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BBEIAEHME

IlenTpanbHas yactb BocTOUHO-AHTapKTUYECKO-
ro JIETHUKOBOTO 1IMTA, Ha MPOTSKEHUU MHOTHUX CO-
TeH KUJOMETPOB, IMPENCTaBJIsieT cOO0H BbICOKOTOp-
Hoe r1ato. CHeroHaKoIUIEHUE B 3TOM yacTu AHTapK-
TUALI TPOUCXOAWUT 3a CYET BBINMAACHUS TBEPABIX
0CaJIKOB aHTUILIMKJIIOHUYECKOTO THUIa JIeISTHBIX
uri. Benenctsue xonogHoro unu cyxoro (IlyMckmid,
1955; Kanmecnuk, 1963), meramopdusma cHera, Imy-
TEM YIUIOTHEHMSI U PEKPUCTAIIIU3ALIMU, TIpeBpala-
eTcsl cHauyajla B ¢upH, a 3aTeM B Jiéa. OCHOBHBIM
KpUTepUeM MpeBpalleHust GupHa B JIED CUUTAETCS
CXJIONbIBAaHWE BO3AYILIHBIX MOP MEXIY OTAETbHbIMU
kpucrtaaiamu Jpaa (Jlunenkon, Camamatud, 2014).
B LlenTpasibHON AHTApKTULIE, B TOM YUCJIE B paiiloHE
craHuMu BoOCTOK, MNPOAOKUTENbHOCTh HAHHOTO
npoiiecca coctasiseT 6osee 2000 ner, a rpaHuIA
CHEXHO-(UPHOBOI TOJIIIM HAXOAMUTCS Ha NIyOuHe
okojio 100 m (Cuffey, Paterson, 2010; JIumneHKOB,
2018; Bepec u ap., 2020).

KomrutekcHoe M3ydeHHue JIEAHUKOBOTO MOKPOBa
AHTapKTUABI, a TaKXkKe MOIJEeTHUKOBOII MaTepHKO-
BOI1 TIAT(OPMBI HEBO3MOXHO 0€3 OypeHUS CHEXKHO-
¢dupHOBOro ropu3oHTa. bypeHne BepxHux CJIOEB aH-
TapKTUUYECKOTO JIETHUKA ITPOBOAUTCS B LIEISX T€O-
duzmyecKknx, ceilCMUYECKHNX, TIISLIMOIOTNISCKUX,
MUKPOOMOJIOTUYECKUX U IPYTUX BUIOB MCCIICAOBA-
HUit. OOHO U3 MEePCIEeKTUBHBIX HANPaBJICHUN B 00-
JacTh OypeHUS CHEXHO-(UPHOBBIX TOPHU30HTOB
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JIETHUKOB — pa3paboTKa TEXHOJIOTUU OypeHUs CHa-
psgaaMu Ha Tpy30HecylleM Kabeje ¢ 00paTHOI npu-
3a00iHOM mUpKyIsgnmueit Bo3ayxa. bypenue cHapsi-
JIOM C TaKOM CXeMOI LIMPKYJISLIMY BO3yXa BIIepBbIe
OIMpoOOBaHO Ha KymoJje JIeHWKa AKageMUM Hayk
(apxurnienar CeBepHas 3emuis1) yu€éHbiMu CaHkT-Ile-
TepOyprcKoro rOpHOro YHUBEPCUTETA COBMECTHO C
HCCIeAoBaTeIIMU U3 MHCTUTYTa UMEeHM AJbdpena
Berenepa (Casatiorux u ap., 2001; Fritzsche et al.,
2002). HecMoTpst Ha TO, YTO B X0Jlie OypeHUSI CHEX-
HO-(UpHOBas ToJlla OblIa YCIEUIHO IpoiigeHa ¢
MOJHBIM OTOOPOM KEpHA, YUYE€HBIE CTOJKHYJIHMCH CO
3HAYUTEJIbHBIM KOJIMYECTBOM OCJIOXHEHUIA, BbI-
3BaHHbIX, B OOJIBIINHCTBE CIy4aeB, OOMIIBHBIM BOIO-
MIPUTOKOM B CKBaxXuHy. Ilpenmosaraercst, 4To Mnpu
YCIICIITHOM BHEAPEHUU JAHHOM TEXHOJIOI'MU BO BHYT-
PUKOHTUHEHTAJBHBIX YCIOBUSIX AHTApKTUALI U
I'pennmanonu, raoe TassHUE JEAHUKA MPAKTUYECKU He
IIPOMCXONUT, CYIIECTBEHHO MOBBICUTCSI IIPOU3BOI-
TEJIbHOCTb, 3Heprodd@EeKTUBHOCTL W Oe3aBapuii-
HocTtb Oypenust (Gendler, Prokhorova, 2021) mo
CpPaBHEHUIO C MIPUMEHSIEMBIMI B HACTOSIIEE BpEeMSI
METOJAMM IIIHEKOBOIO U TEIUIOBOIO KOJIOHKOBOTO
oypenus. [Tomrmo BeIIIEIEpEUYNCICHHOTO, IIPUMEHE-
HYE BO3/IyXa B KAYECTBE OYMCTHOTI'O areHTa CyIleCTBEH-
HO CHIDKAEeT HEraTMBHOE BIIUSIHUE OYPOBBIX pabOT Ha
OKPYXKaIOIIIyIO cpeny. DTO OOBSICHSIETCS IMPAKTUIECKHN
IOJIHBIM OTCYTCTBHEM TEILIOBOIO 3arpsi3HEHUSI, KOTO-
pO€ CUNTAETCSI HEOTheMIIEMBIM (PaKTOPOM ITpU Gype-
HUM TEIUIOBBIMU CHApPSIIAMHU, a TAKXKEe XUMUUECKOTO
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3arpsi3HEHUsI, KakK Ipy OypeHUU C IPUMEHEHUEM 3a-
JIMBOYHBIX XKUIKOCTEH, COCTOSIIMX U3 TOKCUYHBIX
cMmeceil xxuakux yriaesogoponos (Islamov et al., 2019;
Sultanbekov et al., 2021). Onucanue mpemiaracMoit
TEXHOJIOTUM, €€ TEOPETHMYECKMX acIeKTOB M cdep
MPUMEHEHUS MOAPOOHO Pa3o0paHO B MPEAbIIYIINX
nyommkanusax (Hu et al., 2019; bonpmyHoB u ap.,
2022).

Hccnenosarenu u3 Kurtast u3yduan pexkuMbl Te-
YeHUsI BO3Iyxa BHYTpHU OYpOBOTro CHapsiIa Ha OCHOBE
pacuYE€THBIX GOPMYIT M MOIEIMPOBAHUS METOIOM KO-
HEYHBIX 3JIEMEHTOB IIporpaMmMHoii cpeasl Fluent 15.
[NonydeHHBIE TEOPETUUECKHE PE3YIbTATHI MPOBE-
pPEHBI B XOJIe IIPOBEICHMS SKCIIEpPUMEHTATbHBIX OY-
POBBIX pabOT Ha CTeHAOBOM obopyaoBaHuM (Wang
et al., 2018), ¢ mpuMeHeHHEM pa3IMYHBIX BUIOB
KpbUThYaTOK KoMiipeccopa (Hu et al., 2019). Pe3ynb-
TaThl IPOBEAEHHBIX HAYYHO-UCCIEA0BATEIbCKUX Pa-
0GOT MO3BOJIMJIN CHEJIaTh BBIBOI, YTO IPEMTOKCHHAS
KOHCTPYKIINS OYpOBOTO CHapsima MpUTOTHA I Oy-
peHuUsI, IPU 3TOM CKOPOCTb ITOTOKA BO3ayxa IJist 3(-
(hbeKTUBHOTO TPAaHCHOPTUPOBAHMS JICISTHOTO IITaMa
IIOJDKHA OBITH HEe MeHee 7.7 M/cC.

JaHHbIe, TIOJIydeHHBIE B XOAE€ MCCJeIOBAHUS,
MPEACTaBISIOT 3HAYUTEbHBINA NHTEPEC TSI YIYEHBIX,
3aHMMAIONINXCSI BOIPOCOM OypeHUsI JIEOTHUKOB C
OYMCTKOM 320051 Bo3myxoM. OmHAKO TO, YTO 3HAUYeE-
HUE HEOOXOOMMOI CKOPOCTU BO3MAYIIHOTO IOTOKA
IMOJIy4eHO Ha OCHOBAaHUU 3MITMPUYECKMX BBIpake-
HMI I8 CTaHIAPTHBIX YCIOBUI OKpyXKalolleil cpe-
IIbl, HE TIO3BOJISIET B TTOJIHOI Mepe YTBEPKIATh O €ro
JIOCTOBEPHOCTH M YHUBEPCAJIBLHOCTU IPEICTaBICH-
HOM METOI0JIOTUHY ONpeaeIeHUs ITapaMeTPOB Oype-
HUs. KaK N3BECTHO, IPUMEHECHUE DMIIMPNYUYECCKUX
¢opMyI B YCIIOBUSIX, OTIMIHBIX OT T€X, IS KOTO-
PBIX OHU OBLIM OIIpENcJICHBI, JaeT 3HAUYUTEIbHOE
pPacxoxXKIaeHUue BBIYMCJIEHUH C (I)aKTI/I‘{CCKI/IMI/I 3Ha-
yeHUsIMU. OTOEIIbHO HEOOXOOMMO OTMETUTh, YTO
OypeHMe ITPOBOAMIOCH Ha 00pa3ax MCKYCCTBEHHO
3aMOPOKEHHOTO Jibaa, (U3nYecKre CBOMCTBA KOTO-
pOTO B 3HAYUTEIHLHOM Mepe OTJIMYAIOTCS OT peajlbHO-
ro CHeXHO-(pupHOBOTO TOopmM3oHTa lleHTpampHOMI
Anrtapktuasl (Whelsky, Albert, 2016; Gibson et al.,
2020).

HawnGobinast 10CTOBEpHOCTh pacuyéTa TpedyeMoii
CKOPOCTH BOCXOJISIIIIETO MOTOKA BO3/Ayxa npu Oype-
HUY C TPOIYBKOI JOCTUTAETCS TOTIa, KOTJa B €ro OC-
HOBY TTOJIOXKEHbI 9KCIEPUMEHTAIbHO MOATBEPXKICH -
Hble 3HAaY€HUSI CKOPOCTU BUTAaHUS OypUMOTO 11IaMa.
CKOpOCTh BO3IYIIIHOTO MOTOKA B BEPTUKAJIBHOM Ka-
Haje, Ipy¥ KOTOPOM YacThlla HaXOAWUTCS B YCTaHO-
BUBIIEMCS B3BEILIEHHOM COCTOSSHWMM, Ha3bIBaeTCS
CKOPOCTBIO BUTaHUS. B TOT MOMEHT, KOTlIa CKOPOCTh
BOCXO/ISIIIIETO MOTOKA MPEBbIIIAeT CKOPOCTh BUTAHUS
YacTUIlbl, OHa HAUMHAET CBOE JBUXEHUE 11O KaHaIy.
Takum 06pa3oM, 3Hasi CKOPOCTh BUTAHUS YaCTHUIL Oy-
pPOBOTO 11IJlaMa, MOXXHO HalTHU TpeOyeMyr CKOPOCTb
BOCXOJISIIIIETO TTOTOKA I 3 (PEeKTUBHOTO OypeHUs].

JaHHbIe 3HAYEHMSI CKOPOCTHU BUTAHMSI IS JISASTHOTO
1JIaMa CHeXHO-¢pupHOBOU Tomu lLleHTpanbHOI
AHTapKTUAbI BO3MOXHO TOJIyYUTh TOJILKO B XOJI€ Ha-
TYPHOIO 3KCIIEpUMEHTa, C YYE€TOM OCOOEHHOCTEH
YCJIOBUM OKPYXKalolleil cpelibl BBICOKOTOPHOIO aH-
TapKTU4yecKoro 1iato (boJbinyHoB U ap., 2022).

ITpuHUMas BO BHUMaHUE BBILIEU3IOXEHHOE, CO-
tpynHukamu CaHKT-IleTepOyprckoro ropHoro yHu-
BepcuTeTa padpadboTaHa METOIMKA IIPOBEASHMS IKC-
TepUMEHTAJIbHBIX UCCIIEAOBAHUI TT0 U3YYEHUIO TIPO-
Iecca TPaHCIIOPTUPOBAHUS JICASHOIO IlaMa IIpuU
OypeHNM C OYMCTKOW 3a00s BO3IyXOM, KOTOpPBIC
YCIIELIHO MPOBeIeHbI B epuon 67-it PAD B ycnoBu-
sIX ctaHuuu BocTok.

HEJIb U 3AJAYUN SKCITEPUMEHTAJIbBHBIX

NCCIEOOBAHNU
OCHOBHOI1 LIEJIbIO BBITIOJIHEHUS MCCIENOBAHUS —
MOJy4eHNE HENOCTAIOUIMX 3KCIIEPUMEHTAIbHBIX

JaHHBIX JJIs1 000OCHOBAaHMUS M pa3pabOTKU TEXHOJO-
ruu OypeHUs CHEXKHO-(OUPHOBOIO TOPU3OHTA CHAPSI-
JIaMH1 Ha TPy30HECYIIeM KabeJie ¢ 00paTHOI mpu3a-
OOIHOI LMPKYJISILIME BO3ayxa.

st mocTvKeHus1 3asiBJICHHOIM 1IeJIM B CE30HE
67 PAD nocraBjieHbI CIEAYIOLINE 3a1a4M: yTOUHEHUE
IUIOTHOCTHU CHEXHO-(UMPHOBOM TOJIIIM BOJIN3U CTaH-
o BocTok; omnpeneneHne GpakKIMOHHOTO COCTaBa
M HACBIITHOM IIOTHOCTH JIEASTHOTO IIJIaMa CHEXHO-
(GpUPHOBOI TOJIIIN; IIOMCK 3HAYEHUSI CKOPOCTH BUTA-
HUS JIS1 YaCTUIL OypOBOIO IJIaMa pa3IMYHOM KPYII-
HOCTU U ()OPMBbI; YCTaHOBJIEHHE (DOPMBI YACTHII JIe-
JISTHOTO IIJIaMa M 3aBUCUMOCTb €€ M3MEHEHUS C IIIy-
OMHOIA.

METOJMKA UCCIIEJOBAHU

Omoéop o6pa3uoe Kepua u aedsanozo waama. B pam-
Kax TIOATOTOBKM K MPOBEACHUIO 3KCIIEPUMEHTAb-
HBIX MCCJIeJOBaHUI IIpOBeAECHO OypeHHE HEIy0o-
Kol ckBaxXuHbI VK-22, 13 KOTOPOIi MOJIy4eHbI Kep-
HOBBIII MaTepuall U JeAsgHOi 1iaM. bypoBble
paboThl BEJIMCh Ha IUIOLIAAKE OYypeHMs, pacIiojio-
KeHHOM Ha pacctostHuu 700 M ot ctaHuuu Boctok
(78°27°51” 10.111., 106°50°14” B.1., BEICOTA HAX YP. MO-
pa 3460 M) (Litvinenko at al., 2020). YnaaeHHOCTb
IJIOIIAAKK OYpeHUsI OT CTAHLIMU O0YCIOBJIeHAa HE00-
XOIUMOCTBIO UCKJIIOUUTh B TOUKE OYpeHUsI BIIMSTHUE
TEXHOI€HHOI'O CHErOHAKOIUIEHMSI, OOYCJIOBJIEHHOE
OJIM30CTBIO COOPYKEHUI CTAaHLIMYU WA APYTUMU UC-
KYCCTBEHHBIMU OOBEKTAMMU.

bypeHue Benoch NocpeacTBOM MOOUILHOMU Oypo-
Boii yctaHoBKHM “Oyp Ilypire” (puc. 1, a), cocTosiei
W3: MAUThl C KPOHOJIOKOM; JIEOENKHU C TPY30HECYIIIUM
KabeyieM; My/IbTa YIpaBJIeHUs U IIIHEKOBOTO OYpOBO-
ro cHapsiga. [luraHue yCTaHOBKM OCYIIECTBIISIOCH
OT OEH3WHOBOW MEPEHOCHOW BJIEeKTPOCTaHIIUU
(5 kBT, 10A). BypoBast 6purana cocTosiyia u3 Tpex 4e-
JIOBEK: oriepaTopa, BeayIlero OypeHue, u 1Byx 0ypo-
JIEO Y CHET Ne 1

TOM 63 2023



OKCITEPUMEHTAJIbBHBIE UCCIEAOBAHUA ITEPEHOCA JIEAAHOI'O IJTIAMA 143

Puc. 1. DkcriepuMeHTalIbHbIE Pa0OTHI Ha cTaHIMK BocTok B ce3oHe 67 PAD: a — GypoBas ruroiaaka ckBaxkuHbl VK-22 curo-
BoI1 aHanmu3: [ — aebenka u e€ 3JeKTpOIpUBOLI B cOope; 2 — OypoBasi MauTa ¢ KpOHOJIOKOM; 3 — yCThe CKBAaXKUHBI; 4 — OypOBOIL
CHapsifl; 6 — JISASTHOM 1IJIaM C pa3JIMYHbIX UHTEPBAJIOB OypeHUs; ¢ — JIEASTHOM 1JIaM, pPacCesTHHBINM Ha JJaOOpaTOPHBIX CUTaX.

Fig. 1. Experimental research at Vostok station in the season of the 67th RAE: a — drill site of VK-22 borehole: 7 — winch and its
electric drive assembly; 2 — drilling mast with crown block; 3 — wellhead; 4 — drilling projectile; 6 — ice cuttings from different

drilling intervals; ¢ — ice cuttings scattered on laboratory sieves.

BUKOB, 3aHHUMAOIIUXCS OOCIy>XUBaHHWEM CHapsiia,
W3BJICUCHNEM KepHa M3 KOJIOHKOBOM TpYyOBI M cOO-
pOM IIJTama.

Ilo 3aBeplieHMM KaXIoro peiica OTOUpPaIUCh
CHEXXHO-(UPHOBBIE KEPHHI M OOpaslbl JICASHOIO
uiaMa. KepHbl U 1J1aM yMaKOBBIBJIMCH B OTAENb-
HbIe TJIACTMKOBbIE PyKaBa U MOAIUCHIBAIUCH COITIACHO
HOMepy peiica m maTepBary OypeHus (puc. 1, 6). Oro-
OpaHHBIe 00Opa3Ilbl JAOCTABJICHBI B IISLIMOJIOTUYEC-
CKY10 J1abopaTopuio OYpoBOro KOMILJIEKca CKBaXKU-
HBI 5I, e OHM OTCOPTHMPOBAHBI M OCTAaBJIEHHI HA
XpaHeHue Npu cpeaHeil teMmrieparype —53°C u cpen-
HeM aTMocdepHOM aaBjieHuu 471.8 MM pT. CT.

Ipanyiomempuueckuii anaiuz aedsnozo uirama.
YToObl OmpeAeauTb, B KaKWUX COOTHOIICHUSX IO
KPYITHOCTH pacHpeAe/IsIIOTCS YacTUIIBI IITaMa, 3a-
nericTBoBajics MeTon cutoBoro aHanusa (Hong et al.,
2015). s 3TOr0 MpUMEHSIICS Habop J1abopaTOPHBIX
cut (F'OCT P 51568-99) ¢ kpymHOCTBIO siueek: 1.6;
1.25; 1;0.8; 0.63; 0.4 1 0.25 mM (puc. 1, ). s Kax-

JIEQ U CHET Ne 1
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Joro peiica (ppaklIMOHHBIN COCTaB lUilaMa OmNpeae-
JISLJICS TI0 TPEeM He3aBUCHUMBIM ITpobaM Maccoii 200 r
Kaxnasi, KOTOpble TT0OYepeTHO pacCenBaIUCh HA CU-
Tax, Mo pe3y/jbTaTaM PacCEBOB BBIBOIWJIOCH CpEIHEe
3HaYeHWE IUIST MHTepBaIa.

Onpedeaenue ¢hopmol wacmuy aedaH020 waama.
s dukcupoBaHus (hopMBbl JIEASTHBIX YaCTULL CHE-
JIaH psiJ MaKpPOCHUMKOB Pa3IMYHbIX (ppakimii muia-
Ma C pa3HbIX, N0 DIyOMHE 3aJleraHusl, TOPU3OHTOB
cKBaxXWHBI. DpakIinio NnuramMa oIpenesieHHOTo pas-
Mepa noMeniaid Ha MpeaIMEeTHOE CTEKJI0, Hald HUM
pacnojarajayd ABa MOJISIPU30OBaHHBIX (GUIbTpa s
MOBBIIIEHNSI KOHTPACTHOCTU KaXkI0# OTIebHOM ya-
CTUIBI M IpoBOIWIN (poTOorpacdmpoBaHUE I HaJlb-
HeWliero aHaiau3a.

Onpedeaenue nA10OMHOCHU CHEXCHO-DUPHOBOU MO-
wu u Hacommuou naomuocmu waama. I110THOCTH
CHEXHO-(UPHOBOI TOJIIU B paiioHe OypeHUs orpe-
JeJISIIA TI0 KepHAM, ITyTeM COMOCTABIEHUS UX MACChI
c o0semomM. IlepBbIe 5 METPOB KepHa OBIJIN CIUIITKOM
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Puc. 2. DKcriepuMeHTabHbINM CTEH 10 MCCIeI0BAaHUIO Tpoliecca TPAHCIIOPTUPOBAHMS JIEASTHOTO 1iulaMa. a — 3D-monenb
9KCIIEpUMEHTAJILHOTO CTeHAa: / — pa30opHOe OCHOBaHUE CTeHIa; 2 — CceTKa IS Ii1amMa; 3 — IMpo3padHasi Tpyoa BUTaHus; 4 —
MOTOpP-TypOuMHa; 5 — puabTp; 6 — WIMWIbKK; 7 — aBToTpaHchopmaTop; & — Tpyoka [Turto—Ipanmmist; 9 —aaeKTpOHHBIM Tud-
depeHmanbHbIl MUKpoMaHOMeTp testo440 dP; 6 — ypaBHOBELIEHHOE COCTOSTHUE BUTAHUSI JIEASIHOTO 11JIaMa; 6 — CXeMa 3aMe-
pa CKOPOCTH BO31yXa B TpyOe BUTaHMSI, Iie R — BHYTpEHHMI paauyc Mpo3pavyHoil TpyObl BUTAHUSI.

Fig. 2. Experimental facility for study ice cuttings transportation process. @ — 3D model of the experimental facility: / — demount-
able testing facility base; 2 — ice cuttings grid; 3 — transparent critical velocity tube; 4 — turbine motor; 5 — filter; 6 — double-end
bolt; 7— autotransformer; & — Pitot—Prandtl tube; 9 — electrical differential micromanometer testo 440 dP; 6 — equilibrium state
of ice cuttings soaring; ¢ — the scheme of measuring the air velocity in the critical velocity tube, where R is inner radius of the

transparent critical velocity tube.

XPYIIKUMU U (PparMeHTUPOBAHHBIMHU, YTO HE MTO3BO-
JISIIO JOCTOBEPHO OMNPEAEINUTh UX TUIOTHOCTh. JlaH-
HBIE O TIJIOTHOCTU BEPXHEro CHEXHOIO0 TOPU30HTA
B3SThl M3 paHee ONMyOJMKOBAaHHBIX padOT HayYHBIX
coTpyaHUKOB Jlabopatopuu u3MEHEHMs KinMaTa
okpyxaromieit cpensl (JIMKOC) (ExaitkuH u mp.,
2020).

HachImHy10 MIOTHOCTD JIEASTHOTO IIIaMa U3MepPsI-
JIU TIO METOJUKE OMpeaeeHUs] TNIOTHOCTU ChITyIrX
MaTepuanoB. Ha mratuBe 3aKperuisiiii CTEKISTHHYIO
BOPOHKY, IOl HE¥ yCTaHABIMBAIN Tapy U3BECTHOTO
o0béma (1abopatopHblil ctakaH). [1pu 3ackInke Je-
ISTHOTO IIJTaMa B BOPOHKY OH IT01 COOCTBEHHBIM Be-
COM CCBHITIAeTCSI B Tapy; C BEPXYIIKMU 3aIlOJTHEHHOMN
Tapbl YIAJISIOTCS U3IUIIKU (TOpKa), Mocje Yero u3-
MEPSIOT MaccCy IOJHOTO cTakaHa. TakmM obOpasom,
3Has1 00BEM Taphl M Maccy LIIamMa B Held, oIIpeesi-
JIOCh 3HaUE€HME HACBIITHOM TNIOTHOCTU. JIJIsT Kaxkaoro
peiica cpemHee 3HaYeHHE HACBHITHON ILIOTHOCTHU
I1amMa IMPUHUMAJIOCH TT0 pe3yIbTaTaM TPEX He3aBU-
CUMBbIX UBMEPEHUIA.

Onpedeaenue cKkopocmu 6UMaHus1 A1€0AH020 WAaAMA.
Jna mpoBeneHnsT 3KCIEPUMEHTA 110 OITPENeIEHUIO
CKOPOCTH BUTAHUS OTOOpAHEBI IITECTh 0Opa3IoB IIJIa-

Ma C pa3IMYHbIX ropu3oHTOoB (5, 10, 15, 20, 25 1 30 M).
Kaxxnast mpoba paccessHa Ha (ppakiy U 11 KaxKI0it
dpakumnu ornpeaencHa HACHITHAS MJIOTHOCTH II0 pa-
Hee onMcaHHOI MeToauke. JIjIsT yacTull 1uiaMa pas-
MepoM MeHee 0.25 MM HaCBITTHYIO TUIOTHOCTD U CKO-
pOCTh BUTAHUS HE OIPEAeIsIA, TOTOMY 4TO IOJISI
JaHHOM (bpaKlLMU B IIIaMe He3HauuTesbHa (<1%).

s ompeneneHusi CKOpOCTeid BUTAHUSL MPUMeE-
HSLICS pa3paboOTaHHBI aBTOpaMM CTaTbU 3KCIIepU-
MEHTaIbHBIN cTeHn (puc. 2, a). CTeH IIpencTaBisieT
00011 ITPO3pavyHyIo TPYOy BUTAHMSI, U3TOTOBICHHYIO
U3 OPTaHUYECKOTO CTEKJ1a C BHYTPEHHUM IMaMeTPOM
123 MM 1 mmHoOM 1.5 M. Ha BepimumHe TpyObI ycTaHOB-
JeHa Motop-TypouHa (VCM-2400-S), cozmaroias
paspsKeHUe BO3Ayxa B BEpXHeEH €€ JacTu, 4YTO MpHU-
BOAWT K JIBUXKEHMIO TIOTOKa BO3[yXa CHU3Y BBEPX.
YT00BI IpEenOXpaHUTh TYPOMHY OT MMONAJaHUs B Hee
YyacTull IIJlaMa, nepes Heil ycTaHaBIuBajcs (pUIbTp.
OcHoBaHUe CTeHJa, B KOTOPOM YCTaHOBJIEHA JIaTyH-
Has ceTKa JJIsl pa3MelleHUs] Ha Hel 11aMa, BbIOoJ-
HEHO pa300pHBIM ITyTEM IITTUJIEK.

B xoze npoBeneHNs SKCIEPUMEHTAIBHBIX UCCIIEe-
JOBAaHWI yCTAHOBKA pacrioyiarajach B IMOMELIEHUAX
OypOBOIo KOMILIEKCA C TEMIIEPATYPOIA, HE ITPEBLILIA-
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Puc. 3. Tpaduku 3aBUCMMOCTE XapaKTEPUCTUK CHEXHO-(UPHOBOM TONIIN U JIEASHOTO IIJIaMa OT IIyOMHBI CKBaXKUHBI. d —
3aBUCHMOCTb IPaHyJIOMETPUYECKOI0 COCTaBa OYpOBOTrO IIJIaMa OT TYOMHBI CKBaXKMHBI; (hpakilUM LITaMa C pa3MepPOM YaCTHIL:
[ —6onee 1.6 Mm; 2 — 1.25—1.6 mm; 3 — 1—-1.25 mM; 4 — 0.8—1 Mm; 5 — 0.63—0.8 mMm; 6 — 0.4—0.63 mMm; 7 — 0.25—0.4 Mm; 8 —
meHee 0.25 MM; 6 — 3aBUCMMOCTbD HACBIITHOM TJIOTHOCTH IIJITAMA Y IIOTHOCTH JIEASTHOTO MacCHBa OT TIyOUHBI CKBaKMHBL: [ —
HaCBIIHAas TUIOTHOCTD IIUIaMa; 2 — TUIOTHOCTh CHEXHO-(GUPHOBOI TOJMIIM IO 11ypdaM; 3 — MIOTHOCTh CHEXHO-(GUPHOBOM
TOJIIIM MO KEPHaM.

Fig. 3. Graph of the dependence of the ice cuttings particle size distribution on the depth of the well. a — dependence of the char-
acteristics of the snow-firn layer and ice cuttings on the depth of the well; ice cuttings size: 7 — more than 1.6 mm; 2 — 1.25—
1.6 mm; 3 — 1-1.25 mm; 4 — 0.8—1 mm; 5 — 0.63—0.8 mm; 6 — 0.4—0.63 mm; 7 — 0.25—0.4 mm; § — less than 0.25 mm; 6 —
dependence of poured density of ice cuttings and density of ice on borehole depth: 7 — poured density of ice cuttings; 2 — density

of the snow-firn layer according to pits; 3 — density of the snow-firn layer according to cores.

fomeit —20°C. DKcnepruMeHThI BBIITOJHSJINCH B Clie-
nyloleii mociienoBateabHocT. Ha ceTke pasmelia-
Jack npoba nurama (10 T), peryaIupoBKOi CKOPOCTU
BpalleHusl TypOMHBI MOAOHPAIN TaKyld CKOPOCTh
BO3IYIITHOTO MOTOKA, MPU KOTOPOI BCE YaCTULIBI Jie-
JISTHOTO IIJIJaMa BUTaJIM Had CETKOM Ha pacCTOSIHUU
1—2 cMm 1 He maganu Ha Hee (cM. puc. 2, 6). ITocie Bu-
3yalbHON (PUKCAIIMK YPAaBHOBEIIEHHOTIO ITOJIOXEHUS
YaCTUL TIPOBOAMIM M3MEPEHHE CKOPOCTU BO3MYIII-
HOTO ITOTOKA C MOMOIIBIO 3JIEKTPOHHOTO n1uddepeH-
IHaJbHOTO MUKpoMaHoMmeTpa testo 440 dP, B kaue-
CTBE M3MEPUTEIILHOIO 30HAAa MpPHUMEHSUIACh TPyOKa
IMuto—ITpannrnsa. Tpybka BBogwiach B CEYEHUE
TpyOBI Yepe3 crielinaibHOe OTBEPCTHUE U paclioyara-
Jlach TIEPIIEHAUKYJISIPHO MOTOKY Bo3myxa. M3mepe-
HHE CKOPOCTU BO3AyXa IPOBOIMINA B TPEX TOYKAX,
BBEIOpAaHHBIX COITIACHO METONY pPa30MBKU CEYCHUS
BO3yXOBOJa, Ha PABHOBEIMKUE IUTOIIAAKY (CM. pHC. 2,
8), B KaXIoi u3 TpEX Touyek Obu10 nmoaydeHo 10 3Ha-
YeHHUI CKOPOCTHU IT0TOKA. TakuM 00pa3oM CKOPOCTh
BUTAHMS ST KaxXI0i (ppaKiyy IIpUHUMAIACh Cpe-
Hel o pesynabTatam 30 U3MepeHUi.

ITockonbKy B KauyecTBe Cpedbl TPUMEHSIJICS BO3-
nyx (rpu cpenHeM atMocdhepHOM AaBiaeHuu 471 MM.
pT. cT. ¥ cpenHeit Temreparype —20°C), a 00beKTOM
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HCCIIeIOBaHUSI — pealibHBII 1IIaM, TO MPOLecC ycTa-
HOBJICHUsI B3BEIIIEHHOTO ITOJOXECHUS JICOSTHBIX Ya-
CTHII B OKCTIEPUMEHTATBHOM CTEHIIe MOKHO CUMTATh
MOI0OHBIM aHAJIOTMYHOMY TIpOolIieccy Mpu OypeHUU ¢
MPOIyBKOI B ycinoBusx LleHTpabHOM AHTapKTHUIBI

PE3VYJIBTATDI

Bypenue cxeancunvt VK-22. BypoBble paGOTHI BbI-
NOJHSUIUCh B TeYeHME TPEX OHEI, Ha JOCTUKEHUE
nryouHsbl 32004 30 M 3aTpadeHo 14.5 4, 6e3 yuéra Bpe-
MEHH Ha MOATOTOBKY IUIOLIAAKN OypeHUs U KOHCEp-
BallMI0 CKBaXXMHBI. BEIMoiaHEHO 59 peiicoB, BBIXOIX
kepHa coctaBun 100%. 3a mepBbIii peiic mpoiiaeHo
1 M, Bo Bcex ocTalIbHBIX pelicax nmpoxoauiau 0.5 M.

Ipanyiomempuueckuii anaau3 aedsaHo20 waama.
®pakMOHHBIN COCTaB IIIaMa W TIpeobsagatorasi
dpakumusg UIMEHSIOTCS C YBEJIWYEHUEM IIIyOUHBI
cKBaXWHEI. Jlo mryOouHsl 18.5 M B JeIsTHOM HIjiaMe
npeobianaiu oTaeIbHbIE JIENSTHbIE 3¢pHA WY CPOCT-
KU 3€peH pasMmepoM 6onee 1.6 MM. OmHakKo Ha Gojiee
DIyOOKHUX TOPU30HTAX 10JIS1 KPYITHOTO 1IJlaMa 3HaYu-
TEJIbHO CHUXKAJIaCh, IIIJITaM CTAaHOBUJICS O0J1ee MEJIKO-
3epHUCTBIM, YTO OTYETIUBO BUIHO Ha puc. 3, a. D10
OOBSICHSIETCS CTPYKTYPHBIM CTPOEHUEM CHEXHO-
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Puc. 4. CpaBHeHue (POpMBI YaCTHIL JIEASHOTO ItaMa u3 ckBaxuHbl VK-22 (bpakuust 1.25—1.6 mM) ¢ niyounsl 10 M (a) u
30 M (6), toe (8) u (e) yBeauueHHOE B 2.5 pa3a n3o0paxeHne Kaxmoit ppakiimi COOTBETCTBEHHO.

Fig. 4. Comparison of the shape of ice particles from borehole VK-22 (fraction 1.25—1.6 mm) from a depth of 10 m (@) and
30 m (6), where (8) u (e) are 2.5 times enlarged images of each fraction, respectively.

(GUPHOBOM TOJIIIN U MEXaHU3MOM pas3ieIcHUs 3EpeH
pu 6ypeHU, KOTOPbIi OIMCcaH Aajiee 1o TeKCTY.

Dopma wacmuy aedanozo waama. opma 1namo-
BBIX YaCTHUIL MeHsIeTcsd ¢ IIyouHoi. 1llnam ¢ BepxHux
TOPU30HTOB TIPEICTaBISICT COOOM OKpPYIJIBIC JIemsI-
Hble 4YacTUIbl HENpaBWJIbHON (QOPMbI, KOTOPYIO
MOKHO ONMCaTh KaK “KOMMAKTHYIO” (M30MeTprye-
cky1o) (KynpsimoB, Kupcanos, 1990). Illnam c 6onee
ITyOOKUX TOPU3OHTOB COAECPKUT YIJIOBATYIO Iija-
cTuHYaTyo popMy (puc. 4). OmHUM 13 PaKTOPOB 00-
pazoBaHus (pUpHA TPU CyXOM MeTaMophU3Me CUnTa-
eTCsl PEKPUCTAIIN3ALIMOHHOE OKpPYIJIEHUE, MPpU KO-
TOPOM JIEOSIHBIE WIJIBl CIVBAIOTCI NIPYT C IPYTOM,
o0pa3ys okpyrible 3épHa. Ha HermyGoKux ropu3oH-
Tax 3aJieTaHus JeAsTHbIe 3EpHa coaepKaT GOMBIIYIO
CTPYKTYPHYIO CBOOOIY U JIETKO OTHEJSIIOTCS APYT OT
JIpyra mpy HE3HAYMTEJIbHON Harpyske. OTOT (akTt
OOBSICHSIET, TTOYEeMY IIIJIAM C BEPXHUX TOPU3OHTOB B
OCHOBHOM COCTOWT U3 OTIAEIBbHBIX OKPYIJILIX JIEIsI-
HbIX 3epeH. [Ipu yBenmueHUU TyOWHBI MIOTHOCTH
JIEISTHOTO MacCcHUBa pacTeT, MOPUCTOCTh YMEHbIIIACT-
csl, pa3Mep JICASHOTO 3epHa yBEJIMYMBAETCSI, KaK U
yCUJINEe, KOTOPOe HEOOXOIUMO IIPUIOXKUTH, UYTOOBI

OTHEJIUTH OJHO 3€pHO OT Apyroro. Ilosromy 1pu Oy-
PEHUU TIJIOTHOTO (prHa IIPOUCXOIUT HE TOJILKO OT-
JNECJICHUC JICOAHBIX 3épeH I10 UX rpaHniaM, HO " pa3-
pylIeHre UX pe3liaMu OypoBOil KOPOHKH B Mpoliecce
pe3aHusd, 4YTO IPUBOIUT K O6p3.30B3.HI/IIO MEJIKOTO
IJIaCTUHYATOrIoO 1jiama.

IInomnocmo cuexcno-guprnoeoit moawu u Hacoin-
HO20 waama. 3aBUCUMOCTb M3MEHEHUsS TUIOTHOCTU
CHEXXHO-(QUPHOBOI TOMIIN 1 HACBIITHOMN IJIOTHOCTU
JIEISTHOTO IITaMa OT IJIyOMHBI CKBaXKMHBI IIPEICTaB-
JIEHBI Ha puc. 3, 6. @opma JeasgHBIX YaCTUL, HaIlpsi-
MYIO BJIMsIET Ha HACBIITHYIO IUIOTHOCTD IIJIaMa, 3Ha-
YyeHNEe KOTOPOM CHIDKAETCS C yBeIMUYeHNEM IJIyOHBI
CKBaxXMHBI. HachIITHAas TNIOTHOCTD OTAEIbHBIX paK-
LU CHIZKAETCS O TOM Xe IpuauHe (puc. 5, a). D1o
OOBSICHSIETCS TEM, UTO “KOMMAKTHBIE” YACTUIIHI 3a-
HUMAIOT 3aJaHHBIN 00BEM C MEHBIIINM KOJIMUYECTBOM
BO3AYIIHBIX ITYCTOT, YeM IIaCTUHYATEIE.

Cropocmb eumanus aedanozo uaama. CKOPOCTh
BUTAHMUS IJIsI IBYX HAMMEHBIINX (PpaKLIUii ISASTHOTO
nutama (<0.25 u 0.25—0.4 MM) cocTaBuiIa MeHee
1.5 M/c, moOTOMY MPOBECTU HOCTOBEPHLIE MU3MEpE-
HUS U1 HUX He yaauoch (s mpubopa testo 440 dp
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Puc. 5. 3aBUCHMOCTH HACBHIITHOM MJIOTHOCTH (@) ¥ CKOPOCTH BUTaHUS (6) JISISTHOTO [TaMa ¢ pa3IMYHbIX MHTEPBAJIOB OYpEHMSI
OT ITIyOMHBI CKBaXKUHbI; ppakiuu uiama: / — 6onee 1.6 mm; 2 — 1.25—1.6 mm; 3 — 1—1.25 mm; 4 — 0.8—1 mm; 5 — 0.63—0.8 mm;
6—0.4—0.63 MmM; 7— 0.25—0.4 mMm.

Fig. 5. Dependence of poured density (a) and critical velocity (6) of ice cuttings from different drilling intervals on borehole
depth; ice cuttings size: / — more than 1.6 mm; 2 — 1.25-1.6 mm; 3 — 1—1.25 mm; 4 — 0.8—1 mm; 5 — 0.63—0.8 mm; 6 — 0.4—
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0.63 mm; 7— 0.25—0.4 mm.

HUXKHEH TpaHulIeid Arana3oHa U3MepeHUsI CKOPOCTHU
BO3dyxa sBisgeTcs 3HadeHue 1.5 m/c). (cMm. puc. 5, 6;
Tabm:. 1).

OBCYXIEHUWE PE3VIILTATOB

JlaHHBIE O 3aBUCUMOCTSIX CKOPOCTU BUTAHUS Jie-
JISTHOTO 1IIaMa OT €ro KPYIHOCTU M (DOPMBI, ITOJIY-
YEHHbIEC B XO4€ 3KCIICPMMECHTaJIbHBIX pa60T, MOXHO
CPaBHUTb C TEOPETUYESCKUMM TaHHBIMM, IOIyYeH-
HBIMU C TIOMOIIBIO SMITUpUYECKNX popmyi. Tak, us
U3BECTHBIX (hOPMYJT 11 pacdyeTa CKOPOCTU BUTAHUS
HauboJiee OIM3KNE K DKCITIEpUMEHTAIbHBIM JTaHHBIM
3HaYeHMUs I10JIYYaroTCsl IIpU MpUMEHEHUU DOPMYJIbI
(Kynpsiimo, Kupcanos, 1990):

w = (3exp3-(\/3+1.97~1n(14r) —3))-0, (1)

a takxe (IllamineB u np., 1983)

. (ﬁ expl0- (,/m (Ar)+2.3

2.3

- ljj -c, 2)

IIe v — KWHeMaThndecKast BI3KOCThb Bo3myxa (1.862 X
X 1073 M?/c); d — SKBUBAJIEHTHBIA IUaMeTp 4YacTU-
IIBI, MM; ¢ — TIOIIPAaBOYHEIN KO3(hDUIIMEHT (POPMBI
(m1a nzomMerpudeckux yactun ¢ = 0.7), Ar — mapa-
MeTp Apxumena.

IMapameTp ApxumMena HaXOOUTCS IO (popMyIre:

g-d-(3-p)
p-v’

IIe g — yCKopeHue cBobonHoro nageHusd (9.83 m/c?);

8 — moTHOCTH Jbaa (916.7 Kr/m?); p — TUIOTHOCTH

Bosayxa (0.866 kr/m3). 3HaueHUs KMHEMATUUYECKOI
BSI3KOCTH BO3/yXa, IUNIOTHOCTH BO3AyXa U YCKOPEHUS

Ar = , 3)

Taommuna 1. 3HaueHUsI CKOPOCTH BUTAHUS (M/C) [JIs JIGASTHOTO 1IJIaMa Pa3IndyHONi KPYIMHOCTHU U IJTyOMHBI 3ajleraHust

DpaK1ys JeaTHOTO I'my6uHa CKBaXXMHBI, Ha KOTOPOM GbUTM OTOOpaHbI 00pa3Iibl IIIJIaMa, M

irama, MM 5 10 15 20 25 30

1.6> 5.3 5.2 5.3 5 4.6 5
1.25—1.6 4.3 4.3 4.3 4.1 3.8 3.7
1-1.25 3.5 3.8 3.6 3.8 3.5 3.5
0.8—1 3.2 3.3 3.3 3 2.9 2.7
0.63—0.8 2.8 2.8 3 2.6 2.5 2.6
0.4—0.63 2.5 2.5 2.3 2.2 2 2.4

JEA U CHET  tom 63 Nel 2023
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y=-0.3x% + 1.0502
R2=0.999

1 1 1 1
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OKBUBaJCHTHBIN JUaMETp YaCcTul JICASITHOTIO 1HjyilaMa, MM

Puc. 6. 3aBUCMOCTb CKOPOCTH BUTAHMSI OT CPETHETO pa3Mepa YacTHUIL JICISTHOTO IlaMa JIJIsI TaHHBIX, TIOJIydeHHBIX B XOJIe 3KC-
MepUMeHTa U Ha OCHOBAHUU dMITUPUUYECKUX opMyIl. ] — cpenHue 3HaYeHUs Y MOJTMHOMUAIbHBIN TPEH 9KCIIEPUMEHTAIb-
HBIX TaHHBIX; 2 — 3aBUCUMOCTb, TOCTPOEHHas 110 (hopmyiie (1); 3 — 3aBUCUMOCTD, TOCTpOEHHAas 110 hopmyre (2).

Fig. 6. Dependence of critical velocity on average ice cuttings particle size for experimental data and empirical formulas data. 7 —
mean values and polynomial trend of experimental data; 2 — dependence based on formula (1); 3 — dependence based on

formula (2).

CBOOOMHOrO IMaIeHUsI, UCIIOJIb3yeMbI€ [IJIsl BBIYUCIIE-
HUI1, COOTBETCTBYIOT YCIIOBUSIM MPOBEACHUS DKCIIe-
puMeHTa Ha craHuu BocTok.

CpaBHeHMe 3HAYCHUIT CKOPOCTH BUTAHUS, TTOJTY-
YeHHBIX ¢ ImoMolibio dopmyn (1) u (2), ¢ akcnepu-
MEHTAJIBHBIMU TaHHBIMU TIPEICTABICHO B Tabl. 2 1
Ha puc. 6. Pe3ynbTaThl BEIYMCIIEHU YKa3bIBalOT Ha
COOTBETCTBUE SKCIEPUMEHTAIBHBIX TaHHBIX 3MIIV-
puyeckuM dopMmysiaM; TaK, CPEmIHsIsl TTOTPEIIHOCTD
171st popmyatel (1) coctapisier 13.1%, a niist GopMyJIbI
(2) 15.2%. Takast MOrpeLIHOCTh MOXET OOBSICHITHCS
HETOYHOCTBIO W3MEPEHUIl CKOPOCTH BUTAHUSI BO
BpeMsl TIPOBEICHUST DKCIIEPUMEHTAIbHBIX UCCIEN0-
BaHUM UIST MJTBIX YaCTHII JICISTHOTO IITaMa, TaK Kak
YCTAHOBUTb UX BU3YyaJIbHO YPaBHOBEILIEHHOE COCTOSI-
HYE BUTAHUs CIIOXHEe, YeM IUIST KPYITHBIX YaCTHII.
OnHako IS UHXEHEPHBIX PAcy€TOB, CBSI3aHHBIX C
MPOEKTUPOBAaHNEM OypOBOTO OOOPYIOBAHMS, CKO-
pPOCTb BUTaHUSI OMPEAESIOT TOJAbKO IS HaubOJb-

mei ppakuuu. TakuM obpazom, popmyy (2) MOXK-
HO PEKOMEHIOBATh IIJII TEOPETUIECKOTO Olpenese-
HYSI CKOPOCTU BUTAHMUS JIEASTHOTO 11LJIaMa B YCIIOBUSIX
IlenTpanbHoOit AHTAPKTUABI (TaK KaK MOTrPeIIHOCTb
JUJTst HanOoJiblei hpakiliviy 11jlaMa COCTaBIISIET BCETO
2.2%, cM. TabuI. 2).

ITpoBenEHHBIE PKCIIEpUMEHTaIbHbIE MCCIIEI0Ba-
HUYS TO3BOJIMJIM TIOJYYUTh YHUKaJIbHbIE JaHHbBIE O
CBOMCTBaX CHEXKHO-(GUPHOBOM Tosiu LleHTpanbHOM
AHTapktuabl. [lpyuHrumass Bo BHUMaHue, YTO TPO-
1iecc cHeroHakoruieHus B LleHTpanbHOIT AHTapKTH-
Jle U3ydyajicsl Ha TPOTSDKEHUUW NEeCSATUIIETUI, TMOJTy-
YEeHHBIE€ B XOI€ IKCIIEPMMEHTaIbHBIX UCCIIETIOBAHUMI
JlaHHbIE O TUIOTHOCTU CHEXHO-(UPHOBOU TOJIIIA
HOCSIT UCKJTIOUUTENIbHO YTOUHSIIOIIUWM Xapaktep. Omn-
Hako uHdOpMaLMs O TPAHYJIOMETPUYECKOM COCTaBe
JIEASTHOTO 1IJTaMa, €ro HaChIITHOMN TNIOTHOCTU U CKO-
pPOCTH BUTAHUSI B 3aBUCUMOCTH OT INIyOMHBI 3ajiera-
HUsI ObLIa TTOJIydeHa BIIEPBBIC.

Tab6aumna 2. BKCHCPI/IMCHTEUH)HBIC 3HAYCHUA CKOPOCTU BUTAHUA U 3HAYCHU A, ITOJTYYCHHDBIC C ITIOMOIIIbIO SMITMPUYCCKUX

dopmyi
CpenHsis CkopocTh CkopocTh
SKCIepUMEHTATbHAS BUTAHUSA BUTAHUS
d, MM CKOPOCTb BUTaHUA | 1o popMyite (1) | mo ¢popmyie (2), (W = w,)) /w,) x 100, % |((W2 —w,) /w,) X 100|, %
Wy, M/C W],M/C Wy, M/C
2.05 5.1 5.4 5.2 +6.5 +2.2
1.425 4.1 4.2 4.0 +1.3 -3.1
1.125 3.6 3.5 3.3 —4.6 —8.8
0.9 3.1 2.9 2.7 -7.0 —11.1
0.715 2.7 2.3 2.2 —14.7 —18.4
0.515 2.3 1.7 1.6 —26.3 —29.3
0.325 1.5 1.0 1.0 -31.3 -33.5
JEOD U CHET  Tom 63 Ne 1 2023
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bypeHue mybokux cKBaxKvH Ha cTaHIIMU BocTok
BeneTcs yxke 6osee 50 jeT u 3a 3TO BpeMsl Mpoliecc
OypeHUsI ¢ MPU3a00MHON U PKYJISIIINEN 3aTMBOYHON
KUIKOCTU JeTallbHO M3ydeH. OJHaKo Mpollecc ABU-
JKEHMS BO3[yXa MO JJIMHHBIM KaHajlaM C pa3Jiu4yHbI-
MU OCEBBIMU CEYEHUSIMU CUJIbHO OTJIMYAETCsl OT
Mnpoliecca JBWXXEHUSI HECKMMaeMON KUIKOCTU
(KynpsiimoB, Kupcanos, 1990). Takum o0pazowm,
Mpexae HEU3BECTHbIE 3HAYEHMSI CKOPOCTEi BUTAHUS
YacTUll JIEASTHOTO IJIaMa MO3BOJISIIOT TPOBECTU pac-
y€T MmapaMeTpoB OypOBOIro cHapsa Ha T'py30HECY-
1meM Kabesie ¢ 0OpaTHOU MPU3a00MHON IMPKYISIIIN-
el Bo3myxa (CKOpOCTb M pacXol BO3Ayxa, yacToTa
BpallleHUs 6ypoBOii KOPOHKU, KOHCTPYKTUBHbIE Ma-
paMeTpbl MJIAaMOCOOPHBIX (GUIBTPOB U T.1.). JlaHHbIE
0 QpaKIIMOHHOM COCTaBe IIJTaMa U ero ¢popme OyayT
MOJIOXKEHbI B OCHOBY MaTeEMaTUUYE€CKO MOJIEIN MPO-
lecca OypeHus, a TakKxKe MO3BOJISIT TPOU3BECTU pe-
MpPe3eHTaTUBHOE KOHEYHO-2JIEMEHTHOE MOJEIUPO-
BaHue (Shammazov et al., 2022; benomrazos u ap.,
2022), yTo noBbICUT 3¢h(HEKTUBHOCTh PabOT MO CO-
3MaHUIO 9KCIIEPUMEHTAIBHOTO OypOBOTO CHapsiia Ha
rpy30HecyIeM Kabee.

3AKJIIOYEHHME

3amaum, 3aIjlaHUPOBAaHHbIE B pPaMKax 3KCIIEpHU-
MEHTaJIbHBIX MCCJIEIOBAHUI MO U3YYEHUIO TTpoliecca
IBVDKEHUS JISASTHOTO IIIaMa Mpu OypeHUU CHEXHO-
(GbUPHOBOI TOMIIIHU, TOJITHOCTHIO BBHITIOJTHEHBI B CE30HE
67 PAD. Ilpobypena ckBaxknHa VK-22 rinyouHOi
30 M ¢ MOJIHBIM OTOOPOM KepHa 1 00pa3loB JeasIHO-
ro nmama. I1o pesynpTaTaM ncciaeaoBaHUs 00pa3loB
KepHa U JIeASTHOro 1ujiaMa U3 ckBaxkuHbel VK-22 1o-
CTpoeH TIpo(UIb IJIOTHOCTA CHEXHO-(GUPHOBOI
TOJILIM Y HACBITTHOM TJIOTHOCTH JISASTHOTO IIIJIaMa 10
n1youHsl 30 M. IT10THOCTE CHEXXHO-(UPHOBOI TO-
U JUHEeHHO Bo3pacTaeT ¢ miyouHoir (ot 319 mo
578 kr/M3), B TO BpeMs KaK HACBIITHAS ILIOTHOCTB JI€-
ISHOTO IIJTaMa W3MEHsSIETCS HEJMHEHO: MaKCH-
MaJbHOE 3HadeHue 523 kr/m® Ha miyouHe 14.5 M, a
MUHUMaIbHOE 3HaueHue 417 kr/m> Ha myoune 30 M.
HMccnenoBaHbl 3aBUCUMOCTU WM3MEHEHUSI T'PaHYJIO-
METPUUYECKOTO cocTaBa U (OPMBI JIEASTHOTO IIJlamMa
CHeXXHO-(UpHOBOI Toamy LleHTpaabHOI AHTapK-
THALI B 3aBUCHUMOCTH OT IJIyOMHBI €ro 3ajieraHusl.
C m1yOuMHOI KPYITHOCTh IIJIaMa CHUXKAeTCsl, TaK Ha
mIyOouHe 3 M JOJIsT KpynHoro 1iama (6onee 1.6 Mm)
cocTaBisieT 56.7%, B TO BpeMsl KakK Ha rimyouHe 30 M —
Bcero 4.4%. MopmMa yacTull JIEASTHOTO 1IIJlaMa C yBe-
JINYEHUEM TITyOWHbBI U3MEHSIETCS OT OKPYIJIOH K Iia-
ctuH4YaToii. CpenHsis CKOPOCTh BUTAHUS I Hau-
Oosbleil (paklMM JeASHOro IjlaMa CoCTaBuJa
5.1 M/c, TOCTOBEPHOCTb 3TOrO 3HAYEHUS IMOOTBEP-
XKHaeTcsl pacYETHLIMU (popMyTaMu.

ITonyueHHbIe pe3yabTaThl Oya1yT IPUMEHEHBI IPU
pa3paboTKe HOBOTO OYypOBOIO CHapsia Ha Irpy30HE-
cylieM Kabejie ¢ oOpaTHOIT Mpr3aboHOI LHUPKYIs-
uueit Bozayxa. [loMuMo 3TOrO, MpeEACTaBIEHHBIE B

JIEQ U CHET Ne 1

TOM 63 2023

CTaTbe TaHHbIE MOTYT ObITh IPUMEHEHBI MHOCTpaH-
HbIMM HayYHBIMU KOJUIEKTMBaMU IIpU pa3padoTKe
(Cao et al., 2018; Cao et al., 2019) i MoaepHHU3a-
muu (Gibson et al., 2021) coOCTBEHHBIX CCTEM Oype-
HUSI C OUMCTKOM 320051 BO3IYXOM.

PaboThl Ha BKCIIEpUMEHTAJILHOM CTCHE BBLISIBU-
JIM €T0 JOCTOMHCTBA U HeIOCTAaTKU, Y IIYTHU €ro JaIb-
HEHIIIero coBepIlleHCTBOBaHUs. IlmaHupyercs yBe-
JIMYUTHh MOIITHOCTb MOTOP-TYPOUHBLI U YCOBEPIIECH-
CTBOBaTh MeEXaHM3M IIoJayM IIIaMa Ha CeTKY
OCHOBAHMUS CTEHIA. DTU U3MEHEHMSI II03BOJISIT TOTIOJ-
HUTEJIbHO BBITIOJIHUTDH MCCIICAOBAHUS, TIO3BOJISTIONINE
HaiTi 3(P(PEeKTUBHYIO CKOPOCTh TPAHCIIOPTHUPOBKU
JIEISTHOTO IIaMa; M3YYEHUIO IIpoliecca 3pO3MOHHOTO
paspylieHust GUPHOBOIO K€pHA BOCXOASIIUM ITOTO-
KOM BO3[yXa; M3y4CHUIO MeEXaHMW3Ma 3all0JTHEHUS
IIJIAMOCOOPHBIX (PUIABTPOB Pa3TUYHBIX KOHCTPYK-
Ui (ceTyaThbiX, HIUKJIOHHBIX).

IIpomomkeHue 3KCIIEpUMEHTAJIbHBIX pPadoOT 3a-
IUIAaHUPOBAHO B ce30H 68 PAD, a nx pe3yabTaThl I103-
BOJISIT 3aITOJTHUTh MHOTHE ITPOOEJIbl B 3HAHUSIX O IIPO-
Lecce OypeHUs BEPXHETO CHEXXHO-(PUPHOBOIO rOpU-
30HTa BBICOKOTOPHOTO AHTapKTUYECKOTO ILIATO U
MPUCTYIIUTH K pa3paboTKe 3KCIIEpUMEHTAJIbHOTIO 00-
pasia 6ypoBOIo CHapsaa Ha rpy30HeCyIleM Kabeie ¢
oOpaTHOM Mpu3aboitHOIM IMPKYJIALMei Bo3ayxa. Ha-
3BaHHas TeMa HAWAET OTPaXEHUE B TAIbHEHIIMX
MyOJIMKALIMSIX HAIlIETO aBTOPCKOI'O KOJUIEKTHUBA.

Baaromapaoctu. KojieKTB aBTOPOB BbIpaxkaeT
OJraromapHOCTH ITepCOHAJTy CTaHIIMM BOCTOK B ce30-
He 67 PAD 1 HayaHbM coTpyaaukaMm JIMKOC Arek-
cero ExalikuHy u HMpuHe ANEXWHON 3a OKa3aHHOE
COIIefiCTBME B IPOBEICHUM SKCIIEPUMEHTAIbHBIX Pa-
00T. MBI Tak:Ke OJTaroJlapyum BCeX PELIEH3EHTOB 3a UX
KOHCTPYKTUBHBIE KOMMEHTApUM K Hallleii pabore,
KOTOPBIE TIOMOTIJIU CYILLIECTBEHHO YJIYUYIIUTh CTAaThIO.
HMccnenoBaHue BBITTOJHEHO C TOMOIIbIO CYOCUIUU
Ha BBIITOJIHEHME TOCYIapCTBEHHOIO 3a1aHus B chepe
Hay4yHo#i nesstenbHocTH Ha 2022 1. No FSRW-2021-
0011.
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The snow-firn layer of the glaciers of Antarctica and Greenland contains data on the composition of the at-
mosphere in the past, volcanic eruptions, forest fires, anthropogenic pollution, and many other unique in-
formation. Nowadays, core drilling methods are widely used for sampling the snow-firn layer. Due to numer-
ous complications (loss of air circulation, drill bit sticking, ice balling up, etc.), air ice drilling is not wide
spread, yielding in productivity and reliability to thermal and auger drilling methods. However, core barrel
drilling with reverse bottom-hole air circulation is a promising technology for drilling the glaciers of Antarc-
tica and Greenland. However, core drilling with reverse bottom-hole air circulation is a promising technology
for drilling Antarctic and Greenland glaciers. The authors suggest that this technology, if successfully imple-
mented, will significantly exceed the currently used methods of drilling the upper layers of the glacier. Taking
into account the failures of previous projects of core drilling with air, it was decided to conduct research in
the conditions of Central Antarctica in order to substantiate the design parameters of the new drill. During
67th Russian Antarctic Expedition (RAE) experimental studies of ice cuttings air transportation while
drilling of the snow-firn layer were conducted at Vostok station. In the course of the experimental stud-
ies, the VK-22 borehole was drilled to a depth of 30 m with full core and ice cuttings sampling. According to
the selected probes, the dependences of the change in the density of the snow-firn layer, bulk density and
fractional composition of ice cuttings on the depth of occurrence were established. By using the experimental
facility, the suspension velocity (critical speed in drilling) of ice particles of various sizes and shapes was found
for the first time. Directions for further research and ways to improve the experimental facility are proposed,
which are planned to be implemented in the season of the 68th RAE

Keywords: Central Antarctica, air drilling, ice cuttings, critical speed, suspension velocity, core, snow, firn
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