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CIIOCOb YMEHBUHIEHUA I[OHOJIHPITEJII)HQFI HOTPEINTHOCTHU U3MEPUTEJIA
BJIA’KHOCTH ITIOYBbI OPAH’KEPEU BOTAHHYECKOI'O CAJA

Paspaboman cnocob ymenvuienuss 0ONOIHUMENLHOU NOSPEUHOCMU CPEOCMEd UBMEPUMETLHO2O0
KOHMPOJISL  GIANCHOCMU NOY8bl 8 YCIO8UAX opandcepeil 6bomanuveckoeo caoa. Obocnosana
Memoouxa Komnewcayuu Oecmaounuzupyiowezo eausanus PH Ha pezyremam uzmepenus
BILANCHOCIU NOYBLL. B pezyribmame 1a60pamophvlx uCnblMmanuii MaKkemuo2o oopazya usmepumens
VCMAHOBNIeHbl €20 OCHOBHble MempoNo2UYecKue Xapakmepucmuku. Yy8CmeumeabHOCms No
snasicnocmu — 0,6 Omml% 6 ouanazone usmenenus om 30 0o 90 %; uyecmseumenvrocme no pH —
7,3 Om'm/ed. 6 Ouanazone usmenenuss om 5 0o 8 ed.; abconomnoe 3HaueHue OCHOBHOU
NOSPEeUHOCIU  UBMEPEHUs.  GIANCHOCMU, KOmopasi 00YCI08IeHAd WYMOBOU COCMABISAIOwell
oemexmupyemo2o nadeHusi Hanpscenus, cocmasuna 1.5 %; abcomomnoe 3Hauenue
OONONHUMENbHOLL nozpeuwtnocmu usMepensl GIAINCHOCU, KOmopast obycnoenena
oecmadbunusupyrowum eiusnuem PH, cocmasuna *2.5 %. Abconromunoe 3naveHue cymmapuou
NOZPeUHOCIU UBMEPEHUST GNANCHOCMU NOY6bL, NPU VCA08UU KOMNEHCAYUU 0eCmaduIu3upyioueco
euanus PH, cocmasuno 2,9 %, umo ne npesviuwiaem MakCuMarbHO OONYCMUMO20 3HAYEHUS
Mmedxceocyoapecmeenno2o cmanoapma 5 %.

Knrouesvte cnosa: cnocod, usmepenue, 81ax3CHOCMb, KUCIOMHOCHb, NOZPEUHOCTb, NOYEA.

O0masi MOCTAaHOBKA 32a4H MCCJIeJOBAHUSA

O¢pdexkTuBHOE UCMONB30BAHUE 3€MENb 3aBUCHT OT HCCIEAOBAaHMS HX YaCTHBIX
arpo3KOJIOTHYECKUX  MOKa3zareneil:  (QU3MYecKux, XUMHUYECKHUX, (U3HKO-XUMHUYECKUX U
Ouonormyeckux. M3 dYeThIpeX OCHOBHBIX (PM3MYECKHX IMOYBCHHBIX IapaMeTpoB (MEXaHHYeCKOe
CONPOTHUBIICHHE, BIAKHOCTh, a’palusi U TEMIIEpaTypa), BIAXHOCTh SIBISCTCS HanOOJiee Ba)KHBIM
[1]. [IpobGnema ucciieoBaHMs BIAXKHOCTH MOYB B YCIOBUAX OpaHXepel 00TaHMYECKOTO cajia HMEeT
SIBHO BBIPQKEHHBIE TCOPETUYECKHE M TPAKTUYECKHE acTeKThl. C TeOpeTHYecKOil TOYKH 3peHHs,
aKTyaJbHOCTb HCCIICOBAaHUN BIAXXHOCTH IIOYBBI CBA3aHA C HEAOCTATOY-HOCTBKO 3HAHUU O
MIPUHIMIIAX BO3JCWCTBUS BJArM HA PEXUMBl pa3BUTHA pacTeHW. B mnpukiagHom 1uiaHe
aKTyaJbHOCTb H3YYEHHUS BIAXHOCTH II0YB HEOOXOAMMO paccMaTpUBaTh B HKOJOTHUYECKOH,
CENbCKOXO3SMCTBEHHOM, IKOHOMHYECKOW W JApyrux mmiockoctsx [2]. C menbio pa3paboTku
arpoTEeXHUYECKUX TMPHUEMOB IO YyXOIy 3a PpACTCHUSMH OpaHXkeped OOTaHWYEeCKOro caja
HEOOXOUMO  BBIMOJHATH JKCIPECC-aHAINW3 BIAXHOCTU TIOYBBI, TaK KakK BbIpallUMBaHHE
MHTPOYLIMPOBAHHBIX KYJIBTYp BeChbMa TpeOOBATENbHO K 3amacaM MpPOJyKTHBHOH BJiard B IOYBE.
CrnenoBarenbHO, pa3pabOTKa U MCCIEIOBAHUE CPENCTBA HM3MEPHUTEIBHOTO KOHTPOJS BIAXKHOCTU
MIOYBBI B MOJIEBBIX YCIOBUSX, IPUHIUI PA0OTHl KOTOPOTO OCHOBAH HAa MHCTPYMEHTAJIBHBIX METOaxX
aHaJIM3a, ABIIAETCS AKTYyAIbHONM Hay4YHO-TEXHUYECKOM 3aa4ei.

ITocTaHoBKa 3a1a4 UCC/IE0BAHNSA

[lenpro cTaThu ABISAETCSA MOBBILIEHUE TOYHOCTU W3MEPUTEIS BIAKHOCTH ITOYBBI B YCIOBUAX
opamxkepeil OoTaHMueckoro caja. s TOCTMIKEHHUS IMOCTAaBICHHOM Iienu chOopMyITUpOBaHbI U
PEIIEHBI CIEAYOINE 3a0a4H.

1. Pa3paboTtarh anropuT™M YMEHBIIEHUS JOINOJHUTEIBHOH MOTPEIIHOCTH H3MEpPUTEN]
BJIKHOCTH TIOYBBI.
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2. IlpoBectu uccnenoBanus BiausHUS PH Ha MeTposornyeckue XapakKTepUCTHKU MaKEeTHOTO
oOpa3sia U3MEpHUTENs BIKHOCTH MTOYBHI.

3. Ilpoananu3upoBaTh MOJYYEHHBIE PE3YJIbTAThl SKCHEPUMEHTAIBHBIX U TEOPETHUUYECKUX
WCCIIeIOBaHUI W 000CHOBAaTH METOJA KOMIICHCAIIMM JecTabuinusupyromero BiusHus PH Ha
TOYHOCTb ONPEEICHUS BIAXKHOCTHU MOYBBIL.

Pe3yabTarsl ucciie0BaHu

Ha ocHoBanum ananmuza CyIECTBYIOIIMX METOAOB U CPEICTB KOHTPOJIS BIAKHOCTH IOYBBI
[3], a Taxke pe3yabTaTOB NpeABApUTEIbHBIX HccienoBanuil [4], 00OCHOBaH BBIOOp MeToaa
ompezesieHUs] BIAXXHOCTU MOYB. B OCHOBY mpuHIMMIA paboThl AAHHOTO HM3MEPUTENsl MOJOKEH
KOHIYKTOMETPHUYECKUN METOJl aHalinu3a. OJTOT METOJ OCHOBAaH Ha KOCBEHHOM OIPEICICHHUH
BIIQYKHOCTHU myTeM HENOCPEICTBEHHOT O U3MEpEeHUs YAEIBHOTO ANEKTPUYECKOTO
compotuBiiecHuss (YOC) mouBbl. B pesysnbrare aHanmm3a (HaKTOPOB BIUSIOIMIUX HA TOYHOCTH
M3MEpEeHUs BIKHOCTH MOYBBI MPEAI0KEHHBIM METO/I0M YCTaHOBJIEHO, YTO MPOBOJAUMOCTH COJIEH
MOYBEHHOTO pacTBOpa sABJSCTCA JAecTabmim3upyromum napametrpoMm [5]. C Touku 3peHus
ANEKTPOXUMHU-YECKOTO aHajJu3a IMOYB MEPEHOCYMKAMHU 3apsia B MOYBEHHOM PACTBOpE SBISIOTCS
CBOOOHBIC MOHBI, a HE UX coefauHeHus (comnu). Bennuuna pH sBIseTCs KOJIMUYECTBEHHOW Mepou
akTuBHOCTH HOHOB H' m OH™ m MoXeT BBICTYNaTh OIIEHOYHOH XapaKTEPHCTHKOH HMOHHON
COCTaBIISONIEH OOIEro yJIeNbHOTO COMPOTHUBICHUS IOYBBI, TaK Kak MpelIeibHas MOJSIpHas

MMPOBOJIUMOCTh HOHOB AH+ =349,8-1O_4 Cv-M%/Monb U A =198,3-1O_4 CM'MZ/MOJ'IB, 4TO B

OH"~
(3..10) pa3 6omnbine, yem y apyrux woHoB [6]. Ha ocHoBanuu anamu3sa pa6ot [1, 7] ¢ mociemyronum
YTOYHCHUCM BbI60pKI/I CTATUCTUYECCKUX MJAaHHBIX CIICIHUAIMCTaMU I[OHCI_[KOFO 6OTaHI/I‘IeCKOFO cajga
HAH VYkpaunsl, ObUTH yCTaHOBJICHBI pab0ovre MUana3oHbl OTHOCUTEIHFHOW BIAXXHOCTH MOYBBI — OT
30 mo 90 %; Temnepatypsi — oT 10 1o 30 °C u kucnotHocT — OT 5 710 8 e.

B pesynbTare mpeaBapuTenbHBIX UCClIeAoBaHui [4] 000CHOBaHA CTPYKTYpa H3MEPHUTEIBHOM
YCTaHOBKHM KOHTPOJISI BJIAKHOCTH MOYBHI (CM. prc. 1) u pa3paboTaH ee MaKeTHBIH 00pasell.
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Pucynok 1 — O6001eHHast CTpyKTypHAsi cXeMa H3MEPHUTEISI BIAKHOCTH TTOYBBI

CKOHCTpYHPOBaHHBIH MaKEeTHBIN 00pa3el H3MEPHUTEIIS BIAKHOCTH MOYBBI COCTOHT H3:

1. T'eneparopa curHaia co cIeayOmUMU TEXHUYECKUMH XapaKTepUCTUKAMU:

— JeWCTByIOIEe 3HAUCHHE HATPSKCHHUS, TEHEPUPYEMOT0 HCTOYHUKOM CUTHAJIA paBHO 5 B;

— BHYTpeHHee comnpoTuBiieHHe TeHeparopa curHaga — 200 Owm. l3MeHeHHE BEIWYHMHBI
BHYTPEHHETO CONMPOTUBIICHUS TeHEpPAaTOpa CUTHAJIA, IPU W3MEHEHUH CONPOTHBIICHUS HArPY3KH OT
50 Om 110 1 kOM, cocrasister +3 %;
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— (¢opma curHaia — JABYXIOJSPHBIC MPSMOYTOJbHBIE UMITYJbChl (Meanap). Jannas dopma
HaNpsDKEHHS, TEHEPUPYEMOTo CIPOSKTHPOBAaHHBIM HMCTOYHMKOM CHTHaja, BBIOpaHa C IEJIbBIO
MUHUMH3ALUHN 1eCTaOMITM3UPYIONMIETO BIUSHUS 3 (eKTa MOoIIpU3aIiH HJIEKTPOIOB,

— Juana3oH peryiaupoBaHus 4actoThl curHana: ot 100 I'm mo 100 kI, BEIOOp KOTOpPOTO
0OYCIIOBIICH T€M, 4TO Ha OoJiee HU3KHX YacTOTaxX MposBisieTcs () (EKT MoIspU3anu HIEKTPOIOB,
a Ha Oosiee BBICOKHX — 3(QEKTbl penakcalioOHHOTO M 3JIEKTPO(OPETHIECKOTO TOPMOKECHHS,
KOTOpBhIE BBI3BaHBl YAaCTOTHOW 3aBUCHMOCTBIO BEIMYMHBI JMAJICKTPUUECKONW HPOHUIIAEMOCTH
XKHIKOU (a3bl MouBkI [5, 6].

2. broka neTeKTHpOBaHUs MaJACHHs HANPSHKCHUSI MEXIY U3MEPUTEIbHBIME AekTpoaamu (M
u N), cocTosIiero u3 cieAyonux GyHKINOHAIbHBIX Y3JIOB:

— rms-to-dc mpeoOpazoBareib (KOHBEPTHPYET ACHCTBYIOIIEE 3HAYCHHE HANPSIKCHHUS B
IKBHBAJICHTHOE MOCTOsIHHOE). [laHHBIH mpeodpa3oBaTesb CKOHCTPYHPOBAaH Ha 0a3e MHUKPOCXEMbI
AD736 [8] ¢ menbio yMCHBIICHUS] MHCTPYMEHTAIBHOW TOTPEIIHOCTH H3MEPUTENs, MOCKOIBKY
WHCTPYMEHTaJIbHAsl MOTPEHIHOCTh HU(POBHIX BOJBTMETPOB B PEKUME HM3MEPEHUs MOCTOSHHOTO
HAINpPsDKEHHS 3HAYUTEIIBHO HIDKE, YeM TIEPEMEHHOTO;

— mudpposoir  BombTmerp Unit UT71c ¢ Bepxuum mnpexaenom usmepenus 20 B,

U
o0ecrneYnBarOIINM MOTPEIIHOCTh U3MEPEHUs He Oolee, ueM + [0,0257" + 3Dj %.

3. M3mepurensHoro kanana (MK) temmeparypel. B kadectBe WK Ttemmeparypbl
WCIIOJIb30BAJICS.  DJIGKTPOHHBIA ~ TEPMOMETpP,  IMOCTPOCHHBIH  HAa  TEPMOAJIEKTPUUYECKOM
npeoOpaszoBarene ¢ mpeAenbHON abcomoTHON morpemHocThio +1 °C B auama3oHe W3MEHCHHS
temriepatyp ot 0 mo 70 °C.

4. Usmepurenbroro kanana (MK) kucnornoctu moussl. B kadectBe MK KUCIOTHOCTH MOYBBI
ucnions3oBaics PH-merp KC-300B, kortopsiii oOecrneunBaeTr aOCOMIOTHYIO IOTPEUTHOCTH
u3Mepenus He 6oree 0,5 en. B quanazone namenenust PH ot 3 1o 9 en.

Hccnenyembiii  oOpaser; IOYBbI, Ha OCHOBaHMM METOJla AaHAJIOTHH, MpeCTaBlIeH
OKBUBAJICHTHON JJIEKTPUYECKOH CXeMoil 3amerneHus (cM. puc. 1). AKTHUBHOE CONPOTHUBICHUEC
00yCIIOBJIEHO MPOBOJMMOCTBIO TBEpJOW (ha3bl MOYBBI, & PEAKTUBHOE — MOHHOW MPOBOJAUMOCTHIO
KUAKOU (ha3bl MOYBBL. JIaHHBIM MOIXO]] MO3BOISET MaTEMAaTHUYECKH 000CHOBATH BKJIAJ Pa3IMYHBIX
TUIIOB TPOBOJUMOCTH B BEIMUMHY cymMMmapHOro YOC mOuBBI C LENbl0 ydeTa W KOMIEHCAIUH
JeCTaOUIM3UPYIOLIETO BIUsIHIS PH HA METPOIOTHYECKHE XapaKTEPUCTHKU H3MEPHUTENS BIAKHOCTH
MTOYBHI.

B ocHOBy mpemaraeMoro crnoco6a yMEHbIIEHUS JOTIOTHUTEILHON MOTPEITHOCTH U3MEPEHUS
BJIQYKHOCTH TIOJIOKE€HA 3aBUCUMOCTh YOC TOUYBBI W, KaK CJIEICTBHE, BIaXHOCTH oT PH. JlanHas
3alaga pemraercs IyTeM BBEACHHS ammapaTHOW W30BITOYHOCTH 32 CYET HCIOJIb30BAHUS
BCIIOMOTAaTEJIbHOTO cpelicTBa u3Mepenust PH noussl. B urore nsmepenHoe 3nauenue pH mo3posnser
BBECTH MOMPABKY Ha PE3yJIbTaT U3MEPEHUS BJIAXXHOCTH MOYBbI KOHYKTOMETPUUYECKUM METOJIOM Ha
OCHOBAHUU CJIEYIOIIENH METOTUKH:

1. Omnpenenenue BenuunHbl YOC MOuYBBI il HOPMalbHOTO 3HadueHus PH (HeiiTpanbHas
mouBa, PH=7). Bemawuuna VYDC ompenensercs Ha OCHOBaHHUH JCTEKTHPOBAHUS MAaICHUS
HaINpsDKEHUST MEXIY U3MepuTenbHbIMU dekTpogamMu M u N (cM. puc. 1) KOHZYKTOMETpHYECKOIt
SYEHKH C TIOCIIEAYIONINM epecyeToM o hopmyie [4]:

U -R
p= I a— ()
(U)(X—Iﬂ'UMN)'K
MN
rne p — YOC mnouBel, Om'M; Uwmny — [eTeKkTUpyeMoe TaJeHUE HaMpsDKEHUS MEXIY

W3MEpUTENbHBIMU JJeKTpoaaMu, B; R, — BHyTpeHHee cONMpOTUBJICHHE HUCTOYHHMKA curHana, Owm;
U xy — HanpspKEHUE XOJI0CTOrO X0/1a HCTOYHHMKA CUTHala, B; lag — paccTosiHue MEKIy MUTAIONUMHE
ANEKTPOIAMH, M; lyn — paccTosHie MEXIY U3MEPUTEIbHBIMU dJIeKTpoaamMu, M; K — koaddurmeHt
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W3MEPUTEIIPHON YCTAHOBKH, 3aBUCSIINA OT PACIOJOKCHUS W3MEPHTEIbHBIX M IHTAOIIHX
3JIEKTPOLOB, Ml

2. BhluncieHne OTHOCHTENIBbHOM BIaKHOCTH TMOYBBI [UISi HOPMAlbHOTO 3HaueHus PH Ha
OCHOBaHHMHU M3MepeHHoro 3HayeHus: Y IC no ¢popmyie [5]:

W=g-p”, )
rie W — oTHocuTenbHas BI@XKHOCTb MOYBBL, %; f U y — KO3(D(UIUEHTHI anmpoKCUMaIuu
(GYHKIHMH, KOTOPBIE XapaKTEPU3YIOT THIT UCCIIEAYEMOHN TTOYBHI.

3. NU3mepenue pH B pabouem nuamnasoHe oT 5 10 8 en. v BBeACHUE MONPABKU Ha pe3yJIbTar
nu3mepenns YIC moussl o ¢popmyiie (3). Breipaxkenue (3) ObLIO MOTYYSHO HA OCHOBAHUY aHAJH3a
ypaBHEHMI perpeccuu 3aBUCHUMOCTed Mexay YOC u conecolepkaHUeM Ui Pa3InYHbIX THUIIOB
nouB [5, 9]. YcraHOBIEHO, YTO JaHHBIE PETPECCHOHHBIC 3aBHCUMOCTH SIBJISIOTCS JIMHCHHBIMHU.
CrnenoBarenbHO, 3aBUCUMOCTh Mexay YOC u pH mouBsl, Mo aHaNOTHMHM C TEMIEpaTypHOH, HUMEET
CIEAYIOIINNA BU!

p(pH)=p(pH7)-i+a - (pH7 = pH)], ©)
rae  pH7 — HopMasbHOE 3HAUCHHE KUCIOTHOCTH TMOUBBI (HelTpanbHas nousa); p(pH7) — 3HaueHne
VY3C, coorBercTByIOIee HEWTpambHOW mouBe, OM'M; o — KOI(QQUIHMEHT anmpoKCUMAIHN

GbyHKIUN.
4. BBeneHne TIOTMPaBKM HAa PE3yNbTaT OMNpPEIENICHHUS BIAXHOCTH IIOYBBI C  YYE€TOM

nectadbwinsupyomiero BiusHus PH mo ¢opmyne (4), koTopas MoONTydYeHa MyTeM MOACTAHOBKU
BeIpakeHus (3) B popmyny (2):

W =B (p(pH7)-[L+a(pH; = pH))). (4)

B pesymbraTe SKCIEpUMEHTAIBHBIX JIA0OPATOPHBIX HCCIICIOBAHUHN IECTAOMIN3UPYIOMIETO
BIHMsSHUS PH Ha METPOJIOTHMYECKUE XApaKTEPUCTHUKU HM3MEPHUTENSl BIAXKHOCTU TOYBBI IOJTYYCHBI
cieaytomue 3aBucumoct:. p=f(pH)w=60 % B pabouem muamazone m3menenus pH ot 5 10 8 en.;
p=p(W)pr=y B paboyeMm 1mama3zoHe H3MeHeHUs BiaxkHoctH mouBbl oT 30 no 90 % wm
rpaayupoBouHas xapakrepuctuka usmepurens — p=E(W, pH). B xoae BbIMOTHEHHS SKCIIEPUMEHTA,
Ha ocHoBanuu Metomuku ['OCT 28268-89 «Metonsl ompeneneHusi BIaXXHOCTH, MaKCHUMAalbHOM
TUTPOCKOITMYCCKOW BIQKHOCTH W BJIAKHOCTH YCTOMYMBOTO 3aBSJAHUS PACTCHHI» ObLIa
ycTaHoBJIeHa HadanbHast Macca (Mp=60012 r) U COOTBETCTBYIOIIAs €if OTHOCUTEIbHAS BIAKHOCTh
mouBsl (Wp=5,0£0,1 %) [10]. Tlytrem moOaBiacHHS >XUAKOCTEH Pa3IUYHON MPUPOABI W3BECTHOU
Macchl (PacTBOp YKCYCHOM KHCJIOTHI Pa3IMYHONW KOHIIEHTPAILMH, BOJHBIC PACTBOPBI T'MIPOKCHIA
HATPHUS U KaJIns, TUCTHUTMPOBAHHAS BOJIA) M3MEHSIMCh OTHOCHTENIbHAS BJIAKHOCTh U KUCIIOTHOCTD
MOYBBI B COOTBETCTBYIOLIMX pabouux auanazoHax. [Ipy KaXJI0M W3MEHEHHH OTHOCHUTEILHOU
BIaXKHOCTH TOYBHI, ¢ marom AW paaeim 10 %, pans 3apaHee ycraHOBICHHOTO 3HaueHUs PH
nmouBbl ¢ maroMm ApPH paBHeiM 1 en., JCTEKTUPOBAIOCh MAJACHUE HANPSDKEHHUS MEXITY
M3MEPHUTEIIBHBIMU JJICKTPOJIAMH KOHTYKTOMETPUICCKON SIMEUKH B TCUCHUE 5 MUHYT C HHTCPBAJIOM
BpemeHu At, paBHbIM 30 cek, ¢ IeTTbI0 YCPEIHCHUST M3MEPEHHBIX 3HAUCHUH MaJICHUS HATIPSHKCHHUS.
B ycnoBusx mpoBeACHHS KCIIEPUMEHTA IMOICPKUBAIUCH IMOCTOSHHBIME: TEMIIEpaTypa MOYBBI —
201 °C u oTHOCHTEINIbHAS BIAXHOCTh BO3/yXa MOMelIeHus 1aboparopuu — 60+3 %.

AmocrepuopHass uWHGOpMaIUs, TOJyYeHHAs B  pE3yJbTaTe BBINIOJHEHUS JTaHHOTO
IKCIIEPUMEHTa, TMO3BOJMIA MOAY4YuTh rpadudeckuit Bua 3aBucumoctd p=f(PH)w=e0 o
anmpoOKCUMHUPOBAaTh €€ BhIpakeHueM (3), KoTopas MpejcTaBicHa Ha puc. 2, a. Takke Oblia CHsATa
xapakrepuctuka p=@(W)pH=7 1 anmpokcuMupoBaHa (GyHKIHeH (2), KoTopas IpeacTaBiIeHa Ha PHC.
2, 6. AHanmu3 3aBHCHMOCTH, TPEJICTABJICHHON Ha pHUC. 2, a, MO3BOJIMJ YCTAHOBUTH 3HAYCHUE
ko3 dunrenTa annpokcumanuu ypaBaenus (3) — o, kotopblit cocraBui -0,364. CTOMT OTMETHTS,
9TO JaHHBIA KOX(PQPUIMEHT HE SBIISACTCS BEIUYMHON TOCTOSHHOW, a 3aBUCUT OT IUIOTHOCTH
ynakoBku mo4Bbl [9]. IMosdydeHHOEe YHCIEHHOE 3HAYEHHE ObLIO HAWACHO JJIsI MOJCIH PBIXJIOH
YIaKOBKH, YTO COOTBETCTBYET BEPXHHUM CIIOSIM ITOYBBI OpaHKepei 60TaHMYECKOro caa.
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Pucynok 2 — Pe3ynbTaT 3KCIEpUMEHTAIBHBIX UCCICIOBAHMMN: a) — 3aBHCUMOCTh Y DC MOYBBI OT
pH mpu Bnaxuoctu — 60 %; 6) — 3aBucuMocTs Y IC moYBHI OT BIaKHOCTH Tipu PH — 7 ex.

OmnpeneneHst OTHOCHTEJbHBIC 3HAYCHUS MaTeMaTu4ecKoro OXKHJIAaHHS u
cpeanexsanparuyHoro otkiaoHeHus (CKO) morpemnocty annpokcumanuu: M,=5,4 % u c,=+1,4
%. IlyTem aHanm3a 3aBHCHUMOCTH, MPEACTABICHHOW Ha pHUC. 2, a, pacCUUTaHa YyBCTBUTEIHHOCTH
W3MEPUTEIIS IO KUCIOTHOCTH:

Ap 281-6,3
ApH 8-5

Ha ocHOoBaHMM aHaim3a 3aBHCHMOCTH, TIPEACTaBICHHOW Ha puc. 2, 0, YCTaHOBJICHBI
YHCIICHHBIC 3HAYeHHs KOI(PPHUIUCHTOB allpOKCUMAIMU YpaBHEHUs (2) METOAOM IpaJHEeHTHOTO
cinycka: f=391,9 u y=-0,65. OnpeneneHpl OTHOCUTEIbHBIC 3HAYCHHSI MATEMAaTHICCKOTO OKHIAHUS
u cpeanekBaapaTnyHoro otkionenus (CKO) norpemnocTy anmpokcumaniu: M,=6,3 % un 6,=+2,3
%. Ilyrem aHanm3a 3aBUCHMOCTH, NpPEICTaBICHHOH Ha puc. 2, 0, paccuMTaHa CpemHss
qyBCTBUTEILHOCTD U3MEPHUTEIS MO BIAYKHOCTH:

Ap 44,85-8,82
AW 90-30

DKcreprMEeHTAbHBIE JaHHBIE MO3BOJIIN TOJIYYHTh TPAAYHPOBOUYHYIO XapaKTEPUCTHKY
M3MEPUTENsI BIAKHOCTH MOYBHI B pabOUYMX AMAa30Hax M3MEHEHUS OTHOCHTENBHOW BIIQYKHOCTH H
PH, a TakXxe annpoKCUMHUPOBATh €€ BhIpakeHHeM (4), KoTopasi pecTaBiIeHa Ha puc. 3.

Spn =

=7,3 Om-M/en.

Sw = =0,6 Om-M/%.

P, OmM'm

40

20

W, %
100

0

20
Pucynok 3 — ['pagynpoBovHast XapaKTePUCTUKA U3MEPHUTEIIS BIAXKHOCTH ITOYBBI ITPH
n3meHennu W ot 30 10 90 % u pH ot 5 10 8 en.

[Ipu mpoBeacHUH Ja0OPATOPHBIX MCIBITAHHA MAaKETHOI'O 00paslia M3MEPHUTENs BIIAXKHOCTH
IIOYBBI YCTaHOBJ'IeHO aMHJII/ITYI[HOC 3HAYCHHUC HIYMOB0ﬁ COCTaBHﬂIOIHGﬁ I[eTeKTI/IpyeMOFO ImaacCHUuA
HanpspkeHus. Ilomyuennoe neiictByromee 3HadeHue Uy, He mnpeBbimaet +20 MB, 4to c
noBepuTenbHO  BeposTHOCTBIO  (P=0,95) cooTBeTCTBYyeT CpeAHEKBAaAPaTUYHOMY 3HAUYCHHIO
+10 MB. [lymoBas cocraBisgmomas ACTEKTUPYEMOTO TMAJACHUS HANPSHKEHUS OO0YCIIaBIMBACT
OCHOBHYIO MOTPEMIHOCTh u3MepeHuss YOC MouBBI M, KaK CIEICTBUE, MOTPEIIHOCTh OMpeeNIeHuUs
BJIAXKHOCTHU I1I0OYBBI KOH)IyKTOMCTpI/IquKI/IM METOOOM. OCHOBHaH HOFpCIHHOCTB I/ISMepeHI/Iﬂ Y3C
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mouBbl (Apocy.) ObLIa ompeneneHa Ha ocHoBaHuu ypaBHeHus (1) ¢ yuerom Uy u cocraBmma +0,9
Owm M. [TonyueHHOE 3HAUCHUE APy, C YICTOM UyBCTBUTEIIBHOCTH U3MEPHUTEIS 110 BIAXKHOCTH (Sw)
MTO3BOJIMJIO PACCUNUTATh OCHOBHYIO IMOTPEITHOCTH U3MEPEHHSI BIIAYKHOCTH TIOYBBI:
Aw :A—’D:ﬂ:il,S %,
ot Sy 0,6
YTO B IepecueTe B OTHOCHUTCIIBHYIO BEJIUYHMHY IOTPEIIHOCTH H3MEPEHUS BJIAKHOCTH ITOYBBI
COOTBETCTBYET Juana3zony usmeHenus ow ot 5 % (mpu Wnin=30 %) mo 1,7 % (mpu Wmax=90 %).

[Tonmyuyennoe 3HauyeHne kodd¢uimenta uyscTBUTenbHOCTH no PH (Spn) mo3BONMIIO
paccurTaTh JOMOJHUTEIBHYIO IOTPEIHOCTE n3MepeHust Y IC mouBkl 10 hopmMyIie:

Apdon. = SpH 'ApH : (5)

[Ipn ycnoBuM HEKOMIEHCHMPOBAHHOTO JecTabunusupymomero BiusHus PH B pabouem
nauamnasoHe oT 5 1o 8 ef. oTkioHeHue BenumuuHbl PH 0T HOopMasbHOTO 3HaueHus (PH=7) nexuT B
nuanazoHe ot -2 go +1 en. Ha ocHoBanum Qopmynel (5) abconroTHas AONMOJHHUTEIbHAS
norpemHocTh m3Meperus Y OC nousl m3mMeHseTcs ot -14,6 Om-m no +7,3 Om M. B mepecuere B
OTHOCHUTENIbHYIO BEIMYMHY JOMOIHUTEIBHON MOTPEIIHOCTH JaHHBINA JMAana3oH cocTaBui OT -69 %
no +35 %, uYTO TpeBBIIIACT MAaKCHUMAaJIbHO JOIyCTHMOE 3HadeHne — 7,5 %, yka3aHHOE B
HOPMAaTHBHOM HoKyMeHTarwu [11].

[Ipn ycnoBuM KOMIICHCAIMM JeCTaOWIM3Upyromero BiausHUS PH ¢ MakcumanbHO
JIOIYCTUMOM TOTPeNIHOCThIO H3Mepenust ApH=0,2 [11], nononHuTENbHAS MOTPEIIHOCTH U3MEPEHHSI
VY3C nouBsl (Apyon,) paBHa £1,5 Om M. [Ipu nepecyere B OTHOCHTENBHYIO BETUYHHY MOTPEITHOCTH
Opon. paBHa 6,1 %, 4TO HE MPEBHIIIAET MAKCUMAIILHO JOMYCTUMOTO 3Ha4yeHus 7,5 %, ykazaHHOTo B
HOPMAaTHBHOM JoKyMeHTarwu [11].

AHaJIM3 TOJYYCHHBIX 3HAYCHUH JTOMOJIHUTEIBHBIX MOTPemHOCTed n3Mepenus YOIC MOYBBI
CBUJICTEILCTBYET O HEOOXOAMMOCTH Yy4YeTa M KOMIICHCAIIUU JIeCTAOMIIM3HPYIOMIETO BIUSHUS
KHCJIOTHOCTH Ha pe3yJbTaT W3MEPEHUS BJIAKHOCTH TIOYBBI 32 CYET HCIOJIb30BAHUS
BCIIOMOTATEJILHOTO CpPEJICTBA H3MepeHuss PH, dYTo MO3BOJSET YMEHBIIUTH JOMOJHUTEIBHYIO
norpenrHocTh B 5 pa3. [loyueHHOe 3HaUEHWE JOMOJHUTEIBHON MOTrpeImHocTd u3mMepeHus Y IC
MOYBBI C y4eToM Kod((H-IMeHTa YYBCTBUTEIHHOCTH I10 BIAXKHOCTH TMO3BOJIMJIO BBIYUCIIHTH
JIOTIOJTHUTEIIBHYIO TIOTPEITHOCTh U3MEPEHUS BIIAYKHOCTH TTOYBBI:

A +
AWaon. - Doon = 1’65 =12,5 %,

Sw 0,
YTO B TIEPECUYETe B OTHOCUTEIBHYIO BEIIMYMHY JOTIOTHUTEIHHOW MOTPEITHOCTH M3MEPEHUS BIIAXK-
HOCTH TMOYBBI COOTBETCTBYET JMANA30HY M3MCHEHHUSA Owyon OT 8,3 % (mpu Wpin=30 %) 10 2,8 %
(prt Wmax=90 %).

AOCOIOTHOE 3HAYCHHE CYMMapHOH TOTPEIIHOCTH WM3MEPCHUS BIIAXKHOCTH  ITOYBBI
ompezeneHo o ¢popmye [12]:

AV%‘/ - \/A\2Nocn. +A\2N00n.. = i2’9 %’

13 KOTOPOH CIIEyeT, YTO MOJyuYeHHOE 3HaueHue aOCOIIOTHOM MOrpemHoctd, pasuo +2,9 %, npu
YCIIOBUM KOMIICHCAIIMU JecTabunusupyromero Biusaus PH. B paGodem nmamnazoHe M3MEHCHHS
OTHOCUTENbHON BiakHOCTH MmouBbl 0T 30 mo 90 % abcomroTHasl MOTPEMIHOCTH HE MPEBBIIIAET
MaKCHMAJIbHO JOMyCTUMOIO 3HAUYEHUS, YKa3aHHOTO B HOpMaTUBHOM jgokymenTarmu [10] £5 %.

BrIBOabI

1. Pa3zpaboTaH crmoco0 MOBBIIIICHHS] TOYHOCTH H3MEPHUTENS OTHOCHTEIBLHON BIQYKHOCTH ITOYBBI
B YCIOBUSIX OpaHkeped OOTaHMYECKOTO caja, KOTOPBIM MO3BOJMI YMEHBIIHUTH AOMOIHUTEIBHYIO
MOTPEUTHOCTh U3MEPEHUS B 5 pas.

2. B pesynpTaTe mabOpaTOpHBIX SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN MAKETHOTO 00pasia
M3MEPHUTEIIS BIAYKHOCTH TIOYBBI YCTAHOBJICHBI €T'0 OCHOBHBIC METPOJIOTHYCCKHE XapaKTePUCTHKH:
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— YyBCTBUTEIBHOCTh MO BiaxkHoctd — 0,6 Om-M/% B pabouem jauama3oHe H3MEHEHHs
OTHOCHUTENBbHOU BiaaxHOoCTH IT04BEI 0T 30 1o 90 %:;

— YYBCTBUTEIBHOCTH MO KUCIOTHOCTU — 7,3 OM-M/ell. B paboueM nuanazoHe uMeHenus pH
mouBsl oT 5 10 8 exn.;

— OCHOBHAasl a0COJIIOTHAs OTPEIIHOCTh U3MEpPEHUs BiIakHOCTH — +1,5 %;

— JIOTIOJTHUTENbHAs  aOCONIOTHAsE  MOTPENTHOCTh  W3MEPEHHUS  BJIAKHOCTH  ITOYBHI,
o0yCIIOBJIEHHAs JecTaOuIn3upyonmm BiusaueM pH, — +2,5 %);

— CcyMMapHas aOCOJNIOTHAs MOTPEIIHOCTh M3MEPEHHs BIIAXXHOCTU IOYBBI, NPHU YCIOBUU
KOMIICHCUPOBAHHOTO JecTabuiusupytomero BiausHus PH, paBHa *+2,3 %, uyTO HE mNpeBHIIIACT
MaKCHMaJbHO JOMyCTUMOro 3HaueHus +5 %.

3. Pa3paboraHHbIif H3MEPUTENTh BJIIAKHOCTH ITOYBBI MO3BOJIMI OOOCHOBATH PSIJI arpOTEXHHU-
YeCKUX MPUEMOB IO YXOIy 3a HHTPOAYIHPOBAHHBIMH pPACTCHHUSIMH OpaHxkepei JloHenkoro
6orannueckoro caga HAH Ykpaunsl.
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JIBH3 «/[oneybKkuil HauioHa1bHULL MEXHIYHUIL YHIgepcumen»

Cnocié6 3menuwieHHA 000amMK08Oi NOXUOKU GUMIPIOGAYA 601020CMI [PYHMY OpaHcepeil
oomaniunozo cady. Po3pobneno cnocio 3meHuenHs 000amKo80i noxXubKu 3acody 8UMip08aIbHO2O
KOHMPOTIIO 80J1020CMI IPYHMY 8 YMO8AX opaHdicepeli bomaniunozo cady. O0IpyHmo8aHo mMemoouxy
Komnencayii decmaobinizyrouoeo enausy PH uma pezynomam eumiprosanus eonoeocmi rpynmy. B
pe3yabmami 1ab0pamopHux O0CHI0NHCEHb MAKeMHO20 3pPA3Ka BUMIPIO8AYAd 6CMAHOBIEHO 1020
OCHOBHI MempoN02iuni xapakmepucmuku: dymausicmo no eonococmi — 0,6 Om-ml% 6 oianazoni
sminu 6i0 30 0o 90 %; wymausicms no pH — 7,3 Om-m/00. 6 dianazoni 3minu 6i0 5 oo 8 00.;
abconomue 3HAYEHHSI OCHOBHOI NOXUOKU BUMIDIOBAHHA 60J1020CMI, AKY 00YMOBIEHA WYMOBOIO
CKIA008010 BUMIPIOBAH020 NAdinHA Hanpyeu, ckaana *1,5 %; abconomue 3nHauenHs 000amxo8oi
NOXUOKU BUMIPIOBAHHSL 80N020CHI, AKY 00yM0o61eH0 decmabinizyrouum eniueom PH, cxrana +2,5 %.
Abcontomue 3HAUeHHA CYMAPHOT NOXUOKU BUMIDIOBAHHS 80]1020CMI IPYHMY, 34 YMOBU KOMNEHCayii
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decmaoinizyrouoeo enaugy PH, cxnano +2,9 %, wo He nepesuwye maxcumaibHoO OONYCMUMOZO
3HaueHHs Midcoepacagrozo cmandapmy 5 %.
Knrowuosi cnosa: cnocio, 6umipiosanisi, 807102icmb, KUCIOMHICMb, NOXUOKA, TPYHM.

I.S. Laktionov, A.V. Vovna

Donetsk National Technical University

Method of reducing the soil moisture meter additional error for the botanical garden
greenhouses. The ranges of the relative humidity varies 30 to 90 %; the temperature varies from 10
to 30 °C and the soil acidity varies from 5 to 9 units have been determined. Method of reducing the
additional error soil moisture measure has been developed. Necessity of the account and
compensation algorithm of the soil acidity destabilizing effect on the soil moisture meter’s
metrological characteristics in the botanical garden greenhouses have been substantiated.
Technique of the transformation characteristics definition of the soil moisture meter has been
developed. The basic metrological characteristics of the soil moisture meter prototype have been
determined by laboratory studies: moisture sensitivity is equal 0.6 Ohm-m/% in the range from 30
to 90 %; pH sensitivity is equal 7.3 Ohm-m/unit in the range from 5 to 8 units; absolute value of the
basic error of the moisture measurement, which is due to the noise component of the detected
voltage drop is equal 1.5 %, the absolute value of the additional error of the moisture
measurement, which is caused by the destabilizing pH influence is equal 2.5 %. A posterior
information allowed to approximate the experimental data by the analytical function W=f(p,pH) by
regression analysis of the gradient descent method. Probabilistic characteristics of the
experimental data approximation error have been calculated: the mathematical expectation is
equal 5.4 % and the standard deviation is equal 0.4 %. The absolute value of the humidity total
measurement error by conductometric method is equal £2.9 %. This value is obtained under the
condition of the compensated destabilizing pH influence. The resulting value does not exceed the
maximum permissible value of interstate standard, which is equal +5 %.

Keywords: method, measurement, moisture, acidity, error, soil.

JlaktnonoB HMBan CepreeBuu, Ykpauna, 3axkoH4YmJI JloHEHKHi
HAI[MOHATIFHBIA TEXHUYECKU YHUBEPCHUTET, AacHUpaHT Kadeapsl
aneKTpoHHOW  TexHuku [ BY3  «JloHenmkwii  HAIMOHAIBHBIN
TexHu4yeckuil yHuBepcuter» (yn. Aprtema, 58, r. Jloneuk, 83001,
Vkpanna). OCHOBHOE HalpaBlICHHE HAYYHOH JCSATECIBHOCTH —
MOBBIIIEHHE TOYHOCTH M AP(GEKTUBHOCTH  HMH(OPMALMOHHO-
W3MEPUTEIbHBIX CUCTEM.

BoBHa Asexkcanap BaagumupoBud, YkpanHa, 3akoHUI JloHEUKUH
HAI[MOHATIPHBIA TEXHUYECKH YHUBEPCUTET, KaHJA. TEXH. HayK,
JIOTICHT, JOIEHT Kadeapsl aneKTpoHHON TexHuku. [ BY3 «Jlonenkuit
HAlIMOHAILHBIA TEXHWYeCKuil yHuBepcuter» (yin. Aprtema, 58,
r. Jlonenk, 83001, Vkpaumna). OcHOBHOE HampaBiICHHE HAYyYHOM
NESTENIbHOCTH — pa3paboTka, MOJCIUPOBAHME U HCCIEAOBaHUE
KOMIThIOTEPU3UPOBAHHBIX HWH(POPMAIIMOHHO-U3MEPUTEIBHBIX CUCTEM
a’porazoBOro KOHTPOJIS.
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