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ABSTRACT

Purpose of the research is justification of the criteria and parameters of the
forecast of outburst hazard in a coal seam with using non-invasive methods of
testing in the course of deep mining.

The results of testing of coals by the methods of impedance spectroscopy, small-
angle neutron scattering, Raman spectroscopy and low-temperature nitrogen
adsorption are considered that are successfully applied to the study of transport and
structure characteristics of coals of varied degree of coalification at Institute for the
Physics of Mining Processes. First of all, an attention is paid to impedance
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spectroscopy that allowed fixation of specific features of diffusion and electric
conductivity in coals of early stages of metamorphism in a wide frequency range
from 500 Hz to 1.5 MHz. A complex hierarchical structure of coal substance is a
component determining the conditions of formation of accident situations in coal
mines. Physical methods of testing listed above are now successfully applied to the
study of structural features and the tendency of coal to sudden methane outbursts.
Findings. Electrophysical characteristics of coal samples differ substantially. The
transport properties of the coal of longflame-gas rank are the most essentially
modified when passing from a “calm” zone of the coal seam to the zone of
geological disturbance that occurs by the mechanism of brittle deformation
according to Raman spectroscopy. By the data of impedance spectroscopy, the
structural organization of a coal sample taken in the zone of tectonic disturbance
differs from the hierarchical one and can be interpreted as a mass fractal.
Originality. The susceptibility of the applied methods to variations of the physical
properties of coal in geological disturbances is analyzed. The most susceptible
method is Raman spectroscopy when speaking about the analysis of tectonic
disturbances and fixation of the characteristics of the type of deformation (brittle or
ductile) in the disturbance. Impedance spectroscopy allows making conclusions
about the transport properties of fluids in the pore space of coal in calm and
disturbed zones of a coal seam by the measured electric conductivity in a wide
frequency range.

Practical implications. The results of the research demonstrate a possibility of
diagnostics of the transport properties of coals by the data about their
electrophysical properties and possible application of non-invasive methods of
analysis to the forecast of outburst-prone zones of coal seams in the course of deep
mining of fossil coal.

Keywords: impedance spectroscopy, neutron scattering, electrical conductivity,
fossil coal, tectonic disturbance, low-temperature adsorption, fractal dimension

1. BBEJEHHUE

[Ipu nccnenoBaHuM CIIOKHBIX KOMIIO3UTHBIX MaT€pUaAIOB, F€TEPOre€HHBIX U I0-
PHUCTBIX CpeJl IPUMEHSIOT CaMble€ pa3inyHble COBPEMEHHbIE (DU3HUECKUE METOIbI.
Otpaercss mpeanoyTeHue HepazpylmaroldM METOoAaM, MO3BOJSIOUIUM IOJIYYUTh
MIpe/ICTaBJICHHE HE TOJIBKO O MOBEPXHOCTH 00pa3iia, HO M O €ro CTPOSHUH HAa MUK-
poypoBHe B o0beme. Bee oHM 10 cBOel mpupojie OCHOBAHBI HAa B3aMMOJICHCTBUH
AJIEKTPOMArHUTHBIX KOJIEOAHUN B IIMPOKOM JHana3oHe 4actor. OTMETUM TOJBKO
HekoTtopsie u3 Hux: JI1P, SIMP, ciekpockonus KOMOUHAIIMOHHOTO paccesiHus (pa-
MaHOBCKasl CIEKTPOCKOIUA), CHEKTPOCKOMHS SIEKTPOXMMHUYECKOTO HMIIEAaHca
(MC), manoyrnoBoe peHTreHOoBCKOe U HeWTpoHHoe paccesiuue (MYPP, MYPH) u
np. B Hacrosimel paboTe paccMOTpeHbI pe3yabTaThl UCCIEIOBAHUS Yriiei MeTo-
namu UC, MYPH, pamaHOBCKO# CIIEKTPOCKOMIUU U HU3KOTEMIIEPATypHO acopo-
LM a30Ta, KOTOpbIE ycremHo npuMenstores B UDI'T] npu nzydenuu tpancnopr-
HBIX U CTPYKTYPHBIX XapaKTEPUCTUK YyIJIeH DPa3IHuHON CTeneHH yriedukainuu
[1, 2]. OcHOBHast 11eMTb UCCIEIOBaHUS — 000CHOBATH KPUTEPUHU U MapaMeTPhl TPO-
THO3a BEIOPOCOOTIACHOCTH YTOJLHOTO TJ1acTa B YCIOBUSX €r0 pa3paboTKu Ha 6011b-
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mmx rryounax. CrnoxHas uepapxuyeckas CTPYKTypa YroJIbHOTO BEIIECTBA SIBJIS-
eTcs OJHOM M3 COCTABIISIONINX, 00YCIOBIMBAIOIINX YCIOBHS (POPMHUPOBAHUS aBa-
PUIHBIX CUTyaluil B YroJbHBIX IIaxtax. HazBanHble BbIlIe (hU3HYECKHE METOMIbBI
HCCJIEIOBAHUS YCIEIIHO INPUMEHSIOTCSA B MOCIEIHUE IOJbl JUIsl U3YYEHUS CTPYK-
TYPHBIX OCOOEHHOCTEN M CKJIOHHOCTH YIJIel K BHE3alHbIM BblOpocaMm MeTaHa. B
IIEPBYIO OYepe/b B HACTOSLICH CTaThe y/AEJI€HO BHUMAHUE METO/1Y MMIIEJaHCHOU
CHEKTPOCKOIUHU, TIPU UCTOJIb30BaHUU KOTOPOTO OOHAPYKEHBI 0COOCHHOCTH TIPO-
1eccoB UG y3un 1 AIMEKTPOIIPOBOJIHOCTH B YITISIX PAHHUX CTAAUN MEeTaMopdu3mMa
IIPU paCCMOTPEHHUH B IIMPOKOM jauarnazoHe yactot ot 500 I'u go 1,5 MI'n.

OnexkTpou3nUecKrue CBOMCTBA Cpebl MOYKHO OIKCATh C MOMOIIBIO AKBUBA-
JeHTHOW  anekTpudeckot cxembl (DO3C) ©W  KOMIUIEKCHOTO  HMMIIEAaHCa
Z(®) = U(ow)/lI(m), ssisrorerocs GpyHKine 4actoTel ©. [I0CKOIbKY yromis mpea-
CTaBJISIET U3 ce0sl CII0KHYIO FeTEPOreHHYIO OPUCTYIO CPEAY, BO3HUKIIA HEOOXO0IH-
MOCTb KPOME KJIACCMYECKUX 3JIEMEHTOB aKTHBHOTO CONPOTUBJIEHUS R U eMKOoCTH
C BBectu sneMeHT ¢ noctosiHHON (aszoit CPE m snemenT BapOypra xoHedHOM
munnbl Ws. 1715 mocnieAHero 31neMeHTa KOMIUIEKCHBIN UMITeJaHC TPUHSTO 3aIUChI-
BaTh B BHJIE:

Z,

S

()= \\//V%(l—i)tanh[wscx/ﬁ]

rine Wsr — SkBHBaneHTeH kKoadduuumenty Bapoypra (Ohm s09), ommcraromemy
nmoyoeckoHeuHyIo (G dy3uro:

, 1)

A, = RT S S RT
nF2AV2| D,Cso /DiCsrn | AN*F2OC+2D

rae ® 0003Ha4YaeT 4acTh BOCCTaHOBICHHOM - Reductant u okuciennoit - Oxidant
KOMIIOHEHT TIPH IEKTPOXUMHUYCCKOM peakiny Ha IEKTPOJIe, | — MHUMAsl SIMHHUIIA,
R — yHuBepcasibHas ra30Basi MOCTOSIHHAS, | — abcoroTHAs Temneparypa, F — mo-
crostnHast Papajnes, N — KOHIEHTpaUs JIEKTPOHOB, A — IJIOLIaAb MTOBEPXHOCTH
anekTpona, D — koadpdunuent auddy3un IMEKTPOAKTUBUPOBAHHBIX (DpaKIIHiA,
Cs,0, Csr — mOBEpXHOCTHAS! KOHIIEHTPAIUS OKUCIEHHONW U BOCCTAHOBIIEHHBIX KOM-
nonent, Ws. = d/D°°, d — tommuuna muddysnonnoro cinosi Hepuecra. OtHoteHue
d?/D umeer pazmepHocTh BpeMenH. [losromy, 0603Haums d%/D = Ty = (Wsc)?, MBI
(hbaKTUYECKH MOXKEM TOBOPUTH O XapakTepHOM BpeMeHu auddy3uu yepes ciou
Hepnucra.

Kpome knaccuueckux snemeHToB R u C snekrpuueckux memneit B 99C mpucyt-
CTBYET 3JIeMeHT ¢ noctosiHHOM ¢a3zoit CPE. dopmanbHO OH anmpoKcuMHpyeT 00-
Jiee CIOKHOE pacmpesenenue napamerpoB oowekra. I[loBenenue snementa CPE
MO>KHO paccMaTpHUBaTh Kak MPOSBIEHNE CBOMCTB (PpaKTaIbHOCTH B MPOCTPAHCTBE
gactoT. Takum, Hanpumep, sBiseTcs ciydail auddy3un, ynpapiseMoil Heuieanb-
HBIM BTOPBIM 3akoHOM Duka [3], ONKChIBAIOIINM aHOMANBHYIO TUGDy3HUI0.
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Camoe mpocToe onmucaHue UMIeaHca IEMEHTa C MMOCTOSTHHOM (pa3oil MOKHO
BbIPa3uTh Kak Zcpe =P-(im) ", r1e P — MHOKHTEIb IPOMOPIHOHATBHOCTH; N — IKC-
MOHEHIIMAJIBHBIN TIOKa3aTenb, 0003Havaromuil (a3zoBoe OTKIOHEHHE. J[JIs membIx
sraueHuii N =1, 0, -1 anement CPE BoIpoXkIaeTcs 10 KIACCUYECKHUX JIEMEHTOB C
cocpenorouenubivu mapamerpamu C, R, L. s n=0,5 CPE nmaer auddy3nonHbIit
nmienanc BapOypra B uncrom Buje. st npomexxyrounsix 3HaueHuii N CPE omnu-
ChIBAa€T Pa3JIMUHBIM TUI YaCTOTHOT'O pacHpeesIeHUs, allpPOKCUMUPYIOIIETO OBE-
nenue C, R, L u W ¢ pactipeieneHHbIME TTapaMeTpaMHu.

Kontyp, n3o0paxeHHsiii Ha puc. 1, siBiisercs 000011eHNEM KITaCCUYECKOT0 KOH-
Typa Panmuca [4] mis nonyOGeckoneuHo# inHeHo quddysun [5], conepxkarei
3JIEMEHTHI aKTUBHOTO CONIPOTUBIIEHUSI U EMKOCTH C COCPEOTOUEHHBIMH apaMeT-
pamu.

Cal

||
=

Pucynok 1. Konmyp Panonuca ons noayoeckoneunoi auneinoi oughhyzuu

I/IMHG}]aHC TAaKOT'O KOHTYpa UMECT BU:

(o) -i((1-i)o+Vor,)

~ 3
“iJo + (1— i)GCUCd| +@?CyR, , (2)

I7Ie G — COOTBETCTBYET AeMeHTy BapOypra. HopmupoBanubiii umnenanc Z* umeet
BH/I, M300pakeHHBIN Ha quarpamme HalikBucta (puc. 2). Takol BUI 3aBUCHMOCTH
ObLT MOJTy4EeH HaMU paHee Ui BIaroOHaChIIIEHHBIX 00pa3loB yrisg Mapku K, koTo-
pbie OBUTH MOIBEPTHYTHI MATHUTOUMITYJIbCOMY BO3JICUCTBHIO ¢ yacToTou 1 I'1r [6].

YacroTHast 3aBUCUMOCTh HOPMHUPOBAHHOTO KOHTYpa PaHnca MoskeT ObITh BbI-
pakeHa uepes JIB€ BpeMEHHbIC KOHCTaHTHI A1 (dapaieeBCKoro (7r) U Auddy3noH-
HOTO (7d) mporieccoB [7]. HopMupoBaHHBII UMIIETaHC MPEACTABUM B BUJIC:

Z(u) _ (1+0)T (i +u)
R, -T+2u +(1+i)(—1+T+iu)u’

Z*(u)=

T'IC ITPHUHATBL 0003HaYEHUST

Uu=r,0,7, = R;/(ZGZ),T =7,/7,,7, =R

ct

Cdl .

Torma mis MMpEACIIbHBIX 3HAYEHMH YaCTOT BHIIIOJHACTCS alIpoKCuManus
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Pucynok 2. /luazpamma Haitkeucma nopmupoeannozo umneoanca konmypa Panonuca

0na nonyoeckoneunoii auneitnou ouggysuu. Ilapamemp T = t4/t: npunumaem

suauenus 1, 2, 5, 10, 16.4822, 10°. Cmpenkoii nokazano nanpasnenue 603pacmanus
yacmomot [5]

Bropoit BapuanT xoHTypa PsHmmmca omuchiBaeT orpaHudeHHyrO nuddy3uto
(puc. 3). Ins miuockoro ciayvasi UMIIEJaHC 3aITUChIBAETCS B BUJIE:

Z:(u)=R, +Rd%,u =r,0,7,=0d%/D

[Ipu HOpMHpPOBKE UMIIEAAHC TPUHUMAET BU/I:

(3)

1+tanh\/z'z
@ [l+lJ 1+.r:z.rf:'"+.iuz—tmﬂh_“/'a
p p p
rie

p=R IR, T=r 1747, =R,C,

Ca

Re

i1l
d

Pucynok 3. Konmyp Prynoauca ona ocpanuuennon ougppysuu



Pu3nko-TexHu4ecKue npodaeMsl ropHoro npoussoacrsa 2019, spin. 21

Emie Oosiee ciioskHas cuTyalvst HaOIIOIAeTCsl TP aHOMAIILHOM TiepeHoce [3].
VYpaBuenue nuddy3un i KOHISHTPAIIMUA ¢ MOKET OBITh MPEJICTABICHO B CIIETY-
IOIIeM BHJIE:

dc_ o
o, (<1, (4)

rae koaddumment muddysuu D umeer pasmeprocts M2c”. Ypasnenue (4) Ha3bl-
BatoT (pakranbHbIM. [Ipu rpannunom ycnoBuu ¢ = 0, (X = L) KOHIEHTpalus Ha
TPaHUILIE OCTAETCS MOCTOSHHOM, M pEAIM3YETCS CIIy4daid ¢ OTJIOMAOIIEH TpaHuLIe
Ha cTeHke 1pu X = L. B ciydae ¢ orpannuenHoi nud¢ysueit mopeaeHne UMIeaHca
Oy/IeT 3aBHCETh OT XapaKTepPUCTHUYECKO 4acToThl ¢ = D/L2. B KiaccuyeckoM Ba-
puanTe nMnenanc Bapbypra Z(io)~(in) Y2 peanmusyercs B pesxnmMe BHICOKHX acTOT
O >> 0d. B cimydae muddys3un Ha dpakrazax 3aBUCUMOCTb OT YACTOTHI JJISI UMIIE-
nanca 6yzner umeth Buj Z(io)~(i0)#? (0<p<2), T.¢., nMeeTCcs OTKIOHEHHE MOKa3a-
TeJsl cTeneHu ot 1/2.

Ecnu ans HopmanbHO# nud¢y3un B ciaydae MOTrIONIaoneld TpaHuilbl 00J1acTh
yacToT umrnenanca BapOypra omnpenensieTcs paBeHCTBOM:

Z(s)=R, (o, /s)“ztanh[(s/a)d )“2] )

TO JUIsl aHOMaJIbHOUM AU Py3un nMeeM 3aBUCUMOCTb OT YaCTOTHI:

Z(s)=Ry (@, /s)""tanh| (s/e, )" | ©

rae og = (D/L?)"Y, nmeromas pazsMepHOCTh paji/C. B TaHHBIX paBEeHCTBAX S = .

Jlsisi TPaHUYHOTO YCIIOBUS C TMOTJIONIAIONICH TPAHUIICH Ha BBICOKMX YacTOTax
HMMIIeIaHC OyJIeT UMEeTh HaKJIOH MeHbIe 45° (puc. 40):

712
Z(s)=Ry(@,/s)""
Ha gacTotax o < Od aAMHUTAaHC MOKET OBITH 3aIIMCaH B BHUC

1 1
=—+—
Ry Qs ’ ©)

Z(s)"

rIe

Q=3Rya@j

PaBenctBO (7) COOTBETCTBYET MapauieTbHOMY COCTUHEHUIO aKTUBHOTO COTIPO-
tuBneHuss Rwu CPE, xoTopoe ompenenser BUJ UMIIEAaHCAa Ha HU3KUX YaCTOTaxX
(puc. 40).

10
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(a) (b) 0. 7 (©
oD ADla 2 7| ADIb

=Z"[Rw
o

Z' Ry
a o c
Pucynok 4. luazpammot Haiikeucma 013 mooesneil umneoanca HOpManovHoii (a) u ano-
mansHout oughghyzuu (y = 0,8) ¢ noznowarowieit zpanuyeit (0) u (¢). Touxku na zpaguxe
coomeemcmeyrom uacmome g [3]

Bo3moxen Bua anomManbHON 1ud@y3nn, KOTOpeI onUChIBaeT cyoanddysuto ¢
MOMOIIBI0 YpaBHEeHU (4). B 3TOM cityyae yacTullbl UIMEIOT CTEIIEHHOE paclpeie-
JIEHUE C JJUHHBIM XBOCTOM [UISl BPEMEHU OKUJAHUSI MEXKIY CKayKaMH, a MOTOK
YacTHUII CBSI3aH C IPAIUEHTOM KOHIIEHTPAIlMU PAaBEHCTBOM

o7 éc
o7 ox,  (y<1) ®8)

J=-D

OTa cuUTyalusi COOTBETCTBYET MEPEHOCY ABIPOK B aMOP(HBIX MOTYIPOBOIHU-
kax. g storo Buaa aud@y3un ¢ ycIoBHUEM MOTIIONIEHUS Ha TPAHUIE UMIIEIaHC
UMeeT BUJ:

Z(s)=Ry; (o, /s)l_ylztanh[(s/a)d )“2] ©

Ero rpaduueckoe mpencraBieHue AaHO Ha puc. 4c, KOTopoe it OOJbIINX Ya-
CTOT U Y < 1 COOTBETCTBYET 3aBUCUMOCTH

N y-1 1-y/2
Z(s)=Rya(aw,!s) | (10)
Ha HU3KHX 9acTOTaX © < (g 7T AIMHUTAHCA MOKHO 3alIHCaTh BHIPAKEHHE

Z(S)_1=CS+7—177
QS( ). (11)

Tako#l BuA agMuTaHCa 03HA4YaeT, YTO SKBUBAJICHTHYIO JJIEKTPUUECKYIO CXEMY
MO)KHO TIPEACTAaBUTh Kak napauienpHoe coeauHeHne emkocty u CPE, rae
C = 3Rwwd 1 Q = Rw.

AnomanbHON nuddy3un BTOoporo tumna [3] cOOTBETCTBYET ypaBHEHHUE Ui MO-
ToKa B Bue (8).

11
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HOCKOHBKy BUJ] YPaBHCHUS HCIPCPBIBHOCTU OCTACTCA HCU3MCHHBIM, ITPU IO~
CTaHOBKE B HETO BBIPKEHUS IS TIOTOKA MOJTydaeM (pakTaibHOE ypaBHEHUE T }-
¢by3uu B BUzE:

o ox (12)

Jlauublil TN aHOMabHON MU(QY3UU COOTBETCTBYET MEPEHOCY «C MaMSITHIOY,
KOTI'/Ia BBIIIOJIHSIETCS YCIIOBHE HEJIOKAIBHOCTH, T.€. UMEETCS CBSA3b MOTOKA J C KOH-
LIEHTpaLUEN ¢, KOTopasi UMeJla MECTO Ha MPEebIAYIINX dTarnax 1o BpeMeHu. AHa-
JIOTUYHOE ypaBHEeHHE NU(PY3UN ONMHUCHIBAET MEPEHOC YACTHUI[ BO (PpaKkTaibHOU
cperne.

[TockonbKy HaC MHTEPECYET AIEKTPONPOBOIHOCTH 00OPA3IOB, TO MEPEXO OT pe-
anpHOM YacTu umrenanca Re(Z) k peanbHO# yacTH 3JIEKTPONPOBOIHOCTH G' C T10-
MOUIBIO PABEHCTBA

1

13
7@ (13)

o'(w) =

w|r

JaeT BO3MOXHOCTh PacCMaTPUBATh SKCIICPUMEHTATLHBIC 3aBUCUMOCTH PEalTbHOM
vyacT umrnenanca Re(Z) u ynenbHoM 3JeKTPONPOBOHOCTH G OT 4acToThl T =w/27.
B pasenctBe (13) L — tommmnaa o6pasnia, S — miomaas 0O0KIaTIoK KOHIEHCATOpa
(ob6pasma). IlpencraBneHHbIE HUXKE TPapUKA YIETHHOU AJIEKTPOIMPOBOJIHOCTH
G = G' B IBOIHBIX JOTapupMHUUECKNX KOOPAMHATAX Ha oTpeskax f > 10% 'y umeror
CTETIEHHYIO 3aBUCUMOCTh OT YaCTOTBHI:

o(f)=c(0)+A- f°, (14)

YTO MPEANOIaraeT NpbIXKKOBBIM MEXaHU3M AJIEKTPOIPOBOJHOCTH [8].
J1J1 TOCTOSIHHOTO TOKA U MOHHOM JIEKTPOIPOBOJHOCTH UMEETCS CBS3b C KOI(h-
dunmentom muddys3un B Buse 3akona HepHcera-DifHmTeiHa:

2

Oge =———
T

rae g = Ze — 3apsa, C — konuentpanus, D — koaddurment quddysun, ks — mocro-
suHag bonbimana, T — temneparypa (K). [Ipu npbelkkoBOM MeXaHU3ME 3JIEKTPO-
MIPOBOTHOCTH TAK>K€ BBIMIOJIHAETCA 3aK0H HepHcera-Diinmreitna ans o(w) [9]. ei-
CTBUTEIILHO, C MOMOIIbIO MpeoOpa3oBanus Jlamiaca i epeMeHHON S=i® BBO-
autes BennunHa D(S), koTopas siBisieTcs: 00001IeHHeM 00BIKHOBEHHOTO K03 (hH-
nuenTta guddysun D:

D(s) =%T<Ar2(t)>e“dt

12
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I'JIe CPeTHEKBAIPATHYECKOE 3HAUCHUE TIPOMICHHOTO ITyTH YacTUlei pu OpOyHOB-
CKOM [BW)KEHUH CBA3aHO C KodpduuueHtom mudpdysun D paBeHcTBOM
(Ar(t)) = 2dDt

B pabore [9] nmokazano, 4To pH MPHHKKOBOM MEXaHU3ME MEePEHOCa BBITIOJIHS-
IOTCSI HEPaBEHCTBA!

Siar)zo Ly <o

Torna cneacTBueM sBISIIOTCS BhipakeHust it D(S):

2
£ (s)20 9 p(s)<0

13 KOTOPBIX CIEAYET, UTO peanbHas yacTh KodhdunrenTa quddys3un Bceraa Oyner
BO3pacTaromen pyHkuuen yactotel . [Ipu 3ToM nokazatens creneHu Beeraa Oy-
JIeT JIeKaTh B Mpejesiax OT HyJs A0 €AUHUIIbL:

Osdesl
dIns

Takum oOpa3om, BciieACTBUE (PIIYKTYallMOHHO-TUCCUIIATUBHONW TEOpPEMBbI IS
3apsKEHHBIX YacTHI] OyJIeT BBIMOJIHATHCS COOTHOILIEHKE, T0/I00HO0e 3aKoHy HepH-
cTa-OWHIITEHA U JUIsl YaCTOTHO-3aBUCUMOM 3JIEKTpOonpoBoHOCTU. [loTomy muist

€e ,Z[CﬁCTBPITGJ'IBHOfI YaCTH BBIIOJHAKOTCA, paBCHCTBA, IMPUBCACHHBIC BBIIIC I
D(s).

2. 9KCIIEPUMEHTAJIbHBIE IAHHBIE
2.1 NMnenaHcHasi ClIEKTPOCKOMMSI

W3MepeHus IpOBOIMIN ¢ IOMOIIBI0 H3MEPUTEIIA-aHATH3aTOPa KOMILIEKCHOTO
nvnenanca RLC-2004 B wnTepBane yvactor 500 I'm — 1 MI'n npu amrmuuryae
HAMpPsUKEHKS CUTHANIA MEX Ty rekTpoaamu 50 MB. O6pasiibl B BUIE TUIOCKUX Oa-
JIOYEK HACHIIIAINCH B TCUEHUE HECKOILKHX MECAIIEB [TapaMu BOJbI TP (PUKCHPO-
BaHHOMU BJIQKHOCTH B 3KCHKaTope. M3MepsINCh U 3alUCHIBAIKMCH A€HCTBUTEIbHAS
ReZ(f) u muumas ImZ(f) yactm ummenanca B JgorapupMHUECKH PaBHOMEPHOM
mkaie o gacrtore f (I'). ®aiinel JaHHBIX IS KaK10ro odpasia cogepxkar ot 70
10 100 3nauenwuii mo yactore. O6pabOTKa JaHHBIX 3aKJIF0YAIACh B IOCTPOECHUH I'O-
norpaoB Ha KOMILJIEKCHOM IIIOCKOCTH (auarpamma HalkBUCTa) U 3aBUCHMOCTEH
ReZ(f), ImZ(f) ot wacrotsr. UMnenanc Z npezacrasnsercs B Buae Bekropa Z = Re(Z)
—ilm(2), raoe | — MHUMas eqMHUIIA.

C 1OMOIIIBO IPOTPAMMHOTO MAKeTa aHaIN3a UMITEIAHCHBIX CIIEKTPOB MOJICITH-
POBAIMCH IKBUBAJICHTHBIC dekTprueckue cxembl (DDC), MO3BOISIONIUE OMHCAT

13
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rojorpagsl ¢ IOMOIIBIO CTAHAAPTHBIX JIEKTPHUUECKUX 3JIEMEHTOB aKTUBHOTO CO-
npotusneHus R, emxoctu C u mp. [11].

[IpuBenem pe3ynbTaTbl U3MEPEHUH IS YEeThIpeX 00pas3loB yriiel, HACBIIICH-
HBIX BJIaroil mpu BiaxxHocTu Bozayxa 50%. ['eomerpuueckue pasmepsl 00pas3ioB
yKa3aHbl B Tabmmie 1.

O6pasubr Ne 8 u 9 otHOcsaTest k Mapke [I7, a o6pasmst Ne 14 u 15 — k mapke XK.
O6pazusl mapku JII' 66111 0TOOpaHBI U3 30H IIACTA PA3IMYHON CTETIEHU TEKTOHHU-
yeckoil HapymeHHocTu. [l oOpa3noB Mapku K BBIIIOJHEHO CpaBHEHUE XapaKTe-
PUCTHUK yriield, 0TOOpaHHBIX U3 30HBI MOBBIIIEHHOTO TOPHOTO JIABJICHUS U CIIOKOH-
HOW 30HBI YTOJIBHOTO IJIacTa.

Taonuya 1. OcnosHbie xapakmepucmuku oopazyos yaieii

Homen 06pasia Macca Biiask- [Tonepeunsrii [Tmomans
b 0bpasiia, CyXOTo pasmep, TonmuHa, | TONEpPEeYHOTO
Mecro orbopa obpasma, | oo > uame MM CeYeHUs
poObI pasua, % A P, 1,
r MM MM
8 (TH3 h=1,5m)| 0,336 3,3 8,0-10,7 4 85,7
9 (TH3 h=1,5m)| 0,354 3,4 12,2 2,7 116,9
14 (31T 1) 0,431 1,2 12,1-11,1 3 134,3
15 (Bue 3I1I'/T) | 0,479 0,9 10,5-10,0 3,5 105

Jliia uccnenyeMbIx 00paslioB HE yIaloCh anmpoOKCUMHUPOBATh rogorpad ¢ mo-
Mortsto I9C, coaepxainie KIacCuIecKnue dIeMeHThl eMKocTu C M aKTHBHOTO CO-
npoTuBieHUss R. BcrmeacTBue cioKHOW TreTeporeHHON W hepapXuyecKOd CTPYK-
TYpBI YTOJIBHON MaTpPHUIIbI SKCTIEPUMEHTANIbHbBIE KpUBbIE rogorpada ObUIH armpok-
CUMHUPOBAHBI JIJIs1 Bcex o0Opas3ioB DOC, mpeacTaBiIeHHOW Ha PUCYHKE 5, KOTOpas
coctosuta u3 ameMenta CPE, conmpotusnenus Ry u snemenTta BapOypra koHeUHOM
uHbL W,

T
Ry—Ws

Pucynok 5. Jkeusanenmnasn 3neKkmpuyeckasn cxema 0isa Ucciedyemulx 00pazuos y2ieil

JlonoHUTENBHBIN d1eMeHT eMKOoCcTH C1, BKIIOYEHHBIH IOCIEI0BATEIBHO C OC-
HOBHOM CXEMOM, HEe OKa3bIBaJl CYIIECTBEHHOTO BIMSHHS HA HETMHEWHYIO arpoK-
CHMAIIMI0 SKCIEPUMEHTAJIBHBIX TOYeK rogorpada. Ilapamerpsl ammpoKCHMaIUH
npeacrasicHbl B Tabnuie 2 B cucteme CU. ITockonbKy Bce JaHHBIE AlIPOKCHMH-
poBansl 0qHKM BugoM DDC, Ha puc.6 mokasad rogorpad u 3aBUCEMOCTh (a30BOTo
CMEIIEHHS OT YacTOTHI It oOpasia Ne 9.

BcenomunM, uto otHomenue d2/D umeer pasmepHOCTH BpeMeHu. [1oaTomy 060-
3naunB 0%/D = tw = (Wsc)?, MBI MOKEM BBIYMCIIHTh XapakTepHoe Bpems auddysun
yepes cnoit Hepuera. Ha ocHOBe maHHBIX U3 TabmuIs! 2 ams oOpas3os Ne 8 u Ne 9
nomyuaeM Tws = (5,19)% = 27¢ u twe = (0,0167)% = 2,8-10™*c. M0XkHO c/ie1aTh BBIBOJ

14
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0 Ype3BbIYaiiHO MeUICHHON auddy3un B 00pasne Ne 8, 0ToOpaHHOTO U3 TEKTOHU-
4yecku HapymeHHo# 3061 (h = 1,5 m).

1.4

i
700 000 /‘4/—-:'—%.._ * 13 o
b o) * ) ..——
600 000 et - 12 et
.
s 11
500000 . o § ! lf‘-
.
§ 400 000 /-”/ § 0.9 /f
3 1
w oo
E 300 000 5 0.8 o
! / £o7 -
200 000 06 e
100 000 / 0.5 .{;‘7."{;/
, R
0 500 000 1000 000 15600 000 1000 10 000 100 000 1000 000
ReZ, Ohm Frequency, Hz
a 9]

Pucynok 6. I'ooozpagh umneoanca (a) u ghazosan ouazpamma (6) onsa oopasya Ne 9, no-
Jayuennvle npu mooeauposanuu II3C. Cnaouwinol 1unuell HOKA3AHA HeJTUHEHHAsA an-
npoOKCUMayus IKCHEPUMEHMATbHBIX OAHHBIX

Jlnst BTopoit mapbl  o0pasioB Ne 14 wmw Ne 15 wmeem 3HadyeHUs
tw(14) = (0,002673)% = 7,15-10%c 1 tw(15) = (2,621)? = 6,87 c. Meanennas auddy-

3usi UMeeT MecTo B oOpa3ie Ne 15 (BHE 30HBI OBBIIIEHHOTO TOPHOTO J1aBJICHUS).

Taonuuya 2. Illapamempol IKeUGaAIEHMHOU INEKMPUUECKOU CXEMBbL 0]l 00paA3U 08

[TapameTtp No 8 No 9 Nol4 Nel5
C1 5,98-10 0,00205 4,579-101 1,778-101!
R1 2,620-10° 1,071-10° 1,905-10° 2,348:10°
P 2,584-101 9,99-10 6,084-1011 3,654-101
n 0,8680 0,8065 0,8277 0,849
Wsr 4,024-10% 5,045-10’ 6,473-10° 3,391-107
W 5,19 0,0167 0,002673 2,621

B TakoM OTHOIIEHHH IOJKHBI HAXOIHUTHCS AJIEKTPOIPOBOJIHOCTH OOPA3IIOB.
Jlnst Berancnierus o(f) Mbr Bocrosib3oBasuck paBeHcTBOoM (13). Ha mocTpoeHHBIX B
JIBOMHBIX JIOTAPU(PMHUECKIX KOOPAMHATAX 3aBUCUMOCTSIX pEIbHOM M MHUMO Ya-
CTell KOMILJICKCHOTO MMIIEIaHCa MOYKHO BBIJICJIUThH JMHEWHBIC OTpe3ku (puc. 7).
[TosTOoMy MOKHO OXHIaTh, 4T0 sl G(f) OymeT BBIMOJHITHCS CTENIECHHAS 3aBHCH-
MOCTb OT 4acToThl Buja (14), a MOBEPXHOCTh MOPOBOTr0 MPOCTPAHCTBA 00JIATaeT
CBOMCTBOM (ppakTasibHOCTH. JleHcTBUTENBHO, sl IMZ 3TO yCI0BHE BBITIOIHIETCS
Ha otpeske 10° — 10° Ty (puc. 7). TaHreHc yriia HakJIoOHA K OCH aOCIMCC paBeH —
0,730. JIns ReZ na otpeske 4- 10*—10° I'ny tga =-0,961. Ananoruyso, ajis oOpasia
Ne8 mosnydeHbl 3HaUCHHSI TaHI€HCa HAKJIOHA 3aBUcuMocTeid. J[ist ImZ 310 yeinoBue
BBINONHsETCS Ha oTpeske 10° —10°T'1y. TanreHc yria HakI0Ha K OCH aO6CIMCC paBeH
- 0,884. [1ns ReZ na otpeske 2+ 10*—5-10° ' tga = -1,15.

[Tocne BbIUMCICHUS SIEKTPOMPOBOAHOCTH cornacHo (13) momydeHbl 3aBUCUMO-
ctu o(f) (puc. 8a).
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lg(ReZ Ig(ImZ;

6

5.5

5.0

y =-0.961x" +9.76, max dev:0.0282, 1°=0.998

45

a o

Pucynok 7. 3asucumocms peanvHoil (a) u MHUMOU (0) KOMROHEHM UMNEOAHCA OM Ua-
CHIOMbL 8 OGOIIHBIX J102APUPMUYECKUX KOOpOUHamax onsa oopazuya Ne 9

[TockonbKy nEeWCTBUTENBHAS YACTh AJIEKTPOINPOBOJIHOCTH G' U MHUMAs 4acTh
JIMAJIEKTPUYECKON MPOHUIIAEMOCTH €" CBSA3aHbl PABEHCTBOM

o(f)—o(0)=ge"(f)2xf, (17)

rie € = 8,85-102 — JIMAJIEKTPUYECKask TOCTOSIHHAS, TO MOKA3aTelb CTENEHU B 3a-
sucumoctr €"(f) ~ 5 wmm £"(0), rme o = 2nf, 6yger oTmmuaThcs Ha eaMHUILY
S =tga — 1. B namem npumepe amst oOpasua Ne 9 umeem S = +0,922 — 1 =-0,078.
N3 puc. 86 crmeqyer, 4TO B HU3KOYACTOTHON 00JIACTH Tak)Ke HAOJIFO1aeTCs CTETICH-
Has 3aBucuMocTb s £'"(f) ¢ mokasarenem s = - 0,611.

19(0)

a0 € 1g()

a 0
Pucynok 8. 3asucumocmp yoeavHoul NeKmMpPoOnpoeoOHOCmU (a) U MHUMOU Yacmu
ouljleKmpuuecKkoil npoHuyaemocmu (6) om wvacmomal 011 oopazya Ne 9

CoruacHo [8, 9], nokasatens crenenu S = tga = (Df — 1)/2 B paBenctre (14) mus
o(f), rae D — dpakranbHas pazmepHOCTh moBepxHOCTH (2 < Df <3). B Hamiewm ciy-
qae (oOpazenr Ne 9) umeem Ds = 0,922*2+1 = 2,844. JIns obpasua Ne 8 tga = 1,16,
YTO HE MO3BOJSET CUUTATh NMOBEPXHOCTh MOP (PpakTalbHOM, T.K. B 3TOM Ciydae
Dt > 3,0 (puc. 9).
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19(c)

8 y = +1.16x" -15.3, max dev:0.0512, r>=0.997

-10

-11
3

lg(f)

Pucynok 9. 3asucumocms yoenvHoil 31eKmMPOnPOEOOHOCHU 0Nl YACHOMbL 015
oopazua Ne 8

BoubIioe paznudre moABMKHOCTH HOCUTENEH 3apsia, MOIydeHHOe I 00pas-
11oB Ne 8 1 9, moaTBEPKAAETCS PA3TUUUEM HIIEKTPOIIPOBOIHOCTEN. ITO HEMOCPE-
CTBCHHO BHUJIHO U3 Fpa(l)I/IKOB, IMOCTPOCHHBIX B J'IOFapI/I(bMI/I‘—IeCKI/IX KOoOpAuHaTax.
Sxcrpanonsus 3apucumocteil o(f) — o(0) = oo maer 3nauenue oo = 8-10 s
o6pasma Ne 8, 1 6o = 1,5 <10 g o6pasia Ne 9 (puc. 10).

o

0.00075

0.00050

y = +2.37E-9x" +1.54E-5, max dev:4.45E-6, 1°=0.999

0.00025

0.4x10° 0.8x10° ¢

Pucynok 10. Annpoxcumayus 31eKmponpo6oOOHOCIU HA HUZKUX UACMOMAx 0
oopazua Ne 9

OO6pa3ipl Ne 14 1 15 He3HAYUTEIIBHO OTINYAIOTCS 110 CBOUM XapaKTEPUCTHKAM.
OnekrponpoBoanocti o(f), BeIUMCICHHBIE W3 M3MEPEHHBIX 3HaueHuU ReZ co-
riacHo BeIpaxeHuto (13), Takke UMEIOT CTENEHHYI0 3aBUCUMOCTh B M30paHHBIX
MHTepBaax 4acToTsl (puc. 11)
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lg(ReZ)

6 lg(c)

y = +0.967x" -8.34, max dev:0.0192, 1=0.99

4 y =-0.944x" +9.73, max dev:0.0134, ’=1.00

4 5 6 19() 4 5 6 19(h)

a o

Pucynox 11. 3asucumocmo om uacmomst ReZ () u 2;1ekmpoeoonocmu 6 080UHbBIX
nozapughmuueckux Koopounamax oaa oopazya Ne 15 ene 3IIT/]

W3 tanrenca yria HaknoHa 3aBucumoctH o) (puc. 110) Beranciiena gppakraib-
Has pa3MepHOCTh moBepxHocTH Df=0,967*2+1 =2,934. Jlna obpazma Ne 14
tga = 1,02, 4TO O3HAUAET, UTO €T0 CTPYKTYPY HEIb3sl XapaKTepU30BaTh (ppaKTaib-
HOM TOBEPXHOCTHI0. 3HaUeHUe Dt = 3 sBisieTcst rpaHUYHBIM NPH AeNieHnH (ppakra-
JIOB Ha TIOBEPXHOCTHBIE U MacCOBbIE [12].

DkcTpanonsiuss 1m0  vactote f— 0 g 3IEKTPONPOBOJHOCTH  Ja€T
6(0) = 5,4-10® s o6pasua Ne 14 1 8,7-10° amst 06pasma Ne 15 (puc. 12). B otn-
gue oT 00pa3noB Ne 8 u Ne 9 31eKTpOonpoBOHOCTH OTIUYAIOTCS HE3HAYUTEIHHO.
DNEeKTPONPOBOHOCTD YISl BHE 30HBI MOBBIILIEHHOTO TOPHOTO AaBiieHus B 1,6 paza
ooubie, uem o B 31T/,

o

0.00045
0.6x10™

y = +2.13E-0x" +8.68E-6, max dev:4.63E-7, °=0.999

0.00015 N
0.2x10

0.4x10° 0.8x10° 1.2x10° f, Hz 4000 8000 12000

a 0

Pucynoxk 12. Annpoxcumayus 3nekmponpogoonocmu oopasyos (a) Ne 14 u (0) N 15
Ha HU3KUX Yacmomax

18
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2.2 CTpyKTYypHbI€e 1 COPOLMOHHBbIE XapAKTEPUCTUKH 00pa3LoB

[IpoBenem aHanMu3 CTPYKTYPHBIX M COPOLIMOHHBIX 0COOEHHOCTEH 00pasLoB yr-
Jieil Ha OCHOBE PE3yJIbTaTOB U3MEPEHHUH C MOMOILBIO MaJOYIJIOBOIO PacCEsHUs
HelTpoHoB (MYPH), Hu3KOoTEMIIEpaTypHO# aICOPIUU a30Ta U pAMaHOBCKOM CIIEK-
tpockonuu (Crekrpockonusi komOuHannoHHoro paccesinus — CKP).

MauioyriioBoe paccesinie HeHTPOHOB. OCHOBHOM 1€JIbIO HAILIUX HCCIIEI0BA-
Huit Mmerogom MVYPH siBisiercst onpenenenue yaenbHou mosepxaHocta S/V u mos-
HOM nopuctoctu. IcXoJHBIMU JaHHBIMU 3KCIIEPUMEHTOB T10 PACCESIHUIO TEIIIOBbIX
HEHTPOHOB Ha CIIEKTpoMeTpe ManoyrioBoro paccesHuss YUMO [13] sBistorcs
KpUBbIE MHTEHCUBHOCTH paccesHus B aOCOMOTHBIX eauHunax (puc. 13). Hopmu-
pOBKa KpUBBIX paccesHuss 1(Q) B  UWHTepBaie BEKTOPOB  PACCESHUS
q = (0,071 — 2,94) um™ npoBeseHa ¢ MOMOIIBIO BAaHAUEBOTO CTaHAApTa. Momynb
BEKTOpa paccesiHHs CBsi3aH C yrJioM paccesHusi 20 paBeHcTBoM ( = 47Sin(6)/A.

JlliHa BOJIHBI A TEIUIOBBIX HEMTPOHOB Ha UMMyJiIbcHOM peakTope MBP2 pasna
0,73 M.

2.0 15 -1.0 0.5
lg(@)

Pucynok 13. IkcnepumenmanvHas Kpueas pacceaHus Helmponos onsa oopasua Ne 15
6 0BOIIHBIX 102aPUPMULECKUX KOOPOUHAMAX

Tanrenc yria HakJIoHa KpUBOM paccestHUs K OCH adcLMCC oL CBSI3aH C (PppakTaib-
HOM pa3zmepHocThiO: 1) eciin o0 < 3, 10 o0 = D 2) ecnii 3< o < 4, To oo =6 — Ds.
[lepBrIii BapaHT COOTBETCTBYET CTPYKTYPHOW OpPraHU3alMK B BUAE MAacCCOBOIO
(bpakTana, BTOpOil BapuaHT — MOBEpPXHOCTHOMY ¢pakTany [14, 15].

Jiis 06pa3ioB Ne 8 1 9 nmokaszaresnb o CTEIIEHHOW 3aBUCUMOCTH HHTEHCUBHOCTH
paccestaus 1(q) HeliTpoHOB 0. < 3 (Tabnuiia 3). DTo 03HAYAET, YTO CTPYKTYpa yric
MOXKET paccMaTpHUBaThCs KaK MacCOBbI (ppakTan ¢ ¢ppakTanbHON pazMepHOCTHIO
Dm = o. [Ipyroii BapuaHT npeanoiaracT Halu4re CTereHHoro (PppakTaibHOro) pac-
MIpeIeIeHUs 1op M0 pazMepam

f(r) = ar@,

I[aHHLIe I/ISMepeHI/Iﬁ UMII€JaHCHOM CIICKTPOCKOIINH, TPCACTABJICHHBIC BBIIIC, HC
HCKJII0YarOT TaKOH BO3MOKHOCTH.
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Taonuya 3. Ocnosusvie oannvie MYPH ona oopazyoe Ne 8 u No 9

No Mecto ot60pa v | SLD, o

00p. po6kI o % | 1010cy2 | 2107 | Hopuctocts
8 Hapymenwne (1,5 m) | 2,97 | 37,6 2,47 0,753 0,067
9 Hapymenwne (1,1 m) | 2,85 | 40,6 2,42 0,748 0,069

[TopoByto ctpykTypy oOpasioB yriei Nel4 u Ne 15 MoxHO paccMaTpuBaTth, Kak
MOBEPXHOCTHBIE (hpaKTaibl, T.K. o > 3 (Tabnuma 4). [t mopucroro BemiecTsa, Ko-
TOPBIM SIBJISIETCS YTOJIb, PACCESHUE HEUTPOHOB MPOUCXOAUT HA IpPaHULAX pa3jera
nop u TBepaoi matpulibl. [loToMy ppakranbHas pa3MepHOCTh XapaKTepU3yeT CTe-
MIE€Hb IJ1aJIKOCTU (M3PE3aHHOCTH) MOBEPXHOCTH MOPOBOIO MpOoCTpaHcTBa. VIMeHHO
JUIS TAKUX 00pa3I0B UMEET CMBICI BBIYUCIIATD YEIbHYIO TOBEPXHOCTb.

[TockosbKy HAKJIOH KPUBOM paccessHUsI K OCU a0CITUCC OTIUYAETCS OT 3HAUCHUS,
CJIeIyIOIIEero U3 Kjaaccuieckoro 3akona [lopona (o = 4), He0OX0AMMO MPHU BHIYKC-
JICHUU YAEIbHOU TOBEpXHOCTH 1Mop S/V yduuThiBaTh (HPaKTaIbHOCTH pacrpejee-
Hus [2, 16], a Taxke KOHTPACT Ap = psolid — Ppore — (SLD): pasHOCTH MEX Ty TUTOT-
HOCTSIMU JIJTMHBI pPaccesiHUsT HEUTPOHOB I TBEpAOW ¢a3bl obpasma u mop [16].
Boruncnenue nopucroctu (tabnuua 3 u 4) BBINOJIHEHO HAa OCHOBAaHUHM UHBapUaHTa
[Topona Z, KoTopsIii ompeiensieTcsl Kak IIoIa b o1 KpUBO# rpaduka, mocTpoeH-
Horo B koopaunaTax ¢21(q) — q (rpadux KpaTkn):

0

Z= qul (q)dq- (18)

0

Bun rpaduxa B xoopauHatax Kpartku s o6pasioB Ne 8 u Ne 9 mokasan Ha
puc. 14. CpaBHeHue 3TUX TpadUKOB MO3BOJSET OIEHUTH BKJIAJA TMOP Pa3IuIHOTO
MacmiTa0a B paccessHue HEMTPOHOB Ha KOHEYHOM HHTEpBaJie (|, OrpaHUYEHHOM Ipe-
JeNIbHBIMU  yTJIaMH  PacCcesiHUsl MajoyrjIoBOrO crekTpomeTpa. [leiicTBuTenbHO,
mpaBasi 4acTh rpaduka npu O0JbIINX 3HAYSHUSIX MOAYJISI BEKTOPA paccestHus ( co-
OTBETCTBYET BKJIaJly MUKPOIIOP B paccesHue, Malible 3Ha4eHUsI (] XapaKTepU3YIOT
paccesiHie HEUTPOHOB MaKpOIIOPaMHU.

Kak cnenyet u3 tabnuupl 3, XapakKTepUCTHKHU CPEebl JaHHBIX 00Pa3I0B OTINYa-
10TCs He3HauuTenbHo. OnHako, puc. 14 mo3BOJseT clienaTh BBIBOJ O Pa3InyHOM
BKJIaJIe TTOP ONpPEAETICHHOr0 MaciiTada B paccessHie HEMTPOHOB, UTO Hanboee -
(heKTHBHO TPOSBHIIOCH B PA3JIMYHON 3JEKTPONPOBOIHOCTH 00pa3ioB Ne 8 u Ne 9
cornacHo u3mepenusMm NC. I'paduku ykaspIBaroT Ha mpeoliagaHie B paccesHuu
HEHTPOHOB Ha YaCTHUIaX MajbIX pa3MepoB B oOpasie Ne 9. B o6pasie Ne 8 mpeoO-
najaeT Bk 0oJiee KPYMHBIX IEHTPOB paccesHus. MOXKHO CUMTATh, YTO 3TU 00b-
€KThl COOTBETCTBYIOT MUKPOTIOpaM U Makpornopam. J{edCTBUTENBbHO, COTTIACHO U3-
MEpEeHHSIM HU3KOTEeMIIepaTypHOil afacopOuuu a3ota (Tabnuia 5), cpeHuil pasmep
mukponiop B obpasie Ne 9 Ry, =1,4HM, a B Hapymenun h=15wm (Ne )
Rep = 1,9 HM. DTO 03HauUaeT, 4To pOJIb MUKPOTIOP B Mpolieccax MepeHoca U CTPyK-
Type YroJbHOTO BEIIeCcTBA B 30HE reosiorudeckoro Hapymerus h =11 m (Ne 8)
npeoOiagaeT HaJ MaKpOMOPHUCTOCTHIO. DTOT BBIBOJ MOJATBEP)KIACTCS JAaHHBIMU
MYVYPH u bOT.
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1.25x10™ 6x10%

:
i) 7@

1.00x10"

4x10"

14 Z=7,48€20
0.75x10™" | @
i

Z=7,53e20

g
0.50x10 4
2x10%

0.25x10"

1x10° 2x107 L 3x10”

a 9]
Pucynok 14. I'pagpuk Kpamku ons oopasya Ne 8 (a) u Ne 9 (6)

Bun rpaguka B koopaunatax Kparku ans oOpasuos Ne 14 u Ne 15 nokaszan Ha
puc. 15.

J171s1 BRIYUCIICHHS IOPUCTOCTH 00Pa3Ii0B UCTIOIb30Bal nHBapuaHT [loposa, ko-
TOPBIN 1715 ABYX(a3HOU cpespl CBA3aH ¢ 00BEMHBIM coJiepKaHueM ¢a3 cieryro-
IIIAM PaBEHCTBOM:

Z= 27r2(p1 (1- gol)Apz : (19)

r71e @1 — 0OBEMHOE COzIepIKaHHe OJTHOM 13 (a3, AP — KOHTpAcT AByX (Ba3. B ciaydae
MMOPHUCTOU cpeabl Ap = pr— ps — pazHocTh SLD durona, 3amomHsomero mopel u
SLD TtBepaoit Mmatpuiisl. B ciydae ra3oBoil cpejibl TPy HU3KHUX JIaBJICHHSX B TTOPax
JIOCTaTOYHO CUUTATh, YTO AP = p.

CornacHo paBeHCTBY (19) s onpeneneHus MOPUCTOCTH HEOOXOIUMO PEIIUTh
KBaJIpaTHOE ypaBHeHHE. Penienue npumer BUa:

o=~ (1-+A-4C)

rae

C-——
27°Ap

- TaK Ha3bIBaeMas, «koHcTaHTta [lopona» [15]. U3 pucynka 15 nns rpaduxa Kpatku
BKJIaJ] MUKPOTIOPUCTOCTH paccesiHie HEHTPOHOB B 000MX 00pa3iiax CyIleCTBEHEH
(mpaBas yacTh rpaduKoB).

Jl51s moprcTocTH 00pa3IoB U3 30HBI MOBBIIIEHHOTO TopHOTO AaBneHus (3I11°]])
1 BHe ee Uit oOpa3ioB Ne 14 u 15 monydeHbl 3HaUeHUS, MIPEICTaBICHHbBIE B Ta0-
mune 4. OTan4re OTHOCUTEIHHON MOPUCTOCTH BJIBOE, IIPH ATOM y/elIbHas TOBEPX-
nocts B 3IITJT S/V mensiue, yem Bre 3I1T'/]. Coriacuo manaeiM BOT (tabmuma 5)
uMeeTcs OoJiee pa3BuTas ceTh MUKpotnop aist oopasua Ne 14 8 3I1T°, Ho Garoaaps
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6oJ1ee BBICOKOMY 3HaUeHHUIO Dy, BKIIa1 Makporop B MOJIHYIO TOPUCTOCTb IPUBOIUT
K ee Oonee Bricokomy 3Hadenuro BHe 3I1I'/[ (B aBa pasa Gombire, ywem B 3I1T ).
PamaHOBCKHE CHEKTPBI yKa3bIBAIOT Ha Xpymnkoe aepopmuposanue yris B 31T/,
MIPUBOJIALIEE K HAPYLIEHUIO MOJIEKYJISIPHBIX CBSA3EH B an(paTHueCKOi KOMIIOHEHTE

CTPYKTYpBI YISl (CM. HUXKE).

1.25x10"

8x10"

2,
q’l(q Q@)

1.00x10™

6x10"
7=1,36E21

14
Z=7,67E20 0.75x10

4x10"

0.50x10™ | |
8

0]
2x10° 1 @
0.25x10"

2x10 41 3x10

7
3x10° g%, sm

2x107 g, sm*

Pucynox 15. I'pagpuxu Kpamxu: (a) — onsa oopasya Ne 14; (6) — ons oopazuya Ne 15

Taonuua 4. Ocnoenvie oannvte MYPH onsa oopasuoe Nel4 u Ne 15

Ne | Mecto oTOopa D B:IXOH SLD, SIV, [Mopu-
00p. npoosI o f iI/danyg/I:X’ 10%cm? | em?/em® | cTocTh

14 B 3III' 1 3,41 | 2,59 32,0 2,58 2,0-10° 0,062

15 Bue 3I1I'/], 3,37 | 2,63 32,7 2,57 2,9-10° 0,118

Hu3koremneparypHas ajcopouusi azora. s onpeneneHuss coOpOIMOHHBIX
CBOWCTB 00pa3I10B yIJiei NCIOJIb30BANIACh CTAHIAPTHASI METOAMKA IOCTPOCHHS aJI-
copOIMoHHOM KpuBOM azorta mpu temneparype 77 K. Metonom BOT Beruuciensl
ylebHbIe TOBEPXHOCTH A (M?/r), sHepreTuueckuii napamerp C, cpefHuii pazmep
MUKpotop Rep. Kpome Toro, n3 ancopOIMoHHBIX KPUBBIX OMPEICIISUTHCH (PaKTaITb-
HBbIC pa3MepHOCTH. [Ipu ATOM Mpeanoaaraioch, YT0 KpUBask MOXKET OBITh aIlpoK-
cuMupoBaHa mojensto dpenkens-Xencu-Xuwmnia (FHH), B koTopoit amxcopOupo-
BaHHBIN 00bEM 3aBUCHUT OT JaBJICHUSI 110 CTETICHHOMY 3aKoHny [17]:

0=KA™, (20)
rae 6 = VIVm — agcopbupoBaHHbBI 00beM copbarta, vV — IOKa3arellb CTEICHH,
A = In(P/Po) — ancopbumonusiii moreniuai, K — mocrosiauas, Vm, Po — Makcumais-
Hble 3HA4YeHHs aJAcOpOMPOBAHHOTO OO0bema copbaTa M JaBIEHUS HAa H30TEPMBI
copb6umu coorBeTcTBeHHO. [lokazarens crenenu v = 3 — Ds, rae Ds — moBepxHOCT-
Has (paxTanbHas pazMepHocTh (2<Ds<3).

I[Tocrie mocTpoeHus TIOJTHO KpUBO# agcopOuuu B jor. koopaunarax: IN(V/Vim) —
In[In(Po/P)] MO’kHO BBIYKCIUTEL TAHTEHCHI yIila HAKIIOHA KPUBO# K ocH abciuce. B
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TaOIUIE 5 MPUBEICHBI TaHHBIC IS JIMHEHHOTO yYacTKa MPU JOCTATOYHO OOJIBIINX
HACBIIIEHUX (00JIACTh KAUIISIPHOH afcopOinn). B mocieqaem cTonoiie 1aubl 3Ha-
YyeHus TaHreHca HakioHa it BT obmactu (masnbie 3Hadyenus P/Po < 0,35).

Taénuya 5. /lannvle HU3KOmMeMnepamypHoii aocopoyuu azoma

Ne Mecto oTbopa c A, BET Rep, D tg,

00p. po6kI M2/r HM ) BET
8 | Hapymenwue (1,5 m) 25,42 4,2 1,9 2,57 1,45
9 | Hapymenwue (1,1 m) 7,65 5,9 1,4 2,45 1,80
14 B 3IIT' ], 8,53 59 15 2,4 1,74
15 Bue 3I1T']], 9,05 2,1 1,8 2,6 1,77

Cornacuo nanasiM MYPH u BOT B reonorndyeckom Hapymenuu (oopaserr Ne 9)
0oJjiee 3HAUUTEIBHYIO POJIb B Mpolieccax aJcopOIUu U SMHCCUU METaHa UTparoT
MUKpOTIOpBL. HapyiieHue He SBISETCS] HICTOYHIUKOM ITOBBIIIEHHOW CKOPOCTH IMHC-
cun Mmetana. OOpazer; Ne 8 u3 Hapymenus 1,5 M umeer HauboJsblllee 3HaYCHHE
sHepreTryeckoro napamerpa C = 25,4, To ectb, aAcopOLMs a30Ta MPOXOIUIa PU
YCIIOBUSX, JOCTATOYHO YJAICHHBIX OT COCTOSHUS KOHACHCAUu. st HapyIeHus
1,1 M (o6pazen Ne 9) ycnoBust nepeHoca MeTaHa OJIU3KH K KI1aCCUYECKOMY B COOT-
BETCTBUU C ypaBHeHHEM J[apcu, MOCKOJIBbKY (paKkTalbHAsl pa3MEPHOCTh OJIM3Ka K
3HaueHnio Ds= 2,5. CoriacHO JaHHBIM HU3KOTEMIEPATYpPHOU ajcopOIuu a3oTa,
CBOMCTBa BTOPOW Mapbl 00pa3LOB OTIMYAIOTCS 3aMETHO TOJIBKO IO TapaMeTpy
yZAeNbHAs MOBEPXHOCTh. B 30HE moBbIIeHHOTO TOpHOTO AaBieHus (Ne 14) moBepx-
HOCTH OoJiee, 4YeM B JIBa pasa, IPEBBIIIAECT MOBEPXHOCTh YIJIsl, OTOOPAaHHOTO BHE
3III'JI. D10 MOKeT 03HaUaTh OOJIee Pa3BUTYI0 MUKPOIIOPUCTOCTh B 00pasiie Ne 14,
JleficTBUTENEHO, 00bEM MHUKPOTIOP B 3TOM 00pasIie B JBa pa3a MPEBHIIacT 00beM
mop B oOpasie Ne 15. @pakranbHas pa3MepHOCTh Ds TOKe OTIMYaeTCs TSl TUX
00pa31oB, UTO XapaKTEepU3yeT pa3InYHbIe YCIOBUS SMUCCUU ra3a U3 3TUX JBYX 30H
wiacta. C yuetom 3HaueHui Ds ycroBus BeIxo1a MeTaHa 6oJjiee OJ1aronpHusITHbI BHE
3T, uem B 3III" /1, eciiu B mociieiHe He TPOBEICHA pa3rpy3Ka 1iacTa v rnpejpa-
pUTeNbHAs Iera3alusl.

PamanoBckoe paccesinue. OCHOBHBIMU XapaKT€PHBIMH 0COOEHHOCTSIMH CIIEK-
Tpa KOMOMHAIIMOHHOTO paccestHus (PaMaHOBCKOT0) YIIepOACOAepKAIINX MaTepH-
aJIOB SIBJIAIOTCS T0JIOCKHI Torjomenus D — nuddy3nas u G — rpaduromnogodHasi, ¢
nukamu Bomm3n 1350 u 1580 em™ (puc. 16). ITonoca D, a Tounee D1, oTHOCHTCS K
cBs3aM atoMa yriepoaa C-C cocTosHus SP? MeXIy apoMaTHUeCKUMH KOJIbLAMH.
Cornacho [ 18] mono>keHue moyoc MoraouieHUs 3aBUCUT OT AJTMHBI BOJHBI A J1a3epa,
UCIIOJIb3YeMbIX B paMaHOBCKUX crekTpomerpax. Ilonoxkenue mosocst D Gyner
cMerarbest oT 1360 cm™ npu A = 488 um jmo 1285-1327 cv! Ha JUTHHE BOJTHBI
1264 um. [19].

N3menenue noHON MHTEHCUBHOCTH MOTJIOLIEHHSI ToJIockl D xapakrepusyer us-
MEHEHHUE KOJMYeCcTBa Ae(PEKTOB BO BTOPHUUHOI CTPYKType YIJIEPOJHBIX CBS3EH, a
CMEIIIEHHE TTOJIOKEHUS TTOJIO0CHI MOXKET YKa3bIBaTh HAa BUJ TEKTOHUYECKHUX Je(op-
Maluii — ypyrux Uil MmIacTHYeCKHX.

[Monoca G B paMaHOBCKOM CHEKTpe 06pa3oBaHa KoneGaHusaMu Mokl £22q cBsI3ei
rpadpura C=C apomaTndeckux kojei. [loTomy ee HHTEHCUBHOCTh XapaKTEepHU3yeT
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CTEIEHb apPOMATUYHOCTH YIJIEPOACOACPKAIIMNX MATEPUAIOB, KAKOBBIM SBJISIETCS
HCKOIIaeMblii yroyib. Bo3pacTaHne OTHOILIEHHS IMOJHBIX MHTEHCHUBHOCTEW I10JIOC
norsioieHust Ap/Ac OyaeT yka3biBaTh Ha YBEJIUUCHUE HAPYIICHHI B CBS35X aTOMOB
yIJIEpOJia U BO3PACTaHUE HEYIOPSAIOYEHHBIX MUKPOCTPYKTYD.

600

—— Expenimental curve
Fit peak curve

—— Cunmlative fit peak
R'=0.9805

400

200

Intensity (arb. units)

1000 1250 1500 1750 2000
Raman shift (em™)

Pucynok 16. Pamanoeckuii cnexmp yensa LM (cooepiwcanue yenepooa 86%, evixoo
nemyuux V& = 23,8%) [18]

[Tpu aHaM3e paMaHOBCKUX CIICKTPOB MCKOTIAEMBIX YIJICH BBIJCISAIOT MSATh KOM-
MOHEHT 151 ToJ1oc noromieHust D 1 G, xapakTepu3yronmx CBsi3M aTOMOB yIiiepoia
B coctostHMAX SP? 1 sp° . Kpome Toro, monocy G pa3felnsiorT emie Ha JBe KOMIIO-
HeHnThl: G1 (1575-1590 cm?) — uneanbnas permerka rpadura (E2g — cuMmeTpus) n
G2 (1600-1610 cmt) — pemerka rpaduta ¢ nedexramu (Ezg — cumMmeTpus) u 1o-
BEPXHOCTHBIE Tpa)eHOBBIE CIIOH.

Otromrenne Ap/Ac 1 pa3HOCTH MOJIOKEHHH 11070C AKG.D MOTYT OBITH HCIIOJIb-
30BaHbl KaK Ba)KHBIE IMapaMeTphl, JUIsI OLEHKU CTENEeHHM KPUCTAJUIM3ALUHM WU
HEYTOPSI0YECHHOCTH YIIIepoHbIX CTPYKTYp [20]. B otinnyue ot monockr D1 mosto-
»kenne nosockl G 6onee ycroitunBo (pamanoBckuii capur AKc = 1580 em™).

CriekTpsl 00pa3loB MOJIy4eHBI NP KOMHATHOM TeMIiepaType C HCIO0JIb30Ba-
HHEM JIa3epHOT0 cKaHupyromero koHpokampsHoro «KAPCy» mukpockomna (SOL In-
struments, benapycs). Mctounnkom Bo30yxaenus ciryxmn He-Ne nazep (633 am).
MontHOCTh M3ITy4eHHS 71 J1a3epa Ha 00pasiie cocrapiisuia 4,7 MBT B HOpMaibHO#M
PamanoBckoit mojie. Bpems Hakoruienus curaana cocrasisuio 10 c.

Nmeet cMbICI TPOBECTH aHATIU3 JAHHBIX, MOJTYYEHHBIX METOJIOM PAaMaHOBCKOM
cnekTpockonuu (tabnuma 6), cpaBHUBas oOpaszeny Ne 7 u3 HeHapylIeHON 30HBI
yroJbHOTO Tuiacta u 06pasisl Ne 8 u 9 U3 reosoruveckux HapyiieHui (puc. 17).
HawuGospive otimuns umerotes st oopasiia Ne 8 uz napymienus (h = 1,5 m). Io-
noKkeHue 1010ckl G CMECTUIOCH Ha 8 ¢M ™ K MEHBIIMM 3HAYEHUAM 110 CPABHEHHIO
¢ oopazriom Ne 7. Tlpu 3TOoM 0OMmIHI CABUT TOJIOKEeHUS MUKOB Tosioc D u G oTHO-
cutensHo Apyr apyra, AKg.o, moctur 227 cm™. OTHOIIEHHE aMILTUTYJ MOJOC
lo(D)/10(G) mpubnusunock k eaunuiie. [lo BUAY paMaHOBCKOTO CHEKTpa Yrolib B
oOpasue Ne 8 Haxoaurces Ha Oosee Mo3qHEN cTaguu MeTaMop(pu3Ma, Tak Kak Io-
noca G uMeeT MakcUMasIbHBIH cBur Bipaso (1585 cm™). B To e BpeMst OTHOCH-
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TenbHOE cMetienue nosoc D u G nocturaer HanbosbIIero 3HaU€HUs U3 Tpex 00-
pasioB. Hapymienne mpoucxoauio mo MexaHu3My Xpymnkoi nedopmanuu, o 4em
CBUJETENLCTBYET cABUT nosiockl D. Ee cMenienne k MeHblnM 3HaueHUsM AKp
YKa3bIBaeT HA HaJIM4YME€ HapYLIEHUH CBSI3€l aTOMOB yriepoja B aludaTudeckoi
4aCTU YrOJbHOIO BELIECTBA.

A " | | N /f
S eaceal NEE A4 MERE R ERTA s
i \ - ' \ I TR
M | L )“""J\V"*w ﬂﬂ \«

1000 120 1400 i 1 2000 1o 130 100 E =0 =0 1000 1200 1400 1500 1e00 2000

Raman shift, cm-1 Raman shift, cm A Raman shift, em-!

a o c
Pucynox 17. Buo pamanoeckozo cnexmpa 01 nonoc D u G: (a) - Oopazey Ne 7 (sne
meKmoHu4ecKku HapyuwieHHoll 301vl); (0) - Oopazey Ne 8§ (Hapywenue h=1,5 m); (8) —
Oopazeuy Ne 9 (Hapywenue h=1,1 m)

Intensity, a.u
Intensity, a.u
Intensity, a.u

B otiame ot o6pasma Ne 8, o6pazerr Ne 9, ckopee Bcero, XapakTepU3yeT yTroJib-
HOE BEIIIeCTBO U3 30HBI INTACTUYECKOH JIehopMaIiK, TOCKOJIbKY PAMaHOBCKOE CMe-
menne AKp mosiocel D mpakTrueckn He H3MEHUIIOCh, HO OTHOCUTEIIBHOE COJIeprKa-
HHUC apOMATHUKU YBCIUYMUIIOCH, XOTS ITOJIOKCHHUEC ITOJIOCHI G CMECTHNIIOCH K MCHb-
M 3HaueHnsM (1372 cm™). JleiicTBUTENBHO, BBIXO/ IETYUHX JUIS 3TOTO 00pasia
paBeH 40,6% B otiauume ot 38,2% 11 00pasiia U3 CIOKOWHOM 30HBI.

XapakTep U3MEHEHUs MapaMeTPOB paMaHOBCKOTO CTIeKTpa jisi 00pa3ioB Ne 14
u Ne 15, a iMEHHO: YMEHBIIIEHHE paMaHOBCKOTO caBura mosiocsl D, AKp, u yBenu-
yenue oTHoureHus nuateHcuBHocteit lo(D)/l1o(G) (Tabmwia 6), ykaspiBaet Ha aedop-
mupoBanue yris B 31"l mo MexaHu3My Xpymkoi aedopmariu, mpu KOTOpor 00-
pa3yroTcst 1e(heKThl U BO3pacTaeT KOJUUYECTBO pa3pyIIEHHbIX alu(PaTUUECKUX CBsI-
3eut yraepona [18].

Taénuya 6. /lannvie pamano6cKkoil cneKmpocKkonuu

oJ(\Sri). Mecro oT6opa mpoOsI ﬁﬁg’ éﬁel' lo(D)/10(G) Aﬁf’
7 CrokoliHas 30Ha 1368 1580 0,985 212
8 | Hapymenue (h=1,5 m) 1358 1585 0,998 227
9 | Hapymenue (h=1,1 m) | 1365 1572 0,979 207
14 B3I’ 1340 1586 1,05 246
15 Bre 3I1T'/] 1346 1580 1,02 234

Bue 3III'/l cMemienre moJioxeHus: moyiockl D k Oojiee BBICOKUM 3HAYCHHSIM
AKp = 1346 cmykaseiaeT Ha Gonee OBICTPBII Mpoliecc MeTaMOp(U3alMK Y,
gyeM 310 npoucxoauio B [T/ (puc. 18). [leiictBuTensHo, coiepkaHre BATPUHNATA
B 00Opasie Ne 15 Vt = 82,4%, B To Bpems kak B oOpasie Ne 14 Vt = 80,6 %.
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:

HEdgeaHdBEEEE

Intensity, a.u.

1

Raman shift, em~

Pucynok 18. Cnexkmp oopazua Ne 15 ene 3IIT/]

3. PE3VJIbTATBDI, NIOJYYEHHBIE METOJAMH UMIIEJAHCHOM
CHEKTPOCKOIIMHU, HUBKOTEMIIEPATYPHOU AICOPBIIUN
A30TA 1 PAMAHOBCKOWM CHEKTPOCKOIINA

B oTnmune oT TpaaUIIMOHHBIX UCCIIEIOBAHUM, T/I€ TIOJIYY€HBI PE3yIbTaTh, TO-
Ka3bIBAIOIINE U3MEHEHNE CTPYKTYPHBIX U COPOIIMOHHBIX CBOWCTB YIJIeH B 3aBUCH-
MOCTH OT cTaauu metamopdusma [1, 21], MBI TOTIBITATUCH BHISIBUTH YYBCTBUTEIb-
HOCTb JIaHHBIX METOJIOB K U3MEHEHHIO (PM3MUYECKUX XapaKTEPUCTHUK YIJIsl B F€0JIO-
rudeckux HapymeHusx. C 1enblo yCcTaHOBJICHHS 3aKOHOMEPHOCTEH ObLIN MpoBe-
JICHBI U3MEPEHHUSI TSt 00pa3IOB U3 HAPYIICHUH W CIIOKOMHOM 30HBI YTOJIHHOTO TIjIa-
cta. Haubosee 4yBCTBUTENIBHBIM METOJIOM JUIS aHAJIU3a TEKTOHUYECKUX Hapylle-
Huil okazanca meroq CKP, no3Bossionuil mpocaeanuTh XapaKTEPUCTUKU THUIIA JIe-
dhopmaruii (TutacTHYECKUE WM YIIPYrUe) B HAPYIICHHBIX 30HAX, YTO MPOSBIISETCS
B HE3HAUUTEIHHOM, HO 3aMETHOM HM3MEHEHUH CTENeHU Yyriedukaluu, KoTopas
oTpe/eNnsieTcss TAKUMHU (PU3MUECKUMHU XapaKTePUCTHUKaMU, KaK TOPHOE JTaBJICHHUE U
TeMIlepaTypa IjiacTa.

Metoast BOT u MYPH HeoO6xo MBI [1si TOHUMaHHUS K3MEHEHUS PAaMaHOBCKHUX
CIEKTPOB YISl U3 HapylleHui. Tak, yBenuyeHue yaeabHOM MOBEpXHOCTU U (pak-
TaJbHbIX IOBEPXHOCTHBIX Pa3MEpPHOCTEH CBUIETEIBCTBYET O MOTEHIMAIbHON
OTIACHOCTH BBIOPOCOB B 30HE TEKTOHUYECKUX HapylieHuid. Ecinu ¢ppakransHbie pas-
MEpHOCTH OJHM3KU K 3HAYECHUIO 2,5, To OyayT MalIOBEPOSITHBI OTKJIOHEHUS TPaHC-
MIOPTHBIX CBOMCTB CUCTEMBI I'a3-yIroJib OT KJIACCUYECKHUX.

DnexTpodu3nuecKkue XapaKTepUCTUKU YTOJIBbHBIX 00pa30B 3aMETHO MEHSIFOTCS
IIpH Tepexojie OT OJHOro oOpasma Kk aApyromy. Hauboiiee cyiecTBeHHO U3MEHsI-
FOTCSI TPAHCTIOPTHBIE CBOMCTBA 00pa3iioB Mapku J(I” ipu nepexoe oT “criokoitHoMi”
30HBI YIOJIBHOTO IIJIacTa K 30HE Me€0JIOTMYECKOT0 HapyILIEHUs, KOTOPOE, COrIacHO
PaMaHOBCKOM CIEKTPOCKOMHH, MTPOUCXOUIIO TI0O MEXaHU3MY XpYIKO# aedopma-
1un. J[efCTBUTENbHO, B TEKTOHUYECKH HapylieHHoH 30He h = 1,5 M snekTpormpo-
BOJHOCTh U CBsi3aHHas ¢ Hel nuddy3us ymeHbiaerca Ha 5-6 MOPSIIKOB MO CpaB-
HEHUIO C MAJOAMILTUTYIHBIM TEKTOHHUECKMM HapyiieHueM h = 1,1 m. YaenbHast
ANIEKTPOTIPOBOIHOCTH Ha MOCTOSIHHOM TOKE B mepBoM obpasiie (Ne §), mpu mpounx
PaBHBIX YCIOBHSIX MOJATOTOBKHU 00pa3loB K U3MEPEHUSIM METOJIOM HMIIEIaHCHOMN
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crektpockonuyu, paBHa oo = 8-10 Om?t-cm?, Bo BTOpOoM o06pasue (Ne 9)
60=15-10° Omt-em™ Crnenyer OTMETUTh, YTO, COTJIACHO MUMIIEJAHCHOM CIIEK-
TPOCKOIIMH, CTPYKTYpPHAsi OpraHu3alus yrisi B oopasie Ne 8 oTmmgaercs ot uepap-
XWYECKOM, IOCKOJIBKY HE YJalI0Ch BEIYUCIUTH MOBEPXHOCTHYIO (PpaKTAIBHYIO pa3-
MEPHOCTb U3 3aBUCUMOCTH 3JIEKTPOIPOBOAHOCTH OT YaCTOTBHI.

VY aenpHbIE 3IEKTPOIPOBOAHOCTH B 00Opa3nax yris Mapku JK, MOJIydeHHBIX U3
30HBI MOBBILIEHHOTO ropHOro fasineHus (Ne 14) u Bae ee (Ne 15), ornuuatores B
MeHbIneii crenenn. Tem He MeHee, nomydennsie 3Hauenns o(0)=5,4 -10° Omtem™
st o6pasa Ne 14 u 8,7-10° Om™t-em™ st o6pasma Ne 15 maxomsTes B cornacuu
¢ (pu3muecKkuMH TpEACTAaBICHUAMU 00 U3MEHEHUHU 3JIEKTPOTIPOBOJIHOCTH B MOPH-
CTBIX CpeJlax MPH MEXaHU3Me XPYIKOIro JepOpMUpPOBaHUS, IPUBOIALIETO K pa3py-
LIEHUIO CBSI3€H B MOJIEKYJIIPHOM anu(aTHUeCKON YacTH YyroJbHOTO BEIEeCTBA.

DKcrepuMeHTalIbHbIE JaHHbBIE TIOKA3bIBAIOT, UTO JUIS UCCIIEIOBAaHHBIX 00pa3LoB
yrien mapok I u XK, sBastonuxcsi mepcrneKTUBHBIMU JIJIsl TIOJTydeHust rpadeHo-
BbIX KBaHTOBBIX Touek (KT) [22], nocTaTouHO OTHOPOAHBIX IO CBOUM (PU3NUECKUM
CBOMCTBaM, HEOOXOAUMO MPOBOAUTH PsAJl (PU3MKO-XUMUUECKHUX IMPOLETyp, KOTO-
peie mo3Bosmin Obl u3Bieub KT, nMeronine yHUKadbHbIE 3JIEKTPOPHU3NUYECKHE
CBOMCTBA.

PaGora BbInosiHeHa npu yacTuyHOM QuHaHncupoBanud MOH Ykpaunsl B cooT-
BercTBHe ¢ mpukazom Ne 199 ot 10 despans 2017 r.

CIIMCOK JIMTEPATYPbI

1. Konchits, A.A., Shanina, B.D., Valakh, M.Ya., Yanchuk, 1.B., Yukhymchuk, V.O.
et al. (2012). Local structure, paramagnetic properties, and porosity of natural coals: Spec-
troscopic studies. J. Appl. Phys. 112, 043504. DOI: 10.1063/1.4745015

2. Bacwuenko, T., Ucmamos, A., Kupumnos, A., & Jlopomkesud, A. (2018). Mccre-
JIOBAaHHE UEePAPXUUECKON CTPYKTYPhI UCKOIIAEMbIX yriiei METOJA0M MaJIOYTJIOBOTO paccesi-
HUSI TCIUIOBBIX HEHUTPOHOB. [ OpHblll UHGDOPMAYUOHHO-AHATUMUYECKULl DloIemeHb (CO.
nayun. mpyoos), Ne 11, (criert. Beimyck Ne49), 33—-48. DOI: 10.25018/0236-1493-2018-11-
49-33-48

3. Bisquert, J., & Compte, A. (2001). Theory of the electrochemical impedance of
anomalous diffusion. Journal of Electroanalytical Chemistry 499.112-120.

4. Randles, J.E.B. (1947). Kinetics of rapid electrode reactions. Discuss. Faraday
Soc., 1, 11-19. DOI: 10.1039/DF9470100011

5. Diffusion Impedance. Handbook, 2001, 22p.

6. Bacunenxo, T.A., Kupumnos, A.K., Cobones, B.B, [lopomxkesuy, A.C., & IIpon-
ckuit, E.A. (2017). MI3mMeHeHne 2IeKTpOPU3NIECKUX ITapaMeTPOB yBIIAXXHEHHOTO KaMeH-
HOTO YTJIsl IPH MATHATOUMITYJIECHOM BO3JIEHCTBUH. Di3uK0-mMeXHiuHi npod.iemMu 2ipHuuo20
supoonuymea. — Bun. 19. — [Ininpo: lucturyt disuku ripauunx npouecis HAH Ykpainu,
5-18.

7. VanderNoot, T.J. (1991). Limitations in the analysis of ac impedance data with
poorly separated faradaic and diffusional processes. J. Electroanal. Chem., 300, 199-210.
doi.org/10.1016/0022-0728(91)85395-6

8. Wong, P.Z. Fractal surfaces in porous media (1987). Physics and Chemistry of Po-
rous Media. Vol. 2, eds. Bahavar J.P., Koplik J. & Winkler K.W. — Am. Inst. Phys., Vol.
154, 304-318.

27


https://doi.org/10.1016/0022-0728(91)85395-6

Pu3nko-TexHu4ecKue npodaeMsl ropHoro npoussoacrsa 2019, spin. 21

9. Dyre, J. (1994). Studies of ac hopping conduction at low temperatures. Physical
Review. B 49, 117009.

10. Chelidze, T.L., Gueguen, Y., & Ruffet, C. (1999). Electrical spectroscopy of po-
rous rocks: a review — Il. Experimental result and interpretation. Geophys. J. Int. 137. 16—
34.

11. http://www.abc.chemistry.bsu.by/vi/analyser/ — [Dnextponnsiii pecypc] — IIpo-
rpaMma i aHajii3a 1 MOACIUPOBAHUA CIICKTPOB UMIICAaHCA.

12. Sumna, ET'., & I'puropses, C.B. (2017). ManoyrioBoe pacceHre HEHTPOHOB Ha
(hpakTanbHbIX 00beKTaX. [losepxrHocmb. Penmeenosckue, CUHXPOMPOHHbLE U HEUMPOHHBLE
uccneoosanus, 9, 5-16. DOI: 10.7868/S0207352817090013

13. Kuklin, A.l., Rogachev, A.V., Soloviov, D.V., et al. (2017). Neutronographic in-
vestigations of supramolecular structures on upgraded small-angle spectrometer YuMO.
IOP Conf. Series: Journal of Physics: Conf. Series 848, 012010. DOI: 10.1088/1742-
6596/848/1/012010

14. Cherny, A.Yu., Anitas, E.M., Osipov, V.A., & Kuklin, A.l. (2017). Scattering from
surface fractals in terms of composing mass fractals. J. Appl. Cryst. 50, 919-931.
https://doi.org/10.1107/S1600576717005696

15. Csepryn, JI.1., & ®eiirun, JI.A. (1986). Penmeenosckoe u Hetimponnoe maioye-
n06oe paccesinue. Mocksa: Hayka.

16. Snook, I., Yarovsky, 1., Hanley, H. J., Lin, M. Y., Mainwaring, D., Rogers, H., &
Zulli, P. (2002). Characterization of Metallurgical Chars by Small Angle Neutron Scatter-
ing. Energy & Fuels, 16(5), 1009-1015. DOI: 10.1021/ef010107n

17.  Avnir, D., Jaroniec, M. (1989). An isotherm equation for adsorption on fractal
surfaces of heterogeneous porous materials. Langmuir 5, 1431-1433.

18. Xiaoshi Li, Yiwen Ju, Quanlin Hou, Zhuo Li, & Junjia Fan. FTIR and Raman
Spectral Research on Metamorphism and Deformation of Coal. Journal of Geological Re-
search. - Volume 2012, ID 590857-8. DOI: 10.1155/2012/590857.

19. Manoj, B, & Kunjomana, A.G. (2010). FT-Raman Spectroscopic Study of Indian
Bituminous and Sub-bituminous Coal. Asian Journal of Material Science 2(4), 204-210.

20. He Xueqiu, Liu Xianfeng, Nie Baisheng, & Song Dazhao. (2017). FTIR and Ra-
man spectroscopy characterization of functional groups in various rank coals. Fuel 206,
555-563.

21. Ulyanova, E.V., Molchanov, A.N., Prokhorov, I.Y., & Grinyov V.G. (2014). Fine
structure of Raman spectra in coals of different rank. International Journal of Coal Geol-
ogy 121, 37-43. http://dx.doi.org/10.1016/j.coal.2013.10.014

22. Ye, R., Xiang, Ch., Lin, J. et al. (2013). Coal as an abundant source of graphene
guantum dots. Nature Communications 4, 3943. DOI: 10.1038/ncomms3943

REFERENCES

1. Konchits, A.A., Shanina, B.D., Valakh, M.Ya., Yanchuk, I.B., Yukhymchuk, V.O.
et al. (2012). Local structure, paramagnetic properties, and porosity of natural coals: Spec-
troscopic studies. J. Appl. Phys. 112, 043504. DOI: 10.1063/1.4745015

2. Vasilenko, T., Islamov, A., Kirillov, A., & Doroshkevich, A. (2018). Issledovaniye
iyerarkhicheskoy struktury iskopayemykh ugley metodom malouglovogo rasseyaniya
teplovykh neytronov. Gornyy informatsionno-analiticheskiy byulleten' (sb. nauchn. tru-
dov), Ne 11, (spets. Vypusk Ne49). DOI: 10.25018/0236-1493-2018-11-49-33-48

3. Bisquert, J., & Compte, A. (2001). Theory of the electrochemical impedance of
anomalous diffusion. Journal of Electroanalytical Chemistry 499.112-120.

4. Randles, J.E.B. (1947). Kinetics of rapid electrode reactions. Discuss. Faraday
Soc., 1, 11-19. DOI: 10.1039/DF9470100011

28


http://www.abc.chemistry.bsu.by/vi/analyser
http://dx.doi.org/10.1016/j.coal.2013.10.014

Pu3nko-TexHUYecKue npodaeMbl ropHoro npoussoacrsa 2019, spin. 21

5. Diffusion Impedance. Handbook, 2001, 22p.

6. Vasilenko, T.A., Kirillov, A.K., Sobolev, V.V, Doroshkevich, A.S., & Pronskiy,
Ye.A. (2017). Izmeneniye elektrofizicheskikh parametrov uvlazhnennogo kamennogo ug-
lya pri magnitoimpul'snom vozdeystvii. Fizyko-tekhnichni problemy hirnychoho vyrobny-
tstva. — Vyp. 19. — Dnipro: Instytut fizyky hirnychykh protsesiv NAN Ukrayiny

7. VanderNoot. T.J. (1991). Limitations in the analysis of ac impedance data with
poorly separated faradaic and diffusional processes. J. Electroanal. Chem., 300, 199-210.
doi.org/10.1016/0022-0728(91)85395-6

8. Wong, P.Z. Fractal surfaces in porous media (1987). Physics and Chemistry of Po-
rous Media. Vol. 2, eds. Bahavar, J.P., Koplik, J. & Winkler, K.W. — Am. Inst. Phys., Vol.
154, 304-318.

9. Dyre, J. (1994). Studies of ac hopping conduction at low temperatures. Physical
Review. B 49, 11709.

10. Chelidze, T.L., Gueguen, Y., Ruffet, C. (1999). Electrical spectroscopy of porous
rocks: a review — I1. Experimental result and interpretation. Geophys. J. Int. 137. 16-34.

11. http://www.abc.chemistry.bsu.by/vi/analyser/ — [Electronic Resource] — A pro-
gram for the analysis and modeling of impedance spectra.

12. Yashina, Ye.G., & Grigor'yev, S.V. (2017). Malouglovoye rasseniye neytronov na
fraktal'nykh ob"yektakh. Poverkhnost'. Rentgenovskiye, sinkhrotronnyye i neytronnyye
issledovaniya. DOI: 10.7868/S0207352817090013

13. Kuklin, A.l., Rogachev, A.V., Soloviov, D.V., et al. (2017). Neutronographic in-
vestigations of supramolecular structures on upgraded small-angle spectrometer YuMO.
IOP Conf. Series: Journal of Physics: Conf. Series 848, 012010. DOI: 10.1088/1742-
6596/848/1/012010

14. Cherny, A.Yu., Anitas, E.M., Osipov, V.A., & Kuklin, A.l. (2017). Scattering from
surface fractals in terms of composing mass fractals. J. Appl. Cryst. 50, 919-931.
https://doi.org/10.1107/S1600576717005696

15. Svergun, D.l., & Feygin, L.A. (1986). Rentgenovskoye i neytronnoye maloug-
lovoye rasseyaniye. Moskva: Nauka.

16. Snook, I., Yarovsky, I., Hanley, H. J., Lin, M. Y., Mainwaring, D., Rogers, H., &
Zulli, P. (2002). Characterization of Metallurgical Chars by Small Angle Neutron Scatter-
ing. Energy & Fuels, 16(5), 1009-1015. DOI: 10.1021/ef010107n

17. Auvnir, D., & Jaroniec, M. (1989). An isotherm equation for adsorption on fractal
surfaces of heterogeneous porous materials. Langmuir 5, 1431-1433.

18. Xiaoshi, Li, Yiwen, Ju, Quanlin, Hou, Zhuo, Li, & Junjia, Fan. FTIR and Raman
Spectral Research on Metamorphism and Deformation of Coal. Journal of Geological Re-
search. - Volume 2012, ID 590857-8. DOI: 10.1155/2012/590857.

19. Manoj, B, & Kunjomana, A.G. (2010). FT-Raman Spectroscopic Study of Indian
Bituminous and Sub-bituminous Coal. Asian Journal of Material Science 2(4), 204-210.

20. He, Xueqiu, Liu, Xianfeng, Nie, Baisheng, & Song, Dazhao. (2017). FTIR and
Raman spectroscopy characterization of functional groups in various rank coals. Fuel 206,
555-563.

21. Ulyanova, E.V., Molchanov, A.N., Prokhorov, I.Y., & Grinyov, V.G. (2014). Fine
structure of Raman spectra in coals of different rank. International Journal of Coal Geol-
ogy 121, 37-43. http://dx.doi.org/10.1016/j.coal.2013.10.014

22. Ye, R., Xiang, Ch., Lin, J. et al. (2013). Coal as an abundant source of graphene
guantum dots. Nature Communications 4, 3943. DOI: 10.1038/ncomms3943

29


https://doi.org/10.1016/0022-0728(91)85395-6
http://www.abc.chemistry.bsu.by/vi/analyser
https://doi.org/10.1107/S1600576717005696
http://dx.doi.org/10.1016/j.coal.2013.10.014

Pu3nko-TexHu4ecKue npodaeMsl ropHoro npoussoacrsa 2019, spin. 21

ABSTRACT (IN UKRAINIAN)

Merta pocaimkennsi. OOrpyHTYBaTH KpUTEPIi Ta MapaMeTpH MpOrHo3y BUKUOHE-
0€31eYHOCT] BYriJIbHOTO TUIACTa B yMOBAaX MOTO PO3POOKHM Ha BEIMKUX TIIHOMHAX,
BUKOPHUCTOBYIOYM HEIHBA3MBHI METOIU JIOCIIKCHHSI.

Metoau. IMmenancHa CEKTPOCKOITis, MaJOKYTOBE PO3CISTHHS HEHTpPOHIB, pama-
HOBCKasl CIIEKTPOCKOTIS 1 HU3bKOTEMIIEpaTypHa aacopOilii a30Ty BUKOPHCTOBYBa-
JHCS TIPY BUBYEHHI TPAHCTIOPTHUX 1 CTPYKTYPHHUX XapaKTEPUCTHUK BYT LIS Pi3HOTO
crynens Byriedikanii. B mepury depry, npuaiieHo yBary MeTony iMIEIaHCHOT
CTIEKTPOCKOIIi1, 32 JJOMTOMOTOIO SIKOTO BHUSBJICHI 0COOIMBOCTI mpoueciB audys3ii ta
€JIEKTPOTPOBIAHOCTI Y BYTUUII paHHIX CTajlil MeTaMopQi3My Mpu po3risal B UIHU-
pokomy miarnazoni yactoT Big 500 'y go 1,5 M.

PesyabTaTn. EnextpodiznyHi XapakTepUCTUKHU BYTUIBHUX 3pa3KiB MOMITHO 3Mi-
HIOIOTHCSI TIPU TIEPEXO/I1 BiJ OJJHOTO 3pa3Ka 0 1H1oro. HaiOuibn icTOTHO 3MIHIO-
I0ThCS TPAHCIIOPTHI BIACTUBOCTI 3pa3kiB Mapku JI" mpu nepexoni Bix "criokiiiHO1"
30HU BYTUIBHOTO IJ1acTa JI0 30H1 T€0JIOTTYHOT0 MOPYIIEHHS, SKe, 3T1THO paMaHiB-
ChKO1 CIIEKTPOCKOITIi, BITOYBaI0Cs 32 MEXaHI3MOM KpUXKOi Aepopmartii. Sk BUIIIM-
Ba€ 3 IMIIEJJAHCHOT CIIEKTPOCKOITIi, CTPYKTYpHa OpraHizallis Byriuis B 3pa3Ky 3 Te-
KTOHIYHOTO MOpPYIIEHHs BiApi3HAEThCA Bif iepapxiunoi. Ii MokHa XapakTepusy-
BaTH SIK MacoOBUM (ppakTal.

HaykoBa HoBu3HA. [[0CHIPKEHO YYTIMBICTH METOJIIB, IO 3aCTOCOBYIOTHCSA, 0
3MIHU (DI3UYHUX XapaKTEPUCTUK TEKTOHIYHO MopylieHoro Byruuis. HaiOuibm vy-
TJIMBUM METOJIOM JJISl aHaJI3y TEKTOHIYHUX MOPYUIEHb BUSBUBCS METO] paMaHiB-
ChKO1 CIIEKTPOCKOIIIi, 10 TO3BOJIE MPOCTEKUTH XapaKTEPUCTUKU TUITY nedopma-
ik (mmacTu4Hi ado MPYKHI) B OPYIIEHUX 30HaX. IMIe1ancHa CIIeKTPOCKOITIS J10-
3BOJISIE 32 BUMIPSSHUMH 3HAYCHHSIMU €JIEKTPOIMPOBITHOCTI B IIMPOKOMY JAiama3oHi
4aCTOT OTPUMATH YSBIICHHS PO TPAHCIIOPTHI BJIACTUBOCTI (DIIIOIMIB Y TOPOBOMY
MPOCTOPI BYT'ULJIS B CIIOKIMHKX 1 TEKTOHIYHO MOPYIIEHUX 30HaX BYTUIBHOTO TUTACTA.
IIpakTHYHa 3HAYMMICTB. Pe3ynbpTaTl JOCTIHKEHHS I€MOHCTPYIOTh MOYKJIUBICTh
JIarHOCTUKU TPAHCTIOPTHUX BJIACTUBOCTEH BYTULIS 32 BUMIpaMU iX eIeKTpodi3ud-
HUX BIIACTHUBOCTEH, a TaKOXK MOXKJIMBICTh BUKOPHCTAHHS HEIHBA3UBHUX METO[IIB
aHaJIi3y JJIs MPOTHO3Y BUKUIOHEOE3EYHUX 30H BYTUILHOTO ILJIacTa IpU BUAOOY-
TKY BUKOITHOTO BYT'JUISI HA BEJIMKUX TJTMOMHAX.

KurouoBi cjioBa: iMnegaHcHa CIIEKTPOCKOTIIsI, PO3CIFOBaHHS HEHTPOHIB, €JIEKTPO-
MIPOBIJIHICTh, BUKOIIHE BYTULJISl, TEKTOHIYHE MOPYIIEHHS, HU3bKOTeMIIepaTypHa aj-
copOrrisi, hpakTagbHa PO3MIPHICTH

ABSTRACT (IN RUSSIAN)

Heap uccaenoBanus. OO0CHOBATH KPUTEPUHU U MapaMETPhl MPOTHO3a BHIOPOCO-
OTIACHOCTH YTOJIbHOTO TJIACTa B YCIIOBUAX €r0 pa3pabOTKU Ha OOJBIINX IITyOrHaX,
WCIOJIb3YSl HEMHBA3UBHBIE METOIbl UCCIICIOBAHMUS.

Metoasl. IMIiejancHas CIEKTPOCKOIMS, MAJIOYIJIOBOE PACCEIHNE HEUTPOHOB, pa-
MaHOBCKasl CIIEKTPOCKONHS U HU3KOTEMIIepaTypHas afcopOIiK a30Ta UCTIOIb30Ba-
JIUCh TIPU U3YYEHHUH TPAHCIIOPTHBIX U CTPYKTYPHBIX XapaKTEPUCTHK YIiIeH pasziny-
HOM crenenu yrinedukanuu. B nepByro ouepep, yAeneHO BHUIMAaHUE METOAY UM-
NeIAHCHON CHEKTPOCKOIUH, C MOMOIIbI0 KOTOPOTO OOHAPYXEHbI 0COOEHHOCTH
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nporeccoB (G Qy3un U AEKTPONPOBOIHOCTH B YIIISIX PAHHUX CTAIUNA METaMOp-
¢u3Ma mpu pacCMOTPEHHUH B IHUPOKOM JuanazoHe yactot ot 500 I' o 1,5 MIw.

Pe3yabTaThl. DIeKTpoPHU3NUECKUE XapaKTEPUCTHKHU YTOJIbHBIX 00pa3oB 3aMETHO
MEHSIIOTCS TIPU TIEpEX0ie OT OJHOTO oOpasia k apyromy. Haunbomnee cymiecTBeHHO
M3MEHSIIOTCS] TPAHCTIOPTHBIE CBOMcTBa 00pa3ioB Mapku /11" npu nepexoae ot “crio-
KOWMHOM” 30HBI YTOJBHOIO IIJIaCTa K 30HE I'€0JOrMYECKOr0 HapylleHUs, KOTOPOE,
COrJIaCHO PaMaHOBCKOW CHEKTPOCKOIUH, IMPOUCXOJUIIO [0 MEXAHU3MY XPYIKOU
nedopmanuu. Kak ciemyer u3 UMIieIaHCHON CHEKTPOCKOIINH, CTPYKTypHAst opra-
HU3aLUs yIiisl B 00pasiie U3 TEKTOHUYECKOI0 HapyIIEHUsI OTJINYAaeTCs OT UepapXU-
yeckoil. Ee MOKHO XapaKTepnu30BaTh KaK MacCOBBIH (ppakTall.

Hayunas HoBu3Ha. VccnenoBana 4yBCTBUTEIBHOCTh MPUMEHSEMBIX METOJIOB K
U3MEHEHHIO (U3NYECKUX XapaKTEPUCTHK TEKTOHMYECKU HAPYLUIEHHBIX YIJIEH.
Haubonee yyBcTBUTENBHBIM METOJIOM Il aHAJIM3a TEKTOHMYECKUX HapYIICHUH
0Ka3aJICsl METOJ1 PAMAaHOBCKOM CIIEKTPOCKOTIMH, TTO3BOJISIOLINI TPOCIEIUTh Xapak-
TEPUCTUKH TUNA Aedopmaliuii (MIacTUYECKUe WM YIPYTHe) B HapyIIEHHbBIX 30HaX.
NMnienancHas CHEKTPOCKONUS MO3BOJISIET TI0 U3MEPEHHBIM 3HAUEHUSIM 3JIEKTPO-
MIPOBOJHOCTU B IIMPOKOM JHAara3oHe 4acTOT MOJyYUTh MPEICTABICHHUE O TpaHC-
MOPTHBIX CBOMCTBAX (JIFOUJIOB B NMOPOBOM IPOCTPAHCTBE yIJIed B CHOKOWHBIX U
TEKTOHWYECKH HapYIIEHHBIX 30HAaX YIOJbHOTO IJIacTa.

IIpakTnyeckass 3Ha4YUMoOCThb. Pe3ynbTaThl UCCIEIOBaHUS AEMOHCTPUPYIOT BO3-
MO>KHOCTh TUarHOCTUKH TPAHCIIOPTHBIX CBOWCTB yIilel M0 M3MEPEHHIM UX dJIeK-
TPOPHU3UUECKUX CBOICTB, a TaK)K€ UCIOJIb30BAaHUSI HEMHBA3MBHBIX METOJIOB aHa-
JM3a [l IPOTrHO3a BEIOPOCOONACHBIX 30H YrOJIBHOI'O IJIacTa Mpu J100bIYe HCKOTIA-
€MOTO yIJIsl Ha OOJIBIITUX TITyOMHAX.

KiroueBble cjioBa: MMIeJaHCHas CIEKTPOCKOIUS, paccesHue HEUTPOHOB, HIIEK-
TPOIPOBOJIHOCTh, UCKOTIAEMBIH Yrojib, TEKTOHUYECKOE HapyILEHUE, HU3KOTEMIIE-
patypHas ajgcopOuus, ppakTaibHas pa3MEepPHOCTh
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