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Pozpobnenuii ceHcop  Oyn0  BUKOPHUCTAHO I
OLIHKKA BiTHOCHOI TOKCHYHOCTI KOHTPOJIBOBAHOI piIWHU
(puc. 4). Yac xoHTaKTy BOJAOpOCTEH 3 XiMiUHMMHU peqo-
BUHamMH cTaHOBUB 30 XB. BuMipioBaHHA BUKOHYBAJIHCh
Tpu TeMmIeparypi, sxa mopieHioe 24 £0,2°C. Otpumadi
pe3ysibTaTd AaTh 3MOTY TOBOPUTH [P0  3a[0BiNibHY
YYTJUBICTb PO3POOJIEHOrO CEHCOPa.

OTxe, ONMWCAaHWIA B CTATTi CEHCOp MO)KHA BHUKOPHC-
TOBYBAaTH I OLIHKA TOKCHYHOCTI CTIYHHMX BOZ. Horo no-
LIBHO 3aCTOCOBYBATH K CHIHANI3aTOp BiIXMIGHHS CTiUHUX

BOA BiJl BCTAHOBJICHOI 33 PErIaMeHTOM LbOro MiANpHeEMCTBA
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HopMmu. OTiepaTUBHUI aHami3 mae 3MOry YyOe3rmeunTd BOIHI
00’€KTH  BiI 3alMOBHUX CKHUOIB TOKCHYHUX CTIiYHUX BOJI,

BUSBUTM BMHYBATLiB 3a0pydHEHHs 1 BCTaHOBJIIOBATH

TIOPYIIEHHS B TEXHOIOTIYHHUX MpoLiecax BUpOOHUIITRA [4].
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Onucano memnepamypHuil MemooO 6U3HAYCHHA MEN103AXUCHUX 6/IACMUBOCHEN RIO3EMHUX MER/IONPOBOVI6, HABCOCHO
pe3yiomamu po3paxyHKis, w0 niOmeepoHcyoms podomo30amuicms Memooy.

Onucan memnepamypHuolil Menoo OnRpeoeieHUs Men103aAUUNHBIX C60ICME NHOOZEMHBIX MENTIONPOBOO0E, NPUBEOCHDI
Pe3yIiemamul pacienos, NOOMeEEPHCOIOMUX padomocnocoOHoCHIb Memooa.

The temperature method of thermal-insulation properties definition for underground heat pipes is described, results of
calculations confirming serviceability of a method are resulted.

OCHOBHBIMH ~ TIPEIIOCBUIKAMH  HAAEKHOW paboThI
CHCTEM TEMJIOBOrO CHAOKEHUS SABIAIOTCA MUHHMMAIbHBIE
NOTEPH TEIUIOTHI M TETIOHOCUTENA U3 CeTU. Borpockl cBoe-
BPEMEHHOIO KOHTPOJISL 38 COCTOSHUEM MOJA3EMHBIX TEIUIO-
ceTell NpUOOPETAIOT UCKITIOUUTENBHYIO aKTYabHOCTb.

OpHako Ha NpakTHMKe HU IpU IpPUEMKE, HU B
SKCIUTyaTalul COCTOSIHHE TEMNOCeTeldl He MOABEepraeTcs
00bEeKTUBHON auarHocTHke. CerofHs MJIMTENBHO 3KC-
[ULyaTUPYIOT CETU C HEY/OBJIETBOPUTE/bHLIM COCTOHUEM
KaK TeMIOU30ALMOHHON KOHCTPYKLMH, TaKk W TeImso-
IIPOBOJIOB B LIENIOM.

IMpakTuka oOcnenoBaHUs MOA3EMHBIX TEMIOTpacce
NoKazajna, 4To HanOoliee NPEeNINOYTHTENBHBIM I HUX
TEeXHUUYECKOH IUAarHOCTHKH SBJSAETCA METOA Hepaspy-
LIAOWEro KOHTPOJs, OCHOBAHHbIII Ha CpaBHEHUH pac-
YETHBIX W 3KCIEPUMEHTAIbHbIX 3HAYCHUH pacnpenencHus
TEMIepaTypbl Ha IMOBEPXHOCTH IpyHTa (IIOKpPBHITHA) Haj
NpOKJIagKamMu TerioTpacc [1].

Heo6xonmMm mnakeT pacueTHbIX 3aBUCUMOCTEH, or-
peaeAIOIINX XapakTep B3aUMOCBSI3M HauboJs1ee TUMHYHBIX
HapyLIEHUN TEIUIOBOM H30MIALMU W TOBPEKIEHUH TpY-
60npoBOJOB C paclpeleNeHUs MU IMOBEPXHOCTHBIX 3Ha-

YeHWil TeMIlepaTyp Haa TeIuloceTIMH. B KaXIoM KOHK-
peTHOM ciyvae Ha OopMHUpOBaHUE TeMIIepaTypHBIX Toiei
Ha MOBEPXHOCTH TIpyHTa (MOKPBITUA) HAA TEMJIOCETHIO
BAMSAIOT MHOTME MapameTpbl: TeMIEpaTypbl BO3LyXa,
TPyHTa W TEIUIOHOCUTENs B MOAAIOLIEM M OOpaTHOM
TpyOompoBoaax, TiiyOuWHA 3ajeraHus Tpacchl B TPYHTE,
JUaMeTpel TpyOOMpOBOAOB, Marepual M BJIArOConep-
JKaHWe W30JIALUUM, BUA M BJarocojep:kaHhe NepeKphl-
BAIOMIETO CJIOS TPYHTA U T. 1.

IMocraBnenHas 3agavua pemieHa OCYHIECTBICHO MyTeM
MCTIONTb30BAHUSl  BBIYMCIHMTENIBHBIX —MPOTPAMM, COCTaB-
JICHHBIX COTJTAaCHO CXEeM pacdeTa TeIUIOBEIX M TeMIiepa-
TYPHBIX TOJIeH TErUIOTpacc B IPyHTE, C MOMOIIBIO KOTO-
PBIX BBITIOJIHEH P PacueToB Ui PA3MUHBIX YUacTKOB
OecKkaHATBHBIX W KaHATBHBIX TeruioceTei [2].

Ha puc. 1 u 2 npencraBieHsl rpadKu 3aBUCHMOCTH

TEMITEPaTypbl TMOBEPXHOCTH HAJ TMPOKIJIAAKONH ceTh oT
BJIArOCOIEPMAHUS TEPEKPHIBAIOIIETO COS TpyHTa Wi,
KI/Kr (BUA IpyHTa — [JIMHA, MECOK) W BJArocoJeprkaHus
TEMJIOU30/IIUOHHON KOHCTPYKLUH TPyOOnpoBoaoB Wys,

KI/KT (MaTepual N30JIIUY — MUH. BaTa).
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Puc. 1. 3asucumocme memnepamypei H0OGepXHOCMU
2PYHMA HAO NPOKAAOKOU BeCKAHWIbHOU Meniocemi om
6NIAJICHOCIU 2PYHMA U Menn06ot usonsayuu. Mamepuan

mennogoll U3ONAYUU — MUHEPATLHASA 6AMd, GUO SPYHMA —
enuna: 1 —W,,=0,1;2-0,2;,3—-0,3; 4-04
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Puc. 2. 3asucumocms memnepamypsi HO8ePXHOCU
2PYHMA HAO NPOKIAOKOU OECKAHATLHOU Meniocemy Om
GIIANCHOCU SPYHMA U Men08o uzonayuu. Mamepuan

Meni080tl U30IAYUU — MUHEPATILHAS 8AMA, BUO SPYHINA —
necox: 1 —W,,=0,1;, 2—-0,2; 3—-0,3;, 4— 0,4
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OueBHOHO, YTO 10 M3MEPEHHBIM 3HAYEHHUAM TeMITe-
patypel oOcnemyeMol MOBEpPXHOCTH W YCTAHOBIEHHBIM
3HAYEHUSIM BJIAroCOJCPIKaHUs IPYHTA MOJKHO OMpPEAeIUThb
CTENeHb BJIATOCOAEPKaHUs H3OLHUK  TEMJIONPOBOJIOB
KOHTPOJMPYEMOT0 ydYacTKa CeTH M Ha 3TOM OCHOBAaHHUHU
cAenarb BBbIBOAbBI O COCTOSHHU TeMJIOW30JSLHOHHOI
KOHCTPYKLHH B LIEJIOM.

Onophl, NpeacTaBleHHble HA puc. 3 U 4 IEeMOHCT-
pPUPYIOT YMEHBIIEHHE MOBEPXHOCTHON TeMIlepaTypbl ¢
rayOuHON 3al0)KeHUs1 TenjaonpoBoaoB. [Ipu pocratouHo
rpynte (W, 0.1kr/kr)

HOCTH TeMIEpaTyp I[MOBEPXHOCTU B 3aBUCUMOCTH OT

CyXOM 3HaueHWe  pas-
M3MEHeHUs Biarocomepxanus wuzomsiumd (ot 0.1 1o
0.7 xr/kr) npu
Gonee 0.5°C.
MoXHO czmenate BBIBOJ O pa3paboTKe HmpruOOpoB ¢

rnyGuHe, paBHOH 3 M, COCTaB/sieT He

HEOOXOAUMON [ TEMJIOMETPUYECKON  JUarHOCTUKH
YYBCTBUTENbHOCTHIO., OUEBUAHO, UTO OHA AO/HKHA ObITh MO
H3MEPEHUIO TeMIepaTyphl He Xyxke 0.1°C.

BbinonHeHbl Takke pacyerbl A JABYX Y4acTKOB
KaHalbHOH CeTU ANA OLEHKU CTENEHU BIUAHHUS BETUUUHE
JOMOJIHUTENILHOTO TEPMHUUYECKOIO COMPOTUBJCHUS Tel-
JIOBO# M30JSIIMU KaHAIBHBIX TEIUIONPOBOAOB, OIpere-
nsieMoro opMoii U MaTepraIOM KaHala TPacCHL.

Hampumep, U3 IpuUBeIeHHBIX Ha pHC. 5 U 6 rpaguKoB
CllelyeT, YTO TeMIleparypa TMOBEepPXHOCTH Ty, C POCTOM
BIarocoiep;kanus W,, nepeKphIBalOIIEro IrpyHTa YBENU-
yuBaetcs A0 3HaueHuil 0,4 — 0,5, a 3areM yMeHbIIAeTCA.
OTO O0OCTOATENBECTBO MOYKHO OOBICHUTE pacTeKaHHeM
K Tepudepun, UYTO SABIAETCA CIEICTBHEM

N3MEHEHHNsI COOTHOLICHUA TEPMUYECKUX COHpOTI/IBJ'IeHI/Iﬁ

TCILIOTHI

JTOTr'0 y4acCTKa CE€TH.

Tnoel C

1 15

25 f,m 3

Puc. 3. 3agucumocms memMnepamypvl HOGEPXHOCIU SPYHMA HAO NPOKIAOKOU O6eCKananbHOT meniocemu om nyouns

3au00ICeHUs MENJIONPO80008. Mamepuai meniogo U3oNAYUY — MUHEPAILHASA BAMA, GUO SPYHMA — 2IUHA!
1—Wy=0,1;2-0,12;3-0,15;4-0,70
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Puc. 4. 3asucumocmo memnepamypul NOGEPXHOCMU cPYHMA HAO NPOKIAOKOU OeCKAHANbHOU Meniocemu Om 21y0uHbl

3ANI0KHCEHUS MENTIONP0o80006. Mamepuan menniogoii U30IAYUU — MUHEPANbHAS 6ama, U0 epyHma — necok: 1 — Wy;=0,1; 2 —
0,12, 3-0,15; 4—0,70
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Puc. 5. 3asucumocme memnepamypsl nogepxHocmu
SPYHmMA HAO NPOKIAOKOU KAHAILHOL MENI0CemU Om
SIAXNCHOCIMU 2PYHMA U Menogoll uzonayuy. Mamepuan
Meniosol u30IAYUU — NEHOOEMOH, U0 epYHMA — Necok: |

~Wus=0,1;2-0,3;3-05,4-0,70;, 51,0

Takum 00OpazoM, B 3TOM ciyudae 0co0oe 3HaueHHE
NpyuoOpETacT BOMNPOC ONPEACNICHUS  BJIArOCOACPIKAHMS
TIEPEKPBIBAIOIIETO CII0s TPYHTA, TaK KaKk OJHOMY M TOMY
e 3HAYCHHIO TIOBEPXHOCTHOH TeMIlepaTypbl MOTYT
COOTBETCTBOBATL PA3JIMYHBLIC 3HAYCHUA BJIAroCoOACpIKaHUsA
U30JIAUUH B 3aBUCUMOCTHU OT BJIAroCOACPIKaHUA I'PYHTA.

PacdeTsl BBIMONHEHBI Ui TaKuX [apaMeTpPOB:
Hapy>KHbIE JUaMeTphl IMOJAroImero u obparHoro TpyoOo-
npoBoaos 0,325m; auamerpbl TPyOONPOBOAOB C TEMIOBOM
HU30JISILHeH, cooTBeTcTBeHHO 0,510 M u 0,460 M; Matepuan

OCHOBHOT'O TeMJIOM30JIALMOHHOIO ¢cj10d TpyOONnpoBo10B
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Puc. 6. 3asucumocme memnepamypusl no8epxXHOCHU SPYHMA
HAO NPOKIAAOKOU KAHANBHOU Men10cemu Om 6NaAXCHOCMU

2PYHmMa u mennoeotl usousyuy. Mamepuan mennogoti
UBONAYUU — MUHEPATIbHASA BAM, 8UO EPYHINA —NECOK:

1 -Wy;=0,1;2—-0,12;3—-0,15; 4—0,70

OeckaHalTbHOI W KaHABHOMN MPOKIIANOK, COOTBETCTBEHHO,
OUTYMOTIEPITUT, TEHOOETOH W MUHepalibHas BaTta; r1yOnHa
3a10keHust TpydonporoaoB ot 1,5 a0 3,0 M; paccrosiHue
Mexay ocimu TpybompoBomoB 0,7 M; TMOKpBITHE Haj
TIPOKJIAJKaMU — HACBHIMHOM TPYHT; TemIepaTtypa Terio-
HOCHTENA B TIomaroineM Teronposone 71°C, B o6patHom —
50°C, HapyxHoTOo BO3myXa 6°C;
outymonepnuta 0,08 Bt/(MK), meHoGerona 0,13, muHe-
panbHoii Batbl 0,052 BT/(MK) (B BO3mylIHO-CyXOM COC-

TEIJIOMPOBOAHOCTD

TOSIHUM NPU TeMIepaTypax Ha rpaHU4HbIX MOBEPXHOCTAX
u3osoHHoro cnosi 20°C); TemIonpoBOAHOCTE HACKITI-
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Horo rpyHta 2,0 Bt/(MK); Ttemmootrmaua HapyXHOMY
Bo3ayxy 20 BT/(MK).

Jns  ydacTka
3HAUYEHUs!
TEINIOM30IIINA K BO3OyXy kaHana 5 B1/(M'K) u ot
BO3IyXa BHYTpM KaHajla K BHYTpEHHEH IOBEPXHOCTU
kanaita 10 Br/(mK), a Takie 3HaueHHE TEMIIONPOBOIHOCTH

KaHabHOU MPOKIAAKHU  YUTCHbI

BCJIMYHUH TCMJI00OTAAYH oT MOBEPXHOCTHU

creHok kaHana 1,55 Br/(mK) u ux Tonummna 0,08 m.
[lomyueHHBle pe3yibTaThl CTAIM OCHOBAaHHEM Teope-

THYECKOro OOOCHOBAHMS TEMIIEPaTypHOrO MeToJa Ouar-

HOCTUKH MOA3EMHbBIX TEIUIOCETeH, CYLIHOCTbIO KOTOPOro

BuwmiprosarneHa mexHika ma memporoeis, Ne 63, 2003 p.

ABJIACTCA OlpeacyeHne 06H.lel"0 TEMIICPATYPHOTO
TEIJIOTPACChl IO  XapaKTepy HU3MCHCEHUA

TEMIEPATypPbl HA IOBEPXHOCTH IPYHTA HaJ HEH.
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NEURAL NETWORK AIDED DIAGNOSIS BASED ON TEMPERATURE
AT ACUPUNCTURE POINTS
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Rzeszow University of Technology, Rzeszow, Poland

Possibility of applying of neural networks (NN) for diagnosing “an out of order” state of organism is described in this
paper. The aim of research was to obtain a tool supporting a medical diagnosis. Data set used in the research included

temperature values, which were measured at selected acupuncture points (AP) of both healthy and ill persons. Research

has been concerned with a structure of neural network and preparing a learning set. Preliminary results revealed the

correct recognition of 81% for category ill and 62 % for category healthy.

Introduction. In previous publications [1, 2, 3] it has
been asserted that temperature value at AP reflects the state
of health and fettle of organism. The use of an artificial
neural network for the detection of disorder based on AP
temperature was of interest because acupuncture points in
traditional Chinese medicine are world-wide known as an
effective tool for diagnosis. Moreover multilayer structures
of perceptrons (NN) are very often used for classification
applications. On Fig.1. the scheme of one-layer net is
presented [4 ].
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Fig. 1. Scheme of one-layer net: x,;_y input signals, y ;s
output signals [4]

In the net each neurone is biased (b;) and has its
weight Wj;. Selection of appropriate factors b; and Wj; is
realised during training. Training with the teacher is
popular for learning the NN but it needs a large and
representative database.

Material . Collected set of the values of temperature
included 43 samples of healthy persons and 19 samples of
ill persons [5]. Temperature was measured at three AP
(Li4, Li5, and Lill) using non-contact method, with
pirometer. For example histograms of temperature at point
Li4 are presented for healthy and ill objects at figures 2
and 3 respectively. On this database training set for
learning as well as a verifying set for testing NN was build.
Testing set did not include data from learning one.

Neural network.The NN program named Neural
offered in [6] was used for training and testing. Its model
CLASSIFY allows a choice of structure of NN. The first
chosen two-layer structure did not pass the examination: its
recognition was not satisfactory correct. The net with three
layers was the next step. This NN had the 6-3-2 structure
(6 input neurones, 3 hidden and 2 output neurones). An



