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Beeoenue

CnoBO «CTpPYKTypa» O3HayaeT: yCTPOUCTBO, CTPOCHUE, CO-
CTaB, KOHCTPYKLMS. TeMOil KHUTH SBJISICTCS ONMUCAHUE MO3EM-
HBIX CTPYKTYp, €CTECTBEHHBIX WJIM HCKYCCTBEHHBIX, HCIMOJIb-
3YE€MBbIX YEJIOBEKOM.

B TeueHue COTEH ThICAY JIET 30Ha OOMTAHMS 4yeJIOBEKa Or-
paHUYMBAJIACH MTPOCTPAHCTBOM B JBYX HU3MEPEHUAX — MOBEPX-
HOCThIO 3eMii. C TEUEHHEM BPEMEHHU MOHYXJaeMble HEOOXO-
JTUMOCTBIO, JIIOOOIBITCTBOM M CTPAaXOM JIFOAU Haydajld OCBOCHHUE
TPEThEro M3MEPEHHUsS — IMOJ3EMHOTO MpOCTpaHCTBa. BHauaine
UCIIOJIb30BAIMCH €CTECTBEHHBIE MTOA3EMHBIE TTOJIOCTH — IMEIIEPhI
U TPOTHI, 3aT€M B LEJIAX JTOOBIYM TMOJIE3HBIX MCKOMAEMbIX WIIU
JUTSL 3alIUThI ce0s U CBOMX CEMEH JIIOJM CTaly cO3AaBaTh MOJ-
3€MHbI€ OOBEKTHI 11eJICHAITPABICHHO U aKTUBHO.

B Hamm gHuM OypHOTO Pa3BUTHUSL TEXHOJOTUU U CTPOUTEIIb-
CTBAa MHTEHCUBHOE OCBOCHME IMOJ3EMHOT0 MPOCTPAHCTBA BBI3bI-
BACTCS CJICAYIOIIMMH OCHOBHBIMU MMPUUYUHAMH:

- HEJIOCTAaTKOM CBOOOJHBIX TEPPUTOPUM JISI CTPOUTEIHCT-
Ba HA MOBEPXHOCTHU, OCOOCHHO B OOJIBIIUX TOPOJIaX C IIOTHOU
TOPOACKOU 3aCTPOUKON;

- HEOOXOJIUMOCTBIO M3OJISIIIUU TOJ3EMHBIX COOPYKEHUM OT
YCJIOBUM TOBEPXHOCTHU: KIUMATUUYECKUX (IKCTPEMATIBLHO BBHICO-
KHE WM HU3KUE TEMIIEPATypbl, yparaHbl, TOPHAIO U JIPyrue
OPUPOJHBIE KAaTAKJIU3MBbI), IIIyMa U BUOpAIMi, COLIMATIbHBIX Ha-
I'PY30K B pailloHE CTPOUTENHCTBA (YUCICHHOCTh HACEJICHHUS, Tie-
perpy3ka TpaHCIOPTHBIX KOMMYHHUKAIIMH, HACHIIICHHAs CETh
UH(DPACTPYKTYPHI);

- BPEIHBIM BJIMSIHUEM MPOEKTUPYEMBIX OOBEKTOB HA OKPY-
KAIOIIYIO cpefy (CKIagupOBAaHUE PATMOAKTUBHBIX OTXOJOB,
M30JIS1Us MTAPHUKOBBIX Ta30B).

B kHHTE cAenaHa monbITKa CUCTEMATU3UPOBATH MTOJ3EMHBIE
CTPYKTYPBbI, @ TaKXKE ONUCATh BO3MOXKHOCTH U CHOCOOBI UX HC-
noJib30BaHus. Oco00e BHUMAHUE YJIEJIEHO COOPYKEHUSAM, CIie-
[IUAJIBHO CO3JaHHBIM JIJISI PA3JIMYHBIX OTpAC)ICl HAYKH U TEXHHU-



7

KM, @ TAK)KE€ TEM TPYAHOCTSM, C KOTOPHIMU CTAJIKHBAIOTCS MPHU
ATOM MPOCKTUPOBIIUKHU U CTPOUTEIIH.

Knura, pasymeercs, He MPETEHIyET Ha BCEOOBEMITIOIIMI
0030p UMEIOIIErOCsS OIPOMHOTO KOJIMYECTBA MOJI3EMHBIX CTPYK-
Typ. 3ajilaueil aBTOPOB ObLIO MOKA3aTh BO3MOKHOCTh MOA3EMHO-
IO CTPOUTEINIBCTBA JIJII CAMOI'0 IIIMPOKOTO U Pa3HOOOPA3HOIO CO-
CTaBa MPOMBIIUICHHBIX M COLIMAJIBLHBIX OOBEKTOB, MOITOMY JIa-
JIe€ pacCMOTPEHBI TOJIBKO HamOoJiee XapaKTEpHbICE U HUHTEpPEC-
HbIE TIPUMEPBI UX pa3MEIICHUS IO/ 3eMJIEH.

B OCHOBY MOCTpO€HUSI KHUTH TOJ0KEHA Tpejjiaraemas aB-
TOpaMM KjiaccupuKalus NOA3eMHBIX CTPYKTYp (puc. 1.1) 3a He-
KOTOPBIMH UCKITFOYEHHSIMH

- pacCcMOTpPEHUE MPEANPUATHI, UMEIOIIUX LEJIbI0 JOOBIUY
MOJIC3HBIX HMCKOIAEMBbIX — IAXT, YTOJIbHBIX WM PYJHBIX, He(-
TSHBIX WM Ta30BbIX MPOMBICIOB M T.JI. — BBIXOJHUT 3a PAMKH
JTAHHOM KHUTH;

- 00BEKTHl MH(PACTPYKTYpbI, pacCIoiaraeéMble B IOJ3EM-
HOM IIPOCTpPAHCTBE, OMHCAaHbI B KHUre aBTOpoB «llomzemHas
uHppactpykrypa ropoaon», Houemnk, Hopa-IIpecc, 2004 r. u
O3TOMY B COCTaB JIaHHOW KHUTHU HE BXOAAT. VckioueHue cue-
JAHO JWIIb AJis pasnaena «TepmanbHas SHEPTUs», TAE IS MOJ-
HOTBI 0030pa XpaHEHUs] PHEPTETUUECKUX PECYPCOB JIaHbl Kpat-
KHE CBEJICHUSI O CUCTeMaX MH(PPaCTPYKTYypbl TEIIOCHAOKEHHUS;

- 0030p MOJI3EMHBIX XPAHWJIMIL, CBSI3aHHBIX C MNPUPOJIO-
OXPAaHHBIMU MEPONPUATUSIMH, IEPEHECEH BO BTOPYIO YacThb
KHUTH.

Kondurypauus, pasmepbl, B3aMMHOE PACHOJIOKEHUE TOJ-
36MHBIX O0OBEKTOB OMPEAEISAIOTCS, B IEPBYIO OYEPE/lb, TEXHOIO-
TMYECKUMH MPOILIECCAMU, JJISI KOTOPBIX OHU MPEIHA3HAYECHHI.
Tem He MeHee, aBTOPBI CTapauch OTPAHUYUTHCS TOJIBKO TOPHO-
CTPOUTEIbHBIMU BOIIPOCAMHU U HU30€rath MoJpOOHOIO PaccMoT-
pPEHUSI TEOPETHUYECKUX W TEXHOJOTHYECKHX BOIPOCOB, CBSI3aH-
HBIX C HaA3HAUYEHUEM U dKCIUTyaTanuer odopynoBaHusi. B cBs3u
CO CHeU(UKON TUAPO- U TOPHO-T€OJOTHYECKUX XapAKTEPUCTHUK
YCJIOBUM CTPOUTENILCTBA, B KHUTE JIUIIb YIOMSIHYTa HEOOXOIu-
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MOCTh WX TIIATEJIBHOTO M3YYE€HUS, XOTS 3TH YCJIOBHUS OIpEJe-
JSIOT HE TOJBKO TEXHUYECKHE PEIICHHUs, HO, 3a4acTylo, U COO-
CTBEHHO BO3MOXHOCTh CTPOUTEILCTBA. 110/100HBIM ke 00pa3zoM
BECbMa CJIOKHBIE BOITPOCHI MEXAHUKHU TOPHBIX MOPOJI U YCIIOBUU
noAAep KaHusl MOJOCTEM, KaMep U MPOTSIKEHHBIX BBIPAOOTOK 3a-
TPOHYTbI KOHCIIEKTUBHO, TTOITYTHO C OCHOBHBIM OIIMCAaHUEM pac-
CMaTPUBAEMbIX KOMIIJIEKCOB.

Bo BTOpyHO 4acTh KHUIM BOWAET ONMUCAHUE MOA3EMHBIX
XPaHWINI] TPUPOJOOXPAHHOTO HAZHAYEHHUS, TPAKIAHCKUX H
BOCHHBIX OOBEKTOB, a TAK)KE €CTECTBEHHBIX IMOJ3EMHBIX CTPYK-

TYP.



I'/IABA 1. OBIIUE CBEAEHUSA

1.1 Knaccugukayusn noozemuvix cmpyKkmyp

[TogzeMHble CTPYKTYpbl MOTYT OBITh KJIACCHU(MUIIUMPOBAHBI
M0 pa3JIWYHBbIM IPU3HAKAM. DTHU CTPYKTYpPbl MOTYT OBITH €CTe-
CTBEHHBIMM WJIM MCKYCCTBEHHBIMHM COOpPYKEHUsIMU. EcTecTBeH-
HbIE — TaKUE, KaK MENIEPhl, — CO3JaHbl B XOJI€ ABOJIOIUN 3eMJIU
U SIBJIIIOTCS] pE€3YJIbTATOM €€ TEKTOHUYECKOU JEATEIbHOCTH WIIN
3PO3UOHHOI0 BO3JAEUCTBUS BOJABI U BeTpa. K MCTIONB3yeMbIM Ue-
JJOBEKOM €CTECTBEHHBIM CTPYKTypaMm, KpOME IIeIiep, MOKHO
TaKK€ OTHECTH MECTOPOXKJCHUSI TOJIE3HBIX HMCKOMAEMbIX, a
TaKX€ MOPUCTHIE CJIOW TOPHBIX MOPOJI, B KOTOPBIE 3aKAUYUBAIOT-
Csl 11 XPAHEHUS NPUPOIHBIN WU YTIIEKUCIIBIN Ta3bl.

VICKyCCTBEHHBIE CTPYKTYPBI, SIBJISIOIIMECS PE3YyJIbTaTOM
JEATEIBHOCTH YEJI0BEKa, MOTYT ObITh, B CBOIO OU€pe/lb, pa3jie-
JIEHbl HA CO3JaHHBIC IIEJICHANPABICHHO, T.€. CHEUUAIBHO JIs
pa3MeIIeHUsI HYKHBIX OOBEKTOB, U OCTaBIIUECS IMOCIE UCIOJb-
30BaHUS IO OCHOBHOMY HAa3HAUYEHHUIO — HAIpUMEP, 3aKPbIThIC
YIOJIbHBIE, PYAHBIE, COJISTHBIC IIAXThl WJIM TOJIOCTH, OCTaBJICH-
HbIE€ TIOCJE AOOBIYM CTPOUTENIBHBIX MAaTEPUAIOB — W3BECTHSAKA,
necyaHukKa u ap.

BakHbIM Kj1acCH(PUKAIIMOHHBIM TPU3HAKOM SIBJISIETCSI Ha-
3HAYCHHUE MOA3eMHOro oobekTa (puc. 1.1).
[logzemMHbBIE COOPYXKEHUSI MOTYT OBbITh KJIACCU(MUIIMPOBAHBI
TaKXe Mo JAPYTrUM IpU3HaKam — reomeTpuu (dopma, pasMepsl,
rIyOrHa OT MOBEPXHOCTH 3€MJIA U JIP.), IPUPOJIHBIM YCIOBUSIM
MecTa pacIojaoXeHus (reorpadus, KIuMar, TUAPOTeOIOT ).

Tak, mo riyOuMHE pacroioKeHUsl MOJA3EMHbBIE COOPYKEHUS
MOTYT OBITh KJIACCU(DUITUPOBAHBI CIEIYIONIUM 00pa30M:

MarucrtpanabHble KOMMYHH-
MecTHBIC KOM- | 3/1aHud, IITaxThI,
['my6una Kalluu TOPOJCKOro TPaHC-
MYHUKAIUW, M M M
nopTa, M
Manas 0...2 0...10 0...10 0...100
Cpennsis 2..4 10...30 10...50 100...1000
Bonwmias oonee 4 6onee 30 6omnee 50 6oxee 1000
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IIpou3eojicTBEH-
HbIE€ OOBEKTBI

= pPYIOIIHE IJICK-
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ABTOCTOSIHKH
ITHeBMOakKyMy-
= TUPYIOIIHNE DITEK-
TPOCTAHLIHH ArpapHbie
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| | Tepmanbuas
SHEPrus 3ary0OneHHble
foMa-yKpbitHst ||
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| mbic 06BeKTH
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CO> 3051010 M
Il LIEHHOCTH

|| [Tpombliientbie
OTXO/1bl

—1 JlokyMeHTanMSA

o Hpyrue

Puc. 1.1. Knaccudpuxanus noa3eMHbIX CTPYKTYP 10 HA3HAYECHU IO

— Hpyrue

WUndpacrpykrypa

ITyckoBbie KOM-
IUIEKCHI PaKeT

[IITabueie
KOMILJIEKCHI

YkpeiTHs
HaceICH s

— Cxknazpl

EcrecTBeHHbIE
[TOJI3EMHBIC

CTPYKTYpbI

JKunele u
TYPHUCTCKHE

Hexuneie
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[TogzemHbIe OOBEKTHI MOXKHO KIacCH(PHUIIMPOBATH MO OT-
HOIIICHUIO K TOBEPXHOCTH: OHM MOTYT OBITh OOBaJlOBaHBI WIIH
MOTPYKEHBI O] MOBEPXHOCTh MOJTHOCTHIO WX YacTU4HO. [lon
0OBaJIOBAaHHOMW CTPYKTYPbl HAXOJUTCS Ha YPOBHE 3eMJIU WJIU HE-
CKOJIbKO HIKE €r0, a BOKPYT CTPOCHUS HachImaeTcs rpyHT. Pac-
MIOJIOKCHHBIM Ha YPOBHE MOBEPXHOCTH BXOJ M COajJaHCHPOBAH-
HOE COOTHOIIICHUE BHIHYTOI'O M HACBIIIAHHOTO I'PYHTA SIBJISIOTCSA
IPEUMYIIECTBAMHU TaAKOTO CTPOUTEIHCTRA.

[TomHOCTBIO MOTPYKEHHBIE CTPYKTYPHI PACIIOIOKEHBI IO/
CYIIECTBYIOIINM YPOBHEM MOBEPXHOCTH 3eMsik. X oTimums ot
0OBaJIOBAaHHBIX CTPOCHUM OYEBUJIHBI. MeHee O4YEeBHIHBI UX OT-
JUYUSL OT YaCTUYHO MOrPYKEHHBIX OOBEKTOB, HAIpUMeEp, Ha-
TOPHBIX, T.€. HaXOAIIMXCSA Ha CKJIOHE XOJIMa, TOTPYKEHHBIX B
3EMJTIO C OJTHOM CTOPOHBI U OTKPBITHIX C APYTHUX.

YacTuyHO MOTrpYyKEHHBbIE 00BEKTHI MOTYT OBIThH IMOJpa3/ie-
JICHBI Ha T€, B KOTOPBIX U CTEHBI U KPhIIIA OKPYKEHBI 3eMJIeH U
T€, B KOTOPBIX CJIOEM IPyHTa MOKPHITA TOILKO KPBIIIIA.

[TonzeMHbIe 0OBEKTHI MOTYT KJIACCU(UITUPOBATHLCS IO CIIO-
co0y JocTyma K HUM, T.€. IO HAJUYUIO BEPTUKAIbHBIX WJIU TO-
PU3OHTAIBHBIX BXOJIOB (puc. 1.2). Takue pelieHus 4acTto KOM-
onHupyroTcsa. CTPOUTENBCTBO ITUX OOBEKTOB MOXKET BBITOJI-
HSATHCS TTOA3EMHBIM MJIM OTKPBITBIM CIIOCOOAMHU.

[lon3eMHBI CITOCOO OCYIIECTBISETCS. B ONPEAEICHHBIX
(OrpaHMYEHHBIX) MyHKTAaX C MOBEPXHOCTH Y€pPE3 BEPTUKAIbHbIC
IaXThl WJIM TOPU30HTAJIbHbIE TYHHENMH. OTKPBITHIA CIOCOO
npearnoiaraeT BEIEMKY IPyHTa SKCKaBaTOpaMU C MOBEPXHOCTH,
COOpYyKEHHUE O0BEKTA, a 3aTEM €ro MOKPHITUE CTPOUTEIHLHBIMU
KOHCTPYKITUSIMU U TPYHTOM.

[ToazemHbIE OOBEKTHI MOTYT MOJIPA3ACIATLCA Ha pacroja-
raeMbie B OOBIYHBIX TOPHBIX TMOPOJIaX, TJ€ OHU COOPYKAIOTCS
KOMOAHOBOM MPOXOJKONW WK OYpPOB3PHIBHBIMU pabOTaMu, JiH-
00 B COJITHBIX MECTOPOXKICHHSX, TJe 00pa3oBaHHE HEOOXOIU-
MBIX TIOJIOCTEH OCYIIECTBIISIETCS PACTBOPEHUEM COJIH IO CIIEIIH-
aJbHOM TEXHOJIOTUH.



SETHEET

Puc. 1.2. Knaccugurkanmus moa3eMHbIX CTPYKTYP IO CIOCO0Y
A0CTYNA K HUM
a — BEpTUKAJIbHBIE BXO/IbI (IIaXThl); O — TOPU30HTAIBHBIEC BXO/IbI (TYH-
HEJIN)

1.2 J/locmouncmea u HeOoCmamKu nOO3EMHO20
PACRON0MHCEHUA CMPYKHLYD

[IpuHMMas pemieHue, pacrnojiarath JIi OOBEKT Ha IOBEPX-
HOCTHU WJIW TIOJ 3€MJICH, ClieIyeT yUUThIBaTh JOCTOMHCTBA U He-
JTOCTATKH MOJI3EMHOT0 CTPOUTENIHCTBA.

[ToHOCTBIO MJIM YaCTUYHO IMOJ3EMHBIC COOPYKEHUS MCHEE
3aMETHBI, YeM OOBIYHBIC, YTO IO3BOJISIET COXPAHUTh XapaKTep
nJaHamadTa, rjie BTOPKEHHE MOCTPOCHHBIX YEIOBEKOM OOBEK-
TOB SIBJISETCS HEXKeJaTelbHbIM. MHOTHE CTPOCHHS B HaIHO-
HaJIbHBIX IIapKax MOCTPOEHBI 1Mo 3ToMy mpuHuuIy. [lomoOHBIM
e 00pa3oM M30erarT CTPOUTEIbCTBA HA3EMHBIX COBPEMEHHBIX
3MaHUN B MCTOPUYECKUX WM T'YCTOHACEJICHHBIX paloHax, TJie
JTOTIOJTHUTENIbHBIE COOPY’KEHHUS YBEIMYMBAIOT IUIOTHOCThH 3a-
ctpoiiku. CTpOUTENHCTBO MOA3EMHBIX HIIM 3ariayOJICHHBIX 3/a-
HUM COXpaHSIeT OTKPBIThIC MPOCTPAHCTBA HA MOBEPXHOCTH IS
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WCIIOJIB30BaHUS B JAPYTUX MENsaX. Tak, KOMIUIEKC OMOJIMOTEKH B
Munneanonuce, mratT MuHHecoTa ObUI MOCTPOEH HA MEHBILIEM
y4acTKe, 4eM TpeOOBaJIOCh Obl IPU CTPOUTEIHCTBE HA MOBEPX-
HOCTH. OJTO OBUIO JIOCTUTHYTO IOJA3€MHBIM PaCIOIOKEHUEM
OMOJIMOTEKN M CTPOUTEIBCTBOM CTOSIHKM aBTOMOOWIJIEH Ha €€
Kpbilie. B Apyrux ciaydasx Ha Kpblllax MOJ3EMHBIX IIKOJ pac-
MOJIarat0TCs MIKOJIbHBIE UTPOBBIC TUIOMIAKH.

[ToazemHoe pacnosyioxkeHne 00beKTOB, 0COOCHHO MPOMBIIII-
JICHHBIX, UMEET MPEUMYIIECTBO, KOT/Ia MO COCEACTBY C HUMH
pacrojaraloTcsi Takue 4yBCTBUTEIIbHBIE K IIyMYy 3JaHUSI, Kak
IIKOJIbI, OMONMMOTEKH, KUIbIe 3MaHus. [Ipu TpaguIImOHHOM TI0-
BEPXHOCTHOM PACTOJIOKEHUH MTPOMBIIIUIECHHOTO 00BEKTa MEKIY
HAMHU U JAPYTUMHU 3JIaHUSAMHU JI0JDKHA OBITh co3jaHa OydepHas
30Ha. [Ipu moa3eMHOM pacronokeHun 00bEeKTa Takas 30Ha MO-
KET OBITh MCKIIOYCHA, YTO CYIIECTBEHHO YMEHBIIHT ILJIOIIA/b,
HEOOXOIMMYIO JJ1sl CTPOUTEIbCTBA (puc. 1.3).

Y ©, ®
HOUSING@ T BUFFER ZONE - ~ INDUSTRY

6) OPEN SPACE WITH @
T ~ HousING T INDUSTRY BELOW

Puc .1.3. Cokpanienne TeppuTOPHM CTPOUTEIHCTBA MPH MOA3EMHOM
pacnoJioKeHnu 00beKTa
a — Oy(depHas 30Ha Tpu TOBEPXHOCTHOM PACTIOJIOKEHHUH; O — COKpa-
HICHHAs! TEPPUTOPHUS MPOMBIIICHHON 30HbI; | — Jkuias 30Ha; 2 — Oy-
(dhepHasi 30Ha; 3 — MPOMBIILICHHBI O0BEKT
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[IpenMmylieCTBOM TOJA3EMHOTO (3ariay0JIEHHOTO) pPacIoJjio-
KEHMS 3JaHUN SIBJIIETCS BO3MOXKHOCTh MX CTPOMUTEILCTBA Ha
KPYTBHIX CKJIOHaX X0JIMOB. Eciu 37aHMEe 0OBIYHOTO THUIA MOKET
GBITH IIOCTPOCHO Ha cKiIoHe He 6oiee 20% (11°), To 3army6ieH-
HOE 37JaHUE MOXET OBITh MOCTPOCHO HA CKJIOHE, MPEBBIIAIOIIEM
50% (27°).

[Ton3eMHbIe COOPY)KEHUS, TIOCTPOCHHBIE MIAXTHBIM CIOCO-
OOM, T.e. uepe3 OmpeAcCHHbIE TOUYKU C MOBEPXHOCTH, MPUME-
HUMBI B HAaUOOJIEE TYCTO HACEJIEHHBIX pallOHaX ¢ MUHUMAJIbHBI-
MU HapyIICHUSIMHU ITOBEPXHOCTH.

JIOCTOMHCTBA MOA3EMHBIX (3ariy0JICHHBIX) COOPYKEHUMN MO
OTHOIIEHUIO K OKPY’KAIOLIEW CpeAe OYEBHIHBI. ITH COOPYIKE-
HUS TTO3BOJISIFOT TAK)KE€ SKOHOMUTH SHEPIHUIO 11 000rpeBa, Ui,
HA00OpPOT OXJAXJCHUs MomelleHnil. B oOimem ciaydae, yem
rIy0Xe pacIiojokKEeHHE COOPYKEHHS, TeM OobIiui 3(dexT
JOCTUTaeTCsl B DKOHOMHUHU SHEPTUM 32 CUET JIYUIIEeH H30JISIIUU
00BbEKTa OT BHEIIIHETO KJIMMaTa.

Takue coopyxeHus Takke 0oJjiee HaJCKHBI 10 CPABHEHUIO
C MOBEPXHOCTHBIMHM 3JaHUSMH IO OTHOIICHHIO K IIPUPOIHBIM
KaTakjiu3MaM — yparaHam, TOPHaJ0, 3e€MJIETPSCEHUsIM, OoJiee
YCTOWYHMBBI K OMACHOCTHU MOKApOB, Oojiee 0e30macHbl MpU BO-
CHHBIX KOH(JIMKTAX WM TEPPOPUCTUUECKUX aKkTax. biaromaps
OTPAaHUYEHHOMY KOJIMYECTBY BXOJIOB, MOXKET OBITh OO€CIEUECH
MaKCUMAJIbHBIM ypOBEHb 0€30MaCHOCTU 3/IaHHs. DTO OCOOCHHO
Ba)KHO, KOT'/Ia MOJ3eMHOE (3ariy0JI€HHOE) COOPYKEHUE UCTIOJb-
3yeTcsi ISl XpaHEHMs IIEHHOCTEH, 3amucei, pyKomuceu, aBa-
PUIHBIX 3aI1aCOB MHUIIM WU TOILIMBA.

CTouMOCTh 3ariay0JICHHOTO 3/1aHUs, TOCTPOCHHOTO OTKPbI-
TBIM CIIOCOOOM, COMOCTaBUMa CO CTOUMOCTBHIO OOBIYHOTO Ha-
36MHOI'0. DKOHOMMS JIJIs 3aryOJICHHOTO 3/IaHUs IOCTUTAETCs 3a
CYET OTAECIOYHBIX MATepHalOB — CTEKJa, METaJJla, KUpIUYa —
OCOOCHHO, JJI CTPOCHUH OOJBIIUX Pa3MEPOB. YMEHbBIIAETCA
TaKX€ CTOMMOCTH OOOPY/JOBaHUS OTOIUICHUS WJIM OXJIAXKJCHUS
3aryyOJIEHHOTO 3/1aHUs IO CPABHEHUIO C OOBIYHBIM.

CoopykeHre MOJA3eMHOT0 00bEKTa MPUHIIUIIHAIBLHO OTJIH-
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4aeTcsi OT OOBIYHOTO CTPOUTEIBCTBA KAaK MO CTOMMOCTH, TaK U
0 MPUMEHSIEMbIM METOJIaM, KOTOPbI€ B 3HAUUTEILHON CTENCHU
ONPEACISIOTCS TOPHO- W THUAPOr€OJOTHYECKUMHU YCIOBUSIMU.
Bricokasi CTOMMOCTh CTPOUTEIBCTBA MOXKET ObITh CHUKEHA, Ha-
npuMep, 3a CUET MPOJIAKM U3BJICYEHHBIX TOPHBIX Topoa. py-
UM TIyTeM SKOHOMHU SIBJISIETCS COOPYKEHUE IMOJ3EMHBIX KOM-
IJIEKCOB Yepe3 TOPU30HTAJIbHBIC TYHHEIUW B3aMEH BEPTHKAJIb-
HBIX [IAXT C MOCJIEAYIOIIUM HMX HCIIOJIb30BAHUEM B KAauy€CTBE
MOCTOSIHHBIX BXOJI0B-BBIX0JIOB. [Ipy moa3eMHOM CTPOUTENHCTBE
COKpAIIIAlOTCSl 3aTpaThl Ha HECYIIYI0 KOHCTPYKIIUIO COOpYIKe-
HUS, ero (YHKIUM B 3HAUUTEILHOW MEpEe BBIMOJIHSET BHYTPEH-
HsAsE 000JI0YKa MOJ3EeMHON moJjiocTh. HapylieHus moBepXxHOCTH
CHIDKAIOTCSL 0 MUHUMYyMa, TOCKOJIBKY OTHOCSTCSA TOJIBKO K
y4acTKaM BX0/1a-BbIX0/ia CTPOSIIETOCS COOPYKEHHUS.

OCHOBHBIM IPEMSITCTBUEM JJISI ITOJI3EMHOTO CTPOUTEIHCTBA
ABJISIFOTCS HE OOBEKTUBHBIE TPYAHOCTH PA3MEIICHUSI CTPYKTYP
noj 3eMJie, a CyObEKTUBHBIC (PAKTOPBHI — MCHUXOJOTHYECKHUE
TPYJAHOCTU BOCIPHUSITUSA 3aMKHYTOCTH MpPOCTpaHCTBa. EcTh He-
CKOJIbBKO TPUYUH IO OOBSICHEHHWIO MPUUMH 3TOro (heHOMEHa.
OpHa U3 HUX CBSI3aHA CO CMEPTHIO U MOXOPOHAMU, JpyTas — CO
CTpaxoM OBITh 3aBAJICHHBIM W OKa3aTheCs B 3amagHe. Jlroam Tak-
K€ YacTO acCOUUMPYIOT MOA3EMHOE MPOCTPAHCTBO C ILJIOXO
POBETPUBAEMBIM MOABAJIOM HEMPUATHOrO BHEIIHETO Bujaa. He-
KOTOPBIE CTPAIAIOT KiaycTpodoOueil.

OOBEKTUBHBIMU HEJIOCTAaTKAMHU TaKUX COOPY>KEHHM SBIIS-
€TCA OTpAaHUWYEHHE HATypaJbHOI'O CBETAa W HAPY>KHOTO 0030pa
OKpECTHOCTEN. B mociennee BpeMs MOSIBUIKCH ITPOEKTHI U CO-
OpY>KEHUsI, TI€ CBET U 0030p MOBEPXHOCTU MOTYT OBbITh Mepeaa-
HbI CpPEJICTBAMM ONTHUYECKHUX JIMH3 U 3epkai. Cienyer, 0OJHaKo,
3aMETUTh YTO CBET U 0030p TPEOYIOTCS HE JJIsl BCEX BUJIOB JIEs-
TenbHOCTH. Oduckl, OMOINOTEKU M TOCIUTAIbHBIC MOMEIICHHUS
3a4acTyr0 BooOIIe 00xoasrcsi 6€3 okoH. JIJisi HEeKOTOPbIX (yHK-
M OKHA HEXEJATeJIbHbl — HAllpUMEpP, B T€aTpax, 1€ OHU MO-
I'yT OTBJICKaTh BHUMAHHUE WM CKJIQJICKUX MTOMEIICHUSX, TAE pa-
0O0TaeT Manoe KOJIMYECTBO JIHOJIEH.
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[To cpaBHEHMIO C HA3EMHBIMHU, TTOJI3EMHBIC U 3arTyOJICHHbBIC
MOMEIIEHUs TPEOYIOT CIEHUaIbHBIX PEIICHUH MO JOCTYIy U
NepeMeIIeHUIO JIIoAeH, 0COOCHHO, TPU UX OOJIBIIOM KOJHUYECT-
B€, HaIpUMep, ISl TOPTOBBIX LIEHTPOB, YUCOHBIX MOMEIIEHUN —
KJIACCOB U ayJAUTOPUH, TEATPOB, LEPKBEH, CHOPTHUBHBIX APEH.
[TosToMy pasmMepbl BXOJI0B, KOPUAOPOB, (oiie, BbE3IHBIX paMil,
ACKAJIATOPOB, JIECTHUI] JOJKHBI COOTBETCTBOBATH JIFOJCKHUM I10-
TokaM. [TogoOHbIE ke COOOpaKEHUsI OTHOCSITCA K TPY30BbIM I10-
TOKaMm. J[ONOTHUTENbHBIE TPYAHOCTA BO3HUKAIOT B CBSI3U C HE-
00X0JIUMOCTBIO 00ECIIEUeHHUS CTOSTHKH TPAHCIIOPTHBIX CPECTB.

Jpyroii mpoOsiemMoil, XapaKTepHOU ISl TTOJ3EMHBIX COOPY-
KEHHM, SIBIISIETCA HEOOXOIUMOCTh HUX MPUHYAUTEIBHOTO MPO-
BeTpruBaHus. KOJIMYECTBO CBEXKEr0 BO3yXa, OJABaeMOe B 3/1a-
HUE, 3aBUCUT OT YHUCJa JItoAeH, Haxoadmuxcsi B HeM. Hanboib-
Ui 00BeM BO3JIyXa JIOJKEH MOCTyNaTh B ayJUTOPUH, T€aTphl,
y4yeOHbIe ToMelIeHus. Takue ke TpeOOBaHUSI TPEABSIBISIOTCS K
MIPOU3BOJACTBAM, BBIJICIISAIOIIAM HEXEIATENbHbIE 3allaxu — ra-
paxaMm, CTOSTHKaM aBTOMOOWJIEH, HEKOTOPbIM BHIaM IPOU3-
BOJICTB.

bonee Cl0KHBIM, YEM Il TPAAULIMOHHOIO 3/IaHUS, SBIIS-
€TCA BONPOC OXJIAKACHUS BO3/yXa, YTO OOBSICHIETCS OOJIBIITUM
KOJIMYECTBOM TEIUIA, BBIAEIAEMBbIM B 3aMKHYTOM IPOCTPAHCTBE
OT OCBECIICHUS, JIFOJICH U MAlIMH. BMeCTe C TeM, MOTPYyKEHHbIE
B 3€MJIIO CTE€HBI 3/IaHUs aJICOPOUPYIOT TEIUJIO U MOMOTal0T OXJia-
IUTh B HEM BO31YX.

N3-3a TOrO, YTO TPYHT, OKPYKAKOIIUN 3/IaHUE, IOYTHU BCE-
rJa XOJOJHEE, YeM TeMIlepaTypa BHYTPEHHErO BO3/yXa, B WH-
TEPBEPE 3AAHUSA MOKET IIPOU30UTU KOHICHCALIUS BJIAru.

VY nojazemMHbIX U 3ariyOJIEHHBIX 37aHUN, OCOOEHHO pacro-
JIOKEHHBIX HUXKE YPOBHS TPYHTOBBIX BOJI, BBIIIE, 4Y€M Yy OObIY-
HBIX 3JJaHUl, OMACHOCTh UX IpocayuBaHudA. [loaToMy moazem-
HbIE COOPYKE€HUSI TPEOyIOT NPUMEHEHUS Kauye€CTBEHHOM BOO-
HETIPOHUILIAEMOU U3OJISALIUH.

OJHUM U3 TJIABHBIX YCIOBUM MOA3EMHOIO M 3ariyOJIE€HHO-
0 CTPOUTEIILCTBA SIBJISETCA HOCTOBEPHOCTH 3HAHUU O CBOMCT-
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BaX TOPHBIX IMOPOJ, YTO BIIMSET HA OIPEICIICHUE MPEaBaAPU-
TEJIbHOM CTOMMOCTH OOBEKTa U TEXHOJIOTHIO CTPOUTEIbHBIX pa-
00T. OTH TPoOJIEMbl BO3PACTAIOT C TITyOUHON CTPYKTYPHI.

[TonzemMuble pabOThl OOBIYHO BOCHPHUHUMAIOTCS, KaK pHUC-
KOBAHHbBIEC 30HBI CTPOUTEILCTBA U PA3BUTHS, IJI€ CTOUMOCTh pa-
00T, Kak mpaBujo, Bbicoka. OHAKO, UCCIEIOBAHUS, TTPOBE/ICH-
Hele B BenmukoOputanuu B 2001 1. mokazanu, 4ro, Omaromaps
HOBBIM TEXHOJIOTUSIM, CTOUMOCTh TYHHEJIBHOTO CTPOUTEIbCTBA
najgaer ¢ TeMnoM okoJio 4% B roa. CTOMMOCTh TOPOJICKHAX TYH-
HEJIEW CeMYac COCTABIAET OKOJIO 80 MIIH. €BPO 32 KWJIOMETP H
MOXET CKOPO OKa3aThCsl JICHIEBIIC, YEM MOBEPXHOCTHOE CTPOU-
TEJIbCTBO, IJI€ CTOUMOCTh 3€MEJbHBIX YYaCTKOB U BBIHOCKH CY-
IIECTBYIOIIMX KOMMYHHUKAIIMI BeCcbMa BBICOKH. [Ipoxonika TyH-
HeJIeM CTAHOBUTCS OCOOEHHO 3KOHOMHUYECKH 3(P(PEKTUBHON B
OJIarONPUATHBIX T'€OJIOTHYECKUX YCIOBUAX W MPU HAJTUYUU TIpPe-
IBIAYIIETO OMbITa TAKOrO CTpouTenbcTBa. Hanpumep, npoxoaka
TYHHEJIST METpo B XEJIbCHHKM MOTpeOOoBajga BCETO OKOJIO
10 MuIH. €BpO HA KUJIOMETP.

1.3 Hekomopule ceedenus o blo60ope cmpoumeibHbvlX
peuwienuu

CTpOUTENbCTBO MOJ3EMHOTO OOBEKTAa HAYMHAETCS C TINA-
TEJIBHOTO0 U3YUYEHUsSI O0KMIAAEMBIX T'€OJIOTHYECKUX, TUJIPOTeoJIo-
IMYECKUX U CEHCMUYECKUX YCJIOBUM, MOCKOJIBKY HE COOTBETCT-
BYIOIIIME UM TEXHUYECKHE PEIICHHUs, MOTYT MPHUBECTH K JIOTOJ-
HUTEJbHBIM 3aTpaTaM W YBEIMYCHHUIO TPOJOJIKUTEIbHOCTH
CTPOUTENIHCTBRA.

BaxHo Takxe uMeTh HH(POPMAIIUIO O CYIIECTBYIOIIUX MO/I-
36MHBIX CTPYKTypax U MHKEHEPHBIX KOMMYHUKAIUSIX ST TOTO,
4TOOBI OMpPEACIUTh HAanOOJee MOAXOMASAIIee MECTO PACIOIONKE-
HUS MPOEKTUPYEMOIr0 OOBEKTa, CIIOCOO CTPOUTENIHCTBA U TIpe-
JOCTOPOXKHOCTH, KOTOPBIE JIOJKHBI MPEIyCMaTpPUBATHCS B XOJI€
CTPOUTENHCTBA, OCOOCHHO B TOPOJICKMX paliOHaX.

3aTeM NPUHUMAIOTCS MIPOCKTHBIC PEIICHUS 0 MapaMeTpam
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00bEKTa, HAMPABICHUSIM €ro 0Cei, KOH(UTypalHu MOJOCTEN U
METO/IaM CTPOUTEIIbCTBA.

Ha puc. 1.4 mokazana 3aBUCUMOCTb YPOBHSI HANIPSKEHHOTO
COCTOSIHUSI TOPHBIX MOPOJ] (TOPHOTO JABJIEHUS) OT MECTa PaCIo-
JIOXKEHUS TOJA3EMHOM mosnioctu. OnbIT, HakoruieHHbIM B HopBe-
MU TIPU TYHHEJIBHBIX Pabd0Tax M COOPYKEHHU Pa3HOro pojia
MOJIOCTEN, TMOKa3bIBACT, YTO MNPOOJIEMbl C HX IOJJEpPKAHUEM
BO3HHKAIOT, KAK MPABWJIO, B 30HAX I'€OJIOTUYECKUX HAPYIICHUH,
npu TiyouHe pacnosiokeHust 6osiee 500 M M yriaax TOPHBIX
ckiI0HOB Goixee 25°. OT BeIMYMHBI TOPHOTO JABJICHUS 3aBUCHT
dbopMa U pazMep MOJOCTU, MaTEpUall U KOHCTPYKIIUS €€ KPEIU.
['myOnHa pacmoyioKeHUs TMOJ3EMHOT0 OOBEKTa ONpEeAeseT
TaKXK€ TEXHOJIOTUIO CTPOUTENbCTBA. [Ipn HEOOJbIION TiyOuHE
MOXET NPUMEHSTHCS OTKPBITBIM CIIOCOO, KOTJla BhIEMKA I'PYyHTA
OCYIIECTBIISIETCS YKCKABATOPAMH, YCTAHOBJIEHHBIMU HAa MOBEPX-
— HocTu. Ilpu rmybokoM pac-
MTOJIOKEHUN JIOJIKHBI IPUME-
HATBCA OYpPOB3PBIBHOM CIO-
c00, MpOoXoaUeCKuil KoMOaitH
uaM  OypoBas TYyHHEJbHas
MalIlINHA.

/ ‘ @ [TogsemMHble  yCIOBHS
<+ FAULT
&

/s BIMSIIOT TakXe Ha B3aUMHOE
& /8 8(3)(3) —| pacnonoxenue  IOIOCTEH.
. e =

Low |lligh Normal Stress Level TaK’ OCHOBHBIC MAaIIWMHHBIC
Puc 14,3 3aJ1bl MOA3EMHOM THAPOIJICK-
uc. 1.4. 3aBucumocTs ypoBHS TPOCTAHITMH MUHLTaH

HaAIPAZKCHHOI'0 COCTOAHUSA . o
(Mingtan), TaiiBanb 1o nep-

T'OPHBIX MMOPOJa OT MECTa

PACIOJIOKEHH S TMOA3eMHOMI BOHAY9AIBHOMY BapuaHTy
NOTOCTH MpOeKTa OBbUIM OPHUEHTUPO-

| —30Ha HU3KOrO ypoBHA Hamnpsi- BaHbl  C  PaCHOJIOKCHHUEM
)KEHHOT'O COCTOSHHMSA; 2 —30HA BbI-  IIJIFO30B M TYHHEJIEH B OJIHY
COKOT'0 YPOBHSI; 3 — 30Ha HOP- JUHWUIO, YTO OBIJIO CaMbIM
MaJIbHOTO YPOBHS; 4 - F€ONIOTHYE- o1 OMIYHBIM pEIICHUEM.
CKOC HapyIICHHUE OfHaKo, TpPH 5TOM OKa3a-
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JIOCh, YTO MPOECKTUPYEMBIE IOJOCTH IEPECEKAIOT MOJ OCTPBIM
YIJIOM HECKOJIBKO HapyIIEHHBIX 30H TOPHBIX mopon (puc. 1.5),
YTO MOIJIO CYIIECTBEHHO CHU3UTh YCTOWYHMBOCTH KPOBIIM H
cTteH. [loaToMy BeCh MOJ3EMHBIM KOMIUIEKC ObLT MOBEPHYT HA
26° Tax, 4ToObI Oy/IyIle MALIMHHBIC 3aJIbl PACIIONATAINCE 10Y-
TH NEPIEHIUKYJSIPHO IUIOCKOCTSIM HapymieHu. Ha pwuc. 1.6
(IBeTHas BKJIAJIKa) JaHa M30METpHUYECKas MOJICIb B3aMMHOIO
PaCHOJNIOKEHHUST TOA3EMHOTO KOMIUICKCA W HAPYIIEHHOW 30HBI,
MMOKA3aHHOM KPACHBIM IIBETOM.

Onginolly proposed power

@rouu L,

sirongly froctured
zone 50 cm

MMHITAH NEePHEHIUKYJIAPHO MJIOCKOCTH 30H HAPYUICHU I
1 — reosmornyeckne HapymeHUs; 2 — CJIOU IJIMHBL, 3 — IEPBOHAYAIBHO
MPUHSATHIC HATTPABJICHUS KOMIUIEKCA; 4 — MEPECMOTPEHHOE HAIPABIICHUE
KOMILJIEKCa; 5 — MallIMHHBIN 3aI1; 6 — TpaHchOpMaTOPHBIN 3alT

B panHux npoekTax mojo0HbIX KOMIUIEKCOB BCE 000PYI0-
BaHMUE PACMOIaraioCh B OJJHOM MAIlIMHHOM 3aJjie, YTO TpeOoBajio
BEChbMA 3HAYUTEIBHOW €r0 MHUPUHBI U COOTBETCTBEHHO JIOPOIO-
CTOSIIIUX MEP MO YBEIWYECHUIO YCTOMYMBOCTH MOJA3EMHOM IO-
Joctyd. B pganpHeieM ObUIO PEIIEHO MCIIOJIb30BaTh JiBa pas-
JEIbHBIX 3aJla, B OJJHOM M3 KOTOPBIX YCTaHaBJIUBAIUCH TypOHU-
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HbI, 2 B JIpyroM — TpaHC(HOPMATOPHI, YTO IMO3BOJUIO YMEHb-
IIUTh MPOJIETHI MOJOCTEN U YIPOCTUTD UX KPEIIb.

Kak yke yka3pIBajioCh, C Y4€TOM KOHKPETHBIX YCJIOBHUU
BBIOMpaAeTCsl TakXke opma CEUYeHUs MOA3EMHOM MojocTu. [
ATOMU K€ DIIEKTPOCTAHUUM MUHITaH pacCMaTpPUBAJIUCh TPU Clie-
Oyromnmx BapuanTa (puc. 1.7 uB. BKIL.):

- rpubooOpa3Has ¢hopMa C apOYHOM KPOBIICH;

- HOJIKOBOOOpa3Hasi KPOBJISI C BEPTUKAJIBHBIMUA CTEHAMU;

- JJUIMIITUYECKas hopma.

AHany3 BapHaHTOB IIOKa3aj, 4To rpubOooOpas3Has (opma
noTpedyeT OOJBIIMX 3aTpaT Ha KpemieHue mojioctei. Hawm-
MEHBIINE HAMNPSIKECHUSI B TOPHOM MAacCUBE 00€CEYUBAIOTCS HJI-
JUNTUYECKON (DOPMOM, HO OHU HE3HAYUTEJIbHO OTIMYAIOTCSA OT
HaIpsSHKEHUM B CEYEHUM C BEPTUKAJIbHBIMU CTEHAMM U MOJIKOBO-
00pa3HBIM CBOJOM, KOTOPOE OBLIIO OKOHYATEILHO BHIOPAHO, KakK
OoJiee MPOCTOE AJIsI CTPOUTEHCTRA.

B 3aBUCHUMOCTH OT YCTOMYMBOCTH TOPHBIX MOPOJ] BHIOHpA-
€TCS TAK)KE PACCTOSIHUE MEXKTY MOJOCTIMHU.

Ha puc. 1.8 (uB. Bki1.), 1.9 (11B. BKJI.) mpuBeaeHBI HU(DPO-
BbIC MOJICJIM, MOKA3bIBAIOIIME COOTBETCTBEHHO CXEMY HE00XO-
JUMOTO YCUJIEHHS] aHKEPHOW KPEMNbIO MOPOJ, OKPYKAIOIIUX MO-
JIOCTh JIEKTPOCTAHIIUM MUHITaH, U MOTEPIO0 HECYIIEH CIOCO0-
HOCTHU MOPOJTHOIO MacCHUBA.

Pa0oThI 10 COOPYKEHUIO MOJ3EMHOM MOJOCTH HAUMHAIOTCS
OOBIYHO C MPOXOJKH IMEPEIOBOM TOPU3OHTAIHHON BBIPAOOTKH,
ABJISIIOIIENCS 4yacThio ee ceueHusd (puc. 1.10 a), u BepTUKaIbHOM
IIaXThI, Y€PE3 KOTOPYIO 3aTEM CTPOUTCS U OOCITY>KUBAECTCA KOM-
riekc. JlJisi cCoopy KeHus axThl BHAYAJIE MTOBEPXHOCTh U TEepe-
J0Basg BbIPAOOTKA COEIUHSIOTCS BEPTUKAIBHON MHUIOTHOM
CKBKMHOM OOJIBIIOr0 JTUaMeTpa, KOTopas 3aTeM pacuIupseTcs
710 TIPOEKTHBIX pa3zmMepoB maxThl (puc. 1.10 6), yTo mokazaHo Ha
IpUMepe CTPOUTENILCTBA KOMILJIEKCA XpaHEHUs ChIpol HepTH B
Mounrcrane (Mongstad), Hopserus. Bo3amoxxHoe pacnonoxeHue
000pyIOBaHUS MPU KPYIJIOM U AJUTMITUYECKOM CEYEHUSX Iax-
ThI MOKa3aHo Ha puc. 1.11.
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Puc. 1.10. Ctagnu npoxoguecKkux padoT no CTPOUTEIbCTBY MOJOCTH
00/1Bb1I0TO pa3mepa
1 — mepenoBas BeIpaOOTKa; 2 — BEpTUKAIbHAS 11aXTa; 3 - MAJIOTHAS
CKBa)XXHMHA; 4 — CTAJANU MOCIIEAOBATEIBLHOIO PACIIUPEHUS MOA3EMHOU
IIOJIOCTH
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Puc. 1.11. PacnoJio:xkenue 000pyA0BaHMs IPH PACIIMPEHUH IIAXTHI
a — Kpyrjoe ceueHue; 0 — HIUTMITUYECKOE CEUEHUE

Ha crnemyrommx 3Tamax MoOCJI€I0BaTEIbHBIMU CTaUASIMU
YBEJIMYMBACTCS CEUCHUE COOPYKAEMOU MOJIOCTH.

bosiee ciokHas o4yepeaHOCTh MPOXOIUECKUX padbOT ObLIa
NPUMEHEHA Ha CTPOUTEIbCTBE MOA3EMHOM THAPOAICKTPOCTAH-

I

STAGE|1

B STAGE|2 B

STAGE 3 TUNNEL

A
—STAGE 4——M——
— B

STAGE 5

Puc. 1.12. Cragun
CTPOUTEJIbCTBA
MOJA3€eMHOM
ruapocTaHuuu B Puo-
I'pange (AprenTuna)

uuu B Puo-I'panne (Rio Grande), Ap-
reHTuHa (puc. 1.12).

[TogzeMHBIE TIOJIOCTH OOJIBIIIOTO
CEUYEHHUS TMPOXOAATCS OOBIYHO C HC-
MOJIb30BaHUEM OYpPOB3PBIBHBIX paldOT
WId TIPOXOJYEeCKUX KomOaitHoB. B
IIEpBYI0 oO4Yepeab B 3a0o0e OypsTCs
CKBaXXUHBI, 3apsyKaeMbl€ B3PbIBYATHIM
BelecTBOM. OTOUTasi MpU €ro B3phIBE
1opoJa TPy3UTCS MOrPY30YHOM Malllu-
HOM B TPaHCIOPTHOE CPEICTBO (aBTO-
MOOMIIM, CAMOXOJ/HBIE WU PEIbCOBBIC
BAaroHETKHU) U BBIBO3UTCS U3 3a00s1. I1o-
CJI€IOBATEILHOCTh OIEpalui mpu Ta-
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KOM TEXHOJOTHH Moka3zaHa Ha puc. 1.13 (uB. Bki1.). Ha puc. 1.14
(IIB. BKJI.) MOKAa3aHO PacCMoJIOKEHUE 000pyAOBaHUS TpuU Oype-
HUW CKBAXWH, a Ha puc. 1.15 (UB. BKIL.) pacmnoyiOKEHUE ITUX
CKBaXHH B 3a00e. [lociie morpy3ku mopojibl MpOU3BOIUTCS Kpe-
MJICHWE OYEPEHOTO y4yacTKa IMOJOCTH aHKEPHOM Kpernbio U Ha-
operroeronom. Ha puc. 1.16 mokaszaHa 4acTh KPOBIIH MOJOCTH,
yAep)KuBaeMasi CTaJbHBIMH TIOJIOCAMH, TPUKPEIJICHHBIMA K
KpOBJIC€ aHKEpPHbIMU OoiTamMu. 3aTeM MPOU3BOIAUTCS TMOKPHITHUE
KPOBJIU U CT€H TOJIOCTH HAOPHI3TOETOHOM.

Puc. 1.16. CranbHble
MOJIOCHI HA AHKEPHBIX
0oJITax, MoAAePKH-
BaKOI[HE KPOBJIIO
MOJIOCTH

Ha puc. 1.17
(IIB. BKJI.) MOKa3aHa
MOJ3EMHAsA  MOJIOCTh
MOoCJI€  MPOBEJCHUSA
B3PBIBHBIX PadOT, Ha
puc. 1.18 (uB. BKI.)
OKOHYaHue (popmu-
pOBaHUs apoYHOU
KPOBJIM 3TOM II0OJIOC-
TH.

TUnu4HBIA  aH-
KEpHBIM  0OAT U30-
Opaxxen Ha puc. 1.19
U COCTOUT W3 IITaHTU
C PACKJIMHUBAIOUICH-

Puc. 1.19. KoHCTpyKUIUS THITHYHOTO
aHKepHOoro 0o.Ta y

1 — mranra; 2 — packaMHMBaomias rojgopka- ¢4 TOJTOBKOM — $KO-
SIKOPb; 3 — CKBa)KMHBI; 4 — rajika; 5 — tpy6a  peM. Mg ero ycra-
IUISL IOJJaY B CKBAKMHY CKPEIUIAIOIIETO cO-  HOBKM B KPOBIIIO U
cTaBa CTeHKH TIO0JOCTH Oy-
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PUTCSl CKBa)XXMHA JJIMHOW PaBHOM TOJIIUHE CJIOS OCJIa0JICHHBIX
MOPO/I, MMPUMBIKAIOIIUX K MOJIOCTU. [Ipu yCTaHOBKE aHKEPHOTO
0onTa AKOPh pacKJIUHUBAETCS, (PUKCUPYS MOJOKEHUE O0oiTa B
CKBaXrHE. Ha BUHTOBOW KOHEI| IITAHTHW, BBICTYHNAIOLIUN U3
CKBO)XHMHBI, HABUHUMBACTCS TaliKka, CTATMBas OOJTOM IiepeOy-
pPEHHBIE CKBOXMHOM HEYCTOWUYMBBIE CJIOW MOpojbl. Ilo TpyOam,
COCJIMHEHHBIM C SIKOPEM, B CKBAKUHY MOJACTCS [IEMEHTHBIA WA
XUMHYECKUH pPacTBOp, JOMOJIHUTEIBHO K AHKEPHOMY OONTY
CKPEIUISIOIINN 3TU CJIOU. PacTBOp, Kpome TOro, mpeaoxpaHser
00JT OT KOoppo3uu. B HEKOTOPBHIX MOAU(UKAIMSIX aHKEPHBIN
OOJIT M3rOTaBIUBACTCS TOJIBIM, U CKPETUISIONIMN pacTBOp I0/1a-
€TCsl B CKBAXKMHY 4Y€pE3 ATY IMOJIOCTh. BMECTO KECTKOW IITAHTH,
HECYIEH SKOPb, MOKET OBITh MPUMEHEH METAJUIMYECKUN TPOC,
YTO MO3BOJSAECT YBEJIUYUTH CJIOU CKPEIUISIEMBIX ITOPO/I.

Ha puc. 1.20 nokazaHbl BapuaHTbl YCTAHOBKM AHKEPHOU
KPENU B CTAHAAPTHBIX TYHHEJIBHBIX CEUCHUSX IPU HU3KOM U
BBICOKOM 3HAYCHUAX TOPHOT'O JABJICHUS U IIPU Pa3HbIX XapaKTe-
PUCTHUKAX TOPHBIX MOPOJ — OT MOHOJIMTHOTO MAaCCHBA JI0 BEChbMA
TPEUIMHOBATHIX CTPYKTYP.

a) @ a) @
Puc. 1.20. BapuaHTbl YCTAHOBKH

ﬂ AHKEPHOM Kpenu

, | | — Ipu HU3KKX 3HAYCHHUSX TOPHOTO
JaBJICHUS;, 2 — TIPH BBICOKUX 3HAYC-
0) 0) HUSX TOPHOTO JABJICHUS, 2 — B MOHO-
JIUTHOM MacCHBE; O — B TPEIIUHOBA-

ThIX ITOPOAAX; B — B B€CCbMa TPCIINHO-
BAaTbIX IIOpOAax

Ha puc. 1.21 mokaszansl cra-
JIMW TPOXOJIKA U YCTAaHOBKH aHKEP-
HOM Kpemu B TOJIOCTH OOJBIIOTO
CECUCHUS IHUPUHOU 25 M U BBICOTOU
24 M I TUAPOIJICKTPOCTAHIINHU
Mumnrtan (TaitBans). Ha nepBoii craauu (puc. 1.21 a) npoxoau-
Jach pa3BeOYHAs IPCHAXKHAs Tajepesi, pacrnoioxkeHHas Ha 10 m
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BBIIIIE CBOJA OYAyIlleil MOJIOCTH, U JIBE MPOJOJBbHBIX BCIIOMOTA-
TEJILHBIX TAJIEpEr B KOHTYype cBoja. M3 ranepeut mo cetke 2x2 M
OBLJIM YCTaHOBJIEHBI TPOCOBBIC aHKEpa, HATSHYThIC U 3all€MEH-
TUPOBAHHBIE B CKBaXXMHax. Ha BTOpOM craauu 1OJ 3aliuTou
ATHUX aHKEPOB IMPOXOAWIACh IepeoBasi BbIpabOTKa pa3zMepaMu
6x6 M, pacIIMpEeHHAas 3aTEM J0 pa3Mepa CBOJA CTPOSIIECHCS I10-
aoctu (puc. 1.21 6). B He0oOX0AMMBIX MeCcTaxX yCTaHaBJIMBAJIACh
JOTIOJTHUTEJIbHASL aHKEPHAs KPEIb C )KECTKUMU 1mTanraMu. CBo
MOJIOCTH MOKPBIBAICS TAKXKE CIOEM HaOPBI3rOETOHA TOJIIUHON
50 mMm. Ha tperneii cramum (puc. 1.21 B) NpoxXoAuiaucCh clie-
IYIOIIUE HUXKEIICKAIINUE CIIOU MOJIOCTH BBICOTOM T10 2,5 M C yC-
TaHOBKOW aHKEpPHOW Kpenu B Ooka monoctu. Ha nocnennen cra-
mun (puc. 1.21 1) monocTh AocCTUTana MPOEKTHOTO CEYECHUS.
KpoBisi ¥ BepxHss 4acTh CTEH MOKPbhIBANIACh JOMOJHUTEILHBIM
CJI0E€M HAOpBI3rOETOHA TaK, YTO €ro MOJIHas TOJIINHA JTOCTUTaIa
150 mM. Ha ocTanpHBIX y4acTKaX CTE€HBI MOJOCTH MOKPHIBAIUCH
HAaOpBI3rOETOHOM C TOJIIUHON ciost 50 MM. Bpul CMOHTUpPOBaH
TaK»K€ MOCTOBOM KpaH JJIsi HHCIIEKTOPCKOTO JOCTYIIa K KPOBJIE.
HaOpb13rOeToH SIBJISIETCS BTOPHIM IMOCJIE aHKEPHOM Kpemnu
HanOoJIee pacupOCTPAaHEHHBIM CIIOCOOOM KPEIJIEHHS MOJIOCTEN.
VYknagka OETOHHON CMECH OCYIIECTBIISIETCS MAllMHAMU Pa3HBIX
tunoB (puc. 1.22 a, 6). PaboTta nmo HaHeCcEeHUIO HAOPHI3rOETOHA
nokaszaHa Ha puc. 1.23 (uB. BkI.). B ciaydae HE0oOXOaUMOCTH,

a) 0) B) r)

by
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Puc. 1.21. Ctaguu npoxXoAKu ¥ YCTAHOBKH AHKEPHOIl Kpenu B
MOJIOCTH 00JIBIIOTO CeYEeHUS
a — MPOXO0JIKa pa3BEeAOYHO-APEHAXKHON U BCIIOMOTATEIIbHBIX TaJICPEH;
0 — MPOX0/IKa MePeI0BOM BBIPAOOTKH; B,I' — PACIIUPEHUE TIOJIOCTH JI0
POEKTHOTO CEYEHUSI



26

KaK YK€ TOBOPHUJIOCH, HAOPBI3TOETOH MOXKET ObITh YCUJIEH Mpe-
BAPUTEIIBHON YCTAHOBKOM CTAJIBLHBIX MOJIOC WU METAJUIMYECKOU
CETKH, TPHUKPEIUIIEMON K TMOBEPXHOCTU IMOPOIbl aHKEPHBIMU
OonTamu.

Kak roBopwiioch paHee, 0TOOWKa U MOrpy3Ka MOPOJbI B
MOA3EMHBIX TIOJIOCTAX, KpomMe OypOB3PBIBHBIX pPadOT, MOXKET
TaKK€ OCYILECTBIATHCA MPOXOIYECKHUMH KomOaliHamMu (puc.
1.24 uB. BkJ.). IIpoTsskeHHBIE BBIPAOOTKH, TAaKUE, KaK TyHHEIU
Pa3HOTO HA3HAYCHUS, IPOXOASITCA OOBIYHO OYPOBBIMHU TYHHEb-
HBIMU MaimmHamu (puc. 1.25 1B. BKIL.).

CTpouTENbCTBO MOJOCTU OOJIBIIOTO CEYEHHUs MOKA3aHO Ha
puc. 1.26 (11B. BKJL.).

Puc. 1.22. MamyHbI
NJIsl HAaHeCeHHUs
HaOpbI3r-0eToHAa
a — U30MeTpuyIecKas
MPOEKIIUS OJHOTO U3 BU-
JIOB MaIllMH; O — cXeMa
paboTHl MaIKHEL; 1 —
PEBAPUTEIIHHO YBIIAXK-
HEHHBIN O€TOH; 2 — CXKa-
TBIA BO311yX; 3 — BIPBI-
CKMBaHUE BOJbI;, 4 — Bca-
0) S s , CBhIBaHHE; 5 — MOJAOIIAs
e Do S TpyOa; 6 — Bpalaromnme-
Csl IUCKHU

pre-dampened shotcrete mix @

compressed air@

water injection

pumping tube @



27

I'VIABA 2. IOA3EMHOE XPAHEHHUE
QHEPITETUYECKHUX PECYPCOB

2.1 Xpanunuwa npupoonozo 2aza u nepmenpooykmoe

[IpupoaHbIii Ta3 urpaeT npeodIIaarolly0 pojib B MUPOBOM
cuctemMe 3HeprocHadxkenus. OH coctaBisgeT okojio 37% oT 00-
miero ’Hepromnorpedinenus B CepepHoir Amepuke u 47% B 3a-
nagHo EBporme. J[oOblya ¥ TpaHCIOPTHPOBKA Tra3a 3aHUMAIOT
BpeMsl U, NpU JOCTHXKEHHMU MECTa Ha3HA4Y€HUsS OH HE BCerja
OKa3bIBACTCS HYXKEH «C Kojec». B aTux ciyyasx ero npuxojuT-
Csl HAIIPaBJIATh B MOA3EMHBIE €MKOCTH. TaKoe e peleHue npu-
HUMAETCSI B CBA3U C CE30HHBIM XapaKTEepOM MOTpeOJICHUs rasa.
Cropoc Ha HETO OOBIYHO ITOBBIIIAETCS 3UMOM, KOrJla OH UCIOJIb-
3yeTcs i oToruieHus. Tak, Hanpumep, Bo @paHuuu 7 GeBpas
1991 r. u3 noA3eMHBIX PE3EPBHBIX XPAHWIUII NOCTYIHIO S7,5%
ob1miero oobeMa norpedasieMoro rasa. B mociegnue rojpl, oj-
HAKO, B CBSI3U C POCTOM PacxXo/ia AJIEKTPOIHEPTIUHU B JICTHUM I1e-
pUOJ Ha KOHIULIMOHUPOBAHUE BO3AYyXa, JOMOJTHUTEIBHOE KOJIH-
YECTBO ra3a MOXET ObITh BOCTPEOOBAaHO M B ATOT CE30H. Xpa-
HUMBIM ra3 UCMOJIb3YETCS TaKXKE NMPU KAKUX-TUOO HENpeaBHU-
JCHHBIX OOCTOATENBCTBAX, HAMPUMEP, MPUPOJHBIX KaTaCTPO-
(hax, Korjia MOKET MOHAI00UTHCSI €r0 aBapUHUHBIA PACXO/I.

["azoxpanunuiia sSBISIOTCS OydepoM Mexay Npou3BOIU-
TeJIeM U MOTPEOUTEIEM, BO3SMOKHOCTH U HYKJIbI KOTOPBIX, KaK
npaBWwiIo, HE coBMmajaroT. HakoHel, ¢ KOMMEPYECKOM TOYKHU
3peHUs 1EeeCO00pa3HO OTIPABIATh I'a3 HA XpaHEHUE MPU HU3-
KOM YPOBHE LIEH W, HA00OpPOT, YBEIMYUBATH €r0 MPOJAXKY IpHU
UX TOABEME.

[Ipupoaubiii Ta3 B OOJIBIIMHCTBE CIY4Ya€B XPAHUTCA MO
3eMJIEH MOJ1 IaBJICHUEM B TPEX TUMAX XPAHUJIHUIIL;

- OMOPOKHEHHBIE MOJIOCTH HEPTIHBIX UM Ta30BBIX MECTO-
POXICHU;

- BOJJOHOCHBIE CJIOW TOPHBIX TTOPO/I;

- MIOJIOCTH B COJISIHBIX (PopManusix.
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Nuornma nid XpaHeHUs ra3a UCIOJIb3YIOT TAKXKE CTAPhIE OT-
pabOTaHHbBIC IIAXTHI.

Kaxnoe u3 3TUX XpaHWIUI] UMEET CBOM (U3UUYECKHUE Xa-
PAKTEPUCTUKH (MOPUCTOCTh, MPOHUIIAEMOCTh, CIIOCOOHOCTH
yJepKUBaTh Ta3) U YKOHOMUYECKHE OCOOCHHOCTU (CTOMMOCTH
MOATOTOBKHM K XPaHEHUIO, JOCTABOUYHYIO CIIOCOOHOCTD, T.€. CKO-
POCTb OTJIauy rasa, YKCIUTyaTallMOHHBIE PAcX0Jibl). DTH KadecT-
Ba OMNPEICISIIOT NPUMEHUMOCTh KaXKJOrO CIoco0a XpaHECHUs
JUIsl KOHKPETHBIX yciioBuil. Hanbosee BaxHbIe XapaKTEPUCTUKH
MOA3EMHBIX XPaHUJIUIIL — CIIOCOOHOCTD YAEP>KUBAThH MPUPOTHBIN
ras B TEYEHHE JJIMTEIBHOTO BPEMEHU U MTPOU3BOJAUTEIBHOCTD, C
KOTOPOM ra3 MOXKET ObITh U3BJICUEH.

Jlanee onucaHbl pa3duyHbIe TUIBI XpaHwiuiy puc. 2.1 (uB.
BKJ.), ux pacnoyioxkenue Ha tepputopuu CIIIA mnoka3zaHo Ha
puc. 2.2 (11B. BKIL.)

CaMblil pacIpOCTPAHEHHBIM METOJ MOJA3EMHOTO XPaHEHHUS
rasa M, 4acTo HauOoJiee ACHIEBBIN, - HWCIOJIb30BaHUE OTPadO-
TaHHBIX MECTOPOKJICHUM ra3a win HedTu (puc. 2.3 a). Bnepsnie
Takou crnoco0 xpaHeHus ObLT npuMmeHeH B OHTapuo, Kanase, B
1915 r. 3nech UCTIOIB30BAIOCH OBIBIIIEE T'a30BOE MECTOPOXKIE-
Hue. B CIIIA nepBble mog00HBIE XPaHWIUIIE OBLIIO PACOJIONKE-
HO 101 T. Byddano (Buffalo), mrar Hero-Hopk. K 1930 r. yxe
CylIeCTBOBaNO 9 xpanunuil B 6 pa3HsiX mrarax. [[pumepHo 110
1950 r. Bech NpUPOAHBIN ra3 XpaHUJICsA MOJ00HKIM 00pa3zom. B
HACTOsIIEe BpeMsi B MUpe HCmoJib3yeTcs 448 OBIBIIMX MECTO-
poxaeHur. IX NTOCTOMHCTBaAMH SIBJISIOTCSI, KPOME BCETO, XOPO-
mas M3YYCHHOCTh TEOJOTMYECKUX XapaKTEPUCTHUK, a TakKkKe
BO3MOKHOCTh IKCIUTyaTallMu YK€ UMEIOIIErocsi 000py0BaHuUsl,
PUMEHSIBIIETOCS MPU JOObIYE rasa.

[TpuemMneMoCTh CTapbIX MECTOPOKICHUM JIsl XPAHECHUS Ta-
3a ompezensiercss reorpaUuecKUMU U T€OJIOTHYECKUMU (PakTo-
pamu. ['eorpadruecku Takue XpaHWINILA JOJKHBI OBITH PacIio-
JI0’K€HBI OTHOCUTEIBHO OJIM3KO K MOTPEOJSIONUM PEruoHaM, K
TPAHCHIOPTHON HMH(PPACTPYKTYpE, BKIIOYAS Ta30BbIE MarucTpa-
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mu. I'eonorudeckue Gopmanuu CTapbiX MECTOPOKICHUM JTOXK-
HbI OBITh MOPUCTHIMU U UMETh BBICOKYIO MPOHHUIIAEMOCTh. [lo-
PUCTOCTH OIpEJIeNISIET KOJIMYECTBO XPAaHUMOIO Trasa, IpoHHUIIae-
MOCTb — CKOPOCTb, C KOTOPOUW XpaHWIUIIE OTJAET ras.

B xauecuBe XpaHWINIA MOTYT CIIY>KUTh BOJOHOCHBIE CJIOU
TOPHBIX TOPOJ, KOTOpBIE MPEJACTABISIOT W3 Ce0s IMOPHUCTHIE,
npoHuiiaeMbie GopMairuy, padoTaromme Kak MPUPOJHBIE BO/I-
HbIE pe3epByaphl. B onpeneneHHbiX CUTyanusX 3TH BOAOCOAEP-
KaIllUe TOPOAbl MOTYT OBITh HPHUCIOCOOJCHBI JIsl XPAHCHUS
IPUPOJAHOTO raza, XoTs UX HCMOJIb30BaHHWE OOXOIUTCS JOPOKE,
YeM CTapbIX MECTOPOXKACHUM He(PTH U raza.

XpaHeHre TPUPOJIHOTO ra3a B BOJOHOCHBIX CIIOSIX BIIEPBbBIC
obuto ucnbiTaHo B 1946 1. B mrare Kenrykku (Kentucky),
CIIOA. CerogHs B mMupe CymiectByeTr 76 Takux XpaHWIMII, U3
Hnx OonpmmmHCTBO B CIIIA, OpmBmeMm CoerckoMm Coro3e
OpaHuuu. XpaHEHUE ra3a B 0CAJ0YHBIX BOJOHOCHBIX MOPOJAX
OCYIIIECTBIISIETCS, €CJIM OHM MEPEKPHITHI HEMPOHUIAEMBIMU
CIIOSIMH.

[Tocne mpuHATHS pelIeHUs O CO3JJaHUU TAaKOTO THIa Xpa-
HUJIMILA JOJKHA OBITh pa3BuTa €ro HHPpacTpyKTypa: mpooype-
Hbl HEOOXOJMMBIE CKBAXXHUHbI, IOCTPOCHBI KOMIIPECCOPHBIE
CTaHIIMM U CETh TPYyOOIPOBOJIOB, YCTAHOBJICHO 00E3BOKHBAIO-
mee o0opyA0BaHKE, BCIOMOraTe/ibHasE U KOHTPOJIbHAs arapa-
Typa. [loaroroBka u 00yCTpPOMCTBO TaKOTO XPAaHUJIUIIA MOMKET
3aHATH 10 4 JIeT, TOrJa, Kak Mpu HUCMHOJIb30BAHUU OBIBIIUX Me-
CTOPOKJICHUI — BABOE MEHBIIIEE BPEMS.

Enie ofHUM THUIIOM XpaHWIMIL MPUPOIHOTO ra3a sSBISIOTCA
CoJIsiHbIE MecTopoxaeHus. VckyccTBeHHO chOpMUPOBAHHbBIC
3J1ECh MOJIOCTH SIBJISIFOTCA HAJIC)KHBIMU €MKOCTSIMH, MTPEIOTBpaA-
IalIUMK yTeuku raza. CoJigHble 3alie’)ku UMEIOT (HOPMBI Ky-
NoJIOB U T1acToB (puc. 2.3 0, B). Kymnosia MOryT UMETh AUAMET]
710 2 KM U BeICOTY 70 10 kM. OOBIYHO Takue KyIoja UCHOJIb3Y-
I0TCS JJIsl XpaHEHUS ra3a Ha TiyOuHax oT 2 kM 110 0,5 KM, XOTs B
ONPEACICHHBIX OOCTOSITEIbCTBAX OHU MOTYT OBITh HaMHOIO
Oyke K nmoBepxHOCTU. [lacToBbIE 3al€XKU MMEIOT MOIIHOCTD
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He 0osiee 300 M. Co3aHHbIE 3/1€Ch TTOJIOCTH 00JIee JOPOTH, YEM
B KyToyiaXx ¥ 00Jiee CKJIOHHBI K YXYAIICHUIO COCTOSTHUS.

[lepBbie CcoJisTHBIE TTOJIOCTH OBUIM HCTOJIB30BaHbl B CIITA —
r. Mapucsun (Marysville), mratr Muuuran B 1961 1., Kanane —
r. Mensw (Melville), npoBunnus CackaueBan B 1964 1., Ap-
MeHuHu — T. AGoBsiH (Abovian) — B 1964 r., I'epmanun — r. Kusb
(Kiel) B 1969 r. u ®panmuu — r. Tepcan (Tersanne) B 1968 .
X 06beM 0BT cpaBHUTENBHO HeBeUK (30...100 Thic. M°) U3-3a
OCTOPOKHOCTH MHXEHEPOB. B 1970 rr. ¢ pocTOM OmbITa COOpY-
KEHHS U IKCIUTyaTalluM COJISTHBIX MOJIOCTEH UX €MKOCTbh yBEJIH-
yuBasachk 10 200...400 ToIC. M3, a B 1980 rr. — mo 300...600
ThIC. M° BO ®panuyu u ['epmannu u gocturia 1 miua. m° B CIITA
B 1990 rr. Cerognst B MUpe CyIIECTBYET 54 XpaHUIIHUINA TAKOTO
Ttuna, u3 Hux — 26 B CIIIA.

Korna Hy>xHas 3ajie’xb BbIOpaHa, B HEM CO34a€TCsl MOJIOCTb.
Jl1st 5TOr0 B CONsiHYIO (popmanio nmpoOyprUBAETCsl CKBAXKMHA U
yepe3 Hee 3aKauMBaeTCs MPEeCcHas BOAA, pacTBOPSIONIAA COJIb U
3aTE€M BblJIaBaeMasi Ha IOBEPXHOCTh. IDTOT IIpollecC TpeOyer
JIBYX TpyO, BCTABJICHHBIX JIPYT B Ipyra, 4epe3 OJHY U3 KOTOPHIX
nogaercs Boga. Uepes KOJIbLIEBOM 3a30p MEXKy TpyOamu BBIBO-
auTcest paccoit. [lpu 3TOM TPUHUMAIOTCS Pa3IuyHbIE MEpbI IS
yAepKaHUs MOJIOCTH B MpejiesiaxX MIaHUPYEMbIX OYepTaHUi, Ha-
IpUMep, CO3JaHUE «JIU3EJIbHON» MOAYIIKH U3 HEQTEIPOTYKTOB
(puc. 2.4 uB. Bki.). Ilocne MOCTHKEHHSI MOJIOCTHIO HYXHBIX
pa3MepoB MPOU3BBOJAUTCS €€ HAIMOJIHEHUE ra3oM C OJHOBPEMEH-
HBIM BBITECHEHHEM paccoia (puc. 2.5 uB. BkJ.). ['a3 HakauuBa-
€TCA 4Yepe3 KOJIbIIEBOM 3a30p MEXay TpyOamu, BCTaBJICHHBIMU
OJlHA B JIPYTYIO, & Paccojl OTKAYMBAECTCA 4YEpe3 BHYTPEHHIOIO
TpyOy wim Hao00poT. OOIIMI MPOLIECC COOPYIKEHUS MOJIOCTH U
OTKAYKH PaccoJia 3aHUMAET OT 18 MeCALEB 10 HECKOIBKUX JIET.

COOCTBEHHO COOPYKEHUE COJISHBIX MOJOCTEH PACTBOPEHU-
€M COJIM MPEeCHOM BOJIOM cocTaBisieT 25...35% obmiero oorema
MHBECTHPOBAHMS. DTOT Tporecc Tpedyer 7...9 M° Boasl Ha 1 M
MOJIOCTH, @ KOHIIEHTPAIUs COJIU B paccose, OTKAaUuMBaeMOM Ha
IOBEPXHOCTB, cocTaBisieT 260...310 kr/m’. Paccorn ucrnomns3yer-
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Cs1 B XMMHYECKOW MPOMBIIIJIEHHOCTH WJIA COpAachIBA€TCSI B OKE-
aH.

OnucaHHBIA CIIOCOO CTOUT JOPOXKE OCTaIbHBIX, HO 00ec-
MIEYMBAECT HAJI)KHOE XpaHeHue raza. ColsiHble MECTOPOKICHUS,
a 3HAYWT, U KyMnoJibHbIe XpaHwiuiia raza B CIIIA cocpenoroue-
HBI BJIOJIb MOOEPEkbsi MEKCUKaHCKOTO 3aJIMBa.

[To00HBIE MOJOCTU MOTYT TaK)XE€ CO37aBaThCA B COJISIHBIX
mactax MomHOCTh0 150...300 M. Jlaxxke mnpu MOMIHOCTH
60...100 M emre BO3MOXKHO CO3/1aTh TaKyl MOJIOCTb, XOTS €€
eMkocTb Oynet HeBenuka — 50...100 Thic. M. OmgHako, MHOTHE
pallOHbl MUPA UMEIOT COJISIHBIE TUIACTBHI MOIHOCTBIO MeHee 60
M. JIJIsi UX UCIIOJB30BaHUSI B KAUYECTBE Ta30XPAaHWIMI HAIpaB-
JIEHHO OypATCS TOPU30HTAIBHBIE CKBAXKUHBI, YEPE3 KOTOPHIE
POU3BOIUTCS] PACTBOPEHHUE COJIM, YTO MO3BOJIIET CO3/1aTh MPO-
TSOKEHHBIC XpaHWIuIA, 00beM KoTopbix coctaBisier 100 Thic.
M> + | muH. M°. [1aBHas TPyIZHOCTh COOPYKEHHS TaKOTrO Xpa-
HUJIMIIA 3aKITI0YAETCsl B TOM, YTO COJISIHBIE CJIOM B 3TUX YCIIOBH-
X MEPEMEKAIOTCS HEPACTBOPUMBIMH ITOPOIaMHU.

OIHUM U3 OTJIWYMN XPAHEHUSI TPUPOIHOTO ra3a B COITHOM
MOJIOCTH IO CPAaBHEHUIO C OTPAOOTaHHBIM HE(MTSIHBIM WJIUA Ta30-
BBIM MECTOPOXKJICHUEM WM BOJOHOCHBIM CJIOEM, HMEIOIIUM
OOJIBIIIOE MTPOCTUPAHUE, SBISIETCA KOJIWYECTBO CKBAXKUH, O0-
CIY>KMBAIOIIMX XpaHWiuiie. Eciu aisg KynoiabHOW IOJOCTH
JOCTATOYHO OJIHOW CKBAXKMHBI, TO JJISl IPYTUX XPAHWIIHIL KOJIH-
YECTBO CKBAXXUH OMPEAEISAETCS UX Pa3MEpPaMH.

B ciyuae moxkapa Ha CKBa)KMHE KYIOJIbHasl MOJOCThb C €€
€AMHCTBEHHBIM OOCIIY>KMBAIOIIUM YCTPOUCTBOM IOJTHOCTHIO TE-
psieT 00beM raza U OKa3bIBAE€TCs MOBPEXKICHHOM, KaK 3TO CIy-
yoch 18 aBrycra 2004 r. B xpanunuiie Mocc brnad (Moss
Bluft), Texac, CIIIA (puc. 2.6 a, 0 1B. BKI.).

B xpanunumiax, o0CIy>XKMBAa€MbIX HECKOJIbBKUMH CKBaXKH-
HAMU U YCTPONCTBAMU IpUEMa, MoJ00Hasi aBapusi HE BICYET 3a
cOo00M TaKUX TSKEJbIX TMOCISACTBUM (purc. 2.6 B IIB. BKIL.).

B crpanax, rie OTCYTCTBYIOT HEOOXOJMMBbIE TI'€OJOTHYE-
CKHE YCIIOBUS JUISI CO3/JaHUsI OMUCAHHBIX COJISTHBIX XPaHWJIUIILL
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raza, pazpa0oTaHa TEXHOJIOTHUS €ro XpaHEHUs B IOJOCTIX
OOBIYHBIX TIOpoJ. Takoe XpaHWIHUIIE COOPYKAETCS TOPHOIPO-
XOJIYECKUMHU croco0aMu, HampuMmep, OypOB3pBIBHBIMU padoTa-
mu (puc. 2.7). Ero BHYTpeHHsSI MOBEPXHOCTh MPU HEYCTOWYHU-
BBIX MOPOAAX JIOJKHA OBITh 3aKPEIUIEHA, OJIHAKO, KaK MPABUIIO,
JUIsl HETO CTaparoTCs BHIOpATh TaKUE OKPYKAIOIIHUE MOPOJIbl, KO-
TOpBIE HE TPEOYIOT KPETJICHHS.

[TockonbKy eM-

] — Above ground facilitics@ KOCTb TAKOI'0 XpPaHWJIH-
mia OorpaHuycHa 1o

@ CPaBHCHHUIO C JIPYyIuMHU

vetticel shals crioco0amMu XpaHEHUsI, B

125 m

(3) ice o vorage 1ot HEM  OOBIMHO - pasmena-

10T CXKWKEHHBIN a3 Wiu
KUIAKAE HeDTEenpoayK-
Thl, TPEOYIOLINE MEHb-
mux O0bEMOB, YEM ra-
3bl.

Mined
cavern

\

»
P>

80-100 m

CXWKEHHBIM  Ta3
35-50 m T~ Access tunnels XPAaHUTCA I1IpHU  I1IOYTH
¥ to cavern @

aTMOC(EpHOM JABIICHUU

Pnc.u 2.7. 3akpenjieHHasI MOJIOCTh, M HH3KOIM TeMIieparype
NMPOM/ICHHASA IAXTHBIM CIIOCO00OM

1 — BepTUKaNbHaA 1IaxTa; 2 — 3aKpen-

JIEHHAS MOJIOCTh; 3 — CIUPAIbHBIA TYH-

HEJIb I0CTYTA C MOBEPXHOCTHU K TOPH-

30HTY XpaHeHus; 4 — TyHHeH AocTynma k.  ©M  IpH  TCMIICPAType

a4
*

(pedprxepaTopHOE Xpa-
HeHue), Jubo 1o
M30BITOYHBIM JIaBJICHHU-

IIOJIOCTHU; 5 — Ha3eMHBIC 3JaHHUS U CO- BMEIIArOIINX nopon
OpY KEHUS (HarLeraTeJbHOE  Xpa-
HEHHE).

CKMKEHHBIE Ta3bl — 3TO CMECh Ipornana u OytaHa. YucToeii
IIPOIIaH MOKHO XPaHUTh IpH Temmeparype munyc 42°C u armo-
chepaoM napnenuu. I[lpu pedpuxeparopHoM XpaHEHUH BMeE-
HIAIOIIME BOJAOHOCHBIE MOPOALI 3aMOpokeHbl. [lpu Haruera-
TEJIbHOM XPAaHCHUU TJIyOMHA paCTOJIOKEHUS TOJOCTH U JIaBJie-
HUE Ta3a B HEM JIOJKHBI ObITh BBIOPAHBI TAKUM 00pPa30M, YTOOBI
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JABJICHUE MOA3E€MHBIX BOJI MPEBBIIATIO MOCIEIHEE, TPEI0TBpa-
masi TakuM o0pa3oM yTeuku raza. Bmecro storo Oynuer HabIto-
JaThCsl HEOOJIBIIIOE MOCTOSTHHOE ITPOCAYMBAHUE B MOJIOCTh BOJIBI,
MOCTOSIHHO OTKAUYMBAa€MOU CIeI[MaJIbHbIMU HACOCAMH.

JIOCTyIl B Takyro IOJOCTh OCYIIECTBISACTCS 4Yepe3 IIaxTy,
KOTOpasi JI0JKHA OBITh BOJOHEIPOHHUIIAEMOM, YTO JOCTUTACTCS
neMeHTamnue mopoa. OT BXOJIOB MOJOCTh M30JUPYETCsl OCTOH-
HBIMU IEPEMBIYKAMU.

[TomzeMHbIl pe3epByap OOBIYMHO COCTOUT U3 TJIaBHBIX TYH-
HeJen pa3nyHbiXx ceuyeHut ot 30 o 500 M2, COOTBETCTBYIOIIUX
XapaKTEPUCTUKAM BMEIIAOIIUX MOPO/I, TTyOHHE CTPOUTEIbCTBA
U JIPyTUM cOooOpaxeHusiM. J[MMHa Takux TyHHEJEW 3aBUCUT OT
0011Iell KOHCTPYKIIUM pe3epByapa, KOTOPHI MOKET COCTOAThH U3
HECKOJILKUX MapajuieibHbIX BhIPAa0OTOK. TyHHENIU, COEIUHSIO-
I[M€ OCHOBHBIC €MKOCTH, KaK IMPaBUI0, UMEIOT MEHBIIIUE ceye-
HUS, HO TO3BOJISIIOT MEPEABUIaThCA MEPCOHATY M 000pyJ0Ba-
HUIO, BO3JyXYy U BOJZIE, @ TAKKE XPAHUMOMY IPOAYKTY IPHU €ro
pa3MEIleHUU Ha pa3HbIX TOPU3OHTAX.

[[laxTa (WM WIAXThl), BEPTHUKAJIBbHO CBS3BIBAIOIINE I10-
BEPXHOCTh C PE3EPBYAPOM, YIIIyOJIEHBI HUKE €r0 YPOBHA, 00pa-
3ysl IPUEMHBIN KOJIOJIEI] C HAcOCaMu U TpyOamu ISl OTKAYKH
IpOCayMBaroNIeics BO/bl. 3€Ch K€ OOBIYHO pacIojaraercsi Bo-
nocOoopHuK. JIJIst mpenoTBpallieHus YTeUYeK ra3a, maxThl JOCTyIa
3aMOJTHSAIOTCS BOJOM, @ KOMILIEKC YIIPABJISETCS JUCTAHIIMOHHO.

B HekoTopbIx ciydasx TpeOyercs 00ecreuuTh JIONOIHU-
TEJIbHYIO0 BOJIHYIO Harpy3Ky Ha pe3epByap, Ipea0TBPAIIAOIIYIO
yreuku raza. C atol nenwto Ha paccrtossauu 10...20 m Haj rioas-
HBIMHA €MKOCTSIMU XPAaHWJIMILA MPOXOAUTCS CIIEIUATBHBIN TYyH-
Henb (rajepes) majgoro cedeHus. M3 Hero OypsTcs TOpU30H-
TaJIbHbIE WJIM HAKJIOHHBIE CKBAXXUHBI, 00ECIICYMBAIOIINE HACHI-
IIIEHHOCTh BOJIOM NMEpeOypEeHHOMN TOJIIH TOPOI,.

IIpu HE0OXOIUMOCTH O0ECHEUYUTh YCTOMUYMBOCTH TOPHBIX
OpoOJi, B KOTOPBIX MPOXOJAUTCA MOA3EMHBIN KOMILUIEKC XpaHH-
JYIA, TPUMEHSETCS aHKEpHasi Kpelb U HAOPBI3rOETOH, YCUIIU-
Barolue KpoBio. Ocoboe BHUMAHUE MPU 3TOM YJIEISIETCA Iie-
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pPECEUYEHHSIM U COCIMHECHUAM TYHHEJIEM U UX BCTPEYAM C Ie0JIo-
TUYECKUMU HAPYIICHUSIMU.

B kayecTtBe npumepa MOXHO IIPUBECTU MOA3EMHBIN pe3ep-
Byap CXKWKEHHOTO rasza, noctpoeHHbli B Cugnee (Sydney), AB-
cTpanus, OypOB3PBIBHBIM CIIOCOOOM U COCTOSIIIMN U3 YEThIPEX
moJiocTer, nmeromux ceuenue 14x11 m u qmunry 230 M kaxmas,
a TAKXE COCIUHUTEIIbHBIX TYHHEJEW CEUYEHUsAMU 5,5X5,5 M.
O6m1ast eMKOCTh KOMIIIEKca cocTaBiser 130 Thic. M.

Jlpyrasi cepusi TyHHele# ceuenueM 4x3,5 m” obmel mu-
Hoit 700 M, pacrojiokeHHas Ha 15 M BbIIlle XpaHUIUIINA, odec-
MEYNBACT €ro BOJIHYIO 3aBECY I MPEAOTBPAIICHUSI YTEUEK ra-
3a. 3aBeca CO3MaeTCA CKBaXMHAMHM, KOTOPBIE MO3BOJISIIOT IEpe-
OypE€HHBIM MOpPOJIaM OCTABaThCS HACBHIIICHHBIMU BOJON (pHC.
2.8 1B. BKIL.).

KomIuieke XpaHujdina pacroiokeH Ha rayouHe 135 m u
BKJIIOYAET B c€0s IMIaXTy JOCTyIa MepcoHajia, 000pyA0BaHUS U
MarepualioB quameTpom 6 M. Uepe3 3Ty ke MaxTy BBIIACTCSA
MOpOJIa MPU CTPOUTEIBLCTBE MOJOCTENU. MIMeeTcs: Takxke J0MoJI-
HUTEJIbHAA maxTa auaMeTpoM 4 M. O0e 1maxThl UMEIOT TJTyOUHY
150 M 1 npoxoaunuch OYPOB3PHIBHBIM CIIOCOOOM C MPUMEHEHU-
€M LIEMEHTAIMU 3aKPEITHOTO TPOCTPAHCTBA.

Ha puc. 2.9 (11B. BKI.) ITOKa3aHO COOPYKEHHUE BOJOHEIPO-
HUITaeMOM MepeMbIuKU, Ha puc. 2.10 (IIB. BKJL.) — CTPOUTEIBCTBO
MOJ3EMHOM T0JIOCTH, HAa puc. 2.11 (1B. BKJI.) — OOIIMI BUJ IO-
JIOCTH XPAHEHUS CHOKUKEHHOIO Ta3a.

Hcnonb30BaHre MOA3EMHBIX TMOJIOCTEU IS XPAHEHUS Chl-
poit HepTH ¥ HePTEnpPOaYKTOB MIMPOKO puMeHseTcss B Hopae-
run. Pacnonoxxennoe B r. Monrcrage (Mongstad) B 3amaaHoi
4acTH CTpaHbl He(PTEXpaHWIHIIIE B MEPCHEKTUBE OyJET COCTO-
STh U3 6 moJocTeil ¢ obIIeil eMKOCTbI0 XpaHeHus 1,3 MIH. M
(puc. 2.12), naubonpliieil koraa-mmodo coopyxkeHHod B Hopge-
ruu. Yacth nosiocteil yxxke nocrpoeHa. Ceipas HepTh 3aKaunBa-
€TCsl B XpaHWJIUIIE 1o TpyOorpoBogaM JiinHou 2 kM. O00opya0-
BaHUE MO OOCIY>KMBAHUIO XPAaHUJIMILA OMYCKaJIOCh B HErO IO
BEpPTHKAJIbHBIM CTBOJIAM cedeHUAMH 47,6 M.



Puc. 2.12. Xpanuiauue Hegptu B MoOHICcTage

Kaxnas monocte 1y MpoKaunMBaHUus HEPTU 00OpPYHAOBaHA
JIByMSI BBICOKOIIPOM3BOIHUTENBHBIMUA HacocaMu (5000 w/gac).
['maBHBIE TyHHENM, MOJBOISAIINE K MOJIOCTAM, UMEIOT IIUPUHY
10 M, BbICOTY 7,5 M U ceueHue 72 M”. DTH pa3Mepbl HO3BOJISIIOT
o0ecCreunTh ABYXPSAAHOE IBHKEHHUE ISl 32-TOHHBIX T'PY30BH-
KOB. TyHHENW, pacroioXEHHbIE MEXAY IOJOCTSIMUA, HMEIOT
mmprHy 7 M, BBICOTY 7 M 1 cedenust 47,1 M”, 4TO JOCTaTOYHO
JUISL OJTHOPSITHOTO JIBUKEHUS TPy30BUKOB. COOCTBEHHO MOJIOCTH
MMEIOT MUpUHY 18 M, BeIcoTy 33 M U ceueHne 565,5 m°. Takue
pa3Mephl MOJIOCTEN CTaIM BO3MOXKHBI, Ojarojiaps BbICOKOM yc-
TOMYHUBOCTU TOPHBIX MOPOA. DTO K€ OOCTOATEIBCTBO MO3BOJIH-
JO TPUMEHUTH IS TOAJACPKaHUSI KPOBJIM aHKEPHBIC OOTHI
JUTMHOM 710 4 M 1 HAOpBI3TOETOH ¢ TOJIMHON citos 50...80 MM,
bountel pacnonaranucek o cetke 3x3 M. CTEeHBI, Kak IIPaBUIIO, HE
kpenuiauch U auib 20...30% oO1ieil AJIMHBI N0JIOCTEN ToAAEp-
’KUBAJIUCh AHKEPHBIMHU OOJITaMH.

O0beM xpaHUMOW HE(PTH B IIECTH MOJIOCTSIX U COCAUHSIO-

IIUX MX TYHHEJIAX COCTAaBIISICT IPUMEPHO 1,7 MITH. M.
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Jpyrum mpuMepoMm moja3eMHoro xpanenus Heptu B Hop-
Beruu siBisiercss xpanuiuile B . Ctype (Sture) Ha ceBepe OT
beprena (Bergen), cocrosinee U3 NATH MapauieIbHbIX MOJIOCTEH
(puc. 2.13), deTbipe U3 KOTOPBIX MIAHUPOBAIUCH JJIsI XPaHECHUS
550 ThIc. M° HedTH, U IATAs — I OayUIacTHOM Boabl. Ha cioe
OayTacTHOM BOBI pacrojiaraeTcsi He(Th B MEPBBIX YETHIPEX IM0-
noctsax. Kaxnas monocte uMeeT BoICOTY 33 M, mupuHy 19 M u
mmaay 314 M. JIns co3gaHust BOJHOM 3aBeChl MPOOypeHa CETh
CIIeIIMAJIbHBIX CKBaXUH (puc. 2.14).

@wuar filled tunnel

OOmuit  o0beM HedTH,
xpanumon B Hopseruu B mon-
36MHBIX IOJIOCTSIX, NPUOIH-
JKaeTcs K 5 MIIH. M.

Kpynnoe XPaHWIUILE
He(TEOpPOAYKTOB CO3/IaHO B
Hopseruu B paliOHE FOKHOTO
Ocno, rae B XoiaMe JKeoepr
(Ekeberg) coopykeHbl Tropu-
30HTAJIBHBIE  ITOJIOCTH IS
e XpaHEHHs] Ta30JIMHA, JAU3EIIb-
| concret ouge “w'“"@ HOTO TOIUIMBA M KEPOCHHA.
IToutu 50% o011ET0 TOTOBOTO
Puc. 2.13. Xpaunminme nepru B Pacxona HEDTENPOIYKTOB B

Crype CTpaHE€ MPOXOAUT YEpe3 ITO

1 — momocty — xpanmwmina Hed-  xpanuauiie. Ero mepsas oue-

TH; 2 — IIOJIOCTH JIJIsSI Oa11acTHOM penb 6blIa ocTpoeHa B 1966-
BOJIBI; 3U— TYHHEIIb, BaHOJIerHHBIH 69 rr., BTOpas — B 1975-78 IT.
BOJIOMH, 4 — MNOoABOAAIINN TYH-
O06e odepeau COCTOAT M3 Ce-
HEJIb; 5 — OETOHHBIC TTIEPEMBIUKH
pUH HE3aKPEIJICHHBIX TMOJIO0C-
TEH, PacroJIOKEHHBIX HUKE YPOBHS I'PYHTOBBIX BOJI.

B XpaHuuiine HMCHOJb3yeTCs JBa CIASAYIONIUX IPUHIIANA
xpaHeHus. [lo omHOMY W3 HUX BEPXHUM YPOBEHb XPAHHUMOTO
TOIIMBA (KaK MpPaBUJIO, aBTOMOOMIIBHOTO) COXPaHSAETCS MOCTO-
SSHHBIM, TOTJIa KaK YPOBEHb BOJHOM MOJYIIKHA B KaXKJI0M MOJI0C-
TH u3Mensiercs (puc. 2.15 1B. Bki1.). Bepx nmonoctu chopmupo-

'] 100m
[— |
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BaH, KaK TOPJBIIIKO OYTHUIKH, U UMEET IOCTOSHHOE CEUCHHE,
YTOOBl MHWHHMH3UPOBATH IUIOIIAJIb IMOBEPXHOCTU BEPXHETO
YPOBHSI TOIUIMBA M YMEHBIIWTH MOTEpH ucmapeHus. BomsHas
MOJyIIIKAa COCTOUT U3 MOPCKOM BOJIbI, 3aKauMBaeMoOM U3 puop/a
py BeITpy3ke HedTenpoaykTa. [Ipu ero mpueme Boja BbIKayu-
BAacTCSI CO AHA MOJOCTH. UTOOBI M30€XaTh 3arpsA3HEHHUS BOJIBI
dbuopaa, oTKaunBaeMas BOAa IMPOXOJUT Yepe3 HEDTIHOM cema-
patop nepejs cOpocoM B MOpE.

water curtain water table observation wcll@
borehole \ _ N\

@ 2
m above
sea level

-301 gas
hall 1st 01[
-60+  water o _ water
100 m

Puc. 2.14. CxkBa:xuHBI, npoﬁypeHHme JJIA CO31aHMS BOJXHOM 3aBeChl

1 — ypoBeHb TPYHTOBBIX BOJI; 2 — CKBAXKHUHBI;, 3 — HAOJIIOAATEIIbHBIE KO-

JOAMBI, 4 — 0¥ OaTacTHOM BOJBI; 5 — citoi HedTH; 6 — cioii raza; 7 —
BBICOTA HaJ YPOBHEM MOpS, M

[To BTOpOI cxeme (puc. 2.16 1B. BKJI.) 00bEM BOIAHOM IO-
OYIIKK TMOCTOSIHEH, TOrJa KakK YPOBEHb XPAaHUMOTO MPOAYKTa
NOJHUMAETCSI U OIyCKAeTCsl B 3aBUCUMOCTH OT €TI0 KOJIUYECTBA.
Takoit cnoco0 MpUMEHSETCS JJIsl XPAaHCHUs, KaK MpaBUJIo, aBUa-
[IMOHHOT'O TOIUIMBA, HCHApUTEIbHAS CIOCOOHOCTH KOTOPOIO
3HAYUTEJIbHO MEHBIIIE, YEM aBTOMOOUJILHOTO.

CTpoUTeNnbCTBO MOJOCTH HE(MTEXpaHUIUIIA TOKA3aHO Ha
puc. 2.17. Eme oaHOM BO3MOXXHOCTBIO XPAHEHUSI MPUPOIHOTO
raza SBJISIETCS MCIOJIb30BAHHE BBIPAOOTAHHOI'O MPOCTPAHCTBA
OTpabOTaHHBIX YTOJbHBIX MAXT. Takoil cnocod XpaHEHUs ra3a
(0OBIYHO MeTaHa) ycnenHo npumensiercs ¢ 1961 r. Crapeimuii
pesepByap — 3akpeitas miaxta Jlednen (Leyden), r. JlenBep

(Denver), mratr Konopano, CIIIA wucnonb3yercs 10 CUX IOp
(puc. 2.18).
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[TaxTa Jleitnen B 1903-1950 rr. pa3padaTeiBaiia Ba ropu-
30HTAJIBHBIX YTOJBHBIX (TaK HA3bIBAEMBIX JIMTHUTOBBIX, T.C.
HU3KOCOPTHBIX OypPOYTOJIbHBIX) IIJIACTa, MOIITHOCTHIO 2,4 1 3 M,
pacnosniokeHHbIX Ha TiyouHe 210...300 M OT mOBEpXHOCTHU Ha
paccrostnuu 15 M apyr ot apyra (puc. 2.19). [1nacTtel BCKpbiBa-
JIUCh YETBIPbMSI BEPTUKAIBHBIMU CTBOJAMHM M OTPaOaThIBAIMCH
0 KAMEPHOW CHUCTEME C OCTABJICHUEM OIOPHBIX IEIUKOB YIJis
MEK]1y BBIEMOYHBIMU YYaCTKaMHU.

BoOHACKIIIEHHBIN TJIMHUCTBIA CIIAHEL] U [ECUYAHUK, B KO-
TOPBIX 3aJIE€ral0T YroJbHbBIC IUIACTHI, 00ECIEYNBAIOT TepMETHY-
HOCTb COJIEp>KaHUs ra3a B BBIpaOOTaHHOM ITPOCTPAHCTRBE.

Uepes 8 et nociie 3akpbITUA WaxThl, B 1958 1. n3yuenue
€€ YCIOBHUH IMOKa3ajo, YTO BCE FOPHBIE BHIPAOOTKH 3alOJTHEHBI
BOJI0M. bt mpoOypeHbl CKBaXHHbBI, Ye€pe3 KOTOPbIE MPOBOJIH-
JUCh BuUAeoHaOmMoAcHUsA. OHM TOKa3ajad, 4To OTpabOTaHHas
I01ab, KaKk U HEMOCPEJACTBEHHAS! KPOBJISI MOLIHOCTBIO OKOJIO
15 M, 3amojHeHBl OOPYIIEHHBIMH MOopogaMu. CBHAECTEIHCTBA
OCEJIaHMs TIOBEPXHOCTHU HE ObLIIU OOHAPYIKEHBI.

« West East *
Dip changes from vertical to nearly horizontal
in about 1200 feet (366m)

A

(meters)

Air Shaft

T —Shaft No. 3
@
[\
Shaft No. 2
Shaft No. 1

1750

1700
(Gravels)

iy 1650
Sandstone):

1600

1550

1500

1450

Puc. 2.19. I'eosioruveckuii paspe3 MeCcTOpPOKIeHUs AXThI JlelaeH

1 — kaMmeHuCTass paBHUHA; 2 — HAHOCHI, TPaBUii; 3 — TTyOOKHEe N3MEHe-

HUS 3aJIETaHUsl OT BEPTUKAIBHOIO JI0 TOYTH TOPU3OHTAIBHOTO Ha ITy-

ouHe puMepHo 336 M; 4 — MIaXTHBIE CTBOJIBI; 5 — TIaBHBIM YTOJIBHBIN

miacT; 6 — pa3paboTka OTKPBITBIM CITIOCOOOM; 7 — reojorudeckue Gop-
MaIuu; 8 — cJIaHeI] U IIeCYaHuK
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{1 UCronb30BaHUs MIAXTHI B KAYECTBE PE3EPByapa IpH-
POJIHOTO ra3a B €€ HWKHIOK YacTh ObLIM MPOOYpPEHHI JIBE CKBa-
JKHHBI, 4epe3 KOTOpbIe OblI0 0TKayaHO 0koyo 400 ThIC. M BOJIBL.
KiitoueBbIM  BONPOCOM  OBUIO OOECNEYEHHUE TePMETUUYHOCTH
[IAXTHI IPU XPAaHCHUH ra3a.

C oTOM 1Eenpl0 MpoBOAMIIACH paboOTa MO TepPMETHU3ALUHU
IIAXTHBIX CTBOJIOB, AETald KOTOPOHU IS cTBOJIa No 3 MoKa3aHbI
Ha puc. 2.20. AHaJOTUYHBIE PEIICHUS] ObUIM MPUHATHI IS IPY-
TUX CTBOJIOB.

3aTeM OBLIM TIPOM3BEICHBI HCHBITAHUS 3S(HPEKTHBHOCTU
XpaHEHMs] MeTaHa B maxte. B Hell pazMerancs oobem raza 21,2
MIH. M° 1ipH paBinennu 1,4 MIla. JIByxMecsuHOE HAOIIFONCHHE
MOKa3aJ10 OTHOCHUTEIBHO MOCTOSHHOE JIABJICHUE Ta3a U YPOBEHD
BoAbl. Ilocie 18 Mecs1eB UCHbITAaHUM KOMITAHUSI pelInia pac-
IIMPUTH DKCIIEpUMEHT. B cTapbie ropHble paboThl ObLIM MPOOY-
peHbl 17 CKBaXWH — 3 111 OTKAQYKH BOJbI U HAOIIOJCHUM, OC-
TanbHBIEC I 3aKaukyd M OoTKadkd raza. [locine 1963 r. B maxrte
COIEPIKANOCh 57 MIIH. M IPUPOJHOTO rasa IpH AaBieHuu 1,72
MITa. T'o10BOE HOTy4eHHEe METaHa COCTABIISNO 4 MITH. M.

[Ipy rHAPOCTATHYECKOM TPAJUEHTE TOPHOTO JABJICHHUS
9,73 klla Ha MeTp Il TAKUX CPABHUTEJIBHO MEJIKHUX IIaXT, KaK
Jletinen, ¢ riyOMHON pa3pabaTbiBaeMOro ropusonra 245 m o00-
1iee 3HaueHue aaBjieHus coctaBigeT 2,4 Mlla. MakcumaiabHOe
JABJICHUE XPaHEHMs raza OOBIYHO HE mpeBbimaer 65-70 mpo-
IICHTOB ATOro 3HaueHwus, T.e. 1,55...1,67 MIla, uyro nmo3BoJseT
CO3/1aTh EMKOCTb XpaHEHUS MPUMEPHO B 16 pa3 Oosbliie UMEro-
IIerocsi MpOCTpaHCTBa (HE cuuTas JOMOJHUTEIBHOTO 00beMa,
CO3/1aBaEMOI0 aJICOPOUPYIONIEH CIIOCOOHOCTBIO YTJIsi, OTKPHITO-
ro J1s rasa).

B Hacrosiiiee BpeMs B IIAXTe COAEPIKUTCS 85 MIIH. M° rasa
C MaKCHMaJbHOM paboueil (T.e. M3BJIEKAeMON) €MKOCThIO 62,3
miH. M. IllaxTa obecrieunBaet 20% 3MMHHX ITHKOBBIX IIOTPEO-
HocTel JleHBepa B raze W CTAOMIM3HUPYET ILIEHBI HAa ra3 B 3TOT
MIEPUOI.

['onoBbIE pacxoabl KOMIAHUU HA COACPHKAHUE KOMILIEKCA
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Puc. 2.20. Cxema repmeTusanumn
IIAXTHOT'O0 CTBOJIA
1 — rpaBuii; 2 — necok; 3 - ymior-
HEHHas rivHa; 4 — TpyoonpoBO/I
MOJIa4uy IIJIamMa JuamMeTpoM 17 mwm;
5 — oTBOAHASA TpyOa AMAMETPOM 5
cM; 6 — COpPTUPOBAHHBIN TPaBHIL; 7
2l dams. @ — IIOPOJIHOE 3aIIOJIHEHHUE; 8 - BOJIO-
HEMPOHUIIAEMBIE CJIOU CJIaHIa
(oOmue st 4 cTBOJIOB); 9 - OETOH-
Has nepembiuka; 10 — ypoBeHb BO-
nbl; 11 — yroaessiil iact; 12 - Oe-
TOHHAs Kperb; 13 - cylecTByo-
® 1as JepeBsiHHas Kperb; 14 - Oe-
@ TOHHOE OCHOBAaHUE

Xxpa"nenus  cocraBiuaoT 800
o 5 TBIC. JIOJUIApOB B TOJ, HO
e ' MMO3BOJIAIOT B TOT K€ MEPUO/I
COKOHOMUTH 14 MIIH. J0JI1apOB

3a CYET OTKa3a OT MOKYIIKU ra3a B MOMEHTHI MMKOBBIX IICH.
Pe3epByapbl mpupoaHOTO raza B OTPaOOTAHHBIX YTOJbHBIX
maxrtax uMmeroTcsa Takxke B benbruu. [llaxter Auaeparoc (Ander-
lues) u Ileonnec (Peonnes) moObiBaau yrojib Mexay 1857 r. u
1969 r., HeOosbIIME TrOpHBIE padOTHI Benuch nepen 1857 T.
DKCIUTyaTallMOHHbIE TOPU30HTHI pacnojiarajiich Ha TIIyOuHE
660 u 1100 m. ITocne 3akpbITUs MIaXT OBIA YCTAHOBJICHBI YCT-
poiicTBa YyJIaBJIMBaHUS M MpuUeMa JpeHupyromero merana. C
1980 r. maxTel UCMOJIB30BATUCH JISI XPAHEHUS IPUPOJTHOTO Ta-
3a U comeprkany Gonee 283 MIIH. M° Ta3a, OTKAYMBACMOTO B ITH-

KOBBIE TIEPUO/IBI.

Ha maxte Anaepitoc Oblid repMeTu3upoBanbl 10 CTBOJIOB,
Ha maxrte [leonnec — 19. KoHTpoib 3aM0HEHNS IAXT METAHOM,
BBITECHSIIOIIUM BO3AYX, BBIMOJHSJICS MPUOOpaMH, YCTaHOBJICH-
HBIMU B HECKOJIBKMX CTBoOJIaX. M3 maxT MeTaH HaIpaBsijICAd B
ra3onpoBOJIbI IS TPOJaku. MakCuMalbHOE TOIOBOE IMOJIyde-

A == T2 G

8121 €181 PR 8 4158
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HHUE ra3a Ha KaXIOU MIaXTe COCTAaBUIJIO OKOJIO 18 MITH. M.

B pesynbTaTe pa3BUTHUS TOPHBIX PabOT B PETHMOHE OIKCHI-
BaeMbI€ IIaXThl OBUIM OTHOCHUTEIBHO CYXHMH U TpeOoBalu
TOJIKO HEOOIBIIOTO 00E€3BOKUBAHUS B XOJI€ UX SKCILTyaTallHH.
JloObIua yrisi mpou3BOAMIACH HA HECKOJbKHX TOPU30HTAX B
o0eux IIaxTax, HauyuHas ¢ TIyOMHBI 98 M OT MOBEPXHOCTH U
npoctupasich 10 1100 M. M3-3a manoil riyOuHBI pa3pabOTOK
MAKCUMAJIBHOE JIABJICHUE XPAHUMOTO ra3a He IpeBbImano 276
klla. C 3TuM J1aBieHHUEM ra3 UHHBEKTUPOBAICS B IIAXTHI.

AncopOIIMoHHas CIIOCOOHOCTh OCTABIIMXCS Hepa3paboTaH-
HBIMU YTOJIBHBIX IJIACTOB YBEJIWYMBAJIA MOYTH JI0 JACCATHUKPAT-
HOTO (paKTUUECKUI 0O0BEM XpaHEHHS.

Pa0boThl MO XpaHEHUIO MPUPOJIHOTO raza B maxrtax beabrun
Obn ocTtaHoBiaeHbl B 2000 r. n3-3a HEOOXOAUMOCTH YCTaHOBKHU
JTOTIOJTHUTEJIBHOTO JIOPOrOCTOSIIIEr0 000py/I0BaHUS B CTBOJAX.
[Io OpHEHTUPOBOYHBIM OIICHKAM B yIJIE IIAXT B HACTOSIEE
BpeMs ancopoupoBano 160 MiH. M’ Ta3a, B CBOOOIHOM COCTOSI-
HUM HaXORUTCs 20 MITH. M.

OnpIT XpaHEHUs] TPUPOJHOTO Ta3a B 3aKPBITHIX YTOJbHBIX
maxTax JEMOHCTPUPYET TEXHUYECKYH) BO3MOXKHOCTh HX HC-
MOJIb30BAaHMS B KAUECTBE PE3EPBYAPOB MPH CICAYIOIIUX HAMOO-
Jee MPUEMJIEMbIX YCIOBUSX:

- rnyouna 6osee 300 m;

- HEMOBPEXJEHHAsl TOJIAa TOPHBIX MOPOA. DTO YCIOBHUE
JUIsl HETJTyOOKMX IIAaXT o0ecreyrBaeTcs JIydlle mMpu KOpoTKO3a-
OOMHBIX CUCTEMaxX BBIEMKH YTJISI C OCTABJIICHUEM IIEJIUKOB (pac-
IPOCTPAHEHHBIX B AMEpHUKE), YeM IpU JJIMHHO3a0OMHBIX CO
CIUIOIIHOM BBIEMKOW (TpuMeHsieMbIX B EBporie);

- maxra He padotaert nociueanue S0 ner;

- [IaXTa UMEET ACTAIBbHYIO JOKYMEHTAIIUIO MPOBOIUBIINX-
Csl TOPHBIX padoOT;

- UMEETCSl JOCTAaTOYHO HENpPOHMUIaeMas MEPEKPbIBAIOIIAs
TOJIIIA TTOPOJ;

- IIIaXTa UMEET HEMHOT'O CBSI3€H C MOBEPXHOCTHIO (CTBOJIOB,
CKBXKHH U JIp.).
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2.2 Cmpamecuueckuii negpmanoii pezepe CIIIA

Crparerndeckuii HedTsiHON pezepB CIIIA co3man ¢ 11€71b10
YMEHBIICHUSI 3aBUCUMOCTH OT HE(PTEI0OBIBAIOIINX CTPaH, MpPU
npeKpalieHu MMM nojadu Hetu Ha cpok 110 90 nuen. CIIA
UCIIONB3YIOT 19 MuIH. Gappenei B CyTKU U 00Jiee TTOJIOBHUHBI 3TO-
ro TOIUIMBA UAET OT UMIIOpTA.

OKcmyaTtanus pe3epa Havyanach B 1975 1. u ¢ 3T0T0 Bpe-
Menu CIHIA ucnonb3oBaiiv 3Ty HEQTh ABAXK]bl — NEPBBIM pa3 B
1991 r. BO Bpems mepBoi BouHBI B Ilepcuackom 3anuBe — 17
MUJITMOHOB Oappeneit, 3areM B 2000 r. — 30 muH. Gappernei.
[Tonnepxanne pe3epBa CTOUT MPABUTENBCTBY 21 MIIH. TOJ1apOB
B roji, ero oocmyxupaet 1150 denoek.

Crparerudyeckuii 3amac Chlpol HeTH XpaHUTCS B IMOJIOC-
TSX, CO3JIaHHBIX B MOIITHOM COJISHOM MECTOPOXKICHUH, KOTOPOE
3asieraeT noj OOJbllIel 4acThio mo0epexbss MEKCUKaHCKOTO 3a-
nuBa B wwtarax Texac u Jlyusmana. Pacnonoxenue 3gech xpa-
HUJIMIA ObLJIO BBIOPAHO JJISI TOTO, YTOOBI 0OECIEUUTh €ro THo-
KYI0 W HaJIe)KHYIO CBS3b C CYIIECTBYIOIIMMH TPAHCHOPTHBIMU
nyTamu. OTcroga HePTh Yepe3 MarucTpajibHble TPYOONPOBOIBI
U TpyOOIPOBO/JIbI IITATOB MOXKET TPAHCIIOPTUPOBATHCS K IEpe-
padaThIBAIOIIUM MPEANPUATUSIM WK K MOPCKUM TaHKEpaMm (puc.
2.21 1B. BKIL.).

Kaxpnas coysiHasi MoJIOCTh MO3BOJISAET Pa3MECTUTh OT 6 110
35 muH. Oappenei (1 6appens = 159 n). TunuuHasg MoJOCTh
MMeeT HWIMHIUPUYECKYI0 (popmy ¢ aumameTrpoM Oosee 60 M u
BbicoTOM 610 M (puc. 2.22 uB. BkJI.). OOII€€ KOTMYECTBO TaAKUX
nosjocTel okojio 50, a ux oO1as eMKOCTh 0Kojio 750 muH. Oap-
peneit (puc. 2.23 uB. BKJ.). Bo3MoOxxHas MpoOU3BOAUTEILHOCTD
OTKAauK{ He(PTH U3 XpaHWIHIa coctaBisieT 4,4 MiaH. Oapperieil B
neHb B Teuenue 90 guen. [locne atoro otaaromas cnocoOHOCTh
3amaca yMEHbIIIAeTCs.

Bua ¢ Bo3ayxa Ha 4acTh HeTEXpaHWUIUIIA MOKa3aHa Ha
puc. 2.24.
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Puc. 2.24. Buj ¢ ﬁosziyxa Ha HeTexXpaHUIHIILEe

ConsiHble MOJIOCTH OBLIIM CO3/1aHbl PACTBOPEHUEM YUYaCTKOB
COJITHOTO IIJJacTa TEXHOJIOTHS padOT ONucaHa paHee U aHajo-
rUMyHa XpaHWIUIAM TPUPOAHOrO raza. s pa3MernieHus: Kax-
noro Oappens HedTu TpeOyercs 7 Oappeneil Boabl, CO3/Iar0lIeH
MOJIOCTh HY>KHOTO 00beMa.

XpaHeHue He(PTH B COJISTHBIX MOJOCTAX 00xoauTcs B 10 pas
JICIIIEBIIE, YEM B €MKOCTSIX Ha IMTOBEPXHOCTH U B 20 pa3 AelieBlie,
4yeM B JIPyTUX TOPHBIX Mopojaax. Takoe XpaHeHUE TakKe Haubo-
jee 0e30macHo s OKpy»Karoiie cpeanl. Ilpu riomyOouHe pacmo-
noxenus nonocter ot 600 1o 1200 M ropHoe 1aBiIeHHE 3aCTaB-
JS€T TUIACTUYHYIO COJIb 3aKPbIBaTh BO3HUKAIOIIUME TPEIIMHBI U
Pa3phIBHI.

[Ipu paccTosiHUM MEXIYy KPOBJIEW MOJOCTU U €€ THOM OKO-
70 600 M pa3HUIIA €CTECTBEHHBIX TEMIIEPATyp 3aCTaBIISIET HEPTH
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UPKYJIUPOBATH, JI€JIasi €€ KOHCUCTEHIIUIO MOCTOSIHHOM.

[Tockonbky He(Th Jjerde BOJbl M BCIUIBIBAET B HEM, 3TO
CBOMCTBO UCIIOJIB3YETCS JJIs1 OTKAUYKK He(PTH U3 MOJIOCTEH, Ky/1a
3aKQUMBAETCS BOJIa, BBITECHSISI HE(PTh K KPOBJIE MOJIOCTH U K
PUEMHBIM TPYyOOIPOBOAAM.

Crparerudyeckuii pe3epB COCTOUT W3 YEThIPEX OCHOBHBIX
xpanunuiy — bur Xwin (Big Hill), bpaitan Maynn (Bryan
Mound), Bect Xakbeppu (West Hackbarry) u baito Xoktoy
(Bayou Choctaw), pacnooeHHBIX BJI0JIb TOOEPEKbs 3aJIUBA.

Kaxknoe XpaHuiauIie COCTOUT M3 HECKOJIbKUX IOJOCTEH U
BMEIIAET:

- bur Xunn (Big Hill), mrar Texac — 165 muH. Oappeneii B
14 nonoctsx;

- bpaitan Mayna (Bryan Mound), mtat Texac — 230 miH.
oappeneit, 20 moaocTei;

- Bect Xak0eppu (West Hackbarry), mrat Jlyusunana — 225
MJIH. Oappenen, 22 moioCTH;

- batio Xokroy (Bayou Choctaw), mrar Jlyu3suana — 80
MJIH. Oappenei, 6 TojocTei.

2.3 Iloo3emnpwie y2oibHble CKAObL

B crpanax CesepHoii EBponbl 4acTo CiIydarOTCs JHUA C
TemrepaTypoii Huke — 30°C, korna 3arpyska yris U3 Ha3eMHBIX
CKJIQJOB B TEIUIOBBIC JIJIEKTPOCTAHIIMA CTAHOBUTCS BECHhMA
TpyJaHOU. PacrosioxkeHne Takux CKIIAJ0B HA MOBEPXHOCTH 3€M-
JIM TIPUBOJUT TAKKE K BBICOKOM 3albUIEHHOCTH BO3AyXa W IIy-
MY, 4TO OCOOCHHO BaKHO JJI IUIOTHO 3aCTPOEHHBIX TOPOACKHUX
tepputopuii. [lo1o0HBIE MPOOIEMBI BOZHUKAIOT MIPU XPAaHCHUU
IPYTUX CHITYyYNX MaTEPUAIIOB.

B cBs3u ¢ 3TUM, OJTHOM W3 TOJUIAHACKUX KOMITAHUH TIPE-
JI0OKEHA KOHCTPYKUHS 3aKPBITBIX CUJIOCHBIX CKJIaJI0B, MO3BO-
JISTFOIIAST 06ECTIEYNTh EMKOCTh cHitoca oT 750 M° 0 100 ThIc. M.
CHU10C MOXKET M3TOTAaBIMBATHCS W3 PAJUYHBIX TUIIOB KOHCT-
PYKIWI, HAIpUMEp, NMPU CTPOUTEIBCTBE HA TMOBEPXHOCTH U3
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CTaJIbHOM CTPYKTYphl C BHYTPEHHEW AEpPEeBSHHON OOIIMBKOM
cTeH. [Ipu moa3eMHOM CTPOUTEILCTBE MMPUMEHSETCS OCTOH.

XpaHUMBIN NPOAYKT NOCTYHAET Yepe3 LEHTP BEpXa CcUiioca
U CITyCKAETCSl YEPE3 TEIECCKOMUYECKYIO TOPJIOBUHY. [IIHEKOBBIM
KOHBEHWEPOM, IOJIBEIIEHHBIM K IOBOPOTHOW MOCTOBOM CTPYKTY-
pe, MPOAYKT YKJIAJbIBA€TCSI TOPU3OHTAIBHBIMU CIOAMU. DTUM
K€ MEXAHU3MOM IPOM3BOJIUTCS pasrpy3ka OyHKepa, IpuyueMm
OTPY304YHO-PA3rpy30uHble padOTHl BEAYTCA aBTOMATUUYECKU
(puc. 2.25 uB. BKI., 2.26 1B. BKIL.).

OnucaHHbIA TUIT OYHKEPOB CHUJIOCHOI'O THUIIA OBLI MpHUME-
HeH Ha anekTpoctaniuu Canmacaapu (Salmasaari), XeabCUHKH,
OunisiHaus (puc. 2.27 1B. BKI.). DJIEKTPOCTAHIIUS PACTIOI0MKE-
Ha Ha MOPCKOM MOOEPEKbE B HECKOIBKUX KUJIOMETpPAx OT IIECH-
Tpa (pUHCKON CcTOULBI. TOIJIMBOM CTAHIIMU SIBISETCS YIOJib,
KOTOpBbIM 10 2003 T. JOCTABISJICSA K HEM OT Pa3rpy304HOro Tep-
MHHaJIa MOPCKOT'O MOpPTa JICHTOYHBIM KOHBEMEPOM IMPOU3BOIM-
TesbHOCTHIO 2000 T/yac. KonBeliep yCTaHOBIICH B TyHHEIIE JJIU-
HO#t 700 M U ceuenueM 25 M”. JIOCTABJICHHBIH K AIEKTPOCTAH-
[IMU yTOJIb CKJIQJIUPOBAJICS HA MOBEPXHOCTH, T/i€ OyJibJlo3epaMu
Ipy3WJICsl HA KOHBEMEp, NOJHUMAIOIINM €ro K OyHKepaM CTaH-
WU,

Yto0bl n30€kKaTh HEJOCTATKOB HA3€MHOI'0 XpaHEHHUS U
TPAHCIIOPTUPOBKHU YTJIsl, HOCTPOEH KOMIUIEKC U3 YETHIPEX MOM-
3eMHBIX CHJIOCHBIX OYHKEPOB, KaXIblii eMKOCTBIO 50 ThIC. M.
OO6m1asi eMKOCTh OYHKEpPOB 00€CIIEYUT padoTy DJIEKTPOCTAHIUU
B TeueHHe 6 MecdleB. B ciayyae moxxapa B CHIIOC BBOJUTCS a30T.
Kaxxnip1ii OyHKep UMeeT Kpyrioe ceuenue nuamerpom 40 M. Boi-
cota OyHKepoB — 65 M. CylecTBYIOINN KOHBEHEPHBIA TyHHEIb
nepeodopyioBaH g mojadyu B HUX yris. IlocTpoeH HOBBIN
KOHBEMEPHBIN TYHHEb IIMPUHON 6,7 M, BBICOTOW 7 M U CEUYECHU-
eM 44 M” JUISL TPAHCIIOPTUPOBKH YIS M3-I0J] OYHKEPOB K 3JIeK-
TPOCTAHLIHH.

Bcero npoexT BKIHOYAET MPOXOJKY OKOJIO 3,5 KM TyHHEIIEN
c 40 paznuyHbIMU pazMepamu ceueHui (puc. 2.28 1B. BKIL.).
OOuuii 00bEM M3BIICUCHHBIX I'PaHUTA U THelca coctaBiseT 550
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THIC. M. DTH TOPOJIBI IOCHE APOOICHHS MCIIOIB3YIOTCS [T Me-
CTHOM CTPOUTEIBLHON UHAYCTPUHU.

CuitocHble OyHKEpa COOPYkKajauCh OTIEIbHBIMU (pazamu ¢
JIBYX BCIIOMOTATEJIbHBIX TYHHEJIEH, TPOUICHHBIX OJIMH IO ApPY-
UM psJioM ¢ OyHkepaMmu. HukHsIS yacTh KaxkJ10ro cuioca mpo-
XOAWIach ¢ KOHBeWepHOro TyHHens. OrOurtas mopoja rpysu-
nack B 30-TOHHBIE CAMOCBAJIbI.

['opHble pabOTHI MPOU3BOAWIMCH TAKUM OOpa3oM, YTOOBI
HE TOBPEIUTH CYNIECTBYIOIINE MOA3EMHBIE COOPYIKEHUSI, BKIIIO-
YaIoIIME Pa3HOro pojia TYHHEIU, HAlIpUMeEp, MOJaun OXJIax/ICH-
HOM BoABI. OTHOBPEMEHHO ¢ OyHKEpaMu MOCTPOEHA HOBAs MO/I-
3eMHas pepuKepaTtopHas YCTaHOBKA JJIsI OXJIAXICHHUS HaXo-
JSIIETrocs TOOJIM30CTH aAMUHUCTPATUBHOTO KOPITyCa.

[Ipoxomueckue pabOThl BEIUCHh OYPOB3PHIBHBIM CIIOCOOOM
B TPU CEMHUYACOBBIE CMEHBI, 0OECIeUYrBas CYyTOYHYIO BbIJady
mopoxsl 2,5 Teic. M. KpoMe TyHHeNe#d TakuM e CII0Co60M
nporeHO OkoJIo 600 M BEPTUKAIBHBIX IIAXT, OJHA W3 HUX —
rnyounoi 80 M u guamerpom 1,5 M mpoOypeHa CHH3Y BBEpPX.
KpoBisg 3akperieHa MOHOJUTHBIM KeJIe300€TOHOM C THOKOM
apMaTypou, COCTOSIIIEN U3 MPYTHEB JIUHOU 6 M U IUAMETPOM
25 MM, YCTaHOBJICHHOM MO KBAJPATHOM CETKE pazMmepom 1,8 M.
B crenax mo cetke 2,5 M yCTaHOBJICHBI NPYTh JJIAHOH 5 M.
Crnoli HaOpwI3roeToHa ToamuHo 100 MM IpUMEHEH 711 KPOB-
au, 50 MM — 1171 CTEH.

J1st mostyuenust o0pasioB yI0KEeHHOTO OETOHA U MPOBEPKHU
€ro KayecTBa OCYIIECTBIISUIOCh KOHTPOJbHOE OypeHue mo Oe-
TOHHOMY MOHOJIUTY.

B xayecTBe BpPEMEHHON Kpenu MPUMEHSIIMCh aHKEPHbIE
O0onThl. B 30Hax TpemMHOBATHIX MOPOJ MPOBOJAUIACH UX MPE-
BapUTEJIbHAS [IEMEHTAlLUS C OypeHUEM CKBa)KUH 110 niepudepun
30HBI OTOOMKH.

2.4 I'uopoaxkkymynupyouiue 31eKmpocmanyuu

DJIEKTpUYECKasl PHEPrusi He MOXKET OBbITh COXpaHEHa Ha-
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npsimyro. Ee xpaHeHre MoXXeT ObITh JOCTUTHYTO MpeoOpa3zoBa-
HHUEM B Kakue-1ubo Apyrue — «xpaHumbie» (opmbl. M3 HHX
SHEPrus IMpU HEOOXOAMMOCTH KOHBEPTHUPYETCS B DJICKTpUUE-
cKyt0. OOBIYHO BJEKTPOIHEPIusi MpeoOpa3zyercsi B XPaHUMYIO
dbopMy B MEPUOAbI CHUXKEHUS MOTPEOIIEMbIX HArPy30K, TaK Ha-
3bIBa€MbI€, BHEMUKOBBIC. [I0CKOJIBKY CTOMMOCTh PHEPrUu B Ta-
KHE TEPUObl MajaeT, €€ COXpPaHCHHUE HUMEET IKOHOMUYECKHUU
CMBICJI C TE€M, YTOOBI B IMUKOBBIEC MEPHUOJIbI TOTPEOJICHUS TPOIa-
BaTh HEPrUI0 MO 00Jee BHICOKMM IIEHAM. JTa pa3HULA LIEH SIB-
JS€TCS. ICTOYHUKOM PacXxoJ0B Ha CTPOUTENIbCTBO U DKCILTyaTa-
IIMI0 KOMIIJIEKCOB XpaHCHMUS.

Jlanee omnucanbl HauOOJE€e MIMPOKO MCIIOIB3yEMbIC MOJ-
3€MHBIE€ CIIOCOOBI XPAHEHUS AJIEKTPOIHEPTUU — TUJIPOAKKYMY-
JUpyIole (HACOCHbIC) M MHEBMOAKKYMYJIMPYIOIIHUE AJIEKTPH-
YECKUE CUCTEMBI.

OnauH W3 OpOCTEHIINX YHUBEPCAJIbHBIX CIIOCOOOB XpaHe-
HUS SHEPIruM — MOABEM Beca. BbIMosiHEHHAsT padoTa MpU 3TOM
COXpAaHSETCS, KaK MOTEHIMAJIbHAs DHEPTUsS, KOTOpas MOXKET
OBITH OCBOOOXK/ICHA MPU MAJECHUM BECA, MOCKOJIbKY I'PaBUTAIlU-
OHHOE TOoJI€ 3eMJIM CIYKUT 3(PPEKTUBHBIM CPEIACTBOM XpaHe-
HUSI MEXAHUYECKON SHEPTUU.

DTOT Croco0 COXpPaHEHUSI M UCMOJIb30BAaHUSI SHEPTUM pea-
JU30BaH B THAPOAKKYMYJIUPYIOMIMX (HACOCHBIX) JIEKTPOCTaH-
IUSAX, KOMILJIEKChI KOTOPBIX BKJIIOYAIOT B ce0s JBa OOJIbIINE pe-
3epByapa, pacrnoiO)KEHHbIE HA pa3HbIX YPOBHSAX. Bo Bpems nu-
KOBBIX MOTPEOHOCTEHN B AJICKTPOIHEPIUU BOAA U3 BEPXHETO pe-
3epByapa MPOIYCKACTCA MO TYHHEJSIM WJIM IIAXTaM BBICOKOIO
JaBJICHUSI, POXOJIUT Yepe3 TYPOUHBI U MOMNAaeT B HUKHUN pe-
3epByap. TypOuWHBI, Bpalllasich, BbIPAOATHIBAIOT JJIEKTPOIHEP-
TUI0, KOTOpasi HampawisieTcss nmorpeduresnsiM. Takum oOpasowm,
coxpaHsiemas 3a TJIOTMHOW BEPXHEro pe3epByapa MOTCHIUAIIb-
Has SHEPrusi BOJAbI MPEBPALIACTCS B KUHETUYECKYIO, a 3aTEM B
anekTpuueckyto. Kak u B 0ObIYHON TMAPOAIEKTPOCTAHIINY, BbI-
pabaTbhIiBacMasi SHEPTrUsi MOKET ObITh yBEIMYEHa MO0 Maccoi
naJiaroe BoJIbl, MO0 €€ CKOPOCThI0, KOTOpasi 3aBUCUT OT pa3-
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HUILIBI BBICOT pe3epByapa. [loaTomy cuutaeTcs HEOOXOAUMBIM,
4yTOOBI 3Ta pa3HUIlA cocTaBsia HE MeHee 100 M.

Korga nmoTpeOHOCTh B 2JICKTPOIHEPTUM CHUXKAETCS, TypOu-
HbI pabOTaOT KaK HACOCHI, U BOJA U3 HUKHETO Pe3epByapa BO3-
Bpaiaercsi B BepxHui (puc. 2.29 uB. BkI.). Takas mepekaudka
BOJIbI TpeOyeT OOJIBIIIETO pacXo/ia IHEPTUHU, YeM BbIpabaThIBACT-
cs €10 npu padbote TypouH. OHAKO, HEIb3s CKa3aTh, UTO padoTa
TaKUX THUAPOIICKTPOCTAHIIMN SKOHOMUYECKHU Helleaecoo0pa3Ha.
OHa MOXkeT ObITh OCOOEHHO MOJIE3HA MPU UCIOJIB30BAHUM aJlb-
TEPHATUBHBIX HMCTOYHUKOB JHEPruUH, TaKUX, KaK BETEP WIH
cosHIle. HekoTopble peruoHbl MOTYT IMPOU3BOAUTH OOJIbIIE Ta-
KOW SHEPTUH, YeM TPeOyeTCs U ATOT M3JIUIIEK MOXKET ObITh Ha-
IpaBJICH Ha MepeKadky BoAbl. Korma e HeT colHIa uiu BeTpa,
BOJIa U3 BEPXHEI0 pe3epByapa HaIpaBiIseTcs K TypOUHAM s
BBIPAOOTKH AJIEKTPOIHEPTUH.

KoMmmiekec  ruapoakKyMylaupyrOIIE  3JIEKTPOCTAHIUU
BKJIIOYAET B €€0s1 OOJIBIIIOE KOJUYECTBO MOJA3EMHBIX IMOJIOCTEU
PA3HOI0 pa3Mepa U NMPOTHKEHHBIX TyHHeNen. [Ipumepom Takoro
KOMIUIEKCA ABJgeTC nmoctpoeHHast B 1984 r. B CeBepHoM Y aiib-
ce, BenrukoOpuranus cranus Junopsur (Dinorwig), B KOTOpou
HOYBIO MIPU MAJICHUW YPOBHS MOTPEOJECHHUS SHEPTUH BOJA 3aKa-
YMBACTCS B BEPXHUU pe3epByap n3 HWKHEro. [Ipyu BHE3aImHbIX
MOBBIIICHUAX MOTPEOHOCTH B SHEPTUM BOJIa HAIIPABJISIETCS BHU3
K TypOMHaM, KOTOpbI€ MPUBOASAT B JACHCTBHUE MOIIHbIE I€HEpa-
TOpbl. Pa3Hulia B BBICOTAX MEXKIYy BEPXHUM U HIKHUM pe3ep-
Byapamu cocTtasiigeT 0osiee 600 M. B kauecTBe pe3epByapoB Uc-
MOJIB3YIOTCS CYIIECTBYIOIIHUE 03€Pa, YTO MO3BOJIUIO YMEHBIIUTh
3aTpaTbl HA CTPOUTEIBCTBO KOMIuiekca. Kaxnupii n3 6 reHepa-
TOPOB 00ECIEYMBAET MOUIHOCTh 288 MeraBaTT ¢ HampsiKEHUEM
anekTposHeprun 18000 BoibT, KOTOpOE TpaHCHOPMUPYETCA B
4000 BosbT. [IpuHIIMNIMATBEHAS cXeMa pabOThl FeHepaTopa MokKa-
3aHa Ha puc. 2.30 (uB. BKIL.).

Jlajiee 1aHbl OCHOBHBIE NApaMETPhl NOA3EMHOU CTPYKTYPbI
KOMILIEKCA:

- pabounii 06beM pesepByapa — 7 MIIH. M}
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- BBICOTa BEPXHErO pe3epByapa HaJ ypoOBHEM Mops — 636
M;

- BBICOTA HWKHETO Pe3epByapa HaJl ypoBHEM Mops — 4,5 M;

- pa3mephl TypOuHHOrOo 3aima 23,5x51,3x179 m;

- pa3mep TpaHcdopmatopHoro 3ana 17x23,5x161 m;

- IJTMHA TYHHEJISI HU3KOT0 JaBieHus — 1695 m;

- IMaMEeTP TYHHENA HU3KOro faasieHusd — 10,5 m;

- ITyOMHA BEPTUKAIBHOM MaXThl — 557 M;

- IJTMHA TYHHEJISI BBICOKOTO AaByieHust — 700 wm;

- 1yHa copocHoro TyHHens — 470 wm;

- TuaMeTp COPOCHBIX TYHHENEH — 8,25 M;

- KOJIMYECTBO COPOCHBIX TYHHENEH — 3.

Ha puc. 2.31 (uB. BKJI.) IMOKa3aHa oOIlasi cxema pacroJo-
KEHUS TIOJIOCTEN U TyHHEJIEN TMAPOCTAHIMA JIMHOpBUT, HA PHUC.
2.32 — xoH(uUrypauus 1 pa3mMepbl OCHOBHBIX MOJA3EMHBIX CTPYK-
Typ 3TOM CTaHIMH, a Ha puc. 2.33 (UB. BKJI.) — pa3pe3 Mo TyHHe-
JISIM ¥ TIOJIOCTSIM.
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Puc. 2.32. KoMIuieke riiaBHbIX MOA3€MHBIX MOJIOCTEH
rUAPOAKKYMYJIHPYIOLIEH dJIeKTpocTaHuuu (JluHopBur)

1 — MoTop-renepatop; 2 — TypOuHa; 3 — rJIaBHbINA BXOJl B BEHTWIbHYIO
Kamepy; 4 — MaIlllMHHBIN 3a11; 5 — BEHTUJIbHAs Kamepa; 6 — Tpancdopma-
TOPHBIN 3aj1; 7 — TpaHchopMaTop; 8 — copocHas TpyOa; 9 — mpomexy-
TOYHBINA TYpOMHHBIA BOAOBO; 10 — KabeaIbHBIN TyHHEIb; 11 — KpaHsbI;
12 — u3 BepxHero pezepByapa; 13 — B HUKHUI pe3epByap
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Ha puc. 2.34 (uB. BKJ.) OCHOBHbIE OOBEKTHI CTaHIUU J{1-
HOPBUT TIOKa3aHbl B YBS3KE C OKPYXKAIOIIMM JIaHAIMIA(TOM.
BepxHuil ciioli TOpHBIX MOPOJT YCIOBHO YJIAJIEH TaK, YTOOBI TO-
Ka3aTh PACHOJIOKECHUE IIAXT U TYHHEIIEH.

Ha puc. 2.35 (uB. BKJI.) MOKa3aHbl BEPXHUN U HUKHUU pe-
3epByapbl cTaHuuu JluHopBUr. OCHOBHBIC MAIIIMHHBIC 3aJIbI
n300pakeHsl HA puc. 2.36 (uB. BKIL.) 1 2.37 (1IB. BKIL.).

Ha puc. 2.38 (11B. BKJI.) ITIOKa3aH BHUJ C BO3]lyXa DJIEKTPO-
craniuu Kpyonuc (Kruonis), JIutBa, moctpoeHHoit B 1992-98
IT.

B kadecTBe HMKHETO pe3epByapa MOXKET HCIOJIb30BaAThCSA
Mope (puc. 2.39 uB. Bki.) - cranuust OxkuHapa (Okinawa), Sno-
HUSI, WM UMCKYCCTBEHHBbIC MOA3EMHBbIC TojiocTu (puc. 2.40 1B.
BKJI.), TOTJIa, KaK MOpPE€ MCIIOJIB3YETCS B KaUECTBE BEPXHEIO pe-
3epByapa.

[log3eMHbIE TUAPOAKKYMYJIUPYIOIIME CTAaHUMU MIAPOKO
pacnpoctpanenbl B HopBeruu, 4ro genaet HeOOXOAUMBIM, C O/I-
HOU CTOPOHBI, YBEJIIMYCHUE WHBECTUIIMM B 3Ty OTpPacCiib dHEpre-
THKH, a C PYror — pa3paboTKa TaKUX MPOCKTHBIX PELICHUH, KO-
TOpblE Obl YMEHBIIWIM OOBEM TOPHBIX PAOOT, pacxoj CTPOU-
TEJIbHBIX MAaTEPUAJIOB U 3aTPaThl HA 00ECIIEUEHNE YCTOMUMBOCTH
BMEIIAIONIUX TTOPOJA. ITU YCIOBUSI 00ECIIEYMBAIOTCS, B YaCTHO-
CTH, 1I€JIeCO00pa3HON OpUEHTAIMEN, YMEHBIIICHUEM IIUPUHBI U
BBIOOpOM (hOPMBI CEUEHHUS MOJIOCTEH, B KOTOPBIX yCTaHaBIMBa-
I0TCSl TeHEpaTOpbl, TypOUHA, BEHTWIU U TPAaHC(HOPMATOPHI.

IlepBas moazemHas TuapodiekTpocTanius B Hopeeruu
obuta moctpoeHa B 1919-23 rr. B 1970-80 rr. okosio 90 cTtaniuii
obmieit morHOCThIO 6350 MW ObLIH CIHaHBl B AKCILTyaTallHIo.
60 13 HUX OBUIM MOCTPOEHHI NOA 3eMiiei. B Takoil cTpane, kak
Hopserusi, ¢ KpyTbIMU TOPHBIMU CKJIOHAMU, OTPAHUYMBAIOIIUMU
JOJIMHBI, C OMAaCHOCTHhIO KAMHEIMAJIOB, OIMOJI3HEW, CHEXHBIX Jia-
BUH MOJI3EMHBIC CTPYKTYPBI SIBJISIIOTCS OoJiee O€30MacHbIMU,
YEM PACIMOJIOKEHHBIE HA IMOBEPXHOCTH. 3a mepuon ¢ 1950 rr.
KOHCTPYKTUBHBIC PEHICHHUS HOPBEKCKUX MOA3EMHBIX 3JIEKTPO-
CTAHLIMN TPETepIeNiM 3HAUYUTEIbHBIC U3MEHEHUS, KOTOPbIE MO-
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MOTyT OBbITh pa3jeieHbl Ha 4 aTamna (puc. 2.41):

a)

Before 1950 @ Surge Tank

0)

1950-1960

Tailrace Tunn@ @
B)

From 1960 on

F Closed, Unlined Surge
P @ Chamber with Air Cushion
= ——— Tunnel @

Puc. 2.41. DTanbl cOBepUICHCTBOBAHMS CTPYKTYP MOA3EMHbIX
TUAPOIJIEKTPOCTAHIIUA
a—101950r.;6—-1950-1960rr.;B—c1960T.;T—C 1975 T.; 1 —TO-
JIOBHOU TyHHEIIb; 2 — aMOPTU3UPYIOIIAs EMKOCTb; 3 — CTaJbHbBIE TPY-
Obl; 4 — SNIEKTPOCTAHIIMS; 5 — aMOPTU3UPYIOIIast KaMepa: 6 — HaKJIOH-

Has 11axTa; 7 — XBOCTOBOW TYHHEJIb; 8 — MOABOJISIIIAN TYHHENb; 9 —
HAKJIOHHBIA TYHHEJIb

a) 1o 1950 r. Boga M3 BEpPXHEro pe3epByapa MOJACTCA K
TypOMHaM 1O CTaJIbHBIM TpyOam. Ha moBepXHOCTH COOPYKaIOT-
Csl aMOPTU3UPYIOIINE €MKOCTH, CIIIaKUBAIOIIUE KPATKOBPEMEH-
HbIE KOJIeOaHUs MOTOKA B MOJIBOIAIIEM T'OJIOBHOM TYHHEIIE;

0) mexay 1950 u 1960 rr. Bojga Kk TypOMHaM MOJAETCs MO
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HAKJIOHHBIM IIAXTaM, 3aKPEIUIEHHBIM METAJINYECKOU KPEIBIO.
B kauecTBe aMOPTU3UPYIOLIEN €MKOCTH MCIOJIB3YETCA OTKPBI-
Tast TOA3EMHasi Kamepa, COEIMHEHHAS! C TIOBEPXHOCTHIO;

Puc. 2.43. Pacnosioxkenne KOMILJIEKCA TYHHeJIel
ruApodJjieKTpocTanuun MaypaHaxep
a — maaH; 0 — pa3pe3 Mo OCHOBHBIM TYHHEIIAM; | — TOJIOBHOM TyHHEb; 2
— aBTOMOOWJIbHBIN TYHHENb; 3 — HAKJIOHHAs 11axTa (3aKperyieHHas
TOJBKO aHKEPHBIMH 00JITAaMU U HaOPBI3r-0€TOHOM); 4 — 3arpaguTeabHas
perieTka; 5 — OeTOHHas MepeMbIuka; 6 — HAaKJIOHHAs TOJaroIas 1axTa
(3aKperieHHasi CTaJIbHOU KPENbI0); 7 — IITOJbHS; 8 — TUIPOIIEKTPO-
CTaHIUA; 9 — XBOCTOBOU TyHHEIb; 10 — NOABOAAIINI TYHHED
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B) ¢ 1960 rr. Boja k TypOMHAM MOAAaETCs 10 HAIOPHBIM Ha-
KJIOHHBIM HE3aKpEIJICHHBIM IIaxTaM (MPUMEHSIETCS TOJbKO aH-
KEepHasi Kpernb U B cJIa0bIX 30HaX - HAOphI3roeToH). B kayecTse
aMOPTU3UPYIOIIEH €MKOCTH HCIOJIb3YETCSl OTKPBITAS IMOJ3EM-
Hasg KaMmepa, COeJJMHEHHAs C TOBEPXHOCTHIO;

r) ¢ 1975 r. Boga kK TypOMHAM MOJAETCS IO HAKJIOHHBIM
BBICOKOHAIIOPHBIM HE3aKpEIJICHHbIM TyHHeENIsIM. B moj3emHoin
aMOPTU3UPYIOLICH MOJOCTH OydepHbld 3(PPEKT CriakuBaHUS
HEPABHOMEPHOCTH MTOTOKA JOCTUTAETCS BO3AYIITHOMN MOy IITKOM.

[Ipumepom permieHust 1-ro 3Tana CIy)UT SJIEKTPOCTAHIIUS
bapru (Bargi), Utanus (puc. 2.42 uB. BKJ.). TeXHOJIOrHYECKHE
KOMIUIEKCHI MOJI3€MHBIX BBIPAOOTOK COBPEMEHHBIX HOPBEXKCKUX
anekTpoctanuuii  Maypanmkep (Mauranger) u  Kewuiman
(Kvilldal) nokazansl Ha puc. 2.43, 2.44.

Ha puc. 2.45 (uB. BKIL.), 2.46 (11B. BKJ.) MOKa3aHbl COOTBET-
CTBEHHO THUIUYHBIC JJISI HOPBEKCKHUX THAPOAKKYMYIUPYIOIMINX
AIEKTPOCTAaHLIMI M30METPUUYECKas CXeMa W pa3pe3 Mo MOA3EM-
HOMY KOMIUIEKCY. JIJIsi CHWXKEHMSI 3aTpaT Ha CTPOUTENILCTBO
IPUHUMAIOTCS PEIICHUs] 0 0ojiee KOMMAKTHOMY €Tr0 pacIoJo-
’KEHHIO, B YaCTHOCTH YMNPOILECHUIO MApIIPyTa MOAAYH BOJbBI MO
CPaBHEHUIO C MOBEPXHOCTHBIM PACIOJIOKEHUEM CTaHIMHU. 3HA-
yuTeJIbHAs YKOHOMUSI CPEJCTB JIOCTUTACTCsl TaKXKE PacroJIOkKe-
HUEM TOA3EMHOI0 KOMIUIEKCA B TaKUX TOPHO-T'€OJIOTHUYECKHUX
YCJIOBUSAX, KOTOPbIE HE TPEOYIOT MPUMEHEHUsS] MOIIHOW KPEIH.
BaxHoe 3HaueHHE MMEET OpPUEHTAIMs MOJ3EMHBIX OOBEKTOB B
IPOCTPAHCTBE, YUMUTHIBAIOIIAA HEOJHOPOJHOCTh CTPYKTYPbI
TOPHBIX TOPOJI. B COOTBETCTBUM C XapaKTEPUCTUKAMHU MOCIE-
HUX BbIOMparOTCs (popMa cedeHus M BUJ KPENU BHIPAOOTOK —
HalpuMep IJIOCKask WK apOYHAsl KPOBJIS, MPSAMBIE WU U30THY-
ThIE CTEHbI, CAMMETPUYHAsI WJIM acCUMETpUuHas Qopma ceye-
HUS, MOHOJIMTHAS KeJae300€TOHHAsi WM aHKepHas Kpenb. Ha
YCTOMYHUBOCTh MOJIOCTEN BIMSET UX B3aMMHOE PACIOJIOKEHUE:
HEJIOCTATOYHOE PACCTOSHUE MEXIY HUMU MPUBOAUT K KOHIICH-
Tpaluy TOPHOTO IABJIEHUS Ha Pa3/IENAIONIEM IIEIUKE, K €ro pac-
TPECKMBAHUIO U pa3/aBiuBaHui0. CTOUMOCTb COOPYKEHUS IO/
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36MHOTO KOMIUIEKCA JJIEKTPOCTAHIIMU 3aBUCUT TaK)Xe OT pa3Me-
POB TOJIOCTEH, OCOOEHHO CaMBIX OOJIBIINX, MPETHA3ZHAYCHHBIX
JUTSl TAIABHBIX MAIIMHHBIX 3aJ0B. MIX pa3Mephl, KpoMe CTOMMO-
CTH, OIPEACISAIOT TEXHOJOTHIO M MOCJIEA0BATEIIBHOCTh TOPHBIX
paboT, HO, B CBOIO OYepe/b, JUKTYIOTCS NPUHIIUIAMUA PaOOTHI,
rabapuTamMu U pacCTaHOBKOW 000PYOBaHHUS.

a)

SECTION A-A
Puc. 2.44. [log3eMHbIA KOMILIEKC THAPO3JIeKTPOocTAaHIMU KBusuigaa
a — 1y1aH; 0 — pa3pe3 M0 OCHOBHBIM TYHHEJISIM U MOJOCTAM; | — MaliuH-
HBIC 3aJIbl; 2 — TOPU30HTAIbHbBIC TYHHEIN; 3 — HAKJIOHHBIE IAXThI M10J1a-
YU BOJIbI; 4 — pacnpeeIUTENbHbBIN TYHHEIb; 5 — TOJIOBHOM TYHHENb; 6 —
aMOPTU3UPYIOIIAs Kamepa; 7 - XBOCTOBOW TYHHENb; 8 — MOABOASIINEC

TYHHEIU
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Tak, B crannuu Aowopa (Abjora), Hopeerus (puc. 2.47),
nmocTpoeHHou B 1947-51 rr., npuMeHeHbl TpU TOPU3OHTAIIBHBIX
TypOWHBI, YCTAHOBJICHHBIE B OJJHOM 3aJi€ ¢ TpaHC(pOopMaTOpaMH.
ToT ke MpUHIMIN HUCIOIB30BaH B craHuMu Xbsaptaona (Hjart-
dola), HopBerus (puc. 2.48), HO 3/1eCh YCTaHOBJICHBI TYPOUHBI C

BEPTHKAJIBHBIMHA OCSMH, YTO CHU3UIIO 00BEM CTPOHMTCILHBIX pa-
oot Ha 20%.
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Puc. 2.48. YcraHoBKa BePTHKAJIBbHBIX TYPOMH B MAIIIMHHOM 3aJ1e
ICKTPOCTAHIMMN XbATTA0J1a

B 00eux crtaHuusx TypOWHBI YCTAHOBJICHBI B JIMHUIO, YTO
YMEHBIIWIO MIHUPUHY MAIIWHHBIX 3aJ0B. JTa XKE LEIb MOXKET
OBITh JIOCTUTHYTa PACIHOJIOKECHUEM T€HEPaTOpPOB M TpaHC)Op-
MaTOPOB B JIBYX MapaUI€IbHBIX KamMepax BMECTO OJIHOM, 4YTO
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MOBBIIAET UX YCTOMYMBOCTh M CHUIKAET OMACHOCTH MOXKapa.
Takoe permieHrue ObUIO MPUHATO HA AJIEKTPOCTAaHIIMM bBpokke
(Brokke) (puc. 2.49). OOmuii 00beM ropHbIX padOT, OJHAKO,
IpU TAaKOM BapUAHTE YBEIWYMBAETCS, KAK 3a CUET COOCTBEHHO
MOJIOCTEN, T/I€ YCTAaHOBJICHO OOOpPYJ/IOBaHUE, TaK U B CBSI3U C
YBEJIMYCHUEM KOJIMYECTBA IOJBOASAIIAX M COCAUHUTEIbHBIX
TYHHEJIEH.

Ha puc. 2.50, 2.51 (uB. BKJ.) IOKa3aHO CTPOUTEILCTBO
IJIAaBHBIX MAIIAHHBIX 3aJI0B MOJA3E€MHBIX JIEKTPOCTAHIIMN JPTaH
(Ertan), Kutaii 1 Hero-Cxmxepka (New-Skjerka), Hopeerus. Ha
MEPBOW M3 HUX MAIIMHHBIM 3QJ1 UMEET IUPUHY 26 M, BBICOTY 65
M u jaauHy 280 M, TpaHcOpMaTOpHBIM 3al — pa3Mepbl
18x25x215 m.

AmopTrsupyromas kamepa uMmeer pazMepsl 20x65x200 M,
6 TTOIarOIIMNX TYHHEIEHU IIPOMJICHBI TUAMETPOM I10 9 M.

Ha cranuuu Hpro-Ckpkepka MaliMHHBIN 3a)1 UMEET 00beM
25 THIC. M.

Kpome OCHOBHBIX MAIIMHHBIX 3aJI0B, BaXKHBIM KOMIIOHEH-
TOM MOJ3EMHBIX THAPOAKKYMYJIUPYIOIIUX CTAHIINMN SBJISIOTCS,
KaK Y€ TOBOPHWIIOCH, CIIEIUAIIBHBIE COOPYXKEHUS, CTIIaKUBAIO-
e KPaTKOBPEMEHHBIEC KOJIEOAHUs MTOTOKA B TOJOBHOM TYHHE-
Jie, MoJIalolIeM BOJly K TypOMHaM W3 BEpXHEro pesepmyapa. [o
1975 r. g 3TOM e MPUMEHSIIUCH TTOBEPXHOCTHBIE EMKOCTH
W IIAXThI, CBA3aHHBIE C MOBEPXHOCTHIO. B mocnenyromme roasl
MCIIOJI3YETCS TaK Ha3bIBa€Masi aMOPTU3UPYIOIIasd KaMepa, B KO-
Topoil OydepHblii 3PdEeKT co3maeTcss BO3IYIIHON IOTYIIKOM
(puc. 2.52). Ee naBieHue omnpenessieTcsi BHICOTHOM OTMETKOM
MUATAOLIETO pe3epByapa. [loa Bo3aylIHON IMOIYLIKOW pacriofia-
raercsa cjiov BoApl. IlepBoHayanbHOE 3aIIOJIHEHUE KaMEPBI BO3-
IyXOM TIPOU3BOJAUTCS KOMIIPECCOPOM, KOTOPBI TAKKE KOMIICH-
CHUpYET OTEPH BO3AYyXa MPHU SKCIUTyaTallUH.

Ha puc. 2.53 nokasanel miaH W pa3pe3 aMOpPTHU3H-
pytomieit kamepbsl. OOBIUHBIN 00BEM TaKOM KaMephbl HE IMPEBBI-
maer 20 THIC. M’, KpOMe KaMepbl MIsi THAPO3JICKTPOCTAHIUN
KBumigan, koropas umeer oobem 120 Toic. M° (puc. 2.54).
MN30bITOYHOE AaBJICHHE BO3JyXa COCTaBIsET, KaK MpaBuio, 4
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OBITOYHOE JIaBJICHUE BO3JyXa COCTAaBIISET, KaK mpaBuio, 4 Mlla,
HaunOoabmIee nocrurano 7,7 Mlla.

R e

Puc. 2.49. BzauMHoe pacnoJjioxkeHue IBYX IVIABHbIX 32J10B
3JIeKTpocTaHuuu bpokke
a — paspes; 0 - I1aH
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Puc. 2.50. CTpouTe/ibCTBO INIABHOT0O MAIIUHHOIO 34712 MIOA3€MHOM
3JIEKTPOCTAHIUU JPTAH

Puc. 2.52. IIpuBsizka aMOPTU3HPYIOLEH KaMePbl K KOMILJIEKCY
TYHHEJIEH U MOJI0CTell THIPO3JIeKTPOCTAHIUU
| — MalIMHHBIN 3aI1; 2 — TOJIOBHOM TYHHENB; 3 — XBOCTOBOW TYHHEIIb; 4 —
aMOPTHU3UPYIOIIAs Kamepa; S — BEpXHU pe3epByap; 6 — HIKHUN pe3ep-
Byap; 7 — MOBEPXHOCTh TOPbI

[Tog3eMHBI  KOMIUIEKC THAPOIICKTPOCTAHIIMU OOBIYHO
pacnonaraercsi B KpPEINKnuX MOpOoJax-rpaHUTax M THEWcCax U Co-
OpyXaeTcsi ¢ MOMOIIbI0 OypoB3pbIBHBIX padoT. Kak mpasuio,
MOJI3€MHBIE TTOJIOCTU KPEMSATCS aHKEPHBIMUA OOJITaMHU U HAOpbI3-
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roeronoM. Tak, B asekTpocTaHuM [JMHOPBUT NMPUMEHSUIUCH Ka-
HATHbBIE aHKEpa C MUHUMAJIBHOW JJIMHOW § M, aHKEpHbIE OOITHI
IUIMHOW 3,7 M, YAEPKUBAKOIIAE METAJUIMYECKYK) CETKY, YCH-
JICHHY0 HaOpBI3rOETOHOM.

Puc. 2.53. [11an u pa3pe3
aMOPTHU3UPYIOLIEH KaMepbl
1 — amopTu3upyromas kamepa; 2 —
BO3/IyIIIHAs MOAYIIKA; 3 — CJIOMN
BOJIbL; 4 — COCIMHUTEIIbHBIN TYH-
HEJIb; 5 — FOJIOBHOM HAIIOPHBIN
TYHHEJIb CTAaHIIUU

2.5 ITneemoaxkkymyaupyrouwue 31eKmpocmanyuu

Konuenuuysi KCroap30BaHusI SHEPTUU CHKATOTO BO3TyXa JJIsl
IIPOM3BOJICTBA 3JIEKTPOIHEPTrun n3BectHa yxke 30 mer. OnmHako,
TOJBKO JIB€ CTAaHIIUM pabOTarOT ceiyac 1Mo 3ToM cxeme — XaHT-
nopd (Hantdorf) B I'epmanuu 23 roga u MakunTormn (Mclntosh)
B mrate Anabama, CIIIA — 11 ser.

Hawnbosbiiast B Mupe craninusa crpourcs B r. Hopron (Nor-
ton), wrat Oraiio, CIIIA. Konuenmus npeanoiaraet npuMeHe-
HUE CHUCTEM XPAHEHHS CXKATOTO BO3AYyXa, MO3BOJSAIOIINX B IIE-
PHOJI MIOHMKEHHOTO CIIPOCa Ha SHEPTUI0, HAPUMED, HOUBIO HIIH



Puc .2.54. CTpouTe bCTBO aMOPTH3UPYIOLIE KaMepbl
yjiekTponoactanunu Kpusuiaan
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B BBIXOJIHBIC JIHU, HarHETaTh €ro B IOJ3EMHbIC MOJOCTU (pHC.
2.55 uB. BKJL.). V3IUIIKK SHEPruM OT UCTOYHMKOB, TAKUX, Kak
TEIUIOBBIC, AaTOMHbBIEC, BETPSIHbIE WM THAPOIJICKTPOCTAHIIMN Ha-
IPaBJISIIOTCSL B CETU, IPUBOASIIME B JEHCTBUE BO3YIIHBIE KOM-
npeccopbl. CkaThIi BO3yX 3aKaUYMBAETCS B MOA3EMHOE XPaHU-
JUIEe, HAIPUMEP, COJITHYIO IMOJOCTh, M XPAHUTCSA TaM JJIs TO-
CIeyIOIIero ucnoyib3oBanus. Korjna HacTynaet nmorpeOHOCTh B
AIEKTPUYECTBE, CHKAThIM BO3yX W3 IMOJOCTH BO3BpAIACTCSA HA
MOBEPXHOCTh M HAMNPABIACTCA K TypOUHE, MPUBOMSIIEH B JBU-
KeHHe TreHeparop. M3miuiiek Teria, MoJy4YeHHBIM MpU paciliu-
PEHMH  CXKATOro BO3JyXa TMOCTYMAeT K pPEeKylneparopy-
TEII000OMEHHUKY, TJ€ TEIJIOo yTUiau3upyercsa (puc. 2.56 1B.
BKJL.).

CkaThlil BO3JyX MOXKET aKKyMYJHUpPOBAaThCS B TaKUX XKe
MOA3EMHBIX CTPYKTYpax, Kak ¥ JPyTHe rasbl, - B COJISIHBIX KYyTIO-
Jax, BOJOHOCHBIX IIJIaCTax MU MOJOCTSIX BHYTPU MacCUBa TOPHBIX
nopoa. PopMUpOBaHUE TOJIOCTU B COJITHOM CJIO€ TTOKA3aHO Ha
puc. 2.57 (uB. BKIL).

JIst XpaHeHUsi C)KaToro BO37yXa MPUMEHSIETCS JBa THUIIA
NOA3EMHBIX IOJIOCTEN — C MOCTOSIHHBIM OOBEMOM U TOCTOSH-
HBIM JaBJICHUEM. B M0JI0CTH MOCTOSIHHOTO 00beMa Mo MEpe U3-
BJICUCHUS CXKATOTO BO3JyXa €ro JABJICHHUE MAJacT, B MOJOCTHU
MOCTOSIHHOTO JABJICHUSI BOJA, MOJlaBaeMasi U3 MOBEPXHOCTHOTO
pe3epByapa 3aMEHSET U3BJIEKAEMbIN CHKAThI BO3YX, MMO3BOJISS
TakuM 00pa3oM MOJJICPKUBATH €TI0 JIABJICHUE B MOJOCTH.

Jlanee npuUBOIUTCS ONMUCAHUE PaOOTAIOIIUX U CTPOSIIICHCS
AJIEKTPOCTAHIINM, WCMOJIB3YIOMNX YHEPTHUI0 CKATOTO BO3AYXa,
XPaHSAIIETOCs B MOJI3EMHBIX MOJIOCTSIX.

Crannus Xantaopd (puc. 2.58 1B. BKII.), pacmloiOKeHHasI
B CeBepHoil ['epmanun, Obu1a caaHa B SKcIUTyatamnuio B 1978 r.
U SBJISETCS MEPBOM B MUpE, pabOTaIOLIEH Ha CKaTOM BO3JyXE.
Ee mommuocte paBHa 290 MW. CxaTbld BO3AYX XpPAaHUTCS B
JIBYX COJSHBIX MOJIOCTAX eMKOCTBbIo 140 Thic. M° 1 170 ThIC. M
(o6umit 06beM 310 Toic. M) (puc. 2.59). Bepruuna monocreit
HaxoauTcs Ha Tiryoune 650 M, qHo — 800 M. MIX MakcuMallbHbIN
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nuameTp — 60 M. Pabouee naBieHue c:kaToro Bo3jayxa B MOJIOC-
™ — 4300...7000 IIa.

— 650

— 700

— 750

— 800

Puc. 2.59. Coasinbie mostoctu cranuuu Xantaopg (mosaoctu u
3/aHUE CTAHLIMM BbINOJHEHbI B OTHOM MaclITaoe)

O0BeM BO3yXa, HEOOXOAUMBIN IS HOPMAJIbHOU padOThI
CTAaHIINHM, 00eCIEeYMBAETCSI TOJLKO OJHOM IoJIocThIo. Hammume
JBYX TMOJOCTEH OOBSICHACTCA HEOOXOIUMOCTBIO CO3/JaHUs pe-
3epBa Ha MepUuo]i 00CITYKMBAHUS WM PEMOHTA OJTHOW W3 HUX, A
TAaKXKE€ YJIYUIICHUEM pEeXHUMa pabOThl 000OpPYJIOBaHUS CTAHIIUU
IpY HaJIMYUU JABYX TosiocTeil. ['yOrMHa pacmoyioKeHHs Mojoc-
Teid ObLIa BbIOpaHa Tak, 4TOObI TapaHTUPOBATh MAKCHUMAJIbHO
BO3MOKHOE JaBieHue Bo3ayxa 10 teic. klla.

B oTnnune oT 0OBIYHON TEXHOJOTUHM COOPYKEHUS COJSTHON
MOJIOCTH, PACCON M3 HEE YHAISICS HE BBITECHEHHEM CHKAThIM
BO3JyXOM, HArHETAEMbIM B MOJIOCTh, @ OTKAYKOW MOTPY>KHBIM
HacocoM. Takoe penieHre OObSICHIIOCh HEAJEKBATHOCTHIO TIPO-
U3BOJUTEIIBHOCTA KOMIPECCOPOB M MPOIYCKHOM CIOCOOHOCTH
TPyOOINPOBOJIOB MOJOCTH.

Cranuus MakunToi siBisiercs: niepBoii B CIITA, paboTaro-
EW Ha DHEPIrUM CKATOTO BO3AyXa. E€ MOUIHOCTH COCTABIISIET
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110 MW, 4To mo3BOJIIET 00ECTIEUUTh JIEKTposHeprueit 11 Toic.
JOMOB B TeueHue 26 yacoB. CtaHuus Hayana padborars B 1991 r.

CkaTpIil BO3yX XPAHUTCS B COJITHOM IMOJOCTH, UMEIOIIEN
auaMmeTp okoio 70 M, BEepIIUHY, PACIOJIOKEHHYIO HA TyOuHE
460 M, 1HO — Ha rayouHe 770 M U eMKOCTh mpuUMepHO 1,2 MIIH.
M°. TIpu cpesiHEeM naBieHnH Ha ypoBHe Mops 101,4 kITa, Bo3myx
B IIOJIOCTH IIPU ITOJHOW 3aKAaYKE XPAHUTCS IOJI JABIECHUEM OKO-
1o 7600 klla, npu oTkauke — nox gaBiaeHuem okoso 4500 klla.

B HacTosiiee Bpemsi BeAyTcsl padOThI 10 TPOEKTUPOBAHUIO
U CTPOUTENILCTBY KPYIHOM 3JIEKTPOCTAHLIMM, pabOTaroliel Ha
CXaTtoMm BOo3ayxe B I'. HopTroH. MakeT KOMIUIEKCa 30aHUM U CO-
OpY>KEHHM CTAHIIMM TOKa3aH Ha puc. 2.60. Jlnsg xpaHeHus cxka-
TOr'0 BO3/lyXa 3/1eCh OyJIeT UCHOJIb30BaThCS CTapas W3BECTHAKO-
Bas IIaxTa B OTJIMYKE OT cTaHIUK XaHTaopd u MakuHTOII, I1ae
CXKATBIM BO3IyX XPAHUTCA B COJITHBIX MOJIOCTSIX.

Puc. 2.60. MakeT KoMILJIEKCA 3IaHUIA M COOPYKEHHU CTAHLNH
Hopron
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CkaTpIil BO3IyX OyJI€T HarHETAaThCs B IIaXTy MPOMBIIIICH-
HBIMHU KOMIIPECCOPAMU B MEPHOJIbI MAJIIOW MOTPEOHOCTH B AJIEK-
TpUYeCTBE, Hanpumep, Houbto. [log naBienuem Oosiee 10 ThIC.
klla Bo3myx Ha riyouHe okoio 800 M OyjeT HamoJHSTH MOJ-
3€MHYIO TOJIOCTh JUIMHON Oosee 2,4 KM, IUPUHOU 1,6 KM C BBbI-
coto oT 5 1o 15 M, obmreit emkocTbio 10 MiIH. M. Cneunduye-
CKOM OCOOEHHOCTBIO IIIAXThI, CJHEJaBIIEH €€ BO3MOXKHOE WC-
MOJIBb30BAHUE JJISI TEPMETHUYECKOTO XPAHEHUS BO3AyXa, SBJISECTCS
MOJTHAA W3OJISIUS OT JIPYruXx pa3padboTok u3BecTHsika. [Ilaxrta
BCKpBITA BCETO JABYMS BEPTHUKAJIbHBIMHU CTBOJIAMH, CBSI3bIBAIO-
IIUMH €€ C MOBEPXHOCTHIO M 00O0pPYJIOBAaHHBIMH IOIHEMHBIMU
yctaHoBkaMu. CTBOJIBI OyJyT MCIOJb30BAThCS ISl CITyCKa-
nogbeMa JIIOACH, MaTepuajioB M OOOpPYAOBaHMS, a TAKXKE IS
BeHTWISILMU. CTBOJIBI OYyAyT OTIEJIECHBI OT OCHOBHOI'O XpaHH-
JIMIIA TEPMETUYECKUMU MEPEMBIUKAMMU.

[ToarotoBka OBIBIIEH M3BECTHSAKOBOM IIAXThl K XPaHECHUIO
BO3/JyXa MOKa3aHa Ha puc. 2.61 (1B. BKIL).

B nepuoabsl MUKOBBIX HNOTPEOHOCTEW C)KaThI BO3AYyX, Ha-
I'PEThIN BIPHICKMBAEMBIM CIOPAEMbIM ITPUPOAHBIM ra3oM, OyieT
NOCTYINATh U1 BBIPAOOTKHU 3JIEKTPOIHEPTUU K TypOMHAM U Te-
HEpATOpPaM.

OkoHYaTenbHas MPOU3BOJIUTEIBLHOCTh CTAHIMUA, KOTOpast
OyzeT cTpouThest ouepeasmMu, npeBbicuT 2700 MW, uto nocra-
TOYHO JJIs1 CHAOXEHUs dJIeKTpudecTBoM 675 Thic. nomoB. Ha
Kaxjpie 2 MW sHepruu, 3aTpadyeHHON B MPOIECCE BHIPAOOTKU
AJIEKTPOAHEpruM, cTanius oyaer gaBatb 3 MW. IIpoekT mo0x-
*eH ObITh 3aBepiieH B 2006 1.

2.6 Tepmanvnasn snepzus

Kak orMmeuasnochs paHee, BONPOC XpaHEHUS M UCIIOJIb30BA-
HUS TEPMAJIbHOW SHEPruu MOAPOOHO paccMaTpUBaJICS B KHUTE
aBTopoB «llom3zemnass uH@pacTpykTypa ropomaos», JloHelk,
Hopna-IIpecc, 2004 r. [loatomy nanee mpuUBOASTCS TOJBKO ca-
MbI€ OOIIME CBEJICHUS O XPAHCHUU TEPMAIBHON YHEPIUU B MOJ-
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36MHBIX CTPYKTypax, MO3BOJISIFOIIAE CO3JaTh y YHATATEIS MPE-
CTaBJICHHE O BO3MOXHOCTH U IIEJIECOO0OPA3HOCTH TAKUX pellle-
HUU.

HccnenoBanusi XpaHEHUsT W WCHOJIB30BAHUS TEPMaJIbHON
sHepruM Havyaiauch B 1970 r. ¢ pacCMOTpEHUs CHUCTEMBI XpaHe-
Hus Tersa B BogoHocHOM cioe ATES (Aquifer Thermal Energy
System) (puc. 2.62 1B. BKJI.). ITa CUCTEMA COXPAHAET TEIIIOBYIO
SHEPIHIO0 B NOA3EMHOM BOJOHOCHOM ciioe. CucTema UCIOb3yeT
JBa KojoAua (ABe rpyIbl KOJOJIEB), CBI3aHHBIX THIpaBINYE-
cku. OHa rpy1ma sSBiIsSeTCss X0JI0AHOM CTOPOHOM, Japyras — Te-
JI0M. XO0JIOA 3UMOM IIEPEIACTCA B XOJIOHBIM KOJIOEI BOAOU U
COXPaHSIETCS TaM B BOJIOHOCHOM cyoe. Jletom xonomHas Boja
OTKAUMBAETCS IS OXJIAKJACHUS NOoTpeduTens. B Temblii komio-
JIell Harperas BOJA 3aKAYMBAETCS JIETOM M HACBIIMIAET TEIUIOM
BOJIOHOCHBIN CJIOW OKPY’KaIOIIUX MOPOJd. 3UMOM 3Ta BOJa OTKa-
YUBAETCS JJIsI OTOIUIEHUS noTpeouTend. [IpuMenenue Temnooo-
MEHHUKOB (puc. 2.63 1B. BKJ.) yaydmaeT 3PGeKTUBHOCTh pado-
Thl CUCTEMBI.

[IpenMyIiiecTBaMH CHUCTEMBI SIBJISIETCSI OTCYTCTBUE IMOTEPH
BO/IBL.

HenocraTkoMm cuCTEMBI SIBIISIETCS HEOOXOAUMOCTh HATUYUS
BOJIOHOCHOT'O CJIOSI C HYXHBIMHA CBOWCTBAMHU B TOJIIIE TOPHBIX
OPOJI MOJT 0OCITYKUBAEMBIM 00BEKTOM.

[Iupokomacmtabnoe npumenenue ATES nHavanoch B
1980 r. rmaBubIM 0OpazoMm B Kutae u ¢ 1984 r. — B IlIBenun.
XoJIo[IHasA TEPMAJIbHAS SHEPTUS MCIOJb30BaIaCh B IPOMBIIII-
JIEHHOCTH JIJISl OXJIQXJICHUS, TOT/Ia KaK TEIUIasi — B KHWJIbIX pail-
oHax. CucreMa yMeHbIIMJIA NOTPEOJIEHNUE TOIUIMBA ISl HYX]I
oTorieHus: mim oxyaxacHus Ha 80-90%.

BTopou cuctemMoun, HCOIb3yEMOM ISl XPAHEHUSI TETIJIOBOM
sHepruu, spisercs TpyoomnpoBogHas cuctema DTES (Duct
Thermal Energy Storage), koTopasi OTJIM4aeTCs OT OMUCAHHOU
Boilie ATES. B cucreme DTES Oypsatcst ckBakuHBI TJTyOUHOU
50...200 M. B HuX pa3memarTcs TEII000OMEHHUKU — OOBIYHO
MJIACTUKOBBIE TPYOBbI, B KOTOPBIX TEIUIO MEPEHOCUTCS BOJOU OT
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UCTOYHHKA K MoTpeduTento. JletoMm Harperast Bojia HarpaBJsieT-
CA B CKBOXMHY M OCTaBJISAET TEIUIO, HArpeBasi CJIOW TOPHBIX MO-
pon, okpyxaromux ee. OXJiaxxJaeHHasi BOJIa MOCTYIAET K MOTpe-
OUTENI0 B CUCTEMBbI KOHJIUIIMOHUPOBAHUS HAMPSIMYIO WU YEPE3
TEIJIOBOM Hacoc, yaydmaroiuid 3(pheKkTuBHOCTh padOThl CHC-
TeMbl. 3UMOW HAKOIUBIIECECS B MOJA3EMHOM XPaHWIMIIE TEIJIO
HarpeBaeT TEIUIOHOCUTENIb B CKBAXXMHE, KOTOPBIA MOCTYIAET K
CHUCTEMaM OTOIUIEHUS IoTpeduTess. B kauecTBe TEMIOHOCUTENS
IPUMEHSETCS BOJIa, XOPOIIO padoTarouias Mpu TeMIepaTypax
eie 0°C. Eciti TeMmiepaTypa HUKe HYJISL, K BOJE JOOABIIOTCS
aHTU(PPU3HI.

DddekTuBHOCTh cucTtemMbl DTES 3aBucuT 0T MHOTHX (hak-
TOPOB, TAKUX, KaK TeMHepaTypa MOYBbl U ()YHKIHMOHUPYIOIIEH
CHUCTEMBI, TEpMaJIbHbIE OCOOEHHOCTHU TPYHTOB U JIp.

[Iepoe mnpomsbinuieHHoe ocBoeHue DTES nHauamocs B
[IBemuu. Cucrema umena 120 ckBaxuH riayouHout mo 60 M u
UCIIOJIb30BAJIACH JIJISI XPAHEHUSI TEIJIOBOM SHEPrUU MPU TEMIIE-
parype 70°C u mocneayomero o6orpesa MECTHOTO YHUBEPCH-
teta. B HacTtosiee Bpemsa Haubombiias DTES pacnonoxkeHna B
®opte ITonk (Fort Polk), mirat Jlyusuana, CIIIA, roe npoOype-
HO 8000 cKkBaXHH, CHA0KAIOIIUX TEIJION U XOJOAHON TEpMaJIb-
HOM 3Hepruer mectHbiX xutenel. DTES ncnone3yercss Takxe
IU1s1 pa3MopakuBanus gopor B Anonun, [senmapun u CLIA.

[IpyHIIMNIHAIBHO UHBIM MPUMEPOM XPAHEHUS T€PMaIbHOU
DHEPIUM SIBJISETCS TOJ3EMHOE XPAHEHUE CHEra, ¢ MCIOJIb30Ba-
HHUEM €r0 X0JIOJA B JIETHEE BpeMs I OXJAXKICHUS 3/1aHuil. B
nocieaaue roasl B IlIBenuu paccmaTpuBaeTcs BOIPOC XpaHe-
HUS CHEra B TOJIOCTSIX, PaHEE MPUMEHSBIIMXCS JJIs1 XPaHCHUS
Hedtu (puc. 2.64 uB. Bki.). CkilagupoBaHKe B HUX CHEra mpe-
JlyCMaTpPUBAETCS B 3UMHEE BpeMs. JIETOM CHET SIBUTCS HICTOYHH-
KOM X0J10/1a. B 3THX MOJIOCTSAX BO3MOMXKHO TaKXXE XPAHCHUE UC-
KYCCTBEHHOTO CHera. COBPEMEHHBIE CHEKHBIE ITyIIKH ITPOU3BO-
JIIT CHET TIpH TemrepaType MuHyc 2°C.
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I'JIABA 3. CKJIAJJUPOBAHUE PAJIJMOAKTUBHBIX
OTXOJ0B

3.1 Xpanenue paouoakmugnvix omxoooe ¢ CIIIA

PanuoakTuBHBIE OTXOJbBI MOAPA3ACISIIOTCS HA TPU TUIA —
HHA3KOT'0, CPEAHETO U BBICOKOTO YPOBHS PAANOAKTUBHOCTH.

OTX0Abl HU3KOTO YPOBHSI COCTOSIT U3 OOJYYEHHOTO MYCO-
pa, METAJUIOJIOMA, UCIIOJIb30BAHHOW 3aIIMTHOM OJIEXK/IbI, IIOCTY-
MAOMIMX OT MPOMBIIUICHHOCTA M TOCHHUTAJICH, MPUMEHSIONUX
paJoaKTUBHBIE TTPUOOPHI M Tpernaparhl. Takue OTXO0bl UMEIOT
OYEHb HHU3KHM YPOBEHb KOPOTKOXHUBYIIEHW PAIUOAKTUBHOCTH,
KOTOPBIN CHUKAETCA JO0 0€30MaCHOr0 4epe3 HECKOJIBKO COT JIET,
HE TpeOYIOT CIelMaIbHOW 3alUThI MPU MOrPY3Ke U TPAHCIIOP-
TUPOBKE U MOT'YT OBITh 3aXOPOHEHBI O] 3eMJIEH Ha MaJlo TiTy-
OuHe.

OTXOBI CPETHETO YPOBHS PAAUOAKTUBHOCTH COCTOST IIpe-
UMYIIIECTBEHHO M3 PEAKTOPHOM BOJIbl, (DUIBTPYIOIICH CMOJIBI,
YIAISIONIEN PAaJIUOAKTUBHBIE YAaCTULIBI U3 PA3JIUYHBIX XUMUYE-
CKMX OCAaJKOB, METAUIMYECKHX OOOJOYEK TEIIOBBIICIISIIOIINX
AJIEMEHTOB. JTOT YPOBEHB BBIIIE MPEABIAYIIET0, €0 UCTOYHUK
CMEIIMBAIOT ¢ OETOHOM WU OWTYMOM JJIsl 3aTBEPACHUSI U TO-
CJIEYIOIIETO 3aXOPOHEHUSI B HETJIYOOKMX IMOJI3EMHBIX XPaHU-
JIVIIAX.

OTXOIBI BBICOKOTO YPOBHSI COCTOAT MPEUMYIIECTBEHHO W3
PACHICIUISAIOMINXCA MPOAYKTOB M TPAHCYPAHOBBIX DJIEMEHTOB
OTpabOTaHHOI'O SIICPHOTO TOILJIMBA, KOTOPHIC SIBIAIOTCS KakK Obl
«30JI0U» OT «CropaHus» ypaHa. BBICOKMI ypOBEHb paguoOaK-
TUBHOCTH UMEIOT OCTaTKU MEPEPabOTAHHOTO aTOMHOTO OPY KHSI.
OTX0/1bl BBICOKOTO YPOBHS UMEIOT Oojiee 95% oOmiei paanoak-
TUBHOCTH, BBIJICIAEMON MPU padOTE aTOMHBIX JIEKTPOCTAHIIUM
U TpeOYyIOT 3aXOPOHEHUS B TaK HAa3bIBAEMBIX JICTIOZUTAPUSIX TITY-
OOKOTO PacIojoKEeHUsI. ITU OTXOJIbl BECbMa Pa30rpeThl, BHICO-
KOPaJMOAKTUBHBI, TPEOYIOT NUCTAHIIMOHHOTO OOpallleHusl C HU-
MU U HAJECKHOM 3alUThl. ba30BOE TOIIMBO SIAEPHBIX BJIEKTPO-
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CTaHIIUU COAEPKUT ypaH 235 W mpeAcTaBIISIET COOOM MUITIOJIH,
3aKJIIOYCHHBIC B METAUIMYECKUE CTEPKHH. /[0 CBOEro MCIOJIb-
30BaHUS 3TU CTEPKHU HMMEIOT MBI YPOBEHb PaJHOAKTUBHO-
CTU M C HUMH MOHO oOpamiathbcsi 0€3 CreruaibHbIX MEp Ipe-
JTOCTOPOXKHOCTU. BO BpeMs SIEpHOU peakUMy aTOM ypaHa pac-
HICTIJISETCS, BBIACISS JBA WJIM TPU HEUTpPOHA U HEOOJBIIOE KO-
JIMYECTBO TEIMja. 3aT€M BBIJICJICHHBIE HEMTPOHBI B3aHUMOJICHCT-
BYIOT C APYTMMHM aTOMaMM, PACHICIUISSI UX W BbI3bIBAs LICMTHYIO
peakuuto. [Ipu 3TOM BBIIENAETCS OOJIBIIIOE KOJIUYECTBO TEILIA,
KOTOPOE€ Ha SIAEPHBIX JIEKTPOCTAHIUIX TEHEPUPYET BIECKTpUUE-
CKYI0 3HEepruto. B xoae nenHou peakiyuu BO3HUKAIOT WU30TOIIBI
HECKOJIbKUX 00JIe€ JIETKUX 3JIEMEHTOB, SBJISIOIIMXCS HUCTOYHHU-
KOM TeIUla W MPOHUKAKIIECH pagualud B OTXOJaX BBICOKOTO
YPOBHsI. DTH M30TOIBI B KOHIIE KOHIIOB pacIaiatoTcs, 00pasys
0e3omnacHbie Matepuanbl. OJIHAKO, B IEPUOJ] paciajga OHU U3JTY-
YalOT PaJMalMIO U 3TOT NEPUOJ TSI HEKOTOPBIX U3 HUX COCTaB-
J4€eT ThicsuesneTrus. OTXO0abl BBICOKOTO YPOBHS paJHallii Omnac-
HBI JJ1s1 YEJI0BEUECTBA U IPYTUX (hOPM >KU3HU.

B HacTosiiee BpeMsi OTCYTCTBYIOT COOPYKEHUS JJIsl TOCTO-
SHHOT'O 3aXOPOHEHUs TaKUX OTXOJOB. [IOCKONBKY €IMHCTBEH-
HOM BO3MOYKHOCTBIO MX 00€33apaKBaHUs SIBJISIETCS] €CTECTBEH-
HBIN pacraja, TpeOyIONUid COTEH U ThICSY JIET, OTXO/IbI JOJIKHBI
XPaHUTBCSI TAKUM 00pa3oM, 4TOOBI OOECIEUUTH 3alIUTY OT HUX
B TEUEHHE STOr0 BPEMECHH.

Oco3HaBas OIMACHOCTh PAJUOAKTHBHBIX OTXOJ0B, B WHIY-
CTPUAIBHO PAa3BUTHIX CTPAHAX MHUPA, UMEIOIIUX ATOMHBIC JJIEK-
TPOCTAHIIMHU, BEAYTCSI HHTEHCHUBHBIE PA0OTHI MO CO3AaHUI0 TOJ-
3€MHBIX XPAHWJIAI JJI1 OTXOJOB BBICOKOTO M CPEIHETO YPOBHS
pamnoaktuBHOCTH. B CIIIA nmeercsa cervac okomno 47,5 ThIC. T
PaIMOAKTUBHBIX OTXO0J0B (45 ThIC. T OT TPaKJAHCKUX aTOMHBIX
CTaHIUM U 2,5 ThIC. T OT BOoeHHBIX peakTopoB). K 2040 r. sta
cTpaHa npousBeAeT 0Koiao 108 ThIC. T OTXOA0B, KOTOPHIE JTOJIK-
HBI OBITH pa3MEIICHbI B TAKOM MECTE, YTOOBI MPEJIOTBPATUTH yT-
pPO3Y 3/I0POBBIO YEIOBEUYECTBA U MUHUMHU3UPOBATH PUCK TEPPO-
PUCTUYECKHUX aTaK C UCITOJIb30BAHUEM 3TUX OTXOJIOB.
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s pemieHus BONpoca MOCTOSSHHOTO XPaHCHUS PagrdOaAK-
TUBHBIX OTXOJIOB PACCMATPUBAIOCH HECKOJIBKO BO3MOXKHOCTEN

- OCTaBUTh OTXO/Ibl, TaM K€ T'JI€ OHU MPOU3ZBOIATCS;

- 3aXOPOHUTH OTXO/JIBI MOJ] JTHOM OKEaHa;

- pa3MeCTUTh OTXOJIbl IO/ 3€MJIE Ha OYEHb OOJBIION TIIy-
OWHE B CIielMaIbHO MPOOYPEHHBIX CKBAKUHAX;

- YAQIUTh OTXO0Jibl B KOCMHUYECKOE MPOCTPAHCTBO;

- 3aXOPOHUTH PATUOAKTUBHBIC OTXO/IbI B TTOJISPHBIX JIbAAX;

- pPa3MeCTUTh OTXOAbl Ha OTHAJICHHBIX HEOOMUTAEMBIX OCT-
poBax;

- 3aKayaTh OTXOJIbl MOJI BHICOKMM JIaBJICHUEM Ha OOJIbIIIHE
rIyOWHBI IO JHOM OKEaHa.

Kaxnas u3 3TUX BO3MOXKHOCTEW UMEET CEPbE3HBIE HEJNOC-
TaTKH.

OcraBjieHHBIE HA MECTE OTpabOTaHHbIE MAaTEpPHaAIbl MOTYT
OBITH CEPHE3HOM OIMACHOCTBIO JUISI HACEJIICHUS U OKpYy’Karollen
cpenbl. bOMBIIMHCTBO CYIIECTBYIOIIMX ATOMHBIX 3JIEKTPOCTaH-
UM PacmoioXeHO B HaceleHHBIX palioHax. IIpu cBoeil pabote
SJIEPHBIC PEAKTOPHI TPEOYIOT OOJIHIIIOTO KOJWYECTBA BOJBI, IO-
ATOMY OHH COCEJICTBYIOT C PEKaMH, 03€paMU U MOPCKUM moOe-
pexbeM. EMKOCTH, conepKalme OTXO/Ibl, C TEYEHUEM BPEMEHHU
OylyT U3HALIUBATHCS, UX COCTOSHUE YXYJIIUTCS, YTO MPUBEIECT
K MPOCAYMBAHUIO YEPE3 HUX TPYHTOBBIX BOJ U BBIHOCY PaJIMO-
AKTUBHBIX BEIIECTB K PYYbsiM M peKaM, CHaOXKalolluM BOJOU
HACEJICHHBIE ITYHKTHI.

[Ipn 3aXOpOHEHUM OTXOJOB MOJ JHOM OKEaHA BO3HHUKACT
BOIIPOC O BO3MOKHOCTH MX OYyJyILEro MojbemMa U UCIOJIb30Ba-
HUs. Upe3BbIUailHO TPYAHO TakKe 00€CHEUUTh MPU 3TOM CIIOCO-
Oe HaOII0ICHUE U YIIPABJICHHUE TTPOIIECCOM XPAHEHUS.

Pacrnionoxxenne KOHTEMHEPOB C PaJMOAKTUBHBIMUA OTXO1a-
MM Ha T1youHe okoio 10 kM moj 3emiiei, Ka3ajaoch Obl, MO3BO-
JUT W30JMPOBaTh ATH MATEPHUAIBI HA BPEMsS HMX pacmaja no
0€30MacHOr0 YpOBHSI paIu0aKTUBHOCTH. OAHAKO, IIPU ITOM CO-
BEPILIEHHO HEM3BECTHO KAaK OTXOJbl MOBEAYT C€0s MPU UCKITIO-
YUTEJIbHO BBICOKUX TEMIIEpaType U JaBJICHUU HA TaKUX TIyOu-
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Hax.

3anmyCTUTh OTXOJIbl B KOCMHUYECKOE IMPOCTPAHCTBO MOKHO
ObLJIO OBI, TTOCJIAB UX Ha OKOJI03eMHYI0 opouty wiu Jlyny. Oj-
HAKO, BO3MOXHOE PACCEIHUE PAAUOAKTUBHBIX MATEPUAIOB MPU
HEYJIJAYHOM 3aIlyCKE KOCMHUYECKOW PAKEThI JEJaeT 3TOT BapUaAHT
HenpuemaeMbIM. [IpakTUUeCKr B HACTOSIIEE BpPEMs OH TaK»Ke
HEOCYIIECTBUM M3-3a OUYE€HBb OOJIBIIIOTO KOJIMYECTBa HEOOXOIH-
MBIX 3aIyCKOB pakeT. [Ipencrasnsiercss BecbMa TpyAHBIM COTJIa-
COBAaHUE M YTBEPKJICHUE HAa MEXKIYHApPOJIHOM YPOBHE COOTBET-
CTBYIOIIUX MEXKIYyHAPOIHBIX JOTOBOPOB.

PaccmarpuBanach BO3MOKHOCTb 3aXOPOHEHHUSI OTXOJIOB BO
abjax AHTapkTuku uinu ['pennanauu. [Ipu 5ToM 0TX0AbI MOXKHO
ObLTO OBl PACIOJIOKUTh HA MOBEPXHOCTH JIbJA WJIM HA HEOOJIb-
0¥ TJIyOuHE ¢ TeM, 4TOOBbI 3a CUET BBIACICHUM TeIjia Mpu pa-
JTMOAKTUBHOM pacmnaje KOHTEHHEPbl MOTJIU Obl PaCIUIaBUTh JIE]
U TIOTPY3UTHCA Ha JHO JIEIOBOrO MOKpoBa. /J[ocTonHCTBamMu Ta-
KOr0 Croco0a SIBIAIOTCS Mallask HACEJIIEHHOCTh MOJISIPHBIX pe-
TMOHOB, a TaKXX€ CTAOWJIBHOCTh M TOJIIMHA (THICSYA METPOB)
noyisipHoro Jjbjaa. HepgoctaTkamMu SBJSIETCS HEOINPEIECICHHOCTD
NOCJIEIYIONMIEro AOCTYNa K OTX0JaM U BO3MOKHOCTh U3MEHEHUS
TOJIIIMHBI JIEJOBOTO MOKPOBA B PE3yJbTaTe M3MEHEHUS KIMMa-
ta. Crnoco0 Takke SBISETCS YpPE3BbIYAWHO JOPOTMM H3-3a yja-
JICHHOT'O PacCIIOJIOKEHUS U KAIPU30B MOrobl. MexX1yHapOHbIN
AnTapkTrueckuu noroBop 1959 r. zanperun pazmenieHue pa-
JMOAKTUBHBIX OTXO/I0B HA AHTAPKTUYECKOM KOHTUHEHTE.

[Ipy 3aXOpOHEHUM OTXOJIOB Ha OTJAJCHHBIX HEOOUTAEMBIX
OCTPOBaX BO3HMKAET OMNACHOCTh, CBSI3aHHAsI C OKEaHCKUM
TPAHCTIOPTOM, OCOOEHHO MPH IUIOXOM Torojae. MHoOrue Takue
OCTPOBA HAXOJATCS B 30HAX IOBBIICHHOW CEUCMHUYECKOW Omac-
HOCTU U BYJIKAHMYECKOM aKTUBHOCTH. WX reosioruueckue
CTPYKTYpPbl MO3BOJISIFOT MOPCKOM BOJIE MPOHHMKATh B HMKHUE
CJIOU TOPHBIX MOPOJ M, TAKUM O00pa3oM, OKa3bIBaTh HA KOHTEMH-
HEPbI KOPPO3UPYIOLIEE ICHCTBUE.

M3yyanach BO3MOXKHOCTh 3aKayKu pPaJMOAKTUBHBIX OTXO-
JI0B B KHJIKOM BHJIE TIOJ] BLICOKMM JaBJICHUEM Ha TIyOuHY OT 1
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KM 710 5 kM. B 3TOM ciydae OTXOJibl MOTJIM Obl 3aKaUuUBATHCS B
MOPHUCTBIE MTOPOIbI, HATPUMED, NTIECYAHUKH, TIEPEKPHITUE CIOSIMU
IJIMHUCTBIX CJIAHIIEB, KOTOPbIE Obl M30JMPOBAIM OTXOJIOHACHI-
INICHHBIN CJIOW OT IOA3EMHBIX BOJ U OKpy’Karouien cpeapl. He-
JOCTATKOM CIIOCO0a SIBJISIETCSI HEOOXOAMMOCTH MPEIBAPUTEIIb-
HBIX HCCJICIOBAHUM MEXaHUYECKUX U XMMUUYECKHUX MOCIECTBUIN
B3aUMOJICUCTBUS OTXOJIOB SIAEPHOTO TOIIUBA C TOPHBIMHU MOPO-
namu. Jlpyroi 03a004€HHOCTHIO YYEHBIX SIBJISETCS BO3MOXK-
HOCTb YTE€UKH KUJIKAX MAcC OTXOJ0B M3 MOPUCTHIX (hOpMAaITUH.

VYuutbiBasgs JOCTOMHCTBA U HEJOCTATKU OMHCAHHBIX BapH-
anTtoB, MunuctepctBom 3Hepretukd CIIA B 1983 r. ObLIO
INPUHATO PEUIEHUE O 3aXOPOHEHHM OTXOJOB C BBICOKHM YPOB-
HEM PaJMOAKTUBHOCTU HAa TEPPUTOPUU CTPAHbI U BHIOpaHBI 9
Y4acTKOB B 6 IITaTax JiJisi pacCCMOTPEHUS BO3MOKHOCTH UX HC-
MOJIB30BAHMS B ATUX LiEJIsIX. JlaHHBIE IO HUM COOMpPaIUCh MpHU-
MepHO 10 ser. OCHOBBIBAasICH Ha PE3YJIBTATAX WU3YUYCHUS DTHUX
YYaCTKOB, MPE3UJICHT CTPAHbI OJI00PUI 3 U3 HUX ISl IETATBHBIX
Hay4HbIX HccieaoBanuil. B 1987 r. pemenuem konrpecca CIIA
o1 0100peH BhIOOP yuacTka FOkka Maynteitn (Yucca Moun-
tain), mrat HeBaga u B utosie 2002 r. ObIO OPUHATO OKOHYA-
TEJIbHOE PEUICHHE IO CO3JaHHI0 HAIMOHAIBLHOIO XPaHWIHILA
PaIMOAKTUBHBIX OTXOOB.

Xpanunuwe FOxkka Maynmeiin pacionokeHO B ITyCTHIHE
HeBana (puc. 3.1-3.8 11B. BKJ.) IJie B CBO€ BpeMmsi ObLIO MPOBe-
neHo 6onee 900 ucnbITaHU aTOMHBIX OOMO. DTOT paloOH IJIO-
maapio Gonee 3,5 THIC. M° OKPYXKEH eIlle THICTYaMH I'€KTapOB
3eMJIM, OTTOPIHYTOM OT HCIOJIb30BaHUS, YTOOBI CIIYXKUTh 3a-
IIUTHOM 30HOM, CO3/laBas HE3aCEICHHYIO TEPPUTOPHIO OOIIeH
momaaeio 14,1 Teic. kM~. Bmmkaiimee x FOxka MayHTeliH Ha-
CEJICHUE KMBET NMpUMEPHO B 25 kM. bawxkanmmii ropox Jlac-
Berac pacnonoxxeHn Ha paccrosiHuu 160 kM. PailoH HaxoauTCs B
30HE C CyXUM KIMMATOM, TJI€ OCaJKH COCTAaBJISIOT B CPEIHEM
meHee 19 cM B roji, O0JIBIIMHCTBO KOTOPBIX UCHAPSETCS, CTeKas
C rop, ¥ TOJbKO 5% gocTuraet riryOrHBI 3aXOPOHEHUS paguoaK-
TUBHBIX OTXO0JIOB. Jlemo3uTapuil OyAEeT pacroyioxKEeH B TBEPIBIX
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CKaJIbHBIX MOpojax Ha riyouHe okosio 300 M OT MOBEPXHOCTH U
B cpeaHeM Ha 300 M BBIIIE€ YPOBHSA TPYHTOBBIX BOJ.

FOkka MayHTeiiH O4eHb Maj0 U3MEHWJIACh B T'€OJIOTHYE-
CKOM OTHONIEHWHU 3a MOCJIEIHUE HECKOJIbKO MWJUIMOHOB JIET.
[[lupokoe HayyHOE M3YyUYEHHE palOHA MOKA3AJI0 BECbMa HE3HA-
YUTEJIbHYIO BEPOSITHOCTh BYJKAHUYECKONW aKTHBHOCTH, 3PO3UH,
JIPYTUX TE€OJIOTMYECKUX IMPOIIECCOB, KOTOPhIE MOIJIM Obl Hapy-
[IUTh 30HY XPAHEHMUS.

VYuenbie uzyuanu paion 0osnee 20 jeT, Ha 4TO MOTpeOOBa-
jock 3 mupa. aosuiapoB. OOIIasi CTOMMOCTh CTPOUTENBCTBA CO-
CTaBUT OKOJIO 43 MIIpA. J0JUIApOB. XPaHWJIUIIEC-ACIIO3UTAPUN
Oynet caaHo B akcrutyaramuio B 2010 r.

J{ns1 Gosee TIIATEIbHOTO M3YyYEHUS YCIOBUN OydyIIero 3a-
XOpOHEHUS OB MPONJICH pa3BEAOUYHBIN TyHHEIb JJIMHON 8 KM.
Ero crpourenscTBO ipoBOAMIIOCh B 1993-97 rr. 1 oH BrIIrOUan B
ce0s1 HECKOJIbKO HCCIEA0BATEIBCKUX IOMEIIEHU, COOPYKEH-
HbIX Ha rayouHe 300 M OT MOBEPXHOCTH JJIsi MOJAPOOHOrO U3y-
YEHHUS CBOMCTB TOPHBIX IOPOJ W IOBEIECHUS BOJbBI B paliOHE
XPaHWINIIA.

Ha puc. 3.9 noka3zana mnepenBuHas jgadopaTopusi, a Ha
puc. 3.10 u 3.11 cOOTBETCTBEHHO HAYaJI0 U OKOHYAHUE MTPOXOJI-
KM Pa3BEIOYHOrO TYHHENS OypOBOW TYHHEJIBHOW MAIIMHOM.
[Ipoxoaka TyHHENS U €r0 3aKOHYEHHBINM BUJ MPEIACTABICHBI CO-
OTBETCTBEHHO Ha puc. 3.12 u 3.13. Ha puc. 3.14 mnokasansl pa-
OOTHI MO YCTAaHOBKE B TYHHEJE AHKEPHBIX OOJTOB, KPEMAIINX
METAJUIMYECKYI0 CETKYy K CTEHaM W KpoBiie TyHHens. Ha puc.
3.15 u 3.16 nu300pakeHbl T'€OJOTMUYECKHE pa3pe3bl MO parioHy
IOkka MayHTElHH C KpyITHBIMH I'€OJIOTHYECKUMU HAPYIICHUSMUA
Solitario Canyon Fault Zone, Chost Dance Fault Zone u Jmbri-
cate Fault Zone. IleTns Tynneneit csizpiBaeT FOxubIM 1 CeBep-
HBI mopTajibl. Bropas meTis TyHHenend OyAeT mpoiijeHa o
xpanunuiieM Ha ypoHe Calico Hills, co3naBas uccnenoparensb-
CKHIl TOPU30HT, MO3BOJIAIONIMNA TMEpCOHANy HaOIoAaTh 3a Co-
CTOSSHUEM XPaHWJIUIIA.
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B AN

Puc. 3.9. llepeanBu:kHasi reosioruyeckasi JJadoparopusi

Puc. 3.10. Havyajio npoxoaku pa3Bel04HOr0 TyHHeJsl 0ypoBou
TYHHEJIbHOW MAIIMHOU
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Puc. 3.11. OxoH4yaHue NPOXOAKH PA3BEeAOYHOI0 TYHHEJA 0ypOBOii
TYHHEJIbHOU MAIIMHOM

Puc. 3.12. IIpoxoaka oTBeTBJIEHUH U HUII TYHHEJSI IPOXOA4E€CKUM
KOMOaiHOM
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Puc. 3.13. Pa3Be104HbIil TYHHEJIb M0CJI€ YCTAHOBKU METAJINYECKOM

Puc. 3.14. YcTaHOBKA aHKEPHBIX 00JITOB M METAJINYECKON CETKH
JJIS1 KpeIUleHUs1 TYHHeJIsI
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Puc. 3.15. CxeMa 0CHOBHBIX Ie0JIOTHYECKUX HAPYIICHUH U 0JIOKOB B
paiioHe cTpouTebcTBA Xpanuauina FOkka MayHreiiH
1 — TOPU30HT PACMONOKEHUS XPAHWIHIIA PAAUOAKTUBHBIX OTXOJIOB; 2 —

T'eOJIOTHYECKHE HAPYIICHUS; 3 — YPOBEHB MOJA3EMHBIX BOJ; 4 — CBSI3aH-
HBIC ¥ HECBSI3aHHBIC N3BEP)KCHHBIC TTOPOJIBL; 5 — CBI3aHHBIC IIOPOJIHI B
MECTE PaCTOJIOKCHHS XpaHUIUIIA; 6 — HECBsI3aHHBIE TTOPOABI (popMaruu

Calico Hills

Ha puc. 3.17 (uB. Bki1.) 3.18 — 3.19 u 3.20 (uB. BKJI.) ITOKa-
3aHbl TPAHCHOPTHBIC TYHHEIW W TYHHEJIM XPaHEHUS, a TaKkKe
pa3MeNICHUE KOHTEMHEPOB C OTXO/IaMHU B TYHHEJIE XPAHCHMUS.

[Ipennonaraercs, 4To XpaHEHUE OTXOHOB JOJIKHO OCYIIIE-
ctBiAThbCS B TeueHue 10000 yet, 4To cBSI3aHO C IJIUTECIBHOCTHIO
pacrajza paJOaKTUBHBIX 3JIEMEHTOB. KOHTEHHEpPBHI C OTXOHda-
MH pa3MeIIalTcs MpUMEpHO B 50 TOPU3OHTAIBHBIX TYHHENSX,
KXl JiuHOM |1 KM. B miepmojs mepBOro CTOJIETHSI YUECHBIC

OyyT HaOII0AaTh KPATKOCPOYHBIE M3MEHEHHSI COCTOSHHUS Xpa-
HUWJIWIIA, CBA3AHHBIE, B YACTHOCTH, C JIBUKCHUEM BOJbI M Mapa
IpU BBIJICICHUH OOJBIIOr0 KOJIHWYECTBA TEIjla W3 pacliajaro-

IIIAXCS OTXOOB.
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Repository, Unit of T h
Horizon Spring welded
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for potential
repository location

Calico Hills
nonwelded
— tuff and other

0

Ghost Dance I-':y_.ul_l_Zme

| ~.H“"'-------.__S =y Wik Water Table
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Puc. 3.16. Cxema pacnoJ/io:keHusi OCHOBHBIX TYHHeJICH U
xpanwianima FOxkka MayHTelH
| — rOpU30HT pacONOKEHUS XPAHUIINILA; 2 — TE€OJIOTUYECKUE HAPYIIIE-
HUS; 3 — YPOBEHb NOA3EMHBIX BOJI; 4 — CBSI3aHHBIEC U HECBSI3aHHBIC U3-
BEPKEHHBIE MOPOJIBL; 5 — CBA3AHHBIE ITOPOABI B MECTE PACTIONOKEHHUS
XpaHwiuiia; 6 — HecBsa3aHHble Topo sl popmariuu Calico Hills; 7 - ce-
BEPHBIN MTOPTAIT; 8 — FOXKHBIA NOpTal; 9 — NeTas OCHOBHBIX TyHHENeH; 10
— rpaHuna xpaHwmiia; 11 — uccienoBaTenbCKui TOPU30HT

Calico Hills
Exploratory
Horizon

Xpanwnuiie FOxkka MayHTelH He OyJeT €MHCTBEHHBIM B
CIOA. Eme B 1957 1. Akanemusa nayk CIIIA pexomeHmoBana
IUISL TIOJI3€MHOI0 XPaHEHUsI PAAMOAKTUBHBIX OTXOJOB COJISTHBIC
dbopmanuy. BHauane mpesanoaraioch UCIOIb30BaTh JJIs 3TOM
1enu oTpaboTaHHYIO coJigHylo maxty B Kanzace. OnHako, reo-
JIOTUYECKHUE YCIOBHUSI M CUJIbHAS ONIIO3WILMSA IOJUTUKOB IITATA
3aCTaBUJIA OTKA3aThCS OT ATOU UAEU U PACCMOTPETH BO3MOXKHO-
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Cross secfion of unnels

300 foot

Y

Wator fablo

Puc. 3.18. CxeMbI neperpy304HbIX onepanuii Npu XpaHeHUH
PaaAHOAKTUBHBIX 0TX010B
1 — TpaHCOPTUPOBKA KOHTEMHEPOB C OTXOJAAMU MO TJIABHOMY TYHHEIO
PEIBCOBBIM TPAHCIIOPTOM; 2 — MEPErpy3ka KOHTEHHEPOB B TPaHCIIOPT-
HBbI TyHHEJb, 3 — TPAHCIOPTUPOBKA KOHTECHHEPOB aBTOMATU3WPOBAH-
HOU CUCTEMOM; 4 — yKIIaJIKa KOHTEMHEPOB B TYHHEJIW XPAHECHUS

Carrier places
waste in
¥ storage tunnel

brought in °
by train
—— k

Waste packages
are transferred
onto carrner

Puc. 3.19. CxeMbI nneperpy304HbIX onepanuii Npu XpaHeHUH
PaaAHOAKTUBHBIX 0TX010B
(HOMepa MO3UIUK COOTBETCTBYIOT MO3UILIMAM pHC. 3.18)
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CTH COJITHOTO MECTOPOXKJICHUS, PACHOJI0KEHHOTO B 50 KM BOC-
touHee T. Kapncban (Carlsbad), mirat Heto-Mekcuko. IToTpe6o-
BaJioch emie 30 JieT 11 M3ydeHus U 00CY IASCHUSI BO3MOXKHOCTH
3aXOpPOHEHHS 3/€Ch PAJMOAKTUBHBIX OTXOJOB CO CPEIHUM
YPOBHEM PAJTNOAKTUBHOCTH.

Ilpoexm BUIIII (WIPP-Waste Jsolation Pilot Plant) (puc.
3.21-3.24 1B. BKIJI.) Ha4an ocyiiecTBisAThcA B 1981 1., a niepBbIe
rpy3bl 0TX0JI0B nocTynuian B 1999 r. OOmas 3amiaHnupoBaHHas
eMKOCTh XPAaHWINIIA — 165 ThIC. M° 0TX0I0B. MecTo XpaHHIIH-
ma ONpEACIUIOCh HaauuueM cosisitHoro Iwiacrta Canano
(Salado), xortopslii 3ameraet Ha riayoumHe 270-914 M, umeer
MouIHOCTh 0oJiee 600 M 1 Bo3pact 225 MIIH. JieT. Dta hpopMarus
MMEET CTAaOWIIbHOE 3aJIeTaHue, OHA JIOCTATOYHO MOIIHAS U CyXas
TUISL PACTIOIOKEHUST KOMIUIEKCA XPAHEHUS.

['eonornuecku yvactok, nepecekaembiv crBoinamu BUIIII,
COCTOHUT U3 CIEIYIOIIUX CIIOEB:

- ¢popMmanus Santa Posa, moKkpbIBaromas pailoH OTIAEIbHbI-
MH YYaCTKaMU;

- (popmanus Jewey Cake Redbeds — HecBsi3aHHast CTPYKTY-
pa, cocrosias u3 Qppakiuidi, HAMOJHEHHBIX BOAOU, HIXE 150 M
— TUIICOM;

- ¢opmanust Rustler, siBisttomiasicsi TJiaBHbIM BOJOHOCHBIM
CJIOEM paroOHa;

- ¢hopmanust Salado, oGpa3zoBaBiascs ucmapeHUEM JIpeBHE-
ro Mopsi. COJIEBBIE CIOM 3[IECH YEPEAYIOTCS CO CIOSIMU TJIMHBI U
aHTUJIPUTA;

- dopmanus Castile, 3aneraromnias HEMOCPEACTBEHHO IO
dopmanueit Canano. Y ee BepIIMHBI HAXOJUTCS OTPOMHBINA pe-
3epByap COJIEHOW BOJbI.

B o01iem ciiyyae OCHOBHBIM IPEMSITCTBUEM JJISI COOPYIKE-
HUS XPAHWIMI] PAJIUOAKTUBHBIX OTXOJOB SBIISIETCS HAJIUYWE
IPYHTOBBIX BOJ, KOTOPbIE MOTYT OBITh 3apa)K€HbI PaJUOAKTHB-
HOCThIO. HeymnpaBisiemble TOTOKM 3THUX BOJ MOTYT 3arpsi3HUTH
MMOBEPXHOCTHBIE BOJOEMBI. Hanuuue ke MOIIHOrO COJISHOTO
MeCTOpOXkaeHus Tuna gopMmaruu Cajnano caMmo 1o cede sSBIseT-
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CA JIOKA3aTeJIbCTBOM OTCYTCTBHUSI TakuxX BoA. Kpome toro, mo-
CKOJIBKY COJIb SIBJISIETCSl TIACTUYHBIM MHUHEPAJIOM, MOJIOCTH B
KOTOPOM CMBIKAIOTCSI C TEUCHUEM BPEMEHH, CKJIAJIUPYEMBbIE OT-
XO0JIbl B HUX OyJyT HAJICKHO 3arevyaTaHbl.

K Mecty pacnonoxenus xpanwiuiia BUIIIT na rinyOuny
655 M mporiaeHbl 4 BEPTUKAIBHBIX CTBOJIA — OJIMH, UCIOJIb3YyE-
MBIW JIJI1 BbIAAYU COJIM IIPU CTPOUTEIBLCTBE, BTOPOU IJIsl CITyCKa
TPAHCIOPTUPYEMBIX PATUOAKTUBHBIX OTXOJIOB, a TAKXKE BO3/Y-
XOIMOJAIOIINNA U BEHTUISALMOHHBIN CTBOJIBI.

Xpanuiuiie OyAeT COCTOSATh U3 JACCATH MaHeJIeH: IBYyX — Y
IEHTPAJILHBIX TYHHEJEH U BOCbMHU OOKOBBIX. B HacTosiee Bpe-
Msl ocTpoeHsbl nmaHenu 1 u 2 (puc. 3.25-3.27 uB. Bki.). I[Tanenu
COCTOSAT U3 7 KaMep ¢ JJIMHOU Kaxaou 0osiee 90 m, mmpunoit 10
M u BbicoTor 4 M. IlepBasa manens ucnomb3dyercs ¢ 1986-88 rr.,
XOTsl TIEpPBOHAYAIBLHO IPEJIOJarajoch, YTO OHa OyJIET CIYXKHUTh
He OoJiee 5 JeT u3-3a MIACTUYHBIX CBOMCTB COJIM. DTH CBOWCTBA
MPOSIBJISAIOTCS, B OCHOBHOM, B TOM, YTO COJIb B KPOBJI€ IAHEIHN
TPECKAETCS U MHOTJIA OTAEIAETCS OT CJIOEB TJIMHBI, 3aJI€TAIOIINX
HaJl HEW.

[Tanenu KpensTcs AaHKEPHOM KpENbl0 € JJIMHOW OO0JTOB
2...3 M u apmarypHou ceTkou. Hekotopsie kamepsl B manenn |
3aKpEeIUICHbl BO BTOPOW M Ja)ke TPETHMl pa3, 4ToObl yJepXkaTb
OTAEISAIONIYIOCS COJIb OT MaJCHHUS.

3.2 Xpanenue paduoaxkmugHvlx 0mxo00068 6 CHMPaAHAX MUPQ

OnbIT XpaHEHUs PAJUOAKTUBHBIX OTXOJIOB UMEETCS TAKKE
B pasHbIX cTpaHax mupa. Tak, B LHHIBenum oTXoapl HU3KOrO U
CpPEHEr0 yPOBHSA PAJAMOAKTUBHOCTH, MOCTYIAOIIAE U3 TOCIH-
Tajel, HCCIIENOBATENbCKUX JIA0OPATOPHl, MPOMBIILICHHOCTH
HaMnpaBJISIIOTCA JUISl 3aXOPOHEHUS B MOJ13eMHOE Xpanwiuile SFR
(puc. 3.28 uB. BKJI.). OHO TOCTPOEHO B KPUCTAJUNIMYECKUX METa-
MOp(pHU30BaHHBIX TOpoJax Ha riyoune 60 m noxa bantuiickum
mopeM Boziie @opcmapka (Forsmark) u ucnionszyercs ¢ 1988 r.
3/1eCh MOMENICHHBIE B MEJIHbIE KAHUCTPHI OTXOJbl XPAHSATCS HA
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riryounHe 500 M OT MOBEPXHOCTH BOJIbI B CKBa)KMHAX, 3aIIOJHEH-
HBIX TJIMHOM.

XpaHWIHILE COCTOUT U3 ABYX YacTEeW — MOBEPXHOCTHOI'O U
MOJ3EMHOTO KOMIUJIEKCOB. Ha TTOBEPXHOCTH PACMOJIOKEHO MPO-
M3BOJICTBO TI0 M3TOTOBJICHHI0 OCHTOHUTOBBIX (M3 KOJIOUIHOU
IJIMHBI) OJIOKOB JIJIS 3alOJIHEHUS CKBAKMH UM KOMILJIEKC MpUeMa
IPpHUOBIBAIOIINX OTXOJIOB.

K mom3eMHOMY KOMIUIEKCY MOAXOAAT JBAa MapaJUICIIbHBIX
HAKJIOHHBIX TYHHENS, MO OJHOMY W3 KOTOPBIX TPAaHCIIOPTHUPY-
I0TCA TPYy3bl, a IO BTOPOMY JtoAu. B cocTaB KoMmILIeKkca BXOJAT
YEThIPE TOPU30HTAIBHBIX XpaHWiUIa JIuHou nmo 160 m (puc.
3.29 1uB. BKIL.), TJI€ OTXOJbI XPAHATCS B CKBaXKUHAX TITyOMHOU §
M 1 auameTrpoM 2 M (puc. 3.30 1B. BKJI.), U BEpTUKAIbHbBIN CH-
JIOC C MOMEMICHUSIMHU Ui OTXOJO0B Pa3HOTO YPOBHS paJUOaK-
TUBHOCTH. Jlnametp cuiioca 25 M, BeicoTa 50 M. Cuitoc 3akpern-
JeH 0eToHoM TonmuHoM 0,8 M, a ero 3aKpenHoe MpPoCTPaAHCTBO
3alI0JTHEHO OCHTOHUTOBOW TJIMHOM, MPEAOTBPAILAOIIECH TPUTOK
B CHJIOC T10JI3eMHBIX BoJ (puc. 3.31 11B. BKIL.).

Otxoapl ¢ 0Oojee BBICOKOM CTENEHbIO PaguOaKTUBHOCTHU
pa3sMENIaTCs B CHIOCE B CIEHUAIBHBIX IIAXTAaX, MOCJIE 3TOrO
3aMOJIHSIEMBIX O€TOHOM, OTXOAbl C MEHBIIEH CTENEHbIO paauo-
AKTUBHOCTH Pa3MEIIAIOTCA B TOPU3OHTAIBHBIX XPAaHWIUIIAX.
[Tociie 3an0HEHUST BCEX CKBAXKUH FOPU3OHTAIBHOE XPAHUIHUIIE
3aKJIaJIbIBAETCSI CMEChI0O OCHTOHMTOBOW TJIMHBI U JIPOOJICHOM
OPOJBI.

OCOOCHHOCTBIO XpaHWIHINA SBJISETCS TO, YTO KaHUCTPHI
MOT'yT OBITh M3BJICUEHBI, €CIIM B OyayIeM OyJeT pelieHo 1o Ka-
KUM-JINOO MTPUYMHAM BOCCTAHOBUTH XPAaHUMOE TOILIUBO.

JInst XpaHeHust 0OTpabOTaHHOTO SIIEPHOTO TOILUIMBA BBICOKO-
r0 YPOBHS PAJUOAKTUBHOCTH COOPYIKEHO  XPAHWJIIHIIE KUIKUX
orxosoB CLAB (puc. 3.32 uB. BkJ.). OTX0Jbl NPUOBIBAIOT B
CHELUAIBHO CIPOCKTUPOBAHHOM KOpabiie B OCOOBIX cocypax,
KOTOPBIE MPEAOTBPAIIAIOT PATUOAKTUBHOE M3IIYUYCHUE U 3alllH-
IIEHBI OT MOBpEekAcHUN. Ilociae mpeaBapuTeIbHOrO OXJIAXK/Ie-
HUSI U BBIEMKH OTXOJIOB M3 TPAHCHOPTHBIX COCYJOB OHU MOME-
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IIAFOTCS. B KAHUCTPBI XPAHEHUS. JTH OINEPALIMA ITPOBOMSTCS IO/
BOJIOW B MPUEMHOM KOMIUIEKCE. 3aTE€M, BCE €€ MO BOAOM, ITU
KaHUCTPBI OMYCKAIOTCS CHeNHalbHbBIM JU(@TOM B OacceiHsbl,
pacnoyiokeHHbIe Ha 25-30 M HUXKE YPOBHS TOBEPXHOCTH, MOCIIE
4Yero BMYPOBBIBAIOTCS B O€TOH ISl OKOHYATEIBHOTO 3aXOpOHE-
HUSI B TOA3eMHOM XpaHuiuiie. O01as eMKOCTbh XpaHUJIUIIA CO-
craBisier 60 THIC. M, B HACTOSIIEE BPEMsl 3aII0IHEHA OJIOBHHA.
[IpenyCMOTpEHO paclIMpEeHUE XPAHWIUIIA, ITOCIE KOTOPOro €ro
OKOHUATeNbHas eMKOCTh cocTaBuT 100 Teic. M°. C HOBEpPXHO-
CThIO XPAaHWIMIIE CBA3BIBAIOT [IBA MapaUICIbHBIX TYHHES,
OJIMH W3 KOTOPBIX HCIOJIB3YETCA I TPAHCIOpPTa IPy30B, BTO-
POW — JJTSL JTIFOJIEH.

B IlIBemuu paccMaTpuBaceTcsi BONPOC O CTPOUTEIBCTBE
rTyOOKOTO XpaHWJIUINA SAEPHBIX OTXOJ0B CPEIHEr0 YPOBHS pa-
auanuyu o0muM 00beMoM OKoJio 9 Thic. T (puc. 3.33 1B. BKI.,
puc. 3.34). IIpeanonaraercs, 4To MOA3EMHAasi 4acTh 3TOTO Xpa-
HIDIUINA 3aiiMeT TepPUTOPHIo 2-4 KM” U OyIeT pacIoioKeHa Ha
riryoune 400...700 M B rpaHUTax Wiy rHeiicax. XpaHuJuiie Oy-
JIET CTPOUTHCA B JIBE CTAJWH, IIEpBasg U3 KOTOPHIX MPUMET OKOJIO
10% oOuiero oobeMa paguoOaKTUBHBIX OTXO0A0B. Ilman xpaHu-
Juila noka3ad Ha puc. 3.34 a. Pasmepsl TyHHene# (puc. 3.34 0)
U Pa3IMYHBIX 3aJ10B (puc. 3.34 B) 3aBUCAT OT UX Ha3HaYeHUs. Te
U3 HUX, KOTOpbIE 00eCHeYnBaIOT JOCTYI K MOA3EMHBIM MOJIOC-
TSAM, UMEIOT LIHUPUHY 5...8 M, 4TO ompenenseTcsi rabapuramu
TPAHCIIOPTHBIX CPEACTB U TPY30MOTOKOM. TyHHEIH IsI APYTUX
(GYHKIUM, TakuX, KaK BEHTWIALMS, SHEProCHAOXKEHUE M JIp.
UMEIOT IUpHUHY 8...15 M u Takue ke pa3Mepsl no BeicoTe. Pasz-
MEpBI TYHHEJEU ISl CKIIAIUPOBAHUSA OTXOJOB 3aBUCUT OT EMKO-
CTEU, B KOTOPBIX HAXOIATCA OTXOJIbl, U MAIlINH, WCTIOJIb3yEMBIX
U1 OypeHUs CKBaKHMH OOJBIIOrO JHaMeTpa, TJe 3TU €MKOCTH
pasmematrorcs. [lomoOHBIM MaliMHaM, HCHOJIB3YEMbIM B Ha-
CTOSIILIEE BPEMSI, TPEOYIOTCSI pa3Mephl TyYHHENeH 5,5x5,5 m.
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B Huaepaangax paspaboTraHa KOHIIEHIMS XpaHEHUS pa-
JTMOAKTUBHBIX OTXOJ0B B COJIAHBIX (popmanusx. XpaHUJIHUILE
OyJIeT COCTOSITh M3 Psijia TOPU3OHTAIBHBIX Tajiepel JJIMHOU IO
200 m, mporaeHHbIx ¢ nHTEpBaoM 40 M. B ux creHax Kaxple
10 M OypsITCSI KOPOTKUE TOPU3OHTAIBHBIE CKBAXKUHBI JJIMHOM IO
4,3 M, B KOTOPBIX Pa3MEIIAOTCA KOHTEUHEPHI C PAJIUOAKTHBHBI-
MU oTxoaaMH. KosblieBoe MpOCTpaHCTBO BOKPYI KOHTEHHEpa
3amoJIHSAETCSl IPO0JICHONM KaMEeHHOUM cojblo. Takas cxema mpej-
MIOJIAarac€T BO3MOKHOCTh H3BJICUCHUS KOHTEHHEpPOB uepe3 100
JeT, KOorja CIeuaJbHOM MalluHOW OyJeT pa3OypeHO KOJIBIO
IpoOJIEHOM COJIM BOKPYT KOHTEHHEpA.

B ®unasaauu, B Onkuinyoto (Olkiluoto) moazemuoe xpa-
HUJIMILE OTXOJOB CPEJAHEr0 W HHU3KOrO YpPOBHS pabOTaeT ¢
1992 r. 31ech OTXOABI XpaHATCS B CHIIOCAX, 3aKPEIJICHHBIX Oe-
ToHOM, Ha riayoune 70...100 m (puc. 3.35 1B. Bki1.). Cpok CIIyX-
Obl xpanunuiua - 40 ner. Ha puc. 3.36 (1B. BKJI.) MOKa3aHO Xpa-
Hunuile JloBuuca (Loviisa), KOTOpOE CTPOUTCS B T'PaHUTHOM
MAacCUBE MEXK]y JIBYMS 30HAMHM TEKTOHHYECKHUX HApPYLICHUN U
pacmnojioxkeHo Ha riyoude 110 m. Xpanuiuiie npeaHazHaueHo
U1 OTXOJA0B MECTHOW aTOMHOMW 3JIEKTPOCTAHIIMU U CTPOUTEIIb-
CTBO OYJIET BBIMOJIHATHCS B TPU CTAJMU, TTOCHETHSAS U3 KOTOPHIX
HameudeHa Ha 2020 r.

Ha puc. 3.37 nokazaHa cxema IOJ3€MHOI0 XpaHWIMIIA pa-
JTMOAKTUBHBIX OTXOJ0B, 3aljaHupoBaHHOrO B besbrum. K tyn-
HEJIsIM XpaHEHMs OyJIeT MPOWJEHO JBa BEPTUKAJIBHBIX CTBOJIA:
CTBOJI A — ISl TPY30IOIbEMHBIX ONEpalvii U BbIAAYU UCXOISI-
EW CTPYyX BO3JyXa U CTBOJ B mys ciycka-noabema JIOAEH U
noJa4yu CBEKETO BO3AyXa. B mepBhIl mepuoj CKIagupOBAHUS
OTXOJIOB OYAyT MCIIOJIB30BaThCA rajepe 1-5, B JajgbHEHIeM —
rajgepen 6-10. B TyHHensax xpaHEeHUsI B CTEHbI WM MOYBY OY-
PATCSL CKBOKUHBI, T/I€ pacIoaratoTcss KAHUCTPBI C OTXOIaMHU.

Ha puc. 3.38 (uB. BKJI.) NOKa3aH NEPCIEKTUBHBIA KOMILIEKC
xpanenus: Onanunyc (Opalinus), IIBedinapusi. Mecto cTpou-
TEJILCTBA PACIOJIOKEHO HA CEBEPE CTPAHBI BO3JIC TPAHULBI C
I'epmanueit. K MecTy XpaHeHUs C IIOBEPXHOCTH OyAyT Ipom/ie-
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Puc. 3.37. Cxema xpanwiuma orxoaoB B bejbruu
a - KOMIUIEKC MOJI3EMHOTO XPaHEHHUsI OTX0JI0B; O — cxema OypeHus
CKBaXXHH B CTCHbI TYHHCJIA

Hbl BEPTUKAJIBHBIM CTBOJI U MOABOJAIIMN HAKIOHHBIM TYHHEIb.
Xpanunuiie oOmei miomaabn 2 KM pacrioyiaraeTcsi B TJIMHS-
HoM popmaruu Onanunyc Kieit (Opalinus Clay).
Ha puc. 3.39 (uB. Bxi1.) 1 3.40 (uB. BKJI.) IIPEJICTABJICHBI COOT-
BETCTBEHHO €BPOIEUCKAass M SIOHCKAS KOHUEHUIHUU MOIA3EMHOTO
XPAHEHUSI OTXOJA0B C BBICOKMM YPOBHEM PATHOAKTUBHOCTH.

KpomMme nmpoekTHpOBaHUS M CTPOUTEIHCTBA XPaHWJIUIL pa-
JTUOAKTUBHBIX OTXOHO0B, B IMOCJCIHUE TOJbI O0JIHIIIOC BHUMAHUE
YICISETCA N3YUYCHUIO YCIIOBUM UX XpaHeHUs. C 3TOU Ke 1EIIbIO
B PA3HBIX CTPaHaX COOPYKAKTCS ITOJA3EMHBIC HMCCIIEI0BATEIb-
CKHe J1adopaTopHH, 4acTh KOTOPBIX OyJET CYIIECTBOBAThH JIJIH-
TEJIBbHOE BPEMS TSI YUCTO HAYUHBIX LIEJIEU, IPYyTas 4acTh MOCIE
BBITIOJTHEHUSI HAYYHBIX (DYHKIIUM pACHIUPSAETCS, YTOOBI MCIIOJIb-
30BaThCs B KauecTBE XpaHuiuia. Tak, B Simonum onyO1uKoBa-
Ha IporpamMmMa HCCe0BaTeIbCKUX U MPOCKTHBIX padOT CTPOU-
TeJIbCTBA XPaHWIHUIIA SIACPHBIX OTX0J0B B I. XopoHobOe (Horo-
nobe-town), octpoB Xokkaiigo (puc. 3.41 up. Bki.). Ilo 3TOM
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IporpaMMe HaMEUE€HO CTPOUTEILCTBO MOA3EMHOM J1a00OpaTOPHH,
PYKOBOJCTBOM KOTOPOH C BJIACTAMH OCTpPOBa 3aKJIIOYEHO CO-
rJIallieHue O TOM, YTO JUIsl UCCJIEAOBAHUN HE OYIyT 3aBO3UTHCSA
OTXOJIbl C BBICOKMM YPOBHEM PaJUOAKTUBHOCTH, & €€ MOJ3EM-
HbIE KOMIUJIEKChI — HMCHOJIb30BAThCS JJIsl CKIIAJAUPOBAHUSI OTXO-
noB. B naboparopuu OyAyT M3ydaThCs YCIOBUS UX XPAHEHUS,
pa3pabaThIBaTHCSA METOA0JIOTHS U TEXHUKA HAOMIOACHUM, HHXKE-
HEpPHBIC PEIICHUS U1 CO3JaHUsl TOJ3EMHBIX XPaHWIUIL Ha
OOJIBIIION TITyOUHE.

K mecty pacnonoxenus nadoparopuu Ha riryoude 500 m
HaMe4eHa IPOXOoJKa 3 BEPTHUKAIbHBIX CTBOJIOB, PACCTOSHUE
MEX1y KOTopbiMU paBHO 70 M. J[Ba U3 HUX — rPy30M0AbEMHBIE,
IAaMeTpoM 10 6,5 M, BEHTWIAIMOHHBIA — 4,5 M. DKCIIEpUMEH-
TAJIbHBIE TYHHEIIM apPOYHOTO CEYCHHUs C IUPUHOM 4 M MPOXO-
narcs Ha Tiryouse 250 M u 500 m o6miert gnuHon 1600 M.

JInst pellieHuss BONPOCOB XPAHEHHS OTXOJOB C BBICOKHUM
YPOBHEM PAJIMOAKTUBHOCTH U JJIUTEIBHBIM MEPUOJIOM pacliaia
Bo @panuuu crpoutcs u B 2006 r. OyaeT 3aBepiieHa Moa3eM-
Has uccliegoBaTenbckas taboparopus Ha riyoude 500 M B riu-
HsHOU (popmanuu Bo3pactoM 150 miH. et (puc. 3.42 0B. BKIL.).
3nech OynyT MPONJEHBI ABA TYHHEINS JJIMHOW HECKOJBKO COT
METPOB B CEBEPO-3aMaHOM U CEBEPO-BOCTOYHOM HaIpaBJICHHU-
X, BBIOPAHHBIX B COOTBETCTBUM C PErMOHAJIbHBIMU 30HAMU Ha-
pYUIEHHBIX TTOpOA. TyHHENM KpemsiTcs METALIMYECKUMU apKa-
MU C IIUPUHOU IposieTa 4 M U UHTEPBAIOM | M. ITOYBa MOKPHI-
BaeTCs OETOHOM M, €CJIM HEOOXOAMMO, apKu OyIyT JOIMOJIHEHBI
aHKEPHBIMU O00JITaMU U OETOHOM.

ITogoOHble 3aaun MocTaBiaeHbl niepe] Jadoparopuein OH-
KAJIO (ONKALO), ®unnssaaus, Kotopast OyJ1eT CTPOUTHCS B T.
Onakunyoto (Olkiluoto) (puc. 3.43 nB. Bki.). MccienoBareinb-
CKUI KOMIIJIEKC pacroJiaraercsi Ha (pakTUYeCKoil riyOuHe Oy-
nymero xpanunuia 400...500 M 1 B TaJIbHEUIIIEM BOUJET B HE-
ro COCTaBHOU 4acThio. [IpenycMoTpena npoxoaKa noABOAIIETO
HAKJIOHHOTO TYHHEJS, BEPTUKAILHON BEHTUJIAIIMOHHOW IIAXThI
Y UCCJIEIOBATEIIbCKUX TOPU30HTOB.
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[TomzemHasi ucciegoBaTeiabckas jadoparopus MaHuToOa
(Manitoba), Bunnuner, Kanana, npegHasHadueHa aJisi U3y4eHus
YCJIOBUM XpaHEHUsS OTPaOOTAHHOTO SJIEPHOTO TOIJIMBA B CTa-
ownbHbIX TOpoaax Kanaackoro reosiorndeckoro muta. ['aB-
HbIE€ TOPHBIE PA0OTHI, MPEANPUHSITHIE ISl COOPYKEHUS J1abopa-
TOPHUH, BKJIIOYAIOT B ce0s IJIaBHBINA CTBOJI ri1youHoi 443 M, uc-
CJIEOBATEIbCKUE KOMIUIEKCHI Ha ropuzoHTax 240 M u 420 wm,
IPOMEKYTOYHBIC TTPUCTBOJIBHBIE CTAHIIMHA HA TOpu30oHTax 130 M
1 300 M ¥ BEHTWISILIMOHHYIO CKBaXXWUHY auameTpoM 1,8 M (puc.
3.44). B cocTaB MoA3eMHBIX KOMIUJIEKCOB BXOJSIT TYHHEJH -
puHOi 3,5 M, BBICOTOM 3,5 M, KOTOPBIE MPOXOAATCS OyPOB3PHIB-
HbIM crniocooom. IlpuMeHsieMblii B HUX METOJ KOHTYPHOIO
B3PBIBAHUS (PACIOJIOKEHNE CKBAXUH B CEUCHUHU TYHHEIS CM.
puc. 3.45) no3Boisier odec-
IIEYUTh MPOCKTHBIM pa3mep
ceyeHusi 0e3 JIOMOJHUTENb-
HbIX pa0OT MO BbIpABHUBA-
HUIO €r0 OYEPTAHUM I10CIE
B3pbIBaHUs (puc. 3.46).

Jlabopatopuss  Xeitgec
(Hades), beabrusi, uccie-
Tyromast BO3MOKHOCTH
NS 240 Lovel XpPaHEHUS PaJIHUOAKTUBHBIX
OTXOJIOB C BBICOKHM YPOB-
HEM PAaJMOAKTUBHOCTH, pac-
MOJIO)KEHA  Ha  TIIyOuHE
223 M U HUMEET 2 BEpTU-
KaJIbHBIX CTBOJIA W TOpH-
30HTaJIbHBIA TYHHENIb (pHC.
3.47). Ona mnpeaHa3zHadYeHA
UL WCCIE0OBaHUS  BO3-
Puc. 3.44. Cxema pacnosioxkenuss ~ MOKXHOCTH  CKJIAIMPOBaHUA
OCHOBHBIX FT'OPHBIX BHIPA0OTOK OTXOJOB B MOIIIHOM CJO€

MO/3eMHOii J1abopaTopuu [JIMHBI, KOTOpasi M3-3a CBO-
ManuToba UX IUIACTUYHBIX CBOMCTB
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Puc. 3.45. PacnoJiokeHue
CKBaKHH JJI1 B3PbIBHBIX Pa0do0T B
CeYeHUM TyHHeJIsI

UMEET CKJIOHHOCTb K KOH-
BEPrEHIMU, T.€. CMBIKAHUIO
C TEUYCHHUEM BpPEMEHH KOH-
TYpPOB F'OPHBIX BEIPAOOTOK.
[Ipu coopyxeHuu nox-

' 36MHBIX XPaHWJIUNL OTXOJ0B

C BBICOKMM YPOBHEM Pajuo-
aKTUBHOCTH, KpOM€ OOBbIU-
HBIX BOIPOCOB TI'€OMEXAHU-
KM U YCTOMYMBOCTH TOPHBIX
BBIPA0OTOK, BO3HUKAIOT CO-
BEPILIEHHO HOBBIE MpPOOJIe-
MBI, CBSI3aHHBIE C BBICOKOH
TEMIIEPATYPOU OTXO/IOB.
Tak, MOI[GJIHpOBaHI/Ie rIIy-

F)-

Puc. 3.46. Bua yuacTka TyHHeJIsl IOCJIe IPOBeIeHUs B3PbIBHBIX
padoT M OTIPY3KH OTOMTOM MOPOABI
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OunHbl xpaHeHus: 6osiee 200 M OTXOOB aTOMHBIX AJIEKTPOCTAH-
muit, uMerommux Temmepatypy 200, m  Goiee XOIOIHBIX
(60°...90°C) 0TXOHOB SIEPHOTO OPYXKHUS MOKA3aIH, Y4TO IMOCHE
500 steT XpaHEHHS B OKPY’KAIONIMX MOPOJAAX BO3HUKAIOT 3HAYM-
TeJIbHbIE U HeoOpaTumble u3MeHeHud. [logzemuas Boga, coaep-
KaIasiCsi B OKPECTHOCTSIX 3aXOPOHEHHBIX OTXOJIOB MO/ BO3/ICH-
CTBUEM HX BBICOKOM TeMIleparypsl ucrapsercs. [lap, nepen rem,
KaK CKOHJICHCUPOBATHCS, PACTIPOCTPAHSICTCS HA JIECATKU MET-
poB. KoHeHCUpOBaHHAs BOJA PACTBOPSIET Majble KOJIMYECTBA
MUHEPATIOB, MOJACTUIAIONIUX IMMOPHI TOPHBIX MOPOJ U 30HBI MX
npoonenus (puc. 3.48 uB. BKI., 3.49 uB. BKI.). Korga Boaa 3a-
TE€M CTEKAET BHU3 K XPAHWIMILY OTXOJ0B, OHA TAK¥KE PaCTBOPSI-
€T MUHEpPaJIbl, KOTOPbIE C TCUCHUEM BPEMEHH AKKyMYJIUPYIOTCS
U CO3JaI0T HaJ TYHHEISIMH XpaHEHHUs KyIloJyia YIIOTHEHHBIX
ropusix nopod. IIpu pocte TemmepaTypsl pasMep KymoJia yBe-
JUYMBAETCS. DTU KYIOJa MPOJ0JIKAIT CyIIECTBOBATh JIaKe IO-
cie 3000 net xpaHeHUs.
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Puc. 3.47. CxeMa 0CHOBHBIX T'OPHBIX BHIPA0OOTOK MOJA3eMHOM
Jaboparopun Xeiijaec
| — mepBas maxta (CTBOJI); 2 — BTOpas maxta (CTBOJ); 3 - TOPU3OHTAb-
HBIW TYHHEJb; 4 — UCCIE0BATEIbCKUIN TYHHEIb; 5 — CTPOSIIHECS UC-
CJIE0BATEIbCKAE CTAaHLIUH
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Ha puc. 3.50 (uB. BKJI.) MOKa3aHbl MONEPEYHBIA U MPO-
TOJBHBIM Pa3pe3bl M0 TYHHENSIM XPaHWJIUIA, HA KOTOPBIX BUJI-
HO, YTO pa3Mep KyIoja YIUIOTHEHHBIX MOPOJ HaJl TYHHEJIEM C
«rOpPSIYMMHU» OTXOJaMHu (PO30BBIM I1IBET) 3HAYMUTEIBLHO BBHIIIIE,
YEeM HaJl «XOJIOAHBIMMI.

Jlpyroil COBpEMEHHBIU MOAXOJ K WU3YUYECHUIO COCTOSAHUSA U
MEXaHUKHM TOPHBIX TMOPOJa Ha OOJbIIMX TJIyOMHAX XPaHWUJIMIIL
ANEPHBIX OTXOJ0B — NPUMEHEHUE HEPA3ZPYILIAOIIUX TOPHBIN
MacCUB METOJ0B TOMOrpaduu, U3BECTHBIX B MEIUIIMHE, KOTO-
phI€ MO3BOJISIOT MMOCIOMHO UCCIIEA0BATh BHYTPEHHIOK CTPYKTY-
py 00bEKTa 3ByKOBBIMU WJIM CEMCMUYECKMMU BOJTHAMH.
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I'/TABA 4. HAYYHBIE ITIOA3EMHBIE CTPYKTYPbI

4.1 @usuueckue navopamopuu CIIIA

Hayunble nabopatopuu ABJISIOTCS YHUKAJIbHBIMHU IO pa3-
MepaM M METOJIaM CTPOMTEIbCTBA IMOJI3EMHBIMU CTPYKTYpPaMHU.
VYcraHoBKka COBpEMEHHBIX (DU3UUECKHX MPUOOPOB TpeOyeT co-
OPY’KEHUSI BECbMa KPYIHBIX MOJIOCTEH, KOMIIOHOBKA KOTOPBIX
ONPEAEIACTCS B3aUMOJCUCTBUEM YCTAaHOBJICHHOTO B HHX 000-
pyaoBanusi. COOTBETCTBEHHO YCIOXKHSIOTCS Kpelb ITUX IOJIO0C-
TEeW ¥ IPOU3BOJCTBO TOPHO-ITPOXOIUECKUX PalOT.

['maBHas npuyMHA TOA3EMHOIO PACIOJIOKEHUS (U3NUe-
CKHMX JIaDOpaTopuid — HEOOXOJAUMOCTh CO3JaTh IIUT JIJII OYEHb
YyBCTBUTEJIBHBIX JIETEKTOPOB OT KOCMHUYECKHUX JIyueW, Mora-
JAIOIIUX Ha MOBEPXHOCTh 3€MJIM M3 BHEIIHETO MPOCTPAHCTBA.
Bcenbimku B AeTeKTOpax Ha MOBEPXHOCTH 3€MJIM, BHI3bIBAEMbIC
AJIEMEHTAPHBIMHM YACTUIIAMU KOCMHUYECKHUX JIy4YE€l, CYILECTBEH-
HO Mpeo0JIalatoT HaJl BCHOBIIMIKAMU HEHTPUHO, MACKUPYS HAJIM-
yye IMOCJIeIHUX, KOTOPhIE, COOCTBEHHO, U SIBIISIIOTCS OOBEKTOM
UCCIIEIOBAHUS.

[Ipu pacnonoxkeHuu J1adopaTOpHil MO 3€MJIEH KOJIMYECTBO
YacTUI] KOCMUYECKUX JIy4yel CYIIECTBEHHO YMEHbIIAETCs, IO-
CKOJIBKY OHM TIOIJIOIIAIOTCS TOJIIEH TOPHBIX IMOPOJ, IMOKPbI-
BAIOIIUX IMOJI3EMHBIE TTOJIOCTH.

IMonzemuas ¢puznveckas jgadoparopusi Caygan (Soudan
Underground Phisics Laboratory) pacnonoxkena B Can-Jlyn,
mTar MUHHECOTa B JKEJIE30pyIHOM IIAaxXTe, 3aKphITOU O0K0J0 40
net Hazal. ['eonornueckuii pa3pe3 MECTOPOKICHUS MOKa3aH Ha
puc. 4.1. JlabopaTtopusi COCTOUT U3 TPEX KOMILJIEKCOB.

[lepBbiii u3 HuX — Caynan-1 — pacnoisioxkeH Ha 23 rOpU30H-
T€ IIAXThl U Ha4Yaa BecTu puszndeckue uccienopanus ¢ 1980 r.

BTopeiM koMIuieKcoM sBsieTcs neppas (aza jgaboparopuu
Caynan-2, pacrnoyiokeHHasi Ha 27 TOpU30HTE 1IAXThl Ha TIIyOuHe
713 M, padoTtaromas ¢ 1989 r. (puc. 4.2). OHa COCTOUT M3 IO/I-
BOJISIIIUX BBIPAOOTOK M OCHOBHOM IOJOCTH JJIMHON 72 M, IIH-
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Puc. 4.1. I'eosiornvyecknii paspes mecropoxxkaenus Cayjaan
1 — nmabopatopust Caygan-1 Ha 23 ropu3oHTe MaXThI; 2 - JabopaTopus
Caynan-2 (Bxaroudast nmpoekt NUMI-MINOS) na 27 ropuzonte; 3 — Me-
CTOPOKJICHUE KEIE3HOU py/ibl; 4 — TOPU3OHTHI Pa3pabOTKU; 5 - TUOPUT

Tpernii KOMIUIEKC TaK»X€ Ppacrojio)KeH Ha 27 TOPU30HTE
IIAXThl U SBJSETCS COCTaBHOW 4yacThio jabopatopun CaynaH-2.
Ero cTpouTensCTBO 3aBEPIIAECTCA U MIEPBBIE HAYYHBIEC PE3yIbTA-
Thl OkuaarTcsa B 2005 r. 31ech pacioioxKeH COBPEMEHHBIN Jie-
TEKTOp OOHapykKeHus aneMeHTapHbix yactul, MINOS, mis ko-
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TOPOTO COOPYKE€HA ITOJIOCTh JIMHOM 82 M, mMUpuHON 14,5 M u
BBICOTOU 12 M.

Puc. 4.2. Iloasemublii 1a00paTopHbIi Komiieke Cayaan-2
1 — cymiecTByOLIUM CTBOJ; 2 — MOJOCTh JECUCTBYIOIIEH JabopaTopuu
Caynan-2; 3 — monocth «JajibHero» aerekropa MINOS

JlabopaTopHble KOMIUIEKCHI IaxThl CayJaH TEepPEeKPHITHI
TOJIIIEN IUIOTHOTO TPAHUTA C BO3PACTOM MPUMEPHO 2 MIIPJ. JIET.

EcrecTBeHHas Temieparypa B maxte cocrapisier 11°C, ot-
HOCHUTEJIbHAs BIaXXHOCTh Bo3ayxa moutu 100%, HO mabopato-
pHS ¢ TOfaMH paboTHl Iprodpena Temmepatypy 22°C 1 BIak-
HOCTh 50%. IlockoJibKy CBEXHUN BO3MyX B JIaDOpPaTOPHUIO
MINOS Oyzaetr noctynarh U3 IIaxThl, €T0 TEMIIEpaTypa U BIIAX-
HOCTb CPaBHSIOTCS C IIAXTHBIMU.

Hayunsle nmabopaTopuu 0OCIYy>KMBAOTCS CYIIECTBYIOIIUM
rpy30noabeMHbIM cTBoJIOM Ne 8 OwiBmiew mraxtel CayjaH, Ha-
KIIOHEHHBIM K TOpH30HTY nox yriom 78° (puc. 4.3) ¢ knersmu
pasMepamu B I1aHe 2x1 M, KOTOpbI€ MOTYT MOJHUMATh WM
CITyCKaTh I'py3bl JIMHOU 10 12 M u BecoMm j0 6 T. B Oyaymiem
IJ1s1 HOpMaJIbHOW paOoThl Ta00paTOpUM HAMEUAETCsl MPOUTH HO-



Puc. 4.3. Cxema BckpbiTus maxtbl Caynan
1 — cTBOJI; 2 — MOBEPXHOCTHBIN KOMILIEKC; 3 —
BCKPBIBAIOIIUE BBIPAOOTKU TOPU30OHTOB; 4 - 1a00-
paropust CaynaH-2

BbIll BEPTUKAIBHBIN CTBOJI JIUAMETPOM 5 M C
MOBEPXHOCTH JI0 TIIyOuHbI 1450 M 1 «cneno»
(T.e. 0e3 BBIXOAA Ha IOBEPXHOCTh) CTBOJI C
3TOM TiyOuHbI A0 ropuzoHTa 2500 m. Ilpen-
MOJIAraeTcsl TaK)Ke IPOBEICHUE HAKIOHHOTO
TYHHENA IO YIJIOM 8° ¢ pasmepamu cedeHus
5x4 m mexay ropuzontamu 1450 m u 2500 m.

He BpaBasicb moapoOHO B (u3nyUecKue
npoOJsiemMbl, pemiaembie Jadopatopuein Cay-
JlaH, CJIeAyeT TOJBbKO OTMETUTb, UTO OHA SIB-
JSI€TCS OJTHUM W3 CaMbIX U3BECTHBIX B MHUpPE
MOJA3EMHBIX HayudHbIX LIeHTpoB. Ha riyOune
€€ paCIOJIOKEHUS KOJMYECTBO AJIEMEHTAPHBIX
YaCTUI], TPUHOCUMBIX KOCMHYECKHUMHU JIyya-
MH, yMeHbIaeTcss B 100 ThIC. pa3 mo cpaBHe-
HUIO C MCXOOHOM BEIMYMHOM, HAOIIOZacMOu
Ha MOBEPXHOCTH.

Bot nouemy (pusrikamu mupa ¢ OOJbIIMM UHTEPECOM OXKH-
JarTCs pe3yibTaThl paboThl gerekTopa MINOS, Tem Ooree,
4YTO, KPOME CaAMOCTOATENIbHBIX (DYHKIIMI, OH SIBISETCS TaKXKe
cocTaBHOM yacThio npoekta NuMi-MINOS.

CoriacHo 3TOMY MPOEKTY YCKOpUTENb Jlaboparopun dep-
mmitad (Fermilab-Fermi National Accelerator Laboratory), pac-
nonoxkeHHod B 70 kM ot Yukaro, Oyzner reHepupoBaTh MOTOK
npoToHOB (puc. 4.4-4.6 1B. BKJI.). DTOT MOTOK HAIIPABJIACTCS B
CIelIMaIbHY0 TpaUTOBYIO MHIIECHb, TJ€ MPOU3BOJUT HOBBIC
YacTUIlbl, Ha3blBa€Mble MIOOHAMU. Jlajee MIOOHBI JBUTAIOTCS
BJI0JIb TPYOBI JyIMHON 670 M, HaXOJAIIEHCS B «TYHHEIE pacmna-
na» (Decay Tunnel) (puc. 4.7-4.10 1. BKJL.), TI€ OHU pacriaja-
I0TCS, IPOU3BO/IsI HEUTPOHBI. CO3/1aI0TCS TAKXKE M JIPyTUe 4ac-
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THUIIbI, HO OHU OCTAHABJIMBAIOTCS B KOHIIE TPYOBI CTAJIbHBIM «a]I-
copOepom» TOAMHON 10 M ¥ TOPHBIMH MOPOJAAMHU TOJIIUHOU
240 m.

HeuTpuHo, NpakTUUECKU HE 3aJ€PKUBASACH ITUMU IIPETIAT-
CTBUSIMH, ITPOXOJAT CKBO3b HUX M CKBO3b 3€MHYIO TOJIIY MEX-
ny naboparopusimu depmunad u CaygaH paBHyro 735 kM. [le-
TEKTOPBI, PACIIOJ0XKEHHBIC BOMM3M jaabopatopun Depmmiad
(«ommxauin» NuMi) u B maboparopun CayjaH («IaJbHUND
MINOS) (puc. 4.11-4.14 uB. BkJ.), OyayT CONOCTABIATH KOJIM-
YECTBO OOHAPYKEHHBIX YACTHII, YTO, BO3MOKHO, ITO3BOJIUT y4e-
HBIM BBISIBUTH Maccy HeUTpuHo. Jlerektop Caynana («1aibHUAN
- MINOS) cocTout 13 IBYX UICHTUYHBIX CYNEP-MOIYJICH, KaxK-
IbIA U3 KOTOPBIX UMEET JNIMHY 15 M u mmpuny 8 M. Bmecte onn
BecsaT Oonee 6 Thic. T. Jlerekrop Depmuinada («OIKHUI
NuMi) nogo0eH «aaapHeMy», HO BECUT | ThIC. T.

[TonocTh, npolieHHass U MOATOTOBJICHHAS MUl YCTaHOBKHU
o0opyi0oBaHus nepBoil gaszwl madboparopuu CaynaH-2, mokasaHa
Ha puc. 4.15 (1B. BKIL.).

[Ipoxoaka ropHeIX BbIpaOOTOK nadbopaTtopun CayaH Mpo-
U3BOJUJIACH C MOMOIIBIO OypPOB3PBHIBHBIX padOT. beuio n3BIeUe-
HO okono 100 Thic. M’ TTOpoBL. PaGOTEI MO CTPOHTEIBCTBY II0-
JIOCTEH BEJIMCH C MPOBEJACHUEM BHauajie ONEPEKaAroIEero TyHHE-
Js. MQJIOTO CEYEHHS B KPOBJE MOJOCTH C IMOCICIYIOIIUM €ro
pacmpenueM. [loaaepkanue KpoBJIM OCYLIECTBIISIIOCh aHKEP-
HBIMHU 00JITAMU, HAOPHI3TOETOHOM U KEJI€300€TOHHOMN KPETIhIO.

IIpu crpoutenbcTBe KoMIuiekca NuMi jmadbopatopun dep-
MuJ1ad B pailoHe «3ana muinenn» (Target Hall) Oputn ipoliieHsl
IBE€ MIAXThl auameTrpoMm no & M. OTCroga Havamach MPOXOJKA
TyHHEJE OypOBOW TYHHEJIbHOW MAIIMHOW JAuaMeTpoM 6,5 M.
[Tocrme mpoXoJaku TyHHENs MalluHa OblIa BbIJaHAa Ha IMOBEPX-
HOCTBh 4epe3 MaxTy «OJMmKHero» aerexkropa (puc. 4.16).

[logzemHbie TOMEIIEHUST J1TaOOpPaTOPUM, KPOME HAy4HOTO
000Opy/1I0BaHMUs, OCHAIIEHbl MOCTOBBIMM KpaHaMH, d3JIEKTpHUYe-
CKMMH, BEHTUISILIMOHHBIMUA Y YIIPaBJISIONIMMU CUCTEMaMHU (puc.
4.17 uB. BKIL.)
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Puc. 4.16. IlocnenoBareibHOCTH CTPOUTEIBCTBA MOA3EMHOM
noJsioctu 3aja muinenun «Target Hall» nadopatopuu ®@epmminad
1 — cymiecTBytolEe 3JaHUE CIIY>KO TJIAaBHOTO MHKEKTOpa; 2 — CYIIECT-
BYIOILIUW YCKOPUTEND;, 3 — YPOBEHb BATYHHOU IJIMHBI, 4 — YPOBEHb
CKJIbHBIX MOPOJI; 5 — MOJIOCTh 3aj1a MUILICHU; 6 — BEepTUKaIbHas 111aXTa;
7 — BCIOMOTaTeJIbHBIE KaMephl; 8 —OJIOKH 3alIUThl 000PYI0BAHUS

Iloozemnana nayuonanwvnaa nadopamopus Xoymcmeux
(Homestake Underground National Laboratory) pacnonaraercs
B OBIBIIIEH 30JI0TOJO0OBIBAIONIECH IaXTe XOyMCTeUK, mrat HOx-
Hasa Jlakora, CILIA (puc. 4.18 1uB. Bki.). [llaxTa paborana npu-
mepHo 125 ner, Obuta 3akpbita B 2000 1. 1 umeer 6osee 800 kM
TOPHBIX BBIPAOOTOK Ha Pa3HbIX TOPU3OHTAX C HAMOOJIBIIEH TITy-
OuHOM pa3padboTku 2,6 KM.

MecToposkieHue 30J10Ta BCKPBHITO JABYMS TJIaBHBIMU CTBO-
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aamu SAtec u Pocc, nocturaromux riyounsl 4850 dbytoB (1480
M) (puc. 4.19 1nB. Bki.). CTBOJN flTeC 3akperieH AepeBIHHOU
KPENbIO U PA3JIeJICH HA YEThIPE OTACICHUS — JIBA CKUITOBBIX JJIs
BbIJJAYM PYJAbl U JBa KIETEBBIX JJISI JIIOAEH U O00OpYJOBAHUS.
CtBon Pocc 000py10BaH ABYXCKHUIIOBBIM U JIByX3TaXHbBIM KJI€-
TeBbIM moabemMamu. Ha ropuszonte 4850 ¢ cTBOIBI CBS3aHBI
TJIaBHBIM TyHHEJNEM JUIMHOM | kM n ceuenneM 4x4 m. [ opuson-
Tel HUKE 4850 ¢ BCKpBITBI TaKk Ha3bIBAEMBIMHU «CIICTIBIMU
CTBOJIAaMH, HE HMEKOIIUMHU IMPAMOIr0 BBIXOJAa Ha MOBEPXHOCT.
[TonpremMHOE 000pyIOBaHUE B CTBOJIAX OBLIO YCTAaHOBJICHO €IIIE B
roJibl BTopoii MUpPOBOM BOWHHI.

Pynnoe teno kaxasie 45...50 M 1o riiyOMHE BCKPBITO yya-
CTKOBBIMH MTPOJOJIbHBIMU U MOMEPEYHBIMUA BBIPA0OOTKAMH, YEPE3
KOTOpbI€ IPOU3BOAMIACH 100bIYa py bl (puc. 4.20 1B. BKIL.).

[Ipu pasmelenur gadbopaTopuu B IaxTe XOyMCTEHK Oy-
IyT MCIOJB30BaThCsA CTBOJIBI frec, Pocc m «ciaenou» CTBOI
No 6. CrBox ftec ¢ pasmepamu ceuenus 8,4x4,7 M pEKOHCTPYH-
pyeTcs ¢ 3aMEHOM JIEpPEBAHHON Kpenu Ha METAJNIMUECKYIO (pHC.
4.21). B crBonax Pocc u Ne 6 HaBemmBarOTCs KJIETEBbIC MOIbE-
MbI (puc. 4.22), B HUX TakKxe OyayT pa3MeEIIeHbl OTJACICHUS IS
aBAPUIHOIO BBIXOJIA JIOAECH, TPYO U MPOTUBOBECOB MOABEMHBIX
yCTaHOBOK. lIpemycmMoTpeHa 3amMeHa yCTapeBIIEr0 MeEXaHW4Ye-
CKOT'O M 3JIEKTpUYECKOro o0opynoBaHusi. CBs3b MEXAY TOpH-
3oHTamMu 4850 ¢ u 8000 ¢, xkpome BEPTUKAIBHBIX CTBOJIOB,
OCYIIIECTBIISIETCS TAK)KE HAKIOHHBIMU TYHHEJSIMM.

[ITaxTa ¥MeeT OOJBIIOE KOJWYECTBO IMOJ3EMHBIX Ka-
MEp — MOMEMICHUW IS Pa3MEIICHUS Pa3JIMYHbIX BCIIOMOTa-
TEJIbHBIX CUCTEM, PACIIOIO0KEHHBIX Ha riayouHax ;10 2100 m. Otu
kamepsl pazmepamu 20x10x50 M mOaIEepKUBAIOTCA, B OCHOB-
HOM, OOBIYHBIMU BUJAMU KPEIH, TAKUMHU, KaK aHKEPHbIC OOJTHI
UM HAaOpBI3TOETOH, W MOTYT NPHUHATH JadOpaTOpUu Ha He-
CKOJIKUX TJIyOMHAaX, 4YTO MOTPEOyeT 3aKPHITUSI HEUCTIOJIb3yEMOU
YaCTU CTApOW IIAXThl U CTPOUTENHCTBA HOBBIX MOJIOCTEH IS
pa3MeIlIeHUs HAy4YHOro o0opyaoBaHusi. JJoCTOMHCTBOM HCHOJIb-
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Puc. 4.21. Ceuenue cTBoJia fTec moc/ie peKOHCTPYKIUU
I — ckunoBoe OTAENCHUE; 2 — KIETEBOE OT/CIICHHUE; 3 — BCIIOMOIraTellb-
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Puc. 4.22. Ceuenus c¢TB0J10B Pocc 1 Ne6 mocsie peKOHCTPYKIUH
a — ceueHue cTtBojia Pocc; 6 — ceyenue cTBoia Ne6; 1 — rimaBHas KJIETh; 2
— oTneneHue s TpyO, MPOTUBOBECA MOABEMHON YCTAHOBKH U BBIXOJA
JOAEN; 3 — aBapuiHas JIFOACKas KIIETh

30BaHMS CYIIECTBYIOIIEH IIaXThl JUIsl CO3JaHuUsl JabopaTopuu
SBJISICTCA HAJW4YUe PA3BUTOM CETH €€ MHPPACTPYKTYphl, BKIIIO-
Yalollen AJIEKTpO- U BOJOCHAOKEHUE, BEHTWISIUIO, OTKAUKY
MOJ3€MHOU BOJIbI, KOHJAUIIMOHUPOBAHUE BO3/yXa, aBapUUHbBIC
BbIxoJibl. Han6Oomnbmias B CIIA riyOuHa pacnosioxxenus: Gpusn-
YECKMX MNPUOOPOB, BO3MOKHOCTH HMX YCTAaHOBKM Ha Pa3HBIX
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YPOBHSIX, BBICOKAsl YCTOMYMBOCTh TOPHBIX MOPO/I, MO3BOJISIOIIAS
COOpYykaTh TOJIOCTH OOJIBIIMX Pa3MepoB cjenaiu XOyMCTEHK
UJeaIbHBIM MECTOM JUIsl HAllMOHAJIBHOM JIaDOpaTOpUH HAyK O
3emie.

[Tomenienus nadoparopuu OyAyT paclojiOKEHbI Ha ABYX
riaBHbIX Topu3oHTax 4850 ¢ u 7900 ¢. Ilocnenuuit — Makcu-
MQIBHO JIOCTUTHYTBIM «CIIenbIM» CTBOJIOM Ne 4, mpe/iHa3HadYeH-
HBIM JJIsl TPY30IOJbEMHBIX ONEpaluii U aBapUMHOTIO BBIXOJIA
aroAen. 3/1ech pacriojiaraeTesl ogHa W3 J1abopaTopuil, TpeOyro-
asi 0COOEHHO OOJIBIIION MOIIHOCTH TOJIIM MOKPHIBAIOIINX MO-
pon.

Ha rop. 4850 ¢, uMmeromem BecbMa BBICOKYHO YCTOWYH-
BOCTh MOPOJ U JIBa CTBOJA C HEMOCPEJACTBEHHBIM BBIXOJIOM HA
MOBEPXHOCTh, COOPYIKaeTcsi BTOpas W3 J1abopaTopuid, IMpeaHa-
3HA4YEHHas ISl UCCIIEIOBAHUM, MPU KOTOPBIX MOIIHOCTb BBbIIIIE-
JeXKAIKUX MOPOJ A0CTaTOYHA JJisi OOECTICUYECHHUS] YUCTOTHI OIbI-
ToB (puc. 4.23; 4.24). Ha puc. 4.25 nokazaHo coopyKeHHE Oaka
JETEKTOpa, HAIOJHIEMOI0 MEPXJIOPITAHOM ISl OOHAPYKEHUS
AJIEMEHTAPHBIX YaCTUI] U YCTAaHABJIMBAEMOTO Ha 3TOM TOPU30H-
Te. EMKocTh 6aka okomno 380 M, imamerp 6 M ¥ JIMHA 0KOJo 15
M. BapuaHThl pa3MelieHus UCClIeq0BaTebCKUX KOMIUIEKCOB Ha
rop. 4850 ¢ u 7400 ¢ nokazansl Ha puc. 4.26; 4.27.

[Tonoctu, rae ycraHaBiuBaeTcsi (pu3myeckoe 00Opy0Ba-
Hue, nocturarT ceyeHun 20x20 M, 30x8 M, 29x18 M U JUIMHBI
40...80 M, TpOTSIKEHHBIE BBIPAOOTKH — CeUueHUU 3X3 M, Npu
apouHoit dopme 4,5x3,6 M. 31ech K€ B JJaJIbHEHIIIEM HaMe4aeT-
Cs pa3MeEIlCHUE TaK Ha3bIBAEMOTO MErajeTeKToOpa, CTPOUTEIIb-
CTBO KOTOpPOro noTpeOdyeT OOJBIINX MPOXOTYECKUX U MOHTAXK-
HBIX pa0OT C MCIOJB30BAHUEM MOJAbEMHBIX YCTAHOBOK CTBOJIOB
Pocc u ‘rec.

Kak yxke yka3plBaJOCh, YCTOWYMBOCTh IOPOJ MIAXThl XO-
YMCTEHK JOCTATOYHO BBICOKA, OJHAKO, B LEISAX OE30MaCHOCTH
JUIsl KPETJICHUsI TTPOTSHKEHHBIX BBIPAOOTOK M MOJIOCTEM MCIOJIb-
3YIOTCSI aHKEpHas Kpelb pa3IuyHOM KOHCTPYKIIMU U HAOPBI3T-
O0€TOH ¢ MeTa/uIM4YecKoil ceTkol (puc. 4.28 1B. BKJIL.). bosbiiue
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ceueHMs TpeOyIOT MHIUBUYAJIBHOTO MOJX0/1a K BEIOOPY KpPEIHu.

Puc. 4.23. CxeMa noa3eMHOM HEUTPUHHOM J1aDOpPATOPUM HA
ropuszonre 4850 ¢pyron
1 — cTBOA SlTec; 2 — OKOIOCTBOMLHBIN ABOP rop. 4850 ¢.; 3 — rmaBHbIN
TyHHEJIb TOPU30HTA; 4 — MPUEMHO-OTIIPABUTENIbHAS TUIOIA/IKA HAKJIOH-
HOT'O TYHHEJISI; 5 — HAKJIOHHBIA TYHHEJIb; 6 — HACOCHAs CTaHUUs; 7 —
rJIaBHAsi KaMepa ¢ COCYJ0M MEPXIJIOPAITAHA; 8§ — KaMepa KOHTPOJIBHOTO
000pya0BaHUS

Kapncoaockaa noozemnan nauyuonaivHas a1adopamopus
(Carlsbad Underground National Laboratory) pacnosaraercsi B
KOMIUIEKCE TOPHBIX BBIPAOOTOK XpaHWUJIMINA PAJTHMOAKTHBHBIX
otxosoB BUIIIT (WIPP-Waste Jsolation Pilot Plant) mirat Hbto-
Mekcuko, CIIA (cm. 1. 3). JIabopatopus npeacTaBiisieT coOoit
KOMILJIEKC MOBEPXHOCTHBIX W MOJ3EMHBIX COOPY>KEHUM, BKIIIO-
YaIolUX, KPOME HAYYHBIX CTPYKTYp, MOJ3E€MHBIC, TPAHCIIOPT-
HbIE M BEHTWISIMOHHBIE CHUCTEMBI. [lOCKOJBKY TMOA3EMHBIN
KOMILJIEKC PACTIOJIOAKEH B COJITHOM CJI0€, HE TPeOyeTCsl HUKAKUX
CHEIHUAIBHBIX YCTPONCTB MO OTKA4YKE BOJIBI — MIPUTOK BOJIBI OT-
CYyTCTBYET.
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 PERCHLOROE THYLENE

Puc. 4.24. UcciienoBaresibCKU KOMILIEKC
HyMepalus MO3UIUN COOTBETCTBYET puc. 4.23
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Puc. 4.25. MoHTa)k cocyaa aJjs NepXJa0pITHIICHA
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Puc. 4.26. BapuanTt pa3MenieHus J1aOoOpaTOPHOr0 KOMILIEKCA HA
ropusonre 4850 ¢
1 — ctBou Pocc; 2 — ctBos Neb; 3 — pacuupsiembie BbIpaOOTKU; 4 - HO-
BbI€ BBIPAOOTKH U KaMEPhI
A
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Puc. 4.27. BapuanT pa3zMenieHus JJa00paTOPHOr0 KOMILIEKCA HA
ropuszonre 7400 ¢
1 — ctBOa Ne6; 2 — ctBOJT Ne7; 3 — HOBBIE BBIPAOOTKHM U KaMephl; 4 — 1ep-
CIIEKTUBHBIC BEIPAOOTKU U KAMEPBI; 5 — CYIIECTBYIONINE BHIPAOOTKH; 6 —
HaIpaBJI€HUE K CTBOJIaM
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Kommekc nabopatopuu BKJIIOYAaEeT B ce0st Tpu (pa3bl (puc.
4.29; 4.30):

- TIepBas PacrojoXeHa Ha TOPU30HTE CYIIECTBYIOIIETO
XpaHWJIMILA PAI0AKTUBHBIX OTXO/IOB;

- BTOpas BKJIIOYAET B c€0s JBa HAKJIIOHHBIX TYHHEJS, MPO-
BOJIMMBIX C TOPU30HTA XpaHwiuiia (rayouHa 655 m) no ropu-
3oHTa 700 M. K 3THM TyHHENAM OyIyT NPUMBIKATh TPU MOJOCTH
¢ pazMepamu cedeHus kaxaon 15x10 m u mmHoun 100 M, KoTO-
pbI€ CBSI3aHBI MOJBOSIIIIMMHA TYHHEIIMU C pa3MepaMy CEYEHUS
6x6 M;

- Ha TPEThEW MpeaycMaTpUBACTCS MPOXOJKAa BEPTUKAIBLHO-
ro CTBOJIa C MOBEPXHOCTH A0 IiyouHsl 1300 M nuamerpom
5,1 M, cBg3anHOorOo C Jsadboparopueir rop. 700 M, «ciIenoro»
ctBoJia Mexay ropu3oHTamMu 700 m u 1300 M U CTPOUTENBCTBO
AKCIIEPUMEHTAIIBHOTO 3aj1a Ha rop. 1300 M.

Hauyuonanvnas noozemnana nayunan naoopamopusn Can-
JIcacunmo (San Jacinto National Underground Science Labo-
ratory) OyaeT pacnojoxeHa K BocToky ot ITanm Crnpunrc (Palm
Springs), Kanudopnus, B ropaoM kpsixke CaH-/[>kaHCUHTO — OJ1-
HOM U3 caMbIX KpyTbhiX U BbicOkuX B CIIA. HeoObrunas reoso-
ruyeckas (opma KpsiKa MO3BOJISIET ¢ MOMOIIBIO TOPU3OHTAIIb-
HOM BBIPAOOTKHU CPAaBHUTEIHHO HEOOIBIION JIMHBI 00ECIICUUTh
3HAYUTENbHYIO0 TONIIy (A0 2,5 KM) TBEPAbIX IMOPOA, MOKPHI-
BAIOIIUX TYHHEJb. ['OpM30OHTaNbHBIE BBIPAOOTKH, CO3AIOIINE
MOJXOJ K MOJ3eMHOM JlabopaTopuu, Bcerna 0oJiee MpeanouTu-
TEJIbHbI, YEM BEPTUKAJIbHBIC, C TOYKHU 3PEHUS TEXHOJOTMHU HX
MPOXOJIKHA, KOHCTPYKIIMM U CTOMMOCTH KPEIH, JOCTABKU KPYTI-
HOra0apuUTHOTO O0O0OpYZIOBaHUs, MPOU3BOAUTEIBHOCTH TpaHC-
opTa.

OaHUM U3 MPEUMYIIECTB PACIOIOKEHUS J1adOpaToOpuu B
ATOM paliOHE SIBJISIETCS BO3MOXKHOCTH BbIOOpa ITyOMHBI €€ pac-
MOJIOKEHUSI, HEOOXOAUMOM ISl M30JISIIUKA OT MOTOKAa KOCMHYE-
CKMX Jydeil. JImMHa TyHHeNs MpU pa3HbIX BapuaHTaxX rTyOUHbI
KoJieosnercss ot 4,6 kM 0 7,6 KM, a MOIIHOCTb TOJIIU IOKPHI-
BAIOIIMX ITOPOJ OT 2,5 KM 110 3,2 kM. boliee mpeanoyTUuTeIbHON
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OblIa MpU3HaHA JIJIMHA TyHHEs 7,6 KM, MO3BOJIAIONIAs 00ecIie-
YUTh HauOOJBIIYI0 TIyOUMHY pacnoyiokeHus: jgadoparopuu. Ha
puc. 4.31 (uB. Bki.), 4.32 (1B. BKJI.) MOKa3aHO HAIpPaBJICHUE
TyHHENA. ['€oJlorndeckuid pa3pe3 Mo Tpacce TYHHENS CM. PHC.
4.33 (uB. BKJL.), Npoduib TOpHOTO IpedHs — puc. 4.34 (11B. BKIL.).

PaccMmarpuBanuch TakKe BaAPUAHTHI KOJIMUYECTBA TYHHETIEH,
o0ecreunBaroIuX JA0CTYI K JIJAOOpaTOPHOMY KOMILIEKCY (puc.
4.35):

- OJJMH TYHHEJb C MPOJOJIbHOW IMOXKAPOYCTONUYUBOU HKeEJle-
300€TOHHOM MEPEropOAKOM TOIIMHON 0,6 M, pa3aelsromeii ero
Ha Tpy30BO€ U JOACKoe oTaeneHusa (puc. 4.35 a) ¢ paauycom
OypOBOM TYHHEJbHON MaluHbI 4,5 M;

- JIBa MAapAJUICJIbHBIX TYHHENS C pajuycoM OypOBON TYyH-
HelbHOM MaruHbl 4,1 M (puc. 4.35 0).

B ciydae enuHOTO TyHHES, pa3/IeICHHOTO MEPErOPOJIKOH,
OH JOJKEH HCIIOJBb30BAThCSA JJIA BCEX OINEPALM — IPy30BOrO U
JIFOJICKOTO TPAHCIIOPTA, MOJAYU CBEXKEU W BBIBOJIA HMCXOISAIICH
CTPYHY BO3JyXa COOTBETCTBEHHO IO JIFOJCKOMY M TPAHCIIOPTHO-
My OTJEJICHUSAM, BBIBOAA JbIMA IMPHU MOXKaApe, Pa3MEIICHUS WH-
XKEHEPHbIX KoMMyHuKaun. Kaxaeie 500 M Ha paclIMpeHHBIX
Y4aCTKaxX TYHHENS B TMEPETOPOAKE IOJKHBI YCTAHABIMBATHCS
repMETUYECKHUE JIBEPU C TaMOYpPOM.

JlocTOMHCTBA €IUHOTO TYHHENSI — €r0 MEHbBIIAsi CTOUMOCTh
110 CPABHEHUIO C JIByMsI ITAPAJUICIIbHBIMHU.

Henocratkamu sBIISIOTCA:

- BO3MOXHBIEC YTEYKH BO3/yXa 4€pe3 ABEPH, COCIUHSIIOIINE
JIBA OTAECIICHUS TYHHEIIS;

- CHM)KEHHME TPAHCIIOPTHBIX BO3MOKHOCTEN MIPU BCTPEUHOM
IBUKECHUU CPEACTB I'PY30BOTO TPAHCIIOPTA;

- MOJIHOE OJIOKUPOBAHUE JIBUKCHUSI TPAHCIOPTA B TYHHETE
IIPU BOSHUKHOBEHUY B HEM aBAPUKWHOM CUTYALUU;

- PACMOJIOKEHNUE BCEX MHKEHEPHBIX KOMMYHHUKAIUW B OX-
HOM TYHHEIJIE;

- OTPAaHUYECHHBIE TPAHCIIOPTHBIE BO3MOKHOCTH IIPU PEKOH-
CTPYKIIMHU W PACIIUPEHUH JJAOOPATOPHOTO KOMILIEKCA.
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Puc. 4.29. CxeMbl pacnoJyiosKeHUusi MCCIIeI0BATEIbCKIUX KOMILIEKCOB
KapucOaackoit HAIMOHAJILHOM J1a00paTOpUH

a — BepTUKaJIbHas cxeMa; O — 1u1aH; | — TOpU30HT XpaHUIIUIIA paIu0aK-
TUBHBIX 0TX0A0B (1-51 haza 1abopaTOpHOro KOMILIEKCA); 2 — TOPU3OHT
700 M (2-s daza); 3 — HoBbIM cTBOJ HA TOpU30HT 1300 M (3-s daza); 4 —
«cnenoi» ¢tBo ¢ ropuzoHTa 700 M Ha ropus3oHT 1300 M (3-51 daza); 5 —
AKCTIIEPUMEHTAIbHBIE TYHHENN; 6 — BEpTUKAJIbHBIC CTBOJIBI XPAHUIINIIA
PaIMOAKTUBHBIX OTXOJIOB; 7 — reoJiorudeckue popmMaruu
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Puc. 4.30. IL.nan ropubix BbipadoTok Ha rop. 700 m — 2-1 ¢a3a
KOMILIEKca JladopaTropuu
1 — 1-a ¢daza komIuiekca tabopaTopuu (CyliecTByomas); 2 — moABOIs-
1e TyHHEeU 2-0# (a3bl; 3 — MOJIOCTH - SKCIIEPUMEHTAIbHBIE 3aJIbI 2-01
(a3

JIBa OT/ACNBbHBIX TyHHENS TPEOYIOT COCIMHEHUN Yepe3 Ka-
xapie 500 M M CTOSAT MOPOXKE, 4YEM OJIMH, HO Y HHUX €CTh Clie-
IYIOIIUE TTPEUMYIIECTBA:

- pa3aeabHbIC MOJadya U BBIBOJ BO3yXa;
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Outbound Cross Section Inbound Cross Section
[ Zm

Puc. 4.35. CeuyeHusi TyHHeJIeH, MOABOAANIAX K HAYYHOH
Jaboparopuu
a — BapUaHT OJJMHOYHOI'O TYHHEJIS; O — BApUAHT CIBOCHHBIX TyHHEJEH

- obecredeHre JBYX pa3lieiibHbIX I'PYy30MOTOKOB B MPOTHU-
BOIIOJIOKHBIX HANPABJICHUSX;

- HaJIMYME 3aIlacHOTO BBIXOJAa MO OJHOMY W3 TYHHEIIEU B
CJIy4ae aBapuu B JIPyTroM;

- IPOKJIAJIKa CETe KOMMYHHUKAIINI B pa3HbIX TYHHEJISIX.
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Bb100p BapraHTa KOJIMYECTBA TYHHENIEH OyAET clleNlaH Mpu
JaJIbHENIIEM IPOEKTUPOBAHUH.

Jlns onpeniesieHust coctaBa M oObeMa MOMEIIeHH 1abopa-
TOPUM OBLTH PACCMOTPEHBI Ceaytone pemeHus (puc. 4.36):
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Puc. 4.36. BapuanTtbl J1a00paTOPHOr0 KOMILIEKCA
a — OOJIBIIION KOMILJIEKC; O — CpeTHUM KOMIUIEKC; B — MaJIblii KOMILJICKC;
1 — sxcniepuMeHTalIbHOE TTIOMEIIEHUE; 2 — o0111ee IToMeIeHue; 3 — 1o-
MEIIIEHUE YKPBITUS; 4 — CTOYHBINA KOJIOAEIL
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- 0OOJIBIIION KOMILIEKC, COCTOSIIIMNA U3 TPEX MOJIOOHBIX IO-
MECIICHUM;

- CpEIHUN KOMIUIEKC — JIB€ AKCIIEPUMEHTAJbHBIX MOJIOCTH
pazmepamu 100x20x20 m;

- MQJIbIM KOMIUIEKC C OJHUM ITOMENICHUEM TaKHUX pa3Me-
pOB.

Bce Tpu BapmaHTa BKJIIOYAIOT B ce0sl BCIIOMOTAaTEIbHbBIC
MOJ3EMHBIE KaMEPbI: TapAXKHO-CKIAJICKYI0 pa3zmepamu 23x30x
x8,5 M, obmiero HazHaueHusa 35x20x20 M, ykportusa 12x10x10 M,
HAaCOCHYIO C IMPOTUBOMOKAPHBIM PE3EPBYAPOM TAKUX KE pa3zMe-
pOB.

B kaudecTBe OCHOBHOTO OBbUI MHPUHAT CPEAHUN BapHUaHT.
MakeTsl 1a00opaTOpHOro KOMIUIEKCa MokazaHbl Ha puc. 4.37 (uB.
BKJ.), 4.38 (1IB. BKIL.).

4.2 @uzuueckue nadbopamopuu cmpan mupa

Oocepsamopusn-nabopamopuss ~ Kamuoxa  (Kamioka
Observatory), Smnonus, Opwia co3gaHa B 1995 r. OHa
pacnosioxkeHa Ha rayouHe 1000 M B TOpHBIX BBIpaOOTKaX
3aKpbITOM NHMHKOBOM mmaxTel Mo3ymu B 300 km 3amagHee
Tokuo. K nabopaTopuu mOoAXOAUT ITOIbHS OBIBIICH MIAXTHI —
TYHHEJIb JJIMHOW MNPUMEPHO 2 KM, CIOCOOHBIA MPOMYCTUTH
CTaHJIApTHBIE Tpeiepsl. Bxoa (mopTan) TyHHENS MOKa3aH Ha
puc. O3OHRIRBRPIBIC U CTAOWIIBHBIE TOPHBIE TOPOJBI MPEIOT-
BpalllatOT MMPOHUKHOBEHUE BO/IbI, TEMIIEpPATypa BO3IyXa COCTaB-
nsier 14°C npu oTHOCHTENBHOM BriaxHOCTH 93%.

JlabopaTopuss Kamnoka cOCTOUT M3 JBYX KOMILIEKCOB (pHC.
4.40 uB. Bki.). IlepBbiii U3 HUX — Kamuokanae (COKpamieHHO
KamLAND) naugan padotars ¢ 1985 r. mo HaOm01€HUIO 32 HEM-
TPOHAMH KOCMHMYECKOTO MPOUCXOXACHHUS. B KOMILUIEKC BXOIUT
€MKOCTb BBICOTOM 16 M 1 tnameTpoM 25,6 M C KyITOJIbHBIM CBO-
oM, kotopas coaepkut 3000 T unctoit Bojbl u okoio 1000 ¢o-
TOYMHOKHUTEJIEH, TPUKPEIUICHHBIX K BHYTPEHHEH MOBEPXHOCTH
(puc. 4.41-4.43 uB. Bki1.). B 1996 r. ObL1 3amyliieH B dKCILTyaTa-
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U0 BTOpOM, Oosee MoiHbIM Komiuieke Cynep-KamumokaHnge
U1 HAOJIOACHUS, KpOME€ HEUTPHUHO, TaKXe WU 3a IMPOTOHAMH.
HunuHaapuueckasa ctpykrypa Beicotor 40 m u quamerpom 40 m
C KyNOJIbHBIM CBOAOM COAEPKUT S0 ThIC. T YMCTOU BOJBI, OKPY-
xeHHo okojio 11000 goroymHoX)uTENbHBIX TPYyO (puc. 4.44-
4.46 1B. BKIL.).

CTOJIKHOBEHUSI HEUTPUHO C DJJIEKTPOHAMM WM SIpaMu
aTOMOB BOJbI MOTYT IPOU3BOJAUTH YAaCTHUILIbI, KOTOPHIE JIBUTAFOT-
cs1 ObICTpee, YEM CKOPOCTh CBETA B BOJIE (XOTs, KOHEYHO, MEJI-
JIEHHEE, YEM CKOPOCTh CBETA B BaKyyMe€). ITO CO3JAET BCIIBILIKY
CBETa — TaK Ha3bIBaeMoe UepeHKOBCKOE CBEYEHHUE, KOTOPOE MO-
3BOJISIET OINPEICIIUTh HAMPABICHUE U OCOOEHHOCTH HEUTPHUHO.

Quzuueckan naoopamopus Iuxacarmu (Pyhasalmi
Laboratory), Iluxaspsu, @uHnsHaus, pacijiokeHa B OJHOM M3
CTapeHInX JIEMCTBYIOIIUX PYAHBIX IIAXT cTpaHbl (puc. 4.47-
4.48 uB. BKIL.), KOTOpasi JOOBIBAET LIUHK, MEJIb U TIUPUTHI — CEP-
HBIC U KEJIE3HbIE KoJrueaanbl. [locine moHoro pa3BuTUs TOPHBIX
paboT Ha ropuzonte 1440 M onHa OyzeT caMoi riyOOKOM Iax-
Toii B EBporie. I'opHbie pabOTHI HA 3TOM TOPU30HTE (€ro Ha3bl-
BAIOT HOBOM m1axToi) Havanuch B 2001 r. u OyayT npo1oiaxKaTh-
cs, mo KpaitHen mepe, 10 2015 r. B crapoii maxre ropasie pado-
ThI MPEKPAIIEHBI. PAIOM ¢ MPOMILUIOMIAAKON IIaXThl HAXOAUTCS
Kapbep rayouHou 130 M U IJIMHON HECKOJIBKO COT METPOB, IJIE
100bI4Ya pyabl MPOU3BOAMIACE OTKPBITHIM CIIOCOOOM.

B 31aHUsIX 1IaXThl pacmofiaraloTcs Ha3eMHbIE J1abOpaTOpUU
HAy4YHOT'O LIEHTPa, B TOPHBIX BBIPAOOTKAX HECKOJIBKUX TOPU30H-
TOB pa3MEIIEHbl MOJ3EMHBIC J1a0OPATOPUN PA3IMYHOTO Ha3Ha-
yeHus (puc. 4.49 1B. BKIL.).

['opHble paboOThl CTapoil MIAXTHl JOCTUIJIM TOPU3OHTA
1050 m (puc. 4.50 1B. BKJI.) U OBLJIM OCTaHOBJICHbI. MHOTHE €€
MIOJIOCTU TEIEPh MCIOJb3YIOTCS ISl HAYUYHBIX Lenen. Jloctyn k
CYIIECTBYIOIIMM TOJ3EMHBIM JIa00paTOpUsIM O0OECIIeUrnBaETCs
MOJJbEMHOM YCTAHOBKOM CTAapOr0 BEPTUKAJIBHOI'O CTBOJIA U aB-
TOMOOWJISIMUA WJIM CaMOXOJHBIMU BAaroHETKaMU 4YE€pe3 HaKJIOH-
HbIU CIIUPAIIbHBIA TYHHEIb.
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Jlnst Beigaum pyael ¢ ropuszonta 1440 M (HOBOM IIaXThl)
OyJIeT UCIOJb30BaThCSI HOBBIM BEpPTHUKAIbHBIM CTBOJ. HakiioH-
HBII COUpaJbHBIA TYHHEIb YTIyOJIsIeTCS JO 3TOr0 TOPU30HTA
JUIs TPAHCIIOPTUPOBKU OOOpPY/IOBaHUS C TaOapUTHBIMU pa3Me-
pamu 2,6x2,8x8 M (puc. 4.51 uB. BKIL.).

Bce monoctu, ucnonb3yeMble I Hay4dHBIX Iieiei, olec-
MEYCHBI DJICKTPUUYECTBOM M CBS3bIO, OHU TaKXKE CHAOXKaroTCs
BO3AyXoM U Bojou. Ha puc. 4.52 (uB. BKJI.) ITOKa3aHa MPUBSI3KA
nabopaTopHbix noMetieHui rop. 1440 M kK ropHbIM BBIpaOOTKaM
HOBOM maxThl. Ha puc. 4.53 (1B. BKJI.) NOKa3aHO PacloJI0KECHHUE
MOJOCTEM Ha pA3JIUYHBIX TOPHU30HTAX CTapoul maxThel. OHU
OOBIYHO UMEIOT MHUPHUHY 3...6 M, BbICOTY 3...5 M, miuHy 4...16
M. Ha rinyoune 660 M BO3MOXKHO HMCHOJIb30BAaHUE TTOJIOCTH Pa3-
mepoM 10x8x30 M, Ha rimyoune 970 M ABYX MOJOCTEH C pa3Me-
pamMu Kaxa0u npuMepHo 7x6x20 m.

B nmaboparopusix, pa3MEIIEHHbIX B ONMHCAHHBIX IMOJOCTSIX,
IIPOBOJISITCS CIETYIOIIAE UCCIIEIOBAHUSA:

1) usmepenus pagona. O0IIee KOJUUYECTBO IMMYHKTOB TaKUX
HM3MEpPEHUM Ha pa3HbIX TyOonHax paBHO 40. DTH dKCHEPHUMEHTHI
JEIAI0TCA, YTOOBbl BBISICHUTH KOHIUEHTPAUUU W MEPEIBHKEHUE
pajoHa B IIaXTE, YTO BAXKHO Kak JUIsl HAYYHBIX, TaK U 3IPaBO-
OXPAHUTEJIBHBIX LEJIEH;

2) 9KCIEPUMEHTHI C Tazamu rIyOuH 3emiu. ['a3 moctymnaer
4yepes3 NOpoAbl K IMTOBEPXHOCTH, U HEKOTOPBIE MTPUMECH XUMUYE-
CKHX DJIEMEHTOB, HaIlpUMeEp, ypaHa, ApeilyroT BMECTE C ra3om;

3) U3y4eHUE COCTaBa KOCMUYECKUX JydeH. JleTeKTophl aist
ATOro pa3MelieHbl Ha TiyouHax 210 M, 90 M 1 Ha MOBEPXHOCTH;

4) uccieqoBaHuE TaK Ha3bIBAEMOU «TEMHON MaTEpUMY;

5) u3ydeHue BbIJICIICHUSI HEUTPOHOB B PE3yJbTATE MPUPO/I-
HOW paJIMOAKTUBHOCTHU TOPHBIX TTOPOJI.

HameuaeTcst Takke paciimpeHHe cocTaBa M oObema (pu3u-
YECKHUX HCCleoBaHui. B HOBOW IIaxTte OyAET COOpy>KeHa Mo-
JIOCTh JJIsl pa3MENIeHUs] HAYYHOTO 00OpYJ/IOBaHUS C pa3MepaMu
15x20x100 M 1 COITyTCTBYIOIIHAE €A MEHBIIINE MOJOCTH.

["'opHbie pabOTHI IO 100BIYE PYJIbI B HOBOM IIAXTE BEIYTCS



114

C MCIIOJb30BAaHUEM OYpOB3PBIBHBIX PA0OT MO CHEHHATBHOMY
rpaduKy, 4TOObI HE MEIIATh TPUOOPAM, YCTAHOBJIEHHBIM B IIaX-
Te.

Temmeparypa Bo3xyxa Ha rop. 1440 m pasra 23°C. Brax-
HOCTb 3aBUCHUT OT BEHTWJISILIMM U TEMIIEpaTyphbl HAPYKHOTO BO3-
nyxa. OueHb KpenKHhe MOPOoabl MPENIATCTBYIOT MPUTOKY BOJIbI B
BBIPA0OTKH.

Hoozemnan naoopamopusa banou no wuccieoosanutro
«memnou mamepuuy (Boulby Underground Laboratory for
Dark Matter research), JlopTyc, Benukooputanus pazMeriaercs
B IIIaXT€, €AMHCTBEHHON B CTpaHe M camMoi Ii1yookoi B EBpore,
N00BIBArOIIEH MoTaml (YrjeKUCIbINA Kalaui), KOTOPbIA MPUMEHS-
€TCA B KauecTBe yJAOOpEHUsSI B CEJILCKOM XO03siicTBe (puc. 4.54
1B. BKJ.). [loTam siBisieTCsSl KM3HEHHO Ba)KHBIM PETYJISTOPOM
pocTa pacTeHUM W IMOITOMY HEOOXOJIMMO MCKYCCTBEHHOE IIO-
MOJIHEHWE UM KyJIbTHUBUpPYeMbIX TTOYB. [llaxTa banbdu Ttakxe mo-
ObIBA€T KAMEHHYIO COJIb, UCIIOJIB3YEMYIO JIJIsI NPEAOTBPALICHUS
oOMep3aHus 10por 3UMO.

MecToposk/ieHue MoTaiia U COJWd MPOCTUPAETCs Ha pac-
crosHue 15 kM ¢ ceBepa Ha ror. OHO ObLIIO 00pa30BaHO MPUMEP-
HO 230 MUIH. JIET Ha3aJ UCIIAPEHUEM JIPEBHETO MOPSI U COCPETIO-
toyeHo Ha rinyoune 1200...1500 m B iacte montHocThio 0...20
M, JOCTUTAsI CPEAHEN MOITHOCTH / M.

[ITaxTa ban6u otkpeiTa B 1973 1. 1 1oOBIBaeT 3 MIIH. T PY-
JbI TIOTAlla B TOJl, U3 KOTOPOH Mocje 00oraiieHus: BhipadaThiBa-
erca okojio 1 MiH. T moTama. JIOMOJHUTENbHO J00BIBACTCS
ok0J10 750 ThIC. T KamMmeHHOU coJu. [loTain 0OBIYHO TOOBIBAETCSA
Ha y4yacTKax IuUlacTa, II€ €ro MOIIHOCTh COCTaBisieT Oosee 4 M.
['opHbIe pabOTHI Ha MIAXTE BEAYTCS MOJHYIO Henelo 24 Jaca B
cyTku. [Ipu 3TOM noObIYa moTaiia BeIeTCsl ¢ MOHEACIbHUKA MO
MATHUILY, & COJIU — B Cy00O0TY 1 BOoCcKpeceHbe. CoJib U3BIEKACTCS
U3 CJIOS1, 3AJIETAIOIET0 HEMOCPEACTBEHHO IO/ MOTAIIEM.

["opHble paOOTHI B HACTOsAIIEE BpeMs BEIyTCS Ha IIyOuHE
1500 M u npoaBuHynuch Ha 7 KM 1oJ JHO CEBEpHOTO MOPH.
[lmacTt orpabaThIiBaeTCs IO KaMEpPHOM CHCTEME pa3pabdOTKH C
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OCTaBJICHUEM IIEIUKOB I MOJJAEpKaHus KpoBiau. OTHOCH-
TEJIbHAsA BJIAXKHOCTh BO3yXa B IaxTe cocTaBisaeT 37%, Temre-
parypa nopox — 35°C, mociie oXJIaxIeHUs TeMIepaTypa BO3.Iy-
xa nocturaer 28°C.

B maxte banou Ha rimyoune 1100 m B 1988 1. Ob11a 000pY-
noBaHa (uzmdeckas 1adopaTopus s UCCICAOBAHUS «TEMHOM
MaTEpUU, KOTOpasi COCTABJISIET BEChbMa 3HAYUTEIIBHYIO YacTh
oOmieit matepun BceneHHOM, ogHAKO €€ MpupoJa U CBOMCTBA
€lle HE BBIACHEHBI (pr3MKaMu. B BbIpaOOTKax MIAXThl YCTAHOB-
aenbl aetekTopsl Hpudt (Drift) u 3emmun (Zeplin) (puc. 4.55-
4.58 1uB. BKJ.). Pacnonoxenue o0Opy0BaHus MO 3eMJIeH Mo-
3BOJIWJIO YMEHBIIUTh (POHOBBIA MOTOK KOCMHUYECKHUX Jy4Yed B
106 pas.

[lepBoHavanbHast MIONIAJb YCTAHOBKH MCCIIEAOBATEIBCKO-
ro obopyzoBanus cocrasisuia 300 M%, ceifuac OHA BBIPOCIA 1O
2500 M°, Ha Hell PACIIOIOKEHBI, KPOME OCHOBHOTO 00OpPYIOBa-
HUS, NOICOOHBIC TOMEILICHUS, KOMITBIOTEPHAS TEXHUKA, CKIIAJIBI.

Ha puc. 4.59 (uB. BKJ.) ITOKa3aHO COIPSIKECHUE CTBOJA
IIaXThl C MOABOJISIIEH BhIpaOOTKOM, HA pHC. 4.60 TexHOJIOrHYe-
CKHME mpollecchl maxThl bandu nmo go0bYe U TPaHCIOPTUPOBKE
noTallIa.

[ITaxTa banOu sBASETCS MPUMEPOM TOTO, UYTO IMOJ3EMHbIC
CTPYKTYpPbl NPUHIUITHAIBHO OTJIMYAIOTCS OT OOBEKTOB, pacro-
JIOKEHHBIX HA MOBEPXHOCTH. JTO OTJIMYME 3aKIIFOYAETCSl B IO-
pazno OosbIIEH 3aBUCUMOCTH TMOJI3EMHBIX CTPYKTYpP OT TOPHO-
TE€OJOTUYECKUX U THUAPOTEOJIOTUYECKNX YCIOBUU. OHU BIUSAIOT
KaK Ha OCHOBHBIE KOHCTPYKTHBHBIC PEIICHHUS, TaK U HA CHOCO0
CTPOUTENBCTBA.

Ha maxTe banOu niact noramia BCKPBIT IByMsI BEPTUKAJIb-
HBIMM CTBOJIaMU JUaMETPOM OKoJ0 5,5 M riyounoit 1150 M,
npouieHHbIMU B 1968-74 rr. Ha 0qHOM W3 y4acTKOB CTBOJIBI
MIEPECEKIN BOJIOHOCHBIC TECYAHWKH, B KOTOPBIX COJEPKAIACH
coJieHass BOJa TOJ OOJBIIUM JaBJICHHEM, YTO MOTPEOOBAJIO
NPUMEHEHUSI WX 3aMoOpakuBaHus M IleMeHTauuu (puc. 4.61;
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Puc. 4.60. Texnosioruueckue npoueccobl maxrol baaou
a — KoM0aitHOBasl BbIEeMKa IoTamia; 0 — OypeHre CKBaKHMH JJIs1 YCTaHOB-
KU aHKEPHOM Kpemnu; B - OOIIMI BU BHIEMOYHOM IMOJIOCTH; T — IICIUKH,
OCTaBJISIEMbIE MEXK/Iy BBIEMOYHBIMHM KaMEPaMU JIJIS TTOIJIEPHKAHUS KPOB-
JY; T — TPAHCIIOPTUPOBKA MOTAIa CAMOXOJHBIMHA BarOHETKAMH MO y4a-
CTKOBBIM BbIPA0OTKaM; € — KOHBEHEepHasi TpPaHCIIOPTUPOBKA IOTaIla [0
MarucTpaibHOM BHIPaOOTKE
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nc. 4. (Hpouo.mxenne)
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Puc. 4.60 (Oxon4yanue)
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4.62). HuxxHre yacTu CTBOJIOB 3aKPEIJIEHBI MOHOJIUTHBIM JKeJie-
300€TOHOM U YCUJICHBl METAUIMYECKUMH CTEPKHSIMHU, IOJIBE-
IICHHBIMM K OMNOPHOMY BEHIY CPEIHEM YacTh CTBOJA. 3a30p
MEXAY KPENbI0 M MOPOAOM 3aMOJHSUIICA IMOJUYPETAHOBOMW IIE-

HOM.

HecMoTpsi Ha ycuieHuEe Kpenu B ONMHUCAHHOW 30HE, BCErO
yepe3 2 roja B Kpenu MHOSBUJIACH TPEIIMHA, a 3a JICCATUIICTHUS
Kpenb ObLIa TaK MOBPEXKJECHA, YTO IMOHAJAO0MIIACh €€ 3aMeEHa.
PaboTel O peMOHTY BBINOJHSIUCH B 1983-85 rr. B CKUMOBOM

Man shaft Rock shaf @
No. 2 No. 1
Metres

(U

lined
circular
shatfts,
5.5 m diameter

640

Special
linings to
exclude
water

@Triassic

Water-bearing
Sherwood
Sandstone

@
@

Bunter Mudstone |

915

Permian Mudstone

225 m

-------1.-

ermian

Permian Evaporites
Potash

Permian Evaporl@

CTBOJIE U B 1985-86 1T. B
kinereBoM. llpu  pemMonrte
Kpenyd 00OMX CTBOJIOB OBLIH
MPUHATHI CIEIYIOMINE peIlle-
HUSL.

Puc. 4.61. I'eostornvyeckui
pa3pe3 Mo MAXTHbIM CTBOJIAM
1 — rmyOuna, M; 2 — BO3pacT,
MIJIH. JIET; 3 — FOPCKUW nepuon; 4
— TPUACOBBIN MEPUOL; S - IEPM-
CKUU mepuoj; 6 — riimHa ¢
BKJIFOUEHUSIMU OYJIBDKHUKA; 7 —
BKJIFOUEHUS KPENIKUX TTOPOA; & —
TJIMHUCTBIN CIaHel; 9 — parcKum
ApyC TpUacoBoro nepuoxna; 10 —
Meprenb; 11 — BogoHecymui
necyanuk; 12 —apruumr; 13 —
MIEPMCKHE OTJIOKEHUSA; 14 —
IU1acT moTtama; 15 — kjereBou
cTtBOJI; 16 — ckumoBoit cTBOI; 17
— OeToHHAs Kperb; 18 - crenu-
aJbHAs KPElb, NCKIIFOYAKOIas]
MOCTYIUICHUE BOJABI B CTBOJI
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@ SURFACE

Puc. 4.62. Kpensb cTBOJIA,
_l_-JPP.,F__R YCTAHOBJICHHAS IIPHU €r0

TOWER
3416'(1041,2 m) IPOXOJIKe
:
g
I;

v ] — moOBEpXHOCTH MIAXTHI; 2 —
I'- 6" GAP *

BEPXHUU MJIACT KAMECHHOU

VERMICULITE COJIM; 3 — BEpXHUH IUIACT aH-
FILL INTERMEDIATE
TOWER ruapura; 4 — mepreis; S —
21(36,9 m)

@

MPOCJIOMKU COJK; 6 — IIacT
roTamia; 7 — njaacT coju; 8 —

3 BEPXHsISA 4acTh CTBOJIA; 9 —

I E\\éb\um@[ ol CpeaHss 9acTh cTBoJa; 10 —
#3 POLYURETHANE JOWR HIDKHSIS 4acTh cTBOJA; 11 —
i VFI@?FT | BEHTHJISIIMOHHAS PAacCEUKa;
12 — conpsixenue cTBona ¢

BbIpaOOTKaMu axThl; 13 —
¢dbynnamenT; 14 —3a3op; 15 —
3al0JTHEHUE JIETKUM O€TO-
HOM; 16 — MeTaIn4ecKue
CTepxHU; 17 - monuypeTaHo-
Bas MEeHa

STATION
BS LEVEL

A PR AR R TN

N
@ FOUNDATION

[Io mepuMeTpy CTBOJIa YKJIAIbIBAJIOCh KOJbLO U3 36 (B
KJIETEBOM CTBOJI€) WK 32 (B CKMIIOBOM CTBOJIE) OETOHHBIX 0JIO-
koB ToaimuHou 1067 mm u BeicoToM 610 MM, Becom 1 T, moaBe-
IIEHHBIX Ha MPOJIOJBHBIX CTEPXKHSX 3a KOJIBIIEBBIE CTaJIbHbIC
iatdopmel (puc. 4.63). JKecTKoCTh CUCTEMbI Kpenu U3 O€TOH-
HBIX OJIOKOB oOecreunBaiach SMOKCUIAHOM CMOJIONH B BEpTH-
KJIbHBIX IIIBaX W IIEMEHTHBIM PAacTBOPOM B TOPU30HTAIBHBIX
mBax. [{eMeHT 3aKkaumBaliCsl TaKXKE B 3a30p MEXIy OJIOKaMH U
IIOPOJIOM.

JlanbHelas dKCIulyaTanys CTBOJIOB ITOKa3ajia HEeIOoCTa-
TOYHOCTh NPHUHATBHIX PEIICHUN MO PEMOHTY Kpenu. B Havaie
1996 r. 3aMeHEHHass Kpenb Ha Y4YAaCTKE MEPECEUCHUS] MEPres
o0OMMM CTBOJIaMHM ObLTa CHOBa Tak jAedopMUpOBaHa, YTO IIO-
TpeboBasnach eile ojaHa ee 3aMeHa. Ha puc. 4.64 nokaszaHbl pas-
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o 36 Blocks per row,
d) man shaft
32 Blocks per row,
rock shaft
Block thickness,
7 1067 mm @
]
T
0) ST
REINFORCED FOUNDATION .'j !
7 -1080 m N | , S

MAINSHAFT

il : Lt

i i

LOWER BRACKET Sl.-']’P‘()RTINU@

: p MIDDLE TOWER
},_ R 16 No BARS EXTENDED TO SL.‘PI‘()R']'@
@ { PX" . mtl ['[Rf_'l_.'[.;\R CHANEL FRAME
LT N— CIRCULAR SUPPORT CHANEL FRAME
ANHYDRITE ~— T 55 s
il 23 EXISTIN 40 mm MACALLOY BARS
————————— ¢34 22— TO INNER & OUTER POSITIONS @

e, A DECK @
g I

I
i
_____ I

5.792 m DIA INSIDE S"I'l'ilEL I)Ei('S@

I
36 No 100N/mm CONCRETE BLOCKS
P____,... x 1067 DEEP x 610 HIGH PER RING
i
i
@)

B DECK

HALITE

—

«—C |)I£('K®

Puc .4.63. IlepBasi peKOHCTPYKIUSA KPely HUKHEH YaCTH KJIeTeBOIro

CTBOJIA

a — MOTMEPEYHOE CEUCHUE CTBOJIA; O — MPOOIBHBIN pa3pe3 Mo CTBOIY; 1
— OIOPHBIN BEHEIl CPEAHEH YaCTH CTBOJIA; 2 - aHTUAPUT; 3 — [IEMEHTa-
LIHSI 3AKPETTHOT0 TPOCTPAHCTBA; 4 — MEPTENb; 5 — IMPOCIOKKA COH; 6 —
TJIACT TOTaIa; 7 — IacT COJu; 8§ - HUXKHASA CKoOa CpeIHel 4acTH CTBO-
Ja; 9 — CTep)KHU, YIEP>KHUBAIOIINE KOIbIIEBYIO pamy; 10 — KoJbIieBast

noJiiep>kuBaromas pama; 11 —

CYLIECTBYIOIIME CTEPKHU BHYTPEHHETO U

HAPY>KHOT'O PACHOI0KEHUA; 12 — BHYTPEHHUM JUAMETP CTAIBHBIX
matdopm; 13 — ctanbuble mw1atgopmel; 14 — 36 OJIOKOB B psily B KieTe-
BOM CTBOJIE, 32 OJI0Ka B psITy B CKMIIOBOM CTBOJIC; 15 — TommuHa 0J10-
KOB — 1067 Mmm
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Puc. 4.64. Pa3zpymienue Kpenu HUKHell 4YaCTH KJIETEBOIr0 CTBOJIA

MocJjie MepBOH PEKOHCTPYKIIMHU
a — CEYEHHUE CTBOJIAa C PACIOJIOKEHUEM METANIMUYECKUX CTEP>KHEH; O —
pa3BepTka kpenu. BoaHucTas TMHUS — TPEUIMHbBI B OJI0KaX, 3alITPUXO-
BAHHBIC YYACTKH — 30HbI PACKPBITHIX IIBOB, PACCIIOCHUS U BBIKpAIIUBa-
HUS OJIOKOB
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HbIE BUJIBI €€ AedopMaliii: pacTpECKUBAHHUE, PACCIIOCHUE U BbI-
KpalrBaHUEe OJI0KOB, PACKPHITHUE IIIBOB MEXKy HUMH.

HoBast xpenb B KJIETEBOM CTBOJE €lIe pa3 Obljla YCTAHOB-
aena B 1998-99 rr., B ckunoBom — B 2000-2001 rr. IIpu BTOpOM
PEMOHTE YKJIIAJABIBAJIOCHh JBOMHOE KOJBIO U3 40 BBICOKOMPOY-
HBbIX OJIOKOB, M3rOTOBJICHHBIX M3 MHKPOKBApIIEBOrO OETOHA
tomuHou 550 MM, BeicoTOM 600 MM, Becom mpumepHo 0,51 T.
CTepkHU, NPUKPEIUICHHbIE K 3a0MBHBIM OajikaM, PacIioj0kKEeH-
HBIM I10J] OTIOPHBIM BEHIIOM CPEIHEM 4acTH CTBOJIA, MMOJIJICPKU-
BalOT CTajlbHbIC IMJIAT(OPMBI, KOTOPbIE B CBOIO OYE€pEdb HECYT
KOJIbIIa OETOHHBIX 0JI0KOB (puc. 4.65). B mBax mexay Oiokamu
yJI0€eHa crenuanbHas gpanepa s ooecrneyeHus: NogaTIUBOCTH
Kpenu. B 3a30p Mexay Kpernblo U MOpoJaMM 3aKadyuBajcCs Iie-
MEHTHBIN PacTBOP U3 MOPTIAHALIEMEHTA U 30JIbl.

Heiitpunnast oocepBaropusi Canospu (Sudbury Neutrino
Observatory), Ontapuo, Kanana, pacrnonoxeHa Ha TiyOuHE
2039 m B maxte Kpaitton (Creighton), 1o0bIBaroIeid MEIHYIO U
HUKeJeByt0 pyay (puc. 4.66 uB. BkJ., 4.67 uB. Bki.). [llaxTta
Kpanton — omna u3 npumepHO 20 METHO-HUKEIEBBIX IIAXT,
PACIOJIOKEHHBIX B YHUKAIIBHON T'€0JIOTUUECKON CTPYKTYpE, U3-
BeCTHOM Kak OacceitH CanbOopu. ODmnuntuueckas dopMmarus
pazMmepamu 60x27 KM — BCE, UYTO OCTAJIOCh OT Tropa3/io OOJIBIIEro
Kparepa auameTpom npumepHo 70 kM, oOpazoBaBuierocsi B Ka-
HAJICKOM IUTEe OKOJo 1,8 mMupa. JieT Hazald. boJbIIMHCTBO M3
T€X, KTO €ro u3ydaj, CUUTaET, UTO ITOT KpaTep — pe3yJibTaT Mna-
JIEHUST METEOpPUTA pasMepom 1...3 KM, Bpe3aBIIErocsd B 3E€MIIIO
CO CKOpOCThIO 15 KM/cek. (puc. 4.68). B3pbIB OrpOMHOM 3HEP-
MU PacIUIaBWJI M MCHAPUJ YaCTh TOPHBIX MOPOJI, U3MEIBUYUI U
pa3dopocan Ha OOJIBIION ILIOMIAJN JPYTYH UX 4acTh. OCKOJIKH
o6seMoM 1...3 M, ynaBime Ha 3eMiTo, COXPaHHIHCh B Oacceii-
HE 10 cux nop. B mpenenax 2...3 MJH. J€T 1mOcie yaapa, JTHO
Kpartepa, riyouHol 0ko0Jyio 20 KM, BBITHYJIOCH 3JIaCTUYHO MUKOM
B IIEHTpE, MOJ00HO OTCKOUYMBIICH JO0KIACBOW Karuie, a Mo3Hee
CKaJloCh, UTOOBI 00pa3zoBaTh Oacceiin Candapu.
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) INTERMEDIATE TOWER

. 5512m
e———f jFOU\JDATION
. 1080 m
a) - ot

)@

L1*]

< ANHYDRITE

HALITE @

/ \ v -1108 m

Puc. 4.65. Bropasi peKOHCTPYKIUA KpPenH KJIeTeBOro CTB0JIa
a — MOIMEPEYHOE CEYEHUE CTBOJIA; O — MPOJOJIBHBIN pa3pe3 Mo CTBOIY; |
— OIIOPHBIN BEHEI| CPETHEN YaCTH CTBOJIA; 2 - AHTUAPUT; 3 — MEPTEb; 4
— MPOCIIOMKH COJIH; S — IUIACT MoTaia; 6 — miacT CJIou

dopMHUpOBaHUE KpaTepa OCBOOOAMIO OT TOPHOTO JaBe-
HUSI HUKEIICKAIIUE TTOPObl, OOraThle HUKEJIEM U MEJbI0, 3aJie-
rarllue HAa MHOTO KWJIIOMETPOB HMXKE TOUKM yaapa. Kak pe-
3yJIbTAT, 3TU MOPO/Ibl PACIUIABWINCH U MOJHSJINUCH B Kparep, 3a-
CTaBUB BCIUIBITh O0JIOMKHU. [locTeneHHO oxJaXaasich, PyaHOE
Teno copMupoBanoch BAOJL rpanul] 6acceita. [To aTum rpa-
HULIAM CETOJHS PACIIOJIOKEHBI MEHO-HUKEIIEBBIC IAXTHI. B He-
KOTOPBIX U3 HUX, TAKUX, KaKk KpaWTOH, pyJTHOE TEJIO YXOIUT HA
o0clieIoBaHHYIO ITyOHHY, 1O KpailHel Mepe, 3 KM.
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Pnc. 4.68. CxeMa 06pa3OBaH1m MeCTOpO)KIIeHHﬂ Canﬁepn

a — 00pa3oBaHUE KpaTepa Mpu yAape METEOpuTa; O — BUJ CO CITyTHHUKA
Ha KOHTYpBI Kpatepa (crpaBa — o3epo Bananuraun (Wanapitai)), B —
IJ1aH KOHTYpoB Kpatepa; 1 — ropoa Canbdspu; 2 — MeIHO-HUKEIIEBBIC

axThl; 3 — 03epo Bananuran
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SUDBURY

Tl gyt
- |

% | |
Puc. 4.68 (Oxonuanue)

Heiitpunnas o0cepBaTopusi Can0O3pu, pacnoioKeHHAsT Ha
rryonne 2039 M, cBsi3aHa C TOPHBIMU BBIPAOOTKAMHU IIAXTHI
(puc. 4.69-4.72 1B. BkJ.). B Hell ycTaHaBIMBAETCS JETEKTOP C
Tspkenor Bomod SNO, mpenHa3HauyeHHBIA IS HAOJMIOJICHUS
HEUTPUHHBIX MOTOKOB OT COJIHIIAa U JPYTUX aCTPOPU3IUUECKUX
MUCTOYHUKOB. JleTeKTOp mmeer auaMmeTp 22 M M yCTAHOBIIEH B
004YK000pa3HON MOJOCTH BhICOTOM 34 M (puc. 4.73 1B. BKIL.).

JIETeKTOp COCTOUT U3 MPO3payHOM aKpUIOBOM cepsl nua-
MeTpoM 12 M, moaAep:KUBaeMOM CO CIEHHAIBHON MIATHOPMBI
kaHaTHbIMU mojaBeckamu. Cdepa cogepxkut 1000 T yuctoit Ts-
KEJIIOM BOJIbl, OKPYXKEHHOW, B CBOK OYEpPEIb, CBEPXUUCTOU
00bIuHON BOJOM. CHapyXuU aKpUIOBOIO COCYyJa YyCTaHOBJICHA
mapoBasi CTpyKTypa, uMeromias auametp 17,8 M, H3rotoBieHHas
U3 CTEPIKHEN HEPIXKABEIOIIEH CTaJIM U CIIyKalllas HECYILIEHU KOH-
ctpykuueit ana 9456 doroymuoxureneit (puc. 4.74 uB. BKIL).
OHM (UKCUPYIOT cla0ble BCHBIIIKM CBETA, BOZHUKAIOIIUE TPU
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MOIAIaHUN HEUTPUHO B TXKEITYIO BOJY.

B xommiekc jabopaTopun BXOAUT DJIEKTPOHHOE UM KOMITb-
I0TEpHOE O00OpYyJI0BaHUE, KOHTPOJIbHAs KOMHATa, IMOMEIICHUS
OYMCTKUA OOBIYHOM U TshKeor BoAbl. BecroMorareabHoe 000py-
JI0OBaHKE pa3MellaeTcsl B OTAeAbHOM TyHHese. Ha puc. 4.75 (1.
BKJI.) IOKa3aH MOHTaX JICTEKTOpA.

Oco0ObIM acnieKTOM J1a0OPaTOPHBIX UCCICAOBAHUM SBIISCTCS
00€CIIeUeHUE YKMCTOTHI AKCIEPUMEHTA U YCTpPaHECHHUE JIF0OOTO
BMEIIATENBCTBA B M3MeEpeHUs. [103TOMy B COCTaB KOMILJIEKCA
BXOJUT MOMKa MallluH, MaTepuaioB U 00opyaoBanus. [lepconain
MoMaJiaeT B Ja0OpaTOPHUIO Yepe3 OTACIbHBIM BXO/I, IJi€ MPUHHU-
MaeT Ayl U MEHSET oJexay. B cepun QUIbTPOB OUHMILIACTCA
BO31yX. YCTAaHOBKU JJI1 OYMCTKU OOBIYHOW W TSHKEIOM BOJIbI
pacroJjiaratoTcsi B OTJAEIbHOM TYHHEJE BOJIM3U TMOJOCTH JCTEK-
Topa. CUCTEMBI 3JICKTPOHHBIX JaHHBIX, MOHUTOPUHIa U 0€30-
MAaCHOCTH PACIIOIAratOTCs B KOPOTKOM TYHHEJIE, CBSA3BIBAIOIIEM
MIOJIOCTh C OCTaJIbHOM J1a0OpaTOpHEH.

JlabopaTopHBIN KOMILIEKC HMCIOJB3YET CYIIECTBYIOIIYIO B
maxTe MHQPPACTPYKTypy BEHTWISILUM, BOJIO-, MTHEBMO-, 3JIEK-
TPOCHAOKEHUS, TPY30MOIbEMHBIX U TPAHCIIOPTHBIX ONEPaIUi.

Ha cepuu pucyHnkoB (puc. 4.76 1B. BKIJI.) ITIOKa3aH IPOIECC
CTPOUTENBCTBA TAKOTO CJI0KHOIO MOJI3EMHOI0 COOPYKEHUS, KaK
KaMmepa JeTekTopa. BHayame co CTOPOHBI JEUCTBYIOIIEH IAXThI
POXOJUTCA TMOJBOJIAIIAST BIpaOOTKa, Yepe3 KOTOpyro (hopMu-
pyercst CBOJ KaMepbl U YCTAHABIMBAECTCS MOCTOBOW KpaH I
00CITy’>KMBaHUSI JaJbHEHIIUX paOoT. 3aTeM C BBIPAOOTKH, MOJI-
BEJICHHOW K IMOYBE KaMEpPhI JETEKTOPA, CHU3Y BBEPX MPOXOIUT-
CA BEpPTUKAJIbHBIM CIIyCK. Ha crenyromen craguu 3TOT CIIYCK
pacmmpsieTCsa CBEPXY BHH3 JO Pa3MEPOB KaMeEpbl, MPUYEM IO
HEeMy OTOuTas Mopoja CIyCKaeTcs BHHU3 IS JallbHEHIen
TpaHcOpTUPOBKHU. [lociae mpoxoaku kamepsl ObIIIO CMOHTHPO-
BaHO 00OpYJOBaHUE JIETEKTOPA, COCTOAIIECE U3 TOJJIEPKUBAIO-
mei chepbl U COOCTBEHHO JIETEKTOpa — aKpUJIOBOTO COCyja.
Craguu MOHTa)Ka Moka3aHbl Ha puc. 4.77 (1IB. BKIL.).

CoopyxeHue KaMmepbl ACTEKTOpa IOKa3aHO Ha puc. 4.78
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(LIB. BKJL.).

Ha puc. 4.79 (uB. BKJI.) MOKa3aH OJWH W3 BCIIOMOTATENb-
HBIX TYHHEJIeH, MOABOASAIINX K MOJIOCTH JETEKTOpa.

HaunonansHas sgadoparopusi I'pan Cacco (Gran Sasso
National Laboratory) uncturyra simepHbix uccienoBanuii Mra-
JINU, CTPOUTEIBCTBO KOTOPOM 3aKOHYWIOCH B 1987 T., pacnono-
xeHa B 150 kM BocTouHee Puma, mmpumbikas K OGHOMY W3 JIBYX
napajieIbHbIX aBTOMOOWJIBHBIX TyHHeJe# miumHon 10,4 kM, 1ie-
peceKarmmux TopHbIi MaccuB ['paH CrCcCO M CBA3BIBAIOIIUX T'O-
pona Jlskyuna (L’Aquila) u Tepamo (Teramo) B 1eHTpaabHOM
yactu Uramuu.

JlabopaTopusi HaxoauUTCs Ha BbICOTE 963 M BbIIIE YPOBHS
Mopsi. Beicota rop Han nadboparopueit cocrasisier 1400 M, 4to
3alMINAET YCTAHOBJICHHYIO amlmaparypy OT KOCMHUYECKHX Jy-
Yyel, CHUXKasi UX ypoBeHb B | MutH. pa3. [loa3eMHBIN KOMILIEKC
Ja00paTOpPUM CBS3aH C ABTOMOOWJIBHBIM TYHHEJIEM B TPEX TOY-
kax (puc. 4.80 1B. BKJ.) — BbE€3/IOM U BBIC3]IOM, PACCTOSHUE ME-
XKy KOTOpbIMU paBHO npuMepHO 600 M, a Takke TPOMEKYTOU-
HBIM COEJIMHEHHUEM, UCTO0JIb3YEeMbIM, KaK MEIIEXOHbIN MTPOXO/I.

B cocraB maboparopun BXOAST TpU OOJNBIIMX 3ajia, Ha3bl-
Baembie A, B u C, a Takxke ciiykeOHbIE U aBapUIHBIE TYHHEIIH,
CBSI3BIBAIOIIME ATH 3aJibl. B 3ame A pacrnosoxxeHo 00opy/ioBaHKE
0 M3YYCHUIO MPOUCXOXKJICHUS U COCTaBa KOCMUYECKUX JIyUYeH,
B 3aJic B — 10 M3y4Y€HHUIO MAarHUTHBIX MOHOIIOJENW — TMIIOTETH-
YECKUX YaCTHIl, 00JIaJarolX OJHUM MAarHWTHBIM MOJIFOCOM, B
3asie C — netexkTop oOHapykeHus HeutpuHo bopexkcuno (Borex-
ino). Ha puc. 4.81 (uB. BKJI.) cXeMaTUYECKU MOKa3aHa 0OIIas
KOMITOHOBKa 00OpYJIOBaHMS B 3ajax J1abopaTOpUM U B CEUEHUU
3ana.

Kpome pabot, BBINOJHIEMBIX COOCTBEHHBIMU CHUJIAMHU, Jia-
ooparopust ['pan Cacco NpUHUMAET y4acTUE B COBMECTHOM JKC-
NEPUMEHTE C E€BPONEUCKUM YCKOPHUTEIEM 3JEMEHTAPHBIX Yac-
i, CERN, pacnonoxenHom Ha rpanuie @panuun u [IBenmna-
puu (puc. 4.82 11B. BKIL.).

HNuTeprepsl 3a1m0B A, B u C nmoka3zanbl COOTBETCTBEHHO Ha
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puc. 4.83 (uB. BkI.), 4.84 u puc. 4.85 (uB. BkI.). Ha puc. 4.86
(IB. BKJI.) MOKa3aH CPepruUECKUM JIETEKTOp HEUTpUHO bopekcu-
HO, PETUCTPUPYIOMIMI MTOTOKH YACTHUII, TOCTYIAIOIIUX OT yCKO-
purenst CERN.

Kaxnplii sKCHEepUMEHTaIbHBIM 3a1 J1adopaTOpuM HMEET
ey okoso 100 M, mIMpUHY U MaKCUMAJIBHYIO BBICOTY 20 M B
BepIIMHE ¢ 00beMOM 0koio 25000 m’. Kaxaplil 3a1 UMeeT Tpu
aBApUITHBIX BBIXOJAa — JBAa C CEBEPHOTO M FOXKHOIO KOHIIOB U
OJIUH — nocpeanHe. JIomoJHUTENbHO K HUM 3ajbl UMEIOT IPo-
eMbl (oauH B 3aje C, 1o 2 B 3anax A, B) pasmepamu 5x5 M 11
poxojia 000pyAO0BaHUS OOJBIITNX Ta0apPUTOB.

['maBHBIE TpHW 3ajla COEAUHEHBI TYHHENEM ISl JIOCTYyIIa
OOJIBIINX TPY30B (IIMPUHON 10 8 M U BBICOTOM 110 6 M), KOTO-
pBIi COeIMHSET BXOJ 1 BBIXO]I JIJADOPATOPUH, ITPOXOIs Yepes3 3a-
a6l A 1 B. OuH 13 BCIIOMOTaTeIbHbIX TYHHEIEH UCIIOIb3yeTCs
KaK MapKOBOYHAsl CTOSIHKAa aBTOMOOMIIe. B ceBepHoOl yacTu Jsa-
Oopatopum pacroiaraercsi TyHHelb HHTep(epomerpa.

BenTtumnsmusa 1adopaTopuy OCYIIECTBIISIETCS MOIa4eil BO3-
JIyXa ¢ IIOBepXHOCTH B Konmdectse 40000 M/aac. Bosmyx moxa-
€TCSl Yepe3 BO3AYyXOMPOBO THAMETPOM 1,5 M, KOTOPBIM IMOJIBE-
IIEH K BEPUIMHE apKHu JIEBOIO aBTOMOOWJIBLHOIO TYHHEJNS, U 3a-
TEM IMOCTYMNAaEeT B I0KHBIC YACTH 3aJI0B. ABTOMAaTUYECKasi CUCTE-
Ma peryjaupyer M30bITOUHOE AaBjieHUE Bo3ayxa. IIpemycmotpe-
HbI MEpHI 110 aBapUHUHOW BEHTWJISIIUKM KOMILIEKCA IIPU TTOXKape.

DJIEKTPOAHEPIrus MOCTYNaeT OT ABYX HE3aBUCHUMBIX MCTOY-
HUKOB MUTAHMUS, @ TAKKE OT TPETHETO — IU3EIBHOT0 TeHepaTopa.

Ha puc. 4.87-4.89 (uB. BKIJI.) TOKa3aHO COOPY>KEHHUE I10JI0C-
TeW 3aJI0B JIA0OPATOPUH B MEPUO]T CTPOUTEITHCTBA.

B nau6onsiieit B Mupe EBponeiickoi jJadboparopuu ¢u-
3uku yactul CERN (European Laboratory for Particle Phisics)
YCTAHOBJIEH YCKOPUTEIb 3JIEMEHTAPHBIX YACTHUIL CO BCTPEUHBIMU
nyukamu LEP/LHC, pacnosioxeHHbI B TyHHENE IJTUHON 27 KM
Ha rpa”uue mexay Opannuenn u llIBenuapuein. YCKOpUTEID
CITY>KMT JIJIsl pa3roHa 3JIEKTPOHOB (MaTepusi) U MO3UTPOHOB (aH-
TAUMaTEpHsi) B MPOTHUBOMOJIOKHBIX HAMPABICHUSAX JI0 CKOPOCTH
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OJIN3KOM K CKOPOCTH CBETa W HAOJIIOJEHHUS 3a pe3yabTaTaMu UX
CTOJIKHOBEHUM. [IpoBOIATCS TaxkKe SKCIIEPUMEHTBI U C APYTUMU
AJIEMEHTAPHBIMM YacTUllaMu. Bosb TyHHENs quameTrpoM 3,6 M
yCTaHOBJIEHbI 5388 KpymHOraOapuUTHBIX AJIEKTPOMArHUTOB, Ha-
IpaBISIOIIUX U PoKycupyrommx mydyku dgactuil (puc. 4.90 1s.
BKIL.).

Buytpu kosbia riaBHoro yckopurenss LEP/LHC pasme-
[IAE€TCS MAJIOE KOJIBIIO CHHXPOTPOHA SPS, KOTOPBIN CITYXKUT IS
IPEABAPUTEILHOTO pa3roHa AJIEMEHTAPHBIX YACTHIl, MpHUaBas
UM HEOOXOJMMOE€ KOJMYECTBO SHEPTrUM JJISI UHBEKIMU B TJIaB-
HbIW yckoputenb (puc. 4.91 uB. BKIL.).

Pa3smepbl yCKOpUTEIIEN 3JEMEHTAPHBIX YaCTUL] ONpPEeIIs-
I0TCSI HEOOXOJMMOCTBIO TTOAAEPKUBATh BBICOKYIO CKOPOCTh MO-
CIEIHUX IS TOJIYUYeHHsI HYXHOro Quisnyeckoro sddexra.
DJIEKTPOHBI U MO3UTPOHBI TEPSIIOT PHEPTUI0 MPU JBUKEHUM 10
M30THYTOW TPACKTOPHUHU, TOATOMY JJIsI HUX TPEOYIOTCA OOJbIINeE
paauycbl MOBOPOTOB NyTH. OJIHAKO, MOCKOJBKY OT pa3MEpOB
YCKOpUTEJIEH 3aBUCUT UX CTOMMOCTb, OT/ICJIbHBIE YHUBEPCUTETHI
WU JTaK€ OTACIbHbIC CTPaHbl HE MOTJIU MMO3BOJIUTH C€0€ TOIBKO
3a CYET COOCTBEHHBIX CPEICTB MOCTPOUTH HAYUHBIM KOMILICKC
JO0CTAaTOYHO O0NbIIKUX pazMepoB. [1o atoit mpuunne B 1954 1. 12
eBporneiickux crpad chopmupoBaiu CERN — coBMecTHYIO Op-
raHU3alMI0 MO0 CTPOUTEIbCTBY TMTAHTCKOIO YCKOPUTENsS ¢ a0-
opeuarypoiri LEP. C Tex mop K HUM IPUCOSIUHUIUCH ele &
CTpaH W MpoeKT ObuT Ha3BaH EBpormeiickoii naboparopueit du-
3UYECKUX YACTHII.

[lepBbi€ AKCIIEpUMEHTANIBHBIE PE3YJIbTAThl ObLIN MOJYUYCHBI
B 1989 r.

CTpouTenbCTBO TYHHENS MO 3€MJIe MO3BOJIMIIO obecre-
YUTh:

- CTAOMJIBHOCTh U 0€30MacCHOCTh (PYyHJAMEHTOB, IMOJJIEP-
KUBAIOIIUX 000py/IoBaHHWE B pabOYeM COCTOSHUU C YPE3BbI-
yailHON TOYHOCThIO. HEeBO3MOXKHO OBLIO HAWTH Ha MOBEPXHO-
CTH, 0COOEHHO BOIM3HU OT JKEHEeBbI, y4acTOK B AuaMeTpe OoJjiee
8 KM, JOCTAaTOYHO IIJIOCKUM, 4TOOBI OOOMTHCH 0O€3 IPOXOIKH
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TyHHesen (puc. 4.92 1B. BKIL.);

- TIOJIHYIO H30JALUI0 pagdalii, TEHEPUPYEMOUN yCKOPEH-
HBIMU YaCTHUIIAMHU U UX CTOJIKHOBEHUSIMU;

- TOJIy4€HUE pPa3pElICHUs BJIACTEM HA CTPOUTEILCTBO B
CBSI3U C HEBUAMMOCTBIO KOMILIEKCA C IIOBEPXHOCTHU 3EMIIH.

TyHHENb YCKOPUTEIS PACTIONOKEH B OCAJOYHBIX MOPOJAX,
MMEIOIINX 00I1Iee Ha3BaHUE «MOJIACChD), COCTOSIINUX U3 YePea0-
BAHUS TOPU30HTAIBHO PACMOJIOKEHHBIX TMMECYAHMKOB M IEcya-
HbIX Mepresnen. CIIon MOJIACCHI MEPEKPHITHI OTIOKECHUAMU Tpa-
BHS U MIECKOB, OCTABIIIUMUCS OT JIEAHUKOBBIX TIEPUOJIOB.

[TocTpOEHHBIN TYHHEb IMOYTH, HO HE BIIOJHE IUPKYJIbHBIH,
COCTOUT M3 & MPSIMBIX CEKIMU JIIMHOW mpuMepHo no 510 m, co-
C€OIUHEHHBIX & apkaMu UIMHOM mpuMmepHo 2750 M Kaxjaas.
BOJIBIIMHCTBO COCTaBHBIX 4YacTel TYHHENs MPOOYypeHO TYH-
HEJIbHBIMU MAIlIMHAMU MO0 MATKUM OCaJ0YHBIM nopojaaMm. OHu
ObUIH CIIyIIEHBI HA YPOBEHb TYHHENEH Uuepe3 18 maxTt rioyouHon
npuMepHO S...150 m. bypoBble MamuvHBI yIIPaBISIIACH JIA3€p-
HBIM JIy4OM, 4TO 00€CIeUYrBajI0 TOYHOCTh HaMpaBJICHUS TyHHE-
g paBHyr | cM. TyHHenp Kpenuics KOJIbLIAMHU W3 IPEIBapU-
TEJIbHO HamNpsbKeHHOro kene3o0eroHa. Ilocne 3aBeprieHus
CTPOUTENBCTBA TYHHENb ObUT 00OpPYAOBaH TPyOOil, O KOTOPOU
JBUTAIOTCS IMYUYKH dJIEMEHTapHBIX yacTull (puc. 4.93; 4.94). Ilo-
CKOJIbKY TOCJICAHUE TP ABUKEHUU HE JTOJKHBI CTATKUBATHCS C
KaKoOW-11M00 Apyrodt marepueid, B TpyOe MOAAEp>KUBACTCS TOJ-
HbI BakyyM. Bo BpeMsi OOBIUHBIX OIEpaluid 4acTUIbI LUPKY-
JUPYIOT OKOJIO 12 4acoB, 3a KOTOPBIE UX IMYYOK B BaKyyMHOWU
TpyOe mnpoOeraer paccrosiHue 27 kM okono 500 MUIIJTUOHOB
MUJUIMOHOB Pa3.

Kpome cuaxporpona SPS, ynoMsHyTOro panee, B COCTaB
KomIuiekca Bxoaut aetektopsl Aned (Aleph), Henwdu (Delphi),
L;, Onan (Opal), umeroniue pasHble Ha3HAYEHUSI U KOHCTPYK-
LHUIO.

B nmocnegHue roapl yCKOPUTEIh YCOBEPIIEHCTBYETCA U MO-
JIEPHUBUPYETCS C 3aMEHOM CyIIECTBOBABIIETO KomIuiekca LEP u
yCTaHOBKOM OoJjiee MoIliHoro Hoporo obopyaoBanust LHC. Pe-
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meHue 00 3Tom ObuIO mpuHATO B 1994 r. Ero BBOJ B 3KCILTya-
tanuio HamedeH Ha 2007 r. [Ipu coopyxenun komiuiekca LHC,
KpoMe O00BEIMHEHHUSI HOBBIX MOJI3EMHBIX CTPYKTYP CO CTapbIMU,
TpeboBaHrEeM (PU3UKOB OBLIO PACHOJIOKUTH HOBBIC MOJOCTU Ka-
AKJOTO 00BEKTA KaK MOXKHO OJIMKE JIPYT K JAPYTY ISl YMEHbIIIE-
HUS PACCTOSIHUSI MEXAY COOCTBEHHO JCTEKTOpaMU U KOMIIbIO-
TepaMH, COOHpAIOIIMMH W 00padaThIBAIOIIMMU TOJYYCHHBIC
naHHble. OCHOBHBIMM OOBEKTAMH PEKOHCTPYKIHMHU SBISIOTCA
nyHKTHI 1 u 5 yckopurtens (puc. 4.95, 4.96). Ilonzemusie pado-
Thl MyHKTa |1 COCTOST, B OCHOBHOM, W3 CTPOUTEIbCTBA JIOMOJHU-
TEJIbHBIX y4acTKOB TyHHesen T12 u T18 mexay yckopuresem u
CUHXPOTPOHOM, NBYX HOBbIX maxT PX14 u PX16, coorBerct-
BEHHO auamerpamu 18 M u 12,6 M, oOecrieunBaroOmuX A0CTYII K
aKcriepuMeHnTanbHoM moxoctu UX15 (puc. 4.97-4.103 uB. BKI1.),
a TakXKe COOCTBEHHO dKCIEpPUMEHTANIbHOU mojioctu UXI15, rae

PX 16 I
DIAMETRE 12.60
o

PM 15
EXISTANT

PX 15 .
BETON DEFINITIF ’-
A EXECUTER

PX 14
DIAMETRE 18.00

US 15

uJ 16 EXISTANT
EXISTANT
—
RB 16 ~ %
EXISTANT |
ULX 16 1 4 J | UL 14
UPX 16 — &, EXISTANT
USA 15 =
LU UJ 14
OLX 14 — EXISTANT
UPX 14
RB 14
ULX 15 Ux 15 EXISTANT

Puc. 4.95. llogzemubiii komiuieke ATLAS (myHkr 1)
PEKOHCTPYUPYEMOI0 YCKOPHUTEJIS
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oyner ycraHaBiauBathcsa aerektop ATLAS (puc. 4.104-4.106
IIB. BKJL.).

N / PM 56
RZ 54 I EXISTANT

y/ Ul 56

EXISTANT

TU 56

UP 56
Puc. 4.96. llogzemubiid komiieke CMS (myHKT 5)
PEKOHCTPYUPYEMOT0 YCKOPUTEJISI

Tynunens T12 B nmynkTe 1 oOuieit gnuHoM 2,6 KM U THaMET-
pPOM B IPOXOJKE 3,8 M MPOXOIUIICS MPOXOAICCKUM KOMOAHOM
C PEXYIIEN TOJOBKOM B MPOTHUBOIIOJIOXKHBIX HAIMPABICHUAX OT
IIAXThI JJOCTYIa OBAILHON (POPMBI.

B tynnene T18 ucrnonb3oBanack OypoBas TyHHEJIbHas Ma-
muHa auametrpoM 3,6 M. BypoB3pbIBHBIE pabOTHI OKa3aINCh HE-
HYKHBIMU H3-3a CIA0BbIX MOPOJ, OKPYKAIOUIUX KOMIUIEKC, YTO
MO3BOJIIIO MPEAOTBPATUTh HAPYIICHUS CYIIECTBYIOIINX CTPYK-
Typ. JIBe 0coObie mpoOseMbl HUCHBITHIBAIA MPOXOJAUYUKH TPH
npoBeJieHun TyHHesned. OnHa U3 HUX ObUla CBsI3aHa C BhINajie-
HUEM IUIOXO CBSI3aHHBIX ()parMEHTOB MOPOJ U3 KpoBiu. B TyH-
HEJIIX CPAaBHUTEIBHO HEOOIBIINX JUAMETPOB TaKHUE MAJACHUS HE
MPUYUHSIN 0CO00T0 Bpella, HO YCUJIMBAJIUCh C TEUCHUEM Bpe-
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MeHU. Bropas npo6ieMa BbI3bIBajiaCh BCIIyYMBAHUEM IMOYBBI HA
BbicOTY A0 30 CM mpu MomajaHuy BOAbLI HA TJIMHUCTBIE CIIOH.
[Tamenust (pparMeHTOB MOPOJ MPEIOTBPAMAINUCH YCTAHOBKOM
JOTIOJTHUTENIbHOM aHKEPHOW KPENU U YCUJIEHHEM HaOpbI3rOETO-
Ha. Co BCIyYMBaHHEM IMOYBBI OOPOJIMCH €€ JOMOJHUTEIHLHOU
HOAPBIBKON MPOXOTUECKUM KOMOAHOM.

I'maBHas mosocte UXI1S ¢ BHYTpEeHHHMMH pa3zMepaMmu
30x35 M cTpoutcst B ocsix napamienbHbix TyHHenwo LEP/LHC.
[Ton 1O KaMepbl OYAET PACTIONIOKEH NPUMEPHO Ha 92 M HUXKE
YPOBHSI MOBEPXHOCTHU, OCTaBJISAA TakKUM oOpa3oMm Ooliee, yem
50 m mopox Hax kposieu. [lepnenaukynapro k momoctu UX15
cTpouTcs OoJblasi BcrioMmorarenbHas nojioctb USA1S. Dta no-
JOCTh aruaMeTpoM 20 M U JJTMHOM 62 M CBSI3BIBACTCA C CYIIECT-
BYIOIIIEH HE3aKperuieHHOW maxtou PX15, koropas ucnosib30Ba-
mack B nepuop crpoutenberBa LEP. [Ilaxta PX15 ycnnuBaer-
Ccsl, KpenuTcsd U OyAeT o0ecreunBaTh JOCTYI MEPCOHATY K HO-
BBIM MOJ3E€MHBIM CTPYKTypaM. Pa3nnunbie mMasble MOIBOISIINE
Y BCIIOMOTaTeNbHbIE TYHHEIN CBsKYT nosioctd UX15 n USA1S.
Heckosbko kaMep yBenIMYaT CyIIECTBYIOUIAN TYHHEIb YCKOPH-
TeJIsl, YTOOBI 00eCIEYnTh TPEOyeMOe MPOCTPAHCTBO JIJIsi TPAHC-
NOpTa MAarHUTOB U PAa3MEIICHUS BCIIOMOTATEIbHBIX CITYXO.

MorHas xene300eToOHHAs CTeHa OTAESAET KOMIBIOTEPHbIN
3aJ1 OT JACTEKTOPHOTO, 00ECIeurBasi MUHUMAJIbHOE PACCTOSTHUE
MEXJy HUMHM U B TO K€ BpeMs 3aiuinas (PU3MKOB U MEePCOHAI
OT PAIUOAKTUBHOCTH, TEHEPUPYEMOM SKCIIEPUMEHTOM.

HoBbie 11o3eMHbBIE CTPYKTYPBI B MyHKTE 1 OyIyT mocTpoe-
HBI BOKPYT cymiecTBytomux oobekToB LEP, cocTosmumx u3 max-
Tel PM15, obecnieunBaromieit noctyn k nonoctu US1S u aByx
rajnepeu, csaspiBarommx USIS5 ¢ nByMss kamepamMu TyHHEIS
LEP.

[TockonbKy MpoOxoA4YecKue padOThl MPOBOJSTCS B HEMO-
CPEICTBEHHOU OJIM30CTH OT CYIIECTBYIOUIMX IIAXT U MOJIOCTEH,
TPEOYIOTCS JIONOJTHUTEIbHbIE OCTOHHBIE PaOOThI MO YCUJICHUIO
nocjaeHuX. 3a OETOHHOM KPEMbI0 BCEX BBIPAOOTOK U MOJIOCTEN
YCTAHABJIUBAIOTCS BOJIOHETIPOHUIIaeMbIe MeMOpaHbl. B HekoTO-
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pPBIX MECTax 3a30p MEXAY MOCTOSIHHOM OETOHHOW KPENbIO U OK-
PYKAIOIMMU  TOPOJAMHU  3ATOJHACTCA CKUMAEMBIM  CJIOEM,
BKJIIOYAIOIIUM BPEMEHHYIO aHKEPHYIO Kperb, HaOpBI3rOETOH,
YCUWJICHHBIN CTAJIbHBIM BOJIOKHOM, W JIUCTHI Matepuasna, mojaoo-
HOTro moaucTuposy toamuHor 100 MMm. DTOT cioit obecrneduT
MOJATIMBOCTh KPEIH NPU CABUKEHUM OKPYKAIOIIUX IMOPO/I, YTO
0COOCHHO Ba)KHO IIPU CTAAUMHON MPOXOJIKE MOJIOCTEH.

CylecTBYET TOJIBKO HECKOJIBKO MTOJIOCTEN B MUPE C MPOJIE-
TamMu OOJIBITUMM 4eM AeTeKTOpHbIN 3a1 B ATLAS. OnuH U3 HUX
— 60-MeTpoBBId MPOJIET B TPAHUTHOW CKaJIE€ i1 XOKKECHHOI'O
OJIMMIIUMCKOro craguoHa B Hopseruwu. Jlpyrasd monocts Brie-
YaTIISIOLUKUX pa3MepOB B OCAJIOUHBIX ITOPOJIAX TAKOU KE KPEIO-
ctu, Kak B CERN — omHa u3 kamep EBpOTyHHENSA, HOCTPOEHHOTO
1o AHrIuucKkum KaHanoM. Ho ee mponer paBHbiv 22 M 3HAYU-
TEJILHO MEHBIIEC, YE€M OIKUCHIBAEMOTO JIETEKTOPHOTO 3alia
ATLAS.

OCOOEHHOCTBIO COOPYKEHHUS MOJIOCTH ATOT0 JETEKTOPa SIB-
JSJI0Ch MPUMEHEHUE KAHATHOM IOJIBECKM €€ OETOHHOTO CBOjJa
(puc. 4.107 uB. Bk1.). Takasg moaBecka moTpedoBaigach Mo JIByM
IPUYNHAM:

- OHA MO3BOJIMJIA BHAYAJIE COOPYAUTH CBOJ MOJIOCTH HAETEK-
topa ATLAS, a 3aTtem 1moj ero 3amurTol CBEpXy BHHU3 IPOXO-
AT OTJIEIBbHBIMU 3aX0JKAMHU OCTAJbHYI0 YaCTh MOJIOCTH;

- MOJICJTUPOBAHUE B3aUMHOTO BIIUSHUS COOPYKAEMbBIX 00b-
€KTOB II0KA3aJ10, YTO JaXE MPU CaAMOU I'yCTOM YCTAaHOBKE Kpe-
MEKHBIX AaHKEPHBIX OOJTOB M TOJICTBIX CJIOSAX HAOPBI3rOETOHA,
YCHJICHHOTO METAJUIMYECKOM CETKOM, CTaOMIBHOCTh CBOJA IIIH-
pHMHOM 35 M OCTAETCSI HEHAJEKHOM.

bpUIO pemeHo moaBECUTh CBOJ HA CUCTEME KAHATOB, yCTa-
HOBJICHHBIX W3 rajiepeil, MponIeHHbIX BOOK OT JIBYX BEPTUKAJIb-
HBIX IIAXT JOCTyna Ha 15 M BbIlIE€ KpPOBIU MOJIOCTH. M3 3THX
KOPOTKHUX TYIHUKOBBIX TYHHENEW ObUIM MPOOYpPEHBI CKBAKUHBI,
CKBO3b KOTOPBIE MPOTATUBAINCH AHKEPHO-3aKPEIUICHHBIC HATS-
HYTBHIE€ CTAJIbHBIC KAHATHI. 38 TaKWX KAHATOB YCTAHOBJIEHHI B pe-
TYJISIPHOM TOPSIAKE HA CBOAE JUIMHOM 56 M. Jlnst KOHTpoJss pa-
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OOTBI KaHATOB B XOJI€ CTPOUTEJILCTBA YCTAHOBJICHBI CIICIUAIIb-
HbIE T€OTeXHUYECKUE MHCTPYMEHThI. HanpsikeHue kaHaTtoB Oy-
JE€T CHATO TOJIBKO IIOCJIE TOJIHOTO 3aBEPIICHHUS MPOXOAKH H
KPETUJIEHUS MMOJIOCTH, BKJIHOYasi MOHTAXK MOAKPAHOBBIX KOHCOJIb-
HBIX MyTEH, T.€. KOrJa CBOJ MOJOCTH OyJeT ONUpaThCs Ha CTe-
HBL.

[TonzemMHble paOOTHl B MyHKTE 5 COCTOST M3 JBYX HOBBIX
MOJIOCTEM, IBYX HOBBIX IIAXT C BHYTPEHHUMH auamerpamu 20 M
u 12 M, psala MEHBIIIMX COCAMHECHUN U MOJACOOHBIX TyHHEJIEH, a
TaKKe pacuupeHus ocHOBHOro TyHHesnsa LEP. Hoas skcrniepu-
MEHTaIbHAsA NOoJ0CTh UXSS mmpuHon 26,5 M U BBICOTOU 24 M,
obciyxkuBaromas noiaocte US55 mmpunoit 18 M U BbICOTOMU
11,5 M mapamiensHbl IpyT APYTY U PACHOJIOKEHBI psaoM (puc.
4.108 1uB. BKI.). MOIIHOCTH CJIOS KPEMKUX MOPOJ HaJl TJIABHOU
MOJIOCTBIO paBHa Bcero 20 M ¢ MEpPEeKpPhIBAOIIECH TOJIIEH Clia-
ObIX opox Haa Heu SO M.

[Ipoxoaka mosiocter u maxt i gerekropa CMS B myHKTe
5 ycClloXKHsIach OOJIBIIIMM BEPTUKAJIBHBIM Pa3MEpOM MOJIOCTEH,
UX OYEHb OJIM3KUM COBMECTHBIM PACIOJOXKEHUEM U IIJIOXUMU
rE€OJOTUYECKUMU YCIOBUAMU. B 3TOM MecTe BEpXHHE BOJOHA-
CBIIICHHBIE JIEAHUKOBBIE OTJIOKEHHS TPABHUS M MECKa pacupo-
CTPaHSIIOTCS 10 TJIYOUHBI 55 M M YMEHBIIAIOT MOKPBITHE TTOJIOC-
TH c10eM 0oJjiee yCTOMUMBOM Macchl 40 20 M.

KomnbrotepHoe moaenupoBanue (puc. 4.108 1B. BKII.) 10-
Ka3aJ10, 4YTO CTOJIb OJIM3KOE PACIIOJIOKEHHUE JIBYX MOJOCTEN PYyT
OT Jpyra TpeOyeT 3aMEHbI MTOPOJAHOTO IEIUKa MEXAY HUMH Ha
OCTOHHYIO IepeMbIuKy. Takas mepeMpluka TOJIIUHOU 7 M, BbI-
coror 30 M, gamHoit 50 M ObBLIa BO3BeAcHA W3 MOHOJIWTHOIO
’KeJe300eToHa CO CTEKJIOBOJOKHUCTON M CTAILHOW apMaTypoil.
beuta Takke NOpUMEHEHAa BOJOHEMPOHUIIAEMAasi MeMOpaHHast
CHCTEMa, YCTaHOBJICHHAs Tepe]] 3aaMBKoil 0eToHa. KpemnexHbie
CUCTEMbI 00EUX IMOJOCTEH CBSI3aHbl AHKEPHBIMU OOJATaMH U Oe-
TOHOM.

[[laxTbl B MyHKTE 5 AOJDKHBI OBLIM MPOXOIUTCS Uepe3 BO-
JOHACBIIIEHHBIE TOPOJAbI MOITHOCTHIO 50 M, ITIO3TOMY NPUMEHS-
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JIOCh UX 3aMOPAXKVBAHHE KUIKUM a30TOM M IOCIEAYIOIIAs Ie-
MEHTAIIUsI, YTOOBI MPEIOTBPATUTh TPUTOK BOJIBI.

[Ipu coopyXE€HUH MHOJOCTEN YUYUTHIBAIOCH BIUSAHUE NPO-
XO/IYECKUX pabOT Ha COCTOSIHHE CYIIECTBYIOIIMX KOMILIEKCOB,
rie oOopyJioBaHHE JOJDKHO ObLIO (DYHKIIMOHUPOBATH B HOP-
MaJIbHOM pabo4eM pekume.

B noazemMHBbIX MOJOCTSAX yCTaHABIMBAETCS OOJIBIIOE KOJIM-
4eCcTBO 00OpYAOBaHMs, B TOM YHUCII€ BECbMa KPYITHOTabapUTHO-
ro (puc. 4.109 uB. Bki1.). Ero o0Ociy’)kuBaHHUe OCYIIECTBISCTCS
CO CIELUMAIbHO MPETyCMOTPEHHBIX OAIIKOHOB, JIECTHUII, JU(TO-
BBIX YCTPOWCTB.

CJI0)KHOCTBh CTPOUTEIBCTBA JISI OOOUX JETEKTOPOB, KPOME
Ype3BbIYAHO OOJIBIIIMX Pa3MEPOB MOJIOCTEH, YCYTyOsiiach xe-
CTKUMH YCJIOBUSIMH (PM3UKOB IO MX pacloIoKeHU0. Eciu Obl
MIOJIOCTh MOXXHO OBLIO CABHHYTH, JJII HMX Obl HAIIUIMCH OoJjiee
NOAXOMAIINE TEOJNOTUYECKHE YCIIOBUM, a4 PACCTOAHUA MEXKIY
CTPOSIIUMUCA O0OBEKTAMH YBEJIWYEHBI JJIs1 00ECIIEUECHUST YCTOM-
YUBOCTH U YMEHBIICHUS BIUSHUSA OJHUX MPOXOTYECKHUX padoT
Ha JIpyTHe.

CylIeCcTBYOIIME MOA3EMHBIE CTPYKTYPBI YCKOPHUTEINS pac-
MIOJIOKEHBI B TTIECYUAHUKAX U MEPreiiaX, KOTOPbIE CKOPEE CIyYan-
HbIM, Y€M MpPEeIHAMEPEHHBIM BBIOOPOM CTajld YCJIOBUAMH IS
CTPOUTEIILCTBA TYHHEJIEW U MaJbIX IOJIocTeW yckoputens LEP.
Korga B 1950-x rr. ObUIO OPUHSTO PEIICHUE O CTPOUTEIHCTBE
CERN, reosiorndyeckre yCJIOBHUS U BOBMOKHOCTh BEJICHUS B HUX
OOJIBIIMX TMOJ3EMHBIX PA0OT HE OBLIM MEPBOOUYEPETHBIMHU MPO-
osemamu. [ paHHUX SKCIIEPUMEHTOB B MEJIKUX COOPYKEHUAX
3eMJISIHbIE PA0OThI MPOBOJUIINCH OTKPBITBIM criocoOoM. Torma
TPYAHO OBLIO MPEACTaBUTh, KAKUE OOBEMBI MOA3EMHBIX PadOT
CTaHYT HEOOXOIUMBI JIJIsI JATbHEUIIINX OMBITOB.

Kpome ycoBepIIeHCTBOBaHUS U MOJICPHU3AIMU COOCTBEH-
HO YCKOpUTEIIs, B rocyueaaue rojsl B komiuiekce CERN Benercs
MOATOTOBKA K MCCJIEIOBAHUSAM, COBMECTHBIM C JlabopaTopueit
I'pan Cacco (cm. panee): ocyuecTtBisercs npoekt CNGS 1o re-
HEpAlM MHTEHCUBHOIO IyYKa HEWUTPUHO B HANPABICHUH 3TOU
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naboparopuu (puc. 4.110 1B. BKi1.). DTa 11€JIb JOCTUTACTCS:

- IPOU3BOACTBOM ITOPLIMKA IPOTOHOB BBICOKOW YHEPIUMU;

- HAIPABIICHUEM ATOTO MyYKa K TPAHUTHOM MUIICHU, yCTa-
HOBJICHHOM B Kamepe anuHou 150 M u qtuameTpoM 6,5 Mm;

- OPOU3BOJACTBOM BTOPHUYHOI'O Ny4YKa IMHMOHOB U KAOHOB
CTOJIKHOBEHHEM ITy4Ka IMPOTOHOB C AAPaMU MUIICHU;

- HaIpaBJICHUEM IMMOHOB M KAOHOB B CTOPOHY ['paH Cacco;

- pacmazoM IHMOHOB M KAOHOB IIPU IIOJIETE HA MIOOHBI U
HEUTPHUHO;

- TIOTJIOIEHUEM MIOOHOB 3€MHOM KOPOU U MPOIOTIKEHUEM
IBUXEHUST HEUTpUHO K ['pan Cacco. [IpoaomkuTebHOCTh JBU-
KCHUS My4YKa HEUTPUHO — 2,5 MUJUIMCEKYH/IBL.

Komruieke, mpowu3BOASAIIMN HEUTPUHO, PACMOJIAracTCsl B
MOJI3EMHBIX TYHHEJISIX U JPYyTrUX coopyxeHusx (puc. 4.111 uB.
BKJ.). OOmmas JiMHa TyHHENEH cocTaBsieT 2,7 KM, UX JUaMeTp
HaxoauTcsa B npenenax 3,1...6,5 M. TyHHENH U MOJIOCTH PacIo-
JOXKEHbl Ha TiyomHax 55...122 M. Jlnsg 1OJHOW M3OJISIUU
CTPOUTEIBCTBA OT JCUCTBYIOIIETO YCKOPUTENS MPOXOIUTCS
CIieliMajIbHas 11axTa JuaMeTpoM 8 M U TIIyOMHOM 57 M, UCIIOJIb-
3yemas TOJIbKO Ha nepuoj crpoutenbeTBa. [llaxTa kpenurcs Oe-
TOHOM UM TIOCJI€ OKOHYAHHSI CTPOUTEIHCTBA OYJIET HAKpbITa Oe-
TOHHOW TIJIUTOM, 3aChIIAHHOM 3eMJIei, ¢ TeM, 4TOObl BEPHYTh
JaHIMAQT K €ro NEPBOHAYAIIBHOMY COCTOSIHUIO.
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Sudbury Neutrino Observatory(SNO).




152

http://laurentian.ca/physics/SNO/CHOCE.html.
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IlepeyeHb HBETHBIX PUCYHKOB
I'/TABA 1

N3omeTpuueckass MoJeb PACHOJIOKECHUS IOA3EMHOI0

KOMILIeKca MUHITAH M HAPYIIEHHBIX 30H

Bapuantsl  ¢Qopmbl  ceyeHMIIT  MAIUMHHBIX  32JI0B

ruApocTaHuu MUHITAH

a) rpubooOpa3Has ¢popma ¢ apOUHOIl KPOBIIEH;

0) MOJaKOBOOOpa3Hasi KPOBJISA C BEPTUKATBHBIMU CTCHAMU,

B) SJUIMNTHYECKas hopmMma.

HudpoBas Mmoaesib, NOKa3bIBAKIIAA CXeMy He00X0AMMO-

ro yCUJICHHMSI AHKEPHOM KpPeNnbl IMOPOA, OKPYKAKIIMX

MOJIOCTH

| — kaHaTHBIE aHKEDPA;

2 — HapyIlICHHAs 30Ha;

3 — NIeCUaHUK;

4 — npeHakHas rauepes.

udpoBass mMogeab, NMOKasbIBAKLIAA IOTEPI0 Hecyllen

CIIOCOOHOCTH MOPOJIHOI0 MACCHBA U Ae(OPMALUI0 KOHTY-

POB MOJIOCTH

| — mpeaBapUTENBHO YCUICHHAS 30Ha;

2 — KOHBEPIEHIIUS CTEH IMOJIOCTH;

3 — nedopMUpOBaHHBIN MPODUIIb CTEH BHIPAOOTKH.

I[HocsienoBaTe/IbHOCTL ONeEpalUid MPH MPOXOAKE MOA3EM-

HOM M0JIOCTH OYPOB3PBIBHBIM CIIOCO0O0M

a) OypeHHe CKBa)XHUH JUIsl TPOU3BOJICTBA B3PHIBHBIX PabOT U
YCTAHOBKU aHKEPHBIX OOJITOB;

0) morpys3Ka mopojibl, OTOUTOM MPH B3PHIBE;

B) TMOKPBITHE KPOBJIU M CTEH IMOJIOCTH CJI0€M HaOphI3roeTo-
Ha.

PacnoJsio:xkenue 000py10BaHuA NPU OYPEHUH CKBAXKHH

CkBaxkuHbl B 3200€ MOJIOCTH, NOATOTOBJICHHbIE JIJIA

NMOCJACAYIOUIEro 3apsKaHusl B3PbIBHBIM BeLIECTBOM

IHHoazemHas M010CTH 00JIHIIOIO CEYCHUSA

OxoHuanue popMHUPOBAHNS APOYHOU KPOBJIM MOA3EMHOM

BbIPa00OTKH

PaboTbl M0 HaHeCeHUI0 HAOPBI30ETOHA

Cxema padoThI NIPOXOJ4ECKOro KOMOaiiHa
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Bbixox OypoBOM TYHHEJbHOW MAIIMHBI HA MOBEPXHOCTH
1ocJjie OKOHYAHHMS NMPOXOAKH TYHHeJdsd ( KOMILIEKC Xpa-
HWJINIIA sAepHbIX 0TX040B FQOKkKka-MayHTeiiH)
CTpouTeabCTBO M0JI0CTH 00JIBIIOI0 CeYeHUS

I'JIABA 2

Kaaccudukanusi THIIOB XpaHUJIHMI NPUPOIHOIO ra3a
I — consiHbBIC MOIOCTH;

2 — oTpabOTaHHBIE YTOJIbHBIC IIAXTHI;

3 — BOJIOHOCHBIE TJIACThI TOPHBIX MMOPOJI;

4 — oTpaboTaHHbIE HEPTSAHBIE U TA30BbIE MECTOPOKICHHUS;
5 — [MOJIOCTH B TOPHBIX NTOPOAAX.

PacnosiosxxeHue XpaHWJIMIL NPHUPOAHOTO ra3a Ha TeppH-
Topun CIIA

1 — orpaboTanHbIe HEPTAHBIC U TA30BbIE MECTOPOKICHHUS;
2 — COJISIHBIC MOJIOCTH;

3 — BOJIOHOCHBIE TIJIACTHI TOPHBIX MTOPOJ.

DopMHUpPOBaHUE KYII0JIA B COJISTHON TOJILIE

] — moymaya BOJBI;

2 — BBIBOJI, paccoa;

3 — nogaya HedTH U151 co3nanus OydepHoi "moaymKu";
4 — nemeHTUpyemMasi 000JI04Ka;

5 — CKBa)XHHa;

6 — mepekphIBaroIias TOIIIA TOPO/I;

7 — HETMOCPEICTBEHHAs] KPOBJISI COJISTHOM TOJIIIIH;

8 — coJIsTHAas TOJIIA;

9 — Oydepnas "momymka" uz HedTenpoaykTtoB ("au3enb-

Has'");
10 — npecnas Boja;
11 — paccou;

12 — HEpaCTBOpPUMBIE OCTATKH.

XpaHeHHe MPOAYKTOB B COJITHOM MOJIOCTH

1 — nogaya npoaykTa;

2 — paccout;

3 — moj1ava azoTta AJ1sl U30JISIIUU CKBAXKUHBI;

4 — nneMeHTUpyemas 000JI0UKa;

5 — nmepekpbIBaroIas TOJIA HOPOI;

6 — HEMOCPEACTBEHHAS KPOBJISI COJISTHOW TOJIIIIY;
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7 — consHas TOJIIA;

8 — a30THAas U30JIIIIHS;

9 — 3amuUTHBIN Makep;

10 — XpaHUMBI IPOYKT;

11 — paccou.

Hoxap Ha ckBaxuHe xpaHuanma Mocce baag, Texac

a) BHUJ C BO3/IYXa;

0) cxema aBapuM B MOJOCTH XpaHuiuia Mocc brad;

B) CXEMa pacHoJIOKEHUS OOCITY>KMBAIOIIMX CKBaXXWH B
XPaHUJIUIIE OOJIBIIIOTO MPOCTUPAHUS

1 — moBpekIeHHAsI CKBAXKUHA;

2 — pe3epByap XpaHEHUs ras3a;

3 — paiiloH JAEUCTBUS Ta300TCOCA.

OO0mas cxema MoJA3¢MHOI0 XPAaHUJIMIIA CXKUKEHHOT0 ra3a

| — raBHBINA TYHHEIb C TIOJIOCTSIMU XPaHEHHS;

2 — TYHHEJIb BOJSIHOU 3aBECHI;

3 — CKBOXHUHBI BOJASTHOM 3aBECHI;

4 — ropu3oHTHI (INyOHMHA, M OT IOBEPXHOCTH);

5 — nmepemblyKa;

6 — ypOBEHb I'PYHTOBBIX BOJI;

7 — razoobpasHas (aza mpornana;

8 —xujKas da3a npornaHa;

9 — Bona.

YcTaHoBKa BOJOHENPOHUIIAEMOI MepeMbIYKI

CrpouTesibCTBO MOJIOCTH

IHosi0cTh XpaHeHN sl CXKUKEHHOT0 ra3a

XpaHujniie ¢ MOCTOSIHHBIM YPOBHEM TOIJIMBA

1 — TuHUS TOAaYM TOTUIMBA B XPAHWIUIIIE;

2 — MMHMS TOAA4YM TOIUIMBA K TOTPEOUTENIO;

3 — AMHUS NO0a4YX BOABI B XPAHUIUIIE.

Xpanujniie ¢ nepeMeHHbIM YPOBHEM TOILJIMBA

PacnoJsio:xxkenue HeTeXpaHUIHIII, BXOSAIIHAX B
crpaTternyeckuid HepTsaHoi pezeps CILIA
I — mrarsr;

2 — HACEJICHHBIC MYHKTHI;

3 — HeTeXpaHUIHUIIIA.

Pacnosioxkenue moJsiocreii-He(pTeXpaHWIMIL B COJSITHOM
MeCTOPOKICHUHN

1 — mepexpbIBaroIIas TOJIIA;
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2 — IIOJIOCTH;

3 — counb.

/InHAMHUKAa yBeJIMYEHHUH EMKOCTH CTPATerm4eckKoro

HedTsaHOrO pesepsa CLIA

1 — BO3MOKHasl MPOM3BOJIUTEIBHOCTh OTKAYKU, MJIH. Oappe-
JICH;

2 — o01as eMKOCTh XpaHWIHIIA, MJIH. Oapperiei.

Ioa3eMHBIN CHIIOCHBIH OYHKEP

a) oOmwuit BUj CUJIOCA;

0) pacnonoxeHnue OyHkepoB Ha maxte CanmMacaapu.

IpyuHuMn padoTsl MOJ3€MHOI0 CUJIOCHOTO OYHKepa

a) cXeMa CpaBHEHUS TEPPUTOPUHU, UCIIOIB3YEMON s
CUJIOCHOTO OyHKepa, U OOBIYHOTO 3aKPHITOrO CKJana A-
oOpa3Hoit (hopMbI Ha TOBEPXHOCTH;

0) MOrpy304HO-pa3rpy304YHbII MEXaHU3M OyHKepa (Ha pu-
CYHKE U300pakeH OJMH U3 BapUaHTOB KOHCTPYKIIMH CH-
J0ca — METaJUIMYeCcKasi CTPYKTypa CO BHYTPEHHEU Aepe-
BSIHHOM OOIIIMBKOIN)

OO01mii BuA TenioBou djiekrpocranuuu Canmacaapu

CxeMa pacnoJsiokeHus MOJA3eMHbIX YIOJIbHbBIX OYHKEPOB

1 — OyHkepa;

2 — TYHHEJIb U1 TIOJIa4M YTJIsl K OyHKepam;

3 — TyHHEJIb TPAHCTIOPTUPOBKHU YTJIs K OJIOKaM 3JIEKTPOCTaH-
11Y;

4 — moj3eMHasi yCTaHOBKA KOHAUIITMOHUPOBAHUS;

5 — BEHTWJISIIUOHHBIC 11AXThI;

6 — BCIIOMOTaTeNIbHbIE TYHHEIHU ISl TPOXOAKU OYHKEPOB;

] — IOIbE3AHBIE JTOPOTH.

Cxema XxpaHeHMsI M IPOU3BOACTBA JJIEKTPOIHEPTUHU

| — muHMA 35IeKTpoIIEpeaaYY;

2 — IUIOTHHA,;

3 — TyHHENb MOJIa4U BOJBI;

4 — reHepaTOpHBIN 3aJT;

5 — TypOUHHBIH 3a;

6 — MOIEepEeYHOE CEYEHUE MOA3EMHOMN TUIPOIIIEKTPOCTAHIIAH.

IIpuHuunuaabHas cxema padoThl reHepaTopa

1 — BepxHUii pe3epByap;

2 — IJIOTHUHA,;

3 — BXOJ BOJBI;
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4 — KOHTPOJIbHBIE BOPOTA;

5 — TypOuHHBIN BOJOBOJ;

6 — TypOUHBI;

'/ — reHeparop;

8 — Tpancdopmatop;

9 — MalIMHHLIN 3a7;

10 — BBIXO1 BOABI B HIXKHUI pe3epByap;

11 — nuHUS BIEKTpOIIepeaaUn.

O0mas cxemMa MOA3eMHOM CTPYKTYPbI THAPOAKKYMYJIH-

pyroiei (HacOCHOM) dJieKTpocTaHuu (JIMHOpPBHUT)

] — roJ10BHOM TyHHEJIb HU3KOTO JIaBJICHHUS;

2 — TYHHEIIA BBICOKOTO JIABJICHHUS;

3 — rIaBHBIM BXOJl B BEHTWIBHYIO KaMeEpy;

4 — MaIIMHHBIN 3aJ1;

5 — BEeHTWJIbHAs KaMepa,;

6 — TpancopMaTOPHBI 3aJ;

7 — XBOCTOBOW TYHHEIIb;

8 — MOABOISIIAN TYHHETb;

9 — cTpoUTENBHBIN MOABOISIINN TYHHEND;

10 — xaGenbHBIN TYHHEb;

11 — BeHTHASIIIMOHHAS 111aXTa;

12 — BEHTWJISSUUOHHBIN TYHHEJb.

Pa3pe3 nmo noazeMHOMY KOMILIEKCY CTAHUMU IMHOPBUT

1 — BepxHuUl pe3epByap C ypOBHEM BOJBI: | — BEpXHUM; 1" -
HUKHUM;

2 — BXOJI BOJIBI;

3 — rOJIOBHBIE BOPOTA;

4 — roJIOBHOM TYHHEJIb HU3KOTO JIaBJICHUS;

5 — aMOPTU3UPYIOIIUH NIPYT;

6 — aMOPTU3UPYIOIIAs 1IAXTA;

7 — 11axTa BBICOKOTO JIaBJICHUS,

8 — cucTEMa BBICOKOTO JABIICHUS,

9 — MallIMHHBIC 3aJIbI;

10 — cucTema HU3KOIO IaBJICHUS;

11 — XBOCTOBOW TyHHEIB;

12 — XBOCTOBBIE BOPOTA;

13 — HUKHHM pe3epByap C YPOBHAMU BOIBI: 13/ - BEPXHUM;
13" - HkHIM.
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PacnoJsio:xxkeHue OCHOBHBIX 00beKTOB cTaHUMH J{uHOpBHUI
B OKpy:xapumeM Janamadre (Hymepauus 00beKTOB CO-
OTBETCTBYET HyMepauuu pucyHka 2.33)

BepxHuii 1 HUKHUI pe3epByapbl cTAaHUMU IMHOPBUT

a) BEPXHUI;

0) HUKHUI.

I'eneparTopHubiii 321 cTaHuuM AuHopBUT

TypOuHHbIi 3271 cTaHuuu {uHopBUT

Buna ¢ Bozayxa ruapocranuuu Kpyounuc

IHoBepXHOCTHBIN KOMILIEKC IHAPOdJIeKTPocTaHIUU OKH-
HaBa ¢ HKCHOJb30BAHMEM MOPS B KadecTBe HHKHEro
pesepByapa

Cxema KOMILZIEKCA TYHHeJ/IEH U MOJIOCTEeH MOA3eMHOM TU/I-
PO3JICEKTPOCTAHUUM € MCHOJb30BAHHEM HMCKYCCTBEHHO
COOPY/KEHHbIX MOJIOCTEH B KAa4YeCTBE HUKHEI0 pe3epBya-
pa

1 — BepxHuil pezepByap (Mope);

2 — rOJIOBHOM TYyHHEIIb;

3 — MalIMHHBIN 347,

4 — HUKHUU pe3epByap.

IIoBepXHOCTHBLIA KOMILIEKC 3JeKTpocTaHuuu bapru ¢
noaa4ve BoAbl K TYpOUHE 0 CTAJBHBIM TPyOaM
N3omeTpuyeckass cxeMa KOMILJIEKCA TYHHEJIEH W I0JI0C-
TeH MOJA3eMHOU TMAPOIICKTPOCTAHIMHA

] — rOJIOBHOM TyHHEIIb;

2 — roJIOBHAA CTJIAXKUBAIOIIASl EMKOCTB;

3 — HAKJIOHHBIE IAXTHI ITOJJaYX BOJBI;

4 — MaIIMHHBIN 3aJ1;

5 — amopTU3Upyromas EMKOCTD;

6 — XBOCTOBOW TYHHEIIb;

] — IOABOISIIINM TYHHEb.

Pa3pe3 no komMiuiekcy nmoa3eMHoON ruApo3JIeKTPOCTAHIUU
1 — BepxHuii pe3epByap;

2 — BXOJIHAs I1aXTa;

3 — TypOWHHBIH 3aT;

4 — TpanchopMaTOPHBIN 34T

S — aMOPTU3UPYIOIIAST EMKOCTb;

6 — mudr;

7 — MOABOASIINN TYHHEIIb;
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8 — HIDKHUI pe3epByap;

9 — pacnipenenurenbHas CETh;

10 — anMUHHUCTPATUBHOE 3/TaHUE

CTpouTebCTBO IJIABHOT0 MAIMIMHHOIO 3aJ1a MOJA3€MHOM

yjekTpoctaniiuu Hero-Ckakepka

Harneranue ckaToro Bo3ayxa B M0JIOCTh

1 — u30BITOYHAS AICKTPOIHEPIHs, HAIIpaBJigseMas Ha CKaTue
BO3/1yXa;

2 — BO3AyX, MOCTYNAIINAN B KOMIIPECCOP;

3 — BO3/yX, 3aKaUMBAEMbIN B TTOJIOCTh XPaHEHUS;

4 — II010CTB;

5 — cKaTbIil BO3YX B IIOJIOCTH;

6 — COJISTHOE MECTOPOKIECHHUE;

] — NBUTaTEJIb;

8 — KoMIpeccop;

9 — pexymieparop;

10 — TypOuHBI;

11 — reneparop;

12 — npupoiHbIN a3, MOJOTPEBAIOIINN MIPU CrOPAHUU BO3-
IyX NIl YBEJIMUEHUS €r0 00bema

Bo3Bpat ckaToro Bo3ayxa M3 MoJ0CTH XPAHEHUS K JJIeK-

TPOCTAHIIUHU
1 — HCHmoib30BaHUME XPAHUMOI'O BO3JyXa IS BBIPAOOTKH
AJICKTPOIHEPIUU;

2 — O0TBOJI T€IJIa OTPA0OTAHHOTO BO3/IyXa PEKYNEPaTOPOM;

3 — BBIOpOC;

4 — nocTaBKa MPOU3BEICHHON HJIEKTPOIHEPTMU B OOIIYIO
CETb.

IHopsiioK MOATOTOBKH MOJOCTH B COJITHOM CJI0€

1 — OypeHue CKBa>KUHBI;

2 — HAyaJo Mmpolecca paCTBOPEHHUS COJIU;

3 — MPOJIOJKEHUE MPOLIECCA PACTBOPEHUS;

4 — 3aBepUICHUE MTPOLIECCA PACTBOPEHUS;

5 —3aMeHa paccosia C)KaTbIM BO31YXOM;

6 — XpaHEHUE BO3AyXa.

Bua ¢ Bo3ayxa Ha 3JIEKTPOCTAHUMIO XaHTAOP)

1 — monocruy;

2 — 31aHUE DJIEKTPOCTAHIIUU.
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IHoaroroBka ObIBHIEH M3BECTHSAKOBOW IIAXTHI K XPaHe-
HHUIO CKATOI0 BO3AyXa

CucTteMbl MOA3€MHOT0 XPAHEHHUS TeIJIa

a) cucrema xpaHeHus TerJia B BojioHocHoOM ciioe ATES;

I — 3uma;

2 — JIETO;
3 — TenJo;
4 — XO0JIOx;

5 — TenI000OMEHHUK;

6 — ypOBEHb IPYHTOBBIX BOJI;

"7 — BOJJOHOCHBIN CJIOM;

8 — TEIUIBIM KOJIOJIECII;

9 — XOJIOAHBIN KOJIOHEIL,

10 — BeHTHIISIIMSA;

0) TpyOomnpoBoaHas cuctema xpanenus terna DTES;

1 — TeryI0BOM KOHTYD;

2 — TEeIIOBOM HAcOC;

3 — TeNJIOHOCUTEIb;

4 — CKBa)KUHBI;

5 — oxJIaKIeHUE BO3AyXa JIETOM.

Cxema pa0doThI TEIIOOOMEHHUKA

I — Ten1000MEHHUK;

2 — reoTepMaiibHas BOJa, MOCTyMHaroIIas U3 TEIIOro KOJo-
na,

3 — ocThIBIIAS BOJA, MOCTYNAONIAA B XOJIOHBIN KOJIOJIEII;

4 — xononHast BOJia, MOCTYMAIOIAs U3 TOPOJICKUX CETEH s
000TrpeBa;

5 — Boja, HarpeTras B TEIJIOOOMEHHHUKE M HalpaBjsemas K
oborpeBacMbIM 0OBEKTaM.

XpaHeHHe CHera JJIsl OXJIA:KIeHUA TOPOJACKNX paiioHOB

1 — rpyHT;
2 — KOpEHHBIE TTOPOBI;
3 —BOAA.

I'/TABA 3

I'opubiit MmaccuB FOkka MayHTeiH
CxeMa MoOJA3eMHOI0 PACIOJIOKEHUS] XPAHWINIA PAaTHO-
AKTUBHBIX 0TX0/10B
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Cxema pacnoJioxkeHHsi IJIABHOTO TYHHeJ sl (TYHHeJIbHOM
MeTJiM) B TOPHOM MacCUuBe

| — rmaBHBIV TYHHEIb;

2 — pa3BeIOYHBIN TYHHEIb.

Pacnosio:xxkenue komiuiekca IQOkka MayHTeilH Ha Teppu-
Topun CIIJA u mrata HeBana

CoBMelieHHasi cxeMa TOPHOI0 MACCHMBAa U IMOJA3E€MHOI0
XPaHUJINIIA

| — rmaBHBIV TYHHED;

2 — pa3BeI0YHbIN TYHHEIb;

3 — maHenu XpaHEeHUs OTXOJIOB.

Bua co cnyrHuka Ha miomaaky komiuiekca FOxkka Ma-
YHTEHH

CoBMelieHHast cxeMa TreoJoru4eckux ¢opmanuii
IJIABHOTO TYHHEJISI

1 — ceBepHBIN TOPTAT;

2 — FOXKHBIN [TOPTAaJ;

3 — reosiornyeckas gopmanus pa3MelieHus XpaHUInIIA;

4 — rpeOeHb TOPHOTO MACCHUBA.

I'eosrornyeckui paspe3 B palioHe CTPOMTEIbLCTBA XPaHM-
Juma FQOkka MayHrteiin

1 — reonoruueckue Gpopmaiuu;

2 — reoJIOTUYECKHUE HApYIICHUS;

3 — FOPU3O0HT PACMOJIOKEHUSA XPAHUIINILIA.

IHepeaBuskHas reojioruyeckasi gadoparopus

Hayayio npoxoaku pa3Bea04YHOro TYHHeJs OypoBOM TYH-
HEJIbHOUM MAaILIUHOM

OxoHYaHHe NPOXOAKHM PAa3BEA0OYHOI0 TYHHe/Is OypoBOM
TYHHEJIbHOU MAaLIUHOM

IIpoxoaka oTBeTBJICHUH M HHUII TYHHE/JIS MPOXOAYECKUM
KOMOaliHOM

Pa3BenouHblii TYHHe/Jb IMOCJI€ YCTAHOBKH MeTajlIM4e-
CKOH Kpenu

YcraHoBKka aHKEPHBIX 00JITOB MU METAJJIMYECKON CeTKH
JJIS KPeIJIeHUsl TYHHeJIsI

KoHcTpyKIMs TPAHCIIOPTHBIX TYHHeJIEH U TYHHeJIel Xpa-
HEeHM S

PacnosioskeHue KOHTEHHEPOB € 0OTX0JaMU B TYHHeJe
XpaHeHUus
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| — KOHTEUHEPHI C OTXOAAMU;

2 — 3amuTHasg 000JI0YKa;

3 — peNbCOBBIN IMYTh MOPTAIBHOTO KPaHA;

4 — crasnibHasA CTPYKTYpA;

5 — MeTanM4uecKasi Kpenb TYHHEI.

KoMmmiekec mNOBEPXHOCTHBIX 3JaHUN M COOPYKEHHMH

BUIIII

Kapra pacnosoxxkenus xpanuauma BUIITT

I'eosnornuyeckoe crpoenue pamona pacnoJsoxxkenus BUIII

1 — ¢popmanus Santa Rosa;

2 — popmanusa Dewey Lake Redbeds;

3 — popmanus Rustler;

4 — popmarnus Salado;

5 — dopmarus Castile;

6 — MECTO PacCIOJIOKEHUS XPAHWUIIHUIIA;

7 — BEpTUKAJIbHBIE CTBOJIBI;

8 — reoJIoropa3Be0vHas CKBaKHMHA.

CoBMenieHHas1 cXeMa MOBEPXHOCTH M MOJA3EMHOr0 KOM-

IUIeKCa XPaHWJIUIIA

1 — cTBON A1 CITyCKa paiMOaKTUBHBIX OTXO/I0B;

2 — CTBOJI T BBIMOJIHEHHS TPY30MOBEMHBIX ONIEPALIUN TIPU
CTPOUTEIIbCTBE;

3 — BO3AyXOIOJAOIINI CTBOJI;

4 — BEHTUJISILIMOHHBIM CTBOJI;

5 — maHenu XpaHeHUs OTXOJIOB;

6 — MOMENICHUE XPAaHEHUS OTXO/IOB;

'/ — IOBEPXHOCTHBIN KOMILJIEKC.

Cxema noa3eMHOI0 KOMILJIEKCA XPAHUIHIIA

1-4 — BepTUKanbHBIE CTBOJIBI (CM. puc. 3.24);

5 — maHenM ¢ NOMEMIEHUsAMU XPAHEHUs OTXO/IOB;

6 — MOMENICHUE XPAaHEHUSI OTXO/IOB;

7 — mo3uLMs NOKa3aHa Ha puc. 3.24;

8 — IUNTAHUPYEMBIE TTAHEIIH;

9 — mOCTpOCHHBIE TTAHEIH.

TyHHeIb aHe el XPAHeHHUs 0TX010B

KoHTeliHepbl ¢ 0TX0AaMH B IOMEIICHUU XPAHEHUSA

Kommiekc moazemuoro xpanenusi SFR (IlIBemus)

I'opusoHTanbHbIE XpaHWIMIIA KOMILIeKca SFR
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BeprukanbHasi CKBa)KUHA ISl XPAHEHUSI KAHUCTP C OT-

xoaamMu B koMILiekce SFR

Beprukanabhblii cuiioc komiuiekca SFR

Kommiekc noazemuoro xpanmwiauma CLAB (IlIBenust)

1 — mpenBapuTENbHOE OXJIAKICHUE TPUOBIBIINX OTXO/IOB;

2 — pa3MenIeHNe OTXOA0B B KAHUCTPAX XPAHECHHUS;

3 — OXJIaXJCHUE KAHUCTP C OTXO/IaMH;

4 — CIyCK KaHUCTP CIIEIUaIbHBIM JTU(PTOM B OacCEiiH;

5 — BMYpOBBIBAaHME KAHUCTP B OETOH IS OKOHYATEIHHOTO
3aXOpOHEHUS.

Cxema riiy0OKOro xpaHeHHusi OTXOJA0B CpPeAHEro ypOBHH

pagnoakTuBHOCTH (LIIBemms)

IMoxzemuoe xpanuiauine OKuiakyoro (PuHISHIMS)

a) oOIIuiA BUJI;

0) BepTUKaJIbHBIE OyHKEpA.

Cxema xpanuiauina Jlopuuca (OUHIAHIUAS)

Kommiekce xpanuianma Onanunyc (LBeiinapus)

EBponeiickasi KOHUENUUs MOA3EMHOI0 XPAHEHUS OTXO-

0B ¢ BBICOKHM YPOBHEM PaJMOAKTHBHOCTH

SAnoHckasi KOHUENUHUS MOA3EMHOI0 XPAaHEHUS OTXOA0B €

BbICOKMM YPOBHEM PAJHOAKTHBHOCTH

HoazeMHbId KOMILIEKC Jiaboparopuum XopoHooOe (Smo-

HHUS)

IHoazeMHubIl KOMILIEKC JadopaTopun Opanuuu

HoazeMHubIld KoMILIEKC JadopaTtopuu OHKan0 (PUHISAH-

M)

30Ha MOpPoOJ, MPUMBIKAKIIAX K TYHHEJI XPAHEHUH, HA-

PYLIEHHBIX TOPHBIMH padoTaMu

1 — mopona;

2 — TpeuiMHa B MOPOJE;

3 — NOACTUJAIOIINE MAaTepHUabl B MOPOJIHBIX MOPAX;

4 — 30HAa KUIICHUS BOJIBI;

S —nap;

6 — 30Ha KOHJICHCAIIMU 1apa;

7 — 30Ha PaCTBOPEHUSI MUHEPAJIOB;

8 — cTekaroniast Bojaa.

O0masi cxema JBHMKEHUS MAPOBOASTHOIO MOTOKA B MOPO-

12X, NePeKPbIBAIINUX TYHHEJb XPAHEHHUsI 0TX010B

1 — pannoakTUBHBIE OTXOMbI;
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2 — meperperasi 30Ha;

3 — 30Ha KUIICHUS BOJBI;

4 — HampaBJIEHUE IBUKECHUS T1apa;

S — 30Ha KOHJECHCAIMU Napa;

6 — HanpaBJIeHUE JIBUKEHUS BOIBI;

7 — opouraeMas 30Ha.

OO0Opa3oBaHue YIJIOTHEHHBIX KYNOJOB TOPHBLIX MOPOJX B
CBOJIe TYHHeJIeil XpaHeHUsl 0TXO0/I0B

a) TOMEpPEUHbIN pa3pes;

0) MNpOIOIBHBIN pa3pes;

1 — TyHHEB;

2 — rinyOuHa 1o YpOBHEM MOBEPXHOCTH;

3 — 1011 IepBOHAYAILHOM MOPUCTOCTH TTOPOI.

I'JIABA 4

I'eorpaduueckas cxema komiuiekca @epmuiiad

| — rmaBHBIA HHXKEKTOD;

2 — YCKOPUTEJIb JIEMEHTAPHBIX YaCTHII;

3 — noazemubIi koMmIuieke npoekra NUMI-MINOS.

Bua ¢ Bo3xyxa Ha koMmiuieke ®epmuiiad

Cekuusi Moa3¢eMHOM YCTAHOBKHU JIMHEHHOI0 YCKOPHTEIA
Jaboparopuu Pepmuiiad

Cxema mpoekta NUMI-MINOS — TpaekTOpusi YacCTHI
Mexay Jadoparopusvu ®epmuiad u Cayaan

a) IUIaH TPACKTOPHUU:

MO — mwrrat Muccypu;

IL — mrrat MnnuHoic;

IN — mrrat Maaunana;

IA — mrat AlioBa;

WI — mrat Buckoscus;

MI — mrat Muunras;

MN — mrrat MuHHECOTa;

0) pa3pe3 [0 TPACKTOPHH.

Iliian u pa3spe3 nogzemHoro komiuiekca NUMI-MINOS
a) IUIaH;

0) paspes;

1 — 3an BeIOpoca myuka yactuil (Extraction Hall);

2 — tynnens (Carrier Tunnel) (3x3 m);
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3 — 3an mumenu (Target Hall) (mupuna 7,6 m, BbicoTa 9-18
M, JJIMHA 53 M);

4 — ryunensb pacnaga (Decay Tunnel) (auamerp 7 m);

5 — 3manue obcnmyxkuBanus muiieHu (Target Service);

6 — maxta mutieHu (Target Shaft);

'/ —maxTa BbIBOJIA BO3/1yXa,;

8 — abcopOupoBanue yactuil (Beam Absorber);

9 — nerexTopsl MtooHOB (Muon Detectors);

10 — 3ganme oOcmyxuBanus aetrekropa MINOS (MINOS
Service Building);

11 — maxra nerexkropa MINOS (MINOS Shaft) (rmy6una
103 m);

12 — Tynnens 3ana MINOS (MINOS Hall Tunnel);

13 — 3an MINOS (mmmpuna 10,7 M, BeicoTa 9,8 M, quHa 46
M);

14 «ommxuuii»y ngerekrop MIONOS (MINOS Near Detector).

MomnTax nerekropa NuMi

Tynneas pacnaga (Decay Tunnel) nadoparopun ®epmu-

J1a0

Cxema moazeMHoOro jiadoparopHoro komiuiekca Cayaan-2

(27 rOpU30HT MIAXTHI)

1 — cyliecTByOLINM CTBOJI,

2 — CYIIECTBYIOIIAs MOJIOCTh;

3 — monocTh «aanpHero» aerekropa MINOS;

4 — cxema gerekropa MINOS.

CTpouTesIbCTBO MOJIOCTH «IaJbHero» aerekropa MINOS

B maxre Cayaan

Hoazemuas moJiocth Jadoparopuu CayaaH, 3aKpervieH-

Hasl aHKePHbIMHU 00JITAMU

Herekrtop MINOS B maxte Caynan

MoHnTaxk obopyaoBanus B Jjaboparopuu Caynan-2

Pa3memenue oOopyaoBaHuss B 3aje mumeHu («Target

Hall») nadoparopun ®epmuiiad

OO01uii BUA NOBEPXHOCTH IAXTHI XO0YMCTEHK

1 — cTtBOJ ATEC;

2 —ctBOx Pocc.

CxeMa BCKPBITHA MECTOPOKACHUSA IIAXTHI X0YMCTEeNK

1 — ctBOI ATEC]

2 — ctBOoJ Pocc;
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3 — crapsiit cTBOJT No2;

4 — «cienpie» rPy30I0IbEMHbBIC CTBOJIBI;

S — BO31yXONOIAIOIINAN CTBOJI,

6 — BEHTWJISIUOHHAS CKBAYKUHA;

7 — BEHTWJISIHUOHHBIE CTBOJIBI;

8 — BCIIOMOTaTeJIbHbIN CTBOIJI,

9 — OyHkepa.

Cxema BCKpPBITHS PYAHOIO TeJia YYACTKOBBIMH BbIpa-
0oTKaMHu

1 — pynHoe teno;

2 — IpOA0JIbHBIE TIOTOPU30HTHBIC TYHHENH;

3 — MoNepeYHbIE BBIEMOYHBIE YUACTKOBBIC TYHHEU.

O0muii BUA moJa0cTH 00JBIIOT0 pa3Mepa, 3aKpernjieHHOH
AHKEPHOM KpenbIo ¢ NOAAePKUBAIOIIEH CEeTKOU

Kpsi:xk Can-/[»)kacuHTO B MecTe PacoJIOKeHUs] TYHHeJI,
MOABOAAIIEI0 K IOA3eMHOM J1adopaTopun

1 — U3BEpKEHHBIE TTOPOJIBI;

2 — MmeTaMOp(HU30BAHHBIE TTOPO/IbI;

3 — 0calouHbIE TOPOJIbI;

4 — nux Can-/[>)xacuHTO;

5 — MpUMEpPHOE HAIPABJIECHHUE TYHHEIIS.

CoBMeleHHbIe TOMOTPaQUIECKAs U Fe0JOrnYecKas Kap-
Thl Y4aCTKa NPOXOAKH TYyHHeas1 K Jadoparopum CaHn-
JxacunTo

1 — moprau;

2 — HaIpaBJICHUE TPACCHI TYHHEJI;

3 — HWKHSSI CTAaHUMS OJABECHOW KaHATHOW J1IOPOTH;

4 — HarpaBJIE€HHUE TPACCHl KAHATHOM JIOPOTH;

5 — BEpXHssI CTaHIMA KAaHATHOW TOPOTH.

I'eomormueckuii paspe3 mno Tpacce TyHHeass Can-
JxacuHTO

1 — ocamoyHbIE TOPO/IBL;

2 — MeTamMop(U30BaHHbBIE TTOPO/IbI;

3 — U3BEP>KEHHBIE TTOPOJIbI;

4 — HanpaBJICHUE TYHHEIA;

5 — IHO KaHbOHA;

6 — nMpoduIb CEBEPHOTO TOPHOIO TPEOHS;

7 — nonuHa, npuieraromas k kpsoky Can-J>kacuHTo;

8 — JKUJIOH IIOCEIIOK;
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O — HWXKHSISL CTAaHIIMS TTOJIBECHOW KaHATHOU JIOPOTH;

10 — BepxHsIs CTaHLIMS KAHATHOW JIOPOTH.

IIpopuabs ropHOro rpedOHsT B MecCTe PACHOJIOKEHUSA

JIA0OPATOPHOIO TYHHEJISI

1 — nux Can-/I)xacuHro;

2 — mopTan TyHHEJI;

3 — HWKHSSL CTAaHIIUS TTOJIBECHOM KaHATHOW JIOPOTH;

4 — BepXxHsisl CTAaHIMSA [10JIBECHOM KaHATHOW JIOPOTH;

5 — BBICOTA HAJl YPOBHEM MODS, M.

Maker OAHOr0 W3 BAPHAHTOB IMOJA3E€MHBIX MMOMEIICHHUH

Jadoparopuu CaHn-/[xacuHTO

NHTepbep 0AHOr0 U3 MOA3eMHBIX NMOMENICHUN J1a00paTo-

pun Can-/{5KacUHTO

Bxoa (mopraJu) B TyHHe b maxtbl Mo3ymu (J1aboparopus

Kamnoka)

Cxema pacnoJioskeHusi HAYYHbIX KOMILICKCOB B MOA3eM-

HbIX BbIpadoTkax maxTbl Mo3ymu (i1adoparopus Ka-

MHOKA)

a) pacnonoxenue aerekropoB KamLAND wu «Cynepka-
MHOKAHJIEN;

0) oOuwmii Bug aerekropa KamLAND:;

B) oOumi BU]] MEPCHEKTUBHOTO NETEKTOpa
«l'unepkaMuoOKaHIe»;

1 — poroyMHO)UTENH;

2 — OOIINBKa;

3 — mardopma;

4 — HEeNPOHUIIAEMBbIH JIUCT;

5 — HApYXKHbBIN JETEKTOP;

6 — BHYTPEHHUU JIETEKTOP.

Cxema ycranoBku jaerekropa KamLAND B maxre Mo-

3yMH

MonTa:xkubie padoThl B Kamepe aetekropa KamLAND

Jlerekrop KamLAND B mnoa3eMHOM MOJIOCTH HIAXThbI

Mo3ymu
Cxema yCcTpoicTBA U padoThI AeTeKTopa
«Cynepkamuokaae»

1 — kaxapie 90 MUH HEUTPUHO MOMNAJIAECT B KaMEpPy JACTEKTO-
pa, reHepupys UYepeHkoBCkoe wuznydeHue. llpu sToMm
CO3/IaeTCSl CBETOBOM KOHYC, PETHCTPUPYEMBId (HOTOYM-
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HOKUTEJISIMU, PACIHOJIO)KEHHBIMU B E€MKOCTH C BOJOM.
DTO NO3BOJISIET ONPENIEINUTh, KAKHE BUIbl HEUTPUHO 3a-
PETUCTPUPOBAHBI U B KAKOM HANPABIICHUU OHU JIBUTAKOT-
csl;

2 — emMKocTb 50 THIC. M CBEPXUYMCTOM BOJBI;

3 — cBeT yJaBAuBAETCSA (POTOYMHOXKUTEISIMHU, YIIOKEHHBIMU B
€MKOCTh, U TpaHCc(hopMuUpyeTcs B IUPpoBoe n300paxke-
HUE;

4 — tonma ropsl OTPUIBTPOBBIBAET JIPYTHME CUTHAJIBI, KOTO-
pbl€ MAaCKUPYIOT IPU3HAKK HEUTPHHO;

5 — HECKOJIbKO HEUTPUHO, MONAaasi B EMKOCTb CBEPXUYUCTOU
BO/Ibl, TCHEPUPYIOT CBETOBOM KOHYC;

6 — 3JIEKTPOHHOE 000PYOBAHUE;

7 — KOHTPOJIBHOE TOMELIEHHUE;

8 — MOJABOASIIINN TYHHEIb JUIMHOM 2 KM.

IoazeMHass MOJIOCTL [JIs1  pa3sMelleHHMs] IeTEeKTOpa

«Cynepkamuokaae»

HerexTop «Cynepkamuokane». Bug usnyrpu

Bua ¢ Bozayxa Ha npoMimiomaaky maxrel [luxacaamu u

npuwieraiui Janamagr

Kapra ®uuasHaum c¢ pacnoJoxkenuem r. Iluxasapsu u

mwaxrTel [Inxacaamu

HousocTh Ha rop. 210 m maxtel luxacaamu

KoMmnuiexke BCKpbIBalOIIUX BbIPA0OTOK CYLIECTBYHOIIEH U

HOBOH (YruiiyoJsiemMoi) yacter maxrbl [luxacaamu

BekpbiTHe HUKHeN YacTH MecTOpoxAeHus maxThl Inxa-

CaJIMHU

1 — ropuzont 1100 wm;

2 —ropu3oHt 1200 M;

3 — ropu3oHT 1300 m;

4 — ropusont 1400 wm.

IlepcneKTUBHBIN KOMILIEKC HAYYHBIX Ja0opaTropuii Ha

rop. 1440 m

a) oOmwui BU;

0) mpuBs3Ka HAYYHOTO KOMILJIEKCAa K TOPHBIM BBIpaOOTKaM
TOPHU30HTA;

1 — pynnHoe Teino;

2 — HOBBIM BEPTHUKAIbHBIN CTBOJI;

3 — 1abopaTOpHBIN KOMILJIEKC.
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PacnoJsio:keHne HAyYHbIX KOMILICKCOB PAa3JIMYHOIO Ha-

3HAYEeHUs Ha JeHCTBYIOIIMX ropuzoHrax maxtbl Iluxa-

caJIMu

1 — ropuzoHnt 90 M;

2 —ropu3oHT 210 Mm;

3 — ropuzoHT 270 M (cieBa) u ropuszoHT 300 M (cripaBa);

4 — ropuzoHnt 400 m;

5 — ropuzoHT 660 Mm;

6 — ropu3oHT 970 Mm.

IpompbllieHHAs IJIOINAAKA WIAXThHI baaou

I'naBublili 3aJ moa3eMHOM (QuU3HUECKON Jgadoparopuu

maxtsl bajaon

YcTaHOBKa [1€TEKTOPOB OOHApPYKEHHSI «TEMHOI» Mare-

puM B BoIpadoTkax maxrel baiaou

a) paccTaHOBKa JIETEKTOPOB PA3JIMYHBIX TUIIOB B JabopaTo-
puy;

0) »9Tambl CTPOUTENIBCTBA JA0OPATOPUM B TOPHBIX BHIPAOOT-
Kax;

1 — rmaBHas moA3eMHas 1a0opaToOpus;

2 — IETEKTOPBI OOHAPYKEHUS «TEMHOW» MAaTEPUH.

Cxema BCKpPbIBAWIIUX IFOPHbIX BHIPA00TOK maxthl baJ-

Ou 1 moa3eMHOM pu3nvecKou Jadoparopumn

| — mIaxTHBIE CTBOJIBI;

2 — KOCMHMYECKHE JIy4YH, OCTAHOBJIEHHBIE TOPHBIMU NOPOAA-
MU;

3 — 4acTHUIlbl «TEMHOW» MATEPUHU, MPOHUKAIOIIUE B IMOJI3EM-
HYI0 J1a00paTopHIo;

4 — sKCIIepUMEHTaIbHAS OJIOCTh;

5 — 3ammuTHasg o000JOYKa YHCTOM BOJBI, OKpYKaromas
JNETEKTOPBIL;

6 — Kpenb NOA3EMHOM T0JIOCTH;

"7 — KOHTPOJBHOE ITOMEICHUE.

YcranoBka gerekropa Zeplin B moa3eMHo# J1adopaTopuu

Yuyenble B maxre baaou

IpombinieHHas MJIOIAAKA maxThl KpaiTon

Cxema BckpbiTHs axThl KpaiiToH

I'opubie BBIPA00TKH J1a00PATOPHOI0 KOMILIEKCA IIAXTHI

Kpaiiton

a) oOmas cxema;



Puc. 4.70.

Puc. 4.71.
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0) BXoJ B J1abOpaTOPHIO;
B) mnoJsocTh jaerekropa SNO ¢ NMpUMBIKAIOITUMHA BhIPAOOT-
KaMu;
1 — moJIOCTh AETEKTOPA;
2 — TyHHEJIb MUTAHUA U TIEPEOJICBAHUS [IEPCOHATIA;
3 — BX0J1 B 1a00pPaTOpHIO;
4 — TYHHEJIb BCIIOMOTATEJIbHOTO 000PY/I0BaHUS;
5 — MoOliKa MallluH;
6 — «rps3HasH 30HA.
IpuBsizka 1a00paTOPHOr0 KOMILJIEKCA K CYyLIECTBYOUUM
rOpHbIM BbipadoTkaM maxtbl KpaiiTon
a) oOias cxema;
0) nabopaTOPHBIN KOMILIECKC;
B) cxema aetekTopa SNO;
r) TUIUYHOE CEUYCHHE TYHHETS;
1 — cymiecTByOIIMA 1Ta00OPaATOPHBIN KOMILIECKC;
2 — MEePCHEKTUBHBIN JTA00OPATOPHBIN KOMILUIECKC;
3 — CYILECTBYIOIINE BEIPAOOTKH IIAXTHI;
4 — XpaHUJIUILE TAXKEJIOWU BOJBI;
5 — myHKT GUIbTPAIIUU BOJIBI;
6 — MyHKT (QUIbTPALIUU TSHKEIION BOJIBI;
7 — nonocth aerexkTopa SNO;
8 — aKpUJIOBBIN COCY/I;
9 — npomexyTounbld ckian nerekropa SNO;
10 — noMernieHne nepcoHana;
11 —Bx0x1;
12 — noMenieHne nepeoIeBaHus IMepCoOHAIA;
13 — myHKT 3apsaku Oarapei;
14 — myHKT nUTaHUS.
CxeMa ropHbIX BbIPA0OTOK M IOJIOCTEN MEPCIEKTUBHOIO
JIa0opaTOpHOro KoMmiuiekca (pasmepsl B ¢pyrax, 1 ¢pyr =
0,3048 m) maxrtel KpaiiTon
1 — ¢aza 1 nepcrneKTUBHOTO KOMILIEKCA;
2 — (haza 2 nepcneKTUBHOIO KOMILIEKCA;
3 — OpsIMOYTOJIbHBIN 34JT;
4 — 30Ha MOJATOTOBKH;
5 — KOHTPOJIbHAsI KOMHATA;
6 — «JIECTHUYHAs» J1Ta00paTopusi;
7 — oXJIaXKTAIOIIHM KOJIOJeIL,;



172

Puc. 4.72.

Puc. 4.73.
Puc. 4.74.
Puc. 4.75.
Puc. 4.76.
Puc. 4.77.
Puc .4.78.

Puc. 4.79.
Puc. 4.80.

Puc. 4.81.

Puc. 4.82.

Puc. 4.83.

8 — repMeTuYecKast 1Bephb;

Cxema 1a00paTOPHBIX KOMILIEKCOB (CyLIECTBYIOLIECTO U

MEePCNEeKTUBHOIO) maxTbl KpanTon

| — cymiecTBytomMe BIpaOOTKHU MIaXThl;

2 — CYIIECTBYIOIINM JJAOOPATOPHBIN KOMILIEKC;

3 — nonoctk aerektopa SNO;

4 — (baza 1 nepcneKTUBHOTO J1a0OPATOPHOTO KOMILIEKCA;

5 — (a3za 2 mepCcrneKTUBHOTO J1JA0OPATOPHOTO KOMILIEKCa;

6 — PSIMOYTOJIbHBIN 3aJ;

7 — oXJIaXKJArOIIMM KOJIOJelL;

8 — «JIecTHUYHAs JabopaTopus.

Cxema HelTpuHHOro aerekropa SNO JjadopaTtopum

Can0spu

Hapy:xubiii Bua gerekropa SNO

MomnTa:k nerexkropa SNO

Cragum npoxogyeckux padoT MO COOPYKEHUK KaMepbl

nerekropa SNO

Craguu MoOHTaxa AeTeKTOpa: cpepHYecKOd 000JI0YKHU

(KpacHbIN LBET) U AKPUJIOBOI0 COCY/AA (3eJIeHbIN 1IBET)

IIpoxoaka kamepsl JeTEKTOpPA

BenomorareibHBIA TYHHEIb

PacnoJsioxkenue u cocras jgadoparopuu I'pan Cicco

a) pacroJIOKEHUE TyHHEN U JJabopaTOpuu B TOPHOM Mac-
CUBE;

0) IUIaH U U30METPUUYECKOe H300pa)xkeHue J1abopaTOPHOIo
KOMIIJIEKCA;

B) wuHTEphep 3ana C;

1 — TyHHEeIH HHTEP(PEpPOMETPA;

2 —3al A;
3 —3an B;
4 —3an C;

5 — aBTOAOPOKHBIM TYHHEb.

Cxembl pacnojio:keHusi 000pyA0BaHUs B J1a0OPATOPHBIX
3aJ1ax

a) oOmwmii BUL;

0) cedeHue 1a00PATOPHOTO 3ana.

Cxema coBMecCTHBIX 3KcnepumMeHTOB yckopureasa CERN
u jadoparopuu I'pan Cacco

HNuTtepbep 3a0a A nadoparopuu I'pan Cacco



Puc.
Puc.

Puc.

Puc.

Puc.

Puc.

Puc.
Puc.

Puc.

4.85.
4.86.

4.87.

4.88.

4.89.

4.90.

4.91.
4.92.

4.97.

173

HNutepnep 3ama C. MoHTa)KHbIE pa0OTHI

Oo0muin Buja jaerekropa bopexkcuno sadoparopuu I'pan

Cacco

a) pa3MEIICHUE AETEKTOPA;

0) u3OMeTpUUecKas cxeMa JeTEeKTOopa.

Coopy:xenue JadopaTopHoii moJsocTH (J1adoparopus

I'pan Cacco)

IIpoxoaka moJiocT OYpOB3PBLIBHBIM CIIOCO00OM (J1abopa-

Topus I'pan Cacco)

IIpoxoaka moJsocTu kKomOaHOM (Jadoparopusi I'pan

Cacco)

Oomas cxema yckopurtenass LEP/LHC (moazemusie pado-

Thl)

Point 1 - point 8 — myHKTHI ycTaHOBKHM 000pynoBanusi. Kpac-
HBIM I[BETOM BBIJEIEHBI OOBEKTHI PEKOHCTPYKIIUU U MO-
JIepHU3AUN

Cxema koJibia CMHXPOTpPOHa SPS

Ilanopama pacnojiokeHMsl KOMILIEKCAa YCKOPHTEs

LEP/LHC

Cxembl TyHHesein T12 u T18 npu peKOHCTPYKIUM KOM-

miekca yckopureass LEP/LHC

a) 1uiaH TyHHens T12;

0) paspes no TyHueno T12;

1 — xomw1o yckopurens LEP/LHC,;

2 — KOJIbIIO CUHXpOTpOoHa SPS;

3 — HOBBIN TyHHENB T12;

4 — mynkt 1 ycxkoputens LEP/LHC;

5 — nyskT 2 yckopurens LEP/LHC;

6 — BcrioMorarebHas maxra PM12;

B) IuiaH TyHHens T18;

r) paspes no tyHHenwo T18;

1 — xonw1o yckopurens LEP/LHC,;

2 — KOJbLO CUHXPOTpOHA SPS;

3 — HOBbIM TyHHENb T18;

4 — coenuHenue TyHHens T18 ¢ TyHHeneM CHHXpPOTpPOHA
SPS;

5 — BcnomorarenbHas maxra PGCS;

6 — nyHkT 8 yckopurens LEP/LHC;
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7 — coenuHeHue TyHHens T18 ¢ TyHHeneM yCKOpPHUTEIs
LEP/LHC.
Puc. 4.98. MonTra:xx 000pyaoBaHusI B  IOJIOCTH  YCKOpPHMTEJsI
LEP/LHC
Puc. 4.99. Y4acTok TyHHeJISl yCKOPUTEJS €O CMOHTHPOBAHHBIM 000-
PYAOBaHHEM

Puc. 4.100. Buja ¢ moBepXHOCTH HA YCThe BEPTUKAJIbHOM IIAXThI
Puc. 4.101-4.102. Coopy:keHue CONpPSKEHUS] BEPTUKAJIbHOU IIAX-
ThI C IKCIIEPUMEHTAIbHON M0JI0CTHIO
Puc. 4.103. YcraHoBka  aHKEPHOM Kpend B CONPSKEHHUH
BEPTUKAJIBbHON MAXTHI ¢ IKCIIEPUMEHTAIBHOM MOJIOCTHIO
Puc. 4.104. Crpoureancrso nosoctu UX1S nerexkropa ATLAS
a) QopmupoBaHUE CBOJIA MTOJIOCTH;
0) BpEMEHHBIM MOPOAHBIN HENUK IS TOAJAEP>KaHUsI CBOJIA
MOJIOCTH
Puc. 4.105. Cxema mocJiegoBareibHOCTH Npoxoaku nmosaoctu UX15
nerekropa ATLAS
a) O0YEepeaHOCTh MPOXOAUYECKUX PAOOT;
0) da3bl CTPOUTENBCTBRA;
[ — tynnens yckoputens LEP/LHC;
IT — maxra gocryma PX 14;
IIT — npumbikaromas nosocte USA 15;
IV — cymectByromas nmonocts US 15.
Puc. 4.106. CrtpoutenncTBo nmoaoctu UX1S nerekrtopa ATLAS
a) oOmwMit BU MOJIOCTH;
0) 1-1 ¢da3a cTpouTenbCcTBa MOJOCTH (B KPOBJE IIOJOCTH
BHJIHA IIaXTa JIOCTYMA).
Puc. 4.107. IloaBecka KpPOBJIM MOJOCTH HA AHKEPHbIX KaHATAX
a) o0mas cxema II0JIBECKHU;
0) paspe3 Mo MOJOCTH JETEKTOpa, MIaxTe JOCTyma U OOKo-
BBIM Trajiepesim;
1 — GO0KOBBIC aHKEPHBIE TAJIEPEU;
2 —maxra gocryna PX 16;
3 —nonoctsk aerexkropa US 15;
4 — tynunens yckopurtenss LEP/LHC.
Puc. 4.108. Kommiekc CMS B nmyHKTe 5
a) pasMmenieHrue  OoOOpyJOBaHUS B JICTCKTOPHOM M
KOMITBFOTEPHOM IMOJIOCTSX;
1 — monocte gerekropa CMS;
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2 — KOMIIBIOTEpHAs MOJOCTb;
3 — onTUYECKUE KaHAJIbI;
4 — xaOenpHBIC KaHAIIBI;
5 — GaKOHBI 0OCTYKMBaHUS 000PYIOBAHUS;
0) Mojenb HampsHKEHHBIX 30H B TOPHBIX IMOPOAaX, OKpPY-
YKAIOIIMX KOMIUIEKC MapaieabHbIX mojiocted CMS.
Puc. 4.109. Kamepa ognoro u3 maruutoB yckopureyas LEP/LHC
Puc. 4.110. CoBmectHbiii 3kcnepuMeHT Yyckopurteiaas CERN ¢
Jaboparopueit I'pan Cacco
a) Kapra-CcXema;
0) paspes.
Puc. 4.111. Ilog3eMHBbIe COOPYKEHHUS COBMECTHOI'0 JKCIECPUMEHTA
yckopurtesss CERN c saboparopuen I'pan Cacco
a) 1UIaH TyHHenel cymectBytouux (yckopurens LEP/LHC)
Y HEOOXOIMMBIX JIJI1 COBMECTHOTO SKCIIEPUMEHTA;
0) pa3pe3 1Mo noaA3eMHbIM coopyxkeHusiM komruiekca CERN
— I'pan Cacco;
] — CymecTByrOmHMM KOMIUIEKC TYHHENS YCKOPHUTENSA
LEP/LHC;
2 — KOMIUIEKCHI IIaXThl JOCTYIIA K TYHHEIIO;
3 — BpEMEHHas 11axTa;
4 — moaBoOsIIIAs TaJiepes;
5 — Kamepa MUILIEHU;
6 — TYHHEJb MPOTOHOBOTO MTYYKa;
7 — TyHHEJb pacnaaa IpOTOHOB;
8 — coeauHsAIOIas rajiepes;
9 — Kamephl AETEKTOPOB;
10 — HanpaBiieHre HEUTPOHHOTO My4dka K [ pan Cacco;
11 — MOpEHHBIE OTIIOKEHUS;
12 — ocagouHble TOPOABI MOJIACCHI.
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Puc. 1.7. BapuanTsl popMbI ce4eHNIT MAIIMHHBIX 32J10B
ruapocTaHuuu MuHITaH



|Faun zo0e E = Jﬁlﬁa frction sngle = 40 deg. ¢ = 0.3 MPa 9

[Bedded sandstone E = 4500 WP, Ficteon angie = 45 deg. c = 0.8 WPa) [

Sidewal cables 112 tons capaciy, 3""’“15&@

Puc. 1.8. llugposast moaesib, NOKA3bIBAKIIAS CXeMY HEO0X0IUMOT 0
YCHJICHUS AHKEPHOM KPenbio MOPOoJ, OKPYKAIIIMUX MOJOCTH

Pra-reinforcement placed before cavern excavation 1

~={Convergence 180 mm|2=

Deformed excavalion

Puc. 1.9. lludgporas moaenb, NOKa3bIBAKINAA MOTEPIO HeCyIeH
CIOCOOHOCTH MOPOJIHOr0 MaccuBa M JeopManuio KOHTYPOB
MOJIOCTH



otcreting the two puv muﬁd
Puc. 1.13. ITociienoBaTeibHOCTH OlepallMil IPU MPOXOAKeE
MO/A3¢MHOM MOJOCTH OYPOB3PBIBHBIM CIIOCOOOM

Puc. 1.14. Pacniosioxkenune 000pya1oBaHusi Npu OypeHUN CKBAKUH



o

Puc. 1.15. CkBakuHbI B 3200€ M0JIOCTH, MOATOTOBJIEHHbIE /1151

MOCJICAYIOLICT0 3apsakKaHUsA B3PbIBHBIM BCIHICCTBOM

AL

Puc. 1.17. Ilog3zemMHasi M0oJIOCTH MOCJI€e MPOBEAeHUS B3PbLIBHBIX PadoT



Puc. 1.18. Oxonuyanue GpopMUPOBAHUSA APOYHON KPOBJIM MOA3EMHOMI
BbIPA0OTKH

Puc. 1.23. PadoThl M0 HAHEeCEHNIO0 HAOPBHI3rOeTOHA
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Puc. 1.25. Bbixox 0ypoBoi nNpoxoa4eckoii MAIIUHBI HA
MOBEPXHOCTH NMOCJI€ OKOHYAHUSA MPOXOAKH TYHHEJISA ( KOMILJIEKC
XpaHWwjiIuma siiepHbIix 0TX010B FOKkKka-MayHTelH)
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A Salt Caverns
B Mines
C Aquifers
D Depleied Reservours
E Hard-rock Caverns

Puc. 2.1. Knaccupuxkanus TUNOB XPAHWIHMIIA MPUPOJTHOTO ra3a

* Depleted Fields
@ Salt Caverns
A Aquifers

Puc. 2.2. PacnoJio:xkeHue XpaHUJIMII PUPOJIHOTO ra3a Ha
Tepputopuu CHIA
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Puc. 2.4. ®opmupoBaHue KynoJia B COJSIHOM TOJIIIE
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Puc. 2.6. Ilo:xap Ha ckBaxkune xpanuauma Mocc baadg, Texac

A




DIAGRAMATIC CROSS SECTION -

~ Key to diagram:
Wiiter Tuble

i Propens Gas Phas

| Prooene Liguid Phisa:

N Water:

TRETN A T

Puc. 2.9. YcTraHoBKa BOJOHENPOHUIIAEMOM NEePeMbIYKH



Puc. 2.10. CTpouTeJIbCTBO MOJOCTH

g

Puc. 2.11. IlostocTh XpaHeHH s CXKUKEHHOI'0 ra3a



Fheberg Oljelager

Puc. 2.15. Xpanuauiie ¢ nOCTOSHHBIM YPOBHEM TOILJIUB
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Froatubt pom ¥ . —
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Puc. 2.16. Xpanuauie ¢ nepeMeHHbIM YPOBHEM TOILIMBA
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Puc. 2.25. [Toa3eMHBIA CHJIOCHBIH OYHKEP
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Puc. 2.26. Il pyauun padoThbl MOA3¢MHOI0 CHIOCHOIO 6yHRepa



k _,-_Tqims;%_.gﬁp_nmusn_con STORAGE

Puc. 2.28. CxeMa pacnoJio:zxkeHus MOJA3€MHBIX YroJbHbIX OYHKEPOB



(D 0D 2y powermouse(®) (1D

p— Transformer Power Lines

Puc. 2.31. O0mas cxema 1noA3eMHOM CTPYKTYPbI
THAPOAKKYMYJIHPYIOIeil (HACOCHOM) 3jeKTpocTaHuuM ([{MHOpBUT)



Top Headqabs@ @ Surge @ Taiham@
waler level pond | sha rH b

Marchlyn
Mawr

Uyn Peris

Low .
waler H“@ Low @
pressur .
level wor obooe @

Puc. 2.34. Pacnoyio’keHre OCHOBHbIX 00b€KTOB CTaHIIMU JJHHOpPBUT
B OKpY:KamoIieM Janamadre



nc. 2.35. BepxHuii 1 HU2KHUN pe3epByap cTaHuuM {MHOPBUT



angdonnyy Ingadonnyy
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Puc. 2.38. Buja ¢ Bo3ayxa ruipoCcTaHIIMK Kpiformc

e 2
Puc. 2.39. IloBepXHOCTHBINA KOMILIEKC THAPOICKTPOCTAHIUH
OxnHaBa ¢ HCNOJIB30BAHNEM MOPH B Ka4eCTBe HUKHEr 0

pe3epByapa



= e SRR A re ¥ EF | 3
Puc. 2.40. Cxema KoMILIEKCA TYHHeJIEH U MOJOCTEH MOA3eMHOM

THIPO3JIEKTPOCTAHIIMHU C MCIOJIb30BAHMEM HMCKYCCTBEHHO
COOPY KEeHHBIX 0JI0CTell B KayecTBe HUKHEIr0 pe3epByapa

radsiernds Powes Flanis Arsund the Workd”

- — 4
b

Puc. 2.42. IloBepXHOCTHBIH KOMILIEKC 3JIeKTpocTaHuuu bapru ¢
noga4ve BoAbl K TYpOUHE MO CTAJIbHBIM TPyOaM



el p Heodrace surge tank 9

Access tunnel
Puc. 2.45. U3omeTprueckasi cxeMa KOMILIEKCA TYHHeJIeHd 1

M0JIOCTeN MOA3EMHON I'HAPO03JICKTPOCTAHLMNH

Elevator §

Main Access Tunnel

Q'D—Surgo Chambero

lr" —
i

[ \ P;:)werplant Chamber o
| .

| Breakers

Transformer YVault

Puc .2.46. Pa3pe3 no koMIjieKCy noa3eMHON r'UAP03JIEKTPOCTAHIIMH
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Drilling borehole Start of Continued solution Completionof ~ Compressedgas Storage operation
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Puc .2.57. IlopsiAoK MOATOTOBKH IOJIOCTH B COJITHOM CJIO€

Puc. 2.58. Buja ¢ Bo3ayxa Ha 3JIeKTPOCTAHUUIO XaHTAOP(
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Puc. 3.1. I'opubiit MmaccuB FOxkka MayHTeliH



Puc. 3.2. Cxema moa3eMHOro paciojoKeHus xpanmmma
PaaAHOAKTUBHBIX 0TX010B

Pnc. 3. 3 CxeMa PacCIoJI0KEeHH S TJIABHOTO TyHHe.]Iﬂ (TyHHeJIbHOI/I
MeTJiM) B TOPHOM MacCUBe



CALIFORNIA

E ) 1992 MAGELL AN Geographix. Santa Barbara ’_\
Puc. 3.4. Pacnoso:xenue Puc. 3.5. Copmeniennasi
koMmIuiekca FOkka cxeMa ropHOro MaccuBa U
MayHTeilH Ha TeppUTOPUH MOA3eMHOI'0 XPaHUJIUIIA

CIIIA u murata HeBana

g y .

Puc. 3.6. Bua co cnyTHHKa Ha I0maaKy koMmiiekca FOkka
MayHTeiin



Puc. 3.7. CoBmelieHHast cxeMa reoJiorudeckux ¢popmauuia u
IJIABHOTO TYHHEJIA

Approximate Repository Host Horizono
S = e

Puc. 3.8. I'eosioruueckmii paspe3 B pailoHe CTPOUTEJIbCTBA
xpanmianima FOxkka MayHrelH



Puc. 3.17. KoHCTpyKUMSI TPAHCIIOPTHBIX TYHHEJ/IEH U TYHHeJel
XpaHEeHUs

Drip
Boling Water  Shield
Reactor Waste

Package

Codisposal Waste

Package Containing

Five High-Level Waste
Canisters with

One DOE Spent
@Sleel Sets fovert Pressurized Water Muclear Fuel
for Ground Steel Gantry Reactor Waste Canister

Control

@Slmcturc Crane Rail Prckago @

Puc. 3.20. PacnoJjio:xkeHre KOHTEHHEPOB C 0TX0AaMM B TYHHeJI€
XpaHeHusl
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Puc. 3.22. Kapra pacnoJsioxeHust
xpanuiauma BUIIII

Puc. 3.23. I'eosioruueckoe crpoeHue
paiiona pacnoJioxenuss BUIIII

Surface

650 meters

vertical exaggetation 1551 = '

@i ®;

Potarh Zone

FOR

wire

Underground
Disposal
Facitity

MATION

Brime Keievvair
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Puc. 3.26. TynHesb maHesieii XpaHeHUsI 0TXO10B

Puc. 3.27. KonTeiiHepsbI ¢ 0TX0JaMH B IOMEIEHUU XPAHCHU S
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Puc. 3.29. I'opusoHTa/IbHbIC XPAHUJIHIIA
komiiekca SFR

Puc. 3.30. BeprukajbHasi CKBa:KMHA J1JIS
XpaHEeHUSI KAHUCTP € 0TX0AAMH



Puc. 3.31. BeprukanbHas Puc. 3.33. IlocTosHHOE XpPaAHHIHIIE

CKBAKMHA [IJI XPaHEHUS 0TX0/10B C BBICOKHMM YPOBHEM
KaHHUCTP € 0TXO0AaMH PaaAn0AaKTHBHOCTH
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Puc. 3.38. CxeMa moa3eMHOro KOMILIEKCA XPAHWJIUINA SI/IEPHBIX
orxoaoB (LlIBeiinapusi)

Puc. 3.39. Konuenuusi noa3eMHOro XpaHWIHINA 0TXOA0B ¢ BBICOKHM
YPOBHEM PaAHOAKTUBHOCTH
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Underground
Research
Facilities

Puc. 3.41. IHoazeMHBIH KOMILJIEKC JadopaTopuun XopoHoOe
(SAnonus)



Puc. 3.42. Illoazemublil KOMILIEKC JadopaTopuu @paHuuu

Puc. 3.43. llogzemubiii komIuieke Jaboparopuun ONKALO
(OVHISIHIUSA)



Sy SO s ; - oD
Puc. 3.48. 3ona nopop, Puc. 3.49. O6mas cxema
NMPUMBbIKAKIINX K TYHHECJIIO ABUHKCHUSA MTAPOBOASHOI'O
XpaHeHMNsl, HAPYIIEHHbIX TOPHbIMH MOTOKA B MOPOAAX,
padoramu NnepeKpbIBAIONIUX TYHHEIb

XpaHCHUS 0TX0A0B

a) 0)

1.36

1.22
w(3)

0.95

0.81
390 | 0.68

0.54

Aysoiod [epu jo uopoelg

0.41

pth below ground surface, meters

g

0.27

S

410 .
-40 -20 0 -20 -10 0

Puc. 3.50. O0pa3oBaHue yIUIOTHEHHBIX KYII0JIOB FOPHBIX IMOPOJ B
CBOJIe TYHHeJIeil XpaHeHHUs 0TX0/10B



® areas of the map are clickable
® download a PDF of this map (for printing)

I

—

® View instructions for using this map

Puc. 4.5. Buna c Bo3ayxa Ha komiuieke @epmusiad
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Puc. 4.6. Cexuusi noa3eMHOM YCTAHOBKH JIMHEHHOT0 YCKOPHUTEJIS
Jadoparopuu Pepmuiad
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Puc. 4.7. Cxema npoekta NUMI-MINOS — Tpaekropusi 4acTHI
Mexay Jadoparopusmu @epmusiad u Cayaan

Puc. 4.8. Ilnan u paspe3 noazemuoro kommiaekca NUMI-MINOS
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Puc. 4.9. Monrlz.w'Km)_IeTéRTopa NuMi

Puc. 4.10. yHBII‘)-aCiIill—I[a (eay Tunnl) JIaopaTopml
®epmmiiad



(Soudan 2) Lab

31m
(2 sections
15 m long)

Mine Shaft

aly
MINOS Lab

Puc. 4.11. Cxema noa3zemMHoOro JiaboparopHoro komiuiekca Cayaan-2
(27 rOpU30HT MIAXTHI)

Puc. 4.12. CTpouTeibCTBO MOJOCTH «IajIbHero» aerekropa MINOS
B maxre Cayaan



Puc. 4.13. Ilonzemuast moJsiocth JJadoparopumn Caynas,
3aKpeIJIeHHAs] AHKePHbIMHU 00J TAMHU

Puc. 4.14. /IerekTop MINOS B maxre Caz(aH |
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Puc. 4.17. Pa:meméﬁne -060'py11'013an'nﬂ B 3aJ1¢ MUIICHH («Target
Hall») nadopaTtopuu depmmniad

|

Puc. 4.18. O0muii BUJ NOBEPXHOCTH IAXThI XOYMCTEHK



Puc. 4.19. CxeMa BCKPBITUS MECTOPOKICHUA IAXThI XOYMCTEHK

Puc. 4.20. Cxema BCKpPBITHA PYAHOIO TeJIa YY4aCTKOBbIMH
BbIPA0OTKAMU



Puc. 4.28. O0mumii BUJ 11010CTH 00JIbIIOT0 pa3Mepa, 3aKpenieHHOH
AHKEPHOM Kpenblo ¢ NOAJAePKUBAIOIICH CETKOU

(1)
WETANORPHI ROCK |\
(2)

Puc. 4.31. Kps:xk Can-/[»)kacuHTO B MeCTe Pacimoji0KeHUs TYHHeJIs,
MOABOASNIEI0 K MOA3eMHOM JJadopaTopun
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Puc. 4.37. MakeT 0JHOT0 U3 BAPUAHTOB MOJ3¢MHbIX MOMEIEHU
Jadoparopuu Can-/[xacuHTo

. e
a4 ™ !n“' v Sh -
"u‘t e X a..
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Puc. 4.38. UnTepbep 0AHOI0 U3 NMOJA3E€MHbIX MOMEIICeHUH
-I[)KaCI/lHTO

. naﬁoEaTop__n Can

Puc. 4.39. 'BXOII (nopTa.H) BTyHHeJII)HIaXTI)I Mo3ymu
(madoparopuns Kammnoka)



a) KamLAND

asz.e

354
357.3

Super-Kamiokande

356.

353.0

r

Puc. 4.40. Cxema pacnoJio:KeHUs1 HAYYHbIX KOMILJIEKCOB B
MOA3eMHBIX BbIpadoTKkax maxrsl Mo3ymu (1adoparopusi Kammnoka)
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Puc. 4.42. MoHTakHbIe padOTHI B KaMepe z[eTeKpoa KamLAND
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Puc. 4.47. Bua ¢ Bo3ayxa Ha NPOMILIOLIAIKY

maxTel [InxacaamMu U npuJieraiui
JanamaprT
Puc. 4.48. Kapra ®uniasiHauum ¢
pacnoJjio:xkeHuem r. [IuxasipBu u maxrbl
IInxacaamu
Puc. 4.49. ITosocth Ha rop. 210 M mWIaxXTHI
IInxacaamu



’ 5
Puc. 4.50. Komiuieke BCKPbIBAOIINX BHIPA0OTOK CylIeCTBYIOIEN 1
HOBOM (yruyoJsiemoii) yacte maxrol [lnxacaamu



Puc. 4.51. BckpbiTie HUKHEH YaCTH MECTOPOKICHUS IAXThI
IMuxacanvmu

a) 0)

Puc. 4.52. IlepcneKTUBHBIA KOMILIEKC HAYYHBIX JIA00OpATOPHii HA
rop. 1440 m



Puc. 4.53. PacnosioxkeHre Hay4YHbIX KOMILJIEKCOB Pa3JIM4HOIO
HA3HAYEHUS HA JeHCTBYIOIMX ropu3oHTax maxrsl [Iuxacaamu



Puc. 4.55. I'naBHbIi 321 N0A3eMHOM (Ppu3nUecKoH JadopaTopun
maxTbl baaou
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Puc. 4.57. Cxema
BCKPBIBAKIIUX F'OPHBIX
BbIPa00TOK maxTbl banou
U NOA3eMHOM (pU3HYeCKON
Jadoparopuu

Puc. 4.58. Ycranoska
nerexkropa Zeplin B
MOA3eMHOM J1adopaTopumn
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Puc. 4.66. [IpombinuieHHas miomaaka maxrbl Kpaiton



Puc. 4.69. I'opabie BbIpa0OTKH JIa00OPATOPHOT0 KOMILICKCA MIAXTHI
Kpaiiton
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Puc. 4.71. CxemMa ropHbIX BHIPA00TOK M MOJIOCTEH NEPCIEKTHBHOIO

JadopaTopHoro komiuiekca (pasmepsl B ¢pyrax, 1 pyr = 0,3048 m)
maxtbel KpaiiTon

Puc. 4.72. Cxema j1a00paTOPHBIX KOMILJIEKCOB (CYIIECTBYIOIIET0 U
NMePCNeKTUBHOIO0) maxrbl KpauTon



Puc. 4.73. Cxema HeiitpuHHOrO0 AeTekTopa SNO sadboparopuu
Canospu
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Puc .4.78. IIpoxoaka kaMepsbl 1eTEKTOPa



Puc. 4.79. BecnomorarejibHbIA TYHHEJIb




a) The Gran Casso Laboratory

L’Aquila

Gran Casso Labs

1 L’Aquila
0) -

cramo

Puc. 4.80. Pacnosio:xxkenue u cocras jadoparopuu I'pan Cacco
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Puc. 4.81. Cxembl pacnoJsioxkeHunsi 000py10BaHuA B J1a00OPaTOPHBIX
3aJ1ax
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Puc. 4.87. CoopyénnéaﬁopanHOﬁ N0J10CTH (madoparopusi I'pan
Chscco)



Puc. 4.88. IIpoxoaka mosiocTtu 0ypoB3pPbIBHBIM CIIOCOO0OM

(srabopaTopusi I'pan Cacco) ‘

“-**\

Puc. 4.89. Hpoxozuca HO.HOCTﬁ KOMﬁanHOM (naﬁopaTi)];nﬂ Fpan 1
Cacco)




LHC PROJECT

UNDERGROUND WORKS
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Puc. 4.90. O6mas cxema yckopureass LEP/LHC (moazemHbie paGoThi)



CERN
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Prévessin-Moéns

LEP/LHC

Puc. 4.91. Cxema Rdnbug CMHXpOTpoHa SPS

e

Puc. 4.92. HaHaMa pacno.ﬂomen KOMJIeca ycopnTeJm
LEP/LHC
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Puc. 4.97. Cxemsbl TynHeseit T12 u T18 npu pekoHcTpyKuun
komiuiekca yckopureasa LEP/LHC
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Puc. 4.99. YuacTok TyHHeJsl YCKOPHUTEJsI CO CMOHTHPOBAHHBIM
000pya0BaHUEM




Puc. 4.101 CoopymeHne CONPSIZKEHUS BepTuKaanOM IIAXTHI ¢
IKCINEPUMEHTAJBLHOM MOJIOCTHIO
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Puc. 4.102. Coopy:xeHue cOnpsikeHusl BEepTUKAJIbHOU IIAXTHI €
IKCIEPUMEHTATbHOH M0J0CThI0

Puc. 4.103. YcTaHOBKAa aHKEPHOM Kpenu B CONPSIKEHUN
BEePTUKAJbHON IIAXTHI € IKCHEPUMEHTAJbHOU MOJIOCTHIO



Puc. 4.104. CtpourteasctBo nojoctu UX15 nerekropa ATLAS
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Puc. 4.106. CTpouTeibCTBO MOJIOCTH UX15 zleTeKT.opzvl; ATLAS




a)

CMS detector

al channel
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Optic

Counting room
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Puc. 4.108. Kommiexkc CMS B nyHKTe 5



Puc. 4.109. Kamepa ognoro u3 maruutoB ycxkopurtesass LEP/LHC
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Hayxoese suoanms

Kaygman Jleonio Jlazapesuu
Jucikoe bopuc Apmemosuu

NMIA3EMHI CTPYKTYPU

(ornap 3akopaoHHOro goceiny)

HacrmrHa 1

Monoepadghis

(Pociiicbk0r0 MOBOIO)
B aBTOpCHKIN peaakiii



Kaypman Jleonun JlazapeBuu —
TOPHBI WHXKEHEp, KaHIuJaT TeX-
HA4ecknx Hayk. B 1972-1996 rr. —
IJIaBHBIM WHXEHEP MPOEKTOB IIPO-
eKTHOro mpeanpusTus «Jlonyrmue-
IPOEKT», TEXHUYECKHN JTUPEKTOP
bupm «IIpoexty», «ITMPCy», no co-
BMECTUTEJILCTBY — IMPENoiaBaTeb
JIOHEKOro MHCTUTYTa MOBBIIIEHUS
KBATM(UKAIIUM HHXKEHEPHO-TEXHU-
YecKUX pabOTHUKOB MHuUHYyTIENpo-
Ma YkpauHbl. Pa3paOoTuuk aecsT-
KOB  OCYUIIECTBJIEHHBIX MPOEKTOB
PEKOHCTPYKLIIMM M MOJIEpHU3AIUU
maxTt Jlonbacca. ABTop Oojiee 60
HAay4yHbIX palbOT, B TOM 4HCIE 2

HOPMAaTUBHBIX JTOKYMEHTOB JJI YrOJbHOW OTpaciu, 2 MoHorpaduii u 2

ABTOPCKUX CBUIACTCIILCTB.

JIbicukoB bopuc ApremoBuu —
TOPHBIA WHXKEHEp, KaHAWAAT TeX-
HUYECKUX HayK. 3akoHumia JloHen-
KUN HallMOHAJBbHBIM TEXHHUYECKUU
yausepcuter (A1), mpodeccop
ATOr0 yHUBEpcurTeTra. ABTOp 6 MO-
Horpaduif, 5 y4eOHUKOB U y4eO-
HBIX MOCOOWH, M3JAaHHBIX Ha PYyC-
CKOM H (ppaHITy3cKOM s3bikax, 200
Hay4YHBIX cTareil, 26 U300peTeHuit
Y MIaTEHTOB.




