noe. M

Pop 8900

=2,7;

Fan= =0,0011.600-215 =142 cx?.

=2 p=0,076;

8,9 .

Mpuuumaem apmatypy Auamerpom 10 A-IT ¢ marom 200 mm.

6. Yka3aHus no nponsBoAcTBY pabor

3nech NpefycMaTPHUBAIOTCS JONOJHHTENbHbIe TPeGOBAHHA K NpoO-
H3BOACTBY paGoT no BO3BefeHHIO BUGPOHM3OIHPOBAHHOTO (PyHAaMeHTa,
KOTODHIE ACOGXOAMMO BHINOJNHATBL HapsAny ¢ TpeGoBaHHAMH COOTBETCT-
Bytomux pasgenos CHull 111-B.1-62.
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1. MoadynaaMeHTHBE KOpo6 GeTOHHPYIOT NOC/AE TEXHUUECKON MPH-
eMKH OCHOBAHHSA; O pesy/bTaTax NPHEMKH JOJKeH OLITh COCTaB/EH aKT.

2. Ecnu Ha ypoOBHe 3a/I0KeHH s [IOZOLIBL NMOADYHIAMEHTHOTO KOPO-
6a 6yayT o6HapyKeHH HEOAHOPOAHLIE, cjaabble HAH CHJIBHO CXXHUMaeMbe
TPYHTHI, TO BOIPOC O I1yOnHe 3aJ0XKEeHHA HJIH pa3Mepax noAdyHAAMeHT-
HOTO Kopo6a 06si3aTe/IbHO NTepecMaTpHBAIOT COBMECTHO C IPOEKTHOR op-
raHusaiuen.

3. 3axkJajHbie JerajdH YCTAaHABJIMBAKT ¢ 0COGOH TwIATEIbHOCTHIO,
B MOJHOM COOTBETCTBHM C IIPOEKTOM; BO BPeMd YKJaAKH 6eTOHa OHH
JOJIXKHEl OLITh HAAEXKHO 3aKpeIllJeHH.

4. Tlocne GeTOHHpPOBaHUA U pacnaidyOku NoAbYHAAMEHTHOTO KOPO-
6a ycTaHaBJMBAIOT NPesBapHTeNbHO CXKATHe NPYKHHHEIE BUGPOU30IS-
TopHl. BHICOTa NMpefBapuTeIibHO CKATOMO NPYXKHHOIO BUOPOH30JIATOPA
JNOJKHA GBITh paBHa ero BBICOT€ B Harpy>KeHHOM COCTOSSHUHU TION
JelicTBHEM Beca (QyHIAMeHTHOro 6JioKa, mabora M CTAaHHHEL MOJIOTA.

5. Ilepex ycrpoiicreoM onany6ku GbyHAAMEHTHOTO 6JI0KA YTOYHSIIOT
MOZeJNb MOJIOTA H CBEpPsIIOT rabapuThi BepxXxHeH uactd ¢GyHZaMeHTA “CO
CTPONUTENbHLIM 3ajaHueM Ha QYHAAMEHT, BHICHIJIAeMBIM 3aBOJAOM-H3TOTO-
BHTEJeM BMECTe C MOJIOTOM.

6. Beronnyio cmech Aas GyHIamMeHTHOro 6J0Ka CIEAYeT YKAAILBATD
TOPU3OHTAJNBHBIME CJOAMH 6e3 mepephHBOB.

7. JHO nOAmAGOTHOH BHIEMKH JOJIKHO OBITH CTPOI'O I'OPH3OHTANb-
HbIM. DTy NIOBEDPXHOCThL BEHIPABHHBAIOT B MaccuBe QYyHIAMEHTHOro 6J0Ka
Io Hayajia cXBaThiBaHusa GeroHa. QUITYKaTypHBaHHe AHA MOALAGOTHOM
BHIEMKM HE JONYCKAeTCA.

8. Ilo pocruxkenuu 6eroHoM ¢yHaameHTHOTO 6aoka 70Y% -Hoit npou-
HocTH GOJITH NPYKUHHBIX BHGPOH30ATOPOB OCBOGOXKAAIOT U IPOH3BOASAT
pacnany6ky ¢yHRaMeHTHOro 6JoKa.

9. Tlocsie MOHTaXXa MOJIOTa YCTAHABJAMBAIOT H PEryJHpPYIOT pPe3HHO-
Bble BHODOH30JSTOPH NyTeM NOABEPTHIBAHHMA OMOPHHIX 6OJATOB € HPO-
BEPKOH CXKaTHsl DE3HHOBHIX 3JIeMEHTOB HIaGJOHOM, H3TOTOBJEHHEIM H3
CTaNbHO i nodocul. [llupuHa (B paGodyeM moJOXKeHHH — BnlcoTa) wabJao-
Ha AOJIXKHA OBITb HA aMIJIATY.y KoJeGaHuii ¢pyHAaMeHTHOro 6J10Ka GoJMb-
e CTATHYECKOH OCajKi PEe3HMHOBBHIX 3JeMeHTOB. [IpH mpoBepke ma6/oH
BBOJAAT B 3a30Phl MEXAY CTAJNbHBIMH JIHCTAMH ONOPHOTO «CTOJIHKA» B DyH-
JAaMeHTHHIM GJIOKOM.

10. Tlpu coopyxenun QyHKaMeHRTa HeOGXONMMO NPOMEKYTOUHOE
OCBHJETe/IbCTBOBAHHE OCHOBAHMs, OMaidy6KH, apMaryphl H 3aKJaAHbIX
Aetasedl. Pe3yabpTaTh NPOMEKYTOUYHOTO OCBHJETEILCTBOBAHUS OTMe-
4aloT B aKTax.

11. TTocste ycraHOBKE MOJIOTa HA yHAAMEHTHL# GJIOK H peryJHpPoBa-
HHSA PE3HHOBBIX BHODOH3OJSITOPOB HAa BEPXHIOK YaCTh CTeHbl HOAPYH-
JaMEHTHOTO KOopo6a YKJ/aABBAIOT MeTalJuyecKne 6aJlKy H 10 HHM Hac-
THJ U3 METaJJHYeCKUX IJIHT.

12. Ilepep npoGHOi MTaMIOBKOMH UTH KOBKOH Heo6X0auMO YOCAHTH-
¢ B TOM, 4TO MeXAy (pyHAAMEHTHLIM 6JOKOM H noidpyHXaMeHTHHIM KO-
poGoM HeT XKecTKHX cBsdeii (6eToHa, OCTaTKoB OnaJjdyOKH, CAy4adHBIX
NPeAMETOB ¥ T. IL).

B npomnecce skcnayaranud Heo6XORHMO CJIEJHTb, UTOOH Ha Pe3HHO-
BhIE€ 3JIEMEHTHI He monapaio macxc. Eciau macio 6yfer o6HapyxeHo, Ha-
IO CAeJIaTb Hajl pe3SHHOBEIMH BHGPOM30JSTOPAMH 30HTH U3 TQHKOH JIHC-
TOBOH CTaJH.
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NPHAO)KEHHE 5

NPHUMEP PACYETA NMPY)KXHHHO-PECCOPHON
BHBPOH3OJAIMH oYHIAMEHTA noj 16-TOHHBIA
MAPOBO3AYIIHBIN WITAMNOBOYHBIAH MOJIOT

1. 3apaHne Ha NPOEKTHPOBaAHHE

a) mosor HKM3 napoBoszyuUIHbIH ITaMIOBOYHBIA ABOAHOTO Jefi-

cTBus Mofenu ITHIM-16;
6) MOJIOT NpejiHasHauyeH A/ WTaMIOBKH H3JeJHH U3 OCLIYHBIX CTa-

nef;

B) JeAcTBUTENbHHHE BeC najaiomux yacredt Qp = 16 T3

r) CKOpoOCTh Najamomux yacrelt vy = 7,81 m/cex;

Ji) MHCHA0 ypapos B MHHYTY N = 45;

€) Bec cTaHuHH ¥ mabota Qep -+ Qm = 450 T3

3K) TJomajs noAowsw mabora Fyy = 11,25 m?;

3) OTMeTKa IIOAOMIBH LiaGoTa OTHOCHTEJbHO HOJa llexa paBHa
3,71 m;

H) ToJIIIHHA NOAWAGOTHOH NpPOKJAaAKH H3 AYGOBHIX G6pychbes
b= 0,96 u;

K) Jonyckaemas aMmIJHTYAa KoJeGaHui ¢yHAaMeHTHOTO G6J0Ka
ap =T mn;

J) 4acToTa COOCTBEHHBLIX BEPTHKaJbHBIX KoJjeGaHufi BUGPOU30JHU-
pOBAHHOH yCTaHOBKH [, < 3 ay;

M) AONYCKaeMad aMmIVIHTYAA KoJeGaHHH TPyHTa WA mnondyHAa-
MEHTHOTo KopobGa ayx = 0,4 mm;

H) HOPMATHBHOE CONpPOTHBJeHHe IrpyHTa RH = 2 x[/cm?;

0) KO3(puIIHEHT YyNnpyroro paBHOMEDPHOTO CXKATHJ IPYHTa B OCHO-
BaHuu Qyunamenra C, = 6000 7/x3;

n) o6bEMHBIHI BeC CyXOTOo TPyHTa Y, == 1800 xI'/s3;

p) BpeMeHHas Harpy3Ka Ha ITOJI I€Xa ¥ NepeKphiTHE NOAPYHAAMEHT-
HOTO KopoGa P = 2 T1/m%

2. IpoBepKa HANpsIKeHHH B NOALIAGOTHOM
NMpoKJajke

Hanpsixkenue, Bo3HHKaiolllee B 1yG0BOH MOAmAGOTHON mpokaajke
NpH yAape majamowux uyactefi, onpefensioT no dopmyae (39) CHull

II-B.7-70
E
=0,5 —_——— =
¢ Qv I/(Qc1+Qm) Fm b

50 000
=0,5-16 - 7, = 2 2
0,5-16 81]/ 50 11,25 0,95 =201 T/% <400 7/,

Tak Kak BosHHKamoluee Hanps»KeHue 3HAUYUTEeJHLHO MEeHblIe Aolyc-
THMOTO, TO B LieJIAX 3KOHOMHH ﬂy6a YMEHBpIIAEM TOJILHHY noAmaboTHo
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NMPOKMAAKH, YTO YMEHBUIAT IMyOHHY NMOAIIA60THON BHEMKH, a CJefOBa-
TEeJBHO, H BHCOTY (yHAaMEHTHOro 6J0Ka.

Coraaco 'OCT 8486—57 «PexomeHIyeMBIfi COpTaMeHT muJoMare-
pHa/IOBy NPHHHMAaEM BHICOTY NOALIA6OTHOH NPOK/IANKH H3 TPex 6pycheB
cegeruem 20X 20 cu.

Torna Hanpsaxenue

50 000
=0, - " 9 2 2
=0.5Q 0 l/ 250-11,95.0,6 — 204 T/ <400 7/n

3. Ompepenenne Beca ¥ pa3Mepon
thynnamMentHoro 6Ji0Kka

IlpunyMaeM 4YacToTy COOGCTBEHHBIX BePTHKAJbHBHIX KoJebaHHH
BHGPOM3OIHPOBAHHOR yCTaHOBKH f, = 3 2y. ’

Torna ©;= 2nf, = 6,28-3 =.18,84 pad/cex.

OnpepensieM Tpe6yeMylo BETHYHHY KO3(QODHIHEHTAa OTHOCHTENBHOTO
TpeHuss @ B BubGpousonasTopax no dopmyae (3.6) Pykosoacrea

agp o,° ap 0,2
— >0 > e}
2g (1+eo) 2¢ Vmy (my + 2)
agp 02 0,7.18,842
= =0,0845;
2g (14¢) 2.981 (14-0,5)
agp w2 0,7.18,842 —0.0142
28 Vm (mi+2)  2.9811Y8@+F2
rjpe
120, _120-3
my = _ ==
TN 45

3unauenne @ HoJxHO Ohtb B npeienax 0,0845 > ¢ > 0,0142, [IlIpuun-
maem @=0,033.
Bec dynnamentHoro 6noka HaxoauM no topmyae (3.8)
(14e)Qup
ap Wz Vl +o

(140,5) 16 - 7,81
= 0,007.18,84/T+ 0,033

Qq) = —(Qex+ Qm) =

—450 == 1400 —450 =950 7.

Ipur ray6uHe noxwaboTHON BHeMKH, paBHOR 1,6 M, H pasMepax B
nnane 5,3X 3,3 # o6beM GyHAAMEHTHOrO 6/I0Ka BMecTe ¢ 00beMOM 10/~
mwa6oTHOH BHIEMKH

950
V= W+5,3'3,3-1,6=396—|—28=424 M3,
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ITpunss pasmepn dyHpaMeHTHOro 6j0Ka B miaue 9,6X7,6 u, mo-
JYYHM BLICOTY dyHIaMmeHTHOTO GJOKa

Bricora mopmaGoraoit wactu 6a0ka
Hpopr=5,8—1,6=4,2 ,

ITpu npurATOf TOMUIKHHE CTeH MOADPYHAAMEHTHOrO KopoGa, paBHOM
1,3 m, H MpoxojaMu MeXAY GOKOBBHIMH TPaHsIMH QYHAAMEHTHOro 6J0Ka
¥ creHaMH nofdyHAaMeHTHOro Kopo6a, paumMu 0,9 m, miomwags mo-
JOmIBLl NMoAPYHAAMEHTHOrO KopoGa

=14:12=168 »2.

TIpousBogyM NpOBEPOUHEI PacyeT ONpefeSeHns: aMIAUTY AL KoJe-
6anuit moadyHzamMmenTHOro Kopoba mo dopmyae (3.9)

Qo (1+ep) 0, ViFto
O = wFy C,g

16 . 7,81 (1 4 0,5) 18,84 /T 0,033
= 1,1-168.6000-9,81 =

=0,00033 #=0,33 mn <<0,4 un.

Bpems, B TeueHHe KOTOPOro HPOHCXONAT KoJgebGaHHS GyHAaMeHT-
Horo 6jloka NMPH BHIGPAHHOM 3HAYEHHWH @, ONpeledsloT no QopmyJe
(3.10)

1 my

GRS

rae mg — HauMeHblIee I€/10€ YHC/I0, YAOBJETBOpDSlOLIEE HEPAaBEHCTBY
(3.11)

'aq,mz 2 0,7-18,842 ‘)2 _
my > l/ ) —l= l/l+(2-981-0,033 —l=

=VT1538,888—1=3,97—1=2,97; my=3;
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1 3
t o —— —_— .
=T + 2‘3_0,58 cek

CnepoBatenpHo, MOJIOT GyNeT HaXOAUTLCA B COCTOAHHY IIOKOS IIPH-
MEPHO B TeueHHUe [IOJIOBHHEI MHTEPBaJa BPEeMEHH MEXAY yAapamH,

4. PacueT npyKHHHO-pecCOPHBIX
BUOpoOH30AATOPOB

O61YI0 KeCTKOCTh BHGPOM3OJISITOPOB ONpPelesiioT Ho dopmyae
(2.10)

1400000 - 18,842
= Mm% = 981 =506 200 «I'/cm.

ITpunuMaem napajiiejbHOe COefHHEHHE NMPYXKHH H peccop. Torxa
JIOIZKHBL OBLITh YAOBJETBOPEHL paBeHcTBa (3.13) u (3.14)

_ Pn Koo+ 9. p Kznn. p
K,

K,=Kp+K;n.p u @

rie ¢ = 0,033;
@p — K03QQUIKEHT OTHOCHTENBHOTO TPEHHS NPYXUH NPHHUMAIOT
paseuM 0,01;
@, p — KOSDQHIHEHT OTHOCHTENBHOTO TPEHHS JHCTOBOH PecCOpH
onpenensoT no dopmyne (3.17)

h
P, p=2p (nz—1) —L‘T£ ’

p — k03(HUHEHT TPEHUS MEXKAY JHCTaMH NIPH rpaduTHON cMa3-
ke paseH 0,3;
ny — ofllee YUCJIO JUCTOB OfHOH NONOBHHBLI MIMIOTHUECKOH pec-
COpH;
Ay — TOJINHHA JHCTA}
L — xopna peccophl.
B kauecTse pecCOPHLIX BHOPOH30JIATOPOB GepeM peccOpPhl 3JJIHITH-
gecKHe NSITUINCTOBbE C BEPTHKAAbHOR XKecTKocTbio K n.p=2500 klfem

H JonycKaemoll paboueil marpyskoit P, = 5000 xI.
Toraa

1,2
Pa. p=2-0,3(5—1) ——=0,05.
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Us nepasenctsa (3.14) onpeaenuM COOTHOLIEHHE KECTKOCTeH mpy-
XKHUHHBIX H PeCCOPHRIX BUGPOM30JATOPOB:

0,01 K 0,05 (506 200 —Kp)

0,033 = 506 200 ;
. . 16750 =0,01 Ko+
1300 90q__ 4800 —; 4800 TMT’”@F— +95 375 —0,05K ypi;

7 K;n=216000 «I [cu.

ITo «Karamory npyxuu-
HBIX BHOPOH30JATOPOB H

T
|
7

27\ NPYXHH A5 BAGPOHSONS~
1 TopoBy (cepHs 3.001-1, BB~

J\J SN nyck 1) mop6upaem BHOG-
I~ o= POH30JATOD, COCTOSIUNA

H3 JBYX KOMMJAEKTOB CO-
CTaBHBEIX NPYXHH C Bep-
A H R ol =N & THKaJAbHOH  JKECTKOCTBIO
/ /' S K,, = 1484 xI'/cu* u pac-

y I . ueTHofi Harpysxofi P'g =
4 ;40100 = 16 260 xI'. Mapkxa BHG-

- pousoanstopa BII-6.

7450500 1500 1600 1500 1450 UHOTO  MIpyMREBX
I ] [ BHOpON3OJIATOPOB H3 Yc-
—t——— JIOBHsT O6ecredeHus npoy-
HOCTH

~r
-

L I

12000
O
o

SN EORE0000
800000000000 SA0006AN0

P,—15a, K,
. 1 400 000 _
T 16 960—1,5-0,7-1484
|‘ =95 mr.

A

P

10320000 X008 5000061000

YHCI0 NPYXHHHBIX
Puc. 8. Bu6pousonupoBaHHbili QYHIAMEHT  puGponsoJsTOPOB HAXO-
nop 16-TOHHBIE NMApPOBO3AYIIHMIA INTAMNO-  nyy  HCXOAS W3 yenopHs
BOUHBIH MOJIOT (NPYMHMHHO-PECCOpHAA BHO-  ,fecrevenusi IKECTKOCTH

POH30JSAIHSA) ¢ -
| —mwa6or Moa0Ta; 2— PpyHAaMEHTHRIA GJOK; Kzn _ 216 000 .
3 — noadynpaMeHTHRA  KOpoG; 4 — Geronnne [ls K' - 1484 =
NEHTH; § — peccopHpIfl BHOGPOH30AATOD; 6 — HpY- 2B

XUHHLA BHODPOH3OAATOD

== 146 nrr.

Jlas yhoGcTBa PACTONOMEHMs BHOPOM3OJNATOPOB HA ceMH GeroH-
HEIX JienTax Gepem 147 wIT. NPYXHHHBX BHOPOHSOJSATOPOB.
O6mas XeCTKOCTb NMPYXHHHHX BHOPON3OAATOPOB

K= 1484.147 =218 000 «I"/cm.
O6mas XecTKOCTb PECCOPHBIX BHOPOH3ONATOPOB
K, n.p="506 200—218 000 =288 200 &I /c.
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Onpegensiem 4nCI0 PeccOpP HCXOAST M3 YCAOBHS KECTKOCTH
288 200

nn_p=—2—50—0——=116 T,

YuuthiBas pacnosioxeHHe peccop Ha JeHTrax, npuuuMaem 112 pec-

cop, ofpefuHsieM UX B GJOKH 110 4 peccopH B KaxJoM. Ha xaxaoi JeH-

T€ YCTaHABJHBAEM MO 77 = 4 6noka.
daxTHYECKAs XeCTKOCTb BCEX PeCCOPHEIX BHGPOH30JMATOPOB

Kz 2.p=2500-112=280 000 «I'/cu.
O6mas XecTKOCTh NPYKUH H peccop

K= 218 000+ 280 000 = 498 000 xI"/cs < 506 200 «I"/c.

OnpejennM (aKTHUECKYIO YacTOTY COGCTBEHHBIX KoJdeGaHult 6/0ka

. 498 000-981

== =3 2 2. 1 3 =18,7 ;
W, 1200 000 349 pad®/cex?; o,= V34 pad/cex
18,7
=208 4.
*=g8 B

ITpoBepuM BeaHYHHY] KO3()HUHEHTA OTHOCHTENBHOrO TPEHUS MO
tdopmyae (3.6) Pykosoactsa

ap 0,2 0,7 - 18,72
= =(,083;
2g (1+¢) 2.981 (14-0,5) 0,0
agp 0,2 0,7 - 18,72
—_—— ————=0,0157;
20 Vmy (my+2) 2.981Y7(7T+2) 7
- 2,98
my =7, TaK KaK E(—)ZE;—-—=7,95.

CnepoBaTellbHO, TNpuHsToe 3HaueHne @ = 0,033 yposaerBopser
NOJIYYeHHEIM NpeJesiaM.



NPHIOXEHHE 6

NMPUMEP PACYHETA NMACCHBHO¥ BUBPOH3O0JALUU
OBBEKTA NPH TAPMOHHWYECKHUX KOJIEBAHHAX
OCHOBAHHSA

1. 3apaHue Ha NPOEKTHPOBaHMUE

TpeGyercs paccuuTaTh NAacCHBHYIO BUGPOM30JMSIMIO HEKOTOPOrO
0GBeKTa, UyBCTBHTENbHOIO K BHOpalUsiM, OCHOBAHHE KOTOPOro COBEP-
aeT TapMoHHYecKde KoJeGaHns: TMOCTynaTe/bHLIE N0 TPeM HampasJie-
HUSIM H YIJIOBHIE OTHOCHTEJBLHO JBYX TOPH3OHTANBHHIX OCell, JeXamux
B IVIOCKOCTH OCHOBAHHS.

O6wuit BUR ofbekra M MOJOXKEHHE ero UEHTPA TAXECTH HOKAa3aHBl
Ha pHC. 9. Bec o6perra Qug==500 xz. MoMeHTEl HHEPUHH OTHOCHTENb-
HO TODH3OHTAJLHEIX OCell, NPOXOZIMHEX uepe3 €ero UEHTDP TAKECTH,
Jo6£=250 kI + cm « cex?, Jog, =500 #I"-cm-cex®. Uacrora xosebannii

®
OCHOBaHHUS f=—2———=40 2y. AMnAuTYAH KojeGauuil ocHoBaHHS: by==
Tt

=by=2-10"* cu; b,=4-10"% cn; b= b, =2-10"° pad.
7 Ipeseavro AonmycTH-
Y Masi aMILTHTYZa NepeMeIne-
HUA B JII0GOH TOuke 0Gbek-
Ta [g;] =[a]=0,5-10"%¢cn.
Ilpenenbno ponycru-
I / Muifl yroJ HakJoHa BHGPO-
X  H30ojHMpyeMoro  oGBEKTa
[ = —6— OTHOCHTeJIbHO KaXKJOH H3
7 ropu3oHTaNbHHX KOOPJAH-
u,e‘l / HaTHBIX oceil npH mpHJIO-
57 4 KeHMH K J1oGo# Touke
L) o6berTa (WJIM ero mocra-
150 MeHTa, €CJH OH Oyher
NPejyCMOTPEH) MOCTOSIH-
Puc. 9. K mpuMepy pacuera naccuBHOR :{g(l)‘ BEPTHKANLHOA CHIM
BuGponsoaAuud, OOWui B o6bexra w .o K¢ é{'e AQMKEH TIpe-
pacnoyioxenne KOOPAHHATHBIX oceit BbImaTané .OPISOJIH yeMbIﬁ
O «— HeHTP TAKECTH Boﬁc‘i;sx'ra (pasMepsl RaHH O6BEKT 1£Mee1‘ Bgama}o-
myocsi  4actb — poTop,
OChb BpANIEHHsI KOTOPOTO
cosnmagaer ¢ ocelo X (puc. 9). B craumonapuom pexume N =
== 20 000 06/mun. Tlepexomusie pexHMbl (3aMYCK H OCTAHOBKA POTOPA)

ABAAIOTCH AjaA o6beKTa HepaGouuMu.

Xors poTop HOMMHANBHO ypaBHOBEIIeH, TeM He MeHee NPH HeGiaa-
FONPHUATHHX YCAOBHAX OH MOXKeT BO36YXAaTh HEyDaBHOBELIEHHYIO Iie-
pHOAHYECKYIO HArpysKy, KOTOpas XapaKTepHus3yercs BEKTODOM CHJIH
P < 70 xe, Bpamamomumcsa B IIockoctd YZ ¢ yacToroi

57
N

Do N/60=333,3 2.
25
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2. Yyer HeypaBHOBEILEHHOH NEPHOAHYECKOH HATPY3KH,
JAeHCTBYIOMEd HA BUOPOH30JHPYEMBbli 06 bEKT

ITo ¢dopmyse (2.4) onpenenuM aMIIETYAY BePTHKaNbHHX KoJjeba-
HUH LieHTPa TsKeCTH BHOPOH30MHpPyeMOro OGbEKTa MOJ BO3AEHCTBUEM
nepemMeHHOH cHAB P, = 70 xI' B NpejlosoXeHny, YTO OCTaMeHT OT-
2yTeryer. [Ipu macce ofnekta mog = 500 : 981 = 0,5097 «xI-cex?/cn

P, 70

Qop= =
02 o6 00 0,5097-472.333, 32

=0,313-107% cn.

Takum o6pa3oM, pacueTHOe 3HAYEHHE @y, WMEET TOT XKe NOPAXOK, 4TO
U npefenbyo gonycruMoe [a]. [ToaTomy, 4To6b YROBIETBOPHTh YCIOBHIO
{(4.49), Heo6XOZHUMO yBeJHUYEHHE Macchl BHOPOM30JHPOBAHHOH YCTAHOB-
KM TIyTeM YCTPOHCTBA IOCTAMEHTA.

3apaemcs pasMepaM# NMOCTAMEHTA M3 aPMHPOBAHHOrO GETOHA, Kak
nokasaHo Ha puc. 10. Bec nocramenta @y paBsen:

Qy=1,7.1,2.0,5.2,3=2,346 T = 2346 «I', a ero macca my = 2346:
:981=2,391 «I'-cex?/cn.

Bec Q BuGpom30/HpPOBaHHON YCTAHOBKH COCTaBJSIeT
Q=0Qo6+ Qu =500 + 2346 == 2846 xz.

Y
Z / 7)
9 1 Inikal J‘—m Ye
l y 0 =g
y = ‘
I 7 PL S
7 T B g
L oD
I 17"} /gl W 5
R4 11| M £
%2{ y & [ &
- 0

[
7 11 i - ﬁ/
y4 1
7

Puc. 10. K npuMepy pacueTa nacCHBHO# BHOPOH30JAUUH

2 — o6 HA BHA BHOPOH30JIMPOBAHHOH YCTaHOBKH, BKJHOUYawuieldi B ceGsa BHGPOH3O-

JUPOBAHHBIA OODBEKT, I[OCTAaMEHT M BHOPOHU3OJNATOPHI; 6 — MJIAH PaCIHONOKEHHS

Pe3UHOBEIX BHGPOU3ONATOPOB Moz NoctamenToM; O — HeHTp THXKECTH BUOPOHU30-
JHPOBAHHOH YCTaHOBKH

Macca BuGpou3onpoBaHHON YCTAHOBKM paBHA:
2846

m=—§—8—1—=2,901 kI -cex?/cMm.

HpH YCJOBHH HCNOJB30BaHUsA 3TOTO IIOCTAMEHTa aMIJIUTYJa KoJje-
Gauul aqp, Oynaer

70
2,901.4n2.333, 32

oy = =0,055-10% cu < [a].
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3. Bpi6Op KOHCTPYKTHBHBIX X4PAKTEPUCTHK
KOJIHYeCTBA H PACMoJIOKeHNss BUOPOH30JATOPOB

[To popmyae (4.24) onpenensiem sHauenue By,

Bjg= l/ (2-107%)2 + (2. 10-%)2 + (4 .10 +%’ 2. 1078 +%) 2. 10—6)2=

=7,089.10~% cu.

Ilpu BeIGOpEe 3HAYEeHHs COGCTBEHHOH 4acCTOTH ©; CHEAYET HCXORHTH
H3 ycnosus (4.21), corsacHo KOTOpOMY

0, _ O el
o < on Bigtlal

40 051071 =10,27 2
= 7,089 - 102 40,5-10—%

3ajgaBasch 3HaUEHUEM O,/2% = 7 2y, HaxoAuM TpeGyeMylO CyM-
MapHYI0 XeCTKOCTb BHODOH3OJSUHH 1O TpeTbelt H3 dopmya (2.10)

K,=2,901.4n2.72 =5612 kI'/cs.

Bu6pousonsinuio NaHHOTO O6BEKTA OCYIECTBHM C IOMOLIBIO pe3u-
HOBBIX M30J5iTOpoB. Bri6upaem pesuny mapku HWPII-1347, usroroBase-
MYIO M3 CHHTeTHYECKHX KAYIYKOB M HMEMOILYIO, COrJMIaCHO MacHOPTHBIM
RaHHBIM, TBeppoctb fo TM-2 (MCO) 50—60 yciaoBHHX eausHuun. B
Ta6J1.5.3 HaxoAMM JJIsl JaHHOK MapKH PEe3HHHL CleAyIHe AHHAMHYECKHE
H CTaTHYeCKHe XapakTepHCTHKH: Egn = 54 kl/cm?, Egr = 33 klfca?,
vp = 0,09.

P CorgacHo n. 5.21 nprHHMAaeM pacueTHOe CTAaTHYECKOEe HaMpsiKeHHe
B pe3ure ¢ = 3,5 xl/cn?.

Ilromans momepeuHoro ceueHus Fy BCeX Pe3HHOBBHIX 3/E€MEHTOB

BHI6MpaeM N0 ycJoBHIO (5.26):

Fos 2% _ 131 can
= T = N C. .
P> 735 »

Tpebyemylo pa6ouyio BHICOTY Pe3HHOBHIX 3JEMEHTOB OMNpele/seM
no ¢dopmyae (5.28):

o 548062
T e T

ITonepeynnlt pasvep pe3HHOBOIO SJIEMEHTA — JAJHHY CTOPOHH
KBanpara b, B coorseTcTBHH ¢ YycjoBdeM (5.30), MpUHHMaeM PABHHM

b=1,3H;p =~ 10 cu.
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IMonnas Bricota Hp, pesHHOBOTO 3/1EMEHTa MoeT GHITh ompeaeneHa
no dopmyde (5.27)

10
Hp=7,758 +-—— =9,008 cx.

IIpuanmas Hp = 10 cu, HAXOJMM YTOUHEHHOEe 3HAYeHHe paboueii
BEICOTH
A 10
Hlszp—"“': 10—_—=8,75 M.
8 &
JKecTKocTbh OAHOTO PE3HHOBOTO 3J€MEHTa B BEPTHKaJbHOM Hanpas-
JeHHH BHUHcAseM 1o dopmyde (5.34)

. 100 - 54

= 8.75 =617,1 «I'jenm.
O61ee yHCa0 Pe3HHOBEIX 2JIEMEHTOB onpejensieM no popmyae (5.32)
ne Fp _ 813,1 ~3.
Fy' 100

Torga ofwas XeCcTKOCTb BUGPOH30MSUHH, corsiacHo (opmyae (2.11),
paBHa:
K,=617,1.8=4937 «I'/cm.

CraTuueckasi Harpyska, NpPHXOISMAsCS HA ONMH DEe3HHOBHII 3Je-
MEHT, COCTaBJsAET

Drofi Harpyske COOTBETCTBYeT cTaTHYeckas oOCajka pe3HHOBOro
3JsieMeHTa, BRIYHC/AseMas mo dopmyae (5.37),

355,75 - 8,75

Agp o= f2 22006 94 cp.

T 0=""337100 4 cn

C}KHMa!OHlee Hanpﬂ}KeHHe B 3JIeMeHTax paBHO:
Qy 355,75

=220 356 kI jen o
Fo' 100 wlfow=0

JKecTKOCTb OJHOTO DE3MHOBOTO 3JA€MEHTAa B TFOPU30HTANbHOM Ha-
npaBJeHHH onpefeseM no popmyaam (5.25) u (5.31):
, . 100 . 54

Kyp=K,p= 0.3 =180 kI /cm.

O6mue xecTKOCTH BHOGPOH30JATOPOB IO HampaBjeHHAM ocell Xp
H Y, BEYHCAAeMble no dopmyaam (2.11), paBHBL

Ky=Ky=8-180=1440 «I'/cm.

Pacnosnaraem H30/4sTOpPH MO NepHUMETPY HOCTaAMeHTa, KaK MOKa3a-
HO Ha puc. 10.
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ITpu BHIGPAaHHOM KOJHMYECTBE M30JSTOPOB 3HayeHHe cOGCTBEHHOMH
YaCTOTH BEePTHKAJbHBIX KoJeGauuii, onpefensiemoe no gopmyde (2.24),
paBHO:

o—

o, 1 K, 1 o/ 4937

2 2n m  2n 2,901

Mo ¢dopMmynaM, yKasaHHBIM B I. 2.22, BHIYHCJSEM 3HAUEHHS Oy H Oy

o oy 1 l/ 1440
== ——— = :3 5 6 .
°n ~ 2n  om 2,001 040 e

YT/0BBE HECTKOCTH CHCTEME BHOPOH30JSATOPOB OTHOCHTEJNLHO OceH
Xy u Yy Haxoaum no popmyJiam, yKasaHseM B 1. 2.20, KoTOpLIe, € yue-
TOM TOT'O, YTO BCe BUGPOH30JATOPHL OAMHAKOBBH M PAcloOJaralTcs Ha
ONHOM YPOBHE, NPHHUMAIOT BHJ!

n n
et 2 _ \ 2.
Kmx_‘szizl Yi» K(py—th_zl Xrid
= 1=

I(’(M=617,1-6-552==11,20-106 Kkl -cm;
K(py=617,1-6-802:23,70-106 Kkl -cm.

—6,566 2.

B cayyae NpHJOKEHHS K ONHOMY H3 YIVIOB TTOCTaMEHTa BEPTHKAaJ/b-
HOM -CTaTu4ecKH paelcTByiomed cuipl 150 xI” MOMEHTH paBHEL

Mgy =150 - 60=9000 I -cn;
Mgy =150-85=12750 k[ -cm.

ITo popmyaam (2.22) onpeneisieM cTaTHYECKHE YIJIbI HAKJIOHA 06beK-
Ta:

9000

————— =0,00080 = 245" < 3;
Pora =75 1gs =0+0008035 pad <3

12750

‘Pc'ry=m =0,0005380 pad=150" < 3’.

4. Onpenenenne aMNJAUTYH KoJaeGaHHi
BHOpPOU30JHPYyeMOro o0beKTa

Haxoaum BHCOTY LEHTpPa TSKECTH BHOPOH3OJKPOBAHHOH YCTAHOBKH
Haj HWXKHe#l NJOCKOCTbIO IOCTaMeHTa

25.2346 4-75-500
2= 5816 =233,8 cx.

BoiuuciisieM MOMEHTHI HHEePUHH NMocTaMeHTa OTHOCHTEJIbHO TOPH30OH-
TaJbHBIX OCeﬁ, IpOXOAAMHNX YEPES3 €T0 HUEHTDP TAXKECTH:
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2,391

Ix = 12

(12024 50%) = 3368 kI -cm-rex?;

2,391
Jpy = T (170% 4+ 502) = 6258 «I'-cm-cex®.
Mowmenrsr nHepIUH BHGPOH3OIUPOBAHHON YCTAHOBKH OTHOCHTEJIbHO
TOpH3OHTANBHEX ocelt Xy H Y,, NpOXOAAMmIMX UYepes LEHTP TAKECTH
BHOPOH30MUPOBAHNOR YCTAHOBKH, PAaBHKL:

J e = 250 4-0,5097 41,22 -+ 3368 -1- 2,301 .8,82 = 4668 &I -cm-cex?;

Joy=50040,5097.41,224-62582,391-8,82= 7808 xl-cx-cex?.
Paccrosnne S 110 BepTHKAaMH MeXKAY LEHTPOM TSIKECTH BUGDOU30-
JUPOBAHHOH YCTAaHOBKM M LEHTPOM JKECTKOCTH BHGDPOH3O/IATOPOB CO-
CTaBJserT

Hp—A 10—0,9
S=zn,T+—"%’-’—-_—33,8+———2——=38,3 M.

=——=—=6,092;

2 w20 6,566 2
©/25 40

=gy = e = ——— == 11,28
T =0y o/2n 3,546

KBuanpaTb[ PajHycOB MHEpIHM YCTaHOBKH R,? m Ry * oTHOCHTeJb-
HO oceff Xy u Y, paBHHL:

Joe 4668
2 = = —-":l 9 2'
Ry m 2.901 609 cu?;
7808
=L 9691 o2
¥ =79 001 e

ITo dopmyne (4.12) Briuucnsiem A, — aMIaUTYAY BEPTHKaNbHOTO
NepeMelleHUs IEeHTPA TAXKECTH BHGPOH30JHPOBAHHOR YCTaHOBKH, ofyc-
JIOBJIEHHOI'O KOJIeGAHUSMY OCHOBAHUSA:

4.101
——————=0,1108.107* cn.
Ar= g oq =0 1108:107¢ cu

B saganum ykasaHo, 4To OCHOBaHHe COBepilaeT KpoMeé IoCTymna-
TEeJBbHBIX TaKxke H YIJIOBHE KOJeGaHMsi OTHOCHTENbHO OCell, JieXalhx
B TJIOCKOCTM OCHoBaHusi. OfHAaKo B pacuerax OpuHATO (cM. m. 4.6),
4TO HauaJo KOOPAWHAT HAXOAKTCS B LEHTPe TAXECTH BUOPOHU30AKPOBAH-
HOro oOveKTa. Ilo3ToMy npm camMoM HeOJaronpHUaTHOM COOTHOINEHHH
(a3 ropu3oHTAJbHEIX H YIJIOBHIX KOJe6aHH# OCHOBaHUA aMIIHTYAA ra-
PH3OHTaJbHLIX KoJe6aHHi{l OCHOBAHHSA, OTHECEHHAs, COIVIACHO HpaBHIaM
MeXaHHKH, XK LEHTPY TSXKeCTH YCTaHOBKH, paBHA:
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by’ =by+ (2g.x+Hp—Ber.p) by =
=2.10"%4 (33,8+10—0,9) 2- 1076=2,858.10"4% cm.

OnpenensieM 3HaueHus Biy, Bz-x u By, no dopMmynam 4/ 16):

1 1
1= —1=—0,992;
Bix= o ! 11,282
S 38,3
= = —————=(,3010 cu;
B ax? 11,282
2 . 1{)8
Ko, 4 S RA— 23,7-10
Box =707 " g2 Y T 2,901 . 4n? . 40%
38,32
92691 = —2550 ca?.
T 11,282

IMo ¢opmyse (4.15) BhuHCAsAEM 3HadeHHE Ay
A =B, B, —B% =(—0,9921)(—2550)—0,3012=2530 cx?.
Tlo dopmyaam (4.13) u (4.14) Baxonum sHaveHas Ay u @,':

2

A — BBxbx’~B2x Ry bny _

X Ax
( — 2550) 2,858.10¢ — 0,301.2691.2.10~8
2530
= —2,887.10~% cm;
. le Ry2 boy—Bay by’ _
Py = Ax =

(—0,9921) 2691.2.10~%_—0,301.2,858.10—*
2530

=—2,144-1075 pagd.

i

Ilanee BEIMOJIHSIEM aHAJOTHYHble BHIYHCAEHHS AJS OnpefejeHHs
sHaveHHA Ay H @y

by' =b,’ =2,858-10"* cm;

1

S
Byy=——F =Byx==0,3010 cu;
oy
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or S . 120
By ="t T o7 — Re= T90T 47 402 T

38,32

+ 11,282

A, =B, Bsy_Bgy—_— (—0,9921) (— 1536) —0,3012 = 1524 cu?;
Bay by’_B2y Rx2 bq)x

—1609 = —1536 cm?;

Ay= 5, =
(— 1536) 2,858 - 10-2—0,301-1609-2.10
1524 -
= — 2,887.10™% cu;
o PR bq,zy_ Byyby

(—0,9921) 1609.2-10—6—0,301.2,858.10—* 51 10~8

= 1594 = —2,151:107" pad.

Hau6oapurue aMnauTyAbl Kosebauuil BO3MOXKHE B BEPXHUX YIVIO-
BHX TOYKaxX 06beKTa, MOCKOJIbKY OHH HanboJjee yAaNeHH OT LEeHTPa Ti-
XKecTd BHOPOH3OJHPOBAHHOH YCTaHOBKH. BcleAcTBHe CHMMETDHH ycra-
HOBKH OTHOCHTENBbHO MaockocTed X oZ, H Y,Z, onpefesieHne aMImHaTyA
Kosie6aHHH IPOH3BOAHM JIMIUD LJS OZHOH M3 3THX TOYEK, KOTODAs HMeer
clelyiolue KOOPAHHATHL: Xg = 75 cM, Yo = B0 cm, 2 = 66,2 cm
(cM. pme. 10).

ITo dopmynam (4.11) u (4.10) onpesensiem HanGosbiive aMIIUTY LBl
NOCTYNATeALHOrO NepeMenietus To4UKE | o0beKTa B HanpaBJieHUH oced
KOOPAMHAT, KOTOpoe OGYCHOBJAEHO KOJeOaHHSMH OCHOBAHHS:

ay=|b;+A|+| 2y (b, +9,) |=12,858 . 10~*—2,887.1074| 4
+ |66,2(2-1076.—2,144.107%)|=0,124-10"* cu;
ayy=|b,+ A |+ 2, (bgx+ ¥;)|=| 2,858 - 10~*—2,887-10~4| +
+166,2(2-10~%—2,151.107%)| =0,129 - 10~* cx;
a,,=0,111.10~* 4 [75 (2. 107 —2,144.10~) | -
+150(2-10—5—2,151.107%) | =0,295.10—* cu.

o dopmyae (4.6) naxonum HanGoNbIIYIO aMIVIMTYAY NOCTynaTe/ib-
HOTO mepeMemeHHss TOYKHM J/, BLI3BAHHOIO XoJjieGamusiMH OCHOBAHHS:

a{=10"*1/0,124210,129% + 0,295% =0,345.10~* cx.

Hanee HeO6XORUMO oONpefe/HTb AMIVIATYAHLIE XapaKTepHCTHKH
KoseGaHHA 0GbeKTa, OGYCJOB/EHHHIX BO3JefACTBHEeM HeypaBHOBEIISH-
HHEIX N€PHOAHYECKHX CHJI M MOMEHTOB, NPHJOXKEHHHX K 0GDBEKTY.

IMockoabky Py = P, = 70 k2, gy = ap, = 0,0565.10~% cu (cMm.
NYHKT 2 RaHHOTO NpHMepa).
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AMIDIUTYAY Qox YIVIOBHIX HepeMemeHHii 06beKTa, BHISBAHHAIX BO3-
AeHCcTBHEM INePHONHYECKOTO MOMEHTa C YacTOTOH @y, NPHJIGKEHHOrO
K 06BbeKTY, onpefiesisieM o oxHOH u3 dopmya (2.5)

Moz 70.41,2
Jox 0o 4668-472.333,32
Haun6oabline aMIJuTYAB NOCTYNATebHOTO NepeMelleHUs TOUKU [
o6beKTa B HANDABJACHHH OCed KOOPJAHHAT, KOTOpoe OGYCJIOBJ/IEHO BO3-

JeHcTBHEM HeyPaBHOBELIEHHBIX CHJI U MOMEHTOB, HAXOAUM N0 dhopMyaam
(2.6), B KOTOPHIX B RAaHHOM clyuae Qo = 0 U Qgy = @, = 0:

=0,1409-10—5 pad.

Pox =

Oz = 0;
ay1= 10,055 . 10~*%+4166,2.0,1409 . 10—5| =0,148-10=* cx;
az1=]0,055.10~*% 4| 50.0,1409- 10—8 | =0,125.10—* cx.

CorJsiacHo ¢opmyJae (4.5), HanGoJabinass BO3MOXHAs aMnjauTyZa Ine-
pememenys TOYKH / BHOPOH30MHPOBAaHHOrO 06beKTa paBHA:

a;=0,345-10—%4-0,148-10—*4=0,493-10—* cx < [a].

Takum o6pasom, npu BHIGPAHHLIX pa3Mepax M Macce NOCTaMeHTa,
4 TaKxXKe KOHCTPYKIHUH, UHCJIe U PACcIONOKEeHHH BHOPOH30AATOPOB YAOB=
JIETBOPAIOTCS TpeGoBaHHs, MPeAbABIseMbe K CHCTeMe BHGPOH3OJMS UM,



NPHJIO)KEHHE 7

NPUMEP PACYETA NMACCHBHOH BHUBPOH3O0JIALIHU
OBBEKTA MPH CIYYAHHBIX BEPTHKAJIbHBIX
KOJIEBAHHAX OCHOBAHHA

1. 3apaHne Ha NPOEKTHPOBAHHE

Tpebyercs paccunTaTh NAaCCHBHYIO BHODOU3OJSLHIO HEKOTOPOro
O6BEKTA, YYBCTBUTEJABLHOrO XK BHOpAUMAM, NOABEPIKEHHOrO CAYYalHBIM
KoJjie6aHuaAM ocHoBaHMs. OO6uik#i BUA 06beKTa M MOJOKEHHE €er0 IeHT-

7 pa TAIXKeCTH IDOKasaHel Ha
puc. 11.
l Y ITo ycliOBHSM KECTKOCTH

H KOHCTPYKTHBHOTO HCIIOJ-
l HEHHsSI CTAHHHEL 00BEKTa BO3-
| MOXKHO KpenJieHue BHOpO-

} H30JSITOPOB U JleMIdepos
| l HeNoCpeJCTBEHHO K OGBEKTY
S R "/ ‘ : (6e3 ycTpoiicTBA nOCTaAMEHTa).
Bec o6bekra Q=06 000 I,
Kone6aHusi OCHOBaHHS NpoO-
| HCXOJSAT MO BEPTHKaJLHOMY
175 | HanpabJeHHI0. CpeflHee KBajd-
400 - paTHyeckoe nepeMemneHHe
xone6aHnil OCHOBaHHA b=

=0,006 uxm. [TapaMeTpnl Kop-

peasiunonnod (QYHKIHH KO-
neGaHuil ocHopauus B/2n =

200
|
]
|

70
AN

Puc. 11. K npumepy pacuera mnaccus-
poii BuGpousonsuun. O6muft  BHE
00beKTa U pacnoJoKeHue KOOp[AHHAT-

o HBIX gceu ( =11 24, @ = 0,5p.
— HEHTp THAXKECTH OOBeKTa (pasMepbl Aa-
4L B OM) . IlpepennHo momycTUMYIO

CPELHII0  XBaApaTHYECKYIO
CKOpOCTb KOJeGaHHil LeHTpa
THXECTH BHOGDOM30JHDOBAHHOR ycraHoBkH [vg] coraacho ¢opmyue
(4.27) u Ta6n. 4.1 npunumaem pasBhofi 0,07 mm/cex. Ilpemennse
AONYCTUMHH yroJ HakJOHa BHGPOH30NUPYEMOro OGBEKTA OTHOCH-
TeJIbHO KAaXKIOH 43 TOPHU30HTAJIbHBIX KOODAMHATHHIX OCEH NPH NpHJIO-
KeHUH K J1060% Touke OGBEKTA IIOCTOSTHHOH BEPTHKAaJbHON CHJIH P =
= 100 k2 paser 10’. [Iuana3oH H3MEHEHHs TEMNEPaTYypPH, IPH KOTOPOR
npepycMaTpuBaercs sKcmayaranus obwexra, ot 0 po +40° C.

2. TlpeaBaputesbHan oleHKa oXuaaeMoil 3ddexTUBHOCTH
BHOPOHU30SALUH

o I]:Jo dopmynam (4.31) u (4.42) onpefesisieM 3HAYeHUH NMapaMeTPoOB
uf:

Q 2 2
—— =ﬁ£—5—=v112+5,52=1/151,25=12,30 ou;
a/2n 5,5
I= Q/2n 12,30 = 0,472,
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Hafinem cpenHiolo KBaJpaTHYeCKYI CKOpOCTb KoJseGaHHi#t oOCHO-
BaHUA

b5,2=0,006-2r-12,3=0,4636 mu/cex.

3anagumcs cOGCTBEHHOHN YACTOTON BEPTHKANBHBIX KOJleGaHUNt BUGPO-
A30/MIMPOBAHHON YCTAaHOBKH ©;/2n = 2 zy4. Torga cormacHo ¢opmyie

(4.42)
2/2xn
=——-=0,1626.
u=1g.30/2n ~ O 16%6

IMonb3ysce Ta6a. 2 NPUJIONKEHHS 2 M NPUMeHsis JUHeHAHYI0 HHTep-
noJanKIo Mo u, HalijieM 01pud D = Dgpp , 3HaueHHe Ko3(pHLHEHTa Ile-
pellauH IIO CKOPOCTH U, = 0,128. Oxupnaemas cpeRHss KBajpaTHyecKas
CKOpOCTh KOJieGaHUil BHGPOH30NMDOBAHHOA YCTAHOBKH U o, MOXKET GHITh

HalizeHa no QopmyJae (4.44)

Uz = Iy b5, =0,128-0,4636 = 0,05934 mn/cex < [v,].

3. Bpibop THNA, KOJHYECTBA H PACMONOKEHUS
BHOPOM3O0JISITOPOB

ITo xaTajory npyHHHBIX BHODOH30JATOPOB! BHIGHpaeM cepuiino
BhHIIyCKaeMble NpyxHHHEE Bubpousoastops [ 045 (sauboanuas pa6o-
yass Harpyska Py’ = 380 «I', npesiesibHas Harpyska Pypeg = 475 T,
co6erBeHHAas yactora npu P = Py’ 1,7 ey, xecTKOCTh BUGPOH30JISTOPA

’
B BepTHKaJbHOM Hanpasienun K,, = 45 xI/cm, ero Bbicota B cBoGOA-

HOM cocTossHuH Hjy = 28,1 cm, ocazgka npu HauGosbluiefi paGoded Ha-
rpyske Ay pag = 8,45 cu, To Xe npHu NpefeabHOH Harpyske Appen =
= 10,6 cx, pasMepH ONOPHHX maomanox 22X 17 cu).

Ilpu n = 16 craTuueckas Harpy3ka Ha BHGPOM30JSATOD

. 6000

er.B T 16

P =375 kI < Py’".

JKecTKOCTh Bcex NPYXKHHHBIX BHOPOH3OJSTOPOB

K, =K, =nK, =16-45=720 kI'/ch.

YTouHeHHOe 3HayeHHe cOGCTBEHHOM YacCTOTHL BEPTHKAJIBHLIX KoJe-
6auuii HaxoauM no ¢gopmyJe (2.24)

o, 1 K, 1 720.981
e ol A S 1,797 .
o 2nl/m 2:;‘/ g0~ LT

1 CM. ccasiky B 0. 5.15 PykoBsoacTea.
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[TockOJABKY OGBEKT HMEET IKCICHTPUYHOE DpACIpelelleHHe Mace
B HanpasJieHHH OcH X, paclojaraeM H30J4TOPH N0 NepPHMETPY O6BeK-
Ta HepaBHOMEPHO, MPEAYCMOTPER JOMOJHKTEJbLHEIE H3QJAATOPEl B TOP-
1€BOH 4acTH, B CTOPOHY KOTOpOH cMelleH LeHTp TaxkecTH (puc. 12).

175 YJ 225 .
11 u
68 6 53‘ &3 63 _ _ 63 }'
| T ]
T_ e ’_E L{ ¢ ( 3_4 Y - =
w 1
< z @
4 )
- X
o
@
o
)| 85 ©
S
51 -CORs1 ] SHEDR {1
128 - 126 '

Puc. 12. K npumepy pacdera naccuBHOW BuGpousonsumu. [laam pac-
N0JI0KeHusT BUGPOU3OIATOPOB H JeMndepoB moj 0OGbEKTOM
! — BuGpousonaTopH; 2 — nevndepn

KOoOpAHHATEl LeHTPA KECTKOCTH BHuHCJAsieM mo dopmyaam (2.19),
KOTOpDEHIE, C YY€TOM TOTO YTO Bce BHOPOH3014TOPH OJMHAKOBH H pacrno-
JaraloTcsi Ha OJHOM YPOBHE, NPHHUMAIOT BHI:

2(—166,5—164—101—38 4 254:88 1 1514 214)
Xp= 16 =+1,l M,

yr=0.

BBuzny majolf BeAHYMHBI IKCLUEHTPUUHTETA N0 ocH X HM MOXHO
npeHeGpeys.

Jlanee Heo6XOAHMO ONpelesHTh YIVIBI HaKJOHA 0o6beKTa MOXA BO3-
ZeficTBMeM BEPTHKAJbHOR craTuuecKu jAeficTByomeil cuaun. B ciayuae

NPHJI0XKEHHS CHAB K OJHOMY 13 YIJIOB YCTaHOBKH (CM. puc. 12) MOMEHTH
PaBHH:

Mep 5 =100.100= 10000 «I - cu;
Meyp y=100-225 = 22500 k[ -cu.
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VrioBLie KEeCTKOCTH CHCTeMEl BHGPOH30/IATOPOB OTHOCHTENbHO OCel
Xp u Yy, HaxonuM no gopmysiaM, yKasauHEIM B 1. 2.20, KoTopsle, ¢ y4e-
TOM TOrO YTO Bce BHOGPOU30JATOPH OAHHAKOBBL H pacrnosiaraiorcs Ha
OXHOM YPOBHe, NPHHUMAIOT BUJ:

n n
. , 2
K(pszzB E yl%i; K(py:Kzs 211 Xki;
i=1 =
anx:45'2(30’52+7'91’52):5358000 kI - cm;
K gy =452 (166,554 16421- 1013 - 38 1 252 -
4882 15124 2142) — 12 800 000 &I -cx.

[To dopMynam (2.22) onpefensieM cTaTHYeCKHEe YIJbl HAKJAOHA
o6beKTa

Mer 10 000
= = =0,001866 pad—=6'25" < 10';
Per x K(px 5 358 000 0,0 pa < 10%;

92500
2 0.001745 =6 < 10",
Per v = {5590 000 = O*° <

Haubonbiias ocanka BuGpousonaropa Ipd YcJIoBHH HauGoxee He-
BBITOAHOTO [PUJIOXKEHHS INOCTOSAHHON BEPTHKAABHOH CHJBL COCTABUT

Q+P

A=
K,

4+ Per g lxtTPery ly=

6000+ 100
= ——7—2—%_+0,001866(100-8,5)—;—0,001745 225—11)=

=8,472 c#+0,171 cn-+0,376 cn=9,013 cm < Appen-

4. YTOouHeHHe ONTHUMAJBHOIO OTHOCHTEJbHOrO
KoadbuureHTa 3aTyXaHUs

YTouHsieM 3HAYEHHE U

OnTUManbHOe 3HaYeHHe OTHOCHTeIbHOTO Ko3(buinenTa 3aTyXaHus
D our p BaXOAUM U3 Taba. 2 npunoxenus 2, N0JAb3YICh JHHEHHOH HHTEp-
nonsuuel no u

DOIIT 020,192'
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5. Pacuer aemMn@epa BA3KOro TpeHus

B Bu6pon3o/inpoBanHoil ycraHoBKe IPUMeHHM Jemndep, OMHCAHHEBIH
B 1. 6.5 (puc. 6.4). Heo6xonumblll KO3 PHULUEHT CONPOTHBJNEHHSA BCEX
BA3KHUX AeMndepos fi, BeUKCIIeM 110 popmyae (6.7), rie

D=Donr  —Dp-
3gece Dy = yp/2 — OTHOCHTENbHBH KOI(Q(UUHEHT 3aTyxamHdA, o6yc-
JIOBJICHHOTO HEYNPYTHM CONPOTHBJIEHHEM BHGPOH30JATOPOB.

Jns HpyXuHHBIX BHOpou3oisitopoB Dy = 0,005.
IMopcraBasis yucAeHHble sHaueHus B (opmyay (6.7), noayunM
2-2x.1,727-6000 (0,192 —0,005)
= 981

B caydae ucHosNb30BaHHS UYeTHpeXx JeMmudepoB KO3GOHIHEHT CO-
TPOTUBJIEHHS OHOrO JeMidepa k', paseH:

—=24,82 kI'-cec/cm.

Uro6nl pasmecTHTh AeMOdepE MexAY BHOPOH3ONATOPAMH, HAPY K-
HHLil fEamerp cratopa Aemndepa AoakeH ObiTh (cM. puc. 12) Mesbuie
630—220 = 410 mm. Jas usroroBieHus aemndepa BuGupaeM TPYOH
cragpuble OecuoBueie mo I'OCT 8734—-58: ana cratopa—auaMeTpoM
220X 210 mn, naa pubparopa—puamerpom 190X 180 sm*.

Ipunumas lp = 7,5 csM, BHUHCANM HEOGXONUMHIA JAHHAMAYECKHH
K03 QHUMEHT BA3KOCTH ASMIPHpPYIOmed KuAKocTH I o popmye (6.8),
rie P(x) ompeaensercs o rpapuky, usobpaxkeHHoMy Ha puc. 6.5.

[pu

10,5
=R 202 05 () =20400.
s 9,5
! 6,205
W= hs = 2 =0,4055.10~% xI".cex [cM?.

) 7,5-20 400

B xauectRe gemndupyomell XUAKOCTH BHOMPAEM HOJHMETHJICH-
JoKcaHOBYIO XuAKocTh 1IMC-5000, umeomyio npu 20° C xuHaMHYecKHi
K03(pduLMeHT BA3KOCTH

It g0 == 4434 cn3=0,4520-10"* «I-cex/cu?.

ITpu remneparype 0 u 40° C BA3KOCTh 5TOR MHAKOCTH XapaKTepH-
3yercsi JHHaAMHUYeCKHMH KO3(p@dHIHEHTAMH COOTBETCTBEHHO!

pto="0,7390-10"* «I'-cex/cn?;
Bt 40=0,3365.10"* &xI.cex /cn?.

TTo ¢opmyae (6.10) mposepsiem 3HaueHue Ap — pasHocTH AaBJe-
Hufl MeXAy BEDXHHAM H HHXKHKM YPOBHeM BH3IKOH Xuakoctd. s 3Toro

* [lpn KOHCTPYHPOBAHMY AeMmndepa MOXKHO HCXOAUTH H3 HMEOLLe-
rocsi accopTUMeHTa TPYO. .

151



B KayeCTBe MAKCHMAJLHO BO3SMOXHON CKOPOCTH ABHXEHUA BHGparopa
B BePTHKAJIbHOM HaNpasJeHHH Uz yaxc O€peM MATH CPEJHEKBAAPATUYHHIX
3HaYeHHH CKOPOCTH KoJeGaHHil OCHOBaHHS:

Uy maxe =90 4,0 =5-0,4636=2,318 umfcex=0,2318 cm/cex;

(o) = 1445 (ompepensercss no rpaguKky, H306paKeHHOMY Ha
puc. 6.5);

40, maxc Mo lp @ (a) -4.0,2318.0,7390-10"% . 7,5.1445 _
ro? 9,52 -
~0,008 kI'fem? < 0,95 kI'/cmu®.

Ap=

BBuAYy MaJLIX CKOpOCcTell JBHXKeHHs BHGpaTopa TeMIeparypy Xui-
KOCTH NPH JJHTeNLHOM DeXHMe BHOPALHH MOXHO He ONpPeAeNsThb.

Haxopum oTHocHTenbHEIE KO3dHIMEHTE 3aTYXaHHS BHOPOH3OMH-
poBaHHOM YCTaHOBKH NpPH KpPalHHX 3HAYEHHsX TeMIeparyphl:

npge bpd ()
Dyy=—10P¥Y  p
10 S0, m + Dy
4.0,7390-10—4.7,5.20 400.981 )
= 9,951,727 6000 +0,005=0,341+0,005=0,346;

Dt ‘o=0, 155+0,005=0, 160.

Jas toro 4roGH paBHOAeHCTBYIOWAs AUCCHNATHBHHX CHJ NPOXO-
Auja 4epe3 NeHTP TAMKeCTH BUOPOUSOAUPOBAHHON YCTAHOBKH, AeMudepws
pacnojiaraeM B njiaHe CHMMeTPHIHO OTHOCKTeAbHO oceff X u Y (puc. 12).

BricoTy Kpasi cTaTropa Haj cBOOOAHOH NOBEPXHOCTHIO KHAKOCTH
H BHICOTY craTopa H HasHayaeMm H3 yCJOBHH, 9T00b IIPH MaKCHMaJbHOH
JedbopManyun BHGPOH30JATOPA He NPOH3OINIO, BO-NEPBHIX, BRJAABJIHBA-
HHS XKUAKOCTH M3 AeMndepa H, BO-BTOPHIX, NOCajKH 06BEKTa HA CTATOP
aemndepa,

Ilpu npHIOXeHHH NOCTOShAOH CHJIK K OXHOMY H3 YIVIOB o0neara
BepTHKaJbHOe NepemeleHHe BHOpaTopa OTHOCHTEJNBHO CTaTopa COCTa-
BHT

Apg= Izt Qcry lny=

- —%..(3—+0,001866-89+0,001745- 126—0,5248 cx.

[Ipu Takom nepemelmenus BuGpaTopa NoxbeM YPOBHHA Aemndupyouted
KUAKOCTH B cTatope Hyy OyjeT paseH:

7o’ 9,5 =2,369
H)K—AJI -&;—_—ro—'_o ,b249 10,59 5% =2, CM.
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Haumenbuiee paccrosinne H'p Mexjy OGBEKTOM M OCHOBAHHEM
B MeCTe YCTaHOBKH jemndepa B Clyyae NPHJIONKEHHS K 06LEKTY BEpPTHU-
KaJpHOH cujel P cocraBHT

P
X —Qorx (Inx+ R) —Pery (Iny+ R) =
z

=28,10—8,47—0,001866 (83-- 11) —0,001745 (126 + 11)=19,2 cxu.

Hn,v:Ho_

Tpunumasn Iy = 3,5cm > Hy, I, = 5 cu H TONMHUHY IHHIMA CTA TO-
pa lpg = 0,5 cu, monyuum, ¢ yuerom NpHHSATOro paee lp == 7,5 cn,
BHICOTY cTaropa H pasHOM:

H=lg+ b+ lp+1=0,545+7,643,5=16,5 cu < Hy’ .

6. Onpepenenue cpeaHeii KBaapaTHIeCKOH CKOPOCTH
KoJeGaHni BHOPOH3OJNDPOBAHHOK YCTAHOBKH

Tpensapurennno no dopmyaam (4.42) naifieM 3HaYeHH S NapaMeTpoOB
s H2q:

$=4/2=4.0,2=0,8; 2=5—2=—1,2,

Tlogcrasiss suavenus f, s, 29, u u D B dopmynn (4.29), (4.38),
(4.40) u (4.44), noaywum:

npu D=D;=0,346 p,=0,1186;
Ugp= W, by, 2=0,05500 mr/cex;
npu D=Dy 4p=0,16 p,==0,1036;
vcz=0,04802 Mm/cex;
npu D==Dgpy=0,192 p,=0,1020;

Uy, =0,04727 mm/cex.

Taxum o6pa3oMm, B 3aBHCHMOCTH OT TeMNepaTyphl, BJAHAIOWER Ha
BASKOCTh JAeMndupyomel XKHAKOCTH, CpPeIHAs KBagpaTHYeCKas CKO-
pocTb Kose6aHHH BHOGPOH3OMMPOBAHHOTO O0BEKTa Uy, OYAeT JexaTop

B npenenax 0,047—0,055 um/cex, T. e. MeHbIIE NPefedbHO AONYCTHMOM
[vgl = 0,07 mu/cex.

T/ cpaBHeHHsS YKaXeM, YTO IIPH OTKMIOYEeHHH AeMmndepos 3Haue-
HHE U,,, KaK [I0Ka3HBaeT BEYHCJAeHHe o dopmyaam (4.29), (4.33), (4.35)
u (4.36) npu y5 = 0,01, Bospacraer 1o 0,2335 mm/cex, T. e. cTaHOBHUTCH
Gosiplile TMPeRENLHO JOMYCTHMOTO.

B naunoM mpuMepe He HOPMUPOBANHCH aMIJIHTYAHBIE XapaKTepuce-
THKHY nepemenienusi Kojebanuit subGponsonuposanHoro o6nekra. Ofua-
KO AJsi TOro 4TOOL MOJYYHTh NpeicTaBjeHue o6 UX BeHYHMHE, HUXe
NpHBEACHE! 3HAYCHHA @5, — CPEAHETO KBAJPATHUECKOrO MepeMelleHus

LeHTpA TsXKeCTH OGbeKTa, BHYHCAeHHbE mo ¢opmynam (4.30), (4.34),
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(4.35), (4.36), (4.39) u (4.40) nnst cnyuaeB paGoTH BuGPOU30AAUHOHHOTO
YCTpo#icTBA ¢ BKJIOYEHHHME JieMdepamu, a TaKKe [IPH HX OTKJIOYEHHH

npu D= D;;=0,346 a,,=0,003147 mn;
npu D=1Dy 4,=0,160 a;,=0,003993 un;
npu vs=0,01 a;,=0,02151 um.

TakuM o6pasoM, pacueThl NOKa3bIBAIOT, 4YTO €CJAH NPH 3aJaHHOM
CNeKTpe KoJjieGaHHH OCHOBAHHS B 3aNpOEeKTHPOBAHHOH yCTaHOBKe OT-
XM0YHTh AeMidepr BI3KOTO TPEHHMs, TO YPOBEHb Ckopocmu KoJieGaHHH
o6beKTa GyleT CHHIKEH BCEro JIHIIb B IBa pa3a N0 CPABHEHHIO C YPOBHEM
CKOPOCTH KoJleGaHHIl OCHOBaHHs, a YPOBEHb nepemeujerus KoleGanui
o6beKkTa gogpacmem B 3,6 pasa Mo OTHOIIEHKIO K YPORHIO NepeMelleHus
Kose6aHHH OCHOBAHH{,



ITPHJIO)KEHHE 8

PEKOMEHIAUHHY MO NACCHBHOM BHBPOH30JALHH
METAJIJIOPE)XXYIIHX CTAHKOB NOBBIMIEHHOH TOYHOCTH
H BbBICOKOTOYHDLIX !

1. Ilpu npoeKTHPOBaHHH BHGPOH30JASUMH METAJNJOPEKYIIHX CTAH-
KOB HeoGXOAHMO YYHTHIBATb YKa3aHUA pa3fiesa 4 1aHHOro PyKoBOACTBa,
a TaKXe crelHajbHbie PeKOMEHAZALNH, OTHOCSMIVECH K METaJIOPexy-
IlHM CTaHKaM, KOTOpEIE H3J1araioTcs HHKe?.

2. JlomycTHMble aMIJIHTYAL KOJeGaHHH CTAHHH CTAHKOB KOHKpeT-
HEIX MOJIeJiell YTOYHAITCH 3280/laMH-H3TOTOBUTEASAMH.

3. JonycruMmble BeJHYUHBI YIJIOB HAKJOHA CTAHKA JAOJMKHB Oro-
BapHBATLCH B €ro CONPOBOJANTENbHON TEXHHYECKOH JOKYMEHTAaLHH.

B 6oabuinHCTBE ciydaeB HAaKJIOHBI CTRHKOB CpPeflHHX DPa3MepoE,
BO3HHKAIOUIHEe MDH HepeMemeHHH Y3J0B, He NPEHsATCTBYIOT HOp-
MaJbHOU paGote Ha craHke. OfHaxo GoJablUue YrAB HAKAOHA CHAbLHO
3aTPYAHAIOT COOPKY U IOCTHPOBKY CTaHKOB. B 3TOM ciyuae wesecoo6-
Pa3HO NPHUMEHNTH YNPYro-XKecTKHe omophl (CM. HHXKe, 1.8).

4. Kpome cayuaes, mpepycMoTpeHHHX I. 2.4 PykoBoxcTBa, nocra-
MEHT {¢yHAaMeHTHHIH GJOK) YCTPaHBAIOT TaKXKe B CAEAYIOI(HX CAyYasX:

a) KOrAa CTaHOK, TpPeOylomuil W3OMANMM, KECTKO CBA3AH C PAAOM
CTOAUIMMHU arperaTaMH H HeoOXoJAMMa HX COBMeCTHas YCTaHOBKa Ha
obmeM QyHLaMeHTe;

6) KOrja 1o yCJOBHSIM MECTHOH NPOYHOCTH I0Ja HJIHM NMepPeKPHITHA
HeBO3MOXKHA YCTAHOBKA CTAHKOB JJaHHOTO Beca Ha He6OJIbIIOe KOJNYecT-
BO BHODOH30JATOPOB M HeOGXOAHMO pacupeesieHle HArpyskH Ha HEKO-
TOpOH IJIowany;

B) KOTZA4 TOYHLIE CTAHKH PasMeLlaloTCs Ha MOJY C HeXeCTKHM Noj-
CTHJAIOWHUM CJIOEM.

Kaxk npaBu/io, BEICOKOTOUHBIE CTaHKH YCTAHABIUBAKT HA OTAEIbHEIE
IOCTaMeHTHl, €CJH NOoc/eHHe MpelycHMaTpUBAIOTCS.

Ha o6mu#t nocraMeHT LOMYCTHMO YCTaHaBJMBATh CTAHKH HNOBBILIEH-
HOH TOYHOCTH, He HMeloHmHe BHYTPEHHUX HCTOYHUKOB 3HAUHTENbHBIX Ie-
peMeHHBX CHJ ¥ MOMEHTOB.

5. B GoabIIMHCTBe c/ydyaeB BeC IIocTaMeHTa (yHAaMeHTHOro 6/10Ka)
MOKHO IPHHHMAaTh B 2—3 pasa 6oJblle Beca CTaHKa, B OTAEAbHBIX CaY-
gagx (IpH 0,/2n < 5 azy) — B 4—5 pas.

6. Cranku Ha nocraMmedTax (QyHniaMeHTHHX GMOKax), KaK IPaBHIIO,

YCTaHaBJAMBAKOT C KpemnjlenreM UX PyHAaAMEHTHbIMH OOJATaMH.
" 7. CobcTBenHble YACTOTH BUOPOU3OMHPOBAHHOIO CTAHKA NOMIKHH
oTaHyaThes He meHee yeM Ha 30—40% oT wacToT, ompefenseMHX THC-
aoM 00OpOTOB ABHraTeNst, YUCJAOM ABOHHHIX XOJAOB NepeMemaumuXcd
y3JI0B CTaHKa M T. I

8. las craHKoB, TPeOYywIIUX NepHOJXHYeCKOH IOCTHDOBKH, HeJje-
€o00pasHO HCIOJAB30BATh YNPYI'0-)KECTKHE ONMOPHLIE 3JIEMEHTH, I03BO-

1 Ilpu cocraBjeHHH 3TOrO NpPHJOMXKEHHS KCUOJAb30BAHB «PeKoMeH-
Jalluk 10 YCTAaHOBKE MeTaljopexymux crankos», OHTU SHUMC,
M., 1969. '

2 Croco6bl YCTAHOBKH CTAHKOB HA (DYHZAMEHTAX, DacrloJaraeMalX
Ha €CTECTBEHHOM U CBaliHOM OCHOBAHUNX, 37leCk He paccMaTpHBAKTCH
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astomue GBICTPO NEPEXORUTL OT YNPYroff YcTaHOBKH cTaHka, ofecmeyu-
Balomel ero BUGPOH3OAAUHIO, K KeCcTKo. B wacTHocTH, HHOrAa Kpome
YNPYFHX SjeMeHTOB (BUOGDOH30JATOPOB) NpelycMaTpHBAIOT peryJiH-
PY€eMEIe JXXecTKHe ONOpH (HanpuMep, BUHTH), KOTOPHE NPH YNPYTOM OIH-
PaHHH CTAHKOB BHIBOLSITCS H3 KOHTAKTa C €ro OCHOBaHHEM, a IPH XecT-
KOM — BBOJSATCS B KOHTAaKT M BOCIPHHHMAIOT 3HAaYUTEJbHYIO YacTh Ha-
TPY3KH.

9. B npakTHKe BHGPOH30JISILHH CTAHKOB HAIVIM OCHOBHOE NpHMe-
HEeHHEe CJeAYIOIHEe CXEeMH.

a) HenocpepcTBeHHO Ha BHOGPOH30JATOPH OOBIYHO YCTAaHABJAUBAIOT
CTaHKH CPeJIHHX pa3MepoB C JKeCTKHMH craHuHaMH (I/h < 45, rre ! —
IJUHA, h — BHICOTA CeYeHHs! CTAaHHHH), He HMelOllHe BHYTPEHHHX HC-
TOYHHKOB SHAUYUTEJIbHHX HEYpPaBHOBEIIEHHHX IIepEMEHHHIX CHJI H
JoNycKalomye 3HauMTeNbHbIE Nepekock 6e3 ymep6a Ans yAo6CTBa
paborel u KauecrBa of6paGoTkd Jeraseil. IIpm 3ToM Harpyska Ha
BUODOHSOMATOP HEe: JOJIKHA INPEBHIIATh AONYCTHMYIO IO YCJIOBHIO
MECTHOH NMPOYHOCTH IOJIa HJIH NePeKpPHITHA. DTy cXeMy BHODOH30ASLHH,
NpH KOTOpoH 06m4HO 10 < ,/2nt<<15 ey, MPUMEHAIOT, B YaCTHOCTH, A
CAeJYIOWHX CTaHKOB:

TOXapHbIX (CPeAHHX pasMepoB ¢ KOPOTKHMH CTaHHHAMH HJH CO
CIIOIIHBEIMH OCHOBAHHSIMH, ec/iH Ha HHX He O6yAyT obpabareiBars He-
ypaBHOBelIeHHLle JieTalH);

KOOPAHMHATHO-PACTOYHBIX, AaJMa3HO-PacTOYHHX, 3yGodpe3epHuIx
(cpenHHX pa3sMepOB C JKeCTKHMH CTAHHHAMH);

pesb6omnudOBaNbHEIX, KPYIVIOINIH(OBAJAbHEX, BHYTPHIAH(O-
BaJIbHBIX, NJOCKOILIH}OBAJBHEX, 3yGolH(oBaldbHEIX (CPelHHX pas-
MepoB ¢ KeCTKHMH CTaHHHaMu, paboralolmiux Ge3 pe3KuX peBepPCcOB me-
peMemamomuxcs ysJjoB, B YacTHOCTH, CTaHKOB, pafoTalmux a6pa3us-
HbIM YepBSKOM).

Hexotopoe pacmupenne ob6iacT# NPHMEHEHHS 3TOR cXeMbl BHGpO-
H30JIAHUH MOXKeT ObiTb ZOCTHTHYTO NMYTEM CHeUHAaNbHOI0 YMEHBUICHHS
nepeMeHHbIX CHJ B CaMOM CTaHKe: PeryJHPOBKOH NJIaBHOCTH peBepca,
GajsaHCcHpPOBKOli HeypaBHOBEIIEHHBIX jeTajefl H T. 0.

BosmoxHocT, HemocpeJCTBEHHOH YCTAHOBKH Ha BHGPOH3OJASTOPH
NPEUN3NOHHHX CTAHKOB ¢ BO3BPATHO-IOCTYNATEJAbHO NepeMemaromuMH-
Csi y3JaM¥ ONpeflesislioT ¢ y4acTHeM 3aBOJAa-U3TOTOBHTEJISI.

6) BHICOKOTOUHHIE CTaHKH C HEAOCTAaTOYHO KECTKHMH CTAHHHAMH
HJIH CTAHKH, BO36yXkjalomue sHa4YHTeJbHHE HeypaBHOBELIeHHLIE mepe-
MEHHEIE CHJIBl H MOMEHTH, OOLIYHO YCTAHABJKBAIOT HA CMEUHAMNBHLX NO-
crameHTax (GdyHAaMeHTHBHIX 6JI0KaXx), a B KauecTBe YNPYTHX 3JIEMEHTOB
HCNONb3YIOT Pe3HHOBHE BHODOH3OAATOPEI.

Taxyio cxeMy BHGPOHSOJSIHH, IPH KOTOPOR OGBIYHO b < ©,/211 <
< 1524, NpHMEeHSIOT, B YAaCTHOCTH, AJs CJAEAYIOW[UX CTAHKOB:

KOODIMHATHO-PACTOYHHX (CTAHKOB € HEXECTKHMH CT2aHHHAMH);

3y6odppesepHbIX (CPelHHX pasMepOB C HEXECTKHMH CTaHHHAMH H
KPYIHHX);

KpyraoumingoBajinHHX (CpeilHHX Pa3MePOB C HEXECTKHMH CTaHH-
HAMH HJIH CTAHKOB, paGoTaOIUX NPH Pe3KHX peBepcax, KPYMHHX CTaH-
KOB);

BHYTpHIIIKGOBaNbHHX (paGoOTAIOMHEX NPH PE3KHX peBepcax, ¢ TH-
JKeJBMH NOABHXKHLIMH Y3JaMu);

NJ10CKOMAH(POBANBHEX (0C060 TOYHBIX CTAHKOB);

pesvbolindoBaNibHEX (¢ AJHHHHIMH HEXECTKMMH CTaHHHaMH);

8y6ominoBaJbHbX (C HEXECTKHMH CTaHHHAMH, paboTalomKX
npH pe3KHuX pesepcax y3JoB),

156



B) THAXesahle cTaHKH, He BO3OyXKJAIOMHUE 3HAYHTEILHEIX HEypaBHO.
BeLIeHHHX IepeMeHHEIX Harpysok, YCTaHaBJHBAIOT NPEHMYIIECTBEHHO
Ha crnelqHaJbHHX nocrameHTax (pyHAaMeHTHHX 6J0Kax), a B KauecTBe
YNPYTHX 3JIEMEHTOB HCIOJbLSYIOT TPYKuHHHE BHOpPOH3OAATOPH!. DTy
cxeMy BHGDOH30JsIHHH, NPH KOTOPOH ®,/2m < 5 2y, NPHMEHAOT, B
YacTHOCTH, JUISl CHAEAVIOUMHX CTAHKOB:

3y6odpe3epHuIX (TAXKeJEHX BbICOKOTOYHEIX CTaHKOB, MacTep-CTaH-
KOB);

KpyraounndoBanbHLX (TAXKENBIX CTAHKOB, B YAaCTHOCTH, BaJtblle-
waH(pOBaNbHBIX);

BHYTPHILIH(POBAABHEIX (0cO60 TOYHHIX KPYIHHX CTaHKOB).

1 Henecoobpasuo nmpuMenenue Aemndepos BAKOTO TpeHus.
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