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UCCJEJOBAHUE BHYTPEHHUX JE®EKTOB KJIYEHEI KAPTO®EJIS
C UCIIOJIB3OBAHUEM METOJA AAEPHOI'O MATHUTHOI'O PE3OHAHCA

AnHoTanus. IIpencTaBiIeHbl pe3yabTaThl SKCIEPUMEHTAIBHBIX HCCIICIOBAHUI ONpENeIeHUs] BHYTPEHHUX JIeEeKTOB
KJIyOHel kapTodest C MOMOIIBI0 METO/IA SIAEPHOI0 MarHUTHOro pe3onanca (SIMP), naromero nocTyn Kk nHGOpMaHHK O CO-
CTOSTHUY ¥ PACIpPEIeICHIH BOABI Ha KJIETOYHOM M TKAaHEBOM YPOBHSX. /IS IpOBeAEHNS UCCIEIOBAHUN 110 OOHAPYKECHHIO
BHYTPEHHHX Ae()EeKTOB OBUIH MOATOTOBICHBI TP TPYIIHI KIyOHEH KapTOoQens, BKIIoYaomue B ce0s KOHAUIIMOHHBIC U HEe-
KOHUIIMOHHBIE 00pa3iibl. O01mas BeIbopka kiayOoHei kapTodens coctauia 38 00pasuos. st cO3AaHus CKPBITHIX Je(eKToB
B BHJIC MOTEMHCHUI MSKOTH KJIyOHEH ObLI MCIOIB30BAaH METOJ PETYIUPYEMOro yaapa O TBEpAYI MOBEPXHOCTh. OnucaHa
METOJIMKa MPOBEICHNS SKCIIEPUMEHTAIBHBIX HCCIEJOBAaHUH U pesknuMHbIe TapaMeTpsl SIMP. ccnenyemble kiryOHM KapTo-
(et moMemanuch B CHIIbHOE MarHUTHOE MOJIE HANPsKeHHOCTRIO 1,5 Ti. B xauecTBe OCHOBHOrO MeTO/a aHaIM3a MOy YeH-
HBIX pe3yNbTaToB OB BEIOpaH aHanu3 T2 n3o0pakeHUH, Tak KaKk IMEHHO TPU TaKOM CIIOCO0€ MOKHO OTCIICAUTH OJMH U3
BaXHEHIINX MOKa3aTeNel 0OHapyKeHHs BHY TPEHHUX TOBPEXJICHUN KiTyOHEeH kapTodenst — HeAZ0CTaTOK BOABI B TOBPEXKACH-
HbBIX y4aCTKaX MAKOTH. Jle()eKTHbIC 30HBI HA M300paKeHUAX KIyOHEeH HMEIOT TEMHBIIT IIBET, B TO BPeMs KaK 3/10pOBasi TKAHb
— cBeTuiblid. [IpoBeneH cpaBHUTENBHBII aHAIN3 H300paKeHNH, TOJTyYeHHBIX TTpH oMoy SIMP, 1 HaTypHBIX CHUMKOB KI1y0-
Hel B pa3pese, 94TO MO3BOJIMIIO C BEICOKOH TOYHOCTBIO ONPEAETHTH COBIAJAEHNE MECTONOIIOKEHNUS 1e(pEeKTOB, BEISBICHHBIX
HEMHBA3UBHEIM METOJOM C HX pealbHBIM PAcIookeHHeM B KiryOHe. PaboTa mponemoncTpupoBana neHHocts AIMP nis ne-
TaTbHOTO HEMHBA3MBHOTO Crloco0a OMpeseNieHus CKPBITHIX Ae(eKToB KiIyOHel kapToderns Ha aBTOMAaTHYECKUX COPTHPO-
BaJbHBIX MaIIMHAX.

KaroueBble cioBa: xiayOHH KapTo(des, COpPTUPOBKa, BHYTPeHHUE Ae(EeKThI, sJIepHbIH MarHUTHBINA pe3oHaHc, T2 pe-
JaKcanus
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RESEARCH ON INTERNAL DEFECTS OF POTATO TUBERS USING
THE NUCLEAR MAGNETIC RESONANCE METHOD

Abstract. The results of experimental studies are presented, determining the internal defects of potato tubers using nu-
clear magnetic resonance (NMR) method, which provide access to information about the state and distribution of water at the
cellular and tissue levels. In order to carry out internal defect detection studies, three groups of potato tubers were prepared,
comprising conditioned and unconditioned samples. The total sampling of potato tubers amounted to 38 samples. To create
hidden defects in the form of darkening of tuber pulp, the method of controlled impact on a hard surface was used.
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Methodology for conducting experimental studies and time parameters of NMR are described. The studied potato tubers
were placed in a strong magnetic field with intensity of 1.5 Tesla. Analysis of T2 images was chosen as the main method for
analyzing the obtained results, since this method allows to trace one of the most important indicators of detecting internal
damage of potato tubers — lack of water in the damaged areas of the pulp. The damaged areas in the images of tubers have
a dark color, while the healthy tissue is light. A comparative analysis of images obtained using NMR and full-scale images
of tubers’ section was carried out, allowing to determine with high accuracy the coincidence of location of defects detected
by non-invasive method with their actual location in the tuber. The study showed the value of NMR for a detailed non-inva-
sive method for determining hidden defects in potato tubers on automatic grading machines.
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BBenenue. Kaprodenp gBisieTcss OAHUM U3 OCHOBHBIX NMPOAYKTOB NMuTaHus. [lo3TomMy BajoBomy
IPOM3BOJICTBY KapTO(MEIs U €ro Ka4eCcTBy yenseTcs 6oiblioe BuuManue' [1].

OnHoit 13 mpobJIeM IPH IPOU3BOJICTBE KapTO(hess SBISETCS HaTHYne B KJyOHEe CKPBITHIX BHY TPEH-
HuX nedektoB. KityOHM ¢ BHYTpEHHUMH CKPBITBIMU JedeKTaMu (IOYepHEHNE CEPIeBUHBI, TYILIH-
CTOCTh, HEKPO3 M Jp.) HETATUBHO BIMSIOT HA BHIOOp MOKYMATENsd W MOTYT UCTIOPTUTH BHEIIHUHA BH]I
nonydadpukaToB u3 kaprodeins. 1 HA000POT, OTCOPTUPOBAHHBIN 310POBBIH KapTO(hEb, C YHCTON KO-
Kypoii, 6e3 cleIoB MOBPEXICHUH MpoAaeTcsi o 0osee BHICOKOH 1eHe, MPUHOCS JOMOTHUTEIBHBIN J10-
XOJI TIPEATPUHUMATEIIO0, TI0JIh3yETCs TMOBBIMIEHHBIM CIIPOCOM y OINTOBBIX TOKyIaTenei. BHyTpeHHuUe
nedeKThl KapToderss BOZHUKAIOT U3-3a MMOBPEKCHIH, HAHOCUMBIX BPEIUTEISIMH U pabOYnMH OpraHa-
MU MalllMH, a TaKXXC BCJICACTBUC HAPYIICHU A TCXHOJIOTHUH BO3JAC/IBIBAHU A U XPAHCHU A, 00JIe3HU CEMEH-
HOT'0 MaTepHana.

BuyTpennue nedekTbl HEBO3MOXHO BBISIBUTH Ha MHCIIEKIIMOHHBIX CTOJIaX BU3yallbHO Oe3 mpeaBa-
PUTENBHOTO pa3pylieHust KiryOHei. CyliecTBYIONIHEe CIOCOOBI OMpe/esieHuss BHYTPEHHUX Ae(EeKTOB
MIPeayCMAaTPUBAIOT TIPEIBAPUTEIIBHBIN CIIYIaifHBIN 0TOOP 00pa3IoB, X PE3Ky M BU3yaTBbHBIN OCMOTP.
DTOT METO/ BEChMa TPYI0OEMOK U Maliod((HeKTUBEH.

C uenbio NoBbIIIEHNS 3PGEKTUBHOCTH MPOLIEcca COPTUPOBKH HeoOxonnMa pa3paboTka Hepaspy-
[IAIOIIMX METOJIOB OLIEHKH KadyecTBa KIyOHeH KapTodelns Ha CTauu MepepadoTKH U MPEATPOIaKHOM
TopaboTKH, 00eCIeunBaIONINX JOCTATOYHO BEICOKYIO CKOPOCTh ¥ TOYHOCTH aHAJIH3a.

OreHka BHYTPEHHUX JeQEKTOB OOBIYHO IPOBOAUTCS C MOMOIIBIO pa3pylIaronero MeToaa, KoTo-
pBIH TIpeAnonaraeT MHANBUAYAIbHYIO COPTUPOBKY KIIYOHEH KapTodess ocie uX pa3pe3anus B onpe-
JeNeHHbIX MecTax. Takoi moaxo AaeT JUIIb YaCTUYHYI0 HHPOPMAIUIO O KadecTBE KI1yOHe!, OCKOIb-
Ky OrpaHHYHBaeTCs AeeKTaMi, HaOM0JaeMbIMH Ha aHATM3UPYEMBIX ydacTKax. B cBsi3u ¢ 3TuM ObLI
pa3pa60TaH psAaA HEMHBA3WBHBIX aHAJIUTUYCCKHUX METOA0B, IMO3BOJIAIOMIUX YIYUIIUTD XapaKTECPHUCTUKY
nedekToB KIyOHel KapTogens.

B kadecTBe ONTHYECKOro Hepa3pylIAIOIIEro MeToga oOHapyKeHHS prKaBbIX MSATEH Ha KapTodene
OblJ1a TIPe/JI0KEeHA CIIEKTPOCKOIHUS OTPAKEHUsI C BPEMEHHBIM pa3pelieHneM. JTOT METO/ T0Ka3all OT-
HOCHUTEIFHO HHU3KHE Pe3yJbTaThl, MOCKOJIBKY OH TPABHJIBHO OMPENeNsi TOIBKO T€ KIIyOHH, KOTOpPbIE
OB TIOPa)XEHBI CHUIBHBIMHU TISITHAMH PXKaBUMHBI, U TPEOOBAJ MHIUBUAYAITBHON KaTHOPOBKH TSI KaK-
JIOT0O copTa KapTodes.

[Ipu 3TOM TOJTBIE CEpAIIEBUHBI OBLITN OOHAPYIKEHBI B KIIYOHSIX KapTo(]els ¢ TOMOIIBI0 PEHTTEHOB-
CKOH CheMKH M WH(PpaKpacHOU TUTIEPCIICKTPAIBHON CheMKH. [TocnenHuit MeTo ] Tak)Ke UCTIOIB30BaICs
JUIs OOHapy KeHHUs pas3IMuHbIX jJe(ekToB B Kaprodene. OMHAKO THIIEPCIEKTPAIbHBIC H300paKCHHUS,
MOJIYYCHHBIC B BLIHICYIIOMSAHYTBIX HMCCIICJOBAHUAX, HE IOKA3bIBAJIU IleTaJ'[I:HOﬁ CTPYKTYPhbI TKaHel
KapTodens.

Hawnbonee gacto mpu ornpeieseHN: Ka4ecTBa CeIbCKOX03UCTBEHHOW MTPOMYKIIUU UCCIIEe0BaTEN -
MU IPUMEHAIOTCA METOAbI, OCHOBAHHBIC HAa N3YUCHUHN CBOMCTB 00BEKTA IIorJIoIaTh Uk OTpaXaThb pas-
JIMYHBIC BUJbI SOHCPIrun (TpaI[I/IHI/IOHHaH BU3yaJin3alusd, BUsyajan3sanusa C O6paTHI)IM JIa3€PHBIM pacces-
HUEM, YIbTPa3ByKOBas BU3yaln3alus, sICPHbII MArHUTHBIM Pe30HAHC, PEHTICHOBCKAs BU3yaIH3allys,

' Peciy6iiuka Benapyce: crat. exeroanuk, 2023 / Hau. crar. kom. Pecn. Benapycs. Munck: Ham. crat. kom. Pecn. Bena-
pycs, 2023. 322 c.
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(yopecueHTHasl BU3yaau3alysi, MUKPOBOJIHOBAS BU3yalu3alus, BU3yalu3alus 3amaxa, akycThye-
CKHH yIapHBIA METOJ U JIP.).

B nuteparype mupoKo npeacTaBIeHbl TAKKE ONTUYECKHE METO/IbI, B KOTOPBIX UCIIOJIB3YETCSI 3aBU-
CHUMOCTB MEK]y COCTaBOM M ONTHYECKMMH CBOMCTBAMH BEIIECTBA ((POTOMETPHUECKUE METO/IbI, Hede-
JIOMETPHS U TYpOUIUMETpHsI, pepPaKTOMETPHSI, TTIOIIPUMETPHSI, CIIEKTPOCKOMUS, CIEKTPaTbHBIN U IO~
MUHECLEHTHBIN aHaiu3bl) [2—6]. st HaOnrogeHust 3a MPOLIECCOM POCTa U CO3pEeBaHusl PPyKTOB MPH-
Mensnachk SIMP-perakcomerpus [7-9]

JUis n3ydeHHs] BHYTpPEHHUX ne(ekToB KiyOHel kapTodens MpemaioKEeHO HCIOIb30BaTh METOX
SJICPHOI'0 MarHUTHOTO pe3oHanca (IMP). MeTox ocHOBaH Ha M3MEpEHUH HEPrUU aTOMHBIX siJep BO-
nopona (H") B Tkansx kaprodersi, HIOMEIIEHHOT0 B CHJIBHOE TIOCTOSIHHOE MarHuTHOE 1ojie. B MarHut-
HOM II0JI€ IPOTOHBI B AIpax BOJOPOAA MEHSIOT CBOIO IIPOCTPAHCTBEHHYIO OpHUEHTALNIO. TaK, eciu 1o-
MECTUTb NIPOTOH BO BHEILIIHEE MArHUTHOE I10JI€, TO €r0 MarHUTHBIN MOMEHT OyzeT JIn00 COHAaIpaBJIeH,
100 MPOTHBOMOJIOKHO HAIPABIICH MAarHUTHOMY TIOJIIO, TIPUYEM BO BTOPOM CIIy4ae ero sHeprus OyaeT
Boile. [Ipu Bo3aelCcTBIM Ha UCCIeyeMyI0 00JacTh JIEKTPOMArHUTHBIM HU3JTy4YEHUEM OIpEAeIICHHOM
4acTOTHI YaCTh MPOTOHOB IIOMEHSAIOT CBOM MarHUTHBII MOMEHT Ha MPOTHBOIOJIOXKHBIH, a TIOTOM Bep-
HYTCS B HCXO/IHOE Tonokenue. [Ipu aTom cuctemoit coopa maHHBIX TOMOrpada perucTpupyercs Bbljie-
JICHWE SHEPTUU BO BpeMsl PelaKCallly MpeBAPUTEIBHO BO30YKICHHBIX ITPOTOHOB U NMPEOOpa3OBaHUE
ToMorpadoM Ha 3KpaH KoMIbroTepa [8].

MarepuaJjbl 1 MeTOAbI McciaeaoBaHmii. [y TpoBeeHNs UCCIeIOBaHUHN 110 OOHAPYKECHUIO BHY-
TpeHHUX JedeKTOB ObLIM TOATOTOBIIEHH KIYOHU KapTodens: rpynma | — KOHAWIIMOHHBIE KIIYOHW,
rpynmna 2 — KiryOHU ¢ BHyTPEHHUMU Jie(peKTaMu, CO3AaHHBIMU HCKYCCTBEHHO; I'pymnmna 3 — KiryOHH Kap-
Todes, mopakeHHbIe MPOBOJIOUHIKOM. O0IIas BHIOOpKa dKCIIEPUMEHTAIbHBIX 00pa3IoB COCTaBUIIa
38 kiryOHel kapTodens, pa3iesIeHHbIX Ha 3 TPYMIIbL: B IEPBBIX IBYX 10 15 mTYK, B TpeTbeil — 8 (puc. 1).

st co3maHus CKPHITHIX 1e(heKTOB B BUE MOTEMHEHU MSIKOTH KITYOHEH OBIJ HCITOb30BaH MOJBIH
numHAp BeicoTor 1000 MM 1 AuaMeTpoMm momnepednoro ceueHus 125 mm (puc. 2). Ha que mumuagpa
OBLII pa3MeIlCH yJIapHbIN eMeHT nuaMeTpoM 25 mm. KiyOHHM cOpachiBailCh C OJIMHAKOBOM BBICOTHI
U yJoapsuiiuch o0 yIapHBIM 3JeMeHT, oOpalleHHbI K ocHOBaHUIO KiyOHs. [IpennodrurenbHoe MecTo
COIIPUKOCHOBEHHUSI KITYOHS U yAapHHKa — pyOell OT CTOJIOHA HAa OCHOBAHHUH KJIyOHS.

KnyOHu naganu u ynapaaucs o noirycepruuecKkyo TojIoBKY, IPUKPEIUIEHHYI0 K KPYTJIOH MIOCKOR
mactuHe. PacueTHas sHeprus yaapa BapsupoBanach oT 303 mo 994 Mk B 3aBUCUMOCTH OT MacChl
kapTogens. [locie yaapa kiryOHU XpaHHUIIU B TEUCHUE JBYX HEACIb JJIsl IPOSIBICHUS TIOBPEKACHUH.

a

Puc. 1. Uccnenyemsle 00pasns! kiryOHel kapTodest: @ — KOHAUITHOHHBIe KIIyOHH KapToders;
b — HEKOHTULIMOHHBIE KIIyOHH KapTo(eis ¢ BHYyTPEHHUMU e(eKTaMu, CO3TaHHBIMU HCKYCCTBEHHO;
¢ — KIyOHH KapTodens, HopaKeHHbIe IIPOBOJIOYHUKOM

Fig. 1. Examined samples of potato tubers: a — standard potato tubers;
b — substandard potato tubers with internal defects created artificially; ¢ — potato tubers infested with wireworm
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CyuiHocTh HccleIoBaHUi 3akiaodanack B cieaymoomeM. HMccnenyembie
— . KJIYOHU KapToQesi MOMEeIaINCh B CUIIbHOE MAarHUTHOE TI0JIe HATIPSIKEHHO-
\‘-‘/ ctbio 1,5 To, mpu 3TOM MarHUTHbIE MOMEHTBI aTOMOB BOIOPO/1a, HAXOIS X~
cs B BOJE TKaHEH KapTodels, BBICTPAUBAIOTCS BAOJb MarHUTHOTO TMOJS.
[anee B 00macTh UCCle0BaHUN MOJABANICs PaAHOYacTOTHBIA UMITYJIbC, KO-
TOPBII MEHSJT HAITpaBJICHNE MAarHUTHBIX MOMEHTOB aTOMOB BOJIOPO/Ia OT Tiep-
BOHAYaJIHHOTO HATIPABIIEHUS «TIO TIOI0» Ha HEKOTOPBIKA yTou. llpm BBIKITIO-
YEHUH PaJM0Y9aCTOTHOIO MMITYJIbCAa TTPOUCXOUIO BOCCTAHOBIJIEHUE IEPBO-
HA4yaJIbHOTO HAIPABIIEHUS «II0 TOJIO» — pellakcalus. DTO caMoe Bpems
penakcaiyy, Wid, IPyTuMHU CJIOBaMH, OBICTPOTa BOCCTAHOBJICHHSI HAIIpaBJie-
HUS MAarHUTHBIX MOMEHTOB aTOMOB BOJIOPOJIa K TIEPBOHAYATLHOMY HAIlpaB-
: ,) JICHUS «TIO TIOJIO», N3MEHSETCS B 3aBUCHMOCTH OT OJTHOPOIHOCTH TKaHEH Kap-
Ly Todens. DTO pa3inyue BPpeMEH peslakCallii MCTIOIb30BaloCh, YTOOBI OTIIN-
YUTHh HOPMaJIbHBIE U Ae(DeKTHBIE 00IaCTH B TKAHIX KapTOQes.
. Tak xak penakcarus ObiBaeT nonepedHor T2 u npoxoneHoit T1, pu ma-
TOJIOTHYECKUX TIpoIieccax M3MEHEHUE COIep KaHmsl BOJBI B TKaHAX KapTode-
JIsl IPUBOJIUT K YBEIIMUCHUIO MHTEHCHBHOCTH curHana Ha T1 n300pakeHusx
Y YMEHBIICHUIO MHTEHCUBHOCTH cUTHaja Ha T2 nzo0pakeHusx. Pezynbrarom
WCCIIEZIOBAHUN SBISETCSA OTOOpaKEHHOE Ha dKpaHe KOMITbIOTEepa m300pake-
HHE KITYOHS KapTodens B BUIE TEMHBIX (HU3KHH CUTHAJ) M CBETIBIX (BBICO-

1000 mm

125 M

Puc. 2. Cxema co3manus
BHYTPEHHHX J1e(DEKTOB

Kki1yGHeil kapTodens KWW CUTHAJ) y9aCTKOB. YCUJICHHBIN CUTHAI (THIICPUHTECHCUBHBIN) — 3TO 00-

. . Jiee CBETJIbIE yYaCTKU M300pakeHUs, a OCJIAOJCHHBIM CUTHAJ (TMIIOMHTCH-
Fig. 2. Scheme for creating -

internal defects CUBHBII) — O0Jiee TEeMHBIC. DTH XapaKTEPUCTUKHU CUTHAJIA MbI HCIIOJIb30BAIIH,

in potato tubers 4TOOBI YCTAHOBUTH, MATOJIOTHYECKUMHU WITH HOPMAJbHBIMU SBIISIOTCS 001ac-

TH B TIOJy9YEHHOM M300paKeHHH.

T2 u300paxkeHus1 ONTHUMAJILHO MOKA3bIBAIOT )KUJIKOCTH B TKaHSX, IPH TOM BOJIa POsiBIisieTcs B T2
n300pakeHUSIX OTHOCUTEIBHO IPKUMH TOHAMH, a €€ HEIOCTaTOK — TEeMHBIMH. B cBsi3u ¢ uem B uccneno-
BaHUAX JIJIS1 aHAJIN3a CPBITHIX 1e(EKTOB B KIIYOHIX KapTodes J0CTaTOYHbIM 1 HEOOXOAUMBIM SIBIISIET-
cs1 ananu3 T2 uzo0pakeHwmit.

[locnenoBarenbHOCTh MYNBTUCTHHOBOTO 9Xa (MSE) ucronb3oBanack 1 U3MEpEHUs TapaMeTpOB
nonepedHoil penaxcanuu T2. Ilox CIMHOBBIM AXOM MOHHMMAETCS CIMIOHTAHHOE BOSHMKHOBEHHE CHUTHA-
Ja SIepPHOr0 MarHUTHOTO PEe30HAHCa Yepe3 HEKOTOpOe BpeMs Iocie Mmojayd Ha oOpasel mocienoBa-
TEJIBHOCTH UMILYJIbCOB PaJUOYaCTOTHOTO MOJIS.

B nccnenoBanns mpuMeHsIUCh cienyronie xapakrepuctuku MSE: matpuia n3obpaxkenns 256 x 256,
nosie 3penust (FOV) 256 x 256 mM, Tonmuna cpesa 3 mm, TR 2000 mc, TE 104 mMc, KOTU9ecTBO 3XOCUT-
HaJoB 256, nonoca nporyckanus (BW) 260 I'i/niukcens ! u 2 yepeanenust. MUHUMAIbHbIH 00bEM MO-
BPEKIECHU, BO3MOKHBIN K OOHApYKEHUIO, — 1 MM>,

Pe3yabTaTsl 1 ux 06cy:xaenue. Ha puc. 3 npeacraBieHbl pe3yibTaThl HCCIIEN0BAHNS BHY TPEHHEH
CTPYKTYPBI KOHJIMIIMOHHBIX KIIyOHEH kaprodens ¢ nmomomsio AMP. Jlns ynoOcTBa BocpusiTUsl pe-
3yJBTaT MOXKET ObITh OTOOpaKEeH Ha DKpaHe B Pa3IUYHON [[BETOBOH ramme.

Ha nmonyuennsix ¢ nomouisto SIMP n3o0paskeHHSIX OYEHb YETKO IMPOCMATPHUBAIOTCS CTPYKTYPbI
KJIyOHSI B Pa3JIMUHBIX €0 CEUEHUAX: OCOOCHHO BUAHA CEPALIEBUHA, KOPA U COCYIUCTBIC Ty IKH.

[Ipu neTaapbHOM M3y4YEHHUH TMOTYYSHHBIX CHUMKOB HE ObLIO BBISIBJICHO OOJIacTed, OTIMYAIOIIUXCS
oT obuiell Macchl MSIKOTH KiryOHeH. [lomydeHHbIe pe3ynbTaThl MO3BOJIUIIN CACIATh BBIBOJ 00 OTCYT-
CTBUHM BHYTPEHHHUX Je(EKTOB B JaHHOW BBIOOPKE KiIyOHEH kapTodens. IIpn manpHeHmmx uccienoBa-
HUAX U300paKeHN s KOHIUILIMOHHBIX KITyOHEH KapTodes UCIIOIb30BaINCh B KAUECTBE ITAJIOHHBIX IIPH
OTIpeIeTICHN Y HAJINYNS BHYTPEHHUX JIe(DEeKTOB B IPYTHX KJIaccax.

B crienytoniem onbiTe OBITH MOTYUYEHBI H300paKEHHUS U TPEXMEpHasi MOJIeNb BTOPOH I'PyTITbI KITy0-
Hell kaprodens. JleranpHoe M3ydYeHHE CHHUMKOB ITPOBOJMIIOCH TTOKAAPOBO ISl KaXKJOH MOTYUYCHHOM
TpexMepHoOr Mozenu uzobpaxenus (puc. 4). Ha n3o0pakeHusx, moay4eHHbIX ¢ noMombio SIMP, oT-
YETIMBO BUAHbBI BHyTPEHHUE Ae(DEKThI KJIyOHEH 1 XapakTep U3MEHEHUsI A1e(DEKTHON 30HbI B 3aBUCUMOC-
T OT INIyOMHBI MOpakeHUs: KiIyOHs. JleeKTHbIC 30HBI HA M300pAKEHUAX KIYOHEH MMEIOT TEMHBIH
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a b c

Puc. 3. Pegynbprarer npumenenus SIMP niis n3ydeHns BHyTpeHHEW CTPYKTYPBI KITyOHs KapTodens (KOHIUITHOHHbIE KITyOHN):
a — 1300pakeHUE B OTTCHKAX CEPOro; b — n300pakeHNE B OTTCHKAX 30JI0TOI'0 TPEXMEPHOI0;
¢ —U300paXKeHHe B OTTEHKAX PaCKaJICHHOI0 MeTajlia

Fig. 3. Results of using NMR to study the internal structure of a potato tuber (standard tubers):
a — grayscale image; b — image in shades of gold three-dimensional; ¢ — an image in shades of hot metal

Puc. 4. V3amenenue napaMeTpoB Ae(GEeKTHOI 30HbI B 3aBUCIMOCTH OT INTyOUHBI TOPAKECHHU S KITyOHS:
a — HavaJio MOsIBIICHUS IE(EKTHBIX 00JIACTEH; b — cpe3 clos uepe3 3 MM; ¢ — cpe3 CJIost 4yepe3 6 MM

Fig. 4. Changes in the parameters of the defective zone depending on the depth of tuber damage:
a — appearance of defective areas; b — layer cut in 3 mm; ¢ — layer cut after 6 mm

IIBET, B TO BPEMsI KaK 3I0pOBasi TKaHb — CBeTIbIH. OTiauuue Takoro curnaia IMP ot curnana crannapt-
HOT'0 BEIIECTBA MMO3BOJISIET OMPECIUTh TaK Ha3bIBAEMbIE OMOXMMUYECKUE CIIBUTH B TKAHSX KIyOHEH.

B kauecTBe HarsiAHOTO MpUMepa ObLT BEIOpaH CHUMOK B ()POHTAJBLHON MPOEKIINH, ITPEACTaBIICH-
HEIN Ha pUC. 5, @, HA KOTOPOM SIBHO ITPUCYTCTBYET 2 TEMHBIX IISITHA, 0003HAUEHHBIX 00JacTsaMu 1 u 2,
COOTBETCTBYIOIUE 00JIACTSAM T'HHUJIM, 00pa30BaBIICHCS B Pe3yJibTaTe MEXaHMUECKOr0 BO3JCHCTBHS Ha
KIyOHU. {7 cpaBHEHUsS M3 UCCIIEAYeMOW BBIOOPKH OBLI OTOOpaH HYXKHBIH KJIYOSHBb W C/IEIaHO ero
¢doTo, mpeacTaBICHHOE Ha PUC. 5, b, B pa3pe3e B MeCTe JOKAIU3AI[UH MTOBPEXKICHHS THUIbI0. CpaBHHBAs
MoJTydeHHbIe TIpu omMotn SIMP cHUMKHM BHYTpeHHHUX AeheKTOB KIyOHEH KapToderss, MOXKHO CIenaTh
BBIBO/J O BBICOKOM CTENEHU TOYHOCTH JIOKaJINM3aluu CKPBITBIX I[e(i)eKTOB HCMHBAa3UBHBIM METOJI0M.

TpeTrs mogdopKka CHUMKOB (pHC. 6) HILTIOCTPUPYET HAJTHUYKUE BHYTPEHHHUX Ie(EKTOB B TPEThEH BbI-
Oopke KITyOHEW KapTodes, TPeanoI0KUTEIBHO TOPAKEHHBIX MTPOBOJIOYHUKOM. Ha cHuMKax oTMede-
HBI 00JIaCTH CO CKPBITHIME JeekTaMu 1, 2 1 3, KOTOphIe IPEACTABISAIOT COO0M TEMHBIE TIATHA TI0 CPaB-
HEHUIO C OKpY’Karomel nx MsIkoThio. O0MacTu MHTEpEca — 3TO XOJIbl, TPOICTaHHBIEC MPOBOJIOTHUKOM,
JIOKaJIM30BaHHBIC BOJIM3HU KOpbI KiIyOHs. Ha puc. 6, a npeacrasieHo rpaduyueckoe 0ToOpakeHUe MOTy-
YEHHBIX PE3yJIETATOB CKAHWPOBAaHMS Kjacca KIIyOHeW KapTodess, MOBPEKICHHBIX IMPOBOJIOYHUKOM.
Jns mpoBepkH HAJIWUWsI BHYTPEHHHUX JTe(PEKTOB y HCCIEIYEeMOTo KIIYOHS OH OBLI pa3pe3aH B MeCTe
MOpa’keHUs TPOBOJIOIHUKOM. Ha momryuenHoM cHEMKE (pHC. 6, b) MOKHO YBUIIETh BHYTPEHHNE Ac(eK-
TbI, 0OHapy KEHHBIE TIPEIBAPUTEIIHHO MTPHU TIOMOIIIH S1€PHOI0 MAarHUTHOTO PE30HAHCA.
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a b
Puc. 5. Pe3ynbrarsl ckaHMPOBaHUS KITyOHe# KapTodesst IPpyIIbl ¢ HCKYCCTBEHHO CO3[aHHBIMHU TMOBPEXKICHUIMU (Q);
nedekTHbIN Ki1yOeHs kapTodens (B paspese) (b)
Fig. 5. Scanning results of potato tubers group with artificially created damages (@), defective potato tuber (in section) (b)

a b

Puc. 6. Pe3ynpraTel ckaHHpOBaHHS BEIOOPKH KIIyOHEH KapTOQest, HOBPEKACHHBIX TPOBOJIOYHUKOM (a);
nedeKTHBIH KiIyOeHb KapToders, TOBPEeX ACHHBIH ITPOBOIOYHUKOM (B paspese) (b)

Fig. 6. Scanning results of a sample of potato tubers damaged by wireworm (a);
defective potato tuber damaged by wireworm (in section) (b)

BouiBoawl. [IpoBeaens! nccnenoBanus Tpex Tpynn KiayOHel kapTodens Ha BHISBICHUE BHYTPECHHUX
neeKTOB MpH MOMOIIX SIEPHOTO MATHUTHOTO PE30HAHCa. bBImm mpoaHaIu3MpoBaHBI MOJTyYEHHEIE
M300pakeHMs1, KOTOPbIE MO3BOJISIIOT CAIENATh BBIBOJ, 4TO MeTo SIMP MokeT ObITh yCHeHO MPUMEHEH
IU1s1 OOHAPYKEHHS M XapaKTEPUCTUKY BHYTPEHHUX TMOBPEKIEHUH B KIyOHAX KapTodens. Tak, B 3aBu-
CHMOCTH OT PACIOJIOKEHHUS B KITyOHEe OOHApY KEeHHBIE Me(hEeKThI MOKHO KJIACCH(PHUIIPOBATH IO TTOTCH-
HAATBHOMY ITPOHUCXOXKICHUIO M OTCIEKHUBATh UX COCTOSTHUE 0e3 pa3pyIIeHus C HCIOIb30BAHUEM Clie-
IyIomuX xapakrepucTuk MSE: marpuma nzodpaxkenus 256 x 256, moie 3perus (FOV) 256 X 256 mwm,
tommuHa cpe3a 3 MM, TR 2000 mc, TE 104 mMc, KOTHYECTBO IXOCUTHAIOB 256, TI0JI0Ca TIPOMYCKAHUS
(BW) 260 I'y nukcens ' u 2 ycpeanenus. MUHUMaIbHbINA 00BEM ITOBPEXK IEHUI, BO3MOKHBIN K 00HA-
pyxenuto, — 1 mm>. Takke MOKHO TOBOPHTB O BO3MOKHOCTH IpuMeHeHus Metona SIMP muist nmosbimre-
HHUSI yPOBHSA TOBApHOCTH M TepepaboTKu KapTodens, a TakKe pacIIMpEeHUus acCOPTUMEHTa TOTOBOH
nponyknun. Cama MeTtoanka mposeacHus SIMP-anannza xkiryOHel kapTodens moapa3yMeBaeT BBICO-
KyI0 aBTOMAaTH3aIIHIO TIPoliecca MOucKa BHYTPEHHUX Ae(EKTOB B KIYOHSIX KapTodes.
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