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PACMPOCTPAHEHUE TPUTUSA B NOBEPXHOCTHOW BOAE OB BEKTA
MWPHOI'O NOA3EMHOIO AOEPHOIO B3PbIBA «KPUCTAI» B 2018 T.

Ceéemnana IOpvesna Apmamonosa

WNuctutyt reonorun u munepaiorun uMm. B. C. CoboneBa CO PAH, 630090, Poccus, r. HoBocu-
oupck, rmp. Akagemuka Komnriora, 3, JOKTOp reojioro-MUHEpPaIOrMueCKUX HayK, CTapIIUi HayuHbIH
COTpYIHUK, Tel. (383)373-21-61, e-mail: artam@igm.nsc.ru

PaccmarpuBaercst colepkaHue TEXHOT€HHOT'O PaJUOHYKINA TPUTHUS B MOBEPXHOCTHBIX BO-
Jax pailoHa MUPHOTO MOA3EMHOr0 sepHoro B3pbiBa «Kpucramm (3anaanas fxytus). Beissieno,
yro B 2018 1. 00beMHasi aKTUBHOCTh TPUTHUS B MOBEPXHOCTHBIX BOAAX IUIOIIAJKU OOE€BOI CKBaXKH-
HBI gocturana Bcero 12 Bk/n, uro B 630 pa3 HMXKE ypOBHS BMEIIATEIbCTBA JJIS MHUTHEBOW BOJIBI
(7600 bx/x) cornacHo AEHCTBYIOLIMX HOPM PaHallMOHHON 0€30MacHOCTH, HO IIPU 3TOM OHA MOYTH
B 5,5 paza BbIllIe PErHOHAILHOTO (POHOBOTO YPOBHS TPUTHUS B peuHOH Boze (okouo 2,2 bk/m). Pabo-
Ta BBINOJIHEHA C UCIOJIb30BAHUEM KUJIKOCTHO-CLUUHTHUIALIMOHHOM CIIEKTPOMETPUH I10 TOCYyJapCT-
BeHHomy 3aaanuio MI'M CO PAH u npu noguepxke rpanta POOU Nel8-45-140020 «Ocobenno-
CTH SIIEPHOTO TEXHOIeHe3a Ha MpHUMepe 00bEKTa MUPHOIO IMOJ3EMHOIO siiepHOro B3pbiBa «Kpu-
CTaJLI».

KuaroueBble ¢jioBa: MOBEPXHOCTHBIE BOJIbI, IIOA3EMHBIE PACCOJIbI, MUPHBIA MTOA3EMHBIN SAEp-
HBII B3pBIB, F€0JIOTHYECKas cpeaa, TPUTUM.

SPREADING OF TRITIUM IN SURFACE WATER OF THE SITE
OF THE PEACEFUL UNDERGROUND NUCLEAR EXPLOSION «CRYSTAL» IN 2018

Svetlana Yu. Artamonova
V. S. Sobolev Institute of Geology and Mineralogy SB RAS, 3, Prospect Akademik
Koptyug St., Novosibirsk, 630090, Russia, D. Sc., Senior Researcher, phone: (383)373-21-61,
e-mail: artam@jigm.nsc.ru

The content of technogenic radionuclide tritium in surface water of peaceful underground nu-
clear explosion «Crystall» site is considered. The volumic activity of tritium in surface water of the
explosion well reaches 12 Bg/l in 2018. It is 630 times less than the intervention limit of drinking
water (7600 Bg/kg) according to radiation safety standards. At once it is in 5,5 times higher than the
regional background level of tritium activity in river water (in the order of 2,2 Bg/l). The work is
done with the help of liquid-scintillation spectrometry on state assignment of IGM SB RAS and on
the project No. 18-45-140020 «Features of nuclear technogenesis by the example of the object of
the peaceful underground nuclear explosion «Crystal» supported by the Russian foundation for
basic research (RFBR).

Key words: surface water, underground brines, peaceful underground nuclear explosion, geo-
logical environment, tritium.

Beeoenue

Bo3geiicTBue snepHBIX TEXHOJIOTHM Ha OKPYKAIOLIYIO CPENY, Pa3HOE MO THUILY
U MacmTabaM, 00beIUHEHO MO/ TEPMHHOM SICPHBIA TeXHOTEeHEe3. MUupHbIe Moa3em-
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Hble saepHble B3pbIBbI (IISIB) oTHOCATCS K TakoMy BHUIly TeXHOreHe3a. Bricokas sKko-
JIOTUYECKas 3HAUUMOCTh SIIPHOTO0 TEXHOTEHE3a HE BBI3bIBAET COMHEHUM, TOCKOIBKY
C HUM CBSI3aHbI PUCKU PACTIPOCTPAHECHUS PATUOHYKIIUIOB U ClIeIM(UUECKON TPYIIIbI
XUMUUYECKHUX AJIEMEHTOB B cpejie oouTanus yenopeka [1]. B xone Beimonnenus ['ocy-
napctBeHHou nporpamMbl CCCP Ne7 «SInepHbie B3pbIBBI 111 HAPOJHOTO XO35MCTBA»
¢ 15.01.1965 r. mo 06.09.1988 r. 6su10 MpousBeneHo 124 I1SAB [2] oOmiel MoIIHO-
cthio 1783,69 kT B TpoTUiioBoM 3kBUBasieHTe (T3).

[151B «Kpucrammn MOIHOCTBIO 1,7 KT B TPOTUIIOBOM SKBUBAJIEHTE ObLI MPOU3BE-
neH 2 okta0ps 1974 r. B 4,5 KM K c€BEpO-BOCTOKY OT KUMOEPIUTOBOM TPyOKU «Y 1au-
Has» Ha Tiyonne 98 M B Mep3mbix opoaax (puc. 1). B 2006 r. ayis ynydiieHus: paaua-
IIMOHHOM 00cTaHOBKHM Haj OoeBoi ckBaknHou [ISIB «Kpucramny Obuta co3gaHa Ha-
ceinb aurameTpoM 110 300 M 1 BbicoTOM 110 20 M B3 00JIOMKOB ITYCTBIX IMOPOJI U3 Kapbe-
pa KUMOEPIUTOBOM TPYOKH «Y nadHas», pacroyioKeHHOro noonu3ocTa (puc. 1, 8).
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Puc.1. Cxema orGopa nipo0 B paiione [15B «Kpuctamn» B 2018 r. (a), kapbep
KUMOepauToBOM TpyOKH « Y gaunas» B 4,5 kM K toro-3anafgy ot [IB «Kpucramm»
(Ha KOCMOCHHUMKE BHUJICH «capkodary) (6), HaCkIlb U3 KAPOOHATHBIX TOPHBIX TOPOJ —
«capkodar» Hag 6oeBoit ckBaxkunou [1AB «Kpucramm» (poto I1.M. Cobakuna) (6)
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Oo0bekT II51B «Kpucramn pacrnosaraercsi B HENOCPEACTBEHHOW OJIM30CTHU OT
. YIa4HBIA ¥ TTPOMBITIVICHHBIX 0OBEKTOB aJIMa30/100bIYM HA KUMOEPIUTOBBIX TPYO-
Kax «YmauHas» U «3apHuUIa». B CBSA3M ¢ 3TUM KpailHE BaXKHO U3YUYUTh T'€O3KOJIOTH-
YECKOE COCTOSIHME pallOHA U BBISIBUTH HAJEKHBIE N30TOMHO-TEOXUMUYECKUE UHIUKA-
TOPBI BBIXOJIA PAJMOHYKJIMJOB Ha MOBEPXHOCTH 3eMJIM. OIEHKAa COBPEMEHHOIO CO-
CTOSTHUS T€OTEXHOTeHHOM cucTtembl «00bekT 1B «Kpucrtammy — Bmemaromnias reo-
JIOTHUYECKasi cpefa — MOBEPXHOCTh 3EMJIM» SIBJISIETCA BEChbMa aKTyaJlbHOW T'€03KOJIO-
TUYECKON MpoOIeMO, UMEIOIIEH, B TIEPBYIO Ouepeib, MPUKIIAIHOE 3HaUYeHUE — 00ec-
NeYeHrne paaualioHHON 0€30MacHOCTU ISl HACeJICHUS U TEepPCOoHaa JOOBIBAIOIINX
KOMITaHUM.

[enpro HacTosMmel paboThl OBLIO ONMPEACIIUTE COICPKAHUE TPUTHS B TIOBEPXHOCT-
HbIX Bogax paroHa [ISB «Kpucrammum ¢ npuMeHEHHUEM KUJIKOCTHO-CIUHTUIIIAILMOH-
HOW CIIEKTPOMETPHUU JJIS OIIECHKH COBPEMEHHOH PaIn03KOJIOTHIECKON 0OCTAaHOBKHU.

Memoowt u mamepuanot

B aBrycte 2018 r. mpoBeneHbl 3KCIEIUIIMOHHBIE paboThl Ha 00bekTe [ISB
«Kpucramny. Beero otodpano 8 mpoO MOBEPXHOCTHBIX BOJ, B TOM YHCIIE U3 PyYbs,
BBITEKaromero u3-noja «capkodara» I15B «Kpucramny, u3z pyuss YinaxaH-beiceiTTax
u u3 p. JanaeliH no TedyeHuo — no Mepe ynaneHus ot oowvekra [1AB «Kpucrtamm
(puc. 1, a).

JIns aHanm3a aKTUBHOCTH TPUTHUS METOAOM KHIAKOCTHO-CUUHTUIUISIIUOHHON
CHEKTPOMETPUU TIPOOBI BOJBI MPEABAPUTEIHHO MOABEPTAINCH AUCTWUISIIUU B TIPH-
CYTCTBUHU MEpMaHTaHaTa U TUAPOKCUIA KAWL I YCTPAHEHUS] MEUIAIOIIETO BIUSHUS
OpraHUYECKUX MPUMECEH, BBI3BIBAIOIIMX TallleHUE CUUHTUUISIIMOHHOTO CBEYECHUS
TPUTHSA. AJTMKBOTHI KOHJEHCATa BOJSHOTO IMapa, Mo 8§ MJI W3 KaKI0W MpoOkI, ObLIH
NOMEIIEHbl B IUIACTHUKOBBIE BHAJIbI, B KaXAYI H3 KOTOPBIX OBUIO J00aBIEHO
no 12 mn cuuntumaropa Optiphase Hisafe3. [locne cmemmBanust BUaIbl 3aKpbIBAIN
npoOKON M BCTPAXMBAIM B TE€YEHHWE 2 MHUHYT JO TOJHOTO CMEIIMBAHUS TMPOObI
CO CUMHTWUISIUMOHHBIM KokTeinem. Ilepen m3aMepeHuneM cMech BbIIEPKHBANIACh
B TEMHOM M MPOXJIAJTHOM MECTE€ B TeueHue 24 4acoB s CTaOMIM3alUU JIFOMUHEC-
neHuu. BpeMs u3Mepenusi ogHoil mpoObl cocTaBisuio 24 4daca. YienbHash aKTHB-
HOCTh TPUTHUS ONPEAEISUIACH )KUAKOCTHO-CUMHTWIISILUUOHHBIM METOJIOM C ITOMOUIb
criekTpoMeTpa-paguomerpa Quantulus-1220 ¢upmer Wallac (ananutuk — x.1.H. B.B.
CumonoBa, AHanmuThueckuil eHTp u3oTonHsix uccienoBannii UMKOC CO PAH,
r. Tomck). KamubGpoBka crmekTpomMeTpa-paguoMeTpa MpOBEICHA 10 CTaHAapTy
Ne 2200435 - 3H (aktuBHOCTH — 204500 dpm). MunumanbHasi qeTeKTUpyeMas aK-
tuBHOCTb “H paBHa 1 BK/11, OTHOCHTEIbHAS TOTPEIIHOCTD HE MpeBbImacT 15 %.

Pesynomamut

JlanHbIE O0BEMHOM aKTUBHOCTH TPHUTHS B MP0Oax MOBEPXHOCTHBIX BOJ MPHUBE-
JeHbl B Tabnuie. Pacnonoxxenue Touek mpodbooTdopa cMm. puc. 1, a.
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OObeMHasi akTUBHOCTb TPUTHSI B MPOOaX MOBEPXHOCTHOM BOIBI
B parione IISIB «Kpucramm B 2018 .

N PaccTosHue ['eorpaduueckue KOOpAMHATHI O6BeMHast

HPO%H or LB CeBEpHas upoTa BOCTOYHAs J0IroTa aI<THB3H iy
«Kpucramnm, km p p A tputus “H, bx/n

1 0.18 66°2725.06" 112°23'46.77" 12

2 0.22 66° 2729.58" 112°23'46.46" 8.8

3 0.35 66°27"30.57" 112°23'34.09" 6.9

4 1.6 66°26'42.72" 112°22'48.04" 6.6

5 12.4 66°22'0.23" 112°3237.25" 10.2

6 12.9 66°21'47.7" 112°32727" 7.4

7 13.4 66°21'30.85" 112°30'36" 8.5

8 12.1 66°26'2.43" 112° 8'8.26" 9.6

Oocyscoenue

[Tpu T15IB BO3HUKAIOT 30HBI MEXaHUUYECKOTO pa3pylIeHHs (IpOOJIEHUs, TPEIu-
HOBATOCTH, CTOJIOBI OOpyIIeHHs), oOpazyeTcst 00IbIITOe KOJIMUYECTBO pa3HOOOPa3HBIX
pannoun3oTonoB. OCHOBHBIE UCTOYHUKHU PAMOAKTUBHOCTH COCPEIOTOUYCHBI B MOJIOC-
TH B3pbIBa. B TeueHune mepBOro rojaa mociie B3pbiBa OCHOBHASI Macca KOPOTKOKUBY-
IIMX M30TOIOB pacnajaercs. /lanee B TeyeHUE IUIMTEIBHOIO MEPHOJA BPEMEHHU (10
150 ner mocie B3pbIBa) OCHOBHBIMH HOCHTEISIMU aKTHBHOCTH SBISIOTCSA TpUTHii ~H
(ocTaTKM TEPMOSIIEPHOTO MaTepualia, 0Opa3oBaBIIMECS IPHU B3PbIBE) C MEPUOIOM
nonypacnana Ty, =12,3 5er, 0CKOJIOYHbIE pAAUOHYKIIHIbI g (T, =29,1 mer), Bcs
(T1,=30,0 net) u uzotonsl Pu ¢ 6osee JIUTEIBLHBIMU NIEPUOAaMU MOTypacmajia.

ITo npomectBuu 44 et mocie B3pbiBa "H 0CTaeTCs OIHNUM U3 OCHOBHBIX HHIH-
KaTOpPOB PACHPOCTPAHECHHS PAJUOHYKIHIOB B F€OTEXHOTC€HHON CHCTEME «IIOJOCTh
[TI5IB — BMmeniaromias reoJioru4eckasi cpefia — MOBEPXHOCTh 3€MIIM» B CHILY €rO BBICO-
KOW BOJHOM MOJBIKHOCTHU. TOT akT, 4TO JJIs MOTYUYEHUSI KOJTUYECTBEHHBIX JIAHHBIX
aKTUBHOCTU TPUTHUSI TpeOyeTcsi coBceM HebombInoi oobeMm mpoodsl (200-500 mm),
a TaKk)Ke OTHOCHTEINIbHASI MPOCTOTA JIA0OPATOPHOU MOJATOTOBKH M TOCIETYIONINX H3-
MEpEHH 00YCIaBIMBAIOT MPUOPUTETHOCTh M3YUEHUSI COJICPXKAHUS TPUTHS HA HAYallb-
HOM 3TaIle UCCIeI0BaHUM AJIs1 OLUEHKU paJHalMOHHON 00CcTaHOBKH B paiioHax 115B.

Pe3ynbrarhl KUAKOCTHO-CUUHTUUISIIUOHHON ciekTpoMmeTpuu B 2018 r. (Tabnu-
11a) MOKa3ald HU3KYI0 OOBEMHYI0 aKTUBHOCTh TPUTHUSI B MOBEPXHOCTHBIX BOJAX: OT
6,6 1o 12 bx/n. 910 B 630—-1150 pa3 MeHbllIe ypOBHS BMEIIATEIbCTBA TUTHEBOM BO-
1wl (YB) no tputuio, paBaoro 7600 Bbk/kr, coriacHo HOpMaMm pajualliOHHON 0e30-
nacHocTu [3]. BMecTe ¢ TeM uX pacrpelesieHue TeTEPOreHHO U OTBEYAET CYILECT-
BYIOILLIEW PaJO3KOIOTHMYECKON CUTYyallMd B palilOHE: aKTUBHOCTh TPUTHUS YBEIUYUBA-
€TCs y BBIXOJA MOJ3EMHBIX PACCOJIOB Ha MOBEPXHOCTh U CHUXKAETCA M0 Mepe yase-
HUA OT HUX. Pa3pylieHue CIUIOMIHOCTH TOPHBIX MOPOJ U AErpajanusi MHOTOJIETHEN
MEP3JIOTHl TPHUBEIN K (OPMHUPOBAHUIO (IIIOMIONPOHUIIAEMON OCIa0JICHHON 30HBI
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paauycom 110 200 M Bokpyr 0oeBoii ckBaxkunbl 1B «Kpucrtammy. 3ouaupoBanue me-
TOJIOM TEPEXOAHBIX MPOLIECCOB MOKA3AJI0 HAIWYHME JIOKATBHON T'MIIPOre0JIOrnyecKon
AHOMAJIMU — ITOJIBEM HAIOPHBIX MOJA3EMHBIX paccoioB Ha 260-300 M moj snuueHTpoM
B3pbiBa [4]. ['eodusuueckue naHHbIe MOATBEPKIAIUCH PE3yJIbTaTaMU aHAIU30B. bbLIo
BBISIBJICHO NIPOCAYMBAHKUE TIOJ3EMHBIX PACCOJIOB C TPUTHUEM, PAIMOCTPOHIIEM B Mpeie-
nax ociabnenHoi 30861 [IAB «Kpuctamm [4]. U B 2018 r. MakcuMasbHasi akTUBHOCTh
Tputus B 12 Bx/n BbIsiBI€HAa IMEHHO 3/1€Ch — B HEOOJIBIIIOM PYUbe, BHITEKAIOIIEM H3-T10]]
capkodara Hazg 6oeBoit ckBaxkuHou [1AB «Kpuctamm (1.1, Tabnuima). A Ha ynaneHuu
B 40-50 M OT T.1. aKTUBHOCTb TPUTHUS B HEOOJBIIIOM TEPMOKAPCTOBOM BOJOEME CHIKA-
ercs 1o 8,8 bx/n (1.2, Tabnuia), eme ganeie, B 170-180 M B pyube Ynaxan-bbeicbITTax
aKTUBHOCTH TPUTHS — Bcero 6,9 b/ (1.3, Tabmuna).

B moBepXHOCTHBIX BOJaxX OCJIa0JIeHHOW 30HBI BOKPYT 00eBOil ckBaxuHbl [151B
«Kpucranm» aktuBaocts Tputus B 2002 1. cocraBuia 26,4221 bx/n [5], B 2008 1. —
6,0-27 bx/n [4], B 2015 r. — 5-18 bx/m, 2018 r. — 8,8—-12 bx/n (puc. 2). Pe3koe cHu-
KCHHE aKTUBHOCTU TPUTHS B pyube IIOMaAKku 6oeBoi ckBaxkunbl 1B «Kpucramm»
Ha OJUH MOopsAaoK ycTaHoBiIeHO B 2008 r. Pe3koe CHMKEHNE aKTUBHOCTH B IIPOMEXKY-
TOK 6 JIET HE MOXET ObITh 00YyCJIOBIEHO pacnaiaoM TpUTHUs. OCHOBHBIM (haKTOPOM
CHIKEHHMSI BBIXOJ]a TEXHOTEHHBIX PaJUOHYKIUI0B Ha miomaake [15B Buaurcs B co-
OpY>XeHUH «capkogaray — HaAChIMM U3 MYCTHIX KapOOHATHBIX MOPOJ Kapbepa KHUM-
OepauToBOM TpyOKH «Y nayHas» HaJl yCcTheM 00eBor ckBaxuHbI B 2006 1. tuameTpom
npumepHo 300 M u BeicoToi 10 20 M (puc.1B). [To-Buanmomy, «capkodar» cran He
TOJIBKO TIPOCTHIM (PU3HUECKUM OaphepoM Ha MYTH MUTPAIMHA TEXHOTEHHBIX PaJuo-
HYKJIMJIOB, HO W MPUBEJI K HApPAlIMBAHUIO U BOCCTAHOBIICHUIO MEP3JIOTHI HAJ IICH-
TPOM B3pbIBa COIVIACHO paHee ciaeslanHbiM KucenesbiM B.B. matematnueckum pacye-
taMm [6]. PacueTs mpoekTa «capkodara» [6] u ero nenucTBus, MO-BUIUMOMY, OIPaB-
nanu ce0sl U B HACKHIMH JECHCTBUTEIHHO MOSBUIIACH MEP3JI0TA, KOTOpas TODKHA ObLIa
HapacTaTh U CTAOUIM3UPOBATHCA C KAKIbIM 3UMHUM CE30HOM.
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Puc. 2. Jlunamuka CHI>KeHUST 00beMHOM akTUBHOCTH TpUTHUs (bK/1)
B pyube IUIOMAIKU 00eBOi ckBaxkuHbI « Kpuctanm»
(110 TOPU3OHTAJIN TOKA3aHbI TO/bI)
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Takum obpazom, «capkodar» cran 3PpQPeKTUBHBIM OaphepoOM MPOTUB BBHIXOJA
PaJMOHYKIIUOB U3 IIEHTPa B3pbIBa M0 OCIA0IEHHOM 30HE BOKPYT O0EBOI CKBa)KHUHBI
Y BBINIOJIHWJI CBOE MpeAHAa3HAYEHUE, 3HAYUTEIBHO YIYULIUB PaJUO3KOJIOTHUECKYIO
00CTaHOBKY B OKpecTHOCTsX o0bekTa [TAB «Kpuctammy.

Jlanee ¢ rogaMu akKTUBHOCTb TPUTHUS B MOBEPXHOCTHBIX BOJAX IUIOIMIAJIKK OO€-
Bol ckBaxkuHbl [ISB «Kpucramm cHukanack miaBHO, OJIM3KO K CKOPOCTH pacrnaja
tputus. Caenano 3akmodeHue, 9yto ¢ 2008 mo 2018 rr. nocnenyroniee miaBHOE CHU-
KEHUE aKTUBHOCTH TpUTHS B 1,8 pa3 mpoucxoauio Oobllel 4acThio 3a CUET pajiho-
AKTUBHOI'O pacraja.

B npo6ax moBepxHOCTHBIX BOJA, 0TOOpaHHBIX B 2018 T. M3 BOJOTOKOB paiioHa,
aKTUBHOCTb TPUTHSI CYIIECTBEHHO HIDKE, YEM B MpoOax IJIOMAAKU OOEBOI CKBaXH-
uel [IAB «Kpuctamm: Bcero ot 6,6 1o 10,2 bx/n (Tabnuna). OTHOCUTETHHOE MOBHI-
[IEHHE aKTUBHOCTU TPUTHUSA B PEYHOM Boae B T.5 W T.8 (Tabmuua, puc. 1) no 9,6
u 10,2 Bx/n npeAnonaokUTeNbHO yKa3bIBa€T HA MECTa BBIXOJ]a Ha TIOBEPXHOCTH MOJ-
3€MHBIX PacCOJIOB, MUTPUPYIOLIUX U3 PACTIOJIOKEHHBIX MOOIU30CTH MOTUTOHOB TO/I-
3eMHOT0 3aXOPOHEHMSI, HO ATOT BOIPOC OyAET paCCMOTPEH B OTACIIBHON CTaThe.

HyxHO MOQ4epKHYTh, YTO CpeNHAsS aKTUBHOCTh TPUTHUS B peuHoil Boje PecmyO-
mvku Caxa (SAxytust) B 2014 r. coctaBuna 2,18 bk/11, KoTopasi npuHsTa 3a PETUOHAIb-
HbIi ypoBeHb [7]. Ha donoBoM yyactke B 30 KM K 10Ty OT T. SIKyTCKa B TOBEpXHOCT-
HBIX BOJaX HAMU YCTaHOBJIEHA 00beMHas akTUBHOCTH 2,04 Bk/i, cooTBeTCTByrOIIAs
pPErMOHANILHOMY YpOBHIO. lIpH CpaBHEHMM C PErMOHAJbHBIM YPOBHEM AaKTHBHOCTH
TpUTHUS B BojoTokax paioHa [I8B «Kpucramm okazanace Bbeie ot 3 o 5 pas. Jlan-
HBI (hakT ykasbiBaeT Ha Oosiee oOmmpHoe BiusHue oObekTa [IAB «Kpucramm»
Ha MPUPOJIHYIO Cpelly paiioHa U TpeOyeT JalibHEHIIero 1eTalbHOTO U3Y4YEHUSI.

3aknrouenue

1. B noBepxHOCTHOH Boj€e Iuiomaaku 6oeBoi ckBaxkunsl 1B «Kpucrammn ax-
TUBHOCTb TPUTHS NpUMEPHO B 10 pa3 CHU3MIIACH MTOCIE COOPYKEHUS U3 TOPHBIX MO-
POJI MUICKYCCTBEHHOM HACBIMM HaJ yCTheM 0OE€BOM CKBAKUHBI JUAMETPOM IPHUMEPHO
300 m u BeIcOTOM 110 20 M — «capkodaray, KOTOpblid cTan 3QPeKTUBHBIM OapbepoM
IIPOTHUB BBIXOJA TEXHOICHHBIX PAAUOHYKIMIOB W3 HEAP HA IOBEPXHOCTH 3EMIIM.
IIpeanonaraercs,, 4T0O IMEHHO BOCCTAHOBJICHHE MEP3JIOTHI B HACBIIIHA U ITOJ HEN yCH-
o 3¢Q(QEeKTUBHOCTh Oapbepa U YIYUIIMIO PAaTUOIKOJIOTHYECKYIO OOCTaHOBKY
Ha MECTHOCTH.

2. C 2008 r. et moCTENeHHOE CHUKECHUE aKTUBHOCTU TPUTHS B MOBEPXHOCT-
HBIX BOJIax, MO-BUAMMOMY, B OCHOBHOM BCIIEJICTBUE €0 PaJMOAaKTUBHOIO paclaja.
B Hacrosiiiee Bpemst MakcuMalibHast 00beMHasi akTUBHOCTb TPUTHSI B IOBEPXHOCTHBIX
BoJax momaaku 6oeBoil ckBaxunsl [IB «Kpuctamm cocrapnsier Bcero 12 bi/m.

3. BeiaBnennas B 2018 1. akTMUBHOCTh TpUTHUS B BOAOTOKax parnona [IAB «Kpu-
CTaJU» TPEBBIIIAET PErHOHAIBHBIA (POHOBBIM ypOBHB OT 3 110 5 pa3, HO MPHU STOM
B 760-1150 pa3 Huxe ypoBHs BMemarenbcTBa (7600 Bk/Kr) 71 nUTHEBOM BOJIBI CO-
[JIACHO JACHCTBYIOUIMX HOPM paJMalMOHHON O€30MaCHOCTH W HE NPEACTaBIIAIOT
OTMIAaCHOCTH JJIsl HACeJIEHUS U PAa0OTHUKOB TOPHOA00BIBAIOIINX KOMITAHUM.
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BUBNMMOrPAGUNYECKNI CNINCOK

1. SI6mokoB A.B. Mu¢ o GeszomacHoctd ¥ 3()(HEKTUBHOCTH MHUPHBIX TOA3EMHBIX SACPHBIX
B3pbIBOB. — M.: [1OIIP, 2003. — 176 c.

2. MupHsble siiepHbIe B3pBIBBI: o0ecrieueHne oOmeil u paguaioHHON 0€30MacHOCTH TPU UX
npoBeaeHuu / Pyk. JloraueB B.A. — M: U31AT, 2001. — 512 c.

3. CanlluH 2.6.1.2523-09. Hopmsbl pamuanmonnoit 6e3zomacuoctu (HPB 99/ 2009). — M.,
2009. - 116 c.

4. T'eodkooruyeckasl MoJeNb pailOHa MHPHOTO TOA3EMHOIO sJepHOro B3pbiBa Kpucramn
(Axytust) / C.1HO. Apramonosa, JI.I'. bonnapesa, E.}O. Anronos, H.O. KoxeBuukos // I'eo3koiio-
I'Msl, UHKEHEPHAs T€0JI0r s, TUAPOreoiorus, reokpuosorus. —2012. — Ne 2. — C. 143-158.

5. T'ony6oB B.H., CanoxuukoB H0.A., I'opanpuyk A.B. Murpamus pagnoHyKIHIO0B U3 T0-
JIOCTH TOJI3€MHOTO TEPMOsiIEpHOTO B3pbiBa «Kpucramm» B anmas3omoObIBatomuii Kapbep «VYmad-
HbI1Y// Paguarmonnast 6e3onacHocts PecnyOnuku Caxa (SIkyTus): Marepuanst 11 PecyGnukan-
cKkolil HayuH.-mipakTu4. KoH(. (Sxyrtck, 16-18 nexabps 2003 r.). — Sxyrck: AD I'Y «M3a-Bo
CO PAH», 2004. — C. 182-192.

6. Kucenes B.B., Xoxonos l0.A., KaiimonoB M.B. Bo3Benenue 3aiirTHeIX capkogaros 1mo-
JyyTITyOJICHHBIX MOTHIIBHUKOB TBEPJIBIX PAJMOAKTHBHBIX OTXO0B B KpHOIUTO30HE // ['eoskomorus,
HHXEHEpHAas I'eosIorus, ruaporeosorus, reokpuosaorus. — 2010. — Ne 3. — C. 255-260.

7. TocynmapcTBeHHbIN H0K1a1 Mun#cTepeTBa oxpansl pupo bl PC(S), 2014. [anekTpoHHBIN pe-
cype]:  http://old.sakha.gov.ru/sites/default/files/5/files/%D0%B3%D0%BE%D1%81%D0%B4%D0%
BE%D0%BA%D0%BB%D0%B0%D0%B4%202014.pdf.

© C. IO. Apmamonosa, 2019

238



	Титул_№3
	Т.2_№ 3_секция_2
	Содержание_3
	Титул_№3

