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NPEAUCI/IOBHUE

Bubponsonanusa MallluH — OAHO U3 HauboJjiee NEHCTBEHHBIX
CpeACTB O0OpbObl C KOJNEOAHHSAMU KOHCTPYKUUM 3JaHUH U COO-
pPYXKEHUH, Bbl3blBA€MbIMH paboToOHd MaluuH. Bubpousonsinud
npuMeHseTcs JIUOO JJ1 YMEHbIIEHU S JUHAMHUYECKHUX BO3JICHCT-
BMH, IepeJaBaeMblX MAlIHHOU Ha NOJAAepKUBAIIHE KOHCTPYK-
IIUH, JUOO /Sl CHAXKEHUSA ypOBHSA BHUOpanuHd npubGopoB U Ipe-
IIM3UOHHBIX MalllMH — BUOpanui, BHI3BIBAEMBIX KOJe0aHUSIMH
NOAAEPKUBAIOIIUX KOHCTPYKIMHA HJAH OCHOBaHus. Bubpouso-
JALHUA CHUXKAET YpOBeHb KoJieOaHUH paboyux MeCT H, CJeJ0-
BaTeJbHO, YCTpPaHseT BpeAHoe BJAHsAHHE BUOpaALUH.

Jlo nocaeiHero BpeMeHH B IIPaKTUKE CTPOUTEIbHOTO IIPOEK-
TUPOBAHUS NMPUMeHsiach «KIHCTPpYKUMS IO NMPOEKTHPOBAHUIO
W pacueTy BHOPOU3OJIALMKA MAIlHH C AWHAMHYECKUMH Harpys-
KaMd H O00OpyJAOBaHUS, UYBCTBUTEJNBHOTO K BHOpamMaMy
(M 204-55/MCIIMXTI), paspaboranHasi B JabopaTopuu AyHa-
MUKH lleHTpa/bHOrO Hay4HO-UCCAELOBATENbCKOIO HHCTHUTYTA
IIPOMBILJIEHHBIX COOpYXeHuM. MHCTpyKuusa crnocobcTBoBasia
BHEJPEHHIO BUOPOU30J LMY B IIPOMBILLJIEHHOE U TI'DaAKIAHCKOE
CTPOUTEJCTBO.

B ocHoBy 3t0ro PyKoBOJCTBA Jeryiy npUHUHUIINAJNbHBIE T10-
10KeHUs uHCTpyKuuun K 204-55, koroprie 3a 16-yeTHHE Te-
PUOJ, NPOLUIEAUIHH CO BPEMEHH €e BbiX0Jla B CBET, ObLIH IIpOBEpe-
Hbl NPAKTUKOH NPUMEHEHHSA BHUOPOHUIOJISALLHUMU.

B PyKoBoACTBO BK/JIOUE€HBEl MaTepHaJksl, paclIup soue Jua-
[Ta30H €ro NnpuMeHeHus U JeTAJU3HDVIOUKe OTAe/bHbIe PACYeT-
Hbl€ IOJIOKEHHS. B OCHOBHOM 3TH JIONOJIHEHHS CJIeAYIOLLue.
YuTeHa BO3MOXHOCTH BO3HUKHOBEHM S pexKUMa UMITYJIbCHOTY pe-
SOHAHCa, YTOYHEHBbl JONyCKaeMble aMIJIUTY/bl KojebaHuid AJis
dyHAaaMedTHoro 06Ji0Ka M NOAPYHAAMEHTHOTO KopoOa; BBeJeH
pacyer NMpyxUHHO-pecCOpHOH BUOPOU30/AIlMU. 3aHOBO HanncaH
pasjen «llaccupHass BUOpoOH30/AAIHA», B KOTOPOM DACCMOTpPEH
pacuer BUOPOU3OIALUHA 000pYAOBaHH S, YYBCTBUTEJIBHOI'O K BU-
OpauusaM, mpu NepuoauueCcKUX M CAyYadHbIX KoJieOaHHAX OCHO-
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BaHHsSl. BBelleH pacyeT MNpPYyXKHUH HAa YCTOHUMBOCTHL M pacuet
KOHIEHTPHYECKUX IPYKHUH, JaHBl pPEeKOMEHJAllMU II0 pacyeTry
PYXKUHHO-IIJIACTMACCOBLIX BHOPOH3O0JIATOPOB U BHOPOHU30JATO-
poB ¢ rujppowapHupaMu. llpencraBiieHsl cBeJileHMs IO COBpe-
MEHHBIM COpTaM pPE3HHEI, PEKOMEHAYEMBIM IJid BUOPOU30JISITO-
poB. [laHbl yKa3aHHs IO pacyeTy U NMPOEKTHPOBAHUIO AeMmide-
pPOB BSI3KOI'O TPEHHS.

B npunoxeHHsix npuBeAEHLI NpHMEphl pacuera aKTHUBHOH
BUOPOU3OJISILUH MALIKHBI C NEPUOLAUYECKOH BO3MYILAIOIIEH Ha-
I'PY3KOH, BHOPOH3OJALUHN (PYHAAMEHTOB 104 MOJIOTHl M aCCUB-
HOH BUOPOHU30JALUN OOBEKTOB, UYBCTBUTEJbHBIX K BHOpaLLUsM.

KHura nojiroroBJieHa B JiabopaTopuH AMHAMHKHU lleHTpasib-
HOTO HAYyYHO-HCCJIENOBATE/bCKOTO HHCTUTYTA CTPOUTEJLHbBIX
KoHCTpyKUuid uM. B. A. KyuepeHKo A-pOM TexH. Hayk, npod.
b. I'. KopeneBoiM (pyKOBOAUTEJb), [J-POM TEXH. HAYK
B. A. lBoBnueM, KaHAMRaTaMHd TexH. HayK B. A. MibuyeBbiM,
I'. JI. Kegposoi u JI. C. MakcHMOBEHIM.

[Ipu cocraBiieHHH PyKOBOACTBA HCMNOJIB30BAHBI MaTepHa-
abl, npeiActaBieHnnle UHctutytamu: [{HWHWIIpomsjpanuit
(A. H. Hosoxunos), Xapbkockuil IIpomcrpoitHUHnpoekr
(B. I'. Ilogponsckuit u M. M. Daakapeii), ¥Ypaabckuii IIpowm-
crpoiHW npoexr (H. A. IlukyaeB u A. H. Dprenesckuii),
YrpHHWMxummam (B. A. Boporkud u JI. 0. dnmreiin), Ypadg-
HWHWcrpomnpoekr (I'. C. Pocun u I. b. Bamyk), DQHUKMAI
(O. WM. Kypaiomos), SHHMC (B. B. KaMmunckasi) u apyrumu
opranusauuaMu. Ilpu pabore Hay PyKoBOJACTBOM yuUTeHB! 3a-
MeYaHHsd, cJeJaHHble A-poM TexH. Hayk, npod. E. C. Copoku-
HbIM H KaHZA. TexH. HayK B. C. ['na3spipusbiM.

Hupexyus HLHHHCK um. B. A. Kyuepenko



Fnasal

ObBLIHE YKA3AHMUA

1.1. B PyxoBoACTBO BKJIIOUEHH! YKa3aHU 4 [10 pacueTy U npo-
eKTUPOBAHHIO BUOPOU30J AIHK:

a) MallUH, SIBJACIONIUXCA HCTOYHUKAMU BUOpALUH, AJI5 CHU-
KEHHST THHAMUYEeCKUX YCHJIHUH, NepelaBaeMblX UMH Ha MOAJep-
KUBAKOMYe KOHCTPYKIUHU HJAH OCHOBAHUE, YTOOLI YMEHBLUIIUTH
HeOJaronpUATHOE BJAMSHHE KoJaeOaHUU Ha CTPOUTE/bHbIE KOH-
CTPYKUHH 3JaHUH, OOCAYKHBAIOIUU MepCOoHA]l H TeXHOJIOTHU-
yeCKoe 000pyJoBaHHe, UYBCTBUTEJNBbHOE K BUOpallUuu (aKTUBHASA
BUOPOHU3OJIALMSA);

0) H3MepuUTeJqbHBIX IPUOOPOB, TOUHBIX CTAHKOB H JAPYTHX
AaHAJIOTHYHBIX OOBEKTOB it YMeHblleHUd HX KojeOaHuH, Bbl-
3BAHHBIX BUOpaUMsIMH TOAJAEPKHUBAIONIUX KOHCTPYKUUH (mac-
CHBHafl BHOpPOU3OJALHSA).

1.2. [lpu npoeKTUpOBaHUH BUOPOU3OJSALKUU DEKOMEHAYETCS
UCNOJb30BATE UMEIOIHECST TUIIOBLIE pelleHus?!.

JlonyckaeTcsi npUMeHeHUe OTAEJbHBIX BEJOMCTBEHHBIX HOP-
MaJieH, MHCTPYKIMH H JpYTuX JOKYMEHTOB, COCTABJEHHBIX Ha
OCHOBE OO0LIUX [OJIOKEeHHH AAHHOro PyKoBoACTBA.

ns akTHBHOH UM mMacCHBHOH BHOPOW3OJSLMH MaiiuH, MPHU-
O6opoB U 00OpPYJOBAaHUA PEKOMEHAYETCS IPUMEHATb IPEUMY-
IIECTBEHHO (TaM, TJie 3TO BO3MOXKHO) BUOPOH30JISITOPHI, CEPUHHO
BBITTYCKaeMble IPOMBIILIEHHOCTHIO.

1.3. ¥YKasaHHUSl 3TOr0 PYKOBOJCTBA OTHOCSTCS K MalllMHAM
U 000pY/IOBAHUIO, YCTAHABJIUBAEMbIM:

a) Ha HECYmUX KOHCTPYKUMAX 3JaHUH;

6) Ha 1noJiax NPOMBIIUIEHHBIX 3JAHHH;

B) Ha OTAENbLHBEIX BUOPOU30/JIUPOBAHHBIX (PYHJAMEHTAX, OIHU-
pamwMXCcs Ha TPYHT.

1 CMm. ccoaky B 1. 5.15 PykosojcTsa.
% Cm. ccoliky B 1. 5.15 u 5.30.



1.4. a) /lannbie 0 JMHaMHYeCKMX HarpysKax, CO3JaBaeMEIX
MallMHaMH, HeoOXOJUMBIe [Jisi pacyeTa BUODPOU3OJALNHNU (CM,
nn. 2.1 u 3.4 PykoBojicTBa), IpUHUMAIOT B COOTBETCTBHU C 3a-
JaHHeM, KOTOpoe BhIJAaeTCs TeXHOJOTHYECKOH OpraHU3aiHeH,
U MAaCHOpPTHLIMHU JAaHHBIMH, €CJM TaKUX JAAHHBLIX HeT, HX Ha3Ha-
YaloT COIVIaCHO VKaszaHusaM «VHCTpyKuuu N0 onpefeeHuo
AVMHAMHYeCKHX HArpys30K OT MalllMH, yCTaHAaBJHBaeMbIX Ha Iie-
PEKPBITUSAX TPOMBIILVIEHHBIX 3AaHui». Crpoiusnar, 1966.

6) IIpenenbHbie 3Haye€HU s HArPy30K, nepefaBaeMpix BUOpO-
U30JMPOBAHHBIMH MAllMHAMU Ha MOAJLEp:KUBAIOILUE UX Inepe-
KPLITUS 3aHUH, a TaKXKe Jipyrue JaHHble, CBSI3aHHBIE C pacye-
TOM NEePeKPLITHHA U HCIIOJAb3yeMble ITPH pacueTe BUOPOU30JALHH,
MPUHUMAIOT B COOTBETCTBUHH ¢ «MIHCTpyKLineH 1o pacyery Hecy-
IUX KOHCTPYKI(MH NPOMBILIJIEHHBIX 3JJaHUHA U COOPYXKEHHH Ha
AuHaMuyeckue Harpyskur». Crpokusgar, 1970. Ilpu onupanuu
BUOPOH30JIUPOBAHHBIX MAUIMH Ha (epMbl NOKPLITHH — B COOT-
BeTcTBUH C «MHCTpYKIlMEH no pacyeTy NOKPHITUH IPOMBILL/IEH-
HbIX 3JaHHH, BOCHPHUHUMAIOIMUX [AWHAMHUECKHNE HAarpys3Kuy,
Crpoduspar, 1967.

B) HanpsxXenusi B TPYHTE NPH YCTAHOBKE HA HErO OTAE/b-
HblIX BUOPOU3OJMPOBAHHBIX (PYHJAMEHTOB HE JOJKHBI IIPEBHI-
iath 3HaueHudd, pomyckaempix CHull 1I-b. 7-70 «®yHpamen-
Thl MallliH C AWHAMHYECKUMH Harpy3kamu. HopMbl npoekTu-
pPOBaHUAN.

r) Ilpy GecdyHAaMEHTHOH YCTAHOBKE MaillMH Ha MNOJIbL
NPOMBILIJIEHHBIX 3JaHUH pacyeT MOCAEeAHHX Ha yCHJHS, Jepe-
NaBaeMble MallMHAMM, BBHINOJHSIOT C HCIOJb30BAHHUEM «¥ Ka-
3aHUH IO IPOEKTUPOBAHUIO I10JI0B NPOU3BOJACTBEHHBIX, XKUJ/IbIX,
OGIIIECTBEHHBIX M BcrnomorateabHeix 3panui» (CH 300-65).

1) I lpu BuGpousonsiiua 060pyJoBaHU A 3aBOJOB IIPOMBIIIJIEH-
HOCTH CGOPHOIO XKeJe300eToHa AOJXKHLI OBITh BBLINOJHEHE! YKa-
3aHUA «VIHCTpYKLHM 10 YCTPAHEHHWIO BPEAHBIX BO3JEHCTBUM
BUOpanuid paGoyux MeCT Ha MNPEANPHATHAX XKeyie300eTOHHBIX
nsnesnuniy (CH 190-61).

1.5. Bo3MOXHBI JBa BapuaHra HUCOOJHEHHS BUOPOH30JA -
[1M¥: 3aBOJICKOH, KOrja MamiuHy (CTAHOK, NpUOOp U T. 1I.) Buf-
NyCKalT B KOMILJIEKTE C BHOPOH3OJ SHIUOHHBIMH YCTPOHUCTBAMH,
U CTPOUTENbHO-MOHTAXHbBIH, TPU KOTOPOM BHOPOU30J ALLUIO OCY-
[ECTBJSET CTPOUTENbHASA OpraHu3aiys o IPOEKTY, BHIIOJI-
HEHHOMY B IIPOILECCE CTPOHUTEJLHOTO NPOEKTHPOBAHHS.

Ecnu puHaMuyecKHii pacueTr 3JaHus (COOpPYXKEHHS) HA BO3-
JAeHcTBHe BUOPOM3OJUPOBAHHONM MAlIMHBI NOKA3bLIBAET, UTO 3a-
BOJCKOH BapHaHT BUOPOH30AALLUKA HE YJAOBJETBOpAET TpebfoBa-
HUAM HaAJeXKamero CHUXKEHWsl AUHaMUYeCKUX YCUJIHH, Mepe-
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JIAaBA€MBIX Ha KOHCTPYKIIMH, TO NPOU3BOAUTCS NepepacueT BUO-
pousosfluu. s CTpouTesIbHO-MOHTAXKHOTO BapHaHTa BCErja
He0O6XO0AUM pacuyeT BUOPOHU3OJISIIHH. -

Bubpousonsnus, BLINOAHEHHAS B COOTBETCTBUU C PEKOMEH-
NOBaHHBIMH HacTOAHIUM PyKOBOACTBOM MNpaBuU/aMH, IapaHTH-
pyeT 3a/ildHHOe CHUIKEHHE COOTBETCTBYIOIIUX pAaCUYETHBHIX BEJH-
YUH AMHAMHYECKUX YCWIHH, NepeMelleHH U APYTrux napaMert-
poB. IIpuMeHenue BuOpousoJaAlUH Oe3 MpeABapUTEJBHOTO
pacueTa HeIoNyCTHMO, TaK Kak ee 3((eKTUBHOCTh MOXKET OHITh
CYLILECTBEHHO CHUXKE€HA, U HET TapasTHH, 4YTO BMECTO MOJIOXKH-
TEJbHOTO 3(M(PEKTa HE YXYAUIATCA YCJAOBUSA IKCIIyaTanuy Ma-
WHHBI U COOPYIKEHHUS.

Fnapa 2

BUBPOU3OJHAALUUA MAIUUH C NEPHOXHUUYECKOH
BOSMYIIAIOILEN HATPY3KOM

YKa3auug no npoeKTHPOBAHHIO

2.1. Ilng npoekTupoBaHUS BUOPOU3OJIANMU MAIIUHEL C IIe-
pHOAHYECKOH' Bo3Mylatomied HarpysKoH HeoOXOMHMB!:

a) yepTexkY MallMHbl C YKa3aHHEM pacloJIOXKEHUA aHKep-
HEIX GONITOB U ee rabapuUToB;

0) nKaHHble:

O BeCe MAIUWHBI ¥ NOJOXKEHUH €€ LIeHTPa TSXKECTH;

O MOMEHTaX HHEPIIHA U30JIHPYEeMOH MalllMHE® OTHOCHTEBHO
€e IJIaBHBbIX LEHTPaJdbHBIX OCeH;

0 YHUCJe 000POTOB B MHHYTY NPH 3KCIJAYATAlHOHHOM pPEXKU-
Me;

IPU NEPEMEeHHOM pekuMe paboThl — CBEAECHUS O MHHUMAJIb-
HOM W MakCHUMaJhHOM 4Hcjae 060pPOTOB BPAIIAIONIMXCA YaCTeH

1 3fech W BCIOAY JaJee mpefrosaraercst, 4To NepHOJHYECKasl Ha-
rpyska 6/JM3Ka K TapMOHuHuecKkoi. Eciay nepuojaiiyeckas cusia Uiy nepuo-
JUYECKHUN MOMEHT u3MeHdIoTCcda no 6oJiee CjOXKHBIM 3aK0OHAaM, TO HX CJle-
JveT pa3noxutb B paj ®ypee. [asg npubiauxkeHHOTO PACYETA MOXKHO
OrPAaHUYUTHCS TOJNLKO NepBOU rapMOHHKOH 3TOro psaxa. Ipyrue rapmo-
HUKH YUYUTHIBAIOTCS JONOJHUTEJLHBIM NOPOBEPOYHBEIM PaACUYETOM JHINb
B ciyuae, Koria j2P; > Py uau j*Mj; > My, rae Py, My n P;, M; —
aMIJIUTYAHBIe 3HAYeHUS TepPBOH H j-# FapMOHHMK BO3MYHIAIOIEH CHJIBL
H BO3MYIAKOIEroc MOMEHTa COOTBETCTBEHHO.

® ImMeoTcsi B BHAY MOMEHTHl HHEpPIUH Macchl U30JHPYeMO#
MaIllHu HHL,



MAalMHEl WU YHCJE HUKAOB B MUHYTY BO3BPaTHO-NOCTYIIATENb-
HO JBUXKYIIHUXCH JleTaJen;

O CKOPOCTH HapacTaHHS 4yucja 000pOTOB MALIMHBEI IPH MYyC-
Ke U UX YObIBAHUU IIPH OCTAHOBKE;

O BeJIMUMHAX, Hanpas/EHHSAX H KOOpJAHHATaX TOYEK IPHJIO-
KEHUA BO3MVYIUAIOMIUX CWJI MAlUUHL U HeOOXOJUMBIE CBEACHUS
O BO3MYILAIOIIUX MOMEHTaX.

IIpu oTCyTCTBUH STHX JaHHBIX HEOOXOANMO WMETb: KMHEMa-
THYECKYIO CXE€MYy MeXaHU3MOB MallliHbl, BEC ee ABUKVIIHXCSH
yacTeH, BeJHUHHBl 3KCLUEHTPHLUUTETOB BPAIIAIOIIUXCS 4YacTeH,
pajuycoB KDPHBOIIMIIOB MM XOAOB BO3BPATHO-NOCTYNATEBHO
JABMIKYIUXCS YacTed U T. II.; FeoMeTpUuYeCKUe pasMephl, HeoO-
XOJUMBIe JJ15] BBIYHCJAECHHU S BEJIHUUH U KOOPAUHAT TOUYEK IPHUJIO-
KEeHUS UHEPIHOHHBIX CHJI;

B) XapaKTepUCTHKa Pa3JUUYHBIX NMOABOACK (MX HaszHAUEHUe,
MaTepHaJ, ¢opmMa, pasMepsl U Jp.) C YKazaHHEM MECT UX MpH-
COeIMHEeHN S K MallluHe;

) YepTeXH CTPOUTENBHOH KOHCTPYKIHH, NOJALEepKUBAIOIIEH
MallMHy, ¥ ee XapaKTepHCTHKY (JAonycCKaeMasl CTaTHYECKas
Harpyska #u Jp.); B cjyuae yCTaHOBKH BHOPOU30JIATOPOB Ha
KOHCTPYKIMIO, ONHUPAIOHIYIOCA HENOCPEACTBEHHO Ha TPYHT,
JaHHBIe, XapaKTePU3VIOMHUE TPYHT (JOMYyCKaeMoe CTaTHYECKOe
JaBJIeHUE, KO3(XPHLHEHT ynpyroro paBHOMEPHOro C¥KaTwvf,
YPOBEHL TPYHTOBHIX BOJ M T. I1.), a TaKXe CBEJAEHUA O pacnoio-
KeHHH ¥ HasHaueHUM OnuXKauimux (QyHIaMeHTOB;

1) TpeboBaHUS, IpeAbsBiAsieMble K BHOPOH30JIAIHAN:

1) nonyckaeMele aMIIMTYABl KOJIeGAaHUM H30JHDPYEeMOH MAlIMHEL
N 2) JIONyCKaeMple aMIUINTYAbl KONeOaHUH MoAjiepKUBAKoUleH
KOHCTPYKUHUU (FPYHTA) WJIH JOMyCKaeMble JHHAMHUUECKUE Ha-
rpy3KH Ha TIOJAEPKUBANOILYIO KOHCTPYKUHMIO (TpyHT). Ecuau
onpejleleHue BJIUUUH JAONYCKAEMBIX aMILTUTV ]I KOJIeOAaHUU NOJ-
JepKUBAIOIEH KOHCTPYKUHMHU WU I'PYHTA 3aTPYAHEHO, TO HOJIK-
HO ObIThb COCTABJIEHO OIMCAHVE HA3HAYEHHS CMEXHBIX MOMelle-
HUH C YKasaHueM HOPOUCXOAAIMUX B HHX TEXHOJOTHUYEeCKHUX
MPOLeCCOB H O0OpYAOBAHUS, UYBCTBHTEJNBHHIX K BUOpaILH M.
[Ipn onenke JponyckaeMblX aMIIUTYA KoJebaHuii BUODPOH3O-
JJUDPOBAHHOH MaIIUHBl CJELYET YUYHUTBIBATH BO3MOXKHOCTH €€
Kosie0DaHUH OT CJIVYaWHBIX HMJIM BPEMEHHBLIX HarpysoK (TOJUYKOB,
CHJI WHEPIMH SKCUEHTPUYHO PACNOJOKEHHOH THKEeJOH ob6pa-
O0aToiBaeMOM JeTall¥, CWJIOBHIX BO3JAEUCTBUH MEpCOHaNA IpH
00C/YKMBAaHUHN ‘MAalIHH K T. 11.);

€) (PU3UKO-MEeXaHUYECKHe  XapaKTEepPUCTHKH MaTepHaJioB,

MPUMEHAEMBIX JJIsT H3TOTOBJIGEHHS YINPYTUX U AeMI UpYIOUIHX
9JIEMEHTOB BHOPOHU3QJIALUH;
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XK) CBeJeHHUSA O BO3MOXKHOCTH BO3[EHCTBUS Ha BHOPOHU30JIS-
TOPHl Pa3/IHYHBIX arpeCCUBHBLIX BeIECTB (BOJbI, Maces, KHCJOT,

[IEJIOYEH U T. II.) ¥ nepenajax TeMrnepaTyphl Bo3lyXa B MecTax
YCTAaHOBKH BUOPOH30JATOPOB;

3) HAHHBIE O JKECTKOCTHBIX XAPAKTEPUCTHKAX BHOPOM30JIH-
PYEMOH MaLIUHEI.

2.2. BubGpounzonsinuio MOXKHO OCYHIeCTBUTh B JBYX BapHaH-
TaxX:
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Puc. 2.1. Cxembl BUGPOH3OJISAIIHH MallHH

a — OMOPHEIA BapHaHT, O — BapHAHT C NOABECHBIMH clepXHAMH M NpYy:KUHAMH,

paGoranlluMy Ha Ccxartue, 8 — noasecHofl BapuaHT ¢ NpYXHHaM#, paloralo-

IIHMKH Ha pacTaAXeHHne;, & — NOABECHOA BapHAHT C IIaDHHPHBIMH CTepKHIMH;

! — mamnHa; 2 — nocramenr (PyHHAMEHTHBII O6J0K); 3 -— BHOPOH3OJAATODH;
4 — nondyuaaMeHTHRII Kopo® (KOPHITO)

a) onopHoM (puc. 2.1, @), Koraa sHUOPOH30JAATOPH PAaCIHO-
JIOXKEHB! HENOCPEICTBEHHO NOJ KOPNYyCOM H30JHPYEMOH MalllH-
Hbl WJIH IIOJ XKECTKHM MOCTaMeHTOM ((hbyHIAaMEHTHHIM OJIOKOM),
Ha KOTOPOM yKpelnJieHa caMa MallHHa;

0) nOZABECHOM, KOrja H30JUMpyeMblH OOGBeKT MNOJABeIieH Ha
BHOPOH30J9TOPAX, 3aKPENJIeHHBIX BBIIIE MOJOLIBL IOCTAMEHTA
U paGoraompx Ha cxardve (puc. 2.1, 6) A pacrsaKeHHe
(puc. 2.1, g).

2.3. Ecau B uM3osMpyeMoil MalllMHe Mpeo6J1afilaloT rOpU3OH-
TaJbHEIE BO3MYLIAIOIHEe CHJIBl, TO B OTHAENBLHBIX Cay4Yagx HAJs
BBINIOJIHEHH S €€ BUOP OHU30JALIMH MOXKHO KpOMe CXeM, YKa3aHHBIX
B M. 2.2, IpUMEHHTD CHEIHAJbHYIO CXeMy, IDU KOTOPOH MalllH-
Ha IOABEUIKBACTCA HA TPOCAX HAUA CTEPKHAX C IIAPHUP-
HBIMH TIPDHCOECMHEHHSAMH K HeCYIIUM CTPOUTEJbHBIM KOH-
cTpykuusam (puc. 2.1, 2).

DTy CXeMy PeKOMEHJyeTCsl MPUMEHATH JIJ151 HE3KOYaCTOTHBIX
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Mamud (c yacrorod BoaMmymeHusi A0 400 koa/mun) B cBA3H
C TPYAHOCTBIO IOJYYEHHS HHU3KHUX YaCTOT TOPU30HTAJIBHBIX
cOOCTBEHHBIX KOJieOaHUH BUOPOU3OJUPOBAHHBIX YCTAHOBOK IIpH
HCIOJb30BAHUH NPYKHHHBIX WK PE3HHOBLIX BUOPOU30JIATOPOB.

2.4. IlocramMeHT wian (QpyHAaMeHTHBIM OJIOK MOJA MALUIWHOH
YCTPauBaloT B CJAyuasx, Korjaa: |

a) KOprnyC MallMHbl MMeeT HEeAOCTAaTOYHYIO IKEeCTKOCTh;

6) pasMelieHHe BUODPOU3OJATOPOB HENOCPEACTBEHHO MO
KOPNyCOM MAaILUHBL BCTpEYAeT KOHCTPYKTHUBHBIE 3aTPYJHEHHUS;

B) M30JIHpYyETCs arperar, COCTOSIUHA U3 OTAESNbLHBIX MalluH,
YCTAHABJ/UBAIOIIUXCA HAa ONHOM IIOCTaMeHTe,;

r) TpebyeTrcss yBENHUHTh MacCy H30JHPYEMOH YCTAaHOBKH
¥ MOMEHTHI MHepLUH, 4TOOb! YMEHBIIUTD aMIVIUTY bl €€ BHIHY XK-
JIeHHEBEIX KOJeOaHMi!; |

LX) HeoOXOJHUMO YBeJHYUTh MacCy XU MOMEHTHI HHEPUHUH H30-
JIUPYEMOH YCTAHOBKH BO H30eXKaHHe IMOBLIIIEHUS YacCTOThl €€
COOCTBEHHBIX KoOJieOaHUH, KOTOPOe BBI3LIBAETCH YyBEJUYEHHEM
JKECTKOCTH BHOPOU30JATOPOB, C TE€M 4YTOOH! YCTPAHHTbL HeJO-
YCTUMblEe NEepeKOChl YCTAHOBKU OT BPEMEHHLIX CTATHYECKHUX
Harpy3okK (cM. m. 2.20) H/IH YMeHBIUIUTh aMIIUTYABl COOCTBEH-
HEIX KOJIe0aHUHM YCTAHOBKHY, BLI3BAHHLIE CJIYYAaHHLIMHU yJapaMu
(Hanpumep, BO3MOXKHBEIMHU TOJYKAMH OOC/YXKUBAIOIIETO IMEPCO-
HaJla TIpH BHINIOJIHEHUH paboyux omepauuid ¥ T. II.).

2.5. Ilpy BbiOOpe KOHCTPYKTHBHOH (QOpMBI IOCTaMeHTa
(byHgaMeHTHOro 6JioKa) CleAyeT CTPEMHTHhCH K yMEHBIIEHHIO
pPacCTOAHUSA MEKAY LIEHTPOM THAKECTH BCEH YCTAHOBKH U JIMHHEH
IeHCTBUS BO3MYILAWLIEH CHJIBI, TdK KaK YMEHbUIEHHEe 3TOrO
PACCTOSIHUA CHUXaeT aMIIUTYJy BpallaTeJbHBIX KojeOaHUH
YCTAHOBKHM. YMeHblIeHHE aMIJIUTYJAbl BpaliaTesbHbiX KoJgeba-
HHH H30JHPYEeMOH YCTAaHOBKH MOXKeT ObiTh JAOCTUTHYTO TaKiKe
NyTEM yBeJUYEeHHSI €€ MOMEHTA HHEepLLUH OTHOCHTENbHO OCH
BpalleHUus.

2.6. Ilpu BuOpOH3OASIIMM MAIUIHHBE C (PYHIAMEHTOM, 3a-
rJiyOJeHHBIM B I'PYHT, HE0OXOAUMO YCTPOHCTBO OrpaxAarolero
Kopoba (KOphiTa), BHYTPH KOTOPOTrO pasMeuiarorcst pyHIAMEHT-
HBIH OJIOK ¥ BUOPOHU30JATOPHL (CM. puc. 2.1, 6, 8).

I — bl

1 3Bro# meau MOXHO AOCTHTHYTh TaKXe: a) ypaBHOBeUItUBaHHeM, 6a-
JAHCHPOBKOH H M3MEeHeHHeM uucaa o60pOTOB MallUMHb, 6) IpUMEeHeHHeM
BUOpOracurelie.

JIas HeHTpo6GeKHbIX BEHTUAATOPOB O0Uiero HasHadeHHA AONYCTH-
MBi€ BEJHYMHLI 3aBOACKOH M HKCINAYATAUMOHHOU HEYPABHOBEIUEHHOCTH
YCTAHABJHBAIOTCA OTpacieBoi Hopmasibio Ne 0H2211-001-68. Murmn-
CTEPCTBO CTPOUTEJBLHOrO, JOPOKHOI'0 H KOMMYHAJbHOI'O MaliMHOCTpOe-

Hasa, M., 1969.
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2.7. llogBogku K H30JUPYEMOMY OOBLEKTY JHAOJXKHBE! OBITH
NOCTATOYHO TMOKHMH, YTOOH! KECTKOCTh HX Obljla 3HAUUTEJNbHO
HUXe KEeCTKOCTH BUOpoHu3ossTopoB. Ecnu 310 TpeGoBaHHe He
MO3KeT OBbITh BHINIOJIHEHO, TO KECTKOCTDb MOABOJOK JOJXKHA YYU-
THIBATBCSl IIPH pacueTe BHOPOM3OJAIUH, TAK KaK OHA MOIKET
CYUIECTBEHHO CHH3UTb 3(h(eKTUBHOCTh BUODOH3OJISALHH (CM.
npuMeuanue K m. 2.20).

2.8. Pacuer BHOPOH30JSAIIMM MallMH C [E€PUOJUYECKOH
BO3MYILAKIIEH HArpy3kKod COCTOHT M3 CJEAYIONHMX STamoB:

a) noAOOp OCHOBHBLIX IapaMeTpPOB BUOPOHU3OJALUH,

Puc. 2.2. CxeMa pacnojioXeHHs1 ocefi KOOpAWHAT, NPHHUMaeMast NpH
pacuere BUOPOHU3OJISLIUM MAIlUH

I — p3onupyeMass MalllMHA; 2 — nOCTaMeHT; 3 — BUOPOHM3OAATOPHI; 4 — NoIAep-
KHBAOLag KOHCTPYKIHA; O — IeHTp TAXKeCTH yCTaHOBKH; O, — ILIEHTP XKecT-

KOCTH BHOpou30asiTOpoB; O; — NPOU3BOABHOE HAYAJNO KOOPAHHAT

0) onpeje/ieHHe XapaKTepHbIX pasMepoB YNPYTUX 3J€MeH-
TOB;

B) BbIOOp pacnosioxkeHusi BUOPOU30JATOPOB;

') IpOBEpPKa BHIIOJHEHUS YCJAOBUM, HAJIOXKEHHLIX Ha Yac-
TOTHI COOCTBEHHBIX KOJIe0aHUH H30JHUPYEMOH YCTAHOBKHY;

J) MPOBEpPKa BLINOJHEHUSA TpeOOBaHWH, KOTOPHIM JOJXKHE
VJAOBJIETBOPATh AMIJIUTYJbl BLHIHYIKJEHHHIX KOJIeOaHUH H30JIH-
pyeMOH YCTAaHOBKUY;

€) OIpejesieHAe AMIVIUTYJ, BO3MYIIQIONIMX CHJI, TNEepealo-
MUXCA Ha MNOANEPKUBAIONIYI0O KOHCTPYKIHIO.

s npoBeleHNsl TakKoro pacuera HeoOXOZMMO mpelBapu-
Te/bHO ONpEJeJHTh MOMEHTHI HHEPUUHA Jox, Joy M Jo, H3OJH-
PYEMOH YCTaHOBKH OTHOCHTEJBLHO €e IJIaBHbIX LeHTpadbHbIX
ocefl uHepnuu X, Y, Z, (puc. 2.2).
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[Topoop 3HayeHud napaMeTpPoB BUHOPOU3OJIALMH

2.9. OcCHOBHBIMH napaMeTpaMH BHUOPOU3OJSALHU SIBJSIIOTCS:
Macca ¥ MOMEHTHI HHEPIIUY MacChl BUOPOH30JAUPYEMOH YCTAHOB-
KU, XKeCTKOCTH H KO3(PpPHIUEHTH AeMndUupoBaEuA BHOPOU30J S-
TOPOB.

2.10. Ilpwu BriGope 3THX napaMeTpoB HEOOGXOAUMO CTPEMHTD-
CcA K TOMY, 4TOOHI:

a) JUHaMHYeCKHe HarpysKd, nepefaroiyecs Ha IOAJAepKHU-
BAIOIIHE KOHCTPYKLHH, OBbIIM CHUKEHBl JO YPOBHS, IIPH KOTO-
pOM aMIUINTY/JBl KOJeOaHHH KOHCTPYKUMH HE TNPEeBbICAT
aMIVIHTYJl, JAONYCKAaeMelX TpeOOBaHUSIMH CAHUTAPHBIX HOPM
MM TEXHOJIOTHYECKOrO Xapakrepa, jubo TpeboBanusamu odec-
MEYeHHUsI HECYyIeH CIOCOOHOCTU KOHCTPYKILUH;

0) aMITUTYJAbl KONe6aHUH BUOPOHU30JHPOBAHHOH YCTAHOBKH
He IMpeBblladu JONYyCKAEMbIX 3HAaUeHHH, YCTaHaBJHBAEMbIX
TeXHOJIOraMH ¥ 3aBOJAMU—HU3TOTOBUTE/ IMU MAIIKH, YTOo obeciie-
yuBajo Obl HOpMaibHYI0 palotry BUOPOU3OJSUPOBAHHOIO arpe-
rata. [Ipu OTCYTCTBHH 3THX MAAHHLIX MOXHO II0JIb30BaThCH
OpPHEHTHDPOBOYHBIMU YyKa3aHUsIMU Tabu. 4.1.

2.11. DPdeKTUBHOCTL, AKTUBHOH BUOPOU3OJSAUHMH IIPH HEH-
CTBHH TrapMOHHYECKHX HATrpY30K OIEHUBAETCH KO3 PHIHEHTA-
MH nepegaud. [Ipu nmocrynatenbHBIX KoJeGaHUsaX BHOPOU30JIHU-
POBaHHOH YCTAHOBKH B HaNpaBJIeHUH OCH X , U ee BpalaTe/bHbIX
KosieOaHUSAX BOKDYT 3TOH XKe OCHU (pHUC. 2.2) COOTBETCTBYIONIHE
KO3(P(PUIIHEHTHl Nepefayd onpenensitorcss ¢GopMyJiaMu:

P ]
Wp = AY = . ’
Py Oy —1
Mg 1 (2.1)
!"’[PJC M{}x Géx—‘l ’

[Ipyn nocTynarenbHBIX KoJie0aHUAX BHOPOU3OJHMPOBAHHOH
YCTAHOBKH B HanpapJeHUU oCeHl Y, Z, ¥ BpamaTeNbHBIX KoJe-
6aHUAX OTHOCHTEJLHO 3THX e OCeH HHAEKC X B JopMyJax
(2.1) 3aMeHsdeTcs COOTBETCTBEHHO HA y WM 2. ECau UeHTp TH-
KEeCTH BUOPOH3ONHPOBAHHOH YCTAHOBKH COBMNAMAET C LIEHTPOM
KECTKOCTH BUOPOU30AATOPOB, TO (opMyJinl (2.1) Ans Bcex oceld
KOOPAUHAT OCTAIOTCHA TOYHLIMH. B MpOTHBHOM cJiyuae HEKOTO-
pele U3 3THX (GopMyJa OyAyT NpHOJHKEHHLIMH.

3necb Py v My, — aMIJIUTY A TAPMOHUYECKOH CHJIBI ¥ Tap-
MOHUYECKOrO0 MOMEHTa OTHOCHTENBHO OCH X, Mepefamliuecs
yepe3 BHOpOU30ASITOPH Ha TOAAEPKHUBAIAIIYI0O KOHCTPYKIHIO,

P,, My, — aMI/IUTyAp rapMOHHMYECKOH CHJIBI U MOMEHTA,
BO3JICUCTBYIOIIUX HA U30JHUPYEMYIO YCTAaHOBKY.
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BosMymalonue MomenTsl My, My,, My, OTHOCHTENBHO OCEH
Xo, Yo, £y, BO3AEHCTBYIONIHE HAa BHOPOH30JAUPOBAHHYIO YCTa-
HOBKY, B o0IieM cjiyyae CKJAaAbnlBalOTCsi U3 MOMEHTOB, BO3HHKA-
JOLUX MPH 3KCIJIYaTAalMOHHOM pexuMe MallUHBl U MOMEHTOB,
NMOABJSIOIHXCA B pe3yJJbTaTe TOlO, YTO BO3MYVIIAIOUIHE CHJIbL
B TOM XK€ peKHMe He NMPOXOAST uepes LEeHTP THANKECTH BUODO-
U30JIHPOBAHHOH YCTaHOBKH.

Uy = Wg/®,, gy = Op/®p, — OTHOIIEHUSI  KPYTOBOH
YaCTOThl BBIHYIKJIEHHBIX KOJIeOaHUH W, K KPYrOBOH HacTOTe
® ,, COOCTBEHHBIX NOCTyNAaTeJbHBIX (BAOJb OCH Xg) U K KpyroBoH
JACTOTE Mg, COOCTBEHHBIX BpalllaTeJbHBIX KOJe€0aHHUH YCTaHOB-
KH OTHOCHTEJIbHO TOH XKe OCH.

KpyroByio 4acrory ®, ONpenejsioT H3 (POPMYJbl ®, ==

pa
= 2nf, (a{ , Tje [, = N/60 — vactoTa BRIHYKJIEHHBIX KOJe-

OaHMH B 2y; N — uucyio 060pOTOB (LMKJIOB) MAallMHKL B 1 mun.
KpyroBbl€ YacTOTHl ® , M @ g, ONPEAEsIIOT 6e3 yueTa B3auMHOH
CBsI3U COOCTBEHHLIX KOJieOaHHH IO Pa3JUYHBIM HAMpPABJEHHSIM.

[Ipu BuOpOHM3OASANMK MalIMH MO CX€MaM, NMPUBEAEHHLIM Ha
puc. 2.1, q, 6, 8, He06XOJUMO, YTOOBI OTHOIIEHHE

o, =2 >4, (2.2)
rA

a BCE OCTaJIbHbie BEJHYHHEHL (O, O, Ogx, Uy, Ogz) OBLIH ObI

ooaniie 2.5.

YuutplBad, 4YTO H3rOTOBJEHHE BHOpPOH30JSATOPOB, obecne-
YHBAIOILUX YACTOTY COOCTBEHHBIX KOJeOGaHHH yCTaHOBKU HUXKE
2 2y, conpsKeHO CO 3HAYUTEJIbHBIMH TEXHUYECKUMH TPYAHOCT S~
MH, TIpH BUOGPOHU3OJISIINU arperaToB C 4YacTOTOH BO3MYLIEHUSA
MmeHee D00 xKoa/mun MOMXKHO IIPHHHMATh, KaK HCKJIIOUEHHE, 3Ha-
YeHHUe QTHOUIeHHd o, = 3. IlpH 3TOM ocTanbHBIE OTHOLIEHHUSA
JOJIKHBL OBbITH MO-NIpexXHeMy Gosblle 2,0.

B cayuae ocyiiecTB/leHUSI BUODOU3OMAINHN MO0 cXeMe MasiT- .

HUKOBOTO nojaseca (puc. 2.1, ) HeoO6X0AUMO, YTOOHI

ocxzf}—“ =4, a,= o =4; OQgz= Do =4, (2.3)
Oy Wy Doz
BeMUHHbEl OTHOLUEHHH O, Clyy U Oy, B ITOM Cllydae He 06513a-
TeJbHO OFPAHHUYMBATHL B BHAY OTCYTCTBHSA -3HAUHTE/BbHBIX BeEp-
THKaJbHBHIX FapPMOHHYECKHX BO3JEHCTBHH.
TpeOGyeMule 3HayeHHsI 4acTOT COOCTBEHHHX KoJjieGaHHH © .,
®, H O g, BHIUHCAAIOTCSA 10 H3BECTHOH BeJHYHHE ®, U 3aJaHHLIM
3HAUYCHHUSIM OTHOUIEHHH Oy, O, H Clg,.
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2.12. Ilpn npepBapuTeJbHOM MNOAOOpe HEOOXOAUMBIX 3HA-
YeHUH MAacChl U MOMEHTOB HMHEPLHH H30JUPYEMOH YCTAHOBKH,
corsacHo . 2.10 PykoBojcTBa, aMIJIUTYAbl KoJeOaHUH 3TOH
YCTAHOBKH JONyCKaeTcd ONpeAesaaTh 1o npUOIHKeHHBIM dop-

MyJaMm (2.4.) 1 (2.5.):
Py . Py P,

ao — a{} —_ . aﬂ - . 2.4
* mod’ Y me?’ * me?’ (2.4)
[P _— ng . q) — Mﬂy . qj . MUZ (2 5)
Ox — ’ Oy — ’ 0z — y .
J ox Wp° J 0y ®p° J oz Bp*

TAE Qyx, Qoy, Qg — AMIUIMTYJBEl KOJIEOAHHH LEHTpa TSAXKECTH
YCTAHOBKHM B HANpaBJE€HHAX KOOpPAUHATHHIX oced X, Y,, Z,
(B cCaHTHMeTpax);

Poxs Poy, Poz — AMIVIHTYJAB! BpallaTeJbHBEIX KoJieOaHUM
YCTAaHOBKH OTHOCHUTEJIBHO OCeH KOOpAMHAT X, Y, Z, (B pafua-
HaX);

Py, Py, P, — aMnJaTyJ sl BO3MYIAIOMMX CHJI IO HANpas-
JeHusaM ocel X,, Y,, Z, B k[';

Moy, Mgy, My, — aMIULIUTYJILI BO3MYILAIONIUX MOMEHTOB
OTHOCHTEJNDbHO oceH X,, Yo, Zo B Kl -cM;

Joxs Joys Joz — MOMEHTHI HHEPUMH BUOPOU3OJIUPOBAHHOH
YCTaHOBKH OTHOCHTeNbHO ocelt X,, Y,, Z, B kI -cm-cex?;

Q

m = - - — Macca BCeHl yCTaHOBKH B kI -cex®-cm—;

(Q — Bec BUOPOHU3OJHUPOBAHHOTO OOBEKTa BMECTe C ITOCTa-
MeHTOM B K[ ;

g = 981 cm/cex® — yckopeHHe CHJB THXKECTH.

IlpnbnvkeHHYI0 OLEHKY HAHOOJBIIHUX aMILINTY][ KoJieOa-
HHH BUOPOU30JHPOBAHHOIO O0BEKTA B KAKOH-AHGO i-H TOUKe
MOMKHO TPOM3BOJUTL IO (POpMyJiaMm:

axfﬁlaaxl‘l‘lfpu,yzﬂi|+l%zyo:'.l3
| @oy |+ | ®o; Xoi | -+ Pox 201 | ; (2.6)
Qyi = aozl_l—}q)()xyﬁil_!—' qjﬂyxﬂi |;

TAE Xoi, Yoi, 2oy — KOOPAMHATHL i-A TOYKH B CHCTeMe oceH X,,
Y, Zo C HauasioM B LIeHTpE TAXKECTH YCTaHOBKHU. [IpsiMbie cKoG-
KH 0003HAuyaloT a0COJIIOTHbIE 3HAUYEHUS] 3aKJIOYEHHBIX B HHX
BEJIMYUH.

Ecnu BuGpousonupoBaHHas yCTaHOBKA KovsiehJseTcsd B ORAHOI
M3 IJIOCKOCTeH, o6pa3oBaHHBIX ocsaMH X,, Y,, Z, TO Hau-
GoJiblIMe aMIUIMTYZAbl KoJieOaHUM [-H TOYKH ONpeesioT II0

dbopMyJiaM:
14
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a) npu KosneGaHuax B miaockoctd X,Y

Gxi = | oy |+ | Pop Yoi | ;

3 (2.7)
ay£=|auy |+ | @0, Xoi |5

0) npHu KoJieGaHHSX B IJIOCKOCTH X oZy;
Exi':\a(}:c‘_l_lqjﬂyzﬂfl; (2.8)
Ez:?:'la[iz‘ ! ](Pt)yxﬁil;

B) NpH KOJeOaHUSAX B IJIOCKOCTH Y ¢Zy:
a_yi — I oy | +l Pox “oi l , (29)

Az = Ay, | | Pox Yoi | -

Ecan BbluncieHHule no dopmydam (2.6)—(2.9) aMnauty sl
KoJicOaHUH YCTAHOBKH OKaXXyTcsa OoJiblle JAONYyCKAaeMbiX, TO
HeoOXO0JUMO YBeJUUYHTh €e MAacCy H COOTBETCTBYIOLIHE MOMEHTHI
HHEPIUU. IDTO JOCTUraeTcsl YCTPOHCTBOM CIEIHAJBHOrO IMOCTa-
MEHTAa WJIH YBeJHUYEHHEM ero pasMepoB H Beca.

2.13. Heo6xoaumble BeHYHHBL OOMUX (CYMMAapHBIX) XKeCT-
KOCTell BCeX BUOPOU30JIATOPOB (ISl CXeM, IMPHUBEAEHHBIX HA
puc. 2.1, a, 6, 6) BEIUMCASIOT, B 3aBUCHMOCTH OT HampaBJIEeHUA
KoJleOaHui, 110 GopMyJiaM:

2. 2, 2,
K, = mojy; K, =mwy; K,=mo;; 0 10
* 2 - 2 x 2 (2.10)
Ktpx —= JOx mcpx: Kq:uy — JOy mqay, K(pz — JOz Wep2z,
rjne
()} (1) ()
W, =—-; my—_—--—“-; 0, =—;
Ol o oLy
o Wp Vo
Doy ———, gy — y Ogy —=——
Px } Py ) P2
% px %oy %oz

~— KpYroBbleé YacTOTbl COOCTBEHHBIX HOCTYHATeNbHBIX H Bpa-
ATeJbHBIX KoJeOGaHUY BUOPOU3OQJUPOBAHHOH YCTAHOBKH, OIl-
peiesieMble B COOTBETCTBHH C YKasaHuAMH II. 2.11 PykoBojct-
Ba;

m, Jox» Joys Jo,—CM. 1. 2.12;" K, K,, K,—obuue xecr-
KOCTH BHUOPOM3OJNSTOPOB [0 HanpaBleHHsAM oced X, Y,

* * '

Zo B kl[em; Kox, Koy, Koz — 0OOUIME YIVIOBBIE KECTKOCTH
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BHOPOH30/AATOPOB OTHOCHTENBHO oceit X, Y, Z, B klcm,
onpeAeasieMpie 110 (POpMyJiam:

Kox= 2 Kzyoi+ 2 Ky 201;

i="1 1=1

Koy =2 Ko 20+ 25 Kyy %613 (2.11)

n n
Koz= 2. Kyixgi +§§1 K1 Yot

i=1

rae Ky, K1, K,4 — ecTKOCTH {-ro ynpyroro ajeMeHTa COOT-
BeTCTBEHHO B HamnpaBJeHuH oceld X,, Y, Zo B Kl /cm;

Xois Yots 204 — KOOPAHHATEI LIEHTPA KECTKOCTH (-0 YIPYroro
9JIeMEHTa B CHCTEMe KOODAHHAT Xg, Y., £y B CM;

1 — YHCJO YIPYTHX 3JEeMEHTOB.

O6mue XeCcTKOCTH BHODOH3OJSATOPOB HE JOJIKHBI IPEBH-
I1aTh BeJHYHUH, onpejenasieMbiX 1o ¢gopmynaam (2.10). Ilpn nmoxn-
Gope MpYKHUH 0 HaHJAeHHBIM BeJTMYHHAM JKEeCTKOCTeH 'IJisl cxeM
BUODOHU3OJISIIUY, NpPUBEAeHHBIX Ha pHc. 2.1, q, 6, 8, yAobHO
HCXOJNUTh U3 XKeCTKOCTH K, onpejiessieMod o TpeTheH GopMyJie
(2.10). Ecau Bce ynpyrue sjeMeHTHl OAMHAKOBBI, TO TpebHye-
Masl XeCTKOCTb KaXJOro M3 HHX B BEpPTHKaJLHOM HarmpasJie-
HUU OYJET

K,=K.,=2z (2.12)

JKecTkocTe BHOPON30/SITOPA B TOPH3OHTAJNBHBLIX HANIpaBJIe-
Huax K,/ u K,' onpezsensitor no xecrkoctd K, B COOTBETCTBHH
C yKasaHusiMH pasfena o PykoBoacTBa. BuOpousonsaTopo
JAOJI3KHEL pacnoJiaratbCs Tak, 4Yro6bl MX OOLiHEe YIJIOBHIE XKeCT-
KOCTH He mnpeBbllllali HeoOOXOAUMEIX PACUETHBIX BEeJIMYHH.

Ecau s BHOPOU3OJALNY ITPUMEHSIOTCS TOJMBKO CTAJMbHbBIE
MPYXHHBI, TO YAOOHOH XapaKTEPHCTHKOH HX KECTKOCTH MOKET
C/YXKHTb BeJIUYMHA CTaTHYECKOH OcCajk¥ BUODPOU30JATOPOB
OT Beca BHOPOH3OJMpOBaHHOH ycraHOBKH. CratHyeckas ocaj-
Ka NMPYyXuH, np¥ KOTOpo#d BUOPOHU3OANPOBAHHAS YCTAaHOBKA
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OyZer HMeEThb 3aJaHHyl0 YacTOTy COOCTBEHHBIX KoJeOaHUMH
f. = ©,/2n, onpefensercs no gopMmyJe

Aoy = -5 2 22 (2.13)

~
;2 [2>

(3mech f, B 2y, A, B CM).
Qopmyia (2.13) nokaseiBaeT, 4To IS NIOJYYEHHS HU3KOMH
JacCTOTh COOCTBEHHHIX KojieGaHuii BHOPOM30NMPOBAHHON yCTa-

i),
! K,
777
- 4,
A ]

Puc, 2.3. CxeMa MasiTHH-
KOBOI'0 mnoaBseca

a =~ YCTAHOBKA CO CTepXXHEeBbi-

MN noaBeCcKaMu; O — ycTpofi-

CTBO ¢ A00aBOUHLIMH HNPYXH-
HaAMH

HOBKH B BEPTHKAJbLHOM HamnpapJjeHUH HeoO0XOAUMO HUMETDb Npy-
JKHHBI, MO3BOJIAIONIHUE 1T10JY4YaTh OOJbIINE CTaTHYECKUE OCAIKH.

2.14. B cnyvae BhinonHeHus BUOPOMBOJSIHU IO CXEME,
[TOKa3aHHOH Ha pHC. 2.3, a, ¢ OAMHAKOBLIMH MOJABECKAMH, CHM-
METPHUYHO pAacNoJIOKEHHBIMH OTHOCHUTEJIBHO IIEHTpa TSXKe-
CTH YCTAHOBKH, KPYIOBbl€ YAaCTOTHl COOCTBEHHBIX KoJieGaHHH
BUOPOH3OJHPOBAHHOM CHCTEMBI ONPEAESIOT IO (PopMyJam:
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a) rpu KosebaHuAX BAOAL ocel X,, Y, Zo:

F_E. nk, .
mx:a)y:l/ £ o= L, (2.14)

m

0) NpH BpamaTeJbHBIX KOJNeOaHUSX OTHOCUTEJILHO ocel
XO: Yﬂ: ZO:

2 2
Dpx = l/fIKzl C L Dy = VnKzl b :
J o Jﬂy

(2.15)

rie g — yCKOpPeHHe CUJIbl TSKECTH B CM/CeK®;
[ — NJHHA MOJABECKH B CM;

n — YHUCJO TOJBECOK;
m — Macca BUOpPOU30JHUPOBAHHON YCTAHOBKHU B KI - cex®/cm;

K,, = EF/l — xecTKocTb OfHOH mnojsecku B Kl /cm;

E — Mojysab yNpyrocTd martepuana nojBecKU B kI /cm?;

F — mjomaip IONepeYHoro CeyeHus IMOABeCKH B CM>;
B, C — pasMepnl, yKa3aHHble Ha pucC. 2.3, a, B CM;

R =1y B? 4 C?® — paauyCc OKpPYXHOCTH, IIPOBEJEHHOM
yepes TOYKH KpelwieHHsI BHUOPOU3OJHDOBAHHOH YCTaHOBKHU
K nojaseckam (CM. puc. 2.3, a), B Cu;

Joxs Joys Joz — MOMEHTHl HHEPILHH MAacChl BHOPOHU30JHUPO-
BAHHOH YCTAHOBKH OTHOCHUTENbHO ocel Xy, Y,, Z, B kI - cex® cm.

Ecnu Ha BUOPOM30JMPOBAHHYIO YCTAHOBKY AEHCTBYET Bep-
THKaJIbHAsl BO3MyILAloNias CHJIa, COCTaBAAONas He MeHee 5%
HauboJIbIIed TOPU3OHTAJBHOH CHJIB, TO [JIsi CHUMKEHHS KEeCT-
KOCTH TOJBECOK B BEPTHKAJbHOM HAMPABJCHHH IIPUMEHSETCS
YCTaHOBKA C JONOJHUTENbHLIMA NPYKUHAMHU (CM. puc. 2.3, 6).
HacroTel cOOCTBeHHBIX KosieOaHUuH BUOPOU30JUPOBAHHOU CHCTE-
MBI B 3TOM CJIy4ae MOXKHO OnpelesuThb no popmysam (2.14)—
(2.10), saMeHAs KO3(PPULMEHT KECTKOCTH OJHOH MOHBECKU

K,; BeqTHYHHOIM

K*'z — Kzl Kzz (216)

Kzl + Kzz

rie K,y 1 K,; — XECTKOCTH B BepTHKaJbHOM HalpaBJeHHH
COOTBETCTBEHHO OJIHOH NPYXUHbLI M OJHOH IOJABECKH.

2,15, Jng yMmenbplieHHs KoJeOGaHHH H30JUPYEMOH YCTa-
HOBKHM MPH NMyCKax ¥ OCTaHOBKAX MallHHbl HAZl0 Npeay CMOTPETh
pUMeHeHHe BHOPOU30JAATOPOB, OOMAMAIILHUX JOCTATOYHEIM
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BHYTPEHHHM TpeHHeM (BHYTpPeHHUM JeMndupoBaHuem). Tpe-
OyeMbld KO3((HUIIHEHT HEYNPYTOro CONPOTHBAEHHS BHOPOU30-
JATOPOB Y5, XapaKTePH3YIOIIUH BHYTpPEHHEE TpeHHe, ompeje-
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Puc. 2.4, I'paduk pas onpejenenus Tpe6yeMoil BEJHUHHEL KO3() puiueH-
Ta HEyNpyroro CONMPOTHBJIEHUS Yp, XaPAKTEPH3YIOUIETo 3aTyXaHHe Bub-
POH3OJSALHHU

& =~ CKOPOCTb HapacTaHHA Hau YOLIBaHHS WHCJAa OGOPOTOB MAIUMHEI B 2yfcex: fz —

4acToTa COGCTBEHHBIX KOJeGaHHH MAIIHHBEI B 24 Gmakc — MaKCHMAaJabHAas AMIOJIHTY -

Aa KOoneOaHHE MalMHEI NPH €€ NYrKe HAH OCTAHOBKE B CM; Qoz — AMILIETYHA Bep-
THKAJbHBIX KoJe6aHufi MallHHbI NpH pa6oueM pexKHMe B CM

JISIIOT 1O IpadHKy, H300paxkeHHoMy Ha puc. 2.4, B 3aBHCHMOCTH
OT OTHOLUEHUSA CKOPOCTH HapacTaHUs UJIH YOLIBAHUS UHCJA 060-

POTOB MAIlIMHHI € K KBaJApaTy 4acCTOThl COOCTBEHHBIX KOJeGaHH
YCTaHOBKH f,® ¥ OTHOIICHHMS MaKCMMaJbHOH HONYCKAEMOH aM-
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MJIATYAbl KOJIeOAHUH YCTAHOBKU MNPH NyCKEe HWJIH OCTAHOBKE
MaIlUHB Q,... K aMIVIATYJe BepTHKAaJbHBIX KoJieGaHUH ycCTa-
HOBKH IIpU paboyeM pekKUMe MAaIlUHBL ;.

, 10 rpaduKy omnpeze-
Qg2

JISII0T MUHKMAaJbHO Heo6X0oAuMoe 3HaueHue y,. BeauunHa Ko3d-
¢uLMeHTa Heynpyroro CONpOTHUBJIEHHS Yy, CBSI3aHA C Jorapud-
MHYECKHM JCKPEeMeHTOM KajiebaHnil 0 ¥ KoahdDULIHEHTOM MOTIJIO-
[IEHUS SHEPTUHN KoJieOaHUH P 3aBUCHUMOCTSIMH

o _%
=7, (2.17)

Apmarc

3Hasi BeJIUYHHY € U OTHOIIIEHHE

I

Vs

Ecaun HaliieHHoe no rpaduky 3Havenue y, << 0,03, To MOXKHO
NPUMEHATH BHOPOHU30JATOPEI H3 CTAJIbHBLIX NPYKHH; IIPH V, >
> 0,03 Heo6x0JUMO UCNONb30BATh PE3UHOBLIE, ITJIACTMACCOBHIE
WA KOMOMHUPOBAHHBIE BUOPOU3OJIATOPH! NGO, HAKOHEel, BHO-
POH30JISITOPEl, CHAOXEHHbIe CHelluaJbHbIMH AeMO(UDYIOMIUMU
YCTPOHUCTBAMH.

Ecau geMmndupoBanue BUOPOU30JUPOBAHHON CUCTEMEI Ofpe-
AEJIACTCS CHJIaMU CYXOTro TPEeHHS, TO KOI(DPUIIUEHT ‘Y5 BLIUHCIIS-
eTcs 1o (opMmyJie

!

4F,*
Vs ; (2.18)

K, Gumaxe

rpe F*, — BeauuuHA pe3yJbTHPYIOMIEH CHJLI CyXOro TPeHU,
NEACTBYIOIe! Ha BHODOHM3OJHPOBAHHYIO YCTaHOBKY;

K, — XKeCTKOCTb BCeX BUOPOH30JATOPOB II0 HANPAaBJIEHUIO
ocH Z,.

Cuna F,* omnpefiensieTcsl 3KCIEepHUMEHTAJNBHBIM MYyTEM WJH
BLIYUCAsSIeTCS MO 3aKoHY KyJoHa.

PacnoJioxxeHue BUOPOH30JATOPOB

2.16. BuGpousonsatopsl CJefyeT pacrnoJsararb Tak, 4ToObl
6171 y00eH X MOHTAXK M 3aMeHa, a TakxKe Oblla O BO3MOXK=-
HOCTb HaOJMIONEeHHA 32 UX COCTOSHHUEM B Ipolecce 3KCIyara-
nuu. Jasa 31or0 HeoOXOJUMO IMPENyCMOTPEeTb 3a30Dbl  HJIH
MpoXoipl, ofecneynBaoiye IOCTyN KO BCeM BUOPOU30JAATOPAM.

2.17. Bubpownzondaropsl cjaeiyer pacnoJiaraTb B IJIaHe Ta-
KuM o0Opa3oM, uTOObl HMX HEHTP 3KECTKOCTH HaXOAW/ICH Ha Of-
HOH BEpPTHKAJHU C LEHTPOM THKECTH YCTAHOBKH, T. €. KOOpIAU-
HaThl HEHTPA KECTKOCTH Xy H Yy PABHSJIHCH COOTBETCTBYIOMIHM
KOOpJAMHATAM IeHTpa TAKECTH X, U y,. B 3TOM Ciyuae Bce BUO-
POH3OJATOPBl OYIYT HMEThb OJAUHAKOBVIO CTATHYECKYIO OCAJIKY.
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DTO YCJAOBUE BCErja BHINOJHAETCS NPH CUMMETPUYHOM pac-
[IOJIOKEHUH B IJIAaHE OJIMHAKOBBIX BUOPOH3OJISTOPOB OTHOCH-
TeJIbHO LIeHTPA TSXKECTH yCTaHOBKH. Heo6XOAHMO CTpeMUTBCS
K YMEHBILIEHUIO PACCTOAHHUSA 110 BRICOTE MEeXKy LIEHTPOM KeCTKOC-
TH BUOPOH3O/SITOPOB U IIEHTPOM TSXKECTH yCcTaHOBKHU. IIpu coB-
MajicHud 3THX LEHTPOB NOCTynaTeJbHbEe U BpaunlaTeJbHple KO-
JebaHud BHOPOU30JUPOBAHHOH YCTAHOBKHU CTAHOBSITCSI He3a-
BUCUMBIMH. [lon6op nmapaMerpos TakKOHd BHOPOU3OJSAIMHU AOCTa-
TOYHO MPOCT, OAHAKO €€ MPaKTHYECKOoe OCyHIecTBAeHe B 60/b-
IIHHCTBE CJAy4YaeB BBI3bIBAeT 3aTPYJHEHHUS.

Ilpy npuMeHeHHHM KOMOMHHDPOBAHHLIX BHODPOU30JISTODPOB,
HeoO0XO0UMO, KpOMe TOTO, BHINOJHEHHE YCJOBHS, UTOOBI LIEHTP
2KECTKOCTH CTaJbHBIX MPYXUH U LEHTP KECTKOCTH PEe3HHOBBIX
3JIEeMEHTOB HaXOJHJUCh HA OJHOH BepTHKAAU. ITO TpeGoBaHHE
JIOJIZKHO BBIMOJNIHATBCS TAKXKe B KaXKAOM OTISJbHOM KYCTOBOM
BHOPOH30JIATOPE.

Bu6pousonaropsl, obaajaiomue OCeBOH CUMMETpHeR YIpy-
rMX XapakKTepUCTHK, CJAEAYeT pacnoJjaratb TakKuM 06pasoM,
yToObl UX OCH CHUMMETPHMH OBbLIM mapasafiesbHbhl Mexay co6oi.

2.18. Ilpu npoekTHpOBaHUH BUOPOHUIOJSIHU ClelyeT y4H-
THIBATh, UTO PaChogoXKeHUe BUOPOU3OAATOPOB BAUAET HA 4Yac-
TOTHl COOCTBEHHBIX BpalllaTeNbHbIX KoJeOaHUH H30JAHPYEMOH
MallliHbl; yAaJieHHe BUOPOH30JIATOPOB B JIIOOOM HanpaBJ/eHHH
OT LIeHTpa THAXKECTH H30JUPYEMOH YCTAHOBKH [MOBHIILIAET,
a npUO/uKeHne X K LUEHTPY TSAXKECTH NMOHUXKAeT 3TH YaCTOTHI.

2.19. KoopauHatel UeHTpa KECTKOCTH BUOPOHUIOIATOPOR
B MJIOCKOCTH XY * onpefenstorcss GopMyJs1aMu:

1 n 1 il
xh‘"Kz EKzixi; yh=}\,_“ EKziyi' (2.19)

i =1 [ =1

BepTHKa/NbHYI0 KOOpJAHHATY LEHTpPa XKECTKOCTH BHOPOM30-
JISITOPOB OMpEeAeJISIOT MO0 OAHOH U3 ¢dopmyn !:

1 n
Cp = —— 2 Kyr‘. 2

Ky =

* Hayano O; cucrembl KoopauuHat X, Y, Z pacnosoxeHO NPOH3-
BOJIbHO, & OCH KOOPJHHAT NapaJs/elbHL COOTBETCTBYIOUIHM ocaM X, Y,
Zy (cM. puc. 2.2.).

' Kak npaBusio, KeCTKOCTH BHGPoH30aaTOPOB Kyi, Kyi ¥ Ky;
YHAOBJIETBOPSIOT YCIOBHIO Kyx; = aKy; = BKzi, rde @ 1 B — NOCTOSH-
Hble BeJIHYHHBL. ECJHH 3TO yC/JI0BHE He BHINOJHSAETCS, TO PABHOACHCTBYIO-
mue peakliui, BOSHHKAOUUX B BUOPON30OJATOpPAX NpPH TNepeMemeHUuIX
H30/JTHPYEMOH YCTAaHOBKH 110 HanpaBJ/JeHHIO KOOPAMHATHHIX OCeH, He
OyAyT nepeceKarbCcsd B OJHOH Touke. B mocienneM ciaydae HeHTPHl XKecT-
KOCTH ONpeAessioT OTASNbLHO A5 KaXJI0H KOOPAHHATHOH NJAOCKOCTH.
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HJIHU

2, = — 2 K,;z,. (2.20)

B dopmynax (2.19) u (2.20)

K., Ky, Kzi ’KeCTKOCTH [-ro0 BUOpoOH3OJATOpPAa B Ha-
npasjieHun oceit X, Y, Z;

Xi, Yi, 2; — KOOPIAWHATH! IIEHTPA XKECTKOCTH [-T0 BHOPOH30-
JATOpa B TOH XKe cucteMme KoopjauHar X, Y, Z;

f — YHUCJIO BHOPOU3OJIATOPOB.

KoopauHaTh LeHTpa TAMKECTH YCTAHOBKHU ONPEAeSTIOTCS 110
cp0pmy.nam:

2 Qxi o= Y.z 2= 2 Q2 (221)

i-—l i=1

=]

rjre (; — BecC {-ro 3JeMeHTa YCTaHOBKH;

Xi, Yi, 23 — KOOpJIMHATH IEHTpa TAXKECTH [-TO 3JIEMEeHTAa
YCTAHOBKM B cHcTeMe KoopJAuHat X, Y, Z;

n — YHCJO 3JIEMEHTOB YCTaHOBKM.

Ecau u3onupyeMasi yCTAHOBKA HMEET IJIOCKOCTD, OCh HJIH
LEHTP CHUMMETPUH, TO LEHTP TSAXKECTH YCTAHOBKH JIEXKHUT COOT-
BeTCTBEHHO B MJOCKOCTH CHUMMETPUH, HA OCH CUMMETPHH HJU
B [[EHTpEe CHMMETPUH.

£2.20. B Tex cayuasx, Korja yrJbl HakKJioHa BHOpPOH30JIU-
pOBaHHOH YCTAHOBKH, BLI3BAHHBIE BpPEMEHHBIMH CTATHYECKUMHU
HarpyskaMH, OrpaHHYMBAIOTCS YCJIOBHSIMH 3KCINJyaTalluy, AJ4
UX ONpeleseHUs CIelyeT M0Jib30BaThCsl GOpMyJiaMH:

MGT.‘E MGTH MGTZ
Perx = y Pery = ez =" (2.22)
Ppx Py Pz

rje

Kox= E Kzi Yo+ 2 Kyzzkn

i=1 i =1

Kq:)y‘_“ Z K i zkz"l" S‘ Kz xk“

:-—-—l

Kq>z— E Ky;xkz”l‘ 2 Kx; ykn

i=1 [=—]

Per x» Per y» Por .~ YTVIBL HAKJIOHA YCTAHOBKH NPH CTATH-
YECKOM JEWCTBHH HArpy3o0K COOTBETCTBEHHO OTHOCHTEJBHO
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oceit X,, Y., Z,, MPoXoasdmux yepes LEHTP KECTKOCTH BH-
OpOU30JISTOPOB;
Kox, Koyo Kgz—— YIVIOBBE KECTKOCTH BCEeX BHODPOH3OJISA-

TOPOB OTHOCHTEJNDBHO Oced X, Y,, Z,;
Kyi» Ky K, —KECTKOCTH i-rO BUOPOH30JIATOPA B HAIpas-
aeunn oced X,, Y,, Z,;

Xnis Ynis 2p; — KOODAHMHATHI LIEHTpPA XKECTKOCTH {-r0 BUOPO-
H30JITOPAa B CHCTeMe KoopauHat X,, Y,, Z,;

n—o0llee yucJao BHOPOHU30JISTODPOB;

Mer o0 Moy 4y Mg ,—MOMEHTH JIAICTBYIOUIMX CTATHUUECKHX
CHJ1 OTHOCHTENBHO ocedl X,, Y,, Z,.

Ecan BesvdWiHa OJHOTO M3 OnpepesdeMblX 1o QopMyJiam
(2.22) yriioB okaxkercs Oogblie JONMyCKAaeMOH, TO ClaellyeT yBe-
JUUYHTh COOTBETCTBYIOIIHE YIJIOBBIE KECTKOCTH, U3MEHHMB pac-
IMOJIOKEHHE BUODPOHU3OJAATOPOB HJIH YBEJIMYHUB HX KECTKOCTb.
B ciydae yBe/nnueHUus OOILEH YIJIOBOH XKECTKOCTHA BUOPOU30JI -
TOPOB HAJ0 YBE&JUYUThL MACCy H30JUDPYEMOH YCTAHOBKH, IIPH-
yeM TAaKHUM 00pa3oM, 4TOOB! YacTOThl COOCTBEHHBLIX KOJieOaHUH
ee yJOBJETBOP SN yCaoBUAM 1. 2.11. Orpannyenue nepeMerie-
HHU BUOPOU30JUPYEMOH YCTAHOBKU IPHU JEHUCTBHH BPEMEHHBIX
CTATUYECKUX HATrPYy30K MOXKET ObIThb TaKKe JAOCTUTHYTO IIpUMe-
HEHHEM VIIPpYTUX OrpaHUUYHTeNeH, YCTaHaB/JAUBAEMBLIX MapaJ-
JIeJIbHO BUOPOHU30AATOPAM C 3a30POM MeXJAY IOPH30HTAJbHBIMU
ONOPHBIMH IIJIOCKOCTSAIMH OTpaHHuMTEeed U BUODPOU30JISITOPOB.

[Ipumeuanue B dopmyanax (2.19), (2.20) u (2.22) He yuuTHIBA-
eTCHA KECTKOCTb IOJIBOJOK K BUOPOU3OJNPOBAHHON YCTaHOBKE, ITOCKOJb-
KY OHH BCerja LOJIKHB OLITh TUOKUMHU. Ecian ke 00ias >KeCTKOCTh MOJ-
BOJOK mTpeBbllraer 1/, cyMMapHOH XeCTKOCTH BHOPOH3OJSALHH, TO €€
cleqyer yuureiBatp B pacuere. O6miasi »KeCTKOCTh NOABOACK B IIPOCTEH -
IIUX CAYVYAAX MOXKeT ObiTh HalJeHa 10 KECTKOCTH OT/AeJbHLIX IOABOXOK
pacyeTHBLIM NYTEM, a B CJIOKHBIX CJyUYasiX U3 CpaBHEHU S JaHHLIX CTATHYE-
CKHX MJIH JIJUHAMHUECKUX HCIHITaHU¥ BUODPOUSONUPOBAHHOW YCTAHOBKH
0e3 MNOABOJAOK H C IIOABOJKAaMH.

Onpenenenne 4acToT cOOCTBEHHBIX KONeOaAHUI
BUOPOH30JIUPOBAHHOH YCTAHOBKH

2.21. Ecnv wsonupyeMasl MamlHHA C aMIIMTYAOH BO3My-
ameHr Cuisl, He npesbliitawiieit 100 ke, ycraHaBiuBaercd Ha
[IOCTAMEHT, BeC KOTOpOro OQOJiblle Beca CaMOH MalllMHbI, TO
YACTOTBI COOCTBEHHBLIX IOCTYNATeJbHO-BPAIlATENbHBIX KOJie-
OaHuH MOXKHO He OnpepesaThb B Caydae, KOrja XeCTKOCTh BUO-
pPOH30JIITOPOB MOJA Harpy3Kou B rOpU30HTAJLHOM HanpaBJAeHHH
He QoJblle UX KEeCTKOCTH B BEePTHKaJbHOM HallpaBJ/ieHHH, T. €.
K, << K, u K, < K, u paccrosiaie S 1m0 BEepPTHKaJHU MEKIY
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IIEHTPOM TSKECTH H30JHPYEMOH YCTAHOBKH (BMecTe C MOCTa-
MEHTOM) H ILEHTPOM HKECTKOCTH BHOpPOH30JATOPOB OTBEYAET

Y CJIOBHIO
S < 0,0040 21 (2.23)

tne [,,,—HauMEHbIIWK pa3Mep MOCTaMeHTa B MNJdHe,
1)
O =— y
Wy
a Wy, U ®, — COOTBETCTBEHHO KPYTOBbIE YAaCTOThl BHIHY XKJEHHHIX
H COOCTBEHHBLIX BepTHKAaJbHBIX KOJIeOaHNH YCTAaHOBKH.
2.22. Ilpu pacrnoJjoOXKeHUU LEHTpa THXKECTH BHOPOH3OJIH-
POBAHHOH YCTAaHOBKH H ILEHTpa 3KECTKOCTH BHOPOH30JATOPOR
Ha OJHOH BepTHKaNHU! 4acTOThl COOCTBEHHHIX KOJeOAHHH yCTa-

HOBKH OIpPEAensiioTCa no QPOpMyJiaM:
a) NpU BEPTHKAJbHBIX KOJIeOaHUSX

®, = ]/ (2.24)

6) npu KoJseGaHUsAX B NJOCKOCTH X, 'Z

o= ) ALV Az-—-byx, (2.25)
rjae
— 2 2
©. = Eﬁ A——- l+byx+dy
X m ? 2 ?
L? Q2 K
2 _ Hyx, . 2 _ oy,
L Ry* dyz“f\’y2 L= Ky '

B) NpH KoJeGaHHSAX B IVIOCKOCTH Y Z,

© =0 ]/B:l;VBg—-—bxy, (2.26)
rae
Ky 14-b7,+4;
my= -y B — Y
m 2
2 Lﬁ 2 &2 2 Kox .
bxy'——- sz ’ dx=E ’ ny= I:y ’

[ el ]

! Nl onpefedeHHs 4acTOT COOCTBeHHBIX KoJebaHuii BUOPOH30JH-
POBAHHON YCTAHOBKH IPH OTCTYNNEeHUAX PaKTHUECKHX cXeM BHOpPOHU30-
JSUUR OT NPHHEATHIX B HacTOAMmeM pasfele PYyROBOJCTBA MOXKHO HCIIOJb-
30BaTh pacyeTHhie 3aBHCHMOCTH NPHAOXKEHHS |
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) npH KojebaHUAX B IVIOCKOCTH XY, OTHOCHTEJIBHO Bep-
THKAJbHOH OCH, NMPOXOASILEH Uyepe3 LeHTP TAXKECTH YCTAHOBKH:

Koz
Wpz = ]/}—E:i- . (2.27)

B dopmyanax (2.24)—(2.27) npUHATE 0003HAYEHUA:

]/ o I/
R, , — pajuyChl HHEPIHH YCTa-

HOBKH COOTBETCTBEHHO OTHOCHTEeJNbHO oced X, u Y,, npoxoas-
HIUX 4Yepe3 ee LEHTP THAXKECTH, B CM;

Joxs Joys Jo,—CM. 1. 2.12.

L,, L,—nupuBelieHHbe MJEYH KECTKOCTH COOTBETCTBEHHO
B TLIOCKOCTSIX YoZo U XyZy, B CM;

S—paccTosinde MeXAY LEHTPOM TSXKECTH YCTAaHOBKU U
IIEHTPOM KECTKOCTH BUODPOH3OJATOPOB [0 BEPTHKAJMH;

Kox, Koy, Koz—onpenensitor no ¢opmyam (2.22);
K., K, K,—onpenensior no gopmyam (2.11);
Ky, Ky Kyu—oM. o 2.138.
2.23. OtHoOlIeHHEe 4YacTOThl BO3MVYINAIONIEO BO3AEHCTBUS
K JiI0O60# U3 onpejelisieMblX no ¢gopMyJaam (2.29), (2.26) u (2.27)
YyacTOT COOCTBEHHBIX KoJeOaHHH YCTAHOBKH JIOJIXHO OBITh

6oapiie 2,5%. Ilpu 3TOM HEOO6XOAMMO BHINOJNHATH TpeGOBAHHUS

n. 2.11 oTHOCHTE/IbHO BEJHUYHUHBL OL,.

Ecau kakaga-nubo yacrora COOCTBeHHb:ia KOJEeO0aHHHA HeE
YJOBJETBOp €T YKa3aHHOMY TpeOOBAaHHIO, TO €€ CJAelyeT IIOHU-
3UTh, OCYILECTBUB JJIsl 3TOTO OJHO HJIH HECKOJBKO CJAEAYIOUMX
MEPONpPUATHH:

a) YMEHBIUUTL XKECTKOCTh BUODPOHM3O0JIATOPOB;

0) YMEHBIIHTb pPacCTOsIHUE S;

B) YMEHBIUUTL IIpUBEJEHHLIE MJEeYHU KECTKOCTH (npuOaH-
KeHHeM B [J1aHe BUOPOU30JISATOPOB K LIEHTPY XKECTKOCTH);

) yBeJAYUTHL MOMEHTHI HHEpPIIUH YCTAHOBKH NyTeM A00aB-
JIEHUSI JONOJIHUTEJILHBIX MacC ¥ yJaJieHHs HX OT OOIero ueHTpa

EL2KCCTH.

* Iro TpeGoBaHHe He pacnpocTpaHsercss HA BUOPOU3OAAIHIO, BHI-
MOJNHSAEMYIO IO cXeMme, rnpuBejeHHod Ha puc. 2.1, 2. Jas 3Toft cxeMsl
YacTOTHl COOCTBEHHEIX KoJieGaHu# onpepensiiorcs no ¢popmynam (2.14)—
(2.15), a KO3(hpULHEHTEl Oy, Gy H G gy — TIO dopmyaam (2.3).
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OnpepeneHue aMIANTYA BLIHYKACHHbIX KOAeOaHUM
BHOPOH30AHPOBAHHON YCTAHOBKH

2.24. Amnauryael KoaebGaHui, HalJeHHble no QopMmyJam
(2.4)—(2.5), HajO YTOUHATH COIVIACHO VKas3aHWusIM mn. 2.25
n 2.26 PyxoBojcrsa. Ecau yTouHeHHbie aMoJuTyAnt GyAyT
MpeBHIaTh JONyCKaeMble 3HaueHUs, TO CJIEAyeT HU3MEHUTH
B COOTBETCTBYIOLLYIO CTOPOHY BEJHYHHBI TapaMeTPOB BUOPOU3O-
JUPOBAHHOH yCTaHOBKY (cM. nmn. 2.9 u 2.11).

2.25. Dosiee TO4YHO aMIVIMTYAbl BBIHYXKJIEHHBIX IOCTyIa-
TEJBHBIX U BpalllaTeJbHBIX KoJieGaHUH BUOPOH3OJHPOBAHHOH
YCTAHOBKY ONpele/fioTcs no GpopMyaam:

Py Py P,

aﬂx: mmoﬁ__}(x ’ aﬁy“— m{ﬂug——Ky ’ aﬂz"‘ mmuz"""Kz ?
g o e T  (2.28)

Dx —° 92 ’ 0y — 2 ’ .
Tox Q0 — (Kox +5°K)) oy @0 —(Kgy 57 Ky)
0 My,
0z — D, ’
J{lz mﬂ_KfPZ

rie P, P, P,—aMIJIITyAb BO3MYILAIOUIHX CHJ B HaIpaB-
JeHun ocen X, Y, Z, B KI;
Moy, My, M,,—aMIINTYAL BO3MYLIAIOIINX MOMEHTOB OTHO-
CUTeJIbHO ocelt X,, Y,, Z, B klcMm;
®,— KPyroBasi 4acToTa BBIHYKAECHHEIX KoJseba-
HUH B pad/cex.

Ky Ky K, ¥ Kgx, Koy, Kyz ONperessioress cooTser-
CTBEHHO 1o ¢gopMmyJam (2.11) u (2.22).

Jna BUOPOU30J AU, BBHINOJHSAEMOH 110 CXeMe MasATHHUKOBO-
ro noaseca (puc. 2.1, ¢), yrouHeHue aMIJIATY A KoJe6aHuH, OIl-
peresnseMblx gopMmysiamMu (2.4) u (2.5), He NPOU3BOAUTCH.

B Tex cayvyaax, Korja HalJeHHble aMIJIUTYJIbl KonmeOaHUH
OJIM3KM K JIONyCKaeMbpIM 3HAUEHHHM, a TaKxKe npH (paxThuec-
KHX cXeMax BUOPOH3OJAIUH, OTJKYHBIX OT paccMaTpuBaeMbiX
B 3TOM pasjene PyKoBojcTBa, pacyeT BHOPOH3OQJSALUU PEKO-
MEHIYEeTCA NPOM3BOAUTb B COOTBETCTBHU C NPHJOKEHHEM ].

2.26. Haubonpinve BO3MOXKHBIE 3HAUEHHS aMILIHTYJ, KOJie-

6aHuH Q.;, Q,;, Q; [-H TOUKU H30JHUPYEMOH YCTaHOBKU B Ha-
IpaBJIEHUAX KOOPJAUHATHBIX OCeHd onpeaeasoTcs 6e3 yuera
Pa3sHOCTH (pa3 COCTaBJASIOUIMX KoJieOaHUH mno ¢gopmyJiaM (2.6).
Ecan 37U 3HAaUeHUS He MPEeBhIIAIOT JONYCKAaeMbIX BEJHUYWH, TO
JajibHEHINEro yTOYHEHHST X He Tpebyercs. B npoTHBHOM Ciiy-

<0



yae UX CJAeAyeT onpelenuTh Gojiee TOUHO — C VUETOM PasHoCTU
a3 coCcTaBJISIONINX KOJeOAaHUH YCTaHOBKH.

Y TOUHEHHBbIE 3HAYEHUS aMIIUTYJ BbIHYKIEHHBIX KoJiebHa-
HUH (J1I000H) [-d TOYKH BUOPOU30JIMpOBAHHOH YCTAHOBKH IOJY-
YaIOT IYTEM I'eOMeTPUUECKOro CJOXKEHHUS aMIJIUTYJL KoJeOaHHH
LIEHTPA THAXKECTH YCTAHOBKH U aMIIUTYJ KoJieOaHHMH {-H TOUKH,
BbI3BAHHBIX BpaulaTe/bHBIMU KOJI€OaHUAMH YCTaHOBKH, C yye-
TOM DPA3HOCTH (ha3 CKJIaAblBaeMbIX KoOJeGaHUud. IDTa PasHOCTh
a3 NpHHUMAETCs PABHOH pasHOCTH (pa3 COOTBETCTBYIOIIHX BO3-
MYIIAIOMHUX CHI (¢ aMiautygamu P, P, P,) U BO3MyIIAIOMHUX
MOMEHTOB (¢ amnauryaamMu M., My, M,,).

[lopsinoxk yuera pasHocTH ¢as npH onpelesieHUHd aMIVIUTY/
BBIHYKJAEHHBIX KOJIe0aHHH HEKOTOpPOH TOUKNA BHOPOHU30JHUPO-
BAaHHOH yCTAHOBKH H3JIOXKEH B IPUJIOKECHUU 3.

EciH cocrasasiionige KoJjieGaHHH H30JUPYEMOH YCTAHOBKH
UMEIOT OJIMHAKOBLIE (Pa3bl, TO aMIIIUTY AN KOJAeO0aHUU [-H TOUKHU
B HanpasJ/JeHHAX 0CeH KOODAUHAT ONpPeAeaAI0TCH 0 POpMYyJiaM:

xi = Qg 1 Poy 20; — Poz Yois
a,; = Goy ~+ Poz X0; — Pox <0i5 (2.29)
Az; == Ao, T Pox Yoi — Poy Xois

TAE Xpi, Yoi» Zo; ONpEAeNeHn B 1. 2.12.

Ecau BosMymiamonie Bo3AedcTBUA 00y C/IOBJIEHb! BpallleHueM
HeypaBHOBEILEHHOH MacChl B IVIOCKOCTH X,Zy BOKPYT OCH Y,
TO (hasbl CUJIBI H MOMEHTA C aMrniutyjamMu P, ¥ My, OTIIHYAIOTCA
OT ¢aspl CHJIBI C aMILIuTyJol P, Ha yroJa w/2. B 3TOoM caydae
AMILIUTY Al KOJieOaHUU i{-i TOUKU YCTAHOBKM B IJIOCKOCTH X2,

Onpefeasiior no (popMyJiam

2.

Q,; = ]/agz +(Poy Xoi)s Qi = Qg1 Poy 20;- (2.30)

Ecnu BoaMyHiaoniie BO3AeHCTBU L 00y CJIOBJEHE! BpallieHUEM
HeypaBHOBeLIEHHOH MacCHl B MJIOCKOCTH Y £, OTHOCUTEJIBHO OCH
Xy, TO (ha3pl CUJILI U MOMEHTA C aMIIMTyAaMu P, u My, OT/IH-
yaroTcs OT ¢asbl CHJBL C aMIIMTYJ0H P, Ha yroa m/2. B sToMm
cJaydae aMIJIATY bl KoJieOaHHui {-d TOYKH YCTAHOBKH B I1JIOCKOC-
™ Y Z, BbipaxawTca GopMyaaMu

2
A,; = Va[)z —l" ((Pﬂxyﬂi)z; ayi — a{}y — QPox <o;- (23 1)

[Ipy reoMeTpHYECKOM CJIOMKEHHH ABYX KoJeGaTebHBIX JIBH-
Kenu# &;(f) u E,(f), NpOUCXOASIIUX MO OJHOH NpSIMOH, C OJHOH
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M TOH K€ 4acTOTOH Wy, HO Pa3JHUYHBIMH AaMIUVINTYIAMH @y, d,
W HayaJbHBIMA (PazaMy @y, P,:

51 =0; COS (0o £ @), & =ascos(wyf-+@,) (2.32)

pe3yJAbTHPYIOIUM KoJsie0aHueM Oyzer

E=acos(0,f-+ @) (2.33)
C aAMILJIUTYAOU

o=V 0 +a,* +2a; a,cos (; — ¢y) (2.34)

H HayaJbHOH (has3oi

aq $in Py - dg SIN @y (2.35)
ay COS P —l—ag COS @y - .

2.27. B Tex cayuasix, Korja npeolajaiomee 3HayeHue:
MMEIOT CHJIBI H MOMEHTBI, JACHCTBYIOUIME B OJHOH M3 KOOpAH-
HaTHBIX IIJIOCKOCTEH, aMIVIUTYJbl KONE€OaHHMH LIEHTpa TSAKECTH
U30JUPYEeMOH YCTAaHOBKU (m. 2.20) U OTAe/NBHBIX ee TodekK
(1. 2.26), IJs1 KOTOPBLIX U3BECTHHI AOIyCKaeMbie 3HaYeHHU 51, MOXK-
HO HaXOJUThb U3 YCAOBUS, YTO BHOPOU3OJHUPOBAHHAS YCTAaHOBKA
coepuiaeT KosefaHUus B 9TOU MJAQCKOCTH.

2.28. lns MauidH C 3JeKTPOMOTOPAaMH MOIHOCTBIO GoJiee
10 Kerm HEOOXOANMO OnpeAes ATh aMIJIUTYAbl KoJeGaHUH BHOPO-
H30JIMPOBAHHOM YCTaHOBKH, BBI3HIBAEMBIE BKJIIOYEHHEM TOKA
IpH MyCKax MOTOpa HWJH KOPOTKHM 3aMblKaHueM. BosMyialo-
[IIHe MOMEHTHI, BO3HHKAIOWIUe NIPH BKJIOYEHHH TOKA UJIH KOpPOT-
KOM 3aMBIKaHUM, MOTYT PACCMATPHUBATBCS KAaK BHE3ANHO IIPH-
JIO}KEHHBbI€ K YCTaHOBKE.

AMNINTY Bl YIVIOB IOBOpOTa BHOPOU30JHUDPOBAHHOH YCTa-
HOBKH OTHOCHTEJbHO OCeH KOOpAWHAT X, Y, Zy, NPOXOJS-
IMUX Yepe3 LEHTDP KECTKOCTH BHOPOH30AATOPOB 0, NIPH BO3-
JEHCTBHY MOMeHTa M, BO3HMKAIOIIETO NPH IyCKe MOTOpa HJIH
KOPOTKOM 3aMBIKaHWH, BBIYUCJAAIOT 110 ¢opMyJaMm

¢ = arctg

— My, — 2My,  — 2My,

Prx = - y Py == » Pz = ‘ (2.36)
Keox Koy Koz

rae My, My,, My ,—cocrasasiiomye MoMenta M, B Hampas-
JeHUSAX oCell KOoOpAHHAT X, Y, Z,.

3HaueHHe M, nOpH nyckKe MOTopa OpPHEHTHPOBOYHO HMPHHH-
MaloT paBHBIM M, =~ 2M’, rae M’ — Bpamarmomui MOMEHT

MOTOpAa NpH¥ YCTAHOBHUBLUEMCSH paboueM pexkuMe; NpU KOPOTKOM
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sampikauuud M, =~ 8W xI'm, rge W — momHocrs  Motopa
B Kam; Kox, Koy, K¢, onpenensior no dopmynam (2.22).

[Ipu jeficTBMH BHe3aNmHO NPUJIOKEHHOro MoMeHTa M, aM-
IVIHTYJBl KOJeOaHHH ; B II€HTpe KeCTKOCTH i-F0 BHOPOH30JIS-
TOpa IO HANpPAaBJIEHHUSIM KOOPAHUHATHEIX OCEeH HAaXOZ ST Mo (Pop-
MYJ1aM:

hyi = aky Chi —— (Ekz Ykis
Ayi = ékz Xhi — (-Ekx Ckis (2.37)
Ay = -(Ekx Ypi— E’Sky Xk

30eCb Xp;, Ypis Zp;— KOOPAMHATHI LIGHTPA KECTKOCTH {-TO BHU-
6poHsoJisiTopa B cHcTeMe KoopauHar X,, Y,, Z, (cMm. puc. 2.2).

Kaxpasi U3 BENHUMH Ay;, A,; WM A,; IIpH NycKe MoTopa
He JI0JIXKHAa NpeBbLIIAaTh O MM, 4 MPH KOPOTKOM 3aMBIKAHHU —
10 mm. Ecniu 3170 ycioBHe HapyluaeTcsl, TO CJAeNyeT: YBeJH-
YUTh XKECTKOCTb BHODOM30JSTOPOB H COOTBETCTBEHHO MAacCy
30/ MPYEMOH YCTAHOBKH HJHU YCTAHOBHUTL OIpAHHUYUTENHU KOJIe-
6aHHH, CKOHCTPYHPOBAB HX TaKUM 00pa3oM, 4ToCbl OHH HMEJH
JOCTATOUHYIO IPOYHOCTH M YCTAHABJAUBAJUCH C 3a30pOM, paB-
HBIM 0—8 MmmMm.

Jlsist cMsaAryeHusl yaapa K INOBEpXHOCTH OrpaHUUHTENs KO-
JJeOAHUH, CONMpUKAacCalmedcss ¢ H30JAUPYEMOH YCTAHOBKOH,
CJeAyeT NPUKPENUTDL CJIOM PE3MHbI MM NJIaCTMACCHI.

OnpenesieHne JMHAMHYECKHX HArpy3o0K,
nepesaroluxcd Ha nojnepxRuBanuyIo
KOHCTPYKUHIO

2.29, JIlnHaMuyecKHe HAarpyskKu, Iepefaronigecsi BUOpoOU30-
JIUDOBAHHOH MALUMHOM Ha NOAJNEpPIKHUBANILYIO (HECYILYIO) KOH-
CTPYKLHIO, ONpelensioT NpH:

a) pafoueM pexume MaIIUHB, 0) pexXuMe NPOXOKACHUA
yepes pesOHaHC BO BpeMs INyckKa HJAH OCTAaHOBKH MalIKWHbI;
B) BKJ/IOYEHHH TOKA H KOPOTKOM 3aMbIKaHHUH (B 3JI€KTPHUYECKHX
MalllMHaX).

[Ipu craTuyeCKOM pacyere NOoAJepIKHBalonled KOHCTPYKIHUH
JOJIKEeH YYUTBEIBATHCS BeC BHOPOU30JHPOBAHHOHM YCTAHOBKH.

2.30. Ilpu paGoueM pexume BUOPOHU3ONUPOBAHHOH MALIHHEL
AUHAMHYECKHE HAarpy3KH, JEHCTBYIOUIHE HAa MOAACPKUBAIOILYIO
KOHCTPYKLHIO, ONPEIENsIIOTCA KaK COBOKYMNHOCTH CHJI, IEpe-
JAoUxca Jyepes (-d BUGPOH3ONAATOP C YUETOM pPas3HOCTH a3
3TUX CHJI.
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AMmIuTY B TIpoeKuui Ha ocd X, Y, Z, BO3Mymialomes
cussl P;, nepeparomnieiics yepes i-i BUGPOU30JSITOP, HaXOHATCS
no ¢gopMmyJsaaM:

Pxi == Uy; Ka:i
Pzi =U,; Kzi!

rge Qay;, Qyi, Qi — AMIVIMTYABI BbIHYKJEHHLIX KOJEOAHHH
B TOYKE NepecedyeHust OCH (-ro BUOPOU30JATOpPA C ONOPHOH NO-
BEPXHOCTDLIO H30JIHPYEMOH YCTAHOBKH, onpejessieMbie COrJiacHO
yKasaHusaM 11. 2.26 Hacrosero PykoBojcTBa.

Puc. 2.5. CxeMa a5 pacueta HNOANEpKH-
BalOWeH KOHCTPYKIHU Ha AEeHCTBUE BO3MY-
I{AIOIHHX COCPEAOTOYECHHBIX CHJ MU MOMEH-

TOB
1 — BUGpOH30JHpYEMass  YCTaHOBKA: 2 — IEHTP
JKeCTKOCTH BHODPOH3OJATOPOB;, J — NOAAEDKHBAO-
Irass KOHCTPYKUHA; 4 -— oCk NOAZepXHBaKLel
KOHCTPVKIIUH; & ~— YCJOBHBIH 40COJIIOTHO XKECTKUH
CTEPKEHb.

Ecaun paccrosiHue MeXay KpaHHMMH BHOpPOH30/STOpaMU
B HaMpaBJ/JeHHU JJIHHBI 3JIEMEHTA HECYIUEH KOHCTPYKIIUH MeHb-
me 1/, mpoJiera 3TOro 3JeMeHTa, TO COBOKYIHOCTb BO3MYIIAIO-
HIMX CHJI H30JHPORAHHOH YCTAaHOBKH, MepeJaloluXCcs uepes Bce
BHOPOH30JATOPh, TMPHONUKEHHO MOXKHO 3aMEHATh COCPENOTO-
YeHHOH BO3MYIILAIOIEN CHJIOH C aMIIUTYJ0H P, U MOMEHTOM
C aMmIUTyJ0H My, NPUJIOKEHHBIME B LEHTPE KECTKOCTH BHO-
PDOU30JISITOPOB. 1IpH 3TOM LEHTD KECTKOCTH BUOPOH30JSITOPOB
CUNTAEeTCs YCJAOBHO COEJHHEHHBLIM C HMOJNEPXKUBAIIMEH KOHCT-
PYKI[HEeH a0COJMIOTHO KECTKHM CTEpIKHeM, 3aJie/JaHHLIM B 3TY
KOHCTpYKUHIO. Hanpasienne cTepxkHs NpUHHUMAETCs MepIeH-
JUKYJASIPHBIM OCH WJIH IWIOCKOCTH 3JIEMEHTA MO AepKHUBAOIIEH
KOHCTPYKIHH (pHUC. 2.9).

AMIIATY LI TPOEKU U BO3MYIIAIOMIEN CUJIBI HA OCH KOOPJIH-
HaT BBIYHCJSIOTCS B 3TOM CJydae 1o ¢GpopMyJsaM:

Phx =y K:x:;
Py =a,, K; (2.39)
th == U,y Kz!
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rAE Axp, Ayr, A;p — AMIUIUTY ALl BIHY XKICHHBIX KOJeOaHUH TOU-
KH NMPUJOKEHUS CUJbl ¢ aMIUVINTYA0H P B HanpaBJ/ieHHU OcCeH
KOOpAMHAT, ONpeJessieMple COIVIaCHO YKa3aHUsSM II. 2.20 3TOro
PyxoBoacTBa.

K., K,, K, onpenensitor no dopmynam (2.11).

Ecny 1meHTp XKECTKOCTH BHOPOU30JATOPOB pPaCHOJOMKEH
BOJM3H ONOPHI, TO JAONYCKAETCHA YUYUTHIBATH TOJBKO I'OPHU3O0H-
TaJIbHble CUJIbl C aMIVIUTYAaMH Py, U Py,

FEcan BUOpOU30JUPOBAHHAS YCTAaHOBKA BbI3bIBAeT HU3THO-
Hble KosieOaHUu A HeCYIeH KOHCTPYKIIUHM TOMbKO B BEpPTHKAJAbHOM
HanpaB/eHUN U HEHTDP KEeCTKOCTH BUOPOHU30JIATOPOB pacioJia-
raetcsi 6JIM3KO K CepeJldHe ee IpoJieTa, TO MOKHO YUYHTHIBAThH
TOJIBKO BEPTUKAJBHYIO COCTABJISIIOULYIO COCPEJOTOUYCHHOH CHJIB!
C aMIIUTYAOH Py,.

AMIIUTYBI COCTABJSIIOIINX BO3MYIIAIOMIETO MOMEHTA C aM-
MAnTygou My OTHOCHTENBHO OCEH KOOpJAWHAT, IPOXOAANIUX
uepes LEHTP KECTKOCTH BUHOPOU3OJATOPOB, ONPEAENSIOTCS 110

opMyam:
th — (pﬁx Ktpx;
My, =@y Koy (2.40)
Mhz = Qo2 K(Pz-

2.31. B pexunme npoxoxXIeHUS uYepe3 PE30HAHC BO BpEMd
nycKa WM OCTAHOBKHW MAaliuHbl HauboJiblllasi BeJIHUHHA BEPTH-

KaJbHOH BO3MVILANOIEH CWILL P,, KOTOpas nepeaaercs nojiep-

KUBAIOILIEd KOHCTPYKIIUH yepe3 BUOPOH3O0JIATOPHl, HAXOAUTCS
1o QopmyJe

Pz= MchKz: (2‘41)

TIe Qy.xe — MaKCUMaJibHasl aMIUIUTy/la BEPTHUKAJNBbHBEIX KO-
Jle6aHUi HM30JIMPOBAHHOH YCTAHOBKM B IYCKOBOM HJIM OCTaHO-
BOYHOM pexXuMe, onpejpessieMan 10 rpaduky, H300paxKeHHOMY
Ha puc. 2.4, |
K, — cymmapHasi 3keCTKOCTb BHOPOHU30JISITOPOB N0 OcH Z,,.
st BUOGpOU30JMPOBAHHOM YCTAHOBKH, PACCMaTpHUBaeMOH
KaK CHCTeMa C OJJHOU CTeIeHbI0 CBOOOALI, HAHOOAbIIAS BeJINUH-

Ha BO3MyLIAloWied CHibl Pp,, KOTOpas nepeaaercs nojajiepxKu-
BalOIed KOHCTPYKIIHU B pEXHMax IycKa WJIH OCTAHOBKH B Ha-
paBJjieHHH X, MOXKeT ObITh TaKxke HalJeHa no (opMyJie

_ﬁkx:P:x: _f}"$h 1— Q_I_("E_)z' (242)
; Oy .

AHAJIOTHYHO 3anUChIBalOTCS GopMyJbl Aist Pp, u Py,.
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B dopMmyse (2.42) BesHuvHA

— ] q
Do = W, [ 1 -+ _ S J (2.43)
(140, 14y, ¥V 2ng)? 49

npejcTaB/iseT KpyroByIo 4acToTy BO3MYILAIONIEH CHJILI B MOMEHT
HOCTHKEeHUSI BUOpPOU3O0JUPOBAHHOH YCTaHOBKOH HauboOJblIeH
aMIVINTYIW KojebGanuii. B dopwmyaax (2.42), (2.43) BepxuHue
3HAKH COOTBETCTBYIOT MYCKY, a HUXXKHHUE — OCTAaHOBKE MAllIKHLI.
31ece P, — aMIJINTYZa BO3MYyIaOmeEd CUJbl, pasBUBAEMOH
M30JIHPYEMOH MAILLHHOM B HampaB/ieHHM OCH X;

®, — YacTora COOCTBEHHBIX KoJsieOaHWH BHOPOM3OJHPOBAH-
HOH YCTaHOBKH B HamnpaBJeHHH ocH X;

__ 1 |y 2. _ 0
m=1/ st g=g, @

e € — CKOPOCTb HapacTaHHA WM YObBaHHA OOOpPOTOB
MalllHHLl B eu/cex;
vs — KO3(pIHUUEHT Heynpyroro CONpOTHUBJAEHUS BUODO-
U30JIITOPOB;

f1» [o — KO3(pHIUEHTHI, 3aBHUCAIIHE OT OTHOLIEHHSA Y8

my
(taba. 2.1).

Ta6anwna 2.1
3uayeHusi Koadpdbuyuentor f; u f,

! i
Y8 | o | 0.1 0,2] 0,3 0,4 0.5 0.6 0.7 0,8 0.9]1

f. | 1,465(1,349| 1,239| 1,134| 1,045|0,956| 0,864| 0,765| 0,644]0,460] O

; r |

f2 |0,035/ 0,115/ 0,234| 0,328/ 0,419/ 0,503( 0,585 0,672 0,776a0,890 1

YMeHblIeHHEe JHHAMHUYECKHX HArpysok, nepejfaromuxcs Ha
HeCyIllHe KOHCTPYKIUH MOXKET ObiTh JOCTHTHYTO YBeJHYEHHEM
CKOpPOCTH HapacCTaHHA UM yOGbIBaHHS YHCJIAa 000POTOB MAlLHHBL
B IIpoOleCCe NYyCKa HUJH OCTAaHOBKH MaudHbl, OAHMM U3 CIO-
cOO0OB YMEHbIUEHUS] aMIUIHTYJA KoJieOaHHH BHOPOM30JHPOBAH-
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HOH YCTaHOBKH MOKET CJAYKHUTh COKpalleHHe BpeMeHH OCTa-
HOBKH MalUIHHL (HampHUMep, C MOMOILBLIO JIEKTPUYECKOI'0 TOP-
MOJKEeHHS U T. 1.). HacToTy COGCTBEHHBX KOJIeGaHUH BHOPOU30-
JTAPOBAHHOM CUCTEMBI MOXKHO H3MEHSATh YTEM aBTOMAaTHYECKOTO
BKJIIOUEHUS] UJIH BBLIKJ/IOUCHHUS JAOMOJNHUTENLHBIX YIPYTHX 3Je-
MEHTOB, MacC HJId CBSI3€d B CHUCTeMe.

2.32. BoaMymalomype MOMEHTbI, BO3HHUKAIOIIHE MpPH BKJIIO-
YeHUH TOKa HWJIH KOPOTKHX 3aMbIKAHHSX, MOXKHO ONpeAe]ATh
KaK CTaTHYeCKHe MOMEHTBI, paBHbIE JABYKPATHHIM BEJHYHHAM
COOTBETCTBEHHO MYCKOBOTO MOMEHTAa WJI MOMEHTAa NPU KOPOT-
KOM 3aMBIKAHHH. IJTH MOMEHTHI NMOJHOCTBIO NepejarTcs IMOA-
JAEPXKUBAIOLLEHR KOHCTPYKIHUH Yyepe3 BUOPOH30JATOPHI UJAH Orpa-
HUYUTEJIH KOoJieOaHHH, €CJH OHH HMEIoTCH.

2.33. luHaMuyeckue HarpyskKu, nmepefaroniuecss Ha nojuep-
YKUBAIOILYIO KOHCTPYKILHIO B paboueM peXxHMe, C YYeTOM JeMIl-
pUpYIOIIHX CHJ ONpeJesfAloTCsa 10 (PopMyJaM:

th — MOx Rox,

rge P, — amMnauTyja CHJbI, JAEHCTBYIOILEH Ha H30JHPYEMYIO
YCTAaHOBKY B HalpaBJIeHHH OCH X;

My, — aMONUTYJa MOMEHTa, BpalllAliomero  YCTAHOBKY
BOKPYI' OCH X,;

P, — aMyuTya CHJIBl, Nepefaniencss Ha MOoANepKHBalo-
Y0 KOHCTPYKLHIO B HANpaBJAEHHH OCH X;

Mp . — aMIJIUTY 12 MOMEHTA, Iepefalolerocs Ha nojuepxu-
BAIOILYI0O KOHCTPYKLHIO IPH BpaIieHHH YCTAHOBKH OTHOCH-
TEJBHO OCH X ;

Uy, Roxr — KO3GOPHULIHEHTE! Mepefayd CUJ ¥ MOMEHTOB.

BausiHHe CWJI BHYTPEHHErO TpPEHHs, ONpeledisieMbiX Mo I'u-
nnore3ze CopoKknHa, HAa BeJIMYUHY KoddhdhuiHeHTa nepeiavys, Mox-
HO He YYUTHIBATh.

KoahdpunuenTs! nepefilaud pl,, Poy IPH YHETE CHJ BSI3KOIO
H CYXOrO 3aTyXaHus B BHOPOM3OJISTOpAX HWJIH B JIeMIPHPYVIO-
IIUX YCTPOHCTBAX, JI/IS CJydas XKECTKOro 3aKpenjieHus AEMII-
depa MexXIy KoJebJolehcs MacCod H ONOPHLIM OCHOBaHHeM',
OnpefensioT no ¢GopMyJaam:

D —

1 Cnyyaih BUOPOU30JUPOBAHHOH CHCTEMEI C YIPYTOH BCTAaBKOH MeX-
Ay JeMmndepoMm H KoaebJiouledcss MacCod HMJAH NOAJEepXKHBAILell KOH-
CTpykuuen paccmorped B pabore H. A. Ilukynesa «O poau ynpyroi
BCTAaBKH MeXAYy AeMndepoM H KoJgaebaromelicss mMaccon». «CTpoHTeNbHAR
MEeXaHHKa H pacyer coopyxKeHuin», 1959, Ne 2.
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a) npu yuere CHUJ BSA3KOIO 3aTyXaHHUA:

"'(1) A
I+V§x (__0")

By = “x
x T ’
0 \2 o (@0 )?
(1_%2} + 72, (mx) o1
1 42 [ )2 |
+?Eq}x ( ﬁ}(px -
Hox = @Wy* \2 ) Wy \2’
(1or) 7t
QX Px
6) npH ydeTe CHJ CyXOro TPEeHHS:
1 4F,*\2Z [ mg \ 2
e { ‘5_}1:_}_)2]/ (:‘TP:&:) (ﬁ)x
m(mx
(2.47)

N2/ . \?
Ry = —— ]/1'—-(4M“"’) (B‘:‘-)
P I (.00 ﬂMﬂx \mq}x )

X PX

3aech Y, = — s Veer = — KOS(PPUILUEHTbl HEYNpPYyroro

CONPOTHUBJIEHUS! COOTBETCTBEHHO IIPH IIOCTYNATEJNbHBIX U Bpa-
[IaTeNbHBIX KOJe0aHUSAX YCTAaHOBKH,

8y, Opx — cooTBeTcTByIOIME UM JorapudpMHuecKue AeKpe-
MEeHTHEl KoaebaHuy;

Wy — KPYyroBas 4acToTa BO3MYILEHHUA;

0y, gy — KPYIOBBIE YaCTOTHl COOCTBEHHBIX MOCTyIa-
TeNbHBIX ¥ BpaillaTeJbHbIX KOJeOAHWH;

F¥, — BeJHMYHHA CUJIBI CYyXOTO TPEHHUS B HanpaBJIeHUU OCH
Xo;

M?¥*,, — BeJJHUMHA MOMEHTA CHJ CYXOro TPEHWs OTHOCH-
T€JAbHO OCH X,.

CHJIBI BSI3KOI'O U CYXOr'o TPeHUA 11eJiecCo0pa3HO YYHTHIBATD,
€C/IY BBINOJHAKTCS YCJIOBUA:

Ve .4->—'"' 0!05 Vegx ; 0,05;

4F AM,, (2.48)
== 0,05; — = 0,09,
AL ”Kx R(Pﬂx K(px

rJIe Qyx, @ox — AMIUVIUTYJB! MIOCTYNATENBHEIX M BpallaTesbHbIX
KoJieGaHMH BHOPOU3OJHPOBAHHOH YCTAHOBKH;
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K, K*pr — XecTKOCTH BHOPOHM3OJSTOPOB, ONpeesisieMble
no dopmyaam (2.11).

dopMyJibl, COOTBETCTBYIOUIME HAMpaBJeHHsIM Y, U Z,, 1O-
Jayuaiorcs u3 gopmya (2.45) — (2.48) 3amMeHOH HHJEKCA X HA
Yy "z

BpraH{EHHH (2.40) HOK&SbIBa}OT yTO B 00J1aCTH YaCTOT BO3-

MYILIEHUS — < V2 0 < ]/2 BJAUSAHUE BA3KOTIO 3aTyXa-

HUS CBO,H,HTCH K CHI/I)KEHPIIO KO3(pULLHEHTOB I1epeJauu U, H Py

B obaactu 113CT0T——> V2u m— > 12, COOTBETCTBYIOIIEH
@ ox

paboueMy peXHMY BH6p0H30HHpOBaHHOH CUCTEMbI, BSIZKOE 3a-
TYXaHHUE OKa3blBaeT OTPHULLaTeNbHOE BJIUAHUE HA 3(DMEKTUBHOCTD
BUOPOU30JIAAILLUM, MOCKONBKY KO3(PPHUMEHTH flp, U WUeyr C YBe-
JIUYEHUEM 3aTyXaHUA YBEJIHUYUBAIOTCS.

[Ipu ananuse dopmya (2.47) caepyer o6paTUTh BHUMaHUe
Ha JBa OOCTOATENLCTBA:

* ﬂgpx
1) 3TH BbIpaxKeHUS HMEIOT CMBICJ, €CaH F,>—F H
4
* T My
Mox>> =7, B TNPOTHBHOM CJyuyae BbipaxeHnHus (2.47) cTaHo-

BATCH MHUMbBIMHU;

2) HECMOTpA Ha HaJIiyHe CHJI CYXOro TPEeHHS, pe30HAHCHBbIE
3HAUEeHUS KO3(DPUUIHUEHTOB Mepefayd, COOTBETCTBYIOLIHE Ua-
CTOTE Wy = O, HIH 0y = Mgy, OOpaIalOTCd B OECKOHEYHOCTD.

IFnmapa 3

BUBPOU3OJIAUNUA PYHIAMEHTOB
Nnoa KOBOYHDBIE U LLITAMNOBOYHBIE MOJIOTHI

Yka3zaHusi no NpoeKTHPOBAHHIO

3.1*. Bubpouzonsnus ¢pyHAaMEHTOB TMOJ MOJIOTBI ITPHMe-
HSAETCSI JJIsI CHHXKeHU S He6J1aronpusiTHOrO BJAUSHHU S KoJieOaHuH,
mepejammuxcs yepe3 TPYHT, Ha CTPOUTEJbHbIE KOHCTPYKIIHH

* ITOT pasges PyKoBOJACTBA MOXKeET OBIThb TAKXKe HCIOJb30BAH C oye-
BUAHBIMH HU3MEHEeHHsAMH [Jsl pacueTra M MNPOeKTUPOBAHHUS BHOPOH3OJIS -
MM (PYHAAMEHTOB IOA APYroe TeXHOJOoruueckoe o60pyaoBaHue, c03/1al0-
[iee UMINYJAbCUBBIE HACPYy3KH, INPHU YCJOBUH, YTO BUOPOH30JHPOBAHHBI M
GYHIAMEHT BMECTE C TEXHOJOTHYeCKOW YCTAHOBKOH MOXKET paccMaTpH-
BatbCs KaK JIHHAMHYECKas CHCTEMa C OJHOH CTelneHbio cBOGOMALI, MOJABED-
rajomascss JeUCTBUI0 MTHOBEHHOIO HUMIYJALCA.
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sflanuii, OOCAYXKHBAIOWHA NEpCOHAJN M Ha TEXHOJOrHYecKoe
ofopyAOoBaHHE, YyYBCTBUTEJbHOE K BHOpALLUH.

[IpumeHeHue BUOPOUAOJAAUUU MO3BOJSAET CYHIECTBEHHO
YMEHBLINTh J0NYCKaeMble PacCTOSTHUSI OT MOJIOTOB JI0 OOBEK-
TOB, YYBCTBUTEJbHBLIX K BUOpauuu, a npu ¢aabplX rpyHTax BHO-
pPOH30JALHS [103BONGET B pAJe ciayyaeB U30eXaTb YCTPOHCTBA
CBAHHOI'O OCHOBaHHA.

3.2. BuGpou3o/siupoOBaHHBIA (PYHIAMEHT IOJ MOJIOT COCTOHUT
M3 JABYX Yacred — (pyHAaMeHTHOro 6Jjioka H noAdpyHIaMEHTHOIO
Kopoba, 3arayOiaeHHOro B rpyHtr. PyHAaMeHTHHIH# OJOK Onu-
paercss Ha MOAPYHJAMEHTHbIH KOpPOO MOCPEACTBOM BHOPOM3O-
JATOPOB. YCTAaHOBKa MOJIOTa Ha (PYHAAMEHTHHIH OJIOK NIPOU3-
BOAUTCS B cOOTBETCTBHH ¢ TpeboBanusmu CHul! 11-B.7-70
(cM. 1. 1.4 «B»).

3.3. Ilpu CHUKEHUH YACTOTH COOCTBEHHBIX KojeGaHu# QyH-
JaMeHTHOro 6/10Ka AMHaMHYeCKoe BO3JeHCTBHE Ha TPYHT YMEHb-
[1aeTCHl.

[IpoekTupys BUOpPOU30JAIUIO, CIeAyeT UMEThb B BHAY, 4YTO
MpU OJMHOYHOM yJiape: a) aMIVIUTyZa AMHAMUUYECKOH Harpyas-
KH, nepegaBaeMod yepes BHOPOHU3OJIATOPHI Ha KOpOO, IPOMop-
[IUOHAJIbHA YacToTe COOCTBEHHBIX KOJIeOaHUH (PYyHIAMEHTHOrO
6/soKa; ©0) aMIVIUTyAa CKOPOCTH KoJjieGanuM GyHIAMEHTHOTrO
6/i0Ka 00paTHO NPONOPIHOHAJNBHA €r0 Macce; B) aMILIUTYJA
YCKOpeHUA KoJeOaHHH PyHZaMeHTHOro 6/0Ka nponopluoHal/lb-
Ha yacTtoTe ero coO6CTBeHHbIX KoJieOaHUH, ACJIEHHOH Ha ero
Maccy. ¥ Ka3aHHbIe 3aBHCHMOCTH MOTYT YCJIOXKHUTLCS JJ15 CepHH
yLApOB MOJIOTA BCJCACTBUE BO3MOXKHOIO BO3HUKHOBEHUS UM-
nyJbCHOIO pe30HaHCcCa.

3.4. Ilpu npoekTHpoBaHUM U pacuere BUOPOH30JHPOBAHHbIX
¢yHAaAMEHTOB MOJ MOJIOTHI cjeayeT pykKopojcrBoBatbcsi CHull
[1-5.7-70 u u3/10KeHHBIMH HHXKEe YKa3aHHSIMH.

s npoekTupoBaHUuA HEOOXOJMMO HMETh CJeAyIoIue AaH-
HbIe:

a) CTPOMTEJIbHOE 33JlaHHe Ha NPOCKTHpOBaHHNe;

6) THI M MapKy MoJioTa, YepTexkH oOiero BHAa MOJIOTA,
iradorta, MOJBOAKH Mapa UM BO3LyXa,

B) BeC Najaromyx 4acTeH — HOMHHAJBHBIH U JEeHCTBHUTEN b-
HbIH;

) YHCAO yZapoB MojaoTa B | Mun;

Ji) CKOPOCThb NaJaliiuX 4acTeid B MOMEHT CONPUKOCHOBEHH ]
C IIOKOBKOH;

€) CBeJIeHHSsI O MarepHualie NMOKOBKHY;

’K) Bec wiabora U CTaHUHBLI MOJIOTa;

3) JOomycKaeMble AaMIJIMTYABl KoJiebaHHi (¢yHAaMEHTHOTO
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6/0ka M TpyHTa mnoj BHOPOH3OJMPOBAHHBIM (DyHIAMEHTOM
(cM. 1. 3-14«r»);

H) KO3(pULHEHT YIPyroro paBHOMEPHOrO CXKATHS I'PYHTA
C, B OCHOBaHHH (PyHIAMEHTa.

3.9. Kospduiuent ycaosui paGoTsl M NpH NPOBEpPKe Cpej-
HEro CTaTUYeCKOro JABJIEHUS Ha OCHOBaHHe NOA(DYHAAMEHTHOTC
Kopoba J/isl BUOPOU3OJUPOBAHHBIX QYHAAMEHTOB INPUHUMAETCS
paBHBIM enuHuue. PacuetHnle 3Hadenust C, — KoapduiueHra
YIIPYT'Oro paBHOMEDPHOTIO CXKaTHS JJIsl €CTeCTBEeHHbIX OCHOBAHUH
npuHumMarTces cormacso CHull 11-B.7-70.

3.6. BuGpousonnpoBaHHbii (yHAAMEHT MOKeT OBLIThb BHI-
IOJIHEH B OMOPHOM W MOJABECHOM BapHaHTax. B OnopHoM Ba-
puaHTe (puc. 3.1, a, 6) BUOPOHU3OIATOPEI PACIOJNOKEHH MEXKAY
[MOJOWIBOM (PpyHAAMEeHTHOro O6Ji0Ka #H JHOM noAdyHIAAMEHTHOIO
Kopoba, B MOJBECHOM BapHaHTe — Ha 0aJjkax, ONMHPaIUXCS
Ha NUASCTPBl CTeH mnoAdyHIaMeHTHoro Kopob6a (puc. 3.1, 6).

[Ipy onmopHOM BapuaHTe HEOOXOIHUMO NpeLyCMOTpPETh CBO-
OGOIHBIM JOCTYyH K BHOpPOH30JATOpAM; ISl MOJIOTOB C HOMH-
HaJbHBEIM BecoM majaromux yacred jo 10 7 caenyer ocras-
JATb TNPOXOAB MeXAy OOKOBHLIMH TIpaHsIMH (PyHAAMEHTHOIO
0JI0Ka M CTeHaMH MOAPYHAAMEHTHOTro Kopofa WUPHHOH HE Me-
Hee 00 cu, a 1S MOJIOTOB ¢ HOMUHAJBHLIM BEeCOM NaAaroniux
yactedn 6osee 10 77 — He MeHee 80 cm. Ecanm  BHODPOH30J51-
TOPEI B ONOPHOM BapHaHTE PACIONATAIOTCA He IO NEPUMETPY
NnoAoIIBE (YHIAAMEHTa, a Ha XKeJe300e€TOHHBIX JIeHTaX, YCT-
POEHHBIX Ha JHE Kopoba, TO NOMHUMO NIPOXOJOB MeEXIY CTe-
HaMH NOADYHAAMEHTHOro Kopoba ¥ OOKOBLIMM TpaHsaMHu PyH-
NaMeHTHOro 6JI0Ka JOJ/KEeH OBITh NMPeAyCMOTPEeH 3a30D MeXKIY
JHOM Kopoba M MOJOINBOH (PyHAAMEHTHOro OJIOKa He MeHee
80 cm 1nJA MOJIOTOB C HOMHHAJBLHLIM BECOM MafalolIuX Yac-
Teil 10 10 T u He MeHee 100 cm 1y MOJIOTOB C BeCOM Ia-
pnaromux 4dacred 10 7 u 6osee. Tlpu 3TOM OOKOBEIE IIPOXOJbL
MOr'yT OBITH OCTABJIEHHI TOJBKO Yy JABYX [IPOTHBOINOJIOXKHBIX
rpaHesl GyHAAMEHTHOro 6JiI0Ka, PacCTOSAHHE XKe MEXAY ABYMS
JPYTHMH TPaHAMH U CTeHaMU NOoADYHAAMEHTHOro Kopobta Mo-
)KeT OLiTh yMmeHblueHO A0 10 ca.

[Ipy mojaBeCHOM BapHaHTe PacCTOAHHE MEXAY OOKOBLIMH
rpaHsaMu (pyHAaAMeHTHOro 6JI0Ka U NuJassicTpaMH CTeH noadyH-
JaMEHTHOTO Kopola, NoAAepKUBAWIIUMU 6aaKu ¢ BHOPOU30a4-
TOpaMH, NpuHuMaercs He MeHee 10 cm.

3.7. lLleHTp TSXKeCTH CUCTeMbl, cOCTOAIIEH M3 (yHJAaMEHT-
HOro OJioKa, mabora U MoJIOoTa, LIEHTP TSXKECTH Najialoiux Jac-
TE€H MOJIOTA U IIEHTP KeCTKOCTH BUODPOHU30JSATOPOB JOXKHEI Ha-
XOJAHTBLCA Ha OJHOH BepTUKAJM.
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Puc., 3.1. BapuaHTel BHIIOJHEHHST BUOGPOH3OMSLUH [MOA MOJOTHI

@ — OTIOPHEKIY, ¢ PacloNoKeHUueM BUHOPOHIOJAATOPOB TO NepuMerTpy HOROIBH ¢yHAaMBHTHOrO O6JoKa, 6 — ONOPHLI, C pacHmoJloXKeHHEeM

BHOPOH3OAATOPOB MOA BCe# NAomanblo (QyHIaMeHTHOro 6JlIoKa no JEeHTOYHBIM BBICTYNaM Ha MXHHUle HOAQPYHIAAMeHTHoOro kopoba; 8 —

NOJABECHOR BapuaHT, I ~— pyHmaMeHTHRIA 6J0K; 2 — noAdyHAaMeHTHRIH! KOPOG; J -- BHOpOH3OAaTOpbl; 4 — nomma®oTHas BbleMKa, & — Ha-
CTHJ; 6 — NUAACTPH; 7 — NMOJABECHEIE CTEPXKHHU, &8 — XKenesobeToOHHBIE JeHThl (pebpa)



3.8. TosmyHa noAma6oTHOH 4YacTH (PpyHJAMEeHTa, yCTaHaB-
JUBAEMOr0 Ha BHOPOU3OJATOPHI, JOJKHA ObLITH HE MEHee yKa-

3aHHOH B Taobsa. 3.1.

Tabanrua 3.1

MunuMaanHas TOJUIYHA noamaboTHol yacTH dyHraMeHTHOro 0.J10Ka

l

HoMHEHANBHBIE BeC MAaA&IOOIHX
qacted B T ASIOR Ho 1 2 4 6 10 > 10

MusnuMadpHas TOJMIMHA TIOJ - | 1,211,751 2,5 3,2 | 4

maboTHOlt uactd (QyHAA-
MEHTHOro 6JoKa B M

3.9. [las BuGpousosupoBaHubix (GyHAAMEHTOB O] MOJIOTHI
0653aTeJBLHO YCTPOMCTBO BOKpPYr MoJioTa paboyero HacTuJja,
OTJIeJIEHHOTO OT 1i1afoTa U CTAHUHBLI U ONMUPAIoOUIErocst Ha CTEHBI
noAdyHAAMEHTHOTO KOpooba.

3.10. [Ing yaajeHus BOAbI U MacJa, HaKanJuBalOMHUXCs HA
nHe noadyHAaMeHTHOro Xopoda, B HeM HeoOXOAUMO YCTpauBaTh
BLIEMKY M HAaKJOHHBIE KaAHABKY JUIS CTOKA U YAAJMeHUA XKHJKO-
CTH.
3.11. [loaBoixa Tpy06onpoBOJOB JJ1 BO3LYHIHBIX M NAPOBLIX
MOJIOTOB JIOMIXHA ObITh CcAejiaHa THOKOU (cM. m. 2.7).

3.12. [lyis BolpaBHMBAHUA YYACTKOB JHMIA NOJADYHAAMEHT-
HOTO KopoOa, Ha KOTOphie YCTaHABJAWBAIOTCH BUOPOHU30JATOPHL,
HeOOXOJIMMBI 3aKJajiHble JIeTalu U3 MOJOCOBOH CTaJd, pacnoJa-
ralonuecd no ypoBHIO Ha OJHOM OTMETKe MpH OeTOHHPOBAHWH

AHUIA,

BouiGop 3HaYC€HHH napaMeTpPoOB BHOPOU3OJAUUU

3.13. 3pauenvsi napaMeTpoB BHOpPOH3OJISIUM AJS MOJIOTOB
C IPYKUHHO-PE3UHOBBIMY, NPYKUHHO-IJIACTMaCCOBEIMH BHOPO-
U30JATOPAMHA M BUOPOU30JATOPAMH C T'HIAPABJIUYECKUMH JeMIl-
(pepaMu BbIOUMpalOT corsacHo nn. 3.14, 3.15, a Ans npyKUHHO-
peCCOpHLIX BHOPOU3OJATOPOB — corjacHo nm. 3.16 — 3.19.

3.14. PasMepnb dyHJaMeHTHOTO 6JI0Ka H NOAPYHAAMEHTHOIO
Kopoba onpeiensitorcsd B CJAeAYIOIeH IOoCJeloBaTeJbHOCTH!

a) 3aJ1a10T BeJUYMHY Koa((puilHEeHTa HeyNPyroro COnpoOTHB-
JIEHUS P, XapaKTepHU3IYIOUIEero 3aTyXaHue B BUOPOM30JATODAX.
Beauuyuna y, JosixKHa ObITh He MeHee 0,].

C yBesinyeHHEM Y., TPEOGYEMBIH IO pacyeTy Bec ()yHJaMeHT-
HOro OJiIoOKa YMEHBLIaeTCH.
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6) BbIOMpAlOT YAacCTOTYy [, COOCTBEHHBIX BEPTHKAJbHBIX KO-
JeOGaHuH pyHJaMeHTHOro O0J0Ka (BMeCTe C YCTaHOBJIEHHBIMH Ha
HeM a00TOM U MOJIOTOM) B npefednax Jio 6 ey (,<38 pad/cek);
C yBeJHUYeHHEM BBLIOHPAaeMOro 3HauyeHHs [, TpeOyeMblid 1o pac-
yeTy Bec (QyHAaMeHTHOro OJioKa ymeHpliiaeTcs. [lns Gosee
MOII(HBIX MOJIOTOB (C HOMHHAJIBHBIM BeCOM MNaJlalomiHX YacTeH
16—25 m) ujaun npv HaJAHYMH BOJAH3H MOJIOTA IIOMELIEHHH
C TOYHOH anmnaparypod, HOpMaJpHas 3KCIJAyaTaluusi KOTOPOH
TpeOyeT CYLIECTBEHHOrO OrpaHHWuYeHUs VYPOBHA BUOpauHi
MOJAEPKUBAIOIIUX KOHCTPYKUHH BbHIOUpPAT 0ojee HHU3KHE
JacTOThbl COOCTBEHHBIX KoJieOaHMH (OKOJIO 3 2y M MeHee).

J11151 MOJIOTOB, Y KOTOPKIX YUCJIO yaapoB N B 1 mun 1OCTOSIH-
HO U Gosiee 100, yactora COOCTBEHHHIX KOJeOaHUU PyHIAaAMEHT-
HOro OJ10Ka JIoJI2KHA ObiTh BbIOpaHA 3apaHee ¢ TAKHM pacyeroM,
yTOOBl NMOCJNEAVIOMUH yAap MOJIOTa He YCWIHBaJd KoJieQaHud,
BhI3BaHHbIE MpEeAIIeCTBYIONUM yjapoM. IlosToMy HeoOXoAMMO

YacTOTY COOCTBEHHBIX KoJieOaHUH GyHIAMEHTHOro O6J/10Ka I,
CBS3KLIBATH C UUCJOM N COOTHOINEHHEM

N .
fz — h"éa' (] +0:5)r (3'1)

rae j=0,1, 2, 3, ...
B) Bec dyHpamentHoro 6/10ka Q; onpenensior no GopmyJe

_ {(1+429) Qo
Q‘IJ T ag o, ﬁ—"Qm_'Qc'r: (32)
rie Qo — JIeHCTBUTEJILHBIH BeC MaJlalomux yacreil MoJoTa:

Qu» ¥er — BeC 1a60Ta U CTAHHHBI COOTBETCTBEHHO;
Q4 — JOMyCKaeMasi aMIJIHTYAa Kosnebanuil GpyHaaMeHT-
Horo OJiOKa, KOTopas MpH OTCYTCTBHH HEOOXOIHMMBLIX JAHHBIX
MOKET npuHuMatbed no Tads. 3.2. [lo cornacosanmio ¢ 3aBo-

JIOM— H3TOTOBHUTEJIEM MOJIOTA @y MOXKET OBbITh NPHHATa GOJb-
med, yeM yKaszaHo B Taln. 3.2.

Ta6bauma 3.2
Jonyckaembie amMnJauTyAbl KoieGanHh (yHaaMEHTHOro 6J0Ka Qg

HoMuHanbHBIN BeC Magalonrux
yacrel B Tﬂ B A0 5 10 16 25

ag, MM 3 5 7 8

[Ilpumeuanwune. /a9 mITAMOOBOUHKIX MOJIOTOB C HOMHHAJbHLIM
BeCOM Iapmawuniux yacted o 5 T a[;,:fl MM,

4()



W, = 21f, — Kpyrosas 4yacToTa COOCTBEHHBIX BEPTHKA/bHbLIX
KosieGaHuH QyHIaMeHTHOro 610Ka (BMecTe ¢ ycC-
TAHOBJIEHHLIMH Ha HeM 11a00TOM H  MOJIOTOM);

£, — KOoa(puIMeHT BOCCTAHOBJIEHHSI IIPHU yJape, MpH-
HAMaeMbIH paBHBIM: &, = 0,7 — npH  1ITAM-
MOBKEe W3JEJHH U3 BHLICOKONPOUHLIX CTalel;
g, = 0,5 — npu 1ITaMINOBKe HU3JAEIHUH U3 OObIY-
HBIX CTaned; €&, = 0 — IpH LUTaMIOBKe H3Je-
JUH U3 IBETHHIX MeTasioB; €&, = 0,20 — a4
KOBOYHLIX MOJIOTOB HE3aBHCHMO OT MarepuaJna
NIOKOBKH,;

Up — CKOPOCTb B M/CeK MajarwliuX yacTeH, ompeje-
JsieMasli AJS MOJIOTOB CBOOOJHO Iajaroniux
(DpUKLUOHHBIX H OJHOCTODOHHEro JeHCTBUS
napa Uid Bo3Jyxa) no gopmy.e

vy =(0,90 = 0,95) ) 2g#, (3.3)

a JAJS MOJIOTOB JABOMHOrO JEHCTBHSI napa WM BO3ZyXa — IO
¢dopmyie

0y = 0,65 ]/ 2¢h (Plu+ Q) (3.4)

O

rae A — pabGouas BBICOTa MaJieHUsl MaJaroliuX YacTei MoJIo-
Ta B M;

. — mjomafp CeueHHs TMOPIIHS CBepXy B LMJIHHApE
B MZ;

p — cpeAnee JaBjieHHe napa Wi Bo3ayxa B T/m?;

g = 9,81 s/cex?;

B — GespasMepHBIli KO3DDHUIMEHT, B3aBHCSILHH OT Y,.

3HaueHus B = P, A MOJOTOB C MOCTOSTHHOH 4acTOTOMH
yA2pOB NPHHHAMAIOT mo Tabm. 3.3; sHaueHust P = P o, ANd
MOJIOTOB C HENOCTOSiIHHOH YacToTOH YAapOB TaKiKe IPHHH-
maloT no tabs. 3.3. B taba. 3.3 n, o3Hauvaer OauxKaiilee

60
[leJIoe YHCJI0, Gosiblee, 9eM % E , THe N, .ze — MaKCHMAJBHO
MAaKC

BO3MOXKHOE YHCAO YAApoOB MoJioTa B 1 Muw.

Koapdunuentsl By 4 P, M5 3HAUCHUR Y, HE YKA3AHHBIX
B Tabu. 3.3, 6epyT MO HHTEPIOJSAIMH.

Iocne onpenenenns Beca Qg yCTaHaBAHBAIOT HEOOXOAHMEIE
pasMeps! PyHAaMeHTHOro GJI0Ka, a TakXke (C YUeTOM yKa3aHHH
rn. 3.6. aToro PykoBoAcTBa) pasMepsl noAdyHAaMEHTHOIO KOPO-
62 ¥ HaXOAAT nAomaAL ;. NMOJOUIBE MOCJHENRHETO.
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Ta6auumwa 3.3
Koadduuuenrs Bon M Ppea

ﬁpea Bpea
YB nh nh ﬁOH
| 2 3 5 6 1 7 = 8
‘ — —_—
0,1 3,42 11,97 11,51 | 1,29 1,16 | 1,09 1,03 0,92
0,14 | 2,5 1,62 11,21 | 1,07 | 1 0,96 | 0,93 0,89
o,18{1,99 | 1,27 (1,06 0,96 | 0,91 | 0,8 | 0,87 0,86
0,22 1,66 (1,1 6,951 0,88 (0,8 ( 0,84 | 0,83 0,83
0,26 | 1,42 10,99 { 0,87 {0,831 0,81 | 0,8 0,79 0,79
0,3 1,2 /0,9 {0,81)0,78) 0,77 | 0,77 | 0,76 0,76
0,34 |1,12|0,8|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

r) IIpousBOAAT NOBEPOYHKLIA pacuer, 3aKJAI0UAKOIHHACS B OIl-
pefe/IeHUH aMIJIUTyAnl KoJieOaHHH a, noAdyHAAMEHTHOrO KO-

po6a no gopmyJe

— (1 "l_ E‘ﬂ) Qﬂ Vg W2 ﬁ' (35)

Oy
wFrC, g

3HadeHHe a, He JOJIKHO MPEeBLIUATh AONYCKaeMOH aMIIJIH-
TyJbl KOJIeOaHUH @, TPYHTA NOJA BHODOHU3OJHPYEMOU YCTAHOB-
KoH. B MpOTHBHOM cjiyuyae clefyeT HJH YBeJIUUUBATH IIOMAAb
nmofouBel nMoAdyHAaMEeHTHOr0 Kopoba F, MM yMeHbIATh [,,
HJIM YBEJUYHBATDH Y,. IJTH Mepbl MOXKHO COBMellaTh.

[Ipr OTCYTCTBHHE CHeIHANbHBIX OrpaHUYEHHH JAOIyCKaeMylo
aMIVIUTYZly KosieGaHUH I'pYHTa ONPEeJSISAIOT CAeAYIONHM o6pa-
30M. /119 MOJIOTOB ¢ HOMUHAJBHBIM BeCOM MNAJAIOIHUX YacTeH
10 T n MeHee KO3(UIHEHT ¥, YUUTHLIBAIOMIUH YBeJHYEeHHe
JKECTKOCTH TpyHTa nol ¢yHAaMeHTaMH BHOPOH30JHPOBAHHBIX
MOJIOTOB, NMPUHUMAIOT paBHBLIM 1,7, a aMIuTyAa KoJeOGaHHH
IpYHTA @, MOXKeT ObiThb npuHsata paBHoH 0,15—0,20 mm He3za-
BHCHMO OT BEJIMYHUHHI f,.

Ang MOJOTOB ¢ HOMHMHAJBHBIM BeCOM MaJdaioHiux dacTeH
Gosiee 10 T pekoMeHAyIOTCSA 4acToTH f, << 4 2y. KosddunuenT
® = 1,1, jonyckaemple aMIINTYALl KOJie0aHUH I'PYHTA a, NPH-
HUMaloT paBHbBIMA: 0,20 Mm ana [, =4 2y; 0,4 mm 1pnd
f, << 3ey. Ina npoMeRyTOUHHX SHaueHHUH [, BEJHUHHY @
GepyT MO JUHEHHOH HHTepPIOJAUH.

3.15. TIpyXHHHO-PE3WHOBbIE BUOPOU30AATOPEI MOTYT O0O€C-
neyuBaTh 3HaueHue y, He Buime 0,2. [as JOCTHKEHUS 3Ha-
YyeHUH Yy, > 0,2 MOXKHO NpUMEHSATh NPYXKHUHHO-NAACTMAaCCOBLIE
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BubGpousosatTopel (. 5.40—5.43), a TakKe HONOJIHUTEJbLHO
HCIOJIb30BATh CnelHagbhble Aemidepn (raasa 6).

[InnuHapuyeckie npy>KuHbI H PE3UHOBLIE 3JIEMEHTHI pac-
CYHTHLIBAIOT B COOTBETCTBHH C Iml. 0.1—5.34. B KomM6uHupoBaH-
HbIX BUOPOM30JATOpPAX, COCTOSIIUX H3 MPYKHHHBIX U PE3HHO-
BbIX 3JIEMEHTOB, NPYKHHBLI JOJKHBI ObITH NNPOBEPEHBl HA NMPOY-
HOCTBb corJiacHo m. 5.38.

OO0my10 XKeCcTKOCTh BUOPOU30ASATOPOB K, ONpelessioT IIo

¢opMyae (2.10).

7

~
N
3

7

\

\

' ik
- i "‘,“-
. ~ AP .
=, _‘:-_
‘ =
‘hl'. .

Kzn Kznp Kan Kznp Kzn

.1////
.\\\\\

Puc. 3.2. Cxema KOMOuHHpOBaHHOro BHMOpDOH30JATOpPAa NpU MNapas-
JIEJIbHOM COEJHHEHUH NPYXKHUH M JIUCTOBHIX PECCOP

I — OPpYXRUHBI, 2 ~— JUHCTOBLIE peccopn

3.16. 3HaueHusl mapaMeTpPoOB MNPYKUHHO-PECCOPHOH BUOPO-
usoaanuu (puc. 3.2) noAOUPAIOT B CJEAYIOUIEH NMOC/AeA0BaTE  b-
HocTd. CHayasa BBIOMpAIOT YacTOTy [, COOCTBEHHBIX BEpTH-
KaJlbHBEIX KoJieOaHHH (¢yHIaMeHTHOro O0Ji0Ka aHaJIOTHYHO
NyHKTY 3.14 «O». 3aTeM onpelensitor TpeOyeMblii KO3(pPUIUEHT
OTHOCUTEJILHOTO TPeHHus ¢ B BHUOpOH30JATOpPaX 1O (opMyJie

ﬂfq] {ﬁzﬂ CZ(I) ng
; ‘ ’
2¢ (1 -+ &) 2g V my(m+2)

(3.6)

ric

120/,
m1= Nf . (3'7)

OctanpHbie 0003HAYEHUA NPEXKHUE.
Uucao m,, nojiyueHHoe no (3.7), OKpyrasercs 10 MeHbILIEero

11eJIOT0 YUC/IA.
BennuuHy a4 6epyT u3 Taba. 3.2.
Bec ¢yHIaMeHTHOro 0O/J10Ka YCTaHAaBJAHUBAWOT 1O ¢opMyJie

- (14-280) Qo vo
T age, Vite — Q= Cer.

(3.8)
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3.17. Ilpov3BOAST NOBEpPOYHHLIA pacyeT, 3aKJIOYaIOLUiCS
B OINpeAeeHHH aMIVIMTYIH KoJieGaHuH noAdyHIaMEeHTHOro KO-

po6a, o ¢gopmyJe

_ Qove(1+eg) o,V 1+o
wFrC, g

ay (3.9)

H CPaBHEHHH €€ C JIOYCKaeMOH aMIIUTYHOH KOJeOaHUH IpyH-
Ta @, corjiacHo n. 3.14 «r».

3.18. Bpems, B TeueHHe KOTOpPOTrO IPOHCXOAAT KoJieOaHUs
(dyHnaMenTHOro 6JiokKa npH BblOpaHHOM 3HAYEHHU @, Omnpeje-
JSAIOT N0 ¢gopMyJe

_..__l_ e
=g T (5:10)

rjie m, — HaMMeHbllee IeJ0e YHCI0, YJAOBJETBOPAIIEE He-
paBeHcTBY (3.11):

m2>]/l + [“gg ]2--—1. (3.11)

Ec/ad HEpaBeHCTBO

tJIB < (3-12)

BBLIMTOJIHAIETCA ¢ OOJIBILIHM 3a11aCOM, TO MOXKHO YMEHBIIHUTD (€CJIH
3TO KEJIATeJBHO MO0 KOHCTPYKTHBHBIM COOOpaxKeHUAM) MpU-
HSTOe 3HaueHHe ¢, IIpUUYEM HepaBEHCTBO (3.0) He IOJIKHO
HapyLIaThCA.

3.19. O6my10 KeCTKOCTb BHOPOU3OAATOPOB K, ONpeAesioT
no gopmyJae (2.10).

[logGop npyXuH, peccop H JHUCTOB B peccope IPOU3BOAAT
TaK, 4ToObl YJOBJETBOPANUCH PABEHCTBA:

a) INpHU NnapaJjJjieJIbHOM COeAMHEHUH IPYXKHUH U peccop:

K, =Ko+ Ko (3.13)
Q= Pu Kzn+ Pap Kzat.p : (3.14)

Kon+ Kz, p
6) OpHU NOC/EJ0BATEJbHOM COEIHHEHHH MNpPYXKHH H peccop

K:n K
Kz_,_ z \zJ1. P ; 3‘15
KZH+K2J1. P ( )
@ = Pn Kza. p+‘Pn. p Kzn : (3.16)
Km+ Kza, p
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KzII:ZKzn; z.n p— 2 Kz.n ps
'

"n.p

Kyu K ;,,,p ~— JKECTKOCTD IIPYKUHBI U PECCOPhI COOTBETCTBEHHO;
n, ~— YUCJAO NPYKHH;
Aa.p — UYHUCJIO PECCOP;
@, — KO3(h(OUIUEHT OTHOCHUTEJLHOIO TPEHHS HPYIKH-
Hbi, IIPH OTCYTCTBHM ONBLITHHEIX JAHHBIX MOXKET
ObiTh NpuHAT paBHeIM (0,01;
Pn.p — KO3DPUIHEHT OTHOCHTENBHOIO TPEHHSA JIHCTO-
BOH pecCopHl; AJA PecCcopsl C ONHUM KOPEHHBIM
JIUCTOM OMNpefesqaiT 1o dopwmyJie

Pa. p= 2p(nﬂ-_1)i’L£, (3.17)

rae B -— K0o3h@HUNUeHT TPEHUS MeXAY JHUCTaMH peccophi, NpH
rpadputTHOR cmaske p = 0,3 ;
h,, L — TOJUIHHA JIUCTA H JJHHBEl DPECCOPHI;
., — YACJO JIUCTOB HE3aMKHYTOH peccopnl MU NOJOBUHBI
9JIJIUIITHYECKOH pPEeCCOpHI;
[1pyXHHHO-PECCOPHEIE BHOPOH30/IATOPH ¢ TpeByeMbiMH K.
H ¢ MOXKHO noao6paTh KOMOUHHPOBAHHEM CePHHHO BHITYCKae-
MbIX NPYXKHH H peccop. IIpH Heo6XxoAMMOCTH pacdera H npo-
€KTHPOBAHHUS PECCOPLI HCNOJIb3YIOT CNIEUANBHYIO JUTEpaTypy.

KOHCTPYKTHBHBIE YKa3aHUs

3.20. dyHpaMeHTHbIH OJI0K, yCTaHaB/lMBaeMbld Ha BHOpO-
H30JATOPH], (324 HCKJIOYEHUEM €ero IOJOHIBH) aPMHPYIOT IO
CHull II-b.7-70. ®ynnaMeHTHHH OA0K JJs1 MONOTOB C HOMHU-
HaJIbHBIM " BECOM najaiomux uvacredt 6onee 3 7 AOMOJHHUTEBHO
APDMHDYIOT NMPOCTPAHCTBEHHOH CETKOH U3 CTEpIKHEH nepHojguye-
ckoro npobuiis auamerpoMm 16—20 mm, yCTAHOBJEHHHIX uYepe3
60 cm.

[lonouiBy dyHaaMeHTHOro 6;10Ka apMUPVIOT B COOTBETCTBHYU
CO crelHaNnbHbeIM pacyeroM. [IpH 3TOM (YHAAMEeHTHBIH OJIOK
YCJIOBHO paccMaTpHBaeTCs KakK IMJIHTa CO CBOOOJHLIMH KpasIMH,
K CepefiHHe KOTOpDOH CBEpXY MPHJIOKEHa COCPEAOTOYEHHAs CH-
Jia

P,~oF,, (3.18)

YpaBHOBeELIeHHAa s CHU3Y HarpyskoH, nepeaamieHcs Ha 610K OT
BUGpOH30NATOPOB. Pacuetnass Harpyska oT BHOPOM3OJIATODOB
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B 3aBHCHMOCTH OT HX DacCIlOJIOXKEHHUS MOXKET ObITh NpUHATA
A1060 B BHJIE UYETLIpEX COCPEJOTOYEHHBIX CUJ B yIviax OJIOKa,
Aub0 CHJ, paBHOMEPHO pacnpelesieHHBIX MO NepHUMeTPy IMOJ0-
Bl 6J10Ka, WU CUJI, PaBHOMEPHO pacnpefe/ieHHbIX Mo NOAOLI-
Be OJIOKa.

Apwmartypa B nojouiBe QpyHJaMeHTHOro 6JI0Ka pacnpesiesseT-
csl paBHOMEpHO.

B dopmyne (3.18) npuHATE 0603HAYEHUS:

F.. — njomajab MnojouBbl madoTa;
0 — HanpsKeHUs B NOMIA00THOH IIpOKJaJKe MpH yjaape
MoJioTa, onpelenasiempie no CHull 11-B.7-70.

3.21. IlpousBoAAT mNpPOBEpOYHBIH pacueT BepTHKaJbHOH
apMaTypbl BBICTYNAIOWUX (BOKPYI' nmoAmiaboTHOH BHIEMKH) Oe-
TOHHBIX yacTed pyHAaMeHTHOro 60Kka Ha JeiCTBHEe OTPhLIBAIO-
leH CUJIbl, HAallpaBJIeHHOH BBEPX U PABHOM BeCy BhICTyMaloOlleH
YACTH, YMHOXKEHHOH Ha KO3 (hUILIUEHT O.:

Q000(1+30) / Eq Fin
*= ]/ b (Qu+Qcr)g -1, (3.19)

rjae £, ¥4 b — MOJyJ/ib YIPYTOCTH MaTepHana MmoAwadoTHOH npo-
KJaJKU U ee TOJIIHUHA.
OcTanbHble 0003HAUeHUS NpEKHHE.

3.22. ToamuHy jHMIIA noAdbyHAAMEHTHOro Kopoba ormpe-
JeJISIIOT U3 CTaTHYECKOI'o pacueTra, B KOTOPOM AHHUILE paCCMaT-
pHBaeTCs KaK MJHUTA Ha yIpyroM ocHoBanuu. CHJBI, nepejao-
yecsd yepes BUOPOH3OJATODH HA JHMINE, NPHHUMAIOT:

a) 15 BUOPOU3OASATOPOB MPYKUHHO-PE3UHOBBLIX U IIPYIKHH-
HO-IIJIaCTMACCOBBLIX — pPaBHBIMH BeCy BHOPOHU30JUPOBAHHOM
YCTaHOBKH IUIIOC CHJa, omnpefessieMas 1o ¢opMyJe

Pl = Qg Kz; (320)
0) ANSl NPYKUHHO-PECCOPHBIX — DPABHBIMMU:

P=wyom K, (1 -}9); (3.21)

46



Fnapa4d

[NIACCUBHAA BUBPOHU3OJIALUA

4.1. [lenp naccuBHOU BUOPOU3OJSAIMU OOBEKTOB, YYBCTBH-
TeJbHBIX K BUOpanusaM (Hanpumep, U3MEePHUTEJbHBIX NMPHOOPOB,
BLICOKOTOUHBIX CTAHKOB, CTEHJOB M T. 1.), 3aKJIOUAETCSI B CHH-
KEeHHH yYpOBHA KoJaeOaHHH 3THX OOBEKTOB, BbI3bIBAEMBIX KOJle-
OGaHHSIMH MX OCHOBAHMUS WJH MOJAAEPKUBAIOUIEH KOHCTPYKLLUU'.

4.2. Huxke B nn. 4.4—4.12 paccMaTpuBaeTcs IacCHBHas
BHOPOU3OMALIUS NHPU ACTEPMUHHDOBAHHBIX KOJeOAHHSIX OCHO-
BaHus, B ni. 4.13—4.19 nokasaH pacyeT nacCHBHOH BHOPOH30-
JSUU TIpH CJyYaHHBIX NepeMeleHnsiX OCHOBaHus. B tex cay-
yasix, Korja BUODOH3OJHUPYEMBIH, OOBEKT ABJAETCS HUCTOYHU-
KOM HEYpaBHOBELIEHHBLIX IepEMEHHBIX CHJ, YYeT HX BJIUSNHHSA
IIPOU3BOAUTCA B COOTBETCTBHH C nn. 4.20—4.2].

4.3. IlaccuBHYy10 BUOPOHU30JALMIO BLIIOJHSAIOT, TaK XKe KakK
H aKTUBHVIO, NYTeM YCTAHOBKH WJ/IH NOABECKH NMPHOOPOB H Ma-
IMH Ha BuOpousoasitopax (pHc. 2.1, a—e) HJH, B clydae He-
00XOJUMOCTH MOraieHusi TONbKO FOPU30HTAJNbLHLIX KoaeOaHHH,
IyT€EM INOJABECKH mnpHOOpPOB M MalUIHH Ha CTEPKHAX HJIH Ha

Tpocax (puc. 2.1, 2).

Pacuetr BUOPON3OASLMY NPH NEPUOAHYECKHX
NOCTYNaTeJbHBIX K YIAOBBIX KOJeOaHHAX
OCHOBAHHA

4.4. PacueTHass Mojejqb BHOPOU30JUPOBAHHOIO OOBEKTA
NpeACTaBasieT COOOH JIHHEHHYI0O Ko0JeOaTeJbHYI0 CHCTEMY
C IECTBIO CTeneHsAMH CBOOOJABI, NPpHUYEM LIEHTDP KECTKOCTH BUO-
POU30JIATOPOB HAXOAUTCA HA OJHOH BEPTHKAJU C LEHTPOM
TSAXECTH BHOPOHU3OJUPYEMOH YCTAHOBKH.

[lepuoguyeckass (¢yHKUHUSA, XapaKTepusyiouas IOCTYyIa-
TeJbHBIE WJH YIJIOBHIE KOJIe0aHUA OCHOBaHHUSf, pasJjaraercsd
B TPUTOHOMETPHYECKUH psZf, U3 KOTOpPOro JJis pacuera BHOPO-
H3OJISALHHA HCIOJNB3YETCHA IepBast, a HHOTZa H NOCAEAYIOUHE

1 Nanee AAsi KPATKOCTH BCIOAY INULIETCH TONABKO «OCHOBAHUE»,

2 B tex cayyasx, KOrAa 10 YCJOBHSIM 3KCIJyaTauuu BUOPOU3OIH-
pyemMoro o6bekTa nepuojuuyecku ObIBaeT HeoOGXOJHMA €ro KecrkKas ycra-
HOBKA (Hanpumep, Jas IOCTUPOBKH), Iesecoo0pasHO NO OTAeJbHOMY
NPOEKTY NpeAycMaTpuUBaThb clienHaJdbHoe YCTPOHCTBO, IMO3BOJAAI0ILee
HO XeJaHHIO0 OTKJAI0YaTh BUOPOU3OIALUIO, T. €. IepeXOAUTh OT YNPYIroH
YCTaHOBKH 00BeKTa, ofeceyUBaiel ero BHOPOHIOISIIMIO, K XKeCTHOK .
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rapMOHHKHU. PaspeiiaeTcst He yUUTHEIBATh BTOPYIO M NMOC/IEAYIO=
e TapMOHUKU B CIVYAAX:

a) eCJIH HOPMHPVYIOTCA aMIVIUTYJbl DEepeMEelIeHUSA HEKOTO-
PLIX TOYeK BHOPOHM3OJIHPYEMOro OOBEKTa HJH aMNJUTYAH erd
YIJIOBBIX TIepeMellieHHH H

bh.)' < b“/jz; b{pkj’<bq)31/j2; (] =2, 3, '--): (4' 1)

rne b,y — aMmiMTyAa j-H rapMOHHMYECKOH COCTaBJSIOMEH NO-
CTYNaTeJIbHOIO mnepeMeleHus OCHOBaHHMS MO Ha-
npasJeHuo & (R = x, y, 2);
b;; — Haubosibllee 3HaYeHHE U3 Dy, by, by;
bo rj — aMIJIMTYAA j-U FapMOHHYECKOH COCTaB/ SIOMIEH YIJIO-
BOTO [EepEeMEIeHHsI OCHOBAHHS OTHOCHUTEJNBHO OCH
k (k= x,Y)
bp 11 — HauboJbllee 3HAYCHHUE H3 Doy H Dgyy;
6) ec/ii HOPMUPYIOTCA AMINIHTYJAH CKOPOCTH HEKOTOPHIX
TOUEK BUOpPOH30JAHPYEMOro 00BEKTa H

bpg<bu/® (1 =2,3,..); (4.2)

B) eCJIH HOPMHUPVIOTCA aMIVIUTYZbl YCKOPEHHSI HEKOTOPHIX
TOYEK BUOpPOU30JUPYEMOro o0bEKTa U

b, < bnlj* (i=2,3,...), (4.3)

B oraenbHpIX caydasix, KOTAa MO YCJAOBUSM TE€XHOJOTHYEC-
KOT'0 IPollecca HOpMHUPYETCH YypoBeHb KoJeO0aHUuHd BHOPOU30JIH-
pYEMOH YCTAaHOBKH B OMNpENeJEeHHOM OrpaHHYEHHOM JHalia3oHe
yacToT, CHNENHaNbHO YUHTHLIBAIOT rapMOHMYECKHE COCTaBJIfAI0-
e KosiebaHuH, JexkKalyue B 35TOM JHanasoHe.

4.5. OxupaeMass 3PPeKTHBHOCTL NPHUMEHEHUS] IAaCCHBHOM
BUODOU3OJISIIUY MOXKeT OLITH OlleHeHa JO pacuera M NpOEeKTH-
poBaHHA BUOPOH3OJISLIHH NO 3HAYEHHUIO KO3((PHIIHEHTa nepeja-
YH Py, KOTOPHIH paBeH OTHOLLIEHUIO aMIJIUTYAbl KOJleOaHHH 1IEHT-
pa TAXKeCTH BUOPOU30JHPOBAHHOH YCTAHOBKH IO HANpPAaBJIEHHIO
k(R =x, y,2) K aMJIuTye KoneOaHUH OCHOBAHHUS [0 ITOMY
JKe HanpapJieHHio. B ciyyae rapMOHHYECKUX KoJeOaHHH OCHO-
BaHHUSA C KPYIrOBOH 4acTOTOH ® KO3(xpUIHEHT NepefayH onpeje-
JAI0T NPUGIMIKEHHO MO opMmyJe

- 1 -
af—l

Ry = (0t = @/ @) (4.4)

3HAUCHUS ®,, W, H ®y BEIYUCASIOT MO (GOPMYJaM, YKa3aHHbBIM
B Nn. 2.22, uau no dopmyJse (2.14).
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Bo Bcex ciayuasix NMpOEKTHPOBaHHSI MACCHBHOH BHOPOU30-
JALMU caellyeT UMeTb B BHAY, UTO C MOMOIIBIO 3TOIO METOJa
IPUHLIHMNNAJABHO HEBO3MOXKHO OOpOTHCA C KoJieOaHMSIMH OCHO-
BaHMHsl, 4aCTOTHl KOTOPBIX OMH3KH K YaCTOTaM COOCTBEHHHIX KO-
JJeOaHUH BHOPOM30JHUPOBAHHOH YCTAHOBKH HJIH MEHbIIE HX.
B ciyuasx, KOrja OCHOBaHHE COBeplUdeT MOJUTaPMOHHYECKHE
KosieGanusi ¢ 4acToTOH NepBOH rapMOHWKM nopsiika 2—3 ey,
yToObl YMEHBIUHTh AMIIUTYAbI CKOPOCTH HJIH YCKOPEHHUS KoJle-
OaHHil 3aWUIAEeMOro 00beKTa, BUOPOUIOIALUIO IIPOSKTHPVIOT
C pacyeToM TrallleHHsl He MEepBOH, a BTOPOH H NOCJEAYIOUIUX
rapMOHHYECKHX COCTaBJIAIOLIHX.

4.6. s npoeKTHPOBAHHS NMACCHBHOH BHOPOH3OJSIMA He-
00XOAUMO HUMeTb CJEAYIOLIUE HCXOAHBbIE JaHHLIE:

a) KuHeMaTH4YeCKHe XapaKTepHUCTHKH KoJeOaHHH OCHOBa-
HUS:

KPYroBble 4YacTOTbl TapMOHHMUYECKUX COCTaBJASIIOUIMX O j,

3HayeHHsA aMIVIUTYA Dy, byjy b2y Doxis Ooyits

3TH JAHHBIE MOT'YT OLITh NOJIYYEHH B pe3yJabTaTe JuHaMuyec-
KOro pacueTta 3JaHHSl HJH COOPYKEHHS, KOTOPbIH BEINOJHSET-
Csl MO MHCTPYKUMAM, VKA3aHHKIM B pasjede 1;

V11 OJHOTHUNHBLIX NIPOU3BOACTB, OOBLEKTOB (HalpuMep, Mexa-
HHUYECKHX I1eXOB MAalIMHOCTPOHUTEJNBbHBIX 3aBOAOB, HCCJIEN0OBa-
TEJbCKHX JafopaTopHHd ONpeAeJeHHOro npopuast ¥ T. II.)
BO3MOXHO HCIIOJIb30BAHHE HEKOTOPHIX OCpPeJHEHHBIX AaHHHIX,
XapaKTepH3YyIoIuX KoseOaHUsA OCHOBaHHU S,

€CJIH BHUODOM3OJISILLHST TNPOEKTHPYETCS IJiA JeHCTBYIOUIEro
OOBEKTa WJIH M3BECTHO MECTONOJIOXKEHHE TIOmAJKH, Iae Oyjer
HaxOAUTLCS BUOPOH30JIHpyeMas YCTAHOBKA, H €CTh YBEPEHHOCTD
B TOM, UTO YpOBeHb KoJjie0aHUH B JA/IbHEHIIeM CYIIeCTBEHHO He
BO3pacreT, TO JaHHHIE 10 KOJAeOaHHAM OCHOBAHUS MOryT OBbIThb
MIOJYYEHH C MOMOIILBIO H3MepeHHUs BUOpALMH Ha MecCrte,

6) napaMeTpbl NpeiesbHO JONYCTHMBIX BHOpauuid o6opyhao-
BaHH$, KOTOPBIE AOJXKHBI ObITH OTOBOPEHBI B 3aldHHH Ha NPOeK-
THPOBaHHe BHOpoH3oasLUH. TpeGoBaHUSl, NpelbsBJSEeMble
K YPOBHIO KoJjie6aHHH BHODOH3OJHPOBAHHOIO OOBEKTd, MOFYT
OLITL NpEeACTaBJieHBl B BHJE CJAEAYIOIIMX KpHTEpHEB:

[¢;] — npelesibHO AONYCTHMEIE aMIVIMTYAbBl YCKOPEHHUSA
B n, Toukax (i = 1, 2, 3, ..., n,) BuGpousonu-
pyeMoro o0beKTa UH

[U;] — npeleIbHO JOMYCTHUMBIE AMIVIHTYALI CKOPOCTH
B n, Toukax oowekta (i = 1, 2, 3, ..., n,) uau

e S —

1 Hauano KOOpPAMHAT HAaXOAHTCH B LEHTpPE TAXKECTH BHOPOH3OJIH-
pOBaHHOIO OOBLEKTA.
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[a;] — npeflenbHO AonycTHMblE aMIVIUTYbl MepeMerie-
HUSI B 1, TO4YKax obwekra (i = 1, 2, 3, ..., n,)’

HJIU

(9] ® [@,] — npeAeyibHO JONyCTHMbIE AMIUVIMTY/bl YIVIOBBIX
nepeMeleHd o60beKTa OTHOCUTENBbHO T'OPU30H-
TAJbHBIX OCEH, MPOXOASALIUX Yepe3 ero LeHTP

TAXKECTH;

IPH OTCYTCTBUHU CIELUAJbHBIX YKAa3aHHH O JAOMNYCTUMBIX
BUOpaLMAX OOOpYJOBaHHUSA MOXKHO PYKOBOJACTBOBATLCSI OpPHEH-
THPOBOYHBIMU JAHHLIMHU Talbu. 4.1;

OpueHTHPOBOYHOE AeJeHHE MAliMH M npubOpoB Ha KJaacchl

Tadbnuna 4.1

10 YYBCTBHTCJIbHOCTH K FapMOHHYECKHM KoJaeDaHHSIM OCHOBaHHS

=
g:. JonyckaeMas
AMILJINTV A4
Y | Xapakrepu- HTYA
& | CTHKa MallHH X
~ | H npu6opon ~— X ‘“
0 YyBCTBH- SR | S
= |  TeJbHOCTH HauMmeHoBaHHe MallHH H MPHOGOPOB — B2 | =7
2 | K rapMoHHYe- Ra | | o oo
S | cxuM Koneba- N | B 3
= oo oW
. HUAM ¢S g 2 .E-_f_s
3 OCHOBaHMA S 3 A = IE
> 530259
<4 o | © A
Oco60 TouHbLIE JAeNuTeJdbHbIE MALIMHBL
U aBTOMATHI. YCTAHOBKH JJisl BHIBEPKH
ONTHYECKHX IPHOOPOB K TAPHPOBKH TOY-
HbIX H3MepHTEJbHEIX NpHOOpPOB. MHK-
POCKONE M H3MepuUTeNbHble MHKPOCKO-
Nbl. DJAEKTPOHHKEIE MUKpOCKONEL. HHTep-
depomeTpnl, OHNTHUMETPH W  JApyTHE
| Bicoxo- TOYHBIE onTHueckue mnpubopui. Brico-| g 3| 0,1
1 [uyBcTBHTED- | KOTOUHEIE (POTOIITAMIBL. Muxpoananu-
HEIE THUECKHE BeCH. MexaHHYeCKHe KOHT-
pOJIbHO-U3MEpUTeJIbHbIe MPHOOpPHL  IpH
JONyCKax MOopaika HeCKOJbKHX MHKPOH.
YCTAaHOBKH JJa JIuHaMHueckoln 6aJtiaH-
CUpOBKY poTopoB. MeTannopexyuiue
CTaHKH 0c000 BBLICOKO! TOYHOCTH ILJIH-
(PoBaJIbHOH TPYIllILl € HaANpaBJSIOUIHMH
KAueHHUNA;,  TSXKeJbie  BbICOKOTOYHLIE

CTaHKH; MacTep—cCTaHKH H T. I

1 Bo Bcex ciayuasX TOUKH CUKHTAIOT YCJIOBHO COEJHHEHHBLIMH C Il€HT-
DOM THAXECTH BHOPDOH3OJHPOBAHHOH YCTAHOBKH abCOJIIOTHO >KECTKHMH

CTCD2KHHMH.
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ITpodosncenue mabar. 4.1

2]
§. Jonyckaemada
C | Xapaktepn- dMIIJINTY M a
S. | cTHKa MaluxH =
=
= | H mpubopoB = 0
IO 4YyBCTBH- ,Tm‘“ — g
= TeJLHOCTH HauMeHOBaHHe MalHH M NpHGOPOR SRS IR B~
5 | K rapMOHUYe- o | = |
S | ckuM KoJsefa- X X | X xS
, HUSIM 2 S |6 3
v >0 | O K
O OCHOBAHHUSA o 213 0
:'d C S0}l o &0
é E m:ﬂ h av
= = i L
MerasiiopexKyliHe CTaHKH CpEeJHHX
CpenHe- | pa3MepoB: BHyTpUI/IH(pOBaAbHEIE, | 25 0,4
YYBCTBH- | KpyrJouuivdoBaJbHEle C HaNpaBJsio-
TeJbHBle | IHMHA CKOJIbXKEHUS, NJIOCKOULIHGOBAJb-
Hble€, KOODAHHATHO-PACTOYHbIE H T: II.
11
Merannopexxyuiyie CTaHKH CpelHHX
pasMepoB: OTHeJIOUHbie TOKapHHEe, aJl-
To xe |wmasHo-pactounble. Koopaunatho-pacrou-| 63 ]
Hble CTaHKM He0oJbIINX pasMepoB H
T. I. ABTOMaThl JAJS TOYKH JIe3BHH
OpUTB ¥ ApyrHe TOYHLIE ABTOMATEL
TokapHple, pesepHble, CBEPJUJLHBIE
W JApyrHe MeTalJlopexXyliHe CTaHKH
I1I| ManouyBer- | HopMasdbHOH  TOuHOCTH. [lpsifugbHbie | 250 | 4
BUTEJIbHBIE | MalIMHBI. TKalukue cranku. Tunorpad-
cKkue MainuvHbel. llIBefiHble MAMIHHBL H
T. II.
I
BeHTuNATOpHl, UEHTPHPYIH, 3JEK-
TPOMOTOPHI, IUTAMIOBI H IIPECCH MeTaJl-
[V | Heuyseten- | PO pel, o P boaee |bonee
Te b LI J006pabaThiBaIONleR U JIETKOK NPOMBILI- 950 A
nennocTH. Cotpsacarenu. BubpocTodwl.
BubGporpoxoTel. PacceBsl H T. II.
[ITpumeuanue. CBelleHus, KacaolHecss MeTaLIOpPeXKYIIHX
CTAHKOB, YTOYHeHB IO JaHHBIM «PexkoMeHJanui 1O YCTaHOBKeE

Metajuopexxymux craikos» (OHTH 3HHUMC, M., 1969).

B) [@¢y x] ¥ [@., ;] — npelienbHO JONyCTHMBIE YIVIBI HAKJIO-
Ha BHODOHU30JHPOBAHHOIO OOBEKTa NOJ BO3LCHCTBHEM BpEMEH-
HbIX CTAaTUUECKUX Harpysok;
I) CBelleHHsl, VKa3aHHble B NMOANYHKTaAX «a», «O», «B», «I»,
«XK», «3» nmyHKTa 2.1.
4.7. IloctamenT (pyHAaMeHTHBIH OJIOK) yCTpauUBaIOT B CJY-
yasx, NpeayCcMOTpeHHBIX B 0. 2.4,
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4.8. IlpHu npoeKTHPOBaHUHU NAaCCUBHOH BUGPOH3OJISALUH CJle-
AyeT YYHUTHLIBATh YKa3aHUs ¥ peKoMeHJauuu nmn. 2.6 u 2.7 Ha-
crosiiero PyYKOBOJCTBA.

4.9. BuOpoHusonATopel pacnosaralOT B COOTBETCTBHH C YKa-
3aHusAMH mn. 2.16—2.20.

PacueTHble BeJTHUHHBL YIVIOB HAaKJIOHA BUOPOU30JIHPOBAHHOH
YCTAaHOBKH OT JEHCTBHSI BPEMEHHBIX CTaTHYECKMX Harpysok
onpeneasoT 1o gopmyaaM (2.22). Co6CTBeHHbIe YaCTOTH BUHO-
POH30JIHPOBAHHOH YCTAaHOBKH HaXOAAT MO (opmytaam (2.24)—
(2.26) unm (2.14) u (2.15), a amMnauryasl ee KoJieOaHHH, BhI3-
BAHHBIX HEypPaBHOBEILUEHHLIMH CHJIAMH, AEHCTBYIOIIUMH Ha
BHOpPOH30JMIHPYEMBIH 00BeKT, — N0 dopMyJiam (2.4)—(2.9).

4.10. TIpu rapMoOHHUECKHX KOJieOaHMSIX OCHOBAHHSA C KPYV-
rOBOH YacTOTOH ® HAHOOJIbIINE 3HAYEHU S aMIVIUTY J{ mepeMellie-
HUS Q;, CKOPOCTH U; Y YCKOpPEHHS C; - TOUKU BUOPOUZ0JIHUPO-
BaHHOI'O O0OBEKTa, a TaKixKe aMIVIHTYJ YIVIOBLIX NepeMeleAni
Q. U @, 00BEKTa ONpefessIoT N0 caeiyiomuM dopmyniam:

a;=ay +ay; (4.95)
Iy s YL 7
a; =V (au)*+ (au)" +(az)’; (4.6)
U; = mai’ -+ ®, Eu ’ (47)
c; =w*a; + 06*a11; (4.3)
Px = (pxr + Poxs Py = (Py’ -+ Poy- (49)

3nech a’ i, @' i, @',; — HAMOOJBIINE AMIUIHTYABI TOCTYNATEN b-
HOTO IepeMelleHUs! {-d TOYKH BUOPOU3OJHPOBAHHOrO OOGBEKTa
B HanpaBJieHMH OCed KOODAWHAT, XOTOpPOe BLI3BAHO KoJeba-
HUAMH OCHOBAHUS;

Px, ¢y — aMIVIUTYAbl YIVIOBBHIX MepeMemeHHd O0BeKTa
OTHOCHUTEJIBHO COOTBETCTBYIOUIHX oOced, 00yCJOBJIeHHBIE KOJje-
OaHUSIMH OCHOBAHHUSI;

a;; — HauOoJIblllee 3HAYEHHE U3 Qyj, Ay, @3 — HAHOOJIb-
KX aMIVIUTY J, NOCTYNATEJNLHOIO nepeMellleHu s {-H TOYKH 0OheK-
TAd B HAlpaBJE€HUH OCEH KOOpAHHAT, KOTOPOe O0OYCJIOBJIEHO BO3=
JCHCTBHEM HEYPABHOBEIIEHHBIX CHJI M MOMEHTOB C YaCTOTOH

0, IMPHJOXKEHHBIX K O0O0beKty; 3HaueHHUs dp; HAXOUSAT IO

dopmyaam (2.6)—(2.9);
Qox, Poy — AMILUIUTYJBLl YIVIOBBIX [epeMeleHUR 00»eKTa,
KOTOpHIE BLI3BAHKI BO3JAEHCTBHEM MEPHOAHYECKHUX CHJI H MOMeH-
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TOB C HaCTOTOH ®,, MPH/JOXKEHHbIX K OOBEKTY; 3TH 3HAYEeHUS
onpeAensior no gopmyaam (2,5).

Ay =A, | %0; (boy +0,") | +40 iboxr+9,)|;  (4.10)

i’ = | b+ Ar| + | 20i (bgy +9,') | 5 (4.11)
b
= 4.1
A, R (4.12)
AxZBbex_“'B:x Ryz b¢y ; (4‘13)
x
. Bix Ry2b,,— Bax by
P, = / . =5 (4.14)
szleBax'_Bzxg' (415)
B ¢opmyaax (4.12)—(4.14) obosnaueHo:
i S
B ":-——-——1 B = .,
Tt 7 e (4.16)
K S2
Baxz_;;%z {'mxz _Ryz'
o, =0/0,
o, = 0/0,; (4.17)
ocyzm/my.

Bripaxenus mis a’y;, Ay, ©x B A, NOJAYYAOT 3aMEHOH HH-
AeKca X Ha y H Y Ha X B COOTBETCTBYIOIUX (QopMyJiax.

4.11. Ilpn nepuoauuecKUX XoJeOaHHAX OCHOBAHUS, €CJH
KpOMe IepBOH YUYHTBIBAIOTCH M MOCJAEAVIOUEe TaDMOHHKH, 3Ha-
YeHUS] aMIVIATYA @ xi, @ yiy Q@ zi, © « H @' 5, BXOAANIMX B ¢op-
MyJbl (4.6) u (4.9), noayyalTCd KaK CyMMbl AMIIJIHTYJ COOT-
BETCTBYIOIIUX TapMOHHUECKHX COCTaBJISIIONKX, a JJsi Olpeje-

JeHus v; 4 ¢; BMecto dopMya (4.7) 1 (4.8) noab3yloTcs: Bhipa-
KeHU AMHU:

v, =V (02)+ (05 ) + (vz) + 0o a;  (4.18)
=V (cai)’+ (cyi )2+ (ca)® g2 asy  (4.19)

rac

Opi = 2 mjak;-,-; Cpi = Z mﬂak”. (420)
3jeCb n; — HOMEP HaMWBLICIIEH YYWTLIBAEMOH TapMOHHKH,
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4.12. TlopsoK pacuera macCUBHOH BHOPOHU3OJISIIIUH:

a) ecau BUOpPOU30AUPYEMBIH OOBEKT He SABJACTCA UCTOUHU-
KOM HeypaBHOBEIUEHHBLIX MepEMEHHBIX CHJI U MOMEHTOB M eCJIH
B COOTBETCTBHH C I. 2.4 npeAycMaTpuBaeTCs YCTPOHCTBO IO-
cramenTa (¢pyHAaMeHTHOro 6Ji0Ka), TO ero pasMephbl Ha3HAYaIoT
M0 KOHCTPYKTHUBHBIM COOOpaKEHHUSIM;

€CIH BUOPOH3OJHUPYEMBIH OOBEKT SBJASIETCH HCTOYHUKOM
YKAa3aHHBIX Harpys3o0K, TO pasMephl U MacCy IOCTaMeHTa YCTa-
HaBJAUBAIOT B COOTBETCTBUHU C YKa3aHusaMH nn. 2.0, 4.20 u 4.21;

6) B 3aBHCHUMOCTH OT HOPMHPYEMOH XapaKTEpHCTHKU KoJle-
6aH11/11‘51 3a/1alI0TCS 3HAYEHUEM M,, UCXOMs U3 CJEAVIOINIHUX YCJO-
BUI™:

lai]
®, << 0, Biotlar (4.21)
HJIH
v}
0, <o, )/ ST (4.22)
UJIN
[ci]
0, <0, ) ok (4.23)
rae
' Cx C 2
qu=|/ b2, + b2, + (bzq - bpat L), (4:29)

g — HOMEp NEepBOH MOJJIeKalleH ralleHHI0 rapMOHUKHU;
Cy, C, — auHedHBle pasMepbl BUOPOU3OIHPYEMOTro OGBEKTA
B HamnpaBJIeHUH OCeH X, U Y,

[q,], [v,], [c,] — HauGonpuve 3HAYeHHST COOTBETCTBEHHO
us [a;l, [v;l, [c;]; ecniu BuGpousosLyMIO MPOEKTHPYIOT ¢ pacye-
TOM TallleHHs He NEPBOHM, a BTOPOH HJH MNOCJEAVIONIUX TapMo-
HUYECKHX COCTaBJAAKIINX, TO 3HaUEHUE ®, BEIOUPAIOT C VUETOM
CNeAY IOLLEr0 NOIIOJHUTENBHOIO YCAOBHAL:

®, 7 0; 425 %; (4.25)

eCcJIK MpeanoJaraeTcss npUMeHeHHe cxeMbl BHODOM30JISILHH
C IOJIBECKOH Ha TpOCax WU CTepXKHAX (puC. 2.1, e), To BMECTo
®, 33J1al0TCS 3HAUYEHUEM O ,, UCXOAS U3 TeX XKe YCJOBHH;

1 Qopmyan (4.21)—(4.23) oTHocATcsA K cayyaro, HauGoJjiee 4acTo
BCTPEUAKIEMYCH B NMPAKTHKE NPOEKTUPOBAHHSA BHUOPOHU3OJNALUH, KOTJA
HOPMHUPYIOT aMIIJIHTYABl NepeMelleHusi, CKOPOCTH HUJIH YCKOPEHHS B OT-
AeJbHHX TOYKAX 00BeKTa.
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B) COrJIaCHO peKoMeHiamusMm nn. 2.13, 2.14, 2.16—2.20
ONPEAC/SIIOT KOHCTPYKTHUBHBIE XapaKTEpUCTHKH, UUCIO W
pacroyiokeHHe BHOPOU30JISATOPOB;

r) no ¢opmyJaaM (2.24)—(2.26) uaum (2. 14) YTOUYHSAIOT 3HA-
YyeHHE W, H ONpPEJEAIOT 3HAUEHU O, H O,

A1) no ¢opmyaam (4.5), (4.7) — (4.9) HJIH (4.18) u (4.19)
ONPEACISIOT aMIJIMTYAHbBIE XapaKTepHUCTUKH KoJieOaHUH BHOPO-
H30JUPYEMOro O0BEKTA;

e) B Cjdyyae, €C/IU pacueTHble 3HauUeHUS aMILIUTYA a;, U;,
Ciy, @x U @, NPEBLICAT COOTBETCTBYIOUIUE yTIPEJCALHO JONYCTH-
Mple aMmiuTyabl (a;l, [v;l, le;l, [@.] u [@,]l, T0o ymenbaror
KECTKOCTD BHGpOHBOJIHTopOB WU YBEeJHYHBAIOT Maccy IIOCTa-
MeHTa (1u00 ero MOMEHT MHeplluM), U BeChb PacueT BLINOJHSIOT,
HauyvHada C NOANYHKTa «B»;

yMEHbLIECHHE KECTKOCTH BHOpPOU3OJATOPOB IPOU3BOIAST B
TOM CJlyyae, ecyid BeTHYUHA aMIUIUTYA a;, Uj, C;y @5 U @y KOJE-
GaHuH BUOPOU30JHPOBAHHOH YCTAHOBKH 00YCJOBJIEHA TJIaBHBIM
oOpa3oM KojeGaHHfAMH OCHOBAHMUs (nepBoe cJjaraeMmoe B Ipa-
BbIX yactax ¢opmya (4.9), (4.7)—(4.9), (4.18), (4.19) 6omabie
BTOPOTO);

yBeJAYCHHE MACChl NoCTaMeHTa (MU ero MOMeHTa HHEPLHH)
[IPOH3BOJAT TOrLA, KOrJa BeJUUYMHA aMIVIHTYJ Q;, U;, Ci, Px U
@, O0yCJIOBJIEHAa B OCHOBHOM HE€YPAaBHOBEIIIEHHLIMH IepHOoAHYe-
CKUMH CHJaMH U MOMEHTAaMH, NMPHUJIOKEHHBIMH K BHOPOHU30JIH-

pyeMoMy OOGBeKTy (BTOpoe cjaraeMoe B IpaBhiX 4YacTax op-
mya (4.5), (4.7)—(4.9), (4.18), (4.19) 6oapiie nepBoro).

Pacuer BUOPOH3OJSALMH NIPH TJIYYAHMHBIX BEPTUMKAJbHbBIX
¥ TOPU3OHTAJbHBIX KOJNEeOaHUAX OCHOBAHUS

4.13. Pacuernaa Mojenp BHOPOHU3OJHPOBAHHOTO OOBLEKTA
npejicTaBiasier co00U JUHEHHYIO KosieGaTeJbHYI0 CHCTEMY C OX-
HOH CTeleHblo CBOOO/bI, MMEIOHLYIO 3aTyxaHue. Huxe paccMor-
pPEH pacyeT [aCCHBHOH BUOPOHU3OJSIIUM I[IPH BepPTHKAJbLHBIX
C/y4anHbIX KosieOaHMUAX, OlHAKO BCe GOpMYJIb H peKOMeHAAalMH
MOryT OBITH NpPUMEHEHbl H JJIs pacyeTa BUODOHUIOJSALUH IIPHU
KoJe0aHUAX OCHOBAHUSI NO TNOPH3OHTAJBLHBIM HalpaBJIEHH M.

CayuyaliHble KoJleGaHus OCHOBAHHSI XapaKTepH3YIOTCS Cpef-
HUM KBaJpaTH4YeCKHUM MepeMelieHHeM bg, a Takxke napaMerpa-
MU O/ U J, KOTOpBIE BXOASAT B KOPPEJIAUNOHHYIO QYHKIIUIO BUA:

R (t) = bg? e—2IT (cos Bt +-E- sinplt])  (4.26)

(@ < B).
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4.14. Oxupaemast 3pheKTHBHOCTD NPHMEHEHHA NAaCCHBHOH
BHOPOH3OJALIHY MOXKeT ObiThb OLleHEeHa JO pacyeTa M IPOEKTH-
pOBaHUs1 BHOPOH3OJIALMH 110 3HAYEHUSAM KO3(hGbHIHEHTOB nepe-
naun (cM. m. 4.18).

4.15. /Ina npoeKTHPOBaHUS BHOPOHU3OJSALHH NPH Ciaydaii-
HBEIX Ko/e0aHHuAX OCHOBaHHUA HEOOXOJUMO HMeTh CJeAyloliue
HCXOJHbIE JAaHHLIE:

a) aHaueHus by [Mm] u mapamerpoB a [l/cex] u B [1/cexl],
KOTOPLIE XapaKTepH3yIOT KojeOaHus OCHOBaHMf;

6) mapaMeTphl HpefeJbHO JONYCTUMBIX BHOpauuid o60opyHo-
BaHHs, KOTOPEIE JOJXKHBI OLITh OIOBOPEHBI B 3aJJaHHH Ha IPOEK-
THPOBaHHe BHOPOU3OJIAILNH;

TpeOGOBaHU S, NPEABABASIEMbIE K YPOBHIO KonebaHHH BHODO-
H30JIUPOBAHHOIO 00BEeKTa, MOT'YT ObITh IMpPEACTABJIEHH B BHJE
TaK¥X KPUTEPHUEB:

[cs] — MpelesbHO JONMYCTHMOE CpeJlHee KBaJpaTHYeCKoe YcC-
KOpeHHe KoJieOaHMH LIEHTpa THAXKECTH BHOPOHU3O0JHPO-
BAHHOH YCTAaHOBKHU WJIH

[Ug] — TpelienibHO JONyCcTHMAasA CpeHAA KBaApaTHyecKasd CKO-
pOCTh KoJieOaHHH LEHTpA TAXKECTH YCTAHOBKH HJIH

[as] — npenesbHO AONYCTHMOE CpejHee KBajpaTHUeCKOe [ie-
peMeleHue LEeHTpa TAMXKECTH YCTAaHOBKH;

IIPH OTCYTCTBHUH CIEIHAJbHBIX YKasaHUH O AONYCTHMBIX
BUOpanuaxX OGOPYACBAHUSA MOXKHO PYKOBOACTBOBATLCH OpPHEH-
TUPOBOUHBLIMH JaHHBEIMH TabJ. 4.1, npuyeM B pacuerax HpHHHU-
MaeTcs

[vo] :0:7 [Ui]: (427)

rie [v;] — jJonyckaemas aMmauTyia ckopocTd no Ttaba. 4.1;

B) CBeJeHHSsl, YKa3aHHble B NOANMYHKTax «a», «06», «B», €I»,
«¥K», «3», NYHKTA 2.1 ¥ B NOJANYHKTE «B» NyHKTa 4.6.

4.16. 1IpoekTHpOBaHHe ¥ pacyeT NacCHUBHOH BUOPOH30J4-
LMK NMPH CJIYYaHHBIX KOJIeGaHUSIX OCHOBAHHUA BHIINOJHAIOT C yye-
TOM YKa3aHuil M peKoMenjpauui nn. 2.6, 2.7, 4.7 u 4.9 sroro
PyxkoBojcrtBa.

4.17. PacueTHnie cpefHeKBaJpaTHYHble 3HAYEHUS YCKOpe-
HHS Cg, CKOPOCTH Ug M IepeMelleHus ag KoaebaHHH BHOPOH30-
JUPOBaHHOro o0beKra, OOYCJOBJEHHBIX CAYYaHHBIMH KoJle-
GaHHAMH OCHOBAHHS, ONPEACISIOT N0 CAEAYIOMUM (GopMyJiaM’:

T

1 Gopmydaoft (4.28) MOXHO noJsib3oBaThed MUIWb Npu u4 < 1luD <
< 1.
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Co = b Q2 |/ Me (). (4.28)

N ()
as=be |/ e, (4.30)
rje
Q=Y a+p, (4.31)

a MHorounenot M (u), M, (u), M, (u) u N(u) Belpaxarorcs,
B 3aBHCHMOCTH OT KOHCTPYKTHBHBIX OCOOEHHOCTEH BHODOH30-
JALHUH, CAeAyIoUM 00pasoM:

B CJydae MCIOJBb30BAHUSA MPYKHUHHBIX, PE3HHOBBIX U KOM-

OMHUPOBAHHLEIX BHOPOU30JATOPOB Oe3 JeMrdepoB BA3KOrO Tpe-
HUS:

M, (1) =utr+ fub; (4.32)
Mo ()= ut r +fud; (4.33)
M, () = 4fuB r* 4 (ut +su?) r 4-fu; (4.34)

NWy=42r3+4f (WP +u)r?+(wt+2qu> 4+ 1) r, (4.35)
rpe
|

r = —= ;
V1+4/ys2

IPH HUCNOJb30BAHHU BUOPOU30JSTOPOB C AeMidepaMua Bs3-
KOTO TPEHUS:

M, (u)= 16fud D} |- 4 (sut + u?) D? 4 4fub D? -1t D +fub; (4.37)
M, (1) =4u? D3 4-4fu3 D? -1t D - fus; (4.38)

M, (1) =42 D34 (ud + 1) D? 4- (1 +su?) D +fu; (4.39)
NW)y=42D3-4f (WP +u)D* 3 (w4 2qu* + 1) D, (4.40)

(4.36)

rae D — OTHOCHUTeNBHLIA KO2(DpHIHEHT 3aTyXaHHsd, oIlpele-
JIIeMBIH 110 GopMyJe

1
D VT an2js (4.41)

3aecb 0 — JorapuMuyecKkuil leKpeMeHT KonebaHuii BHOPOU30-
JUPOBAaHHON yCTAaHOBKH,
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B dopmynax (4.32)—(4.40) ucnosib3oBanbl cieaywlme 00o-
3HAYEeHU S
=/ §=41%;
f f (4.42)
20=5—2; u=w,/Q.

B npusio)eHuu 2 npUBeJleHb! ONTHMAJbHble 3HAUEHHU 1 OTHO-
CUTEJIbHBIX KO3(DPHUHMEHTOB 3aTyXaHUA D v oy Dogr s U D ogr o
DU KOTOPBLIX B 3aBHCHMOCTH OT mapaMmeTrpoB a/ff u u oGecne-
YUBAETCS HAUMEHbllee CpeJHEKBaJpaTUyHOoe 3HaueHHe Iepe-
MeLIEHHU S (CKOPOCTH, YCKOPEHHU 1) BHOPOU30JHPOBAHHOIO OOBEK-
Ta TI0 CPABHEHHIO CO CPeJHEKBaJpATHYHbLIMHU 3HAUEHHUSMH [le-
peMellleHHs1 (CKOPOCTH, YCKOPEHHs) NPH MEHBIINX U OOJbIIUX
3HaueHUusaAx D.

4.18. Hdns npelXBapHTe/NbHOH OLEHKU OXHAaeMoH 3s¢dex-
TUBHOCTH NMACCUBHOM BHOPOU3OJSIIIUH TIPH CJAY4YaUHBIX KOJéba-
HUAAX OCHOBAHHSI MOXKHO MOJb30BaThCsa Tabs. 1—3 npuaoxe-
HUS 2, B KOTOPBLIX NpPHUBENEHB KO3D(PHUIUEHTH Nepenaum:

Mo CMEIEHUIO

b

!’l’a _b ; (443)

g

0 CKOpPQCTH!

vﬂ'
= o (4.44)

O
a TakxXe YCJOBHbIe KO3PPUUHEHTH Nepejayd 10 YCKOPEHHIO

Co

Me = b o2 (445)

J

B Tabaunmax JaHbl ABe IpYyNnn 3HAYEHHUH KO3(POPUIIHEHTOB
nepefauyn — AJig CAYYaeB HCIOJAb30BaHUA BHOPOU30JATOPOB
C JeMmndepaMy BA3KOro TPEHUS (3HAYEHUd W, W, U W, BbIUUCTE-
Hol ipu D = D ,,) ¥ UCIIOJB30BAHHUS PE3UHOBLIX HJIH KOMOM-
HUPOBAHHBIX BHOPOHU30JATOPOB ¢ OOJIBIIUM KO3PPUIHEHTOM
HEYNpPYyroro CONpOTHUBJIEHHUS (3HAUeHUA U,, W, U U, BbBIUUCTE-
Hbl Tipu 9, = 0,22).

4.19. BuOpou3oadnuio pacCuuThiBaIOT B CACAVIOUIEM IO-
pAJKe:

—

! Beanuuna b Q2 onpeje/sieT cpeaniold XBafpaTHYECKYIO CKOPOCTh
KOoJeGaHUul OCHOBaHUA.
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4) BBHIIOJHSIOT yKasaHus 1. 4.12«as!

0) nosnb3ysicb Tabs. 1—3 mnpusioxkenuss 2 u dopMyJaamu
(4.43) — (4.49), 3apawTcsi 3HaUeHUeM U, HCXOAsl M3 YCJOBHS,
4yTOOBI pacuyeTHbIe 3HAYEHHUS Qy, Ug WIH Cg HE IMPEBLIMIAJH COOT-
BETCTBYIOIIUX IPEAE/JbHO JAONYCTUMBIX BEJIHYUH;

i pacueTta BUOPOU3OMSAIMU MPH TOPU3OHTAJLHBIX KoJe-
OaHHfAX OCHOBAaHHSI BMECTO ), 3aJalOTCs 3HAYEHUEM O, (HJIU
®,), HCXOJA H3 Te€X K€ yCJIOBHH;

B) corjiacHoO pekoMeHjauusam nmn. 2.13, 2.14, 2.16—2.20
ONPENEJAIOT KOHCTPYKTUBHbIE XapaKTEPUCTHKH, YHCJAO U
pacnoJjiokeHue BUOPOU3OJIATOPOB;

ec/IM 3HaYeHue ®,/2n(m,/2n uin o ,/2n) 6ojee O 2y, To 1ie-
J1ecoo0pa3HOo UCNOJAb30BATh PE3UHOBBHIE HJIA KOMOUHHUDOBAHHBIE
BHODOHU3OJIATOPLL C BO3MOXHO 0oJiee BLICOKHM KO3(h(DUIIHEHTOM
HEeYNpyroro CONpOTHUBJICHUA;

ec1d 3HaueHHe ©./2n(w,/2n uan ©,/271) MeHee 5 2y, TO
MMeeT CMBICJI NPUMEHHUTDH NPYKUHHbIE BUODOU3OISITOPEI C JEMII-
(pepaMU BSAI3KOI'O TPEHHUS;

r) mo gopmyaam (2.24)—(2.26) uaun (2.14) yTOUHSAIOT 3HA-
YEeHHE O,(® , WIH O );

J) B caydae npHMeHeHH s JeMrndepoB BA3ZKOTO TPEeHHUS YTOU-
HAOT (10 TA0JUILAM NPUNOKEHHUS 2 ONTUMaJbHOE 3HAaUYEHHE OT-
HOCHTEJILHOrO Ko3(puuyueHTa 3aTyXaHusl, Nocjae 4ero CorJlacHO
peKoMeHJaluAM pasjesa b onpelessioT KOHCTPYKTHUBHBIE Xa-
PAKTEPUCTHKH, YUCJIO ¥ paACHONoKeHue AeMidepos;

e) no dopmynam (4.28) —(4.30) onpenessioT XxapakKTepH-
CTHKH KoJieOaHUH BHOPOU30/IHPYEMOI0 OOBEKTa, BBI3BAHHBIX
CAy4alHbIMU KoJleDaHUAMA OCHOBAHM;

3K) ec/i BUOPOHU30JUDYEMbId OOBEKT SIBJSIETCS HCTOUHHKOM
HEYPABHOBEIUEHHLIX NEPEMEHHLIX CHJ, To no gopmyaam (2.4)
ONpEeAessAIoT Qy — AMIVIUTYAY IEPEMEeHHS IeHTpa TIXKECTH
00BbeKTa I0J BO3JAEHCTBUEM 3THX CHJI;

3) B 3aBHCHUMOCTH OT HOPMHPYEMOH XapaKTEePMCTHKU KOJe-
OaHUN MPOBEPSIOT BLINOJHEHHE YCJIOBUH:

Y oot +od < e (4.46)

nJu
V ve + 02 f‘%’ig (051, (4.47)

HJIH
V e +% <ol (4.48)

59



fipi HeBbIMOMHEHHH TpebyeMoro U3 ycaoBui (4.46)—(4.48)
YMEHbIIAIOT XKECTKOCTb BHOPOHU3OJAATOPOB HJY YBEJHYHUBAIOT
MacCy IIOCTaMeHTa M BeCh pacyeTr BHIMOJHAIOT, HAUWHAS C NOJ-
MYHKTa «BY;

}KECTKOCTh BHOPOU30JIATOPOB YMEHBILAOT B TOM CJyuae,
€CJIM MePBOoe caaraeMoe B NOAKOPEHHOM BhIpaXKe€HHH B popMyJiax
(4.46)—(4.48) Gonpiie BTOpOro; B oOpaTHOM CJyuae yBeJHYHU-
BAlOT MAacCCy IOCTaMeHTa.

Y4yeT HeypaBHOBEIIEHHBIX NEPUOIUYECKUX HArPy30K
NEUCTBYHIMX HA BUOPOH3ONUPYEMDBIH O0'BEKT

4.20, Ilpy B0o30OyXJEHUH HeypaBHOBEIIEHHBLIX IepHOAHYe-
CKHUX CHJI H MOMEHTOB B CaMOM BHOPOU30JHDPYEMOM OOBEKTE
Maccy nocTaMeHTa BbIOMpaloT ¢ TaKHM pacyeTtoM, 4ToObl B 3a-
BHCHMOCTH OT HOPMHPYEMOH XapaKTePHUCTHKH KoJieOaHUH BEHI-
MOJHSANUCh COOTHOLIEHHUS:

Qoxs Qoys Qo K )] (4.49)

g Qgyy WoQyy, ©g g, < [U]; (4.50)
W9 Qpyy Op° Bpy, Wy Ay, < [0y (4.51)
Pox K [Pl oy < [0, (4.92)

Qoxs Qoyy Qo << a0l (4.53)

Wy Aoy, Wy Gy, ©gQy, << [Uel; (4.54)
Wg® Aoy, Bg° Ay, g2 Ay, << [Cq]. (4.55)

3HAUYeHUs aMIVIATYJ Qox, Qoy, Qozy Poxs Poy BBIUHCISIOT TIO
¢opMyaaM (2.4) u (2.9).

4.21. Ecnu BUOpOH30AMPYeMbIH OOBEKT COAEPIKUT HCTOU-
HUK FapMOHUYECKHUX CHJI, TO BO BpeMS IPOXOKACHUS Uepes pe-
30HAHC NPH NyCKe U OCTAHOBKE aMIIJIUTY ALl KoJie0aHUH 0OBEKTA
MOT'YT BO3pacCTH MO CpaBHEHHUIO ¢ paboOuuM pEeKHMOM.

[IpubnuxenHoe omnpereneHye MaKCUMaJibHOH AMILIHATY b
KOJIeOAHUH @y, TIPH MPOXOXKAEHUU Uepe3 pe3oHaHC O0BbeKTa,
M30JIUPOBAHHOTO C IIOMOLIBIO IIPYXKUHHBIX, PE3HHOBLIX U KOM-
OHMHUDPOBAHHBIX BHOPOU3OJATOPOB 0€3 NMpUMeHeHUs JeMIdepoB
BSISKOI'O TPeHHUS, NMPOU3BOAAT 10 IpaduKy, U300paKeHHOMY Ha
puc. 2.4. 10T rpadguK HCNONL3YETCA TaKkKe AJS OnpeleyeHus
Qyape BUOPOH30JHMPOBAHHOIO 00beKTa, B KOTOPOM KpOME BHO-
pPOH30JIAITOPOB HUMeITCA AeMidepbl Bs3Koro TpeHus. OnHaxko
B 3TOM Cjiyuae BMeCTO 3HaUeHUs y, cjefyeT 6paTh CYMMY Y, -

+ Vo
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A€ Yn — YCJOBHBIH AONOJHUTENbHBIH KOahGHUIIMEHT HEYNIPY -
FOr0 CONPOTHBJIEHHS, CBSASAHHHIH C HaJuuyheM JeMrndepoB
MU BBIYHCJASEMBIX IO ¢GOpMyJie

2D
?11"""‘ _l/l--—Dz' (456)

31aecb D — OTHOCUTENbHBIH KO3(pPHUIUEHT 3aTyXaHus AeMnde-
pOB.

[Ipn y, + v, = 0,2 onpenenenve a,,y, MOXKHO HE IIPOH3-
BOAWTb.

IT'xasab.
PACYET BUBPOUIOJISITOPOB

[IpyXUHHbBIE BUOPOH30JAATOPHI

5.1. Ina ycrpolicTBa npyXUHHBIX BUOGPOHM30JSTOPOB HPH-
POJHB KaK OJMHOUHBIE NUJAUHApHYECKHE NPYIKHUHLIL, TaK U CO-
CTaBHble (KOHLIeHTpUYeCKHe) MNMpPYyXKMHBL cxkaTtud. Huoio npy-
}WUH n AJ5 BUOPOH3OJ LMK JAHHOTO OOBEKTA BHIOUPAIOT M3 CO00-
paxeHuHd yno6cTBa HX pasMellleHUs U YCTaHOBKH. O01ast xecCT-
KOCTb BCeX MPYKUHHBIX BUOPOH30AATOPOB K ,,; B BEpTHKAaJbHOM
HanpagpJieHHU JOJKHA ObITh He GoJsiee BeJIHUUHH K, onpepe/ieH-
HOH 1o Tpetbed U3 dopMmya (2.10).

Huxe naHel yKazaHus 1o pacueTy IMJIMHIADPUYECKHX MPY-
’KWH, U3TOTABJHBAEeMbIX U3 NPYTKa KPYIJOro CeueHHsl.

A. Pacuem 00unOUHbBIX UUAUHOPUHECKUX NPYICUH

5.2. McxopupiMy JaHHBIMU TIPU pacueTe NPYKHHBI, Hpel-
HasHayeHHOH /11 BHOPOM3OJALLUH, SBJSIOTCS:

1) crarnueckas Harpyska-Pg¢,, onpefienseMas no dopmyJe

pr.—-9 (5.1)

I

rjae () — oOImUH BeC U30JUPYEeMOH YCTAHOBKH;
N — YHCJIO BCeX OAHOTHIHBLIX INPYXUH B BHOPOU30JUpYeE-
MOH YCTaHOBKE;
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2) KEeCTKOCTL MPYKHHLI B BEPTHKAJbHOM HaNpaBJeHHHU
K.n, onpenensieMast no gopmyJie

Kzrr — KLH_ » (52)
I

3) aMIJIuTy/jla BEpPTHKAJbHBIX KOJeOaHUH 00BbeKTa a,, NpH
paboueM uyucsie 000pOTOB B MUHYTY;

4) MapKH cTaJiel s npy:KuH, pekoMeHyeMbie [OCT 2002—
03 u 'OCT 2590—57.

a1 BEIOpaHHBIX CTaJied JoMyCKaeMoe Hanp sixKeHne Ha Kpy-
yeHHe MaTepuasa NpyxkuHbol [t] U Moaysab casura G onpefe-
JS10T 1o taba. 5.1.

5.3. /lmamerp npyTKa d onpeaenstor no gopmyJie

RP'c
[T]
OH MOXKET U3MEeHAThCH B ILUPOKHUX mpefesax — oT 3 o 40 mx.

PacueTtnyio Harpysky Ha OAHY NpyXuHy P’ NnpHHHMAIOT
pPaBHOH

d>1,6 (5.3)

P'=Per - 1,5P mms (5.4)

rae P,u; — JIMHAMHYecKas Harpys3ka Ha OJHY NpYKHHY B pa-
boueM pexXuMe U30JHPYyeMOoro 00beKTa, olpele se-
Mas 10 opMmyJie

Prun = Qo, K zns (5.5)

1,5 — KoadpulieHT, YYWTHIBAIONIUH YCTaJoCTh Mare-

puaja TpYKHUH;
D

d

rae D — cpeHui juaMeTp IpyxKuHb (CM. puc. 5.1).
3HaYeHU s ¢ peKOMeHAyeTcd NpuHumaTth oT 4 jo 10.
Takum ob6pasom

C = WHJEKC NpYXKHUHbI,

D — cd: (5.6)

k — Kos(duileHT, YUYUTBHIBAIOIIUH MOBLIIIEHHE HAMp SXKCHUH
B TOYKaX CeueHUS NpyTKa, JexKallluX Ha NOBEPXHOCTH 1H-
JUHApA AuaMmeTrpoM D —d, onpeaensior no rpaduky, H3o-
6paxkKeHHOMY Ha puc. d.1.

5.4. Uucno pabouux BUTKOB i HaXOAAT N0 (opMyJe

. Gd
[ == : 5.7
S K (0.7)
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Tabawua o.1
Jdonyckaemble HanpsKeHUA AJd NPYKUHHLIX CTANEH

i, il irraliare® T

CTalb JlonyckaeMbie HANPSI2K €HH ST
- Monyne
caBura O DK UM [t], HasnaueHue
rpynia MapkKa B kI'/mm? pa6OoThl )@ | 3m?
Yriaepoaucrast 65 JlerKuu 42 7151 mpyXHH C OTHOCHTEJbHO HU3KHMHU HaNpsKeHHs-
70 8000 CpeAHun 35 MH IIpH JAHaMeTpe NPOBOJOKH MeHee 8 mu.
T stk e1blii 28 |
XpoMoBanague- Jlerkuf 06 JLis NpyKuH, BOCHPUHUMAIONINX AWHAMHYECKYIO Ha-
Basl, 3akaJjenHHas | DOX®DA 7850 CpeAHHI 50 rPY3Ky, NPH JuaMeTpe NMpyTka menee 12,5 mum
B MacJje T axkennii 40
55C2 Jlerkuii 56 Inst npy»dH, BOCHPUHUMAIOUIUX JUHAMHUECKYIO Ha-
60C2 CpeAHul 45 FPY3Ky, NpH KuHaMeTpe npyTtka Oosee 10 mm, a Takxe
Kpemuucras 60C2A 7600 T si2Kebli] 35 A5l peccop
63C2A

[IpumMeuanue, Jlerkuit pexuMm paborel. [laccuBHasg Bubporsonsuuss oOGBEKTOB, UYBCTBHTENbHBLIX K BHO-
pausiM; axkTHBHAs BUOPOH30JsUKHA MawWHH | KaTeropuu AHHAMUYHOCTH (CpeiHEeuYaCTOTHbIe, BBLICOKOYACTOTHLIE)
v 11 xateropHH (BHICOKOYACTOTHBHIE).

Cpennuli pexum paboTel. AKTHBHAs BUOpOH30JAALUS MamuH | KaTeropun AMHAMHYHOCTH (CpeAHEYaCTOT-
Hele) u 11l xateropum (BBICOKOWACTOTHLIE).

Tsaxenwlt pexxuMm pabote. ArTuBHAsA BHOpousoasuus mamue 111 xareropum (cpeaneuactotHnle) U 1V kare-
ropuH {CpeJAHeYaCTOTHLIE, BHICOKOYACTOTHBLIE).

Kareropuu JAHHAMHUYHOCTH M XAPAKTEePUCTHKY YaCTOTHOCTH CM. B «MHCTpYKUMH MO pacueTy HeCYWHUX KOHCTPYKU UM
MPOMBILIJIEHHBIX 3JaHUR U COOpYXKeHHH Ha AHHaMH4eckHe Harpysku». Crpofimsjar, 1970),.



I'losHOE YKCJ0 BUTKOB
i]_ —= l "I" iz, (5.8)

rAe I, — YHC/JIO MepTBbIX BHTKOB, IPHHHMaeMoe PaBHbIM 1,5
Ha o6a Topua NPYXKUHBL, ecyu { << 7, u 2,5, ecatnt i > 7.

5.5. lns mnpexBapHTeNbHOR OIEHKH ILIara NpYXHHBL A
MOXKHO IT10JIb30BaThCA (POpMYyJIOH

h =~ -%)—- = —1—2)*- : (5.9)
K
755\ Oosee TOUHOE 3HauyeHHe HA
150 BRIYUCASIOT 10 PpopMyJie
145 A
| h = — .
140 d -+ ‘_ +38,, (5.10)
1,39 rae 04 = 0,1d — 3asop Mex-
130 Iy BHTKAMH @NpPH MaKCH-
1.2 MaJbHOH paboueil Harpys-
1201 ke P’:
115} A —ocajka npyxuHH OT
1,70” ~ ﬁ 1 Harpysku P’.
105 l — ; 5.6. BrICOTY npyXKuHHI,

b A - ——-—-—l ' -
HUSI €e BHTKOB HarpysKoH

Puc. 5.1. TIpaduxk onpeaencHud P npex» ONPEAEISIOT IO ¢op-
KO3 ULHEHTa £ MyJie

H=(i;—0,5)d. (5.11)
BricoTy HeHarpy:xeHHoOH npyKuHbl H, onpeaeasior no ¢gopMyJie

Hy=H+ i(h—ad). (5.12)

OpueHTHPOBOYHASI BEJHYMHA Harpysku Pp .. paBHa
Popen =(1,1-1,20) P’, (5.13)

5.7. XectkocTs npyxuubl K, = K,z B TrOpH30OHTaNb-
HOM HanpaBJIeHHH OMpEAeasiioT no rpaduky puc. 5.2.

5.8. PacuetHylo BeqHUHHY KO3pdHLHEHTA HEYNPYroro co-
[IPOTHBJIEHU A JJI CTAJbHBIX NPYXKHH NPHHHUMAIOT PaBHOH Y, =

0 . .
= — =0,01, rae 6—JorapudMuuecKHH JeKpeMeHT KoJIeGaHHH.

5.9. TIpyKHUHEI CXKATHA B HEKOTOPHIX CAyYasaX AOAKHBI ObITh,
MpoBepeHnl Ha YCTOHYHBOCTD,
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B ta6a. 5.2 naunl bopMyJbl JAs KPUTHYECKOR OCAlKH KHE’
[p¥ KOTOPOH MPYIKHHEL MAJIOro yria nogbeMa TepsioT YCTOM-
YHBOCTb, H Npejie/IbHble 3HaueHu st ri6Koctu Hy/D, npH KOTOPHIX
YCTOHYHBOCTD NPYKUH eine obecneueHa. [TpyKuHBI ¢ THOKOCTHIO
MEHbBIIEH TpeJeJbHOH Ha YCTOHYHBOCTbL HE NPOBEPSIIOT.

Kx Ky ‘
TENNG A2 ' o

14 ]

17

!

78

6o N~ ’Zi%é’f

04 ‘ > i

02 TN l

0ﬂ3 112 T4 16 18 2 22 24 26 28 42 34 I

Puc. 5.2, 1 papuk Adg onpellejieHHs XKeCTKOCTH MPYXKHHB B TFOpH30H-
TaJbHOM HamnpaBJieHUH

fin — BEHICOTA2 NPYXHHB NOX Harpy3kof#i P};D A ~— nporu® HNpyXHHBI NOA Harpys-
KOHA

5.10. YuutpiBasi BO3MOXKHYIO HAYajJbHYI) KPUBH3HY IMpPYy-
JKHHbI, HECOOCHOCTb €€ BUTKOB U 3KCUEHTPHULUTET, C KOTOPLIM
MOKeT ObITh MPUJOKEHA CH/JIa, HeoOXOoZUMO pabouyro Harpys-
Ky cAenarb B 2—2,5 paza MeHbIlle KDHTHYECKOH Py, BHIYUCIsIe-
MOH M0 dopMmy.Jie

Gd
RRD 83

Prp= (5.14)

5.11. JliinHHBIE NPYKUHBI TPH 3HAYeHHAX THOKOCTH H (/D >
> 3 CTaBSAT Ha OmpaBKaxX WU MOHTHPVIOT B T'HJb3ax. llpu
rubkoctd Hy/D > 5 npyXuHBI 1e/ieco00pa3HO COCTaBJSTh M3
OTIAEJbHBIX CeKUHH ¢ MaJsoi rubkocthio (H,/D << 3) noouepen-
HO TIPABOTO H JIEBOTO yrJa nogbeMa. CoCcTaB/IsIOIMIHE IIPYKHUHDI
MPHAMEHSIIOT TOJbKO C HAMPAaBJ/ISIONAMU U COENUHSIIOT LEHTPH-
PYIOIIUMH KOJIbIlaMH.
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Ta6auuwa 5.2

K pacuery npyxHH Ha YCTOHYHMBOCTD

§ Ilpenenp-
YcsioBus 3aKpelJeHus Kpataueckasa ocajra Apn, Hble 3Haye-
NpH KOTOPOH IIPpyXHHA HEA
NpyXut TepAeT YCTOHYHBOCTD rHOKOCTH
Hy/D
#P
*P
I |
b D \2
; 6 Hy
=
|
1 |
b {p
2 |
T, TR
z I
— D,1
e

1 ET
, 1

P
I

b. Pacuem cocmastelx (KOHUEHMPUYUECKUX) NPYICUR CHCAMUS

5.12. B npy:KHHHBIA BHOPOH30JATOP MOTYT BXOJUTH OJHA
COCTOSIIIUX M3 JIBYX-TPeX KOH-
[IEHTPHYECKH pAaCHOJIOXEHHBIX MPYKHUH CXKaTHS, COBMECTHO
BOCIIpMHUMAKOIMNX Harpy3Kky P. IlpyXubpl, pasMmelniaeMpie OfHa
B Jpyrod, noAOUpAIOT NOC/eJ0BATEJ]bHO TO NPAaBOro, TO Jie-
BOrO yIJoB nojgbeMa. IIpH HasHaueHWH pajuabHBIX 3a30DOB
MEXIY IpYyKHHaM{d O, HeoOXOJUMO VUYHTHIBaTh JONYCKH Ha
IuaMeTpsl NPYXUH M NIPUHUMATh BO BHUMAaHHE H3MEHEHHe JHa-
METPOB NPYIKUH NpH HX JedopMalluu.

5.13. lnsa corsacoBaHHOH paGoOTbl KOHLLEHTPHUUYECKHX MNpY-
JKWNH JOJI3KHBl COONMIOAATLCA ClelyIoliie yCAOBHUA:

UJH HECKOJBKO MNPYIKUH,
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1) ofluHaKOBAasI BHICOTA MPYKUH B IpefleIbHO CKaTOM CO-
CTOSTHU U

1d, =iydy =i5d,, (D.15)

rae i; u d;(j = 1, 2, 3) — uucyao u guameTp pabouyuX BUTKOB
OOLIYHOH IIPYIKHHEI;
2) OJMHAKOBLIE Hanps:KeHUs, BO3HHUKAIOILUE BCJEICTBHE
KPYUEHHUS COCTABJSIOIIMX INPYIKHH:

Ty =Ty =Ty X |T]; (5.16)
3) ONMHAKOBbIe HHAEKCHl COCTABJISAIIUX MPYKHH

_ D
dy

Dy _Ds
dy ds

(5.17)

rge D; — cpejHHe JUaMeTpbl COCTABJISIIOUIUX IIPYIKHH.

5.14. llonHas narpyska P (o06bluHO 3ajaBaemast), NPUXO-
ASasics Ha ofHY COCTaBHYIO IPYKHUHY, paBHA CyMMe Harpyaok,
BOCMIPUHUMAEMBIX COCTABJISIONUMH IIPYRKUHAMU:

3
p=3 p, (5.18)

j=1

rjpe P; onpenensitoT no ¢opMyJiaM, NpUMEHSEMBIM JJ¢ pacyeTa
HUJAHHAPUAYECKHX BHHTOBBIX NPYKHUH KPYIJIOTO CEYEHUS:

3
:n:d]

D [t] (j=1,2,3). (5.19)

J

p;=

Orcrona
P; di#D; d;# _Dj*
P; d;3 Dj d;? D;? ‘

(5.20)

5.15. Ecau npyxuHA COCTOUT U3 JBYX KOHILEHTPUYECKUX
npyxuH, To npu O, = 0,5 (d; — d,) cnpaBelsiuBbl COOTHO-
[HEH U 51

2
DI:"DZ—[_le; “E‘l — Dl — : \ 9 3
Py  (Dy—2dy)? (1__2_ )

OTKYZa
(5.21)
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OnpepenuB onTUMajbHble Harpyskd Py u P, BocnpHHHMAae-
MEI€ COOTBETCTBEHHO HAPYIKHOH U BHYTPEHHEH NPYXKHUHAMH, HX
napaMeTpel noabéuparoT no «Karansory npyX uHHbBIX BHOPOU30-
JIITOPOB M MPYKHH JJs BHOPOH30aSTOPOB»'. Bo3MoxeH apy-
rOH BapHaHT, Korja AJds ORHOH U3 NPYXKHUH ONpeiensiior d U i
no dopMysam (5.3); 1 (5.7) mpH JaHHOM 3HA4YeHHWH C, a mapa-
METPH! APYIOH NPYXKHUHLEL — IO OTHOILIEHHIO

4 _ b

W

S N R (5.22)
dg Dg i]_ c—2

B. Ilo06op npyxcurnHeix eUOpOU30AIMOPOS

5.16. Huxe pacCMOTpeHBHI CJydYyaH, KOrJa MOMKHO HCNOJb-
30BaTh VIS BUODOU30JISIIIUH CTAHZAPTHBIE NPYKHUHBI H THIIOBLIE
pYyXUHHBIE BUOPOU30AATOPEl H3 aCCOPTHMEHTA, BHIITYCKAEMOTO
IPOMBILIIJIEHHOCTRIO (I1.5.10). B 3TOM cilyuae 3apaHee H3BeCTHHI
BCE TapaMeTphl NPYXKUH U BUOPOU30AATOPOB, B TOM UHCTIE XKe-
CTKOCTH BHOPOM30OJIITOPOB B BEepTHKAJbHOM HampaBJ/eHUH

K,., HauGojblue paGoune HArpyskH P,’ Ha BHGPOH30JATO-
pPHL U T. I.

Pacuer cBojuTcsl K OnpejesieHH0 HeoOXOLUMOro KOJHYeCT-
Ba NPYXKUHHLIX BUOPOU3OAATOPOB ny{n, = 4) 1o tpebyemon
CYMMAapHOH KeCTKOCTH BHOpoH3oasiuuu K.

5.17. Uncno npyxXuHHBIX BHOpPOH3OJSATOPOB 1, OIpele-
JSIOT N0 UX OOEH XKeCTKOCTH M3 YCJIOBHUSA

Ken
Kzs
3neck Kzz — KECTKOCTH OJHOTO NPYIKUHHOTO BHOPOU30MATO-

pa, NpH onpeje/JeHHH KOTOPOH cJellyeT HMeTb B BHAY, YTO:
1) npu napanjeJbLHOM COeJHHEHHH MpYKHUH

Ny <<

: (5.23)

n
KZB: ZI Kzn, i

i=1

I Tunoswie KOHCTPYKLHH H JeTajH 3Januil u coopyxkeHHH. Cepus
3.001-1. BubpousonupywIinide ycTpoHcTBA (PYHAAMEHTOB H OCHOBAHHM
oA MAIIHWHBI C JHHAMAYEeCKHUMH Harpyskamu, BHI. 1. KartaJor npyxuH-
HEIX BHOGPOH3O0JISATOPOB U NPYXKHH AJss BUOPOH3OJISATOPOB.

3Jechb XK€ NOoMelleHbl NMacnopra YTBeP2KJAEHHLIX THIIOBLIX NPOEKTOB
BUOPOHN3OJHPOBAHHKX (PYHAAMEHTOB M NMOCTAMEHTOB, a TakKke Nacnop-

Td IMPOCKTOB, PEKOMCHAOBAHHLEIX AJA 3KCIEPHMEHTAJBHOIO CTPOH-
TEJLCTBA.
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2) NMpH NMOC/IeJOBATE/NLHOM HX COeJHMEHUH
1 LA

K 2

!=1 K;H,f,

rae K,;; — XKecTKOCTb OTJeNbHBIX NPYKHH.
5.18. OmnpenensieMoe B m. 0.17 4YHCJIO NMPYKHUHHBIX BUOpO-
H30JISITOPOB MPOBEPSAIOT 10 YCJIOBHIO IIPOYHOCTH

Q Q

n > ’ —* 7 r
BchT.n Ps — ],5&031(“

(5.24)

3HaueHHe n,, VAOBJETBOpsIONIee YCIOBHAM (5.23) u (5.24),

OKOHYaTeJbHO KOPPEKTHPYIOT B COOTBETCTBHH C KOHCTPYKTHUB-
HbIMH COOOpazKeHM SIMH.

Pe3nHOBbBIE BHOPOU30JAATOPDI

5.19. PesnHoBbie BHOPOU30JIATOPHI UMEIOT (POPMY IIp AMO-
YIOJNBHEIX MNapajjesendneloB HWJIH CIVIOWIHBIX H IYCTOTEJBIX
KpPyIJbiX LHJAUHApPOB. PacueT Takux BHOpPOH30JATOPOB NpHUBE-
JIcH HUXKe. B HEeKOTOpBIX cllyyasgx npU HeOoabIIMX AHMHAMHYEC-
KHX BO3JEHCTBHSX, 00JaJalolMX BBICOKOH YacTOTOH, MOXKHO
HCIIOJIL30BaTh pHQJIEHbIE HJAH MepPOpPHUPOBAHHLIE pPE3HHOBLIE
JIACTUHBl U KOBPUKHU. ¥YKaszaHUS MO pacyeTy U KOHCTPYHPO-
BaHUIO BUOPOH3OJATOPOB M3 PE3UHOBLEIX KOBPHUKOB, NpUMeEHse-
MbIX OOBIYHO B CTAHKOCTPOEHHH, HMEIOTCA B JHTepaTtype’.

K HUCXOAHBIM JaHHBIM NPU pacueTe Pe3UHOBHIX 3JEMEHTOB
BUOPOU30JSATOPOB OTHOCSTCH CJAeAyIOUIHe MeXaHHYeckue Xa-
PaKTEpUCTHKHU: TBEPAOCTh PE3HMHBl, paCUeTHOEe CTaTHUYeCKoe Ha-
NpsAXeHue ¢, JHHAMUYECKHE U CTATHUECKUE MOAYJIH YIPYTrOCTH
pe3suHLl U KO3(pHLHUEHTH HEYNPYroro CONpPOTHUBJIEHUS.

5.20. OnpezesieHne TBEPAOCTH pE3WHbl peErJIaMeHTHPOBAHO
CTaHJIAPTaMK:

1) T'OCT 203—53. Onpenesienre TBEpAOCTH DEe3HHBI TBEP-
aoMepom TIIIM-2;

2) TOCT 263—03. Onpenenenne TBEpJAOCTH PE3UHLI TBEPJO-
MepoM TM-2;

. i i —E

! Bu6pousosnupyiomue onopul H KOBPHKH AJST YCTAHOBKH METAJJI0-
peXymiux craHkoB. Ilpocnekt Ne 10, DHHUMC, 1966.

Pusunr E. M. HoBbhle KOHCTpYRIIHH BUODOU3ONUPYIOULUX OINOP
H KOBPHUKOB. «BeCTHHK MalIHHOCTpoeHUs», 1967,

6 PekoMeHZaUUH N0 YCTAHOBKe MeraJjopexymux craskos. OHTHU,
1969,

69



3) IOCT 13331—67. Peauna. Metoa onpejieieHUs TBEPRO-
CTH PEe3UHbl B MeXAYHApOAHLIX e€AHHHIlax!.

Conocrasisienne TBepAoCTH pe3uHnl mo THIM-2, TM-2 u UICO
[IpUBEJIEHO Ha pUC. 5.3%. B 60oabLINHCTBE ciyyaeB pa3sHHIA MexX-
ay tBeppoctbio no TM-2 u UCO He npespimaer 2—3%, uro
NMO3BOJSET ¢ JOCTATOUHOH AJIA NPAKTUUECKHX Iiejie TOUHOCTHIO
CUUTATh ISTH METOJp!
pPaBHO3HAYHBLIMU.

1 5.21.  PacueTHoe
CTaTHYeCKOe HOpMaJib-
L HOE HamnpsKeHue, OT-
] HeCeHHOe K ILIoain
[IOTIEPeYHOTr0 CeueHHd
HeJlehOpMUDPOBAHHO T O
PE3UHOBOI'0 2JIEMEHTA,
DEKOMEHJAyeTCA  -IIpH-
HAMaTb pAaBHBIM 0 =
= 2 = 4 kl/em® s
4 | MATKUX W  CpPEeAHHX

t pe3uH (TBEpPIOCTb IIO
“35 7705 50 55 G0 65 7 75 80 & TM-2 u YICO ot 30 no

Thepdocms no TM=2 u UCO 70 yCJOBHBIX €JHHHIL)

— 2
Puc. 5.3. CooTHomenue TBepnoctd peaun 4 9 = 5 kl'lem®  ans
no MCO, TM-2 u THIM-2 TBEPABIX pe3uH (TBep-

J0CTh BbllIe 70 yCJ0B-
HbIX €JUHHLL).

5.22. Craruueckuii (E;,) ¥ aunamuyeckuii (E,) -MOJYJH
YIOPYTrOCTH PE3UHBLl MDU CKATUH ONPEIEasIOT SKCIepUMEHTal b-
HeiM nyTeM. B Ta6a. 5.3 npusefens! 3Hayenus E;, u £, aas
pDe3UHBbl pa3/HUYHLIX MAapoOK, MOJYyYEeHHbIe SKCIepHMEHTAJNbHO
Ha PE3HHOBLIX JIEMEHTaX C CYXHUMHU ONOPHBIMU NOBEPXHOCTIMH,
JTH Ke 3HayeHUs MOAyJeH NPUroJHbl Ajisi BHOPOH3O0JSATOPOB
C TINpHUBYJKAHH30BAHHBLIMH K METaJJIMYECKHM IlJIaCTHHaM
ONOPHBLIMK NMOBepXHOCTAMHU. OpHEHTHPOBOUHBIE 3HAUYCHUSA E .,
H E, 715 pe3HHbl Ha HaTypaJbHOM H CHHTETHYECKHUX KaydyKaXx
MOryT OBITL OmnpelejeHbl o rpadukKaM, H300paxKEeHHLIM Ha
puc. 5.4, B 3aBHCHUMOCTH OT TBEDPAOCTH PE3HHHI.

2{

A

———

T6epdocme no TUWM-Z
S

Y E—

! Tlo stoMy wMeToRy, OCHOBAHHOMY Ha pekoMmedaanusx HCO
(ISO/TC-45. Rubber Recomendation R-48), TBepaocTh pe3HHHI U3Me-
pA10T ¢ nomoueio npudopa HMCO.

2 Kyuepckunit A M, Cokxonsckasga B.J K soupec-
Cy O cooTHoweHUH TBepaocTu pesuld no MCO, TM-2 u TIIM-2. «<Kayuyk
U pesnHa», 1967, Ne 8.

70



Ta6bauma 5.3

XapakTepPHCTHKH PE3HUHbI

2 | O - E O -

=28 (5, | .87 =8 |25, S~

Sx0 moX [ 29k S2% (=03 =Y

Mapka oE¥ | S5 | B0 E Mapka OEd |S5X | 28
S>ae ok | HOW 5> | O8N | HOQ

pe3HHBI =4 | EER gpﬁg PE3HHEI SNax | QEF E5 5
Eim N AP | egE ﬁ:’im 22" | SEE

= - > B &

2= 585|858 S3|EEs| 252

HEo |OHE | MzE HER |[OHQ | MoE
3311 25 16 10,0381 HPII-1347 54 | 33 0,09
7-120¢ 112 66 (0,08 2566 38 | 24 0,11
2959 63| 30 0,14 CY-363 153 | 51 0,15
b6 72 | 37 }0,16 8508 126 | 31 0,15
112A 60 | 44 |0,16 4326 226 | 60 0,16
194 46 | 24 0,17 HO068 166 | 39 0,17

93 2001 61 |0,19 199 196 | 40 0,208
1992 100 | 37 |0,19 122 200 1 73 0,21
KP-407 100 | 42 0,21 9831 166 | 36 0,25
135 125 | 37 0,22 3826 236 | 46 0,30
2462 170 | 52 10,3l 2642H 314 | 56,5 | 0,32

PII-1346 | 39 | 3l | 0,035

JIns pe3snHOBBLIX 3JI€MEHTOB CO CMa3aHHLIMU OMOPHBIMH IIO-
BePXHOCTSIMH 3HaueHUs MOJYJEH YNPYIOCTH pPE3HHBl JOJKHbBL

ObITb YMEHBILUEHH B
ABa pasa. ns auHa-
MHYECKHX MOJyJIeH
CABUra pe3uHbl OpH-
eHTUPOBOUYHO  MOKHO
NPUHUMATb 3HauYeHHE

G,="% . (5.25)
3

5.23. KoapPuiueH-
Thl HEYIIPYIOro compo-
THBJIEHHSI Y,, XapaK-
TepU3YIoIIue JAeMI(H-
pyloiide CBOHCTBA pe-
3UHOBBLIX BHOPOM30JIS -
TOPOB, 3aBUCAT OT COP-
Ta NIIPUMEHSIEMOH Pe3H-

HbI.
OpueHTHpPOBOYHEIE
3HAUYEHHST Y, AJId pas-
JUYHLIX COpPTOB  pe-
3UHbI TNpPUBEJIEHLl B

tabJjg. 5.3.

400
300

LY
SEEEEEEEY
EEEED

Us6 44 52 60 88 76

Téepdocme no TM-2 u HCT

Puc. 54. Craruueckue (1) ¥ junamuue-
ckue (2) MoAyJin YIpPYyrocTH PE3HHH Ha
HaTypaJbHOM Kayuyke H £E; pesunn na

CHHTeTHUECKHX Kayuykax (J)
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5.24. llpn pacuere pe3UHOBBLIX BHOPOH30JISATOPOB OIpeJie-
JISIIOT BBICOTY, OOILYIO IVIOIAAbL MONEPEYHOTO CEUYEHHST U KOJIH-
4eCTBO DE3UHOBHIX 3/eMeHTOB. CyMMapHas KecTKocTb K,
PE3HHOBBLIX 3J1EMEHTOB BHOPOU30IAIHOHHOIO YCTPOHCTBA JOMXK-
Ha ObITh He Gosiee BETUUMHLL K,, onpefiesseMod No TPEThed H3
dopmyat (2.10).

5.25. [lnomanpr nonepeysHoro ceueHus F BCEX PE3UHOBLIX
3JIEMEHTOB BLIOHPAKOT 110 YCJOBHIO NIPOYHOCTH

F.> % (5.26)

? o

rae Q, — BeC H30JHUPYEMOH yCTAHOBKH (/151 KOMOMHHPOBAHHBIX
BHODOH30JIATOPOB — YaCTb Beca, Iepejaroniascs
Ha PE3HHOBLIE 3JIEMEHTHI);

O — pacyeTHOE CTATHYECKOe HampsKeHHe (cM. 1. 5.21).
5.26. Ilpu onpepesileHHH BBICOTHI PE3MHOBOI'O 3JEMEHTa He-
06XOJUMO YYHTEIBATH, YTO TPEHHE HA €r0 ONOPHHIX MOBEPXHO-
cTAX (ToplLax) npensiTCTBYET nonepeuHoi JedopMailuH, BCJIE]-
CTBUE 4ero 4acTb PE3UHLI, NpUJeramoniast K TOpiiaM, NpaKkTH-
yeCKH He ydyacTByerT B 00pas3soBaHHU OCAJIKH PE3UHOBOrO 3Je-
MmeHTa. 1103TOMY B pacuer BBOAAT pabouyl0 BHICOTY 3JIEMEHTa

H,,, KOTOpasi MEHBILE €ro MOJHOH BHICOTH .

Mexy nosHOH ¥ paboueH BBICOTAMU MMEETCSI 3aBHCHUMOCThD

A

Hp:Hlp I 8‘ y (5,27)

rae A — xapakTepHhIH pasMep MONepeyHoro ce4eHu s JIeMeHTa,
onpenensieMeldt B m. 5.27.

Pabouyio BEICOTY Pe3HHOBOIO 3/1eMeHTa H;,, BRIYHC/ISIOT 11O
dopMye

Eq F
Hlp — ;(Izpp, (528)

rjae £, onpelensior corJiacHo 1. 5.22.
5.27. PasMep nonepeuHoro ceyeHusi A pesHHOBOro 3JeMeH-

Ta (IuaMetp D HaM CTOPOHY KBajpaTa b) Ha3HAYAIOT HCXOAS
U3 YCJIOBHS, YTO

HlpéAg8H1p' (529)
Ilns skoHomHH pe3uHsl A BLIGMpaloT B mpejenax

Hy, <A< 1,5H,,, (5.30)
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5.28. JXecTKoCTb OAHOrO PE3MHOBOTO JAEMEHTa B IOPHU3OH-
TaJIbHOM HaNpasJEHUH ONpejeqasdioT o (popMyJe

o= Kyp="2 Ia 5.31
K xp:K yp — ’ ( - )
Hp
rge F', — miowaar nonepeyHoro (KBaJpaTHOIoO, KpyIVIOro,
KOJBLEBOr0) CeUeHHs OJHOrO PE3UHOBOIO 3JIEMEHTA.
5.29. O0mee YUC/IO pPE3HHOBBIX 3JEMEHTOB BHUGPOH30JIS-
[LTUOHHOT'O YCTPOHCTBA ONPEIEadIoT M0 GopMyJie

) f A—— . (5.32)

OHO AOMKHO HaXOAWTLCHA B Npefenax

SFp SFp
< n : 5.33
5411'13 SIS ng ( )

rae s = 1 andg KBajpaTHoro U s = 1,27 /s KpyIJioro ceYeHuH.

5.30. Ilpu moaGope pe3sHHOBHIX 3JIEMEHTOB 3aJdHHBIX pas-
MepoB' C KpPYIJIbIM, KOJbBIEBHIM WX KBaJpaTHLIM CEYCHUSMH
ofliee YUCJIO Pe3HHOBLIX 3J1€MEHTOB ONpeAessAioT B CleAyIoleH
OCJIEA0BATENBHOCTH.

I. Haxopar paGouyro BHICOTY PE3UHOBOrO 3J1€MeHTA 110 ¢op-
MyJe (5.27).

2. OnpefensiioT XeCTKOCTh OJHOI'O PE3HHOBOIO 3JEMEHTa
B BEPTHKAJLHOM HalpaBJE€HHH IO PaBEHCTBY

K, = Ex (5.34)
Hip

3. & CTaHaBJUBAIOT KOJHYECTBO DPE3HHOBLIX 3JIEMEHTOB #,
KOTOpOe JOJNXKHO ObITh HE MEHee UeThHIpeX, U3 YCJIOBUS

SR (5.35)

5.31. Haififennoe B m. 5.30 49uc/io pe3MHOBHIX 3/EMEHTOB
IIPOBEPSIOT Ha NPOYHOCTD

n>-% (5.36)

I Tunosne KOHCTPYKUHH H AeTand 3MaHHH u coopyxeHui. Cepus
3.001-1. BuGpousonupymonige ycrpoiictBa (pyHIAMEHTOB H OCHOBaHHIT
NOA MallMHH ¢ AHHAMHYECKHMH Harpyskamu, Bwi. 2. KaraJjor pesHHo-
BhIX BHODPOH30JIITOPOB H pPe3HHB! AT BUOPOH30JSATOPOB.
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3nech
@', — cratHyeckast Harpy3Ka Ha OJUH 3JIEMEHT, olpefe/sie-

Masl Mo ¢opMyJe

, _Aer.p. Ecr Fp
Qp =2~ (0.37)
Hip
Ayr. p — 3ajlaBaeMasi CTaTH4YeCcKas OCajKa pPEe3HHOBLIX 3Je-

MEHTOB.
Cxumalolee HanpsKeHHe B 3JieMEHTax AOJXKHO YAOBJIeT-

BOPATH YCJOBUIO

rjle ¢ onpenessorT no o.21.
5.32. B cnydae He0oGXOAMMOCTH UCIIOJb30BAHUS PE3UHOBBIX

BUOpPOH3OJISITOPOB B MOMEIIEHHUSIX ¢ TeMnepaTypod Huxke 0 uiau
Beiie 50° C, a Takxe NpH arpecCHBHOM BJHSIHUU Ha PE3HHOBLIE
BUODPOU30JSATOPH MaceJs, KUCJIOT, IEJOYeH ClefyeT IpesycMmar-
pHBAaTh NPUMEHEHHE pPEe3UHbI COOTBETCTBYIOLUX CIelHaJbHBIX
COPTOB, XapaKTEPHUCTHUKU KOTOPBHIX MOryT OBITh NOJYYE€HHI OT

3aBOJA-U3rOTOBHTE 4.
5.33. llpu 3arpyJHEHHAX B HU3TOTOBJIEHHH MOHOJIUTHBIX pe-

3HHOBBIX 3JIEMEHTOB MNMOCJAEAHHE MOXKHO Habupatrh U3 JHCTOBOH
PEe3UHBl U PacCUUTHIBATH MO (POpMyJiaM A/ MOHOJHTHHIX 3JIe-
MEHTOB, UMEIOLIMX Ty 3Ke BeIcoTy. [lyas obecneueHnss HaJeKHOTO
KpPemJIEHUS JIEMEHTOB K KOHCTPYKIUSM INMPUMEHSAIOT PE3HHO-
MeTajlJInYeCKHe BUOPOU30JATOPLl, V KOTOPLIX pe3nHa IPHBYJI-
KaHM30BAHA WM NPHKJAEEHA K MeTaJJUYeCKUM IJIaCTHHAM,
HMEIOIIUM KpernexHble OTBEPCTHSI.

Cmoco6bl KpenJieHus JIMCTOB pe3uHbl APYT K APYTYy H K Me-
TAJJHYECKUM OINOPHBLIM JEeTansIM, a TakKXke Ipelensl AOCTHrae-
MOH NPOYHOCTH KpEmJIeHUS M pelenTul NPHMeHdEeMBIX KJ/ieeB
H3JIOXKEHB! B JUTeparype’.

5.34. Ilpu pacuere BUOPOH30JATOPOB H3 pE3UH CO 3Haye-
HuaMu kKoadpunmentoB Ilyaccona p = 0,25--0,35 BO Bcex
dopmysax ciaepyer monarath fy, = f,,.

' Knen nns kpenjenusa pesud. IHHUHW nedprexum, 1969. I p u-
ropbeB E. T. Pacuer u KOHCTpYHpPOBaHHE PE3UHOBBEIX aMOpPTH3A-
TopoB. Mawrus, 1960. )Kepeb6kop C. K. KpeniaeHue pe3dHb
K MeraJaJqaam, 'ocxumusaar, 1956.
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KoM6uHHpOBaHHbIE BHOPOU3O0JIATOPH!

A. I pyxcurro-pesunossie 8UOPOUI0AAMOPLL

9.35. KoMOnHHpOBaHHbIE BHOPOH30JSTOPLI, COCTOSAIIHE H3
CTaHAAPTHBIX BHUTHIX MPYXHH U PE3HHOBHIX 3JEMEHTOB, IIPH-
MEHSIOT B T€X CJydYasiX, Korja 3aTyXaHue B BHODPOM3OJSATOPAX
M3 OJIHMX CTaJBHBIX NPYXKUH HejocTaTouHOo. Kosbduunent He-

a) )

.

O T T
L L ] ]

Puc. 5.5. CxeMpl KOMOMHMPOBAHHBIX BHOPOHU3OJSITOPOB H3 NPYXKHH U pe-
3HHOBBLIX 3JIEMEHTOB

@ — KYCTOBOe pacnojioXeHHe MNPYXXHH H Pe3HHOBBLIX 3JeMeHTOB (KYycToBble KOMOH-
HUPOBAaHHBIe BHOPOH3OJAATOPH), O — pasfedpHoe PACHONOXKeHHe TNPYKHH H DPE3U-
HOBBIX 3JE€MEHTOB pAfdaMy; - — npyxXupnl; O -— pe3nHOBLIE 3NEMCHTH

YOpyroro CONPOTHBJEHUSI KOMOUHHPOBAHHLIX BUOPOH30Js-
TOpPOB Y JOJMXKeH OwniTh B mnpepenaax 0,1 <y, <<0,2.

KoMOMHHpOBaHHbIE BHOPOH30MATOPHl MOXKHO BBINOJHSATD
B BUJIE KKYCTOB» U3 TIPYKHUH U PE3UHOBBLIX 3JIEMEHTOB (KYCTOBLIE
BUOPOU3OJIATOPE!) HJH B BHJIE OTJE/bHLIX NPYXHUH U PE3HHO-
BLIX 3JIEMEHTOB, YCTAHABIWBAeMBIX TIIOJ| arperaThl [MamvHbll
(puc. 0.9)

5.36. Ilpu pacuete KOMOHMHUPOBAHHOTO BHOPOHU3OJAATOPA
KECTKOCTH B BEpPTHKAJbHOM HAlIpaBJEHUH BCEX NPYAKHHHBIX
K,; ¥ DEe3HHOBHIX BUOPOU30JIATOPOB K,,, COOTBETCTBYIOIIUE
TpeOyeMoOMy KO3(pHIHEHTY Heynpyroro CONpOTHBJAEHHA 7Y,
MOI'YT OBITh OIIpele/IeHkI:

75



1) npmr napasnnesbHOM COeAMHEHHH CTAJIbHEIX NPYXKHH H pe-
3MHOBBIX 3JIeMeHTOB (pHc. 0.6, a, 6) nmo dopmyaam:

KZIIZKZ_KZD;
K. =K Ys— Vo . (538)
zZD y4 ?p'—?n ’

2) NpH NOCJefOBAaTeILHOM COEAUHEHHH CTaJbHBIX IIPYKHH
H pE3HHOBBLIX 3JIEMEHTOB (puUC. 0.6, 8) 1o dopmysam:

KZII_KZ :;H ::p ’
B (D
K K, Ky (5.39)
P Km—K;
0)
]

777777

w
o
X
X
X
o

Puc. 5.6. CxeMbl XOMOHHHPOBAHHBIX BUOGDPOM3OJATOPOB H3 CTaJbHBIX
NPYXKHH H PE3HHOBLIX 3JIEMEHTOB

a, O — napanjelibHOe COeIHHEHHe, 8 — IOCHeloBaTeJbHOe COoelAHHeHHe

rje K, — ofmasa XeCTKOCTb MNPYXKUHHLIX H Pe3sHHOBLIX
BHOPOU30JIATOPOB, ONpeaeaséMasl No TpeTbeH
13 dopmya (2.10);

Ys» Yo Vp — KOIPOHUIIHEHTHI HEYNPYroro  COINPOTHBJIEHHS
COOTBETCTBEHHO KOMOHMHUDOBAHHLIX BHODPOH30-
JISTOPOB, CTAJbHBIX MPYXHH H PE3HHOBLIX 3J€-
MEHTOB.

[TapannenpHOE COeJHHEHHE CTAJNbHBIX MIPYIKHUH U PE3UHOBBIX
3JIEMEHTOB NMPEJNIOYTUTE/IbHEE HE TOJBKO MO KOHCTPYKTHUBHLIM
cooOpaKeHHUsM, HO U C TOYKH 3PEHHUS TNOBLIIIEHUA YCTOHUUBO-
CTH KOMOHHHDOBAHHBLIX BUOPOH3OJISITOPOB, 4 TaK¥kKe CHHXKEHHS
CTaTHYECKOH Harpys3KH, BOCIPHHUMAaeMOH pPE3HHOBLIMH 3Je-
MEHTaMH.

5.37. B KOMOMHHpPOBAaHHOM BHODOH3OJIATOpPE CTaTHYeCKas
OoCajlKa pPEe3UHOBHIX 3JIEMEHTOB NpPH NapaliieJIbHOM COeAUHEHUH
HX CO CTAJbHBIMH NpPYKHHAMH JOJXKHA ObITh GOJbllle MaKCH-
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MaJIbHOH aMIIUTYJEl KoJie0aHUuH H3oaupyemMoro oGnekrta. s
9TOr0 BeJHYMHA CTAaTHYECKOH Harpysku Q,, mepefaBaeMoH Ha
PE3HHOBLIE 3JIEMEHTHl, JOJKHA YJAOBJETBOPATL YCJAOBHIO

Qp = Arare sz: (5*40)

TJE Qyaxe — MAKCHMaJbHAsl aMIVIMTYJa KoJebGaHHH yCTaHOBKH
[IPU OCTAHOBKAX U NMYCKaxX MaIIHHHI.

Harpyska Q,, nepejaBaeMasi Ha NpyKHWHBI, paBHa

Qr=0Q—0Q,. (5.41)
5.38. Ilo naiaennniM BenuyunaM K,, u Q, onpeneasior
YUCJIO M pasMepnl CTAJbHBIX NPYXKUH COIJIACHO YKa3aHHUSIM

nn. 9.1—95.18; no Bennuunam K,, 4 Q, onpeneNdoT YHUCJIO ¥
TapaMeTphl PE3HHOBLIX 3JIEMEHTOB B COOTBETCTBHH C MII. 5.19—

0.34.

o
- Q.
< S —
=p 3 i aﬂ+ *Qp
. - I T Bagas - . L
J V= SRR = R
T = N == N
= =y N\ = N
= N S N

A s s

Puc. 5.7. Cxema asst onpejieJieHUs] BHICOTH IOJCTaB-
KU NpH MnapajjeJbHOM CO€AHHEHHH BHODPOH30JATOPOB

CraJibHble IPYKHUHBI JA0JI3KHBI ObITH NPOBEPEHH! HA MPOYHOCTD
C YYETOM TOT'0, YTO Ha HUX TepellaeTCA BeC BCeH YCTaHOBKU. ITO
CBSI3aHO C T€M 0OCTOATENBLCTBOM, YTO B NPOIECCE MOHTAXa KOM-
OMHHDPOBAHHBLIX BHOPOH30JATOPOB C MapaljejbHBIM COEJHHE-
HUEM CTaJbHBIX NPYXHH H PE3UHOBLIX 3/IEMEHTOB HepeJKO Bec
H30JINPYEMOH YCTAHOBKH MOJIHOCTBIO MepejlaeTcsi Ha CTajbHbIE
npyxuHbl. [To0 OKOHYaHMU MOHTaXKa NPOUCXOJHT HEKoTOopasd
pasrpyska Ipy3KHH C BKJ/IOYeHHEM B paboTy PE3HHOBHIX 3Je-
MEHTOB.

5.39. PacueTtHast BbICOTAa PE3UHOBHIX 3J€MEHTOB B KOMOUHMU-
POBaHHHIX BHOPOHU30JISATOpPaXx OObIUHO ObiBa€T MEHLIIE BHICOTHI
npyxuH. IToaTomy pesanHOBBIe 3/ieMeHThl HEOOXOJUMO YCTaHaB-
JIUBATh Ha CIelHalibHbleé MOJACTAaBKH, BHICOTY KOTOPHIX Onpeje-
AT 110 popMyJe

h=Hy—H,—Acr n+Acr. p. (5.42)

rae H,, H, — noJHble BEICOTH NPYXKHHBl H PE3HHOBOTO 3J1e-
MEHTa B HEHArpyXeHHOM COCTOSIHHH;

Acr. n 4 Acr. p — craTHueckue AedOpMallHU NMPYXKHUH U PE3HHO-
BLIX 3JIEMEHTOB MOJ Happyskamu @ H Q,
COOTBETCTBEHHO (pHC. 3.7).
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b. IIpyscunro-naacmmaccossie 8UOPOUSOAAMOPbL

5.40. KoMm6uHnpoBaHHble BHOPOH30MATOPLI, COCTOSILHE U3
MapasnJjiesibHO COeAUHECHHBIX CTaJbHBIX MPYXKHH U MJIACTMACCO-
BBIX 3JIEMEHTOB, MOI'YT OBITh BBLINOJIHEHB! B BHJE €JHHOH KOH-
CTPYKIMH, H306GpaxkeHHo#l Ha puc. 5.8. IlpyxKuHHO-IIacTMAC-
coBblii BUGpousoasaTop (puc. 5.8, a) npeacraBiasieT co0OH HeCy-
MIYIO CTAJELHYIO NMPYXKUHY, BHYTPH KOTOPOH PaCrOIOXKEH C He-
KOTOPLIM pajiiaJbHBIM 3a30pOM IJIACTMACCOBBIM KPYIJILIM I1H-
auap. Ha puc. 5.8, 6 ne-
CylllHe CTaJibHblE IPYKUHBI
BCTaBJeHbl B THe3la, BbIpe-
3aHHpIe B OJIOKE MOJuMepHO-
ro wMarepHaljia. ITOT BHJ
MPY3XKAHHO-IIJIAaCTMACCOBBIX
BUOPOU30JSATOPOB IPEAINOY-
Puc. 5.8. Cxemul KOMﬁHHHpOBaHHbIX TATEeJIbHEe RCIIOJL30RATE
e rronom BHOPO- 15 BUGPOHM3OMSIUKA HaHGO-

g P Jlee TSXKeJblX MalluH ¢ rap-
MOHHUECKUMHU Harpy3KaMM.

KoHCTpyKTHBHAA OCOOEHHOCTE pacCMaTpUBaeMbiX BUOPOU30-

JSITOPOB COCTOUT B HAJIUYHHU 3a30pa 1 MeXXAY BEpXHHUMHU YPOBHSI-

MH CTaJIbHBLIX INPYKHH U IJIACTMACCOBLIX 3JEMEHTOB, BeJWUYHHA
KOTOPOT'O JOJIKHA HAXOAUTBLCH B Ipenenax

Qp; << < Oyaxes (5.43)

rje a,.,xc — AMILUIMTYJA KoJieGaHU{ MAMINHBL [IPH ee NyCKe UJH
OCTaHOBKE;

Q,, — aMILINTYJa BEpPTHUKAJbHBLIX KOJMeO0aHUH YCTAaHOBKHU
B pabouyeM pexunMe.

YcaoBue (0.43) o3Hauaer, yTo B paboyeM peXuMe MallUHa
coBepiuaeT KoseGaHu s Ha OJHUX JHUIIb NPYXHUHAX, IPAKTUYECKH
Oe3 3aTyxaHus. [ lnactMaccoBbie s/1eMeHThHI BKIIOYAKTCA B paboTy
TOJILKO B IYCKO-OCTAHOBOYHLIX pexXKHMMax MNpH 3HAYUTEJbHOM
pocTe aMIUIUTYJ KoJieOaHUU ycTaHOBKHU. OrtJieqibHBIE BUJBI
naacTMacce o6JaJarT BbBICOKHM BHYTPEHHHM TpeHHEeM, 4YTO
criocoO6CTBYET OLICTPOMY 3aTYXaHHIO KoJeOaHUH.

5.41. IlnactMmaccoBhie 3j1eMeHTH B KOMOMHUPOBAHHEIX BHO-
POU30JATOpaX MOTYT ObITh U3TOTOBJIEHEI U3 3JaCTUYHOTO BUHH-
nopa (I1XBJ) u neHononuyperana (I1I1Y), koadpdunnenTs He-
YVIPYroro COMpPOTHUBJEHHS KOTOPBIX paBHBI COOTBETCTBEHHO
Vor = 0,4 = 0,6 U vy, = 0,2 = 0,4. Harepsan pabounx
tremnepatyp aasa I1XB23 cocrasnser or —8 no +-60° C, unrep-
BaJ paGouux Temnepatryp Anda [TITY or —25 mo +120° C.
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5.42. B KOMOMHMPOBAHHLIX BHOPOHM30JATOPAX MNOAOGHOrO
TUNA pacyeT CTaJbHLIX TNIPYXKHH, BOCIHPHHHMAKIOUIHX MOJHBIH
Bec () H30JHMPYEMOH YCTAHOBKMY, H IJIACTMACCOBBHIX 3JIEMEHTOB
BBIMOJIHAIOT B CJAEAVIOIMEN NOCTAEA0OBATENbLHOCTH.

1. OnpefiesifioT YUCIO NIPYKUH 11, TOA00paHHBIX 110 «Kara-
JIOTY NPYXKUHHBIX BUOPOU3OAATOPOB U NPYKUH JJis BUOpOU30-
JATOPOB», M0 dopmyJe (0.24).

2. Haxongar ofiiyio KeCcTKOCTh NPYXUH B KOMOMHUDPOBAH-
HbIX BHOpousonaTopax K, mo dopmyae (5.23) npu coxpaHeHHH
B HEH 3HaKa paBeHCTBA.

3. JKecTKocTb BCEX MJIACTMACCOBBLIX 3JIEMEHTOB B NPYIKHH-
HO-MJIACTMACCOBLIX BUOPOHU30JATOpAX ONPENesIoT Mo gopMmyJie

Kz Imsz'_Kzn' (544)

4. Ilnomanp nonepeyHoro ceyeHu s BCex NAacTMacCoBRIX dJ1e-
MEHTOB KOMOMHHUDPOBAHHEIX BHOPOH30JISATOPOB BLIYHCASAIOT IIO

popmyJe

H
FH.]] Kznn HJI (5-45)
E
I1J
rie £ — AMHAMHYECKHH MOAYJAb YIPYTOCTH MEHOIJIacCTOB,
OpHEHTHPOBOYHO paBHLIH

Eun=2-=-6 xljcm?,

H_, — BBICOTA IJ1aCTMacCOBOTO 3J€MeHTa, onpeaessieMast
o gopMmyJe
H,=H,—h; (5.46)

H, — BbICOTA HArpy:XeHHOH IPYIKHUHBKL.

9. 43, BennunHy HauGoJiblIed BO3MVIIAKOIEH CHJBLI, KOTO-
pas nepegaercd TMOAAEPIKUBAWILEH KOHCTPYKIHM B pPeXUMax
MyCKa HJH OCTAHOBKH, omnpenendioT no gopmyqae (2.42). Bxo-
ASIHe B Hee 3HaYeHU A KO(PPHUIIUEeHTOB HEyIpyroro COnpoOTHUB-
JIEHUSl TPYXHUHHO-IVIACTMACCOBLIX BHOPOH30JSTOPOB BBHIYHC-
JAIOT N0 POopMyJie
Konn Vo + Ken Vi

K2

rae VYax = 0,2 =~ 0,3 A1 npyXUHHO-IIJIACTMACCOBEIX BHOPO-
M30JI9TOPOB ¢ 3JjieMeHTamu 3 11XBD2;

Vox = 0,1 == 0,2 114 npyKUHHO-11J1aCTMACCOBLEIX BUOPO-
H30JSITOPOB € 3JeMEHTAMH U3 NEeHONMOJUypeTaHa.

PaBeHCTBO Yux = Yy, /2 YUHUTBHIBAET palboTy mJacTMacCo-
BHIX 3JIEMEHTOB B TEUEHHE OJHOro MoJylHKiaa. KoahduuueHT
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HEYNIPYroro CONPOTUBJEHUSA MPYXKUHHO-NJAACTMACCOBLIX BHO-
POH30JIATOPOB JOJIKEH HaXOAUTbCH B mpegenax vy, = 0,15 —
~— (0,25. B nporuBHOM cjiyuae pacuer HajA0 NOBTOPHUThL INPH
YVBEJUYCHHOH IJIOMAAN MONepeYHOro CeUeHHs IJIaCTMACCOBBIX
3JIEMEHTOB.

OnopHble BUOPOHU3OJAATOPD! C FHAPOILAPHUPAMH!

5.44. BuOpousonqaiyio- HEKOTOPHIX BHJOB HNPOMEIII/EH-
HOro 06opyJiloBaHUA (TSAXKENbIX MAIUH ¢ FTOPH3OHTAJbHLIMH Ha-
Irpy3KaMH, B YaCTHOCTH KOHYCHEIX M LIEKOBBIX APOOHJIOK) MOXK-
HO BBLINOJHATH C IOMOLIBIO BUOPOM3OAATOPOB € I'HApPOIIApHU-
paMH, KOHCTPYKIIHS KOTOpPHIX H300paxkeHa Ha puc.d.9. ['HA-
paBJHYECKHEe IIAPHHPHl PAacOoJOXKEHbl Ha KOHILAX KEeCTKOro
cTepHS I ¥ COCTOAAT U3 OJHOH WJIHM HEeCKOJBLKHX JMH3. JIHH3a
o0pasoBaHa JBYMA KOJILIIEBLIMH NJIACTHHAMH, COEJHHEHHBIMH
Mo NEPUMETPY XKECTKUM KOJBLOM. Pajuyc raiaTejsud NpH nepe-
X0Jle KOJIBLIEBEIX IJIACTHH B HAPYXKHOE KOJIBLLUO H BHYTPEHHHH
CTEpKEHb MPUHUMAIOT PaBHLIM TOJIIUHE NJaacTHHBL. [IpocTpaH-
CTBO MEXJYy IJIJaCTHHAMHU 3amoJHAIT XKHUAKOCTbIO, HamnpHMeEp
MacJIOM C HHU3KOH TeMmepaTypod 3acThiBaHuA. Bubpousonsd-
TOp oO0ecleynBaeT HHU3KYIO0 4YacCTOTY COOCTBEHHBIX KOJeOGaHHM
YCTAaHOBKH B I'OPH30HTAJbLHOM HAllpaBJIEHHH NPH OJHOBPEMEH-
HOH MaJioll JedopMalud B BepTHKaJlbHOM HaIlpaBJIEHHH. ¥ Be-
JUYEHUEe KOJUUYECTBA JINH3 TUApPOLIAPHUPA DK TOH XKe HecyleH
CrIOCOOGHOCTH, UTO H Ji/Is1 OJJHOH JIMH3LI, IPHUBOAHUT K YMEHBIIIEHHUIO
FOPU3OHTAJILHOH KECTKOCTH BHOPOHU30JISITOpA.

Koa(pduueHT HEynpyroro CONpPOTUBJEHUS BHOPOH3O0JISATO-
pa C rHAPOLIAPHUPAMH IPHHUMAIOT TAKHM XK€, KaK JJisl CTalb-
HBIX NIpYKHUH (y = 0,01).

5.45. Hecymyo cnocobsocTh BEOPOH30AATOpa C THApOIIAD-
HUpaMH B kI'/cmM® onipefesiioT 10 BeJIMUHHE MAKCHMAJIbHBIX Ha-
NpSAXEHUH B KOJBLLEBOH IJIACTHHE

M,+M 2
6= =+ 7,4P, ﬂ;’; : (1-_;5) <lol, (5.48)
rae P, —— Harpyska Ha ojuH BUOpPOH30JATOP;

r — BHYTPEHHHH pajuycC KOJIBLEBOH IJIACTHUHBI;

R — Hapy»HBIH pajuycC KOJbLEBOH MJIACTHHBI;

! — TONIIHMHA KOJILIEBOH IJIACTHHHI;

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

1 ABTopckoe cBHAeresbecTBO Ne 244023 B. I'. Ilomoawckoro.
. M. baakapesa, C. M. I'puropbsania.
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Mg= —179,57[1,3In (0,55R) +0,35] — 0,65¢, - 15,54;
= 1589,15(0,5—1n R) - 36,05.
3HaueHud r, R, ¢ BbIpaxKeHbl B CAM.
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Puc. 5.9. Cxema onopuoro subpousoasropa ¢
rHApPOLIAPHUpAMH:

] == JXeCcTKHA cCTepyXeHb: 2 — XeCTKoe KOJbllo, 3,
4 — KOJBIEBLIe NAACTHHHI, 5 — ONOpPAa MAIUHHDLI; 6
onopa BHOPOH3OJIATOpPA

5.46. ['opH30OHTANBHYIO XKECTKOCTH BUOPOH30JSATOpA C TUJ:-
pouiapHupaMu B xl'/cm omnpejensiiotr 1o ¢gopmyJe

K,=K,= I(Km ) (5.49)

nl
rie  Q — crartMueckasi Harpyska Ha BHGPOH3OJIATOP;
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[ — paccrosiHHe MeXAy LleHTpaMH BepXHEro U HUMKHEro
THAPOLIAPHUPOB;
n — YHCJIO JIMH3 Ha OJHOM KOHIle CTEep:KHSA (IBe Ha
puc. 5.9);
Kys — U3rufHasg XKEeCTKOCTh OJHOH KOJblieBOH NMJAACTHHEL,
BLIYHC/IsIEMasl 10 popMyJie

¥ d,
Km:

T [41,47R3.2 (R3:2 —r3,2) 4

RL.6__
1 43,26 (RS:4 — r6.4) —_79 87R!.6 (R4.8—4.8)] L ";”- :
pa
(5.50)
D Et3
— — NMJAHHAPHYECKASs] KECTKOCTb MJIACTHHHI;

12 (1—p%)
p = 0,3 —KosdpduuuenT [Iyaccona.
5.47. BepTHKaJBHYIO XKECTKOCTh BHOpoH3oasTOpa B KI/em
HaxoJAT no gopmy.Je

K,

_ 6350100 (5.51)
n(Wa+We) (1—r/R)
rie
W,=0,0183R?[79,57 (In 0,1R—0,5) 4 0,5¢, — 187,2];
Ws=(0,1R)?[39,73(In0,IR—1)-}-0,25¢;, —187,2In 0,1 R -
-+ ¢5/(0,1R)*—0,0495];
¢, = R?(39,73 (1 —InR)—0,25¢; + 4,95] 4 1,87R2? In R.

5.48. AMIIUTYAY rapMOHHYECKOro HampsxeHus B Kl /cm®
B KOJIBUEBOM NJIAaCTHHE NPH aMIUTYAE TOPU30OHTAAbHLIX KOJje-
OaHUH YCTAHOBKH @ B CM OIPEIESISIOT 110 opMyJe

3Da

P e ()T
. R+4r\06[ 15  (R+r\1,8 R+r 2,2}
(-0 (B R — () T oz (1))

(5.52)

5.49. nsa o6ecneueHust YCTOMUHUBOCTH BHOPOH30JATOpPA
JOJIDKHO COOJIIOAATHCS YCJIOBUE

Am_ — 19, (5.53)

le'ﬂ ’
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Fnasa 6. AEMII®PEPDI BA3KOI'O TPEHHUA

6.1. [eMmndepbl BA3KOIO TPeHUd, a TaKKe AEMIpeprl Cy-
XOro TpeHMsd, MpeAcTaBaAsomUue CcO00H EMKOCTH C BA3KOH
XKUAKOCTbIO, B KOTODBHIX pa3MelieHbl JeMEHThI TpPEeHUA, BBO-
JIAT B BUOpPOMW3OJHPOBAHHYID CHCTEMY B Te€X cCJjydasx, Korja
BHYTPEHHEro TpeHUs B MaTtepHasne BHOPOHU30JATOPA HENOCTa-
TOYHO, 4YTOOB! 00ecneuuThb
TpedyeMyl0  aMIUIUTYAY ) = 5)
KoJeOaHUH  YCTaHOBKW, '
(ipu mepexOJHLIX PEXKH-
Max, yAapHbIX BO3AEHCT-
BUAX U Ap.). DB a3ToMU
IJIaBeé paccMaTpUBalOTCA
TOJILKO JeMndepbl Bf3-
KOTO TPeHHus.

6.2. PacuerHo#l Besu-
UHHOH 114 AeMndepa BS3-
KOro TpEeHUS SBJLETCH
OTHOCUTEJIBHLIN KO3 dhu-
MeHT 3aryxanuga D, on-
pelensgeMplH no ¢opmyJie

Puc. 6.1. CxeMBl pa3jHYHBIX KOHCTPYK-

D — * . TUBHBIX peElLI€HHH 3JEMEHTOB TPEHHUSA B
®p’ (k“'“ X, Y, 2), (6. 1) Jemngepax BS3KOro TPEHHS
rje %X — IIOCTOSIHHBIH KO3((UIHEHT 3aTyXaHHd, 3aBH-

CAWMK OT KOHCTPYKIUH JeMndepa U CBOHCTB
3aMNONHSIMIEd ero BA3IKOH XKUIKOCTU;

= H
W, = ]/ mh yacToTa CBOOONHBIX KOJIeOaHHU CHUCTEMHI.
Kospduunentsl D n y cBSI3aHB! 3aBUCUMOCTHIO

D — 1/411?2 . (6.2)

Kospdunmenr » ans aemndepa BSI3KOTO TPEeHUS OOBLIYHO
[MOJIY4aloT 3KCIEPUMEHTAJbHBIM IIyTeM.

6.3. BapbupoBaTh 3HaueHHe X B JOCTATOYHO UIMPOKHX
nmpeiesiax MOXKHO NyTeM KOHCTPYKTHBHBIX H3MEHEHUH 3J1€MeH-
TOB TPEHH S, HalpuMep, U3MEHeHHeM JiiaMeTpa OTBEPCTHUS B Kpa-
He COEIUHHTEJbHOH TpyOKu (puc. 6.1, @), uucjaa CKBO3HBIX
OTBEPCTHH B TeJsie nopwH (puc. 6.1, 6), KosHuecTBa CIJIOIIHBIX
UJIH IepPOpPHPOBAHHBLIX INJACTHH, UX pa3sMepoB, KOJMHYECTBA
U pasMepoB OTBepCTHH B myacTHHax (puc. 6.1, 6).
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DJeMeHT TPEHHsS MOXKeT ObITh BBIIIOJIHEH B BHJE rpeOeHKH
CO IUThIPbKaMH, OCHOBaHHEe KOTOPOH YCTAaHOBJEHO B KOpIyce
(puc. 6,2, caeBa). BoaMoxKeH TakiKe 3JIeMEHT TPEHHUS B BHJE
BXOAAIUUX OJUH B JPYroH ceTyaThiX LIWJIHHIADPOB, MEXKIY
KOTOPBIMH HMeIOTCs 3a30phl (puc. 6.2, cnpasa).

Kosa(puiiuesT » BO MHOIOM 3aBUCHT OT TeMIepaTyphl BS3-
KOM KUAKOCTH, YMEHBIASCH C €€ IOBLIHIEHUEM.

6.4. Bo MHOTHMX KOHCTPYKIUSAX [IACTUHYATHIX MU MOPILIHE-
BLIX JieMII(epOB BSISKOTO TPEHUS 3aTyXaHUE BLI3BAHO BO3HHK-
HOBEHHEM B KHJKOCTU BHUXPEBHIX JBHXKEHHMH. B 3ToM cayyae

. ’%“v::::
” ff
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Puc. 6.2. CxeMbl pasiHYHBIX KOHCTPYKTHBHBIX PELIEHHN 3JIEMEHTOB
TPEHUA

! — KXopnyc; 2 — KphILIKa; 3 — 3/AeMEeHT TPeHHS B BHJe WITLIPbKOB;, 4 —s3Je-
MEHT TpPeHHda B BHJAC LUHJIHHAPOB

CHJIa BSI3KOTO COIIPOTHBJAEHHUS He OyaeT NpoNOpLHOHAJNbLHA
IEPBOH CTENEeHU CKOPOCTU JBUKEHHUSA Tesja U He MOKeT OhIThb
onpegesieHa pacdyeToM C JOCTAaTOYHOH TOYHOCTHIO. [lponopiiuo-
HaJNbHOE TEepPBOH CTENEHH CKOPOCTH .3aTyXaHHE MOXKHO OCy-
HIECTBUTh C OMOLILIO OJHOU MJIH HECKOJIbKUX TJJACTHHOK, IBU-
KYUUXCS NapaJ/iyieqbHO CBOeH noBepxHOCTH (puc. 6.3).

[InacTuHBl, XECTKO CKpEIJIEHHbIe C TeJIOM, IMepeMelarTcs
B BSI3KOH XKHJKOCTH, Kax/Jaasl IMOJABUKHAS IJIACTHHA HAXOJAHUTCH
Ha OJMHAKOBOM pacCTossHHU AA OT cocellHeH HENOJABUKHOH.

[TonHBl TOPMO3ANIHH MOMEHT CHJI, JEeHCTBYIOIIHX Ha ofe
CTOPOHBI BCEX IIJIACTHH INPU BpalaTesJbHbIX MepeMEeleHHAX yC-
TAHOBKH, OMNpeaensiorT no dopmyJe

Q= —2u-r (L2+4)b, (6.3)

rge U — KO3(PPHLHEHT BA3KOCTH XHUAKOCTH;
N — gucJI0 nj1acTHH,
S — nJjowags OAHOH CTOPOHHI MAACTHHLL;
L, — paccTosiHHe OT LieHTpa TAKECTH MOTPYyKEHHOH B XKHJ=
KOCTb YacTH IIJIACTHHHI [0 OCH BpallleHHA TeJa;




0 — yrjoBast CKOPOCTh JIBHIKEHUA TeJa;
g — BeJIMYHHA, 3aBHCSAS OT (POPMEI NJIACTHH.
JL1sl IpAMOYTOJMBHEIX MJACTHH CO CTOPOHAMH @ u b

az—l—bﬂ'
7= 12

[Tocne poiyvcnenusa D no dopmyse (6.2), B KoTopol Tpe-
OyeMoe 3aTyxaHHe cHCTeMul p >> 0,2, onpenessior pasMepsl H

(6.4)

_—_-_-"t el

Bubpousonupobay- wL
HoIU OQBEKIT

g Ba3Kkas
- KUTKOCITIE

JcHobBaHuE

Puc. 6.4. Cxema pemndepa Bss-
KOrQ TpEeHHs C JBYXKOMIIOHEHT-

Puc. 63. JleMndep BA3KOrO TpeHHS HOM XUAKOCTBIO

YHCJO MJACTHH, UX B3aUMHBIE pACCTOSIHUA, PACCTOSHHUSA OT
OCY BpamieHust ¥ KOIPPULIHEHTH | U3 BbipaXKeHH4.

Dz——z—c—-: QT — = - k:xy 6.5
Ok 2Jon O Jor O ( 4), (6.9)
rae Jop, —MOMEHT HHEPLUUH TEJa OTHOCHTEJIBHO OCH
BpallleHUs;

Dpp = Vﬁ‘pk KPYTOBBIE 4aCTOTHl COOCTBEHHBLIX BpallaTeb-
8 HBIX KOJIe6aHUH Tena:
Kgr— yIJIOBasl XKECTKOCTb CHCTEMHI.

6.5. Huxe onuceiBaercss aemndep BA3KOro TpeHus' ¢ XKuj-
KOCTbIO, COCTOAINEH H3 JABYX KOMIIOHEHTOB, OJHUH H3 KOTOPBIX
HMeeT OO/bLUYIO BSA3KOCTb, HO MaJiblii yAENAbHLH Bec, Apyrod —
MaJIyI0 BSI3KOCTb, HO 6OJIblIOH yAenbHLIA Bec (puc. 6.4).

! Amtopckoe cBHpeTenncTBo Ne 247727 B, C. MapTeIIKUHA H
E. M. Muposnosa.
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Jlemndep cOCTOUT U3 NUAHHAPHUYECKOrO Kopryca (eTaTopa),
BHYTPH KOTOpPOI'O C HEKOTOPLIM 3a30POM pa3MelleH MOpIIEHb
(BuOpatop), BBIIIOJIHEHHLIH B BHJE CTaKaHa, KOTOPHIH yCTaHOB-
JIEH COOCHO C KOpIycoM H oOpaiieH JHOM KO JHY KOpIlyca.
CraTop XKeCTKO Xpemsit K NOAAepXHBalomed KOHCTPYKIUH,
a BUOpaTop — K BHOpOU30JHPYEMOH ycTaHOoBKe. Mexjay 00-
KOBBIMH CTEHKaMH CTaTOopa M BHOpartopa HaxOJUTCH Bs3Kad
KHUJAKOCTb; TMOJIOCTb MEXAY JHUIIAMH KOpriyca H IOPIIHS
3anoJiHeHa XKHJKOCTBIO C MaJjioH BSI3KOCTBIO, KOTOpasl He pacT-
BOpsieT padouylo JKHUJIKOCTh, HalpuMep, BOJLOH.

Cuny BsiI3KOro TpeHusl P,.,, BO3HUKAKIYIO NMPH JBHKEHUH
NOpLIHA B paboyel cpefie CO CKOPOCThIO Uy, HAXOAAT 110 GopMyJe

PTh:hh Up (k:x: Y, Z), (66)

rjae hy — HeoOXOAUMBIH KO3(h(MHUIIMEHT CONMPOTHUBJAECHUS BSI3KHX
AeMIpepoB, onpelensieMblH no gopMyJie

hy, = 2mn =20, mD. (6.7)

[Ipu naBuxKenuu BuGpaTOpa B BEPTHKAJbHOM HAallpaBJI€HUH

CO CKOPOCTBHIO U, KO3(PPHUIIUEHT CONPOTUBJICHUS F1, ONPEAESAIOT
1o gopmyJie

[Ipu ABuXenuu BuGpatopa B rOpHM30HTAJbHOM HallpaBJeHHH
CO CKOPOCTBIO U, KO3(pIHUIIUEHT CONMPOTUBJEHUS fi, ONpeeIsIioT

no gopmyJe

ho 1200l o3 ry® (6.9)

T i r—

T (12r)2 4 1p2) 83

rje W — JHUHAMHUYEeCKHH KOS(MOMUIHEHT BA3KOCTH
B KI -cex/cm?;
l, — paboyast BbicOTa CJIOSl BSI3KOH KHJIKOCTH B CM;
ro — HapyKHbIA paauyc BubOparopa B CM;
R — BHYTpeHHHH pajuycC CcTaTopa B CM;
0 = R—ry, — OGOKOBOH 3a30p MeXJy CTaToOpOM M BHOpaTOpOM

B CM;
VP (o) — DyHKIUA, onpejeasieMasi no rpaduKy Ha puc. 6.5;
a = R/r,.

Briyucius no gopmyne (6.2) tpebyemoe sHayeHue D, OI-
peneasoT mo gopMyqaam (6.7)—(6.9) aHauyeHune p JeMNQHpyo=
ed XHUIKOCTU YU MO0 HEMy MNOoAOHpAalOT BAIKYIO XKHJKOCTD;
NpeAnoaaralT, 4YTO TreoMeTpUuYecKHue mnapaMeTpbl, BXOASLIHUE
B ¢opmyJpl (6.8), (6.9), H3BeCTHHI,
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BenvuynHa AUHAMHYECKOro JAaBJI€HHS, BO3HUKAIOUMIETO BHYT-
PH BSISKOM XKUJIKOCTH IpH JABUXKEHUW BHOparTopa, He JOJIKHA
npeBpiliaTh aTMochepHOro JaBJjeHus. B IpOTUBHOM ciyuae
IpH ABH:KEHUU BHOpaTOpa BBEpX IOJ €ro AHuIneM Oyjer oOpa-
30BBIBATHCH BaKyyM.

% S
n

o
D

Ig ¢ (), 1g plec), Lgv/plec) ¢ (), Lg 10p(ec)
N
ey N
AL NAA
/ AW

LA
£

<y
W

AvAiV/
iNNEEEE

Y
2, 0 %‘h
15 N ..
HEEED

s B

11 2 13 14 o

Puc. 6.5. I'paduku k pacuery memndepa ¢ ABYXKOMIOHEHTHOH KHJ-
KOCTBIO

Pa3HOCTb JABNEGHUH MEXIY BEPXHHM H HHKHUM Y POBHAMHU
BSI3BKOH KHJKOCTH ONpPEJeNSIOT Mo GopMyJe

Ap=2zP®@) (95 «ricp (6.10)

2
g

rfie @(e) — GyHKUHSA, 3HAYEHHS] KOTOPOH ONpefensioT no rpa-
(p¥Ky, H300pazKeHHOMYy Ha puc. 6.5.

[Ipu 3ajaHHBIX BeIHYHHAX WU, U,, BEPTHKAJBHOH CHJILI BSI3-

KOTO TpeHHs Pp,, OTHOWeHHs B = [ /r, 1 pasHOCTH JaBieHuil
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[Ap] = 0,95 kI'/cm? sHaueHHE o ONpefensioT 1o rpaduKy, H3o-
OpaxKeHHOMY Ha puC. 6.0, B 3aBUCHMOCTH OT BhLIPaXKEHUS

Vo @) (@)= %ﬁj;é" . (6.11)

B ciayuae anuTesbHBIX TaPMOHHYECKUX BEPTHKAJNBHBEIX KOJIe-
OGauui BUOGpaTOpa C aMIIMTYAOH CKOPOCTH U, YCTAHOBUBILIHICS

i
a *p(!ﬂl
L,

Sdn, 2
Puc. 6.6. Cxema BkJI0O- Puc. 6.7. Cxema coeguHeHust ye-
UeHUsA JAeMIdepa B3- pe3 VIPYI'YO BCTaBKy JAeMlde-
KOro TpPEHHSA B NYCKO- pPa BA3KOro TPEHHS C KOJe6J10-
OCTAHOBOYHHIX  peXKu- nieiica Maccout

MdX

nepenaj temrepatrypol AT BHYTPU BS3KOH KUAKOCTH OMNpeje-
JISIOT N0 (opMyJie

AT =M%y () (6.12)
24\ ’ '

rie A = 42,7kl -cm/kar — MexaunyeCcKUH SKBUBAJIEHT Tell-
JIOTHI;
A — KO3(P(HULUHEHT TEIJIONPOBOJHOCTH BA3KOH IKUJAKOCTH
B KaAlepad-cm-cex;
n(2) — Pyuruud, onpepensieMasa no rpaduky, uloOpaxkeH-
HOMY Ha puc. 6,5.
3Hadyenre AT H0JIXKHO COOTBETCTBOBATh HHTEpBaNy pabouux
TeMnepaTyp npUMeHAeMOH BfA3KOH XKUAKocTH. B  xadecrse
paboueldl BSISKOH JKHJKOCTH MOXKHO HCIOJNb30BATh KPEMHHHOP-
raHuyecKue XHAKOCTH, B YACTHOCTH IOJHMETHJICHIOKCAaHOBLIE.
[IpoMuiniieHHocTh BHycKaer Xuaxoctd [IMC-10000, IIMC-
15000, TIMC-20000, IIMC-50000, IIMC-100000, IIMC-1000000
(uHcsa B 0603HAUEHHSIX MapoK YKashiBalOT BA3KOCTh XKHJIKOCTH
B canTunyasax). KosdpduiuenT TEnjJonpoBOAHOCTH 3THUX XKHUJ-
KOCTeH BO3pacTaeT C YBeJHUEHHEM BA3KOCTH B npejenax oOT

2,3:-10™ 5o 3,8-10™* xaa/epad-cm-cex. .
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6.6. C uenpo yMeHbUIEHHS HeGJATONPUATHOTO BJAUAHUSA
NeMIpepoB BASKOro TpeHUd Ha KO3(PPHUIHEHT nepefayd H pac-
XOJ MOLIHOCTH B paboueM pexume (. 2.32) npuberaror K pas-
JJAYHBIM KOHCTPYKTHUBHBIM MEPONpUATHSAM, He IpensiTCTBYIO-
IIMUM, OJHAKO, HOpMaJbHOU pabore AeMndepoB B NEPeXOAHLIX
pexxuMax. OJHUM H3 TAKUX NMPHUEMOB SIBJISIETCS CO3JaHHe cIie-

IIHaJbHBIX JIIOPTOB H 3330POB B y3JI€
MPUKpeIVIeHud JeMndepa K CUCTEMe.
Beauuuna AodroB K 3a30pOB JOK-
Ha ObiTb nopobOpaHa Tak, 4ToObl B
paboyeM pexHMe JeMndep BLIKJIIO-
yajcsa U3 pabotel (puc. 6.6). B ka-
YyeCcTBe JPYroro MOXKHO MCIOJAb30BaTh
MOAKJIOUeHUe JieMndepoB BSA3KOTro
TPEHUSI K KoJeOjawilencs Macce
yepe3 VIPYrylo BCTaBKY (pHucC. 6.7).

6.7. Ilo cxeme, nokaszaHHOH Ha
puc. 6.6, paborawt aeMndepsl Bf3-
KOro TPEHHSI CO CBOOOIHBIM XOJ0M’,
CepUUHO  BhINycKaeMple (CyMCKUM
MaIIMHOCTPOUTEJ LHBIM 3aBOJIOM
uM. @DpyH3e Ang cucreM BHOPOHU3O-
JALUU LeHTpUpyTr (puc. 6.8). Jlerkue
IJIVHXKephl, CHaOKeHHBIE C ABYX CTO-
POH ynopaMH, IepeMelianTcs B Ka-
HajlaXx OCHOBHOrO nopuiHga. B nopi-
HEe HMeeTcd  JAPOCCEJNbHOE OTBep-
CTHe, OTHOIUEHHE ILIOIAAH KOTOPO-
ro K IVIOWAAA TMONEepeyHOro CeYeHU s
BCeX mayHxkepos pasHo 0,01—0,02.

T T

S

T2

\ S\
N
7/ \ 7

= N B
N N

Puc. 68. J[lemndep Bs3-
KOro TpeHust co cBobon-
HLEIM XOAOM

I =~ TOpPIIEHBL, 2 — MJAYHXE-
pbl; 3 — BTYJKa € JpocceNb-
HbIM OTBEpPCTHEM

INg
T

-n’
(77 Al

Ny

=

L]
|
[

bl /.

/T

Takoe ycrpoicTBO mno3BosageT JAemndupoBaTh KoJebaHUS,
AMIVIATYABL Qyare KOTODBIX NMPEBOCXOAAT @Q,,. JIBONHas BeJH-
YHHA IOCJEAHHX ompejessieT CBOOOAHBIN XOA AeMidepa.

Ceo6oanniii xoA Aemndepa (b) BLIUUCIAAIOT U3 COOTHOILIEHH S
MEXKAY lepeMelaeMpiMi O0beMaMu XUAKOCTH

(F— ks) b= ks (I —b),

(6.13)

rie F U S — IJIONaJiM NONEPeYHBIX CeYeHHH OCHOBHOTO MOPII-

Hi U IJIYHXepa;

k — unci0 nAyHXKepoB (MepenyCKHBIX HOpPIIHEH);
| — X0l nepenyckKHOro IMOpPLUHSI OTHOCHTEJIBHO OCHOB-

HOT'O.

1 Asropckoe cBufleteabcTBO Ne 177235 B. A. BopoHkuHa H

JI. ). 3nmreiina.
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Koa(unueHr, xapakTepusyiomui yBeJHYEHHE aMIJIHTY
[IPH PE30HaHCHBEIX KOJeOaHHAX:

v fmaxe o 1 (6.14)
Qo2 2D

15 Aemndepa Co CBOOOAHBIM XOAOM BhIpaxKaeTCsl TaKHM 00-
pasoM:

vF —

QD[%—E— —%arcsin v*—;:p 1 Y —1[) V (v '—"‘P ]
(6.1D)

rae P =b/a,,.

6.8. [lns1 sddekTuBHON paboTbl YCTPOHCTBA 10 CXeMe
puc. 6.7 HeoOX0AUMO NMPUHATH CAeLYIONHE NapaMeTPhl XKeCTKO-
CTH H TPeHUS B CUCTEME C YIPYTOH BCTABKOM:

Ky = 2mwy* yo = 2Kv,;
K = mog*(1 —7yo) = K(1—1v,); (6.16)
Oy =2 N w = dn,,

Wy

rae K — XeCTKOCTb BUOPOH3OAATOPOB B Cjyuae
JKECTKOr0 MNPHCOeJUHEHUS JAeMIdepoB
MeXKJy KoJieQJ/Iiomencss MacCcou u (pyHJa-
MEHTOM;

m — Macca MallIHHbL:
23'11 h

Vo = = —— — 3aTyXaHUe B CHCTEME C KEeCTKHUM IpHucoe-
Wy AU
JUHeHHeM JeMrdepa IIpu pe30HaHCHOH
YyacTore;
= K/m.

Amnautybl KojaebaHHH U CHJBI, NepejaBaeMol Ha (dyHAa-
MEHT, U aMIJIUTYAY pacxojia MOIIIHOCTU, paCcCeUBAEMOH B JeMIl-
depe, I yCTaHOBUBIIETOCS pexuMa Kose0aHui CUCTeMbl C Y-
PYTOH BCTABKOH OMNpepessioT No (GopMyJaM.

AMnauryaa KojebGaHUH

M | +a?
az“?rﬂazl/(l—vu—~a2)2+a2(l+vo——m2)2' (6.17)
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AMnuTyJa CHJIBI, NepefaBaeMod Ha GyHJAaMeHT

T1—7v,+ a2 (14+7,)]2+4a2 y,2
Py=Mryo2at )/ - (1_1‘;__@2(70__.?4))]2 Loy (6.18)

MomtHocTs, paccerpaeMas B jemigdepe

N, = M1y 02 Yo . (6.19)
m(1—1yy—a?)? 4 a? (1 4 y4—a?)?]
w
37eCh O =— ;
Wy
M — Macca 3KCUEeHTPUYHO Bpallalollerocsi rpysa;
7o — SKCUEHTPHUILUTET;
® — YIJIOBasi CKOpOCTH JAebasaHCHOTO 3JIeMEHTa.
3HaueHUs, onpefensieMple dopmyqaamu (6.17)—(6.19), Ha-
MHOI'O MEHbIII€ COOTBETCTBYIOUIHX BEJUYUH MpPHU KECTKOM IpHU-
KpelieHHH JeMmndepa K Ko.ebaomendcs macce'.

1 CM. cHOCKY Ha cTp. 33.



ITPHJIO)XEHHE 1

ONMPEAEJAEHHE YACTOT COBCTBEHHBIX H AMIIIUTY]
BbIHY)KAEHHDbIX KOJEBAHHH BHBPOH30OJIHPOBAHHOH
YCTAHOBKH NO YTOYHEHHBIM PACYETHbLIM CXEMAM

1. B tex cayuadax, Korjia pacueTHele 3HAaYe€HHS aMIJAHUTYA BbLIHYX-
A€HHLIX KoJiefaHu# BHOPOW30JMHDPOBAHHOH YCTAHOBKH, HAaHJEHHBIE MO
npubJinKeHHbIM QopmyJiaM, OJAU3KH K JONYCKaeMLIM, a TaKXe IpH OT-
CTYIIJIEeHUU (PAaKTHYECKHX CXeM BHODPOH30JASIIUU OT pacUeTHBX, YTOUHAIOT
pacyeTHble 3HAYEHHUS YAacTOT COOCTBEHHBIX M AMIJIUTYJ BBIHYXKJAEHHBIX
KoJieOaHHH BUOPOH3OJHPOBAHHOM YCTAHOBKH B COOTBETCTBHH C pacyer-
HBIMH cXeMaMH H (pOpMYJIaAMH HACTOAHIEr0 NPUJOKEHHUS.

1. OnpenesieHde 4yacTotT COOCTBEHHDBIX KOJeOaHUH
BUOPOU30JIMPOBAHHOM YCTAHOBKH

2. BubGpousoJqupoBaHHBIR OOBEKT, paccMaTpHBaeMbl Kaxk TBepHoe
TeJO, B 0011eM ciayyae (Korja LeHTp KEeCTKOCTH He BAXOAUTCH HH Ha O]-
HOH M3 I'VIaBHBIX LIEHTPAJbHBIX OCEH MHEPUUHM W HH HA OJHOH H3 IJOC-
KocTed, o0OpasOBaHHBIX 3THMH OCSIMU) IIpEIACTaBJisgeT COOOH CHCTEMY
C LIECTBIO CTENEHSIMH CBOOOJABI, OMUCHIBAEMYIO IECTHIO 3aBHCHMBIMU MEXK-
Ay co00H ypaBHeHHsMH. HacToTel COGCTBeHHEIX KOJe0aHuH TakoHd BUO-
pPOU30JIUPOBAHHON CHCTEMBI MOTVT OBITH HaliflecHH KaK KOpHH ypaBHeHH sl

ox Qoy Qo Pox Poy Poz
K,—mm? 0 0 0 f —e
0 Ky—mow? 0 —a 0 b
0 0 K,—mwn?2 C —d 0 =0. (1)
0 —a ¢  h-1—J g0 —U —Uu
f 0 —d —U pts—Jopy02 —w
—e b 0 —U —w j-+g—Jq, ®*
31ech |
A n Hy !
K= El Kxi; Ky= Z Kyi; K= 2 Kei;

i=1 i=1 i=1

2 Ky;i 2pi; b= Z Kyi X5 ¢= 2 Kzi Yois d= 2, Kzi %oi;

i=1 =1 i=1 i=1

E Kxi 291, €= Z Kxi Yoiy P= Z K x{};* § = 2 0:’
i=1 i=1 i=1 =1
(2)

! B ypaBnenun (l) ansa cooTBeTCTBYIOMUX CTOJOIOB YCJAOBHO IIO-
Ka3aHbl aMIJIUTY /bl IOCTYIATE/IbHEIX dox, doy, oz H BPAMATEJbHEIX Qoq,
QPoy, Poz KOJEOaHHWH, cOBepllaeMbIX BUOPOH30JHPOBAHHOM YCTAaHOBKOM,
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n

n n n
\ | 2, 2. 2 .
h: Kyizgf; ]: 2 K 'x(}f’ I= ZKZE in: I?“"""' 2‘ Kxi y{]i:

n n
U = 2 Kyi 2oi Xoi; U= 2, KziYoi Xoi; W= 2, Kxi Yoi 20i»

rie m — Macca o0beKra,

Jox, Joy, Joz — TJ1aBHbIE HEHTPaJbHbIE MOMEHTH HHEPLHH AJs Mac-
CHl YCTAHOBKH OTHOCHTENBHO ocedl Xy, Yo, Zo (puc. 2,2);

Kyxi, Kyi, Kzi — MECTKOCTH i-ro BHOPOH30JATOpA B HANpABJIEHHH
rMaBpHBIX LEHTPAaAbHBIX OCeH X, Yy, Zy;

Xoi» Yoi» 20i — KOOPAMHATHI LIEHTPA THXKECTH {-T0 BHOpOH3OJAATOpA
B cHcTeMe KoopauHat Xy, Yo, Zp, HMEWOIMEH HAaYalo B LEHTPE TAKECTH
o6beKTa; n — obliee 4YUCJI0 BHGPOU30JSITOPOB, OCH CHMMETPHH KOTOPHIX
napaJJesbHbl OCAM KOOPAHHAT.

[Tocsie pacKphuITUsl ONpeResUTe]sI B paBeHCTBe (1) moJsyyaerca aii-

re6panueckoe ypaBHEHHE IIECTOH CTENEHH OTHOCHTEJBHO (°

Aﬂ@12+A1m10+A2m3—|—A3m3+A4m4+A5m2+A3=O, (3)

rge Ay, Ay, ..., Ag — NOCTOSHHBIE KO3QPHIIHEHTH.

KopHH ero ®;, @y, ..., ®g ONPEALNSIOT IIECTh 3HAYEHHH KPYTOBHIX
yacToT CcOOCTBEHHLIX KoJebanuil BUOPOM3OJNHPOBAHHOH cHcTeMbl. Jas
peuleHusi ypasHeHHsi (1) pexoMeHAYeTCs NPUMEHATH 3JEKTPOHHBLIE BHI-
YHCJHUTEJ bHbIe MALIHHEL.

3. na toro utoGbl KoJeGaHud BUODPOH3OJIHPOBAHHOH YCTAHOBKU

no Kaxzaod u3 o606UIeHHBEIX KOOPAUHAT OBblIM He3aBHCHUMH ADYT OT ApPY-
ra, HeoOXOAHUMO, UTOOH BHIMOJHAJHCH YCJAOBU S

a"_"b:C-_*d——:e-hf'—u:U:wEO. (4)

Ynpyrufi noasec ¢ pasdjfieqbHBIM BO30YIKAeHUeM KoJebGaHHE yHpo-
praeT nopbop napaMmerpoB, obecneduBalnX 3¢ PEeKTHBHYIO BHOPO3 I H-
Ty. YcaoBusi (4) AaiT A€BATb 3aBHCHMOCTeH A1 37 KOOPAHHAT X, i,
Yoi, 20; NpU i =1, 2, ..., n, TAe n'— 4uCcJ0 BHOPOH30JATOPOB, HA KO-
TOPHIX 3aKpenJisercs H3oJdHpyeMas YCTAaHOBKA. [lJisg 6GOJBbUIHHCTBA BHO-
POH3OJSTOPOB CYLIECTBYET CHMMETPHUSA YIPYIHX CBOACTB OTHOCHTEJIBLHO
oceff, mapajJenbHLX OCH Zg, T. €. COOJIONAeTCH VCIOBHUE

Kxi=Ky;. (5)

K poMme Toro, A BUOPOU3OJSITOPOB OJHOTO H TOI'O XK€ THIIA ¢ KOCTa-
TOYHOH CTENEHbLIO TOYHOCTH MOXKHO NIIPUHSATH

Kyi = Ky =BK3;, (6)

rae f — NMoCTOSHHBIA KO3(MUIIHEHT.
C ydeToM cootHoweHu# (5)—(0) ocTaercs TOJABKO HIECTh YCJOBHI

B paBeHCTBax (4), IpH KOTOpHIX obOecneunBaercs pasfenbHoe BO36YxK-
deHue KoJeGaHUU

n It ¥
. . \
D) Kzi x0:=0; D Kzi 40: =0; D1 Kii 201 =0;

(7)
n n n
D) Kzi %01 Y01 =0; 2 Kzi Yoi 20i=0; ) Kzi Xoi 20:=0.

[ =1 =1 i=1
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[Tepshie ABa ycaoBus (7) OOBIYHO BEINOJHSIOTCA, TaK KaK OHH BhI-
paxkarT Tpe6oBaHHe, YTOOLl B COCTOSIHUHM CTATHYECKOI'O DAaBHOBECHSH
H30JIHpyeMas yCTAHOBKAa HE HMeJa 1IepeKoCcoB, T. €. 0CajgKa BceX BUOPoO-
H30/ATOpOB Oblila ofxuHakKoBod. [leperie Tpu ycaosusi (7) MOXKHO pac-
CMaTpuBaTh KaK TpeOOBaHUE COBIAAEHHsE LEHTPA THAXKECTH YCTAHOBKMU

C LIEHTPOM XKECTKOCTH BHUOPOU3OJATOPOB.

Cxemy BUOPON3OMALHHK, IPH KOTOPOH BBHINOJHSIOTCS BCe INECTh yc-
n

JoBuH (7), a takxke yciaoBue K, = ¥ K,;, B AanabHeliuieM 6yaeM Has3bl-
[=1

BaTh paunuMoHaJdbHOH. [IpH pauHoOHANLHOH cXeMe YACTOTHLIE YPABHEHU

NoJy4arT IIyTeM I[IpHPaBHUBAHHUA HYJIO KaXAOTO0 AHATOHAJbHOTO

Zg

Puc. 1. Cxema BUOpPOU3O0JSLUH C CHMMETPUYHBIM DACIOJOXKEHHEM
YIOPYrUx 3JEMEeHTOB OTHOCHTENbHO Iockocted XoZoy, XoYs, Yoo

aJieMeHTa onpejeaurenss ypasHenua (1). HacToThl coO6CTBEHHBIX KOJe-
6aHui BUOPOH30JHDPOBAHHOH YCTAHOBKH JJf 3TOTO cJydyass BbiUHCAAIOT

110 GopMyaam

mxz___ﬁ“_; ﬁ)yﬂ— Ky ; @,2 = Ke :
mn m m
(8)
h-{1 s '
‘-02;“‘ -+ : 02 — p - > mgz_ I+9q ‘
¥ Jox A Joy ¥ Joz

Bxoasimue cioia BeJHUYHHB ONpeNesqsIOTCHA 3aBUHCUMOCTSIMU (2).

Ecau uU30MUpYyEMYI0 YCTAHOBKY MOHTHUPYIOT Ha OAWHAKOBBIX BHODO-
130JIATOPAaX, TO COBMeINleHHe IEHTPA TSAXeCTH YCTAHOBKH C LIEHTPOM JKECT-
KOCTH BHUODPOHU3OJMATOPOB MOXKET OBITh AOCTUTHYTO HX CHMMETPHUYHBIM
pacnoJiokeHHeM OTHOCHUTeJbHO MJaockoctell XoZg, YoZg, XoYo-

OjHa U3 BO3MOXHBLIX CXE€M COBMEIIeHHS IeHTPa TsXKeCcTH BUOPOU30-
JHPOBAHHOIO 00bEeKTa C HEHTPOM KeCTKOCTH BHUHOPOH3OJAAUHH IpHBe-

AeHa Ha puc. l.
4. Ecau BubpouzosUpoBaHHAd YCTAHOBKA CMOHTHPOBaHa IO CXe-

Me, KOTOpOH COOTBETCTBYIOT paBeHCTBA
b:d:ﬂ =D —EO, (9)

TO COOCTBeHHBIEe KOJe0aHHS CHCTeMBl pacnajamTcad Ha JBe T'pPYINH He
CBA3AHHBIX MeEXAY co60i Kojebauuii: KoneGaHHs B HJAOCKOCTH Y Z,
U KoJsieGaHus, XapaKkTepH3yeMule NIOCTYIIATeAbHBM IepeMEIEHHEM YCTa-
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HOBKH BJIOJIb OCH X H €€ BpalneHnueM Bokpyr ocelt Yy, Z,. HacroTw co6-
CTBEHHBIX KoJiebaHHH BHOPOM3ONUDPOBAHHOH YCTAHOBKH B 3TOM cJayuae
OIIpeaesaIoT 10 GopMyJIaM:

a) Aas KoJebaHuMH B IJOCKOCTH Y ,Z,

aﬂy Aoz Pox
Ky——m(ﬂz 0 —a l
0 K, —mo? c —0; (10)
|  —a C h+ [—Jy, 02
Zg Zﬂ
A Xo -lll.
T 7 ——. H |
L ;ﬂ; 5

Puc. 2. Cxema BHODOH3OJHDPOBAHHOR YCTAHOBKH C CHMMETDHYHEIM pae-
[10JIOXKEHHEeM BHOPOH30J/IATOPOB OTHOCHTENBHO WJIOCKOCTH Yol

0) A B3aUMOCBSI3AHHBIX KoJie6aHHH, IMOCTyNaTedbHBIX IO OCH
X H BpamaTeJbHBIX BOKPYT ocell Yy u Z,

Qox Poy Yoz
Kx'—“m(l)g f -—g

f p + s—J gy 2 — W ==, (11)
| —€ — W .i |1 q JODC (-02 |

Ecau wsonupyemas yYCTaHOBKAa CMOHTHPOBaHa HA OJHHAKOBLIX BHO-
pousoJsitopax, To ycjaosusd (9) orBeyaloT X CHMMETPHYHOMY PacmotIo-
YKEHHI0 OTHOCHTEJbHO IIJOCKOCTH Y oZ, (puc. 2). HacrorHoe ypaBHeHHE,
COOTBETCTBYIOIIEE 3TOMY CIY4aw, Iocje pacKpuTus onpepeauteas (10)
npuobperaeTr BUM:

6——((02—|—(03+m?px) m4+(m g mgméx—[—

02
+ 0202, — v, v,—v,v,) 0®— (0,0, 0,
9 2
— @,V V,—0, v, Vq) =0, (12)



rjie @y, Mz, Opyx ~— NapHHaNbHBIE YACTOTH BHOPOH30JHPOBAHHOH YyCTa-

HOBKH, BHIUHCAsIemMbie 1o opMmyaam (8) HacTosgmero
NIPUJIOKEHH

Vas Vb, Ve Vd — KO03pHIHEHTH CBsA3Y, ONpeAeasieMble COOTHOLIE-
HUAMH BHJIA

n n
Ky1 2 “oi Kyt 2, 2oi
Vg — . Vi =
a m y b Jux b
n Il
Kz1 2 Yoi Kn 2, Yoi
i=1 [ =
Vo= Vg=— .
c m ’ Jox y

Ky1, Kz3 — ECTKOCTH OAHOTO BHOPOH30JATOPA B HANPABJEHHH
ocelt Yo u Zy B xl'/cm:
n — YHCJI0 BHODPOM3OJNATOPOR;
m — Macca ycTaHoBKU B xI'-cex?/cm;
Jox — TJaBHHIHA NEHTPAJbHBIH MOMEHT HHEEILHH YCTAHOBKH
OTHOCHTEJIbHO OCH Xy B kI «cm-cex®,;

Yoi» 20i — KOOPAMHATH ILIEHTpPAa THXKECTH i-I0 YHNpyroro aJje-
MeHTa B cucTeMe KoopAuHaTt X4, Yo, Zyp B CM;
K03DPUIHEHTH Vg, Ve, HMEIOT PasMepPHOCTh cm/cex?,
KO3DDHIHEHTH Vg, Vg — 1/cm-cex®.

ITocne packpuiTHA OnpefesuTe 1 yacToTHoe ypaBHeHue (l1) aus

BHOPOH3OJHPOBAHHOU YCTAHOBKY, CMOHTHPOBAHHOH Ha n OJAHHAKOBBHIX
BuOpou3oaAiTOopax, Inpuobperaer BHUA:

6 9 2 2\ .4 9 2 2 2
(oj—-(mx—k we,+ 0g,) 0+ (0 oy, 0yo,, -

x Py~
) 2 2 2..2 2
+ Ogy gz —V V;—V, V), —Y, vj) W —(&)xmwmm—l—
2 2 2 _
+2v, v, v, — 0V, V; —-mmvﬂvf—mwvgvh)—-o, (13)

rie 0., 0p, ©Op,—NapiHalbHHE YaCTOTH BUOpOH 30/IALHOHHON YC-
TAaHOBKH, BblYucJaseMble no dopMyaam (8);
Vi Ve, Vi Vg, Vh, ve — KO3 (PHILUEHTE CBS3H, ONpeAgiigeMble 3aBHCHMOC-

TAMHA,
n n n
Kx1 29’0:‘ 20i Kaxs Zzoi K1 Zzoi
v;= =1 L y— =1 = =1
Joy m Joy
n n n
Kx1 2 Yoi K1 Z Yoi Kx1 Zyﬂi Zoi
Vo= i=1 , V= i=1 Ly = i=1 .
n Joz J oz

Kx; — ¥eCcTKOCTh OIHOro BHOPOH30JATOpA B HanmpaBJeHHH oCH X,
B x2/cm;
n — 4YuCA0 BUOGPOH3ONATOPOB,
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Yois 29i — KOOpJHHATLI CpEJHEH TOYKH (-TO YyHPYroro 3JeMeHTAa
B CHCTeMe KoopAHHAT X, Yn, Zo B CM,;
m — Macca yCTaHOBKH B kI -cex®/cm;
Joy, J oz — TN1aBHble NEHTpPaJbHbie MOMEHTH UHEPUHU MAcChl yC-
TAaHOBKH OTHOCHTeNbHO oceli Yy, Zy B kI -cm-cex®.
HacToTHble ypaBHeHuss MAJs BHOPOU3ONHDPOBAHHOH YCTaHOBKH
C CHMMETPHYHLIM pacnosioXeHueM BHOPOH30JASATOPOB OTHOCHTEJNbHO
IWIOCKOCTH XgY o BAH XoZy IO (opMe aHAJOTUUHBL YpaBHeHUAM (12) w
(13) ¥ MoryT OBITH MOJy4YeHB M3 ypasBHeHHU (1) moxo6HO TOMY, Kax
5TO BBINOJIHEHO IJ5 PAacCMOTPEHHOIo cJayuas.

Sy

Puc. 3. Cxema BHOpOH30/MpOBAaHHON YCTAHOBKH C CHMMETPHUYHBIM pac-
MOJOXKEHHEM BHODOM3OMSATOPOB OTHOCHTENBHO IJOCKOCTeH YoZp u XoZg

5. Ecau Bu6pousosupoBaHHas yCTAHOBKA CMOHTHPOBAHa IO CXeMe,
[IPH KOTOPOH BHIMOJHAIOTCS pPaBeHCTBA

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

TO ee¢ COOCTBEHHBIE KOJIe0aHHSI H COOTBETCTBYKOIUIHE UM YACTOTHl MOXKHO
pa30uTh HA CJAeAVIOULUE YeTHIpe He3aBUCHMBIE TPYIIMHL:

1) mocrynaredbHble KoJe0aHUs B HANPABJAEHHU OCH Zy;

2) BpamarelibHbie KoJeGaHUsI BOKPYP OCU Zy;

3) nocrynateqbHO-BpamareJibHbe KoJiebaHusi B IJOCKOCTH XyZ,;

4) nocrynareJibHO-BpamareJbHEle KOJNeGaHUd B NJAOCKOCTH Y,Z,.

Ecnu Bce BHOpOU30OASITOPH OAMHAKOBBI, TO ycaoBUA (14) oTrBeuaror
HX CHMMETPDHYHOMY PACIIOJOXKEHHIO OTHOCHUTEJLHO IJIOCKOCcTed Xy Z,
nYoZy Toraa nentp TsikecTd BUOPOH30NHPOBAHHON YCTAHOBKH H IEHTP
JKECTKOCTH BHOPOH3OQJIATOPOB pacnojgaralorcsd Ha OAHON BepTHKAJH.
Oasa u3 BO3MOXKHBEIX cXeM BUOPOHM3OJUPOBAHHOK YCTAHOBKH C CHMMET-
PHYHLIM pacnojoxeHHeM BHOPOU3OJASATOPOB OTHOCHTEABHO IJIOCKOCTEH
XoZog ¥ YoZ, npuBelleHa Ha puc. 3. HacToTHbIe YpaBHEHHS 3Ji€Cb MOXKHO
o6pasoBath u3 ypaBHeHui# (10) u (11), mosaras B HHX KO3(D(PHIHEHTHI
¢, e, W, PaBHLIMHU HYJIO. POPMYJIH, ONpeleNdIoliHe YACTOTE COGCTBEH-
HEIX KoJeOauu#i BUOGPOM3ONMPOBAHHOM YCTAHOBKH A paccMaTpuBae-
MOTrO cJiyyas, npuBefeHbl B 1. 2.22 PyKoBoJACTBa.
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6. Ecau 1aa BuOpoOH30aHMPOBAHHOH VYCTAHOBKH BHINOJHSIIOTCS
VCJIOBHS
G=b=d= =u==v=w=0, (15)

TO e€e cofcrBenybie KojsefaHug pachajaionres Ha Caepyioniue yeThipe
He3dBUCHUMBIE I'PYIINEL:

1) moctynarenbpHbie KoJsebalilisi B HaNpaBJeHHH OCH Y,

2) ppamartesbHele KoJeGaHUSA BOKPYT OCH Y, |

3) nocTynarteJbHO-BpauaTe/ibHple KojaebGaHHA B IJOCKOCTH YoZs;

4) nocrymaTtesbHO-Bpa-
Zg maTeJqbHBIe  KoJgeOaHHS B

NAOCKOCTH XY, Ecaum Bee
-. BHOPOH3OJSATOPH OJUHAKOBEI,
TO paBeHcrBa (15) oTBeyaloT
HX CHMMETPHUHOMY pacroJio-
JKEHUIO OTHOCHUTEJbHO IJOC-
Koctedd XoYy v YyZ,. B sTom
Clyyae LEeHTp THAMKeCTH ycTa-
HOBKH H ULEHTD 2XKECTKOCTH
BHODOH30JIATOPOB pacrnoJa-
ralorcd Ha TOPH3OHTAJNbHOMH
ocH Yy OnHAa H3 BO3SMOMNKHEIX
cxeM BUODOH30JIHDPOBAHHOMN
YCTAaHOBKH C CHMMETPHYHBIM
pacrnojioxeHneM BUOPOU3O-
A A | JISTOPOB OTHOCHTEJbHO ILJIOC-
— - =t Kocted XoYy u YoZ, npuse-
JeHa Ha puc. 4.

B paccMaTtpuBaeMom cJay -
4ae YacTOTEl COOCTBEHHBIX
KoJNeOaHHH  BHOPOH3OJHUPO-
BAHHOH YCTAaHOBKH oOnpeje-
JAKT (POPMYJIAMHU:

a) JJsl mOCTyHaTeJbHbIX KojdebGaHUU MO OCH Y

Puc. 4. CxeMma BuUOPOHU30JUPOBAHHOH

VCTAHOBKH ¢ CHMMETPHYHBIM pacnoJo-

KEHUEM BUOPOUIOJATOPOB OTHOCHUTENE-
HO miaockocTed XoYo u YoZ

(ﬂuz'—; ; (16)

6) AJs BpalllaTeJbHBIX KOJIEOAHHH OTHOCHTEJBLHO OCH Y,

K
0, =—"=; (17)
Joy
B} AJsi TOCTYHaTe/NbHO-BpaliaTedbHEIX XKoJefanui B NJAOCKOCTH
XoYo .
o'=0? (G x )/ 6—bZ, ), (18)
rje
2 2 2
2 Kx G I+ bzx I dz ] 9 sz *
(’)x"—' - Y - 2 3 2X Rza ]
2
L2 — K(pz d2= S R — “/ JUZ ’
2X Kx ? b4 Rz2 ’ Z m
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Y Z
0 ~n

o?=0? (H £}/ H?—bL, ), (19)
rjae
2 2 2
9 Kz l bxz dx b2 sz
(’)Z — m ) H“—" 2 ’ Xz Ri 3
0 Nox . 9 st Jox
sz_ ’ dx“—‘ 2 X — —,
Kz Ry m

B ¢opmynax (16)—(19) npuHsaTb 00603HaYeHHUS:
R, u R, — pajuychl HHEpPUHH YCTAHOBKU COOTBETCTBEHHO OTHOCHTEJIb-
HO ocedl Xy B Zy, IPOXOASAIIUX Yepes ee HeHTP TAXKECTH, B CH;
Lys, L,x — TpHBefeHHBIE IJIEYH XKECTKOCTH COOTBETCTBEHHO B MJOCKOC-
TAX Xﬂyﬁ H YUZD B CM.
3HayeHHsa ocTalbHBIX OYKBEHHBIX OO03HAYEHUM, BXOLSAIIHX B (op-
MyJbl (16)—(19), yKa3aHsl B 1. 2 NPHJIOXKEHUS.
7. Ecau s BHOPOU3OJHPOBAHHOH YCTAHOBKH BBINOJHSIOTCH Y-
JOBU

g=c=¢=f=y=p=w=0, (20)

TO ee cOOCTBEeHHBIEe KOJIeOaHHs pacnajarnTcsa Ha CleAyIolHe yeThipe He-
3aBHCHUMBIE T'PYIIHL:

1) nmocrynatennHsle KonebGaHUsi B HanpaBJdeHHU ocu Xy,

2) BpamareabHble KoJjeOaHUA BOKpYr ocu Xo;

3) IHmocTynaTteiibHO-Bpaliaresibuble KoJeOaHUs B MJOCKOCTH X,Y,;

4) mocrynaTeJbHO-BpalaTeJbHble KoJeOaHUSA B IJIOCKOCTH Xy Z,.

Ecau Bce BUOPOU30JASATOPH OAHHAKOBHEI, TO YCJa0BHA (20) cooTBeTCT-
BYIOT HX CHMMETPHUYHOMY PAaCHOJOXEHHIO OTHOCHUTENbHO IIJIOCKOCTEH
XoYou XoZy. Torna ueHTp TAXKECTH YCTAHOBKY U LLEHTP XKECTKOCTH BUO-
pousoadaTopoB O6YAYT pacmoJararbcsi Ha OCH X,

HacToTs! CONCTBEHHBIX KOMEOAHUH BUOPOU30JUPOBAHHOH YCTAHOBKH
BEIYUCASAIOT 1O QOopMyJaam;

a) a5 NMOCTYIATENbHHX KOJe6aHul 1no ocu X,

Wy = Ra ; (21)
It

6) AJjs BpallaTeNbHEIX KoOJIeOaHHH OTHOCHUTEJBHO OCH X,

02 = —0 . (22)

B) AJas1 HNOCTYNATeJbLHO-BPAmATeNbHEIX KoJeO0aHU¥ B IJOCKOCTH
XoYo

o’=0 Q) Q®—b7,). (23)
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rae

2 2 2
o I+ b6,,+ d, | ) Ky 2 L7,
- 2 ’ my'“" m ' 2 - Rzz ’
72 Koz _ Jor | o 8%
- ’ N ’ £ ¥
4 Ky ? m 2
r) AN TOCTylaTeJbHO-BpaliaTeAbHBIX KOJeOaHHH B IJOCKOCTH
Xo 2y
2 2 (a7 2 2
o' = 0 (N ]/ N =02, ), (24)
e 2 2 2
0)§=Kz , N = l+byz+dy ) dﬂ-—a -
m 2 YR
2 ————r———
b?. _ Lyz . L2 __ quy : R, — Jﬂy
=Ry T K, =Y Tm

B dopmyaax (21)—(24) npuHATH 0003HaYeHHS:
Ry, R; — pajrychl MHEPIHH YCTAHOBKH COOTBETCTBEHHO OTHOCHTEJb-
HO oceil Yy ¥ Z,, TPOXOASIIUX yepe3 ee IleHTP THKECTH,
B CM;
Lyz, L,y — nmpHBepeHHBIE NJEYH XKECTKOCTH COOTBETCTBEHHO B NJIOCKOC-
TAX XoY o U X ¢Zy B CM; |
S ~- PACCTOSIHUE MEXKJAY LEHTPOM TSKeCTH YCTAHOBKH M LEHT-
DOM 2KEeCTKOCTH BUOPOH3OJSATOPOB B CAM.
3HayeHUsl OCTaNbHbIX OYKBeHHbIX 0003Ha4YeHUH, BXOAANMUX B (op-
MYyJabl (21)—(24), yxasaHbl B I1. 2 3TOTO NPHUJOKEHHUS.
8. Ecau HanpapJieHUSs OCeH HENMOJBHKHOH TNPAMOYIOJLHOH CHCTe-
Mbl KoopauHatT X'y, Yy, Z'¢ C HauaJiOM B LIEHTPE TAXKECTH BUOPOH30JH-
POBAHHOH YCTAQHOBKH He COBNAJLAIOT C HANPAaBJAEHUSIMH €€ TJIaBHBIX I[eHT-
pajbHBIX OceH MHepuuH Xq, Yy, Zy, a ocb Z'; BepTHKaANbHA U MnapaJ-
JleibHa OCSIM BUOPOU3OMSITOPOB, TO HAaCTOTHI COGCTBEHHLIX KOoJeOaHuH
YCTAaHOBKH OMNpenessitoT ypaBHeHuem!

4 ! r

Qox aOy 0z Y0x ‘ng Y02
Ky —mw? 0 0 0 7 —e'
0 Ky —mw? 0 —a’ 0 b’
0 0 K,/ —mo? ' —d’ 0
7 7 ’ ’ ! 2 ’ ’ 2 4 ’ 21 =0,

0 —a ¢ hWil—Jy,0° —v4d o0° —u4J o
’ 7 7 ' 2 ’ g 2 ’ ’ 2

f 0 —d —vu —}—nym p'4s —Joy(ﬁ — —|—Jyz&)

— e’ b’ 0 —-u’—I—J_;ZmQ —-—w’+J;2 ®* j’_|_q’-—J{;zﬁ)2 (25)

1 B ypaBHeHuH (25) AJST COOTBETCTBYWOIIHX CTOJGIOB YCJAOBHO IIO-
Ka3aHbl aMIJIATY/bl TIOCTyTaTeJbHBX KodeGauuil a'gy, a'gy, a’o; B Ha-

MpaBJeHHH KOOPJHHATHHIX oceldl X'y, Yy, Z'¢ U aMILJINTY ALl BpamaTeb-

" F r F o
HBIX KoJgeDaHHH P Poyr Poz BHOPOU3OJUPOBAHHON YCTAHOBKH OTHO-
CUTEJILHO TeX K€ OCeH.
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1 # 1
" ) ’ S ’ r 1 ’
Kx"' ZK::: ' Ky_ ZK‘W’ Ky = 2.! KZI ’
n n
I W ’ ’ ’ N L, ’
ZI Kyt 201’ b = Z Kyz Xo; ¢ = Az; yﬂ: '
f---—-l £=I | —
n e
’ —1 4 ! .f_ [ r
Z Kzzxﬂt’ ['= Zl K.rt 20i & = E Kx: Yoi »
I-—---1 [ — 1 ;:l
(26)
n 0 H 0
r_ . ! e, r QO ’ re
ZKZLJC 0i ’ 5 = Kxizt}f’ h—ZIKyszf’
i =1 [ =i [ = |
I ) n
. r g 2 r ’ r2
ZK X0 U= 2Kuuss @ =Ky o
It l
] f r # ) f__ 1 ’ , . .
= ElerI 2g; %05 V= D) Kyi¥o; % ZlK” Yoi 20;
[ | = j—

F F
rae J g, Joy J 3, — MOMEHTHl HHEPLHH MACCHl YCTAHOBKH OTHOCHTEJIb-

HO LIeHTPaabHHX ocen X0, Yo, Z’¢ (c BEpTHKANIbHBIM HallpaBJeHHEM OCH
Z'9) B kI -cm-cex?,

’ ' 4

r
Jyys dxz Iy, — UEHTPOOEXKHBIE MOMEHTHl HHEPLHH JJIf MacChl

YCTaHOBKH OTHOCHTeNbHO ocel X'y, Y'o, Z'g B T -c-cex®;

K. Ky;, K., — *eCTKOCTH i-T0 BHGDPOH30I4TOpa MO HanpasJe-
HHSIM COOTBETCTBYIOILUX OCell KOODPAHHAT B xl/cm;
F 4 ’ 4

Xo;» Yoi» 297 — KOOPAMHATHI LIEHTPA TAXKECTH {-IO YIPYTOTO 3JIe-

MEHTa B cucTeMe koopauHaT X'y, Yy, Z'¢ B CH;

m, n — cM. 1. 2.13 PyxoBojacrsa.

HacroTHele ypaBHeHUA AJd pasjavu4YHLIX YacCTHBIX CJAyyaeB, BCTpe-
YawHIIuXCd Ha NPakTHKe, MOXKHO o0pasoBLIBATH AHAJOTHYHO TOMY, Kak
9TO BBIIIOJIHEHO B IIl. 3—7/ HACTOSIIEro MPHUJOKEHHS.

9. OTHoleHUe YacTOThHl BO3MYIIAKIILeH CHJBI UAH MOMEHTA K J10000
13 onpenenseMolx no ¢gopmynam (1)—(25) yactor co6¢crBeHHBIX KoJe(a-
HUH BUOPOU30JUPOBAHHON YCTAHOBKH JOJXKHO ObiTh He MeHee 2,5. [Ipu
3TOM JOJIKHBl BBINMOJAHSTHCA TpeboBaHusa n. 2.11 OTHOCHTENLHO BEJIMYH-
HEl O,

Ecnn Kakasg-#uOyAb U3 4acTOT cOOCTBEHHHIX KoJeGaHHH He YIOB-

JIETBOpsieT YKa3aHHOMY TPe6OBaHUIO, TO ee YMeHbINAOT (cM. 1. 2.23 «a»,
«B», «I»).

2. OnpenelieHHe aMIIIMTY/K BbIHYXKIEHHBIX KOJleGaHUH
BUOPOU30JUPOBAHHOH YCTAHOBKH

10. Ecay ueHTp THAXeCTH H30JAHPYEMOH YCTAHOBKH H IIEHTD XKECT-
KOCTH BHOPOHU3OJATOPOB COBHAZAOT, TO NMPHU AEUCTBHH HA YCTAHOBKY
BO3MYIIAKILEH CHJBLI B HanpasJeHHU JOOOH M3 ocedl KOOpAMHAT HJIH
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MOMéHTa OTHOCHTEJbHO HEKOTOPOH OCH aMIJUTYAB KoJeGaHHH MOryT
ObIThb HAaUJEHBI 10 COOTBeTCTBYIOUMM dopMmynam (2.28)*, TIph sToM BuUG-
POHU3OJHPOBAHHBIA 00BEKT OyJeT KoJgebaTbCAd TOJbKO B HaNpaBJEHUU
BO3MYILLAIOIIEr0 BO3JEHCTBHUS.

11. B cayyae, Korja LeHTpP TsKeCTH BUOPOH3O0JIUPOBAHHOH ycCTa-
HOBKH ¥ IEHTD KECTKOCTH BHOPOH30AATODOB JieXXKaT HA OJLHOH BepTH-
KaJH, a JedCTBYIoIMe BO3MYIIalouiie CUJAL U MOMEHTHL! MOCJe NpPpHUBeje-
HHUS UX K IIeHTPY TSAXKECTH YCTAHOBKH HAIOT HIECTh COCTABJASIOIIUX C aM-
NAATYAaMH Py, Py, P, Mox, Mgy, Mg, TO aMIJIUTYIBI NOCTYNIATEN b-
HBIX Qox, Qoy, doz ¥ BPAIMATENbHBIX Qox, Poy, Por KONEOAHHU YCTAHOBKH

ONpenensoT 10 GopMyJaaM:
a) Aas TOCTyrnareJbHO-BpaliaTeJbHEX KoOJeOaHUH B NJNOCKOCTH

XoZo

[Moy — Py (p+5—Joy ©)

Uox == Ax(py ;
(27)
[Py —Mny (Kyx — mwy®)
(Pﬂy — A )
XY
rie
Ax(py - mjny ((002 “_(')12) ((002—{022);

6) A TIOCTylIaTe/JbHO-BPallaTeJbHBIX KoJle6aHHUH B TJOCKOCTH
Yol
0 <0

aMox — Py (h+1 Jo;,c*muz)

aﬂy r— ;
'qujx
(28)
CIPy — M!}x (Ky ——mmﬂﬁ)
DPox = A .
ypx
rje
Aywx = MJox (0o* —03?) (9" —0,?);
B) MOCTynaTesJbHple KoJebaHHs BJOJAb OCU Zg;
» (29)
oz = .
mmﬁz_‘Kz
r) Bpamare/jbHble KojJeGaHUsi OTHOCHTENBHO OCH Z,
My,
(Puz (30)

C Joz 02 —(j4q)

* QopMyanl (2.28) sanucaHbl ans caydasi, KOTAa HEHTP THAXKECTH
YCTAHOBKH U LIEHTP XKECTKOCTH BUOPOHU3OJSITOPOB JeKaT Ha OJAHOH Bep-

THKAaJM, [O3TOMY HEKOTOpHIe M3 YKa3aHHBIX QopMyJa NpUOIUKeHHDIE.
[IpumMeHuTENBHO K YCJAOBHAM II.-10 HacTosimiero NpHJOXKEHUS BbIYHUC-

JeHusi o dopmynaam (2.28) O6YAYT AaBaTh TOUYHbie 3HAYEHHS.
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B dopmynax (27)—(30) npuHATH ciaeayouine o603HaueHHI:
Wy, By, W3, @y — KPYTOBbIE HaCTOTHl cOOCTBEHHBIX KOJI€0aHHH BHOPOHU3O-
JUPDOBAHHOM YCTAHOBKH, BHIYUCJASEMEIE IO PopMyJiaMm
(2.25) u (2.26),
g — KPYroBag 4acTora BO3Myliaionlero Bo3JeicTsus (oc-
TajdbHble 0003HAUEHU VYKa3aHol B m. 2 3TOro npujo-
JKEHU ).
12. Tlpu pacnoJioXeHHH ILEHTPA TAMKECTH H30JUPYEMOU YCTAaHOBKH
U LEHTPA XKECTKOCTH BHOPOU3OJNATOPOB HA OCH Yy U HAJIUUUU BCEX LIECTH
COCTABJAIOMKX TJaBHOIO BEKTOpa BO3MYMLAIMHX CUI (Py, Py, P,
B TJABHOTO BEKTOpa BO3MYIIAOMIHUX MOMeHTOB (Mgyy, Moy, Mpz) am-
MJIUTYAL IOCTYNATENBHHX Ugyx, Qoy, Qgz W BPALLATENbLHBIX Qox, Poy, Poz

KoJieOaHUHM YCTAHOBKH ONPeAeNslIoT N0 (popMmyJiam:
a) nocrymnarejbHO-BpalaTeJibHEle KoJde6aHUA B IJOCKOCTH XY,

—P (f |] q Jg ﬁ)gz)-““eMU
aﬂx—— 2 Axfpzz : ; (31)
—ePyx— My, (Kx —may®)
Poz = A y
Q2

A.rfpz =MdJ oz (0e® —0:%) (0* —®%);

6) nocrynarenbHO-BpamiareJbHbIe KOJEOaHUA B IVIOCKOCTH Y o2,

— P, (h-+ [ —J gx09°) + M

oz — .
¢ Azq)x
(32)
cP;— Moy (K; —mmy?)
Pox — A »
ZPX
rie
B) NnOcCTyrnaresbHble KOJ€OAHHSA BAOJD OCH Y,
Py
Qgy = ; (33)
T may? — Ky
I) BpalnareJbHble KoJeOaHKHS OTHOCHTEJbHO OCH Y
Moy
qjoy-—- o . (34)
Joy@o® —(p+-5)

B dopmyaax (31)—(34) npunaATH chaenyooimue o603HAYEHHS:
0y, Wg, W3, Wy — KPYrOBLIE YACTOTHl COOCTBEHHBIX KoOJeOaHHU BHUOPO-
H30JIHPOBAHHOHY YCTAHOBKH, BEIUHC/ISIEMEIE IO (DOPMY-
Jam (18)—(19);
9 — KPYIroBas 4acTOTa BO3MVYHLAIOUIETO BOSACHCTBUA.

OcranpHbie 6yXBeHHEe 0003HAYE€ HMS YKa3aHb! BHIIIIE.
13. B cayuae, Korpga neHTp THKectu BUOPOU3OJIUPOBAHHON YCTa-

HOBKH M LIEHTD XKECTKOCTH BUOGPOH3OJATOPOB JiexKaT HA OcH X, a AedCT-
BYIOIIHE CUJIBl H MOMEHTHI IIOCJIe NPUBEJEHHS X K LeHTPY TAXKecTH ycTa-
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HOBKH JaiT WIECTh COCTABJAIIIHX C aMIVINTYAamu Py, Py, P, Mgy,
Moy, Moy, AMTUTHTY B [OCTYNATENbHLIX Qpx, oy, (pz W BPALLATEIbHEIX
Pox, Poy, Poz KONEOAHUH YCTAHOBKH ONpPEAESAIOT IO (GOpPMYJIaMm:

a) MocTynare/bHO-BpamareibHbele KoJebaHUsi B MJAOCKOCTH XgY

bMUz*“"Py (i+qg—Jo: (002)

oy == ’

Y sz

(39)
be*—-Mgz (Ky'_m{ﬂﬂz)
Poz = A ‘
Y9z
riae

Ag(pz =mJ g, (0> — ®1°) (moz_m22);

0) nocTynaTefibHO-Bpamaresablble XoJjebaHHus B MJAOCKOCTH X, Z,

—dMoy — Py (p+ 5 —Joy 0°) .

a[} — y
’ AZ(P!!
(36)
— AP, — Moy (K; —mo,®)
Poy = A ,
<Py
rae
Azmy = mJoy (0 —©3°%) (0> —©,*);
B) nocrynateJsubie KonefaHus BAOAL ocH X,
Py
Appe = : 37
= R (37)
r) BpauiatejbHble KojdeGaHHS OTHOCHTENBbHO OCH X,
Pox = Mox/[Jox 0o” — (A 1+ D)]. (38)

B dopmyaax (35)—(38) o6o3HaueHo:
0y, Wy U B3, W4 — KPYTOBLIE 4ACTOTH COOCTBEHHLIX KoJieGaHnull BUGpoO-
H30JIHPOBAHHOM YCTAHOBKH, BBIYHCJSEMble COOTBET-
cTBeHHO 110 dopmyaam (23) u (24);
Mg ~— KPYroBasf 4acToTa BO3MYIIaloHiero BO3AeHCTBUA.

OcTtanbHble 0003HAYEHHS YKa3aHbl BHIIIE.

14. Eciin KeCTKOCTH H pacliojioXeHHe BUOPOU30JATOPOB YIOBJIET
BOPAKT YCAOBUAM M. 4 HACTOAETO NPHJIONKEHUA, TO IPHU ACHCTBHU
B LIEHTPE THIXKECTH YCTAHOBKH IHECTH COCTABJASIOMINX BOSMYIUILAIOUWHX CHJI
M MOMEHTOB C amMnautyaamu Py, Py, P, Mox, Moy, Mgy, HCKOMEIE aM-
NAMTYAB KoaebaHui BHOPOM3OJMPOBAHHOH YCTAHOBKH pacrnajamrcs
Ha JiBe HesaBucHMBle rpynnel: 1) dgy, oz Pox (MOCTyHATENbHEIE KOJIE-
Oanus BROJb ocelt Y,Z, U BpamareilbHble Kojebanua BOKPYT ocu  X,);

2) dox, oy, Por (MocTynmaTesbubie KojeGaHUsA 10 OCH Xy H BpallaTesh-
Hble KoJieQaHHsi BOKPYT ocedl Yy, Zg).
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AMOAUTYAB KoJeSanuil nepBoi TPYMNNb onpejensior no Gpopmyaam

rac

rae

a ==---—-——Dly' a Dh‘ : P1ox
oy="p, * “2=Tp Pox == D,
2
— ¢ h'!‘{‘—“'-}gx(ﬂgg
_—"'Py 0 —
Dyy= 1| — P, K; — mo,® C ;
| — Mo ¢ h+1—J g @0
Ky——'m(ﬂog -—'Py —Qq
Dlz-—-— 0 —*Pz C y
— -'-——ng h I [ ng(ﬁg #
| Ky— mwy* 0 — P, |
lepx_"# 0 Kz"—‘mmgz '—Pz .
i —4a ¢ — Moy |

D D
 T2x 2¢y D,
Qox = D, ? Doy = D ;1 QPox— DC:Z ’
Kx-—mmgﬁ f —f
Do=={ [ pts—Joy o —w ,
—¢€ —w [+ q—J o200 |
| — Py [ —¢€
Dog =| —Myy p+-s—Jgy 0g? — W .
— My, — W J+g—Joz 09
| Kx— mo,? — Px —& |
Dogy= [ — Moy —w |

—£€

— Moz jHg—Jo:0* I

(39)

AMNARTYAB KOJIeOaHHH BTOPOH rpynnul Onpefedsa0oT no opMyJiam:

(40)
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Ky —mo,® f — Py

2027 f p-l-S—-ng(!392 '—Mﬁy
—e —w — My, |

-
|

B dopmynax (39)—(40) o6osuayeno:

W, — KpPYyroBas 4acrora BO3MYINAIOUIEr0 BO3ACHCTBHUA.

OcrajibHble 0003HAYeHUs NPHHSATHE T K€, YTO M B COOTHOIIEHHUAX
(2) HacTOALIEr0 NMPHUJIOKEHUS.

15, Jdnag BuOpoOn3oJHPOBAHHOU YCTAHOBKH, ¥ KOTODOH LEHTP KeCT-
KOCTH He JIeKMT HH Ha ONHOH U3 I'MIABHLIX HEHTPANbLHEIX OCEH UHEPLUHU
H MJOCKOCTeH, O0pasoOBaHHLIX 3THMUA OCAMH, W IIPH JEHCTBHM Ha ycCTa-
HOBKY BO3MYINAIOWIHX CHJA H MOMEHTOB C aMINHATYAaMH Py, Py, P,,
Mox, Moy, Moz aMnanTylnl KoJieOAaHHH YCTAaHOBKH ONpeledsioT ¢op-
MYJIAMH.

D, D, D, .

aox='"_5"; a0y="5“ sy Qoz= D
(41)

D(Px . D(Py . Dfpz

Pox="p ' Qoy="p * Q="

rite D—onpefesutesas CHCTEMHE,

Kpe—mws2 0 0 0 I —e
0 Ky——m(l)oﬂ O — O b I
0 0 K,—mwy? ¢ —d 0
D= 0 —a c A=l—J g ©g2 —7 —Uu | ’
I 0 —d —v  p-8s—Jpy; 0p° —
l —e b 0 —U —w g o002
Dy, Dy, Dy, D(px, Dq}y, anz — ONpeAe/IUTESNIH IIeCTOro MopdAjfKa, No-

Jydamuuecsas U3 onpegenutess cucremsl DD nyTem 3aMeHH CroJi6uoB
COOTBETCTBEHHO NEPBOro, BTOPOro ¥ T. A. CTOJGLOM, COCTABJEHHHLIM H3
AMIJTHTYA BO3SMYIDAIOIMIUX BO3JE€HCTBHH, 06pa3yoOUHX MaTPHIY

3hech 0y — Kpyrobas 4acTOTa BO3SMYULAIOULETQ BO3AEHCTBH.
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OcraJbHble 0603HayeHHs B NPHBEACHHBIX (JOpPMYJax NPHHATH Te
)Ke, 4TO ¥ B 3aBHCHUMOCTAX (2) 3TOro MpHJOMKEHHUS.

16. AMOJMTYABL TIOCTYHATEAbHBIX KoJjie6aHUi BHOGPOH3OJHPOBAH-
HOH ycTaHOBKH BRoJb oceft X'y, Yy, Z'¢ ¥ BpamaresbHbiX OTHOCUTENbHO
ocefi X'y, Yy, Z'p IPH YCJAOBHSX I. 8 HACTOSILEro NPUJOKEHUS Ompe-

Jea90T (POPMYJAMHU:

, D,' , Dy’ , D,’
Gox = ; Qoy = o Qoo = r
D’ ¥ D D
(42)
‘ Dfpx _ ’ qu _ r D(Dz
q){)x_ D’ ' (Pﬂy'*" D’ ) (pOZ__ Df ’
rie D' -—onpefennitelb CHCTEMBI;
K;-—mmg 0 0 0 [’ —e’
0 K,—mog 0 —a' 0 X
’ 2 ’ ’
’ 2 ’ 2 ’ 2 }
0 —a' ¢ hHU—Jy 05 —v'4J, 00 —u'+-J, 00
’ 2 ’ 2 ’ 2
[ 0 —d —ov'+ ny g p'-l—s’—JOymo '—w"l‘JyzFﬂo
4 2 . i 2 . _ r 2
—e' b’ 0 —u'+J, 00 —w'+J 05 j'+¢ 75,0,
D,', Dy, D), D:px, D;}y, D(;)z — OTpejeuTeJIH LIEeCTOro NOopsAlKa,

MoMyqyalouiecs M3 onpefeyiuTe s cucTeMbl D’ 3aMeHOH COOTBETCTBEHHO
CTOJIOILOB NIEPBOro, BTOPOTO ¥ T. 4. CTOJOLIOM, COCTABJEHHBIM H3 aMIIJIH-
TYA BO3MYILAOUINX BO3JEUCTBUYU, 00PA3YIOUMIUX MATPHUILY

B dopmynax (42) npuHATH Te xKe 0603HaUeHHd, YTO U B 3aBHCHMOC~

TAX (25)—(26) sToro npuJoxeHusi.

17. ¥TouHeHHble 3HAYEHHUS AMIJIUTYJ BO3MYILIAIOIUX CHJ, Nepe-
RalomuXcad Ha NOoNAePXKUBAIOMIYIO KOHCTPYKIIMIO, OIpelesifioT MO Hal-
JEHHBIM aMIJIUTYAaM I[OCTynatesbHblX W BpamaTeJbHBIX XKoJeGaHHH
YCTAHOBKH B COOTBETCTBHHU ¢ mm. 2.29—2.33.
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TPHJIOXEHHE 2
TABJIMLb! AJi1 ONPEAEJEHUSI ONTHMAJIbHbBIX
OTHOCHUTEJIbHBIX KO3®®HULUNEHTOB 3ATYXAHUS
H KO3 ®HLUIMEHTOB MEPEJAYYU MPH PACYETE NMACCHBHOM
BUBPOU30JIILIHH HA CJIYYAHHBIE BO3AENCTBHUS

Tataouuna |

OnTumanpHble OTHOCHTEAbHbIE KO3(h¢hUIMEenT 3aTyXaHua Dogr o, H
KO3 (HIHEHTH NIePEeRAYH MO NePeMEUIEHHIO W,

u
0,5 0,2
M, TpH | {,, DPH
a a T - T
B =5 o ) S -
Donr a = N Donra 2 “
Q@ = q@ ;;i]-,.
u I, n ”
Q > S &
] 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
0,01y 0,0099995 | 0,143 | 0,455 | 0,434} 0,177 | 0,145 | 0,147
IIpodorncenue maba. I
0,1 0,05
B, TIpH i, OpH |
a . a !
BT T ° | q
Donra 2 ~N Donra 2 “
S :ﬁ S T
| |
Q L Q Ny
] 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 10,214
0,05 | 0,049938 | 0,331 | 0,163 | 0,216 | 0,379 | 0.109 {0,152
0,02 { 0,019996 | 0,264 | 0,113 | 0,137 | 0,313 | 0,0739}0 0959
0,01 | 0,0099995 | 0,217 | 0,0872| 0,0971) 0,263 | 0,0960|0,0678
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I podorxcenue maba. J

l
0,02 | 0.01
jb, OpH | u, TpH
a a
® | T c | ° | 4
Ponra| E N Ponra 2 N
S g T
cl:', ey Q o
| 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 {0,091210,135 0,479 | 0,06380,0954
0,05 | 0,049938 0,432 | 0,0658|0,0956| 0,460 | 0,0457|0,0676
0,02 | 0,019996 0,378 [ 0,0435[0,0605{ 0,420 | 0,0297|0,0428
0,01 | 0,0099995 | 0,329 |0,0323{0,0428) 0,378 | 0,0217{0,0302

[IpuMeuanue. [IpoMexkyrounse 3HaueHHA Dgpp g ONpeRessiTh
JHHEeHHON WHTepnoasiueld no u u f.

Ta6nuuwa 2

OnrtumanpHbie OTHOCHTEJbHbiE KO3bhdHUHEHTH 3aTyXaHHA Doy p
U Koy pHuHeHTh nepejiaydH no CKOPOCTH [,

! I{
0,5 0,2
W, HpH i, 1pH
LI B
B Q ® & ~
t Ponro 3 :‘-‘: Donro 2 «~
QO - Q*D =
T | I I
Q o Q o5
] 0,70711 0,446 | 0,549 | 0,829 ) 0,261 | 0,185 0,223
0,5 | 0,44721 | 0,387 {0,574 { 0,800 { 0,221 0,166 10,186
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 | 0,08890,0752
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
|
| , i

109



[Tpodoastenue maba, 2

il
0, 1 0,05 o
W, TIDH p, npr
"g_ I = 3 > R
Ponr v 2 gq"" Donr v 2 e%
Q@ T Q@' cﬁ
A | o= a |
1 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 [0.0250 |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 HO,,02O2 0,0140 0,0386 [0,00735|0,00421
| .
I1podoasxcenue mabn. 2
U
0,02 0,01
14, TIpH W, TpH
e | e
B Q < N &
Ponro E' Z Donro E 2‘
Q u Q =
| S n '
Q) Q >
i 0,70711 {0,119 |0,00852{0,00718 || 0,0949 (0,00336 |0,00254
0,5 | 0,44721 10,103 [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 |0,00440!0,00273 | 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! 0,0232(0,000811|0,000319
| | |

JUHEHHOH HHTepHOJsUHel Mo ¥ U |
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Tabauiua 3

OnrtuMaJbHbie OTHOCHTEJbHbIE Ko puHeHTl 3aTyXauus Dgnr e

M yCAOBHbIe KO3¢h(HUUHEHTH nepefayy no YCKOPEHHIO L.

0,5 0,2
i, 1pH K. OpH
N TS 1
B - > | o A
Donr e = < Donr ¢ = N
- - ) L
" i I i
Q o Q o
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 | 0,00880,0479
0,1 | 0,099504 | 0,127 | 0,412 | 0,38 | 0,0464 | 0,0633|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
ITpodonrscerue maba. 3
H
0,1 0,05
| He TIPH e npu
& f o
B - 2 | : &N 2 N
Donr ¢ IS N Donr ¢ = X
h 1 1 I
i
| B SE
N |
1 0,70711 0,0443 [0,0184 (10,0126 0,0222 |0,00460{0,00285
0,5 | 0,44721 0,0381 |[0,0167{0,0118]0,0191 |0,00415]0,00273
0,2 | 0,19612 10,0290 (0,0i430,0109(0,0145 |0,00355] 0,00261
0,1 | 0,099504 | 0,0232 |0,0129|0,01050,0116 |0,00321|0,00256
0,05 | 0,049938 |0,0184 0,0120|0,010310,00921 | 0,00297| 0,00253
0,02 { 0,019996 | 0,0136 {0,01120,0102{0,00679(0,00277; 0,00252
0,01 | 0,0099995 | 0,0108 (0,01090,0101|0,00539 | 0,00268| 0,00251
|
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[Tpodoanenue maba. 3

o —

0,02 : 0,01
— f= g He pH
B D We MNpH
OIIT C DiDGHTC ‘YB=0'22 ‘\?B“——O,QE

0,70711 0,00891 0,000736 0,000424 0,000103
0,44721 0,007656 | 0,000664 0,000415 0,000102
0,19612 0,00581 0,000568 0,000407 0,000101
0,099504 0,00463 0,000513 0,000404 0,000100
5 | 0,049938 — — 0,000402 0,000100
2 1 0,019996 — — 0,000401 0,000100
1 { 0,0099995 — — 0,000400 0,000100

[IpumeuaHue. [IpoMexyroudsie 3HaueHHA Dopyp , ONPEREIATH
JAVHeHHOM HHTEpnoasuMed 10 u H |




HPHJTOKEHHE 3

MPUMEP PACYETA BUBPOU3OQJIALLHH
NoJg BEHTHJISATOP

1. Hcxoaubie JaHHbIE H cXeMa BHOPOM30JHUPOBAHHOM
YCTAaHOBKH

[Tonusil Bec BeHTHgAATOpa Q=180 xI'. Hucao o60poTOB IVIaBHOTO
pasja N = 1450 o6/murn. BeHTHAATOD AUHAMHYECKHd OTGANaHCHPOBAH-
Heiii. IIpu pabodueM pexXHUME BEHTHJAATOPA BO3HHUKAET ieHTPOOGEXKHASA CH-
na, AeHCTBYIOWAsl B MJOCKOCTH, NepIeHIUKYASAPHON OCH BpalleHus pa-
6ouero koJieca. lleHrpobexHass cusa, papHasg P = 90 x[’, npujoxeHa
K LEHTPY TAXKECTH paboyero koJeca. PaccTosHue OT T'OPH3OHTAJbHOH
ONOPHOH NJIOCKOCTH BEHTUJATOpPA (puC. ) A0 €ro Baja COCTaBJSAET
65 cM.

IleHTp TsiKeCTH BeHTHAATOpPA cMelied Ha 100 mm HUXKe ocH IVIaBHO-
ro Baja, Ha b5 mm OT BEpPTHKAJbHON MJIOCKOCTH, NPOXOAsINeH yepes BaJ
BEHTUJISTOPA, B CTOPOHY BBHIXOJHOI0 OTBEPCTHS YAHUTKHU U HA 70 mm B CTO-
DOHY 3JIEKTPOABHrateJss OT BEPTAKAJAbHOHU IJIOCKOCTH, PacnoJOXeHHOH
MeXAY JeKTpojBurareseM U KopoboMm BeHTUAATOpPa (pHc. b).

[Ipu pabouem pexxuMe BEHTHJASATOPA B MECTE €ro YCTAHOBKH BO3HH-
KaiOT BePTHKaJbHEIEe KOJeOAHUA HeCylled KOHCTPYKUUH ¢ aMIJUTYAOH
zg = 0,187 mm, 4yTOo HegomycTumMo. [lo3BojgieHHas amIJHTYAa KoJeba-
HUH Hecylle#d KOHCTPYKIHMH cocrasisgeT ag = 0,01 um. JHomycTumas
aMIJIATYJa KoJleOaHHH (N0 JaHHBIM TEXHOJOIOB) JIS BaJjia BEHTHJAATOpA
xosxkHa OwbiThb 0,22 mm. CKOpOCTL YORIBAHMS £ YaCTOThi BO3MVIILEHHS
B peXXKHMe OCTAaHOBKH BeHTHJAsTOpa paBHa 0,75 2y/cex. MOmHOCTh 3J€KT-
poaBurareasa — 3 xam.

BeHTHAATOP HNpEAnoJaraeTcs YCTAaHOBMTb Ha KeJe306eTOHHYIO
nauty pasmepom 100X 100X 15 cx. Bec nante Qg = 330 xI". MoHTax
YCTAHOBKH Ha NMPYXHHHEIX BHOpOH3oJsATOpPax OyJeT NPOU3BOAUTLCSA CO-
rJIaCHO 3CKU3Y, NpecTasJeHHOMY Ha puc. 6. [Ipu TakoM pacnojioxeHun
BHOPOU30JAATOPOB LEHTPH TAXKECTEH BEHTHJIATOPA U MJHUTH OYAYT HAa-
XOJUTLCA B OAHOH BEPTHKAJbHOM MJOCKOCTH, NMPOXOASUIEH MeprneHaH-
KYJSIDHO I'MIaBHOMY BaJy BEHTUJATOPA, HO HA PA3HLIX BEPTUKAIAX.

KoopAWHATH LEHTpA TAXKECTH BCelf YCTAHOBKU OTHOCHTENBHO KOOP-
AHHATHBIX OceH Xy, Y,, Zy, UMEWOINUX HAUAJO NOCepeJHHE OCHOBAaHUA
nJante (puc. b), cocrapasior {no hopmyae (2.21)]

330-0—180.5,5 )
X p = —— —9 M,
b 510
330 - 7,54 180 . 70
Yn. v =0, 2g = ‘ 210 — = 28,6 cA.

MoMeHTH HHepUHU BCeH BHOPOH3OJNHPOBAHHON CHCTEMH OTHOCHTEJNbLHO
ocedd Xy, Yo, £y, NPOXORAWHX Y€PE3 LHEHTP TANKECTH YCTAHOBKH, COCTAB-
NS0T

Jox =808 kl -cm-cex?;  Jo, =826 xI'-cm-cex?;

Joz=634 kI .cm-cex?.
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2. IlopOop 3HayeHuH napameTposB
BUOPOU3O0JISILUHUH

Macca Bcell ycTaHOBKH paBua:

Qs+ Qn 180 330
m =

p —_— 081 - :0,52 ﬁ:r-fé’ffz/CM.

Kpyropasgs uacrota BO3MyloeHHs Gyner

2nN 6,28 . 1450
Wy == ~ - == 152 pad/cex.

60 60

AMIJIATYB BO3MYILAKOWIEH CHABI NO- HANpaBJdeHUAM ocel Xy, Yo, Zo
COCTARBJAIOT:

P,=P,=90 «xI'; P,=0.

AMIOJHTYAR BO3MYIRAIOIHX MOMEHTOB OTHOCHTeNbHO ocel X,, Y,, Zg
pPaBHHI:

ng-szh]_:gOSI ,4—"—'4626 KF'CM,
M(lx:MOz:O!

rie hy = 51,4 cm — paccTostHHe MeXJy OCbIO TJIABHOI'O BaJsia BEHTHJISA-

TOpa ¥ LEHTPOM THAXKECTH YCTaHOBKH.
[IpubavKeHnbie 3HAUCHUS AMIJIMTYJ NOCTYNAaTeJbHBIX KoJeOaHUH

IeHTpa TAXKECTHd YCTAHOBKH ONpeaenasioT no dopmynaam (2.4)

90
{I — I —
wTTETT 0,52 (152)2

=0,0076 cx; agy=0.

[IpubsukeHHBle 3HAYEHHdI AaMILJUTYA BpauiaTeJdbHBIX KoJae6GaHuH
YCTAHOBKH OTHOCHTE/JLHO OCeH KOOpPAHWHAT Xy, Yy, Zp ONpeleasioT mo

¢opmyaam (2.5)

4626
Qox = Po: =05 Qoy= 326 (152)° =0,00024 pad.

OpHEeHTHPOBOYHOE 3HAUEHUE aMIIIUTYAB KOJeOaHUH BaJjia BEHTHA-
TOpa MO OCH Xy BHIYUCAAIOT mo dopmyde (2.30)

Uy = Bz + Poy By =0,0076+0,00024-51,4=0,0199 cx.

AManuTtyaa xoaebaHud a,; = 0,0199 cu oxasanace meHbuie n0-

NYCTHMOH aMIJUTYAL KoJgeGaHUH [AJAsI BEHTHJSTOpA, cocTaBJasolell
0,022 cx.
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Onpenenum tpebyeMslit KospPuuueuT 3hpeKTHBHOCTH BUGPOH3 OIS -
IIMH H HY2KHYIO }KECTKOCTb NPY>KUH U3 YCJAOBUS, UTOOB aMnJaUuTyAa KoJie-
OaHul HeCcylmel KOHCTPYKLMHM He TNpeBhillajga AONYCTUMOH BeJnuHHbI.
J1J1s1 5TOT0 HeOO6XOAUMO YMEHBUINTh AMIJIUTYAY BEPTHKAJBHLIX K0Jeba-
HHH KOHCTPYKIHUH B OTHOLIEHHH

20 0,187
aﬂ 0:01

B 3ToM ciayuyae aMIUINTYAA JUHAMHYECKOH CHJBI, Nepefapulelcs Ha He-
CYILYIO KOHCTPYKIUHIO NP paboueM peXxUMe BEHTHJAATOPA, NOJKHA ObITh
PABHOU:

P, 90

P, — — —4.8 kT
R2 7187 18.7

TpebyeMbili Ko3pPULIHMEeHT BUOPOH3ONANNY GYAET BLHIPAKEH PAaBEHCTBOM
(2.1)

P a 1 |
ty =22 = =0 - —0.0535.

Ortciona HaxoAuM TpebyeMoe 3HadeHHe Ko3dpHIiHeHTa

| )
Oy = — +1=V18,7F1 =4,44.
Lz

OTHollIEHHE KPYroBOH YacTOTHI BO3MYINEHHS K KPYTrOBOH uactore cO6CT-
BEHHBIX KoJie6aHHUH YCTAHOBKH NMPUHHUMAaeM PaBHBIM:

Wp
0:2;— F4,85-
0

Torpa XpyroBoHl dYacTOTOH COOGCTBEHHBIX BepTHKaJAbHBIX KoJeOaHUH
YCTAHOBKH O, OYJIeT

152
mz=29—_ =31,4 1/cex;
o, 4,85
f._...mz_ 31,4 _5 2
“2n 6,28 '

JKectkocTh BUOPOU3OJASALNHM B HalpaBJeHUU OCH Zy BLIUUCIASIOT 110
TpeTbed u3 dopmya (2.10)

K;,=mw,2=0,52(31,4)2=512 kI'/cH.

Has onpeneneHnsi MakCHMaJbHOHM aMOJUTYAbl KoJieGaHHUH YCTa-
HOBKH d; mage NPY NPOXOKASHUH Yepe3 Pe30HAHC B PEXHMe OCTAHOBKH
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npeJBapUTE/IbHO HAaXOAHM OTHOLIEHHE CKOPOCTH YObIBAHMA yHcaa 06o-
pPOTOB € K KBajpaTy 4acTOThbl COOCTBEHHBIX KoJeBaHuh [,

g 0,75 0.03
2N

PacueTHyo BeJHUHHY KO3QHIHEHTA HEYNPYroro CONPOTHBASHUS 4
CTaJbHBIX NPYXKUH NPHHHUMAIOT paBHOU Yy = 0,01. B stoM cayuwae no
rpapuky (cM. puc. 2.4) HaXoAHM

dz mane (8

Qo2

MaxcumanpHOR BeJUYUHOU aMIAMTYAB KojeCaHU¥U BeHTHAATOpPA
I[IPH ero ocTaHoBKe OyleT

az MAKC — lsaozﬁ 18'0,007620,137 CM.

Haubonbiuyo aMIJIHTYAY BEPTHKAJbHOH CHJBI, Nepepaimencss yepea
BHOPOU30JSATOPEl HA HECYIIYVI0O KOHCTPYKIHIO NPH OCTAHOBKE BEHTH/A-
TOpa, Onpenensior no gopmvie (2.41)

Fz=az MaKC Kz=0,137'512=70 kI

[Ipu paGoueM pexkHMe aMIIUTYJa BEPTHKAJNbHOH CHJIL paBHA:

Py,=ay, K,=0,0076-512=3,9 «I.

3. Pacyetr npyXKHHHBIX BHOPOH30JATOPOB

3alajuMCs YHCJAOM TPYXUH n = 6, HCXOAS H3 KOHCTPYKTHBHEIX
cooOpaxKeHnH.

CTaTHYeCKVI0O Harpys3Ky, NPHXOASAMLVIOCS HA OAHY INPYXKHUHY, OIl-
pezeasior no dopmynae (5.1)

P’ :,_;Q_= 5;0 =85 kI

cT 1

JKecTKOCTE OlHOH TpY2KHHEI, HalAeHHas no dbopmyae (b.2), pasHa:

512
— Rzn o ~ 85,5 xI' jca.
n &

KZI'I

JluHamMuyecKyio Harpysky, nepejapaeMyio Ha OAHY NPYRHHY B pabouem
pexume H3onupyeMoro ob6beKTa, ycTaHaB/HuBawT Io ¢opmyae (5.5)

’

P ="0,0076.85,5=0,65 «TI".

PacuerHylo HArpy3Ky HA OLHY NPYXUHY onpepensitor no ¢opmyae (5.4)
P'=8511,5.0,66=86 «TI.

Bri6upass Ansg npyKUH YIVIEPOAUCTYIO CTadb Mapku 70, umeeM AJid
Hee MOAYJABb ynpyroctu npu ciasure G== 800 000 x[/cm?, nonyckaemoe
Hanpsi:KeHue B cpefiHeM pexkumMe pa6ors [1)=23500 xI'/cm® (cM. Taba. 5.1).
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[TpuMeM HHAEKC NPYXKHUHBI ¢ = 5,5, 4TO cooTBeTCTBYET KO3(pHIIHEH:
Ty R = 1,275 (cM. puc. 5.1). Torga AuameTp nmpyTKa paseH [dopmyJia

(5.3.)1:
1,275 . 86 - 5.5
d>1,6 l/ 3500 = (},66> cu.

[Ipunumas d = 0,8 cm, HAXOAUM CpeAHHH AHaMeTD HPYKUHBI 110 ¢ops
myJe (5.6)

D=44 cn.
Hucso pabouux BUTKOB TNMPYKHUHBE BHIUYUCIAAIOT Mo GopMmyJie (5.7)
_ 800000 - 0,8
= —=5,6.
8.0,06%.85,0

[Ipumem i = 6. Torga 4UCJI0 MEePTBBIX BUTKOB iy = 1,D5; IIOJIHOE YHCJO
BUTKOB onpejensnior no dopmyle (5.8)

il=f+fﬂ=7,5-
Ocanka npy>XHHL OT JelcTBHA Harpysku P’ cocraBJjser
86
~ 85,5

[Ilar npy:uHb, BHYUCAIeMBEIH M0 ¢opmyde (5.10):

=1 ¢M.

|
h=0,8—[—--'*6— 0,3-0,8=1,2,

HAXOJHUTCS B YKa3aHHEIX Mpejesax

D D
h~ —-+—.

4 2

BEICOTY DpYKHHEI, CXAaTOH N0 COIPHKOCHOBEHHS BHTKOB MpejebHOM
Harpy3ko# Pppeny, yYCTaHaBauBaOT 1o ¢popmyJe (5.11)

H=(7,5—0,5)0,8=05,6 cu.
BricoTy HeHArpy>XeHHOH NDPYXHUHBI onpefgeasiior no d¢opmyae (5.12)
Hy=95,646(1,2—0,8)=8 cx.

Bricota npyXuHH noj Harpyskoii P’ pasma:

HH=H9—-A/=7 CM.

’

JKectkocrs mpyxuHe K, = K, B FOPH30HTaJAbHOM HampaBJeHHUH

yn
ONpeRegIoOT 110 rpadHKy puC. 5.2 HA OCHOBE OTHOIICHHH
Hy 7 A 1
== 1 ,59; = — 0, .
D 4.4 Hy 7 143

119



NumeeMm

K K.
= T2 0,76.

r

K;H KZH

JKeCTKOCTh MPYXHHLI B FOPH3OHTAJbHOM HAINIPaBJEHHH

Kiyn=K, =065 «l[cm.

xm

[TpyxuHsl, paforalomue HA cxatHe, AOJKHBEL OHITh MPOBEPEHH HA
YCTOHYHBOCTb B TOM CJydae, €CJH UX FHOKOCTH 60JibHIe HAK PABHEI Npe-
NEeJILHBIM, TPUBEAeHHLIM B Ta6a. 5.2.

B nawmem npumepe

H 8
g —1,82 < 2.55.

D 4,4

BriGpansoe 4HCAO MNPYKHUHHBIX BUOPOU3OAATOPOB, HeoOXOofHMOE
a9 ofecriedeHUs NPOYHOCTH, npoBepsioT mo dopmyJae (5.24)

Q 510

= 50975 — ol

]
"= nd? [1]

8ke
PaccTaHOBKY NPYXHUH NPOU3BOAHM COrJIaCHO pHC. b.

"—'1 I5PIIHH

4. OnpeneneHue 4acTot COOCTBEHHBIX NOCTYNaTeJIbHO-
BpallaTeJbHbIX KOJe0aHU BUOPON30JUPOBAHHOH YCTAHOBKH

B paccmarpuBaeMoM ciiyyae LEHTP TAXKeCTH BUOGDOH3OJHPOBAHHOH
YCTAHOBKY H LIEHTP KECTKOCTU BHOPOH3OJSITOPOB PacHONOXKEHB HA Of-
HOH BepTHKaJNHU. LIeHTp XKecTKOCTH BHOPOH30JAATOPOB OYAeT HaXOLUThCH
B IIJIOCKOCTH OCHOBAHHS XeJie300eTOHHOHN NJAHTH, TaK KaK Kaxiaasa Npy-
JKUHA Ha MOJOBHHY CBOEH BBICOTHI BXOIHUT B yrJayOJieHUe Xeje306eToH-
HOH mJUTH. KOoOpAMHATHL HEHTPA MKECTKOCTH Xp, Y, Zp B CHCTEME KOOD-
auHat X, Yy, Zo (cM. puc. ) coryiacHo ¢opmyaam (2.20) nmpHHUMAIOT

CJEAVIOIHe 3HAYEHHS:

) =§m(gx1+2x2—|:2x3)___85,5(—80+0+80)=0_
R K, 512 ’
_Kem(39,—3%,) 8,5(3-40-3.40)
Th= K, - 512 =

K. _ .62 — 6.2
m L OO(Z0B0) o5 6 cm,

— S = —
“h K 6.65

rne S — paccTosiHHe MEXJY LEeHTPOM XKECTKOCTH H IEHTPOM THXKECTH
YCTAaHOBKH 1O BEPTHKAJH

120



acrora cOGCTBEHHBIX BePTHKAJNBbHBIX KOJeOaHUH HE U3MEH T CBOeH

BeJAHIHHBI
512
w1/ K} B it e

HacroTel COOCTBEHHHIX NOCTYNATeNbHO-BPawmaTeSAbHEIX KoJeGaHu#
BHOPDOU3OJHPOBAHHON YCTAaHOBKH B NJA0OCKOCTH XoZ, onpeaessioT MO
dopmysiam (2.25) uau (2.22). UucaeHHple 3HaYeHUsT BeJUYHH, BXOAA KX
g dhopmyay (2.25) , npuBefeHH HUXe:

K 6.65 J 826
2 X * 2 oy
= = =750 1/cex?, = = — 1 588,4 cm?;
=T T 0,52 feer™s Ry == " =050 o
K oy Z K_, 2+ 2, K . x;=85,5-4.402=5472.10% kI -cu;
=1
K 5472102
2 Qz _ .
L? 1403 S2 28,62
2 v — 0,88; 42— — ——— =2 0,51;
Oy R2  1588,4 T ¥ R, 1588,4 '
146, +d; 140,8840,51
A= o = > =1,2;

le=02(A )/ AP—pL)=750(1,22)/ 1,22 0,88);

w,= 18,4 1/cex; o, =238,1 1/cex.

HacToThl COOGCTBEHHBIX INOCTYHATeJbHO-BpamareJbHbBIX KOJeOaHHH

BUGDOHIONUPOBAHHON YCTAaHOBKH B TJNOCKOCTH Y Zp ONpeAeaAsiioT no
dopmynam (2.26) u (2.22):

6-65 808
W2 = 0 52 =750 1/cex?; R,%= 0.5 = 1554 cm?;
K{p*,‘:::85,5-6-402=8208-102 kIl -cm:
8208 . 102 , 28,62
L? = =2104 cm?; dy = =0,53;
Y= 6. 65 ”‘ * = 554
92104 1+ 1,35 40,53
b2 = -=1,35: B= —1,44;
XY 1554 2

©34=750(1,44 + V1,442 1,35 );

wg=21,1 1/cex; (w,=41,4 1/cex.
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HacToTy cOOGCTBEHHBEIX BpallaTeablblX KoJeGaHuu 00BeKTa OTHOCH-

TEJIbHO BePTHXKAJbHOH OCH Zy BBHIYHCASIOT 110 dopMmylie (2.27) ¢ y4eToM
dopmyanl (2.22)

Ko 6-65-402 4 4.65.40%
e = —— v = 1640 1/cex?;
0z

()

Dz = 40,5 1/cex.

OTHOHIEHH 4YacTOThl BO3MVINEHHS K dacTtoraM COOCTBEHHBIX KoJe-
Ganuli BHGPOM3OJMPOBAHHOH YCTAaHOBKH AOJIXKHH OLITh He MeHee 2,5.
B nanHoM chayudae 310 TpebOBaHHe BBINOJIHAETCSE. OTHOLIEHHS YaCTOTH
BO3OYIKJEeHHS K 4acTOoTaM COOCTBEHBHIX KoJieGaHHY BHOPOUBOJHPOBAH-
HOH YCTAHOBKH COCTaBJIAIOT:

§ 152 152
U)g _ 102 _4,8; (!)0 _ _8}2; ﬁ)g _ _4;
0, _ 31,4 0, 18,4 ©, 38,1
5 152 ® 152 )
Do == 152 =7 ,2; o == = 3,67; 2 = 3,75.
W3 21,1 0y 41,4 {D(pz 40,5

5. OnpeneseHne aMIUIMTYJ KOoJeOaHUU
BUOPOH30JHPOBAHHOM YCTAHOBKH

Bosmymamomas cu/aa BEHTHAATOPA, NOJABepraBuIerocss AHHaAMHYec-
Kol OajlaHCHPOBKe, JAEHCTBYET B MJOCKOCTHM, MePNeHAUKYJASPHOH OCH
BpallleHus ‘Bajla, M NPHJAOKEHZ HA OCH TIJIABHOTO BaJa BEHTHUJASTOpA
B LEHTpe TAXKECTH Bpamamnmuxcsa yacted. Ilocie npuBefeHuss K NeHTPY
TSAXKECTH YCTAHOBKHU 00pasywTcd BepTHKaJdbHass P sin wgl ¥ rOpU3OH-
Ta/lbHaa P cos myf CcOCTaBJAIOIIHe, a TaKmKe MOMEHT Phy cos myl.

ITocKONbKY OpHUEHTHPOBOUYHOE 3HAYEHHE PACUETHOH aMNAUTYABl KO-
JebaHuu ay; = 0,0204 cm oKasanoch O6JH3KHM K JAONMYCKAaeMOH BeJIHU-
gyuHe {a,] = 0,022 cx, npousBeleH VTOYHEHHHIH pacueT aMIIHTYJA KO-
JeGaHui.

AMIJUTYLY BEPTHUKAJbHBLIX KoJebGaHHH ap, ONpelessioT TOJbKO

C YY€TOM BEPTHKAJ bHOHW COCTaBJsIONIeH BO3MYIIAIOHIER CUMBL U0 (POP-
myJae (2.28)

P, 90
— ~ —0,0078 ch.
T o — Ky 0,52(152F — 512 ok

OnpefejeHue aMOJNUTYA TFOPHU3OHTAJBHBIX IOCTYIIATEJNBHEIX KOJe-

OaHUU IeHTPAa TSAKECTH YCTAHOBKH (Qp,. H BpAallaTeJbHBEIX KoJeOaHUuHU
0X

YCTAHOBKH Qpy NPOM3BOAAT 110 opmyJiam (1) H (27) npuaoxenus 1.

Bxopxsimue B HHX YHCJEHHbBIe 3HAUeHHS OTAEJNbHBEIX NTapaMeTPOB OLIJIH
ofipeJie/leHEl BhILIE.

HmMmeem:

6
f= S Ky; 20;=6-65 (—28,6) = — 11150 &7

i=1
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0
Ke= Y Ky;=6-65=390 I /cm;

i =1

6
2 :
s= X K 2,,=6:65.28,62=0,319-10° xI"-cx;

= |

4
p= 2 Kzix%£=4-85,5-402=0,547*106 kI <cm;

{ =1
—4610-11 150 —90 (— 826-15224-0,319- 106 4-0,547 - 106)
Hox= 0,52.826 (1522 — 18,42) (1522 — 38, 12)
=(0,00755 cm;
—90-11150—4610 (—0,52- 1522 - 390)
Pou="0 59.826 (1522 — 18,42)(1522 — 38, 12)

AMOJAUTYABl KoaeDaHUHU

=(0,000248 pao.

Aoy = Pz = Pox =0

B CBSI3M C TE€M, YTO UEHTP THAKECTH BUOPOH30JAHPOBAHHOIO O0BEKTa H
[IEHTP XKECTKOCTH BUOPOM3ONATOPOB pPAaCHOJOMKEHBI HA FJAaBHOH WEHT-
panbHO# OoCH Zj, 4 BO3MYHLAI0HIHE BO3ACUCTBUA HAXOAATCHA B HMJIOCKOCTH
XoZo. Hst HaXOXKIeHUA aMIJIMTYJALl TOPH3OHTAJBHHX KoJeOaHHH ocH
I71IaBHOTO BaJa BEHTHJSATOpA CJAeAyeT HUMeTh B BHUAY CJeLYyIOUlHE I10J0-
KeHHHA;

1) ropu3oHTaJbHAas COCTABJAAILASA BOSMYILAIIEN CHMBI IO OCH X
M MOMEHT OTHOCHTEJbHO OCH Y, UMEIT OJnHaxkoByio da3y;

2) BepTHKAaJbHAsl COCTaBJSIOWad BO3MYIHLAKOLIEH CHJIBI CABHHYTA
o (a3e OTHOCHTeJbHO MOMeHTa My, Ha yroJa 7i/2.

Takum o6pasoM, CYMMAapHYIO aMIJIUTYAY KOJeOaHHHA OCH TJIaBHOTO
BaJla BEHTUJISATOpA B TOPU3OHTAJNLHOM HalpaBJeHHH OIpeAes] ssioT aJl-
reOpandecKuM CJIOXKEeHHEeM COCTaBJSIOINIUX

Qse; = Gox 4 Poyhy =0,00755 40,000248-51,4 =0,0203 cx.

Kak BujgumMm, B paccMaTpudBaeMoM cJiyyae YTOYHEHHBIM MOACUET am-
NAUTY] KOJeGAHUH BEHTUANATOPA MAJO UOBAUSIA HA ee YUCIACHHOE 3Ha-
yeHHe. PacueTHaq BeJHYMHA aMIVIMTYAbl KoJeGaHUH 0Ka3a/ach MeHblle
AONYCTHUMOTO 3HaYEeHHUS.

6. Onpenesende BO3MYUlAWUIMUX YCHAHHA, mNepealoiMxcs
Ha NoAAEePIKUBAKILYI0 KOHCTPYKUHIO

BrluucasieM pe3yJabTHpPYIOUIHEe AMIJIUTYAB! BBIHYXKIEHHHIX KoJeba -
Huii i-ro BHOpOH30JiATOpPA B HanpaesJeHdH ocH X, no dopmyae (2.29)

Q1 = Uxg == ... =ax3=a0x+ (Puy 20i =
=0,007550 —28,6-0,000248 =0,00045 cm.

OnpegeisigeM pe3yJabTHPYIOLLHE aMIINTYAB BHIHYXKJEHHLIX KoJeba-
HUK i-10 BHODOH3OJSITOpPa B BEPTHKAJbHOM HANpaBJEHHH 1O GOPMYJe
(2.30)
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el

e 2 | 2 .2 __
B =03 =0, =0, ]/aﬂz_l_(pﬂyxﬂf o

=1/70,00782 1 0,0002482 . 402 =0,0127 cx;
Ay = Oy = gy =0,0078 c.

AMIOIUTYIB OPOEKUHH HaA ocH X,, Yo, Zp BO3MYIIAOmMEHd CHJBI
C aMIVIMTyJRoH P;, nepepaiomecsa depes i-dU BUOPOU3OJNATODR, HAXOAAT
no ¢opmyaam (2.38)

Pmlzpmgz .--:Pxﬁ:':axi Kxi=0,00045‘65:0,029 ffr;
P, —P,s— P, ==P,g=a,; K,;=0,0127.85,5—1,08 xTI;
P,y= P =0,0078-85,5=0,667 &I

PesyarpTUpyloliee BO3JeHCTBHE BO3SMYWAlOWIEH CHJLI Ha IOAZEP-
dKUBaIOM VIO KOHCTPYKLUIO OINpefessiiOoT KaK COBOKYIHOCTHL CHJ, Iepe-
Jalomuxcs yeped KaXKABIY {-U BUOPOU3OAATOP, C YUETOM pasHOCTU ¢as

3TUX CHJI.
Harpysku, mnepepaiomuecss Ha HOJAEPKUBAWIIYID KOHCTPYKIIHIO

IpU BKJIOYEHHH TOKA U KOPOTKHX 3aMBIKAHUAX 39JeKTPOABUTraTE s,
MOXKHO HE€ BLIUHCIAATb, IOCKOJbKY MOIHOCTbL 3JIeKTPOJBHUTaTe st BEHTH-
JAUMOHHOH YCTAaHOBKH MeHblie 10 kem.



[TPHITOXEHHE 4

NPHMEP PACYETA NPY)XMHHO-PE3HHOBOW
BUBPOHU30JMSALUH SYHIAMEHTA NOA NSATHTOHHDIN
NMAPOBO3AYIIHbBIM WITAMIMIOBOYHBIA MOJIOT

1. 3agaHHe Ha MPOEKTHPOBaHHE

a) Mosjor CKM3 napoBo3AyIIHbEY IITAMIOBOYHBIH JBORHOTO HeHCT-

Busg mMogenu [7KII.
6) MoJior npepHasHadeH JJsi IUTAMIOBKH CTAJbHBIX H3AEJHI H3

OOBIYHELIX CTaJeH .
B) JleficTBuTenbHBIH Bec nmajalomux yacred Qo= 5 T.
r) CKopocTh MajawiluX uYacTefi B MOMEHT yxapa v, = 7 m/cex.
n) Hucjao yaapoB moJsiora B MUHYTY N == 40.
e) Bec ma6ora u cTaHHHB MOJIOTA Qpp + Qer = 140, 7 T.

k) [laomanpb moxowBel wadora Fg = 5,6 M2,
3) OTMeTKa nojouisel 11a6ora OTHOCHTEJNBhHO MoJa lexa 2,125 .

n) Jlonyckaemas aMIJaUTyaa KoJgeGaHui ¢dyHAAMEHTHOro OJIOKa
ag = 4 mnm.
K) Tonmuna nofmaboTHON NPOKJAZKH U3 AYOOBHIX 6pYyCheB b =

= 0,4 u.
JA) [domyckaemass aMmMIJInTyjla kKoJseGaHuH TpyHTA HAH NoADyHAA

MEHTHOTO Kopob6a a = (0,25 mun.
M) HopmaTtuBHOe conpotusaenue rpydara R = 2 gx[/cm?.

H) KosdppuuueHt ynpyroro paBHOMEpPHOro CXAaTHsd IPYHTa B OCHO-
pauuu ¢yugamenta C, = 4000 7/x3.

0) O6beMHBIH Bec cyXxoro rpyHra y, = 1800 xI'/m3.

1) ¥Yroa ecTeCTBEHHOro OTKoca rpyuHra @ = 25°

p) YpoBeHb I'PYHTOBBEIX BOJA NPHHAT Ha 2 M HHKe MM0Ja lexa.

c) BpeMmeHHas HATPY3Ka Ha MOJ LieXa U NepekphITHE NOAPYHAAMEHT-

HOro Kopo6a P = 2 /M2

2. IlpoBepka HanpsixkeHHMH B NoAma00THOHU NMPoOKJIaaKe

HanpsaxxeHue, BO3HHKAaWIlee B JepEeBAHHOH NOAWIA00THOH npo-
KJ3aAKe NMpH yAdpe najalliuX vacrted, onpepeqasior no dopmysae (39)
CHull 11-6.7-70.

T E 50 000
— —*0:5" 5'7 T
° OISQOUB‘I/Q:{ Fmb |/ 140:7'5!6'0’4

=221 7/m2 <400 T/u?.

3. Onpenesenre Beca U pasmepos pyHjgaMeHTa

OpHeHTHpOBOYHLIM BeC PYHAAMEHTHOro 0Ji0Ka onpejensaeMm 1o ¢Gop-

MyJse (3.2) storo PykoBoAacTBa, NpPHHHMAA KO3)PUIMEHT HEYIPYroro
conpoTuBJeHusa yg = 0,12, gyactory coOCcTBeHHBIX KoJieOaHHH YCTaHOB-
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NEHHOro Ha BUGPOU30aATOPH DyHIaMeHTHOTO 610Ka f, = 4,5 2y. Kosd-
dbuumeHtT P, 3apucamui ot yg, 6epem no ta6a. (3.3).

[TpousBOAUM NPOBEPKY BO3MOXKHOCTH BO3HHKHOBEHHS pe30OHaHca
npu paboTe MOJIOTA C HEMOCTOSHHOM YacTOTOH yAapoB

" 60 [, 60 . 4.5 6 75
* ™ Naaxc 40 e

Oxpyrasem 3HauYeHHe np LAO Oauxaimero 6GoJabHIEro UeJA0T0 YHCJA.
[IpunuMaeM np = 7. Beauunny P npunumaem no rpage Ppes. Ilpu
Y8 = 0,12 Ppes = 0,98

_ (1-}-29) Qo vo

Agp W2

Qcp ﬁpes — (Qu+Qec1) =

(1 +0,5)5.7
©0,004.6,28 . 4,5

0,98—140,7 =455,1—140,7=314,4 7.

[{pu rayOuHe nOAIA0OTHOU BHIEeMKH, paBHOU | M, ¥ pasmepax ee B nJaa-
He 3,2X 2,4 4 nonyyuM ob6seM pyHIaMeBETHoro 6J0Ka BMecTe ¢ 0O6BbeMOM
noxraGoTHONH BEIEMKH

314 .4 .
U = 5 4 +3,2-2,4-1=1314+7,7=138,7 M2,

¥

TIpuHsAB MHHHMAJbHYIO TOJUIHHY NOAMAGOTHON YacTH GpyHAAMEHT-
Horo 6Ji0Ka, coraacHo tabJa. (3.1), paBHo# 2,2 4, NOAYYUM BHICOTY GJ10-
Ka PaBHOH 3,2 m ¥ mJjowmaib NoJowBL 0,10KA4

139
Fp= -=43,3 M2.
7 3,0
Pasmepnl ¢ynaaMeHTHoro OJoKa B nJaaHe ©Oepem 7,2X6 .

Fop = 43,2 >

[Ipy npuHsATOH TOAUIHHE CTeH NOAPYHAAMEHTHOro Kopo6a 0,4 wm
H OpoxojaMH MeXXAYy OOKOBBIMH T'paHAMH (pyHIaMeHTHOro 6soka H crTe-
HaMHi NoAGYHIAMEeHTHOro Kopoba paBHEIMH | #, IJomAaAb NTOJOIUBL IOJ-
{pyHIaMeHTHOro kopo6a Fyi = 10.8,8 = 88 m% Awmnauryay xoJeba-
HUU noldyHaameHTHOro Kopoba nposepsiem nmo gopmyJe (3.95)

(1 ao)Qovomzﬁ (140,5)5-7-6,28-4,5
wFy Cy & pes = 1.7.88-4000.9,81
=0,000248 »=0,248 un < 0,25 mm.

Ap — 0,98:—‘“

4. Pacuer BHOPOH30JAATOPOB

Bpibupaem ONOpPHHIM BapHaHT OCYUIECTBJACHHST BUOPOU3OIALHUH
(cM. puc. 3.1, 6). [IpunuMaem KOMOHHHUPOBAHHbBIE BHOPOHU3OJISITOPH, CO-
CTOSIIHE M3 CTAaHAAPTHBIX COCTABHLIX (KOHUEHTPHYECKHX) BHUTHIX IPY-
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XKHH ¥ PE3HHOBHIX 3JE€MEHTOB. BHODOH3OMATOPH NOAOHPaEM IC CepHH
3.001-1 «Bu6pousonupymoiiie ycTpoicTBa GyHAaMeHTOB M OCHOBAaHHH
MOJ MAaUIHHB ¢ JUHAMMUECKMMH Harpyskamu», Bun. 1. «Karagaor npy-.
’KUHHBIX BUGDOU3ONATOPOB U NPV KHUH JJisT BUOPOU3O0JSATOPOBY H BBIIN. 2.
«KaraJjior pe3aiHOBHX BHOGPOHU30ASTOPOB H DPe3UHB! JJsi BUGPOH3O0JSTO-
pOBY.

[IpuurMaeM npyuHHBH Bu6Gpousoasitop Mapku BII-8 ¢ BeptH-

kanbHOM Kectkoctblo K, = 3724 x[l/cm n MakcuManbHOH paboyeH Ha-
rpy3koii P’y = 13 400 xI". Pe3nnoBnie 3/eMeHThl NpHHHUMaeM B BHIE

2 |- 2
40 _p000_ 3600 ' 3600 _q000 400 40 3000 _1000, 400

2
1000 3000
" |

Ly |
o
2 2 i.
N
% A TRI NG LT i
20 3 2
S N
AN 1 N —
.’ % j APJAINIRNRICRCTRINE eIl
S 4
10000" 8800
1 -7
1675 7575 I7375 1675
7]
I Puc. 7. BubpousoaupoBaHHBbIl
(pbyHAaMeHT NoJ NATHTOHHLIH Ma-
POBO3AYWHHHK  HITAMIIOBOUYHBLIN
MOJIOT (ApY>XHHHO-pE3UHOBAaA
6 BUOPOHU3OJIALNSA)

{ — ¢TaHHHa MoNoTa; 2 — (pyHIaMeHT-
HbIE ©OJ0K; J— nogpvHIaMeHTHLINA
KOpoO; 4 — GeToHHLIe JIeHTH, 5 —
NpyKUHHBIR BUOpOH3OAATOP; 6 — pe-
3HHOBBI#H# BHODOH3IOQJAATOD

CTONIGUKOB C KBaJADAaTHLIM IONEPEeYHHIM cedeHHeM U3 Pe3UHBl MapKH
KP-407 ¢ nunamuveckuM monyJaem ynpyroctd Eg = 100 kI'/cm? n Koad-
(pUUHEHTOM HEYNPYTOro CONpPOTHBAEHUSA Yy = 0,2]1. OOMmYI0 KeCTKOCTh
BCEX BHOPOH3OJSATOPOB HAxXxoAuM no ¢opmyJe (2.10)

455 100
K,= mw,?= 931 - (6,28.4,5)2=370000 &I /cH.

Uuceso npyxuHHBIX BUOPOH3OAATOPOB oOlpelessieM no ¢opmye
(5.24), cobaiofast YCJAOBUS IPOUYHOCTH H YYHTHIBAS, COIVIACHO YKa3aHUAM
n. 3.15 PyxoBoacrsa, Bec ycraHoBkH Qy = 495,1 7.

Qy 455 100

*nB:_ ==

p’ 13400—1,5 - 0,4 . 3724

=41 uir.
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Ilpunumaem 42 npyKUHHBIX BUOpOH30/sTOpA. )KEeCTKOCTh BCEX MPYyKHUH-
HblX BHOPOHU3OJISATOPOB

K, = 3724 -42 = 156 000 &I /cm.

JKecTKOCTh pe3nHOBBIX 3JIeMEHTOB
Kp=K;— Kz =370 000 — 156 000 =214 000 «I'/cm.

KosbhdunyedT HeYIPYyroro CONPOTHUBJIEHUSA BCeX BUOPOHU3OJAATOPOB
onpenensem u3 popmydanl (5.38), npuHAMAs, COTJTACHO YKA3aHUAM I1. 5.8
PykoBojcrea, yg = 0,01,

Ko Yut+Kzp Yp 166 000.0,01 - 214000.0,21
Vg == — =0,125.
K, 370 000

YHacth Beca YCTAHOBKHM, Iepejaiouiass Ha pPe3uHOBble BUOPOH30-
JTOpbl, onpenelseM no gopmyae (6.40)

Qp=a¢g K;p=0,4-214 100=285 640 «I.
HacTr Beca YCTAaHOBKH, nepejawliass Ha NPYKHHHbe BHOpOH30-

JSITOPHI
Qn =Qy—Qp =455 100 —85 640 = 369 500 «I.
Cratuyeckasi ocafika NPYyKUHHBIX BUOGPOU3OAATOPOB
o 369 500
T Kon 156000 =2,

[laomans NONEPeYyHOro CeYyeHHUsl BCEX PE3HHOBLIX 3JIEMEHTOB IOJIY-
qyaem 110 Gpopmyae (5.26), npuHaAB ¢ = 4 ka2/cm*

85 640
F —--Qp == =21 400 cm2.
B o 4

A

T cM,

Pa6ouyio BLICOTY PE3HHOBOrO 3jieMeHTa HaXxoAuM no popmyne (5.28)

EFF 100 - 21 400
L U 0 = 10 cm.
Ky 214 000

[Tonepeunbli pasmep A pPe3HHOBOrO 3JIeMEHTA B LEJAX 3KOHOMMY
pe3vHbl PeKoMeHAyeTcs BulOupaTh ¢ cobaronenneM yciaosus (5.30)

Hlp H{:A “‘"'-;:« 115.H1p

[Ipunumaem rnonepedyHbiii pa3Mep pesuHoOBOro 3JjeMmeHTa 12X 12 cu.
[loavas RLICOTA PE3HHOBOIO 3JIEMEHTA

H1p=

A 12
Hp-_—"Hlp"l—S —-10+ 3 -—-11,5 M,

BriGupaeM IO KaraJjory pe3uHoBbli Bubpousogsarop mapka BP-3,
COCTOSILHHA U3 UeTHIpeX PEe3HHOBHIX 3JeMeHTOB padmepom 12X 12X 12 cu.

JKecTxocth BUOpOU3OAATOPA K;p = 5480 xI'/cm, nauboabinast pabouas
narpyska P’y = 2304 «I.
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YncJs1o pe3HHOBEIX BHOPOU3OJSITOPOB HAXOAHM:
a) U3 YCJAOBHA  XKeCTKOCTH, omnpejejsemoro ¢opmynaoir (5.35)

14 0
n < Kz,p -—-2 00_.._39 T.;
sz 9480

6) U3 VCJIOBHS HPOYHOCTH, ompejensieMoro dopmynon (5.36):

Qp 85640
= r - T = 7 '
p. = Tg3pq o ur

[Tpunumaem 38 pe3HHOBLIX BUOPOH3OJSITOPOB.
Ocajgxy pe3uHOBHIX BUOPOU3OAATOPOB OT CTATHYECKOH HArPY3Ku
HaXxoAHuM 1o dopmyJe (5.37)

Qp Hip 85 640 - 10,5
A m— — — -=10,977
TP P Egy 12.12.4.38. 42 e

0. Pacuyer apMarypbi, pacnojioKeHHol B HHXKHEH YacTH
byupameHTHoro 6J0Ka

PacyeTHY10 Harpysky, BO3HHKAWOILYIO NPH yiape najamumHx yac-
TeH, onpeaeasieM no dopmyJe (3.18).

P, =0Fy=221.5,6=1240 r.

PacuyeTHHH H3rubaroumy¥ MOMEHT B HampaBJEeHHU JJUHHOH CTOpO-
HHl (yHAAMEHTHOro 06Jioka

Pz: 2 {a 1240 ‘ 7,2
M —— " = a —— rr— *—-742 . *
1= "3 o 12 -

PacuetHblii H3rufaQUIAA MOMEHT B HANPAaBJ/IEeHUH KOPOTKOH CTOPOHHE
byunameHTHOro 6J0Ka

1240 - 6
M2= 4102 ~—-620 T M.

Ilas ¢yupamentHoro OJoka Oepem Oeron mapxku 200. Apmarypa
ropsiuekaraHas nepuojguueckoro npobunas raacca A-Il.

B coorBercTeun ¢ ykasauusiMmu CHull 11-B.1-62:

a) pacyeTHOe CONPOTUBJAEHHE OETOHA Ha CXaTHe NpU H3rube Ry =
= 100 xI'/cm?;

6) pacuernoe conporupsienne apMmarypul Rp = 2700 xIl/cu?;

B) KoadduiHeHTH Yca0BHs PpalboTEl MPU pacyere Ha HPOYHOCTH:
IJsi 6eToHa mg = 1 ¥ AJs apmatrypul my = |;

r) kosddunuesT mneperpysku B = 1.

OnpenenuM NJ01aAb ceUeHUs HHXKHEH apmatypul (GyHAaAMEeHTHOI'O
6J0Ka.

O 3ak. 721 129



st apMaTypel, YKJaAbBaeMOH IO NAJUHHOH CTOpOHE (PYHAAMEHT-
HOro 6sioka no TabJs. 3.8 «PykoBoJAcTBa MO NPOEKTHPOBAHHIO XKeJje30-
OETOHHBIX KOHCTpPYKUUH» 1968 r. npu

M 74 200 000
A=— . — == 2 :7:
bhe? 6002152

ans cranu Kaacca A-II p = 0,11,

b
Fa.n= piOf(z}ﬂ =0,0011.600.215=142 cm2,

Ins apMaType, YKJaAblBaeMOH B HANpaBJeHUH KOPOTKOH CTOPOHH
¢pyHAaMeHTHOTO 0OJI0K@, — Mo TO# ke TabJiyle npu

6 200 000
T 790 - 2152
Fy x=0,00076.720.215=118 c#x>.

Crepxun nuamerpoMm 22 A-1I pacnosaralorcs BLOJb AJHHHOH CTO-
poHBI ¢ maroMm 150 mm, BoJIb KOPOTKOH CTOPOHH ¢ maroM 200 ma.
[IpoBefeM pacueT BepTHKAaJbHOH apMaTypPhl, BEICTYNAaOIIEeH BOKPYT
noAmaboTHON BhieMKH O€TOHHBIX yacTed pyHXaMeHTHOTO 0JIOKa, Ha JIeH-
CTBHE OTPHIBAIONIEH CHUJHB, HANPaBJeHHOH BBEPX W PaBHOH BeCY BHICTY-
nawineil 4acTH, YMHOXEHHOH HA KO3(pPHIHEHT oL.
- Bec BricTynalome# yactu ¢yHAaAMEHTHOro 6J0Ka paBeH:

Opq=(7,2-6—-—-3,2-2,4)1 -2,4=285,2 .
OnpepenavM Koapdumuent o no gopmyae (3.19)

a_(1+30)QuUﬂrl/- Ecr Frn =
o b (Qu: + Qcz) &

(1+0,5)5.7]/ 5000056 .
~ 314.,4 0,4.140,7.9,81 7

OtpriBaroiias CHJa
Porp=0Qp,q 0=385,2-2,76=235,1 T.
Ha ! noz. » BricTYNaCWed yacTH ¢yHAaMeHTHOro OJioKa

, 235, 1
POT = —
P 7,2.24+6-2
[Inomane ceueHHss BepTHKaJbHOH apMatypel Ha 1 noz. M

=2 p=0,076;

8,9 1.

.

P 8900
Fa= OTp -

= 3,3
Rj 2700
[IpunumaeM apmatypy Auamerpom 10 A-II ¢ marom 200 mu.

cme,

6. YKa3zanus no npou3BoICTBY padbor

3hech npeaycMaTpUBaIOTCS JAONOJHHTEJbHbEIE TPeOGOBAHHUA K NPO-
M3BOJACTBY paboT IO BO3BeJEHUIO BUOPOU30JHPOBAHHOIO (PYHAAMEHTA,
KOTODEIE A€OOXOAHMO BBINOJHATHL HApAAY € TpeOOBaHUSIMH COOTBETCT-
Byomux pasaenaos CHull I11-B.1-62.
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. IloadyraaMeHTHHH KOpo6 GeTOHUPYIOT H0C/]AE TEXHHUYECKOH NMpH-
eMKHY OCHOBAHHUSA; O pe3yJbTarax NMpUeMKH JOJXKeH OLTh COCTaBJdeH akKrT.

2. Ecau Ha ypoBHe 3a7103KeHU A NOJOIBL NOADYHIAMEHTHOIO KOPO-
6a 6yAyT o0HapyXKeHB HEOJHOPOAHLIe, cjabbie HAH CHAbHO CXKHUMaeMhbIe
TPYHTHL, TO BOIPOC O IJIyOHHE 3aJ0XKEHUS UJIU pasMepax nmoadbyHAaAMeHT-
HOro kKopoGa 006s13aTelIbHO NepecMaTpPUBAalOT COBMECTHO C NMPOEKTHOH Op-
ragusanuen.

3. 3akJaajHee JeTaJii YCTaHaBJAMBalOT ¢ 0co00H TIaTeJIbHOCTHIO,
B IOJHOM COOTBETCTBHU C INPOEKTOM; BO BPeMsd YKJaAKHU OeTOHA OHH
AOJXKHEL OLITh HAAEKHO 3aKpenJeHHI.

4. Ilocne OeTOHUDOBAHUSA U pacnaidyOKH NOAPYHAAMEHTHOTO KOPO-
6a yCTaHaBJIMBAIOT NpeABapHTENbHO CXKaThle NPYXKHUHHLIE BHOPOU304-
TOpbl. BHICOTa npejBapUTEAbHO CXATOro NpyXHUHHOI'O BUOPOU3OAATOPA
JIoaxHa OLITh paBHa €ro BLICOTE B HArpyeHHOM COCTOSSHHH TOJ
AeiictBueM Beca (pyHgaMeHTHoro 6JioKa, mabora M CTAHHHBL MOJIOTA.

5. Ilepen ycrpoiicrBOM onajyOKH QYyHAAMEHTHOI'O OJI0OKA YTOYHSIIOT
MOJeJb MOJIOTA M CBEpPSIT TaGapuThl BEpXHEH 4acTH (YHIAMEHTA “CO
CTPOUTEJbHLIM 3aJaHueM Ha (PyHAAMEHT, BLICBIJIAEMBIM 3aBOJAOM-H3TOTO-

BUTEJIEM BMECTE C MOJIOTOM.

6. Detounyio cmech A4 GyHIaMmeHTHOro OJ10Ka CjlelyeT YKJAAALBAaTh
TOPU3OHTAJNBHBIMH CJA0AMH 0€3 IepephLiBOB.

7. JIHO moAmal6oTHOH BHIEMKH HOJIXKHO OHBITH CTPOI'O FOPH3OHTAJb-
HEIM. DTY HOBEPXHOCTb BHIPAaBHHBAIOT B MaccuBe pyHIaMeHTHOro 6/10Ka
10 HadaJsa cxBaThiBaHus OetoHa. OMITyKarypuBaHue AHa nojinaboTHOMH
BhlEMKH He JONYCKaeTcs.

8. Ilo pocruxkennu 6eToHOM pyHAameHTHOro 6Joka 70% -Hoit npou-
HOCTH OOJITHI NPYXKHUHHBIX BHOPOU3OAATOPOB OCBOOOXKJAIOT U IIPOU3BOJST
pacnanaybky ¢gpyBIaMeHTHOro OJIOKa.

0. Ilocse moHTaxXa MOJOTA YCTAHABJAKUBAIOT U PEryJHPYIOT PE3UHO-
Bhle BUOPOUIQAATOPH NYyTeM IOABEPTHIBAHHSA OMNOPHBIX 6OJATOB C IPO-
BEDKOM CXKATHS DEe3HHOBHEIX 3JeMEHTOB HIaOJOHOM, H3TOTOBJEHHLIM H3
cTanbHO i mogocel. IupuHa (B paboueM MoOJIOKEHHH — BbLICOTA) MIAGJIO-
Ha AOJIXKHA OBITh HA aMIJIUTYAY KoJebaHul dyHAaMedTHOro 6/10ka 60J1b-
e CTATHYECKOH OCaJKH PEe3UHOBLIX 3JeMeHTOB. [Ipu npoBepKke 1madaoH
BBOJAAT B 3a30PEI MEXJY CTAJbHLIMH JIUCTAMH OIIOPHOTO «CTOJUKA» K QY H-
daMeHTHBIM OJOKOM.

10. llpu coopyxkenHuu ¢pyHAaMeHTA HeOOXOAHUMO MPOMEXYTOYHOoe
OCBHJETEJbCTBOBAHHE OCHOBAHHUS, OnanyOKH, apMaryphel K 3aKJaAHBLIX
Aetajied. Pe3yabtaThl HPOMEXKYTOYHOTO OCBHAETEJNbCTBOBAHHA OTMe-
JaloT B akKTax.

11. Ilocse ycraHOBKH MOJIOTA HAa QYHAAMEHTHLIH OJI0K U peryJHpoBa-
HUSA DPE3HHOBLIX BUOPOHU3O0JATOPOB HA BEPXHIOK YacTh CTeHLl MNOAPYH-
AaMeHTHOTO Kopofa YRJAAABIBAIOT MeTajauuyecKue OaJiKu H 110 HHM Hac-
TUJI U3 MeTadJUYeCKuX IIJIHT.

12. Ilepexa npo6HOM MITaMIOBKOH HJAH KOBKOH HEOOX0AUMO YOCIHTh-
CsAd B TOM, UTO MexXAy dyHAAMEeHTHLIM OJOKOM H NnoidyHAaMeHTHBIM KO-
poOGoM HeT KeCcTKHX cBsideidl (6eToHa, OCTaTKOB OlaJyOKH, CAYYaHHBIX
IpeJMETOB U T. IL.).

B npornecce skcnayaTaquyd HeoGXOAUMO CAEAHTh, YTOOBl HA PE3HHO-
BbI€ JIEMEHTHI He MmonajaJjio Macao. Eciau maciao Oyler o0HapyKeHO, Ha-
B0 cleJaTh HaJ, pe3HHOBBIMH BUOPOM3O0JATOPAMH 30HTHl H3 TQHKOH JIHC-
TOBOH CTaJIH.
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NPHJJIOXEHHE 5

INPHUMEP PACYHETA NPY)XHHHO-PECCOPHON
BUBPOU3OJAULHUH ¢YHIAAMEHTA NOJA 16-TOHHDBIA
MAPOBO3AYLUIHbIA HITAMINOBOYHBIA MOJIOT

1. 3agaHve HA NPOEKTHPOBAHUE

a) MoaoT HKM3 nmapoBo3AyuHBIH ITaMIOBOYHBIH ABOHHOTO fei-
cTBua mojenn INTHIM-16;

6) MOJIOT NnpejHasHayeH [ IITAMIIOBKH H3JeJHH U3 OOLIYHBIX CTa-
JIeH;

B) JAeHCTBHUTEJbHBIH BeC najawinux yacred Qo = 16 1;

') CKOPOCTh Najarmwmux vacreit vy = 7,81 m/cex;

) MUCJO YIapoB B MHHYTY N — 4b;

e) Bec craHuHB M mabora Qeqp -+ Qm = 450 713

»K) NJaomajab nojpowsbl mabora Fyy = 11,25 m%;

3) OTMeTKa INOAOHIBH 11a00Ta OTHOCHTEJILHO I10J1a lieXa paBHAa
3,71 m;

H) TOJIHHHA MNOAWAGOTHOH TNPOKAaAKH H3 JAy00BEIX Opycbes
b = 0,96 u;

K) JomyckaeMas aMIJIMTyjAa KoJe0aHUH QYHJAAMEHTHOro O6J0Ka
ag = 17 mm,

J) 4acToTa COOCTBEHHLIX BEPTHKAJbHBIX KOoJeGaHuH BUOPOU30JIU-
DOBAHHOH YCTAHOBKH [, < 3 eau;

M) JlonyCKaeMas aMmIVIMTYAA KoJeOGaHuM TCPYHTA WAH noxdyHAA-
MEHTHOTO Kopoba ax = 0,4 mum;

H) HODMAaTHBHOE CONMpOTHBJieHHe TpyHTa RH = 2 x[/cm?;

0) KO3(Q(QHUIIMEHT YOPYroro paBHOMEPHOIO CXKAaTHUd I'PYHTA B OCHO-
BaHHH ¢yHjpaMmenta C, = 6000 1/x3;

n) o6beMHLII BeC CyXOro rpyHra 7y, = 1800 xI'/m®;

P) BpeMeHHas Harpys3ka Ha I10J uexa U epekpuiTie noagpyHiaMeHT-
HOTO KopoGa P = 2 71/s%

2. IlpoBepka HanpsixKeHHH B MOALLIA0OTHOH
npokJaakKe

Hanpsxenue, Bo3HHKalomee B Ay60BOH NOAMIAGOTHOH NMpPOKJajKe
NpH yAape najaroumux uyacteid, onpeflenqaioT no dopmyae (39) CHull
11-B.7-70

o E
(Qer+Qu) Fwb

50 000 h
—0,5-16 - 7,81 =201 7/ 2
]/ 450 - 11,25. 0,06 01 /w2400 1/

Tak kak BO3HHKAIOLLEE HANpsiKEHHe 3HAUYUTEJbHO MEeHbllUe Jonyc-
THMOTO, TO B LieJIsIX 3KOHOMHH ny6a yMeHblIaeM TOJILHHY MOoAmaboTHOHR
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NPpOKJAAKH, 9TO YMEHBIIHUT INYOUHY noAamaboTHON BHIEMKH, a c/efoBa-
TEJbHO, H BHICOTY (PYHIAMEHTHOro 6J10Ka.

CoraacHo [OCT 8486—57 «PekomeHayeMBl# copTaMeHT mHUJoOMare-
DHAJOBY NPHHHMAEM BHICOTY NOAIA00THOH NPOKAAAKH H3 TpeX OpyCheB

ceueHueM 20X 20 cmu.
Torpa HanpsixKeHHe

50 000
—0, 9 2 2
] 5Q0 U ]/ ERTIETN 54 T/m2 << 400 7/m

3. OnpepnesieHue Beca U pa3MepoB
¢pyHIaMeHTHOro 0J0Ka

I[IpuHuMaeM 4YacTOTyY COOCTBEHHBIX BepPTHKAJbHLIX KoJie6aHHH
BUGPOH30NUPOBAHHOH YCTAaHOBKU f, = 3 ay. |

Torga ©, = 2nf, = 6,28-3 = 18,84 pad/cex.

OnpepengeM TpeOyeMy1o BeJUHYUHY KO3PDHIIHEHTA OTHOCHUTENBHOIO
TpeHHss ¢ B BubOpousoasatopax no gopmyJe (3.6) Pykosoacrea

A O;° ap ;>
> Q> ;
2g (1 &) 28 Vmy (my + 2)
2 0,7.18,842
s Bhat: = : =(0,0845;
2g (14 &) 2-981 (1+0,5)
_ Qg 42 0,7-18,842 0 0149
2g Vmy (m1+ 2) 2.981 V8@ +2 7
rje
o 120f, 120.3 g
1= "y T a5 O

3HaueHne ¢ JoJaxHo OwniTe B npefenax 00,0845 > ¢ > 0,0142. Ilpunuu-
maem ¢ ==0,033.
Bec dynjgamentTHoro Osoka HaxoAauMm mo dopmyae (3.8)

(14-2) 90 Uo
2507 Vl + @

14-0.5)16 . 7.8l
_ (140,95 — 450 = 1400 — 450 — 950 7.

~ 0,007-18,84 /T + 0,033

Q(p = —(Qer+ QHI) =

Iipn rny6uHe nogiaGoTHON BeIeMKH, paBHoH |,6 m, ¥ pa3mepax B
naate 5,3X 3,3 # o6bvem pyHAaAMeHTHOro 6Ji0ka BMecTe ¢ 06beMOM TMOA-~
maboTHOHU BLHIEMKH

950
vp=—, +5,3-3,3-1,6=3961-28=424 .

3
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[Ipunsas pasMmepn dpyHzameHTHOro 6/ioka B miaane 9,6X7,6 x4, no-
JYYHM BHICOTY PYHAAMEHTHOro 6JoKa

. 424
= 96.7.6

=5,8 M.

Bricora nommabotrHoln uvactH 6J0Ka

HIIGJIHI"::5:8_'1 ,6=4,2 M.

[Ipu npuHATON ToJUIHHE CTeH NOADYHIAMEHTHOro Kopoba, paBHOH
1,3 M, ¥ nmpoxogamu MexKAYy OOKOBEIMU rpaxsiMu GyHAaMeHTHOro 06J0Ka
H creHaMd noadyHaameHTHoro xopofOa, pauniMu 0,9 u, naomanb mno-

JAOUIBbLl NMOAPYHAAMEHTHOIO Kopoba

FH=14"12:168 ME.

IIpou3BOAUM NPOBEPOUYHBLIN pacCUeT ONpeAeSeHUs] aMIAUTYAL KoJle-
GanHH nmoadyHIaMeHTHOro Kopo6a mo dopmyae (3.9)

I Qo Vo (14—30)‘-0:-‘/1—[—(15‘
B wFyx C.g

16 . 7,81 (1 4- 0,5) 18,84 /10,033
- 1,1-168-6000-9,81 T

=0,00033 #=0,33 mn << 0,4 um.

Bpemsi, B TedeHHe KOTOPOIrO NHPOUCXOAAT KoJebanusa GyHAAMEHT-
HOro 0Jioka mpu BEHIOpAHHOM 3HA4YeHUH P, ONPEAELAHIOT IO QopMyJe

(3.10)
] M

[ ep == - .
B4, 2,

rpe gy — HaAHMEHBUICE IICJ/J0C HHC/JAQ, YAOBJCTBODAIOIICC HEPABCHCTBY
(3.11)

oy ap 02 2 o 0,7.18,84?% 32_
1 —1 = | =
m > l/ +( 20 ) : l/1+(2-981-0,033

—=V1+3,842 —1=3,97—1=2,97; m;=3;
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z 1 N 3
B 4.3 " 2.3

=0,58 cex.

CaezoBarenbHO, MOJIOT 6yAeT HaXOAUTLCS B COCTOAHUU NOKOS IIPH-
MEPHO B TeueHHe NOJOBHHBl HHTEPBAJa BPeMEHH MEXAY yJdapaMi,

4. Pacuetr npyKHHHO-PECCOPHBIX
BUOPOU30JIATOPOB

O6yI0 KECTKOCTh BHGPOH3QJATOPOB ONpPENeNdIoT N0 (QopMmyle
(2.10)

1400 000 - 18,842
981

K,=mw,* = =506 200 «xI'/cu.

[TpunuMaem napagnJenbHoe COelHHEHHE NPYKHH H peccop. Toraa
NOJIKHB OBITh YAOBJETBOpeHH paBeHcTBa (3.13) u (3.14)

. Pn _Kzn‘i‘ Pn p Kj»:n. D

Ki=Kyn+Kzn.p ® K,

rae @ = 0,033;
Pg — KOPPHUIHEHT OTHOCHTENDbHOTO TPEHHA IMPYXHUH HNPHUHHMAIOT

paBubiM 0,01;
P, p — KOSPOHIHEHT OTHOCUTEJHHOI'O TPEHHs JHCTOBOH pPEecCOph

onpeneasoT no gopmydae (3.17)
h
@n.p==2p(”n“‘1)_i£;

L — KO3(phUUHEHT TPEHUS: MEXJY JUCTaMH NpH rpaduTHON cMas-
ke paseH (,3;
ny — obllee YUCJA0 JUCTOB OJHOH NOJMOBHHB HJIHNTHYECKOH pec-
COpHL;
Ay — TOJIMKHA JIUCTA;
L — xopna peccophl.

B kauectBe peccOpHBIX BHOPOH30/ATOPOB GepeM peccoPhl 3JAJHNTH-
4eCKHe NSITHANCTOBHE C BEPTHKANIbHOK XKecTKOCTbio K, p=2500 kl[cm

M AoONyCKaeMOH paboyeill Harpyskoit P, = 5000 x[.
Torna

1,2
Pa. p=2-0,3(5—1) — =0,05.

]
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M3 vepasenctsa (3.14) onpezesiuM COOTHOILIEHHE KECTKOCTeH mpy-

KHUHHBIX U PECCOPHBIX BUOPOH30JSITOPOB:

0,033 =

0,01K,z+0,05 (506 200 — K1)

506 200

4800

JO0 90

4800 3001300

1T T

==

Wil

5800
11314

0000000300000 EA0000530000

A0SR NIOEANB00ID -

HS0000E00M0EITINEA0000-

H00E0000 A CI0000E0000} -

Puc. 8. Bu6GpousonupoBasHblii QyHAAMEHT

nox 16-ToHHHIH MapOBO3AYINHBIM INITAMMO-

BOYHBIHI MOJIOT (NPYKHHHO-peccopHas BHO-
DOHU3OJALUA)

] — waGor Moaorta: 2 — byHOIaMeHTHBIR OGJIOK;

3 — noAdynpaMedTHRA  Kopob; 4 — GETOHHLIE

JEHTbI, § — pecCOpHBIR BHOPOH3OAATOpP; 6 — IIPY-
JXKUHHBIH BHODPOU3OJAATOP

“4
.
AL

J
T | R B [
E
[ ] \E
o

16 750 =0, 01K -
425 375 —0,05K p:
K,n=216000 I [cu.

[To «Karajory npyxuu-
HbIX BHOpPOU3OJISATOPOB H
NPYXHH NI BHGPOH30N 5~
TOpOB» (cepus 3.001-1, BuI-
nyck 1) nmog6upaeM BHGE-
pPOH3OJIATODP, COCTOSIHIHH
H3 ABYX KOMINJEKTOB CO-
CTaBHBIX NPYXUH C Bep-
THKAJbHOH  JKE€CTKOCTBIO

K, = 1484 xkI'/cm® u pac-
YeTHOH Harpyskofi P'g =
= 16 260 xI". Mapka BuG-
ponsoanaropa BII-6.
Hucao TnNpyXHHHBX
BHOpOH30NATOPOB U3 YC-

JIOBUST o6eclieyeHua Apoy-
HOCTH

CT
Qy
P,—1,5a, K,
1 400 000 |
16 960 —1,5-0,7-1484

=95 r.

——
W — e——

YHCJO0 HPYKUHHBIX
BUOPOH30QJIATOPOB  HaXo-
JIHM, HCXOAS1 H3 YCJOBHS
obecrieueHUss  KeCTKOCTH

Kun ™ 216000
Kz

ng <

1484
= 146 wr.

Nas yaoGcrsa pacnofioxeHns BHOPOM30JAATOPOB HA CEMH GeToH-
HEIX JIeHTax GepeM 147 IUT. MPYXHUHHBIX BHOPOH30JATOPOB.
O6mas XKecTKOCTb NPYXKHHHLIX BHOPOU3OAATOPOR

K, = 1484.147 =218 000 «I /cx.

O6m1as XeCcTKOCTb PECCOPHBIX BHOPOM3ONATOPOB
K n.p="506 200 —218 000 =288 200 I /ca.
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OnpegensieM YHCIO PeCCOpP HCXOASA H3 YCJAOBHS XECTKOCTH

288 200
Ny p= =116 mr.

2500

YuuThBas pacrnoJioXeHne peccop Ha JeHTax, npunuMaem 112 pec-

cop, obbeiuHsAeM UX B OJOKH N0 4 peccoprl B KaxJAoM. Ha xakao# JeH-

112
Te YCTAHABJAHBAEM IO 7y = 4 Onoka.

daKkTHUECKAasT JKECTKOCTb BCeX PeCCOPHEIX BUOPOU3OJMSTOPOB
K; 7.p=2500-112=280000 «I'/cx.
Q6miag XeCcTKOCTh NPYIKUH U peccop

2= 218 0004 280 000 =498 000 xI'/cm <506 200 &I [cm.

OnpejgeauM QakTHYECKYI0 YACTOTY COOCTBEHHBIX KoJiebaHui 6J10Ka

498 000.981
W2 =— 1 400 000 =349 pad?/cex?; w,= V349 =18,7 pad/cex;
18,7
—— _"'"2’. 8 L
Iz 6.98 98 ey

[IpoBepum Beanunny] Ko3pdHuUHEHTA OTHOCHTENLHOrO TPEHHSA MO
dopmyne (3.6) PykoBojcTBa
(g 0z . 0,7 - 18,72
2g (14-¢) 2.981 (14-0,5)
a0y 0t - 0,7 - 18,72
26 Vmy(m,+2) =~ 2.98117(7T+2
120 . 2,98

m1=7, TaK Kak 45 -—-7,95.

CiefoBaresibHO, mpuHsToe 3HaueHue @ = 0,033 yposaeTBOpALT
NOJMIYYEHHEIM npejelam.

={,083;

—=0,0157,;




NMPHJTOXEHHUE 6

NPUMEP PACHETA NACCHBHOHM BHLPOH3OJSALUHUHU
OBBbEKTA IIPH TAPMOHHYECKHX KOJIEBAHHUSX
OCHOBAHHA

1. 3ananue Ha NPOECKTHPOBAHUE

Tpebyerca paccuuTatbh TACCHBHYI0 BUOPOU3OJASIIUIO HEKOTOPOTO
o0beKTa, YYBCTBUTENLHOrO K BUOpanusiM, OCHOBAHHE KOTOPOro COBEp-
11aeT TapMoHHUYeCKHe KoJieGaHus: nocrynaTtesibHbIe IO TPEM Harpaslie-
HUSIM U YTJIOBBIE OTHOCHUTENBHO JABYX TOPU3OHTAALHEIX OCEH, JeXaluXx
B MJOCKOCTY OCHOBAHHS.

O6wu#t Buf o0bekTa U MOJOKEHHE ero LEHTpa TAXKECTH IIOKa3aHbl
Ha puc. 9. Bec ob6perra Qu5=9500 xe. MoMeHTE HHEPUHH OTHOCUTEJb-
HO TOPH3OHTAaJNBHEIX OCeH, HNPOXOASIIHUX uepe3 €ro UEHTP TAXKECTH,
Jo6x =250 KI" + cm - cex®, Jog =500 xI"-cm-cex®. Hacrora KoseGanui

®

AL
=by=2.10"* cu; b =4.10* cm; by,= by, =2-107° pad.

[Ipegeabno AonycTH-
Masg aMNJUTYAa [lepemerne-
HH A B Jilo60H TOuke 00heK-
Ta [2;]=[a]=0,5-10"% cu.

[IpesenbHo JONYCTH-
MBIH YT0J1 HaKJ0Ha BUOGPO-
H3onupyeMoro  o0beKTa
OTHOCHTEJIbHO KaXJIOH H3
rOpU30HTANBHBIX KOOPAHK-
HaTHBIX OCed MNpH NPHJIO-
XKEeHHH K JI000H TOyke
of6beKTa (HJH ero IoCTa-
MeHTa, eCcJd OH Oyler
[IpefYCMOTPEH) NOCTOSAH-
HOH BePTHKaAJAbHOW CHJILI
1500 ke He HOJXKEH Ipe-

OCHOBAHHA [ = =40 zy. AMnaurynel KoaeOaHuH OCHOBAHUA: by==

Puc. 9. K npumepy pacyera naccHBHOH
Bubpousondnud. OOwuit BuA 06beKTa H BLIIATE 3
pacroyioKEeHHE KOOPAHHATHHIX OCeH Bu6 p'cms ONUpYeMuliL

O —
HEHTP TSKECTH O6beKTa (pasMepnl RAHH e apm  pgaveer BPalaio-

B CM)
MVIOCSI  4acTb — POTOP,
OCb BpaileHHSI KOTOPOTo
copnagaer ¢ oceio X (puc. 9). B crauvonapHoM pexume N =
= 20 000 06/mun. Tlepexopuple pexxuMbl (3anmycK H OCTAHOBKA POTOpaE)
ABAAIOTCHA AAA 00beKTa HepabouuMH.

XoTA poTOp HOMHMHAJABLHO YpaBHOBeUIEH, TeM He MeHee NPH Hebaa-
FONMPHATHEIX YCAOBHAX OH MOXKeET BO30OyXJaaTh HEeypaBHOBEUIEHHYIO He-
pHOJMYECKYIO HArpysKy, KOTOpasi XapaKTepHU3yeTcs BEKTOPOM CHJIEI
P < 70 ke, Bpamiaomumcs B IJIOCKOCTH Y Z ¢ yacToToi

20 o N/60=333,3 2.
235t



2. YdeT HeypaBHOBelIEeHHOH NepHOJANYECKOH HATPY3KH,
AEeHCTBYIOHIEH HA BHOPOU3OJHPYEMBIH OO DBEKT

[To dopmyne (2.4) onpeleuM aMIJIUTYAY BePTHKAJNbHHX KoJeba-
HUH HeHTpa TsAKeCTH BUOpOU30JUpYyeMOT0 00bEKTa MOJ BO3AEHUCTBUEM
nepemedHod cuan P, = 70 x[ B npejmnosoxeHHH, YTO IOCTAMEHT OT-
cyTeTBver. [Ipu Macce o6bekTa mog = D00 : 981 = 0,5097 «I'.cex®/cm

P, 70

—— — =0,313.10~% cm.
oz s @ 0,5097-47%.333,32

Takum o6pa3oM, pacueTHOe 3HAUYEHHE g, VMMEET TOT XKe NOPAXOK, 4TO
1 npefenbHo fonycrumoe [a]. [1o3TomMy, uTOOBl YAOBIETBOPUTE YCJIOBHIO
(4.49), He0OXOANMO yBeJIHUEHHE MAacChl BHOPDOH3ONHPOBAHHOM YCTAHOB-
KM NyTeM YCTPOHCTBA IOCTaMeHTa.

3agaemcsi pa3MepamM4 NOCTAMEHTA K3 APMHUPOBAHHOLO GeTOHA, KakK
nmokasado Ha puc. 10. Bec nocramenra (g pasen:

Qp=1,7-1,2-0,6.2,3=2,346 T = 2346 kI', a ero Macca my = 2346:
: 981 =2,391 kI'-cex?/cn.

Bec Q BubGpou30JHpOBAHHON YCTAHOBKH COCTABJSET

Q = Qo6 + Qn =500 2346 = 2846 x.

Puc. 10. K npumepy pacuetra nmacCHBHOH BUOpPOH3OAANHH

g — oOmufi Buag BHOPOH3OJHPOBAHHOH YCTAaHOBKH, BKJgYdawuleld B cefs BHOPOH3O-

JMHPOBAHHBIR O0OBEKT, MOCTAMEHT H BHOPOH3OJAATOPHI; O — mJaH PacloOJOXKEHUH

PE3HHOBBIX BHOPOHU3OAATOPOB MojA noctaMedHTOM; O — LEHTD THAXKECTH BHOPOH3O0-
JHPOBAHHOA YCTaHOBKH

Macca BuGpov301upoBaHHOH YCTAHOBKHM paBHA:

2846
= =2,901 &I -cex?/cm.
"= 981 /

[Tpd ycn0oBHH HCIOJBL30BaHUS 3TOTO [IOCTAMEHTA aMIJIMUTYJa KoJie-
6aHuu a,, OVJIET

) 70
27" 9 90].472.333, 32

=0,055-107% cm < {al.
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3. Bbi00p KOHCTPYKTHBHBIX XapPaKTEePHCTHK
KOJIMYECTBA H PACIOJOKEHHUSA BHOPOHU3O0JATOPOB

[To popmyae (4.24) onpenensieM 3naueHue By,:

N

| | 150 100 2
qu=|/(2* 107%)% +(2-107%)% + (4 10704 —-2- 10704~ 2. 10-6)

—7.089.10~% cu.

ITpu BeIGOpE 3HAUeHUs COOCTBEHHOH 4acCTOTH Wz CJAEAYET HCXOJHTH
H3 ycaosus (4.21), coryiacHO KOTOPOMY

@l _
qu+ [a]

40 0,5-107" 10,27
—~— - — 3 cly.
7.089 .10~ %4+0,5.10—* 4

3ajfaBasch 3HAUEHHEM O,/2n = 7 2y, HaxXoAUM TpebyeMYyK CYM-
MapHYIO XKECTKOCTb BHODOU3OJAUNH N0 TpeThed U3 popmya (2.10)

K,=2,901.412.72=5612 kI /cH.

Wy
27

i
<2:n:

Bu6pousonsiiuio AaHHOro of’b€KTa OCYILIECTBHM C IOMOLIBIO pe3H-
HOBBIX H30JsTopoB. Buibupaem pe3duny mapku HMPII-1347, usrorosase-
MVIO H3 CHHTEeTHUECKHUX KaYYYKOB H HMEIOILYIO, COTTAaCHO NAaCHOPTHEIM
AaHHBIM, TBepaoctbh 1o TM-2 (MCO) 50—60 ycaoBHeIX eaudHun. B
Ta6J1.5.3 HAXOAUM AJIS1 JAHHOH MAPKHU PE3UHBI CJAeAYIOUIUe AUHAMUYECKHEe
M CTaTHYeCKHe XapakTepHcTUKU: Epx = b4 kl/cm®, Ec¢r = 33 kIfcm?,
?p — 0,09..

CorgacHo n. 5.2]1 npuHUMaeM pacueTHOe CTaTHUYECKOe HalpsXKeHHe
B pesune 0 = 3,5 x[/cu’.

[lnomans monepeuHoro ceyeHus Fp BCeX DE3HHOBBIX 3JIEMEHTOB
BeIOUpaemM no ycaoBuio (5.26):

Fp > 2946 813,1 cm?
p = 3’5 = y 1 CM~,

Tpebyemyio pabouyio BLICOTY PE3HHOBLIX 3JIEMEHTOB OIpefiesasaeM
no ¢opmyae (5.28):

oo 548062 o
1IpP™ " ggrg | f0% %

[Ionepeunnfi pasMep pe3HHOBOrO 3JIEMEHTA — JJIHHY CTOPOHH
kBajpara b, B coorBeTcTBUH C ycaoBHeM (5.30), npuHHMaeM PaBHHM

b=1,3H1p = 10 cx.
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[Tonnas BeicoTa Hy pe3HHOBOTO 3JIEMEHTA MOXeT GhITh ONpeneseHa
no ¢gopmyJe (5.27)

10
Hp=1,758-F —— =9,008 cx.

[IppuuMasn Hy = 10 cs, HAXOAMM YTOUYHEHHOEe 3HaueHHe pabouei
BBICOTHI

A 10
Hlp:Hp—— 3 — 10 — 2 —8,75 CM,

JKecTKoCTh OHOTO PE3UHOBOTO 3Je€MEHTa B BepTHKAJbHOM Halpas-
JeHUH BBIUHCHAseM 1o gopmyJie (5.34)

, 100 - 54 |
2= " g 75 =617,1 &I'jcm.

O61ee YHCA0 PE3UHOBHIX 3JI€MEHTOB onpejesseM 1o popmyae (5.32)

F 313,
n=—r — 13, 1 ~ 8.
Fp' 100

Toraa obumiasg KeCTKOCTb BUOpoU3oaALHNH, corjacHo dopmyae (2.11),
paBHa:
K,=617,1-8=4937 I /cnm.

Cratudueckasd Harpyska, NPHXOJSHIAfICAd HA OMHH PE3WHOBHLIA 3Je-
MEHT, COCTaBJaseT

2846
Qp’ —_ QD — — 355 ,75 !CI".
n 3

DTo# Harpyske COOTBETCTBYET CTaTHUyecKas ocajika pe3MHOBOIO
9JEMEHTA, BBRIYHC/AsieMasa o dopmyae (5.37),

355,75 - 8,75

App = 0,9
°T.p 33-100

4 cM.

CxxuMawlinee HanpskKeHue B 3JIeMeHTaX pPaBHO:

Qp’ 350,75
— — 3,56 ~ O.
Fyy 100 k[ fem=oO

JKeCTKOCTbL OJJHOT'O Pe3HHOBOTO 3JeMeHTa B TOPHU30HTAJMBLHOM Ha-
npaBJeHHH onpefessieM 1o ¢opMyaam (5.25) u (5.31):

’ ’ 100 ‘54
Rep=Kyp="T03

= 180 xI" /cm.

Ofmue xecTrKOCTH BHOPOU3OJSITOPOB MO HanpaBJeHHAM ocefl Xp
H Y, BEIVHCAsAeMmEle o opmyaaM (2.11), paBumi:

Ky=Ky=38-180=1440 «I" /cn.

PacrnojiaraeM H30JgTOpHl [0 NEPHMETPY NOCTaMEHTa, KaK I1oKa3a-
HO HaA puc. 10.
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[Tpu BLIOpaHHOM KOJIHYECTBE M30JSTOPOB 3HayeHHE COOCTBEHHOH
YacTOThl BEPTHKAJNbHBIX KogaeOaHUl, onpejensgeMoe 1o gopmylte (2.24),
PaBHO:

®, ! K, 1 " 4937
_ . _ — 6,566 2.
on | 2nm l/ m . on l/ 2,901 4

[To dpopmysnaM, yKasaHHbIM B I. 2.22, BHYHCJ/AEM 3HAYEHHS Ox H Oy

O0r @y | l/ 1440
_ _ —-3.546 2u.
o %% %n 2 901 4

Y TJIOBBIC KECTKOCTH CHCTEMBI BUOPOUBOJMATOPOB OTHOCUTEJLHO OCEH
Xy U Yy Haxolum no hopMyaam, YKasaHseiMm B 1. 2.20, KoTOpble, ¢ yue-
TOM TOI'O, YTO BCe BUOPOM3OJAATOPHI OJMHAKOBBI ¥ pPaclojiaralTcs Ha
OJLlHOM YVPOBHE, NPUHUMAIOT BUJ:

n n

72 2 N VR

Kmx"'“sz izl ki Ktpy T Rzp 'ZI Xki
P F —

K(px:617,1-6-552== 11,20-108 «kI"-cm;

Kw=617,1-6-802=23,70- 108 xI"-cm.

B cayyae nNpujoxeHUs] K OJHOMY H3 YIJIOB NIOCTAMEHTA BEPTHKAJMb-
HOH -CTaTU4YeCKU JelicTByomed cuabl 150 x[° MOMEHTH paBHbI:

Merre=1060 . 60 =9000 &I -cMm;
Mery = 150-85= 12750 «I"-cm.

ITo dopmyaam (2.22) onpenedisieM CTaTHYECKHUE YIJILI HaKJA0HA 00beK-
Ta:

9000
%T"""M,Q. 108

12750
Pery =93 7,108

=(,0008035 pad=2"45" < 3’;

=0,0005380 pad=1'50" < 3’.

4. OnpenesieHne aMNJAUTY] KOJIeOaAHUH
BHOPOU30JHPYEMOT0 00 beKTa

HaxoauM BBICOTY IEHTpPA TSAXKECTH BUOPOU3ONMHUPOBAHHOH YCTAHOBKH
Hajk HUXKHEH NJOCKOCTLIO IIOCTAMEHTA

252346+ 75-500 . .
— = 33,8 cx.
°n.T 9846

BriuuciaseM MOMEHTH WHEPUUH MOCTAMEHTa OTHOCHTEJNHHO I'OPU3OH-
TAJbHBIX OCeH, NPOXOAAUIHX Yepe3 ero HEeHTP THAXKECTH:

142




2,391
Sy == (120% + 50%) = 3368 «I"-cn-cex®;

2,391
Jpy =~ > (170% 4 502) = 6258 «I'.cm-cex®.

MowmenTsl HHepUNY BHOPOH3OJNUPOBAHHOH YCTAHOBKH OTHOCHTEJbHO
FOPH3OHTAJAbHEIX oceil Xy H Y, IpPOXOAAHIUX Uepe3 LEeHTP TANKECTH
BHOPOH30JMHPOBAHHONA YCTAHOBKH, PABHHI:

e =250 1-0,5097-41,22 1 3368 -1-2,391.8,82 = 4668 kI -cm-cex?;

Joy =950040,5097.41,2%24-6258-12,391.8,82= 7808 &I -cm-cex®.
Paccrosinne S 1o BepTHRaau MeXAY LEHTPOM TSXKeCTH BHUOPOU3O-
JUPOBAHHOH YCTAHOBKHM H LEHTPOM KECTKOCTH BHOPOHU3OJIATOPOB CO-
CTaBJIsIeT

Hp—A 10—-0,9
S=zy g+ —> 2‘”‘-13’ = 33,8 ————=238,3 cn.
CorJyiacHo dopmyaam (4.17):
® /27 40

— — =6,092;
“2 = 0,20 6,566
®/25 40

S == —=11,28.
M=t G 2n 3,546

KBaapatel pagHuyCOB MHEPIUHU VCTaHOBKH R.2 U R, % OTHOCHTEJb -
x /)
HO ocedl Xy u Y, paBHHI:

Jo. 4668
2 . 0x _ — 1609 cu?:
Re == = = 2501 “A5
7808
2 == 2691 2,
Ry =3 %01 H

[Io ¢dopmyne (4.12) BuouucasieM A, — aMIVIMTYAY BEPTHKAJBHOTO
NnepeMelleHUs HEHTPA TAXKECTH BUOPOH3OJUPOBAHHOH YCTAaHOBKH, o6yc-
JIOBJIEHHOIrO XKoJieOaHusIMU OCHOBaHUSA:

4.104
—a "'""-":"—O,II 8*10*4 .
Az= "6 092 ] 0 o

B s3ajaHuM yKa3aHo, YTO OCHOBaHHe COBepillaeT XpoMe IIOCTyna-
TeJbHBIX TAKXE U YIJIOBLIE KoJe0aHUus OTHOCHTENbLHO OCeH, JeXKalulux
B IJOCKOCTM ocHoBauusi. OAHAKO B pacuerax NPHHATO (cM. I. 4.0),
UTO HauaJio KOOPAHHAT HAXOAHKTCS B HEHTPe TAXKECTH BUOPOU3OJHPOBAH-
HOro oOmexTa. IlosTOoMYy npH camoM HeOJaronpusTHOM COOTHOINEHUHU
(pa3 TOPUBOHTAJDbHEIX ¥ YIJIOBBIX KOJEe6AaHUNH OCHOBAHUA aMIJIMTyJa d-
PH3OHTAJNBHBIX KoJebaHHii OCHOBAHHSA, OTHECEHHAas, COIJIaCHO IpaBHaaMm
MeXaHUKH, K HNEHTPY TsIXKeCTU YCTAaHOBKH, pasHa:
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by' =byx - (201 +Hp“—AcT,p) bq}y ==
= 2.10744(33,8--10—0,9) 2-10-6=2,858.10~4 cn.

OnpepensieM auaueHus By, Bz'..Jc H By, o dopMmynam (4,./ 16):

| 1

B a2 11,282 O
B > 38,3 0,3010
- — — U, C ;
W= 2 11,982 "
K S2 23,7108
Py — 2 _—
38,37 2691 — 92550 cm?2
T Rt

[To dopmyne (4.15) BeluHCAsIeM 3HayeHHE Ay
A =B, B, —Bj =(—0,9921)(—2550)—0,3012=2530 cu?.

Ix 3x
ITo ¢dopmynam (4.13) u (4.14) Haxonum 3sHaueHasA Ayx U @y

A= B3x bx’_ B2x Rﬁ b@y
Ax
( — 2500) 2,858.10¢ — 0,301-2691.2.10-8
2530
= —2,887.107¢ cu;

' le Ry2 bw T B2x bxr
(Py = 'Ax —

(—0,9921) 2691.2-107°—0,301.2,858-10—*%
9530 -

== -——2,144 ’ 10-—6 pa@

[lajlee BRINMOJIHSIEM AaHAJOTHYHBIE BEIYUCJAEHUS AJAST onpefiejleHHUS
sHaueHH#d Ay H Qy':

b, =b,’ =2,858-10"* cu;

i
Bly-—' 0.2 ——1:le= —“0,9921,
Y

S
By, = - = By, ==0,3010 cm;
Ry
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K S? 11,2 - 108

151
By ="her 7 ay® Ra®= 5901 - dn? - 40* T
38,34
1609 = —1536 cm?;
T 11,282 !

2 _ __ _ 2 __ 3.
Ay-_-:Bly Bay—-—-B2y—(-—0,9921)( 15636) —0,301%2 = 1524 cm?;
Bay by’—Bzy sz bq)x

Ay= v -
(—1536) 2,858 - 10-£—0,301 - 1609-2- 10~
B 1524 -
— — 2.887.107% cu:
’ BlyRm2 bfoPBﬁy byf
Px =~ 5y —

_ 9.2.10—%_0,301.2,858.10~* |
__ {(=0,9921) 160 T = —2,151:107% paa.

Han6oabuine aMnJaATyAL KOJIeOaHUH BO3MOXKHBI B BePXHHX YIJIO-
BHIX TOYKax 00beKTa, MOCKOJNbKY OHH HanboJee yAaJdeHbl OT UEHTPA TH-
XKecTH BHOPOH30JUPOBAHHOM ycTaHOBKU. BceaeacrBue CHMMETpHH ycra-
HOBKH OTHOCHTEJIBHO IJAOCKOCTed X oZy H YoZ, onpelesieHue aMIJauTY]
KoJieOaHH# MPOH3BOJUM JIHIUb AJsI OJHOH H3 3THX TOUYEK, KOTOpAasi HMEET
CAeAYIOMHe KOOPAUHATBI: Xgy = 19 CM, Yoy = O0 cm, 25 = 06,2 cm
(cM. puc. 10).

ITo dopmysiam (4.11) u (4.10) onpenensieM HanGoJNbiIke AMIIJIUTY bl
NOCTYNATEALHOTO NepememieHus ToUku I of0bexkTa B HaNpaBJieHUHN OCeH
KOOPAUHAT, KOTOpoe OCYCAOBJAEHO KOoJe0aHUAMHU OCHOBAHHUSA:

’

ay =|b, +A,|+| 2y (by, +9,) |=12,858 - 10~*—2,887.107%| +
+ 166,2(2-107%—2,144.1079) | =0,124.10~* cu;

a, =|b,+ A+| 2, (bor+ @;)|=] 2,858 - 10~ *—2,887.107* +

+166,2(2-10°—2,151-107%) | =0,129 - 10~* cx;

a,,=0,111.10* 4|75 (2.10~° —2,144.10~F) |

+150(2-10—°—2,151.107°) | =0,295.10—* ca.

[lo dopmyae (4.6) naxopum HanboAblIYI0 aMOJAUTYAY NOCTYNAaTeb-
HOTO TNepeMemesus TOYKM J, BLI3BAHHOrO XKoJiebaHuAMH OCHOBAHHSA:

ai=10"*1/0,1242 10,1292 { 0,295% =0,345.10—* ca.

Hanee Heo6xoluMO onpele/uTh AaMIVINTYIHLIE XapaKTeDHCTHKH
KoJe6aHHA 00beKTa, OOGYCJOBJEHHHIX BO3fefCTBHEM HeypaBHOBEILUEH-
HEIX NEePHORHYECKHX CHJ H MOMEHTOB, NPHJOXEHHBIX K 00BEeKTY.

[Tockonbky Py = P, = 70 ke, agy; = ayp, = 0,055.10~% cu (cm.
NYHKT 2 JaHHOTO NpHMepa).
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AMOAUTYAY Pgx YIVIOBBIX NepeMeleHUit 00BbEeKTa, BHI3BAHHAIX BO3-
JEUCTBUEM IIEPHOAHUUYECKOTO MOMEHTA € YacTOTOH j, NPHJIGKEHHOI'O
K OOBEKTY, ONpefesieM 110 OLHOH u3 hopMya (2.5)

Mo. 70.41,2
‘Pux—'Jox 0,2 4668-472.333,32

Hau6oarimue aMnJuTYAL NOCTYNATENbHOTO NepeMelleHUuss TOUKH [
of6bEKTa B HAIpaBJE€HHH OCEH KOOpJAHHAT, KOoTopoe 0OYCJOBJEHO BO3-
NeiCTBHEM HeypaBHOBEIIEHHBIX CUJ U MOMEHTOB, HAaXOAUM IO popMyJiaM
(2.6), B KOTOPHIX B JaHHOM ciayuyae dyy — 0 H @Qpy = Qoz = 0:

=0,1409-10—° pad.

Qyy = 0;
ay= 0,055 . 10~*% 4-[66,2.0,1409 .10 —°| =0,148-10—* cx;

az1=|0,055.10—* +|50.0,1409. 10—°| =0,125.10—* cx.

CorJsiacHo ¢popmyane (4.5), HaubGoabiass BO3MOXKHAs aMIJIUTyZa Ie-
peMelieHus TOUKH / BUOPOH3OJAHPOBAHHOIO O0BEKTa paBHa:

a,=0,345-10"%4+0,148.10—%=0,493.10—* cu < [a].

Takum o6pasoM, npu BHIOpAHHLIX pa3Mepax U Macce IOCTAMEHTaA,
4 Takye KOHCTPYKUUHY, UUCJe U PACIIONOXKEeHHH BHOPOHU3OASITOPOB Y OB~
JETBOPAIOTCS TpeGOBaHUS, NpefbsaBJseMble K cUCTeMe BUOPOH3OMSAIUH.



[NPhJ/10)KEHHE 7

NPUMEP PACYHETA NMACCHUBHOHM BUBPOHU3OJIALHU
OBbLEKTA MPH CJYYAWUHLIX BEPTHKAJIbHbBIX
KOJEBAHHAX OCHOBAHHA

1. 3aagaHue HA NPOEKTHPOBAHHE

Tpebyercs paccuuTaTh MAacCHBHYIO BHODOH3OJMSLHIO HEKOTOPOIO
o0beKTa, YYBCTBUTEABHOIO K BHOpPAUHUSM, NMOABEDPIKEHHOTO CJAYYAHHBIM
KoseOaHuAM ocHoBaHusi. OOmui BUJ 00beKTa U NMOJOXKEHHE ero NeHT-

7\ pa TAXKeCTH I[OKa3aHbl Ha
puc. 11.
% [Io ycloBUSAM KECTKOCTH

U KOHCTPYKTHBHOTO HCIIOJI-
HEHHS CTAHHWHBI 00BbEKTa BO3-
MOXKHO KpenjeHue Bubpo-
HU30JATOPOB H JeMndepos
HEIMOCPEeACTBEHHO K OODBLEKTY
= (0€3 YCTpO#CTBA NOCTAMEHTA).
Bec o6bekta Q=0 000 /.
Kose6aHuA OCHOBaBHUS IpO-
UCXOAAT IO BEPTHUKAJNLHOMY
HanpasJsenuio. CpenHee xBaj-
patuyeckKoe nepeMenieHHe
KOJIeGaHHid OCHOBAHMA b ==
=0,006 um. [lapamerps kop-
PEASIIMOHHON (VHKIHH KO-
JeG6aHUl OCHOBaHHA PB/2n —

Puc. 11. K npumepy pacueta macCHB-
HoH BubGpousoysuun. OO6mmii  BuULA
00BbEKTa U pacnoJiOKeHHe KOOPJAHUHAT-

5 AN ( =11 ey, o = 0,5p.
— IeHTp TsxXecTHu 0O0BbekTa (pa3Mepni Aa-
HBI B OAL) [IpegenbHO JONYCTUMYIO

CPENHIOI0  KBaJpaTHYecKyio
CKOPOCTb KOJIeGaHUH LeHTpa
TKeCTH BHODOM3OJHPOBAHHOH YyCTaHOBKH [U,;] coraacHo dopmyne

(4.27) u Ttab6a. 4.1 npunumaem paBuHoH 0,07 mm/cex. Ilpemenbho
AOMYCTHMBIA YyroJl HakJOHA BHOpousonupyemoro oOOBLEKTA OTHOCH-
TeJIbHO KaXXJOoH Y3 TOPH30HTANBHBIX KOOPJAHMHATHEIX OCE€H INPH INPHUJIO-
XKEHVH K J1060d ToukKe 00BEKTa TNMOCTOSAHHOH BEPTHUKAJNBLHOH CHJALI P =
= 100 ke pasen 10’. JIuana3oH H3MeHeHHs TeMNepaTyphul, NIPH KOTOPOMH
npejpycMaTpHBAeTCsl 3Kcngayarauug ob6wexra, or 0 po +40° C.

2. IlpeaBapurenpHass oneHKa oXuAaaeMod 3dDPeKTHBHOCTH

BUOPOU3 OIS UL
[Io popmynam (4.31) u (4.42) onpejensieM 3HAYEHUS NapaMeTpPoOB
L2 u f
Q@ _ Va'tpr -,
G = 5 =V1124-5,52=T1/151,25=12,3Q eu;

o /21 5,5

= - — = 0,4472

/ /2 12,30 '
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Haiinem cpeiaHiolo KBaApaTHYECKYI0 CKOPOCTb KoJeGaHH#i OCHO-
BAHUSA

b;,2=0,006-270-12,3=0,4636 mm/cex.

JagaguMcs COOCTREHHOH YACTOTOU BEPTHKAJNBHBIX KOJleOaHHUU BUGDO-
M30JIUPDOBAHHOH YCTAHOBKH ®,/2rw = 2 ey. Torga corsmacHo dopwmyJe
(4.42)

2/2n
- 12,30/2n

U =0, 1626.

[Ioab3ysice TabJa. 2 NPUJOXKEHHST 2 U IPUMeHSI JUHEHHVIO HHTEp-
NOJISILUI0 N0 i, HaujgeM 1pH D = Dgyprp » 3HaueHHe KO3(DHIHEHTA Ie-
pelayd 1o CKOPOCTH U, = 0,128. Oxugaemas cpeaHsass KBaJpaTHyecKas
CKOPOCTb KoJieGaHHH BHOPOU3ONUDOBAHHOH YCTAHOBKH U, MOXKET GHIThH

HalaeHa no gopmyJe (4.44)

Uge = My 045,52=0,128-0,4636 = 0,05934 mm/cex < [v].

3. Bbioop THna, KOMMYECTBA U PACHOJOXKEHUSA
BHOPOU3O0JSITOPOB

[To Katagory npyxHHHBX BuOGpoH30oaaTOpoB! BHIGHpaeM cepuiilo
BLITYCKaeMble NpyxxuHHBe BuOpounsoasartopu H 045 (nauboasiuiasg pabo-
yasi garpyska Py’ = 380 «I', npesfeabHast Harpyska Pppeq = 475 «T,
co6cTBeHHas yactora npu P = Py’ 1,7 ey, *KecTKoCcTb BUGPOU3OIATOPA

4
B BePTHKaJbHOM Hanpasjenuu K,, = 45 x[/cm, ero Bricota B cBOGOJA-

HOM cocTtossHuu Hy, = 28,1 c¢m, ocagka npu Haubosblued paboued Ha-
rpy3ke Ay pas = 8,45 cm, TO XKe NpH NpelebHOH Harpyske Appen =
= 10,0 c¢m, pa3mepbl ONOPHBIX MJjomanok 22X 17 cm).

Ilpu n = 16 craruueckass Harpyska Ha BUOPOHU30JIATOP

, 6000 ,
= =375 kI" < Py’.

CT.B 16

JKeCcTKOCTh BceX NPYXKHHHBIX BHOPOH3OJATOPOB

K _=K,=nK,,=16.45=720 kI [cm.

YTouHeHHOe 3HauYeHHe cOOCTBEHHOM YaCTOThl BEPTUKAVBHLIX KOJIE-
6aHuil HaxoAuM no gopmyJe (2.24)

®, ! K, 1 720-981
et A =—1/ = 1,797 .
on  2m l/ m 2 ]/ 6000 rer e

1 CM. ccelIKy B n. 5.15 PykoBoncTBa.
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[TockOJMBKY OOBEKT HMeeT 3KCUEHTPUYHOE pacnpejeleHHe Mace
B HanpaBJIEHHH OCH X, pacnoJjiaraeM H30JsTOpH O NEPpUMETPY O6BbeK-
Ta HepaBHOMEPHO, MPEAYCMOTPEB JAONOJAHUTEALHBIE H3OJAATOPHI B TOP-
II€BOH YaCTH, B CTOPOHY KOTOPOH CMEIeH HeHTp TsaxkecTH (puc. 12).

175 Y 225
11 =1

1 63 63 63 63 £3 53
n . 1]
O LR O 19 - OO & ol
f vl
= 2
S o
rY o
D
)
5 . | -
&
Oy
N l 85 m
@ .
o1 o] (o} +-fOl — [0l —{&
N 126 1 126 —

Puc. 12. K npumepy pacuera naccuBHoid BuGpousonsuuu. [laau pac-
[MOJIOXKeHHsT BUOPOUSOJIATOPOB H AeMndepoB noj 06bEKTOM

I — BUGpOU3ONATOPH, 2 — neMndepn

KoopAHHAaTEl LEeHTPA 3KEeCTKOCTH BBIUHC/SIeM mo dopmyaam (2.19),
KOTOpHIe, C YYETOM TOI'O YTO BCe BHOPOH30ASATOPH OJHMHAKOBHE H pPacIo-
JJAralTcs Ha OJHOM YPOBHe, NPUHHUMAIOT BH[:

2 (—166,5—164—101—38 4 254-88 4 1514-214)
16

Xy = = +1,1 cm;

yr=".

BBuay MaJsoi BeJUUHHB 3KCUEHTPpUUHUTETA N0 OCH X HM MOXKHO
npeHebpevys.

Jlanee HeoO6XOAMMO onpefesuTb YIJbl HAKJAOHA 00BEKTa NMOA BO3-
JAEeHCTBHEM BEePTHKAJLHOK CTaTHYeCcKH MeHCTBYIOmed cuanl. B ciyuae
NPUJONKEHHS CHJIL K OKHOMY H3 YIJIOB YCTAaHOBKH (CM. pHc. 12) MOMeHTH
PaBHH:

Mer »=100.-100=10000 «I" - cu;
Mer y=100-225 = 22500 xI" - ch.
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Y TJI0BbLIE XECTKOCTH CHCTEMbl BHOPOU30JISITOPOB OTHOCUTENBHO OCEH
Xp ¥ Y HaxoauM 1o popMyJiaM, YKasaHHeM B 1. 2.20, XoTOphHIe, C yye-
TOM TOTO YTO BCe€ BHOPOU3OJAATOPHI OAMHAKOBBE H pacrnojaraiTrcsl Ha
OJlHOM Y]POBHE, NPUHUMAIOT BHJ:

n n
__ i’ 2, — K VL2
K‘:Px_KZB 2’ Ypis Ktpy_'KzB Z Xkis

{ =1 i==]

K, . —=45-2(30,5217.91,5%) =5 358000 &I - cu;

X

K, =45.2 (166,52 1 1642.4- 1012 1 382 1 252 1

¢y

18821 15124 2142)— 12.890 000 &I -cm.

[To dopmynam (2.22) onpejensieM CTaTHYeCKHe VYIJbI HaKJOHA
o6bekra

Mer 10 000
Per == TR e 5358 000

—0,001866 pad—6'25" < 10';

99 500
Per vy = 157890 000

—0,001745=6" < 10",

Haubosbiass ocagka Bu6pousoaaTopa npu ycaoBHH HauboJiee He-
BHITOAHOTO IIPHUJIOKEHHUS I[OCTOSHHOW BEPTHKAJBHOHM CHJBI COCTABUT

Q-+ P
A= K T Perxlx T Pery ly=
A
6000 - 100
_ 7;(') 1-0,001866 (100 —8,5) --0,001745 (225 —11) =

=8,472 ¢cx+0,171 cs 0,376 cmu=9,013 cm << Appen-

4. YTOUHEeHHe ONTHMAJbHOTO OTHOCHTEJbLHOrO
KO3 puuUeHTa 3aTYXaHUA

VTouHseM 3HAYEHUE U

on 1,727
_Qz/En LTS 04
Q/2r 12,3

U

OnTuManbHOEe 3HaUEHHEe OTHOCHTEJNbHOTO KO3(ppHUIlHeHTa 3aTyXaHuA
D our p HaXoAuM U3 TalbJ. 2 NPUJOKeHUS 2, NOJNB3YACh JHHEHHOH HHTED-
NoJALlHed NO |

DDHT U:()? 1921
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0. Pacuer aemngepa BSI3KOTO TPEHUS

B BuGpOHU30/iIHpOBAHHON YCTAHOBKE IPUMEHHM JeMndep, OMHCAHHBIR
B n. 6.5 (puc. 6.4). Heobxogumbii Ko3dpHHHUEHT CONMPOTUBJECHUA BCeX
BA3KHX AeMndepos h, BHIUUCASIEM 110 popmyie (6.7), rae

D = Dopr p —Deg-

3nrech Dg = y/2 — OTHOCHTeqbHBIH KO3pbHIUEHT 3aTyXaHHdA, 00yc-
JOBJAEHHOTO HEVIPYrUM CONPOTHUBJEHUEM BHOPOU3OISATOPOB.

Has npyXUHHBIX BHOpou3ossaTopoB Dy = 0,005.

[lofcTaBasas yncHAeHHBE 3HAUYeHUs B dopmyny (6.7), moaydum

, 2.2.1,727-6000 (0,192 —0,005)
¢ 981

B caydae ucnosib3oBaHus uyeroipex aemindepoB XKo03QPUIHEHT CO-
MIPOTHBJIEHHSA ofHOro geMmncdepa h’, paBeH:

h 24,82
h, =— = = 6,200 kI -cex/cm.
? n 4

—=24,82 kI"-cex/cm.

UTtobel pa3sMecTHTh JeMidepnl MexXAY BHOPOU3OAATOpaAMH, HADYXK-
Hbill JguaMeTp crtaropa Aemidepa AoJaXKeH ObITh (CM. puc. 12) meHble
630—220 = 410 mum. Ans usroroBneHud aemidepa BuibupaeMmM TPYOEI
cranbHble OecmoBHble o I'OCT 8734—b8: ang cratopa—jauameTpom
220X 210 mm, naa subparopa —auaMerpom 190X 180 um®.

ITpunumas Iy = 7,5 cm, BHIUUCAHUM HeOOXOAUMBIH AHHaAMHUECKUH
KOo3hDHUIHEHT BA3KOCTH JeMIPUPYIOMENR KUAKOCTH W 10 popmyJe (6.8),
rie P(o) onpenensercs no rpapuky, u3obpakeHHOMY Ha puc. 6.5

IIpn

10,5

a:—&_ﬁ =1,100 P (a)=20400.
r'o 9,0

h,' 6,205

C— = =0 4 55'10'_4 . 2.
=" %@  7.5-20400 0 F Kl cex/c

B xauectBe aemMnupylomeidl XUAKOCTH BhOHpPaeM NOJHMETHJICH-
JokcaHoByio xkuakocts IIMC-5000, umeromyro npu 20° C fuHaMHYECKHIT
KO(pDULUEHT BA3KOCTH

Wt o9 =4434 cn3=0,4520- 10—1* kI -cex/cm?.

ITpu temneparype 0 u 40° C BA3KOCTb 3TOH XKHAKOCTH XapaKTepH-
dyeTcss JHHAMHYECKHMH KO3QPUIHEHTAMH COOTBETCTBEHHO:

P 40=0,3365'10"“4 k[ -cex/cm?.

ITo popmyne (6.10) npoBepsieM 3HaueHue Ap — pa3HocTH AaBJe-
HAH MeXIY BeDXHUM H HUKHHUM YpOBHeM BA3KOH XuJAkoctd. s sToro

* 1lpu KOHCTPpyHpOBaHUYM JdeMmiipepa MOKHO HCXOLUTh K3 HMEIOlLE-
rocs accopTuMexra Tpyo.
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B KayeCTBe MAKCHMAaJbHO BO3MOMKHOH CKOPOCTH JABHXXeHUsS BuOparopa
B BEPTHKAJLHOM HANPABJIECHUHU Uy yaune OEPEM MATh CPeHEKBAAPATHYHBIX
3HAYCHHUH CKOPOCTH KoJIeOaHHH OCHOBAHHUA:

0, yare =50, Q="5-0,4636=2,318 um/cex=0,2318 cm/cex;

£ MAKC

p(a) = 1445 (ompegpensitercsl 110 rpagHkKy, H3o0paxKeHHOMY Ha
puc. 6.5);

40 waxe o Ip @ (@) - 4:0,2318-0,7390-104 - 7,5.1445
fuz 9,52

~0,008 xI'fem? < 0,95 kI [cm?.

Ap =

e
P S

BBuAy MaJbiX CKOPOCTEH JBUXKEHHSA BHOpaTOpa TeMneparypy XKuji-
KOCTH IpU JJAUTEeJIbHOM pexkume BUOPALHUH MOXKHO He ONpelensiTh.

HaxonuM OTHOCHTe/JbHEIE KO(D(UIHEHTE 3aTyXaHHSA BHOPOH3OJIH-
POBaHHOH YCTAaHOBKH NPH KpaWHUX 3HAYEHHSIX TeMIilepaTypHL:

npo LpP (@) D
LB

Dyo—
& 200, m

4.0,7390-10—*.7,5-20 400-981 |

Dt ;g=0, 155—{—0,005:0, 160.

s toro uto0n paRrHOAEHCTBYIOWIAN AUCCHNATHBHHX CHA NPOXO-
AuJia yepe3 UEHTP THAXKECTH BHOPOU3OAUPOBAHHON YCTAHOBKH, JeMudephl
pacnoJjiaraeMm B IIjjaHe CUMMETPUYHO OTHOCKHTEBHO ocedt X H Y (puc. 12).

BricOTy Xpasi craropa Haj cBOOOAHOH NOBEPXHOCTHLIO KHAKOCTH
H BHICOTY cTatopa H HasHayaem u3 yCJOBHH, YTOOL IIPH MAKCHMaJbHOH
dedopManuu BHOPOH30J5TOPAa HE IIPOU30INJIO, BO-TIEPBHIX, BLIABJHBA-
HHs KHAKOCTH H3 JeMndepa H, BO-BTOPHIX, ITIOCAAKH 00bEKTa Ha CTaTOp
neMungepa.

Ilpu npuaOKeHHH NOCTOShHOH CHJH K OXHOMY M3 yrJjoB o0npeara

BePTHKaJIbHOE nepemelnieHue BubpaTopa OTHOCHTEJBLHO CTATOpa COCTa-
BHT

P

Ap= X,

— =4 Qerx lne+ Per y In y =

1
= 723 +0,001866-89+0,001745. 126 =0,5248 cx.

[Ipn Taxkom nepememienun Bubparopa NogbeM YPOBHA LeMOOHpYOUIEH
HUAKOCTH B cTatope H ., OyAeT paBeH:

ro? 9,5
Hyu=Ax Rﬁ_"_r;—-—-o 5249 {0 za g gr —2+369 on
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Haumenbuiee paccrosinne H'p MeXAy OOGBEKTOM H OCHOBAHUEM
B MeCTe YCTAaHOBKHM jAemrn(epa B cjayuae NPHIOXKEHHS K OOBEKTY BEpPTH-
KaJbHOH CHJBI P COCTaBHT

Q+P
Hy' =Ho—-
i 0 K,

—928,10—8,47—0,001866 (89 4 11) —0,001745 (126 + 11) =19,2 cx.

"— Porx (tnx’{' R) — Qery (lny‘}‘ R)=

[Ipunumas Iy == 3,0em > Hy, [; = D cm U TONMHUHY IHHIIA CTA TO-
pa lpg = 0,5 cu, noay4YHM, C yYeTOM INPUHSATOrO paHee Iy = 7,5 c#,
BEICOTY cTaropa H paBHOH:

H=lgm+h+lp+1=05+54+7,54+3,5=16,56 cu <Hy'.

6. OnpepeneHne cpegHed KBAAPATHIECKOU CKOPOCTH
KoJie0aHUH BHOPOH3IOJINPOBAHHOK YCTAHOBKH

[IpenBapuTensno no popmyaam (4.42) naiiieM 3HaYEeHHS NapaMeTpPOB
$ H 2q:

S=4f2=4-0,2:0,8; 2:7:5———23-—-1,2.

IToacraBnsst sHavenus Jf, s, 2¢g, « 1 D B dopmyanl (4.29), (4.38),
(4.40) n (4.44), noayuum:

npd D=D;=0,346 p,=0,1186;
Ug2= W, by, =0,00500 mnm/cex;
npu D=2D; 4,=0,16 pn,==0,1036;
v,, =0,04802 mum/cex;
npu D=Dygp=0,192 p,=0,1020;

Vg, =0 04727 mm/cex.

Taxum o06pa3oM, B 3aBUCHMOCTH OT TeMneparyphbl, BAHAOMWEH HA
BA3SKOCTh HeMNAHUPYIOLEH XKHAKOCTH, CPEAHAS KBajpaTHuecKas CKO-
POCTb KoJIeOaHHH BHOPOHM3OJMPOBAHHOrO 0o0beKTa v,, OYyIeT JexarTh

8 npepenax 0,047-—0,055 us/cex, T. e. MeHbille NpeJedbHO JOMYCTHMOM
[ugl = 0,07 mu/cex.

HJg cpaBHEeHHS YKaxXeM, YTO NPH OTKJAIOYEHHH JeMI(pepoB 3Haye-
HHE U, KaK [1I0Ka3blBaeT BHYHCAeHHe 110 fopmyaam (4.29), (4.33), (4.35)

u (4.36) npu vy = 0,01, Bospacraet no 0,2335 mm/cex, T. e. cTaHOBUTCSH
G6oJiplie npefesbHO AOMYCTHUMOTO.

B nanHoM npumepe He HOPMUPOBANUCH aMIJIUTYAHBIE XapaKTepHC-
THKH nepemenienus xojebanuit pubpounsonupopantoro o6pekra. OfHa-
KO AJisi TOTO 4YTOOLI HOJIYYUTh NIpejcTaBlienue 06 1UX BeJANYHHE, HUXKe
IpUBEACHE! 3HAYEHHST Qg , — CPEJHEro KBajpaTHYeCKOoro nepeMerieHus

[LeHTPA TSAXKECTH 00beKTa, BHUHCJAeHHBIe mo dopmyaam (4.30), (4.34),
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(4.35), (4.36), (4.39) u (4.40) anst cnyyaeB paGoThl BUOPOU3OAAUHOHHOTO
YCTPOUCTBA C BKJOYEHHBIME fieMTipepaMu, a TaKKe IIPH HX OTKJAIOYEHHUHU

npu D=D;;=0,346 a.,=0,003147 mm;
npd D=D; 44=0,160 a_,=0,003993 mx;
npu vg=0,01 a,,=0,02101 unm.

TaxuMm o6pa3oM, pacyeTbl NOKAa3bBalOT, UYTO €CJAH HPH 3aJaHHOM
criekTpe KoJjieOaHHH OCHOBAHHY B 3aNpPOEKTHPOBAHHOH YCTAaHOBKE OT-
XJAWYHTL AeMIdepsl BA3KOTO TPEHHs, TO YPOBEHb CKOpocmu XKoJieO0aHUH
o0bekTa OyJAeT CHHIKEH BCEro JIMIlUb B JIBA pasa HO CPaBHEHHIO C YPOBHEM
CKOPOCTH KoJieOaHHH OCHOBAHHUS, a YPOBEHb nepemeujenus KoJeGaHHH
00BbeKTa go3pacmem B 3,6 pasa Mo OTHOIIEHHIO K YPORHIO NepeMellleHus
KoJaeOaHHH OCHOBAaHHI,



ITPHJTO)KEHHE 8

PEKOMEHAAUHUH 1O NACCHBHOH BHBPOH3OJALHH
METAJIUJIOPE)XXYUIHUX CTAHKOB NOBBLILIEHHOHN TOYHOCTH
H BbICOKOTOYHDbIX'!

I. Ilpu npoekTHpoBaHHUH BUOPOM3OASIUMH METAJJOPEKVIIHX CTAH-
KOB HEOOXOAUMO YUYHTHIBATH YKa3aHud pasfena 4 ganHoro PykoBojicTBa,
a TaxxKe CneinajbHbie PEXKOMEHAALWH, OTHOCAMMeCs K MeTaslJIopexy -
UM CTaHKaM, KOTOpPHIE H3JaramTcs HHKe2,

2. JlonyctuMble aMNIUTYALl KoJae6aHHN CTAHUH CTAHKOB KOHKpeT-
HBIX MoJeJied YVTOUHAKTCS 3aBOJAAMHU-U3TOTOBUTEJAAMH.

3. JlonycruMble BeJHYUHLI YIJIOB HAKJOHA CTAHKA HOJXKHLI Oro-
BAPHUBATbCS B €r0 COIIPOBOJAMTENbHOH TeXHHUECKOH JOKYMEHTAIHH.

B GOJBUINHCTBE CJy4aeB HAaKJOHB CTAaHKOB CPEJHHX pa3Mepos,
BO3HHKAWOUIHE IIPH MHepPeMEeHmeHHH Y3J0B, He TMPEensiTCTBYIOT HOP-
MaJbHOH pabore Ha craHke. OpHako GoJAbIIME VULl HAKAOHA CUJALHO
3aTPYAHSIOT COOPKY U IOCTUPOBKY CTAHKOB. B 3ToM ciyuae uesecoo6-
PAa3HO NPHUMEHATH YIPYTo-)KEeCTKHE ONophl (CM. HHXKe, I.8).

4. Kpome cayuaes, npeaiycMOTpeHHBIX 1. 2.4 PykoBoJcTBa, mnocra-
MEHT {(PyHAAMEHTHbIH 6JIOK) YCTPAHBAIOT TAKKE B CJACAYIOUIHX CAYYaAAX:

3) KOrJAa CTAHOK, TPeOYIOWHH W3OAAHUHN, XKECTKO CBA3AH ¢ PAAOM
CTOSIIIMMHU arperatamu H HeoOXoJuMa HX COBMeCTHAsd YCTAHOBKA Ha
ofieM (GpyHILAMEHTE;

0) Korja mo yCJOBHSIM MECTHOH NPOUHOCTH I10Ja UJM NEePeKPhITHS
HeBO3MOXHA YCTaHOBKA CTAHKOB JAaHHOI'o Beca Ha HebGOJbII0e KOJMHYECT-
B0 BHOPOU3OAATOPOB H HeoOXOAUMO pacnpejiesieHne Harpys3kKu Ha HeKO-
TOPOH IMJOLULaJH;

B) KOTJA TOYHBIE CTAHKH pPasMemalTCsd Ha N0JY C HEXECTKHM NoJ-

CTHJIAIOW UM CJIOEM.
Kak npaBuJo, BHICOKOTOUHbBIE CTaHKH YCTaHaBAUBAIOT Ha OTAeJbHBIE

MOCTAMEHTHI, €CJAU NOocJeAHUe NpefycMaTPUBAIOTCS.

Ha of6muii nocTaMeHT AONYCTUMO YCTAHaBJHBATh CTAHKH HOBLINIEH-
HOH TOYHOCTH, HE HUMeEIOHIHE BHYTPEHHUX UCTOYHHUKOB 3HAYHUTEJbHHX Ie-
peMeHHBIX CHJ ¥ MOMEHTOB.

5. B GosabumuHCcTBe caydyaeB BeC MocTaMeHTa (QyHAaMeHTHOr O 6/10Ka)
MOXKHO NIPHHUMATL B 2—3 pasa 6oJibIlle Beca CTaHKa, B OTJEJbHBIX CJY-
yagx (mpud 0z/2n < § ey) — B 4—5H pas.

6. Cranku Ha nocraMmedTax (byHAaMeHTHBHIX 6/0Kax), KaK npaBHJio,
YCTAHaBJAUBAWT C XpenJjeHueM HX PyniameHTHbIMH OOJiTaMH.

" 7. CobG¢cTBeHHBIE YACTOTHI BUOPOMU3OJHUPOBAHHOIO CTAaHKA JOJXKHBI
oTanyathca He MeHee yeMm Ha 30—40% or wacTtor, onpefesasieMBIX 4HC-
J0oM QGOpPOTOB ABUraTe/]sl, YHCJAOM JABOUHEIX XONOB MNepeMEIIAMUXCH

y3JIOB CTAaHKa U T. I
8. JIJss CcTaHKOB, TpedymwIIUX NEePHOZHYECKOH IOCTHPOBKH, leJje-
Coo0pas3HO HCNOJAb30BAThb YNPYro-3KeCTKHe OMNOPHLIE 3JIEMEHTHI, II03BO-

1 Tlpu coCTaBM€HHH 3TOr0 NPUJOXKEHUS HCHO0Jb30BaHBl «PeKoMeH-
Jaliy 1o yCTaHOBKe MeTajnopexyuux craaxkos», OHTH SHUWMC,

M., 1969.
2 Cnocobbl YCTAHOBKH CTaHKOB Ha (yHAAMEHTaX, pacloJaraeMulx

HA €CTECTBEHHOM U CBAaWHOM OCHOBAHUNX, 3/leCh HE PacCMaTpPHBAIOTCH
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asomue GBICTPO MEPEXONHTh OT YNPyrofi YCTAHOBKH craHka, obecrneqyu-
paljoulell ero BUSPOH3ONAIHIO, K XKeCTKON. B yacTHOCTH, HHOTAA KpoMe
VIPYFUX 3JeMeHTOB (BUOPOM3OJASATOPOB) INpeAyCcMaTpPHBAIOT PperyJu-
pY€eMHE XeCTKHe ONOPH (HallpuMep, BUHTHI), KOTOPHE IIPH YNPYIOM OIH-
pPaHHH CTAHKOB BRHIBOJSITCS H3 KOHTAKTa ¢ €ro OCHOBAHHWEM, a NMPH XKeCT-
KOM — BBOASITCSI B KOHTAKT M BOCIIPHHUMAIOT 3HAYUTEJBLHYIO YacTh Ha-
rPY3KH.

9. B npaxTuke BUODOH3OJISIUMHY CTAaHKOB HAILJAW OCHOBHOE NMpHMe-
HeHHEe cJlelyIomue CXeMHl.

a) HenocpeacTBeHHO HA BHOPOH30JATOPH OOBIYHO YCTAHABJUBAIOT
CTAHKH CPEelHUX PasMepoB C XKeCTKHMH cTaHuHaMH (I/h < 45, rhe | —
IJHHA, h — BHICOTA CedYeHHs CTaHHHLI), He HMeKlHe BHYTPEHHHX HC-
TOUHKHKOB 3HAYWTEJbHBIX HEYPABHOBELIEHHLIX TepEeMEHHBIX CHJ H
JONyCKalIye 3HauYuTeJbHble nepekocnl ©Oe3 ymep6a aAnsg yAob6cTBa
paboThl H KayecrBa o6pabGoTku Jeraqaed. IIpH 3TOM Harpyska Ha
BUOPOH3OJSATOP He  JNOJIXKHA INpeBhilIaTh JONYCTHUMYIO IO YCJIOBHIO
MECTHOH MPOYHOCTH NOJia HJH MEPEKPHITHA. ITY CXeMy BHOPOHU30JALHH,
npu KOTOpoH O6hYHO 10 <W,/2n<15 2y, NPUMEHAIOT, B YACTHOCTH, HJA
CAeAYIOUUX CTaHKOB:

TOKAapHLIX (CpeJHHX pa3sMepoB ¢ KOPOTKHMH CTAaHHHAMH HJH CO
CIIJIOIIHBIMH OCHOBAHHSIMH, ecJH HA HHX He OyAyr ob6pabaTbiBaTh He-
ypaBHOBELICHHLIE JeTajiy),

KOOPAWHATHO-PACTOYHBIX, aJMa3HO-pPacTOYHHIX, 3y6odpedepHhIX
(cpelHUX pa3MepOB C JKEeCTKHMH CTAHUHAMH);

pe3b6omudoBanbHEIX, KpYrJAOLIHPOBAALHEIX, BHYTPHWAHDO-
BaJbHBIX, NMJOCKomAudoBaJdbHEX, 3y0owaudoBaAbHEIX (CPpeAHHX pas-
MepOB ¢ KEeCTKHMH CTaHHHaMu, paborailnux 6e3 pe3Kux peBepcoB mne-
peMelmiamKXCcsa y3J0B, B YaCcTHOCTH, CTAHKOB, paforamwmux abpasus-
HBEIM YE€PBSAKOM).

Hekotopoe pacmupenue o6JacT¥ NpHMEHEHHS 3TOH CXeMbl BHOpO-
H3OJAIHH MOXKeT ObiTh AOCTHTHYTO NYTEM CHEHHAJBbHOI'G YMEHBINEHU S
nepeMeHHBIX CHJ B CAMOM CTaHKe: PeryJHPOBKOH NJABHOCTH peBepca,
6aJlaHCHPOBKOH HeypaBHOBEIIEHHBIX JeTajJed H T. II.

B03M0OXHOCTP HemocpeJcTBEHHOH YCTAHOBKHM Ha BHOPOH30JSTODH
NPELUN3HOHHBIX CTAHKOB C BO3BPAaTHO-NOCTYNATEJNbHO NEpeMenalmuMi-
CA y3JiaMu ONpeaesiloT ¢ yyYacTueM 3aBOAA-U3TOTOBHTEJIS.

6) BBICOKOTOYHELIE CTAHKH C HEJOCTAaTOYHO IKECTKHMH CTAHHUHAMH
UM CTAaHKH, BO30yxKjawiiue 3HauHTeJbHble HEYPAaBHOBELUeHHBIE mepe-
MeHHbI€ CHJIBl § MOMEHTH, OOBIYHO YCTAHABJHKBAIOT HA CMEllHaJbHLIX NO-
cramMeHTax (pyHAaMeHTHBIX 6Ji0Kax), a B KayecTBe YNPYIruX 3Je€MeHTOB
HCHOJMB3YVIOT PEe3HHOBbie BHOPOH30JIATOPHI.

Takywo cxeMy BHOPOM3OJISLHH, IPU KOTOPOH OOBIYHO 5 < /27 <
< 15 ey, NpHMeHAIOT, B YAaCTHOCTH, AJISA CAEAVIOI[HX CTAHKOB!:

KOODAUMHATHO-PACTOYHHIX (CTAHKOB € HEXEeCTKHMH CTaHHHAMH);

3y6odpesepHBIX (CpeAHHX pasMepoOB C HEXECTKHMH CTaHHHAMH M
KPYIIHBIX);

KpyraowandoBadbHblX (CpeHHX pasMepoOB C HEXECTKHMH CTaHHU-
HAaMH MJIH CTAHKOB, paboTalOIKX NPU PE3XHX peBepcax, KPYNHLIX CTaH-
KOB);

BHYTpHIIIHGOBaNbHEIX (paboTaloilluX NPH pe3KUX pepBepcax, ¢ TH-
XK eJbIMH NOJBHXHBIMH Y3JaMH);

IJIOCKOWJIHGOBAJNBHEIX (0C000 TOYHHIX CTAHKOB);

pespbolIIHOBaANIbHEIX (C JJHHHBIMH HEXEeCTKHUMH CTaHHHaMH);

3yOomaupoBaJbHEIX (C HEXECTKHMH CTaHHHaMH, paboTaloulHX
NPpH pe3KHX peBepcax y3J0B).
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B) Tsaenkhle ¢cTaHKH, He BO36YyXKAalompue 3HAYHTEAbLHEIX HEYPABHO.
BEIIEHHEIX NepPpeMeHHHX Harpysok, YCTaHAaBJHBAIOT NPEHMYIIECTBEHH O
Ha clnenuaJbHbelX mocraMeHTaX (pyHAaMeHTHBIX 6JI0Kax), & B KayecTBe
YNPYI'HX 3JE€MEHTOB HCNOJBL3YIOT TNpyXKHHHHE BHOpousoasitopuil. DTy
cxeMy BHODOH3OJNSHHH, JIPH KOTOPOM ,/21 < 5 2y, NPHMEHAIOT, B
YAaCTHOCTH, AJA CAEAVIOIUX CTAHKOB:

3y6ope3sepHHX (TAXKeJJBX BBICOKOTOYHEIX CTAaHKOB, MacTep-CTaH-
KOB);

KpyraomaudoBadbHEIX (TAXKENABIX CTAaHKOB, B YaCcTHOCTH, BaJblie-
IWJIH(POBANbHEIX);

BHYTPHILJIHPOBAMBHBIX (0CO60 TOYHBIX KPYIIHEIX CTAHKOB).

1 HenecooOpasno npuMeHenue AeMndepoB BS3KOTO TPEHUS.



OrnasJeHHUeE

[IperucaoBue . . . . . . .+ . . « v v v e e e e e e

[aasa I. O6umue ykazanus

Faasa 2. BuOpousoasnys MaAMUH ¢ NEepUORUYECKOM BO3-
MylllaloUuLel Harpy3KoH

YKa3aHHsi IO MPOEKTHPOBAHHIO . . . . Ce e e e e

[IopnGop 3HaueHHH HapaMeTpPOB Buﬁpouso.nﬂuﬂﬂ Ce e e

Pacnonoxenue BUOPOU3OJAATOPOB . . . Coe e e

Ornpefesenue 4aCTOT COGCTBEHHEIX KoneGanui BHﬁpOHSOHHPOBaH*
HOH YCTAHOBKH. . . . . . :

Onpe,ueJIEHHe AMIUIHTY A BbIHy}meHHbe KoJeGanuil Bnﬁponao.}m-
POBAHHOH YCTaHOBKH. .

OnpefienneHde JAUHAMHUYECKHUX HElI‘pyBOK nepeﬂammnxm Ha no,r_:{-
AePXKHUBAIOULYIO KOHCTPYKIHIO . . . . . . . . . . . .

iaaBa 3. Bub6pousoasiuus dyHIaMeHTOB IOJA KOBOuYHbIE U
M TAMIIOBOYHbIE MOJOTHI

Y kasaHud NO NPOGKTHPOBAHHIO . . . . Coe
BriGop 3HaueHU¥ mapaMeTpoB Bnépouso.nﬂunﬂ : :
KOHCTPYKTHBHBIE YKa3aHHA . . . . .« « « « « « « .

lnaBa 4. IlaccuBHasg BHOPOH3OJAAUHHS

Pacuer BHODPOH30JSALHH IPH NEPUHOAHYECKHX IOCTYyNMaTeJbHBIX
U YIJIOBHIX KOJeOAHUAX OCHOBAHHA . .. . . . :
Pacyer BuOPOU3OJASAUHY NIPH CAYYaUHEIX BepTPKﬂJIbeIX HITH TO-
PH3OHTAJbHBIX KOJMEOAHHUSAX OCHOBAHUA . . . . . .o
¥Y4yeT HeypaBHOBeUICHHBIX INEPUOJHYECKHX Halpy3o0K, ILEEHCTBYIO-
IIHX Ha BUOPOHU3OJIHDPYEMBIH OOBEKT . . . . . . . . . . .

IF'nasa 5. Pacuyer puGpou3oantTopon

[IpyxXuHHBIE BHOPOH3OJATOPHl . . . . . . . . C e e e e
A. PacueT OAUHOYHBIX IUJIUHAPUUECKUX pr}KHH v e e e
b. Pacuer cocraBHBIX (KOHIEHTPHUECKHUX) TIPYKHH CKATHA
B. [log6op npyXuHHLIX BUOPOU3OJAATOPOB . . . . . . .
PeaunoBnie BUOPOUBOAATOPHL . . » & v ¢ + « v v + o v o «
KomOuHupoBaHHbie BUOPOHIOJASATOPHl . . . . C e e e e
A. IlpyXuHHO-pe3HHOBLIE BUGPOU3OJATOPHI . Ce e
b. Ilpyx)uHHO-1acTMaccoBble BUOPOHU3OJIATOPH . . . . . . .
OnopHele BHOPOH3OJAATOPH ¢ THAPOWIAPHHpPAMH . . . . . .

[58

7
12
20

23
26
29

30
39
45

47
55
60

61

61
66
68
69
75
75
78
80



Cmp.
aara 6. Jlemndepbl BSI3KOro TpeHHS

[Ipuroxernue I. Onpepenedne 4yacToT CO6GCTBEHHBIX H aMIJIHTY ]
BLHIHYXKIEHHBIX KOJeOaHUN BUOPOHU3OJUPOBAHHOH
YCTAHOBKHM IO YTOUHEHHBIM pacyeTHLIM cxemMam 92
[Tpunsoscenue 2. Tabauuu And onpefeieHUS ONTUMANBHBIX OTHO-
CUTEJNbHBIX KO3(QOhUIMEeHTOB 3aTyXaHUsA U K03h-
(MU UEHTOB Ilepefayd IpH pacyueTe NMacCHBHOH
BUOPOU3OJALUN HAa CaydailHele Bo3jedcTBHs 108
ITpuisomernue 3. Ilpumep pacuera BUOGPOMU3ONSILHH IIOA BEHTH-
JATOD . . . 113
ITpunoxcerue 4. Ilpumep pacqe'ra pr}{{HHHO pe3HHOBOH Bnépo-
H30JSIUHU (DYHJIE[MEHTE nojJ NATHTOHHBIA Iapo-
BO3JLYIWIHLIH IWITAaMIOBOUHBIA MOJIOT . . . 123
IIpunoxcenue 5. Ilpumep pacueTa NpYKHHHO-PECCOPHOH Bnﬁpo-
H30JANMH (dYyHAaMeHTa noj 16-ToHHHIA mapo-
BO3JAVIIHBIM IITAMIOBOYHBIH MoJoOT . . , . . 132
ITpusoocenue 6. Ilpumep pacuera HacCCHBHOH BHOPOH3OJAALHUU
oO0beKTa IPU FapMOHHUYECKUX KoJeOaHNsAX OCHO-
BaHUA . . . . . .. Coe . 138
ITpuroxncernue 7. Ilpumep pacuera NacCUBHO BH6p0H30JIHuHH
o6peKTa NMPH CAYYaHHBIX BEPTHKAJBHBIX KOJe-
0aHHsIX OCHOBAHHSA . . . , 147
[Ipuscscenue 8. PekKOMEHAANUK MO naccHBHOM Bﬂﬁpoﬂaonﬂuuﬂ
METaNJIOPEeK YU HX CTAHKOB MOBLILIEHHOH TOYHOC-
TH M BLICOKOTOYHBIX. . . . . . . . . . . . . 155



IIHUUCK uM. B. A. KYUEPEHKO
PYKOBOJICTBO IO NPOEKTHUPOBAHHMIO BHBPOU3OJISILIUU
MAIIUH W OBOPY IOBAHHSI

* *
*

_ Cmpoduszdam
Mocxea, K-31!, Kysneyxuti mocm, 0. 9

% »
r
Penaktop uagatenrctBa JI. U. Kpyranosa
Texuudeckut penakrop K. E. Tapxora
Koppexktop JI. Il. BPupowkKkosBa

Cnano B Habop 18/1—1972 r. TIloamucano X newatu 29/1X— 1972 r,
T-15071 bBymara 84 X 1081/5, 2,5 6yMm. J.
8,4 ycn. neu. n. (y9.-u3a. 8,52 a.)
Tupax 25 000 sk3. Hapa.Ne XII — 3500 3ak. Ne 721 Llera 43 k.
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Mockosckas Ttunmorpapusi Ne 4 T'maBnonaurpadnpoma
locypapersesHoro komurera CoBera Munuctpop CCCP no aenam
H3RaATENLCTB, NnoJiurpadud M KHHXKHOH TOpProBJH
b. IlepesicnaBckana, 46,



