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U3ITYYCHUS C 00JACTHIO CICKTPATEHOW YYBCTBUTEIb-
voctu 0,3-1,1 MKM, MakCUMajgbHOW CHEKTPaIbHOM
xapaktepuctukoit 0,75-0,85 MxM, pabounm Hamps-
xenrneM 10B, mHTETpambHON TOKOBOM TYBCTBHUTEIb-
HOCTBIO He MeHee 3,5MA/MM moNydeHHBIH rpaduk
IIPUBEACH HA PUCYHKE 1.

Pucynok 3 — I'padux n3MeHEHUs ONTUYECKON MIOTHOCTH

IIpU NIPOTCKAHUU 3arpsA3HEHUS B BUE CLIpOﬁ He(bTI/I

1 KPaCHOM UCTOYHUKE U3ITYyUCHUSA

AHaNOrMYHbIE OMNBITHl MPOBEIEHBI C JBYMS
HCTOYHUKAMHU  HU3JIYYEHUS C JUIMHOM  BOJIHBI
A =0,4 mxm u A = 0,7 MKkM, TpadUKU IPUBEICHBI HA
pucyHkax 2 u 3.

Ha rpaduxax HariasiiHO BUIHBI N3MEHEHHS, TIOY-
YEHHBIE B pe3yJibTaTe 3aMEHbl JIa3€pHOI0 M3JIyda-
Tensa. MeHss JTa3epHbI W3IydaTeNib, MOXKHO 3a(HK-
CHUpOBAaTh M3MEHEHMs I0Ka3aTeiael HMIYJIbCHOTO
CUTHaa.

VIK 621.3.049.77: 681.586

OKCNIEPUMEHTHI TOKA3bIBAIOT, YTO C IOMOIIBIO
TPEX4YacTOTHOTO 30HAMPOBAaHUS MOKHO HambOoiee
TOYHO pAaCMO3HATh BHJ 3arpsa3HEHMS, YIydIINThH
MOKa3aTeM Ka4ecTBa Ha BBIXOJE CTOYHBIX BoA. Ilo
pe3ynbTaTaM 3KCIEPHMEHTOB MOXET OBITh COCTaB-
neHa 6a3a IaHHBIX, HCIOJIb30BaHNE KOTOPOH MO3BO-
JsIeT BBIOpATh 3aBUCHMOCTD JUIS KaXJOTO KOHKpPET-
HOTO CITydasi.
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®YHKIIAOHAJBHBIN SJEKTPOHHBIA MOJIYJIb KOHTPOJISI IMHENHBIX MTEPEMEIIEHUI

3nopoBueB C.B., Kymnepon J.IL., [ITapmkos A.B., Cymko B. A.
Omxkpuimoe axyuoneproe oouecmeo « MHUIIN», Munck, Pecnyonuxa benapyce

B ycTpoiicTBax KOHTPOIIS JIMHEHHBIX NEpeMele-
HUH (paccTosHUA 1O 00BEKTa) MPUMEHSIOTCS 4YyB-
CTBHUTEJILHBIEC DJIEMEHTHI (IaTYMKH), OCHOBAaHHbIC Ha
Pas3JIMYHBIX NPUHIUIAX pabOThl: EMKOCTHBIE, CTPUK-
LMOHHBIE, TTOTEHIIMOMETPUYECKHE, HHIYKTHBHbBIC,
MarHUTOMETPHYECKHE, ONTHYCCKHE, YIIBTPa3BYKO-
BBIC U JP.

OpauM 13 Hanbollee PacHpOCTPAHEHHBIX TaTdH-
KOB JIMHEHHBIX MEPEMEIICHUN SBISIOTCS yIbTPa3By-
koBbie (Y3) gatunku [1-2], B cOCTaB KOTOPBIX BXOIAT
W3JTy4daTedb ¥ TPUEMHUK  yIAbTPa3BYKOBBIX BOJH.
W3ny4arens GopMUpYET KOPOTKHE UMITYJIBCHI 3ByKa
C omnpe/eIeHHOH MePHOJUIHOCTEI0. MIMITyIbehl oTpa-
KalOTCsl OT NMPEAMETOB U NPETSTCTBUH M BO3Bpallla-
10TCst 00paTHO, 1€ GUKCUPYIOTCS MPU HOMOIIH TIpHU-
emHuKa. CTpyKTypHas cxema Y3-7aTuuKa [OKa3aHa
Ha pucyHke 1. Ha pucyHke 2 npencraBieHa BpeMeH-
Has JauarpamMma, WUIOCTpHpyiomas padory Y3-
natyuka. OUKCUpYsS BpeMsl MEXIY MOCBUIKOH HM-
MyJIbCA U MPUXOAOM OTPAKCHHOTO CHTHAJIA (9X0-MM-
IYJIbC) M 3HAsI CKOPOCTh PacIpOCTPAaHEHHS 3ByKa pac-
CUHUTBIBAETCS PACCTOSIHUE 10 00BEKTa 10 hopmyie:

t*V
L=——, (1)
2
rne L — paccrosHue t— Bpems »Xo-UMmysbca,
V — CKOpOCTb YJIbTpa3ByKa.
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Pucynok 1 — CrpykrypHas cxema Y3-gar4uka
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Pucynok 2 — BpemeHHas auarpaMma, WIIOCTPUPYIOIIAst
paboty Y3 narunka



Cem;u}z 1. H3M€pume]leble cucmemsl U npu6opbl, mexnudeckue cpedcmga be3onacnocmu

B pabote mpencTaBicHBI pe3yabTaThl — pa3pa-
00TKM (DYHKIIMOHAJIBHOTO 3JIEKTPOHHOTO MOJYJIS
(®SM) KOHTPOJIS JIMHEHHBIX TIepeMelIeHni Ha 6ase
V3-garunka HC-SR04, paGoTaromiero Ha IeHTPaIb-
HOll wactoTe 40 k['1I, TMarpamMMa HamnpaBICHHOCTH
KOTOPOTO TMOKa3aHa Ha PHUCYHKe 3.

Pucynok 3 — /luarpamMMa HanpaBiIeHHOCTH Y 3-IaTylKa
HC-SR04

BrnroverHue

v

HUHuyuanusayua

Moceinka cueHana
dnumensHOCMbIO
10 mc Ha 8xod damyuka

OxudaHue 8biXx00H020
cuzHana ¢ damyuka

H3mepeHue on 1ocmu
8bIX0OHO20 cu2Hana

Aa

Pacyem paccmoAaHua

Mepedava daHHbIX no USB

T

PucyHok 4 - Anroput™M QpyHKIHOHUPOBAHUS
®OOM Ha 6aze Y3-marumka HC-SR04

BriOpaHHBIif TaTYNK 00ECIICYNBACT BOBMOXKHOCTh
HU3MEpEeHHs] JIMHEHHOro paccTOsHMA B Mpeaenax
0,02—4,0 M ¢ ToyHOCTEIO 5—10 MM.

Jnst udpoBoii 00pabOTKH U3MEPUTEIBHBIX CHT-
HAJIOB, TMOCTYMAIOIINX B HU3MEPHUTEILHYIO CXEMY
®OM ¢ V3-gaTumnka, UCIOIb30BANICS 32 pa3psaHbIi
MHKpPOKOHTpOIIep cemeiictBa STM Ha simpe ARM
Cortex-M3, OCHOBHBIMH TPEUMYILECTBAMH KOTO-
pOToO SIBISIFOTCSI:

- HaMMEHbLIee dHepronoTpedieHue 11t odecrie-
YEeHUsI 0JIMHAKOBOT'O 3HAYEHHsI TPOU3BOANTEIHHOCTH
T10 CPaBHEHHMIO C JPYTHMHU S,ApaMu NP 00Jiee HU3KOH
TaKTOBOM YacTOTE;

- BO3MOXKHOCTh IPOTrPaMMHPOBAHUS C ONITHMHU3a-
mueil mmbo ckopoctu 32-paspsamgHoro sigpa ARM,
1100 ¢ ONTUMHU3AIMEH pa3Mepa MPOrpaMMHOTO Koa
IpH UCToNb30BaHuH 16-paspsaasix Thumb-komanm,
o0ecTeunBaMNX MaKCUMaIBFHYIO THOKOCTH TpH
MPOCKTUPOBAHHH;

- Hanmuune BcTpoenHo# Flash-mamsitu, o6ecneun-
BAIOILEH BBICOKYIO IPOU3BOIUTEIBHOCTD, BO3MOXK-
HOCTb YHHMBEPCAJIBHOTO IIPOrpPaMMHUPOBAHHS, BO3-
MOYHOCTh CEKTOPHOW 3all[MThl 3allCU OT HeXella-
TeJIbHOU 3aIUCH.

Ha pucynke 4 npencraBieH aaroput™ (GyHKIHO-
nupoBanuss ®OM Ha 6aze VY3-marumka HC-SRO4.

B kagectBe peructparopa gaHnHpIXx @OM OBLT HC-
[oJIb30BaH  nepcoHanbHbli kommbiorep (ITK) Intel
Pentium G 2.8 I'T'1; ¢ xapakrepuctukamu: 0obem O3V
He MeHee 2 ['0aiit, pa3pelieHne sKpaHa MOHUTOPA He
menee 10254x746 mukceneii, Hammyue nopra USB.

Ha pucynke 5 mpeacTaBieHsl BHpPTyalbHbIC Ia-
HeNnu u3MepuTenbHbIX oKoH 1K, monkimodeHHOro K
DOOM.

a) %) DATUMK PACCTORRUIA SoEox

WHankatop [

W Paccrosdise

[t [

Pucynok 5 — OkHo BupTtyansHoli nanenu OOM:
a) PeKUM HHAUKATOpa; 0) pexuM rpaduieckoro
0TOOpaXeHHs Pe3yJIbTaTOB
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Pa3paboTaHHbIi MOy b ITO3BOJISET PEIlaTh KOM-
IUIEKCHBIE U3MEPUTEIIbHbIE 331241 TP BHITTOJIHEHUH
(GU3NYECKUX IKCIICPHMEHTOB B HAYYHBIX M y4EOHBIX
naboparopusix. PaspaboranHoe I1O maeT BO3MOXK-
HOCTh OOECIeYNBaTh MaTeMaTHUECKyI0 00paboTKy
HIOJTy4EeHHBIX JaHHBIX U UX O0TOOpa’keHHe Ha dKpaHe
[1K B Buze rucTorpamm, rpaduKoB, TaOIHII.

VIK 536.2.081.7:57.087.1
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//DNeKTpOHNKA:HAyKa, TEXHOJOrus, Om3Hec. Nel. —
2011.

HNCCIEJOBAHHUE TEIUIOITPOBOJHOCTH HEOJHOPOJHBIX BUOJIOI'NYECKUX
PACTBOPOB METOJOM IIPAMOI'O PASOI'PEBA TEPMUCTOPA

Martsuenko A.H., Tepemenko H. ®., MaTeuenko C.H.
Hayuonanvnviii mexuuueckuti ynugepcumem Yrpaunol « Kuesckuti nonumexnuieckuti UHCIumym
umenu Hzopsa Cuxopcroeoyn, Kues, Ykpauna

BcectoponHee nccnenoBaHie CBOMCTB OMOJIOTH-
YECKMX MaTepPHaIOB, B TOM YHCIE M UX TEINO(U3H-
geckuX cBOHCTB (TPC), a B 4aCTHOCTH TEILIONPO-
BOJHOCTH, BBI3BIBAET HEOOXOIMMOCTH pPa3pabOTKH
COOTBETCTBYIOIIEH anmapaTypsl U CO3JaHUSI METOIHK
nccnenoBanuii. Koadduiuent rtemnonpoBoaHoCTH
sBisiercst d((GEKTUBHBIM TOKa3aTeleM MpOLECCOB
Pa3IMuHOTO poja, NPOTEKAONIINX B OHOIOTHYECKUX
KHUIKOCTAX. Tak B MeOULUHE, Ul ONpe/eICHHs
HaJIMYMsI U CTETIEHH MMMYHOJIOTHYECKON 3aBHCUMO-
CTU HNPUMCHAIOT METOJA HMMYHOTCPMUCTOMETPHUU,
KOTOPBIN 3aKIIOYacTCsl B CPaBHEHHH OTKJIOHEHHSA
TOC cMecu KpoBbt+auIepred ¢ TETIO(QH3MIECKIMHA
CBOHCTBAaMH KOHTPOJILHOM KHUIKOCTH.

K unciry Hanbounee 3¢ (heKTHBHBIX METOIOB OTIpe-
JIETICHUS TETUIONPOBOAHOCTH MOTYT OBITH OTHECCHBI
METOJbl Hepaspymatomero koHrponsd. C ux momo-
IIBI0 MOXKHO I10JIy4aTh MH(OPMAIMIO O TEMIONpo-
BOJHOCTHU IIPpU MAKCHUMaJIbHOM COXpPAaHCHHHU €CTC-
CTBEHHOH CTPYKTYpBI HCCIEIyeMOro OHosorude-
ckoro Marepuana. Kpome TOro, ¢  MnoMouipio
HEepa3pyIIalIIuX METOI0B MOKET ObITh JIOCTUTHYTA
Haubonee BbICOKAas MPOM3BOJAUTEIBHOCTh H3Mepe-
HUH, TaK KaKk OHH He TPeOYIOT TPYAOEMKOil moJro-
TOBKH HCCIIEAYEMBIX MAaTEPHAIIOB.

[To muenuto uccnenoBareneu [1] ans onpexnene-
HUSI KO3 QHUIHEHTA TETIONPOBOAHOCTH OHOIOTHYE-
CKHX MaTepHajJioB OIHUM M3 CaMbIX 3()(HEeKTHBHBIX
METOJIOB €CTh METOJ| MPSIMOr0 MOAOTPeBa TEPMHU-
CTOpa, KOTOPBIH HCIOJIB3YET CIOCOOHOCTh TEPMHU-
CTOpa K C€amopa3orpeBy INpH HPOXOXKICHUH 4Yepes3
HETO AJIeKTpHyIecKoro Toka. [Tpu 3tom ko3 durtnent
TETJIONPOBOHOCTH UCCIIEyeMOr0 MaTepHaa orpe-
nersietTcs o gopmyie [2]

— I:)T
4rr AT

rae A — K03QPUIHMESHT TETUIONPOBOAHOCTH HCCIIeaye-
Mmoit xuakoct, Bt/(m K); Pr — MomHOCTh TEpMU-
ctopa, BT; r — pagnyc Tepmucropa, m; AT — Temnepa-
Typa pa3orpesa Tepmucropa, °C.

Hanuume 00070YKM y TEPMHCTOpPA BBI3BIBACT
HEOOXOJIMMOCTh BBEJICHHS B pacueTHYH (opmymy

()
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(1) momomHUTENBHBIX KO3((GUIHEHTOB MPOIOPINO-
HAJIBHOCTH, KOTOPEIE OTIPENENIIOTCS ITyTEM TECTHPO-
BaHUS TEPMHICTOPOB. C TPHUMEHEHHEM O3TAJIOHHBIX
JKuakocTen ¢ n3BecTHEIMU TOC.

VYuuteiBas 3TOT (hakT popMyrna mproOpeTaeT BUL

[2,3]

%, = .
Anr (AT, — AT)) *—
KD
e Agp. — KOIPPHUIMEHT TEIIONPOBOAHOCTH
uccnegyemoit xxuakoct, B1/(M.K); Pr — MmomuoCT
TepmucTopa, BT; r — paauyc tepmucropa, m; AT, —
HM3MEPEHHasi C TIOMOIIBI0 MCCIIEeI0BATENbCKOM yCTa-
HOBKH TeMIlepaTypa paszorpesa tepmuctopa, °C; ATy
— TeMIlepaTypa pa3orpeBa TepMHCTOpA, BBI3BaHHAS
HaJIM9ueM 000JIOUKH Y TEPMHUCTOpPA U U3MEPEHHAs B
pe3ynbTare KajJMOpOBOYHBIX TECTOB C HCIIOJIB30Ba-
HHUEM 3TaJOHHBIX )uakocTel, °C; K, — ko3 duruent
MIPOTIOPLMOHANBEHOCTH, KOTOPBIN ONpEeNsieTCsl B pe-
3yJIbTaTe KAJIMOPOBOYHBIX TECTOB C HCIOJIB30BaHUEM
STAJOHHBIX )XuAKocTeil. OH XapakTepu3yeT 4yBCTBU-
TEJILHOCTh TEPMUCTOPHOT'O 30H/1a K 3HAUYEHHIO KO3 (-
(uIIeHTa TEIUTOIPOBOIHOCTH HCCIETyeMOH KHUIKO-
CTH, B KOTOPYIO IIOMEIICH 30H/I.

B nmamHO#l paboTe paccMOTpPEHBI pPE3yNIbTaTHI
n3MepeHnii cMecu kpoBu U ¢puspactsopa (0,9% pac-
1B0p NaCl B IUCTHINTMPOBAHHOW BOJE), KOTOPBIi
nmeer TOC 6mmkue k TOC KUIKAX alIepreHoB.
CMech SBIISIETCST KOMIUIEKCHOM T10 COCTaBy U MOXKET
CO BpeMeHeM paszzensitcs Ha (paxunu. M3mepeHus
K03(h(UIIMEHTa TEIIIONPOBOIHOCTH IPOBOJMIKCH C
MIOMOIIBIO HCCIEI0BAaTENbCKOI ycTaHOBKH (puc.l),
KOTOpasi MpeiBapUTEIbHO KanuOpyeTcs Ha STajloH-
HBIX JKHAKOCTSX C H3BECTHBIMH KOA((HUIMCHTaAMH
TEIUIONIPOBOAHOCTH. Y CTAHOBKA MMEET JIBa M3MEpH-
TENBHBIX 30H/Ia, I3MEPUTEIHHBIN OJIOK M TEPMOCTAT.
O0paboTKa pPe3yIbTaTOB HM3MEPEHHNA OCYIICCTBIS-
€TCs C TIOMOIIBIO MIEPCOHATBHOTO KOMIBIOTEPA, TO-
KITFOYEHHOTO K U3MEPUTEIEHOMY OJIOKY.

Uccnenyembie xuaxoctn B oObeme 350 MK
pasmeniaTcs B NpoOHpKe, MOMEUIEHHOH B TepMo-
crar. OH HarpeBaeT uccieayeMble CMECH 10 TeMIle-





