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Annomayun. Konmponv 61axcHocmu X10nk08020 Coipbsi AGIAEHICS KIIOYEBbIM (PaKmopom obecnedenus
Kayecmea npooyKyuu 8 1E2KOU NPOMbIULIEHHOCMU U Uepaenm 3HAYUMENbHYI0 POlb HA 6CeX CMaousix
MEXHOJI02UYECKOU Yenouku — Om HNepeUdHOU 00pabomKu U MpPAHCHOPMUPOBKU 00 CKIAOCKO20
xpanenus. CoepemeHHble 3INeKMpUdecKue Ccpeocmed UMepeHus, OCHOBAHHble HA  aHalu3e
conpomuenenus U OUIIEeKMPUUECKUx CE0UCME MAmepudnd, No360J8I0M ONEPAMUEHO U C BblCOKOU
MOYHOCMBIO  ONpedeNsimb  COOepIcanue Giazu, a MmaKdce JeeKo UHMeZpUpyromes 6 CoCcmas
ABMOMAMUZUPOBAHHBIX U MEXAMPOHHLIX cUCmeM YnpasieHus. B pabome nodpobno ananusupyromcs
@uszuueckue 0CHOBbL PYHKYUOHUPOBAHUSL DNEKMPULECKUX B]1ACOMEPOB, PACKPLIBAIOMCSL 0COOCHHOCMU UX
NpUMEHEHUs. 6 MEeXHOJIO2UYeCKUX npoyeccax nepepadomku XIA0NKd, paccMampusaromcs ux
00CMOUHCMBA U CYWeCmBYIoWUe 02PAHUYEHUS, a MAaKdice 0003HAYAIOMCS HANPABIeHUsl OAIbHeUuLe20
cosepulencmeosanus. — J[onoiHumensHo — npeocmaeier  paspabomaHmvlll.  A8Mopamiu - Mooy,
obecneuusarowuli HenpepvLEHblll MOHUMOPUHS GIANCHOCIU XJIONKOBO20 BOJOKHA 8 PEeNCUME PedbHO20
8peMeHU HeNOCPEOCMBEHHO 8 NPOU3BOOCHBEHHOM Npoyecce.

Kniouesovle cnosa: ousnekmpuieckutl ceHcop, XJ10NK08oe 80J10KHO, OUIIeKMPU1ecKas npoHUYaemocmo,
BI1AINCHOCMb, YACHOMHbLE XAPAKMEPUCMUKY, DYHKYUS YYECMEUMENbHOCMU, CYUUIKA XIONKA.
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DIELEKTRIK XOSSALARINING O‘ZGARISHI ASOSIDA PAXTA TOLASI
NAMLIGINI REAL VAQT REJIMIDA O‘LCHASH

Xamzayev Dilshod Inomdjonovich

“Farg ‘onaazot” AJ tizim administratori, Farg ‘ona, O ‘zbekiston

Annotatsiya. Paxta xomashyosi namligini nazorat qilish yengil sanoatda mahsulot sifatini
ta’minlashning muhim omillaridan biri bo ‘lib, texnologik zanjirning barcha bosqichlarida — dastlabki
ishlov berish va tashishdan tortib omborlarda saglashgacha — katta ahamiyat kasb etadi. Materialning
elektr garshiligi va dielektrik xossalarini tahlil gilishga asoslangan zamonaviy elektr o ‘Ichash vositalari
namlik migdorini tezkor va yuqori aniglikda aniglash imkonini beradi, shuningdek, avtomatlashtirilgan
va mexatronik boshgaruv tizimlariga oson integratsiya gilinadi. Maqolada elektr namlik
o ‘Ichagichlarning ishlash fizik asoslari batafsil tahlil gilingan, ularni paxtani gayta ishlash texnologik
Jjarayonlarida qo ‘llash xususiyatlari yoritilgan, afzalliklari va mavjud cheklovlari ko ‘rib chigilgan ham-
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da kelgusida takomillashtirish yo ‘nalishlari belgilangan. Bundan tashqari, mualliflar tomonidan ishlab
chigilgan, bevosita ishlab chigarish jarayonida paxta tolasi namligini real vaqt rejimida uzluksiz
monitoring qilish imkonini beruvchi modul tagdim etilgan.

Kalit so‘zlar: dielektrik sensor, paxta tolasi, dielektrik singdiruvchanlik, namlik, chastotaviy
xarakteristikalar, sezgirlik funksiyasi, paxta quritgichi.

REAL-TIME MEASUREMENT OF COTTON MOISTURE BASED ON
CHANGES IN THE DIELECTRIC PROPERTIES OF THE FIBER

Khamzaev Dilshod Inomdjonovich
System Administrator, JSC “Farg ‘onaazot”, Fergana, Uzbekistan

Abstract. Moisture control of raw cotton is a key factor in ensuring product quality in the light industry
and plays an important role at all stages of the technological chain, from primary processing and
transportation to warehouse storage. Modern electrical measuring devices based on the analysis of
electrical resistance and dielectric properties of the material enable rapid and highly accurate
determination of moisture content and can be readily integrated into automated and mechatronic control
systems. This study provides a detailed analysis of the physical principles underlying the operation of
electrical moisture meters, describes the specific features of their application in cotton processing
technologies, examines their advantages and existing limitations, and identifies directions for further
improvement. In addition, a module developed by the authors is presented that provides continuous real-
time monitoring of cotton fiber moisture directly during the production process.

Keywords: dielectric sensor, cotton fiber, dielectric permittivity, moisture content, frequency
characteristics, sensitivity function, cotton dryer.

BBenenne. XJIOIIOK SBJIAETCS OJHUM W3
BOKHENIINX CEIbCKOXO3SIMCTBEHHBIX MPOIYKTOB,
LHIUPOKO UCIIOJIb3Y EMbIM B TEKCTUIBLHOM,

HHEPro3aTpaThl IIPU CYIIKE U PUCK OUOJIOTHYECKUX
MOBPEXKIACHUM IIpM  XpaHEHUHW. TpajauIMOHHBIE
METO/Ibl, TAKUE KaK TpaBUMeTpuyeckuil uinm Kapi-

MEAMIMHCKOW U JIpyrux oTpacisix. OmnpeneneHue
BJIQKHOCTH  XJIONKOBOTO  CBIpb  SIBJISETCS
KJIIOYEBBIM ATallOM B TEXHOJIOTMYECKOM LIEMouKe
ero nepepaboTku. TOUHOCTh U3MEPEHMSI HAIPSMYIO
BIUSeT Ha AP EKTUBHOCTH MPOILIECCOB CYILIKH,
XpaHEHUsT M KadyecTBa KOHEYHOro npoaykra. B

COBPEMEHHBIX  yCIIOBUSIX  0co0oe  3HayeHHe
IpPUOOPETAIOT  aBTOMATH3UPOBAHHBIE  CHCTEMBI
KOHTPOJII, OCHOBaHHbIE HAa  DJIEKTPUUYECKUX

MeTolax u3MepeHus. HecmoTps Ha Hanuuue
pa3IMYHBIX METOJIOB (PE3UCTUBHBIX, EMKOCTHBIX,
YaCTOTHBIX), OCTAIOTCS HEPEIIEHHBIMH BOIPOCHI
TIOBBIINIEHUSI TOYHOCTH M3MEPEHUIl B YCIOBHUIX
HECTaOMJIBHBIX TEXHOJIOTHYECKUX IapaMeTpoB. B
CBA3M C OTHM AaKTyaJbHOM 3a1adedl sBISIETCS
pa3paboTka 3(p(PEeKTUBHBIX METOJOB M3MEPEHUs U
yIpaBJICHUS] TPOILECCOM CYIIKH XJomka. Llenpro
JaHHOM paboThI SABIISICTCA pa3paboTka
METOI0JIOTUN W3MEpEHUs BIIQKHOCTH "
ONITUMH3AIMH PEKUMOB CYIIKH XJIOMIKOBOTO CHIPbSL.
Bna)xHOCTP XJIOTIKA CYIIECTBEHHO BIMSET Ha
TEXHOJIOTUYECKUE IPOLECChl, Maccy MPOAYyKLHUH,

@uuiep TUTPOBAaHUE, TOYHBI, HO TPYHOEMKH U
MEJIEHHBI. DJIEKTPUYECKUE BIaromMepbl, OCHOBA-
HHBIC Ha U3MEPEHHUH ITUDJICKTPUYECKOU MPOHUIIAe-
MOCTH WJIA CONTPOTUBIIEHHUS, TPEIararoT SKCIpecc-
MCTObI, KOTOPBIC o0ecreynBaroT OIICPAaTUBHOCTL U
aBTOMAaTHU3aIMio. J{MINeKTpUYeCKUuil CeHCOp BIIaX-
HOCTH OCHOBAH Ha 3aBUCUMOCTH JTUIJIECKTPUUECKOM
MIPOHUIIAEMOCTH MaTepuaia OT COJepKaHus B HEM
BJIarv. XJIONKOBOE BOJIOKHO MpPEACTaBIsET coO0M
TUTPOCKOMTUYHBIN KaUJUIIPHO-TIOPUCTHIH
MaTtepuai, CIOCOOHBIM ajcopOoupoBaTh U yAEp-
JKUBATh BJary Kak B CBOOOIHOM, TaK M B CBSI3HOM
COCTOSTHUH.

OtHocuTenbHas JAUDJICKTpHUYICCKAaA
MMPOHUITACMOCTE CYyXOr'0o XJIOIIKa COCTABJIACT:

Ecyx & 2—4 (1)

B TO BpeMA KakKk JAUDJICKTpHUYICCKAaA
IMPOHUITACMOCTD BOAbI npu KOMHAaTHOM
TeMIeparype:

€poja ~ 80 2

Taxkum 06pa30M, JaK€C HCE3HAYUTCIBbHOC

YBCIUUCHUC COACpKaHWA BJIard MNPUBOAHUT K
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CYIIECTBEHHOMY HM3MECHEHMIO 3 PeKTUBHON | KOHTPOJIUPYEMBIN MaTepral (XJIOMKOBOE BOJIOKHO).
JTUAJIEKTPUUECKON MPOHUIIAEMOCTH MaTepuaa: [Ipy nopade MEpeMEHHOTO 3JIEKTPUUYECKOTO IOJIS

Epp = f(W) (3) | BBICOKOIT YACTOTHI IPOUCXOIUT:
rme, W — maccoBasg WJIM OTHOCHTEIIbHAS —IoJrsipu3anys MOJICKYJI BOABI,

BJIQXKHOCTh MaTepuala.

W3MeHeHne OUAIEKTPUYECKON IpOHUIac-
MOCTM BIIMSIET Ha EMKOCTb HW3MEPUTEIBHON
CUCTEMBl WJIHM HapaMeTpbl 3IEKTPOMArHUTHOTO
IOJIs, YTO W MWCIOJB3YeTCs Ul OIPEICICHUS
BJIQ)KHOCTH.

JlutepaTypHblii aHaJIU3 U MeToa0JI0THA. B
paMKax HcCcleoBaHMs ObUl IPOBEAEH aHAJIN3
COBPEMEHHBIX Hay4HBIX myOuKanuii,
IOCBSILEHHBIX METOAAM ONPEIEIICHUs BIa)KHOCTH
XJIOIIKOBOT'O CHIPbS M YIIPABJICHUIO IPOLECCAMU ETO
cymku. PaccMoTpeHbl paboOThl, ONUCHIBAIOLIME
PE3UCTUBHBIE, EMKOCTHBIE W YAaCTOTHBIE METOMBI
U3MEpPEHUS BIAXHOCTH, a TaKXkKe MOAXOAbI K
ABTOMAaTHU3allMU CYLIWIbHBIX YCTAHOBOK. Y CTAaHOB-
JIEHO, UTO CYILECTBYIOLIME peIIeHUs] 00eCIIeYMBAIOT
JOCTATOYHYK) TOYHOCTb HW3MEPEHHM, OJHAKO
MMEIOT OIPaHUYEHMS B YCIOBUAX HU3MEHSIOIIUXCS
TEXHOJIOIMYECKUX  [apaMeTpoB U TpeOyroT
aZalnTalid K KOHKPETHBIM IPOU3BOACTBEHHBIM
yCIOBHAM. MeTo0sI0rudecKas OCHOBA HCCIENO-
BaHUs Oa3upyercs Ha CHCTEMHOM IOAXOJE H
NPUHIMUIIAX MEXATPOHUKH, BKIFOYAKOLIIUX HHTET-
palyI0 U3MEPUTENBHBIX CEHCOPOB, YIIPaBIAIOLINAX
QITOPUTMOB M MCIOJHUTEIBHBIX MEXaHU3MOB. B
paboTe UCMOIb30BaHBl METOJbl MaTEMaTHYECKOTO
MOJICJINPOBAHUS, IKCIIEPUMEHTAJIBHOTO aHAIN3a U
CPaBHUTENBHON OLEHKH 3((EKTUBHOCTH pas3ind-
HBIX  peXUMOB  cymku. Jlnsg  oOGpabotku
OKCIEPUMEHTAIBHBIX  JAHHBIX  [PUMEHSIIUCH
METO/Ibl CTaTUCTUYECKOIO AHAIN3a, MO3BOJISIIOLINE
OIPEIEIUTh ONTUMAJIBHBIE MapaMeTpbl TEXHOJIO-
rH4eckoro rmpouecca. PazpaGoTka anroputma
YIPaBJICHUSA CYLIKOH OCYILECTBIIJIACh C Yy4ETOM
3aBUCHMOCTH BIIQXKHOCTH XJIONKA OT TEMIIEPATYPBHI,

CKOPOCTH  BO3JYIIHOTO TOTOKA U BPEMEHH
00pabotku. [IpennokeHHass METOIONIOTHST HATIPaB-
JeHa Ha TOBBIINIEHWE TOYHOCTH HW3MEPEHUS

BJIAXKHOCTU W OITUMHU3AIUIO PEKUMOB CYHIKU C
LENbI0 CHIKEHUS DHEPro3aTpaT U IOBBILICHUS
KaueCcTBAa KOHEYHOI'O MPOIYKTA.

Ipunuun peiicrBus cencopa. [lusnexrpu-
YECKMH CEHCOp TIPEACTABISIET CO0OW U3MepH-
TENbHYIO SYEHKYy, COCTOSLIYIO U3 3JIEKTPOAHON
CHCTEMBI, MCXKOY KOTOPBIMU pacmnojraractcs

—U3MEHEHUE pacnpeeneHus
AIEKTPUUECKOTO MOJIs,

—~U3MEHEeHHe  EMKOCTH  H3MEpUTENIbHON
CHUCTEMBI.

N3mepsiemblii mapaMeTp MOXKET OBITh:

—émxocTts C,

—TaHT€HC yIIa JUDJIEKTPUYECKUX NIOTEPB,
—4acToTa pe30HaHCHOI'0 KOHTYpa,

— MUMIIEIAHC CPEJIBL.

Hampumep, npu EMKOCTHOM METOAE:

C= 53(1)(1)802 (4)

IJIe: €0 — DIIEKTPHYECKAsl OCTOSHHAS, S —
[UIOIAb AMIEKTPOROB, d — paCCTOSHHE MEKIY
3JIEKTPOJAMH.

V3meHeHne &,pp NPUBOTUT K HM3MEHEHHUIO
émrkoctn C, 4YTO pPErHCTPUPYETCS 3IEKTPOHHOU
cucreMoii 00paboTkm curHana. J[lamee curnan
npeoOpa3syercst B U(pPOBOE 3HAYEHHE BIAKHOCTH
nocjie KanuOpoBKH.

PaGora B peasbHom Bpemenu. OIHUM U3
KIIIOYEBBIX  MPEUMYIIECTB  JUIJICKTPHUECKUX
CEHCOPOB SBIISIETCS BO3MOXKHOCTh HEMPEPBIBHOTO
M3MEPEHUs BIAXKHOCTHU B IMHAMHYECKOM TIPOIIECCe.
B otnnune or:

—~TPaBUMETPUUECKOr0 MeToja (Tpedyromero
CyLIKu 00pasia),

—~ XUMHUYECKHAX METOJIOB,

— 1ab0paTOPHBIX AHAINU30B.

TVDJICKTPUIECKAN CEHCOp 00ecTIeYnBaeT:

—~ MTHOBEHHYIO PErHCTpaliio H3MEHEHU,

— OTCYTCTBHE HEOOXOAUMOCTH O0TOOpa Mpoo,

—HETIPEPHIBHBI  KOHTPOJb  ITapaMeTpoB
TEXHOJIOTUYECKOTO MpoLecca.

B cymmibHBIX yCTaHOBKAX 3TO TIO3BOJISIET:

— peryJiupoBaTh TeMIeparypy TEIuIo-
HOCHUTEIIS,

—U3MEHSTh CKOPOCTh OapabaHa,

~ KOPPEKTHPOBAThH PACXO/1 BO3AyXa,

— IpeI0TBPAIIATh MePECYIINBAHNE BOJIOKOH,

— CHIDKATh DHEPr03aTpaThl.

Bpewmst oTkiMKa ceHcopa OOBIYHO COCTABISET
MUJUTHCEKYHBI—CEKYH/IbI, 9TO 00ecTieunBaeT padbo-
Ty B pexume online-KOHTPOJIS.
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JKCIepUMeHTAIbHbIE
pe3yJabTaThl.

JKCIepUMEHTAJbHASL YCTAHOBKA. OJKCIIE-
PUMCHTAJIBHBIC MCCJICAOBAHUSA MPOBOJUIIUCH Ha
0a3e MPOMBIIUICHHOW CYHIMJIBHONH YCTaHOBKH
OapabaHHOTO THUIIA, TPUMEHIEMOU AT 00paboTKH
XJIONKOBOTO CHIphSi. B KauecTBe M3MEpPUTEIHHOTO

HCCJICJ0BAHUA U

YCTPOMCTBA  HCIIOJIB30BAJICA  pa3pabOTaHHBIH
JUDJICKTPUYECKAH  CeHCOop,  palboTamomuii B
nuanazone  uvacror 10-30  MI'u. Cencop

yCTaHaBJIMBAJICS HEMOCPEJICTBEHHO B 30HE BBIXOJA
Martepuaja W3 CyIIWIbHOTO OapabaHa, dYTO
II03BOJISUIO OCYIIECTBIIATH HEPEPHIBHBINA KOHTPOJIb
BIQKHOCTH B PEXUME pearbHOro BpemeHu. Jlis
HOBBIIICHUS] TOYHOCTU H3MEpEeHHiH Obla peayu-
30BaHa TeMIepaTypHas KommneHcanus. KoHTpoub-
HblE  3HAUCHHS  BJIAXHOCTH  OINPEACIUIHCH
IPaBUMETPUYCCKUM METOJOM (METOJ BBICYIIIH-
BaHMS 10 TOCTOSHHOW MAacChl), UCIOJIB3YEMbIM B
Ka4yecTBE OTAJIOHHOTO. B Xome sKcrepuMeHTa
BapbUPOBAIHCH CIICTYIOLINE ITAPAMETPHI:
—Temrieparypa tertonocutens: 70-110 °C;
—CKOPOCTh BO3IYLIHOTO NOTOKa: 1,5-2,5 m/c;
—BpeMs npeObIBaHusI MaTepuaa B Oapadane:
5-12 muH;
—HayvaJpHas BIAXKHOCTh xyionka: 12—-15 %.

PesyabTarel  u3mepenmii.  Pe3ynbTaThl
JKCHEPUMEHTAIBHBIX HCCIEN0BAHUI
npezcTaBieHbl B Tadauie 1.

Tabnuna 1

Pe3yflbmambl U3BMEPECHUA 6]1AIHCHOCMU
XJIONK0B8020 CblpbA

CKopocTh
BO3IYXA,
m/c
70 1.5 8.3 8.1 0.2
80 | 18 76 | 7.4 0.2
90 | 2.0 6.8 | 6.5 0.3
100 | 22 6.1 | 5.9 0.2
110 2.5 5.7 5.5 0.2

Cpennss abcomoTHas MOTPELIHOCTD
n3Mmepennit coctaBuina +0,32 %, 4To moaTBEepKIAET
BBICOKYIO TOUHOCTb MPEAJIOKEHHOTO METO/I1A.

AHau3 3aBHCHMOCTH BJIQ)KHOCTH  OT
TeMIePaTYpPBhl. B X0J1e JKCIEPUMEHTA
YCTAaHOBJICHO, YTO TIOBBIIIEHWE TEMIIEPATypPhl
TEIJIOHOCUTENS  NMPUBOJUT K  HHTEHCUBHOMY
CHIDKEHUIO OCTAaTOYHOM BJIKHOCTH XJIOTIKOBOTO
BosiokHa. [Ipu yBennuenun temneparypsl ¢ 70 1o
110 °C BraxHOCTh yMEHbIIIAETCS B cpeaHeM Ha 30—
35%. Haubonee  >ddexTuBHbII  AMANA30H
temriepatyp coctasisier 90—-100 °C, mpu KoTopom

Baaxknocts
(cencop), %o

Ne Temneparypa,
onbITa °C

Baaxknocts | orpenmraocts,
(oTanon), % Yo

s | b [

JIOCTUTAETCS. ONTUMAIbHOE COOTHOILIECHUE MEXKIY
CKOPOCTBIO YJAJIEHHUs BJaru M SHEpro3aTpaTaMu.
IIpu Temneparypax Bbeime 110°C naGmromaeTcs
PUCK TMepecylIMBaHUs MaTepuaia U yXyJIUICHUs
KauyecTBa BOJIOKHA.

8.0

7.5+

7.0 4

6.5

6.0

7If) 75 80 85 20 95 160 165 l:i.O
Puc.1. 3asucumocms ocmamounoii é1axcnocmu
XJIORK06020 60/10KHa om memnepamypbsbl
menJjioHocumeJin.

[IpencraBieHa 3aBUCHMMOCTh  OCTATOYHOM
BJIQKHOCTH XJIOMKOBOTO CBIPBSI OT TEMIIEPATypHI
TEIUIOHOCHUTES. AHAIN3 TpaduKa MOKa3bIBACT, YTO
¢ yBenumueHueM Ttemmepatypel or 70 go 110°C
HaOJr01aeTcsl YCTOMYMBOE CHU)KEHUE BIIAXKHOCTU
Marepuana. HaumbGonee »>(¢eKTUBHBIN auanazoH
temriepatyp coctasisier 90—-100°C, mpu koTopom
JIOCTUTAeTCsl ONTHMAJIbHOE COOTHOILIEHHE MEXIy
WHTEHCHUBHOCTBIO CYIIKH U YHEPro3aTpaTaMu.

8.0 1

7.5

7.0 A

6.5 1

6.0 4

5.5 A

l.I6 l.l8 2:0 2:2 2:4
Puc.2. 3agucumocmeo 61axcHoCmu X10nKa om
CKOpocmu 6030yWHO020 HOMOKA.

[TokazaHo BIMSIHME CKOPOCTH BO3YLIHOTO
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MOTOKA Ha KOHEYHYIO BJIAXHOCTh MaTepuala.
YcTaHOBIEHO, UTO YBEJIIMUEHHUE CKOPOCTH BO3IyXa
o 2,0-2,2 m/c TpUBOAUT K 3HAYUTEIHHOMY
CHIDKEHUIO  BIaxHocTh. Ilpm  nmanpHeimem
YBEITUYCHUU CKOPOCTH 3(h(PEKT CTAaHOBHUTCS MEHEe
BBIPAKEHHBIM, YTO CBHUJECTEIBCTBYET O HAIUYUU
OINTHUMAJIBHOI'O JHAaIla30Ha.

8.0 1

7.5+

7.0 1

6.5 1

6.0

5.5 6:0 6:5 T.IO 7:5 8.0
Puc.3. Cpasnenue nokazanuii

OUIIEKMPUUECKO20 CEHCOPA U IMATIOHHO20
memood.

[TpencTaBieHO COIMOCTABJIICHUE PE3YyJIbTaTOB
U3MEPEHHI BIIQXKHOCTH, MOJTy4YEeHHBIX c
UCTIOJIb30BAaHUEM  Pa3pabOTaHHOTO CEHCopa W
TPaBUMETPUIECKOTO METO/a. Habmronaercs
BBICOKAsl CTCTNCHb COBIAQJCHUS JAHHBIX, YTO
MOJITBEPKIAET JIOCTOBEPHOCTD HU3MepeHuit.
Otkionenne H©He mpesbimaer +0,3 %, 4rto
COOTBETCTBYET TPEOOBAHUSAM TMPOMBIIICHHOTO
KOHTPOJIS.

Biaunsinne ckopocTH BO3IYLIHOIO MOTOKA.
VYBenudeHne CKOPOCTH  BO3IYIIHOTO  ITOTOKA
CIoCcOoOCTBYET:

~ YCKOPEHUIO UCTIApEHUS BJIary;

~TIOBBIIICHUIO HMHTEHCUBHOCTU TEIJIO- U
MaccooOMeHa.

OpnHako MpH MPEBBIICHUHN 3HAUEHUS 2,5 M/C
HaAOJIFOMaeTCs:

— YBEJIMYEHHUE YHEPTrONOTPEOICHIS;

—HE3HAYUTENbHOE  YJIyUYIICHHEe KOHEYHOM
BIXKHOCTH. ONTUMANBHBIN JHMANa30H CKOPOCTH
BO3/yXa cocTarisier 1,8-2,2 m/c.

Onenka  JHeprosarpar. B pamkax
JKCIIepUMeHTa ObLIIO IPOBEJCHO CpaBHEHUE PAOOTHI
CYIIUIHHON YCTaHOBKHU:

—0e3 CHCTeMbI aBTOMaTHIECKOTO KOHTPOJIS;

-c HCIOJIb30BaHUEM
JUDJICKTPUIECKOTO CEHCOopa.

YCTaHOBIEHO, YTO BHEApPEHUE
peaIbHOrO BPEMEHH MO3BOJISIET:

— CHU3UTH YJCIbHBIC 3Hepro3arparsl ¢ 118
kBT 4/T 10 92 xBT"4/T;

—o0ecneynTbh IKOHOMHUIO SJHEPTUU Ha YPOBHE
~22 %:;

— cokpaTtuTh BpeMms cymku Ha 10-15 %.

JAvHamMuka M3MepeHUlT B  peajibHOM
BpeMeHHU. B mporecce ucnbITaHU yCTaHOBIICHO,
YTO BpeMs OTKJIMKa CEHCOpa COCTaBIIsieT MeHee |
CEeKyHJAbI, 4YTO oOecreynBaeT BO3MOXKHOCTb
OTICPATUBHOW KOPPEKTHPOBKU PEKUMOB CYIIIKH.
Curnan ceHcopa XapakTepus3yeTcsi BBICOKOI
CTaOMIILHOCTBIO W HH3KMM YPOBHEM IIIYMOB
OJyiaroapsi MPUMEHEHUIO ITU(POBON DUIBTPALIMH H
yCpEIHEHHSL.

O0cy:xxnenne pe3yabtatoB. llomyueHHsle
AKCIIEPUMEHTAIBLHBIC JAHHBIC MTOATBEPKIAIOT:

pa3zpaboTaHHOTO

CHCTEMBbI

— BBICOKYIO YYBCTBUTCIIbBHOCTDH
JUIJICKTPHUICCKOTO METOJa K HN3MCHCHHAM
BJIaXXHOCTH,

—BO3MOKHOCTb HCIIOJIB30BaHUSI CEHCOPA B
YCIJIOBUSIX NPOMBIILIEHHOTO ITPOU3BOJICTBA;

-3 (}EeKTUBHOCT HUHTETPAlUM B CHCTEMY
ABTOMAaTUYECKOTO YIIPABJICHUS CYIIKOM.

CpaBHeHHE ¢ 3TaTOHHBIM METOJIOM IOKa3aJo,
4yTo  pa3paboTaHHBIM  ceHcop  oOecreynBaeT
TOYHOCTb, CONOCTaBUMYIO C J1a0OpPaTOPHBIMU
METOAaMHU, MpHU 3HAUYUTENBbHO Oo0Jiee BBICOKOM
CKOPOCTH U3MEPEHUM.

OoOcy:xxnenmne. IlomydeHHbIE  pE3yJbTaThI
COIJIacyIOTCS C JaHHBIMU paHee OMyOIMKOBAaHHBIX
UCCJIEIOBAHUM, OJHAKO NPEUIOKEHHBIA IOIXOA
OTJINYAETCS KOMIUIEKCHOM HWHTErpanye u3Mepu-
TEIbHOW M  YNPABIAIOLIEH MoacHucTEM. OTO
MO3BOJISIET MOBBICUTH AJANTHUBHOCTb CHUCTEMBI K
WU3MEHSAIOIIMMCS  YCJIOBUSAM  3KCIUlyarauuud. B
OTIIMYME OT TPAJUIUOHHBIX METOJIOB, Tpe.-
JIO)KEHHAas METOJIOJIOTHUS YYHUTBIBAET JUHAMHUKY
U3MEHEHHs IapaMeTpoB Ipoliecca, 4To obec-
neunBaer Ooinee 3(ddexkTuBHOE  ynpaBiieHHE
cymkoid. OrpaHUYEHUEM HCCIICIOBAHUS SIBIISIETCA
HEOOXOIUMOCTh  JIONOJHUTENBHOM — KaTMOpPOBKH
CHCTEMBI JIUIS Pa3IUYHbIX COPTOB XJIOIKA.

JuiekTpodu3nyeckasi NPUPOAA YACTOTHOM
3aBUCHUMOCTH. J[F000H TUAIIEKTPUK MPU BO3AEUCT-
BUM  IIEPEMEHHOT0  JJIEKTPUUYECKOTO MO
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XapaKTepU3yeTCs] KOMIUIEKCHOM AMAIEKTPHUUECKOM
IPOHULIAEMOCTBIO:

" (w) = &'(w) — je"(w) )

rae: ¢&'(w) — AeUCTBUTENbHAS  4YacThb
(xapakTepusyer CIIOCOOHOCTh HaKaIlJIMBaTh
SHEPTHUI0), £"'(w) — MHUMAas YacTh (XapaKkTepusyeT
TUDJIEKTPUYECKHE MOTepu), w=2mf — Kpyronas
4yacToTa.

B XJ7101MKOBOM BOJIOKHE MPUCYTCTBYIOT:

~TIOJIIPHBIC MOJIEKYJIBI BOJIBI,

— CBsI3aHHAas BJIara,

— cBO0O/IHAs KaWJUISIpHASI BOJIA,

— LIEJUTFOJIO3HAs MaTpHIIa.

Kaxnpli #3 HSTUX KOMIIOHEHTOB MMEET
COOCTBCHHBIC MEXAHW3MBI TMOJApHU3ann  (DJICK-
TpOHHAsi, JWMOJIbHAA, WOHHAs, MeX{(a3Has),
KOTOpBIE TPOSIBIISIOTCS B PAa3IMYHBIX YACTOTHBIX
muana3onax. [lodToMy peakius wmarepuaia Ha
MEPEMEHHOE TI0JIE HOCHUT YacTOTHO-3aBUCHMBIN
xapakrep.

OmnpenesieHne YaCTOTHON XaPAKTEPUCTHKH
ceHcopa. YacToTHas XapaKTEepHCTHKA CEHCopa —
3TO 3aBUCHUMOCTH BBIXOIHOTO CHTHaa (aMILUTUTYAbI
U ¢aspl) OT  4YacTOThl  BO30YXKIAIOIIETO
3JICKTPUYECKOTO CUTHAJIA.

Ecim ceHcop omuchIBaeTCs KOMITICKCHBIM
HUMITEJITAHCOM:

Z(w) = R(w) — jX(w) (6)

TO U3MEpSIOTCS: aMIUTMTYAHAas  Xapak-
tepuctuka: |Z(w)| pa3oBast xapaKTepHCTHKA:

X(w)
¢(w) = arctan (@) (7
M3MeHeHHEe  BIQKHOCTH  OPHBOIMT K
HN3MCHCHHUIO KaK MOAYJA HUMIICAAaHCA, TaK H
¢azoBoro caBura. Takum 00pa3oM, CEHCOp
q)aKTI/ILIGCKI/I SABJISACTCS JaCTOTHO-3aBUCUMOU

U3MEPUTEIIBHOW CHUCTEMOM, YyBCTBUTEIBHOM K
CTPYKTYpE U COCTOSTHUIO BJIard B MaTepHae.

YacrorHas aucnepeus Baaru. Bonga umeer
SAPKO BBIPAXKEHHYIO [IUMOJBHYIO MOJSPU3ALUIO.
[Tpu Hu3kux yactorax (kI'1 Auamnaszon):

— IATIOJIA  YCIIEBAIOT OPUEHTUPOBATHCS 110
TIOJIIO,

—HaOIIOAeTCSl BBICOKAS JAMDJICKTpUUYECKAs
IIPOHULIAEMOCTb,

— BO3pacTaroT NOTEPH.

[Tpu yBennuenun yactotsl (MI' iuana3on):

— IATIOJIA HE YCIIEBAIOT CIIEIOBATH 3 MOJIEM,

— €' yMEHbIIaeTcs,

— CHUKaeTCs BKJIaJl MPOBOJAUMOCTH.

Ha cBepxBricokux yactorax (I'T'1 nuanason):

— MPOSIBIISIETCS PEJIaKCAIMOHHBIN MUK BOJIBI,

—MOBBILIAETCS  CEJIEKTUBHOCTh H3MEPEHHUS
BJIQYKHOCTH.

Takum 00pazoM, OTKJIMK CEHCopa CyIIeCT-
BEHHO 3aBUCHUT OT YaCTOTHI BO30YKIECHUS.

3Ha4veHHe BLIOOPA ONTUMAJIBHON YACTOTHI.
Brei6op pabouyeil 4yacTOTHI SIBISIETCS KPUTHYECKUM

napamMmeTpoM IPOCKTHPOBAHUSI ceHcopa.
OnruMabHast 4acTOTa OIPEIEIIACTCS U3 YCIIOBHUS:
ds
max (—) (8)
aw

IpY MUHHMAaJIBHOM YPOBHE LITYMOB T€: S —
BBIXOJHOM curHai, W — BIaXHOCTb.

IIpu cnuIKoM HU3KOM 4acToTe:

— YCUIIUBAETCS
AIIEKTPONPOBOIHOCTH,

—BO3pacTaeT BJIHMSHHUE IUIOTHOCTH YKIAJKH
BOJIOKOH,

— MOSIBJISIFOTCS
3P PEKTHI.

[Tpu cauIKOM BBICOKOW 4acTOTeE:

— yMEHbIIIaeTcsi TIyOMHa TMPOHUKHOBEHUS
OIS,

— CHM)KAETCSl UyBCTBUTENIBHOCTh K CBSI3aHHOM
BJIare,

— YCIIOXHSETCA alnapaTHas peann3anus.

[IpakTidecku [ XJIONKOBOIO  BOJIOKHA
IIPUMEHSFOTCS:

— BBICOKOYACTOTHBIN auana3oH (1-50 MI ),

—pexxe — MUKpPOBOJIHOBOM auamnaszon (1-10
I'T) ans riryGoKoro aHanu3a CTPYKTYphI BJIary.

AMIUINTYAHO-(a30BbIH aHAIM3. AHAIN3 HE
TOJIbKO aMIUIMTYJbl, HO M (a30BOro CJABHra
MOBBIIIAET WH(OPMATUBHOCTh MeTona. da3oBblit
YTOJI [TO3BOJISIET Pa3/IeIUTh:

BIIUAHUC

ImapasuTHLIC CMKOCTHBIC

— BKJIaxQ E€MKOCTHOMN COCTAaBJIAIOLIECH
(cBsi3aHHOM c JTURIIEKTPUUECKON
IPOHHIIAEMOCTBIO),

— BKJIaJT MPOBOIMMOCTH (CBOOO THAS BIIara).

KoMriekcHbIl aHaINU3 MO3BOJISET:

—IIOBBICUTH TOYHOCTbH I/ISMepeHI/Iﬁ;

— YMEHBIIUTH BIUSHUE TEMIIEPATYPHI,

— KOMIIEHCUPOBATh TUIOTHOCTH CIIOS;

—peann3oBaTh ~ MHOTOYAaCTOTHBIN
HA3MEpPEHUS.
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Puc.4. Yacmommnan xapakmepucmuka
OUINEKMPUUECKO20 CEHCOPa 1AHCHOCMU.

Ha rpaduxe 4 mpencraBiieHa aMmILTUTYIHO-
YacTOTHAS XapaKTePUCTHKA JAUAJICKTPHUECKOTO
CeHcopa BIAXHOCTU. ['paduk IEeMOHCTPUpPYET
3aBUCHUMOCTh HOPMHUPOBAHHOTO BBIXOHOTO
CUTHAJIa OT YaCTOThI BO30YKaIOIIEro 3JIeKTpoMar-
HUTHOTO TOJIsI. AHAJIN3 MTOKa3bIBAET, YTO B OOJIACTH
HU3KUX dYactoT (mo 10°-10° I'm) waGmromaeTcs
BBICOKAsl YYBCTBHTEIBHOCTH CEHCOpa, OOYyCIIOB-
JICHHasl OPUEHTAIIMOHHOM MONIIpU3aliell MOJEeKyI
Bogbl. C yBeNMUYEHWEM YAaCTOTHI MPOUCXOIUT
CHIDKCHHE aMIUIMTYAbl CHUTHANa, YTO CBSI3aHO C
WHEPIUOHHOCTRIO JHIOJIBHON TOJSIPU3AIANA |
yMEHBIIIEHHEM  BKJIaja  MPOBOAMMOCTH. B
JIUana3oHe BBICOKMX dacToT (Bbime 107 T'm)
YYBCTBUTEIBHOCTh CTaOWUIM3UPYETCS, YTO JAENaeT
JMaHHBIA ~ JHUANa3oH  MPEANOYTHTEIBHBIM IS
MPAKTUYECKOTO  MPUMEHEHHs] B YCIOBHUSX
MPOMBINIJICHHOTO KOHTPOJS BIAKHOCTH. Takum
o0Opa3om, BEIOOp pabouelt 4acToThl B [uana3zoHe 1—
30 MI' siBisiercst 000CHOBaHHBIM KOMITIPOMHUCCOM
MEXJIy YyBCTBUTEIBHOCTBHIO, TIyOWHON MpPOHHK-
HOBCHWS ITOJISI © YCTOHYMBOCTBIO K IIOMEXAM.

[IpeumymiecTBa 4YacTOTHOIO MOAX0Aa B
CYNIWJIBHBIX YCTaHOBKaX. VIcronbp30BaHUE ONTH-
MaJIbHO BHIOPAaHHON 4acTOTHI 00ECTICUNBAET:

— MaKCHUMAaJbHYIO
W3MEHEHUSIM BIXKHOCTH,

—~MUHUMU3ALHIO0 [IyMOB
3¢ eKToB;

— YCTOMYUBOCTh K
KOJIEOaHMSIM;

—noBbllIeHre TounocTu 10 £0,2-0,3 %.

B uHTEIeKTyanbHBIX CUCTEMAX YIIPABJICHUS
CYIIKOH BO3MOXHO TPUMEHEHHE aJlallTUBHOTO
YaCTOTHOT'O CKaHWPOBAHHUS, IPH KOTOPOM pabodast
4acToTa  aBTOMATHYECKH  KOPPEKTHpPYEeTCs B
3aBHCHMOCTH OT TEKYIIETO JUara3oHa BIaKHOCTH.

YacroTHasi XapaKTepUCTHKA AMAICKTpHUUEC-
KOrO CeHcopa sBisieTcs  (yHIaMEHTAIbHBIM
napaMeTpoM, OMPEACNSIONIUM €ro YyBCTBHUTEIb-
HOCTb, CEJICKTHBHOCTh ¥ YCTOWYMBOCTD K TTIOMEXaM.
Ontumuzanus pabodeid  4acTOTHI  MO3BOJSET
CYIIECTBEHHO TIOBBICUTh TOYHOCTH HW3MEPCHHS
BJIQXKHOCTH XJIOIIKOBOTO BOJIOKHA M 00ECIEeYUTH
3¢ (heKTHBHOE YIIPABICHHUE MPOIECCOM CYIIKH B
pealbHOM BpEMEHHU.

3akiouenus. PazpaboranHas MeTOH0JIOTHS
U3MEPEHUS BIIAXXHOCTU M YMPABICHHS MPOLIECCOM
CYIIKH TTO3BOJISIET TIOBBICUTH TOYHOCTH KOHTPOJISI U
CHU3UTH dHepro3aTpatsl. [lomydeHHbIe pe3ynbTaThl
MOTYT OBITh WCIIONB30BAaHBI TPH  CO3JAHUHU
MHTEJJIEKTyallbHbIX CYIIUJIBHBIX YCTAaHOBOK B
TEKCTUJILHOW TMPOMBINIICHHOCTH. MOIyJib 1103-
BOJISIET TOYHO KOHTPOJIMPOBATH BIAKHOCTH XJIOTKA
B peaJlbHOM BpeMmeHH. Vcmomb3yercs Uit
ONTUMM3AINH PEKUMA CYIIIKH:

— YMeHbIIIeHHE BPEMECHH CYIIKH,

—DKOHOMMUS YHEPTUH,

— CoxpaHeHue KauecTBa BOJIOKHA,

-B oTnnuue OT TpPagWIMOHHBIX METOJIOB

YYBCTBUTECIIBHOCTDb K

H  IapaSUTHBIX

TE€XHOJIOTHYCCKHM

(BecoBOl aHanM3, TpaBUMETPHUS, CYLIMJIbHBIE
mKadsl).
Monynb:

—He tpebyeT pa3py1ienus obpasiua,

- ObecneunBaeT HEMPEPHIBHBIN MOHUTOPHHT,

—Ilo3BoJIsIeT HHTETPUPOBATH B MEXATPOHHYIO
CHUCTEMY YIIPABIICHUS CYLIKOM.
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