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0O NMPOBJIEMU 3BAPIOBAJIbHUX POBIT HA AIKOYUX TA30OMNMPOBOOAX.
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Onucarno uodu i mexHoI02IUHI RPOOIeMU 36APIOBAILHUX POOIM HA MAICMPATbHUX 2A30RPO600AX Ni0 MUCKOM
easy. Bxaszano eénius piznux napamempis Ha Qopmysans 36apHo2o 3’ COHAHHA 8 MAKUX ymoeax. Buceimneno nioxo-
ou i npakmuuHi pexomenoayii 00CIIOHUYLKUX opeaHi3ayill 3 6e3neuH020 NPOBeOeHHsl 36APIOSATLHUX pobIim Ha Oilo-

YoMy 2a30nPoB8oJI.

Poszensinymo cxemy mepmiuHo2o po3KkiadanHs MemaHy 6 NpunosepXHesoMy Wapi HA Hazpimii OLIAHYI 30HU
38aprosants. Onucaro MOXCIUBI NPoyecu Ha8y21eyt08aHHs Md HAB0OHIOBAHHA Memay CIIHKYU mpyou 8 30Hi 36apio-

BAHHA.

Buxnadeno mepmoounamiuni po3paxynku mepmiuHo2o posKiaoanHs Memany.

Onucano nopsaooK po3paxyHKy napyiaibHo20 MUcKy 600HIO 3a pisHux muckie memany. Pospaxosano i nooyoo-
8aHO paPiKu PO3UUHHOCTT BOOHIO 8 3431 3a PI3HUX NAPYIATbHUX MUCKIE MOLEKYIAPHO2O B0OHIO 6 243061l CYMILI.

Posenanymo 3azanvhi npoyecu po3uunHocmi 800HI0 8 Memani i pO36UMOK 800HEB020 OKPUXYEHHS MPYOHUX

cmaneiu.

Kirouosi ciiosa: ra3onp013iz[, AYTOBC 3BaprOBaHHs, MCTAH, TepMque PO3KJIaJaHHs, HABYTJICHIOBAHHA, BOJACHbD,

PO3YHMHHICTh

Onucanul 6udbl U MEXHOAOUYECKUe NPOOIEMbL CEAPOYHBIX PAOOM HA MALUCIPATbHBIX 2A30NP0600aX HOO 0as-
nenuem 2asa. HM310Cceno SnusHue pasiuidiblx napamempos Ha QOopMUpo8anHue CeapHo20 Wed 6 MAaKux yCioGUsX.
Onucanvl n0OX00bl U NPAKMUYECKUE PEKOMEHOAYUU UCCIe008AMENLCKUX OPeaHU3AYUL N0 6e30nACHOMY 68e0eHUIO

C8APOUHBIX pabom HA OeUCmBYIoujeM 2a30npoeooe.

PaCCMOmpeHCl cxema mepmudeckoco pas3inodCeHus memarna 6 nNPpUunoBepxXHOCNHOM Cloe Hacpemozso ydacmkiKa
30Hbl CBAPKU. Onucanvl 803MONCHbBIE npoyeccol Hay2aepoxrcuearHus u Haeodopoofcueaﬂuﬂ memaina CmeHKu mpy6bl 8

30HE C6APKU.

H3no0o1cenvt mepmoounamuueckue paciemol mepMuiecko20 pasilodceHus Memand.
Onucan nopsadok paciema napyuaibHO20 0A6IeHUsi 6000pPO0a NPuU PA3HLIX OaeieHusx memarna. Paccuumanvt u
nocmpoensl 2pagpuKku pacmeopuMocmu 8000po0d 8 xcejese Npu PAHbIX NAPYUATLHBIX OABNeHUAX MOAEKYIAPHO20

6000p00a.8 2a3060U CMeCU.

PaCCMOmPEHbl 06114”6 B80NpoOCHL pacmeopumocmu 60()0]70()(1 6 memainjie u paseumue 60()0p0()H020 oxpynduea-

HUs mpyouvix cmaretl.

KiroueBble ciioBa: Ta30mpoBOJ, AyroBas CBapKa, MeTaH, TEPMHUECKOE pa3oKeHUE, HAyTIepOKUBaHIE, BOIO-

poA, pacTBOPUMOCTh

Types and technological problems of welding of gweged gas transmission pipelines are describéa. ih-
fluence of various parameters on the forming ofdweint under such conditions is laid t. Approaches and prac-
tical recommendations from research organizatioegarding save conduction of in-service welding as pgipe-

lines are given.

Concept of thermal decomposition of methane in-sediace layer of weld area is suggested. Potetiat-
esses of carburization and hydrogenation of pip# matal in weld area are described.

Thermodynamic calculations of thermal decompositibmethane are given.

Calculation procedure of values of partial pressofehydrogen at different levels of methane presssipro-

vided.

Diagrams of hydrogen solubility in ferrum at var®level of partial pressure of molecular hydrogangas

mixture are calculated and plotted.

General processes of hydrogen embrittlement indsiteels are considered.
Keywords: gas pipeline, arc welding, methane, tlaaiecomposition, carburization, hydrogen, soltypili

Beryn. IlinTpriMaHHS TEXHIYHOTO CTaHy Ma-
ricTpaibHUX TPYOONPOBOIB BHKOHYIOTH Tpajau-
IHUMHA METOJIaMH KalliTaJlbHOTO PEMOHTY Ha
BIZIKJIFOYEHHX 1 TIOBHICTIO BUIIOPOXKHEHHX BIJ a3y
AinsHKax TpybonpoBoy. B octanHi poku Bee vac-
Tillle PEMOHTHO-3BapIOBaJIbHI pOOOTH Ha Marict-
PIBHUX Ta30IpPOBOJAAX TMPOBOIATH O€3 3yNMUHKHU
TPaHCIIOPTYBaHHs MPOAyKTy. lle nossosse exoHo-
MUTH (hiHAHCOBI, MAaTEPIANbHI 1 JIOACHKI PeCypCH.
Omuc  pi3HOMAHITHHX BHIIB PEMOHTHO-3BaprO-
BaJILHUX pOOIT Ha ra30MpOBOAAX MiJ THCKOM Ta iX
OOTpYHTYBaHHS HaBeACHO B poboTax[1—4].

170)

OCHOBHMMH 3 HHUX € BiJHOBJICHHS HECIBHOI
3IaTHOCTI JHIHHOI YacTUHM TPYyOONpOBOIIB 3 KO-
PO3iHHO-MEXaHIYHUMH TMOUIKOKCHHAMHU HIISIXOM
3aIUIABIIIOBAHHS JIOKAJBHUX CTOHIICHHUX AUISHOK
Ha 30BHIIIHIM moBepxHi TpyO (puc. 1, &), mix ea-
HaHHs Biaranyxenp (puc. 1, 6). IIpu HaknmamanHi
OaHIaKHUX KUTEHb TepMETH3aLlisl TOCSITaeThCs Ky-
TOBUMH 3BapHUMHU 1IBaMu (puc. 1,6).

Ilix 4vac mpoBEeICHHS 3BaprOBAJIBHUX POOIT
OesmocepeinbO Ha MII0YOMY Ta30NpPOBOJI BHHH-
KalOTh OKPEMi PH3HMKH 1 MEBHI TEXHOJOTIYHI CKJIa-
JTHOIITI.
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3eapHi wieu
|

Pucynok 1 —Cxema 3anjiaBjieHHSI ypa:KeHOI TUISTHKY (@), NpueTHAHHS BinBoay (0) i repmern3anis

3BapHOro 0aHaaka

[o-nepiue, mpu 1O0BITEHO BUOPAHUX PEKUMAX
3BapIOBaHHA MOXE BIiIOYTHCS HACKpi3HE Mpo-
IJIaBJICHHS METaldy CTiHKHA TPyOH, a OTXKe, ICHYE
HeOe3IeKa 3aropsiHHs rasy.

B mporeci 3BaproBaHHs B 0KoJi wBa (opmy-
€TBCS pO3irpiTa AUISIHKA MeTany 3 MOHWKEHUMH
MiLHICHUMA XapakTepucTukamu (puc. 2). Posmipu
PO3IrpiToi 30HM BM3HAYAIOTHCS HACAMIICPEN 3Ba-
PIOBAILHUMHA PEXUMaMH 1 pO3MipamMy 3alLIaBIIko-
BaHOI JUISHKH, 3aJeKaTh B JlaMeTpa i TOBLIMHHA
TDVOU. a TAKOX LIBUIKOCTI IIOTOKV Tasy.

2 nomix 2azy >

Q

1-noss0oeorcnuii nepepis 36aprosanshoi eantu;
2—30Ha po3siepiey cminKku mpyou,
3 —izomepmu donycmumoi memnepamypu;
4 —nonooicenns 36aprosaivbHoi Oyeu

Pucynok 2 —Temneparyphe noJe
y cTiHIi TPyOU

Haii6inpmmii pu3uk mojsirae B TOMY, IO Bif
Iii BHYTPIIIHBOTO TUCKY Ta3y MpU BHKOHAHHI 3Ba-
pHOTO IIIBa JIOKaJli30BaHa Harpita AUISIHKa TpyoOu
MOXXE 3pyHHYBaTHCS B MiCI_Ii 3 TOBIIHUHOIO Amin
BHACJIJIOK MOHIKEHUX MIlHICHUX XapaKTEPUCTHK
TpyOHOI crami. SIKmwo TUCK rasy i Temmeparypa
JOCTaTHBO BHCOKI, IPUYOMY BHUCOKa TeMIIepaTypa
HiATPUMY€ETHCS TOCTATHBO J0BTO, TO B HEPO3ILJIaB-
JIEHIA TIepEeMHYIll M AYTO0 MOXKE BiIOyTHCS iH-
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TCHCUBHA IUIaCTHYHA JaedopMaris (BUCOKOTEMIIE-
paTypHa MOB3y4iCTbh) 3 BUNMHAHHIM 1 TOAAIBIIAM
pyiiHyBanHsAM metany. L o6craBuna, 6e3cymHiB-
HO, BUMara€e JOTPUMAaHHS TEBHUX TEXHOJIOTIYHUX
HPUIHOMIB 1 TPAaKTHYHUX PEKOMEHMAAI CTOCOBHO
0e3MeYHOro MPOBEACHHS 3BApIOBAJIbHUX POOIT Ha
TpybompoBoaax.

e 0co6nMBO aKTyalbHO, OCKIIbKH ICHY€E 3p0-
CTaro4a TCHICHILs 10 BUKOPUCTAHHS JUISl MaricT-
palbHUX ra30MPOBOAIB CTANEH MiIBUUIEHOI MillHO-
CTi 3 MCHIIMMH TOBIIMHAMH CTiHKH TpyOuW. Yci
nepeBard BUKOPUCTaHHS TaKUX TPYO 3a 3BHUYAHUX
TEeMITepaTyp HE PEaTi3yIOThCS 3a MABUIICHUX TEM-
neparyp.

BB Temmepatypu Ha MilHICHI XapakTepu-
CTHKH JISSIKMX TPyOHHX CTajell HaBeIeHO Ha puc. 3
[1]. SIx BmmHO, XapakTep 3MiHM MeXi MIITHOCTI
craneit 14XT'C, 1T'1C i X60 npakTU4HO OJHAKO-
Buii. 3a Temneparypu Buiie 450 T minHicTh cTa-
el pi3Ko 3HMKYEThCS, a mpH Temmepatypi 600 T
ckiagae aume 50 %. e HeoOXigHO BpaxoByBaTH
npu_BHOOpI PEKUMIB 3BAapIOBAHHS HA JIIOYOMY
TPYOONPOBOAIL B 3aJIEKHOCTI Bifl KOHKPETHOI Map-
KM CTali 1 MparHyTH J0 MiHIMAJILHOTO TEIUIOBKJIA-
JIaHHS B METaJl y MPOIIEC] 3BapIOBaHHI.

Ctan BHBYEHOCTI TpoOsemMu. Haitbimbm
e(DEeKTUBHUM 1HCTPYMEHTOM IS OIHKH PHU3HUKY
MIPO-TIAJICHHS CTIHKH TPH 3BapIOBaHHI Ha ITOBEPXHI
TpyO € KOMIT I0TepHE MOACTIOBAHHS TeMIIeparyp-
HUX IIOJIiB 1 aHalli3 HampyXeHO-AeQOPMOBAHOTO
cTaHy Metany. KoMm roTepHe MOJIeNIOBaHHS J0-
3BOJISIE OIIIHUTH MOBEPXHEBI TEMIICPATypH METaITy
SIK (PYHKLUT 3BapIOBAbHIX I1apaMeTPiB (Le, U, Vi),
poswmipis Tpy6u (D, S), excruryaraniinnx napame-
TpiB rasonpoBofy (THI MPOJYKTY, THCK, WIBUI-
KICTB ITOTOKY TOIIIO).

—
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Pucynok 3 — 3anexHicTh MilITHICHHX XapaKTePUCTHK CTaJlell BiJ TeMmepaTypu

TeopeTHuHUMH 1 EKCHEPUMEHTAJIHLHUMHU J0-
CJTiDKEHHSIMH TEMIIEpaTypPHUX MOJIB 1 HANPY>KEHO-
JIe(OPMOBAHOTO CTaHy MeETally, MPOBEJICHUMH B
IE3 im. €. O. ITarona [5—6], BCTaHOBIEHO B3a€EMO-
3B'30K MK PYHHIBHUMH KOJIOBUMH Harpy>KeH-
HSMH 1 pO3MipaMK 30HH PO3IrPiBY 10 TeMIepaTypH
700 <, Bumie sKO1 MILHICHI XapaKTEpPUCTUKU Me-
Tajy 3HaxoAThCs Ha piBHi 4...10 %07, Pexomen-
JI0BaHO JYTOBE 3BApIOBAHHS BUKOHYBATH Ha TPY-
0ax 3 TOBIIMHOIO CTiHKM Oijbiie 8 MM 1 Hampy-
XKeHHsX Y HuX 10 0,7 07 mpu 0OMeXEeHOMY TerIo-
yBenenHi (mo 1,38]x/mMm) B MeTai).

3a pesyiabTaTaMu KOMII FOTEPHOTO MOJICITIO-
BaHHsI TEMIIEpaTypHUX MOJIIB, HampykeHo-aedop-
MOBaHOTO CTaHy, CTEHJOBHX JIOCIIIXEHb, MPOBE-
JICHUX JOCIIAHUIBKUMK oOpraHizamismu Batelle
Memorial Institute (BMI)i Edison Welding Insti-
tute (EWI) [7, 8], miniManbHA TOBIIMHA CTiHKH
TpyO ra3ompoBOJiB BUCOKOTO THCKY, Ha SIKUX BU-
KOHYIOTBCS 3BaplOBajibHI Omeparii, MoXe ckiajaa-
1 4,0...4,8MM. Tlpy 1boMy MakcuManbHa TemIle-
parypa BHYTPINIHBOT MOBEPXHI HE MOBHHHA Mepe-
BuiiyBatu 982 C.

Hesxi nocninaukn [9] BBaKaloTh Temrepary-
py 982 T n0CcTaTHRO KOHCEPBATHBHOIO 1 AOMyC-
KaloTh, 110 YHUKHYTH HACKPI3HOTO MpOMaleHHS
MeTaay MOKHA 1 32 TEMIIepaTypd Ha BHYTPIIIHIMA
noBepxHi Tpyou 1260 T.

Jis 3ano0iraHHs MOXKIIUBOCTI HACKPI3HOTO
NpPOIJIaBIICHHST METally CTIHKM TpyOH Tpolec 3Ba-
PIOBaHHS BUKOHYIOTH Ha JOCTaTHBO KOPCTKHUX Pe-
KUMax (3BapIOBAIbHUIM CTPYyM, TIOTOHHA €HEPIis).
Taki poOOTH IPUIHHSITO TPOBOJAUTH TIPH 3HIKEHUX
pobounx Trckax rasy. OQHaK, NpaKTUKa 3HHKCHHS
TUCKY IIPU BUKOHAHHI 3BaplOBaJIbHUX POOIT € Ma-
70e()eKTUBHOIO, OCKIIbKH 3MEHIICHHS THUCKY Ta3y
3MEHITYBAaTUME HWOTO OXOJIODKYBAIbHY IO 1
CTIIpUSITHME TIJIBUINCHHIO TOBEPXHEBOI TeMIlepa-
Typu MeTany Ha IuisHIi 3BaproBaHHs [3]. Came
3MEHIICHHsS] POO0YOro TUCKY Ma€ pajile MCUX0Jo-
TiYHUI BIUIMB HA PEMOHTHHUI NEpCOHA, IO BHKO-
Hye 1i podorn. B pobori [10] mokazano mMoxiu-

BICTh 3BapIOBaHHS KUIBIICBUM KYTOBUM IIIBOM
MydTH (OaHmaxa) Ha TpyOy aiamerpom 762mm Ta
TOBIMHOIO cTiHKU 14,3 MM i3 cram X65 6e3 3HU-
JKeHHs poOodoro Tucky 7 Mlla.

Jpyruil BaxJIMBUH PHU3HMK TOB sI3aHUN 3 He-
0e3MeKol0 BUHUKHEHHS y 3BapHOMY 3’ €IHAHHI XO-
JIOJTHUX TPIllTUH 1 TPIIUH, BUKJIMKaHUX BojgHEeM. L]i
JeQeKTH BHHUKAIOTH TICIS 3aBEpIICHHS 3Baplo-
BaHHS 33 TEMIIEPATyp B 30HI 3BapHOTO 3 €THAHHS
Hiwkdye 200 T. Taki TpilIMHE MOXXYTb BUHUKATH B
30HI TepMmiuHoro BBy (3TB) i B mertaini miBa.
BBaxkaeTncsi, 10 JUIsl YTBOPEHHS XOJIOJHUX Tpi-
IITUH B METaJi 3BapHOTO 3’ €IHAHHA HEOOXIiIHI TPH
ymonu [11, 12]:

— HasBHICTh Y METaJli TapTyBaJIbHUX CTPYKTYP
MapTeHcuty (M) abo CTpYKTypH HHXKHBOTO OCiHI-
TY;

— JIeSKUA BU3HAYCHUH MIHIMyM TU(Y31HHOTO
BOJIHIO, JUKEPEIIOM SIKOTO € IICPEBAKHO METAI IIIBa,;

— HAsBHICTh B 30HI 3BapHOTO 3’ €JHAHHS 3a-
JIUIIKOBUX PO3TATYBAILHUX HAMIPYKCHb.

Ha puc. 4 HaBesieHO cxeMy CTPYKTYPHHUX Iie-
pETBOpEHb 1 HACHUYCHHS BOJIHEM METally 3BapHOTO
3’ €ZlHaHHA. 3 METaJly 3BapHOrO IlIBa BOJACHb TUdY-
HJy€ B 30HY TEPMIYHOTO BIUIMBY T'OJJOBHUM YHHOM
i Yac Y—0-TIEPETBOPEHHS METaly 3BapHOTO
mBa. 31 CXeMH BHIHO, III0 B METajIi 3BapHOTO IIIBa
yKe BimOysocs y—0-TIepETBOPEHHS, a B 30HI Tep-
MIYHOTO BIUIMBY CTPYKTypa METally 3aHIIa€ThCs
aycTeHiTHOI. OCKUIBKM TpU Y—0-TIePETBOPEHHI
PO3YHMHHICTh BOJHIO B METaJli IIBA Pi3KO 3HIKY-
€ThCsI, Woro Oinbla 4YacTHAa IU(QYHIYE B 30HY
TepMigHOTO BILDTUBY. [Ipm 3HWKEHHI TeMIiepaTypu
npubmu3Ho Hwkde 200 T BomeHb MOXKE MEPEUTH
Ha JICIKUX BiIJTbHHX TIOBEPXHSIX 3 aTOMAapHOTO CTa-
Hy B MOJICKYJspHUH. [Ipu 11bOMy BHHUKa€e BUCO-
KWW THCK Ta3y y X MICIISX.

Ha nanwit 9ac 9yTauBICTE CTaNi 10 YTBOPSHHS
XOJIOJIHUX TPIIMH OLIHIOETBCS 33 PI3HUMH Iapa-
METPHYHIMH PIBHSHHAMH, IO BPaXOBYIOTh XiMit-
HUHW CKJIaJ| CTali, KiTbKICTh NU(y3idHHOTO BOJHIO,
PIBEHb 3QJIMIIKOBUX 3BaplOBaJbHUX HANpPYXKEHb Y
3BAPHOMY BY3IIi.
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HANPAM 36APrO6AHHA
—-

1 —36apuuii wos; 2 —30Ha mepmiuHO20 6NIUBY,
3 —mpiwuna
Pucynok 4 —Cxema CTPYKTYPHUX EPEeTBOPEHD
i Audysii BoxHIO B MeTATI IIBA
i 30HH TepMiYHOI0 BIJINBY

B pobori [13] pusvk yTBOPeHHS TpilMHU B
TPYOHiii CTaii MPOTOHYEThCS BU3HAYATH TIOKA3HH-
KOM YYTJIUBOCTI

)

Py =12[P., +1gH,,4,
ne P., — mapametp Ito-beccio, skuii Bu3Haua-

€THCS 32 XIMIYHUM CKJIAJI0OM CTaJi 3 PiBHIHHS
Si . Mn+Cr+Cu N

PCM C+ 3_0 + 20
N| Mo V @
—+—+—+5B,%
60 15 10
Houp — BMICT audy3iiHOro BOJHIO B MeTall
mBa, cM/100r merany.
BpakaeTbcs, 110 KpUTHYHE 3HAueHHs P, ,

IpH SKOM TPYOHi cram ToBmuHOK 10 20 MM He
CXWJIBHI JI0 YTBOPEHHS XOJIOJHUX TPILIHH, JISKUThH
B Mexxax 3,1...4,0. PospaxyHKu MOKa3yloTh, IO
Opy BMICTI ;[H(by?,umoro BOJHIO B MeETajl IIBa

10 ¢m¥100 r mapamerp P,y A cram 171C

ckiane 3,65...4,72,a ms crami X65 — 5,02 [5].
Omxe, uIss GUIBIIOCTI Cy4aCHUX TPYOHMX craiei
ICHY€ PH3HK yTBOPEHHS XOJNOJHUX TPIlMH B METa-
ni. [Monmepenue migirpisanas g0 100...150 € ne-
pen 3BaploBaHHAM 3HAYHO 3HIDKYE TaKUM pPHU3HK.
Kpim Ttoro, Gepyun oo yBard, L0 3aIuIaBICHHS
CTOHIIICHUX IUISHOK 1 KPYTOBI M KiJIBIIEBI 3BapHi
IIBU Ha TpyOax 3AiHCHIOIOTHCS KUThKOMA IIapamH,
nposiBisieTbest edexT Biamycky 3TB monepeanix
BaJIMKiB TETJIOM HACTYITHUX.

Bozenb € omHMM 3 TOJOBHMX YMHHUKIB, IO
BIUIMBAIOTh HA YTBOPEHHS XOJIOJHUX TPIIIMH.
Haif0inmpm mpocTuM crmocoO0M 3HIDKCHHS BMICTY
BOJIHIO B METaJli € 3aCTOCYBaHHs TaKOi TEXHOJOT1l
3BaplOBaHHA, siKa 3a0e3nedye HOro HU3bKi KOHIIEH-
Tpailii B MeTaji 3BapHOTO IBa. 30KpeMa, JUTsl py4-
HOTO J[yrOBOTO 3BapIOBaHHS BHKOPHCTOBYIOThH
€NEKTPOIM 3 MOKPUTTSAM OCHOBHOTO THUIy 3
KOHTPOJIbQBAHIM BMicTOM BoOAHIO (He Oiiblie
5...10 ¢cM*/100 r mertany). ['a30enekTpuune 3Ba-
PIOBaHHs PEKOMEH/YEThCS BUKOHYBATU B CyMillli
razis CO; abo Ar. OcobimBy yBary NpHALISIOTH
IpU FOMY TTiIFOTOBYMM OMepalism (30epiranHs i
NPOKAITIOBAHHS €JIEKTPOJiB, KOHTPOJb BOJIOTOCTI
HOBITpsI, MIATOTOBKA MOBEPXHI HA AUISHII 3Baplo-
BaHHS, KOHTPOJb 3BapIOBAIBLHUX IapaMeTpiB
TOIIO.
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[lix wyac mochmimKeHHS PEMOHTHOTO 3Baplo-
BaHHS MaricTpajbHUX TPYOOTPOBOMIB MiJ] THCKOM
Maxuenko B. I. i3 cniBpo6itHrkamu [14] nmpoaHna-
J3yBaB MOJKJIUBICTH HAIXODKEHHS AUQY31HHOTO
BOJIHIO IIPU IPOBEIEHHI PEMOHTHOTO 3BapIOBAHHS
Ha JII0YOMY Ta30MpoBOJI Oe3MmocepesiHbO 3 MpH-
ponHoro rasy, skuil nepeOyBae qBoa3oBOMy CTa-
Hi. Sk mKepeno qudy3iiHOro BOAHIO PO3TIsIAIHU-
cs pi3HI ByIJIeBOAHI cHONyKH (MeTaH, MpOIaH,
eTaH, OyTaH, MOJEKYJISApHHUI BOoAeHb). Ilpumycka-
Jocsl, O PO3YMHEHUH B piakii (asi atomapHuii
BoJleHb Au(yHIye B MeTal cTiHKU TpyOu. Ilokasza-
HO, L0 33 MajiX 3Ha4eHb TOBLIMHU CTiHKH Snin
MOXKe BimOyBaTHCS CYTTE€BE HACHYCHHS 30HH 3Ba-
PIOBIBHOTO HarpiBaHHS AU(PY3IHHAM BOTHEM B
IHTepBaJli BUCOKHMX Temmeparyp. HartomicTs B
POLECT OXOJIO/UKEHHS CTIHOK TPYOH BifOYBa€eThCs
BUPIBHIOBAHHS KOHLEHTPALLi 11(y31HHOr0 BOJHIO
SK B 00’ €M MeTaJy CTiHKH, TaK 1 y BOJICHbEMICHOMY

HpI/ICTlHHOMy H.Iapl 3 HapLIla.]'H:HI/IM THCKOM sz .

3a remmepatyp Hikue 150 T i py, < 075 MPa

BIUIMB BOJHIO Ha YTBOPEHHS XOJIOJHUX TPIllIUH HE-
Benukwid. [IpoTe mpu OUTBIT BUCOKMX MapIiaibHAX

THCKax audysiiiHoro BoxaHioo Py, > 0,75 MPa

PU3HK YTBOPEHHSI XOJOJHUX TPIIIHH CYTTEBO 3pO-
ctae. B pe3ynbTari nNpoBeaeHNX EKCIIEPUMEHTAb-
HUX BUMIPIOBaHb PEATBHOTO IMOTOKY BOJHIO Yepe3
CTIHKY Tpy0 MaricTpaJbHHX Ta30IMpPOBOIIB 3 JOIIO-
MOTOI0 TJIIIIEPUHOBOI TIPOOM aBTOPH IIHTIN BH-
CHOBKY, IIIO TIapIlialbHUN THCK MU(y3IHHOTO BOI-
HI0 B TazonpoBojaax menme 0,1 Mlla, a otxe, mia-
CTaB BBAXXATU 3HAYHOK POJIb JUQPY3IHHOTO BOTHIO
Ha YTBOPCHHS BOJHEBHX TPIIIMH MPU PEMOHTHOMY
3BapIOBaHHI HA IIOBEPXHI TPyO HEMA.

Crnix 3a3HauMTH, IO CTEHIOBI MOCTiIKEHHS,
SIK TIPAaBWJIO, IPOBOJMIIOCH B YMOBaX, KOJU BHYT-
PILIHIM TUCK CTBOPIOBABCS BOJAOIO, a30TOM, 1HEPT-
HHM Ta30M 49M [IPOTOYHHM TOBiTpsM [2, 3, 8—10].
3po3ymino, MmO MpU HBOMY HE BPAaXOBYBallacsi MO-
JKIIMBA PeAKLiiiHa 31aTHICTh NPOAYKTIB TEPMi4HO-
ro pO3KJIaJlaHHS METaHy B 30HI 3BaprOBaHHS Ta iX
BIUIMB HAa MOXIJIUBE OKPUXJICHHS MeETany. AKTY-
ANBbHICTh I[HOTO TUTAHHS IIOB's3aHa 3 THM, IO B
OCTaHHI pPOKH B MAariCTPaJbHUX Ta30IMPOBOJIAX
TPaHCIOPTYEThCS TPUPOTHUIA a3 3 BMICTOM MeTa-
Hy nioHaz 90 %.

IlocTanoBka 3agaui gocaixkens. Bimomo,

0 TePMIYHE PO3KJIAAHHS BYIJICBOJHIB MOYMHA-
erbest mpu 380...400 €. B pesynbrati TepMi4HOTO
PO3KIIa/IaHHs BYTJIEBO/IHIB BUXIJHOTO rasy B aTMO-
cepi, O HE MICTUTh KUCHIO, YTBOPIOETHCS caxa i
Iy)ke Oarato BOAHIO. I[liATBEpIKEHHSAM IIHOTO
ciyxath nani pobotu [15], ne BkasyeTbes Hasp-
HICTb Ha BHYTPILUHIX IOBEPXHSX TPYO 3i 3HAYHUM
TEPMIHOM €KCIUTyaTalii BilKnaneHb caxi (Byrie-
I0) SIK PEe3yJbTAaTy OBIOTO JIAHIFOTA XiMIYHUX
NEPETBOPEHb 3 YTBOPCHHSM BUIPHUX PaJHKalliB i
NPOMIKHHX ~TIPOIYKTIB. AHAIi3yr04H aBapiiiHi
pYHHYBaHHS MaricTpajibHUX ra30MpPOBO/IIB, AaBTOPH
BIJIMIYarOTh, 110, IOPSA 3 Ai€t0 0araTboX YNHHUKIB
(xopo3ist, myJsbcalis TEMIEpaTypu i THCKY Trasy),
OJTHIM 3 BaroMuX € HaBOJHIOBAHHS METaly TPYyO.
BwmicT BogHIO B CTiHKAX aBapiiHUX TPYO Ha JUIISHIT
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Tad6mauus 1 - TepmoxmHamMiyHi BeJHYHHHE Pe4oBHH [16]

Pewosuna | Cran AH 205, Spos: Cp2s:
kJIx/MoIb Jix/(MomsK) | JIx/(mons-K)

CH, ra3 -74,87 186,25 35,69

C TBEpINI 0 5,744 8,54

H, ra3 0 130,68 28,84
pyiiHyBaHHs Ta30mpoBoy ckiamae 9—12¢m>/100r T 29816
CTalli, MO B JCKLIbKA %a3i}3 TICPEBHUIIY€E BUXITHUN Mo =In -1+ . (5)
BMicT BogHto (1o 3 cM/100 T crami). Ixepenamu 29816 T

HAJIXO/DKCHHS BOJHIO B METal MOXYTh OYyTH SIK
HasBHA y Ta3i BOJIOTA, TaK 1 MPOAYKTH PO3KIIaIaH-
HS BYTJICBOJHIB.

Hwxde posrasmaerhcs cutyarlis, KOJId Ha
BHYTPILIHIA MOBEpXHI TPyOH BiA HarpiBaHHs 3Ba-
PIOBaHHSM MOXYTh JOCSTATHCS TEMIIepaTypH, 3a
SKUX y TIPUIIOBEPXHEBOMY ITIapi ra3y MPOTiKaTUME
peaKIIisi TEpMIYHOTO PO3KIIATaHHSI METaHy

CH,; — C(TB) + 2Ho. (3)

CxeMy TEpMIYHOTO PO3KIAJ@HHA METaHy y
NOTPAHWYHOMY IWIApi TOTOKY rasy i MexaHi3mu
HACHYCHHS BYIJICLEM 1 BOIHEM MeETaly CTiHKH
TpyOH (31 CTOPOHM TOTOKY ra3y) HaBEICHO Ha
puc. 5.

Hinanxa seaproeanta
_
C H
[€] Meman [H]

I

Cadc H2(adc) __"Hadc

I ITozpanuynuii wap 2azy

CH, — C+2H,
Homix memany CHy ——>
Pucynok 5 —Cxema HacM4eHHSI MeTaJly BOJHEM
i Byruienem npy TepMivHOMY PO3KJIAJaHHI
MeTaHy

[Ipu mpoBencHHI 3BaprOBaJIbLHUX POOIT Ha
30BHINIHIN TOBEPXHI TPYyOM IIiJT THCKOM Ta3y 3a
TaKOI0 CXEMOI0 MOXE BiAOyBaTHCS JIOKATi30BaHE
HABYTJICIIOBAHHS i HABOJHIOBAHHS METaNy 3i CTO-
POHH BHYTPIIIHBO1 MOBEPXHI TPYOU.

Tepmoanuamiyni pospaxynku. B rtabm. 1
HABEJICHO BHXi/IHI TEPMOJMHAMIYHI JIaHi ISl KOM-
TIOHEHTIB PeaKLii TEPMIYHOrO PO3KJIAaHH:A METAHY.

J1st po3paxyHKIiB BUKOPHCTAEMO HH3KY op-
MyJI 1 piBHAHB XiMi9HOT TepMoguHamMiku [16].

Enepriro 'i66ca pospaxyemo 3a (Hopmysoro
VYixa

AGt =AH 59 = AS;g [T = AC 595 [T Mg, (4)

ne  AHjgg, AS;eg, [AC 598 — BinNOBiHO 3MiHK

€HTaJIbIIii, EHTPOIIii i TEIUIOMHOCTI peakii B CTaH-
JapTHUX YMOBaX

174 )

3MiHa €HTaNbITII 1 eHTPOMii peakIlii B cTaHma-
PTHUX yMOBax

AH 395 = AH 59¢c) + 2[AH 39g,) ~AH20gcH,) 5 (6)
ASy98 = Syoc) + 2L550gH,) ~ Scegcry) - (7)

KoncranTa piBHOBarm peakuii (3) Bu3Haya-
€TBHCS 13 CIiBBITHOIICHHS

2
ac Lh,
PcH,
ac — aKTHUBHICTb Ber'ICLHO;

Kp = , (8)
ne
Pch, i Ph, — BIANOBINHO NMapuianbiti THCKA
METaHy i MOJICKYJISIPHOTO BOJHIO.
Ipuitussum a, =1, 3anumemo

PH,

Kp = . 9
PcH,

Jlist o0umCIIeHHsT KOHCTAHTH PIBHOBAard peak-
i1 BUKOPUCTAHO PiBHIHHS
oo (10)

RT

R —rasosa nocritina (R = 8,31 J[x/(mons-K)).
3a pesyibpTaTaMH pPO3pPaxyHKiB Ha puc. 6
HaBeJIeHO PiBHOBAXKHY JAiarpaMy TE€PMIYHOTO PO3-
KJIaJ]aHHs METaHy.

InKp:—

ac

1,0
0.8 A\
AN
AN
O\
NS

0
0 200 400 600 &00 1000 1200 T, °C
1-1,2-103-3Q4-50
Pucynox 6— PiBHoBaskHa 1iarpamMa po3kjiagaHHs
merany CH, = C + 2H, 3a pi3HuX THCKIB, amm
[Ipu 3aranbHOMY THCKY Ta30BOi CyMiIITi

P = Pch, * P, (11)
3 piBastHb (9) 1 (11) Merko BU3HAYKUTH MapiiadbHUAR
THCK BOJHIO.

-/
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Ha puc. 7 mobynoBano rpadiku 3aje:KHOCTI
NapuianbHOro THCKY MOJICKYJISPHOIO BOJHIO NPHU
TePMIYHOMY PO3KJIalaHHi METaHy 3a PI3HUX TUCKIB
ra3oBoi CVMIilIi.

KyBaTH 3HAYHOTO HABOJHIOBAaHHS METaly B 30HI
TEPMIYHOTO BIUTUBY, C(HOPMOBAHOI 3i CTOPOHHU
BHYTpIlIHBOI moBepxHi TpyOu. Lle miaTBepmkye
pe3ynbTaTH AOCHiKEHb [17], 3rimHO SKHUX TIpU
napuialbHUX TUCKAaX MOJIEKYJISIPHOTO BOIHIO BHIIE

Py, .amu
2 7,5 aT™ pU3UK BUHHKHEHHS XOJIOTHHUX (BOIHEBHUX)
TPILMH y [il 30Hi, MOKE CyTTEBO 3POCTH.
45 7 [IpoananizyeMo OKpeMi aclieKTH PO3UMHHOCTI
10 BOJIHIO B 3aJ1i31 1 HU3bKOBYIJICLICBUX CTAJIAX.
/ 3a 3akoHoM CiBepTca PO3YMHHICTH BOIHIO B
35 / MeTalli onucyeThes popMyIoro
Y / [H]=K, QP - (10)
L—] :
] / 3 Jl1st po3paxyHKy PO3YMHHOCTI BOJHIO B YHC-
25 > TOMY 3aJli3i 800 HM3bKOBYIJICHEBUX CTATAX MOKHA

20 /
10 //' 2

BUKOPHCTATH 3aJIEXKHOCTI KOHCTAHTH DiBHOBarM
peakilii po3YMHEHHS BOJIHIO BiJI TeMIEpaTypH JJist
pizanx Moaudikaiii purmsmi [18]:

— Mopaudikaris -
_ ) g Kp,=f(T), T.K
: - ; a lgK , = -1418T + 1628
Owo G0 s00 1000 1200 1400 T.K v IgK, =-1182/T + 1626
1-1; 2-1Q 3-3Q 4-50 8 IgK, =-1418T + 1628
Pucynox 7 —3ajexuicTb napuiaibHOro THCKY pinuna lgK, = -190Q'T + 2423
H, Bix TeMnepaTypu 3a THCKIB MeTaHy, amm

TakuMm 9MHOM, IPH TEPMIYHOMY PO3KJIaAaHH1
METaHy B NPUIIOBEPXHEBOMY Iapi rasy B JIOKaJlb-
HI 00iacTl MiABMINEHUX TEMIIEpaTyp Mapiliaib-
HHUH THCK MOJIEKYJISIPHOTO BOJHIO MOKE JOCSTaTh
10...15at™m. [Ipu TakoMy THCKY BOIHIO CIIif] O4i-

[H], ca?'100 2

Ha puc. 8 noGysoBano rpadiku po34MHHOCTI
BOJIHIO B 3aJ1i3i 3a Pi3HUX THCKIB MOJICKYIAPHOTO
BOJIHIO. BMICT pPO3YMHEHOrO BOJHIO B CM 3100 r
OTPUMAHO IUIIXOM MHOXEHHS pe3yJbTaTiB po3pa-
xyHky 3a piBasHHAM (10) ma xoedirient 1,12.

.--"'"__-—
1000 ———
Dy =30 amu__—
.',.-‘____..--"'" "
—-....___..-"
=20 amu
D, =20
100 -~ .
I’ i ——— —
- —
s |
/ I" ]
// -
y
// A{ =10 amu
_IG i ,IJ -
y i 7 ]
77 7 —
7 7
17
/ A{ =1 amu
I = -
I’ I"
P
7
yd
yal
/ Fea - FE?:_. _ Feé = Fepiaxe
0,1 —£ . -
200 400 600 800 1000 1200 1400

Pucynok 8 —Po3unnHicTh BOJHIO B 3aJ1i3i 32 Pi3HUX THCKIB BOIHIO
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Tpancnopr 1a 36epiraHHsa Hagpr i razy

3 pHCyHKa BUAHO, IO 3 POCTOM THCKY MOJICKYJISi-
PHOTO BOJAHIO KOHIIGHTpALisl PO3YMHEHOTO BOJIHIO
B 3aJ1i31 CyTTEBO 3POCTAE.

3riHO 3 CYYaCHHMH YSIBICHHSIMH ITOTJIMHAH-
HSI BOJTHIO MeTajoM (OKKJIFO3is) BU3HAYAECTHCS PO3-
TAallyBAaHHSIM aTOMIB y MDKBY30JBHHMX IyCTOTax
KPHUCTaIIYHOI TPaTky (rpaTKoBa PO3YMHHICTH), Ha-
KOMHMYEHHSAM Y MIiKpO- 1 MakpomycToTax, aacopo-
€0 HA BHYTPINIHIX 1 BHYTPINIHIX TOBEPXHIX. 32
BHUCOKHX TEMIIEPATyp BH3HAYAJIBHOI € TPaTKOBa
Iudy3is, 32 HU3BKUX — JEPEKTHICTh CTPYKTYPH
MeTany.

Po3pi3HAIOTE Taki BUAM BHYTPILIHIX IMYCTOT:
a) TaCTKH CyOMIKpOCKOIIYHHUX PO3MipiB (cxym-
YCHHs BaKaHCid i JMCIIOKAlid, IUVIOLIMHA 3CYBY,
TPaHMIL 3€PeH Ta iH.) i OpH abo KONEKTOPH MiK-
POCKOMIYHMX PO3MipiB (ra3oBi MOpH, MyCTOTH B
OKOJII HEMETAJICBUX BKIIIOYEHb i KapOiliB TOIIO).
[Ipu mepexoni B MacTKU BOJICHb 3QJIMIIAETHCS B
aTOMapHOMY crani. Ilpouec 3BOpoTHHMH, TOOTO
MOYJIMBHUI Tepexia BOAHIO Y MIXKBY3JIOBHI IpOC-
Tip rpaTky. Ilepexix BOJHIO B KOJNCKTOPH CyIpO-
BOJDKYETbCSL HOrO MOJI3ali€l0 1 31e01IbIoro €
HE3BOPOTHHUM IpoIiecoM. B pesynbTarti 3axoruieH-
HS BOJHIO IIYCTOTaMH ioro abcopOrist B MeTami y
Oarato pasiB Oinblla, HiXK IPAaTKOBA PO3UYMHHICTE.
[HImIMMU cioBamu, 3Ha4HA KUTBKICTH BOJHIO, OKPIM
IUQY3iHHO PYyXOMOTO, 3aKpIIUIIOETHCS B PI3HUX
MacTkax, HaNpHKIAM ITUCIIOKAIisAX, MOpax Ta iH-
KX MIKpOMycTOTax. B Oljiblii MyCTOTH, PO3TALIO-
BaHi, HAMIPUKJIA/], B OKOJIi HEMETAJICBUX BKIIOUCHb,

30Kpema CyabdiniB, AuQy3iiHUA BOJIEHB CTIKAE,
ae Momisyerses. Tuck IuQysiiiHOro BOJHIO IpH
NEPEXO/li B MOJICKYJSIPHUN CTaH MPOSBIAETHCS B
o0uracti neperpiBy 30HH TEPMIYHOTO BIUIMBY B OC-
HOBHOMY TOJIi, KOJIM B Hiil YTBOPIOETHCS MapTCH-
cut abo TBeprma ¢asza po3maxy TUIY HUKHBOTO
OClHITY.

B ormsamosiit crarti [18] 0CcHOBOIONIOKHAM
YUHHUKOM BOJHEBOI JIerpajallii BBaKa€TbCS npae-
HeHHsl 8600HI0 6 Memanax 0o nokanizayii. Jlokaii-
3allis BOIHIO YMOJKIIMBIIIOE 3HAYHI 3MiHH B MaTepi-
anax HaBiTh 3a Jy)Ke MaJioi 3arajbHO1 KOHIICHTpA-
1ii BogHio. EdekTiB, M0 BUHUKAIOTH NMPU KOHIICH-
TPALIsX BOJHIO B METanax MOPsIKY 0,1...0,01
at.%, B3araii He icHyBaJIO O 3a Or0 pIBHOMIPHOTO
posmoziny. TloBeiHKky MarepianiB BH3HAaYa€ Bo-
JieHb, JIOKai30BaHuii y aepexrax Oynosu, a Horo
Cepe/lHsl KOHIEeHTpais (MaKpOKOHIEHTpAIlis) B
MeTaJi 3arajJoM He BiAMOBIIa€e Mipi HeOe3MeKH BO-
AHEBOI ferpajaiii. B 30HaX KOHLEHTpALT BOHIO
B MeTajlaX HOro JeKOre3iiHy MAil0 MO)KHa pO3Li-
HIOBATH K pyHHiBHY. OCKiTbKU JaHUN eeKT ay-
K€ JIOKaTi30BaHUM, TO IIe mie He Oyae KaTacTpo-
(oro, ane CTBOPUTH TIEPEIyMOBH JIJISI HECTIPUSTIIN-
BOTO MPOTIKaHHS B MeTanax (hi3MKO-MeXaHI4HUX
IIPOILIECiB BOJHEBOI JIerpajaitii.

Sk Bxke BiIMiYasocs BUIIE, YTBOPEHHIO XOJIO-
JHUX TPILIMH Y 3BapHOMY 3’ €IHAHHI cripusie nudy-
31MHAN BOJICHB, IKWH HAKOMTUIYETHCS B 30HI ITEpe-
pyWHYBaHHS 1 MOJIETIIIYE PO3BUTOK TPiruHu. [1po-
T€, OKPUXJICHHIO METalTy MOXXE CIPHUSATH BOJCHB,
SIKM HAKOMMYYETHhCS B PI3HUX MACTKAaX-YJIOBIIO-
Bauax Mmerany. Sk mokazano B orysai [19], BogeHb
y BYTJIEIIEBIH CTaJli aKTHBHO B3a€EMO/II€ 3 BYTJICIIEM
TBEPJOr0 PO3YMHY, YTBOPIOIOYM MpPU LOMY BYT-

JICThb-BOTHEBI CITONYKH . Taka B3aeMO/Iis HAO1IbII
MOXIHMBA B Je(eKTax rpatku (rpaHulli 3epeH i
ONOKiB, IMCIIOKALiT, BAKAHCI TOWIO), 1€ Cerperaris
1 aKTHBHICTh BYTJICIIO HaiBuiia. B ymoBax nedo-
pMyBaHHS (JIOKaJbHA IIACTHYHA AedopMaltist po3-
TATYBaHHSM Ta iH..) 200 32 HassBHOCTI CHUJIBHO CIIO-
TBOPEHOI T'paTKH, HaNMpUKIad MiK3EpEeHHOI 30HH,
BiIOYyBAa€TbCSI TMOCHJICHE 3aXOIUICHHS BYTJICIIO
CKONMYEHHAME He(eKTiB (IucIIoKamisMu, BaKaH-
cistMu) 1 GBI TIHOOKA XiMiYHA B3a€MOJIiS BOIHIO
3 ByIJIelleM TBEPAOIo PO3UMHY 3 BHIAIICHHIM BiJb-
HUX paavKajliB Ta BYIJICBOAHIB (PU MOHMWKEHHUX
Y KIMHATHAX TEMIIEPATypax).

HeoOxinHo moxaty, mo Ha naHuil ac 3amoda-
TKOBYIOTBCSI HOB1 JIOCHI/DKEHHS 3aKOHOMIPHOCTEH
(i3UMYHOrO CTAapiHHS HU3BKOJIETOBAaHUX CTaJle, sKi

CYMPOBODKYIOTBCS, 30KpeMa, YTBOPCHHAM Kap0o-
TiIPUIONONIOHMX HAHOCETPETAllii Ha JUCIIOKALIISX
i TpanuIyx 3epen [20].

Bepyun 10 yBaru, mo peMOHTHO-3BaprOBaIbHI
pOOOTH IPOBOAATHCS HA ra30MpoBOJax 3i 3HAYHUM
cTyrneHeM (i3MYHOTO CTapiHHS, SKe, 338 KIACUIHUM
TPaKTyBaHHSIM, “3yMOBJICHO TEPMOJMHAMIYHOIO
HEPIBHOBAXXHICTIO BUXITHOTO CTAaHY 1 MIOCTYIIOBHM
HaOKEHHAM CTPYKTYPH IO PIBHOBAKHOTO CTaHY
B YMOBax JOCTaTHbOI AUQY3iHHOT PYyXIUBOCTI
aromiB” [21], mpolec HaBOJHIOBaHHS CTaJjel Mari-
CTPaJIbHUX Ta30IPOBOJIB BigOYBa€ThCSI B yMOBaX
PO3BUTKY B METaji Ha CTPYKTYpHOMY piBHI mac-
TOK-YJIOBJIIOBAdiB BOJHIO.

Hactynmaum eranom pobotu mependaydaeTsest
MaTeMaTHYHe MOJENOBaHHs AU(py3iHHMX Mpole-
CIB JUIS aHAIl3y KIHETUKH HACHYEHHS METajy BYTI-
JICLIEM i BOJHEM B PE3yJIbTATi TEPMIYHOrO PO3KIIa-
JIAaHHSI METaHy B MPUCTIHHIN 30HI JUISHKH 3Baplo-
BaHHS.

Bucnosxkun

1. IlpoananizoBaHO OCHOBHI PH3WKHU 1 TEXHO-
JIOT1YHI CKJIaJHOIII PY BUKOHAHHI 3BapIOBAJIbHUX
POOIT Ha Ta30npoOBOAAX MiJ THCKOM razy. OnucaHo
peaxmiro MeTalny TpyOHUX cTajeld Ha TepMiuyHHN
IIMKJI 3BapIOBAHHS 1 YyTJIMBICTh HU3BKOJETOBAHUX
TpyOHHX CTaieil 10 yTBOPEHHS XOJOJHUX TPIIIUH
y 3BapHOMY 3’ €THaHHi.

2. PO3rIsHYTO CXEMy TEpPMIidHOrO PO3K/IajaH-
Hsl METaHy B NPUCTIHHIA 30HI TPyOM TpH HpOBe-
JICHHI PEMOHTHO-3BAPIOBANILHUX POOIT HA MOBEPX-
Hi rasonpoBoxiB. TepMoXMHAMIYHHM aHAIi30M
0OI'pyHTOBAHO, II0 YTBOPIOBAHUH MPH PO3KIIAAaH-
Hi METaHy BOJEHb MOXXHA PO3TIIAIATHU K JKEPEIIo
HABOJHIOBAHHS METAy 3BapHOTO 3’ €HAHHS.

3. OmucaHo MOPSIOK PO3PaxXyHKY Mapiiiajib-
HOTO THCKY MOJIEKYJISIPHOTO BOJHIO 32 Pi3HUX THC-
kiB Metany. [loka3aHo, 1110 B 3aJIe)KHOCTI BiJl BHY-
TPIIHBOTO THCKY Ta3y TpyOOmpoBoXi B HArpiTii
30HI 3BapIOBaHHs MNapliiaibHi TUCKH MOJEKYJISp-
HOTO BOJHIO SIK MIPOIYKTY TEPMIYHOTO PO3KIIaaaH-
Hs MeTaHy MOXyTh ckiagata 1,0...1,5MIla. Ilpu
LBOMY PH3MK YTBOPECHHS XOJNOJHHX TPIIIMH B Me-
TaJli CyTTEBO 3pOCTaTHME.
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