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PaGora BRMONEEHA HA Ky#oumescroM Opzersa Tpyzosoro Kpacropg

SgaNeEH METANNyprayecKOM SaBOAC wu.B.N.JeBRHES

HayqHHR py-xononnien - KaHZBZAT TEXHHIYSCKBX HAYK

%

C.A.ABOKOB.

Hayuns#f ROECYIBTEHT - EAHARZAT TEXHUICCRHX HayK, Zomexm

9.f.Panonoper.
OfpopambEHE ONNOHEHTH:

IORTOp Texuuyeckmx Hayr M.I.Horal
ReEZRZAT TexEEueckrEX Hayk [.M.JaftxEH

Benymee npeAmpefiTMe — BepxEe-Calfi#HCKRA METanno006padaTy-

papnmn¥ 3aBOZ, r'.BepxHAA Canzga. -
Asropeepar pasocnan " / € » .0// ___I97I r.

"""

3amrTa ZACCEDTAHA COCTOHTCHA " / 5 n N 1971 r.

Ha 3acezaByd Yyeroro Copera BCcecOD3HOr'O HAaYIHO-BCCAEALOBA-—
TEIHCEOI'0 RECTRTYTA SIGKTPOTEPMAYECROr0 OCOPYAOBAHEA
(Mocksa, X-52), Hexeropozcras yu. A.29).

C ZEccepranpeit MOXHO O3HAKOMETHCA B OROAMOTEeRe BHUMSTO.

O?3uBy B 2-X 8K3eMNNApaX, 3aBePeHHNE NEYaTHD, HPOCHM

Banpasafrs no agpecy: Mocksa, X-52, Hmxeropozckas yx.29,
Juenufl coser BHMHITO. |

JeeEn# cerperTapr comerTa

EAHARZAT TEXHNYOCKEX HAYE . (P.B.MBEEOB)

S S S SRR S -

SHAURTeNbER}: BEKNAZ B BHNONHEHMe 38784, HAMEGUYSEHHX B [MpEeR-
reBax XXIY cewesza KICC nmo aeBATOMY NATRIESTHEMY INJA8Hy, B 4YacT-
HOCTE, MO ZalbHefimewy pOCTY NpPOH3BOLWTEAHLHOCTR TDPYARA B 00BEME
NPOW3BOACTBA B METAINAypI'We, IOPB3BAHO BHECTH AalbBelmee coBep-
MeHECTBOBSHRE NpPONECCOB OGPAGOTKE METANNOB AaBJIGHAEM, TECHO

CBA3aHHO® ¢ mETeHcudmranEeft npomecca Harpesa Metanna. HawnOonee
NePCNeRTHBENM B STOM OTHONEHWH ABIAHETCH NDUMEEEHNE WHAYKONOH-
HOI'0 Harpesa, IpEYeM, He TOJNBKO B Ky3H6UHHX M IPECCOBHX I€Xax,
rae yxe ce#fgac oCmad MOMEOCTH HHAYKIMOBEHX YJCTAHOBOK HACUWTH-
BAET HECHKONBKO MUAAROHOB KHWIOBATT, HO B B NPOKATHOM NIDOMBBOA-

CTEE.
Pedeprpyemas padora NOCBAMAETCH KOMIJNOGKCY BONPOCOB, BO3HR-

KADMEX PR paspaloTRe MEAYKOMOHHNX YCTA&HOBOK AJSA HArpema Clfi-

60B R ZpYI'BX 3aroTOBOK NPAMOYT'OILHOT'O NONEpPEeYHOr'O CSYEGHHA.
Iucceprand COCTORT M3 BBEZECHMA, MOCTH II8&B, BHBOZOB NO

pa6oTe B NPRIOXEHNA.

CoBpeMBHEOS COCTOSHRE BONpOcA. 3azaud RACCIEZOBAHHA

logasnsomee CONBPNAECTBO CYHECTBYDOMX MHAYKOWOHHHX YCTAHO-
BOK ZNA CKBOBHOI'O HS8T'peBa METajNa pPacCYATAHO HA HArpeB NUIRMHA-
PEIECERX 88TOTOBOK HIR NDH3MATHIGCENX TN HKBAZPATHOI'O CEYSHRA
HeGONBEOr'O PasSMepa. '

leppad B MUpPOBOR NpaKTEKSe HHAYENROHHAA N6YE AJNf HArDEBA
CHNAGOB B3 ANDMBREEA B €r'o CHIaBOB OHJA CO3A8HA NpR. yYACTHN
asropa B 1962 r. |

B peROMeHZanEfX COBEMAHHA IO HEAYRNWOBHOMY HAIr'DeBY CIRTKOB
nepex ropsueit o6paCoTEO# Ha 3aBOZAX TAEEIHX B NErEUX IBETHEHX

'MOTANNOB, NPOXOZUWBMEM B OKTACpe [962 I. M OTMETMBHEI'O BAXHOCTH

orolt padoTH, rosopH?cA: "C memsp OHCTpelmero pacnpocTpaHeBRs
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B BHeApeEHA RHAYENHOBEHX qeqeft B MPOKATHOE NPOM3BOZLCTEO Gope-

maEWe cupTae? HEOCXOREMEM YCKODATH OKOHUAHHE PACOT MO Zomogge

n
REYROWOEHO# YCTAHOBRH AMf garpesa CHACOB" .
PaGoTH MO CO3RAHED medeft Auf BHAYRNUOHEOI'O HArpesa cnaGop

npoBoxRIECH Takxe Bo BHUMDTO, rze OWX paspaCoTaH, & 3arey
pHeZpeH B NPOE3BOICTEO .KOMIIEKC MEAYXMHOHBHHX neued nnA Harpe-

Ba THPRHOBHX CAACOB.

BenyTcA padOTH B STOM HanpaBlCHRR M 38, Py6exoM, TaK, Ranpp-

uep, aMepuxaHCKO#t Qupunolii SAEAKC MaraeTe pNHKY (FoppeH,oI-aHO)
coszaHa WEAYRINMOHEAA YCTAHOBRA ANA HAI'PEBA CcIS00B MOEBOCTED -
2I0 wBT Ha 3aBofie QRPMH Han—ﬂayr B TpeHTOHE.

lpr BHEAPEHEH PaCCMaTPEBACMHX JCTAHOBOK B IDOM3BOACTBO, a
TAREE PR BX HCCIEZOBAHHE BO3HAKACT nenHit pAx opodlueM, CBf-
SaEENX ¢ Bapbonee SOPeKTRBHHM B DANROHANBHHM MCIONB30BAHHOM
9NeKTPOMATHHTHOR A TEMNOBOA SHEPI'EH B PHAYKOWORHOI neuwn,

Ipp 9TOM NMepEOCTENeHHOE BHAYCHAC NpRoOpeTanT BONPOCH pPacl-

peneneERs 37eKTPOMAI'HRTHOR MOMEOCTH B METanle, NOCTPOEeHAA
TeMIe paTyYPHOrO IMOINA N0 00beMy HarpeBaeMoro reina, MCCIeZOBa-
HUf XaparTepa M BeNHYHEH 37EKTPOANBAMBUGCKMX YCHIAMHK, neitcr-
BYDIEX B cHcTeMe "mHAyKTOp-MeTana". Oco00e 3HAYEHME B COBpE-
MEeBHHX YCHOBWAX HaYAHADT SAHUMATH TAKXE 387a4H ONTHMH38ONA
nponecca BEZYKOWOHHOI'O H&r'peBa paccMaTPHBAGMHX TEIX.

IluccepTan®fd NMOCBAMASTOA PACCMOTPEEAD NEPSYUCIEGHHHX BOMpO-
COB B acllexTe, MO3BONADNEM NONYYHTH pe3y/NBTATH, BNONHE INpHA-
eNlIeMne A WHXEeBepHHX pacyeToB. B TO xe Bpeusa, aBTOp Ze-
naeT MONHTKY DPEmHTE nbcrameﬂ:ayn 38784y B BO3MOXHO 00lee
ofmeM BHZAE,YTO MO3BONBAO OH HCNOAH530BATH PEe3yALTATH PACOTH
Al NOAOCHHX YCTAHOBOK yE€ H& CTSnHM BX IPOEKTHPOBSHRSA B
PacnpocTpAENTE "METOZHEEY PacCNOTDEHHA He TONBKO Ha cryyalt
Harpepa arpMPHEA W €r'0 CNIaB0B, & HA ropaszo Conee mAPOKREH
KpyI' HarpepacMHX MeTallNoB,.

PacnpezeneHne 3IEKTPONATEWTHON NOWHOCTH B TEN&X

- IPAMOYronbEO# GOpMH NDH RHEAYENMOHHOM Harpepe

B padoTe monyuesa 3aKOHOMEPHOCTH pacmpezelcHUs MIOTHOCTH
8KTWBHO# MOWHOCTA B HarperaeMoff 3aroToRKe NpAMOYI'ONBHOT'O
CEICHMA, AUA Uero NpeABAPHTENHHO OmpezeNecHH HANDPAXEHHOCTH

%
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NardATHOTO B 3MEKTDHYecKoro moneft. A HanpAXeBHOCTR MATHAT-
HOT'O NOXNS1 BEQ OCHOBAHMM ypaBHEHBI 3NERTpPOZMHAMMKHE Marcmenna

(D)

1+]
r'ze A= A [\ - rnyGmHE NPOHWKHOBEHNS .
lpr pemenum ypaBEeHWA (I) BCNONB30BANNCH CHEXYRUHKE nOMny-
MEeHUA
— NpA3Ma NPAMOYTONBHOI'O CEUYEHMWR (28 X 2B) HAXOZHTCHA B
IOCKONapannenbHOM NOIe MHAYKTOpA:
- CBOHCTBA METaANIUYECKOr'0 Tela OXHOPOZHN IO CEYEHUD M

bigig'){ I
Ipn npmEATHX AomymeHMAEX ypasHeHMe (I) MOXHO NpEeZCTABRTSH
B- BEZE: - -
°H L IH_ e
| ax:  ay? . (2)
C I'DAEAYHHMA yCIOBHAME ‘
H (x.9) = Ho npu (x,¥)E[ (3)

llocraBneHEasn 3azava (2) + (3) pemeHa B PacoTe METONOM
b.['.TanepkuBa, ¢ ycmuenmem ero nif Gonbmelt TOYHOCTR MEeTOAOM
I.B.KanTOpOBHYE. BHIO NONYyYeHO TOWHOE pemeHR® ypaBHEHUS (2):

S m+o :
= Hp 4 1-2 12 (1) _ﬁﬁmgjwa_&n_i X
H=Ho 1 1-7 T /o‘iﬁms : ﬂa) (4)
7

17l
2 = 2+ F'/Z ""{) z |
Jom = A [ ) zg '.'] (5)

Hcrons3opanre BupaxeRmA (4) zA7A NMOnNyYEeHMA 3aKOHA pacnpe-
ACIEENA NIOTHOCTA MOMHOCTHA B HAr peBAEMOM TeJe NPHBOXHT,KAaK
NoKasaHo B padoTe, K BECHMA CNOXHOMY BHDAXCHWD, COZEpXame—
My KDaTHHE DAAH M HENpAEeMNEeMOMY ANA MHXEeHOPDHHX pPacueToR.

JINTHBAA CKA38HHOE B padoTe OHNO NONYUYEHO TAKEKES B NpHO-
JIRXEHHEOE pemeHWe YDaBHEHHWA (2), KaK Nepsoe NPAGIHECHREE IO
MeTozy l'anepkiuEa mpy BHGOPE KOOpABHATHO QYHKIYH, OTBEYAD~-
med Qun3n4Yecrol CYWHOCTH 337ayuy:

r'ae




rae

— |

=\ /512 = 1+[S
Exth %K (|

-3"'5H-Lh K .

BupaxeHRe ANA 8KTBBEOR MOWMHOCTH, BrZendAeMoft B enpHAme

(6)

(7)

o6BeNa NMpA yCAOBEM, YTO NOXe MHAYETOPA IUIOCKONApalnenbHoe,

OyZeT #MeTh BRI |
Py =4y [ ExEx *Eyéf]

rae ) - yAenbE&A 3IEXTPONPOBORHOCTS.

(8)

Ha ocmopamu® (6) ® (8), B padore OHNO NMOAYICHO BHpaxe-
HHe, ONpexeNANmee 3aKOH pacnpofeleHds MIOTHOCTR ARTHBHOR

MONRHOCTH B IIONEpeYHOM CEYOHRH :BH&:

)E-cos2(p , h2hecms2y
/.%"W‘az x[(plwﬁﬁ/ ch 2§ +c032%

) 4[MJMJ§W§+M§ sing sh4 4ind ) ]

2% S2 C"*—’ 2:5/3 ~ Q032 (2 * 0932
+( * ) 2/2.5) +mZ/-z,:9a [ +C0:$2

;amgmmgmguﬁmgdﬁg-mé U '

rae

(9)

IpaGnEXeBROE BHPaxeHEE. NS NMONEO# axTHRHO} MOMHOCTH, BH~-

AensgeMoit B npraue IpAMOYT'ONBHOTO COYGHRA ammEoft € Gymer
HMETH BRZ:

p=/ 345) dfdy— 2[&’4-5) fF( ) } (10)
ae fa,4)° ﬁiggrpfe)%zﬂw)f pg)din2ieg) 4 ] [/ 1,

ch7p-9)%+ @s(P+9)
; 2%+ 4inl% 4, 2787 /z-n-spi.-?/z-.-i)f"-(z-.s)mz,/v-‘;)z"'
32?‘*&:&2—— ﬁg z° 52 CIEZ/'Z -5) - +m2/z+s)a

“F3E %‘;zﬁ ] 7ed

(II)

Bupaxegrus (2), (II) zapT XOpomy® CXOZUMOCTH C &HAJOT'UYHH-
MF TOYHHMA BHPAXSHEAMH, BNYBCNeHENMH Ha SIBM "Ypan-3" m npu-
BEJIGEHNMN B NPHNOXEHEE K ZBCCOPTANMH. B AHHOM CNAy4ae 3aKOH
paclipefieleH ¥l NIOTHOCTE MOMHOCTH HO CEY6HHMD BHDAXABTPCHA B KO-
HeyHOU dopme (BwecTO ABOMEHX pPAAOB NpPHM TOYHOM pemeEMH),BHpa-
xegEe (9) sABnAeTCA BHOIEE NpHEOMIEMHM AIA PHECHEDHHX PacueTOB
(3Baverusd p,g,7,S NPHBEOAGHN B MNPUIOXEGHWN) W MOXeT CIYXHTH
B KayecTBe MCXOZXHOI'0 AIXrODWTMA MAA BCCAENOBSHMA TEIJIOBHX
Nponeccos NpR WEXYKUMOEHOM Barpese Tel HNPAMOYIronbHO# OopME B
NN0CKONApannenbEOM NoXe. B padorTe NpusoxfATcA rpafukr SKBp-
ZOHEC MOWHOCTH IO CEY6HHD ZINA HEKOTODPHX XaparRTepHHX CJyd4aes,
B YaCTHOCTH, AAA Harpesa -CAA00B B3 THTAHOBHX ¥ AJIDMAHHEBHX
CII8BOE HA NpoMHmIeEHO#t gactrore. Ha ocHoBaEHEM Qopuynn (9) A
rpa¥KOB DKBRAEGHC B paCoTe JZenaeTcs BHBOZ, YTO paclpereleBue -
NIOTEOCTH NOMEOCTH NOABOCTHD ONpEeAeNA6TCcA OTHOMEHHEM pasNe-
pOB NONEPEeYHOr'0 CEUYGHRH B OTHOMEHEEM WX K IIyGMEe NpPOEHKHO-

BEHRA TOKSa.

TeunepaTypEOE IOJE B TENaX NPANMOYI'ONbLHOU
QODMH _IpA_BHEZYKIHOHHOM HAT'DEBE

) «; r'. 2

F

llps BcCleZOBaHEE TENNOBOf 3a7au@ B padoTe NpPMEHNAETCH,

" gro RArpes NPOMCXOAHMT B OONACTHE TEMNEepaTyp, T'Ae (QU3ndecCKue
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cBoflcTBa MeTanna He NeHADTCA CKAYRKOM, T.€. MOXHO ONEDHDOBaes
CPeAEEME TennopuSHISCKEME EOHCTAHTaME. B sTOM ciyuae nponecc
pacnpefeleEEs TEMNepaTypy B NONEPEIEOM CeUCHRHR OIIMCHBAETCH

ypaBBeHHEEN:

4 .
T 9t
l/ axz’ ay") __,;_B_L *Fug 0 . (I2)
C KpAGBHMN YC/IOBHFAMA:
t=0 npul=0
at] . 3& / g
ax/pa §61,070 - B8
TA¢E _l e ROBIIII!HHHBHT TBH]IOHPDBOI[HOCTB ’ C -00BeMHE A TEI-
- NOGNROCTH, Q - NIOTHOCTH TENNOBNWX NOTEPE.

Pemesme ypanmeHus (I2) ¢ xpaepuwE ycnoswsaud (I3) + (I5)
ERQCCHICCKHN CNOCOOOM NpPE MOMOMM DAa3SNOXEHMS B ABOAHON psR
&ypre no COOCTBEEHNM (YHKOHAM COOTBETCTBYDOMEH 3&naqn ITypsa-

- XmyBRANA npﬂnonnm K BHDAXEHHD:
o

“’"‘"ZM Stera - (o) (16
{[%..{..)u] Ihe (f)“] Z ‘?ﬁwz Gunrh-

{_0(1'

*—

7]_

raAe

1/7 .]C/&nuu‘z” Caﬁﬂﬁyu&c@;

B

J o™ g a”?yafm.’y

(I7)

Eax BEZHO, BHpaxeHMe onpezendpmee Teunepawypnoe noje B
HpAMOYT'ONBHOM CEYEHHA DM MHIYRONOHHOM Harpese ¢ y4eToM TOro,

8

970 TouHOe BHpaxeEMe Aux A(X,y) conepxMT ZBOMEWe pPANH, NO-

1yI89€TCA BECHMA CIOXHHM, COACpEAmEM 4YeTHPeXKpaTHHE OECKOHEU-
HEe PAAH. SHAQUYATENBHO YNPOCTHTH 6r'0 MOXHO, KAK INOKA34HO B pa-
Gore, IBmb AnA qacmﬁoro cnydas, XapaKTepA3yeMoro cooTHONERMA-

MR a/d /0 t%, Toraa
Zf(.r,yf) 3)( {[3&:*{'{)"7 ko2 (f) ‘ZZ;;@""”’L

I8
Exp[%%hﬂ}%d? JE;E:;;;j'aﬂzﬁ7éaﬁﬁp[1ﬁﬁdﬁ5u191 )

rae [, f}{? fo: 2or ; (JEN. 2 zm - QRTHBHAA YaCTE
BEKTOpA Hoﬂwnﬁra, npoxonﬂmero 9epe3 INOBEPXHOCTH HNONYOT PAHH-

YEHHOI'O Tela. B npaxTRYECRUX cnydaax Bupaxenme (I8) wmoxzer
OPEMEHATHCA ANA OMBCAHRA NpONECCA Harpesa CIA00B M3 AJIDMPHHE-
BHX CONap0B ToamBHOR® OoroZXo 3500 MM Ha NpOMNUIEHHOM M Golee
BHCOKROH# vJacTOTax.

PemeHne 3gnay¥, navmee BHPAXCHHE ,[IDHEMNEMO6 AJNA HEXEHED-
HHX pacCYeTOB INPA NOOHX COOTHONEHHAX pa3MepoB IIOHepevHoro ce-—
YOHAA B I'TyOMHH NMPOHWKHOBOHMA, OHIO MONYYOHO METOZOM, I'purGep-
'8 C HCONONE30BAEMEM B KAUYECTBO (QYHROMW paACNpeAelIcHEMS MCTOY-
HAROB Tenna BHpaxeHMA (9) M ANA KBA3UCTAUNAOHADHOHX CTAAMA IpO-
necca npnnnuaer Bnn'

tnue)* [ zﬂ-(fJ)ZF& 1)[1/{ ) iFor 3 “"j

ﬁ/{;, 12)‘:*) ﬂ‘ZFm (_{) = ji]+ g [g;m +(3} -4 ]) ] (I9)

. P2 MZ% rm 9)°
14 (7%
Sé:f,—u-—) e [ (R9)*| f+ ""’jﬁ *g MZ‘" mzﬁ 'L(P-"?F
p .
. $5n2P9)§  cniipeg) g cA 2(p-9) %
éffm 9) chelp9)E  cAzfrg)s 2—3 g P "?/ L pr 4
| J'wZ/ )A |
+ 252 Y98 z/ﬁyﬂ 2k  h2E 5 ﬁvﬂi _
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Bupazenue (20) swuucneuo zns scex BO3MOXHHX CJIyYaeB COOT-
HOWEHNA DA3MEPOB MONEPEeYHOTO CEYEHRS M IIYOMHH NMPOBWKHOBEHUSA.
Pe3aynrTary Buqﬂcneunﬁ LaHH B NDPUNOXEHUM K ZUCCEPTAUMM. DYHK-—
Iu A iﬁg Y. 2.£) NIpeACcTaBnfeT COOO# B OTHOCHTENBHHX
CANHEALNAX DA3HOCTH MEXANy cpenHelt TeNNepaTypot ¥ TeMieparypoi
B 70O/ TOYKE MONEpPEeYHOr0 ceueHus HarpesaeuMoro Tena npw
WAECANBHOU TEeNNOBOU WBONADNA.

B paGoTe npexcrasieHy W3O0TCPMH 3TUX pas3HocTeil B BUEE Ipa-
DWKOB, NMOCTPOECHHWX ZANA HauGonee X3aPaKTEPHHX Cllydaed WHAYKON-
OHHOT'O HAr'peBa TeN NPANOYIOABHOH GopuH. PesynsTaTH pacueTos
no fopuyne (I9) xopomo cXOZATCHA 0COGEHHO B KOHEeYHO! cTazum
Har' DEEa C NAHHHNA 3KCIIEDAMEHTOB, NPOBELEHHNX Ha NMPONHNIIEHHHX
W OINTHHX MHAYKOWOHHNX JCTAHOBKAX NMpPU Harpese 3aroTOBOK U3
8NONWHWEBEX CNTABOB, THTAKOBWX CMNABOB, MEeXW, NaTYRHHW, Helan-
ne0epa.

B pesynpraTe 0GpaGOTKHM MONYYSHHHX Pe3yNBETaTOB B MIOCKOCTH
OTHOMEHMA XapaKTEPHWX pa3MepoB ceyeHms 4/ OTHOCHTENBHOMH
ITyOMHH TPOHWKHOBEHWA ¢/a  NONYYOHA KDWBAS HYNEBOI'O I'pa-
IWEHTA TEMNepPaTypH MO NEepUMETPYy CeYeHWS ANA Das3HNX 3HAYEHMH
TEINNOBOr0 KeM.X., YTO NO3BONAET ONPENENNTH 30HW MEperpeBa M
HEZOIPEEA yT'IOB CEYeHWA NO OTHOWEHWH K cepefuHam rpaHelt,omn-
PEAENNTE YacTOTYy TOKA, O00ECNEYNBANNLYD HEOGXOZUMHA I pafUeHT
TENIIEPATYPH,8 TAKXE NATh NPHBOZWMHE B PaloTe peKOMEHAaHUH
M0 ME€TOXaM BHDABHMBAHWA TEMIIEPATYPHOT'O MONA B NONMEPeYHOM ce-
YEeHUH Tena npsAMOYTOoNBHOM (opMu.

Kpowe mcclnexnoBaHAA TeunepaTypEGrO.NMONR B NONEDSUHOM Ceye-
HWW HAar'peBaemMoil 3aroTOBKM B padoTe TAKEe DPACCMOTDPEH BONPOC
O DAaBHONEDEOCTH HarpeBa O IAMHE. JTOT BONDPOC ABIAETCHA HaW-
0onee BaXHHM NMpPA HHAYKUAOHHOM Harpese KPYNMEWX CNAGOB, ANA
KOTOPHX BINOJIHE MpHUEMIEMHM FABIAETCA HAUPSR HA NPOMKIIICHHOH
YacToTe, Nnpuy4eM, BCTAET BONPOC O BO3MOXHOCTW NMpPUMEHEBUS
MHOT'Oa3HHX WHAYKTOPOB, T.K. MOMHOCTH TpeSyDTCH BechMa GONb-
LHE€ M YyCTAHOBKA TaKWX MHAYXTOPOB MOXET 0OKA3ATH 3HAYUTENBLHOG
BIINfIHAe Ba DaBHOMEPHOCT® 3arpys3km ¢as3 UexcBoif cetn,

B paGoTe uccaspypTon TEMIEpaTyYpPHHE DpacnpereneBud TpH Bar-—
PeBE 3aroTOBOR B OZHOPA3HNX W MHOrO(a3HHX WHAYKTOpax,IpUBO-
AATCA pPe3yAbTATH SKCIEPHMEHTOB, & TAK X€ JaeTcCH 8HaANN3 pac-
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OpeleIeERS TOMOEpPAaTYDH IO "ZIAHE S&I'OTOBKA IpA MNOMOWA 30DP pac-
npeAeneEAA HAaNPAXEHEOCTH MAUEHTHOrO NMONH MO ANHEE AHAYKTOpA,
CHATHX B O0ZHO(JASHHX, ABYX(PASHNX H TPOX(PEA3HHX HHAYEKTOPAX.. JTH
SODDHE XOpOmO CXOAATCA C SIDpaMH, NOCTPOECHHHMHM AHAAATHYCCHEM
fnyrel (B wHOrOdasHNX WHAYKTODAX HCNOAB3YyETCHA NPURLUAN CyIepro-
SWOEM) IO DONyYeHEOH aBTOpOM dopuyne, xaomel SHAUEHNWA HANpAREH-

HOGTH Ha ocn HEIFETUP& 2y 3
Ty g gy T g

a G2-8 __ __f/z-r Z (2I)
"‘W‘?B’";f/;z ranbr | PG ‘V/éfﬂz)ﬁa’fﬁj

lloxasaHO, YTO BHCOKAA CTENEHH PABHOMEEHOCTH TEMIIEpaTypHO-
r'o MOXS NO AXWEE 38TOTOBEN HE MOXET GHTH NOIyYEHA B MEOI'OHas-
HHX WHAYKTOpax np¥ AnOOR cxeme coezmHeBMS KaTymeK. llpw zocra-
TOYHO XECTRWX TDEOOBAHHAX K Nepenazy Tesneparyp MO AAWEE Har pe-
BAEMOr'0 TEla DEROMEHAYeTCA RCNOJNE30BATH OfHOPA3BHE WHAYKTODH
MDA ONTHMAJERHOM COOTHONEHHM ZANHMH HMHAYKTOPA H 38Tr'OTOBKM C MCIO-
I530BAaBEHECM, 6CIH 3T0 BEOOXOZHNO, CHMMETPHRDYDmMHX yCTpOHCTE.

HexoTOpHE BONPOCH ONTHUMAJBHOTO YNDABJEHUA NPOLECCOM
MHIYKIBOBHOI'O HArpema

B gerseproit raaBe paGoTH paccuaTpMBaeTcH 3ajaia ofecrneye—
HAA MBKCHMATBHOX NOpPOM3BOAMTENHHOCTH, TPaKTyeMas Kak sazava
oOGecrnevueHEA MHHUMANBEO JNOCTHXMMOrO BDSMERM npomecca Harpesa
IIPDR yID&BIECHAK DEXWMOM CO CTODOHH MOUHOCTH TENIOBHAENOGHHA.

B ornuune OT M3BECTHOrO B TEOPHR ONTUMANBLHOTO YNpPABJEHHA
nozXoza K Taxo# 3azave, YTO B NDUIOXEHHMM K NpOLECCY Harpesa
MACCHBHHX TEX BEZéT K OTHCKaHUI NDPWOIMXSHBHO OINTHMANBHOI'O
yIpaBifomero BO3ZEUCTBHA C HeyNpaBiAfAeMo} NMOrpemHOCTHD B
AOCTHXCHHM 38ZaHHOT'O TEMNEPATYPHOrO NONA, 3AecCh paccNaTpH-
BAE€TCsA ZaHHasd ONTAMANBEHAA 3871848 B JCBOBHAX Hanepex 3azaH-
HOR ¥ NOHMMaeMO# B onpeZieNeHHOM CMHCNEe TOYHOCTH OCeCleueHUs
TpeOyeMoro TeMIeparypHoro pacnpeseneHus. [ozoGuuil noxxox,
pemasi B M3BECTHO/t Mepe 3a7ayy CHHTE38, 3HAYUTENHHO OTIMYAET-
CA OT TPANUUMOHEOrO, NpEACTABAADUETO JHMD NACCHBHNE BO3MOXHO-
CTH aHalW3a NnorpemHoCTe# AOCTHIaeMOr'o TeMNepaTypHOro MONA.

OOnYyHO cTeneHb HepaBHONEPROCTH TeMMepaTypHOrO HONA. |

@ﬁ g,z {) OUEHWBAETCA CPeNHEKBAJPATHYHHM OTHJI.OHEHHBH

12

0T TpeOYEMOT'0 paclnpeneneHus Mo o0nacTy V OIpezeneHUs 8
7.6, TpeOyeTCcA O0ECHEYUTH COOTHOIIEEHYE

2
J [ Qp(x,y,z,'r) “Usgfnyz, T)]a’ v<g (22)

rge | - MOMEHT OKOHUSHBA NpOLSGCA.

OnEaKO, TEXHONOT'HIGCKUM TPEeGOBARNAM HauGonee orneqaem pac-
CMOTpEeHEBe 80COIDTHOI'O OTKIOHEHHS TENMNEePaTYPH OT 38M8HHOTO IO
BCEMY OOBEMY HAI'peBaeMoro Tena,qyro COOTBETCTBYET 3aZaHHD
ONROKY PABEONEDHOT'O NMDHONAXEHUA B BUZeE:

/ gﬁ(xrsﬁm ‘5(1,54 anf<é | (23)

lipy PRKCHPOBAHHOM YHUCIE WHTEDPBANOB ONTHMANLEOIO ylnpasle-
HAA peneiHOR QOpUH HEOOXOZUMHE COOTHOWEHWA ZNA Onpeneneras
HEW3BECTHHX ZNUTENBHOCTER BCeX MHTEDPBANOB YNpPABAGHUA ONpe-
RENADTICA M3 YCHOBHA OPTOT'OEAIBLHOCTE B TOYKE KOHIA Npomecca
HOopMan¥ K I'paHnne o6nacTd, QRKCUpyOme# B TepMEHAX (PA30BO-
'O NPOCTPAaHCTBA AOMNYCTHMYD TOUHOCTH Npouecca, W BCeX nuHei-
HO HE3aBUCHMHX BEKTODOB, KacaTeIBEHX K K DMBHM, NeXamuM Ha
I'€OMETPHYCCKOM MECTE TOYEK, AOCTHUXHMHX NpH ONTHManNbHEOM dop-
Me yNpaBleHWA 3a PUKCHMPOBAHHOE BPEMA W3 AAHHOI'O HAYANBHOIO
COCTOSEMA (YCNIOBHME TpPaHCBEPCANBHOCTH).

KoBkpeTHHE 38%8u¥ ONpezeNecHUA ONTENANBHOIO MO GHCTPOAEH-
CTBAD YNpaBIEBAA DACCMATPRBADTCA B padoTe HA YACTHOM NpHME—
pe cayyad ¢ NMOBEPXHOCTHHM DacnpezeNneHHeM HCTOYHWKOB, Xapak—
TEPHOM XNA Harpesa CIAGOB NPOMLMNEHHWX IaGapuToB. U3 aNoMu-
HWEBHX CNNABOB Ha ITpPOMLMJNIEHHOR W OOJNee BHCOKUX YacToTaX.

[ipy 2TOM TeunepaTypHOE pacnpefeNeEne NpeAcTaBiAAeTCA B

dopue

@(m EXHMC"S/“ i Mlx=KT, (24)

K=0

rae Z, Cfp - COOTBETCTBEHHO OTHOCHTENbHHE 3HAUEHHA

KOOPZIMHATH W BpeMeHW; Xx (/) - xoa(puuueHTH pAna Qyp:e.
pn 3azanroit BenwymEe £, CpeAHEKBAZPATAYHOA OMUOKM MO
(22) rpamuna coorseTcrTBypmeR® o6macTH, onpezenswmedl Lo
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B a30BOM NPOCTPAHCTBE KO3DPUIMEBTOB Xi

BRIEC oo
S{f) =Xaz"' :gi' ZXKZ"‘ &o =0
- Kei

NpescTaBnfeTcA B

(25)

Hcnons3yeunit 3 padoTe METOX NMO3BONAET ONDEAENMTE: B IAHHOM
CNyyae MUHMMANBHO ZOCTURUMYD OwneKy Emin B YCIOBUAX (HKCU-
POBSHHOI'O 9WCla WHTEDPBANOB YNpaBleHWA, YTO B CBOK OYEpenb
NO3BONAIET MO 33N aHHOK BENWUMHE OMWOKM HaiTH TpeOyeMoe uucno
REHTEpBaNOB. B paCoTe ZAA npuMepa pelleHa 3azauva onpezeieHus

&min TDPB ABYXWHTEDPBANBHOM YIpAaBAEEUM.

B paGoTe Takxe pemaeTcH ONTMMAaNbHAA 3azaya Npy QUKcauum
ZONYCTHMOW mOorpemHOCTH B Jopue (23), NpuUueN, NMOKA3WBAETCA
HENIPDYMEHUMOCTE B JAHHOM CNyyae yCJAOBMA TPAHCBEPCANBHOCTY B
NpHBEREHHOR Bhme QOpMYNNDPOBKE. PemeHne CTPOMTCA HA WCHONB-
30BaHWY CBOMUCTB TenMNepaTypHOT'O MOJA B KOHIE ONTHMANLHOI'O
nponecca, QUMKCHDYDUMX HA NpPEZENBHO ZONYCTUMOM YDOBHE Teunepa-
TYPH BCEX TOYEK 3KCTDEMYMA DE3YABTUPYLMErO paclpeleneHus,kK
KOTODHM XOGABNAECTCHA TOYKA ITOBEPXHOCTHM ANA CAYYAS OLUCKH MY-—
HiMaKca. PonIb 3TOj# TOYURM ANA 3a7aul ¢ BHYTPEHHWN TENIOBHIE-
JIeHneN BHIONHAET ZOMONHWTENBHAA TOYKA 3KCTpPEMyMAa, GluEajiuas
K NOBEDXHOCTH Tena. JaHHHE CBONCTEA CBOZAT ONTUMANBHYW 3a-
Aa4y K DEmeHNN CHCTEeMH TPaHCHEHAEHTHHWX YPaAaBHEHU! znsa TeMIe-
PaTyp B YRAa3aHHHX TOUKAX OTHOCUTEIBEO WCKOMHX ANMTeNbHOocTel
METEPBANOE yNpaBJCHUA N BENWUWHH ONMOKY MyHWMAKca. 3TH ypas-

HEHUA B KIacCe ABYXWHTEPBANbHHX ynpaanenﬂﬁ onpezenADNTCH COOT-
HOMEHA AMY 3

(2)

- )  30:(l3
@{0) 6!7?!.}? &ff mm;@/&?) 6 Y -0} (26)

a B KIacce TPEeXUHTE PBANBHRNX:

r3) (3) 3)
9 3f0) = - 5mfm 39 * gmin, 93(&,} 6mm ) 93(892) 5 (

dOs(es)  364(t3,) 27
ot g U -
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BeNMYMEE £ > £ mm

3necs: 1>€3>0; 1>€4,>65,>0; € 5

o —TOYKHM IKCTDENyMa
pe3yibTHPYNWEr0 pacnpemenexus: min  — ONKHOKA MUHWMaKca

B COOTBETCTBYOMEM Kjacce YIpasneHuit.

Pe3ynpTaru, IONYyYEHHKEE MyTeN pemeHusn COOTBETCTBYOMUX CHC—

TeM ypapHeHWi Ha 3JUBM "Ypap-3© npencmaaneﬁu'g_rpa@uqecnoﬁ
Gopue, yROGHOH ANA pacueTos. Jns sagaunm ¢ & op

NOJIyueHy
NpNONMECHHHNE aHANTWTUYECKHue BHpaHEHHH, onpeznenfomue ;
ANUTENBHOCTE BTOPOTO HHTepBaHa
exp/-Th) =1L s //- ¥),
(28)
AJUTENHHOCTE NEPBOr0 YHTEpBana
0 - N+ A (W)« 0.0055
7 1+ Y (29)
KOODAWHATY TOYKM IKCTPEMYNA
dinTls 4
73 7/ (30)
OWMOKY NMHMMAKCA
(2)
min = 003/4— ¥)-00t46(1-¢)
(31)
rae ' - KpuTepHit HecuMMeTpuh ynpaBnfwmero Bo3xelicTBUA;
Y — OTHOCHTENBHOE 3HAaYeHWe HayalNbHO{l TewmrepaTypl.

[lapaueTpn anﬁg¥anbﬂoro YNpaBneHu npu (pUKcUpPOBAKHOM
Gyﬂyr ONpezenATHCA DHpaAXEHUAMY:

&= T Tl (2tg T2 -785),

(32)
_ - 1-¥Y 7
St Tfa) o 507{77353 pias
+ - _f {1-¥ .
7 1+{ [\) ‘W me jwé;;fi 5] (34)

B padore Takxe npuBOAATCA COOGpaxEHMA MO PEWEHUD ONTH-
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ManpEO} 387844YM IO MPHEMBSANEE OmBOKH DABHOMEPHOI'O NpUCIuEZe-—
ERS K TpeOyeMoNy pe3yabTHPYDHEMY pacnpezelcHRU 3a PUKCHUpO-
FaHHOE BpEMs Harpesa  , HGMCUCGHH MyTE pEemeHMA C YyUeTOM
orpaERYcHER Ha fasoBye KOODZMHATH, OMpeZeNeHN NyTH peannaa-
q¥B ONTAMANTHHOr'O yMPaBJICHRA WELYRKIMOBHHM HAI'DEBOM MACCUBHHX

TEd.

BUGpOCTORROCTE MHZYKTODOB NPANOYTOIBHOR $opNH

B maAToff ruaBe paGoTH BHWACHSADTCA NPRYMEH BOSEHAKHOBEHRA K
» xapaxTep BACpanmEi OOMOTKHM BEAYKTOPa, ONDEACIHEICH WHEGHOD-
Huff MeTOXR ZWEANMMYECKOT'O pacyeTa MELYKTOpa, BaMCUabTCHA NyTH

ycTpaEe HAS BACpAnuil W myMa.
B paGoTe NOKA38HO,YTO 3IEKTPOZREANRUECKOE ZABICHWE, ne -

cTByDLEe Ha OCMOTKY MEAYKTOpa, MOXHO BHPA3WIb B BRAC:
&
R = 315107 Fs ——-(4'+¢:052wf),

T e g

r7E: @E;é) - onpezensercA swpazerne (II); P, M —co-
OTBETCTBEHHO YZAENbHOE CONPOTHBIEHAE M OTHOCHTENBHAS MarHnT=
Had MPOHWNAEMOCTH HarpeBaeMofl 3ar0TOBKH; W:Zﬂf - yrio-
pas yacTOTA TORA MEAyKTOpa; A¢ -IOBEPXHOCTHAA MIOTHOCTH
MOWMEOCTH ,JOTTIONaeMOit HarpepaeMolf 3aroToBKOH.

M3 Bupazenms (35) cunezyeT, ITO MarCAMANBHHE YCHIHA BHO—
pang# BOSHERRADT KAK pa3 ANA DaccMaTpuBaeNHX B padoTe MONMHHX
JCTAHOBOR ZNf WEAYKIMOHHOTO HArpeBa KPYyMHOTAGADMTEHX H3AEs
NR# ¥3 HEeMarERTHHX MATEpRaJOB C HUBKEM YACHBHHM COIDOTUBNE-
EveN (weApr, anmpMUHEY) TOKAMM INPOMHUIEHEO# Y8CTOTH.

B pa0oTe NMOKa3HBABTCH,YTO C TOUYKW 3PEHMA KWHAMHUYECKOTO
pacueTa HHAYKTOP B NONEPEYHOM CEYEeHHMY MOXHO paccMaTpyBaTh
B BRZe YNUpyroit pawH, pacyeT KoTopo#t ¢ npuemiaemoit ZAAA Npar-
THKA TOYHOCTHD MOXHO BECTH II0 MeTOAY NpwseaeHud. LnNg nony-
YeHHOU TaKBM METOIOM CHUCTEMH C OZHO# cTeneEs® CBOOOZAH
ypaBHEHRE KoleOaBnyf OyneT BMETH BRZI:

e 2 |
C%E‘ffznﬁ_g’_’-...p z/u-};—//..-(bjz”wf), (36)

(35)

16

rae Y - aumsTyza xomeGampy TOURE B CODEXMHe WHDPOKOlH
CTOPOHH BEAYKTODA, £,/ =~ cooTeTcrmemHo IPUBEZCHENE CHIIa ¥

wacca, £ - Epyrosas wacmora COGCTBEHENX KoaeCammil BWEIVE
opa, /7 = KODQOUIMEHT, XaparTepEaynmui BA3KOCTE :

Pemenne ypasHeEMs (29) npm HYNIeBHX HAUaNBHEX ycnonﬁﬂx nnH
ycTaHOBUBIErOCHA DEEMMA HMEeT Buj:

b= Fem[1+ )], -
cm[ KQCO:!(wa ﬁ)]_, Gn

rae Yem - crarmueckmi IPOT'RG;

1/ ,
/r = = ———
Vi ey o

- RO30PHLIIMEeHT NMHAMEYHOCTH :

'jg::Cbzcégrj?ﬁMir_ﬁ._

Prlur®

(39)

~ CABHT pa3, xaparTepHayrmuit OTCcTaRaEMe ba3u mepewmemeHnus oT
a3y Bo3Mymawmel#l culy.

JPOBEHh BOIHWKALMETO B OKpyxapmelt ¢peze 3BYKOBOro nap-
TEHWS MOXHO NpPEJCTABHTE B BHAE:

) U |
Y -20@ e (99) (40)

rae % - 90PEeKTHBHOE 3HaueBue RoNeGaTensHOMN CROPOCTH
Ha nopore CiILmEMOCTR, ANA BO3AYXa paBHOe 5_._._10"'8 M/cex,
1/ - a20PeKkTUBHOE 3HaueHue CKODOCTH BuUApaunit, pasHoe

=”ﬁ‘w'¢W'ﬁ'g ﬁn[z”wf'ﬂ) (41)

B paGore noxkasano, 4ro HauGonee apeKTUBHON ABNAETCH
0Opr6a ¢ WyNOM HENOCPEACTBEHHO B WCTOYHMKE, KOTOpasA ocy-
MECTBNAECTCH HUAM BHOpOT'ameHHeM, W4 BUGpoONoryiaueHueM npn-
16N, waTepuanoM, yZavyHO coyeTapmuN 063 3TUX cBO#ficTBa, &

TAKEe CNyEaWUM XODOmHUN 3JIEKTPON3ONATOPOM, ABNASTCA CTEK—-
AONNacTHK.
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