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np11pO,AHbIX rrpou;ecCOB 11 ):\Jl51 peweHl151 CJJe,AylOll\11X Hay<IHO-TeXHWieCKl1X 3a):\a4: COAei1crn11e np0113BOACTBY 11 
npaB11TeJJbCTBY B ou;eHKe ra30BbIX r11):(paTOB KaK pecypca; pa3pa6oTKa crrel_\11an11311ponaHHbIX MeTOAOB 6ypeH115I; 
pa3pa60TKa HOBb!X TIOBepxHOCTHblX 11 KapoTa)KHb!X reocjJ11311qeCKl1X MeTO):\OB ):\Jl51 OKOHTyp11saHl15! ra30r11ApaTHb!X 
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RECENT GAS HYDRATE RESEARCH AT THE GEOLOGICAL SURVEY OF CANADA 

P.J. Kurfurst 

Geological Survey of Canada, Ontario, Ottawa, 6DI Boot Street, KIA DEB Canada 

It is anticipated that this research will achieve the following scientific and technical advances: significantly 
aid industry and government in the assessment of gas hydrates as a resource; lead to the development of specialized 
drilling techniques; result in new surface and downhole geophysical techniques for the delineation of gas hydrates; 
support a comprehensive assessment of the role of gas hydrates in past and ongoing global climatic change; provide 
new insight into the natural hazard posed by gas hydrates and possible measures for increased safety during 
exploration and development in frontier areas. 

Gas hydrates, permafrost , seismic reflect ion prfiling, geochemical indicators 

BBE,ll.EHIIE 

I1pHpo;un,1e ra3 or11L(paThI 6h1JI11 BnepBhre o6Ha­

p y)KeHhI B OKeaHe B apKTI11IeCKHX yCJIOBJI5IX OKOJIO 

30 JICT Ha3an, . B nocJieAymrn:11e roL(hI JIHTepec K 

IIOCT05IHHO B03pacTaJI BnJIOTh AO 

npII3H3HIDI HX 3Ha1IJIMOCTJI B TaKJIX BOnpocax KaK 

JICTOl.fHHICH 3HeprIIJI, rJio6aJihHhIM KJIJIMaT' npoBaJihI 

npu6pe)KHOrQ CKJIOHa , a TaK /Ke yrpo3a co CTOpOHhI 

ra3onmparoB 6e3onaCHOM 3KCnJiyaTall,HH MeCTO­

pO)K)l,emIB: yr;r BOL(OpOL(OB. 

f'eorrofHlfe cKa.sr CJiy)K6a KaHaAhI (f'CK) Ha1Ia­

Jia rrpOBOI{HTh pa60ThI no JI3y1IeHJIJO ra3orIIL(paTOB B 

70-e ro~ IIOCJie npHBJieqemrn COTPYAHHKOB fCK K 

o6c YK,il;eIDilO n po6JieM 6ypoBhrx pa6oT Ha paHHI1X 

3Tarrax B 0 o 6 eHHOCTII B ycJIOBII5IX Be1IHOM Mep3JIO­

Thl :a rrpn yTCTBH.sr ra3orIIL(paTOB. EoJihma.sr qacTh 

HaKOil.ileHHoro B 3TOM pa6oTe onhIThl HamJia CBOe 

oTpaJKeHHe B MeTOAHKax, npIIH5IThIX ITporpaMMOM 

no 6 pemno CKBa)KHH B oKeaHe, a TaK)Ke MeToL(ax, 

n p HMellle fhIX 3ana)l,HhIMII HCCJie)l,OBaTeJI5IMH IIpH 

p a60Te s pen10Hax CII6npu. B uccJieL(OBaHn.srx, 

npOBO.:I,HMNX B paMKaX fCK B HaCT05II.IJ:ee BpeM5I , 

6 ollhmoe BIDfMaHne yL(eJI.sreTc.sr BonpocaM, Bhl3hrna-

10r.u:m.1 03a6o1IeHHOCTh o6r.u:ecTBeHHOCTH II yqeHhI X B 

CB5I3H IIDipOKOM pacnp~cTpaHeHHOCThJO ra30r11)],pa -

TOB Ha KaHaACKOM no6epe)Khe ATJiaHTIIKH II Tuxoro 

oKeaHa, a TaK)Ke B palioHax ApKTHKII. B HacTo.srr.u:ee 

BpeM5I OCHOBHbie pa6oTbI npOBO)l,5ITC5I B ITOL(pa3)],e­

JieHH5IX rcK, no ATJiaHTHKe H no TIIXOMY OKeaHy, 

a TaK)Ke 0TL(eJIOM HayK o 3eMJie. B uccJieL(oBaHII5IX, 

npoBOL(HMhrx Ha 3anaL(HOM no6epe)Khe KaHaL(hI, oc­

HOBHOe BHHMaHIIe cocpeL(OT01IeHO Ha pacnpocTpa­

HeHHOCTI1 II poJIH ra3or11L(paTOB B npo11,eccax ocaA­

KOHaKonJiemrn B palioHax nOL(BOL(HOM OKpaHHhl KOH­

TIIHeHTa. 3Ta pa6oTa BKJIJ01IaeT KaK yqaCT11e B 

ITporpaMMe rJiy6oKOBOAHOro 6ypeHH5I B palioHe Ka­

CKa)l,11.sr MepL()KI1H, TaK H B pa3pa6oTKe MeTOAOB 

ceMCMI11IeCKOM HHTepnpeTall,HH (MeTOL(OM OTpa)KeH­

HhIX BOJIH) L(JI5I HCCJie)l,OBaHH5I pacnpeL(eJieHH5I ra3o­

rHL(paTOB H CB060L(HhIX ra30B B MOpCKI1X OCa)l,Kax. 

MccJieL(OBaHtte Ha BOCT01IHOM no6epe)Khe Ka­

HaL(hI 6a311pyeTc.sr Ha o6IIrnpHOM MaTepIIaJie no npII-

6pe/KHOMy ceMCMII1IeCKOMY npo¢11JI11poBaHI1JO Me­

TOL(OM OTpa)KeHHhIX BOJIH H L(aHHhIX, noJiy1IeHHbIX 

no pa3Be)l,01IHhIM CKBa)KIIHaM. 0HH CTaB5IT CBoeli 

3a)l,a1Ieli onpeL(eJieH11e rpaHHll, pacnpoCTpaHeHH5I ra-

30rHL(paTOB, B oco6eHHOCTI1 B MeCTax pa3JIOMOB 

np116pe)KHOro CKJIOHa Ha KOHTHHeHTaJihHOM 

0Kpa11He. ,ll.pyra.sr qacTh pa60T cocpeAOT01IeHa Ha 
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II. /f,)K. KYPC/JIOPCT 

pa3pa60TKe reOXHMHl.feCKHX HHAHKaTopoB ITpH­

cyTCTBH5I H ITPOfl:CXQ)K):(eHH5I ra3orH):(paTOB. 3TO Ha­

ITpaBJieHHe Jie)IUIT B OCHOBe COBMeCTHbIX c poc­

CHMCKHMH yl.feHbIMH HCCJie):(OBaHHH, ITPOBO):(HMbIX B 

OxoTCKOM Mope H ):(pyrwx perwottax. 

B ceBepHbIX pall:oHax KaHaAhI wccJieAoBaHH5I 

ITPOBOA5ITC5I Ha 60JibIIIOM 1.fHCJie pa3Be):(Ol.fHbIX CKBa­

.IKHH c u,eJibIO ITOJiyl.feHH5I Kal.feCTBeHHbIX rJiy6HH­

HbIX reo¢H3Hl.feCKHX H reoTepMaJibHbIX ):(aHHbIX, 

Il03BOJI5IIOIIIHX IlOJIYl.fHTb nepBbie ou,eHKH KOJIHl.feC­

TBa ra30B, 3aKJII01.feHHbIX B oca):(Kax B BH):(e ra-

30rw.n:paTOB. TaKoll: acneKT .n:acT B03MO.IKHOCTb ou,e­

HHTb IlOTeHIJ,HaJibHbie pecypcbI rH):(paTOB H HX B03-

MO.IKHYIO poJih B H3MeHeHHH KJIHMaTa. CoBMeCTHO c 

KaHalJ:CKHMH rrpOMbIIIIJieHHbIMH KOMITaHH5IMH H 3a­

py6e.1KHbIMH ITapTHepaMH ycneIIIHO BbIIlOJIH5IeTC5I 

ITpoeKT ITO OT6opy KepHOB MHOroJieTHeMep3JibIX 

ITOPOA c BKJII01.feHH5IMH ra30rIIApaToB, 1.fTO o6ec­

ITel.fHT IlOJiyl.feHHe Kpall:He Heo6xo):(HMblX ):(aHHbIX no 

xapaKTepy H cBolicTBaM rw.n:paTOB in situ. B3aHMHO 

IJ:OITOJIH5IIOIIIHe Jia6opaTOpHbie HCCJie.n:oBaHH5I, ITpO­

BOIJ:HMbie COBMeCTHO c yl.feHbIMH H HHCTHTyTaMH 

CIIIA H Pocrnw, cnoco6cTByIOT 6oJiee ycnerrrHoMy 

H3yl.feHHIO ¢H3Hl.feCKHX H XHMHl.feCKHX H3MeHeHHM 

B pa3JIH1.fHbIX oca.n:Kax, CB5I3aHHbIX c o6pa30BaHHeM 

H pa3JIO.IKettHeM rH.n:paTOB. CoBceM He):(aBHO 6hrno 

ITOIJ:ITHCaHO COBMeCTHOe COrJiaIIIeHHe Me.IKAY fCK, 

rocy):(apcTBeHHOM tte¢rnttoll: Kopnopau,Heli 5IITOHHH 

(JNOC) H KoMITaHHell: ITO H3yl.femrID tte¢rn: 

5IITOHHH (JAPEX) ):(JI5I BbIITOJIHeHH5I o6rrrwpHbIX Jia-

6opaTOpHbIX H ITOJieBbIX HCCJie.n:oBaHHM ra3orH):(pa­

TOB c aKIJ,eHTOM Ha 6ypeHHe CITeu,HaJibHOM onopHOH 

HCCJieAOBaTeJibCKoll: CKBa.IKHHbI B Katta.n:cKoll: 

ApKTHKe. 

OIIOPHA51 CKBA)JUIHA ,ll)I51 
OIIPOEOBAHIHI r A30rll,D;PATOB 

B MHOrOJIETHEMEP3JihIX IIOPO,[J;AX 

focy.n:apcTBeHHa5I He¢T5IHa5I KOpITOpaIJ,H5I 5IITO­

HHH Hal.JaJia IT5ITHJieTHHe HCCJie.n:oBaHH5I ll:Jl5I ou,eHKH 

pecypCOB npHpO):(HbIX MeTaHO- rII):(paTOB. 3TH ITpo­

eKTbI npe):(ITOJiaraIOT BKJIIO'IHTb nporpaMMY HCCJie­

.n:o~a/eJibCKoro MopcKoro 6ypeHH5I Ha MeTaHorn.n:­

paThI y BOCTOl.J:HbIX 6eperoB 5Inomrn BO Bna.n:HHe 

HaHKall: B 1999 r. B ITepByIO oqepe.n:h ITporpaMMa 

JNOC ITO 6ypeHHIO Ha rrreJib¢e nJiaHwpyeT 6ypeHHe 

Onopttoii: CKBa.IKHHbI B MHOroJieTHeMep3JibIX ITopo­

.n:ax AJI5I onpo6oBaHH5I ra3orH.n:paTOB Ha ceBepe Ka­

HaAbI B nepBOM KBapTaJie 1998 r. 

IIpeAITOJiaraeTC5I, 1.fTO onopHa5I CKBa.IKHHa 6y­

.n:eT pacIToJio.1KeHa B .n:eJihTe p. MaKKeH3H oKoJio 

CKBa.IKHHbI Malik L-38, ITpo6ypeHHOM rocy.n:apcT­

BeHHOM He¢T5IHOM KOMnaHHell: KaHaAbI B 1972 r. 

0CHOBHa5I u,eJib :noll: CKBa.IKHHbl, paCITOJIO.IKeHHOM 

Ha KOHTHHeHTe, - o6ecITel.fHTb ):(aHHbie, Heo6xo­

):(HMbJe ):(JI5I npoBepKH HH.IKeHepHbIX H 6ypOBbIX Tex­

HOJIOrHll: H MeTO/l:OB OITpo6oBaHH5I, pa3pa6oTaHHbIX 

npoMhIIIIJieHHbIM Kottcopu,ttyMOM 5IITOHHH. Hayq-
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Hbie HHTepeCbI JNOC BKJIIOLiaIOT: 1) OTpa6oTKY 

TeXHOJIOrHH OITpo6oBaHH5I rn.n:paTOB H3 OT06paHHOro 

KepHa, HCilOJib3YIOIIIeM HOBell:myro 5IITOHCKYIO pa3-

pa6oTKY onpeAeJieHH5I B KepHe AaBJiemrn H TeMITe­

paTyphI; 2) y'laCTHe B KaHaACKHX H aMepHKaHCKHX 

ITpOrpaMMaX feoJIOrHLieCKHX CJiy.IK6 no HCCJie):(O­

BaHHIO Keptta; 3) COBepmeHCTBOBaHHe H ou,e HKY 

IJ:HCTaHIJ,HOHHbIX MeTO):(OB orrpe):(eJieHH5I ):(eHCTBH­

TeJibHOro MeCTOHaXO.IK):(eHH5I rH.n:paTOB; 4) onpo6o­

BaHHe H pac'IeTHyro ou,eHKy 6yposoro pacTBopa H 

TeXHOJIOrmo TaMITOHa/Ka CKBa.IKHHbl B y cJIOBH5IX 

ra30rHApaTco.n:ep/KaIIIHX oca.n:KoB; 5) HCnbITaH H e ra-

30rH.n:paTOB H CB060):(HOro ra3a Ha KOHTaKTe c r H):(pa­

TOM Henocpe):(CTBeHHO Ha MeCTe o6Hapy)!(eHH5I. 

reoJIOrII1.feCKa5I CJiy)J(6a KaHa):(bl (fCK) c 

yLiacTHeM I'eoJiornqecKoll: cJiy)!(6b1 CIIIA (fCC) 

):(OroBOpHJIHCb KOHTpOJIHpOBaTb BCIO Hayl.fHYIO ITOJie­

BYIO Ae5ITeJihHOCTb, CB5I3aHHyro c 6ypeHHeM H 3a­

BepmeHHeM nporpaMMbI no oITpo6oBaHHIO onopHoll: 

CKBa)!(HHbI. KpoMe Toro, rpyITna rCK/rcc 6y):(eT 

rOTOBHTb IlOJIHYIO HayLIHYIO nporpaMMY no KOOne­

pau,mt c APYrHMH ceBepoaMepHKaHCKHMH H 5IITOHC­

KHMH yqeHblMH. 3Ta nporpaMMa 6y):(eT BKJIIO'laTb 

¢YHAaMeHTaJibHbie HCCJie):(OBaHH5I ra3orH):(paTOB, 

Mep3JIOTbI, cTpaTHrpa¢HH TaK )!(e, KaK H KPYITHYIO 

reo¢H3H1.feCKYIO nporpaMMY (KapOTa)!( CKBa:>KHH H 

HCCJie):(OBaHH5I ITOBepXHOCTH). fpynITa fCK/fCC 

6y):(eT IlOJIHOCTblO KOOPAHHHpOBaTb 3TH HCCJie):(O­

BaHH5I, BKJIIOl.falOIIIHe OT6op H onpo6oBaHHe KepHa, 

ITOJieBbie HCCJie):(OBaHH5I, IlOCJienoJieBOH MOHHTO­

pirnr, Jia6opaTopHbre wccJieAOBamrn H cocTaBJieHHe 

OT'leTOB. 

IIJIOlll,A,[J;KA EYPEHM51 
B ,[J;EJihTE MAKKEH3M 

ITocJie TIIIaTeJII>Holl: peKorHocu,HpOBKH MeCTo 

):(JI5I OITOpHOM CKBa:>KHHbI 6hIJIO BbI6paHO B pall:oHe 

crnpoll: CKBa)!(JIHbI Malik L-38 . 3TO MeCTo 6Jia­

ronpH5ITHO c TO'IKH 3peHH5I MaTepwaJibHO-TeXHHLie­

CKOro CHa6:>KeHH5I H 3.l:(eCb H3BeCTHa caMa5I MOIIIHa5I 

ra3orH):(paTHa5I saJie:>Kb B AeJihTe MaKKeH3H yKa3aH­

Hhie B Ta6JIHIJ,e. 

Bee JIHH3bI ITpe):(ITOJiararoT peaJihHOe co):(ep­

:>KaHHe ra3orH):(paTa, OCHOBaHHOe Ha KOHTaKTHOM 

KapoTa/Ke H aHaJIH3ax ra3a B 6ypoBOM pacTBope, 

'ITO IT03BOJI5IeT yBepeHHO rOBOpHTb 0 HeCKOJibKHX 

ra30rIIApaTCOAep:>KaIIIHX ropH30HTax. IToAOIIIBa 

MHOroJieTHeMep3JibIX nopOA yCTaHOBJieHa Ha rJiy-

6HHe 613 M. lifCITbITaHH5I KaK ra30rH):(paTa, TaK H 

CB060AHOro ra3a npOBO):(HJIHCb B Te'!eHHe 6ypeHH5I 

1972 r . MHoroLIHCJieHHhie AaHHhie no co):(ep:>KaHHIO 

ra3orn):(parn B CKBa:>KHHe Malik L-38 MO/KHO m1ll:TH 

B pa6oTe EHJIH H ,[J;wKa [Bily, Dick, 1974]. 

IIJIAHhl IIOJlEBhIX PAEOT 

ITpoeKT BKJIIOLiaeT KOMnJieKCHbie HCCJien;oBa­

HH5I B CKBa)!(HHe AO 1100 M c HeITpepbIBHbIM OT6o-



COBPEMEHHb1E HCCJJEJ(OBAHH5I I'A30I'HJ(PATOB 

Morn;ttoCTh H rJiy6Htta 3aJieraHHll 
rHJlpaTHhlX 3aJie)I{eii: B CKB. Malik L-38 

I'OpH30HT, 
co11ep)!{a- I'Jiy6HHa , M MOil\HOCTb, M 

Il\HH r11)1paT 

1 888,8-891,8 3,0 
2 893,1-894,9 1,8 
3 896,7-961,2 19,5 
4 919, 3-935,1 15,8 

5 946, 1-957, 1 11 ,0 

6 960,1-963,2 3,0 
7 963,8-965,6 1,8 
8 968,0- 969,9 1,8 
9 971,7- 982 ,7 11,0 

10 986,9-997,3 10,4 
11 1005,8- 1007 ,7 1,8 
12 1011,9-1016,2 4,3 
13 1021-1023,5 1,8 

06Il\a51 MOil\HOCTb 87 ,2 

pOM rrpo6 J:IO TIOJIOBHHbI rJiy6HHbl CKBa)f(HHbI. Ilpe).:1 -

Ba p1neJibHhre rrJiaHhI rrpe):lrroJiararoT rrp5IMoii Ka po­

Ta)f( KepHa cncTeMott Baker Hughes Intec HaJ:I 

OCHOBHOH ra30fH):lpa TCO):lep)f(aII1eii 30HOH H OT6op 

o6pa3~0B no crre~HaJihHoii MeTOJ:IHKe ):laBJie­

HHe/TeMrrepaTy pa KepHa (PTCS), pa3pa6oTaHHOii 

B 5IrroHHH. Ll,JI5I o r paHHLJ:emrn TeIIJIOBOro B03).:leHCT­

BH5I rrpH 6 y p eHHH Ha KepH 6y):leT HCIIOJib30BaThC5I 

crre~HaJihHhrii 3acThrnaroII1Hii 6ypoBoii pacTBop. Mc­

rroJih30Bam1e TexHOJIOrHH TpoiiHoii Tpy6hr c KOHTaK­

THoii KapoTa)f(HOH CHCTeMOH H pacmHpeHHe ro­

pH30HTOB orrpo6oBaHH5I KepHa 6y):leT 3aBHCeTh OT 

qJMHaHCHpoBaHH5I ll KOHKpeTHbIX IIOJieBhIX ycJIOBHH . 

0 )l<M):laeTC5I , LJ:T O OCHOBHa5I pa6oTa B IIOJie 3aii­

MeT 38 ,ll.H eii H 6 y .n.eT 3aKOHLieHa B MapTe 1998 r. 

rcK ll rec 6 y):lyT PYKOBOJ:IHTb BCeMH HayLIHblMH 

HCCJie,ll.OBaHH5IMH H HayLIHOH KOOPJ:IHHa~Heii 6ype­

HH5I , X OT 5I 6 y p eHHe 6 y):lyT oCyII1eCTBJI5ITb 5IIIOHCKHe 

KOMIIaHHH MJIH H X KOHCYJihTaHTbI. 

ITPOI'PAMMA no OITPOBOBAHMIO 
OBPA3U:OB 

IlocKOJibKY MHOroJieTHeMep3Jihie rropOJ:lbl Ha 

IIOBepXB OCTH T a5IT, a ra30fH):lpaTbI HeCTa6HJibHbl H 

pa3py maIOTC5I , Heo6xO):IHMO o65I3aTeJibHO rrpoBeCTH 

H eKOTOpbie cPH3HLieCKHe H3MepeHH5I HX CBOHCTB H 

reoXHMJiILI CKHe aHaJIH3bI B IIOJieBhlX YCJIOBH5IX He­

Me):IJieHHo IlOCJie OT6opa KepHa. IlO):I06Hhie IIOJieBbie 

pa60Tbl B ):leJibTe MaKKeH3H ocyII1eCTBJI5IJIHCb rcK 

B 1992 r. [Dallimore, 1992]. Oco6oe BHHMaHHe 

6yJ:1eT y):leJI5IThC5I rrpoBe):leHHIO ):leTaJihHhIX Jia6opa­

TOpHhrx HCCJie):IOBaHHH B IIOJie ):IJI5I yMeHhlleHH5I 

3arp5I3HeHH5I H HapymeHH5I o6pa3~0B. IlpH OIIH­

caHHH Keptta 6yJ:1yT YLIHThIBaThC5I ycJIOBH5I xpa­

HeHH5I, orrpo6oBaHH5I, a TaK)f(e TeMnepaTypa H ):laB­

JieHHe rrpH TpaHcrropTHpOBKe MaTepHaJIOB. AHa­

JIH3hI KepHa 6y):lyT COCT05ITb H3 1) Ha6Jiro):leHHH 3a 

H3MeHeHHeM xapaKTepHCTHK KepHa, 2) ):leTaJihHblX 

H3MepeHHH reoJIOfHLieCKHX H HH)f(eHepHbIX CBOHCTB 

B MttyBHKCKOM HCCJie):loBaTeJihCKOM ~eHTpe H 3) 
IIOCJienoJieBhIX Jia6opaTOpHbIX HCCJie):IOBaHHH B p5I):le 

HCCJie):IOBaTeJihCKHX ~eHTpOB. 06pa3~bl 6y):lyT xpa­

HHTbC5I TaK, LJ:T06b1 Bech MaTepHaJI KepHa Haxo­

J:IHJIC5I rrpH ecTeCTBeHHOH TeMrrepaType, yKa3aHHOH 

HCCJie):IOBaTeJibCKOH rpyrrrroii. 

COBMECTHA51 ME.IK)l;YHAPO)l,HA51 
HCCnE)l,OBATEnhCKA51 rPYililA 

Jia6opaTOpHbie HCCJie):IOBaHH5I 6y):lyT rrpoBe):le­

HbI B 5IrroHHH, KaHa):le H CIIIA H MoryT 6hlTh 

o6'he):IHHeHbl B 2 OCHOBHbie KaTeropHH: 1) CTaH):lap­

THhie aHaJIH3hI H 2) crre~HaJihHhre ra3orHJ:1paTHhre 

Jia6opaTOpHbie HCCJie):IOBaHH5I. IlpH CTaH):lapTHbIX 

aHaJIH3aX KepHa H3 reOJIOrHLieCKOH CKBa)f(HHhl, oc­

HOBHOe BHHMaHHe cocpe):IOTaLIHBaeTC5I Ha ero reo­

JIOfHLieCKHX H reoxHMHLiecKHx CBoiicTBax. Crre­

~HaJihHhre ra30fH):lpaTHhle Jia6opaTOpHbie HCCJie):IO­

BaHH5I 6y):lyT HMeTb ):leJio c cPH3HLJ:eCKHM ITOJIO­

)f(eHHeM ra3orHJ:1paTOB B npHpOJ:le. IloJieBa5I npor­

paMMa 6y):leT TaK)f(e BKJIIOLiaTb: a) CITJIOillHOe reo­

JIOrHLieCKoe/ reo¢H3HLJ:eCKOe TeCTHPOBaHHe, TaKoe 

KaK KapoTa)f( B OTKpbITOH CKBa)f(HHe, BepTHKaJibHOe 

ceiiCMHLieCKOe rrpo¢HJIHpoBaHHe, TepMOMeTpHIO H 

6) rrpHo6peTeHHe H BHe):lpeHHe OIIbITa crre~HaJihHOro 
orrpo6oBaHH5I CKBa)f(HHbI. 
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