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[Abstract] The 21th century is the century of exploring and utilizing the underground space. In the future, more and
more people will spend more and more time living or/and working in the underground space. However, we know little
about the effect on the health of human caused by the underground environment. Herein, we systematically put forward the
strategic conception of the deep-underground medicine, in order to reveal relative effects and mechanism of the potential
factors in the deep underground space on human’ s physiological and psychological healthy, and to work out the
corresponding countermeasures. The original deep-underground medicine includes the following items. (DTo model different
depth of underground environment according to various parameters (such as temperature, radiation, air pressure, rock,
microorganism) ,and to explore their quantitative character and effects on human health and mechanism. @ To study the
psychological change,maintenance of homeostasis and biothythm of organism in the deep underground space. @ To learn
the association between psychological healthy of human and the depth, structure, physical environment and working time of
underground space. @ To investigate the effect of different terrane and lithology on healthy of human and to deliberate their
contribution on organism growth. ® To research the character and their mechanism of growth, metabolism, exchange of
energy, response of growth,aging and adaptation of cells living in deep underground space. ® To explore the physiological
feature, growth of microbiome and it’ s interaction with host in the deep underground space. () To develop deep-
underground simulation space, the biologically medical technology and equipments. As a research basis, a deep-underground
medical lab under a rock thickness of about 1 470 m has been built, which aims to operate the research of the effect on living
organism caused by different depth of underground environment.
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laboratories Healthy

THFE N K 7830 % 5 2 W A 08 2 N ST
U1K % 4 TG IR 5 IR M IS 2 R T H (No. YB2018002) G R SRR T A . PR R 4 4
2018 4E B — 9 K% CRRD IR @ R BT T £ UL 4 Ve I FHAR R T 23 (8]~ 1991 4F, 78 H A R 5i %6 0
A SEAE M E-mail : 729122921 @ qq. com 45 DU JE Associated Research Centers for the



164 PN R 2 4 (B 2 RO

549 %

Urban Underground Space (ACUUS) [H fr i T =5
[ R ZSCR B E F VAN 19 thad 2y tibal, 20 it
S 2 A, 21 20 R T R AR M R s [
Tl . 2016 4F, 2 S 510 7E 4 E R BB K
2 F B 1] R TR A R TR A 2T AR T ) A
FHE R 73X — SR W s F A IR ML R I 2 28 O R
e BB & Y Byt BRI =
F7RHE B AR 2 T DA 1) M ER TR R 2 AN
T A TSI e % b R ) R YA R L R S % b SO ) A
- Hl AR R PY ASE — A R A B e B S T
R R B SR HEAT A L A R K
BERAN KB IR, ToR &R RS I8 2 R b
U, HRRIR 1 R BR800 SR X AR H s gl iy 2R
PR, TR ALK LA A T R R
A & 1T 58 A DG S5 1 B2 27 22 B 3 A v
KA B, PP BART o AR S 0 5 R
P A S [ O AR 8 Ak 45 3R 05 TR 3R 0 SR % AR
A B K B A A R Y S R . AR T . H A DG TR
TS A AR R 26 R Al A A A Y T iR D TR
AN B BE . Bl G R 7S A A AR B A
WOk B 2 0 K A8 B 22 1 I TR) 7R M T A [E] R AT
W3l T T PREE 0T A A4 B H B 14 52 ) o 0 oK iR
BRG] NN E AN . A SCHIX — GUEAR 5C 1 B 5
i Je Ko ARk i) e AV 5 5 1) il — A AL

1 ERMFRIRK

AT R L %2 A0 A9 2 8845 0 F
T 40 23 R 0 7 V8T 2 B2 B U B
W BET I 3. W % 1 0RO A R
R 063 7 BN TR T ) AR 7R
WAL FFLHE T 2 DA 8 E S 0 AL 8 R — A
30t LA H AR AT $ 0 50~ 100 m i
VR BTF RIS 1500 m. 48 5 IFR
EUBEAE 4 800 ms 3 T 56 0 5 ML+ K BB T 4
oK WP AT B0 B 0 2 L DAY 10110 o
W VR R K5 S % B TF R 0 A
44 ISR/ M 2 ) D38 745 5 30
HkE A
L1 T EMESE

8 51 5307 05 R IR % 1 JL T4 i
595 2 T S BB 1A 65 007 5 5 K 20
2 000 4 L4 &[5 B 24 47 7 F1 7 0 Jg
P4 1 L5 25 P T3 16,17 22
A B B 1 5 BT o I 00414 4 s 5 4L
PR . ST A ELE 69 JF % PR R/
TERBGI APHAR AT IS BE I 01T e 100 24

I 5 AH < 19 22 B PR O 1 /X B2 97 (Speleotherapy) .
7 7B I G ST 2 93 2 U 1 T3 7 IR W 9 I
A EHETC Y B 2R ;s BT E R E IR
F R BAT FARBRAM BB . 25t 100 24 M K
J& AT G SR AR A R A )/ XRR B
FESC A R AT R IR T . i IR T L
AR A7 26 SCHR 45 “ Halotherapy” (72 3 [ 38 # #
FR Ry S REFRIT IR G Fk ly Speleotherapy™™ . Ft
S b AT AGAE] L G T 1982 4 1y iR BT
AR AE N3 R 7T B AT PO IR T Y
Jrik. B, R M Z | 2%
Speleotherapy [ Halotherapy Jj 52 8 S A, H ¥
Ky s ve izt .

7 7B 7 R iG T7AE F A 32 2 T I R X ER
B s S0 T A SRR WX EST
15328 B H TG S8 — b o 5 4 BT B 40 B vk Jo 4
b 1 B =/ S P LT 5300 o S R o
oI = R R A AR TR L SR RS
R AR H R s e TR A AR A Ry A TR R
A0 BRJEE v B2 SR B L Ve R %) T R K T S A
SR A, AR S N R AR AR S R i Al
GO o N 2R YR JCBE ST I p E
A5 W W GE PR AN e A8 1 B ZE P W e
(chronic obstructive pulmonary disease, COPD) . &
HEXRER AW EAER . 2EEEFER. . QEER
B4 5 45D L0 I L A8 2R S8 95 09 B TR v CAn 48 018 9
T B R WA VBRI S5 | H 3 B IR A (A i
NER 55 A NS S VI Ve i e € o S N A R T S SR VI
SN BRI A B _E A 3 A O SCHR K B A N
TR IR RGP SR 2 DE I SCER T R AN . R
& SCHR 32 B AR S SCSCHER L DA R A A I R R
2001~2005 4E, BEAMON Z&7 5 i 7 S 7 VA I 1%
Wi (4 SCHREAT 2R G0 PF 0 I R 22 5087 A B - W A W5
124 A4 Hop AL — A BF 55 5 7] 5. 2014 4R,
RASHLEIGH %! %t Halotherapy 3§47 COPD
TTRGEVE & B M OC B SCHR 235 151 FF . BAUA 1
o SCHR 2 BEATLGT BEC, A% SOk BT i ¥ AN 8 o R AR, R
[ 2 R AR &R 1978~2013 4[] [ 41 51 /X
B 97 RH OC  SCHIR 78 5 i B R O 1 A R AR M S
MR BT R S SRS A RO 5T SR 32 s SCER &
TG 18 AR R Z AL - 3L W58 BRI FEAE B A
MRLNEAE 2T W T EANE TS R
S0 A AN A S E R B . TR A FRAN
AR, B 2017 4 BAR-YOSEPH Z:U fiif 4
A R I7 R T L3 B iy 1) B 58 (A IR 9T 4
29 i), % BRAH 26 f]) o 45 S ORI AT 0



%2

WA R R S S R R A AR 165

BOLM AN e . A TR 7/ #F B IR YT PR 1Y
BT AL 0 AN 05 A F 58 4 00 AT RE 1 R 3 A R
U2 S 79 e A= 40 R el Dk R R B T SR T
U TS SRR CO, Fri VB S A
TR (45 Na, K Mg, Ca 20 %) &0

RERESHER N IIREESFEE . HES
TG FLIE B SR /BRI ul . 1984 4F  fif T 4E 164
[ e 10 PR ik A5 HRGE T LR 2 B A T B 0 AT R
WL 51989 4F 1% g S LA X 1L i I e 10 31 5% 1%
Jiti « LA KO WO TETIR N #E AT 58 0 BB B IR T 4 B
T ammng. Mg, Zbie A%%E " IRET
LUl B B X B 43 B IR 9T M I R UL . SR T, JxX
SCHR A A B i A UL 22 X6 B LT 5 B A 5 i ik 52k J3E
25 1M M5 0 TCAH G B SCER iR 1B . 1994 4L AE)T VS
M T A e 7K 2 ST T SR BT s T
ZUFEZ M R X G ME— 1R RS s R
Pr7 7 o AR IR PRSP 5Tt B 2 S 4R T4k AL
RPN, AR OB A5 2 35 009 S S i A7 T — L UL A
WFST » B o LA 2
1.2 RMEYEFIHRHAR

NETF R A H R 7CEE H T 25 (8] A 35 B2 7
68, BRI B AL, (H 2 ik 8 %5 i) 2 4k F Hh 3R 36
BHIZE BB bR T A b  AH R 3P Y 2 )
SRR AN X 223 (8] BR 58 R b 7] AT BEAH 22 AN K. Bl
BN R 23 (8] B & 48 T TR R S ROk TR
TEUR M A BE R A 1S B RN L Rl A =087 (B
SR CBHOE BAE RO V=T G L R R ) AF IR
BERRAES o o [ 3 0 A AR K it 3 AR W 1 2 i % H:
BEMMR . BRiMEZiEs 3. T L EERE
R0 e e I ) B I o A E N i R i3 AR AL 7/ BLIE 2N
TR PR 27 Ko T 2 S5 AU A I 40 IO R A 5% R
BEEAE P FIRYG T F AR AR T HER S5
bR AN SR S S o8 R R T DN N 3 B e Y (VR 03
KL BN I E AT A, L= R EE
TR )RR M ILE KRS —T 2R AREN, XL
F7E DS AT IR R Al A 5 AL o AT 4R R IR
WX AN 4t T — D H L R T —
A4 W B 9 40

TE I SE S 2 v, J R AR ) B 2 A DG AU SR Y S
IR EEA BRI 2L R R LK = (Gran Sasso
National Laboratory, LNGS) . 3 E 7 T F /K #r &=
4% 1K B % A7 3 o (9 b R %5 ] (Waste Isolation
Pilot Plant, WIPP) . il & X i # 5% 5 % (The
Sudbury
SNOLAB) K ¥ [ # £ Hi T 52 % % (Laboratoire

Neutrino  Observatory  Laboratory,

Souterrain de Modane, LSM), LNGS i T2 I b%
I Y B A R R IR 1400 mL T 1995 AR R R
S — R 06 T MR BR X AR W5 R Y SCRk s WIPP
WAL T4 650 m, 7 2009 4 746 A= Py B2 22 AH DG Y
FH ST s LSM Al ol /A s B . F 2016 4F HF 1
S FA KR B A R iR . 2017 4F
T K& F T HAKFE SNOLAB #E 17 ¥ Hu 35 55 4 2E
RN ORI o (S O O 3 o i 4 T |
REPAIR™ , K M AH AT LK FH LT HE
Xt A ISR IE . 2005 4, R [ 2% 3 A0 e 4t
X 12 24 (i 53 Pk A2 1 AE o B P R R B AT R
W16 d A EE R s X 32N IR L EROK L R B L HE
i 25 LA LR S LA S B v R IR AT IR) 45 R A S A
L E TR R I T REE 6 d N HLIRACEE D AR I
IO AR AL . % SR s AT R R B
5] N A BOAS 22 [ 3R H T 25 (8] 6 5% el 1) A 5 4k
MUHT T S5 % A O Y AR W IR 2 AT R B A
X ARG AR G 8 5 P 15 0T 40 JH 52 il o i 8 T R 3R A SC
Bk, LNGS Y& % G iy S 3K . LNGS Mg A= 9 )
WAL W Al R AT TR KA MRS 0.
1995 45, SATTA 255 R Fe 98 A R A48 5 A i
PR 0T e JE L K B 5 ) B W 9T B S TR T PR B p
B LM 40 M A A g, R R ER
ANTONELLT %" 7 3y R 26 85 55 5% b 1 6 BLAH
(Chinese hamster fibroblasts, V79)6 H 5 & 3 H
XoFFR O BRI i Ceyceloheximid, CHX) iES M T- 7%
PEIEIN . R I HEA c-mye FEH Y R ik, p53 FE SR
TR G B B A7 5[] I 3 2 TR S 56 2K 40 O o 2% 7% 1) 35
SR RN R T MBI R, SATTA 2%
LB AREE IR 2] 9 H L, A BN R B4R - i A
G S AH G 1 35 PR 3R 58 T I, 0 480 A T 10 5 =X R
A ek 4R i N DNA$ 5 19 18 & Be 1 R R
FRATINI S50 22 40 Jif bk 76 Hb T A B8 15 9% 10 H
A ERER R 6 HE X 4l & |
k1 48 46 B B (glutathioneperoxidase, GPX) [y i
PR R L HCR ) 05 1 5 A M R B R SR AN BEVK R
[6] IF P 20 B Y B & 8 78 AR 4 i, CARBONE
AU RAE LNGS 3% T G B BE 41 vk (TK6) 6
R KB 30D A B 40 X A 2 i i DNA 45 43
MM S 18 J1 T K o X DAL S 26 51 S 114 395 1 4 (reactive
oxygen species, ROS) Bt 4% Ay S I % Bk, 2011
4 SMITH 4559 & 248 WIPP 15 3% 41 il (9 25 3
7 < T 5 3K 0 T WIPP, S 6 S5 4k i — 2P B ik
oMWW ARKEZBWEH., KEZERE
CASTILLO 2V ¥ 75 FU I (S. oneidensis) K it
BRI (D. radiodurans) E47 55 3% & B . Wi Fh 40



166 PN R 2 4 (B 2 RO

549 %

P E R 2R T ARG S 1 3R BT v A K X2 29, A
T katB.recA.SOA0154 3 [ F i 45 &t BR
o dnaK FEH A FE B, @ Bl ORE . W
i 4K A JEG B S A 5 T 0 % AN A A K R L L 4
if 7 X 458 495 1) B T R EL HL A B AL o O R E
— B F5E .

2 RMEFWMRMERGE

IR 7 1B 7 380 1R b AR A I 6 Sk o 44t i 2 4 1) 52
e 5 0 S SR . AR NSRRI AT I TR & R &S
BN BRI IS sh el i o C B R K D7 ik (H 2
A 1] B 2E W AT R TR AR R O R 9T A A Y )
G ATE 1 Z B, e T PR 50T AR ) 1 5
£ NEIAG S r gl =g (VU R B3 o0 B T s VA2 ki
A1 FLAE FH B BIL ) #8022 1B) A9 R iR A 0% 3 3
AR 2s R . B, Al B S AR — 1 RGN #
BEF AT W B HFR O R BE 2% (Underground
Medicine) . =, B & R E B3N, W F 25 [\ BR T
TRAS I A8 5 I8 A 1 22 00 DR 3 0 2R 0 0 A 5
L7 1 L I A R =1 S R = T -
BEVRE A L S R R N R % . SR, H
FIT A 2 it AF 5% 3 AR v eI A IS 0% i S T At
HEMBFEILFRA W . ik, AT & 2 10
R 2% ok, AT B G098, H = REMHEHA AN
AL 2R SCERH Speleotherapy 3 2 1l /T BE
57 . AT EE L F : speleo S /X Z & | therapy 24
IBITZ R BN E  HAZ G S A TR 7CE
25 8] 1) R R ARk A7 996 PR YR T 1R R TR s T T
RERAFNAEL TE K, HRAEBHFANWEE. HiL. 3471
NP 7P R AT RE S A 3E . FLE AT 3 A
TBEE— 3

Wil 5 N 2328 1) T 2L 2 (B ) 2o A v, DA
T B R HE I Sl s R] BT A bR 8 TR B AE BT
DL R SRR TR A . BRI, AT A 22
AR T R G H BT H T 1) e T b R it B 358 %o
NS5 B FEAR B 5 A b S ity b 4K B A R P 2
PLURIR & BRAT 3 DR 5 LA T 100 T R S BE 1
MR E2EARMA R . ot TRATBEAE 2 T B Ao
e B SRR O A ) B AT AR LA 5 - D
FE T PRI AN [ TR B At B AN 1 A B RO B 5
ma s DA S HE 52w 2 5 45 0 M b T PR B S B NS R
T A7 DL AT R o 0 & IR B IF R 2 1)
£ BEXT R AT A s @ IR AR 2 3 ) . AN [
TR 1T B A A (A 1 AR B B DL A AT A
HVRE 3 A= 0 B K B ) I ) B BIL AR L O A Sk
— 25 FF IR R 7S 0] 2908 F HE Al © EIA

WEFE LAl b A S R E 2 R IR A
g T HE A R PRGN AR AR n] B R 22 A T LA
¥ v oo 1) DR X 36 B AR G 1% B8 Atk B9F 5 5 78 40 )
FHHLR 25 18] TF e X T+ N 2645 1 14 B2 77 37 3l JF: P B H
HL s @ 3 R B BT 55 B B | B G 55 BRI
B 1 R AR TR 3 3R WA T BEADLG 1 BOOF AT B 0IE
P 2 B WE 5 TR 3t R 5 PR3 X A= o A A B B
Xt Nl BRI R T fie T8 RS ) BF 5 T 9 A o2 B
2 BHA R .

3 RERMEFAE

ARpbmi . 21 ekt Ka 1/3~2/3
BN T AE 3R 23 18] A ERRD 9 Yai 3k = &t
PREE JEE N HE R IV AR A S ) ) B[R] B
T T RE IR 25 #0 PR R L K S T RV 20T Y
PRE . I R BT 253 [) K By 52 B0 Y | i 0
YA B RO S, A5 BV M B kR R
L3 E C 2N PR E T Bong 2 T A A R A3 T
P, (= e R E R B A ) X Bk
TR R ) SR B 98 © A IR 3R . X RITE K
Xof L BRI FR R BE S8 BE T AL . 2010 4E 6 H .
55t #h F 52 % &= (China Jinping Underground
Laboratory, CJPL) 4y # B - A i Fl A5 5 % 38
LTI REE P AR R B A BRSO —
o 2015 A FRIFBE 1 S8 e 4 AR T A () T e
B2 09T, IR AE 2016 4F 2 YO IETE FF A& Ik T #h T 28
() A H % U e R g [R) B R B 2 S B AT AT A
T I RFHARIW AT EARSY . 2017 46 A,
278 IR 5 1E 2k 3R 5 AR I8 SCIR IR b B2 2= B 5
U Jr O e RS N Y R e . % T
T EEAEBF R S 1, 2016 ~ 2017 4F, i AP e 4 4
ZUE M L T Z R OB IE S G 4 TR
£ 2% (Deep-underground Medicine, DUM) IE 3 47
FE SCA - B TERIESE b R AN [A] % B2 A7 20 55 2% 1 0 2R
A A ) A B B DA S AT AT N TR RE T AR W a0 B
S M) S L 17 ML 5 PRR A DR 2R I ) SR L D S
A BOR T A 23 R RS T A& im 3h i
LI12ERE, 2017 4F 6~8 1, FRATT I A 45 O 4
A1 CIPL . rp [ B 4 4 A1 e B i 7 ok A BRAS 7 L2 80
WA 6 ST SN A5 I &
T 25 (8] J R H P 2 R 0 i T RE I . B M T A%
52 HEERNRLM )G 4T 2017 4E 8 A 9144
o[ B 4 AR AT e 2 Vg ok A R W) L IE I
( Erdaogou  Mine, Jiapigou Minerals limited
China  National Gold  Group
Corporation, CJEM) & fif i b = 2= ifF 58 10 A5 . 2017

Corporation,



%2

WA R R S S R R A AR 167

A8 A AR IR IE B 5 W B A [ AR
12 A 20 HE S %K 1470 m 9 CJEM 41 fif 5 5%
=, NORFEER A B R R . 2018 45 1 H 12 H
DAY 1 R A4 4678 B2 B / i IR B2 2 e A AREE . 8 5 24
B B U P 0 1 )1 K A T b BE A G (deep
underground space center,
university )N iz 1M A4E o 3% O 19 L AR R E K E
TEG MR R G 1T B — 2 AT 7 R R
W AR GEIE s . TR ML R 2R AR — 2T 2 X
2R, AT LA AT PR 5 T i R M R 2 3 4 5 5
7IAE
3.1 RMMEFEIW=E

TR B 27 WA 25 A T 28 48 M R AT 3 R AN ) TR 2
AR IR R RIS R 56 — T I R kL JF 4R
MAEMLE . HAjC ke CJEM &2 # & 5
1470 mCGE P10 F 780 m), N IEMH T LR %,
AT B R E AR IS E A BB A BB 40 ~
50 mA — AR B, BASTEAS [ IR BE T R AF 5 11
F AT s GW 5 8 R K BUTBOUR T E 0 J5 5 7 5 J2 3
1470 mH BEf 4 ok 2 DX o5k 1 4 it 3% 77 = B4
WSRO . Rt AT AR R 3R A 58— A TR s
2R S I M R S H AT 9 IR M PR BE A A iR
SR R )2 AN [ R BE 1) 5% e R VR AE LA . [
i 38 43 R 3 B A 1 B CIPL DL & OG5 3R
Wt — 2540 R UF 5T 37 L T 8 TR M AS [] R B B 2
WS IR 5 R 4 L % CTEM ., CIPL BB (1 F
FEHEAT B E b X s R 2R A b R IR A LR
CJEM ., CJPL = b — {4 ) I b 1% 2% 52 56 2545 A 8 1
B RGEIF RN T IR : © A [RGB T 28 6] AR
IBE SRR R AT AU BRI A A5 1
5L TR AL L S FRAE R L N IS fat B ) 5 e S AL
il s @ WL FREE T AR W HL A ) AR BRI RE el 2 RS
Qe AP EREEL G @ RS2 A TR Y e R
FEXE 2t B 114 52 e e JC AL S 20 A 3t R XA P
TG AR T A A AR STHR B X @ R A8 ) 1Y
VR B A A 2R AL ) BRI EE R AR B ] N2
PR Z R B B OC R s © TR ML PR BE T 40 i A
A AT e/ 1SS N VRS AN o N DA <3 o |
& HLED s © T b PR LR A W A AR AE VR B
AL LR 5 1 AR EAE AL @ TR A e &
TR IR B T Ay B 2 R e i
3.2 RAKVEEZRENA

Bt & TR 7 e S RE IR 45 AL T R KR R
B PSR X SR I AT 3 g A AR O R
AP AR R 6 . A5 B K dh 3T 50 km
WS B 2 000 42 JE; JE B A R = B

medical Sichuan

NMREIRTHE . LA ST g 6 o a0 e
FER AR L B85 57 09 1 #R T e E A7 Ik mt T B A AR
T = e U S S R RE A ERaR kT
1 bR B e BRSO 5 B AR I, 0 B A oy
G AR A SR L S B AR B bR . 2R
FIZ5 RSR[5 A T2 & R bt .
KEH A= hi . HHm 63. 2 VAR &
WA R A2 K )E a1 000 m, Bt 5T
X2y 70 km, 3838 J5 i, 9 I R E A F LNGS 5
WIPP Z ], 8" F s 2, mf APk o i L AR 6 5T
REN 2 E M F AR AA 7] & # IR E 7 —4
TR S 27 5200 % 5 CTEM 3256 %8 K e 30 A4 1% b A
PR TE B b HEAT AR W IR 2R BRI 5T . 53 40 B
FHEF 23 18] K ATARFCAG S TiT 4 R0 5 1 97 9 UL, 2 il 3
A3 A IR R 7T . AN b BT AR S TS Y
T, 0 W% I8 5 B R e A2 N PE B R Callergic
rhinitis, AR) 78 & [E K i (1) S8 S = ik 420 ~38%0 .
AL i AL F A K . ME)T AR SR &5 H
PR RO 7 g2kt o 5 o b S R e . AT AT
VEH AR BB 7 i & W B 25 S0 s SR R D B I
PEATIRYTY - MRAEIT ROZ A AT 0 . = B R U 58
B A R B B i COPD 45 1 22 45 539 5 [m) ) 1F
T EREBIESE . B A AL . XA B 2= R
A BT S B ol B R R BT A, SEBLAE R A
LB A R A5 st 2835 .

4 HRIE

N R IE 3 A T B AL 2 2 00 K R K
PEAT R 23 1) R 3R RN 0T 5 HL A TR 0 g
SO MNEZRZECRE . R EBUF KR LT G E
TR Ml U ) AF 5 IR AT T R B IR R A AE T
YE. BRETRATE 258 1 1T % 5 A B2 A 53 3 1
(R AR T T WA B B 9T T 1) L A T R
IR #5617 E 5T
20 i B 75 KA K B A L o B T TG 3 SR b PR 2 F
FEMTFREBEE T 0025 e hilf . #6288 1) T i F 42 O
JE R A 2R 5 T 5 A0 [ B F i R b 5 2 F 5 R A ]
DA 3, [ 7 32 S0 L 1 FT 4 B Ok R AR
AN U RN A 1) 5 e B AL 78 4 A
AR R Bk AS R R A RE AT 0 R SR M PR R
& B 1A

* * *

B ACBEEEE L RESEEHEMAN S5 SRR
25 WA B A 00 b [ 4 4R TSR B2 1R L A R R SR A
#FRR U B )T RSB T T AR 2 S A



168

PN R 2 4 (B 2 RO

549 %

S B AR AT G R TR AR 82 0 I A O AR S
AR T R IS R T RO A B B R S R AT R

AT ST B | R USROS A B L )i
RAFAR PSR — R e /AR PE 4017 L B BR e L AR PG I 1 o o A 1Y A il
B 2 5 05 R 2 e AR P 8 36 TLAE 2 e K R K L 2 B R S SR B 2

W A i Bk 27 5 45 A 5% UK & SEAE Jr SR IBIE L 25 BBy 1 4 4

ZFE BRI AR — I B R R

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

(12]

[13]

[14]

[16]

[17]

(18]

(191

[20]

& % x #t

WA, & W, B . AR ENRERE. AA
Jis 5 TR ,2015,34(11) . 2161-2178.

WRE, o W B .S WEOT ORI E B R T
AR 2417, 2015,40(1) : 1-10.

WA, GEIEAR . = WL SE BT IE TR K E AR R R B
AR HUR B R MR 2R, 2015,40(5) :965-972.
WA, B W, B B SE. TR AE U A T
ARG RERATFE 7 ). DY )1 R 2% 22 4 CRRRL 2% D - 2017, 49
(1):1-8.

AR, T LT 25 B R A 2K T 5 R AL AR R AR
1996,11(2) :193-195.

REY, JE, & %% HiMLFTERERRLGR. U
F,2011,40(3) :149-154,

kR, A, WA TORDL IR I R AE BR
3R, opEp k. 2011,20(7):105-110.

XIE H, JU Y, GAO F, et al. Groundbreaking theoretical

and technical conceptualization of fluidized mining of deep

underground solid mineral resources. Tunnelling
Underground Space Technol,2017,67:68-70.
KA, REE. WNEIFIUR 5T E. SERFENFERS

I .2007.

BEAMON S, FALKENBACH A, FAINBURG G. et al.
Speleotherapy for asthma. Cochrane Database of Systematic
Reviews,2001,(2):CD001741.

R, e, | i, 4. ESNECE ST UF SRR,
A ,2014,33(3) :379-385.

CHERVINSKAYA AV, ZILBER NA. Halotherapy for
treatment of respiratory diseases. J Aerosol Med,1995,8(3) .
221-232.

RASHLEIGH R, SMITH SM, ROBERTS NJ. A review of
halotherapy for chronic obstructive pulmonary disease. Int J
Chron Obstruct Pulmon Dis,2014,9:239-246.
BAR-YOSEPH R, KUGELMAN N, LIVNAT G, et al.

Halotherapy as asthma treatment in children: a randomized,

t

controlled, prospective pilot study. Pediatr Pulmonol, 2017,
52(5):580-587.

NAGY K, KAVASI N, KOVACS T, et al. Radon therapy
and speleotherapy in Hungary. Press Therm Climat, 2008,
154:219-225.

TR, B Bl 10 45k LR B2 B x e 7 B i a5 T
ROR ARG, R E By R A K, 1984(1) 1 35,

g9, EIOmE, B Bk IR R 2 M)A HT - LR
B e T A o A A R T BE 2 2 R 1989, 7 (4D ; 383-
387.

A%, JH M. W B, S LR BE B A 9T I DL 5%

AT [ B IR 2% 2 3. 1989(2) : 21-22.

wA%, WM IR ERSE T B 122 fil k. ARFEE,
1990(3) :40-41.

KHOE, BRAEA. R CEEST TN i K AR o RS R .

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[H A5 .1998,17(3) :269-277.

R, RHOE. TR H SREREE R S8R I B B 5 LA G A
MK il H A 2005,24(4) - 318-325.

SATTA L, AUGUSTI-TOCCO G, CECCARELLI R, et al.
Low environmental radiation background impairs biological
defence of the yeast Saccharomyces cerevisiae to chemical
radiomimetic agents. Mutat Res,1995,347(3/4):129-133.
SMITH GB, GROF Y, NAVARRETTE A, etal. Exploring
biological effects of low level radiation from the other side of
background. Health Phys,2011,100(3) :263-265.

LEUPIN OX, SCHWYN B, BERNIER-LATMANI R, et
al. Discrete element modeling of a mining-induced rock slide.
Nat Commun,2016,5(1):1633.

THOME C, THARMALINGAM S, PIRKKANEN ], et al.
The REPAIR Project: Examining the Biological Impacts of
Sub-Background Radiation Exposure within SNOLABAB, a
Deep Underground Laboratory. Radiation Res,2017,188(4.
2):470-474.

DL, KK B, AR, A5, 2% DA 3R PR A 0
B 5 e S 5, 2005,22(4) . 271-273.
ANTONELLI F, BELLI M, et al. Radiation biophysics at

the Gran Sasso laboratory: influence of a low background

.

radiation environment on the adaptive response of living cells.
Nuclear Physics B (Proceedings Supplements),2000,87(1) .
508-509.

SATTA L, ANTONELLI F, BELLI M, etal. Influence of a
low background radiation environment on biochemical and
biological responses in V79 cells. Radiat Environ Biophys,
2002,41(3):217-224.

FRATINI E. CARBONE C. CAPECE D,

radiation environment affects the development of protection

et al. Low-

cells. Radiation and Environmental
Biophysics,2015,54(2) :183-194.
CARBONE MC, PINTO M, ANTONELLI F, et al. Effects

mechanisms in V79

of deprivation of background environmental radiation on
cultured human cells. IL. Nuovo Cimento,2010,125(4) :469-
477.

CASTILLO H, SCHODERBEK D, DULAL S, et al. Stress
induction in  the oneidensisand

bacteria  Shewanella

Deinococcus  radioduransin to below-background
ionizing radiation. Int J Radiation Biol,2015,91(9) :749-756.
f — I, sk Z. R E N 5 E k. AR R R A A -
AP MG T IEEPE. VM RE R ¥ 4 CASTHEBHO
2011,32(8):109-114.

CHEE-KIONG S, CHRISTOPOULOS GI, ROBERTS AC,

et al.

response

Human-centered development of underground work

“

spaces//International Scientific Conference underground
Urbanisation as a Prerequisite for Sustainable Development”
St Petersburg, 2016.
R 3 2 N SR W S 1 O S S ) TR R LB iy
WA AR S OGO . A 2 DA AR R, 2017, 36
(6):1301-1313 .
WA, G = R QD I S BOR A
b BRI R o, 2016,
YUAN Z, LUO Z. Prevalence of Allergic Rhinitis in China.
Allergy Asthma Immunol Res,2014,6(2) :105-113.

(2018 — 02 — 14 Y F&§,2018 — 03 — 09 &)

i AL

Jb 5



