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ITPAKTHKA H IIEPCIIEKTHBbI CTPOHTE/IbCTBA
INMOA3EMHBIX XPAHH/THII ’KH/IKHUX VITIEBOAOPO/AOB
B BEYHOMEPS3/IbIX IIOPOAX

INokazaHo, UTO A/IsI TepMeTH3alMH TI0A3eMHOTO pe3epByapa B IepHOa KCI/IyaTallid
XpaHH/HIIA Ha BHYTPEHHEH IMOBEepXHOCTH BHIPAOGOTOK — eMKOCTeH Heo6X0AMMO HaMopa-
JKHUBaTh /Ie/ISIHYIO OO6/HLIOBKY. B NpakTHKe Hallle/l IpHUMeHeHHe CIIoco6 HaMOpaXXMBaHHS
esIHO¥ OG/IMLIOBKH TyTeM 3allO/THeHHUs Bcero obbeMa BbIpabOTOK IMPeCHOH BOAOH C
BbIAEPKKOI ee B TedeHHe PacyeTHOro BpeMeHH U OTKauKok He3aMep3lleH BOAbI IPH 0-
CTHIKEHHH /1e/ITHOK OG/TULIOBKOK IPOEKTHOH TO/IIHHBL. YCTaHOB/IeHO, YTO OTTauBaHHS U
paspyleHHsT BeUHOMEeP3/IbIX TIOPOA OKPECTHOCTH BbIPaGOTOK He MPOUCXOAUT, eC/IH CKO-
POCTb MoABOZA Teria K MOBEepXHOCTH TelZIoOGMeHa He MpeBbIlaeT CIIOCOGHOCTH Mep3-
7IBIX MTOPOA OTBOAMTH TerrIo BI7IYOb MaccHBa. Mlcxoas u3 aToro yc/1oBus, paspaboTaHb
METOAMKH pacyera MaKCHUMa/IbHO AOIYCTUMBIX TeMIlepaTtyp BOAbl M TOTI/IMBA I10 YC/IOBHIO
COXpaHeHHs [TOPOZbI B TBEPAOMEP3/IOM COCTOSIHHUH (popmyrbl 1 1 2).

IpoBeaeHHble KOMITIEKCHBIE HCC/Te[IOBaHHS, CTPOUTE/IbCTBO OIMBITHBIX M IPOMBIILI/ICHHbIX
XPaHH/HII B BeUHOMEP3/IbIX TI0poAax MO3BO/SIOT OCYUIECTB/ASATh CTPOUTE/IbCTBO T1043eM-
HBIX XPaHH/THII JKHUAKUX YIZIeBOAOPOAOB B BEHHOMEP3/IbIX IT0POAaX B BOCTOYHOM CEKTOpe
ApPKTHKH, Ha He(TSHBIX U a3oBbIX MeCTOPOKACHHsAX ceBepa TIOMEHCKOHM 06/1acTH U
KpacHosipckoro Kpas, a Takxke B AryTHH 1 apyrux parioHax KpariHero Cesepa.
KmiodeBrle c/10Ba: 1oa3eMHOe XpaHH/IHIIe, BeUHOMep3/Ible TTOPO/IB, KUAKHe YI/IeBoao-

poabl, TellZIoBoe BO3/AeHCTBHe.

porpecc B pellleHUd 7100a/b-

HOM mpo6/eMbl OCBOEHHs Toa-
3eMHOTO TMPOCTPAHCTBA M, B YAaCTHOCTH,
WCTIO/Ib30BaHUE BEPXHHX C/I0EB 3eMHOM
KOPBI KaK Cpe/bl /17151 CTPOWTE/ILCTBA MO/-
3eMHBIX XPaHW/IMIIT Pa3IMYHOrO HaszHaue-
HUsI, OCHOBaH Ha PEe3KOM YBenMyeHHH
VICTIO/Ib30BAHUA ra3000pa3HbIX U KUAKUX
YI71eBOIOPOIOB.

Ocobast porb ra3oHedTenpoayKToB B
pellieHUH SHepreTHueckrx M S3KOHOMUYe-
CKHX TIPO6G/eM CTpaHbl CrIocOOCTBOBaa
pa3paboTKe NPUHLIMITHA/IBHO HOBBIX TeX-
HO/TOTMYECKUX PellieHUit B 06/1acTH CTPO-
WTe/IbCTBA MMO3eMHBIX Pe3epBYapOB.

K  xpaHumvmaM — HedTerpoaykToB
MIPeabABASIOTCA KeCTKHe TpeGoBaHUs:
obecrieyeHre 6e30MacHOCTH OOCYKUBa-
IOIllero repcoHasia U Hace/leHus; MpeaoT-
BpallleHHe 3KO/IOTHUeCKHUX HapyIlleHHH
OKpYKaIOIIer Cpesbl, a Takke Crocob-
HOCTh TIPOTUBOCTOSATh KOPPO3UOHHOMY

108

BO3/IEHCTBUIO XPAHHMBIX ITPOAYKTOB. Pe-
IIWTh [IPO6/IeMy XpaHEeHUs KUAKHX Yrie-
BOIOPOIOB TMYTeM CTPOUTE/bCTBA pe-
3epBYapHbIX MAPKOB M3 TPAAWMLIMOHHBIX
MeTa/llTUIeCKHX Pe3epByapoB [Py 3HaUU-
TenbHBIX O6beMax XpaHeHHs U Tepeyrc-
MIeHHBIX TpeOoBaHHAX K 6e30rMacHOCTH,
HaeXKHOCTH M 3KOHOMUUECKOH 3dpdpek-
TUBHOCTH TIPAKTHUECKH HeBO3MOXKHO.
[ToasemMHoOe xXpaHWIUIIE — 3TO KOM-
T/IeKC TIOA3eMHbBIX U HaA3eMHBIX COOPY-
JKeHUi, obecrieurBalolUX IpUeM, xpa-
HeHUe 1 OTOOp HedhTenpOaYKTOB.
CosnaHvie  MOMA3eMHBIX — XPaHW/IMII
IIAXTHOTO THIA B IMPaKTHUECKH Herpo-
HHLIAEMBbIX BEUHOMEP3/bIX IMOPOaax OT-
yyaetcsl orpeaeneHHON CrelrdUKOH.
[lpy sKcryatauyy TakKUMX — XPaHH/IMII
Tpebyerca cobmoaath HeoOXoAHMble
TeMriepaTypHble YCAOBUS. DTO CBS3aHO
C TeM, UTO MPOYHOCTHBIC U (PU/BTPALIU-
OHHbIE CBOMCTBa MepP3/bIX TTIOPOA U Nes-



HOM OB/MLIOBKH BbIPAOOTOK — eMKOCTei
CYIIeCTBEHHO 3aBHCAT OT TeMriepaTyphbl
MOCTYIAIOIIMX B XPaHW/IMIIA [TPOAYKTOB.
UeM HIKe TeMIlepaTypa MPOAYKTOB, TeM
coXpaHHee 1esisiHasg O6/MLIOBKA.
['epMerTuHOCTh TOA3eMHBIX BbIPabo-
TOK XpaHW/Mia OoOecrieurBaercs, eciv
MaKCUMa/IbHasi eCTeCTBeHHasi TeMIiepary-
pa pabouert Tomy (MacCuB, B KOTOPOM
pasMelaioTcst BhIPabOTKH) HIKe Temrle-
paTyphl ero OTTaUBAHMA /17151 IUCTICPCHBIX
nopoa Ha 3 °C, a anst ckanbHbIX —Ha 1 °C.
B sTOl CBA3M CTAHOBUTCH OYeBM-
HbIM, UTO BakKHeMIIMM YC/IOBHEM IMpu-
MEHeHUsl TI0/I3eMHbIX XPaHW/MII B Beu-
HOMEP3/bIX [MOpoAax SBASETCs COBMO-
[leHre TeIVIOBOTO pexMuMa pesepByapa
KaK B MepHO/ ero CTPOUTeNbCTBA, Tak U
B Ipoliecce sKcrayatarmu [1].
[TonsemHoe xXpanwuiile HedTernpo-
OYKTOB B BEUHOMEP3/IbIX [TOpoaax INpea-
CTaB/asieT COOOM CHCTeMy TOPH30HTa/lb-
HbIX BBIPAaOOTOK — EMKOCTeMl, TIPUMbI-
KaIOIIMX C OAHOM WM C ABYX CTOPOH K

LileHTpasibHOM BhipaboTtke [2]. [pu aBy-
CTOPOHHEM TPUMBIKAHHU OHU pacriosa-
raloTcs B IIaxMaTHOM rnopsake (puc. 1).

B nepByio ouepeab MpOXOASAT Bbl-
paboTKH, obecreurBalole Co3aaHue
CKBO3HOUN BeHTW/IALMH. BeHTUAALMOH-
Hble CKBaXKWHBl /715 TPOBETPUBAHUS
BbIPabOTOK BYPAT A0 Hayasta Mpoxoaye-
ckux pabort. [IpakTrka nMokasana, 4To B
BbIPaBOTKU — eMKOCTH He c/1eiyeT A0My-
cKaTh MOCTYII/IGHUs BO3yXa C TeMIlepa-
Typotii Beiie -3 + -4 °C.

[lns repMeTH3alMM TIOA3eMHOIO pe-
3epByapa M IpeaoTBpallleHHs OTTau-
BaHWA Mep3/I0i Mopoabl B NMeproa 3KC-
n/yaTalydy XpaHW/IWIa Ha BHYTpPeHHei
MOBEPXHOCTH BHIPAabOOTOK — eMKOCTei
HeOOXOAUMO HaMOpPaXKUBaTh /eAsSHYIO
o6muoBky TomumHoM  50-100  mm.
B npakTuke npumensiercs crioco6 HaMo-
pakvBaHHs /1eAsHOM OOGMAUIIOBKU MyTeM
3aro/HeHus: Bcero oObeMa BbIpabOTOK
MIPeCcHOM BO/IOM C BBbIAEPXKKOM ee B Te-
YeHMe PacyeTHOro r[iepuoaa BpeMeHU

Puc. 1. O6peMHO-I/IaHHPOBOYHAA H TEXHO/AOTHYECKas cXeMa MOA3eMHOT0 XpaHH/AHLIA
LIaXTHOro THNAa B Be4YHOMep3/bIX nopoAax: 1 — CKBaXUHbI A/ C/IMBa He(PTeIIPOAYKTOB; 2 —
TPYGONPOBOALL; 3 — 3KCIVIYaTaLIMOHHBIN Ko/ozell; 4 — BEpabOTKHU-eMKOCTH; 5 — HaK/OHHBIA CTBOIT;
6 — MOrpPYKHOM Hacoc; 7 — LeHTpasibHast BhIPabOTKa-eMKOCTh; 8 — TaHKep
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(20-25 cyt) 1 nocnenyromier OTKa4YKH He-
3aMepalieit BObl NP AOCTURKEHWH /1e/Isl-
HOM OB/THIIOBKOM MPOEKTHOM TO/IIMHBI.

HaMmopaxuBaHue neasHoit o61u-
LHOBKHM TIPOHMCXOAUT BC/1€ACTBHE TeIl/10-
obMeHa Mexay BOAOM M MacCHBOM IO-
pomnsl. Bpemst HaMopak1BaHUst 3aBUCHT
OT TerIo(pHU3UUECKUX CBOMCTB TPYHTA,
TeMIiepaTypbl BO/IbI, 3a/1MBaeMOM B MO/I-
3eMHble BbIPaBOTKH, W OTHOIIGHHS TI/10-
a1 CMOYEHHOM TMOBEPXHOCTH K OOb-
eMy Boznbl [3].

B pesynsrate paboT, BHIMO/IHEHHBIX
B 1a00PATOPHBIX Y HATYPHBIX YCIOBHSAX,
ro/ydeHa 3aBUCHMMOCTb /1S oTlpeserie-
HUA MaKCHMa/IbHO [ONYCTUMOM TeMIle-
patypel Boael tmax (°C), cnvBaemont B
BBIDAOOTKH — eMKOCTH /711 HaMOpaxkU-
BaHUs /1e/ITHOM OG/HLIOBKU:

2
21, (t, —tr)[Sq +35Wj

C,ma VQ (1)

rae t, — Temriepatypa ¢asoBoro rnepe-
xona Boab! B nen, °C; t — ecTecTBeHHas
TeMIrieparypa Be‘{HOMep31'II>IX nopoan, °C;
A, — K03(pPUILIMEHT TerVIonpPOBOAHOCTH
Be'-{HOMep31'IbIX nopoa, Br/mM°C; S, -
7I0MIaab TIOYBbI BBIPAOOTOK — eMKo-
crei, M% S, — cyMMapHas niomaab CTeH
Bblpa6OTOK - emroctedt, M%; C — 06b-
eMHasl TeIl/IOeMKOCTb BO/IBI, ﬂ}K/( 3°Q);
a, — KO3((ULIMEHT TeMrepaTyporpo-
BOIHOCTH BEUHOMEP3/IbIX ropoa, M2/c;
V — o6beM BhIpaGOTOK — eMKocTel, M3,
() — NPOM3BOAWTE/ILHOCTL 3arlo/IHeHMs
BLIPAaGOTOK — eMKOCTel BoAoM, M3/c.
Pacuetbl 1 OIBIT MOKa3a/sd, 4TO 3a-
[O/IHATb BBIPAOOTKM BOAOM U OTKa-
YyrBaTb BOAY TIOCAE HAMOPaXKUBAHUSA
nefsHONM OOMULIOBKH  L1e/1eco0BPasHO
C MakCHMa/IbHO BO3MOXKHOM TPOU3BO-
[WUTE/NbHOCTBIO, TIPeayCMOTPeB  Mephl,
HCK/IOUAIOIIe THAPaBANUeCKOe paspy-
lIeHHe BeYHOMEeP3/IbIX MTOPOI.
[IpononxuTeILHOCTh 3aMO/THEH s BO-
IOM BBIPABOTOK — eMKOCTElN MOA3eMHOIO
XpaHuuina ooseMoM 25 Thic. M3 He Tpe-
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Puc. 2. KoHCTpyKUHA TeXHO/IOrH4ecKOH
CKBasKMHbI /11 3ano/AHEeHH: BbIPaboOTOK-
eMKOCTeH Boabl: 1 — BONOBOA; 2 — LIGHTPUPY-
[olllee Ko/blio; 3 — Jene306eToHHas MTa

BbllllaeT TpeX cyToK. OTKauyky BObI I10-
c/le HaMOpaXUBaHUSA /1eITHOM OO/MULIOB-
KU OCYILIECTB/ISAIOT HEITPEPhIBHO.

B kauecTBe TeXHO/MOrMYECKHX CKBa-
KUH /17151 TIOZ[a4y BO/bI B IIAXTY 11e/1eco-
OOpasHO MCIIO/Ib30BaTh BEHTU/IALIMOH-
Hble CKBaxkKUHBI, oOCameHHble TpybaMu
C TIOBepPXHOCTH 3eM/u A0 rAyouHbl 1,5—
2 M. B cKBaxMHY OIMYCKaIOT BOAOBOA
(puc. 2), mocneaHnu ctaB KOTOPOTO Mep-
dopHpOBaH M YCTaHAB/IMBaCTCH Ha Ke-
ne306eTOHHYIO TINTY, AMb6o CBOOGOAHO
MOABellIeH B HYKHEeN YacTH BhIPabOTKH.
[lo BBOAa IIOA3eMHOIO XpaHW/IWIIa B
SKCII/IYaTaLMIO y3e/l MoAaur BOAbl 1071
KeH OBbITh JeMOHTUPOBAH, a CKBaXKMHA
MUKBUAWMPOBAHa.

CnvB HepTeNMPOAYKTOB B MTOA3EMHbIE
pesepByaphl MPOU3BOAMUTCS Yepe3 TeX-
HO/IOTMUeCKHE CKBaxkHHbI 3 (puc. 3).



TexHoMOrH4YecKas cxeMma 3KCIIYaTauHH moa3eMHoro xpaudadma: 1, 10 — duasrpsr;
2, 11 — RUOKOCTHBIE CUETUMKM; 3 — TeXHO/IOTMUecKasl CKBaXKMHa A/ C/MBa HedTelpOoayKTOB;
4 —yKasaresb YPOBHS TOIIMBA B BEIPaOOTKE-eMKOCTH; 5 — TexHO/Iornueckas CKBaxHHa 71 oTéopa
HepTenpoayKToB; 6 — MaHOMeTp; 7 — MOrPYKHOM Hacoc; 8 — MeTa/IMueckyi pesepByap; 9 — Hacoc;
12 — HanmBHOM cTOAK; 13 — YCTPOMCTBO A1 paccpeaoTOUeHH s TeIVZIOBOH HarpyskU MpH c/vBe Hed-
TerpoayKTa M0 A/MHe BEPabOoTKU-eMKOCTH; 14 — 3ymridp; T — TepMOKpaH ¢ TepMOMeTpoM

TepMomerpaMyl, YCTaHOB/IGHHBIMU B
TepMoOKapMaHax T, saMepsieTcsi Temrle-
patypa CIMBaeMoro Mnpoaykra. B BbI-
paboTKe — eMKOCTH TeXHO/IOrHuecKas
CKBaxXMWHa obopyayercs pacrpeaeny-
Te/bHBIM YCTpoicTBOM 13, obecrieunBa-
IOIMM PacCpeaoTOUeHue TerlZIoBOM Ha-
I'PY3KU TI0 A7MHe BHIPaboTKU. Pacmpe-
fenvTenbHoOe YCTPONMCTBO MOXKET ObITh
BBITIO/THEHO B BH/IE [MOA3@MHOIO Ter/Io-
OOMEHHHKa, KOTOPbIA BMOpaKHBaeTCs
B /1e[l CKperlepHON AOPOKKU LIeHTPa/lb-
HOM BhIPaOOTKU B [MPOLIECCe HAaMOPaxKHU-
BaHHUA /1eAsHOM OOMULIOBKU. B 3aBucH-
MOCTH OT TpebyeMoil IPOTAXKEHHOCTU
TPYOOITPOBOAa, OH MOKET ObITh Y/IOKeH
B OZIHY WM ©0/1ee HUTOK W/U BBIMTO/THEH
B dopme 3MeeBrKa. KOHCTpYKTHBHBIC
rnapamerpbl TerriooOMeHHUKa (auamerp
1 of1as MPOTXKEHHOCTb TPYO) orpese-
[SIOTCS PACUETOM.

TexHonorvueckre CKBaxWHBI  [U/1S
cnvBa HeMTelpOAYKTOB B XPaHW/IMIIe
0BOPYAYIOTCA ABYMS COOCHO Pacriofo-
KeHHbIMK TpyOGaMu M0 Bcel rayOHHe.
Buemnss tpyba (219x9 mm) sBasiercs
obcanHoH, a BHyTpeHHsAs (108x4 mm) —
TEeXHO/TOTHUYECKOM, 10 KOTOPOM IPo-

HU3BOAWTCA C/IMB TIIPOAYKTA B pe3ep-

BYap.
3arpy6GHOe MPOCTPaHCTBO OOCAAHOM
KO/TOHHBI CKBaXKUHBI [ePMETHU3UPYIOT

nyTeM T[IOC/IOMHOIO TPOMOpaXxKBaHUsA
BOZIOTIeCcyaHo MNyablbl. [locre momHom
IIPOMOPO3KHU  BOAOIECYaHOM  IY/bIIbl
B 3aTpyOHOM IIPOCTPAHCTBE CKBaKKH
MPOM3BOAAT Tel/IOTMAPOUSO/NALIMIO KX
oronoBkoB. Ob11as BbICOTa TeI/IOrUaAPO-
M30/ALIMOHHOrO 1o coctasaser 0,5 —
0,6 M. Pacuersl u mpaKTHKa MoKasaau,
UTO TaKOM C/IOM Tel/IOrUApOU30/IALINU
obecrieurBaeT COXpaHeHHe Ter/I0BOro
peXrMa Oro/IoBKa CKBaXKKH.

OnBIT 3KCI/IyaTaLMK TTOA3@MHbBIX Xpa-
HW/MIL, TIOCTPOEHHBIX B BEUHOMEP3/IbIX
roposax, CBHUAETe/bCTBYET O HeoOXoau-
MOCTH HaZeXXHOro oGecrieueHusl YCTOM-
YMBOCTU Y FepMETUYHOCTH TeXHO/OoTHYe-
CKUX CKBaxkHWH. [ Ipu 3akauke Hedprernpo-
OYKTOB C IMO/IOKUTE/ILHON TeMIlepaTypour
yepes HeTer7ion3o/MMpPOBaHHYIO KO/IOHHY
TpyO obcamHas KOOHHA U 3aMOPOXKEeH-
Has BoollecyaHas CMeChb HarpeBaloTCH,
B pe3ynkTaTe 4ero B 3aTpyOHOM [Ipo-
CTpaHCTBe oOpasyeTcs My/blla, KoTopas
HauuMHaeT T[IOCTYraTb B BLIPAaOOTKY -
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eMkocThb. [lpu 3TOM TexHonMornyeckas
CKBaxKMHa TepsieT YCTOMYMBOCTH M CTa-
HOBUTCH HerepMmernuHou. [lasbHelnas
3KCII/IyaTallMs  HeTer/IOM30/IMPOBaHHOM
CKBaxKMHBI MOKET TPHBECTU K OIyCKa-
HUIO 06CaaHOM KO/OHHBI K OOPYIIeHHIO
MOPO/ B 30HE COTIPSKEHUS CKBaKHHBI C
BbIPABOTKOM — eMKOCTHIO.

OrtravBaHvsg M paspyliieHds BeYHO-
Mep3/IbIX TIOPO/ B OKPECTHOCTH BhIpabo-
TOK He TPOMCXO/IMUT, eC/Ti CKOPOCTD MO/1-
BO/a Tervia K TOBEPXHOCTU Terioobme-
Ha He TpeBbIlliaeT CrIOCOGHOCTU MeP3/bIX
MOPO/ OTBOAUTH Tervio Br/yOb MacCHUBa.
Hcxons u3 3Toro ycroBusi U MCIIONB3Ys
3KCIIepHMeHTa/IbHble  aHHble, pa3pa-
OOTaHBl METO/IMKM pacueTa MaKCUMallb-
HO [OMYCTUMOM TeMrepatyphl TOT/IUBa
(t,) Mo yc/IoBHIO COXpaHeHHsl Mopo/bl B
TBEPAOMEP3/IOM COCTOSIHHM.

(1)

b Jma,Vy

a, CQ 7 37 @)
rae Q. — MPOM3BOAMTE/ILHOCTD 3arlorl-
HEHWsl pe3epByapa HeTelpoayKTOM,
m*/c; V. — obvem Hedrenpoaykra,
CIUTOTO B BHIPAGOTKH — eMKOCTH, M3,
o, — KO3 HLMEHT Ter/iooTAauu OT He-
dTernpoaykra K BHYTPEHHeN CTeHKe TPY-
Obl vu K Meparnor riopoae, Br/(m2 °C);
C. — obbeMHas Terz10eMKoCTb HedhTernpo-
nyta, [x/(M3 °C); P_ - nepumerp noussl
BbIPabOTOK — eMKOCTeH, M; h — ypoBeHb
3a/IMTOrO TOI/IMBA, M; OCTa/lbHBIE O0O0-
3HaUeHHs MMPUBOAW/IHCE B popmyrie (1).

TexHonmorrvyeckre CKBaxkMWHBL 715
oT6opa TOM/IMBa PacrofiaraloTcs Hero-
CpencTBeHHO Haz 3yMIIpOM B LICHTPa/Ib-
HOU BbIpaboTke. Y3en otbopa TOI/MBa
1 3aMepa ero YpoBHs pa3Mellaercs B
BbIpabOTKaX — eMKOCTSX B TeXHO/IOTHYe-
CKOM CKBaXkMHe, 0OCaxkeHHON Tpybamu
nvamerpoM He meHee 500 mm. OTkauka
MPOAYKTa U3 XPaHW/IMIIIA OCYIIeCTBIACT-
Csl IOTPYKHBIM HACOCOM, pa3MellieHHOM
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B 3ymrcpe (puc. 4). B nepuoa 3akauku
TOM/IMBa B BBIPAOOTKHM — EMKOCTH, BO
BpeMsl XpaHeHUsl, a Takke B ITpoliecce
oTbOpa TOI/IMBA BeaeTcss Hab/oaeHue
3a ero ypoBHEM.

B 11e10M OMBIT CTPOUTENIBCTBA U 3KC-
N/1YaTalliy MOA3eMHBIX XPAaHH/UII B Bed-
HOMep3/bIX TMOpOo/Aax MOKa3blBaeT, UTO
OCHOBHBIE C/IOKHOCTH BO3HHUKAIOT B pe-

)

b

]

CxeMa TexXHO/IOrHYeCKOH CKBayXHHbI (KO-
aoaua), OGOPYAOBaHHOH A4Sl 3KCIAY-
arauuH XxpaHuauma: 1 — 1Ba OTBepCTUs
0,7x1,8 M; 2 — aBa nonykornblla Ha CBapKe;
3 — mypd; 4 — cerumu TpyOsI Hacoca; 5 — rpyH-
TOBasi OTCHINKA; 6 — 3/1eKTPOABHUraTe/lb Hacoca;
7 — ypoBHeMep; 8 — mon HacocHoM; 9 — new-
Ta ypoBHeMepa; 10 — BodomecuaHasi MY/IbIIa;
11 - HampaBasionrie CTpyHbl; 12 —IOTM/1aBoK;
13 - cvemHas cetka; 14 — symnd; 15 — rpys



3ynkTaTe HapylleHHs TeI/IOBOTO PekU-
Ma 1e0TIOPOAHBIX BHIPABOTOK — eMKO-
CTel, Tak Kak B OO/IBIIMHCTBO ParfOHOB
Kpaiinero CeBepa TOM/IMBO IOCTAB/SIOT
nerom ¢ Temreparypoit 5—15 °C. Bos-
MOXKHO OX/IaKAeHHe KHUAKOTO TOI/IMBa
HeIoCpeACTBEeHHO Tepe ero C/IMBOM B
rnoaseMHbIN peseppyap. OAHAKO MIprMe-
HeHYe XOMOAW/BHBIX MallMH B YC/IOBUAX
Kpaiiero CeBepa, Kak MpaBU/Io, 3KO-
HOMHYECKHU He OTpaBAaHo, a MpoKayka
MOCTYTAIOIIero Ha XpaHeHWe Terioro
TOI/IMBa 1O TpyHaM, BMOPOXKEHHBIM B
nena, TO3BO/ET TOHU3HUThH TeMIlepary-
Py TOII/IMBA TPU C/IHMBE €ro B pe3epBy-
ap TO/MBKO B OO/IACTH TIO/IOKUTE/TBHBIX
3HaUeHWM, 4YTO He /aeT BO3MOXKHOCTb
COXPaHHUTh eCTeCTBEeHHYIO TeMriepaTypy
Mep3/10H MoPoabl B MIePUO IKCIIyaTa-
LMY XpaHUAMIIA.

Ha 6a3e uccrienoBaHMii, BbIIOMHEH-
HBIX B 71a00OPaTOPHBIX Y HAaTYPHBIX YC/10-
BUSIX, HAY4HO OOOCHOBaHbI, paspaboTa-
Hbl M BHeAPEHbl TeXHUYECKUE PelleHHs,
obecreyrBaole HaeKHYIO SKCII/Iya-
TALMIO MAXTHBIX XPAHW/IMIL, CYIIHOCTb
KOTOPBIX 3aK/I0YACTCS B C/IeAYIONIeM.

1. Cosmanne TtenzioBoro 6yduepa,
B KauecTBe KOTOPOTO CAYKUT /esHas
0O/MULIOBKA, HaMOpaKyBaeMasi Ha BHY-
TPeHHeN TOBePXHOCTU BHIPAOOTOK —
eMKOCTeH MyTeM MX BPEeMEeHHOTro 3arlofl-
HeHWsl TIpecHOM Bomoi. TemriepaTypa
BOZbl A0MmKHa 6bITh 6/113Kol K 0 °C, Ho
He BblIlle pacCYUTaHHOM Mo hopmyre (1),
C LIefbio MpenoTBpallleHUs] OTTauBaHUs
BEUHOMEP3/TbIX [MOPOA Ha MOBEPXHOCTH
BbIpaboTOK-eMKocTer. [locKonbky mpu
HaMOPaXKHWBaHUU /1e[ITHON OB/IULIOBKH
CYIIeCTBEHHO [IOBHILIACTCS TeMIrepary-
pa BEUHOMEP3/IbIX MOPO/I, BO3MOKHO UX
OX/ax/aeHue TTPHUHYANTETBHONM BeHTH/IS-
LIMe B XO/I0HOE BpeMsi rofa.

2. TlpenotBpalleHre OTTaMBaHUs
BbIPaOOTOK-@MKOCTel B Mepyoa HX 3a-
MO/IHEHUs] TeI/IbIM TIPOAYKTOM IMyTeM
peryMpoBaHus CKOPOCTH ero C/vBa.

3. ExeroaHas akgyMy/sLvs xormoaa
atMocepHOro Bo3AyxXa B BeYHOMep3-

MBIX TIOpOAax, BMEUAIONIMX BbIPaOOT-
KU-eMKOCTH. [ loHMKeHue TeMnepaTyphl
BEUHOMEP3/IbIX [OPO OCYIICCTB/SACTCS
B pe3y/nbTaTe TerlZiooOMeHa C TOI/IMBOM,
OXMaxkaaeMblIM B MOPO3HBIM TepHoa
roza riocpeaCTBOM ero NpoKayky uepes
Ha3eMHBIM TPYOOITPOBO/I.

4. PaccpeanoTtoueHue TervioBo¥ Ha-
IPY3KU 110 TIOBEPXHOCTH TerlZIo0OMeHa;
OX/1azKAeHe TOIVIMBa [TyTeM ero repemMe-
IIMBAHUSA C XO/IOAHBIM OCTAaTKOM TOIVIMBA
B pe3epByape; CHUXKEeHVe TIMApaB/Ivue-
CKOM Harpysky Ha Mep3iyio ropoay Npu
MOMOIIM  CITeLIa/IbHbIX YCTPOVCTB /715l
rprieMa BO/bl M TOIVIVBA.

5. [TlpenorBpalieHre oOTTarMBaHUs
BEUHOMEP3/IbIX IOPOA W BO3MOXKHOTO
MIPOPBIBa Ta/lbIX BOA B BLIPAOOTKU — eM-
KOCTH TYTeM TeIIOU30/ALNU TexXHO/IO-
T'MYEeCKUX CKBaXKUH.

PaspaGoTaHHasi TeXHOMOTUsI CTPOH-
Te/IbCTBA M IKCIVIYaTallMU /1e[I0TIOPOA-
HbIX IIAXTHBIX XPaHW/IMI obecrieyrBaer
COXPaHHOCTb MOPO/, BMELIAIONINX BbIpa-
GOTKHU-eMKOCTH, B MEP3/IOM COCTOSIHUU U
TO3BO/ISIET TOAAePXKUBATh CpPeaHeroao-
BYIO TeMIlepaTypy BeUHOMEP3/IbIX [10po
He Bblllle eCTeCTBeHHOM (C TeHAeHLMeN K
BO3MOXKHOMY TOHMKEHHIO); 060CHOBaHA
BO3MOXKHOCTb TIOBBIIICHHs TeMITepaTyphbl
Ha KOHTYpe pe3epByapa [0 TeMIleparty-
bl (Pa30BLIX NePex00B BOABl B NepHO/
HaMOpaxkUBaHUA /1e/IIHONM OO/HLIOBKU U
3arO/THEHUS KUAKKM TOI/IMBOM.

[IpoBeneHHble KOMIVIGKCHBIE HCC/e-
[IOBaHMsl, CTPOUTE/ILCTBO OIBITHBIX M IPO-
MBIIIZIEHHBIX XPAHW/IMILI B BEUHOMEP3/IbIX
rnopoaax, paspaboTka HeoOXOAUMbBIX
TeXHUUYECKUX YC/IOBHM, TOCYAapCTBEH-
HbIX M BEIOMCTBEHHBIX HOPMAaTHBHbIX
[IOKYMEHTOB TI03BO/ISIeT OCYILIECTB/IATh
CTPOUTENBbCTBO TOA3EMHBIX XPaHW/IUII
JKUAKHX YI7IeBOAOPOAHBIX TOT/IMB B Bey-
HOMep3/bIX NMopoaax B BoctouHoMm cek-
Tope APKTHKU, Ha HepTAHBIX Y Fa30BhIX
MECTOPOXKICHUSAX CeBepa [IOMeHCKOM
obmact U KpacHOSPCKOro Kpasi, a Tak-
XKe B ARyTUM U Apyrux parioHax Kpati-
Hero Cesepa.
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Quick pace of the industrial advance in the Far North results from the acceleration of mining operations
at the largest mineral deposits.

Reliability of handling and distribution systems for liquid and gaseous hydrocarbons in the areas of the
Far North is only achievable through holding of oil products in storages with sufficient volume to meet annual
demands for a given oil product.

The Far North territory, with lumped mining of nearly all gas, oil, nonferrous metals and gold in Russia,
has the wide-spread and thick cover of dispersed permafrost suitable for construction of underground support-
free storages.

Russia has the developed technology and hands-on experience of constructing and operating the under-
ground storages of liquid hydrocarbons in permafrost.

The author shows that sealing of an underground storage during operation requires freezing of ice jacket-
ing on inner surface of the storage.

The practically applied technique of the constructed ice jacketing consists of feeling the underground
storage with fresh water, holding the water for a design time period and then pumping out of unfrozen water
when the ice jacket has reached design thickness.

It has been found that permafrost surrounding such storages does not melt and fail if the thermal input
rate at the heat transfer surface is not higher than the capacity of the permafrost to spread depthward.

Based on this condition, the calculation procedures for maximum allowable temperatures of water and fuel
are developed under condition of the ever-frozen state retention (formulas 1 and 2).

The comprehensive research and practical experience of pilot commercial storage construction in per-
mafrost confirm feasibility of underground liquid hydrocarbon storage construction in ever-frozen subsoil on
the east of the Arctic Region, at oil and gas reservoirs on the north of the Tyumen Region and Krasnoyarsk
Territory as well as in Yakutia and other regions of the Far North.

Key words: underground storage, permafrost soils, liquid hydrocarbons, thermal effects
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