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[NPENUCJIOBUE PEJAKTOPA K PYCCKOMY H3IAHHIO

B kuure Kpynaoro ¢panmysckoro ydenoro PoGepra Jlepmura
OCBeldeTC PAX BOMPOCOB TEXHOJOTHM GeTCHA W paccMaTpDHBAIOTSE
HEKOTOphIE €ro CBOHCTBA, [VIABHHM 0GpPa3zoM HPOYHOCTH HPH CXa-
THH, PACTSXEHMM ¥ H3rHOe, 2 TaK¥e ycagka K ZebOPMaTHBHOCTH.

B raase I aBrop M3naraeT pesy.ibTAaTH CBOHX PaboT NO NpHMe-
HEHHIO TEODHH YIPYro-BA3KO-IJIACTHUECKMX CPell K Pa3/MYHHM
reXHOJIOTHUECKUM IIpOueccaM: IPHUTOTOBAEHHIO, TPAHCIOPTHpOBA-
HMIO, YKAagKe n GOPMOBaHMIO GETOHHON cMecH: JTO HAIllpaBleHde
B TEXHOJIOTMH 0eroHa OJHOBPEMEHHO pa3BuBaercss MHOTHMM yue-
HHMH (Pa3HBIX crpa: B CCCP — Ko/IeKTHBOM HayuHhIX PaboTHH-
koB Hayuno-HecnenoBaTeNbcKOrO HMHCTHTYTa GeroHa M kejes3obe-
tona ACuA CCCP u gap., Peftuepom — B M3apaunse, Ilayspcom — B
CIIIA, BeprerpeMom — B IlIsenuu, ITaBaukom — B UexocaoBauko®
Pecnybanke u ap.

- Patorm JlepMura BecobMa OpDWCHHAJBHB, [0 CTeneHW paspa-
B6OTKH MHOTHMX BONDOCOB OH ONePelMA PAX APYTHX HCC/AeROBATeNeH.
[Toxa mesb3st ¢Ka3aTh, UTO 3TH paOGOTH HAlLAH FOJHOE 3aBepUIeHHe,
BO MPOTA TIOCTAHOBKM BOTIPOCA B CONMETAHMH ¢ GoabIOH TyyOHHOH
HCCNeOBAHUS NO3BOJSET NPeLNnoaalaTh, 4TO JaHHsie paborm Oy-
AYT BCKOpe YCHEWHO 34BepWeHnsl, a pPe3yJbTATH HX CyUIeCTBEHHQ
OBJAHSIOT HAa YAYYIIEHHE TEXHOJOTHH GeroHa,

He 8ce BHBOOH TiaBHl I MOXKHO CuUHTaTh NPUEeMAeMHMH, ABTOp,
HanpHMep, OTHOCHT BAKYYMHDOBaHHe K HauGo/iee COBEPUICHHWM
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MeTodaM VYILJIOTHEHUSA GeToHHOH CMeCH, C Y€M COTIaCHThCA Heab3d.
Hanoxennnie uM co00GpAXKEHHS IO 3TOMY BOTIPOCY HHTEDECHH JHIID
C TOYKM 3PEHHS OUEHKM Hecyllell cnocOoOHOCTH cBexeoTdhOpMOBaH-
HHX GETOHHBIX 3JEMEHTOB, YTO HMeer GOJLUIOE 3HAUEHME NS IPH-
MeHeHUs HeMe[IJeHHOR pacnany0xu KPYNHODAa3MepHBIX 3JEeMeHTOB.
Yro 3Ke KACAETCS TOTO, YTO 3aKOHHI PACMPOCTpaHeHHst KojebaHui
B GETOHHOM CMecH or BHOpaTOpa BBIPAXKEHEl B BHIE 3KCUOHEHLH-
asbHolt yHKDMM paguyca jelicTBus BHOpPATOpAa OT DACCTOSHHA H
koadbunyenTa 3aTyxaHud xoneGaHui, To noaofHas 3aBHCHMOCTH
Oumaa pgana Hamu eige B 1937 r.!l; OHa Takxke HCIOAL30BaHa
C. I'. beprerpemom u C. JlnupepxosnpmoM ? 8 1949 r. C atumu pa-
6oTaMn JIepMHT, BO3MOXHO, HE 3HZKOM.

I'naba I xuurd nocedilleHa BonpocaM Jdedopmandii yxe 3a-
TBepAepliero Deroda Nox AeHcTBHEM KPAaTKOBPEMEHHOH WM AJH-
TeqpHOK Harpysku. Ofmee pemiedne AuddepeHunan-HOrO ypaBHe-
HHSf, HanpuMep, ABMIKEHHS BOAH H3 NMOPHCTONO TeJa BO BHELIHIOKW
Cpe/ly aBTOP He JOBOAMT MO KOHLIA H 3AMEHSET ero »MHHPHYeCcKO
thopMymofi IKCHOHEHIMAJIHHOTO BHAA.

Ananoruunoit SMIUPUUECKOl GOPMY.JIOH BBIPAMKAETCA M YCAHKA.
KeraTy, caeayeT OTMeTHTh, 4TO YCajiKa, 10 MHeHHMIO JlepMmura, .ae
BAHAET Ha YCJOBMA paspyilucHHA. HamuMu oublTaMu COBMECTHO C
III. B. Bypuynanze?® mokazano, UTO yCadKa BAMSET HA YCAOBHA
paapyitenss GeToHa UpPH PpacTAXKeHHH. Paspyumienue npu pactsiie-
HHH MOXET HMeTh MECTO NPU CYMMapHHX aehopMauiax CKaTHS.

OcHOBHBIE TIOJIOXKEHHS TEOPHH NPOYHOCTH GETOHa, KOTOpas B

3aKOHMEHHOM BH/E NOKa ellle He cO37aHa, PaccMOTpeHul B raase I,

1A E Dessoffl Sur l'etude de la prévibration du béton, Annales des
ponts et chaussées, 107, I, 1937, p. 681,

28 G, Bergstrém, S. Linderholm, La vibration du béton, Med-
delonden M 18. Stockhoim, 1949,

* C6opunk HUUXBa AC u A CCCP «Texuosorms Gerouas, smm 1, [oc-
crpofmanar, 1957,
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ocofoe BHHMAaHMe B Hell yAe/eHO, €CTECTBEHHO, PACTAKEHHIO, B TOM
qucje pa3o6pan HOBHH CHOCOG MCHHTAHHA GeTOHA Ha pacTHKEHHE
TyTeM pacKaJhBaHHEA LKHIHHADHYECKMX of6pasuoe. B sto# raase
BHICKa34HO MHOIO HHTEDECHHIX MEICJAeH W [daHbl HekorTophie 060§-
UleHHA, KOTOPHE MOTYT CHOCOGCTBOBATL JanbHefitieMy pPasBHTHIO
TEOPHH NPOUHOCTH GeToHa.

B rnasax IV ¥ V paccmorpenn paaiduHble C3OHCTBAa GeTOHHGH
CMeCH, pacTBOpa K ILEeMEeHTHOTO TeCTa, a ‘TakKXXe BONPOCH IIPod-
HOCTH OeTOHA B COOPY)KEHHH, NPHUYEM B HEKOTOPHIX Caydyasx Aafd
HCC/ICIOBAHUA ABTOPOM OHljIa HCIOJb30BAHA CKOPOCTh YJbIPasBy-
KOBHIX BOJH. Tak XKe Kak n B raase I, 3fech He NaHbi OKOHYATEJb-
fiple pelleHus, HO YKAa3aHH IYTH, KOTOPhle MOTYT HPHBECTH K HOJIO-
JHUTENIbHHM De3yJbTaTaM B 3TOH BaXKHOU And cTpouTeneilt obaacra.

MoXHO HalesiThed, UTO KHWTa JlepMuTa GyAeT XOpOWo npHHATA
WHPOKHMH KPYraMH COBETCKMX UHTATesel, HHTEPeCcylOUlHXCst BO-
HpocaMK TeXHONOrnH OeToHA, TeopHeli NMPOYHOCTH U MeTONAMH HC-

nLiTanui Gerora.

A. E. Hecos




NPEAUCJIOBUE ABTOPA

Tlonarao, 9To HYXHO BPEMS OT BPEMeHM NepecMart-
prBaThL NpobAeMH TexHONOTEY OeroHa BCHKHE pas B
cseTe Bce Gosee MHPOKWX OBOGILEHHN W CBHA3LIO HHOeit
o0betuHATL PaKTH, JHIWb B CHIY TIDHBBIMKM H3Y4YaeMbIe
B OTpHBe APYyT OT Apyra, Texnonorna Gerona chopmupo-
BajlaCh Ha OCHOBE HECKOJBKNX DA3PO3HEHHHX HAYUHHIX
Teopu#t, YCTAHOBUTb MeXAY HHMH JOTHUECKYIO CBS3b—
3anava mayKd, DTy ¥MeHHO 3aJauy A HONLITAJNCH pa3pe-
muTh B HacTosue#d paGore. 3nech cobpano camoe cy-
IEeCTBeHHOe M3 TPOYMTAHHHEX MHOIO JEKHHHA H H3 pas-
MBILJICHU!, Ha KOTOPHE MeHf HapelH MHOFOUHC/ISHHHE
coBecenoBauUsA co cnenyanucTamy. Umrarens ualzer,
KOHEUHO, B OTOH KHHIe MHOI'0 €MV H3BECTHOMO H YXKe
OCBelIeHHOTO B JIMTEpatype, HO [JIaBHOE 31€Ch, Ha MOMH
B3[NISA, Hé B YACTHOCTAX, a B LEJOM.

P. Jleomur




T'nasa I

BETOHHASI CMECh — MPHUTOTOBJEHHUE U YKIALKA

Cocras GeroHa

IlepBoe, uTO HanaeXKUT CALJAATH CTPOHTCAIO, NPOEKTHPYIOMIEMY
H BO3BOISIEMY COODYXKeHHe 43 OeTeHa WU XKele3o6eToHa, — 3To
onpeneauTh coctas Gerona. COBepIIeRHO OREBHIHO, MTO COCTAB Oe-
TOHA HE/Ab37A HA3HAYUTb 110 OXHOMY pelelTy, IPHTOXHOMY ANA BCeX
caydaes. CocTan GeTOHE, TAK K€ KaK X COCTAR CljaBa B MeTanaayp-
THH, OOJIKeH ORITh 3aMPOEKTHPOBAH B COOTBETCTBHW C TEMH Tpe-
GoBaHHSMH, KOTOPEIM MarepHa/l KO/KeH yAOBJETBODATH B 3KCIIya-
THPYEMOM COOPYKEHHH, M, KpoMe TOTO, COOOpasysich C HMeIOLLH-
MHCS B PACIOPSKEHMH CTPOMTENbHON OPraHu3auuy cpPeiCTBAMH.

CocraB OeToHa NPHXOAMTCS HA3HAUATHL DA3JMUHEIM B 3aBHCA-
MOCTH OT TOTQ, O 4eM HIET Peyb: O KOHCTPYKUMAX JH, CTIPOSKTHPO-
BAHHHEIX C NOHMIKEHHHM 3a1acoM HPOYHOCTH, YTO IIPHBOJUT HEH3-
0exHO K BLICOKHM HamnpsXKEHHAM; O MACCUBHOM JH COODYIKEHHH,
Toe pelIaIee 3Hauenue Npuobperaer npofseMa YCTONYHBOCTH, O
pesepByape, TAe OCHOBHOW 3ajaueli siBiasercs ofecnedeHue Henpo-
HYLAEMOCTH; O CTEHE 3JlaHHs, KOTOpas IpPeKAe BCEro MOMXKHA CO-
XpPasATb Temo, MJH O JOPOKHOM HOKDHITHH, KOTOPOMY INpPeACTOMT
paforaTh Ba HCTUpaHHE.

VicTuHa, npepcraBifiomiasics OUeBMAHON, He BCeraa, OAHAKO,
NpM3HAETCH TAKOBOH. B 3HAUUTENBHON WACTH UCCAEZOBAHHUM, nO-
CBAUIGHHBIX cOCTaBy 0eToHa, OCHOBHHIM KPHTEDHEM HPH3HAETCS HAH-
Sonblas MexaHHYecKas NPOMHOCTb, Wallle BCEro CONpPOTHBJAEHHE
oxaTHIO. Mexny Tem 6eTOH MOXKeET NPEBOCXOAHO CONPOTHBASTHCH
CXKATHIO H B TO Xe BpeMsl OueHb IJI0XO0 paboTaTh Ha PacTAXKEHUe;
OH MOXeT 0Ka3aThCsl BOIOUPOHUIIAEMRIM, HECMOTPA Ha BHICOKHeE
MeXaHHUECKHE KayeCTBa; K TOMY Ke OH MoxeT O0HapyXHTb HH3-
KyH0 MOPO30CTORKOCT: ¥ RaBATh INPH YCaldKe TPEIIMHEL

OCHOBHBIM KDHTEDHEM BHICOKOTO KayeCTBa O€TOHA MNOYTH BCEMH
npu3Haercsd €ro IUIOTHOCTh. Hesbas, OgHAKO, YTBePHKAATh, YTOGH
STa THIOTE3a, NOUTH <OBeplleHHO He ofcyxaaemad, Onina abdo-
JIOTHO IOCTOBEpHA.
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Bo BcakoM caydae B TOM, YTO KACAETCS MEXAHWYECKOH IIPOUitO-
CTH, CYIIECTBYIOT, IIO-BHANMOMY, HCKJAIUEHHS, HAYIIHe Bpaspea
¢ 3Tol runoresocit.

C oagHMH H TEMR Ke 3anOJHHTEJISIMH, Ha OJHOM H TOM Xe Le-
MEHTe MBI MOYKEM B HM3BECTHHIX YCJAOBHSAX NOJYUaTb GETOHHL OTHO-
CHTENLHO OJec MPOUHBIC, XOTH H HECKOJBRKO MEHee ILIOTHbIE, eCJIH
ofecnesum ayqiinfl KOHTAKT MeXay 3epHaMmu-3anoiHurteasmu. [Ipn
COXPAHCHUM TOCTOSHHOH IIOTHOCTH MOMKHO HM3MEHHTh DACKXOR Ie-
MEHTa, H3MeHAs TAKHM IIYTeM B M3BCCTHRIX NpejgelaX TPOUHOCTD.
MoxHo, HaKoKel, NpH TOCTOSHHOH IUIOTHOCTH M3MEHNTH NMPOTHOCTD,
BAPbHDPYA COJepXKaHHe 3aNOJHHTESeHl DA3JMYHOrO MMHepasorude-
CKOT'o cocrana.

Ho npu Bcem TOM OTKA3aThCA OT KPUTEPHS TIOTHOCTH O3HAUAA0
6u npeneGpeub PYKOBOAAINKM NPUHUMIIOM, KOTOPHE oueHb YHoGeH
A5 TIDHROTHAKEHHOTO NPOEKTHPOBAHHA cocTaBa Berona (XOTS OH H
He TapaHTHPYeT COBepDIIEHHOH TOUHOCTH),

OcHORBIBAACL H4 3TOM NONOKEHMH ¥ [OCTaBhs cefe 3agaucH
ofecnedeyde BBICOKMX TMPOYHOCTHHIX XaPAKTEPHCTHK H BO3MOXKIO
60JbLIel HEeNPOBULLAEMOCTH, Mbl JIOMIKHE, ClAel0BATEAbHO, T03aG0-
TATLCH Tpexje BCEDQ O TOM, UTQOB NPUrOTOBJsSieMBIl HamMu OeToH
ofnajaj ONTHMAJbHON TJIOTHOCTLIO. Jlist JOCTHIKEHWS 5TOH 1edH
11an0 HaWTH uHauBbHIMONHeHWee COOTHOUIEHHE MEXAY KOMUUeCTBAMU
BXOAANKX B COCTaB OETOHA MAaTepHasop-— AKTHBHBIMH 3epHaMi
HeMelTa, BOJOH U MHeDPTHEIMH 3epHAMH 3anojguuTenell, ITo COOTHO-
ieHY¥e ¥ onpegeaster cocras GeroHa.

Dmiao npeanokero MHOTO (GOPMYa 3epHOBOrG cocrasa: Ponae-
pom (Fiiller), Bonomeem (Bolomey), ®opu (Faury), liorponom
(Dutron), Baaaerrom (Vallette) u ap. Hekoropee asropet gs-
JA0CS CTOPOHHHKAME HENpPepHIBHOA TPaHYJIOMETDHHM, T. €. 3epHO-
BOTD COCTaBa, B KOTOPOM NPeICTaB/eHul 3epHa BCeX pPa3MEpoB —
OT CaMBiX MeJiKMX RO CaMbiXx KPymuslX. [Ipyrue npeAnouHTaloT npe-
PHBHCTYIO I'DaHYJOMETPHIO, T. €. COCTAB, B KOTODPHH BBORUTCH JHIUL
OTHOCUTEIbHO HeGOsbLIOe YHCIO OTAeNbHBIX (PpaXUHid 3anoyHHTe-
JeH € HCK/IOUeHHEeM BCEX MPOMEXYTOYHBIX.

Taxoe pacxoxzeHnue BO B3IVIAZAX NOPOJNHJIO TOPAuKE CINODPH 4,
HeCMOTpPA Ha TO, 4T0 N0 A@HHOMY BONPOCY ONyGJIMKOBAaHB COTHH
pador, moka eufe, NO-BHIMMOMY, Hejib3sd C NOJHOH YBCPEeHHOCTHIO
YTBEPXAaTh, XKTo rnpap. [lostoMy mpexpae ncero cneiyeT 3afaTbesd
BOTIPOCOM, CYLIECTBYET JX 8000lle eNHHCTBeHHas (opMysa HAeasb-
HOI'0 3e€PHOBOro cocraBa OeToHa, HONYCKAeT JIH NOCTaBJAEHHAS NPO-
6iema efHMHCTBEHHOe pellende. Ecan Gnl 310 M GblIO TaK, To H
TOTAA BCE XKE MOXHO OHJIO OH JONYCTHTEL BO3MOXHOCTDb Psifia NpRH-
BaHMEHHNX DEelleHU#l, NPUROAAIKX K IHAYCHHAM NJOTHOCTH, BECh-
Ma OJM3KHM K ONTHMAaJbHOW, H IDPEACTaBAsIOHX CO0O 3epHo-
BHE COCTABH KaK HENPePHBHOTO, TAaK H IIPEPHBHOrO THUROB.

BriGop npaseALHOTO DSIMEHMH npexcrasiser coboi no cymie-
CTBY yxKe He HAVIHYI0 npobaeMy, a MPAKTHYECKYIO $aayy Ha CTpo-
HTENbCTBE, MMOCKOJBKY peHieHHe ee lIpeallofaraer yyer TaxMX pas-
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HOO6pasHblX (HAKTOPOB, KAK COCTOSHHE CHAaGXKEHHA CTPOHTEJLCTBA
MAaTepHaJaMH, er0 MEeXdHH3aUH#, HaJHUde TPAHCIOPTHHEIX CPEACTB,
OPHHATAS TeXHHKa YKNaAku OeTOHHOH CMeCH H Aaxe, CleJOBadn
6l ZO0A4BHTH, CO3HATRMALHOCTH W KBasuduxallusa paboyero-cTpou-
TeJIA.

Ecau crpouTennbHas TIOUIANKa PACIOJaraeT 3aNOJHHTENAMH €
3CPHAMH BceX BOIMOXHBIX padMepoB, Gno Gnl HebaaropasyMmHO
OT/laTh RPEANOYTCHHE TPEPHBHCTON TPaHyJOMErpHu ¥ nperedpeun
AMEIOLMMHCA B HAJAHIHH QPaKUHIMH MatepmasaoB, Ecay ke, Hao6o-
poT, 3epeH KakKoH-1o NpoMexyrouHod ¢pakuWH Ha CTPOMTEnbHOH
mIoUIagKe HejoCTaeT, OBLI0 6B PACTOUHTENHLHBIM PABBICKHBATL €
rae-meo BAAJIH OT CTPOHTCALCTBA TOJIBKO HJsl TOTO, YTOGH JOMOJ-
HUTb MMEIOIIHIICS 3ePHOBOH cocTaB A0 HenpepriBHoro. [lostomy pe-
meHHe BOMPOCa O 3epHOBOM cocTaBe (M BCSKHU NMPOUBROAMTE L pa-
BOT AONKEH 3TO TOHATH) CJENVET COTJIacOBAThH C BO3MOKHOCTAMH
CHabXkeBUs MaTepHasaMH.

IIpu BmiGope Hamie:xallel HOPMyJbl 3EPHOBOFD COCTABA HYXKHO
DYKOBOACTBOBATHECA TaKKe K cooCpaykKeHHeM HHOr0 PoLa, 8 HMEeHHO
co6/0IeRHeM YCAOBHA NOTPeG/IeNHs MHHHMYMA BOJAH 3aTBOPEHMS.
®epe (Féret) naBmo mMoOKazan M BHIPa3Ug MaTeMaTHUECKM, UTO
TPOYROCTh (eTOHA CHHIKAETCS IIPH BO3pAcTanuu ofbeMa Hop, Co-
DepWAMHXCA B HCM, (QHYEM B COCTABE 3TOTO 00BEMA YVUHTHIBAIOTIH
H TOPHl, HATIONHEHHbie BOROH 3aTBOpenus, IIpn onpeneaeHHol nNpou-
HOCTH HaWJYYLIMM 3ePHOBRIM COCTABOM OYAeT Takof, ANs KOTOPOTO
norpefyeTcss HauMeHbLICE KOJHYECTBO BO/LI NOPH TapaHTHH lalje-
xKameH ynofoyKiaaaeiBaeMOCTH  (NMAACTHYHOCTH, NOABHIKHOCTH
cMecn). OrpanuuuBUIHCE TTOKa 3THM,-— a K BOTpocaM yKaaaxm Ge-
TOHHON CMECH MEl BepHEMCH ellle B HaJibHeHINeM, — NOACHHM cei-
93¢ TOHRTHE 4YBCTBUTEALHOCTL 3EDHOBOrO cocraBa, DeTOH Hasml-
BAeTCS UYBCTBUTENbHBIM, €CJAM OTHOCHTENBHO He3HauuTesbHas mno-
TPEIHOCTE B COCTape, AONMYIUEHHAS NpH 0o NPOEKTHPOBAHHH HJH
pH yKJagZKe (BCEeraa BO3IMOXKHAS HA CTPOUTEILHOH mjomanke},
BIeveT 3a coboll pe3roe yMeHblleHHe TPOYHOCTH.

CpaBruM xBa 3¢PHOBHIX COCTABa, NOJYYEHHBIX 0O ABYM pas-
JHyHeM  dopmyiam A u B. Ormnoxum (puc. 1) @o OCH OPAHHAT
3HayeHUsT ONTHMAJLHON NpouHoCTH R 4 1Js 3@pHOBOrO cocrapa A
R Rg— gas 3epHOBOTO cocTaBa B. Ha ocm afcuuee ykamxeM BO3-
MOXHBIC TOIPEIIHOCTH B A03UPOBKe Tecka: +5, 10% u 1. 2., 4 B
COOTBETCTBYIOIAX €€ TOYKAX OTMETHM OPIMHATAMH WTPOYHOCTH, [O-
Jy4aloimnecs TPH STHX NOTPEIHOCTAX A03uPOBKU. Ecaum crpou-
TenbHas MJOIMAAKA pacnojaracT nepcolanoM, o6opymoBanHeM H
paspaBoTannHol MeToauKoH GeToHHBIX paboT, YTO rapaHTHPYeT of-
PeesieHHOe OTpaHHUYEHMEe NOTPEIIHOCTH B Tpefenax, MoOJOXKHM, He
ceunne 5%, 1o scpuonoit coctap A Byaer, XOHEURO, ONTHMAJBLHHM.
Ho ecam B ycnoBHSX CTPOUTEIbHOH NJIOHIANKH HE MCK/IOUEHA BO3-
MoxcHOCTh morpeirioctefi B npenenax 10—15%, pHCK yMeHbIeHHS
UPOYHOCTH MPH 3EPHOBOM cocrTaBe A CTaHOBUTCH 3HAUHTENBHEIM,
H, NOCKO/IBKY B HeCyllefi CIGCOGHOCTH COOPYIKEHHS pellaloliiee 3Ha-
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deHWe UMeeT MHHHMA/bHAf BEeJHYHHA NPOYHOCTH, NMPEANOUTHTE/b-
Hee §yaeT NPHHATHL 3epHOBOH cocra B, XoTs MaKcuManabHaf Xa-
paKTepucTHKa Rz ¥ HUXe R4. DTo CONOCTaBJEHHE MH 3aKA09aeM
BHIBOAOM, YTO 3eDHOBOH coCTaB A YyBCTBHTeNLHee cocTaBa B.
3nech, 0OAHAKO, YMECTHO MOCTABHTL BONPOC, He CJeiyeT AH TPH-
3HaTe TOJMBKO YTO INPOBEAEHHOES H3pICKaHHe OITHMAJbHBIX 3€pHO-
BEIX COCTaBOB M/ NOCTHXKEHHS BHICOKOH IIPOYHOCTH GeCLejbHBIM B
npuMeHeHdu®w K Ooapine#l yacTy GeTOHOB OOKMHOTO HA3HAUEHUS, B
KOTOpPHX TpefyeMass TPOUHOCTL HOPMHPYeTCA CPEeJHHMH BEJIMNUH-
HaM#d, HO 3aTO PeWaloUIyIo poab npuobperaer 3aulura apMaTypH.
YKaxeM 31eCb, B 9aCTHOCTH, Ha OETOHH ANA CTPOHTEJNLCTBA
3panuft o6eryHOro Tuma. Kax npaBrso, CTPOHTENBCTBA NOAOGHOTO
pola HMeEIOT CPaBHUTEJNLHO HeGO/bilHE CTPOHTENbHHE NAOWALKH,
CHAGXEHHE KOTOPHIX 3ANOAHHTEIA-
Rq MH He Bcerpa G6bIBaeT peryaspHNM
i paBHOMepHEIM. DeToHOMemaJgy
Gostee HJAH MEHEE NPHMHUTHBHOIC
THIa HeCHOCOGHH 00ecteunTs mojy-
YeHpe BIIOJHE OIHOPOAHGU CMecH
Koutpoan KauecTea cMecu OH-
BaeT MOBEPXHOCTHEIM K Headdex-
THBHEM. [l19 mpou3soncTsa HCNH-
TaHUE OTOHPAeTCs BCEro JMIIL He-

|
- - 5 CKOJILKO KYOUKOB, a4 AJHUTENbHOCTH
& %0 5K +5% CPOKOB 3THX MCHEITaHH# He 1O3BO-
Puc. 1 JITET CBOSBPEMeHHO BHECTH Heol-
X0/luMble KOPPEKTUBH B cocTas Ge-
TOHA.

Hayuso 060CHOBaHHOe YCTaHOBJEGHHE ONTHMAJLHOIO 3ePHOBOTO
€0CTaBa MNO3BOASET TOYHO BHIYWC/AHTL RO3HPOBKY pacrBopa, ofe-
CIeyuBaIONEero HAaMBHICIIYIO NPOYHOCTb, Kak NpaBuiIo, IPOUHOCTH
nosyyaetcss Gonee BHCOKOH, YeM 3T0 HEOGXOIWMO TIO Pacuery, uo-
CKOLKY Ha3Ha4WeHHe CeueHHH O6eTOHA ONpeleaseTcs ualle BCero
He Hecylleli CMOCOGHOCTBIO, a HMHRIMH coobpaxenuamu, C ppyrof
CTODOHE, MeXaHudecKas MNPOUHOCTh, BLIABJNEHHAS HCCALLOBAHHEM
3¢PHOBOrO COCTaBa, (GAaKTHUECKM BCJICACTBHE TEXHOJOI'MYECKHX 110~
TPRIHOCTE]l He BCETAA AOCTHTaeTCA, KaK 00 ITOM TOBOPHJOCH Bhitlie.
Kpome Ttoro, adderr TpesHs o CTEHKY, CKA3WBalOUMUCK NO-pas-
HOMY B 3JIEMEHTAaX MAaNuX DPasMepOB, MOXKET B HEKOTOPHIX ofOja-
CTSX (BAampHMEp, B MeCTax CONpSAXEHHA DaHee YJOXKeHHOro 6eTona
CO CBeXEY/JOXEeHHRM HJAH B apMATYPHHIX Yy3/1aX) NOBjedsr 3a CO-
6o HexOCTauy pacTBOpa OTHOCHTEJBHO CpefHero cocraBa H 3a-
TPYAHMTb VKJAaOKy GeTOHHOH CMecH, IPUTOTOBJEHHOA ¢ HaMMeHb-
UMM KOJMYSCTBOM BORRL. B pe3yjbrTare apMarypa MOXKeT oOKa-
3aThecd MIOXO OGeTOHMPOBAHHOM, M B OeToHe IOJydaTcd HEJOCTAa-
TOYHO VIJIOTHeHHWE, TOPHUCTHE 30HAL

W3 ckasaHHOro caenyer, 9ro AJf MHOTHX CTPOHTNBLHBIX IJIO-
a0k B OCHOBY oOfecneyeHHsi ONTHMAJLHOTO 3epHOBOrG COCTABRA
12




6eTOBHON CMecH HYXKHO MNOJOXKHTb He NOCTHXeHHe BHICOKOH npoy-
HOCTH HA CXaTHe, a coofpaxeHus uHoro pona. B atom cayqae we-
06XOAYM HEeKOoTOpHIl M36HTOK pacTBopa B GertonHo# cMecu. Us36u-
TOK BONHE NpeXJe BCero yayduaer yAoGOyk/aainBaeMOCTb GETOH-
yoit cMecu. [lasee, Takoi, ¢ caMoro Hayana npelyCMOTPeHHHR H3-
JUIIEeX pacTBopa B GETOHHOH cMecH cmocoben 06e3BPeIHTh BCAKYIO
CAYyUaHHYIO TMOTPelIHOCTE B COCTABe W CHM3HTL TpeHHe O CTeHKY, B
pe3yAbTaTe Uero MOMeT ObiTh, Kak CaMoe THXKejoe NOCHeACTSHE,
CHHKEHHE IUIOTHOCTH, a Takke HelOoCTAaTOYHOe OOBOJAKMBAHHE P4-
cTBOPOM GoJiee KPYHHRIX 3epeH sanosadurenst. OuuT, BOpOUEM, MO~
Ka3pBaeT, 4TO H3GRITOK pacTBopa HECKOJBKO CHHXaeT CpeJdHIO0
GPOUHOCTD, YMEHbUIAZ BMeCTe € TeM H OTKJIOHEHHS MPOYHOCTH
ot cpendeil. B KoHeuHOM CueTe PeUIAIONieS 3HAaYeHHE HMEET BCE XKe
Ha¥MeHblllee 3HaueHUe NMPOYHOCTH.

Bo3ppamasnck K pHe. 1, MOXHO cKasarTk, uTa Kpusast 4 xapax-
Tepu3yer GeToH ¢ HauMeHblueR NO3HPOBKOH pacTBopa, KpuBas B -—
6eroHd ¢ H3GHITKOM pacreopa.

KouTpoab cBexey/J0xKeHHOro GeToHa

IlpuBeneHHBIMH COOOpPaXKeHRUSIMH OGOCHOBHIBAeTCA HAa3Hau€Hdie
MCXORHOTO cocTasa Gerona. [IpuHATHE onpemeNeHHOro CoCTaBa Ha-
Jaraer 06A3aTebCTBO NPHACPKUBATBCA €r0 B Npenesax, NpusHaH-
HBX AOTMYCK2eMEIMH, eCaH TOJMBKO KaKHe-qu6o mepeMeHH B CHaGxe-
AWM MaTePHajaMu He 10CTABAT CTPOUTENN nepel HeoGXOAUMOCTHIO
nepecMoTpa NEPBOHAYAJNLHOTO DelueHHS.

Kax npaBHJO, KOHTDOJL 332 KayYeCTBOM GETOHa OCYUIeCTBJASETSRA
YyXKe Ha OTBepieplIeM MarepuaJse moclie OT6opa npo6w H oTdop-
MOBAHHA KYGHKOB HJIH LUMJIHHAPOB, Takoh XKOHTPOJL B JyullleM CAy-
738 BRINOJHAKT 3Jepe3 7 CYTOK JM0CJAe FpPUroToBJieHus GeToHa,
yame ke Bcero—cnycra 28 cyrok. Ilpakruueckoe 3Hadenue pe-
3YJIBTATOB TAKHUX MCHOBITAHMA OOECUEOHHBAETCA YXKe TeM, UTO QHE
MOJIYHAKOTCA C 3an03faHHEM H TO3TOMY TePAIOT CBOE OMEePATHBHOE
3Hauenye. Eciau ycTaHOBNEHHAR HCNBITAHHAMH NPOYHOCTL OKAZH-
BaeTCs HUMe PacueTHOR, WTO CBHIETENLCTBYeT O BKpaBLIeHCA 8
onpenesieHMe cocrapa 6eTOHa TOTPEIIHOCTH, TO Tepen CTPOHTENEM
BCTAET HEOGXOAMMOCTL AMGO PaspPyDIEThL e BO3BEASHHYIO YaclTb
COOPYXKEHHSA, K Y€MYy, BUpoueM, nNpuberardT JUlIb B PeJKHX CHY-
qas8x, au6o yAOBJETBOPUTLCA TNAJNJMHATHBHEIMY pelICHHSMH BBele-
HHMeM, HanpuMep, AOTOJHHTEJNbLHOrO apMupoBanusa, aubo Xxe, Ha-
KOHEIl, NOJIOXKUTLCS HA 3aNMac NPOUBOCTH.

[lockosbky, 0gHAKO, COCTAB yCTAHaBJIMBAeTCs Ha OCHOBe pac-
4€Ta W NPUTOM ¢ TeM, 9TOOH mpyuaaTh OeTOHY OnpenesieHHBE Xa&-
PAaKTePUCTHKH, NOCTOJEKY HedcTBUTENbHO 3(h@deKTHBHHNM KOHTPO-
€M MOryT GHITH JHIIL UCTIMTAHHSA, BHIOJHEHHEE TOTYAC Ke Hocie
IpUrotosJeHusa GeroHa.

Ecin or6op npo6 cBexeynoxkeHHOTo 6eTOHA NPOH3BONHTH OX-
HOBPEMEHHO C €F0 YKJaLKOH, TO Ha 3TOM ¥Ke 3Talle MOXKHO Mpose-
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puTL ¥ ero 3epHOBOfi cocrar. loCTaTOYHO YAOCTOBEPUTHECS B TOM,
qT0 ONpchAeJeHHBII TAKHM NyTeM COCTAB COBNALAeT C PacueTHBIA,
ISl TOro, WroOhl TIOJYYHTH YBEPEHHOCTh B CTPOIOM BRIMOJIEHHH
[peInMUCaHHOTO TeXHOJOTHUYECKON) NIpouecca M COﬁJIlOlIEHHH npyeM-
JeMBIX #omyckoB. Ecau ke npm 3ToM OGHapyXHTCA PacXOKACHUE,
npepocxonauiee TO3BOJIEHHBR MNpPeNesbl, TO NPHYHHY ero MOXKio
YCTAHOBATE W He3aMelJHTEeNEHO YCTPaHHTBh.

Insi n3mckanmns nonobHore crocofa KOHTPOAS Gblla npoBeleHa
HAYYHO-HCCJAeI0BATEIbCKAA pafoTa, O3BOJAMBINAST CKOHCTPYHPO-
BaTh mMpufop s BHINOJHEHHS Takoro Hcmeltanusa. Ou npencras-
Jasger cofoit HaGOp CHT, BXOZAWUX OXHO B IPyroe H pacnooKeHHHX
B TaKOM NOPAAKE, ITO AHAMETP OTBePCTHH B HHX MOCIeZOBATENLHOC
VMEHbIIAeTSS 0 Mepe NPHO/MKEHUsSt K NDOMACHY, YCTPOEHHOMY 6e3
oTtBepcruii. OnpegeneHHoe KOJTHYECTBO 'GeTOHHON oMmecu, oGbeM
KOTOPO# 3aBHCHT OT 3€PHOBOTO COCTABA, B3BCIUUBACTCA B BO3AYXZ,
34aTeM — B BOJE, NoCJse 4erg B BOAE 3Ke B3BeIHBAETCA OCTATOK CMe-
CH Ha XKaX/JOM cuTe; TakMM nyreM YCTaHABAUBAETCA HpOé‘K’I‘HbIﬁ'
cocrar GetoHa. Ilpu Tpex curaxX HA BCIO OPOIENYPY 3aTpaynBaeTcs
OKOJI0 noayuyaca. Hexor-opaﬂ HEONPEACJEHHOCTE B YCTAHORBJCHUH
AO3UDPOBKH LIeMEHTa BO3HMKAeT JHIIbP B TOM CJy4ae, €CJH B CMECH
C HHM OCTAIOTCH MOCJ€ TpaceBa ciflle H Meabualimmne dpakuun
necka. [l yTOYHEHHS pe3yJbTaTa CJeOyeT JUMb I[IPON3BECTH
npeaBapuTeNibHOe TIPOCEHBAHNE OQHOrO IeCKa H BCOOMOraTeJabHYIOo
COPTUDOBKY IJA OTIREJCHUA [eCKa OT GoJiee KPYIIHRIX 3aNCJHATS-
JieH; TorAa TMPOCTOe TPOHHOE NPABUIO TIO3BONUT YCTAKOBHTHL TOY-
HYX0 NO3KDOBKY.

OnnT moxasbiBpaer, 4To NOAOGHBI# KOHTPOJL, [POBORHMEIN Ha
CTpOHTENBHOR Maolazke §e3 mpeaynpexiends 1—2 pasa B neHs,
OKA43BIBAET ONPENENCHHOE ICHXOJOTHYECKOe BO3JEHCTBHE HA JHL,
3aHATHX TPUTOTOBJEHHEM OeTOHHOR CMeCH, ¥ HDWBOLHT K 3Hauwi-
TEJLHOMY YAYULIEHHIO ONHOPOAHOCTH MaTtepHana. ’

OanyuM H3 TAaBHHX (AKTOPOB, BAUMOUKX HA NPOYHOCTL (RTOHA,
BJIETCS KOJHYECTBO BOALL 3AaTBODEHHS, M BCEM, AMEIOIHM Oun3-
KOe OTHOWIeRUe K TPOU3BOLCTBY 6eTOHHBIX paﬁoT, M3BECTHO, 4TO
TepcoHaa CTPOiKM BCerja CTPEMHTCA YBENMHYUTh KOJIM4YeCTBO BOAH
3aTBOpeHUsl, ¢ TeM 4TOOLl O8MEryuTh Padory No VKIaake GeTOHHOM
CMecH. DTOT NPHABLIUHBLIH DpyHeM MoXeT ORITL TPH3HAH H3BUHHUTEb-
HEIM A1 TO# uacTH pPabOYHX-CTPOHTesed, KOTOPble 4allle BCETO
OCTaTCsI B HEBeAEHUH OTHOCHTEJHBHO BPEIHBLIX T[OCJIC}.ICT.BHI‘:I H3-
6uTKa BoOH. [102TOMY KOJMHYECTBO €e HeoOXOAMMO KOHTPOJHPO-
BaThb. YIo0Hasl B NPAKTHYECKOM NPHMEHEHHM YCTaHOBKa, Npeio-
mennan bBroucconom (Buisson), nossoJger NPoH3BecTH PAKoe M3+
MepeHHe BecbMa OBICTPO H 5KOHOMHHUHO. Bce ee ofopyroBanve 20-
CTOMT M3 NPOCTOH KVXOHHOH CKOBOPOAH (MJM NJOCKOTO SILIKKA W3
AUCTOBOH CTANMM) H KePOCUHKH (MM APYTOTO HarpeBaTeJhHONC NpH-
Gopa). Ilas npopeneHust ucneTanus tpebyercs 1 4 menaTypHpo-
Bawnoro cnupra (¥ 4 Ha 10 x2 ucnuityeMoro Getona). Ilpoba Ge-
TOHHOH CMeCH OnpeneJeHHOro peca (HECKOJILKO KHJIOTPAMMOB) TO-
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MellaeTcss Ha CXOBOPOAY M MOAOTPEBAeTCA Ha KePOCHHKe, focie
yero Ha Hee BBLIMBaeTca okoao 0,5 4 geHaTypHPOBAHHOrO CHHPTA.
[TomOXKKEeHHBIH CNHYKOH CIIUPT OXBATHIBAET IaMeHEM Gemnnylo
cMech, €e HYXKHO IPH 3TOM CJerkKa nepeMellWBATh CTaJbHHEM
cTep:KHEM, TOKa BeCh COMPT He cropur. Hacte copepxailefics s
GeToHe BOJB MCNAPHTCH, & YacTb OCPAHETCSA, ¥ NO3TOMY, BEUIMB A3
6eTOHRYI0 Npo6y OCTATKY CNIHPTA, MOBTOPSIOT Mponeiypy. Bapeuu-
saHHe TIPo6H N0 H NOCAE NPOKaJHBAHWA Ha CKOBOpoAe (YUHMTH-
BaéMOH Kax Tapa) TIO3BOJSET € AOCTATOMHOH TOYHOCTHIO ONpene-
JUTL KOJHYECTBQ cojepxapluedics B GeroHe BOIH. ITOT chnocol
KOHTDOJIA WIHPOKO MPHMEHAJCH Ha psAjle CTPOSK M oKasajacs addek-
THBHHM.

MepememmuBanue OeToHHON CMecH '

PesynbpTaTh aHaAN3a CREXKEYJIOXKEHHOro OeTOHA NO TOJBLKO 4TO
OMUCAHHOA HaMH METOJMKe OLHIH MCNOAL3OBARHH NPH H3YUEHMH NIPO-
6neMpl NpHroToBjenus OeToHHOM cMecu. [lepeMenmipanue npex-
cTaBaAeT cofoit onepalMipo, COCTOAUIYI0O B TOM, YTO H3 3EDPHHCTHX
MaTepHanoB pasaudHod (OopMBl M NPOMCXOXKAGHHA HATOTOBJSErcs
onHopoAHas cMeck. OAHOPOAHOH CMech NpH3HaeTcs B TOM Cay-
yae, ecau Jwbas npofa, B3grad B 0ObeMe, AOCTATOYHO GONBIIOM
110 CPABHEHHKIO C pa3MepaMH CaMOI'o KPYMHOI'O 3epna 3aNOJHHTENd,
o0HapyKHBAaeT OJAMH H TOT K€ NMOCTOSHHHIN cocraB. Ecau oraens-
Hble KOMIIOHEHTH 3TOH cMmecyu BBOJSITCA B IPEeAHA3HAYCHHOe a4
CMEINHBAHHUS YCTPOHCTBO KaXKAWIH B OTHEJBLHOCTH, TO CMeCh, Ode-
BHAHO, MOXXeT odpa-aosarhca JHUIL B pe3y.abTaTe nepeMeienns
OTAEJbHBIX YACTHI, 3THX KOMNOHEHTOR. /[l TOro uTtobGm Xaxkjzasn
YacTHHA OJHOT0 KOMNOHEHTa MOAYYHIa BO3MOXHOCTL IHPGYHIAU-
poBaTs B APYTHX KOMIIOHEHTAX, HEO6XOAMMO, 4TOOH TPaeKTOPHH
3epeH MJM Kaneab KamaoTo KOMITGHEHTa nepeceKasnuch 6Bl € TPaeK-
fOpHAME APYTHX KOMIOHEHTOB. OTH TPaeKTOPHH MOTYT OLITH Bui-
HYXKAEHHBIME, eC/IH NepeMelleHde HacTHI, NPOM3BOAAT ¢ UOMOUILIO
J0TAacTeH, NOABMKXHAIX OTHOCHTeNbHO Gapabana GeToHOMELIAJKH, HO
OBM MOryT OHTb H CBOSOZHEIMM, eC/u NepeMeLIeHHs MaTepHaja
TPOUCXORAT MOA NeHCTBHeM CHJIBl TSXKECTH, B pe3yJabTaTe NBHIKE-
Hu GapaGaHa GeTOHOMeWIAJKH HJH JXe N0oJ BO3JEHCTBHEM Jioma-
CTell, HeNOABHXKHO YKDeIJIeHHHX B 3ToM GapaGane. Uem Goabiuee
9HCHO yacTHl, GETOHHON CMeCH BOBJEKACTCH B ABHIKEHUE N0 BO3-
MOXHO OGONBIIEMY MHCHY TPaeKTOPHH, TeM ¢ Goabilled JerkocTsio
apoucxonuT nepemeummsanve, Ho ecnu y creHok 6apaGana anasua-
CTHI HMeeTc GeCKOHCYHOEe MHOKECTBO BOSMOMHOCTEH mepeMelte-
HHA, TO BHYTPH CMECH, NaJeKC OT CTEHOK, BePOATHOCTb TAKHX repe-
MCINEHHK 3BaYUTENbHO BO3pacraer. B cHily 3TOro OKOJO LEHTpa
OSTOHOMEINAJKH CMEIIMBAHHE NOAYYAETCH JY4LIHM, WM Y ee CTe~
HOR, ecAH TOJBKO JIOMACTH MJM HOXM He yRajaf10T GeTOHHYIO CMeCo

LCum. Joisel, L’homogénéitt des béions et les bétonnidres Ann.
JT. B. T. P, 1949, mapr-anpeas, snn. 69.
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BOAH, 4TOOH JierKG MOXKHO OHJIO YJAOKHUTH CMeChb, U B TO XKe speMs
M0 BO3MOXHOCTH HACTOJMbKO MaJso, Y4TOOH NOJAYYHTH HaHGOABLIIYIO
ApoYHOCTE OeToHa. 3anojHeHHe OoNdJayOKH KeCcTKoi GeTOHHO#H
CMEChI0 H €e YILIOTHEHHe B 3TOH oMnajiybxke MNpeacTaBasiorT coboi
BeCbMa TpynoeMKywno pafory, Kpome Toro, ofepauus AONKHA
NPOUZBOAKTLCS NOA 3p(EXTHBHEIM KOHTpOJEM, YTO He BCeraa BhI-
noaruMo. B TaKMX yC/AOBMAX IIDHXOLHTCH CHC/AATH BBIBOL, UTO HA
CTPOHKax OOBYHOTO THIIA YacTo ObIBAET -[PeANOYTHTeNbHEe AOMY-
CTUTh HEKOTODHIH M3JMLIEK BOAM, yeM ITOHTH Ha NJIOX0e YImJIOT-
HeHHE CJAMLIKOM KecTKOoH Geronnoii cMecH. 2TO  yTBepXIeHile
ppenctaBager cofoft MpuU3HaHde Halle#d HeCNoCOOHOCTH pPeluHTH 3a-
Kaqy, ¥ OHO, K COXKAJ/JSHHIO, BeCbMa WactTo OTpakaer gefiCTBHTE/b-
Hoe nosoxenue Bemedl. Cnoco6HocTh GETOHHOM CMecH Jerko ykJjaa-
HAKWBATLCA HA MECTO HasniBaeTcs ydoboyxkaadviBaemocToi0. ITHM
TePMHHOM [1epe/laeTcsi cKOPee HEKOTOPOe, XOBOJbHO CMYTHOE, mpel-
traB/icHHe 06 3TOM cBOHCTBe GeTOHRHOH CMeCH, YeM KOHKpeTHoe
dusnueckoe coaepxkanue ero,

¥ike y3napHa NEITAAKCH OUEHUTL 3TO CBOHCTBO OETOHHOH CMeCH
KaKo/-1H60 3KCIepPHMEHTAJIbHOH KOJKWIECTBEHHONR XapaKTePHCTH-
KOH, H B OCYIUECTBJAEHHMe 3TOro OBIO TPEAJIOKEHO MHATO Pasauu-
HBIX MeTonoB. Kaaccnweckum ocraercs Meton A6pamca, Tlpu ucmsl-
TaHHK [o 3TOMY MeTony o6pasen QOPMYIOT B BHIEe YCEYEHHOrO
KOHyca. a 3aTeM H3MepsIOT 0CajKy, KOTOPYIO NOJyYaeT KOHyC 1o
CHATHH ¢ Hero (opmu. Besnnuuna ocalK¥ 3aBHCHT, NO-BHAHMOMY,
OT CBA3HOCTH Martepuana R BHYTPeHHero TpeHHs. IlposBasercst
OHa AW60 Kak mnaacTHyeckas AedopManusg, Jub60 Kax OTAHNAHHE H
o6pylweHne BepXHuX wacTed ofpasua, NPHYEM 2TOT Npoyecc MOXET
NpoABUTLCS B ORHOH M TOM e OeTOHHOR CMeCH Npn DasIUHBIX
HOpMax CodeDXAaHUA BOAH. IDTO moChenHee 06CTOATENbCTBO CBHIE-
TeNbCTBYET O HEAOCTATOYHOCTH ORHOTO JIMIUL ONpPeneseHHsT OCalkd
¥ yKa3bBaeT HAa HeOGXOAHMOCTb NONOJHEHHA ero HaG/IoneHWeM Hal
BHIOM oceBwero Kowyca. Kpome roro, Meron Kouyca AGpamca,
O4eBHIHO, HENPHTONEH AAA HM3YYeHUs MKeCTKHX OeTOHHHX cMeceil.

JpyraM K/aacCHYECKHM METONOM OLEHKH yRoGOyK/AaAnBaeMOCTH
GeTOHHON CMeCH £BJseTC HCOHITAHHE €€ Ha BCTPAXHRAIOLIEM CTO-
nuxke (unm BubpocTose). YceueHHH KOHYC, HECKOJbKo Gojee Kpyn-
4B, ueM TPUMEHSEeMHH N0 NnepBoOMy MeTOAY, OCBOGOXKAAeTCs #3
opMEI, yCcTaHOBAEHHON Ha BCTPAXMUBAIOUlEM CTOJIHKE, W €My C000-
ulaeTcs OMpedesieHHOe 4YHCIO BCTPAXHBAaHHE, nocic aroro B pac-
OALIBHIEMCA KOHYCE H3MepSeTCs yBeJHUeHHe AMaMeTpa. DTOT pac-
NJBIB, KaK ¥ B BPEABAYIIEM CaIy4ae, MOXKET HBJAATbCH Pe3yJAbTaTOM
JH60 nAacTHUECKOH RedopMauuy, JH60 pa3beAHHEHHS YACTHIL B 110-
mepeuHoM HanpasjeHdu. JonoaHuTeNbHOE OfCIen0BaHKE BHELIHEro
BUIA KOHYCa OYOST HeOGXOAUMEM H B 3TOM CAydae,

3TH aBa IKCTMEPHMEHTANBHBIX MeTOAa Hamliy Hau6onee mHpPO-
KOe NpHMeHEHHE Ha NPAKTHKE, H eABa JHM A0 HACTOAIEro BPeMeHH
KOMY-1460 YRABaJOCh HaHTH Ccnocol, KOTOPH# BHIAB/AAI Obl H3Y-
yaeMoe HaMH CBOHCTBO OeToHa c GoJablieli ueTKoctbio, Pacnanp
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GEeTOHHOrO Iapa HIN KOHyca JIOA Harpyskof M03BpoJser OLEHHTh
poJb BHYTDEHHEro TPeHHs, HO ONHOBDEMEHHO 3Rech NPOUCXOLHT H
MecCTHOe obxaTHe 3aN0JAHHTE e, 4 TaKXe M BEIIGJEHHEe BONH iI2
MOBEPXHOCTH CONPUKXOCHOBEHHS, B CBA3M C YEM DPe3yJbTAT U3Mepe-
RHA 0TYacTH TepReT CBOe 3HayeHue. Mamepenue pacnubiBa 6eron-
#Hofl cMecH, nepeMemiawuiefics B rOPU3OHTANLHOM HafNpaB/eHHN i3
HATIOJHEHHOr0 KOHTeHHepa, He OTpaxaer ¢ AocratouHoll audoe-
PEHUMPOBAHKOCTLIO MOABUNKHOCTH KECTKMX GETOHHBIX CMeced.

BecbMa BaKHEIM KauecTBOM GETOHHOM CMECH CAELyeT CUHTATh
ge CNOCOGHOCTH 3aMOJHATL Ges 3a30pOB Bce CBOGOAHLIE MPOCTPaH-
CTBa MeXAY CTeRkaMu (GopMEl B gpMatypoit. Meron oueHku 3Toro
esoicraa, npumeHneHHulll Popu (Faury), cocTour B onpeneneHuH
paboTel TPamMGOBAHHS HAH NPOLO/KUTENLHROCTH BHOPHDOBAHHA,
NPUBOASLUHX K 3aNOJHEHUI0 KyOnueckod GopMBl C YiAOKEHHOH BHY-
TPM Hee CTaHIAPTHON apMaTypo#l, TpHUEM COBEPLICHCTBO 3aft0OJHe-
HYSl OUSHHBAETCH B3BelHBAHHEM HCIOJbL30BAKHOH GETOHHON CMecH.
1ot cnoco6, OCHOBAHHMI Ha BecbMa NPOH3BOJBHOM NPHHHMNE, B
MPaKTUYECKOM RPUMEHEHHM TpeGyeT, K COXAJNEHUIO, MHOFO BpeMedu
M BRICOKOM TIMATENbHOCTH BRINOJHEHHS.

MeToa, B KOTOPOM HCIIONB3YETCH TOT Ke NPHHIMN H3MepeHis
BpeMeHy HanoaHeHus HopMbl, Guin npennoxed [Tayspcom (Powers);
- B HECKOJbKO H3MEHEHHOM BHIe OH MOAYYHJ BNOCAEACTBHH Y3BECT-
HOoCTb kKak Mmerton Bebe (Vebe). DT1orT MeTom CBOABTCS K TOMY, 4TO
yceueuHblii GeToHHHWHN KoHyc AfpaMca noMellaercs B UMJIHHIPUHE-
CKMA 64K HeCKO/bKO Goabuiero fAHaMeTpa H 0OCBOGONKMaeTCA W3
dopmbl. ¥YcTanapausas 3107 6aK Ba BHOpalHOHHHEA ¢TOJ, 3ace-
KaloT BpeMs, HeoOXOOMMOe [Jasi TOro, urofr OeTOHHAA cMechb M-
Hasna UHIuHIpuyeckyo Gopmy storc 6axal. Takywo 3aceuxy Bspe-
MEHH MOXHO OCYHIECTBHTB C HOMOIUBIO CTEKASHHOTO AuUCKa, ofpa-
3YIOILErO KPHIKY §aKa M MOTPYIKAIOLIErocss B Hero BMecTe ¢ 6eTOH-
Holi cmecew. Koraa nocaenmudi Bceft cBoeit nomepxHocThbio Oymer
conpukacaTecad ¢ OHCKOM, HCOLTaHHe 3akaHguBaerca. [lpemmyine-
CTBO cnocoGa BeGe — B KPATKOCPQYUHOCTH BCEH NPOUERYPH, 4 TaK-
e B TOM, 4TO OH NO3BOJSET OUEHUTb CHOCOGHOCTb K 3aTIONHEHHIO
tdopM Takke m y mecTKHX GeTOHHHIX CMecelf, N0 QTHOWEHKIO K KO-
TOPBIM NPOCTHIE NMPHEMH pacnJabiBA OKAa3aJHCb, Kak Mbl BHIEH,
HEZOCTATOUHBIMH 2,

Tlpr Bcem ToM Meronm ITayspca u Befe JMIUEHH yXe ynoMmsa-
HyTOro BRILIE HeyROOCTBA, CBA3AHHOrO ¢ o0pylieHHeM BepxHeH da-
CTH KOHyca. DTH MeTONH NO3BOJNAIOT H3 CPABHEHUSA HAYAJIbHOTO H
OKOHYaTeNbHOTO 06BHEeMOB YCTAHOBHTb OTHOCHTENbHOE KOJIHYeCTBO
3Hepruy, HeoOXxonuMoH aad Toro, 4TOOH GeronHas cMecb MOABEpT-
fack onpeleeHHOH AehopMauMK H ONpeleseHHOMY YILIOTHEHHIO,

) Mo cnocofy Ilayspea NOACYMTHIBAIOT YHC/AO YAapOB BCTPSXHBAIOWELd CTO-
AHKAa ¥ MOMEHTY BLIpPABHHBAHMA moOBepXHOCTH Oeroua. {[Tpux. ped.).

? Cu. TOCT 6901-54. Cnoco6 TIlayspca B RPHMEREHHM K IKECTKHM CMECAM
TpeSyer GOJbiliero BpeMeHH A/Af MposeferHa onepauud. (pum. ped. ).
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HO HC RAIOT BO3MOXKXHOCTH NOJIYYHTb ROJHOE IpeACTaBlenHe O CKJON-
HOCTHM HONLITHIBAeMOH CMeCM K PacClaHBaHMIO M KPOLICHHIO, O &e
GosblIefl WM MeHbLIell XPYNKOCTH MJAHM PAacCHNYaTOCTH (KoTOpad,
KdK Mbl 5TO YBHAVM B fajbHeliiieM, onpefensercy ee GOABIIRM
WAH MEHLIIMM CHeTIeHHeM).

B KoHeuHOM CYere HeBO3MOXHOCTb, Ha KOTOPYIO MH KaK OuiHa-
TaJKHBaeMcs B HAlIMX MNONBITKAX HAHTH TOYHOE KOJIHYeCTBEHHIE
onpegetenne yaO0OOYKJIaAbIBaEMOCTH, TPOHCXOIMT E€JHHCTBEHHO
AL OT HEZOCTATOYHOH OMNpeaeeHHOCTH 3TOTO BBEAEHHOrD HaMu

lP

f
i FP)
1 A‘
Ny
|
W
|
S PR
F°."\‘ . '-‘-C-b": - I[
Y/ /7 0 g s
Puc. 4 Puc. §

nmonatus. Orcroa SICHO, YTO, €CAH MBI XOTHM BHECTH INOJHYIO sC-
HOCYb B 2TO CJOXKHOE HBJeHWe, ChefAyeT OBDATUTLCH K M3IMEpPEHMIO
TeX COCTABAAMIHX ero (GU3HYECKUX M MeXaHUYeCKEX CBOMCTB, KO-
TOPBIE TOANAIOTCA BHIDAKERMIO B ¢AMHHLRAX [JIMEB, MacChl W Bpe-
MeHU. SI3BiK (PU3HMKH CnocoBeH YacTo INPOJNMThL CBET Ha TPyAHeHue
3alaud, a TOT pasnaea $HU3UKH, OT KOTOPOrO MH BnpaBe TPeGOBATb
3nechb OTBeTa B NEPBYIO ouepeilb, HMEHYETCA peosocued.

Peosorus kak orpac;bp Haykue cHOpPMHPOBANACH KaK Pa3 B CBH-
31 € H3YyyeHHeM CBOHCTB BJAXKHEIX MaTepuafioB, 3aHHMAKOIIHX TIO
CBOMM BHeUTHHM (QU3NUCCKKM IIPH3HAKAM IIPOMEKYTOUHOe [OJONKe-
HHE MEXKYy TBEePARM TeJO0M H KHHAKOCTHI0. K KarTeropau Taxoro poiaa
BEIEeCTB OTHOCHTCS DeToHHad cMech. OOBEKTAMH PeOJOTHIECKUX H3-
MepeHHH O6bYHO OBPBAIOT HATIPSIKEHUS CABHIA — W3 HUX HAXOLATCS
XaDaXTePUCTHKH BHYTPEHHErs TPeHMA, BAJKOCTH H CUeNJeHHd,

Jlns roro uToOH NPOBECTH HCNBITaHWe GETOHHOI CMecH B 3TOM
niaHe, BO3bMEM AIMHMK (puc. 4), pacnUauM ero IO TODH3OHTAJbHOH
IIOCKOCTH AB Ha aBe 4acTH H YKDENHM HMXKHIOK HA OCHOBAHHAU.
HanonnuM gmux 6eTroHHOH CMeCbl0 H NOJBEPrHeM NOCAEIHIO Ael-
CTBHIO Cuanl P yepes nopuieks.

OnpesesiM 3aTeM TOPU3OHTANBHYIO CHAY F, XKOTOPYIO HYKIO
fIDHJIOKHUTL K ‘BEPXHEH NOJIOBHHE sIIIHKAa AJS TOrO, yToOH BHI3BATh
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CKONBXKEHHE ee Mo IJOCKOCTH AB OTHOCHTeNbHO HHXHeH Hemns-
nBHAKHOA uyacTd, DTa NpolUeypa TOYHO BOCHDOH3IBONHT HCHAKTAHHE
Kasarpaune (Casagrande) Ha CABHI, NPHMeHAeMOe B MeXaHHKe
rPYHTOB.

Ecau B NpaMoyroapHOM cetke KoopauHar (puc. 5) no ocu ab-
CHUCC HAHOCHTBL Ae(pOPMaLMIc CABHTa §, a4 NO OCH OpPAUHAT ~—
HeOGXOAMMYIO s NOJYueHuss 3Toft JethOpMalMM CPe3bIBAIOIIYIO
cuny F, To mocrpoennas KpuBad aedopmaumu OA jacr Makcu-
MyM B Touke A Aas paspywamumeil Harpysku F(P), sapucsiei
oT HOpMaJsHOoro xasnaenust P. Ilaomaznnr ¢arypR OAB npeacrasut
jnayede paborsl W, 3aTpaucHHOM Ha paspymleHne. 3a TOuKof A
KPHBAaA TMEPeXOJUT B HHCXOAAILYIO BETBb, B eCAH ALMK (CM. PHC. 4),
ZOCTATOYHO AJHMHHBIA RIS TOrO, yroOH NPOAOJIKATE CKOJAbXKEHUE, Ne
H3MEHA# CeUeHHMs, To peakuus F OyneT CTPEMHUTLCA X CBOEMY HMXK-
#eMy npejeqbHoMy 3Hadenuio F/(P). Ornowenune F/F’, xapakre-
pu3yiollee chenaedHocts (enchevétrement) GeronHolt cmecn, ss-
JfieTcst BeJIHYHHON nepeMenHoH. [ GETOHHOH CMECH C OKPYIVINMH
3aNOJHATSIAMHE ITIPH COAEPXKAHHH JNopTaaHi-ueMenra 300 xz/u?
3ToT Koo®dHuMeHT Onlyl HakZen pasubiM 1,5; mAf CyXOro 3an0JaHH-
Teas Toro ke GeToHa moJayuyeHo 3Haueuue 1,4, A8 YBJIaXKHEHHODQ
samojunTeNs 1,25 W TOMbKO MHCTOE L@MEeHTHOE Tecto Aaqo BeChMa
BEHICOKOE 3HaueHHe — 8. 3ameTHM, uto no Teopuu Kako (Caquot),
PacHpOCTPaBAIOIeHCS Ha 3anonguTeny odepuueckod GopMBbl, A5
370T0 KoosthpHuueHTa JOMXKHO ObLI0 OBl HOAYUHTHCA  3HAUYEHHe
1,57 (paBuoe =/2).

3aMernM TaxxKe, wuTO 3Hayedue F(P) 2aBHCUT OT CKODOCTH
CKOMLIKEHMsl, BO3pacran sMecTe ¢ Hell. OObAcHsercs 3To BI3KO-
CThI0 LIEMEHTHOTO TecTa. BaWsiHMe 3TO 0CTaeTcsd, OIHAKO, clabhny —
nopsmaka 10%, Toxa CKOPOCTb CKOJBLXEHHS He (IPeBHIIAET
0,56 mm/cex. B OCHOBHOM, CHENOBATEJNLHO, Mbl HMeeM 3J1eCh AIO
C $BAEHHEM TpPEHHS; K BA3KOCTH B COOCTBEHHOM 3HAayeHHH 3TOTO
TepPMHHA MB BepHeMCs ellle B AajbHeHIleM.

Jast toro 4To6H A0KA3aTh CYIUECTBOBAHME TPEEMS B CMbIC1Ie
Kynona, noCTaTod4He TPOBECTH HOoNWTauue Ha penakcanmio. [do-
CTHIHYB HEKOTODOTO 3HaueHHd nedopMauuu s<S casura, Gymem
IOAJEPXKUBATH 3TO 3HAUEHHE MOCTOSHHEIM H C NOMOWULK Bechva
KECTKOH NPVAKUHBL, HCNOJB3YA ee B KauecTBe AMHAMOMeTpa, HLcje-
oyeM mamerenus peaxuun F. Kax ofumiee npasuso, ona ue Oyner
O0CTaBaTHCSH ITOCTOSIHHOH, & CTAHET YMEHBINATHCS, CTPEMSCH K HEKO-
TOpoit BenuuuHe, MeHbluei F. DTo sABAeHHe M Ha3biBaeTcs penakca-
UHedh. ViMeHHO B HeM MH H MoxeM OOHADYMXUTL BAMAHNE TPEHUS
Onst xuaxocreit Ges TpeHHs, 00JafarIHX TOJIbKO BA3KOCTHIO,

CTpemuTest K Hymawo. [Ias OeToHrol cMecH — MaTepHasa, obaa-
hawiero BHYTPEHHHM TpeHHeM, — peakuHs F coxpaHseT BO BleX
CIygasix KOHEeuHYI0 BeJHUMHY. B HeM HMeeTCs onpeieneHHas CTPYK-
TYpa, Gmaronaps KOTOpOA YINPYrHH KapKac MarepHaja CONPOTHR-
JRETCT POJHOMY MCUB3HOBEHHIO HANPSIKEHHH.
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Hanecem Temeps B TNpPAMOYTOJbHOH KOODAMHATHOH CHCTEMe
{puc. 6) MakcMmanpHOe 3HaueHue F, MOJY4eHHOE, KaK YKa3nlBaeT
KpHBas.Ha puc. 5, B dyHKnuu nasaenus P. KoHcTatupyem npexiae
Bcero, uto F npencrasiser coGoft BospacTammyw ¢Gyukuuio P,
BecbMa GAH3KYI0 K JiMHe#iHol. D70 W ecTh He 4YTO HHOe, Kax npsi-
mas Kyaona, yron ¢ Kortopoh ¢ oceio OP npeacraeaser coboH
yfon tpenud. - KostbdulueHT BHYTPEHHETO TDPERHUS ONpefe/IRercs
3jech NMO3TOMY M3 COOTHOLUEHHS

K=tgo.

Ho aTa npaAmas He NPOXOAWT Yepe3 HATAJNO KOOPRAWHAT: ORA ne-
pecekaet och abcuuce B Touke C, pacnoJOXKEHHOH cjeBa OT Hawana.
Orpesok OC xapaKTepH3yeT CBA3HOCTb OGETOHHON cMecH, 06YCA0B-
JACHHYIO J.leﬁCTBHEM KanuaJaspubX CH.I.

Vicnone3oBaHu: peoJoTHM Ito-
£ 3BOJIHJI0 HAM YCTAaHOBHThL, UYTO B
ToHATHE YH060YKIaJHBAEMOCTH
BXOAHT DRA OGosiee 3JAEMEHTAPHHX
Gbu3HUeCKAX  noRATHH: Koadhdu-
LHeHT BHYTPeHHerc Tpeunsa K, cBda-
HOCTh [, KCOQPHUHEHT CLHEllIeHHD-
¢ty ¥ patora paspyulenus W.

B pafjbHelimes yBHAAM, UYTO B
HTOTe 3TOT0 aHaJH3a Hama npo-
6jeMa MOJY4aeT WHTEPECHOe OCBe-
nienue. [Toxa yraxem Jviipb, uTo K

Puc. § U3MCHSAETCA B HHTEPRAJe MEXRIY

0,25 u 0,50, npuaeM CcpaBHUTEIBHO

Gosblee 3nayenwe OH NPHHHMaeT AAA  3aNoJHUTEed; NOAY-

4eHHEIX APOOJIeHHEM, UeM ANIS 3aN0JHHTENEH OKDYT/IeHHOH (OpMbL

Ow ymesbpIaerTcs BMeCTe C /OBBILIEHUEM CONEPIKAHHA PACTBOPA M

C YBeJHUEHHEM KOJHYeCTBA BOARl 3arsopeHHsA. CBH3HOCTb onpende-

JsieTest BENMYHHaMM nopanka or 10 efes? 10 HECKONbKHX AeCATKUB
3T0# enuuuubl (2/cm?).

YKazauHpt agech Merox uamepenus K pecoMa teopeTHYeH H,
OUeBHIHU, HEYMECTeH AJA CTPOHTEbHON MAOIAAKH, MOCKOALKY Tpe-
Gyer cnoxHo#f annapatypn, [lorpeGoBasoch npuayMarth 3HAUH-
TesbHO GoJiee 3neMeHTapHOe ycrpofcTso. Ilocaennee npexcrasiaser
co00# Ccrepxenb, cHalKeHHHE Ha OXHOM KOHUE Xeao04aThiM Ha-
KoneudukoMm (puc. 7). DTOT cTep:KeHb MOrPyxaeTcs Ha BCK CBOWO
AJAHHY B OETOHHYI0 CMeCb, NPHYEM HAKOHEUHHK ¢ NOMOULWIO Crie-
{HAJNbHOTO MexasuaMa (He NOKa3awHOTO Ha PHCYHKe) NPHBOAHTIA
BO BpallaTeNbHOE IBHIKEHHE BOKPYT CBOEH OCH ¢ MOCTOAHHOW CKO-
pocTero. B TOoT MoMeHT, Koraa crpykrypa 6eToHa Hapymaercs, Mo-
MEHT BpAallleHHA AOCTHTAET CBoeft HauOoJbUIed BejHYddbl, KOTOpas
# OduKcHpyercss W3MepeHHeM. Jlasi Toro YTOOH! BEUHCJIMTL H3 3ITOH
BEJNHYMHE KO3((PHUHEHT TPeHUs, HeoGXOAMMO TaxKe 3HaTh HOp-
MaJbHOoe JaBJeHHe, NPOM3BOAUMOE GETOHOM Ha HaKOHeuHHK, Ilpn
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3TOM TNPHXOAHMTCA NPHOETHYTb K HEKOTOPOH, N0 Heo6XOAMMOITH
cMesI0¥, THIIOTe3e OTHOCHTEJbHO CBA3HOCTH H HaBjewus. He 3axn-
A5, OAHAKO, CTOJb 1a/7eKO, MOXKHO OCTAHOBHTbCS A HAa TOM 3aKJlO-
geHHH, UYTO H3MEepeHHad TaKUM CIOCOGOM CTPYKTYPHAs BSI3KOITH
GeTOHHOH CMeCH HAXOLHTCA B NPAMOW 3aBHCHMOCTH OT COOTBET-
CTBYIOIUMX 3HaueHuid KosdduuxeHTa TpeHud. B 10 Xxe Bpems Ha-
§a0faeTcR, YTO NPH OJHOM H TOM JKe 3epHOBOM COCTABe Ha BHA3-
KOCTb BJIMAeT comepxanve BoAn.. [lpoucxoxaliee B omucaHHOM
HCMBITAHWH pa3pymwieHHe 6eToHA [IPH CABHIe 33aBUCHT B OCHOBHOM
OT HapylleHHa CTPYKTYPHl €ro CKeJdera, B KOTOPOM CBA3HOCTE H
cMaska, OO0yCJOBJIEHHBIE TNPHCYTCTBHCM BOABL, HIpalOT JHIb

XKenobvamari
HOKONRYHUK

Puc. 7

HUYTOXKHYIO PO, B OnHCanHol NOCTAHOBKE 3TO HCMHITAHHE MOITOMY
He WcYeprnBIBAET BONIPOCA B He PacKphBaeT caMo no cebe pcex Xa-
PAKTEDUCTHK, 3AK/TIOYEHHBIX B TOHATHU YAOOOYKIaABIBACMOCTh.
ATO HalIO CBOE BLIPAXKEHHE H B TOM (AKTe, 9410 MBI paccMoT-
PesM 1O CHX NOP JWilb OAHY TOUKY KPUBO# Ae(OpMalHK — ee MaK-
caMyM. Mexay TeM 3TH KPHBBIE MOTYT 0OHAPYXHTh Go/ibiline pas-
JHYHA yKe H y CaMoro Hayasaa Koopauwuat (puc. 8). Haagmewur
NM03TOMYy PacCMOTPeTh HE TOJNbKO MaKCHMaJbHOe 3HadeHue, HO Tax-
¥e M peakuuu, COOTBETCTBYIOUlHE BecbMa MaiOMy BpalUeHHIO €,
T. & JjguHeWHOMY cMeileHHI0 1o nepudepuu nopamka 1 ux. B 10
BDeMs1 KaK MaKCHMajabHOe 3HAYEHHe OTpaxkaeT BHYTDeHHee Tpe-
HHe cKesieTa 3aMOJIHHTENEH, PeaKUHH, GrpelessieMble MaJbhiMH CME-
MeHHAMH, OTpakalT BHYTpPEeHHee TpeHHe pacTBopa.
PykoBoAcTBYfich aHAJOIHYHMBLIMU npesctasienusmu, Popenvnn
(Forslind) & Beprcrpem (Bergstrom) ckoxcTpyuposadu csoit ¢iion-
Aumerp, [Iycre saemeHTapHnll KyGHK B GETORHOH CMecH noaBep-
Faercs peficTBuIo cABMraloWHX cKA £ T, NPWIOKEHHHX DO HBYM
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TIPOTHBONO/IOXKHEM T'PAHNM, HCIHTHIBAIOUIEM IIPH 3TOM OTHOCHTE/b-
HOe CMeileHne A, B AHBaAMHYeCKOM peXHMe BeCbMa MaJjeH aMIliH-
TPYABl 3T0 CMeilileHHe COCTABIMETCA H3 yNpyrof )le(i)opmamm AT

4 u3 zehopmauuu, oO6YyC/A0BAEHHOM ycxopesnem B
A=AT+ B 7‘7- ,
-m'-rc.y.i.la
| T=GA+n 2

rre (G—xo3ddunuedT KecTKOCTH;
4 — k03D D UIUHSHT BAIKOCTH;
A — nedopmanuus;
{— ppeMs.

Jas Toro 4TOGE H3MEpPUTB 23TOT
ko3¢ (PHLHEHT, Ha3BaHHKE ABTODH
CKOHCTPYHPOBANK YCTAHOBKY, COCTOS-
? Y0 H3 YTNPYTOR NMPYKHHBLL, HAKOHEY-
HHKa € 4YeTHipbMsi KpecToobpasso
PaCcTONOKEHHEIMH JIOTIACTAMH U Oe-
TOHHOH cMecH, B KOTOPYIO 3TOT Hako-
HeyHHR norpyxeHn. Ilpyxuna npea-
cTasgaseT cofoit CKPYJeHHRIA CTEpPHKEHD
C KpPecTooGpasHo YKPEeNJeHHEIMH Ha
HeM ueThipsMs Maccamu, Ecau yros
noBOpOTa Jonactelt 06O3HAYUTH Ye-
pe3 =z, TO ABHIKEHHE CHCTeMBl Gyfer
ONUCHBATLCA ypaaHeHHeM THOA

i e Y204 n980poma d‘éa FRKE L p
d 3

v

(%

Morenm Bpawenusn

Puc. 8 Fcau a10fl CHCTEME COOBUIUTEL He-

KOTOpOe Ha4adnlioe OTKJOHEHHe, TO
ona OyaeT CcoOBepliath CHHYCCHAAJIbHBIE KoJsebaHust ¢ 3aTyxa-
HHEeM, [eKPEeMeHT KOTOPOTO INpomopuroHadeH kosbhduuueHTy BH3-
KOroO TpeHHEH, a 4acToTa (COOCTBeHHBIX KojeGaHHi 3aBUCHT OT
KeCTKOCTH ¢BA3e#; KogeSanus 6yAyT NPOHCXOAHTb € BeCbMa Ma-
JOH aMnAUTYRON H, uTOOH ee M3MepHTh, noTpefyeTcs 3HAUHTEJBHOE
ycuienne. Meneltauua 00KaswBAOT, 4TO TPH COXPAaHEHHU aMILIH-
TYAB [OCTOAHHOH MOMKHO AHdepeBuHPOBATH GETOHHI 110 HX TEKYy-
uecTH., BpelenHuil sfech TepMun TexyuecTs (fluidité) mecer ¢ co-
60l HEKOTOPYIO ONAaCHOCTb HEMLOPa3yMEHHS, IIOCKOUIBKY OH HEe HMeeT
HWK@KOro OTHOIIEHHS K BHTEKaHHIO GeTOHHOH CMECH, HO 3Td Xapax-
TEPHCTHKA MOMeT CJIYXHUTb NPEBOCXOAHHIM NOKa3aTeneM YCTOHUM-
BOCTH CTPYKTYDH, VILJIOTHEHHS H OJHOPOAHOCTH CMeCH.
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TexyvecTh BO3pacTaer JiMlie#HO C COAePKaHHEM BOIAHL U JIPUTOM
BECbMa 3HAYNTEIBHO: AN H3YYCHHOro BMAa GeTonHo#t cMecu npn
yBeJHYeHHy BOAOLEMEHTHOro orHowenus ¢ 0,25 an 0,45 oxa noBoI-
cunacs ¢ 1 go 10.

Mubl BMAHM, YTO AJS ONpeleieHUs PeCJOrHYecKMX csoliicts Oe-
TOHIOA CMecH, XapaKTePH3YIOIUX YROOOYK/NaAbBAEMOCTb, OCTaeT-
¢s ente MHOroe cfesars, Ho NOCKONbKY MB OTKa3aJHCh OrDaHHUH-
BaTb cefs AMOUpuel, 4Toln, OBJAileR K3LIKOM (PUIUKK, BCTYIHTL
8 06J1acTh TCOPETHYECKOH MeXaHWKH, NYTh NepelX HaMH OTKPHIT.

BuGpuposanue GeroHHo#t cmecu

Beraomas nepex KaxAnIM CTPoOuteNeM aJbTePHATHBA: AOMDY-
CTHTb /i B CMeCH H30BITOK BOJH B LeJdsxX O0JeryeHus ykaaiks (HO
B Ylllep6 MeXaHHUCCKHM KadecTBaM O6eroHa) WiId Ke paax noJdyye-
HHS BEICOKOH IIPOYHOCTH OTPaHMYUTL N0 MHHHMYMAa COJepKAaHue
BOJABI, NPHMUPHBLINCL C TPYAHOCTIMH VKJAAIKH, TIPHBCAAZ K WU3EH-
CKaHHMAM HCKYCCTBeHHBIX NPUEMOB, KOTOpHIE CMOTVIH Ghl 06ECeUHT)
JAYYIyl YA060YKJIanblBAEMOCTb HPH MHHEMAJBHOM COAEPMKAHHN
BOAL 3artBopeHHA. CaMEIM H3BeCT-

HEIM M Haubojiee pacnpocTpaHeH- v-Bubpupobanue

HBM M3 3THX TNPUeMoB sBiasercss £ —~ . Ocmanadxa

BHOpHpOBaHHe OETOHHOH CMecH. Py \ 8udpamopa
Bocrmosibayemea s M3yueHHS S

3TOTO Tponecca dINUKOM, H300pa- S

KEHHBLIM Ha puc. 4. YcTaHOBHM S~

ero Ha BHOpPAUHOHHOM CTOJe I
OPUWIOKUM K HeMy TOPH3QHTalb-
HYIO cuay F, Meunluyio, tHeM 270
COOTBETCTBYET [p2aedy NPCUYHOCTH
GeronHoli cMecu Ha cpe3 (puc. 9). Bparn
[pusenem 3ateM B geitcTsue BUG- ‘4" l“"‘"‘]‘-L

patop. 3HauyeRHWe CHJBI TOTYAL

¥e Pe3Ko CHUBHTCS 10 OYeHb Ma- Prc 9

JOK BeJNHYHUHB], eC/JH He A0 HYJA.

3TO 3HAYMT, YTO B PE3YAbTATe INPEOAOJEHUA BHYTPEHHETO Tpe-
HHS [POM30LLIa MrPHOBERHAR peaaxcauus wuanpsixenus. Ocra-
HOBHB 3aTeM BHOpaTop M NOBTOPHB 3arpy3Ky, MOJYUHM HOBOE 3Ha-
uYeHHe cmibl. CTPYKTYPHas NMPOYHOCTL GETOHA MPH 3TOM BOCCTAHAB-
JUBACTCH, HO OWa BHOBL HapyllaeTcsl, KaK TOJALKO MH ONSTh NpPH-
BegeM B JeficTBHe BHOpaTop.

Ity uHalbmoacHud yOGennTeNbHO MOATBEPXKAaioT ToT (akKT, 4TO
GeTOHH:usi CMECh SBASETCS MaTepnasioM, ofiajalolluM BHYTPEHHAM
TPEHHeM, ¥ 4TO NOA BAHAHHEM BHOpPAUMH 5T0 TPeHHe HCUE3aeT.

[Tp>Besem Tenepb cepurd HCNBITAHME NPH H3IMEHSIOMIEMCSA BHEL-
HeM pasnenuu P K usMepuM HauOOABIIYIO BENWMMHY CONPOTHBJIE-
Hua F(P), npenarcrsyiowero mswxesuio. Ecax Geronnas cme:
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HAXOTUTCA B COCTOAHHM BHOpAUHM, MBI YBHAHM, UTO COIDOTHBJIEHHE
casury F 6au3K0 K Hydalo, noka P ocraercd MeHblle HEXOTOPOro
3HavaHuf Py, MOCJe yero HaunHaeT GBICTPO yBenRuuBaTees (pue. 10)
M NpUHUMAeT B AaJbHellueM 3HaueHUR, NPOMOPHHOHAJABHBIE PA3HO-
ctd (P—Po). v .

[orTopsisi 3aTeM Te e HCHHITaKHA OGe3 BHOpPAUUH, MBS Halne,
4T0 3aBHCHMMOCTh MEXIY CONpOTUBJEHHEM CHBHIY H JaBieHHeM
nzo6pazurca npamoii AA’, napannenbHOH npAMOAMHERHOMY yua-
¢TKy BB’ xpuBof#, nMoayuessoil B npe/inliyilell CcepHH HCNLITaHMH.

B BuGpupyeMoil GeTOHHOM CMecHM CBSI3HOCTL (cCuenjenne vac-
THIL) NPaKTHYeCKH HcHe3aeT, NoKa BHEUIHee faBJeHHe He I0CTHraeT
onpeneseHHoro 3nadeHus Po. [Ipsmas Kynona AA’ cmewaercsa npn
3TOM flapaJasiesibHO caMoi cefe B CTOPOHY BO3PAaCTAIOUIMX [O.10MHU-
TeJNbHEIX 3HA4YeHH# alcuucchl Ha BedwuuHy I, KOoTOpYlOo 1 Ha3mBalo

axkTuBHbIM Qasgaeruexm (expansion);

BHYTPeHHee TPeHHe BO3HUKEeT TakK-

g’ JKe JHlb TpH HEKOTOPOd Apocra-

royHo OoJibliof BEAHYHHE BHeLU-

Hero Jnagjenus. - BeimecrBo Ges

BHYTPEHIHEro  rPeHHA — HHIKOCTh.

BuGpanns, takum S6pa3oM, HMeer

CBOHM De3yJLTaTOM NpeBpalllelHe

GeTOHHOK  CcMeCH B JKHAKOCTh,

ec/if  TOJAbKO HCIHTLIBAEMOE €10

JaBJeHHe OCTaeTcsd HHXKE HEKOTO-

A poit ‘BesHyunn. B 3TOM COCTOSHHU

=1 T ggsmz‘mmenuﬂ (liquidité) ona npn-

peraetT crnocoGHOCTh JeTKo 3a-

Puc. 10 NOJHATb GOPMBI M BELAENATDH COTEP-

Jawmuitics 8 welt Bo3nyx. Hasdae-

HHe HaxXOonsue#ics B TAKOM COCTCSHUH OeTOHHONH cMecH HA CTeHKH

(GOPMHE MOAYUHAETCH THAPOCTATHIECKOMY 3aKOHY U B TOUHOCTH pas-

HO HaMopy MKHAKOCTH COOTBETCTBYMIOMEH MIOTHOCTH, KaK B 3T0M
JETKO yOeAHTHCS H3 NPOCTOrO HKCIePHMEHTA.

Tenepb HaM O0OCTdeTcsl BBISCHHTDb, UEM HMEHHO OGyC.HOBﬂEHO T0
npeBpalleiye B B KakKux (opmax OHO npoTekaeT. MexaHH3m ero
MOXKHOQ NOHATHL, €CJIM NpPeACTaBHTL cebe, UTO CcOyAapeHHs 3ep2H
CMecH, npHBeleHHOH B KoJje6aTespHOE COCTOSHHE, NPENsATCTBYIOT
HX cOJIMEHHIO B TeueHHe TeX MHTEDBAJOR BPeMEHH, MOKa HX DTHO-
CHTe/IbHhle ABHXEHHN MOTYT COBEpIIATbCs, He COMpPOBOXKIAAALHL
B3aUMHBIM TpenueM. HuaaiwoctpupyeM 3TOT MeXaHH3M TNpocToii MoO-
IeNibio; MyCTh Ha CTOJe ycTanoBjAeH Tshkeand ky6 P (puc. [1). das
TOro 9T06H! 3aCTABHTL €r0 CKOJb3UTL N0 TOBEPXHOCTH CTOJ2, JO-
CTATOUHO MPUJOKHTh K HEMY TOPH3OHTANBHYIO cHAY F Tako#d sesu-
YHHH, 9T06Bt OTHOweH#e F/P mpeBBiCHNO KOFMOHUHEHT TpeHUN
KyGa [0 noBePXHOCTH CTOJA.

Ecau npueecTH CTOA B COCTOSHHE BUOpamuy, <coolulast eMy
HMUYJbCH YAaDAMH MOJOTKA HJAM C NOMOLbI BHODATOPA, TO MOMK-
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H#o YOeNMTLCA B TOM, YTO BeIHYHHA CHAB F, HEOOXOAMMON pas
TOTO, YTOGH BHI3BATb CKOabXKeHHe Kyba, yMmeHbwintcA. Ecan nau-
foabllee yecKopeHHe BHOpAUMH OKaXXeTcs AOCTATOYHRIM AAf TOro,
yrolbnl npeojoqeth BeC Ky6a, To cnaa F, Heobxonumas L8 Npuse-
nenHs kyfa p ABHKEHHe, craHer GcckoHeyno Mmanoi. Ky6 orGpa-
CHIBAETCH BBEDX H, OTAENAACh Ha KPAaTKHE NPOMEXYTKH BpPEMEHH
OT NMOBEPXHOCTH C€TOJA, NMONYyYaeT Ha 3TH KOPOTKHE MI'HOBEHMS BO3-
MOXKHOCTh CBOOOAHO ABHTaThesl B JIO6OM TrOpH3OHTAJLHOM Hanpaa-
seund, Ero nepeMelleHyst OCYINECTBJSIIOTCA HOCJEROBATENbHOCTLIO
TaKHX HeOOJBIUIMX CKaukon. B onpenesneHHHX yCjaopHAX BUOpauMH
CcOCOGHR!, KaK BHJHO, BHI3BATb HCUE3HOBEHHE TPEHHS MEXAy Te-
JIaMH, OfHO M3 KOTOPDHIX JBHIKeTCS OTHOCHTeqabHO iApyroro. Cxo-
POCTH NPH 3TOM He OCTAETCH He3aBUCUMONK OT pexuMa BUGpanUMA
# OT JeACTBYIOLUMX CHJ. 3TO MpejacraBaser ¢oGOH «BA3KOe JBH-
HeHue».

To, 4To NpPOMCXOAMT B BHGPH- P
pyeMoit GeTOHHON CMeCH, npen-
crasnasger coboil JHIIL HEKOoTopoe
06001enHe ONHCAHHOrO MexaHu3- £
Ma-moaenu. OTHOCHTENLHOE NBHXEe-
HHe 3ePeH H llepecedeHusi TPaeKTo-
pHH HX KOJeGaHHH CO313I0T BO3-
MOKHOCTH OOMeHa  HMIYJbCaMH,
PaBHOISHCTBYIOMAS KOTOPHIX CTpe- Puc. 11
MHTCAA DacCWIHPUTb  3aHUMAaeMbId
CMechbi0 06beM BO BCEX HANpPaBJCHHSX. DTa CTaTHCTHUECKAasi PaBHO-
JeHCTByIOIIAs HMeCT 3HAK, 06paTHHIA NPOH3BORHMOMY Ha CMech
BHeIHeMy JAaBJeHHIO, B CO3JdeT TO «aKTHBHOE QABJEHUE», 0 KOTO-
POM Mbl TOBOPHJH Bbitie, OHa 0Ka3wBaeT CONPOTHBJEHHE BHEUIHEMY
naBJdeHHIO, COGCTBEHHOMY BeCY M CHJIAM CHENJICHHMSi YACTUL, 3aCTan-
JISA 3epHA NocJef0BaTelIbHO YAAJAAThCA APYT OT APYyra Ha KOPOTKHe
IPOMEXYTKH BPEMEHH, C TeM UTO6bl OHH CMOIJIM 3aT€M HA4yaTh O6-
paTHOe NBHXKeHHE W COAM3UTBCS B GoJee TECHYIO Maccy.

Mmu ofnapyxuBaeM 3[eCh HEKOTODYIO AHAJOTHIO € KHHeTHYe-
CKOH Teopued razoB. Ecnu raszy coofmnTbh HEKOTOPOe KOJMUECTSO
SHepruy B $opMe TEMJIOTH, TO 3Ta IHEPTHsH NPpeolbpasyeTcss B HeM
B 3HEPrHIO GeCMOPSINOUHBIX ABHMKEHHH MOJIEKYJ, CO3RAIOUIAR, eC/H
ras 3ax/jiyeH B COCyle, JaBjeHHe Ha CTEHKH [oOCJelHero. 3To
Japjenye npenacrapasger cofoli PaBHOLEHCTRYIOLIYIO HMNYALCOB
MOJIEKyYJ/l, YIAPAIOUIMXCH © CTeHKy. B BuGpHpyemyo 6eTOHHYIO
CMeCb 3Heprust BBOAMTCH He B BHJE TeIlIOTH, a B MeXaHHUeCKOH
dopme, HO CyIIECTBO WPOUELCA OT 3TOTO He MEHACTCR, M TO, 9T0
HAaM OCTaeTcs elile B HeM BHISICHHTb, — 3T0 KOJHYECTBEHHOE COOTHO-

eHHe MexAy BBOAMMOR 3Hepruefi W #  aKTHBHRIM gpasje-
Huem I1.

Ha6monas BuGpupyeMyio GeTOHHYIO CMeCh 4epe3 MNpO3payHoe
OKOWIeyKo, ycTpOeHHOe B CTeHKe KoHTefiHepa (uan GapaGana),
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JBHXHOCTb, KaK €CaH Gbl BMECTC pacrBopa MHl BBEJH B CMECh CMa-
304HOe,

Bri6op ONTHMAJbLHOK TacTOTE BUGPHPOBAHHA OCHOBBLIBAETCS 44
yCTanoBJeHHd ToH Hau6oJbluefi XKPYNHOCTH, KOTOPOH XKeaaTeildbHo
OFpaHMYMTL 3EPHOBOH COCTaB CMeCH, NDHBOAMMOHA B KoJebare.io-
Hoe asHxeHHe. JTOCKOAbKY 3TO [BMKEHHC XapaKTepU3yeTcsl 3[ecCh
GoJbluMM 33TyXaHHEM; MOXHO [0Ka3aTh, 4TO ECNH Mg-—4acToTa
pesonanca, COOTBETCTByIOILas Kpynuaocta @ 3epeH, TO KHHeTH-
ueckas sHeprus AfA 3eped ¥pynuocta 2 &, npuobperaer npenebpe-
XHMO MaJjoe 3HaueHne. KpHTHueckyr KpymHocThb ¢, MOXHO ompe-

aeants no Gopmyne P, = —3-, rae Kospouuuenr K pased mnpu-

GausureabHo 7-108; oTcioga HaxoAMM, YTO Ta YacTb CMecH, KOTO-

pPYIO ueﬂecooﬁpasﬂo NMPpHUBECTH B KOJSEﬁaTBJIbHOE JABUXEHHUE, 3dKII0-

yaer B cefe (PaKuUMH, KPYIMHOCTH KOTOPHIX YJOBJACTBOPHAIOT YCi0-
BUIO

14 . 108

D« —

Ecny n-—yucao ronebanuit 8 1 MuH., a D ~— qnaMerp B CM, TO

HaigeM:

a8 n == 660 xon mus D <89 exn
. n= 15.0 R D< 6
. = 3000 . D< 1,5,
., n= 6000 . D« 04,
. n=12000 . D< 01,

3nas, TakuM 06pa3oM, 3epHOBONH COCTAB, MBI MOMEM BHIACHHTD,
Kaxofl M0JKHa 6T, 00HI28 Macca 3epeH, YUacCTBYIOLIMX B Ko.e-
6aTenpbHOM LBMXKEHMH, B KAKOE KOJMYECTBO BHEPTUM efi HYXKHO Co-
o0uiuTe nocpeactsoM BuGpuposanuf. Orcioga OyAyT HafAeHH B TO
aKTUBHOE [aBJieHHe, NPH KOTOPOM COOTBeTCTBYoUas ¢dasa ne-
pefiieT B Pa3KMKEHHOE COCTOSHME, H TO NAABJEHHE, KOTOPOE 1O 3a-
KOHY THADOCTATHKH OHa OKaXeT Ha CTEHKH.

B cBeTe 3TOro NMOHATEH TOT HHTEpeC, KOTOPHIl MoMeT Npeacra-
BHTb PeXHM BHOPHPOBAHHS NP HECKOJILKHX HAJIOKEHHHX OAHA Ha
IPYrylo 4actoTax: B KoJebGaTeNpHOR ABHXKEHHE NP 3TOM yiaercs
BOBJieyb 3epHa GoJlee IIHMPOKOry AMana3oHa KPYNHOCTH.

Bu6paTopel yAapHOTO THIZ BO30YXKHAlOT Psig Koaefauuil u3
JyacT¥ CneKTpa, OXBATBIBAMOUEH BLICIUME YacTOTH, HO AMILIUTYAHL
HX, 3a HCKJIOueHHeM KoJeGaHHiM OCHOBHOHN 4acTOTH, MaJaw. Huoraa
OhiBaeT BHIIGAHO NDUMEHHTb MOCJEN0BATe/NbHO 1Ba peXuMa BUODH-
poBaHHA — CHAYa/la HH3KOYACTOTHHIA, BO3AEHCTBYIOIIMA Ha KecT-
KHH CKeJeT 3amnofHHTeseH, a 3aTeM BHNCOKOUACTOTHBIR — RJs BO3-
neficTBMA HA pacTBOp u ychaenusn sdpdexra nepsoro pexuma. He-
CKOJIbKO CJy4YaeB MPAaKTHUECKOTD HCMNOJbL30BAHHA 3ITOro npHeMa
BHYWAIOT YBePeHHOCTb B €ro 3¢h¢)eKTHBHOCTH.

Lleavto BuGpalltH ABAAETCA HE TOJMBKO ofecheueHHe HOCTATOd-
HOrO Pa3XHuKeHHUs GerOHHOR CMecH, MDH KOTOPOM ona npuodperaet
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¢HOCOGHOCTL XOPOUIO 3anOJHATE GIOPMH, HO W ero YIJOTHeHMe,
3T0 YNJAOTHEHHE TPOMCXORUT NMOA BO3RedCTBMEM COTPsicexnil, KoTO-
phle NOGYXKAAOT OTAeNbHble 30PHA MepeMemaThcs W3 CBOMX Ha-
qajgbHhEX NOJIOXKEHUH B HekoTopble Gonee yCTOHUMBHE NOAOKEHHT,
npHYeM OAHOBPeMEHHO H3 GeTOHHOM CMeCH BHIIEJAETCH CcOdepXKa-
wHica B weh Bosayx. Cioenyer 3aMeTHTb K TOMY e, uTo 6eTOH B
COCTOSIHHM Pa3iKHMEHHA o6sazaer, KaK M BCAKasA MHIAKOCTb, BAS-
KOCTbIO, KOTOpag RNPOSIBJSETCS B H3BECTHOM CORDOTHBJEHHH nepe-
MeUleHUSIM CIBHra ¥ XapaKTepH3YeTCsA KOJMHYECTBeHHO Ko3(hQpHUH-
eRTOM v. YNJOTHeHMe xXe, OYAY4H pe3yJbTATOM MNepeMeuleHuH
CABHra, onpejensieTcsi CKoOpoCTblo, 06paTHO NPONOPUHOHANBHOK T.
C apyroR CTOPOHEI, YMJOTHEHHE OCYLLECTBJAETCA BHEIWIHHM HaBJe-
HHEM, CHJIOW TSXKECTH HJIH Ke KANHAAADHHIM HaTSKeHHeM, KOTo-
poe MOMKeT BOSHUKHYTE CaMORPOU3BOJBHO W ONPENENHThL MePEeXOX
seped B OoJjee ycToHuMBoe NOJOXKeHHe, MBI LOJIKHBI 32KAIOYHTH
0TC104d, YTC CKOPOCTh YMVIOTHEHHA NPONOPUHOHAAbHA 3ITOMY Zas-
JeHHI0 P, a Taxxe 3aKJNIO4EHHOMY B DAcCMaTpPHBAeMblii MOMEHT B
feroHe 0o6BEMY BO3AYWHHX mop ¢&,. TakuMm o6pa3oM, CKOPOCTh
YIJOIHEHHA MOXeT OHTh BhIPaXKEHa GopMysoi

deg P

———— T — -

dt a4 o

rie  — mOCTOAHHAA, 3aBUCAAST OT TEOMETPUUECKHX Xapaxrepd-
CTHK ()ODPMBI M OT PacCTOSIHMS PaCCMaTPHBAEMOH TOYKM OT nOBepX-
HOCTH, . €. OT BO3MOXHOCTe{l BHIEJCHUS BO3AYXA,

MoXHO 110Ka3aTh, YTO STO BHJAENEHHE BO3AyXa ROJKHO CHEAO-
BaTb 3aKOHY (PHABTPALHM ¥ YTO AJAA HeKoTopol Toukd G noukHO
ObITL 00p4aTHO NMPONOPLHOHA/ILHO KBaApAaTy PacCTOSHHSR ee oT CBO-
Gognoit noBepXHOCTH, st 0GBEMa Ke B LeNOM OHO HPHOAU3UTeNb-
HO npollOpUHOHAJbHO XBaapaTy OTHOWIEHHS cBOOOAHOH noBepx-
HOCTH K 00beMYy:

cBolioguast MOBEPXHOCTb \?
obbeM :

Tonbko 410 cHOPMYAHPOBAHHBIH HaMH 3JeMEHTapHHBIA 3aKOH
OHN OBl MPOCTHIM, ecad On KO3(POUUKEeHT BA3KOCTH GHA NOCTOAH-
HOW Be/IMWHHOH, HO OH, KaK Jerko MOHfATb, 3aBHCHT OT AaBiaenus P,
Has P=11 xosthouumeHt v AONKEH CTPEMHUTBCS K GECKOHEUHO-
CTH, MOCKOJBKY G6TOH NPH 3TOM YXKe IepecTaeT OHTb XKHAKHM. Mol
BIpaBe BBIPA3UTb 7  SMIHPHYECKOH (QOPMYJOH, YIOBAECTBOPHIO-
el 3TOMY YCJIOBHIO:

n=.}’ﬁ-¥_—°ﬁ npa P <Ii,
rge II,— nocroAnHas OXHOPOAHOCTH, TAK 9TO CKOPOCTb BHAENE-
HHg BO3AyXa onpefleIUTCSl OKOHUATENIBHO H3 BhIpaXeHus
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ds, G, _PU—P)

=TT WTm
Mu HPKXOJIPIM, TaKHM 06pa30M, K 3aKOHY 3KCINOHEHUHANAbLHOro
THNa, H3 KOTOPOro BHAHO, 4TO Hauboabpas CKODOCTb YILIOTHCHHR

I
ROJIKHZ HMETh MecTO fanfl P= 5 - STO BeCchMa 3HaUHTEAbLHOE AaB-

JIeHHE, NOCTHrAeMoe JHINL B PEeAKHX CJAy4asX, [NOCKOJALKY, KaK mpa-
Busio, I 3aKk/l04ueHo B MHTepBAane BeJuuuH nopsaka 0,5—!1 xefcm?
PaccmorpuM mo3TroMy npocTofi ciyuyad, Koraa BesanunHa P Maaa
B cpashenud ¢ II; ynpollenHass GopMyna NPHHEMAET BUJI

de, G n

P2t eam e € ==,

dt 7 Pea T,
BcnomauM Tenepb, 970 II 3aBUCHT, KaK Mbl 3TO NOKa3aiH BBIIIE,
OoT o6beMa NOP & M CBf3aHa C STOH BEeJHUKHHOH 3aBHCHMOCTBHIO

11 = Q VnTV;]/: win N=AnV W,

rae A — nocrosigHas, sasHcAUlas OT GeToHA,
W —ynenvuasi sueprust (T. €. NPHXOAAINAACH Ha EMHHUILY
o6bema).
3aMeTHM Taxxke, 4TO 00bEM IIOp & CJIaraeTcs W3 ABYX 4aCTei,
COOTBETCTBYIOLUUX BO3AYIIHWM €, M BONSHHIM TIODAM €,.
Beenst 3tu oGo3HadeHHs, IPUXOLMM X cjaenyiouemy muddeped-
UfaJLHOMY YPAaBHEHHIO JVISi CKOPOCTH BLIAEJEHHS BO3AYXa:

de GAnPY W
d: T — J1T, a (e’a + ee)-

Pemas ero, noaygaem
—Ks
Ege” e

gat g (1—e= K )

€a==%yq
rae e,,— HauadbHHHA OObeM BO3AYIUHHX NOP, a

W e
K=.§A’%L‘Y_ = — BnPY W.
0

CXOpocTh BHAGNCHKS BO3AyXa

‘3 (60 -+ 2og) e Ve ]
20 + €oq (1 — ¢~ Kef)2

de

= Kew [
npu ¢=0 crpeMurcs K

de,
[T]O = KeOa (ec + e(!a) .

CxropocTh yNNOTHEHHS BHayase nponopuuosanbna K, T. e nas-
XEHHIO, JaCTOTE H KBaApaTHOMY KODHIO H3 BEJHYHHH KHHETHYe-
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ckoit sneprun. Ecam BuOpHpOBaHHe NpoAO/KaeTCs BecbMa A0JId,
YO A BBIPAXKEHHA 3TOH CKOPOCTH GoJiee YMECTHO NpPHHATH MOKar
3aTeNbHYI0 (HYHKIIHIO

, e2

de | __ 2 ~—Ks,t
[W] =~ Koo 8 + toa €

3aMeTuM, 4TO BHPAXKEHHIO CKOPOCTH BhAeJeHHs BO3QyXa
MOXKHO MpHIaTh eue # LPYro# BHA:

d
- =—CPRVWe,,

OTKYHa BHAHO, UTO IS KaXAOro pPacCMaTPHBAREMOr0 MTHOBEHUS
OHa NPONOpLHOHAMbHA KO3OHUHEHTY 3aTyXaHHA 6eToHa H o0BeMy
CONEpXXAallerocss B HeM BO3Aayxa. JTO 3HAYHT, UTO SHEprH#, H3pac-
XO4OBaHHAA Ha BHJejJeHHE BO3NYXa, MNPOMOPUHOHAJILHA SHEPruwy,
nepeiasHoOA uepes COOTBETCTBYIOIIHHA 06BEM.

Hccnepyem temepn pacnpoctpanenue xojseGauuit, [IycTe xuwe-
THYecKasn 3Heprus, NpUXoAAWlasAcas Ha 3J€MeHTapHuH 06beM BHYTDH
Geronnoit cmecu, papaa W, nornomenuas sneprus— W,. Cpasp
MeKIY HUMH BRIDAXKAETCS ypaBHeHHeM

ow ow ow
o T ay +Z = Wy,
7. €.
grad W=— W,
OTKYZa TaKxke
gadWV o

3710 — ypaBHeHHe pacmpocTpaHenust KojeGanud. [Ipumenum ero
K cayqaro csiosi 6eTOHa NMOCTOSIHHOHR TOJHIMHBI, NMOXBEPrHYTOrc aeit-
CTBHIO BHYTPEHHEro BHOpaTOPa NPH TOTPYXKEHHH HOCJACNHEro A0
OCHOBAHHSA 3TOr0 ¢siost, MEl JIErKO HaXoAHM, 4TO rPaHRUA 30HH pa3-
WUKEHHsI pacnoJsaraercs BOKpPYr BuGpatopa B o6beme, TAYSHHA
KoToporo A ompeneisieTcs B 33aBHCHMOCTH OT paaMyca HelcTsHs
BuGparopa rp ¥ PajgMyca-BeKTOPa paccMAaTpUBaeMo#l TOYKH r ypas-

HEHHEeM
R
e (P =T}
4 AQVW ¢ ?
b~ d »’ ‘_’.— ’
Ty

tae d — naornocts u A QY W=II,

O6pasyiomass rpaHUYHOK MOBEPXHOCTH mNOKasaHa Ha puc. 12
Coownol auHKed co WTPHXOBXKOH. ToMHO Taxk XKe MOXHO Onpenes
JIMTL M TI0BEPXHOCTH PAaBHEIX CKOpOCTEH YNAOTHEHHS — HX oGpa3syio-
e npencraBaeHbl HA TOM e PHCYHKe NMYHKTHDHBIMM JIMHHSIMH.

H3 3Tux KpHBHX MOXHO 3aKJIOUHTH, UTO eCau 06aAacTh nefi-
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' cTBusf BAGpaTOpa MPOCTHPAETCA BHH3 Ha 3HAUMTE/]bHYIO TAyOHHY,
TO 10 TOPH3OHTAJH OHA OrpaHHYHBAeTCs CPaBHHUTEJNbHO HeGOABLIINM
panrycoM. B Hayaje ynaoTHeHHs 30HA AeHCTBUS pacmHpocTpaHseT-
cs Ha HeBoJbuIoe pacCTOAHME OT ¢BOGOLHOM NOBEPXHOCTH. B cBA3M
C 3THM 3ajauya 3aMeTHO OCJAQXKHSAETCA, TAK KaK TIPU RJHTEJBHOM
YIIOTHEHRY Kos(dpuuMent ¥ nepecraer 6bliTb TIOCTOAHHOH BeIHYH-
HOM M pacueT CTAHOBUTCS HEJOCTYNHHIM, B TO XXe BpeMms 3TOT MpH-
Mep XOpOolIo MNOKa3blBaeT, uTe BOKPYr BuGparopa obpasyercs ax-
THBHAA 30Ha, PalHyC KOTOPOK U3MeHsercs ¢ IayOuHOM.

{

Cfododnar nobepxrocms

NN
//'
.

fobepxnocmy pabdusix cxopocmes
YnrGMmRENUR BiR OMHALUMEns -
worx cuopocmed 7°85-825

Ipanuya 3oner pazrumenus

—-Judpamaop

ST TR

Puc. 12. 3ona geitcTeust subparopa B HauaJe
BHOPKBPOBAHES

K uHTepecHBIM pe3y/nbTaTaM NPHBOAMT HCHOBITaHHe Ha BUGPU-
pOBaHHe TOPU3OHTAJLHOH MPU3MEI M3 GeTOHHOH CMeCH, HMXKHSA W
GOKOBHE IpaHH KOTOPOH 3alIMUIEHH CTeHKAMM U3 MOPHCTOro Kay-
yyka, Oaaromaps ueMy MCKAWOuaercs OTpa)KeHue BHOGpanuit, Bepx-
HAS e TPpaHb MPH3MBL OcTaercs cBoGoauoid. Ha oXHOM KoHUe mpus-
MEl NTOMEIacTCHs BUCKOSUMETP ¢ HAaKOHEYHHKOM THMA, NMOKA3aHHOTO
#a puc. 7. Ero HasHaueHHe — ONpefensTh CONPOTHBMAcHUe Oeroua
CABMFY HJAM ero BA3KOCTL. Ha paccToAHEM X OT BHCKO3MMeTpa B
6etoH norpyxaercd BROPOHKIVIA, NOC/Ke Yeroc HO BCeH AaHHE NMPH3MAL
NpOM3BONATCH M3MePEeHHA CONpPOTHBJEHHsl CaBUry. Ha npakrtuke
STH H3MEDEHMs TDOBOMAT B Hanpasienun or A x B, nprbau-
Xasch K BHCKO3UMETPY H BOCCTAaHABAMBAS BCAKHH Pas BOKDYT HEro
Geron. Ecun 3HaueHue BA3KOCTH R HAHOCHTL B BHAE OPAHHAT ANR
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COOTBETCTBYIOUIMX 3HaueHuit abeuuce ¥ (puc. 13), To MR moayduM
gpusyto sddexTuBHOCTH BubpaTopa.

Ilyctb Rp—CTPYyKTypHas BA3KOCTh 6eToHa, H3MEpEHHAS MOpH
OTCYTCTBMM BHODOUTJIE, R, — 3HayeHHe ee, MOJYYeHHOE MpU BO3-
neficteun BuGparopa. OHO onpeaeauTcA Kak pe3yisTar yMeHblue-
HMA CPeQHero BHEmHero jnabsenus P, nonoxum, "a II, B 3akone
Tpenuds R=KP. Ha 3ToM ocHOBanMM MEI BnpaBe GyAeM HAMHCaTh

R

p—1

R P

Mockoasky xe H =AY W, a usyvaemuil npouecc M yCAOBA-
JECh PACCMATPHBATH KAK OXHOMEDHHH, TO
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& =W,
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W= W, *.
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Puc. 13. Hamepenne xoadgdpuuueHTa 3aTyXaHHS
KoaeGaurii B8 Oerone

B oxoHYaTeJbHOM BHIe 3aKOH H3MEHEHHA CTPYKTYpHOR BA3-

KOCTH NIIDUHHMAET BUA

'R

X
R=R0(I“ AVWOVI_)Qe )

B npepenax paccrosums X OT BHGDATOpPA CTPYKTYPHAs BA3KOCTh
€TOHA D2BHa° HYJI0, GETOH HAXOAHTCHA B COCTOAHMH MOJIHOTO Pa3-

HKHUKECHHA.

Tax kax npu x=x;, R=0, To MH noJayuaeM

AVW, VL
P

L.
2
g
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9T0 B COMOCTAB/JACHHR C NPCALBIAYIIAM BHDAXEHHEM naer
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Jlocratouno B3HaTh CTPYKTYDPHYI BSA3KOCTb HA PaCCTOSHHHM Xi,

yTo6H onpesenuTs L, a 3aTeM Halitu okoHuarteasho A} W, Uuesa
8 310l 06/1daCTH CHCTeMaTHYeCKHH ONLIT, MW CMOTAHU HafiTy a9 Oe-
ToHa £=0,04, 3Hauenue, OTNIHUAIOUIEECS BHICOKOH TOuHOCTbI0. [Lns
PA3JHYEBIX HCTIBITAHHBIX HaMHB OeToHOB npH yacrtore 6 000 koa/Mau
koa(duureHT s3aryxanus ¥ usmengercd ot 0,04 mo 0,15. On 3a-
METHO NPONOPUHOHAJEH YacTOTEé ¥ NPH YBEJUYEHUH TNPOZOJINKH-
TEJbHOCTH BUGPUPOBAHHUS YMEHBLIAETCS NPONOPIMOHAJBHO O6BEMY
nop. Jror cnocob uaMmepesns 3hGheKTHBHOCTH BHOpaTopa Tpebyer
TIATENLHOCTH, BO3MOXHOH JHUIL B J460paTopuBIX ycaoBHAX. Jlad
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Puc, 14. Onpepenense 3oun Aekcreug puGpaTtopa

IOBCERHEBHOU NPAKTHKY CTPOHTEJALHBIX MUIOIIANOK MK IPYMeHANH
npyro#t, Goaee NpoOcToH cnocol KHCNBITAHUA BUGPATOPOB, NO3BOJLIO-
WMl onpesenuTh HX pagHyc ReACTBHSA B KaXXAOM OTA&JBHOM CHy-
qae.

Bufipatop ycTanaB/jHBAeTCA B KaKoH-1ubo TouKe ofbeMa Hccae-
nyemoro Gerona. Ha nopepxHocTd feTOHa CTaBAT CTajbHOH crep-
KeHb OHaMeTpoM 25 ma, BRCOToRt 1 x, NMOMICPKHBAR €ro B BEP-
THKAJbHOM IIOJIOKEHWU pyXoH, HO He HaAaB/I¥Bag Ha HEro
(puc. 14).

Bo Bcem ToM o6beMe, Tae 6eTOH HAXOAHTCA B COCTOAHKH pas-
KUKECHHA, CTEPKEeHb NOrpysurcd noa neAcTeEEM CBoero COOCTREH-
Horo Beca.” Pansyc rtoil nMIowamn, Ha KOTOPOHA cTepxeHL HOrpy-
MaeTcd OO OCHOBAHHA BUOPHPYEMOH 30HH, COOTBETCTBYET pamuycy
neficTBus BHOpaTOpa B IZaHHOM BamnpaBjacHHH. Bpems, HeoGxoxd-
Moe s TOro, YTOOH CTEPKEHb MNOrpy3ujicd NOJHOCTHIO B 6eToH
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#a DacCTOSMMM 7 OT BUOGpPATOPa, ONpelensier NPONOMKHTENLHOCTD
BUGPHPOBAHKSA, HEOOXOAHMYIO AAA TOTO, YTOGH COCTOSIHME Pa3KH-
KEeHMA NOCTHIJIO 3TOif TOYKU. ITOT NPOCTOH NpHeM [O3BOJSET Of1-
pedesuThL DPAacCTOAHUE MEXKIY TNOC/eA0BaTeNbHHIMH NOJOXKEHHAMH
2rp, B KOTOphie HYXXHO MOMeulaTb BHOpPATOp HA ONpefesieHHOE Bpe-
Mf ¢ AaA toro, 4ToOnl BHUGpHpOBaHMe PACHPOCTPAHHAOCE B 6eTou-
HOH CMeCH IO BO3MOXHOCTH PaBHOMEpHO.

TpamGoBanne u npoxarka GeroHa

Bn6puposanue GeroHHON CMECHM HA NMPAKTHKE HEe BCeria OKA43R-
Baercs NOCTATOYHBIM A MOJYYEHHS TeX BBICOKHX ILIOTHOCTEH, pac-
CYMTHIBATh Ha KOTOpHle JAaeT OCHOBaHHE TeopHs. BuGpupoBanue
NPUBOAHT B ABHXKeHHe OO0JbLIOE YMCIO YACTHU, W SHEPrusi, pacxo-
fyeMas Ha INpPeOLOJICHHE TPeHHUA, ROCTHTaeT 3HAUMTE/NbHLIX BeJH-
auH, [lposBiserca 3TO B HAAWYHK YKA3aHHOTO Bhlle Ko3ddu-
IIHEeHTa 3aTYXaHHA, KOTOPHIH wmoxer Jocrurath 15% Ha | cm w
CHJIBHO OT'PaHH4HMTh Danuyc Ae#cTBHA BUOpaTOpa B TeM Goabluel
CTeneHU, YeM O6oJiblile CTPYKTYPHas BA3KOCTL OETOHA W €TO BHYT-
peHHee TpeHne. BuGPHPOBAHHe CEeNeKTHUBHO M NPOH3BONMT YOJOT-
HEHHe TO/MbKO B OMNpenesieHHOM RHamasoHe KDYNHOCTH 3epeH B co-
OTBeTCTBHH € uacToTof. CXOPOCTH YNJOTHEHUS, BHauajle 3HAUH-
TeJibHasA, ORICTPO CHHKAeTCs, B pe3yabTaTe yero IQJHOE YRJAOTHE-
RHe XKeCTKO# GeTOHHOH CMeCh uacTo TPeOyeT TPOAOMKHTENbHEX
CpoXoB # GOJLLIOTO pAacxoda SHEPrHH, 9TO NPABOAMT K HaDYLUEHHIO
TEeXHHYECKHX YCAOBH# no npou3BoAcTBY pabor. Hanoxkenue, Hanpu-
Mep, NONOJIHHTEIbHOTO BHEIUHEro AasfdeHHsf B Ciydae NPHMEHEHHSA
pu6porpamboBanua TpeGyeT HCIOJb3OBAHHA SHEPTrUH, BO3PaCTAIO-
mel nponopuUHOHAJLHO KBAApaTy 3TOro AaBaenus. Ilpemen 3gzecw
fAocruraercs Gweictpo. Hakonen, ckener u3 nawbosiee KpymHHX 3a-
noJnKTeNeR (B TOM Cnyuae, €C/H 3epHa HX CONPHKAcamTCs Mex1y
coboil ¥ HX pebpa NOCTATOUHO NPOUHBI) MOMKET OKa3aTh CONPOTHB-
7ieHHe BCAKOMY VYTJIOTHEHWIO, AaKe eCAM PACTBOP U AOCTHl YKe
COCTOAHUA pa3kKHKeHHs. B Taxnx cayyasax HabmioZaercs Bhifese-
HHe pacTBOpa, COMPOBOXK/deMoe O0DA30BaHHUEM TIYCTOT B BEPXHHUX
cnosix, C mpyroit CTOpPOHH, H3OHITOK PacTBOpa, KOTOPHIH, Ka3anolh
6B, MOr TIPUHECTH KaKylo-TO NOJb3y B NOROGHHX CAyyasx, NMPHBO-
OHT B Ae#CTBHTENIbHOCTH K OTC/A3aHBAHHMIO 3aNOJHHTENEH H K mod-
HATHIO MUAKOH a3kl B BepxHue CjaoH OeTonsoli cMecd. Mul Bu-
AHMM, TakuM 06pa3oM, 9TO DEUINThL 3aJayy YILIOTHEHHS C NpuMe-
HeH#eM OAHOro NHWb BUGDHPOBAHUS CHIBAET HHOTAA OUeHb TPYAHO.

MOXHO TNONKTATLCA HCNOJb30BATh HMEIOUIYIOCS 3HEprHio He-
CKOJILKO HHEIM cnocoBoM. Bmecrto Toro urofu pacnpefendrts ee no
BceMy ofbeMy OSTOHA, HMeeT CMBIC/H COCPENOTOMHTb €e B OTPaHu-
9eHHO{ 06aacTH, € TeM 4YTO0Bl BBI3BATh B HEM CABHTH IO NOBEPXHO-
CTAM HaWMEeHbIIErQ CONPOTHBACHUS 3TOMY BHIY ZehOPMHPOBAHHA
{TonoGHule cABMIY MOBAGKYT 3a COGOH NOBOPOTH! 3¢PeH M NPH ONHO-
BPeMENHOM BO3INEHCTBHE BHEUIHEro SAaBJEHHS BH3OBYT YIJOTHEHHE,
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KOTOpoe paCnpoCTPaHHTCS NOCTeNeHHO Ha Bechb oObeM GeToHHOW
CmecH. DHeprus nepelaeTcs NpH 3ITOM MNOCJAENOBATE/NbHHIMH yaa-
PaMH M UMNyJbCaMH, AOCTATOYHHIMH IJASl TOTO, YTOOH KaXKaw#l 43
Aux GHan crioco6GeH BHI3BATL BCIO COBOKYITHOCTb CABUIOB IR BBI-
MOJHEHHS 3TOTO YCJOBHSA; 3HEPTHR, NepefaBaeMasl KaxKIhM H3 HdX,
ROJXKHA NPEBHILATL HEKOTOpOe oNpeneseHHoe 3Haderue. Kamaomy
TaKOMYy 3HaUeHHI0 OTBEYaeT HEKOTOPHH npenen YMIOTHEHHS, Kako-
BH Ohl HW OBLIH YHCJO YAAPOB M UHTEHCHBHOCTL YIJIOTHEHHS; HHE-
MH C/0BaMH, OObEMHOE CXaTWe BO3PaCTaeT € KPHTHYECKOH 3Hep-
riefi W oTnenbHOro yaapa u [OCTHraeT HauGoAblUerc 3HayeHus
IpH HeorpaHHYEHHOM Bo3pactaHuu W.

Haznauenue pexxuma TpaMGOBaHHS OCHOBHIBZETCSI HAa oOnpens-
JerHH BejuudHm W, COBMeCTHUMON ¢ UMEIOUHMHCH HA MPaKTUKe
cpeacTBaMu 4 I03BOAAIOMIEH OBICTPO MOCTUCHYTL HOPMH YIJOTHE-
HHA, NOCT2TOUHO OAK¥3KOH K onruManbHOMY npeneny. MmenHo ra-
Kasi 3ajaua BO3HHKAaeT, B YACTHOCTH, B CTabH/M3AUMH TPYHTOB Oe-
TOHOM, [I€ MPH HHYTOXKHLIX NO3HPOBKAX BOIB NMPHXOAUTCS HMETH
Zeso ¢ BeCbMa BA3KHEM MaTepHasIOM, HENPHTOAHLIM AJs BHODHPO-
BaHUA MO [PYYKHHE OBOHCTBEHHOTrO €My BRICOKOro KoadhdHUHUeHTa
3aTyXaHH4.

TpauGoBanne npexncrasaser coG0H AHHAMHYECKHH MeTON BO3-
Oyxaennna B GeTOHHO CMecH CIBHIOB, NDHBOASIIHX €8 K ynjaorde-
Huto. Kasanoce 6nl, UTO, npusaras Cuniy, CTATHUECKH SKBHBAJEH(-
HYI0O 3THM HMNyJbcaM, MH OOMMHHE Onliy OGhl NMOAYUUTL Te Ke
pesyavTatel., Ha nese, omHako, 3Toro ofbiyHo ne 6uBaer. Ecau
GeTOHHYIO CMEChb, 3aK/IOUEHHYI0 B UWAHHApHuecKo# dapMe, mon-
BePr'HyTbL depe3 MOpIIEHb BO3AEHCTBHIO HECKOJBKHX HOCTaTOMHO
YHEPraYHBEIX YRapoB TPAMGORKOMN, TO 3TO NPHBOAHT K 6o.nee HHTeH-
CHBHOMY YMJIOTHEHHIO, yeM ecin OBl Ha TOT e NOpLIeHb AeHACTBO-
Bana cratudeckas Harpy3ka. [Ipn BospacraHum nocnenseit uxorna
NMPOHCXORUT HaXkKe pa3pyuleHHe 3amoaHuTesel — aBJCHHe, BeCbMa
penkoe NpH AeUCTBUH yoapHOH Harpysku. TeM He MeHee cyule-
CTBYeT BCe Ke YHCTO OuHaMuyeckuil addexr. BoszneicTsne ynapa
BeCbLMa KPATKOBPEMEHHO, OHO COMPOBOXKAZ2ETCA OCBOOOKICHHEM
AKKYMYJIHPOBAHHON B MaTepuaje VYNPYroit HePrHn H aXTHBHBIM
RasjeHneM, KOTOpoe, KaK ¥ npn BRGPHPOBAHMU, MOXKET NPEBHICHTH
fIOCTOSIHYOE BHELIHee AaBneHue H 06JeruHTL CABHMIW H Bpaliexud,
ABJAI0ILHECHE HEOOXOAHMEIMY YCJAOBUAMHM YNJIOTHEHHS.

Aro serko HOATBEPXKAAETCH OMBITOM, €CJAM BMECTO TOrO, UTOGH
TOABEpraTb COAEpXKallHicA B UHAHHAPe GETOH MOCTOAHHOMY NaB-
JIEHHIO, MB! BO3JEHCTBYEM Ha Hero NyJAbCHDYIOLleH CHA0H, H3IM=2-
HOWelicd OT MaKCHMYMa [0 BechbMa Majioit BeJIHUMHB C 4acTOTOH
HEeCKOMILKHX coTeH nuKiaos B 1 MuH. Mu ofHapymkum Toraa, uro
OKOPOCTh YINJAOTHEHHS NOBBIMAETCH, H 3TO M[03BOJiAET DOAYYaTh
BECbMA TJAOTHHE OETOHHL

OnucanHbli MeTORX HEeNPHUMEHHM, OJHAKO, B 3aBOACKOM MpOH3-
BOACTBE, 2 MOCKOJbKY YyCJOBHEM YIJIOTHEHHS BCEraa OCTalOTTA
C/IBHTH, AASA CO3JaHus IOCHAeRHHX NPUXOAHTCS nprberarb K HCKyc-
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CcTBeHHHM npuemaM. Ilpokatka oTBeuaer srtoff unesd, H3IMeHAR
¢iopMy 6eTOHHOR cMeCH nyTeM CHBHMra ONHHX €e JacTeR OTHOCH-
TeAbHO APYrHX. 3TO -~ MNOBCEAHEBHMW MNpueM IUITYKatypa, yusior-
HSIOUWIEr0 YKJAAKBaeMbii UM CJAOH WITYKATYPKK NyTeM pasraaxd-
BAHUA €10 MacTEPKOM. JTOT XK€ NPUHUMN HCMOAb3YeTCA ¥ B 3a-
BOACKOM MPOH3BOACTBE Xene300eToHHLIX 8aj0K pas/iHuHBX 1npo-
Gbunei.
Popma Bearon
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Puc, 15, INpokatka GeToHHoH ABYTaspoBol Hadku

BeronHas ¢MeCh IPH OPOKATHOM cnocole NpPoM3BoACTBA yKJa-
nreaercs 8 (HOpMy, CIOCOGHYIO ABHraThCcg B NPOLOJILHOM Hamnpas-
JIeHHH, ¥ NOABEpraeTcs AEHCTBHMIO BaJKOB, KOTOPHE, BAABJIHBANCH B
€r0 MOBEPXHOCThb, BHI3LIBAIOT NONOPedYHHle H NPONCJbLHBIE CHBHTH
ero uacthiu. Kak mokaszamo ua puc. 15, Basku BrapaHBAOTCH Ha
MOCTENMEeHHO BO3paCTAlOULylo TAYOHHY, UHCIO XKe MX OuhBaer pas-
JHYHEIM B 3aBHCHMOCTH OT CJOXKHOCTH (opMOBKH. Takum nyTeM
yaaercs nosyuaTk GETOH BeCbMa BHICOKOH IIOTHOCTH.

Mexauunuecxkoe ofe3soxnBanue: BHGponpeccosanue, neHTpHdyrupo-
BaHHe, BAKYYMHpOBaHHe

IMocrosHHas 3anaua, ¢ KOTOPOH CTANKHBAEGTCS CTPOHTENb, HMEIO-
Wuk nesio © GeTOHOM, — HEOOGXOAKMOCTL OGRCTEUHTH  XOPOY
YRoGoyKaaAnBaeMOCTh GETOHHOK CMeCH C HaHMEHbIIKM KoJjxde-
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CTBOM BOXH — IPHBEJA K HCNMOJAL3OBAHHIO PA3JIHIHHIX TeXHHUECKUX
NpUeMOB ee pellleHAA. Mbl yXe OCBeTHAM HEeKOTOPHE NPaKTHIeCK4@
BONPOCH BUGpUPOBAHHA ¥ TpaMmOoBavus, [lepexoanum renepb K onu-
CAHMIO Pa3JIHYHBIX CHOCOO0B MEXaHUYECKOro O00e3BOMUBAHRR Oe-
toHa. [IpHHUHN MX CBOAMTCA XK TOMY, uto 6ETOHHAA cMech 3aMe-
IMBaeTC HA BOJAe B KOJMUeCTBE, AOCTATOYHOM NAS TOTO, YTOGH
YRKJIAAKY ee MOXHO OblIO NPOM3BeCTH Ge3 BCAKUX 3aTPYAHEHHH;
MOCJIe XKe YKNaNKH H3NHWHAS NS TBEpPAeHHSA BONA TeM WJH HHKIM
criocofoM H3 Hee U3BJEKAeTCA.

Camu#i npocrofi cnocob ofe3Boxusanust — npeccoganue. OnHa
#3 CTEHOK (hOpPMH, NPUMeHAEeMOH B 3TOH ONepallHH, ycTpaHBaercH
nporvuaeMol AJR BOAW H HeNpoHUUaeMol aJs ueMeHTa. Deton
nojaBepraercs AABJGHHIO, NDHYEM NPHY HEKOTOPHIX YCJAOBHSX rpany-
JIOMETPHUYECKOTO COCTABA MJIA 3TOR HeAW HCNOAb3VEeTCH [aBACHUE
camoit soan. llocneansia HarHeTaeTcs CKBO3b NOPHUCTYIO CTEHKY,
Bhi3HBASA YNJOTHEHME XECTKOrD ckejerd. IJTOT [pneM CcTpajaer
GonpwinMu HeynoOGcrsamu. Ou Tpebyer, Kak yxe ObiIO CKazaHo,
enenyanbHoOro noabopa 3epHOBOr0 COCTAaBa, NIPH KOTOPOM OTAeib-
fible 3€PDHA HE CONPHKAacalTcs MEXAY colo#, NpeaoCTaBasid, TAKUM
o6pa3oM, BoJe BO3MOXKHOCTL NepefaBaTh BHelUHee nasjenue. OH
npennosiaraeT HaJH4yHe NPOHHUAEMON W B TO XK€ BpeMf CONMPOTUB-
Jaouefics BEICOKHM NaBaeHuaM cTeHkH hopmul, Hakoneu, npuMene-
HHE 3TOro cnocoba COnpAKeHo ¢ GOMbIIKMY 3aTPaTaM# BPEMEHH, TEM
661bIIMMY, 4YeM ILJI0THee cTaHOBHTCA OeToH. DTOT Mei10d Hawen
NpEMEdeHre B pa3Hoo6Pa3HBIX CTPOUTENBHEIX 3a4ayaX, B YACTHOCTH
o Obla Hcnoan3oBan Opeficcune (Freyssinet) npn mnsrotosneHun
TpyOuaTHX cBafl, MpefHa3HAYEHHBIX AJA YCHJEHWS OCHOBAHHA TOX
371aHHEM MOpPCKOro Bokzana B [aBpe. Ha3saHuui#l uxxkeHeD ocTpo-
YMHO couerTan BUOGPHDOBaHHe ¢ NPECCOBAHWEM, NPHUYEM MoOC/IenHee
HMEJ0 CBOMM Ha3HadeHWeM KOMMNEHCHPOBATh BHYTPeHHee TPeHAe
CKeneTa OG'BEMHRIM paclMpeHHEM M I[03BOJAMJO, TakHM O0Gpa3oM,
ofe3BpeauTs peakuHio 3Toro ckesera, JlasreHnue NPOR3BOIUIOCH
THeBMATHYECKHM COOCOGOM C NOMOIUBI0 HAAYTOH BO3AYXOM HO-
OYLIKH.

OHUM W3 METO0B 06e3BOMWBAHUA, YKe H30aBHA NpuMeHde-
MhIM B TaK HA3bIBAEMOM UREHTPOGEXHOM IPOlecce MPOH3BOACTRA
GeTOHHBIX TPYS, ABAAeTCA yenTpuyeuposanue. betonnas tMelh
noMelllaeTcs B UWJIHHAPHUECKY TPyGy-hopMy, Bpawawouwlylocs ¢
Gosbiiofi crkopocThio. LlenrpobexkHas cuaa or6pachiBaeT OeToH Ha
CTeHKY (OpMb, OTKJAalhiBas €ro 10 BHYTPEHHell ee NOBEPXHOCTH
cioeM paBHoMeprOH ToNmiMHbL. ()TAe/bHBIE 3€PHA CMECH CTPeMATCH
NpH 3TOM pACNpeRenuThCs co06pa3to KPYMHOCTH, NOCKOAbKY HPH
HanboOMbIIe)l BeNHUYMHE OTHOWIEHUS O0bemMa X NOBEPXHOCTH OHH HC-
NBITHIBAOT HAKHMEHbIIEE CONPOTHB/ACHHe TePeMeLIeHNI0 B BA3KOR
cpege. B pesyabrare Gumkaikliufi K HAPYHHOH NOBEPXHOCTH H3TO-
TOB/NEHHON TPYGH CJoH OGeroHa OXKAa3bpiBaeTCAd TWIOTHO CJOXMEHHBIM
U3 3anoHWTesiell ¢ MHHAMAJbHEIM CONepxKaHHeM pacTsOpa, npo-
MEXYTOUHEIA KOHLIEHTDMYECKU# cjaoff cocTaBaferca C H36bBITKOM
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pacTBOpa, M30HTOK Ke BONBEI C GONBLLIMM HAH MeHbLUHM KOJHYect-
BOM LEMEHTA OTTECHAETCS K OCH TPYOH, OTKyZa €My MOXKHO AAaTh
¢redb.

ITpeumyillecTBa ONHCAHHOrO METOIA He HCUEPNLIBAIOTCA TeM,
4gTQ OH MO3BOAAET NOJAYYATH OETOHB BRICOKOH [POYHOCTHU: OH HEHEeH
elre H TeM, 4To AO0NYCKaeT HeMeANeHHOf H3BJ/JeYeHHe HU3aenaHd H3
dopMel. Jina sToro HyXHO, uyToGH GeToH O6/ana] 3HaunTe bHOMN
MLUIOTHOCTHIO, ¢ KOTOPOH CBA3aHBl M BHLICOKHE KOID(HUHEHT BHYT-
pennero TpeHus, ¥ OZOCTATOYHOE CUCNAEeHUe, HPOHSBOHHMOE nei-
TPOOEXKHON cHioft nepeMenienne 3epeH, NpUBOASNIEe K YNAOTHEHHID
£MeCH, NOJDKHO f1pecloJsieTh WMEBHHO 3TO BHYTpeHHee TDEHHE. ue.ﬂe-
c0o06pa3HO NOITOMY MONLITATECH COCTABUTHL TAKYIO CMeCh, KOTopaf,
ofnanas MajnbiM KoohdHUHEHTOM TpeHUsA, Aomyckajna Obl GmicTpae
pBelcHHe B AeliCTBME KanWANAPHOTO cuenaenns. Pelwenue smh
3ajady CJEAYeT HCKATh B MEJNKO3eDHHCTHIX (PPAKUHAX 3€PHOBOTO
COCTABA, M 4acTO OHO NOCTHraercs N00aBKOfi pecbMa TOHKHX MHHe-
paabHBIX [NBIJIEBUIHBIX MaTepHanos. BeceMa moJsesnoe BARAHAE
IIpH BLINONHCHHH UEHTPOOEKHOH OTJHBKH MOMKET OK23aTh TaKXe H
onHoBpeMertoe BHOpUpoBaHue, B camom meae, oHo ocaabaner Win
RaXe YHHYTOXK2eT TPeHUe, NPENsATCTBYIOllee MepeMeUleHHIO 3epeH
¥ BOJOOTAEARHHUIO; TIPH CONEHCTBHR e BuOpDUDPOBaHHA TnoCiednee
yckopsieTcs u nporekaet Gosee nonHo. BubGpuposanue 3nech Moxer
GHTE OCYLLECTBJAEHO NPOCTHM CMOCcO6OM — NYTEM HAPE3KH HEpPOB-
Hocrelt Ha poauxax HeHTpUdyru.

CaMbiM COBepIUEHHHMM ChnocofoM MexXaHWYeCKoro oGe3BOXKHBa-
HUS ABASETCA B8aKyyMuposanue. DTOT NPOUECC 32KJAIOUACTCH B U3-
BJEGYEHHH K3 YJOKeHHOro 6eTOHA YacTH BOAH Hepe3 NPOHHLAEMYIO
CTeHKY, HA BHelUHe#l MOBERPXHOCTH KOTOPOH CO3RAeTCR BAKYYM,

PasbficinM npuMeHeHHe 3Toro cnoco6a Ha NPOCTOM NpPHMepe
0eTORKDOBAHHA NAOCKOH TOPH3OHTAJLIIOR NAHTH B onaaybxe llo-
Clie TOTO Kak 0eToH ¢ NOCTAaTOYHHIM MJs JIETKOR YKJIaldKH KOJiHye-
CTBOM BOIbl 3aN0JHKT 0Naay6Ky, Ha ero sepxHew, cBobGoaHo#l mno-
BEPXHOCTH yCTaHaBAHBaeTCH BakyyMm-uinT. OH npencraeaser cobow
paMy ¢ ykpenjesHo#l Ha Hell NMPOUHOA pelweTKoH, MeTannnuecKoH
ceTKoH, a TaKKe B HEKOTOPHIX CaAy4afAxX xjonuatofyMamHsim duabr-
poMm. 3anHAsg rpaHb Heray6o0KoiH paMbl repMeTHUECKH NpPHKpPBIBAeTId
JHCTOBBIM MeTannoM, a 06pa30BaBwascA TakuM o6pa3om BHyTpeH-
H94 NONOCTh NPUCOEIHHARTCS K BaKyyM-Hacocy. I1lo KOHTYpy pambl,
€0 CTOPOHBI pELIeTKH, YKJIaNbiBaeTCA BAJHK H3 MATKOrDo Kayuyka,
C TeM 4yToOBl ofecneuHTb BO3ZYXOHENPOHHUAEMOCT: BAKYYM-UIKTA
0 JUHUH CONPHUKOCHOBEHMS €ro cC MnosepxHoeTbhio Getona. Ha Ba-
KyyM-uldTe ycTaHasnuBaercd obblaHO W BHGPaTop, KOTOPHU my-
CKAaT B X04 C CAMOT0 HAavana, 4rofinl 00eCNedHTh NJIOTHOE COMpPH-
KOCHOBeHHe BaKyyM-lluTa ¢ G6eToHoM. B BakyyMm-mpoBoAKe, Ha He-
KOTOpOM paccTodHyd OT BBOAA Yy IIIHTA, BKJAKOYAETCH MHHOMETP
(BaxyyMMeTp) A8 KOHTDOJIR DAa3pekeHusd, a ngaJnee, 3a8 npHcoend-
HeHneM K rubkKomy WNAHry, YCTaHABIHBACTCA OTCTONHBIR 6ak, Kyaa
focTynaer orcachHiBaeMas u3 Getoda moxa. Paspexenue, coznasae-
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MOE B BaKYYM-IIUTE HACOCOM, BHI3LIBAGT OTCACHBAHHE BOAK H3
6eTOHa M OTBOA €e B OTCTONHHK.

Ocrtaerca Tenepb BHIACHUTh, KakuM 06pPa3oM NPOHCXOXUT BO-
HOOTAeNEHHE H 0OYEMY B pe3yabTate ero Habialogaercs 3aMmeTsoe
MOBHIeHHe JIOTHOCTH 0eTOHa.

MHonoxum, uto Mmacca Gerona Ttomuuxodl "H orpanuuusaercs
aByma naockoctaAMi AA’ — cBOGONHON NOBEPXHOCTBIO (CONMpHKA-
calomiefica ¢ OKPYXaOUHM BO3AyXoM) u BB’ — genponunaemoix
CTEHKOH,

Hakpoem naockocts AA’ pakyyMm-muroM (puc. 16), mocraTowdo
GOLWIKM AAR TOro, 4TOOL! Mbl HMEJM NpPaBO PaccMaTpUBaTh 3a-
nauy Kak oAHOMepHyio (OfHOro rapamerpa 2z). BakyyM-wHT co-
anaer na AA’ paspexenne — I, neficTBHe KOTOPOrO BHpa)kaercs

4‘0 A A’

‘0. M pei cemyvambng:.,
g - Gelve

N éi-'.'-d
S e

FANAA  SUUNUR AN UM NNV

2z
Pue. 18

B TOM, 4TQ OHO NMOGYXKIAeT cojepKaluuecs B 6eToHe BOAY H BO3AYX
ABHTaThCs B HAnpaBjeHud z. Bmecte ¢ TeM oHO co3maer nasne-
Hue + 11, xak pesysbTar peakudu pamul u pemerku. Ilo wanpanne-
pio Oz, B BO3pacTalilunXx paccrosuusX or O, pasmecTiM MaHO-
METPHI, NpeicTaBafOUIMe cofofi rOPH3OHTAJIbHBIE, HANOJHERHBIE BO-
noit TpyOGKH, Ha ONHOM KONUEe KOTOPHIX MMEeTCd MOALH cerdaThlil
WapHK, yepes KOTOPHIi 3aKjiouenHas B TpyOke Boma coobumaercst
¢ GetoHnoli CMeChpKW, APYTrHe Ke KoHuw TPYyGOk coobuwaworca ¢
PTYTHBIMH MaHOMeTpaMu (BaKyyMMeTpaMH).

Hamepum Tenmepr mo ypoBHAM CTOAGHMKOB PTYTH B MaHOMeETpax
pa3p8)KEH!{Fl Ha [pPOTAXKEeHHW HEKOTOPOro HWHTEepBaJa BREMEHR.
B Touke [, Gaumailliek K BAKyYM-IIMTY, He NPOM30#IET HHUETO
3aMeTHOrQ 10 HACTYMJEeHHS MOMEeHTa BpeMeHH #i. B 370 Mruoseuue
B TOuYKe |/ BO3HHKHeT paspemeHue, CHayaja OHo OyAer BO3pACTaTh,
3aTeM CTaBHJH3HPYETCH Ha MOCTOSHHOM 3HaueHuu. B Touke 2, pac-
NoAOXKeHHoN Aaaviue 0T O, paspexexHne HacTynaeT no3linee W cra-
Guan3npyerca Meanennee. Booblue yeMm najblne paccMaTpubaeMmas
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TORKZ OTCTOUT OT MoBepxHOCTH AA’, TeM ¢ GOJBLIEM OMO3ZaHHEM
cKaxercsd B Hell BJHsAHHe Bakyyma u TeM caalbee OyzeT B Hel Bul-
PaXKeHO B KaX Ik oTMevaeMBIH MOMeHT paspexexnue. Kpome TOrO,
rPafyupOBaHHLH OTCTOHHMK (MeH3ypKa), DpHcOelMHeHnbii K Ba-
KYyYM-CETH, NO3BOMUT H3MEPUTHh KONAUECCTBO H3BACUEHHOH K3 OeToMa
BOJB. DTO KOJNHYECTBO DABHOMEPHO BO3PACTaeT CO BpeMeHeM X
CTPEMHTCA K NpelesbHOMY 3HaueHMIO, ZOCTHTas ero K TOMY Mo-
MEHTY, KOrZa BCe MAaHOMETPH CTaOHAH3HPYIOTCS Ha Da3perKeHuH
I[, . BonooTnenesue 3aKaHUMBAETCH, Kak TOJbKO ZaBlieHue ypas-
HoremmBaercd. OTcacuiBaiolliee AefCTBHE BaKYyM-LIMTA CO343eT B
BOJE pa3pexeHue, T. €. OTTATUBAET €€ H3 GETOHa, H3MeHeHHe Xe
paspexeHus onpepessieT JeGUT NPHTOKA B OTCTOHHBIN Gak.

B onncaHHOM cayuae MBl UMEAH B0 ¢ 06eTOHHOH cMechio, 3a-
TBOPEHHON Ha Bole B KO/MJeCTBE, AOCTAaTOUHOM MJS TOrO, HTOAM
BHYTPHU CMECH HE BO3HHKAJO BO3AYVIIHBIX KAHAJOB H HCUE3AH Ohl
RaxKe yc/aoBHA Ajs ux oGpasosanua. Ilepeiinem temepn k GerTowy,
Bao6opoT, OueHb XKEeCTKOMY, ©1af0 YWIOTHeHHOMY, U NOBTADXM
Ham onkT. [[eGHT BOAB! OKaXKercsl pasHeM Hyaw. OrcachiBaThes
Ha 3TOT pa3 GyAeT BO3AYX, H YOeAHTLCS B 5TOM MOXKHO OyneT, eciH
3aMeHUTh B HAMMX MaHOMeTpax BOLY- BO3AyxoM. B crabuawvaoe
COCTOfIHHE OHM NPUAYT NOYTH MrHoBeHHo. [lockoabKy saxaua ca-
CcTOHT B 06e3BOXKHBaHMM OeTOHa, HeoOxoanMo, utofnl B BOZE BO3-
HUKJIa DPasHOCTb HaBJeHHH, HO 3TO OKAXKeTCsd HEBO3IMOMHHM NPH
HaJWYUM HenpepelBHOH BO3AYWHOH (paznl. Derod, nosaexaniui
BaKyyMHPOBAHHIO, JO/DKEH COJepXKaTh HEKOTOPOe MUHHMANLHOE KO-
aqugecTBO BOAH. MI3 onelTa Mbl HAWIAH, YTO B 3aBHCHMOCTH OT CO-
AeprKaHusl NeMeHTa W AJ. HeNPepLIBHOTO IPaHYJIOMeTPHUeCKoro Jo-
CTaBa 3anojmnutesell W3 KapbepoB llapmickoro paikoHa 3TO MHHH-
MajibHO€ COAepKdaHHEe BOAB JAC/JKHC BRIPAXKATECA ChACAYIOLIHMH

uuippamsu:
Conepxxayiue Munimansnoe Bono- MURHMAABHOE KOAK-
HeMeHTa UeMenTa0e OTHOLWISHHE 4ecTso BOAN B 4 M3
B k2, M BI
100 1,7 —1,8 170—180
150 1,15—1,? 172—180
200 0.8 —0.85 160—170
250 0.656--0.7 162—175
300 0,55—0,6 165—180
350 0.5 —0,55 174—192
400 0,456—0,5 180—200

Mul BHAKM, UTO HEOOXOAMMOE MHHEMAJbHOE KOJNYECTEO BOIH
OCTaeTCA MOUTH NOCTOAHHREIM AAf Pa3/IMYHHX 3HANEHH{ cOoldepKa-
HUst 1eMeHTa B GeTOHHOH cMecH. OHO BecbMa GJH3KO K KO.HUECTBY
BOKI 3aTROPeHHS, HEOGXOAHMOMY AJf NOJAYUEHHS NAAcTHYHOH Oe-
TOHHO# CMeCH, WHBIMM CJIOBAMHM, K KOJAHYeCTBY, crocofuoMy obe-
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CTeYHTh HEMpPepHBHOCTh XKUAKON (a3pl. 3aMeTHM, 4TO eClH 3To
YyC/AOBHE HE BRINOJHACTCA fOyTeM NPHHATHSE CNEULHaAbHbIX Mep npn
YKIanKe, TO Lelb MOMET OhiThb ROCTHTHYTA NPEABAPUTENbHEM yn-
JIOTHEHHEM, B YaCTHOCTH BUODPUDPOBAHHEM.

[1peAnonoKKM NO3TOMY, UTO YKa3aHHOE YCJOBHE BHINOJHEHO #
919 nAocKoCTh 2=0 mpeacrasisieT coG0H NOBEPXHOCTL BCACHIBAHUN
(puc. 17). Paspexenue pacnpocTpaHseTcs B IayOMHY co BpeMe-
HeM ¢, caenya kpuroft AB, uMelomell nepejoM B z=Z, npuueMm
4acTh ee BZ NpHHHMaer Hamnpas/eHue, OJAH3K0e K BEPTHKAAbHOMY.
Caoit AB npeacrapasier (UALTP, NPOXONHMEIM B JAHHBII MOMEHT
BOZOH, H3BJEYEHHOR M3 CJa0#, pacno-
JNOXKEHHOro 38 Z npwu paspexesny IL,.
Touka nepesoma Z nepemeinaeTcsd Ha
yepTee BNPABO CO CKOPOCTbIO U, B
3TO COOTBETCTBYET NPOXOKIEHHIO BO-
Abl CKBO3b (PHALTP, YPABHEHHE KOTO-
poro, ecju npeHebpeun GecKOHERHO
MaaNM@ BTOPOTO HOPHAKA, HMEET
BRI

By

N
A
I
@
—~
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Nt

Puc. 17

®Oyuxnua e(Il;) npencraeaser co-
60l OTHOWIEHHE MEXIY KOJHYeCTBOM
BOJb, TOTAIOLIEHHOH 3JAeMeHTapHHM O0BEMOM, H paspexeHHEM,
YCTAHOBUBIIMMCA B 3TOM of0beme. B 1essx YNpolUeHUA IPHMEM
TMOOTe3y, YTO 3TO OTHOUIeHHe JHHEHHoe:

e = g ]I,
roe s,— HauyaJbHOE KOJHYECTBO BOJH, colepxkauleiticd B GeToHe,
OTCl0g2 OCTATOYHOE KOJIMYECTBO BOABI ONPEIEJHTCH KaK BeJH-
9¥H2
g =g, (1 —1I),
APOMNOPUHOHAJIBHAA [AA4BJCHHIO 10 MUHUMAJLHOIO €ro 3HavyeHHA,
3aBHCALUETO OT CTPYKTypW OeToHa. YYHTHIBAS 3TO, MOXHO HAaNH-

caThb

. az
l == eOHlW .

Mu MOXeM Takxe BBECTH THNOTE3y H OTHOCHTEJIbHO TIOBEPX-
HOCTH BCAacChIBaHHs, TNOAOMKHUB, YTO KOJHYECTBO BOXHI, H3BJEKaeMon
34 eIHHHIY BpeMenH, l]pOIIOpHKOHaJIbHO paspeXenuio

i=all,.

PaBeHCTBO Ae6HTOB, BHPAXKEHHHX HBYMA CHOCOOaMH, NPHBO-
ZHT K COOTHOLLEHHIO
A

a]I'== g, H'_Tif s
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CKopocTs pacnpoCTPaHeHHs NOBepXHOCTH BZ aas AaHHOro Ge-
TOHA SABJAETCA BeJHYHHOH nocTosHHOH. IDTO caexyer H3 ONHTA,
yxaabléaaromero, YTO B 3aBUCHUMOCTH OT 6GeToHa 3Ta CKOPOCTh

o

0="“"§ MOXKET A3MeHsATLed oT 1 jgo 2 CM/MHH.

PaccmoTpum Tenmeps GUALTP, 3aKJaOUeHHBIR Mexay O u 2
(puc. 17). Ox ¢yuxunonupyer no sakony apcu:

s dl
l——-K—d;' .

Kosh¢uuuent nponnuaeMoctn K 3aBHCHT oT of6bema Top X
ymenbwaerca BMmecte ¢ HEM. Caenys Tepuarn (Terzaghi), ero
MOXKHO MPEeICTaBUTb IMNUpUUEcKOd QyHKunen:

K=}152=}L(1 — ﬂ]"e\":,
BHpa)KEHBe pif8:! JIEGHTZ B ‘Ka)K)IOi;I TOYKe TOJAYYHT TOFEE BHX

= — (1 =102 40

Ecnu nebut coxpaHser NOCTONHHOE 3HaUeHHE AJISl BCEro (hHJIbT-
pa, TO MHTErpHPOBAHHE TIPEABIAYILEro BHpaXKeRus Raer

e
= L2 (118 — (1 —T0)*],

BropuM aseHOM B KBaAPATHHIX CKOGKaX AONMYCTHMO 31ecCh Mpe-
uefpeup. nockosabky BeawunHa II, 6auzka & exunuue. 3amedsns
HepBHIN 4ieH BRIpaXKeHHeM

i = 1)E(J]I" s
Mbl TOJYIHM COOTHOIICHHE MEeXNY Il n 2

PR L B Ul LV
=3 m,
apupasHuBas xe =1, ¥ 2=Z, naxoauMm BMeCTe ¢ TeM I 3a-
BHCEMOCTD MEXAY ITHMH ABYMS NEpPpeMeHHBIMH:

___bee (1 —0,p
Z= 3u u, -

[ayGuHa xXe BaKyyMHPOBaHMA TeM GoJsblue, 4eM ‘GoJbllie OTHO-
€
wenne -

KonnuecTBo Boal! E, u3sneueBHON B MOJOXKEHHU Z, JIerKo rojy-
YHTH H3 3HAYEHMA HHTerpaja NepBOro BRIpAXKEHHs, B3ATOro MEWAY

v



npegenamu I, nu 1, ¢ no6aejenueM K HeMmy nponsseneHus e, ZIL,,
Mbu! nionyudMM TOraa

E=2Ze, _3“:47: L

rre BMecTo Z cJjeayeT TNOACTABUTHL €F0 3HadeHHe H3 NOCAeaHerd
supaxenns. Ha npaktuke U; onpenensercs n3 npubnuxeHHOR

L] w a
dbopmynbl, NPHMEHHEMOH INA HHTepBAJa 3HaUeHHH '”;To"z Mexay
0,10 u 3 uau ana uxTepsana 3uavenult Il; ot 0,6 go 0,1:

I, =0.225 - 0,115'g ::, ,
Tae -:—ﬂq-—nOCTOHHHaﬂ nJs Ha”HHOro THila 6erowa.

Cpenuas 3¢hdeKTUBHOCTb BAKYYMHPOBZHUS paBHA

= 7’1’. =1, [0,42 —0.0861g ﬁ-zi

Ecann qZ npesumaer 3, otHouwenne E/Z crpemntest K 2,/4.

Takum o6pa3oM, H3 MaCCHBZ HeorPaHUYeHHON TOJNUIHHEI MOXHO
H3BjIeub B JYULIEM Caydae JAuillb !/, BOAW 3aTBOPEHHA.

- Oas pasiuuHBEX HCMBITAHHbIX HaMH 0ETOHOB Mbl HAUIIH, 9TQ §
uamesseres or 0,01 mo 0,05, HO ocTaeTcs NpoBecTH elile OYeHb
MHOTQ UCOBITaHUH, YTOGE YCTAHOBHTL 3aKOH, KOTOPHHA n03BOMMA Gal
(HUKCHPOBATL TOYHOE 3HAUEHHWE ITOH BEJIMUHHH B 3aBMCHMOCTH OT
3€PHOBOr0 COCTaBa M Pacxofa UeMeHTa.

Bce Halu mnpeabiayluHe PacCyACHHA OTHOCHJMCH K MaccuBy
HeOTpaHWUEHHON TOJNWHHBL. B OTHOmMEHHWH OrpaHHYeHHOTO MaccHpa
MOET NPEeACTABHTLCA HECKONbKO PAa3JHUYHEIX Cay4aeB: rpakb, Npo-
THBONOJAOXKHAR BAKYYM-WHTY, Moxer OHITh Au60 CBOGORROM, AMGO
npukpuIToit Gosee HM MeHee npownuaemoll onaay6ko#t. Ecanm sra
NMOBEPXHOCTh cBoGORAHA, HMYEro oCOGOTO He NPOH3CHAeT N0 NpH-
Ganmenna K nosepxHocty Z otcaceisaHud. Ecau 3uadenwe 1II; no-
CTaTOYHO BENHKO, B CHCTEMY NPOHHKAET BO3AYX, W NPOJAOAKATh
OnepauMio B 3THX YCA0BUAX Owlic 6w onacHo. MabaTne BOAm He
KOMNencypoBanocs O B 3TOM CJayyae YIVIOTHEHHEM, H MBI A0-
CTHPMK OBl AWlIb BREICYWKBaHKS OeroHa (€ ycaakoir).

O6paTtnMcs Teneps K C/Ay4aio, KOTAA NPOTHBONOJOXKHAS TPaxb
3aMuikaeTcsl HenpouHuaeModl CTenKoH, H MOJOXHM 4TO Z ZOCTHraeT
cTenku. MMeercs JMup TeOpeTHuecKH BBeNeHHHE HaMH GHJALTD,
pesepsyap xe orcyrcrByer. Ho ¢usinTp 3arpyxed eme Bomxoit, ¥o-
TOpaf BCACHIBAeTC N0 XOPOWIO HM3BECTHOMY 3aKOHY THAPABJMKH.
JaMHHAPHOTO TeYeHHs

&

de radi
ar - —Ke, gz2 *

Jaa paccMaTprsaeMorc HaMu ciayvast STO ypaBHEHHe TOUYTH He
rnoafaercd pPeIICHHIO, W HaM OCTaeTCH YROBJAETBOPHTBCS YTBED-
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xaenueM, uto GyHkuua II (Z) BechbMa MeNJIeHHO CTPEMHUTCH K 3ua-
gegnio JI = IL ; 3To 3HauuT, uro BaKyyMHpOBaHHe O6yaer npore-
Karbh C BeCbMa MaJo# CKOPOCTBHIO, CTPEMsICh K CTaUMOHAPHOMY CO-
CTOAHHUIO.

PaccmoTprM, HakoHell, NMPOMEXYTOWHHI cjy4aff, Korga rpaHb,
NpOTHBOMNOJOXHASA BAKYYM-IUHTY, CONpPHKacaercs C NPOHKUAEMOH
onaayBrofi. Paspexenne Il noaxHO 6yRer Ipexie RCEro Npeoio-
JeTh KaMMAJIApHOe HaTdaXeHHe, CYILEeCTBYWOMIee Ha 3TOR TIpaHH, d
jaTeéM [0Tepr) Haropa, OOGYCNOBJEHHYIO Haj HYHeM onanyb<d.
BaKyyMupOBaHKe NpPOTEKAeT, TaK KE€ KakK U B NpeANAyileM Cayuae
HEeNPOHHRAEMONR onany6Ku, 70 KOMUeHCAUWd 3TON NoTepu HANopa,
nocJe 4ero B CHCTeMy INPOHHKaeT BO3AYX, H AajgbHellras pabora
ponxHa OBITb TIPUOCTAHOBJIEHA.

O6paTtuMcsl Teleps K pe3ysbTaTaM BaKYyMHPOBAHUA, B 4acT-
HOCTH K MpoueccY YIJIOTHeHHA. I1pexpme BCero 3aMeTHM, UTo OTCOC
BOARl, OCYLIECTBJAEMEH paspexenuem II, mpeBHInaeT KOAHUYECTHO
BOjIK, H3BNEKAEMOH M3 TOrO e (erTOoHa MOf CTATHYECKHM 1aBJe-
BHeM TOM e BeJWUMHBL. 1IpHumHA 3TOrO ABJIEHHA 3aJ0KeHa, 10-
BHAHMOMY, B TYPOYJEHTHOCTH MOTOKAa OTcachiBaeMofl Boamnt, Bo3aefi-
cTBYIOINeH Ha 3epHa GeTOHZ TaHTEHUHaNLHBIMH cuiaMu. [IpoTHBO-
HeACTBYS BHEIUHEMY A4BJEHMIO, STH MOCAEIHHE NPHBOAAT 3epHa O
BpallaTesbgoe ABHIKEHHe, [O3BONAS MM 3aHsiTe GoJjee YCTORYUBOE
IO/JIOXKEHHe M CRoCOoGCTBYA, TakUM o6pasoM, ModydeHuio Oojee
mioTHoro ferona. B cBexeM coctosiHuu 3TOT GeTOH o6gagaer ceepx
TOr0 ¥ APYFHMH OCOGBIMM KAueCTBAMH, B UACTHOCTH UEHHHM CBO#-
CTBOM CBfI3HOCTH, KOTODOE HO3BOJsfieT OBICTPO TPOU3IBECTH pac-
nany6ky Ge3 ywepba naA COXPAaHHOCTH NPHHATOH MM (HOpMHL

CBA3HOCT, NOACGHOMO DPOJZ MAaTepHajOB OOYC/AOBJEHA Ka-
OHJUTAPHEIM HATS)KEHHEM Cojepxaileficss B HHX BOABL Dtoil BOXSH
3anoNHAgeTCd MHOMXKECTBO KaHaloB B OeTOHe, ApHYEM KaxablH 43
HUX 3aMHKACTCA [IOBEPXHOCTBLIO PaBHOBECHH BOA& — BO3LYX, Ha KO-
TOpYI0 HeHCTBYIOT CHJIBI IOBEPXHOCTHoro HarsKenus. CoBoky!-
HOCTh 3THX MOBepxHOCTed o6pa3yeT cBoero poxa o000UYKY, Heupe-
PHBHO OGBONIAKHBAIOILYIO Bech 3aKANYEHHBIl BHYTPH Hee MarepHadt
# CO3RAKIYI0 B HeM CBS3HOCTb, MPONOPUHOHAJBHYIO MOBEPXHOCF-
HoMy HaTsxenuio. Ecan Bonza nMeerca 8 H3ObITKE, MOBEPXHOCTHOE
HaTAMXeHWe NOAY4AeTes CAabHM M CBS3HOCTb HHUTOWKHO MaJofl.

IMpusoas B neficTBHe BakyyMm-Hacoc, Mbl, KaK YXXe CKa3aHo, CO-
3gaeM B Kaxno#t Touke o6beMa paspexeure Il n HamjexaeM 43
GeTOHHOH CMeCH HeKOTOpoe Koaudectso Boawt ¢. Ocramwinasics
Boga (&, — &) OKa3blBaeT CONPOTHBJEHHE OTCachBalOUWemy JHeil-
trpHio paspexenust I, 3T0 3HAUHT, 4TO OHa HAXOMMTCA NOA AeH-
creueM Hatsikennsi II. BosgeiictBys B cBow ouepedar Ha 3epHa 3a-
MoNEHTeNeH, oHa BHI3WBaeT B HHX Coxartue, [Ipexpatum Tteneps
oTcacuBaHue; B OETGHHON CMeCH OCTaHeTCs BOAA, KOTOPYK 0Ka3za-
JOCL HEBO3MOXKHBIM H3BJI€Yb, HOTOMY UTO KanH/IAPHOE HaTANeE-
Hye, cmA3biBalOllee ee C TBEPARIMM YaCTHIAMH, Ha OecKoHeudo
MaJIyI0 BeJIHYMHY NPEBOCXOANT Da3pexeHHe, HMEOUlee MeCTo B TOM
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xe caMoM ajeMeHre ofbema. Ecin B 6eToHHON CMeCH OTCYTCTBYET
OCHOBHOE YCJOBHE BAKYYMHPOBAHHS —— HENpephiBHasg CeThb BO3AYLl-
HBIX KaHaloB, BOHMA BCE K€ OCTAeTCR B COCTOAHHH HaTAXeHHd, 110
kpafiueil Mepe KpaTKOBpeMeRHOro, CoCTOsiHHe 3TO He MOXKET, OI-
HAaKO, COXPaHATbCA MOCTOSHHEIM. [JoZ BAHAHUEM MOBEPXHOCTHHIX
HaTSUKEHHH, KOTOPHE Yoke He OYAYT H4XORUTLCS B DABHOBECHH, 1DO-
K30{1eT HOBOE Nepepacnpesiesende BOAH, a WMEHHO UacTb eée Noj-
BepryeTcsi BCACbiBAHHIO K3 o6JacTel, CpaBHATEIbHO Gojee yBraXK-
HeHHHX, B oOsactd GoJgee o6e3Bowenune. Csf3HoCT OyideT NO-
3TOMY Bce YKe MeAJeHHO NPHOJIMXKATLCH K COCTOSIHHIO PaBHOMCD-
HOro pacnpejeseHus, ecan npeHeG-
I3 peyb JEHCTBHEM Ha BOAY CWJH TsH-

JKECTH.
Ecau GeTOHHYIO IWIHTY NOABEpr-
HYTb BAKYYMHUDOBAHHIO Cpeikell UH-
TEHCHABHOCTH 2, CO[VIACHO BAHHOMY
BHILIE oONpefesieHH0, Ha ray6HHY
, Z=H, to cpeaHee cuenaenne oyner

9 paBuo (NpHGIHIKERHO)

a7 C=-m =042 —0,0861g L7 .

Oas ¢=0,03, ¢,=0,18, H=
Puc, 18 =10 cm MB Ha@geMm

C=0,375 rz.cM.

Berou, cremoBatenbHo, MPHOGPEA 3HAYMTENBHYIO CBSIHOCTh, HO
OH CBepPX TOT0 TOABEPrcs NPeCCOBAHHIO, NMOCAEACTBHEM YHerc sIBH-
JN0Ch YBeJHYeHHe BHyTpeHHero tTpenus. Ilpsimas Kysona (puc. 18)
nepevemtaeTcd COOTBETCTBEHHO H3 MOJOXKeHHst AB B nonoxeHue
A'B’. TlonoxuM JAnsl YOPOUIEHHS, YTO TpHPAlleHHEe BHYTPEHHErO
TPEHHA NPONOPUHOHAJIBHO YILNOTHEHHIO:

r__ 189
g =;"—¢-

ConpoTHB/IeHHe CXKAaTHIO, OTOGpPaKEHHOe rpapuuecKy nHaMer-
POM OKPYIKHOCTH, KacaTelbHOH B Hayasle KOOPIUHAT, ONpPEAeNUTCH
BHIp2XKeHHeM

2C

Ryme e e
I/H(‘tg?ﬁ)”--l

Bosppamaschk K Npexbiayliemy npuMmepy u nosaras tge =0,5,
HaiigeM R.=1,2 kefcM?, T, e. 3HaueHue, TOPANOK BeJHUMHBI KOTO-
poro Haules MOATBepXKJeHHe B HCnbITaHAAX. [LOCKOJBKY MIOTHOCTH
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fGeToHa paBHa NPHOJAHSUTENBHO 2, 3TO 3KAYHUT, YTO NOLOGHEK GeTOH
crniocoGeH COXPAHUTH BEPTHUKANBHHIE OTKOC HA BHCOTE
1.2

h:——————_= > = 3 .
5167 60C cm =6 m

DetoH, caeaosaTesnpHo, ofgagaer AOCTATOYHOR TIPOYHOCTRIO HAR
TOr0, YTOGHK MNOEBCPTHYTBCA HeMeAJeHHON pacrnaaybke, uTO BO
MHOTHX CJy4asix IPeiCTaBjsieT OoJblUHe BERIFOMLL.

BakyymupoBanue, NDUBOASLIEe K HEMeMJICHHOMY HapaCTaHUIO
NPOYHOCTH 332 CYeT MACHCTBHS KamUAJAADHBIX CHA, B TO Xe Bpeus
CO3RaeT M 3HAUNTEJbHOE TNOBHIIEHHE NJIOTHOCTH GeTOHHOH CMecH,;
9TOT ABOHHON 3hdexT obecrneunBaer K BecbMa BLICOKMe OKOH4a-
TeAbHBIC 3HAUCHHA MeXaHWuecKoli TPOYHOCTH O BaTBepfeHHH Ge-
rona. CaMoe TBepieHHe IIPH 3TOM YCKOPSIercs, IOCKOJLKY B pe-
3yJbTATE CHHXKEHHS BOJOUEMEHTHOTO OTHOIIEHRS [pOHCXoRfAulie
OPY TBEDASHMH XHMHYECKHe NPOIecchl DACTBOPEHMS H PCKPHCTEN-
JU34UMM TpoTeKaoT OnicTpee. TPYAHO BRIPA3UTh HTH 3ABHCHAMOCTH
KakdM-Mnbo o6lIuM 3aKOHOM, HO HX MOMKHO WIAIOCTPUPORATL 3aTO
HexoTophiMU onwmTamu. [lnnta TommuuHoft 10 cm w3 Getona ¢ pac-
xogoM ueMeurta 250 xe/#® nocne BAKYYMEPOBAHWS B BO3pacTe
2 RHeif moxazajna Ty jKe NPOYHOCTBb, YTO M KOHTPOJbHBIN 0Gpasel B
Bospacte 3'/; AHell, BAKYYMKPOBaHHAS ¥Ke IJHTa B BoOapacre 3'/y
IHeH — NMPOYHOCTb, PaBHYW 7-NHEBHOH NPOYHOCTH KOHTPOJLLIOroO
o6pasna. JocturaeMoe BaKYyMHUPOBaHHEM TDHPAIEHHE NPOUWHOC(H
BoIpaXkaercs NpubauznTeabo 50-—100% Ha omua meup ans Gero-
HOB ¢ pacxonoMm ueMmenra 250-—300 xef/#®.

[ToBniliene OKOHUATENLHON MPOUHOCTH 3ABUCHT, OYEBHIHO, OT
KOJIMYECTBA BOAHI, OCTaloileiics B GeTuHe Toc/le BaKyyMHPOBAHHS,
4 nosyyaercs TeM Oojiee 3HAUHTENbHHIM, YeM MeHbILe OCT2eTcs
STOH BOAL. BHIroaHo MNO3TOMY CHMXKATb IO BO3MOXHOCTH HO3M-
POBKY BOALI 3aTBOPEHHHA, MOCKOJNBKY KOJHMECTBO OTCACHIBAEMOH
BOJIHl TIPONOPUMOHAJIBHO 3ITOMY HAUabHOMY ee KOJHUECTBY; OXA-
HaKO, ¢ APYrofl CTOPOHEL, NMpPH Tpe3MepHOM YMeHBbIIeHHH 3TOro KO-
JAMYECTBA CO3JAETCA PUCK, KaK 3T0 yXKe Obij0 YKa3aHO BIe, HO-
JAYYUTH TPYAHO YKJIAARBAEMYIO GETOHHYIO CMeCh, He MOANAOLLYIOCS
BakyymupoBasuio. CyllecTByeT, CJeI0BATENbHO, OnpejeseHnas
HUXHASA TPAHULA BOAOCLEMEHTHOrO OTHOLIEHHS, 3aBHCALLAN OT 3€eD-
HoBoro cocraBa. ONbIT CBHAETEJLCTBYET TAKXKe O TOM, UTO BaKyy-
MUDOBaHHe OKa3HBACT TeM MeEHbIee BIMSAHWE Ha TIPOYHOCTb, 4eM
fosbiie NPHHATHE PACXOM UEMEHTA TpPEeBEIIAeT OOHUHYI HOPMY
250 ke/m3. HuXe NPHBOAATCH 3HAMEHWS TPOYHOCTH, TONYYEHHHE U3

HCNBITAHHR:
Pacxos neMenta TTosbwenne TPOUYBOCTH
B K2[M gepes (00 xxel B %
120 29
250 70 80
300 40-45
400 14




Berton ¢ pacxoiom ueMenta 120 x2/u® 6bl1, BHAMMO, MOPHCTHIM
¥ BOMONPOHHUAEMEIM B CBfI3M C HEAOCTATKOM MEARHL (paKiui.
[lpun noBaBnesun B HEro AOCTATOYHOrO KOJHUECTEA MMHEDaJ/bHOIl
MYKY BaKYyMUPOBAHHE BHOBb CTAHOBU/IOCH 3b(EXTHBHEIM H Hapa-
CTagHe npouHocTH ARocruradc 756%. Betom ¢ pacxomom nemexra
250 xe/M?® MOXKeET [OCJE COOTBETCTBYIOUIEro BaKyyMHDOBaHHS 06-
HAPYXHTh TIPOUHOCTb, GoJiee BBICOKYI, 4eM GTOH ¢ pacxOmoM Le-
merita 400 k2/m%, Ho He nonBeprwiyéics BaKyyMHposamuwo. llpax-
THKA NPH 3TOM [OKA3HWBAET, YTO HA3HAUATH AJAA BAKYYMHDOBAHHSH

Baryyr
Wl

Baryyrwgum

CmaapHod
dax

uex / N Pmymusra mawo-
Mypma us == —_""Memp-ﬁm(yyﬂﬂemp
NEAUCTINZ0 RQY YK Tpydne nanginewnan Bodod

Pue. 19. Uenmitateasumil npubop, npuMenseMuit npu
BaKyyMHPOBaHKK OEToHa

Geronos pacxongel uementa csorme 300 xe/u® He npencrariaser, no-
BHAMMOMY, HUKaK®HX BHTOA. BaxvyMmMupopaHue ¢ npuMeHeHMeM He-
nporunaeMoll onaaySkH ¢ [MPOTUBONOMONKHOR CTOPOHRI MOXKET lipn-
BeCTH Kk oTcocy Godee 50% Boant 3arBopenust. Ilpu 371oM MoxKeT
CAYMHTLCA, UTO OCTaBuledcss BOAH HE XBATHT S TOro, 4Tofnl ofe-
CIIeYyHThr THAPATALKIO LeMeHTa, H Torha OeTOH BHOBbL NpHIETCH
yBAaXHATL. Jlas Toro uTobu uaGexaTh 3TOH HeHYKHOH paboThl,
BaXKHO 3HATb MO BO3MOXKHOCTH TOYHEE CKOPOCTH PaclpOCTPaHeHHs
BAKyyMa ¥, a TaKXe KOJHUECTBO BOJHL, OTCACHBaeMOH B emuHULY
BpeMeHH, ¢ TeM uTo0H KHMCTh BO3MOXHOCTbL NPEKPATHTE BAaKYYMii-
POBaHHE B HYXKHBIR MOMeHT. [[as 3ToH wnean OblI HCNOJB30BAH
oyeHp TpocToi nprbop (puc. 19).

CranpHOH UHAMHIPHYECKHH NWHK, OTKPHITHIH CBEPXY M CHAO-
KEHHBIH BHYTPH MyQTOH H3 NOPHCTOPO KaydyyKa, 3allojfHeH Ha Bsl-
coty M, T. e. 10 nau 20 ¢m, coo6pasto HccaeayemMoMy cayuato, Ge-
TOHHOH cMecblo. B croefl HMXKHel uactu GetoH coobulaercs ¢ PTYT-
HEIM MaHOMETPOM ¢ NOMOUILIO TpY(KH, HanioJHeliol Bogod. Ceepxy
OH HAKPHIBASTCA BAKYYM-IHTOM C TOJOTHSHBIM (HJIBTPOM OOBIY-
HOFO THNa, 4 B BAKYYM-ceTb BBOAHTCS MEH3YPKa, MO3BOJANICUIAN
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#3MEPHTb KOJHYECTBO OTCOCaHHOH BOAH. Ecan GetoH npoHMLaeM H
HEeNpHUIroden 1A BaKyyMHDOBAHHA, DTYTHHE MaHOMETPH HAYMHAIOT
HeMelIJieHHO JeHCTBOBAThL M BOja U3 HHXKHel TpyGKM BcachiBaeTcs.

[TpeanonoxkuB nostoMy, uro Gerod o0aagaeT COOTBETCTBYIO-
U1AMH  KauecTBAMH, Mbl YCTaHaBAHBAeM Ipexie Bcero Aebur B
HYHKUHY BPeMEHH; MaHOMETD B ONPeNeJeHHBIH MOMEHT BpeMeHY
serynaer B Aeficrbue. Bpems, Heo6XxoauMoe AJSl BBHIKJIOWEHMS M-
HOMETpa, yKaxeT HeoOXOAUMYIO APOAOIKHTENbHOCTh BaKVYMUPO-
BAHUA B COOTBETCTBHH C TOMIUMHON 00pa3ua H TIO3BOJIMT BEMHCIHTH
CKOPOCTh pacnpocTPaHeHHsl Bakyyma, Eciu MH XKejaeMm npoaon-
HUThL HpOHece Ha IHeNpoHHNaeMoll onany6xe, To nepHoOpPHPOBAKKBIL
AMCK, 3aMbiKaloWUH TPYSKY MaHoMeTpa, ClelyeT 3aMeHWTb lefb-
HuM auckoM. [locje BakyymupoBawMs MOXKHO B3fiTb obpalen Ge-
TOHA M N0 HCTEeYeHNHH HECKOJLKUX AHeHd TBepueHus HU3MepHTb aKy-
CTHUECKHWM METOAOM MOAYJb YNPYroCTH, ¢ TeM YToObl ONpeaesaHThL
HapacraHve MPOYHOCTH B COTOCTABJAEHWHM C KOHTPOJBHHM ofpas-
LOM.

Pa3peaphas yknaZka 0eToHa M pacrsopa. AKFTHBU3AUMSA PAacTBOpa

Beros, yksnaapBaeMH# 3THM C€nocoGOM, 7. €. NMyTeM TpeaBapi-
TeabHOl HAGPOCKH KPYNHBIX 3amoJiHUTeNeH H [HOCTeIyIomed 3aMuB-
Ku HX PacTBOPOM, NpeacraBiasier cOOOH CMech ¢ TIPEepPHIBHCTHIM MO
HEOGXOQUMOCTH TPaHy/JIOMETPHUECKHM COCTaBOM: OH COCTOMT H3
CKeJieTa KPYIHBIX 3ANOJHHTeNeH, MYCTOTH MeXjy KOTODBEIMH 3anol.
wsorcst pacrsopom. Ho camasi mHTepecHast OcofeHHOCTL ero Ipy-
TOTOB/ICHAS 3aKAHGACTCH B TOM, YTO 3TH KPynHbe 3aNOJHHUTENH
YKAaABIBAOTCA Ha MeCcTo NpeaBapuTesbHO HAaCyxo, LEMEeHTHPYIO-
INMit e 3T 3epHa PacTBOP BBOAUTCH B YIKEe V/OMXKEHHBI CKejer.
Kak nokaseipaer onbiT, 3TOT MeTOZ NPEACTaR/SET H3BECTHOE mpe-
HMYUECTBO C TOYKH 3DeHHS HHTCPecOB NpOH3BoacTBa padoT U Mo-
KeT 0Ka3aTLeA LCMecO06PA3HBIM HA HEKOTODBIX CTPOUTEBLCTBAX.
Ias Toro uroGpl B CYXVi0 CMech B3alOJHHTE/EH BBeCTH PACTBOP,
Heo6Xo1uMO, YTOGH TMOCACAHKE HMMCN AOCTATOYNYID TeKydecTb
(noaBrkuocTs). C 3T0H UEABIO 3aNOTHUTETH MOMKHO MO/IBEPIHYIL
BUGPHPOBANMIO C 4aCTOTOH, HOCTATOUHON AJsI MPHBENEHHS PACTBO-
pa B cocTosHMe pasKHKeHuA., Ecau peub WICT O MaJOMCPHBIX U3-
Aequsax (ans c6opHOro O€TOHZ), TG 3TC MOMKHO BHIOJMHHTL Ha
06biuHol BuGponOmatke (Ha CTaHKoBOM BuGpatope). B HHBIX
Clyyasx 3Ta 3a4aua pellaencs NpUMeHeHnueM BHYTPeHHero BuOpa-
TOpa, K KOTOPOMY M HpucoexuHsieTcs Tpyba, BBOAslas pacTBOp B
Macey 3anoiHHTeds. PacTBop pacnpegessercs B 3TOM cayvae uo
BCell 3owe B paanyce neficrsua BuOparopa.

ST10T MeTOA MPOX3BOACTBA PaGOT C HCIOJb3NBalIHEM MaJOBJAXK-
HEIX PAacTBOPOB M BLICOKOWACTOTHOH BHOpalluM aeT OCTOHEL, Tpod-
HOCTL KOTOPHIX Ha CXRaTHE Mo¥er npesaoktd 1000 xefcm? Tlepe-
d4aYa HanpsyKeHHH NPOU3BOAUTCA HPEHMYLIECTBEHHO 3¢DHAMH 3a-
NONHUTeNst, HEnOCPEACTBEHHO, PacTBOP e, OyAy4YH CPaBHUTENBHO
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nedopMUpyeMBIM ® 0(sanas MeHblek NPOYHOCTHIO, HArpyxKaercs
3fech B MeHbUIeH CcTenewd, uyem 3anofuuTesu. Hyxuo, ognaxo, 3a-
MEeTHTh, UTO Taxoll Gerod, npuodperawouiuil oueHs GHCTPO BHCOKYIO
(IPOYHOCTh, TEPSET CBOIO CNOCOOHOCTh K AajbHeHINEMY YHDUUHEHHIO
M Jlaxe yTpauMBaeT yme NOCTUTHYTYIO NMPOYHOCTh, €CNH ¢pend, B
KOTOpOﬁ IPOHCXONUT €70 TBepAeHHE, HEAOCTATCUHO BJAWHAA, Pac-
TBOpP B 3THX YCJIOBHSIX TOABEPraeTcs Vcalke, BHI3BIBAET PacTHATH-
BaI0H(Me HANPSXKEeHHs BHYTPH <KeJera 3anoanuTeNell npu qocra-
TOYHOM BeJWYMHE S5TOr0 pacrTAXeHus o6pasyeT TPeUMHbH M OTAC-
nsieTcs OT 3eped 3anosHuTessi. CBepxX TOro, GeTOHBL TOT0 THMNA 05-
HAaDYXHBAIOT BCerAa HU3KOE CONPOTHBJIeHMe pacraxenaw. [lpu-
YHHA 3TOr0 3aKJ0yaeTcsd B HEAOCTATOUHOM CUEIVIEHHH leMeHTa C
0BEPXBOCTHIO 3aNoJHUTe e, B o6HYHEX 6eTOHAX OTAeJbHBble 3ep-
Ha 3amoJHUTeseit NoABeprarTCs NPW BepeMellnBaHWM BIAUMHOMY
HCTHPAaHMIO, B Pe3y/nbTaTe Uerd WX NOBEPXHOCTb OUHIAeTCA OT 3a-
rpsA3HeHuil; HEeNOCPEeACTBEHHOe CONPHKOCHOBEHMC LIEMCHTA C 3all0d-
HHTeNAMH Of0ecleunBaeTcs NpH 3ToM To O0Jblneli MOBEDXHOCTHA, H
cuenJsicHHe oCyliecTBafeTca GoJjee mogano. Mexay IByMS cocTab-
HBIMH dacTAMH O€TOHA 3JieCh YCTaHABJAMBAETCA XOpouUlast MexaHu-
4eCKast CBSI3b, KOTOPYIO Heab3st 0GHAPYXHUTE B GeroHe pas3aenapROH
YKJaZKH, THe Ha OTACABHBIX 3epHAX- 3anmQJHHTEJCH OCTaeTcs NObLIbL
UJIM 2Ke TIOBEPXHOCTHAS MNJeHKa BJIaTH.

Onucanuplif HeJOCTATOK, KOTOPHEIM <€rpajaloT GEeTOHH pasgelb-
HOH YKJAgK{, HADHTOTOBAsEMbie Oe3 IepeMeUIHBAHHS, TNPEACTAas-
Jfercs, OAHAKO, LEHHbHIM IOCTOHHCTBOM B 'HEKOTOPRIX CJAydgasx.
K HUM MBI cefiudac H TepeXOAHM B €BA3H C TeM, YTO NS NpHBENeHHS
pacTBOpa B COCTOSIHHE TeKydecTH OblIC HAaHIEHO MHOTDO H APyTux
cnocofoB, M3BECTHBIX TIOX OOIMM HaUMEHOBAHMEM aXTHBM3alldH
pacreopa.

K emecu, cocrosiulefi ¥3 MHHePaJbHOH THAEBHIHON Macchl H
BOJLI, NpeXbsBisiercs TpeOopaHue, YTOOH OTHeJbHBE ee XOpOWo
CMOYEHHEIE WACTHIBI HEMOCPEACTBEHHO TOCAE H3reTOBJEHHS Oblid
paBHOMEDHO pPacHpeleseHEl M OTZEJAEHLl OZHA OT APYro#l NJACHKOH
®uakoir ¢asel, Ho nonobuasi cMech, HeoGs3areJsHo CoxXpaHser
yCTOMUMBOCTh: CYIIECTBYIOT CHJABL, KOTODBIE CTpPeMsaTcsl COAM3HIL
UACTHUB MeXIY <COBOH,—3To Tak Ha3biBaevible CHJB Bau fep
Baaxs (Van der Waal); uMmeiorcs, ¢ ApPyroii <TOPOHBL, M CHJB
3JIEKTPOCTATHUECKHE, CKA3HIBAIOUIHE TPOTHBOAEHCTBHE CHJIAM NpUTS-
HKeHH. '

[Tps oOTCYTCTBHH cHMJ NpPHTSKeHWs o6pa3oBaBllieecsi M3 CMecH
TECTO TeYeT, KakK XKHIKOCTh (OHO He o0sajaeT BHYTPEHHHM Tpe-
nHeM). B cOCTOSIHEM NOKOA B HeM BO3HUKAET MPOIECC OCAKJCHUA,
TaK KAK NOX ASHCTBHEM CHJIH THMXKECTH OTIEIbHBIE YaCTHIIB B HeM
OyayT omyckaTbes BHHM3. B HuxHeH uwacTh KoHTeliHepa, conep¥Xa-
ero Takoce TECTO, COCPeJOTOUHBAIOTCS NMPEeHMYLIECTBEHHO TBepAble
4aCTHIb, Ha NIOBEPXHOCTb K€ erc BBICTYNAeT BOJA, HHEIMH CJIO-
BaMH, Oyjer TIPOUCXOMUTb TakK Ha3eIBaeMoe orciausatue, I1pu po3-
ReHCTBHH K€ CHJ BHYTPEHHErO NPHUTANKEHHS OTAENbHBIE 3epHa Oy-
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JYT CAHN2TbCH B XJ0NbfA, H Mhi OyaeM HMeThb JeXo ¢ TaK HasbBas-
Mot Quoxkyasuueil HJAH Koaryasuuefi B3BecH ({xJonbeoGpasoba-
gueM). KIMeHHO 370 M NpPOHCXOAMT B LEMEHTHOM TecTe, KOrAa B
deM IPH CONPHKOCHOBEHMH LeMeHTa € BOJOH HauMHaeTcs XMH-
MMYEeCKasi peakuus, NpuBoasimias kK O0Pa3soBaHUIO 3JIEKTPOJHTA,
KOTOPHIK B CBOIO OYeDPeAb BRI3BIBAET KOATYJSIMIO 4aCTHLL HEMEHTA,
B Taxoro posa CycrneH3HsiX BHICOKOH KOHUEHTPALUW 35TH XJAONbA
o6pasyoT CeTKy, noAofHyl0 CBA3Ke BHHOIPaAHBIX rposieét (moa-
DEPKHUBAEMYIO B XKUEKOCTH Kak epHHoe Ienoe), H 3To coobulaer
CMECH CONPOTHBJIEHHE TPEHMIO, T. e. MJAacTHUeckue cpoficTBa. Cmecs
npE TOM TepsieT CHOCOGHOCTH Teub, KakK Xkuixkoctk. M, ¢ apyro#
CTOPOHBI, KOAryJaaluA CHHXXAaeT CKOpPOCTh OCAXRIEHHA, a CJAef0Ba-
TeIbHO, H BBIJE/JeHUe BOAK CBEPXY, T. €. OTC/JAaUBAaHKE.

Besi Texnuxa aXTHBU3ALMM PAcTBOPOB CBOIHTCS K (PH3HKO-XH-
MHYECKOMY HJH MeXaHHWYEeCKOMY BMellaTeJbCTBY B Opolecc Koary-
JSUMA C Heablo BO3NEHCTEHS Ha ero MHTEHCMBHOCTH. 1Ipm GeToHw-
pOBAKHM pa3jesbHHM METOAOM (K TIPM LeMeHTaliMH) C HarHera-
HHEM PacTBOPa NOCACAHHH ROAMEH OBITE AOCTATOUHO JKHIKHM, ON%
TOro UTOOR €rs MOXHO ORIG HarueraTb Mo TpyBaM M uToGel OH
JIeTKO MOr 3anoJHATh Nopw ckexerta. Heobxoaumo, caenosarensHo,
4yTO6H €ero CONPOTHBRJIEHHE CRBUTY OnIO OB 10 BO3MOMHOCTH Hau-
MenpuM, Besikoe CHYMXKeHMe CONDOTHBJIEHMS CABHry ofseruaer Ha-
rHeTaHue. Dynyuu ye yjoxeHn, pacTBOD He HOMKeH HH paccaay-
BATBCH, HY TePSATL CONEPIKAULYICH B HEM BOAY: OH HOJIKEH OHICTPO
3aTBepIeTh, S TOTO YTOOH He NOABEPTHYTHCA NepeMEUWEHHSM, H
BHIIEPKAaTh BO3MOXKHEIE VKe C CaMoro Hauaja yKJajKH HArpysxs,
KaK, HanpHMmep, TMIPOCTATHUECKOe nABJEHHE HJIM THAPOAHHAMHMC-
CKoe BO3feiicTBHe (pasMuB). B pasnpHedlleM OH JOJKEeH HPHOG-
pecTH DaCUeTHHIE NPOUHOCTHRIE CBOUCTBA ¥ He NaRaTh UpesMepuod
ycanxu. Muaue roBops, pacTeop noJskeH ORITh XHAKHM, NMOKA UM
HaXQAHTCS B [ABHXKEHHH, M TBEPABIM -— B TIOKOE. TeXHHYECKHMH npH-
€MaMH C€TO HYXKHO CH@JaTk THKCOTPONHEIM, H 3TOTC MOXKHQ ROCTHI-
HYTL KaK XHMHGECKHM, TAK ¥ MEXaHHYEeCKHM IyTeM.

XuMpueckuil crnocof aAKTHBH3AHMH COCTOMT B TOM, YTO B BOAY
3ATBOPEHUS BBOAUTCY DPACTBOPHMOE RUCHEPrUpYIONice BRUISCTRBO
L1acTHOUMRATOP, CHOCOOHBIM YMeHbWHTh B3aHMHOE TPHTAXKEHHE
3epedH H COOEACTBOBATh BHIAEJAEHMIO BO3AYX4d U3 cMecw. Ilorsomgc-
HHe WMOJIeKyJ IractHdHKaTopa NOBEPXHOCTAMH TBEPAKIX HaCTAL
TPUBOAUT K CMa3Ke 3THX mnosepxuocrtefl. [Ipu stom HaGaiomaercs
CHHX<E€HYe BHYTDEHHEIO TPeHHA M CUeNJeHHs C OJAHOBPCMEHHOH Hd-
Tencu(pUKalLMed BONOOTAGNEHHSI, 210 TOCAeIHee OBCTONTENLLTBO
He UMeeT 3HAUEHWs, NOKa DACTBOP HAXOZUTCA B ABHKEHMH. 3aTeM
pacTsopy caeayer coOOLIMTb CBOWCTBA, HeOOXOMHMEEe eMy Ha MecTe
YKnanakd., DTo AOCTHIAETCS BBEJEHHEM B TECTO HEKOTOPOTo KOau-
YecTBa AMIOMHHES B BHAE TOHKOMOJOTOrO NOPOLIKA, CICLHAJLHBIM
06pa3oM 06paGOTaHHOTO, KOTOPHIH, BO3NeHCTBYS HA cojepixa-
IyloCcsl B LIeMEHTE W3BECTb, BHIAeASET H3 Hee MHOXKECTBO MeJbdail-
WHX, Ny3HPLKOB BO3AYXa. Ecan mas 3TOH PeakuuH CO3AaHH HAI-
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Jexallle YCIOBHSA, TO YJOXEHHHH Ha Mecro pacrsop Oyper 3a-
KJ049ate B cefle BOBJCUEHHH BO3AYyX, ©0064adaTh CBA3HOCTHIO
(cuensieHneM), HENPOHHUIIAEMOCTbIO, He Syaer ccamiaarTeCst B oOHa-
DYXKHT Jerkoe HalyXaHMe, NpPOH3BOAA ciaboe KPaTKOBPeMeHHOE
naBJeHHe Ha OKpYyXaloiuye ero TBEpPAnle 3epHa 3amnoyHHTeNed.
DTOro AaBJAeHWA AOCTATOMHO AJA TOTO, YTOOH Pa3BHBaoUieecs NpH
3TOM CONPOTHMBJEHHE CABUrY ofecneuwyo ycrokiuusocts. CBepx
1010, YKa3aHHOe 1aBJeHHe KOMIEHCHPYeET, no XpaliHelli Mepe or-
4acTH, BO3MOXXHYIO B IIpOLECcCe TBEPAECHHA YCAIKYy.

B HeKoTOpHIX Cnyjasx B IEeMeHT MOXHO BBeCTM Nopomkoobpas-
HYI0 n0o6aBKy BeckMa TOHKOrO nomoja (6ojee TOHKOTD, 4YeM ue-
MeHT) CO CBOHMCTBaMH [yU0JgaHa, KOTOpasi HE TOABKO yaydliaer
TBepAeHHe OeTOHA, HD W 06pasyeT, KpoMe TOro, MeXAay 3epHaMyu
3aTI0JIHATE IS CBOErg poAa BA3KYID THKCOTPONHYIO CYCTEH3Wi0, No-
CAEXHAA ADPY TPAHCHNOPTHPOBAHHH pactTBopa gaBafeTca (aKTOPOM,
NPOTHBOACHCTEYIOIWHMM KOAryJisiLiHH,

MiMeHHO 37O CBOKCTBO YacTHL TOHKOMOJOTHIX MaTepHajoB Npu-
ofpeTaer 3HayeHAe B MeXaHWYeCKOH aKTHBH3auuH. [lefcTBHTENBHO,
eciu UeMEeHTHOEe TEeCTO NONBEepPTHYTh AKTHBH3ALMH € OY€Hb OOJBUINH
CKOPOCTBIO B CHEHHANbHOH MeNbHHIE, T. €. CO3AaTh OUeHb BHICOKKE
TPaAHeHTBHl CKOPOCTH, TO YacCTHUBL, COOCOOHBEIE HEMEHTHPOBATbhCA
B OoJsee KpynHble CKON/JAeHHd, GYAYT CPasy XKe pa3beIHHATHCH, a
CofepXaluuicsa B HEX BO3AYX GYIAET M3 HUX H3BACKATHCH. DTHM HC-
KJI0YaeTcs BO3MOXHOCTS KOATr'YJIALMH LIeMEHTa BO BPeMs TPaHCHIOp-
THPOBAHHA, HO HHYTO He OGYNeT NPENATCTBOBATL €ro THApaTamuy.
[Mocnegnss coBepuiaeTcss B TNOBEPXHOCTHOM <Joe 3epen. Yacrb
3TOTO CJIOSI OTPHIBAETCH NPH ABHIKEHHH M ocTaerTcd B BOJe BO B3BE-
mendov cocrtosiHud. C  mpexpalleHMeM ABHIKEHUS Medbuadmue
KPHCTA/NBl TWAPATOB, HAXOASULHECs BO B3BeUIeHHOM COCTOSHHH,
06pa3yoT KOJJIOHA, KOTOPBIH NPENATCTBYET MW BO BCAKOM CJIYYAL
CHJbHO 3aMeAJAET Apouece Koaryasuud. TakuM IyTeM MOXHO mpd-
OCTAHOBHTL KOATYASIUMIO, a 3T0, KAK M NpUMeHeHHe AUCTEpPFApYIO-
HiMX BEIecTB, NaeT BO3MOMKHOCTb HATHETATh pacTBOP C GoJdbHIero
PACCTOAHKS M CTAGHIH3HPOBATH €I0 NO BBeJeHHH B (eTOH.

Ho srta npoueaypa tpebyer 6OAbIIOH TIMATENLHOCTH INPH HPO-
BefeHny ee Ha npakTHKe, Jl03WposKa BOAB 34TBOPEHHS IOJXKHA
6LITb NPOH3BeAeHA C HKajJexallledl TOUHOCTHIO, NOCKOJBKY BCAKHN
H3JIAUIEK BOAR! [IPENATCTBYET 06Pa30BAHHIO KOJJIOMAA H TeM CaMBIM
anHyanpyer s¢¢exT Bcell TMpouenypH. Peonoruueckue Xapakrep -
CTHKH AKTHBH3MPOBAHHOTO PACTBOPA MOXKHO HCC/ACADBATh, H3MEPSH
ero nefur (pacxon) B TPyGe upu mnorepe Hanopa. Ilpexae scero
MOXKHO 3aMeTHTb, YTO BBITEKaHHEe PacTBOpa HANOMHHAET cKOpee BHI-
EaBAHBAHMe 3YGHOH fJacThl H3 THOOMKA, T. €. YTO H3 HAKOHEUHUKZ
AOCTYyNAeT NPH 3TOM TecTO B (OpMe UHJIMHAPA, 4 HEe BA3KAH XKUJI-
KOCTb. DT0 TeCTO 006Ja1aeT BHYTDEHHHM TPEHHEM, OKa3piBaeT co-
NPOTHBJEHUE KOHLUEHTPHUECKOMY CHABHTY (CKOJABKEHHIO), MOYeMY
TaKoe CKOJL)KEHHE H NPOHCXOAHT TOJABKO B TOHKOM, BS3KOM CJOQ,
PacniofioXeHHOM Ha IOBEPXHOCTH KOHTaKTa Mexay Tpybo# u Te-
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croMm. Ecau Met usMepiM xebut U B QyHKnMH notepu Hanopa—%Z— R

TO Ha#jeM, YTO A0 HEKOTOPOro OMpefejseHHOI's 3HAYeHHS MoC/et-
Helt oH Oyler OCTaBaTLCH PaBHHEM HYNWO, B JajbHelueM Xe Oyner
BO3pacTaTh N0 AHHEHHOMY 3aKOHY BHAZ

- a(&-4)

rne A — HaMMeHbllee 3HAYeHHe NOTePH HAMopa, ACNyCKawllee Ha-
THeTaHue,;
Q — K03 pPULUHEHT pacxoaa.

Kak ofuiee npasuao, aKTUBH3alUWSd pPacTBOpa BaeueT 3a coboi
pozpacTaine A, T. e. NPHJMNalHe PacTBOpa K CTeHKaM TPyGal
B 3ToM HeT HHYEro YAMBHTENHLHOrQ, NOCKOMBKY KOATYJASUKSE YCHIK-
BAeT B3aWMHOE€ NPHUTMKEHHe YacTHl, HAXOAAIUXCHE BO B3BeUIEHHOM
COCTOSTHMH.

Csepx Hanopa, HeoGX0AMMOTO AJS TOTO, YTOGH HAYANOCh BHITE-
KaHWe, aKTWBH3aUHS DPacTROP2 NPHBOLHT BCErZa M K YBEJAHUEHHIO
pacxona. Ba3kocTh TOBEPXHOCTHOTO CJOS, B KOTODOM CKOMARIOT:
MeHee KpyNHbie YacTHUH, CHHXKaeTcd. Jo6aBuM, uTC TNOBHILIEHHE
kosphuunenTa pacxona Q B pesyibrate aKTHBU3IALUN NOJyYaeTcd
TeM OoJblle, YeM MeHblle A03HPOBKA BOAb. HaKOHel, H3MepeHHH
BOJOCOTRE/JEeHH] CBHAETENBCTBYIOT O TOM, UTO MexaHuygeckas aKTil-
BU3alUs CHU)KAeT OTCAAUBAHLE, €CiH BOAOLEMEHTHOE OTHOLleHde
HHXKe ONpeleNeHHOr0 3HAYEHH#, 38BHCAMENr0 OT cocraBa Geroda
H Jaexamero B HHTepsane 35—60%. Kakue Onl CBOHCTBA pacTBOpa
ME HM MCCJEHOBANH, BCEPAa NPUXOQAUTCS BCTPEUaThest C 3THM KpH-
THYeCKUM 3HaveHueM B/, cBA3aHHEIM, NMO-BHIMMOMY, ¢ o6pasosa-
HHeM KO/JIOHJa B NMPOCTPAHCTRE MeXAY 3epHaMM M ROCTYNHHIM om-
peneNeHHi0 TOJLKO H3 ONHTA, DTHM Xeé KPHTHUECKHM 3HAuSHMEM
OMPEeReASETCH ¥ OTHEeNeHME Mecka, H3MeHRIoWleeCs B TeX XKe npo-
ROPUUSX, YTO M BOROOTAeseHHe. [IpaKkTHUecKoe NpHMeHeHHe Mexa-
HUYecKo# AaKTHBH3alHH lipeacrtasasder cofofi MnostoMy IOeno, Tpe-
fyioiee oT MHXKeHepa GOJBIMIOr0 TEXHHUECKOTO 4YYThd M YMeHHd
CIeNATh NPaBHJAbHLIA BHIGOD MeXIy NMPOTHBOPEYHBLIMA YCAOBHAMH:
HeoOXOANMOCTbIO OGecleudTh BO3MOXKHOCTL HarHeTAaHUS pacTBOpa
H ONMACHOCTLI erc paccnoernst, Ilepen HauyajoM DPOH3BOACTBA pa-
60T nOMKHEL GHTE TUIATEJNHHO NOCTABJEHH WCHLHITAHUS, HEabIO KO-
TOPLIX SBJISETCH BHIABJAEHHE AO3HUPOBKH CMECH ANA TOUHOro cofio-
IeHNs ee Ha NPAKTHKE.

bBeronw ¢ BOBieweHHBMM Bospyxom. [lnacrudmkaropm

Boneuenne B 6eTOH BO3AyXa AOCTHUraeTcs NOCPEACTBOM nolau-
MeHUST K LEeMEHTY X BOJAE 3aTBOPeHHH HEKOTODOTO KOJHUYECTBA NEHOo-
06pasyioulero BemecTsa. MHOXKECTBO MeabyallivX Ny3HPbKOB BO3-
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IyXa BO3HHKAeT IpPH 3TOM BHYTDH BGeTOHHOH cMecH, npudyeM obutii
X 06beM JomKeH cocTaBaaTh 3—6% ot o6vema Getoua. Ilomo6-
unle poGapku coobmalor 6eToHHOH CMECH YJYYIIEHHVIO NO Cpapie-
HUIO ¢ 0OBlYHO# ynOGOyK/iaAbIBAEMOCTh, & B 34TBEpHEBLIEM COCTON-
HHH ~— NOBLILUEHHYIO BOZOHENPOHHUAEMOCTL H  MODO3OCTOHKOCTS.
Ho 3Ty yay4yurenuss HOCTHTAIOTCS JHIUb RPH BHUOJHE ONpeReJeHHbIX
YCJAOBHSX; HECOGMIONEHHE HX He TOJIbKO CBOJIUT HA HET BCce 3TH 6Ja-
FOTBOPHBle pe3yJbTaTh, HO H MOXKeT CHM3UTb KauecTBO O6erona,
BIVIOTH [0 YTPO3H IIOJHOH eTO HeNPHIOLHOCTH.

HUcnoapsyeMule B 3THX LeJdX mneHoobpasyiomue XO0aBKH ——
06bIYHO OPraHHYeCKOro MNPOHCXOXAEHHSA: 3T0 HADEBEeCHBIE CMOJIHI, -
KUPHBIE KUCJOTH, MBIA B COYETAHHWH €O CMaYHBAIOUIHMH Bellle-
cTBAMM, 3aMENJUTEeNH U YCKOpHTead cxsarteiBaHus. Cyiuecrmyer
MHOTO Pa3JHYHBEIX THIIOB BO3AYXOBOBJekamoumnx nobasoxk. Cyiue-
CTBEHHOE 3HayeHHe HMeeT HX cnocobHOCTh 06pas3oBHIBATH NEHY U
BHIZEJATb NY3BIPHKH BO3AYXa MaJoro zxaMmerpa, ofiaapaloumue no-
REPXHOCTHEIM HaTsXKeHUeM; He BCTYNAad B Kakue-JH(O 3aMeTHale
XHMHYECKUE B3aHMOMCHCTBHS ¢ IleMelnToM, OHU ofecneyupalor yo-
TOHUKBOCTH CMeCH,

byayun Bpenera B GETOHOMEIIANKY BMeCTe C LeMEHTOM H BOJOH
3aTBopeHus, AofapKa copelcrsyer oboraleHnio GeTOHAa BO3AYXOM,
06BeM KOTOPOIo olpejensiercs pPas3MUUHBIMH (AKTOPAMH, B TOM
yyCJe: 3eDPHOBRIM COCTABOM, MHHEPAJOTHUECKOH NPHPOROH 3anoj-
HUTesel, NO3HPOBKOH LieMenta, CcnocoboM nepeMeulnBaHHA K ero
NPOACAKHTEAbHOCTIO, NPHPOAOH M KONHYECTBOM NPUMEHeHHOH a0-
GaBky. daxkTHUeCKH BO3[AYyX BOBJIEKAGTCS PAacTBOPOM U Tpexie
BCcero 3epraMu necka pasMepamu (,2—1 mum. Ecnn comepxanue B
necke Goace Meagux deM 0,3 ma (ppakuui vBeanuupaercs, o6beM
BORBJIEUEHHOTO BO3ayXa yMenopmiaerca. HaGmonaercs, uto naBecTHs -
KOBHIE JieCKH OJAarofaps HOPUCTOCTH M NOBEPXHOCTHHIM CBOWCTBAM
BOBJIEKAOT MeHblE BO3AYyXa, YeM KBapueBne, B CBs3M ¢ 3THM
CJIelyeT OrpaHHuUUBATH OTHOCHTEJbLHYIO J1OJI0 MEJKO3ePHHCTOrY
necka ¢ BepxHel rpanuueit 0,4 mm. LlemenT mefictByer aHanormu-
HO — YBeJIHYEHHe ero JNO3HPOBKH CHHKaeT OODbEeM BOBJEUEHHOTO
BO3RYXA.

B o6bunomM (6e3 noGaBoK), XOPOILO COCTABICHHOM GeToHEe 06beM
¢CTECTBEHHO BOBJIEYEHHOTO BO3AYXA COCTABASET Hauie pcero 1-—3%.
Hannexamasn no6aBka MOBHILIAET 3TO cogepxanue Ao 6%, ogHako
DPH3HAHO, YTO HAUJYHUIME Pe3YJABTATH MNMOJydaloTcs npd Hopme 4%.
Poab nenooGpasyomel 106aBKH 3aKJK0YaeTes, TaKUM 06pasoM, ifc
CTOJIBKO BO BBEIEHHH BO3NYXa B GeTOH, CKOJBKO B TOM, UTO Hepas-
HOMEPHO pacnpefeseHHas p OeToHe 1o BO3AVIIHBIM MEIKaM H
c0AM rasoofpasHas ¢asa npeobpasyercs HOA ee BO3/JEHCTBHEM BO
MHOXKECTBO BO3IAYIIHHX Ny3HPbKOB TOATH Chepuueckoid (HOpPMEL
Huamerp 3THX Ny3blPbKOB onpefeasercs rpanunamy 50—250 w, B
cpeaHem npuGiuauteanHo 200 ¢. DTO MO3BOJACT 3aKAWUYKTD, YTO B
o6beMe 1 4% Gerona momxkuo colepxarsed 50« 10'® TakuX NYsHPb-
XOB.
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His Toro 4ro0b YCTAaHOBUTb XOJHUYECTBO A00aBKuU, TpeGyw-
LEECH HAS [HOCTHXEHHs! XKejnaeMoro peayasrara ¢ yuerom ¢akro-
pPOB TEXHOJOTHYECKOr0 IOPANKA, B KaKIOM KOHKDETHOM cJaydae
He06X0AMMO TIPe/BAPHTENbHO ONpPEeJedUTh KOAHUECTBO BO3AYXd, CO-
aepxKamleecs yxe B GeToHe g0 BBemeHuA goGaBkd. Ero maxoasr us
fA3MepeHHd pa3HOCTeH IJIOTHOCTH NOA BePeMeHHHWM THApPOCTaTHYe-
CKHM MM NHEBMAaTHUECKUM NABJEHHEM, NMpHUEM H3MeHeHHe 00beMa
6eTOHHOU CMECH HPHBOAHT K COOTBETCTBYIOIIMM BeJHYnHaM o6beMa
RO34yXa, ONpeAcaAsieMHIM <€ HCIONb30BanWeM 3axkoHa Maprorra,
MOXHO TaK)Xe HPOH3BECTH INOACUET BO3AVIIHRX NY3bIPLKOB MOJA
MHKPOCKONMOM B LIH(pe 3arBephesivero 0eToHa, HO 3TOT MeET)X
TpyROeMKH@ 1 Tpefyer GOJABIIOH TIIATE/IBHOCTH.

Mu yxe onHcaau C¢BOWCTBa CBexell GeTOHHON CMeCH TeM, UYTO
JaAW  ee OCHOBHHE X3aPaKTePHCTHKW — CLHensienue, Kosdduuueur
BHYTPEHHETO TPEHHs, BA3KOCTb, CMOCOOKOCTh K PacCAanBatHIO, BO-
IooTAedcHYe. Teneps, CBOEBPEMEHHO IOCTABHTh BONPOC O TOM, Xa-
KO€ BJIMAHWE OKa3mlBaeT BOBJeueHubli B 6eTOH BO3AYX Ha 3TH JC-
HOBHBIE €ro CBOWCTBA,

Kak yxe ckaszaHo pblIe, HccaegoBauue GeToHa MOM MHKPOCKO-
noM OGHApYyXKHBZeT, uUTO MMewlwecd B HeM OOKUHO NOPH OTAM-
4aioTcA YpesBHYaWHO pasHooOOpa3sHbIMH (ODPMAMH K pasMepamy,
qallle BCEro MOBOJBHO KPYNHBEIMU -— CBHILIE HECKOJbKHUX HECATLIX
MHLIHMeTpa. B GeToHe ¢ BOBJCYEHHHIM BO3XYXOM 3TH NOPH NpHCS-
peraror ¢opmy, npulawmxanwylcs K chepruecKod, a pasMepn
q0MyHalTCH 3HAYMTENbHO 6ojiee MeJIKMMH., ODTH NY3RIPbKH, pa3me-
UlA0IIHeCs MEXIY 3epHAMH 3al0JHHTeNd, B UaCTHOCTH MEeXAY 3ep-
HaMH Tecka, OOBOJIAKHBAIOTCS TOHKHMH MJIEHKAMU, 06JaaaioliyMu
TIOBePXHOCTHHIM HATAXKeHHeM. YKpenasiach Ha TBepPHBX 3epHaX, OHA
BO3OYKAAIOT MEXKAY ITHMH [OCJHEAHMMH CHAR CUENJICHHS, TDKH
Beell cpoedl HEIHAYMTENbHOCTH BCE XKE OULyTHTE bHbe, Jlyullle BCero
STO ABJEHME MOMKHO CPABHHTL C TeM, UTO NPOHCXOIHUT npH cOuBa-
Hud Auu B cHery. Beaok, oforamiasich NPOHMKAIOMMMH B HEro Iy-
3pPbKaMy BO3AYXa, NpeBpaliiaeTcs YPH 3TOM B IeHY (Myc), Koro-
pafl, o6.1afasi BHYTPEHHHM CLEIJIEHHEM K, CJAeJOBATENbHO, CTPYK-
TVpo#, npuoOperaer Gnaromaps 3TOMy CBOHCTBA TBEpAOTO Tesd
{coxpanenne hopmmu).

puroroBuM u3 uemeHTa, necka ¥ Boan pactBop. O obnamaer
HeKOTOpPhM, G.IH3KHM K AYJI0, CUENJIEHHEM U HEKOTOPHIM Ko3dh -
UHEHTOM TpeHHsI. 3aMEHHM Telepb 4YacTh NEeCKa NY3RPhKaMH BO3-
IlyXa ¥ TIpOBeleM MCNEITZHME Ha CABHUL, UYTOOH H3MepPHTb Ko3ddu-
UMeHT BHYTPEHHero Tpedds. B pesysisraTe CKOJLXKeHHs 3epHa
necka GyAyT COBEpIIaTh BpamlaTenbBOe HBHXKEHHE, IOCKOJbLKY XKC
thopma Mx HenpaBHJbHAs, 5TH ABHXKEHHST CO3NAAYT B OKPy)Kalouleh
cpene TypOyJEHTHOCTh H, CAENOBATENLHO, GYIYT HCUBITHIBATE CO-
TpoTHBJAEHHEe TeM OoJbliee, yeM pesue BHPaMKeHB HENPaBUJILHOCTH
hopMu, [ly3eipbku Ke BO3AYyXa HMEOT chepuueckyo GopMy wu,
470 ocofeHHO BANKHO, JeTKO aedopmhApyeMu. CHAN peakuHH, npo-
THROREHCTBYIOLME WX TNepeMeleHusiM, OYAVT NO3TOMY HaUMedb-
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wHMH. Jlerko NOHATb, YTO 3aMeHa HEKOTGPOTC KOJHYeCTRa Mecka
BO3AYXOM MOXET NMPHUBECTH K YMEHbIUICHHIO COHPOTHB/CHHS CKOJIb-
’KEHHI0, WHBEIMU CJA0BAMH, K CHHXKEHHIO Ko3(hUuHeHTa BHYTPEHHETD
Tpenud. CBepx TOro, cMauHBaiollce BCLIECTBO, BCerga Booblue NpH-
CYTCTBYKWOlLlge B BO3AYXOBOBJEKAIOWHX N00aBKaX, I[IPENATCTBYET
KOAryJAuyuy UeMeHTa M MiactH@rKaTopa. B KoHeuHOM CdeTe BO3-
AYXOBOBjieKalOUlast 106aBKa M BOBJCUCHHHIN BO3AYX, AeHCTBYS COB-
MEeCTHO, BeCbMa OLIYTHTEAbHO CHHXKAWOT BHYTDEHHee TPEHMe, B TO
BpeMS KaK KanMJJISpHBEIC HaTSKEHHS] YOHJHBAIOT CLenJeHue,
IIpamass KynoHa jpnas OOWYHOTO OeTOHA HMEET CBOHM HauajoM
TOUKY, OAH3KYI0 XK HAyany KOOPJAMNAT, W HaKJAOHEHA K OCH abcuuce

Pacmbop bes Bobne-

§ vennozoe fosdyxa
Ty
R
§3
<
G Pacmbop ¢ 828ne-
ES! veunsim Boadyxom
S P
| 4 i
[ 0 P
|CUENnACHUE
e ¥ | Mexarnuyeckue
‘ Mool degcmbus

Puc. 20

104 YIJIOM ¢. 3aMeHa 4acT# NECKa BO3AYXOM CMellaeT 3Ty npH-
MY BJIEBO OT Hadaaa KOOPAMHAT ¥ LECKOJbKO DAKIOHAET ee K old
afcuuce, Tax 4to yroa ¢’ nosyuaercst Menpine vraa ¢ (pre. 20).

Taxum TyTeM MOXHO COOGIUHUTL OGeTOHHOH CMecH CrocobHoCTh
K caunanuio, 6aarofaps KOTopoi oHa He Oyner paccaanBarhes fIpH
Tpaycnoprupopanun. Iloa HeOoabUIMMH MeXaHHYECKMMH BO3Jef-
CTBHAMH OHa TpuOGperaeT NOBBIUEHHYIO HeleOpMHPYEMOCTh, §0-
Nee BBICOKYIO XecTkoctb. Ha puc. 20 310 cocrosnune ofosHauedo
KAK COCTOSIHHE [10KOS.

lipu Oonee 3HAUNTENBHEIX MEXaHHYECKHX BO3IEHCTBHAX, HMEK)-
XX MecTo B nHpoueccax Yyxgaaaku GeTOHHON CMecH, CTPYKTypHAS
B3KOCTh €& CHMIKAeTCsl CPARHUTENBHO C KOHTDOJLHBIM 06pasioMm,
yAo0OYKAanmBacMocTs HeroHa yaydmaeres, C Apyrofi CTOPOHRE,
paccnayBanue YMeHBHIAETCS B CBS3M C TeM, UYTO MepeMelleHHI
KPYUHBIX 3€peH 3anojBuTejell OKa3blBalOT [POTHBOJEHCTBHe peak-
MM TJIeHOK, o0pasyomMX CBR3X MexAy 3epHamK. 3ameueno Tax-
Ke, 410 OeTOHHasT CMeChb ¢ BOBJMEUEHHBIM BO31YXOM XCGBGJIbHO PE3KO
OTJHYAETCA CBOHM TNoBeleHHeM OT oOmuHOH O6eToHHOW cMel:!.
CBOMM BHEIIHHMM BHIOM OHa HAMOMMHaer GoJiee WIH MeHee CTYIHE-
06pa3Hyl0 MacCy — rejlb; 3TO OObACHRETCS ee CTPYKTYPHOH Bs3-
KOCTbIO H NO3BOJISIET, HallpuMep, TPAaHCNOPTHPOBaHME B IPYy30BbIX
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maliAHax Ges ymepba ans ee opHopoiarocTH, OQHAKO NpH neneMe-
{INBAHWH OHA TOTHAC K€ BHOBBb MNEPEXOMAHT B KHIKOE COCTOAHHE,
[oKa pas’pyllieHHhlE ABHXKEHHEM MOJEKYJAADHHE M MOBEPXHOCTHHE
¢BA3Y ‘He BOCCTAHABJMBAIOTCS BHOBb. TaKas GeTOHHAs CMeCh Xapak-
TEPH3YETCS He TOAbKO CHHXKEHRHBIM KO3(QOHUMEeHTOM TpeHHR, oHa
nprobperaer, cBePX TOTO, H TUKCOTPONHHE CBOHCTBA, U 3TO 3HAYMT,
YTO NPU OLMHAKOBHX Ocaixax KoHyca AGpamca GeTOHHAas CMeCh €
BOBJEUEHHLIM BO3AYXOM OypeT o6aanath ayyuielt yaoboyx/aansiazas-
MOCTbIO, YeM OOLIKHOBeHHass GeToHNAN CMeCh.

HaxoHlen, onHT Roxa3wBaeT, 4To GeTOHHAs CMECh ¢ BOBJEUEH-
UEIM BO3JYXOM B MeHbIieii Creneny, 4eM OOLIKHOBEHHAS, NOABEN-
)KeHa BOHOOTAeqenU0. JBuKeHHe BOJAbl BHYTPH CKeaeTa 3aNOJHiH-
Tejeft TecHeMmuM O6GpasOM 3aBHCHT OT ero BOAONDPOHHILAEMOCTH.
Yem Gogee BOIONPOHHLIAEM CBEXEYNONKEHBbI 6eToH, TeM B Boub-
el CTeNeHH OH CKJONeH BLLAEJAATHL BJAry, H 3T0 OUEHL JIeTKO ToOo-
4ATb. BO3nyluHble OY3BIDHKM, [OMALa’ B KaHAJbi, 10 KOTOPHIM
JOMKHA UHMPKYNHPOBATL BOAA, 3aCTPEBAIOT B HX CTEHKAX H CO3XAIOT
npobky. s Toro uToGm HAHTH NyTh, BOAA [OOJXKHA COPBAaThb 31H
TUy3LIPLKH CO CTEHOK M YBJCUb HMX C COGOH Mau e pasnaBHTb HKX,
Paspapivpatvie BO3MOXKHO JHIIL B TOM CAyuae, ecau Boga Gvier
BO3IEHCTBOBATL HA BO3AYIUIHBIE NMY3H(PLKU € OOJBIUUM H3IGHITOUHBIM
XaBJgeHHMEM, a TaK KaK JaBJeHHe BHYTPH NY3bIPLKOB MpeBbIlliaeT
atMocdepHoe, TO Ha Aeje B 3THX YCJOBHSX peyb MOMET HITH JHINb
06 HU3MCHCHHAX #HX o6beMa. Bosayunbie ny3pIpbKM OTpHBalOT2a
MO3TOMY OT CTEHOK H, YBJeKaeMhle BOAOH, [ePEHOCATCH B Takue
MeCTa, TAe OHY NOJAYYaioT BO3MOXHOCTE 0oJee HPOYHO YKPElNHTHCA
#a Gauwxalinux sepuax 3anoanutensi. lIpoBxu obpasyiorcs toraa
8 caMbiX OJarofpHSTHBIX AJST 32KYNOPKH MecraX, KOJIMYECTBO MPo-
TeKalome BoALW COKpauiaercs, NPOHWUAEMOCTL CHHKAETCA A0 HH-
4TOKHOH BeauuMybl. BoBieyenuwe BO3nyXa, TakuM o6pa3oM, cpa3y
UPHHOCHT HAM BCE BHITOAH. [iy3HIPbKH BO3AyXa BLINOJHSIOT DPOJb
3anoJiHdTeselt, oforaumas 3epHOBOH COCTaB necka B obaactu Men-
KNX (pakuu#t ¥ NOBBRILAA NJACTHYHOCTL Ge3 yBeJHYEHUS N03HPOB-
KK Boael. Ho 3TC — 3aMONHHTENH, HAleJeHHHIE COBEpLIEHHO OCO-
ObiMu cBOfiCTBAMH, NMPOUCXOXKAEHHE KOTOPHIX KPOETCH B NPHCYLIAX
UM IOBEPXHOCTHOM HAaTsDKEHHR K RedopmupyemocTH. Ecam MBI, H2-
ToAb3ys 5TH CBOHCTBA, HAYWHJIHCH, NOBHINATL ILIACTHYHOCTL H
yMeHblIaTL BHYTpeHHee TpeHHe §e3 100aBKH BOMABl, TO STHM CAMEIM
MBI OTKPBIIM MYTh K NOJYYeHHI0 GeTOHOB €O CHHXKeHHBIM BOAOlE-
MEHTHBIM OTHOLUCHHEM, He YCTYNAUWHX, ONHAaKO, OOHUYHBIM B OTHO-
IeHUK yAOGOYKAAARIBAEMOCTH. K 3TOMY COGCTBEHHO M CBOZUTCSA
BCSI TEXHHKa NPUrOTOBJeHHS OETOHa C BOBJEHEHHBIM BO3IYXOM.

Tloabsysace knaccHuecKdMH (hoOpMyJAaMKE NPOYHOCTH GETOHA, Bhl-
PaxkamMMH ee B 3aBUCHMOCTH OT NJIOTHOCTH, BO3AYX B HHX Clielo-
Baj0 GH NpH NEPBOM NPUGAMIKEHHM VIMTBIBATH HAa PABHHIX OCHOBa-
HuAx ¢ poapeoil. Beap ecqn yAaauTe u3 GeTOHa HEKOTOpOe KOJNHYL-
CTBO BOAK, 3KBUBAJEHTHOE BBEIEHHOMY KOJHUECTBY BO31yXa, TO
NIPOYHOCTH OT TOTO He AOJIKHA H3MeHHTbCsA. OnelT, 0OAHAKO, MOK3-
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aplBaetr, 4to A€o0 ofcToHT WHaue. Ily3HIpbKH BO3AyXa BRINOJHSIOT
3/1€Ch DOJb, He PAaBHOLEHHYIO TOM, KOTOpas NPHHAAJIEKHT 3aMeHAC-
MoO#l MMM BOJE, NOCKOJIBKY OQHOBPEMEHHO OHM 3aMEHSIOT YaCTHYHO
M MeJjKo3epHHCTHE (hpakuuu 3amojHUTeN]eH, paBHOMepHee pacrpe-
AeNISIOTCS MO BCeMy 00beMy GeTOHHOH CMecH, UMEKIOT OYBHbL MANBe
pasMepun u chepuueckyio dopmy. [Nonyuupwasa obilee npH3HAHUS
dopmyiaa depe (Feret) nmeer Bug

Rk (siaa )

rme ¢, €, @ — OTHOCHTeJbHBEle 00beMbl LeMEHTA, BOAH M BO3AYXa.
Ha ocHoBaXMH H3/103KeHHOTO €e Cjefyer HCUPAaBHTh TakK:
c 2

R"=K( c+etla )’
eae  A— KosQUUHEHT, KOTOPHEHA NovKeH GBITh MEHbUIHM eJWHHIK
3 TOM cJyuae, eCjIM BO3AYX pacipeieseH B OeTOHE B BHIE Me/b-
4aHUIMX TNY3hIPBKOB, H PABHLIM COMHHLE 471t OOBKHOBeHHOro Se-
TOHA, :
Ecau cpapnuTs fiea 6eTOHZ ¢ OZMHAKOROH AO3MPORKOH HeMeHTa,
B OMHOM M3 KOTOPBIX COAEPIKHTCS € BOAB M Go CBOGOAHOTO BO3-
Adyxa, B APYToM JXe¢ ey BOAH H @1 BO3AYXa B Ty3HpPbKaXx, TO OTHOILie-
HHUE uX npouHocTed GyICT PaBHO

Ro et e+ hap\?
Ry —(C+eo+ao)‘

[Tonoxum
a, = a, -+ Aq,

rage A @ — XOJMHYECTBO BOBJEYEHHOrO BO3AYyXxa, H
e, = e, — Ae,

rre Ae— KoaudecTBo yaaJcuuoll Boaw. Torzma

Ry____( c+eo+h.ao—de+)\ﬁa)2

7?1 ¢+ e+ ap

Ias 6eroMa c pacxogoM uementa 350 xe/® u Bonst 210 a/a®
IpH 3aMeHe MEJKO3CPHHCTOrO Hecka PABHHIM 00BEMOM BOBJCHS-
HOTO BO3AVXa U Aa=2Ae, NPUHATHIM C LEAbID COXPaHEHHMS NPEeK-
Hefl ymoGoyK/JaImBaeMocTd !, BeanunHa koa(pduurenta Ona ycra-
HoBJjieHa paBHoOH 0,9. BBens sto sHaueHHe, NPUXOJHM K cieayioumie#
ynpouesHoR opmye:

Ry

- R 1T AR= =25,

! Chaepyer sameTfth, 4TO, MOCKOABLKY MY3LiPhkhm BO3AyXa He HYMKA2OTCR B
ROjle CMauppauHf, Tpelyomeiica aas 3epell NeCKa, HOCTONLKY O6LIge KOAWYECTHO-
BOAH 3ATBOPEHHA MOXeT OLITh 3HAYHTENBHO YMENBIIEHO.
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ykaspiBailomel, uro BopjeuenHe 1% BoaayxXa NPHBOAMT K TNOTepe
apouyHocTH B pasMepe 2,5%. .

Touuit 6eron ¢ pacxoaoM ueMmenra 250 x2/M® H ¢ coRepRaHueM
BO3AVXa B KoauuecThe 6%, npeBpalileHHOro B My3blpbKu €e3 Komoi-
HATEJLHOTO BOBJIEUEHMS, OOHADYKWJI MOBHILEHNUE TPOUHOCTH KA
4%.

Ho 3pechr NPOHCXOXMT NepepacrnpeieseHHe B 3ePDHOBOM COCTa3e:
pacTBopa Ges uavenewns ofilero ofrema. IIpocras moGaska BO3-
ayxa 6e3 u3MeHeHMA cOCTaBa BueyeTr 3a co0oit mazeHue MPOUHOCTH
s npedenax 3—6% Ha 1% BopseueHHOro BO3AYXa NPH OAHHAKOBOH
npUBIN3ATEABHO YROGOYKJIAaABIBAEMOCTH. IJTOMY COOTBETCTEYEr

¢dopmyaa

R, _(c+en+}.a0 de 4 Ma )?
- 3

Ry (¢ + e+ wo) L1 — Ba)

KOoTOpast NpH YNPOUIEHHH €e AJA pacxofia lLeMeHTa B TPpaHHHAX
300—400 x2/m® naer npPHOIUIKEHHO
R
7?3— — 1= AR = —45Aa.
0
Jlas cnydas, KOTAa KOJHYECTBO BOJABL HE H3MEHAETCH M 1o6as-
AfETCH JHIIL BO3AYX, MojydaeM NPHOIHKEHHYHO DopMyay

R —1=4aR=—65a.
14

Otr BAHHbIE NO3BOJAIOT CYAHTH O TOM, KaKHE NIOTEPH OPOYHOCTH
MOTYT MOJYYHTLCH B Pe3YJbTaTe [OC/AeI0BATEIbHO BHOCHMBIX KOD-
PEKTHBOB B JO3MPOBKY BOAW ¥ B 3epHOBOH cocTaB mecka. Bo muy-
fHX ¢JIyuasaX BO3NYXOBOBnEKawoiasn ,ﬂOGaBKa COXEDXKUT B cebe AlUC-
Mepripyioiliee BEIeCTBO, HIPAlOIlee pojb NaacTHdukaropa, Haps-
Iy ¢ o0pasylomKuMUuca IpH 23TOM B 0eTOHe My3HPLKAMH BO3OYXa OHO
OKa3plBaeT CBoe AEHCTBHe TAKXKEe M HA YMeHbleHMe BHYTPEHHero
Tperns. CymecTByIOT miacTHQUKaTOPHl, AeHCTBYIOIMMe gaxe M 6e3
BOBJICUEHHST BO3AYXA 'H TMO3BOJSIOUIME 3HAUUTENBHO YMEHBLUHTL KO-
JTHYeCTBO BOAHW 3aTBOpeHust. Ho B Takux cayuasix Hano ocreperarb-
Ca BOJOOTAEJEHHA, UTO NPeAcTaBjder cofoit 0O0POTHYIO CTOPOUY
BhIIleYKa3aHHBIX BRIrOx. I1pu HanMuMy XKe BOBJICUEHHOID BO3LYyXa
BOZOOTAeNeHrWe OOC2BPeKUBARTCH NY3HIPbKAMM BO3AYX2, ¥ TOTAR
3T0T JedeKT MOUTH NOJHOCTBIO HCue3aeT. B 3THX YCJOBUAX MOMET
CayyuThes, 4TO noA BoszeficTeueM niacryduxatopa yOBUIB BOIH"
MOXeT MpeBhICHTL O00hEM BOBJEUEHHOrO Bosayxa. Ilpu arom mabaw-
Adercst BHIHTPHILI B NPOYHOCTH, YBEJIHUHBAOWKHCA ellle H OT TOrO,
YT0 [NOBLIHEnHasd IIJ1aCTHYHOCTDh HCIYCK2eT H 6oace HHTEHCHBHLE
YRNOTHEHHME, I1aBHEIM 06pa30M B Cjaydae TOUIHX GeTOHOB.

OcranoBumcs Teneph Ha JBYX BeCbMa BaXKHBIX XapaKTePHCTH-
Kax OeroHa C BOBJIEYEHHBIM BO3AYXOM — BOAOHENPOHHUAEMOCTH H
Moposactofikoctn. [Ipu waGaionenuu 3a cocTosutMeM GeTOHHREIX TO-
KPHTH# Ha aBTONOPOrax aMePHKAHCKHE HKHKEHEPH OGHAPYXHIY,
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4TO HA YyUaCTKaX, He NOCTPajaBIUMX OT MOpPO03a, OeTOH OKa3ancs ¢
MHOIOUUCAGHHHMY Ny3HpbKaMu Bosnyxa. Onucannas Hamu Cefuac
TeXHOJOTHA BO3HWKJA, TakKWM 00pasoM, M3 CTpeMJeHHus COOSMIHUTL
GeToHYy MOPO30CTOKKOCTE. MoOpo3 e OKasmBaeT paspymaroillee
JledcTBHe Ha OETOH JHIUb B TOM CJAy4ae, €CAH OH CONePMHT BOIV,
T. &. CAM OH BOADIPOHHIAEM.

[Tepemerenne Boaw BHYTPHM GeToHA NPOKCXOMHT MO KaHajam
BecbMa MaJiore OHaMeTpa, TaK Ha3bliBAeMBIM KaNHAJMSApPAM, K 1104-
YHHAETCA 3aKonaM KalHaaspHoro nHxenus, Ho B GeTone MOryr
OKa3aThCsg H KaHaJau OoJibliero AHaMeTpa, B KOTOPHIX Boxa Npo-
TEeKAeT 110 34KoHAM ruApaBiauxd. TakHe Kanassl NPeACTaBAAIOT
cofol nojsocty TpyGUaTOre MJAM NMJAACTHHYATOrO BHAA, NMphiyeM obpa-
3YIOTCSI OHM eilie IpH HM3TOTOBJeHMH OeroHa. Pesyabralom Bosaeue-
Huss B GeTOH BO3jyXa ABJseTcK pa30fHIeHHEe 3THX BOIAYIUHBIX M9-
JOCTeH W H3MeJdbUeHHe WX BO MHOMECTBO PACCESHHBIX BO3RYLIHEX
nysupbkoB. [TociegHue He coobulamTes yxKe Mexnay coboi yemno-
CPEeICTBEHHO, W MPOUCXOAUBINAA 10 3aKOHAM THUAPABIMKH UMPKY.IA-
uua  Boabl npexpamaercs, Qcraiores JAHWIb  MEAKHE, [OYTH
cepuuecKkHe NOJOCTH, OKPYXKEHHBIE NOPHCTOH Cpelod K3 T'MApPATH-
POB3HHOTC U@MEHTHOrO Tecra., B 3TOK cpene BO3SMOMXKHO JAMIUb
Kanu/VIsipHOe [BHXKeHHe BOAbl, KanwispHoe BCachiBakhe B NOAOG-
HO® cpele HaxoauTcs B OOPATHOM OTHOUIEHHYU K AMAMETPY Kanuajsip-
HBEIX CKBaXKuH. Bcakoe ysesnueHHe WX TOMEPedyHOro ceveHus B.e-
gyeT 3a co0ofl yMeHbLleHUe BCACHIBAHHA. TaKyl0 MMEHHO POJL M 'Ir-
paloT BO3AYIUHBIE NY3BIPLKH, NMONAAaioUiHe B KANHANADPBI YIUHPAS
3TH KaHajbl U CHMXAs KAaNUMIgPHOE BCACHIBARHUE, OHH TEM CAMBIM
CO3/1a10T TIPEeNmsATCTBHE AJA PACNpPOCTPaneHds BoAbl. Mul npuxoadm,
TakKMM 06pa3oM, K napajgoxcanbHOMY, Ha IepBBI B3TJfd, BHIBORY,
9TO B MOPUCTOR Cpefie BO3AYIUHEE MNY3HPLKH, pa3Mepbl KOTOPHIX
OPeBRIAIOT CeYeHHe KATMAMSIPDHBIX KaKaJ0B, CO3JlaI0T CBOEro poia
npoOKH TaK Xe, KaK TBeDIALe BOACHENPOHHLaeMEie dacTHunl, OHM
0o6TeKaeMBl, HO He NPONHUTHBAITCH BOACH. DTUM o0DBACHAETCH, IO-
qeMy GeTOHBl C BOBJEGUEHHBIM BO3AYXOM TAK MAaJjo0 rMTrPOCKOMUUHAL

Mopos paspywmaer 6eTOH NOCTOMY, YTO BOJAa TNPH 3aMep34aHMH
pacm#psiencd. Ho zamep3aer oHa HOPMAaJbHO, JMile Oyiyyn <BO-
GonHOH, M ueM Menee OHa CBOOONHA, TEM HUXKe TEMIepaTtypa ee
3aMep3annd. Bopa, cojepxkamascs B Kanuanapax M B TOHKAX
CJa05¥, TNONBEPTaeTcs NEHCTBMIO 3HATUTENLHOIC HATHYKEHWS, CHH-
K2KWero TeMrnepaTtypy ee 2aMepsauusi. Creayer, No-BHANMOMY,
CYUATATh KOKa3aHHRM, YTO copepxXailascs B Oerone BONA, He CBA-
3aHHafA XMMHYECKH, He MOXKeT 3aMep3HYThb, NOKa TeMlleparypa ue
ynager no —75° B peanwHoll o6CcTaHOBKe, CACNOBATEABHO, 3aMap-
3HYTb MOXET JIHUIbL BOJAA, 3aKAIONEGHHAA B MOJOCTAX CPABHUTENHHO
60JILLUIKX pa3MepoB, TeXHHKa BOBJEYEHHS BO3AYyXa M NPHBOAMT Kak
pa3 K YMEHbIIEHHI0 pa3MepoB BOMSHEIX NOP, K HMX paccpenotods-
saHH0 ¥ pasobuienuio. Ecau ZONYyCTHTH, YTO HEKOTODHIE M3 HHX H
OKAKYTCA JaMe HAMOMHEHHHIMH BOJOH TOCAe NPOAOIKHTENbHOA
nponuTKH OeTOHA, cpepHuecKass (popMa 3THX nogocTedt Oyzer sce-
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#e HAMBHTOARHe#lleR, NMOCKOAbKY OHA NO3BOJUT PACHONOKEHHOMY
BOKPYT 9TOTO BO3AYMIHOTO BKJICWEHHS MarepHasy OXasaTh Hau-
6oabliee CONPOTHBNCHHE NABJEHHIO, BO3HEKAIOlWleMy NpH yBeJaHue-
HuH 06BbeMa 3aKJIIOUEHHON B A3TOU MOJOCTH BOAH. B BOojfe cozxaercs
COCTOAHHE H3GRITOUHOrO IaBJCHHS, B pe3y/bTaTe Hero oHa npoca-
YHBAETCS CKBO3b CTEHKH KAINWIADOB W3 CPaBHHTEeNbHO Gojee XO-
JOAHBIX oBgacre# B Gojsiee Tenubie, OHZ 3aNONHUT NOCTENEHHO BCe
6osee W OoJee OTHANEHHHE OT OXJAXKAAEMOU NOBEPXHOCTH syeifku.
Kaxnapi#t BO3AYWIHME Ny3nPeK HrpaeT poJb PacUIUpHTENs IS
BOJK, CXaToi 3aMepianueM. M ONBIT AeACTRUTENLHO NOKas3aJt, 4uro
GETOHHE C BOBJIEYEHHBIM BO3JAYXOM OKa3HBAOT [OPasfc Jyuyliee CO-
NPOTHBAEHHE TIONEPEMEHHOMY BO3LeHCTBHIO 3aMOPaXUBAHMA H Of-
TauBauus b

BononenporunaeMmocrs H caafas IHTPOCKONUUHOCTH — $aAKTO-
PHI, TOBHIIANIONIYE MOPO3OCTORKOCTH, — OMATONPUATCTBYIOT TaKkKe
NOBRILUIEHHIO CTOMKOCTH §eTOHZ M B OTHOLIEHWH KODPO3HH, H B OCO-
GEHHOCTH, PAa3pyIHTeNLHOrO ASHCTBUS arpecCHBHLIX BOL.

[NozBoast MTOrH CKa3aHHOMY, CJaelyeT eule pa3 OTMEeTHTh, 4TO
BOBJIEYEHHE BO3AYXA DE3KO yJaydwmaer CBOHCTBA CBeXeH GeTOHHO#
CMEeCH, PaBHO KaK ¥ CTOMKOCTb 3aTsepheBllero 6eTOHa B OTHOMe-
HAH PU3MYECKHX M XUMUYECKHX BoaxelicTBuit, Ho ero Mexammue-
ckast NPOYHOCTH MOMKET NMOTePHeTh HEKOTOPHI yinepd, eclii TOJBKO
TEMH HJIH HHBIMH MePaMH He YJIacTes IPE 3TOM YMEHLIIHTH KOJH-
YECTBO BOABI 3aTBOPDEHHMA HA BeJIMHHHY, PaBHyW ofbeMy BOBJEYEH-
HOTO BO3JAyXa MJH NpeBmunammyw ero. Ilyaspokn Bozayxa caexyer
paccMaTpHBaTh KaK (hPaKiHIO 3ePHOBOrO COCTaBa 3amoaHuTeneit 4a
TéX K@ OCHOBAHMAX, KAK M MeJKOo3epHHUCTHH mecox. J[03HPOBKA BO3-
IYXOBOBJIEKAWIIUX J06aBOK JOMKHA YCTAHABJAHBATBCH H3 Npak-
THKH B COOTBETCTBKH € TeXBOJOr#eidl M3rOTORNeHMS OeTOHHONR CMecH
H MeToAMKOH ee yknaaxu, ONTEMajbHOe comepiKaHue BO3AYXa OM-
penensietcs npubnausuteasHo B 4%. Ha crpouressnoft naomanxe,
pasyMeercs, HaQ/JeKHT OPTaAHK3OBATH IO BO3MOMXHOCTH YACThIR
KOHTPOJIL 32 COGJIOAeHUEM 3TOA HOPMBL.

! [loppoGiee sTOT BONpOC OCBEUIEH B Iaame IV,




Taansa II

AE®OPMAUHS BETOHA

IlpunsTo cuMTaTh, YTO C TOTO MOMEHTZ, KaK cofepxameecd B
GeToHe BsxKyllee (LeMeHT) NOABEPIVIOCH CXBATLIBAHMIO, GETOH ciae-
AYeT paCcCMAaTPHBATb Kax TBEPNOE Teno; B AeHCTBHTEALHOCTY — 3TO
BELIECTBO, HAXOAsLIEECSl B TIPoLiecCe HENPepHBHOTO H3MEHEHMA.
OHo nposiBAsieT YyBCTBHUTEALHOCTL K BHEIUHHM YCJIOBHSAM, (M3HYe-
CKHM M MEXaHHUYECKHM; XOTS €T0 peaKUuH MeRJEHHH, HO BCAKOE
BO3IefiCTEHE OCTABJAfeT Ha HeM HeH3rVIaZMMBIH cjen, OKa3kBarollyit
BJMSAHHE Ha BCE €ro mocaenymnoinue cocrosuus. OHo Kak 6wl «orape-
HO namsaTbio». [lopTaaHa-ueMeHT, ABJASICMKNACA HOCHTEJEM 3THX
CBOHCTB, IIOABEPraerTcs XHMWUSCKOMY H3MEHEHHIO, KOTOpOoe Haui-
HaeTCsA ¢ PMAPATAUHH H NPOJOJKACTCSH B TEUeHHe BCETO NMOCAedylo-
mero BpeMeHH. MOXHO CKa3aTh, 4TO BO3PACT ¥ HCTOPHS GeroHa
OnpenessioT ero CBOHCTBa, H3 KOTOPHX HEKOTOPHE SBASIOTCH Kak
GH «IIPHPOXKAEHHBIMU», IPYI¥e — PA3BURAIOTCS CO BPeMEHEM. ITO
apunaer O6eTOHY YCAOBHOE CXOACTBO C KHMBHIM OPraHH3MOM, YO-
CKOJILKY H B HEM TakXe NpH OOGBYHHX YCIOBHAX NPOHUCKOIHT He-
ofpatumoe npeofpa3ocraHWe CTPYKTYPH BSKYIUETO BellecTsa X
MOCKOALKY BONa B 3TOH CTDYKTYPe HIpDAeT CTOJb e BAXKHYIO
poJib.

[lono6uo BCSKOMY IOPYrOMY TBepIoMy Teny Geron Redopmnu-
pyercs noa warpy3koi, On mogBepraercs Kak ynpyroMy, Tak u mva-
CTHUYCCKOMY Ae(OPMUPOBAHUIO, IPHYEM, €CJH HATPY3Ka HOLIepKH-
BaeTCA NJANTE]bHOE BpeMsl, OH HCNHTHBAaET Aed)OPMANHIO, MelJieH-
HO HapacTaiolyl ¢ TeueHHeM BpeMeHH. Ilo ycrpaHeHHH HAaTpy3KH
o6patuMast yacTe neQOPMANHH HCUe3aeT, HeOOPaTHMAN — OCTaeTCs
HaBcerga. Ho Oeron pedopmupyercs Taxke B 6e3 HarpyskH, H 3ta
CaMOTpOH3BO/IbHAA IehopManus — ycaaka HAH HabyXaHKe — 3aBH-
CHT OT TeMOeparyphl K OT BJIAXKHOCTH OKpyxKawomefi cpens. O=a
CONPOBOXKAaeTCA HCIAapeHHEM H BOJONOIVICILEHHEM, NOALAIOUIHMH-
¢sl BECOBOMY Onpefesesuio, XoTs peOpMan#io, NPOHIBOAUMYIO
Harpyakofl, 1 ne@opMausi CaMONDPOU3BOABHYIO HEAb3H, NO-BHAHMO-
My, cUHTaTb COBCPIUIEHHO HE3aBACHMHBIMY, IIOJIE3HO HayaTbh C H3Y-
YeHHS CaMOT0 NPOCTOrO, Ha NEPBBIK B3FAAA, ABAEHUS, a MMEHHO C
npouecca, KOTOPHH Ha3snBae1csd O0HYHO YCAaLKOH.
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Camonpoussoasras aAedpopMauus — ycaaka

[Mpuuniza caMONpOM3BOJLHOH jedopManun 6eTOHA, WACKOJIBKO
00 3TOM MOXHO CYAHTb M3 ONBITA, 3aJ0XKeHa B THAPABJAHICCKOM
psKyImieM (nopTaani-ieMente) ¥ BO3HMKAeT oWa ryiasubim obpa-
30M B CBS3H C MurpalHel coiepxkatlelics B uemente poasl. M aeii-
CTBHTENbHO, WHCIapeH#e BOAH, 0GHAPYKUBAIOIESCS CYyMMapHO 3
noTepe Beca, CONPOBOXKAAETCH M YMeHbluewnem oOGbeMma, morjolule-
HHE e BOAH BseueT 32 cOOOH ypeauueHHe Pa3MepoB.

JJ1s9 TOro yToGbl YSICHHTh ME@XaHH3M ycaiku, B NepByio ouepels
HaAAEHKHT H3YYHTL YCJIOBHS MCINAPEHHUs colepKaluedcd B Geroie
BOABL, a4 3aTeM HCCAe/0BaTh 3aBU-
CUMOLTE MeEXAY KOJAATECTBOM IiC-
NapsIoWehca BOAW W yMEeHbIHeHHEeM
obbpema.

YC/0BHA MCHNAPEHHSt M INOTJo-

UWieHHs] BOALI ONPEAEAITCS BaX-
HOCTHLIM PeXHMOM CDPCABL W fpo-
LONKHTRIBHOCTEIO  NPelbiBakus 3
He#t, Ec/au HECKOMbKC QIHHAKOBBIX
6eTondLIX NPH3M [IOMECTHTb NOCIe
CXBATHIBAHMA B BOAY, B BO3OYX,
HaculMleHHBIN siarod (99%), B Bo3-
IyX  pasJHyHufi  OTHOCHTEJIbHOH
BIaxHOCTH (4 =75 50; 25%),
TO, H3MepSsi TOCNEN0BATENILHG BEC
o6pasion  uepes ompenedenxpie onc 21 Mawehewdn seca Ge-
NPOMEXYTKH BpeMeHH, MOXHO Gy- P Analieiinnaiudalibd
HET TOJYYUTh CePuld KPUBHX, 06-
WxY XxapakKTep KOTOPHX Npelctasyed Ha puc. 21. C yBenugennem
Cpoka BHUIECPKHBAHNA B TOW MAH WHOH cpele mec oOpasua crpe-
MHTCA K HEKOTOPO#i NOCTOSHHON BesHYHHE: MeXIy Ccojep:KaHHeM
BOZE B O0pasue H BJAAKHOCTLIO CPeABl YCTAHABJIHBAeTCH CO Bpe-
MeleM COCTOsSIHHe DAaBHOBECHS.

Moxno 6B10 6 NPCANOJIOKHTL, YTO MH HMEEM 3/ech AeN0 €
ABJeHHeM KaNWJIAAPHOIO UCHapeHHA, NAJAOIIEro A0 Hyas NOpH
100% saaxBocT cpefBl ¥ BO3PACTAICHIETO O MOJHOH CBOEH BeJd-
UHHH, KOrla BAAXKHOCTL cpelnl paBHAa Hymo. OmbT, 0AHAKO, NOXKa-
3blBaeT, 4TO $BAEGHWE 3TO TOpPasfo CJAoxHee, ArtMocdepa, Biaam-
Hocr, xotopoit nmocturaer 99Y%, Moxker BeI3BaThL JMO0 HCumapeHae,
1460 VBeaMueHHE BECA, HO HE B KOeM CJyyae He CTaGHAM3HpPYeT
Beca, OGDbACHAETCA 3TO TeM, WTO B NPOLEcce yYacTBYIOT pasHole
BUAK BOAHI, CBOHCTBA KOTODHIX Pa3/HUAIOTCA B 3aBHCHMOCTH OT
CTeNeHH CBA3K MX C TBEPALIM BEIIECTEOM.

Pacemorpum  ryBuaThil  KPYNHONOPHCTHIL  32TOJHMTENb — Ma-
TepHan, He UMEIOMHH HHXAKOTO XMMHYECKOr0 CPOACTBA ¢ BOXOM.

BJAaxKHUM €ro A0 HACHIUEHHS BOAOH M NOMECTHM B BO3AYILIY:O
€peny. B KoHue KOHUOB BCS BOAA UCNAPHUTCSH, KaKoBa Onl HH Oplaa
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BJaXHOCTE BO3AYXA. Bona He MOXeT O0CTaBaThCHd B XKHAKOM COCTOf-
HHH NP Hajuuuu GesrpaHugHoro ofbeMa Bo3ayxa. B GeroHe Bceria
HMeeTcs HEKOTOpDOe KOJHYEeCTBO CBOOOAHON BOALL, KOTOPYIO MOMKHO
YA2JNHTE M3 HEro NpY HaaWupl 31UX ycioBuit. Ho B HeM cogepxur-
CA Takmke M Boja, CBA3aHHAA oCoOHM 06pa3oM ¢ umeMeHToM. CHaal,
OTPLIBAIOLIME ee OT TBeDJAOTO BellleCTBA. saBUCAT OT JaBJeHMs mapa
razoobpasHoit ¢asm. Hcecaenopanne 3TOH CBA3aHHOK BOAM upes-
BEYaiHO caoxHo. OHa Moxer 6biTh CBfidaHa pPAa3JHUYHBIMH CIIOCO-
6aMH, M 3ZeCh CJeAyeT PasjH4yaTh BOAY KamWVIAPHYIO, BOAY
afcoplupoBaHKy0 (lIO[VIOWEHHYIO), BOAY IEOJHUTOBYI0 M KpHUCTAJ-
auzannonnyio. Ocraercs ellle BOAa, BCTynamolias B XHMHYECKoe CO-
eAMHenHe ruapaTaiy, He NOAJaI0UIASCa H3BJCUEHHIO NPH OOBIYHOH
TeMnepaType. :

Tpynno pasobpathesa B 3TOH CJAOKHON cucTEMe, HC TePASCh B
netansax. Mexay TeM CTPOHTeNL-MPAKTHK HyXJaeTcs B yCTaHOBJR-
HWY XAaKOro-To NpPOCTOrO 3aKOHa Hcnapenus. B KauecrBe nepsolt
pacueTHO# TMIOTe3H MJIA 32KOHA MCNAPeHHd Ghia NMPHHATA cnepsa
JuHedHadg 3aBHCHMOCTb, KaK 9TO 4acTo OmiBacT Ha NepBHX nopax
Pa3sBUTHSA HaYKH. DHIO BHICKa3aHO NPeAno/oxeHte, YTO KOJAUTeCTao
acnapuBeficd BOAK NOCIE HEONpeReNeHHO IJHTEIbHOTO NpebHza-
HASA B atmocdepe ¢ OTHOCHTEJbHOH BAAXKHOCTBIO 6 nponopuyonas-
Ho Beauynne 1—08 u uro pyHRuUA BpeMenu ¢ (f) He 3amucur or b
B COOTBETCTBHH C 3THM IIPEANOJOKTHHEM KONUYECTBO HCNapHB-
uieftca BoAH Moxer GblTb NPEeACTABIEHO BLIPaKeHHEM

E=E,(1—8)2(t),

rre ¢(¢) — «yrkuus, obpawmawpomasics B Hyas npu t=0 B umcio-
miasi CBOHM TnpejenoM !, Korja { cTpeMHTCA K 0eCKOHEYHOCTH.

Jra runoTesa, KazaJjaoclh, HaxoAHNa TOATBEpXKAEHHE B OIbITE,
OQHAKO JHIIL 40 TOH MOPHL, MOKAa HEKOTOPHE HEeMeHTHI, KaK, HanpH-
Mep, ]_[I."IB'KOHOpTJ]aI{)I-LLEMEHT, U HEKOTOpHIE SYEeHCTHE OeTOHBl He
06HApYXKHJX NOTEPh BOAbI, NPEBOCXOAMBIUMX 3HAYEHHA, MPEXYCMN-
IpeHHble JHHEHHHIM 3aKOHOM. 1 JMUYHO TakKe NOCTPOMJI TEOPHIO,
KOTOpast 0Ka3anach HETOYHON BO MHOTHX WaCTHHIX Cayuasx. Mexny
1M NPAKTHYECKOE pelleHue, KaK 3TO MBl YBHAHM M3 lajbHeHIIero,
€PaBHUTENbLHO TPOCTO.

Ecas anast HekoTopolt onpeleneHHON NPOJOMKUTEJBHOCTH Bbl-
NEePKUBAHKS B aTMoc(epe C BJAAXKHOCTHIO 8 HAHOCHTL Ha rpad#Ax
3HAYEHHs KOJHYECCTB BOAH, HeJoCTaKllHe NO OTHOIIEHHIO K 3Haue-
HusM KpHBOit A (cM. puc. 21) (T. e. OTHOCHTeJILHO NPHHATOH 32
QCHOBY erHBOﬁ Hachlll(EHHA B BDIL(‘I). TO MOXXHO HOQJYYHTL PpsAl 3a-
BHCALIMX OT 0 TOuEK, KOTOPHIE pAacIOJOXKATCHd Ha TNpAMOH a
(puc. 22). Dra npsimas nepeceder ocb abcnucc B TOUKe, PACNONO-
AeHHoll Bnpaso or 9=1.

Jns Gosee mpOXO/KHTENALHOrO CPOKA BHILEPKHBAHHA MBI Hai-
hem apyryio npamyio — a’, HakJoHeHHy10 Gosee KpyTo K OCH aGe-
UHCC ¥ NEePeceKalculylo nepByio Kpusylo Bnpaso oT fO=1. Ilocne-
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AOBATENbHBIE OPAMHATHL Aast 9 =1 onpegensioT KOJNKYECTBO CBO-
SonHOU Boabl £/, KOTOPas MOMKET HCOAPUTHCH TIPH BJAXKHOCTH, -
ckoJibKo Mesbitefi 100% B cpaBHeHHHM C HAcHILEHHBIM COCTOAHH2M,
ROTOpOe Xapakrepuayercsa kpusoit A (cm. puc. 21). Tlocaenosa-
TeJbHBle OpAMHATHL AAs8 8 =0 onpeseasor TeopeTHYeckoe 3Imade-
gde IOJMHOTO KOJMYeCTBa BOAM, NOLNAIOWETOCS HCOAPEHHMID. ITH
3HaUeHNA HMEKT JHIOL TEOPeTHUECKHH CMBIC/, MOCKO/ibKY HUKaKOfj
POBEPKH HeJb3f NPOBECTH NPH OTHOCHTENLHOM CONEPIKAHUU BJATH
grxe 35Y%; BO3MOXHO, WTO MO HCTEUEHHH HEKOTOPOTO CPOKa 3T0
KOJIMYECTBO HAYHeT JIPEBBILATL HOPMY PCalbHO HCIADHMOH BOMAH,
T. €. 00I1ero KoJH4ecTRa BBEJEGHHOH B GETOH BOAB 3a BHYETOM XH-
MHYECKH CBA3aHHOH Boanl, IIpsamas a nmepepeaaercss B TaKOM Ciy-
yae ropusontansio C — B 3THX yC-
JOBUSIX HQUAapeHjie qIpeKpalliaercs,
a BMeCTe C TeM IIPHOCTaHABJHBAET-
st TaKXe W TBEDJeHHEe [eMEeHTa.
Sro orpadpdeHue, HMelollee CHIY
JHIIL [PH BecbMa HH3KHX 3Haue-
HEHAX BJAXKHOCTH, JONYCKaeT, ONHA-
KO, elie IHMPOKYId 3KCTPATONFIHIO
M [O03BOJISIeT COXPAHUTL 33 BEJH-

\
uyunoit E pacuernoe 3nauenue. B ra- \ﬁ

KOM CcAydae pasHoCTh £y =E— Yoo

—E; chenyer Ba3BaTh BeaudnHON T i AL

THTPOMETPHUCCKOH  BORBL  CMMCI g5 snadmn 8 (smmocumenswan)
5TOr0 TEPMHHA 3aKJuaercs B

TOM, 9T0 eciu OeTOH BHOBb IO- Puc. 22

MECTHTb B HaCHIUEHHYIO aTMmocde-

Py, TO Takofi arMocdepe BO3MOXHG OyZer BeDHYTh JHIb 3TO
HMEHHO Ko.nuecTso Eg ; TakOfl mepexoj o6paTHM B BO3AYXe, TOrAa
K4k BeawumHa £E; pomyckaer oOpaTHBIl Nepexof JIHIUG NPU Bhi-
HepxuBauuy B BOJe,

Has toro utobbul GyHKUHS Hcnapenus ¢ (f) He 3aBucesa or B,
HYXKHO, uTo6B BCe NpAMBIe NepceKajHch B OJHOH ToukKe; B HeH-
CTBUTEJILIIOCTH $TOl0 HET, NO3TOMY 3aKOH HCIlapeHUsl JOJXKeH HMeTb
BUL

3 M

Hedocrmarwwes bode
R

E=1F; ¢(8) 4+ Es (1 —8) 9’ (£).

3HaueHHs HCHADPEHUS BOAB OBOGOMHON K BOIH TUIPOMETpHUE-
CKO#l HanaramoTcst OAHO Ha JAPYTroe ¥ CACAYIOT Pa3JHYHEIM 3aKOHaM.
Ham nyxmHo Tenepb HaiTH TH 3aKOHHL

Jeysxenve BOAB! ¥3 NOPHCTONO Ted BO BHEUIHIOW Cpely NOxuu-
Hsiercs 3axkoHy Pypbe:

dE 0%F 02E PE
= [‘a}a‘ + o T Wj“hy,m",



the X, Y, 2 — NpPAMOYTOJNLHEE KOODAWHATH, ONpefessiomiHe NONo-
KeHHe BJIEMEHTAPHOro KyOGHKa, B KOTODOM H3ydaeTcs H3MeHeHde
comepxauus soan E.

JTOT 3aKOH MCHAPCHHA OLII TMOATBEPXACH 3KCHEPHMEHTAJBLHD,
a To OOCTOSITEJBCTBO, UTO HM 3Ke ONUCHIBAETCS H MOTePs Tenjor.l,
naeT OCHOBaHHMe AJsi WHTepecHOH aHasjoruu. B wacTHOCTH, BpeMs,
HeOGXOMUMOe /i HCTapeHHA ONpEIeJeHHOro KoJnuecTBa BOJLI H3
fipu3MaThueckoro o6pasia, MPONOPUUOHAABHO NPH NPIYNX PABHHEIR
YCJAOBUSX KBaLpaTy OTHOIIEHHS 0GbeMa K MOBEPXHOCTH.

Unterpuposanse ypasHetnss ®ypbe s npHMeHSeMBIX 0GbU40
#a npakTuke (OPM HeBHINOJIHUMO HJW e NPHBOAHT K pPa3jioxe-
HMAM B PSAH ¢1a00# CXOIWMOCTH H NOTOMY UEpecyyp TPYAOEeMKHM
A% BHIYHCJAEHUS. 3aTO /1S BbIPEXKEHUA MOJHOrO KOJHYECTBA UCha-
psoiiefics M3 TPH3MBI BOAKW MOXKHO HafiTw sMOHpuuecKylo (yHK-
1Mo, BecbMa OJHM3KYIO K TEOPETHYCCKOMY 3aKOHV, TIPeRCcTaBAEeHHU-
My ypaBHeHHeM. JTa 3MuupHyecKas (QyHKIHS HMeer BHA

-

- K7
E=Ehf1-8 D ),

the K—kosdpduunest auddysuu;
D — cpeanuii nonepeyHblfi pasMep, pasublii OTHOIIEHHIO 00he-
Ma K NOBEPXHOCTH;
E,— nonnoe Komu4ectTBO BOMNBL, MNOAAAIOUIEHCH HCIAPEHKIO;
{~ CPOK BHIIEPXKHBAHHUA, OTCUHTHBAEMBIH C MOMEHTa BBene-
HHs ofpas3na B cpedy C BAaKHOCTBHI -0.
3rto BHpaxense, 6ynyyd SMIMPHYECKHM, NpeACTaBJseT, OOHAKO,
#HTEDPEC W CaMO N0 ceBe, MOCKOJBKY OHO ONMHCBIBAET (DUIHUECKOE
ABJIeHHe, AOCTYMHOEe HaGJiloAeHHIO B peaabHOCTH. JlefcTBUTEAbLND,
CKOPOCTb HCHApEeHHS ONpemelHTCs OTCIONa, KaK

dE — K Ey—E
a¢— 2D " T yr
[Tonuas cKopoCTh HCNapeHHs NPONOPUUOHAALHA KOMHYECTBY OC-

TalouleAcst BOAH H OOPATHO NPONOPUHOHAJAbHA (YHKIMH BpeMeHH.
31y QYHKLHIO MOXHO, OXHAKO, HCKJIOYWTh, Bblpa3uB ¢ yepes E:

1 £
a1 R g En
@ DTSR TTTE

%)

OxoHuatenbHO S2KOH HCNAapeHHs NMPHMET BHA

E=E [l—e " 40— E -]

Kosdduunenrn ycpennennoh aubdysun A = g JIeTKO MOXKHO
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6yaeT TOAY9HTh, HcXona us sHageduit £ u £ aam 9=1n §=0
AN HECKOJbKWX H3MepeHH# (IOCTATOYHO ABYX), TNPOBEISHHHIX B
pasHBEIX BO3PAcTaX H OOMYCKAMOWIMX 3KCTPANONALHMIO, KOTOPAS RART
npeaeabHbie 3HadeHHA, Takne H3MepeHHs ObIH BHINOAHEHHW Ha
fpH3Max H3 LEMEHTHOTo KaMHR B Bo3pacrax jo 1500 nneft. Onu
yCTAHOBHJIM BIOJHE TIpHEMJEMOe COriacHe Mexpay opmyaoh #
ONBITOM, HO CaMHM JHO0ONKTHLIM ORJIO NMPH 5TOM KOHCTAaTHPOBATbD,
qro u Xpusass A {puc. 21) MoxKeT GBITH TOYHO TaK Ke BRIPANKeHA
B TOoR XKe avagutHdecko# (opme. Ecau E npeacraniasier coboli Ko-
JNYECTBO BOAL, MOIVIOUWIEHHOH 32 BpeMs BHIAEPXKHBAHUA o06pasua
B BOAE, TO OHO K€ BRIpa)caer M ypejudeHue ofbeMa NOD B LeMEHI-
#O0M KaMHe, NOJYYHBLIeeCd B De3yJabTaTe KOHTPaKUHM IPH obpa-
30BAHUM THADPATOB. DTO TMOIJOLIEHHE ROIXKHO TNOITOMY COMPOBOK-
AaTh HNOBOJIbHO OJIM3KO MpPOLEecC XHMHWECKOTO COeAMHEHHs, Npore-
gawowni npu TBepReHuy., [loab3ysAch 3THM, MOXKHO IIOJTHOCTBYO
c)OPMYNKEPOBATL 3AKOHH HCTNapeHHs 6eTOHA Ha OCHOBE HeGOJbLIND-
rO uMC/1a NOCTOSAHHEIX XapakrepucTHK K ,Ks, Ka, ecau stor GeroH
C CaMOro HayaJjia BBASPKMBAETCS B CPele ¢ 3afaHHOM NOCTOSH-
HOH BJAMKHOCTbIO. HTO MPOMCXOAMT, ec/iy Hawaso HCNapeHus sanep-
JKHBaeTCH, T. €. ecqH 6eTOH OCTAeTCd B BOAE HEAenRlo, MeCsl, rof
¥ T. A., TNpexne HeM ero moMecTsT B B03ayx? OnmT noxasHBaer,
4TO NPOLECC NPOTEKAET ORHHAKOBO, H3MEHACTCA JIHLIL KO3hda-
et au(dysuu A, yMeHpinamomsfics 0P NpPeIBaPHTEALIOM
BHIepXKHBauuy GeToHa B Boge. HHUKAKOrO TOWHOro 3aKOHA 3TOrO
H#3MEeHeHHa He OLIIO YCTRHOBAEHO, — MIJS NPH3IMB K3 YHCTOTG: ne-
MEHTHOrO KaMHA CO CTOPOHOH 3—4 cM OHO mMOJy4aeTcs BechbMa

GoabuIHM A=—=2— W Nafaer A0 3HAUUTEIbHO MeHbIIed BEJHUHHH

a'ls
AJs NpH3Mel K3 GeToHa
Ay

1
a’n

A==

fie g —BD3pacT, NPH KOTOpOM oOpasell NEePEHOCHTCH HA BO3AYX.

ITpuunHy 3THX HM3MeHeHMi cAeAyeT HCKATh, BEPOSATHO, B XMMM-
YeCKOM TOBEDXHOCTHOM SBJEKMM KDHCTAMMM3ALUMH H 3aKYNOPKH
fop. CymiecTBeHHEM 3Hech ABJIAETCH TO, UYTO B Pe3yaAbTaTe MAJH-
TeJLHOTO BhHIAEPKHUBAHHS GeTOHA B CYXOM BO3OyXe C BJaKHOCTHIO

OTHOLIEHNE OKOHUaTeNbHBIX KOJMMYECTB HcnMapyBmleRca BOAR K
BOJle 3aTBODEHHS He 3aBHCHT OT YCJOBHH NpexBapHTEJbHOIO Xpa-
HeHHdA, OHO 3aBMCHT JHIIbL OT cocraBa 0eToHa B MOMEHT 3aTBOpe-
HHR M ot 6.

ITo3HakOMUBIUHCE C 3aKOHAMM HCNAPEHHS, MBI CMOXEM Teneps
fiepedtTi K camo#t ycagxe. B 3ToM HanpaBAeHUH OBUIC CHETaHO MHO-
TO MONHITOK, H CaMOH HHTepeCHOH Owlia nonkiTka O peficcure cpa-
3aTh ABJIEHHS YCAAKH C KanUINSPHBIM HATSXKEHHEM THICPOMETpH-
q9eckoff Boaml. S cam paspaGorTan aHANOTHYHYIO TEOPHIO, HQ 3TO
OKazaJsioch HampacHOR pa6oTol, TaK KaK TOUHOe HCNEITaHHE, NpoBe-
AeHHOe ¢ Ue/bl0 €e HPOBEPKH, OOGHAPYXKHIO ee HeCOCTOSTeAbHOCTS.
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B nefiCTBUTENLHOCTH 3TO SBJCHWE 3HauuTensHo npoine, Haue-
teM, Kak 3To 6o Ha prc. 21, 3sHayeHHn HaOyXaHHA W YCaOKH B
$ysxuun BpeMenu. Ha puc, 23 npencrabBaera xpusas Halyxasust
B BOJEe M CePHA KPUBBIX YCaAKH, H3 KOTODBIX KaK[Aasi TeM JaJplle
oTCToUT OT ocu abcnuce, ueM Menbie 8. Ecsau 3HauenHa ycalku
OTCUHTHIBATL OT kPUBOH A M OTKAANWBATH X B GyHKuuu §, TO MH
HaltgeM, UTG NMOJYUeHHBIEe TAKHM NyTeM INs Ka}JIOro Bo3pacta Ge-
TOHA TOYKH pacnoJsioxarcs Ha npsamoit. MurepecHoét ocoGenHocThIO
3TOH DNPAMOH cjaelyeT ¢YATATh TO, YTO OHA NepeceKkaeTr och abCUHCIC
3 TOYKe, PACNOJOKEHHOR BupaBo or 8=1, 0 B TOYHOCTH cooTBET-
cTBylomMIeli TO#l TOYKe, B KoTtopo# npsmas E §) ua puc. 22 nepece-
KaeT Ty Xe och abciuce (puc. 24) nng toro xe Bo3pacTa f.
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Puc. 23. ¥Ynavuewne m ycaaxa 6e- Puc. 24
TOHHLIX NPH3M B PAa3JHYHHX YC0-
BHAX BJAXKHOCTH

TaxkuM ofpa3oM, ycanxa, OTCYMTHIBaeMasi OT HaYa/bHHX pasMe-
pOB, COOTBETCTBYIOINMX XpaKHeHMI0O 06pasuoB B BOAE, MPOMOPIUL-
HaJlbHa KOJIMYeCTBY BOZBl, HEAOCTAKMIedl KO NMOJMHOrO yBAAXHEHHS
B 3THX YCJOBHAX XPaHEHus.

Ornowerne A (f)/E{¢)=p (f) Mn Ha3bBaeM Ko3pdHUHEHTOM
YCAafKH,

3aMeyaeTCs, UYTO 3TOT KO3I(POPHIMEHT H3MEHSeTCs ¢ BO3pa-
croM GeToHa M, BOIPEKH TOMY, UTO MOXHO OvljJo OH Npeanona-
raTh, YUuTHIBAA IMACTHYHOCTh, BO3pacTaer co BpeMeHeM. Onua »
T2 Xe noTepa Boasl B Bospacre 1000 nueit naer 66abuiyio ycazky,
4eM B Bo3pacTe 7 AHell. DTOT YAMBHTENbHLH, Ha nNepsuii Barasn,
pesynnTaT JIErko OGBACHUTL, €CAH BCHOMHHTH, YTO H KOJHYECTAC
PHADATH3HPOBAHHOTO LeMEHTa TAaKXKe BO3PACTAET CO BPEMEHEM.
Yro6ul u3BJEUL U3 3TOrC HAGMIOAEeHHs MPHYMHHYIO CBA3b, OCTaeTcs
cAenaTh BCEro JHIIs OAHMH mar. MoXHO BBIABHHYTH THIIOTE3Y, 4IO
B OPONOPHMOHAJEH KOJMYECTBY CBSI3aHHOK Boam. B Tex caywasx,
KOrJa B NJaHe CHCTEMATHUECKOTD HOCNELOBAHHSA M3YUAIOT M3MeEHC-
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pust p B GyHKUME OT f, BCAKMH pa3 y6exnalorcd B TOM, UTO pe-
3yJAbTaThl TNPHBORAT K 3aKOHY TOTO JKe CaMOro THIA, C KOTOPHIM
#4AM NPHUXOMUNOCH BCTPRUATHCH M pamee:

o~ H
b=l —e ),

Onpepenenyue e BxoAsliero cioaa xkosbhdHnHeHnta K. TPHBOAUT
K 3HaueHHIO, Gau3koMy ¥ Ka, T. e. K Ko3dHUHEHTY KPHBOH noro-
HleHHsl BOABl NPH TIOCTOSIHHOM npeGnipanHuM oBpasua B Heit. M no-
CKOJBKY Hejb3fl OXHAaTh, 4ToOH 3Ta NOCHAEAHSA KpHBas 6blla
oueHb TOMHOM, GO OHA HE YYNTHIBAST HU BO3MONKHOTO BHIACHEHUN
BO3lyXa K3 GeTOHA, KK YyBeNWYeHHs ero oObeMa, {I0CTOJAbKY i
YyTOUHEHUN pacyeToB OBLIO NPELJOXNKEHO NPH3HATh 32 KoabhhHuue:R-
roM K, 66JbIIYI0 HANEXKHOCTH,

Mst suguM, TakuM ofpasoM, uTo, €CAW M3 He§o/IIIOro 4HCIa
UCTILITAHHA JIerko MOMKHO NOCTPOHTH BCIO COBOKYNHOCTb KPHBHIX
vCmapeHus, To BBIYHCAeHHe K, H3 HM3MePeHHI yCallkm B TeX &Ke
UCTILITAHKAX TIO3BOASET MCYEPNHBAIOIUM 06pPa30oM TpeacKasaTh fo-
BeAeHHe 6eToHa BO BCEM, 4TO KacaeTrcsl e€ro ycankd. Eaumncrsey-
HOf HeH3BeCTHOH ocTaercA 3mech Kpusad Habyxarena A B some. Ha
NpakTHKe 5Ta KpHBasf npeobpasyercda B NpAMYIO B JjorapHpmuue-
CKMX KoopawHarax BpeMeHd B uyrepnase 1000—1500 nueit, 3a ko-
TOPHIM OHA NpPHHHMaeT NOYTH TOPU3OHTANbHOE NoAoKeHHe. XoTs
HPHYMHA 9TOT0 HAa0yXaHWA He BRIACHEHA — IIPOMCXOAMT JM 31ech
XMMHYECKAR Peakiusi ¢ yuacTHeM H3BeCTH H MarHesuw ! unax dusu-
JecKkoe BO3NEHCTBHE BOH, — MB MOXKEM BCe JKe Ha OCHOBAHUM
KPATKOBPEMEHHOr0 MCNHTAHHS MOAYUUTL PE3yJbTaThl, NONYCKaw-
IUE JOCTATOYHO HAMEIKHYIO 3KCTPanodunio, treM Gosaee, ato AJA
ferosa 310 HabyxaHue OHBaeT OOBIMHO AOBOJLHO CJaabbIM 2,

Ocraerct OGDBACHATH, HOYeMY K03(PHUHEHT p=—2r» nponop-
UMOHANEeH KOJKUECTBY THIPATH3UPOBAHHOTG UeMeHTa. Pentredo-
rpaduueckoe HCCACROBAHHE CTPYKTYPh AHGPAKUHOHHHM METOA0M
1 HaOJAIOAEeHUS ¢ NTOMOIIBLIO 3JEKTPOHHOrO MHKPOCKONa o6HApPYXUIN
HeNaBHO, YTO AKTHBHAas 4YacTb THAPATH3KPOBAHHOTO BIKYUIETD
chopmupoBaHa M3 MeapYaHIIMX KDHCTANIHATOB, CPeJHHE PasMepnl

o
KOTOPHIX H3MEpAIOTCH BeJnuMHaMd nopanka 50—200A (anrcrpe-
MOB). BTH KPHCTAMIMTHE CBA3AHB MeXAy COG0fi XHMHUECKH H OKYy-
TaHB BOXHOR 000JI0UKOK. YYUTHBAR pasMepH 3ePeH M PacCTOoAHIA
MEXRY HHMU, CAeRYyeT 3aKJIOYHTH, YTO BOJA CBA3AHA C TIOBEPXHO-
CTSIMH TBepPIABIX YacTHL; OHA UMK aicopbupyercs. Ceepx TOro, sep-
Ha CHNMKATOB H AJIOMHHATOB COAEPXKAT B CBOEH CTPYKTYpe MoJe-
KYaH opoGoRHOH BOAK B (popMe NJAaCTHHOK, BNYTAHHRIX B CETKY.
Jagioma (Lafuma) u Bepnan (Bernal) noxasanu, 9to KoJHYUecTBO

! Boamokno, u runca, ([Tpum. ped.).

2 Creness HaOyxaHWs 6eTOHa 3aBUCHT OT BHAA NPHMEHEHROTO BAKYILErO;
HalpuMmep, ¢ pacIUHPAIOUMMCS UieMenToM HaGmonaercs OoJibiloe pacuiHpeniye.
(Tpun. ped.).

73




3TOH, TAK Ha3nBaeMOMR LEOJUTOBOH, BOAK MOXKET H3IMERATLCH H
3aBHCUT OT BJAXKHOCTH OKpyXawollieli cpeanl. HekoTopele apTODH
paccMaTPHBAIOT ATY CHCTEMY MHUKDOCKOTHYECKHX 3ePe€H H BOIBI Kak
reasb. Kax 6n TO HH Oul10, CHOPMHPOBAHEHE TakKHM 06pa3oMm CKo-
N/€HHS 3epeH CONEPXAT MOPH, HATOJHEHHBEe BOAOK, U BCAKOE H3Me.
dgenue ofneMa >TOoH pOAm — CBA3aunol, ancopbupomannol uan
HEeOJIUTOBO! — CONPOBOXKAaePcHd NPONOPHHOHAMBHLIM KH3MEHeHHeM
of6beMa BCero CKOMJIEHHS.

Ho B ueMesTHOM KaMHE UMEIOTCH M MOPH MHOTO THIA — KaMHJ~
JISpHEIE, KOTOpHE MOTYT HanoAHATLCA BOIOH UJH BO3IAYXOM nOpH
onpeneseHHon BaaxHOCTH. B cocTosisnu yCcToOWuUMBOrO paBHORECHA
BA&XHBEIA BO3RYX M aacopbHpoBaHHAs BOA2 DasdeeHbl CJoeM. Co-
CTaBASIOUIHM OJHO HePa3pLIBHOE lejioe CO CBA3aHHOW BOIOH. cO-
Jxepx{axueiflcn B CKOMMEHHAX MeJKHX HACTHUI, ¥ ¢ BOICGH UeoJUTO~
BOH ~— BHYTPM OTHENbHHX KPHCTAJJHTOB. ITOT CAO0H HaxoauTed
TAKKe B PABHOBECHHM C BJAXHEIM BO3IYXOM HJIM C BOAOH, yIaepxKu-
BAEMON KanuaJApDHBIM HatslxeHueMm B nopax. Koraa kamuansapaoe
JaBJieHHe BO3PACTaeT WJM BO3RYX CTAHOBMTCH Gosnee cyXum, CBO-
6onuast 3Heprud BONH, 3aKJIOUEHHOH B NOPAX, YMEHLIIAETCH H CKu-
NJeHHe MeJKHMX YaCTHIl CTPEMHTCS BOCCTAHOBHTHL PABHOBECHE, yCIY-
nag yaCTh CBOEH BOAB OKpYXaloileil cpene yepe3 NOCPENCTBO pai-
JEeJANTENLHOrO CJ05.

Orclona NoHATHO, UTO YMeHblLUeHHe ofbeMa MOXKeT ObiTh Npo-
MOPUHOHANBHHM ORXHOBPEMEHHO M KOJMUECTBY HCHAPHBLIEHCS BOJHL,
H KOJMHYeCcTBY THADPaTH3HPOBAHHOTO UEMEHTa,

Ecau Gbl cMecb COCTOS/Ia TOJALKO U3 CKONJEHHS TOBKHX YacTHiL,
MBI TOKHE 6ul1M OB MOJNYUHTb YCALKY, .PABHYIO /3 ofbeMa ucna-
puBluefica BOOHl, (haKTHuECKH Xe B YUCTOM KaMHE OHa COCTaBjseT
/3o 21070 0o6beMa. KonAeHCauHK MOJACKYA GAHOM TOALKO ancopbu-
pOBaHHOH BOAB! HEAOCTATOYHO A TOTO, UTOGH OOBLSICHHTL 3TO pas-
auuue. Orcwona CIedyeT, YTO ycalKe [POTHBOAEHCTBYeT cKeJjer M
49TO B KamMHe NPH 3TOM 06pasyioTcs NODH, B KOTOPHIX MOXET pace
fIPOCTPAHATLCA BO3AYX XKEJaeMOH BJaXKHOCTH.

32aK0H ycaaky [03TOMY MOXXHO BPeacTaBUTh B CJefyiomeM mpu-
CTOM BUZAE:

A=gECy,

rae  E— nosmde KOJHYECTBO HCNADHBLIEHCS BOAH,
C,,— KOMIMUCCTBO M'LApaTH3UPOBAHHOIO [EMEHTa;
q—xoaq)qmunem 3aBUCAIUNY OT TMPHUPOAR NOCTERHEro 10T
coctasa Oertosa.

Jas Toro 4ToOn NMOJYUUTH TIOJNHYK BeJHuMHY AeQOpMAaUHH, wse-
JUUMHY 3TOfl VCalKu HYxHO n00aBuTh (airefpauyeckn) K BenHuu-
He, onpenensomeli Habyxanpe 6eToHa B BOZe.

IMpuBeneHnne COO6pPAXKEHHA MOXKHO NOAKTOXHTH HEKOTOPHIMH
HHTEpPeCHLIMK BHIBOJAMU,

1} Hcnapense u oxoHuaTeJbHAs ycajiKa NPH JaHHOH BaaxHOCTH
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#He 3aBHCAT OT NOPEABAPUTEJILHOrO, foJaee WM MeHee AJRTEJbBROTO
sHLAEPKHUBABNS OeTOHHOro obpasua B BOXE.

2) BraepxnBanpe BO BJAAroHaCHIIEHHOH Cpeae He CO3ZAeT
¢TaBUNbHOrO0 COCTOSIHMA, HO MOMXKEeT BH3BaTb Jaufo ycanxy, nudo
HafyxaHnre, B 3aBHCHMMOCTH OT KayecTBa BiXYLIero M KOMMIAaKT-
#ocTy OeTOHA.

3) TBepnenue MOXKCT OHTh [DHOCTAHOBJAEHO BHICYHIJBAHHUEM,
eClid UCTATOUHOE KOJMYECTBO BOAW OKA&MKETCH MEHBIUNM Heo6Xonu-
MOTO AJA JafbHEeHIero TeueHMs Npouecca ruapartauui, [logo6-
Hoe ABJIeHHe BO3HWKaeT, HanpuMep, B NOBEPXHOCTHHIX ¢0sX Oerofa
npu BbIAEPKUBAHKE B cyXol atMoctepe. OXHOBpeMEHHO NPH 3TOM
yabmonaerca B 3HAYHTENbHASA I[IOBEPXHOCTHasd ycaaka, crocobnas
foBJaeYb 3a Co60it ofpasoBaHue TOHKOH CETKHM fIODEDXHOCTHHIX Tpe-
NIUH.
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4) Cocrosinue crafuaAH3alLMKu Beca onpefiesfeT ycaaky, KOTOPYIO
MOXKHO Ha#iTH 00 3Ba4YeHHI0 KO3()(UIUHUEHTOB { M OPAMHATAM KpPH-
Boit mononoraoimenus A (puc. 21).

Ecan nocne smicymuBauusi GeTOH NOTPY3HTb 3aT€M BHOBb B BO-
1y, TO OH TOrIOLIAeT TaK0e KOJUYECTBO BOAR, NPH KOTODOM E€ro
Bec npubJauxaercs X TOMY 3HAueHMIO, KOTOPOE OH TOJY4HA Ol
€CTH Ghl BECh CPOK MCNHITAHUA XpaHuacd B Boje {puc. 25).

Ecnu BMecTO nmorpyxeHHs B BOxy GeTOH NOMECTHTh BO BJjax-
Hult Bo3ayx (9 =0,99), oH Takke NOBLICHT CBOH Bec, OAHAKO B
MeHblleit CTemeHH, TaK YTO 3TOT Bec GYAET MpHOAMKATHCA K 3HA-
4€HHI0, COOTBETCTBYIOIUEMY YCJAOBHAM MOCTOSHHOTO XPAHEHHA €ro
BO BaaxHoM Bo3ayXxe. B STOM HannexHT BUIETH HNOKA3ATENLLTBO
Toro, yTo B GeTOoHe NPUCYTCTBYIOT ABA BHAA BOABI: CBOGOJHAZS K M-
Tpomerprueckasd. XoTs ¥ Ta, ¥ Apyras o6PaTHMEL, OZHAKO TDH pas-
THYHEX yCAOBHAX: MOTEPSHHAS 'MrpOMETPHYECKas BOAZ AOMycKaer
Boceranossenve 3a cueT Dapa, coaepxallierocs B atMocdepe; CBO-

QIHYI0 Xe BOAY MOXKHO BepPHYTh TOJBKO M3 BOAH, Haxoasutefcs
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B JKHAKOM coCrosnHH. UT0 Kacaercss ycaaku, TO OGpPaTHMOCTh e
NoJyyaeTcsl HemoAHoM Haxe H Nocje NMPOAOJIKHTENbHOrO mpebnBa-
HUSA B BoJe: BCerga IIPH 3TOM COXPaHAeTcsl HEKOTOPast OCTATOYHAR
Heo6patuMan JepopMauus 3 (puc. 26). YMeCTHO NOCTaBATh 3/ECh
BOTIPOC O €€ TIPOHUCXOXKAEHHH.

Ipexkae Bcero NpHXOAHT MEICIL O [JACTHYHOCTH, NOCKOABLKY MH
HMeeM 31ech Aenao ¢ HeoOpaTHMBIM fpolleccoM. Ho BHewnee ¢xoa-
CTBO fIBJieRREl — ellle He OCHOBaHHE NJS YBEPEHHOCTH B TOXAECTBE
npouecca. Ecou 6m 310 OBUIO TaK, TO YCaAKa BHI3HWBanach OH gae-
J€HHEM KaK pe3y/abTaTOM BHYTPEHHHX HANDSKEHWH M TOTAa OHa
posxHa Gnlia 6 BAMATH HAa YCJOBHS paspymedus. Mexnay rtem
ONEIT HHYEM He NOATBEPXKIAAET 3TOro OGINEro BHBOAA, B OTAENbHEIX
Ke CHy4yasX NHPH YCTAHOBJIGHHH TaKOIO BJMAHHA OHO OKa3bBaercs

a
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S <
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)
| _Cyxad 8030y Boda
Puc. 26

CJHIIKOM HeOOJbIIMM MO CPABHEHHIO C TEMH 3HaYEHHAMH, KOTOpHe
npuoGpeTaloT 34eCh HAMPSKEHUA HAH JedOpMalUH, BHI3BAHHBIE
BHEIUHUMH (QaKTOpaMH MEXaHHYECKOTO Xapakrepa.

B1o obcrositenpcTBo NOGYXKIaeT Hac HeKaTh OGBACHEHMS BYeM-
TO MHOM.

3ta npobaema He pemieHa, HO KA0Y K Hell, NO-BHANMOMY, MOX-
HO HaliTH B INpeANOJOXKEHHW MAONOJHHTEJIbHBIX CBS3eH, BCTYMNA-
UIMX B [eicTBHe B mpoliecce YCaXKH ¥ OOSI3aHHHIX CBOMM IIPOHCXOXK-
JeHHEeM TNPOROJKEHHI THAPATAUHN B YHNJOTHUBIUEMCH ¢joe, HJM,
Aydnle, HOBRIX cBf3el, BO3HMKAKOWMUX B pe3yibrarte cONMIKeHH:
KPHCTAJIIUTOB, CONMpPOTHBJAIOIIKHXCS HAaOyXaHHIO B MOMEHT BO3Bpa-
DleHusI GeTGHA BO BJAXHYIO cpefy. 710 0GbACHEHHe He OueHb TOY-
HO, HO TPYAHO HalTH Jyduiee 33 HEJOCTATKOM 3KCIEPHMEHTANBHHX
NaHHLIX, HONYUEHHEe KOTOPHX Tpefyer K TOMY XK€ TIUATeAbHOro BH-
NONHEHHA HCnbiTaHHfA. HYXHO TO/JBKO NOMHHTb, 4TO AehOPMAaHIO
HeOGA3aTEAbHO OGBACHATh JaBJEHHEM, YxaxeM TNPH 3TOM, UTO OT-
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HOLIEHHE MENKAY OCTATOUHOH yCaZKO# M moJHo#l yCamKoh 3aBHCUT i
oT BHJAA LeMeHTa Had 6eTOHa H H3MEHAETCA B IUUPOKHX Ipene-
Jax — oT 30 pife] 600/0.

Eciayd DOHATHe BHYTPERHErO HANPSXKEHMSA H3JIHIUHE B HCTOJKO-
BaHMM MEXaHHW3Ma ycankd, TO He ITPHXOAMTCS COMHEBATLCA, HTO
caMa ycanka SfIBJAeTcs HCTOYHHKOM BO3HUKHOBEHHS HanpsKeHHH,
Ecsiu npu3MaTHUeckull O6PYycOK u3 6eTOHa NOABEPrHyTh o6palboTKe
B CYLWINJALHOH KaMmepe, TO OH HayHeT TePATh COLEPKAILYIOCH B HEM
B0AY IIPEKAC BCero B cJ0AX, Oauxalmux K nopepxyHoctam. Cren-
KUBAEMad BHYTPEHHEH MacCOH NOBepPXHOCTHafA KopKa GyJjer JMule-
Ha BO3MOXKHOCTH MCNBITHIBATH YCaJKy, B Hell BO3HHKHYT pacTdard-
palolide HaNpsXKeHH:, H CBOOOAHHI YYaCTOK €& NOAYYHT YAJHHe-
HHe, YacTb KOTOPOro ocraHercs Heo6parumofi. Hao6opot, BHyTpeu-
HSs 4aCTh peaKuuel NoBePXHOCTHOH KOpKM OyleTr lpuBEdeHa B CO-
CTOSHME CHATHA M Ha CBOGOJHOM Y4aCTKe cBoefi AJHHE HMCIEITAer
geoBpaTHMOe ykopoyeHue, Korga npouecc BHICBIXaHHS pacnpocTDu-
HATCA Ha BHYTpeHHwio ofb.acts Opyca, Xon ABJEHHH, KaX Jerko
AOHATHL, NPHMET ofpaTHOe HAaNpaBJeHHE, M KOPKA OKaxeTcs cxKa-
TOH, $APC XKe Oyaer pacTAnyTo. [lOBTOpHOE YBJA2XKHEHHE BHOBL
H3MEeHMT PAaclpelesieHie HaNpSIKeHMH; BIOJHE BO3MOXKHO, 4TO 3TH
YepeJlOBAHHS DACTSKEHWS H CKATHA OKaXYyT BJAHAHHE Ha OCTATO4-
Hbie NeOPMALMH M 4TO 3TO BJAHSHHE Oyaer 3aBHCeTh OT GOPMHE U
o6bema o0pa3sua,

OGpaTtuB Teneph BHHMAHHE HA TO, YTO GETOH B CTPYKTYPHOM
OTHOLIEHMH npeactasaser co60fi CHCTeMy 3epeH 3aNOJHUTENS, OKY-
TAHHBIX IeMEHTHHM KaMHeM, MEI DOHMeM, 4TO 3TOT NOCJAEOHHN,
ACNLIThIBAS YCAAKy, MOJIKEH NOABEPraTthcs pPeaKTUBHOMY BO3dei-
CTBHIO CO CTOPOHBI 3amojHHuTesNs. B pe3yabTare BO3HHKHeT mocJe-
JA0BATEAbHOCTh B32HMOREHCTBYIOLUHX HanpsKkeHHit H gedopmauui,
¥ OKOHYATEabHAfA ycanka MNOJYYMTCS MeHbluelt, deM ecjH Ob ue-
MEHTHBIA KaMeHb He OBl CTeCHeH 3anonnurensMu. Buino 6 kena-
TeJbHBIM Ha OCHOBAHHHM H3MepeHHs AedopMaUMH YHCTOrO KaMus
YMerh BRIYHCJAATh BEPOSITHYIO ycaaKy OeToHA HAHHOTO COCTABA.

Ilycro 7T,— peaxkuust, OKashiBaeMas CKeJEeTOM 3aloJHHTEREH B
ofibeme A, a T.— HanpsuKeHWe NEMEHTHOTO KaMusl B oGmeme V.
YenoBue paBHOBeCHS, PaClPOCTPAHSIOIEECS HA BECh OOBEM, BHIPA-
3MTCS COOTHOLIEHHEM

AT, 4+ VT, =0,
C npyro#i cTOPOHH, BeNMUWHA YCAaAKK GeTOHa AOMKHA OHThb paBHa

BeJIHYHKE YCAAKH YHCTOTO HEMEHTHOrO KaMHsl, aarebGpaHueckH cjo-
KeHHO! ¢ BEJUYHHOH ero ZeopMauuH NOA HaNpHAKeHUeM '

Ab == Aa + Tcxuo
Fhoe ¥, MOAYJb CXXUMAEMOCTH.
*‘%-.-_

! PeakT%BHEIM, BLI3BAHHLIM CHENJEHWEM CLEMEHTHHM KAMHEM, (Tpun. ped.).
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Beauuxnna 3Tofi gedopMauuu [ouaKHA OHTB DaBHa BeJHYHHe
nethopMalluy cKesJeTa 3anoJiHUTeNed, IS KOTOPOro MOAYJb CKM-
MaeMOCTH paBeH X4

TpH YCTaHOBJIEHHHX HAMH TAKMM NYTEM YDaBHEHHS TIO3BOJSAIOT,

uckiouns Ty H T, HaOoHCaTh
AC

4, = - 7 p——
14 XA
O6beMm V pasen cymMMe oGbeMOB BOAH H LeMeHTa: V=e¢4c.
Monysab cxEMaeMOCTH KaMHA €CTh BO3pacrawmonlas QyHKUHA CO-
Hepxaulelicst B HeM BoAR. Mer npumes a9 Hee JuHelinylo dopwmy,
CRENYS 3aKOHY CMECH: .o

OKOHYATE/LHO HOAYYHM

A e
Ty P
3necs A, npexcrarasier cofolt YCaIKy YHCTOTO KaMmuf, 3aTBODeH-
HOFO HAa TOM e KOJHYECTBe BOMHL, YTO K IOCTYNHBLiee B GeToH .
[lposenekHpie B nocCaefHee BpeMa HCTRITAHAA C HEeMEHTHBIM Kau-
HeM, CONCPKABHINM MHHEPAJLHYIO MYKY TOrO Xe€ rpanyJjoMmerpuye-
CKOro COCTaBd, UTO ¥ LEMEHT, {10Ka3aJH, UTO KOJUUEeCTBO BOIH 3a-
TBOPeHMA OKA3LIBAGT JUHb cjxaGoe BJHSIHEE HA OKOHYATEJNBHYO
YCaAKy 4HCTOTO KaMHs H YTO WHEPTHAs MYKa He NPOTHBOAEHCTBYeT
30l ycaake, DTo COIJIACYeTCs C Teopuefl yCalKK, cOriaCHO KOTO-
poli yKOpoueHHe KaMHS Onpelejsercs yTpatofi HeoauToBOH (B mu-
POKOM CMMICJEe) BOAK, KOJHMYECTBO KOTOPOH 3aBHCHT AHIlb OT 00b-
eMa THAPATH3HPOBAHHOTO LEMEHTa H He [O/KHO 3aMeTHbIM 06Dd-
30M OT/IMYAThCS OT KOJIHUeCTBA BOJH 3aTBOPEHMSA.

HaxoHeu, Mu MOXeM NPHHATL A, PaBHEIM yCalKe YHCTOrO KaM-
MA ¢ OOHYHEIM KOJUYEeCTBOM BOJHl 34TBOPEHHA N NPH XPaHEHUR
R Tex e ycjaopdasX. O6beM 3ano/HMTENeH BHPA3KTCS TOrga pa3-

HOCTBIO:
A=l—(ctetuv+)),

U —o001beM BO3AYIUHBIX MOP;
f—o6beM yacTun pasmepaMu MeHbie 0,1 mm.
O6l1tuee pripaXkeHue I8 YyCajKu TPHMer TOTAA BHR

[
b= b TG e 04 N Tben

rage c¢—oGheM leMeHTa;
€—006beM BOJARl 3aTBOPEHUS;

' Dra BesuunHa ycJoBHaAs, Tak xak npu B/L-04—0,5, npumensemom B 6
TOHe, B UEMEHTHOM TECTE NPOMCXOAMT Heuabexkhoe pacenoenue. ([Tpum. ped.y.
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U — 006beM BO3AYUIHHIX NOp;
Jf—o6beM MenKuX yacTHL;
#ea — KO3DOUNNEHT, YMEHLIIAOMUACS C YBEJIHUEHHEM CXUMae-
MOCTH 3aMNOJHUTENS.

Beanuuna kosQdHLHeHTA o4, KAK  3TO  YCTAHOBJAEHO 1A
KBAapLIEBBIX 3aNOJHHTeNell H HeNPephHBHOTCG TPaHYJIOMETPHUUECKOTO
coctara, kosebuerca B npeaesax ot 0,8 no 1. Ho stor xoadduuu-
eHT 3aBHCHT He TOJBLKO OT MHHEDAJOr¥decKod TNPUPOLnt 3aN0AHU-
resefi, HO H OT 60jblUeH MJIM MeHblleR HenpepHBHOCTH 06pasye-
moro #Mn ckesera. CKelJieT NpepHBHOH CTPYKTYDH, KAaK Jerko
6yfer MOHATb, OKAa3biBaeT MeHblllee NPOTUBOJCHCTBHME yCanke, HeM
cKe/IET HeNPephiBHOTO TPAHYJIOMETPHUECKOTO COCTABE, B KOTOPOM
:epHa conpukacamoTCad Apyr ¢ apyroM. Kopoue rosopst, ko3pdau-
gueHT n  ABafeTcs OdyHKUWed IpaHyIOMETPUUECKOrD cOCTaBad H
npupoan 3anonuurens. IIpuBegennyio Bhune HOPMyay He yAag0Sh
enie IPOBEPHTH HA JIOCTATOYHO OOABMIOM YHCJE HCHBITAHME HAR
1oro, utofel ee MOXHO OBUIO NPU3HATHL He TMOLNEXKAINEAd KPUTHKE H
yKa3aTh C €2 NOMOUIbI UHCJAOBBIE 3HAYEHHS! {+ JAJSI THIHUHBIX CAY-
ygeB. TeM He MeHee ee NpPUMeHEHUe K GeTOHAM € DACXONOM LeMeH-
ra B unteprane 300—400 kz/m® nokasmiBaer, 4uTo nONyYaeMbie C e@
NOMOUILIO 3HAYEHHS MHTEPNOJHPYIOTCA KpuBO# napaboNHueckKoTo
THIA:

A, =y (e+c+f+ )™

MEl IDUXOAMM 3/1€Ch BHOBb K YXXe W3BECTHOMY HAM 3MHIHPHYC-
CKOMY BBIPAXKEHHWIO, B KOTOPOM NOKa3aTejh CTENeHH, N0 NaHHAM
HEXOTOPEIX 2BTOPOB, HE BRIXOAMT 32 npenetn HHTepsasa 1,32—1,52.
3T0 OBCTOSTENLCTBO MO3BOJIIET AYMATb, 4T INpeANOXKEeHHaA Hop-
MyJia, CKOpee TeopeTHYeCKas, 4eM IMIMpHUECKad N0 CBOEMY Xapak-
TEPY, Jydlle OTBeyaeT NOCTaBJAEHHOH HaMH 3ajiaue TOYHOI'O onpe-
IZenenus ycaaxy OeroHa no ycaiake nemenra. [loauepkusaeMm, 9T0
3Mech peur Hner o6 OKOHYATESLHOH ycaake GeroHa, CPOK HacTyn-
JCHUsT KOTOPOH MOIMKET CHJLHO OTJHYATLCA OT HACTYIJAEHHS CPOKA
YCagku 4UCTOro HeMEeHTHOro kaMus, Kax npasuso, ycagka B Gero-
He npoTtekaer ¢ 6OMbiHEN CKOPOCTHIO B CBSI3H C €ro $oJjiee BHICOKMH
nopuerocThio. B nposegeHHoM pacueTe MBI MCXOOH/H H3 mpeiacTas-
JAEHUS © UeMEeHTHOM pAacTBOPE, OXBATHIBAKINEM CKeJET 3anoJHuTe-
7ell ¥ npuBefeHHOM NOCJAEOHMMHM B HanpsikeHHOe COCTOSHHe. HMHui-
MH ci10BaMH, PACTBOP B 5TOM COCTOSHHH B OTJIHYHE OT CBOEIO €CTe-
CTBEHHOTO CTAHYTOTO COCTOSHMS HCMBITRIBAET DACTAXKeHHe, nopod,
BOaMOXHO, 3HauuTeNbHOE. YKaXKeM, B YACTHOCTH, Ha KOHKpPeTHHH
OpEMep HCMOAD3OBAHUA UEMeHTA, AABUIEro abCOMOTHYIO YCaiAKy
Hcroro xamus 22001079, xoTopast B UPHIOTOBICHHOM Ha 3TIM
u‘51Vh!<°3HTe Gerore cum3uaack no 350-1075, DTo 3HAUHMT, YTO LEMeHT-
bl KaMeHbL NMOJYYHJ OTHOCHTenbHOe yanumesue | 850. 10, 1. e,
185 mm/m, ecan y4eCThb ero €CTECTBEHHYIO ycaaxy, Ecaud 6n MM
MONEIra/nch HAaHTH COOTBETCTBYIOIUEE STOMY YAJIMHEHHIO HarpsKe-
HHe, gBens B BLIYMCAEHME MONY.Ib YIPYTOCTH, TO 9TO UPHBEJO O

79




HaC K 3HaUeHMSM HampsDKeHUH, HECOBMECTHMBIM € HPOYHOCTBIO
pacrsopa Ha pacrsikeHHe, OTcIOfa CIeAyeT, UTO B §eTOHE BOSMOX-
Hbl 3HAYHTeNbHHE MAehOpMAaNKH, He BCerZa CONPOBOXKIAKWUIMElH
paspylleddeM. JTO ABJeHHE B 3aBHCHMOCTH OT PeaJbHBIX YCIACBUA
NONYCKaeT pasfiuuHble (H3HUECKHe TOJKOBAHHA, CBOAKIUMECS K NBYM
KpaHHHM BapHaHTaM.

CornacHo OZHOMY TOJNKOBAHHIO, LEMEHTHBIF KaMeHb (TeCTO-—-
pate), xax ofoviouxa, o6BOJaKHBAeT MOrPYXeHHble B HEro 3epHa
3anoJBuTeNeli, B cBeTe NPOTHUBONOJOXHOINC TOJKOBAHHA KaMedb
HATIONHAET CKEJeT, Yxe caM IIo cefe yCTOHUMBHIA,

PaccMorpuM cnepBa Gonee AeTanbHo NepsBoe JjIpeiacTaBjeHHe
O KaMHe Kax o cpeje, B KOTOPYKW NOrpy:xeHw sanoguurenn. C sTo#

Cmansrnoa

cepderux Yemenmnsrl KaMONS

fmans

-
Al

UBHEHMIMoIL KAMEHD Paamepsr 8 mm
Pue. 27 Pac, 28

LIeJIbI0 Ha MOJeNH, B IIeHTPaJbHYIO 4acTk KPYIJIOK LeMeHTHOH Mja-
CTHHKH, VJIOXKHM [IDH ee OTJHBKe CTEKJSHHbIH OHCK, ¢ TeM 4TOOH
OH OCTaJCA B Hel NO 3aTBepAeHHM 3amleMaeHHwM. Mccnenys ero
3 MOJSPH30BAHHOM CBET€ M HCOOAL3YSN 3aKOHB (DOTOYIPYTOCTH,
MBI CMOMKEM ONpEeNesHTh HAUPSKEeHHus B UeMenTHoM KaMue. OTMe-
4EHO, YTO OHH HE NMPEBOCXOAST BeNWUMHH mopsnka 100 «efcm?. Mi
 YBHAHM TaKXe, KakK B HEKOTOPHIX MECTaX CTEKJASHHOTO NUCKa BO-
3HHKHYT Hanps>KeHHd, BCKOpE BhI3bIBANOLUHE OTKPBITEIE TPELUHHEL,
CHaYaja OHH HOSBASAIOTCH B LEMEHTe, & 3aTeM pacnpocrpaHsores
¥ Ha CTeKNO. DTO YKa3hBaeT HA BO3MOMHOCTh OCnabieHUs ueMeHT-
HOI'0 KaMHfi B pPe3y/bTaTe ero pacTAXKeHHd ¥ MEeCTHOrO TPEllHHO-
ofpa3oBaHHs. YO6eAHTbCA B NPABHABHOCTH TaKOTO BRIBOIA MOXHO
TaKXke Ha Ipyrofi HaragaHoft Mozenas. Jas 3Toro mocraroyHo 3a-
UEMeHTHPOBATh CIVIOMIHOH CTaJIbHOW IHHJAMHAP-CEPAEYHHK B KOJIb-
UEBYIO0 UHNKHIDHYECKYI0 MY(DTY M3 IEMEHTHOTO KaMHsl (pHC. 27) 4,
OCTaBHB MOC/e CHATHA (HOPMBl CBOGOAHOH HAPYXHYH0 OOKOBYH NO-
BePXHOCTh MYGhTH, MOMECTHTb LHJHHAP B CYXyw ¢pedy. Bekope Myl
YBUAMM, KaK B l[EMEeHTe MOABHUTCH pajnHanbHasd TpPEIlMHA, HaumrHAalo-
uascs y cepiAeyHHKa.

Tlpu 3HauuTeNbLHOH TOAUIHHE My(hTH AadbHeHilero pacnpocrpa-
HEHHA 3Ta TPellHHA He MOJAYYHT, TaK KaK OLHOro ee Hanauus Gyner
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vxe NOCTATOUHO AJA ocaal/ieHua BrI3BapuIed ee peakuuH. Ecau xe
cTEHKA lEeMeHTHOrO KOJIbIeBOTO LMJHHADA OKaKeTcs TOHKOH B Cpas-
HEHWH C pamHycoM cepheunwka {(puc. 28), To TPeHHAa pacnpocTpa-
HUTCH 1O BCeH TOJILIHHE KOJbLA.

3acexasl BpeMs TPeIIMHOOODA30OBAHUSI C MOMEHTA BBEAEHMS -
JHHAPa B CYXOH BO31YyX M H3Mepsd COOTBETCTBYIOUIVIO YCAJKy B
KOHTPONbHOM 06paslie ¢ TeM xe Ko3PPHUMHTOM IupDy3HH, MOXK-
{0 3aMEeTHTb, UTO /5l OQHOTO M TOIO K€ HeMeHTAa 3Ta ycanka 6yner
OJHHAKOBa, KakoB OuH HM OBLI Bo3pacT o6pasila B MOMEHT BHece-
HHS €r0 B CYXOH BO3AYX. DTO CBMJETEJBCTBYET O TOM, 4TO 06pa3o-
RAHME TPCUIHH BHI3HIBAeTCH MACHCTBHTENDHO YCAJKOM H Ipexkile
BCETO TOH yCankofl, KOTOPYi® HCIbTaj Obf BHYTDEHHUH, CONPHKA-
CAIOLIHHCA CO CTAJbHBIM CEPACUHHKOM CaoH, eciy O 3TOT Cepiaed-
HuK Owl1 vioasnen, Jlosg xoJien OXHHAKOBBIX Pa3MepPOR M OAMHAKOBOH
BJAXKHOCTU ONHCAHHEIY METOJ HCUBITAHUS NO3BOJSET NPOBECTH
KIacCH(hHKaIMI0 NEMEHTOB Ha OCHOBC KPHTEPHS MX YYBCTBHTEJbLHO-
cTH K TpemuHoofpaszosannw. YTo ke, cnpanlnBaercs, cieiyer npH-
HSTL NIPH 3TOM 3a KpPUTepuil rTperniuHoobpasopauksi? EcTh ocHOBA-
HHE 1yMarb, YTO OH OUpejesercss BeaHUHHO# yCajkH, Koropasd,
NPEBOCXOASA KPHTHYECKOE 3HAUCHUe A,, NOCTHI'AET AOCTATOYHOH IV1y-
OuHE AJI1 TOro, 4TOGH HadaTh NpPOUECC paspylleHus., ITH ABA
YCA0BHsl TPEIIMHOOGDA3BOBAHHA  3alHCHBAIOTCH B Caeayloleh
dopme:

A> Ay, >
> Ag, dbidr ~ q.

3neck d A [dr-—nocTOSIKHAA, 3aBUCSINAS OT reoMeTpHUecKoli ¢op-
MH KOJIbIid.

OcraeTcs OAHO YCJOBHE VJIHHEHRA !

Mu 3HaeM, 9to

da dE dp.
A=E, u p=vg tE4.

HOCKOJIbe TpeUIMHE BO3HHKANOT O4Y€Hb PAHO, MBI BIIp&BE npH-
HSTH JAST YCAAKH M ee HpPOU3BOAHOH 3HAdeHHSA, OaM3Kue K Hayab-
HBIM, ¥ HaNUCATh

da
A=t
H torpa OvieM HMETh
dE L Eg
at T 2 ve '’ Ele"Vt’
dp K _ta ~Kp, VT
dt ] ]/t_ > P""" p‘n ]

———————

! Tpucytctese B dopMyae npoussonuodl d 4 /dr ykasmiBaeT Ha TO, HTO OFAc-
HOCTh Tpelunoobpa3oeannst TeM GonbUie, YEM KpyMHee 3aNMoJRWTENM.
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(G ), = KiahEy = K28,

Takum o6pa3oM, B HauaJIbHHA MOMEHT ycanka A = KAA £, uycqo-
BHe TpPeWHHOOOPa30BaHus NDHHHMaeT BHA!

Ar
{ =
R Kid, *
1
Ecan orHomeHue p== —— Ha3BaTh KOIYHUUMENTOM ylepKaHist

portel (rétention d’éau) memenToM, To YCJAOBHe TpellHHOOGpasoBa-
HHMS MOXHO BHPAa3HTh M Uepes BBeleHHH Ko3(dHUUEHT:

e
tR—--m—- .

Paspyurenne Hacrynaer 1eM OwicTpee, YeM 6oJbilie OKouYaTe/b-
gas ycajnka, YeM MeHblle KO3(D(hHUHEHT YyAepXaHHS BOABL H UeM
BRillle CKOPOCTb ruapatanui. I1o3Tomy MCnbiTanue N0 MeTOAY KOJib-
Ila NMPeKpacHo XapaKTepH3yeT KadecTsa LEMEeHTa C HHTepecylomed
Hac TOUKH 3PEeHHSA.

Ecau HyxHO ocnabuTh B GeTOHE CKAOHHOCTHL K TPelinHooSpaso-
BAHUIO, TO CAEAyeT M3MEHHTh B COOTBETCTBYIOMIUX HANpPaBACHHAX
JAelicrBie TIEPEUYRCJEHHBLIX BHIUe (aKTOPOB.

10T mnpouecc o6pasoBarusl BHYTPEHHHX MHUKDOTPEIUMH, €134
MOARAIMMICK HEMOCPEACTBEHHOMY HAOJIOAEHHIO, OKasnlBaeT TEM
He MeHee 38MeTHOe BJHMAHHC HA DPAJ XapaKTePUCTHK, HOCTYMHHIX
u3aMepenuo. OH CHUKAET CKOPOCTb pACHpPOCTpaHenusi xoneGanmuii,
pPaBHBEIM 00pa3oM — MeXaHHYeCcKyl NMPOYHOCTH U B OCOOEGHHOCTH —
CONPOTHBJAEHHE PACTSIKEHHIO, IIpH yBeJHYeHHMH YCAAKH ITH MHKPO-
TPellluHbl Pa3pacTaiorcs u, COeAHHAsCL BMecTe, 06pa3yIOT ROCTYM-
Hble HEeNOCPeNCTBEHHOMY RaGNIOXEHHI0 OTKDHITHIE TPEIHHB!, KOTC-
Pl WHOrZA WPHXOAMTCA HaG/I0KaTh B JKEJNe306CTOHHEIX COOPY-
KEHusax.

CraTtucTHuECKMI aBaNK3 Pe3yAbTaTOoB, NOAYUYEHHHX B HATYPHHX
YCJAOBUAX HAa CAMHX COODYMKEHHAX, MO3BOMHJ YCTAHOBHTL KOJHHEE-
CTBEHHBIe MOKA34TeMH MHHHMAJLHEX CPOKOB 1TPellHHOOSPa30BAHHA
H BLISABHTh HEMEHTHl, OTJIHYAIOUMecd, NO0-BHIMMOMY, CNOCOGHOCTHIO
K yckopenHoit ycanzke. C moMomsto ofpasua (pHe. 28), BHAsp:KaH-
HOTO B TeueHMe 24 yac. BO BJAXKHOM BO3LYXe U BBEAEHHOIQ 3areM
B CyXoil BO3ayx ¢ BiaxHoCThio 50%, BpeMsl TpelinHOOGpPa30BaHHS
OTIpejesisliioch CPOKOM, NpesbimaBiuM 18 wac. {cuutas ¢ MOMeHTa
BReNEeHHMS B cyxoit Bo3ayx). VMeeTcs, ofHako, OCHOBaHMe IyMarTh,
4TO ecsad Obl 3TOT CPOK eie Gojiee coxpathicsa — go 14—18 wac,
TO W TOrAa MAHHBIA LEMeHT MOXHO OhJ0 Oh HMCNOAbL30BATL NIPH
YCIOBHH NPHHATHA CHENHAJIBHEIX Mep INPelOoCTOPOXKHOCTH IIPOIHB
HCTIAPEHHSA ¢ ITOBEPXHOCTH,

B ucnBITaHHR NO METOLY KOJbUA ABJEHHE TPEUIMR0OOGpasOBaHHA
BOCIIPOH3BOAUTCS B KpaliHe npeypesnueHHOM Mactutale. Takxoe He-
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pp{Tadne HeNPHroQHO MO3TOMY IS TOro, uTalhl yKaswBaTh alec-
qIOTHBIE YHCIOBHE 3HaueHMs, NPUMEHHMble B pacueTax; 3aro Od)
103BOJIIET NPOHM3BECTH B BO3MOXKHO KparTyaHmuii CpoK Kavecrtsev-
goe CPaBHeHHe Pa3JIHUHBIX COPTOB LieMEeHTAa A1 HYXKA CTPOHTeN:-
Hoil NJAOLIaKH.

[lepefiteM rtemepb X TOMY CJAyYalo, KOTZa LEMEHTHHH KaMed >
prpaet POJb JHIIb HANOJHUTENS NYCTOT B CKejere M3 3anOaHWTE-
Jjefl, yCTOAYHBOM yxe caMoM 1o ceGe. THNHYHBIM TIPEMEPOM B 3TOIL
OTHOLIEHHH ABAseTCst GETOH, NOJyYaeMblil MeTONOM Da3aedbHOMH yE -
AaiRUM ¢ TOCJeAYIOWMM HarHeTaHueM pacTBopa. [loABepriupie i
ycafike PacTBOp BhI3BIBAET MO NOBEPXHOCTAM 3€peH 3amoJHHTEN
pacTATHBAIOWIME YCHJIHS, CTPEMAIMHECS HAPYUIHTL CBA3D MEXA/
pacTBOPOM H 3amosmuuvTeneM. Jlan pasBuTHA TpeIHH 3Aech CO3ME-
jorca Gosiee 6;1arONPHATHRIE YCJIOBUS, UeM B NEPBOM paCCMOTpeE -
HOM CJAYYae, ¥, Kak NPaBu;I0, TPEUIWHB BO3HHKAIOT B TONOGH (
YCIOBHAX 3HauHTespHO paHpule. Ha prelunem BHZe takuX GeToHO 3
yCalka CKa3biBaeTCsl He3aMeTHO, K TOMY Ke 0Ha oueHb GHCTPOIp:-
ocrananauBaevcs, Ha nene ke ycanka BbI3BIBAeT 3HECh BECHMA M -
TeHCUBHOE pacTsixeHHc B OeTOHe, W ee TNPCKpalleHHe 03HAYaer
JAWUIb HAYANO PA3BATHA MUKPOTpelluH. PAa3RuTHE MHKPOTPEMIHI MC -
JeT 0Ka3aTbCH AOCTATOUHO Cepbe3HBIM, 4TO TOBJeyer 3a colol we-
IeHHe MEXaHHMYEeCKOH NPOUHOCTH OeTOHA, U B HEKOTOPHIX NMOAOGHSHI(
enyvyastix B OeTOHe HepeAKO MUPHXOAUTCS HAGAOAATH HACTOSHIA 2
«cabenbuble PaHbB», 06pa3yiOIUMecs B pesysibTare CAHSHUS MHKpC-
TPEIUHH LIMDHHOH B HECKOABKO AECATHIX MHJNHMETpa.

JTO TOBOPHT O TOM, UTO CHMXEHHE YCARKM OT NMPUMEHEHUS Che-
UHAJNbHOIO IPAHYJOMETPUUECKOTO COCTaBa 3alodHMTeNedl MOXKEr
0Ka3aThCA JHIIb KaXYIMMCH H TPHBECTH K BHYTPEHHHM Hapyumie-
HUAM, Oojiee cephe3fibiM, YeM TOT Jedekr, ¢ KOTOPLHM IPH 5TOM XC-
AT HopoThea. IPQPeXTHBHOE DenieHHe 337a4H 3JeCh CJAellYeT HcKaTs
CKopee B BBIOOpE Hajanexauiero suyaa ueveHra. Kodeuno, H B 3104
80Npoce HyXHO B3BEIUABATL HNPEHMYUIECTBAZ M HEAOCTATKH TOrO 4
HHOTO cnocoba GopplH ¢ ycaaxoit Getona, u60 neMeHTH Honee Ok -
CTPOro TEEePAEHHR M NOBHILUEHHONW NPOYHOCTH OTAMuawTes Gojos
TOHKYM NOMOJOM H Oojiee pe3ko NpPOABASIOLIENCS THIpaTalHek,
9T0, HaA0 AYMATh, HEMHHYEMO NIPHBOAUT K YBeJHUCHHIO YCAAKH.

Mexay TeM Heyao6CTBa pPe3KO BRIPAMKEHHOTO  TNDEPHBHCTOTD
FPanyaoMeTpHUeCKOro cocTaBa MOxHO 006e3Bpe/HTh, 00paTHB BHY-
Makie Ha peXXHUM YCaAKU HANOJAHAKNIEro NYCTOTH PACTBOpPA ¥ NC-
{Tapapmuch, OrpaHMUMTL YCAmKy mo MuHuMyMa, IIpuMenus nas te-
KOro pacTpopa MeJKO3epHHCTbIE 3aTIOJIHATCNH, ME TeM CaMBIM yX2
ACKMOoyaeM A HEro ONACHOCTb BHYTPEHHETO TPEIHHOOGPA30BA-
BHS, ycazxy pacTBOpa 3a1aHHOTO COCTaBA MOXHO BHIYHCJAHTH (1D

OpMyJe, ykaszaHHOH Bulute gnst GetoHa. C APYroH cTOpoHH, Heol-
X0auMo, uroOH cuensiende MeXKY 3anONHUTEASMH Y PacTSOpOM
b0 10 BO3MOXKHOCTH 60.1ee BRICOKHM. JLJis 3TOrOo Tpe6yercs Thiz-
Tabyas npomuiBka seper. CJenyer, Mo-BHAHMOMY, PEKOMEHZOBATH
¥etocpescreenno nepes yrnorpeSJeHHeM naxke NepeMeliMBaHue HUX
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B NPOTOUHOH BOJE, € TEM YTOOH 3aBepIUUTh OUHCTKY [OBEPXHOCTENH
W JerKuM HCTHpaHMeM YIAJWTb ¢ HUX OCTATKM ILISJYIIEHHS H TEM
CaMBIM YJYYIIHTb YCJOBHS CLEMJIeHMS 3STHX INOBEpXHOCTeH C le-
MeHTOM. B pacuere cocraBa HpPH 9TOM HYXHO YYHTBIBATb, KOHEUHO,
M BOAY CMAYMBaHUSA, BBOAMMYIO B CMeChb 3TOH oNepalnMei.

HegatensHo gaxe, 3To0u OTAeJbHblE 3CpHA 3ANOJHHTENeH He
COnpHKaca/uCh MeXAy cobol HernocpejCTBEHHO, a OTHeNSIUChH O
OOHO OT APYrOTO CJIOEM pacTBOpa, XoTd OBl ® CAMKIM TOHKHM: 3T0
B 3aMETHOH CTeNMCHH CHHKAET XKEeCTKOCTh CKeseTa.

MHoro roBopHJIOCh 0 BBEICHHH B GeTOH pasanuxoro pona goba-
BOK ¥ 06 HX RAMNHHA HA YcajKy. MOXHO yTBepXI4Th, UTO BCE
BBOAHMBE B 0eT0H pacTBODHMBbIE BelulecTBa YyBEJAMUMBAMXOT YCaAKY.
BemectsoM, TOCAYXHBIIMM ROBOXOM JJS CAMBIX TOPSIMMX CHOPOB,
ABJSLTCH XJODUCTBIA KajblUMil. 3Ta COMb HCIONL3YETCS JIIS VAYY-
IIeHHS MOPO3OCTOHKOCTH M YCKOpeHWd TBepHeHHS OeroHa # BXO-
OHT YacTO B COCTAB BO3AYXOBOBJEKAIOMMX A0GaBOK H Jame HEKD-
TOPHIX UeMeHToB. Ilpn HCclenoBaBHH BAHAHHS NOGABKH XJIOPHCTHIX
coJie Ha YHCTO® lleMeHTHOe TeCTO HabMAaeTcsi 3aMeTHOe yBead-
geHHe ycanky m Habyxanmus ero s poiae. Kpusasi ycaaku 4qHCTOro
UeMeHTHOTO TecTa OTpaxaeT TakkKe YCKODeHHe IIpolecca YCaaky,
PE3KO YMEHDII4eTCsl IPH 3TOM M BpeMs J0 ilauana TpewHHoobpaso-
8aHAa. JTH HaGAONEHNA, Kasaaoch Obi, ROKHB ObLIM BHI3BAlL
HENOBEPHe K HCNOAL30BAHHIO yKasaHHO# jgo0aBxku. TeM He MeHes,
°CJIW TakHe Ke UCHBITaHUA NOBTOPUTL Ha BeTOoHe, H3TOTORJISHHAM
Ha ToM Ke ueMenTe, ¢ pacxojoM ero 300 kz/u? 1o mpuxopuTcs
KOHCTATHPOBATh, YTO NPERBLIIEHAE YCAaAKH N0 CPaBHENHIO C YHCTHIM
UeMEHTHBIM KaMmHeM p Bo3pacre 90 aHefi ymeHbuaercs ¢ 75 10
20%. D1 uHdpPH COOTBETCTBYIOT H0GaBKE K HEMEHTY X/AQPHCTOTO
Kaasuua B KosnuectBe 1,56% mo Becy. B cBoeil 3HauyHTEABHOH 4acTH
yKasaHHasi pasuuia ofGyc/JoB€HA, BeDOATHO, Te€M, YTO XJOPHUCTHIH
KaJblMH DPACTBOPAETCS 3hech B GOAbIIEM KOJHYECTBE BOAEL 3ATBO-
peHHs, T. & HaxomuTcsl B Oojee caaboll KOHUEHTPAUHY, B De3YJ/b-
Tare Yero NPeBLINeHHe YCAAKH OCTAeTcd B AONycKaeMHX IIpeaesax.
Ecnm xonmyecTso 10G2BKH TNOBBICHTH, TO M yCafKa TakKXe YpeJu-
ypTCcA: oHa yasawsaercs npH 2%-uoll nofaBke W yTpauBaercs NMpH
3% -noit. OnacHo NOITOMY UPEBBICHTE HEKOTOPYIO KPHTHUECKYIO
HopMy; noGarKa B 29 paccMaTpUBaeTCs NUPKH 3TOM K&K Bepxusd
rpandija; Ha TpaKTHKe NpHU3HaeTCst 0JaropPasyMHRIM IDHIEPRKU-
Batocad nopMul okouie 1,5%. Ilpw 3TOM Cilegyer TaKke BHISICHHTD
He CORePXKUT JIH H IIeMENT B CBOEM COCTaBe TAKOH JOJH XJOPHCTLIX
coeAMHEHHH, KOTopasi BMecTe ¢ BBOAMMON no0aBKoil Moria OBl Npe-
BBLICHTE KPHTHYECKHH NMOPOT.

Kak 6u1 10 #u 6uio npuMedenue CaCl; coagaer yrposy rpein
#006pa30BaHNA, CPOK KOoTOporo cHUxkaercs ¢ 40 po 10 wac. gas ao-
6asxu g 1,75%. D70 Jerko NOHATH, NOCKOJBKY H3 HOPMYIIH

p A
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84



pPHAHO, HTO TIPH KPHTHUECKOM 3HaueHWM AR, 3a1aHHOM Kax Npeiesn-
qoe DACTAMCHHe, OKOHWATEJbHAs yCalAKa BO3pacTaeT, BO3pacTaer
TakkKe W XapakTepHCTHKa ckopocru TeBepaeHus K. Ocraerca p —
ko3 OHIMEHT yaepKAaHNs BOJAL, KOTOPHHN TaKXKe BO3PaCTaeT, Xord
¥ B MEHbIICH CTeNneHM, UeM OBe NepBbie BEJHYMHHL,

[To3TOMY NpR HCOOABL30BAHHW XJOPUCTOTO KaJBHUHA caeayeT
NpUMEHSITh TaKol UEeMEeHT, AJS KOTOPOro BpeMsi TpeuinHoobpas’o-
paHHs TOJY4aeTcs NO BO3ZMOMKHOCTH OOJLINMM, a B OTHOIUEHHK
feroHa MAPUHATL BCE MEPBl NPEOCTOPOXKHOCTH, KaCalomuecs €ro
cocraBa, YTOGH YMEHBIIHTL YCAaZKy, H aajee, yToObl 3aMelIHTh ee,
YKPHIT TOBEPXHOCTL GeToHA BO U30exaHdHe OBLICTPOrO HCRAPEHHA
BOJB! C €T0 NOBEPXHOCTH.

3aMegnende ¥CNAPeHUS BOAB ¢ TIOBEPXHOCTH I0ETOHA BO BCAKOM
cayyae npegctasaser co0ofl 3(pGCKTUBHYIO Mepy TIPOTHB BCSKOro
pofa TpemyuHoobpa30BaAlLKS ¥ TapaHTHIO HAMJAYYWIErOo TBepPHEHUH.
UpeamepHo ObicTpOe yXajeH’e BOALL C NOBEDXHOCTEH CMOCOGHO MO-
BECTH K CEPLC3HBIM IOC/E[CTBUAM -— OOGPAa30BAHHIO TOHKON CETKM
NOBEPXHOCTHRIX TPeIMH, HANOMUHANWER pacTpecKuBarue (asHca,
i k BuiBeTpuBauuio, flepsuift ¥3 Bas3panHuIX AS(heKTOR BHI3LIBACTCH
oueHt OBICTPOll yCaAKO¥ MNOBEPXHOCTHOrO CJOS, NPHBOASIIEN ero
B HAMPANCHHOE COCTOfIHHE IO OTHOUIEHHIO X BHYTPEHHeMY CJOI0, H
NPUTOM B TeM $osbluefi cTeneHy, yeM GoJabHIe o6oraLllaercs ToBepx-
HOCTHBIA CTOM UEMEHTOM B pPe3yJnTate BHIAENECHUS HEMEHTHOTO MO-
J0Ka H3 CMeCcH. BhBETpHBaHHE — CJEACTBHEC NMOBEPXHOCTHOTO BHI-
CHXaHWSA, OHO 3aMeLJsieT TBepAende GeTOHA HJH BO BCAKOM ciydae
BHAOHIMBIISIET ero XapakTep.

B mosepxnocTHOM cnoe Getona Gorarbif Bojofi pacTBOp NpHHK-
Maer TPH HCNapeHHH NOPHCTVIO cTpykTypy. M Tak Kak ruaparamus
C QOpMHPOBAHMEM KPUCTAIMTOB MOMKET IIPOAOJNKATHECH JIHIEL B O0-
JacTAX, OMBIBaeMbIX BOAQH, TO TBePAAaA CTPYKTYpPa HEMEHTHOTO
KaMHsi MOAYYAETCA AYEHCTOH, a ecyiM ITH AUCHKH HECKOABKO YKPyH-
gaioTCsd, TO CTPYKTypa npuGaumaercs K 3epuucroil, Marepmaa no-
Ayyaercs NDOPHCTHIM M Xpynko-paccnmyathiM. [Iponcxoaut wamens-
YeHye ero B IibiJIb HJAM BHEIBCTPHBANHE.

B 3aBHCRMOCTH OT BMIAa UEMEHTa 3TO 4BJeHMe, OAHAKO, MOXKET
nporexaTh no-pasHomy. OHO TeMm 604ee HHTCHCHBHO, UeM ¢ 60Jib-
Welt CKOPOCTLIO HCHapsieTcsi BOZa, T. €. yeM caafee oHa CBfi3aHa
€ ueMedTOM. 3TO JIETKO MOXKHO YCTAHOBHUTH [0 KPHUBOH HCIIADEHHA.
Bixkymiee, 06ganaioliee CPaBHATEAbHO MEHBINEM KO3ddUuHEHTOM
YAepKaHHA BOABL, Kak, HANPHMEp, ULIaKOBBIA MJH CYAbdAaTHPOBaH-
HBIt yeMeHT, 3HAUMTEJLHO OoJee CKAOHHO K BHIBeTpuBauHio. Ho
3TOT xe)eKT MOXKHO CMATYHTH, eC/JH MO3aGOTHTLCH O TOM, UTOOH
NoBepxHOCTH, ¢ KOTOPHIX HPOHCXOMHT MCIapeHHe, He TOJYyUaTdH U3-
ObiTka uemenrta wam BOAB M Gbiix 6B HaLJEXaIUM 06pa3oM 3a-
Wrlennl, 3amuTHTy GETOHHYIO MOBEPXHOCTb JIJAS 3aMeleHHSl Hena-
PeHust, a CjeaocBaTeNbHO, W YCAAKH OETOHA MOXHO TOCPEUCTBOM
YBlaxkHenus, noNMBKH ee BOZOH MM NOKPHTHEM GyMaroi uaM apy-
TUMH BHOAMH 33IIUTHL.
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VBaaxHeHHe M TIONMBRA BOJOH CHUKAIOT CKOpPOCTb ycagkyu Ha
NOC/IeRYIOWMi NMEepHOA M CMAMYAOT BJAMAHHE BHYTPEHHHX HaNpS-
xenni. CHMKAETCA NPH 5TOM H DHCK TpewuHooGpasosanus. Omnu-
C4HHOe BHIUIE MCMNLITAHEMe ¢ KOJBLOM OHeHb YeTKO NOKasblBaeT, UTO
C BO3pacTaHgeM CPOKa IPEABAPHTE/ILHOIC BLHIIEDKHBAHHS B BOie
YBEJMUMBACTCS M BpeMs TpeluwHooGpasoBanus. Houepecuyp o6uis-
Hasi NoJMBKa GeroHa XOJOAHOMt BOZOW MOMET NpPOM3BECTH HACTORA-
U TepMuveckK#d yaap, cnocoOHEiA lipuHectH Ooublle Bpefa, ueM
noib3wl. Bor mogeMy NMpeanoyTHTeJdbHee NPUOETHYTH K HOCTOSIREIM
vpriTHAM,. Tlocaennee peadusyercess ¢ TOMOILBIO YACTO yBAamHAe-
MbIX COJIOMEHHBIX TIOQAKOB MM Melnkos. IloBepxHocTn Gerona
HPef0XpaHdeTcs DPH 3TOM OT Harpesa, & BJAAKHOCTHRIE pexuM
noanep:xuBaercsd Oojee ycToHUHBO. 3TO TpebyeT, OANAKO, THia-
TEJLHOTO BHUMAHUS, COTIPsHKeHOo ¢ 3aboramy M oGXOZHTCH HOPO-
£0, ccau TAKOH Meroj BBHIAEPIKMBAUNA MAAHUDYeTCH Ha AJAHTeNL-
Hui cpok. Baamen 3Tofi TpyaoeMKoit npolenyprl npeasoxen 6ogce
HPOCTOR MeTOM, CBOASWHKIACH K OAHOMY CAMICIBEHHOMY MeponpHd-
THio, ToTuac e nocne YKiaaxky GeToHa ero noBepXHOCTh NOKPH-
BACTCA KPACKOH, TaK Ha3hlBaeMOil 3aluTHOH niemkod. Ee MomHO
HAJOKHTL U THEBMATHYECKHM CNOCOGOM € NMOMOUILIC PACTBLTHTEI.
Ona poaxina o6lazath XOPOUIKM CURMAeRHeM C OeTOHOM ¥ TBep-
JeTh Ha ellle cBexeM ciaoe OCTOHA; 3TO NpeiANOiaraer CrelHalb-
HE cOCTaB, OTVHYAIMMACA OT OOBLIUHBLIX XPACOK.

Tlogo0nas njenka, HakJeKaluM o6pa3oM YIOKEHHASN, JOJKHA
OBITE O BO3MOXKHOCTH BOJOHENPOHHKIIAEMAas M COXPAHATh CBOH Ka-
¥eCTBAa B TeUEeHHe AOCTATOUHO HAJMHTEIBHOTO BPEMEHH, HeCMOTPS Ha
BO3/1eHCTBHA M3UANIEBAKINNX (PAKTOPOB.

C »Tofi nennio OLAM BHINYHIEHH BHICOKOKAYeCTBEHHBIC MATE-
puaner Kax 8 CIHA, rax u Bo Ppannus. Mcnoimanus, BRINOJHEH-
HEle Ha YHCTOM UeMeHnTe, [OKasanM BeChbMa UeTKO BHIpayKeHHOE
CHUKEHHEe CKOpOCTH ucnapewus. IIpH OTHOCHTENABLHOR BJIAXKHOCTH
35% xosuyecTBO BBHIMAPHBWIEHCH 32 5 CYTOK BOILI CHH3WIOCH € 2,8
eAMBMLIE (Ha yuacTke Oe3 nmenxy) po 1 epunmusl, a 3a 30 ¢yrok —
¢ 6,5 10 4. BenencrBue 3TOro cHu3msach @ ckopocts yeanxku, Ilo
ucredeHud 5 CyTox oHa okazanach paBHo#t 500 - 10-% Bmecro 800
- 107%, Ho Besmuy#Ha VCAZKH, XOTS H NPH BHAYHTEJBLHO CHHIKEGHHBIX
TEMNax, CTPEMUTCH BCe SKe AOCTHCHYThH MPEXHCT0 3HAUeHMdA, ITo,
pasyMeeTcs, OTPaXKaeTes W Ha NPOJOMIKHTEALHOCTH TPEUIMHOOD-
pa3OBaHus, KOTOPad B IPHBEACHHOM NpHMepe YBCIHuHJIACL ¢ 28
no 220 uac,

H3nomennsle 3gech BKparne (AKTH, OTHoCcsIHecsd K ycafke,
VCTAaHORMEHK B HACTOSHICE BPEMSA € NOCTATOYHON HECOMHCHHOCTLID,
AJ8 TOFO uTOOB! MBl WMeJH TPaBo NOCTABHTh 34734y NOCTPOEHHS
facrosilte#t teopwu ycaaxu. Mcxoas u3 HEKOTOPHIX SKCIepHMeH-
TaNbHO YCTAHABJIHBAEMHX (AKTOB, MBL B COCTOSIHHH, MO-BHIMMOMY,
peIBUNETh C AOCTATOUHOR YBEPEeHHOCTHI oOWIH{l XapaKTep NoBe-
AeHust GeTOHA B DABNMYHBIX YCJAO0BUSX ero nmpuMmeHeHust. Ocraercs
OCBETUTL €llle NHIIb HECKOABLKO HWaCTHOCTeH.
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HenocrarouHo 9eTKO BHISIBNEHO, B YeM 3akJiouaercs clienudura
¢dYBKUMA Tak Ha3wBaeMol cBOGONHON U CBA3aHHOH BOAK. ME BH-
dyXJAeHbl OLLIM NMPHHATL AOMyINeHHe, YTo B GeToHe MOTYyT Cylie-
CTBOBAaTH NOJOCTH CBOGOMAHOM BOJH, HE HMEIOIlMe HUKAKOTO OTHO-
eHHA X ycaake. B Teopuu iKe Kakasi-TO 4acTh CBOGOAHON BOARH
grpaer y Hac Ty e poJib, UTO M CBS3aHHAs BOAA. 3[eCh HYKHO,
cjAeJ0BaresibH0, BHECTH KaKoe-To jxomosxenue. C apyroft cropoum,
6HlI0 IPUHATO, YTO HCIAPEeHHEe CBOGOAHON BOJH [POTEKAeT HE3azH-
CHMO OT BJAXKHOCTHOTO COCTOSHuA CpegH. B neppom mnpubiamxentn
3T0 AONYCTHMO [PHHATH, NOTOMY YTO CKODOCTH HCHapeHusi cBo6oa-
HOW BOZBI 3HAUUTEJBHO GOjblile CKODOCTH HCHAPEHHS CBI3AHHOM
80AH, mpHueM o6a STH ABJEHHS MOXHO HDeANoJaratb B rpybom
NIpUGIMIKEHHH He3aBucHMbIMH. Ho mnpempcraeasercss npasgonofos-
HBIM, YTO ecAau BCfA CBOGOgHEA Boja HCHAPHTCS N0 KOHIZ, KAaKOBa
6el HH Oblia BJAAKHOCTbL, TO CKOPOCTh MCHAPeHUs HOJKHA BCe XKe
3aBHCeTh OT ©, H B BeCbMa MOPHCTOM GETOHE 3Ta PA3HHIA AOJXKHA
0Ka3aThCs OUEHb 3AMETHOM.

Konbmaranusa (3anosHeHue) nop, CHIXKAlOWas CKOPOCTh HCHa-
peHus, — siBJeHue, Mano H3yYeHHOEe, BHyTpeHHee OHO MJIX NOBEDX-
Hocruoe? Kaxue (bakTopnl OKaswBaioT Ha Hero BausAHne? Tax xe
O6CTONT Ae0 ¥ ¢ O0PAaTHMOH YacThbl0 YCAlKH, H C OCTATOYHOH Je-
fpopMaluHCH, OTHOCHTENbHOE 3HAYEHHE KOTOPBIX HU3MEHSAETCS B HIi-
POKHX Npefenax, CACAYs KAKOMY-TO, ellie He BHIICHEHHOMY 3aKOHY.

Ycanka — mpounece, 110 CaMOMy CBOEMY CyIUECTBY HEpaBHOMED-
Hbll g HaAlpapJeHRN OT TIOBEPXHOCTH K BHYTPeHHUM 30HaM OeToHa.
Ona NpUBOIUT K BHYTPEHHUM HADDPAXKEHUSIM H OCTATOYHEIM Redop-
ManHAM, BAHSIHUE KOTOPHX CKAa3HIBAETCSI BeChbMa Pa3jaHYHO B 34BH-
ceMocTH OF GopMHI M abCOMIOTHBIX pa3MepoB Teqa. Bo3moxHO M
Baxe BEpOSITHO, YTO, ¢ OAHOH CTOPOHHL, 9TH JedopMmaunuy, a ¢ APy-
TOH, KOJbMaTanus, OKa3BIBAIOT Ha OKOHUATEJbHYIO BeNHYHHY
ycaaku Kakoe-To BJiausune, Bosmoxuo, uto 21H (aKTOpHl BCTYRAOT
B feficTpHe, 4To0bl YMEHbBHIHTbH OKOHUAT&AbHYI0 YCA[Ky INPH BO3-
pactaHin pasMepos. Takasi 3aBHCHMOCTb 3aCayXKuBasa Owl IOI-
TBEDIKACHHS CHCTEMAaTHYECKHMM HCIBITaHHSMHM, ~— BOZMOXHO, 4TO
0TCI0Ia YAAJOCE OBl M3BJACUL KAKoe-To ofllee TpaBHIO,

Ilo sompocy o AugipepeHNHANBHEX yCaAKaX M BHYTPEHHHX Ha-
npAXKeHUsX Beerga OHJIO ONpeneseHHO M3BCCTHO, YTo B GeTOHHBIX
3NeMEenTaX, COeAMHIBIIMX B <efc MacCHBHble HacTH C TOHKOCTEH-
HBMK, B NOCAeNHUMX OOHApyXKWBamucL Tpellunw, O6bscHsercs 910
PasHpueil B CKOPOCTAIX HCNapeHHsa B YacTAX Pa3HLIX pasMepos.
dTo sapienwe, uacTo HaGMIONAEMOe M COBEPUIEHHO TPABHJBHO
paciieH#BaeMOe KaK KOHCTPYKTHBHHIH fnedexr, K0 CHX NOP He 6BHLIO
LOKHBIM O6Pa3oM HCCJAELOBAHO JAaBOPATOPHHIM NyTeM. JKCTpano-
ASUHA pe3y;bTATOB HCIBTAHHA € KOJbIOM le pellaeT BONpOCa
BHOJIHe YHOBJIETBOPUTEJNLHO; TO JKe MOXKHO CKa3aTh U B OTHOILIEHHH
Yeankn npusMul ¢ 3a0eTOHHPOBAHHHM B Hee CTAJbHEIM CTEPKHEM.
Meronuka MenmTaHui, KOTopas NpHHeceT NOJbL3Y CTPOMTEJAM, elle
*aer cuoelt paspaboTku.
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MoxHO yKazaTh ¥ elne Ha Henni pAl BONPOCOB, XKIYIIHX CBO-
€r0 OCBEIUCHHA: 3aBUCUMOCTL YCaAKH OT TEMNieparypnl, COBMECTHoe
fIposiBJCHHE TEMIEPATYPHOr0 paCHIMpeHdd ¥ BAAKHOCTHOTO Haby-
XaHus, CUCTEMATUUECKOe UCCAe0Batte YCalKy KakK QYHKUKN XUMid-
4eCcKOro ¥ rpaHyJJOMETPHUECKOro €0CTaBa LeMeHTa, ycaaka B 0erod-
HEIX H3RCJAMAX Das3JHyHBIX CPOKOR OeTOHHPOBAHHS, BJAMSHHE Ha
TIPOUHOCTE GeTOHA YCPeAVIOMMUXCS ycankd ¥ HabyXanusi, crnocobHbx
BhI3BATh ABJICHUHA YCTAJIOCTH, B T. R.

Ocraercsd, HakOHel, NDPOJOMKHTL H €1Ba Hayatoe H3ydeHye
BAMSHUA TepMmHYecKodl oGpabotku Gerora Ha ycanxy. Hasectuo,
4yTo 00pda60TKa BIaXHbIM TEILIOM «YCKODSeT» TBepJAeHHe, HO NpR
3TOM fOUTH TMNOJHOCTLIO OCTaeTcsd HEBpIACHEHHBIM €€ BAUAHUE Ya
uaMmesenus oGpema. O6paGoTka HACHIIEHEBM TIapOM HU3KOTO LaB-
JgerHs npu 80° npd aTtMocdepHOM HaBJCHUH, HO-BYIHMOMY, HE OKa-
3HBaeT BAUALNS HA 3aKOHOMEPHOCTb YCAlKH — IPH 3TOM OGHapy-
KHABAOTCH TaKHe ke dehOpMalMy, yTo ¥ Ha KOHTPOALHOM 00pa3-
e, Ho cosepmenno uuoit s¢dext npou3poIuT aBroxaasHast obpa-
§0TKa HacHIIEHHBMM napoM mnpu 179° nog naBaeHweMm [PUMEDHO
10 aru. Tlpexac BCEro OTMeuaeTCd 3HAUNTEALHOE pacuiHpenue (ot
I no 6 mm/a) Ge3 gakoro Ob TO HH GHJIO YBCAHUCHHST B Bece CBepX
TOro, KOTopoe o6VCenoBIeHo o0HUKBIM BHIEEDIKUBAHHEM B Boge. Bae-
Jerne o0pasima 0OCae OXJIaX/ACHHA B CyXOf BO3XYX BBISHIBAET 3a-
TeM OYeRb Maayl ycamky (200-—300.107%Bmecro 2000—3000-10-°
Ha KOHTPOJMBHOM O006pasune) Mnpu cCpasHuTeNbBEO GoJdbllled noTepe
ol (9—10% ot nosnmoro Beca B cpaBHeduu ¢ 5—6% Aan xou-
TposbHOro ofpasua). Kosdhuumenr ycajxy p rnoaydaercd, cie-
JOBATEIbHO, MHONO MeHbIIHM. I[lpefcTaBisieTcs BePOATHBIM, dTO
CTPYKTYPA THADATH3HPOBAHHONO LEeMEHTd B YCJAOBHAX Tako#t ofpa-
60TKH ToJydaeTcs HHOH, 4eM B pe3yJapTaTe -HOPMAJbLHOIO TBEpAe-
. Moxio npexnoaarars, 4ro copMHPOBaHHBIE TaKuM MNyTeM
KPUCTANNB! He CONEPIKAT LEe0JUTOBOH BOMABI M YTO B 3TOM Ipolccce
Y4aCTBYET Uil KANHJUIApHAR BOAE, HO Mbl yXKe BHAEIH, YTO He-
popManua 1Mo HATHKEHHEM KaNHINAPHOTO BCACBIBARUS NOJAydaer-
¢ BecbMa HesHauntennnoit (10%) B cpaBHeHHM C moamofl, 0GBUHO
HaGII01aeMON YCaRKOH.

Ina xHayunoro paGOTHUKA 3[0ech OTKPHIBAETCH, TakuM 06pason,
WHPOKOE [10Jle MCCACAOBAHUE, TAe ero XKAYyT, 6e3 COMHeHHS, RHTe-
PECHBIZ OTKPBITHHA U TOJEe3HHE TPHMCHCHHA.

¥npyrag nedopmanna nojx Harpysxoi

Haunem ¢ npocrefimero chayuas — €Xarda ~— M nonsiraeMcs
MOCTPOHTL KPHBYIO AedOpMaudu INOJ Harpyskod. IJTo npocroe, HS
nepBblit B3TJISAK, MCNHTAaH#e TpefyerT B MeHCTBUTEILHOCTH GOJLIIOH
TWAaTeNbHOCTH. VCnHTaNHe Ha CxKaTue DPUAMATHYECKOrO HJIH 1=
JHHAPHYECKOTO 06pasila npeanosaraer npexjae BCero CTporoe leH-
TPHPOBaHie HArpy3KH. [lasee, ecqid Mpl XOTHM ONPEAETUTL Redop-
MalMio B 3aBHCHMOCTH OT JasjeHus, HeOOXOAHMO, 4TOOH 3TO MO
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cJAeaHee ObL10 pacnpeaesyieHo paBHOMEDHO N0 KaXXKIAoMy nonepe*mo-
MY CEUEeHHKIO Ha Y4acCTKe BBICOTHI, AOCTATOYHO 00JIBbIIOM TO CpaBH€~
BMI0 ¢ Da3sMEpaMy CaMuX KPYNHBIX 3epen aanoguurens. Wnaue ro-
80ps, HYXHO pacHogararb HEKOTOPRM HAKMMEHbLUIWM OﬁbeMOM, B
KOTOpOM HAOJKHA 6BITL ODecrneveHa OJHODOAHOCTD HANPAXEHHOIO
COCTOSIHUSL, ¢ TeM 4YTOoOBl BOKPYI' HEro MOXKHO OBLAO Pa3MecTHIb
TEH30METPB. JTO YC/IOBHE HEOCYLIECTBUMO Ha OGBIYHO HCHOJb3ye-
MoM oOpasue-kyOuxe. BJiHsinHe TPCHHS NO ero TpaHsAM, ConpuKa-
CaIMMCA ¢ NJIMTAMM Tipecca, Bjeder 3a coGoit HCKaXeHue nond
HANPSKEHWH, KOTopoe NPOHHKAaer A0 CePeMHL! BLICOTHL, ITO MpH-
BOAHT, €CTECTBEHHO, K HeoGXOAUMOCTH
yBEJHYHTD BHICOTY 06pasia ¥ NPUHHMATD
B TAKOIo pPOXA HCHBITAHUIAX JPH3MY
KBaAPATHOTO CEUYeHHs] BBLICOTOM, B 2—
3 pasa GoJblliell ee MOTEPEYHBIX Pa3Me-
poB.

flo npakrageckum cooGpamenusnn
NPEefROYATAOT, OHHAKO, WUONLIOBATHLH
UMJIHHAPHYECKHM 00pa3ioM, BbICOTA KO-
TOPOTC N0 MEHpIelN Mepe paBHA AHaMer-
py. Ho naxe u B 3TX yCHOBHAX ycTa-
HOBKa, NO-BAAKMOMY, HC¢ BIIOJHE OTBe-

3
80’

Apudaury-
mesnbH

Npudrusumenso ¢

X
uaetT TpeGopaHuAM uenbitamas. [lo of- '
pasyiollinm wiauHapa jgedopManuu mo- é«;h 49
JAYYAIOTCA HE BIIONHe PABHOMEDHHIMH HA X X 1 '
BHCOTe, paBHOH Auamerpy. Bamsume mc- ‘33 i
KaXenHsl, BHOCHMOI'O TONOBKaMH 3axsa- &8 '
TOB, paclpoCTPAHAETCsl AOCTATOYHO TJy- i
60KO BHYTDb, KAK MOXKHO NPeATIONaraTh, fipudnusumensno 3¢

B CBS3H C HA/HYMEM JACTHUECKUX CABH- o Bopma o6pasua A
OB, BOSGX?KI[&GMHX KOHUEHTpaLuesd .o on . Ha | cEaTHe,
HANIPSIKEHHH 110 TIOBEPXHOCTSIM KOHTAK-  yjopsersopsiowas tpe6osa-
Ta. BO3HHKZNA N03TOMY HEOGXOAHMOCTh HMIO ORHOPONHOCTH  aehoP-
B M3hCKaHWM Tako#t ¢opMu obpasua, Matu
KOTOpasi Obl B COBepLICHCTBE OTBeyaJsia
YKasautepiM TpeboBanuAM. B pesyabrare OCTAHOBUAUCL HA THRE
ofpasia B BUZe Tesa BPAllleHHs, RPEXCTABJCHHOIO Ha puc. 29,

3a nonyo6pasyomylo B HeM TPHHATa TAK Ha3bIBAEMAS JHHAS
TOKa, cosfaBaeMas cTpyed JMXHAAKOCTH, BhITEKAIOHIeH W3 HaCauKH.

€ ypaBHeHHS B IapaMeTpHueckod ¢opMe UMEIOT BUJI

_ 6
X=—7"sin 5,
d k. ¢ R
y=-—In tg(-z- —}-—2—)—sm6.
Ecau onopuuic Topusi otuuud0BaTh COBEPUIGHHO MJIOCKHMH, &
1apannebHOCTh HX BHIBEPHTb, TO B CPEIHEM, LHINHAPHIECKOM yya-
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¢TKe BHICOTOH, pasHoit 1,56d ofpasua, nedopManus nosyuaercs
PAaBHOMEPHONH € OTK/MOHEHWEM He cBuime 29%.

Kpome Toro, npodusas ofpasymoliiell Hasga4aercs ¢ TaKHM pac-
3eTOM, 4TO6Hl B CONPAXKEHUAX HE MOINIO BO3HHKHYThL KOHUEHTpa-
UHK HANPSIKEHHX, CHOCOGHOH BBI3BATHL CABUTH H TeM CAMBIM IO-
BJIMATL Ha IEHTPAJbHBIA YUYacTOK — 0a3y H3MepeHHs, TaKoi o6pa-
3el{ MO3BOJSET MOITOMY MOCTPOHTHL KPUBYIO JedopMauwd co Beed
BO3MOXKHOH TOYHOCTHIO. HenpeMeHHbIM, ONHAKO, TIPY 3TOM ABJAETCA
4 ellC OJAHO AONOJHHTENLHOE YC/10BHe: CTPOoroe LUEHTPHPOBARUE Ha-
rPYy3KH — HEeHTPUPOBAHHe IO I'€OMeTPHUYeCKOH ocu obpasia 3jaech
300011e HENOCTATOYHO,

/
0
o A o Ao 4

Puc. 30

Heo6xonuMo Takxke, 4To6H JieOopMalHu 110 BCeM o6pa3yiOmuM
SHJH paBHEL, XOTA Gbl UEHTD AeOPMALMK NMPH STOM M He COBMAAAI
¢ HEHTPOM CeueHHsl, TIOCKOJBKY OeTOH —MaTepHas HEOIHOPOMHHH.

TIpaBUALHOCTL LEHTPHPOBAHUSA JOCTUTAETES CHOCOGOM NONHTOK:
o HeBO BIIHMH HATPYSKAMH HaXORAT TAKOe [10J0kKeHHe 06pasila,
npu xoropoM fedopMmauus noayyaercs oinopoanofi. C BHInomHE-
HHEM 3TOFO YCJOBHA CTAHOBHTCH BO3ZMOMKHHIM OIpelesfiHTh U (DYHK-
(M0, KOTOpas cefA3biBaeT jgedopMmanuio A ¢ HanpsmcHucMm T.

TeoperHdeckass popMa 3TOH KPHBOH TIpexcraBieHa na puc. 30, 4.
Bxauase Ha A0BOJALHO GOJBINOM Y4acTKe OHA COBHAjJ2eT CO CBOeH
kacaresbuolt OF; 3aTeM, nocTeneHHO OTAEAAACH OT Hee, CTPEMHUTCA
BPHHSATL TOPHIOHTANLHOE NOJIONKENHE, OTpaxkKaloilee COCTOSHHUE pas-
pyuwenusi. B nexoropwlx cayuasx (puc. 30,B) B HayaJbHOM yua-
crke xpuBoift oOHapyxusaercst mepern6 /. Cerment O/ xpupoi
OTPaXKaeT HAYaJAbHOE COCTOAHNE NOBHIUIEHHOH me(OPMHPYEMOCTH,
32 KOTOPHIM cjeiyer ynpoyHenue. EcTe ocHoBauue nojararh, uTo
3TO CBA32HO C HAJHYHEM BHYTPEHHHX MAKPOTDEINWH, BHI3hIBAEMBIX
yeankoil. KonnuecTBEHHYI0 ONEHKY gedopMaluy, O6VCIOBACHHGH
STHMH MHKDOTPEHIMHAMH, MH CMOXeM NOJYYHTh, eCaAd Kacaresb
#yo /O’ npoao kUM RO NepecedeHHs ¢ ocbld A, Mu HaiigeMm 3Ty
nehopMaunio pasHol 8.

3aiimemcs Tenepp UCCA€AOBAHHEM (HIHUECKOTO OMHCIA Kpu-
Boii neopmanuu. [TpuroToBHM ¢ 3TOH uenspio 06pasen u3 GeTOHa,
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xaparTepuayemoro cxemoft Ha puc. 30, A, m HasblBaeMOro HaMm
YC/IOBHO HOpMAaJIbHEIM, M 3arpyamM ero jgaejeHdeM cnjoi T. Hame-
puM TOJYYEHHYIO IPH 5TOM gedopmauulo A;, a 3arem Gygem paa-
rpyxarte obpasen (puc. 31). Kpupas pa3rpysku, xax Bdaum, 6/us-
Ka K NpPAMON ¥ JHKIIb CJerka HCKDHBJIEHA' B HanpapJieHHH, MNPoO-
THBONOJIOXKHOM KpHBOi 3arpy3ku. Ilocae moanoro yerpaHerus
Harpysku ocraercs jepopMauus A, JlebopMauus A, HasnBaeres
no/qHOH AedopManuedi, A, — OCTATOYHOM, UK NAACTAYECKOH nedop-
Mauuen; pa3HocTh uX A'== 4, — A mpexcrasnser coGoit 06parumMyio,
uad ynpyryio, negopmanuio. VHTepecHO OTMETHTh, 4To 9Ta 06pa-
TeMaa nedopmaius Bo3pacraet CKopee, yeM Harpyska. To SHAYHT,
uro §eTOoH He NPHHAMJIEXHT K YHCAY MaTepuasoB, NOAUMHSIONIMXCA
sakoHy ['yka: ynpyrne dedopManud B HeM He NPONOPUHOHANBHBEI

ip---- 7 ZTh, /

bue. 31 Puc. 32

HarpyskaM. OZHAKO OTK/IOHCHHS OT JuHEHHOH 3aBHCHMOCTH CTOJb
He3HAUMTEALHL, 4TO NPHHAB /IS NEDEMEHHOTO MOAYJs YNPYTOCTH
HeKoTOpoe cpeaHee 3HaueHue E, MBI Bnpabe GyJeM XapaKTepH3o-
BaTh ynpyroe nosejenve OeTOHa COOTHOIIGHHEM

7
EG=T’

tie E, coxpaHnder NpaKTHUecKH IIOCTOAHHOE 3HAUeHHWe B MHHTEp-
R
Baje Harpys3ok or 0 1o T=_13" T. e. 10 10% or npeaena npoyuo-

STy npu cxartun. O603HAYUM COOTBCTCTBYIOIIUN 3TOMY HHTEpBAJAY
HayaJbHbIE MOLYAb YAPYTOCTH uepe3 Ep; 3HAYEHHE €ro MH yCTra-
HOBUM B aanbpHefmeM, Jlns Harpysku, cocTamjisiomei /5 or pas-
pywmawwest R, E,~0,95Eq. Has T=0,30R Haitaem E,~0,89E). Ira
Nocaeguas uupa NpexcTaBAsSeT HHTEpPEC B TOM OTHOIISHWH, 9TO
OHa cooTBeTCTBYET NPHCJH3NTENLHO OOBYHOMY 3amacy NPOYHOCTH
B vcnoeuax skcenayarauuu. Has T=0,4R naxoaum E,~ 0,83F,
B ana T=05R E,~0,77 E.

Ons panvHefimero yBesJHUEHHS HATPY3KM yKasaTh TOUHOE 3Ha-
“eHHe Moayasl YNPYPOCTH CTAHOBUTCS 3aTPyJHHTENbHEIM, Tak Kax
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pasyudHBle GeTOHB LAIOT B 3THX YCJOBHSIX CHALHO PacxXoAfliHecs
gkpupHie. Dosee xe obulast Teopuss KpHBOH AedopMalMd NPHBOAUI-
ca g raase III

3acIyKKBaeT BHUMaHusi M JPYrasi HHTepecHas O0COGEHHOCTDH
ferona Kax ynpyroro marepuagsia. Ecau pmecto Toro, utoOn 1oJ-
HOCTBIO pa3rpykaTb o0pa3sen, Kak 3TC NOKazaHo Ha puC. 31, el
CHH3UM HallpsiKeHHe A0 Beauuusbl 77|, JMUb CJerKa oT/HYaolliei-
ca or T, (pne. 32), a 3aTeM BHOBb 3arpyauM a0 1) H NOBTOPHM
3TOT UHKA HECKOABKO Pas, T0 MBI MONYYHM psif BeTBeH, 3aKaHud-
BAIOMMXCY 3aMKHYTON OuyeHb Y3KOH neTsell, moYTy coOBMenlaloIiencs
¢ IpsMOJHHEeHHHM oTpeskoM H'. Cpeasnit ykaoH 3Toft merud,
OOJIYUEHHOW B PEIYJbTATE TIPolecca, KOTOPbil MBI MOXeM HasBaTh
«TPHCIIOCODJEHHEM K Rarpy3Ke», ONpenesseT HeKOTOPOe 3HayeH!e

monynst ynpyroctd. Ofuapyxusaercs, yto ecan 1< —g—, TO 3TOT

MOAYJ/Ib paBeH HAYAJILHOMY MOIYJIIO YEPYTO-

b A ___ cra Ep. IJro 00CTOATENBCTEBO, HA nepBhii
]’ £ B3T/IA7, MapaioKcalbHoe, MOCKOJLKY ecTe-

1/ ) CTBCHHO OBl GBI OKHIATD, 9TO ONpeaesse-
1o MBIl TakuM NyTeM MOAyJ/b AOJKEH HOA 3a-

) )/ TPYKEHAEM H3MeHHThCsl, 0ObsiCHSETCs, OA-
o /// HaKo, CBOHCTBOM, o6INuUM AJs BCeX yIpy-

, / rux Tes, ofMafalWUX TPEHUEM, a HMEHHO

/ / TeM, 4Yro [oC/Ae MpHCIOCO6GJeRHs Mare-
g L puaia K UHKAAM 3arpyxKeHMd — pas3rpysku
HHCXOAfLLAsA BETBb NETJIM NOJyYaercsl CHM-

Puc. 33 MEeTPHYHONH X BOCXORfAuWIEH BeTBH, KaK 370

nokasayo Ha puc. 33. KacareabHnle X BETBH
O B O u x BosspatHOil BetBn AO B A (pue. 33) napaisenpus.
Maiian Bosspatsast Aedopmauus, HaunmHawlasca ¢ A, xapakre-
pH3yeTcs, CJeNOBATEIBHO, TEM 3Xe MOAyJdeM YIPYrocTH, uro H
Manas Hayajabaas negpopMmauus BerBH OA, :
W3 ckasaudoro cieayer, uvo vhpyrast AehopMauus Gerona —:
SIBJIEHNE He NPOCTOC H 4TO NOAHOE ONHCAHHE €r0 MOXKeT OHTb Npo-
M3BEAEHO JIHLp C HCIOJb30BAHHMEM TEPeX MOAYJae# ynpyrocri.
1) Obwui (nepemernoiii, ycpednennoui) modyas ynpyeocru Ee
OH onpegessieTcsl KakK 4YacTHOe OT JAeleHusi NPAIAOKEHUON Ha-
rPY3KH (OTHeCEHHOH X eAVHHLEe NAOIIAaA#) Ha COOTBETCTBYIOLLYI
ynpyryio pedopMmaniio; npeacrasiser coboil GYHKNHIO SToH HA-
TPY3KH M, KaK NPaBUJIO, yMeHbIIAETCH ¢ yBeauueHueM ee. I paduue-
CKH OH RpejCcTaBJeH NepeMcHHbIM yKiaoHom mersn OA. YcpenueM-
HOe ero 3HayeHHe NPEACTaBJeHO YKJOHOM npsmoi OA (puc. 33).
2) Menosennoti modyas ynpyzocru E,.

On papen npoussomuoll E,;=—p7-; rpapudecku npencrapiet

TAHTEHCOM 'yIJ1a HAK/JOHZ BOCXOIfllel BeTBH KpHBod nedopma-
UMH-HATPY3KH B AaHHOH TOYKE.
3) Hunamuueckuti molyas ynpyeocru E,.
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3To —-- OTHOUIEHHe MEXKAY HATPY3KOH M COOTBETCTBYIOIUEH Hde-
dopManred NOCAe <«NPHCNOCOGJEHHA» K UHKJIMYECKOMY 3arpyxe-
HHIO C OYeHb Ma/0# aAMNJIMTYHOH, JTOT MOAYJbL HC 3aBHCHT OT Ha-
TPY3KH, ecjid OHAa He NPOU3Bej2 HUKaKMX H3MeHeHMH B CTPYKDYpe
gerona (oGpasosamue Tmpewmwtws). OH paBeH VYKJAOHY KacaTeabHOH
B Hauaje KPUBOil nedopMaunn, ecan B 6eToHe He GHN0 HAYANLHBIX
TpeuikE. JMHaMuueck#H MOAYJb YHOPYTOCTH IpeACTaBJAsier co6of,
¢JIEI0BATE/IBHO, KaK Obl HOBYI0 KOHCTaHTY HApAgy ¢ APYTHMH M-
AYJASMU U ONpelensiencd OH CPaBHHTENLHO JICTKO U BHICTPO; I03TO-
MY oH DOJYUHJ WIHPOKOE TIPHMEHEHHE,

IlpurotoBuM H3 OGeToHA NpU3MaTHYeCKHH o6paseu IJuuroit L,
3RAYATEABHO I[PEBHINAIOUIEH pa3Mephl €ro NONepeyHOro CeueHHs,
AAfl TOTO 4YTOGEl ero MOMHO ObliIO

paccMarpusaTh KaK CTEPIKEHD . .
(puc. 34).

B momesT BpeMenu {=0 x Topuy A
3TOTO CTEPKHA HNPUJIOMKEH HMOYAbLC; & y
3TOT HMIY/BC PACIPOCTPAHHUTCS BAOIL
CTEPXKHSI €O CKOpOCTbIO V, paBHO# Puc. 34

crkopocty 3Byka. On HOCTHUTHeT Apy- L
roro Topua B cTepkHs 32 BpeMsa fi= —r. 3aTeM on 6yLer oTpa-

2L
MEeH Y BEPHETCA B A 3a BpeMs fo= 7 A€ OH BHOBb HCHRITALT

oTpa)keHue, Ecam MBl MMEHHO B 3TOT MOMEHT COOGLIMM CTEPIKHIO
HOBME HMIYJbLC, To AedopMalus, KOTOPYIO OH IIDOM3BELET B
cTepXxnae, GyleT HaJOXKeHA Ha JAeOpPMANHIO, BHIRBAHHYIO IEPBHM
HMITYJIBCOM, W aMIJUTYAa fedopManud, U3MepeHHOHW B B, oGHapy-
Wit yBeauuerue. EcAH Ke, HANPOTUB, BTOPOH MMNYALC COOGIIMTHL
NO MCTEYEHHH CPOKa, HECKOJAbKO OoJiee KOPOTKOro HiH Gosee AJIHH-
HOTO, YeM f, TO aMIJXTYda AedopMauxi yMenniutcsa. Tor nepuox
1, NOBTOPEHHA HMIYJbCOB, NP KOTOPOM aMIVIATYAa AedopManuu
B touke B noayvaerca HauGonabileH, Ha3HBAeTCS NePHOLOM pe30-
HaHca.

Ha npaxtuxe noab3ylorcs o6pasuyoM, AAHHA KOTOPOTO IO M€Hb-
et Mepe B 5 pas IpeBnilllaer Nomepeddble pasMeEpPel. YJOKAB
00pa3el Ha KOBPHK ¥3 TOPHCTOTO KayyyKa, BORAEHCTBYIOT HA OMMH
H3 ero TOpuOB AUHAMHKOM, MeMGpaMy XOTOPOro YCTaHaABAHBAKT,
He kacasic, o6pa3una, HO Ha AOCTATOYHO OJIMBKOM PacCTOSHHA OT
€ro rpanu. [Ipyro#i Topeuw mpusMbl CONPHUKACAETCA € NHE30IAEKTPH-
YeCKHM HeTeKTOpoM BuOpauwui. JlHHaMHK BO36YKIaeTcs 3MeKTPOH-
HBIM rexepaTopoM mnepeMeHHoH wuactoTH. J[letexTup coemHHeH ¢
BeChbMa UYYBCTBUTE/bHLIM yCuauTeseM. Kak TONbKO BmICOTA H3Aa-
BAaeMOro NHHaMHKOM 3BYKA CPaBHSETCS C NPOAOJILHOH DE30HAHCHOM
4acToToll ofpas3ua, DPHEMHHK OTMETMT MAaKCHMAJbHYIO  aMIVIH-
TYRy.

Ilycrs | -— ocsoBHAsA wacrora pe3cHaHCa, T. €. YHCJIO Koaeba-
HUH, coBepIHaeMbiX HMIYJABCOM B npsMOM H B 00paTHOM HamupasJje-
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HHAX 3a | CeK., TOTAa COOTBETCTBYIOIULAR CKOPOCTb 3BYKA BLIDA3HTCA
NpoHU3BeeHEEM

v =2Lf.

Ho ®aM U3BeCTHO, YTO CKODOCTb DPACHPOCTPAHEHHS TPOLOJALHEX
BOSIH CBA3aHA C MOAYJIEM YHDPYIOCTH 32BHCHMOCTHIO

V—l/_f__g‘

rae -- yae#bHHE Bec MaTephana ofpasua;
&£ — YCKOP@HHe CHJIB TSHKECTH.
Orciona MOay.ib yNpYroCTH ONPeNENHTCs BHIPaKeHUueM

IR
E=4fL2 -5

Ana NonyweHHS YHC/IEHHOFO 3HAYeHHs! ero HaM HeOBXO4HWMO npo-
U3BECTH JIMUIL OJHO H3MepeHHe Beca M OJHO H3MepeHHe BDEMEll
4 YaCTOTHL

Kpyntoe NPeEMVIECTRO 3TOT0 METOAA ONpefeaeHHsi MOILY.st
YHPYrocTH B TOM, UTO HCIBITAHWE HE CONMPOBOKAAETCH 3[eCb paipy-
wenxem o6pasna, a Takxke B TOM, UTO B TMPOTHBONOJIOMHOCTH 4C-
MBITAHXIO HENOCPEICTBEHHBIM 3arpyKeHHeM OHO He BJAeYeT 3a {o-
6ol naacryuecKo# nedpopmauni. OHO OCTABJASIET HCNBITAHHBIH 06pa-
3el] HeM3MeHHEIM B CROMX CBOMCTBAX U MOXKeT OHIThL BOCIpOU3Bege-
HO MHOIO pa3 Ha OJHOM H TOM ke 3K3emiLisipe. Ocoboe yaoberso
IpeACTaRsIET 3TOT METOA, KOrga MH CTaBwM cefe 32144y U3yuuTh
U3MeHeHHEe YNPYTUX cBORCTB GeToHa B CBSI3M C eCTECTBERHBIMY {ca-
MOTIPOM3BOJBHBEIMH)} HAH e OOYCJOBJAEHHBIMHM Cpefoll H3MeHeHMs-
MH ero CTPYKTYDEHI, KaK, HanpHMep, TBEpAeHHeM, KOpposuell, Rius-
tMeM 3aMopaxKuBalus K T. n. VcnbiTampus, BHNOMHSCMBIE B 3TOM
1jaHe Ha HeOOJBIIOM uHCie 00pa3uoB, TEOPETHUSCKH AadXKe HA
e[MHCTBEHHOM 00pasne, ye cTPafalT pasfipocOM W MO3BOJSAIOT NO-
9TOMY YJIOBHTh H3yyaeMBIE ABJCHHS C OOJBIUEH NOCTOBEPHOCTBHIO,

Ha wMoeaysbs yopyroctd 6GeToHa OKa3HIBAIOT BeCbMAa 3aMeTHHe
BAMSTHHS H3IMEHEHUS] COCTABa HJIM IJIOTHOCTH, 4 TaKkKe MMpoueccH
MEX4HUUECKOTO pacnaja MJAH XHMHUUECKOTD pPA3JI0XKeHHSA., JTa Xa-
DaKTePHCTHKA, €CJAH NPHRATH BO BHHMaHue pasGpoc pesysTaToB
HenbiTanul, obyapyXHuBaer No MeHblIefl Mepe cTONb KE BHCOKYIO
YVBCTBHTENBHOCTE K NepEUHCHAeHHEIM (axTopaM, KaK H Mexainge-
tKasl NPOYHOCTh. Pe3yJbTaT H3MepeHust npuobperaer Omaroiaps
S3TOMY TY LUEeHHOCTb, UTO, BHIpAXKas CpefHee AAS BCEro o0beMa 3Ha+
yeHHE, OH OTPaXaeT ORHOBDEMEHHO M MECTHOE HapylleHue, CNocol
Hoe SBHUTLCH IIperpazod A5 paACNpPOCTpaHeHHS 3BYKOBHX KoJgeba
uuit, Ho Mu BepHemest k 3Tolf TeMe, KOrAa nepefidemM K Bonpoca
KOHTPOJS KauecTB GeTOHA. i

B nonreepKaeHHe CAENAHHHX HAMHM Bhle OCUIMX BHIBOLOB YKas
eM Tenepb, YTO AHHAMUUECKHH MOAYJIh YOPYNOCTH 32TBEpAeBIUEr

94




feTOHA HOPMAJABHOrO KadecTBa H3MeHsieTcsl B MHTepBase 200 000—
600 000 x2/cm? B COOTBETCTBUMH ¢ BO3DacToM M cocraBoM. OH HiaMe-
HAETCH TaK¥e H B 3aBHCHMOCTH OT KauecTsa 3anojHuTenedt. Hanpu-
Mep, A5 KBaplUEBHX 3aNoJHUTEeIe!l OB BHINE, YeM AJIS W3BeCTHAKA.
Jas cMeCH M3 pacTBOpa C H3BeCTHHM moayieMm E , H 3anonxurtens
¢ TaKxKe MW3BeCTHEIM MoxymaeM E. Moayab ynpyroctd Gerona E,
ONPeReUTCH ¢ NOMOLILIO IPOCTOro apudMenHueckoro npasHaa

E o AEat MEm_
6T A+ M+ O

rane M — 06beM pacTBopa;
A —ofnem 3anoqHuTeneii;
O —06BeM 1OD.

3aMeruM NONYTHO, YTO AJSA NPHHATOrO 37ech pacTBopa (¢ Noj-
HOH [030# BOJAB 34TBODEHHN) MOHYJIb YIPYrOCTH OK434aACH PaB-
aeim 200000 «2/cm?, mas KBapueBOTO Ke 3aNOMINTeNs (rajbKu
w3 p. Cennl) — npubausutensro 630000 xefcu? B nanvueiimeM vn
YBUIHUM, KAKHM MOXeT ObITh OTHOMIEHHe MeXJY MOAyJeM ymupy-
FOCTH ¥ NPOYHOCTBIO.

Jlo cux mop MBI #HHTepecoBasauch gedopmanued Getowa npu cxa-
THH, Ecax Mbl Teneph moABeprueM oOpasen AeHCTBHIO PACTArHBAIO-
IIMX CUJ M TOCTPOUM KPHUBVIO PaCTaXKEeHHs, TO YOeRUMCH, uTO OHa
npeACTaBHT ¢OOOH HenocpeaCTBEHHOE NPONOJMKEHHE KDUBOR CiKa-
THA, OAHAKO 0Ha OueHb OHICTPO NpepwiBaerca paspyilenueM. HduHa-
MHUECKHH MOAYJAL YIPYTOCTH TIDH PACTSKEHWH O6NaLaeT, KaK MH
ybexaaeMcs, TeM e CBOHCTBOM, 4TO U npy cxkatud. Ha stom
HeOOXOAUMO OCTAHOBHTBHCS.

B 7ex cayyasux, Konja 6eTOH TNOABEPTaeTCA TOMY HJH HHOMY
BUY ReOPMHUDOBAHUS B 3aBUCHMOCTU OT IANPABJEHUS [PHIONKEN-
HOH cuJBl — JIH60 VAJHHEHHIO B CJy¥ae PacTAXKeHHs, JHOO YKOPO-
YEHNI0 B CJAyYae CXKATUHA, — OH HCIBITHIBAET OJHOBPEMEHHO B NJQ-
CKOCTH, HODMA/JABbHON X AEHCTBUIO CHJ, ¥ TONEPeuHyio AethopMansio,
3HaKX KOTCPO# NpPOTHBOMONOKEH 3HaKy NponojbHoil gedopMmaiuu.
Ecau npogosenas negopmaiist pasxa A, a nonepeunas —8, 1o
CBA3H MEX/Yy HHMH BBIPA3UTCH JIMHENHOH 3aBUCHMOCTRIO & == —ali
TAE 6 — [OCTOAHHLIM MOJOMHUTENbHBIH KO3(QOHUMEHT, MeHbIIWH,
CAMHALK U Ha3wBaeMeill Kosppuyuentom ITyaccona.

Hsmenenune o6beMa efunuynoro Kyfa, NORBEPrilerocs NPoa0ab-
HOM petopMallMK A, MOXKHO M03TOMY NPEACTABHTL BHIPAKEHHEM

v=4(1— 23},

Ecnu 6u1 koadduuneRT o 6wia Goabute 0,5, TO NP CKATHR Mul
Monyunnu 6w yseauueHue o6peMa. Ha npakrtuke 510 OBIO 6H BO3-
MOKHO JIBDIE B HCKJ/IOYHTENbHEIX YCJOBHAX TPEUIHHOOGPA30BaBKUA.
Mostomy ans o Beerna npunnmaercs snaverne Memwizee 0,5.

3uanue koadoduurenta [lyaccona upesBnuafino MONE3HO B pac-
YeTax compoTHB/ACHUS MATEPHAJOB, H NOITOMY AJS W3MEPEHHS €F0
OHio mpensokeso HECKOMbKO PA3/IHYHEIX METOLUB.
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TIpocrefiiuuit ©3 HEX COCTOMT B TOM, YTO B DaBHOMEpHO RaNps-
XKEeHHyo uactb ofpasua, 3o6paXeHHOrO Ha puc. 29, BBOANT TEH3O-
MeTpsl KaK B MPONOJBHOM, TaK M B MIONepPeyHoM HamnpapsieHHsX. [1pu
3TOM Tipexje BCero KOHCTATHPYeTCH, YTO NIPH HANPAKEHHAX, MeHb-
IINX TOJOBKHAEL JIPeAeJa NpPOYHOCTH (WJH APH Harpys3kax, MeHbLIHX
NOJICBMHE paspyinaiciiet), nomepeusble AedopMailud OKa3HIBAKOT-
¢Sl MOJHOCTBIO OODATHWMLIME B Npejeax TOYHOCTH TOKA33HHH TeH-
3oMerpoB. C TpeBbIeHHEeM 3TOH HanPy3Kd HauMHAIOT BO3HHKATb
#eo6paTdMble TionepeyHule AedopMalMH, HO, KaK MB YBHINM B
JajbHelieM, NIPHUMHA HX 3aJl0XKeHa, [0 Beel BepOATHOCTH, B o6pa-
30BaHHH MEKPOTpellHH. B pacuersmx npenenax paGoTel Oerona
xoaddunuenr Ilyaccoma oTHOcHTCH, TakMM 06pa30M, MHCKJOUH-
TeJIbHO K YVOPYTHM nedopmauusaid. 10 06CTOATEALCTBO HMEET 04eHb
foabnIoe 3HAYEHMEe, H MH K HEMY BeDHEMCSl B CBA3H ¢ H3YyUeHHEM
aacTyyiocTd. 3uadenus kKoddoguuuenra Ilyaccoma ans ympyrok
craauy gexar B uHrepBaae 0,10—0,30. On TeM BHe, yem MOJOXE
GeToH H YeM HHXe er0 NPOYHOCTE.

B uccnepoBannn kKosdpunmenrta [lyaccosa srbpauuwonnas Me-
TOAMKA O0Kas3ajach CTosb e 3(hQeKTuBHOH, XaK H B U3MePeHHH
MOXyJsd yrpyrocti. B pannroM caywae morpefoBaJoch paspaborarh
apsAMOi MeTOHd ompedeNeHds CKOPOCTH 3ByKa B TBepIbIX Tejiax B
IPOTHBONOJIOKHOCTL YIKe OTUMCaHHOMY KOCBEHHOMY MeETOAy pe3o-
faagca. PaccMoTpHM mpexje Bcero TOHKOCTEHHBIH o6Gpasen — KySuk
HIR NJATY. Y OaHOH 13 ero TpaHeR NOMECTMM KBaPLUEBYIO mJja-
CTHHKY, 064aJalolIyl0 Nbe303JeKTpHuecKuMH cpodcrsaMmH.  [lox
BO3ZeHCTBMEM PeHepaTOpa KHMITYJLCOB B KRaple BOZHHKHYT YJbTPA-
. 3ByKoppie xogeGanua. IlepenanHbie yepes GeToH, OHY BO3HeHCTRYIOT

Ha JpYyryio NJACTHHKY INIbe303JeKTpHYecKoro keapua. Jocrarouno
A3MEPUTL BpeMs, MCTEKIIee MEXKAY MOMEHTaMH OTNpaBhReHUN H
NPHOLITHS UMIYJILOHOrO CHIHAJA, AJS TOro YTOOH Y3HaTL CKOPOCTH
3BYKa B UCHbITYeMOM oOpasue. IlpuvenseMoe jas STOH 1{esH H3Me-
puTentHOe yCrTpolcTBO TIpeAcTaBaser coGoft 3JACKTPOHHHH 1upubop,
I03BOJIRIOWHN [TepeaaBaTh CBOTOBOH CHIHAJ HA 3KPAH OCHHJJIOIDPA-
tha mo wxaxe 0-—100 mukpocekyuj. Hamepenre COCTOHT B TOM, 4TOQ
MEX IV TIPHEeMHHKOM # TeHepPATOpPOM (NepefaTUHKOM) YyCTaHaBJIH-
BAeTCH KOHTAKT, NOCJE Yero OHM PacllonaraioTcs 1o NPOTHBOMION0MK-
HEIM TpPaHAM HCOHTyeMoro obfpasua, ® BPeMs NOPOXOXACHUA HM-
IYJLCOB 4Yepe3d ofpasell 3aceKaeTcs lepeMellieHMsiMM CUNHaJa Ha
sKpade ocumajorpada. Hanoxkenue Wynos NMPONU3BOAUTCA C BBeje-
HHeM HeGOoJbUIOr0 KOJWYEeCTRa [JOTHOTO XUpa AJds ofecnedeHns
XOpONIero KOHTaKTa,

Ecan mposzpyunBaeMuii TaXuM TyrTeM ofpasel, MM KOHCTPYKTHB-
HBEY 3J1eMEeHT JOCTATOUHO BEJIMK B CPaBHEHHH ¢ pa3MepaMH Iyna,
a4 TaKXKe NYy4YKa H3Jy4daeMHX YJbTPa3BYKOBHIX BOJIH, TO CKOPOCTH
V, pacnpoCTpaHeHHA MMNYJLCOB GYAeT CBA3AHA € MOAYJEM YHpY-
rocTh u Kosgopuumentom Ilyaccona ¢opmysao

__ Eg 1—c
Vz‘“l/"z_ (o =2)
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B TO BpeMA KakK CKOPOCTb NPOAOJIBHHIX BOJH, H3MEpeHHHX B NPH3-

Me, PaBHA
E
V, x“l/—_— g.
©

W3 cpaBHeHHS 3THX ABYX CKOPOCTEH MOXKHO NOJY4IHThL 3HAUEHHE o,

BheiTo 6Bl HHTEPECHO BOCMOJB3OBATHCS STHM METOAGM B NpPHMe-
HEHHH K ABYM 06pasuaM, aGeo/MOTHO TOXKIECTBEHHHM B OTHOLUGH.IK
COCTaBa, HaUDUMEDP K CTepXHIO # K miaactunke, Ho uaroTobjemnye
TAaKHX 06pAa3LOB INpeiCTaBJjisercs, MNO-BUAHMOMY, HEBO3MOKHEIM.
K 3TEM TPYAHOCTSAM NPHCOCAUHSIOTCH HADYUIEHUS KH3OTPOUMH, %a
KOTODBLIX MHE OCTAHOBHMCS B AaJbHeiineM.

B onpenenesHd. © CYIECTBEHHHIM, CleJOBATENLHO, SBJSAETCH
BHIIOJIHEHHe Pa3/IHYHBIX H3MEPeHHN Ha ONHOM M TOM e 06pasug;
3Ta 3ajlaya paspeulaeTcsl TPeTbUM, AWHAMUYECKHM METOAOM.

Hobepxnocmuesre Bonnar |  Boawss pacuiu
Bonns: UCKANEHUR pernus

Puc. 35

Ilycre uenmiTyeMbii HaMy OGBEKT nNpeAcTaBisier cofoll MaccHs-
HYIO Cpely, OrPaHHYEHHYIO WIOCKOCTHiO. Bo36yaum B HeKOTOPOR
TOYKe, Orpa’HHYHBalONiel NOBEPXHOCTH CPEiBi, NOC/AEZ0BATENLHOCTE
UEMITYALCOB TOCPEACTBOM HOBTOPHLIX YAAPOB M GyaeM Onpepensits
BpeMs, mpoTekalolllee MeXIY MOMEHTAMH [POXOXIEHUS YRAapHOH
BOJTHBM yepPe3 [1Be TOUKH, Jexallye Ha NPAMOH, HAYaJbpHAas TOYXKa
KOTOpOff coBNagaeT ¢ HCTOYHHKOM yAapa. Yiaapsl NpOH3BOLAT MO-
JIOTKOM; MOIIHOCTE M HaCTOTa HX HA3HAYAIOTCA B COOTBETCTBHH C
pannycoM HceqaeayeMol ofjacTH o6bekra. [dereKTop mpemcTasisieT
co60f crepwens Ha deppocnaaBa, B KOTOPOM NPUHATAs BuGpaunns
BLISHBAET MarHMTOCTPUKLMOHHKIE sd¢dexr. CHrHas npHHEAMAeTCH Ha
3KpaH KaTOAHOIrO ocumiorpacda, H Aas Toro, yrobel NOJgYUMTH Bpe-
Mf pacnpoCTpPaHeHHs CHMTHAJa B MHKPOCEKYHAAX, MOCTATOUHO NPH-
BRCTH K COBUANEHWIO DPOHT YNAPHOH BONHH € MOABMXKHEM CBETO-
BHIM pemnepoM — CHTHAaJOM.

B npaktudeckoM BHIMOJHEHMH 3TOTO HCIHTAHMA OGHADYXHBAEr-
CA, YTO NpUHAMAaEeMBIR OCHHMJJIOrpad)OM CHTHAJI OTMeuaeT NpulHTHE
IBYX mocne[0BaTEAbHBIX, BeCbMa YaCTO BHIPAXKEHHHIX NAKETOR
BOJIH, a TakKe TpeThero Nakera, Go.ee HJIH MeHee CKPHITOrO B XBO-
CTe proporo (pHuc. 35).
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IlepBriff makeT — 5TO MAaKeT BOJIH PACHIMPEHAS HJH NPOAOJIL-
#eix BosiH., [dedopmauus MarepHana TIPOHCXOAHT B HANPaBJSHHU
pacnpoCTpaHeH - HMEHHO 3THX BoJH. CKOPOCTH MX paBHA

./ Eg l—o
Va= | AR O

[

Bropo#t maker ofpa3syercd H3 BOJH MCKAXKEHHS MM NONEPEUHLIX
BOJiH. JIyulie BCero OH BBIABARETCS, eC/HM IPHEMHHK PaclONOXKHUTh
¢ nMonepedHbIM HakKA0HOM. CKOpOCTh ero V, HeCcKOJbKO MeHblIe no
CPaBHECHHUID CO CKOPOCTBIO MPAMLEIX BOMH:

T2
Vi=V, V 2(T~3)

TpeT#ft nakeT — NaKeT HOBEPXHOCTHBIX BOJH, HJM BOJH Pajes;
0 CyUlecTBOBAaHHYM €r0 MOJMKHO JHIIL JOTanbiBATECH, HO TOUHOMY
W3MEPeHHI0 OH HeXoCTyIell.

W3 npuBeleHHHX BRIpa)KeHu Aas ckopocrelt BHAHO, UTO HX OF-
womenne V,/V, mnospoaser seumcsamts Kosddmnuewr Ilyaccoiia,
Ecng Om MB HMeM [en0 ¢ OJHOMepHEIM OGBEKTOM, HalpuMep co
CTepIKHEM, NoNnepeyHble PasMepsl KOTOPOTO NPeHeOPEexRHMO Manhb
B CpaBHEHMH C $a30H W3MepeHMs, TO MBH HalLIy Obl

Vt == Vd BT AN

Hcneivanys, OpoBeZeNHBIE MO STOMY HPHHUHKIYY, TOATBePAH.IH
pe3yabTaThl HENOCPeNCTBEHHOro OupenesfeHHs ¢ BeJHuafiten, Ha-
CKOJIBKO MOXKHO CYAHTH, AOCTOBEPHOCTBRIO. BBI.TIO VCTaHOBJEHO 110~
cTosHHOe cHEXenyue Koxbonuucnra Ilyaccoua ¢ ypeawuenuem Bo-
3pacra Gerosa. Buauanc ero Beauumna mpeswiiaer 0,30, B zaan-
HedureM, ecad Herol XOpoluiero Kavectsa, Kosth(HIMEHT CTpeMuTcd
NPUHATL HEKOTOPOe 3HaweHye B uHTeppane 0,10—0,15.

ITH BBUHCIEHHS OCHOBRIBAIOTCA HAa TOM NDEeANOJOXEeHHH, 4TO
$eTOH — H3OTPOTMHBIH MaTepuas. Ho HYyXKHO NpelycMOTpPCTh Tax-
JKe H BO3MOXUOCTL AHH3OTPOIMH — H3JOKEHHHH MeTOX II03BO-
JeT KaK pas YCTAHOBHThH 3HaueHHe MOAYJEed YNPYyrocTH 1o pas-
JHYHEIM HaIPaBJSHHAM.

[ToaoxuM, zaHo GeTOHHOE Tesi0, YAPYrash aHH3OTPONKA KOTo-
POTO XapaKTepu3Vercs KPYroBOH cHMMeTDHed. 3TO 3HauUWT, UTO
YIPYrHe CBOMCTBA ORMHAKOBH AJS J000H TOPHIOHTANBHON TJIOCKO-
CTH, HO M3MEHSIOTCH N0 BEPTUKAJILHON TAOCKOCTH. K 3TOMY cayvaio
NPUBOAHICA CTPYKTYpa GeroHa B aBTOAOPOKHOM MOKPHITHH,

O6o3nauus uepes Ty, Tao, Tas, €11, €22, €33 COCTABASIOLLHE HOP-
ManbHBIX HaTpsKeHnl H gedopMaruit, a uepes Tz, Tis, Tos, €12, €13,
€93 — HaNpAXeHU# M snedopManmil cnpura, npudyeM HHIeKcamu |
¥4 2 OTMEUCHBI FOPH30HTAJIbHBIE OCH, a MHIEKCOM 3 -— BePTHKA/b-
Has OCb, MBE MOYXEM HalWcaTh CJeAyiollHe YDaBHeHUs YUpPyroro
PaBHOBECHA IAAA 3ITUX BeAKUUH.
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Ty=Aye, + Aty + Apey; Tio= (A, — Ap) e43;
Too==A ey 4 Apege + Apslsgy Tig=(Az — Ay3) €433
Toy=A181 + ALyCas + Agsys;  Tog={(Ags — Ays) €23,

B yKazaHHBE COOTHOUIEHHS BXOAAT MeThpe Kos(duuuenrta, B 3a8-
BUCHMOCTH OT KOTOPBIX OHPEAENSIOTCS CKOPOCTH pacipocTpaHeHus:
1) no nanpasnenuto 3 (B raybuuy):
CKOPOCTh BOJIK pacliypedys

A

Vn'—:.l/ ;}33 g5

CKOPOCTE BOJIH MCKaMWKEHHSA
‘—4-53 — A 3
an == l/"" _-—"” 1 &3

2) no nanpasaenusm I, 2 (B TOPHIOHTANBHHX MJAOCKOCTSIK):
CKOPOCTb BOJH PacLIUpeHUs

3nande CKOPoCTell nossoaser HaHTH deThipe Kos(pduiuuedwra A.
Jlag Toro uto6b MOAYYHTH MOAV.IbL yupyroctd u xosddmuuent Ily-
4CCOHA AJA NUJAHHADOB, BHIPE3aHHHIX B COOTBETCTBYIOUIMX Harpas-
JEHHSX, B PE3VJbTATE HECKOJBKO KPOMOTIHBOIrO, HO 3J1eMEeHTaPHOTO
BBIYMC/ICHNS HAXOLHM:

1} B seprukasvrom HanpagAeruu:

MORYJL YIPYIOCTH

E o 24},
r = s '—m‘;*‘ b
xoadrpunuenr Ilyaccona
=} = j B .
h An+A4n

2) B 2OPUBOHTAABHOM HANPABAECHUU!
MOIYyJb VIPYTOCTH

L AuAn— A
h ( 1 12) + An Aﬂs_ﬂ?,a
koatpdunment Ilyaccona
. A Arg — Al
B Ay Ap— A
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OTH BHUHCJEHHS BERAYTCS B TPEATNOIONKEHHH, YTO HAM H3BECTHLI
BCe 4yeThipe ckopoctd. Kak mpaBuao, uaMmepeHHe ckopoctn V,, co-
MPSAMKEHO ¢ H3BECTHEIMH TPYAHOCTAMH. Bo m3bexaume HX MOXKIO
HZONMYCTHTb B NEPBOM NPHGIHMKEHUH, YTO

OTKYNA

Mpl NPHXOAHM TaKuM NyTeM K NPHOAHKOHHEIM (POpPMyaam:

_ Ay |
E’i—A”{l TSV J ’
A
Onh ™ TH% 5
A+

E, = ~— A S
= A (1) | L =i

Andg — M5

Ty = "
M AnAg — AL,

OTMeTHM ellle ORHO, nOCJsienHee, CBOHCTBO 6eTOHA, XapaKTepH-
3ylollee ero auHamudeckyio ynpyroers. Ha pue. 32 n 33 mokasano,
9T0 M0J LMKJIHYECKH M3MeHSIOWleHCA HArpPySKOH Kpubas yanpsKe-
Huii-negopmanmit npuHuMaer ¢opMmy netan. DTa nmeTaAs oTpa-
KaeT HEKOTOpoe MOIVIOLIEHHE 3HEepPruM. Beskue BBIHYXKJIEHHBIE KO-
JAebannus 3aTYXalOT TeM CKOpee, 4eM BRIIE IOTIOIIEHHe SHEPrHH;
10 9TON HMEHHO NPHYAHE OTHOWEHHEe MOTJOLUIEHHOH 3HePTHH K IO-
YeHUMAMLHON ynpyroll SHepruu MOJIYYHIo 3HaueHWe Koa(uuueHra
saryxauud. Koadduunedt 3aryxaHus Jierko HalTH H3 H3MCPeHHH
Ha tpusMarugeckoM obpasue. Tlocse npuBefeHMa B pe3OHAHC re-
HepaTop pesKo OCTAHABAMBAETCH, M TOJIyualolleecss B Pe3yjbTare
ITOTO CHUIKEHHE aMILIMTYA M3MepdoT B QyHKIUMH BpeMenu.

TToMuMO HemocpeACTBEHHOTO HCHOJIb30BAHHSA B BHIYUC/IEHHH 3a-
TYXaHHS BHHYXJIEHHBEIX MeXdHAYCCKAX M aKYCTHUECKHUX KoselaHm#,
3TOT e Ko3hGHUMeHT IHTAaJHCh NPUMEHHATL M B POJM KpHTEpHA
Kkauzecta Oerona. OH pe3ko CHHKAeTCs € BojpacroM OeToHa m npi-
HHMaeT, NO-BHANMOMY, MaJjioe 3HaueHHe B 0eTOHE C BBICOKMM MOHY-
aem ynpyrocti. Ho, ¢ Apyrolt cTOPOHEL, OH 3@8BHCHT M OT KOJHIe-
CTBA BBEACHHOM B Oerod CBOGOAHON BOAW, H — OGCTOATENBLTBO,
ente Gojaee gocalHoe, — H3AMEHAETCA ¢ YaCTOTON BHOpauuil; A%
BEIICHEHHS 3TOr0 BONPOCA HYXHB NOMOJHMTENbHbIe HCCJAEKOBaHHs.
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NaacTyeckas aedopmaura NOx Harpy3Ko#n

Besixas, pLi3biBaeMasl Harpyskol, JgedopMauusa CONPOBOXKAACTCS
HeoGpaTHMOl Jgedopmaunell, ocrapowelica nocise PasrpyakH. Ymnpy-
ran aedopManus Beerja RONOAHAETCH 1iacTuyeckoit. [Tocaenusas
MoxeT OhITh npeHeOpexXHUMO MaJjoi, eclid Barpy3ka He3HauHTeNbRa,
W TPHHUMATL ROCTYIHEIC H3MEpeHHIO 3HAYeHHs IOX O6O0.ibIIMMH Ha- !
NpsAKeHUsAMH (TPeBBHILUAIUMMH HPENes YIPYrocTH). i

PaccMoTpuM CHawa a njacTHueckue AcHopMaldi, BHILBaEMbe
MTHOBOHHLIM HAIPYyXKeHHeM, T. e. Takde HedopMal¥H, KOTOPHe
AMEIOT MecTo MNOj HarpyskaMh, AeHCTBYIOLIMMH B TEUeHHe KOpOT-

KOro BpeMeHH — He Gosee 1 uaca. [IpuaoxMM nosToMy CxKHMA0- i
Iny10 BArpysky ¢ 6GonbLuoft CKOpo- !
cThio (mopsaka 1 MuH.) ® Gynem
BHAEPXKHBATL Nof, Hell Hawr o6pa-
sen | MuH, 3ateMm 10, 20 mMud.
K 1. n. 1o 1 yaca, bynem usmepgrn
IpH 5TOM ocTaTounyino (HeoGpaTH-
MYyK) IebOopMAaLHI0O M HaHeceMm ee
3HAYEHHS, COOTBETCTBYIOUIHE NPO-

-
P

fnacmuyeckan
gegapmayud

NOMXKHTeJLHOCTH SarpyXeHUs, Ha - Rpodenrumensnocas
rpaduk  (puc. 36). Mwu yBupum Jazpy wenun
Torga, 4TO miacTAveckue gecop- Y2vaca Tvae

Mangy npeacrasiaalT c¢oboit Bospa-

CTAIOWYI0 QYBKIMIO  NPOROMNKH-  pye 36, Buictpo npoTekamuias
TeJILHOCTH 3arpyxCHHA, Ecam mut NAacTHveCkdd JepOopMaLus
3KCTPANONKRPVeM TOJAYUYEHHYIO Ta-

KHM TyTeM KPHBYIO, IOYTH COBNAZAIOLLYI0 C NIpAMOH, BJAEBO, A0
OpAWHATH, COOTBEICTBYIOWiell AJHUTENLHOCTH 3arpyxeHus (=0, To
06HapyXKUM, UTO OHAa He NPOXOAMT yepe3 Hayajlo. ITO CBHAETENb-
CTByeT XKak OYATO O CYLIeCTBOBAHHH MrHOBEHHOH, HEBA3KOH maa-
crugecKoll gedopmauun. Hano nonarats, uto nedopmanus 3TOro
Buga ABJAETCS PE3YAbTATOM NPEOAOJEHHS BHYTPEHHETO TPeHHd, H
TaKoe MPeAnoJoXeHHe HOATBEpXkAaercsd, NO-BHIUMOMY, TeM ¢ax-
TOM, YTO 3aTyXaHHe KOjeOGaHH He CTPEMHTCH K HYJIO Npu o6paise-
HHH B HyJb HaCTOTHL.

[TpoBenennoe McnbTaHde OGHADYKHBAGT TaKikKe U TO, 4TO NJa-
CTHYyecKast Ae(OpMaliMa Bo3pacTaer ¢ JIHTCILHOCTIO 3aIPyXeHHs.
Oua npoponkaer Bo3pacTaTh MeCSUn W TOAB H CTPEMHTCH, Kax
3To MOXKHO mpeuliojararth, K HeKOTODOMY npeneny. Tarkas Mennex-
Ho Hapacralomas neopMalius Ha3bBACTCH NOAIYHECTHIO,

Hcenenosanye nonsydecTd npeacrapJaser cofofl BecbMa ClIOXK-
HYK 3ajauy, ¥ MOXHO YTBepXKAaTbh, 4TO OHA He pellleHa Aaxe B ca-
MOoM niepsom npubarxensd. Cnefyer npudHaTbh BNOJHE ONPABAAH-
HhIM, 4TO eff NMOCBAIaeTCs MHOTO BecbMa [AJUTCJIbHRIX HCIIHTA-
HHH; g0 CHMX NOP, OXHAKO, HE HAUIOCH ellle HY QAHOH 1aBopaTtopuM,
Koropasi pacnogarana Obl ROCTaTOYERIMH CPeACTBAMH K BpeMeHew,
UTO0L KOODAKHUPOBAHKO TIIPOBECTH Takue Henbirayus. Mul Anumiedd
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BO3MOXKHOCTY NOJYUHTL IOJHYKD KADTHHY STOrO $IBJIEHHH, TaX Kak
B HalleM pacnopsxeBWd HMeiOTCs [aHHHE JIXMb Pa3PO3HEHHIX
UCHEITAHKN, BHINOJHEHHHX Ha OeToHAX PA3NHYHBIX COCTABOB ¥ IIpH-
TOM B DA3JHYHBIX HAH B HETOYHO 3a(pHKCHPOBAHHBIX arMocdepHbIx
yciaopusix. S cam mpoBes HECKOABKO NOZOOHBIX MCHBITAHHH, HC
BOCMIOJIL3YIOCH MX PE3Y/AbTaTaMH HE CTO.bKO ANS TOro, 4ToCni AaTE
TOUHBle KOJIMUECTBEHHBIE MapaMeTphl, CKOJbKO AJA BbISBJAEHUS 00-
tero xapaxrepa mpolnecca.

logoxuM, uTo B HallleM PACHOPSIKEHHH MMEETCS NAPTUS OFH-
HaKOBHIX 06pa3uoe 6eToHa, MMEWINHX YROOHYIO IJf H3IMepeHus
cpendelr nedopmanuu GopMy, w Mp IPOH3BOAUM S5TH H3IMEpeHNY
nosb3ysch TensoMerpaMi. C Momenra Havasla TBepAeHHs Hault
06pa3ny MOOBEPralOTCAs B YCJADBHAX ONpexelexiol BJiaxuocta |

R —— ¥ IV T 8 bode —ul
11 ¢ '
i < 1=~
Ay
IS ™ R K
s 1
1L ~ -1
g e onbHbId newazpymennnid 0dpasey, | &
& N e e i Rhkhhde 2 3
& 9 Kot . - f . L
'Q[ gL N { i .
' [ ! < e e x
< 1 1 | C ¥
i . N t N i
% i t, Bpema
583 a—wa— 108 HAZPYIHOL sy HET HOZPYIK Y]
Hazpysxe

Puc. 37

CaMONpOU3BOapHOR nedopMauuy, T, e. ycalnke, KoToOPyio Mol Gyme-
U3MePSTL OTHOLUICHUEM ¢&e abCOMIOTHOM BEJUYMHE K HaTanpHOMY
pasmepy obpasua.

Ilo ncTeneunn H2KOTOPOTC BpeMEHH B MOMENT fp, KOTODHIHA cuM-
TaeM HAYAJOM HCHOHITAHMA, ycagxa parHa A,. BosbpMem umenHo n
3TOT MOMEHT BpeMeHH Ojud Ofpasen ¥ IIOABEPTHEM €0 paBHOMeED-
HoMy ckartuio. OH HCOBITAGT MDHOBEHRYIO YIPYTYIo medopMalHio
Ag, ¥ BMECTe ¢ Hell njacTHYeCKyio meopMaiumio, OiHA 4acTh KO-
Topol OymeT Tak¥ke MTHOBEHHOH, apyrast ;e @ygeT ‘BO3pacraTs,
loKa jelicrByeT Harpysxa. Ilo HCTewewwn cpoka, NDOMOIKUTEMb-
{lOCTH KOTOPOro AJAf LHauagpa guaMerpoMm 10 cam mpeBwiaeT o6bM-
Ho 2 roja u He mNPeBOCXOmWT 4 JIeT, maacrHueckas nedopManid
nepectaer BO3pacraTh, CTA0HAM3UPYSCL Ha 3HAueHHM Ay, TakuTd
BeJAUYKHA STOH ToaHOH Aedopmauum (puc. 37) Gyger paBHa CyMMe

Ap =8+ Ag, A,

3a Tor Ke CPOK 0O6pasell, HCHATpYKCHHRIN, HO NOMeUIRHANE B T
e aTMochepHBle YCaosyst, NPHEMMaer NOCTOSHHYIO JIHHY IPH
ycange 4,
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B MoMenT BpeMesu f; pasrpysuM NepBulii oGpazeun. Ou noz-
geprHEeTcs MrHoBeHHOH nedopmauuu Ag, sHaK KoTopolt fyler npo-
THBOIOJOXKeH B3HAKy NEePBOHAuaAbHOH Ynpyrod aepopmanus, mo
a6COAIOTHON e BeAudHHe Oyzer HulKe ee. [locTpoeHHas TakuM
nyTeM KpuBas ynpyroffl aedopManuu MMeeT B Hawaje KacaTeAbHYIO,
TaHreHC KOTOPOil coBNazaeT C MOLYJAeM YIPYTOCTH NPH ONpeleeHdd
er0 BHOPALMOHHBIM METOAOM.

Ho 3Ta MrHoBeHHAS ynpyrag aehopMauus He COXPaHseT IoCTo-
aygoro 3HaueHus., O6pasey, NpPeXOCTABJEHHBIH [OCJAC CHATHA Ha-
rpyaks caMomy cefe, TIPOJAQ/IKAET B TeUeHHe HEKOTOPOTO BPEMeHH
YATHHATLCH (B HCCAEIOBAHHHX CaAyYyasax — caMoe GoJsbliee B Tede-
gwe 5 Axel). ViBmaue roBOpA, ME HMeeM 3Iech [€JN0 C ynpyaum
nocaedeticTsuem,” B CBA3M ¢ 49eM abCOMIOTHOE 3HAaueHHE MOJHON
oB6paTHORK yrmpyroit nedopmanun Ag--A =Ap, NOJKHO TOAYUUTBCH
Gonpuie Ag,. DTO JaeT OCHOBAHKE NPeANO.I4aTaTh, YTO TaK Hashl-
BaeMasl KpUBag MOJ3YYECTH OTPAXKAET UACTHUYHO B CBOEH BOCXONA-
e BeTBM BAUSIHHE STOTO YHPYTOro InocneneicTBHs.

Haspag pasHocTs Ar— A, NONOJHHTENLHON HedopMmauued ot
HArpy3KHd, 3ameyaem, 49TO

Dro 3HAUMT, UTO BbI3LISNEMAR HA2pY3KOU naacruweckas Oegon-
Mayus NPOnOPUUOHAAbHA Ynpyeoi Oepopmayuu. TIpn GaAM3KOM XK
JAHHEAHOMY 3aKOHe YNPYFOCTH H HATPAKCHMAX, HEe ACCTHTAIOLIKX.
/3 npepena NPOYHOCTH, ROTYCTHMO 3aKJIOUHTH, YTO INIACTHUECKAR
ZethopMauusg IPONOPUMOHANBHA TaKxke M uarpyske. B omHoweunu
6eTOHOB, KOTOPHIE MHE NPEeACTABUIOCH BOZMOKHBIM HCCIERKOBATH,
1 Hawes, uyto p=~3--5.

IToMecTuM Tenepb KaK :pasTPYKeHHBIE, TaK U KOHTPOAbHHE G6-
pasusl B BoLy. Onu HaOyxalOT ¥ yBeJHUHBAlOTCH B Bece (B Mccie-
NOBaHHHIX CAY4afX CPOKH cOnepxauus o0pasuoB B BOLE IIPEBH-
mwaay 200 neeit). 3ameuaTeabHo 34ech TO, UTO HaGyXaHue NPH 3TOM
nosyuaercs TeM OGOablIHM, yeM fogbite nosHas gedopmanus. O6o-
3HauHB uepe3 4, 3To HaGyxaHue, MbH YCTaHABAWBAEM, TakHM obpa-
30M, uto A, npexcrassseT coboit BO3PACTAIOLIYI0 GYHKLHIO P.

Ecian, HaxoHen, yepes AR 0603HauMTb ocraroynyio gedopma-
LMIO IOC/Ie BOSBPAUIEHHS K HAUAJBHBIM YCIOBHAM HACHIEHHS H AJAA
Ryjepod HATPY3KH, TO MBl 3aMeTHM, UTO
A= ————-A—R

By — g

= const.

O6yciosaennas RASPY3KOL naacTuxeckas «acTs Oedopmayuu,
Kax u ycadka, npu no2pyscenuu 8 800y o6paruma 8 TOM e OTHO-
wexuy, 4ro i ycadka.

3TOT BRIBOJ YOEAUTEALHO TMOKA3HBAET, YTO NOJ3YyYeCTh KyCaldKa
HepaspeqapHbl. [lonsyuecTs B036ymnuderTcs YacTHUHO ABMIKEHHEM
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BOALI, BO3HMKHOBEHHIO KOTOporo crnocobcrByer gasaexue. Humimn
CJOBaMH, LapJeHue GnaronpasTCTBYeT WCHAPEHHIO, H B 3THX YCJI0-
BHAX WOJ3y4ecTb MAOMKHA ORTh HHTEHCHBHEE, KOrfa BJAAXKHOCTH
OKPYXaKwIllero Bo3ayxa yMeHsmaercd. MMeHHO 3T0 W noxasmBaer
onur. [IpM HCOREITaHMM OXHOrO K3 GETOHOB NPENCTABHJOCH BO3-
MOJKHEIM YCT@HOBHTb, YTO IIPH CHMIKEHHH OTHOCHTENBLHOH BJIaMKHO-
ctH co 100 xo 509% mnoasyuecTs ycuauaach B 3 pasa.

Haxkoneu, 8 CooTBeTCTBHM ¢ 0603HAaYeHHAMHE Ha rpaduke puc. 37
MOXHO HaTHCaTh

AT =AB+P'-\EH}

rie p— Xo3(pUiHeHT, BO3pACTalOWMHUi BMecTe ¢ ycalxo#t A, He-
HAarpyXeHHoro o6pasua, HO He OGpaInaloOMWMiCA, OAHAKO, B HYJb
BMecCTe ¢ Hel.

OGo3Hauue vepes A, OKOHUATEJBHYIO TEOPETMUECKYIO YCAAKY
ANA HyneBoro 3HaueHus BaaxHocty ( 8=0) B cooTBeTcTBHH € rpa-
$HKOM Ha pHc. 24, OPHHWMaeM B KadecTBe NepDBOHX THNOTE3Hl JAHHEH-
HOE COOTHOLIEHHE

pz—wL(l-f-N—/:i:),

rae L u N — aBse TocTosHHEBE.
B rTaxkoM cayuae nonnas nedpopmauns BGyler paBHa

ﬁrﬂAO—l—L(l +1"V"§:—)AE“-

Ocrartounas jedopMans nociae NOrpyxKesus o6pasua B BOAY

br —Ap,
4

Ho npu xpanennu B BoAc p =1, NMOCKOJALKY B 5TOM Ciyuae Ag=
=07 — Ap; ,a A, BO3PACTALT TIPK CHUXKEHUH OTHOCHMTEIBHOH BNAXK-

Hocte cpedas, O1Ciofia B COOTBETCTRHM € NEPBOH THIOTE30MH
p=14+M

Hcnoneays npuBefeHHble BBIKJIAAKH, NOJNYIaCM RIS OCTaTORHOMH
RehopManay CJaeayIOliHe BHIPAKEHUs:

A
A(,-i—[l. (1 +N—A:—)-—1]AEH

Ap =

)
4y,

4
L+ M5

n

ans A, — nnacTHYeCKOH ne(opManny, OTHECEHHOH K KPHBO# ycail-
KH 6e3 Hanpyska:

b= A(1+B5-)4e,
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H Zas A;—omaToumOﬁ nedopMaunyu Kak MIOGHTKZ CBEPX OCTATOY-
#olt Aedopmaunu Ge3 Harpysku: :

4
(1-}-3'4 )
> n
8= A= by,
1+ 3,
rae
__ 4 4,
M= Ar VAO

B 3Tux BhIpaxenusx nocrosHHas A, ofosHavalomias <nocol-
Hotte OeroHa K muacthueckoft aedopmaunn 6e3 ycaaxku (nedop-
MaTHBHas  Ccnoco6HOCTb), 3aBMcHT OT cocrasa Gerona. Oxa
BO3pacTdeT C YMEHbIUCHHEeM [O3HPOBKH LEMEHTA H YMeHbLIEHHeM
NJIOTHOCTH, MHAaye roBops, ¢ naaeHuneM npoyHoctd. llocrosnunas B
OIpefeasieTcst, HaNPOTHB, CBOHCTBAMH LEMEHTa H ero CHOCOGHOCTHIO:
K ycaaxke, Qna MOXET 33aBUCETH TaAKKe QT aGCOMOTHON BEUUHHEL
3JIGMEHTA KOHCTPYKUME M YMCHBIIATBCH ¢ YBEAWUEHHEM Ero pasMe-
pos, TTocroaunas p TaKkKe 3aBHCHT OT TPUPOAH LEMEHTA.

HcnniTrisas GeToH ¢ AO3HPOBKOZ nopTIanA-ueMenTta 400 K2/M8;
9 Hallesg AT 3THX I[OCTOSAHHBIX CJeAvioUiMe 3HaueHusa: A=1,20,
B=45, p=04.

B yxa3zarumix uudpax caefyer BHAeTh He §ojiee KaX TOALKO Ka-
9eCTBEHHYK XapaKTepHCTHKY Upouecca, NOATBEPKILAEMY JIUIIb HA
OTPaHHUEHHOM 4YHCJe HCOnTaHMH, TowHO Tax JKe M H3J0XKeHHYH
BHIMIE TEOPHIO HAJJEKHT PACUeHWBaTb JHUIbL KaK NPOCTYI0 CXEMY,
AVIIOCTPHDYWOILYI0 OOWHE XapakTtep ssaerusa. Ocraercs npoBecTH
elle HeMaJi0 KOHTPOJLHBIX NPOREPOK H BHECTH YTOUHEHHUS.

W3 HeCKOMbXHX TMPOBEAEHHBIX MHOI MCNBITAHWA NOJ3YYECTH NP
paCTsAXKEHHUH BHIACHAETCS, WMTO PasphiBa MEXKIY DacTAXKEHHEM H
CKaTHeéM 3aech, NO-BHANMOMY, He CYIIECTBYET 3a HCKAKUYeHHeM
TOro <ayvas, Xornaa o-6pa3yr0'r-c;1 HayaJjgbHble YCalOUuHble MHKDPO-
tpemunbl. Ho €CAd 5TH MHKPOTDEIUMHEI OTKDEITHIG, TO HapyHleHUe
HEeNpepLIBHOCTH BO3HEKAeT DABHEIM 00pasoM u B XpuBoil cxaTus,
KaK 3To MOXKHO BHIeTh Ha npatduxe puc. 30, B.

[lpyu pacraxendy MOXHO Takxe HaOMOAATL NPeXIeBpPeMeHHHI
paspeis o6pasiia B TeUeHHe NEPHOJa NOA3YYeCTH NOA HarpyskKof,
He AOCTHTAIOLIeH CTATHYECKOTO 3HaYeHHMst Tpejena TNpouHoctd. Mue
HEOLHOKPATHO NMPHXOAHJIOCH Rabuogath paspelB ofpasuna mo HCTe-
YeHHH HeCKOJLKHX MeECsile Moj Harpysxoii, cocrapassmeff 0,7—
0,9 ot cratuyeckoit paspywaomedt nanpysxu. Ces3ano 370, 0o Beel
BEPOATHOCTM, ¢ BO3HAKHOBEHHEM BHYTPEHHHX YCAZOUHBLIX Hampfxe-
wufi B 6eroHe, pasBUTHEM Ha 3TOH OCHOBEe MHKPOTPEIUH U pacnpo-
CTpaneHHeM NOCAeAHHX 0 HACTYNJEHHS pasphiBa obpasua.

HnrtepecHo cocnaTbes 31eCh M Ha 'HEXOTOPHIE HCMRITAHHA TOJ-
3y4ecTH NPW KDPYYEHHH, INOCKOJBLKY 3TOT THT AehoOpPMUDPOBAHHSA He
KOppeKTHpyercs ycalXKoH.
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Huauuap, cHa6xeHHHH rOJOBKAaMH, VKPEIUISIOT B IOPH30HTAJb-
HOM TOJIOXKEeHWH M [I0IBepraloT AelCTBUIO KPYTALIEr0 MOMEHTA.
TIpousBoaAT H3MepeHHst OTHOCHTENBHOTO YIAa 3aKPYYHUBAHHS Me-
HAY ABYMS CEUSHHSIMH W OpPORoabHOo#l nedopmanuu. [Ilpun atom
ofnapyKHBaeTCd, UTO OTHOILEHHE MeXAY IJacTHYecKol fedopma-
guell $OChe IpMBeneHUR O0pA3UA B COCTOSHHE DABHOBECUA H YOPY-
rofi nedopMauteit woayuaeTcs ANs ORHOTO U TOTo e GeTOHa O1i-
HAKOBBIM KaK (IPM PACTHXKEHHH, TaK 4 TpA CXKaTHH. B nOpomemed-
HOM MHON HCHBEITaHHY OHO 0Ka3aaoch PaBHBEIM 4.

[TockonpKy UHTEHCHBHOCTH HAIDY3KM B NOAOOHBIX HCHHTAHUAX
OnBaer ofbmHO Maso# (camoe Oogbliee 50 Kefcm?), 3aKOHH KAk
YOPYroro, Tak U MJacTHUeCKOro Ie(OPMUPOBAHHS OCTAIOTCSA TOYTH
JUBeHHBIMA.

3tun ofecleHUBAaeTCS BBLIABHHYTAA HEKOTODHIMH aBTODAMH TH-
noTe3a, COTaCHC KOTOPOi NPH capure GeToH Qoskell OOHapyMH-
BaTh TOPa3fo OOJNLUIVIO NON3VUECTh, YeM TPH HOPMAJBLHOM HAMNpH-
KeHUH,

HcneiTanine Ha Xpydehye MOKA3ajJo TaxiKe, 4TO B IIPOAOJBHOM
dganpasneHun 3Tta. fedopMalus  OpH HATPYKEUHM I[l0Nydaercd B
TOUHOCTH TaXOH Xe, KaK M B KOKTPOJbHOM, HeHarpyeHHOM ofpas-
ue, OTcofa caeldyer, uTo #abaiOfaeMEe NPy KPYUeHHH O0beMHBie
Y3MeHeHHS 0613286 CBOMM NPOHCXOXIAEHHEM HCKJIOUUTEIBHO YCaa-
Ke. Fcyu Tenmepp BHpaKeHsue, YCTAHOBJEGHHOE HAaMH AJNA CXKATHH,
PacnpoCTPaHHTL HA CABHI, TO MhBl AOMKHE OymeM NOJYYHTH elle
AAaCTHYGCKYIO JedopManuio

8y =A(1+ B3y,

rae Ay u A, — TNPOIC/AbHBEE YCAUKH.

HrTtepecHo oTMeTuTh, 40 Koddyduuuedr Ilyaccora, Xak 3TO
oGHapyXUBACTCA CONOCT4BJEHHeM Mozyqaed gedopmaimu 1pH
CABHTE Y TPH HPONOJLHOH RedopMauny, NajaeT IpH 9TOM L0 HyHAs
HJAX JI0 TIpeHeGpeXHMO MaJjoH BENAUUHB!, B 3aBHCHMOCTH OT fja-
CTHYECKHX AetopMaimuit. dro HAbMOLeHHe CTOWIO 6Ll NMOATBEPIHUTH
HeNOoCPeACTBEHHKMH HCNRTapuaAMH, Ha nmauuapuueckux obpasnax,
TOABEPTHYTHIX CHATUIO NOA AMHTENbHO AeHcTByIOlUER HArpysKol,
OBIIM NPOM3BEJEHR H3MepeHHd AedoPMaLiMy B IOMePEUHOM Hanpay-
JAGHUW. DBLIO YCTAHOBJIEHO, UTO B TO BPEMS, Kax NPOROibHasg He-
¢opManug, B COOTBETCTBHY CO CKAa3aHHRIM Bhille, BO3pacraer, no-
nepeuHas OCTAeTCd MNOCTOAHHOM M PaBHON ycaake, mNoOAyyeHHOH
H2 KOHTPOJLHOM Of6pasiie. DTHM NOATBEDXKAALTCH, UTO NPH MAACTH-
qeckoll nepopmanun Getona kosdpuuuentr Ilyaccora NeHCTBHTECND
#0 paBen Hyalo. ILIoTHOCTH GETOHa TNpPH IIOJ3YYECTH BO3pacraer,
H 3THEM OOBACHAETCS TO, UTO MENJIEHHO HApacTalollag NiaacTHue-
cKan jgedopmanmsa HeroHa CONPOBOXKAASTCH BhiTeCHeHHEM BOLbL
IMoayuenubit HaMH BHBOA 06 ofpalleHd® B HyAb Koabdunuenra
[TyaccoHa ¢ nmnpencraBiseT NEPBOCTENCHHYI0 BaXHOCTb, uG0 OH
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obHapYyXKHBaeT HENPHMEHHMOCTh K (eToHy pacueroB, OCHOBAHHBIX
f#2 TEODUH HAEANbLHOH IL1AaCTAYHOCTH, NOCKOALKY B Hell Ipeanosa-
raeTcs NOCTOSANCTEO o0bema, T. e 6=0,5.

Tlogegenne Geroma 1pH yaruGe #M3ydyeHo ROBOJABHO, II0XO. Pe-
3yJLTATH UCOLITAHHY HA HeapMEPOBaHHOM 6eToHe Tpebyior GOJb-
mIOH OCTOPOXKHOCTH B HCTOAKOBAHHUM, NOCKOABKY B 3TOM Ciyuae
B CBA3W ¢ HHU3KHM 3HaueHMeM HANDSXKEHWH NPH pacTaXenuu nJa-
cruyeckye nedopManuy TPYAHO OTJHYUTL OT VCAHLOUHBIX, B OTHO-
meHny obpasnos Ha Kede300eroHa MCTOAKOBAHMAE OCIOKHACTCS
elle ¥ IPHCYTCTBHEM apMaTypel. TeM He MeHee MOXHO yTBEPXKIATH,
gTO Ha NEPBHIX Xe NOPax 3arpyxeHusl peajbHoe HeHTpaneHOe BO-
JIOKHO CTPEMUTCA OMECTHTLCS M3 MOJIOKCHHA TCOPETHYECKOR Hel-
TPANBHON JIMHWHA B CTOPOHY CXATOA rpaHu. OuHaxko B RaabHehiiem
10 Tex HOPp, MoKa HC NOSABATCH TPeIMHH, OHO CTPeMHUTCS BHOBL 3a-
HATb HayaJbHoe TOJOMKCHUE, DTO CBHAETEJLCTBYET, T0-BHAAMOMY,
0 TOM, 4TO, €CJM B Hauaje 3arpyxenus ofpasiia KpuBas yIpyro-
MJAACTHIECKOr0 32KOHa AepopMUDOBaHus GeTOHa OTKAOHAETCH OT
THHEHHOIG 3aKOHA, TO {I0X BJHANHeM 3aMeNJeHHEIX N[J1aCTHYECKHX
JehopMalyii oua 3aTeM BHOBR K HeMy npuOJIAXKaeTCH.

Ilepeitaem rtemepb K 3aKOHy HapacTaHHsi mJIACTHUECKOH nedop-
Maluy 6eTOHa CO BPEMCHEM, T, €. K 3aKOHY HOJ3YYECTH B coBCTREH-
HoM cMblcae. C oAHoll CTOPOHH, NOJ3VuecTh ofycioBiaena tedop-
Maudeli OeToxa Kax TBEPAOro Tefna, SBJLIOIIEHCH DPe3yjbTaToM
BHYTPEHHHX CARBUIOB, ¢ APYro# e CTOPOlH, OHAa CBA3aHA ¢ ABHXKe-
#ueM Boxbi. [lepeas ee cocTaBHad 4acTh OTpaxKaercd Koa(phULHeH-
Tom A B dopmyae

/ Ay \.
%:Au+3ﬁqhm

sTopas — kKoshduuucuroM B B ol ke dopmyse.

Ecan B — peanuyuHa, H3MepAOWlas HCNapeHHe OMNPeAeSeHHOTO
KOJIMYerTBA BOJLI C MOMEHTA 3arPYXKEeHHS, TO €¢ MOXKHO IIDHHAIb
TPOTIOPIUAOHAABHON YCafKe, HCIBITHIBAEMOA TeMm e GeTOHOM opH
BHAGDIKMBAHHH €r0 B BOAE A0 AAThl ¢ 3arPYMEHHS ¥ BBEACHHS
€r0 3aTem B BO3AYX, T. C. BeauumMue A 8, rae A, obosHauaet
yCazKy, COOTBETCTRYIONLYIO JaTe f, OTCUMTHBAEMOH OT BO3pacra a
ROTPYKEHHST B BOAY, ad,,— OKOHUATEAbHYIO VCAJKY B arMocdepe
BHASDKHBAHUS U ToasyyecTH. HO HaM H3BECTHO, MTO OKOHHATEME-
Hag ycanka 6ercHa TMOWTH He 3aBHCHT OT BO3PACTa BBEACHUR €70 B
BO3AYX, NOSTOMY MBI BOpabe NOJOKHTE A,,==4,. O1ciona

Ao Aat Aﬂ — Aal
B =Q=y 5 =%,

Kosdduunent A(f) npeactasaser QYHKUHIO HON3YYECTH B BOZE.
ra Qynkuus KoaKHa YUHTHIBATE BASKOCTH IOJM3YUECTH ¥ HaMeHe-
HHE CTPYKTYphI, CBSI3auHOe ¢ KPHCTajnu3auuelt. 3axXoHH INOA3y-
9€CcTH TBepARIX MaTepHAJ0B MOTYT GBITh MPEACTABJENBl OGUMM BH-

Paxennem smpa 1—e™, rae K —kosdodunment mectkocTs (Bs3-
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Koct#). C apyrofi CTOPOHH, IOJHAS BeJUUYIHA NOJ3YUeCTH YMeHb-
imaerca ¢ BospacToM. B pesysbraTe YIJHHEHHS CPOKa 3arpyXeHHS
(nasnenuem 125 xefcm?) ¢ | Mmecsiza no 9 Mecsues OHa CHU3MJACH
¢ 900 no 600 u/s, T. e. cOKpaTuNachk B OTHOIUEHUH, NOUTH ofpar-
HOM TOMY, B K4KOM HapacTaer NPOYHOCTh HA CXKATHEe NPH TeX Xe
Bo3pacTtax. PYKOBOACTBYsACH 3TUM, MBI BBOAHM IEPBYIO THIOTE3Y:

{ — g—Kit-a)
/1 == D ———I;;“h-——— )
rae D — nocrosHias xXapakTepHCTHKa GeToHa,
R — ero NPOYHOCTHL Ha CXKATHE.
DT0 NO3BOJMAET HaM, HaKOHEll, BhpasHTb MOJN3y4ecTb B 3aBHCH-
MOCTH OT YCaIKu

| — oK U-a)
=D |

Byt
+Q 3]
n
Yepes Tpu loAsexallde OGIUpeReneHHIo nocrosHumie: D, K -gl.
n

[lpuBesennoe BHpaxKeHHe JIOKA3BIBAET, YTO MOJHASN NOJ3YHECTh
TAK e, KAK ¥ ee MIHOBEHHAsi CKOPOCTh, CHHXKAIOTCA C BO3PACTOM.
B KOTOPOM NIPOM3BONHTCH 3arpyxxexHe GetoHa. Takas MMeHHO 3aBH-
CHMOCTb TOATBEPKAZETCS KAK PA3 M H3BECTHHIMH HCNLITAHHAMHE.
Ocraercss BBHISICHHTH, AOCTATOYHO JiM TOYEH 3TOT 3aKOH AJA TOTO,
yTo0Rl ONpaBOaTh ero BBeAeHue B TpakTuky. Ho aas Toro, yrobn
DOATBEPAHTL €ro B TaXOM BHAe HJIH ¥Ke, HanpPOTHB, BHIOH3MEHHTb
ero MCXONHYI YCTAHOBKY, HYXHO NPOBECTH ellle MHOTO MCIHTaHHH.

IMousmue nosnsyuects, MOCKOJBKY OHO BBISICHAETCA M3 H3JIOXKEH-
HOro BhILle, CTABUT 3TO ABJCEHE YACTHYHO B 3aBHCHMOCTL OT CKO-
POCTH TeueHHsl, a TAK¥Ke OT BEJHYHHH M CKOPOCTH ycainxu. Bee 3to0,
KOHEUHO, ACBOJIBHO THIOTETHUHO, XUTS M CBS3aHO C MHOrOYMCHIed-
HBIMH 3KCNMePHMEHTaAblibiMA (paxtami. Heobxonumblll /151 TOUHOTO
TeopeTHYecKoro o0oOlIeHHsA SMNHPHYeCKUH MarepHas eule HeRo-
CTATOYHO OOLIMPEH W HEOOCTATOYHO YIOPAAOYEH AN TOTO, YTOBH
Mbi MOIJVIE pacnojiarath TO# [MOCTOBEPHOCTBLIO, KOoTOopasa obneryaer
NOCTPOCGHHE TEOPHH, TLMIONOTBOPHOH NIPH ce NPAaKTHYECKOM HCNOJIb-
30BaHuM. Mexy TeM Mbl He B COCTOSIHHH 0G0HTHCH (e3 Takoi reo-
PUH, eCIH XOTHM H3BJeYb KOHCTDYKTHBHBIE BHTOJBI, 3a/10KeHHHE B
CBOHCTBaX TJacTHdeckoro AedopMuposarna OeroHa, Hecyllero Ha-
rpy3ky. Ciaenyer noxesath, 4T00B CTPONTE/AbHbIE JAaGOPATOPHH H
HayyHHle PaGOTHHKH NpPOSBHJM B 9TOM Boupoce TAYGOKHI HHTepec
H CHCTEeMAaTHUECKM NPUHMMAJM B er0 pelleHHu ydacthe. TosibKo go-
CTATOYHO OOIMMpPHAS, XOpPOWIO KOOPEMHHPOBAHHAS IpOrpaMma Hce-
NBITAHKMH, OXBATHBAIONIMX AJHTEJAbHEE CPOKH, CHOCOGHA TMpHHECTH
CTPOHTENAM HeoOXOAMMBle HM [aHHBIE,



I'napa IIf

PASPYIIEHHE BETOHA

Kaxk Bcsikoe TBepaoe Teqo BooGule, 0eTOH, HOMHTRIBAS 1107 BO3-
ZeACTBHEM BHEIIHMX CHJI HANDSIKEHHS M ned)opManuH, NPeBHINA 0~
nm:) HEKOTOPhle NpenenbHEe 3HAYEHHSA, NOABEpPraercs paspyme-
BHIO.

Paspyulenne BrpaXkaeTcd B TOM, YTO MOHOJHTHOE TEJO pacna-
AaeTCsl Ha HECKONLKO OTAGJLHBIX Kyckom. Takoe («xpyukoe») pas-
DYilIeHHEe HaSHBACTCH Pa3pYUIeHUCH
or orpeisa, Ho paspymense Moxer
BHPA3WTLCA TAKXKe H B NOCTENEHHOM ' S ik
2eQOPMUPOBAHUH TIOJL AAATENLHO AeH- ,
CTBYIOUIEH NOCTOSSHEOM  HArpyskofi, y
npruemM AepopManus B S5TOM Caydae
MOMeT DAa3BHBATHCA  HEOrPaHHUeH-
Ho MJHTedbHoe BpeMs. Taxoit npo-
11eCC K3BeCTEH KaK NAGCTUHECKOE pas-
Pywenue WiH paspyuierue oT TeKy-

secruy. 4 l bp | A
Cocroanne paspymesns BooGe '

MOXKHC NPOCASAHTH HA KPUBOH Redop- Pue. 38

MauuH, [ycrs F — gefictBylomas

BHemIHsAs CHJIa, A — gedopmauus; Kpusas F (A) pacronaraercs
B BOCXOAsIIEM HANPABJEHMH H AOCTAraer MaKCHMyMa TpH 3HA-
genuu Fg, oTBeyaoileM yaJduHeHuio Ag (puc. 38),

Mockosbky 6eTOH ABAACTCA CJOOXKHEIM COCTABHEIM MAaTEPHAJOM,
paspylueHse TNPOSABJANETCA B jieM B pasasgunix (Hopmax B co-
OTBETCTBHH € XapaKTepoM BO3jelicTsus sHemnux cus. Cnenudu-
deckne OCOOEHHOCTH PaspyllieHud, HabuaozaeMele NPH PaCTHXEHHH,
NPH CXATUH, HOX MOBTOPHOK (ycTajaocTHONl) Harpyskol WJn Xe
10, BCECTOPOHHMM AABJeHHEM (B YCJIOBHAX TPEXMEDHOTO HampA-
XKeHHOTO COCTOSIHHS), MOJIMKHEI NPEACTaBJAAT: COO0H 4acTHHE CJy-
Yaw, oTnenbHblE CTOPOHB! MNponecca ofulero xapaxrepa, OCBETHTH
KOTOpEI M NPH3B4HA OOLIas Teopus paspylueHus. llocTpoenue ta-
KO o6iel TEOPHH, KAK CBUAETEALCTBYET ONBIT, AOCTATaeTes € 60Nb-
WHME TPYIHOCTAMH. UTOOH TNOHATL BCe CAOXKHOCTH BOIPOCA, HAM
ClleAyer HAYaTh € NPOCTeHIEro BHAA Pa3pylIeHHsi, a WMEeHHO ¢ pa3-
PYIieHUa NPH CKATHA,
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PaapyuieHue npr CHATHH

HcnsoiTansie GeToka A0 paspylleHusd DyTeM CXKATHA Mpeicras-
Jsier coGOH KaK pa3d TOT 2KCIHEepUMEHTAJILHBIH NpHeM, K KOTOpoMy
yalle BCEro NPUGEraloT Kak XK KPHTEPHIO B OLEHKe KauccTBa GeTo-
ga. B Da3nmX CTPAHAX 3TO UCTHITAHME BHINOJHACTCH B PA3IHYUHBIX
BapHaHTax, Ha 00pasiaX pasJHuHBIX (GOPM: KyGHKaX, NPH3MAX HAR
prauagpax. PaccMoTpHM cayuali NpPAMOYTOJbHOH INPH3ME! ¢ DJo-
CKUMH KBaIpPaTHRIMM TOPLAMM M BHICOTOH, B 2—3 pasa NpeBBIIA0-
meit peGpo topua. [ToMecTuM 3Ty IPHBMY MeXAy INTHTAMH fipecca
(puc. 39) raxmm ©006pa3oM, yToOH ee TOPIH NOABEPTANMCL B XORe

3aTpyXeHHst N0 BO3MOMHOCTH 1lapaJ-
lf JIeJIbHOMY DaBHOMEDHOMY IepeMelleHHIO

(B3aNMHOMY COIMKEHUIO).
Q777777777 A Ha 60koBOit rpany npHaMbl, Ha cepe-
17777 pume BRICOTH, YKPENHM ITPHEMHHK, CO&NHi-
HeHHH# ¢ yCHJHTEeNeM M ¢ OCUHJ/IoTpa-
A £l bOoM LSS 3aMKCH AKYCTHIECKKX Xohela-
9<] HUY — WIyMOB, BO3HHKammux B Getowe

; nojx neicTsHeM HaTPY3KH.

Hauynem 3arpyxate obpasen, HHauge
rOBOpA, NepeMeCcTUM OZHY H3 IIJIHT Npec-
Ca Ha paccrosHue 5 o HanNpanjennio K

'f-””y;’;;;uVeczi NPOTUBONOJOKHON IJIUTE ¥ [apasieb-
ocuunrozpag o ei, BO3LeHCTRYA HA IVIUTY CHJOH F.

AR Fewepamop v npuerwux 11PN NEPBOM e HPUJAOKEHHH HAIDPY3KH

30yKroborx wonedarud MBI OTMETHM MHOXECTBO CAAOGHIX 1Wy-

MOB, CONpPOBOKIRAIOIAX, KAK Hajo Ay-

Puc. 39, Jmmamuueckuit  yaTh, paspylienude MeJbuaflinX Kpu-

””oicc?éig’::ﬁf:oro CTANTOB, JTH WWYMLL, BOPOYEM, OUYCHL Ohi-

) CTPO NPeKpaplaloTcs MM BO BCAKOM Cay-

4ae 3aMeTHO 3aMeiJIRIOTCS, ecqau narpys-

Ka Nojjep:uBaercas nocTosHHOW. [Ho ¢ mpepnilieHHeM HeKoTopol

BEAHUMHBL Fy NeACTBYIOISH CHAL BO3HHUKAIOT IMIYMBl COBePIUEHHO

HHOTO XapaxTepa — OHH MHOTQ pe3ue (Cyue) ¥ CuJbHEe FepBHX

HIYMOB, Ha KOTODHIC OHH HaKJaZHBAOTCA KaK Ha OCHOBHON IyMO-

Boit don. Hasoeem ux «norpeckupanmsvps., OcofeHHOCTh HX —

YBEJAHYEHHE YACTOTEl C BO3DACTAHHEM HATPY3KH; C DPHOJdHMKEHHeM

novaennel K paspyilawoiliedl YBeJHWNBAKOTCS M AMIVIHTYIB KoJe-
G6auni wymos (puc, 40).

Ha rolf xe npHaMe ¥ Ha TOM Xe CPeJHCM ee yDOBHE IO IIpo-
THBONIOJOKHHM FpaHaM YyCTaHABJHBaeM aKyCTHYeckuil nedexrto-
CKOIl, MO3BOJIAIOIMI H3MEDPHTb CKOPOCTh PaClIpPOCTPAHEHHS KoJe-
Ganuli Mexny renepatopoM (mepepatuxxom) A H mpuemuaHkoM A’
On naer BaM BO3MOXHOCTL CHeJIATH HHTepecHOe HalJl0JeHHe.

MEl oTMeyaem, 9TO npH Harpyske, He AOCTHTAICWEH BESTHIHHLI
Fo— nadaja pacPpecKHBaH¥s, CKOPOCTb WIYMOB OCTAeTCA MOCTOSLH-
#oll. OCHOBHOR WIYM, CleNOBATENLHO, He N4€T TIPH 3TOM HHKAKHX
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yKa3aHHH Ha CYLleCTBOBaHMe AMCICKalui, €nocoBHBIX HapywaTh
HerpephIBHOCTb CTPYKTYpPnl. Ho ¢ npesbiienneM Harpysku 3a Be-
JRYHMHY Fo CKOpOCTB 3BRYKa cHukKaercst, [TOTpeCKUBaHUA TIPH 3TOM
CHTHAJIM3UPYIOT O COBEDLIRIOIUUXCA BHYTPH paspymenusx. [Ton-
TaePIKACHHE 3TOMY Mbl TOJYYHM, ecatl U3 06pasuna, 3aTPYKEHHOTO
culmie nupeRena Fo, BBpexeM wiaud ¥ TIATENBHO PAaCCMOTPHM HO-
caeflHMH TI0g MHKpockoToM. Mpbl o6HapyxHM IPHCYTCTBHE TaK#X
TPEIuH, PAAMYC PACTPOCTPAHEHWA KOTOPHIX ONlpelessieTcs BeJuu4-
yoit Mopsiika 1o Menblle# Mepe | mu, Bbspacrarye parpysku npH-
BOJWUT K TOMY, 4TQ CE€TKa TaKHX TPeIMMH CryINaeTcs, & OTAEJbHHE
HayajgbHble TPelLMHBl, VBEAUYNBASCH B pasMepax M CjaxBadch ¢ apy-
THMH, DAacOpPOCTPaHAIOTCA HEOrpaHHYECHHO Ha Rce OoJee IHPOKAE
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Puc. 40. OcumnnorpaMma Wymos B GeTonuoil HpusMe,
SANUCARHBIX BO BPEMs e€e 3arPyeHus

ofiacTH, B pPe3yJbTaTe Yero npuaMa pacHagaercs Ha MHOXKECT30
kKyckoB. OOpaTiM Teneps, BHHMaHHE Ha [OTEDEUHOE YIIHpeHHE
npusmel. [lo Tex nop, MOKa HArpyskKa He JOCTHTAeT BeaHunHnl Fg,
OTHOWIEHME IIOTIePEHHOrQ YIIMPEHHS K TNPOXOAbHDH AedopMmanuy
0CTaeTcs IIOCTOSIHEEIM HAH yMeHblnaercd. C npeBwlnieHueMm Fy 310
OTHOLIeHKe HAYHHAET BO3PaACTaTh. 14K HMEHHO NPOABJAAETCS PO~
uece ofpasoBanusi B OetoHe nycror. Koaddwiuwenr {lyaccoma B
3THX YCJIOBHSIX HYXKHO CUHTATh, KOHEUHO, VCJAOBHEIM, MOCKOJBKY MBI
HMeeM Rei0 ¢ MaTepHaJOM, CTPYKTyPa KOTOPOro YTPATHJA CBOIO
HENpPepBIBROCTEL (CINOIIHOCTE) .

BHemnn#t Bug o6pasuna B MOMEHTH, TpeIHIECTRYIONAE paspymle-
HUIO, TaKKe IIPeACTaBsieT COBOH MHOTQ NMOYYHTENbHOTO. B ueHT-
panepoit (cpeanef) obmactd, HanGosnee YRAJCHHOR OT TOPLOB, nep-
Bhle TPEmWHBI NONABJNSIOTCH B BEePTHKAJILHOM HATPABJEHHH, T. €. B
HampaB/JIeHUH HeHCTBUS BHEWIHeH CUJibl, NOCKOJbLKY 37a NOCASNHAR
NPaBHILHO LIEHTPHPOBaHA M PaBHOMEpHO pacnpeaeneHa (puc. 41),
Y TOpLOB, HaNpPOTHB, TPELMHH Pa3BUBAIOTCA B HAKJIOHHHIX K OCH
Hanpanrgeuunsix. B pacnpepesienny HaNpPsKeHHHW 3[eCh BHOCHTCH Ha-
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PymieHus JHO0 TAHTEHIHAJNBHBIMH CHJIAMH DeaxkuMy TpeHHs, Jubo
HEpABHOMEDHOCTEIO B DACIPENSJCHHH BHELIHHX CHJ.

Yka3zaHgoe HapylleHHe DAaclpOCTPaHAeTCA OOGHIUHO Ha HEKOTO-
PYio BHCOTY B 06nacTAX, Ginxadiuux ¥ GOKOBHM IpaHsAM. B ofpas-
uax, yxe MOABEPTIUAXCH HCHBITAHHIO, 4acTO NPHXORHICA oOHapy-
KHBATH COXPaHUBLIHECS OT paspylIeHUs OCTATKM [ABYX THPAMHIL,
OCHOBAHUSIMHU KOTOPHIM CJYXKAT TOPuHl (ONOPHHE TDPaHM) OPH3IMEL,
TaX yTo CPEAHss, NPHUHABIIas O60UK00GDpa3Hy0 GOPMY uacTh Npua-
Mu TIOJIy¥aeTcs OTKPHTOH © 06OMX «IHHW» (pHc. 42).

HHoi#t pas noasepriuniicss paspylleHE0 06pasell NPHHAMAET BUA
ceucrka (puc. 43). Takol, kax HaZo nonarath, pea3y’abTaT CKOJb-
XeHus (CABHra) Bceraa npeaBapsercd BePTHKAJILHBIMH TpELIM-
HaMH, X0TH Obf MHKPOCKOMHUECKHMHU.

VA/707 i

)
)g i
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Puc. 41} Puc. 42 Puc. 43

IToasonst uTOr 3TMM HAGMIOAEHHAM, MK HNPHXOAHM K 3aKJjo4e-
HEIO, YTO Da3pymenHe B COGCTBEHHOM CMEICJE 3TOTO CJOB3 IpeaBa-
pHeTCH HAYaJgbHOH CTaiguel — «IIpefpaspyuieHHeM», T. €. Ilpouec-
coM 00pa3oBaHud MUKPOCKONMYECKUX TPEuldH, MOSBASIOUKXCE KO-
BOJIBHO PaHO, XOrjga HAarpyska eile He mpepnwaer 50—75% or pas-
pymaroie#. Pacnpocrpansascs no o6pasuy, 3TH TPelldHbl pPasbenH-
HAIOT 6ETOH NO NMOBEPXHOCTHM, HaNpaBjieHHs XOTOPHIX 3aBHCAT OT
pacnpeneaeHns HanpAXeHui, oco0eHHO CHILHO HaDYIUAEMOro y 3a-
rpyxaemblX Topuos. Ilpu upocroM cxarum Habaroaaercs HHOTIA
TaK¥Ke M paspylUIeHHe B pe3yJbkTaTe CABHIA.

Cpenas 3tu Halbmojenns, obpatuMmcs ¥ caMOMy oOuwenpuHA-
ToMy Bo PpaKiuH MeTOAY HUCMBITaHU OSTOH4, 4 WMEHAC K HCTH-
Tanuwo GeroHAOro KyGuKa Ha ckartde. V3 ckaszaHHOTO sbilile ACHO,
yro 31a ¢dopMa ofpasua ocobo GaaronpUATCTBYET LENPABHIALHOCTH
paspylleHHss H YTQ 9TH HENpPaBHJBLHOCTH TPebyloT K cebe 0c060:0
sHUManudA. WM gelicTBuTeanno, KyGMK paspyllaeTcs uallle BCero
SBHO HepaBHOMEPHO, A Hepas3pYLeHHWH OCTaTOK €ro HMEer BHI
NBOMHONH NHPaMHABL, UTO M CJeAyeT OXHJIATh B CBS3H C COKpalle-
HHEM BepTHKAJALHOro pasMepa o6pasua (B CPaBHEHHH C NPH3MOK)
{puc. 42). Ilo 3TaM npHIHHAM, HCXOXS H3 De3yabTaTOB HCOBITad#l
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KyOHMKa, Helb3st CYIMTh O BEJHYHHe MPOJHOCTH: HA MOCJAEAHIO0
31€Ch OKa3HBalOT peluaiciliee BJIHAHHE YCAOBHA HA 3arPy:KeHHRX
TOpUAX.

HMnaue ropops, HenmiTanHe (pasgaBaHBaHHE) KYOHKa He MOXET
14Th MOIJHHHON BEJHUHHEl COTDOTHBIEHHS CXMATHIO, UMECHHO TOH,
KOTOPYIO HIDKCHep BMpaBe Obla OB BBECTH HENOCPEACTBEHHO B CBOM :
pacyeThi B KadecTBe mnpefena npouydoctd, OH MOr Obf JMLtb H3- i
BJleYb OTCIOZA HEKOTOPOE VC/OBHOE 3HaueHHe, 4nolb BIOCACHCTBHY
BOCHOJH30BATECA HM B KIACCH(DHKAIMM MAaTepHaNoB W YIOCTOBE-
pUTLCA B ee NpPaBHIbEOCTH. UTOOR YAOBAETBOPMTH 3TOMY Tpe6osa-
HHIO ¥ TOCAYKHTb HRCTOSIUHM KDHTEDPUM AJisl CPaBHEeHMS, H3Mepe-
HHS JOKHE 1aBaTh 3HAYeHHS, OTBEUAIONIHE PeajibHOCTH M BOCHpPI-
#3BORMMBIE TOXAECTBEHHO H B COBEPLIIEHHO TOXNAECTBEHHHX YCJO-
sunx. B sTom — BcH mpoGaema HCIBITAHUA, pelieHWe KOTOPOH 3a-
TPYAHSAETCA TJiaBERM 06pa3zoM HeOoUpeAeJeHHOCTbIO TPAHAYHHIX YC-
JOBHH.

Ieppptv  TpeGoBaHHeM ABJASIETCS OfecleyeHHe COBEPIICHHOTO
KOHTAKTa MEXXY 3arDy:KeHHBIMH rpaHaMH o0pasiua H ILIMTaMH MC-
ABITATEALHON Mawnab. Ecau npeamosoxurs, 4T0 HOBEPXHOCTH
3THX MJIAT TIPeICTABISIOT Co00H HAeasbHble IVIOCKOCTH, TO Heo6-
XOJHMO, YTOGH K 3arpy:KeHHhle TpaH# o6pasna OblM TaKke IJiO-
ckuMy. Mexay TeM Ype3BHMaWHO TPYHHO OXKIATH, UTOOH GeroH-
4l KyOUK HeNOoCDeACTBEHHO fnocije ocroGoxmenus u3 dopMmbr Hes
BCAKOM 00paboTKU NMOJMY4KJ OR € HEOGXOOMMOH TOYHOCTHIO MAOCKHE
rpann. Camaa $opMa, ecarv ona Raxke M M3TOTOBJEHA M3 NPOYHOH
CTAJM M TINATEJBHO BHIBEPeHAa, NOABEPraercsl MPH AJUTEJLHOM Ul-
NOABL30BAHMK 3aMETHOMY H3HOCY.

Jas Toro, 9ToOHl MOJIYUHTH HEKOTOpPOe MpeAcTaBsjeHue O MOPARKe
BENHUHKE 3THX JAeeKTOB, MBI H3MEPHJIH HECKONbKO KYyOUKOB ¥
VCT2HOBHJHU, YTO MOTPEIIHOCTL B OTHOLIEHWW TPEOOBAHHA ILIOCKOW
hopMHl rpaneil yKaaawBaercsa mexay npexenava 0,2 u 2 mu u npo-
HCXOAMT OTUACTH OT HenpapHJALHOCTER caMoii (OPMH, OTHACTH XKe
OT pasnnuuil B ycanKe BHyTpedHux ofGnacrell xy6a ¥ NOBEPXHOCT-
HHX CjJoeB GeToHa.

BaaropasymasiM nmosTeMy GyAer NpeanoNOXUTL € CAMOro Ha-
YaJia, 4TO TPAHU HECOBEPIIEHHH, H TUPUHATL MEPH K TOMY, HTOGHE
HCKTIOUATh BIUAHKE STHX HecopepuiencTs. llassmaTuBHOH Mepoit,
Npeajioxennoil JatopaTopusiMi, BHEpBhie 3aHABINMMHACS 3THM BO-
fipocoM, Onlna NPOKAaAKA JMCTKA KapTOHA MeXAy ILIMTAMH Ma-
WHEe w obpasuoM GerToHa.

K coxanenuio, 310 MepOnPHATHE BH3BaJIO SBJEHHE BTOPHUHOTO
NOpsifKa, TaKKe Hapylhawlliee TeopeTHuUecKylo cXemy. CxuMaeMmuit
Kapror ofHapYXHBaeT CTPEMJEHHE X NJAaCTHHECKOMY LehopMupo-
BaHyio B MNoONepeyHOM HaNpaBjaeHHHd H B CBASH C 3THM BHI3hiBaeT B
OetoHe sonepeyHHie HANpPSXEHMs, KacaTeJbHEe K TpaHsM Ky6a
{puc. 44),

BrIsBaHHBIE TaKHM NYTEM HANpsXeHHs ! CABHTA HAOT PaBHO-
Ae#CTRYIOUIYIO — pPacTAMMBAOmMy0 cuay T, monm Boaxe#icrBHeM KO-
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BHITL 10 BO3MOXKHOCTH MeHee THOKHMH. DTO 3HAUHT, 9TO OHM JOJIK-
Hpl MMeThb JOCTaTouHylo roauldHy. Ilo menpuielt Mepe HX ToamuHa
JOJXKHA ROCTMrath !/s pefpa KyOWKa, momIajb e HX JAOJKHA
CJlerka nNpesHlliaTh MJACIIAAL TpaHH KyOuKa (B JHHEeHHHX pasMe-
pax Ha 1—2 mm). Tlocnaeanee ycnoBHe mpemynpexkaaerT BAABAHBA+
Hue 06pasua B IJINTY ¥ BO3HHKHOBOHHE CBA32HHHIX € 3THM KOHTYD-
HBIX peakuuil, a CBepX TOr'0 06Jervaer EHTPpHUPOBaHHE.

Ckopoerp 3arpyxenust ofpasna Takxe tpeGyer onpeaenedHof
pernamentanuH. WsmepsieMbBle B HCNBITaHMSX THOKa3aHAS NPOYHO-
CTH 3aBHCAT B PeaJbHLIX YCJAOBHSX OT 3TOH CKOPOCTH 3arpyKenus,
Hd MPH BHICOKHX €€ 3HaYEHUAX NHepUHA 9acTed MalrMHbl M, B 4aCT-
HOCTH, AMHAMOMETpPa HCKa)KaeT HCTHHHLE 3HauyeHUsd B CTOPOHY mpe-
BLiieHHa. Bplio O npexnourHTesNbHee BHECTH PaBHOMEPHOCTL 1€
CTONBLKO B CKOPOCTL 3ATPYXEHMSA, CKOALKO B €KOPACTb AedOopMEpO-
BaHuA. Ho na mpaxruke, Ha MalmuHax oORUHOTO THIA, 3TO NOYTH
. HEBO3MOXKHO,

CBoaka uCHHITAHHI, NPOBeAEHHBX pPa3JMUHBIMKH JaGopaTopHsi-
MH, yGeauTesbHO NOKa3add, UTO BO3PACTAHHE CKOPOCTEH 3arpyxe-
uus or 1 no 100 xe/cm?cex npuBOZMT K NOBLIUEHHIO ROKazaHu#
npouHocTH camoe Goabiiee ua 10%. CpapuMMOCTL pesyanTaToB
ofecrieyHBaeTcsi B  MHTepBaJe CKOpoCcTedl . 3arpyxeHus 3—
7 xe/cm? cex, s Kotoporo pasbpoc He npesnmaer 2%. drum, oa-
HAKO, He HCKAIOYARTCS, YTO pa3pylieHKe BCE Ke MOXKeT MPOu30HTH
NO HCTEYeHUH HECKOJBbKHX JAHed NI IJIHTENbHO AeHCTBYIOmMEH Ha-
rpyskoii, ne gocruramomeit u 10% o1 cilpeneseHHRIX TaKHM myTeM
3HaueHUH nNpOYHOCTH. Do 6Bl MNITEpPecHO MCCAEA0BATL ITOT 8O-
upoc Hosee AeTaNbHO, MOCKOJBLKY HE HCK/AIOYEHA BO3MOXKHOCTB, YTO
CONPOTHB/RHUE CHKATHIO TOJ HACpyaxo#, JeficTByOILER BechbMa npo-
NOJIKUTE/NbHEIC CPOKH, B JefCTBUTEIBHOCTY HMXKE, YeM 3T0 OGBMHO
npesnoaaraT.

HecMoTps Ha BCe BO3MOKHBIE NDEIOCTOPOXHOCTH, HCNHITZHHE
Ha CKaTHe BCET/a MOXKET TPUBECTH K HEOXHIAHHBIM pesysibTaTaM.
Ha Maummnax, B cOBepLIEHCTBe TADHPOBAHHLIX, HO PA3JIHYHHM 06-
pPasoM M no PAIUBIM NPHHUMNAM CKOHCTPYMDOBAHHEIX, MPUXOAUTA
YaCTO NPH NPOYMX DABHHX YCJOBHMSX NOJY9aTb MJIA OAHOIO # TOMO
sKe OeToHa COBEpIUEHHO pa3jHuYHble Nokasaumust, Ecau HuKako~o
APYroTO OGhACHEHUS 5TOMY SBACHHIO HaNTH He yaaercH, TO eLTh
OCHOBaliMsl NMPERNO/iaraTh, YTO OHO CBA3aHO C YNPYrHM H, A aofa-
Busl Obl, AMHAMHYECKHM pEXUMOM MalWpHH. Mexawuueckoe u, B
YaCTHOCTH, IHAPABJAHYECKOE 3arpyxeHue uepecuyp GMH3KO ynonpol-
JSIOT HENOCPEACTBEHHOMY JIPHJ/IOKEHHIO CHABl TSXecTH, 3a6uBas 0
TOM, 9T0 M MEXaHH3M MALIMHE TaKike MOMXEeT HrpaTh 31echb u3BeC!-
HYI0 POJb, KOTOPYIO Heqb3s HIHOPUPOBATH.

PaccMoTpuM, B yacTHocTH, mapHup. MasectHo, 4ro Bo BeaKol
TaKOrc poja MauMHe uMeercs CepHIecKHil MWIAPHUP, MO3BOJAI0-
WIKA ODHEHTMPOBATH OAHY M3 IUIAT TakAM o6pasoM, YTOOH CKOM-
NEeRCHPOBATh HEJOCTATOYHYIO MAPaNeNbHOCTh MEXKAY rpaHsvu 0f-
pasna. lapyup BuNOMHSET 3TO CBOE Ha3HadeHMe JHIb B TOT MO-
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MEeHT, KOTZa IIJAMTEE IIPUBOMSITCA B CO/MPHKOCHOBEHHE C TPaHIMH o6-
pasia. B camom mpouecce 3anpyxeHus BPalleHus IIAPHUPA HE Tpe-
6yercd, MOCKOJLKY CYUIECTBEHHBIM 31€Ch HABJSETCS IlrapadiejpHoe
c6nmxenne nauT Ge3 BpawieHnd. Beskoe Bpaulewue ero s 310
cTafud HUMeJ0 OBl pPesysbTaToM B Ciiyuae HecUMMeTpHUHOH xedop-
ManHUH YBeJHYeHHe SKCUSHTDHHHUTETa PABHONEHCTBYOMEH CHIK B
0fIBJICHME TOPU3QHTAJBHOW cocraeagiowest, Ha puc. 45 nokasauo
pacmofioXeHHe WapHipa B MCOHWTaTelbrOdl MaumHe. (A — nosepx-
HOCTb WIAPHHpa; B — Bepxuayg namrta, C — NpoknagouHad naHTa;
D —ky0ux; E — HpxHAA MauTa).

CKOHCTPYHPOBAB ONHAXKAK LIAPHHP W3- UPE3BBIYAHHO MAPKOFO:
CBHHIA, A C H3YMJIeHHEM YBHJEeJH, KaK IJIATA BO BPeMst 3arPyKeHUs
cheJiajla BHe3amMHO KpyToil MOBOPOT, sCjaed-

CTBAE yerc KyOuKk ObII C CHJAGH BRIOPOIIEH. . b /

Ho ecnnw TtpeGyercs, uro6bl LiapHUP : 7
GYHKUHOHHADPOBAJ JHIIL NPH NOAFOTOBATENb-
HOW YCTaHOBKE MALUWHBI K MCHRITAHMIO, TO —&
HYKHO TPH 3TOM FapaHTHPOBaTh TaKXke H 7 c
T0, 4TOOBl TaKOe BPAMICHNE HA 3TOl cTajun s
coBepwanoch CBoGoAHO. B yKasaHHHX ye- . 2
JIOBHAX TPEANOUTHTENBHO, UTOOR OH Hec R
JEbL NO BOIMOXKHOCTH cAalyio HarpysKy. S
a elle Jydllle, ec¥ OH He GYJeT HECTH HH- Y s ¢
kakod Harpyske. [lo 570l mpHWIHE HE [l £
ceayer NoeMELaTh Luap}mp 1o HHXKHEH
IVIHTOH, IOCKOJBbKY DPH 3TOM BeC IVIHTH Puc, 45

u 06pasna, Bo3Gyxnasl TPeHHe, TEM CAMBIM

3aTPYIHACT M BpalleHHe mwapaupa. Ecar pacnmosox#Th IapHAP
Ha BepxHeH NJIxTe ¢ MOLBECKOH ee npH AOCTATOYHOM 3a30pe MexK-
Iy TONBYXKHEIM MEXAaHH3MOM Ipecca ¥ pPamoli, TO BpalleHue map-
HHDa 3aMem/Isiercd NpPH CONPHKOCHOBEHHH IJAHTH C KYOUKOM H CO-
BepiieHHO OJ0KUpYercst NPH 3arPy:KeHHU.

Heo0xonuMEM yClIoBHEM ABJAfETCS TaKXKe M TO, YTOOH 3TO Bpa-
lieHHe He BRI3LIBAJIO NPOAORHOTC IOCTYATeNbHOTO HABHKEHHHA
UeHTpa ILIMTE, UTO IPHBEJNO OB K HapPYUIEHHIO KEHTPUPOBAHHA OG-
pasuuuna. ORO MOXKeT OHITh BBIIOJHEHO JHUIL B TOM CJydYae, eciH
UEHTD BPAIIEHMS, T. . UEHTp WIApOBOTO LUapHupa, COBHajaer €
Uenrpom nauTh. Hakodeu, ecau MB XOTHM, UTOOH TOPMOXKeHHE
6bwio mocTaTouno 3GGEKTHBHBIM, HaM CHeyeT 103a360THTHCA O
TOM, uTOGHl NOBEPXHOCTL IMapHHpa Ohsia JAOCTATOUHO GOJBIIOH.
Ilpaktuka noxassipaet, 4TO AMAMETp INAPHUDA AOKeH OWTh GOMb-
e pe6pa xybuka.

PaccMorpum reneph, Kakue NOCAeNCTBHS BjaeyeT 3a colofl ua-
Pylienne ueHTpupOBanuA Ky6uxa Ha nawTe. Ilycth orkioHenuwe upu
UCHTPUPOBAHHK 1O OCH BBIPAXKAETCH BEJAMUMHON d. PakTHUeCKHH
SKCUEHTPHLHUTET NPHJIOXKEHHOH Harpy3KH 3aBHCHT OT OTHOCHTEJb-
HbX wecTkocTell ofpa3uma ¥ MamuHe. PaccMarpuBaeMas Mapida
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COCTOHT U3 FHAPaBJAHYECKOro JOMKPATa, ABYX MJHMT U paMbl, Iepe-
NAoled CHAbl OTIOPHEIX peaKnHH H4a OQCHOBAHHE.

CoraacHo cxeme (puc, 46), pama A COCTOHT H3 ABYX 3alleMJeH-
HBELX B OCHOBAHHM KOJOHH (J, HeCylMX TpaBepcy B ¢ yKpeldeHHof
Ha Hej pepxhed nautot C (kybux D, jomrpatel— E, uokoas — F).

Ecin xomaoHlbl ovels THOKH, TO paMa He 0Ka3biBaeT HHKAKOro
CONPOTURJACHHA H3THOY H CrJa Mogavider TAKOH me FKCUGHTPHIU-
TET, YTO ¥ HCuBITHIBAeMHIH oGpaszeil,

Ecnn xe, HanpOTHB, paMa B AOCTATOYHOH CTeNeHHW KecTkad, TO
OH2 CONpOTHB/AETCS H3THOY M CUIH HaUPaBJAAlOTCA 0e3 BCHKOTO

IKCLEHTPUUHUTRTA, CKOJL OBl IHAYU-
4 TeJbHHM HH OLIIO HapyHIeHHe B

i i UCeHTPEPOBAHKM caMoro ofipasua.

O6o3HauliB yepes r, H 7, Kect-
KOCTH paMbi B KyOHKa (s aalfeM-
JEHHOTO B OCHOBaHHHK CTEPMKHS MJIH-
HOH L ¢ MOMEHTCM MHepiuu ce-

I
yeHHus [ r= T) A OpRpAaBdUs#B yI-

/

j JIBI MTOBOPOTA, MOJAYYHM

d
3=
Puc. 46 1 Eer,
+Er

rae d — recMETPHYECKMH SKCLEHTPHCHTET; O —aKTHYeCKHH 3IKC-
neHTpucurer CcHan; E. m Ey—MoaysnH YHpyrocTH MaTepHaJoR
PaMH H KyGHKA.

Ioaoxum, ana npumepa, uto pebpo Kybuxa pasno 20 ca, a pa-
Ma COCTOMT M3 ABYX CTAJBHBIX KOJAOHH jmamerpoM 50 mm, peicoTOH

E
1 », uT0 -Ef==6, a 3XCHEHTDHCHTET HafpaBJ/ieH HOPMAaJNbHO K 1I0-

OKOCTH KOtoHH., Mpi Haftnzem toraa 8 =d/1,09. Teomerpryeckuit
IKCUEHTPUCHTET COXPaHAeTcs IpH 3TOM (MOCTORAHHERI., Pama — xe-
JOCTATOUHO XKECTKAS — OHA THETCH.

3aMeHHM jBe KOJIOHHBI (puc. 46) YeTHIPbMS KOJOHHAMH TOro
e CeYeHHsl, PacCTABJICHHBIMH 1O YrJiaM KBajpaTa €O CTOPOHOH
60 cm: mbi naigem Torga 8 = d/66.

FeoMeTpuuecKEH 3KCUEHTPHCHTET MOMAYYHIACH MeHbIIe /g CBOE-
ro nepBoHavyaJbHOrO 3Hauesusd. VHbIME CACBAMH, IOTPEIIHOCThL B
LIEHTPHPOBAHUY Pe3KO CHUXKAETCA B CBOEM 3HAUCHUH B MalluHe, 06-
NARAIOUIER AOCTATONHON KEBCGTKOCTHIO B NQNEPSUHOM HAaNpPaB.ieHnuH.
OTtcrofa Mbl JedaeM BBIBOJ, 4TO MONEPEYHYIO KECTKOCTh INpecca
cllenyeT cuutTaTh OGA3aTeJLHHEIM YycJopHeM, o0eclegyuBaioiuM J0-
CTOBEDHOCTL pE3YJBbTATOB MCIBITAHMN Ha cxatue. K coxasleHuw,
AaNeKo He Bce MAalWWHBl NOAoGHOrO pola OGJARAI0T ITHM HeobXo-
JMMBIM KauecTBOM, 4eM H OOLICHAIOTCS BO MHOTHX CJIYW4asiX OUHG-
KH B pesysbraTax HcOHTawyuil, B cBA3m ¢ 3THM, B UACTHOCTH, HE
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PEKOMEHAyeTCs TIPOM3BOAUTL MCNIHTAHMIl HA CXaTHe Ha KJAacCHYe-
CKOH pacrsrupapoilell MalldHE ¢ IBYM# KOJOHHAMH, €C/IH TOJbLKO
NPH 3TOM He (IPUHATO BEChMa TIMATEJbHHX.Mep 1o ofeCreueHyIo
POYHOTO LEeHTpHupoBanug obpasua.

Ocraercs elle, HaKOHEl, OCBETHTH BOMPOC O MECTKOCTH Mallh-

OTa KeCTKOCTh XapaKrepuayercs OTHOUIEHHEM JedopMailyH
MAIWHB MEXAY {JIHTAMY K HATPy3Ke, BRI3BIRAKMUEH 3Ty gedbpma-
MO ¥ TiepeMeuialomel naxty. B wHo# QopMyaMpoBKe MOXKHO cKa-
3aTh, YTO MAIIHHA SBJSIETCH TeM 00Jee KeCTKOH, yeM OOJbIIHM IT0-
Jgyyaercs naleHue dP TIPUJIOXKEHHOH CHJBL, ecau ofpasen, noMe-
IMEHHHH MeXAy NJHTaMH M HATPYMEHHBIH CcHaol P, UCHHTLIBAET
cayuaiinoe ykopouerme dl. Ornowenne dL/dP npeacrasaser no-
JATAHBOCTE MAILHHBL, O6paTHafA ke BeNHYHHA HTOI0 OTHOUEHASN
XapaKIrepu3yeT JKeCTKOoCTh. Prluakuass Mall¥Ha C NOABECKAMH OT-
JAY2eTC MOMATARBOCTLIO. Mexanuyecknil e npecc, COCTOAUIHEA 43
MaCCHBHOH CTAHHHEL, BHHTOBOIO NOMKpaTa H BeChMa Mano Aedop-
MHPYEMOTO JMHAMOMETpa, MpeicTaBiser COG0H XeCTKVID MATIHHY.

OcoGeHHOCTRIO TIORATAHBOH MalMHBL ABJAACTCA ee CNOCOGHOCTL
'HAKOMIATE A0 BHICOKOrO YPOBHA [OTEHUMAJALHYIO 3HEPTHIO, KOTOpAas
3aTeM B HM3BECTHhiE MOMEHTHI MOXeT OCBOGOXKAATbCA M TAaKHM Ny-
TeM BHIOOM3MEHATh XapaKTeD pa3pylueHHS.

Tloxaxum, uro £, =—p—-—obmuii MOLYJb YUPYTOCTH MAlIHHDBI

nE,= P —— — 06wyl Moxyae ynpyroctd OeToHHOro obpasuna.

ynpyrax NOTeHUMAbHAA 3HEPTUs O HArpysxkoi P Oyaer
papHa
1 1
W=y~ [75:; + E—,,] -

Ecar ycTaHOBKA HAXOAUTCS B COCTOSHMM PABHOBCCHA, TO Nia-
CTHYeCKay necpopuauuﬁ BHI30BET TOTEpPI0 NOTEHUMAJNBHOR 3IHep-
ran W’

dW=[H+-E]PdP=—.—— W,

[Tanenne peaxumuu MM pesarcauyss MaUIHHB, 4 CJIe10BATE/bHO,
B noTeps Harpy3k# o0pasna BHIPA3UTCH TIOSTOMY BeTHUHHOH
w En Ep

P=——p" ' E,tE

Ecau naacruveckyw Aedopmampito 0003HaunTh uepes dAp H
yuecTs, uto W' =Pd Ap, T0

EqE

Ilpy paBHOReCHH MaAIMHH NJacTHUeCKas MNe(OpPMANud BHI3H-
Baer B Hefl nazeHwe Harpysku, papHoe E,dAp, ecim oHa GeckKo+
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Ona h=7 cm, L=25 cm, d=8,5 cm, nattnem T,/ 7, =0,535 Bmecro
0,575. HcnnlTanue Ha H3THG NOX COCPENOTOYEHHOH Harpys3xoil aaer
Bcerga Oosiee BEICOKOe 3Ha4Y€HHe NPOYHOCTH, 9eM NoOJ HeHCTBHeM
AOCTOSHHONO MOMeHTa (B XaHHOM caydae Ha 7%). DTo x0poOIIO NOX-
TBEDPKAACTCH ONMBITOM,

3aMeTHM, HAKOHEW, YTO eCai OH TFHIOTe3y MHHHMyMa cpeaned
SHEPrHH MBI TIPMHSIH OBl He A NOBEPXHOCTH TPEIUMHB, a Aad
cpejHero YAJIMHeHHs, To orHowense T')/7, oxasanoch 6h PaBHHM

d

R

3

Y

¢ yMmeHbmenuem 2 oHo crpemurcs k 0,5, a ve x 0,675, Kak 3To 1no-

AyYasoch 10 NpeAbUIYyIIeR runorese.
Jas cocpenoToUeHHOH HArpy3KH HAXOMHM

3=(- )i 4)

470 B mpeneabHoM caytac xaer 0,485 smecro 0,535 nepsofi runo-
TE3HL. : v

Hnmelomnecsi B HallleM PAacHOPSKeHUH DPe3yAbLTaTH BBHAY Dail-
fpoca HeAOCTATOYHH JIJIfl OKOHUATEALHHIX BBIBOJOB,

Bo BCsiKOM caydae HCHBbITAHMe Ha H3ru MOMKeT Jarb OTBeT Ha
BOTIPOC O COTMPOTUBJESHHH Oerotia DacTSIKeHWI0 JIHIG B TOPSAKe
CPaBHEHHS TIPH HCIIOJAL30BAaHMM 06pasuUoB OAKOTO ¥ TOTO Xe pas-
Mepa, OZHOTO BO3PACTAa H fIPH 3ATOMUUTENgX ORUWOK H TOR Xe
KPYDHOCTA. TeM He MeHee W3-32 [POCTOTH BHIMONHEHMA Taxoe
HCNBITAaHUE TMPEACTaBAAET MHTepec sl CTPOMTENBHON NAONIAIKH.

s toro urofel YCTAHOBHTB IPOYHOCTE GETOHA Ha pacTraxe-
HHMe, OCTaeTcs JHib NPHOErHyTh X HEeNOCPeACTBEHHOMY 3arpyxke-
HYMI0 00pasia DACTATHBAIOIMHMHK CHJIAMH — HCIEITAHHIO, PEIKO BH-
MOJHAEMOMY TI0 NIDHYUHE CBOHCTBEHHHX €My IPaKTHUECKHX TDYI-
Hocrelt. Jlomyckasi, 4TO LEHTPUPOBAHHE CHMIBI IIPOM3BedEHO CO Beed
KeJaTeJIbHON CTPOrOCTbIO, HEKOTOPhle aBTOPH BHKCKA3HEBAIOT BCE-
Ke onacense, uTo o0pa30BaHHC TPelWH, Rapyilag CHMMETDHIO C&
YeHUsl, MOXKET CO3MAaTh H3THOAWIUME MOMEHT, CTIOCOOHBIH YCKODHTb
paspymesHde. ¥ 310 B CBOIO OYepeAb MOTVIO OB SIBUTbCH IHPUYMHON
CHUMKEHWS ONLITHOIO 3HAUYGHHS NPOYHOCTH Ha pacrsKenue. Ins
TPOBEPKHK OCHOBATEJLHOCTH ITOTO OMACeHHA A NPeRJONHA oThop-
MOBaTh ofpa3en OeTOHa B OTpe3Ke crasbHOH TDPyOmt (puc. 53) M
PACTATHBAOILYIO CHAY NPHIOXKHTbL K 5TOH NOCHeJHEH HPH TLLATE/b-
HOM LEeHTPHDOBAHHUH ee.

Beron no xonmam cuennsiercs B oamo nenoe ¢ rpyGoit Oaaro-
napR Hapeake Ha ee BHYTpeHHeH nosepxuoctu. Hao6opor, B cpen-
Helfl yacT GeToH oTAeafteTcs OT TPYOH OGOJOUKOH U3 INOPHCTOrO
- KaydyKa.

Ton posmedicreueM cuaw T Tpy6a HCUBITHBAET YAAUHeHue, Ha
TY JKe BeJHUHHY yhJHHAeTCs H GeTOHHHH o6pasen. DTo yAJHHEHUE
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u3MepseTcd TeH30MEeTpaMH, PasMellleHHHMM Ha BHeillHefi moBepx-
HOCTH TPYOHl, B cepefMHe ee ANMHE. [losomuM, uto E, — MOAYIb
YOPYrOCTH CTaJM M @ — IJOIlafs ceyeHHs Tpybw, £, — MoAyas
pedopManiy ceueHus OeTOHA H

— ero ceuenne. Ilpn yamude- d
Hu#t A cmaa F  nomxua OHTh
paBHa

F—AE,0+ AE,Q,

Kpusas, npencTapasiomasn
¢yuRuMio F{A), noaxHa pacno-
JIOXUTBCA MEXKAY ABYMS [PAMEL- P—odg"a'?o" iaayf/ nopuz
Mu {puc. 54): upsmoit FfA = 4
= F,0+ E,2, rne F, — monyas
yopyroctd Oerona, H npaMoH
FlA=F o, orpaxawiueit cocrosd-
HUEe, B KOTOpoM OetoH Gogblie He
pearupyer na xedopManuio, Tax
KaK OH YXe Da3pyiled.

Mu naxopum, 4TO 3SKCIEpH-
MeNTaJbHAS KPHBAS NPUHHMAET
dopMy,  NpesCTABACHHYIO Ha
puc. 54. lo Torc MoMeHTa, MOKa Puc. 53
Harpyska He JOCTHTHET BeJH-
uHHK Fa, ona coBMmelliaercs ¢ npamod OA, yKJIOR KOTOPOH 1no3so-
JSIeT ONpPEeNeTh MOLY.IL YUPYroctr E,.

—({mansHar mpydxa

bemor

\.

N\

F ’

FPeanyug demorna
Pearuus mpyle

g 4
Puc. 54

Ipu nmocrHxennH Harpyskoif 3Hauenusi F 4 KpuBas HCOHTH-
BaeT B rouke A pesKuil mepesoM, B yuacTok ee AB nonyuur ouexb
Maneif nompeM HJIKH Oaske TODH3OHTA/JbHOE Hanpap/eH#ue, NOCIe
uero KpHpas cosMeuiaercs ¢ HanpasjeHueM OC, T. e. ¢ KpuBOf#
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HHM PABHBIX HanpsKeHul, cosMewamllielica ¢ AB, raasHoe Hanps-
wemme Ty ocTaercst NOCTOSHHABIM,

B nenrTpaneHOM nyduke (puc. 57,6) cpeanee yAJHHEHHE, COOT-
BETCTRYIONIEE HANPSIXKEHHIO 132, DaBHO

UTQ _
5= const.

CpenHee yAJnuHeHHe, OTBeyajolllec HaNpskenHio T;, pasHoO
T
,El =const. Cpennsas sHeprus nedopMallu¥ Ha eAMHHULY [LAOLIATA

B8 LEeHTPAJLHOM TiyukKe papHa
al. T
w=(F+3)n

H npeacrapiser COGOM BEMHUHEY, TOCTOSIHEYIO! BjoJb BCef OCH
AB na wupune, pasuoil 1. Paspymlentc mo3ToMy MOMKET BO3HHK-
HYTb B HEKOTOpPOH Touke AB uau Ke OIHOBDEMCHHO Ha BCeM Aua-
Merpe. IlockonpKy Kpaitune ero togky A u B cierka obxKarh, 7. e
CTECHEHH KOHTAKTHHIMH CBA3siMu («3bdiekT 0GOHME»), BrusHUe
KOTOPHX CKAa3LIBAETCH, TIOCTENenno OCnafassich MO Mepe YAajeH1IR
OT 3THX NOBEpPXHOCTed, paspylieHHe HayyHaercd BOOGIUE Y USHTPa.
370 HMEHNO M HYXHO OBIIO AOKA3ATh.

IOast toro 4To6bl YCTAHOBHTL YC/AOBUA paspyllieliis, CaAeayer
ONpefeJaHTh, HaDpuMep BOKPYr Toukm (U, Kaxas ¢opMa saeMed-
Tapuoro ofbema CPeIHero pasMmepa € COOTBETCTBYeT HauGO/b-
LIefl 3HEPTUH, ¥ HAHTH OTCIONA COOTBETCTRYIOWYIO CPeaHIONw BeJU-
gyuHy suepruu, Jasa d, ouenb GOJBINONO B CPaBHEHHH C €, yCno-
BHEM IIpPefesBHOTO COCTONHMA Gymer

o 2P (491 +2)
«=2d T E -

B conocraBaenun ¢ monbTaHReM Ha NpoCcToe PACTAXKEHHE.

Ty
ex‘m _B— .
310 paer

Ty= 22 (140) (14 20).

310 BHpaXKeHHE TPEACTABASET NEPEeMEHHYH  BeJHYuHy, 1o-
OKOJIbKY B Hero Bx0IZuT Koahduuuent Ilyaccona, B ceoko ouyepeib
3aBpcaUMi oT cocraBa GeTOHA, €ro BO3PacTa M €ro BJAMNKHOCTH.

Ipnusas s cpeanem o=0,20, nazxonum

T,=1,68 2,

! Tlonuan sHeprHs KpHROJMilefiHOro nmpsiMoyroasbiuka abed, pasdenenmas H8
ero naouank.
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OTKYZa

Jna sareepaebliero GeToHa XOPOIUEro KauectBa 3

6IM30K K
0,12, u Toraa '

2k _ T
wd T 139

Ecay, HaoGopoT, BesMuHHOR ¢ Heab3st npeHeOHpeub B cpasde-
HHHM ¢ 4, To Koa(hduuMedT, cTOSWMA Nepen oTHowmexueM 2 P/=d,
yMedbinaercsi. [IpuGmikeHHOe BRYHCISHHe [OKA3RBaeT, YTO NpH
d=15 cm (0oOBIHBIA NOPANOK BEJHYHHE UHJRHAPOB) M e, Giau3-

KOM K 3 CM, OTHOILICHHEe OJIH3KO K T,=7d— npr o=0,15.

Kak 6nl To Hu OBLTO, HCNHTAHME HA PA3PHIB IyTeM DacKaJjuBa-
BUS QUHIMHIpPA HE MOMKET NATh TOYHOTO 3HAYeHHS NPOUYHOCTH TPH
PaCTAXKEHMH, TaK KaK De3yabTarT ero 3aBHCHT OT MHOTHX Napamer-
POB, He NOARAIIMHUXCH uaMepeHuio. Ho, ¢ apyroit cToposH, NpocTo-
Ta BLINOJHEHHS CBHIALTEALCTBYET O TOM, 9T0 3TOT MEIOZ YPEe3Bhi-
yaliHo yao0eH B INDUMEHEHHM Ha CTPOMTENBHHX NACLIafKaxX Kax
CMOCO6 CPABHHTEJSbHOR OLEHKH KauecTBa 0€TOHA.

Jedopmannn m paspymienue B YCJIOBUSIX TPEXOCHOTO
HANPANEHHOr0 COCTOAHMSA

FHauwa ocHoByast 3axauva COCTOMT B TOM, 9TOOH ONPENESUTH TOT
PeXuM BHEIIHEro MEXaHHUECKOro BO3ZEHCTBHS, IPH KOTOPOM B ZaH-
HOM TBEpAOM Tesge BOSHHKAIOT NacTHUeCKHe AedOpMalHH, a 3aTeM
H paspyluenHe.

Mgyt yeraHOBHMAIM TNPH PacCMOTpPeHHH DACTAXeHHA, — a TO ke
CaMoe OCTaeTesl CHPABEJUIMBHM ¥ B OTHOUIGHHH CIKATHSA, — MrO
IHARMS HANDPSLKEHHOTS COCTONHMA B OAHOH HaubGojee HaNpsoOKe:-
HOH TOyKe Teja HE MACCTATOYHO At NPOTHO3a paspymenus. Jlast
3T0T0 HeoO6XOZHMO 3HaTh I[I0Jle HanpsiXKeHu#l B JOCTATOUHO $0.b-
ieM obGpeMe BOKPYr 210M toukH. BHOCHMEIE nmacruueckoil jedop-
Manweir n 00pa3oBanueM TPEIMHE CTPYKTYpHble M3MeHeHust B Ge-
TOHe NMpedcTaBasiloT cob6oH npouecc, KOTOPHIM IpoTekaeT He GecKo-
BeUHO MAaJBIMH, a KOHEYHBLIMH, THCKPETHBIMH RPHPAINEHHAMH, DO
Kpafineit Mepe BHaunane.

Hnas toro 4To6Bl HaMTH MO BO3MOMKHOCTH CaMBIi HOCTYTIHHH
OyTh K HCCHRAOBAHHIO KPHTEPHER NAACTHUECKOTs RedopMEpoBa-
HUs ¥ pazpyluends, cleiyeT HauaTh C PACCMOTPEHHS OZHOPOAHON
Cpeabl, B KOTOPOH MOJe HANPSXKEHHH BIOJHE ONpeAeseHO, He NO1-
BePIKeHO H3MEHEHHSIM H XapaxTepH3YeTCs MO BO3MOXKHOCTH MpPO|
Croit crpykTypoil. BrGepeM mnosToMy paBHOMEPHO 3arpyXemHoe
TBEpAOe TeNo, B KOTOPOM TeH30p HANDAXKEeHHHl CoXpamusieT NOCTONH-
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HOe 3HaueH®e BO BCEX TOYKaX ofbeMma, AOCTATOUHO GONBIIOTO O
CPaBHEHHK) C pa3MepaMy HEOAHOPOJIHOCTeil ero CTPYKTYpHL

XoTa UpM TAKHX YCIOBHAX 3ajaua 3HAYATENBHO YIpoulaerces
M eil mocBAMleHa o6GUABHAN MUTEpaTypa, ee HeJb3s CYUTATL DelIeH-
ok, MCTonKoBaHMA De3yabTaToB UCHHITAHHH, NpPeNJoXKeHHHe pai-
JUUHBIME aBTOPAMH, ILIOX0 MeXay cofoll COTMIACYIOTCS, ecjH de
NPOTHBOPEUAT OJHM APYTHM.

[logoxuM, yro B u3GpaHHOM Hamu obbeMe MeHCTBYIOT B TO-
CTOAHHBIX HalpaBJeHHAX TPH OJUHAKOBHIX IO abCOMIOTHOH Beax-
UpHe H 3HaKY IVIaBHHX Hanpskenus by, fy, fo. Ecaum f(f, fo, f3) =
=Q ~— OQYHKIHS, ONpeReJsiollas BO3SHAKHOBeHHe pacCMarpHBae-
MOTO HAM{ HeoGpPATHMOTO NpOiecca MJIacTHYeckoro medopMupo-
BaHUK WM Pa3pyLEHHst, TO MBl MOXKeM HalucaThb

Cb(tn t,, ‘ts) =f (th ta, ta) —Q=0.

3Hauve Takod (QYHKUHH S DAcCMaTPHBAEMOIC MaTepHala
MMeso OB BecbMa BAaxHOe 3HAYEHHE B HaUieM aHaJu3e, HO A
3TOTO HEOoGXORMMO elle OBTh YBEDPEHHBIM B TOM, YTO OHA He 3aBH-
CHT OT YCJOBHE YCTAHOBJEHHA 3HaueHuit { po Bpemenu. Haaue
rOBOPS, HAM HYXHO DEIMTb BOIPOC, COXpaHder yu Q OAHO H TO
e 3HAucHHe, ecJqH HanpsAXesus {; BO30Y:KRAIOTCH TOCICAOBA-
TEJBHO B TOM HJM HHOM TIOPSIAKe, MJAM JKe, eCad B3fTh KpalHui
caydait, HajaraioTcs opHoBpemenHo? [locnexs#ss  BO3MOMNKHOCTD
MaJio BeposiTHa, HOO eciu, Halpumep, f; NpeXcrasaser. cobolt ca-
Moe OoJbltoe o a0COoOTHOH BesquyHHe HANPSKEHHE H3 TpeX, TO
OHO CMOXET BRIZBAThE pazpylieHue TpH f1={=0, 0dHOBPeMEHHOE
e TNPUJIoKeHue TPeX pPaBHNX HANpsAKeHu# He Bieder 3a coloH
pa3pywennsa. M rorna HaMm HyXHo OyjJeT, nepedisa K 4acTHOMY Cay-
4210, MPEeNHOJOKHTE TPONOPUMOHANbHOE BO3PAcTaHWe TPex Hamnpsd-
WKeHH® CO BpeMeHeM JO PacCMaTPHBACMON BEeJWUMHEL

Ci.leﬂaB 2TH OrOBODKH OTHOCHTEJBHO BO3MOKHOH IIEHHOCTH BRO"
AFMBIX HaMH TOHSITHH, nepefileM K cPaBHHTeIbHOMY o030py cy-
WECTBYIOIMAX TeopHil npoudoctd. Camas NPeBHAA BOCXOAHMT K I'a-
audero. Tlocaegnnii yRasana, uTO paspylleHHe ROJBKHO RPOHSOHTH
B MOMEHT, KOTHa Hauboipuiee Hanpsaxcexue NOCTHTaeT HeKOTOPOro-
OIPEAE/NEHAON0 3HATEHHS, DOJOXKHTENIBHOPO HIK OTPHLUATEALHOrO.
[To wmuexutwo IloHcene, paspylieHHe HACTYNIAeT B MOMEHT, KOF1a
Hauboasiuee yoAunerue NOCTHTAET HEKOTOPOTO QIpeiesieHHOro 3Ha-
qeHHA, JTa Mblcap Owlla passura CeH-BeHaHOM, RHOMOJHHBIIMM €€
yKa3aHHeM Ba TO, UTO MarepHas] NEepeXOAHT B NJAacTHUYecKoe Co-
CTOSfHUE € TOrd MOMEHTd, KOoraa HaubosbiCE KACATEALHOE Hanps~
acenue NPHHEMAET HEKOTOpOe OonpefeselHoe 3HAauYeHWe, NPEACTAB-
asomee coBolt NOCTOSHHYIO XadPaKTepHCTHKY MaTepHana.

P. Musec yTBepiKaadeT, yTO IJIACTHYECKOE COCTOAHHE HACTYNAZST,
KaK TOAbKO CYMMA KEAOPATOS TPEX 2AGBHLIX HANPAXCEHUR — Be-
JIHUHHZ, IPOTOPLHOHAIbHAST SHEPrHH nedhopMauMH, — AOCTHTaeT
ONPEJeNEEHOTO 3HAYeHUs.
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CornacHo xpurepuio Ky/i0Ha, Mepexon B COCTOAHHE ITAACTHU~
HOCTH (IOCTHXeHHEe INpefesa TeKY4eCTH) MJH DA3PYLIEHHA yCTa-
HABJIMBAETCA NPEe0eAbRbIM COCTOSRUeM paaHosecus Tperus. T1o nio-
CKOCTM paspylieHHS IIpeReNbHOEe KacaTeJbHOE HaMpfaXeHye OJIK-
HO ORITH JHHEAHON (YHKUHEeH HOPMaJLHOTO HANPSAKEHHS.

Kpurepuit Mopa-Kako (Moshr-Caquot) npescraeaser coBoi
obobmenre kputepus Kynowa. CornacHo emy, Hapyiiexue COCTOf-
HMS PABHOBBCHSl 3HAMEHYETCR CKOJbKEeHHeM, IIpH KOTOPOM CooT-
BETCTBYIOIlEE KacCaTeJNbHOe HalpfKeHHe NpencraBasger coboi, Xak
MpaBUJ0, BO3PACTAOUYI0 QYHKUHMIO HOPMAJBHOTO HATIPIKEHU.

Hexoroprie asroph, kak, Hanpumep, Bensrpamu (Beltrami),
dr (Haigh), l'y6ep (Huber), I'euxu (Hencky) u gap. noxarans,
gKaK Mpu3zec, uto KpuTepui! paBHOBECHA HO/MXeH OBITh OCHOBAH HaZ
NOHATHH paboret ynpyeoti Oepopmayuu, NOCKONBKY HAPYLIEHHE CO-
CTOSIHUS PaBHOBECUN CONYTCTBYETCH TEM, UTO yleasnan pabora
dopmousmerenus (mepeKoca) ROCTHTAeT MPH 3TOM HEKOTOPOM KpH-
TUYeCKOl BeAHUHHBIL.

Pomr (Ros) m Ditxunrep (Eichinger) paccMaTpHBawT pe3yJb-
THDYIOHIMH BEKTOD KacaTeNbHEIX HaNpsKeHHH# K DPe3YJbTHPYIOWIHH
BEKTOP TJIABHHIX CKOJBXKEH#H, Ha3blBaeMbli HMH OTHOCHTEJbHEIM
CKONbIKEHHEM, YTBEDXKAAf, UTO MEXHAY 3THMH ABYMS BEKTOPaMH
CYILECTBYET ONDeNeNeHHAs 3aBHCUMOCTL, [03BOJISIOULAA Pacnpo-
CTPaHATL NOHATHE YJAeJaLHOK pafoTh ZedopMauuu Ha 06J1aCTh, Je-
MAMYI0 33 NPEACTOM YRDYIOCTH.

31ech MB IPHBEJH TOJbKO HawboJce BaXKHble KPUTEDHM TOTEpPH
NPOYHOCTH; HEKOTOPBIMH 2BTOPaMM OniiM TPEIJOKEeHL Te HJIH HHbie
BADHAHTH 3THX (JOPMVJHPOBOK, APYTHM VA4, 0Ch HallTH obabuieu-
Hbl¢ BBHIDAXEHHs, B KOTOPHIX CHHTE3WDOBAJMCH [Ba YACTHBIX KDU-
Tepusd. 310 CBHAETEJBCTBYET, KaK HeJAb3s Jyudlle, 0 TOM, 4YTO HH
OnHa 3 NepeyHCIeHHBIX BHIIIE TEOPHE He MOer OuiTh NpH3HaHA
BMQJHE VIEOBNETBODHTENBHOR: TE€ODETHYECKAS MWC/b QTREpraer He-
3aBepuIewHoe, T. €. MHOXECTBEHHOe, pelieHHe B BHJAE DARa PasjiHi-
HBIX NPHHLHDOB, OTBEYAIONIYX JHIUL TEM KM HHHM YaCTHHIM YCJI0-
BHAM WJM CBOMCTBAM OTASJABHBIX MAaTEPHAJOR.

TIpexie BCErO MBI BMAMM, WTO B THX TEOPUSX CTaiKHBAIOTCH
PasnuuHbIe TOHATHA: KPHTEpHH pas3pylleHHS 3a70XeH B HaHG0Jb"
eM VAAHHEHWH, COH ONIPENeJsieTCs TakKKe HapylleHHeM CBA3eH
TpeHus, NpeBhIIeHHEM YHEJbHOH paloThl RedhopMaunHu.

Tleprass reopusi, camas npeBHAS, 3HEPrMUHO OCNAPHBANACH H,
GeccrnopHO, OHA TEPNHT KPYUEHHe Nepen JHUUOM HEKOTOpHX (ax-
T08. C Hell CleNyeT CUHTATHCA, NO-BHAUMOMY, JIHIIb B TEX CAyuasx,
The paspyilteHHC NPOWCXOJZHT IyTeM OTpeIBa ¢ oGpasoBaHHEM Tpe-
U¥H B HaUOpaBJeHWH, HOPDMAJbHOM K HalpaBJieHHI0 Haub0JbIIWX
nepopmanuh. [loBodwl, K KOTOPHM Halle BCero nmpuberaior aas ee
ONpoBepKEHHA, HMEWT CBOMM OTNPABHHM INVHKTOM OLIAGOMHOCTB
YKa3pBaeMOr0 3TOH TeOpHeH OTHOLIEHHS MeXAY NPOUHOCTAMH HA
PacTsixeHHe M HA CABUL, DTOT ee HeZouer HeJb3sd, OAHAKO, CYHUTATH
CTOJTL pellalille HENONPaBHMEIM, KakuM €ro o0HYHO Ipennosa-
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TAI0T, MOCKOJBKY B OCHOBE €no JIeXKHT HEKOTOpas HauyasbHasi CHIO-
Te3a o6 ONpeAeneHHOM 3HadeHuu Kospduuuenra Ilyaccora, rouHoe
onpegeseHue KOTOPOTO CBA3aHO € GOJbIIMMH TPYRHOCTAMH, B 0OCO-
GeHHOCTH B OTHOMIEHMH XDYDKHX MarepHaJsoB, KOTOpHE U HMeer
B BHAY NPEKAE BCETO 3Ta TEODPHA.

Bropas mpmes;, BHpaxxeHHast UPHHNHIOM KyaoHA W H/JIIOCTPHPO-
8aHHAs B 4YaCTHOM npumeHenun Kako, yrBepxiaer, YTO mpenelb-
HOE COCTOSIHHE pPABHOBECHSI HACTYNAaeT B peay/jbTarTe HapyLIeHHS
BHYTPEHHEI0 TPEHHA M CKOJbXEHUS II0 IIJIOCKOCTH, Ha KOTOpOf
NOCTUTAETCH INpelebHOe YCJAOBHE CONPOTUBJICHUS TPEHHW; HHBIMM
CHOBAMY, HMeeTC B BHAY JHIb HanGoJbllee H HaHMEHbLIEe H3
[JIABHHX HanpsxeHuil, NeHCTBYIOIIEX B IUIOCKOCTH, HOPMaabHO# K
LIOCKOCTH CKOJAbXKEHUsI. 32 NPOMEXYDOUHRIM IJaBHEIM HampskKe-
HMeM 3JleCs OTPHHAEETCH BCAKas POJib, JT0 O6CTOATENHCTBO CTABH-
JOCb B CaMblil cepbesHBIfl ynpeK, KOTODHIH TOJAbKO MOXKHO OGBLIO
cAesaTh [0 ajipecy 3Tol Tak Ha3HBaeMOH Teopuu npedersHOl Kpu-
soil. Y, neficrBuTe]bHO, HEKOTOPHE HCOKITAHMA, NO-BULAUMOMY, yo6e
ARTEJABHO TNOKA3a4H, YTO NPOMENXKYTOYHOE [VIaBHOe HalpsxXenne
akTHUeCKH BJAUSET Ha YCJAOBHS paspyLIieHns ¥ HPHTOM B TeM
foanliel creneHu, dem O0Jblle HCCASAYEMHH Marepuaa OTAHYACT-
CA MO CBOEMY XapakTepy OT IJIACTHYHOrO, T. €. 4eM pe3ue B HeM
BLIPAXKeHbl CBOACTBAZ XpynKocrH. Kpome TOro, teopus INpemesbHOR
KPHUBOU He criocoGHa oODBACHUTL paspyuieHue THIA «OTNPHBAa» HHA-
4e, KaK HajHYMeM OTPHILATEJBHOI'O 3HaKa BO BCEX TpPEX COCTAB-
JAMOUMX MaBHOrO Haupsikenusi, Mexny Tem B Xpyukux rteaax »,
B YaCTHOCTH, B 0eToHe Habjlofaercs paspylLleHde 3Toro THia 6e3
CKOJILKEHHS 1Ie TOJALKO DY DACTSIKEHHMH, HO ¥ IPU NPOCTOM C£XKa«
THU B HallpaBJieH¥U, HOPMaNbHOM K HANPaBJEHUIO TPUJIOKEHHOR
HATPY3KH, T. ¢. 063 HanpsKenns.

Tperuit xparepRi— 370 paGota HopMonsmeHenus (HCKaxe-
#ust). Fro MoxHO BBIpasHth B fojee pasBepHYTOM BHJe, CKa3as,
UTO PE3YJNLTHPYIOUINH BeKTOD IVIABHLIX CABHTOB HE MOMET NpPeB3Oi-
TH OmpeaeseHHOH BEJHYHHB!, XKaKoBo Oni HH OHUJIO €ro HampasJie-:
Hpe. Yro Kacaercs teopuu Mopa-——Kaxro, 10 ona, Hao6opor, npu-:
3HaeT 32 INPOMEeXKYTOUHKIM TJiaBHLIM HalpfXKeHUeM OIlpefeseHHOe
3HauCHHe B HACTYIUIeHuM paspyiucHus, Ho, ¢ apyroit croponkl, sTa
TEOPHS He INMO3BOJSET YCTAHOBUTL HampaBiieHHe pa3pyiueHus. OHa
MOXKET OTHOCHTBCA JIHUWIBb K IIpeneny YIIpYroctu u Hean.nomn.Ma K
XPYTKHM MaTepnasiaM BooOlle ¥ K 0eTOHY B HaCTHOCTH.

Ilo psay nyHKTOB OGHAPYXHJAachb HECOBMECTHMOCTL 3THX Te0
pHit, KOTOPYI NHITAJHCL VCTPAaHUThL Pa3jHIHBIME HCKYCCTBEHHBIMME
IPHEMAMH, CTOJb Ke OCTPOYMHBIMHY, cKOab U HeOOOCHOBAHHO CJIOXK
HEIMH. ECTeCTBEHHC NMO3TOMY HaNpamEBaeTCs polPOC O BO3MOKHO
CTH NOCTPOGHUA cAHHON oOlel TEOPHM MIACTHULCKOTo AedOpMHPO-H
BaHUA M paspyweHusi. CYIIECTBEHHEIC PAa3jHUHsA B NOBEAEHHH pa3-:
HEX MaTepHaJiOB APH MX 3arpyXKeHHy, a YacTO M OIHOTO H TOTOKe
Marepuajia nof HArpy3KaMu pPAas/HUHBIX THIIOB, ONPaBALIBAIOT He-
KOTOPHIH CKenTHIU3M B 370M orHomienuH., CchlaaloTcsi BA0OaBOK A
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Ha 7O, UTO BCE TAKOPD poza ofuiue TeOPHM A0 CHX IOP TepHedaH
geypauy. W, HecMoTps Ha 37O, BCe Ke cJjefyeT, NO-BUIHMOMY,
NpH3HATL, YTO, GCIM Kakas-auGo obllas TEOPHS M OmpoBepranach
TEMU AN ZPyruMH (PaKTAMH, 3TO ONDOBEPKEHHE HH Pa3y He OKa-
3BIBAJIOCH NOJAHWM H OKOHyarebHBIM. Teopust Mopa—Kaxo, Ha-
f1puMep, ecaIM H He rapaHTHPyer TOYHOCTH, TO BO MHOMMX Caydafx
BCe Xe GJH3KO OTBEUaeT PeajbHOCTH.

Ilpn BceM TOM OKOHUATETLHHH BBHIBOA MOJyYaeTcs CTOAbL HEAC-
HBbIM, YTO BO3HHMKAeT BONPOC, HE JIEXHT JAH B OCHOBE BCEX ITHUX
PACXOMOEHHH MeXAY TEOPHsIMU Xakoe-1n60 TEPMHUHOJOTHYECKOe
HeAODa3yMCHME ¥ He TaWTCs Ji KJAKY X pPeilieHyio npobJieMu B pa
JIHKAJIbHOM H3MeHeHHM TOCTAHOBKY BONpoOCa.

Uro Kacaercd MeHSl, TO MHC AYMAeTCHA, UTO NpPeJedbHBE CO-
CTOAHHS! CjeflyeT OTHOCHTH He K CcHiaM, a K jgedopmauusm. Taxas
TOYKA 3DEHASA, B KOTOPOH HAXOAUT CBOe OTPAXEHHe NePBHH NpuH-
uun Cen-Benaua, npefcraBasgercd MHe MHOToOoGeliawollefi: O0HA
MPUBJIEKNIA MHOTHMX aBTOPOB, B uactHocTH DBaaserta (Vallette) !
1 uipbL OnAcarchb, YTO NOCACHHKE He MCIIONB30BAN BCEX ee BO3-
MOXKHOCTEH.

B camom pese, Belp HAUDSIKEHHeM Ha SI3LIKE TEODHY Ha3bl-
3aeTcs N0 CYLIECTRBY lle UTO HHOe, KaK TO K& caMoe ABJIeHHe, KOTO-
poe Ha A3blKe (HHU3UUYECKOR peasibHOCTH uMeHyercs Aedopmaiiueit 2.
[Ipn mocranoBKe 3KCHEPUMENTA HAM JOCTYNHO M3MEPUTH JIHINE TIE-
peMelleHne uiau neQOPMALHUIO, HANPSikKeHHe XKe OMNPeNeNseTcs ue-
pes nocpeacTo AedOpPMauim B PC3YSLTATE YCJAOBHOTO pacyera.
Bce Teopdu cONpOTHR/EHHH MareDHAJOB M3Jaralotcs B Nepesoie
Ha A3bIK HANPAKEHHH, ¢ TeM 4T0OB YNPOCTHTL NPHMeHEHHe Ipe-
AGJILHBEIX YCHOBHH, yalle BCero GOPMYNHPYEMHX AAS CHJ, H TAKHM
yTeéM COKPamuTh BBIUMCIUTENbHYIO pabory. Ho Teeproe teno
obaajaer CTPYKTYpo#, Koropag HDedopMmupyerca noj BIHSIHUEM
gHemHHX BoadelfictBu#. [loueMy e B TaxoMm cayyae we ckaszaTs,
4TO AOCTHKEHWE IPEAeaa YNPYroro DPaBHOBECHS WM paspyilleHue
3TO# CTPYKTYPHI MPOHCXONHT B TOT MOMEHT, KOrZa 3Ta NOcaemuss
RIOoCTUTaerT ONp&neNenHoro COCTOAHNSA O08DbeMHOro PacUIRPEeHBSI HJH
#aMmeHenns dopmei? CaMoe MOHATHE 3HEPTHH MOXHO CTOJb € XO-
pOINO MOCTABHTL B €BA3SY ¢ pedopManuedl, Kak U ¢ HaNpSKEHUEM.

PaccMoTpuM, HanpuMep, UHJAMHAP, CHKATHI 110 ero NpoRoabLHOH
OCH W MCIOBITHIBAIOWIMA B 3TOM HAaNpaB/eHHH yKopoueHue e,. Ilo-
nepevras  jgedopMalus €ro BHPA3UTCS NPU  ITOM  BeJIHYHHOR
— 6ey, rie 9— kospdunnenr Ilyaccona. D10 6yaer nomepeyHoe
pacippende, B npouecce KOTOPOro KPHCTAJNB, 3€pHa 3aNOJHHTE-

I Yallette, Crltéres de résistance de la matiére (Kputepur npousoctd
matepuun), VI Mexayrapoaunii kowrpecc npugaansol MexanukH, CM. raxxke
0. 4. bepr, K Bonpocy o NpovHocTH H NiactudocTH 6etona, Jloknaam AH
CCCP, 1950, 1. XX, Ne 4, crp. 617—620. (Mmeerca dhpanuyscknii nepesog s Ila-
PUMCKOM MHCTHTYTe CTPOHTEIbHON TeXwukH.— IBTP.).

2 Cum, no sromy Bonipocy Coesen, Une discussion critique sur les éfforts
€ t les déformationé. JlaGopatopust Mexannku rpystos B Memstre (Tonaanaua).
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Jelf, 9acTHLB B CaAMOM WIHPOKOM CMBIC/IE Da3ABHraloTCAd Ha HEKo-
TOpBHIE paccTofHua APYr or apyra. Kak ToJbKO 3TO pacCTostHie
IPEBLICHT ONpPEfE/IeHHYI0 BEJIHUHHY, B COOTBETCTBYIOLUMX HalIpas-
TeHUAX MOXKET NPOM3OHTH ocaabjeHHe MM HapylleHue CBA3CH.
BpannenGeprep ! BHIpa3un TY e MBICJb, YKa3aB, 4T0 CYUIECTBYIOT
HalnpsXeHHs BHEIIHHe W Hanpsixkenua BHyTperxue, [Tox BHEIIHHMA
HanpSXKEeHHAMH ClelyeT ITOHHMAaTh BeNHYUHBI, ABIAIOLHecs 06bek-
TaMHK BHUHCJAEHWN KJIACCHUECKOH TEOpUM YMPYFOCTH H NJAACTHYHO-
cTH. BHYTpeHHHe HANpPAXKEHHS He MPHBOAATCH K BHENIHEH DaBHO-
neficTBVIONEH; OHY He BXOAAT B YCJIOBHS BHELIHEro paBHOBECHA
VIIPYroro Tena; OHM He BHOCAT HHKAKUX HapyHIeHHd B COOTHOlie-
HUSA MEXAY NPUJIOKEHHHMH HarpyskaMmu u nedopmauusmu, Ho ux
HeJIb3S MTHODHPOBATH BO BCEM, UTO Kacaercs NPOYHOCTH, OHH 20-
CTABJIAIOT KJIOY, DO3BOJSIOUMH COBEPHIHTHL [1€PEeX0L OT MNOHATHS
netbopmamdu K TIOHATHIO HalpsKeHHs B HCCAEIOBAHNY NA2CTHYE-
cKoft medopMauuy u paspyumienya.
PaccMoTpuM, KakK 3TO BCeT/Ia JE.Jae€TCS B MeXaHMKe CILIOUIHOM
cpenst, 3JeMeHTapHHA KyGHK HM30TPONHOrO MaTepHasa ® Hampa-
BHM ero 0CM NO rJIaBHEIM OCSM HanpspkeHus # pedopmanun. 060
-3HauuM uepes 7Ty, Tg, Ts raaBHble HalPAKeHHS, a yepes ej, €y, €3 —
riaBHHe pedopMalidm cooreercrBenno ocaMm I, 2, 8. Uepes T ofo-
SHAYUM CPCAHEEe 3HaUeHHe TpeX INIABHbIX HaTpIKEHHH:
L+ T+ T
T= —

2
2 yepez € — CpelHee 3HaUEHUE IVIABHLIX AeopMaunil,
)+ e+ e
—.
Bennanna 3e npeacraenser npupaulende obbema. OGosnauum ve-
MepL 4epes €,, &, €, PABHOCTH e == €,—-¢ MeXAy IaasHeMH aedop-
ManufgMH o cpenﬂefx nedopmanueit; Touno Tag xe ofpasyeMm pas-
HOCTH MEXLY IABUBIMHM HANPAKECHUAMH H CPEOHMM HaNPAKCHUEM:
T, =T, —T. 3averum, uto €, -+ €, €, =0 TOUHO TAK Xe, KaK ¥
T+T+TmQ

YpaBHeHHs, CBA3BIBAIOMIME HANPSIKeHRR H XedOpMauuy B Teo-
puy YOPYroCTH H30QTPONHOHM cpeAbl, NPHBOASTCS B TAKOM BHJIE:

ey= 4 (T, — (T, + Ty,

e =

P« 2 e wm s e e » . . ’ - . . " e . P e s a4

BBenesue ykalaHHbX BHIe 0603HaueHW® NO3BONSET NPHAAID
HM HECKOJABKO HHYIO GOpMY:
146 3a

1 Brandenberger, A new theory of elasticlty and strength (Hosas Teopus
ynpyrocTys ¥ npodnoct), VII Kourpece npuxaanwoh mexanuxy, Jlongon, 1948.
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HIR
1 —
e == _-“_EZL T;
’ 1 + q 3
&= 5 Ti’
rae
e=e-e,
BpannenGeprep npe,u.r{araem HHQBBaTb BequuuHy E,, onpegense-
1--
MYIO M3 COOTHOWIEHRS —— = —f—— , K03QHuHeHTOM (MORy:IeM)
¢
OAHOpOAHOH ynpyroctd, a E,, oupenensemyio ua —g——: I'Z_”, —
4

KoopdunuenToM (MoayJaeM) VYIPYrocTh (QOpMOM3McHenus (mepe-
Koca, HCKamenus). Mu sameuaem, uto E,=2CG, 1. e. Mmoayab yn-
pyrocty GOPMOHU3MEHOHHS paBeH YABOGHHOMY 3HAUEHHIO KJacCHYe-
CKOTO MOAYAsi YRIPYrocTd npu <asure, [TosyueHusie Bhilue COOTHO-
WIEeHHsT NPHHUMAIOT B HOBBIX O003HAUCHHAX CJAEAVIOWIHH BUA:

T N/ | 7

E=F 6T E TE

# COOTBETCTBEHHO
Ti=eE,+e E,;; T=eE; T =eE,

Ecan ozHa w3 rpane#t o06pasua ¢BoGOAHA OT HAPPY3KH, TO Ha-
MpAXKEHHO® COCTOSHME MaTrepuana XapaKTepH3yercsl COOTHOMUIe-
HHeM

eE,+e E, =0 wm T+T =0,

He o6pamaiouryioca 8 Hy/ b AehOpMAlHI0 B HE3ArPYKeHHOM Ha-
npaBJaeduyd MOMHO PACCMATPHBATE KaK DPe3yJabTHPYIOULy0 HAIpA-
KeRHus o6beMHOrO pPACLIHPEHHS M HanpsiKeHHs (OPMOU3IMEHEHHUS,
CyMmMa KOTOvple paBHa H},{.TIIO, HO JIEﬁCTBHE xapaxrepmyerca pa3-
JHYHBIMA KO3 HIHeHTaAME RedopMayH.

K pes3slOMHDOBAHHBIM MOJIOXKEHHSAM CBOLMTCA BcA Teopus Bpas-
AenGeprepa; aBTOP MONCHAET ee yKa3aHMeM HA TO, 4TO BHYTPeHHUE
Hanpsokenus pacuupedus T BH3nBawT O6BEMHOe pactlHpeHHe —
ynpyroe # o6paTuMoe, B TO BpPeMA KaK BHyTpeliHHe HaNpsKeHHA
popmousMenenuss T  ONPEAeASIOT AAA YAJHHEHUS ¢ TNpenen ynpy-
nocTH. Ho TIpeBHINEHWE 5TOrO fpefiesa BH3HBAET OCTaTOUHYIO Ae-
(bopMauxo B OAHOM HaNlpaBJAeHHH, COOTBETCTBYIOUME fedopMaliy
3 ABYX APYI¥X HATNPABACHUAX ABAAIOTCH Pe3yJbTaToM (POPMOH3Me-
HeHHR, 00ycAOBAEeHHBIX nepBoit JedopmauMed, nm OPH HAAMYHK
YIpouHeHHs MM COOTBETCTBYIOT BHYTPEHHHE YNpYTHe HaNPAKEHHA
QCTaTouHoro tHNa. [AR NpeBHUIEBHS npefena YNPYroCTH B Tpex
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HATIDABJCHHEAX B STHX YCJAOBHAX HYKHO CO3JaTh XOTONHHTENLHYIO
AeOpMalHIO, H TOrja TOJBKO MBl MOJYUHM siBJeHHe oflilero mina-
cruieckoro gedopmuposaius. Cornacso NOSMOXKEHUSAM, BHICKA3aH-
AbIM HA3BaHHBIM aBTOPOM, CYIIECTBYIOT, TakKuM oO6PasoM, nBa yu-
pyrux npemesa. Kpome TOro, NMOCKOJBKY YIPOUHEHHE OCTapisier
MaTepHan B COCTOSIHMM OCTATOYHOTO (OPMOU3MEHEHHS, BHYTDeH-
HHE QCTATOMHKE HANDSKEHHS Ipu OOPaTHOM 3aPpy:KeHHM Hapy-
WAKT yOpyTHH TNpexes, NOCAefHAN NPH ITOM CHHMKAETCA OTHOCH-
TENBHO TOrO 3HaueHMs, KOTOPOe CBOHCTBEHHO MaTeDHaldy, He Noji-
BEpraBUIeMYCsl 3arpyxeHuio. Beipaxkad 3To Ipolue, MOXHO CKa-
3aTh, YTO NPEBBINEHHE TNpenena YIPYroCTH NPH DPaCTAXKEHHH CHH-
RaeT B PABHOH CTEMEHH Mpefes YIPYroCTH NP CKATHH. IJTO ABje-
HHe B CBOUX KAaYeCTBEHHHIX XapaKTepHCTHKAaX GBUIO NPH3HAHO yXe
nargo: 310 »hderr Baywmsrepa. ObbscHedue DBpangenbeprepa
OCTPOYMHO, HO HECKOJIbKG HCKYcCTBeHHO, OH BmOAMT NOHATHE hop-
MOH3MeHeHHs, KOTOpoe mnpeicTasiasier o060 10O CYLIECTBY JHIUE
auddreperuranbioe yAAHHeHHe MEXKIY COCTOAHUSIMH CpenHell je-
dhopManKy ¥ COOTBETCTRYWOIMeR OXHOPOAHOK peasnHoll Xedopma-
uay. Ecau, HanmpuMep, Mbl HCXOAHM H3 COCTOSHHS THADPOCTATHYe-
CKOTO CXKaTHsI, Mp¥ KOTOPOM MaTepuasd HCNBITeIBaeT JAehopMamun
€, €, €, o0pasywlluc B cymMe HYJb, TO NPENENbHOE COCTOSHHE
IpH 3TOM OyOeT omnpenensiTbess 1Mo abCONIOTHON BEJIHYHHE cavoil
Goabniot w3 srux gedopMmaunit. Peun uier sneck, CAeL0BATENLHO,
He 0 GOPMOH3MEHEHMH, HO O TPOCTOM VI/MHEHUH, He 3aBHCSIUEM
OT CpejHerc 3HaueHys. 14Koe NOJOMEHHe HeNAb3d, oJHAKO, CYATATh
06LIMM, TOCKOJBKY OHO NPOTHBODEUHMT ONMITY.

Haubounwee dopmousMeHende W Haubonbluee YAJIHHEHHe

HazoBem dopMousMeHeHHeM (NMepeKoCOM, HCKasKeHHeM) TBep-
A0TO Tesia No TJIOCKOCTHM 3HAdYeHue CIBHra 7y 10 3TOH IJOCKOCTH.
3ra BejHYMHa upencrasager col6of Yron HAKnIOHA, KOTOpPHIH Tep-
BOHAUaJbHO HODMaJjbHasi K IJIOCKOCTH NpsiMas o6pasyeT ¢ Hellt
nocne nedpopmauuu. CABHT BBIPAXKAETCS TAaKMKe yepe3 napasielib-
HOe TLIOCKOCTH MepeMeuieHHe MaTepuanbHOH TOUKM Tenaa, pPacnovio-
KeHHOH Ha PacCTOHHHWH, PABHOM eHHHIE OT 3TOH miockocru. [1pn
BO3BPAlleHUH 3TOX MaTepHaJbHOH TOUKH IIOCJe CHATUS Harpy3Ku B
€€ IIepBOHavaAbHOE MNOJOXKEHHE NPOHCXOAMT [pUpallleHHe MOOoTeH-

o 2E
URANBHOK IHEDIHH B pasMepe — 5 HA eNMHULY MJIOLIANH, TaKKe

Xapakxrepuaywlllee casur. Ho ara sHeprus He MOMKeT BO3pacTaTh
HEOTPAaHMUEHHO: TOANEPKHUBAIOINAA ee DPAaBHOAEHCTBYIOWAA CHA
B33aUMONPUTANKEHHS MOMKeT CHH3HTLCH, M TOrAa [OTeHlHasbHAf
9HEPTHS, Tlepexolst depes MakKcuMmyM, napaer. [lo  ycrpanenu
BHEIUHeH HarpPy3KH MaTepHalbHAad TOUKA He BO3Bpallaercs B CBOE
NEepPROHAUAJBLHOE NOJMOMKeHHe. TakoMy COCTOfHHIO OTBe4YaeT HeKo-
TOpHit HanGoabWIKf CABHI, C TIPERHIIUEHHEM KOTOPOTO Marepuash
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nepecTaer GmTh YHpyruM. CocrosiHHe NPeAeNbHOTO DABHOBECHR Ha-
CTYN4eT, TakuM 0Gpa3oM, NMPH HEKOTOPOM S3HAYEHHH g CABHrA ¥,
onpeieasolieM HeoOpaTHMHE CHOBHI B OlpeesJeHHOM HalIpasJae-
HUM; 3TO HanpaBfAeHMe M HYXKHO M36paTh M3 YUCJA TeX, B KOTOPHIX
BO3MOXHB HauboJbillINe CIBHTIH. B stux YCJAOBHAX B on.pene.neuﬁe
KpHTepUeB PaBHOBECHS BOHAYT JHIIb KpalHHe 3HAUEHHH IJaBHHX
geopManuli, HATPUMEp € U és.

TMo Takof NAOCKOCTH CABKra BO3HMKAaer W HQPMaabHas aedop-
Maldf, XOTopad TaKiKe 3aBHCUT TOJBLKO OT Xpailnix 3HaueHHH
raaBHEIX gebopmandil. EcTh OCHOBaHHe AYMAaTk, YTO OHA NOJXKHA
y4acTEOBATEL B ONpele/ieHUH KpPHTepHeB paBHoBecHs, JlelicTBUTE L~
HO, B IJIOCKOCTH, HO-pMaJIbHOﬁ K 35THM BO3MOXHRHNM CIBHIraM, Mare-

& &y
pHaa OJ/IKEH HCHBITHBAThL CHAYAJAA YIJIOTHOHHE /L = L;‘_d_ ,43a-

£1—€3

reM (OpMOH3MEHEHUHE T =
MoXXHO nOOBITATLCA TIPOBECTH 31eCH JHEPreTHUecKHH noxcdeT
H 3aK/ICYHTh, YTO 3SHEPTHs YIJIOTHEHMS AOJMKHA BHPA3UTHCH TNPO-

U3BEleHHEeM ——(5’—_;2_&2—— Q (rne @ -— MoJy/sL YIOPYrocw), SHEpras

E
Ke (QOPMOUSMEHOHHS — uepes 1% -,

Eenn ynnorHeHue coofIiaer Teay oOIpejeseHHOe KOJHUECTBO
HEPTMY, BO3MOKHO, TG YACTL 3To@t 3HePruy mDocTylaer B aKTHB
CUJI TMPUTSIKEHUS ¥ TAKUM MyTeM NOBHIUaeT onocoGHOCTb Teda K
bopMmonsMereuno, DT NPEANOIONKEHHE MOXHO COOPMYJARPOBATH
B JOCTATOYHO OfuleM BHAe CJAeAYIOWHM 06pa3om:

TE,=K(h+1D,)*Q,

rae Dy -—— takoe sHaueHHe A, 9TO upu A=-—Dy, y=0, u, crenona-
TEJIbHO:

1=+D) ) AL

Ecan kospduuument K, Tak xe Kak n Q, nocrosHHas peHudda,
TO MBI TIPHXOJHM K JUHEHHOMY B3aKOHY.

Unmenno X TakaM e BHIBOJAM INPHBOAAT ¥ PE3YAbTaThl WCHLI-
TaHR#, xak MBl y6eZHMCH B 5TOM M3 HajbHeilmero. Cnoco6HOCTS
K hopmousmenenuro npedcrasiner Co6ol AUHEUHYIO (DYRKYLIO yn-
r0THenus, Takoe 3aK/OYEHHE, 3aMeyaTeJbHOe Mo CBOEH npOCTOTE,
HMeer, KaK MHe AyMmaercs, BecbMa OOWIMi XapaKrep, Ho uaJarae-
M3 HuUXKe TeOpMA JerKo HONYyCKaeT pacnpocrpaHenue 3toil ¢op-
MyJinl TaxKe W Ha CayduaHd HeJMHeHROH CBS3H, eCJH O B 3TOM
BCTperniiach HeOOGXOAUMOCTb. 3aMeTHM, HaKoHey, yTo npy K=0 Mu
06HapyxHBaeM B HalIHX (OPMYJIHPOBKAX TEODPHIO IJIACTHYECKOTO
Tena Cen-Benana,

[TosoxuM, uTo HaM H3BeCTHH HaWMeHbIlee ¢, u HauGonbiuee €3
H3 rpasawx nedopManuit. JedopManus casura B COCTOSHUH paB-
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HOBECHs papHa 7Y, a HOpMaabHas RedopMalusl K [JIOCKOCTH CKONb-
WeHHA, 3aBHCALIAH JHIIL OT & H &, paBHa e. Bexrop, mpeacras-
JAIOWMA Pe3yALTHPYIOLULYIO € K Y, JAOJIKEeH pacroiararbes Ha
kpyre Mopa (puc. 58), pamwyc KOTOpPOro paBeH

ég— &€
r=-=—————2 )

a HeHTP OTCTOMT O HaWaNa KOOPUKHAT Ha PACCTOAHKMH

_ et e4
h= 5 .
ITockoaeky r npeacraBaser
r ”puaai' cobolf  Jaune#Ho  BO3pacTalO-
8,,aﬂ°” myto GyHKUHIO 4, MH BIpase Ha-
npﬂa AHCaTh
X 2; —eg e 3 e
¥ Y 5 = 9 2 + tos
4
o, ! €, TIAe n— NOCTOSIHHAS, OTKyAa
r...___.e ] ]
P —— f —— Yy = nh —‘I“ ro.
Pxuc. 58 YcnoBusi HapyieHHs paBHO-

BecHsT NpeAcTaBJeHR, TakKuM 00-

Pa3oM, ceMeliCTBOM KpPYroB, napaMeTpKUeCKOe BHIpaKeHHe KOTO-
poro npuHBeAeHO BHIIfie, & oruGarolias nosyuaeT 3HaYeHHe Npelets-
HOl Kpuroii pedopMauxll, NepexoAdiuiell yaie BCEro, KAk MH YKe
YKa3pipajy, B DpsaMylo. TOYKa KacaHHH OKPYKHOCTH ¢ Npelesb-
HOH KpHUBoOfi ONpeJiefsieT HaNpaBJieHUe CRBUra,

Mpl DpHXOAHM, cACHOBATENLHO, K NEpeHeceHHo npuHIMna Kako
Ha obnacts AedopManuii, Pasauune Mexay yXKa3aHHLIMH TOJKOBA-
HHSIMY 3TOrO MPHHIATIA BHTEKAaeT W3 TOrO, YTO MH YVUHMTHIBaeM BHY-
TPEHHUe ﬁanpﬂme}mx, BO3HUKAKOIIKME He HENOCPERACTBEHHO, a B pe-
syneTate pedopMmanni, Muade ropops, npuuuun Kaxe neficrure-
JNeH ¢ TOUKM 3PeHMs 3TOH TeOPHH, eCIH YUUTHIBATL CHJL], peassid
NOpOXNaeMhule B TBEPDAOM TeJie OTHOCUTCAbRBIMH TnepeMeleHuIMi
COCTABASOINKNX €r0 YaCTHLL

Ho mp yxe o6patuam BHMMauue B Hauaje 3TOTO paszjena Ha
TO, 970 NOHSATHS HAKOOJBIIEND CABHTA HJAH CKOJEXKEHHS HenpH-
TOOHH B oOBSCHEHHH DApga clAyuaes paspylIeHHst XPYIKHX Mare-
puaaos, EcTe ocHoBanWe MOJaraTh, 970 MaTepHaspl CrHoCOGHB! pas3-
pyWIarbCH W IPYTHM CHoco6OM, €CIH paciiipeHMe CTPYKTYpHl 10-
CTHraeT B KAKOM-JHGD HampPaBNEHUH KPHTHYEOKOH Be/IHYHHK YAJIH-
HeHu4,

AnanuTHUECKH 9TO YCIAOBHe MOHO BHPA3UTe B TaKoi dopme:

lel|>ldoly
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npHuEM yIlJ]MHeH}{HM 3Jeck NPATIHCBIBAeTCs OTpHI[aTeJIbeIﬁ 3HaK.
Tlosnas npepenbHasi XpHBAA COCTABHTCA IOITOMY K3 OTpe3Ka nps-
Moli (mam kpuBoit) AB, BOocxoasfuieii B HANpPaBJAEHHAX TOJOXKH-
TebHBIX 3HaueHHit ocell, um Hu3 BEPTHKAJNbHONH NPAMON, HMewlne#h
abeumecy do (pwe. 59).

Jlaa toro uro6ui mepeliTH OT y¢JOBHHX 0803Hauenuit B Aedop:
MaldAX K COOTBEeTCTBYIOUIMM OCO3HAYeHHAM B Hanpsikeuuax T u
T3, HaM cIegyer Jdibs Han¥caTh

1—
e(—f—e3==(T,—l—T,)—Ei-—2—°T2,

E

ey — ey = (T) — T}) (1 +9).
O6o3Hayup uyepes R=—Z’—%-ﬁ pajuyc Kpyra HanpsxeHuii Mopa,
qgepes H= fri'«;—r—"———- afcuMcey HeHTpa ITOro Kpyra k, HaKOHel,

upunns To=H+4 pR, rae p— x09QOhHUUKEHT, N3MeHMIOIMIACS OT
—1 mo +1, momyunm

8
h=HI1ZE R ¢ | .
I
l’/ 4 {/\
t /2 "

r=R LE_" )
. d(’
HanomnanM 3pech o6Go3nagenus Bpan-
AeHGeprepa: Pue. 59
1 _ 1—2 | 1 1+
E. T E °* Eg ~ E

U3 conocrasieHus Haxoaum

L op R 1
LR .

# o0parHO:
R=rE,; H=hE,+ £ (E,—E,).

[Ipenenbnas kpuBas HANPSLKEHHH, OrHGAIOLIAsT KPYroB pagnyca
R ¢ nenrpom H, npeacrasgiasier co6oli XKpHBYIO, BOCXOMSILYIO B Ha-
NPaBJeHMH NOJOKUTEAbHWX H; HO MNOJOXKEHHe ee MeHNETCS B 3a-
BHCHMOCTH OT p, T. € OT OTHOCHTEJLHOrQ 3HAUYCHHSN CpeHero Ha-
psxenns. YTo Kacaercs pa3pylieHusi BCJAEACTBHe pacClIMpenwus,
TO ycaoBHe ero GOpMYJRPYETCR B HANPSHKEHUAX CAeAYIOuUHM ofpa-
30M:;

k—""r+d0::0.
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A

Bete kpyru Mopa xacateannn k seprukasm C ¢ aScnuccolt — d.
Beeaa Doy=dyE,, noayauM

H+ Do 4 [8+0) £ — o],

T, €. JUHeHHOe COOTHOLleHWe Mexnay H u R, orpaxkaiollee CBO-
CTBA MaTepHaja ¢ KYJOHOBHM TpenueM., ¥Yrog &, o0pasycMbift
orubampmefl npaMON € TOPM3OHTANLHOH OCBIO, HAXOAUTCA 10 CH-
HYyCY:

3

sina ==

-

E.
3+ p)—=— —
( ?) Eg p

OruGalwoimas nepecekaer
ocp abcuuoc B TOouke M=
=—Dy. TloaToMy npenes-
Has KpHBas 1Js Onpele-
JEHHOI'O SHAUEHHA p CO-
CTABJASAETCR H3 HaKJIOWHOR
npsMok H  BOCXOAAILEH
#  KDHBOH, TNIpH4eM <COIpaMe-

HHE MEXKIY HEUMHM OCylHe-
CTBJAACTCH  OKPYKHOCTLIO,
Pue. 60 KacaTelbHO# K 06GeuM Kpu-

BBIM, CIIEHTDOM, JNeXalHM

Ha ocu abcumee (puc. 60).

Bee xpyrn Mopa, xacaTeqpHad K KOTOPHIM pacrno/aTaercd
BJEBO OT @, ONPEJENSAOT paspylleHHe BCASNCTBHE DaCLIMPEHUS WA
OTPHEBA; BCe KPYIW, KacaTeabHas K KOTODHIM paciloaraercsd Bpa-
BO OT b, oTpene;isioT cABHr (ckoabxedue). OTMerum ellg, 4To €
sospacranuem p or —1 go +1, YeMy COOTBETCTBYeT BO3pacraHueé
Cpelnerc HANPSKCHUSA OT HAWMEHbUIero no Hauboabllerg H3 a38yX
NPYTHX 3HAYEHHN IJaBHHIX HANPSKEHMH, yros « YMeHbLIaeTcd,
W NpelenbHas Xpusas CHABMTa HAKIOHAETCH X ock abcmuce,

Moanoe ynpyroe ¢gopmousMeHeHne

Bcee, uro 6ml1o cKasaHO TONBKO YTO O PeXmme DabOTm Mare-
paanos B Ipepesax YNPYyroro CABUTa, OTHOCHTCH HCKJIIOUHTENbAO
auiue X 3Toft o6nacru. [lna Geroma Ke onpereseHue Npenena
YOPYPOCTH HMeeT BeCbMa OrpaHHUeHHEHt CMblcs, Mukenepa-npak-
THKa HHTepecyer Ipex /e BCero paspymenue. Beskuit casur (xovo-
peiit oro6paxkaercs Kpyrom Mopa, omensiomymM Npeneabsyo Kps-
BYiO OT ynpyrok 06jacT¥) BH3HBAeT 0 YCTPAHEHHH BHEUIHMX CHJ
OCTaToyHoe (POPMOH3MEHEHHer DTO NocyeAHee NpeAcTapaser coGol
pe3yabTaT HEYNPYDPHX CKOJLXKEHHH, JOKAJU3YIOUIHXCH To MOBEpX-
HOCTAM HJH IO INIOCKOCTAM, MMEIOIMM OmpejliesieHHEle HANpaBJe-
nus. [lpepeiBHOCTL TpencraBaser coB0d CJAGACTBHE HEOXHODORIO
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CTH MATEpPHANa B MHKPOCKOIHYECKOM HJIM MaKPOCKOUUYECKOM OMbI~
cne. CABHIH BO3ZHUKAIOT B MECTaX HAHMEHbLUIEro CONPOTUBJEHHS 1O
OTHOLIEHHIO K CHCTEMe BHEUIHMX BO3AEHCTBHIl W DPaCTpOCTPAHAIOTCA
HOCTENEHHO IO BCTPeud co CBOGOAHBIMY NOBepXHOCTAMH., OHu mpH-~
BOJSIT B 3THX MeCTax MaTepHas B COCTOfHHe OoJiee YCTOHUMBOTQ
papHOBecHS, CABHIH K€ BO3HHKAIOT, NO-BUAHMOMY, B TOM CJyHae,
écau MaTepuas 3ATrDYXKaeTcs CBepX M3BECTHBIX IIpefeoB YODYToro
2epOPMHDPOBAHHS B HEKOTOPOM MHHHMAJBHOM 0ObeMe BOKPYT TOU-
KH HauMeHbllero COTDOTHBJIESHHUA.

[Mocne Toro xak BHelrHWe RBO3JEACTBHS BHI3OBYT B HEKOTOPHIX
o6JaCcTAX pAcCMATPHBAEMOI0 HaMH MaTepraja NpeBhillieHde npe-
JeJla YIPYroro paBHOBecHf, B o0beMe, 3aHHMAEMOM STUM Mare”
pHasoM, OKaxyrcfi 06JacTH, AOCTHTINHE HO-
BOTO COCTOSIHUSA PABHOBECHUS, 2 TaK Xe W ApY-

rHe 06JaCTH, BO3NEACTBYIOLIHE Ha TepBHle H /
UCNHITHBAOMHE ynpyroe (DOPMOH3MEHEHHE ‘
(Hampumep, pacrsop u 3anojHuTean). Ho /
stiM OyZReT oObsiCHeHa JHLb 4acTh OCTATOU- P V]

HOro M3MEHEeHHs, 4 He TOJHAH ero BeJHYHHA.

Uroe6Bl OCBETHTE 3TOT BONpPOC, npeacraBuM [.//

cebe TBEpAGE TeJAO0, B KOTOPOM [POUCXOANT

casur no anockoctu CD (puc. 61), 3arparu- e
Basl JHMIL JIPeAeJbHYK NOBEPXHOCTh, OH OCTa-
BHT [0C/e PAasTPY3KH B OKpyxaloumed obacty Prc. 61

yupyrue ¢opMon3MeHeHus. Ecin 3arpyska

BH3Baja B Oerone Oouablioe uHcjo CABHrOB mo naockoctu CD, 1o
B pesyibTare uX IoJyuaiorcd obiliee cpeiHee ocraTouHoe hopMo-
H3MeHeHHe ¥ BHYTDEHHWE HANDAXKEHHS.

Bo3M0OXHO, UTO 3TH NPEACTABJEHHST MOTYT OKa3aThCA MOJIES-
HEIMK p H3YUCHMH NJIACTHUHOCTH., Besfkoe njacTaueckoe GHopMouss
MeHeHHe A BieyerT 3a co0oH ocTarowHoe Yupyroe QopMoH3McHe-
we <<, BENRUMHY KOTOPOIO OCTAETCH ONMPEASJHTE.

OGosnayum uwepes 8, M &, pawMeHbllec M HawboJbllee 3HAUYe-
aMs rIasneplX niactHuyeckux pepopmammii, Torma miacTuyeckoe
hopMousMeHerue BBIPAIUTCH HX NOJYDPa3HOCTHIO:

A= 51‘68

.

Ilpeacrasum cebe TBepROe TEJO KaK YNPYTYIO CPeRy, B KOTOPOR
naacryyeckue AebOPMAIMK CO3JaAH MHOXKECTBO CBA3ell, mpenar-
CTBYIOIMX BO3BPALIEHUIO CHCTEMB B HAYAJBHOE COCTOSTHHE.

B ynpyroi# Cpefe OCTAeTCH, CAENQBATENLHO, TOTCHUHANLHAA

yapyrag sHeprusa TEg, KOTOPOH COOTBETCTBYET CcpellHee ymnpyroe

dcrarounoe (GOpMOH3MEHEHHUE.

Ecam nonyuensoe GopMoM3MeHeHHe OCTaeTcs NoCje PasrpyskH,
T6 3TO 3HAUWT, 4TO NOJA HATPYSKOH CYUIECTROBAIO NOJHOE YUpY-
Moe GopMOMIMEHEHME, NpeBHIaBlIee £y, T. e 7 =71, 4 &
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Ilpupamenno BHRemHero Hanpsxkewus E dr, comyrcrayer mpu-
pallledue oCTATOYHOR mIacTHYeckol fedopmauun dA W cpenHedt
BHYTpedHed ynpyro# nedpopmaunu 4§. YKaKeM BMCCTE C TeM, 4ro
HCTHHHAS [nacTHYecKas fedopMalnst paBHa d A—di  NOCKOJBKY
W3MepeHHas BeJuduHa AedopManMH 3aKjoyaeT B cefe 4acTh ynpy-
roit pedopmaumu d&, woropas MoxeT ObITh OCBOOOMIEHA JHIllb
uyTeM NeONOKMPOBKH NAZCTHYECKHX cpssded. Pafora niaacTHyeckoi
nedopManuy BLIPA3UTCS NOITOMY NPOH3BEISHHEM

AW, = E,r,(d — db).

Pabora ynpyrofi nedopmauny npencrasaser co60i CYMMY mo-
TERIIHAAbHON SHEPTHM, HAKOIJIEHHON OCTATOMHHM HAIPIAXKenHeM #
paenoft £,8d%, n sHepruy  TepeMelUeHHS  3TONO OCTaTOYHOTO Ha-
NIPSAKEHHS BENHYHHON dA, GJAOKHPOBAHHOTO IJIACTHYECCKHMH CBS-
35IMH, T. €.

AW, = Ei(dt + db).

Mb Moxem cKasaTtp, uro pafora, pacxoayemast Ha MJACTH4e-
CKoe Ze(pOPMHPOBaHHe, paBHa paboTe ynpyro#i AeOpMalHH, T. e

r. dA =r,dt + tdA 4 &dt.

PaGora njacruueckoil jaehopMaudd, pasHas IIPOH3BEASHHIO
BHelHeH cunnl L£,r, ®a COOTBETCTBYWOWee nepeMelllenwe d4, co-
crapnseTcs u3 BHYTpesHelt noresmuuanvmoii snepram E fdt u us
paccesiyHofl 3HeprUHU

E, (r,di+tda).

B cayuae, nanpuMep, miacTuyeckol AedopMaumn nmoa nOCTOSH-
Hoit Harpyskoli E r, nopsas paborta miacT#decKoil Re(opMmaius
noayaurcs pasoit W,==£,r,A, Ecan § onpeaeauts #3 ykasn-

. . A
BaeMoOl B fanbHeilireM NpuGAHKeHHOH dnopmynmisrrid,'ro OTHO-
- e
meye Ve B oo
HUe Wp ——W Aact
A
W, __ Te
Ve ANT ¢
i+
A
OrHollieNHe »To AOCTHraer MakcuMyma 1,125 ans ——;;-zl H

,
CTPEMHTC K —;5- TpPH HEOTPAHHYeHHOM BO3DACTARMH A, Dro aHa

YHT, yTOo BHYTDEHHss nOTEHUHA/bHAs 3JIHEPIHA COCTaRjder JHWb
He3HAYKHTENbHYIO NOJI0 HCHOJb3yeMOH SHEPIHH IJIACTHYECKOH Xe-
dopmaunm,

Bepuemcs k ypasmenuio 7,84 — r,dé = tdk+ §dA; ero MOXHO
HapuCarty B TaKoM BHIE!
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(re 45y di=(r,— ) dA

HJIH e B BHAe
I3 re—% dA

dre r£+a l d(g *

TeopeTuyeck® npM M3BECTHOM OTHouleHud A(7,) oHO AOJKHG
aate dynkuyio §(r,). C 3T0ll Lenbio ero MOXKHO NIPOMHTENPHPO-
BaTh B KOHEUHHX PA3HOCTAX BJIOJE 3KCHePUMEHTAIBHOR XPUBON.

Ecmu ocn aaeMeHTapHOTO KyGHKa COBMECTHIL € JIAHUAMM [JIdB-
Hbix JepopMauuii, To ycI0BHe pABHOBeCHS TAKoro KyOWwka BHIpa-
3UTCS YDABHEHMEM Yqp-tNgs==Ti; TPH riz+rua=ri3 U drip+dry=
=dtyy,. 30ech r;; npeacrapasior coboll ympyriae GopMONIMEHEeHHS
r, (KOMIIOHEHTH TeH30pa-AeBHATO-
pa), oOycaoB/EHHHE BHEUIHHMH
cuaamu, a v, =r;+4%;,. 3o
IIPUBOSMT K OBYM YCJAOBHAM:

JRTE IO T I

s ri3 ra3
d
12 j— 13 — 23
rig 713 reg ’
¥ —38
rae Ay =— =
a 8, —rJaBHHE NJacTHIECKHE Puc. 62
JAedhopManu.

Bo BTopoll rpynme npHBefeHHBIX S3AeCh YPABHEHMH MbI Y3HaeM.
sakon Jlepu-Museca, XopoWoO U3BECTHBIH H3 TEOPUM [JAACTHYHOCTH.
HMa nepsost rpynnel ypasHemu# caeiyer BHIBOX O NPONOPHHOHAIB-
HOCTH MEXRY IIOJHBIMH YIIPYDHMU (1)0.pMOIHSMeHBHHHM'H X BHE-
HHMH ynpyruMe QOPMOUIMEHEHUAMY,

£ _ ro-t&dA
YpapHenue - = —f—— COBMECTHMO, CJIEJ0BATeJbHO, C 3d-
e
KoHaMy  NAaCTHYHOCTM ¥ PaBHOBeCHs  AeQOPMHEDYEMRBIX TeJl.
Hccaenvem rteneps xapakrtep ¢yuxumu £(r,) B ee 3aBUOMMOCTH
OT pHga QyHKuuu A{r,).

HypeanonoxuM cuayana gaanyde cayuas Cen-Benana (puc. 62),
Tle Myl pasaHuaeM ynpyryio craiuio OA H naactHMecKyio cTandio

B sroii nocaeanedt craaun 7, — BeSmunHa NOCTOAHHAN, H HAlle
YPaBuenue npHHUMaeT BUL

& re—%
d4d T ra 4t

ADNYCKAIOUINIT HHTErPHPOBAHHUE.
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Tlo BREINOMHEHHH HHTErpUPOBAHUA NOJIYUaEM

A 1 £
7:=2lﬂ—lj‘—*7e—,

e

T. ¢. BHpaXKeHHe, HEABHOE OTHOCHTENLHO —f—
4
OxonuyarenbHEE PE3YJALTATH B ri =1 -—f— npeACTaBASHH Ha
. e &

rpaduike (puc. 63) BepxXHel KpUBOH 3aKona NAAcTHUHOCTH 10 CeH-
Beunany pasg p=1.

Jaron naacmuynocmiu no Cen-Besany u=0. pi=1

- eV

T Fexbaveenas R o s s ot e
popryna | B R e 3

N [ S e o
= g T4 .

® - “'/ 4T L1171 1%

R 15 ! /;1/ LA .

2 N,

2 LI Ip0nopuuanans Hetd 3aKoH n/wcmawocma‘c,u_-o ]
N a4
‘ P Tt

4 | Tnavenus M, !
I/ 7 2 7 p 3

Puc. 63

MoxHo paccMOTperh TakXKe M Cayyaii, korga A — mMHefiHasA
¢yHkums r, Buga A =gr,. O6uee ypasHeHde NPHHHEMAeT TOFIa
BHj

dé ro—¢%

ary T e D
TAC =

Te
Pemenne §==Kr, ynoBieTBOpser 3TOMY YDaBHEHMI0 H AaeT

N e

Te 2 .

E 3

Fpabuyeckoe mnpesicranjeHde 3TOrQO pPEIEHHS N&HO Ha pHe. 63
(HvXHel KpHBOH NPONOPHHOHANBHOTO 3aKOHA NMACTHYHOCTH AJf
o =1). Takum o6pascM, pasHHIa MeXAY 3aKOHOM IAaCTHYHOCTH
no CeH-BeHaHy W DPONOPLHOHAJBHEIM 33aKOHOM ILIaCTHYHOCTH, €
TOUKH 3peHus BeJHYHHH 71, HE3HAUUTENbHA, MOCKOABLKY pacXoXK-
xeHHe agech He npennimaer 10%. Besxas xpusas aedopmaiuus,
yraaampaomascs Mexay OAB u OB (puc. 62), maer 3Haueuwue,
NPOMEXYTOYHOR MEXKAY 3HAUEHMSMH YKa3aHHHX KpHphix puc. 63,
H 3TO oTHocuTcs X GoJblueli 4acTH KPHBHIX AeopManyn, 3aMeTHM,
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qTQ Aqs BCAKOro npeXpalieHuss niaacrHieckofi nedopmaldd, oTo-
Gpaxaemoro Ha puc. 62 mepesomom ab KpHBOil B BHIE CTYNEeHLKH,

. d a5
napannensbuoit OA, —— =0, a sxaunr, T=O' T. ¢. QOpPMOH3Me-
e e

HeHue % coXpaHser NOCTOHHOe 3HAYEHME,

B c¢Ba3zu ¢ 3THUM NPEeACTABHJIOCH MHTEPECHHIM HaiTH TNPAGIH-
JKeHHOE pellleHHe, NPOMEXYTOUHOe MeXAYy ABYMS BHlICIpHBENeH-
HHIMH, B TDEANOJOXeHHH, uTo xpusas Aeopmanuu AB pacnona”

raercs B Tpeyrospuuke OAB. Takoe pemenne mMeeT BHI &=

# naerT 3HaueHHe £ B 3ABHCHMOCTH OT OKOHUATEJbHUH BEJHUMHN
A, a He OT NpPeXMIECTBYIOIMX 3HaueHu#. Pe3ysprathl MH HAXOJAUM
Ha rpaduxe puc. 63, # oHH yfexaarOT HAC B TOM, YTO OTHOCHTE.Ih-
HEHE MOrpPellHOCTH MeXAY KpaliHuMH 3HAUeHHAMH %/r, He Ipe-
socxoaaT 6%. Takasa CTeneHp TOYHOCTH TIPHeMJaeMa AJA RPaKTHKH,
TOYeMY INOJYYeHHOe BBIDaXKEHHe H HCIOJb3yercs B JAaJbHeHIIeM
ANA yucJeHHnX pacyeron. OrMeTHM TaxkXe, 4to 312 QOpMmMyaa o
Beuder 3aKOHY AZAATHBHOCTH §,--8ra==%5, €C/IH TOABKO NP 3TOM
yaoBJeTsopAercs ycsoeue Jlesu — Muzeca, '

O6parTyM NIONYTHO BHMMAHHE HA OJWH BECbMa HHTEPECHHIH uya-
CTHHIYL ciayuali 3arpyKeHHs, a HMEHHO Ha cjyuall pedakKcalya.
HenmryeMmulli o6pasen nmompepraioT cHazaja peskoMmy GopMoH3Me-
HEHHIO A0 3HAUEHHUA 7o, TOCAE UEro, COXPAHAR 3TO 3HAUEHHE II0-
CTOAHHBIM, HAOMIORAIOT, KaK pa3sBuBaeTcs ero aedopmauus, Mu
yCTaHARIMBAEM, TAKMM 06pa3oM, TOXAECTBO ro=r,+4,a 3areM,
BHOcH erg ‘B NPeNbIAYILyio GopMy.ly, moaydaem

[

A
b=t =(re—5) 7.

' A1
OTa Be/yuWHa JOCTHIAET MakKCHMyMa aJad ——= 3 H, TIOCKOMD-
0

KB HAKOTUJICHHAA 3HEPIHS He MOXeT YMEHBIUMTHCS CAMONPOH3BOJIL-
7
H#0, A He MOXeT NPeBHICHThL 3WaYeHHs A§~.-_-~§°-, OTKYJAa HaXOIHM

-
r, =_2-°-; peakua He MOXKET CHH3HUThCS 60Jblle, deM HA TOJOBHHY

CBOEro HayaJabHOrO 3HAUEHHWA, D10 -— cjaydall, KOTAa TBEPLOE Teao
NORNAeTCH YIPOYHEHHI0 M COXPaHSeT CBOI MOTEHIHAJBHYID 3HEp-
rio. Ecay 3Ta NOCHERHSs YHHYTOXKAETCH, peaklusi MOXKeT YNacThb
IO HYJs, KaK 9T0 HMEET MeCTO B KUAKOCTH. Ho ajif TBEpABIX Tex
Nos3ydecTs OrpaHHuera; ecIH aas OeToHa A==Kr,, 1O MH HaXO-
AHM

ro={(1+4K)r,; "e=ﬁ; E=(l—§7—ﬁro.

ITpoBenewstle pHUIE BLMHCICHHS YNPYIHX OCTATOUHHX GOPMO-
H3MEeHeHHH OCHOBAHIBAIOTCSI HAa TOM INPeANOJOMKEHHH, YTOD BO3BpAT-
Hag BETBb JHALPaMMEBI 3aTPYKeHHs Npeacrasiser co6oH npsaMyio,
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napasjenbHyl0 ynpyroi fpamoll, 310 3IHAMHT, UTO NAACTHYECKHe
zebopMau¥n octaloTcs «ONOKHPOBAHHBIMH» HJR <OBA3AHHLIMHY»,
n0Ka AJHTCH pa3npyska. BoaMOXKHO, WTO NOA BJAASHHEM OCTATOH-
HBIX HaNlpsixeuuii, COOTBETCTBYIOIIMX £, 4acTh cBA3efl MOCTENEHHO
pa3MhblKaerci — sIBJI€HME, KOTOpOe MPHHATO Ha3bBaTh <IOYTH
OCTATOYHOM pPEaKTHBHOCTBIO»., Touka B mepexogur Torxa B B’
(puc. 64), u3 uero cJegyer 3aKJOUATH, UTO BHISBJASEMOE THETEpe-
3UCHOM TeTJell TpeHHe MMeer B CBoedt ocHope 0GpaTMMEI TJacT-
yeckuit xapakTep. Beanunna £, (BB’) npencraBaser majiesue pe-
aKuUUH HEKOTOPOH 4HacTH MIACTHYECKMX cBsI3ed, T, €. OCT4TOuHBIX
ynpyrux topMonsMeHenuii, Ecam nporws Touxku A, oTBevawulelt
HanboJbllel# HADPys3Ke, MB HaHeceMm pesmuuny AA'=OB’, pasxyw
ocratouncit medopmauux, TO UyTEM
nocJefoBaTebHBIX onepauuii Bo3pa-
CTAOUMX BSarpyxeRwit W pasrpyso
MB TOAYYBEM KpuUsyrc o6parumeix de
dpopmayuii, Ee cMmewnsalor o6GHUHO
KpuBod ynpyrux jpedopmanui. Hg
MH B#AWM, UYTO STH KPHBHE — He
OIHO M TO XKe. EauHCTBeHHOR KpH-
Bo# ynpyrux nediopMauuii spasercs
anech auHks OH, oTBeyalwouas BIOJHE
OnpefeNeHHOMY MOAYJIO YNPYrocTi,
TIOCTOSSHHOMY K He 3aBHCALIEMY OT Ha-
rpysks (IOCKOJbKY pAedopManuu oc-
TalOTCH JOCTATOYHO MAJRIMH)., D10 —
Puc. 64 Koa(punpeHT, onpetessieMHl H3 BHO-
PALHOHHKX MCHRITAZHHH, COXPAHAIO-
ILAH CBOE NOCTOSIHCTBO M He 3ABHCAUHI OT BEJHUUHE HANPAKEHH?
(cm. raasy 11, cTp. 91).

KpuBass ofpatumpix nedopmauuii B TeM Gosblledl creneui
OTKnoHAETCs 07 npsamoit OF, uem caabee GIOKHPOBKA OCTATOYHBIX
HanpskeHud. Jra OGJAOKHMPOBKA 3aBHCHT OT CBOHCTBA «YNPOUHEHUA»
IJacTHIeCKUX nepopMalyil; ecnan uepes 7, 0603HaYUTL o0paruMule
hopMoN3MeHEHHS, TO MBH MOMEM NOJAYYWHTb BHIPAaXKeHHe F, =T1,+
+ (1 — 8%, rme B— xoadduUMEHT YNPYro-NAACTHYECKOR 6GAOKM-
poskn. Has B=1 waxomuM r,==7,; MaTepdan oGrajaer HAeanb
HHIM VIPOYHEeHHeM.

Tenepr HYXHO BepHYTbCA K YypaBHEHHIO DPaBOTH M COOTBET-
CTBEHHHM 00pasoM H3MeHHTh ero. Pafora Ketopmanun ynpyroh
CHCTEMBI BRIpaxcaeTcs [POH3BeAEHHEM

AW, = Ef (ds + dA,).

4

Yyurmsag, 4To
da, = dA, — (1 —B) &,

HaxoauM
¥t - EdAy — & (1 — B) @t =7,dA, — r,dE
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AR
tdA, + Bidt =r dA, — r dE,
OTKyJa

— I‘,—E
dE = —_"_—"re ‘|'| ﬂE dAo.

Jas sakona naacruuHocTH no Cen-BeHany (TeueHHe nog MHo-
CTOSHHOR Harpysko#l) nojyuaeMm

= +Bn ——p

Te
14 vl

017 NPOTNOPUHOHAJBHOIO 3aKOHA ILTACTUYHOCTH

A2 a A
: l/(l+_’?) +4B7§_(1+ )
Fe 2
Ecau Tenepn, B NPOTHBONOJIOKHOCTL DPACCMOTPEHHOMY CJay4aio i
=1, mu nosoxuMm B =0, 10 noayuum: f
st maacruuHocTH 110 CeH-Benany

A

£ A
el

AAs npONGPUHOHANBHOTO 3aK0HA TJACTHMHOCTH
a

Te

A
T+

£ o .

Te

Bropas m3 s>mix &opMys NPUBOAHTCA K yKe paHee NPHMEHeH-
HOM npakTHYeokoi topmysae. [lepsas npencrasiaeHa Ha puc. 63.
[Ipaxrugeckas c¢opMyna gaeT and KpaHHero cjaydas MakcHMadb-
#Hoe ykigonenue B 11%. B meppoM IpHOAMIKEHHH €U0 NONYCTHMO
OPH3HATL ellle NPHEMJIEMEBIM.

Ho snone kpuBofi dedopManuy BCernga MOXKHO NPOHU3BECTH WH-
TErpupoBaHHe ¥ HAHTH 3HAUeHMs A, W A, IyTeM 3arpy3Ku 4 pas-
IPY3KH. _

Temeper MOXHO TMONBITATLCH TPOBEDPHTb ULEHHOCTH 3THX (QOPMVYX
Ha 3KCIEePUMEHTAJHHOM [IpuMepe H ITPOKOHTPOJHDPOBATL HX TOM-
HOCTD.

B wamem pacnopsiKeHHH HMeercs 6eTOH, MOLYAL YIPYrocTH KO-
TOPOTO, M3MEDEHHH BHODAUHOHHHIM METONOM, OKasalcs DPaBHHIM
440000 xez/cm?, a xostdopuumenr Ilyaccona o =0,18. HMonerranue
Ha CIKATHE DIO3BOJNET JIETKO ONpese/IMTh
= TP 1 ( P)

?

Te 2E ! 3

B o

E
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TAe P— npunoxeRHas HaTPY3Ka;
e— MOJHOE YKOPOUEHHE IMOf HAaNPY3KO#,
C apyrofi cTOPOHH, OCTaTO49Has JedOPMalHA NOCJE pPasTPY3KH
paBHa ¢, Tak 4TO
’ P e 1"_3
e—g 7 =27 T g

OTRyna MOXHO onpefesuTs (1-—B)5. 3Hauenus 3Toft BesMUHHBI
ApuBOAATCH B HHXKecaenyioulei tabjuue.

r 4 (1—pe 3 Tet
e | e '
B EAKDUIEX Alt 108
50 67 15 11 12 0,095
100 134 50 33 36 0,08
150 200 100 62 66 0,06
200 266 187,68 112 110 -—0,01

Mgul BrauM, 4TO, ec/H NPUMEHUTL NPUGIUIKEHHYI0O GHOPMYnY
reh o

P _‘;_ . TO XO3p)UUHMEHT Ynpyro-IIACTHHECKOH OJIOKHPOBKA
€ .

=

fAoJayuaeTcs OyeHb MaJhM, ocTaBasck scerna mmxe 0,10. B mocre-
AYOIWAX BRUHCIECHUIX AJA 6eroHa B HeNdX ynNpoueHHUA OH HPHHM"
" M2eTcsa DABHKIM HYJIO.

Onpenenum Teneph BCAHYHHY 0ODATHMBIX yIPYIHX AedopMaidi
apu B =0, 1. e r,=r,+ & ¥u cparuuM ee c yapyrofi o6parTuMoi
pepopMauyel, u3MepeHHOR NPHM Pasrpyike. 3T0 cpaBHeHHe WPUBO-
AATcs B TabJaHIe.

Harpyska Ty ry i 7., H3MepeHHoe
» Kz/cH® BLIMHCACHRAOS gamepenuoe 7., BENHCACHHOE
50 78 79 1,01
100 167 170 1,02
150 262 266 - 1,015
200 380 378 0,996

[Monyyaercs nourn nogHoe cosnajepme. Taxum obpasom, obpa-
Tamas aedopmauun GeroHa, HasksaeMas OOBMHO (HENpPaBHABHO)
yapyroi zedopMayHeil NpH CXATHH, BHPa)KaerTcss BEeNHIHHOH

P d(1+0)
eq;=_E-“(1+ P )’
d(l+5)+?

rae d — nonnas njactHueckas AedopManus,
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3Ty BEINUWHY MOXKHO BHIP33UTh TAKKE ¥ B (PYHKUMM OCTATOY-
ot nedopmMaunn do=d—e,+e. Mu TpUXOAUM TOrRa X BHIpPANKe-
#HHIO BTODOH cTenmend. CYIMECTBEHHHM DPe3yJNLTATOM HAIIMX HO-
CHENHHX BHIKJIAAOK SIBAAETCH YCTaHOB/AEHHE CBA3H MEXIY KPRBOH
o6paTuMbX medopMaunit ¥ OOOCIUEHHBIMHM NOHSTHAMH TeOPHH YII-
PYTOCTA H IVIaCTHYHOCTH.

Yupyroe nocaegelicreue

- 2 3
Bpead NOHATHA OCTATOYHON 3IHEPrUR ET H TOJAHOH SHepruM 32—

nepopManynH, MK OMOIVIH W3YYHTh NOBCJEHHe YUDYrod cpelbl 3a
NpefiesioM, COOTBETCTBYIOIUHM NOSIBJAGHHIO BHYTDH €€ NepBBIX CHBU-
roB. 310 NOHSATHe ynpyeozo nocaededcTeus GHIO TOJAYHeHO HA OC-
roBe (DOPMOHM3MEHERMs r,, KOTOPpOMY Ha xmarpamMme Mopa oTse-
gaer yBejguuende puamerpa xpyra. Ocraercs (QUKCHPOBATH T10JIO-
WKeHde LIEHTPA 3TOTO KPyra, KOTOPOe, BePOSATHO, HE OCTARTCH HEWs-
MeHHHM H B CBOI0 OvYepefb 33BHCHT OT BEJHYHHBE [JaCTHYECKAX
dopMoU3MeHeHH .

HanoMumm, uro 8, 8, 8;-— raasHBe JuacTudeckue gedopMa-
mHH ¥ uTo HauGoJbliee IJacTHYeckoe (DOpMOH3MEHeHHe OIpe-
AeNAeTCa HONYPABHOCTLIO A = l%-—-

OTMeTHM noJOXKeHus XpahHux Towek Kpyra Mopa ux aBcuuc-
caMy fiy ¥ ha, BEASl OTCYET HX OT Hadana KOODJAMHAT M YUMTHBAN,
9T0 4O HjacTHYecKoro (hopMOU3MeHeHHS 5TH AGCHHCCH PaBHHE €
H &3

b= etk
ha_.ea-{—i%?-

Mg BuAMM, 9TO pacnpelesieHMe OCTATOUHOrO (OpPMOU3MEHEHHS
{ 1[0 ocAM NPONOPUHOHAJNBHO BEANYMHE COOTBETCTBYIOHMIMX mJa-
cruueckux pedopmaunmit 3. 3T0 COOTHOUIEHHe, CBEPX TOTO, COBMe-
CTHMO ¢ 3akonoM Jlepr—Muszeca, B ueM MOXHO YGemMThcd, nepe-
THCAP 3HAuYeHuE Ay CJeAYIOMMM 0GpaaoM:

3 )
h1=el+e12T,;_'=el+ela A:s -

Mn nafizem rorma
hy— by .
M == '_Q"“— == re + Ev
itk B+ B
A= 5 = h,+& oy vl
Bes ¢opMmodaMeneHns HCKJIOU2ETCHd, KaK MOXHO 3aMeTHTb, H
NnacTHYECKOe yuioTHeHKe. lWapocTaTHdeckoe naBjeHue Jio6oi Be-
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JHYHHB HE MOXET BBEI3BAaTh NJACTHYECKYIO lIeCI)Op'MaI.lH!O. 3T0 GBI
NOATBEPKACHO UCIKTAHHAMH GeTOHa NpH LAasieHuax a0 1750 xefcm?.
3aMeTHM Tenepb, uTO 8, + 8, =4 mnpencrasisier co6oH JnHEH-
HYI0 QyHKUH©O ot 8 —8;=A, T. e, 4TO A==dA, rle ¢ 3aBUCHT
JHIIb OT OTHOUlewus &/7,.
Torma npa NpelNXYUIHX COOTHOINEHHS NPHMYT BHJ

n=r,(1+5);
Iz=}z¢—£—ar,(—§:).

INonoxwM Ha MrHOBeHBE, ¥TO Ap — I[POH3BOJALHAA BEJAHUHHA
u uro H=he+h. Torna

-(h+ko)(1+%)

‘Q: ) +h & .
(3 Q L
Te +a"e

4

Ecan ~— NOCTOMHHAf, TO 7 Ovier auHelinoll ¢QyHxuueil

{h+Hhy) npu yciaoBwH, ecaH Rt e +h TaK¥e NOCTOABHAfA, T. € eCay

r, -—— nunefinas Qymknua h, +hp. Bpune Mer mokasanm, 4TO JH-
HeAHOCTh COOTHOMIEHHS weoxuy HNEACTHYCCKHME (DOPMOU3MeHEeHN s -
MH ¥ YIVOTHEHHAMH ROJ/IKHA COXPAHATh CHJIY Ha npesene ynpy-

rOCTH, T. €. LA OTHOIUEHHS wfw=0.
&

Mut npeanosaraem, 4TO MOKOGHOE IOJIOKEHHE COXpaHsercd M
§
AJi5 BCAKOTO HHOrO 3HAYEHHS —— .
£
PaccMoTpuM Tenepe cayuall npoCTOTO CIKATHAL

By ==8y; & =¢;=—o3e.

Toxpecrso
. Bk
2=,
NPHBONKAT K 3aBHCHMOCTH
1~z
83 = — 81 m .

Mycrs I — naacrnyecxumii Koa(:o(puunem Ilyaccona:

_~____ _l—a
2 2 1+a’

H TOoTAa
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Jebopmauus TBepIBIX Tes MOXKeT GHTh npeacTaBiena (puc. 65)
NY4KOM NPSMHX, cxoasumuXces B touke U — ocu abenmee, ¢o 3Ha-
geHHeM abCUMCCH X=Hg, NPUUEM Kaxaasd W3 STHEX NPAMHX xapax-
JepU3YeTCA OlNpefieJieHHEIM H NOCTOSIHHBIM 3HAaYEHHEM BEJIHUMHLI

=const. 311 npsaAMHe Ha3WBAWOTCH U3ONAACTU-

‘;-‘=T;,T, e. ,

A
KaMu. n-pﬂMaH - =&, I'Ae¢ & — peJUYNHa, CTPEeMAAACA K HYJ/MI0,
e

fIpeACTaBNAsET MpAKTHUECKHH npenen ynpyrod obnacm. O6nacts,
pacnoJioKeHHass 3a 3THM TpeReJoM, NPEACTAB/AACT YNPyroe Noc-

Jeneicrene.
4. A
Ynpyeae nacrededcmbue €
2 _qo
76
4.
7 ¢
_ ;«««6 = Ynpyean obracme
v \
Ba 5
Puc. 65

Touka npsiMO#l M30mIacTHKH, AAst Koropoll r,=0, npejacrasiser
coGoll BMECTe ¢ TeM H TOYKYy ee nepeceqyeHus ¢ OCLI0 abemuce.
B aroit Touke A =0 u maTepuan nHoABEPraeTcs TPEXOCHOMY DaBHO-
MepHOMY MJH THAPOCTATHYECKOMY PacTSKeHHIO, BJIeKylleMy 34
co6oii paspniB. [IAS HanpAKEHHOTO COCTOSHHS MNOMOCGHOrO THMNA
BO3MOXKHA JMUIL EZMHCTBEHHAS OMCTEMA 3aTPy3KH, cnocofHaf Bbl-
3BaTL pa3pylleHHe. Bce npsMbie H30NJAACTHKY IJA BCeX 3HAYEHHH

~-— ROJOKHBI IIPOHTH Yepe3 Ty TOUKY, YeM H OOBACHSETCA CXONH-
e
MocTh nyuka 8 Touxke U (puc. 65). N
- 3aMeTHM TaxKe, UTO TpH CTPEMJICHHM —— K GeCKOHEYHOCTH
e

NepeMenHas MuacTHyecKas nedopManss -ri-— CTPEeMHTCH acCHMIITO-
[

TUMECKH K eAHHULIE. DTO 3HAUHT, 4TO HHTEPBan MEXAYy NPAMBIMH

A
(f ) "—(“‘r—") “—'CO“St_ yYMEHbIIAETCA 1 CTPEMHUTCA K HYJAO
e e /'n—1

fIpH HEOrpaHHYIEHHOM BO3PacTAHHM X

FcaM MCXOmHTh M3 KJIACCHYECKOH TEOPHH, TO Hanpasjesde
CIBUra onpeleJuTCa NO KPYry Mopa, KacaTeNbHOMY K mnpaMoR
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KIOMJIACTHKE, TYTEM COCAWHSHUA 3TOH TOUKH KaCanus i C jexamedn
BJEBO OT /A, TOUKOH ey nepeceyeHUs OKPYHKHOCTH C OChbI0 aGCLUCC
(puc. 66).

Yron ¢, ofpasyeMmit aToR mpsmoft ¢ ocbio abcuuce, onpene-
JSIeT HalpasJeHue CaBUra. Ecan yros, o6pasyeMui ¢ ochio afcuuce

= a k1
COOTBETCTBYIOIIER WSOMACTHKOA, paBeH @, TO @ = ~g~+ ——.

Korza nnacruzeckoe dopMonsMenenne A H3MEHseTCs BMeCTe Cr,
B IIPOIECCE 3aTPYIKEHHH, TO 3TOT YTOJN COXPaHAeT NOCTOAHHOE 3Ha-

r
YeHHe JigIlkr TIpH NOCTORAHCTBE OTHOULIEHHS 'F*Teﬂ“* 310 — c.ny’qaﬂ
e

peakoll uckmwawTeapHOCTH. OH BOAMOXKEH JIHWIL TNPH  YCIHOBAR
%pconst, T. €. OPH BHINOJHEHWH JHHEHHOTO 3aKOHA NIA4CTHY-
HOCTH.
Bo Brex ocTambHHX CayyasX MIGCKOCTbL CABATA, eCAH HCXOAHTH
M3 BHIUENPHBEJEHHEIX NpelACcTaBJeHuH, é)aa BO3HUKHYB, HE MOraa
B COXPaHATH CBOGro IO~
JIOWEHNT HeH3MEeHHBIM,
Mexay TeM Ha Iete, Kak
HOKa3hiBAeT ONBIT, CHA CO-
XpaHseT HeH3MeHHYO OpH-
SHTAIHIO, TTOKa NOJAHAasx Ae-
¢opmanmss ocraerca B or-
PAHNYEHHEIX npenenax.
(Korza gpedopmanus cra-
HOBHUTCS KOHEWHOH, TmJj0¢-
Puc. 66 KOCTh CJBHI'a COXpaHger-
€S, JIHWD CJIerKa H3IMeHAeT-
e ee yrosq HakaoHa). Ilpum uccaenoBanum GeToHa OTMeYaeTcH,
YTO HaNpasJeHHe CABMIra, CQnpenenseMoe OpPHeHTalWeH IJIOCKOCTH
Pa3pyuieHus, He SABHCHT OT NONEPEUHOro [ABJGHHA B VCAOBHAX
CTECHEHHOTo CXaTusf («B 000HMeE») B B NpeAeaax TOUHOCTH H3Me-
peunfi, Hanpapneuswe NJICCKOCTH CROJLMEHHS OTHOCHTEABHO IJ/iaB-
HEIX lebopMalnii ABJAseTCs, TAKHM 0GpasoM, NO-BHAMMOMY, CrlelH-
(rYecKoll XapaKTCPHCTHKON MarepHalja.
B ofuwefi teopuu medopMauuH NNACTHYECKHX CPeR Mmpellona-
rawr, yro nedOpMAalMK COXPAaHSIOT HelPEpPHBHOCTh Gnaronaps Ha-
JHYHIO ABYX OPTOrOHaJBHBIX CABHIOB B HANPaBJEHHSIX ies H ‘é|,

k1
T. & ¢ H-—o—— 9. MexX1y TeM B GOJbUIMHCTBe C/y9aes, KOTA2

3TOT IIpolecc NPAEMMAET LOCTYIHHA HEMOCPEJACTBEHHOMY Halbmm-
JeHHI0 Xapaktep B BHJAe TIOBePXHOCTe# MM IJIOCKOCTEH CIBWIE,
o6HapyXHBaeTcs JIHWEB OXHO CeMeHCTBO TAKHX INOBePXHOCTeH,
HMEHHO TO, KOTOpPOe COOTBETCTBYET YIAY ¢, HO He OPTOrOHAJbHHIX

K HeMy TOBEPXHOCTEH (-—;—*-—93‘ (B cucreme OEHOPOAHOTO Hanpf-

XKEHHOr0 COCTOAHHS HHONIA 3aMedalroTcsi CHMMeTpHYHBle, He napaJt-
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JenbHBlEe TIOCKOCTH, 06Gpasyionyie ¢ IIaBHBIM HalpaBJjieHueM Haf-
Gospiuux AedopManuil ONHH H TOT XKe yr;on-g— — @; 5T0 o6CTOH-
TeJILCTBO, BO3MOXHO, H RAJI0 TOBOA K TAKOMY MPELXNOJONKEHHID.)
[losBscHKe EAMHCTBEHHOTO HANDPaBACHUS CKONLKEHUA OrpaHHwH-
paer CIowWHylo Aedhopmaiuio. CIVIOWHOR CABAT B HEHIMEHHOM Ha-
OpPABNEHUM BHOCHT H3MEHEHHE B pacupefeieHWe NAACTHYECKMX Ze-
dopmanuit ¥ B nmocTpoeHue Kpyra Mopa.

[IpeanososkuM OHaYala, 9TO CABHT NPOHCXOAUT cBOGOAKO (pHC.
67), npuYeM ero HanpasJeH}Me COTTABJSIET C OCLIO afCHmHCe yroa ¢.
Bexrop uv, onpepensionii 3TOT CABHI OTHOCHTEJBHO [JIOCKOCTH

Puc. 67

aad’, onpeneaser BMecTe € TeM AeQOPMAUMIO 4, HOPMAABHYIO K
9708 TNJIOCKOCTH, H CABHT uv==r. OTCIOAA HAXOAUM —ﬁ—ztga.

Ecnu ceyenue casura onpefensercs yraom 6, ro Hanpapienye
capura GyHeT HaAZeH0 H3 OTHOWEHHH

A

” g sin 20
— = = tga/,
n 1

1+ g cos 26

Ecaw MH XoTHM, 4yTOOR YC/IOBUS CIBHIA HA NPeNNHCAHHOM IJIO-
CKOCTH COXpaHAa¥ OB CBOIWO CHIY M JJIK CBOGOAHOrO CHBUrA, T0
UeHTP Kpyra Ha puc. 67 caexyer mepeMecTHTh Ha senmunsy 8
K Touke 4o’ TakuM 06pa3som, YTOOH 4T COBMECTHAACL € . JTO Te-
PeMelleHne MOXHO BHIMHC/THTD, TONOKEB B BLIpaxeduu Aas  tga’
a==q’ g gamenus H wuepes H —8H. Mmu nafineMm, takam obpa-
oM b

>

® sin 26 cosa — cos 20 sina
SH=H—n s

1 Uepes © spech OGO3HAYAETCH BAPHAUNN B OTAHYHE OT B, KOTOPLM MM
Nols30Ba/MECh P2HBIUE ANy OGO3maueHHs macTHYeckoff Zedopmauuk.
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Haonnacrtuka yraa a npeoGpa3yeTcss NpH 3TOM B H3OTIACTHKY
BoJIbIero yraa:
s sina
SMe = e —a -

Buumeaum reneph alcumecy Toaku fls=hs+h,. Ona nonyuaercs
pasEo#

Hy==H — n—8H,
T. €.

' sin (20 — &) — sin «
Hy=n sina

— 3Hayenue, o0palaNILeecs B HY/Ab NPH & =0,

DTo 3HAYMT, YTO, KOTrAa YKJIOH WM30NJIACTHKH OPABHHBAETCH C
YKJIOHOM TNJIOCKOCTH ciBMra, Xpyr Mopa HPOXOIMT yepes TOYKY U
H CBA3HOCTb HCYe3aeT: MPOHCXOAHT pa3pyumrenxe. Takoe paspyure-
HHe ABJAETCH Pe3yJbTaTOM HapPylleHHs CBA3HOCTH, ABJSIOLIETOCH B
CBOIO Oyepelb CJAEACTBHEeM CHBHTA.

DT1OT BHBOJ COBIARAET C BHICKA3aHHOM BajserToM MuCALIO 0
TOM, 4TO BCAKOe, Kakoe Obl To HH ORIO paspylueHHE He MOXKer
6HTb He YeM HHHIM, KaK TOALKO HAPYLIEHWeM CBH3HOCTH, T. €. Bia-
AMHLIM YZajJeHHeM COCTABAMIOIUX BellleCTBO YaChHl Ha pPaccTofi-
#iie, npesHiialoniee Npekes UX B3AWMHOTO NPUTHKEHMS L.

OcraHopuMCs Teneph Ha OXHOM HHTePECHOM YacTHOM cJiydae, a
HMOHHO Ha KDy4eHHH OHAHHApa. OAHOBDEMEHHO C TOSABJAEHHEM
TICCKOCTEH CKOJIBXKEHHSI 3JeCh WMEET MecTO M NPOROJbHOe YAMH-

Y By + U
nenne 8 H. Tlockomwky H=ho+h, + b= a: , MOCTOabKY abco-
pn

AIOTHAS BeMMYHRa (8; 4 8] 10 BO3HHKHOBEHHS CDJOWIHOrO CABH-

ra paBHa Hy/M0, a OH eCTh oTpuuaTeNbHAs BEJHYHHA, NOCTOMBKY
ML QOKHEB 3aKJIOYHTb, YTO B DasBHTHH CHBHTA BeJuuHua §,-+8;
ROJKHA NPUHHMAaThb OTPUIATENRHOEC 3HaUeHHe. DTO 3HAUMT, YTO B
OCEBOM HANPABJAGHHH LHJABHIAD HOMKEH OGYAeT HCMBITHBAThL YHJIH-
denne, Takoe WMEHHO siBjeHHe ¥ HAGAOAEJI0CH B HCOHTAHHAX HA
METaNJMYECKUX OPYChAX.

PaccmoTpennniff npuMep NOKa3hwBaer, 4TO C Pa3BHTHeM CNIOWI-
3 +3
HOTo MJIaCTHYEOKOTO CABHTA OTHOLIEHHE @@= T::—b% yMeHblnaeTcH,

a NOCKoAbKy I = 11:1

, Onacrraeckuit Kosdduument I[Myaccoua

BO3pacTaeT. 3aXOH HM3MEHEHHT NJIACTHYECKOro KosdupuuHeHTa
TlyaccoHa B CBA3H CO CABATOM MMeeT CJERYIOIHH BUA:

$ o 2otq(l+5)
T—q(i—%)

! TTpusuamocs, YTo # emle He NOHS XOA4 DPACCYMAECHM# 2BTOpa, Ho 3zech
DAMNEH pesysLTar,
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T

rae Dy— naacruyeckni kospduumenr Ilyaccona 6es onpura, a

1+_fe— 1—sin (20 — o)
7=—5—( )-

sina
fe

Paccmorpum cayuait, Korga 3,=0:

=2
2—q
Paspymlenne NPOHCXOAMT, Korga a=20, a ri CTpeMATCH K
eAKHHLE, IPH 5TOM
1-—sin8 1-—sinb
qu( sin 6 )’ Y= gint—1

ITosoxkuM, 970 MH ©MeeM Jen0 ¢ MJacTHYHBEIM METaJjJjIoM, B KO-

TOPOM TEOPETHYIECKH Ae(POPMHPOBAHHE NPOHCXOANT ITPH !II‘OCTOI!H-
soM o0peMe, B TakoM Clysae MH IJOMKHH HWMETb 2=T u w3

npeABAyMero  COOTHOWEHMs noaysuts sin 8 =0,75, orkyna
§=47,5%; mosydeHHOe 3HAauycHHe XOPOLIO COrNACYercs ¢ Hanpas-
JEHWEM CIBHTA, H3MepsieMHM BooOlule ¢ TowHoCrsi Ko 1—2°. Co-
OTBETCTBHE TEOPETHUECKOr0 NPeANONOKEHHA H ONbT2 TOBOPHT Kak
6y4TO 6K O TOM, YTO CyilleCTBOBAHHE NJacTHYeCKOTO Kosthuuuex-
Ta Ilyaccona cBsI3aHO C pasBHTHeM U 1AJHUHEM B MaTepHaJe
CILJIOIHOTO CHABUIa.

Ator Koadhdruuent T paBeH HYJI0, TOKAa CABKr ellle He ofHa-
PYXKHJICA, YTO SKBUBAJEHTHO PaBEHCTBY Lo=0, U OH BO3paCTaer.

CTpeMACE K MaKCHMAaJIbHOMY 3HA4YE€HHIO E=~2—, ClAeRya 3aKOHY

® 1—sin(20 — a)
T sina4-sin(20 —a)—1 °

[Mpu u3secTHOM yrae 8 Kaxnolt M3OMAACTHKE ¢ MOXKHO NPHIA-

A
CaTh He TOALKO XAPAKTEPHCTHYECKYIO BJMYHHY ——, HO TaKKe H
e

TaKoe snauenue 3 Kospbunuenra Ilyaccona, mauMmas ¢ KOTO-
poro, MoXXHO BBOAHTHL MONpPaBKY mo GopmyJae
sina

o, sine
St & = @ —a) °

[
Takum 06pa3oM, AnS KaxAOoro 3HaueHHA - CYWleCTBYIOT ABe
e

conpsimeHHhie M30MNACTHKH. Misonsacrhke MEpBOTO pola orBedact
3Havepye I =0. M3oniacTika BTOPOTO POAA COOTBETCTBYET HEXD-
TOPOMY NOCTOSHHOMY 3Hauenwuio L, 3aBucfmleMy oT Beqwusd O M o,
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HakoH xe ee o’ onpemeasiercs M3 NPeABIAYUIETO COOTHOIIEHMS;
o/ TpUHMMaeT 3HaveHHe —7;, KOTAa HACTYINAaeT pa3pylueHue.

B orwomwenny Gerona, A8 Kotoporo KosgouuHent L npHRH-
MaeTCsl DABHHM HYJIO MDY HArpy3KaxX, MeHBIIHX [OJOBHHE Da3-
pyualnowefl, HaM OCTaeTcsd BRIACHHTh, COXPAaHAeT JH OH 3TO HyJe-
BOE 3HaueHNe ¥ C NpeBHIIeHMeM 2T0TO npejena Harpyaxu. Mue ny-
MaeTcs, 4TO HE COXPAaHseT, ONHAKO pe3y/abTaThl MCNBITAHHH, KOTO-
pEMH 8 pacnogaramp, HeXOCTaTOYHH AJ8 TOrO, 4TOOH 3TO MOXKHO
680 yrBep¥aaTh. Kax 6B TO HU 6bLI0, HA CaMOH cHCTeMme rpadn-
9ECKOro TPEeSCTABJEHHS ¢ TIOMOI(bI0 H3OMJIACTHK NEpBOrO poAa pe-
LIeHEe 5TOTO BONPOCa COBEPLIEHHO He OTPaKaeTcf: B TOM M Jpy-
ToM cJydae 3Ta CHCTeMa IMO3BOJsIET YCTAHOBHATL YIPYTO-I1aCTHY-
HHE pexXuM MaTepHaja B HanpapjeHHH HAeHcTBHS HauboJpuied
NPHIOKEBHOH CHJIHL,

Ilepeiinem Teneps K cayuaw, Korza Koadduument I He pasen
HYJIO, 4 M3MeHseTcs 1o ykasauuoil dopmyae. lpurss 0 =60°—
cpejee 3HayeHWe yIVia CABHTa A GETOHA, HAUneM

; 1-—-sind
V= 5og 1 =0,184.
Takas BesnuuHa nuacTageckoro xospdwmuenra Ilyaccona cpapHu-
TeNBHO Magaa. Pacyer, BHOONHEHHNE Ha OCHOBaHHHM H3Mepeius
NPOAONEHLIX HeopMalHi Ha 3aTpy:KeHHOM ofpasie, IOKa3BIBAET,
4TO AJ5 NOJOBHHEl pa3pyuialouniell HarpPysKM Yrosl & H30N/1acTHKH
noayzaercs MeHblHM 30° NPH KaKOBHIX YCJAOBHSX CABHI HCKIIO-
Y2eTCA, B CBA3H ¢ 4eM IaacTuueckuit xoapbuumenr [lyaccona ned-
CTBHTE/ILHO ROJKeH ORTh NPH3HAH PaBHEIM HYJIO.

Takum o6pa3oM, YyOpyro-naacTH4eCcKoe MOBeAeHHE TBEpIOro
TeJ2a MOXeT OBITH XapaxTePH30BaKO CACRYIOUIMMH CYIECTBEHHLIMA
3JE€MEeHTaMH: HU3OINJIACTHKOH lipejeja YHPYroCTH, HAaNpaBJeHUEM
MIOCKOCTH CKOMbKenus 0; sennumnoit Ao, OTHOUIEHHEM, CBA3H-
BAIOLLHM f:—— C sin @ ¥ NpUBOASUIMM K COOTBETCIBYIOLIEMY 3HA-

e

YeRMI0 IsacTHYeckoro koa(pduumenra Ilyaccoma; wnsonnacthxoi
. ™ ,
Hayana CABWTA, A KoTopodl o=20 — — u Huxe KoTOopoit L =0.

Noreps caganocT H paspyHieHHMe

Hsnaras Te0puio PACTAXKEHHA, MH BHICKA3aJH MBICHb, WTO pad-
PylleHHe peasH3yeTcss B  HeHCTBHUTEJLHOCTH JAHIIL NPH TOM YLJIO-
BHH, eC/IH B MaTepuane MMeeTCsl HeKOTOpOe, HeOBXoAMMOoe AJist ITOH
uesnH, MHWHHMAaJbHOE Ha €QUHHLY JIOBCDXHOCTH HJIH oGbeMa KOJH*
QECTBO 3HEPIHH.

3aech HMeeTCs B BHAY 3HEPrHS PadbeNHHEHHsS yacral, crocob
Hasi BO3CYIHTL MX JBHUKEHHe, HO HYXKIAIOMAACS BO BBEJEHHH A0
IOJHHTENBHON CHJAB IS TOTO, YTOOM 3TO HABHIXKEHHE NOJYIHTO
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yckopende. Taxasa cu/ia He Mozker GHTb YHCTO MOJIOKVJADHOTO 1o~
HCXOXAeHUus, NOCKOJbKY Ha OeCKOHEYHO MaJblX IepeMelleHHMAX
noaoGHble CHJKEL 00palaioTesd B HYJAb. TaKOH Cuio#l MoXeT GHITh
JHIIL BHEUIHSSA, T. € CO3RAKOLIafd HATPsXKEHHA B O0OBIYHOM CMBICIE
CONPOTHBJEHUA MaTepHanoB. Tak KaK BO3HUKHOBEHHE TpEILHH CBH-
3aHO C JIpeBHILIEHHEM Npeie]bHOIO YAJUHEHMA, TO PAcnpocTpaHe-
HHEe 3THX TPeHIWH A0 Da3pyilienus MOMKeT NPOUCXOAHUTL JHlb [APH
HaJHYKH CHJIH, NPHJIOXKEeHHOM B HaNpaBJIeHHH pa3BHBAIOLIETOCH
IBHIKEHUs.

Bepremcs aast npuMepa kx ciyuailo pacrsxeuds, HopmanpHo X
HaNpaBJeHHIO TpelMH (BH3BAHHHX YJUIMHEHUEM, NPEBOCXOASIIMM
ONPE/ICJEHHYI0 BEJHYHHY) AefcTBYyeT CHCTeMa PacTATHBAKIIMX HA-
NpsAXKeHH#, paBHOAEHCTBYIOULAS KOTOPHIX OT 3TOT0, ONHAKO, HE
yMeHipmaerTcsl. Jra CcuJa pasMEIKaeT Kpas TPeHHH U CrHOCo{CTRYEST
HX DAcKPBITHIO H PaclpOCTPAHEHHIO.

)

|

R ——

N 7\
1 |. 0 \h U 1 T A 0 74
" an-J, &
Puc. 68 Puc. 69 Puac. 70

B cayuae cxaTua («B o6ofiMe») ¢ MOJOXKHTENLHOH (Hiau HyJe-
BOil) momepeuHo#l 3aTAKKON (0OXKaTHEM) HUKAKOR CHAH, KOoTOpas
paseepMHAsa OBl Xpas TDPEIMH, PACKDHTHIX B HANpABJEHHH, Tep-
NeBAUKYJISIPHOM HauGoJbLuleMy YAJHHEHHIO, He CYILEecTBYeT, H Tpe-
HIHHBL MOTYT PaCHPOCTPAHATHCA JAWUIbL B pe3ydabTaTe BO3pacTaHHA
YIAJHHEHHS, COTIPOBOMKJAIONIETO YBeJHUeHHe HauOoJbIUero CXAaTHIL

HanomuuM, 4TO yCc/aIcBHe paspyunieHus npu oxsHre (puc. 68) Bhi-

u n .
paxKaercs B NEPBOM CHCTEME H3OIACTHK PABCHCTBOM —,;]" =sin 8.

[ocne mpeo6pa3oBarus BO BTOPYI0 cHCTeMmy (puc. 69) aro ycno-
BHE MOMHO COXPaHWTh, HO, YUHTHIBAS cnocobHocth GeroHa K pac-
TAKEHHIO, HAZO NPHHATb NDPH 3TOM, UTO BEJAHUNWHA DPACTIKEHUA
0f = d ge MOMKeT IPEB30OHDH HEKOTOPOTO 3HAYeHHS. DTO BHIpamaeT-
cst coomome»aaexg sin 8 — h'=d,, rae dy— HauGospluee ylpyroe
yaanHeHue, a dgE npencTasaser co6od HauGoabIUYIO 3HEPTHIO pas-

PylleHHs NDH PacTKEHHH.

Ecoy gunarpamMa paspyilenust 6eTOHA NPH CKATHH Ha MKeCTKOf
Mamune usobpamaercsa Kpupokt (pmc. 70), Xax #a TO yKa3siBaer,
NO-BHAMMOMY, U ONBITHAs 3anuchb (puc. 54), TO 3HeprHs, HeoGXORH-
Mast pasi TOro, YTOOH BHI3BATh Pa3pylUeHHe NpH paCTsiKeHHU Heft-
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2 ¥
H TOrAZ 3HEPTHHA, HEOGXO,Z[HMBH ANs1 TOTO, ‘-l'I’OﬁbI NPOU3BECTH ITOJI-
Hoe OTAejleHHe MaTepHana, KOTOPYI0 MHB HMeeM 3flech B BHAY,

7,
NOJKHA OKasaThes elle Soaewel. OHa 6aHM3Ka X —:’.;1—

CTBHEM Beca (6eCKOHEUHO MOAATNHBAA MaliMHa), GAH3K4 K

Taxum ofpasom, uHTepecylIas Hac BeaAHYMHA dy MpPeBHIIAET
eo H npubauxaerca K e;. Mul BepuHeMmcs K Helt B nanbHeieM.

B cBs3n ¢ 3TUM BHSICHSIETCH, YTO Ay nepecraeT OHITL NOCTOTH-
HOR BesMYMHON, OHA YMEHLIUAGTCS € TOTO MOMEHTA Kak %sin i — 4/
NpPeBLILIAET €5, T. €. ¢ MOMEHTa BO3HHKHOBEHHS TPELIMH DACTSXe-
Hus. Ho sror npoulecc 3aBHMCHT oT ymioTHeHMs h. OH MOXer mpe-
Kpawarthcs npy i 60NbIUOM M TNPHHUMATh KOHEUHOE SHAYEHWe NPU
h Manom. CBepX HeKOTOPOro 3HAueHHs A, yCAOBHEM paspyLICHHS

Iy . C

Pxre, 71 Puc. 72

NPOOJIKART OCTABATHCA paBeHcTBo 7= (h+H,)sin 8. Humxe srtoro
3Ha4eHHA OHO BHIpaXKaeTcs OTHoWeHHeM do= 7 sinb—~A’. 3amenss
h’ ee 3HavenMeM

k'=n(1—-§}]—a)+k

(nocne BOIHUKHOBEHHS CABHra), MOJYYAM

__ (h4-dg)sin0
= 1 - sin26 —sin8

qemg coorBercTBYeT Hy' =dj.
TO BTOPOe OTHOWIeHHe — TaKxke JauHefiHoe. Takum oGpasom,
H30MJIaCTHKA PA3PYLICHHS COCTaB/sercs u3 ABYX npammux (puc. 71):
AB u BC, u3 KOTOPHX NepBas HaKJOHeHa GoJibile, 4eM BTopaf.
Ho npamas AB ne #aBaseTcs yxe 6Goaslie orubaiollei Kpyros
Mopa (puc. 72). Ona nepecekaer B KaxkJAo# TouKe Kpyr Mopa, x3-
carelbHan X KOTOPOMY B 3TOH TOYKe napajjenbHa HenehopMHPO-
BaHHON H30m1acTHKe, o6pasyomesd ¢ ocklo abeumec yroa
Ynpyro-niacTHueckoe npeofpasoBaHHe TBEPAOrO Teia n3 erd
HaJaNbHOTO COCTOSHHA, elle CBOGOAHOTO OT TPEINHH, B COCTOSHHE
paspyluesns Ais8 ONpeNeJeHHOTO THNA 3arpyKeHHs orobpaxaercd
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rpaduyecky  0apa/JesbHEIM  TIeDeHOCOM  lyuKa  HM30IJIACTHK
(puc. 73), npu KOTOPOM ero BepluHHa H3 nojoxernHs Ho nepexo-
OMT B TOJOXKeNde Ay, NPOMexyTouHoe Mexay Ho m Hy'. Jror nepe-
XOf He TPOUCXOOMT Pe3KO B MOMEHT Pa3pyUIeHHs, H0O COBepIIaeTcH
BEPOATHO IJIABHO B CTalHH TPELHHOOODA30BAHMA.

Hauano ero npHxozuTess Ha TOT MOMOHT, KOFAa YAMHHEHHE
(n—*), npeacras.;aendoe rpacdHuyecKM Ha pHC. 74, AocThraer se-
JUYHHB €. [IpH 3TOM HCMOAb3YyeTCs 3aBACHMOCTh, BHIpaKarmollasn
sHaueHue A+ My B cHCTeME HOPMaJbHONH W30IIACTHKH.

hy— ¢
bt Hy= {1— sinna) si:l) (280 — )

H npeofpasyemas npu o < 20— — DyTeM  NOACTAHOBKH
sin (20 —a) = 1.

n
al
st
Ho —
Puc. 73 Puc. 74

Ecan B atom BRIDAXKEOHHH, YKa3blBAlOUIeM HayaJjQ TpElﬂHHOOG'

pasopanus, 3aMEHHTHL Sill & ero 3HadeHHeM sine = TO

-1

A +H,
MOKHO NOJYUYUTH NPAMOE COOTHOLIEHHE MeXAy 7 4 A.

HOns Oetona, B KOTOpPOM TpPeHIHHOOODA30BaHHe HAYHHAETCH
paHblie CHBWrd, 3TO YCHAOBHE UNpHHHWMaeT BWA A —m =eq UAX
r,—h,= e3=eo TpemunooGpasopaHue HAYUHAETCS ONHOBPEMEHHO
C TeM, KOTAa (IOTCPeyHOe YHPyroe pPaclIMpeHue ROCTHTaeT BeJH-
YHHB NPEACNLHOTO VAJNMHEHHA NDPH PAacTSKCIMH.

Pazauynnie yCAOBHA YOPYro-1/acTHUECKOro AeoPpMuDOBaHUS H
paapyweHnHsa cQOPMyIHPOBaHH 31eck B QyHKUHH caMux edopMa-
UMHA H X BHIDAXKEHHI uepe3 W M A, T. e. 4epe3 mapaMerpu BHYT-
Pennet noTeHUHasibHOH sHepruu. IlocaemHioww MOXKHO, OOHAKO,
MpecTaByuTL M YePe3 HanpsKesus,

las sroro norpefyercs ONpefeaHTh XapaKTePHCTHKY p, BHKCH-
PYIOHLYIO MOJIOXKEHHe MPOMEXKYTOUHOI'O HANPANEHHA,

Ob6patuMca K cayuar cxaThf T3 C TONepeuHBHIM o6XKarTHeM
T;=T; OcHOBHLle COOTHOIIEHHS IIPH 3TOM NPHHHMAKT BHA
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a
1= 55 (I — T3);
1
h= 5z 0Ty + cTy),
NpHueM BXOAfSUMe ciosa KO3b(HUMEHTH HMeT CIeAyoll¥e 3Ha-

YEeHUA:
=(1+p)(140);
b={(1—0)+p(l-+0);
c=2(l—a)+b; p~==——;: .

7,

Paspymenne, Bo3HHKawmee 6e3 NpelBapHTENbHOR nmoTepu CBA3-
HOCTH, BHPA3ATSA YCIOBHEM

n = (A Hy)sin9,

BITR HHaue

a(Ty— Ty) = (bT, + T, -- 2EH,) sin’,

a4 TakKxe

2EHysin§ T a--csinf
a—bsind 5"g—bsinb ?

ij

rae 9—yron paspyitenus,
Paspywentte ¢ npegBapHTeJbHON TNoTepeii CBA3HOCTH oOmnpede
JfieTcA YCJIOBHEM _

- (h.-f—do)siﬂﬂ
1 + sin20 —sin §
HIH
T o 2Edyq a+ gc
V7 g gb 3 g-qb
rne
sin 6

9= (1 4 sin26—sin ) — bsin 0
YCA0BHE TPEIMHHOOGPA30BAHKA NPHHHMAET BHU
r,—#h, =€y npip =0 (6es nnacruveckoil gedopManuu);
eoE

g

7, = + Ts—(‘——q—“l— .

Mpl 3samedaeM, UTO BCe 3TH COOTHOWIeHMs JuHeHHB, Haumyu-
WHM J0Ka3aTEJLCTBOM B NOATBEPKJEHHC H3JOXKEHHOH BHILE TEO-
pun 6yaer TO, YTO ¥ SKCIEPUMEHT FaeT AAS 3THX 3aBHCHMOCTeR
TaKxe JufHeiinble coorsowexus. Hcnonbayem asns sroft memu pe-
3yJAbTATH AMEPHKAHCKHX HCNEITaHHE 1949 r., MOCKOJBKY OHM 14IOT
10 3THM BONPOCAM CaMBle NOIPOCHHE CBENEHMH BIJIOTL A0 HOKa-
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sarejiefl, NOJAYYeHHHIX B ORKITAX ¢ OETOHOM NPHM BHICOKUX AaBje-

HHAX 1,
Smuupuyeckan xpusag smux ucnuranui Ty=[(Ts) sBocnponzse-

AEHA Ha pHc., 75. MH Haxoa¥M 3zaech ofe ceKkyliye NPAMEE
T,=900+42,77,;
T, =252+ 5,757,

BRIYHCJIEHHE COOTBETCTBYIOLIMX NAapaMeTpoB, NOJYYEHHRIX H3
paHee YCTaHOBJIEHHHIX BHpaxXeHuit, naet a=2,10; b=1,77; ¢=0,42;

1=0,8; 2=61°; 09==0,164 %.—_r,no, EHy =350 xzjcm*; Ed, =

== 37,5 Kz/cm®.

Y 000y T e .
3 N L] g0 °
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& 100054

S n
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7 3507 1000 7500 2009

Pue. 75, MenbiTaHua Ha CXKaTde ¢ NONEPeuHHM 06XKaTHEM

[as yrja paspylieHHs OnbIT JaeT 3HayeHud, KojaebmolllHecs B
uHTepBase b58-—62° sHaueHHe XKe OTHOWEHUS {, BRIUUCHEHHOE M3
NPHBEJEHHBIX BHIUE AAHHHX, HaxomuTcs B npenenax 0,82—0,7
Ui Beex HemelTaHW#t A0 npeanocaegHero. IlocnegHee AcnHTaHue,
RpoBeneHHOe ¢ NomepeuHuM oGxkaruem B 1760 xe/cm?, pmaer 3Ha-
gese p==0,60. Mu 3aMedaeM NP 3TOM, 4TO OHO OKA3HIBAETCH Jie-
XKallluM HEeCKOJbKO HHXE W30ILIACTHKH, nmocTpoednodl aAns ¢ =0,80,

Henpitanne Ha pacTiXeHHe JXago JJIS 3TOro 0eroHa 3Hayenue

1 G. G. Balner, Shearing strength of concrete under high triaxial stress.
(Mpounocrs GeToHa HA CKAJBBAHHE B YCAOBHSX TPEXOCHOTQ HANPANKEHHOTO CO-
CrofiiuA APH RHCOKmX Hanpaxenuax, Orver SP25 Meanoparustoro Gropo CIHA,
Hensep, okracps 1949). Cwm. Taxke Chambaud, La résistance du béton aux
contraintes triaxiales (IIpognocTs GereHa B TPEXOCHOM HANPSMEHHOM COCTOH-
sui) Annales/TBTP, 1951, ¢eppank. B 310#t craThe NPHBORATCA HTOTH YK&3aH-
HHX HCOhITaHHE, )
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npenena npouxocTH 25 K2fcm?. OHo NO3BOJSIET HAM HOCTPOMTH
KPHBYIO TPelIHHOOGpa30BaHus
7, =153 4 5,17,.
OTa KpHBas HaHeceHa HA PHC. 75, U MH BHIOMM, YTO OHA TOYTH
napajggeJbHa KPUBOH Da3pyLIeHuWs BCAEACTBHE YTPATH CBS3HOCTH
H casura. Haxonel, oTHOWIEHHe MeXAy Harpysko# TpemuHoo6pa-

30BaHHA NP CXKATHH H Paspyliawnlleil HArpy3Kol ONpelenuTCH Be-
153

JHYHHOH 5% =0,61, T. e. 3HAYCHMEM, KOTODPOE YaCTO NPHXOZATCSH
OTMEYaTh INPH TEePBEX IMOTPECKHBAHUAX, CHTHAJTH3KDYIOLIMX O Ha-
qajie TPemHHoo0pa30BaHHA.

Mnl passnyaeM Ha rpaduke puc. 75 TPU THNA pa3pyulicHus: 6e3
[IPeABapUTEJLHOTO TPEUIUHOOGPa30BaHusl; ¢ IPEABAPHTENBHEIM 06-
pasoBanKeM TpPeHIUH; C NPEIBAPUTENbHEIM TPEIHHOOGDA30BAHMEN,
NPHBOAAIMHKM K YHUHUTOXEHUIO CBSI3HOCTH.

S1 no/geH Terneph W3BHHUTBCA NEpeN YHTATedeM 3a HEKOTORYIO
YTOMHTENbHOCTL M CYXOCTh 3TOTO H3/0XKeHHd. 3aKOHB NPUPOAH "e
OTJKYAITCA NPOCTOTON, W BHABJIeHAEe HX TpedyeT HeMaJjoro Tpyaa.
Dra Teopus ——He MOCTPOEHKE OTBJeUeHHOro yMma. OHa poxjeHa Ha
TOyBe ONEITa M CJlefyeT eMy war 3a mraroM. Ora Gwmuia paspaGo-
TaHa ¥ YCOBepIIEHCTBOBAHA NyTEM aHa/au3a De3YJbTAaTOB HCIBITA-
Hu¥ Ha 6GeToHe M ODPYTHX MaTepHaaax, K TOMY XKe MOPOH OWIYNBIO 1
He Ge3 KoseGauuil. §I ke, Kak MHe AyMaeTcd, JIHUIL BBEIPA3Ha ee
3NeCh B JIOTHUECKH OPraHHaoBaHHOH (opMe, CXKAR ee 3MNHPHUECKOS
COZEeMKAaHUe 1O BO3MOXKHOIO MUHEMyMa.

Ocraercs ewle, pasyMeercs, TNPOBECTH HEMano HPOBEPOK; Npi-
FOAHBIE MJisi WCHNOL30BAHKS ONLITHHYU MartepHas nonanaercd ped-
KO ¥ YacTo B HenoJHOM BHze. He Bcerna, HanpuMep, H3Mepaaoch
nonepeunce pacurupenue o6paslia; MORYAL YIODPYroeTd ¥ Xoadhu-
n#edT [lyaccona ocTaBajuch B OOJbLUIMHCTRE CJydaeB HeH3BecT-
HeIMH ¥ T. T. TIpyM BCeX 3THX YCAOBHAX Pe3YAbTATH, K KOTOPHIM f
3nech TpHiIea, MOTpeGOoBaAH Yy MeHHS MHOPHX JeT pa3MblllijeHnit @
paGorh. Beex, Kro Gymer KpHTUKOBaTb Moo paboTy, s npomy To-
LOWTH K 5TOMY CHHCXOLUTEAbHO,

OrMmevalo KeraTH, UTo TIOHATHE TOAHOH ynpyrofi nchopmauxi
MOXEeT 03aJaYUTh TeX, KOTOpHe XOTAT BRAETh B YNpyToit aedopma-
UHM Jnuwb obpaTHMyilo AethopMaLHio; TEPMHH «OCTATOYHAN YMDY-
ras fehopMauus», KOTOPHI MOXKHO 3aMEHHTh TaxXKe «BHYTpeHHel
NOTeHUAANBPHON fedopMauuneli», npeacrasasfer cofoit numwe nepe-
Box Ha O6ojsee TPOCTON A3HK TNOHATHA SHEPTHH, GIOKHPOBAHHOW
IJIACTHYECKUMH CBA3SMH. ITOT TEPMHH HUMeeT LEHHOCTh JHIIE
yRo6Horo o6o6manoero onxEcanns-o6pasa,

Bcio aTy TeOpMO MOXHO OHLI0 OBl H3JAOKHUTbL H Ha OCHOBe JHEP-
TreTHY9eCKNX NPHHUUIOB, HO XOJ DAaCCy:KACHMH TOay4Yujaca 6wl NpH
aToM Gosiee aGCTPAKTHRIM M MeHee nocTyNHHIM. [leopmaunms npel-
crasadgeT cofoil oOHIYHOE U 3HAKOMOE MeXaHWuecKoe IOHATHE, 1ol
Aa10Meecs BLPAKEHHIO B U3MEPHMEIX BeJuyMHax. [1o 3THM: coobpa-
JKEHHAM % H H30paj HMEHHO 3TOT Crnocol H3JIOKEeHHR.

168




3oHa pacTaXKenHa — cKarus

B npHMeHeHHAX K XeJe3006eTOHY VKa3aHHHMM KPUTEPUAMH
MPHXOAUTCS MOJAB30BATHCS dalle BCErO B OGJACTH HANpPIXKEHUH, 3a-
HUMAaWIUX TPOMEKYTOUHOE MECTO MeKRY DACTSKeHHeM H CiKa-
tHeM. CI0Za OTHOCATCSA CHYYaH BO3AEHCTBUS CKAJBIBAIOLIEH CHJH,
KpY4eHus ¥ T. I

PaccMoTpum cayuail, Korza npOMEXYTOUHOE HaNpsKeHue Fi
paBHO Hymw0. PopMmyan npeobpasoBaHHA IPH 3TOM DNPUHHMAINT
BRI ) B

a
re=—pp (i = Ty); R=r, ;o=
1—0

1
he= 5 \To Ty); H=h, 15 n="13E5 (7, = T) (1 +-p);

b= L (T4 Ty b p 252 (T, — T

Bo3MOXHBEIMH TIPH 3TOM SBJSIOTCH JBA YCJOBHS PaspylieHHS:
@) paspywernue scaedcreue cO8uUA U YHULTONCERUA CBAIHOCTU

(h—+ dy}sin8
= 1+s1nzﬂo—sin0 =gq(h+d,),

KOTOPOE JaeT JHHeRHY 3aBHCHMOCTb Mexkay 7i u T3 ¢ ABYMS
KPaKHMMH DPeIUCHHAMH:
s T3=0

T = 2qdoE
T+ e —(1—q) (1 +p+po)’
npuyeM ecain g=~=1, §=60° r0
Ty= dE :

-1

aaa Ty=0
2qd,E

I+ +o+pn~(1—4q)
npuueM ecau g GAH3KO K 1, TO
Ts _ -

T,=—"

dE )
o+ ptop ?
6) paspywenue nyrem oTPOLIEA.

3T0 paspylieHHe ONpPeReasieTCH MPOCTHM SHEPreTHYECKHM &0~
OTHOLIeHHEM

RE
hyTy = const= —Ef— R

IIe hs — pepopMallls B HaNpaBJeHHH pacTsKeHUd; ¢ APyTofi cro-
POHH, npu oOpallleHWH NJAaCTHHeCKoil MonepeyHol nedOopMaLHH B.

Hyan
.Ehs = -— GTI + Ta.
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2T0 IIPHBOJUT K COOTHOUIEHHIO
R}==—aoT Ty 4 T2

B TOM cnyvae, Korfla HMEeTcst nonepeqHas naacruyeckas aedopma-
{4, COOTHOIREHHEe MNOJY4YaeTCsd 3HAUYUTEJNbHO (0Jee CJIOKHBIM, Nno-
CKOJIBKY B HeM AO/IKHH YUHTHIBATLCA H camas GopMa Kpusod mna-
CTYYecKod peopMaudH M BO3MOXHOE BJIMAHHE TpPelHHOoOpa30-
Banuda. OaHy TOYKY TakOH KPHBOH /1erKo Ofipene/nTb, WMEHHO Ty
TOYKY, KOTOpasi COOTBETCTBYET NPOYHOCTH HZ CXKATHE [PH CKOJb-
XKeHHu. Mut HafifieM TOrga

h
hy= g —
a 970 NO3BOJIMT HAM COCTaBHTL ypasHense aaa Ti Ho B panbmet-
eM ML YBHAHM, 9TO TNonepeyHasg naacTHyecKas ﬂeq)O'pMaHHH, no-
BHAHMOMY, He OKAa3BIBALT SQ)QJEKTHB'HOFO BJAKRAHUA, IIOCKOJbKY B

2

Pacmawenue
,m

Puc. 76. O6iacTp pacTsaeHHA — CHATHS

Tex MNpefenax, rac OHA NPOABJAETCH, PA3PYIUEHHE NPOHCXOAHUT, KaK
oflilee NpaBHJo, B pe3y/bTare cABAra. BepHemcs B 3TOR CBA3H K
PacCMOTPEHHOMY BHILIE TIpPHMepYy ¢ GeTOHOM.

PaspyuleHue BCAEOCTBAE CABHTA NPEACTABIEHO INPAMO, coelM-
aomett toukn {T1=0, Ts=34 ge)u(T, = 252 ke, T3 =0). Paspy-
IIeHAE BCAGACTBHE YHUUTOMEHHS CBA3HOCTH MNpEACTABJIGHO KPHBOH
BTOpOTrO Mopsaka, coenmuswouieil rouky (T,=0, T3=25 xe), (T)=
=126 ke, T3=16,7 x2), (T1=252 xe, T3=12,7 k) B cnyuae, ecsd
Inonepeynan JacrtdyecKkas HE(I]OpMaI.IHﬂ OTCYTCTBYET.

B ciyuae, ecaw ¢ =0,8 1 uMeercs myactyueckas AedopManus,
T=252 ke, T3=8,7 k2. Puc. 76 maer rpaduyeckoe NpeAcTaBJeHHE
3TOTrO CAyuas.

O6nacte nOpounocTH GeToHa onpemensercs aunuedt ABC. Tax

R,
KaK TOYKa mepecedeHHs o0eHX KpHBLIX pacmonaraercs 63 Thi= 35,

i
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TO [PEICTABNAETCS MaJIO BEDOATHHIM, UTOGH Iacruveckas aedop-
Mauusa BO3HHKAA JAns albCUHCCH, MeHbllleH, ueM Hmiaf TouKH B, B
CHJY Wero OTnajzaer ie00XCRUMOCTD K YHUHTHBATL ee. Teoperuue-
oKas TOYKa paspylleHHs BcaeacTBHe casura aaf T,=252 ke
AOJIKHA pacnonoxuTheA Mexay C u D ¢ opaunatoit 8,7 k2. Coem-
HE% ee ¢ Kakol-auGo Toukof Kpuso#l AB, pacnosioKeHHoH BHIIE

T o "
T= ~—§‘~, MH He M3MeHHM npefenhbHoi KpupoH, Mexay A u B pas-

pylleHHe NPOUCXOLHT OTPHBOM; MexAy B u C BulgBAsgeTCH MJO-
CKOCTb CKOJBKEHHS,

DT ONHITHHE AaHHbIE HE TPOTHBOPEUAT HH TEM TEODHAM, COT-
nacHo koropeiMm ABC —mpsAMas, EM TeM, KOTOpHIe IIPEAToJaraior,
uto uepes ABC npoxomHt Ayra sanunca, [lopsaok BesJHUHHB! MO-
IPELIHOCTH OCTAETCH OAHUM ¥ TeM Ke.

Ty

R

4

Ho BarasHeM Ha 3ajauy ¢ 0o/ee MPakTHYECKOH TOYKH 3PEHUA
HHXKeHepa, KOTOPHIH 3HaeT JMIUb NPOYHOCTL Ha pacrsXeHHe R,
H npouHocTh Ha Cxkartue R, (puc. 77).

Mu CTpTonM npexkxe Bcero npamylo o (73 =0, 7y,=R,) u

i, __
PyaT—" ,T1~0). 3aTeM NONYMUM BEChbMa NMOJOTYIO TUNepso
7y, KOTOPYI0 MBI OTOXKAECTBISeM c npamol 15, mpeanonaras,uyto
Tay "V("Tl)’ + 4R?
|-'-=“‘—-0,(T3=R,, Tl-—-O) H T1=R,;, T3= 2 , KO-
Topas nepecekaer af B e. O8JaCTh NPOYHOCTH OrPaHHUEHa MHOrO-
yroisuukom <ved. Pacemorpum  remepn xpaliwuii caywai: p =1L
Bl HalxeM NAS Hero

" afy
Ny=—75 <Ty

OTKyna noaydaeM npsmyio o’f. C apyrodl Ccroposd, mnpsMas 3
Syner samenena npamo#t 78, B Koropoii BenuuuHa T, COOTBET-
creyloman 8, 6yner
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1 1 P
(_2‘+c) Tl-l// (—2- + a) 72 + 4R?

Ta,"_‘-‘ 9 < TB‘

Besikoe nmoBHillIeHMe ILTACTHYHOCTH BHIPAXKAETCS B TOM, UTO Tpe-
yrosibuuk e mnpeofpaayercd B nmpamyie 8. U Torna ycaosue
3anaca NpoYyHOCTH TpebyeT, YTOOH B KAYeCTBe KPUTEPUS TPOUHD-
ctH Onula npuuATa npamas (f. Tax uMeHHO H TOCTYNAalOT Ha
NpakTHKe HHKEHepH, KOTODHe BOoOOle, HANO CKasaTh, PYKOBOI-
CTBYIOTCS He HHAYE, KaK 3APaBRIM CMEICJIOM.

B o6macTH NPOYHOCTH MOXKHO, Aajee, YCTAHOBUTbL NMpeAesd Tpe-
uiuHoo6pasosanns. OH COOTBETCTBYET YCJIOBHIO v —A=dy, H, Kak
ofumee mpaBuao, p =90, r. e. aunefmocry R,=e I'}—T, Coorser-
CTBYIOIIAA [IpsiMas OPOXOANT Yepe3 7, a TakxKe uepes TOUKY, OPAH-

f.. 3aMeTHM TaKKe,

HATA KOTQPO#A paBHa HyMIO, a abouncca Iy=s

uTo cABHr orofpaxaercs npamoit T=Tjy,

Paspywenre NpH CABHTE, KaK BHANO M3 PHCYHKa, BhIpamaercs
OTPEIBOM 0e3 CKOJMbXKEHHsI 1 UMEEeT MecTo IIpH 3HAYEHUH, HECKONBKD
MEeHBIIeM 3HAYEHUS NPOYHOCTH Ha DACTSKEHHE.

Crinyune (HecBsi3HBIE) MatTepHAJH

HHTepecHo BLIACHUTH, Kakoe NPUMeHeHye MOMKET HAHTH BhIUie-
H3N0XKEHHAN TEOPHA B MCCASNOBAHMM CBOMCTS CHIMY4YHX, HECBEIHHIX
MAaTepUaJIOB,

Mmu 3naeMm, 4ro NpK paspylieHuH A,=0, 1. e. M =hsin &,k Hs-
BECTHO TaKXe, UTO B DACCMATDMBAEMOM cCjyuae B Marepuaje He
JOMKHO OHTb OCTATOYHOH NOTEHUMAJILHOH sHeprud §%, NOCKOALKY
oH He ofnamaer cTpyktypoil. Orcioga caeayer, uro §=0, a cue-
JOBATENbHO, N=T,, A=h . CooTHOoWenUe r,=h,sinb, r;x,eﬂ— yroa
paspyimenus, gaer (cM. CTp 158).

R= H (1 — 20) . Ty—H
=iy; s P=—Tf
sin @ “!'P“

OT1ciona HAXOAHM
R © = 1-—2¢
-E—SIH‘— T+
sing T#

I'lyc:'rb, HANpHEMEP, B CHydae, KOna MarepHajaoM sABJIACTCH [ecox
§ = 60°, o= 0,16,

. 068 |

SIN? = 1311016
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— 270 T2=Tl
¥“lae 1,=1,

Aty undpH, HACKOALKO MOMXKHO CYAHTb, OTPAXalOT pe3yJabTa-
Bl M3BECTHHIX HCHBITAHMH.
Ecan 6 =45°, s = 0,16,

anga p=+ 1|

Sln oo 008
Y= 16550,16p °

Q

g p==+1 == gio

2TH pe3yArTATH TaKXe OTBEYAIOT ONHTY.

Ycraaocts Oerona. Iosrophuas 3arpyska

Y¢TanocTHOe paspyuieRHe npeacraBiasieT coBof ABIEHHE, XOpO-
IO W3BECTHOE B CONPOTHURIECHHH MaTePHANOB. Beron noaob6Ho ApPYy-
MM MaTepuasaM OOHapyXHBaeT YYBCTBHTEJABHOCTh XK JOBTOPHRWM
sarpyxennsiM. , Harpyaka, MeHbllas, uweMm

CTATHUECKUH INpejen [POUHOCTH, BHI3HIBAET L 4
fa———f
paspylileHHe, €CJIM OHa npuJaaraercs jgocra- [ gz S
TouHO O0Jblloe 4YHC/I0 Pa3, H MpeBHIIAeT /
HEKOTOpOEe MHHHMAJIBHOE 3Hauy€HHe, HAa3hl- /

BaeMOe npenesioM BRHOCJIHBOCTH. STO 006~

menspectHo. Ho uro Kaxkerca MeHee ofuue-

U3BECTHHIM, 3TO TO, YTO TOBTOPEHHE 3a-

TPY3K¥ YCKODSIeT mjiacruvueckoe nehopMHpo- /

BaHKE, L
PaccMOTPHM UMK 3arpyxesuss H pas- I 'y |

TPY3KM, TWpeACTaBJeHHHA Ha rpaduxe

puc. 78. Puc. 78
OcraTtoyuas nacraveckas pedopMaunua

npu K=1—B (cm. crp. 151.) paBHa

A
’-_‘ — e bt
A'=A—-K T e
Xopomwo u3BecTHo, uto A’ <{ A, npuuem pA3HOCTL STHX BEIUUHH
cocramaser
— A == — HM?A_
A—A=Kt=K PR
TakuM ofpasom, ocTarounas mnjacTHdeckas nedopmanus noay-
Y3eTcA HUKE TOTO €e 3HAYEHHsA, KOTOPOe MOCTHraeTcs Npd HAaH-
Gosbmem 3arpyeHuH, H CBA32HO 3TO C OCBOGOXMIEHHEM 4YACTH

racrumecKux cBs3deft NoJA BO3HeACTBHEM - BHYTPeHHHX HaMpixke-
RHfi, BO3HHKAIOWHAX B XONe IHKIA.
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Takoe ocBOGOXKIEHHE NVIACTHYECKHX CBA3ER NPOABIAAETCH TeMm
pesde, yeM B MeHbIUel CTeNMeHH MAaTepUas DOAZAETCH YIPOUHEHHIO,
T, e. yeM Bblle kosppuunnent K, Hopoe sarpyxenne BJCYET 32 €o-
6ofi HOBYIO ILTacTHUecKylo RedopManuio A — A” = K, xoTopas

.
IPHBOJMT K HOBOMY OCBOGOXIeHHO Ipu pasrpyske K¥=K — :_f(&
€

H T I

Takum o6pa3oM, B HpolecCe TNQCJISAOBATENbHBIX 3arpyelinit
nnactuyeckaa nedopMauud Bo3pacraerT ¢ TeM GoJbilefl CKODOCTBIO,
gyem Buine 3uauente K. Ilpu K=0 pca nmactuueckas medopmallua,
caMmo coGoit pasyMmeeTcs, nproSperaercs 3a HepBHIf WHKI.

He 6yayuu BOpape 3TO YTBEPKAATh 32 OTCYTCTBHeM CNeElHalb-
HBX JAAA 3TOH IeNH TOCTAaRJEHHLIX MCHBITAHHH, Mbl HMeeM BCexe
OCHOBAHHsI [PEANOJATaTh, YTO IJIACTHUYeCKad JAedopMauus Hox
NOBTOPHOK HATPY3KOH HE MOXeT NpPeB3oHTH jedopManuy, npu-
OfpeTeHHOH NMOJ HArpy3koff 7O Ke BEAHUMHE], HO AeHCTRYIOWILH
IIOCTOAHHO HEOrpaHHYEeHHO HAJHTENILHOE BpEMA. Moxuo II03TOMY
NpeAnoNaraTs, 4TO NOBTOPHAS HArpy3Kka BHI3HIBAET NOJHYIO OKON-
9ATeAbHYI0O IMaCTHUecKylo AedOpMal#io Ha MHOTO CKOpee, ueM
OJAHTENIbROE 3aTpyXKeHHue, U €cyil On 3TOT (PaKT NpescTaBHJIOCh BO3-
MOXHEIM 10Ka3aTh, TO 34eCb OTKPHUIMChL OBl BeChbMa HHTEDeCHHE
BO3MOMKHOCTH AJIsi BKCIMepHMeHTaqabHolt pafotel'. (Bo Bcskom ciy-
yde AAA HaYYHO-HCCNENOBATENbCKOH PaloTH 34eCh IUMPOKHe IIep-
CIIeKTHBAL)

CourneMca Ha wMeluiMecs B 3Tof o01acTd H3BECTHHIC SKCIEDH-
MeHTaJbHble pe3yaprathl. OuH Nokasaau, uro 720000 uukiop H#a-
TPY3KH HHTEHCHBHOCTBIO 126 xe/cm? BHISBAAH TaKYIO e TUIacTHYe-
cKywo AedopManuio, UTO H II0J3YYeCThb, OTMEUeHHas 1oj TOH Ke Ha-
rpysxoit no ucteuenuu 28 nuelt; uro 3600000 uuxknos (5 mmed
VCTAJOCTHOrO sarpyxeuus npu 500 uumknax B 1 MMHH.) npuBondar
K TOMYy Xe pesyabTary, 910 ¥ 180 aHeit mojg moCTOSHHOM HArpys-
koii. Hakoreu, 10000000 umxaos (14 geell ycranocThoro sarpy-
MEHKS C TOM e 4acToTOH) BHIBHBAWT neOpPMaNMio, 3KBHBZALHT-
HYIO TNOJI3YHECTH IOJ MOCTOSHHOH# Harpy3ko#, BbiAepKaHHO# B Te-
yenne 550 nmeit.

ITHX HCNMBITAHUM, KOHEUHO, MaJio IJs HCUEPNLBAIOIUUX BBHIBO-
JOB, ¥ UX CJAeAYeT BOCIPOM3BECTH Ha OCHOBE $0jee LHPOKOTO IAa-
Na30Ha NapaMeTpoB, HO OHH LOCTATOUHO IIOKa3aTeNbHEl AJA CYX-
XeHHsi 00 YCKODEHMSIX, XaPAKTEPHBIX IJ H3YYaeMOro Hpoiecca.

YcranocTs He TOMBKO BO3GYIKAZeT TIPOUECC YCKOpeHHOH aedop-
MalKH, HO U BhI3bIBaeT DA3pYIUEHHE, H 3T0 MOxer OHTh CBI3ail0

! B nofrzepienne 3Tofi THIIOTESH MOXKHO YKasaTh, uTo GETOH, BLIXRPNKAB
IPeABAPHTENbHOE IATPYIREHNE B TEUEHHE OUEHb ANUTEALHOro CPOKa u mpuolpert,
CIeK0BATENLHO, 3HIUHTENBHYI0 YacTh CBOel TJIACTHYCCKok aedopmanud, HCOBITH:
B3eT NIPH TOBTOPERHM TPeXHeH RarpysKE JHMb OTHOCHTENBHO MaJayK A0Mi0 TOH
racTHveckoll neGopMaLMYH, KOTOPYIO ToAyunT obpasell, He noigsepriunfics Taxod
ZedopMauKy [OA NPEABADUTE/IbHNM 3arpyiKeHHEM.
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¢ pasHoo6pa3HbIMH mpHuMHaMmy. IlepBas H3 HUX — 3TO YBeJHYEHHe
OTHOCHTEJIbHEIX Pa3mepoB pedopMallH, Ha Hedl MH ceHdac ocCTa-
HOBHMCS.

Ecu MrioBeHHas Harpyska BH3BHIBAeT IJIACTHUECKYIO medopMa-
UKIC BeJMUMHOH Ay, TO 1pH #-0M NOBTOPEHUK TOH Ke HarpysKu
sTa ZeopMallMsi HOCTHTAeT BeNUUHHREI A,, NpHOMMKaACh X H30-
naacteke A/r,, ecJa¥ NpPUJIOKEHHas Harpyska npudiuxaercs K
K30TNaCTHKe pa3pyuienna. Ho 3To siBaesde uMeeT Mecro gnas GOMb-
mux geopMauui, yCTajgoCcTHOR XKe Da3pylIeHHe MOXeT TIPOH3CHTH

7

7 |

&

A\

Y SN

Puc. 79

HOJ BecbMa MaJablMM VIPYrEMH pedopMauusaMu. B 6eToHe, Kak u-
B JPYTHX MartepHallax, OHO Da3RWBAETCs, BMAKMO, NyTeM paclipo-
CTPAHEHHS] TPEINHH, o6pa3ylolinxcd K3 CTPYKTYPHHIX MM MOBEPX-
HOCTHHIX JedeKTos. OOBMHO TaxkHe TPeillMHbl HATPABJIEHH HOP-
ManbHO K HauGOJALIIHM YAJuAeHWAM. OTciona clleayer 3ak/mouuTts,
4TO NOROOHEIE TPEINWHBl HOCAT XaPAKTEP OTPHIBA M YTO YCTAa0-
CTHOE paspylleHHe, CIeNOBATEJbHO, ABIAETCS pPe3yJbTaTOM Hapy-
UieHHsl cBR3HOCTH. Kak MH BHAEIM, 3TO MOCHefHee KayuHaeTes
NpepulBHEIM npolleccoM OO6pa3opaHua BHYTPeHHux Tpeuws. I[lono-
XKHM, 4TO BO3HHKJA OAHA M3 TAaKMX MUKpOTpeund. Omna co3maer B
OKpyxatoilel ee 061aCTH KOHIEHTPALMIO SHEPTHH, 3a CYeT KOTOPoh
ofecneunBaeTcs yBeJHYEHHE TPEIIMHBl O TOTO0 MUHMUMAJILHOTO Pas-
Mepa §, NpH KOTOPUM OHA NpHoGpeTaeT YCTOHMHBOCTD MO MOCTOSH-
HOW narpyskoil. B peayabrarte GHM3NKO-XHMHUECKUX DPOLECCOB KPH-
CrajM3alliy, Das3BHBAIOWHUXCH OCOGEHHO B CBEXKHUX paspuBax Bi-
KYIero, TPEllHHH B GeTOHE CTPeMATCS BHOBL 3aTAHYTHCH, KaK 3T0
MHOPOKPaTHO NOATBEPKAAN0CE HaOJAIOAEHHAMH.

Mexny teM PHEIBHIBa€MBle YCTasJOCTHOH HaTpy3KOH NOBTOPHBIE
ABHKEHHA TPENATCTBYIOT E€CTeCTBEHHOMY TEYEHMIO npouecca KpH-
Crajau3auud. KpoMe TOro, Kak MH y:Ke BHIEJH, NOBTOpPHAsA Ha-
Tpy3Ka YCKOpSIeT PasBUTHe NJIACTHYECKMX Aedopmauxi, uemy Gaa-
TONPUATCTBYET TaKyKe ¥ KOHUSHTPAUMS HAIPSKeHHH.

Ho npu oTcyTcTBHM B MaTtcpHaje 3aMeTHBIX IIJIACTHMECKAX Ae-
bopmauHii yCTAaJOCTHOE paspyllleHHe B HeM MOXKeT NOJYHHTb #
HHO@ HCTOJNKOBAaHME.
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WspecTHO, 910 GETOR mnpefcTasjsier coboft HeOAHOPOAHHE Ma-
Tepuan, B OrpaHHYEHHHX H30JHDPOBAHHHX 06JacTIX ero ofbeMa
BO3MOXHEl KPYynHEe HmedopMalMH, He 3aTParuBapilue 3aMeTHO
ocranbiux ofnacteft. Tloaoxum, uro v (puc. 79) npezcrasasger
cOo60f oAHY W3 TaKHX ofnacrtelf, OKPYKEHHYIO NPAKTHYECKH Heorpa-
HHYEHHOK MAeaJbHO YIPYro# cpelof.

Hedopmauns GopMOHSMeHERHA 7 B QYHKUMH OT BHEIUHEro Ha-
npAXenus cABHra 1 oOnpenenseTCs AAsS Bcell Cpejnl 3HaueHdAeM
OE. O6nactp v mpeBHNUaer Npefes YOPYrocTH B opauHate A, n
peakuusi 3TOro TBEPAOro o0meMa AOCTHraer ODAHHATHI B ANA Ha-
JIOXKEHHOTO (HOPMOH3MEHEHHS 7.

Tlpn pasrpyske B 3aBHCHMOCTH OT 3HaYeHHMs KosddHUHeHTa
ynpouneHng K 5Ta peakuwss 9acTHYHO coxpaHsercs ¥ npu I =0
nocTHraer BeawynHn CD, ompenenseMoit Tpoekinedl 0CTaTOYHOTO
dbopmouamenenuas OC= 171 na OE. D10 ocraroyHoe (GopMOH3MeHe-
HiHe 3aTPaTHBAeT HE TOJLKO O6JACTb U, HO U HENOCPEACTBEHHO OK-
pyxkatomul ee obpeM. Takum o6pasoM, HoBoe 3arpyxenne Is BH-
3HBaeT B ynpyroil o6Jacr¥, HeNmoCPENCTBEHHO OKpyKawomel
o6aacTh v, popMOM3MeReHHe r,+ 7> r,. [lom BO3melicTRHEM IO~
BTOPHBLIX 3arpyxeHH#i A yBeJHUMBaeTCA, TO XK€ CaMOe NMPOHCXORUT
€ Y M ¢ NOJHEIM (opMonsMeHeHHeM 7y =7+ 7, [lomaras, dro
NPH HeOTPaHMYEHHOM BO3DacTaHMd A He MOXKET MNPeBHICHTL 7,
MH JOMXHE 6yneMm uMmers M =7,+-r, = 2r,. Hanbonsuree hopMo-
HIMeHeHRe, KOTOpoe cmocofHa BHIGepXKarth ynpyras ofnacrb, He-
HOCPeNCTREHHO INIPHMBKAOMasd K nepuwepur NaacThpUUKUPOBAH:
HHX ofjacTelf, COCTaBAsAET, TakuM 06pa3oM, YIBOEHHYIO BeNHYHHY
cpeHero ynpyroro $opmonaMeHenysa, Eciu TpeAnosoxHTh, 4TO
pa3pyuexie MNPORCXOAMT IIPH 3TOM HauboabuwieM GOPMOH3IMEHEHHH
NOCNe HEOTPAHHUYSHHONO HHCAA UHKIJIOB 3arpyXeHHs ¥ pasrpysku
H 4TO 3T0 NPEACTABAAET NpPefest YCTaJOCTH, TO 3TOT Npenea He
MOXKeT OHITh HHXe HauGoabllero YHpyroro GopMousMeHeHus, ornpe-
Jeasionlero paspyuieHue,

VIEHIMH CJIOBAMH, Npefes YCTaJOCTH He MOMKET OBITb HHXKe I10-
JIOBHHE CTATHYECKOTO INpefesa Da3PyLIeHUs, eCJH OeJ0 Xacaercs
HekoToporo o0beMa TBEepPAOro MaTepHaJa, PaBHOMEPHO 3arpyeH-
Horo, Ges rpajgueHTa ¥ 6e3 XOHUGHTDAUMHM HANPSKEHUH; HMeHHO
3TO NMOATBEPXKAEHO TAKXKe M ONMTOM !; 6eTOH, B YAaCTHOCTH, CedyeT
3TOMY 3aKCHY.

! Toynee aror nNpeAes ROJAXEH BEPA3UTHCH OTHOUMIEHHEM

3
re

, P& 2 — OT-

R
14a
K paspywenuio, pasHoMy 0,8 B npumepe, IpusejcHHOM B 3TOA

HOWeHKe

riase.



Tmamsa IV
JPY¥THE CBOMCTBA BETOHA H BO3IAEHCTBHE HA HHX

CxBaTnBanne UEMeHTA

MHorie CMEmMHBAIOT NOHATHA «CXBATHIBZHME» M <TBEPACHHE®
GetoHa. CxBaTHIBaHHE - 35TO YCJAOBHO ONpelenseMuli MOMEHT,
KOTJa IEeMEHTHOE TecTO CHMXKAST CBOIO MOXBHMKHOCTL HACTOJBKU,
4TO OETOHHAs CMECh CTAHOBHTCS HeNPHIONHOH janast ykaanku. Ha-
430 CXBaThIBAHEA yCTaHapauBaercs oObMHO urjofi Buxa, Koto-
past NpH [OOCTHXEHHM UESMEHTHBIM TECTOM 3TOH IMOHHXEHHOH lo-
BBHKHOCTH TepsSeT cloco6HOCT, NPOHHKATH B HErO MOJ AaBJEHHEM
AedCTBYOWeH Ha Hee HATPY3KH,

W cxpaThBaHHe, W TBepieHHe — BHIUMEE MPOABJEHHS THAPA-
TallE¥ LEeMeHTa, OTMEualomipe pa3iugHBie CTajHH 3TOTO IIpollecca
H H3MepsAeMule B DasaWuHbBIX LWeadx.

Buuie ¢€Ka3aHO, YTO MOMEHT CXBATHIBAHHA [IEMEHTa OHpene-
aseTcs uraof Buxa. Deig ¢nesann NONBITKM YCTAHORHTH €ro H
apyramu crnoco6aMu. llpexpge BCero yKameM Ha H3MepeHWe BHY-
TPEeHHEr0 TPEHHHA, O NPHHUHNAX KOTODOTO TOBOPHTCA B [viaBe [
OrMeqeno, 4TC 3TO TPeHHe BO3PacTaeT CHAWANA MeJJIeHHO, a4 3aTeM
(HauHHAas ¢ MOMEHTA, JOBOJBHO GAM3KO COBNANAIOUNIErO ¢ HAYAAOM
CXBATHBAHAA, ONpPeNeJdeMoro no MeTony Buka) Bce OmicTpee M
6nicTpee. CxBaThHIBAHWE HAYHHAETCA C TOro, 9T0 OTHENbHLIE 3epHa
BAKYywero ofpasyior Majo-moManay HeGoJbllHe CKOMNJEHHS, KOTO-
pble 3aTeM, COENMHAACH MexAy cobol, paspacraworcs B obfbeMe
M Jalor, TakuM o6pa3oM, HAYaJi0 MPOLecCY CXBATHBAHHUA, KOTAa
OTResLHBE CAy4aiiHble CBA3H HePeXOXAT B CIVICIIHYI LeNnb cei3el,
TIpPOHA3HIBAIOWMIYIO Beck O6beM GeToHA.

IIpencrasasiior B CBA3M C 3THM HHTEPEC M H3MEPEHHS CKOPOCTH
2BYKa B CBeXeM LEMEHTHOM TeCTe,

Puc. 80 gaer npeAcraBieEMe o XxapaKTepe 3aMEUEHHHX IIpH
3ToM sBgeHu#. CHAgasa CKOPOCTD YMEHBINAETCH, NOCTHraeT MHHM-
MyMa B, 3aTeM BO3pPacTaer H UPHHHMAET HA KOPOTKOe BpEMS Cpas-
HHATENBHO I[IOCTOAHHOE 3HaueHWe. 3aTeM OHA BHE3aIHO HAUHHAGT
PE3KO YBENHUABATLCH ¢ TOYKHM nepejsoMa C, oTueTyIMBO BHAHOR aAa
rpaduxe.

Munosas Togky D, oupeienfioiulyl0 HOBBIA TepesoM, KpHBaf
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TNpHHAMaer MNOJAOTOE HalpaBieHAe: TEMNI BO3PACTaHUs CKOPOCTA!
3ByKa 3aMelJisieTcsd, CKOPOCTh J{IOJyuaeT 3HAUeHHA HNOPAAKA BeJid-'
44H, H3MepsSeMHX B 3aTBepieslieM LeMeHTHOM KamHe. Touknm
C w D Ha wKase BpeMeHH NpuofpeTalOT 3HATEHHA ITYHKTOB Haya-
Ja ¥ KOHIZ2 CXBATHIBAHU.

Ecnu renmepe o6paTHTh BHHMARUE Ha a0CONIOTHOE 3HavyeHde
3THX CKOPOCTEH, TO MBI OTMETHM, UTO B HHTEpBajIe MeXAY MOMEH-
TOM 3aTBODeHHS (3aMeNIKBAHHS) H HavaJOM CXBATHIBAHHA CKO-
POCTb 3BYKa ompelensencd BeqnuuHamyu nopaaxka 150—300 s/cex,
T. €. BeJHYHHAMHM, JeKallWMH 3HAYUTEJbHO HHXKe CKOPOCTH 3BYyKa
B BoAe, 6au3koit K 1430 M/cex, HecMOTPA Ha TO, YTO 3epHa LEMeH-

Ta B 3TOH CTagMH OMLIBAIOT-
2~ ci pomoii. OObACHSETCA 3T0
“ Kaxyluleecss  HECOOTBETCTBHE
TEM, 9TO Mbl H3MepsieM 3JeCh
' B JNeWCTBUTENBHOCTH HE CKO-

{nopocme

‘
L}
' POCTb 3BYKa, a CKOPOCTh pac-
' IPOCTPAHGHKA SHEPTHH, CINO-
X co6HOl OKasHBaTh BO3AeHcT-
\ BYE HA MIMCPDUTEJLHHE IDH-
' Gopu. 3JTa aHeprMs nepexa-
y , eTcd BHaYaJe HaxooAUIHMUCS
: BO  B3BELIEHHOM COCTOAHHH
; JacTHUaMM HeMeHTa, pedcT-
. BYWUWMMHE KaK pe30HaTOpPH.
' B waganeHOM nepuofe (ox-
' BATHIBAIOWEM YYaCTOK KpH-
JamBopenys Havann  ARomea tidame» Bolt AC) Tsepnoll nepeaatoy-
cxBamuiBanus Ganus HOH Cpenbl, CONpHKACAaolleH-
CA ¢ 3THMH 3epHaMH, elle He
CYHMIECTBYET, MOUYEMy  <CKO-
POCTh H DOJIYIaeTcs OUeHb Ma-
jgoit. B nmagpHellleM. BO3HHKAKT KOHTAKTH MEXAY OTIeJbHBIMH
CKOIVIGHHSIMH TBEDABIX YACTHI, a 3aTeM HAUMHAETCA M 3aTBepje-
BaHHe,

BrgucjieHHe CKOPOCTH 3BYyKa B cpefe, cocTosumieff u3 nByx ¢das,
ONHd 43 KOTODHIX B3BelleHa B OPYroH, NpeacrasJseT H3BECTHBIE
TpyaHocTH. Jaf paspeumenusi 3Tod 3ajauM caenosaso Ou obpa-
THTBCH K CHOMHBIM TEOPHAM, AHAJOTHUHHM BOJHOBOR MeXaHHUKe.
Ho nas sawmmamowero Hac sompoca 2To Oblio Obl CAMIIKOM TPoO-
MO3IKO.

B CYWHOCTL SIBJEHHS MOXKHO, OAHAKO, NPOHUKHYTbL H C HO-
MOILBIO 3JeMeHTaPHON cXeMH, IlyCTh MBI uMeeM CHCTEMY HaHH3aH-
HEIX Ha VIpyroff NPAMOJIHHEeHHOK HUTH-IPYKHHE YacTHi[ ¢ gepe-
AVIOIHMHCA MacCaMd m; H mp; W OTCTOAIMX 0JHa OT APYyTo# HA
paccrosaun a (puc. 81). O6o3nauuM uepes K xoadOhHIHeHT XKecT-
KOCTH MNPYXKHHBIL, ONPEAeAAOWIMH [AAf 3TOH CHCTEMBl DEaKTHBHYIO
CHJIY TpHTSKeHHsI 4acTHL, HPONOPHHOHAJIBHYIO HX YyARajeHuio, 3
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Puc. 80. CkopocTh 3ByKa B CBEXeM
UEMEHTHOM TecTe




yepes W, U ®,~— yacTOThl BHGPAUMH, CBA3L KOTOPHIX C MaocaMu
YaCTHL ONUCLIBAETCH COOTHOIIEHHAMH
2K

2 —
w? —
1 m

Cxopocth ¢ pacnpocrpaHenusi xogefaHHil B TakoH CHCTeMe Haxo-
AHTCS U3 32BHCHMOCTH !

2 2
. N ml 012 2
=" 5 2
2{‘“1 + “’2)
UIH — B QYHKIUHHE Macc:
7y my My My
2 K__ g i@ Owmmmng
Oy m
1 9 ‘
l-'d ——’L— Q —)L— a —~>l
my -~ My
3aMeTHM, 4TO 5~ DpeAcTar-
AseT cofof Maccy 3TOf HMTY HacTHu, Puc. 81

UI‘HGCE'IHHY!O K eIWHULE AJUHBI, N0J-
HYI0 Xe Maccy 00o3Hadum uepes M-+ M.
Kosdduunert xecrkoctd K npyiKuHK, COeRHHAWIEH TaCcTHLW,
. K
o6paTHO NPONOPHUOHANEH ee CBOGOIHON NJaHHE: K=*2~a—.
M&ul naltnem torga

T. €. KJIaCCHUeCKylo (OpPMVAYy paQnpocTpaHenus 3BYKa B MHUIKO-
CTAX,

Ho ecau Maccu my npencraBiasior coGOR TBepisle YacTHILH,
B3BEWeHKLe B BOAE, TO MH Hafigem, uto K’ Gygzer Bo3pacrawomeh
QyHKUHeR HX o0beMa, a CJeHoBaTeJbHO, HX MacChHl

K’ = Qf(m,)
H TOTHA -
02 == Qf (ms)
My-My ”
CRODOCTE 3BYKA, TAKHM 06pa3oM, -— Boapacranmas QyHKu4S

Maccw wacthl. B umayase, B craguu AB (pHuc. 80), macca wactay
YMEHBINAETCS B CBS3H C MX YaCTHYHHIM pacTBopeHHeM. [ajee, B
craguy BC, wmeer Mecro (QUIOKYASIHA: 3epHA COCIHHAIOTCS B
XJI00bg ¥ o0Pa3yoT yacTHLL COMLIINX pa3sMepos, BCIAeNCTBHE Hero
CKOpOCTL 3ByKa yseauauBaercs, Haxonen, crapua CD, xapaxre-
pH3yOIMafAcs OBICTDHIM BO3PACTAHHEM CKOPOCTH 3BYKA, OTpAXKAeT
PacnpocrpaHende yipoflecca CIJIOIIHOIG CXBATHIBAHHS Ha BECh

1 Cm. Rocard, Dynamique générale des vibrations, Paris, 1949, ctp, 125,
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ob6beM — oOpasyeTcs MeCTKH HeNDepPHBHHE cKeJer, STHM OTMe-
JaeTrcs Havasno CXBAThIBAHHA.

Ipyroit BecbMa HMHTEPECHHI CN0OCOG W3MEpeHHs CPOKOB CXBa-
THIBAHUA OCHOBAH Ha XAPaKTEPHCTHKAX 3/JASKTPHYECKOTO COMPOTHB-
JIeHHST MaTepHasoB IPM TNPOXOKJIEHUH Hepe3 HHUX TOKOB BBICOKOH
qacroth ! (cemite 10000 2y). Kaxyitleecst conpoTHe/iexue? HaMe-
HSIeTCSl TP 3TOM B NPOIeCcCe CXBATBIBAHUWA MO KPHUBOH, NpeacTan-
negnoll Ha puc. 82.

dra XpuBasg MPOXOIUT Hepes ABa MHuuMywma. Ilepsnit — A —
COOTBETCTBYET HAuany CXBATHIBAHHSY, BTOPOH —~ B — oTMedaer
KOHEel CXBATHIBAHUS.
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Bpema
Puc. 82

Ecnu Ha TY Ke KOOPAMHATHYIO CeTKY HAHECTH NOKA3aHHA TeM-
aepaTypsl leMeHTHOT'O TecTa, CXBAThIBAIOLIETOCH B KaJopUMETpe,
TO Mbl KOHCTATHPYEM, UTO [ePBOMY MHHAMYMY A OTBeuaer Jerki#
nepesioM B KDHBOH TeMIePaTypHl, BTOPOMY XKe MHUHHUMYMY Kaxy-
mierocst CONPOTHBJAEHUS B COOTBETCTBYET HETKO BHIPAXKEHHBIH Mak-
CHMYM KDHRO! TeMTiepaTypHL.

ITo gaeT OCHORAHHE 3AKJIOUNTB, YTO HAYAJO M KOHARl CXBATH-
BaHUS JEHCTBHTENbHO SBASITCA B KOHEUHOM CHeTe peasibHBIMY
ABJIEHUAMYU B (PH3NKO-XUMHUECKOM IIpOUecce THADaTalUH; OHH CBi-
HEeTeJbCTRYIOT O HaJWYMH CKAUKOB (KAUeCTBEHHBIX H3MEHEHHH) B
XOfe HelpepbiBHOIO H3MEHEHHSi CXBATHIBAIOUIErocs LEMEHTHOro Te-
€T2, KOTODLI® U [PHYPOUHBAIOTCA PAa3/IMYHEIME METONaMHu H3Mepe-

' Cm. no stomy Bonpocy paGorsl Kaapexu s Tpyrax MaapHiackoro Naygxo-
TEXHHYECKOrO0 HHCTHTYTA Xlo GertoHHoMy crpourtensctBy (Calleja, Inst. techo.
construccion, cemento, Madrid, 1950, nos0pe; 1952, ceuradps).

? Ouo npeacraBasier cofoit CYMMY OMHYECKOTO COMNPOTHBIEHAS H DeaKTaHLd,
T. €. 6€3BATTHOTO CONPOTUBJEHHS, KOTOPOC OKA3HBAET NPOXOXKACHHI) TOKA €M-
KOCTh, COCTOSLIAS M3 ABYX SNEKTPOIOB ¥ HAXOASUIETOCH MEMAY HAMHA Au3IeK.
TPHKa B BHIE UEMEHTHOTO TecTa.
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HHl ~— MEXaHHYECKHMH, SJIEKTPHUUECKHMH, TEPMHUECKHMH H axy-
CTHYECKMMH — B TOYHOCTH K OfIHOMY H TOMY Ke MOMEHTY BpeMeH)
{ans onHO# H TOH Ke CMeCH).

3nech YMECTHO OCTAHOBHTBCS Ha BONPOCE O JAO0MCHOM CXBATbL-

gaHUK. DTO — 4HOMAJUS BHYTPEHHEro TPeHHs B TecTre, CKa3BIBAlO-
Wasfcs B TOM, ¥TO B IEPHOJ, NPERIIECTBYIOUIUA HAayajay CXBaTHIBA-
HUS, 3TO BHYTpeHHee TPcHHe pecbMa OBICTPO BO3pacTaer B TaKOMH
cTeneHy, UTO MOXEeT 3aTOPMO3UTh padory OeTOHOMEINAJKK WIH 34d-
TPYLHHTE YKJIanKy OeToHHOH cMecy B omanyOky. [Ipuumka sToro
ABNEHUA €Hle OYE€HbL CNOPHAs H, Halo HUPHU3HATh, AOBOJbLHO TaMH~
crpenHast. JloxHOoe ©XBATH-
BaHWe MOXeT BOIHUKHYTE B
cyuasix MpAMEHeHHs mopsye- g
ro LEeMeHTa, OJHAKO OHO Ha- ’
faogaercs TakkKe H B HOD-
MAJEHO OXMaMKAEHHHX - cxﬁg:@iﬂ/“//,f’
MeHTax. Eno MOXHO Ipexkpa- '
THTL TPaMGOBAHHEM, 3Hep-
TMUHBIM ~TepeMe[lUBAHHEM H
naxe BuOGpupopanuem. Cxsa-
TEIBAHKE NpwoOperaer TOTRA
BHOBb HODMaJIbHEIE TeMIHI,
€CJH TOJAbKO B AaJbHeHIIeM
3Ta aHOMaJH# He ICBTODUT- Bperma
Cs1 BIIOBb. y’maepmna}o"rua}xe,
4T0 B H3BECTHBIX CNyHasXx
NOXHOEe CXBaTHIBaHHe IO HC-
TEUeHUHH MN3BECTHOTO BDEMEHH
neyesaeT camo 0o6o#t. (OcTaHoBHBIUYIOCS GETOHOMEINaNKy yAanoch
OYCTHTh B XOJ /4 Yaca cnycrs.)

Yaule Bcero BHHY — B 3T0M CMBICAE —- BO3JATZIOT Ha TIHIL,
HDHME’:[IIHBaeMbIl:l HHOrZAa B HeGOABUIMX x03ax K LIEeMEeHTY B Kaye-
CTBe peryJfiTopa CXBATHIBAHWSA, ¥ HEKOTOPhie AaXe IOBOPHAT, 4TO
JOXHOEe CXBaThIBaHHe mpelcTaBisder COG0H B HeHCTBUTENBLHOCTH
CXBaThHiBaHUEe THUMCcA. DHeWmsd XapTHHa 3TOTO SBJACHUA OUYECHb
OMM3KO HAMOMHHAET NPOLECC KOJJAOUIAJNBHOPO KENATHHUPOBAHKA
(o6pa3soBanus resst), COMPOBOKIAIOMMECH NPH3HAKAMH THKCOTpO-
MMM MAM BHEe3aNnHOH (JOKYJsUHeH; ero cJaegoBaso Ok NPHIHCAThL
Ilos’rony TPHCYTCTBHIK pBeCbMa MEJIKHX YaCTHl, BO3MOXHO, THIOcA
(a moxer GbiTh, H ADYTHX MATEPHATIOB), M B TAKOM CJayyae Cped-
CTBO GopLOH € 3TUM SBJCHHEeM HaL0 OBLIO 6B HCK4Thb, MOKET
OHTb, B TOH #an WHON TeXHHKe NOMOJIA.

Tax wan HHA4e, JIOXKHOe CXBaTEIBaHUe OOHADYKHBaeTcd e
TOTPKO B H3MCpEHUSIX BHYTPEHHETO TPEHHMS, HO W TIpd H3MepeduH
CKopocTH 3ByKa. KpuBas 3TO¥ cKopocTH B yHKUYH BpeMesH obHa-
PYXHBaeT nepeyl HAYaJOM CXBATHIBAHHMS OJHY HJH HECKOJLKO BECL-
Ma YeTKO BhIpaXKEHHHIX aHOMaJ/uil, TOAOOHEIX YKA3aHHOH Ha rpa-
duke puc. 83.

Cropocmn IbyRa

Puc. 83
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OueHb GricTpoe HAapaCTAHHE CKOPOCTH, O KOTOPOM MOXHO CYIHTH
1O MYyHKTHDHOHM SAHHHM Hal KPUBOH CKOPOCTH KOHTPOJBHOI'O o6paa-
114, — HalVIsHOE CBHAETEILCTBO YCKOpeHHOH (MOKYJAUHH, KOTO-
pas JA0JKHA 37eCh HWMETh MECTO B CBeTe TPENJOKEHHOH Bhile
TEOPHH.

Buiio 6B HHTEPECHO VKA3aTh, KaKHe pe3yJbTaThl NOKamKeT
ONEITHOE YCTAHOBJIEHHE 33BHCHMOCTH 3JIEKTPOCONPOTHBACHHUSA-3JICKT-
POEMKOCTH, TIOCKOJIBKY OHO MOIVIO On OBHADYXHTb TNPHCYTCTBHE
KOJJIOHRAABHON (ha3nl, HeNPepPHBHOH HJIH IpephHBHOH,

HopmansHoe d yckopeHHoe TBepReHHe

ITpn paceMOTPeHMM 3aTBePAEBINEro HEMEHTa B IJNEKTPOHUOM
MHUKPOCKONE MeX[Jy ero 3epxHamyu oGHApyXuBaloTces Mesbualiliine
QacTHUB MApOOBPA3HOrc H MAACTHHYATOrO BHAA., MHOrHe M3 3THAX
YACTHI CTOJb MaJhl, YTO HaXOASTCS B OMEIBAILIlefl MX BOJe BO
B3BEWEHHOM COCTOSHHH H COOOIIAKOT CYCHEH3HH TE KOJMJ0HAAJb-
Hele CBOWCTBa, KOTOpPHE HOJrOe BpeMsl INPHIHCHIBAJH 3aTBepJesn-
HIEMY LEMEHTY.

Bosiee unn Mewee Gnicrpoe NpoTeKaHHE TPOLECCA TBEPACHHSA
3aBUCHT OT HHTEHCHBHOCTY KPHCTAMIH3ALMM, OT o6pas0oBaHUA TBED-
JOTO CKeJIeTa B PesVipTaTe XHMUUECKOTO coeluHenus uactuu. Cre-
IeHb TBepHeHHA H3MepseTcs oOWUYHO pe3yabTaTaMH HCIKTaHHH
Ha cwaTHe M pactsaxenne, Ho ouennTy TBepAeHHMEe MOXHO M ADY-
FHMH CIOCO6AMH, B YaCTHOCTH H3MepeHHeM cKODOCTH 3ByKa. JToT
NOCAEAHHE MeTON, MO3BOJAIOIIHA ONPEeme/NUTh AWHAMHYECKHH MO-
nyab ynpyroctd u Kostdduuuent [lyaccoma, pacKpbiBaer HeKOTO-
pHe HHTepecHHe OCOGEHHOCTH M B 3TOM mpouecce.

JuraMuueckuit Mogyab YREPYroCTH BO3pacTaeT AOBOJMLHO Gbicr-
PO Ha OPOTSMEHUH ONHOH-ABYX NMepRHIX HEAe b TBEpPIACHHHA, 3aTeM
3T0 HapacTaHHe TPOYHOCTH MOBOJLHO PC3KO 3aMERJfeTcsd, a 110
HCTedeHun 4--6 jgeT BOBce NMPHOCTAHaBAHBAercs (B Ciyiae NpHMe-
CHMA TOpTaAaug-ueMeHTa). KameTes, 4TO B TeX Ke YCJAOBHIX
cpessl M N0 HCTeMeHHM TOTO JKe CPOoKa 3aKaHuHBaeTcd Teeplaeuxe
feToHa, NPHXOAANIEro IpH 3TOM B cTaGuibHOE cOCTOosHMe. B reue-
HHE MEepBOFO CPOKd MOAYJbL YOPYrOCTH MOPTJNAHA-IEMENTa BO3pa-
craer npubausprenvio Ha 30%, B TeueHMe BTODOTO CpoOKa ~— mpu-
61n3uTenvuo Ha 709%.

Koaddunmenr I[Tyaccona ¢ BospacToM OeToHa YMeHBWIAETCs.
Ecau B Bospacre oAHOTO AHSt OGHUHRIMH AJs O€TOHA 3HAYCHMAMH
3TOH XapakKTepucTHKH Gueaer wwdpa 0,256-—0,30, To no HcTedeHAN
IJATeJBHOTO CpoKa oHa nrajaer Huxe 0,15,

TBepaeHHe — pe3VabTaT PACTBOPEHHS, XHMHUECKOH peakuHH H
KPUCTAMAMU3ALAM — MOXKCT [IPOHCROINTL He MHaue, Kax TOJbKO B
TPUCYTCTBHHE BOAE. B Bofe GeToH TBepleeT B HAWJIYYUIAX YCID-
BuAX. B cyxoM Bo3ayxe Geron TBepreeT He CTOJNb OHICTPO, T2K KaK
OH J0JMKeH B 3TOM CJiydae YacThb BBEXEHHOH BOIBI OTIABATHL BHeul-
Heh cpeme. B 3aBHCUMOCTH OT YCJIOBHHA XDpaHEHHMS MOAYJb ynpyro-
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CTH VYBEJHYHBAETCHA IWIM NOAACPKHBAETCS HA CPABHUTENLHO HHU3-
xoM ypoBue (pHc. 84).

Ho ecnm no HCTeUeHHH HEKOTOPOTO CPOKa XpaHEeHHS B BO3AYXe
HeTOH TIOMECTHTb B BOAY, ero MOAY/Ab YIPYTOCTH BHOBL CTaHET
po3pacTath, He ZOCTHras, ONIHAKO, TOTO 3HAaYeHHA, K KOTOPOMY IpiH-
BOAMT HENpephIBHOe BRIJEPXKHBAHHE B BOJAE B TeyeHWe BCerc CPoKa
¢ Havaja TBepaeHust. Hanportws, 6eroH, BHIAEPKAHHBIK cHauaja
B BOJe H IOMEINeHHBIH 3aTeM B CYXOH BO3AYX, NOUTH COXpaHser
yKe NpHOGPETEHHOe 3HAUEeHHe MOAYJsl YNpyrocTu Ge3 3aMeTHOTrO
CHHIKEHHA,

XpaneHue B BO3AYXE
coobUiaeT THADPATH3UPO-
BAHHOMY LEMeHTY MHYIO
CTPYKTYPY, 9eM XpaHeHHe
B Boxe. B neppom cayuae
KPUCTANH3ANH S MOXKET
6HTP JIMUIb B 9AacTIX,
OMBEIBA@MEIX BOAOH; MO3TO-
My B LEMEHTe OCTalTcs
AYeHKd B BHIE NOP, HAMDOJ-
HEHHHX BO3ayxXoM. [leMeHT-
H#BIH KaMeHb OeToHa, BbI-
A&PKAHHOTG HA BO3IAYXE,
AMEET SIYSHCTYIO CTPVKTY-
py; ero MOAYJAb YIPYIOCTH TNOJyHaetcs 6Gojee HU3KHMM, oH Gonee
IOPHCT M, BEPOSITHO, HOMee NPOHULEEM.

IIpounecc TBepaennsl yckopsiercs nod Bo3aaelicTBuem BHCOKOM
Temuepatype. Kpucraanusapus, BH3HBalolnlas TBeplreHue, o6yc-
JIOBJICHA PA3JUYHAMHM B PACTBOPMMOCTH MEXKy BEIIECTRAMH, KOTO-
pble BCTYTIAIOT B XHMUYECKYIO PEaxnuio, uToOn HCuUesHyTh B Heil, H
BelleCTBAME, KOTOPHe CO3AAIOTCS B Pe3yabTate ee B NpUCYTCDBHH
BOJAL. DTOT NPOUECC TEPMOIMHAMUYECKHH, M IIOTOMY TeMIepaTypa
urpaer B HeM pelIaloOMyId poab. HampuMmep, B mopriaaHi-ueMeHTe
npu teMneparype 15° mpouecc cXBaTblBaHMS, HAY4BIIKCE B 3 4.
15 M., sakaHuuBaercs B 7 4ac.; Opu TeMmnepaType 50° on yaoxusucs
B mHTepBas or 1 4. 10 M. mo 2 4. 0,5 M., npu TeMmmepaType Xe
100° — or 15 mun. mo 55 MuH., T. e. cokpatuqaca ¢ 4 uac. 1o
40 mun.

Ila1s onHOTO W TOTO XKe NOPTJIAHA-NEMeRTa BAHSHME TeMNepary-
PH HA CKODOCTb TBEDIAEHHS M3MEHSETCH B 3aBHCHMOCTH OT VCJ/OBdi
HOapeHUA, RBJSIOUWETOCS Pe3ysibTaTOM MNOAOrpesa

Ilonorper mopraasa-nemestTHoro Getora npu 70—80° Bo BaaK-
HOH cpejie B TeYeHHe 3 yac. JO3BOJHJI NOJAYUHTH MOYTH TAKYIO XKe
IpouHOCTh, KOTOPOH npu 15° ymaercs HOCTUTHYTh JMIIL TIOCHE
IByxaueBHOH o00pa6oTKH; nonobHas ke ofpaboTka B TeueHHe
24 yac. mana MPOYHOCTH, PABHYIO /3 mpouHOCTH GeroHa B BO3pacre
28 pueli. OmHako OKOHHATENbHAS MPOYHOCTH MPH 3TOM CTPAAACT
H noryuaercss npubamsutensHo Ha 10% Huke HOpMalnbHON mnpH
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BJIZXHOM Xpawenud. [IpH CyXom XpaHEHAM OHHXXEHHE NPOWHOCTN
MOXKeT A0CTHIHYTh 40%.

O6paboTka GeroHa B TOpsiueil Boge ITPEACTaBJAETCS, Ha Hep-
BRIt B3riAd, Gosee MHOrooGewiaiousedf, NOCKOJILKY NIPH 3TOM COXpa-
HSAeTCH BJAMXKHOCTB, ONHT, OAHAKO, NMOK33BIBAET, YTO ITOT Mpouece,
BONPEKH OXHIAAHHAM, Manao 3bhdexTHBeH, eciH He onaceH. Ifopr-
JaHA-UEeMeHT M BoicoXonpounsit ueMmedT (HRI) cmabo na Hero
pearupyior. Uro xe Kacaercs CyabthaTHO-IAaKOBBEIX LEMEHTOB i,
pasyMeeTcs, IVIMHO3€MHCTHIX, TO OHH OOHADYXXHBAIOT IIpY 3ITOM
najxeHne MPOYHOCTH.

BecisMma addextuBHON, HampotB, Apagercs o6paGoTKa B aBTO-
Knase, BaxxabIM 06CTOATENBCTBOM 3Zech SIBJASIETCA To, YTO TBepIe-
HHE CONPOBOMKAAETCH 3MeCh «KpeMHe3eM-H3BECTKOBBIM» 3¢(h{CKTOM,
T. e. peakuneli MeXIY HIBECThIO, OCBOOOKIEHHOH B pesyJbTaTe
THAPATAIMM, H MeJKQO3€PDHUCTBIMH 3alI0JHUTEAAMH, €CJIH OHM KPeM-
HE3eMHOTO npoHcxoxAerus. Jlys nopriaaHa-HeMeHTa 508 JapJe-
HHeM B 2 gru u TemmepaType [33° MOXKHO Jerko NMOAYVUHTL NIPOY-
Hocte 115 xefem? nocae 2 uac, oBpa6ortku, 260 xzfcm? — mnocae
8 yac., ¢ noseneuneM ee xo 300 xe/cm? ¢ DOCHERAYIOIHM BELIEPKU-
BaH¥eM B HOPMAanbHHIX yclaoBusx npu 18°

Hasaenue B 10 aru npu 183° naer npounocts 255 xefcm? uep2s
2 qaca, 350 K2/cm? — uyepes 8 uac. [Imyxuacorast o6padoTa ¢ no-
CHeAYIOUNM HOPMAJbHEIM BHIEPKHBANYeM B Tedenue 28 gneir obe-
crieykBaer npouaHocTb 300 xe/cm?. TlomoGHaa ke 8-yacosas obpa-
6oTKa naer mocge TOH e BBINEPNKKHM NPOUHOCTb B 480 Kka/em?.

KpemneseM-H3BecTEOBHA 2hdekr MOMKHO VCHAUTL  J00aBKOR
MeNKOro Kpapueporo mnecka. OGpaGoTka B Tewenle 2 yac, nod
nasnenneM B 10 ary Aaer B ITHX YCAOBHAX NPOUHOCTL 425 wefcm?
nocse sanapusasusa U 580 xzfem? no ucrevenun 28 gaedl; o6pabor-
Ka B TeveHue 10 yac. nmox TeM Xe AABACHHeM JaeT NPOYHOCIbL
660 xz/cM? nocne samapmBanus B 760 x2fcm? nocae 28 gHewr. Haxo
3aMETUTh, 4TO 34eCh peYb HAeT ¢ pacrBope MaJOd OJAOTHOCTH, H
TIOTOMY B TLATENLHO NPHFOTOBJEGHHOM O€TOHe, KaK /eNKo J[OHATH,
2THM CcHOCOOOM MOXHO AOCTATHYTDH BeCbMa BHICOKHX -I‘IpO"-!HOCTeﬁ
(spue 1000 xzfcm?).

HyxHo, oanaxko, WMeTb B BHAY, YTO €CJH NOPTIAHI-UEMEHT C
YCHEXOM NOoAAaercss aBTOKJIaBHoit o6pabOTKe, TO 3TOTO HEJb3f CKa-
3aTh HH O WJAKOBBIX IEMEHTAaX, HY O IVIMHO3EMACTHX H Cy.IIb(I)aTHO'
LITAKORHIX.

ABTOKiaBHAA TeXHHKA Tpedyer NPUMEHEHHs AOPOTOro W C/IOK-
HOTO obGopynosainnd. Bojee mpocroe pellielne MOXKHO HaiTh B Ipo-
TNapUBAHHA NOH ATMOCHEPHLIM AABJEHHEM, XOTS pe3yJabTaral €ro
B Mexee stpdexTHBHH. ITopTaans-neMeHT, NPONAPEHHLHN B TeueHHE
2 qac. npu 80°, Moxer oGHAPYXKUTb MPOYHOCTb Ha CHATHe TOPALKA
100 xe/cm?; nocne 8-uacoBoro nponapupanus — 140 xefcm?. Brico-
xonpoyubii uement (HRI) mo ucreueHHH 2 uac. Moxer parb
120 xefcM? u coorercTBeHHO 225 K2/cm? — noche 8 wac,
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B xavectBe ofuiero TpeGOBaHMS HYXKHO YK43aTb, uTO GeTOH,
nocTynamwuuit 8 NoRo6HYI0 06paboTKy, J0MXKEH OLITH II0 BOIMOXK-
HOCTH TNJIOTHEIM, XOPOLIO OTBHOPHPOBAH H TINATENbHO YJAOXKEH.

O6paboTka NPUHOCHT TeM 60Jbile BHITOAB!, UeM ILIOTHee GeTOH.
[1py mponapuBaHUM CJAELYET BCAYECKH H36eraTh KOHAEHCAUWH BJa-
rd Ha rpaHax GETOHHOH JACTaJd: OHA YacTO NPHBOIHT K BCIYYH-
BAHHAM H K paspylIeHHAM MecTHOro xapakrtepa. Ocofble mpeHMy-
MecTBa 3TOT METOH JaeT B APUMeHeHWH K COOpPHEIM M3JeAHAM B
¢opMax ¢ xopouo yKpenneHHoH kpuuixoit, Ho, nockonbky He Bee
UEMEHTHl B PAaBHOH CTeNeHH TPHrOZHE K TePMHUUecKol o6paGorke,
npeAclaBaAsieTcs 1e/eCO0DpasHEM HOCTABHTh HPEABADHTENbHBIE HC-
NLITAHUSI, C TeM 4TOOH NOJAYYHTH OPHEHTHPOBKY B BhHIGOpe LeMeH-
Td, 4 TaKXe KOHTPOJbHEE HCNbLITaBHA, YTOOH NPOBEPUTE €ro npH-
MeHHMOCTb. Jlasi H3MepeHusi pacWMpeHHs H YNPOYHOCTH GeroHa
BMecTe ¢ ofpabaTeBaeMbIMH JHeTajfMH B ABTOKJIaBHl cJaeayer 3a-
KA2JRBATh HECKOJILKO KOHTPOJIBHHX 0Gpa3loB.

Boponoraomaemocts U BOXOHENPOHNIAEMOCTL ORTOHA

CxBaThHBaHHEe K TBEPAERUE LIEMEHTa MIPOUCXOMAT C YMeHbule-
HgeM alcoqioTaoro ofbeMa COCTABAAOUINX ero Marepuancs. Boaa,
COeJHHAACL C GEe3BOAHBIMU COJNSMH, 0OpasyeT TUApPATH, 06beM KO-
TOPBIX MeHblle o0beMa COCTaBJAAWUIMX BellecTs. Ecanm naxe cse-
»ast GETOHHAA CMeChb CHJIbHO YILIOTHEHAa TaK, YTo BCe BO3AYIUHEIC
NOpH B HeH YHMUTOMEHB, TO [POCTOTC XHMHUECKOTO COEIMHEHHS
A0CTATOYHO HJSA TOro, YTOOH 3TH NOPHl BO3HHKJW BHOBb, C apyuoi
CTOPOHBI, H3BECTHO, YTO KOJHMYECTBO 'BBOAMMOH BOAKR 3aTBOPEHHS
fnpaeT OORMHO GOJbIIe KOJKYECTBa, HEOOXOAWMOTO AJad ruapara-
IIHH, TaK KakK B AO3UPOBKE YUYHTHIBAIOTCS TAKXE H ﬂOTpeGHOC'!‘H
YROOHO! YK/AaAK# OeTOHHOU CMeCH, — 3Ta w3iGHToOYkas BOjga Ha-
CTHHHO HcnapseTcs. B KOoHeyyoM cuere MEI BMAUM, 4To HeroHa He3
nop He cyllecTsyeT. DeToH —MaTepuals, BCeraa TOPHUCTHI,

Bacsefumumu, ¢ TOUKH 3peHUs THAPOMEXaHHKH, CBOHCTBAMH
NOPpHCTHIX TCA ['IO}.IOGHOI"O pola ABJAAIOTCA KalKHaAJSIDHOCTL B NPOHH-
naeMoCTh. [lopHcTocTs ¢ TPYIOM NOjLaercsd HaMepenmio. BuyTpes-
HHe NYCTOTHI MOTYT COOGWIATBCA MeXAY cOB0H KM C BHEIUHWM BO3-
RYy%0M, HO MOTYT M He COODOLIATLCA: MOPUCTOCTh MOMeT OHITH OT-
KPHTOH HAH 3aMKHYTOH. OTKPHITYIO NOPHCTOCTL MOMXKHO H3MepHTb
NpROJM3KTEIbHO NYTEM HCNHTAaHMA B Bakyyme. OOpasen moMe-
maercss ¢ 3TOH LeAblo NMOA KOJIOKOJ BO3AYHIHOTO Hacoca Ha JOCTa-
TOYHO AJHTeJbHBIH CPOK, 3aT€M NOA TeM XKe KOJOKOJIOM MOorpy-
xaercss B 6ak ¢ Bogoil. ITocne moaHOrO HOrpY»KEHHA BOCCTAHABJH-
Baerca atmocdepHoe zanfenxe. Boja BcachBaeTcss H IPOHHKZeT
B nopel, Bapeuiuparud, NPOHSBCACHHEE N0 M IIOCJE 3TOH oflepausdd,
JAloT Bec, TIOIVIOWEHHON ¢0pasuoM BoAbl. STH KAHHBIE 1I03BOSIOT
OlpefenuTs NOPHCTOCTL XKaK OOBbEM NOP, OTKPHTHX AAf BOAK»
Npy paspexkensd B 1 aruy, MexAy COCTOMHHEM Haya/aLHOro yBJaaX-
HEHHS] H KOHEUHRIM COCTOSHHEM BJAXHOCTH.
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Ecan GeToHHYI0 TPH3MY NOCTABHTHL REDTUKAJLHO, TOTPY3UB ee
ocHoBaHHeM B poay (puc. 835}, To Boja OyAaer MenJIeHEO NOJHH-
MaTbCsl BBepX IO XOPOWIO H3BECTHHIM BO3AeficTBHEM KATHLAAPHBIX
CHJL.

Ecan MuH GyaeM B3BEIIMBATh NPU3MY Yepes paBHBIE NPOMENYT-
K¥ BPeMeHd ® ONpejendTh Beca NOTJOLIEHHOH BOOH, TO Haliem
COOTHOIIEHHE, HMEIOllee B BeCbMa MPHOJNMKEHHON (opMe CiIefy-
wuit sua: e=A) ¢, roe e — Bec Boawl, { — ppemsi © A — Kosbdu-
[IUEHT, XapaKTepU3YWIIH# HcCaejyeMblii GeTOH M HashBaeMBH Ko-
s pHIMeHTOM KaNHANSPHOrQ NOXBEMA.

B neficTBHTEALHOCTH sIBJeHue ropa3fo Goaee cloxHOo. Pasmepal
nop GHBAIOT BeCbMa pAa3IHYHBIMH, HAYHHAS C BEJANUHHE! NOPSAAKA
1 cm u Goapllle ¥ KOHUYAH pasMepaMy vacTuil neMenra. Kanujssip-
HEHX KaHa/j0B B CODCTBEHHOM CMBIC/TE 3TOTO CJIOBa He CyleCTByeT—
BMECTO HUX MBI HMEEM JHIIb HCKPHB-
JEHHOCTb TOBEPXHOCTER, CTeleHb KOTO-
pod Mo OTHOLWEHAK K O0BEeMy IYCTOT
pesko MeHsleTcsd OT OHOTO ofbeMa K
IPYTOMYy, eCAM <paBHHUBaeMble OOBEeMH
JLOCTaTOYHO MaJlbl

Jasg Tono 4ToOBl HATASANBIM ofpa-
30M TOSICHUTH 3TO SIBJEHMC BCACHIBAHMUS,
MOKBO MNPOBECTH CJHENYIOLIUH HHTepec-
netft onert.  Lunumapuueckuii oGpasen
GeToHa TIOKPHBAeTCsA napauHEOM M HO-

Puc. 85 Melllaercd B KayuyKOBY0o JpyOaliky,
" TOJbKO HHUMKHHH ¥ BEPXHHH TOPHB €T0
ocTawTes OTKPHTHMH (puc. 86).

K mmxuell 7acTH DUIRHAPA repMeTHUECKH NpHKpengsercd BO-
POHKA, KOTOpas 3aKAHUMBAEeTCs CHM3Y CTeKAsTHHOH TPyOKo#, Bely-
ulefi XK BaKyyM-Hacocy H cooOIaiomeiicd ¢ PTYTHHIM MaHOMETPOM.
BoporKy HanmoJHSKXT AUCTH/ANNPOBAHHON KundueHoH BoMOH, mMo3a-
OOTHBINHCE P4 STOM O TOM, UTOOR 06pa3yloLIHeCs MO YBJAaXHeH-
HBIM €€ CTEHKAM BO3AYINHEIC MY3HIPbKH OAM ycTpaHeHbl. CTCKASH-
Hasi TpyGKa HanoJdsercd BOAOH Jaume 10 TOUKH A, rje oSpasyercs
MEHHCK, KOTOPOMY HANJEXHUT CJeJ0BATH 32 DPAa3BHTHEM SBJeHH.
Tpy6ka 3aMBiKaeTcst KpaHoMm R.

Ha6aozenne mokaseiBaer, 4TO B Hadade HCHHTAHHA o6pasey
NOmIOIAeT BOAY, MeHHcK A mnepememaerca. Torga Bakyym-Haco-
COM MEl CO3j74eM B CHUCTeMe Pa3pexeHHe, CmepBa AOCTATOVHOE JULIb
RJsl TOrO, YTOGH 3aMENJHTH ABHKEHHE MEHMCKa, B AafdbHeluieM —
Crocof0HOe ero TpeKPaTHTh. ITO pa3PeKEHHE H3IMEPATCH pPTYT-
HHIM MaHOMeTPOM (BaKyymMerpoM). Mbl ysHaeM, Takum 0GpasoM,
cpasy H ofbeM TOTJAOHUIAaeMOH B KaXXIHIH MOMEHT BOXH, W COOTBET-
cTRylOWwui aefur B o6paaue, H pa3pexeHrne. ITO pa3pexeHue BO3-
pacraer co BPeMEHeM M JOCTHraer npeilejbHoro 3HaueHus F. Bed-
KOe TaKoe TNOBEIIEHWE PaspeXeHHs BLI3HIBAET OTCAChIBaHUe BOAM
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€ nuomanu Konrakra BB’ c¢ ofpasuom. Beanuudy F moxHO pac-
CMaTtpHBaTh Kak XalpaKTep!H-CTKKy BCaChIBAHUA ANA paccMarpuBae~
MOTO MaTepHana. i Geroma OHA MOXKET MOCTHTHYTHL 3HAYEHMS
0,250 xe/cu?. OGBMHO MOKa3aTejb BCACHIBAHHSA BHPAXKAIOT BeJHIH-
HOM JeCATHYHOrO JiorapmMa BHICOTH COOTBETCTBYIOLIETNO CTONGHKA
BOJH, BEIPaXKEHHOR B caHtuMerpax. s ero o6o3HAYeHHA NpH-
ufra ¢opmyna pF=IlgH. Jaa yKasaHHOro KOHKPETHOrO cJiy4as
pF=1g250~2,4. Kak Toipko pF HauuHaer npeBHInaTh 3, T. e.
armochepHoe JaBJeHue, BEIICONHCAHHASN HCIHTATEJbHAS YCTAHOB-
Kaﬁrepzer CBOIO NPHAMEHHMOCTh, HO K 2TOMY MHE BEPHEMCA B AaJib-
Heltmewm,

£
@ Aan !LM
A
: Pmymuoy
Manamemp

Puc. 86. MenbiTauwe Ha BCacHBaHHe

Uto6H YCTAHOBUTH 3aKOH RBHIKEHUH BOJEL BHYTPH GetoHa, 060-
3HayuM depes [ paspekeHHe, CO3NAHHOE B HEM B OlNpeAeTeHHEN
MOMEHT, "Wepes v — oObeM [POHHKIIEN B HEro BOJAL H Hepes [==

dv
= ne6HT B MOMEHT BpeMeH: i

B 3To MPHOBeHHe, CHia, OGYCHOBJIHBAKOLUIAA NPOHHKAHHE YyKa-
3aHHOTO KOJHYECTBA BOAK B OeroH, paBHa F—f, Peaxknus BHI3bI-
Baercs BASKOCTHIO BOAB NpW JAaMuHapHOM AsuxeHud. OHa npomnop-
HpoHaJdbHa eOHTy H KoxbhuuueHTy @, KOTOPHIT ByReT yTouHeH
B gagapHedmem. TakuM ofpasom:

dv
F—f=Q - -
Ecan 6n MBI uMenu AeN0 ¢ KANHJANAPHOH TPYGKO#, To Q 6B
Onl npornopuHoHaJeH A — BHICOTe NOLBEMA BOJB B KalHAAfpe,

W B nopucroM tese ABMKeHHE BOAH COBEPIUAETCH He paBHOMEp-
HBIM IIOTOKOM, HO IOCTEHNEHHO paapacrasdacCr B CBA3UX € TEM, 4TO
CONPOTHBJEHKE JABHIKEHHIO BOAKl IO AHAJOTHH ¢ KaNAJAJAsSpHOU
TpyGKOM JOJIKHO BO3pacTath ¢ 06beMOM 3TOH BOJH.

[Monoxum, uto Q=Q(v). ®yuruuio Q(v) MOKHO Pa3NOKUTH
B CTeneHHOH pAL O BO3PACTAIOIUMM CTelleHAM NepeMeHHOTo 00b-
eMa v Q=Qv4+Q.v?+... OrpanHuUHBIUMCL B NEPBOM NpubAUKe-
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HHM OJHUM UJEHOM 3TOTO PALE, NPHMeM JHHEHHYI0 3aBHCHMOCTL
Q=Q'v. Y1 Torna ypaBHEeHHe ABMIKEHHS [IPUHHUMAET BHJ

dv
F-—me'U—d—tr.

HensBecTHRIMH B 3TOM ypPaBHEHMM OCTAKOTCH BeJAMUMHH Q  F.
Hx MOXHO ONpemeNMTh ONKTHHM RyTeM. B ciayuae 4HCTOTO REMEKTI-
HOr¢ Tecra, coxepxkamero 3,5% .o Becy BOXBIL, ucHapflolieiicy
npH HCOHTAHWM, ¥ 7% npu HacwlleHHH, cuna F onpenensiercs y3

ONBHTa KaK Be/amyHHa, BechMa Gamsxas K 0,415 ary, a Q=
F_-
=134.10%* Ilpusonumas Tabaura pAaer SHaueHus Q= ——ia-f—- ,

HaleHHblE 3THUM CIIOCOBOM.

Bucota l dv
croads | {=— - 108 | ¥ B MuMum? F—f
Boibl f at cenenus e=—7

B MM B MM Mmicer

. 107

335,0 95,0 1,08 141,0
665,0 185 1,45 130,0
1 000,0 18,5 1,70 137,0

1330,0 11,0 1,95 131,0

Ilpu paspekenun, usMepsieMoM BhicoTolt 10 ¢ pr. CT., HAB
1330 m#m pod. cr., BcackBaHKe Ipexpalaercs To oCoboH MpudHHe:
06pa30BaHud BO3AYLIHOTO My3bIphKa Ha ‘HUXKHeH NOBEPXHOCTH 0f-
pasua ¥ ero SHCTPOTO yBenuuenus B ofbeMe [0 Mepe Pa3PeXKEeHus.

310 gBAenye Jerko o0bAcHAeTCS ofpallleHueM K aHagorHH. [se
KanujaspHele TPYOKH pPa3HBIX AWaMeTpPOB INOTPYKAKTCSH B pe3ep-
Byap, B KOTOpOM BOZa NOABepraercs HeHCTBHIO DaspekeHust f.
IlogbeM BOAM B TpyGKe A Goapiero gHaMerpa COBEPUIAETCS BHa-
gajie ¢ OoablIcHi CKOPOCTBIO, YeM B TpyGKe B MeHblIEro AHaMerpa
{puc. 87). Ho Tak Kax BHIcCOTa nogbeMa B B Goabire, TO HaCry-
maeT TaKOH MOMEHT, Korga o0a yDOBHS CPaBHHBAIOTCH.

Ecan opu paspexeHHH MeHuckK B A HAaXOARuTCsl B paccMarpy-
BaEMBIf MOMEHT B DABHORECHHM MJM OJM30K X HEMY, TO OH YXe He
CMOX(ET BLIEEpXKATb pa3pexenue, Goabluee, geMm f. Torma yposenb
BOAH B A chnumaercs, To ke mosayuaercs, ecau obe TpyOKH coob-
malorcd Yepes Tmofepeusble (rOPW3OHTAJbHEIE) KaluJaspel fua-
MeTpa, MeHbluero HJE pasroro auamerpy A. Ecasd npuHATL 30
BHHMaHHE BSASKOCTh, BHI3HIBAIOINYIO MOTEPI0 AaBjeHUs, TO HaMm Oy~
IEeT SCHO, YTO pa3pexeHue He MOXKeT AOCTHIHYTh 3HaueHHyl, Koro-
pHe npeBhHiIUa u OB HAMHOTO BeJHUUHY [

Bo31yX B KOHEYHOM <CYETE BHIXOJHT HA YDOBHe HMIKHEro cevge-
HHS 06pasla, u paBHOBecHE Hapywaercs. Pa3pus croada SKHRKO”

* Besuuuga BcacHBauug A1s €=3,5% paema 0,145, orRyaa pF=272, Oua
NONYunTCs MHOR AAs BCAKOrQ WHOrQ 3HaueHuss ¢ u o6pamiaercd B Hyawn A8
e=7%.
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CTH NPOHCXOJMUT NPH Pa3PEKEHHH, KOTOpPoe JHIUL BeCbMa He3Ha-
YUTENLHO MOXKET INPEBLICHTb YCTAHOBHBINEeCS B HENpPEepPHBHEIX KA«
naaispax Hauboablllero AHaMerpa.

Ecan Op He BO3HHKJO $#BJeHHE XAaBHTALMH, TO BCACHBAHUE
Moryio 66t mocrurHyTs 0,415 aru, T. e. 4,156 # Boa. cr. dT0 nOKaszH-
BAET, YTO CHJAa BCACBIBAHMS JOBOJBHO BEJHKA, XOTA KOJHUIECTAO
BOIB!, CNOCOGHOH MOAHATHCA Ha TAKYK BBICOTY KamHJWISPHBIM Iy~
TeM, H OCT4eTCH IO CYLIECTBY HHMTOMHEBIM.

Jnst Toro yToGH B 3TOM YAOCTOBEPHTHLCSH, AOCTATOYHO NOBHICHTH
HaganbHHH o0BbeM BOAH, NMOMECTHB ofpasell BO BJAXKHYI) aTMO-
<pepy. JIerko ycTaHOBHTL B 3THX YCJOBHAX, 4TO C YBeJHUEHHeM
COAepIKaHNA BOAB CUJA BCacklBaHHS F BecbMa GHCTPO CHHXaeTcH.

a

)
A 8 4
X
3 &
w2 '§!E g
= b}"g
= S
. L i
Sis
£ 4k
a2 3:! \A
flaanae codepmanue Hodns
Puc. 87 : Puc. 88

C 7peBHIUEHHEM HEKOTOpOi BeJHYHHEl STOTO COXEPMAHUS CHIA
BCachiBaHHs BHE3aNHO DE3KO Najaer u ofpaulaercss B Hyab. Jua-
rpaMma, npegcrasasiomas pf B (QYHKUME CONEPXKAHHE BOABL
uMeer BHI KpuBOR (puc. 88). dT1a Amarpamma NO3BOJSET yCTaxo"
BHTh pacnpefeeHne NoACOCaHHOH BOAN B (PYHKUUK BRICOTH Kammusi-
ASPHOTO JOABEMA C YYeTOM HAuaJbHOro CoAepikanus, Mu MmoKeM
TAaKXKe PA3NHUATL HA Hell JBE KanWaMsipHbe CACTeMB: oxny AB,
NOTMYCKAIOUIYIO HOYTH TOJHOR HachilleHHe NC H3BecTHOH BHICOTHIL,
H APYTYI0 — pe3Ko CHHKAIULYIoCH.

TlockoabKy NepBas CHCTEMa, ¢ TPAKTHUECKOH TOYKH 3PEHHA,
npencraBaser CPaBHATENLHO OCOJbIUAHE HHTEpec, HanuiueM IS dee
QCHOBHbIE COOTHOINEHHA:

@:eh, fﬁﬁ’ F:H’ H—h—ﬂQsﬂlz%,

TAe & — MODPHCTOCTD.
Pewende 2toro anbdQepeHIHaNBbHOTO ypPaBHEHHS HMeeT BHI

t=Q [Hin 575 —h),
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2 MOCJEe PasjOXKeHHA B pAg
1 w1 m
2 " . B
t=Qe [ v m T3 ET ]

Ecan h Mano s cpaBHeHHM ¢ H, T0 MB BNpaBe OTPaHMUHTHCS MHLUL
nepBHIM YJEHOM 9TOTO PAia

elz——-'v:l/-gt,

v=AVY,

A=Y 2
Q

Taxum o6pa3soM, MBI TIDHXOAHM BHOBb X SMIHMPHUCCKON hopMy-
Jge, MPpHBCAeHHO! B Hauaie »Toro maparpada. 3a npepenaMu HeKO-
TOPOI'0 3HAYEHHs pa3perkeHHs OTHagaeT BO3IMOXHOCTb INPHMEHE-
HMSA 3TOTO MeTola JHMOGO [10 MPHYKHC KaBUTAUM#, 00 NOTOMY, YTO
paspexenHe IPEBOCXOAHT aTtMoctepuoe naeiaeHue pF=3, Torxa
MOJKHO HCMOJAb30BATh AaBjaeHue arMmocdepHoro napa. OTHOCHTeb-
Has BJIAXHOCTb aTMOCHEpPH ONpefenseT CUNY BCACHIBAHUM:

OTKY[Za

HNOCKOALKY

he=—2 . s,
M g
rie R-—rasopas nmOCTOSHHAA:
M — MonexynSpHEIE Bec BOJALL
T — aGeo/oTHAS TeMNepaTypa;
0 — orHocurenpHan BaamHocTe B Y.
B ralnwne, pacrosoXeHHOR C€I€Ba, 3T0 COOTHO-
o oF WeHHe H/IIOCTPHPYETCH PALOM  KOJIHYECTBEHHEIX
3aBHCUMOCTEI.
Vicnolranue npu 9TOM CBOAUTCS K TOMY, 4TO

Ho sBJenue BCachlBAHHS HeMb3s, NMO-BUAHMOMY,
OTOMIACCTRAATL ¢ TEM, YTQ MMeeT MeCTO B XMAKoH
i dase. [leficTBUresbdo, HOCASIOBAHKLIHA Briue 06-
pasell HaXONHJCS B TEUCHHMe JBYX JIeT B PABHOBeCHH B aTMmocdepe,
uMepwey 50% saaxuocTH. Beduunna pF [oMkHEa 6Ba 6H ROAY-
YUThCH B Hel paBHOH 6, MEXAY TeM KakK ONEIT AaerT IS Hee 3Ha-
yenve 2,8. Dro pacxoxaenue rTpebyercss o6bsicHUTL, M melicTBH-
TeJbHO, XHAKasa (asza, NO-BHANMOMY, He COBMecTHMa ¢ pF>3—
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90 5.2 of6paszen, moMemaercs B pe3epByap, B XOTOPOM
80 55 AaBJIeHME Mapa YCTAHOBJIEHO 'HA OMpeIe/eHHOM
70 57 VPOBHE, ¥ KOHEUHOE COJepIKaHHe BOIH B 0fpasie
gg ‘235 H3Mepsiencs ¢ HACTYIWIeHHEM pasHopecus, Ha aToT
10 6.4 JKe TpHeM MBl YKa3bBad¥ # B raaBe 11 npu mecie-
30 6,2 JOBaHUH YCAIKH.

6,3

6,5
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BEJHYHHOM, Onpeleasiomel Kak pa3 armochepuoe gasaexue. C npe-
BHIISHHEM 5TOro Hpeaesa RPOHCXOAMT Nepefada He BOAB B BHIE
JKHIKOCTH, a napa.

Bepremcss k smnupudYecKkoMy 3aKOHY HCHADeHHs BOAHW H3 Ge-
TOHa, npaseaesHomy B raase 11 (crp. 70). On uMeer BHA

dv V—uvu
=N

C Ipyrodi CTOPOHB, MBH HaUWIH, YTO NPOLECC KamumaIsApHO#l And-
Gysu# OTBewaeT B NePsOM IIPHOJIHMKEHHH 3AKOHY, BRIPAXKaeMOMY
hopMyacit v=A)£. Beona 370 3HauenWe B TpeAHAYyllee BhpaXe-
HHe, MBI TIOJNyYaeM ypasHenue B o0leM BHe

dv
V—v=Qu 5

3axoH HCRapeHHA MPHMET TONAA Clefyiouyio Gopmy:

du V—v
= Q P vy

V—uv
rae P(v)=In——r,
Ilocne pasnomenuss B pAA ¥ OTOPACHBAHHSA BCEX ©r0 9JEHOB,
KpOMe IIepBOro, 3T0 Haer
dv V—~uvu , V—uo
G ==
B npenerne mnpr MaJOM U 32KOH KalH/JISIPHOTO BCACHBAHAS
cosmagaer, Takum o0pa3oM, ¢ 3aKoHoM Hcnapesus. OGa 3axoHa,
CAe10BAaTEAbHO, COBMECTHMEL
BMecTo TOro 4roSH MOAB30BATBLCA METOA0M pa3pexenus, crpa-
NaloiiiM, HeCcMOTPS Ha CBOIO HATASAHOCTb, TEM HEAOCTaTKOM, 4TO
KaBUTALWS BH3BIBAET WHOTIA JPH BLITOJIHEHHY €r0 pasphis cro/aba
KUAKGCTH, MOXKHO IPUMEHHTb JPOTHBONOJOXKHEIA METOL, HMEHHO
Rapaerus, Llyiueap sgech 3arpyxaerca cTolA00M BOMB, Ha KOTO-
PHIA OKaspiBaeT BO3NSHCTRHE JKeJgaeMOe AaBJeuue.
Ecnn 310 nasnenne f monsepxuBath MOCTOSHHBIM [=f, To MBL
DNOJNYYHM YpaBHEHHe

F+f=Q0) 2.

W3 nero M 3akaiouaeM, yro apoussefenne Q(v) %nonmno 6BiTH
nocToOAHHEM, a noToMy Q{v) onpemesHTCH Kar (VHKUHS HaMeped-
Horo o6beMa v. 3Has Pa3NHUHHE 3HAYEHHA [,, MB Haxoaum F.

sl HOCTOSAMHOro AaBieHus [, OUeHb MaJjoro IO CPaBHEHHIO
¢ F, ¥ B TOM ciyuae, KOTXa NpaBas 9acTh NPHUBEIEHHOTO ypapHe-
HHsSI aonyckaer lpeiacrasieHue Q(v)=Qu, Bce 3T0 ypanHeHHe NDH-
HHMaer CGoJsiee NpocTyio (GopMy
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dv
, F=Qu -
1
Ecnu F=H — BHcOTa KalWISPHOTG NOABEMA, Q=T’ rae K —
Ko3thulIlMeHT OPOHHUAEMOCTH, TO

Kﬁzw% == const.

IJTOT MEeTOoX B JIErKOM BHIOHAMeHeHHMW Gri1 NpuMeHed [lesnsthe
(Peltier), yxpenuewuM na GeTOHHOM B10Ke TPYOKY, HanOJHEHHYIO
BOJOH, YPOBEHb KOTOPOH NONJEPKUBAJICH HA BBICOTE HECKOJNbKUX
CaHTUMeTPOB, PacnpocTpaneHue BOABI COBEPIIAETCH MO IOBEPXHO-
CTH 3JIMNCOXA BpalleHuss. Meron npeRcTaBisieT HHTEPEC B TOM
OTHOWIEHHH, 4TO OH He Tpefyer oCOGOro MPUTOTOBJASHHA 0Opasia.
Tpybxy MoXHO VKPeIWTb HAa Kakoff-Tuo CTeHKe, eClH TOJbLKO OHa
TIIOCKas d BORZOHENPOHHUAeMas; NMOCAeZHEN0 MOXHO LOCTHTHYTh BO
H3bexanue ucnapeHus ob6Maskoll ee HAPYKHON MOBEDPXHOCTH.

Ho ue crnenyer 3auBath, 4TO ecau nebur nogbema o0yCioB-
JMBAETCA BCACHIBAHHEM, KOTODOE MOXKHO HAa3BATh KaNUJJASPHEIM,
TO NeGUT MOA [AaBJeHHEM MOMKeT UMeTL MeCTO RaCTHYHO B KaHaJjax
HJAK NOPax, TAe KANHJJIAPHOCTb Hrpaer HAWYTONKHYIO POJb.

He6ut B Takom cayuae and OXHOH H ToH ke Besuuuus! (F—f)
MOXeT MOBHICHTHCS.

Ecau o6pasey GeToHa NMOXBEPTHYTh AEHCTBHIO  BOLB TOH AaBJje-
HHEM, TO NOrJIOUIEHHHH o0beM ee U COOTBETCTBYIOLIMH Ne6HT onpe-
MEAATCH [PEXKAC BCEIC BCACHIBAHHEM, a 3aTeM yxe H GoJsee HIM
MeHee COBEPIISHHEIM HaTOJHEHVeM HeKaTHJJISIPHBIX T0pP; CHJIa Bea-
CHIBAHHS, ORHAKO, HFPaer Npeolaanaloulye poJb, NOKa NPHIOKEH-
HOe naBneHue f ocraercsa HuKe BcacuBanus ' F, Boma pacnpocrpa-
Hfaercqd B ofbeMe {eTOHA A0 TeX IOP, NOKa He NOABHTCA HA MPOTH-
BONOJIOKHON cBOGOXHOM rpaHu ofpasia. Toraa BO3HHKAET NMOBEpX-
HOCTHOE HAaTsiKeHHe ¢ pesyabrHpylomwed F’, Ho ofparTHoro 3suaxa,
H CTOK BOAH MOKET IOJYYHTHCA JHIIL B TOM CAyyae, €ClH JaBJe-
Hue [ oKaxercs OOuabinmM, deM F’. 3amernM, uro F’ 3aBHCHT OT
BJ2XXHOCTHOIO COCTOSHHA BHEINHEH BO3AYIUHOM Cpedn ® YMeHb-
maerTcs ¢ TOBBIIICHHWEM OTHOCHTEJIBHOR BJaxHOCTH, Ecau cBobod-
Hasl noBepXHOCTL 0Opa3na OMBIBAETCS BOACH, TO TOTYac Ke 10
yCTaHOBJEeHHH KoHTakra F’ mazaer go Hyas. IlostoMy Beakoe
HCCAeZ0BAHHE IIPOHHUASMOCTH MOX CIa0bIM IaBJEHHEM CJaenyeT
DPOM3BOANTL B Tpeenax MexAy JByMs CMOYEHHEIMH TpPaHAMI.
B 3TOM elile B TO NMPEHMYILECTBO, UTQ 3AeCh HCKAOUAeTCs (PaxTop
HCNapeHns.

[NpennonoxuM Temeps, 4TO AABJAEHHE [ AOCTATOUHO BEJIKKO AAR

. dav
TOTO, 9TOGH CJOMHThL NMOBepXHOCTHHIN Gapbep. Iloanmit aebur w7l

IOJKEH NIPH STOM CJIeLOBAaTh 3aKoHy [lapcu: , 4

! Bo BceM 9TOM PpAacCyXJeHHH NPeanonaraeTcsl, YTO CYMIeCTBYeT BCACHIBAY -
HHEE, T. €. YTO HEeNPEPHIBHHX HEKAMUAASAPHHX KaHAJ0B B GETOHe He MMeercs..
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3tor xosdduunent K AoaKen OHTL TNOCTOAHHEIM, KaKOBHI
6 Hu 6ot £ u f. IlpuxoxuTes, OXHAKO, 3aMeTHTb, YTO 3TO He
BCeTa cofatofaercst. B peasbHEIX YCIOBHSIX CIOfd BMELIHBAOTCH
pasauynble BaMsiius, [Ipexne Bcero 8fiech UrparoT pPosb NMY3HPHKH
Bo3ffyxa. Dyayuu 3saxpadensl auddepeHIKasbHON KaNHJIIADHOH
agcop6uneil, ouM BegyT cefs Kak TBepAHe uacrhnel. C 3THM sBJe-
HUEM MB! YXe O3HAKOMUJIHACH [IPH M3yYeHHH GeTOHOB C BOBJeYEH-
HHIM Bo3zyxoMm (rsasa I). BurecHenue BO3AYIIHBRIX NY3LIPEKOB HJIK
#X pacTBOpPeHHEe INOBMIIAIOT KO3QGhH-
LKEEHT IPOHHLAEMOCTH,

[IpucyTCcTByIOLIEEe B BOLHOH CycreH-
3UH MJM NPOHHKAIOIHe B Hee TBepAble
TaCTAUB MOTYT KOJbLMaTWpoBaTh (3aKy-
HOPHBATB) IIOPEL U 3THM BHOCHTL Pe3KOe
H3MEHeHNe B Teyexue Npoliecca.

Bonpnioe axauende @Meer HEOHHO-
ponrHOCTE OeToHa B CuAy 3ddexrra creH-
KH, cpaBHHTeJbHO 6osee GoraTod TOH-
KHM D4aCTBOPOM Y ee NOBepXHocTel, yeMm BEyTpu. UTOoOH u36€KaTh
norpemHocTed, MCNKTaHHe PEKOMEHIYETCS IIPOH3BOANTh Ha 06pas-
nax, cpofoA¥Ele rpaHd KOTOPHIX HOJyYeHH oTpeisoM. C stoit
ueJbl 0 UHJXHAPHYECKOH IOBepXHOCTH oO6pasua (puc. 89) ne-
JAI0T TOUMJILHHM GPYCKOM JIBa KOJbIeBbIx Hampesa. [locne sroro
ofpasen NOABEpPraloT, XaK NOKa3aHO Ha pUCYHKe, H3ruly, B pe-
3yJIbTaTe KOTODOTO B HAAPE3aHHBIX CeUEHHAX [OJYYaloTCA IBA
YHCTHX OT TNORPeXIERU#, CPaBHUTEIbHO WIOCKHX Topua, [loayue-
HHe TAKHX CBOGOAHHIX TOPLOB DACNMUJAOBKOH He peKOMeHIyeTcs, Tak
KaK C 3THM CHocoGOM CONPSKEH pHCK 3aCOopeHHA IOp MeJKHMH
JaCTHIAMH.

Ecau waMepenue NPOHKUAEMOCTH MPOU3BOAUTCA Ha JWCTHJIH-
popanHo#i w NPobHILTPOBAHHOH BONE, TO TIO DACTBOPEeHMM B Hel
coJelfl NPOHHIAEMOCTh BOJAR MOXKET Pe3KO YBEJHYMTBCSH, €CJH TOJbe
KO B JADYrMX ofgacTsXx 6GeTOHa He NPOH30HAET KpHCTaNAM3aLAd
3THX coqell. B noxoGHBIX cayyasx Ha IPaHH, NpOoTHBOIeXaiuel ToH,
Ha KOTOPYIO NedCTBYeT HAaBJCHWe, BO3SHMKAIOT HCHapeHHe H KOJb-
marauus. [logofHas xonpMarauns Halawpaercs 4acTo B peaep-
Byapax IJIs BOAK, I'Ae OT/IOXEeHHAas H3BeCTb NpeBpAliaeTcs B Hepa-
CTBOPHMBIY KapGoHAT.

Ho name ¥ B HaWAyHIIKX YCIOBMSX, KOTXa rpajuenT KaBjenust
OCTAETCH TOCTOSHHEIM, NMPHXORHUTCA BCE e HabaogaTe yMeHbUI:-
Hye xoadduuuenra npouunaemocts K ¢ TedeHueM speMeHH. 3a
8peMR MEXAY HauaJoM M KOHIOM HCHHTAHHA, NPOAOIKAOMErocs
HECKOJIbKO Mecsles, 5ToT Ko3(hO&UUKeHT NafaeT HHOTIA B OTHOLEHHH

Pruc. 89
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5:1. Ecan MEI HMeeM JeJi0 ¢ CYXHM BHauaJe G€TOHOM, TO 3TO fiBJe-
HHE MOXKHO OGBACHHTbL pa3GyXaHHeM 3eDeH B LEMEHTe B pesyibra.
Te BBeJEHHsS] 110 JMTOBOR BOABL M BO3MOMKHHIM TIPOAG/KEHHEM Ipo-
uecca rHApaTalnuyu, BO3MOXHO DPaBHHIM 06pasoM 31ech YBEJHUEHMe
TOMUHKE CROS BOAH, aNcopGupyeMofi TBepAmMu vacruuamu. Ha
5TOM OCHOBAHHM H3MePeHHe NPOHHKAEMOCTH TIPH IOCTOSTHHOM pe-
KHMe cselyerT, NO-BRANMOMY, HPOH3BOLMTL RHa ofpasuax OeroHa,
HOABEPIHYTHIX IOC/€ YAaJeHUa M3 HHX BO3AYXa HACHIHIEHHIO H BH-
JEPXUBAHMIO B BOLE B TeueHHe HNOCTATOYHOrO BPEMeHHM (HanmpuMep,
mecaia), Mcneltanie Ha NMPOHAL2EMOCTh ROJNKHO 3aTeM OXBaTHIE
JOCTaTOYHO MJIMTENBHHH CPOK AJf TOro, 4TOOH AeGHT MPUHAA Io-
CTOSNIIOE 3HaUeHHE.

WisMenas rpanyeHT LaBJEHUS B ONBITE, ME 3aMeTHM TAKXKe, UTo
nebuT He BCErAa BHIpa)Kaercsd JHHEHHOH (yuknuedt 3TOTC rpanu-
eHrTa.

Kax MH yxe BUNETH, CYLUIECTBYET HEKOTODPHIH NOPOT IpOHUILAe-
MOCTH fo, KOTOPHII HYXKHO Ipexje BCEro TMepPecTyNHTh, 4Tofn npe-
OROJETs IIOBEPXHOCTHOe HaTfAmenne, CyilecTByeT, nafnee, KPHUTH-
YeCKH#l TpaIneHT, MNPOABAAUMICA B TOM, UYTO € YMEHbIUEHHeM
f/h nponMuaeMocTe MOXKET CTPEMHTBCH X HYJIIO TIDH KOHEUHOM 3Ha-
yeHHH f/h. Dra aHOMaNHsa CBA3aHA, BEPOSATHO, C BJHSHHEM CJO0eB
ajcopOGupoBaHHOl BOAH, KOTOPHIE, OYAy4u YKDEIJISHH Ha TOBEPX-
HOCTH TBepIBIX YaCTHL, TPeGyiOT HEKOTOPOro MHHMMAJBLHOTO rpa-
AReHTA JUIS TOTO, YTOOHM MX MOXKHO OHJIO OTOPBRATH OT 3THX NOBEPX-
gocredt. Ony mOCAEAOBATENLHO TNepPeMeuialoTes 10 MeDe Boapacra-
HH§ 3TOTC TPAAMEHTa, H MPOHHLAEMOCTh YBEJAMUMBACTCH [0 HEKO-
TOPOTO npenena, NPH AOCTHXKEHUM KOTOPOro OHA CTAHOBHTCA MO-
CTOSTHHOM,

Od4epugHO, HAKOHCLL, 9T0 NPH H3MEPEHHH NPOHHLIAEMOCTH HYXHO
coo6pasopaThCs ¢ YCJAOBRHAMH HONOJb30BaHua O6eTOoHA, a TaKxe
¢ rpaaueHtaMu f/h, KOTOpHe OH CHOCOGeH BHIEPXKHBATS.

B crpouTtenbnoft NpakTHKe GeTOHHPOBAHHE HE BCErAa OCYylLe-
CTBJIACTCS HENPEepHBHHEIM NPOUECCOM. YKIaauBaercs OeToHHaR
CMeCh He 3a OIHMH NpHEM, a 33 HeCKOJIbKO, NpaAueM GeTOHHpOBaHHE
BO30GHOBJIAETCSl BCAKMA pa3 Iocje HeKOTOpPOoro nepepnisa. [Tosepx-
HOCTH CONDHKOCHOBEHHS MeXXY paHee YJAOMKEHHLIM, yXe 3aTsBep-
HeBUINM, H CBEXHM OeTOHOM IpPelcTaBAAIOT co6olt 0cobo yrobHHE
KaHaJu aag QuaAbTpanud BOJHL, TOCKOJALKY MEXIY IBYMS YKIagH-
BAEMBIMH C NePEpEIBOM CJOSIMH $eTOHa Becerga ocraercs Gonabluas
HJIH MeHbIUAS PA3WHUA B CTPYKTYPe (M pa3phiB CBS3HOCTH) B 3aBH-
CHMOCTH OT TLIATEAbLHOCTH, ¢ KOTOPOH COGMIOAAIOTCS HEOGXOmuMEE
MepHI N0 06CCeYEHUIO MEX Y HUEMH HAANEXKAN(ero cuelvieH’s (apel-
BAPUTEAbHAS OYHUCTKA TIOBEPXHOCTH WIETKAMH, NPOMHBKA ¥ 1. I.).
J{BHXeHHe BOLHI B TAKOro POAa WBAX ellle He H3YUEHO C AO/MKHOH
CHCTEMAaTHYHOCTLIO, U BOCIOJNHEHHe 3TOTo Inpobena caegyer npH-
3HATh aKTyalbHoH 3anayeil. To e camoe OTHOCHTCH M K BJMSIHHIO
TNOBEPXHOCTHOTO BHICBIXANMSA 'HA W3MeHeHHe CTPYKTYDH H Ha 06pa-
30BaHWE MUKDOTDPEIUHH, KOTOPRIMH OnpeaensieTcd KallHaAJAsSpHOCTh
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¥ MPOHHIEEMOCTh B MpPUJEraloliMX K MOBEPXHOCTH CJAoAXx 6eToHa,
a Takike, CJAeJOBATEJLHO, U K H3y4eHHIO MeTeopoJoraueckux ¢ax-
TOPOB B MX BO3JeHCTBMH Ha GeToH M Ha 3alinillaeMylo UM apMa-
TYPY.

C ueapi MOBHINEHHS HENPOHEMNAEMOCTH $€TOHa B HEro B3O~
pis:hy paBJI-Pl"IHOI‘O ]30).'!,& H‘OﬁaB'KH, JIOJOXKUTEIbHaH pOJlb KOTODRIX B
3TOM CMEICIE O0YCJIOBAeHA JaxM60 HEX COOCTBEHHBIMY CBOUCTBaMH,
au0o uxX BO3ZeHCTBHeM Ka CTPYKTYDPY CaMmoro 0OerToHa.

CHUXeHHe ITPOHHUZEMOCTH COMyTCTBYET NOBHIUIEHHIO IIOTHOCTH
¥ pocruraerca 3Tofl Mepo#. JoGaBKH, HasHaUeHKe KOTOPHIX 3aKJO-
4aeTcsi B YMCHBHIeHHH, §e3 yilep0a Aad YAOGOYKJAILIBAEMOCTH,
KGJu4ecTBa BOAB 3aTBOpeHUs, OOHAPYKUBAWOT CBOIO sdhdeRTHs-
HOCTh HMEHHO B 370l cBoefl OCHOBHOH ¢yHrunH. Ecau stH noGaBky
CIOCOGCTBYIOT BBENEHHIO B 6eTOH BO3JyXa B BHIe NY3HPbKOB, TO
nOCJeAHHE, KaK MBl yiKe BHIEJNH, HUIDAXT B NpouecCe KamHAAIp-
HOCTH POJib TBEPAHX YACTHL, TOPMO3S €e Pa3BuTHe. AHAJOIHUHYIO
pOJIb IMy3BIPEKHM RO31YXa HTPaioT W B HPOHHILAEMOCTH, €cad TOALKO
HX He BuITecHsieT aTMocdeproe napienue. Ilo 3TiM cooGpakenuam
HeoOX0AHMO, yTOOL! BOMUUKMHA AaBJGHHS OCTABAJacCh HM)Ke BeJHUH-
HEl BCACHIBAHHSI 3TOTO NMOPUCTOr0 MaTepHaJa,

Hexkoropnie 100aBKM npeacTaBdflOT <o0OH OYeHb TOHKHE fo-
DOWIKH, B3BECH TAKHX NOPOMWIKOB HMAH 3SMYJLCHY; OHH NOBHILAIOP
IITOTHOCTL OeTOHOB, o6pasdys COeAMHeHHS ¢ HEKOTODHMH H3 CO-
CTaBHLX yacTeil ueMexrta (nyuuosaHe). MHble ofpa3yior B npi-
CYTCTBHM BOABl Tetiid, ofjajnaioulde CTPYKTYPHOH BSI3KOCTHIO X NOX-
HHMawulge Nopor nponuuaeMocTH. Ho crelyer ¢ OCTOPOXHOCTBLIO
nofaraTheA Ha YCTOHYHMBOCTE ITHX Tejeil: cyxas norona cnocobua
OBICTPO YHHUTOXHTH HX TOJAOKUTeAbHB 3¢dexr. Bemecrsa,
BJAHAIOIIHE Ha NOBEPXHOCTHO® HAaTAXKeHHe BOIbL, MOTYT OAHOBpE-
MEHHO BO3AEHCTBOBaTH M HA YCalkKy, OObMHO yBesHunBas ee. OHH
CHOCOOHEL TaksKe BHECTH HaPYLeHH® D MDOLECCH THAPATaUuX W
TBEpICHHUA.

3axynopky nop MOXHO MPOM3BECTH TOC/ae TBePJeRus ferona
HAMOMKCHHCM PasJHYHBIX I[OBEPXHOCTHBIX UOKPHITHA. JXKuaxui co-
CTap, NMPOHHKAH B CHAY KalH/ISPHOCTH BHYTDPb GeToxa, BCTYNaer
B COCOMHEHHS] MEXTy DPAacTBOPEHHLIMM COJIIME M COCTABHEIMH Ha-
CTaMH nemMeHTa (0OBIUNO, N3BECThIO) H MOXET CO3AaBATh JONOJABH-
TC/AbHble CTPYKTYPHL. B 3THX UeAfX IOJbL3YIOTCHA, HalpuMep, KpeM-
HEe3eMHEIMH M KPeMHe(dTOPHCTBIMK CORIUHEHUSAMH,

PexsaMupyemple TOProBuMH DHPMaMK CPEACTBA «THIPOM30AR-
IlHH» GeToHA MHOTOUWCIeHHB!, HO CPeIM HHX MaJo TaKWX, KOTOPHE
NO3BOKAK Oul pasdpemiuTL 3Ty 3aNauy TIOAHOCTHIO M Hapoarc. [lo-
3TOMY, nmpexjie YeM HUX JIDAMEHHATb, CieAyeT YZOCTOBEPHTHCA B AX
BOBMOXKHOM 3(deKTe, YunTHBATL JIPH 3TOM HYXKHO He TOJNBKO NQ-
BhllleHKe BOJOHENPOHHLACMOCTH, HO H WOCTOSHCTBO 3TOr0 Kaye-
CTBa, a TaKKe BJAHSIHHEe MX Ha TMAPaTailuio, yCajiky, TpelunHoodpa-
30BaHue, TBEepPAECHHE H TNPOYHOCTHHIE XAPaKTEPHCTHKH,
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Bananue wuuakMX Temnepatyp ¥ moposocrofixoctb Gerona

ITpoueccr cxBATHIBAHUS W TBEPACHHSA THAPABJAMMECKHX BAXKY-
UMX NOIBEPIKeHbl 3aMeTHOMY BJAHAHMIO HHBKUX TeMmIeparyp. Ilpu
CHUXKEHNH TeMTepartypsl ¢ 20 Ao 5° Haua/o CXBaTHIBAHHA MOMKeT
OHITL CHABHO 3aMeleHo (B 2—5 pasz, p 3aBHCHMOCTH OT THIa Ie-
MenTa). Ho ocobeHHo pe3ko NpPOABAfeTCS 3TC 3aMelsieHHe npH
JanbHeflneM oHMXKEHHH TeMmnepaTypn — Huxe -+5° Ilpu 0° Geron
TBEPJEET OYeHhL MeNLJeHHO, B KauecTBe IpuMepa VyKaxKeM, 4ro
TOPTAaHI-UeMeHTHRIE GeroH, coxpangswniics npu 0° 6e3 3amopa-
AHBAHHA, NOKA3aj J0 HCTeueHnH 28 aHell NPOYHOCTh, MEHLINYIO,
ueM ofpasen TOro ke Oerona, XxpauwBWIMHCA 5 Aune#t npu 20°
Onrako ¢ BOCCTZHOBJEHNEM HOPMaibHONM TEMMEpPATYDH BBLIEPXKH-
BaHHH TBEPAEHHe BHOBp NDHHUMAaer OOBIYHEIE TeMNB. Ecau sta
O6GCTOATENBCTBA YUHTEIBATE JOJKHBIM 00Da30M, TO CEPBE3HBIX QC-
JOMHEHuHl OHM ‘Ha CTPOHTE bHOH IaoIajiKke He BH30BYT. Hwuaye
o6CTOMT Heno, Korda Ttemneparypa najaer umxe 0° C toro Mo-
MEHTa, KaK TOJbKO HAauwHaeT GOPa’0BHMBATHCH JIef, CONYTCTBYIOUcE
3TOMY nponeccy ofbeMHoe paciinpeHHe (BOAR B TOpax) Hescpra-
HU3YeT QOPMHUPYIOULYIOCH CTPYKTYDPY B CBexeMm OetoHe M TeM ca-
MBEIM HAHOCHT HENONpaBEMEIH BDPeX Npoueccy erc TBepAeHHsa. Bos-
TeHCTBHe Mopo3a Ha 3arTBepieBiinfl GerOH WM CAyualnex Goxee
HJAH MeHee NJIMTeNbHBIX ¥ YACTHIX 32MOpPO3KOB HWMeEeT BecbMa Cepb-
C3HOe 3HaueHue, TaK KaK MOXKET NoBJeys 3a Co0OH ToJHOe Paspy-
HIeHHe TBEPAOro MarepHana.

Hapacraomuit a(pdexr nocaefoBaTeNbHEIX 3aMOpPaXHBAHWE H
OTTAaHBaHMK MOmeT OHTL BRISIBJIGH HAa pe3y/bTaTax W3MepeHHs Me-
XaHHYECKOH TPOYHOCTH, 4 TAKXKe CKOPOCTH PACNPOCTPaHEHHH 3BYKa.
3Ta CKOPOCTh MOCTEMeHHO YMEHBINAET s, CKOPOCTH Ke, ¢ KOTOpH-
MH MpPOTeKaeT paspyllieyHe CTPYKTYPH, H3MEHSIOTCH B IUIHPOKHX
npeaesax B 3aBACHAMOCTH oT BHIa Oerona. MMeerca mpaRrugeckas
BO3MOKHOCTL [IPUTOTOBJATL MOPO30CTOMKHe GeroHH. Jrta Npobie-
Ma, MPCOCTABJSIONIAS SHAYKTENbHYIO BAXHOCTb AJA CTPOHTEJH-
NPAKTHKOB, Mobyauaa psg Jalopatopuil K O4eHb TUIaTeJbHBIM HC-
clneaoBanusiM B 9Tod o6Gsactd. Heap3s cxasaTb, 4T00B MeXAY OT-
IeNbHEIMH CHOEeUaJMCcTaMy YCTaHOBHJIOCH TIOJIHOE COIVIACHE MO BO-
1poLy 0 MexaHusMe JeficTBHS MODO3a, HO MBI MOXKeM BCe e Ha-
METHTb CJEeNVIOUIAe TJIaBHple HANPABJCHUS B €ro DELICHMH,

Beror mpeacraBiaser cofolff coennHenye MHEDTHBIX MAaTepHANOB
¥ aKTHBHOH YacTH, COCTOALLEH ¥3 TOHXHX YaCTHI MMAPATHPOBAHHLIX
MHHEPAJIOB, OMEIBAeMEIX BOLOH, TPOHMKAIOILEH, B BHIE 1(€OIUTOBON
BOJAK TAKXe H BHYTPh, KpHcTalioB. B raase 11 MBl nosHako-
MUJIHCH ¢ BBHIBOZAMH, KOTOpbIe MOXHO CACAATL H3 3TOro Npeacras-
NeHUs NPH OCBEHlEHU#W BOTPOCOB YCALKH. DTH BHIBOAB HMEIOT 6Ouib-
IO 3HaueHue M B NpobjaeMe MOPO3OCTOHKOCTH, BCKpHIBAs, B 4acT-
HOCTH, POJb BOBJeYeHHOro B GeTOH BO3AyXa.

Conepxkaimyecs B GeToHe MOPH MOMXKHO PasJejuTh Ha TPH pas-
HOBUMHOCTH: MHKPOCKONHMUECKHe TOpul aKTHBHOH wacTH 6eToHa,
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KaNUAASIpHBIE TIOPEl M HeKanu/iaspHele nopol. Kaxigas uz aTHX
PA3HOBHUAHOCTEH NOp HrpaeT Pa3AHIHYIO POJbL.

PaccMoTpnv nipexpe Bcero UeMEHTHHIH KaMeHb, OMHIBaeMbiit
BOAOH BIIOTL QO KATMJJISPOB. Bo3aefiCTRyeM Ha HEr0 XOJO/IOM,
CHHXas TOCTENeHHO HapyXHYio Temnepatypy (puc. 90}, n Gyaem
HBMEePATh U3MEHeHHs JJKHHE obpasna.

Orta pauna GyaeT yMeHbIIATBCA HO 3aKOHY TeMIepaTypHOro €o-
KPaLIeHust 10 HEKOTOpo# Temmeparypw f; mwxke 0°. Mu 3amerHM,
TOTA JIeTKOe IIOBBHLeHHAE TeMIepary-
pBl BHYTpH oOpaslla, a 3aTeM HOBOE
najfenve. Ho coxpamenye neMeHTHO-
ro KamHs Tnpekpamaercd: obpasey
cHavasa pesko YBEJIHYHTCH B JUTHAY
Ha HEKOTOPYIO BEIHUMHY, a 3arTeM Oy-
JeT  YIAJHHATBCA B  3aMeIJeHHOM

Jemnepamypa
e

\ Bpern

TeMIe, [/
TeMmnepatypa {;  COOTBETCTBYET Py -
3aMepP3aNui0 BOARL B XANHIJIAPHLIX n_ )
nopax. OuHa TeM HMXKe, 9eM MeHbIe oo !
pazuyc KanuanapoB. OG6BHO OHA = f
HHXe —2°, HO MOXET ONyCTHTBOA M 3 :
xo —20° 3amep3anue BoAB B Kalwi- § )
AApaX BHBHBaer yperuucHue ofbema |
comepxalleiicss B HHX BOAB, MHauu- $ !
HalolleH npeppamiaTLCA B Jex. Bopa- 0 N :

3H € 3TMM BO3pacCTa3€T HIaBJEHHE BO-
AW, KamruJajafp pacuippsiercd, a #30bl-
TOK BOJAB! BHITECHIAECTCA B OKpPyXalo-
llee MOPHCTOE TENC AO PACHOJONKEH- Puc. 90

HBIX §0aec HAH MaHee JAa.TeKO OTHeTo

BO3AYUIHBIX NY3BIPbKOB, B pesysbrate umeMeHTHbd KaMeHb pasly-
XaeT, KaK B 3T0OM MOXHO yJaocpoBeputbea H3 puc. 90. Boaa, norio-
maeMasgs CKOILICHHSIMH MeJKHX YaCru, He MOXeT 3aMepaHyTb
(mast 97010 HYXHO GBIO Gbl NOHM3HATL TEMNEPATYPY NPHGAUBHTEMb-
Ho o —75°). Taxk Kak NPOHKUIAEMOCTL 3TOH YaCTH KAMHS OYeHb
Crabas, TO BAArOCONEpKaHUe ero BOKPYr KamuJispOB BO3pacTaer,
RaBjieHUe Xe B KanHAMAPHHX Nopax <HMMKaeTcs; CORepKauiasca
B ‘HUX BOJA 3aMep3aeT NOJHOCTBIO. 33'PEM MPOHCXOONT HOBOE HABJE~
Hwe. Ha mnoBepxHOoCTM KanHmispa oCTaercs <Jjo# ajcopCGHpoBaH-
HOK BOAH, KOTODHIl OTAedsieT BJAAXHY© cpeay or Jabia, Cpo-
OonHasi sHeprus Jpla HHXKE OKpyXawouwed ero MHKPODOPHCTON
CpehI. Pagnopecne TMO3ITOMY  JAOJ/IKHO  BOCCTAHOBUTLCA!: qacrh
BONH, <CoAepikaluelcd p HOPUCTOH cpene, MIOTMOLIAETCA JIbAOM,
H 06beM ero B Kamuisapax yBeJHUMBaeTcsd, MEXKAY TeéM Kak IopHu-
CTast 4acTh KaM#Hs, YMeupasch B oObeMe, QaeT ycanky. ITo
dudbepesunassHoe ABUKEHNE BBI3BBaeT B Matepuaje Gojee HIH
MeHee CepLEe3HBIC Pa3pYIIERUS, pachpefensioulyecs 8 oObeme cooG-
Pa3HO BesJHuMHe, GopMe M PaCIIOIOXOHHIO KallUJJIsipos.
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Ecau B GeroHe MMEIOTCA 3aMKHYThie BO3AYUIHHE NOPH B BHAE
Menbuadmux GoJsgee HAKW MEHEee paBHOMEpHO pacHpeleNeHHBIX BO3-
AYWHBIX TYSHPLKOB, — XapTHHA, XapakTepHas Juist GeTOHa C BO-
BJEUEHHEIM BO3IYXOM, — TO Da3’BUTUE OIUCAHHBIX ABJEHUHA MOXKeT
NPHHATH HHOe HaTpaB/enve. B neppoft wx Gase moBHUlende J1as-
JeHHS Boap! B Kamnu.aspax BHI3HBACT TOTOK BOLK CKRO3bL TOPH-
CThil XaMenb. ECAM BORAYIIHEE MY3HIPLKK OKa3blBaoTcs M06aw30-
CTH, TO 3Ta BOLa NPOHWKAET BHYTPb MX M 3aMepsacT, obpasysa as-
JAHYIO CKOPJAYNY 1o IIo-
BepxiocTH. JlaBrenHe BoO-
AW B Kanuaiapax ie Mo-

¥ &=86mm  KeT IIOSTOMY  TPeB3OHTH

37leCh HEKOTODOH nperesb-
E. noft mennmuusst. G japyroit
§ " Temnepamypn: STODOIL, oGPA30BaBLUASCS
2 (ompugameasnsie) BOKDYI  BOZOAVIHEIX  TMy-
8 ~ . 3BIPEKOB JIeAsHAs CKOpPJy-
N ~-7¢0 na Uroaer YKA3aHHYIO BH-

0%
y”%onﬁf’ﬁ”."i e POJdb B (PaBHOBECHH
cBOOOOHBIX 3HEPTHH, W BO-
a4 H¥3 IOPHCTONO KaMHZA
BCACHIBACTCST § BO3AYILIHbIE
$=02mm 1Iy3BIPLKH, BCAELCTBHE de-

Puc, 91. Hedopmaunns UeMENTHATO KaMiid B ro Jelinas Kopka B HUX
3BBHCHMOCTH ©OT NOWWKenus Temmeparypw Y TOJLIATCS. B cBolo ove-
pexb noTeps BOOM NOpPH-

CTOH Maccoll BHI3LIBAET B HEH ITPOHeCC VcalXkH, TONoAHSAouled Ipo-
11eCC ee TeMIIepaTyPHOTO COKpalleHufl. DTUM OGBACHAETEH TO, 4TO
dbaxTuyeckoe OOBLEMHOE COKDAIUEHHE GETOHA MOMKET OKAa3aThces 60-
JIeC DE3KHM, UCM 270 AOJKHO Obl0 OBl MOSYYHTBHCS IO BAKOHY NpO-
CTOTO TeMHePaTYPHOro COKPalUleHHA. JIerko HOHATh, OZHAKO, YTO
3TO SIBJCHHE MOMKET OKAa3aTbh 3aMEeTHOE BJIMAHHE JUIIb B TOM ClHY-
qae, e€CJd BO3JYIIHBe NY3BIPLKH DaccesHel B O€TOHE NOCTATOYHO
6MM3KO APYT K APYTY AJ$I TOro, YTOGLI JepeMeIlCHHe BOAKW H3 Ka-
NHJJIAPOB B MOPBI, a TaKke OTCAChiBAHYE ee U3 TIOPHCTOro Kamud
JbJOM MOTJIM COBEPIIATHCA AOCTATOUHO OhICTPO. Bechma HHTepec-
HBIE ONBITEL 3TOTO Doja OwAM npoBelennl [layspcom B XesncMy-
tom! (prc. 91). Ha npwsemesublX KPUBHIX MBI OGHAPYKHBAEM
napexnae Bcero o0bEMHOe paciinpenye, OCYC/OBNEHHOE NEPBLIM 5B-
JIeHHeM, T, e. TIOBLIUEHHEM JaB/JeHHsI B XKanHanapax, Aanee obua-
PyKHBACTCS BTODHUHEBIN Npollecc, BhpaxarwoUluiica aubo p ofibeM-
HOM COKpallleHWH, IIPeBbIAUIEM TeMNEPaTYPHOE COKpalleHHe,
©C/AH BO3AYLIHBIE AY3BIPbKH PacOoO/OXKEeHBl O4€Hb TyCcTo, JHb0o B

[

=0, 3mm

1t Powers, Helsmuth, Theory of volume change in hardened Port-
land cement paste during freezing. Proc. Highway Research Board, 1963, ™
32, crp. 285,
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pacmuupenus, TeM GoJee 3HAYHTEJNLHOM, UeM Ha GOXBINHE PACCTOsI-
HUS yHRANeHw 3TH Ny3uIpeKH APYr oT apyra. Taxmm. o6pasom, pac-
fIpegesieRHe Ny3RPHLKOR C BOBJCYEHHBIM BO3AYXOM HMeer Gonbmuge
3HaueHHC B oueHKe s(pdexTHBHOCTH MeToda. [06aBKM OOGHUHBIX
tanop fawT 50—500 - 105 Bo3AyIUHBIX My3BPLKOB HA 1 4, UTO COOT-
BETCTBYET paCcCTOSHUAM MexAy HuMu nopaaxka 0,1—0,3 mm. Iru
NOoKa3aTey BIOJHE ROCTATOYHH JJIf TOro, YToO6Hl OGBACHHTE MO-
PO30CTORKOCTh TAKKX GETOHOB.




Fnasa V
KOHTPONDb KAYECTBA BETOHA

HicnbiTanust GeTOHHOH oMecH onmMcasbl B Taase [, Huxe Hana-
raloTcs HEKOTOPHIE APYTHE HCTIHITAHHA HCXOZHBIX MaTepranos (3a-
NONHATEN el M BAXKYIIETO), a Takke 3aTBepieBlero -Geroxa.

Kourpoab sanonnurtenel

K sanonnurensM GeroHa NPeXbABJSIOTCH CHAEGAYIOUIHe OCHOB-
Huie TpeGORAHMA: HeoOXOAUMO, UYTOGH OHH OBIH UHCTHIMH, He
BCTYNAJHM B XMMHUYECKHE DEAKUHH ¢ HeMeHdTOM, He cojepxanay Ino-
PHCTHIX MAaTeDHaJIOB M 3aKmouajy B cefe Jils OTPAHUYeHHYKO
¢paknuio 3epey B BHJAE HTJI H MAACTHHOK.

Uucrora 3an0JHKTENEH KMeeT NepBOCTeNeHHoe 3Hauenue, I'pas-
AHe 3anoJHHTE H, TIOKPEITHE MAeHKAMH TJIHBL HJIH OpraHAuecKnX
BELIECTB, AAI0T GeTOHBI JOHHIKEHHON NPOYHOCTH Ha CXKAaTHEe M OCOo-
6enno ma pacraxenne. ComeprkaHue 3acCOPSIOIIMX BEIUECTB JETKD
YCTAHOBUTR NPOMBIBKOH, OpraHUYeoKHX e BeHIECTB — KOJODHMET-
pudeckuM HMcBHTanMeMm. O6a 1M mpHema SABARKIOTCS  KJjaccHue-
CKHMH.

XHMHUeCKoe B3IAHMOLEHCTBYHE MeXJy UEMCHTOM ¥ 3amojHuTe-
JeM, XoTs OHO M PelKo HaGJI0RdeTcs, CHoCO6HO HAHECTH COOpY-
KEHHI cepre3Hblli ymwep6. OHO MOMXKeT BOSHHKHYTH MEXIY HEKOTO-
DEIME  BUJAMH 3ATIOJIHHTEJEH BYJAKAHHUECKOrQ INPOHCXOMICHAS
(onan, apge3uT H AP.) H LEMEHTaMH, XapaKTepusymoUUMucs pes-
KO BHIpaxeHHOH mwenouHocTso. OHO BeIpaxaercd s 056pa3oBaHUy
reast KpemHesema, O6JaZamoUero cHocoOHOCTLIO PACHPATHCH, H
BJeYeT 3a CcoOoH paabyxamue OerToHa, B NPOIECCe KOTOPOTO Hapy-
[IAETCST ero CTPYKTYpa.

3a NOPHCTHIMH SaNOJHHTESMH YK€ YCTaHOBHJACh penyTau4df
spenHux. M gelcTBHTENBHO, OHH MOTI0IAaT Gosibluoe KojAudecTBO
BOIM, OTNABAs e€e NPU CMEIIMBZHUM H YK/JIalKe IIeMeHTHOMY TeCTY
¥4 IMOBHIIAS TEM CAMLIM €ro BOJOLEMEHTHOe oTHolueHHe. Tem He
M€Hee HeKOTOPhle MOPHCTBHle 3aNOJHMTEJH, KaK. HaNpaMep, TBEpAbE
M3BECTHSIKA M MIOHHBle NecYaHuKu (¢ ATnaHTHYeckoro noGepexss,
MapoKKo), RONYCKAIOT HITOTOBJEHUe OETCHOB, BHOJHE IpHeMJe-
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MBX 1o Kauectsy. KpoMe Toro, B palfoHax, OTNHYAIOIIMXCHA CYXHM
KAMMATOM, HEeKQOTOPHE 3amaCc BOAH, COXPAHSAIOWHACA B TaxKoro
poAa 3aNOJIHHTENSIX, KOMIEHCHPYET Ype3MepHo OHCTpoe HCnape-
gyde. Takum o6pa3om, OTBeprarh Ge30TOBOPOYHO, B OOH3aTEJILHOM
nopsiKe, BCe TMOPHCTHIE ITOPOAK! HE cCuelyeT, HeOOXOAMMO JMHIb
BHIIOJIHATL TIPOW3BOACTBEHHbIE MCNBITAHMS GETOHa C LEJNLI0 TPO-
BEPKH NPOYHOCTH.

Bmecrte ¢ TeM, clneayer 3aMeTHTh, UTO UCNOAb30BAHHE BO3LYXO-
BOBJIEKANOMHKX A06aBOK NJ0X0 OGLMHO yAaeTCd B COYETAHHH C NPK-
MEHEHHeM TaKOTO poja 3anoJHHTedell.

CJIalillbI TaKxKe TIPU3HAI0TCA HEeNPUroAHBIMH B ITPOH3BOACTBE
GeroHa. JlefCTBHTE/NBHO, OHH YacTO OOHAPYXKHBAIOT NJIAaCTHHYATOS,
CIIORCTOE CTPOeHYe, Jerko paclenjfloTess ¥ BHBETPHBAIOTCH HA
pozgyxe. Coranuesblii NecoK OeCCIOPHO CleAYyeT OMMTATh HelpHeM-
neMbiM B 6eTOHHBIX pafoTax, HO 3a OTCYTCTBMEM IPYTHX 3aI0JHM-
teneil B 06/gaCTAX, YEAJEHHBX OT MHRIX HCTOUHHMKOB CHaGKeHWsd
UHCPTHBIMH MaTeprajaMH, B KaueCTBe KDYITHHEIX 3amoJHHTened ao-
NYCTAMO HCHOJBL30BaTh H CJAaHnBl. EC/AH npodHOCTL TaKHX 6eTOHOB
d HEBBICOKA, TO B HEXOTOPHX CJyuadx 3a HeuMenHeM Jyylnero
OPUXOAUTCA YIOBIETBOPUTLCH M wMU. O6GA3aTeNIbHLIM, OOHAKO, TIPH
3TOM SIBJILETCS HCIOAb30BaHue JHIUp <«CBeXexpoObaeHOro» Mare-
pHazxa, Ha KOTOpPOM aTMoc(pepHOe BLIBETPHBAHHe ellle He YCIe/o
HAJO0XHTh CBOMX pPa3pyLIATEIbHEIX cieoB. IlpurorossieHHuit Ha
TaKoM 3anognurene GeToH AO/MKeH OHTh BO3AYXOHENPOHHUAEMEIM
# LOCTATOYHO INIOTHEIM, JJf TOTO HTOOBI HCKJIIOUHTH BO3MOXKHOC!L
BCAKOro ZasLHeHIIero BEIBETPHBAHHS.

IMpucyrcteHe B 3amonHUTENe 3ePeH, €Melolyux (GopMy HUTI H
MJIACTHHOK, TEPHHMO JHWDL B ManhX AczaX. TexHUUeCKHe YCAOBHS
H Tpagufia RAIOT Ha STOT CYET siICHhle yKa3aHus. [eAcTBHTENbLHO,
BeToHHYI0O CMech, NPATNOTOBJAEHHYIO € 3alOJIHATENeM TaKoro poAa,
TPYIHO YKJAAHBATL: OHA XapakTepusyercd HHSKOZ yaoboolGpa-
GatelBaemocTho, Yamnte Bcero B TakuX cAayyagx npuberaior K upes-
MEPHOMY TIOBBIIUICHHIO AO03MPOBOK PAacTBOpPa M BOJAHI C PHCKOM CHH-
3UTb MPOYHOCTb, MeXAy TeM, €CAH OOLMMHEIC TPHEMBl YXKIAXKH,
BKJIOYAsT Cl10Aa OOWENDPHHATYIQO BHOPAUMIO, Jal0T, Kak NpaBuio,
GeToHbl TOPUCTHIE, MaJolfi TUIOTHOCTH, TO 3HAUATENbHO GOJee SHED-
THYHBIE MeTOX YIJIOTHeHHS, B KOTOPOM COYeTaloTCsi BrGpaiuf,
NpeccOBaHHE, a4 HHOTAA W MPOKATKA, CHocoBeH ofecnedyuTh DeTOHH
C HCKJIOWHTeJBHO  XOPOWHMHM  XapaKrepucruxamu., [eficrsu-
TeJNbHO, €C/IM B TIPOLecCe  VIVIOTHEHHA  YAAETCS OCYLUECTBHTS.
OIJIeTeHHe MIVI M IVIACTHHOK B OAHY CHYTaHHYI CeTKy, TO0 o6paso-
BABIIASICst TaKHM MNyTeM CTPYKTYpa (IPEICTaBHT coBoll CKeneT, €O-
NpOTHBJEHHE KOTOPOro OTPhIBY MOXET 0Ka3aThCsd BeChMa BhHICO-
KuM, BeakKoe pacciaWBaHue o INOBEPXHOCTAM pazfela MexXAY
PAaCTROPOM W 3aNMOJHHTRNAMH INDH 3TOM IIPEKDPalllaeTcsl ~— CAMH
UTJIBL OyAYT Pa3sphiBaThCs NPH PACTANMEHHM B HAHUBHINOAHEHRIUHX yc-
J0BHAX, MOCKOMBKY OCH HX HABASIOTCS 'HaNlpPaBJeHHAMM HauGoJib-
UIero CONPOTHB/AGHHS pacTsxkeHHio. Ho GeTOHH 3TOro THOa AaHU30-
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Tponunl. OpueHTauuss Hra OGHAPYXKHBAET SIBHYIO CEJIEKTHBHOCTS,
cJIenysl IIOCKOCTH, TepNeHAMKYJASDHOH HaNpasjieHHI0 INPHIOKEH-
HOCO AaBJEHHA, a WHOPAAa TNApa/ielbHOH IWIOCKOCTH [POKATHH
{puc, 92). Taxolt HMeHHO CTPYKTYpOil XapakTepusyercs GeTOH B
TJIHTAX ZOPOXHBIX TOKDHITHE,

IlpounocTs Ha CKaTHe B TAKMX ILIMTAX TOJyyaeTcss HAWGO.b-
meH, KOTAa CHiaa NPMJIOXKEHA 10 HanpaBaeHuw [, a HPOYHOCTH Ha
pacTsaxeHue — B caydae JeHCTBHS CHJAB B HanpasieHHH /1. Drof
AHH30TPONYUEH BBITOOHO BOCMOJIb30BATHCA B HEKOTODBIX TMpaKTHYE-
CKHX NpUMEHeHUsX,

B sazauye BeifOopa 3amoJHHTeNell OCTAOTCA JO CHX NOp BeChMa
c;1ab0 OCBeIeHHBIMK J[ABa YAaCTHBIX BONPOCa, NPEACTaBJSIOILHX,
OAHAKO, 60MbINYK IIPAKTHUECKYHd BaXKHOCTL. DTO MexaHHUECKag

IPOYHOCTb CAMUX 3aNOJHHTeeH
1¢ H WX cuenngedde (cBfA3p) € BSA-

I K YILU MU,
- Ecnu 3anofsaTess TOJIYUeH
<=  nyTeM JApobjaeHMa CKaJdbHOH HO-
== = POABI, TO JOJS ONPeJeTeHHS ero

B T e = e, ~==""2_ [pPOYHOCTH HOOCTAaTOYHO BHIPE-

— 3aTh ¥3 MOPOAH TONO XK€ Kapbe-

pa of6pasunl B BHAe KyOMKOB

Puc 92 HAH UKJAWHAPOB M HCHBITATh MA.

OnHako 11a CTPOUTEJLCTBE He

BCCPR@ NOJAB3YIOTCS ApobJeHmM 3anoaxHuresreM. I'papuli wau xaps-

€pHBIH 6aJjacT NMoARepraTh NOLCOHOMY HCIEITAHMIO He CTOJb JerKo.

SNeMCHTapHBI CIIOCO6 COCTOHT B TOM, 4TO MarTepHas OipeleneH-

HO# KPYNHOCTH OTOHpaeTcss DOCCHINBI0 B CTAAbHOH UMJIHHApPHUE-

ckuif 6aK, rae ero nocpeaCTBOM INOPHIHS TOABEPIAIOT LaBJIEHHIO

onpefelleHHOR ReauunHbl. MaBecTHoe WHCTIO KaMHeH NOR NaBaeHHEM

H3MeJ/bYaeTCA; 3€PHOBON aHaJH3 B COTOCTABJACHMH ¢ KOHTPOJBHEM

o6pa3uoM NO3BOASET YCTAHOBHTH CLENeHb AOCTUTHYTOro pagpyure-

HUA. DTo CBOero pOofa HCHbITaHXe Ba Apobaerywe. Ho, Kak Jerko

NOHATE, QOpPMa KaMued OKABHIBAET 3[eCh BJUSHHE HA Pe3yibrart,

M 1J4 TOro 4toful y Hac OH70 MPaBO CPaBHUBATEL 3TH PC3YbTaThH,

HYXHO 4TOGH 3€pHa WCHLITYeMEX MaTepHanoB OuaH OH 110 BO3-
MOKHOCTH OJHHAKOBOH (POPMHBL '

Hpyro#t cmocof HCnbiTaHus COCTOMT B H3MEPEHHM CKODOCTH
3BYKa TIPH €ro TPOXOKAEHHH Uepe3 HeCKOJIbKO 3€PEeH 3alosiHdTesnd.
Kaknoe 3epHO moMemaercs MeXAy IBYMSI IBE303JeKTPHYECKUMH
NAACTHEKAaMHU, MO3BOSIIOIIHMYE H3MEPUTb BPEMSA MPOXOXKIEHUsS HM-
nynsca. ITockogbKy paccTOfHHE MeXAY NJIACTHHKAMH HHUTOMKHO,
OTCYET BPEMeHH MAOJKeH IPOU3BOAUTHCT C OUEHL BHICOKOH TOU-
Hocteio. Ilpexamosiarast, 470 MJAOTHOCTE Marvepuaja H3seCTHA H3
NpeXBAaPHTENBHEIX M3MEPERHH, ME MOXEM M3 3THX AaHHLIX HadTH
npuOAN3ATENBHOE 3HAYEHHE MOAYJSA yrpyroctd. Tak kak B KaMeH-
HBIX MaTep#ajax MexaHHUeCcKasi HpPOYHOCTb BO3PACTAeT MPONOPHHO-
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HaJbHO MOLYJIO YOPYrOCTH, TO TaK0oe MONKTAaHWE [aer xopomnu
Maciral xS CpaBHEHHA.

Posp cuenseHus uam CBA3M MEXIYy UEMEHTOM M 32MOJHUTENeM
YCTaHOBJIeHZ HeJaBHo TpyAamu Kanxomma u ®appanal. Hccoenn-
BakHe OGeToHA B TOHKHMX winH(bax oO0HADYXKHJIO, UTO HEKOTOpPHIE 3a-
noJMHUTEesH ©O6JMaRAI0T XHMHUECKHM CDOJCTBOM C ILEMEHTOM, H B
TAKUX Chyudsix TMOBEPXHOCTL DPa3desna MeXAY HMMH He OCHADYHU-
BaeT 3a30pa, B TO BPEMS KaK AJ% APYrUX TUIOB 3anosHuTe]el 3a-
30pHl B TIOBEPXHOCTSX pasjena ¢ UEMEHTOM AONYCKAaKT NPOHHKA-
HYe B HUX KDacAUlero BellecTBa M TeM
CaMBIM [O3BOJSIOT YCTAaHOBUTH CBOE

HPUCYTCTBHE. /
Hanuuse cuenyieHHs MeXJIy LeMeR- /

TOM H 3aNONHUTEJEM MOXKHO NOATBED- / -Lerenm.

OHTB NPOCTHIM MEeXaHWYEeCKMM UCIHITA- Z

nuem. IIpmaMaTHueckuii obpasel npuro- & 4,9@ - £

TOBJIAIOT ¢ 3TO# LUeablo TakuMm 06pason, DR

gTO8bl 3aNONHHTEIHN PAaCNOJOXHINCH B Do =

€70 TOPLOBOM CEeYeHHHM Tax, KaK S5T0 Ho- o ot bemon

Ka3auo Ha puc. 93. DTH 3anosHATENH AR

TIMATENLHO OYHIEHBl ¥ NPOMBITH, Kak TS,

3T0 jejactcsi OGbuHO B OGMHIIOBOYHEIX
GeTOHHBIX IIMTAX ¢ AeKOPDATHBHBIM Tpa-
BueM 15l (acanos. BervouHmfi ofpasen Puc. 93
JONOJHSEeTCS T4aKUM e fpH3MaTHye-

ckuM 0Gpa3loM M3 YHCTONO IeMeHTHOro TtecTta. [lo 3aTBEPACHUH
Takol CABOSHHHI 06paseny HCNLITHIBAeTCH Ha H3tHG. Paspyienue
MIPOUCXOZUT OGHIUHO Mo MJIoCKocTH AB, pacnogaraionmeicst TeOpeTH-
yeckn nocepenuHe ofpasua. CoNOCTaBjeHHe PA3PYLIAIONIMX HATPY-
30K MOXKET NOCHAYXUTb OCHORAHHEM [/ CPaBHUTEJBHOH OUEHKH
3SHAYeHUH CLEIVIeHMS MEXIY LEMEHTOM M 3aTlONHHTENEM.

Koxrpoas BsxXymero

KoOHTpOAL  BAXKYILETO — HEOOXOAUMAas TPEANOCHJIKA €el0 BhI-
Gopa ¥ NpPOBEPKH TPABUJABHOCTH CHefanHoro Beifopa. Bo dpanuuy
STOT KOHTPOJbL BBUIOJHSIETCS B COOTBETCTBUH € TEXHHUECKHWMH YC-
aosusamMu  PpaHuysckoit accouHauum crazgaproB (Association
francaise de normalisation — Afnor). CponuTcst 0OH K M3rOTOBJIERHIO
pacTsopa Ha crarnaprHoM necke (Jlekatcxoro noGepexsd) # HC-
UBITAIMI0 D4 DasjapjuBaHde H3FOTOBJSHHEIX X3 3TOTC pAacTBOpa
KyOuKkoB ¢ peSpoM 5 cM TOCJe XPAHEHUS HX B BOJE B TeUeHHe 7—
28 nuefi. ITpouHocTs Ha CATHE IS YKA3aHHHIX YCIOBUH NO3BO-
JSIeT NPOH3BECTH KJIACCHHUKALMIO UEMEHTOB IO TOBAPHBIM MapxKam
160—250, 260—315 u T. 1.

! Capcomme, Farran, Géotechnique et minéralogie Techn. Moderne,
Construction, 1953 (mait — monb).
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CraugaprTHOe HCHHITaHHe PACTBOPA 110 TEXHHUSCKHM YCJIOBHIM
Afnor B ero coBpeMerHO#l GopMe He JIHIIEHO HelocTaTkoB, [Ipexme
BCETO HeyZa4yeH TIpaHYJOMETPHYECKHH 'COCTaB NecKa: H3 HEerc He-
K/IOUeHRl TOHKME (PPaKUUM; Taxol 3epHOBOH COCTaB TOAYYAETCH
NpPePRIBHBIM, BCASNCTBHE 3TOTC MAOTHOCTL PACTBOPA B BEChMa CHJIb-
HOH CTeNcHH 3aBHCHT OT HHTCHCHBHOCTH YNJIOTHEHHS! U MPUBOMHT
B CBA3M € 3TUM K OOJBIIOMY pa3zGpocy.

Kpurrueckoe Hcc/le0BaHHe NPHYHE 3TOro pasfpoca GBUIO BhI-
TMOJJHEHO 110 pe3y/abTaTaM CPaBHEHHA IPOYHOCTER TpPH CXKATHN,
B 15%-HOM KBagpaTHYecKoM OTK/JOHCHHH, KOTOpOe OTMeyaeTcsi B
pe3yabTaTax HMCNHITAaHHU pPasAMYHHEX Ja00paTOpHil, BAKHSHHE Me-
TOAa PYYHOTO MM 'MEXabK4eCKOro NePeMeuiMBAHUS OTPasHyIoch B
pasmepe 2—3%, Hapynenus naockoit GopMu rpanedl XyGHKOB — B
pasmepe 3—6%, yCaOBHI XDaHeHHUS M YCTPOMCTBZ HCTHITATEILHON
MalHH — B pasMepe 3—6%. Oanako npu BCeX NPOYHX DAaBHHIX
YCJHOBHAX CaMblM BaXHbIM (akTOpoM siBjisieTcst «HopMoBKka 06«
pasua, co3Aaplias KBaAPaTHUeCKoe OTK/JIOHEeHHE TIO MeHbluell Mepe
B 10% .(oTKnNOHeHUst CYMMHDPYIOTCS T€OMeTPUYECKH); B Hel, caemo-
BaTEALHO, — CaMOe CJAa60e MeCTo, HyXIZawlieeCd B 06A3aTeNbHOM
YCOBEpIIEHCTBOBAHHH. Mexannueckas YK.a4JKa C PHMeHeHHEeM
BuGpocrosia, BuGpaTopa Wiy Bpamarenssoi Mawues Kyi#o (Couil-
laud) (ycrpoiicTeo mas Bo30yuIAeHHS TIOPH3OHTAMbHEIX BHOpauuh
HH3KOH 4YacToThl X OOAbLIIOR aMIHTVAR) JOJMXKNH BOHTH Kak
MOXKHO CKOpee BO (hpaBIY3CKHe TEXHHUYECKHe YCIOBHA KAK HeoOXo-
O¥MOE YCOBEpIICHCTBOBAHME CYUIECTBYIOIIEro MmerToma. Kpome Toro,
CYLIeCTBYIOIEMHE TEeXHHUECKAMU YCAOBHSAMU He NPEAyCMOTPEHO Od-
pefiesieRHe TIPOUHOCTH HA pacTskenue. PaHee NpuMeHRBIUMUCA ANR
5Toit wmenan o6pasey Muxasauca OGHAaDYXHJ CBOM HEROCTATKH,
cpelH KOTOPHIX 3acAyXHBamT O0CO0OTO YIOMHHAHKS PHCK NOBpeX-
HeHHSA HeHTpaJgpliol obiactd ofpasia B pesyabTaTe yCalKn M ie-
ONHOPOHAHOCTH paclpeleneHds HaNPAKeHui B CCUEHHH pa3pHIBA.
[TosroMy GBUIO pelUCHO OTKA34ThesA OT 3TOro 06pasna; 3aMeHHTEIR
#e eMmy He Hamwioch. OrcyTerBue yKasanuil, KacaloUMxcs Mpoy-
HOCTH Ha pacTaKeHHe, ABJIAETCS HEKOTODHIM MpofesoM, Tak Kak
HEKOTOPHE LeMeHTh, OCHApPYXHBalOUiHe IPUEMJEMYK) TPOYHOCTb
fa CKaTHe, HMeloT Ca6YIo IIPOYHOCTD Ha pacTsiKenne { K TOMY Xe
10 ABEPIKECHAYIO De3KHM KOJIeGaHHMaM, 3aBHCHIIHM OT TEXHOJOTAYE-
CKHX YCJI0BHI). DTOT Npobed ¢ieioBas o 65l BOCMOJIHUTL BBeJeHHeM
8 TEXHHUeCKME YC/IOBHA HCNEITAHUA, KOTOPOe MOFJO 6n HuDOPMH-
poBaThb CTPOHTENA O NPOYHOCTH PaCTBOPA Ha OTPHIB! CJIEN0BAJO 6
[PeAJOXKHUTE, MOXKET OBITh, HCMBITAHWE NMPU3ME HA HITHG,

«MexaynaponHoe ofbeduieHye JaGOpaTOPHA NO HCMBITAHUAM
U MCCJENOBAHHIO MATepHanoB H KOHCTpyKuui» (La Réunion
Internationale des Laboratoires d‘Essais et de Recherches sur les
Matériaux et les Constructions — Rilemn) szausisocs paspaorkol
MEXKIAYHaPOAHBIX TEXHHYECKHX YC/JOBHH Ha HCNHTAHHE LEMEHTOS}
Ha3HaueHHE PTHX YCJAOBHE B TOM, YTOGH YHPOCTHTH MeXIyHapoa-
HEf NPOMBILVIEHHKE 0GMeH M NOCAYXKHUTh MPOTOTHNIOM HPH COCTaB-
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JIEHHH TeXHHUEeCKHX YCJOBHI B OTAENbHHX cTpaHaX. B peayasrare
OHlIE COCTaB/eHH BPEeMeHHble TEXHUYECKHE YCIOBHSA, PeKOMEHAyIo-
HWiHe METOZL HCILITaHWSA, KOTOPHH HblHe aopaGaThiBaercsl TpeMs Je-
caTKaMu sagopatopui B 15 crpaHax. OcHOBHBIE OCOGEHHQCTH 3TOTO
MeToxa:

pacTBOpP — 1a TeCKe HENPEephiBHOTO IPaHy/NOMETPHYECKOTro CO-
CTaBa ¢ ONpejejeHHOR R03UPOBKOW MedkHx (pakuui;

thakcHpoBanHoe BogoueMenTHoe otHomenue — 0,5 mo Becy;

PyuHOe 3aMemiyBaHMe M YKAaJKa ¢ NOMOLIGI0 BUGPOMIOLIALKH,
oNHcaNne KOTOPOH B HACTOsiLiEe BPEMS YTOMHSETCS)

o6pasunl npH3MaTuueckol (GopMm 4X4X 16 cm; obpasuu moa-
BepraloTCss H3JIOMY TNyTeM MONMEepPeYHOoro Haruba, Nocje 4erc Kax-
Aas U3 ABYyX o0pa30BaBHIMXCA B Pe3yabTATE H3J0Ma yacTell HOMBL-
THIBAETCR Ha CIKATHE;

xpaneHnse o6pa3anos 8 Boxe npa 20°

WanupaTopel BBeAEHHS 5TOro MeETOZa HAHEIOTCH, YTO NOJYydeH-
HBle npPH ero NOMOIM PesyJhTaTH He TOJbKO [03BOJAT MPOBECTH
HAYYHO NPaBHJLHYIO TOBApPHYIO KJACCH(MUKALHIO LEMEeHTOB, HO H
OCJYKAaT OCHOBOH A5 BBIYHCJAEHHS C XOpOWIUM NpHOAHMKEHHEM
B8EDOSITHOA IPOYHOCTH GeroHa 34JMAHHOTO COCT2aBAa, 3aMeIanHOTo Ha
TOM HJAH HHOM' LeMeHTe. HelicTBUuTenbHO, dopMysna Pepe uMeer BAl

1 2
R.=K

4

e
e

e
TAe ~-, T. e, BOAOUEMEHTHOE OTHOWEHKe, PABHO 14, K=575R,

(R,— NpOUHOCTH LeMeHTa),
Jasa GeToHA MBl JIOMKHB NOAYYHTE

5,78
Rb = e+ a\2 RG’
(1+2%)
rae g — o0beM BO3AYXa;
¢ — 00beM BOJH;
¢ — o0beM [eMeHTa.

Koutpoas 3arsepiesuiero GetoHa B oGpasuax

Kourposnr GeroHa B o6paslaXx OCYUIECTBJAETCA pPasgUYHBIMH
cnocofaMH B 3aBHCHMOCTH OT TOTO, HYXHO JH YROCTOBEPHThCH B
OLHOPOAHOCTH MaTepHaJa H B COOTBETCTBHH €T0 XapaKTePHCTHK
UpesnHCAaHHAM, HJM e HYXHO YCTaHOBUTH (DaKTHUECKYIO HpoOd-
HocTp, OeToHa B CAMOM COOPYKEHWH, TOCKOJBKY Takosas oOlipefe-
JIgeTcAd BCEMM CJAYYaHHHMH OGCTOSITENHCTBAMU NPOH3BOACTBA pa-
60T, T. €. yKnanku. B nepoM cnygae orGop npod A0KEH NPOH3-
BOAMTHLCA 1O BhIXxoAe GeToOHHOH cmecH U3 OeTOHOMeWaJKH, BO BTO-
PoM cayuae — GJH3 COOPYXEHHS HJIH, JydIue, H3 CAMOro COOPYymKe-
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ansa. Oro6pannyno npoly caepyer yaoxurs B dopmy. Kax u B8 o1+
HOIUGHHMHU UEMEHTa, 0 KOTODOM MEl TOBOPHJIM B NpelBUIyIeM Napa«
Tpade, ¥MeHHO 3[eCh BO3HHKAeT caMas 60sbliiasi TPYAHOCTb: KaKHM
ormoco6oM CaefyeT NPOH3BOAHTL VIJOTHeHHe? Ecaun 3agayell ucnmls
TaHHs SBAsSETCA NPOBepPKa COOTBETCTBUSA KauecTBa GeroHa IIpeanH-
CAHuAM, TO OCO0EHHO BaXXHEM OyaeT YCjaoBHe, uToOH cnocol yn-
JIOTHEHUSl OCTaBaJcd BO BCeX HCOBITAHMAX OAHEM H TeM e, [lpu
3TOM OTAeJbHHE JOCTOMHCTBA TEX MJX WHBIX MeTOJI0B HMEIOT Jaxe
MeHbliee 3HAYCHME, yeM UX ORHOTUNHOCTE. Bo BTOpOM cayuae che-
AyeT CTDEMHUTHCH K TOMY, uTOGBl CclOCOD VIJIOTHEHHS 110 BO3MOX-
HOCTH NpuOIMKaJACs K onocoly, HCMOMh3GRAHHOMY Ha CTPOUTeb-
HOi naolnanxe.

Ofpgio NpEMEHSIEMLIMH CNOCOGaMi YINIOTHEHHA SIBJASIOTCS:

OTJMBKA Jj5 BECbMA TIOABHXHBIX OETOHHEIX CMeceH;

HITHKOBAHUE, COCTOAWIEE B TOM, yTo GETOHHAS CMECH YKAAMI-
BaeTca CJIOAMYM, NpHZeM KaXKIABH CA0# ITLIKYETCA ONPeNeJeHHBIM
YHCAOM YRapOB CTAJBHOIO CTEPIKHS;

tpamfoBanye, 3aKmodaloleecss B TOM, 4UTO KaXKABIH coff na-
KpuiBaerCd TAHATOM, KOTOPYI0O MNOABEPraloT ACHCTBHIO napaioieh
OnpefeneHHOe YuC0 pas 0aln onpele]eHHOro Beca;

YHCI0 YRAPOB NIPU 3TOM BO3PacTaeT MG Mepe JNepexoja OT HHXK-
HUX CJ0€B K BEPXHHUM, C TeM ¥T00bl MOAYUATH PABHOMEDHOE YILIOT-
HeHHe;

BHOpHpOBaHHe Ha BrOpocToJge ¢ INpeKpallieHHeM ero Ip#
NOSIBJIEHHH PacTBOpPa Ha NOBEPXHOCTH; POPMY HAIJNCKHUT VKPENuIb
#Ha BuODPOCTOSIE JKECTKO, C TeM UTOOB! UCKIIGUUTL BJAMAHHE IOMOJHH-
TEAbHBX CJAyuafHbIX BHOPALH# H COTPACEHHN;

BubpupoBague B GopMe au6o TNyTeM BBeNeHHsT BHODPOHTJbI
BHYTPL ee {UTO OnacHo), AwbO NyTeM DOBEPXHOCTHOTO BUOPUPOBA-
HM#, TIpUJaras BO3MYLiawlolmye CHIL K 6opraM «hOpMEL

Ipu Bcem pasnooGpasud NePeUNCNEHHBIX 37eCh METONOB YIi-
JIOTHeHUA 0eroHa CYIEeCTBEHHHM A/ BCEX HX OCTAeTCH ONHO — 1O-
CTHXEHHe ofaHopoaHocTh ferosa. [loje3HO Takske B3BeIMBATL 00-
pasel, wTo0E ONpPEAe/HTh MJIOTHOCTL GeToHa M YAOCTOBEPHTHCHA B
TOM, YTO OHA [HOCTATOYHO XOPOWIO TPHOAMKAeTCsT K TNPeJyCcMoT-
peHHOMY cpelHeMy 3HadeHHIo. [luckOJNBKYy M0 CuX [Iop He cylle-
CTBYeT HHKAaKHX UPERNHCAHMH OTHOCHTEABLHO TEXHWKH YINOTHEeRWS
Getonuofi <mecu B (opMax, BEOOP COOTBEICTBYOMUIEro ‘cnocoda
npefocrasifercsl [OKa HNHUUKATHBe Ja00PaTOPUKM HIAH CTPOMTE.b-
HOH nuoliaiky. DTHM BHOCHTCH HEKOTOPAsi HEONpe/e/IeHHOCTh B
VCJIOBHS HCHBITAHHA, HaHOCAWAa yuepd CPaBHUMOCTH M TOYHOCTH
pesyabTatoB. JKesaTedbHo, YTOOH HeTaNH3HPOBAHHEIC TEXHHIECKHe
YCJIOBHS DErTaMeHTHPOBAJIX M 3TOT MOMEHT, VKa3aB 110 BO3MOXKHO-
CTH TaKyl0 TeXHHKY, KOTOPas MO KpafiHed Mepc cMATdHia Oul, ecaH
H He MCKMOuUIa Obl BOBCE, BAHSHHe JHYHOTO taxropa.

Dopma posKHA HMETh Takue pazMepnl, YTOOH 2(derToM creH-
KW MOXHO ObL10 npeHeGpeun. Hyxuo mpenocrepeus IKCnepUMEHTE-
TOP2 OT TOTO, UTOOK OH K3 KeJaHHd NpHAaTh obpasny Gojaee TIAOT-
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HH# BUN NETancs OH ZoOaBjieHUeM JulIHeH A03BI PACTBOPA 3aBep-
WATE ero OTResKy. Tlpusuaercd, uto pebpo KySa Hiau COUeHHE Hu-
NHHAPA OOMKHO MO KpaiHed Mepe B 4 pasa NIpephINaThb HaubOJb-
IHE pasMep CaMbiX KDVIHEIX 3eped 3anosnnurejs. dopma wsro-
TOBRJAeTCH OOBYHO M3 MeTadaa. OCHOBHBIE TPEGOBaHUA B STOM OT-
HOWIEHHH CBOAATCS K TOMY, UTO oHa JAOJAXHa ObTb XeCTKOH u ne-
IOPHCTON., B COOTBETCTBHM C HTUM JIOCACAHMM YCJIOBHEM CJIEAYeT
3anperuTh fepepadHne dopmul. Hamle BCETO B 3THX HEJSAX HCNOJb-
3yIOTCsl CTadgb Mad uyryH. PopMul MOTYT OHITb TaKKe M ¥3 Ijact-
MacC WM U3 BOJOHENpOHHUaeMoro xaprtoxa. He gonyckaercsg, oI-
HaKo, uTOGH OHM H3MEHSLUTH CBOI GQOPMY M0 BO3NEHCTBYMEM BJarW.

B uactaocts, 8 CIJA Hauan npuMeHeRHe AelieBble LH/IHHIPH-
yeckve (hOPMHL H3 TOHKOTO HENPOHHUAEMOro KapToHa, NO3BOJSIO-
iiMe ¢ TIPHCOENMHEHUEM ABYX KphilleK 00ecneunts HEOOXOTUMYIO
BOJAOHENPOHUUAEMOCTs U BO BpeMsl TpaHcnopruposanus. Enun-
CTBEHHBIM HeJOCT2TKOM HX ABJferca AehODPMHUDYEMOCTb MDY YIAOT-
HeHHd, IT0 HeyROGCTBO JIETKO OGOHTH, MOMelllas HX Ha BpeMs Hpo-
#3BOACTBA 3TOH ONEPall¥d B CLEMHYVIO CTaJbHYIO ONpaBy-MydTy.

Kax Toapko (opma 3anoaHesa OeTOHOM, HVIXKHO HEMEXNIeHHO.
NPUHATE MEPH TPOTWB BOSMOXKHOM DOTEPU MM BJaT¥ MyTeM ucua-
perusa. C 2T10#1 uenplo GETOH NMOKPHIBAIOT BO3MOXKHO §ojee uenpo-
HEKAeMBIM MarepuanoM. OcBofoxperHe o0pasua H3 (QOPME CTa-
BAT BONPOC O CHOCOGe ero XpaHeHusl. JTO pellaercs I110-DasHOMY
JABYMS CO3ZABIUMMHECA B CBSI3Y ¢ 9THM IIKomaMmd. OQHU HOJaraior,
yTo chopMupoBanHnE B OOpasne GeTOH ROJKEH BHIAEDXKHUBATHLS
B TeX K¢ YCJAOBHAX, KOTOPHIM MOIBEPraeTcH H GETOH, YAOMKEHHBHI
B COOPYXEHHEe;, JDPYTHe AYMaloT, 4YTo ©0f6pasubl HVKHO XPAHHTh
BCGNEA B OfHHX H TEX K€ JUisi BCeX MCIBITAHUA TOMAECTBEHHBIX
VCJI0BMAX, 00ecneTuBalOIINX ONTHMAaJbHOe TBepleHue. Takum 06-
DPasoM, Pa3nuyde 31ech COGCTBEHHO JHUWbL B TOUKAax 3penus. [lep-
Bast YCTAHOBKA OTPamaerT HHTEpech CTPOUTRAA-NIPAKTHKA, XKeJAKw-
WEr0 BHISCHUTH Ha ofpasilax M3MeHEeHHsI KauyecTB HCHOJbL3YeMOTro
HM B COOPYVKEHHH MaTepHaJa B 3aBACHMOCTH OT CPeAbl, ¢ TeM UTro-
6 M3BJEYL OTCHOJAAZ DYKOBOASIIMe BHIBOJALI AJS HA3ZHAYEHHS De-
JKHMA BRIZEDKHBAaHUS CGeroHa B 5TOM COOpyxeHuu. Bropas ycra-
HOBKA OTBCYAET TPOrpaMMe INPOHIBOAALIETO BeTOH TeXHOJA0TA HIH
KOHTPOIbHOK Jab0opaTopuy, Aad KOTOPOH HMeeT 3HAYeHHe He KOH-
KpeTHast 0GCTAHOBKA Cpennl ¢ ee He NOAJAIOWHMMHCA NPEIBUNEHHIO
BADHAHTAMHU, & yCTAHOBJAeHUe (paxTa, COOTBETCTBYET JH MAH HE CO-
OTBETCIBYET HNAaHHEIH GeToH TeXHH4eCKHM ycjaopuaAM. B ocyumects-
JIEHHH 3TO# MPOTPaMMEl BAXHO, VCTPAaHUB BJIMAHHE BceX Ciydali-
HuX $aKTOPOBR ¥ €O3XaB TOXKIAECTBEHHYIO JUIsl BCEX HCMHITaHUH 06-
CTAHOBKY, [OJYYHTL BO3MOKHOCTb BHIIBUTh POJib OCHOBHOro (ak-
Topa, T. €. cocraBa OeroHa. Hanmo aymarte, uto Ha Heae ofe 3TH
YCTAHOBKU HYKHO COBMECTHTb, TaK 'KaK OHM pa3peliailoT OJHHaKOBO
BaKHbIe 324aYH HAyIHO-HCCJASAO0BATENbCKOH paldoThI.

IIpamenenne cnocofa BHIAEPKHBaHus 06pPa3UOB Ha CTPOHTENb-
Roli IyoilajiKe MOMKET IOBeCTH X ommwOKaM; Halla 3ajada — Cur-
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HaqH3HPOBaTh O HHX. OTHOUWEHWE TIOBEDXHOCTH MCMADEHHA X OObe~
My B GeTOHHHIX KyOHKax HJAM LHIMHApax OrrBaerT OOGBMHO 3Hauu-
TenbHo GOJBIIHM, UeM B sjgeMeHTax coopyxesus. IToaTomy TeMne-
PATypa M BJAAXKHOCTH MOTYT OKAa3aTh Ha COCTOAHHE OGpAasL OB CPas-
HUTENBHO GOJblliee BJAHAHAE, Pe3Kas HHCOJSIINS HJIN CUABEBI Be-
Tep crnocoGnbl HAHCCTH 3aMenHHli yIepd NPOYHOCTH Ky6uka, g
0Ka3ap NOYTH HUKAKOro AeiiCTBHA Ha 6aJxy H3 TOTO Xe 6eToH
To e caMOe MOXKHO CKa3aTb M O BO3AEHCTBMH HH3KMX TEMIepaTy
PeKOMEHILYIOT [I0O3TOMY C TIOJHbBIM OCHOBaHUEM TIpH BHIAEPHKUABAHR
00p4a3loB YKPLIBATL MX OT HeHcTBHA comslla W Berpa. Baaropasym-
HO TaKXe JJOXBEPraTh HENOCPEACTBEHHOMY aTMOC(hEepHOMY BO3LeEl-
CTBHIO BCEro JHLIL OAHY IpaHb KyOHMKa, OCTaB/isAf Bech 06pasen B
hopMe, HJAH Ke, YTO ABJdeTcs GoJiee SKOHOMHUHEIM, IIOMEIMaThb
06pasiH B UMK C BJ4XKHBIM NECKOM Tak, 4TODH OTKPHITON OCTaBa-
Jach JHUIL BEPXHAA UX NOBEPXHOCTS.

Kak 6m 10 HM OBIIO, Majo BEPOsITHO, 4TOGH aTMochepHbe
BIHAHAS CKasbIBAJMCh Ha of6paslie TOYHO TAKHM Ke 06pasoM, Kak
U B COODPyxeHHH, O0BeM ¥ pAaCNONOKEHHe KOTOPOro Hapaly ¢
IPYrUMU ¢akTopamu O6pa3yloT Takoe COYETaHHe YC/OBHI, KOTO-
poe HEBO3MOKHO BOCIPOU3IBECTH B HONHITaHHH. Bort nowemy mnpea-
CTaBJIACTCH INPEANOYTHTEJNBHBIM IIPHAEPIKUBATLECA BTOPOLO METOZA
VCIBITAHMY, K HCCJISLUBRHMIO Ke TBEDAGHHST HA CTPOUTE]bHOM
AMOUIANKe HAWTH HHOW NYTb, © KOTOpPOM peub Gyder B Aanb-
HehiemM,

Bropofi Meron xpadeHns oGpasuoB-—B CTaHAAPTHHX, TOXJe-
CTBEHHBIX /8 BCeX HCONBITAaHHH YCI0BHAX — Tpebyer, 4ToOW 3TH
VCIAOBHS OBLIY TI0 BOFMOXKHOCTH HAWAYYINUMU AJd TBepaeHud. Ilpe-
MIe BCEro IIPH 3TOM CJAeIyeT HCKJIOYKHTL HCIapeHye, crocobmoe
3aMELJMTL TBEPIAERMe M BHI3BaTh ycanky. Ofpasey nostomy cae-
AYET HIOJHPOBATH OT OKPYXKaKWLleH CpPeAnl BJATOHENPOHMIaemol
000n0uKOl, TOMECTHB ero B HachllleRHylo armocdepy. drta 3anaya
JETKO DpasperigeTcs YCTPOHCTBOM BJAXKHOH KaMeph, B XOTOPO#
nognepxkupaerca MOCTOSHHAA TeMnepartypa B 20° 10 HacTynneHus
Cpoka ¥cnmiTaus o0pasuoB Ha cxXatre. Ecam BO3HUKaeT HeoGXO-
JAMMOCTb B TPaHCIOPTHPOBAHUM 0OPA3UOB, HATIPHMEP CO CTPOHTEID-
HOM ToLIaAKH B J1a0OpPaTOPHIO, HX HYMHO TOMECTHTb BO BJaXKHEHE
ONAJIKK HIH NeCOK HUIY IVIOTHO 3aBEePHYTH B HEIIPOHHUAEMYIO 06epT-
Ky. Jns sro#t menn oveHb NpUrogHa TrHOKAs JUCTOBAN IIACT-
Macca — HeHJOH MMM Jpyras — IIPH YC/AOBHH ropsuecii ¢Bapku (tep-
MONJIACTHYHOCTH) .

B anrnufickofi NpakTHKe NOTPyXeHHe 06pa3uoB B Oaky ¢ BO-
Aok cTpanaeT TeM HeynoGCTBOM, UTO TpebyeT Gogee OOGpeMEHMTE/b-

HOrO OCHallenusi. CpaBHeHWe De3yJbTaTOB He OGHADYXHBAET, OA-
HAKO, H3MEDHMBIX PaCXOKIEHHH.

Camas npouenypa MCNBITAHHS Ha CXKATHE M H3ruG ONACaHa B
rnase I zocrarodno mompofHo juif TOro, YTOGH HE BO3BpAIATHCH
31eCh K HeH, paBHO KaK H K CIOPY MeXIy CTOPOHHUKAMH HCIHITA-
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HMS Ha .Ky(im(ax HJIH UHAJHBAPAaX, II0Ka €le, HaCKOAbKO MOXHO Cy-
IUTh, He DelleHHOMY,

OcraeTcs BHISICHHTb, BOCHDPOM3BOAMT JH HPOYHOCTh, I[TOUIYUeH-
HasA HKa OGPHSHZX, BBIAEDKAHHBIX B ONTUMAJbHEIX YCJOBHAX, TO €€
3HAYeHHe, KOTODhIM XapaKTepHuayercsa OETOH B CaMOM COODYKEHHH.
Urofpl peltHThL 3TOT -BONPOC, HEKOTOPBIMH 3JKCIEPHMEHTAaTOpaMH
On1 Opox3BeseH OTGOD KEepHOB U3 COODYIKeHUs, CONOCTABJCHHHX
3aTeM ¢ KOHTPOJABHEIMH ofpasuaMu. [losyueHHBle BHBOAH OKa3a-
JHCH €IMHOAVIIHKIMH: IPOUHOCThL GeTOHZ B COOPYKEHHH 70 Medb-
el Mepe paBHa INPOYHOCTH KOHTPOABHEIX 00pa3uoB; DPasHuUa
MEXIY HUMU He npesniinaer 15Y%, nmpwuem mpeo6iazaer H3GHTOK.
TIpHyMnsl 3TOrO CJGAYET MCKaTh B CPABHHTENHHO (oabmIell DAHO-
poaHocTy §eToHA B COOPYXEHUHM B CBSA3H CO CMsrueHueM adexra
CTEHKH M B Jy4IeM ero YIIOTHeH®#, BO3MOMKHOM IpPH HajndaH
GoMbWIKX 00BeMOB. Y1 meliCTBHTENbHO, Ha INPAKTHKe YyCTaHOBJIEHO,
4TO JJIs OLHOTO W TOTO e 3aMeca ORHODOMHOCTh ‘GeTOHa, YKJajhl-
BaeMoro GospliuMm 0GbEMOM, NoJyyaeTcs Jy4me, yeM B o6pas-
Uax, OTAHBAEMBIX N0 OTAENLHOCTH. YKJaAKa NPOUIBOJNT TaKoe Xe
melcTBYe, XaK M NOBTOPHOE TiepeMemuBaBue ¥, NpPexkie Bcero, obe-
cReunHBaer B CHJY KamHLISIPHOCTH OOJiee DaBHOMepHOE paclpefe-
JIeH{e BOAH. EcCTecTBeHno, 9To GoJee BHICOKAS OXHOPOLHOCTH Ma-
TepHasa co3faer ¥ 6oJee BHICOKYIO TPOYHOCTE.

Hcnbiranua GeroHa B coopyxeHun 0e3 pa3pyleHdAs Marepraia

[Mocxkonbky HenbiTaHust GeToHa Ha o0pasuax NPHBOAAT K pe-
3yJabTaraM, B3aKJIoualomuM B cefe HEKOTOPYIO HEeIOCTOBEPHOCTh,
BO3HHKAET npobjeMa KOHTPOAS MaTepHasia B CAMOM COOPYKEHHH.
BricepauBanye npof (KXepHOB) NpeAcTaBjseT CoDofl TPYNOEMKHIH
npouece, K TOMY XK€ OH OCTABJAET B COOPYKEHUH HEKOTOPEIA M3BAH
M jlaeT JMIUb OPUEHTHPOBOUHBIE pe3yJbTaTh. IlosToMy cheunasH-
cTaMi OHL10 pa3paboTaHO HECKOJBKO METOAOB AAECTPYKTHBHBIX HC-
NHTapu#, T. € He BAEKYWHX 3a COOOH PaspylIeHHs MaTepuana uau
e NPYBOMSINMX /ML K HE3HAYHTEJbHHM PaspywieRusM. BaxHeh-
IWHe H3 HUX Mbi Telepb paccMoTpuM. Ciola OTHOCATCH CTATHHECKOe
¥ ylapHOe WCIBTAHHS IDAPHKOM, OTPHB (BBLIepruBanHe} 3abero-
HHPOBAHHOTO CTEPXKHA H T. 1., MPOGHBKA HJIK NPOCBepJHBaHHE MR-
pu (yrny6aenusi, OTBEPCTHA), HCIHTAHKHE € NOMOLIBIO OTCKAaKHBA0-
UIero IIAPHKA HAH CTepPXKHA (TNPYXKHHHOrO MOJOTKA), H3MepeHus
CKOPOCTH PaCnpocTpadeHus KojelaHMH, HCCHCROBAHHA € TIOMOILBIO
raMma-aydei.

Hcnuranne imapukoM —caMbii Crapeit crmocoS. B mpakTHKY
HCceq0BaHus GerToHa OH OB BBefeH IyTeM 3aHMCTBOBAHHA W3
METaJTyPrAN TPHHLMTIA H3MEePEeHWs TBEPAOCTH Mertanna mo Dpw-
Hemqo, COrJacHo HOC/AenHeMY, CTa/dbHOH INaPHK BAABJHBAETCHd Xa-
AUGPOBAHHON 'CHIOH B IIOBCDXHOCTh METa/Ja, HpHYeM K3MepReTcs
JHGO TAy6HHA BMATHS, Ju60 gHameTp obpasopaBilehcs AyHKH. Jas
Gonbero yao6CeTBa CTaTHYeckoe KABJCHHE MOXHO 3aMEHUTH I4-

209

ul




P ———————— —

HaMM9eCKHM BOSHEeHACTBHEM — YJAaPOM MOJOTKA, HecylluM Onpene-
JeHHOE KOJHYeCTBO KHMHETHUECKON 3HePruH. B TOM M ApPYyroM Ba-
PHAHTaX METOX IIaDHKA B NIPHMEHEHHM K MOMLITAHWIO GETOHAa CTpa-
naer pAnoM HeaocTatKoB. Ilpexge BCETO TPYAHO ¢ HEOGXORUMOH
TOYHOCTHIO NPOHU3BECTH Y3MeDeHHe TIYOHHH BMSATHUA WAK €r0 Ada-
MeTpa, MOCKOJBKY OOIHM o6beM GeToHa, NOXBepraloOWIErocs je-
(POPMHPOBAHHIO, OCTAETCS CPABHHTENLHO He3HAYMTEJAbHEIM. B pe-
3yabTate B CBA3H ¢ HEOLHODOAHOCTBIO MaTepHada NOJyYaeTcs
odeHb Gonbiioil pasbpoc, 00A3BIBAOMIMA X MHODOKPAaTHOMY NOBTO-
PesHIo MCHHTAHHS A0 NOAYYEeHUS NPHEMJIEMOro 3HAUCHUS CpexHeh
BeaWuuHe. K TOMY ke ToxyyaeMas TaKuM TyTeM KOJHUeCTBEHHAA
XapakTepHuCcTHKAa PacnpocTpaHfAeTcs JHIIbL Ha O9eHb HerayGoxuf
NOBEPXHOCTHHIM CNOK MaTepHala B He NaeT HUKaKHX yKasaHu#i o
CBOMCTBaX MaTtepHasa, PacNoONOKEHHOTO B Hosee TAYHOKHX CJIOAX.

Hcneltanne na orpelB (BHIEpruBasue) B CBOEM MHPHHUKNE TIpo-
c¢ro. OHO COCTOMT B TOM, UTO NPH yKJaaake GeTOHAa B HEro mMorpys
JKa0T HECKOJbKO KOPOTKHX CTajJbHBIX CTepIKHed, Clerka BBICTY-
Ma1olMX Hajh NOBEPXHOCTHIO OeTOHa, NOC/e Ke 3aTBeplenus GeToHa
H3IMEPSIOT CHJIB, KOTODHle HYXKHO NPHIOKHTL K STHM CTePXKHAM
Juist TOro, §To6hl HX BRIASPHYTH M3 GeTOHa. JTa CHJIAa HAXOZUTCA B
OTIpeReJIeHHO 3aBHCHUMOCTH OT MEXaHHYECKOH NpOoTHOoCcTH OeToHa
H npexje BCEro OT €ro COMDOTHBJGHHS CHBHTY (CKa/KWBaHWIO).
Taxne ucnbiTadns TIPUBOART, OJHAKO, K GosbluoMy pasbpocy, asTo
CBHAETENbCTBYET OO X HEBHCOKOH TOUHOCTH. K TOMYy Ke BHAEp-
MHBAHKE MOXET IPOH30HTH JHO0 B Pe3yabraTe NPOCTOTO CKOJMbKE-
HUd, nufo e © U3BATHEM HEKOTOPOU NpHIHIINEH K CTePIKHIO YacTH
Gerona Gosiee HNK MeHee Kowmdgeckoh Gopmel, Caexyer Takxke yka-
3aTh, YTO 3TOT CIIOCOG YXKe BHIUES ¥3 YIOTpeGJeHHA

Vcnuranuwe nyrem mnpoOuBKy Yyray6jaeHuss TPOH3BONAT <€ [O-
MOIIbIO CHENdANLHOrO MHCTOMETA, CTpedsiomeno Oolikamu. Hame-
pAeTCA Mpu STOM IyGuHHA mOrpyxeHus B Gerod §oHKa nox Aasie-
HyeM, KOTOpOoe CO3ZaeTcss B3DhHIBOM JeToHaTopa. Pe3yibTaTH H B
3TOM Caydae TaKxKe NOJAYYalOTCA ¢ GOMbluuM pasGpocoM, NpHYeM,
KaK Jferko [OHATb, 60ablioe BJAHSHHE 3AeCh HMeEeT pasMellleHue
8epeH 3aloJHUTEN OTHOCHUTENLHO LEHTpa yaapa.

TIpoceepnusanne oTBepeTHA (ABIPH, yrayGaesusa) naer, no-BH-
RHMOMY, GoJiee TNOKa3aTEAbHBE pe3yJbTaTel. BpamatelbHufdl Gyp
KPYNHOTO A¥aMeTpa H3 TBEPADH CTaJH HAXUMAeTcsl ¢ yCTAaHOBJEH-
HOM CHJ/IOH Ha NOBEPXHOCTh OETOHA U NPHBOIUTCA BO BpauleHHe2.
[Tocae onpefesensoro umcaa OGOPOTOB H3MEPAKT TIYOHHY NOJY-
4eyHOro OTBepcTus. POPMOBKA B THICE NO3BOJAET K TOMY Xe 3a-
(uxcupoBath u dopmy yrayGresna. B pesyasraTax 31010 HenBTAa-
HHUs OTMCYaeTCsl HM3BECTHas KOPPeJIAnMA MexAy H3MePeHHHMH na-
paMeTpaMH H NPOUYHOCTHIO MOBEPXHOCTHOrO caos Gerona, Ho ncmwi-
TaHME OCTABJAAET HA 3TOH NOBEPXHOCTH HEM3rJajdMHe AedeKTH.
Kpome ToTO, Ero TPYAHO MCTOJNKOBATh TEOPETHUECKH.

Cpeon MeT0a0B, NO3BOASIOIUMX TPOM3BECTH OLEHKY MexaHHue-
CKUX XADAKTePHCTHK NOBEPXHOCTHOrC cJosi GeroHa, moxasy#, ca-
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MEle MOKa3aTeJbHEE Pe3yAbTATH JaeT MeToj OTCKAKUBaHHA (mpy-
KMHHOTO MOJOTKA). YKpenJseMh#i Ha TIDYXHHe LIAPHK HAM IH-
JUHAP CcO cpepuueCKy OKDYIVICHHBHIM padoduuM TOPILOM, YAapsaAAch
TIpH OCBOGOXKIACHUH TIPYKMHEI O [I0BePXHOCTb 6eToHa, OTCKaKHBaeT
OT Hee B OOGpaTHOM HAIIPaB/ieHHU HA OlpefeleBHOe pDaCCTOAHHUE.
O10 pacCTosHHE BO3BPATHOIO ABUXKEHUA H3MepAETCS U NO3BOJAET
HAHTH OTHOMIEHHE CKOPOCTed ¥ KOSQQPHUUHMEHT BOCCTAHOBJEHUS, IPH-
BUMaeMHE} 3a XapaxkTepuCTuKy Geroda. Koad¢HuKenT BOCCTaHOB-
JEHHS €= —K,L Onpene/iseT BMECTE CTEM M OTHOLUEHHe e2= —]’%,
T. €. OTHOILGHHe 3HEPrHH, NepejdHHOH OETOHY MOCPCACTBOM YXapa
4 BOCCTaHOBJIEHHOH (Bo3BpauleHHON) UM Iocje vaapa.

Jonosnenne 5100 BeJHUMHL RO ©AHHHIB NPEACTABASET OTHO-
CHTEJBHOE KOJNUIEeCTRO SHEPTHM, NOTePSHHON Ha yHap; OHa COCTaB-
JSeTCA W3 DHEPrud BHYTPEeHHero TPEHHMsI, SHEPTHM TIaCTHYECKOH
neibopManyy B o61acTd yiapa M sHepruM xonefanuil, pacceanuod
BO BCEM OObeMe M He HUrpaiolieidl HAKAXOH DoJaM B BOZBPATHOM ABM-
KeHHM YAADAIEro Tejla MOJIOTKa.

{Ipescrabasercs 3aTPYAHMTENLHBIM  YCTAIIOBHTL JIOTHIECKYIO
H MaTeMaTH4YeCKylo CBA3b MeXAy 3TOH BEeJIMUYMHOR M MeXaHHIEeCKOH
MPOYHOCTBI0. MOXHO, OXHAKO, ROIaALBATLCS, UTO Takasl CBA3L Cy-
IeCTBYET M YTO MJIHHA NYTH, NPOHAEHHOTO OTCKAKHBAIOIINM IIapd-
KOM, LOJIXRa BHpaxarthced NOYTH JHHEHHOH (QyHKuued oT Npou-
HOCTH Ha <xaTue. MicnHTaRue NMO3TOMY ClEAVET NPOROJUTL & OCO-
OhIMH [PeOCTOPOXHOCTAMY. Macca 6GeTona Jo/mkda GHTh OueHb ‘
GoMbINO B CPaBHEHMM ¢ Macooil MOJOTKa. YCTAaHOBHTH pasMep ee !
CAeAYeT H3 TOro Co0OpaXkeH s, YyTo OHA He AO/IKHA yYacTBOBATH B ‘
IBUMKeHHH Bcel cucreMH. [eomerpuueckasi ¢opma ee IZOJIKHE OpH-
ONMMKATECA K NOJNYOeCKOHEUYHOMY TPeXMepHOMY Teny ¥ Be ROmy- |
CKaTh HUKAaKOH HMHOH nedopManuu, KpoMe Toi, KOTOPYIO B IOR06-

HOM TeJle MOIVIO OH BHI3BAThH IIPHJOXKEHHE COCPeN0TOUeHHON CHIIH.
HcnniTanua OJWTH, HATIPAMED, HJH TOHKOH Gafiki He MOTAX Okl mo-
3TOMY JaThb NOKA3aTENAbHBEIX PE3Y/bTATOB. |

[TockonbKy H3MepeHus IPOH3BOASATCH 3Mech Ha O4YeHb HE3HauH- :
TeJbHHX yYaCTKaX {IOBEDXHOCTH, pasbpoc, ABAAINHNCS pe3yabTa-
TOM HEOXHOPOAHOCTER CTPYKTYDH, nmosydaercs GoaswuM. IToaTomy,
4YTOGB NpPHHTH K AOCTATOYHO MOCTOBEPHOMY CpelHeMy 3HAaYEHHIO,
Tpedyercs NpOU3BECTH GOAbUIOe YHCIAO H3MepeHuit. 3oHa BAMsINUA
yodapa He3HayuTeNbHa, Y, KAaK B APYTHX HUCNHTAHHSX TBEDLOCTH,
pesyabTaT QAT YKA3aHUA JHIIb B OTHOINEHWH TOHKHX CJIOEB MarTe-
prana’.

Ecnu mexay MPOYHOCTBIO M AJMBOH BO3BPATHOTO IYTH MOJIOTKa
U CYIIeCTBYET SMIHPHUECKOoe COOTHOLIGHHe, GJAHM3KOe K JHHelfiHOMY,
To KO3 {HUUHEHT 3TOr0 OTHOIIEHHS H3MeHsercs oT SetnHa X Gero-

! ITo 3TOMY NMOBOAY MONKHO OBL10 6H CKa3aTh B IUYTKY, UTO HJIS NOAYUeNHS
«xopolleros (B CMBICJE 3TOro HCMHTAHUA) GeToHA GLiio O JCCTATOYHO HAWECTX
Ra NJoXxoi GEeTOR XOpoilée NOKPHTHE,
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dgy. OH 32BHCHT OT CPaHyJOMETPHYECKOrO €OCTaBa, BUAA LEMeHTa,
sanoguuTeneft ¥ T. K. CooTHOLIeHHEe 3T0 HEOOXOAMMO NOATOMY <«Ta-
PHPORATL» IO pe3yanTaTaM AOCCTATOYHOTO UHCAA HONLITaHMHA Ha
KOHTPOJBHBIX 00pa3uax, NoRBEpraeMbX NOCHE H3MEpeHHS PA3NaB-
JIUBAHHAIO.

MeTox MPYKHHHOTO MOJIOTKA He JHIUCH BCEXE B KOHEUHOM
cueTe M3BECTHHIX AOCTOMHCTB. OH NPOCT, SKOHOMMYEH H NPAKTUUEH
{crarnaprupit npabop Ilmuara orauuaercs nopratuBHocThO). Ou
Croco0eH NPHBECTH K OTHOCHTEALHO TOUHEIM XapaKTePHCTHKAM Ka-
yecTBa 0€TOHa Ha OCHOBe JIPDEIBAPUTeJbHON TapHPOBKH Ha o6pasz-
nax. Ho u Ges rakolt TapupOBKM OH NO3BOJSIET YCTAHOBHTH KJIACCH-
huKaLHIo GeTOHOB 1O TPEM KaTeropusaM: IJIOXOH, CPefHHH, TpeBoc-
XOQHKIN; 3T yKe He Tak NJOXO.

Puc. 94 Puc. 95

B raase Il 6biH onucaHbl MeTOAH ONDERENCHHS MOAYJAS YOpy-
rocTy Getona u ero xosdpunuenrta [Tyaccona no pesyssraraM H3-
MepeHHsi CKOPOCTH 3BYKa, HO STHMU Xe H3MEPEHHAMH, KaK MH
cegac YBHIMM, MOXHO BOCIONB30OBATBCH ¥ NPH HCCJAEIOBAHHH
NPOYHOCTHRIX XaPAKTEPHCTHK MaTepHana.

YKaxem CHavasna Ha NPUMEHeHHe aKYCTHUECKOTO Meroda B He-
CIEIOBAHHKE TIOBEPXHOCTHBIX C/10eB GeTOHa,

Bynem m3amepsith Bpema f, HeOGXOZUMOE AJS TOTC, 4TOGH! (HPOHT
3BYKOBOR BOJIHBL, DPACHpOCTPaHSIOUIeHCA M3 HCTOUHMKa Xojgefa-
uuil A, pocrur ToukH x (puc. 94). Ecau CKOpOCTE pacnpocTpaHeHus
3ByKa MOCTOAHHA M paBHa v, To {=ux. Kpumaa, npencrasasmomas
Bpema B QYHKUHH X, Oyger mipsaMofi. Ecan B Touke B Kauecro Ge-
TOHa H3MeHseTcA (HanpuMep, B pe3yJLTaTe YKJI4AKH HOBOFO 3a-
Meca IocJe nepepniza B GeTOHHPOBAHHM), CKOPOCTh U TaKXKe H3Me-
HHTCH, H TOTRa npavas #(x) o6Hapy:KHUT B 3T0H TOUKe NepesoM.

TlpennoyoxumM Terneps, yTo B Touke B MMeercs tpeumHa. [Toxa
NPOU3BOAMMEle HaMH H3MEpEeHHA pPacDPOCTPaHANTCA Ha TOUKH X,
JeXallde B npomexyTke Mexay A u B, 3aBucumocTs f(x) Gyzmer
0TO6paxXaThes NPAMOUHENHEIM YYacTKOM, HO 910 Oyler Tak JHUIb
AO Tex TOp, oKa X He cosMectHres ¢ B (pue. 95). Korpa Haure
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caefylollee HaMepeHne mepefiger B Touky B', jexaulyio 3a Tpemin-
#oft, To GPOHT BOJHH, YTOGH ROCTHIHYTL 3TOH TOUKH, pomxedr OY-
AeT COBEPINUTL KparTdadmyi K Hedl nyThb, OTHGalOILNi TPellHHY,
ACB’>AB. TlosToMy MexAy 3Ha4YeHHAMH RpeMeHR [, uamepeu-
HeiMu B B u B/, moxKen MONYYMTHCS pa3PHB HENPePHIBHOCTH. DBe-
JNYNHA BTOTO CKAUKA OIpeAessdeTcs] U3 COOTHOLIEHHs

AC+CB—AB _
v 3

OTKy A2

vdt =V AB* + BC* 4 BC — AB.

ATp F103BOJNT HAM OnpenenuTh raybuuy Tpemmus BC. Bupaso ot
TpemMHe B’ 3anmasibiBaHue O/ YMEHLLIAETCS! BMecTe ¢ yMeHbile-
HHEM OTHOLICHHS AJIMHH JoMaHo# Juruun ACD x AD, rak 4o uc-
caenyeMas Kpusas t(x) saliMer MOJSOKEHHE HECKOIbKO CMelleHHol

t

M
N vz

4 g _
v o !
“1 >\ ' A o
70 AL, .

b 4 / <

Pyc. 96 Puc. 97

aCHMITOTH, Orofpazkamomeil pasHULy MeKLYy NPOLCIKHTENLHO-
CTAMH PACIPOCTPaHEHMA 3BYKOBOM BOJHE N0 TpaekTopuam AB #

Takam oOpasoM, MaMepeHHe CKOPOCTH 3BYKa IO3BOJSET yCTaHO-
BHTL CEPBEe3HOCTL TDEOIHH,

IlycTh Temepp MBI HMeeM cJyyal ABYX Pa3nHUHBIX GETOHOB HJH
GeToHa C [OBEPXHOCTHBRIM (JACKOPATUBHBIM HJH 3alHATHLIM) CJIOeM,
TIpHYCM HPHEMEM, UTO GKOPOCTh Uy paclpoCTpaHeHHs KoaeGaHKE B
TOKPLITHH GETOHA MCHBIIE COOTBETCTBYIOLLeH CKOPOCTH KosaeGansuil
Us B OCHOBHOU macce OetroHa (puc. 96). Jlpe BO3IMOKHHE TpaeKro-
PHH DPACTpOCTPaHEeH¥st BOAHBI NPeICTABJIEHH 31eck NpsaMoi AB u
aomanoit ACDB., CoOOTBETCTBYIOIIME MM JJHTEJbHOCTH PACIIpoO-
CTPAaHEHHS BOJH pPaBHB

AB AC + BD CcD

ti=— L= o T o
Il Uy Uy
pu 9TOM yrog 8= 3, ONPeNefiercs 3 COOTHOLIEHHS 6‘«-——-0—2

H MUHHMAJLHOTO 3aKOHa I.I,eKapTa.
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Irns Manux 3HaueHHH PacCTOAHKHA AB=x HaukparTualiiyM Ty-
TeMm Gyner npgmoli orpesok AB. B cayuae, ecau paccrosuye AB=x
B&JIUKO, Kpatuakwuit nyts Oymer ACDB. Orcwoga cnenyer, 9to
KpuBag f(x) COCTABAAETCH H3 [BYX NPAMEIX, HEDPECEKAKUIHXCH B
TOuKe ¢ abcuuccoit x=1L (puc. 97). 3HadueHHe ee OnNpelenseTcs B
GYHKUHM TOJAIUHHEL CJIOS [0 JIEDKO YCTaHaBAHBaeMoil (GopMyie

V3
23

L=2d ————,

U1
1 — —
Ua

Ha yuactke OL ckopocTh pacnpocTpanenus XojgeGaHuf pasHa D).
Brpaso or Toukn L oHa paBea vy Ecau npamyioo MN npoaoiKHTbL
B HANDABAEHHH ee TIepPeceyeHus ¢ OChlo afCuuce, TO OHA Mepeceyer

HVJIEBYIO OpAWHATY B TOYKE )
d

=9, o -

3aMenuM, 4TO —tz‘;— npeacrasasier coGofi npoerunio Ha AB

HAKJIOHHBIX npsaMeix AC u DB.

TakuM TyTeM JEeTKO MOMHO YCTAHOBHTL TOJINMHY IOBEPXHOCT-
HOTO CJIOS1 M CKOPOCTH 3BYKa B JexalueM Moj BUM Gerone.

Ecnn xauecTtso OGeTona MaMemsercss ¢ rayOHHOH [OCTENEHHO,
KaK 3TO MMEeT MeCTO, HANPHMep, NPH KOPPO3UH, TO ONKCAHHBIM
IPHEMOM MOXUO YCTAHOBHTL TUIYGUHY MOpameHUs e GeTOHHOTO
Maconpa, Ecan CKOpPOCTh BO3pacTaeT NPONOPUHAOHANLHO TayOHHE,
TO TPAeKTAPUAMM GYAYT OKPYXKHOCTH, UEHTP KOTOPHIX OTCTOMT OT
Hauasnga Ha DAacCTOSHHUE

Uy
g=d;—.
Me U, — CKOPOCTh HA MOBEPXHOCTH;
U -~ CKOPOCTEL Ha LiyfuHe d.

Bpems ¢ pacnpocTpasenns or O 40 X ONpefeJMTCH TOTAA H3
ot
2q °

x = 2¢ sh

rne g=d-—2 .
U— Uy

B atom caydae ywacrok ON jguarpaMmu (puc. 97) mnepecraer
6EITE NPAMOTMHEHHBIM, XOTS M CTPEMHTCS K IPAMON ¢ YKJIOHOM U2
IHPH CTPEMJEHAH U K IJOCTOSHHOMY 3HAUEHHIO Ug.

B wmccrenopaidH BHYTDeHHHX OGBLeMOB GeTOHAa aKyCTHUeCKai
METOA NPHMEHMM JHINb B TeX CAydafX, Korga o0e NPOTHBOION0M-
HEle mosepxHocTH GeToHa MOCTYNHH AJAS YCTaHOBKH npuGopos. Ilpu
3TOM H3MepAeTcsl BpeMs pacnpoCTPAHEHHS KoJeGaHui MexXny
ABYMsl TOYKAMH C H3BECTHHIM MEXAY HHMH paccTosiHneM. EciH
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TPAEKTOPHS BCTDEYaeT KaKoe-Jnbo UPeNsiTCTBUe — Pa3phlB Henpe- Loy
PWBHOCTH, To OHa orufaer ero (puc. 98), u Torxa pasHuua B Cpo-

KaX H CKOPOCTAX DPACUPOCTPAHEHHS [03BOJAST OOHADYXUTL HaAH-

aue H YCTAHOBHTHL MECTOHAXOXKJeHue AehHEKTOB CTPYKTYPHL.

[IpuBeeHHEIME NPUMEPAMH, KOHEYHO, He HCUePIHIBAIOTCS BCe
BO3MOXHOCTH HCIOOJIb30BAHUA ITOr0 METOHA B HCC/eNOBaHHH TO-
BEPXHOCTHOH ¥ IVIYOHMHHON CTPYKTYpPH OeToHHHX MacchBoB. Ocraer- i
csi TeNeps NOSICHUTH, KakuM 06pa3soM 3HaHue CKODPOCTEH 3ByKa no-
3B0J4eT HaM IIOJIVUIHTE CBEXECHHA O MeXaHHueCcKoH ApOYHOCTH MaTe-
puana. Her HMKaKHX BHAMMEIX OCHOBAaHW{ IIpefnofaraTh 3apaHee,
4YTO MEXKIY CKODOBCTBIO 3BYKa M YNPYro-IJIaCTHYECKEMH CBOUCTBAMM
MaTepHasia AOJNKHA CVLIECTBOBATL KaKad-aulo
HENOCPEACTBEHHAS] CBf3h, TeM He MeHee 3Iech
MOXHO BCe K€ TMOHTH HEeCKOJLKO RaJbIle yCTa-
HOBJIeHHBX HaMM B Taase Il cooToweRufl Aas
moayJst ynpyrocrn. HanomuuM, wro jas Mmace
CHBHBIX GETOHHEIX 3JEMEHTOB CKOPOCTb INDO IO~
HBIX BOJH DaBHa

/ E I — g -
l "GdFad -2’
a CKOPOCTh MONEPEIHRIX BOJIH

1—-2
Ve= V. VQ(I—-cr)

3n1aHKe 3THX CKXOpoCTedl M OOBEMHOIO Beca o Marepuana io-
3BOASET BHUKCAUTEL 06e nocTostHHue £ u o, OOpeMHBE pec ©
onpene/slercs NpH 3TOM TO HSBECTHOMY LOCTaBV GeToita WIH Ke
H3MEpAeTcs HeMOOPEeJCTBEHHO ¢ NOMOIIBIO raMMma-lyued, KakK 3To !
6yoeT OMUCaHO B AajbHEHIHEM.

Tlonoxkyum nmosromy, uto £ ¥ o HaM yxke uigectEnl. Onur 19-
¥a3bBaer Ipexje BCEro, uTo NPOYHOCTh Ha CXarHe R NpencTas-
asger co6oit Bospacrawomy dynkuuo E, apasasce B TO XKe BpeMa
y6uiBatomesi dynxuueir o.

34 OTCYTCTBHeM AaHalduTHdeckoit dopMyabl, KakK YBHAHM U3
Aagblefiliero, TPyAHO YCTaHOBMMOH, Tepej HAMU BOSHHMKAeT 3a-
Naya HAWTH SMIHPHYECKOe BHIpAXKeHHe, KOTOpPoe, Gylydd MPOCTHM
B NPUMCHEHMM, B TO K€ BpeMs OTpaxkajo Gbl OTMedYeHHBbIe BHIIIE
KavuecTBa 3TOro cooTHouwenus. UroOwl yHZOBNETBOPHTL 3TuM Tpefo-
8aHKAM, UCKOMON 32BHCHMOCTH M GruTa mpuaaHa dopma E(l—o) =
= (KR) '™  BBepenneM gByx Ge3pasMepHHX mapamerpor K u #.

Onelr NPUMEHEHHA ITOKAa3BEBAET, HTO K 3aBHCHT OT NPpHPONAH 3a-
TIOJIHATEN H OT THNA 3€DPHOBOTQ COCTaBa, MEXAY TeM Kak n ompe-
JesseTcss MapKofi BAKyllero. 3HaueHue £ OOWUHO KOJeGieTca B
apegesnax 2—3,

Puc. 98
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Harayuumy npHeMOM aKYCTHUECKOTO MUCCIGIOBAHMS SIBJSIETCSH
METOI penepos (3TanoHoB). ONHOBPEMEHHO C BO3IBRIEHNEM COOPY-
XKeHHsT H3 TOro ke 0eTOHA 3aroTOBJSETCS HECKOInKo 0Gpasuos,
pasMepsl KOTOPHIX AOJXKHH GblTh AOCTATOYHO GONBIIHMH A8 TOTO,
YTOOH Ha HHX MOXHO OBLIO BHIIOMHHUTH N3MEPEHUS CKOPOCTH 3BYKA.
KyGuxu ¢ peSpom B 15 cm mad 3Tol ey HeAOCTATOTHH — TaKan
6a3za u3MepeHHst CJIUIIKOM Maja AJs TOro, 4ToGHl onpeleneHue
CKOPOCTY MOXKHO OHI0 IPOMUIBECTH ¢ HEeOOXOTUMOH TOYHOCTHIO. Do-
Jiee IMPUTOAHBIM CAERAYeT JpH3HaTL KyOHK ¢ pelGpom B 20 cx, oa-
H4KOo NPeANOYTHTEeLHee NPOH3BOAMTbL M3MeDeHHS Ha UMAMHAPAX
BuicoToB ! 30 cm. Camoe Xe JAydumiee — 3TO 3arOTOBHTb [IPH3MH

JuHoft 75—~100 cm, B nomepeunuxe 15—20 cm. [ocne onpenesne-
Hug E ¥ o 3TH mpusmu paspesalorcs Ha 5 aacreli, u dopmyna
yCTaHaBJAMBAETCS TIO CPemHeMY H3 DeaysbTaTcB. UTCOH MONHOCTHIO
OXapaKTEPH30BATL HCCAeAyeMuifl GeTon mnapamerpamMu K H n, HYK-
HO UMEThb B CBOEM PaCHODSIKeHHH 0T 4 KO & Taxkux npusM, KM rorza
NPOBEJAEHHOE B ONpefeseHHh MOMEHT BPEMEHHM aKyCTHUeCKOoe Ho-
CifCAOBAHNE CAMOT0 COOPYHEBHAS NO3BOJHT YCTAHOBHTL MexaHude-
CKHe X4PAKTePHCTHKH JAAS BCCX Cro uactell Ha OCHOBE CONOCTaBRe-
HUA C HPH3MaMM-3TAJOHAMH.

Ho Moxer cayduThbest, 4TO K aKyCcTHHeCKOMY MeTOAY TPHAeTSs
npuernyTs, ¥ He pacnogiaras KOHTPOJBHEIMH obpasmavi. B rtarux
ciygasx NPHXOLMTCS 3apaHee 3aJaThCH 3JHaueHuamu K 7 n.
B cpeiHem miisi 3amoJHMTEnell KPeMHE3eMHOrQ THN2 OKPYIJIOH
dopmul (3 p. Cennl) mapaMerp K onperensieTcs BeJHYUHOH, Gans-
Koit Kk 87102, a n=3. U Toraa

R =[50

B nepsom npUOAMIKEHHH, TO-BHAUMOMY,. WIS GETOHOB MOXKHO
SOXpaHUuTh 3Havesye Nokasatens n=3. Kosddmuuenr K onpeje-
TAGTCA TOTJa XapakKTepoM S3aTOJHHTe . afd TREPJIOTO H3BECTHR-
ka, Hanpumep, K=150-1012, gna rpanura K=43-10'2

Takoe peskoe M3MeHCHWE NapaMeTPOB YKa3klBaeT Ha HeOOXOAH-
¥OCTh TIPeABAaPUTENbHOrO STAJOHUpPOBAHNA OeTOHA.

Hmeercst, [:0-BUAMMOMY, W BO3MOXHOCTL OlpPEAEeHHs MOLY.d
yapyrocty 6eToHa 110 3HAYEHHSIM 3TOH XaPaKTePUCTHKH IAA €ro
COCTaBARIOWINX, ¥ MO T03UPOBKAM HX. [1yCThb 3TH JO3HPOBKH BHIpA-
KaoTcad OTHOCHTeJbHEIMYM BeaumumHamu A, B, C, D u t. 4., coor-
BETCTBYIOIIME MOLYJIU BTHX COCTABAAIOIMX — BeauunnaMu £, E,
Ee, Eq B r. . Momyas ynpyrocrr ©OeToHa TpefcTaBasgeT coOo#
(PYHKIHIO 3THX BeJIHUHH:

E=f(A, E, B, Ep,...).

! Tlpn 3TOM MOXKHO TaKKe BHICBEPIUTA HECKOALKO (HIHHADHYECKRX KOJIOHOK
Il B CAMOM COOPYXEHHH, ec/y 3T0 NPEACTABASETCA BO3IMOXKHBIM.
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Huas ciyuas dasH ¢ MOAYJIEM YIPYrocTH, PaBHBIM HYJO, HyHK~
nus [ npHEHMMAaeT, KaK MOXHO TNOJarath, JHHeHHHN BHML:
E=CE,
rae C — o6beMHas QO3HpPOBKA leMeHTa;
E,— Monyabp yupyrocr.
Ham u3BecrHa, ¢ Apyroit cropoHbl, dopmyna Pepe

C ]
R=K|civ])
roe v-— Oﬁ’beM NyCTOT, BKJIOUAA CXa H BOAAHBIE H10DBI.
E
Yuntmpas, yto C+v=1u C= —7— ,» lIoJIyuaem
T,
E i
R bl K (_BT') !
oTKynRa .
E=QVR,

YTO ABJAETCA YaCTHHM CJyuaeM mpHBeAeHHOH BHIIe ofilell Gopmy-
Jbl. JIns YHCTOTO UEMEHTIHOro KaMHS dva (GopMysa HOATBepKALHA
¢ JOCTATOUHOK TOYHOCTLIO.

Has cMeon B3 ABYX a3 c JONOJNHSIOWMUMH UX IYCTOTAMH JIH-
HEHHRIE 33aKOH HeoGsS3aTeJbHO TNOATBEPKAACTCH — 3TC 3ABHCUT OT
€e 3ePHOBONC COCTaBa M OT paclpeleseHHs IyCcToT. JIerko NOHATh,
YTQ BO3AYX, Pacupefe]sioulMicg Ju00 B BHAe MaJhX ITY3LIPbKOB,
JBRG0 TOHKMMU OPOCAQOHKAMU MEXY 3alOJHHTENAMH, B 3aBHCHMO-
CTH OT 3TOr0 TI0-Pa3sHOMY BJAKsSeT HA paclpOCTpaHeHHe 3BYyKa,

TeM He MeHee s NpexeavHoit ob6AacTy W3MeHeHHH, KOTOPHIM
nogBepraeT™cs cocrap OeTOHa, MOKHEO HNOIYCTHTb, ¥TO Madtb No-
BEPXHOCTH, TIpeicTaB;dowlass QyRKUMO £, MOXeT OHTb NPHHATA
8a IOCKOCTb. TOTAA MH BIpaBe OyAeM HaflkcaTh

E=Q,AE,+ Q. CE,,

rie Q, n Q, —K03(pdUIHEHTH MeHblle €IMHHIH,
A — o0beMHas LO3UPOBKA 3aNQJHHTENeH;
C — 10 XKe, HeMeHTa.
O6osnauns Q.E,=E, u Q.E.=E/, noayuum
E—AE,

Co= ——,
E

<

nocKoAbKYy ke A=1— (C+v), popmyaa Pepe npaer

PR E—4E, \
- (E;)a C+v
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E— E, ? E—E, RE
R=—“Q[*Z~T*_—(,£‘+E‘;] =Q["T_Ta+fa].

B sty dopMyny Bxomar ase mocrossHble: E u Q. Ilepsas ¢Bsa-
3u4Ha CO CBOHCTBAMM 3aNlONHUTENd, BTopas — neMenra. Ofe MOTyT
6uThL OnpejesneHH JAJasi namKoro GeroHa B Jo6OM ero BO3DacTe,
C ngmpyroit CTOPOHH, BhipaseHHEC NPOYHOCTH B (DYHKUHH MOAYyJS
yupyrocrs IpPMHHMaerT 3Aech UHYIO GOPMY, OTIHUHYIO OT YKa3ad.
HOK BHIIIE; OHA MMEET 3feChb BHA MOJHHOMA BTOPOR CTeNeHH

R = oE' 4 BE+1,

C"pajalomlui TeM HEeNOCTATKOM, YTO 3ak/jiouyaer B cefe TPW napa-
MeTpa BMECTO ABYX M B CBASH C 3THM BHOCHT JHILIHHE TPYAHOCTH
B BRIMUCHEHHS. ‘

Kourposnr GeroHa B COOpYXeHHsX NPEANOJATAET, KaK MH Bi-
LM, NPexBapHTEAbHOe ONpeneseHne ero TJIOTHOCTH, BXOASUIEH B
BoMUCACHHE MOAYAR YHPYrocTd., Pesxo NPefcTaBssieTes BO3IMOXK-
HOCTb' 3HATH 3Ty QUHINYSCKYI0 XapaKTePHCTHKY B TOYHOCTH, vajle
He ee IIPHXOOAUTCA HAXOAUTHL HpHﬁJ‘lH)KEHHO HJIA YCTaHaBJUBAThL
BasTHeM npod. OTMETHM B CBHSH C 3THM, 4TO B HacCroslliee BpeMd
paspaboTaH anecTPYKTHBHEIHE METOJ H3MePeHHS IJIOTHOCTH Mare-
prana B coopyxennn. OH OCHOBAH Ha HCHOJH30BAHUM raMMma-iy-
yefl, WCOYCKaeMbIX PafUOAKTUBHEIMHM BemtectBaMmu. Hcrounuk pa-
LHOAKTHBHOIO M3JIYUCHHS YCTAHABJAUBAETCH IIPOTHR HOBEPXHOCTH
HOCHEXYEMOTO 681"0]—[8, H2a HEKOTOpOM paCCTOAHMA 34 HUM IOMe-
maercs cueTudk [efirepa. ITocKoabKy NPAMOH IOTOX (HOTOHOB MO-
NIOINAeTCs CBHHIIOBHM 3KPAHOM, CUETYHK IPDUHHMAET TONbLKO (POTO-
HBl, nOABEPruInecsT AHGGY3UM # YaCTHYHO NPOHAKINHE gepes GeToH.
[tockompky GeTOH paccenBaeT W MOIJIOUIAET TaMMA-IydH B NPAMOM
OTHOIIEHHH K CBOeH MJOTHOCTH, a WHTEHCHBHOCTL [IOJy4YaeMOoro
CYETYHKOM U3JIyueHHd SABJAETCS (PYHKUHEH PACCTOAHHUS, NMOCTOJBKY
OHa NO3BOJAET ONpEJNeNUTh 3Ty IUIOTHOCT ¢ TouHocThio 1—2%.
Takast TOYHOCTL HOCTATOYHE IS NOCAEAYIOIHX BRIYHCACHHH.

OTMeTuM ellle, UTO HCMONB3OBAHME HEKOTOPHX PAAHOAKTHBHHIX
MaTepHaNoB, H3JIy4alOIIXX HEeHTPOHH, NPEHOCTABASET HaM TaKKe
EO3MOXKHOCThL ONPENENsTs C©OJAePXKaHWe BOAH B GeroHe mnocpeld-
<TBOM NpUOJHKEHHOTO MNMOACYETA 4YKCAa BONOPOAHHX Alep, o6Aa-
LaoUuX B CHJAY NPHCYIIEN0 MM MexaHH3Ma cCIocOGHOCTBIO OTpa-
KAaTh 3TH WACTHILH.

Mpur BuguM, uro BEHGOP MeTOAOB KOHTpOJsA GeTOHa, He Tpelylo-
WHX ero paspylieHus, ACCTaTouHo Horar. M MOxKHO HajesdThCH,
qro 3 Gamxajilem Oymyllem OHM noJydar elle ‘Cojee IuHpPOKOE
npakmqecxoe UCIIOJb30BaAHUE.



NTPHINOXEHHE

B ceasy ¢ TeM, uro xHura Jiepmura (B M3ganvu na (panliy3cKoM H3bIKe)
BH3BAJA B KPyrax CneuManrcron GOnLIOR MHTepec, NPWuUeM MHOTHE H3 HuX 06-
PaTHNUCh K aBTOPY 3a PAYBACHEHMAMY BO3HHKIIKX ¥ HHX BOMPOCOB, SRTOP Bhl-
CcrTynun ¢ HoBo# palotoli «Hro MBI 3Haem o nuacTHHECKoH nedopmauuy y HOA-
ayuecTd GetoHa?», onyGaukosanHolt B <«Annaaax [lapuxkckoro Hayuno-ucesexo-
BATENBCKOrO MHCTHTYTA crpoMresbnofl rtexuuku» (Annales de I Institut technique
du Batiment) p cewrafpe 1957 r. (Me 117).

JlepMuT mofpoGHee DA3BHBAET B ITOA CTATHE HEKOTODHIE TEMHl, COCTABJAIO-
e CONEPIKAHHE €ro KHHIM, CCHUIAACH NPH STOM M Ha paboTh PRAAA COBETCKHX
YUSHHIX,

YTO MBI 3HAEM O NJAACTHUYECKOW AEPOPMALIUH
U NOJ3YYECTHU BETOHA?

IMoeonoM K 3TOf ZOMOJHHTENRHON pabiore NMOCAYKHAH BHeIUHHE
ofcTonTenbCTBa. Pacuer Mo paspyllaiolluM Harpy3Kam, Bomeauidi
B IOBCGHHEBHYI0 NPAKTHKY NPOEKTHPOBAHHMA Kene300eTOHHBIX CO-
OpYXeHUuH, HCXOMUT U3 NOHATHH IJacTHYecKoit medopmanuy B Tpe-
AeJBLHOM COCTOSHMM. [JOCTOAHCTBO HANOMEHHBIX Hampskenuk B
NPeNBADUTENLHO HampAXeHHOM OETOHe MOXeT OHTL ofGecrnedeHo
JAAWb IPY OrpaHUdyeHKU pocra nedopMauun Bo spemeru. [lpumesne-
HHe B COBPEMEHHOM CTPOMTENABLCTBE BCe Gonee M OOsiee JErkux aJne-
MEHTOB W KOHCTPYKUHE <TaBUT npobaembl 3aMeqyeHHOH TOTEPH
VCTOHYMBOCTH NPH CHUKEHWH MOAY/S AehOPMALHM B CBA3M C yCH-
JeHHeM nsacTHUecKoil ycagku (accourcissements). Ycopepuied-
CTBOBAHHE METOJAOB NPOH3BOACTBA A OODABOTKH GETOHOB ITO3BOMAET
Teneph NMOBBICHTL AONYCKaeMble M HHX HanpsamesHus B 2—3 pas’a
M0 CPaBHEHMIO € TeM#, KOTOPHIe ellle HeAaBHO OhM A1s Hac 06s-
3aTeNbHLIMY, a o0aerdenue npoduiedt craBuT npobaeMmnl, XKOTOpHE
OTHOCATCS CKOpee XK RehopMaTUBHON CNOCOSHOCTH GeToHa H ycTofl-
IUBOCTH, YeM K ero NPOYHOCTH B Y3KOM (CMBICJA€e CJOBA.

Bce 3TH BOmpOoCH NOGYAMMM DSI HHIKEHEPOB M KOHCTPYKTOPOB
OO6paTHTLCA KO MHe 32 Pa3bACHEHHAMH, KacaolMMHCH HpaKTHIe-
CKOT'0 2HaYeHHs MacTHYeckofi AedopMalHu Kak mporekaromeft Obl-
CTPO, Tak M AJHTENbHO. [lefiCTBHTENBHO, NOCBSILIERHAS 3TOMY BO-
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Npocy TsaBa KHHPM He BIOJHE MOMET YIOBJICTBODHTL NpaKTHKa,
TIOCKOJ/IbKY OHA OBLIA 32AyMaHa B NJaHe OOWMX M (DeHOMeHOJomM-
Yeckux coobGpaxennuii.

Waa uapcTpeyy 3TMM NOBTOPHHM HACTOHUMBHIM 3ampocaM, s
c9eJl CBOMM JOJINOM PAa3BUTL 31eCh 110 BO3MOMKHOCTH 3TY npaKThue-
CKYIO CTOPOHY BOIIPOCA, OMMPAfACh H4a OOUJIbHEIE ACKYMEHTAALHHI
MaTtepua., cobpanuni MHO0O 3a 20 JeT, H Ha ONHIT, NpHOGpeTEH bR
B JgaGoparopun [lapHsKcKOTo Hay4YHO-HCCICAOBATEAbLCKOTO HHCTH-
TYT2 CTPOMTEIbHOHl TEXHUKH Ha MOMX COGCTBGHHBIX pafoTax u ha
paGorax Jlekamio (Le Camus), Depree (Berthier), Buponno
(Vironnaud), MakMuanana (Macmillan), Jxasrpeko (Giangreco)
W ZPYTHUX.

Sra Crarthst ajgpecveTcs He TOABKC K JaG0PaTOPHEM 3KCnepu-
MEeHTATOpPAM, YYEHBIM MJM TCOPETHKaM (XOTH TEODETHUECKKe MNpo-
OaeMul B Hell OTHIONb He HCKAIOUAITCSA), HO W HEIIOCPEICTBERUO K
HHKeHepaM-cTpouTenam (KoHCTpyKropaM). OHa nmoxamer, 4To ila-
IDM TIO3HAHUs, K COXKAJECHHI, OIDARHWYEHH ¥ TNePel HaMH eue
MHOTQ HEPEIUSHULIX NpOG/eM, UTO MIUOIHC SBJEHUS HPejicTaBisioT-
¢s1 NPOTHBOPEUHBBIMY, WJIM IO KpaiHe#l Mepe, 4TO HX TPOTUBOPEYH-
BOCTb ellle He cHATA. Jlo/xeH TpeiyNpefiuTb GuTaTeNsd, 4TO Od Ha-
TOJIKHETCH B 3TOH O0JAaCTH Ha MROTO «{CabIX» HATEH, clie OCTai-
XSS, XOT OOGUIMe KOHTYPH W NO3BOJSIOT Y¥XKe YrajbiBalhL HX
peased. Y s o6pallaock ¢ NMPU3KEIBOM He TOJBKO K NPeICTaBHTEASM
HAYYHO-HCC/ACNOBATCALCKHX KPYroB, HO B K 11PaKTUKAM-CTPOHTENAM,
OXKMJafA, UTO U OHY CMOTYT OTKLHTb HaM HOBhle (aKTHl H3 ONHITA
cpoeii paGoral. TeMy craThH g OrpaHHYMI HCCAEJOBAHHEM CBOHCTB
OAHOIO Julipb 0eTOHA, MOCKOJBKY W OHM caMM no cebe npeacras-
JIIOT AOCTATOWIYIO CJIOKHOCTB, OCTABHB B CTOPOHe CBOHCTBA KeJe-
300eT0Ha, KOTOPHEe AO/KHEI COCTABUTH ITPEAMET CNelHaJbHOrO MC-
cTefoBaHUA. TONLKO CHEJSAB ITH OFOBOPKM U MPHHECS HIBHHEHMA
32 3TO. OTPAHHYEHHE TEMbl, i MOTY Teleph NPHCTYMHTL K ee H3xd0-
KEHHIO.

Hedopmanns Gerona

BeTon ¢ MoMeHTa CXBaTBIBaHHS PACCMATPUBAETCS OORIUHO KAk
TBEPAOE TEN0; B JCHCTBUTEABHOCTH OH NPEACTaBASET <aboi Beute-
CTBO, HaxoAslleecs B COCTOAHUM HeNnpeKpamiaioierocs mpeofipaso-
sanust. OH pearupyer Ha BHeIIHWe YCAOBHA, (H3NUECKHe ¥ MeXaHH-
YEeCKHC, M BCAKOe BO3ZeHCTBHE OCTABJIAET HA HEM HEH3TJaavMbli
clell, BANSIOMUK Ha ¢ro nocaepyouHe peaxunu. Ox xak Obl ona-
peH cBoeoGpasuofi mamaTsio. [mapaBauueckoe BSIKYLIee, B KOro-
POM 3ajioxKeHa NpUYKMHA GoJblle# YacT® BCCX ITUX CBOHCTB, IOR-
BepraeTcsl XHMHYECKOMY TIPpEBPauleHHIO B PE3YyJbTarte THIApaTauB,
NpoTexaloulcH HeoNPefeNeHHO QaHTeNAbHOe BpeMsa. MOxio ckasars,
4TQ BO3DACY K HWCTOPUS GCTOHA ONPeResisioT ero CBOHCTBA, M3 KOTO-
PHX ONHM <AEAYRT CYUTAaTb KaK OB <IPHPOKIACHHHMU», APYIHE
BOBHWKZIOT O BPeMEHeM B pe3y/braTe COBEPLIAIOMMXCH B HEM #3-
MEHeHHH.

220



r—

Touno Tak e, KaK KM BCAKOe APYTOE TBepJOe Teio, GeroH Ie-
dopMHpyeTea Noa Harpyskoit. OH HCOBITHIBaer FedopPMAaUMO yHpy-
TYI0 ¥ AeopManHio OIACTHUECKYIO, MeAJeHHO BO3PaCTARICIIYIO C
TeueHHeM BpeMeHH Nox nelicTBHeM Harpysku. Ilo ymajenuu nocaen-
Helt ofpaTumas wacts aedopMaluy HcCueaaer, HeofparuMas ocraer-
ca. Ho Geron medopmupyercs Takxe M 0€3 Harpysky, MPHUYEM 3Ta
caMOTIpOM3BONbHas xedopMamms — ycagka uax HaGyxanme — 2a-
BUCHT OT TEMIEPATYypPhl M BJAXHOCTM OKpyxawoued cpenst. Qua
COTIPOBOXKIAETCA MOMAPERUEM H/M IOIVIOIICHHEM BOAEBL, OKAa3hIBAIO-
UMY BJIHAHHE HA De3yJbTATH BECOBBIX M3MepeHHH.

Hedopmanuio, ofycnosaeHHY0 Harpy3xoit, u aedopmauuio ca-
MONPOH3BOJBLHYIO Heb3sd, TO-BHIHMOMY, CYHTATh COBePILEHHO He-
3aBUCAMBIMH, — B ZaJbHellileM MBI YBHAMM, noyeMmy. B 10 Xke BpeMs
M0/3YYeCTh MOXKET 0GHADYKUBATHCH IOA HArpyskoll B TaKMX YCJn-
BHUAX, NPH KOTOPBIX yCaikd He OnBaeT. Mu He OyneM OTSArOmLETH
5TY CTAThIO HCCJAEJOBAHHMEM YCaJKH, PEKOMEHAYS uurartemo ofpa-
TUTBCA K CHEUHAJbHHM pafotaM IO 3TOMY Bompocy. TeMm He MeHee
3/1€Ch YMECTHO HATOMHHTL 00 OCHOBHHIX NDHEUMIAX H BaXKHENIUHX
3aKOHaX '8, K KOTOPHIM, KAK MOXKHO AYMarbh, TPHBOAAT SKCHepu-
MeHTaJAbHble MCCIenOBaHus 1.

Yenosua HMCrMApeRUs M ITOTNOLEHHA BOJAB HAJAaTAOTCA BaAaXK-
HOCTHBIM DEKUMOM CPelsl H NMPOACTKHUTENLHOCTEIO BhIASPKHBAHHA
B He#l 6eToHa, NMpHUEM KOJIHUECTBO COXPAHSIOUIEHCH B HeM BOXH
TP BO3PACTAHWM CPOKA BHACDIKMBAHHA CTPEMUTCA K 'HEKOTOPOH
NMOCTOSAHHON BeJHMYMHE. 3aMeYaerTcs B 3TOM CMEIC/E TEHAEHUHS K
VCTAHOBJGHHIO HEKOTOPOT'® COCTOSIHUA DABHOBECUS MEXKAY Biax-
HOCTBIO cpesbl W Gerona; B npejgesax 100—50% ornocurensHOR
BJIaXKHOCTH — OTHOLIleRHEe MeXAY BJAXHOCTRIO CPellsl H COAepXka-
HHeM HaxXomsuleHcst s PABHOBECHH BOAR B $eTOHE noAyuaercs Ju-
HeAHBIM.

dyHKuNA, cBA3LBAOMIas HOTEPI0 BOAL B HEHACHUIEHHOH aTMO-
ctepe co BpeMeHeM, NpeACTaBiafeT CoOOH CJIOXKHOE BHIpAXKEHHE, 34-
BUICSIIIEE OT HOPHCTOCTH, Pa3MEPOB IOP K NPOHHIAEMOCTH GeToHA.
Jna oyenk KOMNAKTHLIX GETOHOB H LeMEHTHOTO KaMHA oHa npub.u-
xaercs K 3axkony Pypbe, KOTOPOMY CJAEAYIOT NOTEDH Temaa (B Ka-
JOPHSiX) B DPaBHOMEPHO HATPETOM Tejle, NOMellleHHOM B Gosee Xo-
XOAHYI0 cpeny. B Gosee MOPHCTHIX M MPOHEHAEMBIX 6eTORax NIPH
CPaBHHTENbHO CYX0H aTMocdePe 3Ta 3aBHCHMOCTb OTPaxKaer Npo-
Hece cKopee MPEPHIBHOrO Xapakrepa M aHajOTHYHA pacnpocTpade-
HH© (poHTa NTOJIOCH OOE3BOXKHUBAHMA B YCJOBHAX PABHOBECHOIO
HaCHUIEHHS €O cpenoil. B peaspHOCTH Ipouece Mcnapenus, B KOTo-
POM YUACTBYIOT H ABHXKEHHMe Napoo6pasHOf ¢asbl, H JABHKEHHE
razoo6pasuofl daswl, oTBeYalOiMe ABYM BRINICYKA3AHHBIM KDaHHHM
CNyyaaMm, Ciaelyer HeKOTOPOMY IDOMeXYTOYHOMY 3aKOHY.

Ycazxka, ¥3aMepeHHAS OTHOCUTEALHO COCTOSHUA MOJHOIO HACH-
UteHHs TPH BHOEpKHBanky (eTOHa B BOLe, NPONOPLHOHAJIbHA KO-

T Huxxe aBTOPOM DPE3IOMUPYETCH B HECKOILKO H3MEHEHHNX (OPMYJHPOBKAX
H B CYIWIECTBEHHLIX TE3WCAX COREPXKAHHE OCHOBHOTO TeKCTa KHMry, (cTp. 67—81).
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JUYECTBY B Cpele BAaMM, HedocTawieff A0 NOJHOTO YBJIAXKHEHun
feToHa, ¥ KOJHYECTBY THAPATH3HPOBAHHOTC LEMEHTA.

Hcenapedne B OxOHuaTenbHas ycaaka OeTOHa JAJA WaHHOH Biax-
HOCTH CDeXsl He 3aBHCAT OT TDeABapPHTEALHATO 60jiee HAW MeHee
AJTMTENLHOrO BHIIEPIKHBAHMA ‘B BOAe. Brinepxupanue B ycjaoBuax
BOXOHACHILEHHA He Co3ZaeT CTaGHAbHONO COCTOSIHHS, HO MOXKET Bal-
3BaTe Jubo ycanky, aubo Habyxanue, B 3aBUCHMOCTH OT TLPUPOAL
BAXKYIIEro ¥ OT NNOTHOCTH OeToHa. TBepraehne MoxeT OHITh Hpy-
OCTAaHOBJIEHO BHICYLIWBaHHEM, KOTHa KOJNHYECTBO OCTalliefca 3o-
AH OKaXeTcs MeHbllle TOTO, KOTOpOe ABJNSETCH HeOoGXOOMMEIM Ang
TIPONONKEHUT PHAPATALMK. TaKoe TONCKEHWE MOKET UMETH MECTo
B IIOBEDXHOCTHHIX ¢€J0AX GeToHa, HAXOAAIIErocs B CyXOH aTmo-
chepe.

Ecan 6etoH, noppeprumfics 8 TedeHHe HeKOTOPOTG BPEMEHU BH-
CHIXAHHIO, ONATH MIOMECTHTL B BORY, OH NOTJOTHT HEKOTOPOE ee Ko-
JIM4ECTBO, IIPH 3TOM Bec ‘GeToHa ByIeT CTPEeMHTHCH TIDHHATHL TO 3Ha-
YeHHe, KOTOPOE OH INOJY4Hs OH NOC/e HelpepHBHOTO BHIIEPIKUBA-
#Hs B BoAe. HO B OTHOWEHWU ycaIKy OBPAaTUMOCTh NPH TMPOLOAKH.
TeNbHOM BHIAGPXHBaHHKW B Boje .He OnBaer noauoi. [loayuao-
mwasca ocratoyHas gedgopmamus cocrapsaser 30-—60% or ycanxm
B MOMEHT NMOTPYKEHUSA B BOAY.

Oxrouyateabhas ycajdka 6¢T0Ha MOKET OHITH BHIpa)KeHa B 3a-
BUCHMOCTH OT YCAZKH YUCTONO LEMeHTHOIo KaMust $opMy.Joi

B, =4 — ,
Cetifl—(etetv+ fileca
A,— ycapxa Gerona; .
A, — ycalxka UeMeHTHOTO KaMHsA #3 TecTa HOPMaJbHOK XoH-~
CHCTEHINH;

¢ ~—00DBeM UeMeHTa;

f—obbem necka ¢ pasmepamm sepen Menpine 0,1 mM,

¢ —00beM BOAN 3aTBOPEHHS;

U — OO'bEM BOBAYIIHLIX TOP;

[t —(c+ e+ v+ f)] —obpem sanoanurens;

Pca — Ko3bdHIMERT, BeJMY¥HA KOTOPOTO JAas OeTOHa Henpe-
PHIBHOTO TPaHYJ/JOMETPHUECKOTO COCTABa MW3MEHSETCA B
npegenax 0,8—1.

Ilpn nocTemeHHOM 3arpyXeHHu OeTOHHOTO 00paslla B OIpexns-
JeHHOM €ro BO3pacre MaTepHas GeTOHA HCIHITHBAET ZedOpPMaILHIo.
Ilycty sTa medopMaums, HaMepeHHas B TOH uacTd ofpasila, rae
Harpyska pacnpefe;seTcs PaBHOMeDHO, PaBHa A, COOTBETCTBYIO*
Lige Ke ed OQHOPOAHOE HanpAxeHHe pasdo I. Ecan oTkragmsathy
3HadeHus T [0 OCH OpPAMHAT, a A — 10 OCH aGCLHCC B NPAMOYLOab-
Ho{ cucreme KOOPAWHAT, TO MOXKHO NMOJMYYHTb KPHBYIO He(OpMauAw
{puc. 99). :

B 3aBHCHMOCTH 0T TOro, 6ylIeM JH MH TIDOM3BOJUTL CHKATHE
MIR PacTsKeHHe, noayuum BeTBb OA uau BerBn OB stoft xpupoi-
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Ha Hekortopoél coelt AauHe oHa OyAer Ju0O COBNAAATH ¢ NPAMONK
OFE, mu60 xacatbes eel,

Josens cxarne o6pasna a0 Toukyu A, pasrpysuM ofpaseun. Kpu-
Basg pasrpys3kHd Oyaer GAU3KO COBNaRatTh ¢ NPAMOH, JHUIL Ciaerka
OTKAOHAACh B HANpaBJeHHH, NPOTHBONONOXKHOM KpPHBOH 3arpy-
KEHUS, Tlocne mosiHOTO yRameHHs HarpysKH ocrahercd aedopma-
mus Ay . B pasrpyxernom ofpasue ocrarousas zeopMalus B Te-
JeHHe HeKOTOPOTO €POKa CJETKa YMEHBLIUMTCA, NPAGIH3MBIIHCL 3a-
TeM K BelHYuHed; . Ecan pasrpysky npoHM3BOMHTs AOCTaTOYHO
GucTpo, To A — Ay mpencrasur cofoit MTHOBeHHYI0 QO6paTHMYIO
meopManmio, A; — A; — oMYl OOPaTHMY® JeopMaumio, a
Ay — Aj— 3aMesieHHy0 OOpaTEMYIO TedopManHio.

/
T £
/
/
P :
, )
/
4 : T £t (PR
& A, L -
] - r2n
& /. - y
va, ) /
2/2,/ 4, A
T L - J -
Marnobemman | '
‘§ \Tlwocnededembue
2 I‘Uﬁpamunan noanaR
3 g eQoprOyus
S L #epdpemurar ocmamoy-
&£ T was deopmauun v a
Puc. 99. Hduarpamma cusa-ae- Puc. 100, [duarpamma
dopManus nas noanol 2arpys- cuaa-achopmalina Ans
XM M Daszrpyskn GeToHa YaCTHYHOR M NOBTOPHOH
3arPysKd M pA3rpyskH
GeroHa

Ecin BMecTo TOrO, 94TofH pasrpyxarb ofpasell ROJIHOCTHIO,
CHH3HM HATPY3KY JHINL YACTHUHO, 2 3aTeM BHOBbL 3arpysum olpa-
3el] ¥ MOBTOPHUM 3TO HeCKOJbKO pas, 10 B AMarpaMme MOABHICS He-
CKOJbKO BETBel, 3aKaHUMBAIOUMXCH BecbMa Y3KHM BuTKoM HH',
MOYTH CAKBAIOLIMMEA ¢ npstMol Jauuuein (puc. 100).

Yron HakIOHa 9TOH UPSMOR K OcH aGCIHCC, KOTOPHIMA MOXHO
XapaKTepu30BaTh NpKcnocolfienue Marepuana x Harpyske, Oyasr
TOT XK€ caMulif, 4TO M HaKJIoH KacatensHolh OF k xpuBoi gedopma-
L¥H B Hauane KOOPOMHAT. JTO CBA3aHO C TEM, YTO Npoueec paa-
TPY3KH, HaumHaomumbcss B Touke A (cm. puc. 99), orolpasurcs B
Hamme# pHArpaMMe KpHBOH, KacaTeJbHast X KOTOPOI AA’ napan-

! Muorna mpu CXATHH OTKJOHEGHMe OT NPAMON 32aMeyaercst yXe B CAMOM
Hauane, 3TO CBHZETEBCTBYET 06 oOGPasSOBAHWP BHYTPEKHHX MHKDOTDEUHH
{cm. crp. 90).
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dgenbia OE. OTMeTHM, YTO YKa3aHHOe CBOHCTBO (TOATBEPXKAAETCH B
HCORITAHHAX JHIIL B TeX Caydadax, Korjpa Hauboapnas NPHIOXKEH-
Hasg HaTpy3Ka He Npepocxodur mnpubawsureanHo 0,6 craTHyeckol
pa3pymatoiiet Harpy3KH.

OcHoBHOH MOLYJb YNPYrOCTH ONpelessercd HaKJAOHOM MpsA-
Mot OF W ycTaHaBauBaercsl U3 H3MepeHHH CKOPOCTH pacnpocTpa-
HeHHs KogeOaHuit!. B CBA3H ¢ 3THM ero Ha3bBAKOT OUNAMUYECKUM
MOOYneM YnpyaocTy.

Hedopmanua A GeroHa, uamepeHHas Nox Harpysked T, saxuio-
qaer B cefe 4acTh YNPYryo ¥ o6PATUMYIO H UaCTh [IaCTHYECKYIO -—
HeoGpamumyo. Jlag Toro uToOH pPa3aHuMTL 3TH YACTH, CJAEAyeT
NPOH3BECTH pPAA TOCJAEJOBATEIbHEIX 3arPy30K MNOCTOSHHO Bo3pa-
CTawllie#t BeAHUUHH, fepeMerkas HX B HHTEPBAJaX PasrPy3KaMH.
Ecan non uHarpyskoii T uaMepexHasa jgedopMaums OKaXercs pap-
Holt A, a ocTaToOuHas AedopMaiuHA NOCIE CHATAA HATPY3KH K «OT-
Zuxa» oOpasua O6vaer Ar, 1o vopyras gedopMalds BLpasHICa pas-
HOCTBIO Ag == A4 — A

TaxuM 06pa3oM, MOXHO IOCTPOHTE TPH KPHBHIE:

KPHBYIO YOPYIHX JedopMannit

A (T);
KPHBYIO IJIACTHHECKHX AedopMaiuil

AR (T) = X (8R)y T=Ty;

2in
KPHBYIO {TOJHHX RedopManmil

Ar (1) = Ag (T) -+ Ar (T)*.

DTH KpUBHE TMpeacTaBJedH Ha puc. 101

Onnt nokaswsaer, uto 4g(7) He apsaAMasn; ynpyroe JedOpMHpO-
BaHWe OeTOHa NMOAUMHAETCH 3aKOHY YNPYTOCTH, HO OH HE B TOYHOCTH
auHelnb#i, TIpuunHa 3TOro MOJHOCTBIO HE YCTAHOB/EHA, HO BO3-
MOXHO, YTO OHA JICXKHT B BSA3KHX CBOHCTBAX feToHa H BHYTpeHHeM
TpeHUH. OTKJIOHEeHHe OT 3aXOHA JHHEAHOCTH, NIO-BHIHMOMY, Hese-
JHKO M yMeHbiulaeTcd No Mepe craperusi 6etona. Ecau monyns yi-

pyroii medopMauus umaH cekymnit Monyab (module sécant),£a= 3—:-

ONIpeReNNT, KaK YKJOH npsmoi OA, coenmnsomiell HA4ajo Koop-
auHar c Toukoit A xpusoi ynpyro# agedopmaunu Az (T), To mpen-

! Toxnecteo MoAyas E (ana nefOAblIKX HArPYsoK) € JAHKAMHUECKHM MO~
ayneMm Obisio noxaszano P. ®uajeo, cpaBkMBIIMM H3MepedHs Nporuba GeTonHnLX
TIPE3M Noj, c.1a6o# HATPY3KOH €  H3MEDEHHAMH PC3OHAHCHHIX 4acToT. CM.
RO E.Philleo, Comparison of resuits of three methods for determinating
Joun%’g modulus of elasticity of concrete, J. Amer. Concrete Inst., . 1955, 1,
crp. 461,

* MaremaTHyeckoe OGBACHEHMe 3TOTO TOXMASCTBA MONHO HaATH B KHHre
R.L'Hermite, L'expérience et les théories modernes en résistance des
matériaux, Paris, 19456, ctp. 105--109.
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CTABUTCA BO3MOMHEIM HCCIeNOBAThH H3IMEHEHHs: ero OTHOCHTEJILHON
seqnunabl E4/E B QyHKUNY NPUJIOKEeHHOH HATPY3KH M €ro OTHOIle-
HHA K (K/iaccuuecKoil) MTHOBEHHOH paspylllaioilell Harpyake B
O6BIYHOM e TMOHHMaHHH. -

BrInosHeHHRIe B 5TOH 06JaCTH 3KCHEPHMEHTalblble Pa6oTH 10~
BOMLHO HEMHOTOUH(JIEHHH, TaK KaK aBTOpH B GOJBIUMHCTBE CJIy-
vyaep 3a0BIBaNH OTRENATb OOPaTUMYIO YIUDYyryio JAedopManuio OT
noagoit aedopManuy.

Ipusnano, yto otHomenne £4/E ocraetcsd NMOCTOAHHHWIM H pab-
HBIM MJIH BecbMa OJN3KHM K eAHHMIlEe NPH HaTpysKax, He NPEBH-

/
7 T TV £y
/ Iy
. ; (4
i
1
o : i .
TamnGR FEPopMGuR 't Conyuiu
{ MOUyNe
Yrgiyear depoprauvs fagcmusectan 7
depoproyus

0 d,=h,+b4 B 2 hg A D & &

Puc, 101, AuarpamMmu AeopMauyii pasAuUHHIX BH-
[oB Ans 6eToHa MOJ HArpysxkoH.

waroommx 0,1 or paspymatoweti. B Hamelt naGoparopuu [59] Halt-
nedo, YTo nox Harpysko#, cocTapasiomlei Yy paspyiraromen, ato
oTrHoulenne OGansko x 0,95; nmox Hanpysxko#t — !f3 paspymaloues —
G6ausko x 0,90 u mox Harpyskoli — !/, paspymalcwei — 6J13Kk0 K
0,75. Llopuxckas ¢enepascHas aabopaTopHa Aaer AJs 3TOTO CO-
OTHOUIeHHst PopMyay
1 1 KT
= F(ltm=r)

roe R,— CONPOTHBJIEHKE CIKATHIO,
Kc--xoa-(pqmunem, pasuuiit 0,1

Orciona
E, 1
E = T .
Re
1+ K 7
1— R

Ecny yyecTh mpeiHAyIHe yKas3awms, To Aas K Caeayer npH-
HSATbH 3HAUWTENbHO GOJAbLIYIO BeJMUHHY —qopaika 0,33 *,

* Mie He ylajsOCh YCT4HOBUTH B TOYHOCTH NPONCxOXAeHHe 9Tofi dopmynsl,
cTapluell #3BECTHON MHE JHUIL NOHACHBIWIKE,
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JI. Canrapenna® coofwaer, 9T0 MOAYJb YIPYFOCTH YMeHb-
IaeTes MOYTH JIMHEHHO € YBEJNMYGHHEM HaTPy3KH B HWETePBaje OT
/s no Y, paspymiawomedl Harpysxa.

Busnan? naer ans MOAyas YNpyrof JedbopMaluH (CeXymero
MOLYsifl) LOBOJIBHO CAOXKHYI0 GOPMYJY, OCHOBAHHYIO HA OTHOUICHHH
MexXay ynpyrod xebopmauuelt nox sanakHofl Harpysko# M ynpyrok
nepopmauneii mpu pazpymennn. Oruomenue E 4 /E, oka3npaercs ng
3To# <popmyse pasHmm 0,97 ana T/R.=0,1; 0,94 nna T/R,=0,2 u
0,92 ana T/R,=0,3. DTu 35aYenns He OUeHb OTJIHYAIOTCA OT JPHRO-
REMBIX Jlekamio.

15
L

b £~27000 nzjom? Wf A

12
11 I .p;l/_»-——"/f’
10 e L E=450000 12/

w? w®  w? e aqr g 100 008
CHOPOCME OMNOCYMENprDd deafmayul 8 cex

E
£y

Puc. 102, VameHenust OTHOWEHUA MEXAY KacaTeNbHLIM K CEKY-
WHM MOLYJAAMHE N0 Pe3VJIbTATAM HCMHTaHH® YoTcTelra

Ecnu Geron 3arpyXars ¢ 60jipWOH CKOPOCTHIO, AOXOASLIEH 10
VAapHOH, TO CeKyIuili MOAyabL ynpyroctn FEa, n3mepeHHnft mpd
50%-uoft Harpyske (mo OTHOWeNWIO X paspymaiomel), 6vier Bo3-
pacrarb, foCTHras 3HaweHus E OCHOBHOrO MoAay.is ynpyrocTH.

Ha puc. 102 Bocipon3BOJATCA KPHBRIE 3aBHCHMOCTH OTHOIUEHAS
E/E4 or cKODOCTH 3arpyXeHVs, NMOJYUeHHHe Ha OCHOBAHHH HCITH.
Tauuit Yorcrefina 3. Ouy noxasblBaioT, 470 ‘GeTOH 06JaxaeT BABKUM
CBOHCTBOM, UTO KO3(DOHIHEHT BA3KOCTY 3aBHCHT OT BeTUYHHBEl Ha-
CPY3KH H YTO C VBEJHUEHHEM CKODOCTH NexbOpPMAlud KPHBas YIdy-
roft nedbopmauuy mpubaummaerca K npsmofl. OrTMmeTHM, HaKoHel,
4YTO MOAYJib VIPYTOCTH VBENHUHBAETCA € BO3PACTOM GeToHa IO Me-
pe ero TeBepIeHHs, CJaefysd 3aKOHY IOYTH TOYHOM MPONOPUHOHADL-
HOCTH KBafPAaTHOMY KOPHIO M3 NOKa3aTens NPouHOCTH Gerona.

BoicTpo Hapacrawouag aedopmanng Gerona

Harpyska, nprroxensad K o6pasuy Aaxe Ha OueHb KOPOTKHM
CPOK, Crnoco6Ha BHIABATHL HeoGpaTuMYIO nedopmamuio. Pacemorpu
CHaYasa TAaK Ha3WBaeMble MTHOBEHHEIE NiacTHYecKHe RedOPMALHH,

1{.Santarella. Resistenza ed elasticita di cementi, Milano, 1931,

3 A, C Vivian, The .stress-strain relatton of "concrete, Structural FEng.,
1946, 1. crp. 42.

3D. Watsteln, Effect of stralning rate on the compressive strength
and elastic properties of concrete, J. Amer. Concrete Inst, 1953, 1V, crp. 729.
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BO3HUKAIOUHE NOJA HATPY3IKOH, NMPOJONKHUTENLHOCTb ACHCTBHA KO~
TOpOil He mMperocxomuT 1 Maca.

[lycTs Hawa Harpyaka npuJoxeHa K o6pasuyy ¢ ‘GOJibLIOH CKO-
POCTBIO 3aTPYXKEHHs, HANPUMEP B TeyeHHe | MMH. Nai¥M eH BO3-
MOXHOCTb JhbitcrBoBaTh 1 MuH., 3arem 10 muu., panee 20 MuH. B
TaK Aanee Jo 1 uaca. MamepuM nojyvaioliHecsd {IpH 3TOM OCTaMO9-
Hele JepOopMalUK H HaHeceM HX Ha rpaduK B QyHKIHH NMPOLOIKH-
TEJBHOCTH Le#CTBMA HATPy3KH. Ml YBHAMM, YTO 3Ta BO3pacraio-
was (Bo BpeMeHnn) PpyHKuMs M300pas3nuTCA JHHHER, BecbMa 6ius-
Koi K npsmoit. HekoTopniMyu aBTopaMu I10Ka3aHo, UTO €CAH 3TY
NPAMYIO 3KCTPaNoAXpOBaTh 40 HYJAeBOH aGCUHCCH, TO OHA He npoi-
JeT depes HavaJio KOODJHHAT, a [epecedyerT HYJEBYI0 OpAHRATY B
HEKOTOPO# ee TOuKE, MMEIOLLEH NOJ0KHTeNbHOR 30ayeHne (puc. 103).
D10 roBOPUT, NO-BHAUMOMY, O TOM, UTO MBI MMEEM B3HecCh lelo C

et
Agl E’ Tﬂ
, I
! '
f |
J i
|
i
|
12x
4
Puc. 103 Puc. 104. ¥Yrnpyro-naa-

CTHYECKAS Aedopma-
Mg OeroHa npu Obi-
CTPOM HArpyXXeHHIl

MTHOBEHHOH [J1acTHUecKoH Aedopmauuesi, KoTopas, He O6HADYXKM-
Basd XapakTepa XaMyuleHcst BS3KOCTH, MMeeT CBOHM HCTOUHUKOM
HapyluieHue BHYTpeHHero Tpenus. OTMeueHHoe 3xeck siBJIeHHe aHa-
JOTHuBO HabJa01aeMOMy B KojeGaTe/IbHbIX IPOLECCAX, The TpeHue
He CTPeMHTCH K HYJIO NpH uacToTe, ofpaillatouiefics B HYJb.

OTMeTHM BMecTe ¢ TeM, uro [JauBuIb {44], skcTpanoaupys K
3HaYeHHAM TIPOXO/UKUTENBHOCTH JCHCTBMS HATPY3KH, MEHLIUHM
1 mun., ob6HapPyXKUJI, HACKOABKO MOXHO CYJAHTb, MTHOBEHHYIO Hde-
bopmanyio — JuHeNHYIO H, BEPOSTHO, YHCTO Ynpyryio. Boamoxuo,
4YTO fiBJleHHe OLICTPO TpoTekamued AedopPpMallyd N0 BHIACHEHHUH
OKaxeTcsa NpocTo BA3KO-ynpyruMm, KpoMe Toro, eciiy MB ofpamM
BHHMaKHe Ha KpHBHe [JanBHAAA (oM. puc. 106), 10 aameTHM, uTO
axcTpanoyAnua anf =0 Heo6A3aTeJBHO COOTRETCTBYET TOGKE, Ipo-
xoasied yepes-Hauano koopauHat. Kak 65 TO HH GBIIO, MeXaHH3M
BSA3KO-YNPYrofi MIacTHYeCKoH MrsOBeHHO# AedopMalluu eille B TOY-
HOCTH He YCTaHOBJIEH.

HccneayeM Tenepb, Kakoili Moxer ObTh (opMa KPHBHX YIpyro-
IJIacTHUECKHX JAeopmauMit OeroHa AJAA XPATKOBPEMeHHO Je#-

227



CTBYIOLIMX HAarpy3oX NOPOKO/IKHTEJLHOCTHLIO He cpeile | daca
{pnc. 104). IlpencraBaennast 3jecb KpuBas MMceT CHAYaJja BOCXa-
JAALIYIO BETBL, @ 34TeM JIPOXOIHT yepe3d MakcuMyM Tr AJS yAJdHNe-
Hust A, COOTBETCTBYIOULETO PA3pyLIEHHIO B OGBIYHOM, NPUNHCHDBae-
MOM 3TOMY TE€DMHHY CMBIC/IE, T. €. Pa3spylleHnI0 NPH Hanboabulei
BHIepXHBacMOH 06pa3ioM Harpyske.

Tlpou3aBoast TAKOTO poja HCHBITAHMS HA NMPH3ME MJAH JOCTATOY.
HO AJUHHOM LMJMHAPE, MOKHO BHIIOJAHUTb TAKKe U HeKOTOpbie 10-
nojHuTesIbHBle W3MepeHus. IIoMEMO HoC/eZ0BaHUS NPOJLOJLEHX ¥
nonepeuHslx fedopMauuit, ME MOXKeMm (YCTAHOBHB B CepeluHE Bhl-
coTH 00pasiia MUKPodOH, Coe.
JUHCHHBIE C YCHJAMTE eM H Ka-
TOXHEIM OCLHAOTpadhoM) 3a-
v MM“WW NHCATh axKyCTHUeCKHe Xapax-

Uyrpbou gon : . ]
o Lroton dor oy TEPHCTHKH, T. €. IUYMEI, TIpo-
L Bompecyubanid W3BOAMMBIE B GETOHE 3Arpy3-
koil. Cepx TONO, TOaHO Tak
X¢ B cpelHelf uacTy ofpasua,
MOKHO DPACHOJONHTE M aKy-
CTHUeCKHH AedeKToCKon RBCo-
CTaBe nepegaTyHKa yjabTPa-
3BYKOBHIX KOJe0aHMHA M NpH-
eMIIHKa, MO3BOJSIOUIHA H3Me-
PATh CKOPOCTB pacnpocrpane-
HH¥A KoaeGaHHH BROAL gHaMe-
Tpa. [Ipu 3arpyxenuu ofpas-
Prc. 105. Peakoe u3sMeHeHHe B Xapak- a2 MHKPOQOHB OTMETST MHO-
TePUCTHKAX feroHa oA CXKHMalouLei
HarpysKofi sajoaro Jo focTHkewss JKECTBO CiaGBIX IIYMOB, RdXe
€0 NPeJeNBHOro 3HaYeHNdA Tr H IpH 04YeHb caabux Hanps-
JKEeHHs1X. DTH UIYMBL TFpexpa-
1aloTCq, BO BCAKOM CAyuae 3aMeTHO cialeloT, ecad Harpyska Iof-
Aepxupaetes nocrosuuol. 3aTo ¢ npepHINenueM 3navenns T; BO-
SHHKAOT IIYMBl, 3aMeTHO OTJIHYZIOIMEeCcs MO CBOEMY XapakTepy OT
nepBOHavaibHBIX, — OHY MHOIO <Cyllie ¥ 3HEpPrHYHee MPEeXHHX H
HakJIaAKBalOTCH Ha HUX KaK Ha ocHOBHOW ¢oH; Mul 6yaem ‘Hasul-
BaTh HMX MNorpeckhBaHueM. C NpuGianmxennem o0pasua K MOMEHTY
pa3pyumredsusa vacroTa H HHTEHCHBHOCTL MX Bo3pactalor (puc. 105).
OGpaTtuM Tenepb BHUMaHHEe HA CKOPOCTh 3ByKa. I1pH Harpysxar,
Menbliux T, , T. e. X0 Bauaja TNOTPECKUBAHUY, CKOPOCTL OCTAETCA
nocrosiiHo#. C npesnmenneM T; ona najgaer. [ToTpecKuBanust cur-
HAJH3NPYIOT, CJAelOBATENbHO, O BHYTPEHHHX Da3pbiBaxX, Hapylalo-
WUX HENpephBHOCTL CTPYKTYPH. OHH yKaswBalT Ha ofGpasopaHHe
mekpoTpeinyus. [lochennne Onnu o6sapyxens O. f. Deprom'. Hx
AJMHHA H3MepAercs HECKOJbKMMH MHU/IHMeTpPaMy, MHPHHa — He
CKOJLKUMH MUKpoHaMu. Bospacrawde HArpysky noBnuiaer ux Ko-
JHYECTBO H yBeAMYHBaeT pPAa3Mephl; PaclpoOCTPAHAACh, OHM CJH-

et

Cropocms 38yng

Tq

Lacamue

10, 4. Bepr, Hoxnanu Axanemws nayx CCCP, LXX, Ne 4, 1950,
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BAIOTCS OfHA C JAPYTodt ¥ npuBoAsit o6pa3el B COCTORAHE paspyuie-
HUA Ha Tipegese MPOYHOCTY,

XapaKTepHHM JIIsl nponecca paspylLICHHs SIBJAAETCH PABHBIM 00-
paszoM W TNoNepevHoe RBbiMyuusanuc. [loka Harpyska He FocTHTaa
seanyuin T ;, koadpuunenT Ilyaccona yMeHplIaeTcs #AH OCTACTIS:
MOYTH NOCTOSHHEIM, ¢ NIpeBbIieHHeM Xe 7, OH BO3paCraer, AOCTH-
Tas Ha Ipefene IPOUYHOCTH 3Hadenus 0,5 uau gaxe npeBOCXOLS:
ero. IIpuunHoil MONMEPEUHOro BBITYYHBAHNSA CJAeAYET, TI0-BHAHMOMY,
IpU3HATL OGpa3oBafHe H pacCHIMPeHHe TPELUHH, IPCHMYILECTBOH-
HBIM HaTpaBJieHMeM KOTOPHIX $BJSeTcd HanpabjeHHe AeRCTBUR
CXHMalolleil HarPy3KH.

[logBoasi uTOrH, Mbl y0expaeMmcs, UTO Da3pylueHye B COOCTBEH-
HOM CMBICJI€ CJ0BA npeasapsercss HeKOTOPofi NOANOTOBHTeNbHOB
ero cragdell MHKPOCKOIHMYeCKOro TPelHHoOOpa3oBanus (npesgpaas-
pylleHueM), Hauaso KOTOPOH OTMeuaeTcs yXKe A0BOJbHO PaHo, —
KorAa Harpyska gocrturaer 50—70% ot paspymamomed, C npess-
IWeHHeM 3TOH Harpy3ku HJH COOTBETCTBYIOImeH gedopmauum GeToOR
mepecTaer OHITb CIJIOIIHEIM TBEDPAHIM TeJOM, CTPYVKTYPa ero Hapy-
wiaeTcd, ocaabssieTcsi IO CpPaBHENMIO € TMEPBOHAUAJBHEIM €ro co-
crosudem. To, 4T0 MBI u3MepsieM, mpeacTasjsier coboli cofcTrenro
He mnjacTuuecKyio JAedopmanyio, a HapylieHHe CTPYKTYpH Mare-
puaaa.

YuuTuBast 370, MB AC/KHBI NPU3HATH, UTO eABa JH VAACTIA
IIpeacKasath B TOYHOCTH OpMY KPUBON AJS OBICTDO MPOTeKalomen
njactiueckodl nedopmanun OeToHa. B onepauMsix Kak sarpymxexus,
TaKk ¥ Pasrpysky G60JbHIYIO POJIb HTPAIOT CKOPGETb 3arpy:KeHHH H
NIPOJO/KUTENBHOCTE BBUIEPXKUBAHMA HArPysKu.

‘B uenmTaHusAX, BBINOJHeHHHX B JabGoparopwn Ilapmkekoro
HUHUC [59], npu HarpysKax, npespllIABUIMX '/q OT paspymrawiuei,
A3MEpUMOl naacruyecKoil aedopmauyu ofHapyxkeHo He 6suto (Ipu
npounoctu Gerona 320--380 x2/cm?). B HuKecnenyiolliei Talanue
NPUBOIKUTCS HECKOJbKO 3HAueHMH A/l COOTHOWeHHS Agr/Ag Mexny
OCTATOYHOU ¥ yupyrofi AedpopManUsMH, OTBEUAIOMIEr0 OTHOUIEHHID
MeXIY NPHIOXKEHHOK M paspymalolled Harpyskamu: 7;7g .

|
g | 0.05

0,10 { 0,20 l 0,30 ‘ 0.50
|
f

i :
ARlsg ‘ 0 ‘ 0,10 - 0,18 0,22 l 0,26
l |

Haunnas ¢ wmarpysxm, cocrasastiomeit 0,75 Tg, miacnuueckue
AepopManyi HaudHalOT BO3PACTATh ¢ roPasfo Goabliell CKOPOCTHIO.
270 sABJEHKE CBA3AaHO, BePOATHO, ¢ YBEJHYEHHEM YHCJAa MUKDO-
TpemuH. Ipaccem u Puwep ' mosayuuau uHBE pe3yabTaThl. Kpusas

1 N.S L Grassam, D. Tischer. Tests on concrete with electical
resistance strain gauges, Engineering, 1951, 21, 1X, crp. 356.
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-redopMaluy OKasanace napafonoll, BeplIMHA KOTOPOR OTMEYana
paspywamoulyl Harpysky. XoTs oCTaTouHEle AeGOpManuH NOL BO3-
PacTABIIHMY HAarpysKaMy e H3MepANHCh, BRICOKHE 3HaYeHMd HX
6L OTMEUeHBl MIPH Harpyake, cocTaBassluefi 87% or paspyiaio.
wei. Kaxyuwitca (ycioBublit) xosdpduuuent Ilyaccoma coxpaus,
TO-BHAMMOMY, TIOUTH NMOCTOSHHOe 3HaweHue mopsaaka 0,12—0,14, ao
¢ npuGanKeENeM YKa3aHHOH HAarpy3Kd HauMHad DE3KO BO3pacTaTh
H HEe3a70Jr0 A0 HACTYIIeHHd ee gocturan peanmuuier 0,32, [Tpume-
Hendull GeTOH XapaKTepu3oBaJcad B BO3pacre 45 RHedl mpenenowm
npogHocTH 300 X2/cmM? M Manofl INACTHUHOCTHIO, NOCKOABKY OTKJIO-
HEHlHe OT KacaTtelbHoll B Hauaje KoopuuHaTr (?) Ha NpUBeICHHOH
B CTaTbhe AMarpaMMe Bmpakanaoch cero b 20% npu T/Tr, paa-
HoM 80Y%.

Koyssn u ApmcrpoHr! Takxke ynoMpHaiorT © 6eroHaX, KpuBas
nepopManuy KOTODHIX HA CHKATHE OTKJOHIETCH OT HPAMOH JHWb
nochae TOrO, Kak Harpyska aocruraer 50% or paspymaromedt.

Tnsusuaas [44] nan xpussle nedopMmauuu GeToHA 1OA Harpys-
KaMy, XOTOpHe BHAepXKUBasuch B TeueHue 5, 30, 45 u 60 cex. Ha
6erore (comepxasiieM 350 xe/M® mOPTIAHA-1IeMEHTa), 3arpyXKeH-
HOM B BO3pacTe 28 fmeit, on 0OGHaPyXUJ NoCAe b CeK. 3arpy;ReHAs
OTKJIOHEHME OT «ynpPyroH» npsimMofl NpH 3HAUEHHSX 3arpy3KH, Hay-
Has ¢ 50 xa/cm?, MuEIMH CIOBaMH, NPH HATPYSKe, He AOCTHraBIIed H
209% ot BepoOsTHOrO 3uavuenus paspywaiolledi. [laacTuueckas ae-
bopMauus BO3PACTAET ¢ NPOMOIKNTEALHOCTBIO BPEMEHH 3arpyxe-
Hus 4 Ha 60-f1 cekynige oHa WayMHaer OTKJOHSTHCHA YiKe NpH Ha-
rpyske, Meupine#t 10% ot paspymatontesi. Ha puc. 106, socnpons-
BEeHHOM 13 paforni ['A5HBHAAM, 38auenusl AedopMaunil HaneceHsl
B QYHKUMA BpeMeHM 1/a nepRoit MWHYTH 3arpyxesus. Ha 60-#
CekyHAe non warpyskofl 131 Kefcm? so3pacTaHue MIHOBEHHOH yIDY-
roit aedopmauuy Bbipamaercs B 15%. IMockoawky TA9HBHAAL ue
H3yuaa [polecca pasrpy3KH, HeJb3si YCTaHOBUTH, KAKAS 10JsI 3TOTO
yBeuueHHd TPUXORHTCA Ha yUPYryw gethopMauuio. Bosvoxkso, 4I0
dneck HMeer MeCTO, NO Kpaline#i Mepe OTYACTH, BA3KO-VIDYyTras Ae-
bopMauHR, NMOCKOJLKY HoaHas Yapyras AedOpMauus, Kak MB 370
noxa3aiu Beime (CM. orp. 225), He msasercss NuHelHON, OGHAPYXKH-
BaA OTK/AOHEHHe YXe NpH Harpyske, cocramsisdiouiek 10% or pas-
pyinamlen. ,

Hebopmanps nox 6oabIuMu HarpysKamu Onia HecheloBaH2
cnennaisno [lenkoM 2, KOTOPHE TakXKe NONYWHJI AUATPAMMY JA€-
GopMaly, OTKIOHAKIIYIOCS OT NPAMOH AWML NpW Harpyske, CO-
crapiasBues 70% ot paspywanieit. 3arpyxas imIHHIpUUECKsH
obpasel ¢ GOaLIIOH CKOPOCTLIO ¥ NOAAEPKABAS 3aTeM 9Ty Harpys-
KY TOCTOSHHOH, OH HaMepsaa AedopMauwy. Pe3yabTaThl ucnmrausil,

't L Cowan, S. Armstrong, The deformation of concrete in com-
pression and torsion, Civ. Eng. Public. Works Review, 1954, X.

? J. R. Shank, Plastic flow of concrete at high overload,- J. Amer. Conc-
rete Inst, 1949, 1, crp. 493,
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C TPYAOM fIOANAIOIIHECH HCTONKOBEHHIO, NOKa3HBAKT, YTO NpH
T/Tr =92% paspywesue HacTynaer Ao ucreuenus 1 gaca.

Ouo npoucxonur uepes 7 wac. ans T/Tr, passoro 90,5%. Ha-
CKOJTBbKO MOXHQ INOHATH B3 CTaTbi (I‘Jle HadgaapHdd OaacTHIeCKad
JedopMalys He YKalaHa), IIPOLECC HapacTasus MeRJeHHO TpoTe-
kalowell gedopmaluy A, MONKer OHTb TpelCTaBACH CleAyiouied
Tabauued.

LpltE
T/Tp
1 vac 3 yaca ] ac.
0,855 0,30 - 0,40 0,50
0,880 0,45 0,60 0,80
0,908 0,55 0,90 6,40
Aprop nmpepaaraer npei- Ry ~
CTapHTL  3aKO0H  OHBICTPO gm |
nporexawwere  Aedopmu- § oot
posanus B (PyHKUEH Bpe- §7 A
Menu (o 6 uac.) Bbpa- S D
‘f o |
wenueM A =ct’,rne ¢ B =07 i 4 r—
2 3 / R e G A
@ — SKCNePHMEHTA/bHBE E .y I
TOCTOSIHHDIC, 5 PP elnan
1R T = s 1
Her, oanako, oOcHoBa- § ! g s, =
HUil OXHAATH, YTOOHE 3aBH- o 6 7] - -
CAMOCTL  GBHICTPO  Hapa- § ¥ By vl g
craouleil N1acTHYECKON Ae- é PRy
dopmanuy Gerona or Ha- & , |
DPPY3KH MOXHO ObLJIO BHpA- & 1 nw w 0 &
3UTh KaKuUM-JMGO MareMa- § < Arumessratmy deicmiur wozpyany § cenyndax
THYECKHM  3akoHoM, 00 & V¥
CBOHCTBA DPA3HEBIX GETQHOB § 6

pas3sJaryHBN H [IDHTOM H3ME-

HAWTCA ¢ BO3PACTOM, €O  pye 06, Bucrpo nporeKaiomas (MrHOEEH-
CTaBoOM H PEXHMOM Sarpy- Haa) nAacTHYecKas AedopManus  Gerona.
YKEeHHS. Bucrpo:sepneromuﬂ berod lnal l/rm%maumue.
MedTe (CoCTarR o BECY H z O, 0OC2IKa

Hexotopuie ABTOPBI T~ 5 oy pospacr 28 nuefi), punepXuBamMe Ha
Ta/THChL, 0JHAKO, HaWTH A4 . Boagyxe (no IAsHBHAMO)
nonno# nedopmauny Gero-
Ha aHaNuTUIeCKYI0 {opmyay. Baskn !, Hanpumep, naeT BHPaXeHHe
TAKOIO Buaa:

A

Am

T = EAe ’
rae A, — 1edopMALKS A5 TOUKM MaKCHMyMa KDHBOH.

1 F, A, Blake 5y Stress-strain curves for concrete, Civ. Eng. Public Works
Rev. 1953. 1, ctp. 57. - 2a1
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Cumur u KOwur! npemaarawor popmyny

1~ 2

T A

T o_ .48
7. 3, ¢

NPeHMyIecTBO KOTODOH B TOM, 4TO QHA YYMTHBAeT najkeHHe Ha-
IPY3KH 34 MakKCHMyYMOM KPUBOIH,

HanoMHKM 31eCh ¥ YKA3aHHYIO BHIUE NAPAGONHIECKYIO 3aBHCH-
mocte I'paccem-Puulepa.

B xoHeyHOM CueTe HYM¥KHO IPH3HATHL BCE Ke, YTO MMEIOMIHICT B
HalleM paCHOPSKEHHH 3KCINepHMEHTaJbHBIH MartepHas elle Helo-
CTaToyHo O0wuper AaA TOrO, uTOGB MO3BOJMTL cele o6Cy)KAeHHe
LLEHHOCTH 3THX GopMya.

DKCUePHMEHTAAbEBE ONIPEJENeHHA YAMMHERUYE NIPU pacTAXeRud
HEMHOTOUHCICHHR!, IJIOCKOJNBKY OrpaHMYeHHOCTb NPHJAaraeMbix Ha-
TPY30K CHH¥KAeT TOYHOCTb MCIBITaHHI.

Hamy mcnuitanna [569] yeranasanpaoT HieatbHylo yUPYLYI Ae-
(OpPManMIo Co CAErKa TOBHINGHHEEM MOAYJIEM YNpyrocrd (me Goaee
5%), HaCKONBKO 3TY HHUTOKHYIO PASHHUIY MOXKHO 3aMCTHT.

I'paccem m @uiep? yxkaselBaioT, 4To NOAHAA AeOPMALUS H3-
MeHseTCs JMUHeHHO upu 3arpyskax Ro 85% or MPOYHOCTH Ha pacTs-
MEHHe, TIpUUeM JIPenBapsiiollas Pa3phlB ILIacTHweckas nedhopMa-
nusi se npesocxonut 8% or ynpyro#t mepopmanun. Tomasd, uampo-
THB, CCHUIAETCS HA HUCIHTaHMSA, B KOTOPHIX MJI4CTHUECKOE VITUHE-
HHE, MOJYYEHHOe Nocje NpeshillieHdst 75% NpPOYHOCTH HA pacrsKe-
HHUE, cocTaBaano Gogswe 26%. Ho B aToM cayuae geno mwio O npus-
Max, apMHPOBAHHBIX NPONOJBHEIM CTAJIBHEIM CTepXHeM. Tor daxr,
uTO yAJdHHeHHe GeTOHA IDH Pa3phiBe (MJH IIPH TPeUlHHOOGDPasoBAa-
HHHM)} TOBHICHIOCH NOJ BJAHSHHEM CTAJLHOTO CTEPKHS, HE ABJAETCH
HOBRIM [91]. TTocKogbKy GeTOH B 9THX YCJOBHSAX CLEIIAETCH CO
CTaNbi0, OKXOHUYATENbHHH pas3pmB o6pasna 3aIepKHBAETCH, MeECI-
HOe YAJHHEHHE DacipeResseTcs, a MeCTHOe TpelfHuoobpasosaHde
34MeHseTCH DacnpelejCEHBIMH MHUKDOTDelIMHAMH, H TIpodecc Hpu-
HUMaeT Xapakrep [uiacrudeckolt nedopmaunuy.

Mu npuMennsy B 1a6opaTOPH¥ YCTAaHOBKY, NpPeACTaBAABLIYW
cofoit 0Tpe30K CTasJbHON TPyObi, BEYTPEHHSS NOJOCTh KOTOPOro 3a-
nmonHsaace ©GeToHoM. BuHTOBas Hapeska NO3BOMHa 00ecrneyHTb
cuensenne Mexay oGommu Marepmatama (cm. ctp. 130). Pacraru-
BalOIIeC yCUnMe NPHKIaZBIBAROCL K cTaipHOfl TpyGe ueped MydTH
C' HapesKoll W CTPOrO LEHTPHPOBALOCH N0 ee ocH. [lockoneky 3TO
pPacTHIMBAIOLee YCUAKE IIPHJIArajgoch K Tpy6e, NOChefHAA 1I0ayva-
A2 yAJIHHEHHe, a BMeCTe ¢ Hel YAJNHHAXCH B DPABHOH Mepe | GeTOH.
1G. M. Smith, L. E Young,Ultimate flexural analysis based on stress-
train curves of cylinders, J. Amer. Concrete Inst, 1957, 11, crp. 597,

2 Cwm. cHOCKy Ha -crp. 228,
2 1. D. Todd, The determination of tensile stress-strain curves for con-

crete, Proc, Inst. Civ. Eng, 1955, 1, 1lI, ¢Tp. 20L
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ATo YASUHEHHEe M3MEpsioch 1O HapYXKHOH NOBePXHOCTH TPYOH no
NOKA3aHKUAM TeH3OMETPOB, PasMelleHHEIX B cpenHell yacTh ee Ans-
#el. Eciu MOAYJb YNPYrocTH CTatd Mbl 0603HauuM uyeped £, mio-
JagL CEUEeHUS CTeHKH TpyOb—dYeped £, U COOTBETCTBEHHO MO-
AYJAb YNPYrocTd ¥ NAOmafs ceueHus GeroHa-—uepes Ey u 2, 10
NpH YAJIMHEHHH PACTACUBalollee YCHJAHE BLIPA3IUTCA CYMMOH

T=e(E 2,1 F,2).

Kpupas, npepcTaBislomas 3aBUCHMOCTE T'(e), DaCHOSOKUTCS
MeXAYy ABYMS INPAMBIMH:

T
o = Eagu + Ebgb
" T
- = £
7
7
/ /
on/ e
"v“/ /
/ v Pearcus Yy,
—~74/°Ew't4'w demarig emong M
A oy
s L 8 mpytr
‘Pearyug mpylor ]
é cledodnas
v T e o 7 2
Puc. 107. CosmecTHoe YiJIHEe- Pue. 108. Peawuust Gerona co
HHe GeToHa ¥ Cradnhiol thy6nt cTagakHol TpyGol u Oea Hee

HOA HATPY3XoH

HOCABNHAS H3 HHX XapaKTEePH3YeT COCTOsiHHE, B KOTOPOM OCTOH,
YyXe NoNBepriiich pA3PYIUEHHIO, HE pearnpyeT Ha AeOpMaliulo
(puc. 107},

DkciepuMeHTaibHasd Kpupas npunumaer Bux OAB, Kaxk sre no-
Kasano Ha puc. 107. Mo touxu A oHa COBRAZAET ¢ NPAMOH, HMeO-

Wei YKIoH ’-2= ER,+ E,Q, B A4 ona maer Touky neperu6a,

o o T
Tocdie 4ero copMeulaercs ¢ npsMoi UB, uMewuier YKAOH ;mE,,Q,,.

Pazpyuense, TakuM 06pa3oM, noaydaerca p Touke A He MTHOBEH-
HHM, U060 B TPOTHBHOM <Jiviae B KPUBOH poaxed Ownia Ow mpo-
H30HTH Da3PHB HENpepHBHOCTH co ckaukom AA’. Beron ewe oxa-
3wpaer peakumio CC’, KoTOpas CHadva/la C/Jerka BO3DacTaeT, 4 3a-
TeM TOCTENIeHHO YMEHLIIAeTCH.
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Haneca KpuByio (BepxHis KpuBad) sroii peaxnud CC’ B Xo00p-
auHaTtax puc, 108, mu yBHAMM, uYTo GETOH TNPOJO/IIKAET OKa3H-
BATb COMpOTHBJeHXe RedopMalMx TPyOH (Moespyloileii apMa-
TYPY) H X0 ero MCHepnanus (KoTopoe, BNIPOUEM, HUKOTNAA He G-
Baer NoankM) OOHADYKURAET 3HAUNUTENLHOEC YAMHHCKHE,

Ho ecan GeToH He conpuKacaercs ¢ TpyGoH, Gynyus OTAeNeH oT
Hee, HANDWMep, NPOCAOKKON H3 MOPUCTOrO Kayuyka, TO MAKCHMYM
M’ pacToOXKUTCH OueHb GJHM3KO K L, ¥ peakidsa NOJHOCTBIO WCYE3-
#er. Kpupas M’D ofyc/ioBiena pacnpOCTpPaHeHWeM OAHOM enuH-
CTBEHHO} TpPeIlMHE, TNajeHHe HANpAXenus Oyier peskuM. Kpome
Toro, peaxima T B M’ 6yger MeHblle, yeM peakuus I B Touxe M.
Bce 3T0 noxaseiBaeT, UTO KAaXYyWascs IIACTHYHOCTL 6eTOHa Yayd-
waetcsa paGoTOH apMaTyphl, a2 CONDOTHBIeHHEe GeTOHA PacTIKEHUIO
B CBf3M C ITHM NOBBUIAELTCH.

HcenenoBanua MiacTHMHOOTH 0eTOHA IPOM3BONMAMCH HCHHTA-
HWeM ero Ha M3ruod. Yamge Bcero AJaA 3TOH Leau NPUMEHSIH Heap-
MEDOBaHWEle OETOHHLIE NIDH3MBL, 2 TEH3OMETDH pacrojaraiy Ha
pacradyroit rpand. Mul NoJdb30Bandch B JsabopaTopHM nNpH3MaMH
H3 YHCTOTO LLEMEHTHOTO XKaMHf (BHICOKONPOYHBIR MOpPTJIaHA-UEMEHT
HRI) B Bospacte 3 mecsues. IIpu noBenenuu narpyaku xo 90% or
paspymatoieli HMKaxoft HaMepuMoll ocraTouHok medopMmanmm 05-
HapyxeHno ne Obl1o. Korna narpyska nocruraa 95% ot paspymaio-
uedt, ocrarouysas jedopmanus (de retour) cocramngna 2—5% ot
yupyroit npu OHCTPEX (MeHblle | 4aca) 3arpyKeHud ¥ pasrpyske.
[Tpn BHIZepXKUBAHUU ITOH HATPY3KH B TeueHHe 4 yaC. OCTATOYHAA
mepopmanms poxoauia po 6—119%. Ilocae sbimepkuBanua B Teye-
Hue 17 uyacoe oHa npesuicHaa 125%. 3r1o nokasmBaer, uro AAA
HEMEHTHOTO KaMusi, a Tem Gonee 15 GeTona, MTHOBEHHAs NJAacTR-
yeckas nedopMailHs OuUeHb HE3HAUMTesSbHa, AaXKe NMOX HArPYSKOH,
BeCbMa GaM3KON K paspylialonmei, 4YTo oHa BO3PAaCcT2eT, Korja Ha-
IPy3Ka HAefCTBYeT HECKOJIBKO YacOB, OCTaBafich BCe XKE He3HayH-
TeJLHOM Ha NpOTSKEHHH MepnHix 17 4ac.l

[MpoBenetHnie B HeGOMBLIOM UMCAe MCNBITAHHA Ha KPYdeHUe iU-
JquHRpos [59] cBHAETERBCTRBYIOT, NO-BHAUMOMY, © TOM, YTO MjacTH-
yeckad gedopmalus B 3TOM Caydae .BO3HHKAeT DaHblie, 4eM NpPU
pacrsxkenuu. Ilpn npuGomiKeHHn K paspylieHHio (mon Harpyskofl,
paBuoit 90% oT paspywaloilleit) oHa cocramaser okono 10% or
ynpyro#i aedpopmanuyn npuw OHCTPOM 3arpysmeswn u 119% -—mocae
24-qacoBoro BBIAEPIKHBAHHS NOA NOCTOAHHOHM HaTPy3KOH; BO3MOXK-
HO, OIHAKO, YTO 4acth H3MEpPeHHOH TaxuM obpasom zedopMmanuy
CleNyeT TPUINCATH BHYTPEHHEMY TPEHHIO HCNBITATE/BHOr0 Mexa-
HA3Ma. JTH H3MepeHHs CJ1el0Bato OH BOCIPOH3BeCTH Ha TpyGax.

! Bo Bcex HAOMOAEHHHIX CAyYERx noaxHaa Aebopmanus nox 95%-uol Ha-
TPY3Ko#l He pmocTurasa IHedopMaLKH MPH pa3priBe, HAWAEHHOR W3 SKCTPAnOJSUMH
nepofl xpupo¥k nedopMaunyu. STO TOBOPUT B TOAB3Y THNOTE3W Pa3PyleHHA OT-
PHSOM, KOTA2 YAJIHHEHHE B KAXOM-AHG0 HANPABAGHUM JOCTHraeT onpegesenxoft
Bensuunn (cM. CTp. 144).
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Aauteapnan Xedopmauus, I[onsyuecrs

Ecnu, Oyayuu 3arpyxeH, GeToH ocraeTcd Iog AekCTBHEM NpH-
JOXMEHHON HATPY3KH Ha AAUTENbHBIA CPOK, TO Ra NPOTSKEHHR BLEro
9TOr0 CpokKa OH TPAROAKaer TNJIACTHHECKH ACHOPMUHPOBATHLA
{prc. 109).

K ynpyro#i nedpopmanyy ¥ K MIHOBEHROH miacTHUecKofi xedop-
manuu ! po6apasierTcs AJAMTeNBHas DJacTHYecKas aedopMauns, Ko-
TOPYIO NPUHSTO Ha3LIBATL MOJ3Y4CCTLIO. JTa AJMTEIbHAR NJIacTH-
9ecKas QeopMalds CTPEMHTCS, HARCKOJLKO MOMXHO CYANTh, K Ka-
KOMY-TO Dpefeldy, ecaH NOCTOAHHAf HarpysXa BHIEPKHBAETCH B
TeYeHHe BeCbMa NPONRONKUTENLHOTO CPOKa (HECKONLKHX JIeT).
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Puc. 109. HdwmarpamMma nedopMaumii 6eToHa NoA ATHTCABHO JAeACTBYIOLTHMY
HATPY3KaMH, IPM PA3rPpysxe ¥ NPH NOTPYXKENuy B BOLY

Ecau B MoMeHT BpeMenn f ofpa3sel, pasrpysuth, To OH gebopMu-
pyeTcs MIHOBGHHO B OGpAaTHOM HaNpaB/jeHHH Ha BEJAHYHMHY, MeHb-
Wy, 4eM NepBOHavanbHAd yupyras nedopmamus. Ho sra ynpyras
Jepopmanys He COXpaHseT CBoefi BEIMUMHHL €CJH Pa3TPyXKEHHBIR
o6Gpasel ocTaBHTh B NOKoe. To oH OyAeT NporoaKarh AeopMupo-
RATLCH B NPEXKHEM CMuCHe, oOHapyKuBad, TakuM o0pa3oM, yupy-
roe nocsaenefictBue, OH NOABepraeTcs ee H oCTaTO4HOR nedopma-
UMK, HO B COCTAB ee BOKAET W YACTh YCARKH, KOTOPYH GeTOH io-
JY4YHJ 33 TOT e CpoK BHJAepxuBanusd, [losToMy JeHdCTBHTeNbHAN
ocraroulnas AeopMauys, SABJAAOMASACH pPe3yNbTaTOM MOA3YYeCcTH,
OUpEReSHTCH, MO-BHAHMOMY, KaK PA3HOCTh MEXAy NOAHOH ocTaToy-
Holi nedopmanued # ycankoii. B nanbHefimieM MH BepHEMCH K 3TO-
My BOHpOCY. .

Eciu 8 MOMeHT BpeMeHH {'>>{¢ apa ofpa3ua (OAMH H3 KOTOPHIX
HCNHTHBAETCS HA NOJ3YYeCTh, OPYrof — Ha yCaAKy) TIOMeCTHTb B
BOAy, oW OyayTr HaOyxarb. [Ipu STOM o6pasell, ROXBCPTHYTHH 3a-
IpyXKenuio, HabyxHer GoJibllie, UeM BBIZEDXAHHMA 0e3 Harpyaxd.

! O6pasyioweiics B Teqenwe 1 uyaca mau 1 CyTOK, no ONPEAEJEHHAM pa3-
JHYHLIX ABTOPOB,
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Ha puc. 109 npeacrasaes rpagmx cxatus Gerona. I'paduk pac-
TKenHsa GeToHa GYAET OTVIMYATLCH OT HEro JHIUb TeM, YTO yCajka
MOJIyudT B HeM OOpATHHI 3HAK.

TaxoBa B 06WHX 4epTax (PeHOMEHOJOTHS TOJ3YYECTH, K JETaMb-
HOMY M3YYeHHIO KOTODPO¥ MH TellePnr oGPaTHMCH.

IlepBoe H3BECTHOC HOCJHEJOBAHHE MOJ3YUECTH GBLIO OMYyGJIHKO-
BaHo Byaconom {Woolson) & 1905 r.!. B npoBeXeHHOM ©M HCTh-
TaHUH KeJe300eTCHHLIX 6a/I0OK YCTAHORJAeHA TEeHASHUHUA 6erona x
JedopMHPOBAHUIO, HapacTaBlIBMy MOJ Harpy3ko#t cO Bpemency,
Xstr (Hatt) ony6aukopaJg aHajoMMuHBle peaysawsrat B 1907 1., a
@. P. Makmuanan (F. R. Mac Millan)—»8 19151, @peficcune apo-
BeJ HEeCKOoAbKO MCUBITAHHA Toro e poia B Mysswe B 1907—
1909 rr., #o He ony6auxopaa ®X. OHu HailliH, OAHAKO, OTPaXKeHUe
B Kypce A, Meudaxe (A. Mesnager), KOTOPHH YHTanCad 3THM aBTO-
pom B ITapuxkcekolt wxoie MoctoB ¥ gopor B 1913r. ®yep 1 Myp
(Fuller, Moore), Cwmur FonpaGex (Smith,” Goldbeck), sarem
Hxsnnn (fanni), eme pas &, Maxwvsunas u Ksafipk (Quirke)
ony6aIMKOoBanM¥ MHOTOUHC/IeHHBle pe3ynsraTh B 1916 r. B psage awme-
PHKaHCKHX XypraJos, K 1921 r. B sKchnepuMenTalbiyio pabory
10 3TOMY BOfIPOCY OBJIO BOBJIEYEHO YiKe JOBOJILHO 80J/bllloe YUCIO
HayYyHHX paBoTHuroB, a ®. Maxmuanauy B cBoeM oTueTe AMepn-
KaHCKOMY HHCTHTYTY GeTOHA UDUBOAHMT YiKe 0006l1aroliue BHIBOJL]
H3 atux pador. B 1925 r. KaanpopHUHCKMM VHHBEPCHTETOM MOL
pykoBoacTeom mpod. Hsmuca (Davies) Onliim npelnpHHSTR CHCTE-
MATHYeCKHe HCCHeNOBAHNS (AKTOPOB, BAHAIOMMX Ha IOA3YYLCTh,
HOCJIe YEro B HAayYHBLIX 2aMEePHUKAHCKHX KYPHALaX HOSBH/OCH MHOUO
COOOINEHHH o0 NOJAYYEHHHIX pesysnbraTax. B Espomnc mepswMH mne-
qaTHHMKR paboTamu B sTofl ofGaacth ObliH coobulenus Ppeiccadie
B 1926 r. (ma xourpecce & Bene), Ockapa Pagepa (O. Faber) —
B 1928 r. [32] u eume paz Opeficcune B 1929 r. (Ha KoHrpecce
B Jlbexe). Pazauunre naGopatopuu NpeRNPHHANR yriuyGaeH-
HO® H3yYeHHe TOJA3YYECTH M B UHCJAE MX AHIVIMACKAs CTPOHTENb-
Hast HayyHo-Becaegosatenbekas cranuus (Building research sta-
lion) mom pyxoBoacTBOM [/isHBUAJS, BO3TMABAABIIETO TOTAA 3T0
aBTOPUTETHOE yupexenve [44].

OTMeTHM elle OTHOCAIIHECS K TOMY XKe [1epuoly HCTOPHYeCKHe
padotu P. Jeeuca [21—25), Wrpayda {117] u up. C 3710m0 Bpevenn
MitoroyncaeHHEble paboTH CTanu NOABASATHCS B AMepuke, Epporne
¥ BO BCem wMmupe, VCTOUHHKM, KOTOpble HaM YRAJOCh DPA3LEICKATh,
NepeudcieHnl B OHOJHOrpaduyecKoM IIPHIOXKEHHH, B KOHLE 310H
CTaThbH. JHAUUTEABHOE YHCAO KX WMEeTCH B Kartanore GHOAKOTeKH
npu Jgaboparopuu I[1apuKCKOro MHCTHTYTE CTPOHTENLHOM TEXHHKH
(LBTP),

ITpoanaansnpyem teneps OOWME HAYYHHE BKIaj) BCEX ITHUX
TPYAOB H NONBITAEMCH H3BJeYb M3 HEro NpakTHYeCKHe BHIBOH.

! AupaButHBE yKasaTelb JHTEPATYDH 10 BONPOCAM TNOJSYYECTH, KOTOPHR
Mie YAa/0Ck COCTABUTDb, NPHBOAHTCA B KOHIE HACTORLIEH CTATHH.
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TIpexxpae BCero YCTaHOBMM (AKTOPHl, ONPeneNfIOUIHE NMPOUECT moJ-
gygectd. Takumyu QaKTOpaMy ABJIAKTCA:

THN AeHCTBYIOIIEH HArPY3KH (cxkKaThe, pACTAXeHHe, H3rub, KDy-
qeHHe);

MHTEHCUBHOCTh HATPY3KM {BEJIMUMHA HaNPAKEHud);

NPOACJIKATE/IbHOCTE ACHCTBAS HaTDY3KK;

BO3pacT 6eTOHA B MOMEHT 3arpyXeHusd;

PEXXHM BBIAEPKUBaHMS - (BAAKHOCTh, TEMIEDATYPa);

cocrar OeroHa;

06BeM UCHBITYEMOro 06pasna ¥ BJAHSHUE YCafKH.

Kax Bumum, smux (axTopoB JOBOJBHO MHOFO, M 3TO BHOCHT B
Hally NOKa jaJjleko eile He DEUIeHHYIO 3a1a4y 3HAYHTeAbHBIE TPYX-
HOCTH.

MpuGopei a8 HCCHEIOBAHHA NOA3YYECTH

CraHpapTHHX NPHGOPOB HJS M3ydeHHs NON3YHECTH HEe cylle-
CTBYeT, HO pPa3HOOOPasHhH HX HHBEHTAPb MOXKHO CBECTH K HECKOJb-
KHM [POCTHM THUIIAM,

B HCOHITAHWAX Ha CXKATHE Jallle BCETO MOMb3YIOTCs NpHOGOpavu
co cnEpansHOR npyxuHoft (puc. 110). PaccuwrasHas pas artofl
uesH NPYXKAHA YCTanapgupaeTcs ma o6pasue

H BMeCTe < mHM IoMemlaercs nox npecc. Ye- dﬂl___agisk
i

THpe CTepxusi-6oaTa ¢ Hapeskamy CORLHMHS- Mnngmura

10T BEPXHUH K HEXHMH IUCKH, KOTODHE 3aTs-

TMBAIOTCS HA BPeMS 3arPy:KeHus 3aXUMHBIMH —

raiiKaMy TakeM ©00pa3oM, UTO paCCTOsSHHE ° s 2 500y

MEXAY HUMHE OCTAeTCA NOCTOSHHBM TOC/e Tsle -

Pasrpy3KHu. 582 {ommutinn
Brlan npeatoxeds pasJHUHble KOHCTPYK- I |

THBHBIE BapHaHTH 3TOMO THNA. TOT, KOTOPHM o ooy |} o

vaxe 20 ner nousbayercs napumcras gabopa- 5

TOpHS, EPeACTaBAfer COGOH HEeNOXBHXHYIO Lre| |z

paMy B BHAE CTAALHOH OTNMBKY C YKpEHJeH-
HHM [0 €e 00 LEHTPAJLHEIM BHHTOM H €IUH-
CTBEHHO# a3amuMmypoli rakikoil. Cnupanwnas Pue. 10, Tlpy-
pYMHHA 3aMeHeHa CTONGHKOM wah6 Bewte- MME mpuGop o
BHJA. lHapHK obecrieuusaer HeHTpHPOBaHUS mosA3yYecThb
npusiaraeMoit cuani (puc. 111). Heymo6ersom

3TOH YCTaHOBKM fABJSAETCH BO3MOKHOCTH NOTEPH IEDeiBapPHTEIBHOTD
HaflpSKEHHA B De3yJbTaTe paCTAXeHHS DaAMB WJIH CTePxKHeR-6ou-
108 (Be/MMUMHY 3TOH NOTEDH MOXHO OLEHUTh YCTAZHOBJIEHHEIMY Ha
CTePKHAX TeH30MerpaMK). Hpyrolt ee HezoCTaTOK COCTOHT B MHO-
repe HEKOTOPOM BeJIHYHHEI HADPDPY3KH, Mogydawolleiics BCJaeacTBHe
[OCTEIEHHOrD YKOpoueHus OGeroHHoro nmuuuxpa. [leficTBHTeNbHO,
{IOCKOJIBKY [AJIMHY CTEPIKHEeH CJefyeT COHTATh MOCTOMFHON Wiu Mano
H3MEeHAWIeHCA, TIPYXAHA NOMKHA YANMHATHCR Ha BEJIUYHHY, paB-
HYI0 BeauuuHe JedopmauHn GeroHa (MIacTHYECKOH medopMauudu
W ycajke), Bejencrsue yero ofpasew paanpyxaercs. Jlna noayye-
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HAS KOHKPETHHIX 3HAYEHHH 3THX NOTEPb MH OTMETHJIH MOT€pU Ha-
npAXenult mo ucredennu | 200 apel B GeTome, 3arpyxemtoMm B 30-
LHEBHOM BO3pacTe, ONPENLJUB HX ITO M3MEPEHHIO CHJIB, HeoOxoau-
MO# s OCabieHHs BUHTE:

Hanpuwente suawate | 39 | 785 | us | 157 | 197
[loreps wanpame- ‘

nua B xzjem?. .| 39 125 | 18 28 36
\‘

Mgl BraMM, YyTO TOAOGHYIO NOTEPIO HATPAKEHUS OTHIONb HEJNB3A
NPpH3HATDL NpeHeOpeNMO MaJof.

Puac. 111. TlpuGop Puc. 112. Ilpubop c
nabopatopun  Ila- OCEBbIM JHHAMOMET-
PHIKCKOro HayuHO-~ poM Oas  HCNBITaHKR
Heenen0BaTeNb- TpyOyarux  oOpasnon
CKOro HHCTHTYTA Ha MPOYHOCTh, pa3pa-
STPOUTENBHON  Tex- Soranuynif Tlapurkerum
HHKH C 1waliGamy HayJHO-HCCNeN0Ba:
Besaesunng ang TENbCKUM MHCTHTYTOM
HCTLITAHAR Ha 10J- CTPOMTENBHON  TeXHH-
3Y4eCTh KH

Mo corepuleHHO MHOMY TPHRUHAIY CKOHCTPVHPOBaR APYroH mnpH-
Gop Hame#t naGoparopuu [41] — ocesofi AMRAMOMETP B BHAE CTadb+
HOTO HHAMHADHYECKOTO CTEDKHA ¢ Hape3xkol mo KoHuam (puc. 112).
DTOT AHHaMOMerp BBORMTCA B TPyOuaTeiii ofpasel, yKpemasercd
Ha HHXHEM AHCKE W TPOXOILWT dePe3 KOHUEHTDHYECKoe OTRepCTHE
B BEDPXHEM AHCKe. 3aKMMHad raflka no3sojser NPHBECTH JHHAMO-
MeTD B HaNPsKEHHOC COCTOSHHME DacTSKeHHs M BEI3BATh CXKATHE
o6pasua. Ilocaegnee OuEHUBAETCS AUHAMOMETDOM N0 H3IMEHEHHIO
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PacCTOAHUS MEXAY ABYMS KOHAYECKHMH YallKaMH HAa KOHUAX A H
A’ —3T0 M3MeHeHUE PACCTOSHHA H3MepseTcd OOBIYHEIM PeTPaKTo-
Mmerpom  (NPHGOPOM, KOTODHIM TIONL3YIOTCA TIPH  H3MepeHny
ycanKku).

B s70ff CHCTEMe T0J3YUeCTh BhISHIBALT ITajfeHNe PaCcTATHBAIOLIEro
YyCHAMS B AWHAMOMETPUYECKOM CTePXKHe, KOTopoe # H3Mepsercs
perpakroMerpoM. Ilycts & — orMeueHHOe cokpaideHHe AJTHHM AA’.
Hopwi#i mOBOPOT ra#ixu TIO3BOJUT BEPHYTHCH K NpeXHEMY MoJoxKe-
Huio ¥ T. A. Cymma 8+ 8, +8,+6; ..., noryyaeMas B pesyJb-~

Hamrnyman
MEMOPONG

pha
| ay¥A !

- Mopwenn

M Ofpasey

I\ oopsr

Hayyn
~ 1§y

]

Puc. 1§3. Cxema MaHoMeT- - Puc. 114. Manomerpuue-
puyeckoro npubopa A8 HC- CKHil TpuBop XJA NCIH-
AuTaHUi HA NOA3YuecTh [o TaHKi Ha NOJ3YYECTh MO
npunuuny Pywsa, paspaGo- npunnuny Pyua, paspa-
ranHomy JaGopartopsedt Tla. GoTayHoMy JnaGoparopuei
PHIXCKOr0  HAy4YHO-HCCREIo- ITapHCKOro  HAYWHO-HC-
BATENbCKOTO HHCTHTYTZ CTPO* C/€I0BATENLCKOIO  HHCTH-

HTEJbHOK TEeXHUKH TYTa CTPOUTENBHON  TeXx-

HHURH

TaTe pAna NOCHeJOBATENbHHEX MONPABOK HAa NepBoMayasbLHOE pac-
TAXKeHHe, ACNMKHA JaTb BEJHUHMAY MOJ3VYeCTH RPH VCIOBHH, ecan
Kamjaoe cjgaraeMoe ¢ MaJo.

Ho B nposepenuu #uccneposadufi mo 3toMy Metoly Tpebyercs
Gosisman TIATeJNbHOCTh, TAK KAaK NOBOPOTH KOMTIEHCAIIHOHHO# raii-
KM CJAefyeT NPOM3BOAUTL € BHICOKOH TOUHOCTBIO, NOJb3YACH ANA
3T0H 1leNH pacTAMMBAIOUIEH MalMHOH, ¢ TeM 4TOOHR He BLI3BATH B
oGpaslle KPYTHALIHX MOMEHTOB; PeTry/MHPOBKY e pacTAKeHHst B
3THX YCHAOBHAX TPyAHO ofecnedyuTs ¢ AOMKHOH TOYHOCTBIO. Bpe-
MEHHO MH 3TOT METOA OCTABHJIM.

Hosefiiune npuGopel OcHAIMeHH TUADABAMUECKUMH  YCTPOH-
crBaMu aast 3arpysku. Pym (Rusch) 8 MioHxeHe 3aMenus npyxil-
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HY MAHOMETDHYecKo# XaydyKoBo#l NOAYwWKoOH, 3afieaHHO# B nu-
NUHAPHYECKYIO KOPOOKY C OLHHM OTBEPCTHEM, KPHIUKOH KOTOPOrg
CAYMHT HMKHUG Topel OeroHHoro ofpasma. [lapsreHme paclpeje-
JAeTcs 34eck, TAKHM O5pAasOM, BecbMa paBHOMepHO. Peryaupo-
BaHWe MAABJEHHS OCYIIECTBAAETCA ¢ TIOMOLLBIO NHEBMAaTHUECKOrg
pesepByapa, cooflIalou(erocst C MacoM, KOTOPHIM 3afoAHaeTcs
KayuyKopas MOAyIXa H KOTO-

HonuveeKge yznybarnue poe wurpaer ‘POJb TPYXKHHBEL,

s Latepumeneoco wyna KOppeXTUDOBKY  1aBJICHHS

o £ 076880 05 annepoling -
CIMOHEE B UM IIPOU3BOIAT BCAKHH pyas, KaRr

\\\\\“\ 0OHAPYKURACTCA €0 3aMer
S X7 K00 MET-
‘&\\\tf W pezgripibes oedbors gOE 1A nGHHE.

Zn P messceo mangamenua

Onoprags 0bodma Ifo stoMy e npuRUMDY

RE : MBI CKOHCTDYHPOBAJH aBTO-
I— . Gemoy HOMHRIE Machasselfi  Mago-
¢ MeTp, B KOTOPOM KOMIIeHcCa-
-/fﬂgg;%f;géaﬂ LUUS UPOU3BOANTCS IPOCTHIM

BHHTOBRIM ILITH(HTOM, KaK 2TO

& Yununiguvecxen TOKA3aHO pa puc. 113 u 114,
s, “y—"noagems Ons rams.  OTMeUEHHOE MAHOMETPOM Aa-
wymoa npedonord  greppe Macna neHCTBYET Ha

rubkryio Membpany, KoTopas

Onopras obodre HaBHT B CBOIO OuUepear Ha4

) MOPIIeHb, 3aTPy:KaWUHl o6-
foﬂ”i;g,fg; arwepou paseu. IStoT npubop mpuHec

| ’ NOJAHOS YAOBJETROpeHue: ©0-
dﬂf;ﬁgg;g%%g’i%%%ﬁ a pa’eu B HeM MOXHO Pasrpy-

M aTb W BHOBL YCTaHABJAWBATDL
Ha MecTo 6€3 BCAKUX TPYAHO-
Puc. 115, TipnBop ¢ npespapurenbHo
manpaxeniok apmarypofi A1s Hcnw- CTCH, M3MepeHHbe Xxe Aedop-
TaHHH Ha nonaydecTh no MPHHUENY MAaHUMH TOYHO OTPAXKANOT ned-

Beprse, ~ paspaboramumii  1a60pato-  crpyresbHble WX BCJMYHHDI.
pueit [lapuxcKoro HayuHO-HCCAERO0BA-

TENBCKOTO  MHCTHTYTA  CTPOUTENBHON B apyroft wHawel nabo-

TEXHUKH paropun (B Kacafiauke)

Bepore nposen  uenHTaBus

TpySuathix 06pasuos AAHHOHR

1 M, BHYTDU KOTOPHIX N0 OCH PACTIONATAETCS MYYOK TIPEe/BApPUTENb-
HO pacTAHYTOH MPOBOJOKH TOMUHHOK 8 mMau (puc. 113),

Hoysue [26] B nawmell napuxckoft Jabopatopuu yxe 8 Jjer
NOJIb3YETCH aHAJOIHIHEIM NPHOOPOM B HCCAENOBAHUK BJIMAHHA NoJ-
3Y4eCTH Ha moTepro (ociabJ/leHHe, PeslaKCauuio) TpPeaBapHUTENLHOrO
Hanpaxeuus (puc. 116). IIpe GeTOHHBIE NPH3MBI pacHONAramTCd
BAOJL Taphl HATAHYTHX aPMAaTYPHBLIX TPOBOJIOK IO OAHY H APVIYIO
CTOPOHY OT HHMX, NpHYEM YCHJMS B IPOBOJOKAX lepemgarorcs Ha
upusmMsl. HanpsxeHHe B NMPOBOJOKAX ONpesne/sieTcsi U3 H3MepeHHS
COGCTBEHHBIX QACTOT MONepedHbix pudpauuii. [TonsyuecTs uamepser-
Cs ¢ NOMOIIBIO KOMIIapaTopOB.
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B ucCaenOBaHHM [OJ3y4ecTH H3Mepenne JAedopMaunui npes-
CTaBJjsleT CepbhesHyio npobaeMy He HOTOMY, ¥TO JJs 3TOr0 HeT HOX-
XORSIUEMX THIOB TEH3OMETPOB MM OHH He YAOBJECTBOPAIOT TpeBo-
BAHHAM 0[O CBOEMY KA4ECTBY, a4 NOTOMY, UTO 3TH AOPOTHE H YYB-
CTBHTEJBHEE NPUOOPH OYeHL TPYRHO YKPeNn:Th B. HENOABHKHOM
COCTOAHHH HA JIJUTENbHHIE CDOKH, HCUMCASIEMHE MeCHlaMH B
TOR4MH.

lilecTepeHOUHEH XOMIIAPAaTOp OJHOBPEMEHHO M OPOCT, H Helo-
pOT, HO NpH €rv HH3KOM KosddHuuenre MaciitaSHOTO YBEJHYeHHS
(100 uau 1 000) on Hyxpaerca B Soammux Haszax H3MepeHus. Bo-
o0Hle UM TOJL3YIOTCH, KOTZa toper oGpasna LocTyleH (NMpHGOPH
[oyarca u Beprbe). Msmepnureas medopmannii u auaatomerp co
IyNaMH MO3BOJSIOT CAeJaTh KoMmmapatop cMmeH#nM. [To TpamsiM

Noglunnap ongpros pagrna  Pacnopsn, rpedynpesdomunf noa- Enox dna namamenyn
dna Gemorroix 0bpasuod Bonoreil vaeuld Sempnroix 08pa3yol aprenyps
=

==

7
h’oﬂﬂapalﬂopq: s vameperur  Parnu 3exmpome2rumod HenocBurm=as oaapHan nnarsg
degaproyuu demona N8 UIMELRNUR Y81 MO dnn bemonninx Spycrod

Puc. 116. TlpnGop nasi MsYYEHHH BJAHSHHA NOJ3YYeCTH HA PeJaKCalHIoO Npeasa-
pHTE/IBHOrO HAupAxenus o NpuHuuny Joysmca, paspaGoraunmii JafopatopHeR
IapumcKoro HayuHo-HCCAEAOBATEBCKOIG HHCTATYTA CTPOMTEIBHON TEXHHKH

ofpasua GUKCHPYIOTCS KOHTAKTH € KaHaBxoll, a npucrnocobaenqie
¢ KomnapaTopom (C TpeaBapHTeJbHBIM MEXAHHUYECKHM YBeJjuue-
HUeM) [O3BOJser H3MEPSATH OTHOCHUTE/NbHHE TepeMeHleHUS 3TUX
KOHTAKTOB. JTOT IIpHEM, Re o6janawoumii <OBepIieHCTBOM, HO
oyenp YROGHHE M 3KOHOMHUHKI, Halle/q NpPHMeHeHHe Y MHOTHX 5KC+
nepumentaropop (liorpon, Pymy).

IDNEeKTPOTEH30METPH CONPOTHBJEHHA CTPAAAIOT CaAMH TNOJ3Y-
YeCTHIO, YTO fediaeT MX HENpHeMJEeMBIMH B U3VYEHWH MOASYYECTH.
OnTpueckoe yBeJHYEHHEe < TNOMOWIBI [OBODOTHOI0 3epKana ¢
yenexoMm. GuI0 WCNOJB30BAHO [ JI9HBU/JEM, HO OHO CONRAXKEHO
¢ MepaMH  npefocToOpoXaOocTH  (aGCOoMioTHAA  HeNoABHIKHOCTH
oOpasios), NPENATCIBYIOMMME HaliTh eMy UWMPOKOe pacupocrpa-
HeHHe,

MeTon, KOTODHIM ME TOnb3yeMcs yxe 20 jeT u KOTODHi HaM
KaXeTCH caMbiM yAOOHBIM,— 3TO MeToA BWGpHpYylouel crpyHH [59]
CTajsbHble KOHTAKTH (GUKCHPYIOTCS HA TIOBEPXHOCTH, MEXIY HHMH
HATATHBAIOTCA CraJbHble TPOBCJOKH (CTpyHH ¢oprenbsano). Hi-
MEHEHHS UYaCTOTHl IHONEePeYHHX KojefaHui ¢ GOJbIOH TOYHOCTHIO
BOCNPOU3BONAT U3MEHEHHS NJIMHEl CTPYHE. 3DTO XOpOLIO M3BECTHHIH
cnoco6 crpyd Koiina (Coyne).
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TMoasyuecTs NpH AJHTEALHOM CKATHH

dakTopaMH, BJIHAIOWMAMH Ha TedeHHe 3TOTNC Npollecca, 4B-
JSI0TCH:

JJAMTEbHOCTh JEHCTBHS HaTPY3KH;

BEJIHUHHA HarPysKH;

Bo3pacr ofpasina B MOMEHT 3arpyKeHHd;

PeXUM BHINEDKHBAHHSA;

cocTaB GeToHa;

ofbeM HCOBEITYeMOro obpasua.

PaccmorpuM cHavana no fIOpAAKy nepeuucieHHble GakTopH, a
3aTeM YCTaHOBHM H OCTAaJIbHEE.

JdIBTEeNbHOOTL JeHCTBHSA HAPPY3KH

Mmu 3aliMmeMcs Teniepb TONBKO «MJMTeNbHOH» gedopmalyes, 06-
HapyXuBaWIIEACH JKIUL CTYCTa 1 gac (MR ACEb, MO OUPEAeIeHHIO
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Puc. 117. TlonayvecTh NpH AJHTENSHOM CXKATHH, BAMAHHE MPOAOA-
KUTENBHOCTH ReHeTBUs Harpyskd, Pesyiabrate npoussenennux Jla-
KaMio HCNBITAHME OeroHa (UMAMHADHYECKHEe OOPAa3UW JAHAMETPOM
9 ¢m), sarpyxenuoro B Bospacte 30 J[AHel ¢ HaIpsOKeHHeM
126 kefcu®; BO3AyIIHOE XpaHenHe npu Baawrocty 75%. Pacxox
meMeHTa 350 kefcmd c samoaHETENAMH H3 (. Cedpt

NPYrUX ABTOPOB) [OCJEe 3aTpyXeHud, 4ToOB OTJIHYHTL €€ OT NOJY-
9eHHEIX PaHee GBICTPO HapacTawoWHX AedopManui.

M3 uMeomuxca 3KCNePUMEHTAJNBHBX HCCASTIOBAHKN TIOA3YFeCTR
OCTAHOBUMCSH HA OJHOM, BRINOJHEHHOM JlexaMIo B NapHXCKO#A Ja-
6oparopun {59). Llununapuueckuii ofpasen fuaMerpoM 9 cm u3 Ge-
TOHa, coxepxasuero 350 xe/x® nopTaaHi-LEMeHTa, HCOHTHBAJICA
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B BospacTe 30 OHeit B aTmocthepe ¢ OTHOCHTEJBHOH BJ2KHOCTHIO
75% non Harpy3xoi 126 ke/cm?. PesynbTaThl HODHITAHMA NPEACTaB-
JIEHH B BHJAe rpagpuxa Hapacrauus JedbopManuyd ma puc. 117. Mu
BH/IMM, 9T0 OPAMHATH 3TOH XPHUBOH NPHOAMKAIOTCA AaCHMIITOTH-
YeCKH K HEKOTOPOMY MaXCHMalnbHOMY 3Hauewuio 4,. Jdas Toro
4T06H YeTKO BHABHTL 3TOT HpefeJi, BRIFOMHO NPHHATH A9 2a0CLIHCC
Jgorapudmuueckyio wkany (puc. 118). Hapacranue nedopmainuy,
KaK BHAHO Ha 3TOM BTOPOM TIpaduKe, NpeKpPallaeTcq 10 HCTEYCHHH
npubausurensio 800 auef; BesuudHa XKe A, onpejeasercss 3Aech
6oJiee YETKO.
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Puc. 118, Pesynbrarm ucnuitanufi (puc. 117), HaHeceHHHE B CceTKe
KQOpAHKAT ¢ JOrapudMHuecKoil wWKanod no ocy abcuuce

Ecay 6n MBl NONBTAJMMCh BEIPA3UTh 3Ty KDPHUBYIO IMIRpHYE-
ckokt dopmysolt, To, NoxKamsyH, CaMHM YAaUHBIM pellleHueM GHLIO
65 IpUAATL eH BUJ

A=A, (1 —e ™,
rae ¢ — Bpems;
K — nocrosiRas.
31y OopMYNy MOMXHO NPEeiCTABUTH ellle M HHAUe:

—Kt
(A,~A)=4,e" ",
T. . B BMJE HETerpaJsa OCHOBHOrCc IHOp¢epeHINaNbHOTO YPaBHEHKA

dh
Ly =K@y,

3to 3HauuT, yro HapacTanue JedopMalluM 3a ONpeNeJeHHbIH
NPOMEXYTOK BPEMEHH ROKHO OblA0 OB OBITh IPOMOPUHCHAJIBHO
nedhopMauyy, KOTOpoil MpPeACTOHT OCYLIECTBHTLCH B JajbHEHIIEM.
Bass sorapudmel ot o60HX WIEHOB UCXOAHOH (DYHKIMH, HOJYYUM

InA, —In(A, —A) =Kt

He mpensapsst pesynbraTa, HaHeceM 3HadeHHs A, — A o ocH ©Op-
auHaT B JorapHdmugeckodr wkame (puc. 119). OueBnano, uTo MBI
He moayunM npsiMoi. Kosdpunuent K — sennunya, ofpaTHasn Bsis-
KOCTH, YMeHslllaeTcs ¢ BospactoM GeroHa. Ecom a-—Bospacr o6-
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paslla B MOMEHT 3arpyxeHus, To uaMerenusd K NO/KHBL GHTh QyH-
Kuuei a+1£. )
IMpuMmem na8 kosthobuuredra K, BXOASMUEro B OCHOBHOe aH(ibe-
peHNHAaNbHOE YPaBHEeHHe, 3HaUeHHe'
K,

,
K= +¢ + K.
Torga »T0 ypaBHeHHe MOAYYHT BHA
dd Ky
L=, — A)(Ma s Kz) :
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Puc. 119. Peayavrare ucnutTanuit (pse. 117), Hanecenuwle
B CETKE KOOPARHAT ¢ JAOrapHMHUECKO# IUKA/0# M0 OCH
opauBat

Hurerpupopanue ero gaer

(A, —A) =1In4, — &K ln 2L gt

B ueqsnix NpoBepKkH HaHeceM IO OCAM NPAMOYTOJLHOH CHCTEMB
KOODIHHAT C JOTapHpMHUUECKMMH INKAJaMH 3HayeHug A4, — A 4

—-—«_—.“1“‘ {puc. 120). Mp Buanm, uto npH sHauennsx K;=0,72,

Ky=0,08 cooTBeTCTBHE NOAYYAeTCHd YAOBACTBOPATEJbHEIM H 9YTO
3aMerHoe 3aMedJedne Jepopmannu orMeuaercs nocae 750 mucft
NEeACTBUS HATPY3KH. YKaKeM elle, 4TO BLIBENEHHYIO HaMHu (GopMyny
MOJKHO 3aIIHCATh H B TAKOM BHJE:

—(K.m ":‘+J<,z]

=4,[l—e 1.
Koneuno, ona aAB/sieTcst 5MUMPHUECKOR.

} Kosdhpsmenty X MOXHO Onsio €W NPHMHCATH 3HAUEHHE, 3apucAllee OT
MEXaHHYECKOTO CONPOTHBJEHHS B onpegesedHblil MoMeHT. ToabKO 3a OTCYTCTBHEM
TOMHOH BEJIMYHHBE! 3TOI'G CONPOTHB/IEHHA MH HE CMOLVIH CAelaTh NPOBEPKY.
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Ha puc. 121 BocnpousBeses NpuMep, 3aHMCTBOBAHHBIN U3 pa-
Gorel P. Ilseuca-I'. aruca [21], 8 koropoit mas omnoro W TOro
Xe GeTOHA NOA ABYMS PASTHUHBIMH HarPy3KaMH fIONY4HAHCL NOYCH
onuHaKoBble Kospouuuentnl K; m Ko Ha xpusoit (pme. 122), no-
CTPOGHHBIN N0 pe3yabTaTaM [JHBAANA, B' ABYX cayuasax mas Ky,

o 1ac —
5dried |
1000 Igdrietf
S
N
N> Hdwed
AN M
\Lo{tlﬂﬁﬁeu lg (b7 0)= | 1
IV, Hg b 6,105
? & ~ T ’
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é J > ~ \\ 4
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T lgdph, lg—a Mt \\\
g 00 lr S000u1e0 ~ —
g [ AV N I
8 ! 75060y .
g N N
o +— Ay, 1
QK =077 — i
' \
& =008 | A
|
" 1000 dred || J
/ i g
Inavenus ”—a*{ ors a =30
Pue. 120, Pesyapratal uennrtanuil (puc. 117) » gorapudmudeckaif cu-
cTeMe KoOpauuaT A% Bp—A8 M _L(r__ fIe @ — BO3PacT aarpyxke-

HHS B OuAx. 1o DO3AuHeHHM HCIPABJIEHUSM asroga: K,=0,00077,
pMmecto Koe=0,08 (cm. Ann, Inst. Bat Ne 123/124).

HaxOAMTCH 3Hayenue, Guauskoe K 0,62; uto Kacaercsd Ko TO yCTaHO-
BHTH AJS HEro TOUHOE 3HaueHMe 0Ka3aJ0Ch HEBO3MOXKHHIM, 110-BY-
JIBMOMY, OHO 6ausxo K 0,3.

HOaa Beex stux GeroHOB Koodhduuumenr K, H3MeHSeTCs Majto, Ho-
CKOJMBKY OH oOcraeTci Bcerpa OGnuskum X 0,65. Onpepeserue erg,
BNIPOUEM, He NIPeACTABJSET TPYIHOCTEH, TaK KAaK TOYKH JIO¥aDcHd
6e3 pasbpoca. Koadduumenr xe K, BLIUHCIUTL TPyAHee, TAK KaK
OH CBA3aH < PasHOCTAMH HedopMauyil, KOTOpHE CTAHOBATCH MaJbi-
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MY ¥ HEUeTKMMH B CTafuy, npegBapsioileli cTabuausandio gedop-
Manuuh.

Puc. 123 posspamaer Hac K uenurawuaM Jlexamio [59), Brmoa-
HeHRHIM Ha TOM CaMOM 6eTOHe, KOTODHI Haxoauicsa B JaG0PaTopun
nox Harpyskont 1200 gueit.
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Puc, 123. Bousume Aquteasnoctd feferpus uarpysgu (peayabTaTsl HCMBITaHHA

JlexaMio npu 3arpyxeHRH OeToOH2 B BO3PACTe 1 MECAlla HAMPAMEHHAMY Da3jany-
HON WHTeHCHBHOCTA (BA2xnocTs 75%). Ilo nosfwefiuikM HCIpaBAeHUSM asTopa:

K;=0,70, K;=0,00047 (sBepxy cupasa pucynxa). K;=0865, Bmecto 0,63—0,67;
K3=0,0014, smecro K,=0,26—0,30.

Pa6oune HanpsKeHNA ¢ Havaja HCMHTANMA BHPaxKaJHCh BEJH-
aupamum 197; 157; 118; 78,5; 39,5 xe/cm?® Oup nocreneHHO CHUKE-
JWCh MMOJ BO3AEHCTBHeM YCAAKU H B pedyibTaTe CBA3aHHOIOC HEIO
ocnalsennd npyxuaH, HecMoTps mHa STO KpHBHe, NOCTPOEHHHE B
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a+¢
kKoopauHarax In(A, —A) u In( - ),npexpacao OTPaxarwT HB-
JIEHHS!; NPSMOJHHEHHEE yyacTKM KDPHMBHIX NOUYTH NapaiienbHb; K,
u3Menserca B npemenax 0,72—0,75, 1. e. pasen B cpenneM 0,73;
K; — B npenenax 0,26—0,30, 1. e. pasen B cpenuem 0,28. Ilocrosn-
s#inie K; 1 K, T0-BHAMMOMY, COBEPILEHHO HE 3aBHCAT OT BeJHUHHBL

8 (/)

(DA 8 nurponax wa memg
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=}

H=078
=0 1Y
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1 o 10 20

a

Puc. 124, Bymsinue RAHTEABHOCTH 3arpy»eHAs (pesysbTaThl MUcnbiTaHuil Jlexamio

APH 3arpysKeHHn GeToHa HanpskenueM 126 xefcm? B Bospacte | mecsaua n 9 Mme-

canes)..lJo nospueitmium wenpasnenuam aptopa: K,=0,75, K;=0,00043 (Beepxy
cnpaea puceyrka). K;=0,80, smecto 0,78; K;=0,0005, Bmecro~0,14

HATPY3KH [Af ONPEREJEHHOTO OG€TOHA, BIpOYEM, NPH MOCTOSHCTBE
BCEX MIPOYHX YCAOBHH.

C TeM UYTOOH H3YUNTh BJHUAHHE BO3PACTA 3ArPYXKEHMS, pac-
CMOTPHM GeToH, HCOOAb30BaHHHH Jlexamio. Ogma rpymna o6pas-
HOB M3 Hero Omlia 3arpyxesa B Bospacre 30 agedt, apyraa — B
Bo3pacre 9 MecsiueB. [locTpoeHne 3MIAPHYECKHX KPHBRIX B TOM Ke
JAorapuMUUECKOd CHCTéMe KOOPAMHAT TIPHBENO K AHATPaMMeE

248



puc. 124, rne reopManHM OTCUUTHBAJIHCH, HauMHas C KOHUA rep-
BOI'O IHA [AeficTBUA Harpysku. I paduk mo3BoJifeT KOHCTATHPOBATH
NprOIH3UTENBHOE [TOCTOSHCTBO 3HaueHUH Koabtuuuenrta K, Gaus-
koro K 0,78, u 6iu3koe K 0,16 3HaueHne Gosee TPyAHO onpeiesu-
Moro xo3¢duurenta Ky Ha sToM ocHOBaHum ME BIpaBe yTBep-
XJAaTb, 9TO 3HayenHe K, BepOsATHO, He 3aBUCHT OT BO3DacTa, B OT-
HOINEHUH XKe Ky 9Ty TUNOTe3y HYXKHO ellle NPOBEPHTb. Licju MH ee
TpHMeM, TO IJHTeJbHOe TeueHHe NaHHOTO THIA DeTOHa MOXHO 6y-
JeT NPeACTaBHTb OKOHYaTeJbHO BBHIPAXKEHHEM BHAA

%=(AM”A)[a§!t +K%]’

rie K| u K — mocrosnHhle XapaKTepHCTHKY ZaHHOTO OeTOHa, a Bhl-.

paxedue ?}L?” + K. npexcrapiaser cobok Besuyuny, obparsyio-

K03t puniMeHTyY BA3KOCTH, MJIH DPeACTABAMIOIIYI0 KOy(phuUMeHT Te-

Ky4ecTH, yMeHbliamomuica ¢ poapactrom Oerona (a-+f). Uepes A

K A, ofo3sHaueHpl 3j1ech JIOJHHE Ae(QOpPMallHH (C  BKIIOYEHHEM

ycankHu), OTMEUEHHAlE 332 TOT Ke CPOK HCIBITAHHA. 1
Mu TosiaraeM, 4To CAeAyeT pasanuarbh dedopmayuro Gaurens-

Kyt ¥ ObleTpo nporekaiowjyro Oepopmayuio OT 3ATPYXKEHHH, NJiA

MOMEHTa 3aBepUICHHsT KOTOpPOH MBI (GHKCHPOBAJAH YCAOBHO CPOK B

1 gac u KoTOpylo MB 0Go3HayuM yepe3 4, Toraa noiwxas AJaATEND-

Haf gedopManud BbIPasSHTCR CYMMOH

a

Ay=A48=A7+(4,—48)[1—e }-

[Tonpaska A, NIpUHEMAaeT CVIIECTBEHHO BaxKHOe 3HAUeHHE, ecaH
: Y
6eToH 3arpymKaercs B pPaHHEM BO3pacTe.

'-(K, ;nii._t.,.+x9;)

BenuuuHa HAarpyski

Hexoroprte asrope (Iosusuane [44], Jlepmur, Hoysnc [26])
YTBEPKIAIOT, 4TO OKOHUATENLHAN BeJMuuHA AehOpPMAUWH IO HCTE-
UeHHKM [POJOJKHTENBHOTO TIPOIEecca TOJA3YYECTH MPOIGPUHOHAIbHA
Harpyske, Apyrue, -— Kak §yATo, yBepeHnl B 0OPATHOM.

LISt BHIACHEHHS STOrQ BOMPOCA MKW HAHEC)M 3HAUEHHS 10,13yye-
CrH ¢ rpaduxa Ha puc. 123 B QYHKIUMR HATPY30K AN pasyHuHOH
JUIMTENLHOCTH 32rpy:KeHHd, 3aMeTHM, 4TO 3JeCb MMEeeTcs B BHAY
noJjiHas JaedopManus ¢ BK/IIOUEHHEM yCaIKH. Pe3yibTaTl NOCTpOEs
HUS NpuBefeHw Ha puc. 125,

Tlonras medopMauusa, Xxax BUAMM, NMPONOPUHOHANLHA HArPy3Ke,
KOTAJ NOCJAeIHSAS CTAHOBUTCH 3HAUUTENHbHOH; HAUPOTHB, IPH MAaJHX
Harpyskax oHa UpudOaMIKaeTcs o CBOeMY 3HAUEHHIO K YCajke,
UnpiMU C/I0BaMH, KPUBHE JAehOPMaIHHE HUMEIT CBOHM HAYaOM 3Ha-
YEeHUS YCARKH {IPK HYJIeBOf HAarpyske, a 3aTeM CTPEeMATCH aCHMILTO-
THYECKH 3dHATH TOJOMEHME NPSIMOH, NPOXOAsUIeH uyepes HauaJo,
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Puc. 125, TloaszyuecTh NpH IAHTETBHOM CciKaThH. Buusduue

BenHUBhH Harpyzgu., IlodHas naacTHyeckas JedopMauus

B QYBKUKNM HaArpysk# AAR GeTOHA PAa3iMuHBIX BO3PACTOB

(Heenefiopan ToT e GeTOH, uT0 M B HCIOBITRHMH, DPe3yilb-
TATH KOTOPOro NPHBeJeHH Ha pue. 122)
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Puc. 126, TlonsyuecTb HACTOrO HCMEHT~

HOro kamHsl (MOPTAaHA-IeMeHT), 3a-

IPYMXEHHOro B Bospacre 7 CYTOK M BbI-

JEPKARHOTO npu OTHOCHTENBHOH

BNaXHOCTH Bo3ayxa 50% (peayasra-
TH HCTHTaHKil JixaHnrpexo)
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(HyneBas ycamka). SIBieHHS [ON3yUeCTH M YCAAKH COUETAIOTCS, HO
KOJIHYeCTBEHHBIE NMOKa3aTend NX He aamutusH. Jxaurpeko (cm.
cTp. 238) npoBen HAGMIOJEHAS HaM NOJ3YIECTHI0 B UUCTOM WUEMENT-
HOM KaMHe lp# cpokax go 50 gueit (puc. 126). ITosnpe medopma-
UHH (C yueToM ycaaxh) OOHApYKHUIH CBOf 4YETKO BBIPaXKeHHBIH JId-
HefHBEII XapaKTep MOBCIOAY 3a HCKMOYedAueM 0071acrH, TOe Hanps-
XeHns ObM Huxe 25 K2/cm? M rae MO BHIPAXKEHHK) ABTOPa OHH
CTAHOBATCSl HEonpeAeneHHAMY, TOCKOJIbKY COBNAZAIOT B HOpsAKe
BesnuuH ¢ AedopmaunaMu ycaggu (npx 509% BaaxHOCTH).
Fasgsuaas yxasmBaer, uTo AedopManin (32 BLNETOM YCANKH)
NpPONOPUUHAJbHE 0 HCTEYeHHH TOJA Harpyske, HO 5TH Pe3yJbTaTh
{cM. crp. 230), no-BuauMOMY, He NIPOTHBODEYAT 1O CYINECTBY TOMY,
410 Morja OHl NaTb KpuBas Ha puc. 125 gas 1000 nuedt, ecnn 6m
Mbi nposeny M3 A NPAMYIo depes TOUKH, HANPABAKIOUIHECH B CTO-
pony B. [Ilockosisky aBTop TIPHMEHS] HArpy3KH He cCBBUIe
100 k2/cu?, pacxoxaeHue Mexay KPUBOK H NPAMOH elBa YJIOBUMO,

Bospacr 6eToHa B MOMENT 3arpyXeHus H

IKcnepHMEHTa/bHBI Marepuad, OTHOCAWHACS K OLUEHKe BJIHS-
#us GOJBIIMX PasiiMukil B Bo3pacre, XoBoabHO Gemen. He kacasces
KDHBOI DOJI3YHeCTH B €€ aHAJAMTHYECKOM BHPAXKEHHH, NPHBEAEM
HHXe HecKOJbKO OTHOLIEHNH NMOJ3yYecTH NDH 3HAYHTEJNbHRIX BO3Da- “";‘i
€TaX, OTCYUUTHIBAEMHX OT AATH HAYaja 3arpyXemui. DTH 0THOIE-
HHA JaloTcs [0 cxeme

BO3pacr 3arpyxenus | ronsysects (m nHel)
BO3PACT 3arpyKeHHa 2 nosxsdyyects (7 IHeR)

Uucno n Gepercs B MCHHTAHHAX IO BO3MOXKHOCTH GOJABIIHM.
B yKasauHeix pesyjpTartax yureHa YyCajka; COOGIIANOTCA PpeXuM
BBUAEPIKUBAHUA M HANDAKEHHS. -

Mo Hssncy (34 roma)

|
2 a (28 nuei)
T B kezjcu ~2 (90 xiieh)
, 48 1,13
Bo:myx 70% 72 1:23
48 1,75
Bozna 72 1,60
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Mo Jexamso (nabopatopus [lapmicxoro HUUC — 4 roza)

|
e’ i a(28)
Bosnyx 75% T=126 wzjcu ‘F STy = 2.10
\
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Bos 75 T =42 x2fcmu? J_(_.._ —
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Bospacm sazpymenus 6 dnax

Puc. 127. Tlonsyvecrs npu AanresbHOM cKaTHA, Baus-

Rue Boapacta sarpyxenus. [losHas oKoHuaTeqbHas

non3yyects  (pesyapTaThl  MCOBITAMHE, ADOBEHEHNHX
NATHIO PANMUHEIME ABTOPAMH)

Ha puc. 127 naHeceHn OTHOLIeHHs MeXAYy OKOHYATeNbHOH &e-
dopManueit Nocae 3arPyXeHus B BO3pacTe (@) M OKOUMATEJIbHOH

e =7 . Aale Touk \
JedopManueit ana a=7 aHAM: FaT)" OUKH, KaK BUIWM, JOXKAT-

CA NOBOABHO TNAAKO, HO OBLIC OH CaMOHANCSHHLIM I&1aThb OTCIONA
Kakue-Au6o TeoperHueckue 3zakgawoyenud. Ilogarawor poobute, yro
noJHast peopMauis oA3ydecTd o6paTHO NPONOPLHOHANIbLHA MeXa-
Huqeckofl npounocTd GeToHa B MOMeHT 3arpywxenus [41], ®Ho sTO
ellle NaJIeKo He MOKA3aHO, ¥ HHA OJHOI'O CEpPLE3HOrD CHCTeMaTHue-
CKOro HCCHOeAOBAHHA HO 3TOMY BOIPOCY A0 CHX MOP He omy$/JaHKo-
BaHQ,
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PexuMm BoliepKUBAHHSA

JI3BHCY mMepBOMY YAan0Ch BHISCHHTHL GOJILINOE BAHAHHE Ha TOJ-
3yyecTb BJAXKHOCTH cpefrl. Ha OGHIKHOBEHHOM OeTOHe, 3arpyKeH-
HOM B BO3pacTe 28 Ineil HanpakeHreM 65 rxz/cM2, no HCTEUEHHA
4/, ner uM GHIM TIOJYUEHH! CJAeXYIOUWME 3HAYeHHS [OJ3Y4ecTH.

Noauas Yeanxat Butuncreneag
O‘IHOCKTQJTBHQK BAAKNOCTE B % nunayqec:rh Gea Hﬂl‘pY{SKK NOR3YUECTL
B pfa 8 iim B pla
Boma ., . . ... ... ... ... 180 —120 200
Bosmyx 90% . . . . . . .. Ce .- 250 —100 240
s 0% ... oL, 1 450 750 1460
» 0% .. ... ... .. 2100 1200 2100
|

Kak BugnHO #3 Tabamne!, NOJN3yIecTh B BOAE NOSYUaeTCA 3HAUH-
TeJbHO MEeHbIUeH, ueM B CYyXOM Bo3nyxe (MeHee l/yq).

Ta6anma NOATBEPXKMAeT TAKKe MNPAMYI0 B3auMO3aBHCHMOCTD,
UM TI0 KpaiiHell Mepe KOppeNsAUHIo, MeXIy IN0J3ydecThio H yCaa-
ko, Hamu 6uio npensioxero {cm. crp. 108) csa3ars 06a 5TH npo-
necca bopMyroi

]

rae A_,— TNOJN3y4eCTh [IPH OTCYTCTBHH YCALKH,
 — nocToAHHAs, 3aBUCAULAA OT CBOUCTB GeTqHa;
Ar, — reoperuvecxas ycaaxa Ajf OTHOCHTEJLHOR BAAKHOCTH,
paBHO# HYJIO;
A, — dpaxTHdecKas ycaixa NpH NAHHOH BJaXKHOCTH.
370 BHpaXKeHHe J/HHeNHO OTHOCHTENbHO BAZXKHOCTH O, no-
CKOJLKY JIMHEHHOH B 3TOM CMHECJE ﬁBJIer’lA\Ei‘,H H ycaaxka. PesyJb-

TaThl BBIUHCACHHA AT A, ==390-107°5, - H Q%ﬂ'f-zl,ﬂ npy-
%o

BeAeHr B ueTBeproM crosbue tabauun. CoBnajeHHe ONBITHEX H
pacueTHHIX pEe3YJLTATOB INpPeBOCXOJHOe; NOATBepxpaercs 10-xpar-
HOE YBeJHYEHHE IOI3YYeCTH B CYXOM BO3ayxe (OTHOCHTEJbHaA
BaaxHOCTs 50%) o CpaBHEHHIO C TOJ3YYIECTHhIO B BOAE.

J s BLIACHEHHS BJAHSHHS BJIA’KHOCTH CPeRBl HMeeTCs MaJjo Toy-
HO NOCTABJEHHBIX 3KCHEPHMEHTOB. I I3HBUMIb BHAepXKHUBaj GeToH
B BO3AyXe ¢BOEH /al0paTOpHH M YBJAXKHAM HEKOTOPhe 0Gpasilhl
cMouenHoit AeHTol. JI0TpoH passudaer B 3TOM CMHECJE BJAXKHHI
BOBAYX H CyXoHl BO3RYX, yKasusad, 4TO BO BTOpofi cpene aedop-
MaIHu NOoJaywaloTcs B 4 pasa OOJAbIIMMH, deM B nepsoH. Muoro,
OnKakKo, octaercd c¢feaarb, YTOSH YTOUHHTHL 3TOT BOIIpOC.

Jlo cBX NOp MK MIMHODEPOBZJH B HaWIKX PAOCYXIEHHAX 3Have-

1 Hasn GetoHa 3TH 3HAYeHHH YCankn NpescTaBIATCd HECKONbKO 3aBhillleH-
HRIMH, MAH X, OAHAKO, NMPHBOAWM, KAK OHU VYKasaHel ABTOPOM,
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Hye NpeABapUTENBHOro BaigepxuBanud. Ho [ssuc moxasan, uro
BhIAEDKVBAHME B BONE JO MO.MEHTA 3aTPYXeHUsi CNOCOGHO DPE3KO
CHH3HTh NocAeAylomyo yeanky. Ecmm ofpasen BHaepxuBaTts 28
IHel B BOJXE, a He B cyXOM (c BjaxHoctbio 50%) Bo3myxe, TO ion-
3y4ecTh 3a BHIUETOM YyCaAKy CHWXKaeTcs Ha 350-% nenb ¢ 550 no
175 u/x. Ecnu ciopa NPUCOEIUHKTL BEPOSITHOE BAMSIHKE YCANKH,
TO Pa3sKHila OCTAHETCs elle 3HAYATEABHON. MB MOXeM ONBITHHM
nyTeM ONPeREANTL NMPOYHOCTE R Ha CMATHE X MOMEHTY 3arpyxe-
HHSl ¥ BBECTH INONDABOYHHIA W/EH B NPHBEAEHHYW BHIIE 3MIHDPH-
D

. HeCKYI0 QopMymRy: .
=7 dm(1+ Q).

rre D — gonosHuTeNyHAas MOCTOAHHAS, Xapakrepusyiomas CBo#-
crBa npuHATOTO Gerona.

Mu nocrynmunn 6w elte Jyuie, ecnH Obl 3aMeHHJAM OTHOILEHHe
D/R uexoropoll, nognexamell onpesenenuo Qyaxuuei or R, T. e.
f(R), nmu xe ¢dyHKuMel TPOAOKHTENLHOCTH BHILEPKHBAHHS B
cpejle C OTHOCHTENbHOM BiaskHocreld ¢, T. e. P(0, ). Ho y Hac
HeT NMOKa HWKAKUX JAHHBIX, KOTOpPHEE IIO3BOJMJAR OBl YCTAHOBUTD
bopMy sTOofl OYHKWNHA.

Hopefunwe ucnwitanast CuMena [105] nocbalieHn BONpocy o
BJAHSHUH TNpeABApUTEeNbHON o6paborky GeroHa mapoM, ABTOKJAB-
Has 3anapka npy 180° moj paBjeHHEM CHHKAET BeJMYHHY MOLYJA
yapyrocty Getona Ha 30Y% no CpapHeHmIO ¢ GETOHOM, 3aTBEPHEB-
waM npu BaaxHocrd 30%. Ho B 70-qHeBnoM Bo3pacre IoJI3YuecThb
4BTOKJABHOrO OeTOHA COCTARJSET NPHOIU3HTENABHO /4 KOHTPOJb-
Hoii ungppel. Ceepx TOro, NOJA3YUeCTh aBTOKJIABHOTO 0eToHa Kak
6yaro oueHs OblcTpo crabuamsupyercs (npuGaasuredpro K 30-
NHCBHOMY CPOKY). Ecau npuGePrHYTh X KpeMHe3eMHO-H3BeCTKOBOK
peakuuy (BBeXeHHe TOHKO Pa3MOJOTOrO NecKa), IKOJA3YYecThb nociae
aBTOKJIABHON 0OpaboTKH majgaeT A0 HHYTOXKHOH BeaHUHHH 50 - 1078
K 90-mHeBHOMY BO3pacTy, ocTaBasdch yxe ¢ 10-To [HA NPaKTHYECKH
nocrosivHofl. TaKOMY JKe CHHXKEHHIO NOABepraercs H ycaloyHan
AedopManHs; BEPOSITHO, 3TO CBS33aHO CO CTPYKTYpOR THADATOB.

Conutemes: B TOATBEDKJAEHHE CKA3aHHONO HAa OPHTHHAABHYIO
crateio Pocca !, npepnaramolinero NoIBepruyTs OeroH IO 3arpyxe-
HHST TepMuyeckKoll o6pafoTke HJIH Ke BaKyyMHOH cylUlke, ¢ TeM
4TO0Bl BEI3BATH ©r0 BLICLIX2HHE,

Beemerne 06pasia K MOMEHTY 3arpyxeHus B 0ojee BAAKHYIO
aTMocthepy BHI3HIBaer ero HaGyXaHwe, KOMIEHCUDYIOIIEe, NO Kpai-
Hell Mepe OTYACTH, NOCAEAYIONIYIO MOJI3YUYRCTh.

Coctanp 6eToHa

Bananne cocraBa GeToHa usyuanoch dasucoM, I'ionpuaseM H
ap. I'paHy/soMeTpHYeCKHH COCTAB TaKie HIDAeT HEKOTOPYo POJb,
PaBHO KaK H BOIDUEMEHTHOE OTHOIUCHHE. Camoe Jyqniee, YyTo Mhl

1 A, D. Ross, Shrinkless and creepless concrete. Civ. Eng. Publ. Works
Rev, 1951, XI,
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MOXKEM CHreJiaTh, —3TO H3YMHTHL ONYONMUKOBAHHEe B HMeoileics
JIMTEPATYDE 3HAUSHHA MOJ3YYeCTH, OTMeUEEHEle MNoc/ie JJIHTeJbHOTO
BHAGPHUBAHHA 06DAIO0B.

[Tpocmorp oTHX KaHHBIX y6eXAaeT Hac B TOM, 9TO pe3yJbTaTH,
MOJNIyYeHHbIE PASMHIHBIMY aBTODaM¥, He IPOTHBOPEUAT ADPYT APYTy.
C yBenuueHWeM pacxXoAa LEMEHTa BCeMH OTMEUAeTCH CHHMKEHHe
MOJI3YYeCTH, KOTOPOe XOTSA H KOMIEHCHPYeTCS YBEeJHYEHHEM YCaXKH,
OIHAKO BCe e OCTaercs peaabHHIM (dakToM. C Apyrod CTGPOHH,
B BecbMa XKHPHHX DacTBOPaxX HaOmiofaercsi BO3pacTaHue MNoJs3yige-
CTH, u GecClopHo, 3HAUKTEIbHYIO NOJI3Yy4eCTh COHApPYXKHBAeT 4H-
CTHI UeMEHTHBI KaMéHb, DT0 KaK GyAT0 TOBOPHT © TOM, UTO BO3-
MO3KeH TaKolt cocraR §eTOHa, AJ8 KOTOPOTo NOJA3YyueCTh BHpaxaer-
Cs MHMAMaJbHOH Bejwunnod. s wero Hy>XHo noabupars 3anoa-
HHTEJb CNEIHaJbHOTO MUHEPAJbHONO COCTaBa (KBapl WM ILIOTHHIR
H3BEeCTHAK) M HA3HAUATE [JOCTATOUHO BLICOKHE pacXold IleMeHTa,
Pukcuposart, ero cefiuac xe O6rLIO GH, OAHAKO, HEOGOCHOBAHHO.
Moo MWL yrBEPXKIATh, YTO B HeM JAOKHH OHITh YYTEHH! Tpa-
HYJIOMETPHYECKHH COCT4R 3aNOJHUTE NS H npupoaa uemesra, OTme-
THM TaKKe, UT0o MOA3YyYecTh, TOYHO TaK XKe KaK H cBo6omHas ycal-
Ka, BOSpacTaeT BMecte ¢ BOJOUEMeHTHBIM OTHOUIEHHEM.

O6bem obGpasna

[Tonepeunbie pasMepnl 06pa3ila OKa3hBAKT 3aMeTHOe BJUNHHE:

Ha CKOPOCTL ycaiku 6es Harpy3KH H, BEPOSTHO, Ha OKOHUATeJbHYIO
ee pegHIuHy. ITockosbKy NMof3yuects OGHapYXKHBAeT KOPpEJsUMOH-
HYI0 CBf3b ¢ YCaAKOM, BEDOSITHO, UTO H OHA TaKXe 3aBHCHT OT pas-
MepOB HCHHTYyeMOro ofpasua.

Hcenmranus Hssuca obuapyxuad no ucreuenun 500-mHeBHOrO
CPOKa, 4TO ¢ YBEJHYeHHeM pasMepon 006pa3sna noa3yyeCTs YMeHb-
Iaercsl, X XOTA ME HE 3HAeM B TOYHOCTH, Kakas YacTh 3Aech NpH-
XONMTCST HA YCaAXy, KOTOPYIO OH HCKJIOYUMJI U3 3HaYCHHH, MpHBe-
MEHHBIX B CBOEH pafoTe, Mbl 3aMeUaeM BCe XKe CHHXKEHHe TNoj3yye-
CTH ¢ YBe/JHueHHeM pasMepos 06pasua. Ha 500-e cyrku ucnmTa-
HHSI HUAXHADA JuaMeTpoM 15 cm ToN3yuecTh BHIpAsusach BesjHuH-
#oit 270 w/m, uunuHnpa AuamerpoMm 20 cu — BeuauuuHOH 245 p/m
M muaEHApa auaMmerpoM 25 cu — 170 p/M. Ho amu  pasaxuus
CMATYAIOTCSH, Halo ILyMaTb, ¢ TedeHHeM BPEMEHM, NOCKOJbKY O6-
pasunl HawMeHblIero pHaMeTpa Kak Oynro crabmiIdsypyoTcs B
Bospacrte 600 nxHedt, Mexay Tem xax ofpasuw HamGOJbILEro -IHa-
Merpa X 3TCH Ke Hare oO0HAPYXKHBAIOT NadpHeHllee NPHpanIeHHE
NOJISY9eCTH CO cKOpocThio 6 p/fm 3a 100 muedt. CrpeMsTces Ju BCe
3TH BeJIMYHHBI NOA3y4eCTH K OJIHOMy H TOMY 2K€ OKOHUYATENLHOMY
3HayenHio? i TOro uToObl OTBETHTH H4 STOT BOTPGC, H3MepeHNd
cAeloBaso GH HNPOJO/KUTL 110 MeHblIeld Mepe Ha 10 Jner.

HaMepenns, BHIOJHeHHble B KOHCTPYKUMZX MacTa AHrepmana
B Canjo (Ilpemus), YKaswiBAWOT! Ha HaJHYHe B e€ro apke jaedop-

' CM. xypuan Betong (IlIseums), 1956, Ne 2, c¢tp. 78 u 79, puc. 39 n 40,
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Maiud NOA3YYeCTH, npoRomKailefica yxe camme 13 ser. 3nade-
HUS ee, OTHOCEHHHE K AJHNE NOpsAzKa 1 M, moxasaHw Ha puc. 128,
Beptbe ! mogyuus B naiueldl Jabopatopun B Kacabmanke na 50-#
aeHp Tog Hanpsokexwem 120 x2/cm? Ias 0OpasuOB, 3arpyMeHHEX
B 28-pHeBHOM po3pacte, nMossyuects 120 p/m pas npusme 17X
X 17 cm; 140 p/m — pas npusmel 15X 15 cm u 165 p/m gas npus-
MH 12X 12 cm, T. €. COOTHOIULEHHe MeXAY KPaHHUMH 3HaueHHSMH
pasno 1,26. Ha 90-it gens 3TO cODTHOLIEHHE CHH3WAOCL Ao 1,12,
NpHYEM BCe TpH KPHBHIE, KA3as0Ch, CTPEMHIHCh K COBIAMEHHIO.
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Puc. 128, PesyapTaThl H3MepeHHit NOJN3YYSCTH B €M, BHIIOJN-
HEHHBIX Ha Mocty Asrepmana B Cango (Isenus)

Mnui 1moxa3asH, 4To OKQHYATeAbHAs YCaJKa Majo 3&BUCHT OT
TEOMETDHUECKHX pPa3MePOB M UTO CKOPOCTh YCaAXH TEM MeHbile,
geM Gosbmie 3Tu pasmephl. Tak ke, BepOSITHO, OOGCTOHMT Jeao H ¢
NON3YHECTHIO, KOTOPad, KaK MH BMAeJY, CBS32aHa ¢ Yycauxofl mno
NPUIHHAM, KOTOPHIX MBl ellle He 3HaeM.

ITpo6reMa Ba¥SHHA MacliTala H3yIamach COBETCKUMH yYeHH-
Mu 2, TIpu3MHl, H3 KOTOPHIX HaHGOBLIAS IO CBOMM JHHEHHHM pas-
MepaM B 8 pas npeBHIANa HAMMEHLIIYIO, OBIIN 3arpYKEHB OJHO-
spemendo. [lox marpysxofi, cocrapasiBiiedi ToOBMHY paspyinao-
wed, NoJA3yYecTs [0 HMCTEYEHMH HECKOJILKHX JeT B HAHMeHBIIeM
ofipasue oxasanach npuGaH3HTeNEHO B 3 pasa Gonpllelt, ueM B Ha-
uGonpinem obpasie’,

BausdaHude pa3rpysky

- Ecau ofpasen, naxoaupnsiics B TeYeHMe HEKOTOPOTO BPeMeHi
nojl BO3AeHCTBHEM NOCTOSHHOH HarpyskH, pasrpysuTb, TO OoH oOHa-
PYyXUT MrHoBeHHVIO paedopMaiuHxr o6PATHOTO 3HAKAa H TaKyl Xe

! PaGora He onyGiMKOBaKa.

2 A. A Tsospes, Ioasyuects GeroHa K NyTa ee wccaenosawust, C6op-
uuvk HHHUTICa «Hccnenosanne mnpourocTd, NAACTHYHOCTH W NOJ3YYECTH CTPOH-
TEALHBIX MaTepHanomy, 1955,

% Peup wuger of skcnepuMenTaspuoit pabGore B. C. DBynraxkosa. Cw.
B, C. Byarakos, JKcHepUMEHTANkKHOE KHCCISHAOBAHHE BHELEHTPEHROro CXKa-
THA Xenesoberonnmx Saementor, 1951, (fIpux. nepeeod.).
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sedopmauno nocheneficrsmsa (cM. puc. 109). Bossparmas zedop-
Malus He sBASerca, TakuM ofpazoM, HeMelsedHOH Aedopmaumei:
ee <JIefyeT DACCMATPUBATE KAaK YIPYTro-BA3KYI0 AedopMalHIo.
Ha puc. 129 npeacrasiieHn pe3yJabTaThl KPAaTKOCPOUHOro Jagopa-
TOPHOTO UCHBITAHHA Ha [OJ3Y4eCTh WYHCTOrO IEMEHTHOro KaMm-
#s. O6pasew, 3arpyxeHduil Hanpsxennem 320 xe/cm? B 28-aHeB-
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Bpema § Fnuax

Puc. 129, Bausume paarpyskn. HucTwit lleMeHTHbIR KameHs ((PupMa
Jladapx), narpyaxa 320 x2fcM?, BLIASPKHBAHUE TPH OTHOCHTENBHOY
BAAKHOCTY Bosayxa 50%

HOM BO3pacTe, OHJ pasrTpPyXeH no HCTeuenun 2] XudA. Buina oTMe-
yeHa MTCHOBEHHAs ymapyrast AedopMands (1 gac), HECKOJIbLKO MEHb-
mas, yeM MrHOBenHas medopmatug npm sarpyske. B nasbpHeiiiem
Hafmoaa/c MeJIEeHBRIH BOSBpaAT, npojosxasumiica 6 nnelf, nocie
4ero Mpouece Hauas KJIOHMThCs K crabmiausaumud. [losmusit ympy-
THH BO3BpaT OKasaaca Ha I8Y% O66aLIIEM MTHOBEHHOTO BO3BpATA.
JAs  HeKOTODHIX, HCHHEITAHRHX B 3THX ycaosuax (T=120—
—180 k2/cm?) GeToHOB MH HallIM 3TO NpeBBILEHKE AAS BS3KO-
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ynpyroro Bo3BpaTa pasHEM 20—28Y% no ucreyenmu 1200 nued
3arpyxeHus. [Ipy MeHbINMX Harpyskax YyKajaHHHe LHGPH Kak
OYATO CHHKAEWTCA, ORHAKO HHKaKHX CHCTEMaTHueCKux Habuoxe-
Huli B 570ft 0GJACTH NPOBENEHO He OHJO.

Kak 6u To uu OHJIO, OUEBHAHO, 4T0 AehopMaunHusa nOCHeneil-
CTBUSA NpeACTaBasieT cO00M BeJMuUHY, NajeKo He NpeHeGpeKAMYIO.

1000 :

100

la (B A) 8 sunpanax na memp (/1)

0

5dned 10dres

Bpemsn 8 Gnax

vac Idenn” 2dms

Pyuc. 130. Bsasxo-ynpyruit sdgdexr nocaeieficTBus

A—ugeTHit  EMeHTHRR KaMénn roa HArpysxe# 300 xa2/ca?;
B--umcTHl  NCMeRTHHB KAMeRs 104  Harpyakoft 320 xzjca®:
C—6eroy noa narpyskofi 157 xafcm?®; D ~G6eton mnom Harpyskeh
157 Kz/cM®, MOTpYWeHHHR B Bogy mo ucredesdHd ! 200 2ded npe-
6mBasKs NON HATPYSXoR W 700 xameRt wa sosayxe Gea Harpyska

W Teneps HaM NpPeACTOHT JHUIUL VCTAHOBUTH €€ BS3KO-yNpyrMi xa-
pakrep. Ecan oHa aedcTBHTENbHO UM o6janaer, TO

A=A, (1 —e- ),
H TOrla
Ind,—In(a, —A) = Qt.

Ecan snauenns In(A,—A) ¥ ¢ HaHeCTH 10 OCAM CHCTEMB KOOP-
IHHAT, To Touku {(coorBercTBenyo gasa A, B, €) moaxHH 6yayr
Jeys Ha npsamylo. Puc. 130 noxasniBaeT, 9TO TAK WMEHHO H NOAY-
yaeTcs Aag ABYX o§pasnoB LEMeHTHOro KaMud M aisa GetoHa. Ko-
sppunnesT @ okasmBaeTca JexamuM B HHTeppane [,35—1.8
Ecnu yuecTs, 4TOo oTHocHTesnbHAs ocratouHas Zedopmanus 10-10-¢
npencrasiaser €ofoit mpened, OOYCJOBAEHHBIR TOYHOCTBIO IpUGO-
POB, TO MH Ha#xeM, uTO BA3KO-YAPYroe NOCAeleHCTBRE JOMKHO Npe-
KPaTHTLCA B MHTepBane 5—8 Cyrok.
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Yem Moxer Onlts Bhi3BaHO 3T0 nocaenelicrsue? BoaMoxHo,
HCNAPeHUeM BOALL B OKPYXKZKOMHMA BO3AYX (HO AJAS NOATBEDPKAEHAR
3TOro He ObIAO CAETAHO HUKAKHX BECOBBIX H3MepeHHH); BO3MOXKHO,
peakuHefi ynpyrofl CTPYKTYPH Ha BA3KYIO Cpely THAPaTH3HPOBAH-
HOTO LieMeHTa, BO3MOXKHO TakiKe, ABHXXKEHUeM BOXH! B KaNuaasfpax.
Of6mbsacHenre OcTaerca HalTH.

O6paruM, OZHAKO, BHUMAHHE HA TO, 4TO ecay¥ GETOH NOCJe pas-
IPY3KH BHIEDIKHUBATh B BOAe, TO oH Halyxaer Gosblue, yeM obpa-
3€l, BOBCE He NOABEpraBIniics Rarpyske M NOMelleHHHH B Te Xe
yeaopuda, Mer BHAKM, 410 HalyxadvHe B BOJe NOJYUaeTCa NpHMep-
Ho B 3 pasa GOsabliuM Ha ofpasue, Haxoaupwemcs: 1200 pHed nog
Harpyskoit 157 kefcm?, a aateM DA3TPYXKEHHOM M TIOTPYKESHHOM B
BOZY, YeM Ha KOHTPOJbHOM ofpa3ue, HOMSUIEHHOM B Ty e €pely

1008 T
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¥ ;
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Bpema 8 dnax

Pyc. 131, HaGyxaune nocae norpyxenuda B Bogy GeroHHeX 06paslop, HAXOAUB-
muxca nog Harpysko#i 1200 cyTox, a 3areM DPasTPYKEHABLIX (0o HCOLITZHHAM
Jlexamio y Jlepmnra)
6e3 HArDY3KH M 3aTéM OJHOBPEMEHHO C INIEDBBIM INTOIDPYIKEHRHOM, B
Boay (puc. 131). Hanmpamupaercs NOITOMY MeICHb, 4TO BOXA AOJIXK-

Ha UrpaTh 3HAYKTEJABHYIO POJb B MPOUECCE MON3YYECTH.

Ecnn 6eroH, UpUBEJAeHHKH B COCTOSHHE HACHILEHHS, MOMECTHTh
B BO3AYX, HArpy3uTb ero, 3areM PasTPy3uTb ¥ BHOBb NOMECTHTh
B BOAY, TO OH OKaeTcAd B KOHEYHOM HTOTe B TeX XKe YCJIOBHAX,
B KOTOPHIX OH OB M BHauaJje; IJacTdieckKas xedopMauus npH
TPOYRX PAaBHBIX YCNOBHAX HOJXKHa ObITL OCTATOUHOH AedopMalmesn
Npy MNOTPYXKEeHWKH B BOAy ¥ nocje crabuansamuu. Puc. 132 mepe-
Jaer 3TOT MNpoLecc, a OKoHuaTenbHble JedopMalud, HaHeCeHHHE B
GyHKUMM Barpyaok Ha puc. 133, nawoT HaM HX 3HaYeHUA K KOHUY
6-neTHero MCNBITAHHS M NOTPYKEHHS B BOZY. M 3aMeuaeM, uro
OHH NPONOPLUHOHAJBHE HATDY3KaM, OAHAKO JHUIIL B ONpPeReJeHHOM
HHTepBaJse, 60 KpHBHE He TIPOXOAAT 4epe3 Hauajo, a NPHHHMAIT
npu NpwOAHKEHHH X HEMY BepTUKAJAbHOe HanpaBjeHue, B a1oM
OTHOMIEHHH NOJAYYeHHas JHarpaMMa NpelrcTaBJaseT CXOACTBO CaHa-
TpaMMoO¥ Ha puc. 125,
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3akmonaeM nosroMy HalmofeHRHe (AKTh BHBOIOM:

OkoRruaTeabHAR naacTudeckas degopmayusn 6eToHa nponopyuo-
HAABHA NHAZPY3KE, NpuYem MUNUMOABROE IHAYENUe ee PASHO CAMO-
npoussoavroll deopmayun nud nyasesod Hazpyskod. B maavHefr-
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Prc. 132. Tlnacruveckan nedopmsuus Gervo- Puc. 133. Ocrarounas ne-
Ha. IlanTenbHOCTs MCNHTANNE — 6 et dopManHa N[O HCTeHeHHH

6 ner geficTBMd HATpYIRH
¥ NPH NOTDYKEHRKH
B BOHY

{ileM MBI BEPDHEMCA €lle K BOIpOCY O TOM, KakKoe HYXHO RaTh o6pac-
HEHHE 3TOMY 3KCHEePHNMEenTaJbHOMY 3aKOHY.

MNonepeynas nepopmaunus GeToHa

Jlw6an xononna, NehOPMHPYIOILAACH OpH CHKATHH B OPAAOb-
HOM HamNpaBJeHHH HAa BeJHYHHY A, UCNRITHBAET OIHOBPEMEHHO M
nonepeunyo Aehopmanmio A’ o6paTHROTO 3Raka (BWIYYMBAHNE,
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yirupense). Ilns ynpyro#t cTaguu OTHOLIGHHE —~ ==—0 "HA3HBAET-
ca kospdpuumenrom Ilyaccona, BesHunHa e, obpaTmasi - €My,
s ————;—-— monyaem Ilyaccosna. I

[lpn OnicTpoM 3arpyxkeHHH, KaK 3TC MBl 3aMeTHJH B Jaboparo-
pun IMapmxexoro HUUC [59], nomepeusas medopmauns Ana Ha-
rPY30K, MeHBUAX !/3 paspymaliouweff, nosyuaercs nONHOCTHIO 06pa-
1umolt mpu pasrpyske. Ilnacthuyeckoll monepeyHoit aedopmaumuy,
No-BUIHMOMY, He cymiectByer. Ecau Ap — mpogonbHas ympyras

Aedopmanus, a A, — monepedHas aedopMaiuud, ro o= — _2!2 =
E
=0,13—0,22 (cooTBeTcTBeHHO COpTy O€TOHa), NpHYEM 4alle BCEro
0 =0,18. (HanmoMHuM, ¥TO CYBIECTBYOT ¥ HHHE MeTOOH H3Mepe-
HUA o, B YaCTHOCTH M3 CPaBHEHHA CKOPOCTe! pacnpoCTpPaHeHRA
Pa3SHYHEIX THIOB YIPYDHX BOJH.)
Ecnu sepes 4, K A; ©0603HAYNTE MJIACTHYECKHE nedopManHH —

NPOROABLHYIO H NONEPEYHYIO, TO NONYYHM

’

A

o, =— =0,
g 4,

[TosroMy Beskas miacTyeckas gedopMalist HeGOJBLIIOR BEJIHYKHDI
TPABOJKT, €CAY¥ OCHOBHIBATHCA HA 3THX SKCOEDUMEHTAaX, BCETRA
JEIHL K YMeHblleHHiIo o6bema. Ho umeer au Takoil BmBOa 06iiee
3HavYenne? f He MOTy 3TO yTBePkARaTh, NOCKOJbKY RNOCTaHOBKA 3THX
MCNLTaHUA Tpe6yeT BHICOKOHK TOUHOCTH, M JAMIIL HEMHOTHM YyOaBa-
JI0Ch MOCTHTHYTh T2KOH TOMHOCTH, KOTOpad mospoaser GopMyaupo-
BaTb OKOHYATENbHOE cyxpaenme !, He uckmodeHo, pnpoueM, 510 KO-
spduunent o, Moxer OGpamlaTLCS B HYAb HJM NPHHEMATH OueHb
MaJihe 3HaUeHHMA 1A ONHuX OeTOHOB ¥ 60jee BHICOKHe 3WAUEHAS
AMA APYTHX B 3aBHCHMOCTH OT HX CTPYKTYPH HJH TJIOTHOCTH, Bpd-
YeM CyllecTBOBAHHE 370 3aBHCHMOCTH M ee aHaJHTHYECKOe BLIpa-
EeHHe OCTAeTCH ellle YCTaROBUTH.

B uccenoBaHEM TOJMBYWeCTH NOj AMHTENbHOH Harpyskoft, Ael-
creopaBwed roaw (1100 xuef), M NPUILAH K CXORAKBIM DPe3y.b-
TaTaM. B He3arpyXeHHHX UHJIHHADPAX ORJO OTMeYEHO CHadasia,
UTO NPOAOJAbHAA yCalKa BHpaxaeTca pesye, UeM nollepedHas. 31o
MOOGONHTHOE HBJEHHe He HAIIO YAOBJETBOPUTENLHOTO OOBACHE-
BHS, MOCKOABKY TIPH KCILITaHUM KyOGuKon RedOpMmMaumus rojayvaercs
BO BCex HampaBJeHHAX oAnHakoBod. Ho BHBOX, K KOTOPOMY NpH-
BOJAT MCNBITAHHA, 3aK/AKOUAETCH B TOM, YTO MONepeuHast Aepopma-
IS MOYTH OAHHAKOBA (C TOUHOCTbIO OKkoJ0 4%) Kak aaa 3arpy-
KeHHoro ofpasua, Tak H NIA HE3arDYKeHHOro. ATo, [O0-BAIHMOMY,
IOVIKHO 0603HAYaTh, YTO AaxKe M IOJ NMOCTOAHHOM Harpysko# nia-

¥ IleonHe ARaer pe3yJibTATH, OTBEUAKUIMe YKa3aHHWM Bhille YCNOBHAM 3a.
1py3Ks muxe 50% paspymaomedl, KOrna Hau#Haercs oOpa3oBAEHE MWKPOTPEU(HR,
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cruyeckuil kosdduuuent [lyaccona pasen #ymo, a BOBce He 6nx-
30K K 0,5, xax 310 Tpebyerca N0 K/JIacCHYeCKOH TeOPHH MIACTHUHO-
CTH.

OTMeveHHE JOBOJBHO YAWBHTEJGHHE pPE3YJALTAT He OHLA NOA-
TBEPKACH BCEMU SKcleprMenrtaTopaMu. Xors muccaGoHckan gabo-
paTopusi ! npuniia K CXOAHBIM BEBOXaM, B MioHXeHe GbLro Haiite-
HO, 4TO Tonepeunas fedOopManus IOCTUTAET 3HAUHTEJNLHOA BEJH-
YHHEL

Countemcss masee ua ucnuranus. Jwoka # Josuca (cM, HEXe
C¢Tp. 266) ¢ HacHUleHHEIMM OETOHaMH, B KOTOPHIX NOTepeuHas ie-
dopmaums mapacraer oxoso 20 aue#t, a 3aTem cTabuausppyercs,
XOTA Honepeqnass NOJN3Y9IeCTs NPH 5TOM NPOROJXKAeT BO3pPacrarth.
Bo3MoxHO, 4TO MH HMeeM 34eCh AeJ0 ¢ NPOSABASHHEM VIIPYroro
nocaefeficTEUA HAM Ke AABJIEHUS BOAH B TOpax.

TIpo6reva nonepeunoil gedopMaunu ocraercs, TakuMm 06pasoM,
HepeuieHHOH, ¥ Oblj0 OB NOJE3HO TPEANPHHATL €8 CHCTEMaTUMCCKOe
#CCIeAOBAHME. '

Birusnue NOA3YUECTH Ha HPOUYHOCTSH,

YKaxeM B 5TOH CBA3H Ha MCTIMTAanrus Youa u Payka [128], oxsa-
THBIINE TpoMexyToK Bpemenu B 10/, ner. Tlox Harpyako#, Brep-
MEHHOH B TeyeHHe 3TOrp CPOKa, 06pasip!, NOCTYNHMBIIHE B HCHH-
Takue » 28-IHEBHOM BO3PACTE, NOKA3aJH NPEBLAIIEHVE B TPOTHO-
CTH Hax KOHTDOJLHWMH HeHarpyXeHHEIMH o0fasunaMH Bcero B Ipe-
genax 5%, wro NpeNCTABASIETCS HE3HAYHTENLHOH BeIUIMHOH, TeM
fonee, YTO B BTHX Ke HCNEITAHUAX GHLIH OOHAaDYKEHW H DABHOBE-
JHKHe NoTepu npouHocTH. Hanportus, Monyau yIpPYrocTH MOR Ha-
I'py3xoli BO3pAacTaloT Ha 3HAUMTENBHYW Beauuudy: xo 30% — aag
MeHee NIOTHHIX GetoHoB ¥ a0 20% —~ naa BEODPUPOBAHHHIX GeTo-
HOB,
Hamu coGcTBeHHRIe WCTHTAHUSA, BHITOJHEHHBE NOCJAe INSITHJET-
Hero BHIEDKMBAHUS NOJ HATPysKoH, He OCHADYKUIM 3aMETHBIX
PasyuUY¥i B NPOYHOCTH.

Moasyyects Moy NOBTOpHOA Harpyakof

Ecay pmecro Toro, 4ToOH mnojBepraTth o6paszelr AeHCTBHIO NO-
CTOSIHHOH, TIOKOALIEHCH HAa HeM HArpy3K, NOBTOPSTH 3ATPyKeHHe
€ro ¢ AOCTATOYHO GOJAbUION YacTOTOR (HECKONBKO pas B 1 MHH.),
TO MBl 3aMeTHM VCKODeHHe IlacTHdeckKo# nethopMauni.

B xawe# naGopartopun [58] 6ryi npoBefeHH UCHHTAHUA € ABY-
Ms IPYNIAMHM TOXAeCTBeHHbIX 06pasuoB. B oxuoll rpyune ofpasus
GBLIA TOABEPTHYTH IOCTOSHHOMY CxaTHio 126 kefcm?, Ha obpasuu
Apyrofl rpynnm AeficTBOBasa HATPY3Ka TOX K€ BEJWIHHE, HO € fO-

! JInunne coofmenus Poka (Rocha) u Pywma(Rusch) o neonySavkoBaguex
pabotax,
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AepeMeHHEIM 3arpyXeHHeM-pasTpyKesHeM NpH dacrore 500 uukaos
B 1 vun. [lo ncrevennn 24 wac. raxoft o6paborku (720 000 uuxnos)
ocraTogdan fZedopManusa B obpasnax 3TO¥ TPYONEL 0Ka3ajach Ta-
Koit ke, KaKylo o6pasiel APyro# rpyinbl MOAYYHJAK TOJ MOCTOSIH-
#oit HArpysko# no ucreueHuu 28 cyrok. COOTBETCTBEHHO 5 CyTOK
jelictous NoBTOpHoR Harpysku (3600000 umknoB) pu3BagH 5¢h-
(ekT, TOXIECTBEHHLIN TOMY, KOTOPHH CTATHUECKas Harpyska Aana
Ha 180-e cyTku. 14 cyrox AReficTBMst nmosTopHO# Harpyaxu (10 100 000
OHKJOB) OKa3aiuch SKBHBAJIEHTHBIMH (B OTHOLIEHHH BEeJHYHHLI
nracruyeckof aedopmanuu) 600 cyrkaM BHAePXKUBAHUA TOXA MO-
CTOSIHHOH HATPy3KOoH.
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Puc. 134, Tloasyuecrs GeroHa IpM pacTsiKeHHM. PeaylbTaTh HCRbTAaBUl
Jlepmura u Jlekamwo. Bertow ¢ pacxozom uemenrta 350 xafmd

JuEaMuueckoe MCIHTAaHMe GHJIO NpPeKpauiero mocae 11000000
UHKAOB, NpHueM fedpOPMALHM BCe BPEMsl BO3pacTaiu, XOoTd H CO
eiaGo BEIPAXEHHOH HAK/JIOHHOCTBIO K crabunusauuu. Craemyer no-
6aBuTh, 4TO ycKopenwe AedopMalMi NOJYUAJOCH TEM BRIlNE, YeM
Goablie Gha LMKJAWYecKas warpyska. Iloa Harpyskoi, cocrasass-
wei 0,30 R, rne R — paspymwawnoias, norpebosancs | MJH. LHK-
J0B AAS T0T0, uTOOB! NMOAYUHTE TOT XKe 3ddexT, KoTOpui [aeT
NOCTOSHHAA Harpyska mo Hhcrevennn 60 cyrok. Ilog wmarpysko#t
0,22 R | MaH. IMKJIOB NO3BOJMMA NOAYUKTh 3Pdekt saumn 27-Anesn-
Horo meliCTBHS NOCTOSHHON HarpyskH. Ilom Harpyaxoit 0,15R rtor
Ke MHIJHOH 1HKJAOB SKBHBAJIEHTEH BCENO JHIUL ABYXIHEBHOMY ed-
CTBHID NOCTOAHHONA HATPY3KH.

Ham 3ax0Tenoch BHISCHHTH, COXpaHser jgu OeTom, yxe medop-
MEDOBAHHBIH IOJ3YYECTbIO, CBOW0 YYBCTBHTEJBHOCTE X AeHCTBHIO
TMOBTOPHHX Harpy3ok. CooTReTCTByIOUlee HCIHTAHHE NOIKHO GHIIO
6H YCTaHOBHTHL, OGNAZAIOT JH OAHOK ¥ TOH Xe€ (HINYeCKOH TpH-
ponod JedopMauHMs dI04 DOCTOSHHOH HArpyskod u gedopma-
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UHA  1non nNepeMeHHoM Harpyskod. (Ham yxe wH3BecTHo, uro
OHa He BLISBIBAETCH 0‘61]33083}11/1&1\-{ MHUKPOTpPEIIUH, NOCKOALKY MO-
Aysib YIPYTOCTH Ha TNPOTSXKEHMH HCIHTAHHS He CHHXaercs).
C sToil neanio o6pasen, soaepxkannbiél 1 000 guedt moa Harpyaxkoi
100 xefcM?, Gun pasrpyxeH H HocJe HEKOTOPOTO NepepsEa ORI
NMOABEPrHyT JAeHCTRHIO IMKawyecKoi Harpysku. [locae 3000000
UHKJIOB NEPEeMEHHOTO 3arpPyKeHHA-DA3rpyXeHus TIacTHYeCcKas ae-
topMauns yreamunnace camoe Goabiuee Ha 6%. Tor xe pe3ylib-
TaT OB TIOJNyweH H JJdst Harpyske 50 xzfcm?.

TlonsywecTr NMOA NOCTOAHHOH HATPY3KOH u MIacTHUECKasl ne-
(opmauua mojy NOBTOPHOH HArPYSKOH He AONYCKZIOT HaJ0XEeHHS
(nx HenL3A cKAAnKBaTh). Berow, cxadanruposaswuiicas nod nocro-
AKHOL Hazpyskol, yrpadusaer CnocobNOCTb Oepopmuposarses nod
noeroprol nuepysxor  (ecnn npeHeOpeds BRILEYKasaHHBIMH 60
nnactTuuccxofi gedopManyn, MCTOYHAKOM KOTOPHX SBAfSETCH, GHITH
MoOXer, BO30GHOBJAEGHHC VCAJKM BCJICICTBHE PA30rPeBaHHus).

[losTopHOE 3arpykedwe npeucranasier cofoll, BepOATHO, HHTE-
pecuulit crocol yCKOpenas naacTaueckoro aedopmupoBanus. B na-
fopaToproll IpaKTHKe OH NOKa Cle, BHAMMO, He HallieJ CHCTEMA-
THYGECKOTO NPHMEHEeHHS.

MoOXHO nocTaBUTb BONPOC, B YeM XKe 3aJ0XKEHH TPAYHHB 3TOro
SIBJAEHUA YCKOPeHMa? §I nmonmmiranca gath 00DbACHEHHE STOMY NIpO-
neccy (cM. crp. 173). B rpyGmix ueprax yCKOpeHHe TIAaCTHYeCKOH
AehopMauny OCHOBHIBaeICs Ha TOM axTe, wro GeTOH Nolfaercs
YOPOUHEHHIO JIEUIL B CaMOi HMUTOXHOH CTENEHH, CT0 BHYTPEHHUE
TUIACTHYCCKHE CBA3H 0CNabnaAoTCs Ha NMPOTAKEHHH KaxKAOro LHKJIA
3arpyKeHds ¥ PasrpPV3kH. B marepuane, HIeasbHO YNPOUYHSIONIEM-
Cf, NepPBHI LHKM OCTARAseT OCTATOYHYIO nedopMauuio, BTOPOH
IMK,T HAYEro K Hedl He jo6aBasict. B GeToHe KaxAwlfi LAKA A06an-
JSieT OCTATONHYIO HeOpManMio A0 WCHEPNAHHMA TAACTHUECKHX BO3-
moxyocrefi. KpoMe TOro, Bo3MOMHO, 4TO 3TH MOBTOPHHIE ABHIKE-
HES YCKODAIOT BLLAETEHHe BOAK MeXaHH3MOM, HANOMHHAIOUIYM OT-
Kauky ee B HaNpaBAeHMH K HAPYXHOH NOBepXHOCTH. CKOpOCTH
yCanxu mo/xHa YVBEJAHUHUTLCH, W E€CJAH NOJA3YYECTh CONDPOBOXKIAETCA
BHlAE/IeHMeM BOAHI, OHa TOYHO Tax e yckopsercs, Ho sce aTo noa-
HOCTBIO €llle He NOKAa3aHoO ¥ OCTAaeTCs JHUIb 6aaroiapHoft reMmoi
Ansd panbHeHIIKUX HCCaeZoOBaHHURA.

NonsyyecTs NpR PacTAKEHHA

Texumka W3MepeHHs NOJ3YYeCTH 0PH DPACTSDKEHHH TNpencTas-
qaser OoJbllle TIPAKTHYECKMX TPYAHOCTEH, 9eM B Caydyae CKAaTHS.
O6pasun O UCTLITAHUS HA Pa3pHBHOA MallMHe MOMKHH OHTh
CHaOXKeHB YHIHPEHHBIMH TOJIOBKAMHM HJY e BHNOYCKOM apMaTypH.
KNS ee AHKEPOBKM. B WCNbiTaHWAX, NPeANpPHHATHX Bamu 20 ner
Ha3af, MH BOCIOJIb30BaAHCh NEPBHM CNOCO60M, HEIHE XK€ MBI MpH-
LK K HeoGXOAMMOCTY 3aMEeHHTh erc BTOPHIM, Kak 0osee YAOGHHM,
Ha puc. 134 BocnpousBeleHO HECKONBKO KPHBHX, OTHOCHIIHXCH
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¥k 6eToHy c cogepxanueM 350 xe/® UeMEHTa, MOABEPrUIEMYCH HC-
NBITAHMIO TPexieTHeHd AMUTENbHOCTH non Harpyskoii. Kpusas uoa-
3YYeCTH MMeeT IOYTH TOT XKe BUA, YTO H KPHBAES YCAJKH, XOTH NpPH
CPaBHUTE/NLHO HHM3KHX Hanpsixkenusix fAedopvanyusd HaUHHAETCH CO
cnaoro yIJMHEHUS U TEPEeXOUT 34TeM B VKODOUEHHeE.

Ecau nonmirarbcs o6beaMHATL AHArPAMMEL PACTSIKEHHS M CkKa-
THAA B OAHY AUArpaMmy, To0 MH yOeluMCH, UTO KPUBag yCcalkH By-
AeT 3aXKM04aTh Bcebe TOUKy neperuGa, CBHACTEALCTBYS TEM CaMBIM
o cra6uau3aluku 3T0iH AeOpMauMK 1Sl HarpysoK, He MPeBOCXois-
LIHX HEeKOTOPOro SHAUEHHS HH B CTOPOHY C€XKAaTHA, HU B CTOPOHY
pacrsxenus (puc. 134).

Moasyuectr npu uarube

HecnenoBarus Tonx3yyecTH NpH H3rwOe MHOTOYMCIEHHBI, H 310
JETKO O0DBACHHTL KakK MPOCTOTON KX SKCHePHUMEHTAJLUOro ocylie-
CTBJICHHS, TAK ¥ 3HAUHTEJbHOCTHIO, a4 CJEA0BATE]ILHO, H JErKoCThbIO
u3MepeHuss BO3HMKAIOuX npu u3rube naedopmanui. Haxroweuy,
ycaaxa, OYAyYH IpoueccoM, PaBHOMEPHO paclpeieseHHBIM NO TOJ-
L¥He, JONycKaeT 34eCh HCKJAKOUeHWC U3 pacuera. [lepBHe Hccaeno-
B4HMA TaKoro poaa OwLIM BHRINOJHeHH Bo PpanHuun Ppelicoune B
1926 r. ra xcnesofeToHHBIX npusMax [36]

Jast weapmupopanHoro Gerodga [A2HBMIIL wamesd, 4TO NJIaCTH-
gecKasi AedopMmanus Npu H3rkOe nPONOPIHOHANBHA NPHIOKEHHOM
HArpy3Ke (Mo mcredenuu 65 nue#). Hamwnm ucnwmranus [59] Gaaro-
Oaps NPHMEHeHMIO TEH3OMETPOB, Pa3MeIleHHBIX Ha 00X TIpaHsAX,
NpUBeSM K ONPeNeNeHNI0 TOJ0XKeHHS Heirpaabkoil JurpH, Onu
o6Hapy¥uIY licpeMellleline NMOCJeAHel B CTOPOHY cKatofl rpaHu B
reuende neppeix 50 CYTOK H ee CHMXKEHHe Ha Ty XXe BeJMUMHYy B
manpHeiteM. M3 aToro, xak GyATO, MOXKHIO 3aKJA0UKTh, YTO MOA3Y-
9ecTh NMpH PACTAXKEHUH TpoTeKaeT ObicTpee, YeM NPH CHKATHH, XOTs
B JaJjbHefilleM OHa H BBIPABHUBAeTCA 1A 060OMX cayuaes !,

O6epru [82] mposen B MTanuk HECKOJIbKO HHTEPECHBIX HCMH-
TaHu# HE MOJ3y4HecTh NPH uarkbe 06pasnoR 6eTOHA, cCOAEPHKAaBIIEro
350 re/m® nynnoaaHoBoro ueMenra. Ilo mcreuenun 4 et maMepes-
Haf uM nedopManus TpeBkiCH/Ia OTMEYEeHHYIO B MOMEHT 3arpyxe-
Hus B 4,78 pasa. ITO COOTHOLIEHHE MOBHINAJIOCH A0 5,6 maa 06pas-
OB, 3aTPYXEHHBIX B BO3pacTe 7 CYTOK, ¥ Majfano ModTH A0 4 IpH
sarpyake B BospacTe 4 Mecsues. Ho u no mcredenuu 4 Jjier, no Mue-
HUIO aBropa, AedopMalKa He npekpamiaerc, a NPOoABJAAeT NPH3HA-
KH [ajbHefliero HapacTaHHs ¢ OYeHb MaJoH, HO MOCTOSHIOH
CKODOCTbIO (OTMETHM, UTO HANPSKEHNS Ha CBOGOJHBIX KOHIAX 06~
Pa3l0B BHIPAXATUCh 3HaueHusimu 8, 12 w 16 «e/cm?). ABTOp yKasn-
BAET TaKxe, 4TO JeQOPMalUUs MOJ3YYECTH, NO-BUIHMOMY, OBGPaTHO
NPONOPIKOHANbHA HAYAALHOMY MORYIK YIPYTOCTH.

! D10 6uao moxasaro Jopucom, CM. Takxe paborn FHpua-XeacTpoma
[42], [43].
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HanoMuuMm eme of uenuniTaHusax Bunrsma u Pafinepa [93]! ma
ofpasuax 6ayoK M3 1eMeHTa ¥ H3 LIEMEeHTHOrO pacTBOpa Co CTOpO-
HOH 2,27 cm, pamHoit 76,1 cm, NOJABEPrHYTRIX AEHCTBHIO H3MHOai0-
Wero MOMeEHTA,

Kpupast nedbopMauuit 8 GyHKIHM BpeMeHU HMeeT G6JH3 Hayaja
napaGosiHueCKnil xapakTep, B majbHellueM e NPHHHMAET Hanpas-
JIeHHe BOCXOASILleH NpsMOH, Tax KaK CKOPOCTb IIOJIAYYeCTH CTaHO-
BUTCA mocrosuHod. Meneitanus GBuIM npexpailieHsl N0 HCTEUECHHH
240 cyTok, T. e. B CPOK, HENOCTATOYHEIH JJ% TOT0, YTOOH YHOCTO-
BEPHTLCH B BO3MOKHON CTAGHMH3ALUH TOJBYIECTH.

HOJ!SY‘ICCTB B CJHOXKHOM HanpsSXKEHHOM COLTOSSHHH

Kpyuerue

IpocTeiiiunM cOUETAHUEM HATIPSIKEHUH SBJSETCS COBMECTHOE
AeACTBHE KDYUEHMSA, DACTSIKEHHS H CXKATHA B NepHeHIUKYJIADHOM
HallpaBJIeHnH,

ENYHCTBEHHEBIM UCTBITAHHEM Ha MOJ3Yy4eCTh B 3THX YCJAOBHAX
SABASIETCS, HACKOJBKO f MOT YCTAHOBUTL, BHINOJHEHHOe B HalueH
aaGoparopuu [59)2. IlprusaTed B HeM Meroa ofJiagaeT TEM IpeUMy-
IECTBOM, UTO OR HCKIIOUaeT 3QGeKT yCcalky, TOCKOJALKY NOCeNHA
He MOXeT BHI3BaTb Kpywenus, OO6DPa3NB-IANMHADH JAHAMETPOM
8 cM ObLIM TNOABEPrHYTHl AEHCTBUIO TNOCTOSHHOro MoMenta. Jluu-
TéBHOCTE MCNBEITAaHHA Onliia orpaHuveHa 400 cyrtkamu, u crabumau-
3auMs 3a 3TOT CPOK He OButa AGCTHrHYTa. K KOHUY 3Ke ero OBLIO
OTMEYeHO, YTO OCTAaTouHHE peopMaluuy NPONOPIHOHAJLHEL TIPH-
JIO¥KEHHHM MOMEHTAM,

JIpyroil, He JHUIEHHMI HHTEpPECA, BHIBOA 3aKJAICUAETCS B TOM,
4YTO 3HaueHHe NPOJOJBLHOH YCaAXKM, H3MepPeHHOH Ha 3arpyxKeHHHX
ofpasuax, NPaKTHIECKH COBNAJaeT ¢ YCTAHOBJEHHOH Ha KOHTPOJIb-
HHIX, HeHarpyxeHHnXx o0pasuax. TaxuM o6pa3oM, KpyuenHe He Bh-
3LIBAET BOBCE HHKAKOH NDOROJIBHON mnjaacruueckKo# AedOopMamuH.
3710 BOIMOXKHO JHIHL B TOM CJIVUaE, €C/H NOJA3YYECTh PACTAMKEHHS
M CXHATHA TIOJHOCTBIO B3aWMHO KOMMEHCHPYIOTCH.

CxaTHe ¢ NONEpPEedIHHM OOXKHMOM

Jok # d2suc [27] nposenn uccleloBaHHEe IOJA3YYECTH B CiXKa-
THX UMJIHHADPAX, TNOABEPIHYTHIX OAHOBPEMEHHO M papmuanbHOMY
cxaruio. Mcnoap3opannne DMAHHEAPH uMesH 20 cu B QuaMeTpe H
40 ca B BRICOTY; OHH OBLIH OCHAIEHH NBYMS TeH3OMETPaMH, ORHH
H3 KOTOPHIX H3Mepsiyi NPOAOGIbHEE AedOpMaliu, Apyrof — mo-
nepeunsie. Harpysku npusnaranuce gepes 7—10 cyTox nocjse ¢op-

1 Umeercs pycckuil nepesod: M. Pafinep, HecarTh JeKUH# no TeoperHye-
cxofi peosorun, Iocrexusgar, M. 1947, ({Tpun. nepesod.).
2 Cwm. Takxe HEKOTOPHE HCHLTAHHA HAa Kpyuenwe JIigka u [ssHca.
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MOBAHMS ¥ BBIEDXHBAJHCH B TeYEHHE HeCKOJILKUX Mecsg 06-
pasus XpaHWIUCh B aTtmocdepe ¢ BAaxHocThio 95% nan :::B Ha-
CHIIEHHOH, Korga o6pasell Ha BpeMsi HCULITABHA LACHIMa,.a BO-
ToH.

Harpyska npuaaranach B TMPOAOIbHOM HaNpaBleHWy wepes
APYXYHY, B NIONEPETHOM e HalpaBjeHHH (THAPOCTATHHCCKke fAAB-
JeRue) — Yepes KayuyKoBYO HHEBMATHUECKYID MYQTYV.

TMox npononsueiM AaBaeHueM 40 x2/cm? B OTCYTCTBMH ngpeped-
HOrO JlaBJEHHA MTHOBEHHaf NPOJAOAbHAS aedOopPMAUMA pgerHraa
175 p/#, ypequuusmuch Ha 100-e cyTkH no 300 g /#. Ilonepeqnasn
gedopmauns Ha 15-e cyrku oxalzanach papHoit 60 o/, m 310 ee
3HAUEHHE COXPAHUJIOCH O OKOHUAHWA HCOMTaHWA. IIpuduny sTOTO
«MPHOBEHHOTO» TMOMEPEYHOT0 HabyXaHWsA HYXKHO BUIETb, BepoATHO,
8 TMAPOCTATHUECKOM AABJEHHU BOISHBIX NOP, TIOCKOABLKY ofpaserw
HAXONW/ICSI B HACHIIEHHOM COCTOAHWM. Ilo) NDOAOJBHBIM paBhe-
sueM T;=40 xe/cm? u nonepeunniM I'y=20 xe/cm? MrHOBeHHan npo-
nonbHas pedopMamus A, BRIpasuiach Beanunnofi 100 p /s, no ucre-
genun xe 100 auedl mocruraa 160 p/sm. [lonepeunoe HaGyxamue
0Ka3aJioCh OTPHUATE/bHON BEMMYWHOH: Auamerp obpasua p Teue-
HMe HeCKOJABKHX Avefl cokparuiacs Ha 60 p/u, oaHako B pampHel-
LieM TIPOH30OULIO HE3HAUWTEJIbHOE BOCCTAHOBJIEHME, ¥ OKOHYATeJbHO
no wucreveHun 100-CyTOMHONO HCNBITAHHS BEAUUAHA U3MEPEHHOPO
COKpallenus cHusuaach jo 50 plu.

Bilto ormeueHo, 4To NPOAOAbHAST ReopMallis NMPHMEDPHO NpoO-
NOpUMOKaIbHa DPASHOCTH IVIaBHHX HanpsxeHmit. STHM daxroM JH-
HeMHBIl 3a4KOH, 3aMEYeHHLI HaM{ HPH NPOCTOM HANPAXKEHHOM
COCTOSHHH, PAacHpOCTpaHsaCcsa Kak OYATO u Ha 6oJee MHPOKYIO 06-
xactb. Ousaxo B oTooweHHd xo3dpduuuenra Ilyaccona sompoc
3THM He pelaercs, XOTSl HasBauHble 2BTOPHl M YCMOTpPeJsH B YKa-
3aHHOM OOGCTOATENLCTBE TOBOA AAS OTOXACCTRIEHHS € 3aKOHOM

1 v
YHPYrOCTH TIPH O = —f—. Y nelcTBUTENbHO, B HEKOTOPHIX CaAydasx

monepedyHoe paciypenne C NMPOROIXKHUTENBHOCTEIO BPEMEHH 3arpy-
KeHHg VMeHbMIaeTCs, AamXe ¥ B YCROBHax HACLILICHUS 06-})2.31),3.

JdByxMepnoe HaNpsAXKeHHOe COCTOAHHE

Mul AOAKHB YXKa3aTh 34eCh HA BECHMa WHTEDEeCHHE HCNETaHuA
Pocca [104] no H3ydeHHIO NOJ3YYECTH B YCJAOBHAX ABYXMEDHOTO
HanpsaXKeHHoro cocTosHuA. KpaapaTHhie 0Gpasul, CBOGORHO omep-
THie TIO ABYM KpasM B HaNpaBJeHHH, HOPMAJbBHOM K HX ILIOCKO-
CTH, GLLAM HArpyXKeHH N0 ABYM JAPYTHM KpasaM. IIpuMenenusiil Me-
TON H3MEDeHHUs ¢ IOMOLIBID MHKDOCKONA NO3BOSHJ ONPeneiHTh He-
dopmanun. Tlo 2asBJIeHHIO aBTOPAd, PE3YJALTATH HCIKTAHHA [A10T
IpaBo 3aKMIOUHTb O JIHHEHHOCTH 33KOHa, ¢BASHBAWIIETO HedopMa-
¥H ¢ Harpy3koil, # o6 ofpamenud B Byas Koathduumenra Iyac-
COHa npH nJjactEveckux AedopMauusX GeroHa.
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Teopur noasygecrs

Crheayer Ay NPy COBPEMEHHOM COCTOSIHHK HAalUMX 3HAHHR pas-
pafaTbiBaTh H NHTATECS CTPOMTh TeopHIo Noasydectn? Hekorophe
CUNTAIOT TaKOe HaMepeHue NpasiHBIM, APYrHM OHO KaxeTcd Tnpe-
TEHUHO3HEM. § AepXyCh TOMO MHERUS, yTO TEOPHS BCerAa HyXHa
B 3KCOEepUMeHTaJbHBIX HCCAEJ0BAHUAX, XAXKE eCJH OHa h omnGou-
Ha. JouKeH MO 3TOMY NOBOAY OOBACHHTECAH.

Tlpexkpe BCero TeOpHS ZROMKHA YIOBJETBOPATL HOTPeGHOCTH
Halero MuHUJIEHNUS, HIIYLIErO CBA3b B SBJCHHAX. SKCHePHMEHTATOP
B 0COGEHHOCTH HYXJOAeTCsaA B TICHXOJIOTHYECKOH onope, IIOCKOJLKY
GecnpenMeTiiasi, JIHHMIEHHAs ONPeNeJEHHBIX YCTaHOBOK paboTa yr-
pauyuBaer ajasl HErO H BCAKHH CTHMY.

Hasnauenue TEOPHH TIOATBEPXKAATL NOPABUILIBIE DHIIOTEIHI M
onmposeprarte omMbouHble. llo Mepe TOro, Kak COCTOSHMe 3MaBMb
yayuiraercsa, TeOopUs QOJKHA COBEPIICHCTBOBATLCA HIIHM YCTYnarse
Mecro Apyroit 6oJee y,uormemopmeﬂbﬁoﬁ. OaHy TeopHio BCETia
HYXHOQ YMETH QCTABUTDH, HaxXe €CJAY 5TQ OGropuUaeT apropa, OJAHaKo
BCETAA JiBiiL BO MMSA XPYTofi TEOpuH.

Teopuﬂ — 3TO OpyaHe¢ HHTCPTMONAUMM, IIpellHasHaueHHOoe Aaf
TOTO, YTOOH (OPMYJIHPOBATL SAKOHE!, B KOTOPHIX JIOTHKa M 3MIH-
pHUYECKOe COAePIKaBUe ROJNHBL JONOMHATL APYr APYra, NMOCKOJbKY
aMIIHpruUeckKas OCHOBA -— UCTOUHMK BCAKOM TGOPHH.'FEOPHH NoTXK-
Ha ponyckarb 61aropasyMHYI0 3KCTPantosInuIo, € TeM YTOGH IKC-
NCPAMCHTAAbLBIE BRIBOAK MOXKHO OBIIO UCNOIL30OBATEH IPAKTHYCCKH
W Ha Y¥X OCHOBe paspafaTeiBaTh TeXHOJOTHUECKHe npoueccu. Bor
NOYCMY A AYMAIO, 9TC TEOPHH HaM HYXHEL. K uyeMy Xe MBIl ZOKHB

CTPEMHUTBLCA B JNAHHOH vacTHOH npobaeMe —— TNOJA3yyecTH OeroHa?
K tomy, urofm y3narh, mouyemy B GeTOHe MOABISETCH MOJ3Y-
qecTb.

K tomy, 4To6H y3HATH, NPCKpaliaercs JH KOorna-iy6o arta mnoJs-
3yYeCTh WJK He HpexpauiaeTcs ¥ KaX OHa Bejier celst ¢ TeueHHeM
BPEMEHH, — 5TO HYXHO /IS TOro, UTOGH YCTAHOBHTbL €€ OKOHYa-
TesbHOe 3HAYEHHE, €CHU OHO CYHICCTBYET,

K ToMy, uTo0Bl y3HATH, KAK H3MeHSeTCs I10JI8y4YecTb B 3aBHCH-
MOCTH OT BEJIMIHHEl HATPY3KH ¥ OT NPOROIKHUTEILHOCTH JEHCTBUS
TocaeJHe .

K ToMy, 4TO6H V3HaTb, KaK M3MEHSeTCA MOJ3y4eCThL C M3MeHe-
HHEM pa3MepoB o6pa3uoB, C K3MeHeHUeM CPefnl, B KOTOPOH BHIAED-
XKpBawTes 06pasubl, ¥ B 3aBHCHMOCTH OT APYTHX (PaKTOPOB.

K <coxajeHH1o, TEOpHH TNO0J3yuecTH OeToOHa MHOTOYHCJAEHHH H
npommpopeunssl. [lonnraeMcs H3Bjeus M3 HHUX MX «MO3FOBYIO Cepn-
LeBuHy» !,

ITonsydectp B ycanka

Ilpencrasasior Ju co6ofi ycagka M HOJ3YYecTb HBA ABJCHHSA,
He3aBUCHMEE, CNOCOOHBIe HAJaraThbcsl OQHO Ha APYTOe, UM OHHK

1 &, P:;6.n9.
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B3AHMHO OOGYCJOBJIEHBl # 1IPOTeXAT BO ‘B3aWMOJehcTsuu? «Bor,
B ueM Bonpoc!»

Muorre aBTOpPHE CUHTAOT ce6sf BIpaBe Da3Ae/sATh HOJI3YYECTh
# yCaAKy, N03BOJAA cefe yKa3plBaTh B COOGWEHHAX O CROUX pado-
Tax JUIL OKOHYATE/IbHOE 3HadeHWe pehopmauyy, INoJydeHHOe 3a
BuMeTOoM ycaaxu., OHY NOBHHHEL B TOM, 4TO JIMIIMAH Hac HeobXo-
JUMBX AAaHHBIX, HO OHH OhIH yOGexieHn B afAHTHBHOCTH ¥ He3a-
BHCHMOCTH 5BJCHUH. ¥ Hac B HaCTosillee BpeMA TaKoro yOeKIEHHS
geT. MlcnuTaHnd, Ha KOTOPHle MBI CCHIIAJAMCh B HACTOALIEH CTaTbe,
YKa3plBAIOT, NMO-BUAMMOMY, Ha B3aKMO3aBHCHMOCTL 3THX HBJCHHH.

HanoManM Z0BOAE,, NPHBOMMMBE B 3allMUTY 3TOTO MHEHHS.

a) Kpusme na puc. 125, 126, 133 xosoabHc 4CHO HOKa3HBAIKOT,
9TO NOJN3YUecT: TIPONOPIHOHAJbHA NPHJAOKEHHOH Harpyske, HO
JIMIUb ¢ MOMEHTa TpPeBHINEHH HEKOTOPOro 3HadeHHs pedopMa-
UMY, COOTBETCTBYIOUIEr0 BeJUUYUHE YCAJKH.

6) Ilpu paBHEIX Harpyskax NOA3y4YecTb TeM HHTEHCHBHEe, YeM
cynre atmocdepa. To ke caMoe OTHOCHTCS M K ycCanke (B OTCYT-
CTBHH Harpys3ku)}. Mu ycramopuau (cTp. 253), 4TO mOA3yuecTs H

ycanKa CBA3aHHE Gymknumeir A, =A_ (1 + Q—A—Lo).TaKrm ofpasoM,
T

OpH TIOCTOSHHON BJIAXKHOCTH CPelbl COOTHOIUEHHe MeXJny HoJ3y-
YeCTbI0 M ycaRKoH noayuaerca JuHelnmM. Ho, ¢ mpyro#t cropoHwH,
MOJI3yuecTs  OTMEWaeTCs YAacTHYHO H B OTCYTCTBHH ycaiku A

B) Ecam cpaBHHTR HeCcKOJIEKO PasJMUHEIX OETOHOB HPH TOXAe-
CTSEHHHX B OCTAJbHHIX OTHOIIEHMSAX YCIOBHIX, TO MOJAZYYECTb NO-
Jdyqaercd teM Oodabliedf, yem OGojbiue ycanxka 6e3 Harpysku IIpH
TOH K€ B/IAXKHOCTH.

r) Ecan obpasen, nogeeprumics neopMauyy NOJN3ydecTH, MO

CHATHH C Hero HarpysKW MOrpysuTe B Body, 70 malyxanue BHIpa-
" 3UTCA B HeM [Opa3sgo OTUETJHBee, 1eM B 00pasue, BEIAEPIKABIUEM
TY JX€ BJIaXKHOCTHYI0 06paGotky (pHc. 134), Ho Ge3 npexsapuTes-
"ot 3arpysku. 910 HalyxaHWe, NO-BHANMOMY, NPONOPIHOHAIBHO
paHee NpPUAOKEHHOH Harpyske B TOM ero 3HaYeHHH, B KOTOPOe
- #He pxomur HabyxaHHe 0e3 HarpyskH.

Bce ucnpitaHuA CBHIETEABCTBYIOT O B3auMOSABUCHMOCTH H4a-
CTHYHONR afJBTUBEOCTH YCAOKH U IIOJ3YYECTH,

Msuu ony6ankosan B cBoe BpeMmsi paGoty, B KOTOPOH HOKa3Kl-
BaeT, YTO yCajKa ONpPENeAsieT NoadyuecTb» [75). On yreepxiuaer,
' 9TO noTeps B Bece Yy o6pasuoB, MOABEPTHYTHIX AaBJuen#io 80 Ke/cm?,

AOJNYU4eTCH TaKOH XK€, KaK M y He3arpyKeHdHX o6pasuos (uCIH-
TaHHsl TAKOro PoOXA BechbMa PEHKH, ¥ pacCMATPHBAeMEIR IIpHMEp
ABJAAETCH, MOKeT OBITh, QIHHCTBEHHEIM). MauM NOKasniBaer HaJee,
4TO ycaldka y OOKOBOH TIOBEPXHOCTH HHJIHMHAPH4ecKoro obpasia
fosbilie, yeM ycamka B ero ocepoit ofnactd. Ecau ofpasen 3arpy-
. KaEeTCA gepes JKECTKYIO NAaCTHHY, TO LEeHTpaJpHas €ro 4acrh HCIs!-
THBAeT Gosiee BLHICOKHE CKHUMaloWpe HAanpAXKeHHs # GOAbLIYIO
YOpPyrylo aedopMauxio B cpapHehun ¢ nepugeprelt. Otciona asTop
3aKaiouaeT, 4ro gethopManys, HasHBaeMas NoJ3yUecTsio, NpeacTas-
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asier cofolt He YTO HHOe, KaK YIpyryio gedopMauuio, oGycaoB/aeH-
HYI0 HCKa)KeHHEM CEeuyeHHH.

Dra runorTesa ONPOBEPraercsd, OAHAKO, LEJBIM pPAoM coobpa-
xennit, Ilocne pa3srpysku A ynpyroro nocJjeneiicTBHs 0CTaeTcs 3Ha-
quTesqpHAsl OCTATOYHAR AedopMauHf, COXpPaHAWilagcs U TPH
norpyxen#d ofpasiop B BOAY, KOrAa JPOHCXOMUT HMX «HOPMAaJM3a-
uuA». Ecan nedopMalus 10 OCH TIOIY4aeTcss MeHbilel, deM gxedop-
Manus no 60KOBOH IIOREPXHOCTH, B CBA3H C BHICHIXaHHEM, TO IIpH
NOTPYXKeHHH o06pa3lna B BOAY WM [IPY XPaHeHAH B 3aMKHYTOM
ofbeMe 3TOr0 He HabGmogaercs. Mexay rem MOJM3Yy4ecTh B STHX
YCHOBHAX OnlBaeT faJjeko He TpeHebGpexxumo Magof BegwymHoit. ITo
WCTEYEHHH JJHTEIbHOrO CPoKa ycajKa pacnpefensercs paBHOMep-
HO Ha BCe BOJOKHA, HCKaXXeHHe CeYeHHH NOJIKHO OhIJIQ Ohl HCUES3-
HYThH TOYHO TAK Ke, KaK U NOJI3y4ecTb, HO ITOTO TaKxe He HabJmio-
Aaercsa. [IpHYnByY 9TOro Hy>kKHO BHACHUTb, HO OCTPOYMHOE ofBSACHE-
Hue Msuu He CcUMTAeTCH ¢ OMBITOM.

®. Qoxr [125] B yaauHo NMOCTPOEHHOHU TEOPHH PAFBSICHAET,YTO
ycanxa B3aMMOXEHACTBYET ¢ IIOJI3yyecTbl0 Oaarofaps NpOH3BONH-
MBIM €10 BHYTPEHHHM HalpsmeHusaM. [lOBEepDXHOCTHHIH KoJblteBOi
CJOH BLICHIXaeT CKOpee, weM SIAPO, MPUXOLS NPH ITOM B COCTOSIHUE
pacTsixedus, B pe3yJbTaTe Yero y ocu o0pasla BO3HHKaer cxKamue,
Hadaraiomee cBoi 3ddexr na nelcrtsue warpyvaku. B gasnnnefimes,
OAHaKO, JION BJHSAHMEM IION3YUeCTH B KamAOM OTIEALHOM cloe
AP0 PacTATHBAETCS, TOBEPXHOCTHRIA e CJI0A Cxkumaercd. IOta
BHYTDEHHME HanpiXeHMfA H CBA3AHHHE C HuUMH JebopMauvi
NPHBOAAT K TOMY, UTO MeXIY YCafKOH M I0J3YYeCTbi0 YCTaHABJIH-
BAETCH B3aHMOAeHCTBYE, N0 Kpaiuefdl Mepe npu cnaluX Harpyskax.

Teopua Doxra yTBepxKJaeT VBeJqHUeHHE : MOJ3VUECTH, NHPOMNOP-
UHOHAJbHOE YCajKe H 3aBHcslinee or $OpPME ¥ pasMepos ofpasua;
OHa He MOXET, OQHAKC, OO0BLACHUTL SIBJIEHHE CAaMOH TIO/NI3ydecTH
83K Taxopofl, a paBHHM 00paszoM ¥ ToT HaKT, 9TO NONBYYEeCTH 06-
HapY)KHBAeTCs JHIIL NOCIe TNpPeBnureHHs AedopManuy, pasBHON
ycanke u TPONOPUHOHANBHOH HArpy3Ke.

Tlukxkerr [86] ofpamaer BHUMAHHe Ha [OPOTHBOPEUHS MeXKAY
Pa3JHYHBIMH aBTODAMH, TEMH, KOTODbIe Pa3JNYAOT VCAILKY, H TEMH,
KoTopwie monobuo Jlahmemy [67] yrBepxaawr, 410 3T0 — JABE CTO-
DOHEl OAHOTO M TOrO e fBneHud. OH YKA3RBAET, UTO CBH3bL MEKNY
3THMHM [BYMSI SBJCHHAMH €CTh CJACACTBUME TOro $akTa, 4To Qyux-
uHA «cugia — jedopmanus» nepecraer OHTH JUHeHHON 3a HEKOTO-
pPHM npenenoM Hanpskenus. Hasoxeuune BHYTPEHHHX YCANOYHHX
HaNpsikeHHH Ha HANPSIKEHHS, BHI3BAHHEIE HATDY3KOH, MOMET IDH-
BECTH K TIPeBHIIIEHHIO Npejievia NPONOPUHOHANBHOCTH B HEKOTOPBIX
of1acTax ofbeMa B BHISBATH B3auMoneficTeHe, CIOCOGHOE BHISIBHTH
B AeOPMAUNY BJIKAHME JHMbL oxHolt vcamku. Taxum nyrem [lnk-
KeTT neiTaetesl OOBACHHTh YMEHBILUEHWE [IOJIBYYECTH B TeX CcAyuasfx,
KOrza Harpyska HAaKJaAeBaeTCs Ha GETOH, YKe NOJAyRdBui 60/b-
YO 4aCrs CBOEH YCAamKH.
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Pocc [102] 1 Cux {107] ykaswBawT, 4TO A3BJEHHE NIApa KOJLNO-
HAAJILHOrO Tejisl TMOBHINAETCH NPU HAJOKeHHH nNaBaenus. Bocera-
HOBJICHHE DaBIIOBECcHsA COTPOBOIKAAETCH NPH 3TOM BRIFEIEHHEM BO-
Abi M3 refd. 2ITa THIOTe3a HAXOAHTCA B COTJACHH € THOOTE30R
dpeiiconsie 0 KaMHIADHHX KaHalax X aedoPMaluyd MEHUCKOR, I0-
nycKaioumel yCTaHOBJeHHe PaBHOBeCHH B De3yinTaTe HCIapeHHS.
Takoem >xe Muemus P. ssuca, I'. [dspuca, Namuasrona [102]) u
Jlatinema [102].

®. JIu (F. M. Lea) u K. Jlu (C. R. Lee) [57] nonarawr, 4io
TIDHJOXKEHHE Harpy3KH H3MeHseT YNPyrocTb napa ancop8uposaH-
Ho#t poawl. Ilayspc n Dpoynsapn [88] aymamor TogHO TaK Xe: & HX
TOUKH 3DEHMS, peus HAeT 3fech o M3MeHeHMAX cBOGONHON SHepruk
ancopOUpOBaHHOM BOABI, MPHUEM BHYTpeHHHe, a TAKXKe H BHEIIHHE
IBHXXECHHS BOAL ONDEAessIIOT W3MEHEHHs pasMepoB obpasua:

Il Toro a7o6m BCe STH COOOPAMEHUS HMEJIH Bec, HYXKHO, UTo-
ORl NOJ3YYECTh CONPOBOWXKAAJMACh W3MEHEHUSAMH KOJIMUECTB NOINIO-
wienHok Boael. Mauu {75] yreepxkaaer, ¥To OH HabalAan obparTHoe.
Bo3MOXHO, UTo 3Ta BOxa He OCBODOKIAETCH Y HApPYKHOH MOBepx-
HOCTH, HO JHIL NPOTAJAKHBAETCSN B NOPH OGeToHa, raaBBbM obpa-
30M g ¢dopMme mHecpazauuol soaul. Ho kax 6x To HM Onlio, y HAC
HET HHMKaKHX [0KasaTejnCTB. JlOKasaTesbCrBa 5TH CjaenoBano Ghl
HCKAaThb H B BeCbMa TOYHHIX 3aMePax HIMeHeHME peca, M, OHTH MO-
XeT, B H3MEDEeHHAX XaUHIASPHOTO BCACHBAHHS B 3arPyXKEHHHIX
ofpasuax . Bexp ToT akr, yro o6pasen, BAXOQUBIIAKCA NIHTENb-
HOe BpeMs II0] HArPY3KoH, NOTJOM(AeT NpPH IOTPYXKEHHH B BOAY
Gonblllee ee KOJMWYECTBO ¥ BHafyxaer CH/bHee, ueM KOHTPOJbHHIMR
ofipasel, CBHJETEJNbCTRYeT Kak OYATO O TOM, Y70 BOXA 3Ta HOCTY-
TaeT Ha 3aMeHy BHITECHeHBOH U3 o0pasita JeHcTBHEM HAaTPY3KH.

B, oxuzanun 0£07ee TOUHBIX H JACCTOBEPHHIX 3KCIEPHMEHTAND-
HBIX Pe3YJbTATOR A NPEAJATA}0 CPABHUTENbHO TpoCcTOe OOBACHE-
BWe: ycaaxa Ges HArPY3KH BHIBBIBAETCH, KAK MOMHO YTBEDPXKAATH
¢ GOJLINOH JIOCTOBEPHOCTHI), BHIJCNEHMEM HEOJHTOBOH BOAH, 3a-
KaloueHHo#l B KDHCTAJIMYECKHX CTPYKTYPax FHAPaTH3MPOBAHHBIX
cojell (BONMPOC O TOM, MEET JM 3Jech pedb O KPHUCTAJAJax HJIH Te-
JAX, NMPEACTABASETCA TePMAHONOTHIeCKUM). Bujenenue aroifi Boanl
yMeHbINaeT O0BeM COOTBETCTBYIOUIEH CPEARl M BBHI3HIBAET CiKaTHe
B okpyxawouleft ee ynpyrof ¢ase. [IpunoxeHsas narpyska npous-
BOOWMT AOTMONHHTENbHOE ciKaTve »Toi $ask, ¥ COOTBETCTBYOILLAA
aedhopmanysa npenctaBut cofoil JHWIL AaJbHEHIlee PAa3BUTHe Ca-
MONPOH3BOMBRONO COKpamleHuss. OHa KakK OH JONOJHSET DeaKuuie
o ce Maxomgxa. Bot momeMy He CYIECTBYET IOJ3Yy4ecTH, KOTO-
paa npepwlliaga OB YCAAKy HHKe ONpeleseHHOTO HalpsKeHHS.

CRepX CKEMAIOILEro BO3LEHCTBHA, KOTOPOE MOXKET NDOSBHTb
COOTBeTCTBYKWIAK (asa, maer cef UyBCTBOBaTh M BHEIIHSs Ha-
Tpy3Ka: NOCIeJHAST OKA3RBAGT JOMOJHHTEAbHOE AEHCTBHE, NPOROP-

U P, e 0oGHAPYXUN HSMEpEHHEM CYINECTBOBAHUE 3HAUMTENHLHOTO BCACH-
Banun B OeroHax, suICYIIEHHNX Ha BosAyxe (Proc. A. S. T. M, 1941, ctp. 1034).
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WHOHANLHOE NEPBOMY, HOCKOJbKY MEl HMeeM 37eCh Jelio € ynpy-
TOH ¢hasofl.

Jra <«THAPOCTATHYECKH CcAaBausaomas» ($asa BriAepRKUBaeT
HanpPsXKEHHA, NPEBOCXOAAIINE HOPMY €e PaBHOBECHOTO COCTOSHMS:
ee cBoGOHAA 3HEPPUS HAM VOPYIOCTH HApa ykKe He HaXOAUTLS B
PaBHOBECHH ¢ aTMOOQEDPOH H OTOPACHIBAET BOAY JHOGO HaPYXKY, JH-
60 BO BHYTDPEHHHME HYCTOTH (IOpH), FHe OHA Norjouiaercd. IJTa
BOAA HOJXKHA OBTH BOCIPMHATA (MJIH OTTECHEHZ) B Cayyae UeUes-
HOBEHMY BHeDIHEH Harpysk#, M TOTJ4 pasrpyska Gymer CONpOBOXK-
JaTeca HaGyxaHHeM, tTeM OOJBIIAM, ueM O0AbIHM GyHeT KoJauye-
CTBO BOAB, HeDOXOMHMOE MJIS BOCCTAHOBJIEHWS papHoBecHd. Ecau
BJIZXHOCTh HADYXHOH CpeXnl nopHuIaercd (HanpuMep, NMpu norpy-
XeHun o0pasia B BOAY) B CPaBHEHHM C Ce NEpPBOHAYasIbHEIM CO-
CTOSHHEM B IIepHOJ 3aTPYXKeHMs, TO TIPOMCXOAUT HOBOE NOTJOMHe-
HHe BOAB M HoBOe Halyxauue (puc. 132). Drtu nabyxanusa npuo-
PETalT XapakTep BA3KOK HedopMaUHH M CIEAYIOT SKCHOHEHUHAJb-
HoMy 3akory (puc. 130). Ho xosdduument Baskocru 1/Q noay-
yaeTcs G0jiee BHICOKKAM NPH NOTPYIKeHM# B BOAY, 4&M TIPU BO3Bpa-
menny Ha soaayx (pHc. 130). BepositHo, oH npeacrasager coboi
$yaKuMIo Pa3HOCTH MeXIy BJaXkHOCTBIO M pa3sMepaMu ofpasna.

Ecan BrifepxuBanHe o6pasuya H ero 3arpyxeHHe NPOBORSTCA
B HACHIEHHOHN armotdepe, BHTeCHEHHE BOJB K HAaPYKHOH NOBepX-
HOCTH He MCK/IYaeTCs, NOCKOJBKY TPH STOM He OCYIIECTBJICHO
pasHOBecHe Me:xiy BHYTDEHHeH W BHCUIHeHK CBOGOAMBIMHM 3HEpTHUS-
Ma. Ho B HachmeHHOM BOAOK COCTOAHHH 3Ta P33HOCTh 3HEPIHH
B G6eTOHe NoayyaeTcs HauMeHbIIeH, H ABHXKEHHe CHHXKAeTcs J0 M-
AUMyMa.

JlBuxeRue noasydectd GeTOHA, KaK ¥ yCafKa, CBA3AHO C TEPMO-
BAAXKHOCTHRIM HAKX C «THAPOYNPYruM» ABMKenuwem. Ho, Tax xe
KaK H B OTHOIICHMH YCAalKH, 5TO JBH:KeHHE RHe sBJsieTcsi o6paru-
MuM, OHO JHibL YaCTHIHO OGPATHMO B OTHOWEHHH, 3dBHCALLEM OT
0eTOHa, HO He 3aBUCAIIEM OT HArPY3KH, €CJIM MOCAeIHAs HUKE
HEKOTOPOro Tpenesa (HanpHMeD, NOJOBHHBI Pa3pyUIAollEl HATPys-
xu). Ecan 6l cucrema Gbula MIea]bHO PHAPOYOPYTOH, 0CTATOUHOH
nedopManyuy He BO3HMKNO Owh. Mexay TeM Takad OCTATOYHAd fe-
bopManus Bce xe Habmiomaercs, — OHa NPONOPHUOHAAbHA Ha-
FPY3Ke, NpAYEM YCanKa, YYHTHIBAETCA Ha 3TOT pa3 Kak HeHyjesad
Harpyska( #a pue. 133 oHa COOTBETCTBYET CXKATHIO HaliPsSKeHHeM
npuMepro 50 xefcm?).

M3 rpaduxa Ha puc. 125 Mu yGempaemcs, 4T0 YCaaAKy Heab3d
paccMaTpuBaTh KaK NDOHSBOMLHYIO IOCTOSHHYIO HArpyaKy, — Ha-
rpyska 3Ta, NMO-BUIMMOMY, yMeubllaerca €0 BpemerneM. [lomo6uas
aHOMaJI¥s BBIDAXKaeT JHWb TOT (PaxT, 4TO0 CKOPOCTh YCANKH BHa-
Hajre BHULE CKOPOCTE NON3YUECTH. JTO XOPOIIO 3aMETHO HAa KDHBHIX
IFOI3YYeCTH NPH PACTSKEHHH, BHIABIAWOIHX YCaAKy Npexie, YeM
o6pasel] HagHeT YAJIMHATLCH., 3[eCh CKa3HBaeTcs, BePOSATHO, BJIHsl-
HHe TNPOHMIAEMOCTH O68TORa ¥ BHYTDEHHAX HaNpsIKeHHH, obs3aH-
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HHIX CBOMM IPOHCXOXKIEHMEM Kak pas ycamke. B rTex cayuasx,
xorjga gedopMmaniy H3MepSIOTCS B MCTHHITAaHHAX [0 OCH 00pasua,
5Ty aHOMaJiHio ropasfo TPyaHce 3aMeTuTb. Bcee 3To, 0JAHAXKO, Cra-
BHUT BONPOC O NPOMCXOXKIEHUN HeoOGpaTHMoOll (ocrarousdoit) aedop-
~mauuu. OHa MoxeT BO3HHKHYTb W3 NPOCTOH muiacTuyecKod jgedop-
MalHH, SBJAAOIMENRCT Pe3y pTaTOM HEOOPATHMBIX CKOJbKEHHH H
AWCNIOKAUME, aHaNOTHYHBIX TeéM, KOTOPhle HMEIOT MECTO B METalnaX,
a TaKxe B 3aNONHUTENSIX M B XpUCTajafax — TIPOAYKTAx rujapara-
HHH. DTH BHYTPEHHUE ABUKEHHS MOI'YT OKa3aTh NPOTHBOZEHCTBHE
YApyroMy nociene#tcTsuio. JIONONHUTeNbHOE OODBSICHEHHE MOXKHO
HaWUTH, KPOME TOrQ, B THIIOTE3e TIOABJEHHS B NPOLECCE YCAaNKH AO-
0aBOUHBLIX CBs3ell, HCTOUYHHKOM KOTOPEIX SIBAAETCH PA3BHTHE FHApa-
TaluH B YNJNOTHEHHOH cpele HJM, JIyulle, CO3JaHHe HOBLIX CBA3eH
B pesyjbTare COMIKEHUH KPUCTAJIATOB, TPOTHBOAEHCTBYIOLIMX
HAGyX4aHHIO B MOMEHT BO3BpaTa BO BJAaXHylo cpeny (cMm. crp. 76).

HHATepecHO OTMETHTb, UTO IOJI3YUCCTH HMEET TEHASHIMIO BHI3BI-
BaThb YBeAHUEHHE MOAYJS YUPYTOCTH B CPABHEHMH C HeHArPyXeH-
HBIM KOHTPOABHHM o0pa3zinoM. I70 HABOAMT Ha NPENNOCKEHUE,
4TO B Cpele, COCTOALIEH M3 BAXKYILETO, NOJ BO3NEHCTBHEM Harpys-
K{ BO3HHKAET BHYTPeHHee JBH)KEHHE, NpHUEM pPEeakuuu NepelamwT-
csl Ha CKeJleT 3aloNHUTeJEel.

Brpamxenne 3aKoHa NOJA3YUECTH
B AaHAJHTHUECKOH GOopMe B QYHKIHH BPEeMEHH

Ve naBRO Oblia BBICKAZaHa MECADL, YTO [10A3YYeCTh GeTOHA,
ﬁy.uytm SABJCHHUEM, AHAJOTUUHBIM NOJA3YUYeLTH MeTaJia, AO0JaXKHA
HMETb CBOEl INPHUHHONA HJacTHUeCKoe.ieOpMUPOBAHHE KPHCTal-
a0, Ho B IIPOTHBOTIOJIOXKHOCTE METAJAJIAM, oénanalon.w»m npeae-
JIOM YIPYrocTH, 6eToH OGHADYKHBAeT NOJ3YYecTs Se3 ycalku (B
BOlle) Aaxke 1o HWYTOXKHBIMH HarpysKaMHu: ee yCTanHaBJAHBaJ H TI0j%
Harpysko#, cocragassuedi 0,1 paspylnawomei, a noBHILEHHE YYB-
CTBHTEJIBHOCTH H3MepDUTEeNBbHHX IPHGOPOB CHHKAeT ellle 60Jbile
3TOT Kamylumiics npefea ynpyrocrd. Cosgaercs Bileyat/ienue, 4TO
6eToH BOBCe JiMIUEH Npejena YIPYLoCTH.

Kpove TOro, TonepeuHad miacTuueckad JedopMauus B OeToHe,
ecnu H HaGmonaercs, TO BechbMa He3HayuTe/abHas, — B ITOM
OTHOWEeHKM OeTOH ONATh PE3KO OTJAHYAeTCd OT MEeTAJIOB, B KOTO-
PHIX MoNCpeYHas MJjacTHuecKas netopMmaluus BrpaxeHa ¢ GoJbluoi
ordeTanBocThio. M ecau B Merannax miacthueckas gedopManud
HE TNPHBOAUT K 3a2MeTHBIM H3IMEHEHRAM Oﬁ‘bEMa, To 6GeTOH 3HaUH-
TE¢JbHO COKpaliaetrcd B oﬁ"beme, O Y€M TOBODHT fACHO TOT CI)aKT, yTo
MAaCTHYeCKHH Koxdduument [lyaccora Ijs Hero He AOCTHraer Y.

Hcnnirauns © KPHCTannaMu yOeRHTEAbHO CBUNETEABCTBYIOT O
TOM, 4TO NJIHHA MX TOJABEPraercsl COKPALeHHIO, OXHAKO HHKAKHX
NIPH3HAKOB CKOJbMEHHS B 3THX HMCOBITAHHAX He OOHApyxKuBaerCs
[9). Kak MBI yXe OTMEUasH paHblile, TJacTdYeckas Jedopmals
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KPHETAANOB MOXET UIparth CPABHHTEIBHO CJa0YI0 DOJb B MJACTHY-
HocTH BeToHa. MeXKPHCTANIHYECKHM CKOJIbKEHUAM MOMKHO IPUIIM-
caTb TOMbBKO 4acTb OCTaTouHo# AedopMaluu nocCJe BO3BPALIEHUA
obpazna GeroHa B COCTOSIHUE HACLILEHMSA,

TeM He MeHee, Kaxkor Onl HH ObL1 MEXaHH3M 3TOr0 Npolecca,
BA3KHA xapakTep zedopMalliy NMO3BOJIAET CALIaTh PAX HITEPECHBIX
BEIBOAOB. B uwacrnocty, PaijtHep npunuceiBaeT BAXyllelt hase peo-
JOTHYeCKUe XAPaKTepHCTHKM Bsskocty [94]. Opmolt us csomx paGor
OH gas dawxe 3araashe «lleMedTHHH KaMeHb KaK KMIKOCTb, a He
KaK TBepIOoe TeJIO» H IPHMEHHJ K LeMEHTHOMY DacTBOPY ypaBHe-
HEg Sfunwrelina, TPaXTyd €ro XKak KOIOMLAJbHYI CYCHeH3Wo 3a-
noaurtenesi. He sxenas Bxoauth B 0GCyXKIAeHHe 3TOH THIIOTE3H, 3a-
MeTHM JIHb, WTO OHa NpPeAnoJaraer MOCTOSHCTBO o0beMa ' # YTo
fI0JI3y4eCTh HE SBJSIETCA HENpPepHBHOl, a CHHXKaeT CBOI CKOPOCTD,
TpeKpalance NOX Harpyskoi.

B oxmHoft M3 cBoux nosgHefwmux pador {2] Paiinep ysepser, uto
fION3y4eCTh HeAb3sl CYMTaTb ILiacTHYeckol Jaedopmanueir. B Geroie,
N0 ero CJIOBaM, MOJEKY/AH MeHSIOTCA MecraMi, He 06pasys TpPeliuH
WJIM pa3sphiBOB H He HaHocs ymep6a npouxocTd. IIpH3HaloCh, s He
COBCeM XOpOIO TIOHHMAlo, NOYEMY 3TO MOrJo Obl BHECTH KaKue-TO
H3MeHeHHsT B MOHHTHe NJacTHUecKol Jfedopmanuy. $§ nHTawK
npod. Paiinepy Goabllioe yBameHue, HO He MOTY COIVIACHTBCH Gero
TEPMUHOJIOTHEH, TNOCKOJLKY ellle COXPaHAIc HaleXAy Ha To, 4TO
6eTOHHBIE COOPYKEHHSI OCTAHYTCS «TBEPALIMH® B TOM OORYHOM
CMbIC/IE, KOTOPHIH MBIl NDPUNUCHIBAEM ITOMY CJAOBY.

Pa6orn JlopmMaHa HCXOLAT U3 KOHUENIHM KOMJIOHIAJJbHONO rels
H ero «THApPOCTATHYECKH CAaBAHBAIOWEros asuxenus [66]. On npen-
aaraerT QYHKUMIO, NO3BOJSIOWLYIC Olpefe/UTh NOA3YyuecTe GeToHa

. mt
BHpaxeHneM Bumaa A =Tf(?), rae [(f)= TE ranepbosa ¢
ABYMst MOCTOSAHHBIMM m M n. OkoOHuaTeAbHOE BHpaXKeHHUe NOJ3yue-
CTH TIOAYYHTCA KaK npouaseneBue A= mT, rae m HasuBaeTcs
KO3 OhHIHEHTOM ROJ3y4yecTH. MBE BCTpedaeMCa 34eCh C NOHATHEM
nepuona, T. €. NPOMeXyTKa BPEMeHH, IO HCTedeHHH Koroporo A
AOCTHTAeT M[OJOBUHE CBOEro OKOHYaTeJbHOrO 3HAUeHHs A,; 3TO
BpeMa {=n. 3710 NpOCroe BHpaKeHHe AoNycKaer rpaduveckoe Io-
CTPOEHHE, H3 KOTOPOTO - OnpeiesdioTcs KakK f, Tak # m. B caMom

aeqae, (n+1t) A, =mTt Bpogs BeJaHUHHY v=—§{-, noayuaeMm f=muo—

—n. B TakoM cnyuae T — JnHe#iHast QYHKIHA U, €CoM U H m —
nocTostHHee. TlocTpoeHyue OCYLIECTB/SETCH HaHeCeHHEM U MO OCH
abcunce M ¢ — 10 OCH OPAHHAT, 3ABHCHMOCTh AOJUKHA MOJNYIHUTLCS
aunedinoft, Tlpm v=0 npsmMas Nepecekaer ocb OPAHHAT B TOUKE
t=-—n, ¥ TOrAa 3HaueHHe m ONPEAeNseTCA HEMOCPEACTBEHHO, AB-

! Pailep noficufiet, OLHAKO, uTo odbeM MOMET ¥ YMEHSIUWThCA BCJIEACTEHE
nofayuectTy Getosa B mopax [95). .
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TOp PACNPOCTPAHHU.I 34TEM CBOU pacyet Ha CAydYa#l Bo3pacCralOUIEro
3arpyeuus:

t—r dar
A= j"" ire=n @& -

r=0

Ilnst caydas JHHeRHOro 3akona sarpyxenus, korpa T/r=K npen-
crapnasieT CoGOH I[TOCTOAHHYIO BENHUHHY:

A=K, [t——nln(l —i—;’;)]

B tewenne nepHoma sarpy’kenus M mO OKOHYAHHM €r0 K CPOKY f,

A=K, [t +n1n(t—n“)] !

C BoapacrandeM { 10 GeCKOHEUHOCTH

A, =K, 1t,. . i
HWenbranus JlopMana nokaswBawT, 4T0 1, HO-BEAXMOMY, Bo3pa-
CTaer C yBeJqHUYeHHeM JWaMerpa o0pasua, a m — yMeHbUIaeTCs.

KoathduuuenT m Bo3pacraeT ¢ NOBHMUEHHEM JO3HPOBKM BOIBI 3a-
TBOpPEHHS,

Jin [60] yxasmpaer, yto nedopmains NOA3YYECTH BEPAXKAETCH
IKCIIOHeHINaNbHOR (pyHKuHeH BPeMeHH

A=Al —e-F0),

HiMenHo sTuM BuaoM ¢yeEKuun Mb noss3yemes [63} ¢ 1945 r., mpa-
yeM anA F(f) Mbl MPEMJIOMHNA BEIpaMeHue

F(t) =K, 1n 2L L K.t,

MONO/Ib30BAB KOTOPOE, MOAyYaeM
dA X
= a— A)[a-\rt_KZ]'

JIu mposen HUCTET2HEA Ha NOJ3YYeCTh GETOHA TIPH PasIHMHHIX
TeMNepaTypax, B XOTODEIX YCTAHOBHJ €€ BO3DACTaHWe ¢ MOBHLue-
~ HHEM TeMNepaTypH. Tak Kak TH MCMHTAHHS GEUIH KPATKOCPOTHEI-
 MH, M3 HMX He [pPeICTaBUJAOCh BO3MOXHOCTH BEISCHHTb, WIA JH
31CCh PeYb O NPOCTOM YOKODEHWHM SBJEHHWS TIOA3YUeCTH HAM Xe 06
yBeJMYeHHH OKONuaTeNbroH nedopManyy.

Apuen [32] npensiaraer asns OYHKNMK NOJ3YHECTH CTeTIRHHOe i
BHIPaXEHHe WHOTO BHAA:
[ (+)]

A = Ae. ,

B KOTOPOM @ — BO3pacT GeTOH& B MOMEHT 3arpyxeHus,
o U §— nBe MOCTOAHHKEE XaPAKTEPHCTHKH OeToHa.
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Poce [101] B wuHTepnperauyy 3aKOHOB IN0A3ydecTH npuberaer

K peosormueckodl mogeau. Ilocaenusss cocraBiafercd y Hero Hs yn-

pPYTOH NPYMRHHH ¢ XaPAKTePHCTHKOH @ M. M3 BR3KOrO 3JIEMEHTA,

COMPOTHBACHHE KOTOPOrO ABUMKEHHIO MNPEANONaraeTcd NPONCPUKO-

HaJIbHBM CKOPOCTH ABHIKEHHS:
A

& =10,

Hakoneu, npeasaraercsi ¥ CTel@HHoe
OTHOIlEHNE BUAA

D
———t
«

A:Tall’"e ]:

KOTOPOE MBI BBIHY)KISHBl OTBEPIHYTD
Kak He oTBevaioujee ONHTY (ctp. 243).
W3 Hero s1€rko MOMHO BBIBECTH BBIUHC-
JenHeM M BAWSHNE Pa3rPYsKH, U 3PheKT
MOBTOPHHEIX 3arpyxenuit, ¥ 1. m. Heno-

r Yragua
)
a
!
§
/ l
Puc. 135, Cormemen- Prc. 136. Teopus moa-
Hag [nHarpaMua  1od- 3YYECTH.  DaeMeHTap-
3y4YeCcTH TIpDH DACTAXe- Had MoAelb  (3HaJdo-
HHK U OpH OxaTtid rin Toppoxu—Iiasces)
TOYKOH neperufa ans

ycaaku

CTATKOM 3TOTO PEOJOTHYECKOPO MOAYJIA C/EAYET, OLHAKO, NPUIHATDL
TC, YTO OH YPE3MEPHO YIIpOUlaeT NPOLeCe M HMeeT B BHAY JHIUb
BIOJHe 06paTHMBie ZebOpMaLHH,

3. Toppoxa 1 A. [Taacc [123, [24] paspaGoraay Goaee CIOXKRYIO
MO[eNb, NMPeACTaB/IeHHYI0 Ha puc. 136, Msel HaxoguM B Heli Ise
npyxusnl B u D, mfepepampmye Harpys3kd Ha CTeHKY UHAHHAPA
HCKMIOYUTeIbHO TpeHneM. OHM HTpaior POJab 3JeMEeHTOB YITPYrocTH
% BO3GYRAAMOT OCTaToOWHyo aedopmaumio tpennem !. Tpyxuna B

EA. ®pefiteRTany He BBOAWJA B CBOH pacyeThl 3Tolt (opPMYJH TpeHHA.
Cwu. [34].
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coejilyHeHa NOCAEROBATENbHO © MNOpIIHeBOH npyxuuo# D; pesep-
Byap N, comepxamufi BA3SKYI0 XKHAKOCTb, COCAMHEH C HHJIUHADOM
D. Jra Mogjenbp OTPaxKaeT KakK GYATO ¥ MTHOBEHHYIO YIIPYTOCTb,

# BA3KYI0 YNPYrOCTh, M TPeHHe, 06HAPYKHBast BMeCTe C TEM H OCTa-
TOYHHeE AeHOpPMALHH.

T

D ' 3

Tom

-

Ocp 06po3un

t

7

|

Puc. 137. Bonee nonnas mofens (anadorus Toppoxu—ITascea)

B Gonee nogHoH MOAenH aBTOPH NoXenadk cKOMOWHBDOBATH
HEeCKOJIbKO Da3JIHYHBIX CHCTEM, aHaJOTrHYHHIX onHcanHoH. OHH no-
JIYUHAR CHCTEMY NapaANeibHbIX KOJOHH, KawAas H3 KOTODPHIX AB-
JsieTcsd LeNbl0 TOXKIECTBEHHHIX MeXaHH3MOB; BCA XKe CHCTEMa B
UeJOM PACCMATPHBAETCA Kax OOablIOe YHCA0 TAaKUHX B3aHMHO CBA-
3anyBIX MexaHusMmoB (puc. 137),

SsiemedT A KaxpnoH NOCNeAOBATENbHOCTH NIpeAcTaBisier coGoht
NpyXKHHY 6€3 TPEHHA H 6e3 BA3KOCTH. 3a HHUM CAenyeTr 3JeMeHT 5B
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C NpYKWHOA M TpeHueM, Ho 6e3 Bf3KkoctH, Daemedtn C, D, E
NPeACTABJAIOT CO60H NOPINHH, CXUMAaIONIHe BA3ZKYI0 XMIKOCTb B
UMAMHEPAX. BRIDYyCcKHBIE OTBEPCTHHS 3THX LUJAHHAPOB IOCJeL0Ba-
TEJNSHO YMEHBUIAWTCS, MOZSJHDYs, TakuM 0G6pa3oM, BO3pacTraio-
Iy BA3KocTs. COOTBETCTBYIOBINE NUIMHAPH CMEXHLIX KOJIOHH coe-
IUHeHH KalHJAADHHIMA TPYOK&MH, a BCH CACTEMA B LEJOM IIPH-
coenuHeHa X ofllleMy pe3epByapy, HOCTATOYHO GOJBILOMY IS
TOTO, YTOOH H3MEHEHHSMH [HAPOCTATHYECKOrO JaBJEHHA TPH LHAD-
KyJSIUM JKHIKOCTH MOXHO OH/0 mnpeHe6Gpeusb. [lpeanosaraercs
NpH 3TOM, YTO TOPH3OHT XMAKOCTH BO BCeXx umamuapax C, D, E
H B pe3sepByape OAMHAKOB. ECAM XapakTePHCTHKH KaXKjiO0To 3BEHA
pasauyssl, TO GOJMBIIOE YHUC/AO NOCAENHUX MOXKET O0To6pasHTb cTa-
THCTHYeCKH HeOpMAnMI0 TaKoN YNpyro-NiacTHYeCKM-BA3KOM CH-
CTeMBl, KaKyio npezacrasaser coGoil 6eToH. Ycaaky B 3Toit Monemu
MOXKHO OTOGDa3HTL CHHKEHHEM OTMETKM BOAHW B pesepsyape. [la-
NeHHe YDOBHS, HMEIOLee MECTO B KaKJAOM HHJIHMADPE, BHISLIBACT
ofulee IBUIKEHHE XHIKOCTH BO BCel CUCTEME, aHAJOTHIHOE TOMY,
KOTOpOe co3zaeTcAd B GeToHe BHRAEJCHHEeM BOJHL. Y BEJHUYCHHE
BAAXHOCTH OKPyXawile#i cpearn ajxa GeroHa oTolpaxaercss Ha-
noJiHeHHeM pesepByapa, KOTOpHHE, TakuM 06pa3oM, B ORHCHIBae-
MOfi MOJEJH TPeLCTABINET BIAMHOCTH CPEIHL

KononnaMu orofpaxaioTcst OTAEJbHBE BOJOKHa GETOHHOro 00-
pasua, xpaiHHe U3 HHX GoJee OHICTPO PearHPylOT Ha Bozjaeficreue.
B3aumoneiicTBUA MeXAy KOJOHHAMY OTOGpaxkawT shdekr nomepe-
YMH Ha KOHue ofpasua, a peaxuuu A BOCTPOU3BONST BHYTPEHHAE
HaTpsXeHus,

Haxkonen, 4ToGH 3aBepIMUTb ONUCAHHE 3TOH MOAENU-AHATOTUH,
HYXHO YKa3arb, 4To (PH3HYECKHE TOCTOSHHBIE, XapPaKTePU3YIOILKe
Kaxjnld H3 3JJ€MEHTOB, JOIKHBl OHITb NapaMCcTPaMH, 3aBHCAUIAMH
OT BPeMeHH, ~— MNPH 5TOM YCJHOBHH ORM CHOCOGHE oTOGpA3HTHL H3-
MeHeHYe cBOMCTB 0eTOHa BO BPEMEHH.

Hyxuo npusHath, 4TO 9TOT MeTOR MOJGJHDOBAHHUA MOpaXKaeT
rayBokoil npoayMannoctsio, [locTpoeHnast atuMu apropamy [123,
124] no aunasorun Gosee C/I0XKHAS MOAeJb TpPeACTaBAseT coGolf
MHOFOKDATHO CTAaTH4eCcKn HEONPeAC/HMYIO CHCTEMY, PelleHHe KOTo-
po#i Tpefyer npeomosenust paxa TPyAHocTel. ABTopamu caenana
B 3TOM CMBIC/I@ NONBEITKA, KOTOPasd HaAM KaXeTCH ycnemaoﬁ H C KO-
TOpOH MBI COBETYeM HHTCPEeCYIOUIEMYCA YHTATETH TO3HAKOMHTLCS.

Tlpomoskaa 0630p TeOpHH, MBI NeDeXOAMM Telepr K BAPHAHTY
. Max-Tenpu [70], BO36yAMBIIEMY OXHUBJIEHHYI0 AHCKYCCHIO.
Ilpexzae Bcero OH JaeT COOTHOMIEHME TNOA3Y4eCTh-BpeMs, B KO-
TOpOe BXOMAAT ABA CTENEHHHX BHIPa>KEeHHS:

A=qa[l —e "] 4 BePe(l —e ™),
rae t-— BpeMs, NpoTeKulee ¢ MOMEHTa 3arpyxeHud, npo-
H3BEEHROr0 B BO3pacre 4&;
@, B, r, p, m — napamerpn, xapaxTepusyowue G6eTor (3AeChH MX
pEKOpAHOe HUCT0 — nAThl).
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D10 MOXKeT CJYXUTh OTIPABHHM NYHKTOM A/ HEKOTODHX BHI-
YHCJAeHHH nyteM MHTerpHposanud. B paGore . Mak-Tenpu mMm na-
XOZ¥M, KPOMe TOro, ONHO HHTepecHoe 3aMeuauue. HMasecrHo, gro
MOAYJb YOPYroCTH GeTOHa YBeJMdMBaercs ¢ BOIPacToM H C Npo-
AOJKHATENBHOCTLIO 3arpyxkenuf. OTciona caeayeT, ¥TO MrHOBEH-
Has ynpyrad fedopMalfs YMEHbIUAETCS, ¥ eCaH «AEHCTBHTEALHYIO
noJ3yyecTb» PaccMATPUBATHL - KAK PAa3HOCTh MEXKAY MTHOBEHHOR
yopyrofi nebopMmanueir ¥ moaHoii Aedopmanueil, 10 coleTBeHHOR
3HaueHHe MOJ3YYecTH NOKHO ObiTb yseaudexo. (Me Bcerpa uMmen-
HO Tax X NOCTYNadAW B HAIIHX BRIUMCAEHHAX C AAHHBIMY, MOJyUeH-
HEIMYM #3 HCOHTauuit JlepMmura-Jlekamwo). (Cwm. puc. 138).

Iipyroe saMedanue, KOTOPOe, Ha MO B3TAAA, HYXKHO NPUHHMATD
noKa KaK THNOTE3y, YyTBepxjaaeT oGPaTHMOCTb NOJN3YYecTH. ITC
Tpefyer HeKOTODHX pasbiAcCHeHHH. PacoMOTPHM KPHBYIO NOJI3YHECTH,

’ getdti———
3
2 3
=~
I3 &
& 5
) | g
q Mh__n ‘B,
Merobenngn A
Ypyear
degopmayus
Bpera a, a, Bpema
Puc. 138, JHduarpamma  «auii- Puc. 139. I'paduueckoe npexcTaBie~
CTBIITEJII:HOﬁ NOA3YUECTH® HUe [PHTOTE3n! 06pa‘rumocm

NoI3YYeCTH

MOCTPOenNy0 HaunHas ¢ Boapacra a, (puc. 139). [lyersb 310 Gyner
Kpusas A.

PaccMOTpUM Temeph KPHBYIO TOJA3YydeCTH, HAUYHHAOILYIOCA ©
poapacra @ (kpmsBaa B). Ecau obpascu A pasrpysurths B MOMEHT
BDEMEHH d3, TO KDHBas Da3rPy3KH C BO3pacTa gy NOAYUHTCH Xak
pE3yJbTaT BHIUNTAHWs OPAMHAT B mM3 opimmaT A, T. e. KaX KpH-
past C.

Dra ryuoTe3a NPHBJAEKaeT CBOSH MPOCTOTOH H B HEKOTODHIX CJIy-
4yasx oHa onpasinpaercd [7]. OHa Morna GH IOATBEDAUTHL B3aHUM-
HOR BAMSIHME UCIAPEHHA ¥ JABJEHUA ¥ CHMMETDUIO 3THX ABYX SB-
JeRufi. I TeM He MeHee HallM MCHHTAHHS He NOATBEPRKIAIOT ee CO
BCeit ToynocThid (N0 Gonee OOGCTOATENHHO! NDPOBEPKE). Ynpyroe
nocaeAeHCTBUE NpPOTeKaer oueHb GHCTPO, O6HADYXKHBAA 4acTo BA3-
Kuii xapakTep, MeXAIy TeM KaK NOJ3YY4eCTb HC CJAeAYeT HPOCTOMY
84aKONY BS3KOCTH, NOCKOJBLKY BeJIMUMHA a4 He npeHeOpexuMmo Maja
B cpaBHeHuH ¢ f. [Toka a ckaxy, uro runoresa Mak-Feupn — yno6-
HOe npubjanxeHyue,

OcranopnuMca Tenepb Ha HEKOTOPHX PabOTax PYCCKON HIKOMM.
ITeppasn, ¢ xoTopoli MHe NpHBENOCH TIO3HAKOMHTHCS, peaCTaBIIser
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HeCOMHeHHbIl uHTepec, 310 — pabora mpod. A. A. 'sosnena [48]".
ABTOp ee onmpaercs Ha ugen PpeliccHHe? 0 MUTpalUKK BOAH B Ka-
NAANSPHEX KaHa/iaXx, HaxORAIUCHCA B CBASH (B NpUO/MIKEHHOH
Teopuu) Julb ¢ oGbeMHON ynpyro# Aedopmaunedt, no He ¢ hopmo-
u3MeHeHMeM. B COOTBeTCTBMH C 3THM B KOHIEMIUH aBTOpa Macca
W xunxorasoobpaskoi (paspl, NPHXOAAULAACA Ha enmm;y ogbeniar,

v+ To + Ty

AOAKHE TOJA BO3AEHCTBHEM CPEAHErO HANPSIKEHUS <= 3
¥ naBaeHus T; MOXBEPrHYTLCA HSMCHEHHIO, TIPHUEM fRejaeTcs AHo-
NylleHye, 4TO STO H3IMEHEeHHe 3aBHCHT JHHe#Ho oT t M or 71, T. e,

- d
aro W=Ppc--B, T1. Ecmu v— cxopocTh (HIBTPAUUH, TO —z— =

=—div (gev), The g — ycKopeHHe CHJME TAXKECTH, p— TJIOTHOCTD.
Orcionia jaenaeTcsd BBIBOA, YTO

dw
—7 = Kdivgrad 7.

DTUX ypapHeHUil (BMecTe C YPABHEHHSMH DaBHOBECHS U TEODHH
YIOPYroCTH), a TaKie HaJAHYUS TPAHUUHHIX YCAOBHE [HOCTAaTOUHO
nJIs pelllendss 3agaud. OHE HPEACTABJAIOT HEKOTOPYIO aHAJOTHIO C
COOTBETCTBYIOIMMY YPABHEHHAMH MEXaHuWKM TpyHToB. MHE He npH-
BOAMM 37eCh BCEX BHIKAAZLOK ABTOPa: UHTATeNb CaM CMOXeT HalTH
HX B TEKCTe ero CraTbH.

B koHeunHoM <CueTe 3aKOHEl HapacTaHus nedopmanuuu onpere-
JAI0TCS pasMepamu ofpasma (AnS UMAHHAPA, B YACTHOCTH, — ErO
paguycoM R), NOCKOJbKY BpeMs MNpPeNCTaBIeHO B 3TOM 3aKOHE Ile-
pemeHHoft 8 = {(a%R?), rue a® — nOCTOAHHAS NPOHHLAEMOCTH.
MOXHO BEIYMCAUTE TakXKe ¥ KDHBYIO NOJ3YUeCTH, XKoTopas oOHa-
PyXKUBaeT JIOGONBITHHE ABJEHMA: TOJ3yYecTb MNPOABJASETCH CHJb-
Hee B HayaJe Tpolecca, Ho Hcdesaer ckopee, uem paedopMamus
IpH CXHATHH, 97O BaedeT 32 COGOA NepeMellleHHs HeHTpaNbHOH JH-
HHMH, OTMEuUeHHEle B HaIMX HCNHTauugX, 371ech HaxogaT oO0bACHe-
HHe TaKxe ¥ TIeTIH THCTEPe3WCa NPH 3arpymesuH M pasrpyske, MX
CyXKeHHMe H HX TEHIEHUMA K Hekoropoft dopme papnomecust. Teopns
A. A. I'Bo3zeBa upespruaiino yGeaureabHa (séduisante) u mpHusH-
BaeT K pasbHeillieMy yrviy6aeduio uccnegoBaHuii. Ee, no-BHAaR-
MOMY, MOXHO IPHUMEHHTb K MaKPOCKOTHYECKHM ITIpoileccaM mHepe-
HOCA BOAK, KaKoBa Ol HH OBIa MX MUKPOCKONHWYECKass KapTHHA.

B omuo# u3 cnenylomux cBoux paGot [49] «ITossyuects GeToHa
# nyTu ee uccaenopanyusy A. A. T'Boaner Ha OCHOBAHWH HCHEITAHHAS
ofpa3liop MCTOZOM CTYNEHYATOTO HAUPYKEHHS [0Ka3HBaerT, 4To

! A, A Tsosxen Onmr Teopuy nonsydectn OGeroua, Hasectua AH
CCCP, OTH, 1943, Ne 9/10. Wwmeerca ¢panuysckufi nepesol. ABTOD NOCETH.I
Opanlyio, B 1 @Men cayuall GecepoBarth ¢ HHM O ero paborax.

2 Knura E. Qpeficcune, «IlepepopoT B TexHuKe GeToHa® HMeeTcs B PYCCKOM
nepenoge wuxk. M. A, Xepackosa mox pex. H. M. Beasesa. ({Tpum. nepeedd).
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MCHOBEHHBIE YOPyDHe NeOPMAuuy CHAAYIOT 3aKOHY NPONOpumo-
HaJbHOCTH (T. e, 3aKOHY l'yKa).

Hcxons u3 BechMma OGMMX NPHHUHKNOB, OH YTBEDPXKAAET, 4To 3a-
KOH yupyroro AeQopMHPOBaHMA AAst OPOCTOro (OAHOOCHOrO) pa-
IPSIXKEHHOTO0 COCTOSIHHS HMEET BHJI

4

T{¢ T

A(f)= 58 .*j Egg L,(t, u)du, (a)
4

rae L, (i, u) — Oynxuus BAMSHAS NPeXHHX YNPYrux nehopmaunis
Ha Hab/loAaeMylo NOJHYIO AedhOopMauHuIo.
O6nemuas nedopmanust BHpasuTCs GOPMyNOH

1
o () =21 - () 1 (t, u)da,
4

K@) K{(u)
rae
e= A1+A3+A3 ~— Tg’{"Tg‘f‘Tg
- 3 T 3 :

AnanorsgENM 06pasoM MOXKHO HPEACTaBHTh TAKKe H3MEHEeHHE

+

GopMBl & = A, —e ¥ CABHra:

t
_ () ¢’ (1) :
el_?.G(t) ._5 55 L, (¢, u)du,
1,
Y= T -,

rae Gyuguuy Lo, L,, L, cBasanm mexpgy coGoit Tak, 4To Kaxuas
M3 HHX OIpele]seTcda uepes JBe APYrHe, MPHYEM 3Ta CpHA3bL ycTa-
HaB/JAMBaeTCA TAaKUM XK€ TOYHO 06Pa3oM, KdK M CBA3L MEXAY yupy-
PUMH HOCTOSAHHBIMHM TEODHH YHPYIOCTH.

Ecnu B NpHBeJeHHBIX YDABHEHUSX 34JaHHON BEAHMHHOH CuM-
TaThb NOAHYI0 AedOPMAlHIO, 2 Heu3BeCTHOH OKOMYATeNLHYI yupy-
ryio AegopManuio, To 3TH ypaBHeHUs OyAYT HHTerpajbHHMH ypaB-
HenHsgMH BoabTepph, AApa KOTOPHX OYAYT HPEACTABICHH (YHX-
uuaMu BIHAHMA. Mx peulenne Moxer GnTo AaHO B CJACAYIOUIEM
BHOE:

ggg =A4(t) — j‘A(“’)RE (¢, u)du,
i

rae R g(f 4) — pesosnbBeHTa HHTErPANBLHOTO ypaBHEHHS, KOTOPYIO
CleQyeT pPacCMarpuBaTh Kak (YHKUHIO BIHAHHA
DPEKHAX NOJHHX AedopManuit Ha HAGAIOAIEMYIO
yupyryo Aedopmanuio. 3ta pyHKUUA BARAHAA MO-
JeT OHITb BHBENEHA M3 pe3yJbT4TOB HOUBITAHHA,
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‘C sroit nensio npoxuddepeHuupyeM ypaBHeHHe (&) 0 BpeMeHH
sarpyxenss { Mu noJyuHM Toraa

da
2 £

Ty -

3ra byHKUUA BJAUSHUA MOMKeT OhITL BHUUCIEHA B TOM C/AydYae, ecau
8 HalleM paclNOpsiKeHUM HMEIOTCS JNaHHBe O HOJ3YYecTH TOXKIe-
CTBEHHKIX 00pasloB LENOH NaPTHH, 3aTPYXKEHHBIX B PasSHEIX BO3-
pactax, OTAEJEHHBIX APYT OT APYra KOPOTKHMY HHTEPBAJaMH.
Hcenwmranug M. C. Bopuinanckoro ¢ GeTOHHEIMY NpU3MamMy Io-
3BOJIMNN ONPEmeJuTh 3TH (yRKnWH BAngHuR. ['paduveckoe npen-
CTaB/leHHe MX BOCNpoH3BeAeHO Ha puc. 140. 3meck MoxkHo 3aMe-
THTb, YTO Ha KaXAOH KDHUBOH HMEHTCS MABA aKTHBHLIX YUACTKa,

Le (t) tl) =

1 35nm

t -
15 dneid
t sdrer

X

Pue. 140. T'paduyeckoe npencrabjedde GYHKUFH
BAMSIHHST yNPYrHX AedopMauuii ua NOJMHYI0O HAGMO-
Jaemyo aepopMauuo mo teopud npod, A, A. Isoz-
AeBa H PeayasTarbl AUCHHITaHHN
M. C. BopruwaHsckoro

U

OQHH M3 HHX — Yy Hayaja, COOTBETCTBYIOILME MAajAmM 3HAYCHUAM U,
ApYro# —aJs 3yauepuil u, Oauskux K I Ilamare y Gerona, Kak #
Y crapuaxos, Jdyuiie COXpaHsaer COOMTHA WHOCTH H CaMHX nocaen-
HHX gar, YeM HPOMeXYTOYHHX srmox. Hanpsxenus, nelCTBOBABIUIHe
HEa OeTon B Camoe HocjefHee BpPeMs, PABHO KaX M Te, KOTOPhIM OH
nojeeprajcs pcKope nocae (GOpPpMOBAHHA, OCTABJISIOT HAa HEM He-
YHHUTOXKHMEE CJeRBl, BJIUAHHA XKe MNPOMEXKYTOYHHIX COORITHH X
BO3eHCTBUH B 3HAUUTEJBPHOH Mepe CTHPRIOTCS.

OTo upeIBHYAHHO HHTEPECHOE MaTeMaTHYeCKoe HCCAeROBaHHe
OH/I0 NPOBEAEHO s 3aMeljeHHOR ynpyro#f pedopmauuu. Mre
LYMaeTcd, 4T0 OHO MOMKeT 0Ka3aThbCsl BecbMa MJIOAOTBOPHEIM B H3Y-
JeHHHE TOABYULCTH, NOYEMY S M OCTAHOBWICSH Ha HeM GoJsiee noApoHHO.

OrMerum DonyTHO, yro npod. A, A. I'Bo3ugen cuuTaer Heo6xo-
HAHMHIM B pacyeTax NO NpeJe/bHHM COCTOSHHSM YUYHTHIBATh HEJH-
HelfHocTh fedopMaunit, HECKOJLKO NPeABAPAIOMIMX DaspylieHHe.
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ﬁ“

Ou noGaBnser, UTO HaM HE CJIELOBAN0 OB, PYKOBOACTBYSCh aHANO-
THell ¢ ONHOOCHBIM HCIBITAHHEM, YCTAaHABJAMBAIOIIUM JAMKEAHOCTH
nedopMaluun, NPeAnoOaaraTh, YTO ¥ B CTATHUECKH HeONpeesHMHX
CHCTEMAX JeJ0 O6CTOMT TAK XK€ M UTO B HUX He IPOUCXOIUT Nepe-
paclpeaeNeHnss HanpAKeHUH,

Bomnoasenune 8 [ITHUIICe wienmranus na caoxuniét u3ref ne-
Ka3biBalOT, 4TO ¢ NIpeBhILIeHHeM Harpysku csepx 50% paspymaiwo-
uwel HabuonaeTca cMelleHHe HeHTPa/bHON JHAHWH NO HATPaBJIEHHIO
K CAaToi IpaHK. '

Uto MBl MOXeM CAenaTh B PaspelleHdy 3ajauy Nporwosa moJ-
sysectu? OxoHuarenbhoe 3Hauende AedOpPMalu¥ TOJ3YYECTH 3a-
BHCHT OT CTOJIb §OJBLIHOIO UMCJIA NapaMerpos, YTo AaTh B HACTOA-
Hlge BpeMsa NPaKTHUeCKylo HOpMyny AJs ee ounpelefeHHs He Ipefl-
crapisieTcs BO3MOMXHEIM. Ham #3BecTHO jsdIlb, Wr0o JJst GeTOHA, 3a-
TPYXKEHHOTO B BospacTe 28 JHell, penuunHa oxoHYarTedbHo#t aedop-
MalHK 1pyU BHAepKUBaHUW OeroHa B armocdepe cpedHell BAAK-
soctd (75%) B 3—5 paz npeppimaer BeIWYHHY yrpyroit mnedopma-
puu. Jlaa 3arpyxenus Gero#a B BO3pacTe & MH RONHITaJUCh ycTa-
HOBHTb NPHONMKEHHYI0 GOpPMYAYy AR ONpefedeHHs OKOHUaTeAbHOM
BeJMYUHEl TIOJ3YUeCTH € MHCIONBL3IOBAHHEM OBYX 3aBUCALIHX OT Oe-
TOHA NapaMeTpoB:

A,,] ,

rie R — npoYHOCTL Ha CXarWe K MOMEHTY 3aTpDyiKeHHS,

A, — OXOHUATEeJBHANA BeNMYMHA YCaiKH GeToHa, MOABEp-
raBierocs TOM Ke BJiaxHOCTHOR o6paGorke 6es
HaTpPy3KHU;

A,,— OKOHYATeNbHAES BeJAXIHHA TeoPeTHyeckKol ycamki
GeToOHa, BHEIIEPKAHHOTO NPH HYJRBOM BIAXKHOCTH
0%);

D u Q/4,, -~ 1Be NOCTOSHERE XapaKTEePUCTUKH;

D[R, — okoHuaTenbHOE 3HaYeHHe NOJ3YYECTH B BOJE.

Ho a1y Gopmyay cliefyer pacueduBarth Kak rpy6o ODUEHTUPO-
BOUHYIO.

[TonbiTKa HpenCKa3aHUA BENWYHHBI NOJA3YYeCTH ORLTA CHeNaHa
Yanron u Kecaepom [18] ma 6Gase HCHOILIOBaHMS aKyCTHYECKHX
XaPaKTePUCTHK — CKODPOCTH 3BYKa u ero 3aTyxaHus. Cdopmynupo-
BAHHOE HMH (COOTHOILEHHE HCXOOUT W3 NPEANOJOKEHHs, uTo PYHK-
[H M0A3YYeCTH oTobpamaeTcs mpsaMoil B JorapHQMHUIECKHX KOOp-
nMHaTax Bpemenu H JAedopmanuu. M3BecTHH TPYZHOCTH, CBA3AH-
Hble C TPUMEHEHHEM BTOH CHCTeMBl KOOpmIuHAT. Y, wakoHei, aTOT
CII0Co0 He AdeT OKOHUATEAbHOrO 3HAUeHHS Mosdydectd. K TOMYy Ke
ONHCAHWE er0 He CTOJb JAeTaJbHO, YTOOb MBI MOIJIH OLEHAThL Kage-
CTBO MCIOJIL30BAHHHX 3KCHEPHMEHTANbHEX De3yJbTaroB,

D
b= [1+ s
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SakJaouenne

Besikoe paccyxaende HYKHO 3aBEPIIUTh BHIBOLOM XOTH ORI 4Jist
TOrO, 4yToSH H30aBHTL YHTATENCH OT UTEHHA BCETO TEKCTa LeJH-
koM !, TIoaTOMYy Ipex/e BCEro Mhl CKaXKEM, YTO TIOJA3YUECTh Oei-
CTBHTENBHO cyimecTsyeT; 40 jer Hasan 3Ta MCTHHA He NpeCTaBA-
Jlach elle OUeBUAHON, MOCKOJAbKY, corsnacHo Ppeiiccune, A. Menaxe
oTpuuan ee B ceoeM Kypce s IlIkose Mmocror m mopor B 1913 r.
Hanee, MH cxaxeM, ITO NMOJ3VUECTb NpefcTaBisier coGOR, No-BHAK-
MOMY, ABJEHHe THIPOCTATHYECKOrQ CAABJAYBAHHA (CBS3BIBAHMA) R
4TO OHO PA3BHBAETCS B reJe, B LEOJUTOBHIX HJIHM UHHIX CJAOSX BOZL.
O#a, Mo-BHAKMOMY, CBSI3aHa ¢ MCTapeHueM BOAR JuG0 NMo4 BO3xeH-
CTBMEM BHemrHeil cpear!, aubo NOA BO3LEHCTBHEM MaBJcHAA, XOTH
HHKAKHM H3MeDEHHEM 3TO He YCTaHOBJeHO. Bo BCAKOM caydae mod-
3y4ecTb CBA3aHA C ycaakoil, ¢ KOTOPOH OHaA He CKJajpIBAETCs, HO
coueraeTcs NpH MHEHEManbHoM B3aumofeftcreuu. Ilorpyxenne Ge-
TOHHOTO 06pasna B BOAY MOCJAE PAs3TPYy3KH NPHBOLUT K 08PaTHOMY
TNOIVIOIEHHUIO BOAK H K G0ablieMy HaGyXaHHIO 6eTOHA, uYeM TO, KO-
TOPOe AOCTHraercs NMOrPyxeHMeM ero B BOXY §e3 TipelBapuTesibHOH
3arpys3Ku.

floaszyyecrr mposB/sieT, N0 HEKOTOPHIM IPH3HAKAM, TEeHIEHUUIO
NPHHEATL NOCTOSHHOE 3HAUeHHe, 3aBUCALIEE TIPH NMPOUHX PABHEIX YC-
JA0BHAX oT HAupskeHud. [edopmuposadnoe cocrosiuue GeToHa MOX
ONpeneaennofl Harpyskod u B OTNpelesleHHBIX YCJOBUAX Cpenm
CTPeMHTCA CTAaORAK3UPOBATHCH HA HCKOTOPOH OKOHUATENBLHON Bejd-
YHHE,

Hedopmuporannoe cocrosiide 6GeToHa CTPEMHTCS NPHHATL 3HA-
YeHHe, NMPONOPUHOHANBHOE HANPAXKEHUIO, IPHUEM MHHUMYM erg co-
OTBETCTBYeT ycafKe, a caalble Harpysku H KOPOTKHME CPOKM BHOCHT
HEKOTOphle Hapymenus B 3T0 npasuio. ledopmanus ciaezyer 3a-
KOHY 3KCINOHEHIHANBHOTO THNA, aHAJOTHUHOMY 3aKOHY BA3KOCTH, C
TO{ JIALIL pasHuued, yro BXOAsud B Hero XKo3bduUUEHT Tpeld-
CTapaseT CO00H NepeMeHHVIO BeJHYHHY, MOHOTOHHO H3MEeHSIOMIYIO-
Csl C BO3PACTOM:

A = (8,—8)K(a, t).

OkoHuatesnbHasl BeaHudHa AedOpMAUMK NOAYUAETCS TeM MeHbIie,
‘qu 3HAYUTCIBbHES Boapacr, B KOTOpOM 6bIJ10 HPOHSBEREHO Ba.rpy-
XKeHue.

OxonuaresbHast BeJaHuMHA MOA3YYECTH 3aBHCHT OT CocTapa Oe-
TORE. OHa YBeJIK"-lHBaET-CH KaK HpH CHUKEHHEIX ,uosupoaxax e~
MEHTa, TaK H HpH BHCOKHX (T. e. M OYeHh TOLIAX M OYeHb XKHD-
Hux GeronoB). OHa MPoXOAUT uepe3 HEKOTOPOE MHHHEMAaJbHOE 3Ha-
YeHHE HJas LAHHOI'0 I‘p&HyJIOMETpH‘IeCKOI‘O cocrasa. Biuxsiiue 3a-

1 ¢ Bce xe Hajewch, 4To GOAbUIKHCTBO BO3bMeT Ha cebsa 9TOT TPYA pain
TOro, uToGH MOH TPYH He OKasancs HAIpaCHbIM,
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NOJHUTe/eH CKa3hBAaeTCH. AHLIb NPH KX BeChbMa HU3KOM MOAYy.e
YOPYIOCTH MJH e B CIyuae, ecd OHH TOABCPraloTcs cOGCTBEHHEIM
NAacTHYECKHM JedopMaluaM.

Ha monsyuecTn OKasbiBaer BAHSAAHHE M PEXHM BBJACPKUBAHUSA
GeToHa KaK [0 3alpPyXeHusd, TaK W npu 3arpyxenun. JlocTuxkenne
BHICOKOH npoyHocTH §eToHa NmyTeM NPEeABAPUTEILHOrO BHIAEPXKUBA-
HUSl ero J0 3arpy3KH B BOJE, KaXeTcs, CHHXKAET mossyyecTsb. Jo-
CTOBEPHO, UTO BJAXKHOCTL CPeJIRl B NEPHON Ae¥CTBHA HAFPY3KM OKa-
3HIBAa€T Ha TOJ3ydMecThb BO3AefCTBHC, CPaBHAMOE C TeM, KOTOpoe
OHa OKa3HEIBAeT Ha ycalIky 0e3 Harpysku.

CKoOpoCTh mossydecTd TeM MeHBINE, yeM GoJbiue cpelHHH pa-
JHyc HcublTyeMoro ofweMa 6eToOHa, aHAJOPHYHO TOMY, KaK 3TO Ha-
6moaaeTcs Npy ycagke 0e3 marpyskd. OxoHuaTesbHaf ycajxa, Kax
6yn10, YMEHbINARTCA C YBEJMUEHHEM 3TOro CpejHero paamyca (pas- ,
Mepr 06pasuoB ONpenessiorTcs COTVIACHO 3aKOHaM Tolo6us). .

Ilo pasrpyske GeToH MCHBITHBaeT YINPYroe NOCHEAECTBHE HAH
3aMeIeHHYI0 (3amasAnBaIOUiyI0) yTpyryio gedopMauuo, HocH-
Ity10, MO-BHAMMOMY, YHCTO BS3KHI XapaxTep M OBICTDO HCUe3aIOLLYIO i
{0 HCTEUEHUU HeCKOJBKUX THEHR).

ITonepeunas naacrHyeckas JAedopManus TIPH CXKartux JHOO
paBHa HyJgw0, aubc ToaydaeTcs O4YeHb He3HAUHTENbHOH, eCaH Ha-
rpyaka He pocruraer 50% paspymamwomeit. CraTHyeckoe 3arpyxe-
HHUe He OKAa3hBaeT 3aMeTHOTO BJHAHHA HA BEJIHUMHY paspymawnmed
' Harpysku (NMpu CKaTuM), ecau oHa He pocruraet 50% paspymaro-
uiefi nuHaMpyeckoff Harpyskd. CraTHuecKoe pas3pylUIeHHe MOXKH0
‘HQJYYHTE NpH HAarpyskax, He pocruramiux 90% anHamuadeckoi
paspyuamlnes,

[loBropHan Harpyska BEHI3LIBaeT paspylleHHe ¥ AD LOCTHKEHHA
70% nuHAMHUCCKON pa3pyliaxoilel.

IedopMalluy TMOJA3YYECTH NOA TOBTODHOH HArpy3Koii npuofpe-
TAIOT TNOBBILIEHHAYK CKOPOCTb M He HajJaraloTed Ha AehopmamHi
IOJN3YUECTH O] CTATHYECKOH HarpysKoi.

[Mnacruyeckue nedopManuy NpH H3rHOe H KPYYeHHH NOAYIAOT-
' ¢l YCKOPEHHBIMH, & IIpH H3rube BAEKYT 3a cofo#l fosee uin MeHee
oGpaTHMOe TepeMmelleniie HeHTPAaNbHOH JHHHH.

B CA0XKHOM HATPSIKEHHOM COCTOSHHM IMOJ3YYECThb, NO-BHJHMO-
MY, NpPOIOPUHOHAJALHA PA3HOCTH HAWOOMNBIIMX IVIABHEIX HanpAxe-
HHH.

[Tycre »TH HeMHOrMe yKasaHWs NOCAYXKAT HaM 3aK/IOYEHHEM.
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