
OT3bIB

oibxurranbHoro onnoHeHTa a.x.H., flpo+eccopa Eaxnna H.M. Ha Ar.rcceprarlrrc

CII3IIKOBA A. A. *,{roinue rnarparuue ru,4parbr MeraHa c 6poMrraoM rerpa6}.rqnaMMoltt,

rpu6yru,roocSuxorcrloM Il n3orrporaHonoM", npeAcraBreHHoi Ha corc(aHre yreHok

cretreHu l(auAu.{ara xlrM{rrecnrx Hay( ro cnequa,rlnocra 02.00.04 $r:rrecrae xrvur.

,{riccepraqrr A.A.Cn3r.r(oBa nocBrureHa u3yqeHfiro o6pa3oBaHrr aBoiHbrx rrrAparoB

MeraHa c uerbro no46opa yc,rorui anr co3aanrur Ha[6onee flepcnerrfiBH6rx crrcreM,

no3Bonrrorqux 6o,'ree Sabibe(Tr.rBso xclonb3oBarb r,[parbr MeraHa. faSoBbre aliApmbuBttlorct

onHrrM r-r3 yxrj(a.,r6HBrx xllMlrqecKl,tx coe.q[Heulri, o6pa3oBaure (orop6lx [Meer Mecro B

npnpoAe. B Eacroflqee BpeMr nr{Tepec r ([oprvupoeanr.rro ra3oB!,rx rr.rAparoB o6ycnoBnen

BO3MOXHOCTIMII LIX Ao6btqn KaK yHt KttthHOrO 3HepreTUiteC(OfO Ctlptf, 3anac6l KOTOpOTO

BeclMa Bellrkr. flr.qparu ueraua cnoco6nr,t ar(]ttyllrpoBart 6onBrxoe (olllrqecrBo fa3a, Ho

xpaseHre u rpaHcnoprr-rpoera rpe6yor rp[MeHeH[, Hr3Krrx reMneparyp (3Harru'renbHo r{uxe 0

oC) r,l B6rcoKix aaBreur.rfi (un.norl.qo 20 Mfla). floorovy aKryajrLHr,r noI,cI<I.r cucreM, (oropBre

Mornri 6br r8MeHrrrb ycJroBrr cyulecrsoBaHur ra3oBbrx r[,{paroB. flepcne(TI-TBHEIM

HanpaBneHueM Anr AocruxeHlrr y(a3aHFbrx qenei cnyxar ABofiHbte ft,uparEl, (orop6te

6"'rarorapr flprcyrcrB'rro BToporo KoMnoHeHra cracurbHr,r B 6o]'ree MrrKlrx ycnoBl,Itx. flo3ToMy

pa6ory uoNuo paccMarprDa'rb B AByx acneKrax. C oAHoi cropoHbr 9To (byHAaMeHTanbHoe

qccJreaoBarHr{e, HarrpaBnesHoe Ha rr3yqeHrre cTpy(T}?br fi cBoicTB ciroxHLlx coeA[HeHLIi

ABoiHbrx rnAparoB, TaR n kar< pa6ory, HaqeneHHyro B nepc[emr{Be Ha ucnojlb3oBaH[e

{FyH,qaMeHTarr,Hbrx p*ynbraroB Ha npa(Trr(e.

Pa6ora cocrotr l-l3 BBe,qeHr,rr, Tpex r,'raB, BBrBoaoB u cnficl(a ntreparyplr.

Bo rreaenrllr cQopvyraponauu ocHoBHrre 3aAaq{, (oropble 6blMocrzlBJIeHLI

aaTopoM. ocHoBHblMg 34laqatMrj rrccreaoBaHr,rr rBnttocb pa3pa6oTKa MeroaoB olpe.qeneHllt

cocTaBoB I-r cTpyKryp aBoiHbrx ffiaparoB .[Jrr c[creM MeraE Boaa r€Tpa6]'TxnaMMoHlrfi

6polrr.ra, rpn6yrnrSocibnHoKc[.{ Merau Boaa; 2-flponaaot - Meran Bo,{a. Eorluoe

Br iMarl'ie yAeJItIOCb aHaJ'rI8y pacnpeAeJleHtrt TOCTeB6IX MOrIe(yJl B IIOJIOCTfX rI'IApaTHOTO

(apKaca, aaHHErM rro ra3ocoaepxaHxro.

flepBa, MaBa arcceprarlu[ nocBruJeua nrreparypHoMy o6sopy, n xotopofi Aaro

,[eTarbHoe onucaHne paccMoTpeHHErx B nrTeparype AsotHbrx ra3orrIpaTHEIx cl.IcTeM.

Jlqreparyprlrfi o63op o6rrrrpeH ri Aeralreu! oH coaepxrr 230 ccbuot<. 3saqrlrelr,soe

(o,rruqecrBo crarei no pa3r{oo6pa3HBlM ra3ofuaparaM cBraeTeJIbcTByeT o BaxHocrrt



ccjreAyqMoro Bonpoca. Ta(ofi o63op o6ecneqnBaeT 6o"rn[oe ygo6crro npx BEr6ope HoBErx

cLIcreM 6naroAapr o6ruflpHoft {H$opMarr[[. ABTop arrccepraq{t Aenaer BErBoahr o

IIepcrreKTaBHocTu Tex I,tJt'l uH6rx cttcTeM rro llpu! rHe ux cTa6ur'llHocTlr, aocTyrrHocTr,r x

croxMocrlt. CAenaH BbtBoA o rlepcflel(TrBHocrl,t ucnojlb3osasHr I{t 3l{oMoteKyrrpnbrx cnnp.r.oB!

TaKrx l{aK MgTulHoJI! 3TaHOn, Ij3OnpOIIaHOn B (artecTBe BTopofo I{oM[oHeHTa.

Brt6op n 4uccepraqun B (aqecrBe o6lerror acc,re4ooaurrr ruAparoB: Merarr 6poMlrA

rerpa6)"rnraMMoHnr (TBAE) oo14 rpr6yran$oc$fifio(craA (TBOO) MeraH - BoAa Ir

r3onponaHon MeraH -BoAa IIe cryqaeH. ,qBofiHoii rrApar TEAE n MeraEa o6naaaer rHcoroi

TeMnepaTypot pa3noxeHrr.s u cloco6eH sx,lroqaTr 6orluoe ql-lcJro MoJleKyr MeTaHa 6nafoaapt

MarbIM nolocTrM B cBoefi cTpy(rype; cncTeua TE<DO - veran BoAa coAepxrT Ma(cuMaJrEHoe

KojluqecrBo Marjrbrx o6nacTefi na oAHy Moneryly TEOO. lauuux o cocraBe 0roro r[/IpaTa HeT.

B ro xe rpeur rz3BecrHo! qro crpyx-rypubri rrn rrlpara qrrcroro TEOO coAepxr.tr

MaKcIrM&-rbHoe (oJruqecrBo MaIr6tx rrojlocrei Ha Mor're(yny TEOO. HyxHo orMerrrb, rrro

IalHHbre o cocTaBax STIrx fa3ollrapaToBj KaK llpatBl,ttol oTcyrcTB',roT, a Bonpoc o

fa3ocoAepxartl tBnrerct npnxrlxnullllHbrM alrr ltx [cnolb3oBaHrrr. Bu6op crcrevu

It3onporlalo?rr Merau -Boaa npeAcraBJlter xHTepec BBxay 66"rtruero co,4epxatrrr Merala no

cpaBHeHuro c lpyrr-rMl, IBotHbMr{ fa3orriapaTaMrr,

BTopar uaBa Aucceprau[r nocBruleHa 3(cnephMeHTarr,Hoii qacrr. B pa6ore oonbrroe

BHrMaHIre yaeJreuo qrrcrore [cnorb3yeMrrx peamrrBoB. B neo6xoanaux cn]"Jarx (TFAE)

Ilpl,IMenrnac6 cIleqrarbllat oqltcrKa peateBTa. ABTopoM tcnon63oBaH qenbrfi prA

pa3HOO6pa3HbIx MeTOAnK AIr l'3) reHrr ABOfiHETx rrIpaTOBr a rrMeHHO: ricfloJrb3oBaHa

Bhrco(oToqqtln Mgloaljl(a a,rrr [3MepeHxr TeMlepaTyp pa3noxeHtr f'I,4paToB MeTo.qoM

,4lQQepeuquaDroro repMnqecKoro aHarr3a. Pa3pa6o.raHa HaAexfiar MerolrKa ,{Jrr crrHTe3a

3af(:uIeHFBIx ft AparoB. I{cnon$osaHo HzuloxeHue c(arll{a AaBreHI,It An\ v3tateP.'/'a

o6pa3oBaHxr u pa3noxeHr,rr ABofinbrx MIpa.roB- tr4cnorE3oBaHbr Meroflr,r peHTrerroBc(ofi

nopout(oBoi graSpaxqau a xoM6uuaur.ronnoro paccerHrr Anr xapaKTepucTlrKll liccJleAyeMbrx

o6pa3qoB. Cunre3 3aKauerrH6rx ra3ornlparoB [cnor63yer MEorocryneuvar5ao cxevy r rpe6yer

oT aBTOpa 6orbrloi TrqaTenBHocTt B pa6oTe.

Tperra r:rana guccepraqu nocBrrrreHa grcnepnMeHTarbuoMy riccreAoBaurro ABofiHbrx

rzBofrAparoB MeTalra c [cnoJrh3oBaHrieM 6pouuga rerpa6yrujrltMMoHrr, .rpu6ylun-

tDocibasorcraou u z3onponaHonoM. Hejrb3r c(a3arE. qro aBTop pa6orr,r 6r,Dr [epBbtM, (oropbrfi

n3yrar 9Tu cucrevr,r. Ornaro aBTop nnaHxpoBa.rr no,ryrart uu$opvaquro o crpyKTypax

ABoiHErx rrrApaToB t o ra3ocoAepxaHr!. OTMeTIM, qro Borrpoc o ra3ocolepxzu{ul B

nHTeparype flp,u(Tuqeckr He paccMaTpuBancr.



Cucreva TBAF Me-ralr BoIa Hocrlr AoBorhHo croxribrfi xaparcrep. PacrBopbr c

Aocrarorluo 6oJIbtxItM coAepxanr-reM Bo.[br (Hanpr-rMep clrcreua pl) AeMoucrpr-rpyror ABa rru(a

BbrAe.neHnr MeraEa. IlepBhri cBr3aH c pa3,loxefirreM aiApara MeraHa co crpymlpofi KC-I, a

BTopofr c pa3noxeHreM lBofiHoro ri{Apara co cTpy(Typoi fcl. 3To o3HaqaeT, irTo rrpu crHTe3e

o6pa3yercr cMech rirAparoB MeraHa o6BrqEoro x ,{BoiHoro. 3m pe3yJrbrarEr

no.uTBepx4aroTcr An$parrorpavvauu. ooLr.rHhri rrapa'r Bo3HIrKaeT Bo Bcex cIcTeMax! Kor.{a

cI{HTe3 [pOBO.tIIrTCr rrpfi nOBIiUIeHHOM COAepXaHHU BOA6r.

ClrcreMbr c 6o:turau co.4epxaaueu TBAB (u.rcrelra p2) ,qeMoHcrprip)'ror 6onee

cJroxHoe noBeAeHr,re. I4x pa3,'roxeHte raKxe .qeMoHcrpltpyer ABe o6nacrr no .reMrreparype.

O.{HaKo o6lrcHeuue c noMollbro AByx crpy(ryp KC-l r fcl He npoxoArr, r.I(.

.{nabpa(TorpaMMF,r He no(a36rBalor cyulecrBoBaEr.rr crpyKryp6r KC-1. C,qorax sHaoa o

cyqecrBoBaHr.rn Manorognoro r*rlpara TEAB.

Cacreva p3 aeMoHcrplrpyer oany cryneflb ra3oB!,laereHrr, Ho fia ar.r$paroorpaMMax

EaonrcAaercq cynlecroonaure 4r1z rla-: FC-l r, Herr3BecrEofi Oa3bl.

Paccuorprv AaHHbre ro cncreMe TBO0 (rpr6FnndocibfiHo(chA). B iroM cnylae

cocraB Qa3 3aBrcr.rr or coorHorreErrr TBOO n 80!61. Ecnn BoAa B u366rrke, To EaprAy c

ABofiHTIM rlAparoM o6pa3yercq x rulpar MeraHa. Hafi.{euu ycloour rrojt}4reHri, .qBofiHoro

rtr,qpara rpq6yrr,rSocibrHoKcril c MeTaHoM Anr pacrBopoB c (oHqeHapaqdMr TBOO B

paitore 26 30 uac Vo - 60 75 rv"r/r. o(araHo. qro creneub 3anoJrueurrr M,urlrx loJrocrei

AocTuraeT 80 o/o. 3ro no,ryreuo npr ana,ru3e cle(TpoB l<oMouHaUfioHHoro paccecHxr. OAHaKo

3arlorHeHri' 6o"'r6rllfix nonocrefi MoJrer{y]'raMu MeraHa He rrpo[cxoA{T.3ro no,urnepxAaror

,qanxue no KP ua puc. 24.

Cuc'reMa r3onpolaHor MeraH - BoAa.

Eclu co.[epNauue u:onporraHona B pacrBopax HeBelrrlro, To nplr pa3lroxerun o6pa3rloB

ra3orrrApaToB Ha6,lrcIaeTcr Tpr cTyneHr ra3oBbrAereHr,rr. flepBar, Hr-r3(oTeMleparypnaa (60

"C) coorBercByer pa3Jloxexfiro MeraurtAparA a cne.qyouxe .qBofiHbtM rr.t.{paraM. Tperr,t

cTynerB Ha6jrrolaeTct rrpu -20 oC Bo Bcex o6pa3Uax r oHa coo'rBeTcrByer pa3iroxerurc

ABoiHoro rrApara. flpovexyro'ruaa o6nacrh coorBercrByer qacrutrHoMy pa3noxeHrro

ABofiHoro ruApara, a rperbr o6nacrL -pa3noxeHrrro ocrasnerocr 3ar(oHcepBupoBarHHoro

ABoiHoro ru,{para.

C4eaan nuaog o nepcneKTr.IBHocrLI rcnollb3oBatl-tt H3orIpo[aHoIIa anr o6pa3oBaur.rt

,qBoiEr,rx rrrApaToB.3Tr-r ABofiHr,re rfiIpaTr,r [o3BoJrrroT 3arro,trreHeEr,re boJrbrullx no,rocTei

MoJIeKyJr,tM{ Meraua npr qacrtqxoM 3aMerlerJnr MolreKyr c[rpra rra Mo,rrexynBr Meraua. Taro-tM

o6pa3oM, nonf{aerct fa3oco,uepxaHfie 6:ursrru no o66eMy K o6Br.iHErM MeraH rHAparaMr Ho



9Trl ABoiHbre rflAparbr nMeror 6oJree Bbrco(yo reMneparypy pa3noxeBut . OHa MeE erct or _80

C Ao -20 C npu I arM. , T.e Bbr rupbrru cocraBJrrgr olcono 60 C

06uapyxeno rB.rreHlre crMoKoHcepBaurr.r aBoiHoro aa3orrApara c u3onponaHonoM. B

cjryrrae c r3onpoflaso,qoM Koff4recrBo MeraHa B aBoiHbrx rr-uparax (10,3 Macc. o%) 6ru3Ko K

(ojrlrrecrBy MeraHa B o6b|rH6rx fa3ofrapara.r (12,9 uac. Vo), xo'rt t4 secKroJrb(o HI{xe, Ho 9To

I(oMneHcrpyeTcr Bo3MoxHocT6ro r-rx xpaqeEnr n rcnorrfoBaHlrt npl{ 6ojlee BEIcoKItx

TeMnepaTypax.

K aocrorancrrav pa6orbr cneayer ornecrtl ofpoMurlfi o6beM uccile.qoBaHrr,Ix cl-IcreM

pa3Eoo6pa3Horo cocraBa, T.r(. npu npaKTnqec(oi Ha[paBJlenHocrlt Eeo6xoAltMo 6bDro

lpozr]rarrl3upoBaTh 6on6nlyrc ceT(y rrapaMeTpoB. Heo6xoauuo oTMerrTL Bblco(yo

tpatMoTHocTt, aBTopa B noHIjMatHIru .[uafpaMM cocrorHrifi u yMeHfie neJlmb o6le(TflBEBIe

BblBoAbr Ha octtoBc rMerurruxcr rj He Bcerra noHtrHblx ,[aHHbIx. Cyurecrrexno, qro nBofinble

cIicTeMbI c lt3orlporlaHoiroM MoryT 6bITL flcIIoJIE3oBaH6l Ha rIpaKTIjI(e ant xpaHeHl,lt I'l

TpaEc[opTr.rpoBKr MeTaHa.

AocroBepHocrh pe3yn!,TaroB, no.lyqeHHbrx B pa6ore, noATBepx.qa€Tct coorBercrBxeM

TecToBblx r'3Meperll,It u nriTepaT]?Hbrx aarHHbrx.

3AMEqAHI,{'.

1. Orcpcrryer verroe o66ccfleHte nputruH yBenlrtreHnt cra6uJrruocu ra3oBBIx flrapa'roB nplt

l-tc[Iojlb3oBaEr-[r aBofiHbrx rrrapa'roB.3ro noseoraro 6r,t opraul:onarl ueileHanpasjleHHufi

floltc(.{BofiHErx cficTeM. lcrrojrb3yr cer(y BeqecTB c abr3tKo-xnMuqecKllMll napaMeTpaMfi

Heo6xoar.ruo 6Hno 66I c$opMyntpoBarb coBoKynuocrl cBoicrB ao6aBoqHoro KoMroHeHr4

r(oTopau Mofjra 6br cJryxrTB yKa3aHrieM Ha BLr6op BTopofo (oMnoHema ,{BoiHofo ra3ofrapara

MeraEa. 3To no3Botuto 66r npocMorperb ceptJl BeulecrB t'l Bbl6parb satr6oree flepcne(rrlBHble

anr rrpoBep(, Ea 3(cnepliMeHTe,

2. B ravecrne nepaoro Br,rBoAa yKa3ado, qro (Pa3pa6oraH l(oMtutel(cHblfi M€ToA

onpeaeneHr.rr cocTarBoB ,uBoiHbrx frapaToB c yqeToM paclpeaejrelitt focTeBblx

,4o6aBoK pa3Horo copra B pa3rltqHllx floJrocrtx rflaparHoro Kap(aco). TaKUM

o6pa:ou, parpa6orauHajl Mero,4lrKa tBrterce oaHHM 113 pejyjrbraroB aaHHofi pa6orEl

n aoJrxHa o6cyxlaTbcr B pa3.[ene (P$yJr6Tar6I L o6cyx.{eHxe). B ro Ne npeul :lra

MeroAx(a oflIlcaEa TotbKo B (SKcrleptMeHTajrbtoi qacTlt)), aa x ro aocTaTollHo

cxaTo.

3. TeKcr arcceprautt tlanllcaH rocraroqgo fpaMorHr,rM L noHtrHbIM t36I(oM. TeM



He MeHee. B HeKOfophlx cJIIltux |,lcno,'l t 3oBtlH bl HeylaqHble BLlpaxeH{t. laK.

HalpnMep, Ha crp. 74 I-tMeerct ra(oe fipeaJloxeH[e: (fhevo Ha 2900 cu-l uoxao

oruecr!{ I( clempy Molexyru TE@O>. Bo:ree ropperrno 6luIo 66I c(a3ar6' qro

<flre.ro Ha 2900 cM-l MoxHo orHecrlr I( oaHofi u3 nonoc C_H (one6aHrifi MojreKynbl

TEOO). 3ro no.{rBepx4aercr a prcyunov 24.

4. B cr]"rae asofiHrrx rraparoB c ll3onporlanolou u 6povuaou rerpa6yrlnaMl'lonr,s

aB'ropoM rroMrrMo cocTaBa flapaToB l,IccreaoBadH eule u paBHoB€cEbIe KpIilBBIe

coorBercrBylollrlix coeauuenui. B cly'rae c .{BofiHhM rtaparoM TBOO gToro He

caeJlaHo.

Bce nucralasuue 3aMeqau[t ue uor;'r norole6arl o6uero' ouenl 6laronparruoro

nnevarrexur ot pa6orbl ri rre loctr rlpuHllfint z!'IbHoro xapaKrepa. ABTop npo,{eMoscrpflpoBan

cnoco6nocrs o6o6rqarr orpovuyp nlireparypy, npe(pacHoe B,IareHHe cJroxHoff

3l(cnepnM€HTa,rr,Hoi annaparypofi .

Pa6ora s uerov xapa(Teplcyerct rpaMorHr,IM t'tcrIoJIr3oBaHLeM coBp€MeHHr'lx reoput'

Truare.rl6nocrr,ro, [plrBrerleHueM pa:noo6pa:uux noaxoroB, qro o6rexrusuo roBopla o

6ofturofi utupore L rrybl'IHe lrHTepecoB aBTopa. ABTop BHec BecoMbli r,I oprrliHa'qbHblt B(ran

B nay(y o aBotH6Ix ra3offlapaTax.

ABTop ,quccepraultt npore,r ilynaaverra,rrHoe rccneAoBaHxe cocraBa aBoiHr'Ix ra3orHAparoB'

orpe,qejrllJ'I MeraHocoaepxztHlle I-l o6racru c'ra6HnbEocrlt, noKa3aB' qro o6lacrl cra6alltlocrr,

Moxer 6brr6 CABLIH]'Ta Bnnorb Ao 60 'C s cropoHy Bblco(t x reMneparyp' qro 6e3ycnoBHo'

rBrrercc tloBbIM 36OeKroM B ooilacrl'l flcc,leAoBaHrt ADoiHhIx ra3ornAparoB ,{era"lsnoe

uccjreAoBaEue aBofiHoro MeraHrtapaTa c t3o-rlponaHoJloM MOXeT CnyXItTb OCHOBOT Int

aaJrbHefi rlll,lx xccneaoBaHltfi c flpal(TuqeckuM yIqoHoM

AnropeQepar r,r ony6nuKoBanHble crar[,]'t flonHocrl'Io orpaxalor coAepxaul-re

jlucceDTaul,lll,

Tarav o6pa.:oll. pe3rcMtpyt Bce c(a3aHuoe, MoxHo c(a3arl, tlro npe,[craBnenHat pa6ora

CI43I4KOBA A. A. ".UBofiHbIe K,'rarparHEle rlAparbl MeraHa c 6povu,uov rerpaoyrttjlaMMoHllt!

rpu6yrul$oc$znorctaoM lr Ir 3onponauotoM", npeacraB,leHHat Ha colicl{aHl-le )^{eHoi creneHH

(auArama xtlMrqec(Itx HayK EecoMHeHHo yaoBnerBopser oceu rpe6ooaxueu It rpe6oBaHutM

BAK Poccl|tl, npeabtBtteMbM K rlrccepraqlrtM, npeqcraBjlteMblM tla co craHfie y.reHok



creneqr.r KaHAr.rlara x{Muqecrs.fi Ha}.K, a ee aBrop CI43I4KOB A. A. necouneauo racryxoraer

flprcyxaeur!{ eMy 1^reuoi crefleflt,r rcrirriAara xrlMnqecl<trx EaJ,K no cneqrarurocrn 02,00.04 -

i[usnvecraa xuurx.

Orpnqnarruui onnoneirr 4.x.n., upo{eccop,

r.u.c. I,INcruryra xau{qecxofi K Hernrct,r u ropeuur CO PAH,

ea.atpec bazhin8999@kinetics.nsc.ru
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