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North Korea conducted underground nuclear explosions on October 9, 2006 (my 4.3), May 25, 2009 (m; 4.7), February
12, 2013 (mp 5,1), January 6, 2016 (my 5,1), September 9, 2016 (my 5,3) and September 3, 2017 (my 6,3). We estimated
source depths for the North Korean nuclear tests using regional and teleseismic data. We found the burial depth at around
2 km for all North Korean nuclear tests using spectral nulls using pP+P/sP+P and pPn + Pn/ sPn+Pn including spectral
minima (holes) of the fundamental-mode Rayleigh wave amplitude spectra. It should be noted that utilizing azimuth
averaged spectra from the observations is most appropriate to estimate depth for unknown sources in the nonlinear
topographic region such as the North Korean nuclear test sites. It is also noticeable to have found spectral anomalies
depending on not only source effects but also the site effects. We found higher spectral nulls at the Fennoscandian Shield
stations like ARCES and FINES due to the higher crustal velocity resulting in the fast P-wave arrivals with high Q and
low attenuation containing high frequencies which very fit to underground nuclear detection, whereas spectral nulls at
ASAR are found to be much lower because there is the Great Artesian Basin beneath the array including the low velocity
zone in the upper mantle as well. These phenomena are also observed from spectral nulls due to reflection from the bottom
of the 660-km Discontinuity by a deep-focus earthquake. It is also notable that the possibility of the over-burial detonation
would affect Ms : m, and seismic yield for the North Korean underground nuclear tests [1].

DATA ANALYSIS AND INTERPRETATION
ARCES, ASAR, EKA, KURK, NVAR, PDAR, WRA

also estimated by pPn-Pn/sPn-Pn delay times from the
destructive interference (pPn + Pn/sPn+Pn) in the spec-

and YKA teleseismic arrays were used to determine
depth for the North Korean nuclear tests (Figure 1). The
source depth is estimated by pP-P/sP-P delay times from
the destructive interference (pP + P/sP+P) in the spectra.

F40°N

Closed squares represent teleseismic arrays with uniformly azimuthal
coverage for the average spectra. Open triangles represent the regional
seismic network including KSRS (Korea Seismological Research Station,
Wonju, South Korea) and USRK (Ussuriysk, Russia) arrays. The red star
indicates the nuclear test site.

Figure 1. Teleseismic, Regional Seismic Arrays & Local
Stations Seismic Networks

ARCES, EKA, FINES and YKA teleseiamic arrays
were used to determine depth for the North Korean
nuclear tests on September 3, 2017. The source depth is

tra of KSRS and USRK Arrays for 2016J, 2016S and
2017S nuclear tests.

Synthetic seismograms and spectra of the vertical
component for regional and teleseismic data to account
for a) a spectral null (minimum) due to the destructive
interference at 1,75 Hz showing pPn + Pn for the near-
field (441 km); b) at a spectral null at 1,25 Hz showing
pP + P for the far-field (distance 81°) at a depth of about
2 km assuming the flat Earth model (Figures 2, 3 and 4).

The same spectral nulls (Figure 2) of 1,10 Hz at
ASAR, while spectral nulls of 1,35 Hz, 1,25 Hz and 1,25
Hz at WRA are estimated for the 2006, 2009 and 2013
nuclear tests of North Korea.

The delay times of pP-P (Figure 3) are much shorter
than those of other arrays which may be due to the high-
velocity lower crust through the stable Fennoscandian
Shield with high Q whereas the low spectral null at
ASAR are attributed to the Great Artesian Basin beneath
the seismic array which includes a large aquifer with
water-bearing formation, including the low velocity zone
of the upper mantle.

We found (Figure 4) the spectral nulls of sPn + Pn/
pPn + Pn at 1,12/1,62 Hz for the 2006 test, 1,12/1,75 Hz
for the 2009 test and 1,12/1,75 Hz for the 2013 test
respectively indicating 2,17/2,12 km, 2,17/1,95 km and
2,17/1/95 km for the 2006, the 2009 and 2013 tests,
respectively. The average depth for the 2006, 2009 and
2013 tests are found to be 2,15, 2,06 and 2,06 km. sPn +
Pn has the same spectral nulls indicating that the travel
time difference for S wave (SV) for the near local array
is almost the same for the very shallow depth.

50



SOURCE DEPTH DETERMINATION OF THE DPRK’S SIX NUCLEAR TESTS (2006, 2009, 2013, 2016J, 2016S, AND 2017)

USING REGIONAL AND TELESEISMIC DATA

_‘"“rnn.md_m 0 1htm 16 a0 a5 ThaSm50s EED)
Pagey — Eou v [‘;’—— ~;\f\/\«/\»f\w’\, O e P
1. Y = s —_— e —

| ASOs f vAvanvAvAvﬂwv - 3_[
\‘,UV\A/\,—-/WM‘ —e—— . ——— —— — — —
-A/\/M\/fv-—.a.\. g

! window 8 thing 7
ﬂ}\;-q/‘«/%\mvv—\?;/f‘ - o S 1000 - _“:' "_:._: ¥

window 10 s, smoothing 7

10000

{
{
|
|

100
Frequency (Hz)
20s
WRA2013
SRS window 7 s, smoothing 7
10000
o
T 21000

Figure 2. Seismograms & Spectral Nulls for the 2006, 2009, 2013 Nuclear Test

Using Teleseismic Arrays ASAR and WRA

The open blue arrows and red solid arrows indicate spectral nulls of sP-P at around 1,1 Hz for the 2009 and 2013
and spectral nulls of pP-P at around 1,6 Hz for the 2006, 2009 and 2013 nuclear tests at FINES

Figure 3. Seismograms & Spectral Nulls for the 2006, 2009, 2013 Nuclear Tests Using Teleseismic Array FINES
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Figure 4. Seismograms & the spectral characteristics for the
2006, 2009 and 2013 nuclear tests from KSRS Array

It should be noted (Figure 5) that there is a slapdown
phase at 0,74 Hz (1,35 s) and 0,57 Hz (1,75 s) after onsets
of the P-wave arrivals in the USRK2016S and
USRK2017S records (brown arrow).

We estimated depths of burial at 2,12 km, 2,06 km
and 2,05 km from the free surface for the 2006, 2009 and
2013 nuclear tests using body and Rg wave spectral nulls

(Figures 2, 3 and 4). The source depths for the 2016J,
2016S and 2017 nuclear tests were estimated at 2,01, 2,11
and 2,01 Km, respectively (Figure 5) using the average
spectral nulls of pPn+Pn and sPn+Pn from KSRS, USRK
and MDJ. The Pn-wave velocity for USRK is used as 8,0
km/sec in the Sikhote Alin region which is obtained from
[2] and [3] whereas that for KSRS is 7,8 km/sec which is
obtained from various researchers [4, 5, 2]. However, the
spectral nulls for the USRK are lower than those of KSRS
due to the low velocity layer overlying the subducting
slab of the Pacific Plate.

ARCES, EKA, FINES and YKA teleseismic arrays
were used to determine depth for the North Korean
nuclear tests on September 3, 2017 (Figure 6).

We have also found that the spectral null for the
2017S are very variable and low compared to those of the
2016J and 2016S tests. The slapdown phase also appears
at 0,57 Hz (after 1,75 seconds from the onset) from the
ARCES and EKA records in the 2017 test. It cannot be
ruled out that the delay times for the 2017 may be a
velocity reduction for the surface-reflected P waves in
the inelastic source region because of the slapdown
(spall closure) as a secondary source [6]. King et al.
(1974) [7] found that the apparent average overburden
velocities are approximately 15% lower than the
velocities from on-site measurements from the Longshot,
Milrow and Cannikin Nuclear Explosions. Therefoere
the actual burial depth for the 2017 test of North Korea
should be greater than 2 km in the light of a slapdown
phase. Since the slapdown phase is due to the inelastic
and nonlinear process near the source. we should take
into account a velocity reduction for the surface-reflected
P waves resulting in the shallow depth for the 2017
nuclear test.

In Figure 7 we are shown synthetic seismograms and
a spectral null at 1,75 Hz for the epicentral distance of
440 km and at 1,25 Hz for the epicentral distance of 81°
in case of depth at 2,15 km assuming that the synthetics
was calculated based on the flat Earth model for
simplifications.

Figure 8 a, b and c indicate seismograms and spectra
of P waves reflected at the bottom of 660-km
Discontinuity. The spectral nulls at ASAR, FINES, and
PDAR are due to the reflection from the 660-km
Discontinuity by a deep-focus earthquake which
occurred at a depth of around 600 km in the NE China on
January 2, 2016 (depth=585,5 km, M=5,8). We found
spectral nulls at ASAR, FINES and PDAR to be 1,48,
1,88 and 1,64 Hz respectively. The low spectral nulls at
ASAR are attributed to the Great Artesian Basin beneath
the seismic array which includes a large aquifer with
water-bearing formation, whereas the high spectral nulls
at FINES are due to the higher crustal velocity of the
Fennoscandian Shield beneath the seismic array resulting
in the fast P-wave arrivals with high Q and low
attenuation. d shows a tomography near the Mantle
Transition Zone (410-660 km) with a hypocenter of the
deep-focus earthquake (white star).
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blue arrow)

(

2016S and 2017S nuclear tests of North Korea

from KSRS and USRK Array

Spectral Nulls via pPn+Pn (red arrow) and sPn+Pn
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Figure 5. Seismograms & Spectral characteristics for the 2016J




SOURCE DEPTH DETERMINATION OF THE DPRK’S SIX NUCLEAR TESTS (2006, 2009, 2013, 2016J, 2016S, AND 2017)
USING REGIONAL AND TELESEISMIC DATA
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Figure 6. Seismograms & Spectral nulls of seismic waves for the 2017S nuclear test using teleseismic arrays ARCES and EKA
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Figure 8. Seismograms and spectra of P waves reflected at the bottom of 660-km Discontinuity (a—c). Tomography
near the Mantle Transition Zone (410-660 km) with a hypocenter of the deep-focus earthquake (d)

We also found abnormally higher or lower spectral
nulls due to the bottom of the 660-km discontinuity of the
Mantle Transition Zone (410 km — 660 km) at a depth
around 600 km at FINES and ASAR as compared with at
PDAR in Figure 8. These phenomena are attributed to
higher crustal velocity beneath the FINES seismic array
and the lower crustal velocity beneath the ASAR seismic
array which is located in the Great Artesian Basin in the
Central Australia. Aa a result, we also found the
abnormally higher or lower spectral nulls to be related to
the site effects of observing stations. We presumed that
the deep-focus earthquake occurred at a depth of around
3 km from the 660-km Discontinuity.

The spectral nulls for North Korean nuclear tests
(Figure 9) are estimated at 0,14 Hz at BJT, INCN and
R720B (0,146 Hz) whereas 0,17 Hz at SEO, HIA and
KSAR. The spectral nulls for 2006 are observed at 0,13
Hz from of most of stations. No spectral nulls at MDJ and
USRK except for the 2006 test for MDJ and for the 2016S
test for USRK.

Figure 9 shows the fundamental-mode Rayleigh
waves and displacement spectra for the BHZ band-pass
filtered (0,02-0,1 Hz) with amplitude in counts. The
spectral nulls for North Korean nuclear tests are
estimated at 0,14 Hz at BJT, INCN and R720B (0,146
Hz) whereas 0,17 Hz at SEO, HIA and KSAR. The
spectral nulls for 2006 are observed at 0,13 Hz from of
most of stations. No spectral nulls at MDJ and USRK
except for the 2006 test for MDJ and for the 2016S test
for USRK.

The notches (spectral nulls) of the amplitude spectra
of fundamental-mode Rayleigh waves corroborate the
estimated depths extrapolated via body waves. Rayleigh
wave excitation is sensitive to source depth, especially at
intermediate and short periods due to the approximate
exponential decay of Rayleigh wave displacements with
depth. The frequency-dependent “spectral null” in the
Rayleigh wave amplitude spectra are most pronounced
for the pure (vertical) strike-slip faultings and the reverse
faulting mechanisms with 45° dip. The spectral null of
the fundamental-mode Rayleigh wave spectrum is
dependent on source mechanism, depth and source-
receiver azimuth but does not vary much with the shot
medium and the shot yield [8-13]. The conical dip-slip
reverse faulting may accompany a deep-seated tensile
failure occurring at a depth above shot point [14, 15]
generating the strong Rg wave radiation from a vertically
oriented CLVD source [16]. We also estimated source
depths for North Korean nuclear tests using spectral nulls
of the fundamental-mode amplitude spectra of Rayleigh
waves. We found spectral nulls at 0,13 Hz and 0,146 Hz
using INCN and BJT through the pure continental-path
data for DPRK’s nuclear tests in Figure 7. However, we
found no spectral nulls at ERM which follows dispersion
with higher mode Rayleigh waves along the subduction
zone. The spectral nulls may be related to a reverse
faulting dipping at about 45° dip which is consistent with
findings from other researchers [8-13] whereas no clear
spectral nulls were found for non-pure (vertical) strike-
slip faulting motions and the oblique reverse fault
mechanisms [13].
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Figure 9. The fundamental-mode Rayleigh waves and displacement spectra for the BHZ band-pass filtered (0,02-0,1 Hz)
with amplitude in counts

The source mechanism for the North Korean nuclear
explosions may be assumed to be the conical dip-slip
volume accompanying a reverse faulting motion as a
vertically distributed source in a shaft. A spectral null
(minima) is caused by an excitation null for short-period
fundamental-mode Rayleigh waves, termed Rg waves as
a CLVD (compensated linear vector dipole) source
which correlates with normal mode theory in the form of
resonant frequency [14, 13, 12, 10, 17] have examined
the performance of MS scales on 7-sec Rayleigh waves
recorded distances less than 500 km from Nevada Test
Site. We estimated at 2,15 km for the 2006 test and 2,01
km for the rest of nuclear tests using the spectral nulls of
the fundamental-mode Rayleigh wave amplitude spectra

which are in good agreement with body wave studies. We
estimated the spectral nulls for the North Korean nuclear
tests at 0,14 Hz at BJT, INCN, and Gobongsan (R720B)
(in Forenseic Explosion Seismology) whereas at 0,16—
0,17 Hz at KSRS, SEO, R3930 and HIA (Figure 9). The
reason why we found the higher spectral nulls at SEO,
KSRS, R3930 and HIA may be due to the azimuth from
the source. No spectral nulls are also observed at MDJ
for the 2006 test and at USRK except for the 2016S test.
The spectral null (minimum) from the CLVD depth by
waveform modeling mechanism [18] correlates with
source depths derived from pP-P and pPn-Pn delay
times. The conical dip-slip reverse faulting may
accompany a deep-seated tensile failure occurring at a
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depth above shot point [14], 15] generating the strong Rg
wave radiation from a vertically oriented CLVD source
[19, 20] which is a kind of a spallation-like source
function, but it is not associated with the surface spall
because it was conducted at granite in the deep tunnels.
The estimated depth via the CLVD model also
disambiguates the estimated source depth by body waves.

CONCLUSIONS

DPRK’s underground nuclear explosion source
sketch at a depth of around 2 km with gas cavity radius
of around 15-57 m and inelastic volume radius of about
200-300 m is shown in Figure 10 (cavity radius
Rc =21,0W0-306E0514/50244,,057600.161 i meters, where
W =vyield in kt, E and p = Young’s and shear moduli in
megabars, p = overburden density in grams per cubic
centimeters, and h = depth of burial in meters).

Locations of North-Korean nuclear tests of 2006,
2009, 2013, 2016J, 2016S, AND 2017S, determined
according to various source [21-25], shown in Figure 11.
It seems that the North Korean nuclear tests are mutually
connected by tunnels except for 2006 and 2017S tests

according to the location map. Taking into account cavity
radii (15-57 m) and inelastic volume radii which are (3—
5) times of a cavity radius, each site does not influence
the determination for source parameter [29, 30].

Elastic Radius
|
Damage ione

sP pP

Figure 10. DPRK's underground nuclear explosion sketch at a
depth of around 2 km with gas cavity s radius of around 15-57 m

/. 2W2006

12006 ¢
PH2006:

50N

The pin symbols represent North Korean nuclear test locations with elevations and depths (negative) in km. The prefixes of I, M, PH, ZW and
TYW indicate the works from several researchers ([21] Israelsson 2016; [22] Murphy et al. 2013; [23] Pabian and Hecker, 2012; [24] Zhang and
Wen, 2013; [25] Tian, Yao and Wen, 2018). IDC and NEIC prefixes before year indicate source locations estimated by International Data Center
(IDC)/CTBTO and National Earthquake Information Center (NEIC), United States Geological Survey (USGS) for the event year

Figure 11. Locations of North-Korean nuclear tests according to various sources

As a result, we concluded that the burial depths of the
2006, 2009, 2013, 2016J, 2016S and 2017S nuclear tests
were estimated at 2,12, 2,06, 2,05, 2,06, 2,05 and 1,97 km
by depth phases which are almost identical with the
detonation depths estimated from the fundamental-mode
of Rayleigh wave amplitude spectra [18, 26, 27, 28]
indicating that all North Korean nuclear tests were
conducted at depth of about 2 km near Mt. Mantap. Our

findings of the deep detonation depth are based on the
absolute method using the fundamental theory of seismic
wave propagation, whereas other studies rely on the
relative method using an elevation difference between
the tunnel entrance of the 2006 test and a source location
from the satellite images. However, it should be noted
that the source location is always not in the same
elevation as the tunnel entrance of the 2006 test.
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AMMAKTBIK KOHE TEJECENCMHMKAJIBIK JEPEKTEP BOMBIHIIA KXJIP-IbIH AJITBI SIIPOJIBIK
CBIHAKTAPHI (2006, 2009, 2013, 2016J, 2016S xone 2017) KO3JEPIHIH TEPEHIITTH AHBIKTAY

) C.I. Knm, ? /. Furrepman, 13 C. JIn

D Kopes ceiicmonozuanvix uncmumymst, Kopea Pecnyénuxacot
2 Ben-Typuon amvinoazvr Hezesa ynusepcumemi, Beap-1llesa, H3pauns
%) Xanwsan ynusepcumemi, pusuxa gpaxynomemi, Ceyn, Kopesn Pecnyonuxacot
P y. /4 A4

Counryctik Kopest skepacTsl smpoJIbiK sxapansicTapbia 2006 k. 9 kasauma (myp 4.3), 2009 k. 25 mameipaa (my 4.7), 2013
K. 12 akmanna (mp 5.1), 2016 x. 6 kagTapma (mp 5.1), 2016 x. 9 KeIpkyliekTe (myp 5.3) sxoHe 2017 x. 3 KpIpKyHekTe (mp
6.3) eTki3mi. AWMaKTBIK >KOHE TEJIECEHCMUKANBIK JepeKTep OOWBIHINA OCBI CONTYCTIKKOPESIIBIK  SIPOJIBIK
JKaPBUIBICTAPABIH TEPEHIITIH Oaranay Kypri3iai. Pames TONKBIHBIHBIH HETI3r aMIUTMTYJANBIK CIIEKTPI TepOemicTepiHiy
CIECKTPAIIBIK MHHAMYMJIApPbIH (apaiblkTap) Koca anranma pP+P/sP+P sxxone pPn + Pn/sPn+Pn cnektpiik Hemzep
9/1iciMeH OapIIbIK CONTYCTIKKOPESUIBIK SIPOJIBIK JKapbUIBICTAPBIHBIH 3aPSATAPBIH CATY TEPEHJIrT 2 KM JKYBIK OOJIFaHIbIFbI
aHBIKTAIAbl. OpTaNBIKTAaHIBIPBUIFAH A3UMYTTHI CIIEKTpJEpHAi IaiifianaHy, COJTYCTIKKOPESUIBIK SIPOJIBIK CHIHAY
TIOJITOHAAPHI CHUSKTHI OEHCHI3BIKTHI TONOTrpadusuIbIK aliMakTapaarbl Oenrici3 Ke3aepAiH TEepeHIIKTEpiH Oakbuiayra
OapiHeH jie apaMpl ekeHiri oenrinenai. Ke3miH TypiHe FaHa Toyesnai eMec alaHHBIH XKaFIaibIHa Ja TOyeNIi CHEKTPIIiK
ayBITKyJap aHBIKTaIIbsl. Q >KOFapbhl OOMJIBIK TOJKBIHHBIH JKBUIZAM KipyiHE JKOHE TOMEH COHYIHE OKeNeTiH Xep
KBIPTHICHIHAFB HEFYPIIBIM JKOFAphl KBULAaMABIKKa OaiaHbIcThl banTrka KankaHeHAA opHanacKaH, Mbicansl ARCES
xoHe FINES crannmsumapaarel OWikTey >KHUIIKTEpAE CHEKTPIK AyBITKyJdap aHBIKTAIABL. Byl jkepacThl SOpOIBIK
KapbUIBICTAPIbl aHBIKTAY VIOIH OTe jKapaMzbl, al YJKEeH apTe3uaH alaObIHHBIH CEHCMHKAIBIK TOOBIHBIH acThIHAA
OpHaylaCcyblHa OalIaHBICTBI MAHTHSHBIH JKOFAPFBI OONIriHAEri a3 XbUIIaMABIKTH 30HANMapabl KockaHaa ASAR-marbl
CIEKTPJIK HOJZAeP HEFYpJIbIM TOMEHXHUTIKTI Oonbin MBIKTEL. OCBIHIAH CHEKTPIiK HOJIepAiH KepiHicTepi,
TepeH(OKYCTHI JkepcikinyaepaeH 660-KIIoMeTpIIiK alaKTHIKTBIH SPTEKTUNTIHIH IIeKapalapblHaH IaFbUIBICYFa Jia
OaiinaHpICThL. Ms:Mp apakaThIHACKI MEH CONTYTIKKOPESUIBIK KEPACTHI SAPOJIBIK ChIHAKTAPIbI CaJIbIHFAH 3apsAThIH YCTiHIE
KapyAblH CEHCMHKAIBIK KyaThlH aHBIKTayFa ocep €Ty MyMKiHairi oenrinenai [1].

OIIPEJIEJIEHUE I')TYBUHBI HCTOUHUKA IIECTHU SAIEPHBIX UCIILITAHUM KHJIP (2006,
2009, 2013, 2016J, 2016S u 2017) IO PETUOHAJIbHBIM U TEJIECEMCMHUYECKHUM JIAHHBIM

) Kam C.T., ? Turrepman M., ¥ Jin C.

Y Kopeiickuii ceiicmonozuueckuii uncmumym, Pecnyonuxa Kopes
2 Yuueepcumem Hezeea um. Ben-T'ypuona, besp-Illesa, H3pauns
%) Yuugepcumem Xanvan, Ceyn, Pecnyonuxa Kopes

Cesepnas Kopest npoBerna noazeMHsie siiepHble B3pbIBbI 9 0kT0pst 2006 1. (mb 4.3), 25 mast 2009 r. (mb 4.7), 12 deBpans
2013 r. (mb 5.1), 6 staBaps 2016 1. (mb 5.1), 9 centsiopst 2016r. (mb 5.3) u 3 centsiopst 2017 r. (mb 6.3). BrimonHena
OlLleHKa TIIyOMHBI MCTOYHUKOB ITHX CEBEPOKOPEIHCKHX SEPHBIX B3PHIBOB MO PETHOHAIBHBIM M TENECEHCMHYECKUM
JNaHHBIM. MetonoM crnektpanbHblX Hyneid pP+P/sP+P m pPn + Pn/sPn+Pn, Bkirouas crexTpaibHble MUHHMYMBI
(poberbl) KoeObaHUH OCHOBHOTO aMIUIUTYAHOTO CHEKTpa BOJIHBI Pajiest, ObUIO yCTaHOBIJICHO, YTO TIIyOHHA 3aJI0KECHUS
3apsA0B BCEX CEBEPOKOPEHCKUX SACPHBIX B3PBIBOB COCTABIISUIA OKOJIO 2 KM. OTMEUEHO, YTO UCTOJIb30BaHUE CIIEKTPOB C
YCPETHEHHBIM a3MMyTOM OoJiee BCETO IMOJIXOJUT Ul OIEHKH ITyOWHBI HEM3BECTHBIX MCTOYHMKOB B HEJIMHEHHBIX
TororpaYeckuX pErmoHax, TAKHX KaK CEBEPOKOPEWCKHE SJEpPHbIC WCIIBITATEIbHBIC IIOJIMTOHBL. BBISIBICHBI
CIIEKTpaJIbHBIC AHOMAIIMH, 3aBHCAIINE HE TOJBKO OT THUINA MCTOYHHWKA, HO W OT YCIOBHH IUIOMIAIKH. YCTAHOBIICHBI
CIIEKTpaIbHBIC aHOMAJINY Ha O0Jiee BEICOKHUX 9acTOTaX Ha CTAHIMX, PACIIONIOKEHHBIX Ha banTuiickom mute, HanpuMmep,
ARCES u FINES, BBumy 0ojee BBICOKOW CKOPOCTH B 3€MHOH KOpe, KOTOpas MPUBOIUT K OBICTPOMY BCTYILUICHHIO
MIPOIOJIEHON BOJTHBI C BRICOKMM (Q M HU3KHM 3aTyXaHHEM, COJEPKAIIUM BBICOKYIO YACTOTY. DTO XOPOIIO MOIXOANT IS
OoOHapy)XeHHsI TIO/3eMHBIX SJIEPHBIX B3PBIBOB, B TO BpeMs Kak cleKTpaibHble Hynn Ha ASAR okazamuch Ooiee
HU3KOYACTOTHBIMH H3-32 PACIOJIOKEHUS ToN celicmMuueckod Tpymmoit bonbmioro apre3uwaHckoro 6OacceifHa,
BKJTIOYAIOIIET0 30HY MaJbIX CKOpOCTEHl B BepxXHel dacTh MaHTHHU. [10ooOHBIE IMPOSIBICHUS CHEKTPaJbHBIX HYJEeH
HaONIONAIOTCSl TaKKe B CBS3M C OTPAXKEHHUEM OT TpaHHUIl HEOJHOPOJHOCTEH 660-KHJIOMETPOBOrO paspbiBa OT
riryookodokycHoro 3emierpscenusi. OTMedeHa BO3MOXKHOCTH BIMSHHMS Ha OTHolleHne MS:mb u onpenenenne
celicMUYecKOl MOIITHOCTH CEBEPOKOPEHCKUX MOI3EMHBIX STEPHBIX UCTIBITAHUI TOPHIBA HAJ 3a710KEHHBIM 3apsaiaoM [1].
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