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Mexanuxka epynmogé — HaydHas [UCUUIUIMHA, B KOTOPOH H3y4aroTcs
HaNpsKEHHO-I€(POPMUPOBAHHOE COCTOSTHUE TPYHTOB M TPYHTOBBIX MAacCHBOB,
YCIIOBHSI TPOYHOCTH TPYHTOB, JIABJICHHE HA OTPaKICHHUS, YCTOMUMBOCTh TPYHTOBBIX
MacCHBOB  MPOTHB CHOJ3aHHUS M pa3pylICHHs, B3aUMOJCHCTBUE TPYHTOBBIX
MaCCHBOB C COOPYXCHHSIMHU U PsiI Jp. Borpocos [1].

MexaHuka IpyHTOB OINHUPAETCS HA PE3yJbTaThl HAYYHBIX HCCIEIOBAHUNA B
00JJaCTH MEXaHWKU CIUIOIIHBIX CcpeA  (CONPOTUBIECHUS MaTepUaoB, TEOPHUH
yIpyrocTH, TEOPUU IUIACTUYHOCTH), HWH)KEHEPHOW TIE€OJOTUH, WHKEHEPHOM
TUAPOTEOJIOTUH, THUIPABIMKA W TUIAPOMEXAaHUKH, a TaKXKe Jp. HHKECHEPHBIX
JTUCLUIUIVH.

OcHoOBHas 3a/1aya MEXaHUKHU TPYHTOB - 3TO OLICHKA COCTOSHUSA B HACTOSLIUI
MOMEHT U MPOTHO3 JAJBHENIIErO IMOBEICHNS TPYHTOB U MaCCUBOB U3 HUX, IIPOTHO3
IPOUCXOSAIINX B HUX IPOLIECCOB.

3nauenue npeomema. Ponb MEXaHUKM TPYHTOB KaK HMH)KEHEPHOW HayKH
orpoMHa. be3 3HaHMS OCHOB MEXaHWKU T'PYHTOB HE MPEACTABISETCS BO3MOKHBIM
MPaBUJILHO 3alpOEKTHUPOBATh >KWIbIE 3[aHUsl, MEJIHOPATUBHBIE U JOPOKHBIE,
3eMJISIHBIC M THIPOTEXHUYECKUE COOpYKeHMsI [2].

MexaHuka TPYHTOB SIBJISIETCS HAyYHO-TEOPETUYECKON 0a30i HMHKEHEpHOU
aucuuIIuHbl «OCHOBaHUSA U (DYHAAMEHTHI» W BXOJIUT B IUKJI AUCUUIUIMH JUIS
CTPOUTEJIBHBIX CIICLUATIBHOCTEN, BKIKOUYAOLIMNA Kypchl «VIHKEHEpHas reoyorusy,

«MexaHuka rpyHTOBY», « OCHOBaHUS U QyHIAMEHTHI».

[Iponiecc um3yueHus: OUCHUIUIMH «MexaHuka TPyHTOB» MJii CTYAEHTOB,
oOyuarormuxcst mo  HampaieHuto 08.03.01 CrpouTenbCTBO HampaBieH Ha
dbopMupoBaHUE CICTYIOMNUX KOMIETEHIIUN:

- CIIOCOOHOCTBIO  BBISIBUTH  €CTECTBEHHOHAYYHYIO  CYIIHOCTh  IMPOOJIEM,
BO3HHUKAIOUIUX B X0Ji¢ NPOQeCcCHOHATLHON NESITEIbHOCTH, MPHUBJICUb UX IS

pelIeHus COOTBETCTBYIONIMIA (hr3nKo-maremaTrueckuii anmapar (OI1K-2);
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-CIIOCOOHOCTBIO OCYHIECTBJISITh U OPTaHU30BBIBATh TEXHUYECKYIO HKCILTyaTaluio
3IaHUM,  COOPYXEHUH  OOBEKTOB  SKHIIMIIHO-KOMMYHAJIBHOTO  XO3SICTBa,
o0ecreunBaTh HAJICKHOCTh, Oe30macHOCTh ¥ 3 (hekTuBHOCTH UX padoTsl (OITK-6);
-3HAaHUEM HOPMAaTHBHOM 0a3bl B 00JIACTM HMHXKEHEPHBIX W3bICKaHWH, MPUHIIUIIOB
MIPOCKTUPOBAHMS 3JIaHUN, COOPYKCHHH, WHXCHEPHBIX CHUCTEM W 00OpYyIOBaHWS,
TUTAHUPOBKH U 3acTpoiiku HaceneHHbIX MecT ([TK-1);
-BJIAJICHUEM METOJaMH TIPOBEACHHS WH)XCHEPHBIX W3bICKAHWW, TEXHOJOTHUEH
MPOCKTUPOBAHMS JCTaied W KOHCTPYKIIMA B COOTBETCTBHH C TEXHUYECKHUM
3aJJaHUEM C  HCIOJIb30BAHMEM  YHHUBEPCAIbHBIX U  CHEIUATH3HUPOBAHHBIX
IPOrPAMMHO-BBIYUCIIUTEIBHBIX KOMIJIEKCOB W CHCTEM aBTOMATU3UPOBAHHBIX
npoektupoBanus (I1K-2);
-3HaHWEeM Hay4YHO-TEXHUYECKOW HHQOpMAIMK, OTEUECTBEHHOTO U 3apyOeKHOIO
orbiTa 1o podutto AesreabrocTr (ITK-13).

[enpro nabopaTopHbIX pabOT MO MEXaHUWKE TPYHTOB SBJISIETCS H3yUCHUE
OCHOBHBIX MEXaHMUYECKHUX XapAKTEPUCTUK TPYHTOB (CKUMAEMOCTH, POYHOCTH).

Kaxnaplii CTyIeHT JOJMKEH BBIMOJHUTH 4 jabopaToOpHble PabOTHI:
«KoMmnpecCMOHHBIE  WCTBITAHUS TPyHTAa TIPU  E©CTECTBEHHOH  BIAXKHOCTHY,
«KoMmpeccroHHbIE HCTIBITAHUS TpyHTa TpH 3aMadyuBaHum», «OmnpeneracHue
OTHOCHUTENFHOW TPOCaioqHOCTH», «COMpOTHBICHWE TPYHTOB CABHUTY», KOTOPHIE
JOJDKHBI ~ OBITH O(OPMIICHBI B JKypHAJIC Uil 3alUCH PE3YyJIbTaTOB HCIBITAHUH,

3aIllOJIHACMOM CTYACHTAMH HHAWBUYAJIBHO.



MEXAHUYECKUE CBOMCTBA TPYHTOB

CBoiicTBa, MPOSBIAIONIMECS B TPYHTax MOJ BIUSHHEM MPUIOKEHHUS K HUM
BHEIIHUX YCWJINWA W TPUBOAAIINE JIMOO K M3MEHEHHIO o0bhema TpyHTa, JHUOO K
HapyIICHUIO €ro MPOYHOCTH U LEJIOCTHOCTA B MAacCHUBE, HOCIT Ha3BaHUE
MexaHudeckue ceoticmea epyHma. B cOOTBETCTBUU C 3TUM MEXaHUYECKUE CBOMCTBA
MOJIpa3JIeTsTtoTCs Ha Ie(hOpMaTUBHBIC, POYHOCTHBIE U PEOJIOTUUYECKHUE.

[Ipu Bo3xeiicTBIM Bo3pacTaroiei Harpy3ku (puc. 1) Ha rpyHT BHauvasne (ot 0
no Pi) mpoucxoauTt yIIOTHEHHWE TPYHTa, B pe3yJbTaTe KOTOporo aedopmarius

HOCHUT JIMHCHUHBIN XapaKTCp U OCaaKa Sl CO BPpCMCHCM 3aTyXacT, 3aTCM

IIpo4yHOCTHBIE CBOMCTBA TPYHTOB

) E—— |

Sob- -1 — —

Puc. 1. I'padux nepopmaryu
Mpu yBEeNWYeHUU Harpy3ku oT Pi; mo P, B rpyHTe, mommmo aedopmariuit

YIUIOTHCHUA, HAYUHAIOTCA I[C(I)OpMaIII/II/I JJOKAJIBbHBIX CABHUIOB Sg, 4dTO IIPHUBOJHUT K
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HapYUICHUIO JIMHEHHOro xapakrtepa AedopMaiiii — OHa MPOJ0JIKAET PABHOMEPHO
HapacTaTh — S3. Takum o0pazom, B Havase Il craguu BO3HUKAIOT MPEANOCHUIKH
HapylUIeHUsl MPOYHOCTU TpyHTa. [Ipu ganbHeiieM Bo3pacTaHUU Harpy3ku 70 Ps
JIOKaJbHBIE CIBUTH TIOJYYalOT pa3BUTUE BO BCEH TOJIIE TPYHTa OCHOBAHUS,
nedopmanus HapacTaeT 0€3 YBEIWYEHUS HArpy3Kd W B KOHIIE JTOW (a3sl
MIPOMCXOMT BBITIOP TPYHTA U3-TIOJ COOPYKEHUS O ACHCTBUEM CABUTAIOIIUX CHJI
1 €ro paspylieHue.

DTO0 SBICHUE XapaKTepU3yeT MPOYHOCTHBIC CBOMCTBA JUCIIEPCHBIX TPYHTOB,
00yCIIOBIIEHO COMPOTHBIICHHUEM TPYHTOB CIIBUTY M BBIpAXKaeTCs JINOO B TIOTEPE
IPOYHOCTH OCHOBAHUS, JTMOO B HAPYIIEHUU YCTOMYUBOCTH OTKOCOB 3€MJISTHBIX
COOPYXKECHUMU.

Takoe paznenenue nedopmanuii JOCTATOYHO YCJIOBHO, TaK Kak B JIFOOOM
MacCHBE TPyHTa MO/ JICMCTBUEM BHEIIHUX CHUJI BO3HUKAIOT KaK COJMMKEHUE YaCTHII,
Tak W dJIeMeHTapHble caBuru. OJHaKo MpH MpeobiaJaHuu Mpolecca YIUIOTHEHUS
npoucxonut nedopmarus cxatus (ocagka), a MpPU MOBCEMECTHOM pPa3BUTHH

CIBUTOB — MOTEPS MPOYHOCTU U PA3PYIIEHUE TPYHTA.

JedopmaTBHBIE CBOHCTBA TPYHTOB

JledopmaTuBHBIE CBONCTBA TPYHTOB MPOSIBISIOTCS B U3MEHEHUH (HOPMBI H
oO0beMa TIpH BO3JICUCTBHM Ha TPYHT BHEIIHUX YCWIHM, HE MPUBOIANIUX K
pa3pyIICHUIO.

Kak peIxjble, Tak ¥ CBS3HBIC, TIIMHUCTHIC TPYHTHI TP TPHIOKCHUH Harpy30K
VIUTOTHSFOTCS, T.€. YMEHBIIIAIOT CBOIO TTOPUCTOCTh, YTO MPUBOJNT K U3MCHEHHIO MX
(GOpMBI: YMCHBIIICHUIO MOIIHOCTH CJIOS, TOHM)XCHHIO OTMETOK ITOBEPXHOCTH
Harpy>kaeMoOW TIUIOIIAJKH, YMCHBIICHHIO BBICOTHI C)KHMaeMoro ooOpasia B
nabopatopHoM Tipudope. Takoe n3MEeHEeHUe Ha3bIBAETCs dehopmayuel.

OnuceiBaeMbie  AehOpMaIIMK  TIPOUCXOMAT TIOJM JICHCTBHEM HAIPSOHKECHUH,
BO3HUKAIONIMX B TPYHTE TOCJIE€ TPWIOKECHHS BHEmHEW Harpy3ku. OHU TeM
3HAUWUTENbHEe, YeM OOJbIle BEIWYMHA TMPUIAraeMOW HArpy3Kd W 3aBUCSAT OT
MEPBOHAYAILHOTO COCTOSIHHSI TPYHTA: €T0 BHA, CTPYKTYPhI, TOPUCTOCTH, COCTABA,

BJIaXXHOCTH.



7

B nucnepcHoMm rpyHTE 3TH AeopMalni UMEIOT OOBbEMHBINM XapakTep, Tak
KaK B IIEPBYIO OYEPEb CBSI3aHbl C YMEHBIIEHUEM 00bEMA TPYHTA, HAXOISALIETOCS B
HaNpsKEHHOM MPOCTPAHCTBE.

Jlepopmanuy BO3HUKAIOT, KaK [IPaBUIIO, B pe3yJIbTaTe BO3ACHCTBUS Ha CKEJIET
HOPMAIbHOU COCTABIISIIOIIEH HAarpy3kd M XapaKTEepU3YIOT CIOCOOHOCTh I'PyHTa K
YIUIOTHEHHIO, KOTOPasi BHELIHE BBIPAIKAETCS 0CAOKOU €T0 MO COOPYKEHUEM.

K  nedbopMaTuBHBIM  XapakTepUCTUKaM TPYHTOB  OTHOCAT  MOMYJb

nedopmanyu, koddurment [lyaccoHa 1 OTHOCUTETBHYIO TIPOCAIOYHOCTb.

Peosiornyeckue cBOMCTBA rPyHTA

[lon peonocuueckumu ceoticmeéamu TPYHTOB MOHUMAIOT 3aKOHOMEPHOCTHU
NpoTeKkaHusi naepopmanuii ¥ HM3MEHEHUSI NPOYHOCTH TPyHTa BO BpemeHU. B
JUCIIEPCHBIX TPYHTAaX 3TU CBOMCTBA MPOSIBISIOTCA B BUJIC PEJIAKCALINH, MTOJI3YYECTH
U JUTUTEIBHON TPOYHOCTH.

[lon penaxcayueri MOHUMAIOT TpollecC IMepexoaa ymnpyrou aepopmanuu B
HEOOpaTUMYIO IJJACTUYECKYIO, NPUYEM 3TOT NPOLECC MPOTEKAET MJIUTEIBHO H
CONPOBOK/IAETCSI  MOCTENEHHBIM  YMEHBIIEHUEM  HANpsHDKEHUM,  BCIEICTBUE
pa3npoOJeHus YacTH arperaToB, CMEIIEHUS YaCTHUIl, BBIPABHUBAHHS MECTHBIX
HaIPsHKEHU HAa KOHTaKTaxX X JPYT C APYTOM.

Ilonzyyecmoio Ha3bIBAIOT CIIOCOOHOCTH TPYHTOB JIUTEIBHO
nehopMHUPOBATHCS PU TTOCTOSTHHOW HArpy3Ke, MEHBIIIEH YeM pa3pyIiarolasi.

Jlnumenvuoii  nmpouHocmvblo  HA3bIBAETCA IOCTENEHHO YMEHBIIAOIIASACS
MPOYHOCTh TPYHTA MIPH JUIUTECIIBHOM JIEUCTBUU HATrpy3KH.

Peonornueckue cBocTBa UMEIOT OOJBIITOE 3HAUCHHUE TIPU MTPOTHO3E Pa3BUTHUS
0CaJIKi BO BPEMEHH W JJIMTEIbHOW MPOYHOCTH OCHOBAHUM, OCOOCHHO JJIsl CIa0BIX

ITPYHTOB.
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Jlaboparopnasi padora Ne 1
KOMIIPECCUOHHBIE UCIIBITAHUA I'PYHTA IIPU
ECTECTBEHHOMH BJIA’JKHOCTH

Ileny padomwr: onpeneneHue CHKUMAEMOCTH TIPYHTOB MpPHU JICWCTBHU
PaBHOMEPHO paCIpPEEICHHON Harpy3ku 06e3 BO3MOKHOCTH OOKOBOTO PACIIMPEHUS

(0THOOCHOE CKaTHE) MPU ECTECTBEHHOM BIAXKHOCTU IPYHTA.

Oobopyoosanue u mamepuaivl. KOMIpecCUOHHBIN Tpudop (ogometp) Kllp-1,
npubop HarpyXeHus, HaOOp THpPb, UHAUKATOPHI YaCOBOTO TUMA (MECCYphl), HOX,

OyMakHbI€ (PUIBTPHI, MOHOJIUT IPYHTA.

Hoacnuenus k paoome

3amava uccieqoBaHus J1e(OPMATUBHBIX CBOMCTB 3aKIIOYAETCAd B HU3YyYEHUU
XapakTepa COKMMAEMOCTH, BEJIMYHMHBI U CKOPOCTH 3TOrO MpOILEcca, B MOJTYYEHUU
OOBEKTUBHBIX XapaKTEPUCTUK, HEOOXOAUMBIX JUJIsl PacueToB OCaJ0K OCHOBaHHIi
COOPYXKCHUMU.

OgHuMM M3 OCHOBHBIX 33aKOHOB MEXaHUKH TPYHTOB SBIISIETCS 3aKOH
C)KMMAeMOCTH TPYHTOB NpH JEHCTBUM HAarpy3ku. PacueTHble XapaKTEpUCTHKU
nepopMaIi rpyHTOB OMPENEISIOTCS MMyTEM KOMIIPECCUOHHBIX UCTIBITAHUM.

Corcumaemocmoio  2pyHmo6 Ha3bIBAIOT CIHOCOOHOCTh HMX YMEHBIIAThCS B
o0beMe (J1aBaTh 0CAJKY) MO ACHCTBUEM BHEIIIHETO JABJICHUSI 3a CUET YMEHbBIIICHUS
nop 0e3 KOPEHHOI0 W3MEHEHUs CTPYKTYphl rpyHTa. CTeneHb CKXUMAaEMOCTH U
ABJICHMSI, IPOUCXOSIINE MPU CHKATUU, 3aBUCST OT XapaKTepa U CTPYKTYpPhI TPYHTA.

Hekoropslii 00beM TpyHTa, MOJBEPraloOlIMiCI HOPMAIbHOMY JABJICHUIO
(HampuMep, OT COOpPYKEHHs), CHKUMAETCSd B HaNpaBlI€HUU OOJBIIETO U3
JNEUCTBYIOIIMX HANpPsDKEHWM M pacIiupsieTcss B MEPIEHIUMKYISIPHOM K HEMY
HalpaBJI€HUU.  DBOKOBOMY  pacIIMpeHWI0  OPENSTCTBYET  CONPOTUBIICHUE
OKPYXAIOIIEro TpyHTa, MO3TOMY CXAaTHE MPOTEKAeT IMpPU OrPAHUYEHHOU

BO3MOXXHOCTH OOKOBOTO PACIIUPEHUSI.
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BBonst ompeneneHHble OrpaHUYEHUs, B TPYHTOBEIEHWU pPAaCCMATPUBAIOT
C)KMMAeMOCTh TPYHTOB B YCJIOBHUSIX HEBO3MOXXHOCTH HMX OOKOBOTO pacCUIUpEHMUS,
KOTOpPOE Ha3bIBACTCA KOMNpeccuel.

Kpusyto 3aBucumoctu kodhduiieHTa mopucToCTd OT JABJICHUS HA3bIBAIOT
KOMNPECCUOHHOU KpuUeol, OHA XapaKTEpPHU3yeT CKUMAEMOCTb IPYHTa, HaumOoliee
pactpocTpaHeHHBIM  BuuoM  siBiusiercst  e=f(P). DOrta kpuBas  1MO3BOJSET:
1) knmaccuduupoBaTh TPYHTHI TO BEIMYHHE CKUMACMOCTH; 2) YCTaHABJIHBAThH
BEIIMUUHY CTPYKTYPHOM TNPOYHOCTH TPYyHTa; 3) ONpPEACNsITH MOAYJb 00uIei
nedopManuu rpyHTa.

KoMmIipeccnoHHBIE KpHBBIE IMOJIYYarOT 3KCIIEPUMEHTAIbHO IPU HCIBITAHUH
00pa31oB rpyHTa B KOMIIPECCUOHHBIX TPUOOpax.

KomrmipeccrnoHHbIe CBOKCTBA TPYHTOB 3aBUCHT:

v OT CTPYKTYypbl TPyHTa: pa3ieibHO-3€PHUCTBIC TPYHTHI CHKUMAIOTCS
ObICTpee, a KOHEUHbBIE OCAIKH UX IIPU BCEX MPOUYUX PABHBIX YCIOBUSAX MEHbILE, YEM
y TIMHUCTBIX TPYHTOB (B IMOCIETHHUX IPOIECC COKATHS YacTO MPOTEKACT OYCHb
ME/IJICHHO);

v/ 0T MHHEpAILHOTO COCTaBa M COJCP/KAHUSA TOHKOAWCIIEPCHON (HpaKiiuw:
HajJu4yMe B TPYHTax MHHEPAJIOB TIPyHIbl MOHTMOPWUJUIOHUTA IOHUKAET
C)KMMAeMOCTh 3a CYET MX HaOyXaHHs, a, Ha00OpOT, MPHUCYTCTBHE OPTraHUYECKUX
NpUMeceil 1 OpraHOMUHEPAIBHBIX COCAMHEHUI PE3KO YBEJIMUYMBAET CUMAEMOCTb
I'PYHTOB;

v OT THIIa W Xapakrepa BHYTPEHHHX CBf3Ci: 4YeM OOJIbIIE IUIOTHOCTD
YKJIQJKWA YacTUIl TPYHTA, TEM MEHBIIE €ro CKMMAeMOCTb, YEM BBIIIE CTEIECHb
BJIQXKHOCTH, TEM JOJIbIIE MPOTEKAET MPOLIECC CKATUS [NIMHUCTBIX TPYHTOB;

v/ OT TeMIla MPUIIOKEHHsT HArPy30K, KOTOPBIA OOYCIOBIMBAET TIOJHOE HJIN
HEIOJIHOE 3aBEPILIECHUE ITATIOB CHKATHS.

Kommnpeccuonnsie ucnbitanust rpyHToB (I'OCT 23908-79) BbINONHSIOT B

KOMITPECCUOHHBIX MPUOOPAX pA3TUUHBIX MOJENEH.

N3menenuss kodpdunreHTa MOPUCTOCTH, COOTBETCTBYIOUIWE MPUHSITHIM

Ah—d
CTYIICHSIM Harpy3KH, ONpenessoT no Gopmyse Ae = o
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riae h — nedopmanus oOpasa npu TaHHOW CTYIICHH HArpy3KH, MM;
d — mompaBka Ha nedopmarmio mpudopa;
Ah — nedopmariusi, paccunteiBaeMas 1mo dpopmyie Ah=h-hy,
31ech Ny — MpHUBeIcHHAs BRICOTA 00pasiia, HaleHHas 1o popMyIie

h, = M ,
1+e,

311eCh eg — KOA(PUITUEHT TOPUCTOCTH TPYHTA B €CTECTBEHHOM COCTOSTHUM;
hk — BbICOTa KOJIBIIA TIpHOOpA.
OxkonuarenbHast dopmysa sl pacuera KodPuireHTa MOPUCTOCTU UMEET
_Ah-d
h,

e

BHT € =8 (L+ey).

CreneHb CXUMAaEMOCTH TPYHTOB TIPH HEBO3MOXKHOCTH HMX OOKOBOIO
pacliMpeHuss  OOBIYHO  BBIp@XAOT  4yepe3  KOA(Q(PHUIMEHT  CKUMAEMOCTH
(ko3 dULMeHT KOMIpEecCHH, YIUIOTHEHUs) a. Bemuumna sToro kosdduimmeHTa
MOXKET OBITH orpezeena no rpaduky e=f(P).

Ha wnHeOonpIioM OTpe3Ke KOMIIPECCHOHHYIO KpHBYIO (pHC. 3) MOXHO
3aMEHUTh MNPsIMOM. TaHTreHC yIyla HaKJIOHA JTOM MPSIMOHM, XapaKTEPU3YHOLINN
KOMIIPECCUIO TpyHTa TIPU JIaHHOM WHTEpBAJIC JaBJICHUM, U  SBISETCS
ko3 uimenTom cxxumaemMoctu a. OH MOXKET ObITh BBIYHUCIIEH 110 (opMyIIe

a=tga :%.
2 1
Yem Oosbllie @ Ha TAHHOM YYacCTKE HCCIIEIYEeMON KOMIIPECCHOHHOUW KPUBOM, TEM,
OUYEBHJIHO, 0OO0Jie€ CUJIIBHO CXKMMaeM TPYHT MpPU TEX >K€ 3HAYEHUAX YIEIHHOTO
JaBJICHUSI.
Koaddunment C)KUMAEMOCTH ABJISICTCS KJIacCU(pUKAITMOHHOMN

XapaKTEPUCTUKOM, MO3BOJISIONIEH Pa3IeIUTh TPYHTHI IO CTEIIEHU CKUMAEeMOCTH Ha

4yeThIpe KaTeropuu (Tadi. 1).
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Tabmuia 1
I'pynT KoaddunmeHT cxxumaeMoctu a
[IpakTH4YeCKH HEC)KMMaEMbIN Menee 0,001
CrnabocxumMaeMbli 0,001-0,01
CpenHecxumaeMblii 0,01-0,1
CUIIbHOC)KMMAEMBIN bonee 0,1

PacuetHoil xapakTepuCTHKON Jne(dOopMaTUBHBIX CBOMCTB JAMCHEPCHBIX

TPYHTOB SIBJISICTCS MOOYIb Oeghopmayuu, BEIMUCTIAEMbIN 110 hopMyIie

Eo:ﬁ

1+e
a H

rac a— KOI)(i)(I)I/II_[HeHT CXKUMACMOCTH IJIsI HHTCPpBaAJIa COCCAHUX HAI'PY30K;

B — Oe3pa3MmepHbIii KOI(PPHUIIMEHT, 3aBUCAIINN OT OTHOCHUTEIBLHOW IONEPEUHOM

nedopmalii TpyHTa U NPUHUMAaeMblid paBHbIM: Uil nieckoB 0,8; nns cyneceit 0,7;

u1st cyrauukoB 0,5; nost rvH 0,4.

N\

Koaddunumuent nopucroctu

X

0

P

N

Pg JlaBnenue

Puc. 2. 'eomeTpudeckuii cMbIci KO3 PUIIHEHTA CKUMAEMOCTH

Monaynb aedopManiuy BBIYUCISIOT JJIs1 ONPEASICHHOTO MHTEpBajia Harpy3oK,

B Ipelenax KOTOPbIX COXpaHsieTCsl JIMHEWHas 3aBUCUMOCTb MEXIy o0OIei

nedopmaliel TpyHTa U TEMH HaIPSKEHUSMU, KOTOPbIE €€ BbI3BIBAIOT. IJTOT
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MoKa3aTejlb TMPUMEHSETCS B TNpaKTUKE [JIs pacuera jaedopmaruii OCHOBaHUM
COOPYKCHUU.

Ecnu nepBoHadYaIbHO HArpy>KE€HHBIM TPYHT MOCTEIEHHO Pa3rpy»arb, TO €ro
00bEM M MOPUCTOCTh OYAYT YBEIUUMUBATHCA. DTO SIBJICHUE, 00paTHOE KOMIIPECCHH,
HOCUT Ha3BaHHWE JeKoMmpeccuu uiau HalOyxaHus. OJHAKO 00bEM U MOPUCTOCTh

o0pasia B mporiecce IEKOMIIPECCHH HE IOCTUTAIOT MEPBOHAYAIBHBIX pa3MepoB [4].

Memoouueckue ykazanus

['pyHT, 3aK/IOYEHHBIH B KECTKYI0 O000WMYy, MOABEpPraeM BO3AECHCTBUIO
PaBHOMEPHO pacIpeieeHHON Harpy3ku, npuiaraemoil crymnendaro ot 0 go 0,5
MIla. JIns pgaHHOrO TpyHTa Ha OCHOBAaHMM TNOKA3aHUM MecCypa ONpPENEsieM
KO3 GULIMEHTHl TOPUCTOCTH €, YIUIOTHEHHs a, MoAyhb aedopmanuu E u
OTHOCUTENBHYK) TPOCaAOYHOCTh 0. Ilo pe3ympraram wuCHbITaHUNA CTPOUM
KOMIIPECCUOHHYIO KPUBYIO.

HcnpiTanust TPYHTOB [UIsl OMNpPEACNIEHUS KOMIIPECCHUOHHOM 3aBUCHUMOCTH
MPOM3BOAMM Ha CHEHUAIbHBIX NpUOOpPax, HA3BIBAEMbBIX KOMIIPECCHOHHBIMU
(omomeTpamu).

Ooomemp — mpubOOP, CIyKAIIUK JJI1 ONpPENCIICHUs] C)KUMAaeMOCTH TPYHTA.
Hedbopmanyii B 0JIOMETpPE BO3MOXHBI TOJBKO B BEPTHKAJIHLHOM HaIlPaBICHUH,
TOPU30HTANIbHBIE  JleopMallid  OTCYTCTBYIOT. BepTukaibHOe  HampsiKeHHeE
U3MEHSIETCS CTYTCHSIMU U SIBIIIETCS U3BECTHBIM, OOKOBBIC HAMPSIKEHUS PEAKTHBHBIE
M OCTAaloTCid HEW3BEeCTHbhIMU. Bennumna pedopmaiuii 3aBUCUT OT  YCWIIMS,
NPpUWIOXKEHHOTO Ha wmramil. Ha puc. 3 nokazana cxema oJJoMeTpa.

[Ipu pacuere ngedopmanu oOpaslia HEOOXOAUMO YUYUTHIBAThH JAePOpMalUIO
npubopa, 7 4Yero NPOU3BOAMUTCS TapUPOBKA TMOcCieAHero. JledcTBUTeNnbHas
nedopmanus oOpasiia paBHa Pa3HOCTH MEXAYy CyMMapHoOW aedopmaiuei,
3apEruCTPUPOBAHHON HMHAMKATOPOM TMpU oOmbiTe, W jAedopmanuer mnpuodopa,
YCTaHOBJICHHOW IIPU TapUPOBKE.

TapupoBka mpubOpa BBIMOTHSAETCS TaK e, KaK W KOMIIPECCUOHHBIC
UCTIBITAHUS: BMECTO TpyHTa B  KOJbLO  3aKJIAJbIBACTCS  CHEIUAJIbHbIN
METaJUTMYECKUI JUCK U JBa OyMaXHBIX (UIBTPA, 3aT€M MPOU3BOJIUTCS 3arpy3Ka
npubopa CTyneHs MM M N0 HUHAMKATOpY omnpeaenstorcs ero aedopmaruu. I[lo
MOJIYYCHHBIM JaHHBIM CTPOUTCS TpaduK, KOTOPbIA HCHOJB3YETCS NpPHU pacyeTe
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nercTBUTenbHON nedopmaruu oOpasua. TapupoBka npubopa MPOU3BOAUTCS OJUH-
1Ba pa3a B rojl. JlaHHbIe TaApUPOBKHU 3aHOCSTCS B MACIOPT MpUdOpa.
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Jlo mpoBeieHrs UCTIBITaHUSI B KOMIIPECCUOHHOM MPUOOpPE HEOOXOAMMO 3HATH
OCHOBHBIC XapaKTEPUCTUKU T'PYHTA: MJIOTHOCTh YACTHUIl TPYHTA, IUIOTHOCTh TPyHTA
IIPU €CTECTBEHHOW BJIAJKHOCTH M HEHAPYIIEHHON CTPYKType M €CTECTBEHHYIO
BJIQXKHOCTb.

JlabopaTopHasi paboTa BBITIOIHAETCS B CIEAYIONIICH MOCIeA0BaTEIbHOCTH:

1. MOHONUT OYMINAIOT OT TapapuHa U OCTOPONKHO YNAJSIOT HAPYIICHHBIH
BEPXHUU CIIOM.

2. Ha 3aunineHHyo moBEPXHOCTh TPYHTA YCTAHABIUBAIOT PEXKYIIYIO KPOMKY
KoJsblia mpubopa. [lo HapykHOMY MepUMETpPy KOJbIa MPOU3BOAIT 00pE3Ky IpyHTa
U OJIHOBPEMEHHO C OOpEe3KOH KOJBIO TMOCTETIEHHO, JIETKUM JBHKCHHEM
BIABJIMBAIOT B TPyHT. KOJbIIO BIaBIMBaoT 0€3 MepeKOCOB, CTPOTO BEPTUKAILHO BO
n30eKaHue HapyIIEeHUs CTPYKTYphl oOpasia. HeoOxonumo cienuth 3a TeM, 4TOOBI
TPYHT B KOJIbIIC€ HE BBIKPAIMBAJICSA, HE WMEN TPEUIWH, HE OBLJIO MyCTOT MEXIY

BHYTPEHHEU CTEHKOM KOJbLA U TPyHTOM. KOJIbIIO BAABIMBAIOT B TPYHT A0 TE€X MOD,
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NOKa HaJl BEPXHUM €ro Kpaem He okaxkeTcs 1-2 MM rpyHta. Ilocne 3Toro KoJbLo ¢
TPYHTOM OTAENSIOT OT MOHOJIMUTA.

3. lllupokrM HOXOM C MPSMBIM JIE3BUEM CPE3al0T M3JIUIICK TIPyHTa IO
IUIOCKOCTU BpPOBEHb € Kpasmu Kousblia. [locie TtmiarensHOl 00paboTku 00eux
MMOBEPXHOCTEH MPHUCTYIAIOT K 3arpy3ke mpudopa.

4. Kaxnayro  TOpPIEBYIO TIOBEPXHOCTh MPOOBI  MOKPHIBAIOT  JINCTOM
GUIBTPOBATLHON OyMaru, KOTOPYIO YBIOKHSIOT [JIS JIY4IIeTO NPUINMAHUS K
oOpasly B ciIy4ae, €ClId TPYHT CyXOM.

5. Konb110 ¢ TpyHTOM NOMEMIAIOT B IPUOOP JIJ1s1 TPOBEACHUS UCTIbITaHus. [{7st
JY4YIIET0 TPWIETAaHUS METAJUIMYECKOro IITamMna K TPYHTY MPUKIAIbIBAIOT
KPaTKOBPEMEHHYIO Harpy3Ky, BEIHYMHY KOTOPOW MOAOUPAIOT COOTBETCTBEHHO
coctosHuio rpyHTa. OpuentupoBoyHo BenuuuHa P, MIla, moxer ObITh mpuUHSTA
cienyromei: a) nis Tekyuux rpyHToB 0,01; 6) ms miactuunbix rpyHTOB 0,025; B)
JUTst TBEPIbIX (TI0THBIX) TpyHTOB 0,05.

JIMUTEeNbHOCTh BO3JCUCTBUSI KPATKOBPEMEHHOM HArpy3kH JOJDKHA OBITH HE
oonee 1-1,5 mma. OTcYeT TO WHAMKATOPY, YCTAHOBUBIIUNCS Cpa3y IOCHE
MIPUJIOKEHUST KPATKOBPEMEHHOM HATPy3KH, SIBJIIETCS HaYaIbHBIM OTCYETOM OIIbITA.

6. JanpHelmyro Harpy3Ky Ha oOpasel] mepearoT CTYNCHSIMH B CICAYIOMEH
MOCJIEA0BATEILHOCTH:

1) s mecyanbix ¥ mIMHUCTHIX TpyHTOB — 0,05; 0,1; 0,2; 0,3 MIla m T.1.;

2) s cyrnuuucteix rpynTos — 0,05; 0,1; 0,15; 0,2; 0,25; 0,3 MIla;

3) mis  topdsHo-unmcteix rpynroB — 0,01; 0,025; 0,05; 0,075; 0,1;
0,15 MIla.

Kaxmyro cTymeHs Harpy3kd BBIICPKHBAIOT 10 cTabunmusanuu ocagku. OHa
ONpeNeIsIeTC] MOMEHTOM YCTAaHOBJIEHUS IOCTOSHCTBA IOKa3aHUN WHAUKATOPA.
[IpakTuueckn cTabWIM3aIUsl CUATACTCA JOCTUTHYTOH, €CIM Pa3HOCTh MEXKIy
otcueTamu 4epe3 3 u He mpesbimaeT 0,01 mM. [lo mocTmwkeHuu cTabuIM3alvu K
00pa3ily MPUKIAILIBAIOT CICAYIONIYIO CTYIIEHb HArPY3KH.

7.3areM BeayT B OOpaTHOM TMOpsJKE pasrpy3ky ooOpaszna. OTCYEThl IO

WHAUKATOPY CHUMAIOT 110 JOCTHIKCHUU CT8.6I/IJ'II/I3aHI/II/I.
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8. Pazbuparor mpubop, OepyT, eciaum 3TO HEoOXoaumo, Mpody TIpyHTa Ha
BJIQXHOCTh. 3aTeM JeTalu Mpubopa cleAyeT OYHCTUTh, MPOTEPETh, TPYIIHECSH
MIOBEPXHOCTH CMa3aTh TOHKAM CJIOE€M BasenHa.

9. Ilo JaHHBIM UCIIBITAHUA CTPOAT Fpa(bI/IKI/I KOMIIPECCCHUOHHBIX KPUBBIX.

JlabopaTopHas pa6ota Ne 2
KOMITIPECCUOHHBIE UCIHIBITAHUSA T'PYHTA
IMPU 3AMAYNBAHUU

Ilenvy pabdomer: onpenecneHUEe CKUMAEMOCTH T[PYHTOB TMpU JACHUCTBUU
PaBHOMEPHO pacIpe/IeICHHON Harpy3ku 0€3 BO3MOXKHOCTH OOKOBOTO pacIIUpEHUs

(oTHOOCHOE CKaTHE) MPU 3aMavYuBaHUM 00pa3lia rpyHTa.

Oobopyoosanue u mamepuasl:. KoMpeccuoHHbIN pudop (ogometp) Kllp-1,
npubop HarpyXeHus, Ha0Op THPb, UHAUKATOPHI YaCOBOr0 THMA (MeCCYyphl), HOX,

OyMakHbIe (GUIBTPHI, MOHOJIUT IPYHTA.

Memoouueckue ykazanus

Pabora BITIOTHSAETCS B TOM K€ IOCIEI0BAaTeIbHOCTH, Kak M jla0. padoTta Ne
1, pa3Huna COCTOMT B TOM, YTO MOCJE€ TOTO KAaK KOJBIO C TPYHTOM IOMEIIAIOT B
npubop ISl IPOBEJACHUS UCIBITAaHUIM, MPOU3BOAAT 3aMaunBaHue rpyHra. OOpasen
3aMa4yMBaIOT TPYHTOBOW BOJOM, IOCIIE YErO MPOU3BOAAT HarpykeHue. JlanpbHenmmn
X0J1 pabOThl AHAJIOTUYEH TIPEAbITYIICH.

[To pe3ynbraTam pabOThI BHIYUCISIIOT KO3(PPUUIMEHT MOPUCTOCTU €, MOAYJb
nedopmar E, k03PPULIHUEHT CKUMAEMOCTU d, OTHOCUTEIBHYIO IMPOCATIOYHOCTD
Onp..

JlanHbI€ 3aHOCAT B >KypHaJI 110 ¢opme Tadi. 2 , KoTopasi IpuBeAeHa B

3aI10JIJHCHHOM BHJC B KAa4YCCTBC 06pa3ua.



16

Ta0muma 2
Pe3ynbTaThl KOMIPECCUOHHBIX UCTIBITAHUI
IIPU €CTECTBEHHOM BIAXKHOCTHU IIpU 3aMaYBaHUU
N3mepennnie 3HaueHuss | Jdedopm. | U3mepennsie 3HaueHus | [edopm.
JlaBnenue IToxkas. Ah JlaBnenue [Toxkas. Ah
P, Mlla MECCYPBbI P, Mlla MECCYp
0,0 0 0 0,0 0 0
0,05 0,395 0,395 0,05 2/0,95 1,48
0,1 0,615 0,615 0,1 3,23/1,85 2,54
0,2 0,960 0,960 0,2 4,57/2,8 3,68
0,3 1,260 1,260 0,3 5,16/3,2 4,18
0,4 1,610 1,610 0,4 5,4713,45 4,46
0,5 1,750 1,750 0,5 5,70/3,63 4,67
0,4 1,730 1,730 0,4 5,70/3,63 4,67
0,3 1,700 1,700 0,3 5,69/3,63 4,66
0,2 1,680 1,680 0,2 5,65/3,63 4,64
0,1 1,650 1,650 0,1 5,55/3,62 4,59
0,0 1,575 1,575 0,0 5,31/3,55 4,43

JlaGopaTtopnasi padora Ne 3
ONPEJIEJIEHUE OTHOCHUTEJBHOM MPOCAJJOYHOCTH

Ienv pabomer: onpeneneHrne pacuyeTHHIX NePOPMATUBHBIX XaPAKTEPUCTHK

TPYHTa ¥ €T0 KJIacCu(UKaIMs M0 TUITY IPOCATOYHOCTH.

Oobopyoosanue u mamepuanst. pe3yJbTaThl BRINMOJHEHUS J1a0. padoT Ne 1 u
Ne 2.

Hosacnenus k pabome
[Tong npocadounocmvio TOHUMAIOT JTOTIOJHUTEIBHYIO OCaJIKy TpPYHTa,
BO3HHKAIONIYI0 B PE3yJNbTaTeé €ro 3aMayuBaHUS B TIPUPOJTHO-HAMPSIKECHHOM

COCTOSHHHN 110 I[@I\/’ICTBI/ICM CcOOCTBEHHOI'0 BeCa HJM COBMECTHOI'O JaBJICHUA OT
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COOCTBEHHOTO Beca M BHeEIIHEH Harpy3ku. [IpocalodHOCTh COTPOBOXKIACTCS
KOPEHHBIM H3MEHEHHEM CTPYKTYPHI TPYHTA.

[IpocagouHOCTh — SIBJICHHE HEONArompusiTHOE, TaK KaK B pe3yibTare
NPOCAJOK TMPOUCXOAUT OIYCKaHWE TIOBEPXHOCTH 3€MJIM Ha BEIUYHHY [0
HECKOJIbKUX  JIECATKOB CAHTHUMETPOB. OJTO, B CBOIO Ouepenb, NPUBOAUT K
HEPABHOMEPHBIM JePOpMAIUsM COOPYKEHHM, ISl KOTOPHIX MPOCATOYHBIA TPYHT
CIIY>KHUT OCHOBAHHEM.

OmuocumenvHou  NpocaodoyHocmvio  Opp  HA3BIBAIOT  OTHOILICHHE
JOTIOJIHUTENIBHOM  ocanku (mpocaaku) oOpas3la uWiad CjIos TpyHTa IMOCie

3aMauYuBaHUA K HCpBOHaanBHOﬁ BBICOTC 06pa3ua NI MOIIMHOCTHU CJIOA TOI'O XKC
h'—h
. op
I'PYHTA B €TO IIPUPOAHO-HAIIPAKCHHOM COCTOAHUU. Snp =,
h 0
rac h' — BeIcOTA 06pasua HpHpOIIHOﬁ BJIA’JKHOCTH IIPH 3a1aHHOM OAaBJICHHH,
hn — BbICOTA 00 aslia IIoCJIC IIPOCAAKH B PC3YJIbTATC 3aMaUYBAHUNA,
p D
ho — BBICOTA 06pa3ua I'pPyHTa C HpPIpOI[HOﬁ BJIAJKHOCTBIO IIPHU IPUPOAHOM AABJICHUU

Ha r1yOuHe oTOopa oOpasiia.

OTtHOCcHUTENnbHAS MpOoCaa09YHOCTDb OMMPCACIIACTCA B JOJIAX CAUHUIBI.

Takum 0o0pa3zoM, K MPOCaJAOYHBIM I'PYHTaM OTHOCSITCSL TPYHTBI, Y KOTOPBIX

BEJIMYMHA OTHOCUTENBHOM MPOCcaoyHOCTH Orp>0,01 mo CHuII [5].

Jlst onpeeieHus MPOCagOYHOCTH IPUMEHSIETCS METOT IBYX KPHUBBIX HJIH
METOJI OJTHOM KpuBoOii [6].
[To TuMy TPYHTOBBIX YCIOBUI MPOCATOUYHBIC TPYHTHI Pa3IC/IIIOTCS Ha:

I'PYHTHL I muna npoca()ounocmu, Korga 1mpocajaka InpoucxoaJuT B OCHOBHOM B

npeaenax AehOpMHUPYEeMON 30HBI OCHOBAaHMSI OT JaBiieHUs GyHIaAMEHTa WIH
JPYroro BHIa BHEIIHEW HArpy3KH, a TMpocajka OT COOCTBEHHOTO Beca TpPyHTa
OTCYTCTBYET WJIM HE MPEBBIIIAET S5 CM;

rpyHTbl [l muna npocadounocmu, KOTAa TPOcCagKka BO3HUKAET OT

COOCTBEHHOI'0 Beca rpyHTa MPOCATOYHON TOJIIN (B OCHOBHOM B HIDKHEH €€ 4acTH)

Y €€ BEJIMYMHA IPEBBILIAET 5 CM.
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[Ipocasiky  pacCUMTBHIBAIOT MCXOAS M3  BEJIMYMHBI  OTHOCUTEIHHOU
POCATOYHOCTH, YHUCTIA CJIIOEB U MOIIHOCTH KaXKIO0TO MPOCATOYHOTO CJIO0S IPYHTA.

B 3aBUCHMMOCTH OT THIa TPYHTOBBIX YCIOBUN BBIOMPAIOT MEPOIPHUSATUS IO
IPEeayNpekKICHUIO BO3MOXKHBIX MPOCATOUYHBIX JedopMaliii Uiu Mo yCTpaHEHHIO
MOCJIEACTBUM, BBI3BAHHBIX MTPOCAAKON. ITU MEPOIIPUATHS MOTYT OBITh TPEX BHUJIOB:

60003awummble, HAMPUMED, PA3IUYHOTO BUAA "0AEKIbl" THIPOTEXHUYECKUX
COOPYKEHUM, CTPOSIIIUXCS HA TPOCAJOUYHBIX TPYHTAX;

KOHCMPYKMUGHbIE;

Meponpusmus no YIy4ueHuio Qu3uUKo-mexHuyeckux ceotcme MpocagoyHbIX
TPYHTOB  (CHJIMKATHU3aIUsl,  TEPMHUYECKOE  3aKpeIJIEHHWEe,  BOJIO3AIUTHBIC

MEPOIPUATHS, YIUIOTHEHUE U JIp.).

Memoouueckue ykazanus

Memoo 06yx kpugvix. CyIIHOCTh 3TOIO METOJla COCTOUT B HCIBITAHUU JBYX
UJCHTUYHBIX OOpa3loB, OTOOpAaHHBIX W3 OJHOTO MOHOIMTA. PacxoxaeHue B
€CTECTBEHHOM BIAXKHOCTH MX He 6onee 2 %, a IIOTHOCTE cyxoro rpyHTa 0,03 r/cm®,
IlepBbIii OOpa3ell UCHBITHIBAECTCS TMPU ECTECTBEHHOM BIAXKHOCTH, BTOPOM — B
COCTOSIHMM TOJHOTO BOJIOHACKIIIEHHs. BTopoil oOpasel HachIaloT MpU JAaBICHUH
Ha Hero 0,025 MlIla B tedyeHue 12 4, mocie 3TOr0 NPOBOAAT MCIBITAHUSA I10
ONMCAaHHOM BBIIIE CXEME.

Meton nByX KpUBBIX IIOMHUMO OINPEIEIEHHUS] OTHOCUTEIBHON POCaJ0YHOCTH
NO3BOJISIET PACCUMTATh HAaYaJIbHOE MPOCAT0YHOE JaBiieHue P.,, mpuHMMAas 3a ero
BEJIMYMHY TO JABJIEHUE, IPU KOTOPOM OTHOCHUTEJIbHAS MPOCATOYHOCTh COCTABIISET
0,01 (puc. 4).

Meton ABYX KpHBBIX OOECIeUYMBAaET BO3MOXKHOCTb IOJY4YEHHUS 3HAuUCHUUN
OTHOCUTEIBHOM  MPOCAJOYHOCTH B  IIOJHOM HHTEpBAjJE€ HArpy3o0K IpH

KOMIIPECCUOHHBIX HUCIIBITAHUAX I'PYHTA.
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1

€p

0.7 L Pop
0 0.1 0.2

N )
Puc. 4. Komnpeccuonnble KpuBbIe TpocagodHoro cyxoro (1) u 3amodenHoro (2) rpyHra,

HCIIBITAHHOTO 110 METOOY 2 KPHBBIX

Memoo oonou kpueoti. ictipITanus MPOCaA0YHBIX TPYHTOB JaHHBIM METOAOM
MIPOBOJIAT B CIy4asx, KOTJla U3BECTHA HArpy3ka OT COOPYKEHUS, ITPH ONPEAECICHUN
MPOCAJIKK OT COOCTBEHHOT'O Beca IPYHTOBOM TOJIIH, IPU U3YyUEHUHU
MOCJIETPOCAA0YHBIX Ae(OpMaLINil TPYHTA 33 CUET MOJI3YUYECTH €ro CKeIeTa 1
pa3ButTus cyPp@o3uu B ciryyae NOCTOSTHHOTO U JJIUTEIBHOTO YBIIAXKHEHHUS.

[TpocagouyHOCTh ONpeAessaoT B MpuOopax ¢ IIoaabio KoJbla He MeHee 40
cM? M BBICOTOM He MeHee 2 cM. [Ipubop 10ImkeH 06eCIeunBaTh Moaady BOAbI K
oOpasiy CHU3Y BBEPX U €€ OTBOJI, BO3MOKHOCTh NPUIIOKEHHSI HATPY3KH CTYTICHSIMU
o 0,010 MIla u n3mepenue ocanku ¢ TouHOCTHIO 10 0,01 MM. 3arpy3ka mpubopa,
NPUIOKEHUE CTYIIEHEW Harpy3Ku U X0 pab0Tbl aHATOTUYHBI UCTIBITAHUIO
HEMPOCaJOUYHOI0 MNIMHUCTOTO IPYHTA B COCTOSIHUM €CTECTBEHHOM BJIa’KHOCTH.

Meroa ogHOM KpUBOW 00ecrieunBaeT BO3MOKHOCTh MOJIYYUTh 3HAUECHUE
OTHOCUTEJILHOM MPOCaOYHOCTH MPHU (PUKCUPOBAHHON Harpy3Ke.

Ilopsaook evinonnenusn padomot
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Hcnvimanue epynma no memooy 08yx Kpuevlx

1. U3 ogHOrO0 MOHOIMTA, KaK MOXHO OJIMXKEe Jpyr K Ipyry, OTOMparOT B
MpeBapUTENIbHO B3BEUICHHBIE KOJIbLIa JBa oOpasua rpyHta. Kombla ¢ rpyHTOM
B3BCIIMBAIOT U 3arpyxaroT B npudopsl. OOpasel, KOTOpblid OyleT UCHBITHIBATHCS
IPU €CTECTBEHHOM BIIAYXHOCTH, OOKIIAJIBIBAIOT MPH 3arpy3Ke B MPUOOP BIIAXKHOM
BaToOM, 4TOOBI OH HE BBICOX BO Bpemsi ombiTa. [pyroii oOpasen HarpyxaroT

nasienneM 0,025 MIla u 3amaunBaroT B TeueHue 12 4acos.
2. [IpoBOAST KOMIIPECCHOHHBIE UCIIBITAHUS 000MX 00Pa3IIOB.

3. ITocne JOCTHIKCHUA CTa6I/IJ'II/IBaI_[I/II/I oCaJKH1 06pa3ua, HCIIBITBIBACMOT'O IIPH
€CTECTBCHHOM BJIaXXHOCTHU, Ha KOHCUHOM CTYIICHH Harpy3ku €ro 3aMaiuBarOT U

BEJlyT HAOJIO/IEHNUE.

4. Paz0upatoT mpuOOphl, BHIHUMAIOT TPYHT M3 KOJEIl, B3BEIIMBAIOT €r0 U

cymiar, YTOOBI OIIPCACINTD BJIAJKHOCTD U INNIOTHOCTDL CYXOI'O I'PYHTA.

5. CtposT 00e KOMIIPECCUOHHBIE KPUBBIE HA OJTHOM I'paduKe.
Hcnvimanue epynma no memooy 00HOU KpUgou

1. T'oToBsiT 0Opasell u 3arpy>karT ero B mpubop, kak B 1ab. padore Ne 1.
Ecnu Hy>XHO onpeenuTh MpocajKy OT COOCTBEHHOI'O Beca TOJIIU IPYHTa,
OTpeeNsoT OBITOBOE JIaBJICHHE HA TTyOuHe B3sATHS oOpasua. Ecnu HyxHa
pOCajka OT Beca COOPYKEHHUs, OepyT CyMMY IIPOEKTHON HArpy3KH OT COOPYKEHHUSI
U OBITOBOTO JIaBJICHMUS.

2. CTymneHsiMH, Kak | B J1a0. padote Ne 1, mpumararoT Harpy3Ky, moka
JABJICHUE HE IOCTUTHET 3aJaHHOTO.

3. Ilocne crabunuzanuu ocagky B puOOp MOJIAI0T BOJLY CHU3Y BBEPX U
CJIeNIAT 3a MOKa3aHUAMH UHAUKaTopa. OTCUEThl IO MHAUKATOPY CHUMAIOT Yepes S,
10 1 30 MuH. OT Hayana UCBITAHUMN, 3aTEM JI0 KOHIIa pabouero Hs yepe3 | u.
[Tocnenyroiue oTcueTsl OepyTes yepes Kaxple 3 4 10 KOHIA CTa0MIn3auuu
ocanaku. B ciydae, korzia u3y4aroT MocienpocagouHble AedpopMaui, HaOIeHue
3a 0CaJKO¥ BeAyT HEe MeHee 15 cyT. 3a yCIIOBHYIO CTa0MIN3alI0 PUHUMAIOT

npupamienue aedopmaruu He 6osee 0,01 MM 3a 5 cyr.
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4, Pa30ouparoT ¥ OYMIIAOT IPUOOP, OEPYT NMPU HEOOXOAUMOCTH MPOOEI
TPYHTa U3 KOJIBIIA.

5. Ctpost rpaduK KOMIPECCHOHHOMN KpHBOH (pHc. 5).

0 0,1 0,2 PMla

Puc. 5. KomnpeccronHast KpuBasi IpocajioyHOr0 TPYHTA, UCTIBITAHHOTO

10 METOAY OJHOM KpuBOU ¢ 3aMaunBanueM npu P=0,3 Mlla

OTHOCI/ITeHBHYIO MpoCaa0o4YHOCTD IIPHU 3aJaHHOM OAaBJICHUH BBIYUCIIAIOT I1O
Ah —d
le - h !

0

bopmyne 0

rae Ah — monoaauTensHas (0T 3amaunBaHus) Aehopmaius oopasma Ah=h - h;

(3meck h — BeIcOTa 00pa3ia MPUPOIHON BIAYKHOCTH TOCTIE 00KATHS 33 JaHHBIM

nasiienreM Pi; hj — BeicoTa TOTO %€ 00pasiia nmocie 3aMaurBaHus );

d — monpaBouHbIN K03 duIMeHT Ha KedopMmarHio prdopa;

ho — BeICOTa 00pa3iia MPUPOIHON BIAYKHOCTH TIPU OBITOBOM JIaBJICHUH.
JlanHbIe 3aHOCAT B >KypHaJI 1o ¢popme Tadi. 3 , KoTopasi IpUBE/ICHA B

3aM0JIHEHHOM BHJI€ B KauecTBe 00pasiia.

Ta0muma 3
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JaBneHue PacueTtHbie neopmaTUBHBIE XapaKTEPUCTUKH

P, IIPU €CTECT. BIIAXKH. MIPU 3aMaYBaHUH OTH.

MIla Koaddunment E, Koaddunment | D npoc.

nopuctoclyriotne] Mlla [mopucrolymiorae| Mlla Onp
THU e HUA a CTU e | HUf a

0,0 0,71 0,71 0

0,05 0,66 0,61 0,043
0,1 0,65 0,4 3,42 0,54 1,7 0,8 0,077
0,2 0,64 0,3 4,56 0,46 0,8 1,71 0,108
0,3 0,62 0,2 6,84 0,42 0,4 3,42 0,117
0,4 0,60 0,2 6,84 0,40 0,2 6,84 0,114
0,5 0,59 0,1 13,68 | 0,39 0,1 13,68 0,117
0,4 0,59 0,39 0,117
0,3 0,59 0,39 0,117
0,2 0,595 0,39 0,118
0,1 0,597 0,40 0,118
0,0 0,6 0,40 0,114

I[To mosy4eHHBIM JaHHBIM CTPOSAT KOMIIPECCHOHHBIEC KPUBBIE (pHC. 6).

0,7

0,65 |

0,6 7

0,55 |

05 |

0,45 |

&

04

0,35 T T T ; 1
0 0,1 0,2 0,3 0,4 P. MMNa 0,5

Puc. 6. [Ipumep nocTpoeHUsi KOMIIPECCUOHHBIX KPUBBIX:

—O— MIpU €CTECTBEHHOMN BIaKHOCTH; =&= [1pu 3aMavYMBaHUU
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JlaGopaTopnas padora Ne 4
COITPOTUBJIEHUE I'PYHTOB CABUT'Y

Ilenv pabomui: onpeneneHNe NPOYHOCTHBIX XapaKTEPUCTUK IPYHTA.

Oobopyoosanue u mamepuanvt. TpUOOP IS UCIIBITAHUS TPYHTOB HA CIBUT

[ICT", Mmeccypbl (MHAUKATOPBI YaCOBOI'O TUIIA), HAOOP TMpPh, HOXK, MOHOJUT TPYHTA.
IHoacnuenusa k pabome

ConpoTuBiieHHE TPyHTa CIABHUIY OTHOCIT K OJHOMY W3 HanOoJiee BayKHBIX
3aKOHOB MEXAHHMKHU IpyHTOB. BriepBbie 3TOT 3ak0oH O0bL1 ycTanoslieH LI1.O. Kynonom
B 1773 r. ConpoTuBI€HNE TPYHTOB CABUTY XapaKTEPU3YETCS YIJIOM BHYTPEHHETO
TPEHUS! U YIEIbHBIM CLEIUIEHUEM, KOTOpPbIE ONMPENEISIOTCS MyTeM J1Ja0OpaTOPHBIX
WCTIBITAHUW U IP. METOJAAMH.

N3yuyeHue conpoTUBIEHUS TPYHTOB CABUTAIOIINM YCUIUAM, BOSHUKAIOIINM B
pe3ysibTaTe BO3ACUCTBUS Pa3IMYHbIX MH)XEHEPHBIX COOPYKEHMH, UMeeT 00JIbLIoe
3HaY€HWe Ui NPaBWJIBHOTO pacueTa YCTOWYMBOCTH OCHOBaHUH (Hecyuiei
CIIOCOOHOCTH) U Jp. MHXKEHEPHBIX pacyeToB. OHU KCCIE0BATENN MOJIaratoT, YTO
COTPOTUBJIEHUE TJIMHHUCTBIX MOPOJA CIABUTY OOYCIOBJIEHO TOJBKO CLEMJICHUEM
MEXy YacTULAMH, IOKa3aTeJeM KOTOPOro SBISETCS KOI(PPUUUEHT CUEerIeHus,
JIPYTU€ CUUTAIOT, YTO CONPOTUBIIEHUE TJIMHUCTBIX MOPOJ CABUTY 3aBUCUT KaK OT
CUJI TPEHHMsI, TaK M OT cui cueruieHus. [lokasaTensiMu cun TpeHusi, JEHCTBYIOLIUX B
IPYHTE, CYMTAIOT YroJl BHYTPEHHET0 TpeHUs M KOAIDPUIUEHT TpeHwusl.
ConpoTuBIIEHHE CIBUTY OJHOIO M TOrO K€ T'PYHTA HE MOCTOSHHO U 3aBUCUT OT
(U3MYECKOTO COCTOSIHMS TPYHTa — CTENEHH HapyIIEHHOCTH €CTECTBEHHOM
CTPYKTYpPBI, IUIOTHOCTH, BJI&XXHOCTH, a TakXe OT YCIOBUWA NPOU3BOJICTBA
UCTIBITAaHUH (KOHCTPYKITHI MprOopa, CKOPOCTH CABHIa M T. II.).

OmnpeneneHre CONPOTUBIIEHUS TPYHTOB CPE3y MPOU3BOIUTCS METOAAMMU:

KOHCOJIMAUPOBAHHOTO CPe3a, HEKOHCOJUIUPOBAHHOTO Cpe3a.
Memoouueckue ykazanus

Memoo HEKOHCONUOUPOBAHHO20 cpesa. OTm METO0M

HCKOHCOJIMAUPOBAHHOTO CpE3a HUCILIThHIBAIOT 06p33HBI HCHApPYIICHHOI'O CJIOXCHUA
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CYIJIMHKOB W TIJIMH, KOTOpblE B TPHUPOJHOM 3aJIECTAHUM HAXOJATCS B
BOJIOHACBHIIIICHHOM COCTOSIHUH, a TakKe 00pa3ibl 0e3 MPUII0KEHUS Harpy3KH .
I'pyHT, 3aKiIlOUEHHBIM B KECTKYH0 OO0OHMY, MOABEpPracTcss BO3JICUCTBHUIO
paBHOMEpPHO pacmpejesieHHon Harpy3ku ( (puc. 7). K BepxHe# yacTu 00OHWMBI
NpUWJIaraeTcsi IOCTENEHHO yBennunBaemas Harpy3ka P. Ilpu npoctrxenun
HEKOTOPOTO KPUTHYECKOTO 3HAYECHUS HArpy3Kd P MpoucxXoauT CMEleHue OJIHOU

gacTh 000MMBI OTHOCUTENIBHO JIPYTOM, T.€. CIIBUT.

R R R
A e T L L T TR TR TR T TR
A [P e el el sl el el el el sl wd
l,.l'0--'--'--'--'--'--'.-5-%-5-5-5--.--.
e e e e e e e e e e e e
I P P P P P PP P P et L ut]
- 1'.'--'.-.-:.-.-:.--'f-'.--'.--'.--'f?.'-E.:-E:_T..:--'

gt agt et

NN

Puc. 7. Cxema npubopa
[Ipu caBure HOPManbHO YIUIOTHEHHBIX OOpa3lOB KaXKIbl cpe3 AaeT
BO3MOXKHOCTh TOJYYUTh TOYKY Ha Tpaduke: MO OCH abCIHMCC OTKIAIbIBAIOT
HOpPMaJILHOE JIaBJICHHE O, a TI0 OCH OPJMHAT — c/iBHTarolee ycuwime T (puc. 8).

B pesynbrare mONy4arOT 3aBUCHUMOCTH, BBIPAXKAIOIIYIOCS ypPaBHCHHEM
Kynona:
T = o tgo+C,
rae C — cueruienue, MlIa;
tg ¢ - koadduIMeHT TpeHus;

O — HOpMaJibHOE JlaBjieHue Ha TpyHT Mlla;
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T - casurarouiee ycunue Mlla.

T — —
@
/

b (22 VS

$ /7 a\2

| o1 0?2 03 )

Puc. 8. 'paduk conpoTHBIEHHS CABUTY ISl CBI3HBIX TPYHTOB

JlaHHBIE 3aHOCST B JKypHaJI, COCTaBJIEHHBIN 110 popme Tad. 4.

Tabmuma 4
Beptuk. CaBurosoe tg yrma Cuerienue tg yrua VTasl caBura,
JlaBJICHHE ycuime BHYTPCH. ¢, Mlla C/IBHTA rpan.
o, MIla T, MlIla TpeHus v
¢

0,1 0,16 50 0,04 1,6 Y1 58

0,2 0,28 1,4 Y2 o4

0,3 0,35 1,1 y3 49

IIpoYHOCTHBIE XapAKTEPUCTUKHU IPYHTA — YIOJl BHYyTPEHHEIO TPEHHUS (O, IPaL,
U ynenbHoe ciieruienue ¢, MIla, nmony4aroT o rpaduky 3aBUCUMOCTH
7= f (P). Ilpu 5TOM BeMUYUHY ¢ OMPEACISAIOT KaK OTPE30K, OTCEKAEMbIN MPSIMON T=
f (P) Ha ocu opauHAT, a TAHTCHC yIiIa HAKJIOHA ITOM MPSAMOW K OCH aOCIMCC eCTh
TAHI€HC YIJia BHYTpEHHEro TpeHusl ¢ . HopMaTuBHBIE U pacueTHbIC 3HAYEHHUS C U P

CJIEZlyeT YCTaHaBIMBaTh B cooTBeTcTBUU ¢ TpeboBanusmu ['OCT [7] u CHulI [6].
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B HecBsA3HBIX I'pyHTax CHJIbl CHOCIUICHHUA HHYTOXHBI WM HX IIPUHUMAIOT
paBHbIMH 0, Tor1a ypaBHeHue Kynona nmpuobOperaer Bua
T =0 1go.
I'padmyeckn sTa 3aBUCUMOCTH H300pa)kacTcs MPSAMOM, MPOXOAAIIEH uepes

Hayvajao koopauHar (puc. 9).

T '/

01 62 03

Puc. 9. 'paduk conpoTUBIEHHS CABUTY Ul HECBSI3HBIX TPYHTOB:
T1, T2, T3 — CABUTAOLIME YCUINS; G 1, G 2, G 3— HOPMAJIBHBIE JaBJICHMUS;

( — Yroj BHyTPEHHETO TPEHUS

Ha COIIPOTUBJICHUC CABUT'Y CYIICCTBCHHO BJIMUACT CTCIICHD YIINIOTHCHHOCTH IIECKOB;
Ipun 0oJ1ee TIIOTHOM YKIIaJAKC 9aCTUI COIIPOTUBIICHUC CABUT'Y BO3pPACTACT 3a CUCT

TPCHHA B3aUMHO IIPHUIKATBIX HOBCpXHOCTeﬁ U 3alCIIJICHUS YaCTHII.
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