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HBY METO/I BUMIPIOBAHHSI BOJIOI'OCTI OB’EKTIB
JNOBLIbHOI ®OPMH

Axmyanvnicme docnioncenns. Cyyacui mexnonozii upobnuymea 6 3nauniti Mipi nog'szami 3 emicmom gonoeu. Haonu-
wiox abo Hecmava 8ono2U 8 Mamepiani 6NIUBAE HA 1020 8RACMUBOCMI ma AKicHi nokasuuku. [Ileudke i moune gumipioganns
BMICTY B0JI02U 8 NEGHOMY MAMeEPIAni € 0yce 8ANCIUBUM I AKIMYATLHUM 3AB0AHHSM.

Ananiz ocmannix docniocens i nyonixauyit. Memoou HBY wiupoko euxopucmogyomucs 015t GUMIPIOGAHHS 801020CTI
mamepianie. Binoni monexynu 600u po3kpy4yiomucs eneKkmpomacHimuum noiem. B pezynvmami weuokicms npoxooxicenis
PAaodioxeunb CHOGIIbHIOEMbCA, A iX iHmeHcugnicms 3menutyemocs. Lli eghexmu suxopucmogyromocs Onsi CmeopeHHs npu-
cmpoig i cucmem, SKI 6uMiproioms @onocicms 3a donomoeolo HBY-cuenanie. Poboma 6Oinbuwiocmi 3 Hux 3acnoganuil na
BUBHAYEHHI 8EIUYUHU OCIAONeHHs cucHary abo 3Minu OleneKmpuyHol nNPOHUKHOCH 80102010 pevogunot. Haiibinvw nowu-
peni HBY memoou: onmuuni, pe30HancHi, Xunegoomi, 30HO08L.

Buoinennsn ne eupiwenux paniuie uacmun 3azansnoi npoonemu. Jlo nepesae HBY memoodie eumipioganns ma Kom-
MPONI0 601020CMI MOICHA 8IOHECMU 0080 GUCOKY MOUHICMb, NPoYec GUMIPIOBANHS He NO8'A3aHUL 3 PYUHYBAHHAM O00-
CLOACYBAHO20 3PA3KA, HEBETUKI NOMYICHOCMI UMIPIOGAIbHUX cucmem, mowo. Matidice y ecix nepenivenux HBY memooax
HeoOXIOHO 3HaAmMU 2eoMempUdHi po3MIpU 0OCTIONHCYBAHO20 00'ckmy, wo He 3a8dcou € moxcaugum. Llle oona ckraonicmo 6
O0esIKUX BUNAOKAX 3YMOBIIeHA HeOOXIOHICHII0 0OHO3HAUHO2O PO3MIWEHHS Ma OpicHmayii nepeoasanrbHux ma NPUMAnrbHUxX
enieMenmis, OCKinbKu 0YOb-sKi aHMeEeHU MArome NeeHy 0lazpamy CRpIMOBAHOCIIL.

Mema oocnioncenns. Pozsumox HBY memooie sumipioganns 6onococmi 6y0igenvHux mamepianie ma indiCeHepHux
cnopyo 0 NOOAIbLUIO2O0 IX BUKOPUCTNAHHSL 8 CUCMEMAX HePYUHIBH020 MOHIMOpUH2Y 00'ckmie 008iibHOT hopmu.

Buxnao ocnoenozo mamepiany. Xeunegoono-koaxcianvhuili nepexio € o0uicio 3 gavciusux ckiadosux HBY mexnixu.
Bin wiupoko suxopucmogyemocs 0si 63aEMHUX NIOKNIOYEHb KOAKCIANbHUX A XEUTeBGOOHUX iHill nepeday npu opmyeanii
HBY mpaxmis. Axwo na xeunegoono-koakcianvhuii nepexio nanpagumu HBY cuenan 3 wacmomoio mpoxu menuioro 3a epa-
HUYHY, a NOMIM NOCMYN080 NIO8UWYEAMU i1, MO NOMYAUCHICIb, WO NOMPANIAE 00 KOAKCIAnbHOI ainii, Oyde 3pocmamu,
OCKiNbKU MU 6)0eMO HabnuICamucy 00 acmom, Ha sKi 61AcHe I pO3PAX08aHull yell X6u1e800HO-KOAKCIANbHUL nepexio.

3 inwozo boky y deskux pedosun cnocmepicacmoca 3pocmanns nociadnenns HBY cuenany 3i 30inbuennsam 4yacmomu.
Taxkum wunom yi 06a NPOMUNENCHUX PAKMOPU NPU3BO0SAMb 00 HAAGHOCHI HA YACMOMHIL 3ANEHCHOCMI CIYNeHI0 hoCaa0-
nenna HBY xeuni uimko cnocmepieacmo2o MiHIMymy. A6mopu 8uasuny, wo 4acmoma MakCUMAanbHo20 NOCIabnents 3aie-
JHCUmMs 810 I0COMKA ONO20CMI 3PA3KA.

Bucnoexu. 3anpononosano Hoguii Memoo KOHMPOIO 601020CMI 3ACHOBANULL HA GUMIPIOBAHHS YACMOMU, NPU AKIU Cno-
cmepieacmvcs Makcumanvhe nocraonenns HBY-cuenany y XeunesoOHo-KoaxcianbHomy nepexooi. Pesynomamu excnepumen-
manvhHux 00CIONHCEHb NOKAZYIOMb, W0 YACHOMA MAKCUMATbHo20 nocaabnenna HBY cusnany 3anexcums 610 601020CHi 3pasKda.

Knrouogi cnosa: xeunesoono-koaxcianohuii nepexio, UMIpio8anHs 601020CMi; SUMIPIO8anbHUL nepemsoprosay;, HBY-
MexXHON02Il; cucmemu HEPYIHIBHO20 MOHIMOPUHRY.

ITocranoBka npo6semu. CyyacHi TEXHOJIOTTUHI MPUHOMU BUPOOHUITBA 3HAYHOIO MIPOIO
MOB’s13aH1 3 BMICTOM BOJIOTH. Hammimok abo BiICYTHICTh y MaTepiajii BOJOTH BITOMBAETHCS HA
Horo (i3UKO-XIMIYHUX, (IBUKO-MEXaHIYHUX Ta EKCIUTyaTallliHUX BJIACTHBOCTSAX, a TaKOX Ha
SIKICHUX TIOKa3HHMKaX. [IIBuKe 1 TOYHE BU3HAYEHHS BMICTY BOJIOTH B TOMY UM IHIIIOMY Matepiaii
SIK Y TIpOLIeCi BUPOOHUIITBA, TaK 1 B TIEPIO] EKCILUTyaTaIlli € Ty>Ke BAKJIMBUM 3aBJIaHHSIM.

3pocTarodi BUMOTH JI0 SIKOCTI Ta KOHKYPEHTOCIIPOMOXHOCTI MPOJYKIlii BUCYBalOTh HOBI1
BUMOTH JI0 IPUJIAAIB 1 IPUCTPOIB EKCHPECHOTO KOHTPOJIO BOJIOTOCTI B OUIBLIOCTI TEXHO-
JIOTTYHUX TMPOIIECIB. ¥ CydaCHHX TEXHOJIOIIYHHUX Ipoliecax NOTPiOH1 yHIBEpcallbH1 IPUIaaH,
0 KOHTPOJIIOIOTH BOJIOTICTh IIMPOKOTO KOja maTepianiB. L[UTkoM OYEBHIHO, IIO IIMPOKE
BIIPOBA/IPKEHHSI HEOOX1THUX 3ac001B 1 MPUIIAAIB KOHTPOJIO BOJIOTOCTI 1 X IPpaBUIIbHA €KCILTY-
aTallist 1al0Th BITUYTHUI TEXHIKO-eKOHOMIYHUM edekT [1].

Binomo 6araTto mMeToaiB BHUMIpIOBaHHS BOJIOrocTi. BCi MeToau BHUMIPIOBAHHS BOJIOTOCTI
MOAUISIOTh Ha MpsAMi Ta HenpsaMi. [IpsmMi MeToau BUMIpIOBaHHS BOJIOTOCTI IPYHTYIOTHCSI Ha
MOAUIl JOCIIKYBAHOTO MaTepially Ha CyXy pPEe4OBHHY 1 BOJOTY 3 HACTYIHUM BHU3HAUYEHHSAM
CHIBBIIHOIIEHD iX Mac. [IpsMi MeToau HaifdacTiiie BUKOPUCTOBYIOTHCS B J1aOOpaTOPHUX JI0-
CIIJDKEHHSIX, HOTPeOYIOTh 3HaYHUX 3aTpaT yacy Ta I'pOMI3AKOro 00JiafHaHHS.

Tomy OUIBII NOMYJSIPHUMU JUIS IIMPOKOIO BUKOPUCTAHHS € HEmpsiMi MeTonu. B Hemnps-
MHUX METO/IaX BUMIPIOETHCS 3MiHa (DI3MUYHUX BEJIMYUH a00 BIACTHBOCTEH 00’€KTa KOHTPOJILO,
(GYHKIIIOHAJIBbHO MMOB’SI3aHUX 3 BOJIOTICTIO MaTepiany. Hempsmi meTonum BuUMararoTh Iorie-
pPEIHBOTO KadiOpyBaHHs 3 METOI BCTAHOBJICHHS 3aJIeKHOCTI MK BOJIOTICTIO Marepiany Ta
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1HGOPMaTUBHUM NapaMeTpoM. 3alIeKHO Bl BUMIPIOBAHOIO MapameTpa Ta (I3UYHUI SBHIL,
SIK1 JIe)KaTh B OCHOBI (DYHKITIOHAJIBHOI 3aJI€KHOCTI, ICHY€e OaraTo pi3HOBH/IIB HEMPSIMUX Me-
TOMIB, KJIacu(iKallis sSIKUX MpeAcTaBiieHa Ha puc. 1.
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Puc. 1. Knacugirayis nenpsimux memooié UMIpIO8aHHs 601020CHE

Cepen icCHYIOUMX HENPSIMUX METO/IIB BUMIPIOBAHHSI BOJIOTOCTI OCTaHHIM 4acoM Bce Oilb-
moi nonyasipHocti HaOyBaroTh HBU metonu. Lpomy ¢akty cripusie cTpiIMKHI pO3BUTOK SIK
€JIEMEHTHO1 0a3u, Tak 1 TeopeTnyHux Aociaikenr HBY nianmasony, skuil BUKOPUCTOBYETHCS
HE TUIbKU Y BUMIPIOBAJIbHUX CUCTEMaX, a i JJIs paaio3B’si3Ky; cucteM Oe3rnpoBinHoro IHTep-
HETY; CYMyTHHUKOBOTO TeJeOaueHHs; paIiojoKallii; HaBIralifHUX CUCTEM; TEXHOJOTTYHUX CH-
cteM HBY-po3irpiBy (y MIKpOXBHJILOBUX I1€4aX) TOLIO.

Jlo nepeBar HBY meTo1iB BUMIpIOBaHHS Ta KOHTPOJIIO BOJIOTOCTI MOYHA BIIHECTH JAOBOJ1
BHCOKY TOYHICTh, MPOIEC BUMIPIOBAHHS HE MOB'SI3aHUM 3 PYWHYBAHHSM JOCIIKYBaHOTO
3pa3ka, HEBEJIMKI MOTYXHOCTI BUMIpIOBaIbHUX cucTeM. OfHAK iICHye 6araTo MuTaHb, K1 MO-
TpeOYIOTh MOJANBIIOTO JAOCTIHKEHHS, 30KpeMa YaCTOTHI 3aJIeKHOCTI JUCTIepCii AieIeKTprU-
HOT1 NMPOHUKHOCTI BOJOIMX MaTepiaiiB, yHIBEpCaJbHICTh 3aCTOCYBAHHS JAHUX METOMIB JUIS
MaTepiajiB, 110 BIAPIZHAIOTHCSA (OPMOIO, CKIAJ0M 1 T. 1H.
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AHaJii3 0CTaHHIX Aoc/iaxKeHb i myOJikanii. Sk BioMo, BUIbHI MOJIEKYJIM BOJU PO3KPY-
YYIOTbCS €JIEKTPOMArHITHUM MOJeM. Y pe3yiabTaTl IIBUAKICTh NMPOXOJKEHHS palioOXBUIIb
CIIOBUIBHIOETHCS, a 1X IHTEHCUBHICTh 3MEHIIyeThCA. L1 SBUIIa BUKOPUCTOBYIOTHCS /71l CTBO-
pEHHS MPHUCTPOIB Ta CHUCTEM, IO BUMIPIOIOTH BOJIOTICTh 3 BuKopucTanHsM HBY curnamis.
PoGora OutbmiocTi 3 HUX 0a3yeTbCs HAa BU3HAYEHHI BEJIMYMHHU MOCIA0JIEHHS CUTHAIIy abo
3MIHU J1€JIEKTPUYHOI IPOHUKHOCTI BOJIOTOI0 pedoBHHO0. KpiM TOro, B peuyoBUHI MOJIEKYIN
BOJIM MOKYTb 3HaXOJUTHUCH y 3B’s13aHOMY cTaHl. lle 3HauHO pO3MIMPIOE KOJUBAIBHUN CIEKTP
Takoi cucreMu. Ha chorofHi /Ui BUMIPIOBaHHS BOJIOTOCTI PI3HUX MaTepialliB IIMPOKO BUKO-
puctoBytoTbcss HBU-meroau, cepen IKUX BUALISIOTh:

1) onrtuusi;

2) Ppe30HaHCHI;

3) XBWJIEBOJIHI,

4) 30HIOBI

Ontnuni HBY-Meroau 3acHOBaHI Ha JOCIHIHKEHHI XapaKTEPUCTHK €JIEKTPOMArHiTHOT
XBHJII, 110 MPOMIILIA Yepe3 3pa30K BUIPOOYBAaHOTO MaTepialy, HUISIXOM MOPIBHSIHHS 3 Xapak-
TEPUCTUKAMH XBUII1, 1[0 MOIIMPIOETHCS MO HIIOMY HUIAXY, 400 XBUJI1, 1110 MOUIUPIOETHCA 110
TOMY K LUISIXY, ajl€ 3a BIICYTHOCTI Marepiaiy. BuMipiroBaHHS 3BOASTHCS A0 BU3HAUYEHHS
KOMIUIEKCHOTO KoedillieHTa Tepeaadi MUITHKA HAMpSIMIICHOT CHUCTEMH, 3allOBHEHOI JOCIIi-
JDKYBAHOIO PEYOBHUHOIO (KO€(DILI€HTIB MOIVIMHAHHA ¥ BIAOUTTS, K (PyHKLII BOJOTOBMICTY).
Takoro cucremMor0 MoXke OyTH SIK XBMJIEB1Jl, YACTKOBO a0O INOBHICTIO 3allOBHEHUI Marepia-
JIOM, TaK 1 001acTh BUIBHOTO IPOCTOPY, Y SAKIM MOUIMPIOIOTHCS €IEeKTPOMArHiTHI KOJMBAaHHS
HBY. Ontruni MeTou ofepskaiy HalOUIbIIe 3aCTOCYBaHHS, OCKUIBKH iXHBOIO XapaKTEPHOIO
PHUCOIO € OE3KOHTAKTHICTh MPOIECY BUMIPIOBAHHS, MOXKJIMBICTh IHTEIPAIIBHOT OI[IHKH BOJIOTO-
cTi B OUIbIIMX 00’eMax (OuibiIa iHpopMalliiHa EMHICTh METOLY) [2].

Pe3onaHcHUl MeTO/1 3aCHOBaHMM Ha BUMIPIOBAaHHI MapaMeTpiB Pe30HATOpPA MPU BHECEHH1
B HBOI'O JIOCIHIIJDKYBAHOTO Martepiany. Bumiproroun yacToTu pe3oHaTropa, BU3HAYAIOTh JieJeK-
TPUYHY IPOHUKHICTH, @ BUMIPIOIOYH il JOOPOTHICTh BU3HAYAIOTH KOE(ILIIEHT BTpAT.

XBWJICBOJIHI METOJIM BUMIPIOBAHHS BOJIOTOCTI 3aCHOBaHI HAa BU3HAUYEHHI1 OE3KOHTAKTHO
JeJIEKTPUYHOT IPOHUKHOCTI ¥ MUTOMOT €JIEKTPOIIPOBITHOCTI PiIKUX cepeAoBHIl. s 1mboro
Yy XBWJIEBO/ll, 3alIOBHEHOMY JOCII/PKYBAaHOIO DPEUOBHUHOIO, CTBOPIOETHCA PEXKUM ODKYUHX
XBWJIb. BUMIpIOIOTH MOCIa0e€HHS MO TOBEPXHEBOI MOBUILHOI XBUJII B HOPMaJIbHIN 1 ropu-
30HTaJbHIN IJIOIIMHAX LI0JI0 HAMNPSAMKY ii MOLIMPEHHS ¥ 3a po3paxOBaHUM 3HAUYEHHSM KO€-
¢iieHTIB OCaabaeHHs MOJI1 B HOPMaJIbHIM IUIOIIMHI CYIATh PO BEIUYHHY A1€JIEKTPUUHOT
MIPOHUKHOCTI €, a 32 KOEPIIIEHTOM MOCIa0JeHHS MOl Y30BK HANPSIMKY MOLIMPEHHS XBHJI
OTPUMYIOTH 1H(OPMAIIi0 PO BEIUUMHY TUTOMOI IPOBITHOCTI ¥ [3].

30H/I0B1 METOIM BUKOPUCTOBYIOTH JUIsl BUMIPIOBAHHSI BOJIOTOCTI JJOKAJIBHUX TUISTHOK Jlie-
JIEKTPUYHUX CEPEIOBUIIL, a TAKOXK JJIA BUSHAYCHHS MPOouTI0 200 TUTaHy PO3MOILTY BOJIOTOC-
Ti, 30KpeMa, TEIUIMYHUX CYOCTpaTiB, IPYHTIB, CUIIyYUX MIHEPAJIbHUX I0OPUB, 3€PHOIIPOIYK-
TiB Tomo. 3oua0Bi HBY cucrtemu BuUMIiprOBaHHS BOJIOTOCTI OCHOBaHI Ha BIIPOBADKCHHI B
JOCITIKyBaHE CEPEAOBUIIE TIEPBUHHOTO MEPETBOPIOBaYa BOJorocTi B nmapamerpu HBY-nos,
MOTEPEAHBO BIAKAIIOPOBAHOTO B CYXOMY CEpPEIOBHIIL. Y MPOIECi BUMIPIOBAHHS BU3HAYAIOTh
3HAYEHHS PE30HAHCHOI YacTOTH 1 JOOPOTHOCTI MEPBUHHOIO BUMIPIOBAJIBHOTO MEPETBOPIOBA-
4a Ta pO3paxoBYIOTh BOJIOTICTh JUISHKH OCHIIKYBAHOIO cepeioBuina [4].

Crin 3ayBakUTH 110 MPaKTUYHO B ycix nepeniuenux HBY Meromax HeoOX1AHO 3HATH re-
OMETPHUYHI PO3MIPH AOCIIIKYBAHOTO 00’ €KTa, 1110 HEe 3aBkaAu € MoxiuBuM. Llle ogna cknan-
HICTh Y JI€KMX BUIAJKaX 3yMOBJIEHa HEOOXIIHICTIO OJIHO3HAYHOI'O PO3MILICHHS Ta OpIEHTa-
1ii nepenaBaJbHUX Ta NPUWMAIBHUX €JIEMEHTIB, OCKUIbKM OyJb-SIKi aHTEHU MaloTh IEBHY
niarpamy CpsiMOBaHOCTI.
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Mera crarri. Po3Butok HBY meTo1iB BUMIpIOBaHHS BOJIOTOCTI Oy/AIBEIbHUX MaTepialliB
Ta IHXEHEPHUX CHOPYJ JJs MOJANbIIOTO X BUKOPUCTAHHS B CHCTEMax HEPYHHIBHOI'O MOHI-
TOPHUHTY 00'€KTIB TOBUIbHOT (POPMH.

Buxkian ocHoBHOro marepiaay. XBUJIEBOIHO-KOAKCIAIBHUI MEPEXia € OAHIEI0 3 BAXKIIU-
Bux ckinagoBux HBY texniku. BiH mIMpOKO BUKOPUCTOBYETHCS UISl B3AEMHUX IMIJKIIOYEHB
KOaKclaJbHUX Ta XBUJIEBOJAHHUX JIIHIN niepenad rnpu popmysanni HBY Tpakris.

JloOpe Bimomo, 110 B MPSIMOKYTHOMY XBHJICBOJ1 JIOBKHHA XBHJIb, III0 MOXKYTh PO3MOBCIOI-
’KYBaTHUCh, IIOB’s13aHa 3 T€OMETPUYHUMH pO3MipaMH XBUJIEBOy. Tak, MakcuMasbHa JOBXKUHA
xBwIl TUIy Hj TOpIBHIOE MMO/IBIHHOMY PO3MIPY IIMPOKOT CTIHKHM XBHJIEBOAY 2a. XBUJIl 3 MEH-
IIUMHU YaCTOTaMU MalOTh BEIMKUN Koe]imieHT 3aTyxaHHs. Lleil hakT BUKOPUCTOBYEThCS st
CTBOPEHHS CTAJIMX aTEHIOATOPIB Y BUTIISAI BIPI3KY XBHIJIEBO/TY [TEBHOT TOBKUHH.

VY it poOOTI MPONOHYETbCA PO3MIUPUTH (PYHKIIOHAJIBHE NPU3HAYEHHSI XBHJIEBOIHO-
KOAaKC1aJIbHOTO IMEpPeXoay 1 BUKOPUCTATU MOro SIK BUMIPIOBAJIbHHUM NMEPETBOPIOBAY CHUCTEMH
HEpYHHIBHOTO MOHITOPUHTY [5; 6].

SIk1o Ha XBUJIEBOIHO-KOaKcianbHuM nepexia Hanpasutu HBY curnan 3 yactoToro Tpoxu
MEHUIOO 32 'PaHUYHY, a MOTIM MOCTYMOBO MIABUUIYBATHU ii, TO MOTYKHICTh, 10 MOTPAIUIIE
710 KOAKClaJIbHOT JIiH11, Oy/ie 3pocTaTh, OCKUTBKH MH OyJIeMO HaOIMKATUCh 10 YacTOT, Ha SIKI,
BJIACHE, 1 PO3PaXOBaHUM 11eH XBUIIEBOJHO-KOAKCIATbHUN TIEPEXi/.

3 iHIIOTO OOKY, y JEIKUX PEYOBUH CIIOCTEPIraeThest 3poctanHs nocnabnenns HBY curnamy 31
30UTbILIEHHSM YacTOTH. TakuM YMHOM, 111 IBa MPOTWIEKHUX (HaKTOPU MPU3BOJATH 0 HASIBHOCTI
Ha YaCTOTHIN 3aJI€KHOCTI cTyneHs 3aryxanHs HBY xBuiii 4iTko criocTepexyBaHOTO MIHIMYMY.

OTrxe, iH(pOpMaIli€ro IPo piBEHb BOJOIOCTI PEUOBUHU B IIbOMY BUII/IKYy € HE CTYIIIHb IIO-
cnabnennss HBY curnany, a yactora, Ha SIKiid CIIOCTEPIra€ThCsl MIHIMAJIBHUN CUTHAJ.

Jlist mepeBipKU I[bOTO TPHUMIYIIEHHS OyJ0 TPOBEACHO BIAMOBIAHI EKCIIEPUMEHTH 3
BUMIPIOBAHHS BOJIOTOCTI PI3HUX OYAIBENbHUX MaTepianiB IMM MeToaoM. CTpyKTypHa cxema
€KCIEPUMEHTAJIbHOI YCTAaHOBKH MPECTABIEHO Ha puc. 2.

OCHOBHOIO CKJIaJJOBOIO BHMIPIOBaJIbHOI cuUcTeMU € Komiuiekc SA2P-67 — BumiproBay
koedirienTa crosiuoi xBuil (KCB) Ta nocnabienss.
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Puc. 2. Cxema enexmpuyna cmpykimypHa eKCHepUMeHmaibHol yCmMano8Ku:

1 — ninis koakcianvha, 2 — nepexio Koakcianvhuil, 3, 5 — 2on06xa oemexmopHua; 4, 6 — CNPAMOBAHULL 8IO2ANYHCY-
6au ; 7 — HABAHMAICeHHsL y32000iceke ; 8 — sumiprosanvrul 00 'exkm; 9, 10 — kabenwv ucokouacmomuuil
3’eonyeanvnutl BY; 11 — kabenw 3’eonysanvruil, 12 — nepedasanivha anmena;,

13 — nputimanvna anmena

HBUY curnan 3 Buxoay reneparopa kadarodoi yactot (I'KH) (puc. 2) 3a 1omoMororo Koak-
clapHOrO Kaleyto 2 MoJaeThCcs Ha BXi CIPSMOBAaHOro Biaramyxysada 4. Jlo Buxoay ioro
BTOPMHHOTO KaHaJTy MIKIIOYeHA JETEKTOpHA TOJIOBKA 3. 3 Hel CUTHAJ MaJar0doi XBUIIl CIIps-
MOBYEThCSI Ha BXiJ iHaukaropa —IIAJ[. V Gnomi iHauKaTOpa CUrHai Majarodoi XBUIIl MIACH-
JOETHCSA 1 ToAaeThest HA po3’eM —APM. Ocranniii 3’ ennanuii 31 Bxogom APM I'KY. 3 Buxoxy
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MIEPBUHHOI0 KaHaIy CHPSIMOBAHOIO BIAraly’KyBaua 4 XBWIS IOCTYNa€ Ha JOCTIHKYBalbHUN
3pazok 8. Iliciig npoxoKEeHHS Kpi3b PEYOBUHY BOHA MOTPAILISE HA BX1 IPYrOro CIpSIMOBAHO-
ro BifraigyxyBada 6. Jlo Buxoy 1oro BTOpUHHOTO KaHay MIAKIIOUEHa IETEKTOPHA FOJI0BKa J,
3’eqHana 3 BxoaoM inaukaropa —OTPAX. 3a nonomororo cuctemu APM I'KY 1 BumiproBaua
BIJTHOLIEHb 1HAWKATOPa OTPUMYETHCS CUTHAJ, MIPONOPIIMHMN BIIHOIIEHHIO HANPYT Ha BXOJax
KaHaJIIB BiMOWTOI (TIocmabimeHol) Ta majaardoi XBwib. Lleil curuan mogaerbcs Ha CHHXPOHHUN
JIETEKTOp, B IKOMY B1I0yBa€ThCs MOANIbLIE MIJCUJICHHS 1 JeTeKTyBaHHs. BuxinHa Hanpyra cu-
HXPOHHOTO JIETEKTOPA MOJAETHCSA Ha CXEMY BIIXWUJICHHS JUIS BI3yaJbHOI IHAMKALII] HA eKpaHi.

Enementu HBY Tpakrty (cpsiMoBaHi BiArany/pKyBadl, J€TEKTOPHI T'OJOBKU, BUIIPOMIHIO-
Bayl, Y3ro/pKeH1 HAaBAaHTAKCHHs) OOMPAIKCh BIJMOBIIHO 0 Jlana3oHy JOBXWH XBUJIb, Ha
SIKUX IPOBOMIINCH BUMIPIOBAHHS.

Sk nepenaBaibHa Ta puiiMalibHa aHTEHU OyJIM BUKOPUCTaH1 XBUJIEBOJHO-KOAKCIANIbHI Iepe-
XOM. 3BUYAHHO, OUTBIIT KOPEKTHUM OYJI0 O BUKOPHUCTaHHS PYIIOPHUX aHTEH 1 PO3MIIICHHS 3pa3-
KiB y AaibHIA 30HL lle HeoOXimHO mpu BU3HAUEHH1 aOCOJIOTHUX BEIMYMH 3aTyXaHHS CHUTHAIY,
BH3HAUEHHI BIATIOBITHUX KOE(DIIEHTIB Ta IHIIUX KUIBKICHUX NapameTpiB. OHaK 1Sl BUKITIOYEH-
HS TUQPaKIIMHUX SBUIL Yy HAIOMY BUIAJIKy PO3MIpHU 3pa3KiB Ta iX Bara CTaBald JOCUThH 3HA4-
HUMH, 1110 3HAYHO YCKJIa/IHIOBAJIM O €KCIIEPUMEHT. A JUIsl JOCIIIKEHb JEIKUX MaTepiaiiB (1erna,
TUTMTKA OOJMITIOBAJIbHA) BUTOTOBUTH TaKi 3pa3Ku B3arajii Oysio 6 HEMOKIIMBO, OCKUTHKH BOHU BH-
TOTOBJISIFOTHCS 3 PO3MIPaMu, MEHIIIMMHU 3a Taki BUMOru. KpiM Toro, BUMiproBaHHS HOCWIIN BIIHO-
CHUH (ITOPIBHSJIBHUI) XapaKTep, TOMY TaKUH Mixia OyB LUIKOM BUIIPABJAHUM.

Sk mpuknax HaBOIATHCS 3alieHOCTI mocnabmennss HBY curnany mist 1Box OymiBeTbHUX
MaTepiajiB — uyepenamHuky (puc. 4) 1 yepBoHoi 1erau (puc. 5). Ilpuyomy 3pa3ok uepenari-
HUKY, CIielliaJbHO BUOMpAaBCs HEMpaBUIbHOI reoMeTpuyHO1 popmu (puc. 3).

Puc. 3. Jocnioocysanuii 3pasox uepenautHuxy

BumiproBaHHs IPOBOIUINCH JIsI TAKMX BUXITHUX YMOB:

1. ToBmMHA DOCTIHKYBAaHUX MaTepiajliB HA MEPEBHIIYE 5 CM.

2. Bosoricts 3pa3kiB 3MiHOBaachk y Mexax Bin 1 1o 10 %. butbmumii BMICT BOJIOTH B 3BU-
YallHMX YMOBax MaJIoBiporiiHuil. BiH Moke iCHyBaTH B MOBEPXHEBUX IlIapax IiJ yac onaiis, a
TaKOK Y BOJIOTMX HIIBJIbHUX Ta BUPOOHMYMX MPUMIIIEHHS, OESIKUX MiA3eMHUX 00’ ekTax. Jlis
CTBOPEHHSI anaparypH, 10 MPAIioe B TAKUX YMOBAX, Tpeba MPOBOIUTH JI0IaTKOBI TOCITIHKCHHS.

3. byB o0paunwmii yactotHui inTepsail 2,3—8,0 I'T'o,.

[Tpuknan oTpUMaHUX 3aJI€KHOCTEH MIKPOXBHJIBOBOTO MOCIA0JCHHS CUTHANY JUIS JIBOX
OyHiBEIbHUX MaTepialliB — yepenamuuky (puc. 4) i uepBoHoil meriu (puc. S5). s Bcix 3pas-
KIB MIHIMaJIbH1 XapakTepucTuku 3aracands HBU-curnany crnocrepiraroTbes Ha OLIBIN HU3b-
KHMX 9acTOTax 13 30UIBIIIEHHSIM BOJIOTOCTI 3pa3Ka.

24



TEXHIYHI HAYKU TA TEXHOJIOT'Ii Ne 2 (8), 2017
TECHNICAL SCIENCES AND TECHNOLOGIES

GHz
—0—1%
@ 2%
3%
4%
—@==5%
Puc. 4. Pesynomam sumipiosanns nociabnenns HBY cuenany onsa pakyweunuxa
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Puc. 5. Pesynomam sumipiosanns nociabnenns HBY cuenany ons uepsonoi yeanu

3a pe3ynapTaTaMH JTaHUX BHUMIPIOBaHb MOOYIOBaHI 3aJ€KHOCTI YaCTOTH, IO BIAMOBIAae
MaKCHMaJIbHOMY TI0CIIa0JICHHIO, Bijl PIBHS BOJIOTOCTI (puc. 6, 7).
JList pi3HUX MaTepialiB 3aICKHICTh BiPI3HIEThCSA. UYTIIMBICTh BUMIPIOBATBHOT CHCTEMH:

min
OH

Ie Amin — MiHIMYM 3aTyxaHHs, 1b; H — BosoricTs, %.
Jliist gepenanrHuKy py piBHI BosorocTi 10 3 % S=0,1, motiM 3menmryerbest a0 S = 0,025

3a piBHeM BoJiorocTi Oinbme 3 %. Jlns uepBonoi nernu HaBmaku S=0,01 11 3HWKEHHS PIBHA
BoJtorocti 10 3 %, motiM 30utbIyeThes 10 S = 0,15 mpu piBHi BosorocTi 6utbmie 3 %.

2
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Puc. 6. 3anesicnicms wacmomu MaxcumanibHo20 NOCIAOIEHHS CUSHATY 6I0 Pi6HS 36010HCEHOCIT
3paska 3 paKyueyHuxka
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Puc. 7. 3anexcuicmo uacmomu MakcumaibHO20 NOCIAONCHHSL CUSHATLY 6L0 PIGHSL 360JI0HCEHOCTII
3pas3Ka 3 4epeorHol yeaiu

BucHoBku i npono3uuii. [Ipesncrapneni rpadiyni 3aeXHOCTI HAIJSIIHO UTIOCTPYIOTH, 110
1H(OpMaIi€o PO PIBEHb BOJIOTOCTI B IbOMY BUMIAJIKY € HE CTYIIHb MOCIAa0JIEHHS CUTHAITY, a Ya-
CTOTa, 110 BIAMOBIAA€ MAaKCUMAILHOMY MOCIa0JIeHHIO. BUMIpIOOUH 1110 4aCTOTy MOKHA OTpHMa-
TH 1H(OPMALIIIO PO PIBEHb BOJIOTOCT1 peuoBHMHU. Hamu BCTaHOBIIEHO, 110 YacTOTa MaKCHUMallb-
HOTO TOCJIa0JICHHSI MOHOTOHHO 3aJIEKUTh BiJl IPOIIEHTA BOJIOTOCTI JOCIHKYBAHOTO 3pa3Ka.

Ha ocHOBI mnpoBeeHMX €KCIEPUMEHTIB MOKHAa CTBEP/KYBaTH, IO XBHJIEBOIHO-
KOaKclaJbHUI Iepexis y [bOMY BUIAJKY BIAIrpa€e pojb CBOEPITHOTO BUMIPIOBAJIBLHOTO MEpe-
TBOpIOBaya Ta JI03BOJIsIE po3MIMPUTH cepy BukopucranHs HBY meroniB BUMiproBaHHS BO-
JIOTOCTI U1 00’ €KTIB JOBUIbHOT (DOPMH.

[Tomanpmii gociipKeHHs A1 PI3HUX MaTepiaiiB MOXKYTh OyTH BUKOPUCTaH1 JJi CTBOPEH-
HS METOJWKHA BUMIPIOBAHb BOJIOTOCTI TUT 3 HEMPABUIBLHOIO T€OMETPUYHOIO (hOPMOIO 3 BHUKO-
PUCTAaHHSAM 3alPOTIOHOBAHOTO CMOCOO0Y Ta MPOBEACHHS EKCIIEPUMEHTIB JUIsl OUTBIIOI Kilb-
KOCTI pI3HUX OYJiBEIbHUX MaTepiajiB 3 METOIO MiATBEPKEHHS BII3HAYCHUX MIPUITYIIEHb.
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Anatoliy Satiukov, Anatoliy Prystupa, Yulia Lenko

MICROWAVE METHOD OF MEASURING MOISTURE
OBJECTS OF THE ARBITRARY FORM

Urgency of the research. Modern production technologies are largely related to moisture content. Excess or lack of
moisture in the material affects its properties and also on qualitative indicators. Fast and accurate moisture content in a
given material is very important and urgent task.

Actual scientific researches and issues analysis. The microwave methods widely used to measure the moisture of mate-
rials. Free water molecules to spin electromagnetic field, resulting in a slowed speed of radio waves and their intensity de-
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creases. These effects are used to create devices and systems that measure humidity using microwave signals. The work of
most of them is based on determining the value of the signal attenuation or changes in the dielectric constant wet substance.
The most widespread microwave methods are optical, resonance, waveguide, probe methods.

Uninvestigated parts of general matters defining. The advantages of microwave measurement methods and control
moisture include relatively high accuracy, non-destructive of the sample during the measurement, low power measuring sys-
tems and more. Almost all of these methods require knowledge of the geometric dimensions of the object that is not always
possible. Also these methods require a certain location and orientation of the antenna, according to their pattern.

The research objective. The development of microwave moisture measurement methods of building materials and engi-
neering constructions for further use in non-destructive monitoring of arbitrary shape objects.

The statement of basic materials. Waveguide-coaxial transition is one of the important components of microwave tech-
nology. It is widely used for mutual connections of waveguide and coaxial transmission lines when forming SHF channels. If
microwave signal with a frequency slightly less than the maximum reaches the waveguide-coaxial transition and then fre-
quency gradually increases, the power entering to the coaxial line will increase, because we approach the frequencies which
are actually designed this waveguide-coaxial transition.

On the other side, some substances have the rise of microwave signal attenuation with increasing frequency. Thus these
two opposing factors lead to the availability on frequency depending of the degree of attenuation SHF waves clearly mini-
mum. The authors found that the frequency of maximum weakening depends on the percentage of humidity of the sample.

Conclusions. A new method of humidity control based on measuring the frequency at which the maximum microwave
signal is attenuation in the waveguide-coaxial transition was offered. The results of experimental studies illustrate that fre-
quency of maximum attenuation microwave signal depends on the humidity.

Kevywords: waveguide-coaxial transition;, measuring the humidity;, measuring converter;, microwave technology; non-
destructive monitoring.

Anamonuit Camioxos, Anamoauu Ilpucmyna, FOnus Jlenvro

CBY METOA UBMEPEHMUSI BJIA’KHOCTH
OBBEKTOB NPOU3BOJIBHOU ®OPMbI

Jna usmepenus enaxchocmu wupoxo ucnoavyiomes CBY-memoowl, cpedu komopuix naubonee pacnpocmpaneHHbIMU A6-
JAIOMCSA ONMUYECKUe, Pe3OHAHCHbIE, BOTHOBOOHbIE, 30HO0BblE MeMOoObl. Bce amu mMemoobl mpedyiom 3HaHus 2e0MempudecKux
pasmepos obvexma, umo He ce20a 603mModicHo. Kpome moco, Oannvle memoowl mpebylom onpeoeneHHo20 pacnoiodceHus u
opuenmayuy aHmeHH, Co2NacHo Ux OUAZPAMMAM HanpaeieHnocmu. [Ipeonodicen HOBbIL MEMOO KOHMPOTA BIAHCHOCHIU, KOMO-
Pblil MOJHCEM UCNONB3068AMbCS OISl 00bEKMO8 NPOU3BONLHOU Popmbl. [anHblil Memoo OCHOBAH HA USMEPEHUU YACHOMbL, NPU
KOmopotl npoucxooum maxcumanvhoe ociaonenue CBY cucnana 6 601HOB00HO-KOAKCUANLHOM Nepexooe, BbICHYNAloujeM 6
PONU NPUEMHO20 UIMEPUMENbHO20 npeobpazosamens. Tlpedcmasnenvl pe3ynbmamvl IKCHEPUMEHMATLHBIX UCCIE008AHUI, KO-
mopule HaIAOHO ULTIOCHPUPYION 3A6UCUMOCHTL YACOMbL MaKCUMAanbhozo 3amyxanus CBY-cuenanoe om enaxcrocmu.

Knroueswvie cnosa: 60110600H0-KoaKcuanbhblii nepexod; usMepeHus GLadCHOCML, UIMepUmMensHblil npeoodpasoeamenb;
CBY-mexnonozuu; cucmemvl Hepa3pyuwaowjeco KOHmpoJsi.
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