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3angaHUpOBaHHBIE PE3YIbTAThl OOYYEHUS IO IporpaMMe

Kon
pe3ynbTaTa

PesynbraTr 00yueHus
(BBITYCKHUK JIOJKEH OBITh TOTOB)

Hpod)eccuonaﬂbnbw KomnemeHuuu

[1K1

CIIOCOOHOCTB M TOTOBHOCTB HCIIOJIb30BATh YIIyOJIEHHbIE 3HAaHUS B 00J1aCTH
€CTeCTBEHHOHAYYHBIX H TYMaHUTAPHBIX AUCIUILINH B MPO(HECCHOHAILHON
JESATENBHOCTH

[1K2

CIIOCOOHOCTH MCIIOJIH30BaTh YTIyOJICHHBIE TCOPETHUSCKUE U MPAKTUICCKUE
3HAHMSI, KOTOPBIE HAXOATCS Ha MIEPEIOBOM pyOeke HayKH U TEXHUKU B 00J1aCTH
1pohecCHOHATBHOM NIeATETLHOCTH

[1K3

CrOCOOHOCTH JEMOHCTPUPOBATh HABBIKU PA0OTHI B KOJUIEKTHUBE, TOTOBHOCTHIO
TeHEePUPOBATH (KPEATUBHOCTD) U MCIIOJIH30BATH HOBBIE HJICH

[1K4

CIOCOOHOCTh HAXOJIUTh TBOPUYECKHUE pEelIeHUs TPodhecCuoHalIbHbIX 3a1a4,
TOTOBHOCTHIO IPUHUMATh HECTAHAAPTHBIE PELICHUS

[IKS

CIOCOOHOCTh aHAJIM3UPOBATh €CTECTBEHHOHAYYHYIO CYIIIHOCTh IIPooJeM,
BO3HMKAIOIIMX B X0J€ MPo(deccunoHaIbHOM e TEIbHOCTH

[1IK6

CIIOCOOHOCTH ¥ TOTOBHOCTH NPUMEHSTH COBPEMEHHbBIE METO/IbI UCCIIEJOBAHMUSI,
MIPOBOJUTH TEXHUUECKHUE UCIIBITAHUS U (UJIM) HaydHbI€ SKCTIEPUMEHTHI,
OIICHUBATh PE3yJIbTAaThl BBIOJHEHHON PabOThI

[IK7

CHOCOOHOCTH K TPO(eCCHOHATBHON IKCILTyaTallud COBPEMEHHOTO
000py10BaHUs U PUOOPOB (B COOTBETCTBHH C LIEISIMH MarucTepCKOn
MIPOTPaMMBI)

IIK8

CocoOHOCTh O(OPMITSTE, IPEICTABIIATE M JOKIIAABIBATH PE3YITbTATHI
BBITIOJTHEHHOM pabOThI

I1IK9

TOTOBHOCTb HCIOJIb30BATh COBPEMEHHBIE U NIEPCIIEKTUBHbBIE KOMITbIOTEPHBIE U
MH(OPMAaLMOHHBIE TEXHOJIOTUU

IIK10

CcrocoOHOCTH (HOPMYITMPOBATH 33aHUS Ha Pa3pabOTKy MPOEKTHBIX PEIICHHIA,
CBSI3aHHBIX C MOJICPHU3AIMEH TEXHOJIOTHUECKOTO 000PYI0BaHHS,
MEPOTIPUATHIMHU TIO YITYYIICHHIO SKCIUTYaTalldOHHBIX XapaKTEPHUCTHK,
TIOBBIIIICHUIO 3KOJIOTHYECKON 0€30TIaCHOCTH, YIYUIIICHUIO YCIOBUH Tpy/a,
SKOHOMUH PECYPCOB

IIK11

CIIOCOOHOCTD K OIIPCACIICHUIO Iokasarejieii TEXHU4IEeCKOTo YPOBHA
ITPOCKTUPYECMBIX 00BEKTOB WJIM TEXHOJOTHYECKUX CXEM

[1IK12

TOTOBHOCTbD K Y4aCTHIO B pa3pa60TKe OCKHM3HBIX, TCXHUYCCKUX 1 pa60qI/IX
IIPOCKTOB 00BEKTOB H CUCTEM TCIIOOHCPICTUKHU, TCINIOTCXHHUKH U
TCIIOTCXHOJIOTHH C UCITIOJIb30BAHUEM CPCACTB aBTOMATHU3allUN
IIPOCKTUPOBAHUMA, IICPCAOBOT'O OIIbITA UX pa3pa60TKH

I1IK13

TOTOBHOCTbB K IIPOBCACHHUIO TCXHUYCCKUX PACUCTOB I10 ITPOCKTAM, TCXHHUKO-
3KOHOMHNYECCKOI'O 1 (bYHKI_[I/IOHaJ'IBHO'CTOI/IMOCTHOI‘O aHalJIu3a 9(1)(1)6KTI/IBHOCTI/I
ITPOCKTHBIX pe].HeHPII’I

[1IK14

TOTOBHOCTD MCIIOJIB30BaTh IIPUKIIAIHOC IIPOTrPpaMMHOC obecrneueHue IJIs pacucTa
IapamMeTpoOB U BLI60pa TCIIOSHECPIreTUUCCKOro, TCINIOTCXHNUYCCKOI'0 U
TCIIJIOTCXHOJIOTHYCCKOI'O O60py,HOBaHI/I$I

[1K22

TOTOBHOCTD MCIIOJIb30BaTh COBPEMCHHBIC JOCTHXCHUSA HAYKH U HepeI[OBOI\/’I
TCXHOJIOTMHU B HAYYHO-NCCJIICNOBATCIIbCKUX pa60TaX

I1K23

CIIOCOOHOCTh IUIaHUPOBATh U CTABUTH 3ala4u UCCIICJOBaHN, BLI6I/IpaTB MCTOAbI
BKCHCpHMCHTaHBHOﬁ pa6OTLI, HHTCPIIPETUPOBATL U ITPEACTABIIATL PC3YJIbTAThI
HaY4YHBIX I/ICCHC,Z[OBaHPlﬁ, AaBaThb MPAKTUYCCKUC PCKOMCHAAI U 10 UX
BHCAPCHUIO B IPOU3BOJICTBO




[11124

TOTOBHOCTBIO MPEACTABIISATh PE3YIbTATHI UCCIEAOBAHUS B BHJIC OTYETOB,
pedepaToB, HAYIHBIX MYOTUKANUN U HA MyOJTMYHBIX 00CYXKICHUIX

ObuwekynbmypHvie KOMREmMEeHYUU

OK1

CIOCOOHOCTH COBEPUICHCTBOBATH M PAa3BUBATh CBOI MHTEIICKTYaJIbHBINA U
OOIIEKyIbTYPHBIA YPOBEHB, JOOMBATHCSI HDABCTBEHHOTO U (DU3HUECKOTO
COBEPLICHCTBOBAHMS CBOEH JINYHOCTHU

OK2

CIOCOOHOCTh K CAMOCTOSITETIbHOMY OOyYEHHIO HOBBIM METOAaM UCCIIEIOBAHHUS,
K U3MEHEHHIO HAYYHOTO M HAYYHO-TIPOU3BOJICTBEHHOTO MPO(UIIS CBOCH
poeCCHOHATIBHOMN IEATETFHOCTH B MPOIECCe M3MEHEHUS COLMOKYIIBTYPHBIX U
COLIMAJIBHBIX YCIOBHM IS TEIbHOCTH

OK3

CIOCOOHOCTH CBOOO/IHO MOJIB30BATHCSI PYCCKUM M MHOCTPAHHBIM SI3bIKAMH KaK
CPENICTBOM JIETIOBOTO OOIIEHUS, CHOCOOHOCTHIO K aKTUBHOM COLMATILHOM
MOOMIBHOCTH

OK4

CIIOCOOHOCTH MCIOJIb30BaTh HA MPAKTHUKE HABBIKK U YMEHHUS B OpraHu3aluu
Hay4YyHO-MCCJIEI0BATENbCKUX U HAYYHO-TIPOU3BOJICTBEHHBIX padoT, B
yIpaBJICHUH KOJIJIEKTUBOM, BIUATH Ha (popMHpOBaHHE L1€JIeH KOMaHIbI,
BO3JIEHICTBOBATh HA €€ COLMATbHO-TICUXOJIOTMYECKUN KIUMAT B HY’)KHOM JIJISt
JOCTHYKEHHUS 11eJiel HalpaBJIeHUH, OLICHUBATh KAUeCTBO PE3YIbTaTOB
JeSITEIbHOCTH

OK5

CIIOCOOHOCTH MMpOABJIATHE MHUIIUATHBY, B TOM YHCJIC B CUTyallUAX pUCKa, 6paTI)
Ha ceOsl BCIO MOJTHOTY OTBETCTBEHHOCTH 3a CBOM PEIICHHUS B PaMKaxX
npohecCHOHATBHON KOMIIETEHITHH, CIIOCOOHOCTHIO pa3pemiaTh MpooOIeMHbIE
CUTYalluu

OK6

CIOCOOHOCTH CaMOCTOSITENILHO MPUOOPETATh U UCIOIb30BaTh B MPAKTUYECKOM
NEeSITeIbHOCTH HOBBIE 3HAHUS U YMEHUS, B TOM YHCJIE B HOBBIX 00JIaCTSIX 3HAHUIM,
HEMOCPEJCTBEHHO HE CBSI3aHHBIX CO c(epoi AeITeNbHOCTH, PACIIUPATH U
yriayOnaTh cBO€ HAyYHOE MUPOBO33PEHUE, B TOM UHUCIE C TOMOUIBIO
UH(GOPMAIMOHHBIX TEXHOJIOTUI

OK7

CIOCOOHOCTH MCIOJIb30BaTh 3HAHUS MPABOBBIX M 3TUYECKUX HOPM IIPU OLICHKE
MOCIIEACTBHI cBOEH MpoeCCHOHATBHON NesITeNbHOCTH, TPU pa3paboTKe U
OCYIIIECTBICHUH COIMAIBHO 3HAYNMBbIX IPOEKTOB

OK8

CIOCOOHOCTH MCIOJIb30BaTh MPECTABICHUE O METOJOJIOTHYECKIUX OCHOBAX
HAy4YHOTO MO3HAHUS U TBOPYECTBA, POJIM HAy4YHOU HH(OpMALINK B pa3BUTUU
HayKH

OK9

TOTOBHOCTH BecTH OuOmuorpaduyueckyro paboTy ¢ NpUBJICUEHUEM COBPEMEHHBIX
UH(GOPMAIMOHHBIX TEXHOJIOTHH, CIOCOOHOCTHIO aHAIU3UPOBATH, CHHTE3UPOBATh
Y KPUTHYECKU PE3IOMUPOBATH WH(OPMALIHIO




MHMHHUCTEPCTBO OBPA30OBAHUS M HAYKH POCCUMCKOM ®EJNEPAIIUN
(benepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHWA MOJIMTEXHUYECKWMA YHUBEPCUTET»

HNuctutryr DHepreTudeckmii

HaHpaBJIeHI/Ie OATOTOBKHU Tem103HepreTuka M TeIJI0TEXHUKA

Kadenpa TeopeTuueckoii 1 NpOMBIILIEHHOH TENJOTEXHUKH

YTBEPX/IAIO:
PyxoBoaurens OOII
b.B. bopucos
(ITommuce) (Hara)
3AJAHUE
HA BbINOJIHEHNE BBINYCKHON KBAJIN(QUKAMOHHON padoThl
B dopwme:
’ Marucrepckoii [uccepranuu
CryneHry:
I'pynna ()i(e]
SBM73 Cnobonuny Bukropy AnekceeBudy

Tema paboThI:

HarpeBa

Temnuo- U MacconepeHoc NPH NJIABJIEHHUH JIb/IA B YCJIOBUIX BHICOKOTEMIIEPATYPHOI0

YTBepkeHa MPUKa30M peKTopa (J1aTa, HoMep)

| No 837/c ot 04.02.2019

Cpok cauu CTy/IEHTOM BBITIOJIHEHHOM paboThI: |

TEXHUYECKOE 3AIAHHUE:

Hcxonnble JaHHbIE K padoTe

(Haumenosanue 00beKMa Uccie008aHUs UL NPOEKMUPOBAHUS,
NPOU360OUMENLHOCHb ULU HAZPY3KA, PedCUM PabOmbl
(HenpepbiBHbILl, NEPUOOULECKUL, YUKTUYECKUL U M. O.); 6UO0
CHIPbSL UL MAMEPUAT U30eTUsl, MPebOBaAHUsL K NPOOYKMY,
usoenuio unu npoyeccy,; 0codvie mpedosaHus K 0Cob6eHHoCmam
Gynryuonuposanus (IKchiyamayuu) 0ovekma ui usoenus 8
niane 6e30nacHOCMU YKCHLYAMAYUY, GIUSHUSL HA
OKPYAHCAIOWYIO CPEOY, IHEP2O3AMPAMAM,; IKOHOMUUECKULL
ananuz u m. 0.).

O0BeKTOM HCCJICAOBAHUS ABJIAKOTCS KPpHUCTAJJIbL
JbJia pa3JIMYHbIX KOMIIOHCHTHBIX COCTABOB.

HpeI[MCT HCCIICAOBAHUA — OKCIICPUMCHTAJIBHOC H
TCOPCTHYCCKOC HCCIICAOBAHUC ITPOLUCCCOB TCILIO- U
MacCoNepeHOCa MIPOTCKAOIIUX COBMCCTHO B
YCIOBUAX HWHTCHCHUBHBIX (1)&30BBIX npeBpameHHﬁ
(HHaBHeHI/Ie Jibia, UCIIAapCHUC BOI[BI) pu ABUXKCHUN
JacTull Jibaa B CPEAC BBICOKOTCMIICPATYPHBIX I'a30B.

Ilepeuens moaieRAMMX HCCITETOBAHMIO,
MPOEKTHPOBAHHUIO M pa3padoTKe
BOIIPOCOB

(ananumuyeckuii 0630p No AUMeEPAMYPHBIM UCHIOYHUKAM C
Yenvlo GblACHEHUs OOCIUICCHUTI MUPOBOLL HAYKU MEXHUKU 8
paccmampugaemotl 061acmu, NOCMAH08Ka 3a0ayu
uccnedosanus, NPOeKMUpOBanus, KOHCMpPYUpoBanusl,;

e  AHaJUTHYECKUI pa30op IuTepaTyphl

e [loxaroroBka yacTul jbjaa i IPOBEACHUS
JKCIIEPUMEHTA

e IIpoBeneHue s3KCIEpUMEHTAIBHBIX
MCCIJIEJOBAHM IJIaBJICHUN YaCcTHII JIbJA B
BBICOKOTEMIIEPATYPHOU ra30BOU cpeie




cooepaicanue npoyedypsl UCCIeO08aHUS, NPOEKMUPOBANUSL,
KOHCMPYUpO8AaHus, 0ocydcoenue pesyibmamos 6binoIHeHHOU
pabomvl; Haumenosanue OONOTHUMETLHBIX PA30€IIO08,
noonedicawux paspabomxe; 3axnoueHue no pabome).

Uccnenopanus IpOoNnCCCOB IJIABJICHHUA ITPU

N100aBJIEHUH B BOAY Pa3IMUHBIX IPUMECEi

®opMyaMpoBKa MaTEMATUYECKON MOAETN

e Bepudukanus MaTeMaTHuECKON MOJICITN

e Teopernueckue ucciea0BaH

e  BBIBOJIBI 110 pe3yJIbTaTaM UCCIICOBAHUS
Ilepeyenns rpaguyeckoro MarepuaJia 17 cnaiinos

KOHchIBTaHTbI 110 pa3aejamM BbIl'[yCKHOﬁ KBaJ]H(l)HKaHI/IOHHOﬁ paﬁoTbl

Pazpen KoncynpranT
@OUHAHCOBBII MEHEKMEHT, Pecypco3(PeKTUBHOCTD U Menbpmukosa E.B.
pecypcocOepexeHne
ConuanbHasi OTBETCTBEHHOCTh Kynukosa O.A.
AHrnuiickas 4actb UYepemucuna 1. A.

A3BIKAX:

HaszBanus pa3aeioB, KOTOPbIC TOJKHBI ObITH HAIIKMCAHBI HA PYCCKOM 1 HHOCTPAHHOM

I'masa 1. [Ipupoanbie ra3oruipaThl

JlaTta BbI1auM 32JaHUA HA BbINOJHEHUE BbIITYCKHOI 15.10.2018 r.

KBAJIN(UKANMOHHOM padoThI 110 JMHEIHOMY rpaduKy

3agaHue BbI1aJ PYKOBOJUTEb:

Jlo/zKHOCTH DdUO Vietas crenent, Hoanucn Jara
3BaHUE
Hayunsb1ii coTpyaHuk Coiponoit C.B. K.T.H.
3ajaHue NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna ouo Ioanucep Jara
5BM73 Cno6onun Buktop AnexceeBud




3AJIAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIIA MEHEJ)KMEHT, PECYPCOY®®EKTUBHOCTD U

PECYPCOCBEPEXEHMUE)
Crynenry:
I'pynna PUO
5BM73 Cnoboauny Bukropy AnekceeBuuy
IlIxona JAine) Kadenpa HOII um. U. H. Byrakosa
YpoBenn Marucrparypa Hanpasienune/cnenuajabHOCTh Tensoonepreruxka u
odpa3zoBaHus TeIIOTeXHUKA

Tema BKP: Temno- n MacconepeHoC npH MIaBJICHUH JIb/IA B YCIOBHSIX BEICOKOTEMIIEPATYPHOTO

Harpesa

Hcxoanblie faHHbIe K pa3feny «PHHAHCOBBIN MEHEIKMEHT, pecypcodPPeKTHBHOCTD H

pecypcochepeskeHne»:

1. Cmoumocms pecypcoé nayuroeo ucciedosanus (HHU):
MamepuanrbHO-MeXHUYeCKUX, IHepeemuyeckux,
PUHAHCOBYIX, UHDOPMAYUOHHBIX U YETI0BEUECKUX

Mecsaunvlil donxcHocmHol oxk1ao
Odoyenma 33664 py6., macucmpanma
12664 pyo.

2. Hopmbl u Hopmamussl pacxo008anus pecypcos

Hopmwt avopmuszayuu — 20%, nHopmsi npemuu no
cuemy sapabomnoi niamot — 0,3; Koaphuyuenm
donnam u naobasok — 0,3, pavionHvl
koappuyuenm — 1,3; koapduyuenm
dononnumenvHoti 3apniamol — 15%

3. Ucnorvsyemas cucmema Han02000109iCEHUS, CTNABKU
HAN0208, OMYUCTEHUT, OUCKOHMUPOBAHUSL U
Kpeoumosamus

Omuucnenue 6 coyuanvhwie Qonovl
npunumaromes paguoimu 27,1%

Hepeqeﬂb BOIIPOCOB, MOAJICKAIUX HCCICA0OBAHUIO, ITPO

eKTHPOBAHUIO U pa3padoTKe:

1. Oyenra kommepuecko2o nomenyuaid,
nepcnekmusHoOCmu U arbmepHamue npogedenus HU c
nozuyuu pecypcosaghghexmusnocmu u
pecypcocbepedicerus

Tlomenyuanvuvie nompedumenu pesyivmamos
uccneoosanua Paspabomka ananusa
KoHKypenmocnocobnocmu Boinonnenue SWOT-
amanu3a npoekma.

2. Inanuposanue u popmuposariue 61004cema HAyUHbIX
uccned08anull

Cocmagnenue kaneHOapHO2O NAAHA NPOEKMA.
Onpeoenenue 6100xcema HU

3. Omnpedenenue pecypcHotl (pecypcocbepezarouyet),
Gunarncosoil, 6100CeMHOU, COYUATLHOU U
9KOHOMUYECKOU I DeKmuUsHoCmu UCcied08anUs

Iposedenue oyenku pecypcholl u UHAHCOBOU
aghpexmusnocmu uccied08anusL.

Ilepeuenn rpaduueckoro MaTepuasa (c MmouHbIM YKA3aHUuem 0053amelbHblX Yepmedicell):

Oyenka KOHKYPeHmMOCnOCOOHOCTNU MEXHUUECKUX PelueHUll
Mampuya SWOT
I'pagux nposedenus u br0dxcem HTH

ogrLOdOPE

HOmeHlx;uaJleble PUCKuU

Oyenka pecypcHoti, puHancosotl u sKoHomudeckoti d¢pgexmusnocmu HTH

\ JlaTa Bbl1a4M 3a]aHus VI Pa3jena no JuHeHHoMYy rpaguky \

3az[am1e BbIIAJ KOHCYJbTAHT:

JloJzKHOCTH D®UO Y4eHasi cTeneHb, Hoanucy Jara
3BaHHE
JoueHt MeHb1IKOBa K.(.H.
Exarepuna
BasentnHoBHA
3ajaHue NPUHSJI K HCIIOJHEHUIO CTYICHT:
I'pynna DPUO Moanucey Jara
5BM73 Crno60o1us Buktop AnexceeBuy




3AJIAHUE JIJISI PA3JIEJIA
«COILUAJIBHASI OTBETCTBEHHOCTb»

Crygnenry:
I'pynna DOUO
SBM73 Cnobonuny Bukropy AnekceeBuuy
- Teopernueckas u
Ixoaa Otaenenne (HOIT) [POMBILLLIEHHAS
TEIJIOPHEPreTHKa
v Marwuctparypa . / 13.04.01
POBEHb afnpaBJICHHE/ CNICTHAIBHOCTD
oBpasoBamus TennosHepreTka
U TEIIOTEXHUKA
Tema HUP:

Tenyao- u MacCCOIEPEHOC MPHU NJIABJICHUH JIBAAa B YCJIOBUAX BBICOKOTEMIIEPATYPHOI'0O Harpesa

I/ICXO)IHbIe JAaHHbIEC K pasaejay «COHI/IaJH)Haﬂ OTBETCTBEHHOCTDb) .

1. XapakrepucTuka 0OOBEKTa HCCIEAOBaHUS (BEIIECTBO,
Marepua, Ipudop, aNropyuT™M, METOANKa, pabodas 30Ha) U
o0JracTi ero MpUMEHEHUs

obopynoBaHa  MMHCHMEHHBIM

nabopaTopun OBLII0

cperne.

[epedens BOMPOCOB, MOTSKANINX UCCIEIOBAHUIO, TPOSKTHPOBAHUIO U pa3paboTKe:

30HBI)

1. IlpaBoBbIe M OPraHU3aALMOHHbIE BOIPOCHI
odecreueHus 0€30MaACHOCTH:

IIPaBOBBIC HOPMBI
3aKOHOJIATENbCTBA;
—  OpraHU3alMOHHBIC MEPOIPUSATHS IIPH KOMIIOHOBKE
paboueii 30HBI.

KOMITOHOBKE pabo4ell 30HBI.

—  XHMHYECKOE BO3IEHCTBUE,

— OmnacHocTb
AIIEKTPUYECKUM TOKOM;
2. IIpousBoacTBeHHasi 0€30MACHOCTD: —  OrtkioHeHue MoKasaTenen
2.1. AHanu3 BBISBIEHHBIX BPEHBIX H OMACHBIX (JaKTOPOB MHKPOKJINMATA,;
2.2. O60CHOBaHHE MEPONPUATHI 110 CHUKEHUIO — IlpeBblieHnEe ypOBHS IIyMa;
BO3/ICHCTBUS — HenpaBunbHas wimm  HexocTaTOYHAs

3. OkoJiornyeckas 0€30IMaACHOCTD:

npu IJIaBJICHUHA HacCTHI

9KOJIOTMYECKYIO OOCTaHOBKY.

OOBEKTOM HCCIIENOBAHUS SIBIISIETCS
nmabopartopust Nel07, 4-ro y4. kopmyca, T/ie
MPOU3BOAMIINCE  WCCIICIOBAHHMS.

IIEPCOHAIIBHBIMU KOMIIBIOTEpaMHU,
BBICOKOTEMIIEPATYPHOMN ME€YbI0, TOIIMBOM
1 DJIEKTPOHHOM ammapaTypoil. B maHHOM
MIPOBEJICHO
uccienoBanue (pa3oBbIX MpeBpaIIeHU
JIbJIa B BEICOKOTEMIIEPATYpHOU Tra30BOM

— Tpymnosoit Konexc PO, N 197

—  CIIeIUaNbHble (XapaKTepHBIE TPH JKCIUTyaTalluu IlpuBenensr  mepeueHsb
00BbeKTa WMCCIENOBAHMS, TPOSKTHPYEMON paboueil | HCIIONB3yEMBIX B JAHHOM

TPYAOBOI'O | opraHH3alliOHHBIE MEpONPHUATHUS

MOPaKEHUS

OCBEIIEHHOCTh padovero Mecra.
— Beicokas Temniepatypa n3aenus

PaCCMOTpGTL BJIIMAHUEC HUCCICIOBAHUA

BBICOKOTEMIIEPaTypPHOI cpene




[Moxxap  (IpUUMHON  BO3HUKHOBEHHS
[OXKapa MOXET CTaThb  HapyllIEeHUe
IIPOTUBOIIOKAPHOTO pexuma,
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PE®EPAT
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tabsui, 159 uctounukos, 1 npuoxxeHue.

KiroueBble ¢JIOBa: TEINIOMACCOIEPESHOC, TSINIOOOMEH, M3IYUYECHUE, Ta30BbIN

ruapaTt, MatTcMaTHYCCKOC MOACIHMPOBAHUEC, J3KCIICPHUMCHTAJIBHBIC HCCICAOBAHHNA,

BPECMCHHBIC XapPaAKTCPUCTUKH.

OOBEeKTOM HCCIIeIOBaHUS SBISETCA KPUCTAILT JIbJA.

Lens paboTbl — HSKCHEPUMEHTAIBHOE M TEOPETUYECKOE HCCIEAOBAHKE
IPOLECCOB TEIJIO- M MaccolepeHoca MPOTEKAIINIUX COBMECTHO B YCIOBHSIX
MHTEHCUBHBIX ()a30BBIX MpEeBpallleHUil (TJIaBeHUE JIbJja MCIApEHUE BOJIbI) TPH
JIBUKEHUU YaCTHUIL JIbJa B CPEJIe BHICOKOTEMIIEPATYPHBIX Ia30B.

[IpoBoauAKCh SKCHEPUMEHTABHBIE HCCIEOBAHUS 10 OMpPEAeSICHUIO
3aBUCUMOCTEN BPEMEHHBIX XapaKTEPUCTUK MPOLIECCOB UCIIAPEHUS BOISIHOM IJIEHKU
Y 32)KUTaHMs OT TEMIEPATYPhI OKPYKAIOIIEN CPEb.

B pe3ynbraTe HcciienoBaHUs MOJYyYEHbl BPEMEHA HArpeBa, IUIABICHUS U
UCIIApEHUs MPU PaA3JIMYHBIX TEMIIEpaTypax, MpPU Pa3IUYHBIX pazMepax YacTHL.
Pa3zpaboTtana maTemaTudeckass MOJEb, B MOJHONH MEpe yUUTHIBAIOIIAsS KOMILIEKC
IIPOLIECCOB UCMAPEHNs, HATPEBA U MIABJICHUS YACTHULI JIbJA.

CrerneHb BHEIPEHUS: PE3YIbTaThl BHEIPEHBI B YU€OHBIH MpOIIECC.

OO6acTb MPUMEHEHUS : TA30BbIE TOPEIIKH.
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BBEJIEHUE

Ha cerogusimHui neHb NIpUPOAHBIN ra3, B KaYeCTBE TOILUIMBA UCIIOJIb3YETCS
IpakTH4YeCKH BO Bcex pernoHax Poccuun. Ha Hauano 2016 roga ypoBeHb noTpeOiaeHus
raza B cpenneMm no Poccuiickont @enepamuu coctaBun 62%. Ilpu s3Tom B ropomax
YPOBEHB IOTPEOIICHU I'a3a BEIPOC 32 MOCIIEIHUE HECKOJIBKO JIET B 11 pa3, a B cenbecko
MECTHOCTH YpOBEHb MOTpeOieHusi raza mnojausiucs ¢ 36% no 44% oOmero

noTpeOIeHHUS.

B HacTosmiee BpeMst IpupOAHBIN ra3 sBIAsSETCS JIETKOAOCTYITHBIM U HEIOPOTUM
TOTUTMBOM KakK JIJIsl TPOU3BOAUTENCH, TaK U TOTPEOUTENICH TETIJIOBON U AJICKTPUUECKOM
sHeprun [1]. Taxxke Bo3BeaeHue TOIl, ucCHONB3YIOMIUMX B KA4e€CTBE TOILUIMBA
IPUPOJHBIN Ta3, 3alpaliuBacT CPABHUTEIHLHO HEOOJBIINE KaIMTAIOBIOXKEHUS YeM

TOII, paboTaromye Ha TBEPAOM TOILIIUBE.

B cpaBuenun anextpuueckux KIIJ[ TerumosnekTpocTannmii, paboTarmmmx Ha

raze u TBEpIOM ToruBe, To KIIJ[ cranuuu, ucnonb3yromux ras, Beiie Ha 26-27%.
CrpoutenbctBo TOIIl wucmonp3yromux ra3, BIOXKeHHS cpenctB Ha 1 MBrt/ygac
7 50% 20% 7
YCTAHOBJIEHHOM MOIIHOCTA MEHbIIE Ha 0 YeM YroyibHas u 0 4YeM aTOMHOM

COOTBETCTBEHHO. Teruiora CTropaHu:A ra30BOro TOIIMBA HAMHOTI'O BBIIIC, YCM Y YIJIA.

l'a3oBoe TONMNMBO HAMHOIO  4HMINE, 1O CPaBHEHHIO C  JPYTUMHU
YIJIE€BOJIOPOJIHBIMUA TEIUIOHOCUTENSIMU. BbIeneHne yrieKuciaoro rasa BO BpeMs
CrOpaHusl Ta3a HAMHOTO MEHbIIIE, HEXKEIN Yy APYTUX TPAAUIIMOHHBIX UCTOYHUKOB, (Ha
IpUMep yTieM), 9TO B IEeJIOM (HaKTHIECKU JAET HAMHOTO MEHBIIIE BPEAHOTO BIMSTHUS
Ha OKpyKarwolyto cpeay[2-4]. ¥V razopoit TOLl B neMCTBUTEIHLHOCTA HET BPEIHBIX
BEIOpOCOB B arMmoc(epy B OTIMYHE OT YrOJbHOW, M TEPEeXOa C yris Ha Ta3
HETMOCPEJICTBEHHO TPUBEAET K PE3KOMY CHIDKCHHIO BBIOPOCOB YTJIEKHCIIOTO Tasa.
Hcxonst u3 Bcero BBINIENEPEUHUCICHHOTO, MEPEXO0Jl C YroJIbHBIX MOIIHOCTEH Ha
razoBble OyJeT cnocoOCTBOBaTh MIHOBEHHOMY CHIKEHHIO BBIOPOCOB JBYOKHUCH

yrieponaa Ha 50—70% [5-7]. CeronHs cyimecTByeT mpodiieMa «o0pbiBa IIAMEHI IS
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ra3oBbIX FOPEJIOK, BCIEACTBUE UCIIOJIb30BaHUA Ha TOLl mpupoaHoro rasa. YuurteiBas
00JIbIIIOE pacIPOCTPaHEHUE MPUPOJHOIO raza B KauecTBe TorumBa Ha TOLl, nannas

npo0JieMa ABJSETCS OJHOU U3 aKTyalbHeHux [8].

Kak u3BecTHO, C)XKMraHue MpUpPOIHOTO ra3a MPOMCXOAUT B ra30BBIX TOPEIKAX.
bnarogaps ycToM4yMBOMY IUIAMEHM B Ta30BOM TOPEJIKE MOYKHO JOCTHUYb
JTUHAMHUYECKOTO OajaHca MEXJIy TOTOBHOCTAMH IUIAMEHU TEPEUTH HaBCTpEUy

JABHKCHHIO FaSOBOSHymHOﬁ CMCCH U IIOTOKA HAIIpaBUTh ILIAMA OT TOPCIIKU B TOIIKY

[9-11].

K rpanunam yctoitunBoi paboThl TOPEIOK MOKHO OTHECTH MPOCKOK U OTPHIB
iamenu. [lnams BTaruBaercs B ropeiky U HapylIaeTcs cTabuiIn3alus ropeHus rasa
BCJICJICTBUE MMAJICHUS MOJA4YU U CKOPOCTH BBIXOJla CMeCH. BcieacTBrue noBbIIEHHON
CKOPOCTH JBM)KEHHS cMecH OyAeT MpOUCXOAUTh IMepexo] (poHTa IUIaMEHH B
HalnpaBJIeHUM [JBUXKEHMs, 3aTeM OylIeT OTAENAThCS IIamMsi OT TOpeNKH H, Kak
CJIEACTBUE OHO OyaeT morameHo. byaer HaOmromaTbes mpolecc OTphIBa IUIAMEHHU.

[Tpockok maamMeHu OyaeT BOSHUKATh IIPU TOPEHUHM CMECH B caMoii roperke [12].

Hcxonst w3 BhIIE MEPEUMCICHHOIO, MOXHO CKa3aTbh, YTO MOJJEpHKaHUE
YCTOWYMBOTO TOPEHUS IUIAMEHU OOECIEeYMBAETCS BCJCACTBUE OINPEIACICHHOU
IPOMOPUUEN MEXKIYy CKOPOCTBIO €ro paclHpoCTPAaHEHMs, a TaKXKe CKOPOCThIO
NOCTYIUIEHUS] cMecU 10 MecTa ropeHus. CyliecTByeT 3aBUCUMOCTh YCTOMYMBOCTHU
CaMoOro TUTAMEHH OT COOTHOIIICHHUS 00BEMOB ra3a u Bo3ayxa B cMmecH. [Imams Oynmer

cTabuibHee, eciu ra3a oyaer oombire [13-14].

OOpa3oBaHne OKCHJIIOB YTIiepoja, a TakKe IMOoTalieHue IUTaMeHu OyaeT
BO3HUKATh NMPU HETIOJTHOM CTOPAHHH Ta3a, MOCJIEIHEE B CBOIO OYepeah 00YCIOBICHO

TOPCHHUEM Ta3a BO BpeMs ITPOCKOKa IUTaMeHHU B ropeke [15-16].

«O0pBIB (hakenay, 00pa3yOMUNACS TOMAJaHueM YacTHUIl JbJa B aKTUBHYIO
30HY TOpeHUs (MPEUMYIIECTBEHHO B 3UMHEE BPEMs) CTAHOBUTHCS MPUYUHON YaCTHIX
HEPETJIAMCHTUPOBAHHBIX OCTAHOBOB YHEPreTHYECKHX YCTaHOBOK [17]. PesympTaTom

MNPOUCXOXKACHHUA JaHHBIX TCXHHYCCKHUX HpOI/ICIHeCTBI/Iﬁ ABIACTCA CYIOICCTBCHHOC
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CHI)KEHHE HaJIe)KHOCTU IHEProcHaOKeHUs OOBEKTOB, YTO MOXKET CTaTh MPUYMHOU
aBapuu.

[Ipu pabote penyuupyroIero NyHKTa, OCHOBHBIM (DAKTOPOM, OKa3bIBAIOLIUM
BIIUSIHUE Ha HEro, OyAeT SBISATHCS KOMIIOHEHTHBIM cocTaB ra3a [18-19]. B ciyuasx,
Korna Temneparypa 6mmska k 0°C, HaunHaercs mpouecc GOopMUPOBaHUS THUAPATOB,
O3HAYAIOIIUN BO3HUKHOBEHUE COCIMHEHUN YIi€BOIOPOAOB, HEYCTOMUMBBIX C BOJIOM
[20].

BceneacTBue npoiieccoB MiiaBjieHUs U UICIAPEHUS COOTBETCTBEHHO YaCTHIL JIba
1 00pa3ylouIuXxcs 3aTeM Kareib BOJbl, IPOUCXOJUT HAPYIIEHHE padOThl TOPEIOYHBIX
YCTPOMCTB KOTENbHBIX arperatoB. JTO MPOUCXOAUT B YCIOBUSIX, KOTOPbIE SIBISIIOTCS
MHOTJ]Aa HEJOCTATOYHBIMU JIJII TOTO, YTOOBI TMOJABUTHb MPOIECC TOPEHUs
razoBo3aymHoi cmecu. K TakomMy yCIOBHIO OTHOCUTCS Tionajganue (mpu
CPaBHUTENIbHO HU3KUX MACCOBBIX KOHIICHTpAlMAX) YACTHUIl JIbJa B H3HAYaJIbHOE
ra3zoBoe ToruBo [21]. Ha maHHBIH MOMEHT mporiecchl (a30BbIX MMEPEXO0B YACTHIL
JbAa BO BpeMs HX JBH)KEHHS Y€pe3 BBICOKOTEMIIEPATYPHBIE MPOAYKTHI FTOPEHUS HE
UCCJIEOBAHbI.

VYuuteiBasg BCE 3T0, MaTEMAaTUYECKUE MOJIENIH, ONMKICHIBAIOIINE BECH KOMILIEKC
(U3UKO-XUMUYECKUX MPOIECCOB, KOTOPHIE MPOTEKAIOT MPU UHTEHCUBHBIX (ha30BBIX
IPEBPAICHUAX MEIKOAUCIIEPCHBIX YaCTHIL JIbjJa B yCJIOBHIX BbICOKHX (60mee 1000
°C) Temmeparyp BHEIIHEW cCpeabpl eme He pa3paboransl. Ilpu KomoccaipHOM
KOHIIEHTPAIIMK YacCTUIl JbJa CHIDKCHHE TEMIIepaTypbl TUIAMEHH MOXET OBITh
JOCTaTOYHBIM Il YCIIOBUW TPEKpallleHHs TropeHus. B cBI3m ¢ 3THM,
SKCIIEPUMEHTAIbHBIE U TEOPETHUECKUE HCCIEAOBAHUS OCHOBHBIX 3aKOHOMEPHOCTEH
($a30BBIX MPEBPALECHUI U TEIIIOMAaCCONEPEHOCA B YCIOBUAX ABMKEHUS YAaCTHUIL JIbAA
4yepe3 BBICOKOTEMIIEPATypHbIE Ta3bl SBISAETCA AKTYyaJlbHOM, HE PEIIEHHOH 10

HACTOSIIETO BpeMeHH 3anaueit [22].

AKTYaJlbHOCTh 3aJa4M JaHHOM paboThl OOBSICHSETCS TakkKe W
11e71ecO000pa3HOCTHI0 U3YUECHUSI 3aKOHOMEPHOCTEN (Da30BBIX MPEBpPAIICHUN Ta30BbIX

IruapaToB IIPU KX KOHBCPCHH.
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EcTb runote3a o MexaHu3Me CHIDKEHUSI TEMIIEPATYPHI IJIAMEHH MPU MIEPEX0/Ie
BOJIbI U3 KPUCTAILTMYECKOTO B MAPOOOPa3HOE COCTOSIHUE B YCIOBUSIX OOJIBIINX TEMIIOB
HarpeBa. B ocHOBe MaHHOWM TUMOTE3bI JIEKUT MOJIOKEHUE O TJIaBHOM POJU Mpoiiecca
IJIaBJICHUS JIbJIa U UCTIAPEHMSI €ro pacilyiaBa B 00pa30BaHUU CTOKA TEIUIOThI, KOTOPHII
IPUBOAUT K MOJABJICHUIO TOPEHUS B PE3YJIbTaTe PE3KOr0 CHUXKEHHSI TEMIIEpaTyphl B
00JlacTh XUMHUYECKOTO B3aUMOJICUCTBUS OKUCIUTENsT M roprouero. B Hacrosiee
BpEMSI DKCIIEPUMEHTAIbHBIC JaHHBIE O 3aKOHOMEPHOCTAX (Pa30BBIX MPEBPAIICHUN U
TerIoMaccooOMeHa NP B3aUMOJICUCTBUU YaCTHIL JibJla C BBICOKOTEMIIEPATYPHBIMHU
razamMm OTCYTCTBYIOT. Her mnyOnukamuii mo mnoBoay wuWHGOpPMAIUM Takxke 00
WHTETPAIbHBIX XapaKTEPUCTHKAX MPOIECCOB TUIABJICHUS YACTHUII JibJIa TIPH BBICOKHUX
TEMIIaX HarpeBa W IOCJIEAYIOIIEro WcHapeHus paciiaBa [24-25]. B pesyabrate
MIPOBEICHUS Psiia SKCIIEPUMEHTANIBHBIX HCCIIeI0BaHuM chopmypoBaHa pusnyeckas
MOJICJIb paccMaTPUBAEMOI'0 MPOIECCa U OMPEICIICH PsAJl €ro XapakKTepucTuk. Takxke,
chopMynrpoBaHa MaTeMaTHYeCKasi MOJIeb MPOIecCOB (ha30BBIX MPEBpAIICHUH Jbaa
B YCJIOBHSX HWHTEHCHMBHOIO TIpOrpeBa W pelieHa COOTBETCTBYIOIIAs 3ajada
TEIJIOMACCONIEPEHOCa B 4YAaCTUIE M €€ Majod OkpecTHOCTH [26]. Pe3ynbTarh
AKCIIEPUMEHTATBHBIX HWCCJIEAOBaHUM OyIyT WCIONB30BaHbl JId BepuuUKauu
pa3pabOTaHHON MaTEMaTUYECKOH MOJENU TIOCPEACTBOM CpaBHEHUS IO PSAy
MHTETPATbHBIX XapaKTePUCTHUK Tpoliecca (BpeMeHa HarpeBa M IUIABJICHHS, CKOPOCTH
ucrapenus). Ha maHHBIT MOMEHT OTEUECTBEHHON W 3apyOeXHOH JMTepaType HET
nyOIMKanuii ¢ pe3ybTaTaMy PEIICHHs 3a/1ad, aHAJIOTUYHBIX MIOCTAHOBKE U METOJaM
pemrenust [27]. BeiCOKHiA YpOBEHb IUIAHUPYEMBIX PE3YJIbTATOB KOCBEHHO MOIYKHO
MOJITBEPAUTH MyOJUKAIIUSIMU CTaTe aBTOPOB MPOEKTa MO MpearaéMond TeMaTHKe
KypHaliax, pekomeH10BaHHBIX BAK P® st myOnukamnuy MaTepHaioB KaHIUIATCKUX
U Joktopckux  aucceprauuii  («TeruoBble  mpolecchl B TEXHUKE»
«IToxapoB3ppIBOOE30MIACHOCTE», «be3omacHOCTh TpyZda B TPOMBIILICHHOCTHY,
«Mmxenepuo pusnyeckuii xypuam» HAH benapycu, «bytnepoBckue cooOmieHus») B
2012-2013 rr. [28]. D10 sABISIETCS OCHOBAaHHUEM JISI BBIBOJIA O TOM, YTO TUTAHUPYEMBbIC
pe3yabTaThl CBOEMY YPOBHIO IPEBOCXOISIT aHajlornyHele Poccuiickue pa3zpaboTKu.

Ananus CoacpKaHnusd OCHOBHOI'O MCKAYHAPOAHOIO HAYYHOI'O JKypHalla II0
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npobnematuke npoekta «Heat and mass transfer» 3a mocnennee Bpemsi MOKa3bIBaET,
YTO B JAHHOM >KypHaJIe HE CYIIECTBYET CTaTe Mo TeMaTHKEe MpoekTa. Bcmemcraue
ATOTO0 MOXHO TOBOPHTH O TOM, YTO IUTAHUPYEMBIC PE3YJIBTATHI 10 CBOEMY YPOBHIO

3HAYHUTEIIBHO MPEBOCXOST 3apyOekHbIe pa3padboTku [29].
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I'TIABA 1. IPUPOJHBIE I'A3OI'MIPATHI

1.1 Cxuranue ruipaTa MeTaHa ¢ HCMOJIb30BAHUEM I'PAHYJ PA3JITUYHOI 0
cocTaBa

K npupogueiM  razoruaparaM  OTHOCSTCS — CKAalUIMBaHUE  THUJPATOB,
oOpa3zoBaHHbIe 0€3 BMEIIATEIbCTBA JIt0Aei. Takue ckariMBaHus HaxXoAsITCs Ha 3emiie,
a TaKke B JIPYrMX IUIAHETaX BO BCEJIICHHOW. YUHWThIBas TO (PakT, 4yTO MPUPOJIHBIC
ra3oruaparbl TOJYYUIU OOJBIIOE pACIpPOCTpaHEHHE, HWMEIOIINE KOJIOCCATbHBIM
MOTEHIMA MUHEPAJIbHOW dHEPTHH, TpeObIBaHUE X Ha 3eMJie, ObUIO JI0Ka3aHO JIUIIb
B 60-x rogax mpomeamero Beka [30-31]. CymiecTBOBaHHIO Ta30BBIX THAPATOB M MX
OTKPBITHIO, TIOCOJICMCTBOBAIN: HABBIK OOpHOBI C TPOMBIIUICHHBIMU THUJIPATAMU,
cobpannbiii B IllebennHCKOM Tra3ompombicie, W HX IO3HAaHUE B JIA0OPATOPHBIX
YCJIOBUSIX BO BpeMsi pabOThl HajJ TEPBOM JAHMcCcepTalued, W aHaJIU3UPOBAHUE
HEECTECTBEHHBIX YCJIOBHM MpeObIBaHUS 3aJI€Kel YIIIEBOJOPOJOB B KPUOJIHUTO30HE,
rocyie oOHapy>KeHHUs B Mep3JibiX opoaax Cubupu HexapakTepHbIX ol [32].

OcHoOBaHMAMHU ISl BOBHMKHOBEHUSI Ta30TUAPATOB SIBISIOTCS: HAaJIUYHUE TIasa,
BOAbI, OIpEIEICHHOE [aBJICHHE U TeMIleparypa OJHOBpeMeHHO. Hukakux
XHUMHUYECKUX CBsI3el Mexay Mosiekyidamu HeT [33]. Moekynbl BOAbI 00bEIUHCHBI
MEXTy CcOO0OH BOJOPOTHON CBSI3bIO, JIETKO pacHaJarollelcs] TPH YMEHBIICHUU

JaBJICHUS WK POcTa TemrepaTyps [34].

W3Bnekaemble 3amachl THAPATUPOBAHHOTO Ta3za 3aBUCAT OT MHOXECTBA
¢dakTopoB, HanOOJIee BAXKHBIMU U3 KOTOPHIX MOXKHO Ha3BaTh: TIyOMHA U pa3Mep 30HbI
oOpa3oBaHus TUAPATOB; YAEIBHOE COJIEp)KaHUE TUIpaTa B pa3pes3e MOpoJI; TOJIHMHA
NPOJYKTUBHBIX TUIACTOB; pa3Mep W CTENEHb MEPEOXIIAXKIACHUS 3aJIECKU; CyMMapHbBIE

3arachl raza B 3aJie)u; 3O (GEKTHBHOCTH IPUMEHSIEMOM TeXHOJIOTHH pa3padboTtku [35].

['a3oBBIe rUapaThl 00Ja7al0T YHUKAJIbHBIMU cBoMcTBamu. K mpumepy, 207

00bEMOB Me€TaHa MOTYT OBbITh CBSI3aHbl OJHUM OOBEMOM BOJIbI MPU MEPEXO/E B
b o

ruapatHoe coctostHue. Ilpu 3Tom, ee ynenbHbIi 00beM Bo3pactaer Ha 26% (mpu

3aMep3aHHUM BOJIbI €€ YACNbHBIN 00heM Bo3pacTaeT Ha 9%). 1 M3 ruapara Metana npu
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P=26 atm u T=0 °C conepxur 164 o6bema raza. [Ipu 3ToM Ha 70110 ra3a IPUXOIUTCS
0,2 M3, Ha Bony 0,8 M3. Y 1eibHbIN 00bEM METaHa B TUAPATE COOTBETCTBYET NABICHUIO
nopsiaka 1400 atm. PasnmokeHue ruapata B 3aMKHYTOM OOBbEME COMPOBOMKIACTCA
3HAYMUTENIbHBIM  TIOBBIIICHUEM  JIaBjiieHUA. [ujapaTel  00JagalOT  BBICOKUMH
AIIEKTPOCOMPOTUBIICHUEM U aKyCTHUYECKON MPOBOJUMOCTHIO. ITO MO3BOJISET CO3/1aTh
3 PeKkTUBHBIE CpEICTBA UX TTOUCKOB U pa3Beaku. OHU MPAKTUYECKU HEITPOHUIIAEMBbI
JUISL BOJBI U rasza, CoCOOCTBYS TEM CaMbIM, COXPAaHHOCTH YTJIE€BOJOPOJOB B HEIpax
3emin Bo BpemeHu [36-37].

I"azoBbIC TUAPATHI npu €CTECTBEHHBIX u HCKYCCTBEHHBIX
YCJIOBUSIX OOpPa3ylOTCsS TPH BBICOKHX JABJICHUAX OKPYXKAIOIICH Cpebl WU HU3KUX
TeMIIepaTypax, KOTOpble 00€CTICYMBAIOT UX PABHOBECHBIC COCTOSIHUS . IX CTPYKTYphI
UMEIOT CIeAYyIOIINe THIIBIL: KyOn4ecKui (sI); xyOuueckmit
(sll); u rexcaronanbubiit (SH) [38]. 3amexu ra30BbIX rUAPATOB, HAlICHHBIC HA 3eMIIe,
UMEIOT  KOJIOCCaJbHBbIE — 3amachl HpUpoAHOoro raza. Ha  Omkaifiimee  Bpems
3allaHMpOBaHa yCWJIEHHas J100blYa ra3a W3 OTJIOXKEHUU TuApaTtoB. B HeKOTOphIX
CTaThsIX OMKMCAHO MOJYYCHHE THpATa U3 MOPCKUX OTIIOKeHHH. [39]

Ceifluac  oxBaT Ta30BBIX THJIPATOB  pACIpPOCTpPAHSAETCS KAk  Ha
rI00aabHbIC DHEPTETHUECKUE PECYpChl, TakK M Ha HoBeimme ddPeKTUBHBIC
texHojoruu  [40]. PaccmarpuBanich BHICOKOIHEPTETUUECKUE  TEXHOJIOTHH,
UCIIOJIb3YIOIINE JIBUTaTeIN-TeHepaTophbl ¢ razoodpasubiM ruaparom CO ;. Ocoboe
BHUMaHHE OBUIO YJIEIEHO MpoOjeMaM XpaHEHUsS W TPAHCIIOPTHUPOBKU THIPATHBIX
MaTEpHUaJIOB B pe3epByapax, a TakkKe K BOMPOCy O€30MacHOCTH.

He cymecTtByer Ha maHHBIE MOMEHT (PU3HKO-MaTeMAaTHYCCKOW MOJICIH,
KOTOpasi onuchiBaia Obl npouecc auccounanuu ruapata CH 4. 3T0 B CBOIO ouepeb,
MelaeT HaMm JABUTaTbes BHepén. OOA3aTeNbHO HY)KHO YMEHBIIUTH TPAHCIIOPTHBIC
pacxojbl. TeMrneparypa XpaHeHUs! TUAPATHBIX IPaHyJl TECHO CBSI3aHA CO CTOMMOCTBIO
TeXHOJIOTUU. JloCcTHKeHUEe cambIX MajibiX CcKopocTel pacnaga rujparta CH 4 Obuto
BO3MOXKHO TMpH Temieparype npumepHo 263 K. IlomuMo 53ToOro, CyumectByeT
3aBUCUMOCTh  YCHJIGHMSI  PA3JIOKEHUS  Ta30BbIX  THAPATOB  OT pa3MepoB

3€pEH, TOJIIIUHBI TOPOLIKOBOTO CIIOSI, U PAa3HOCTH TeMIepaTyp W JaBiieHUW. Takwue
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(dakTopsl Kak OOJbIIOE BIMSAHHME TOJIIMHBI CJIOS WU JIUAMETP YaCTULbl CUIBHO
OKa3bIBAIOT BIMSHUE Ha MEXaHU3M camocoxpaHeHus. Heo0xonumo yka3aTb pa3Hble
Tunsl AU dy3un Bo Bpems popmuposanus rugpata CH 4 u npu ero pacnane. Maepuus
cpenbl U ra3o1u(pPy3MOHHBII MOTOK B 3HAYUTENBHO CTENIEHH OTPaHUYMBAIOT CKOPOCTh
(dopMHpOBaHUS THJIpaTa ra3a U €ro pocT KaK B TBEPAOH TpaHyJlie, TaK U Yepe3 BOAHYIO
wieHky. Muctopoii u  KoHeko ObUIO TpeACTaBieH BHEIIHWM TEmIOO0OMEH,
OKa3bIBAIOIIMI OrPOMHOE BJIMSHUE Ha Xxapaktep pacmnana ruapara CH 4 Beuto
IPOJEMOHCTPUPOBAHO, YTO €CTh 3aBHCUMOCTb KaK KOJMYECTBEHHOI'O0 XapakTepa
pacnaja, Tak ¥ Ka4eCTBEHHOT0 XapaKTepa JUCCOIMAIMK OT TeriooomMeHa. BiacoBbsim
OBLJIO TPOU3BEACHO JKCIEPUMEHTAJIbHOE MCCIEOBAaHUE, TIOKA3bIBAIOLIEE POCT
ruapara rasza ¢ yderoM auddysuu [41]. DHeprus akTHBALMM W BHYTPCHHSS
KUHETUYEeCKasi KOHCTaHTa OyAyT UTpaTh BaXHYIO pojib. OT HUX 3aBUCUT pacmaj
rUpaTa ra3a Ha MOBEPXHOCTH YaCTHUII IPU MOJIOKUTENIbHBIX TeMIIepaTypax. B nanaom
Clly4ae IPOMCXOAMUT IEPEHOC ra3oBOro rMapara B BOAY M ras. 31echb HET IIOp B
oOpasie. CoBceM NPOTHBOIIOJIOKHOE MOBEIACHHE Tra3orujapara HaOJIroAaeTcs INpu
OTpULATEIBHBIX temnepatypax. OOpa3oBaHue IIOPUCTOCTH 00yCIIOBJIEHO
00pa30BaHUEM Tr'a30BbIX THAPATOB U UX PA3TIOKEHUEM.

DKCIepUMEHTAIIbHBIE UCCIIEIOBaHMSI 110 00Pa30BaHUI0 ME30- U MAKPOIOp Ha
IOBEPXHOCTH TBEPABIX TIpPaHys] IpU TOMOUIM CKAaHUPYIOIIEH 3JIEKTPOHHOMN
MUKpOCKonuu 0b110 mpogeMoHcTpupoBano Kuhs et al. Ot Buga rocts 3aBucut pasmep
nopsl. B kapkac xo3s1Ha BCTpanBaeTcsl MOJIEKYJIa rocTs (B JAHHOM CIIy4ae MOJIEKYJIbI
BOAbl). [IopuCTOCTBIO  MPOM3BOAUTHECA  KOHTPOJb  KHHETHUYECKOIO  IOBEACHUS
oOpasuos. [Ipn MogenupoBaHUM 3TO HEOOXOAMMO y4ecTb. Me30- U Makpomopamu
o0nafaloT TPUPOJHBIE Ta30THAPaThl, J0ObYa KOTOPHIX MPOU3BOAMTHCA KaK Ha
MOPCKOM JIHE, TaK U Ha KOHTHHEHTe [42]. OT yaenbHOH IUIOMa i MOBEPXHOCTH Oy T
3aBUCETh CKOPOCTH PEAaKUUH MEXAY Ta30oM M TBEPAOW TMOPUCTOW YaCTULEU
[43]. ITopucTocTh perynmupyeT CKOpPOCTh IUCCOIMALMU THApaTa Kiarpara Npu
camocoxpaHeHn. OCHOBHBIM (PAaKTOPOM, KOTOPBIA OyAET SIBASATHCA OrpaHUYEHUEM
IUIsl TIOBEJIEHMSI paclaja, 3T0 (GUIbTpalus BHYTPU MOPUCTON yacTuupsl. [lopuctocts

HYXXHO YYHUTBIBATb BO BPEMA XUMHUYCCKUX IIPCBPAIICHUA W IIPHU CXKUTaHWKW TBCPAOIO

20


https://www.sciencedirect.com/science/article/pii/S0378382016306531#bb0180
https://www.sciencedirect.com/science/article/pii/S0378382016306531#bb0200
https://www.sciencedirect.com/topics/engineering/solid-fuel-combustion

torinBa [44]. OXBaT C)KUTAHUS Fa30BBIX THIPATOB OTHOCHTCS Kak K MpoOJeMe, Tak U
K BOIIPOCAM KacaTelbHO 0€30MaCHOCTH.

Kputnueckass KOHIEHTpalUs U3 TOPIOYETO Tras3a MOXKET CTaTh MPUYUHOU
MHOTHX MaryOHBIX TocheAcTBui (crmoHTaHHOe 3axkuranne CHau ero B3psiB). C
dbopmMupoBaHUEM BOJIHOM TJICHKU Ha TOBEPXHOCTHU TBEPIOTO MOPOIIIKA, JIbJIa U METaHa,
HauMHAETCs pacmaj rujpata ra3a [45]. 31ech UMeeT MecTo reTeporeHHasi CHCTeEMa ¢
ra3om TujipaT-jieJ-Bojla-MeTaH.

I'openue rujapara CH 4 B MIPUCYTCTBUU BBIHYXJCHHOTO
MPUCTEHOYHOTO JIJAMUHAPHOTO  TIOTOKA uzydyanocb B pabotax. CkopocTH
pacrpocTpaHeHusl TIJIaMEHM ObLTM HM3MEHEHBI oT 6 MM / cexk n0 Iwm / ¢,
Korja TemrepaTypa o0Opasiia usMensaack ot 193 K go 263 K [46]. OtoT dakr csa3zan

C CaMOCOXPAaHCHHCM.

1.2 TexHonorum Bo3eiicTBUSI HA HETPAAUIMOHHBIE YTJIEBOIOPO/bI

CraOuipbHOCTh  Ta30BBIX  THUAPATOB  HAOMIOAAeTCsl TPU  HEKOTOPBIX
TEPMOOAPUUECKUX YCIOBHSIX raza W BoAbl. OHU XapaKTepHBI JUIsl paliOHOB BEYHOU
MEpP3J0ThI, U JJIsl OCAJIKOB, HAXOIAIIUXCS TOJ JHOM BOJOEMOB, ITyOMHA KOTOPBIX
okosio 450-500 mMM. OOBIYHO MECTOM HX OOHAPYKEHHUS SBISIIOTCS HEKOTOPHIC
KOHTHHEHTAJIbHBIE OKpauHBI U OCaZ0uHble OaccelHbl. B mocnequux pyHKIIMOHUPYIOT
HANPSDKEHUSI C)KaThs, OCHOBHOW MPUYMHOW KOTOPBIX SIBISIIOTCA IPOJJICHUS
CIABUTOBBIX Pa3JIOMOB.

Oco00eHHOCTh Ta30BBIX THAPATOB COCTOUT B TOM, YTO OHU MOTYT HaKaIlJuBaTh
0OJBIIIOE KOJIMYECTBO raza B HeOoIbpIHX 00bEMax. [loaTomy oHM 001a1a10T OOTBIITIM
pecypcHbiM 3amacoMm [47]. Ho Bce olleHOYHBIC JaHHBIE 1O TMOTEHIMATY Ta30BbIX
TUAPATOB OBUIH OIpEAeNICHbI MPUOIN3UTENbHO. J{nama3on BapbupoBaHus KoJaeOmeTcs
OT MaKCHUMAaJIbHBIX, KOTOPBIC MO BCEH BUIMMOCTH 3aBBIIICHBI, M MPOU3BEICHBI 0€3
ydeTa TreoJIOrO-TeOXUMUYECKUX OTPAaHWYCHUH, N0 MUHUMAJIBHBIX, KOTOpPHIE OBLIN
CHCIJIaHbl, YYUTHIBAsI HEMAJIOE KOJUYECTBO (DaKTOPOB, SIBISIIONIUXCS OTPAaHUYCHHUSIMU
11t hOpMUPOBaHUH Ta30BBIX THAPAaTOB. HecMOTps Ha BCE 3TO, BCe HBIHEIITHUE OIIEHKH,

CACIIAHHBIC y‘-IéHBIMI/I Ppa3’IM4HbIMU CHOCO6aMI/I, CXO0aATCsd BO MHCHHAX, YTO
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I€0JIOTMYECKHUE 3aMachl ra3a B MHAPATHOM Buje KojoccanbHbl: 3.1%1013-3.4*10% na
cyme 3.1*10%-7.6*10'8 m3- okeannueckue ruapatsl. Eciin x0T Ob HE3HAUUTENBHYIO
yacTb (10%) 3THX 3amacoB NPUHATH KaK U3BJIEKAEMbIE, TO OHU BCE PABHO MPEB30MAYT
COBPEMEHHBIE 3aIachl IPUPOIHOTO ra3a 1Mo Beel 3emiie, MPUMEpHO B JiBa pasa [48].

[lo MHEHUIO MHOTHX YYEHBIX, COJIEpKAHUE YIIepoa B IPUPOAHBIX THApPATAX
MeTaHa, [0 CPAaBHEHUIO C KAMEHHBIM YIJIEM TOYTH B 2 pa3a Oonbiue. 13 atoro cinenyer,
YTO TUJPAThl METAaHA SIBJISIOTCS TJIABHBIM MCTOYHHUKOM YTJEpoja B 3€MHOH KOpe.
CeronHsi MOXXHO TOBOPUTH O TOM, YTO THJApAThl MeTaHa B MOAJOHHBIX OCaJKax
SIBJISTFOTCSI BO3MOKHBIMU MICTOYHUKAMU dHEpruu B Oyaymiem [49].

K emé ogHoMy 3HAUYMTENbHOMY apryMEHTy B TOJIb3y pa3BelbIBAaHUSA U
paspabotku razoruapatHeix 3anexen (I'T3) orHocsATcs HeOOIbIIHME TIYOUHBI
MECTOIOJIO0KEHHUS (€CIM CPaBHUBATH C TPAJUIIMOHHBIM T'a30M), a TaAKKE MX IIUPOKas
pacrpoCTpaHEHHOCTh B MPUITOBEPXHOCTHBIX CiiosiX utochepst [50].

[Tpu 5TOM BO MHOTOM HE MOHATHBI Ha TAHHBIM MOMEHT MEXaHU3MBbI U YCJIOBHS
o (OPMUPOBAHUIO TA30THAPATHBIX 3aJekKEH B MHUpE, U XapaKTep UX IMOBEIACHUS B
reopu3nyecKoM Mana3one BpeMeHu. HexBaTky crmoco0oB M0 MOUCKY ra30THIPaTHBIX
3aJI€KE€N U COPTUPOBAHUE ra30TUIPATHBIX OTIIOKEHUM MO KOJUIEKTOPCKUM CBOMCTBAM,
CJIENYIOT CUMTATh HEMAJIOBAXXHBIM OTpaHUYEHUEM Uil uccienoBaHuil. Ceromns He
CYIIIECTBYET MOJX0Ja K PAaHKUPOBAHUIO Ta30TUAPATHHIX 3aJIETaHUM MO crocodam ux
paspabatsiBanus [51].

CaMbIM BEpOSATHBIM TOAXOJIOM K PEIICHUIO BBIIICONUCAHHBIX MpoOsieM
ABISAETCS KIacCU(UKAIMS Ta30THAPATHBIX 3aJIeKed 10 MPUHIUIAM, KOTOpPHIC
OTpa)kaloT Teo(U3NYECKYI0 CIOCOOHOCTh TOTO WM HMHOTO BHAA Ta30THUAPATHBIX
CKaIUTMBAHUM, a TAK)KE PECypC UX TOOBIUH.

[Tomumo 3TOro, B KiIaccupukanuu oOs3aHa MPUCYTCTBOBATh MH(pOpMAIMs,
KOTOpasi O3BOJIUT BBIOPATh TOT WM MHOM crocod cozaanus ['1°3, 3aBucsuuii ot eé
Buja [52].

MeraHoBbIE THUIpaThl MPOSBISIOT METAaCTAOMIBHOCTh MOOJU30CTH  OT
IIOJIOUIBBI 30HBI CTa0UIBHOCTH. Eciu HaOmroaeTcs pocT ypoBHS MOPSI U BO3pacTaHUs

rmapoCTaTHYCCKOro MaBJICHHA Ha €ro AHC WM IaJACHHA TEMIICPATypPbl OCAAKOB
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HAaYMHAET YBEJIMYMBATHCA MOUTHOCTD CI0sl. B HEM NpPUCYTCTBYIOT TIa3oruaparthbl, B
TOM CJIy4ae, €Clii pacTBOPEHHBIA METaH B HYXKHBIX KOJHWYECTBAaX B BoJEe Oyner
HaXOJUTHCS HUXKE TPAHULBI 30HbI CTA0UIBHOCTH.

[Ipu nagenuu ypoBHs MOpPs (MMOHMKEHUE TUAPOCTATHYECKOTO JaBJICHUS) WU
pocTe TeMIepaTrypbl OCaJKOB, B COCTaB KOTOPBIX BXOJAT Ta30THUAPATHI, MOTYT
IPOUCXOJUTh HAPYLIECHUSI YCIOBUN CTAOMIIBHOCTH KJaTpaTtoB. B aToMm cimyuyae BBepx
OyJeT cMmelleHa HWXKHSS TpaHula CTaOMIBHOCTH, U MOITOMY HAYHETCS MPOLECcC
JMCCOIMAIINY Ta30TUAPATOB, HAXOAsIuXCcs TyT [53].

lazorugpatsl OyayT JOUCCOLMUPOBATH, CONPOBOXKAASCH C BBIJIEICHUEM
CBOOOTHOTO T'a3a, KOTOPBIM HaKAIJIMBAETCS COOCTBEHHO MOJ HUKHEH I'paHULIel 30HbI
crabunbHocTh. B 1 M® razoruapara npucyrctByet 10 164 m® Metana (rasosas asa) u
0,87 m® Boapl. M3 5TOro ciedayer, YTo 3TOr0 HAMHOTO OOIBLIE, IO CPABHEHHIO C
METaHOM, B €IMHUIIE 0O0bEMOB ra30BbIX PE3EPBYAPOB, CKAXKEM HA ITyOuHaX 70 1.5 kM
non gHoM. [lpu nucconmanmu KiaTpaToB B Ocajkax OyAeT TNPOUCXOIUTh
HEEeCTECTBEHHO BBICOKAsl IOPUCTOCTh Ha MOJAXOAsAIIEN riyoune. Taxke 3To IPUBOIUT
K BBIICJICHUIO TPOMaJHOro KoimuyectBa Boabl [54]. Tlosromy mecrabuimzarms
ra3oBbIX THAPATOB CTaHET MPUYMHOW yXyAIIEHUS IPOYHOCTHBIX CBOMCTB
¢opmupoBaHuii  ocagkoB B Mecte auccouuauuu. IlocnmenctBus  OynyT
KaTaCTPO(PUYHBIMHU: K HUM OTHOCSTCSI 00Baj CKJIOHA, IPOCaJKa IPyHTa U TPOMaHbIE
OTIOJI3HU Ha KOHTMHEHTAJIbHOM CKJIOHE. MHOIME U3 3THX SIBJICHUN NMpPOsSBUIN ceOs B
HEKOTOPBIX palioHax MupoBoro OkeaHa.

Ecnu B cpezie ocagkoB ecTh crioco0 AJis MpoIycKka MeTaHa (30Ha HHTEHCUBHOTO
o0pa30BaHUs pa3IOMOB B MECTE IUCCOIMALIMY Ta30BbIX TUAPATOB), TO OH, OJJHUMASICh
MO>KET BBIXOJUTh B BOJY, U OKa3bIBaTh BIUSHUE Ha €€ OMOJIOrH4ecKoe COOOIIEeCTBO, a
nanee u B atMocgepy. [IpoHnkas B BepxHue ciiou atMoc(hepbl METaH, B 3HAYUTEIIbHON
Mepe YCWIMBas MAapHUKOBBIM 3(PQEeKT, Urpaer, TeM CaMbIM, 3aMETHYIO pPOJb B
U3MEHEHMSIX KJIMMara BO BceM Mupe. Ero ymeHue oOka3blBaTh BO3JEHCTBUE Ha
rJ1I00aJIbHOE MOTEIUIEHHE MOYTH B 25 pa3 MpPEeBbINIAET 3KBUBAJICHTHYIO CIIOCOOHOCTH

YIJICKHCJIOTO Ira3a.
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['1aBHBIM re€0JIOTMYECKUM METOJI0M, CBUJIETEIBCTBYIOLIEM O HATMYUU Fa30BbIX
TUAPATOB, U BO3MOXXHOCTH HX MOJYYUTh, SIBISETCS CEHCMUYECKOE MOIECIMPOBAHUE
MOB. OObIMHO Ha CEHCMHUYECKMX pa3pe3ax B BHJE ClEUU(PUUECKOW OTpakarolen
IPaHMIIbI, BBICTYNACT HIDKHSS TPAHUIA 30HBI CTA0WIBLHOCTH Ta3oruaparos [55]. Ona
nonyuwia HazBanne BSR (bottom simulating reflector — xaxymasics orpaskaromias
rpaHulla Ha celicMuueckux 3amucsax). OHa MOKeT OBbITh BbISIBJIEHA MO LEIOMY DPSAY
HEKOTOPBIX OTIMYUTENIbHBIX NMPU3HAKOB. COOTBETCTBHE MO3UILIUU TIIYOMHE MOIOIIBbI
TEpMOOApPUUECKOW 30HBI CTAOMIBHOCTH Ta30THUAPATOB SABISETCS HEMPEMEHHBIM
npusHakoM BSR. OHa onpenensiercs no reoTepMUYECKUX JTAHHBIM U, B OOJIBIIMHCTBE
Clly4aeB, pacroiockeHa Ha riyounax 250-500 M Hike 1HaA Mops [56].

Hes3upas, Ha 17100aJIbHYIO0 PACIPOCTPAHEHHOCTh 30HBI, B KOTOPOM ra3oBbIe
TUApaThl MOTJM Obl UMETh CTA0WIBHOCTH B HEW, BCE-TAKU paclpeiesieHHe HX
NPEJICTaBIEHO B BHUJE CKOIUICHUH, 3aJ€XH KOTOPBIX HAXOJATCA B YKa3aHHBIX
TTyOWHaXx.

K emé omHomMy BHIy CKOIUIGHHH OTHOCATCA TE€, YTO HaXOASITCS
HEMOCPEJICTBEHHO HA JIHE 0YaroB pa3rpy3KH (UIIOMIO0B, B TOM ClIy4ae, YTO TaM €CTh
TEpMOOApPUUECKUE YCIOBUS CTAOMJIBHOCTH Ta30THAPATOB. YUHUTHIBAs TO, YTO TOJ
HWKHEW TpaHUIel dTUX CKOIUICHUM, CBOOOTHOTO ra3a B O0CaJKaX BO3MOXKHO HET, HE
MOSIBJISIIOTCS  yCTOBUSL (DOPMHUPYIONINX, YETKUX U CHEHU(PUUECKUX CEUCMHUUYECKHUX
oTpaskeHui, KoTopbie moao0Hsl BSR [57].

MHO0XeCTBO MPUPOJHBIX Ta30B (MpomnaH, OyTaH, 3TaH, T€KCaH, U300yTaH U T.
1.) GOPMUPYIOT THUAPATHI, CYMICCTBYIOIIAE MPH ONPEACIEHHBIX TEPMOOAPUICCKUX
ycioBusix. K OCHOBHBIM M  HIMPOKO  PacHpOCTPaHEHHBIM  Ta30rHApaTam,
BCTpPEYAIOIIUXCA B IPUPOJIE, OTHOCSITCS METAHOBBIE TUPAThI, U AUOKCUJBI yIiiepoaa
[58].

Bo Bpemsi [no0biBaHus Tra3a, rujapatel OOBIYHO (GOPMUPYIOTCS B
OPOMBIIIJIEHHBIX KOMMYHHUKAIUAX, MarucTpaisix, U B CKBaxuHax. lIpomyckHas
CIOCOOHOCTH OBICTPO COKPAIAETCS BO BPEMs OTJIOXKEHHUI r'MpaToOB Ha CTEHKAX TPYO.
Pa3nuple WHrHOUTOpPHI BHEIPSAIOTCS B TPYOONPOBOALI B KauecTBe OOpPHOBI C

dbopMUpOBaHUEM THAPATOB HA BCEX MPEANPHUATUIX Fa30BOM MPOMBIIIIICHHOCTH. K HUM
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MO>XHO OTHECTH METaHOJI, pa3iauuHble riaukoiu, pactBop CaCly. Taxxke craparorcs
MPUAEPKUBATHCSA YTO OBl y TOTOKA raza TeMIepaTypsl Oblia OOJIbIIE, 10 CPABHEHHUIO C
Temrepatypoil ¢popmupoBanus ruapatoB [58]. IIpow3BOAMTCA 3TO MOCPEICTBOM
NoJIorpeBaTenel, TEeIIOU30IALMOHHBIX MaTepHaloB JJisi TPYOOIPOBOIOB, a TaKkKe
BBIOODP pekUMa 3KCIUTyaTaluu. Bece oHM HEOOXOUMBI Uil TOTO, YTOOBI TeMIiepaTypa
OblJJa Ha MAaKCUMyM€ Y Ta30BOro MOTOKa. YToObl mHpeaynpeauTh MOSBICHUS
(dopMHUpOBaHUS THIPATOB B MATUCTPAJIbHBIX FA30MTPOBO/IAX Yallle BCETO UCIOIb3YETCs

ra3oocCyuika.

1.3 CBoiicTBa ra3oBbIX rHApPaToOB

[TpupoaHbIM Ta30THAPATOM SIBIISIETCS METAcCTaOWIBHOE BellecTBO. Bo Bpems
npoiiecca GOpMHUPOBAHMS, a TAKXKE WX MHUPOJIM3a Ta30BbIe TUJPAThl 3aBUCUMBI OT
HeKOTOphIX TmapametpoB [59]. K HuM oOTHOCATCS. Temmeparypa, JIaBJiCHHE,
XUMHYECKUH COCTaB Ira3a U BOJBI, U JIp.

XapakTepucThKa ruapaTtoB obnagaeT OonbIuM pasHooOpasuem. Ha maHHbIN
MOMEHT CYIIECTBYIOT TPH IJIaBHBIX THIIA KPUCTAJIIOB:

e  MaccuBHble KpuCTaIIbl. 3/1€Ch Ha BCEW MOBEPXHOCTU KpHUCTAIa B €T0
00pa3oBaHUU y4aCTBYET COPOIMS Ta3a U BOJIBI.

o  Buckepnble KpucTamibl. 371€Cb OCHOBHYIO pOJIb WUrpaeT TyHHEJIbHas
copOIUsl MOJIEKYJT KO JIHY ITPOU3PACTAIOIIETO KPUCTAILIA.

o  T'emp-xpuctaimmel. O6pa3yroTcsi B 00bEME BOJBI U3 ra3a pacCTBOPUMOTO B
HEH, ¥ B TOM CIIy4yae, €CJIM YCJIOBHs BO3SHUKHOBEHUS THIPATOB OYAYyT JOCTUTHYTHI.

B ciosx TOpHBIX TOPOI THAPATHI OOBIYHO pACTIPEALISIIOTCS To-pasHoMy. OHH
MOTYT TPEACTaBISATh COOOM MHUKPOCKOINHMYECKHE BKIIOYEHHE, a TaKKE€ UMETh BH]
bOpMUPYIOMIMXCS YACTUIl KPYIMHBIX pa3MepOB, MPAKTUYECKA 0 MPOTIKEHHBIX
MJ1aCTOB MHOTOMETPOBOU TOJIIIUHBI.

O0BEM razoruapatoB o0IagaeT KIATpaTHOM CTpyKTypoi. M3 aToro ciemyer,
YTO B COCTAaB OJIHOM €IMHUIIBI €ro 00bhEMa BXOAUT B cpeaHeMm 165-175 oO6BEMOB
yucToro rasa. [[moTHOCTh BOJIbI M TUIpaTa UMEIOT Pa3JIMuHbIE 3HAYEHUS, Y OCIETHETO

OHa HWXe U cocTapisieT mpumepHo 900 kr/m [60-61].
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1.4 HayuHble uccjie0BaHUsA B 00/1aCTH U3y4YeHHUsI Ta30BbIX I'HIPaTOB

3a nocneaHee BpeMs HaOoAaeTcst O0JIbIIOE YCUIIEHHE UHTEpeca K polieme
ra30BbIX THAPATOB 10 BceMy Mupy [62]. YBenuueHre akTUBHOCTH MO OTHOLICHHIO K
MCCIIEZIOBAHUSAM, MOKHO OOBSICHUTh HA OCHOBAaHUH OMPEIEIEHHBIX (DaKTOPOB:

1. AxTuBHpOBaHHE MOUCKOB MO0 HAXOXKIECHUIO aJIbTEPHATUBHBIX HCTOYHUKOB
YIJIEBOJOPOIHOTO CHIPbS B TOCYAAapCTBaX, HE MMEIONINX 3aMachl YDHEPTOHOCHUTEICH,
MOCKOJIBKY Ta30BbI€ TUAPATHI UMEIOT OTHOIIEHUS K HETPAaTUIIMOHHBIM HMCTOYHHKAM
YTJIEBOJJOPOTHOTO CHIPbs, MPOMBIIIICHHBIC HCCIIEOBAHUSA, KOTOPHIX CKOpEe BCETO
Oyzaer HayaTo B ONMKaIIue BpeMs;

2. TloTpeOGHOCTH B OIICHMBAHHWH POJIM Ta30THAPATOB HA MOBEPXHOCTIX B
reoc(epHbBIX CIOSIX, MPEUMYIIECTBEHHO, YIUTHIBAass MX BEPOSATHOE BO3JCIHCTBHE Ha
M3MEHEHUS KJIMMarta BO BCEM MHPE,

3. HccnemoBanue 3aKOHOMEPHOCTEH (OPMUPOBAHUS M MUPOJIH3A Ta30BBIX
THIPaTOB B HEApax 3eMJId, C 3ajJavyeld apryMeHTHpPOBAHHS IOMCKOBBIX paboOT u
pa3Be/IbIBAHUS TPATUIMOHHBIX YIJICBOJOPOIHBIX MECTOPOXICHUH (B KadecTBe
MapKepOB TPOCTBIX HEPTETa30BbIC MECTOPOXKICHHUS, 3aJICKH KOTOPBIX HAXOMATCS
OYEHb IITyOOKO, MOTYT OBITh UCTIOJB30BAHBI IIPUPOIHBIC THIPATOTIPOSBIICHHS );

4. AKTHBHOCTH, CBS3aHHAas C OCBAaMBAHHEM YTJICBOJOPOJIHBIX 3aJICkKEH,
HAXONAIIUECS B CIIOXHBIX €CTECTBEHHBIX YCJIOBHAX (TIIyOOKOBOJHBIA TIEIb(,
apKTUYeCKHe 30HAa), B KOTOPHIX OYEHb YyCyryOieHa mpoOiieMa TEeXHOTCHHBIX
ra3oryipaTos;

5. OOOCHOBaHHOCTb MOHI)KEHHUS SKCIUTyaTallMOHHBIX 3aTpaT B Cllydae
BO3HMKHOBEHUS THAPATOB HA MPEANPUATUAX Ta30BOM MPOMBIIIEHHOCTH, Ojarogaps
nepexoly Ha »JHepro-pecypcocoeperamomme, a TakkKe 3KOJOTHUYECKH YHUCTHIC
TexHoyiornu [63-64];

6. Bo3moxHOe mOTpebieHne Ta30THAPATHBIX TEXHOJOTHA BO BpeMs
XpaHEeHUs, a TAK)Ke ¥ TPAHCTIOPTUPOBKHU MPHUPOJHOTO Ta3a.

Pa3paboTka W KOHCTpYHpOBaHHE JABYX CIEUHUAJIBHBIX KaMep, C IMOMOUIbIO

KOTOPBIX IPOBOAWINCH SKCIICPUMCHTEI I10 KUCCJICJOBAHHIO I'a30BBIX THAPATOB U IIOPOI,
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cojiepKallux Tuapatel, mpoBoauiack 1986--1988 rr. bnaromapst oqHol U3 HUX, TIPU
MOMOIIM CHEIUATBLHOTO ONTUYECKOTO MHUKPOCKOMa, MOXKHO OBUIO MPOU3BOJUTH
HaOJII0/ICHMs 3a TIpoliecCaMU 00pa30BaHUs U Pa3I0KEeHHS THIPATOB YTIIEBOOPOIHBIX
ra3oB [65]. M3yuyaTh mporiecchl (GOPMUPOBAHUSA M PA3IOKEHUS THIPATOB, CTPOCHHUE
KOTOPBIX OMPEACISUIOCh CMEHHOCThIO BHYTPEHHEH THIIB3bl, B IMOPOJAaX Pa3HOTO
COCTaBa, MOXHO OBLJIO MIPU MOMOIIYA BTOPOH KaMepBhl.

1.5 T'azoBbIe ruapaThl 03epa baiikan

K naubonee 3HAYMMBIM HBIHEITHUM JIOCTHXKEHUSIM POCCUNCKHX YUEHBIX,
KOTOpbIE HCCIEAYIOT Ta30TuapaThl HECOMHEHHO OTHOCHUTCS OTKPBITHE METaHOBOTO
rUapaTa B MecTe ocaakoB o3epa baiikan. K aToMy BpeMeHH ObUTH M3BECTHBI 3QJICKH
METaHOBBIX THAPATOB B Ocajkax Mopel Ha okpanHe. B konme XX B. Oomblias
OpraHu3als B COCTaB KOTOPOW BXOJWJU TPYMNIBI HcclenoBareneld u3 benbruu,
Poccun, CIIIA u SImoHMHM SKCHEPUMEHTAJIbHO J0Ka3ajia MPUCYTCTBUE METAHOBBIX
THIPaTOB B 0cajakax o3epa barikain [65].

OOpa3oBaHue Tra3oryApaToB B  OCagKaXx BOJAOEMOB COMNPOBOXKIACTCS
COBOKYITHOCTBIO OIPEICIICHHBIX YCIOBUA:

1. Huskas temmepaTypa, KOTOpasi MOKET ObITh U HE HIKE HYJIA.

2. BrpIcOokoO€e maBieHue.

3. HeobOxoaumble KonumdecTBa raza (K mpuMepy, MeTaH) U BOJIBI.

30Ha CTaOMIBHOCTU Ta30THIPATOB, TPAHUIIBI KOTOPOM MOTYT OBITh HAWICHBI
Ha OCHOBaHUHU (PA30BBIX JAMATPaMM, OIMPEACNSICTCS TEPMOOAPUUYECKUMU YCIOBHUSIMHU.
HakonuB manHbie o penbede, Temmeparype, a TakkKe O TEIJIOBOM IOTOKE CKBO3b
nHUIIe, ObUTa TIPOM3BEICHA UICHTU(DUKAIIMA X CYIIECTBOBAHHS B OCaJgKax 03epa B
70-80 rr. MuHyBIIETO Beka. Ha JaHHBIN MOMEHT M3BECTHO, YTO Ha TITyOMHAX OOJIbIIEe
300 M cpeaHerogoBasi TemIiepaTypa HE3HAYUTEIILHO MEHSETCS, M COCTaBJISIET
npumepno  (33+0.2) *C. Cyas mno ¢a3oBoil auarpamMme, BO3MOXKHOCTb
TUApaToO0pa3oBaHUsl METaHa, MPU TaKOW TEMIIepaType, MOXKET MPOU3OUTH TPH
nasiennu 3,5 MIla [66].

DTO JaBlIEHHE MOKET ObITh OOECHEUYEHO CJ0EM BOJblI, TOJIIMHA KOTOPOM

npumepHo 350-400 M. Takum o00pa3oMm, HeoOXoauMble i (QOPMHUPOBAHUS
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METaHTHIPAaTOB TePMOOAPUUYECKUE YCIOBHS, MPUCYTCTBYIOT B JOHHBIX OTJIOKEHHUAX
1o BceMmy riny0okoBoabto (mpumepHo 450 M) B o3epe baiikan. [Ipuuém Habmogaercs
COBITJICHUC JIOHHOH MOBEPXHOCTH C BEPXHEW TI'paHUICH 30HBI CTaOWIBHOCTH [67].
MecTononoKeHUe HWKHEW TrpaHUIbl 30HBI  CTaOMJIBHOCTH  MOXKET  OBITh
IPOaHAIU3UPOBAHO MOCPEACTBOM (Pa30BOM JMarpaMMmbl IO TEMIEpaType OCaIKOB.
Crnenyer nog4epKHYTh, UTO HA OCHOBAaHUU 3HAYEHUI TEIJIOBOTO IMOTOKA, ONIPE/IeTICHUE
KOTOpOT0 cero/iHs 0b110 HaiiieHo npuMepHo B 800 myHkTax nHs o3epa baiikain, pacuér
HOJIIOHBIX TEMIIEPaTyp MPOU3BOIUTCS BeCcbMa HeHaIEKHO [68].

B 1997 r. Obna BrepBble Obula OMYOJIMKOBaHA MPOTHO3HAsI KapTa TiyOUHbI
MECTOIOJIOKEHUS HIKHEW TpaHUIbl 30HBI CTAOMIBHOCTH Ta30THAPATOB B OCAJIKAX
Bcero ozepa baiikan. CyiecTBeHHass MOIIHOCTh 30HBI CTaOWMJIBHOCTH METaHOBBIX
ruapaTtoB mnpucyiie baiikany. B oOmielt Cl0XKHOCTH CyIIECTBYET KOpPpEsIus
MOIIIHOCTH CO BCeil riayOMHOW o3epa: HauOOJbIIKME MMOKa3aTeId MOUIHOCTH 30HBI
ctabunbHOoCTH (Gobie 600 M) Mo mporHo3aM HaxojsaTcs B LlenTpanbHo# riy0okoi
BIIaJINHE, €cli TOBOpUTh O (CeBepHOW KOTJIOBMHE, TO B €€ OCaJKax TAaKOH CJOM
npeBbimaeT 250 M TOJIBKO B HEKOTOPBIX MeCcTaX. BhIKIIMHUBaHUE ra30ruIpaTHOrO CIOS
dbukcupyercs Ha o3epe, riyouHsl koToporo MeHee 400 M, 1 B 30HaX T'€OTEPMATBHBIX
anomanui. Heo6xonumo oOpaTuTh BHUMaHHUE Ha TOM, YTO F€OTEPMHUICCKUM MTPOTHO3
CIOCOOEH TOJBKO MPOU3BECTH 0003HAYEHUS CII0S OCAJAKOB, B KOTOPOM MPHUCYTCTBYIOT
TepMOOapUUECKUE YCIOBUS, HEOOXOAUMBIE JJIsi BOSHUKHOBEHUS Ta30THAPATOB, HO HE
HPEJOCTABIISAIONINI CBEACHUI O MPUCYTCTBUU JIMOO HEMMEHUU pEAbHbIX THIPATOB
[69].

Heckonbko MOABOMHBIX CKBRXHH NPOOYPHIM B XOAE OCYILECTBICHHUS
MeXayHapoaHoM mporpammbl ‘‘balikan-bypenune” B 1993-1999 rr. B 1997 r. B
neHTpainbHoil yactu HOxkHO-balikanbCkoil KOTJIOBUHBI OblIa MpoOypeHa OJIHA U3
JAHHBIX CKBa)XUH. VIMEHHO 31ech, Cyas MO MPOTrHO3aM TIeo(U3MYECKUX JTaHHBIX,
HaxXoAwics HaumOonee MOMmMHBIA razoruapatHeiii  cmoir  (300-350m).  Crour
MOJYEPKHYTh, YTO BCJIEACTBUE CIIOKHOCTH YCJIOBHM TI€OJIOTMHM, CKBa)XMHA Oblia
MpoiiieHa TOJIbLKO 40 TiyOuHsl 225 M. M3 BepxHeil yacTu CTBOJIA 3TOM CKBaXUHBI (10

42 M) u c tnyoun 121 u 161 M, yaanocs noiHITh BBEpX KepH. ['eonoruyeckuii paspes,
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KOTOpBIM yAAJIOCh BOCCTAHOBUTH MO (PparMEeHTaM KepHa, U MO Pe3yJbTaTUBHBIM
JAHHBIM KapoTaka, MPEACTABISUICS CIOXEHHBIM, B OCHOBHOM, II€CUYaHBIMU
TypOuTHIaMH (CJION 36pHUCTOrO MecKa ¢ ToIuHON 3-90 cM) ¢ mpocIoiikaMu TOHKUX
rH. OTIOXeHus TYpOUTHIIOB CTAaHOBATCS €CTECTBEHHBIMHU JIOBYIIKaAMHU Ta3a
BCJIEJICTBHE MPUCYTCTBUS MPOCIOEK IUIOTHBIX TIWH. ['a3, MOXeT mnepexoauTbh B
ra3oruJipaTHyIo (popmy, eCiu HaKaIruIMBaeTCs MPU OJaronpusTHBIX TEPMOOAPUUYECKUX
ycioBusx [69]. HaxoxeHue ra3orunparbl B BEpXHEH 4acTH pa3pe3a He YBEHYAIOCh
yCIIEXOM, OJTHAKO, BpEMsi OT BPEMEHH M3 CTBOJIa CKBAXXHUHBI OTMEYAIOCh YCUIIEHHOE
BbIICJICHUE Ta3a (B 4aCTHOCTH, MeTaHa, 74% 00.). U numbs oOpasiiel KepHa, MOIHSIThIC
c rryoun 121 u 161 M, Temneparypa KOTOpbIX Oblia Bbilie 8-9 Tp., NpeACTaBIsIIA
co0ol cMep3IIniCs MeCYaHO-aJIeBPUTOBBIA MaTepuaibl. JTOT MaTepuai BbIACISIICA
BO BpeMs HarpeBaHus rasza. OTrauBasi, JaHHble 00pa3ilbl yTpauuBaId MPOYHOCTh U B
UTOTE pAaCCHINANKNCh. YYHUTBHIBasE TO, YTO O3TOT KEpH OBUT B3SIT U3 obsactel
MOJIOXKUTENIbHBIX TEMIIEpaTyp, OH ObLI 3aMep3IIUM, TIPHU MOAHATHH HA MOBEPXHOCTD.
DTO U ABISIIOCH OYEBUIHEUIIINM ITPU3HAKOM IIPUCYTCTBUS Ia30BbIX THIPATOB B OCATKE
[70]. Tlomuumast oOpa3ibl Ha TOBEPXHOCTh, PA3JIOKCHHS Ta30BBIX THAPATOB
IPOUCXOAWIHN C MOTJIONIEHUEM TEIUIa, KOTOPOE MPUBOJIUT K MAJECHUIO TEMIIEPATYPHI
ocanakoB Ha 10-15 rp, ux 3aMopakUBaHUIO, a TAKXKE K 3aMEJICHUIO TMOCIEIYIONIETO
pacnaja ruapaTtoB U3-3a BOSHUKHOBEHUS d(dekra koHcepBauu. CKopee BCero, 3Tu
SIBJICHUSI HAaUYWHAJIM TTPOUCXOJUTHh BO BpeMsi Oypenus ckBaxkuabl BDR-97. Uccnenys
OJIUH U3 00pa3lloB KepHa, COOCTBEHHO HA OOPTY OYypOBOTO KOMILIEKCA MPHILIN K
BBIBOJY, YTO BBIXOJI Ta3a W3 JaHHOTO oOpasma mpeBbicki B 10 pa3 ra3oBbiAelieHUE U3
OCaJIKOB OCTAJIbHBIX MOABOJHBIX CKBaXMH. BclieICTBUE COBOKYIMHOCTH JaHHBIX
OpPUILUIA K 3aKJIIOYEHUI0O O TOM, YTO B JaHHBIX 0Opa3lax KepHa CoJepiKaTcs
ra3oruaparsl. beuin npeAnpUHITE MEPBL, YTOOBI UX COXPAHUTH U AaTh BO3MOXKHOCTb
IPOBECTH KOMILUIEKCHBIC HcciemoBanus [71].

[lepBble HECKOIBKO AHEHN 00pa3LIbl KEPHA HAXOAWIUCH B MOPO3UIBLHOM Kamepe,
MIOTOM OHHU OBbLIW MOMEIIEHBI B KUAKUK a30T. Jlanee 310 mMaTepuasl OTHPABIISIICS B
naboparopun HUM Upkyrtcka, HoBocubupcka, a taxke Anonuun. Tam oH uU3ydasncs

IIpHU IOMOIIHN PAa3JINYHBIX (1)I/IBI/IKO-XI/IMI/I‘-IGCKI/IX MECTOOOB.
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B xo/1e KOMIUIEKCHBIX MCCIIEIOBAHUI MPOBOJIUINCH U3MEPEHUsT 00bEMA rasa,
KOTOPBIM  BBIIEISUICS ~ NpH  OTTAMBAHMM  OCaJKa, ©  Ta30BOM  CMecH
XpoMaTorpa)uuecKuM, U30TOMHBIM U HEKOTOPBIMH JPYIMMH criocoOamu. HaiineHsr
AIIEKTPOIPOBOIUMOCTh, MOHHBIN COCTaB TIOPOBBIX TPYyO [72].

JIOMUHHPYIOIIUM B COCTaBE BOIHON BBITSKKU KEPHA SIBISIOTCS KATHOHBI
aMMOHHSI ¥ THUIAPOKapOOHAT-aHWUOHBI, CBHJICTCIBCTBYIOIIME O MPHUCYTCTBUU
BOCCTAaHOBUTEILHBIX yCIOBHUs B ocake. CopepkaHue XJIOPUI-UOHOB 3/1eCh IPUMEPHO
B 1.5-2 pa3a HiKe, €CITM CPaBHUBATH C IIOPOBBIMU BOJIAMU KEJIPa, B3ATHIX U3 CKBAKUHBI
BDR-93 na rny6une 6osee 50 M, B cocTaB KOTOPBIX HE BXOJAT razoruapatsl. Huskas
KOHIICHTPAIMSI XJIOPUJI-MOHOB B IMOPOBBIX BOAAX OCAJKOB CUYHMTACTCS KOCBEHHBIM
NPU3HAKOM HAJIMYUS Ta30TUAPATOB B OCAIKaX.

KoMmruiekcHbIe MCCIeIOBaHUs CTATHM MOJTBEPXKJACHUEM MPUCYTCTBUS B KEPHE
metanruapatoB (CHs x 6H20) ¢ coxmepxanue okono 3,3% (macc). [Tomumo storo, B
HaJIMYMH €CTh YTJIICKHUCIIBIA Ta3, H B MAJIBIX KoJndecTBax 3TaH u npomnad (<0,005%).
Her comHenuii B ToM, 4yTO OOJIBIIAs YacTh HAXOJUBIIETOCS B MOPOJE ra3oruapara
ObuIa pa3iio)keHa BO BpeMsl XpaHEHHs, a TakKe IPU TPaHCIOPTUPOBKe. PeanbHoe ero

coaepskanue in Situ HaMHOTO BhIIIE, U BO3MOKHO cocTaBiseT 10-20% (macc).

Ta6muma 1.5 — MloHHBIN cocTaB TOPOBBIX BOJT

HNonbr Conepxanus, Honbl Conepxanusi,
MKT/T MKT/T
pH 6,28 HCO3" 151
NH;* 48 F 6
Ca’* + Mg?* 18 CI 17
Na* 12 NO3z~ 2,5
K* 12 SO, % 7
> KaTUOHOB 90 Y aHHOHOB 184
CymmapHoe cojiep)KaHue HOHOB — 274 MKT/T UCXOJTHOM TTOPOIbI
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1.6 Iloucku U OTKPBITHS MOJAOHHBIX ra30TrHAPATOB

B 1998-1999 rr. mocne mnpoBeaeHus reopusmueckux pador B HOxHOU
KoTJIoBHHE baiikana uccrienoBaTread CMOIVIM BBIABUTh YYacTOK JHA, B Mpeaenax
KOTOpPOrO CYILECTBYIOT BCE€ YCIOBUA i1 (OPMUPOBAHHS B TMOIJAOHHBIX OCaIKax
ra3oruapatos [72].

JUist M3ydeHusl ra3oBBIACISIONIMX CTPYKTYp ObUIM OpraHU30BaHbI I€0JIOrO-
reousnyeckue padbotsl. OHu npooauiarck B Mapte 2000 r. Ux auameTp coctaBiisi
100-200 m Ha riyounax 6osee 1300 m. [IpoBoauTh HCCiIeIOBaHUS HACTOIBKO MaJIbIX
0o0OBEKTOB Ha JHE Jpeidyromero cyaHa BechbMa 3aTpynHUTeNnbHO. [lpucyrcTBue
JIOCTaTOYHO MOIIHOTO CJIOS JbJa B 3UMHEe BpeMsi OECCIOpHO SBISIOCH
npeumyiecTBoM s baiikana, Mo cpaBHEHHIO C IPYTMMHU aKBaTOPUSIMU, €clid OpaTh
BO BHHMaHHE BO3MOXHOCTh UX U3ydeHHUs. B Oynyiiem uccienoBanus B pailoHe Bcex
HaWJCHHBIX BYJIKAHOB BKJIIOYAIM OTOOP MPOO 0CAJIKOB B IIEHTPAIBHBIX YACTSIX KpaTepa
TPYHTOBBIMH TpyOKamu JuiuHOU B 1-2 M. Takke oHM BKJIIOYaJIX OTOOpP MPOO BOJBI U
rasa Jjis XMMAYeCKUX aHainu30B [73].

Oco0eHHO TPEeNCTaBISIM HWHTEPEC pe3yNbTaThl, IOJYyYEHHBIE B KpaTepe
BynkaHa Manenskuii. Tam Ob110 0TOOpaHo 17 kepHOB Ha TUIOMAIN paguycoMm 150 M,
JUTMHA KOTOPBIX HE mpeBbicuia 15-67 cMm. benbie KpucTamibl rasoBOro rujapara
MOJIHAJIMCh BCE-TaKW HaBEpX IOCIE TOro, KaK HECKOJIbKO pa3 Obula OmylieHa
IpyHTOBasl TpyOKa, Ha OJHOM M3 CTAHIMK U3 IIEHTpa OOcCaeayeMou Iiomanau. Tak,
BIIEPBbIE MPOUCXOAWIO BHU3YyallbHOE HAOJIOJAEHUE Ta30TUIPATHBIX KPUCTAUIOB B
ocagkax o3epa baiikan. B HukHENW 4YacTh KEpHa MOLIHOCTH THIPATHOIO CJIOS
paBusiercs 10 cm. Beime Oblm pacmonokeH 25-CaHTUMETPOBBIN CJIOW aleBpPUT-
METUTOBOTO JMAaTOMOBOTO WJIA CO clielaMu HexaBHel mepepabotku [74]. Ckopee
BCET0, BCKPBUIM TOJIBKO CaMyl0 BEPXHIO YacTh 3ajieKed Ta30BbIX THAPATOB.
BcnenctBue orpaHMu€HHOTO MPOHUKHOBEHUSI TPYHTOBBIX TPYOOK, HEBO3MOXKHO OBLIO
IPOXOKAECHUE Yepe3 oW ruapara. B skuakom a3oTe ObUIM COXpPAHEHbI KPUCTAJIbI
ra3oBbix ruzapartoB. [IpoBens maGopaTopHble HMCCIEIOBAHUS, MPUIILIA K BBIBOAY OT
TOM, YTO OHU COJIepKaT MeTaH OUOreHHOro npoucxoxjaenus. Haumnas ¢ 2002 r.,

JIOBOJIBHO YacTO TUAPATHI METaHa JIOCTABAJIUCH TYT M B JICTHEE BpeMsi ¢ Kopaoduis [75].
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Kpome orb6opa mpoO o0cagkoB Takke MPOBOJAUIOCH BEPTUKAIBHOE
30HJUPOBAHKUE IPUIOHHOTO CJI0s1 BOJIbI ITpu noMoiu pudopa CDT. On paccunTtbiBan
ABTOHOMHBIE U3MEHEHHUS TEMIEPATYPBI, JIEKTPONPOBOAUMOCTb, IPO3PAYHOCTb BOJIbI

Ha JIHE, a TaK)Ke CoJIepKaHue B Hel kuciopoa [76].

1.7 Ta3zoBble ruapatbl OX0TCKOr0o MOpsi: 3aKOHOMEPHOCTH
(opMHUpPOBaHHUSI UX PacIPOCTPAHEHHS.
1.7.1 OcoO0eHHOCTH Ta30THAPATONPOSABJIEHUII B 04Yarax pasrpy3Ku

¢aronaos B Oxorckom mope.

I'naBHol 3amaueit sxcneauuuu Muctutyra okeanosoruu AH CCCP B 1986 .
OBUTO HCCIICIOBAHKE TMpeJIoiaraeMoi TruapoTepMbl BOMM3M o3epa [lapamyrup,
MIPU3HAKOM KOTOPOM CUUTAJICSA Ta30BBIM “(haken’, HaXOIAIIUNUCS IXOJIOTHBIX 3aMHUCSX,
He pa3 HaOmoaasmmiics ¢ 1982 r. [loMmrmo 3TOro, BHICOKUE COIEPKaHUS B MOPCKOU
BOJIE PSIIOM € “(hakesioM” pacTBOPEHHBIX BOJOPO/A, METaHA U KPEMHHEBOM KUCIOTHI
TaK)K€ pacCMaTPUBAJIUCh KaK MPU3HAK TUAPOTEPMAIILHON pa3rpy3Kd HA MOPCKOM JTHE
[76]. B xo1e sKCIIe IUIIMOHHBIX HCCACI0BAHNI ObLIO YCTAHOBIICHO, YTO HAOIIIO1aEMBbIi
Ha »Xorpamme “daken” He OBUI Pe3ylabTATOM THAPOTEPMAIBHON aKTHUBHOCTH, a
OOBSCHSJICA BBIXOJJaMU Ha JHE My3bIPHKOB ra3a.

B npubpexne o3zepa Ilapamymup BBIXOJBI Ta3a OKa3aduCh MPUYPOUYEHBI K
BepIIMHE y Baia (riryOmHa mops 768 m) mupuHoi okono 400 m, mmuHoit 800 Mu
OTHOCUTEJIBHOM BbICOTOM 10 15 M. B MOpckoM gHe B paiioOHE od4ara pasrpy3Ku
NPUCYTCTBYIOT TJIyOOKHE SIMBI, PBIXJBIA TPYHT, a TaKXKEe OHO XapaKTEepU3YeTCs
HAJIMYMEM HEMaJIbIX KapOOHATHBIX KOPOK, KOTOPBIE TMOKPHITHI OENbIM HAIETOM, a
TAaK)K€ KaBEpHO3HbIE keiBaku. [lnmaHupyercs, 4To JaHHbIE KapOOHATHBIE KOPKHU
BO3HUKJIIM B pe3ynbrare Hachkimenus Boabl COj, BBIIEHSIONIUMCS BO BpeMs
BOCXOJKJICHHS TIOTOKOB MeTaHa [7/7]. CTOUT MOJ4epKHYTh, YTO HA CETOMHSAIIHUMN JICHb
BPEMEHHM HAWJEHO HE Maj0 O4YaroB CyOMapuMHHON pas3rpy3Kd Ta30HACHIIEHHBIX
dmousioB, rae ObUIOo 3apUKCHUPOBAHO ayTUT€HHOE (OpPMHUPOBaHUME MHUHEpayioB. B

yacTHOCTH, B UEpHoe Mope, B mpubOpexnbe Operona, B paiione miaro Bopunr B
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HopBexxckoe Mope OTJIOKEHHs B od4arax pasrpy3kd (JIroHI0B  BKIHOYAET
MHOECTBEHHbBIE TUJIpaTHbIE (OPMUPOBaHUS (KOPKH, JKEIBaKU, KapOOHATU30BaHHBIC
PAaKOBUHBI U JIp.) YacTO B COYETAaHUU C OaKTepuUalbHbIMU MaTaMmH (COOOIecTBa
METaHOTPO(PHBIX OPraHU3MOB), CXOJHBIMU MO BHENIHEMY BUIY C O€IbIM HaIETOM,
oOHapyKEHHBIM Ha KapOOHATHBIX KOpKaX B mpuOpexbe 0. [lapamymup [78].

B skenenuuuu ¢ 1986 r. 00pas3iupl HOBBIX T'a30TMAPATOB OBLIM MOJHSATHI Ha
NByX cTaHnusax. Ha omaHOM W3 cTaHiuii ra3oruapaThl ObUTM HaMJACHBI HA TOMJIOHOMN
rryouHe 185 cM — B HAKOHEYHUKE TPYHTOBOW TPYOKU HAXOIUJICS CIIOHN CILJIOIIHOTO
CHEeXHe-0esoro rujpara ToiamuHon 2 cM. [lpenmonaraercs, 4ro 3TOT arperaTr ObLI
OTOpBaH TPYOKOH OT GoJiee MOILIHOTO THAPATHOTO Teia. BhIle ra3orugpaTtHoro cios
HA0JII0/1aeTCs CIOM Pa3phIXJIEHHOTO (pacChIMaOIErocs) Haj TOMMHHON 0Ko1o 10 cM,
B HI)KHEH 4acTu KOTOPOTO ObLIM OOHApy»EHBI ObICTPO pa3zjararoiiuecs JTUH30YKU
(MHJUTHMETPOBBIC) ra3oBbiX ruapatoB [79]. Ha BTOpO# CTaHIMU CIOH C TOHKUMH
MEJIKMMHU JINH3aMHU THAPATOB ObLT HAlJIeH B MpHu3ab0iHOM nHTepBaje riyoun 220-240
CM, @ HEMHOT'0 BBIILIIE HAXOAUJICS CIOM Pa3phIXJIEHHOIO Mia. ['a3oruapaToBMeNaonne
OTJIOKEHUS IPEACTABISIOT coboi YEpHBIE, KPEMHHCTBIE IUAaTOMO-
BYJIKAHOKJIACTUYECKUE aAJICBPUTOBBIE WJIBI C TOHKUMHU MpochosiMu (1o 1-2 cm)
aJICBPUTA; OTJIOKECHUSI UMEIOT CHJIBHBINM 3amax CEpoBOAOPOJa. XUMHUYECKUN aHAIW3
cocTaBa TUJIPaTHOTO ras3a mokasai, 4to Ha 97,8 % oH cOCTOUT W3 MEeTaHa U CONECPKUT
0,045 % »srtana, 0,0001 % mnpomana, 0,0896 % nuokcuma yriaepona [47]. Yruepon
METaHa OKa3alcs CPAaBHUTENIBHO “JErok” Mo M30TOMHOMY COCTaBY. 3HaueHue O1°C
cocraswio -54 PDB (PDB — Belemnitella Americana u3 ¢popmaruu [Tuaun MenkoroBo
Bo3pacta B FOxHo#t Kaponmne — oOmENpUHATHIA CTaHIAPT M30TOIMHOTO COCTaBa
yrieBogopona) [80].

l"azoruaparonposiBnenus B npubpexne o. [lapamymup ObuIM HcClieIOBaHbI B
skcneaniuu BHUN Oxkeanonorus B 1991 r. I'a3oBbiii “gaken” ObLI epeceyu€H MAThio
NPOMEPHBIMH TPOPWISIMU M TATHAANATHIO Tpodmismu ¢  mpobooTOéOpoM u
TCOTEPMHUUYCCKUMU H3MEPCHHUSMH, ITO3BOJISIONICEe YTOYHHUTH ero pacmosioxerue [80].
Huamerp “dakena” OKOJIO MOPCKOrO JIHA, MO JAHHBIM 3XOJOTHBIX IEPECEUCHUM,

coctaBisier 350-400 m. T'a3zoBbie ruapaThl OBIIM HAWACHBI HAa JBYX CTaHIUAX,
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HaXOJSLIUXCS PSAAOM C 3amaJHON oKpauHou “¢akena”, mpuyéM oJHA U3 HUX ObLIa 3a
ero npexnenamu. Ha psane apyrux ctaHuuid ObUTM BBISIBJIEHBI KOCBEHHBIE MPU3HAKU
rUApPAaTOB (HU3Kas KOHUEHTpALUs XJIOPUIA-MOHOB B TOPOBOM BOJAE, BBICOKOE
ra3ocojiep>kaHie U oOBOJHEHHE OCaJKOB, 3allax CEPeBOPOAOpPOAa, KapOOHATH3ALMUS
OTNIOKEeHMI). ['a30Bble THApPATHl B BHJE YNPOIIEHHBIX OOJIOMKOB HENpPaBHIbHON
dbopmbl (pazMepoM OT HECKOJBbKUX MHIJIUMETPOB J0 7 CM MO JJWHHOW OCH) OBbLIU
oOHapyxeHbl Ha mnojagoHHOW r1iayoune 10-40 cM B TJIHMHHUCTO-aJE€BPUTOBBIX
OTJIOKEHMSIX C MHOTOYMCIICHHBIMU BKJIIOUCHHUSIMH KapOOHATHBIX KOPOK, CTSDKCHMIH,
KapOOHATU3UPOBAHHBIX PAKOBHH JIBYCTBOPUYATHIX MOJUTIOCKOB U MX 00JioMKOB [81].
JlanHble Ta30BOM XpomaTorpaguu MOATBEPAWIN MpeodiiajaHne MEeTaHa B COCTaBe
rUApaTHOTO Trasza, TOrJa Kak 3HaueHHe O13C yrjepoja MeTaHa OKa3ajaoch
CYIIIECTBEHHO HUXE, YeM MOJIyYeHHOE JIJIsi TUAPATHOTO ra3a B akcreauiuu 1986 ., u
coctaBuiio -67,3 % [81].

B npubpexne 0. CaxanuH NpoBOIUIICS TPYHTOBBIN MPOO0OTOOP Ha TpeX MOJIAX
cyOMapuHOi pasrpy3ku raza. CaMblii HHTEPECHBIN pe3ylnbTaT yAaloCh MOJIYYUTh B
palioHe OJIHOTO W3 TOJIeH, Te ra3oBble TuaApatThl,0 HalIEHHbIE HA MSATH TPYHTOBBIX
CTaHIMsAX. BMemaromue ra3oBbie THAPATHI AJEBPOIEIUTHl OBLIM MPEACTABICHB B
OCHOBHOM JIMAaTOMOBBIMM HJIaMH C Majoil TMPUMECHIO TEPUTEHHOTO MaTepuaa.
['myOuna 3amexu KpOBIM Ta30THUAPATOCOACPKANIUX OTIOXKEHHN BapbUpoBaia B
nuana3zone ot 0,3 mo 1,2 M, a uxX BCKpbITas MOIIHOCTH coctaBuia ot 0,1 o 1 M. Ha

CTAHIIUSAX Ta30BbIC TUAPATHI MTPOCIICKUBAIUCH TTOUYTH JI0 3200 [82].

1.7.2 Mexanu3mbl (GOpMHUPOBAHHUS Ta30BBIX TWAPaToB B OX0TCKOM
Mope

[IpuypoueHHOCTh U3BECTHBIX CKOIIEHUM Ta30BbIX TUAPATOB B OXOTCKOM MOpE
K OuaraM pas3rpy3Ku rasa He BbI3bIBA€T KAaKUX-TO COMHEHHI. CKOIIEHUS JaHHOTO TUIa
UMEIOT HECKOJBKO CBOMCTB. PaccMOTpUM HX B paMKax TreOJOTMYECKOU MOAEIU
ra3oruparoo0Opa3zoBaHusi B ouarax pasrpy3Kku, MpeJIoKeHHONW B paboTax, ¢ y4ETOM

HEKOTOPBIX HHBIX OIMYOJIMKOBAHHBIX JAHHBIX M HOBEHIIIMX MaTepuayios [82].
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["azorugpaTsl B paccMaTpUBAEMBbIX CKOIUIEHUAX (DOPMUPYIOTCS HA CIUIIKOM
MaJjblX MOAJIOHHBIX TNIyOMHaX, B YaCTHOCTH, B mpuOpexbe 0. CaxaluH OHU ObLIU
oOHapy»XeHbl B MHTEpBaje MoAAOHHBIX I1yOuH ot 0,3 no 1,2. CymiecTBoBaHuE raza B
ruapaTHol (a3ze BOIM3M OT MOPCKOrO JHA MOXKET OBITh TOJIBKO B YCIOBHSX
MOCTOSIHHOTO €ro mnpurtoka cHu3y. CBHUIETEIbCTBOM 3TOTO SBJISIOTCS HECKOJIBKO
CJIy4aeB HEMAaJIOr0 COJIEpP KaHUE ra30BbIX THAPATOB B 0TiIOKeHUsX (10 40%). ['myOuHa
Mopst BOMM3u o. Caxanud u o. Ilapamymup coctaBisger ot 600 mo 1000 w,
TUAPOCTAaTUYECKOE JIaBJIEHUE BapbUpyeT B Auana3zoHe ot 6 go 10 Mlla, a npugonnas
Temmeparypa usmensiercsa B untepnaie 2,2-2,3 °C u 1,7-2,2 °C, cooTBeTCTBEHHO. 30HA
CTAOMJILHOCTH TUPATOB METaHa MPH JTAaHHBIX 3HAUYCHHSIX TEMIIEPATYPHI U JIABIICHUS HA
JTHE MOXKET MPOCTUPATHCS 10 MOJJOHHBIX TTyOWH, JOCTUTAIOIIUX MO KpailHel mepe
100 m [83]. PacniosioxkeHne HIDKHEH TPaHUIBI JAHHOW 30HBI, HAXOAUTCS IPU TTOMOIIU
BEJIMYMHBl TE€OTEPMHUYECKOT0 TpajJMeHTa, TOorjJa Kak TIJIyOMHa  3ajieraHus
TUAPATOCOJEPIKAIIUX OTJIOKEHUM 3aBHCUT, B OCHOBHOM, OT HWHTEHCHUBHOCTH
BOCXOJSIIET0 TOTOKa raza. Yem HMHTEHCHBHEE IIOTOK ras3a, TeM Ha MEHbIIen
MOJITOHHOM TITyOMHE BO3HUKAIOT ra30Bble TUipaThl. HaiiieHHbIH B X0/1€ CPaBHUTEIHHO
IPOIUIBIX AKCHEAUIIMI POCT TIYOWHBI 3aJieTaHus KPOBJIM THUAPATOCOJEPKAIINX
OTJIO)KEHHHM CKOpEe BCEro SBISETCS CBUICTEIHCTBOM TNAJCHUS HMHTEHCHUBHOCTU
BOCXOIAIIETO IIOTOKA ra3a co BpeMmeneM [83].

CocyiiecTBOBaHME Ta30BBIX THUIPATOB M PA3IMYHBIX  (OPMUPOBaAHUIN
ayTUTEHHBIX KapOOHATOB (KOHKPEIMH, KOPKU U T.J.) B 30HE Pa3rpy3Ku CBOOOIHOTO
rasa, CKopee Bcero, 00ycjaoBJIE€HO C OKHCIEHUEM MeTaHa, IPUBEIIIEM K HACHIILIEHUIO
BOJIBI YTJIEKUCIBIM Ta30M M JAJIbHEUIIEMYy BBIAJCHUIO U3 PAacTBOPOB KapOOHATOB
[84].

1.7.3. Tepmobapuyeckue napaMeTpsbl U 3aNachl ra30rujapaToB
Oxotckoro mopst

[lepBoHayanbHO  TIpeANoOJiarajioch, 4YTO CyOMapuHHBIE  Ta30THJIPAThHI
dbopMUpYIOTCS B II€JIOM, M3 ayTUT€HHOr0 OHWOXMMHMYECKOTO Ta3a, a BeCh
TeHEepUPYIOINK, OMOXMMHYECKHMH W KaHAareHETHYECKUW Tra3 TIoNagaeT B 30HY

o0pa3oBaHus Ta30BbIX THAPATOB, TJlI€ OH CTAOMIM3UPYETCS B TUApPATHOU Gdopme.
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[TomMuMO 3TOTO, TOMYCKANOCh, YTO FA30BbI€ TUIPATHI, B OCHOBHOM PaclpOCTPAHEHBI B
OKEaHE TMOYTH I[IOBCEMECTHO B TpeAenax Bcell TepMoOapuyecKoil 30HBI HX
CTAaOMJIBHOCTH, M MX 3aJeXKH HAXOASATCA B BHUJAE CIUIOMIHOrO ciosi. B »Tom
HEIMPOHUIIAEMOM JIJII CBOOOIHOTO Ta3a clioe, 00pa3yroTcs CBOOOAHBIC YTIEBOIOPOIbI
[85]. M3 3TuX mpeanochUIOK CIIEI0Baio, YTO KOJMYECTBO Ta30THAPATHOIO Ta3a Ha
MOPSIIOK BBINIE€ SKBUBAJICHTHBIX CYMMAapHBIX PECYpPCOB YIUIs, HEPTU U MPUPOJTHOTO
raza Ha 1aHere. OIGHKM KOJIMYECTBA METaHa B CYOMapUHHBIX CKOIUICHUSX
ra3orujipaToB, 0a3upylOTCs Ha paclpeaeNeHun ceiicMuueckoro ropu3zoHta BSR
(Bottom Simulating Reflector), mapkwupyromero MMoaoIBy 30Hb CTaOMIBHOCTH
ra3oruJIpaTHOCHBIX aKBaTOpUH. YTOYHEHHE OLIEHOK PECYpPCOB ra30TrMIpaTHOTO rasa
TpeOyeT Oojiee THIATEIHHOTO PACCMOTPEHUS CHEUM(PUKA HATWYUS Ta30THIpPaTOB B
akBaTopusix Muposoro OkeaHna.

TepmobGapuueckue ycaoBUS WX CYIIECTBOBAHUS XapaKTEPHBI JJIsI OOJBIICH
yacTu JHa MupoBoro okeana c riyoumHamu Boasl 6osiee 300-400 M Ha apKTHUECKOM
menbde 30Ha CTAOMIBHOCTH Ta30BBIX THUJPATOB CBSi3aHA C NPUCYTCTBUEM
CyOMapuHHOM KpHUOJIUTO30HBI UM, CKOpEe BCEro CYIIECTBYET NpHU 3HAYUTEIHHOU
MEHBIIIEH TITyOrHE BOJIBI, €CJIH TIOJIOIIBA KPUOJIMTO30HBI HAXOUTCA Ha TIIyOrHE OoJiee
260 m ot ypoBHs Mops. [logaonHas riomyOrHa MOJOMIBEI 30HBI CTAOUIEHOCTH Ta30BBIX
THIPATOB B cpeaHeM cocrasisiet npumepro 400-600 m [86].

CaMbpIM  HIMPOKOE  paCIpOCTpAaHEHUE  TOMYyYWMT  NPUPOJHBIA  Tra3o-
TUAPaTO00pa30BaTEh B CyOMapUHHBIX YCIOBUSX SIBIISIETCS METaH.

['eoTepmuydeckasi OlleHKa TITyOHWHBI MOJAOMIBEI TA30THAPATHOTO CIIOS SIBISIECTCS
IPUMEPOM KOMIUIEKCUPOBaHUS reodru3nueckux MeTonoB. B Tex paitonax MupoBoro
OkeaHna, rie MNPUCYTCTBYET BeChbMa ILJIOTHAs H3YUYEHHOCTh TEIUIOBOIO IMOTOKA U
MIOJTYYCHHBIE TOUHBIE (PAKTHI O TEMIIEpAaTypax Ha JTHE BOJOEMA, a TAK)KE TUIOTHOCTHBIX
XapaKTEePUCTHKAX 0CaO0UHBIX TIopos [86]. s pacuéra gaBieHuUs B TOJIIAX OCAJIKOB,
OblJa WCIOJNB30BAaHA OIEHKA TEPMOOApPUYECKUX TAapaMeTpoOB HA  IOJOIIBE

TUAPATOCOAEPKAIIETO CIIOSI.
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TJIABA 2. METO/IUKA SKCHEPUMEHTAJIBHBIX
NCCJEJIOBAHUN

Ha pucynke 2.1 mpencraBieHa cxeMa 3KCHEPUMEHTAIbHOM YCTAaHOBKH, Ha
KOTOpOil OBLIIM MPOBEACHBI AKCIIEPUMEHTANIbHBIE UccienoBanusd. [lonas kepamuueckas
TpyOKka HarpeBajach 10 BbicOkMX Temmeparyp (zo 1000 °C). Ha meramnmnyeckom
JepxaTene Kpenuiaach 4YacTULa JibAa, BIOCIEACTBMM IIONajaroiias B TpPyOKy.
Wuunpanusa mnpoieccoB (a3oBbIX MNpPEBpaAllEHUH TpHU MEpPeXoie YacTUll JibJla W3
TBEPJOrO B KMJKOE, a 3aTeM B TIa3000pa3HOE COCTOSHUE Kaleidb BOJbI, ObLIa
00yCJIOBJIEHA MHTEHCUBHBIM PaJHAIlMOHHO-KOHBEKTUBHBIM HarpeBoM. OrmpejeneHue
U3MEHEHW BO BPEMEHHU OCHOBHBIX XapaKTEPUCTHK HCCIEIYEMOIO Ipouecca
BO3MO’KHO BO BpEMSI PETUCTPUPOBAHUS MTOJI0KEHUS JIEASTHON YaCTULIBI U €€ Pa3MEPOB.
C nomompto crnenuanbHoi Buaeokamepsl Photron FASTCAM SAl.1 ckopocTh
BUACOCHEMKHU KOTOpoil 67500 kanpos/c ObLIM 3apUKCUPOBAHBI CTAUN TEPMHUUECKON

ITIOATOTOBKH, a TaAKXKC IIJIaBJICHUA YaCTHUIIEI JIbAA.
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Pucynok 2.1 — Cxema 3KCIepUMEHTAIBHON YCTAHOBKHU

1 — mpoKeKTOp 2 — YacTHIia JIbJia 3 — MeTAJUIMYCCKUI JepKaTenb 4 —
HarpeBaTeIbHbIN AEMEHT 5 — Kepamuueckas Tpyda 6 — mydenpHas neub 7 —

BBICOKOCKOPOCTHAs BUJICOKaMepa 8 — ABMKYyIIasics miaTdopma.

Bo BpEMA IPOBCACHHA JSKCIICPHMCHTOB OBIIIM KCITOJIb30BAHBI TPOC pPa3HbIX

TUIIOB 4acTull Jibaa. [lepBas rpynna Oblia cieilaHa Ha OCHOBE JUCTUIUIMPOBAHHOM
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BOAbl. BTOpas Ha OCHOBE IUCTMIUIMPOBAHHOW BOJABI C BKJIIOYEHHEM JBYOKHUCH
yraepoaa. TpeTbs M3 IUCTUIUIMPOBAHHOM BOABI C BKIIOYEHUSIMH YacTHI[ YIS C
BBICOKOM CTEIEHBI OKHCIEHHs NpHU MaccoBo KoHueHTpauuu 10%. Bee rpynmsl
JAHHBIX MaTE€pPUAJIOB 3ar0TABJIMBAJIUCH MO0 HECKOJIBKUM 3TanaM: Ha HAa4aJIbHOM 3Tame

MaTepHall HAMOJIHAJICA B MUKPOEMKOCTH B BUJE cdep.

[Tocne aTOro BHU3 CIycKanach UIJa-aep KaTellb Tak, YTOO0bl HEHTP CUMMETPUU
cdepsl coBNall ¢ KOHIIOM Wbl Aepxkatens. [lanee 3Ty cucremy (martepuan, uria -
JiepKaTesb), HY>KHO ObLIIO TIOMECTUTh B MOPO3WJIBHYIO KaMepy, Iie pu TeMIiepaType

-17 °C HaumHaeTcs Mpouecc KpUucTauIn3alui MaTepUaoB.

[Tepuon BpeMeHH OT Haudajia TEIUIOBOT'O BO3JICUCTBUSI (MOMEHT IMOMAJ aHUs B
MOJIOCTh ~ LUJWMHApA) JI0 MOMEHTa Hayaja IUlaBjieHus  (mosBieHue 14
HPUITOBEPXHOCTHOTO BOJSHOTO CJIOS) CUUTANICS BPEMEHEM HarpeBa 4acTHIBI ().
Ilepuon BpemMeHM OT Hayaja IUIABJIEHUS OO MOMEHTAa MaJCHUS BOJASHOM KaIllu C
UTJIOZICPIKATENS CUMTAJICS BpPEMEHEM IUIaBlieHHeM dacTuilel Jibaa (t;). Pasmepsr
JNESAHBIX YaCTUIl BapbMPOBAIMCH B auamnasoHe 2<6<8%10 m3 KonmuecTBo cepuii B

KaXXJIOM KCTIIEPUMEHTE COCTaBIIsCT 35.
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I'JIABA 5. ®UHAHCOBBIN MEHEJKMEHT,
PECYPCOD®PEKTUBHOCTDb U PECYPCOCBEPEKEHHUE

Heaslo pa3gena sBiIseTCS SKOHOMMYECKOE OOOCHOBAaHME HAy4dHO-
uccienosarensckoit padotel (HUP), onpenenenrie u ananu3 TpyAOBBIX U JI€HEKHBIX
3aTpar, HalpaBIIEHHBIX HAa pealu3alldi0 MPOEKTa, a TakKe YypPOBHSI HAy4dHO-

TEXHUUYECKOU Pe3yIbTaTUBHOCTH PaOOTHI.

Tema: «Temno- m MacconmepeHOC MpH IUIABICHUM KPUCTAUIOB JbAa B
YCIIOBUSIX BBICOKOTEMIIEPATYPHOTO HArpeBay.

HUP paccmarpuBaer Hay4HO-TEXHHYECKHE OCHOBBI MpoOJeMBbl ‘“‘00pbIBa
(akena”, KOTOpbIN 00pa3yeTcs MOMaJaHueM YacTHI] Jb/a B AKTUBHYIO 30HY TOPEHHUS
(MpeMMylIECTBEHHO  3MMHEE  BpeMs)  CTAHOBUTHCA  NPUYMHOM  YACTBIX
HEPETJIAMEHTUPOBAHHBIX OCTAHOBOB JSHEPre€TUYECKUX YCTaHOBOK. [IpoBoasTcs
AKCHEPUMEHTAIBHBIE U TEOPETUYECKHUE HCCIIEIOBAHUS OCHOBHBIX 3aKOHOMEPHOCTEH
(a30BBIX MpEBpaALIEHUIH M TEIIOMACCONEPEHOCA NPU YCIOBUSX ABMKEHUS YaCTHIL
Jba UYepe3 BbICOKOTEMIEPATypHbIE Ta3bl C MCIOIb30BaHMEM MY(deabHOU

QJICKTPOIICYM.

Heob6xomumo pa3paboraTh TeOpHIO TIPOTHO3UpOBaHUS oOOphiBa (akena
ra30BbIX TOPEJIOK KOTEIBHBIX arperaroB. Tak Kak mpomecchl (a30BbIX MpEBpaIleHUi
YacTHI JIbJ]a TIPU JBWKEHUU dYepe3 BBICOKOTEMIIEpaTypHbIC TMPOAYKTHI TOPCHHS 0
HACTOSIIIETO BPEMEHU HE HUCCienoBaHbl. [Ipu KpUTHYECKOW KOHIICHTPAIMH YaCTHUIL
TbAa TIOHIDKEHWE TEeMIIepaTyphl IUIAMEHH MOXKET OBITh JOCTATOYHBIM  JIS

MpEKpalleHNs] TOPEHUs rasa.

Jlns  mpoBeaeHUs ~— pacyeTa  HEOOXOAMMO  TPOBEJICHHE  TEXHHKO-
YKOHOMHYECKOTO OOOCHOBAHHUA. DTO CBA3aHO C HEOOXOIMMOCTBHIO OIIEHKH 00BeMa
paboT W MaTepHAIBHBIX BIOKCHUU JUIS pealM3alldd BCETO IIIaHA HCCISIOBaHMUS,

BKJIIOYAIOIIUX B CE0sI TEOPETUUECKYIO TPOPAOOTKY TEMBI U MPOBEIACHUE PACUETOB.
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5.1 IlpennpoeKTHBIN aHAJIU3

5.1.1 TloreHuHaJIbHbIE NOTPEOUTEIN PE3yJIbTATOB HCCIEIOBAHMUS

Jlis  BBIIOMHEHHs] aHalW3a TMOTpeOuTeNeld pe3yabTaTOB HCCISAOBaHUS
HEO0OXOIMMO PACCMOTPETH IIEJICBOM PHIHOK M MIPOBECTH €TI0 CErMEHTHPOBAHUE.

[Tox 1eneBbIM PHIHKOM ITOHUMAIOT CETMEHTBI pPhIHKA, Ha KOTOPOM OyaeT
npoaaBathcs B OymymieM paspaboTka. B cBoro odepenb, CErMEHT phIHKA — 9TO
BBIJICJICHHASI YaCTh PbhIHKA, TPYIIBI MOTpeOUTENeH, 00JadaronuX OIpeaeIeHHBIMU
oOmumu  mpusHakamMu. CErMEHTHpPOBAaHWE — JTO pasJelieHue IOKyIaTele Ha
OJTHOPOJHBIC TPYIIIBI, JIJI KKI0W M3 KOTOPBIX MOTPEOyeTCs ONpeae/ICHHBIN TOBap.
JIIsi KOMMEpPYECKHX OpraHW3alliid KPUTCPUSMH CETMCHTHPOBAHUS MOTYT OBITh:
MECTOPACITOJIOKEHHUE, OTPACITb, BBIITyCKaeMasi IPOAYKIIHS U JIp.

[TpenrmonoxuM, 9To IEICBBIM PHIHKOM JIJIs JAHHOW paOOTHI SBISICTCS PHIHOK
MPOU3BOJICTBEHHBIX MpeAnpusATHii. CerMeHTHpYeM MPOU3BOICTBEHHBIC MTPEATIPUSITHS
IO CJIEIYIOIIUM KPUTEPUSIM: pa3Mep MpEeANpUsTUs U BUI ToBapa. Ha ocHOBaHWHU ATHX
KPUTEPUEB MOCTPOUM KapTy CerMeHTHpoBaHus (Tabymma 5.1).

DKCIIEpUMEHTAIBHBIC HCCIICIOBAHUS MPOBOJMIUCH C  HCIOJIB30BAaHUEM
MydenpHol 3ekTporieun. [Ipubop HE0OX0 UM JIJIs TEPMHUYECKON 00pabOTKH, a TaKKe
XpaHEHUS pa3HOOOPa3HBIX 00PA3IIOB M MAaTEPUAJIOB B ONPEICICHHBIX TEMIICPATyPHBIX
ycnoBusix. bmaromapst Tomy, 9To o0opymoBaHWe 0O0JamaeT  cCrenuaTbHBIMU
TEXHHYECKUMHU XapPaKTEPUCTHKAMHU, MOTEHIUATBLHBIMU TMOTPEOUTEISIMU  SIBISIIOTCS
CJIEIYIONINE OTPACTH MPOMBINIIICHHOCTH: XUMHYECKHE JTa00paTOpUu; MPEANPUATHSA,
3aHUMAIONINXCS  TMPOW3BOACTBOM  IOBEIUPHBIX  WM3JACIUN;  Teou3nyeckue
nabopaTopuu; TPEANPHUATHS, KOTOPHIE W3TOTABIUBAIOT BOCKOBBIC TPEIMETHI;
MUIIEBbIC TPOMBINIJICHHOCTH;, TPEANPHUATUSAX, BBIMOTHIIOMNUX KYHEIUPOBAHUE

pa3HbIX OnaropoHbIx MeTamio, TOLI.
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5.1.2 AHa1u3 KOHKYPEHTHBIX pelleHui

JlanHoe YCTPOUCTBO

(bo)

OKCIICPUMCHTAJIbHBIX HCCJ’ICI[OB&HPIIZ, KOTOPOC MOKET HMCIIOJBb30BATLCA B PA3HBIX

npeaHazHa4YCHO I IMPOBCACHUA

oOnactsax xo3sicTBa. OHM IIUPOKO UCHOJB3YIOTCS JJI Pa3jiu4HbIX BHJIOB

TepMOOOpPaOOTKH B Pa3HBIX HCCIIEIOBATEIIbCKUX

chepax

Ha60paTOpI/ISIX, B ITPOU3BOACTBCHHLIX NPCAIIPUATUAX U APYTUX OPTraHU3AIUAX.

JeSITCIIBHOCTH,

Cy1iecTByeT MHOXKECTBO aHAJIOTUYHBIX YCTAHOBOK CO CBOUMM JIOCTOMHCTBAMU
u Henocratkamu. OJHUM W3 HHUX SIBISICTCS KaMmepHasi SJEKTpoIeub s oOKura
Tepmudeckonr 00padbotku metawio (K1). B konedHoM uiTore, BHIOpAaHHBIN B KAYECTBE

KOHKYPHUPYIOLIETO PEUICHHUS.

9KCH€pTHaSI OLOCHKA OCHOBHBIX TCXHUYCCKUX XAPAKTCPHUCTUK HAHHBIX

IPOJIYKTOB MpeJicTaBieHa B Tabmwmie 5.1.2.

Tabmuma 5.1.2 — orleHOYHAs KapTa CpaBHEHUS KOHKYPEHTHBIX TEXHUUECKUX
elIeHUN

Ne KpuTtepun oueHku Bec Bbanabl | KOHKYypeHTOCTIOCOOHOCTH
KpuTepus
b¢| bkl Ko K1
1 2 3 4 3) 6
TexHHYeCKHe KPUTEPUH OLEHKHU pecypco3(pPeKTUBHOCTH

1 | Bo3amoxHOCTH 0,2 5 2 1 0,4
MOJEIUPOBAHUS TEIIO- U
MacCOOOMEHHBIX
IIPOLECCOB

2 | Y100CTBO B OKCILTyaTaIuy 0,2 5 3 1 0,6
¥ 00CITy)KUBaHHUH

3 | Biustaue Ha 0,03 4 3 0,12 0,09
OKPYKAKOUIYIO Cpery

4 | DHEpProd’KOHOMHUYHOCTh 0,05 4 5 0,2 0,25

5 | HapexxHoCTh 0,07 4 3 0,28 0,21
000pyI0BaHUS

6 | IIpocToTa sKCILTYyaTalluM 0,1 5 2 0,5 0,2

JKOHOMHYECKHE KPUTEePUH OleHKH 3PP eKTUBHOCTH
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1 | KonkypeHTOCTIOCOOHOCTD 0,1 5 2 0,5 0,2
MIPOTyKTa

2 | lllupoTta ucnoyib30BaHUs 0,05 1 4 0,05 0,04
YCTaHOBKH

3 | 3arpaThl Ha MaTepUabI 0,1 4 2 0,4 0,2

4 | TlpeanonaraeMblii CPOK 0,1 4 5 0,4 0,5
IKCITyaTaliH
Htoro 1 63| 44 4,45 2,69

Jlanuble 000pyn0BaHus ISl O0XKUTa TEPMUYECKON M BBICOKOTEMIIEPATYpHOM
00pabOTKH METAJJIOB MPAKTHUECKH OJMHAKOBO 3P dekTuBHBI. Pa3znuuune 3akintroyaeTcs
muimb B cnocobe kiaccudukanuu. IlpermyniecTBo coOCTBEHHOW pa3pabOTKU
3aKJII0YAETCs] B KOMIIAKTHOCTH O00OpyJIOBaHUA, Onaromaps 4emy, He TpeOyercs

0O0JIBIINX MPOCTPAHCTBCHHBIX HJIOIIIalleﬁ.

Taxxe cHIbHOM CTOpOHOﬁ ABJACTCA TO, YTO OdaHHAA CHUCTEMaA IIPpOCTa B
HCIIOJIB30BaHUH, TAK KaK pa3pa6aTI>IBaJ1acr> C TCM YUCTOM, 4UTO OOJIBLITMHCTBO pa60qer0

nepcoHasia He OyieT UMETh OOJIBIIOTO OMbITa PabOThl My(eTbHBIMU YCTAHOBKAMM.

5.1.3 SWOT-ananus

SWOT-ananu3 npuMeHsoT AJ11 UCCIEA0BAHNS BHEITHEH 1 BHYTPEHHEH CPeIbl
nmpoekra. MaTpuua COCTaBIISIETCS HAa OCHOBE AaHAIM3a PhIHKA U KOHKYPEHTHBIX
TEXHUYECKUX PEUICHUW, W TIOKa3bIBA€T CHUJIbHBIE M CJIa0bleé CTOPOHBI MPOEKTAa,
BO3MOHOCTH U YTPO3bI IS pa3paOOTKH.

[lepBsiii 3Tamm 3aKITI0YAETCS B ONMMCAHUN CUIIBHBIX U CJIA0BIX CTOPOH MPOEKTA, B
BBISIBJIEHMH BO3MOKHOCTEU M yIpO3 Ui PEAU3alHUU MMPOEKTa, KOTOPBIE TPOSIBUIINCH
WM MOTYT TOSIBUThCA B ero BHemHed cpeae. Martpuma SWOT npexncrtaBieHa B

tabmaunie 5.1.3.
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Tadonuua 5.1.3 — SWOT-ananuz

CuibHble CTOPOHBbI

Canalble CTOPOHBI

C1.BpIicOKag 3>KOHOMUYHOCTD

u 9HEeprodhHEeKTUBHOCTH
TEXHOJIOTHH.
C2.He3naunrenasHoe
BO3ACHCTBHUC Ha

OKPYKAIOIIYIO Cpery.
C3.bosiee HM3Kasg CTOMMOCTH

IIPOM3BOJICTBA TI0 CPABHEHUIO
C IPYTUMU TEXHOJIOTHUSIMH.
C4.Hanmmuue OI0IPKETHOTO
(¢uHaHCHpPOBaHUS.

C5.11naBka moboro MeTamia

CJI1.OtcyreTBHE  mpOTOTUIA
Hay4YHOH pa3paboTKu

CJI2.01cyrcTBUE y
MOTEHIAJIBHBIX
notpedurenei
KBAJTM(HUIIUPOBAHHBIX KaJlPOB
no pabore Cc  HayyHOH
pa3paboTKOii.

CJI3.HexBaTka kaapoB i
MPOBCACHUA OKCIICPUMCHTOB

CJI4.0t1cyrcTBHE
HEO0OXOUMOTO
000pyI0BaHUS TUTST
MIPOBEICHUS UCTIBITAHUS

OTIBITHOTO 00pasiia
CJIS. bospioii Cpok MOCTaBOK

MaTepuaioB 51
KOMIUIEKTYIOINH,
HCIIOJIb3YyEMbIE npu
IIPOBEACHUHN Hay4HOTO
VCCIICOBAHMUSL.

Bo3moskHOCTH

B1.Mcnons3oBanne
WHHOBAIIMOHHOM
uadpactpykrypsl TITY.
B2 .Ilossnenue
JOTIOJIHUTEIBHOTO  CIIPOCa  Hé
HOBBIM MPOYKT.
B3.1upokuit
MIPUMCHCHHSI.
B4.Poct cronmoctn
KOHKYPEHTHBIX pa3pabOToK.

CIEKTY]

B2 C3C4. ITomomib
O10/1PKETUPOBAHHUS MTO3BOJIUT
YMEHBIIUTH CE0ECTOMMOCTD
IIPOU3BO/JICTBA, B CBSI3U C UEM,

YBEJIIMYUTCS CIIPOC HA MPOIYKT.

BIC1C2. [Tpu IIOMOIIHA
WHHOBAIIMOHHOU
uHppactpykrypa TITY MmoxHO

CO3/1aBaTh W PEAIHU30BHIBATH
HOBBIE 3HEProdhPpeKTuBHBIC U
9KOJIOTUYHBIC TEXHOJIOTHH.

B2CJI5. B cnyuyae nosiBaeHust
JOTIOTHUTEIBLHOTO CIpoca Ha
MPOIYKT MOKET TOBJEYb 3a
cobou YBEJTHMYCHHE
KOMIUJIEKTYIOLTUX

MaTepuasoB, YTO MPUBEIET K
YBEJIMYEHHUIO CPOKA MTOCTABOK.

Yrpo3sl

VY1.HeBocTpeboBaHHOCTH
TEXHOJIOTMM BBHUJAY  Y3KOTO
MIPUMEHEHHSL.

V2.Pa3Buras KOHKYpPEHLIUSA
TEXHOJIOT Ml MPOU3BOJICTBA.
V3.BBenenus
JOTIOJIHUTEIbHBIX
roCy/IapCTBEHHBIX TPEOOBaHUM
K cepTH(PHUKAIUU TPOAYKIIUH.
VY4.HecBoeBpemeHHOE
¢uHaHCOBOE OOeceueHue
Hay4HOTO MCCIJIEIOBAHUS CO

CTOpPOHBI TOCYAAPCTBA.

V2C3. Huskas cebecTOMMOCTh
MPOIYKTa IO3BOJIUT
KOHKYpUPOBATh Ha PhIHKE.

Y4C1C2. Bricokue
nokazaTenu 3QPEKTUBHOCTH U
SKOHOMHYHOCTH B OyayIiem

HO3BOJAT  MHpodTH  Oosee
KECTKHE TpeGoBaHuUs
roCyJJapCTBEHHBIX
OTpaHUYCHUM.

VY3CIJIL. OtcyrcrBue
IPOTOTHUIA HAYYHOH
pa3paboTKU HE MO3BOJIUT
HKCIIOPTUPOBATH MPOJYKT, B
Onmkaiiee Bpemsi.
V5CJI4CJI5.0tcyrcTBHE

HE00X0IUMOTO
obopynoBaHus W  OOJBILION
CpOK MOCTaBOK

KOMIUICKTYIOIIUX MATCPUATIOB
C Y4€TOM HCCBOCBPCEMCHHOI'O
(I)I/IHaHCI/IpOBaHI/ISI HCraTuBHO
MOBJIMACT Ha BCECb MPOLECC
HUCCICI0BaHUA
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5.1.4 OueHka roTOBHOCTH NMPOEKTA K KOMMepUUATH3ANNU

Ha kako#t O cTanu >KM3HEHHOTO ITUKJIa HE HAaXO0IWJIach Hay4yHas pa3paboTka
MIOJIE3HO OLICHUTh CTETNIEHb €€ TOTOBHOCTH K KOMMEPIIMAIN3AlUK U BBISICHUTh YPOBEHb
COOCTBEHHBIX 3HAHUM 7151 ee TpoBeAeHus (WK 3aBepiieHust). [{j1s 3Toro Heo0X0IUMO
3aMOJHUTh  CHElHalbHYI0  (opMy, coAepXk allyl0o I[OKa3aTeJld O CTENeHU
IpopabOTaHHOCTH TMPOEKTa C TMO3UIMU KOMMEpIUAIU3Alud U KOMIICTCHITUSIM

pa3paboTunka Hay4HOro npoekra. [lepedyenn BonpocoB npuBeieH B Tabnuiie 5.1.4.

Tabnuuna 5.1.4 — bBnaHk OLIEGHKM CTENEHH TOTOBHOCTHM HAYYHOTO TMPOEKTa K
KOMMeEpLHAIN3aun
N CreneHb YpoBEeHb UMEIOITUXC]
0
y HanmenoBanue MpopadOTaHHOCTH 3HAHUM Y
I1/T]
HAy4YHOTO IMPOCKTA pa3paboTunka
OnpeneneH UMEIOINICS HaydYHO-TEXHUYECKHUI 4 4
1| samen
Omnpe/ieNieHbl IEPCIIEKTUBHBIC HAPABICHHS 3 5
2. komMepuuanuzanu HT3
Omnpe/ielieHbl OTPACIU U TEXHOJOTHH (TOBAPHI, 3 4
3.| yenyru) 1 npesioskeHus Ha PhIHKE
Onpenenena ToBapHas (hopMa HayqHO-
4| TEXHHUECKOTO 3a/ieN1a JUTsl IPS/CTAB/ICHHS Ha 4 3
PBIHOK
OmnpeesieHbl aBTOPHI U OCYIIECTBICHA OXpaHa MX 3 5
S.|mpas
[IpoBeseHa olleHKa CTOMMOCTH 4 3
6.|unTennexTyanpHOM cOGCTBEHHOCTH
[TpoBeeHBI MAPKETUHTOBBIC UCCIIETOBAHMSI 3 5
7.|ppinKOB cOBITA
Pa3paboTan OM3HEC-TUIaH KOMMEPIUATA3AIIUT ) 3
8.|nayunoit pazpaboTku
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OnpeiesieHbl MyTH NPOBHKEHHUS HAYIHOI A 4
9. |pa3paGoTku Ha PHIHOK

Pazpabotana crparerus (popma) peanuzaunu 4 3
10 mayunoit pazpaboTku

[Tpopa6oTaHbl BOIIPOCH! MEKIYHAPOIHOTO 3 4
11{coTpyanuuecTsa 1 BbIXO/a HA 3apYOEHKHBIN PHIHO]

[Ipopa6oTaHbl BOIIPOCH! UCTIOJIB30BAHMS YCIYT 5 3
12\ unpacTpyKTyph! MOIAEPHKKH, TIONYIEHHS JIIOT

[TpopabGoTansl BOpockl (GPUHAHCHPOBAHUS 3 3
13. |koMMepIHaTHM3aUN HAayqHO pa3paboTKu

meeTcs KOMaH/a s KOMMEPIHATH3AIIN 3 5
14{nayunoii pazpaboTku

[Tpopa6oTaH MEXaHU3M pealu3alii HaydHOTro 5 5
15. |mpoexra

HUTOT'O BAJJIOB 50 40

WrtoroBbie 3HaueHHs] MPOPaOOTAHHOCTH HAYYHOTO MPOEKTa M 3HAHUS Y
paspaboruynka Jjexar B auamazoHe oT 40 go 50, 49ro TOBOPHUT O CpeaHei
NEPCIIEKTUBHOCTH TMpOoeKTa. MHOTHE acHeKThl BbIBOJA MPOAYKTa HA PBHIHOK HE
YUUTHIBAIUCH, a TaKXe TMPOSBISETCS HeIocTaTok 3HaHuil. HMcxoms wu3 aToro,
HEOOXOUMBI ~ JIOTIOJTHUTENbHBIC 3aTpaThl Ha HaéM WIM KOHCYJbTAllUU Y

COOTBCTCTBYIOIIUX CIICHUAJIMCTOB.

5.1.5 MeToabl KOMMePIHAJIN3ALMH Pe3yJbTATOB HAYYHO-TEXHUYECKOI 0

HCCJIeJ0BAaHUA

[lepcneKTUBHOCTh [TAHHOTO HAYYHOTO MCCIIEIOBAHUs BBIIIE CPENHETO,
COOTBETCTBEHHO HE BCE€ aCHEKThl PACCMOTPEHbI M U3Yy4YeHbl. TakuM oOpazom, AJis
OpraHu3aluu NPeANpPUATHS 3TOro HeAocTaTouHOo (MyHKT 4 — 8 He moaxoasaT). Ho tak
KaKk OCHOBHOM HAyYHO-TEXHUYECKUH 3aJell ONPEAECICH, 3TOr0 JOCTAaTOYHO JUIA

KOMMEPIHATU3aLMK JJIsl CIESIYIOIUX METOI0B (IMyHKTHI 1 - 3): Toprosis mateHTHOM
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JULEH3UEN; Iepeiaya HOy-Xay U MHKUHUPUHT. CTerneHn npopaboTaHHOCTH HAYYHOTO
MIPOEKTa M ypOBEHb 3HAHUM pa3padOTUMKA JOCTATOYHO JIS PEATU3ALMHU ITYHKTOB,

KOTOpbI€ ObUIH BHIOPAHBI.

5.2 Manuuanusi mpoeKTa

B pamkax mnpoleccoB MHULMALMU ONPEEISAIOTCS HW3HAYalbHbIE LENId U
colepkaHre U (PUKCUPYIOTCS M3HAYalbHbIE (PUHAHCOBBIE pecypchl. OnpenenstoTcs
BHYTPEHHHE U BHEIIHHWE 3aMHTEPECOBAHHbIE CTOPOHBI IMPOEKTa, KOTOpble OyAyT

BSaHMOHCﬁCTBOBaTb H BJIMATH HA 06H.[HI>1 PE3YJIbTAT HAYUYHOI'O IIPOCKTA.

5.2.1 Ilesan u pe3yJabTaThI MPOEKTA

[lepen omnpeneneHueM I1elei HEOOXOIUMO TMEPEUUCTUTh 3aMHTEPECOBAHHBIC
CTOpOHBI TIpoekTa. MHpopmanus 1Mo 3auHTEPECOBAHHBIM CTOPOHAM IPUBEACHA B

tadimune 5.2.1.1:

Tabmuma 5.2.1.1 — 3aunTepecoBaHHBIE CTOPOHBI ITPOCKTA

3anHTepecoOBaHHbIE CTOPOHBI IPOEKTA O:xu1aHNe 3aMHTEPEeCOBAHHBIX CTOPOH

TOL] PazpaboTannas MeToarKa MPOTHO3UPOBAHUS
00pbIBa (hakesra ra30BbIX TOPEIIOK

TITY YBenuueHue pazpaboToK, MOBBIMIAOIINX
CTaTycC By3a

Ienu u pe3ynpTaT MpOEKTa MpeCTaBICHBI B Tabiuie 5.2.1.2

Tabnuna 5.2.1.2 — Ilenu u pe3ynbTaT nIpoeKTa

enu mpoekTa: . Pa3zpaboTath TEOPUIO
MPOrHO3UPOBaHUS OOpbIBa (pakena ra3oBBIX
rOpEeJIOK KOTEIbHBIX arperaTos.

. [IpousBecTn 3KCIEPUMEHTAIIBHOE U
TEOPETUYECKOE HCCIECNOBAHUSA IPOLIECCOB
TEIJIO- U MacCOIEPEHOCa, IPOTEKAIOIINX
COBMECTHO B  YCJIOBHMSX HMHTEHCHUBHBIX
$a30BbIX TpEBpalleHHd, TpU ABHKCHHUU
YacTUL[ JIbJJa B  BBICOKOTEMIEPATYpPHOU
ra3oBOU CpeJie.

O>xunaemMple pe3yapTaThl IPOEKTA: Pa3zpaboTanHas Teopusi IPOrHO3UPOBAHUS
oOpbIBa dakerna.

VYcrenHoe BHEAPEHUE IIPOEKTA B
COOTBETCTBYIOIINE OPraHU3allUH.

Kpurtepuu npuemku pedyibrara npoekra: | CpaBHEHHE NOJYYEHHBIX pE3yJIbTaTOB  C
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SKCINTYyaTallMOHHBIM OIIBITOM

[IpenoctaBieHne  METOOUKU  BBIIIOJIHEHUS
UCCIICIOBAaHHM, TOJHOTA M OOBEKTUBHOCTE
JaHHBIX, CTPYKTYPUPOBAHHOE  H3JIOKEHHU(
pe3yJIbTaTOB NPOEKTA.
TpeOGoBanus Kk pe3yJbTaTy NPOEKTa: TpebGoBanme:
e BrimosHenue mnpoekra  CTPOro  E

IIOCJIEI0BATEIBHOCTH Ha
PEKOMEH 1AL .

OCHOB(

5.2.2 Opranu3anuoHHasi CTPYKTYpa MPoeKTAa

Ha »rtame opranuszanmoHHON

CTPYKTYpbl pabOThl MPOEKTa PEIIATUCH

CJICAYIOIIHNE BOMPOCHI: OMPEALIUTh, KTO OYJET BXOAUTh B pab04yr0 rpymnmny JaHHOTO

IMPOCKTA, OIPCACINTL POJb KAXKIAOTO YYACTHUKA B HOAHHOM IIPOCKTC, a TAKIKC

MponucaTb (I)YHKIII/II/I, BBITIOJIHACMBIC KAKJABIM M3 YYACTHHKOB H HUX TPyA03aTpPAaThl B

npoekre. [lannas undopmaius npeacrasieHna B Tadmuie 5.2.2.1.

Tabmuma 5.2.2.1 — PaGoyas rpymma npoekra

Ne OHO, Ponp B poekre OyHKINH TpynozaTparsl,
/|  OCHOBHOE MECTO yac.
paboTHI,
JOJIKHOCTD
1 Ceiponoit Cemén | PykoBoautenb Koopaunarus 15
Bnanumuposuu NEATEIIbHOCTU
K.T.H., HAyYHBIN IIPOEKTa
COTPYJHUK
2 | Cno6omun Bukrop | Hcnonuutens| Brimomnenue pabot 558
Anekceesunu, TIIY, I10 MPOEKTY
otnenenne UIID,
MarucTpaHT
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5.2.3 OrpaHnnyeHusi ¥ J0NYIIEHUS MIPOEKTA

OrpaHuueHuss POeKTa — 3TO Bce (DAKTOPHI, KOTOPHIE MOTYT TMOCTYXHTh
OTrPaHUYCHHEM CTETICHH CBOOO/IbI YYACTHUKOB KOMaH/IbI POCKTA, a TAKKE «PAHHUIIBI
pOEKTa» - MapaMeTpbl MPOEKTa WJIM €ero IMpOaAyKTa, KOTOpble HEe OyayT
peaii30BaHHBI B paMKax JIaHHOTO MPOEKTa. DTy HH(POpPMAIUIO IMPEJACTABUTH B
TabmuuHO# popme (Tadu. 5.2.3.1).

Tabnuua 5.2.3.1 — OrpannyeHus NpoekTa

dDakTop Orpannyenust
1.2.3.1 brogker npoekra 210000 pyOnei
1.2.3.1.1 UcTrounuk puHAaHCUPOBAHUS HU TIIY
1.2.3.2 Cpoku nipoekTa 01.01.2018 — 31.05.2019
1.2.3.2.1 ®akTnyeckasa aara 12.12.2018
YTBEPKIACHUS IJIaHA YIIPaBICHUS
TPOCKTOM
1.2.3.2.2 [InanoBas ara 3aBepIieHUS 31.05.2019
IPOEKTA

5.3 [lnanupoBaHue ynpaBJjeHUs] HAYYHO-TeXHHYECKHUM MPOEKTOM

5.3.1 Nepapxuueckasi CTPYKTypa padoT npoeKTa

['pynma mpoieccoB MIAHUPOBAHUSL COCTOUT U3 MPOLIECCOB, OCYIIECTBISEMBIX
JUIS oTIpejieieHuss oOIero cojepkaHusi paboT, YTOUHEHHUs Iiejed W pa3paboTKu
MOCJICTIOBATEILHOCTH JIEHCTBUMN, TPEOYEMBIX ISl TOCTHKCHHUS TAHHBIX IICJICH.

[Inan ympaBieHUs: HAYYHBIM IPOEKTOM JOJKEH BKIIFOUATh B c€0s CIISAYIONTNE

OJICMCHTHI:

® pepapxudecKkas CTpyKTypa paboT mpoeKTa;
® KOHTPOJIbHBIE COOBITHS IPOEKTA;
® [UJIaH MPOEKTA;
e OIO/XKET HAYYHOI'O UCCIICIOBAHMSL.
Uepapxuueckas crpykrypa pador (MUCP) — nperanuszauus yKpymHEHHON
CTpYKTypbl paboT. B mpouecce coznanust UCP cTpykTypupyercs u omnpeaensiercs
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comepkanre Bcero mnpoekta. Ha pucynke Ne 5.3.1.2 npuenen mabioH

HUEPAPXUUYECKON CTPYKTYPBL.

BrINyCckHaA KEan W MKALHOHHERA

pabora
2 Bub 3. TeopeTuueckoe M 4. ObobleHue
1. Pazpabortka T3 Ha BKP . ’ ﬂcsﬁeuaolﬁﬂ;ew“ — KCNEPMMEHTANEHO & B W OueHEa
A MCCnefoEanne pesyNLTaToR
2. CocTaeneHue TexHWYeCKoro 2.1 Mayuenue npodnemsl v 3.1 poseaeuue 4.1 OueHka ad  ekTMBHOCTH
3aaHHA i 0830p nuTepaTypul | SKCMEPHMEHTAMNEHEIX ] pesynLTaTos
MCCNef0BaHu i
| | 2.2 BuGop meTogoe pewenna | | | 3.2 AHanna nonyyerHsx i 4.2 Og opmnenue
npobneme pesyn:TaToR NOACHUTENEHOR 3aMHCKH
2.3 KanenpapHoe
i nnaHMpoeaHue paboTa 4.3 MoaroToeka k 2awmre BKP
no TeMe

Pucynok 5.3.1.1 — Uepapxuueckas crpykrypa no BKP

PyKoBOANUTENb NpoeKTa

CTyOdeHT, BbINONHAKWWA
BbIMYCKHYIO
KBanugKaL MoHHYo paboTy

3ambicen T30 MpoekT Peanuzauun 3aBeplueHne

Lenu MccnegosaHue

Pucynok 5.3.1.2 — TIpoekTHas CTpyKTypa IpoeKTa

B nanHoM mpoekTte OyaeT HMCHOIb30BaHa MPOEKTHasi CTPYKTypa MPOEKTa,
MIOTOMY YTO OHA MOJAXOAUT OOJbIIE, TAK KaK TEXHOJOTHSI IPEICTABISECTCS HOBOU U HE

HCCIIeTyeMOM paHee, CII0KHOCTh IMPOEKTa BHICOKA.
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5.3.2 Iliian nmpoekTa

B pamkax miiaHupoBaHHs HAYYHOT'O ITPOEKTa ObLI OCTPOEH KaJeHIapHbIN rpapuk

npoekrta (Tabdmn. 5.3.2.2). Jlunelnsiii rpaduk mpenacTaBisieTcss B Buie TaOMUIbl (TabIl.

5.3.2.1).

Tabnuua 5.3.2.1 — KanenaapHslii miaH npoekTa

Cocras
Kon Jumrensnoct Mara Hara YYACTHUKOB
padoThbl Ha3Banmue R HAYajJa | OKOHYAHUA (®UO
(u3 ICP) de pabor pabor OTBETCTBEHHBIX
UCIIOJIHUTENEH)
1.1 P X 3 1.02.19 4.02.19
a3pa§§;:z;:"m Chiposoii C.B.
2.1 [MonGop u n3ydyenne 20 5.02.19 28.02.19
MaTepHaIoB 110 TEME CnobonwH B. A.
1.2 Br16op Hamp. 5 1.03.19 6.03.19 Cripopoii C.B.,
WCCIIeIOBaHUS
CaoboanH B.A..
1.3 Kanenmapnoe 3 7.03.19 11.03.19 Ceipogoii C.B.,
IJIAHUPOBaHUE padoT Cnob6omuu B.A.
2.2 [IpoBenenue
TEOPETUUYCCKUX
pECHeTOB u 11 12.03.19 24.03.19 Cnobomun B.A.
000CHOBaHUMI
2.3 [IpoBenenue 38 25.03.19 13.05.19 CroGom B.A
OKCIIEPUMEHTOB A o
3.1 OneHka u 4 14.05.19 17.05.19 .
0By IeHHE Ceiponoit C.B.,
B.A.
pe3y/bTaToB Cnobomun
3.2 Odopmnenue otuera 12 18.05.19 31.05.19 Cno6omuu B.A.
p
Hroro: 96
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Tabnuua 5.3.2.2 — KanenaapHslil miax

Kon Bun pabot Hcnonuurenu Tk, ITpomOKUTENEHOCTD BBITIONHEHUS PadoT
paboTh
Kall, ®DeBpanb Maprt Amnpens Maii Nronp
(u3 UCP) JIH.
1 2 3 1 2 1 2 1 2 1 2
11 P 0 . 3 =
a3paboTKa TEXHUY PyKoBomHTE S =
3amanus
2.1 [Ton6 20
| Marerpann I
MaTepuasoB MO TeMe
1.2 Bri6op Harmp. PykoBogurens, 5
WCCIIEZIOBAaHUA MarucTpaHT
1.3 KanenmapHoe PykoBOaMTEND, 3 N
IUTaHUpOBaHueE padoT MarucTpaHT
2.2 [IposencHue 11
TEOPETUYECKUX PacyeToB U | Marucrpanr, skcnept .
000CHOBaHUH
23 [T & -
poBeaetme Maructpant
9KCHEPUMEHTOB
3.1 Onenka u 00CyKIeHne PykoBoaurens, 4 §
pe3ynbTaToB MarucTpaHT
3.2 Odopmienue oryera MarwucrpaHt 12
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5.4 BrogxkeT HAYYHOI 0 UCCJIeI0OBAHUSA

[Ipy miaHupoBaHUM OIOJKETAa HAYYHOTO UCCIENO0BAaHUSA JOJDKHO OBITh
00ecreyeHo MOoJIHOE U JOCTOBEPHOE OTPAKEHUE BCEX BUAOB IUNIAHUPYEMBIX PaCcX0/I0B,
HEOOXOJMMBIX [JIsi €ro BbINOJNHEHHs. B mpouecce dopmupoBanus Oromxkera,

IUIAHUPYEMBIE€ 3aTPaThl TPYNIUPYIOTCS MO CTAaThAM, MPEJCTaBICHHBIM B TaOJuIe

5.4.1.

Tabnuua 5.4.1 — MartepualibHbIE 3aTpaThl HA ChIPbE, MATEPHUAJIbI, TOKYITHbBIE U3/

U nonypadbpukaTbl

MartepuanbHble 3aTpaTsl En. uzm. O6wem Tapud, HUroro,
noTpe0eHus py6/en. pYyo.
OJICKTPO3HEPTH: KOJI.YaCOB. 350u4. x 100 Br 5.8 kBt/4 203
— OCBEIIeHNE paboThI X =35 kBT1'u
Hoyt6yx LENOVO ideapad 310 MOTPeD.MOMH. 75y 281,6 Bt 816.64
=140,8 kBt-u
T 768,8 rp 570 570
Kyxonnbsie Becbl Axcunon BKE-
21
Bymara Genas ¢popmara A4 yIaKoBKa, IIT - 350 350
HUroro: 1939

pyo.

9.4.1 CTOMMOCTB IKCIIEPUMEHTAJIBbHONH YCTAHOBKHU

3amaun mpoeKTa pemaroTcs Ha 0a3ze o0opyaoBaHWs, Haxojsmerocs B 4
kopnyce HU TIIY. I'maBHBIM OOBEKTOM pa3BUTHSA M ONTHMH3AIHNH TEXHOJIOTHH
SIBIIIETCS DKCIIEPUMEHTAJIbHASI YCTAHOBKA, COCTOAIIAs M3 HECKOJIBKUX OCHOBHBIX

CTYIICHEM:

1. Beicokotemnepatypnas neus HOBATEPH

2. JIONIOJTHUTENbHBIE JETATU

3. KoopimHaTHOE yCTPONUCTBO

4. O6wextuB Nikon Nikkor AF 80-200mm F/4.5-5.6 D ED VR
5. BeITsSoKHAsA BEHTHISALNS

6. Kommnbrorep


https://www.dns-shop.ru/product/fbe3580eac883330/kuhonnye-vesy-aksion-vke-21-serebristyj/
https://www.dns-shop.ru/product/fbe3580eac883330/kuhonnye-vesy-aksion-vke-21-serebristyj/
https://www.dns-shop.ru/product/fbe3580eac883330/kuhonnye-vesy-aksion-vke-21-serebristyj/

7. CyMKa-X0JI0AWIbHUK

DTO yCTPOMCTBO MpeaHa3HAYEHO ISl MPOBEICHUS] TEPMOOOPaOOTKU CaTKU U3

Pa3IUYHBIX MAaTEPUAIOB B YCIOBUAX BO3AYIIHONW OKUCIUTEIBHOW aTMOC(EPHI.

Tabmuma 5.4.1.1 - CneuunanbHOe 000PYI0BAHUE ISl HAYYHBIX (IKCTIEPUMEHTATBHBIX )

pabot
Ne n/m HanmenoBanune Croumocts, py0. | KonnuecTBo, mr
1 JlonmomHUTEbHBIC ACTATN 10000 -
2 KoopnunatHoe ycTpoiicTBO 19000 1
3 BoITskHAS BEHTUIIAIIUS 36000 1
4 KommbroTep 25000 1
5 CyMKa-X0JIOAUIIBHUK 2000 1
Hroro 92000

BCJ'IG,IICTBI/IG TOro, 4Tr0 CTOMMOCTH Ha IICYb H 00BEKTHUB KaMCpPbl BBIIIC 40

TI)IC.pY6., TO HYKHO ITIOCUHUTATh aMOPTHU3al[HIO0.

YuureiBas TOT (I)aKT, YTO OOBEKTHUB KaMCpbl MU IICYb pa60TaJII/I BCCriaa

OJHOBPEMCHHO, TO aMOPTHU3allUAd paCCUUTBIBACTCA KaK:

T

1
Kan = ok Hyr * T.” py6/rox,
Cca

TKaJ’[

(5.3.1.2)

1€ Tucnxr — BPEMS UCIOJIB30BAHKS BBICOKOTEMIIEPATYPHOU IE€YUH;

Tkan — KaJICHIAPHOE BPEMSI;

ier —

Ten —

1eHa o00pyAOBaHUS;

CPOK CITY>KOBI YCTaHOBKH.

96 1
Kaw = —— * 80000 * = = 1424,7 py6/rox,

Kau = — * 45000 * = = 2367,12 py6/ron
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Tabmuua 5.4.1.2 — AMOpTU3allMOHHBIE 3aTPaThl

Ne /it HaumenoBanue CroumMocTsb, pyo KomnuecTBo

1 BricokoTtemnepaTtypHast 1424,7 1

neus HOBATEPH
2 OonextuB Nikon 2367.12 1

Nikkor AF 80-200mm
F/4.5-5.6 D ED VR
Hroro 3791.82

OO6mast croMMoCTh Ha CHElUalbHOE OOOpYyAOBaHME [JII HAYYHBIX

(9KCIEpUMEHTANIbHBIX) paboT coctasisieT 95791.82 pyous.

5.4.2 OcHoBHas 3apaboTHAA MJaTa

B nannoit HUP BxitowaeTcss ocHOBHas 3apa0oTHas IjlaTa HAy4YHOTO

PYKOBOJAUTCIIA U CTYACHTA MAaruCTpaHTa. Benununna pacxoaoB 110 3apa6OTHOI\/JI IJ1aTe

OTIPENIEeNIACTCS HCXOMS M3 TPYJAOEMKOCTH BBINIOTHSAEMBIX PAbOT M JEUCTBYIOMIEH

CHUCTEMBI OIIaTHI Tpya. B cocTaB 0CHOBHO# 3apabOTHOM TUTATHI BKITFOYAETCS ITPEMUSI,

BBITNIAYMBaeMasi €KeMecsiYHO U3 (oHAa 3apabOTHOM IUIATHI (pa3Mep OmMpeessieTcs

«Ilonoxxennem 06 orutate Tpyaa»). CTaThsl BKIIIOUYA€T OCHOBHYIO 3apa0OTHYIO IIJIaTy

pa6OTHI/II(OB, HCTIOCPCACTBCHHO 3aHATBIX BBIIIOJIHCHUCM IIPOCKTA, (BKJ'IIOLIaH IIpCMHUN,

JIOTUIATHI) U JOTIOTHUTEIbHYIO 3apa00THYIO TUIATY.

C31'[ = 3OCI-I + 3,[[01'[’

rac 3ocu — OCHOBHAs 3apabOTHas II1aTa;

3

on — JIOTIOJTHUTEIIbHAS 3apadoTHAa TIaTa.

(5.4.2.1)
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OcHoBHas 3apa0oTHas miaata (3ocx) pyKoBoaUTENs (J1a00OpaHTa, UHKEHEPA) OT

npeanpusaTus (Ipy HATMYUU PYKOBOIUTENS OT MPEANPUATHS) PACCUUTHIBAETCA 110

cienymieit popmyre:

Bocu = 3 * Tpas» (5.4.2.2)
rje 3ocu — OCHOBHas 3apaboTHAas MiaTa OJHOTO PAaOOTHUKA;
Tpas — MPOIOIKUTENBHOCTE PabOT, BHITIOIHIAEMBIX HAYYHO-

TEXHUYECKUM PaOOTHHUKOM, pad.IH.

CpennenneBHasi 3apaboTHas IJ1aTa pPacCUUTHIBAETCS 1O popmyiie:

3y * M 43764,32 10,4

3 A = 813,3
3y M 16463,2+104 54.2.3
CE = = 682 ( )
F, 251
rac 3M — M€C}I‘{Hblﬁ ,HOH}KHOCTHOIZ OoKJ1ag pa6OTHI/IKa, pY6,

M — konrdecTBO MecsIeB paboThl 6€3 OTIyCKa B TEUCHHE TOJIa:
npu otirycke B 24 pab. qus M = 11,2 mecsna, 5-aHeBHas
HeJIes;

npu oTirycke B 48 pab. queit M = 10,4 mecsna, 6-1HeBHAS
HEeJIes,

F, — neiicTBUTENBbHBIN rof0Boi GoHA paboyero BpeMeHu

HAy4YHO-TEXHUYECKOTO MepcoHana, pad.ad. (tTadbmmma 11).

MecsuHbIf TOTKHOCTHOM OKJIag paOOTHUKA BBIYUCIIACTCS MO Gpopmylie:

3u= 3¢ (knp+ k) k (5.4.2.4)

p )
rjae 3¢ — 0a30BbIil Oknax, pyo.;
kyp — mpemuanbHeli K09 hurment:

k = Kod(pduIMeHT nomiar u Haa0aBoK;
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k,, — paiionnblii ko3 duient, pasubii 1,3 (s Tomck).

Ha nacrosiiiem stane copMupoBaHa KOMaHJa U3 KIHOYEBBIX CIELUAIUCTOB
BO IJIaB€ C PYKOBOJUTEIIEM, UMEIOIIMM OIBIT pealn3alu MOJAOOHBIX MPOCKTOB.

Pacuér cTouMocCTH X yCIyr nNpeacTaBieH B TaOJIULIE HUXKE:

Tabnuua 5.4.2.1 — bananc pabodero BpeMeHU

[lokazarenu paboyero BpeMeHu PykoBogurens | Marucrpanr

Kanennapnoe uncno aneit 365 365

KonnuecTBo Hepabounx aHen

— BBIXOJHBIE JHU 52 52
— Tpa3gHUYHBIC THU 14 14
[ToTepu pabouero BpemMeHu

— OTIIYCK 48 48
— HEBBIXOJBI IO 00JIe3HU 0 0
JleficTBUTENBHBIN TO0BOM (oH paboyero 251 251

BPEMEHU

Pacuér ocHOBHOI 3apabOTHOM IJIaThl UCIIOJTHUTEJICH CUCTEMBI BEIOMpAETCS
Ha OCHOBE cucteMbl omiaTel Tpyaa B TIIY (st pykoBonurens). i ncnoaHuTenst
(MarucTpa) npeaycMaTpuBaeTcs pacu€T OIIaThl TPYJa UCXOAS U3 CUCTEMBI OILIATHI

TpyJAa NPEAPUATHSL.

Tabmuma 5.4.2.2 — Pacuér ocHOBHO# 3apaOOTHOM TIJIaThI

Ucnonmaurenu 3rer Kip | K | Kp 3us 3 T, 3o,
pyo. Py6 py0. |pab.| pyoO.
TTH.
PykoBogutens 33664,86 | - | - (1,3 |43764,32|1813,34(2,5 |4533,35
Maructpanr 12664 - | - ]1,3 |16 463,2 |682 93 63426
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Htoro Coe|67959,35

JlononHuTtenbHas 3apaboTHas TiaTa paccuuTbiBaeTcss ucxons u3 10-15% ot
OCHOBHOM 3apabOTHOI TmiaThl, paOOTHUKOB, HEMOCPEACTBEHHO Y4YaCTBYIOIIHMX B

BBITIIOJTHECHUEC TCMBI.

non — Mnon " Docn (5.4.2.5)
rae  3jon — JOTIOHHUTENbHAS 3apa0oTHAS J1aTa, pyo.;
Kion — KO3 QHUIIMEHT TONMOJTHUTEILHOM 3apIliaThl;
30cu — OCHOBHAas 3apaboTHas Tu1aTa, pyo.

B tabnuue 5.4.2.3 npuBenena gopma pacyera OCHOBHOM M JIOTIOJTHUTEIBHOMN

3apabOTHOM TIATHI.

Tabmuma 5.4.2.3 — Pacuér 3apmuiar

3apaboTHas mIaTa Hay\mbi Hcnonuuren
PYKOBOIMTEJb
OcHoBHas 3apiuiata, 30CH 4533,35 63426
JlomoyHuTENIbHAS 3apIuiaTa, 453,33 6342,6
3non
3apruiata UCIIONHUTEIS 69768,6
C3no = 3ocH + 31011 4578,68
Hroro no cratbe C,y 74347,25

5.4.3 OTunc/ieHusi BO BHEOIOAKeTHBIE (DOH/IBI

[Tpu HauncaeHNN 3apIUiaThl PAOOTHUKAM €XKEMECSYHO MPOU3BOIUTCS OTIaTa
CTPaXxOBBIX OTUYWCICHWUW B TIEHCUOHHBIM (OHI, MEAUIIMHCKOTO W COIMAILHOTO
cTpaxoBaHus. Ha ceromHamHuii AeHb 00IIast CTaBKa JUIsl BCEX TMEPEUUCICHHBIX
oruucinernnii B Poccum cocrtaBmser 27.1 %. B Tabmume 5.4.3.1 mepeuuncieHb

OTUYHCICHUA Ha KaXXKJ0I'0 U3 pa6OTHI/IKOB.
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Tabmuua 5.4.3.1 — OTunciaeHus BoO BHEOIOIKETHbIE (DOHBI

Henomrurent mo 3ap.miara,pyo. Otuucnenus, pyo.
KaTeropusM
PykoBonurens 4578,68 1240,8
MarucTtpaHt 69768 18907,13
Wroro: 74347.25 20148.1

5.4.4 HakiaaaHble pacxoabl
K naHHOM cTaThe OTHOCATCA pacXobl MO COAEPKAHUIO, SKCIUTyaTaluu M

PEMOHTY 060py110BaH1/151, MPOU3BOACTBCHHOI'O MHCTPYMCHTA W HMHBCHTAPA, SHaHHﬁ,

COOPYKEHUH U .

Haxnagueie pacxonsl coctaBisitoT 80-100 % oT cymMMbl OCHOBHOM U
JOTIOJTHUTENIBHON 3apa00THOM IJIaThl, pA0OTHUKOB, HEMOCPEACTBEHHO YYaCTBYIOIIUX

B BBIIIOJIHEHUE TEMBI.
Pacuer HakmagHBIX PacXoJI0B BEACTCS IO CIEAYIONIEH popmyre:

CHaKJ‘I: KHaKJ‘I ’ (3OCH + 3,[[01'[) (5'4'4'1)

r71€ Kyan — KOG UIIMEHT HAKIIATHBIX PACXOIOB.

Cuaxa= 0,3 (67959.35 + 6795.93) = 22426.54 py6.

Tabnuna 5.4.4.1 — bromxet 3atpatr HTU

Ne 3aTpathl O CTaThSIM
CrnenuansHoe
Croipbe,
obopynoBaHue
MaTepHabl, OTyncieH
Uit HaydHbIX | OcHOBHas
TTOKYITHbIE HaxmanHer Hs Ha HTtoro ninaHoBas
(3xcriepuMeHT | 3apaboTHa
HU3JIETIHS U € pacXopl | colUaidbH | Ce0ECTOMMOCTh
(bab aJbHBIX) s T1aTa
noydadbpuka bl€ H bl
y@adp pabort + YA
TBI
aMOPTHU3ALIUS
1 1939.64 95791.35 67959,17 | 22426,54 20148.1 208264.8
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5.4.5 Opranu3anoHHasi CTPYKTYypa NMpPoeKTa

B npakTrke ucnoab3yeTcss HECKOJIbKO 0a30BbIX BAPUAHTOB OPraHU3allMOHHBIX

CTPYKTYp: GyHKIMOHAIbHAS, IPOEKTHAS, MATPUYHASL.

Jlns BeIOOpa Haubosiee MOAXOASIIEH OpPraHU3AIMOHHON CTPYKTYPhl MOXKHO

HACIOJIb30BaTh Tabnuie 5.4.5.1.

Tabnuua 5.4.5.1 — BeiOop opranu3aliuOHHON CTPYKTYPhl HAYYHOTO MPOEKTa

Kputepuu Bpibopa DyHKIMOHAIbHAS MatpuuHnas IIpoekTHas

CreneHnp HEONPEAECTICHHOCTH

. Huskas Bricokas Bricokas
YCIIOBUH pean3alii MpoeKTa
TexHonorus npoexra CranpmapTtHas CroxHas Hogas
CII0KHOCTh IPOEKTA Huskas Cpennsist Bricokas
B3anmo3aBuCHUMOCTh MEXKITY
Huzkas Cpenusist Bricokas

OTACJIIBHBIMHA YaCTAMHU ITPOCKTA

Kputnunocts pakropa BpeMeHU
(0obs13aTENBCTBA TIO CPOKAM Hu3skas Cpennsis Bricokast
3aBEPIICHHS padoT)

BzaumocBs3s n

B3aMMO33aBUCUMOCTb IIPOEKTA OT
. Bricokas Cpennsis Huzkas
opraHu3auii 60yee BbICOKOTO

YPOBHS

B nanHoM ciydae BBIOOp JIEKUT K MPOEKTHOM CTPYKTYpE MPOEKTa MU3-3a
ocobeHHocTel pa3paboTku. CocTaBmstOMast MPOEKTa SBISETCS MOTYIbHBIC CHCTEMBI,
paboTaronmie B TIOCTOSHHOM B3aUMOJICHCTBHH C JPYTUMH MOIYJSIMH. Takke
OCHOBHOU NMPUYMHON BbIOOpA MPOEKTHOUW CTPYKTYpPHI SIBISETCS TO, YTO TEXHOJIOTHUS

IIPOCKTA ABJIACTCA HOBOﬁ, N UMCHOTCA OI'paHMYCHHBIC CPOKHU pCain3aliiu.
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5.4.6 Iliian ynpasJiieHHs] KOMMYHHUKALIMSMU NPOEKTA

[Inan  ympaBieHHs  KOMMYHHMKalMSIMU ~ OTpakaeT  TpeOoBaHMS K

KOMMYHHMKAIIUSIM CO CTOPOHBI YYaCTHUKOB IIpoekTa. llpumep mmana ynpaBieHHs

KOMMYHHKalMsIMU MIPUBEICH B Tabnuie 5.4.6.1.

Tabnuua 5.4.6.1 — IlpumMep muiana ynpasieHUs] KOMMYHUKALUSAMU

Ne Kakas Kro Komy Korna
nHpopMarus nepeaaet nepenaeTcs fiepesact
n/n
nepenaercs uHpopmaIuio uHpopManus uHbOpMAIHIO
ExexBapranbHO
C PykoBoaurens [IpencraBuremnto
TaTyC MPOEKTa
1 yerp IIPOEKTA 3aKa3zynKa (TepBast 1eKana
KBapTania)
O6men undopmarueis o
Gop HUcnonaurens YuactHuKaM ExxeHenennHO
2 TEKYITIEM COCTOSTHUHU
. IIPOEKTA IIPOEKTa (nsTHUIIA)
MPOEKTa
OTBETCTBEHHOE He no3xe cpokos
JIOKyMEHTBI 1 PykoBoautento
3 JIUIIO TIO rpaduKoOB U K.
- | uHbOpMaLUs MO MPOEKTY MIPOEKTa
HaIlPaBJICHUIO TOYEK
He nmo3xe qus
O BBINIOJIHEHUH Hcnonnurens PykoBoauremnto KOHTPOJIBHOTO
4. KOHTPOJIbBHOU TOYKHU IIPOEKTa MIPOEKTa COOBITHS 110 TUIaHY
YIPABJICHUS

5.4.7 PeecTp pUCKOB IPOEKTA

NnenTudunupoBaHHble PHUCKA TPOEKTa BKIIOYAIOT B ce0sS BO3MOXKHBIC

HCOIMPCACICHHBIC CO6I>ITI/I$[, KOTOPBIC MOI'YT BO3HHKHYTH B IIPOCKTC H BbI3BATb

ITOCJICACTBUS, KOTOPBIC TOBJICKYT 3a OO0l HexenarelbHbIe 3 dekTrl. MHpOopMaIuio

10 JaHHOMY pa3/eiry HeoOX0IUMO CBeCTH B Tabauiry 5.3.7.1.
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Tabnuia 5.4.7.1 — Peectp puckoB npoekTa

IToren- Bepo-
- SITHOCTHL | BausiHue Croco0On1 VcaoBus
YpoBeHb
Ne Puck anbHOE | HacTyn- | pucka (1- « CMATYEHUs HAaCTYILIE
BO3JICHC- | JICHHUS 5) pucka pHcKa HUS
TBUE (1-5)
1 | Oxonomuue | Otcyrcrt- 2 2 Hwu3zkwnii [IporHosupoBa- | Hemnpen-
CKHMM KPU3HC | BUE HHUE BH/ICH-
OroKeT- HSKOHOMMYECKON | Hasi
HOTO CUTYaIuu IKOHO-
(unan- Muyec-
CHpOBa- Kas
HUS ocra-
HOBKA
2 | Hecobmone | Hemoopo 4 4 Bricoxuii | O0s3arenpHOE CHumxe-
HHUEC TEXHUKH | COBECT- MMOJIY4YCHUE HHUEC
0e3omacHoOC- | HOE nonycka mo Tb, | paborac-
TH HUCIIOJIHE- BEJICHUE 10co0-
HHE xypHana Tb HOCTH |
TIPaBHII yTomuIsie-
Tb MOCTb
3 | Bo3amox- XamaTHa 5 5 Beicoknit | KauecTBeHHBIH Cpok
HOCTB s pabota MOHTaX U | 9KCIUTya-
MTOJIOMKH 3a OKCILTyaTaIHsI TalUu
obopynoBa- | 000py10 000pyAOBaHUS
HUS BaHUEM
9.5 Onenka cpaBHUTENbHON 3 PeKTUBHOCTH HCCJIEI0BAHMS
NuTerpajbHblii _nokKa3aTeab (UHAHCOBON JIPPEeKTHUBHOCTH HAYYHOTO

UCCJICOBAHUS IIOyYal0T B XOJI¢ OICHKH OojpKeTa 3aTpaT Tpex (wim Ooiee)

BapHMAaHTOB HMCIIOJIHCHHA HAY4YHOI'oO HMCCICAOBAHMA.

Jlnss aTOrO0  HAMOONBIIUH

HHT@FpaHBHBIﬁ IIOKa3aTcCJib pCaln3alun TEXHUYECKOU 3aJa4yd IMPUHHUMACTCA 3a 633y

pacueTa (Kak 3HaMEHATellb), C KOTOPbIM COOTHOCUTCS (DMHAHCOBBIE 3HAYEHUS 110 BCEM

BapuaHTaM HCIIOJJHCHUA.

NuterpanbHblil GUHAHCOBBIN MOKa3aTeNb pa3padOTKU ONPEACIISIETCS KaK:
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ucmi q)pi
Lo =3 (5.5.1)
max

ucni

1€ Lpunp

— UHTErpaibHbIi ()MHAHCOBBIN NOKA3aTeNb pa3paboTKH;

@, — cTOUMOCTB I-TO BapHaHTa UCTIOTHEHUS;

Dmax — MaKCUMaJIbHAsl CTOMMOCTh MCHOJIHECHUS HAay4YHO-HCCJICIOBATCIBCKOTO

OpoeKTa (B T.4. AaHAJIOTH).

[Tony4yeHHasi BeIMUKMHA UHTETPAIBLHOTO (PUHAHCOBOTO MOKa3aTess pa3paboTKu
OTpa’kaeT COOTBETCTBYIOIIEE UNCICHHOE YBEINUEHHE OIO/IKETa 3aTpaT pa3padOTKU B
pazax (3HaueHue Oousibllleé E€AMHMIBI), JUOO COOTBETCTBYIOLIEE YHCIECHHOE
yJICIIEBJICHUE CTOMMOCTH Pa3pabOTKM B pa3ax (3HAUCHHE MEHBIIE E€AUHHIIBI, HO

OoJtbIIe HYJIS ).

WuTerpanbHblil mokazatenb pecypcodrdHEeKTUBHOCTH BapHUAHTOB UCTIOTHEHUS

00BbeKTa HCCJICAOBAHUA MOKHO OIIPCACIINTD CIICAYIOIIUM 06p330MI

Ipi = z a; - bi (552)

rae I,; — WHTerpajbHBIA TOKa3zaTenb pecypcodPeKTHBHOCTH 171 i-ro

BapHaHTa UCTIOTHCHHS pa3paboTKu;
a;— BECOBOI KO3(PPHUIMEHT I-Ir0 BapHaHTa UCIIOJHEHHUS pa3pabOTKH;

a -
b;*,b;’—~ GampHas oleHKa i-TO BapUaHTa MCIONHEHHA pa3pabOTKH,

YCTaHABJIMBAECTCS IKCIIEPTHBIM ITYyTEM IO BRIOPAHHOM ITKaJIe OIICHUBAHUS;
N — YKCIIO TapaMEeTPOB CPABHEHUSI.

Pacuer wHTErpasibHOTO TOKa3zaTens pecypcodPheKTHBHOCTH TPHUBEIACH B

dopme Tabmuim! (Tadu. 5.5.1).
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Tabmuma 5.5.1 —

HUCIIOJIHCHUS ITPOCKTA

IIO | Becosoii | Texymuii | Kamepnas
Kpvrepun ko3¢ duIl | MPOEKT AIIEKTpoOIne
UCHT 9b
napameT
pa
1. CnocobcTByeT pocty 0,1 4 3
IPOU3BOIUTEILHOCTH TPY/Ia
TI0JTb30BATEIIS
2. Y100CTBO B 3KCIUTyaTaluu 0,15 4 2
(COOTBETCTBYET TPEOOBAHMIM
noTpeOuTenei)
3. [ToMex0yCTOMYUBOCTH 0,15 5 3
4. DHeprocoOepexkeHne 0,20 5 3
5. HagexHoCTh 0,25 4 4
6. MaTepruanoeMKOCThb 0,15 4 4
UTOI'O 1 24 19
, @ 80000 . D 34000
[} = = =0,38;1; = = = 0,16
Dax 208264.08 @ax 208264.08

P=4-01+4-015+5-015+5-02+4-025+4-0,15 = 4.35

2,=3-01+2-015+3-0,15+3-0,2+4-0,25+2-0,15 = 2.95

1P 435 a
B = 5= =229 18, ==
P 25 loump = 73
bunp Iy 0,19 13
p
g 22,9

e

2,95

= ——= 14,05

0,21

= = = 2.4
P B 14,05

CpaBHuTENbHAS OLIEHKA XAPAaKTEPUCTUK BAPHUAHTOB
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Tabmuua 5.5.2 — CpaBHutenbHas 3 (PEKTUBHOCTH pa3padOTKU

@i Iokazarenu Kamepnas snekrponeus | PaspabGorka
1 - =
HTerpajibHblil (QUHAHCOBBIN MOKA3aTENb 016 0,38
1 pa3paboTku
7 =
HTETpajbHbIH OKa3aTelb 295 4,35
2 pecypcodpPeKTUBHOCTH Pa3paboTKu
7 =
HTEerpajbHbIi I0Ka3aTeNb 14.05 22.9
3 s dexTuBHOCTH
CpaBuutenbHas 3QGEeKTUBHOCTh BAPHAHTOB 2.4 0.412
4 HCIIOJIHEHUS
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SAKVIIOYEHUE

B pamkax [aHHONW Marucrepckod amccepraudd ObUIM  MPOBEACHBI
TEOPETUYECKAEC U OSKCIEPUMCHTAJIBHBIE WCCIICIOBAHUS IMPOIECCOB  TUTABJICHHS
KPUCTAJLIOB JIbJIa B YCIOBUSAX BEICOKOTEMIIEPATYPHOT'O HarpeBa. B Xo/1e¢ BBITOTHEHUS
JTAHHOW TUCCePTAIMK ObUT MOJICPHU3HPOBAH YKCIIEPUMEHTAIBHBINA CTEH/I, HA KOTOPOM
IIPOBOMIINCH SKCTICPUMEHTANIbHBIE HcCieoBanus. OnpeeieHbl BpeMeHa IUIaBIICHUS
JdbJa W WCHAPCHHUS BOJBI B YCIOBHUAX BBICOKOTEMIIEPATypPHOTO HarpeBa. bwuio
UCCJICIOBAHO BO3JICHCTBUE TJIaBHBIX (DAKTOPOB (BIMSHHE TEMIIEPATypbl TOIOYHOMN
Cpenbl, BIMSHHC pa3Mepa 4YacTHIl, BJIMSHHEC COCTaBa TOIUIMBA) Ha BPEMCHHBIC
XapaKTePUCTUKH TPOIECCOB IUIABJICHUS M HWCIAPEHUS KpUCTaia JibJa. bbu1o
BBISIBJICHO, YTO BpeMs IUIaBJIEHUS 4acTHI] Jibaa, oboraménnubix COy, U comepkanmx
YIIAEPOAUCThIC YACTHIIBI C OJUHAKOBBIMHU YaCTUIIAMU BO3pPACTaeT. Y CTAHOBIEHO, YTO
pa3Mep YacTHIl JbJa Ha OCHOBE JAMCTHILIUPOBAHHOW BOJBI B 3HAUUTEIHLHON CTETICHU
BJIMSTHUSI HA BPEMEHHBIE XapaKTePUCTUKHU, B OTIIMYHE OT TEMIIEPATyp BHEIIHEH CPeIbl.
Taxxe OBUIO YCTAaHOBIEHO, YTO pa3Mep YacTHIL JIbJJa HA OCHOBE AUCTHIMPOBAHHON
BoAbl, oOoraméHHbIx COz, a Takke coAepKaMX YIJIEPOJUCThIC YaCTHUIIBI HE
OKa3bIBAET 3HAYMTENBHOTO BIMSHHE HAa BPEMEHHBIC XapaKTEPUCTUKH, B OTIIMYHE OT
TEeMIIepaTyp BHEIHe# cpenbl. HeoOXonuMo mog4epKkHyTh, 4TO AJisi KPUCTAIUIOB JIbJA,
00O0TaméHHbIX ABYOKHCHIO YIIEpO/a, U KPUCTAIIIOB JIbJa C BKIIOYCHHUSIMHU YIS MPU
Oonpmmx Temmeparypax BHemHed cpensl (800 — 1000°C) moxkHO 3adUKCHPOBATH
OypHOE KHUTIEHWE BOJBI B BHJy TOTO, YTO MPH TAaKUX TMapaMeTpax TeMIEepaTyphl
U3ITydeHrEe UMeeT OOJIbIIOe 3HAYCHHE MPOHUKAs B TIIyOb CIIOSI BOJIBI.

[Tocne momydeHus: SKCIEPUMEHTAIBHBIX pEe3yJIbTaTOB OblIa pa3paboTaHa
MaTeMaTU4YEeCKask MOJENb, KOTOPasi MPAKTHYECKH TMOJHOCTHIO YUUTHIBAET KOMIIJIEKC
MPOIIECCOB UCTMAPEHUS BOMSHOW IUICHKH, TEPMHYECKOW TMOATOTOBKH M TUIABIICHUS

qaCTHULBI JbAA.
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[TonyueHHbIE TEOPETUUECKHUE U DKCTIEPUMEHTAIBHBIE PE3YJIHTAThl MOTYT OBIThH
WCIIOJIB30BaHbl MPU pa3pabOTKE OCHOBHBIX AJIEMEHTOB TEOPUM U MaTeMaTHYECKOM
0a3pl MPOIECCOB TEPMHUUECKON MOATOTOBKM M BOCIUIAMEHEHHMSI YacCTHUI[ Ta30BBIX
TUJPATOB.

[losicHuTeENBbHAS 3anUCKa K AUCCEPTALUU CONEPKUT TOCKOHAIBHOE OMMCAHUE
METOAUKHA TPOBEJACHUS HKCIEPUMEHTA, a Takke (U3NYECKOM W MaTeMaTU4eCKOU
MOCTAaHOBKHM MaTEMaTHUYECKON MOJEIH, U MOIPOOHBIN aHAJIU3 PE3YJIHTATOB.

I[Tomumo 9TO Takke ObUIM  BBIMOJHEHBI  pazaensl  «CouuanbHas
OTBETCTBEHHOCTB) u «MEHEIKMEHT, pecypcodrhPeKTUBHOCTD u
pecypcocOepexenue». B pasmene «MeHemkMeHT, pecypcodDPeKTUBHOCTh U
pecypcocOepexeHre» COCTaBIeH NepedueHb padoT U MPOU3BE/ICHA OLIEHKA BPEMEHH UX
BBIMIOJTHEHUSI, COCTABIIEHAa CMETA 3aTpaT Ha MPOEKT, ONPEACIICHbI CHIIbHBIE U clla0bie
CTOPOHBI MPOEKTA, ONMpeJeeH OIKET HAYYHOTO MCCIIEAOBAHMS U OINpPECIICHbI BCE
pUCKM Tpu co3aaHuu npoekta. B pasmene «CounumanbHas OTBETCTBEHHOCTH)
paccMOTpeHa colMajdbHas  OTBETCTBEHHOCTh  MpEeANpusTHs  (KOpropaTUBHAs
collMalibHasi OTBETCTBEHHOCTh), YKa3aHbl BpEIHbIE (AKTOpPHI, KOTOpPbIE MOTYT
BO3HUKHYTh Ha paboueM MecTe, OMUCAaHbl OpPTraHU3AIMOHHBIE MEPONPUSITHS I10
KOMITOHOBKE paboueil 30HBI. Takke yka3zaHa 0€30IacHOCTh IPU YPE3BBIYAMHBIX

CUTyalusix.

66



CIIMCOK MCHOJIb30BAHHOM JIUTEPATYPHI

1. Bricokomopnas O.B., Bricokomopusiii B.C., Ctpmwxkak II.A. Ouenka
napamMeTpoB HAJEKHOCTU pabOThl ABTOHOMHBIX YCTPONCTB 3HEProCHA0KEHUS
yIaJICHHBIX JIUHEHHBIX 00BEKTOB MarucTpaabHbIX ra3onpoBooB Boctounoit Cubupu
u Jlanpaero Bocroka // M3Bectust Tomckoro nonutexHuyeckoro yuupepcutera. 2013.
T.323. Ne 4

2. Energeticheskaya strategiya Rossii na period do 2020 goda. Utverzhdena
rasporyazheniem Pravitelstva RF 28.08.2003 Ne 1234 [Russian Energy Strategy to
2020. Approved by order of the government RF]. 2003, no. 1234.

3. Livinskiy A.P., Redko l.Ya., Filin V.M. Energetik, 2010.

4. Salamov A.A. Energetik, 2009. 7, pp. 26-27.

5. Kononenko P.I., Mikhayluts V.G. Energetik, 2007. 3, pp. 43-44.

6. Zalmanov L.R., Moryakov P.V. Energetik, 2001. 11, pp. 38-40.

7. Kovalev L.I. Energetik, 2009. 3, pp. 26-29.

8. Cxwuranwe ruigpaTa MeTaHa C HCIOJB30BAHWEM TpaHyl pPa3IuyHOIro
coctana, 2011, ctp. 147-150.

9. Kopuenmreiin B.H. PactBopeHHbIe ra3sl o A3eMHOM THAPOChEPHI 3eMITH.
M.: Henpa, 2014.

10. Makoron lO.®. IlpupoaHbie Tra30BbIE THIPATHI: PaCIPOCTPaHEHHUE,
Moienn 00pa30BaHUs, PECYPCHI.

11. Makoron HO.®. OOpa3zoBaHue THAPATOB B Ta30HOCHOM IIJIacTe€ B
YCIIOBUSIX MHOTOJIETHEN MEP3JIO0ThI. ['a30Bast NpOMBIIUIEHHOCTH, 2015, NoS5.

12. Makoron lO.®. OOGpa3oBanue THUIpPATOB B Ta30HOCHOM IUTACTE B
YCJIOBUSX MHOTOJIETHEN MEP3JIOTHI. 1'a30Bast mpoMbIIIIeHHOCTh, 2015, NeS.

13. Makoron FO.®. OcoOGeHHOCTH DJKCIUTyaTallkd  MECTOPOXKICHUI
MPUPOAHBIX Ta30B B 30HE BeuHOU Mep3noThl. [IHTHU Munraznpoma, 2016.

14. Maxkoron HO.®. Metosa ompeneneHus 3amacoB rasa B ra3oTHAPATHBIX

3anexax. ['azoBoe gemno, 1966, Nel.

67



15. Makoron HO.®. PacTBopUMOCTb ra3oB B BOJAE IPH HAJIMYUU THIPATOB.
Okcnpecc-unpopmarus, 1971, Ne 22, 59

16. Hammerschmidt E.G. Formation of gas hydrates in natural gas
transmission lines. Industrial and Engineering Chemistry, 1934. 26, 8, pp. 851-855.

17. Eps operation & maintenance manual (powered by CCVT) // This
document contains information that is proprietary to ORMAT SYSTEMS LTD. 2006,
600 p.

18. TazoBble ruaparbl. TexHONOTHS BO3AEHCTBHUS HA HETPATULIUOHHBIC
ucrounuku, 2007. 26, 8, pp. 151-155.

19. Tpodpumuyk A.A., YUepckuit H.B., Ilapes B.Il. I'mgpatsl - HOBBIi
UCTOYHUK yrieBogopoaos// [Ipupoxaa - 2010r. Ne3.

20. JIx Koppomi. ['mapatel npupoaHoro rasa, 2014. — 73 c.

21. Bbaxenosa O.K., bypnun I0.K. «I'eonorust u reoxumusi HepTU U razay,
MI'Y 2007 r.

22. Anonko E.A., Isnua HO.A., XKypko @.B., Jlapuonos 3.I'., MensryHos
M.C., ManakoB A.IO., Hecrepo A.H., ®enenonoB B.b. PaBHOBecHbIe ycioBus
pa3lIoKEHUE Ta30BBIX THIPATOB, MUCIEPIHPOBAHHBIX B ME3OMOPUCTHIX cpemax //
l'azoBeie  ruapatel (cmem. Bbin.). Ilpunmoxkenne k  kypHany  “l'a3oBas
npombinieHHocTs”, 2006 — C. 18 — 27,

23. AmmeB 3.C., Illlepemer B.B. Omnpenenenue mNpoU3BOIUTEIBHOCTH
TOPU30HTATBHBIX CKBA)KWH, BCKPBIBIIME Ta30BbIE€ W Ta30HE(PTSHBIC TiacTel. — M.:
Henpa, 1995.

24. AnnpmacoB P.C., Mwumenko MWN.T., IlerpoB A.l. CupaBodnoe
PYKOBOJACTBO 10 MPOEKTHUPOBAHUIO U pa3pabdOTKe HEPTIHBIX MECTOPOXKICHUI.
Ho6braa vedtu. — M.: Henpa, 1995.

25. bacume K.C., bosue C.H., Measeaes b.M., Haraes A.l.
Pacripenenenne  teMmrepaTypbl  BAOJAb CKBOKHHBI IPU  3aKayke TOpSYEro
TEIUIOHOCHUTEJIS C IIeIBI0 TEIUIOBOTO BO3JCUCTBHSI HA TUAPATHYIO 3aiexsb // ['a3oBbIie

ruApatsl (cnen. Bol.). [Ipunoxenne k xypHany “I"azoBast mpomsinieHHOCTh”, 2006.

68



26. bacuueB K.C., bozuer C.H., IllebetoB A.B. Ot raszoruapatHoro
MecTOpoXkIeHuss Mammuk — kK Oyaymiemy Tra3oBoil mpomebiiuieHHoctd // TazoBast
NpOMBIIIEHHOCTh. — 2004, — Ne 2.

27. bacuueB K.C., bo3ue C.H., IllebetoB A.B. K Bompocy paspabotke
ra30ruIpaTHbIX 3anexeii // ['a3oBbie ruaparsl (crell. Boim.). [Ipunoxkenue K KypHay
“I'azoBast mpoMbInIeHHOCTE, 2006.

28. bacuumer K.C., Kynpuunkwuii B.B. Hogeiit meTon pa3paboTku
ra3oruapatHeix 3ayexeii // Hayka u TexHuka B ra30Boii npombiinuieHHOCTH. — 2004, —
Ne 2. - C. 57-62.

29. bacame K.C., Kympuminkuit B.B., IlleberoB A.B., Hudantor A.B.
CriocoObI pa3pabOTKH ra30rUAPATHRIX MECTOPOXAeHu# // "a30Bast MPOMBIIILIICHHOCTD.
—2006. — Neo 7. — C. 22-24.

30. bacumeB K.C., Mensenes b.M., Haraes A.l. MonenupoBanue
pa3IoKEHUs Ta30BbIX THAPATOB B IOpHcToii cpene // Beepoccuiickast koH(EpeHITUs 1Mo
razoBbIM ruapatam. “HoBocubupck — 2004.

31. bacummer K.C., IlleberoB A.B., Hudantor A.B. IlepcrnexkTtuBHbIC
OCBOCHHSI T'a30THIPATHBIX 3anexeli // Hayka u TeXHHUKa B Ta30BOM MIPOMBIIILICHHOCTH.
—2006. — No 7. — C. 22-24.

32. boumapes  D.A., Tao6emmeBa JIL.H., KanubGomorckuii  M.A.
MopenupoBaHue 00pa30BaHMs T'a30BbIX THAPATOB MPHU JIBMKCHUH ra3a B TpyOax //
Nzsectuss AH CCCP. MKT™ — 1982. — Ne 5. — C. 105-112.

33. bormanos I0.M., Xunenko E.A., Uromun A.W., YUepnsimoBa B.A.
HNuruburtopocoaepxkamue crmocodbl otoopa raza Ha [IXI™ B kamenHoit comnu // ["a3zoBoii
npombInieHHOCTh. — 2007. — Ne 7. — C. 51-53.

34. TuncOyprI'.J]., ComoBreB B.A. CyOMapuHHbIe ra3oBbie THApaThl. — Cro.:
BHWMOxeanomorus, 2008 — 199 c.

35. Tomy6eB B.A. CBujeTenbpcTBa MPUCYTCTBHS Ta30THAPATA B BEPXHEM CIIOE
JIOHHBIX 0CaJKOB 03epa balikain: Pe3ynbraThl H3MepeHUH TeIIonpoBoHOCTH N Situ //

Hoxa. PAH. —1998. — T. 358. — Ne 3. — C. 384-388.

69



36. Tompmmitok A.f., yukoB A.Jl. ['a3oruapaTsl ¥ TEIJIOBOW MOTOK 03€pa
baiikan // Ilporpammbl u Te3ucsl Poccuiickoro cemunapa “I’azoBble THapaThl B
skocucteme 3emuin”. HoBocubupcek, — 2007. — 24 ¢

37. Tompmmtoxk A.f., HyukoB A.Jl., Pommua H.A. O Bo3MoOXHOCTH
OoOHapyXCHHS JTOHHBIX CKOIUICHHH ra30BBIX T'MIPATOB reOTEPMUYECKUM MeToaoM //
Bomnpocs! reodpusuku. Bein. — 38 / ITo pea. B.H. Tposina u np. — Cankr — I[lerepOypr.,
2008 — C. 130-147.

38. yukoB A.Jl., T'azormapatel B ocajakax o3epa baiikan // Poccuiickuii
xumudeckuit sxypHai. —2012. T.47 — Ne 3 — C. 91-100.

39. Eropos A.B., PoxxxoB A.H., Bort I1.P. O I"'azoruapatsl HemocpeicTBEHHO
HAa MOPCKOM JIHE: MPHUPOIHOE SIBICHHE M €ro TeopeThdeckoe o0bsicHeHue — M.:
WNuctutyt npobnem mexanuku PAH (npenpunt 616), 1998. — 22 c.

40. 3apyOexxnas undopmanus. — 2001. — Ne 4,

41. HUcromun B.A., Sxymer B.C. 'a3oBbie ruapathl B IPUPOIHBIX YCIOBUSX.
— M.: Heapa, 2008. — 236 c.

42. Ucrommn B.A., fxymeB B.C., Maxonuna H.A., Kson B.I'., Dddekr
CaMOKOHCEpBaIlMU ra30BbIX THApaToB // 'a30Bble rumpats (crel. Boii. ). [Ipunoxenue
K JKypHay “I"azoBas npomsiuieHHOCTH, 2008.

43. Kazapsu B.A. [logzeMHOe XxpaHeHHe Ta30B U KUaKkocTe. — M. —keBck:
HUII “Perynsapnas u xaornueckas quHamuka”, 2010. — 432 ¢

44, KanmerukoB I'.B., EropoB A.B., Ky3smMun M.U., I'eHeTH4YeCKuEe THUIIBI
MertaHa o3epa batikan // Jlokn. PAH. —2009. — T. 411. — Ne 5. — C. 672-675.

45. Knepkc XK., 3emckas T.U., MareeeBa T.B., u ap. I'ugpatel Merana B
MOBEPXHOCTHOM CJIO€ TIIyOOKOBOJHBIX O0caakoB o3epa baiikan // Jloxn. PAH. — 2011.
—T.393. —Ne 6. — C. 822-826.

46. Kpeitnun E.B. HerpagunuonHas TepMHUYecKas TEXHOJIOTHS JTOOBIYH
TPYTHOM3BJIEKAECMOTO YIIIECBOJOPOIHOTO ChIphs // ['azoBas mpombinieHHOCTE. — 2010.
— Ne 3.

47. Kpeitnun E.B. IlepciekTuBbl pa3pabOTKU TEXHOJOTHHU JTOOBIUM HA30BBIX

ruapatoB. — 2009. — Ne 1.

70



48. Kyszpmun M.U., KanmbrukoB M.I'. IlepBasg Haxoaka rasoruapatoB B
ocanouHo tomiie o3epa baiikan // loxkn. PAH. —2010. — T. 362. — Ne 4. — C. 541-543.

49. JlapuonoB B.P., ®epoceeB C.M., HBanoB Bb.J[. Ilepcnextubl
IPAKTUYECKOT0 UCIIOJIb30BaHMs Ta30BbIX THAPATOB B TOPHOM jene. — Akyrck: M3a-Bo
SHIL CO PAH, 2012. — 224.

50. JlyxxoBoii B.P. IloBbienue 3(ppeKTUBHOCTH TEXHOIOTUU MPUMEHEHHUS
METaHOoJla MPEeAYNPEeXKICHUS TUAPaTo0Opa3oBaHMUs NpPH  HHU3KOTEMIIEpaTypHOUH
o0paboTke raza: ABroped. quc .... KaHI.TeXH HayK. M., 2013

51. Ma3sypenko JILJI., ConoBbeB B.A., MarseeBa T.B., u ap. T'azoBbie
ruapatel MupoBoro okeana // I'a3oBble ruzapathl (cmer. BbIn.). [Ipunoxenue x
xypHany “I'azoBas npomsinuieHHocts”, 2008. — C 2-6.

52. Maxkoron IO.®. [IlpuponHbie ra3oBble THAPATH: OTKPBITHE U
nepcrnexTuBbl // “I"azoBast mpoMbItuieHHOCTh’, 2013, — No 5.

53. Makoron 0.®., Capxucesnn [.A., Tlpenynpexaenue oOpa3oBaHuUs
TUAPATOB MpHU 100BIUE U TpaHcropTe raza — M.: Henpa, 2016.

54. Makoron 10.®., Xomauu I'.A., Makoron T.}O. Kunetuka u mopdoiorus
BTOPUYHBIX KPHUCTAJJIOB Ta30BbIX ruapaTtoB // ['a3oBble TuapaThl (CHell. BHIIM.).
[Tpunoxenue x xypHany “I"azoBast npomsinuieHHocts”, 2013. — C. 51-54

55. MamwokoB B.II.,, Pemr3siHoB  UY.II., IlepcnexktuBbl  pa3paboTku
ra3oruApaTHBIX MECTOPOXKAeHUM // Marepuaibl 2-i MeXIyHAPOIHONH KOH(DEPECHITNH.
Ctparterus pa3BUTHS MUHEPAIHHO-ChIPhEBOTO KoMmIuiekca B 21 Beke. — M.: PYJIH, 11-
15 oxTs6pst 2013 1. — C. 139-140.

56. MamokoB B.Il., DOctmaky3zaman M.M., Mertoasl mnpeaynpexIcHUs
oOpa3oBaHHs TUAPATOB yrieBogoponoB [/ Marepuansl 2-il  MEXIyHApPOTHOU
KoH(pepeHuu. CTpaTerusi pa3BUTHS MUHEPATLHO-CHIPbEBOr0 KOMIUIEKca B 21 Beke. —
M.: PYJIH, 11-15 okta6ps 2013 r. — C. 306-308.

57. MartseeBa T.B., ConoBséB B.A., I'azoBbie rumpatrel OXOTCKOr0 MOpS:

3aKOHOMEPHOCTH (OPMUPOBAHUS W pacmpocTpaHeHus // PoccHMCKuil XUMHUYECKU

xypHan. — 2003. —T.47. —Ne 3. - C. 101-111.

71



58. Munryno P.M., JlebenkoBa N.B., backako A.Il., [Ipenynpexnenue
ruapaTooOpa3oBaHusi B cHCTeMax cOopa W MPOMBICIOBOM MMOATOTOBKM Tas3a
3anosisipHoro Mectopoxacuus // I'a3oBbie ruapaThl (criell. BbIN.). [IpunoxeHue K
xypHany “I'azoBas npomsinuieHHocts”, 2013. — C. 62-64.

59. MenbuuxkoB B.IL., HectepoB A.H., PemernukoB A.M. Jluccommaius
ra3oBbIX THIPATOB Npu atMochepHom nasinenuu // I'azoBbie rugpatel. — 2014.

60. Mycakaes H.I'., VYpazoB P.P., IlpeBeHTHBHBIE MeTOABl OOpPHOBI C
ruapaTrooopazoBanueM B Tpyoonposoaax / Hegts u raz. —2015. — Ne 1. — C. 50-56.

61. Hanexwusiit A.M., bonnapenko B.U., ['azoBbie ruapats! B [Ipukamuarcko-
[Mapamymmupckoit vactu Oxorckoro mops // Jokn. AH CCCP —2011. — T. 306. — Ne 5.
—C. 1192-1196.

62. Hurmarymnun P.U, Jlunamuka maorodasueix cpea. — T. 1. M.: Hayxka,
2014. — 464.

63. Hudantor A.B., MaremaTuueckoe MOJEIMpPOBaHUE pPa3pabOTKH
ra3oruApaTHBIX MeCTOpOXIeHu // ["a3oBast mpoMBINIIIEHHOCTh, 2015, — No 1.

64. IlepmoBa E.B., JleonoB C.A., Maxonnna H.A., CyOakBajibHbIC
ra3orujipaTHbIe 3alleXKU — OT TeoJoruu 10 pa3padoTku. I[IpoGnemsl reonoruu
npupoaHoro raza Poccun u comnpeaenbubix crpan: C6. Hayd. Tp. — M.: BHUUT'A3,
2016. — C. 282-297.

65. Ily3anoB M.IO., HeTpaguiimoHHbIii HCTOYHUK Ta3a: MPUPOJIHBIC Ta30BbIC
ruapatel, 2015 — C. 516-522.

66. ConoBeéB B.A., T'azormapatoHocHOCTH Heap MmpoBoro oxeana //
["azoBas mpombIiieHHOCTh. — 2014, — Ne 12.

67. ConoBeéB B.A., ['mobanbHas oleHKa KOJIMYECTBA Ta3a B CyOMapHHHBIX
CKOTUICHUSX Ta30BbIX rujapatoB. // ['eonorus u reopusuka. — 2013. — T. 43 (7). — C.
609-624

68. Cxomaxko A.C. MHccremoBanue ycinoBud 00pa3oBaHHs THAPATOB
OPUPOJIHBIX Ta30B B TOPUCTOM Cpelae W MX BIUSHHE Ha MPOIYKTUBHYIO

XapaKTEPUCTUKY CKBaXXUH: ABTOped. AuC.... KaHA.TeXH HayK. M., 2013

72



69. TexkToHHMuYeckOoe pallOHUpPOBAaHUE U  YIJIEBOAOPOJHBIA  MOTEHIUAN
Oxorckoro mops: k 60-1meTur0 OCHOBaHHIO IHCTUTyTa MOPCKOW T€OJIOTMM H
reousuku /IBO PAH. — M.: Hayka, 2006. — 130 c.

70. VYuapoxoB K.JI. HcciaegoBanue mnporecca AUCCOLMAIIMU THAPATOB B
CUCTEME J100BIYM U TPAHCIIOPTA IPUPOIAHBIX Ta30B: ABTOpEd. IUC.... KAHA.TEXH HAYK.
M., 2015

71. JlapuonoB B.P., ®engoceeB C.M., HoBas mnosunusi B KBaiuduUKalUU
TUAPATOCOAEPKAIMX TOPHBIX TOopoj // ['opHbli MHPOPMAITMOHHO-aHATUTUYECKUIN
oromtetens. — M.. MITYVY, 2002. — Ne 8. — C.184-186.

72. Jlapuonos B.P., ®enoceeB C.M., UcciaenoBanue ruaparoodpa3oBaHus B
nopuctoit nmopoje // [punoxenue k xypHany “I'azoBas mpombiuieHHOCTS, 2006 —
C.18-27.

73. XmawictoB O.B. HoBble HaxoaKu Ta30BBIX THAPATOB B JIOHHBIX OCaJKaX
o3epa batikan // 'eonorus u reopusuka — 2012. — T. 47. — Ne 8. — C. 979-981.

74. UYepckut H.B., Iapés B.Il., Muxaiinoe B.A. Ponp 30H
ruapaTooopa3oBanusi B (OPMHPOBAHUU PECYPCOB MPUPOIHBIX Ta30B M OIEHKA
AKCIUTyaTallil BO3MOKHBIX Ta30THAPATHBIX 3anexei // [louck u oreHka pecypcos
ra3orujipaTHhIX 3ajexax. — Jkyrck, 2014 — C. 3-68.

75. Iaramo B.II., VYpazo P.P. Xapakrepuctuka ra3onpoBoja Ipu
HaJIUYUH TUIpaTHBIX oTioxeHul // Termodusnka Beicokux Temnepatyp 2013. — T. 42.
—Ne 3. - C. 461-468.

76. IlleberoB A.B. MecTtopokaeHue Ta30BbIX THAPATOB. pECypchl U
BO3MOXKHBIE MeToAbsl paspabotku // Texmomormm TOK. — 2016. — No 4.

http://www.oilcapital.ru.

77. Sxymes B.C., Uctromun B.A., Ilepnosa E.B. Pecypchl u nepcrnekTuBbl
OCBOCHHSI HETPAAULMOHHBIX HWCTOYHHUKOB ra3za Poccum: k 55-1meturo OCBOCHUS
BHUUI'A3a. — M.: BHUUT'A3, 2017 (poranpunt BHUNUI A3a).

78. Sxymes B.C., Ilepnosa E.B., Maxonuna H.A., JleonoBa C.A. I'eorpado-

reHeTUYeCKasl KiaccupUKalusg MNPUPOJHBIX Tra3orujipaTHhiX 3anexen. [IpoGiemsl

73



reoJIOruu npupoHoro raza Poccuu u compenenbhbix ctpad: CO., Hayd.Tp. — M.:
BHUUI'A3, 2016. — C. 267-281.

79. AranakoB C.E., KypunkoB A.P. Pecypcel rasa B 30Hax cTaOMJIBHOCTH
razoruaparoB Ha ceBepe 3amaanoi Cubupu // Hayka u TexHUKa B ra30BOM MPOM-CTH.
- 2004. - N1-2. - C.26-35. - bubauorp.: 11 Ha3B.

80. bakman B.IO., bmaiina M.A. Knager YepHoro Mopsi: NepCrEeKTHBBI
UCIIOJIb30BaHUSI PECYpPCOB THApATa METaHa U cepoBoaoponaa // DHeprocOepexeHue
(Ykpauna). - 2011. - N 9. - C.33-35.

81. Hanexusiit A.M., bounapenko B.U., I'a3oBsie ruaparsl B [IpukamyaTcko-
[Mapamymupckoit wactu Oxorckoro Mopst // T'a3oBbie THIpaThl (CHEI. BBIIL).
[Tpunoxenue x xypHany “I"azoBas npomsbinuieHHocTs”, 2006 — C. 18 — 27.

82. JMasbinoBa A.E. IlepcniekTuBbl 70OBIYM aKBaMapWHHBIX Ta30THIPATOB HA
menbde U KOHTUHEHTAIBHOM CKIIOHE MupoBoro okeana // HoBble TexHosoruu -
He(Tera3oBOMy PErMoHy: MaTepHualibl Bcepoc. Hayd.-mpakT. kKoHd. T.1. - TromeHsb:
TroM['HI'Y, 2013. - C.36-38. - bubnwuorp.: 3 Ha3B.

83. Jlerpamauusi moaBOAHONW MEpP3JO0THI M pa3pyllieHHe TUAPATOB Iieibda
MOpel BOCTOYHOW APKTHMKHM KaK BO3MOXHas MPUYMHA «METAHOBOM KaTacTpodbi»:
HEKOTOphIE pe3ybTaThl KOMIUIEKCHBIX uccaenoBanuii 2011 roma / Cepruenko B.U.,
Jlookorckwuit JI.W., CemmnieroB W.I1. u np. // Jloxin. AH. - 2012. - T.446, N 3. - C.330-
335.

84. JluHaMHW4YecKHe, TEPMOJMHAMUYECKHE M MEXaHUYCCKHE CBOMCTBA
ra3oBbIX ruapatoB cTpykTypsl I u 11 / Unepbaes T.M., Cy66otun O.C., benocnynon
B.P. u np. // Poc. xum. xypH. - 2003. - T.47, N 3. - C.19-27. - bubauorp.: 65 Ha3B.

85. Hsamun FO.A., I'ymun A.JI. I'azoBbeie ruapatsl // Copoc. oO6pa3oBat. KypH.
-1998. - N 3. - C.55-65

86. Jlamaes A.A., IImormmk P.M., MopozoB O.I'. KomOGuuHupoBanHas
JTa3epHOMHUKPOBOJTHOBAsT 00paboTKa razoruaparoB // dusmka U TEXH. MPUIOKEHUS
BOJIHOBBIX MPOLIECCOB: Marepuainbl [X mexayHap. Hayd.-TexH. KOH(]., 13-17 ceHr.

2010. - Yenssounack: YenssOuHCKHIA TocyapCTBEHHBIN yHUBepcuTeT, 2010. - C.235.

74



87. CanomaroB B.B., KpaBuenko W.B. Teoperuueckoe uccieaoBaHue
ropeHusi kamid BojoyrojpHoro toruBa. Y.1. Cragus nporpea // T'openuwe u
masmoxumusi. — 2007. — Ne 1. —c.

88. CanomaroB B.B., KpaBuenko W.B. Teoperuueckoe ucciegoBaHue
TOpPeHHs Karuld BoAOyrosibHoro TomuBa. Y.2. Cramus ucnapenusi / T'openue u
mazmoxumusi. — 2007. —Ne 1. —c.

89. T'OCT 12.1.003-2014 CCBT. Lllym. O01ue TpeboBaHust 6€301MaCHOCTH.

90. TOCT 12.1.007-76 CCBT. Bpennbie BemectBa. Krnaccudukamus u
obmue TpedoBaHus 6€30MaACHOCTH.

91. 2.2.4.548-1996 T'uruenuveckue TpeOOBaHUSA K  MHUKPOKIUMATY
IPOU3BOICTBEHHBIX MTOMEIIICHUH.

92. TOCT 12.1.045-84 CCBT. Dnextpoctarnueckue mosus. Jlomyctumele
ypOBHH Ha pabodnx MecTax v TpeOOBaHUS K MMPOBEICHUIO KOHTPOJIS.

93. TOCT P 52084-2003. IIpubGopsl snekTpudeckue ObIToBbIC. OOIIME
TEXHUYECKHUE YCIOBUSI.

94. benos, Cepreii BuxropoBud. be3onmacHOCTh >XH3HEIEITCIBHOCTH U
3allldTa OKpy’Karomed cpeabl (TexHochepHas O€30MacHOCTh): YYEOHMK st
akanemudeckoro 6akanaspuata / C. B. benos. - 5-¢ u3a., nmepepad. u nom. - Mockaa:
FOpaitrt U] FOpaiit, 2015. - 703 c. Ccpuika Ha snexktpoHHslil kataior HTB TIIY -
http://catalog.lib.tpu.ru/catalogue/advanced/document/RU%5CTPU%5Cbook%5C31
5981

95. CanlluH 2.2.2/2.4.1340-03. CanutapHO-3TTUACMHOJIOTUYECKUE TIPaBUIA
U HopMmaTuBHl «[ UrHEeHWYECKHE TpPeOOBaHUS K TMEPCOHATBHBIM SJEKTPOHHO-
BBIUUCITUTEIFHBIM MAIlIMHAM U OPTaHU3AINN PaOOTHI».

96. CII 52.13330.2016 EcrtecTBeHHOE H HMCKYCCTBEHHOE OCBCIICHHE.
Axrtyamm3upoBanHas pemaxius CHull 23-05-95.

97. TOCT 12.1.004-91. Iloxapnas 6e3onacHocTh. O01IHIE TpEOOBAHUS.

98. Tpynosoii Konexc PD, N 197

99. PykoBOACTBO MO OJKCIUTyaTalMH.  DJEKTPOINEYh  COMPOTHUBICHUS

KaMepHasl.

75


http://catalog.lib.tpu.ru/catalogue/advanced/document/RU%5CTPU%5Cbook%5C315981
http://catalog.lib.tpu.ru/catalogue/advanced/document/RU%5CTPU%5Cbook%5C315981
http://www.polyset.ru/nb/%D0%93%D0%9E%D0%A1%D0%A2%2012.1.004-91.php

100. TOCT 12.1.005-88. Cuctema crtaHIapToB U 0€30MacHOCTH TpyJa
(CCBT). O0uiue caHUTapHO-TUTUEHUYECKUE TPEOOBaHHS K BO3yXY pabodeil 30HbI.

101. "Kogexc 3akoHOB 0 Tpyne Poccuiickoii @enepauuun"(c u3M. Ha
24.12.2002.)

102. Texuunueckoe ycnopue 3442-001-89060302-2012.

103. Basniev K. S., Medvedev B. I., Nagaev A. |. Modeling of decomposition
of gas hydrates in a porous medium // all-Russian conference on gas hydrates.
“Novosibirsk — 2004.

104. Basniev K. S., chirps, A. V., A. V. Nifontov for Prospective development
of gas hydrate deposits // Science and equipment in gas industry. — 2006. — Ne 7. — P.
22-24.

105. Bondarev E. A., Gabysheva L. N., Kanibolotsky M. A. Modeling of gas
hydrate formation in gas flow in pipes // proceedings of the USSR Academy of
Sciences. MIG —1982. — Ne 5. — P. 105-112.

106. Bogdanov Yu. M., Zhilenko and E. A., Igoshin, A. I., Chernyshov V. A.
Inhibitorsdisease methods of selection of gas in underground storages in rock salt //
Gas industry. — 2007. — Ne 7. — P. 51-53.

107. Ginsburg G. D., Soloviev V. A. Submarine gas hydrates. — SPb.:
Vniiokeanologiya, 2008 — 199 p.

108. Golubev V. A. Evidence of the presence of gas hydrate in the upper layer
of bottom sediments of lake Baikal: Results of thermal conductivity measurements in
situ // Dokl. WOUND. — 1998. — Vol. 358. — Ne 3. — Pp. 384-388.

109. Golmshtok A. J., Duchkov A. D. Hydrates and the heat flow of the Baikal
lake // Program and abstracts of the Russian workshop “Gas hydrates in the ecosystem
of the Earth.” Novosibirsk, 2007. — 24 sec

110. Golmshtok A. Ya., Duchkov A.D., Roschina N. Ah. About possibility of
detection of bottom accumulations of gas hydrates by geothermal method // Questions
of Geophysics. Issue. — 38/ Ed. V. N. Troyan et al. — St. Petersburg., 2008 — Pp. 130-
147.

76



111. Duchkov A.D., gas Hydrates in lake Baikal sediments // Russian chemical
journal. —2012. Vol. 47 — Ne 3 — P. 91-100.

112. Egorov A.V., Rozhkov A. N., Vogt P. R. On gas Hydrates directly on the
seabed: natural phenomenon and its theoretical explanation — M.: Institute of problems
of mechanics RAS (Preprint 616), 1998. — 22 p.

113. Foreign information. — 2001. — Ne 4.

114. stomin V. A., Yakushev V. S. Gas hydrates in natural conditions. — M.:
Nedra, 2008. — 236 p.

115. Istomin V. A., Yakushev V. S., Makhonina N. A. Kvon V. G., the Effect
of self-preservation of gas hydrates // Gas hydrates (spec. issue.). Annex to the journal
“Gas industry”, 2008.

116. Kazaryan V. A. Underground storage of gases and liquids. — M. —lzhevsk:
SIC “Regular and chaotic dynamics”, 2010. — 432 s

117. Kalmychkov G. V., Egorov A.V., Kuzmin M. I., Genetic types of methane
from lake Baikal, Dokl. WOUND. —2009. — Vol. 411. — Ne 5. — Pp. 672-675.

118. Klerks Zh., Zemskaya T. I., Matveeva T. V., and other methane Hydrates
in the surface layer of deep-sea sediments of lake Baikal // Dokl. WOUND. — 2011. —
Vol. 393. — Ne 6. — P. 822-826.

119. Kreinin E. V. Unconventional thermal technology of extraction of hard-
to-recover hydrocarbon raw materials. Gas industry. — 2010. — Ne 3.

120. Kreinin E. V. Prospects of development of technology of extraction of
called hydrates. — 2009. — Ne 1.

121. Kuzmin M. 1., Kalmychkov M. G. the First discovery of gas hydrates in
the sedimentary thickness of lake Baikal // Dokl. WOUND. — 2010. — Vol. 362. — Ne
4, — P. 541-543.

122. Larionov V. P., Fedoseev S. M., lvanov, B. D., Prospects of practical use
of gas hydrates in mining. — Yakutsk: Izd-vo yants so ran, 2012. — 224.

123. The Luzhkov V. R. Increase of efficiency of application technology of
methanol preventing hydrate formation in low-temperature processing gas: abstract.
dis.... kand.doctor of technical Sciences. M., 2013

77



124. Mazurenko L. L., Soloviev V. A., Matveeva T. V., and other Gas hydrates
of the World ocean // Gas hydrates (spec. issue.). Annex to the journal “Gas industry”,
2008. — 2-6.

125. Makogon, Y. F. Natural gas hydrates: discovery and prospects // “Gas
industry”, 2013. — Ne 5.

126. Makogon Y. F., G. A. Sarkisyants, Prevention of hydrate formation in the
extraction and transportation of gas — M.: Nedra, 2016.

127. Makogon Yu. F., Holdich G. A., Makogon T. Yu. Kinetics and
morphology of secondary crystals of gas hydrates // Gas hydrates (spec. issue.).
Appendix to the journal “Gas industry”, 2013. — P. 51-54

128. V. P. Malyukov, Rysinov H TS and prospects of development of gas
hydrate deposits // materials of the 2nd international conference. Strategy for the
development of mineral resources in the 21st century. — M.: RUDN, 11-15 October
2013 — P. 139-140.

129. Malyukov V. P., Estiakuzaman M. M., Methods of prevention of
formation of hydrocarbons hydrates // Proceedings of the 2nd international conference.
Strategy for the development of mineral resources in the 21st century. — M.: RUDN,
11-15 October 2013 — P. 306-308.

130. Matveeva T. V., Soloviev V. A., Gas hydrates of the sea of Okhotsk:
regularities of formation and distribution // Russian chemical journal. — 2003. — Vol.
47.— Ne 3. —P. 101-111.

131. Mingulov R. M., Lebedkova I. V., Baskakov A. P., Prevention of hydrate
formation in the systems of collection and field preparation of gas of the polar field //
Gas hydrates (spec. issue.). Appendix to the journal “Gas industry”, 2013. — Pp. 62-64.

132. Melnikov V. P., Nesterov A. N., Reshetnikov, A. M., the Dissociation of
gas hydrates at atmospheric pressure // Gas hydrates. — 2014.

133. Musakaev N. G., Urazov RR, Preventive methods of dealing with hydrate
formation in pipelines // Oil and gas. — 2015. — Ne 1. — P. 50-56.

78



134. Reliable A. M., Bondarenko V. 1., Gas hydrates in Kamchatka-Paramushir
part of the Okhotsk sea // Dokl. USSR ACADEMY OF SCIENCES - 2011. — Vol.
306. — Ne 5. — Pp. 1192-1196.

135. Nigmatullin R. I., Dynamics of multiphase media. — Vol. 1. M.: Science,
2014, — 464.

136. Nifantov A.V., Mathematical modeling of gas hydrate fields development
/I Gas industry, 2015. — Ne 1.

137. Perlova E. V., Leonov S. A., Mahonina N. Ah. Subaquatic gas hydrate
deposits — from Geology to development. Problems of natural gas Geology in Russia
and neighboring countries: Sat. science. Tr. — Moscow: VNIIGAZ, 2016. — P. 282-297.

138. Puzanov M. Yu., Unconventional gas source: natural gas hydrates, 2015
— P. 516-522.

139. Soloviev V. A., Gethydrocodone the depths of the World ocean // Gas
industry. —2014. — Ne 12.

140. Soloviev, global assessment of gas amount in submarine accumulations of
gas hydrates. // Geology and Geophysics. —2013. —Vol. 43 (7). — Pp. 609-624

141. Research of conditions of formation of hydrates of natural gases in a
porous medium and their influence on the productive characteristics of wells: autoref.
dis.... kand.doctor of technical Sciences. M., 2013

142. Tectonic zoning and hydrocarbon potential of the sea of Okhotsk: to the
60th anniversary of the Institute of marine Geology and Geophysics Feb RAS. —
Moscow: Science, 2006. 130 p.

143. Unarokov K. L. Study of the process of dissociation of hydrates in the
system of production and transport of natural gases: autoref. dis.... kand.doctor of
technical Sciences. M., 2015

144. Larionov V. R., Fedoseev S. M., a New position in the qualification of
hydrate-containing rocks // Mining information and analytical Bulletin. — Moscow:
MGGU, 2002. — Ne 8. — P. 184-186.

145. Larionov V. R., Fedoseev S. M., Study of hydrate formation in porous
rock // Appendix to the journal “Gas industry”, 2006 — C. 18 — 27.

79



146. Khlystov O. V. New discoveries of gas hydrates in the bottom sediments
of lake Baikal // Geology and Geophysics — 2012. — Vol. 47. — Ne 8. — P. 979-981.

147. Chersky, N. In. Tsarev V. P., Mikhaylov V. A. the Role of the zones of
hydrate formation in the formation of resources of natural gas and evaluation of the
exploitation of possible gas-hydrate deposits // Search and resource evaluation of gas
hydrate deposits. — Yakutsk, 2014 — P. 3-68.

148. Shagapov V. sh., Urazov R. R. Characteristics of the gas pipeline in the
presence of hydrate deposits // Thermophysics of high temperatures 2013. — Vol. 42. -
Ne 3. — P. 461-468.

149. Chirps A.V. Field of gas hydrates: resources and possible methods of
development // Tekhnologii TEK. — 2016. — Ne 4. http://www.oilcapital.ru.

150. Yakushev V. S., Istomin V. A., Perlova E. V. Resources and prospects of
development of non-traditional gas sources in Russia: to the 55th anniversary of
VNIIGAZ development. — M.: VNIIGAZ, 2017 (rotaprint of VNIIGAZ).

151. Yakushev V. S., Perlova E. V., Makhonina N. A. Leonov S. A, a
Geographical and genetic classification of natural gas hydrate deposits. Problems of
natural gas Geology in Russia and neighboring countries: Sat., science.Tr. — Moscow:
VNIIGAZ, 2016. — P. 267-281.

152. Agalakov S. E., Kurchikov A. R. gas Resources in the stability zones of
gas hydrates in the North of Western Siberia // Science and technology in the gas
industry. - 2004. - N1-2. - P. 26-35. - Bibliogr.: 11 title.

153. Baklan V. Yu., Blayda I. A. Treasures of the Black sea: prospects of using
resources of methane hydrate and hydrogen sulfide // energy Saving (Ukraine). - 2011.
- No. 9. - P. 33-35.

154. Reliable A. M., Bondarenko V. |., Gas hydrates in Kamchatka-Paramushir
part of the Okhotsk sea // Gas hydrates (spec. issue.). Annex to the journal “Gas
industry”, 2006 — C. 18 — 27.

155. Davydova A. E. Prospects of production of aquamarine gas hydrates on

the shelf and the continental slope of the World ocean // New technologies - oil and

80



gas region: materials vseros. science.-prakt. Conf. VVol.1. - Tyumen: TSOGU, 2013. -
P. 36-38. - Bibliogr.: 3 title.

156. The degradation of submarine permafrost and the destruction of hydrates
of the sea shelf of the Eastern Arctic as a possible cause of "methane catastrophe":
some results of complex research of 2011/ Sergienko V. I., Lobkovsky L. I., Semiletov,
I. P. and others // proc. An. - 2012. - Vol. 446, N 3. - P. 330-335.

157. Dynamic, thermodynamic and mechanical properties of gas hydrates
structures | and 11 / Narbaev T. M., Subbotin O. S., Belosludov V. R. and others // Rus.
chem. journal. - 2003. - Vol. 47, N 3. - P. 19-27. - Bibliogr.: 65 title.

158. Dyadin, Y. A., Gushchin A. L. Gas hydrates // Soros. educated. journal. -
1998. - N 3. - P. 55-65

159. Dadaev, A. A., Carpenter, R. 1., Morozov O. G. Combination
usernameciocolata processing of gas hydrates // Fizika | tekhn. applications of wave
processes: materials of the IX Intern. science.-tech. Conf., 13-17 Sept. 2010. -
Chelyabinsk: Chelyabinsk state University, 2010. - P. 235.

81



IIpunoxenne A

Paznen 7

Natural gas hydrates

CryneHr:
I'pynna DPUO Hoanuch Jara
5BM73 Cno6omun Buktop AnekceeBuy
KoncynpranT mkossl ornenenus (HOL)_ UIID:
JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucn Jara
3BaHUE
Hayunsb1ii coTpynHuxk. Coipopoii C.B. K.T.H.
Koncynprant — nmunarsuct otaenenus (HOLL) mxonsr IIBUTT;
JloJzKHOCTH DdUO YueHasi cTeneHb, Hoanucy Jara
3BaHUE
JloueHt Uepemucuna-Xappep K.(}.H.

N.A.

82




CHAPTER 7. NATURAL GAS HYDRATES

7.1 Burning methane hydrate using granules of different composition

Natural gas hydrates include accumulation of hydrates, formed without human
intervention. Such accumulations are on Earth, as well as other on planets in the
universe. Taking into account the fact that natural gas hydrates became widespread,
having a huge potential of mineral energy, their presence on the Earth was proved only
in the 60s of the last century [105-106]. The existence of gas hydrates and their
discovery was facilitated by the skill of combating industrial hydrates collected in the
Shebelinsky gas field, and their knowledge in the laboratory during the work on the
first dissertation, and analyzing the unnatural conditions of hydrocarbon deposits in the
cryolithozone, after detection of uncharacteristically in frozen rocks of Siberia
sequences [107].

The grounds for the formation of hydrates are: the presence of gas, water, a
certain pressure and temperature at the same time [108]. There are no chemical bonds
between the molecules. Water molecules are combined by a hydrogen bond, which
easily disintegrates when the pressure decreases or the temperature rises [109].

The recoverable reserves of hydrated gas depend on many factors, the most
important of which include: the depth and size of the hydrate formation zone; the
specific content of hydrate in the rock section; thickness of productive layers; size and
degree of supercooling; total gas reserves in the reservoir; the effectiveness of the
applied technology development [110].

Gas hydrates have unique properties. For example, 207 volumes of methane
can be bound by a single volume of water during the transition to the hydrated state.
At the same time, its specific volume increases by 26% (when water freezes, its specific
volume increases by 9%). 1 m3 of methane hydrate at P=26 atmand T =0 ° C contains
164 volumes of gas. In this case, the share of gas accounts for 0.2 m3, for water 0.8
m3. The specific volume of methane in the hydrate corresponds to a pressure of about
1,400 atm. The decomposition of hydrate in a closed volume is accompanied by a

significant increase in pressure. Hydrates have high electrical resistivity and acoustic
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conductivity. This allows you to create effective means of their search and intelligence.
They are almost impermeable to water and gas, thereby contributing to the preservation
of hydrocarbons in the bowels of the earth over time [111-112].

Gas hydrates under natural and artificial conditions are formed at high ambient
pressures or low temperatures, which ensure their equilibrium states. Their structures
are of the following types: cubic (sl); cubic (sll); and hexagonal (sH) [113]. Gas
hydrate deposits found on Earth have enormous reserves of natural gas. In the near
future, enhanced extraction of gas from hydrate deposits is planned. Some articles
describe the preparation of hydrates from marine sediments [114].

Now the coverage of gas hydrates extends both to global energy resources and
to the latest efficient technologies [115]. High-energy technologies using engines-
generators with gaseous CO 2 hydrate were considered. Special attention was paid to
the problems of storage and transportation of hydrated materials in tanks, as well as to
the issue of safety.

There is currently no physico-mathematical model that describes the process of
dissociation of CH 4 hydrate. This in turn, prevents us from moving forward. Be sure
to reduce shipping costs. The storage temperature of hydrated granules is closely
related to the cost of technology. Achieving the smallest decomposition rates of CH 4
hydrate was possible at a temperature of about 263 K. In addition, there is a dependence
of the enhancement of the decomposition of gas hydrates on the grain size, the
thickness of the powder layer, and the difference in temperature and pressure. Factors
such as the large influence of the layer thickness and particle diameter strongly
influence on the self-preservation mechanism. It is necessary to indicate different types
of diffusion during the formation of CH 4 hydrate and during its decomposition. The
inertia of the medium and the gas diffusion flow to a large extent limit the rate of gas
hydrate formation and its growth both in the solid granule and through the aqueous
film. Misyura and Koneko presented external heat exchange, which has a great
influence on the decomposition of the CH 4 hydrate. It was demonstrated that there is
a dependence of both the quantitative nature of the decomposition and the qualitative

character of dissociation on heat exchange. Vlasov conducted an experimental study
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showing the growth of gas hydrate with diffusion [116]. The activation energy and
internal kinetic constant will play an important role. They determine the decomposition
of gas hydrate on the surface of particles at positive temperatures. In this case, the gas
hydrate is transferred to water and gas. There is no pore in the sample. Quite the
opposite behavior of gas hydrate is observed at negative temperatures. The formation
of porosity is due to the formation of gas hydrates and their decomposition.

Experimental studies on the formation of meso- and macropores on the surface
of solid granules using scanning electron microscopy have been demonstrated by Kuhs
et al. The size of the pore depends on the type of guest. A guest molecule (in this case,
a water molecule) is embedded in the host framework. Porosity controls the kinetic
behavior of samples [117]. When modeling the following factors must be considered:
natural gas hydrates possess meso- and macropores, the extraction of which takes place
both on the seabed and on the continent [118]. The specific surface area will influence
on the rate of reaction between the gas and the solid porous particle. Porosity regulates
the rate of dissociation of clathrate hydrate during self-preservation. The main factor
that will be a limitation for the decay behavior is the filtration inside the porous particle
[119]. Porosity must be taken into account during chemical transformations and during
the combustion of solid fuels. The coverage of gas hydrate combustion concerns both
the issue and safety issues.

Critical concentration of flammable gas can cause many detrimental effects
(spontaneous ignition of CH 4 and its explosion). With the formation of a water film
on the surface of a solid powder, ice and methane, the decomposition of gas hydrate
begins [120]. Here is a heterogeneous system with a hydrate-ice-water-methane gas.

Combustion of CH 4 hydrate in the presence of a forced near-wall laminar flow
was studied in the works. Flame propagation rates were changed from6 mm/sto1m
/'s, when the sample temperature changed from 193 K to 263 K [121]. This fact is

associated with self-preservation.
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7.2 Technologies of impact on unconventional hydrocarbons

The stability of gas hydrates is observed under some temperature and pressure
conditions of gas and water. They are typical for permafrost areas, and for precipitation
under the bottom of water bodies, which depth is about 450-500 mm. Typically, the
place of their discovery is some continental margin and sedimentary basins. In the
latter, compressive stresses function, the main cause of which is the extension of shear
faults.

The peculiarity of gas hydrates is that they can accumulate a large amount of
gas in small volumes. Therefore, they have a large resource reserve [122]. But all
estimated data on the potential of gas hydrates were estimated approximately. The
range of variation ranges from the maximum, which appear to be exaggerated, and
made without taking into account the geological and geochemical restrictions, to the
minimum, which were made, given the considerable number of factors that are
restrictions for gas hydrate formations. Despite all this, all current estimates made by
scientists in various ways agree that geological reserves of gas in hydrate form are
enormous: 3.1 * 1013-3.4 * 10% on land 3.1 * 10'6-7.6 * 10'® m3 are oceanic hydrates.
If at least an insignificant part (10%) of these reserves is taken as recoverable, they will
still surpass modern reserves of natural gas throughout the Earth, approximately two
times [123].

According to many scientists, the carbon content in natural methane hydrates,
compared to coal, is almost 2 times higher. From this it follows that methane hydrates
are the main source of carbon in the earth's crust. Today, it can be said that methane
hydrates in pallet rains are possible sources of energy in the future [124].

Another significant argument in favor of the exploration and development of
gas hydrate deposits (GGZ) are small depths of location (when compared with
traditional gas), as well as their widespread occurrence in the near-surface layers of the
lithosphere [125].

At the same time, the mechanisms and conditions for the formation of gas
hydrate deposits in the world, and the nature of their behavior in the geophysical time

range, are largely unclear. The lack of ways to search for gas hydrate deposits and
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sorting of gas hydrate deposits by reservoir properties should be considered an
important constraint for research. Today there is no approach to the ranking of gas
hydrate deposits by the methods of their development [126].

The most likely approach to solving the problems described above is the
classification of gas hydrate deposits according to principles that reflect the
geophysical ability of a particular type of gas hydrate accumulations, as well as the
resource of their production.

In addition, the classification must contain information that allows you to
choose one or another way to create gas hydrate deposits, depending on its type [127].

Methane hydrates exhibit metastability in the vicinity of the soles of the
stability zone. If there is a rise in sea level and an increase in hydrostatic pressure at its
bottom or a fall in the temperature of precipitation, the thickness of the layer begins to
increase. It contains gas hydrates, if the dissolved methane in the right quantities in the
water will be below the boundary of the stability zone.

When the sea level falls (the hydrostatic pressure decreases) or the temperature
of precipitation increases, which include gas hydrates, the clathrate stability conditions
may be violated. In this case, the lower limit of stability will be displaced upward, and
therefore the process of dissociation of gas hydrates located here will begin [128].

Gas hydrates will dissociate, accompanied by the release of free gas, which
accumulates itself under the lower boundary of the stability zone. Up to 164 m3 of
methane (gas phase) and 0.87 m3 of water are present in 1 m3 of gas hydrate. From
this it follows that this is much more, compared to methane, in a unit volume of gas
tanks, say at depths up to 1.5 km below the bottom. When clathrates dissociate in
sediments, unnaturally high porosity will occur at a suitable depth. It also leads to the
release of a huge amount of water [129]. Therefore, destabilization of gas hydrates will
cause the deterioration of the strength properties of sediment formations at the
dissociation site. The consequences will be catastrophic: these include the collapse of
the slope, the subsidence and the huge landslides on the continental slope. Many of
these phenomena have manifested themselves in some areas of the World Ocean. Gas

hydrates will dissociate, accompanied by the release of free gas, which accumulates
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itself under the lower boundary of the stability zone. Up to 164 m?® of methane (gas
phase) and 0.87 m? of water are present in 1 m3 of gas hydrate. From this it follows
that this is much more, compared to methane, in a unit volume of gas tanks, say at
depths up to 1.5 km below the bottom. When clathrates dissociate in sediments,
unnaturally high porosity will occur at a suitable depth. It also leads to the release of a
huge amount of water [129]. Therefore, destabilization of gas hydrates will cause the
deterioration of the strength properties of sediment formations at the dissociation site.
The consequences will be catastrophic: these include the collapse of the slope, the
subsidence and the huge landslides on the continental slope. Many of these phenomena
have manifested themselves in some areas of the World Ocean.

If there is a way to pass methane in the precipitation environment (zone of
intensive formation of faults at the place of dissociation of gas hydrates), then it can
rise up into the water and affect its biological community, and further into the
atmosphere. Penetrating methane into the upper atmosphere, greatly enhancing the
greenhouse effect, plays a significant role in climate change throughout the world. Its
ability to influence global warming is almost 25 times greater than the equivalent
ability of carbon dioxide.

The main geological method, indicating the presence of gas hydrates, and the
ability to obtain them, is seismic modeling of the DOM. Usually on seismic sections in
the form of a specific reflecting boundary, the lower boundary of the gas hydrates
stability zone appears [130]. It was called the BSR (bottom simulating reflector), the
apparent reflecting boundary on seismic records. It can be identified on a number of
some distinguishing features. The correspondence of the position to the depth of the
sole of the thermobaric zone of stability of gas hydrates is an indispensable sign of
BSR. It is determined from geothermal data and, in most cases, is located at depths of
250-500 m below the sea bottom [131].

Despite the global prevalence of the zone in which gas hydrates could have
stability in it, yet their distribution is presented in the form of accumulations, deposits

of which are located in the indicated depths.
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Another type of accumulation includes those that are located directly at the
bottom of the outlets of fluid discharge, in the case that there are thermobaric conditions
for the stability of gas hydrates. Considering the fact that under the lower boundary of
these clusters, there may be no free gas in the sediments, the conditions of forming,
clear and specific seismic reflections that are similar to BSR do not appear [132].

Many natural gases (propane, butane, ethane, hexane, isobutane, etc.) form
hydrates that exist under certain temperature and pressure conditions. The main and
widespread gas hydrates found in nature include methane hydrates, as well as carbon
dioxide [133].

During gas production, hydrates are usually formed in industrial
communications, highways, and in wells. Throughput is rapidly reduced during hydrate
deposits on pipe walls. Various inhibitors are introduced into the pipelines as a fight
against the formation of hydrates in all enterprises of the gas industry. These include
methanol, various glycols, a solution of CaCl2. Also try to stick to what would be the
temperature of the gas stream was higher, compared with the temperature of formation
of hydrates. This is done through heaters, insulation materials for pipelines, as well as
the choice of operating mode. All of them are necessary to ensure that the temperature
Is at the maximum of the gas stream. To prevent the occurrence of hydrate formation

in gas pipelines, gas drying is most often used [133].

7.3 Properties of gas hydrates

Natural gas hydrate is a metastable substance. During the formation process, as
well as their pyrolysis, gas hydrates are dependent on certain parameters [134]. These
include: temperature, pressure, chemical composition of gas and water, etc.

Characteristic hydrates has a great variety. At the moment there are three main
types of crystals:

» Massive crystals. Here, sorption of gas and water is involved in the formation
of the crystal on its entire surface.

* Whisker crystals. Here the main role is played by tunnel sorption of molecules

to the bottom of the growing crystal.
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* Gel crystals. Formed in the volume of water from gas soluble in it, and in that
case, if the conditions for the occurrence of hydrates will be achieved.

In the rock layers, hydrates are usually distributed differently. They can be a
microscopic inclusion, and also have the appearance of forming particles of large size,
practically up to lengthy layers of multimeter thickness.

The volume of gas hydrates has a clathrate structure. From this it follows that
the composition of one unit of its volume includes on average 165-175 volumes of pure
gas. The density of water and hydrate have different values, the latter is lower and
amounts to about 900 kg / m [135-136].

7.4 Research in the study of gas hydrates

Recently, there has been a great increase in interest in the problem of gas
hydrates throughout the world [137]. The increase in activity in relation to research can
be explained on the basis of certain factors:

1. Activation of the search for finding alternative sources of hydrocarbon raw
materials in the states that do not have energy reserves, since gas hydrates are related
to unconventional sources of hydrocarbon raw materials, industrial research, which
most likely will be launched in the near future;

2. The need to evaluate the role of gas hydrates on surfaces in geospheric layers,
mainly given their likely impact on climate change throughout the world;

3. Study of the patterns of formation and pyrolysis of gas hydrates in the bowels
of the Earth, with the task of arguing for prospecting and exploration of traditional
hydrocarbon deposits (natural markers can be used as markers for simple oil and gas
deposits, which are located very deeply);

4. Activity associated with the development of hydrocarbon deposits in difficult
natural conditions (deep-water shelf, arctic zone), in which the problem of technogenic
gas hydrates is very aggravated;

5. The reasonableness of reducing operating costs in the event of hydrates in
the gas industry, thanks to the transition to energy-saving, as well as environmentally
friendly technologies [138-139];
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6. Possible consumption of gas hydrate technologies during storage and
transportation of natural gas.

The development and construction of two special chambers, with the help of
which experiments were conducted to study gas hydrates and rocks containing
hydrates, were conducted in 1986-1988. Thanks to one of them, using a special optical
microscope, it was possible to observe the processes of formation and decomposition
of hydrocarbon gas hydrates [140]. It was possible to study the processes of formation
and decomposition of hydrates, the structure of which was determined by the shift of

the inner liner in rocks of different composition, with the help of the second chamber.

7.5 Gas hydrates of Lake Baikal

7.5.1 Gas hydrates in the surface layer of deep-water sediments of Lake
Baikal

Among the most significant current achievements of Russian scientists who are
investigating gas hydrates is undoubtedly the discovery of methane hydrate in the place
where Baikal precipitates. By this time, deposits of methane hydrates were known in
the sediments of the seas on the outskirts. At the end of the twentieth century. a large
organization that included teams of researchers from Belgium, Russia, the USA and
Japan experimentally proved the presence of methane hydrates in the sediments of
Lake Baikal [141].

The formation of gas hydrates in the sediments of water bodies is accompanied
by a combination of certain conditions:

1. Low temperature, which may not be below zero.

2. High pressure.

3. The required amount of gas (for example, methane) and water.

The gas hydrates stability zone, the boundaries of which can be found on the
basis of phase diagrams, is determined by thermobaric conditions. Having accumulated
data on the relief, temperature, and heat flux through the bottom, they were identified
in the sediments of the Lake in the 1970-1980s. At the moment it is known that at

depths greater than 300 m, the average annual temperature varies slightly, and is
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approximately (33 + 0.2) *C. Judging by the phase diagram, the possibility of hydrate
formation of methane, at a given temperature, can occur at a pressure of 3.5 MPa [142].

This pressure can be provided by a layer of water, the thickness of which is
about 350-400 m. Thus, the thermobaric conditions necessary for the formation of
methane hydrates are present in the bottom sediments throughout the deep water
(approximately 450 m) in Lake Baikal. Moreover, there is a coincidence of the bottom
surface with the upper boundary of the stability zone [143]. The location of the lower
boundary of the stability zone can be analyzed by means of a phase diagram of the
precipitation temperature. It should be emphasized that, based on the values of the heat
flux, the determination of which today was found at about 800 points of the day of
Lake Baikal, the calculation of pallet temperatures is very unreliable [144].

In 1997, for the first time, a projected map of the depth of the location of the
lower boundary of the gas hydrate stability zone in the sediments of the entire Lake
Baikal was published. The substantial power of the methane hydrates stability zone is
inherent in Baikal. In total, there is a correlation of power with the entire depth of the
lake: according to forecasts, the highest values of the stability zone's power (more than
600 m) are in the Central Deep Depression, if we speak about the Northern hollow,
then in its sediments such layer exceeds 250 m only in some places. The pinch-out of
the gas hydrate layer is observed on the lakes whose depth is less than 400 m and in
the zones of geothermal anomalies. It should be noted that the geothermal forecast can
only produce a designation of the precipitation layer, in which there are thermobaric
conditions necessary for the formation of gas hydrates, but not providing information
on the presence or absence of real hydrates [145].

Six underwater wells were drilled during the implementation of the
international program “Baikal-Drilling” in 1993-1999. In 1997, one of these wells was
drilled in the central part of the South Baikal depression. Judging by the forecasts of
geophysical data, this is the place where the most powerful gas hydrate layer (300-
350m) was located. It is worth emphasizing that due to the complexity of the conditions
of geology, the well was passed only to a depth of 225 m. From the upper part of the
wellbore (up to 42 m) and from a depth of 121 and 161 m, it was possible to lift the
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core upwards. The geological section, which was restored by core fragments, and
according to the logging data, appeared to be composed of mainly sandy turbitides (a
layer of granular sand with a thickness of 3-90 cm) with interlayers of thin clays.
Turbidide deposits become natural gas traps due to the presence of dense clay
interlayers. The gas can pass into the gas hydrate form if it accumulates under favorable
temperature and pressure conditions [145]. Detection of gas hydrates in the upper part
of the section was not crowned with success, however, from time to time enhanced gas
evolution (in particular, methane, 74% by volume) was noted from the wellbore. And
only the core samples, raised from the depths of 121 and 161 m, the temperature of
which was above 8-9 g., were frozen sand-silt materials. This material was released
during the heating of the gas. Thawing, these samples lost strength and eventually
crumbled. Considering that this core was taken from the regions of positive
temperatures, it was frozen when it reached the surface. This was the most obvious
sign of the presence of gas hydrates in the sediment [146]. Raising samples to the
surface, decomposition of gas hydrates occurred with the absorption of heat, leading to
a fall in precipitation temperature of 10-15 grams, freezing them, as well as slowing
down further decomposition of hydrates due to the conservation effect. Most likely,
these phenomena began to occur while drilling the BDR-97 well. Investigating one of
the core samples, actually on board the drilling complex, we came to the conclusion
that the gas output from this sample exceeded the gas release from the sediments of the
remaining subsea wells 10 times. Due to the aggregate data, it was concluded that the
core samples contain gas hydrates. Measures were taken to preserve them and give the
opportunity to conduct comprehensive studies [147].

The first few days the core samples were in the freezer, then they were placed
in liquid nitrogen. Further, this material was sent to the laboratories of the Research
Institute of Irkutsk, Novosibirsk, and Japan. There it was studied using various
physicochemical methods.

In the course of comprehensive studies, measurements were made of the

volume of gas that was released during the thawing of the precipitate, and of the gas
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mixture by chromatographic, isotopic, and some other methods. The electrical
conductivity and ion composition of pore tubes were found [148].

Ammonium cations and bicarbonate anions, which are indicative of the
presence of reducing conditions in the sediment, are dominant in the composition of
the aqueous extract of the core. The content of chloride ions here is about 1.5-2 times
lower when compared to cedar pore waters taken from the BDR-93 well at a depth of
more than 50 m, which do not include gas hydrates. Low concentration of chloride ions
in the pore waters of sediments is considered an indirect sign of the presence of gas
hydrates in sediments.

Comprehensive studies have confirmed the presence in the core of methane
hydrates (CH4 x 6H20) with a content of about 3.3% (mass). In addition, carbon
dioxide is available, and ethane and propane (<0.005%) in small quantities. There is
no doubt that most of the gas hydrate in the rock was decomposed during storage and
during transportation. Its actual content in situ is much higher, and probably amounts
to 10-20% (mass).

Table 7.5.1 — lonic composition of pore waters

Jonah Content, Jonah Content,
mcg/ g mcg/ g
pH 6,28 HCO3" 151
NH,* 48 F 6
Ca’* + Mg?* 18 CIr 17
Na* 12 NO3" 2,5
K* 12 SO, % 7
> cations 90 > anions 184
The total content of ions - 274 pg/ g of the original rock

7.6 Search and discovery of pallet gas hydrates
In 1998-1999 after conducting geophysical work in the southern basin of Lake
Baikal, researchers were able to identify the bottom section within which all the

conditions exist for the formation of gas hydrates in the sub-sediments [148].
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For the study of gas-emitting structures, geological and geophysical studies
were organized in March 2000. Their diameter was 100-200 m at depths greater than
1,300 m. It is rather difficult to explore such small objects at the bottom of a drifting
vessel. The presence of a very powerful layer of ice in wintertime was undoubtedly an
advantage for Baikal, compared to other waters, if we take into account the possibility
of studying them. In the future, studies in the area of all found volcanoes included
sampling of sediments in the central parts of the crater with groundwater pipes 1-2 m
long. They also included sampling of water and gas for chemical analyzes [149].

Of particular interest were the results obtained in the crater of the Small
volcano. 17 cores were selected there on an area of 150 m in radius, the length of which
did not exceed 15-67 cm. Still, white crystals of gas hydrate went up after a dirt tube
was lowered several times, at one of the stations from the center of the surveyed area.
Thus, for the first time, a visual observation of gas hydrate crystals occurred in the
sediments of Lake Baikal. At the bottom of the core, the thickness of the hydrated layer
is 10 cm. Above was a 25 cm layer of aleurite-pelitic diatom silt with traces of recent
processing [150]. Most likely, they revealed only the uppermost part of the gas hydrate
deposits. Due to the limited penetration of the soil pipes, it was not possible to pass
through the hydrate layer. Gas hydrates crystals were preserved in liquid nitrogen.
After conducting laboratory studies, the researchers came to the conclusion that they
contain methane of biogenic origin. Since 2002, quite often methane hydrates have
been taken from the ship here in the summer [151].

In addition to the sampling of sediments, vertical sounding of the bottom water
layer was also carried out using a CDT instrument. It calculated autonomous
temperature changes, electrical conductivity, water transparency at the bottom, as well

as its oxygen content [152].

95



7.7 Gas hydrates of the Sea of Okhotsk: patterns of formation of their
distribution

7.7.1 Features of gas hydrate manifestations in the outlets of fluids in the
Sea of Okhotsk

One of the goals of the expedition of the Institute of Oceanology of the
Academy of Sciences of the USSR in 1986 was the study of the proposed hydrotherm
near Paramushir Island, a feature of which was considered a gas “torch” on echo
sounders, repeatedly observed since 1982. In addition, the increased content of
dissolved hydrogen, methane, and silicic acid have also been considered as a sign of
hydrothermal discharge on the seabed [152]. During the expeditionary research, it was
found that the “torch” observed on the echogram was not the result of hydrothermal
activity, but was caused by exits at the bottom of gas bubbles.

In the coast near Paramushir gas outlets were located at the top of the rampart
(768 m depth of the sea) about 400 m wide, 800 m long and 15 m in height. The seabed
in the area of the discharge point is characterized by the presence of holes and craters,
ground depletion, and also the presence of massive carbonate crusts covered with white
scurf, often hanging over the pits and forming irregularly shaped plates and cavernous
bumps. It is assumed that such carbonate crusts were formed as a result of the saturation
of water with carbon dioxide that is released during the ascent of methane flows [153].
It should be noted that, to date, many foci of submarine discharge of gas-saturated
fluids have been identified, where autogenic mineral formation is observed. In
particular, in the Black Sea, in the Oregon coast, in the area of the Varing Plateau in
the Norwegian Sea, deposits in fluid discharge sites include numerous hydrate
formations (crusts, tinkers, carbonized shells, etc.) often combined with bacterial mats
(communities of methanotrophic organisms), similar in appearance to the white bloom
found on carbonate crusts in the coastal zone of Fr. Paramushir [154].

In the expedition since 1986, samples of new gas hydrates were raised at two
stations. At one of the stations, gas hydrates were found at a pallet depth of 185 cm —

there was a layer of a continuous snow-white hydrate 2 cm thick at the tip of the earth
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pipe. It is assumed that the raised unit was cut off by a tube from a more powerful
hydrated body. Above the gas hydrate layer, a layer of loosened (crumbling) over a
thickness of about 10 cm is observed, at the bottom of which fast-decomposing lenses
(millimeter) gas hydrates were found [155]. At another station, a layer with thin
shallow lenses of hydrates was found in the bottomhole interval of depths of 220—240
cm, and a meter-thick layer of loosened sludge was located above. Gas hydrate-bearing
sediments are black, siliceous diatomic-volcanoclastic silty silts with thin layers (up to
1-2 cm) of silt; sediments have a strong odor of hydrogen sulfide. Chemical analysis
of the hydrated gas composition showed that it consists of 97.8% methane and contains
0.045% ethane, 0.0001% propane, 0.0896% carbon dioxide [155]. Methane carbon was
relatively “light” in isotopic composition: the & ~ 13 C value was -54 PDB (PDB -
Belemnitella Americana from the Pidi Formation of Minor Age in South Carolina is
the generally accepted standard for the isotopic composition of the hydrocarbon) [156].

Gas hydrate manifestations in the coastal area of Paramushir was also
investigated in the VNIIOkeanologiya expedition in 1991. The gas “torch” was crossed
by five survey profiles and fifteen profiles with sampling and geothermal
measurements, which made it possible to clarify its location [156]. The diameter of the
“torch” near the seabed, according to the echo sounder intersection, is 350-400 m. Gas
hydrates were found at two stations located near the western edge of the “torch”, and
one of them was outside. At a number of other stations, indirect signs of hydrates were
detected (low concentration of chloride ions in pore water, increased gas content and
flooding of sediments, smell of sulfur, carbonation of sediments) [156]. Gas hydrates
in the form of simplified irregular fragments (ranging in size from a few millimeters to
7 cm along the long axis) were found at a palmar depth of 10-40 cm in clay-aleuritic
sediments with numerous inclusions of carbonate crusts, strains, carbonatized shells of
bivalve mollusks and their fragments [157]. The gas chromatography data confirmed
the prevalence of methane in the composition of the hydrated gas, whereas the & * 13
C value of methane carbon was significantly lower than that obtained for the hydrated
gas on the expedition of 1986, and amounted to -67.3% [157].
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On the coast near Sakhalin carried out ground sampling was carried out on three
fields of a submarine gas unloading. The most interesting results were obtained in the
area of one of the fields where gas hydrates were found at five soil stations.
Alevropelites enclosing gas hydrates were predominantly represented by diatom silts
with an insignificant admixture of terigenic material. The depth of the roof of gas-
hydrate-containing sediments varied from 0.3 to 1.2 m, and their exposed thickness
ranged from 0.1 to 1 m. At all stations, gas hydrates were traced down to slaughter
[158].

7.7.2. Mechanisms of formation of gas hydrates in the Sea of Okhotsk

The confinement of known accumulations of gas hydrates in the Sea of Okhotsk
to the sources of gas unloading is beyond doubt [3]. Accumulations of this type have a
number of features. Let us consider them within the framework of the geological model
of gas hydrate formation in the discharge sites proposed in the works, taking into
account some other published data and new materials [158].

Gas hydrates in the clusters under consideration are formed at very small pallet
depths, in particular, in the coastal zone of Fr. Sakhalin they were found in the range
of palmar depths from 0.3 to 1.2. The existence of gas in the hydrate phase in the
immediate vicinity of the seabed is possible only under conditions of its constant inflow
from below. This is evidenced by the significant content of gas hydrates in sediments
noted in some cases (up to 40%). The depth of the sea near Sakhalin and Paramushir
ranges from 600 to 1000 m, hydrostatic pressure varies from 6 to 10 MPa, and the
bottom temperature varies in the range of 2.2-2.3 °C and 1.7-2.2 °C, respectively. The
stability zone of methane hydrates at such values of temperature and pressure at the
bottom can extend to palmar depths of at least 100 m [159]. The position of the lower
boundary of this zone is determined by the magnitude of the geothermal gradient,
whereas the depth of hydrate-containing sediments depends primarily on the intensity
of the upward flow of gas. The more intense the gas flow, the gas hydrates can form at

a lower pallet depth. The increase in the depth of the roof of hydrate-containing
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sediments found during recent expeditions is probably evidence of a decrease in the
intensity of the upward flow of gas with the time [159].

The coexistence of gas hydrates and various formations of autogenic carbonates
(nodules, crusts, etc.) in the free gas discharge zone are most likely due to methane
oxidation leading to water saturation with carbon dioxide and subsequent precipitation
from carbonate solutions [160].

7.7.3. Thermobaric parameters and reserves of gas hydrates of the Sea of
Okhotsk

Initially, it was assumed that the submarine gas hydrates are formed as a whole,
from the autigenic biochemical gas, and all the generating, biochemical and
canagenetic gas enters the zone of formation of gas hydrates, where it is stabilized in
hydrate form. In addition, it was assumed that gas hydrates are mainly distributed in
the ocean almost everywhere within the entire thermobaric zone of their stability, and
their deposits are in the form of a continuous layer. In this layer, impervious to free
gas, free hydrocarbons are formed [161]. From these assumptions it followed that the
amount of gas hydrate gas is much higher than the equivalent total resources of coal,
oil and natural gas on the planet. Estimates of the amount of methane in submarine gas
hydrate accumulations are based on the distribution of the seismic horizon BSR
(Bottom Simulating Reflector), marking the sole of the stability zone of gas hydrate
waters. Clarification of estimates of gas hydrate gas resources requires more careful
consideration of the specifics of the presence of gas hydrates in the waters of the World
Ocean.

Thermobaric conditions of their existence are typical for most of the bottom of
the World Ocean with water depths of more than 300-400 m on the Arctic shelf. The
zone of stability of gas hydrates is associated with the presence of a submarine
cryolithozone and can exist at a much smaller water depth if the base of the
cryolithozone is at a depth of more than 260 m from sea level. The bottom depth of the
gas hydrate stability zone averages 400-600 m [162].

The most common natural gas-hydrate forming agent in submarine conditions

IS methane.
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Geothermal assessment of the depth of the gas hydrate layer base is an example
of the integration of geophysical methods. In those areas of the World Ocean, where
there is a fairly dense study of heat flow and reliable data obtained on the temperatures
at the bottom of the reservoir, as well as the density characteristics of sedimentary
rocks, the pressure and temperature parameters at the bottom of the hydrate-containing

layer were used to calculate the pressure in the sediments.
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