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IKCIIEPUMEHTAJIBHBIE UCJIIEJJOBAHUSA TEHEPALIUHN
QJIEKTPOMATHUTHBIX UMITYJIBCOB B I'NIMHAX ITPU UX HAT'PY3KE
B OAOMETPUYECKHX YCJIIOBUAX

OPJIMHCKASI O.B.
OO0KmMOp 2e07102udecKux nayk, npogecop kagheoput IKcniayamayuu

zudpomeﬂuopamueublx cucmem u mexnojiocu cmpoumenibcmea

MAKCHUMOBA H.H.
KAHOUOam mexHu4ecKux HayK, 00ueHm Kagheopuvl IKo102uu u oOXpamnul

OKpYcarouieli cpeovl

YYUIKUHA U.B.

cmapwuii npenooasamelib Kagheopsvt IKCRAYamauuu 2UOpoMenuopamueHsLX
cucmem u mexHoa02u Cmpoumenbcmea

Jnenposckutl 2ocyoapcmeennviil acpapHo-IKOHOMUYEeCKUll YHUsepcumem

2. [{nenp, Yxpauna

Ha cer OdHA (bHHBTpa]_II/IOHHBIe noTepn M3 BOAOHCCYHIHX ceTenm wu

PEryaupyromux coopyxenuit nmpesbiaoT 30% [1], npexae Bcero 00yciaoBIEHO 3TO

HEYJOBJIETBOPUTEIHHBIM TEXHUYECKUM COCTOSIHUEM TUAPOTEXHUUECKUX
coopyxenuit (I'TC).
Jlnarnoctuka TEXHUYECKOTO COCTOSIHUS IPYHTOBBIX I'TC

CCIIBCKOXO3SIMCTBEHHOI0 HA3HAUCHHMS, OTHOCAIIMUXCS K KJIACCy IMOCIEACTBHI OTKa3a
(orBercTtBeHHOCTH) CC-1 (HE3HAUUTENbHBIC MOCIEACTBHUA), MPOBOIUTCS OOBIUHO C
MTOMOIIIBIO BHU3YyaJIbBHOTO OCMOTPa B MEKBETETAIMOHHBIN TIEPHO/I, KOTJA OTCYTCTBYET
BoJia B opocuteibHoit cucteme (OC).

[Touck OBICTPBIX MaO3aTPATHBIX METOJOB OIICHKH TEXHMYECKOTO COCTOSIHHS
rpyaToBeix ['TC, a Takke BBISIBJICHHE HAa HHUX YYacTKOB, TpeOYIOMUX

INCPBOOUCPCAHOTIO PEMOHTA, MABJIIOTCA AKTYAJbHBIMH HAYUYHO-IIPAKTHUYCCKUMU
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3a/1auaMu, KOTOPbIE COOTBETCTBYIOT NMPUOPHUTECTHBHIM HAIMPABICHUSAM JICUCTBYIOIICH
OOurerocy1apCTBEHHOM 11€JIEBOM  MpOrpaMMbl  pa3BUTHS BOAHOTO XO3SIUCTBA U
HKOJIOTUYECKOTO O3/0poBieHHs OacceiiHa peku [Henp Ha mepuoa ao 2021 ropa,
yTBepkIeHHON BepxoBHoil Pamoit Ykpaunbsl Ne 4836-VI ot 24 mas 2012, a taxxke
COOTBETCTBYIOT panee JEUCTBYIOLIEN l'ocynapcTBenHoM pOrpaMMsl
npeAoTBpalieHus U 00pHOBI ¢ TOATOIICHUEM 3€MEb.

Tak, 1Mo pe3ynbraTaM MHOTOYHCIICHHBIX TTOJICBBIX MCCIIEIOBAHHUI aBTOpaMH [2-
4] noxazana 3(h(PEeKTUBHOCTh MPUMEHEHHs] re0(U3MUEeCKOr0o MeToAa €CTECTBEHHOIO
UMITYJIBCHOTO 3JIeKTpoMarHuTHoro noist 3eman (EWMOMII3) ans BeisiBIeHUS 30H
pa3ymioTHeHus W o00BogHeHHss B Tene TpyHTOBbIXx [TC. K coxanenuto, Ha
CErOJIHSANIHUN JIeHb HET HAayYHO-METOJOJOTUYECKOTO0 OOOCHOBAHMS BO3MOMXKHOCTH
ucnoas3oBanus Mmeroga EMDMII3 s uccienoBaHusi TeO3JIEKTPUUECKUX TOJEH,
BO3ZHMKAIOIIUX B PHIXJIBIX TPYHTOBBIX TOJIIAX.

B ocHoBe Teopernueckoro ob6ocHoBaHus Metoga ENOMII3  nmexar
uccnenoBanus BopoObeBa A.A. u np. [5-10], koTophie MOKa3add BO3MOXKHOCTH
CYIIIECTBOBAHMS B 3€MHBIX HENpaxX BBICOKHX DJEKTPUUYECKUX MOJIeH, UCTOUYHHUKAMU
KOTOPBIX MOTYT OBITh Pa3JOMBI, Pa3phiBbl M TPEIIMHBI, CIIOCOOHBIE TEHEPUPOBATH
py 00pa30BaHUU WIIM AKTUBU3AIUY DIICKTPUUECKUE 3apsIbl U TOJIS.

B Hacrosimiee  BpeMs  HEJIOCTATOYHO  M3YyYeH  BOMNPOC  IeHEepaluu
AJEKTPOMATrHUTHBIX UMIyIbcOoB (OMIM) B TIpyHTOBBIX MaccuBaX, KOTOpBIE
BBICTYNAIOT B KAa4yeCTBE OCHOBHOM HCCIEAYeMOW Cpellbl BO BpeMsl JUArHOCTHKHU
TEXHUYECKOTO CcOCTOAHUS TpyHTOBBIX ['TC OpOCHTENBHBIX CHCTEM C IOMOIIBIO
reodusndeckoro metoga EMOMII3. [TogoOHbIE TOMIIH, KaK MPABHUIIO, TPEICTABICHBI
[JIMHUCTBIMA ~ TPYHTaMHM  PA3IMYHOM  BIQKHOCTM M JIeKaT B  OCHOBAaHHUHU
perynupyromux 6acceiiHoB (Pb) u kaHan0B OpOCUTEIBHBIX CUCTEM.

JIJ1st KOMIIPECCHOHHBIX UCCIIE0BaHMI OBLIIM OTOOPAHBI OKOJIO PETyIUPYIOIIETO
Oacceitna KaJMHOBCKOW OpOCHTENBHOW CHCTEMBI TJMHBI TBEPABIE B COCTOSHHUH
HApYLIEHHON CTPYKTYpbl. DKCHEPUMEHTHI NMPOBOAMIMCH Ha 00pa3lax IIMHBI Kak
€CTECTBEHHOM BIIAXKHOCTHU, TaK U Ha JOyBIaXHEHHBIX. [lepen HawasioM W mocie

OKOHYAHMS KOMIIPECCUOHHBIX HCHBITAHMM MO  OOIIEU3BECTHBIM  (opmyiiaM
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OTIPEIEIISUTHCH MTOPUCTOCTh B KOA(D(DHUIIMEHT TOPUCTOCTH TPYHTA, KOTOPHIC SIBISTIOTCS
BCIIOMOTATEILHBIMU XapaKTePUCTUKAMHU JIJISI TOCTPOSHUS KOMITPECCUOHHBIX KPUBBIX.

KoaddunmenT nopuctoctu e; B 3aBUCUMOCTH OT 3HAYEHUM OTHOCUTEIHLHOMN
nedopMaIiiy €; TPy COOTBETCTBYIONIEM JaBJICHUU p; PACCUUTHIBAeTCs 10 (hopmyre:

e; =eg—¢&r(l+ey), (1)

1€ ey — HauyalbHbII KO3(P(QULIHUEHT MOPUCTOCTH, Y. €].;

e; — KO3 (HUIMEHT TOPUCTOCTH TPYHTA, TOTYyUYEHHBIN BO BpeMs SKCIIEPUMEHTA,
4. e1.;

& — YCpPEeIHEHHOE 3HaY€HNE OTHOCUTEIBHON AeQOopMaIiy rPyHTa.

B naGoparopun JIHEmpoBCKOro rocylapCTBEHHOIO arpapHO-3KOHOMHYECKOIO
YHUBEPCUTETa TMPOBOAMIMCH HCCIEAOBAHUS CBSI3M  MEXIYy  BO3JCHCTBHEM
CTaTMUYECKOM Harpy3ku Ha oOpasell IJIMHbl Ha 0I0OMETPEe CTaHAapTHON MoJupUKauu
Y BO3HUKHOBEHHUEM 3JIEKTPOMArHUTHOTO BO30YXKJEHHUS, KOTOPOE PErMCTPUPOBAIOCH
¢ momotisto mpudopa MUDMII-14/4 (cepus « CUMEN3y»). Habmoneane ENDOMII3
BBIMOJHSUIMCH C MTOMOIIBI0 OJJHOW aHTEHHBI, Pa3MEIIEHHON BEpTUKAJIbHO BHU3 WIU
TOPU30HTaNbHO Ha pacctogHun 15-20 cm ot ogomerpa (puc. 1). Cremka
OCYIIECTBIISIACh MO OAMHAKOBBIM U  K&XJIOTO U3 IMOJIOKEHUHW aHTEHHBI
napaMmerpam npubopa: yactora auckperusauuu — 50 kl'1, JIUTEIbHOCTh U3MEPEHUS
0,2 c, koadpdumnuent ycunenus curHana — 10 B / MB, ypoBenp nuckpumuHanmm — 2

MB.
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Pucynok 1 — Baemnuii Bua npudopa MUOMII-14/4 (1) ¢ BepTUKAIBHO
PacCIOI0KEHHOW MPUHUMALOIIEH aHTEHHOH (2) BO BpeMsi OJITHOBPEMEHHOMN

¢ukcaruu MU u ipu HarpykeHun oopasiia rIuHbl Ha ogomMeTpe (3)

OOpasipl TpyHTa MOJBEPraJiuCh HArpy3ke B COOTBETCTBUU C peaIbHBIM
JTABIICHUEM OT CJ10sl BOJbI 4,2 M B HanoJiHeHHOM Pb. Pazmep npuinoxeHHON Harpy3ku
Ha nojactunaromiee Pb rpyHTOBOE OCHOBaHUME MOIYUYEH KaKk CyMMa JaBJICHUN OT BOJbBI
U KeJNe300€TOHHBIX IITUT C yYETOM JCHCTBUS CUIIBI TsDKeCTH W coctaBui 4,789
kH/m*. Bo BpeMs IepHOIMYECKOr0 HAMOIHEHHS 0acceiiHa BOSHUKACT JUHAMHYECKAs
Harpy3ka Ha JHO M CTEHKH, KOTOpas YYMTHIBAETCS YBEJIWYEHUEM CTATUYECKOU
Harpy3ku Ha 10%, To ecThb Ha 0Opa3Ilbl PHIXJIBIX TIUHUCTHIX TPYHTOB I10JIaBasiach
Harpy3ka 5,268 klla. DkcrepuMeHTaIbHBIC HCCICIOBAHUS KOMIIPECCUU OOpasIioB
[JIMHBI TBEPJION MPOBOAMWINCH HAa OJIOMETPE CTaHAApTHOU Moaudukanuu (puc. 2) co
CTYyIEHYAThIM BO3pacTaHUEM HArpy3KHd B COOTBETCTBHUU C OCHOBHBIMU IMOJOKECHUSIMHU
I'OCT B.2.1-4-96 (I'OCT 12248-96). OcHOBHbIE JIeTalli KOMIIPECCHOHHOTO Mprbdopa
cienyroiye: padodee KOJIbIIO ¢ BHYTPEHHUM JTuaMeTpoM 87,6 MM U BBICOTOM 25 MM,
HUIMHApUYEecKass 00oiMa, nepPopupoBaHHbI BKIAJBIII O[] KOJBILOM, MOAJIOH C
€MKOCTBIO JUUISI BOJbL, a TaKX€ WHIUKATOP JJISI M3MEPEHUS BEPTHKAJIbHbBIX

nedopmaruii oopasina c renoit generus 0,1 mm.
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PucyHnok 2 — Cxema ucnbITaHus BIaXXHBIX 00pa3LoB NIMHBI B ogoMeTpe: 1 —
KpBIIIKa; 2 — paboyee KoJbLo; 3 — MUIMHAPUYecKas oboiimMa; 4 —
nepGoprUpoBaHHBINA BKIIAJBIII MO KOJBIO; 5 — MOAIOH C EMKOCTBIO AJIsi BOABI; 6

— niepOpUPOBAHHBIA BKJIABIII C BOJIOH; 7 — CIIOW TJIMHBI HACHITHON TIJIOTHOCTH

DOKCNEPUMEHThl HAYMHAIUCh C 3aCHINKU PBIXJIBIX TPYHTOB €CTECTBEHHOM
BII&YKHOCTU B YKECTKOE€ METAJUNIMYECKOE KOJBI0. YBEJIMYEHUE BIAXKHOCTH TIUHBI
MPOUCXOJUII0O B Hayale HKCIEPUMEHTa 3a CUET PAacCIHOJIOKEHHS MOBEpX TPYyHTA
nepGOpUPOBAHHOTO TOJMAITUIICHOBOTO TAKEeTa C HACBHIIIEHHONW BOJOW TYOKOH, YTO
MO3BOJIAJIO HCCIIE/IOBATh 3aKOHOMEPHOCTHM M3MEHEHUs amiumtyasl OMU  npu
HACBHIIICHUA W PACTIPEACIICHUH BOJLI B TpyHTax. Harpy3ka Ha oOpasilbl TIWHBI
nepejaBaiach CTyMeHuato. Bo BpeMs BBINOJHEHUS] TMEPBOTO KOMIPECCHOHHOTO
AKCIEPUMEHTA NPOJOJKUTEIBHOCTh KAXKIOW CTYIEHU HArPY3KH HAIPsIMYIO 3aBUCENa
OT JOCTHKEHUS YCIOBHOM cTabunm3anuu nedopmannu rpyaTa. [IpoaomkuTensHOCTb
MPOBEICHUS CIEAYIOMUX IKCIIEPUMEHTOB ObUIO YMEHBIIICHO, MOCKOJIbKY OCHOBHOM
Ieapl0  OBUIO  HCCIeAOBaHME 3aKOHOMEpHOCTeH pasButus OMIM B rmHAx
HaIPSKEHHOTO COCTOSIHUS.

Pe3ynbTaThl mpencTaBieHbl B BHUJE KOMIIPECCHOHHBIX KPUBBIX 3aBUCHUMOCTH

OTHOCHUTEIIHOTO C)KAaTHs OT BPEMEHH JKCIIEpUMEHTa & = f (1) C y4EeTOM H3MEHCHHS

amruuTy el OMU (puc. 3-5).

349



OTHOCHTEIRHOS

) 400 0.012 ol
z 206pazma
2 §
5, — Loo
= A
|
a - 0.008
Ly
= |
= o
": e OOCTICHeHIIE
ﬁ B WCIOEHOH 0.006
é_ % CTA0IUTTZAINTH - 3MH
= - 0.004 OTHOCHTENBHOES
g —= CHAaTHE
m 100 obpasma
3 ' -~ 0.002
= 50
Z .
0 0

0 1000 2000 3000 4000 5000 6000 7000 2000 9000
Bpewmsa. c

Pucynoxk 3 — KomnpeccruonHast KpuBasi 3aBUCUMOCTH & = f (1) pU MPUIIOKEHHOU
Harpy3ke p = 2,65 klla 1o oO6pasiia rivHbl ¢ 0JHOBpeMeHHOU ¢pukcanuein M.

Hauanmo npoBenenus nepBoro 3KCrepruMenTa, NepBas CTyIIeHb Harpy3Ku
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Pucynok 4 — KomnpeccuonHasi KpuBas 3aBUCUMOCTH & = f (1) TIpU IPUIIOKEHHON
MakcUMaJbHOU Harpyske p = 5,3 klla k 00pa3ity TIIuHbI ¢ OTHOBPEMEHHOM

¢ukcanueit OMU Bo BpeMsi IpOBEICHUS SKCIIEPUMEHTA
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Pucynoxk 5 — KomnpeccnonHast KpuBasi 3aBUCUMOCTH € = f (1) IpU MPUIIOKEHHON
MaKkcHUMaJbHOU Harpy3ke p = 5,3 klla k 00pa3iy TTuHBI ¢ OTHOBPEMEHHOM

¢bukcanueit MU Bo BpeMs poBeCHUS dKCIIEPUMEHTA

B pesynbrare BBIMOTHEHHBIX IKCIEPUMEHTOB OBUIM TMONYYEHBI JaHHBIE 00
OTHOCHUTEJILHOM CXXaTUM oOOpa3loB TpyHTa M HU3MEHEHHe HuX KoddduuneHTta
MOPUCTOCTA B OJOMETPUUYECKHUX YCIOBHSIX C OJHOBPEMEHHOM (puKcanmen
napameTpoB OMU.

AHanu3 pe3yJIbTaTOB KOMIIPECCUOHHBIX HMCCJIEAOBAHMM IOATBEPIWI, YTO B
MAaKCHMAJIbHO HAMpSHKEHHOM COCTOSIHUM B PBIXJIBIX TPYHTaX COOTBETCTBYIOT
noBbIIIEHHbIE 3HaueHHss OMM u Hao0OpoT — HUX NaJACHHUE XapaKTepU3yeTcs
penakcanueld oOpa3noB rpyHTa. Tak, SKCTpeMyMbl aMIUIMTYAbl Koiebanus DM
buKcHUpyloTCA B Hauajie KOMIIPECCUOHHBIX UCCIEIOBAHUMN IIPU UHTEHCUBHOM CKATHUU
oOpasua. Ilocine mMUKOBOrO BO30YXKAEHHUS MPOUCXOJUT HE3HAUUTEIBHOE «IAICHHUE
kommuectBa OMU, a 3aTreM MeIJIeHHOE HX HapacTaHWe, 4YTO OOYCIOBIEHO
YMEHBIICHUEM HMHTEHCUBHOCTH CXaTus TpyHTA. BpIABIEHHAas 3aKOHOMEPHOCTh
MO3BOJIIET TEOPETUYECKU 0OOCHOBATh BO3MOXKHOCTh NpuMeHeHus: meroaa EMMOMII3
JUIsL TUArHOCTUKYU TEXHUUYECKOTro cOCTOsIHUS TpyHTOBBIX [ TC.

Cnenyer OTMETUTBH, 4YTO IMOSIBJIEHUE 3JIEKTPOMATHUTHBIX HMITYJIBCOB IIPH
nepeaye 0JJHOOCHOM Harpy3ku Ha oOpasel INIMHbI MOKHO OOBSICHUTh YMEHBIIIEHUEM
UX NOPUCTOCTH U BOBHUKHOBEHUEM aKyCTUYECKOI0 CUTHAJA IIPU 3aXJIONbIBAHUU T10P,

ITOCKOJIBKY HBeBOBJIeKTpI/I‘—ICCKI/Iﬁ SCI)CI)CKT MoJ JICUCTBUEM MEXaHMUYECKHUX Harpy3okK
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Pa3BUBACTCS TOJIBKO B KPUCTALUIMYECKUX MOPOAAX U HEKOTOPBIX MUHEpaiax [9].

BoiBoabl. Takum 00pa3oM, 3KCIEPUMEHTHI JOKa3bIBAIOT, YTO B PHIXJbIX
IPYHTax MOJ JECHCTBUEM HArpy30K BO3HMKaIOT DOMMU, 4yTO mO3BOJIAET UCIONB30BAThH
reopusnuecknii Meron EWMDMII3 nnsg nUarHOCTUKKA TEXHUYECKOTO COCTOSHUS
rpyHToBbIx I'TC [11-13].

JlaGopaTtopHble HCCIIEIOBaHUS OJHOOCHOTO CXaTWs TIJIMH Ha OJOMETpE
MOKa3ajau, YTO YBEJIMYEHHUE [aBJICHUS Ha oOpasel] MPUBOJUT K BO3HUKHOBEHUIO
3JICKTPOMarHUTHOTO CHTHaJla, 110 XapaKTepUCTUKaM IOJJ0OHOTO CHUTHajaM,
MOJIYYCHHBIM TP BO3JCHCTBMM HArpy3KH Ha O00pa3Ibl KPUCTAUTMYECKUX U
CLIEMEHTUPOBAHHBIX OCAJI0YHBIX TOPHBIX MOPOJ.

BnepBrie B pesynbTaTe MPOBEACHHS OIMBITOB KOMIIPECCUU OOpaA3IOB TJIMHBI B
OJIOMETPUUECKUX  YCIOBUAX OOHApPYXEHO, YTO TMOBBIIIEHHWE  HAMPSKEHHO-
1e(hOPMUPOBAHHOTO COCTOSIHUS TPYHTOB BBI3BIBAET MOCTENEHHBINH POCT aMIUTUTY/IbI
3JIEKTPOMArHUTHBIX UMITYJIbCOB.

JlaHHbBIE MPOBEJIEHHBIX MOJEBbIX UCCIeA0BaHUM [11] KOCBEHHO MOATBEPKIAIOT

AOCTOBCPHOCTD IMOJIYYCHHBIX OKCIICPUMCHTAJILBHBIX PE3YJILTATOB.
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