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TH®OPMANIMHO-BUMIPIOBAJIBHA CUCTEMA 3B0PY
JAHUX I KOHTPOJIIO 3A BOJIOTO3ATIACAMU IPYHTY

Y podori 3anponnoHoBaHO iHGoOpManiiiHO-BUMIPIOBA/ILHY CHCTEMY HA
KEPOBAHUX MOAYJISIX OCYIIYBAJbHO-3B0OJI0KYBAJLHHUX CHCTeM IS 300-
Py, epefadi Ta aHANI3y TEXHOJIOTYHMX NapaMeTpiB 3 BUKOPUCTAHHAM
CcTalliOHAPHUX TeH3ioMeTpUYHHUX BoJoroMipiB. Po3podiiena meroguka
PO3paxyHKy KIJILKOCTI BOJIOrOMipiB Ta mapamMeTpiB iX po3MillleHHs Ha
penpe3eHTATUBHIM AijasTHIL.

Kniouogi crosa: indopmaniiiHo-BUMipIOBaJIbHA CHCTEMA, BOJIOTICTH
IPYHTY, TeH3i0MeTPUYHUI BOJIOrOMip, perpe3eHTaTHBHA AiIAHKA.

IMinBuIeHHsI MOKA3HUKIB SIKOCTi CHCTEeM YNPaBJIiHHS BOJIOro3ades-
TeYeHHSAM CUTbCHKOTOCTIOAAPCHKUX KYJIBTYp HA OCYIITYBAHUX 3EMIITX MOXK-
Ha 3MIIHCHIOBATH 32 JIOMIOMOTO0 TIOCTIHHOTO KOHTPOJIIO BOJIOT03amaciB Ko-
peHeBoro mmapy IpyHTy. CKIaHICTh BUBUCHHS TUHAMIKH BOJIOTOCTI IPYHTY
00yMOBJICHA THM, 1110 B MPHUPOJI i BIJTUBOM pi3HUX (hakTopiB BimOyBa-
€ThCSI TTOETHAHHS MIHJIMBOCTI BOJIOTOCTI 3 9YaCOM Ha 3MiHY B IIPOCTOPI, 1€
CYTTEBO BIUIMBAE HA OIiHKY BOJIOTO3amaciB. Bee Iie yckiagHioe aBTOMaTH-
3aIlif0 BOJIOPETYJIIOBAaHHS Ha OCYIIYBaHUX 3€MJISIX, BCTAaHOBJICHHS Ta PO3-
MIIIIEHHS TATYHMKIB BOJIOTOCTI IPYHTY, 10 (HOPMYIOTH CUTHAIH ISl Kepy-
BaHHS [PY MIAIPYHTOBOMY 3BOJIOKEHHI (iX KUIBKICTh, TOUHICTb MOKa3iB, Mi-
ama30H JOMYCTUMHUX BiAXWICHB BiI pEKOMEH/IOBaHUX 3HAUYEHb BOJIOTOCTI Ta
iH.).

VY crmani indopmariitHo-BuMiproBansHuX cuctem (IBC) BuKOpHCTOBY-
I0ThCS Pi3HI 38 KOHCTPYKII€IO 1 MPUHIMIIOM Aii BOJIOTOMIpH, ajie iX Kijib-
KICTP 1 po3TamryBaHHs Ha MOCHITHUX AUITHKAX JIETAIHHO HE OOTPYHTOBAHO,
KpiM TOTo He repeadadeHa MOXKIIMBICTh KOHTPOIIIO MTOTOYHUX yeepenHeHuX
BOJIOT03AI1aciB, M0 00OMEKye BHKOPHUCTAHHS po3po0IeHnx BI/IMlp}OBaHBHI/IX
cucreM. [ToTpiOHO 3a3HAYMTH, IO ICHYFOUYM METOJMKH PO3MIIIEHHS BOJIO-
TOMIpiB Ha PENpPe3eHTATHBHUX AULTHKaX PO3pOONEHI UIi YMOB 3POIICHHS
[1-3] i He BpaXxOBYIOTH 3MiHY BOJIOTOCTI B POCTOPI IPU Pi3HUX PIBHAX IPY-
HTOBUX BoA (PI'B) Ha ocyuryBaHux 3eMsx.

IcHyIOTH pi3HI Memoou ma cnocobu BU3HAYCHHS BOJIOT03aIaciB IPyHTY.

OmHUM 13 TOYHHMX BBaXKAETHCS MiXill, KOJW HEOOXimHy iH(opMariro
OTPUMYIOTh Y PE3yNbTaTi CHCTEMATUIHOTO KOHTPOJIIO B Yaci 3a (haKTHUIHH-
MH BOJIOTO3allacaMu IPYHTIB (iHCmMpymMeHmanoHi Memoou).

[HmIii — TpYHTY€EThCS HAa OTPUMAaHHI HEOOXimHOI iHpopMaIlii y pe3yiib-
TaTi pO3paxyHKOBOT'O IIPOTHO3YBaHHS 3MiHH BJIAro3anacisB BiJIHOCHO BHXil-
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HUX JaHUX IIPO BOJIOTICTH B 3aJIE)KHOCTI Bl MOTOJHUX YMOB, a00 po3paxy-
HKOBOTO ITPOTHO3YBAHHS y MOEIHAHHI 3 IPSIMUM KOHTPOJIEM BOJIOTO3aIIaciB
(pospaxynxoei memoou).

KpiM ToTrO, iCHYIOTh MiAXOIM BH3HAYEHHS BOJIOTO3amlaciB IPYHTY, sKi
TPYHTYIOTBHCSI Ha JIarHOCTYBaHHI Ta KOHTPOJIOBaHHI (Di3i0JOTIYHOTO CTaHy
pocnuH, (iKCyI0UH TUHAMIKY (IIBHIKICTB) IX POCTY BETETaTHBHUX 1 Penpo-
IYKTUBHUX OpTaHiB (Oiono2iuni memodu) Ta CIiIKyBaHHI 3a 3MiHOIO 3a0ap-
BIICHHS POCIUH (8i3yanbHi abo opeanoienmuyni memoou) [14].

[HCTpyMeHTaNBHI METOANM BHMIPIOBAHHS BOJIOTOCTI IPYHTY HOAIISIOTH
Ha TpsIMi, HETIPsIMi Ta AUCTaHIiiHI (0e3koHTaKTHI) [1, 4-8].

Ilpami — sxi Ge3mocepeTHLO HAIIPABJICHI HA MIPsIME BU3HAYCHHS BMICTY
BOJIOTH B IPYHTI. JI0 HUX BiTHOCATH TEPMOCTATHO-BAaroBHH i XiMiYHUN Me-
toxa. TepmocTaTHO-BaroBuii (a0 OypoBHii, a00 BaroBuii) METOJ] BU3HAYCH-
HS BOJIOTOCTI TPYHTY NMPHUHAHATO BBAKATH €TAJTOHHHUM; BiH MOXXE 3aCTOCOBY-
BaTHUCh B JyK€ IMIMPOKOMY Jiala3oHi BOJOTOCTi IPYHTY, 32 BHKIIIOUCHHSIM
BEJIMYHUH, OJIM3bKHUX 10 IOBHOI BOJIOTOEMHOCTI, KOJIM BiH A€ 1HOII ITOMMII-
KOBI pe3ynbTaTH BHACIHIZOK BW)KHMaHHS OypOM BOJIOTH i3 3pasKiB IPYHTY
[9-11].

Henpsmi — 6a3y10Tbes Ha BU3HAUCHI TTapaMeTPiB, SKi 3HAXOMATHCS B Ti-
CHOMY KOPEJAIiHHOMY 3B'SI3KY 3 BOJIOTICTIO TPYHTY (€JIEKTPO- 1 TETUIONPO-
BiJIHICTh, KAIMUIAPHUHA MOTEHITiaN, eIEeKTPUIHA EMHICTh Ta 1H.) 1 MOAUISIOTh-
cs Ha HeeNeKTpHYHi 1 enekTpuyHi [10, 11].

Hucmanyivini (be3konmaxmui) — MOXHA TIOAITIUTH HA TPU TPYIH: a) Me-
TOJIH, IO TPYHTYIOTHCS Ha BHMIipPIOBaHHI 3a JOMOMOTOK PaTiOMETPIiB MacH-
BHOTO PaJli0TEINIOBOTO BUIIPOMIHIOBAaHHS 3eMJIi y THX XK€ YACTOTHHX Jliara-
30HaxX, 10 1 pagapu — 2...30 cm; 0) MeToaH, IO IPYHTYIOTCS Ha paioMeT-
pii aKTHBHOTO BUIIPOMIHIOBAHHS B MEXaX yIbTPAKOPOTKHUX XBUIIb; B) METOJ
JIITaKOBOT TaMMa — 3iioMkH. Ha TOUHICTh BUMIpIOBaHHS BOJIOT03AITaCiB JIHC-
TaHI[IHHIMH METOJaMH CYTTEBHH BIUIMB YHHUTH POCIMHHICTB, IIOPCTKICTH
IPYHTY 1 Temmeparypa ii moBepxHi. KpiM Toro HejocTaTHil map rpyHry, B
SIKOMY BUMIPIOETHCS BOJIOTICTh IPYHTY, OOMEXY€E BUKOPUCTAHHS JaHUX Me-
Tomis [12].

B cBoro uepry, cnocobu eumiprosanHs BOJOTOCTI IPYHTY Mpodecop
€menbsiaoB B.O. [1] migpo3ainuB Ha TOYKOBI i TWIONIHHHI. T0YK06i — BOJIO-
TiCTh IPYHTY BU3HAYAIOTh B OKPEMHUX PEHPE3CHTATUBHUX TOYKaX (MIPo0Oax).
Ilnowunni — BOJIOTIiCTh TPYHTY BU3HAYAIOTH OJJHOYACHO 3 TIEBHOI IUTomIi (3a-
3Buyaii Big 100 ra mo 500 ra).

CroromHi iHCprMeHTaJ'ILHi METO/IM CIIOCTEPEIKEHHS 3a BOJIOTICTIO Ipy-
HTY, AKi TIPOBOJATE arpo- rmpo -METEOCTyXOH MPOTATOM 0araTbOX POKIB €
HAMOLIBII MOBHUMH 1 HamiiHUMU naHumH. J[yke dacto iHbopMaris mpo
TPYHTOBI BOJIOTO3allaCH BHKOPHUCTOBYETHCS MPU PO3POOI PO3PaXyHKOBHX
METOJUK iX BU3Ha4UeHHs [15-17].

Jlo pospaxynxosux memodieé BITHOCATHCS METONIH, SIKi TIOB’ I3YIOTh HaJI-
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XOJ/KEHHS BOJIOTH Y KOpeHeBMlCHI/II/I wmap IPyHTy 3 MeTeoponorquHMn da-
KTOpaMH, eBaHOTpacmpaule}o MIPOJXYKTUBHICTIO POCIHH, iHIEKCaMH 3BO-
JIO’)KEHHS, @ TAKOX 3a PIBHIHHIM BoJIHOTO Oanancy [8, 9] ta iH.

BinbmiicTh cydacHHX METOJIB BU3HAUEHHS BOJIOTOCTI IPYHTY HAJICKHUTH
JI0 TPYIU HEMPSMUX METOJIB, CITOCOOY — TOYKOBI BHMIipIOBAHHS MUIIXOM
3aKJTaaHHs JaTYUKIB Ha PENMPEe3eHTATHBHUX AUIIHKAX 1 0a3yroThCs Ha BH-
3HaYeHHI TapaMeTpiB, AKi 3HAXOAIATHCS B TICHOMY KOPETSAIiHHOMY 3B'SI3KY 3
BoJioricTio IpyHTy. Cepen HaWBIIOMIIIMX MOXXHa Ha3BaTH TaKi TEXHIUHI
npuctpoi: SM200-UM-1.1 (Benuko6puranist), CropSense (CH_[A) iMetos
ECO (Himeuunna) in. [13, 14]. Ile enexrpoHHi HpPICTpOl SIKI BCTaHOBITIO-
I0Th y IPYHTOBHH MIPOQiIb Ta MPOBOJIATH peryns{pm (13 3amaHOIO MIEepioaAny-
HICTIO) 34MTYBaHHS MTOKa3HHUKIB BOJIOTOCTI IPYHTY 1 iXHE HarpoMaKeHHS B
nam'sti npwiaxy. 3iOpaHa iH(GoOpMaIlisl HAaKOMUYYETHCS 1 TepenacThes Ha
criertianizoBaHuit ceprep 3a monomororo GPRS monemy.

CroromHi B YKkpaiHni HaOyBaroTh MOIIMPEHHS MOOiUIBHI [HTEpHET - Me-
TEOCTAHIII{, SKi JOJATKOBO MOXYTh OCHAIIYBaTHUCh CEHCOpPAaMHU BOJIOTOCTI
1pyHTy THITy Watermark abo Echo Probe [13]. Cencopu 1atoTh MOXKIUBICT
OTIEpPaTHBHO KOHTPOJIIOBATH BOJIOTICTh IPYHTY Y 30HI 3BOJIOKCHHSL.

3 HeeNeKTPUYHHX METOJIB HaldacTille BHUKOPHUCTOBYIOTh HaHOUIBII
NIPOCTHH, TOCTYIHMH 1 JOCTOBIPHUH METON — meH3ioMempudHuil, sSIKui 3a-
CHOBaHHM Ha 3aJIEKHOCTI BCMOKTYIOUO1 CHJIM TPYHTY BiJ ii BOJIOTOCTI 1 pea-
JI3YETHCS 32 JIOMIOMOTOI0 TeH310METpUYHOTO Bostoromipa. IIpuHimn aii Bo-
soromipa [2, 3] IpYHTY€EThCS Ha BIIACTUBOCTI HEHACHYEHOTO BOJIOTOIO IPYH-
Ty BCMOKTYBaTH BoIy. BCMOKTYIOUA cria IpyHTY, sIKka BUHHUKAE MIPH [OMY,
BIZIMTOBiZIa€ TIEBHOMY CTYIICHIO BOJIOTOCTI IPYHTY 1 (DIKCY€ETHCS IHIUKATOPOM
THUCKY. BUMIpIOIOTH 1110 CHITy 32 JJOIIOMOTOIO ITOPHCTOTO KEpaMidHOTO Oax-
TepiabHOTO (HiNBTPa, 3aIIOBHEHOTO BOJOIO i TEPMETUIHO 3aKPHUTOTO 3BEP-
Xy. PinbTp BCTAHOBIIOIOTH Y IPYHT Ha IIMOWHI BU3HAa4YeHHS Bojorocri. [1o
Mipi BHCHXaHHS TPYHTY BOJIOTICTh WOTO 3MEHINYIOTHCS, a BIIJTIKMA 3pOCTa-
1oTb. Jliama3zon (ikcariii qaBadeM po3pipKeHHs, SKe CTBOPIOETHCS B TEH310-
Metpi — Big 0 10 9 M Boa. cr. (-100 xIla). Binbmoro po3pimKeHHs mpuia
MIPaKTUIHO He (DIKCYye, OCKIIBKU KepaMidHHi (QinbTp HOTO CTAa€ MOBITPSI-
poHUKHUM. TeH310MeTpHYHiI BOJIOTOMIPH BUMIPIOIOTh KaliJSIpHAN HOTEHIII-
aJ TPYHTOBOI BOJIOTH. 3a MMOKa30M iHIMKATOpa BU3HAYAIOTh BCMOKTYIOUHI
THUCK, @ TPH BIINOBIAHOMY TIpaaylOBaHHI 1 BOJIOTOBMICT IPYHTY, TOOTO

OTPUMYIOTh 3aJIEXKHICTh BOJIOTOCTI Bin Bemoktyrodoro tucky U = f(P).

VY cucreMax aBTOMAaTHYHOTO KOHTPOJIO BHKOPHUCTOBYIOTH TEH3IOMETPH, Y
SIKMX 3aMiCTh MiKpOMETPUYHOTO iHIUKATOPA MEPEMILICHHS BCTAHOBIICHHIMA
CJIEKTPOKOHTAKTHUH BaKyyMMETp, IO JO3BOJISE ONEPKATH CHUTHAIU TpPHU
JIOCATHEHHI BCTAHOBIICHUX MAaKCHMAJIBLHOTO I MiHIMAJIbHOTO 3HAYCHB BOJIO-
rocti. Jlsist oJiep>kaHHsl aHAJIOTOBOTO CHUTHAY 3aCTOCOBYIOTH TEH3I0OMETPH 3
€MHICHUMY YM IHIYKTUBHUMH MEPETBOPIOBAYaMHU. Y IOMY BHUIIAJKy MEM-
OpaHa Jie Ha TepeMilleHHsT OOKIaJKu €MHICHOTO TepeTBoproBada abo Ha
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sKip iHAyKTHBHOTO [2, 3, 10, 11].

B tenziomerpnyHux Bojoromipax (puc. 1),
B SKOCTI TIEPBHHHOTO  IIEPETBOPIOBAYA,
JUIl BUMIPIOBAHHS PO3PIDKEHHS BHKOPHUCTO-
BYIOTbCS €JCKTpOHHI matumku [16, 19, 20].
AHanorosuii CUrHaja 3 IbOTO JaTYMKA MEPET-
BOPIOETHCS Y UGPOBY (HOpMY 3a JTOTIOMOTOI0
aHAJIOTOBO-IIM(POBOTO TEpeTBOpIOBada i 00-
pOOISETBCS MIKPOKOHTPOJIEPOM.

TenziomeTprn MpoOCTi 32 KOHCTPYKIEO i
HAJIiMHI B eKCIUTyaTallii. Aje BOHH MalOTh TakKi
HE/IOJIIKA — HEeOOXiTHICTh MOCTIHHOI Tepe3an-
PaBKH BOJIOIO 1 HEOOXIZHICTH MOCTIHHOTO Iie-
pepaxyHKy THCKY Ha BOJIOTiCTb IPYHTY.

JocnimkeHHsaMu [HCTUTYTY BOIHHMX mpoO-
6mem 1 memiopanii HAAH VYkpaian (IBITiM)
[18] i psamy iHmmx HaykoBiiB [2, 3, 10, 16, 17]

PI/Ic: 1. 3aranbHuil BUTIISA BCTaHOBJICHO, IO BHUKOPUCTAHHS TEH31OMET-
TCH3IOMCTPUIHOTO BOIIOTO-  pip [jI KOHTPOIIO BOJIOTOCTI KOPEHEBOIO IIa-
_ Mipa py IpyHTY 3abe3nedye HEOOXIIHY TOYHICTH i
1= xepamiunuil dinbTp: ONEPATUBHICTH MOPIBHSHO 3 {HIIMMU METOJA-
2 — BOJHA KaMepa;
3 — eJeKTPOHHUHU JaBay MH. . . . - .
PO3piIKEHHS; Bignosinno, lH(l)OpMaII.lI/[HO-BI/IMlplO-
4 — KOHILEHTPATOp JAHUX BAJIbHY CHCTEMY MO)KHa peajlisyBaTu Ha OcC-

HOBI CTalliOHapPHUX 3aKJIaJIHUX TEH310MEeTpHY-
HHUX BOJIOTOMIpIiB, II0 PO3MINTYIOTHCSI IEBHUM YMHOM Ha PENpe3eHTaTHBHIN
JUISTHII KEPOBAHOTO MOAYJSI Ha OCYIIyBaJbHO-3BOJIOXKYBAJIBHIM CHCTEMI
(030).

KinpkicTh BOJOTOMIpiB Ta mapaMeTpH 1X pO3MILIEHHS Ha PEeNpe3eHTaTH-
BHI{ JIJISHII KEPOBAHOTO MOJYJIS BU3HAYAIOTHCS 32 METOIUKOIO, KA CITH-
paeThcs Ha BiIOMi cTaTUCTHYHI MeTonu [21] 1 BpaxoBye HEpiBHOMIpHICTB
(bopMyBaHHs BOJIOro3amaciB Mo IUIOMII Ta MPOGUI0 IPYHTY NpPU PI3HHX
PI'B.

JlaHe TmWTaHHS BHPINIYBAJIOCH HAa MPHUKJIAAI CHCTEMU JBOCTOPOHHBOTO
perymioBanHs CapHEHCHKOI HAayKOBO-IOCTIMHOI  CTaHII BIPOJOBXK
2009-2010 pp. (mepion cmoctepexkenb [V-IX wicsii), sk 00’ ekTH TOCHTi-
JUKeHb PO3TIIIHYTI JOCTINHI IUISHKK 3arajbHOI0 IDIOIelo 26 ra. YMOBH
00'eKTa € pernpe3eHTaTUBHUMHM IOJ0 BHIY Ta CKJIagy TOp(GOBUX IPYHTIB,
BUPOIIYBaHUX KYJIBTYP, pelbeHUX YMOB, IIO JAJIO 3MOTY OTPHMATH pe-
3yJIBTaTH, MIPUAATHI 10 BUKOPUCTaHHS Ha ocylryBaHux 3emisix [omices, ne
4yacTKa TOp(oBHUX I'PYHTIB cTaHOBHUTH OinbIie 30%.

3o0kpema, BHOIp PEMpe3CHTATHBHOI TUISHKH 3MIHCHIOETBCS HAa OCHOBI
aHaJi3y KOPENAIiHOTO 3B’S3Ky IWHAMIKH BOJIOTO3amaciB IO BCIH IUIOIII
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MOJyJsl i 1oT0 OKpeMHX AIISHOK Y BIIIOBIIHOCTI 3 MOOYJOBOIO TicTOTpa-
MU BIIMITOK BHCOT HOBEpXHi, puc. 2. I'icrorpamu BHpa)karoTh KiJbKICHO-
SIKICHI 3MIHHM CTaHIB MENOPaTHBHUX 3€Mellb, TOOTO BiAMOBIIHY IWHAMIKY

TIAPOJIOTIYHOTO CTaHy TEPUTOPII.
s 04

0,35
0,3
0,25 -
0,2
0,15
0,1

0,05 -

04
151423 151,386 151,649 151,912 152,475 152,438 152701 152964 153,227 15349 h

Puc. 2. TicTorpama BHU3HAYEHHS BiIMIiTOK BHCOT IO IUIOLII MOJIYJIS
h - BigmiTKE BHCOT, M; § — HIMBHICTB PO3MOAINY; WABPH 110 PO3PAIAX — TIOPS-
KOBi HOMEpH [IUISTHOK, I10 AOCIIKYIOThCS

[pu 3BOJIOKEHHI, KOJH BOJIOTICTh KOPCHEBMICHOTO APy BU3HAYAETHCS
piBHEM TPYHTOBHX BOJ, iAEHTH(]IKAIiI0 penpe3eHTaTUBHOI TUITHKA JOIIi-
JIBHO 31MCHIOBATH 32 MPOCTOPOBUM PO3MOIIOM TTUOWHYU 30HHU aepallii mpu
YMOBi OJM3BKOTO JI0 cTarioHapHoro 3amsranas PI'B Ha rimOuHi 3akimanaH-
HS ApeHaxy abo Hwkde. {11 moOynoBu ricrorpaMu aOCOMIOTHUX BIIMITOK
MoxIynb po3ouBaeThest Ha 100 piBHUX IDIOMANOK, I KOXKHOI i3 SKHX BH-
3HAYA€THCS CEPEIHsI BiIMITKa MMOBEPXHi. BiAMOBIAHO, OTPUMaHi JaHI MOX-
Ha PO3TJLIIATH SK CTATUCTHYHY CYKYIHICTB 1 MPEICTABIATH y BUTIIAMIL Tic-
Torpamu (puc. 2).

AHai3 ricrorpamMu Tokasas, 10 JOCIIKEHHS OB BOJIOTOCTI MOTPi0-
HO TIPOBOJMTH Ha AUISTHKAX, BIIMITKH BUCOT SKUX BiAmoBimarTs 6...10 po-
3psgaM. B pe3ynbraTi, miora, SKy KOHTPOII0EMO 3aiimae 61 92% 3arainb-
HOT IUTOIII KEPOBAHOTO MOIYJIS.

JIst BUBYEHHSI KOPETAIIMHUX 3B’ SI3KiB MiX BOJIOTICTIO OKPEMHX IIapiB
IPYHTY 1 CEpeIHBOIO BOJIOTICTIO KOPEHEBMICHOTO IIapy HEOOXiAHO BUMIps-
TH BOJIOTICTh B PI3HHX IIapax MpH Pi3HUX PIBHAX IPYHTOBUX Boa. Tomy
26 tpaBua 2009 poky mpu Husskomy PI'B=0,9 m i 20 gepBus 2009 poxy
npu Bucokomy PI'B=0,45 M, momaposo (uepe3 0,1 M) BuMiproBagu BoOJIO-
ricte 10 rmuouau 0,8 M Ha JBOX MITSTHKAaX, CEPEIHI BIMITKH BHCOT SIKHX
BIAMOBIAAIOTH 6 1 7 po3psiaM TicTOTpamHu.

I3 yMOBM 0OfHaKOBOTO BIUIMBY APEHAKHOI MEpEXi BCi TOYKH BigOOpy
Oynm po3MilIeHi Ha YBEpTi MUKIPEHHOI BiICTaHi Bill JpeHH. 3a JaHUMH BH-
MIpIOBaHb PO3paxOBYBAJIHMCH KOeillieHTH KOpeysiuii ¥ MiX BOJIOTICTIO KO-
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s)kHOTO 10-TH CaHTUMETPOBOTO IIAPy 1 CEPETHBOIO BOJIOTICTIO AKTHBHOTO
mapy. Koedimientn xopensmii Buznavamu it 0,1 m; 0,2 m; 0,3 m; 0.4 Mm;
0,6 M; 0,8 M. Pe3ynbpTaT HOCTIKEHHS IPEACTABIICH] Ha pHC. 3 1 puc. 4.

r 17
08
06 -

0.4

0.2 4

0 i i i i i
0 0.1 0.2 03 04 05

—e— 01m —e (1,2 1 = e =03M —o—104m Z,M

Puc. 3. anexHocTi KoediieHTa KOPEISil /' MiX BOJOTICTIO aKTHBHOTO 1 JICCSITH-
CAaHTUMETPOBUX MapiB IpyHTY Bix rubuan Z 1pu 0,1 M, 0,2 M, 0,3 M, 0,4 M 3a na-
HUMH J0ciipKeHHs Big 26.05.2009 p.

OTpuMaHi 3aJIe)KHOCTI 3MiHN Koe(illieHTa Kopemsuii 7 Bif MNIMOMHA Z
€ HEMOHOTOHHUMH (DYHKIIISIMH, II€ TTOSICHIOETHCS HEOJTHOPITHICTIO BOIHO-
(I3UYHKX BIIACTHBOCTEH IPYHTY I10 TIHOMHI. [3 OTpUMaHNX KPUBHX BHUJIHO,
o KoedimienTn kopesnii s ropusontis 0,1 M, 0,2 M, 0,3 M, 0,4 M noc-
TaTHHO BUCOKI, II€ BKa3y€ Ha PETMPE3CHTATUBHICTh IUX TOPU3OHTIB IS OITi-
HKH BOJIOT'03araciB 1Mo Ipodia IPyHTY.

ro 17
0.8 1-
06 1%
04 1"
0,2 -
0 T T T T T T T T 1
0 0.1 02 03 0.4 05 086 07 08 09
—e— 01m —_—0 M = =t =03 M Z,M
—— 4 M —pe— [, 5 M - 0= =08M

Puc. 4. 3anexxHocrti koediwienTa Kopesnsuii 7' MiX BOJOTICTIO aKTHBHOTO 1 j1e-
CATHCAHTUMETPOBUX IIapiB IpyHTY Bix rmubuan Z mpu 0,1 m; 0,2 m; 0,3; 0,4 m;
0,6 m 10,8 M 3a qanumu gociimrenns Bix 20.06.2009 p.

I3 aHamizy CTaTHCTUYHUX XapaKTEPHUCTHUK HEHACHYCHOI 30HHM BHTIKAE,
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10 MPH 301UTBIIEHH] TIMOMHYN 3MEHITYIOTHCS BILTUBA CYMAapHOTO BUTIAPOBY-
BaHHS Ha BOJIOTICTb, B 3B’S3KY 3 UMM HEOOXiJTHO TPOBOAUTH BUMIpPIOBaHHS 3
Oi7bII BUCOKOIO TOYHicTIO. [IpH 301IbIICHHI CyMapHOTO BHIIApOBYBaHHS 3
0,002 M/mody mo 0,005 m/moby mpu PI'B=0,8 M Bomoricts B mapi 0,20 M
3MEHIIYEThCA Ha 2...3%, M0 BiNOBiJa€ TOYHOCTI BUMIPIOBAHHS, TOJI SIK B
mapi 0,10 M Bosoricth 3MeHIIyeTbes Ha 10%. 1le moB’s3aH0 3 THM, IO B
mapi 0...0,1 M crocTepiracTbcsi MAKCUMYM BOJIOBIZIOOPY KOPiHHAM TpaB Ha
TpaHCHipaIifo.

TakuM 9MHOM, BUXOJSYH i3 KOPEJAIIHOTO 3B 3Ky OIIHKY BOJIOT03a-
naciB KOPEHEBOTro HIapy Halkpaie nmpoBoanuTH 1o ropuzonty 0,10...0,30 m,
a BUXO/SIYM 13 HEOOXiTHOCTI (DOPMYBaHHS CUTHAIIB JUIsl KEPYBaHHS IPH ITi-
JII'PYHTOBOMY 3BOJIOXKEHHI — 110 Topu30oHTY 0...0,2 M.

[NopiBHSHHS CTATUCTUYHUX JAHUX PO3MOJLTY BOJOTOCTI HA OKPEMHUX Ili-
JITHKAX 1 MOJyJIi € JTOIYCTUMHUM TIPH TOCTATHIN KITBKOCTI CKIQIOBUX y BHU-
Oipui. MiHiMabHA KiJTbKICTh BUMIPIOBAaHb TIPH 3aJlaHil TapaHTiIHHIA (70Bi-
puiif) iMmosipHOCTI P, Bimomili moxmuOui BUMiprOBaHL BOJOTOCTI O i muc-

niepcii O ? BU3HAYacTHCA 32 dhopmymoro [21]:

ot

nn = 52 ’ (1)

ne ! — rapaHTiiiHHH (HOBipuMii) Koe(ilieHT, KUl BU3HAYAIOTh 3 TaOJUIb

HpH 3aJaHOMy 3HadeHHi P (U1 HOPMalbHOTO 3aKOHY PO3IOLTy 3HAYEH-
Hro P=0,95 Bignosinae t=1,96.

[Tpn Haiibinpm HMOBIPHOMY 3HAUYEHHI MOXMOKH IPW BH3HAYECHHI BOJIO-
TOCTi TEH310METPOM, 1m0 ckianae 1...1,5%, oocsar BUOIpoK MOBUHEH OYTH HE
meHuM 10.

[Ipu po3paxyHKy KiJTBKOCTI BOJOTOMIpIB MepeadavdaeThes, MO iX po3-
MIIIYIOTh B CTATHCTUYHO HE3AJIC)KHUX TOUYKAX HA PEMPE3CHTATUBHIN MiIsTH-
i A7 MiHiMi3aIii B3a€MHOTO BIDIMBY 3MiHH BOJIOTOCTI TpyHTY. Jlis BUKO-
HaHHA L€l ymoBH HEOOXITHO BU3HAUATH paniyc kopemsmii [21], To6To Mmi-
HIMaJIHUH 1HTEpBal MiXK TOYKaMH BHMIPIOBaHb, TIPH IKOMY BI/IMlpIOBaHHH
MOKHA PaxyBaTH MPAKTHIHO HE3ANCKHUMH. IIpu HasiBHOCTI BHXimHOI iH-
¢dopmarii Tpo BOJOTICTH (IMOTEHIIAT TPYHTOBOI BOJIOTH) Pafiyc KOPEJImii
BU3HAYCHO 3 aHAJTi3y aBTOKOPEISIIHHOT (QyHKIIT

1 n—k___
K(D=— Sw -w. . 2
(D (n_k).(’vz;v/, Wik &)

ne k — BenmuwHa 3cyBy MO JOBKMHI JiHIT BigOopy 3pa3KiB Mix 1BOMA Iie-

pepizamu BUnaaKoBoro npouecy ¥, i ¥/,,, , Benumuuna k npuiiMaerses He

6inbiwe h1/4; h — xinbkicts BuMiptoBanb; ¥, = Vi @y — 3HAYCHHS TO-

TEHI[iaJTy IPYHTOBOI BOJIOTH, M.
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Jlnst po3paxyHKy aBTOKOpensmiiaoi ¢yHKIi 26.05.2009 p. mo mromni
Mopynst Ha rimouHi 0,1 M Oyrna BH3HaUYeHa BOJOTICTH B 39 Toukax. 3pa3ku
BiIOMpamUCh Ha MINSHKAX 3 OJHAKOBUMH BiMITKAMHU BHCOT i TOYKH Bimg0o-
Py 3HAXOAWINCH Ha JiHII NMapajienbHOi JIHII JpeHaxy, TOOTO HocepenuHi
MiXx ApeHoro i MibkapeHHsM npu PI'B 0,7 m. Bixcranp mixk ToukaMu Big0o-
py npwuitasita 0,5 M.

ABToKOpensiiiHa GyHKIis (2) anmpoOKCUMYETBCSI BUPa30M:

k(ly=e*"-cos -1, (3)
ne xoediientn & =—1,02, f=5,32.

Jlst aBTokopensiiiaoi GyHKIIT pagiyc Kopemsiii JOpiBHIOE:

I = T[K (O]ar. “)

[MincraBusmm (3) y Bupas (4), oTpuMaeMo

Po3paxoBane 3a ¢opmynoro (2) 3HaueHHS pajiyca KOpewsLii TOopiBHIOE
0,4 M. BigmosigHo, /i MiHIMI3aIii B3a€MHOTO BIUIMBY 3MiHHM BOJIOTOCTI
IPYHTY, BifOip 3pa3kiB HEOOXiJHO IPOBOJUTH B TOYKAX, SIKi BiJJaJeH] Ha
Bizcraub He MeHIe 0,4 M.

Po3noain Boorocti IpyHTy (MOTEHIIaTy TPYHTOBOI BOJIOTH) Ha MOJYJI
HaOJIMKEHUH 10 HOPMAJILHOTO 1 aucnepcist mopiBHioe 3,91. lpu rapaHTiii-
Hill iMoBipHOCTI P=0,95 1 xoedimieHTi t=1,96, TOUHICTb BUMIPIOBAaHHA Y
TEPMOCTATHO-BaroBUM MeToJ0M ckianae 1...1,5% Bix 06’ e€MHOI BOJIOTOCT.
MinHimManbHa KiTBKICTh BUMIpIOBaHb ckiagae 7...15. BpaxoByrouu, mo muc-
Tepcis Ha OKpEeMHUX TiISTHKAaX MOe OyTH BUIIE 3a pO3paxyHKOBY, BiIIOBi-
JTHO MiHIMaJIbHA KUIBKICTh BUMIpPIOBaHb NMpUIHATA 25.

Ha cmcreMi TBOCTOPOHHBOT'O PETYIIOBAHHS TNPH Pi3HUX pexumax (ab-
copOii-cop61iii) crocTepiraeThcss HEPIBHOMIPHICTD PO3IOJILTY BOJIOTH, SIKa
BHKJINKaHa BIUTMBOM JIpeHaXHOT Mepexi. HeoOXimHicTh (hopMyBaHHS CHT-
HaJIiB KepyBaHHS B JUHAMIYHUX PEKUMaxX BU3HAYAE PO3MIIIEHHS TOYOK KO-
HTPOJIIO BiJl MiXkApeHHS A0 ApeHru. OaHaK pO3MIIIEHHS TOYOK KOHTPOJIO Ha
OJHIN TPsIMiH, NEPHEHANKYISPHIA JIHISAM ApeHaXy, HEAOLJIBHO MO INpH-
YUHI MOKITMBUX IIOMHJIOK 13-332 aHOMAJTii TOPU30HTAITLHOTO BOJIOTOIIEPEHO-
Cy BIJl JPEHH 10 MDKAPEHHS, 1 TOMY, IX HEOOXIHO PO3MICTHTH Ha TIPsIMIH,
o0 We BiJ MDKIPEHHS 10 APEHH Mia KyToM. [IpakTHaHO KYT HaXHITy HE0O-
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xigHo npuitHaTH He MeHn 30°. KpiMm Toro, BiICTaHb Mi’K TOYKaMH KOHTPO-
o obMexeHa paaiycoM Kopesnii. Kpaiii 1o qpeHaxy TOYKH ciiij po3ra-
IOBYBaTH Ha BimctaHi He MeHm 1,5..2,0 M BiJ apeHH, IS BUKITIOYCHHS
BIUIMBY BEJIMKHMX HAIOPIB B PEKHUMaX 3BOJIOKEHHS.

BusHaueHHs cepeHbhOi BOJOTOCTI MO IUIONII BCHOTO MOIYJIS 3iHCHIO-
BaJIOCH IIJSIXOM (hOpMyBaHHS BUOIPOK MO KOKHIH JUISHII, YUCIIO cepiil BU-
OipKH MPUIMAIIOCH MPOTIOPIIIHIM IIIONI JUISTHKY 1 HaBEJEHO B Ta0OI. 1.

Tabnuns 1
Yuncno BUMIpPIOBaHb HA KOXHIHN 3 JUITHOK NPH BU3HAYCHHI CEPEIHBOT
BOJIOTOCTI MOJTYJISI

Homep dinanxu 5 6 7 8 9 10
KinbpkicTs cepiit 5 15 6 6 5 3

KinbkicTs BIMiptO-
BaHb

KpiM Toro Ha KOXHI¥ AUIAHIN BU3HAYAJIACh OKpeMa BUOIpKa i3 25 BUMi-
PIOBaHb 3 METOI PO3PaXyHKY CTATHCTUYHUX ITapaMEeTpiB, IO XapaKTepH-
3YIOTh PO3TOIiI BOJIOTOCTI Ha MiJISTHITI.

Jucniepcis po3mofily BOJOTOCTI SK Ha OKPEMHUX IUISHKAaX, TakK 1 IO
IJIONIi BCHOTO MOMYJSI MaKCHMalbHA IICIS IMiAIPYHTOBOTO 3BOJIOKCHHS
(mani 26.05 120.06) i ams Bcboro MOAyIs ckiagae 5,49 1 5,81.

3a JaHUMU BH3HAYAIUCH KOCQIIIEHTH KOPEMAIii ¥ MiX BOJIOTICTIO Ha

25 75 30 30 25 15

OKPEMHUX AUIAHKAX i MO IUIOII MOXYJNs, a TAKOXK KpHTepii CyTTeBOCTI f,

[21] (Tabm. 2).

TeopeTH4HO KPUTEPil CYTTEBOCTI MPH MIECTH CTYIEHSIX CBOOOAM 1 piBHI
3Hagumocti 0,05 mopiBHIoE 2,45, M0 BiAMOBigaE 3HAYUMOCTI KoedilieHTa
Kopesimii [21].

Tab6mumg 2
XapaKkTepucTHKa KOPESIIHHIX 3aJIeKHOCTEH MK CepeTHbOIO BOJIOTICTIO
JIJISTHOK 1 BCBOTO MOZYJISt

Homep oinanku 5 6 7 8 9
Koedirient kopensii 0,953 0,982 0,871 0,751 0,945
Kpurepiii cyrreBocTi 7,94 12,09 4,36 2,78 7,11

TakuM YMHOM, MK CEpeIHBHOI0 BOJIOTICTIO TO TUTOIII JUISHOK 1 TUIO-
IICF0 BCHOT'O MOAYJISA B MEXKax Jiamma3oHy ONTHMaIbHOT BOJIOTOCTI iCHYE Ti-
CHUH 3B's30K. Y BiIMOBIAHOCTI 0 PO3pOOJIEHOI METOUKHA KOHTPOJIb BOJIO-
ro3amnaciB IpyHTY MOXKHA 3[IHCHIOBATH MUIIXOM OCCPEIHCHHS TIOKa3iB TCH-
310METPUYHUX BOJIOTOMIpPIB (70 3...5 MTYK), sIKi BCTAHOBIIOEMO TIO0 M-
PEHHIO B CTATUCTHYHO HE3aJIC)KHUX TOUKAX.

1. EmenpsiaoB B. A. CrocoObl M3MEpeHHs BIIQXKHOCTH IIOYB IPH OpPOIICHUU /
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INFORMATION-MEASURING SYSTEM OF DATA ACQUISITION
AND CONTROL OF SOIL MOISTURE RESERVES

Proposed information-measuring system of data acquisition and
control using tensiometer moisture meters and developed method of
determining the amount of moisture meters and their placement on the
representative section of controlled module.

Keywords: information-measuring system, soil moisture, tensiometer
moisture meter, representative area.

Maryc C. K., K.T.H., 1oueHT (HanmmoHanbHbIA yHUBEPCUTET BOJHOTO
X035HCTBa U MPUPOJIOIIONH30BaHUs, T. POBHO)

NHO®POPMAIIMOHHO-U3MEPUTEJ/IbBHASA CUCTEMA CBOPA
JAHHBIX U KOHTPOJIA 3A BJIATO3AITACAMMU ITOYBbI

B pa6ote npenJioxena nHpopManMOHHO-U3MePHTEIbHAS CHCTEMa HA
ynpaBjasieMbIX MOAYJIAX OCYIINTEJIbHO-YBIAKHUTEIbHBIX CHCTEM 15
cOopa, nepeJavn M aHATN3A TEXHOJIOTHYECKHX MAPAMeTPOB C HCIOJIb-
30BaHHEM CTAllMOHAPHBIX TEH3HOMeTPHYeCKHX BjaaromMepos. Pa3pado-
TaHA METOJUKA PacyeTa KOJHYeCTBA BJIATOMEPOB H IapaMeTPoOB UX
pa3MellleHHs] HAa pelpe3eHTaTHBHOM y4YacTKe.

Knwoueswie cnosa: nHGOPMANHOHHO-U3MEPHUTEIbHAA CHCTEMA, BJIAXK-
HOCTh MOYBBI, TCH3NOMETPHYECKHUIi BIaroMep, penpe3eHTaTHBHBIN
YYaCTOK.
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