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OBIIASl XAPAKTEPUCTHKA PABOTBI

AKTYAJIBHOCTD TeMbl AHCCEPTALUH
Mpo6nema wHccnenoBanus HaOyXaroWMX TPYHTOB, OTHOCALIMXCA K Kiaccy
CTPYKTYPHO-HEYCTOHUYMBBIX, XOTS M HMEET BaXKHOE 3HAYEHHE B CBA3M C LIMPOKHM
WX pPAcnpoCTpaHeHHeM BO  MHOMMX CTpaHax Mupa. Opuako 3ta npobiema
NpOI0/HKAET OCTaBaTheA  CNabOM3yueHHOH. K3BECTHO, YTO 3TH FPYHTBI  NOJ
BO3/IEHCTBHEM BOJbI YBEJIMUMBAIOT CBOM oObema (HaOyXaHHe), 4TO MPHBOIAMT K
HepaBHOMEpHO#H 1ehopMalHK  31aHHH M COOPYKEHHH, paspyIeHHIO I0POKHOrO
MOMOTHA, CHHIKEHHIO MPOYHOCTH (CONPOTHBIEHHE CABMIY) IPYHTAa CO BCEMH
BBLITEKAIOLMMH OTCHO/Ia HETaTHBHBIMHM TOC/EACTBHAMH(HApYLIEHHE TMPOUYHOCTH
OCHOBAHMH, AKTHBH3ALIUA OMOI3HEBBIX MPOLIECCOB, NOTEPA YCTOHUMBOCTH CKIIOHOB
M OTKOCOB M T.1). Hamel nccrnenoBadbl HaGyxatoliHe TPyHThI, KOTOpblE  HMEIOT
WIMPOKOE pacnpocTpaHeHue Ha TeppuTopun Pecnybnankn Apmenns u Cupuiickoii
Apabckoii PecryGimke, rie MpoBeeHbl CTPOUTENbHbIE PabOThI NO COOPYKEHHIO
KPYMHBIX THAPOTEXHHUECKHX, TMPOMBILUIEHHBIX M  TPaKIaHCKHX 00bEKTOB,
OQueBMIHO, HYTO U8 NPOEKTHPOBAHWA  COOpYkeHWH ¢  obecrieyeHnem
IKOHOMMYHOCTEH HMX BO3BEAEHHA M OJKCIUTyaTaluMH M J0JTOBEYHOCTH CIAECIYET
CaMBbIM TILATEIbHBIM 00pa3oM HMcclenoBaTh HHKEHEPHO-TEOIOrHYECKHE YCI0BUA
TEpPPUTOPHIi CTPOHTE/LCTBA B LIEIOM, M K&KA0ro 00bekTa B OTAENBHOCTH €
yuetoMm creunduyecknx ocobeHHocTeli— HabyXxaeMOCTH rpyHTOB.

MUccnenopanne mnpoueccoB HabyXaHWs W YCAIAKH TIHHWUCTBIX FPYHTOB H
COMYTCTBYIOLIMX WM SIBJIEHHIT, HMEIOT Takke O0/bIIOE MPAKTHYECKOE 3HAUEHHE
U MCMOJb30BAHHA MX B 3EMJIAHBIX COOPYKEHHAX B KAUECTBE CTPOHTELHOIO
marepuana. SIBneHne HabyXaHHs CPABHMTEILHO XOPOWIO H3YYEHO KAk C Hay4HOI
TOYKM 3peHHs, Tak M [ MpaKkTHUeckMx ueioil. B 1ene uccnenosanus
HalyXaloWMX [JIMHUCTBIX TPYHTOB M BBIABIEHHA TPHPOJbI 3TOTO ABJICHHS
umerotcs paa paGor, Ho ocofylo poab ceirpand pabotsl E.A.Copouana. Ero
moHorpadun  (1974;1989) nocnyuan OCHOBOM TPH  MCCIEAOBAHWH  PA3HBIX
acneKkToB HAGYXAIOUIMX [JIMH, H B YACTHOCTH KaK OCHOBAHHE COOPYKEHUI.

Ha6yxarolilie IIIMHUCTBIE IPYHTbI OKA3bIBAIOT OTPHLATEILHOE BIHAHHE U
HA TOA3EMHBIE COOpYkeHHs. B 93TOM OTHOLIEHHW HHTEpec MpecTaBiAeT
pe3y bTaThl M3MepeHHil B YHHKANLHOM NOA3EMHOM  THAPOCOOPYKEHWH
COPOKOBOCHMHKHIOMETPOBOIi ToHHene Apna-CesaH, rae Obllo  yCTaHOB/IEHO
OrpOMHOE rOpHOE [aBjieHHe--(10 4001/M*) 4TO, NO HAlIEMY MHEHHIO, 00YCIOBIEHO
MPAKTHYECKH TMOJNHON MOTepHeH MPOYHOCTH  BOJOHACHILEHHBIX HAOYXaKOWMX
rMH. YMEHBLIEHHE CONPOTHBIEHHA CIABHIY, ABJAETCA ONHOH M3 OCHOBHbIX
NpUUMH  BO3HMKHOBeHMs ononsHel B Ooprax kapbepoB. [lostomy npw
NPOrHO3WPOBAHHH  YCTOWYMBOCTH CKJIOHOB M OTKOCOB CIEAYET Y4MTBLIBATE HX
ycamounylo aedopmaumio. HecMoTps Ha  BaKHOCTR BOTPOCOB, yCajkd
COMyTCTRYIOlIEE €if TPELMHO0OPa3OBaHHE, CONPOTHBIEHHE CABHIY W CIIBUIOBOFI
non3yuecTi HabyXaloUMX FPYHTOB HCCIEN0BaHbI 10CTATOMHO €ado.

Hapsany ¢ npupoHbIMH (akTOpaMK Tak ke BXKHbI BIHAHHE BHEUIHHE (balm)pa -

UIHTENIbHbIE JEeHCTBHA HOPMAbHBIX M KacaTe/bHbIX ‘HEHPHKEHHFI YCIIOBHUA
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3aMayMBaHHA M BBICHIXaHHA(00E3BOKHUBAHNA), TEMNEPATYPA, PEKHUM 3arpyKeHHS
HT.A

He BbIABNEHBI 3aKOHOMEPHOCTH COTPOTHBIIEHHS CABHIY M MOJ3YYecTH
HabyXaloWKX TpYHTOB, B IUMPOKMX TpeleNaX HM3IMEHAEMOCTH  HayalbHbIX
BIIDKHOCTEH-TUIOTHOCTEH M YNIOTHAIOWMKX AaBNeHHi (418 ciyyae Bbilie
NaBNEHHA HaOYXaHWs M HWKE YIUIIOTHAIOWMX NaBieHuil).OcofeHHO BaMKHBIM
ABMACTCA TAKKE BOMPOCHI KacalolIMeCs MEPONpPUATHAM MpPOTHB HaOyXaHus |
MPHMEHEHHA HAOYXAKOUHX rPYHTOB B CTPOMTENLCTBE KAK CTPOiMaTepHaa.

Bece  Bbimeunznoxentoe NOKa3bIBAET, AKTYAIbHOCTh  MpeACTaBIEHHOI
JIMCCEPTALIMOHHOMH paboThl.

Bonbluioit MHTEpeC ¢ TOUKH 3peHHs MEXaHH3Ma M MPOTHO3a OMOJ3HEBBIX
ABJIEHWH MNPEACTAaB/IAET pELIEHHe BONPOCA CKOPOCTH JBWIKEHHMS CKJIOHOB,
CIOXKEHHBIX HaOyXalOLWMMH TPYyHTamMH. BakHbIMM 3a1auaMM  SBJAIOTCH TaKxke
pa3paboTka METOAMKAa OmNpeNesieHHe PpasfNHuHBIX MoKa3aTeneil Habyxalowmmx
TPYHTOB (naBjieHue HaOyXaHus, CONPOTHBIEHHE CABHTY, MapaMeTpbl MON3y4ecTH)
B CH/IbHO HEONHOPOAHBIX TPYHTOBBIX YCIOBHAX, pa3paboTKa METOIAMKH Mo
CMEIIHBAHHIO HETPAAHLHMOHHBIX CTa0WIMIMPYIOWIMX N00ABOYHBIX MaTEpPHAIOB
(MPOM3BOACTBEHHBIE OTXOABI  MECTOPOMNEHHH CTPOMTENBHBLIX KamHed) ¢
HabyXaKoUIMMH IPYHTaMH, Kak CTpoiiMarepuana.

Ileanb paGoTbi:

* MHsyyenwe conmpoTBNEHHE CABMTY W CIOBHIOBOH  MON3yuecTH
HaOyXaloWMX TINMHHCTBIX TPYHTOB MOA /JEHCTBHEM BHEUIHHX M
BHYTPEHHBIX tdaxTopor (HauanbHas BJIQKHOCTb-MJIOTHOCTb,
YIUIOTHAIOWIMKE JIaBJIEHHE, PEIKHM HCTILITAHHI).

» PaspaboTka MeTOAMKH ONpeaeneHHs COMPOTHBIEHHS CABHIY FPYHTOB C
yCano4HOH TPELMHOBATOCTBIO.

* BbiiBieHHE 3aKOHOMEPHOCTEH PACpOCTPAHEHHMA YIPYTHX MPOAOJbHBIX
BOJIH B HAOYXalOLIMX MIHHHCTBIX FPYHTaX.

¢ Peuesue 3a7aya  CKOPOCTH  [ABHIKEHHS  CKJIOHOB  CJIOMEHHBIX
HaOyXaloLWHMH rPYHTAMH.

¢ BruisBnenne 3akoHOMepHOCTEH  MoM3yuecTH M3 HabyXaloOWMX THH
UEMEHTOTPYHTOB MpPH CHaTHH M pa3paboTKa MEpONpHATHI NpPOTHB
HabyxaHus C Y4E€TOM MpPOYHOCTHBIX MW MON3YYMX CBONCTB
CTpoiiMarepHaos.

¢ PaspaGorka MeroaMKM  onpejeneHus  nokazareneii  Habyxawus,
COMPOTHBJIEHHS CABHIY H CIBUIOBOM MOJ3Yy4YeCTH.

e PazpaGorka  MeToaMKH Mo  CMELIHBAHHUIO HETPaJIMLHOHHBIX
CTabMIAM3HPYIOIMX  N00ABOYHBIX ~ MATEPHAIOB  (MPOM3BOJCTBEHHbIE
OTXObl MECTOPOXKAEHHH CTPOMTENbHBIX KaMHeil) ¢ HaOyxalowuMH
IPYHTaMH PEKOMEHIyeMBIX B KauecTBe CTpoiiMaTepHana.

OcHoBHbIe 3a1aun_Hccaea0Banmii: /U8 pelnenHe nocTapNeHHbIX Leneil
HE00X0AMMO GbLIO PEIHTS CEAYIOIUIHE OCHOBHBIE 3a1a4H:

1. VYcraHoBneHnue 3akoHOMepHOCTEIH:



a) COMPOTHBIEHHA CABMIY W CABHIOBOW MON3Yy4YecTH HaOyXalolMX IPYHTOB
NP LWIHPOKHX HMHTEPBANAX HM3IMEHEHHWA WX (PU3MUECKOrO COCTOSHHA H
YIUIOTHAIOLLHX JaBJIEHHH;
6)u3meneHu# ko3 PULHEHTOR BOAHOKOMIOHAANBHOIO CUETJIEHHA W BA3KOCTH
Ha0yXalolHX rPYHTOB;

B)pacmpoCTpPaHEHUs MPOAOSbHBIX BOMH B TJIMHHCTBIX TPYHTax [MpH
M3MEHEHHH HX BIAXKHOCTH M BOJIOHACBILLEHHOCTH;

2. PaspaGoTka M npUMeHEHHE METOAA OMNpeae/ieHHA COMPOTHBIIEHHA
CBHTY FTHHHCTBIX TPYHTOB € YCAZ04YHOH TpPELIHHOBATOCTBIO.

3. OnpeneneHHe CKOPOCTH [BWAKEHHS [eNIOBHATBHOTO CKJIOHA C
yuetoM akropa HabyxaHus.

4. BeisBneHHE 3aKOHOMEPHOCTEH BJIMAHMA  BO3pacTa M HauyalbHOM
[UIOTHOCTH LEMEHTOIPYHTOB Ha MOJI3YYECTh MPH CKATHH.

5. Paspaborka ynpoleHHOH METOIMKH OMNpele/NeHHs IreOTeXHHYECKHX
CBOWCTB HEOJHOPOAHBIX HaOyXallHX TFPYHTOB C HCIBITAHHEM
oaHoro obpasua.

6. PaspaboTka MAcCHBHBIX WM AKTHBHBIX MeponpuaTHii no Oopwbe ¢
HabyXalomWMMHK  NpoLIeCCaMH, TNPH  CTPOMTENBLCTBE  3€MJISHBIX
COOpYXKEHHH, YBENHYEHHA YCTOHYMBOCTH ECTECTBEHHBIX CKJIOHOB H
MCKYCCTBEHHBIX OTKOCOB.

7. PaspaboTka MeToaMKH Ans cTabunuM3auuu HaOyXarolUX TJIHH, re B
KauecTBe crabunu3zaropa, peKoMeHIyeTcs MCNOJIb30BaTh
MPOU3BOACTBEHHbIE OTXOJbl MECTOPOXKAEHHH CTpoAMaTepUaos:
M3BECTKOBBIH, LIIAKOBBIH, TY()OBBIH NOpOLIKY.

OcHOBHBIE 32 MIIAEMbIE N0J0KEHHS:

- YcraHornena 33aKOHOMEPHOCTEL M3MEHEHHMA CONPOTHBIEHHUA CIABHIY H
COBHIOBOMH MOM3YYECTH C y4ETOM HX IIMPOKHX Npejenax H3MEeHAeMOCTH
MX HaualbHOM BIAXKHOCTH M YIUIOTHAOLIMX JaB/IEHHI.

* YcravoeneHa 3aKOHOMEPHOCTb H3MEHCHHA CKOpOCTCﬁ pacnpocTpaHeHHs
YOpyrux npoaojibHelX BOJIH B Haﬁyxamumx rpyHTax, B 3aBUCUMOCTH OT
MX BQKHOCTBH H CTEMEHH BOJOHACBILEHHA.

e PaspaboraHa MeTOAMKAa ONpelneneHHs MapaMeTpoB COMPOTHBIIEHHA
CABHI'Y IMMHHHUCTBIX TPYHTOB C yCBJlO"IHOﬁ TPELUWHHOBATOCTBIO.

e ObGocHopaHa 3aBMCHMOCTh ko3 pruMeHTa BA3KOCTH "
BOJIHOKO/IIOHJA/ILHOTO CLEMJIEHHA  BCIEACTBHE HADYXaHHA IMIMHMCTHIX
FPYHTOR.

e OGOCHOBAaHO MW3MEHEHHE CKOpOCTeH CMELIEHHS CKIOHAa 10 BhICOTE,
ofycnoeneHHoe dakTopoM HabyXaHHs.

e  VYCTaHOBNEHO BIHAHHA  HAyalLHOH IUIOTHOCTH CKejleTa M BO3pacTa
LEMEHTOrPYHTOB Ha MOJI3YUECTH MPH CIKATHH.

e OOocHoBaHa METOAMKA OMpeaeneHus AaBneHus HabyxaHua, nedopmauuu,
COTpPOTHB/IEHHA CIBMIY M MNapaMeTpoB C/ABMIOBOH MON3YYECTH MpPH
MCIBITAHHK OHOTO 0Opas3La.



¢ PaspaGotaHbl MepONPHATHH NPOTHB ABNEHHH HaOyXaHHA TIMHHCTBIX

TPYHTOB.
e Pazpabotanbl mMeTonMKa i cTabuiu3auMM HaOyXalOWMX TJIMH, rIe B
KayecTBe crabHaH3aTopa, peKoMeHayeTcs MCMOJNb30BaTh

NPOH3BOJACTBEHHBIE ~ OTXOAbl  MECTOPOMNAEHWH  CTpoHMAaTepHanos:
W3BECTKOBBI, LWNAKOBbIH, TY(HOBBIH MOPOILKH.
Hayunasi HOBH3HA paboThbl:

e Bnepeele nony4eHbl 3aKOHOMEPHOCTH HW3MEHEHHWH CONPOTHBIEHMS
CHBHTY M CIBHIOBOH MOJ3Yy4eCTH HaOyXarolMX MPYHTOB NPH LIHPOKHX
npejenax H3MEHEHIEMOCTH BIAXKHOCTH W YIIOTHAIOWMKX AaBJleHHI.

e Bnepsbie pa3paboTana METONMKa OnpeneneHns nokasaresnel MapameTpos
COMpPOTHBJIEHHA CIBHTY M CIBHrOBOH MON3Yy4YECTH B IUMPOKHMX MNpenesax
M3MEHEHHH Ha4yalbHOH BNAXKHOCTH, YIUIOTHSIOWMWX [AaBNeHHH W YPOBHH
CIIBUFOBbIX HAMpPAKEHHH.

e BeisBieHbl 3aKOHOMEPHOCTH CKOPOCTH —PAacmpOCTPaHEeHHs  YMpYrux
MPOAOJBHBIX BOJIH B IJIMHHCTBIX IPYHTAX B 3aBUCHMOCTH OT BIXHOCTH H
CTEeNEeHH BOJOHACKILIEHHS.

* Bnepsble paspaboTana METOIMKA ONpeleseHHs CONPOTHBIEHHS CIBHTY
FJIMHUCTBIX TPYHTOB YCaa04HOH TPELIHHOBATOCTHIO,

* Bnepsble ycTaHOBJEHAa 3aKOHOMEPHOCTb H3MeHeHHH ko3dduuuenTa
BA3KOCTH HabyXxalouux rpyHToB, 00ycnoBIeHHbIX HabyXaHHeM.

e Pewena 3azaya no OMPENENEHHIO H3MEHEHHWA CKOPOCTH [ABHXKEHHS
CK/IOH@, CJIOKEHHOTO TIIMHHCTBIMM TPYHTAMH B IUIACTHYHOM M BA3KO-
MJIACTHYHOM COCTOSIHHH.

e [lony4yeHbl 3aKOHOMEPHOCTH BJIMAHMA HauallbHOH IUIOTHOCTH CKEJeTa
BO3pacTa LEMEHTOrPYHTOB Ha JiehOopMaLlH NOI3YHECTH NMPH  CKATHH.

e PaspaGoraHa MeTooMKa oOnpefeneHHs JaBneHus W gedopmauuu
Ha0yXaHMsl, COMPOTHBIEHHA CIBMTY W [ApaMeTpoOB  [O/3y4ecTH
MCMBITAHHEM OJIHOr0 00pa3sia rpyHTa.

¢ PaspaGotaHbl U 000CHOBAaHbI AKTHBHBIE H MACCHBHbIE MEPONPHATHA IO
dopbbe ¢ HabyXaHHeM rpyHTOB.

QOCTOBCEHOCTB Pe3yJabTATOB HCC EQOBRHHF‘:

PesyabTaTel, npHBeleHHBIE B JHCCEPTALHOHHOH paboTe JA0CTOBEPHBI,
OCHOBaHbl HAa MCMO/B30BAHHH COBPEMEHHBIX TEXHOJIOTHH, B TMOJEBBIX M
NabopaTopHEIX  MCMILITAHMAX  MPHMEHEHA  COBPEMEHHAas  M3MepUTENbHaA
annapatypa M COBPEMEHHBLIE pAaCueTHbIE KOMMIOTEpHble nporpamMmel, B ocHoge
paboTel nonosxeHs! pesynbtarsl 30 - IETHUX WCC/EN0BAHMIT ABTOPA 1O H3YYEHHH
HabyXaloWMX IIMHUCTBIX FPYHTOB, C PELIEHHEM PAa MPAKTHYECKHX 3aad.

Hayunoe u npukiagHoe 3naueHue padorbl:

* PaspaGorannble aKTHBHBIE M  NAcCHBHBIE MEDONPHATHS  MPOTHB
HabyXaHus MOTYT nNpUMeHATBCS s ofecnedyeHHe YCTOHYMBOCTH
CKJIOHOB H OTKOCOB, & TAKAKE MPH CTPOUTENBLCTBE 3EMIAHBIX COOPYIKEHHIA.
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e JlomyyeHHble 3aKOHOMEPHOCTH /UIA HAOYXalOWMX IIHHHCTBIX IPYHTOB
OyAyT yuTeHsl MPH OLEHKE YCTOHYMBOCTH CKJIOHOB, OTKOCOB, MOA3EMHBIX
BbIPabOTOK, (PyHAAMEHTOB COOPYIKEHHIA.

e MeroaMka MCMbITaHWA OQHOrO oOpa3ua MOMKET ObIThb NMPHUMEHEHA MNpH
HHKEHEPHO-Te0IOrHUECKHX HCCIIe10BaHHAX HEOIHOPOIHbBIX
HabyXatoLHX rPyHTOB.

e  PesynbTaThl MCCNENOBaHHH, MPUBENEHHBIX B AHCCEPTALMH, OTAE/bHBIMH
YaCTAMM BHEIPEHbI (COOTBETCTBYIOIHME CMIPABKH NPHIOKEHA).

[Mpeanaraembie MeTOAbI M MOJIYYEHHbIE PE3YIbTaThl TAKAKE MCMOMAb3YIOTCA B
y4eOHBIX nporpaMmax OakanaBpHaTa U MarucTpatypbl Kadeapbl FTHAPOreoNOruH H
MHIKEHEPHOH reoJIoruH.

Iy6ankaunn u anpodauus padoTbl:
PesynbTatsl MCCNENOBAHMI, JOKIalbIBAIMCL W  OOCY)KIalHCh Ha

MEKIYHAPOAHBIX W pecnyONMKAHCKMX  HAyuHbIX  KOH(epeHUMAX:  Ha
mexayHapoaHoit kondepenunn EAGE B Manpune uions 13-16 2005r., Ha
Beepoccuiickoli MexayHapoaHOH KOHPEPEHLMH N0 FHAPOreoOrHH, HHIKEHEPHO
reoorud M reoskonorun B Tomcke 10-15 oktabps 2010r, B llaxkamsope Ha
MexIyHapoaHo#  KondpepeHuuM, nocsaweHHodt  100-netH0  akanemauka
H.X.ApyTioHsHa no Teme CoBpeMeHHble npobnemMbl MEXaHHKH TBEpAOH cpenbl 8-
12 okrabpa 2012r, B CrenaHakepTe Ha MEXKIYHapPOJHOH KOH(EPEHLIHH,
nocesieHHoN 40-1eTHI0 OCHOBaHHA ApPLIAXCKOro rocyHusepcHreTal3-15 Hoa0ps
2009r,8 ['OMpH Ha MEKIYHAPOAHBIX KOH(DEPEHLMAX, MOCBAIIEHHbIX 60-neTHIO CO
aua  ocuopanus HAH PA wu noceawendHomy 15 neruro [oMpuiickoro
3emnerpAcenus, 4-7 okrabpa 2011r., B [loMpH Ha HayuHas KOH(epEeHLIHH,
noceswenHoi 50-netuio ocHosanus HIMC um. akanemuka A.["Hazapopa HAH
PA no teme CoBpemeHHbIE 3a1a4d reo(U3NKH W HHIKEHEPHOH CEHCMONIOTHH, a
TakkeB Epeane Ha pecnyONHKAHCKMX HayuHbIX KOH(EPEHLHAX- MOCBALLEHHOH
70-neTHio ocHoBaHus reosoruyeckoro axynsrera EIY10-15 centabps 2006r,
nocesweHHoi 90-nernto npocdeccopa B.A.Aserucana no teme CoBpemeHHbIE
npobnemst reorpadguu u reonoruun 27-29 okta6pa 2008r, noceaiieHHoi 90-neTHIO
npodeccopa [1.C.bownarana no teme CoBpeMeHHblEe NpPoOJAEMBl MPHKIALHOH
reonorud u reorpaduu 18-19 Hoabpsa 2010r, wa cemunapax Ha kadenpe
FMIPOreoJIOrH U HHKEHEPHOH reonornH (akyabTeTa reorpaduu U reonoruu.

Astopom onyOaukoBanbl 40 HayuHbIX paboT, B TOM YHCIE MO TeMe
aMccepraunm 26 HaydHbix pabor.

Odbem u  cTpykTypa aumcceprauum: Jluccepraumonnas pabota

n3I0’keHa Ha 256 cTpaHMUAxX, COCTOMT H3 BBEIEHHMA, LIECTH I/aB, OCHOBHBIX
BBIBOJIOB H PEKOMEH/IALINi1 M CITUCKA INTEPATYPb.

Kpatkoe coaepxanune padorsl.

Bo_BBegennu 000CHOBaHbI AKTYaTbHOCTb TEMbI, CHOPMYTHPOBAHBI LIENb
M 3aJa4d MCC/IEJ0OBaHMi, OMpele/ieHbl Hay4yHas W MpakTHYecKas 3HAYWMOCTh
MONY4YEHHbIX PE3yJIbTAaTOB.



[Cnaea 1. M3yuenHocTh HAbyXaHHsl, YCAOKH IIMHHHCTBIX TPYHTOB, HX
BJHSAHHS HA CONPOTHB/ICHHE CABHIY H CABHIOBYHO MOJI3y4ecTh.

B 0630pHOH rnaBe AMCCEPTALMM M3NOKEHBI BOTIPOCH], OTHOCHLIMECH K
npHpoae HabyXaHWA TPyHTa, M PacCMOTPeHbl (AKTOPBI, BMAKOIUME HA 3TOT
npouecc. Ha ocHoBanun ananuza paBoT pa3iMuHBIX HCCleaoBartesel NpHBEIeHs!
3aKOHOMEPHOCTH neopmaumii HaOyxaHus M [JaBneHus HaOyXaHHA TpyHTa.
TlpuBeneHsl 00IIME CBENEHHA O IIMHAX M TIHHHCTBIX MHHEpPAIaX, O FHApaTaLMH,
HabyXaHWH [JIMH U CBOMCTBAX BOMIbI B BBICOKOAMCIIEPCHBIX MIMHUCTBIX FPYHTaX Ha
ocHoaHuu pabor E.M. Cepreesa, B.H. Ocunoea, b.B. [lepsruna, C.B. Hepnuna,
E.A. Copouana, JL.U. Kyneunukoro, O.H. 3nouesckoit, I1.A. PeGunnepa,
Y.l'opmana u ap. PaceMOTpeHs! BONpOCHI MPHUPOLI HaGYXaeMOCTH TIMHHMCTHIX
rpyntoB (E.A. Copouan, B.M.Ocumor u ap.), mpuBoaMTCS 0030p W aHAIH3
TEOPETHYECKHX, IKCMIEPHMEHTANTbHBIX MCCIIE0BAHNH YBIDKHEHHA W aedopmupo-
BaHWA, a TaKke W3MEHEHHA NPOYHOCTHBIX M NeOPMAIIHOHHBIX XapaKTepPHCTHK
rpyHTa B Tpouecce Hadyxanus. MccneloBaHHIO HANPSKEHHOTO COCTOSHHMA TPH
HalyxaHuH nocesuensl padotel E.A.Copouana, XK.E.Poratkunoii, K.Harapamxkana
H 1Ip.

B Toxe Bpems Bonpocel TpewMHOOOPA3OBaHHA [pM  ycaake IHH
paspabotanbl cnabo. KMmeercs Tonbko paa yKasaHuil Ha TO, YTO TPEUIHHOBATOCTB
TPYHTOB MIpaeT BaKHYI pONb B TOArOTOBKE ONON3HeBwX medopmaumii (E.A.
Copouan, .M. loprosa, K.111. LLlanysu, .M. Tep-Crenausn).

B rnase maH Takke 0030p COBPEMEHHOTO COCTOSAHMS H3YYEHHOCTH
COMpPOTHBIIAEMOCTH CIABMTY M CIBHFOBOH [0JI3yYecTH TPYHTOB BOOOIIE H
HayXaloWKX IMH B YaCTHOCTH. AHAIM3MPYETCA BAMAHHE, KAK BHYTPEHHMX
(cocTas, cocTosHHe, CTPYKTYPHBIE CBA3M), TAK M BHEUIHHX (YC/I0BHA 3aMauMBaHKs,
PEKHMM Harpy:KeHus, TeMneparypa U fp.) GakTopoB Ha NPOYHOCTEH M MON3YYECTh
TPYHTOB. PacCMOTpEHbI pEONOTHYECKHE MOIENH M BOMPOCHI  TMOJ3YYECTH,
MCTIONIb3YEMbIE JUISl OMMCAHUSA MPOLECCa UIMTENBHOIO 1e)OPMHPOBAHHA IPYHTOB,
BIIHAHME H YYeT U3MEHAEMOCTH Ha4YalbHOrO COCTOSHHSA BJIAXHOCTH-MIOTHOCTH Ha
ux nomsyywe cpoiictea (B.B.BanoB, A.A.lonbaud, M.H.onsmureiin,
HO.K.3apeukuii, P.C. 3uanrupos, H.H.Macnos, C.P.Mecusn, 3. Tep-Maprupocsn,
I"U.Tep-Crenansn u ap.). AHanu3 stux paGoT MO3BOJMA aBTOpY NpHITH K
BBIBONY,YTC ~ BOTPOCHI  CONPOTHBICHHMA CJIBHTY M CIBMIOBOH TON3y4YecTH
HaOyXalOWMX TPYHTOB B WHPOKHX MpeneNax MIMEHAEMOCTH YIUIOTHAIOLIMX
AABNCHMHE W HAYaNLHOM  BIAKHOCTH  MPEACTABNSET OONLIIOH  HAYYHO-
NPAKTHYECKHH MHTEPEC W HY:IAalTcd B yriayOneHHOM uccienoBaHHH. B
YacTHOCTH, HEOOXOAMMO YCTAHOBHTL XapakTep M3MEHAEMOCTH COTPOTHBIIEHHS
CABUTY M CIBMrOBOH MNON3yuecTH HaOyXalOIMX TPYHTOB MO IefCTBHEM
PA3NHYHEIX N0 BENHYHHE HOPMATBHBIX HANPMKEHWH B 3aBUCHMOCTH OT 3HAYeHHH
HAYANBHOM BIKHOCTH B PA3IHYHBIX PEXKHMAX 3aMAuMBAHMA NPH YIUIOTHEHHH M
capure;  TpeOyeTcs  COBEpUIGHCTBOBAaTH  METOAMKY  IKCIIEPHMEHTAILHOTO
HCCNCNOBAHNS  COTIDOTHBIEHHA CIOBHTY Try M CABHIOBOI nonzyuectu Y(t)
Ha0YXAIOWMX IMHH C YYeTOM HIMEHAEMOCTH HX HAuaIbHOH  BIBKHOCTH-

8



MJIOTHOCTH, YIUIOTHEHWSs M PasyrUIOTHEHMA BCJEICTBHE 3aMauMBaHWd B
3aBHCHMOCTH OT BEJIMYMHBI H PEKHMA MPUI0KEHHA HOPMAILHOrO Hanpsxenus P,
M YPOBHS KAacaTesIbHOr0 HaNpsKeHns T/Tpg.
Heob6x0auMO yCTAaHOBUTb 3aKOHOMEPHOCTH:
® H3IMEHAEMOCTH COMPOTHBIIEHMA CABUTY HaOyXalowux ruH npu We>W, u
P>0u 1Pz <0s;
3aBHCHMOCTH BA3KOCTH OT CLIEM/IEHHS BOJAHOKOIOHAANBHON MPUPO/IbI;
BJIMSAHHE YCANOYHOMN TPEIMHOBATOCTH HA COMPOTHBIIEHHE CABHIY;
BIMAHHA BJ@OKHOCTH M CTENEHH BOJOHACHILIEHMA HA CKOPOCTH
pacnpocTpaHeHue YNpyrux nNpoaoJbHbIX BOJH TIMHUCTBIX TPYHTOB.
Heobxoaumo HcenenoBats :
® CIBMIOBYH  MOJ3y4ecTh  HaOyXalOUMX  TJIMH,  YIUIOTHEHHBIX M
MCMIBITAHHBIX HA CIABHI NOC/IE BOJOHACKILEHHS MM0J1 apPETHP, [UIA ITHX ke
FPYHTOB HMCCIEA0BATH MPH LWHPOKHX Mpelesax H3MEHAEMOCTH HauabHOM
BJIQKHOCTH M HOPMAIBHOTO HANpsEHWs B YCJIOBHAX YIUIOTHEHHE M
pasymnotHenne  (nalyxauue) — BenencTBue  3amauuBaHus  (Oes
appeTHPOBaHKA ),
Heobxoaumo paszpabotars:
® METOAMKY  OMpele/eHus  MOKAa3aTeJM  IeOTEXHHYECKHE  CBOWCTB
HEOJHOPOJHLIX HAOYXaloUWMX TPYHTOB MCMBITAHWEM OAHOro obpasua
PeKOMEHI0BATh MPOTHBOHAOYXAKOLIHE MEPONPHATHSA.

FaaBa 2.  MHXKeHEePHO-re0OrHYecKas XapakTepHcTHKa 00beKToB
ucesaenopanuii. TlpuGopel 1 noaroToBka 06pasuoB K HCMbITAHHIO,

Jlna mccnenoBaHus BIMAHWA 3aMavyuBaHus (HaOyxadus) Ha ¢u3Mueckue,
NPOYHOCTHBIE W JedopMalMOHHBIE (MOM3y4yecTh) CBOicTBA HabyXarowWwMX
[IMHKUCTBIX ~ TPYHTOB  MCTIONB30BaHbl ~ FPYHTBI  Kak ¢ PasiH4HbIM
MHHEPAIIOrHYECKHM, TPAHYTOMETPHYECKHM COCTABOM, Tak M 00pa3oBaBlIMECH B
PasHYHBIX YCJIOBHAX (HOPMAILHO YIUIOTHEHHBIE M MEPEYMJIOTHEHHbIE). Bbutn
BbIOpaHbl  OGHTOHWTOBblE (MOHTMOPHJITOHMTOBBIE) TMHbI  CapHriOXCKOro
MECTOPOKAEHHS, UYETBEPTHUHBbIE MEPEOTI0KEHHbIE OEHTOHMTOBBIE  IVIHHbI
ATapLUMHCKOTO Y4YacTKa, BEPXHETPETHUHbIE [EPEKOHCONHIMPOBAHHBIE TIHHbI
KPaCHOLBETHBIX M FMICOHOCHBIX TOJIL, 3/H0BHAJIbHO-AENHOBHAJIbHBIE OMOJI3HEBbIE
OTJIOKEHHA KPACHOLBETHbIX, TMIICOHOCHBIX Tonul. Halyxaiwouime rJIHHHCTbIE
rPYHTbI, OTOOpaHHble Takxke M3 Tena miotiH Taeymckoro, basmabepackoro,
JlepHakeprckoro Bojoxpanunuiy PA, w3 Tena muotHH Apnyada, [agup-Asib-
Bycran, babanb-Anp-XaaMan W KAOJIWHHTOBbIE TMHBI T. Pac-Anb-Alina
(Cupuiickas ApaGckas PecriyGnuka). Jlns BbIABICHMA BIWMAHHA (PU3HYECKOrO
COCTOAHMA (BNAXCHOCTH-MUIOTHOCTH) HA YIIPYrHE CBOMCTBA, CONPOTHBIICHHS CABHIY
[JIMHUCTBIX PYHTOB MPUTOTOBJEHBI M MCMBITAHBI 00pa3Libl (MAacTel) ¢ Pa3IHUHOM
HaYyaIbHON BJIAXHOCTBIO,

[Mpu BBLIGOPE METOAHKH FEOTEXHHYECKHX HCCIEIOBAHHI NaBneHns HaOyXxaHHs,
YNPYrHX CBOWCTB, CONPOTHBIEHHSA CBHTY, CIBHTOBOH MON3yuecTH HabyXarouwmx
TPYHTOB B  LIMPOKHX Mpelenax M3MEHAEMOCTH  HayaJbHOW  BIAXKHOCTH,
YIUIOTHAIOIUMX JABJEHWH W B YCNOBHAX TPELIMHOBATOCTH  YUTEHBI Creyloline
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YCJ0BHSA: |) BO3MOKHOCTb BBINOJHEHHS JKCIIEPHMEHTOB MPH PasIMYHON HAYATLHOI
BJIKHOCTH-IUIOTHOCTH H YIUIOTHAKIIKX AaBjieHHHit; 2) ofecneyeHHe MnocTOAHCTBA
3aJaHHON BNAXKHOCTH-TUIOTHOCTH, 3) BO3MOXHOCTB H3YYEHHA CONpPOTHBJIEHHA
CIBHTY H CIBHIOBOM MOJI3y4€CTH IPyHTOB, 00MadaioiMX HAYaIbHO# MIOTHOCTbIO-
B/IAXHOCTBIO H BOJOHACHILIEHHBIM COCTOAHMEM; 4) NOCTOBEPHOCTH MOJYUYEHHBIX
PE3yJIbTATOB W BO3MOXKHOCTb MX COMOCTaBNeHHA. [N pelueHHe NOCTaBAEHHBIX
3afa4 ObLTH BRIOpAHBI COOTBETCTBYIOLIEE CTIELHANLHBIE METO/IBI.

2.1 V¥Ycnosus 06pazoBaHMs, COCTAB M JHCNEPCHOCTh HCCJIEN0BAHHBIX
PYHTOB M3BecTHO,4T0 NedopMaliHOHHBIE H MPOYHOCTHBIE CBOICTBA FPYHTOB
3aBHCAT OT YCJIOBHH HX o00pa3soBaHus (MpelecTBYIOIMX 3arpyxeHuii).Hamu
MCCIIEN0BaHbl HOPMAJIBHO YIUIOTHEHHBIE M MEPeyIUIOTHEHHbIE TPYHTHL. [ pyHT
CYHMTAETCA HOPMATBHO YMJIOTHEHHbIM, €CITH 3a CBOK HCTOPHIO He OBKHMaics
HAarpy3kamu OOJIBLUMMH, YE€M B PaccMaTpUBaeMblii MOMEHT BpemeHu.Jlna HMX
NPOLECC KOHCOMMAALUMHM  CYMTAETCH  3aKOHYEHHbIM,TaK-Kak HeHTpanbHble
HanpsKeHUs  OTCYTCTBYHOT, a 3(@EKTHBHbIE MAOCTHUINIM CBOEro Haubomblero
3HaueHus. [lepeynIoTHEHHOE COCTOsIHHE BO3HHKAET B Clly4Yae, eC/IH IPYHT paHee
noaBeprancs NaBleHHIO OONbLIEMY, YEeM CYIIECTBYIOLIEE, BCIEACTBHE HEro
dPEKTHBHbIE HANPAXEHHA B HEM MEHbIUE, 4YeM OBUIH paHEe. OHH MOTyT
HaXOIMTbCA B JBYX COCTOSHHMAX: &) KOI/Ja MpOLECC eCTECTBEHHONO pasyILIOTHEHHUS,
OOYCIIOB/IEHHBIH CHATHEM HArpPY3KH 3aKOHYWICS; §) B COCTOAHMM 3aTOPMONKEHHOTO
PasyIUIOTHEHHsS BBMIY 0Opa3oBaHMs LIEMEHTALMOHHBIX CBA3ei MexIy yacTHLUAMH
HJIH TIDH OTCYTCTBHH JOCTYNa BOJBI H MOJABIEHHH ABJNEHHH HaOyxaHus, a TakKe
BO3HHKHOBEHH OTPHLATENBHOIO AaBNeHHs B nopooit Bose. [Tpu knaccudpukaunu
FPYHTOB B 3aBHCHMOCTH OT YCIOBMA 00pa3’oBaHWs CpaBHMBAETCH MOPHCTOCTh
TPyHTa B YCIOBHAX €CTECTBEHHOrO 3aleraHHd C TMOPHCTOCTBIO  MACTHI,
NPHrOTOBNCHHOH W3 3TOro rpyHta. [IpH 3TOM MMOPHCTOCTE  HOPMATHO
YIUIOTHEHHOrO IPYHTa M NAacThl JOJDKHBI COBMAAaTh, & MOPHCTOCTE MEPEYIIIOT-
HEHHOr0 IPyHTa J0JIKHA ObITh MEHBIIE MOPHCTOCTH NACTHI.

BeHTOHHTOBBIE IJIHHBI  BYJIKAHOr€HHO-0CAOYHOH  QopMaumn
nepeoT.ioieHHbIe 00PA30BAHUA ArapUMHCKOTO YYACTKA eJe3HOJ0POMKHOI
Junun Paznan-HiokeBan (HOPMANTbHO YNUIOTHEHHBIE TPYHTBI) K nanHoi
(opmaunu npuypoueHo uspectHoe CapUriOXCKOE MECTOPOXAEHHE GEHTOHUTOBBIX
raHH. OCHOBHAA 4acTh MIMHMCTON ()paKkiMH NpPeCTABNEHa MOHTMOPHIIOHHTOM,
4TO YCTaHOBJIEHO PEHTTEHOBCKHM, 3JIEKTPOHHO-MHUKPOCKOTTHYECKHM,
TEPMHYECKHM M JPYTHMH BHAAMH aHATH30B. B yCIOBHAX COBPEMEHHOTO BIIAKHOTO
KIHMara, XapaKTepHOro ans Tasyuickoit obnactu ApMEHHUH,
MOHTMOPWLIOHHTOBBIE ITIHHBI PEOOPETAIOT 3aHHKEHHOE COMPOTHBIIEHHS CIBHIY,
4TO MPHBOJMT K Pa3sBHTHIO ONOM3HEBBIX MPOLECCOB. B 3TOH CBA3M BLIABNEHHBIE
3aKOHOMEPHOCTH (hOpPMHMPOBAHHMA IVIMH MOTYT CYLIECTBEHHO MOMOYbL B TPOrHO3e
OMON3HEBBIX SIBIEHWH M pa3padOTKe 3alIMTHEIX MeponpHuATHi. B TaGnuue |
NIPHBE/IEHB! YCPEAHEHHBIE 3HAYEHHA BOAHO-(H3HYECKHX CBOMCTB OEHTOHHMTOBBIX
TIIMH BYJIKAHOT€HHO-0can04HO! (opmaumu (1) H mepeoTnoKeHHBIX 0Opa3oBaHHil
ArapunHckoro yuactka (2).
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Tabauyal
Vepeonennvie snavenus 600Ho-husuueckux ceoticme GeHmonumosbIX 2aun

of 5 = :
o b Bt e S L e
g8 (28 6| B |Ef (B2 |BE |8 |2 |B _ |28
= B g <] g S |22 = £ .- E ol g al 8 2| Zpleds
o = T S EE [RaFE a8 88| a—| X M B B
== S -~ 12 8 = = = o 9 3 e
o = L O = ZE ¥ = = g Zz K8 ©
2 g | = = £ = s S =
& 5 T - =
1 | 2,72 10326] :1.65 1,19 | 1,705 | 0.404 | 1,301| <0 |0975| 0,68
2| 276 [0310] 1,925 | 0.878 | 0.462 | 0.290 [ 0.172] 0,116 0.836| 0,120

BepxHeTpeTHYHbIE TJAHHHCTbIE TPYHTbl [MPHEPEBAHCKOr0 paioHa
(Mepeyn/ioTHeHHbIE TPYHThI) BepxHeTpeTHUHbIE  [JIHHHCTHIE  TOJIIH
(hopMHpOBANKMCH B PA3THYHBIX (halManbHbIX ycnoBuax: mopckux (LLoparGiopekas),
KOHTHHEHTA/IbHBIX (KPAaCHOLIBETHAA) TOMIA W JIAryHHBIX (FMICOHOCHAs) TOJILIH.
BepxHeTpeTHUHBIE TNIMHHUCTBIE TIPYHTbI TMPHEPEBAHCKOTO paiioHa BO MHOTHX
cyuasx ABAAIOTCA OCHOBAHHMAMH Pa3HBIX 3JaHHI M COOPYKEHHH U YACTO HCIOJb-
3yKOTCA Kak CTPOMTeNbHble Marepuanbl. Jlng 3THX TJIMH BECbMa XapakTepHbI
OMOJI3HEBbIE ABJEHHA, HacTO BCTPEHaAlOlHECs Ha Y4acTKax BbIXOINOB [IJIHH Ha
[IHEBHYIO MOBEPXHOCTb. [IpOYHOCTE BEPXHETPETHYHBIX TFJIMHHUCTBIX TIPYHTOB
CBA3aHa C MPOrpecCHMBHBIMH  MPOLECCAMH  TETPOTeHe3a, a MMEHHO ¢©
IPaBUTAIMOHHBIM  YMJIOTHEHHEM, SBIEHUAMH  CHHEpE3HCca, THKCOTPOMHOTO
YNPOUHEHHA, KPUCTAUTH3AlMKH KapOOHATOB KanblUMS M APYrHX cojied. OHu BO
MHOTHX CJIy4YasX apriiuTornofo0Hbl, HX €CTECTBEHHAA BNANKHOCTb OOBIMHO HMAKE
npenena TIACTHYHOCTH, MOKa3aTelb €CTECTBEHHOH yMoTHeHHOCTH (Mo B.A.
Mpuknorckomy) Kg>1. TIpu nosiHOM BOAOHACHILEHHH OHM 00JAalT TBEpOii
NOJyTBEPAOH KOHCHCTEHIIHEH, YTO XapaKTepHO 1A MEPEYJIOTHEHHBIX TIIHH (CM.
Tabn. 2).

B TeueHue mocneayroLero reoJIorHYeckoro nepuoia BCIeACTBUE TOro, YTO
MOKPBIBAKOLINE MOPOABI OBUTH yJaneHbl W3-3a BbIBETPHBAHHMA H OPO3HH, TIIHHEI
KpacHOLBETHOH M THICOHOCHOH TOMUI pa3rpy#eHbl. Benencreue npHCyTCTBHA
BOCCTAHOBMMO# 3Hepruu Ae(opMHPOBAHHA MEPEKOHCONNIMPOBAHHBIE TJIMHbI B
BEPXHEil YacTH TOJILM MOJABEPraloTCs PACIIHPEHHIO C YBEITHYEHHEM BIAKHOCTH H
M0 CBOMM (hM3MKO-MeXaHHWYECKHM CBOMCTBAM OTJIMYAKOTCA OT HHKE3aleraloumx
HeBbiBeTpenbiX [MH, C 3THM CBA3aHbI ONOA3HeBble sBieHMs HyOapaluenckoro
paiiona. B KpacHOLBETHOI TOJILLE BBIAEIAKOTCA CNEAYIOUIHE MOPOA00OPasyIOLIHE
TTHHUCTLIE MMHEPASbI: MOHTMOPHIUIOHHT, XJIOPHT, THAPOCTIONA.

["MNCOHOCHAS TJIMHA TEPPUreHHO-3BANOPHTOBOH (opMalluK  CpPeaHoro
MHOLEHA B MPHEPEBAHCKOM TMporube npeacTaBieHa MOLWHOH TONWEH [JIMH H
XEMOTeHHBIX 0cajkoB. [MncoHocHas Toauma oOHaXkaeTcs TOJNLKO B Mpeaenax
npHepeBaHcKkoro mnporuba, rae. riMHbI COCTaBIAT okonao 70% pa3spesa.
OCHOBHBIMH TJIHHHCTBIMH MHHEpalaMH ABJIAKOTCA THIAPOCIIONA,
MOHTMOPW/UIOHHUT, TNANBITOPCKHT W XJOPHUT. Pe3ynbTarsl OnpeaeneHHs YacTHBIX
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3HauyeHHH BOAHO-(H3MYECKHX CBOHCTB OTOOpaHHBIX OOPasLOB KPacHOLBETHOH M
FMNCOHOCHOH TONMIH NMPHBEIEHEI B Tabn2
Tabnuya 2
[Toxkazamenu 600Ho-Ghusuyeckux coiicme omobpannsix 06pazyoe
KPAacHOy8emHou U 2UNCOHOCHOU Moy
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P gl 5|8 : d | B
o B é" ol oB ] 2125 2 = o g e g &
u@ B = 2 E: ] :_lzgn.gc‘m(-'. é.u §E
Z2'2 °.E[_-§ P : ; | 5B |2 e e~ |82 2| ¢S
T = =3 - = = g = =z E 5 =2l 8 B
Bl le AL el Bk = s |2
= = i~ é = ]
=
Cks.181
Opebymn) |57 | 2,75 [0.270 | 1,99 [0,755 [0,618 | 0,348 (0,235 | <0 [1,272 | 0,130
FHIIC, TOJIIA
CkB.165
UWlopaxmop) ¢ 3 | 5 75 10240 |2,05 [0,664 [0,530 [ 0269 [0.232 | <0 | .11 |0.125
KPacHOLIB.
roima
Hlypd 244
Opebyim) | 6| 263 | 0,286 2,090,614 0,466 | 0,180 | 0,182| <0 | 1.58 | 0.275
THIICOHOC.
TOMma
Ilyp 201
(Epesan. 1.5-
T3 {7 | 268 |0363( 15860971/ 0562 0.179 0,325 <0 | 1.33 | 0,175
KPacHOLIBET. ?
TOJIa
Cks.16
(Epesan.
ALY 45| 2,69 (0,288 1,95(0,781| 0,625 | 0,295 [0,276| <0 | 1,50 | 0.200
KpaCHOLIBET.
oJia

AHaU3 HCTOPHH 00pa30BaAHHA HOPMATLHO-YMIOTHEHHBIX GEHTOHHTOBBIX H
MEPEKOHCONIMAMPOBAHHBIX MMOLIEHOBBIX HAOYXaIOWIMX [JIMH HA TEPPUTOPHH
ApPMEHHH, & TaKKe NETAnkHOE H3yyeHHe ocoDeHHOcTell MX coctasa M (M3MKO-
MEXaHHYECKHX CBOWCTB MO3BOJIAOT CHENATh CEAYIOIIHE BEIBOMBL: a) HabyXatomue
FIHHHCTBIE TPYHTHI [0 MHHEPANOrHYECKOMY COCTAaBY M YC/IOBHMiM 00pa3zoBaHus
MOPA3NEIATCA HE CHAEAYIOUIHE PA3HOBMIHOCTH: HOPMANBHO YIUIOTHEHHBIE
(OEHTOHMTOBEBIE MTHHBI) H MEPEYIUIOTHEHHbIE (MHOLEHOBBIE TJIMHEI).

T AMHHCTO-CYyrIMHHCTBI MaTepHan Tena mioTHH JlepHakeprckoro,
Tasywmickoro, basmalepiackoro BoaOXpaHHIHIN Hnsa  ocywecTneHus
NPOTHBO(UILTPALMOHHBIX MeponpusTiii Ha JlepHakepTckoM, basmaGepackoM u
TaByWICKOM BOJOXPaHWAMII HCIIONL30BAH CYTIHHWCTO-TJIHHHCTEI  Marepuan
AENOBAATBHO-A/UTIOBHIIBHOIO NPOMCXOMXIEHHS, HMEIOLIMI WMpoKoe pacnpocTpa-
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HeHHe B Mpejenax Yauld yKa3aHHbIX BOAOXpaHWIMIL. CyriHHHCTO-TJIHHHCTbIE
cTpoiiMarepuansl XapakTepH3HYIOTCS CNEAYIOWMMH YCPEIHEHHBIMH 3HAYEHHAMH
BOAHO-(hM3HUECKHUX CBOMCTB (cM. Tabn.3 ).

Tabruya 3
Vepeonennsie 3nauenun 600H0-hu3u4eCcKux c6OUCME 2PYHMOE
o e T = -] &
g g DR S g g z "
g5 |E&.[f |6 |8 |&5| 88| E B | g o
= 2 4 g 3 g i 2 Eg |E5 =
eE |ZE|E°|E®|:%|E5|35| =] g2 228
= ER2 |8 g £ 8| K8 o £z (25
& S s F |2 & e EE| £2 | 5 =2 |28
L E B e |& & |8 o
JlepHakept. 1,91 10237 1,53 | 0,417 | 0,233 | 0,184 0.08 0.3
2,66 | 1,89 10,224 1,53 | 0,397 | 0,224 | 0,173 0,022 0,2
1,910,184 1,61 [ 0437 | 0,245 | 0,192 <() 0.4
Tasywekoe | 599 | 180 |0364| 1,34 | 0443 | 0220 | 0223 | 06 i
basmabepa. | 575 | 1,84 | 0345 1,37 | 0439 | 0,241 | 0,198 | 0,53 “

FaunucTbiil MaTtepuan tena naotud baG-Anb-Xaaumaa, I'aabip-Ane-
Bycrana, Aayana. /lenoBHanabHble oraoxenns 1. Pac-Anb-Aiin (CAP)  Ha
TepuTopud CHPMM LMPOKO pPacnpoCTpaHeHbl TJIMHUCTBIE TFPYHTBI, KOTOpbIE
MCMONIb30BaHbl Kak cTpoiimaTtepuan mis Tena niotH bab-An-Xamwna, TNambip-
Anb-Byctana, AnyaHa, SBNASCE  MOPCKHMH  OCaJOYHBIMH  TMOpOJaMH,
npeTeprneBlHMH  CJIOKHBIE  TeOXHMH4Yeckue npeoOpasoBaHus. PesynbTarhi
onpejiefieHHil ycpeaHeHHbIX ToKasaTened BOAHO-(H3HUECKH CBOHCTB TPYHTOB
npuBeneHs B Tabn.4.

Jna HHKEHEPHO-TE0IONMYECKOr0  paifOHHPOBaHHUA 3aKapCTOBAHHBIX
TeppuTophii  r.Pac-Anp-Aiin  (CAP) no ycnoBMAM pasBHTHA COBPEMEHHBIX
reofIMHaMHYECKMX  MPOLECCOB  MCCNENOBaHbl  FEOTEXHHYECKHE  CBOHCTBA
HaOyXaloWMX [eNOBHANbHBIX TJIMHUCTBHIX TPYHTOB. 31eCh OCHOBHas 4acTb
[JIHHUCTOR  (pakuMM  NpeiacTaB/ieHa  KAOJMHHTOM,  YTO  YCTaHOBJIEHO
PEHTTEHOBCKHM, 3NIeKTPOHHO-MUKPOCKOINHYECKHM, TEPMHYECKHM M APYrUMH
BHJIaMH aHATH30B. MDH3MYECKHE CBOMCTBA yKa3aHHbIX [JIMH NpUBeaeHb! B Tabm.4,

Tabauya 4
Boono-chuzuueckue ceoticmsa 2pynmog

= .

g 2ol & - g g & 3
g |g8f |6 (3. |5 EB R | Byl &a
5 g g E al ¥z 3 a = g‘ : ﬁ E"Q“ § ,_E, g g

g 3|3 |2 [5 |§E|Ed8|8 |&¢8| ¢

= & = = @ e = B
Bab-Ann-Xaana | 2.69| 1,90 | 0,209 | 1,57 | 0418 | 0.210 | 0.198] <0 | 0.175
Tamap-Atb- | 5 71| 194 [ 0271] 1,53 | 0,620 | 0325 {0295 <0 | 0275

bycran
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npoaouK. maba. 4

Anyan 2,72| 1,80 | 0,344 | 1,34 | 0,745 | 0,355 |1 0,390| <0 0,300

2,67| 1,83 | 0,200 1,53 | 0,428 | 0,216 | 0,215]| <0 0,125

2,60| 1,94 | 0.160| 1,67 | 0,381 | 0,196 | 0,185]| <0 0,200

Pac-Anmp-Aiin | 2,62 1,96 | 0,255 ] 1,56 | 0,446 | 0,221 | 0,225| 0,151 0,075

262] 1,78 | 0,238 | 1,44 | 0,370 | 0,188 | 0,182 0,275 | 0,050

2,67 1,90 | 0,210 | 1,57 | 0475 | 0,241 1 0.234| <0 0,150

Kak BuaHO u3 Tabnuubl, KAOJMHWTOBBIE TJHHBI IIPH €CTECTBEHHOMH
BIQKHOCTH BbIIE TMpeaena MIacTHYHOCTH (MAakCHMMaIBHOH MONEKyJIspHOH
BIArOEMKOCTH) MPH 3aMaYyMBAHHH MPAKTHYECKH HEe HAOYXaloT, a NPH €CTECTBEHHOMH
BIIAKHOCTH MEHbIIE Tpenena MIacTHYHOCTH —HalyxawT. B mocnennem cayuae
3aMauyMBaHHE [PYHTOB CO3NAET pealbHYX0 yrpody aedopmauuii M NPHBOIMT K
TOMY, 4TO AaBneHue HabyXaHus TNIHH, KaKk MpaBHIO, MPEBLILAET HArpy3Ky OT Beca
Pa3THYHBIX HHKEHEPHBIX COOPYKEHHH,

2.2 Tlpubopsl H MOATOTOBKA 00pa3sLOB K HCMLITAHHIO B rnaee
ONUCBLIBAIOTCA  KOHCTPYKUMM  npuOOpOB, INPHUMEHAEMBIX Ul ONpeae/IeHHs
COMPOTHBIEHHS CJBHTY W CJIBHTOBOM MON3YYECTH TPYHTOB, PACCMOTPEHBI HMX
HEIOCTATKH M MpPEeHMYIIECTBa. ABTOpP TpPHXOAMT K BHIBOJY, YTO MPHOOpHI
OJHOIUIOCKOCTHOIO W [ABYXIUIOCKOCTHOINO Cpe3a, He MOryT ObITb MCIOJ/Ib30BaHbI
LIS YKa3aHHOM Bbllie UenH, Hanbonee HaAekKHLIMH U MPOCTLIMU U1 ONpeaeeHHs
PEONIOTHYECKHX CBOWHCTB TPYHTOB SBIASAKOTCS NpuUOOpL KpydeHus oOpa3uos, B
yacTHOCTH npubGopel Moxenu M-5 koHcTpykuun C.P. Mecusna. Yka3aHHbie
npHOOpB! MpelHa3HayeHbl 1A HMCNbITAHMA HA KPYYEHHME CIUIOWHBIX 00pa3suoB
nuamerpoM 101 mm, BeicoTOH 24 MM, KaKk B YCNOBMAX COXpaHeHHs
npupoaHoii(HauankHoil) BnaxkHocTH obpasuor W, Tak H TIpH  MOMHOM
BOZIOHACHIIEHHH W,. B 001el c0XHOCTH HCBITAHBI HA CONPOTHBIIEHUS CHABUTY
W cagurosoil nonsyuectu 2000 o6pasuos.

YasTpa3ByKoBoii METO onpeaeleHHs YNpyrux CBOHCTB
BLICOKOHMCIEPCHBIX  HADYXalOIMKWX TPYHTOB. [N HCCIENOBaHHIO YNPYTHX
CBOHCTB HAaOyXalWMX IPYHTOB MCIOJBL30BAH M3BECTHBIH yNTpazByKoBO#H npubop
HITA. CkopocTe pacnpocTpaHeHHss MpPOAOALHBLIX BOMH OMpEAenseTcs Kak
OTHOIIEHHE KpaT4adllero pacCTOSHHA MEXAY H3IydaTesleM W MPHEMHHKOM K
BPEMEHH MPOXOKIEHHA YIIPYTrOro HMITY/1bCA MEKIY HUMH.

FaaBa 3. 3aKoHOMEPHOCTH COMPOTHBJGHHMA CABHrY HabyXawommx
TIHHHCTBIX [PYHTOB.

3.1 ConporuBjeHusi cABHIy HalyXawumMx rJIMHHCTBIX FPYHTOB B 370
4acTH raBbi NpUBEAEHBI  Pe3yNbTAaThl WCCNENOBaHWA  CTaHAAPTHOrO
COTIPOTHBIEHHS CIBHTY Tpy HAOYXalOWHMX TPYHTOB M €ro H3MEHAEMOCTH B
3aBHCMMOCTH OT HAYalbHOrO COCTOAHMS HX [UIOTHOCTH-BJIAXKHOCTH, YCJIOBHUA
YIIOTHEHHA M 3amauyuBaHusa. OOpaszubl MCMBITAHBI Kak MPH  COXpaHEeHHH
NPHPOOHOR (HauanbHOM) BRaXHOCTH W,, TaK W MPH MOJTHOM BOJOHACBHILIEHHH
Wy Mcnbiranns ofpasioB npH MOJHOM BOMOHACHILIEHHH BBINOJIHEHbI B ABYX
pasHYHBIX peKHMaX 3aMAuMBAHUA: TOA AappeTHp M Mocie TMPHIOKEHUA
YIUIOTHAIOWMX AaBieHuit P, 6e3 appeTupoBaHMs MO CTaHOApPTHOH METOMHKE.
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WcnbiTanus TrPyHTOR MpUPOHOH (HauaneHoii) BnawuoctH W, M mocne
BOJIOHACBILEHHA M YIUIOTHEHHMS MO ApPeTHp C 3aMepoM AaBieHus CBOOOAHOTO
HaOyXaHus BHIMOJHANNCH € LENBbIO YCTAHOBEHHA BO3MOKHOCTH ONpeaeseHHs
COMPOTHBIEHHSA CABHTY Trg, NpH W=W; myTeM YIJIOTHEHHS W CIBUIa 3aMOYEHHbIX
00pa3uoe noa neicTBHeM OOWIMX YMIOTHAIOWHKX NaBJIeHHT P, =6,+0,, rae o, —
s¢exTHBHOE NaBneHHe (JaBleHHe Ha ckenet ). Mcnbitanue npoBOAMIOCH WA
yeThipex HabyxalolMX FPYHTOB MO/ NEACTBHEM OT TPeX A0 MATH PasTHYHBIX MO
BEJIMYMHE YIUIOTHAIOUWMX fasieHuit.  [pynter nab. 57-85, 58-85 u 60-85
MCIBITAHBI MPH OJHOM 3HAYEHHH HAYAIBHOTO COCTOAHHMS TUIOTHOCTH-BIAKHOCTH
kak npu W=W, Tak 1 npn W=W, N0 BETBH pa3rpy3KH KOMIPECCHOHHO# KPHBOH.

YCTaHOB/EHO, YTO MpH NpHpoaHO# BraxHocTH W=W, NpHMEpHO paBHO#
BNAXKHOCTH TPYHTa Ha mpedene packateiBahua W=W, W npesblwatoueii ee
3HAaueHHe, COMPOTHBIIEHHS CABHTY 00pa3LOB-O/M3HELOB NPH BIAKHOCTH H
YIJIOTHEHHBIX MOC/e BOJOHACHIIEHHA MO/ appeTHp MOA NeHCTBHEM pPaBHBIX
3HaueHmnit 6,=P,—0,, npakTHyecku paBHbl. B ciyuae, koraa W, MeHblue, npu
3aMauyHBaHHK MO/ APPETHP HMEET MECTO BECbMA CYLUECTBEHHOE CHHKEHHE Tiy 0
33%(puc.1).

ConpoTHBJIEHHS CIBHTY rpyHTa 59-85 MCC/IeN0BaHO MpPH MATH PasiHYHBIX
Ha4yabHbIX 3HAYEHHMAX ynuoTHsoumero aasnenus P,= 0,2; 0,4; 0,60; 0,80 u 0,85
MIla. lMocne ymioTHeHuss 00pa3suoB OHM ObUIH TOJHOCTBK) PasrpykKeHbl W
MCMBITAHBI TPH TPeX pa3IHYHBIX 3HA4YeHHaAX P, B YCNOBHAX COXpaHEeHHs
npupoaHoi BnaxHocth W=W;, H ueTbipex—IecTH 3HaueHuax P, B yclnoBuaX
NOAHOro BOAOHACKIEHHA W =Wsy JJlHArpaMMa CONPOTHBIIEHHS CABHTY IPYHTa
59-85 npueeneHa Ha puc. 2.

Puc 1. JTuazpammot conpomuenenus cosuzy benmonumosoi 2aunet 59-85, a
W=0,320; 6- 58-85, W=0,362; 6- W=0,417 2- W=0,546, I-yn1omuenue o6pazyoe
npu HAUaILHO GraxcHocmu 2-yniomuene 0bpasyos nocae
BOOOHACHIYEHUA NOO appemup
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Puc2 . JTuazpammer conpomuenenus coguzy 6enmonumoson 2nunsl:

a) cnnownvie aunuu W, =0,326, wmpuxoevie nunuu W, =0,363; 6)W, =0,433; 6)
W,=0,522; 2) W,=0,945. | — npu nauaneroii eraxciocmu, 2 — RpunoaHom
6O0OHACHINEHUTI NOCIE NPUTONCEHUA YRIOMHAIOUUX OABGNeHUl.

OneiTamMi yCTaHOBJIEHO: B Mpe/enax W3MEHAeMOCTH BiaxHocTH We>W,
COTPOTHBIIEHUS CIBUTY HE3aMOYEHHBIX M 3aMOYEHHBIX TMOCIE MPHUIOKEHHS
YIUIOTHAIOWIETO naBneHus P,>o,, o00pa3suoB Habyxaowero rpyHTa npakTHYeCKH
paBHbl. 3aMauHBaHHE NMPHUBOIMT K HAOyXaHHIO 0OPa3LOB M PE3KOMY CHHKEHHIO HX
npouHoctH P,<o,,. JlMarpammbl CONMPOTHBIEHWS CABHIY 00pa3LOB, 3aMO4EHHBIX
noa neficreue P.< oy, P, >o,, npn We>W, HMeIOT BHI JOMAHOH JHHHK.
YnnotHaowmu1e aapneHus P,, COOTBETCTBYIOIIME TOYKE Mepenoma AHarpaMMmei,
paBHbl  1aBJEHHIO HAOyXaHMA rPYHTa B JaHHOM ero cocTosHun. OHO HECKOJIBKO
Bbille gaBieHHA CBOOOAHOr0 HalyxaHHs OMNpeNeNseMoro 10 TpPHJIOKEHHS
YIUIOTHAIOWMX fAaBieHuii. [Ipy HeoOXOOMMOCTH oOnpeneneHHs Tpy AA ABYX
npeaenbHbIX 3Ha4YeHHA BAaKHOCTH Wo H Wy, Habyxaioutero rpynta npu Wpe>W,
MOXHO OrpPaHHUMThCA MONYYEHHEM TOJNBKO OMAarpammsl Tpq-P, o0Gpa3suos,
3aMOYEHHBIX Mo aeicTeHeM P.>ay,. [Ipuyem, noa neficreuem P>oy, cnemyer u3
OMbITA ONpENENHTh HE MEHee TpeX 3HaueHHH Tgy. [lpu BnakuocTH Wo<W,
PacCMOTPEHHBIE BbIlIE 3aKOHOMEPHOCTH COMPOTHBIEHHA CABHMIY Halyxawuwero
rpyHTa HapywawTtcs. B 3ToM cny4ae auvarpaMmbl COMPOTHUBIAEHHMS CABHIY
00pasloBR MNPHPONHON BIAXKHOCTH W 3aMOYEHHBIX MOC/NE MpPHIOKEHHs P,
NPEACTABNAIOTCA B BMIE NPAMBIX, XapakTepPH3yeMbIX OTIHYAIOLIHMHCA APYr OT
Apyra napamerpamu tge u C. YcranosnieHo, yto npu ycnosusx P, >o, , We>W,
NpH 3aMa4YMBaHHA OTCYCTBHA B/IMAHMA 3aMayvBaHHWA Ha MPOYHOCTb  rpyHTa
(3¢dexra Pebunnepa) obycnoeneHo penakcauueil nasneHus HabyXaHus o, B
YC/IOBHSX HEH3MEHAEMOCTH MJIOTHOCTH CKeNleTa rpyHTa.

3.2 BamusinMe ycaaouHOil TPEHHOBATOCTH HA CONMPOTHBIEHHS CABHIY
[JIMHHCTBIX FPYHTOB PacyeT ycTOHYMBOCTH CKJIOHOB M OTKOCOB B YCJIOBHSX
yCano4Ho#i TPELMHOBATOCTH ABJISETCA ONHOM M3 NpobiemM HHKEHEPHOIl reoNoruu

16



%

v/

H MEXaHHKH [PYHOB. IL’H[ CHHXECHHA MPOYHOCTH rpyHTa CKJIOHOB H OTKOCOB HE
TpebyeTca yYBA@KHEHHMA BCEH €ro Maccel: JOCTaroYHO [MPOHHKHOBEHHE B
MMEIOIIHECH TPElIWHEI HE3IHAYMTENBHOTO KONHYECTBA BJArd, 4To0bl HAYaloCh
HabyXaHHe MOBEPXHOCTHOM TUIEHKH TJHHHCTBIX TPYHTOB H, COOTBETCTBEHHO,
CHWKEHHE TMPOYHOCTH MO 3TOH moBepXHOCTH. OO yCTOHYMBOCTH CKIIOHOB B
YCIOBHAX TPEUIMHOBATOCTH HeNb3A CYJHMTh TONBKO MO 3HAYEHHIO C/IBHTOBOH
MPOYHOCTH, ﬂOﬂy‘lBHHOﬁ npH 0OBIYHBIX naﬁopa'ropm,[x HCMBITAHHAX, TAK K3aK B
3TOM Cityuae 3HaueHus ko3 duumeHTa yCTOHYHBOCTH OKA3bIBAIOTCA 3aBbIIEHHBIM,
HE COOTBETCTBYIOIUMMH [AeHCTBUTENEHOMY COTOAHNIO 0TKOCa.TIpUMEPOM BITHAHHA
yCaJo4YHOM TPEIIMHOBATOCTH IVIHH HAa CIBHIOBYIO MPOYHOCTE ARIAETCA
pe3ynbTaThl MCCNEAOBAHWH BBIMOAHEHBIX  HA OIMOJ3HEBOM YYAacTKe [UIOTHHEI
pofoxpanunuma [aawip-Ane-Bycrana (CAP). HssecTHo, uTO dakTHuecKkas
YCTOHYHBOCT OTKOCOB 3aBHCHT He TOMBKO OT METOA pacyeta, HO H OT
MPaBMIBLHOrO BBIOOpA PAacuETHBIX MPOYHOCTHBIX XapaKTEPHCTHK [PYHTOB —yTna
BHYTPEHHEr0 TPeHHsA W BeNHuYMHBI cueruieHus. C UEMbIO PellleHHs 3TOH 3a1avu
NPUMEHEH METOA OMpe/eNeHHs COMPOTHBIEHHS COBHTY MO (aKTH4eCKOMY
OMON3HEBOMY CMEIIEHHI0 T.e. MO MeToay obOparHoro pacyera. Meron
OCHOBLIBAETCS Ha pe3yjbTaTax MOp(o/OrHyeckoii CheMKH OTKOCA MpPH YCIOBHH,
4TO Tepej HA4YalOM OMON3HEBOr0 MpOLECCA CKIOH HAXONMNCS B MNpeacibHOM
cocrosuuu. C 3TOH Lenbo:

a) BOCCTAHORJIEH penbed 0TKOCA /10 OMOM3aHHS;

6) onpeseneHo MO0KEHHE TOBEPXHOCTH CKOMBKEHHA H IIyOHHa TpeuHH
otpuiBa (puc3).Ilo oOpaTHbiM pacueTaMm OMpe/IeNieHbl CIeAYIOIHE 3HA4YeHHs
napameTpa CABMroBOH npouHoctu: tge=0,335; C=0,002 Mlla.

Jlns napameTpoB CONPOTHBIEHMA CABMTY CTaHIapTHbIM J1abOPaTOPHBIM
MeToIoM M pacueToM Ko3(dHuuUHEHTa YTOHYMBOCTH HHM30BOrO OTKOCA MONTYyHEHBI
cneayowme 3anuenns: tgo=0,375; C=0,0786 MIlla; K., =1.25.
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17



CpaBHeHHE MOJYYEHHBIX [aHHBIX [OKA3bIBAET, 4YTO TMPH pacyere
YCTOHYHMBOCTH OTKOCA, [IA€ YCTAHOBNEHAa YCaJouyHas TPEIlMHOBATOCTh H
BCJIEACTBHE 3TONO OMNOM3HEBBIE CMENIEHHA, B KauyecTBE MOKA3aTe/s MPOYHOCTH
HeJlb3A MPUHUMATh BEJHYMHY 1abOpaTOPHbIX MCIHBITAHMH, TaK KaKk MpH JTOM
K03 PHIIMEHT YCTOHYHBOCTH OKAa3bIBAETCHA 3aBLILIEHHBIM W HE COOTBETCTBYET
OeACTBHTENIbHOMY COCTOSHHMIO IPYHTA B 30He cMemeHHs. C 3Toi Henbto 1 npo-
rHO3a YCTOHYMBOCTH OTKOCA MAOTHHBI BOfOXpaHHinia [aneip-Ans-Bycran (CAP)
npoBe/ieHbl 1abopaTOpHBIE 3KCMEPUMEHTA/IbHBIE HCCIIEAOBAHHS MO ONpE/ENeHHIO
COMPOTHBIEHHA CABHIY. ONbITbl NPOBOJMINMCE HA OJHOMIOCKOCTHOM CIBHTOBOM
npuGope MeTOI0M “NOBTOPHbIX CIBUrOB™: @) HA MOBEPXHOCTH FPYHTA PHPOIHOrO
COCTOAHHA, MOATOTOB/IIEHHOrO A8 cpe3a; 0) TO e, HO CMOYEHHOH BOMIOM
MOBEPXHOCTH. Pe3ynbTaThl 3KCNEPHMEHTATBHOTO WCCIEN0BAHMA CONPOTHBIIEHHS
caBury oOpa3UOB CTaHAapTHBIM METOAOM M B  BBILEYKA3AHHEIX PEKHAMAx
npuBefeHbl Ha Tabn.5, a iMarpamMmMa CONpOTHBICHUS CABUTY — Ha PHC. 4.

Tabruya 5
Pesynbrare! onpeaeneHus cONpoOTHBIEHHS CIBHIY
[lo moBepxHocTH,

MO/IrOTOB/IEHHOH 1714 VA0l ESISILRREER,

Ilpu cranpapraom i fnkes MOArOTOBETHHOMN U1 ITo obpaTHOMY
HCIBITAHHH i cpesa rpyHTa H pacuety
MPHPOIHOrO " =
CMOYEHHO# BOj10#
COCTOSIHHA
G C Caaturs
@t | M | B | i | R | i tge | C.Mna

0,375 0.0786 0,378 0,0258 0,329 0,0011 0,0335 0.002

0.25

0.2

0.15

0.1

0.05

t, Mila

Puc. 4 I'pagpuru pezyromamos cpasnenus
CONPOMUBNEHUA COBUSY—

! -npu cmanoapmuom ucneimanuu, 2 —
nO NOGEPXHOCTMU, NOO2O0MOGNEHHOU O1A
cpesa epyHma RpupooHo2o COCMOAHUA;
3-no noeepxHocmu, HOO2OMOGIEHHOU 03
cpesa 2pyHma u CMOYEeHHOU 60001,

-

-

o, Mil§

0 01 02 83 04

[losryuenHeie pe3ynLTaThl MOKA3BIBAIOT NPAKTHYECKOE CORMAIEHHE MEXTY
pe3y/ibTaTaMu NMapaMeTpoB CONPOTHBIEHHA CIABHTY, METOOM 0OpaTHOro pacuera
M 1py  OAHOMIOCKOCTHOM  C/BUFOBOM  HMCMBITAHMH [0  [OBEPXHOCTH,
NOArOTOBJAEHHON A4 cpe3a rpyHTa cModeHHOH Boaoil. M3 tabnuupl 6 Takke
BHHO Ha/lM4He SBJICHMA “KOHCEPBATH3M™-a yI/ld BHYTPEHHErO0 TPEHHS, C
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pasHuuoi Bcero 2-3 rpagyca B TOM cCryuyae, KOraa H3MeHEHHWE BENUUYMHBI
CLETUIEHHA CYLECTBEHHOE.

3.3 BausiHHe HAYAJABHOH BJAKHOCTH HA PACHPOCTPAHEHHE YNPYIHX
NpPoAGJbLHBIX BOJH B Halyxawmmx rpyHtax. B [IMHMCTBIX rpyHTax
3aBUCHMOCTL CKOPOCTH PacrnpocTpaHEHHs MPOAOTLHBIX BOMAH OT BIAMKHOCTH W
BOJOHACHIILIEHHOCTH HMeeT ABOAKYH mpupoay. C OJHOH CTOpPOHBI, YBeIHYEeHHE
BJI@KHOCTH M CTEE€HH BOJOHACHILEHHOCTH, OOYC/IOB/EHHOE CHH)KEHHEM B
[JIMHUCTBIX TPYHTaX 00beMOB 1Oop, NPHBOAUT K POCTY CKOPOCTH PACIpOCTPaHEHHs
MpPOAOALHBIX  BOAH, C€ JpYroif CTOPOHBI, 3aMa4yMBaHHE NPHBOAWT K
ancopbLHOHHOMY CHIDKEHHIO TIpo4YHOCTH (3ddexkT PebuHaepa), 4TO MPHBOIHT K
CHWKEHMK)  CLEIUIEHHs M  COOTBETCTBEHHO K  CHHXKEHHID  CKOpPOCTH
pacnpocTpaHeHus  MpoAosibHbBIX  ynpyruXx  BoaH.C  ULeNbl0  BBISBJICHMA
3aKOHOMEPHOCTEH M3MEHEHHA YNPYTHX CROHCTB (CKOPOCTEH pacnpocTpaHeHus
MPOAOABHBIX BOJH) TJIMHHMCTBIX TPYHTOB B LIMPOKHX Tpeaenax H3MeHeHHs
BJIXKHOCTH B YCJIOBUAX [OCTOAHHOM [UIOTHOCTH CKEJleTa IPyHTa (pg=const) HUke H
BbILIE HHIKHErO npenena miactudHocTy (W™ Wp, Wia<Wp). yAbTpa3ByKOBbIM
METO/IOM OMpeAeneHa CKOpPOCTh PaclpoOCTPAHEHUs YIPYTHX MPOAGJBHBIX BOJIH. B
KauecTBe MaTepHalla HCMOMb30BaHbl GEHTOHWUTOBBIE TIMHBI BHICOKOH KONIOMAHOH
AKTHBHOCTH MOHTMOPHJITOHMTOBOTO cocTaBa CapHTIOXCKOTO MECTOPOMAEHHS
WmxeBaHa W KpacHOBATHIE INIMHBI MUOLIEHOBOIO BO3pacTa JpeOyHHICKOro paioHa
r. Epesana. Pesynbrarsl nokazareneii BOAHO-(hM3HUECKHX CBOMCTB H3rOTOBJIEHHbBIX
00pasios npuBeeHk! B TaOIHULE 6.

Ha oCHOBaHMH TMOJYYEHHBIX OJKCMEPHMEHTANBHBIX [aHHBIX Ha pPHC.S
NpHBEJEHBl KPHBbIE 3aBUCHMMOCTH CKOPOCTH  PAaclpOCTPAHEHHA  YNpPYrux
NpOACALHBIX BOJH OEHTOHMTOBBLIX (pHc.5a ) u 3pebynuiickux (puc. 56) rnun ot
BRaKHOCTH. Kak BHIHO M3 PHUCYHKA, 3aBHCHMOCTb CKOPOCTH PacrnpocTpaHeHHs
YIPYTHX TMPOJONBHBEIX BOJH OT BAAKHOCTH 1A GEHTOHHTOBBIX M MHOLEHOBBIX
[JIMH HMeeT napabonHyeckui (KBaapaTH4HbIH) XapakTep, rae adcuMcca BEpPIIHHBI
napabosibl COOTBETCTBYET BJIAXHOCTH HIKHEro Impelena IUIACTHYHOCTH (T.e.
MaKCHMANbLHOH MONEKYIAPHOH BIArO€MKOCTH). YpPaBHEHME 3TOH 3aBHCHMOCTH
HMEET CIeIYHOIIHI BUI : a) ANd OEHTOHUTORBIX TTHH:

V=2551,5-9216,1 W+10676,4W* (1)
6) nns MHOLIEHOBBIX JTHH:
V=1408,7-8524,5+23688,1 W* (2)
Tabnuua.6

[oxkazsamenu 600no-ghusuyeckux ceolicme 00pasyoe

pd
ps, riem’

['pyur

Makc. rurp. BIaxHOCTh
BnaxHocTs,
W
[lnoTHHOCT. p,r/cm’
[lnoTH. ckeneta, r/em’
[110TH. MHHEp. YaCTHIL
Koa¢p. nopucroeru, e
Koadd. Boson. Sr
Bepx. npeaen nnacr. Wy
Hux. npenen miact., Wp
Yucno nnacr., lp

IToka3s. koncucr., IL

ot
L =]




npoaoJiK. Tad..6

0122 {1.59 1,42 |2,70 0,901 0.366 [0.519 10,208 [ 0,311 | <0
Muon |0,117)0,158 | 1.64 1,42 2,70 0,901 0.473 |- <0
CHOB. 0,198 |[1,70 1,42 2,70 0,901 0,593 |- <0
TJIHHBI 0,223 |1,74 1,42 (2,70 0,901 0,668 |- 0,11
0,261 [1,79 1,42 |2.70 0,901 0,782 |- 0,23
0,292 1,83 LA 120 0,901 0,875 {1,705 {0,404 | 1,301 | 0,27
0,15710,281 |[1,34 1,046 |2.75 1,629 0,476 |- - - <0
bento 0,338 [1.40 1,046 |2,75 1,629 0.571 |- - - <0
HHT. 0,386 |[1.45 1,046 |2.75 1.629 0,655 |- - - <0
TJTHHEL 0,463 |[1,53 1,046 |2.75 1,629 0,789 |- - - 0.04
0,529 1,60 1,046 |2.75 1,629 0.890 |- - - 0,09
0,587 |1.66 1,046 (2,75 1,629 0,991 |- - - 0,14
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a) 6)
Puc.5 . Kpussie 3asucumMocmu cKopocmu pacnpocmpaneHua Ynpyaux npoooibHbix
60NN Om eraXCHOCMU. a) Genmonumossie 2iunel  6) KpacHoGamwle 21UNbI.

OnpiTaMH yCTAHOBJIEHO:

1. B npeaenax uiMeHseMoCTH BAAXHOCTH Wo>W, conpoTuBiieHHs CABHIY
HE3AMOYEHHBIX M 3aMOYEHHBIX [0CNE MPHJIOKEHHA YIUIOTHSAIOIIErO
naesnenus P>o, ofpasuoB Habyxalowero rpyHTa MpakTHYECKH
paBHbL.3aMauMBaHME TPHBOAMT K HaOyxaHuio o0pa3uoB M pe3xomy
CHHIKEHHIO X MPOYHOCTH NpH P, <o,

2. [imarpamMme! COMPOTHBIEHHS CHBMrY 00pasuOB, 3aMOYEHHLIX TOJ
neiicteue P.< oy, P, >o,, npu We>W, HMeIOT BHI JIOMAHOH JIHHHH.
YnnorHaomue naenenus P,,  COOTBETCTBYWIIHE TOUYKE NepeioMa
AHArpaMMbl, PaBHBI NaBNeHHI0 HaOyXaHWs TFPYHTa B JaHHOM €ro
coCTOAHHKH. OHO HECKONBKO BblIE JaBiieHMs cBOGOAHOro HabyxaHus
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ONpEeNeNSeMOro JI0 MpPHJIOKEHHS YIUIOTHAIOWMX  Jaenenuii. [lpu
BIAKHOCTH ~ Wo<W,  paccCMOTpeHHble  BbillE  3aKOHOMEPHOCTH
COMPOTHBJEHHA CABMrY HaOyXaloulero rpyHra Hapywawortcis. B 3tom
cilyyae [MarpamMbl COMPOTHBAEHHA CABMIY 00pasuUoB MPHPOIHOI
BIQKHOCTH H 3aMOYEHHBIX 110CJIE NPUIIOKEHHs P, npeacTaBnsaoTes B BHAE
NpAMBIX,  XapaKTepu3yeMmblX OTIMYAKOWMMHUCA  ApYr OT  [pyra
napametpamu tgo ¥ C. YcraHoBieHo, 4To npH ycnoeusx P, >o,, We>W,
NpH 3aMayMBaHWA OTCYCTBMA BIIMAHMA 3aMa4YMBaHHA Ha MPOYHOCTH
rpyHta (3pdekra Pebunnepa) oOycnoBneHO penakcauueit naBieHus
HabyxaHHA G, B YCIIOBHAX HEM3MEHAEMOCTH IJIOTHOCTH CKeJeTa IPpyHTa.

3. BeiaBneHo, uTO yBEIHYEHHE BIAKHOCTH W KoddHuHeHTa
BOJIOHACHILLIEHHA HMEET JIBOAKOE BIMAHHE HA CKOPOCTb PACTPOCTPAHEHUA
yNpYrux MpoJo/ibHBIX BOJH B TIHHAX. [IpH yBeNMYeHHE BAAXKHOCTH OT
MaKCHMaJIbHO-THTPOCKOMHYECKOH [0  BI&KHOCTH  MaKCHMAlbHOM
MOJIEKY/IAPHOH BJIArOEMKOCTH M MNPH  NOCTOAHHOM  Koddduumente
MOPHCTOCTH YCTAHOBJIEHO CHHKEHHE COMPOTHUBIIEHUA CABHTY M CKOPOCTH
pacrnpocTpaHeHHs YNPYruxX MpoAoJbHbIX BOJAH. [lpH BIaMHOCTH Bbllle
MaKCHMa/IbHOW  MOJIEKYJApPHOH  BIArOeMKOCTH  poOCT  MOCHeaHeit,
oOycnoeneH o0Opa3oBaHMEM OCMOTHYECKOH TMUIeHOYHOH Boasl. [lpu
MOCTOSAHHOM TUIOTHOCTH CKeneTa rpyHTa HabmiogaeTcs pocT CKOPOCTH
pacrnpocTpaHeHHs YNPYrHX NPOAO/LHBIX BOJH.

4. TpewHHOBATbIE MACCHBbI FPYHTOR OTIHYAKOTCH C1aboi yCTOHUYHBOCTHIO M
HX CBOWCTBA CYILIECTBEHHO OT/JHYAeTCAs OT CBOMCTB IPYHTOB 00pa3uoB
(macwitabubiit 2¢dext). B cBA3M ¢ 3THM NpH pacueTe YCTOWYHBOCTH
OTKOCOB M CKJIOHOB TMpH YCaJO4YHOH TPELIMHOBATOCTH pe3ybTaThl
C/IBHTOBBLIX MCMBITAHHWii, HENb3s MPHHATH KaK MOKasaTelb napameTpa
CIIBMIOBOIi MPOYHOCTH MACCHBHOIO TJIMHHMCTOTO rpyHTta. Jlns BepxHero
TPELLMHOBATOrO C€N0S OTKOCA, I/l MMEKT MECTO OmnofsHeBble aedop-
MalHH, PEKOMEHIYEeTCS ONpele/iHTb MapaMeTpbl CONPOTHBIEHHS CABHIY
MCTBITAHHEM 00pPa3LOB HA OJHOMIOCKOCTHOM CPE3HOM NMpUOOpe METOAOM
MOBTOPHBIX CABUTOB CMOYEHHOI MOBEPXHOCTH.

I'naBa 4. 3akoHoMepHOCTH CABHIOBOH noJ3ydecTH HaGyxawmmx
TJIMHHUCTBIX TPYHTOB.

JIns ycTaHOBJIEHHS 3aKOHOMEPHOCTEH CIBMIOBO# MoN3yuecTH HabyXarumx
[JIMHHCTBIX TPYHTOB KaK B YCJIOBMAX IUMPOKOrO IMANa3oHa HM3MEHSEMOCTH WX
HAYAILHOTO COCTOSHHUSA IUIOTHOCTH-BIQXKHOCTH M OLEHKH BIIMAHHMS 3aMauyMBaHHSA
(BOZIOHACKILIEHHA ), TAK W YTUIOTHEHHA MO/ AEHCTBHEM Pa3IMUHBIX YIJIOTHAIOLIMX
nasneHuit P, HaMH BBIMOJHEHBl IJKCMNEPUMEHTAlbHbIE MccnenoBaHus. Jlns
OMMCAHMA CEMEHCTBAa KPHBLIX CIBHIOBOM MOJ3Y4YECTH MCIO/b30BaHbl YPABHEHHS
npeanoxkenHbie C.MecusHbIM:

Y (/15 =0 (Of /154, 3)
rae Y(t,t/tsq,)-aedopMalUril MOA3YYECTH MPH caBUTrE; M(t)-Mepa CABHUIOBOMH
nonsyvectu-aedopMaLnuH NON3YUECTH NPH T/Tpg,=1; T-KacaTenbHOE HaNpsKeHHe;
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Tis,-CTAHAAPTHOE COMPOTHBJIEHHE CABHTIY, T/If‘sl,'y POBEHE KacaTeJIbHOTO
HanpAxeHH.

Casurosas NO/I3y4YeCcTh Ha0yxalolMX TPYHTOB YCTaHOBJIEHA
ucneiTaHueM o6pasloB GeHTOHMTO-TecyaHoi Habyxaloulei IpyHTOBOH CMeCH,
comepxameit 60% mo wmacce GeHroHHTOBOrOo mnopomka CapHIIOXCKOTO
mecropoxaenus H 40% xsapuesoro mecka. ONBITBI MPOBOAMIHCH KakK IPH
npHpoaHO# BaakHOCTH W=Wo, Tak H IpH 3aMaYHBAHHH INOCJE NPHIOKEHHS
HOPMaIBHBIX HanpsokeHHH P: pasnuunoit Besnuunsl 6e3 M C appeTHpOBaHHEM
obpasnos:.ucnbiTaHuAs o6pasumoB npu W=Wo H 3aMauMBaHHH 10 IIOJHOTO
BogoHaceimeHus Wo=Wiau Ge3 appeTHpOBaHMA IIPOBEJIEHBI IIPH JBYX
HavaJbHBIX 3HadeHusax BaaxHocTH: Wo= 0,150 m 0,315 c¢ cobnopenuem
yeaosuit Wo>Wp ; Wo<Wp u Pz > Gsw; Pz < Osw. B Ka)k1oM HauabHOM COCTOSHHH
TUIOTHOCTH-BIQXHOCTH ONpeJeNieHsl JaBieHus cBoBoAHOro HabyXaHHs Os H
CTaHJAPTHOE CONPOTHBJIEHHE CJBHTY Tis KaK B YCJIOBHAX COXpaHeHHS
HavajbHOH BrakHOCTH W=W0 B TeyeHHe YIUIOTHEHHA H C/IBMra 00pasloB, Tak
H B BOJOHACHIEHHOM cocToAHHH Wo=Wi. B mocnegmem ciywae obpaarsi-
Gru3HeIsl BOJOHACHINIEHBI TIOC/T€ NPHIOKEHHA K HHM  YIUIOTHSIOULUX
papnenuit P: Ilomsyuyects paccmarpuBaeMOl TpyHTOBOH CMeCH ompejesieHa
HCIIBITAHHEM CeMH CepHi 00pa3noB-6IH3HEeOB B CEMH PasJHYHBIX COCTOSHHUAX
Hava bHOH IUIOTHOCTH-BIKHOCTH, CONPOTHBIEHHS CABHTY KOTOphIE B Tabiuie
8 ykasaHsl B cko6kax. CABHroBas NoJI3ydecTs ONpeZe/eHa PH TPeX pasaiHdHBIX
3HaYEHHAX IIOCTOAHHOIO M BO3PACTAIOUEr0 CTYNEHAMH YPOBHS KacaTelbHOTO
HanpsxkeHus T/trs= 0,25; 0,5 1 0,75.

ConpoTHBieHHs CABMTY W CIABHTOBOi MON3y4ecTH OEHTOHWUTO-NECHaHOM
CMeCH ompeeneHsl A IBYX Ha4aJIbHbIX COCTOAHHHM BhaKHOCTH W,y=0,170 u
0,293, T.e npu cobmonennn We>W, ; We<W, M npH AByX pasnHuHBIX
YIUIOTHEHMAX M caBHra. B KakaoM M3 yKasaHHBIX COCTOAHHI Ha4anbHOM
MJIOTHOCTH-BJIQXKHOCTH ~ COMPOTHMBACHHA  CABMIY  OMpeleieHbl  Kak  MpH
MNpeBAPHTENILHOM YIJIOTHEHHH 0€3 3aMayMBaHMA, TAK M MOC/E BOJOHACHILIEHUS
NOA appeTHp.

Tabnuna7
PesypraTsr onpegeieHHe COMPOTHBIEHHA CBHTY
CrannapTHOE CONPOTHBICHHE CABHIY T/T¢y , MIla,
Wo u ycnosHus
HCTIBITaHHSA 06Pa3LoB npu Pz, Mlla
0,025 0,10 0,25 0,30 0,40 | 0.45 | 0,65
be3 3amauus, - - - 0,26

W,=0,150 0,2081 - 2 0,34
C 3amauus. - - 0,0628 J - 0,14 | 0,30

3

be3 3amauus. 0,0528 | (0,0795) - 0,1004 | 0,1250 -

Wo=0,315 | C 3amaumus. 0,0152 | 0,0503 - 0,1064 | 0,1266 -
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Jlannbie onpeaeneHHs COMPOTHBIEHMA CHBMrY, a Takxke napamerpoe tge u C
MCTBITAHHBIX 00pa3LoB cMecH npuBeaeHbl B Tadn 8.

Tabnuua 8
Pesynomamet onpedenenue conpomusnenus ceuzy
W, Henbiranue i i, t ey
MPH BIIAK, o Mlla i MITa
0.2 0.4 0.6 0.8
0.170 W, - 0,335 0,257 0,413 | 0,194 | 0,252
; Waat - 0,202 0,252 0:205." 110233 {]'0,110
0292 W, 0,108 " |'0,1355" | 0,179 - 0,177 | 0,070
4 Wi 0,011 | 0,138 0,1675 | - 0,152 | 0,0765

Kak Buano u3 Tabnuuel 8, npu ynnoTHeHHW U caBure o0pa3uoB GeHTOHUTO-
MecyaHoi cmecH ¢ BAaKHOCTBIO Wy <W, B yCIOBMAX COXpaHEHHA Ha4aJbHOI
BnakHocthn Wy, M nocne BoAoHackilieHus mox  appetHp Woe=Wg, ux
COMPOTHBIIEHHA CJBHIY CHJIBHO OTIHYAlOTCA APYr OT JApyra B CHily ancopOuu-
OHHOrO MOHWKEHHA TMPOYHOCTH MpH 3aMauuMBaHuu. B criydae ke, Korna
Wo=0,292>W_=0,260 uX cOnpoTHBIEHHA CABHIY COBMAAOT.

ChnpuroBas Mon3y4yecTh OMpeAeNeHa MNpH [BYX Ppa3fiMYHbIX YCIOBHAX
YIAOTHEHHA H caBUra o0pa3suoB-OJAM3HELOB: a) MPH NOCTOAHHOM HavanbHOI
BaaxHocTH W=W,, T.e. 6e3 3amauuBanug; 6) nocne BomoHackilleHHs oOpa3lioB
non appetip Wy=Wg,. B nepom chnyuaee nonHas BHewWHAs Harpyska P, Ha
obpasupl-6au3tensl Oba paBHa 3¢(heKTUBHOMY NOaBNEHHIO G,, a BO BTOPOM
cnyuae - P,=0,+0,,. Bo Bcex ykazaHHbIX YeTbIpeX COCTOAHMAX 0Opa3LbI-OIH3HELbI
HCMBITAH  CABHIOBYHO TMOMN3YuYecTb MNOA JAeiCTBHEM OAHOr0 W TOTO  Ke
s dexTuBHOrO yruloTHAOWEro Aaenenns o, = 0,4 Mlla npu Tpex pasiHuHbIX 10
BEJIMYHHE MOCTOAHHBIX W BO3pacTalolMX cTyneHaMH (t/tgq = 0,25; 0,50 u 0,75)
YPOBHSIX KAacaTesllbHOro HampseHusa. Pe3ynbTaThl OnpejesieHHs CABHIOBOI
non3y4yecTH HabyXalolero rpyHTa B OAMHHALALUATH PaIHUHBIX COCTOSHMAX
HavyalbHOH TIUIOTHOCTH-BAAXKHOCTH MOA AEHCTBHEM Pa3HUUYHBIX  HOPMabHHBIX
HaMNpsyKEHUH pexumMa yrnioTHEHHS U 3aMayHBaHns o0pa3LoB NpUBeaeHbl Ha puc 6.
Ha pucyHke 6 napHbIMH CIUIOLIHBIMH JIHHHAMH [OKA3aHbl TPEAE/IbHbIE KPUBBIE
NOJ3Y4ecTH, XapakTepH3yolllHe HanOOoIbIIHEe U HAUMEHbLINE 3HAYEHHS CIBHIOBOM
NON3YYeCTH, T.e. HAaUOONBIIMA Pa3dPOC OMBITHBIX AAHHBIX, ONPEIENEHHbIX MPH
OJIHHX M TeX JK€ 3HAUEHHAX YPOBHS KacaTellbHOro HanpsxeHus (1/1q4= 0,25; 0,50
1 0,75). Ha puc.6 BUAHO, 4TO NpH HCMBITAHUK 00PA3LOB B OIMHAALATH PA3IHIHBIX
COCTOAHMAX, MPOYHOCTH KOTOPbIE OTIHYAKTCA APYT OT Jpyra Ao LecTH pas, MpH
PaBHBIX YPOBHAX KacaTelbHOro HampshkeHus pa3bpoc MX ONBITHBIX NAHHBIX HE
Bonblue pa3bpoca JaHHBIX MPH HCMBLITAHHK OIHOH cepuM 00pa3LOB-OIM3HELOB.
D70 03HayYaeT, YTo ANA NONYYEHWA YPaBHEHHS COCTOSHMsA HAbyXarowero rpyHra
NpH CABHUIe (C YYETOM BJAMAHMA pa3iM4HbIX (GAKTOPOB) DOCTATOUHO HMETh OIHO
CEMENCTBO 3KCMEPHMEHTAIBHBIX KPHBBIX MOA3YYECTH B €r0 OAHOM (NPOH3BOIBHO
BbIOPAHHOM) COCTOAHMM TUIOTHOCTH-BNAKHOCTH MpPH 00A3aTebHOM ONpeeneHn
COMPOTHB/IEHHA C/IBHIY BO BCEX WHTEPECYIOLIMX HAC COCTOAHMAX [UIOTHOCTH-
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BJIKHOCTH, C YYeTOM JEiiCTBHA HA HEro pasnnyHbIX GaKTOPOB (YIIOTHSIOLIErO
JABJICHHUA, PEKUMA 3aMauHBAHUS U T.11.)

Jins BbIpaXEeHHs Mepbl MON3YYECTH MOMKHO, B YACTHOCTH ,MCTION30BATh
cliefyiollee CTEeNeHHOE COOTHOLIEHHE!

w(t)=At" 4)
a 11 QYHKUWH YPOBHA KAacaTelbHOTO HAMPAKEHHA:
/1) = (t/155)" (5

roe A, m ,n- ompeaensemble M3 onbita mnapamerpsl. Crneayer ocoGo

OTMETHTb, YTO  Mepa CABWIOBOH mnos3ydyecTd BenuuuHa QukTHBHas, Oxa
MCTONB3YeTCA AA onpeaencHHs AedopMaliMi CABHIOBOH MOI3Y4eCcTH TOJNbKO NpH
T/1e<l. BblnosHeHa  annpokcHMalMs ceMeiCTBa 3IKCMepHMEHTANBHBIX KPHBBIX
CIIBHIOBOI1 NON3YYECTH HecaeayeMoi rpyHToBoi cMecH npu W= 0,150 B ycnoBusx
MOMHOrO BOJOHACKILIEHUA NMOCE MPUIOKEHHA YIIOTHAIOILETO naaeHus P,= 0,25
MIla noa neficTBHEM TPeX BbilE€YKAa3aHHBIX YPOBHEH MOCTOAHHOTO KACATEIBHOIO
HanpaKeHus. 3a KPHBYHO €IMHHUHOIO YPOBHSA KacaTelbHOro HanpsyKeHHs NpUHATA
KpHBas, onpeaeneHHas npu t/tp,=0,50. [onyuyeHo chemyroiiee BbIpakeHHe 1A
MEpBI CABUTOBOM MOJI3Y4ECTH:

ot, W=0,150, t/1:4=0,50)=A" t" =0,0099>'™  (6)
a uia PYHKLUHH YPOBHSA KAacaTe/IbHOrO Hanps:KeHHs npu t= 9 qHel COOTHOILEHHE

f(t/1e0, W 6=0,15) = B, (1/104)" =22,724 (t/1:) " (7)
yaoeneTBopsiouine ycnoruo f(t/1p4=0,5) = 1.

Puc.6 Ceoonstit zpaghux cosuzoeoit nonzywecmu 6GeHmoHUmMo-necyanoi
cmecu 61-86( cnrownble tunuw): 1 anupokcuMayus IKCHEPUMEHMANbHBIX KPUBBIX,
onpedenennvix npu W=0.15 6ez yuema ux nenodobus; 2-mo jce camoe npu yyeme
HENOOOOUA KPUGHIX
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KpHBbIe MON3y4ecTH, MOCTPOEHHBIE 10 BeIpakeHHIO (6) ¢ yuetom (7) Ha
puc. 6 mokasaHel INTPUXOBHIMH JIHHHAMH. Bonblioe pacxoskiaeHwe KpuBOH Mpu
15 = 0,75, MocTpoeHHOH MO BbIPAKEHHIO (3), C IKCTIEPUMEHTANILHON KPHBOI
00yCnoBNEHO HemoAoOHEM KPHMBBIX CIBHIOBOW MOJN3YYECTH, T.€. 3aBHCHMOCTHIO
(YHKUHH YPOBHA KacaTelbHOro Hanpsxenus (7) ot (akropa spemenu t. [lng yuera
HEenojoOHA SKCTEPUMEHTANBHBIX KPHBBIX CABHTOBOM TMONI3YMECTH MPH HX anmpok-
CHMaLMH QYHKLMA YPOBHSA KacaTebHOTO HampsKeHHs OnpeeseHa He TOAbKO MpH
t=9 nwWel, HO WM ANA ApPYrHX 3HAYEHHH JUTMTELHOCTH MCIMBITAHMA 0Dpa3LoB-
onu3HenoB. Toraa BeipaxeHue (7) 3anuChIBAETCA B CIEAYIOLIEM BHJE:

f(t/ e, )=B1(D)(t/T50,)™" (8)

rae By (t) u n(t) — 3aBucsAMe OT ANHTENBLHOCTH HCTbITAHUA 00pa3lioB

¢dynkuun. Ha pue. 6 wTpuXmyHKTHPHO# JIMHHEH NoKazaHa KpHBas, MOCTPOEHHAas

no cootHoweHHo (5) ¢ yderom (7.8). Kak BHaHO W3 puc.6, y4eT HenomoOus

IKCMEPUMEHTAIbHBIX KPHBBIX CABMIOBOI MOJI3YHYECTH CYLIECTBEHHO YJyYLIAeT WX
annpoKCHMALIMIO,

3aKOHOMEPHOCTH H3MEeHEeHHSl PeoJIOTHYeCKHX CBOHCTB Ha0yXalmmx
IJIMH NpH 3amauuBaHuH  [Ipu 3aMauMBaHWM TTHHUCTBIX MAcCHBOB BCIIEICTBHE
Ha0yXxaHHs M3MEHAETCA MJIOTHOCTh-BJIAKHOCTh MPYHTOB, 0€3YCIOBHO H3MEHAOTCA
W napaMeTpbl COTMPOTHBIEHHUA CABHIY W MX peojiorHdeckue cBoicTea. OmHMM M3
PAacueTHBIX PeosIOrHYeCKUX NoKa3areseil MpH BbIMOTHEHHH NPOTHO3a UTHTENBHOTO
nepopMHUpoBaHHs ABIAETCA KOA)(GHLUMEHT BA3KOCTH MIMHUCTOrO rpyHTa (1).

B JaHHOM pasaene HaMH HccleqoBaHa 3aBUCHUMOCTH MEKIY
MOKa3aTeaeM CLEMIEHNS BOAHOKOUIOWAATLHON npupoabl (Zy) U koadduLHeHTOM
BA3KOCTH, PACCYHUTAHHLIM U1 MEPUOAA YCTAHOBMBILEHCA MOM3YYECTH (TEUeHMs).
DKCMepUMEHTAbHBIE MCCIEA0BAHUA CONPOTHBIEHHA CIBWHTY M CABHTOBOM
NON3y4ecTH NPOBOAMJIMCE HAa HaOyXaloLMX [JIMHAX, OTOOpaHHBIX W3 Tela
3eM/1AHOH moTHHBI AnyaHa (CAP). Beero Obpu1H HCNBbITAHBI ABE CEpHM 00pa3LIOB-
OJIM3HELIOB € Pa3IHYHON TMJIOTHOCTBIO-BIAKHOCTEIO. OCHOBHBIE NOKa3aTenu
BOMHO-(H3HUECKHX CROIICTB 3THX TpPyHTOB npuBeneHsl B T1abn.9. [lepen
MCTIBITAHUEM CIBMIOBOH MON3Y4YECTH TPYHTOB ObLIM OMNpejeneHbl CTaHAapTHbIE
COnpoTHTHBAEHHA caBury(tadn.10). HcenelTaHus Ha CABUTOBYHO MO3Y4eCTb
npoBoAMINCE aAng odpasua Ne 1 moa ynnmotHsawomwum aasnenueM o=0,3MIla npu
TpeX MOCTOSHHBIX 3HAaueHWAX KacarenbHbIX HanpsxeHwi:t=0,0760MIla (t/ty
=0,661); t=0,0920 MIla (t/ty; =0,800); t=0,1050 MIla (t/14 =0.910); nna obpasua
No2 — npu 6=0,1 MIla: t=0,0402 MIla (/1 =0,600); t=0,0489 MIla (/1 =0,730);
1=0,0590 MIla (t/14,=0,880). Pe3ynbTarThl MCNBITAHHA — 3KCNEPHUMEHTAIbHBIE
KPHBBIE CIABHIOBO# MOM3YyYeCTH I ABYX paziiM4HbIX 06pa3uoB, npuBeaeHb! puc.7
AHanH3 TpHBENEHHBIX KPHMBBIX TMOKA3bIBAaeT, YTO MEPHOJ HEyCTAHOBHBILEiCA
NON3y4YeCTH KPATKOBPEMEHEH, W OCHOBHas AedopMalus IPYHTOB ONpeaensercs
He3aTyxawluleil ycTaHoBHMBLIeHca nonsydecteto. [lo merony Duapaline kpuBble
MOJI3y4eCTH MpPEACTABIEHLl B BHJE 3aTyXalollei M YCTAHOBMBILEHC MOI3Y4ecTH
(Teuenne). CornacHo Teopuio H. Macnosa npouecc ycraHOBHBILECS MON3y4ecTH
HaXOIMT CBOE BbIPaKEHHE MPH YCIOBHH otge+iy>t>otge. M3 3Toro kputepus
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Clle/lyeT, HTO YCTAHOBMBIUAACA moJsidyvecTh oOycnoBHeHa MoOIM3aumei Iy,
KoTOpas 00yCNOBIMBAET MIACTHYECKHE CBOHCTBA MIMHUCTBIX MPYHTOB.

Tabnuua 9
leomexunuueckue nokazamenu 2pyHmoe
[LotHocTh [penensl . "
=) ) — = [
= e [LnacTHaHOCTH S z g
- a 5 = . O g br
§ TBEpL ] £ g - I E
No g p, | wacthu | ckenera, -é-é Bepx | Hux q § E & 3 E z §
£ r/em’ Ps P rfem’ < Huit | Hwit OHICH é £ | g ,:"’IE.,
-} r/em S We | We E § § g
1 10,400|1,83 (2,76 1,31 1,11 {0,699 [0,200]0,311 0,039 (0,99 0,200
2 [0,560]|1,68 |2,76 [1,08 1,56 (0,699 [0,025]|0,311 [0,553 [0,991 |0.025
Tabnuual0
Pesynomamet uchetmanuii cmanoapmuo2o conpomusnens coguzy
ConpoTHB/eHHE CABUTY, T, Mua, npu £t N M
No P ¥s Tse i CONIP. CABHIY
O6pasua YIUTOTHAIOIIEM JaBicHHH, 0, Mna
0.05 0.1 03 129 bpaee
0,075 0,0805 0,1050
1 0.069 0,0785 0,120 0,175 0,0625
0,070 0,080 0,120
0.050 0,065 0,1225
2 0,0538 0,0675 | 0,129 0270 | 0,04
0,0567 0,0685 0,115
Jlna  onMcaHMs  TIPOLIECCOB  YCTAHOBHMBLIErocs neopMHUpOBaHHUA
MOJMI3yuyecTH TPYHTOB MCMOJB30BaHbl  MOKA3aTeld CTereHH MOOHIM3aLHH
CUEIJIEHHA BOJAHOKOJIJIOHAAJILHON NPUPO/IbI
(T-Typ) Zw %)
¢ yuetom Teopun H. Macnoga:
y £ :(t'typ)tfzw'nv (] 0)
HIIH
Vo (T-Typ)tM (11)
rae y,, —aehopMaius YCTAHOBOBILEHCA MON3YHECTH, r,,= olge — nopor
non3y4ecTv, n — KOIP(HUHMEHT BA3KOCTH, (—BPEMS,N,—OTHOCHTE/bHBI
KoadduUMEHT  BA3KOCTH, (T-Typ)/Zw— cTeneHp MOOWAM3ALUMM  CLEMIeHHs

BOJIHOKOJUIOMIA/IbHO# MPUPO/bl,T— KACATENILHOE HAMpPAKEHHE,
Koadduument Bazkoctu (1) m oTHocHTeNbHbIH KOIQ(HUHEHT BAIKOCTH
(1) onpeaenexsl 3 3aBUCHMOCTEH

Vi=f(t-1,,)
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Vo= tl(T-1yp )/ Zw] (13) (Tabn.11)
Jlns obpazua Ne 1 nosnyueHs

V,=0.009523(1-0.0468) (14)

V,=0.000521[(-0.0468)/0.0625] (15)
a ana obpasia Ne2—

V,=0.01262(1-0.0240) (16)

V,=0.00052[(1-0.0240)/0.0400] (17)

Ins obpasuos NeNe 1, 2 u3 3apucumocreii (14; 16) onpenenensl ko3 puIMeHTEI
BSI3KOCTEl H COOTBETCTBEHHO nodyueHsl 1n=9.1.10°MIla.c.; 1=6.8.10°MI[Ta.c.13
ycnoBui (15) u (17) nonyuenst :

[(-0.0468)/0.0625V,,]=19719.4 (18)

H
(7-0,0240)/ 0,04V, =1953,1 (19)
Conocrasnenue 3Ha4eHMi (T-1,,)/Zw.V,. nna obpasuos NeNe 1, 2

MOKA3bIBAET, YTO COOTHOLUEHHE CTENeHM MOOMIU3aUMM BOAHOKOIIOHIANBHOTO
CLETUIEHHAs M HX  CKOpPOCTeH YCTAHOBMBILEHCA MON3YYeCcTH, HE3ABHCUMO OT
(usuueckoro  coctosHus  (TUIOTHOCTH-BIKHOCTH) — IPYHTA,  NPaKTHYECKH
nocrosHHas senuuuna. Tak kak n=(t-1,,)/V,, T cneayer, uro

n/Zw=const (20)
T.€. OTHOUIEHHE KO3PHLUMEHTA BAZKOCTH H BOJHOKONIOHIATLHOTO CLIEMIEHHS 11
OAHHOIO [PYHTA HE3aBHCMMO OT €ro (PH3MYECKOr0  COCTOSHHA (MJIOTHOCTH-
BJI@KHOCTH) MPAKTHYECKH ABAETCA NOCTOAHHON BEJIHYMHOI.

Tabnuual |
Kacartenbusie
Crenenb HANPSAKEHHS,
N Ckopocts 5 Kacarenpheie 5
o MOOHIM3AINH MOOHIIH3. PH
TCUCHHSA HAIPSKEHUSA T,
obpasia 1nen. V., | BOMHOKOIIOHAQTLHOIO Mila YCTaHOBHBIIETHCA
Sl CLIETUICHHA non3y4ecTH (t-1,,),
MIla
0,00022 0,467 0,076 0,0292
| 0,00036 0,723 0,0920 0,0452
0,00046 0,931 0,1050 0,0582
0,00020 0,405 0,0402 0,0162
3 0,00030 0,623 0,0489 0,0229
0,00044 0,875 0,0590 0,0350
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Puc.7 Cemeticmeo 3kcnepumenmanbHblX Kpueblx cosu2o8ol noazyyecmu (a), ux
npedcmasneniie 6 6UOe CemMelicme Kpusbix samyxaioujeit noazyvecmu (6) mevenue
¢ OCMOAHKOIU cKopocmbio (8). npu éraxchocmu A — W=0.400- npu o=0,3 Mlla,
b - W=0.560 o=0,1 Mlla.

3apaun onpeaeneHHsi cKopocTeil cMelleHHsi cjaos HaGyxawouwmii
rPYHTOBOH Macchl 110 HAKJIOHEHHOMY HAIUIACTOBAHHIO ¢ yueToM HabyxaHus
IFPYHTOB__ }lﬂfl WUTKOCTPALHH  MPAKTHYECKOrO HCNOJIL30BAHUA TOJYYEHHBIX
3aKOHOMEPHOCTeH Ha mpuMepe onpeaeneHus CKopocTedl Baskod aedopmaumu
Halyxaiouieii  rpyHTOBOM  TOJWIM,  pAcroNOXeHHOH Ha  HENoABHIKHOM
NOACTHAAKOWIEH MOBEPXHOCTH, paHee Obuia pewena H.H.Macnossim, Ge3 yueta
H3MEHAEMOCTH MPOYHOCTHLIX M Ne()OPMALIMOHHBIX CBOWCTB rpyHTa no riy0uHe
TOJIUH. TOMUH, M3BECTHO,YTO NPOABIEHHE MOI3YHYECTH MOXKET HMETh MECTO TPH
OJHOBPEMEHHOM COOJIIOIGHHH CNEAYIOLHX YCJIOBHI: T>0,tg0 M T<0,tgp+Ly,.
YKazaHHad 3ajaya HaMM pelleHa ANA cny4as cABMroBoil nedopmaunu cios
TIIHHUCTOrO TPYHTAa MO HAKAOHHOHW MOBEPXHOCTH B COOTBETCTBHH C 3aKOHOM
TEYEHHA HbIOTOHOBCKOM BA3KOH HKHMIKOCTH:

=ndVy/dy (21)
W BA3KOIJIACTHYECKOro TeueHus bunrama
—Tjim= NdV,/dy (22)

HopmaneHoe M KacaTenbHOE HAmMpsXEHHA OT COOCTBEHHOrO Beca TOJWIM s
TOPH30HTA (Y) COOTBETCTBEHHO paBHbI (CM.pHc.8):

o=pg(H-y)cosa (23)

=pg(H-y)sina (24)

Jlna cnywas, koraa GU3MUECKHE W PEOIOrHYECKHE CBOICTBA FPYHTOB 10

BBICOTE€ TPYHTOBOH TOJIUH HE M3MEHAKTCA (NMPH YIJIOTHAKIWINX JaBJEHHAX
Osw<0,) I8 CKOPOCTH [UIACTHYECKOrO TEYEHHS MOJIyueHbl Cleayrolue
COOTHOLLEHHUS:

V,= pg(Hy-y*/2 ) sina / (25)
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Jlns peuleHus 3anauM MPOTHO3a CKOPOCTEH CMelleHus cnos Hadyxalouei
FPYHTOBOH MacChl MCMO/b30BATNCE MOJNYYEHHbIE HAMH  3aKOHOMEPHOCTH
M3MEHEHHA COMpPOTHBJIEHNA CABHTY HaOyXaloIMX TPYHTOB NpPH 3aMauMBAHMH B
LIMPOKHX TMpeaenax H3MeHAeMOCTH YIUIOTHAKIUMX [asneHuil. B npeaenax
YIUIOTHAKIINX NaBNEHHH ©,,~0C, Aedopmauns HaOyXxaHHs TPYHTOB 3aBHCHT OT
BHEIIHHX JOaBleHWH. HenocpeacrBeHHble KOHTAKThI MEXKIY TIHHHCTBIMH
YACTHLAMH HOCAT ONOCPEAOBAHHLIH XapaKTep W H3YE3al0T, CLEIUIEHHE HMEET
BA3KYI0 BOAHOKOIIOMIANBHYK mpupomy, T.6. tgo=0, Zy=0. B npenenax
H3MEHAEMOCTH  YIUIOTHAKIUMX  JABJIEHMH Oy, >G, 3aBUCHMOCTE Ly OT
YIUIOTHAIOLMX JaBlIEeHHIi:

Zy = otg¥ (26)(cm. puc.2),
rjie ¢ — YIJIOTHAIOUIEe NaBieHHe; tg¥ — yrioBoi ko3()UUHEHT HOCHTH
JIHHeHHbIA XapakTep.

Jlns pelieHus 3anauM NporHo3a ckopocTell cMellenus cios Habyxaromiei
IPYHTOBOH Macchl ¢ yueToM HabyXaHus MCMONB30OBATHCH MOJYyYEHHBIE ABTOPOM
3aBHCHMOCTH ~ MENJy TOKa3aTeNeM BOJHOKO/UIOMIA/IBHOIO  CUEIUICHMS M
KOYQ(HLUMEHTOM BA3KOCTH, pPACCUHMTAHHBIE [UIS [EPHUOJA YCTAHOBHBLIEHCH
nonsy4ecty (reuenus): n/Iy~k=const. Tak Kak HabyxaHWe BO3MOKHO MPH YCITOBHH
0,0, Npolecc HabyXaHHA BO3MOKEH B HHTEPBAJIE H3MEHAEMOCTH ¥ KOOpPAHHATA
B npeaenax ot (H-oy,) /pg no H; B MHTEpBane H3MEHAEMOCTH Y KoopauHaTta ot 0
1o (H—o,,)/pg npouecc Habyxanuns orcyTcTByeT (cM. puc.2:8;)

Puc.8 Pacuemnas cxema no npoeHozy
cMenujeHus HabyXaruux onoizHeeblx

Mace no noocmuaaiouyell Kpoeie KopeHHblx
nopoo.

B unTepBane uamenseMmoctH y or H-o,./pg 1o H Bcneacteue HabyxaHus
H3MEHAIOTCA KaK BOAHOKO/UIOMIAIBHOTO CHLEMIeHHe, Tak W KO3 HUHEHT
BA3KOCTH. [Ins nonyueHus BoipaxeHus (25) npu ycnoBusx — HaOyxaHus
OJHOBPEMEHHO C YYeTOM MNOJyYeHHbIX Hamu cootHowenu# (20) u (26), a Takke
YCIOBHA

pg(H-y )sin a = n dVy/dy (27)
YPaBHEHHE MPHUMET CJCAYIOWHH BHI:
pg [y+ [H-o,./pg)] sina =k pg tg¥ [y+ [H- o,/ pg)] dV /d[y+ [H-o,./pg)] (28)

CnenoBarenbHO, A ONPEAENEHHs CKOPOCTH CMELIEHHS HAKIOHEHHOMH
TOJILLH MOJIY4YEHO CNENYHOUIHE YPaBHEHHE!

V=ly+HH-o./pg)lsina/ktg¥ (29)

B uHTepBane uaMeHsemMocTH vy ot (H—o,,,)/pg ao H. Bcnencrere HabyxaHus
npH ]'leEMEHHOC’TH BA3KOCTH IO rnyﬁuﬂe cnos I‘pyHTﬂ, pacqembae CKOpOC’I‘H
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AeopMalll HAKIOHHON TOMIIM 3HAYHTENBHO YBEIHYHBAIOTCA, C NPHMEHEHHEM
YCTAHOBJICHHBIX  HAMM  NPOCTEHWIMX  COOTHOIICHHIL,BBOINT  CYLIECTBEHHbIH
KOPPEKTHB B pacyer.

BinsinHe HAauyaiLHOI MJIOTHOCTH cKkemeTa M BO3pacTa Ha MOKA3ATeqH
MOA3YHECTH UEMEHTOTPYHTOB M3 HAGyXalOWHMX TAHHHCTBIX FPYHTOB npH
CHKATHH LlemeHTOrpyHTHI Ha CBA3aHHBIX rpyHTax LIHPOKO MPUMEHAIOTCH B
JIOPOIKHOM, 2 TAKHKE aIPOAPOMHOM CTPOHTENBCTBE, HO OHH HMEIOT CPABHHTENBHO
HEBBICOKYIO MPOYHOCTE H MOPO30YCTOHYHBOCTb, UYTO 3HAYHTENLHO OFPAHHHHBAET
o6nacTe  MX  NIPHMEHEHMA.YCpENHEHHBIE  TeoTeXHHUECKHe noKa3areJi
CYTIHHHCTBIX IPYHTOB NpHBeaeHb! B Tabs.12. JI1a cTabHAH3aLiu HCCaeI0BAHHBIX
HalyXaloUKMX CYrIMHKOR OBUTH MCMOTB30BAHbI NOPT/JaHILEMEHTH  ATMTOBO-
Oenutosoii mMapku 4001119 BHIABNCHHA BIMAHMS HAYANLHO! BJIKHOCTH Ha
MPOYHOCTb LUEMEHTOTPYHTOB HMX MCTIBITAHHA HA CKaTHe MNPOBOAMIHCH npu:
Wopt, Wopt2; Wopn—2%. Tlocne 7,14,28,60-u CYTOK XpaHEHHS TNpPOBOAMINCE
HCTIbITaHWA  O0pasloB HA OAHOOCHOE CHKATHE Ha THIPaB/IHYECKOM Mpecce.
3aBUCHMOCTH M3MEHEHMS NPOYHOCTH HAa CKATHE LUEMEHTOrPYHTOBBIX cMeceii oT
BPEMEHH, Ha4albHOH BNIQXHOCTH M IUIOTHOCTH CKeJleTa NPHBENEHbl Ha puc.9. B
UEMEHTOTPYHTOBBIX CMECAX MHAPATALMA H THAPONM3 MOPTAAHALEMEHTA MPHBOSAT
K B3AHMHOMY TDOHMKHOBEHMIO M  CPacTaHMIO MNpPOAYKTOB TMAPONH3A M
(hopMHpOBaHHIO KOHAEHCAUMOHHO-KPHCTANTHIAUHOHHBIX THIOB CTpykTYp. s
BCEX 00pas’uOB LEMEHTOrpYHTOB HauGonee HHTEHCHBHBI POCT MPOYHOCTH
HabonaeTca B mepebie 7 CYTOK, 4TO onpenensercs npeobnajaHWem B cocrase
LIEMEHTA TPEXKA/bLUHEBBIX CHIHKATOB M Gemnra (C,S), koTopbie CMocodCTBYIOT
OBICTPOMY NPOTEKAHHMIO MPOLIECCOR THOpaTalMH ¥ THAPOJIH3A.

Tabnuual2
o [Ipenens =)

S = . & TUIACTHYHOCTH § )

FS g xr o2 % ﬁ g = a o £ E s bdn-
S3HETE 82 EE -3 o - 52
RSl suSl pn g 2 1 8 : =] S ey S E
S 8B S5Z| FEP| 8 |Ax|EL(BE % | o8| SE
mE g -8 | EF R REIBE| 8 £S Z

= ] g = o<} g_ me e a g = 9

= = a =| E| B | E
= o
8,0 0,53 0,06 2,68 | 0,333]0,219] 0,114 [ 0210 1,68 0,411

OKCNepHMEHTATLHBIMH HCCIE10BAHUAMH YCTaHOBJIEHO, YTO HaubOobLIAs
TMIPOYHOCTE HAa ONHOOCHOE CKATHE IOAYYEHA MNPH  BAAKHOCTH Wep—2%.
Crannaprhas npouHocTs (28 cyTok) cocTaBiser 5,07 MIa. IMocne 60-u cyrok
TBEPACHUA NPOYHOCTB HA CikaTHe coctasnser 6,07 MIla.

C uenbl0  nomyyeHMs  3aBHCHMOCTH  OTHOCHTENbHOI nedopmannu
TMON3YYECTH (€) OT BPEMEHH MNPH Pa3THYHBIX OTHOCHTEJIBHBIX CHKHMAIOLLNX
HANPAKEHUAX (O/Cpp conpex.)s TPUMEHEH METOJ MCIIBITAHHS aByx obpasuos. Oaun
ofpasell HCTIbITHIBAETCA 104 AeiicTRHEM HEKOTOPOro NOCTOAHHOIO, a BTOPOii — nox
AEHCTBMEM  CTYMEHYaTO  BO3PAacTAIOWIEro  BO BPEMEHH  OTHOCHTENBHOrO
CAHMAIOLLIETO HanpskeHHs. PesynbTaTe ucnbiTakus BTOporo o6pasua-6nusnena
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UCTMONB3YIOTCH U ONpeAeneHus 3aBUCUMOCTEH OTHOCHTENBHOTO CKHMAKOILETO
HanpsKeHHA-1eGopMaLHK OT MON3yYecTH U QYHKLMH OTHOCHTENBHO CHKMMAIOILIMX
HaMpsKEHHH, a BTOpOii— 114 onpeneneHus napaMeTpoB Mepbl MOI3YUECTH.

Pesynbrarel SKCNEPUMEHTANbHBIX HWCCIEAOBAHWH MON3YYECTH LEMEHTO-
rpyHTOB  npuBeneHsl Ha puc.10.  Hcnbimanus nns  pasnuuHbeiX  BO3pacToB
LEMEHTOIPYHTOB Ha C/KaTHE pa3/IMUYHBLIMH OTHOCHTENBHBIMH CKHMAKUIHMH
HANpPAKEHHAMH  (0/Cyp comp e = 0,25; 0,50; 0,75) nokasanu, 4TO C TeueHHeM
BPEMEHH, BCIEICTBHE CTApPEHHA YMeHbllaeTcs nedopmaums non3yvecTd H3-3a
YBEJIHYEHHS TIPOYHOCTH LIEMEHTOrPYHTOB.

Puc. 9.
3asucumocms
hpo4Hocmu ye-
MEHMOo2PYH-
moebix
obpaszyos om
0 ¢ - 8peMeHuU:

0 10 2 » “ % & 1) npu gnaxcy.
s ”/np.'-
=1 652/enm’;

2)W0p1+2%, Pd= 1 ,GT/CMJ;
3) Wop—2%, pa=1,55 2lem’; ) W, o Pa—As 2/ear’.

YCTaHOBIEHO, YTO LIEMEHTOrPYHTHI OIMHAKOBOrO BO3pacTa, B YCJOBHAX PABHBIX
OTHOCHTE/bHBIX CHKUMAIOILIUX HANPSAIKEHUI1, He3aBUCHMO OT HauYalbHOMH MJIOTHOCTH
CKeNeTa, AN Pa3iM4yHbIX MOMEHTOB BPEMEHH HMEIOT OJIHHAKOBbIE OTHOCHTE/bHBIE
nedopmaumru noasyyecty (cm.prc.10).Ha ocHOBaHMM NMONYYEHHBIX AaHHBIX MOAHO
ONpeJeNuTh NapaMeTpbl MON3yuecTH 00pa3loB LEMEHTOrPYHTOB OIMHAKOBOTO
Bo3pacTa ¢ 000N HauanbHOH MIOTHOCTEIO ckeneta. C y4eToM HM3MEHEHMA
Ha4yanbHOW TUIOTHOCTH CKeJleTa M HeNuHelHoil aedopMauMu nomsydyecTd ans
annpoKCHMAaLHKH IKCTIEPHMEHTANTbHBIX KPUBBIX HCMOb30BAIACk TEOPHA CTAPEHHS.
Jina t=42 nus npu

E(G’fﬁﬂp,mnp K.y t)zB(O'/,G BpP.CONP.CK. )m (30)
[Toayueno cneayromme COOTHOIIEHHE:
(/G up conp em s1=42)=0,0121(0/C p compex ) (31)

@OYHKUHH OTHOCHTENBHBIX CHKMUMAIOLHMX HAMNpSKEHHH MOJyuyeHbl H3
Crely0LIHX COOTHOLEHHU:
R(0/G o comp ex 0,012 1(0/G g comp ex ) /(t=42,0/pp compen 0,25)  (32)
Tak Kak O(t=420H8, ©/Oy compca =0,25)=0,0031, yHKUMA OTHOCHTENbHBIX
CKMMAIOLINX HANMPAKEHHUH onpeenserTcs U3 CIeIyOLEro BbpaKeHHs:
ﬂc’,cnp,conp,cxr )=3:9032(6/an,cnnp oK )093{}: (33)
Jlns ueMeHTOrpyHTOB Bo3pacTa t=14aHell C MIOTHOCTBIO CKeneTa Py
=1,55 r/cm’ nonyueHbl cneaytouiee 00001IEHHOE YPaBHEHHE MON3YHECTH:
€(0/0p conp.exc» 1)=0,0121{1-exp(-0,2482t)(0/0 5 conp e Yo (34)
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Puc. 10 Cemeiicmeo KpusbLx nonsyuecmu yemenmozpynmos: a- gospacm 1=70uneii
¢ miomnocmelio ckenema p, = 1,68, 1,60; 1,55:1,502/cr’: 6- 6ospacm t=]40neii ¢
nromuocmolo ckenema py = 1,68; 1,60;1,55: 1,50 2/ea’

lpoBenensie neeaenosanus nossomm CAENATH CICAYIONIHE BLIBOIbI:
[pu Hanpsskennax , we TPEBLILAIOIIMX CTAHAAPTHOE CONPOTHBIIEHHE
casury, ngedopMauuM casura HaOYXaloWHX  MIMHUCTBIX TPYHTOB
NPOTEKAIOT TONBKO B CTamMAX 3atyxawueii W ycraHoBHBIueiics
MON3YYECTH , HE mepexoAs B CTAmHIO NPOrpecCHpyIOLIEro TeueHus.
CasuroBas nomsyuecrs HaOyXalWMX IPYHTOB, HE3ABHCHMO OT HX
COCTOAHHA MIOTHOCTH-BIAKHOCTH M YCIOBHIT MCIIBITAHMS (ynnorHenme u
CABHr Ge3 3aMayMBaHM, YNJIOTHEHHE M CIBHI nocjie 3aMauuBaHHUA MoJ
aPPETHP, 3aMatHBAHHE MOCE MPHIIOKEHNA YITOTHAIOLIHX nasjieHuii Ges
APPETHPOBAHHA), MPH PaBHBIX YPOBHAX KACATE/BHOIO HanpsxeHus
MPaKTHYECKN paBHaf. .YCTaHOBIEHO, 4TO s ONpeneseHUs CABHIoBOi
Non3y4ecTH Habyxawwero rpyHra c YUETOM BIMAHHA  pazNHYHBIX
(akTopoB nocTaTouHo M3 ombiTa ONpENC/IHTE OZIHO CeMEHCTBO 3KcnepH-
MEHTAILHBIX KPHBBIX CIBHIOBOW MOA3yYecTH M ero COMPOTHBIAEMOCTh
CIBHTY.

OKCnepUMeHTABHBIMH HCCIEIOBAHMAMH YCTaHOBIIEHBI, 4TO
COOTHOLIEHHE CTEeNeHH MOOHIM3ALNM BOJHOKO/IJIOMJANBHOTO CLETUIEHHS
(T-t/Zw) ®  ux COOTBETCTBYIOWIMX  CKOPOCTel  ycTaHOBHMBIIelcs
fonsyuecTn(Vy), He3aBHCHMO OT du3Mueckoro COCTOAHHMA (IIOTHOCTH-
BIQKHOCTH)  TPYHTAa, COOTHOLIEHHEe (t-1p)/VuZw  npaktuueckn
NOCTOAHHAA  BenuuuHa. M3  storo CIEAYeT, YTO OTHOLUEHHE
koa(puumenta BaskocTn (n) u BOAHOKO/IOMJIANILHOTO CLeTieHHs (Zy)
QA TaHHOrO TIpPYHTA, HE3aBHCHMO OT ero (u3mueckoro coctosuus
(nnomoc—m-snaxmocm), TNPAKTHYECKH ABNAETCA MOCTOAHHON BeNMYHHOI
N/Zw=k= const.

Conporusnenne CABHTY W monsydyecTb  Habyxawowuii  rium
ODYC/IOBNCHHBIX  H3MEHYHBOCTBIO BIQKHOCTH M KOHCHCTEHLMH
M3MEHAOTCA. . [ToBblleHue BeniencTEHe HabyxaHus BJIQKHOCTH, BepxHeii
SOHLI TOJIUHM BBI3bIBAET PasynpoYHeHHe M BA3KO-TIJIACTHYECKOE TeueHHe
HabyXalounx rpyHTOB. YCTaHoB/EHO »4TO CKOPOCTH CMEIIEHHA BEpXHeii
3OHBI HAKJIOHEHHO# TONKM HabyXalWKUX rHH B YCIIOBHAX 3aMauHBaHus
N0 BBICOTE HM3MEHAKOTCH JMHEHHBIM  3aKOHOM,  OnpeeNsIoTCS
crenyiowei popmymnoii: V, = [y+(H — Os/ pg)] sina / k tg'¥.
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4. DKCrepUMeHTATbHBIMH HUCCIIeIOBAHHAMH YCTaHOBJIEHO, 4TO
LUEMEHTOIPYHThl M3 HaOyXawWMX TPYHTOB OJMHAKOBOIO BO3pacra , B
YCMOBHAX  PaBHBLIX  OTHOCHMTENbHBIX  CKMMAIOWMX  HAMpsXKeHWi
(0/Cupconpex ). HE3ABHCHMO OT HA4albHOH TUIOTHOCTH CKeJleTa, Uis
pavIM4YHBIX MOMEHTOB BPEMEHM HMMEHT OIHHAKOBBIE OTHOCHTE/bHbIE
nedopMaLHK MOJI3YyYECTH.

nasa 5. YnpouweHHble MeToAbl ONpelesieHHH TPOYHOCTHBLIX M
Ae(opMALHOHHBIX NOKa3aTeseld Ha0yXalWHX FPYHTOB

B cnyuae, koraa oOpasubl 0OnanaloT 3HAYMTENBHOH HEOIHOPOAHOCTHIO,
oObI4HBIE CTAHIAPTHBIE METOMBI OMpeNeNeHHs TeoTeXHHYEeCKHX MoKasaTei
(naBnenne, aedopmaumu HaOyXaHus, NapaMeTpbl CONPOTHBIECHHA CABHIY H
CIIBMTOBOH MOM3y4YecTH) HE MOryT OBITb MCMOJB30BaHbl , TAK KaK BbIpE3Ka M3
ONHOTO MOHOAWTAa rpyHTa o0pasuoB ¢ ONM3KMMH  (HU3HKO-MEXaHHYECKUMHM
CBOMCTBAMH [PAKTHYECKH HEBO3MOJKHA.

MeToa onpeaeneHHe XapaKTePHCTHK Ha0yXaHMs IIHHHCTBIX FPYHTOB

[To cpaBHEHMIO C H3BECTHLIM CrnocoOOM, HArpyXeHUs M 3aMauvBaHHUA
obpa3sia B KOMIMPECCHOHHOM MNpHOOpe ¢ MOCHEAYHUIMM TMOCTPOEHHEM KPHBBIX
YIUIOTHEHHA W HAOyXaHHA NOM JeHCTBHEM Pa3IMYHBIX MO BEIHYHHE HOPMANbHBIX
HaNpsKEHHH, B NPEMIOKEHHOM METOJE NPEeABapHTENbHO 3aMayuuBaeTcs odpasen
MOI appeTHp W OMpelensioT BeTHYHHY JaBleHHs CBOOOAHOTO HabyXaHHMA Oy,
3atem ero oO0XHMMalOT CTYNEHYATO BO3pacTalolled Harpyskoid o=P-o,,,,
NpeBblIAOIEH  BENMYHMHY  [aBjieHus  cBoboaHoro  HadyxaHWd,a mocne
crabunuzauun nedopmaunM YIUIOTHEHHS NMPOBOAAT CTYNEHYATYH) pasrpysky. Ha
puc.11 mpuBeneHsl KpHuBble yrutoTHenus (1,3,4) u pasynnoTHeHus(HaOyxanus)
noA Harpy3kamu (2, 5) rpyHTa (paccMaTpHBaeMOro B npumepe 1), COOTBETCTBEHHO
onpeneneHusie no Merony FOCT-y u no npennoxeHHoMmy cnocody. Kpupas 4
ABIIAETCA CABHHYTOH BIIEBO Ha BENMHYHHY Osy, OT KPHBOH YIUIOTHEHHS 3. 3Hak (+)

03Ha4aeT YIUIOTHEHHE, a 3Hak (—) — pasymioTHenue (HaOyxanue) obpasua no
OTHOLUEHHIO K HAYAIBHOMY COCTOSHHIO HYJIEBOH Ae(QOpPMALMK; O,y — AABIEHHE
HaOyxaHus, oOnpenenseMoe no INOCT -y, oy — naeneHue HabyxaHud,

onpeeneHHOe MO NPeIoKEHHOMY METOY.

Crocod omnpeneneHus XapakTepPUCTHK HaOyXaHHA TPYHTOB, OTIMHaeTCH
TEeM, YTO C UeNbK) TMOBBILEHHS TOYHOCTH M COKpALUEHHA KOJIHYECTBA
MCTIBITHIBAEMBIX 00pa3lioB, NpeaBapHTENbLHO 3aMayHBalOT OAMH o0paseu non
appeTHp W YCTAHAB/IMBAKT BEIHYHHY JaBNeHHA HaOyXaHWs, 3aTeM Harpyxaror
HAarpy3koi, NpeBBILANOWEH 3HAUYE€HHE [aBleHHA HAOYXaHMA M TIPOBOIAT €ro
CTYMEHYaTylo pa3rpy3Ky.
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Puc. 11 Kpuswie: 1- ynnomuenue epynmos, 2 — nabyxanue, onpedenennoe no
I'OCT 24142-80, 3 u 4 — ynromuenue CPYHMA nocne 3aMauueanus noo appemup u
pasepysku, 5 — onpedenenue no Memoody UCHBIMAHUA 0OHO20 obpasya.

Ipeanoxennslii cnocod ucnbitanus 0aHOro odpasua BhoHe NpHHEHMMA
AT ONpENieNieHns XapaKkTePUCTHK HAGYXaHHSA MIHHHCTBIX rPYHTOB.

Onpeagenenne MApAMETPOB  CONPOTHBIIEHHS CABHMIY Halyxammux
TJIHHHCTBIX  TPYHTOB  METOJOM  OQHOI0 obpasua Hns  pewenns
paccmaTpHBaeMoii 3a1auM NpeinaraeTcs BOCIONb30BATHCS METO/ZIOM TMOBTOPHOrO
(MHOTOKPATHOr0) MCMbITAHUSA 00pa3suoB non aeiicTeuem CTyYnNeHei pasrpysku mno
BE/IHUHHE  YIUIOTHSAIOWMX — HOPMABHEIX  JaBJICHHMIL. [pu  onpenenenuu
CTAHIAPTHOrO COMPOTHBICHHA CIBHTY HaGyXaroumx TPYHTOB, MpH GOMBIIKMX
AeopmaLuax ciBura, UMeeT MecTo MPAKTHYECKH MOJIHOE MCKITIOYEHHE BJIMAHMS
KECTKOrO  CTPYKTYPHOTO CLEIIEHHs HA MOKasaTenw MPOYHOCTH TpyHTa.
Marepuanom mns uccnenopanus MOCYKHH 00pasUbl rHH, 0TOGpaHHbIE U3 anpa
nnothHel Anyana (CAP), GEHTOHHTORBIX FIHH Capurioxckoro Mecroposkaenus
MHOLIEHOBBIX TyiiH DpebyHuiickoro paiiona, OtoGpaHHble  06pasubl 0TAENBHO H
nonapHo (B oblwem w4ucne mecThb 06pa3uoB-61H3HeOB) GbimM HCnBITAHE! npH
CCTECTBEHHOMN BIAXKHOCTH NPH YNIOTHSIOIIEM AaBNeHUH cooTBeTcTBeHHo 0,1; 0,2;
0,3 MIMa.Bropoii pesum HCMBITAHKA, OCYLIECTBIICH B YCIOBHAX BOJIOHACHILLEHHH,
OBYX oOpa3uax .ua npubope kpydenue M-5, NPEABAPHTE/IBHO  METO0M
KoMmneHcaumun nedopmaunn HadyxaHus, OnpeeneHbl naBaeHns Habyxanus (Gsw,0)-

Tabnuual3
Pesynemamer cosuzoswix ucnermanuii
O6bext neenenosanns T, Test Osw,0 Osw,0t0; Ustawroz | Test/Thstsw +oz
0,3 | 0,140 0,25+0,3 0.135 0,964
0,3 0,130 0,25+0,3 0,130 1,00

02 | 0110 0,25+0,2 0.115 0,957
Cnnnpi 0.2 | 0,105 0,25+0,2 | 0,100 0,952
TUIOTHHBI AJtyana 0,1 0.075 0,25+0,1 0,070 0,933
0.1 [0,085 |0.25 0,25+0.1 | 0,080 0,941

- - 0,25 0,0750 -

- 0,25 0,0775 -
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npojomk. Tabn. 13

- - 0.15 0,035 -
: 5 0,15 0,035 2
3 g 0,05 0,0070 | -
- - 0,05 0,0080 | -
0,3 |0,125 0.35+03 | 0.130 0.961
03 | 0,125 0,35+03 | 0,120 0,960
0.2 |0,100 0,35+0.2 | 0,095 0,950
Capurioxckne 02 |0115 0,35+0.2 | 0,105 0.913
GeHTOHHTOBBIE TIMHLL 70 T 70,075 0,35+0,1 | 0,08 0,938
0,1 | 0,08 0,35+0.1 | 0,08 1.00
_ 3 0,35 0,060 -
R 035 435 0.065
- - 0.25 0,040 -
0,25 0,0425 | -
- - 0.15 0,0025 | -
2 - 0,15 0,002 :
03 |0,150 0,2+0,3 0,145 0,967
Opebynuiickue 03 ]0,145 0,2+0,3 0,160 0,906
02 |[0.120 0,2+0,2 0,110 0917
MHOLIEHOBBIE IJTHHbI 02 [0,130 0,2+0,2 0,125 0,961
0.1 [0,085 |020 0,2+0,1 0,0775 | 0,912
0.1 | 0,090 0.2+0,1 0,085 0,944
= P 0,2 0,065 -
” = 0.20 0,060 -
. - 0,10 0,035 -
0.10 0,0275
0,05 0.0175
% = 0.05 0.020 -

3aTeM [OMONHHMTENbLHO 3arpyKeHbl A0 OMNPEAENEeHHOr0 MAaKCHMAalbHOro
YIUIOTHSAIOWIEr0 AaBieHHs P=0, 010, na. [locne cradunuzaumu aedopmaiim
YIUTOTHEHHA OCYLIECTBJIEHbI COBHMIOBbl€ McnbITaHuA. [lociie nepeoro MCnbITaHUA
00pazuoB  pasrpyKeHHeM CTYNEHAMH YMJIOTHAIOUIYIO HArpy3Ky AOBEIEHB! [0
3a1aHHOrO3HA4Y€HHA :Uzn-<Uz5<osw,0+oz4<csw,0+oz3 <osw‘0+oza:‘.<csw.0+°‘za 1<Osw,0" Oz max
Pe3ynbTaThl MCMBITAHHA COMPOTHBICHHS CIBWIY CTaHIAPTHBIM METOIOM (Try) W
JBYXKPaTHbIM OMPENENEHHEM (Tigswio;) MOA JACHCTBHEM OJHMX M TeEX ke
HOPMAa/bHBIX YIUIOTHAKILMX NABJEHHH (0,), @ TAKKE COOTHOWIEHHA Tt/ Trsiswioz
npueeaeHsl B Tabnuue 13.

Kak BuaHO M3 Tabnuub! 13, COOTHOLIEHHS COMPOTHBIEHHS CIBHTY TpPH
€CTECTBEHHOMN BJAKHOCTH M MPH MOBTOPHOM HMCMBITAHMH [UIS TPYHTOB MIOTHHbI
Anyana konednerca ot 0,933 no 1,0; s CapHrioXckux OEHTOHHTOBBIX ITHH — OT
0,913 nmo 1,0; ana muoueHoBbX rAHMH — oT 0,906 no 0,967. TlpuBeneHHbIE
pe3yabTaThl MOKa3blBalOT, YTO [UIA ONpENE/eHHs NapaMeTpoB OCTaTOYHOro
COpPOTHBJIEHUS CABHTY HaDyXarOWMX FPYHTOB MOXKHO BOCTIO/NbB30BATHCA METOAOM
MHOFOKPATHOTO HCMBITAHHA OHOTO 00pa3ua.
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Metoauka onpesenenns MAPAMETPOB CABHIOBOII NMOJA3YY€CTH MO 0aHOII
IKCNEPHMEHTANLHONH  KPUBOIi, moay4eHHoii NpH  CTYMEH4aTOM pocTe
KACATETbHOTO HANPSKEHHS (YPOBHSA KACATEIbHOIO HANPAKeHHS ) Cytb
BBIMONHEHHBIX MCCMENOBaHWA  3aKlOuaeTCs B TOM,  4To Ha CTYTEHAX
IKCMEPHMEHTAILHON KPUBOH CABHMIroBOi NON3YHECTH  BBIAENAOTCH  YYACTKH
Ae(hOPMHPOBAHHEIX ¢ MOCTOAHHO CKOPOCTBIO JUIA Pa3THYHBIX 3HAYEHHH T WIH
Tteq. Mcnoneays atw nammbie CTPOHTCA CEMECTBO KPHBBIX nedopmaruu
TNOM3Y4ECTH CABHra MOCTOAHHON CKOPOCTH-BpeMs (Yy-t) ¥ KpuBas 3aBMCHMOCTH
Y\-T uiam Tu-T/Try. H3BeCTHBIMH MeTOnaMM OMPENENAIOTCA MOPOT MON3YYECTH H
ko3pduunenT  BaskoctH  n.  [lo Pa3sHOCTH  nedopMalliH  OCHOBHOIA,
IKCNCPHMEHTANBHOH  KpHBOH M nedopmaumii  cBUrosoii MONM3Y4YECTH ¢
NIOCTOAHHOH  CKOPOCTBIO  CTpoMTCH KpHBad 3aTyXalowed nonsydecth mnpm
CTYMEHYATOM pOCTE KacaTe/IbHOTO HANPMKEHMA T (nnu t/15), uTo mMo3BonseT
OMpElenuTe  Mepa  3aTyXalomeH CABMroBoii Non3yuecTn Mg(t), dymnkums
KacaTenbHOro HanpsxenHa f(t) win ypoBHs kacarennHoro Hanpsoxkenuaf (t/tgy).
Beipaxenue nedopmaiu casurogoii MOJI3Y4ECTH 3aMHChIBAETCA B BHJE:

T()= Ya +Y s =0d(t) 1)+ (1-1,,)t/n (35)

FII€ NEpBbIE YWIEHBl NPAaBBIX YacTell COOTHOLICHHS (35) npencraBnsior

coboii saTyxaowmyw nomsyuects, a BTOPBIC 4leHbl — nedopmalmm TedeHus c

MOCTOAHHOH CKOpOCTLIO. [TpemnoxenHas METOAHKA, MO3BOJIAET ONpPEAESTHTH

[1apamMeTpel KaKk 3aTyXarouled Nomsyuect neopMalliK CABHTA, TaK W TeYeHHs ¢

TNOCTOAHHOM CKOPOCTBIO.OHA NIPOBEPEHa HCTBITAHHEM IBYX HaOyXaroWmMX TpYHTOR

MPHPOAHOTO CNOJKEHMA, OTOOPAHHBIX W3 ATrapluHHCKOrO OMOM3HEBOr0 MaccHea

KE/IE3HONOPOKHOH nuHnM MmkeBan—Pasnan, B 01HOM MX HauaabHOM COCTOSHHH

[UI0THOCTH-BIAKHOCTH Nox Aeficteuem P,=0,3MITa u MpH TPEX CTYMEHAX YPOBHA
KacaTe/lbHOTO HanpskeHus  T/T,=0,25: 0,50 u 0,75.

Inagea 6. IlpoTuBosedopmanmonnbie MEPONPHATHSH, PEKOMEHIyeMble
NPOTHB HA0yXaHHHA HA 3eMIISHBIX (ruapoTexsnyecknx) coopyxeHusx.

3anaua nporOIMMLIX MccnenOBaHMI 3aKTIOYANACk B TOM, 4TOOLI BBIABHMTH
OCHOBHBIC 3aKOHOMEDHOCTH M3MEHEHHMs CBOHCTE HaOYXaloWHX TPYHTOB npw
3aMa‘MBaHHU 115 00OCHOBAHHOTO NPOEKTHPOBAHHA OCHOBAHMI U $yHnamenTop
TIPOMBIIIEHHBIX M TPaXKIAHCKHX coopyxeHul. JleficTByrommmu HOpMamH Ha
TPOCKTHPOBAHHE 3EMJIAHBIX COOpPYKEHHil YCTaHAB/IHBAETCA, YTO NpPHUMEHEHHE
TTHHHCTLIX TPYHTOB KaK CTPOAMATEPHANOB JOIKHO ObITH OrpaHW4eHO BCIIEACTBHE
TOrO, 4TO MX COCTOAHME M CBOficTBa MOryT CYWIECTBEHHO H3MEHATHCA MOox
BO3JCHCTBHEM 3aMauMBanus. OIHAKO 3TH YKa3aHud KacarwTCA JKMPHBIX TIIHH,
HCIIO/I30BAHHE  KOTOPBIX  Kak CTpoiiMaTepuana wemonyctumo. Ha ocHose
0000MIeHHs naHHBIX MO Gonbuiomy KomHuecTsy Ae(pOPMUPYIOLIMXCA YYACTKOB
3CMIAHBIX TUIOTHH Ha TePPHTOPHH Cupuiickoro Apa6ekoro PecnyGnuku (CAP)
YCTAHOBIIEHO, YTO mMOAABNSIOUIEE GOMBIIHHCTEO nedopMaunii  OTHOCHTCH K
YHacTkaM, rae rpyHT NpeacTaBieH HaGyXaloUWMMK MTHHAMY ( mioTHHb! Ba6-A k-
Xamnna, Mansip-Ane-Bycrana, AnyaHa u T.1).

Hns ycrpadenus npouecca HabyXaHHS B 3eMISHBIX (ruapoTexHHuUeCKHX)
COOPYIKEHHAX NPHMEHAOTCH pasiHyHble NpOTHROAE(OPMALIMOHHBIE
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MEpPOTIPUATHSA, KOTOpbIE aBTOPOM MoOJpa3jeiieHbl HAa [Ba THMA: AKTHBHbIE
(KOHCTPYKTHBHBIE) M MAcCHBHbIE (MCKYCCTBEHHbie CTabMIM3allMK TPYHTOB).
AKTHBHble  npoTHBOAEC)OPMALIMOHHBIE ~ MEPONPUATHA  HAMpaBleHbl  Ha
npekpamiedne unu ocnabnenuwe nedopmaunn Habyxauus npu BO3NEHCTBUM Ha
rpyHTHl Oannacta, a naccHMBHbIE — MNYTEM HCKYCCTBEHHOH crabuansaumu
rPYHTOBBIMH 100aBKAMH.

6.1 OcofeHHOCTH H3MEHEHMS ILIOTHOCTH-BJIAZKHOCTH T[JHHHMCTBIX
IPYHTOB BejeacTBHe HabyXaHusi BEPXOBOIo 0TKOCAa B Teje naotuHbl bab-
Aab-Xaauaa (CAP)

B ornuuMe OT MNPOMBIUUIEHHOTO M TPaKIaHCKOTO CTPOMTENbCTBA, [l
BIMSHHE HA FPYHT KIMMATH4YeCKHX (AKTOPOB W 3aMA4MUBAHMA CBOAMTCH K
MHHUMYMY Onaromaps 3arnyOneHHio yHAaMEeHTOB, FPYHTBI B THAPOTEXHHYECKOM
CTPOMTENBCTBE HAXOJATCA MO HEMOCPEACTBEHHBIM BO3/eHicTBIEM ITHX (haKTOPOB.
Ha BepXHHMX 4acTaX BEPXOBLIX OTKOCOB IUIOTHHBI YBJAXKHEHHE TFPYHTOR
MPOMUCXOAUT NPH HHU3KOH MpUrpyske, T.e. B YCIAOBHAX NOYTH CBOOOAHOTrO
Habyxanua. [lpouiecc HabyXaHus NPUBOANT K YBEIMUYEHHIO BIAKHOCTH H
YMEHBLLUEHHI0 TIOTHOCTH CKeNeTa IpyHTa, KOTOpbie B CBOIO Ouepe/lb NPHBOIAT K
YMEHbLIEHUIO  comnpoTHBieHus  capury. OObekTOM  MccienopaHus Mo
yCaTaHOBJIEHHIO 3aKOHOMEPHOCTEHl H3MEHEHHs BIAKHOCTH M IUIOTHOCTH IPYHTOB
¢ rnybuHoil Benenctue HaGyxanua ssnserca mnotvHa bab-Ane-Xaaupa (CAP).
Jns MccnenoBaHnus W3MEHEHHA BJIAXKHOCTH-TUIOTHOCTH TPYHTOB Ha BEpPXOBOM
OTKOCE Tena MIOTHHBI W3 PA3NHYHBIX TYOMH CTEHOK Wyp(OB M CKBaXHH ObLIH
otobpanbl  o0pasubl. Pesynsratel nabopartopHbIX  ONpeaeseHHH  BIAKHOCTH,
IUIOTHOCTH CKesleTa 00pa3ioB mpuBeneHsbl Ha puc 12, rae nokasaHbl QUarpamMmbl
M3MEHEHHA BJAKHOCTH, MIOTHOCTH CKE/ETa IPYHTa ¢ Iy OHHOI.

P, thew’
18 19 20 21 ok

jrensined 15 —
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a)
Puc.12. a) Hzmenenue niomwocmu ckeiema epyHuma ¢ 2aybunoir. 6) uzmenenue
BIAHCHOCHIU € 2NYOUHOLL;

AHanu3 OMarpaMM [OKasblBAa€T, YTO CYLUECTBEHHOE BJIMAHHE Ha
HabyXaHHe OKa3blBAET HA TJIOTHOCTHBIE XapPaKTEPHCTHKM TIMHMCTBIX TPYHTOB B
BepxHeM Obede mnoTHHbl (10 riyouHsl 3,5-4,0), npakTHyeckH Bce oOpasubl He
YAOBNETBOPAIOT YCIOBHIO: Py/ Pd max> 0,95.

HccaenoBanue 3akoHoMepHocTel  Ha0yXaHMsi FIMHMCTBIX TPYHTOB
BepXHEro oTKoca Tena nuoTHHbl Bab-Aab-Xaauaa 3anaua 3akmovanach B
MCCNIEIOBAHHMH BIMAHHA YTUTOTHAIOWMX AaBneHHi Ha nedopmauun Habyxanus. B
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NabopaToOpHBIX YCIOBHAX Ha KOMIPECCHOHHOM npHGOpe METON0M KOMMNeHCauHH
AeopMaumun HabyXxaHus onpeneneHbl AaBieHus HaOyXxaHus. BETHYHHA KOTOPBIX
konebnerca or 0,75 no 4,8 kr/em’. Tak-kak TPYHTBI [IPH ONITHMANTBHOI BIAKHOCTH
H MaKCHMATbHOM NIIOTHOCTH CKeNeTa rpyHTa ABASIOTCH CHIILHO HabyXxalownmu, To
HCC/ICA0BAHHH 3aBHCHMOCTH edOpMaLK HabyXaHus ot YNNOTHAIOUIMX AaBJICHHUi
OMBITEl TMPOBOAMIMCE Ha OAHOM ofpasue. Cuauyana METOAOM KOMMEHCALHH
Aeopmanmn  HaGyxaHus OfpenencHbl naBneHus Habyxauus. 3atem s
onpesieieHa nepopmaumun HaGyxaHus npu PA3THYHBIX ABICHHAX OCYILECTRIEHDI
Pa3rpyxeHus no crynenusm. [lonyuena, uto 3aBMCHMOCTB  edhopmanmu
HaOyXaHHs OT YNIOTHAKWMX AaBieHHUil HOCHT KpHBOJIHHeliHbIi XapakTep. Onu
ObLTH aNNPOKCHMHPOBAHLI B Chenytowem suze (E.A.Copouan):
85 =8"su(1-0/0,,,)" (36)
rae Sosw — nedopmaums HaGyxaHus npH 6=0,0,,~naBneHue Habyxauus; k
—TIOKA3aTEe/Ib, XapaKTepH3MPYIOWHI HennHeliHyio neopMUpyeMocTs rpyHTa npu
HabyXaHUH pasrpykeHus mo CTYNEHHAM.

H3 kpuBeIX BuAHO, uTO HauGonee PE3KO HabyXaHWe ymeHbluaeTcs npw
BO3pacTaHuM nasnewua or 0,1 pmo 0,12 MITa(em.puc.13). [To Muenwio E.A.
Copouana, peskoe cHixenme nedopmaunn Habyxanus B HHTEpBA/Ie BHELIHBIX
Harpy3ok ot 0 a0 0,15 MTla o6ycnoeneno Aedopmauneii craGocesazanHoi BO/JIbI,
obpasyroweii nepudepuiinbie croun FHAPaTHOH O0GONOYKH BOKDPYr TIMHHMCTBIX
HacTuu rpyHra. Mcnonsys ycraHoenennsie 3aKOHOMEPHOCTH, NP PEKOHCTPYKLIHH
BEPXOBOro OTKOCA TeNa TIUIOTHHBI Bab-Anb-Xanuna, ans NpeoTRpaLeHHs
HaOyXaHus TIpyHTOB Kak Marepuan Gamnnacta MCnonb3oBaH JApeHHpYIOLIHi
MaTepHan, TMoAaBHB €ro COTBETCTBEHHBIM BecoM. Tak KaK, [0 CpaBHEHHIO ¢
AaBNieHHeM HabyxaHus, HabyXaHWe CyleCTBEHHO MOJABJIACTCS OTHOCHTEILHO
HeGO/ILIIHMH HATPy3KaMH, 1aBleHHe OT Beca NOOYWIKH He 00A3aTeNbHO J0JIKHO
ObIT paBHO mONHOMY naBneHMIO HaOyXaHHs, 2 MOXKET COCTABAATH JIMuIb
OTHOCHTE/ILHO HeGONBILYIO ero yacTe. Tak, ans BEPXHEro OTKOca Tena IuIoTHHbI
Bab-Ane-Xaauna nasnenue HaOyxaHus cocrasnsers 0,3MIMa. Cornacho
pacueram, s mojasneHus HabyXaHHA [OCTATOYHA Harpyska 0,1IMITa u npu
MPHMEHEHHH IPEHHPYIOLIETO CIIOA MIOTHOCTbIO 2,0 r/em’ MOLIHOCTb HAaKIaaHOM
ToayuIku cocTaBuT 10 4,5-5,0 M (cM.pHc.14), 3TO CHH3HT BEHYMHY nedopmanmu
HabyXaHus B rinHe Ha 70-80%

8. 7 —e—¢C-3, rny6. 12.0-12 5
]
i - ¢4, ry6. 10.0-10.5
20 ———c4, rnyb. 4550

(1] 0.1 02 03 04 o nmma

Puc.13 Kpusvie 3asucumocmu Oechopmanuu nabyxanus om enewneso oagnenus.
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Puc 14 Cxema pexorncmpyxyuu niomunst baé-Anv-Xaouoa ons
npedomepaujerus Habyxanusa epyHmos

Crabuansaumsa HalyXalmMx rJIHH NpPHMeHeHHeM H3BECTKOBBIX,
u1akoBelX M TydoBbiX nopowkos  biorajaps BbICOKOH AHMCNEPCHOCTH H
MHKPOMOPHCTOCTH HaOyXaOLHE IIMHHCTBIE FPYHTBI MMEHOT HH3KHI KoadduumeHt
(hunbTpauMHK, OAHAKO CKIOHHOCTE K HAOYXaHHIO HE MO3BOJIAET UCNOb30BATL HX B
KauyecTBe CTpoiiMaTtepuana npH BO3BEAEHHH CoOpykeHWil. Dta npobrema
cymectsyer B ApmenuHn H CAP, rae rIMHHCTbIE TpPYHTbl B OCHOBHOM
HaOyxawowue. B 310l cBA3M 1A NoyueHUs ONTHUMA/IbHBIX CMecell npeanaraercs
MCTIONIB30BATh “HeTpaJMLHOHHBIE™ IPYHTOBbIE MaTepHabl: OTXO0/1bl
MPOMBILIEHHBIX MPEANPHATHIE MECTOPOXKAEHHH — TY(OBLIH NOPOLIOK, IAKOBYIO
Mbllb M HM3BECTKOBHCTYIO myapy. Hamu B KkauyecTBe Mmartepuana Ans cO3AaHHA
NPOTHBOMHIBTPALMOHHBIX IKPAHOB M YJIYYLIEHWS BOAONPOHMIIAEMOCTH TPYHTOR
peKoMEHAyeTCs  co3naHHe cMmeceil OEHTOHMTOBBIX (KPacHOBATbIX) IJMH €
nobaBkaMi (TY(DOBBIMH, LINAKOBLIMH, H3BECTKOBLIMH MOPOLIKAMH) ONTHMANLHOTO
cocTaea.

Ioabop cocraBa NPOTHBOMHALTPALUHOHHBIX TPYHTOBBIX cMeceil M3
GeHTOHHTOBBIX (KPACHOBATBIX) IVIHH M IPYHTOBLIX H3BECTKOBBIX NOPOIKOB
Hawm wuccnenoBanus ObliM  HanpasjieHbl [0 OMNPENENEHWH  ONTHMAIBHOIO
KOJTHYECTBA W3BECTKOBOrO MOPOIIKA NMPH KOTOPOM MNPaKTHYECKH MpeKpallaercs
npouecc HabyxaHus cMecH. [lpyroe BakHOE yCIOBHE ONTHMATbHAA CMECh JIOKHA
umets kKo duuneHt ¢unbrpaunn mexbie 0,01 m/cyT. 3aBHCHMMOCTH JaBNeHHS
HaOyXaHHWA MCNBLITAHHBIX CMeceH OT [POLEHTHOrO COAEPIKAHMA MOPOLIKA
H3BECTHAKA JIOCTATOMHO XOPOWO  ANNPOKCHMHUPYHOTCA  IKCINOHEHUHAIBHOM
(yHKuHeid:

O =AeXp(=AMc,co3) (37)
rae A, A — koo DHUHEHTBI; Oy, — AaBIEHHE HAOYXAHHA, Me,co3 — MPOLIEHTHOE
cojiepKaHHe U3BECTKOBOM MbLIH.

Jlns GEHTOHHTO-H3BECTKOBOI CMECH YCTAHOBJIEHA 3ABUCHMOCTh

G =6‘3.e-0_l50m(‘a(‘03 (38 )
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a U1d MHOUCHOBOBOH MNMHHCTO-H3BECTKOBOI CMECH —
Usw=2,5'e'0'mmcacm (39)

Bouth  onpenenenn  Takke ko3puumenter  duneTpaumu (Kp). [o
nokasarenaM Ky OnTHManbHble CMECH NOJIHOCTLIO YOBNETBOPAIOT CTPOHTENLHBIM
HOPMaMH W TIpaBHNAM JUIA WX MCTIO/Ib3OBAHHA B 3eMIIAHBIX COOPYKCHHAX B
KauecTBe MPOTHBOQHILTPAUHOHHOTO MaTepuana. Onpenenensl Takke K, 4MCThIX
OCHTOHMTOBBIX M MHOUEHOBBIX MMH. HecmoTps ma To, uTo B NPOBEAEHHBIX
MCMBITAHHAX [POUECC BOAOMOIIIOIIEHHS MpPOTEKAT B YC/AOBHAX MOCTOAHHOIN
TIOTHOCTH CKEJIETa IMIHH, CIOMHBIE (PH3MKO-XMMHYECKHE TPOLIECCH TIPHBOIAT K
CYWECTBEHHOMY CHHXEHHIO HMX MNpoHHuaemMocTH M K; YToOGBl HCKMOYMTH
HalyXaHHe (WIBTPAUMOHHBIE MCTILITAHHA [POBOAMAMCE ¢ NpHMEHEHHEM
HENOJAPHOH KHAKOCTH — Kepocuua. Koadduumunt npounuaemocty onpenensercs
cnenywuei hopmyJioii:

Ky=Ken/Y (40)

rae T -BA3KOCTB; Y — ynenbHBIA Bec. Pe3ynsTaTel onpeneneHus
KO3Q(QHUHEHTOR MPOHWLIAEMOCTH W  (GMILTPALMH NS OBYX Pa3JIHYHBIX
Ha0YXalOWKX IIMHHCTEIX T[PYHTOB npuBeneds! B Tabnl4. Buoxo 4TO,
BOJIOHACBILICHHE B YCJIOBHAX OTCYTCTBHA HabyxaemMocTH OEHTOHHMTOBBIX TJIMH
NPHBOAMT K CHIXEHHIO MPOHHUAEMOCTH B 717 pa3s, And MHOLGHOBBIX FIHH OHO
cocrapnser B 152 pasa. Takas Gonbluas pasHuua o6yc/IOB/IeHa BLICOKOH CTENEHBIO
AMCTIEPCHOCTH  MOHTMOPWUIOHHTOBEIX [JIHH M OCOOEHHOCTBIO  CTPYKTYpHI
MHHEpPaA/ia MOHTMOPH/UIOHHT.

Tabnunal4
IToxkazamenu 6odneix ceoiicms zpynmoe
g At B
- = ~ o = o
z 3 2. gz S - By 5
0 2 = 53 8 S Bz |5 Z|S alim
= o z 9 2 o a4 5 Q . = = - =
T = o o M 0 == L =T 8|lad] B
0 = o = = T = = o Bcl|= = =
I =z o =~ L = m = o @ e x| = =4 o 2
2 = P & 2 T i T . = = EElsBles|E
o B T x = = = 2 == e Sigl = 2 al 5
= a = = 5 =) SR o 2 El S
= 2 g H.& i S O
& 2 = & =5 | 28 |=ge
> 8 = 2 s |87|8
BN L
benToumr. 7911 24-| 1.72-
-6 -6 -10 s 3 3
Piiia 10,0 85 1,01-10°| 1,85-10°| 2,410 0* | 1077 10 717
Kpachos.
5 _ 9 5 & :
Opebyn. | 100 | 85 [1,01-10%] 1.85-10% | 1.1-10° -162" S 269'3] 182
rJIHHa

6.5. Mondop cocrasa NPOTHBO(MHILTPALHOHHBIX IPYHTOBLIX cMeceii H3
OeHTOHHTOBLIX (KpacHOBATBIX) IIHH M IPYHTOBBIX HLTAKOBLIX H TythoBBIX
MopowkoB B KayecTBe TINIMHHCTON COCTABNAIOMIEN B ONTHMANbHON CMecH
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BbIOpaHbl OEHTOHHTOBBIE MHHBI CApHUTIOXCKOr0 MECTOPOXKIEHHS H MHOLEHOBBIE
KpacHoBaTele raMHbl Dpebynuiickoro paiiona. [lna crabunusaumu Hadyxaouwmx
rPYHTOB BbIOpaHbl AIUTApaKCKHH ByJKaHWYECKMH WAk W TY(OBBIH MOPOLIOK,
ABNAOWMACA IKCIUTyaTallHOHHBIM OTX00M ATapakCKOro MecToposiaeHus Tyda.
Jlns nony4eHus onTHManbHOH CMECH MOATOTOB/EHb! AECATKH 00pa3LoB. DKCHepH-
MEHTAJIbHBIMH  MCC/IEIOBAHHAMM YCTAHOBJIEHO, YTO YBENHYEHHE COAepKaHHs
BY/JIKAHHYECKOrO 1LIAKa WIH Ty(OBOro nopolika NMPHBOAMT K CYLIECTBEHHOMY
CHWKEHHIO NaBjienus HaOyxauusa. [1pH 3TOoM HauynHas ¢ conepkanua 50-70% 3TH
CMECH CTaHOBATCA HeHaOyxalolwMMH. ONTHMaIbHBIE CMECH M0 BeJHYHHAM
ko3dduunenta QuabTpauMH yAOBNETBOPAIOT TpeGOBAaHHAM TpPUMEHEHHS B
3eMJIAHBIX COOPYKEHMAX, KaK MPOTHBOQHILTPALHOHHBIE 31eMeHThl. [1pH 3TOM
BKHOE 3HAYEHHE MMEET MX YCaJlouHbleé CBOWCTBA Tak-kak o0OpazoBaHUM
YCaNOYHBIX TPELWMH YMEHbILAETCA MX COMPOTHBJICHWE CABHIY W YBE/lHYHBAETCH
ko3pduunent dunstpaunn. C 31oii uensio ans orbopa ONTHMANLHOrO COCTaBa
BBILIEYKA3aHHBIX CMECEH B YC/IOBHAX MAKCHMAaJlbHO YMJIOTHEHEHHOIO COCTOSAHMUA
onpezeneHa BelHuHHa 00beMHO# ycanku no gopmyne Jlenucosa
i=[1-(d*"/d"*")]x100 (41)

[Monyyenbl, 4YTO nNpPH ONTHMATBHOM COCTaBEé H B  MAaKCHMAIbHO
YMJOTHEHHOM COCTOSIHHH CMECH TNPH BBICHXAHHH WMEIOT 3aHHKEHHbie 00beMHbIE
yCankH.

Tabamua 15
Pesynvmamor onpeoenenusn koagphuyuenma hurompayuu

OnTHManbHble CMeCH 3 ODEHTOHHTOB OnTuMankbHble CMECH M3 KpacHOBATOMH
TTTHHBI

Bynkauuueckuii mwnax 7,5-10"7cm/c | Bynkanuueckwuii minak 4.6:10°

70% 70% cM/c

Tydoesiii nopomok 6,8-107 cm/c | Tydorsiit mopomok 70% | 5,2:107

70% cM/c

HcecnepoBanue CcONpPOTHBIEGHHS CABHIY H  CABHIOBOI nojsy4ecTH
ONTHMAJILHBIX cMeceil  Jlng BbIABNEHMS BIMAHHA COJepiaHHA TybhOBROro
MOpOIIKA HA NapaMeTpbl CONPOTHBIEHHS CIBHIY W CJIBHIOBOH NON3Y4YECTH
ONTHUMAJIBHBIX ~CMeceil, MNOMYyYEeHHBIX M3  OEHTOHMTA-TY()OBOr0 MOpOLIKa
HCCNIeIoBaHBl MPOYHOCTHBIE W TMOM3y4HE CBOMCTBA ONTHMAIBHBIX CMeceil M
OeHToHHTa. OOpasubl HA COMPOTHBIIEHHA CABHIY HCIMBbITAHbl B BOJAOHACHILLEHHOM
COCTOAHHH npu ymioTHaowHux aasnenuax 0,1;0,2;0,3MIla. Pesyabtars
onpejie/ieHHs COMPOTHBIEHWE CcABMry A cmecH OeHToHMT(30%)-Ty(hoBOro
nopowka(70%) ¥ OGEHTOHHTOBOrO TrpPYHTa MPH MAKCHMAIBHO YIJIOTHEHHOM
COCTOAHMH TMOKa3biBAKOT, HTO  HalM4yHe TY(OBOro mnOpOIIKAa MNPHBOAMTL K
CYLIECTBEHHOMY  W3MEHEHHIO  MOKasaTesnieil  COMPOTHBIEHWA  caBury. Y
ONTUMAlBHLIX cMeceil Habniogaercs yBelaWYeHHe KOI(PHHUHMEHTA BHYTPEHHEro
TPeHHs, OIHOBPEMEHHO BOJHOKO/UIOMAAILHBIE CLEMJIEHHE YMEHBINAKTCH, 4TO
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HMEET MNPaKTHYECKOE 3HA4Y€HHE MNpPH HCNOJIL30BAHHH ONTUMAILHON CMeCH B
CTPOHTENLCTBE FTHAPOTEXHHYECKHX COOpy)KEHHﬁ.

Ha ocnoBanuu 0600meHns pe3yiabTaToB HCCJIe10BAHMI Haﬁyxaloumx
FPYHTOB B naﬁopaTopme H MO0JIEBLIX YCJIOBHAX MO3BOJIHIIHL

e BnepBble HayuHo 0OOCHOBaTH  BO3MOXKHOCTH HCTIONB30BAHHA
Ha0yXalolMX TPYHTOB B KauyecTBE CTPOMTE/IbHOrO MartepHana s
3EMJIAHBIX COOpy)KCHHﬁ.

e PaspabGoTtaTh METOAMKY pacueTa TOMUIMHBI MPHIPY304HOTO ClOS Ha
BEPXOBOM OTKOCE MIIOTHHEL

OCHOBHBIE BBIBOJILI H PEKOMEH/IALIU M

I. Bnepeble ana teppuropud  PecnyOiMkM  ApPMEHMHH  BbINOJHEHA
THNH3aUMA HAOyXaroWMX [JIMH B 33aBUCHMOCTH OT  YCJIOBMH HX
o0pa3oBaHHA M MHHEPAJIOTHYECKOrO COCTaBa, YTO CIHYKHTB OCHOBOI
OLIEHKH M MPOrHO3a H3MEHEHHA HX CBOWCTB.

2. JlokazaHo, 4To HaOyxawlHe TJIHHHCTbIE TPYHTBI o0OnanarT APKO
BBIPGKEHHOH HM3MEHUYMBOCTBI) CONPOTHBIICHHA CHBMrYy, 00YyCIOBIEHHOI
HavyanbHOH MAOTHOCTBIO-BIAAKHOCTBIO, pexuma YIUTOTHEHHSA,
3aMa4yMBaHUA H CHABHIOBOM MON3YHECTH.

3. YcraHOBEHO, UTO 3aMa4yMBaHHE HAOYXAKOIIErO MPYHTA C BIAKHOCTBIO Wy,
>Wp, MPaKTHYECKH HE BIIMAET HA €ro CONMpPOTHBJIEHHA caBHry. B ciyuae
Wi <Wp 3aMauMBaHME  MPHUBOAMT K CYLUECTBEHHOMY CHHKEHHIO ee
COMPOTHBIIAEMOCTH CABMTY. JLNA 3THX rPYHTOB € MPHPOIHOI BAAXKHOCTHIO
Woawr >Wp CONPOTHBNEHHA CABHIY MOXKHO OMpPENeNHTh YMIOTHEHHEM H
CIABHroM 00pa3LOB M0CE 3aMaudBaHHA MO appeTHP.

4. VYcranoenewo, 4to npu Wo~Wp M 0,>04,0 (0, -YIUIOTHAIOWEE
NaBNEHHE; O, — AaBleHHWe cBoOOAHOrO HabyxaHWA) COMPOTHBRIEHHA
caBHry HaOyXalollero rpyHTa MpHPOAHOI BIAXKHOCTH M 3aMOYEHHOTO
1ocne NPUIOKEHHA YIUIOTHAIOWMKX [JABJIEHWA O, NPAKTHYECKH PAaBHbI.
Ipu W a0 >Wp M 0, <Oy, o 3aMauHBaHHe HaOyXaloLero rpyHTa NpHBOANT
K €ro pasymioTHeHHl0 (HaOyXaHui0) M pe3KOMY CHHKEHHIO
COMPOTHBIAEMOCTH CIBHTY.

5. YCTaHOBNEHO, YTO CHHXKEHHE CONPOTHBIIEHMS CABMIY Hadyxawouiero

rpynta ¢ Wnatur<WP wu oz>osw,0, BcleacTBMe 3amMauvBaHHA
00YyCNOBNEHO yMEHBIIEHHEM CTPYKTYPHOH npouHocTH rpyHTa (Dddext
Pebunpepa).

6. llokaszaHo, 4TO aMarpaMma CONPOTHMBIEHHA CHABHIY 3aMOYEHHOrO
HaOyxawowero rpyHTa ¢ W, ~>Wp IpH G, >0y 0, H O, <O, 0, HMEET BHI
nomauoii nuuun. Touka nepenoma rpadka COOTBETCTBYET G, =Cy. IlpH
Wiar<Wp U 0,>04,0, H 0,<C4,, AHArpaMma COMNPOTUBIEHHA CLBHIY
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MMeeT BHI NMPAMBIX C PaxTMUHBIMA 3HAYECHHAMH AapaMETPOB tgp u C.
[pH HM3MEHSEMOCTH YMIOTHAIOLIMX NaBNEHHI B MHTEPBAIE O,<Osw0
obpasusl 00/MANAIOT PAINMUHOH MAOTHOCTHIO CKENETa. Cnenopare/lbHO
onmpenenseMble M3 COOTHOWEHHA  Tgy™ f(o,<04w0 ) Tapamerpbl
cONpoTHBJIEHHs CABHTY tg¢ i C HeNb3s CUMTATh NeNCTBUTENbHBIMH.

7. Brepeble YCTAHOBJIEHO , YTO YBENHYEHHE BJIAKHOCTH M ko3 duurenTa
BOJOHACHILIEHHS HMEET JIBOAKOE BJMAHHE HA CKOPOCTH PAaclpoCTPAHEHUA
yNpYrHX MPOJOIBHBIX BOJIH B MIHHAX:

a) [px yBeqHueHHe BIAKHOCTH OT MAKCHMAIBHO-THIPOCKONMMUECKOH 110
BNAKHOCTH MAKCHMAIbHOM MOIEKYAPHOH BJIAroeMKOCTH W MNpH MOCTOAHHOM
k03(pHuUMEHTE TOPHCTOCTH YCTAHOBACHO CHHIKEHHNE CKOPOCTH PacripocTpaHeHHs
yMApPYTHX NPOIOABHBIX BOJH.

6). [Ipu BRAXHOCTH BBHILIE MAKCHMAJIbHOI MOJIEKYISPHOH BNaroeMKOCTH
poct nocneaxeii obycopaeHa 06pa3soBaHHEM OCMOTHYECKOH MICHOYHOM BOIBI H
HABMI0AETCA POCT CKOPOCTH PACNpPOCTPAHEHHA YNIPYTHX NPOIOTBHEIX BOJTH.

B)[1pu celicMHYECKOM MHKpPOpaiOHHPOBAHHH TEPPUTOPHH
PAcrnpoOCTPaHEHHs  BBICOKOAHCNIEPCHBIX HabyXxarmux IJIMHKUCTBIX  TPYHTOB
HeoBX0AMMO YuecTb GaKTop HaYaIbHOH BIKHOCTH.

8. Henoyuer ponu TpPeLIMHOBATOCTH HabyXaloUnX TJIMHHCTBIX TPYHTOB
NPUBOAMT K 3HAYMTENBHOMY 3aBbILICHHIO PaCHETHBIX nokazartene
CONPOTHBIIEHHsA CJIBHT'Y, HEMPABHIBHOH OLIEHKE YCTOHYUBOCTH CKJIOHOB H
OTKOCOB. (MacwTabubiii dhdexr). B cBA3M ¢ ITHM MpH pactere
YCTOMYHBOCTH OTKOCOB M CKJIOHOB Pe3y/ibTaThl CZIBMIOBBIX MCIbITAHHI
00pa3uoB, HeMb3s NPHHATE IR MACCHBHOTO rIMHKCTOrO rpyHTa. Pe-
KOMEHIyeTcs  ONpelequTh  MAapameTphl  COMPOTHBICHUA CABMTY
MCTBITAHHEM 06pas3LoB Ha OJHOTIOCKOCTHOM CPE3HOM npubope METOAOM
NOBTOPHBIX CABUIrOB CMOYEHHOI NOBEPXHOCTH.

9. [Npu HAMPSKEHHAX , HE MPEBBIAIOLMX CTAHAAPTHOE COMPOTHBJIEHHE
caeury, neopMauMW CABMra TpPYHTOB MpOTEKAOT B CTanuax
aTyxaioueii M yCTaHOBMBIIE#iCA MON3ydecTH  , HE nepexons B
nporpeccupyloliee TEUECHHE. Cnsuropas nossydecte HabyXalouHX
rPYHTOB, HE3aBHCHMO OT HX COCTOAHHA [JIOTHOCTH-BJIQJKHOCTH M yCJIOBHH

WUCTIBITAHHUA, NpM pPaBHBIX YPOBHAX KacaTelbHOTO HANPAKEHUA
NPaKTHYECKH PABHbI.

10. YcraHoBieHo, 4TO ans  OMpelesieHHs  CABHrOBOH  MON3YMECTH
Habyxatolero rpyHTa [0CTATOYHO W3 ONBITA ONPEdENHTh OIHO

ceMelicTRO IKCTIEPHMEHTAIBHBIX KPHBBIX CIBWIOBOM MON3YYECTH H €ro
COMpPOTHBIAEMOCTD C/IBHTY.

11. YcTaHoBJIEHO, 4yTO COOTHOLIEHHE  CTeMeHH  MOOMIM3alHMH
BOIHOKOJUIOMAAIBHOIO  CLEMUIEHHA H CKOpOCTEH  yCTaHOBHMBLUCHCA
MoN3y4ecTH, NPaKTHYECKH MOCTOAHHAA penuuuHa. M3 atoro cieayer, 4To
1/Zw=k=const. NPaKTHYECKH ABNACTCA MOCTOAHHON BENHYHHOM.

12. Y cTaHOBJIEHO, YTO CKOPOCTH CMELLCHHA BEpXHEii 30HbI HAKJIOHHOH TONIH
HaOyXaloUKMX [JIHH B yCIOBHAX 3aMa4YMBaHHA MO BBICOTE H3MEHAETCH
NHHEHHBIM 3aKOHOM H  OTIpE/IeNIAeTCH cneayoueit hopmyioi:
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13:

14.

oo

16.

Vy = [y+(H - o,/ pg)] sina./ k tg¥.
YeraHoBneHo, uTo LUEMEHTOrPYHTBl M3  HaOyXalolHX TIPYHTOB
OOHHAKOBOrO  BO3pacTa, B  YC/NOBMAX  PaBHBIX  OTHOCHTEIBLHBIX
CHUMAOLIMX  HANPAKEHHH(O/Oyp conp o ),  HE3ABHCHMO  OT  HAYANIbHOM
TIIOTHOCTH CKeJleTa neopMaLiiK MOJ3y4ecTH PaBHBI.
[pennaraetcs s CHALHO HEOTHOPOAHBIX HABYXAIOWHMX IPYHTOB:
ajonpefieieHne Tnokasatenell HabyXaHMs  OCYWECTBISTH HA OZHOM
obpasue.
6)napaMeTphl  OCTATOYHOTO ~ COMPOTHBIEHMA  CHBHIY HabyXarowmx
TIIMHHCTBIX T'PYHTOB  ONPENENHTh METOJOM Pasrpy’eHHs IS OJHOrO
obpa3zua.
BJONHOH  3KCTEPHMEHTANLHOH  KpUBOH  CHBMrOBOL noN3yuecTu
OMPE/Ie/IUTh MapaMeTPhbl NO3YYECTH.
Briepebie  HayyHO  OGOCHOBaHa  BO3MONKHOCT  HMCMOAB30BAHMSA
HalyXalolMX [PYHTOB B KAuecTBE CTPOMTEIBHOTO MaTepHana A
3EMJIAHBIX COOPYIKEHHIA.
Paspaborana MeToamka pacueTa TOMWMHBI — NPUrPY30MHOTO €10A Ha
BEPXOBOM OTKOCE [JIOTHHBI,
Y CTaHOB/ICHbI 3aKOHOMEPHOCTH H3MEHEHHs AeOpMAaLHH HAGYXaHHS.
Jlns nopasnenna Gannacta  BHELIHEE YIUIOTHSIOUIEE JaBJIeHHE MPHHATH
paBubIM: P,=0,3-0,,. , rae Tomumua 6annacra onpenensercas h = 0,3-o,,
/p (rme p — NJIOTHOCTE rPyHTA).
[Tokasao, 4To Npu HCNO/IBL30BaHMA HAOYXAKOWMX [JIMH B CTPOHTENBCTEE:
a) B Kauectse craGuiusaropa, pekomeHayercs MCIO/b30BaATh
MPOHM3BOACTBEHHBIE ~ OTXOABI  MECTOPONIEHHH  CTpoiiMarepHanos
(M3BECTKOBBIH, INAKOBLIH, Ty(OBBIIT NOpoLIKH).
O)ycanounbie aedopMauMu  pe3Ko  YMEHbLIAKTCS MPH  BBICKIXAHHH
ONTHMAJIbHOH CMeCH
B)ONTHMAJIbHBIE CMECH HabyXalUIMX TIPyHTOB ¢ H3BECTKOBBIMH,
LJAKOBBIMH, TY()OBBIMH  J00aBKaMH HMEIT 0onee  BBICOKHIA
KOI(QHLIHEHT BHYTPEHHErO TPEHHS M MOPOra MOJ3YHECTH.

OCHOBHBIE 10.10)KEHHS THCCEPTALHH OMYGIHKOBAHBI B C/IELYIOIIHX
paborax:

Mecusn C.P., Aiiposn C.[.BiusAHME HAYaibHOTO COCTOSHHS Ha

CONpPOTHBJIEHHE CABHTY Habyxarowero GeHToHHTOBOrO rpynta//  JIAH

ApMCCP,-1987, Tom 84, Ne3,

MecuauC.P, Aliposs  C.I.CasuroBas  nomyuects HaOyxarouiei

GEHTOHMTOBOH T/IMHBLYIJIOTHEHHOH M WMCMBITAHHOH HA CIABHMK npH

MEPEMEHHON BJAXHOCTH M M0CAE BOAOHACHILEHHs non appetup // JIAH

ApMCCP.-/ 1987,Tom 85,c. 30-34.

Mecusu C.P., Afiposn C.I'.Conporusnenne casury HabyXarLmx

TPYHTOB,YIUIOTHEHHBIX  MPH  NPHPOAHOH  BI@KHOCTH M Mocie

BOLOHACHIEHHA//OCHOBAHUS, pYHAAMEHTBI M MEXAHHKA  TPyHTOB.-

1987,Ne4 c. 19-21.
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4. MecusHC.P.,Aitposn C.I.TIpouyHOCTE H 3aKOHOMEPHOCTb MOJI3Y4ECTH
Habyxatoumeit rpyHToBoi cmecu npu casure //M3s.AH ApMCCP,Cepus
Hayku o 3emne.-1987,tom40, Ned, ¢.76-78.

5. Mecusn C.P.,Aiipoau C.I'. Conpotusienue capury Habyxarowero rpyHra
NpH U3MEHAEMOCTH HOPMAJTBHOTO HAMPAXKEHHA U HAYAILHON BIAXKHOCTH.
//OcHoBanuA,yHIAMEHTBI M MEXaHHKa rpyHTOB. 1988, No 5.¢.24-26

6. Mecusn C.P., AliposnC.I".Casurosas nonszydyects HabyXarolmMx rpyHTOB
//OcHoBanua, PyHIaMEHTBI H MeXaHHKa rpyHToB-1989 Ne 4,-C.20-22,

7. U.NUbkusyul, U.Z.Zuypnjul LG 2wjulnuqupny Zujuuwnwbth
utnwlinupn 2ZUS 178-99; Qpmbnbbp (ghnbwhnnbp): Nnpdwb
Upongny wuUpmpjut  punpnphsitph  jupnpuwnnp npoodwb
Enubuljubp Zuyybnunwbnupn,1999 30.0318

8. Aitposu C.I'. Onpegiesienne mapamMeTpoB CIABH-TOBOIl ON3y4eCTH TIH-
HHCTHIX TPYHTOB METOJIOM OfHOH BKCIIEpHUMEHTAJIbHOMH KpHMBO#
Ussecrus HAH PA Hayku o 3eme 1993, Tom 46, N2¢.56-59

9. Mecusu C.P,; AiiposuC.I.  YnpoweHHslii MeTon  onpeneneHus
XapakTepUCTUK HaOyxaHHs T[JIMHHCTBIX TrpyHTOB M3sectus HAH
Apmennn Mexanuka. 1995, N1¢.73-81

10.MecusuC.P. Aiiposn C.I', Meron onpeneneHus XapakTepHCTHK
HaOyXaHHsA TMHHUCTBIX rpyHTOB OCHOBaHMA, DYHAA "MEHTbI H MeXaHHKa
rpyHToB, 1995, N3 ¢.2-4
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S.H.Hairoyan
MECHANISM OF ALTERNATIONS OF THE STRENGTH AND CREEPING
OF SWELLING SOILS, THEIR PROGNOSIS AND POTENTIAL
APPLICATION IN CONSTRUCTIONS WORKS
Abstract

Dissertation is devoted to a mechanism of creeping strength changes of
swelling soils, prognosis and their application in construction works. The
dissertation is composed of introduction, six chapters, conclusions and list of
references.

In introduction the actuality of dissertation topic, purpose, main tasks,
indicated the scientific novelty of obtained results in the work: The first chapter is
related to issues that related to current concepts of swelling phenomenon, factors
impacting swelling processes. The paper presents the current state of shear strength
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and creeping investigations. Despite the importance of the issue, there are few
papers about the shear strength of swelling soils and creeping investigations.

The second chapter is devoted to the geotechnical characteristics of
studied soils, to the conditions of their origin. This chapter is also relates to
methodological issues, the specifics of applied instruments. It was indicated that
during studies of shear creeping it is suitable to apply the torsion gauges.

The third chapter represents the shear strength mechanism in the wide
range of initial humidity and consolidation stresses. According to obtained
experimental data it has been indicated that when initial humidity is above of lower
limits of plasticity, an additional moistening does not bring to strength losses under
constant skeleton density conditions. In the case of initial humidity is below of
lower limits of plasticity, an additional moistening brings to abrupt strength losses
(adsorption decrease of strength) under the constant skeleton density conditions.
Such an impact of humidity in clayey soils is also observed in the mechanism of
elastic longitudinal wave propagation. This chapter also presents evaluation of the
impact of contraction cracks on the shear strength. It has been proved when
contraction cracks are available the shear strength parameters should be tested by
double cutting method.

The fourth chapter is devoted to swelling clays shear creeping studies.
According to experimental data we have concluded that in equal relative shear
stresses the creeping deformations are equal as well. It has been obtained that ratio
of viscosity factor and water-colloid cohesion is constant and independent of the
physical condition of the soil. The problem of determining the velocity of the
slope, composed of viscoplastic swelling soils has been solved. The mechanism of
creeping under the compression stresses is determined for cement soils composed
of swelling clays. It has been proved that creeping deformations coincide for
cement soils of the same age and under same compression stresses independent of
its initial skeleton density.

The fifth chapter represents the determination of swelling pressure,
deformation, shear strength and creeping parameters of anisotropic swelling soils
by the methods of one sample testing.

The sixth chapter is devoted to deformation control activities of swelling
soils in earthworks. Active activities have been proposed. Beside active measures,
it is proposed to apply the tuff, limestone and scoria dusts with swelling soils as
stabilizers out of operating deposits, where those are being accumulated as wastes.
It has been obtained that these mixtures in comparison with clear swelling soils are
of less cohesion and high internal friction factor that is much more favorable to
apply in soil constructions, from the point of creeping.

The following results have been obtained in the dissertation:

It has been obtained:

a) shear strength and creeping mechanism of swelling clays in the wide
range of physical state and compression stresses,

b) mechanism of changes of water colloidal cohesion and viscosity factor
of swelling soils,
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¢) propagation changes of longitudinal waves in clayey soils for the cases
of humidity and saturation changes,

d) creeping mechanism during compression of swelling soils taking into
account the initial consolidation state and changes of age.

Has been developed:

a) the method of determination of shear strength of swelling soils by

compaction cracks

b) simplified methods of determination of geotechnical parameters for the
regions where anisotropic swelling soils occur by one sample testing.

The problem of movement velocity determination of delluvial soils
composed of swelling soils has been solved, where the influence of swelling was
considered.

Optimum mixtures from the mixing of swelling clayey soils and dusts
from limestone, tuff, and scoria out of wastes from their deposits have been
developed. These mixtures are free of swelling and meet requirements for
application in earthwork constructions.
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