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lNoka3aHOo, LU0 NPOeKTYBaHHA Mpo-
uecis i anapaTiB TenjaoMacoobMiHy
norpebye MeTOHIB  HEPYNHIBHOTO
BUMIpIOBaHHA nsowi 06MiHHOT NoBepx-
Hi. Jns UbOro 3anpornoHoBaHi 3ropT-
KN 300pa>KeHb, fAKi OTPUMYHOTb-
cA B KOMMIOTEpHOMY Tomorpadi.
EkcrnepymeHTanbHO  NifgTBepa>KeHa
HasABHICTb MaKCUMYMY Ha 3a/1e>XKHOCTI
iHTEHCUBHOCTI Ten/somMacoobMiHy Bij
3HayeHb Takux 3ropToOK, WO [03BO-
NSie CTaBMTMW Ta po3BA3yBaTU 3a4adi
onTUMI3aLir TEeXHOMOMYHMUX MPOLECIB i
KOHCTPYKLiii 06MiHHMX anapaTis

Kntouosi cnosa: TenjiomacoobmiH,
MOBEPXHA TenjaoMacoobMmiHy, reTepo-
reHHi MaTepianu, KoMMn 1oTepHa TOMO-
rpamMa, ppakTasbHa 3ropTKa

o 0

NokasaHO, 4YTO MPOEKTMpPOBa-
HMe MPOLLeCCOB WM annapaToB Tenno-
MaccoobMeHa Hy>KaeTCA B MeTofax
HepaspyLuarLLero M3MepeHns nnoLa-
v 06MeHHOWN nosepxHOCTW. Ans 3Toro
npesfio>KeHbl  CBEPTKU  mM306parke-
HWA, MNOMy4YaeMbIX B KOMMbHOTEPHOM
Tomorpade. 3KCrnepyMeHTaNbHO MOA-
TBEP>KAEHO Hannume Makcumyma Ha
3aBUCMMOCTU WMHTEHCUBHOCTMW TENso-
MaccoobmeHa 0T 3HaYeHWn Takmx caep-
TOK, YTO NO3BO/ISET CTaBUTb MpeLwaThb
3afaum oNTUMM3aLMN NapameTpoB Tex-
HONOTMYECKNX NMPOLLECCOB M KOHC T PYKLMIA
06MEHHbIX annapaToB

Kntouesble cnosa: TenjiomMaccoob-
MeH, MOBEPXHOCTb TeniomaccoobmeHa,
re-TeporeHHble MaTepuanbl, KOMIMbIO-
TepHasa ToMorpamma, (hpakTasbHas

1 BBejgeHue

Bo MHOM1X 0Tpacnsx MalMHOCTPOEHUS, XUMUYECKOA,
He(hTerasoBoW, (hapMaLleBTUYECKOW, MULLEBOM M MPOYMX
061acTAX MPOMBILLJIEHHOCTM Peaiu3yoTca MpoLecchl,
OCHOBaHHbIE Ha TEM/0Macco0OMeHe Ha rpaHuLax Mexay
COCTaBASALWMMMN TEXHOMOTMUIO FETEPOreHHbIMU MaTepua-
Nnamu, KOMMOHEHTbI KOTOPbIX MOMYT HaXOAMUTLCS B IHO6bIX
arperaTHbIX COCTOSHWSX: TBEPAOM, XWUAKOM, ra3oobpas-
HOM M Nfia3MeHHOM. ABTOMAaTW3MPOBAHHOE MPOEKTUPO-
BaHWe TaKuX MPOLECCoB, a Takke 060pYL0BaHUA 41 UX
peanu3aummn, HeBO3MOXHO 6e3 afleKBaTHbIX Mogenei SB-
NEHN, NPOUCXOAALLMX MPU TEMTOMACCOOMEMNC, W HOBbIX
pacyeTHbIx MmeTogos B CATP.
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2. AHanu3 nnTepaTypHbIX JaHHbIX 1 NOCTaHOBKA
npo6nemsbl

lMpouecchbl, B KOTOPbIX 0OMEH BELLECTBOM W/UNN 3Hep-
rveii OCYLLEeCTBASIETCA Yepe3 rpaHuLbl Mexay 3SMneMeH-
TaMU TeTeporeHHbIX cpef, BecbMa pasHo0bpasHbl. 310,
npexge BCcero, Tenjoo6mMeH, MaccoobMmcH, agcopbuus,
abcopbuua 1 MHorve gpyrue. HayuHbllii 1 NpakTUYeCKni
MHTEPEC K HWM OFPOMEH U He 3aTyxaeT YXe CTONeTws,
T. K, UMEHHO TPaH3UT cybCcTaHLMK Yepe3 rpaHuLly onpe-
[ensieT MHTEHCUBHOCTb 06MeEHa, a 3HaUuUT, BCe ero TeXHu-
KO-3KOHOMMWYECKMe MOKasaTeNn, BKIOUas KOHCTPYKLMIO
060py0BaHNs, CO34aBaeMOro A/isi MPOBEAEHNs 3TUX NPo-
LieccoB. [aHHble MPoLecchl OTHOCATCA K TepMoAuHamuye-


mailto:stanovsky@mail.ru
mailto:okssave@gmail.com
mailto:igor.prokopovich@gmail.com
mailto:alla.androsyk@gmail.com
mailto:marianna.dukhanina@gmail.com

CKVM, CaMOMpPOM3BO/bHBIM U OMWCBIBAKOTCSA, Ha MepBbIid
B3rNs4, NPOCTbIMU 3aKOHaMW.

Tak, B KaueCTBe OCHOBHOI0 3aKOHa TennooTAauu npu-
HAT 3aKOH HbIOTOHa, M COOTBETCTBUM C KOTOPbIM KOnue-
CTBO Tenna cl<2, 0TAaHHOE 3/IeMEeHTOM noBepxHocTH cill ¢
TemnepaTypoii [MB OKpy>aroLLyto cpedy C TeMnepaTypoi
K,, 32 BPEMS CK, MPAMO MPOMOPLMOHANbHO PasHOCTU TeM-
nepatyp (tll- 1rp) v BennunHam 6E u (k (1, 2J:

clC=a(?:cr YR K> ()]

a Mnpn yCtaHOBMBLUEMCA COCTOAHUKM npouecca TCMXKTAa-
4n, Korga temnepartypa cpegbl 1 MOBEPXHOCTN OCTakOTCA
HEN3MEHHbIMMW:

O=a("T-Mx)PT O, 2

rge a - KoaguumeHT TennooTgayn.

Kak cka3aHo BblLLe, BeNMUMHA KOI(ULIMEHTa TEMNSIO-
0Tfaun a, B CBOI O4epefp, 3aBUCUT OT GOMLLLIOrO Yucna
(haKTOpOB:

-pofa XMAKoCTK (ras, nap. kanesbHas XWAKOCTb);

-XapaKTepa Te4YeHUs XWUAKOCTU (BbIHYXAEHHOE WK
cBO60AHOE);

- (hOpMbl MOBEPXHOCTM U Ce NNHEWHbIX Pa3MepoB;

- COCTOSIHUA MOBEPXHOCTU (PACTBOPEHWE, OCAXKAEHNE);

- COCTOSIHMSA M CBOMCTB XMUAKOCTMW (TeMnepaTypa, Aas-
NeHne, NAOTHOCTb WAWU YAENbHbIA BeC, TEMNOEMKOCTb,
TenNoNpPoOBOAHOCTb, saskocTs VT.IL);

- napameTpoB [ABWXKeHWUs (CKOPOCTb, TypOyneHT-
HOCTb);

- TemnepaTypbl NOBEPXHOCTU.

OCHOBHbIM KMHETUYECKUM YpaBHEHVEM MacCOO6MEH-
HbIX MPOLECCOB SBMSETCA YpaBHEHWE Macconepesaudu,
KOTOpPOE OCHOBAHO Ha OBLUMX KMHETUYECKMX 3aKOHOMep-
HOCTAX XMMUKO-TEXHONOrMYECKMX npoLeccos |3].

CkopocTb npouecca [B Kr/(M-C)) paBHa AHWKYLLENR
cune [, feneHHol Ha conpoTusneHne S

6M/()P = A[14d, 3)

rae clM - KONM4ecTBO BELLECTBA, MepeLLeLlero 13 ofHol
(hasbl B ApYryto B eauHuuy BpemeHu: (7 MOBEPXHOCTb
KOHTaKTa (pas.

Mpn ycTaHOBMBLLEMCA COCTOSSHUM MpoLecca MaccooT-
[lauu, Korga teMrnepatypa cpefibl U MoBepXHOCTU OCTaOTCA
HeW3MeHHbIMMW, 0603HaunB 1/A-K, nonyymm

M= KJE . ()

B nocnegHeM BbIpaXeHUW, Ha3bIBAEMOM OCHOBHbLIM
YPaBHEHMEM MaccooTfauun, BenuunHa K XxapakTepusyert
CKOpOCTb MpoLecca nepeHoca BellecTsa W3 oaHol (asbl
B Apyryto. Ho aHanorum c npoweccoMm TenaooThayn Ko-
3MLMeHT K HasbiBaloT KOAPMPULMEHTOM MacCoOTAauN.

3aBMCMMOCTb KO3((ULMEHTOB Tenj00TAauM U Mac-
COOTAauYM OT 6O/bLIOro yncna (aKTopoB He MO3BONSAET
[aTb 00LLyt0 hopMyny ANs ero onpefeneHns 1 B KakaoMm
YacTHOM cnyvae Heobxoaumo npuberatb K OMbITHbIM MC-
cnepoBaHuam [4]

M3 (2) n (4) HenocpeACTBEHHO BbITEKAET, UTO Takue
nccnefoBaHWs AOMKHbI ONUPaTbCH Ha 3HaHWe MoLlaam
Tenjomaccobmcua P B Nt060OM BapmaHTe 3KCMepUMeEHTa,
4TO MO3BOMUT (PYHKLMOHA/ILHO CBA3aTh 3Ty MAOWafb C

napameTpamy TEXHONOTMM U KOHCTPYKUWUIA W NOAy4MTb
3aBMCUMOCTU N8 06paTHOro pacyeta nnowianeli B3au-
MOJENCTBUA (3, 3HAUUT, ¥ KOHCTPYKLMM O6MEHHbIX anmna-
patoB) B CAIP |5, 6). B T0 e Bpemsi, KaK YKa3blBasoCb
BblLLe, MN/oWadb Tensomaccobmcma P B HenoABMXKHbIX,
a TemM Goniee, NOABWXHBLIX OOMEH HMKaX, TakXe BecbMa
CTOXaCTUYHa AaXe A4/ annaparos CO CTPOro YCTaHOB/IEH-
HbIMU rabapuTamm.

MoaToMy HenocpeCTBEHHAsA OLEHKa TEKYLLEro 3Haye-
HWA Takol N/oLWaau MO3BONSET Pa3sOMKHYTb KPYr «Afs
onpefeneHna K Hago 3HaTb P, a gnga onpefeneHus P Hago
3HaTb K».

OueBMAHO, UTO IKCNEPUMEHTbI /151 TaKOMN OLLEHKU JOMK-
Hbl ObITb HepaspyLLlatoLLWIMKA, MO3BONAIOWMMU MONYUYUTD
MaKCUMasTbHYH0 MH(OPMALLMIO O MPOCTPaHCTBEHHOM pacno-
NOXEHUW TpaHuUL, TennomMaccoobmeHa 18 MoCNeLytoLero
OLLEHMBaHUA WX M/IOWAAN, AUCTIEPCUN U APYTUX TeOMETPU-
YECKMX XapaKTepUCTUK. Ha cerofHsLLIHWA eHb CyLLecTBY-
€T Crnocobd MOC/ONHOTO CKaHWPOBaHUA BHYTPEHHUX 30H
pasfINYHbIX TETEPOreHHbIX OOGBLEKTOB, - 3TO KOMMbHOTEP-
Hasl ToMorpadms, OfHaKo, OHa MPUMEHSETCS, B OCYOBHOM,
B MeAuLUVHe A1 NPOCBEYMBAHUA BGUOMOTMYECKUX TKaHei
(7, 8]. Kpome ToOro, pesynstatoM TOMOrpagum ABnseTca ce-
pUst N3006PaXKEHNI, COAEPXKALLYHOCS B KOTOPbIX UHTErpasib-
HYI0 MH(OPMALMIO BeCbMa TPYAHO OLLEMUTb YUCIEHHO.

OCHOBHble PM3MYeCKMe 3aKOHbI, OMUCbIBAKOLLME TemM/10-
MaccoobMeH Yepe3 MOBEPXHOCTb, BECbMa MPOCTbl U cofep-
XKaT B KayecTBe apryMeHTa rnepByto CTeneHb NOLWaamn 3Toi
noBepxHocTy. Kasanock 6bl, NpW NPOYMX paBHbIX YCI0BUAX
(MHTEeHCMBHOCTbL ¥ BpeMs 06MeHa) NnoLaab, bak Lienesas
(hYHKUMA ONTUMM3ALMW MPOLLECCOB WM annapatos, AOSDK-
Ha NpW NPOEKTUPOBAHWUM MOCNEAHUX MOHOTOHHO BO3pac-
TaTb, - YBE/IMUUTL MOWALb BCerga 03HayaeT MOBbICUTbL
06MmeH! K coxaneHuto, B peanbHbIX YCMOBUSX BCerja Ha-
X0JATCA 06CTOATENbCTBA, He MO3BOMAKOLLME HapaLiMBaThb
niowais obmeHa 6ecrnipefenbHo, - 3TO U rabapuTbl annapa-
Ta, U NpefenbHoe YBEeNUYeHe KOIMYecTBa ero 06MeHHbIX
aneMeHTOB (Tpy6OK, HacafoK, Tapenok), W npefenbHoe
M3Me/bYeHNe rpaHyIMPOBaHHbLIX M MOPOLLKOO6Pa3HbIX Te-
M/710Macco06MeH H KOS, 1 MHOTOe Apyroe. 3 ro onpejenser
Hanmune Makcumyma LeneBoli PYHKUMU - KOMMYecTBa
nepeLLesLLIero Yepes rpaHuLy aHeprum H(HAM) BeLLECTBa, a
3HAYM TH MOWCK TaKUX XapaKTepPUCTUK MPOLIECCoB K arna-
paToB, KOTOpbIe JOCTAB/IAOT 3TOT MaKCUMYM.

MapafoKc 3aknoyaeTcs B TOM, YTO, Ha3Hayas B Mpo-
Liecce NMPOeKTUPOBaHMSA napamMeTpbl U pasMepbl, Mbl HE MO-
XeM fake NpubAU3UTENbHO rapaHTMPOBaTb UX peanu3a-
LMo B peasibHOM 00beKTe. Hanpumep, peanbHas niowajb
MOBEPXHOCTW TennoobmeHa, - BEIMYMHA, /Wb BecbMa
Npr6AM3NTENILHO COBMajalolas C TeM 3HaYeHUeM 3TOW
nnoLagn, Kotopoe MOXHO MOyYUTb pacyeToM, aHanu-
31pys YepTeX TennooOMeH HOro annapata. ATO CBA3aHO,
BO-NEPBbIX, CO CIOXKHbIM, CTOXaCcT MYECKUM penbedpoM Mno-
BEPXHOCTM (LUEPOX0BATOCTHI0 Ha MUKPOYPOBHE W OTKNO-
HEHUSAMMW OT CTaHAAPTHLIX PasMepoB - Ma MakKpOypOBHE),
TennoBbIMU JeopmaunaMm 1 np. Kpome TOro, KpUTU-
yeckoe COMMXKEeHMe MOBEPXHOCTEN TenjaomMaccoobMeHa,
Hen3beXxHoe MNpu YBEMYEHUN KONMYECTBa 3/1IEMEHTOB,
MOXET WCKa3UTb Heto (PU3NYECKYIO MOJenb MpoLecca,
yZansn cc oT ONUCaHUM «NpOoCTbIX» PU3NUECKMNX 3aKOHOB.
ELle cnoxHee u ctoxarTMusce Aeno o6CTomT Torga, korga
3NeMeHTbl TENN00OMEHHUKA He TOMIbKO He MMEHT «CTaH-
[apTHbIX* pa3MepoB (NPOM3BOSbHBLIE KYCKWU MaTepuana),
M0 eLLe 1 NepeMeLLatoTcs B NMPOCTPAHCTBE U BPEMEHN.



BITUX YCNOBUAX NPUXOAUTCS PaccumTbiBaTh Ka Mnpsi-
MOE M3MEepeHMe CyMMApHbIX MOBEPXHOCTEl 37eMeHTOB
reTeporeHHbIX CPef, Ha OMbITHLIX 1 1abopaTOpPHbLIX 06pas-
uax. Co3faHue METOAOB TaKoro M3MepeHusi, NpuYem He-
paspyLlaloTero, a Takxe BbisBNEHME NapaMeTpoB (UeM UxX
MeHblLLE, TeM Nlydlle), KOTOpble HEernocpefcTBEHHO K3Me-
PAKOTCS B3TOM CflyYae, W sIBNSieTCS OCHOBHOM Npo6nemoi
MpW peLLeHny daHHoli 3agauun.

3. Lenb v 3aaaun nccneaoBaHust

Mcxoma n3 U3NodXXeHHOro, Lenbko paboTbl 6bI10 NPUHA-
TO NOBbILIEHVE 3(PEKTUBHOCTA ONTUMM3ALMM Napame-
TPOB TEXHOMOMMWU N KOHCTPYKLMW TennioMacco6MCHHbIX
annapatoB B CAIP nyTem pa3paboTKn MeTOLOB HCpas-
pyLLAOLLEro KOHTPONSA FeOMEeTPUYECKMX XapaKTepucTuk
Takoro obmeHa. 3TN XapaKTePUCTUKM LO/MKHbI BKIHOYATb
KOMMbIOTEPHYIO TOMOrpatnio BHYTPEeHHel paboyeil 30HbI
annapara, ¥ KOTOPOM MpPOTeKalT 06MeHHble MpoLecchl, U
NOC/eLyIoLYH0 CBEPTKY Ce Pe3yNbTaToB K O4HOMY YMCny
W1 BEKTOPY Masioil pa3mMepHOCTH.

4. ONTMMU3aALUS NapaMeTPoB TEM/I0MaccoobMeHa ¢
MOMOLLbI0 (DPaKTa/IbHbIX CBEPTOK KOMMbIOTEPHbIX
TOoMOrpamMmm

MpPOEKTUPOBLLMKM CTPEMSTCS CAenaTb MOBEPXHOCTb
TENN0MaccoO6MeHa Kak MOXHO 60/bLUe, COXPaHWB Mpu
3TOM N6apuTNble pa3Mepbl COOTBETCTBYHOLLE OCHACTKM
UAK annapara. 3To 3aCTaB/ISET UX U3MENbYATb OTAE/bHbIE
3/1EMEHTbI, Ha MOBEPXHOCTW KOTOPbIX MPOTEKAET MpoLiece,
W NpefenbHO YCNOXHATL WX opmy. MoaTomy npsiMoe
“3MepeHne MOBEPXHOCTM o6MeHa B 06beMe anmapara nc
MpeLCTaBNAETC BO3MOXHbIM. Boniee peasibHbIM BbITNS-
OWT OMEHKM 3TOl NOBEPXHOCTM C MOMOLLbIO TOMOrpaMm. B
KNaccu4eckoli TPaKToBKe Mog Tomorpadueld NoHUMaeTcs
MeTO4 PEHTreHONOrMYEcKOro WCCiefoBaHus, KOTOPbIM
MOXHO MOJSTYYUTb onvH CHAMOK (PUC. 1) UAKM MHOXECTBO
Mofo6HbIX CHAMKOB, SIBNSIIOLLMXCS M306paXKeHeM napai-
NENbHbLIX CEKYLLMX CI0EB Ma/IOW TONLLMHBI 6, NeXalmx Ha
3afjaHHbIX Fy6UHAX UCCeLyeMOro 06beKTa.

Ham6onbluee pacnpocTpaHeHue Noyunn MeTof CheM-
KW. MpW KOTOPOM MCCNefyemblii 06bEKT OCTaeTCs Henog-
BMKHbIM. @ PEHTreHOBCKas TpybKa M KacceTa C NAgH-

. KacceThl,

KO COrnacoBaHHO NepeMeLLaloTcsl B MPOTUBOMOMOXHbIX
HanpaBneHuax. MpyY CUHXPOHHOM ABVXXEHWUU TPYOKU K
YETKMM Ha MAeHKe MoflyyaeTcs TOMbKO He-
06X0AMMbIiA CMIOI, TaK Kak TOJ/IbKO ero BKNag B 06LLyto
TeHb OCTAETCS HEMOABUXXHbLIM OTHOCUTE/IbHO MNEHKM, BCE
OCTa/lbHOE CMa3bIBaeTCs, NOYTU He MeLlasi NpoBOAWTb
aHanun3 nofyyYeHHoro n3obpaxeHus {8

PaHee peHTreHoBCKas KOMMbOTEpPHas Tomorpagus
1CMOMb30BaNach, B OCHOBHOM, B MeAMLMHCKOW AMarHo-
CTUKe, B HAaCTOsILLE paboTe ee MPUMEHUNN A1S 06bEKTa
HEXUBOW npupofbl. B 4aCcTHOCTM, 3KCNepUMeHTbI Mpo-
U3BOANNY C TaKNM OGBEKTOM MOBEPXHOCTHOMO Maccooo-
Mmcra (aaresvn) Kak CUHTETUYECKUIA rpaHuT (CuHTerpan,
COCTOALMIA U3 TpaBusi, NMeCKa M HArMOJHAIOLLEA CMOJbI).
Takas 3aTBepAeBalOLlas CMecb [BWXKETCA M0 KaHaniam,
3amnosiHsieT OCHACTKy, MOCTOSIHHO nepemeluuBasch. [pu
3TOM MOBEPXHOCTHbIE SIB/IEHNS MPOTEKAIOT He TOMbKO B
MPOCTPaHCTBE, HO U BO BPEMEHM.

C [pyroii CTOpOHbI, OT UHTEHCMBHOCTW aAresunn 3a-
BUCUT HC TOMbKO MPOYHOCTb 3TOr0 KOHCTPYKLMOHHOIO
mMaTepuana, Ho ¥ MHOTME ero (Pru3Muyeckre CBOICTBA W
NoTPe6bUTENLCKME XapaKTepUCTUKN.

Tomorpagmyeckme U306paKEHNA TEXHUYECKUX re-
TEPOreHHbIX MaTepuanoB TWHA CuUMTerpaHa noay4u-
JNCb CNOXHbIMKW, BbINOMHEHHbLIMA B OTTEHKaX CEporo
(256 rpapaumii apkocTy 0T 0 - YepHbIin fo 255 - 6enblit) 1
cofiepXKallyMy KOHTPaCTHbIe Nepexofbl U Menkue aeTam
(pvic. 2), Bce 310 N03BOMISET OTHECTU UX K DOTOpeanncTu-
YECKUM, TPeOYIOLMM 3HAUYNTEIbHOW MOBUAM3aLMM BCEX
KOMMbHOTEPHBIX PECYPCOB MPY UX CBEPTKE.

[na n3obpakeHnii NO4O6GHOro TMNa MOXHO BbIAENNTb
TPU OCHOBHBIX B1Aa PPaKTa/ibHbIX CBEPTOK, 06/1a4ar0LLIMX
Pa3IMYHLIMK CBOWCTBAMU U MOAXOAALMX AN PeLleHns
pa3nnyHbIX 3aga4 NPOEKTMPOBaHus (Tabn. 1).

Tak. cBepTKa C MOMOLLbIO pacyeTa XaycAopJOBCKOA pas-
MEpHOCTU MpeacTaB/sieT co60i OfHO umMcno, yao6Hoe Ans
3KCMpecc-aHaM3a COOTBETCTBYHOLLMX MpoLiecca U annapa-
Ta, CBEPTKA C MOMOLLBIO MPUHLMNA CXUMAOLLMX 0TO6pa-
XXeHUI npefcTaBnsieT coboi 3HaUNTENbHBIA MacCKB umcen,
KOTOpbI/ MO3BOMSET, 04HAKO, [OBO/ILHO GbICTPO BOCCTAHO-
BUTb MCXOJHOE U306paxKeHre. ITO YA06HO 418 XpaHeHUa U
nepenayn COOTBETCTBYHOLLMX M306padKeHUIA, a cBepTKa ¢ Mno-
MOLLIbHO MapaboyecKoro NpeobpasoBaHus No3BOSET CBO-
[OUTb K OAHOMY Y/CNY NPOCTPaHCTBEHHbIE N306PaKEHMS.

CBepuky NEpBOr0 U TPETLEro BMAOB HAYMHAKTCS C
TOrO, UTO Y MCXOAHOI0 U306paxkeHus (puc. 3, a) ocyLLecT-
B0/ BblgeneHwe rpaHul (puc. 3, 6) MeXxay aneMeHTa-
MK reTeporeHHoli cmecm [9, 10}



[ns yBepTkM BTOPOro BuAa BblAENeHWe rpaHuL, He
MPOM3BOAMTCS, BMECTO 3TOTO Kajpbl TOMOrpammbl MOA-
BEpratoT GMHapm3aLmmn - CBELEHWI0 BCEr0 MHOroobpasus
cepbIX NOMYTOHOB TOMOrpaMMbl K ABYM: YepHOMY 1 6eno-
My. WH(OpMaLMOHHbIE TEXHOMOTMK BBIMO/HEHUS Tpex
BWAOB CBEPTOK TOMOrpauuecknx 1300paxeHuin BbIrns-
OAT cnefytowym 06pasom.

1 CeepTka C NOMOLLbI0 pacueTa XxaycaopdhoBcKuii pas-
mMepHocTHU [11, 12].

Kak npaBwuno, onpefeneHne KOppensLMOHHOW pas-
MEpPHOCTU W 3HTPOMWU OCYLLECTBASETCA ANS MYObTW-
(hpaKTafoo - HeOAHOPOAHbLIX (hpaKTasIbHbIX 06BEM OH, KOTO-
pble MMEOT He TO/IbKO reOMETPUUECKME, HO U CTaTUCTUYECKNIE
XapaKTepucTuKW. [pyrumm cioBamMyi HeOLHOPOAHbIe (pak-
Ta/lbl MMEIOT HEpPaBHOMEPHOE Pacrpefie/ieHne ToUeK MHOXe-
CTBa MM Pa3HyH MIOTHOCTb «3aCe/IEHHOCTV» MHOXECTBA.

MoaToMy npy uUcCNefoBaHUM MYNbTU(PAKTANOB
roBopat 06 0606LEeHHON (hpaKTa/JibHOW pPa3MepHOCTH
|11, 13], KoTOpas MOXeT 6bITb MpeAcTaBfieHa (pakTasb-
HbIMK (XayCcA0pOBCKUMM) PasMEPHOCTAMN.

Kak oTmeyeHo B paboTe [13], BennumHa QyHKUUN
MY/bTU(PaKTaNbHOr0 CnekTpa (PakTUYecKW paBHa Xa-
ycaopoBoii pasmepHOCTH (E>) HEKOTOPOro OAHOPOLHOIO
(hpaKTasIbHOr0 MOAMHOXECTBA M3 UCXOAHOr0 MHOXECT Ba,
KOTOpOe flaeT JOMUHUPYIOLMIA BKNaj B CTaTUCTUYECKME
XapaKTepucTUKM MHOXecTBa. [Mo3ToMy B MepBOM Mpu-
BAVKEHUM MOXHO cuuTaTh, YTo O ABNSeTCA (PpakTab-
HO pa3MepHOCTbH OTHOCUTE/IbHO OfHOPOAHBIX (hpakTa-
NOB B My/IbI(paKTa/lbHOM MHOXECTBE.

XaycaopoBckasi cBepTKa HauuHaetca (puc. 3 0) ¢
MOKPbLITUS M306paXKeHUs HeGOMbLUMMK KBagpaTaMu Co
CTOPOHOW . [lanee MOACUMTLIBAETCS KOIMYECTBO TaKMX
KBaApaTUKOB, B KOTOPbIE NOMaAatoT PparMeHThl Bble/eH-
HbIX rpaHuy, [14, 15].

2. CBepTKa C NOMOLLbIO MPUHLMNA COXKUMAIOLLMX 0T O0-
Bpa>KeHwil.

Kak 13BecTHO, )oTOpeasMcTUUYHbIe U306paXKeHUs He
ABNAOTCA B TOYHOCTM (MOMHOCTbIO) CamMONOA06HbLIMY,
T. € He coaepxxaTt TaKoro camonop.o6|/|;|, KOTOpoe Habno-
faetca BO (pakTanax [16, 17]. Tem He MeHee, B 060M
1306paXXeHUN MMeloTCs 06/1acTU, KOTOpble NMOA06HbI Npy
pa3nMYHOM MacluTabe.

OTAnYMe TaKoro fIOKasbLHOro (orpaHNYeHHOro, Kycou-
HOro) camonofo6us oT caMonogo6ws, MPUCYTCTBYHOLLErO
BO (hpaKTasiax, COCTOMT B TOM, YTO 1306paxeHne opmm-
pyeTcsa 13 npeo6pa3oBaHHbIX KOMWIA YacTeli camoro cebs,
a He «Cero camoro ce6si. ITv Npeobpa3oBaHHbIE YacTU He
06pa3ytoT TOUHYH KOMUKO OPUrMHALHOTO U306paXKeHNS.

1, CnegoBaTenbHoO, AOMYCKAaeTC HeKoTopas OLIMGKa « No-
[06GHOM NpeAcTaB/ieHNN U300paXKeHUs. DTO 03HAYAET, UTO
1306paxeHNe, KOTOPOe KOAMPYETCA Kak MHOXECTBO npe-
06pa3oBaHnil, NPUMEHSIEMbIX K OMNpefenéHHbIM YacTaMm
n306paXkeHns, By[eT He MAEHTUYHON KONWEN OpUrnHab-
HOro 1306pakeHus, a ero annpokcmumauueid (18].

®pakTanbHas cBepTKa C MOMOLLLI MPUHLMNG CXU-
MaloLWMX OTOBPaKEHWUA HauMHaeTcs C pas3bueHus M3o-
6paxeHns Mma parmMeHTbl - 610Ku (puc. 3, r). OCHOBHas
naes 6104HOr0 pa3bueHnst N306paKeHNs 3aK/oUaeTcs M
TOM, YTO U306paxeHVe LU AL pasgensetcs Ha N Hevepe-
Kpbliarowmxca paHroebix 610koB 13, 1£{1,..M},, koTopble
MOKPbLIBAIOT BEC M300paXKeHWe, T. €. CoAepXKaT Kax[iplii
MUKCENb N306paKEHUS.

3aTem hopmupyeTcsi MHOXecTBO JI, cocTosiee u3

60MbLUMX HO M/IOLIAAW, YeM PaHroBble, JOMEHHbIX 6/10KOB

TOro ICU306pPaXKEHNS P ,, o n . KOTOPbIE MOTYT
MEepeKpbIBaTLCA W He COflePXKaTb KaXAbl MUKCENN M30-
6paxeHus.

[Janee npon3BogmTcsi Nogbop Kaxaomy paHroBOMYy
610Ky HEKOTOpOoro AOMEHHOro, Hambonee 6/M3KOro emy
Mo 3afiaHHOMY KpuTeputo [19-21 ]

3. CeepTka B pe3ynbTaT napabonuueckoro npeobpa-
30BaHuA.

3OTa cBepTKa OCYLLEeCTBAAETCA He TOMbKO B UPOCT paH
CT?e M306paXeHNs, HO 1 BO BPEMEHU, T. C. HECET B cebe



NPU3HaKN U3MEHEHUS 3TOr0 U300paXKeHMs UM BUAEOMNO-
TOKa (ounpoBaHHOro Bugeogunbma) [22 24} Mapabo-
NNYecKoe npeobpasoBaHMe 3aKMHOYAETCA B MOMUKCESb-
HUI 06pabOoTKe ABYX KafpOB MOTOKA B COOTBETCTBUM C
KOHEUYHO-Pa3HOCTHLIM NPUGAVKEHMEM MapaboIMyeckoro
3aKOHa pacnpejeneHnsi (pa3oBoii NepemMeHHOI: Temnepa-
Typbl, KOHLEHTPALWN WU T. 1.

B pe3ynbTaTe napabonnyeckoro npeobpasoBaHus Ha
rpaHMLax MOABVXHBIX YYaCTKOB M306paXKeHUsi ¢ MOCTo-
SHHON Ma KaXAOM Y4yaCTKe, HO pasHON MeXay yuyacT-
KaMy SIpKOCTbHO, co3facTcs 6enas NIMHWA TO/LLMHOW
B OAWH MWKCENb Ha 06LIeM YepHOM (hOHE MNOYYEHHO-
ro Kkagpa. V3 gByx nocnegoBaTe/bHbIX (hOTOpeanncTu-
YeCKMX WN306paXKeHM, MOA06HbIX M306paXKeHHOMY Ha
puc. 2, pe3ynbTaT Takoro npeobpasoBaHUs CO34ACT Kap-
TMHY, HaMOMVHAIOLLYH 3Be3HOe HeGO: XaoTMYeCKM pac-
MO/OXeHHbIE GeNble TOUKM Ha YepHOM ¢oHe. MpocToe
CYMMUpOBaHMe KOMMYEecTBa 3TUX TOYEK B WTOrOBOM
1306paxXeHMN npeBpaLLiae Tpe3ynbTaT Napaboanyeckoro
npeo6pa3oBaHUs B YUCHO.

ETatnumnc cBepTOK M306paXKeHWin W BUACOMOTOKOM U
HWOK OAHOTO YMCAM MO3BOJSISIET MOAYYUTH 3KCMEPUMEH-
Ta/lbHble 3aBUCUMOCTM TEXHONOTMUYECKNX U KOHCTPYKTUB-
HbIX MapamMeTPoB OT 3TOr0 Yucna.

Paccmo rpum, B Ka4ecTse BTOPOro npumepa MacCoOOMCH-
HbIN a6COPOLMOHHLIA annapaTt - HacafouHbIA CKpy66ep,
paboTatoLWiA B CUCTEME Fa3004MCTKON YCTaHOBKM, yaans-
IOLLIEN 13 BbIBpPAChIBaeMbIX B aTMOCHepy ra3oB Takue OueHb
TOKCUYHbIE BELLECTBA, KaK (hTOPUCTbIN BOAOPOL, AVMOKCUA
cepbl M oKcug yrnepofa, B mpouecce 0uMCTKM 3TW rasbl
abcopOupyOTCA MAEHKaMM XUAKOCTH, COAEPKaLLMMUN pac-
TBOPEHHbIE B Meil BellecTa ((TOPUCTbIV HATPUiA, KanbLy-
HMpOBaHHasA cofa, bukapboHaT HaTpuK, cynbaT HaTpus),
M XUMWNYECKN HeRTpanusytoTcs. B HacafouHbIX annaparax
XXMAKOCTb pacnpefensercs Mo MOBEPXHOCTW HaCafOUHbIX
3N1EMEHTOB (HanpuMep, HE6OMbLIMX MOMbIX LWANHAPOB),
006pa3ysl Ha HVX >XUAKYKO MNeHKy. [a3 ABUXETC Mexay
3MeMEHTaMM a KaHanax COXHOW (hopMbl, 06pa3oBaHHbIX
HacaaKol 1 CTeKatoLLEel Mo Hell XKMAKOCTbIO [25, 26)].

TexHMYECKMe XapaKTepPUCTUKN UCMO/b3YeMbIX CKPY6-
6epoB npuBefeHbI B Tab/1. 2

Kak BMAHO 13 Tabn. 2, Npon3BOANTENbHOCTL CKPY66e-
pa B 3HAUMTENIbHOW Mepe 3aBMCWT OT ero rabapuToB, rak
Kak npy yBeNuYeHWW BHYTPEHHEro obbema annapata B
HeM MOXXHO pa3MecTuTb 60fblLiee KOIMYECTBO HacaaKu -
MHOXECTBA MENKMX MPesMeToB, Kak MpaBu/o, COXHON
(hOpMbl, YTO HEW3BEXHO MPUBOAUT K YBEMMUEHUKO UX
CYMMapHO/ MOBEPXHOCTW, & 3HAYUT, U UHTEHCMBHOCTU
MOBEPXHOCTHOrO0 MacCOOOMEMHOrO MpoLiecca.

Takoro yBenvyeHuUs CyMMapHO M/oLaan NoBepxHo-
CTU Hacafku MOXHO A06WUTLCS U MO-ApYromy: Aas 3TOro
[0CTaTOYHO, He M3MeHsis obbeMa anmapara, YMEHbLUUTh
rabapuTHbIl pasmep NpPUMeHsieMbIX HacafloK. YpaBHeHMe,
CBA3bIBAOLLEE MOWAAL 3TOM MOBEPXHOCTU C UHTEHCUB-
HOCTbIO npoLecca abcopbunmn BeIrNAanT Tak [27]:

M=T K, {0X.p, )

roe M - KOMMYecTBO BELLECTBA, MepexojsLiee 13 ra3oBoii
CMECU BXXUAKYH0 a3y B eanHULLY BPEMEHM, MU Harpy3Ka
annaparta, kr/c; K, - KoathduumeHTbl Macconepeaayun o
thasam, Kr/(mZ); OXQ - cpegHas ABMXyLas cuna npo-
Liecca abcopbumm, Kr/kr.

Kak cnegyet u3 (5), Npu yBENUYEHUN CYMMApPHOM
niowaay Hacafok PUHTEHCMBHOCTL npoLiecca abcopoumm
[JO/MKHA NMHENHO U MOHOTOHHO Bo3pacTath (1, puc. 4).
MpaKTUYecKy 3TO He Tak, U YBENYEHEe CYMMapHOli no-
LLaanM NOBEPXHOCTU HacafKW 3a CYET ee M3MeNbYeHUN He
NPUBOANT KNVHENHOMY BO3PacTaHWI0 MHTEHCUBHOCTY.

Kak mokasbiBaeT /1ab0paTOPHbLIA 3KCMEPUMEHT, U3-
MefbYeHMe Hacafku MpUBOAWT K TOMy, YTO KpuBas 3a-
BMCMMOCTM MHTEHCUBHOCTM abcopbumy OT M/oLaau no
BEPXHOCTM HacafKu MPOXOAUT 4Yepe3 MakCUMyM W mpu
[aNbHeleM M3Me/lbY4eHNN HauYnHaeT yobIBaTh (2, puc. 4).
3TO CBA3aHO CO CHWXEHUEM MPOHMLAEMOCTU MOPUCTON
cpeabl BHYTPU Kopnyca abcopbepa 415 XUAKOCTY 1 rasa,
a TaKXXe C yCWUIeHMeM B3aMMOBNUAHUSA Ha npoLiecc abeop-
6LMM Ha NMOBEPXHOCTAX 6/IM3KO PACMONOXEHHBIX HACAA0K.

B aKcrnepuMeHTe MHTEHCMBHOCTbL Mpouecca abcopb-
LMW ONpeaensiiu HemocpeaCTBEHHO Ha amnaparte, yaenb-
HYI0 MJ/ioLlaflb MOBEPXHOCTU Hacagku Pyf - pacyeToMm Ho
thopmyne Py,-4a/A, rge V1 - xapakTepHblii pasMep ane-
MeHTa HacafKu, a CBepTKOW ToMorpaduy ceueHus Hacaj-
K1 ABASNach XaycaopgoBcKas pasmMepHOCTb.

Kak CcKa3aHO BbllLe, 3KCMEPUMEHTANIbHO OMNpesenuTb
niowaab paboyeil MOBEPXHOCTU HacafKN OYeHb CNOXHO,
a xaycaopoackasi pa3MepHOCTb CC CEYEeHMs - MapameTp
BMOMHE AOCTYMNHbIA. VIMEHHO MO HEMy W Ben ONTUMK-
3alM0 KOHCTPYKLMK abcopbepa, YTO [ai0 BO3MOXHOCTb
MOBbICUTb €r0 NPOU3BOAUTENLHOCTbL Ha 17 % 6e3 yBenunye-
HUS NCXOAHBIX rabapuToB.

5. BbiBoAb!

VccnenoBaHUs NPOLLECCOB TeLLIOMacco6MeHa Ma rpa-
HULLaX MEX.y 3/1eMeHTaMm1 reTCPCrOHHbIX Cpef, MoKasanu,
4TO TaKoW pacrpoCTpaHeHHbI MapaMeTp Kak moliagb
06MeHa He BCErja MOXET OblTb MCMOMb30BaH B KauecTBe
ONTUMU3MPYHOLLEr0 aprymMeHTa B MpOLEcce MpOeKTUpo-
BaHMWs TeH/I0MacCOOMEHHOro 060pyaoBaHnst BwmecTto 3To-
ro napameTpa MpeasioXeHbl YMCNOBbIE XapaKTEPUCTUKU,
npcne AsnatoLme coboin CBEPTKMN M306paXKeHW ceveHuiA
aKTMBHOM 30HbI TEMIOMacCcobMeHa.



MpeanoXeH MeTOA TMOMYYEHWUs CEUYEHWi reTeporeH-
HbIX CPef C MOMOLLBI0 PEHTTEHOBCKOrO KOM/bTEPHOIO
ToMorpada, MosyyeHbl peasibHble TOMOrPaMMbl CEYeHMi
CUHTETUYECKOTO FpaHu1Ta, Npu OPMMPOBAHUM KOTOPOFO
MPOUCXOAUT UHTEHCUBHBI NMOBEPXHOCTHbI MaccoobMmen.

MpeanoxeHa maTemaTuyeckas MofAeNb (HOPMUPO-
BaHUsA MOBEPXHOCTU MaccroGMeHa H rracajouyHoM ab-
copbepe, 3KCMepuMeHTanLHO onpefeneHa 3aBUCUMOCTb
MHTEHCMBHOCTM Maccoo6MeHa OT XapaKTepHOro pas-

Mepa 3/IEMEHTOM HacafKu W MOATBEpPXAeHa runoresa o
TOM, YTO 3Ta 3aBMCUMOCTb MPOXOAUT Yepes3 MakCUMyM,
YTO MO3BOJIN/IO NMOCTaBUTb W PELUUTbL 3afady OnTUMU-
3alMn KOHCTPYKTUBHbLIX NapameTpoB MaccoobMenmoro
annapara.

MpakTuyeckoe ucnbiTaHWe Takoro metoga B CATIP
Tennoo6MeH HOro annapata - abcopbepa MO3BOUAO NO-
BbICUTb MPOW3BOAUTENILHOCTL MocneaHero na 17% npu
COXpaHeHNM ero BHeLUHWX rabapuToB.
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