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NEPCHEKTHUBBI JOBBIYUA IAXTHOT'O METAHA W3 YT OJIBHBIX OTJIOKEHUA
JOHBACCA

JLH. Ulupun, E.E. [[yons, E.E. Tepewyk, Hayuonanohwiii 2copHulil yHugepcumem, Ykpauna

PaccMoTpeHbl OCHOBHBIE METOJIbI M IPOIECCHl JOOBIYM METaHAa W3 YrOJbHBIX OTJIOXKCHHM
Jlonbacca.

HccnenoBanust yCJIOBUII M 3aKOHOMEpPHOCTEH (OpPMHPOBAHUS M Pa3MEILICHUS CKOIUICHHM
YIJIEBOJOPOJOB B OCAaJOYHOM TOJIIE MO3BOJMIM OLICHUTh Ta30HOCHOCTh Heap JloHeukoro
OacceiiHa. OCOOCHHOCTBIO SBJSICTCS HaJIW4YMe, KPOME YIUIA, 3HAYUTEIhHBIX PECypCOB METaHa,
KOTOPBI HaXOAMUTCS B YIOJIBHBIX IUIACTaX M BMemarouux nopoxaax. [logcuutano, 4To TOJBKO HA
maxTHeIX molsx JloHOacca ¢ MPUPOAHONW Ta30HOCHOCTHIO YIJISI OKOJIO 12M°/T jerasanpoHHbIC
pecypchl COpOMPOBAHHOTO METaHa COCTaBIAIOT 1,2TpiH M. Pecypcel ckomienuit ¢cBoOOIHOTO
METaHa B YIVIEBMEIIAIOUIMX T[I€CYaHUKaX Ha TMEPCHEKTHUBHBIX IUIOMIAJAX, IO JaHHBIM
YxpHHUUI'A3a, coctaBmsitoT okosio 140 mupna M.

OO6mue pecypcsl MeTaHa B yriieHOcHOU tomnmie Jlonbacca, mo onenke crnenuanuctoB MI'TM, Ha
riy6uaax ot 500 1o 1800 M cocraisioT Goee 12 TpiH M.

[IpuBeeHHbIE [JaHHBIE CBUACTEIBCTBYIOT O TMOTCHIIMATBLHOW BO3MOXXHOCTH JOOBIUU U
WCIIOJIb30BAaHNS YTOJIBHOTO METaHAa IPU YCJIOBHMHM KOMIUIEKCHOTO IOAXOAAa W pealu3auu
3¢ (HEeKTUBHBIX TEXHOJOTHH €ro MOOBIUY U YTHUIIH3AIIH.

Pe3ynbraTthl  OMBITHO-IPOMBINIUICHHBIX  paboT B JloHOacce 1O CO3MaHUIO TEXHOJOTHUMA
MpeIBapUTENILHON JIera3aluu ¢ MPUMEHEHUEM CKBaXXUH, MPOOYPEHHBIX C MOBEPXHOCTH, MOKA3AIH
MEPCTIEKTUBHOCTh HAMpaBJIEHUS, MO3BOJISIONIETO MOBBICUTH YPOBEHb 0€30MaCHOCTH MPH OCBOCHHUU
METAHOHOCHBIX  YTOJBHBIX MECTOPOKJICHUU C OJHOBPEMEHHBIM POCTOM MPOU3BOJCTBEHHBIX M
SKOHOMHYECKHX IIOKa3aTeJed YrOJIbHBIX IIAXT; CHU3UTh DJKOJIOTMYECKYH0 Harpy3Ky Ha
OKPYKAIOIIYI0O Cpelly U OpraHu3oBaTh M3BJIIEYEHUE METaHA C UCIOJIb30BAHUEM €ro Kak
aIbTepHATUBHOTO BHUJIA TOILIMBA JJISl BEIPAOOTKH 3JIEKTPOIHEPT UM, B KAUECTBE MOTOPHOTO TOTUINBA,
TEXHOJIOTUYECKOTO ChIPhSI U B KOMMYHAJIbHO-OBITOBBIX IIETISX.

Hns  co3manust >hdexkTuBHOW u 0O€30MacCHONW TEXHOJIOTMH TIOJTOTOBKM W OTpabOTKH
ra30HACHIIICHHBIX YIJICTIOPOAHBIX TOJII UCIIONB3YIOTCS TaKUE MPUPOIHBIE PaKTOPHI KaK JaBICHHE
BMEIIAIOMINX MOPOJI, CTPYKTYypa IIacTa U BBICOKOE cojiepKaHue rasza B yrie. [lepeuens croco6oB
W3BJICUCHHUS [IAXTHOTO METaHa yKa3aHbl Ha puc. 1.
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CnocoGbl H3BNEYEHHA LWAXTHOrO MeTaHa
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[To poay ATHKC KomMyHanbHoe ™
HCMO/b30BaHHA XO38HCTBO ‘

Puc. 1. Ctanus pa3BuTHsa paboT Mo U3BlE€YEHHIO LLAXTHOrO MeTaHa

Ha puc.2 mpuBeneHa TexHoJIOTMYECKas cCXema TOIMYTHOW J00BUM MeTaHa (Tak Ha3bIBaecMas
KOMOWHHUpPOBaHHAsI TEXHOJIOTHUS), KOTOpasi BKIIOYAET TPU OCHOBHBIX 3Tama: OypeHUe CKBa)KHUHBI C
MOBEPXHOCTH, OTpabOTKa HEPa3rpyKEHHOro IlacTa M €ro jerasanus, MnoapadOTKa CKBa)KUHBI
TOPHBIMH pa0oTaMH W Jerasauus pasrpy’)kKeHHOTO MaccuBa B 30HE CHIBWXKeHHMsA. Jlerazanus
HEpa3rPYKEHHBIX IJIACTOB ABJISIETCA MEPBOl COCTABHOM YaCThIO ATOM TexHONoruu| 1, 2].
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Puc. 2. TexHomoruyeckas cxema MOMyTHOW JOOBIYM METaHA U3 YTOJNBHBIX IJIACTOB CKBAKUHAMHU C
MMOBEPXHOCTH:
[ — runpoaunamMuueckoe Bo3AecTBUE Ha TacT; I — oTkauka BobI U raza U3 HEpa3rpyKEHHOTO
miacta; II1 — oTkauka rasa u3 BEIpabOTaHHOTO MPOCTPAHCTBA MOCJIE MOAPAOOTKH CKBaYKUHBI.

VYuensie MuctutyTa reorexHumueckor mexanuku HAH Vxkpawnwl, [3, 4, 5], paspabotanu
TUAPOAVUHAMUYECKANA METOJ BO3ICHCTBUS HA YIUIEPOJHBIM MAacCUB, KOTOPBIA IIO3BOJISIET
3¢ (}HEeKTUBHO MPOU3BECTH PA3rPY3Ky M Jera3alio 3HAYUTENbHOM MJIOMAAN YTOJIBHOTO IJIacTa MpH
CpaBHHUTEIBHO  HeOompmux  oObeMax pabor mo  Oypenuto. CymHOCTH  Mpolecca
THJIPOJIMHAMUYECKOTO BO3JIEHCTBUS 3aKJIIOUAETCS B NMPUIIOKEHUU K CBOOOJTHBIM MOBEPXHOCTAM
YrOJIBHOTO TJIaCTa 3HAKOIIEPEMEHHBIX Harpy30K, CO3/aBacMbIX MOBBIIICHHEM U COPOCOM JaBJICHUS
3aKa4YeHHOM B TUTACT pabouei KUIKOCTH.

[Ipu 3axkauynBaHuU pabodel XKUIKOCTU B MIACT OTKPBITHIE IMOPHI YIJIS 3aNOIHSIOTCS
BOJIOM, TPH HTOM B TpPEIIMHAX M TMOpax JAHAMETpoM Oosee 107 em MPOUCXOUT TpsAMas
dunbTpanusa, a MOPbl C MEHBIIUMH pa3MepaMy 3aIlOJHSAIOTCS >KUIKOCTHIO TMOCPEICTBOM CHII
KalWUIApHOTO NOMHATHUS. ['a3, HaXoAsIIUICS B 3aMIOJIHAEMOM KHUAKOCThIO GUIBTPYIOIIEM 00beMe,
BBITECHSIETCS B TNIyOb MacCHBA.

IIpu cOpoce naBieHUs MPOUCXOAMUT PE3KOE M3MEHEHHE B HAIPSHKEHHOM COCTOSHUM MacCHUBa.
JKunkocTh M BBITECHSIOIIUN €€ ra3 ABMXKYTCA B CTOPOHY CKBOKUHBI. OJTHAKO, CKOPOCTh U3MEHEHUS
JABJICHHUS HAa CTEHKAX CKBa)XKUHbBI 3HAYUTENIBHO OIEPekaeT CKOpPOCTh 0OpaTHOM (uibTpauuu
KUJIKOCTH B IOPOBOM IMPOCTPAHCTBE yIiisi. B pe3ynbrare B IUIacTe BO3HHMKAIOT CHUJIBI, Ha-
MIPaBJICHHbIE HAa OTPBIB 3allOJIHEHHOTO >KMJKOCTBHIO cios yrisi. OOpazoBaHue HpHU OTPHIBE ITOTO
CJIOSI HOBBIX MOBEPXHOCTEH BBI3BIBACT JECOPOLMIO ra3a ¢ 3TUX MOBEPXHOCTEH, YTO CHOCOOCTBYET
JanpHeleMy pa3pyuieHuto yris. [loBTopeHne nukiIoB MOBBIIIEHUSA-cOpOca TaBiIeHHs B CKBOKHUHE
MIPUBOUT K PA3BUTHIO Pa3pyIIECHUsS YTOJIBHOTO IJIACTA U JIECOPOIMH Ta3a B MPOCTPAHCTBE, BILJIOTh
70 pa3BUTHUS MpOIEcca, TaK HAa3bIBAEMOI'0 «CAMOIMOJIEP>KUBAIOLIEIOCS Pa3pyIICHUs», CYUIHOCTh
KOTOPOTO 3aKJII0YaeTCs B Pa3pyLICHHH YTOJBHOTO IUIACTa 32 CYET BBICBOOOXKICHHS JHEPTHUU
TOPHOI'0 MacCHUBa.

[Iporiecc paspymieHHst YIiisi W COINpPOBOXKIAIOMICH ero aecopOUuM raza MpoAoJDKaeTrcs 10
oOpa3zoBaHMsi B IutacTe (UIBTPYIOMIETO 00beMa, 00ECIeUMBAIOIIETO IBM)KCHHE KHUIKOCTH 0€3
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OKa3aHUs CO CTOPOHBI IUIACTA CONPOTUBIIEHUS, IOCTATOYHOTO AJI1 OTPBIBA YACTHI] YIJI OT MacCHBA.
ITo pocTwkeHun Takoro oObEMa MpOLECC pa3pyLIeHHs YroJbHOIO IUIACTa Hpekpamaercs. B
pe3yabTare BO3JIEHCTBHS BHYTPH YrOJILHOIO MaccHBa 00pa3yeTcs 30Ha pa3ylnpoOYHEHHOI'O YIJI CO
3HAYUTEILHON TMOBEPXHOCTHIO OOHAKEHMS, C KOTOPOH aecopOupyeTcs Ta3, U IIUPOKO Pa3BUTOU
CHCTEMOU TpPEUIMH, 00eCHeunBaIoIlel Tra3oBBIACICHUE B CKBAXUHY B TEUCHHE 3HAYUTEIHHOTO
nepuojia BpeMeHU. VIHTeHcuBHas JaecopOuust ra3a o0ecleyrBaeT ero BhICOKYIO KOHLIEHTpAIMIO B
MOJIKJIFOYAEMOM K CKBA)XKMHE JIEra3allMOHHOM CTaBe.

Crioco0 ruIpoIMHAMUYECKOTO BO3ICHCTBUS HE TPpeOyeT UCIOIb30BAHUS CIIOKHOTO 000py/I0BaHUs, a
€ro MpPUMEHEHHE CIIOCOOCTBYET OXpaHE OKPYKAIOIEH cpeibl M TO3BOJSET HMHTEHCHU(PUIMPOBATH
HPOLIECCHI pa3rpy3KH U Jerazaluy 00padbaThIBAEMOr0 y4acTKa yroJIbHOIO ILUIacTa.

B Hacrosimiee BpemMs B MUPOBOM M OTEUECTBEHHOW IPAKTHKE CYHIECTBYET JBa OCHOBHBIX
criocoba Jlera3aluy yrilemopoJHOTO MAacCHUBa 4Yepe3 CKBaKMHBI — C MOBEPXHOCTU M IOJA3EMHBIX
TOPHBIX BBIPa0OTOK. OCOOEHHOCTBIO CrOCOOa JerasalMd C IOBEPXHOCTH SIBIAETCS TO, YTO
CKBaXMHA II€peceKaeT Kak YroJbHbl€, TaKk M MOPOJHbIE IIIACTHI, MOATOMY Jera3ainuu
nojasepraercs U Te U apyrue. OmHAKO MPOAYKTUBHOCTH I'a300TAAuU MPU 3TOM CIEP/KHUBAETCS
HEeOOJIBIION MJIONIA/IbI0 KOHTAKTa CKBAKUHBI C MIEPECEKAEMbIMHU TIACTaAMU.

Crnoco6 pmerasanuu CKBa)KMHaMH, MPOOYPEHHBIMH W3 TOPHBIX BbIPal0TOK MpeanojaraeT OypeHue
psla CKBaXXUH IO YTOJIBHOMY IUIACTy Ha BBICOTY J3Taka. B naHHOM ciydae oOecrneunBaeTcs
JOCTaTOYHO OOJblIasi IJIONIAJh KOHTaKTa CKBAXKMHBI C YrOJbHBIM IIACTOM, HO OTCYTCTBYET
KOHTaKT ¢ BMELIAIOIIUMU NopojgamMu. TakuM oOpa3oM, Jera3upyercst TOJIbKO Yrojb, a Jerasaunus
BMEIIAIOUINX TOPO MPOUCXOIUT UMb OJaronapst GuiabTpanuu ra3a u3 NopoJ B IJIacT.

Jlerazamusi yrojipHOro MacCUBa C HNPUMEHEHMEM TIMIPOJAMHAMHUYECKOrO BO3ACHCTBHS Yepes
CKBa)XMHBI, TPOOYpEHHBIE C MOBEPXHOCTU OCYLIECTBIISICTCS CICIYIOIIUM 00pa3oM.

C NOBEpXHOCTH Ha 3aJJaHHYIO ITyOUHY OypsATCS CKBaXUHY AuamMeTpoM Oosee 150 MM, KOTOpYIO
oOcaxkuBatoTcst Tpyoamu (puc. 3).

B MecTax KOHTakTa CKBaXMHBI C Ta30HACBHIIEHHBIMHM YTOJIBHBIMH M TOPOJHBIMU IUIACTAMHU
OCYIIECTBISIOT nepdopaiunio 00caaHoi KOMOHHBL. [1o1 HUKHUM TJIACTOM OCTaBISIETCS 3yMI(oBast
4acTh, KOTOpas IpeJHa3HaueHa /s Mara3uHUpOBaHMs YIUIA, pPa3pyLICHHOTO B Ipolecce
BO3CUCTBUS. Y CThE CKBAKUHBI 000PYAYIOT YCTAHOBKOM JUIsl THPOAMHAMHYECKOTO BO3ICHCTBUSI.

VeraHoBka Juis
I'HAPOAMHAMHYECKOTO
BO3/ICHCTBHUS

—

—
ZZ2S S B2
: TexHosnoruueckas
CKBa/KHHA

-

Obcannas Tpyda

+ [epdopuposannas
+ KOJIOHHA

|
!

3_\1\!“( DOBasA 4acTh

Puc. 3 — Jlerazanus yroapHOTO MacCHBa 4epe3 CKBAKUHBI, TPOOYpPEHHBIC C TOBEPXHOCTH.

72



JUis perazaluu yroibHOIO MacCHBa THAPOJMHAMMUYECKUM BO3ICHCTBMEM 4Yepe3 CKBaXKUHBI,
poOypeHHBIC Ha IIACT W3 TOPHBIX BHIPAOOTOK, MPOIECC THAPOIMHAMUYECKON 00pabOTKH TiacTa
JOJDKEH OTBEYaTh CIEAYIOUIMM TpeOOBaHUAM: KOX((UIMEHT Jlera3aluu JODKEeH ObITh HE MEHee
0,3; AMMHA TEXHOJIOTMYECKON CKBaXXMHBI JIOJDKHA oOecnedyuTbh 0OpabOTKYy yroJIbHOTO IUlacTa Ha
BCIO BBICOTY 3Ta)ka; JOJKHBI OBITh UCKITIOYEHBI BO BPEMsI BO3JICHCTBHS BEIOPOCHI T'a3a B BEIPAOOTKY,
a ras JJOJKeH HaIllPaBUTHCS B JIETa3al[MOHHYIO CUCTEMY.

[TpoBenenue paboT MO THAPOAUHAMUUECKOMY BO3/ICHCTBUIO HA YTOJIBHBIN IJIACT B ATOM CiIydae
OCYILIECTBIISIOT CIEIYIOIINM 00pazoM.

W3 Hum, coopykaeMbIX Ha paccTosHUM 50 M OZHA OT IPYroi, yepe3 MOpPOJIHYIO MPOOKY Ha
YTOJIBHBIN TUIACT OypAT CKBaXUHBI fuameTpoM 150 mm u aimmHo# 100 — 200 M.

CkBakuHBI 00CA)XKMBAIOT HA IIYOWHY MOPOAHOM MPOOKH METAIIIMUECKOW TpyOO, MPOU3BOASAT
repMeTH3aluio, a 3aTeéM MOHTHPYIOT 0OOpyAOBaHUE Uil TUAPOJWHAMUYECKOTO BO3JEUCTBHUA,
KOTOpPO€ HA4YMHAIOT IIOCJIE TOTO KaK B 3aKPBITOM C MOMOLIbIO yCTPOWCTBA I'MIPOJUHAMHYECKOIO
BO3JICHCTBUS CKBaKMHE YCTAaHOBUTCS JaBJIEHUE Tra3a, paBHOE IuiacToBoMy. [lapameTpsl HarHeTaHus
JOJDKHBI 00€CTIeUUTh TI0CTaTOYHO Ha/ICKHYIO OJIOKHMPOBKY ra3a B MIPUCKBAXXHHHOM 30HE TaK, YTOOBI
OH TIPHU cOpOCe JaBJICHUS HE BBIPHIBAJICS B BHIPAOOTKY.

[Tocne moCTHKEHUS B CKBaKMHE 3a/laHHOTO JABICHHMS BOJBI MPOU3BOAAT €ro cOpoc ImyTeM
BBIITYCKAa YacTH BOABI M3 CKBaXuHBI (mpumepHo 0,2 — 0,3 M3). B »TOoT MOMEHT cTOJNIO BOMBI B
CKBR)XMHE TEPEMEIIAETCS BHU3, B PE3yJbTaTe 4Yero B BEPXHEH YacTH CKBAKUHBI 0Opa3yercs
paspspKeHHe, 4YTO MHULMHUPYET IMPOLEeCcC pa3pyleHus YIiid U AecopOLuio ras3a.

MHOrokpaTHoe MOBTOPEHHE 3HAKOIIEPEMEHHBIX HArpy30K MPUBOAAT K pa3pyLIECHUIO
MEXaHUYECKOTO M ra3oBOr0 paBHOBECHS B OOJbIIOM oObeMe yrojipHOro miacta. [lo okoHuanuu
THIPOANHAMHUYECKOM 00pabOTKH CKBAXHHY OYMIIAIOT OT PAa3pyLICHHOTO YIJIS M MOJKIIOYAIOT K
Jera3alioHHoN cucteMe. ['a3, mepeBeeHHBIM B CBOOOJHOE COCTOSIHHUE, TIOCTETICHHO BBITECHSICT
BOJAY M3 NPUCKBAXMHHOM 30HBI M NOCTyNAeT B JEra3allMOHHYIO cucTeMy. BbIxon rasa m3 ruacra
HauuHaeTcss yepe3 1 — 2 cyrok. Ilocine CHUKEHMST CKOPOCTH Ta30BBIACJICHUS MPOLECC
THJIPOIMHAMUYECKOI0 BO3AEHCTBHS OBTOPSIETCS O BBIXOA U3 CKBAXKMHBI PACYETHON MaCChI yIJIsl.

Jns  yBenmuuenus paguyca 3(PGEKTUBHOTO BO3JCUCTBUS W TOBBINICHHWs] JeOuta rasa
1eJIeCO00pa3HO MEXKJy TEXHOJOTHYECKMMHU CKBRXHHAMU OYpUTh Jera3allMOHHbBIE, YTO JaeT
BO3MOXKHOCTh YCHJIMTD JI€ra3alliOHHBIE MTPOLIECCHI B IJIACTE.

B CuanbckoM HayudHO-uccienoBaTensckoM uHcTutyTe (Kurait) paspaboransl ycraHoBka ZLY
4000S/ZDY4000L n xoMIuwieKT ammapaTypbl Uisl HalpaBJIEHHOTO TOPH30HTAIBHOTO OypeHus
CKB)KMH TI0 YTOJBHOMY IUTAacTy. B ee komruiekT Bxoaut (puc.4.): OypoBoii arperat Ha TYCEHUYHOM
xony, OypoBble H3MEpPHUTENIbHBIC TPUOOPHl W ammapaTypa, HEMarHUTHbIE OypHIIbHBIE TPYOBI C
NPOJIOKEHHBIM BHYTpH KaOeiieM 3a00HHBI TPUBOJ, CIELUUAIbHBIE J0J0Ta M KOMIUIEKT
HEOOXOAMMOTO HMHCTPYMEHTA. Y CTaHOBKA MpOIIA HCHBITAHWS Ha 15 yrompHBIX OacceHax u
IOJIy4unJsia IUPOKOE paclpoCcTpaHEeHUE He TobKO B KuTae, HO U B Jpyrux crpaHax [6].

YeTpoicTBO ~ HemaruutHsie OypoBblie TpyObI
BypoBbie TpyObl
MoJa4uu BOJIbI
I I I | | RN
HU3mepurenbHbie 3a001HbIH
OTBEPCTHS MOTOP H J10JI0TO

BypoBoii cranok

KouTposuiep
TPACKTOPHH
CKBAKMHBI

Ka0Geinb cBsi3u

Puc. 4 — I'opu3zoHTaIbHBIE HAIIPABJICHHBIE CKBAXKUHBI
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JUiss OYHMCTKH CKBa)XMHBI OT BBIOYPEHHOW MOPOJBI MPUMEHSETCS BO3AYX, OCYIIECTBIISACTCS
aBTOMATUYECKUIN KOHTPOJIb U U3MEPEHUE MapaMeTpOB pacxoa U JaBJICHUs BO3AyXa MpHU OypeHHH,
pa3paboTaHa cucTeMa YIAJICHUS TMBUIM OT CKBAXKHUHBL. B KOMIUIEKT YCTAaHOBKH BXOJST TaKXKe
MEePEIBKHON PYAHUYHBIN B3PHIBO3AMMTHBIN KOMIIPECCOP U MHOTOCTYIIEHUYATHIA MbLUICYJIOBUTEIb
JUTSL OYUCTKH CKBAKUHBI.

Cucrema BBICOKOTOYHOI'O HAMpaBICHHOTO OYypeHHsl [era3allMOHHBIX CKBaXXMH I103BOJIMJIA
CYIIECTBEHHO MOBBICUTH JETa3allMOHHBIC TPOIECCHl B YIICTIOPOJIHOM MAacCUBe MyTeMm OypeHus: 24
OTBOJHBIX TOPU3OHTAJIBHBIX CKBaXHMH (puc. 5). I'myOMHa T7IaBHOTO CTBOJA CKBaXKUH COCTaBHIIA
1046 M, a yIMHA MAaKCUMAaJIBbHOTO TOPU30HTAIBHOTO 0TBOIa — 698 M, MOTPEIIHOCTH 110 TOPU30HTAM
—meHee 5 %, no BepTukaiu — 1 % riayOuHbI CKBa)KHUHBL.

OnbITH IPUMEHEHUS CIIoco0a MHTCHCU(DHUKAINY JeTa3alliy IPU TTOMOIIH THAPOIMHAMUYECKOTO
BO3JCUCTBUSA HE Ta30HACHIIIEHHBIC IIacTel Ha maxte wuM. A.D. 3acsaapka pganay, BIIOJHE
O0OHAJC)KMBAONINE PE3YIbTAThI, IMO3BOJSIIONIMNE CYIUTh O €ro TEePCHEKTUBHOCTH U BBICOKOMH
3¢ PEeKTUBHOCTH MPUMEHUTETHHO K PEIICHUIO TIPOOJIEMBI JIeTa3alliu.

Hanpagnenue
TpaekTopuu OypeHus Copoc

8#]

\

bypuabnas miomaaka #1 Bypuibnas
32:15 JlaBa nomaka #2
\\ \ ’ %

['opu3oHTaNIbHBIC
TpaHcnopTHbie BeipaboTku 1930

Puc. 5 — Cxema ycTaHOBKH CUCTEMBI TIOJI3EMHOTO TOPH30HTATIHLHOTO HAMIPABICHHOTO OypeHUsI.
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