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3ATAJIBHI MUTAHHS METPOJIOTII,
BUMIPIOBAJIbHOI TEXHIKH I TEXHOJIOI'TA

YK 389:681.2

B.T.Kongparos,
Wucrutyt kubeprernkn uM. B.M. I'nymkosa, r. Knues

OYHJAMEHTAJIBHASI METPOJIOT HSI.
MATHUTOIIOJIEBASI TEOPHSI U3MEPEHU C UCITIOJIb30BAHUEM SIBJIEHUS TIEPEHOCA
SHEPTUU U UHOOPMALIMU CKBO3b MATEPUAJI UJIU BEIIECTBO
Yactb 2. ATpuOYTHI MATHUTONOJIEBBIX 3 PeKTOB

B pabome onucana xknaccupurayus cocmasnAiowux MasHUMoONoneevlx dPHeKkmos — MASHUMHBIX NOJEl, 8euecms u
MAmMepuanos, a makdxice U008 UHPOPMAYUY, NOTYHAEMOU NO PE3YALMAMAM 83AUMOOCIHCMEUS MACHUMHO20 NOJSL HA 6eUecmBo
(mamepuan). Ilpusedena Knaccugpukayus OCHOBHBIX KIACCO8 MACHUMHBIX 6ewjecmeéa u mamepuanos. Qbobuenvt u
Knaccupuyuposanvl 3¢hghexnmvl u A61EHUs 83AUMOOCUCMBUS MACHUMHO20 NOJIS U MAMEPUU.

Paboma npeocmasisem unmepec Ons Mempono2os, CREWUAnUCHIos, MASUCHIPOB U ACRUPAHINOEG, USYYAIOWUX MACHUMONOesble
aghghexmvl u sGNeHUS, NYMU U MEMOObL UX UCNONB30BAHUSL NPU CO30AHUU CEHCOPO8 (PUBULECKUX BENUYUH, A MAKICe UZYUAIOUUX
MazHUMononesvle Memoobl UsMepeHus CE0UCHE MAMEPUalo8 U Beuecms ¢ UCNONb30BAHUEM A6IEeHUs NepeHoca dHepauu U
UHGOpMayuL CK803b NPOBOOAWUE U CLODONPOBOOAUUE CPEOL.

Kniouesvie crosa: snepeus ,mamepuan, un@opmayus, MazHUMonoae8oll 3hgexm, agnerue, MazHUmMHoe noxe, cocmea.

V.T.KONDRATOV
V.M.Glushkov Institute of cybernetics of National academy of Science of Ukraine

FUNDAMENTAL METROLOGY.

THE MAGNETIC-FIELD THEORY OF MEASUREMENTS WITH USE THE
PHENOMENON OF TRANSFER OF ENERGY OR INFORMATION THROUGH
MATERIAL OR SUBSTANCE
Part 2. Attributes of magnetic-fields effects

Annotation. In paper classification making magnetic-fild effects — magnetic fields, substances and materials, and also the
types of information, received by results of magnetic field interaction on substance (material) is described. Classification of the basic
classes magnetic substance and materials is resulted. Effects and the phenomena of interaction of a magnetic field and a matter are
generalized and classified.

The paper is of interest for metrologists, experts, masters and the post-graduate students studying magnetic-fild effects and the
phenomena, ways and methods of their use at creation of sensor controls of physical sizes, and also studying magnetic-fild
methods of measurement of properties of materials and substances with use of the phenomenon of carrying over of energy and
the information through a conductive and weakly conducting medium.

Keywords: energy, a material, the information, magnetic-fild effects, the phenomenon, a magnetic field, properties.

Beeoenue

B patorte [1] mmoxens! ¢prmocockue aceKTsl MArHATOTIONEBOH TEOPHH M3MEPEHHH, Oa3MpyIOIIeHcst Ha sIBICHIN
TIepPeHOCa SHEPTrHU W MH(OPMAIMM CKBO3b MATepUal WM BellecTBO. J[aHO 0a30BOC OIpeielicHHE HOBOW BETBH TEOPHU
y3MepeHni. M3noskeHs! e paspabaTbiBaeMoil TEOpUH, pa3BUBaeMbIC M MCIIOJIB3YeMBbIE HAy4YHbIC TEOPUH M HANPaBJICHHUS,
TIPUBEIICHBI OIPE/ICIICHHST TPHAIBI TAKMX (DYHIAMEHTAIBHBIX TOHSTHI, KaK SHEprus, Marepus (BEIECTBO U MaTepHall) H
uH(pOpMaIysl, TepeyrciaeHsl 0a3oBble (HM3MUECKUE NPUHIMIBLI Tepeaud WHPOpMaMH. YTBEpXKAACICs, YTO TOJBKO
SHEPreTHYECKOE T10JIE MEPEHOCUT YIPAaBISIOIIee BO3/CHCTBHE HAa (DM3MYECKUE MOJIs YacTHI] BELIECTBA U M3MEHSIET ero
CBOMCTBA.

B cBm3M C pasBUTHEM MAarHUTOIIONIEBOM TEOPHH WM3MEpEeHH ObUM CPOPMYIIMPOBAHBI HOBBIE TPOOIEMBI
(hyHIaMEeHTAILHOH METPOJIOTHH, Bs3aHHBIE ¢ m3MepeHneM sHepruii ®Pepmm m Jlanmay wucciemyembix obpasmos (HMO)
MAaTepHaJIOB M BEIIECTBA MAKPOMHUPA, a TAKOKE APYTUX (PU3IUIECKIX BEIUYMH C FICTIONB30BaHIEM SIBIICHHS TIePpeHOCa SHEPTUN 1
MH(pOPMAIIIHN CKBO3b MaTepHaIT WJIN BEIIECTBO.

B Hacrosmie#t ctatee ommcaHa KIacCU(PHUKAINS COCTABIIONINX MAarHUTOIOJNEBBIX 3(()eKTOB — MarHUTHBIX
TMOJICH, BEUIECTB M MATCPUATIOB U BUIOB MH(MOPMALUH, MOTY4acMOl 10 pe3yabTaTaM B3auMOACHCTBUS MAarHHTHOTO
noJist Ha BeecTBo (Matepuai). O600meHs! 1 KiaccuGUIUpPoBaHbl 3PPEKTH M yCIOBUS B3aUMOJICUCTBUSI MArHUTHOTO
noss U Matepun. [IpuBeneHa kiaccupuKamys OCHOBHBIX KJIIACCOB MAarHUTHBIX BEIIECTBA U MATCPHAIIOB.

Obvexkm uccnedoganuii

OOBEKTOM HCCIICIIOBAHHH SBJSCTCS TpUaaa (YHIAMCHTAIBHBIX TOHSTHN, — 3HEPrus, Marepus W HH(OpMAIWs,
XapaKTepU3YIOIIast CYIIIHOCTh, Pa3BUTEE M MHOTOOOpa3ne MaTepraibHOTO MHpa.

IIpeomemom uccnedosanuit sSBISETCS U3ydeHUE, KIacCH(UKAIMA W B3aMMOOTHOIICHHUST SHEPTUH, MATEPUH 1
MH(OPMAILIIH, KaK B3aMMOCBS3aHHBIX COCTABHBIX YaCTEH MarHUTOIIOJNEBBIX AP (EKTOB.

ILlenvro pabomul SBISETCS 03HAKOMIICHHUE YICHBIX U CIICIIHAJIFICTOB C YIIOPSI0YEHHBIM MHOT000pa3ueM
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General questions of metrology, measuring equipment and technologies

BUJIOB, THIIOB, KJAacCOB, CBOWCTB, CTPYKTYp MATHHTHBIX IOJICH, BEIIECTB M MaTEpPHaliOB, C MHOrooOpa3uem
BapHaHTOB MOJYYCHUST MATHUTOIOJICBBIX 3((EKTOB B3aMMOICHCTBHS SHEPT MU MATHUTHBIX MOJICH C IOTCHIIMATBHON
SHEprueH BeIeCcTBa WM MaTepHaa.

Pe3ynomamul uccneoosanuii

OKpy>KaloIWi Hac MHUp MaTepHajieH ¥ COCTOMT W3 PA3IMYHBIX BUIOB MaTepyy U (pU3NYECKHX Tosel. ATpubyramu
MaTepHU BEILECTBA SIBIISIOTCS 3apsDKEHHbIE YaCTHIbI, JBIDKEHHE, NPOCTPAHCTBO M BpPEMsl, KOTOpHIE HE CYILECTBYIOT BHE
Matepri. OcoOBIM BHIOM MaTepHHl SIBIFIETCS MarHUTHOE Tone. 11ocpencTBOM MaTepur OCYIIECTBISIETCS] B3aMMO/ICHCTBIE
MEXIy JBIDKYIIIMMUCS 3apsDKeHHBPIMH YaCTHIIAMH FITH TeJIaMH, 00714 Taf0IIFIMA MarHUTHBIM MOMEHTOM, M MarHTHBIM TIOJIEM.

[TonaTus MaTeprat U BEIIECTBO HE TOXXISCTBEHHBI APYT APYTy. BemecTBo cTaHOBHUTCS MaTepuaioM, Koraa
eMy, a TOYHEee, BIIOJIHE OIPENEICHHOMY €ro COCTOSHHIO, HaXOIUTCS KOHKPETHOE IPHIMEHEHHE B KadecTBe
MaTepHaja Wil €ro KOMIIOHeHTa. Ha OCHOBe OJHOTO M TOTO K€ BEIIECTBA MOTYT CO3IaBaThCsS Pa3sHOOOpPA3HEIC
MaTepuaisl [2]. B 9Tol cBsI3u HUKE IOMOIHUTENLHO PACCMATPUBACTCS KITACCU(PUKAIIMS U MATEPUAIIOB, U BEIICCTB.

Knaccugukayus maznumuulx noneil, Kak HocumeJeil IHep2UU

MarsuTHoe noje — CHJIOBOE IIOJe, NEHCTBYIOIIEe Ha IBIXKYIIHUECS 3JIEKTPUYECKHE 3apsibl M Ha Tea,
KOTOpBIC O0JIaJIal0T MArHUTHBIM MOMEHTOM, HE3aBHCHMO OT COCTOSHHUS HX JBWkeHHUs [3]. MarHuTHOe moJje
CO3/IaeTCs: a) TOKOM 3apsDKCHHBIX YaCTHIl, 0) MAarHUTHBIMH MOMCHTAMH 3JCKTPOHOB B aTOMaX; B) MarHUTHBIMH
MOMEHTAMH APYTUX YACTHII U T') IPH U3MECHCHHUU BO BPEMEHH 3JICKTPUUCCKOTO MOJIS.

BpamaTensHoe IBMKEHHE 3JIEKTPOHOB BOKPYT SIEP aTOMOB aHAIOTHYHO JEHCTBHIO HEKOTOPOTO KOHTYpa
3JIEKTPHYECKOT0 TOKA M CO34aeT MarHUTHOE II0JIe, KOTOPOE Ha JOCTATOYHOM PACCTOSHUH HPEACTaBIACTCS KaK IoJe
MarHUTHOTO IUTIONSA C MATHATHBIM MOMEHTOM, 3Ha4CHHE KOTOPOTO ONpEeAeIsIeTCs IPOU3BEACHHEM TOKA U TIOIIAH
KOHTYpa, KOTOPBIH Tok o0TekaeT [4]. Kaxkmplif 37IeKTpOH, NBIKYIIUHACS B aTOME BOKPYT s/Ipa MO 3aMKHYTOUW OopOuTe,
MPEACTaBIsIET COOOH 3IEKTPOHHBIH TOK, TEKYIIMH B HANpABICHHH, MPOTHBOIOIOKHOM IBIDKEHHIO 3JEKTPOHA.
OpOuTaabHBI MAaTHATHBIH MOMEHT JIEKTPOHA — MAarHHUTHBI MOMEHT 3JIEKTPOHHOTO TOKa. CaM 3JIEKTPOH MMeeT
MarHUTHBII MOMEHT, KOTOPBIN Ha3bIBACTCS CIIMHOBHIM MarHUTHBIM MOMEHTOM.

MarHuTHBII MOMEHT aTOMa OIPEACISICTCS BEKTOPHOH CYMMOM OpOUTANbHBIX M CIUHOBBIX MAarHUTHBIX
MOMEHTOB OT/JCIBHBIX JJICKTPOHOB B JJICKTPOHHOH 00OJIOYKE aTOMOB. OTH JIBa BHJA MAarHUTHBIX MOMECHTOB
(opOHTaNBHBIA U CIMHOBBII) MOTYT OBITh YACTUYHO HMJIM HOJTHOCTHIO B3aUMHO CKOMIICHCUPOBAHHI [4].

OCHOBHOM CHJIOBOM XapaKTEPUCTHKOW MArHUTHOTO TMOJIsSI SIBJISIETCS BEKTOP MAarHWTHOW WHAyKUuuB
{\displaystyle \mathbf {B} } B (uiam BeKTOp MHAYKIHH MarHUTHOro noss). Jpyroil ¢pyHnameHTaipHON Xapakre-
PUCTUKOM MarHWTHOTO TOJS (ANbTEPHATHBHON MAarHWTHOW MHIYKIIMHA M TECHO C HEW B3aWMOCBS3aHHOW) SIBIIAETCS
BEKTOP HAIIPsDKEHHOCTH MarHuTHOTO monist H .

B kadecTBe npumMepa Ha pric. 1 pruBeneHa Moeh GOPMUPOBAHKS MATHUTHOTO TIOJSI paMKH ¢ TOKOM. [lepeMeHHbIi
TOK #)(f) TOpOXKHAET M3MEHsIOLIEecs: MarHUTHOE Tone [ () , KOTopoe, B CBOIO OYEpellb, NOPOXKIAET U3MEHSIOLIEECs

areKTprdeckoe none Ej (), M3MEHsIoIeecs 2IEKTPUIECKoe ToJIe TTOPOXKIACT H3MEHSIONIEeCs: MarHUTHOE Hone 5 (¢) M T.1.

[5]. B Bakyyme 3HaueHwe BEKTOpa HANPSHKEHHOCTH MarHUTHOTO TIOJI TIOCTOSTHHO BO BpeMeHH. B cabo mpoBomsmmx cpemax
€ro 3HaYeHNE YMEHBIIIAeTCsI 00PaTHO MPOTIOPIMOHATFHO KBAPaTy PACCTOSHII.

Hy(ty () H@)

Hy() () Hy() b

i (1) 0]

Hz([) iz(t) Hl(t) il(t) Hl([) iz(t) Hz([)

Puc. 1. IIpouece popmMupoBaHusi 31eKTPOMATHUTHOIO MOJIs

B mpakTuke wmcciaeoBaHUN MAarHUTOIONCBBIX ((EKTOB I'€HEPaTOp MATHUTHOTO MO pacCMaTpUBACTCS
KaK MarHUTOCHJIOBOM, CHEKTPOOOpasyoluii (4acTOTOreHepUpyIOoIIHii) U (GopMooOpasyIonyii NCTOYHHUK YIIpaBIIsieMOn
SHEPrU MarHUTHOTO MOJISL.

MaraurononeBbie 3hGekTbl — PPEKThI B3aUMOACHCTBIS SHEPTHH TIOCTOSIHHOTO, MIEPEMEHHOTO W WMITYJIBCHOTO
MarauTHOTo 1ot Hu3kor (HY), Beicokoii (BY) wm cBepxBbicokoit yactoT (CBY) ¢ 3apsskeHHBIMHU YacTHIIAMU BEIIECTBA WITH
Marepuana (puc. 2, saeprusi). Ocoboe BHUMaHue 3acayxkuBaeT CBY nuamna3oH, KOTOPBINA SBISETCS MOCTUKOM MEXKTY
PasMoOBOJIHAMYU M CBETOBbIMH BosiHamu. Hwokusist rpanuiia CBY auanasona B CBOOOAHOM MPOCTPAHCTBE COOTBETCTBYET
METPOBBIM BOJIHAM, & BEPXHSIS IPUMBIKACT K JUTMHHOBOJHOBOMY HH(paKpacHOMY U3Ty4eHuo [1].

Kaxaprit MarauTonosneBoit ahdekT TecHbIM 00pa3oM CBsI3aH ¢ KOH(HTYpAIMe MarHUTHOTO 01 (pUcC. 2, SHeprus),
€T MPOCTPaHCTBEHHO-BPEMEHHON OpHEHTALMEH 110 OTHOIIEHHUIO K UCCIIEyeMOMY MaTeprally M XapaKTepOM ero BO3/ICHCTBHS
— OJTMHOYHBIM MMITYJTECOM, TAYKOW UMITYJILCOB, HEIPEPHIBHBIM BO3/ICHCTBHEM, KOMOMHHUPOBAHHBIM U JIp.
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| OHeprust, MaTepus (BEILIECTBO) U HH(POPMAIHSI — COCTABILIOIINE MarHUTONOJEBBIX (D (PEKTOB |

g il Al—— N
[SHEPI'VIH] |HOCTO$[HH01“O MHl |nepeMeHHoro MHl |I/IMHy.lII>CHOFO MHl

/

| |
[ A\ | — I
| [ HY | | MBII | | ommoro | [ mauex nvmymbeos | :
| VR R A a—
\ |

| coneronnamnoii hopmet | | Topornansroit hopmer | | HHOl 3anaHHON KOHGUrypalyH | y;

N

AN
/ | Ipocteie H BEUJ‘ECTBA]%' CI0XHBIC, B TOM YHCIIE U TIOTYIPOBOJHUKI | \

MeTtawisl

HHUBI

IMappunet
CHIHLIHAIBI

XanpKore-

A\
e I T I pe———

y
[ [M ATEPUAN bI] | JIMDIIeKTPHKH | Maruautomsirkue| | MarHuToTBepABIe \
| MaTepHaJIbl MaTepHaIbl |
| v |
MOHOJIUTHBIE METaI- TIOPOLLIKOBBIE METALTHYECKHE Ma- OKCH/IHbIE METAJUTHYECKHE | |

I | meckne MaTepuaibl TepHaIbl (MATHATOIMDIICKTPHKH) MaTepHaibl ((heppuThI) I
: v Vv v |
|

: [ maavarneruau | | mapavarnervxu| | [ peppomarnerixu| [anmideppomarsenixu| | eppumarserni | |
| v !
\ |
N CylepMaMarHeTHK | | MeramarteTiku CIIEPO-, AHTHCTIEPO- ¥ CTIEPUMATHETHKY |/

[ TPOBOAUMOCTH, TEILIONPOBOJHOCTH, MATHUTHOM W/HIIA JU3JIEK- |
| N 00 M3MCHCHIAX TPUYECKOM IPOHUI[AEMOCTH, MEXAaHUYECKOM TBEPIOCTH, 00beMa,| |
| CBOWCTB. Ppa3MepOoB, Beca TeJla, COSIMHEHNS C MHBIM META/UIOM. U JIp. |
I 5 00 U3MEHEHHUSIX [UTaCTIMHOCTH, TCKy4eCKTH, arperaTHOIO COCTOSHIS, (ha3oBbIX niepe- | |
| COCTOSIHMSL: XOJIOB, JIehopMaIvK TeJla, M3MEHEHHS COCTABA, IPEBPAILICHHSI U JIp. |
: 06 M3MCHCHUAX Ha MaKpO- ¥ MUKPO YPOBHSIX (KPHCTAILIMYECKOH PELIETKH, dIek- I
| > CTPYKTYPBL: TPOHHOM CTPYKTYPBI METAILIA, KOBAJIEHTHBIX CBSA3EH, (JOPMBI U T.]1.) I
| 0 ABJIEHUAX U SIBJICHKS TIEpEIavy SHEPI UM, epeaadn MHPOpMAaIK; SPQEKTHL: |
N s¢dekrax: XO0JLTa, JTIEBUTAIINH, IEPEMELIEHYS, BPAILIEHHS, ,IPABUTAIUH, U JIP. Y
N e e e e e e e e . . — — — — — — — — — — e e e e e -

Puc. 2. Knaccnduxauus cocTaBiIsiommX MArHUTONO/IEBBIX YPPeKToB

OTMeTHM, YTO MarHUTOIOJIEBBIC A(P(EKTHI MOTYT BBI3BIBATHCS (M IPOSIBISITECST) M TIPH JIOTIOIHUTENIEHOM BO3ICHCTBUN
SHEPIUH ToJIel MHOH (pU3NYecKol IPUPO/Ibl, HAPUMED, TPABUTALMOHHBIX TOJIEH.

Knaccuukauusn eewecme

Bewecmso — onna u3 popm marepun. Eciu BewecTBo coBepiiiaet paboty, To oHO oOaaeT sHeprueil. Bemmectso
— ¢hopma MaTeprm, 001a1ar0IIAs KOJMYECTBEHHON M KaUeCTBCHHOM OTPEAENICHHOCTHIO (PU3MIECKUX CBOICTB, B TOM UHCIIE
Y MIPOCTPAHCTBEHHO-BPEMEHHBIX, U CTPYKTYPOH, CHUMMETPHUYHOMN WJIM aCUMMETPHUYHOM, OJTHOPOJTHOM WITA Pa3HOPOTHOM.

PazmaroT mpocThie U CII0XKHBIE BeltiecTBa (prc. 2, BelecTsa). K mpocThIM BelecTBaM OTHOCSTCSI METALTBI, HEMETAIITHI,
METAJTION B ¥ OJIAarOpOIHBIC Ta3kl (TIOCTICTHIE Ha pUC. 2 HE MpuBeAeHB). [IpocThie BemecTBa COCTOSIT U3 aTOMOB OTHOTO
XUMHYECKOTO0 1eMeHTa. CITO)KHBIE BEIIECTBA COCTOAT K3 aTOMOB Pa3HBIX IEMEHTOB, XUMHUUECKH CBS3aHHBIX APYT C IPYTOM.

K citoxHBIM BelecTBaM OTHOCSTCS HEOPTAaHMIECKUE W OPTaHUUECKHE BEIIeCTBa (PHC. 2, BEMIECTBA), B TOM YUCIIE U
noTynpoBoHUKH. Kiaccrgukarys mocieHix npuBe/ieHa, 6e3 mosicHeHni, Ha puc. 3. [TonpoOHo oHa ommcana B pabore [6].
B ee 0cHOBY 10J10KEH XMMUYECKHIT COCTAaB MaTepHaa.
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| ITonynpoBonHUKHN |

| Heoprannueckue | | OpraHuyeckue |

\l/\

|KpHCTananeCKHe| | AmopdHsie |

Hemarnurnsie | MaruutHble |

| OneMeHTHI | | XUMHUYECKUE COSUHEHUS | | TBepubie pacTBOPHI |

|FepMaH1m | | KpemHuit | | NG | Ay

Puc. 3. Knaccuduxanus nojynpoBoJHHKOB

K opranmueckuM BemecTBaM OTHOCSATCS YTJIEBOJOPOIBI M MX MPOM3BOIHBIE. Bee ocTanpHbIC BemecTBa —
HEOpTaHMYEeCKHE.

Heopranndeckue BemiecTBa 10 COCTaBY M CBOWCTBAM JIEIIITCS Ha CIEAYIOIMINE BaKHEHIME KIIACChl OKCHIPI,
OCHOBAHWUsI, OMHAPHBIE COCAMHEHH, COJIM M KUCIOTHI (pHUC. 2, BemecTa). ECIM OKCHIBI COCTOST M3 ABYX XMMHYECKUX
3JIEMEHTOB, OJIMH U3 KOTOPBIX — KHCIOPOJ CO CTEMEHBI0 OKHCICHHS (—2), TO OCHOBaHHUSA COCTOSIT M3 aTOMOB
MeTaJula ¥ OJHON WIIM HECKOJNBKUX TUAPOoKCHIbHBIX rpymi (-OH). Conu cocTosT M3 KaTHOHOB MeTajlla U aHMOHOB
KHCJIOTHBIX OCTATKOB, @ KHCJIOTHI — U3 OJHOTO WJIM HECKOJIBKUX aTOMOB BOJOPOJA, CIIOCOOHBIX 3aMeIlaThcs Ha
ATOMBI METAJUIOB, ¥ KUCIIOTHBIX OCTaTKOB. YHCIIO aTOMOB BOJOpO/a (72) XapaKTepU3yeT OCHOBHOCTh KUCIOT (TIpH 1
=1 — OHOOCHOBHas, a IpU 1 = 2 — IABYXOCHOBHas) [7, 8].

BunapHble COeMUHCHHS MMCIOT PAa3IMYHOC XMMHUYECKOE CTPOCHHUE, COCTOAT U3 JBYX BHJIOB aTOMOB, a
XUMHYECKAsl CBSI3b — KOBAJICHTHAS MOJIAPHAsS (B COSIMHCHHUAX HEMETAIUIOB U HEKOTOPHIX aM()OTEPHBIX JIIEMEHTOR)
WM HOHHAS (B COJIAX OECKUCIOPOIHBIX KHCIIOT).

K o0mmm XMMUYIEeCKUM CBOMCTBAM OWHAPHBIX COSAMHEHUN OTHOCITCS PEaKIMH B3aMMOCWCTBUS C BOJIOH
(THIPOIN3) M C KUCTIOPOJIOM BO3yXa (OKHCIIeHHE U TopeHue). K uncio OMHapHBIX COSMTMHEHNH OTHOCSATCS XaTbKOTCHHIBI
(cymbuapl, ceneHUABl U TEIUTYPUIBI), TUAPUILI, OOpUABI, KapOuasl, Gocuapl, HUTPUABI, CHUIUIMIBI, HWHTEP-
METAJUTMYECKUE COCNUHEHHUsI, TATOTreHUABl (QTOPHUIBI, HOAUABI, OpoMUALI U XJopuasl). IlonpobHOe ommcaHue
CBOHCTB OMHApHBIX COSAMHEHUH IpuBeAeHO B paboTax [7 — 9].

3HaYeHHs] MATHUTHOW BOCIPHUMYHBOCTH JUI1 HEKOTOPBIX BEILIECTB IMPUBEICHBI HIDKE IO JJAHHBIM PaboTHI [8]. D1
3HAYCHHS MOTYT OBITh TIPHBENICHBI K SIIMHIIC 00BheMa, MACcChl FIIM KOJIMYECTBA BemlecTa. [103TOMY clieyeT roBOpHTh 00
00beMHOI1 (0e3pasMepHOlt) ¥, , yIeIbHOU ( B cM3/T) yq WM MOJAPHOH ( B cM3/MOJIb) ,, MarHUTHOH BOCIPUUMYHBOCTU.

Knaccugukauyus mamepuanos

Bce maTepranbl MOKHO Pa3leiiTh Ha TPH KIacca: AMAJICKTPUKH (M30JIATOPEI), TIOTYyNPOBOJHIKH M TIPOBOIHHKH.
K mocrnemauM OTHOCSTCS MarHUTOMSITKHE M MarHUTOTBEpIble MaTepHanbl (puc. 1, «varepuansy). OTIMIUTETHEHBIM
CBOICTBOM IWDIEKTPHUKOB SBIBIETCS CIIOCOOHOCTP K TTOJBIPU3AIIAI M BOSMOYKHOCTD CYITIECTBOBAHMS B HUX HJIEKTPOCTATHYECKOTO
nons. OCHOBHOM 0COOCHHOCTBIO TPOBOJHHUKOB SIBIISICTCS HAJTMYUEC CBOOOIHBIX 3apsAIOB, B TOM YHCIIC SJICKTPOHOB,
KOTOPBIC YYaCTBYIOT B TCIUIOBOM IBIDKCHHHM M MOTYT IIepeMEIlaThCsi MO0 BceMy o0beMy mpoBomnuka [9]. TunuyHbIMU
MPOBOAHUKAMMU SIBJISIFOTCSI METAJUIBI.

MarHuToMsTKMe MaTepuaibl ACNATCS, B CBOIO O4Yepelb, HA MOHOJUTHBIE METAJUIMYECKUE MaTepHabl,
MOPOIIKOBBIC METAJUTMYCCKUE MATCPHAIBI (MATHUTOIUIJICKTPUKN) M OKCUIIHBIC METAJUTMYCCKUE MaTepHaiibl ((heppHThI)
(puc. 2). CpoiicTBa MarHUTHBIX MaTEPUAIOB OIPENEIIOTCS (POPMOI KPHBOI HaAMarHMYMBAaHUS W TETIN THUCTEPE3HCA.
OHM 3aBUCAT OT XUMITIECKOTO COCTaBa MaTepHalia, YMCTOTHI HCIIONIB3yEMOro FICXOTHOTO ChIPhS M TEXHOJIOTHH MPOM3BO/ICTBA.
K MarHuTOMSATKHM OTHOCSTCS MaTepHajibl C MAJIBIM 3HAYCHHEM KOXPUHUTHBHOW CIUIBI U OOJBIIUM 3HAUCHHEM
MarHUTHOW TMPOHMIIAEMOCTH. Takue MaTepHaibl 00JIaaloT CIIOCOOHOCTRIO HAMATHWYMBATECS 0 HACBHIIICHUS B CIIAOBIX
MAarHUTHBIX TOJISIX, XapaKTePU3YIOTCS y3KOH TeTJIel TUCTEepe3rca U MaJIbIMU TOTEPSIMU Ha NepeMarHi4rMBaHie. MarHUTOMSITKYe
MaTepHaIbl IPUMEHSFOTCS JUTS TTOJTydeHHs] OONBIIIX 3HAUYSHHI MATHITHOTO TIOTOKA.

K MarHuTOTBEpABIM OTHOCSATCS MaTCPHAIBI C OONBIION KOAPUUTHBHON cmitoit H,. OHI HaMarHUYUBAKOTCS
Y TIepEMarHMuMBaIOTCS JIUIIb B OYE€Hb CUJIbHBIX MAarHUTHBIX MOJISIX W CIIyXaT, IPEUMYIIECTBEHHO, ISl U3rOTOBJICHUS
MOCTOSIHHBIX MarHuTOB.

o peakimy Ha BHEIIHEE MArHUTHOE TOJIE M XapakTepy BHYTPEHHETO MarHUTHOIO YHOPSIOUEHHUS BCE MaTepUAIbI
JICTSITCS  HA  CICAYION[ME TPYIIBL JHAMATHETHKH, CYNCpAMAMATHETHKH, [apaMarHeTUKH, (eppOMArHETHKH,
aHTU(eppPOMATHETHKH, (PeppHMArHETHUKH, METAMATHETHKH, CIICPO-, aCTIepO- U CIICPUMArHETHKH (puC.2, MaTepra).

Jluamaenemuxu — matepuaiisl U BEIIECTBA, C OTPULIATEIbHON MaTHUTHOW BOCIIPUMMUYHUBOCTBIO, HE 3aBUCSILEH
OT HaMPsHKEHHOCTH BHEIITHETO MAarHUTHOTO TOJIst [4].
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JnamarautuzMomM 00JIa1ar0T METaIUTBl (Me/ib, Cepedpo, 30J10TO, UHK, PTYTh, TAJUIUH U Jp.), OOJBIIUHCTBO
TIOJTYTPOBOIHUKOB (KPEMHUIA, TepMaHui, coeuHeHus: AsBs, AyBg), IIeMTOYHO-TAIONTHBIE KPHUCTAIUTBL, HEOpPraHUYECKHe CTEKIIa U JIp.

JlnamMarHeTMKamH SIBJISIFOTCST BCE BEILIECTBA C KOBAIEHTHOM XMMHMYECKOHN CBSI3bIO M BEIIECTBA B CBEPXITPOBOISILIEM
cocrtossHUU. B Tabn. 1 mpuBeneHBI, CO 3HAKOM MHHYC, 3HAYCHHS MArHUTHON BOCHPHUMYHBOCTH JHAMArHETHKOB

(y=-1 0—6 —l()_5 )). 371eCh 1 HIKe 3HAYEHUS] MATHUTHOM BOCTIPUAMYUBOCTH TIPUBEIEHBI 110 JIAHHBIM paboTsI [12].

K cynepouamacenmurxam OTHOCAT BEIECTBA M MaTEepPHAalbl, KOTOPHIM CBOWCTBCHHA CBEPXIIPOBOIUMOCTD.
CBepXIpOBOAMMOCTE BO3MOXKHA B OJIOBE, CBHHIIS, ATFOMHUHNAM W JPYTHX MeTamiax. VIX 3Ha4YeHNs MAarHITHOM BOCTIPHAMYFBOCTH

-7 .
menbiie ¥ =—10 ° . K HacTosiieMy BpeMeHM H3BECTHO 35 METANIOB 1 G0JIee THICSUH CIUIABOB M XUMUUYECKUX COCIAHCHHI

Pa3IIMYHBIX HJIEMEHTOB, 00JIAIAIOIINX CBEPXIIPOBOAMMOCTHIO, HarpumMep, PbMogS, NbyGe, LiTiO,.

K napamacHemukam OTHOCATCA MaTCprasibl

BOCIIPUAMYHMBOCTH, HE 3aBUCSIIICH OT 3HAYCHUS HAPsLKEHHOCTU BHEITHETO MArHUTHOT'O TTOJIA.
K YUCITy TTapaMarHCTUKOB OTHOCATCA MICITIOYHBIC U MICTIOYHO3EMEIIBHBIC METAJLIbI, HEKOTOPBIC IEPEXOIHBIC METAIUIbI,
COJIM KCJIC3a, KO6aJ'H>Ta, HHUKCIIA 1 PEAKO3EMEIIBHBIX 3JICMCHTOB. 3Ha4yeHHMsT MarHUTHOM BOCIIPUMMYMBOCTH ITapaMarHCTUKOB

HAXOJIATCS B IIpefieNiax Y = 107 1072 (tabm. 1).

M BEIIeCTBa C TIOJOXKUTEIBHBIM 3HAYCHHEM MarHUTHOM

Tab6muma 1. OCHOBHBIE KJTaCCHl MAarHUTHBIX BEIIECTB U MaTepHaJIOB

asricn- 3HaueHHs J TH-
CaoiicTBo 3nak | 3mHaueHme |MOCTBYOT| 0% npeacra- | €M BBI3BAH MarHETH3M
V4 x MATHATHO™ | e it mpu 25°C
TO IO
_ -0, 72.107° o) IIpeneccus  cnapeHHBIX
—6 -5 Her 3JIEKTPOHOB
107 -10 1,13-107° p
JlmamaraeTusm L13 1% (venp)
—14-10"" (BucmyT)
Cynepaunamarse- Al (Amomunnit), | IMpeueccus  crnapeHHBIX
TH3M (TIpH CBEpX- 1072 —1077 Her P ngCI\l;IHHSH), SIIEKTPOHOB
HU3KMX TeMIepa- | — 06,
Nb3GC,
Typax) LiTiO,
CoOCTBEHHBII  MarHUTHBIN
0,15-107% (kucriopor) | MOMEHT HECIIapeHHOTO
ITapamaruerusm + 10—5 _ 10—2 Her 6 DJIEKTPOHA
14-107° (Bonmbhpam)
+ Jo 650 (>xene30) , Kooneparisroe — BbIcTpau-
000 Pr | pamme crmHOB Hecniaper-
deppoMarHeTzm 102 —10% Ectb 10 8000 (Sm_Pt Cos) HBIX 3JIEKTPOHOB
- pelKko3eMelbHbIe
anementsl Gd, Dy, |* |f * * |* |* |
Ho, Er, Tu u np.
+ AHTHITApaIUICIBHOE  BBICT-
Ho 1072 —MnO . pavBaHUE CIMHOB Hecma-
AHnTHheppomar- Cspiie — xpoM (Cr ), | PEHHBIX JIIEKTPOHOB JIBYX
HETU3M 10—4 _ 10—2 Ectp peaKo3eMeIbHbIE MOJICUCTEM
anemenTsl Ce, Nd,
Sm, Tm u ap. * *|f|*|f|*|
+ AHTHITApaIUICIBHOE  BBICT-
Mo 60 (BaFeOy) , panBaHM€ CIIMHOB HeCIa-
DepprMarHeTu3M 101 —103 cBbimie 60 — GEPPH- | PEHHBIX BNEKTPOHOB JBYX
Ectb 6l Me-F,03 uap. | pasusix moxcucrem
(Lo [t [olt]e]
AHWAH’@QPPOM?‘IHGIW“ Iepexon
- Sp, WCTIPO3UH
D Dy u opowii Er — s |4 [¥ [4 [V ][4 [V ]
100" —10 CHITGHBIX MOJISIX; (hep-
Meramaraerusm + 102 _10* Ectp pomarHeTikn MnAs, Ha
MnBi, rommuii — Ho | | 4 *|*|*|*|f|
n tepouit Tb — B cina-
OBbIX MArHUTHBIX | g HA0GOPOT.
TIOJISIX

@eppomaeyemuku — OTO MaT€pualibl 1 BEIIECTBA C 0OJIBIINM 3HAYCHUEM ITOJIOKUTECILHON MarHUTHOM

BOCIIPUMUMYHNBOCTH, KOTOpasA CUIbHO 3aBUCUT KaK OT HAIIPAKCHHOCTH MAarHuTHOT'O I10JIA, TaK U OT TEMIICPATYPhI.
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MarnuTHas! BOCHPAMMYHUBOCTE (heppOMarHeTHKOB BEChMa CYIIICCTBEHHA M HAXOAMTCS B TIpefiesiax ) = 102 -10* (Tabm. 1).

K anmugeppomacremuxam OTHOCSTCS MaTepyaibl U BEIECTBA, B KOTOPBIX CIIOHTAHHO BOSHHKACT aHTHIIApAIUICIIbHAS
OPHEHTALUs 3JIEMEHTAPHBIX MarHHTHBIX MOMEHTOB OJMHAKOBBIX aTOMOB HJIM MOHOB KPHCTATIMYECKOH pelIeTKH
NPy TEMIeparype, HIDKE HEKOTOpOro 3HauyeHWs. B mpouecce HarpeBaHMsi OCYIIECTBISICTCS (PA3OBBIA  MEPEXO
aHTH(eppOMarHeTHKa B IapaMarHUTHOE COCTOSIHHUE.

Kak m3BecTHO, aHTH(EppOMarHeTH3M 0OHapy»KeH Y XpoMa, MapraHia ¥ psijia peiko3e-MenbHbIX d1eMeHToB (Ce,
Nd, Sm, Tm u 1p.).

. —4 —2
3HavyeHns] MATHUTHOM BOCIPHUUMYUBOCTH aHTH(eppoMardeTukoB cocrapsitor ¥y =10 " —10 © (1abmn. 1).

TunuyHbIMU aHTU(EPPOMATHETHKAMH SIBJISIOTCS TIPOCTEUIIINE XUMUYECKUE COSIMHEHHUsI HA OCHOBE METAJIIOB TIEPEXOTHON
TPYIIIBI THIA OKKCIIOB, TAJIONEHHIOB, CYJIH(HIOB, KApOOHATOB U T.I1.

Deppumaznemuxy — 3TO BEIECTBA, MATHUTHBIE CBOMCTBA KOTOPHIX OOYCIIOBIICHBI HE CKOMIIEHCHPOBAHHBIM
aHTU(PEPPOMATHETU3MOM.

Kak u dQeppomarneruky, ¢GeppuMarHeTHKu O00JaJar0T BBHICOKOW MArHUTHOW BOCIIPHUMYHUBOCTBHIO

1 3 o
(=10 —10") (tabmn. 1), koTOpas CyIIECTBEHHO 3ABUCUT OT 3HAYEHHI1 HATIPSLKEHHOCTH MATHUTHOTO TIOJISL M TEMIIEPATYPBL.

Hapsimy ¢ 3tiM depprMarHeTHKi XapaKTepru3yIOTCS W PSZIOM CYIIECTBEHHBIX OTIMYMHM OT (heppOMATHUTHBIX MaTepuaiios [4].
DepprMarHeTIMOM 00JIaIal0T HEKOTOPHIE YIOPSIOYCHHBIE METAJUTMYECKHE CIUIABBL, HO, TJIABHBIM 00pa3oM, — pa3iIIHbIe
OKCHJIHBIC COCTUHCHUSI, CPEIM KOTOPBIX HAUOOJBIIHNI MPAKTIHICCKUIN HHTEPEC MPECTABILIIOT (DePPUTHL

B HacTosmee BpeMs oco00¢ BHUMAHHUE YACISACTCS WM3YUYCHHIO SIBICHUS 30HHOTO METaMarHeTh3Ma —
CKauyKko00Opa3HOTo Mepexoja MapaMarHUTHOW CUCTEMBI 30HHBIX AJICKTPOHOB B MATHUTOYIOPSIOUYCHHOE COCTOSHUE
noJ AecTBEeM MarHUTHOro noist [11].

B 271011 cBsi3u B Tab1. 1 TOMOTHUTETLHO BKITFOYEH HOBBIM KJIaCC MAaTEPHAJIOB U BEIIECTB — «METAMArHETHKID.

Memamaenemukuy — HOBBIN KJTaCC MATHUTHBIX BEIIECTB U MaTepHaNoB [4], KOTOpPBIE B CITa0BIX MATHUTHBIX
MOJISIX BEIyT ceOsl Kak aHTH(hepPOMArHUTHBIC, @ B CHIIBHBIX MATHUTHBIX MOJIIX — KaK ()epPOMArHUTHBIC, WA HA000POT.
MarauTHas BOCHPHHUMYHMBOCTD TaKHX BEIIECTB HM3MEHSAETCS CKAauKOOOpa3HO MOJ AeHCTBHEM MarHWTHOTO ITOJIS.
AHTH(DEpPPOMarHUTHBIMH B CJTA0BIX MOJISIX SABJSIIOTCS MnAs,, muctiposuii Dy u ap6wuii Er, a ¢peppomarHuTHEIMA —
MnAs, MnBi, ronemuit Ho u Tepouii Tb (Tabmn. 1).

[IpuBenem ompemeneHHs HOBBIX MAarHUTHBIX MAaTEpHAIOB — CIIEPOMATHETHKOB, acCIIEPOMAarHEeTHKOB W

CITUPOMArHEeTHKOB 10 TAHHBIM paboThI [5].

Cnepomacnemuxy — KPUCTAIDIMYECKUE W aMOpP(HBIE MaTepHallbl C PAaBHOBEPOSATHBIM pacIpeAeiICHHEM
MarHUTHBIX MOMEHTOB B JJIOOOM MHKPOCKONMHUYECKOM oO0BbeMe (3a mpezesiaMy OMMKaWIInX cocezei), BCIEACTBUE
Yero WX CIOHTaHHAs HAMAarHWYEHHOCTh PaBHA HYIIO.

CriepoMarHeTik — Matepyail ¢ 0eCKOHEYHO OOJBIIMM YHCIIOM PA3fIMYHBIX PACTIONOKEHNN MarHUTHBIX MOMEHTOB,
00MaJjaroIIMX CHOHTAHHOM HaMAarHMYEHHOCTHIO, PaBHOM HYIIO, U MMEIOIIMX OJIHO M TO K€ 3HAYeHWe SHepruu. B stmx
MaTepuaiax CyLIECTBYET I'DOMAJHOE YHCIO PABHOBEPOSTHBIX METAacTaOWMIIBHBIX COCTOSIHHIA, TEPEXO]l MEXIY KOTOPHIMH
NPUBOZUT K TEPMHYECKOMY THICTEPE3NCY HAMarHMYEHHOCTH M K BPEMEHHOM HeCTaOWIBHOCTH MarHWTHBIX CBOMCTB. [Ipm
MeTacTaOWIIBHBIX COCTOSIHUSIX JIOKAJIBHBIE PACIIPEIEIICHIs] MATHUTHBIX MOMEHTOB OJIMDKAHMIIIMX HOHOB, OKPYKAIOIIMX JaHHBIA
WOH, MOTYT pa3nuathcst. [10100HbIe coCTOSTHYS Ha3bIBArOTCS (PPYyCTPHPOBAHHBIMH.

CriepoMarHeTi3M 9acTo BO3HUKACT B «CIIMHOBBIX)» CTEKIIAX — CHCTEMAaX, SBILFOLIUXCS TBEPIBIMHI PACTBOPAMH C
HEOOJBIION KOHIIEHTpaNieii MArHUTHBIX IOHOB B MaTPHIIE W3 «HEMarHUTHBIX » HOHOB. TaKuMU CTPYKTYpaMH MOTYT OBITH
TaKXe MPOBOIAIINE CIIABHI C MAJBIM COJIEPKaHUEM IEePEXOIHBIX IEMEHTOB [5].

Acnepomaznemuxy — MaTeprabl, JJOKATI30BaHHBIC MArHATHBIE MOMEHTHI KOTOPBIX HIDKE TEMITEPaTypbl MarHATHOTO
yropsimodeHus 7 acrp OPUSHTHUPYIOTCS B PA3IMYHBIX ATOMHBIX MOHIMSIX CIIy9aifHBIM 00pa3oM, HO C MPEHMYIECTBEHHOM
OpHEHTaIMeH BAOIb HEKOTOPOTO HAaIPABIICHHS, BCJICICTBHE Yero BOSHUKACT CIIOHTAaHHAS! HAMAar HIYCHHOCTb.

AcniepoMarHeTi3M JIOBOJIBHO YacTo BCTpedaeTcsi B aMopHbIX Marepraiax — citaBax (Gd-Al, Gd-Ag, Tb-Ag, Dy-Ni
u 1p.) ¥ coequHeHmsIX 4f- n 3d-amemeHToB. B psizie 5THX MarHeTMKOB (UIyKTyari OOMEHHBIX OJIeH BBIpaKEHBI MEHEe PE3KO.
[ToaTomy B acniepoMarseTHKax npeodsagacT HEKOTOPOe MPEUMYIIECTBEHHOE HAIPABJICHHE [T MArHUTHBIX MOMEHTOB.

Cnepumaznemuxy — Matepyajbl, COCTOSIIME U3 JBYX (WM 00Jee) MarHUTHBIX IOJICUCTEM, CBSI3AHHBIX MEXITY
co0OH OTpHLIATENIFHBIMI OOMEHHBIMH B3aMMOJIEHCTBUSIMU.  BereicTBHE 3TOro BOSHMKAET CIIOHTAHHAS HAMAarHMYEHHOCT.
CriepuMarHuTHasi CTpYKTypa JI0 HEKOTOPOM CTEIeHH MOXO)Ka Ha (heppHMarHUTHYIO CTPYKTYpy. B Heill Taioke MarHuTHbIC
MOMEHTHI TTOJPEIIETOK (B KPUCTAUIMYECKUX MarepraliaXx) WM TOACUCTEM (B aMOpP(HBIX MaTepuayiax) HaIlpaBJICHBI
TIPOTHBOTIONOXKHO APYT Apyry. OTIIdre COCTOWT B TOM, YTO B CIIEpIMAarHETHKE MarHWTHBIE MOMEHTHI B OIHOW WIIH
0o0enx TMOoJCHUCTEMaX OpPHEHTUPYIOTCS CIydalHBIM 00pa3oM B TIpeenax HEKOTOPOro MPOCTPAHCTBEHHOTO KOHYcCA.
B kadecTtBe mpumMepa NposBICHUS CTieprMarHeTn3Ma MOKHO Ha3BaTh aMmopHble coeaunerus Tb-Fe n Tb-Co.

B Hacrosmee BpeMst 0cob0e BHUMaHHE YAETSIETCS CO3IAHHIO ‘MOJICKYJIIPHBIX MAarHETHKOB™, WM “‘MOJICKYJI-
maruutoB” (Single-molecule magnets, SMMs) pasnuuHoro cocrasa [12].

Jlns co3maHus MOJNEKYJISPHBIX MarHeTHKOB HEOOXOIMMO BHIMONIHEHHE ABYX ycioBuil [13]: 1) mombop
«CTPOUTEIHHBIX OJIOKOBY; 2) MOMCK COBPEMEHHBIX METOJOB M MPUEMOB OpPraHU3allMy MapaMarHUTHBIX MOJICKYI B
KPHCTaJUIe WK B aMOp(HOM TBEpJOM Tele Juisl odecniedeHus: peppoMarHUTHOTO MOPSIIKA CITHHOB.

B kauyecTBe CTPOUTEIHHBIX OJIOKOB UCIOIB3YIOTCS OPraHUUCCKUE BRICOKOCIIMHOBBIC TapaMarHUTHBIC
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MOJICKYJIbl MUIM TTapaMarHUTHBIC HOHBI METAJUIOB, KAK HCTOYHHKH HECIIPEHHBIX JICKTPOHOB, a TAK)KE OPraHHYCCKUE
U 3JIEMEHTOOPTaHUYECKUE MOCTUKH, CIIOCOOHBIE Peaan30BaTh OOMEHHBIC B3auMoieiicTBUs. COCTaB MOJIECKYISIPHBIX
MarHETHKOB OE3rpaHUYCH.

Y4eHBIMH UCCIIECIYIOTCS MEPCIIEKTUBHBIC MOIXO0/IbI K YIPABICHUIO MATHUTHBIMU CBOMCTBAMHU MOJICKYJISIPHBIX
MarHeTHKOB. [Ipy 3TOM MOSBIIAETCS BO3MOXKHOCTD YIIPABILSITh HE TOJBKO MOJICKYJISIPHBIM, HO ¥ KPHCTAUTHYECCKAM CTPOCHUEM
BEILIECTB 3a CUET OPraHM3aLMH CYTIPAMONIEKYIIIPHBIX apXUTEKTYP.

[IpenmytiecTBOM HOBBIX MOJIEKYJISIPHBIX MAarHETHKOB HaJ| KIIACCHYECKUMH SIBIICTCS TO, 9TO B MX OCHOBE JISKAT
Pa3IMYHBIE MOJICKYJIApHBIE CTPYKTYpHL biaromaps 3ToMy MONEKyJIApHBIE MAarHETUKH IIPOSBILIIOT TAKHE KadecTBa, KaK:
BBICOKAs! MArHATHAS BOCIIPHUMYHBOCTbD, BEICOKAsl HAMATHIYEHHOCTD, HI3KAs! MAaTHUTHASI aHI30TPOIIHS TIOJTYTIPOBOJHUKOBAS
1 M30JBIMOHHAS 3JIEKTPOIIPOBOIHOCT, MOIYJIIIUS M HACTPOMKA CBOMCTB C HCIIONB30BAHMEM MPHEMOB OPTaHUIECKON
XUMHH, TIPO3PavYHOCTh, PACTBOPHMOCTD, OMOCOBMECTHMOCTb, HI3KAs INIOTHOCTD, MEXaHHYECKas THOKOCTb, BBICOKAs! IIPOYHOCTB,
HU3KOTEMIIEPaTypHAsl TEXHOJIOTHYHOCTh, COBMECTUMOCTh C MMOJMMEPAaMH JUTS CO3aHMs KOMIIO3UTOB, & TAKKE HU3KOE
3arpsi3HEHNE OKpysKaromiei cpeap! [13]. O030p pasaMyHBIX CTPYKTYP MOJEKYIISIPHBIX MarHeTHKOB MPUBOAMTCS B padote [12].

Hughopmayun — 310 Mepa HEOTHOPOHOCTH PACTIPEICIICHHUS SHEPTHH CUCTEMBI 3apsDKCHHBIX YaCTUIl MaTePHHU B
MPOCTPAHCTBE M BO BPEMEHH, PE3YJIBTAT B3aUMOJICHCTBUS SHEPTHH BHEITHETO 30HIMPYFOIICTO OISl C BHYTPEHHEH 3HEpruu
MatepuH (BEIICCTBA), B TOM YKCIIE C TIOTCHIMATIGHOM 3HEPIUeii CUCTEMBI 3apsDKCHHBIX YACTHIT, HAXOJSIIMXCS B TPABUTAIIIOHHOM
noyie. YKa3aHHBIA Pe3yJbTaT MOYYaroT B MPOIIECCE BBIIOJIHCHHUS pa0OThI MO MEPEHOCY B Mpeesiax JIaHHOTO MaTepHalia
(BerriecTBa) SHEPTUX CHCTEMBI 3aPSDKEHHBIX YaCTHI] M3 OJTHUX TOYEK MPOCTPaHCTBa B pyrue [1].

Kakyro uH(bOpMaImio MoimyqaroT B pe3ysibTare B3aUMOJCHCTBUS MarHATHOTO Toyst M Bemmecta? [Ipeskne Beero,
MH(POPMAIIHIO 00 M3MEHEHMSIX CBOMCTB, COCTOSHISI, CTPYKTYPHI BEIlIeCcTBa M O SBJICHISIX U d(¢ekTax. B uacTHOCTH, HanpumMep,
TIONTY4aroT HH(OPMAITHIO 00 M3MEHEHMSIX (PUBUKO-XMMHYECKHX ITAPaMETPOB BEIIECTBA, — MPOBOIMMOCTH, TETUIOMPOBOIHOCTH,
MATHUTHOW /WX JAMIIEKTPAYECKOH TIPOHMIIAEMOCTH, MEXAHIIECKOH TBEPIOCTH, 00BbeMa, Beca Tela | T.1. (prc. 2 HH(popMariis).
M3MeHeHne COCTOSHHUS BEUIECTBA COMPOBOXAACTCS W3MEHEHHWEM €ro IUITACTHYHOCTH, TEKY4YeCTH, arperaTHOTro
COCTOSIHUSI, peNlaKkcaIiei, (ha3oBbIMHU TepexoaMH, neopMalieii Tela, M3MEHEHHEM CcocTaBa | Jp. [IpideM 3Td Tporiecchl
TIPOMCXOIISIT KaK HA MHKPO-, TAK M Ha MaKpPOYPOBHSX, T.C. HA YPOBHE KPUCTAJUIMYCCKON PEIICTKH, MEKTPOHHOW CTPYKTYpPBI
METaJU1a, KOBAJICHTHBIX CBsi3eit, (popMbI 1 T.1, OHM CONPOBOXKIAOTCS SIBIICHUSIMY TIepEavyl SHEPruy U HHpopMarmw, dPdheKkramu
Xormta, JTICBUTALH, TICPEMEIIICHIS, BPAIICHYIS, TPABHTALMH U IPYTAMH.

CrenoBartesbHO, IO Pe3yiibTaTaM B3aUMOJICHCTBHS SHEPIUM MArHUTHOTO MO ¢ 3Heprueir 1O matepuana wim
BEIIECTRA, MONTYYA0T HH(QOPMALIHEO 00 N3MEHEHHUSIX CBOWCTB, COCTOSHHS, CTPYKTYPhI MATCpHAIa WIH BEIIECTBA, a TAKXKE 00
3(hPEKTUBHOCTH UCTIONB3YEeMBIX 3(h(HEKTOB M SBJICHHI, 00 MX HOBBIX TIPOSIBIICHUSIX (CM. pHC. 2, HHPOPMAITHS).

BoiBoabI

1. BriepBble, ¢ TIO3UIMN CUCTEMHOTO TOX0/1a, 000OIICHBI U KIACCH(UITMPOBAHBI COCTABHBIC YaCTH MAarHHUTO-
TOJIEBBIX AP PEKTOB U SBICHUH YHEPTHUS MATHUTHOTO TIOJIS, BEIIECTBA, MaTepHUaIbl U HHOOPMAIHI. DTO IO3BOJISET
YCTaHABJIMBATH HOBBIC TIPOSIBIICHYISI B3aMMOJICHCTBIS SHEPT U, MaTepHH (BEIIECTB M MATEPHATIOB) M HH(OPMAITHH MEKITY COOOM.

2. OCHOBHOM CHJIOBOM XapaKTEPUCTUKONW MArHUTHOTO TOJIsl SBJIAIOTCS KaK BEKTOP MAarHUTHON MHIYKUUWH,
TaK ¥ BEKTOP HANPSHKEHHOCTH MArHUTHOTO TIOJISL.

3. B crrabonpoBoasamux cpeax 3HaAUYCHHE BEKTOpAa HAMPSKCHHOCTH MArHUTHOTO IMOJII YMEHbBINACTCS
00paTHO MPOMOPIUOHALHO KBAJIPaTy PACCTOSHUS, & B BAKYYME — ITOCTOSIHHO BO BPEMCHH.

4. B mpakTuke UCCICIOBAaHUN MAarHUTOIONYBBIX 3()()eKTOB reHepaTop MArHUTHOIO IMOJIST pacCMaTPUBACTCS
KaK MarHUTOCHJIOBOH, CIIEKTpooOpa3yrommid (4acToro3afaronmii) 1 GopMooOpa3yromuil UCTOYHUK YIPaBIIeMOt
SHEPTUH MarHUTHOTO ITOJIS.

5. KaxpIii MarHuTOnoNaeBou 3G GeKT cBsi3aH ¢ KOHPHUTypalueii MarHUTHOTO TI0JIS, €T0 IPOCTPAHCTBEHHO-
BPEMEHHOW OpHEHTAIHEH 10 OTHOIICHHIO K UCCIIETyEeMOMY MaTepHaIy U XapaKTepoOM €TO BO3/ICHCTBHS Ha MaTepHall Wil
BEIIIECTBO — OJMHOYHBIMH UMITYJIbCaMH, TTAYKOH HMITYJIECOB, HETIPEPBIBHBIM BO3/IEHCTBIEM, KOMOMHUPOBAHHBIM H JIp.

6. Co3gaBaeMoe MarHMTHOE TIOJI€ IO CBOMM IapaMeTpaM M XapaKTePHUCTUKAM JOJDKHO 00ecleunBaTh
anpuoOpH 3aJIOKCHHBIM XapakTep B3aUMOICHUCTBUS MEXIy IMOKOAIIMMHUCS WM JBIKYIIAMHUCS DJIEKTPHUECKUMHU
3apsAaaMu BEIECTBA WA MATCPHH.

7. UccnenyeMble MaTepuaibl TOJDKHBI PacCMaTPUBATHCS KaK OTKPBITBHIC MM 3aKPBIThIC (PU3UUCCKUAC CHCTEMBI
3aMKHYTOI'O MJTH Pa30MKHYTOTO THIIOB, CTATHYECKHE N JUHAMITYECKIE. TOJBKO B TEXHMYECKHIX CHCTEMaX 3aMKHYTOIO THIIA
BBIMOJTHACTCS 3aKOH COXPAHEHUS AICKTPOMATHUTHON SHEPTHH.

8. B pesynprare 0000mICHWI W KiIacCH(UKAIMKM YCTAHOBICHO OOJBINOEC Pa3HOOOpa3sue BEIICCTB M
MaTepHaJioB, KOTOPHIC B TOW WM WHOW CTCIEHU MOTYT B3aMMOJICWCTBOBATH C MArHUTHBIM MojeM. X MarHuTHas
MPOHHUIIAEMOCTH IPUBOAMUTCS, KaK MPABUIIO, K eANHUIIC 00BEMa, MaCcChl WIIA KOTMIECTBa.

9. IlpuBeneHbI OCHOBHBIE KJIACCHI MATHUTHBIX BEUIECTB M MAaTEpUANIOB M MX Kiaccupukanug. Cpenu HIX
pa3nuYaoT MaTepHalbl W BEIIeCTBAa , 00Jamalomne TaKMMH CBOMCTBAMH, KaK JHAMarHETH3M, CyIIEpPMarHeTH3M,
napaMarHeTusM, (eppoMarHeTusM, aHTH(EpPpOMarHeTu3M, QeppuMarHeTH3M, MeETaMarHeTu3M | Jp. ITO
CBUJICTEIILCTBYET O BO3MOKHOCTH IIPOSBICHHS pa3sHBIX 3((EeKTOB W SBICHUA TPU B3aMMOACHCTBHH HUX C
MAarHUTHBIM TOJEM. DTO PACIIMPSIECT HAIU MPEICTABICHUS O MHOTOOOpAa3W MPHPOJBI MArHETH3MAa BEIICCTB W
MaTepHaJOB..

10. Ocoboe BHIMaHHC YYCHBIMH YICISCTCS HCCICOBAHUSM MOJICKY/IIPHBIX MATHETHKOB, KOTOPHIC, B OTIMYKC OT
JIPYTUX MAaTrHETHKOB, TWPOSIBIISIOT TaKHE CBOWCTBA M KayeCTBA, KaK: BBICOKAsS BOCIPHUMYHBOCTH, BBICOKAs
HAMAarHUYCHHOCTh, HH3Kas MAarHWTHAs aHW30TPONHS, IOTYIMPOBOJHUKOBAS ¥ H3OJSAIMOHHAS 3JICKTPOIIPOBOIHOCTD,
MOMYJISAIMSA W HACTPOMKA, CBOWCTB C TIOMOIIBIO TPHEMOB OPraHMYCCKONW XUMHH, IPO3PAYHOCTh, PACTBOPUMOCTE,
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OHMOCOBMECTAMOCTh, MEXAaHHUYECKas THUOKOCTh, BBICOKas IPOYHOCTb, HU3KOTEMIICPATYpPHAs TEXHOJOTHYHOCTD,
COBMECTHMOCTB C TOJIUMEPAMHU IS CO3JIaHMsI KOMIIO3UTOB U JIp.

11. He BBI3BIBaCT COMHEHUSI, YTO MH(DOPMAIUS — 3TO pE3yNIbTaT B3aUMOJCHCTBUS BElIeCTBA (MAaTepPHH) U
MarHUTHOTO TOJst. braromapsi B3aMMOACUCTBHIO TONYYaOT WHPOPMAIUIO 00 M3MEHEHHSX CBOWCTB, COCTOSHUS,
CTPYKTYpBI MaTepuraia WK BEIIECTBa, O MPOSBICHISX BCEBO3MOXKHBIX siBIIeHUI U d(dekToB. [TonydeHHyro uHpOpMAImio
UCTIONB3YIOT IS YIIPABJICHUS MPOLIECCOM B3aUMOICHCTBHS SHEPTHH TI0JIS U BEIICCTBA.

12. brmaromapst BBIIOJHEHWIO KOHKPETHBIX VCIIOBHI OCYIISCTBICHWS B3aMMOJCHCTBHS SHEPIUM W MaTepHi
o0ecreurBaeTcst BO3MOYKHOCTh OTKPBITHS 1 TEOPETHIECKHA 000CHOBAHHOTO TTOTyYIEHHS HOBBIX A(D(EKTOB U SIBJICHHI.

13. IlpuBeneHHBIE PE3yIbTATHl UCCIICAOBAHUN ABISIOTCS MpeATedel K M3YUCHUIO W ONHCAHHMI0 Hanboiee
3HAYMMBIX M THIOBBIX MarHHUTOIMOJEBBIX 3((MEKTOB, a TaKKe K M3YyYCHUIO SBICHHS Iepeiadl SHepruu W WH(pOpPMAIiH
CKBO3b IPOBOSIIYIO WIH CJIA00 MPOBOISIIYIO CPELy.
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OYHAAMEHTAJIBHASA METPOJIOI'US.
MATHHUTOIOJIEBASI TEOPUSI U3MEPEHHUI C UCITIOJIb30BAHUEM SIBJIEHUSI
INEPEHOCA SHEPTUN U THOOPMAILIMU CKBO3b MATEPUAJI HJIN
BEIIECTBO
YACTH 2.1. YCJIOBUS MTPOSAABJIEHUS MATHUTOIIOJIEBBIX Y®®EKTOB U SIBJIEHUI

AHHOMayus

B pabome paccmomperbl Hogble npedcmaseHust 0 KOHPuU2ypayuu MAzHUMHO20 N0 NOCMOSAHHO20 MA2HUMA.
Paccmompenvl  yciosusi nposieneHus U cywHocmb pAda mazHumonosesvlx 3@gexkmos u sAesneHull, npusedeHbl
coomeemcmaylowue UAICMPayuu U NOsSICHEHUSL.

0606weHbl U Kaaccu@uyuposaHvl daHHble 0 MHO2000pa3uu 3gexkmos u si81eHull 83aumodelicmeaust MazHUMHo20
noAas ¢ mamepuell U yca108uUsiX, npU KOMOpPbIX 803MOXCHO NoyHeHue smux agpgekmos u assenull. [lokazano, umo 6aaz2o00aps
8bINOJIHEHUN KOHKPEmHbIX YCA08Ull  ocywjecms/ieHuss 83aumodelicmsusi 3Hepeuu U .mamepuu obecnevugaemcsi
803MOMHCHOCMb OMKPLIMUS U Meopemuyecku 060CHOBAHHO20 NO1yYeHUs HO8bIX 3Pekmos u sie/1eHull.

Ha KOHKpemHbIX npumepax NOKA3aHO, Npu KAKUX ycaosusix docmuzaemcsi jesumayusi ouaMazHemukos 8
NOCMOSAHHOM U 8 NepeMeHHOM MA2HUMHOM noJie. Imo nodmeepicdaem Heo6X00UMOCMb COON00eHUS. 06WUX U YACMHbBIX
mpe6osaHull kK kaxcdomy uccaedyemomy mamepuay (seujecmgy) u Kk UCMOYHUKY MA2HUMHO20 NOSL.

Yecmanoeseno, ymo uccaedyemvle o6sekmbl (Mamepua/vl) 00AXHCHbI pACCMAMPUBAMbCS KAK OMKpblMmble UAU
3aKkpbimole gusuyeckue cucmembvl 3aMKHYmMoz0 UAU pa3oMKHymozo munos, cmamuyeckue uiu duHamuveckue. ToabKo 8
MexXHUYecKUxX CUCMeMax 3aMKHymoz0 mund 8bINOJAHSAKMCS 3aKOHbl COXPAHEHUS 3/1eKMPOMAZHUMHOU U MeXaHU4eckol
IHepaull.

IlokazaHa 02poMHast poab KOH@uU2ypayuu MAcHUMHO20 NOAS HA NOAY4eHUe yCcmolvusozo 80 8peMeHU U 8
npocmpaHcmee MazHuUMono/a1e6020 3dekma u s61eHusL.

Paboma npedcmaensiem uHmepec 041 MemMposa0208, CNEYUAAUCTOS, MAUCMPO8 U ACNUPAHIMOS, USYYAOWUX
Ma2HUmMono/esble sgekmbl U se1eHuUs, Nymu u Memodsl UX UCNO01b3080HUS NPU CO30AHUU CEHCOPO8 Pu3u1ecKux 8eAUuvUH, a
makaice usmMepeHusi ceolicme Mamepuan08, N00BepI*CeHHbIX 8030eUCMaU0 MaAzZHUMHbIX No1el.

Kawuesvle caosa: mazHumonosesoii sgpgpexm, s81eHue, MAZHUMHOE N0J1e, MAMEPUa, 6eU,eCmeo.

V.T. KONDRATOV

V.M.Glushkov Institute of cybernetics of National academy of Science of Ukraine

FUNDAMENTAL METROLOGY.
THE MAGNETIC-FIELD THEORY OF MEASUREMENTS WITH USE THE PHENOMENON
OF TRANSFER OF ENERGY OR INFORMATION THROUGH MATERIAL OR SUBSTANCE
Part 2.1. Conditions of manifestation of magnetic-field effects and phenomena

Abstract —In paper new representations about a configuration of a magnetic field of a constant magnet are
considered. The conditions of manifestation and the essence of a number of magnetic field effects and phenomena are considered
in the paper, corresponding illustrations and explanations are given.

Data on the variety of effects and phenomena of the interaction of a magnetic field with a matter and the conditions under which
these effects and phenomena are possible are generalized and classified. It is shown that, due to the fulfillment of specific conditions for the
interaction of energy and matter, it is possible to discover and theoretically substantiate the receipt of new effects and phenomena.

On concrete examples it is shown, under what conditions the levitation of diamagnetics in constant and in a variable
magnetic field is reached. It confirms necessity of observance of the general and private requirements to each investigated
material (substance) and to a magnetic field source.

1t is established that the investigated objects (materials) should be considered as open or closed physical systems of
closed or open types, static or dynamic. Only in technical systems of a closed type are the laws of conservation of
electromagnetic and mechanical energy fulfilled.

The huge role of the magnetic field configuration for achieving the magnetic-field effect and the phenomenon, stable in
time and in space, is shown.

The paper is of interest for metrologists, experts, masters and the post-graduate students studying magnetic-fild effects and the
phenomena, ways and methods of their use at creation of sensor controls of physical sizes, and also measurements of properties of
the materials subject to influence of magnetic fields.

Keywords: magnetic-fild effect, the phenomenon, a magnetic field, a material, substance.

BBenenne

B Hacrosimee Bpemst ocoboe BHUMAaHHE YACTSIECTCS HCCIENOBaHUAM dHeprun PepMH M AUCKPETHBIX
SHEPreTHYECKNX ypoBHel JlaHnay pa3lInIHbIX MaTepHAIOB U BEIIECTB MaKpO- H MHUKPOMHUPA. Y CTAHOBIIEHO, YTO MX
W3MEpEeHNEe BO3MOXKHO TIIPH YCJIOBHHM PACKPBITUS CYINTHOCTH MAarHUTOMOJNEBBIX J(P(HEKTOB B3aMMOIACHCTBH
OTPHIIATENIFHO 3apsDKEHHBIX YACTHUI] BEMIECTBA M MaTepHalla ¢ MarHUTHBIM IOJieM.. M3ydeHne 3eKTpHYecKuX |
JJICKTPOU3OJISIIMOHHBIX CBOMCTB JINCTOBBIX MaTepHajiOB HA HAHO YPOBHE CBS3aHO, KaK MPABHIIO, C PA3HBIMU MarHH-
TormoyieBbiMA  3pPekTamu. OTCYTCTBHE METOJIOB W CPEJACTB HM3MEPEHHI DHEPTHU JIMCTOBBIX MAaTEPHUAIOB,
00yCTIOBJICHO OTCYTCTBHEM IOHHUMAHHUS CYINIHOCTH M YCJIOBHUH TPOSIBICHHUS MarHUTOIOJEBBIX 3((EKTOB, B3aHMO-
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JICACTBUSL MarHUTHOTO IOJISL M BellecTBa (Marepuana. B 3Toil cBsA3M 3a7aya M3Y4YCHUS HMPUPOIBI MATHUTOIIOJIEBBIX
3¢ (eKTB HECOMHEHHO SIBIISICTCS akTyanbHOW. OHa Hepa3phIBHO CBSA3aHA C CO3JAHMEM M YCTAaHOBJICHUC YCIOBUH,
MPU KOTOPHIX 3TH 3P (PEKTHI MPOSBISIOTCS, C U3YYCHUEM MPOIECCOB B3aUMOICHCTBUS MAaTHUTHOT'O TMOJS TOTO HJIH
MHOTO JIMANa30Ha YaCTOT U KOH(PUIYPALIUU C UCCIICAYSMBIM JIUCTOBBIM MAaTEPHAJIOM HITU BEIICCTBOM.

B pabore omnmcaHa CyInIHOCTh HaUOOJIEe HHTEPECHBIX MaTHUTOMOIEBEIX 3()()EKTOB U SBICHHUN, TPUBEICHBI
COOTBETCTBYIOIIUE WILTIOCTPAIIMH, YCTAHOBJICHBI U YKa3aHBI OCHOBHBIC YCIIOBHS UX BOCIIPOU3BEICHHS.

Obvexm uccrnedo8anutl — MarHATONONEBbIC YQ(DEKTHI U SBICHHUS.

Ilpeomemom uccreooganuii SBISIOTCS: SBICHUE ABYXKOHTYPHOTO pAacHpeReNieHHs 3aMKHYTBIX CHIIOBBIX
JUHANR HANPsHKEHHOCTH MAarHUTHOTO IIOJII MCKYCCTBEHHO CO3JAaHHOTO MOCTOSHHOTO MAarHHUTa MPsSIMOYTOJIBHOM
(hOpMBI, YCTaHOBJIEHHE OCHOBHBIX YCIIOBHM B3aMMOJACHCTBHSI MarHUTHOTO TOJISI M1 MaTepraiia (BEIIeCTBa), BEIOOP (OpMBI H
MarHUTHBIX CBOMCTB Marepraa, CIIeKTPATbHOTO COCTaBa M KOH(UTypali MarHUTHBIX TIOJIEH, BO3ICHCTBYIOIINX HA TAHHBIA
MaTepua (BEIECTBO), IPH KOTOPBIX MMEET MECTO TPOSIBIIEHHE TOrO MIIM MHOTO MarHUTOIIOJIEBOTO S (deKTa WK SBICHHSL.

Lenvro pabomvl sBISETCS W3ydeHHE (PyHIaMEHTAJIBHBIX MATHHUTOIIONICBBIX 3(P(EKTOB W SBICHUH U
YCIIOBHIA UX BO3HUKHOBCHUSI WM MPOSBICHUS.

Pe3yabTaThl Hcc/ieq0BaHUM

Qunocoghckue acnexmaol

B pabote [1] uznoxeHs! ¢uiaocopckue acleKThl MarHUTOIOJIEBOW TeOpuH M3MepeHHH. s mx pacuiu-
PEeHHST PacCMOTPUM CYIIHOCTb M YTOYHHM ONpEHENCHHS pPsa MOHSITHH, KOTOPBIE HCIOJIB3YIOTCS NPU OMUCAHUU
MarHUTONOJEBHIX () (EKTOB U SBICHUI: MATHUTHBIIN 3KBATOp, YKBaTOPHAJIbHAS JTMHHUSA, MAaTHUTHAS sIMa, MaTrHUTHAS
MOYyIIKa ¥ KOH(PHUTYpanys MarHUTHOTO TOJIS.

IlpiveM Ha3BIBaTH «OKBAaTOPOM» ITOCTOSIHHOTO MAarHMTAa YCJIOBHYIO JIMHWIO €r0 CEYCHHS TOPU30HTAIBHON
TUIOCKOCTBIO, IPOXOJIAILIEH Yepe3 TeOMETPHUYECKUIA LIEHTP MarHuTa, TIEPIIEHIUKY/ISIPHO €10 BEPTUKAILHON OCH CHMMETPHH.

OO0BEMHOE MarHUTHOE T0JIe OOBIMHO TIPEJICTABILIETCS B BUJIE TPEXMEPHOTO T€OMETPUIECKOTO 00pasa ((purypsi),
obnanaromiero oceto cummerpur (N —S), W NepHneHIuKYISIpHOH el iockoctH cummerpud. [locnenmsis paszmenser
TEOMETPHICCKHH 00pa3 MarHUTHOTO TIOJSI HA JIBE PaBHOBEIMKHE (MOIOOHBIC) CEBEPHYIO M FOXKHYIO YacTH. JIJisi Takoro
o0paza «MarHATHBII PKBATOP)» — 3TO BOOOpa)kaeMasi JIHHS CONPUKOCHOBEHHS C IIOCKOCTHI0 CHMMETPHH PaBHOBEJIMKHX,
HO TMaMEeTPaTbHO TIPOTHBOTIONIOKHBIX N300paYKEHHMIA CEBEPHON M FOXKHOM YacTel (TI0JTFOCOB) MArHUTHOTO TTOJIS.

B obmem cirydae mosioykeHHe SKBAaTOpa MOCTOSHHOTO MarHWTa HE COBHANAET C ITOJOKEHHEM MarHUTHOTO
9KBAaTOpa MarHUTHOTO IMOJIs ATOr0 MarHuTa. [locieHee 00BICHICTCS HEOTHOPOTHOCTREO CTPYKTYPBI MaTepuaa, 13
KOTOPOTO BBITIOJHEH TIOCTOSHHBIN MarHUT, HAIPUMED, TPSIMOYTOJIEHOW WK IIMITHHIPAICCKON (POPMEI.

«MarHuTHBIM 3KBATOPOM» OyJIeM Ha3bIBaTh YCIOBHYIO JMHUIO CEYCHUS MATHUTHOTO IOJISI MMOCTOSIHHOTO
MarHuTa TOPU3OHTAILHOU IUIOCKOCTBIO, POXOJISINEH Yepe3 TeOMEeTPUYCCKHNA [EHTP CHMMETPUH TEPICHIUKYIPHO
BEPTUKAIBHON OCH CHMMETPHH, COSTHHSFOIICH CeBEPHBINA U FOXKHBIH MTOJTFOCH IIOCTOSTHHOTO MAarHHTA.

CHHOHUMOM TOHSTHS «MArHUTHBIA 3KBATOP» SABJSICTCS MMOHATUE «IKBATOPUANIbHASI JIMHUSY MarHuta (HIu
TPEXMEPHOTO TEOMETPUIECKOT0 0oOpa3a MarHWTHOTO IOJISA), T.. JIMHHUSA CEYCHHS OOBEMHOTO0 MAarHUTHOTO MO
TOPM30HTAIBFHON IIOCKOCTBIO, IMPOXOIIIEH Yepe3 TeOMETPUYECKHH IEHTP IOCTOSIHHOTO MAarHWTa IEePIEeHINKY-
JIIPHO BEPTUKAJIBLHON OCH CUMMETPHUH, COSIIMHSIONICH CEBEPHBIN 1 FOJKHBIN MOJTFOCA 3TOTO MarHUTA.

YHOMSHYTYIO TOPH30HTAIBHYIO IUIOCKOCTH OyIEM Ha3bIBATh «OKBATOPHAIBHOHN IIIOCKOCTBIO» MAarHUTa WITH
MarHUTHOTO TIOJS, KOTOpasl SBISIETCS WCTOYHMKOM HMH(OPMAIMM O CTENEHW HEOAHOPOAHOCTH SHEPIHH IO WIIN
HEOJJHOPOJHOCTH BEIECTBA, W3 KOTOPOTO BBIIOJHEH MAarHuT. B WOeaqbHOM IOCTOSHHOM MarHHWTE SKBAaTOpHAbHAS
TUIOCKOCTB SIBJISICTCS IDTOCKOCTBIO pa3/ieyia Ha JIBE PABHOBEIIMKHUE TI0 00BEMY YacTH (C CEBEPHBIM U FOKHBIM TTOJIFOCAMH) KaK
€aMOro MarHuTa, TaK M CUJIOBBIX JIMHUI MATHUTHOTO TOJISI, OXBATHIBAIOIIHE 3TH YaCTH MarHHTA.

Ha mpakTuke co3maTh uIcalbHBII MAarHUT 3aTPYAHUTEIHHO. HeoMHOPOTHOCTh MaTepuania, U3 KOTOPOTO
W3TOTABJIM-BACTCS MMOCTOSIHHBIM MAarHUT, IPUBOJUT K ACHMMETPUH YaCTCH U TOJIEH MAarHUTA, K UCKAKCHUIO (DOPMBI
9KBATOPHUAIBLHOMN JIMHUK U K HEOJHOPOHOCTH MOBEPXHOCTH IKBATOPUAIBLHON TIOCKOCTH.

Maznumononesasi cpeda — MartepuaibHas cpena (3¢HUp), B KOTOPOIl OCYHIECTBIISETCS B3aHMMOJICHCTBHE
MaTepHH, SHEPTUU 1 HHPOPMAIINH.

Maenumononesas nooywika — COBOKYIHOCTh CHJIOBBIX JIMHHM MarHWTHOTO TIONIS OMpEACTICHHOM
TUIOTHOCTH W KOH(MHUTYyparuu, crocoOHas yAepKHBaTh B IOJBENICHHOM COCTOSHUM (0€3 TOYKH OIOpPHI) TeEJO,
oOnafaroniee MarHUTHBIMU CBOHCTBAaMH, ONpEIeIeHHON (GopMbl (KOHPHUTYpannun), CTPYKTYpPhI, pa3MEepoB U Beca B
TE4YEeHUH 33JaHHOTO WHTEpBajla BPEMEHH.

Konghueypayus maenumnoeo noisi — COBOKYIHOCTb YacTHI] ¢ MarHUTHBIMH JWIOJIBHBIMH MOMEHTaMH,
MPECTaBISIOIUE cO00¥ CUIIOBBIC JIMHHMI MArHUTHOTO IOJIA Pa3HOW OOBEMHOH IUIOTHOCTH, (POPMBI M 3HAYCHUI
BEKTOPOB WHAYKIIUM MATHUTHOTO TIOJIS B KAXKIOW TOYKE MPOCTPAHCTBA, OKPYKAIOIIET0 HCTOYHHK MAarHUTHOTO OIS,
COCTOSIHUE KOTOPBIX OIMCHIBACTCS CTPYKTYPHBIMU /WM () YHKIIMOHATBHBIMH MOJICIISIMH.

Busyanuzanus CHIOBBIX JTHHUN MarHUTHOTO MOJIST MOXET OBITh OCYIIECTBICHA C IIOMOIIBIO 3JIEMEHTaPHBIX
yacTul — (HOTOHOB.

Hoguvle npedcmasnenusa o KOHQuzypayuu MazHumHuozo nojasa HOCMOAHHO20 MAZHUMA

XXI Bek o3HaMEHOBAICA BaxXHHIM coObiTHeM B ¢usuke. B 2015 rTomy ObUIO 3KCIEpUMEHTAIBHO
ycraHoBieHO (cM. [2, 3]) siBneHne pacupeneNeHus 3aMKHYTHIX MAaTrHUTHBIX CHJIOBBIX JIMHUNA TTOCTOSTHHBIX MarHUTOB
MIPSIMOYTOJIBHOH, IMTWIMHIPUYECKON U mapooOpa3Hoil GopMbl B BHAEC ABYX OOBEMHBIX (TPEXMEPHBIX) COCTABIISIO-
IIUX MarHUTHOTO IIOJIS, PACIHOJI0KEHHBIX CBEPXY M CHH3Y OT AKBAaTOPHAIBHOM IJIOCKOCTH MOCTOSHHOTO MAarHmTa,
MEePIEHUKYIISIPHON €r0 OCH CUMMETPHH, IPOXOISAIIEH Yepe3 I05KHbBIN U CEBEPHBIH MOJI0Cca 3TOI0 MarHUTA.
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MarHuTHbIC CWJIOBBIC JIMHHUHM HAYUWHAKOTCA OT NPaBOd (BOCTOYHOM) CTOPOHBI MArHHTHOTO 3KBATOpA,
pa3lessIonero MarHuT Ha JIB€ paBHO3HAYHbIE YACTH, PACIPOCTPAHSAIOTCS B HANPABICHUH PACIIOJIOKEHUS I0KHOTO U
CEBEpPHOr0 MArHUTHBIX MOJIOCOB TI0 YaCOBOM M MPOTUB YacOBOHM CTPENIKH, COOTBETCTBEHHO, a 3aTEM OTHU JIMHUU
3aMBIKAIOTCSI HA JIEBOM (3amaHoN) CTOPOHE «MAarHUTHOT'O HKBATOPay.

JpyruMu cioBamu, BBIZIECNIEHBI JBa 3aMKHYTHIX KOHTYpa pacipeefieHHs MarHUTHBIX CHJIOBBIX JIMHUH MTOCTOSIHHOTO
MarHuTa ¢ BOCTOKA Ha 3amaj (MM CIipaBa Ha JICBO) 4epe3, COOTBETCTBEHHO, FOXHBIM M CEBEPHBII TToTI0ca MarauTa (puc 1, 0,
Hfleal3UPOBaHHyas quarpamma) [3, 4].

SIBreHNe ABYXKOHTYPHOTO PacIpeiesicHHsI 3aMKHYTBIX CHJIOBBIX JIMHWM HAPSDKEHHOCTH MarHUTHOTO TIOJS TIOCTO-
SIHHOTO MATHHTA HA30BEM (GIBIICHIEM Bramvmpa Bemmkoroy', sKcIiepuMeHTabHBIE HCCIIEIOBAHMS KOTOPOTO 1 TIPHBEIH K
OTKPBITHIO JJAHHOTO SIBJICHUS ( CM. BHICOPOIUKH [ 3, 4]).

K coxanenmo, Ha CerofHst OTCYTCTBYET MaTeMaTHIECKasi MOJIENb KIIACCHYECKOTO TPEACTABIICHHS PACTIPEISIICHIS
CUJIOBBIX JIMHHI MAarHUTHOI'O IOJI MOCTOSIHHOTO MarHuTa (puc 1, B), HE MpENCTABICHA W HE OIMCAHA aJICKBATHAS
MaTeMaTHYeCcKasi MOZICTTb OTKPHITOTrO siBJIeHus (puc. 1, a, 0).

Ha puc. 1, a mpuBeieHBI SKCTICPUMEHTAITEHO TIOTyYCHHBIC U MPOJEMOHCTpUpOoBaHHbIe Ha YouTube (cM. BHmeopo-
nvikw [3, 4]) rpadudeckie H300paXKeHUs 3aMBIKAFOIIMXCS Ha MATHAUTHOM SKBATOPE CHJIOBBIX JIMHUM HAIPSHKEHHOCTH MarHUT-
HOTO TOJIS TOCTOSTHHOTO MarHHTa MPsIMOYTOJIBHOM (popMbl.  Kak BHIHO 13 puc. 1, a, 0, BXOJISIIIE ClIeBa (C 3araja) U BEIXOIs-
IIME CIpaBa (C BOCTOKA) CHIIOBBIC JIMHUH HAMPSDKEHHOCTH TIOCTOSHHOIO MATHUTHOT'O TTOJIsI HAOMUHAOT OO0 1Py BOCEMB.

[lpaBUNLHO
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Puc. 1. T'paduraeckuie n300paskeHust: a) IKCIEPHMEHTAILHO CHSATOI arpavMmbI; b) NpaBUIILHOI IHATPAMMBI;
€) HeNpaBI/ILHOI MATPAMMBbI CHJIOBBIX JIMHHiIT MATHUTHOTO T10JIs1 IIPSIMOYTOJTLHOTO 110 hopMe IOCTOSIHHOTO MATHUTA

Ha puc. 1, 6 u Ha puc. 2 npuBeIeHbI H300PKEHUS MTPABIIIBHOTO, a Ha pUC. 1,B HEMTPABWIIBHOTO paclpeie-
JICHWS] CHJIOBBIX JIMHUH MarHUTHOTO TIOJISI TIOCTOSTHHOTO MarHNTA MPSIMOYTOJIFHOM (pOpMBI 10 JaHHBIM padorT [3, 4].

abec B o0macTi «MarHMTHOTO KBaTOpPa» CHIIOBBIC JIMHHUU

HAINpPSHKEHHOCTH MArHUTHOTO TIOJISL PACHOJIOKEHBI MapauielTbHBI
1 IIpYT IpYTy, HAIIpaBIEHBI C 3alajia Ha BOCTOK U UMEIOT BEChMa

N Majoe 3HAYCHHE BEKTOpAa HHIYKIIMA MArHUTHOTO IIOJIS,
HECMOTpPsI Ha OOJBIYIO IUIOTHOCTH cocperoTodcHus (puc 1, 6
U puc. 2). Bxopsime v BIXOSIIHUE CUIIOBBIC IMHUU MarHUTHOTO
/ TIOJS CEBEPHOTO M IOXKHOTO MOJIIOCOB INOCTOSIHHOTO MarHura Co3-

JIAIOT MKy cO0O0M BeChbMa MaJblid TI0 3HAYCHUIO W TPYAHO pa3-

JIMYUAMBIN YTOJI, 3aBUCSIIUNA OT 3HAYCHHUS BEKTOPA MHIYKIMH Mar-
HHUTHOTO TIOJISI FOXKHOTO M CEBEPHOTO ITOTFOCOB MATHUTA.

BHyTpu 53KBaTOpMAiIbHOM IUIOCKOCTU CHUJIOBBIE JIMHUU

MarHUTHOTO TIOJS YCTAHABIMBAIOTCS MAPAUICTBHO APYT IPYTY H

Puic. 2. Mi300pakeHue IPOEKIMI 30H HANPSEKEH- HOCTH co31atoT AP (EKT B3aNMHOTO OTTANKUBAHUA U YIUIOTHeHUS. [Ipn

MarHUTHOIo “0“"“0“"(’;:)“;0'31 ;‘;}‘;gm CHTbHOI (), CPEMEl oo HOpONHOM  CTPYKTYpe — MaTepuana  MarHHTAa  JIHHHS

MAarHiTHOTO JKBAaTOpa CTAHOBHTCS JIOMAaHHOW, a IMOBEPXHOCTH

9KBATOPUAITLHON IJIOCKOCTH HEOMHOPOMHOW [4]. B wmeame MarHWUT JOJDKCH OBITh BBIMOJHCH B BUIC OTKPBITOM

(hrBUYecKON CHUCTEMBI Pa30MKHYTOTO THIA M3 MaTepualia ¢ WICATbHO OJHOPOIHON CTPYKTYPOU, CTPOTO MPSMOYTOJIBHOM

(hopMBI, OTBEYATH MPUHITAITY (3aKOHY) CHMMETPUH M IMETh COOTBETCTBYIOIINE ICHTPHI CHMMETPHH.

Knaccuyeckas pusmka cuuTaet, 4to CHUIIOBBIC JIMHUM HAMPSHKCHHOCTH MArHUTHOTO TMOJIS MOCTOSHHOTO MAarHWTa
HAIpaBJIeHbI OT CEBEPHOTO MOJTIOCA K FXKHOMY (puc. 1, B). DTO HE MpaBmibHOE Mpe/icTaBicHre. Ha camoM Jierie 3aMKHYThIe
CIJIOBBIC JIMHHUH HATIPSDKEHHOCTH MarHUTHOTO TIOJIS TIOCTOSTHHOTO MarHUTa BXOZAT B MarHUTHBIHN HKBATOp ClieBa (C 3amaia),
a BBIXOIAT cripaBa (C BOCTOKA), M BO3BpAIIAIOTCSA Ha JIeBO (HA 3amaja) dYepe3 BEePIIUHBI, COOTBETCTBEHHO, FOXKHOTO H
CEBEPHOT0 MATrHUTHBIX MOJIFOCOB, MMEIOIMINX MaKCHMAbHBIC 3HAUCHHMS BEKTOpAa MHAYKIMM MarHUTHOTO mois (puc 1, a,
puc. 2). B obiactit MarHUTHOTO SKBAaTOPa 3HAYEHHE BEKTOpa HHAYKIMH BECbEMa MaJlo, HO HE PaBHO HYIIO.

! 10 IMCHH UCCJICI0BATEIIA
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General questions of metrology, measuring equipment and technologies

HoxameM, YTO CIPaBCAJIMBOCTb OTKPBLITOI'O SABJICHUA IMOATBEPIKAACTCA 3dKOHOM COXPAaHCHUSA DSHEPIrUU
MAr"gvuTHOI'O ITOJIA. ﬂﬂﬂ MNOCTOSIHHOI'O MarHuTta CTporo HpHMoyFOHLHOﬁ (bOpMI:I, BBINIOJITHEHHOT'O M3 OJHOPOJHOTIO
Marepuajla U pPa3AacJICHHOTO Ha JABC YaCTU yc.]'[OBHOﬁ JIMHUE — MATrHUTHBIM OKBATOPOM, ,HaHHI:Iﬁ 3aKOH
Q)opMyanyeTCH CJICAYIOMUM O6pa3OMZ«OTHOCI/ITeHLHO MAartvTHOT'O 5KBAaTOpa 3HAYCHUC DHCPIUU MArHUTHOI'O MOJIsA
CEBCPHOT'0 MOJIKFOCAa MOCTOAHHOTO MariuTa paBHO 3HAYCHHUIO SHEPIrur MarHuTHOr'O MOJid KOKHOI'0 MOJIF0Ca JaHHOT'O
MarauTa», HO BEKTOpa MHAYKIHWHW MArHUTHBIX noJeu HalpaBJICHbI B JUAMCTPAJIbHO MPOTUBOIIOJIOXHBIC CTOPOHBI,
— K CEBEPHOMY U K IO)KHOMY ITOJIIOCAM ITOCTOAHHOTO MarouTa COOTBETCTBEHHO.

MareMaTu4ecKu 3TOT 3aKOH OIHUCHIBASTCS paBC€HCTBaMU:

[ ws@oar == [ wyGoav . (ws=-wy) (1)
V.S V.S
W
[ ws@ar+ [ wy(ndv =const, (Ws+Wy) =Wy =const, @)
V.S V.S

rae S— mapamerp, XapaKTepH3yIoMnii HEW3MEHHOCTh CTPYKTYpHI MaTepuaja, W3 KOTOPOTO BBITIONHEH MOCTOSHHBIA
MarHuT (S— mepBas OyKkBa aHIIIMICKOTO cJoBa «structure»), MPUYEM OJHOPOTHOCTH CTPYKTYPHI OIMHCHIBACTCS
ycnoBueM Sg =Sp =S; V — 00beM CeBepHOH M I0KHOH YCIOBHO pa3feleHbIX MAarHUTHBIM SKBAaTOPOM YacTeh
MOCTOSIHHOTO MAarHuTa MpPsIMOYTOJIBHOH (opMbl, Ui KoToporo V =k, -I-s, rne ky =2, T.e. 00beM ceBepHOIl WIu
FO)KHOW YacTH paBeH MPOM3BEACHUIO JIIMHBI «CEBEPHOW» MM «IOJKHOW» YaCTH Ha IJIOMIAh ITOTIEPEYHOTO CCUCHUS
MarHuTa; wg U wy — OOBEMHas IJIOTHOCTh pacHpeeeH s S3HEPTUM MarHUTHOI'O OJIs, COOTBETCTBEHHO, I0XKHOM
M CCBCPHOM YCIIOBHBIX YacTel MarHuTa; { — BpEeMs, B TCUCHHH KOTOPOr0 MaKCHMAIbHOC 3HAYCHUC SHEPTHH MATHUTHOTO
MOJISl COXPAHACTCS HEU3MEHHBIM; 7 — HEKOTOPBIA YCIOBHBIN PaalyCc-BEKTOD, B MPEAEIax KOTOPOTO MPOSBISIETCS
JICHCTBHC SHEPTUM MArHUTHOTO TIONSL, «—)» 3HAK, XapaKTCPH3YIONIMHA HAMETPALHO MPOTHUBOIOIOKHOE HAIPABICHUC
BEKTOPOB MHAYKI[MM MarHMTHOTO TOJIsS CEBEPHOTO IOJIOCA MO OTHOIIEHUIO K IokHOMY; W¢ u Wy — sHeprus
MAarHUTHOT'O NOJISl I0XKHOW U CEBEPHOM YCIOBHBIX YacTeH MOCTOSHHOTO MAarHuTa.

IIpuBeaennbpie paBeHCTBO (1) U (2) ABIAIOTCS MaTEeMaTHISCKUMH MOJEISIMU MAarHUTHOTO TIOJISI TIOCTOSH-
HOTO MarHuTa M ONHCBHIBAIOT MMEHHO JIBe e€ro cocTapiistomme. CymMMapHas SHEpIrHs MOCTOSHHOTO MarHWTa eCTh
BeJIMYMHA MOCTOSHHAS (cM. (2)).

[lpy HamMuMM HEOIHOPONHOCTEH B ONHOHM (HANpUMEp, IOKHOM) YCIOBHOM YacTH IOCTOSHHOTO MarHWTa IO
OTHOIIICHHIO K JPYroi (CEBEpHOW) YacTH 3aKOH COXPAHCHHS SHEPTHH MATEMATHICCKH OITFCHIBACTCS YPABHCHHUEM BEJINYMH:

J' wg (r)dV — J' AWS(?,t)dAV=—ij(?,t)dV, 3)
(V+AV),S AV .S V.S
raie AV — wusMeHeHue oObemMa BemecTBa (M DHEPrUH), OOYCJIOBIEHHOEC MHKPONOpaMH U APYTUMH

HEOJTHOPOTHOCTSIMHU CTPYKTYPI MaTepHAaia MATHHTA; J- Awg (;, t)d AV — u3MEHEHHEe SHEPIUi MATHATHOTO TOJISE FOKHOTO
AV S
TOJTFOCa OTHOCHUTEJILHO CEBEPHOTO 32 CUET HEOJHOPOHOCTH CTPYKTYPhI MaTepHaa.

CormacHo (3), yMeHbIIIEHHE OOBEMHON IUIOTHOCTH HEPTHH MAarHUTHOTO TOJIT ABTOMATHICCKH KOMITICHCHPYETCS
yBeJIYEeHHEM 00BeMa 3TOM 4acTh Ha A) 3a cUeT CMEIIeHMs] «MarHUTHOTO dKkBatopa» Ha Al =AV /s (s — miomanp
TOIIEPEYHOT0 CEUSHHsI MArHUTA MPSIMOYTOJILHO# (DOPMBI) K MPOTHUBOIIOIOKHOMY MOJFOCY (B JAHHOM CITy4ae K «CEBEPHOMY
TIOJTFOCY»). DKCIEePUMEHTAIBHO 3TO OBLIO MOATBEP)KIACTCS CMEIIEHIEM «MarHUTHOTO AKBAaTOPay, KaK MOKa3aHo Ha puc. 3
(cM. cBeTIIbIe MOTIepPEYHbIE JIMHUH | MOJIOCHI HA MATHUTOYYBCTBUTENIBHON TICHKE, PHIIOKEHHOMN K IOCTOSSHHOMY MArHuTy).

a) 0)

Puc. 3. M300paskennst popMbI CMELIEHHBIX SKBATOPHAILHO# JIMHUM NOCTOSIHHBIX MATHUTOB (CBETI03e/IeHbIe JIMHUH)
U CWIOBbIX JIMHHI1 MATHUTHOTO 110J151, 00y CJIOB/ICHHbIE HEOTHOPOHOCTBIO CTPYKTYPBI MATepHAIa

B kavectBe mpumepa Ha puc. 4, a, 0 TPUBEACHBI H300Pa)KCHUS PACIPEICIICHHS CHJIOBBIX JIHMHUN
MAarHUTHOTO TOJS TOCTOSHHBIX MArHHTOB IIMJIHMHIPUYCCKOH W IIapooOpa3HOi (GOpPMBI C HCIOIB30BAHUEM
BU3yallU3aTOpa MarHUTHOTO MoJis [6]. Busyamu3aTop M3roTOBICH MOJOABIM HCCIICIAOBATEIIEM MATHUTHBIX MOJCH
MMOCTOSIHHBIX MarHuToB Wropem bernenkum ¢ HMCMONb30BaHHMEM MArHUTHOM JKUAKOCTH M MAarHUTOOITHYECKOTO
a¢ddexra. Jlanable M300pakeHUsT mMoixydeHbl B nekadpe 2017 roma um omybnukoBaHbel B [7]. OHU yOemuTEIHHO
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MTOJITBEPIKAAIOT HATTMYUE «IBJICHUS Biiagumupa Benukoroy» Ui OCTOSIHHBIX MATHHUTOB.

OTKpBITHE SIBIICHUS JIBYXKOHTYPHOIO PACIPE/ICICHUS 3aMKHYTBIX CIJIOBBIX JIMHHU HAIPSHKCHHOCTH MArHUTHOTO
TIOJISL TTOCTOSTHHOTO MarHuTa MMEeT BaKHOE HApOJIHOXO3SMCTBEHHOE 3HaueHHe. Tak, HanpuMep, M3BECTEH KUTaHCKUH METOx
BBIpaIMaBaHus KapToers U MOMyYeHusl ypoxkas 1o 24 kr ¢ ogHoro kycra (cM. [8]). CortacHO 3ToMy METOIy, B KaKIOM

KIIyOHE BbIpe3acTcsi OOpO3/IKa, KaK TMOKA3aHO Ha PHC. 5, a, B, B pe3yibTare (opMa KITyOHS CTAHOBUTCS MOMOOHOM (opme
MAarHUATHOTO TIOJISI TIOCTOSIHHOTO MArHUTA.

:

Puc. 4. PacripeiesieHrie MATHUTHOTO T10JIS1 IIOCTOSIHHBIX MATHUTOB IWIMHPHYECKOii M LIapoo0pa3Hoii (hopMbl

T

a 0 B

Puc. 5. ®opma kaprodeJisi, no100Hast popMe MATHUTHOI'O 10151 MOCTOSIHHOTO MATHUTA

Bnaronapst Takoil opMe KIIyOHS U €ro MpaBUIIBHOTO PACIIOJIOKEHHUS B IIOYBE OTHOCHTENIEHO CEBEPHOTO U
FO)KHOTO MAarHHTHBIX TOJIOCOB 3EMIIM, MPOUCXOJUT HAKOIUICHHE YHEPTUU STOr0 MATHHTHOTO IIOJIS, aKTUBU3AIUSL
mporecca pocra cTeONiell M3 KakAoro ria3ka Kaprodesss M, Kak CIEACTBHE, IOJY4YCHHE BBICOKOTO YypoiKas
kaprodens. KoHeuHo, 3Ta runore3a TpeOyeT CBOEro JONOJHHUTEIHFHOIO M3YYEHMs M HCCIENOBAaHHS ISl PasHbIX
COPTOB KapTo(esisi IPH CTPOTOM COOJTIOICHUN KUTANCKOM TEXHOJIIOTHH €TO BBIPAIINBAHHUS.

Takum 00pa3oM, CYIIECTBOBAHUE «sBJICHUS BiaguMupa Benukoro» He BBI3bIBAET COMHEHHH M JJOCTOWHO
TIPU3HAHUS HAYIHOHW OOIIECTBEHHOCTHIO.

Depepexmut u asnenua e3aumodeiicmeun MazHUMHOZO ROJIA C 6EU{ECINEOM

AHaM3 COCTOSIHUSL MPOONIEMBI BBISIBIICHUST U M3Y4CHHSI PA3HOBUIHOCTE MAarHUTOILIEBBIX A(D(EKTOB U SBICHUS a0
BO3MOKHOCTb KITaCCH(HIMPOBaTh 3(Q(HEKTHI B3aNMOACHCTBIS MarHUTHOTO TOJI | BettecTsa (prc. 6). B ocHOBY Kinaccuukarim
TIOJIOXKEHBI TAKHe KIACCU(UKAIMOHHBIC NPM3HAKY, KaK: BBIIENICHHE IBYX KaTeropuii MaTepHalbHOTO MHpA; PAa3HOBUIHOCTH
BEILIECTB M MAaTEpUaJIOB IO MarHUTHOW BOCTIPUMMYHMBOCTH; BHJI TIPEICTABIISIEMOH (MCCIIelyeMOH) CUCTEMBI; THIT MaTepHaIbHOM
CHCTEMBI; COCTOSIHIE CHCTEMBI BO BPEMEHU; IpHpo/a 0a30BbIX BUIOB (D(HEKTOB U ABJNEHHI, UCIOMb3yeMasi SHEPIUs MarHUTHOTO
TIOJISI, YacTOTHBIM JMana3oH BO3JACHCTBUM, KOH(HIypalwsi MarHUTHOTO IO M HAOMIOJaeMble WM M3MepsieMble 3(deKThI
(mpouecch! U mapaMerpsl). JlaHHAs COBOKYIIHOCTh KJIACCHU(DMKALMOHHBIX HPH3HAKOB MO3BOJAET MCIONIB30BaTh OOLICHAYYHYIO
METOJIOJIOTHIO CHUCTEMHOIO IIO[XO[a, OOBEAMHWTb YCIOBUA M TPeOOBAHMS, NpPENbABIIEMBbIE K HCCISIYEMOMY BEIECTBY,
MaTepraTy 1 MarHATHOMY IIOJIFO TIPH BOCIIPOM3BEICHNH TEX WM MHBIX MArHATONONEBBIX 9()(EKTOB U SIBIICHHUIA.

Ilo mepBoMy TpIBHAKY CiemyeT pa3andarb PQGeKTbl, 0OYCIOBICHHBIE B3aMMOJICHCTBIEM MAarHWTHOTO TIOJS C
BEIECTBAMHU Pa3HOM (DH3MYECKOH MPUPOMIBL, MArHUTHOIO MOJ C MATepHalIoM, HOJTYYeHHBIM M3 OJIHOTO BEILECTBA WM H3
IPYIIIBI BEHIECTB. B mocienHeM cilydae yYWTBIBAIOTCS BCEBO3MOXKHBIE XMMUYECKUE B3aUMOICHCTBUS MEXKIY BEIECTBAMH
JQHHOM TPYIIIBL, IIPHBOISIINE K HOTYYEHHIO HOBBIX (PU3HKO-XHUMHYECKHX, B TOM YHCJIE ¥ MATHUTHBIX, CBOMCTB MaTepHAJIOB.

Ilo mnpu3HaKy «pasHOBHIHOCTh BELIECTB M MATEPHATOB [0 MATHATHOM BOCIPHHMYHBOCTID) —Da3IMYaroT
MarHuTorosieBbie APQEeKThl, TPOSBILIONIMECS B PAa3HOW CTENEHM NMPH BO3JCHCTBUM MAarHUTHBIX IMOJICH HA JMaMarHeTHKH,
IapaMarHeTHKy, (eppoMarHeTHKY, METAMATHETUKY U T.1. U T.IL
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| S(l)(beKTLI " ABJICHUS B3aPIMOJIeI7[CTBPIH MarHmMTHOI'O I10JIs C MaTepHeﬁ |

————

| MarsuTHOTo 1015 ¢ BEIIECTBOM | | MarsuTHOro 1oJs ¢ MaTepruajiomM |

Vv

,Z[I/IaMaFHeTI/IKOMl | rapaMarHeTHKOM | |qoepp0MarHeTI/H<0M| |aHT1/Iq)epp0MarHeTI/IK0M|

|CynepzmaMarHeTHK0M| | (heppuMarHeTHKOM | |MeTaMarHeTHK0M u Jip. |

v ' v v

MIPEICTABIAIOIINMU MPECTABIISIOIUI MPECTABISAIOIIUMU
OTKPBITYIO (DH3HUECKYIO 3aKPBITYIO (PU3NYECKYIO H30JIUPOBAaHHYIO
CUCTEMY CHCTEMY (bHU3UYECKYIO CHCTEMY
| Pa30MKHYTOIO THUIA | | 3aMKHYTOT'O THUIIA |
| CTaTHYECKYIO | | JUHAMHYECKYIO |
VI vV ovoovv vy v
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Puc. 6. Knacendpukauus r¢ppekToB B3anMo/eiicTBHSI MATHUTHOIO I0JISI H BelIeCTBA

CHCTeMHBIH TIOIXO0/] TIPE/ITIONAracT, YT00bI OOBEKT HCCIIEIOBAHMI TPECTABIISIT CO00H (PH3IIECKyT0, MEXaHUUYECKYIO
WIA TEXHMYECKYI0 CHCTEMY ONpPEIENICHHOTO BUIA (OTKPHITYIO WM 3aKPBITYIO), Pa30MKHYTOTO WM 3aMKHYTOTO THIIA,
TIPOSIBIISTFOIITYIOCS ce0sI BO BPEMEHH W/HIIH B TIPOCTPAHCTBE, T.€. CTATHYECKYIO WM TMHAMHYECKYT0. be3 3HaHWMs 3THX acrieKToB
HEBO3MOKHO TPAKTHYECKOE OOHAPYKESHUE WK BOCIIPOM3BEICHIE MAarHUTOIOJEBBIX P (EKTOB.

o ¢usrdeckoii «apupone 6a30BbIX BIIOB P(EKTOB U SBICHUID CICIYET BBIICIUTH CICAYIOIINE: MATHUTO-MEXa-
Hudeckre (PQEKThl ¥ SBJICHHS, MarHUTO-MAarHUTHBIC JUHAMAYECKUC 3(MQEKThl U SBICHUS, MArHUTOIMIPOANHAMHYCCKHE,
MAarHUTOONTHYECKUE, MATHUTO3BYKOBBIC, MArHUTOTEIUIOBBIC, MATHUTOXHMIYECKIE, MATHUTOM30TOITHBIC, MAarHATO-CITHHOBEIC
3¢ (eKTHI Y TBIKCHIN HOCHTENCH 3apsi/ia, SIBICHHE TIePEHOCa SHEPIUH X MH(POPMALIMHI CKBO3b BEIIIECTBO M MATCPHAI U T.].

Tlo nmpu3HakaMm «wcrnoNb3yeMasi SHEPTrysl MArHUTHOTO TIOJISD) U «YACTOTHBIN AWAna3oH BO3ACHUCTBUIY, Pa3IMyaroT
3¢deKTpl 1 SBICHUS B3aMMOJACHCTBHUS BEIECTBA M MaTepHaja, IMOJyYCHHBIE C WCIOJH30BAHWEM SHEPTHH ITOCTOSHHBIX,
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MEPEMCHHBIX ¥ MMITYJIbCHBIX (OMHOYHOIO WX IPYIIIHI HMITYJIHCOB) MATHUTHBIX TMOJICH IWaria30Ha WH(PPAHU3KKX, HU3KUX,
BBICOKUX M CBEPXBBICOKHX YaCTOT.

BaxHyto poiab B BOCIHPOU3BCACHHU MArHUTONONEBBIX S((EKTOB W SBICHHS HIPACT KOHQUTYpAIUS
MAarHATHOTO TIOJIi HCIOJIB3YEeMOI'0 HCTOYHHMKA. [lo JaHHOMY TpU3HAKy pa3indaroT 3PQEKTHl U SBJICHUS,
MOJTyYCHHBIC MPH UCIOJIH30BAHUN MATHUTHBIX IOJICH COJICHOMJAIBLHOW, TOPOUIAIBHOW U MHBIX (OPM, KOTOPBIC
anpuopu (OpPMHUPYIOTCSI C Y4YETOM IIOCTaBICHHOW 3amayd. MHOTOYHCICHHBIC HUCCICIOBAHHS U JKCIICPUMEHTEI,
neMoHcTpupyeMble B YouTube, moka3anu, 4ro, HanpuMmep, d3PQeKT JeBUTAINH HE BO3MOXKEH 0e3 GopMupoBaHU
«MarHUTHOM SIMBI» C TIOMOIIBIO JIEKTPOMArHUTa MM OCTOSIHHBIX MAarHUTOB, YTO Oy/IeT MOKa3aHO HUXE.

ITo nmpusHaky «HaOmogaeMble WM n3MepseMble 3 (eKTsl (TPOLIeccs W I apaMeTpsl)» BBIACISAIOT Cle-
JYIOIIWe: JIMHEHHOE W HEeJMHEHHOe JABMKEHHE, MepPEeMEICHHEe B TOPU30HTAIBHON TIOCKOCTH, TTObEM, MepemMerie-
HHUE U TOJbEM, PUTSDKEHNE, OTTAIKUBAaHKE, BpallleHHEe, N3MEHEHHE MapaMeTPOB DIIEKTPHUYCSCKON 1IEMH, MarHUTHAS
TIEBUTALINS, SJICKTPOJUHAMUYECKAs U pyrue (puc. 4).

OnmUTEIEHON 0COOCHHOCTEIO MPUBESICHHON KITACCU(DUKAIMK SBIISICTCS BBEICHHC MPI3HAKOB, XapaKTCPU3YIOIIIX
YCIIOBHS TIPOSIBIICHUSI Y TIOTYYCHUS MAarHUTOIOJNEBBIX 3(h(EKTOB, CBA3aHHBIC KAaK C BHIOM (DH3HMYECKON CHUCTEMBL, TaK U C
KOH(UTypaIeli MarHuTHOTO TIOJIs, SHCTBYIOIIETO Ha ATy cucTeMy. HarmoMHHM, 9TO TOJBKO B TEXHUYECKHX CHCTEMAax
3aMKHYTOT'O THIIA BBITIOJTHSICTCS 3aKOH COXPAHCHHUS YHEPTUH 3JICKTPOMATHUTHOTO TTOJIS.

Brnaromapst MHOTOOOpa3Hi0 MaTEpUANOB U PAa3HBIX (OPM B3aMMOJCHCTBHS MX C MArHUTHBIMH IIOJISIMH,
BO3MOJXKHO MMOJIy4€HHE [IEHHOH MH(GOPMAIMK O PEe3yJIbTaTaX MX B3aUMOJCHCTBHSI U OCOOCHHOCTSX MPOSIBICHUS TeX
WM WHBIX MarHUTOIOJICBBIX AP (EKTOB W sBIcHMA. Hanmbombmmii nHTEpec MpeacTaBisioT Te d3PPEKThI, KOTOPHIS
CBSI3aHBI C IBHXKCHUEM, TIEPEMEIlCHUEM, BpaIllEHUEM, HATPEBOM, C H3MEHEHHUEM CBOMCTB 3JIEMEHTOB JJICKTPUUECKOI
LIEMH, CO CKOPOCTSAMH MPOTEKAHHUSI XUMHIECKUX PEaKIUi | T.II.

Maznumnasn negumauusn

OmHuM U3 BXHBIX (P(EKTOB B3aMMOICHCTBIS MAarHATHOTO TIOJIS U BEILCCTBA SBILICTCS MAarHUTHAS JICBHTAIIWSL
MarnuTtHasi JeBUTALMsI — 3TO HE TEXHOJIOTWSI M He METOoJ ToJbeMa, Kak yTBepxkaaercss B Bukunemuu [9], a mpouecc..
[pennaraercst HHOE, HAYYHOE OTIPEACIICHUC TIOHATHS «MATHUTHAS JICBUTAIHS:

«Maenumnas nesumayusi — TIPOUECC W3MEHCHHS U yICpXkKaHUsA 0€3 TOYKH OTMOPHI MPOCTPAHCTBCHHOTO
MOJIOXKE-HUSI MATEpPUALHOIO OOBEKTa, BBIIOJHEHHOTO W3 MaTepuajga WU BEIIeCTBA C OINPEICIICHHBIMU
MAarHATHBIMH CBOWCTBAMHU W B3aWMOJICHCTBYIOIIAE C WCKYCCTBCHHO C(OPMHPOBAHHBIM MArHUTHBIM ITOJIEM
3aaHHON KOH(UTYpaluy, HANPABICHHOTO MEPIECHANKYIAPHO TOPHU3OHTAJIBHON IUIOCKOCTH MOBEPXHOCTH
MaTepHaIbHOTO 00BEKTa, PACIIONOKEHHOTO HaJl HCTOYHUKOM MarHUTHOTO ITOJIS).

[IprBeneM HEeCKOIBKO PUMEPOB, TIONTBEPKIAIOINE BKHOCT BRIOOpa KOH(MHTypaIFi MATHUTHOTO TIOJIST H ()OPMBI
MaTepHAIFHOTO 00BEKTa IIPH MOITYYSHHH MAaTHUTOTIONEBOTO A eKTa JICBUTAINN.

B [9] nponeMoncTprpoBaH 3 deKT JeBuTarmu (3aBHCaHuUs 03 TOUKH OMOpPhI) MACCHBHOTO AJTFOMUHUAEBOTO JIMCKA
HaJl MOLLHBIM 3JiekTpoMarHuToMm. [locieanuii muraercs ot cetu nepemenHoro Toka 220 B, wactoroii 50 I'u. Ha puc. 7 npu-
BEJIEHA WUIIOCTPALlMK JIAHHOT'O MarHWUTONoJeBOoro 3ddekra, rae: a) KOHCTPYKIWMS OJIeKTpOMarHuta; 0) 00ecTOuEeHHBIH
ANEKTPOMATHUT C JIACKOM U3 IMAMATHETUKA, B) BKITFOUCHHBIH AICKTPOMATHUT C JICBUTAPYFOIAM JIUCKOM.

Puc. 7. Munoctpaimsi MAarHMTONos1eBoro 3(pgexra B3auMoielicTBHsI 101l 21eKTPOMATHUTA 1 ATIOMHHHEBOI0 JUCKA

3aBrcaHue JIUCKA HaJ AJIEKTPOMArHUTOM OOBSICHSETCS TEM, YTO, NPH MPOXOXKICHUM DIEKTPUUECKOTO TOKa
yepe3 JIEKTPOMArHUT BO3HUKAET MEpEeMEHHOe MarHuTHoe mone. [locnenHeee WHIYIUPYET B aFOMHHHACBOM JHCKE
BuXpeBble TOKU (Toku Dyko). [locnenHue, B CBOIO odepeib, CO3AI0T MIEPEMEHHOE JIEKTPOMArHUTHOE TI0JIE, CHIIOBEIC
JMHUN KOTOPOTO HAIPaBJIEHBl HABCTPEUY CHJIOBBIM JIMHUSIM HANpsHKEHHOCTH MAarHUTHOTO TOJS AJIEKTPOMAarHuTa.
Cuma Amrmepa, BO3HHKIIAs B pe3yjbTare ACHCTBUS MarHUTHOTO TIOJIS 3JEKTPOMAarHWTa Ha AMIOMHUHHEBBINA JTHCK
(mmaMarHeTHK), KOMIICHCHPYET CHIIy TSDKECTH aJIOMUHHMEBOTO IHCKA IPH OMNpEAeICHHOM 3HAYCHUH CHIIBI TOKA B
3JIeKTpOMarHuTe. B pesynprare OTTaJKWBaHMS OJHOWMEHHBIX IIOJIIOCOB MAarHMTHBIX NOJNEH W BO3HHKaeT ekt
3aBHCaHUs (JICBUTAIMH) ATFOMUHACBOTO TUCKA HAJ| MOBEPXHOCTHIO AIEKTPOMATrHUTA.

Crabumzanusi NOJO0KEHHUsT aJIOMHHHEBOTO JIMCKAa OCYIIECTBISIETCS 3a CUeT BbIOOpa ero auamerpa
MEHBLINM Anuamerpa sekTpoMarnura Ha (10 — 20)%, a Taxke 3a c4eT GOpMUPOBAaHHUS KOHPHUTIYPALIMH MarHUTHOTO
MOJIsl B BUJIC «MATHUTHOW SIMBI», TOYHEEC B BHUJEC YNPYrod «MAarHUTOMOJCBON MOIYIIKH», HA KOTOPYIO «IOKHUTCS
IIOMHHUEBBIA 1UCK. JlOMOJHWTENbHAS CTAaOMIM3AMs IIOJIOKEHUS! JHMCKA OCYLIECTBIISIETCS 3a CYET CO3JaHus
HEOOJBIMX OTBEPCTUH (IMaMETPOM HECKOJIBKO MUJUIMMETPOB) B BepXHeW yacTw (Ha ¢acaHON CTOPOHE) ceped-
HUKa DJIEKTPOMArHUTa, Kak ITOKa3aHO Ha pHUC. 7, a. JTO MOMOJHUTEIHHO YBEIHMIMBACT YHCIO LEHTPOB (popmu-
POBaHUS BHXPEBBIX TOKOB (TOKOB DPYyKO) M MX B3aMMOCBS3€il C MarHUTHBIM IIOJIEM 3JEKTPOMAarHWTa, W3MEHSET
KOH(HUTYpaIHio MarHUTHOTO TOJI AyieKTpoMarauTa. O0 3TuX 0cobeHHOCTSIX B paboTe [9] HHYero He cka3aHO.

ISSN 2219-9365 Bumiprosanvna ma Obuucniosanvna Texnixa ¢ Texnonociunux Ilpoyecax — Ne 1’2018 (61) 21




General questions of metrology, measuring equipment and technologies

BakHBIM acTieKTOM MPOSIBIICHUSI OMUCAHHOTO (P deKTa SBIsSeTCs] (POPMUPOBAHKEC IICKTPOMATHATOM MAarHUTHOIO
TIOJIsL CONEHOMIANBHOH (hopMBL. OO 5TOM CBHIETENHCTBYET CKBO3HOE OTBEPCTHE B IIEHTpE dJIeKTpOMarHura (puc. 8, a),
ConenonpnanbHasi opMa MarHUTHOTO TOJIsST oOecrieurBaeT (JOPMHUPOBAHUE «MAarHUTOIOJIEBON MOIYIIKH», HAa KOTOPOH 1
TIOKOMTCSI &JTIOMUHHUEBBIN JIUCK, IEMOHCTPUPYS 3¢ deKT jeBuTanuy. BTopoit 0co0eHHOCTBIO peani3aiy MarH|TOIOJIEBOTO
a¢dexra siBisieTcss BHIOOP WcKa B (hopMe Kpyra, Kak M AJIeKTpoMarHut, Ho juamerpoM Ha (10 — 20)% menbimm. Tlpu
pasHOTHIHBIX (opMax MOBEpXHOCTEH (Kpyriash W KBaipaTHas, Kpyrvas W TPEyrojibHas M T.J.) YIAEpXaTh IHCKa B
TIO/IBEIICHHOM COCTOSTHUM HEBO3MOKHO. CTaOMIM3aIys TIOJI0KEHHST ATFOMIHIEBOTO AMCKA BO3MOYKHA M IPU M3TOTOBIICHNUH
B HEM HEOOJIBIINX OTBEPCTHIA, PACTIONIOMKEHHBIX 0 OKPY)KHOCTH, KaK U B CAMOM 3JIEKTOPOMAarHUTe.

Hexotopsle nccienoBaTeny MarHUTHBIX ITOJICH CYUTAIOT, YTO 3(P(EKT MAarHUTHOHN JICBUTALMHA HEBO3MOXHO
MOTYYUTh C MOMOIIBIO TIOCTOSTHHOTO MAarHUTHOTO MHOMA. DTO JEHCTBUTENBHO TaK, €ClIM: He (JOpMHPOBATH U HE
HCIIONIb30BaTh KOH(GUTYPAIMIO HOCTOSIHHOTO MarHUTHOTO MO C «MarHUTHOW SIMOI» MM «MarHUTHON TOIYIIKON,
HE BBINIOJIHUTH CHUCTEMHOE YCIIOBHE (TpeOoBaHHE), 3aKJIIOYAIONIeeCcss B TOM, YTO HCCIIEAYEMBbIH OOBEKT HOJDKEH
MIPEACTABIATE COOOM CHCTEMY 3aMKHYTOTO THIa. B mpoTHBHOM ciydae 3ama4a periaema.

B kauectBe nprmepa npuBeneM AaHHble paboTs [10]. st mocTrkeHus JeBUTAIMH MCIIOIb30BAJIaCh MaTpUIA
W3 [LIECTH HEOJIMMOBBIX ITOCTOSIHHBIX MAarHUTOB (pHc. 8, KyOuku Sx5x5 MM). MarHuthsl ObUTH PacIOJIOKEHBI Ha CTAIBHOE
OCHOBaHHWE OIIPEEICHHBIM 00pa3oM: IIOJI0CA MAarHUTOB BBIPOBHEHBI 110 BEPTHKAJIM M YEPENOBAIMCH (J1Ba BEPXHUX
MarHuTa yCTaHOBJIEHBI TakuM 0Opa30oM, YTOObI CEBEpHBIC MArHWTHBIE MOJIIOCA HAXOAWIHMCH CBEPXY, a JjBa HIDKHHX
Mar"uTa ObIIM PAcIOJIOKEHBI FOXXHBIMUA MATHUTHBIMHE TTOJIOCAMH CBEPXY) 110 THATOHAIIH.
~ Heo6xoauMo 00paTuTh BHHMAaHWE HA TOT (AKT, YTO OOBEKT HCCIEO-
 BaHWii BRINOJNHEH W3 IMAMATHATHOTO MaTephaia. B KauecTBe mocrmeaHero Ghuia
HCTIOJIH30BaHa INIACTHHA U3 MHPOIUTHYIECKOTo Tpadura (6x6 Mm). C pusndeckoit
TOYKH 3PEHUS JAaHHBIH OOBEKT MPEACTABISIET COOOW CHCTEMY 3aMKHYTOTO THIIA.
Ha 310 yKkaspiBaeT OTBepcTHE MO LEHTPY TpadUTOBON IITacTUHBI. Hamame
OTBEPCTHS 00ECTIEUHBACT IOSIBIICHIE KOHIICHTPHYECKMX TOKOB (DyKo, a crenoBaTenbHo,
W HaBOAMMOTO MMM MAarHWUTHOTO TIOJIS, IPOTHUBO3/EHCTBYIOIIEIO0 MarHUTHOMY IIOJIFO
HEOIMMOBBIX MarHuToB. [locrenHune, Kak M3BECTHO, M3TOTABIIMBAIOTCS U3 MaTepHaia C
BBICOKOM OCTaTOYHOM MAarHUTHOW MHAYKIMUEH M COXPAHSIOT COCTOSHUE HaMarHUYeH-
HOCTH B TEUEHHE JUTUTEILHOTO BPEMEHH.

Brnaronaps MCTIONBE30BaHHIO MIECTH HEOJMMOBBIX MAarHUTOB B BHJE KyOHKOB,
co3JaeTcs OmpeneneHHass KOH(HUIypalys MarHiUTHOTO IOl — B BUC «MAarHATHOH
SIMBI», OOECTICUMBAIOIIAs JICBUTAIIMIO TIMPOJIMTHYECKOW TpaMTOBOK IUIACTHHBI TIPU
WCTIONIF30BAHUM  MAarHUTHOTO TOJI TOCTOSIHHOrO MarHuta (puc. 8, HIDKHEe
m300paxxerne). CrenoBaTeNbHO, OTHIM W3 TPEOOBAHHH TI0 OCYIIIECTBICHUIO JICBUTAIINN
SIBJIETCSL CO3JAaHUE «MATHUTHOM SIMBI», JPYIMM — MCIOJb30BaHUE MEXaHUYECKON
CHCTEMBl 3aMKHYTOTO THII4, BBINOJHEHHOW W3 JMaMarHeTWka, T.e. MaTepuaia ¢
MAarHWTHOM TPOHMIIAEMOCTBIO MeHblleil equumpl.  [lomydenne mHQOpManuu O BBICOTE NHOABEMA JIEBUTHPYIOIIEH
TUTACTHHBI MOXET OBITh OCYIIECTBICHO C MCIIOJIb30BAaHUEM ONTHYECKHX METOJOB M3MEPEHUH MajbIX PacCTOSHHH,
HanpuMep, ¢ MoMoupio nHTepdepomerpa MaiikelbcoHa — IyTeM M3MEpeHUsl (WM 110 pe3ysbTaraM M3MEpeHHH)
pasHoctn xona aByx UK-myudeil, oTpa’keHHBIX OT HEOAMMOTO MarHurta (4Yepe3 OTBEPCTHUE B IUIACTHHE) M OT
ITOBEPXHOCTH JIEBUTHPYIOIIEH Ipa)TOBOM IIIACTHUHBI.

Maznumnan ounamuueckas 1eeumanus

PaccMoTpnM IMHAMIYECKY!O JIEBUTALIHIO KOJIBLIEBOTO HEOAVMOBOI'O MAarHUTa B MATHUTHOM TIOJIE IPYTOTO TIOCTOSIHHOTO
MarauTa. B kauectBe mprmepa Ha puc. 9 NpuBENeHO M300pKEHNE TMHAMIYECKON JIEBUTALMK KOJIBLIEBOTO HEOUMOBOTO
TIOCTOSIHHOTO MAarHuiTa MaJloro JUameTpa HaJl KOJBLEBBIM MOCTOSIHHBIM MAarHUTOM OOJIBIIOTO AHaMETpa 10 JAaHHBIM PabOThI
[11]. Crabmwmmampsi TOJOKEHHS JICBUTHPYIOIIETO MArHMUTa JOCTHATAeTCs Onaromaps CO3IAHMIO W HCTIOJIB30BAHHIO
TUPOCKONIYECKOTO 3((eKTa MpH YCIOBUM KOHCTPYKTUBHOTO HCIIOMHEHHUsI MarHWTa Majoro AWaMeTpa B BHIE BOJIUKA,
BpaIIAIOIErocst BOKPYT BEPTUKAIBLHOM OCTH CUMMETPHH (pHC. 9, a).

Puc. 8. MaruuTHas JieBUTALHS

a 0

Puc. 9. I[l’l]-laMll‘lecKaﬂ JIEBUTALHUA NPH UCIIOJIB30BAHUHU NMOCTOAHHBIX MATHUTOB

I'padraeckre IOCTPOCHIS, IPUBEICHHBIE HA PHUC. 9, O, TOKA3BIBAIOT, YTO JIEBUTAIMS TTOCTOSIHHOTO MAarHATA MAJIOTO
JaMeTpa JOCTHIaeTcs 32 CYeT HAMYMA «MArHWTHOH SIMBD) MEXIy MarHUTamu (puc. 9, 6, BOTHyTas 4acTb CHHYCOWIBI
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KpacHoro 1Beta). Daktudecku SPQEKT JCBUTAIIMA BO3MOKCH TOJIBKO TNPH KCIOJIB30BAHAM THPOCKOIMUYECKOro dddekTa,
00eCTIeUHBAIOIIIETO CTAOITM3ALIIIO MOJI0KEHHUS HEOMMOTO MIOCTOSIHHOTO MAarHHTA.

[puBeieHHbBIE PUMEPHI CBUIIETENHCTBYIOT O BO3MOXHOCTH TMOJIYUEHUS JIEBUTAIIMH HEKOTOPBIX OOBEKTOB (Te)
KakK B IEPEMEHHOM, TaK U B IOCTOSIHHOM MArHUTHOM TIOJIE TIPH BBIMOJHEHUN YKA3aHHBIX YCIOBHI U TPEOOBaHUIA.

Bocnpou3seedenue co6oKynHocmu MazHumMonoesvix Ihghexmos

Eme onHMM mnpuMepoM, NOATBEPXKAAIOIIMM HEOOXOIMMOCTh CO3NAHMS MArHUTHOTO IIONS 3aZaHHOW
KOH(QUT'Ypaluy Iyl BOCIPOU3BENCHHIS MarHUTOIOJIEBBIX 3¢ (DeKTOB, SBIAETCS NPOLECC IIaBICHHs JICBUTHPYIOLIET O
Opasma meramia B MarautHoM CBUY momne [12]. Kak BumuO u3 puc. 10, 6, mpu H3rOoTOBIEHHH KOJIEOATEIHHOTO
KOHTypa OIIpeAeNICHHONH (OpPMBI M HCIONB30BaHMM €ro B KadectBe Harpy3sku CBY reneparope, BO3MOXKHO
JOCTIDKCHHE YeTBHIPeX MAarHHTONOJEBEIX 3((EKTOB: JEBUTAllMH, OPHEHTUPOBAHHUS, (OpMOOOpa3oBaHHI U
IUIABJICHHUSI. DTO CTANO BO3MOXHBIM IPH YCIOBUU BBIMOJHEHUS BBIXOAHOTO KOJIEOATENBHOrO KOHTypa MorHoro CBY
reHeparopa B Qopme, momoOHo# ¢opme mapabonona BpamieHus. IlocienHee oOecreunBacT 3aBHCAHUE B (POKATHLHOM
o0yacTn KonebaTebHOro KOHTypa o0pasia MeTalla 3a CYeT BO3HUKHOBEHMSI B HEM TOKOB (DYKO M COOTBETCTBYIOLIETO
MarHuTHOTO NoJisl. B paccMarpuBaeMom ciydae ObLT UCIIONB30BAH METAUTHYECKHI PONUK LUATHHAPHICCKOH HOpMBI
(puc. 10, a, 6, B). baromaps Takoi KOH(pHUTYpaIMK MarHATHOTO TOJI 00pa3sell MeTauia (POJIMK) Cpa3y OpUCHTUPYETCS
BJIOJIb CUJIOBBIX JIMHUIM MarHUTHOTO IIOJISI CBEPXBBICOKOM yacToTh! (prc. 10, 6). Harpes oOpasua ocylecTsisieTcs 3a CHeT Bbl-
cokoii miotHocTH SHeprun CBY morst (puc 10, 1, 1). O6pasen HarpeBaeTcst 0 TeMIepaTyphl IDIaBJIeHHS U IPHHIMAET (hopmy,
COOTBETCTBYIOIIYIO (DOpME MAarHUTHOTO TOJIs B (hOKTBHOM o0nactu konedarenbHoro koutypa CBY renepatopa (puc. 10, ).

a 0 B r bi |

Puc. 10. Yerbipe pa3HOBUIHOCTH MarHuTONOJIeBOro 3pdexra npu CBY niaske Meraia

Wudopmarms o Temneparype Harpesa oOpasiia MeTauia MOXKeT ObITh HOJTy4eHa ITyTeM ee M3MepeHust ¢ omortibio MK-
TIMpOMeETpa, IyTeM M3MepeHns Toka (MoruHoctr) B CBY KOHType WM IMyTeM OTBOZA YacTW SHEPIUH C MOMOIIBIO BUTKA HMH-
JTYKTHBHOM CBSI3U 1 IBMEPEHHSI COOTBETCTBYIOLLEH 3.11.C. UHAYKIIWH, CBSI3AaHHOM C TEMIIEPaTypoi ONpeIeIeHHOM 3aBUCHMOCTBIO.

Takum oOpazom, neBuTanus oOpasla MeTaula MOXKET COIPOBOXAATHCS U JPYTHMU MarHUTOINOJBBIMH
a¢pexramu.

Maznumonoenesoii 3pghexm e3aumooeiicmeus UMRYILCHO20 MAZHUMHOZ0 NOJIA U KAMAWE20CA MeOHO20 WIAPUKA

PaccmotpuM  MarnurononeBolt  3(GQekT B3aMMOACHCTBUSI TMOCTOSHHOTO MArHWUTHOTO TMOJs JABYX H  OoJee
KBa3UMACHTUYHBIX ITWIMHIPUYECKIX HEOAMMOBBIX MArHWTOB, IUAMETPAIBHO PACTIONOKCHHBIX Ha BPAIIAIOMIAMCS TIO
(mpoTuB) gacoBoit cTpenke MaxoBuke. Ha pric. 11,a cTpenka ykasbiBaeT HanpaBiicHHUE BPaIICHI MAXOBHKa. MeIHBIH MIapHK
KaTsIIerocs 1Mo 3aMKHYTOMY KOHTYpY (IO OKpY)KHOCTH) TOJICTAaBKH M3 oprcrexia ¢ masamu (puc. 11, B, 1). IloxcraBka
pacriosyioxeHa Ha HeloJBIKHOM croymke (puc. 11, 6, B, T) HaJj MAXOBUKOM C MarHUTaMH M COOCHO C MaXOBHKOM. J[aHHBIi
MAarHUTOMNoJNIeBOH ekt neMoHcTprpyercs B Muteprete (cM. [12]). @parMeHTapHO JBIKCHIE MEIHOTO MIApHKA TPIIOTHB
YacOBOM CTPEJIKH MOKa3aHO Ha puc. 12, a, 0, B, T.

— _ _
o _’*\“‘xx _ i
1 \ €

Puc .11. M300paskeHne MexaHIeCKOi CHCTeMBbI U151 JeMOHCTPALMH eHCTBHSI MATHUTHOIO II0JIs1 HA METHbII IIAPUK,
I/1e: a) BPALAIOILAsICA JIATopMa ¢ ABYMS KPYIJILIMH HEOMMOBBLIMI MATHUTAMIL; §) MAXOBHK € MATHUTAMH
W HETIOJBMKHBIH CTOTHK M3 M30/ISIIIHOHHOTO MaTepHalia; B) KPYIViasi OACTABKA C NA3aMH, PACIIOJIO;KeHHBIMH
TI0 OKPY/KHOCTH /Y151 HAIIPABJICHHS! TBUZKeHHUSI IIAPHKA 110 3aMKHYTOMY KOHTYPY; I') COOpaHHAsI KOHCTPYKIIUSI
MeXaHHYeCKOii CCTeMbl 3aMKHYTOI0 THIIA
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Puc. 12. BpateHrie MeTHOIO IIAPHKA IPOTUB YACOBOH CTPE/IKE NP BPAILICHMM MAXOBHKA C MATHUTAMH 110 YACOBOI CTpeIKe

CyiyHocms  MaeHUMONONE8020 hghexma 83aUMOOeLiCIEUs. UMIYTIbCHO20 MACHUMHO20 NOJA U MEOH020 WAPUKA,
SIBILIIOLLETOCS. JMAMAarHeTUKOM, 3aKIIOYAeTCsl B TOM, YTO BO3/ICHCTBHE HAa MEIHBIM IIAPUK PAIMYCOM 7 NEPUOIMUECKOM
T0C/IC0BATETHHOCTHEO MMITYJICOB MATHATHOIO TI07Is, (hOPMHPYEMOii IBYMSI 1 GoJiee TOCTOSHHBIMH HEOMMOBBIMH MATHHTAMH
JWAMETPATFHO M CHUMMCTPHYHO pACIIOJIOKCHHBIMH HA BpAIAOMIEMCsl 10 (IPOTHB) YacOBOM CIPEJIKE MAaxXOBUKE, H
OIKCHIBAFOIIMME OKPYXKHOCTB pajyca R, TPUBOIHT K BCTPEUYHOMY MOCTYIATEIIHHO-BPAIIATEIIBHOMY JIBKDKCHHEO 3TOTO IIAPHKA
TIO TOM 7K€ OKPY>KHOCTH paauyca R, T.e. IpOTHB (T10) ABMKEHHUS YaCOBOM CTPEIKY MPU YCIIOBUH, YTO BO3ICUCTBUE CUIIOBBIX JIMHUIA
YKa3aHHOM 0C/IEI0BATETHHOCTH HMITYJTHCOB MATHATHOIO 11071 HA MEIHBIH IAPHK OCYILIECTRISETCS CHI3Y BBEPX .

JaHHbrit 3QdeKT He MPOSBISCTCS, €M BPAIIAFOIINCC] HEOIMMOBBIC MArHUTHI PACIIONIOXKUTH CBEPXY IMOJCTABKH C
T1a30M ¥ MeHBIM IaprkoM [13]. B 3ToM citydae MeHbIi IIaprK COBEPIIIAeT JBIDKEHIIE TI0 a3y 3aMKHYTOTO KOHTYpa B TOM K€
HAIPaBJIeHNH, B KOTOPOM BpAIAeTCsi MAaxOBHK C TIOCTOSHHBIMHA MarHWTaMH. J[BIDKEHME OCYIIECTBIICTCS 3a CUET B3aH-
MOJICHCTBYSI MATHUTHOTO TIOMST HEOMMOBBIX MArHHTOB C MMITYJIHCHBIM MarHHTHBIM IIOJIEM, CO3/IABAEMBIM B MEHOM IIIApHKe
ToKamMu Dyko, ¢ MPOTHUBONOJIOKHBIM HAIPABICHUEM BEKTOpPAa MArHUTHOM MHOYKLWH, T.€. MPOTHUBOINOJIOKHOrO Ioioca, B
pe3yibTaTe TIEPUOIMUECKH NIEHCTBYIONMIErO Ha IIAPHUK MArHUTHOTO TOJ TIOCTOSHHBIX MarHWTOB, TPOMCXOIWT TPUTSTHBAHKC
(3axBar) MIaprKa HE3aBUCHMO OT YCTAHOBJICHHBIX TIOFOCOB THX MarautoB (S .S, N u N wiu S u N) [13]. ITpu noebnieHAn

YaCTOTHI BPAITICHHUSI MArHUTOB, &, CJICIIOBATENHHO, ¥ YaCTOTHI B3AUMOJICHCTBUS TTOJIECH, METHBIH IIAPUK MTOKATATCS ObICTpEe.

C mo3unmy o0IIeHayYHOH METOMOJIOTHH CHCTEMHOTO IIOX0/a, MOJACTaBKa C Ma30M W MEAHBIM IIapHUKOM
paccMaTpuBaeTCd HaMH KaK OTKPHITas MeXaHW4ecKas (IMHaMHu4ecKas) CHCTeMa 3aMKHYTOTO THIA, MOCKOJIBKY
TIOCTYTIATENBHOE U BpallaTeNbHOE JBIDKEHHE IIapHKa OCYIIECTBILIETCS TOJIBKO TI0 TIa3aM 3aMKHYTOro KoHTypa (puc. 11, ).
MaxoBUK ¢ HEOAMMOBBIMH Marauutamu (puc. 11, a) mpezacraBimseT coOoif He YTO WHOE, KaK HWCTOYHHUK
HaIPaBJICHHOTO ACHCTBUS SHEPTHH MarHUTHOTO TIOJISI HOCTOSIHHBIX MarHUTOB.

Ipu paBHOMEPHOM BpalllCHUM MaXOBHKA CO3/1aeTCs 3P HEKT HMITYIILCHOTO BO3/ICHCTBYS HA METHBIH IIAPUK CHUJIOBBIX
JIMHUA MAarHWTHOTO TIOJS MOCTOSIHHBIX MArHWUTOB C TMEPUOJIOM CIICJIOBAHHUS B JIBA pa3a MCHBIIMM TEPUOJA BpAICHUS
MaxOBHKa (B CITy4ae HCIIOJIb30BAHMS IBYX HCOIMMOBBIX MATHHTOB).

Crie1oBaTeNbHO, MACHUMONONEB0U dgheKkm TIPOSIBIISETCS B CO3JaHIAN B MEXaHHMYECKOW (JIMHAMHYECKOH) cHcTeMe
3aMKHYTOIO THIIA, CIIOCOOHON COXPaHATh MEXaHUYCCKYIO 3HEPIHIO, BCTPEYHOTO MOCTYIATEIBHO-BPANIATCIEHOTO JIBIKCHUS
MEJTHOTO IIAPHKA MO Ta3y 3aMKHYTOro KOHTypa (B YaCTHOCTH, [0 OKPY)KHOCTH) TIPM BO3JICHCTBHM HA HErO CHH3Y BBEPX
TIEPHO/IITIECKOH TTOCTIEIOBATENEHOCTHIO HMITY/IECOB MATHITHOT'O TIOJIST TOCTOSTHHBIX MarHUTOB.

Kax yrBepxnaercs B [13], maHHBII MarHATONONEBOH A(deKT emie HUKeM He 0OBSCHEH.

Jns pazpsacHeHnsT (HH3MHYECKO CYITHOCTH ONMCAHHOTO BBIIIE MAarHUTOMOJIEBOTO 3(eKkTa, paccMOTPHM IMapaioke
TIOCTYTIATENBHOTO W BPAIIATEIFHOIO JBIDKEHMSI MACCHBHOIO IApa MO TOPM3OHTAIHFHON M IVIAJKOM MOBEPXHOCTH CTOJIA,
OITMCaHHEIA B padote [14].

Ilapadokc nocmynamensHozo u 6pauiamenbHO20 0BUINCEHUA wapa

Ipennonoxum, 4To 1MIap MAccoil m U PauycoM 7 KaTUTCS BIEBO [0 FTOPU3OHTAIBHOMY IVIAJKOMY U IUIOCKOMY

cromy. Co BpeMeHEeM OH 3aMeyisieT JBWKeHHe M ocTaHasimBaeTcs. CoryiacHo BTopomy 3akony Hetotoma (a = F/m )
JIOJDKHA CYLIECTBOBaTh HEKoTopas cuina F (1o Beel BEpOSTHOCTH YTO-TO BPOJE CHIIbI Tpenust, — F [ Fp ), meficTByIOImAst
BIPaBO, KaK M0Ka3aHo Ha puc. 13, a. JIuneiiHoe yckopeHne a , 00ycloBIeHHOE CHIION F , Takke Oy/eT HalpaBiieHO BIIPaBoO
¥ CKOpOCTh mapa v Oyzmer ymensmatses [14]. Co BpeMeHeM Imap OCTaHOBHTCS.

Ecmu paccmatpuBath BpalaTeNbHOE JIBIDKCHHE Iapa, TO, COIVIACHO YPABHEHUIO MHAMUKH, MOMEHT CHUIBI M,
BBIYHCIICHHBIA OTHOCUTENBHO LieHTpa Macce (LIM) 1miapa, paBeH Npou3BeJeHHI0 MOMEHTA MHEPLIM Ha YITIOBOE YCKOPEHHE, T.€.
M =Ja ,rne J — MOMCHT HHEpLWH, ¢/ — YIIIOBOE YCKOPEHHE. BbII0 YCTAHOBIICHO, YTO B 5TOM Cily4ac ciia Fr, (puc. 13, a)
CIIOCOOCTBYET YBEMUYCHHUIO YTJIOBOTO YCKOPEHHS ¢ = d® / dt H, CIeloBaTeNbHO, YBEIMYECHUIO 3HAYESHISI IMHSHHOW CKOPOCTH
mapa. ITapajioke COCTOMT B TOM, YTO CHITa Fiy, CTPEMUTCS 3aMEUTHTB MOCTYTIATEbHOE IBIKCHHE 1IApa, HO  YCKOPUTD €ro
BparareNbHoe IBrokeHue [ 14].

[Ipn abcotoTHON TBEPIOCTH MaTepHaja Ilapa M IOBEPXHOCTH CTOJA O0JIACTBIO MX KOHTAKTa SIBIISIETCS
Touka (puc .13, a). B 3ToM ciyuae Ha 1map JEHCTBYIOT cuia TsbkecTd F, = mg (Tae m — Macca Iapa; g — yCKOpeHUe

cBOOOJHOIO MaJICHUs) U CIUIa HOpMAJIBHOH peakimu Fy , mpoxozsiye yepes LM (cm. Touky O).

1
B 3aBHCHMOCTH OT COOTHOIIICHUS PaIyCOB OKPY)KHOCTH M METHOTO IITapuKa (R/7y)
2 .
Tlpu pacronokeHMM MaxoBHKa ¢ MArHUTAMU T10]1 CTOJIMKOM U TOZICTABKOM C MEJTHBIM LIAPHKO
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VYKazaHHble CHJIBI IEHCTBYIOT IO BEPTUKAJH, HE
| CO3JIal0T KaKOW-JIMOO MOMEHT OTHOCHUTEIBHO
<= ® é_\__ @ 1M u nostomMy He BIMSIOT Ha TOPU3OHTAIBHOE
: MOCTyNaTebHOE IBUKEHHUE LIapa.
| PaccMotpuM pactipeniesnieHre cul, IeHcTByo-
[ UMX HA AP, KaTSIMACS BIEBO IO TOPH3OHTATHHOM

Y |-l UM ) | roBepxmocTH CTOMA, KOTOpAS HEMHOKKO TIPOTHGAETCS B
O A MeCTe KOHTAKTa C IIapoM TI0J] JEHCTBHEM €10 CHIIBI
F ) wokectn ), (puc. 13, 6,). Ilpu koHeuHOH TBEpIOCTH
1,,__\{ " 00JIaCTBIO KOHTAKTA CTAHOBHTCS y)KE HE TOUKa, a,
G Frp HanpuMep, OKpYXHOCTb paauyca / (puc. 13, 6, e
Pric. 13. Karsimpiiicst io oy miap 1 feficTBYIommiie CiLTbI: TOYKH KACaHMsA IOBEPXHOCTEH CToNa M Iiapa
2) TIPH AGCOMOTHOI TBEPIOCTI MATEPHATA IApa 1 cToska,  0003HAUEHBI pamit 1 1 2).
6) I1PH Pea/IbHOI TBEPIOCTH MATEPHATA CTOJA H IIAPA CoracHo [14], B 06nacTi KOHTaKTa BO3-

HUKAeT MOMEHT CHIbI F' N =—mg, HeﬁCTByIOIHHﬁ B IPOTHUBOIIOJIO)KHOM HAIIPABJICHUX 1O OTHOLICHHIO K MOMEHTY CWJIbI,

00YCITOBICHHOMY CHJIOH TpeHust Fy, =ma (puc. 13, 6). IIocKonbKy MOBEPXHOCTR CTONA ICHCTBYeT HA LIap IO BCEH
00JIaCTH MX KOHTAaKTa ¢ CWION F' 'y » TO €€ MOKHO pacCMaTpHBaTh KaK CHITY, JICHCTBYIOIIYIO B TOUKE «1» BEPTUKAIBLHO BBEPX

Ha paccrostaud [ ot LIM 1o Hanpagienuto apwkeHust (puc. 13, 6). Ota cuita NPUBOIKUT K 3aMEICHHUIO BpallleHHs 111apa.
[ToBepxHOCTH cTONAa AEHCTBYET BBEpX C OONBIIEH CHIIOW Ha MEpeIHIOI YacTh HIapa B OOJIACTH €ro
KOHTaKTa co crtojioM (puc. 13, 0, Touka 1) u IecTBYET BBEpX ¢ MEHBIIEH CHJION Ha 3aJHIOI0 YacTh.mmapa (puc. 13, 0,
Touka 2) [14]. OTo NpUBOAUT K BO3HUKHOBEHMIO MOMEHTAa CUIIBI My M HOATBEPHKAAET TOT (DAKT, 4TO TOUKA
OPUIOXKEHUs. CUIbl F) JO/DKHA HAXOMUTCS HAa PAacCTOSHUM [ Hepel LEHTPOM Macc Iapa. MOMEHT CHIIb
M py = [F); yMEHBIIAET YIII0BOE YCKOPEHUE KATAILErO 11apa 1, TEM CAMBIM, 3aMeJUIET €T0 BPaIaTeIbHOE ABHKEHHUE.

W3 ypaBHEHHMsA IMHAMUKM BpalllaTelbHOTO nBwkeHus M =J, o, roe J

m MOMCHT I/IHepuI/II/I Hlapa
(Jwy =0,4{m; } {r0}2 ), UMeeM:

1

My =ryFry = Jyer . “)

INockonbKy yriaoBoe YCKOPEHHE ¢ CBS3aHO C JIMHEHHBIM YCKOPEHHUEM @ COOTHOLICHUEM & = a / Iy , To u3 (4)

My =Jy L4 ryFy . (5)
To

JelcTByromuii Ha 1map MOMEHT CHibl (5) 3a cYeT HOPMAaIbHOM cocTaBisitoIe F y OKa3bIBAcTCS B 1,4 paza

OOJIBIIINM MOMCHTA CHUJIBI, OOYCIIOBICHHOTO CHJIOW TPEHHs, HE3aBUCUMO OT TOTO, KaK OBICTPO MPOUCXOJUT 3aMEIICHUC
nmerkenns [14]. B ciiydae o4eHb TBEpHIBIX MOBEPXHOCTEH CKOPOCTh TOPMOXKEHHS TNPAKTUYCCKU paBHA HYIIO. YTO
COOTBETCTBYET PAaBEHCTBY HyIIO MOMEHTa cuibl M ({My}=0). U3 sroro paseHcrtsa cienyer, 4yro /=0, T.e.

JIMHUSA IEUCTBUS CUIIBI I sy TIPOXOJIUT OHeHb 6nm3ko k [IM.

CrnenoBateibHO, TSI COXPAHCHUS BPAIIaTeIbHOTO ABIDKCHIS IIapa He0OX0AUMO 3HAUYCHIEC MOMEHTA CHIIBI
My (5) cBectu K HyIItO, T.€. 00ecIeuuTs paBeHcTBO {M )} =0.

Jemonctpupyemsrid B [13] marauromnoneBoit 3¢ ¢eKT BpallaTelb-HOTO IBIKEHHS METHOTO MIapHKa IPOTHB
YacOBOW CTpENKE IO IMa3aM 3aMKHYTOTO KOHTypa TOJICTaBKH, IPH BO3ACHCTBHM Ha HETO MEPHOMMYECKON MOCIIeIOBa-
TENTFHOCTA MIMITYJICOB MAarHWTHOTO TIOJS HECKOJBKMX HEOIWMOBBIX MAarHUTOB, BPAIIAIOIINXCA IO YaCOBOW CTpEIKE,
obecrieunBaeTCsl 3a CYET YMEHBIIICHUS CHJIBI TPEHHSI Fyp, mMoMeHTa cuitbl My , 3aBUCAIICH OT CHtbl F/ NE

JleHcTBUTENbHO, NPH BPAIIEHNH MaxOBHKa IO YacOBOH CTPENKe, BEKTOP WHAYKIHH MAaTrHUTHOTO IIOJIS
Ka)XJJOTO HEOANMOBOTO MAarHMTa IOOYEPEHO ACHCTBYET HA MEAHBIN IMAapUK MMITYJIbCOM CHIIBI, NPHUIOKEHHOW B
TOYKE «B» MEPIICHAUKYISIPHO KacaTelIbHOI «ad» (puc. 14, a).

Hopmanbhast (F, ) u pamwanbHas (Fypj) COCTABIIOIIME HMITYIbCa CHJIBI MArHHTHOTO IO,
JISWCTBYIOINE M3, HAIIPUMED, TOUKU «B» KacaTeJbHOW «aB» Ha MeIHbIH Iapuk, cmemaror ero LIM u3 Toukn O B
touky O;. B pesynprare jeBas 4acTh LIapHKa M3 MOJIOXKEHMA, (QUKCUpyeMOe TOukoi «l», mepemecTurcs B
nonoxkenune «1'» (puc. 14, Touku «2», «1» U «1'»). B 3r0M cilyyae cuiia TpEHHs YMCHBINACTCS JO 3HAYCHUSI
{Fip1}. B pesyibrare 3HaueHHe HOPMalbHOW Ccuibl Fjy, KOTOpas MO HANPABICHUIO NPOTHBOINONOXHA CHIIC
TSDKECTH [, YMEHBIIMTCA 110 3HaueHus {F);}, yMeHblIas TEM CaMbIM MOMEHT cuibl My = Fy; (puc. 14, a,
TOYKA MPUIIOKEHUS CHITBL — «3»).
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a 0 B
Puc. 14. I'paprueckne mocTpoeHust CUl, AeHCTBYIOLIMX HA MeIHBIN IIAPUK U 3TANOB MOCTYNATeILHOI0 M BPAILATEILHOTO IBHKEHHSI METHOTO IAPHKA
10 N123aM 3aMKHYTOI0 KOHTYPA IPOTHB YACOBOIi CTPEJIKH, — HABCTPedy /eiiCTBHI0 MATHUTHOTO 1015l IOCTOSIHHBIX MATHHTOB BPAILAIOIIXCS IO
Y4acoBOii cTpeJIKe

OTO NPUBOAMT K yMEHBUIEHHIO TOPMOXKEHHUs MOCTYNAaTENbHOIO IBMKEHUS LIapuKa, Tak Kak {/} <{/}, a

{Fy1} <{Fy}. B To e Bpems moiHas HIM YaCTUYHAs KOMIIEHCAIMS CHUIbl TPEHUS NPUBOAUT K YBEIMYECHHIO

YIIIOBOTO YCKOPEHU IIapHKa 3a CUeT YMEHbILIEHHs MOMEHTa cwibl M (t,) = Ja(ty) = kmy, r02 -a(ty),roe k=0,4,
JeHcTByIOIEN HAa TOUKM KacaHMs 2 MOBEPXHOCTHU ILApHKA ¢ KPOMKAMHU I1a30B 3aMKHYTOI'O KOHTYpa B MOMEHT BPEMEHH 1,

(puc. 14, a, Touka «2») .
Kacatenbhas cocTaBismolas UMIynbca CUibl ( £, | ) MarHUTHOTO IOJNS JOHOJHUTENBHO YBEIUYHBACT

3Ha9YeHHE YTIOBOTO YCKOPEHHUS MEIHOTO MIapHKa Ha HEKOTOPOE AUCKPETHOE 3HAUCHHE A .
INponomwkas BCTpeuHOe ABIDKEHYE, B HEKOTOPBIH MOMEHT BPEMEHH #; OpAMHATHI LIEHTP MAacC MEIHOIO IIapHuKa U
HEOJIMMOBOTO MarHuTta coBmaayT (puc. 13, 0). B MoMeHT BpeMeHH # + A¢ Me/HBII IIApUK HAYMHAET JIEBUTHUPOBATH, IIPO-

JIOJDKAsi COBEPILIATH MOCTYMATEIFHOE U BPAIATEIEHOE IMKEHUSI TT0 «MATHUTHOM TOJTYIIIKEY (WITH 110 «MArHUTHOH sIMEY).

DbdexT KpaTKOBPEMCHHOW JICBUTAIMM MEIHOTO MIApUKA, KAK JMAMArHCTHKA, HaJ HEOJVMOBBIM MAarHUTOM
OOBSICHAETCSI TEM, YTO UMITYJILCHOE (32 CUeT ABIKCHIST) MarHATHOE TI0JIE B TEYCHUH OYEHb KOPOTKOTO MHTEPBAJIa BPEMEH!
WHIYIHPYET B MEIHOM IIApHKE BHXPEBBIE TOKH. OTH TOKH CO3AI0T WMITYJIFCHOE MAarHHUTHOE MOJie, CHIIOBBIC JIMHUU
KOTOPOT'O HAIPaBJICHBI HABCTPEUY CHJIOBBIM JIMHISIM HAPsDKEHHOCTH MAarHATHOTO TIOJISI HEOIMIMOBOTO MarHUTA.

IIpu ompermeneHHOM 3HAa4YEHWM BEKTOpa HMHAYKIMH MAarHUTHOTO TOJSI ITIOCTOSHHOTO MarHuTa, cuia Amrepa,
BO3HHKAIOIIAS B Pe3yNbTaTe ACHCTBHSI MarHUTHOTO TIOJS IIOCTOSIHHOTO MarHWTa Ha MEIHBIA IIaprK, KOMIICHCUPYET CHITY
TSDKECTH METHOTO 1apuka ({F,,, } > {F; } (puc. 14, 6)). B pe3yibTaTe OTTANKMBAHUS OJHOMMEHHBIX HOJIIOCOB MarHUTHBIX
nojieil 1 BO3HHMKAeT 3(P(EKT KPaTKOBPEMEHHOTO 3aBHCAHMS, T.€. JIEBUTAIMM, MEIHOTO ILIAPUKa HAJl TOBEPXHOCTHIO
HEOJMMOBOTO MarHuTa. [Ipy 3TOM YIJIOBOE YCKOpEHHE IIaprKa YBEIMYHMBACTCS 33 CUET YBEJIMUCHHS YIJIOBOM CKOPOCTH
BpAI[CHHS MAXOBUKA C HEOJIMMOBBIMU MArHATAMIL

Jnst yno6cTBa mosicHeHui, Ha puc. 14 CHIIOBBIC JTMHWM MAarHUTHOTO TIOJISI ITOCTOSHHBIX MArHWTOB ITOKA3aHBI B
OrPaHUIEHHOM KOJITIECTBE M HE OXBATHIBAIOT BCIO IOBEPXHOCTH MIAPHKA.

[Iponomkasi, O MHEPLHH, IOCTYMATEeIbHO-BPAIIATEIbHOE ABIDKCHUE M TI0 «MArHUTHOW MOJYIIKE», METHBIN
IIapUK BBIXOJIUT M3 Hee, Oce/iasl MepeaHel CBOei YacThio TIOUTH JI0 TIOBEPXHOCTH KPOMOK Taza (puc. 14, B, Touka «4») 3a
CUCT YMCHBIICHHS ACHCTBUS MATHUTHOTO TOJISI HEOJJMMOBOTO MArHUTA, BUXPEBBIX TOKOB M CHJT OTTAJIKMBAHUS. Bo3HHUKIINIT
B TOYKE KacaHHs «4» HeOONbIION MOMEHT cuibl {M o} ={L}{Fy,}~0, nockomsky ({/,}~ 0, He3HAUUTEIBHO
YMEHBIIIAeT IOCTYNaTeIbHOE JBIDKEHHUE MIapHKa.

[Ipu BeIXOJE MEMHOTO MIApWKA M3 YKa3aHHOTO MOJIOKEHWS, NEHCTBHE CHJI MAarHUTHOTO TIOJISI, MPHJIOMKCHHBIX,
HaIlpuMep, B TOUKE «€» KacaTebHOH DK», YMEHBILIAETCS, YMEHBIIAIOTCS U 3HaYeHUs HOpMasbHOH ( F,,» ), paauanbHOM

(Fyp2 ) ¥ KacatenbHOR ( Flyyo ) COCTABIIONINE HMITYJIHCA CHIIBL

Ipu npeBblIeHUH 3HAYEHUS Pe3yIbTUPYIOMIEH CHIIBI TUKECTH MEJHOTO IIApUKa 3HAUeHUs HOPMAaIbHOH ( Frppp )

COCTaBILIONICH, MENHBI IIAPUK HAaYMHAET NPOCEeNaTb, T.€. OIYCKaThCs BHHU3 JO KPOMOK I1a3a, ITOCKOJIBKY
{Funt <{F.}. B pesynprate IM u3 touku O nepemeniaercs B Touky Os(puc. 14, B). 3HaueHHe HOpPMaJIbHOH

COCTABIISIIOMICH CHIBI YMCHBIIACTCS 1O 3HAUCHUS {Fj,}, YMEHbIIas TEM CaMbIM MOMEHT CHJBI O 3HAUCHUS
Mo} =1} {Fy,} (puc. 14, B). DTO NpUBOAUT K HE3HAUMTEIHHOMY TOPMOMKCHHUIO KaTAIIErocs MIapuKa,
nockonsky {H}U {I},a {Fy,}U0 {Fy}.KacarenbHas cocraBmsiomas F,,, HUMIYIbCa CHJbl, AeHCTBYyIOLIas Ha

Me[lHLIﬁ mapuk, ¢€o31a€T B MOMCHT BpEMCHHU, Halnpumep, lz , ,HOHOJ'IHI/ITCJ'II)HHﬁ MOMCHT  CHJIbI

M(ty)=Jyo(t) = kmmro2 ‘(¢ +Aay), yBenuuuBas 3HauCHUE YITIOBOIO YCKOPEHMS LIapuka Ha Aa,. B artoT
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MOMCHT IIAPUK KacaeTcs KPOMOK ma3a (puc 14, B).

OnHOBpeMEHHO, Onarofapsi BPAlICHHUIO MaXOBUKA C ONPEACICHHOW YIJIOBOM YacTOTOH, K METHOMY
MIAPUKY MOIXOANUT BTOPOH (MACHTUYHBIN) HEOTUMOBEIH MAarHUT, MATHUTHOE TTOJIE KOTOPOTO HAYWHAET JACHCTBOBAThH
HAa IAPHK, HE JIaBasi eMy BCEHl CBOCH TSKECTHIO OIMYCTHTHCS Ha KPOMKH ma3a. [Ipu 3ToM JoipkHA OBITH o100paHa u
YCTaHOBJIEHA COOTBETCTBYIOIIAS 4YAacTOTa BpAallleHHWs MaxOBHKa ¢ MarHutamu. lIpouecc cuioBoro BO3JEHCTBUS
MAarHUTHOTO IOJII BTOPOTO M JAPYIHX (€CIIUM TaKOBBI UMCIOTCS) MOCTOSTHHBIX HEOIUMOBBIX MAaTrHUTOB Ha METHBIN
IIapUK TOBTOPSAETCS aHAJIOTHYHBIM 00pa3oM, TOBTOpssS >(PQeKT BcTpedHoro ABWKEHHA. [lpn HempepbIBHOM
BPAIICHNH MaXxOBUKAa C MarHUTAMH{, METHBINA MApUK OyJeT MPaKTHIECKH HENPEPHIBHO COBEPIIATH IMOCTYNATEIHHO-
BpaIaTeIbHOE IBIKEHHUE 110 1Ma3y. TakoBB 0COOCHHOCTH OMMCAHHOTO MarHUTOIOJIEBOTO AP QeKTa.

Maznumononeeoit Ighghexm ycmoiiuueozo noogeca 00beKmos 6e3 MamepuaibHoil MoUKu Onopsl

Ocoboe BHMMaHME YYEHBIMH YJesercsi pa3paboTKe METOJIOB M CPEICTB JOCTIDKEHMSI YCTOMYMBOH JIEBHTALIN
(monBeca) 00bekToB. [1epBhie ycriexu B pelieHnH TaHHOW Ipo0ieMBl yrke HoiydeHs! [15, 16]. Tak, Harprmep, B paGote [16]
ONHCAHO YCTPOKCTBO, pEATM3YIOIIEe MAarHUTOINOJICBON S(PQEKT YCTOHYMBOrO MOJBECA IWIMHAPHIECKOTO IOCTOSHHOTO
NdFeB-marnura 1ot KaTymkoi HHIyKTUBHOCTH (pHC. 15, a), co3aaroleil MarHuTHOE T1oJie orpeiesieHHoH GopMsl. [Tpu stom
CpefHee 3HaueHUE MOCTOSIHHOM COCTaBIIAIOLICH TOKa uepe3 KaTylIKy MHIYKTHBHOCTH YCTaHABIMBACTCS alpHOPU 3aJaHHOIO
3HAYEHUs], IPH KOTOPOM HOCTOSIHHBIH MarHWUT JICBUTHPYET Ha ONpeeNICHHOM PAaCCTOSIHUM OT KaTyLIKH WHIYKTHBHOCTH. J{yist
CTaOWIM3aLlM TIOJIOKCHWSI MOCTOSIHHOTO MAarHWTa OCYIIECTBISIETCS CTAOMIM3AIys IIEPEMEHHONW COCTABJIIOIIEH TOKa,
TIMTAIOIIETO KaTyIIKY HHIYKTUBHOCTH, a CJIEIOBaTENIbHO, ¥ CTAOMIM3ALIHS IIEPEMEHHOH COCTABILTIOIIEH MarHUTHOTO TTOJISL.

OT0 [OCTUTaeTCst MyTeM HCIIOIB30BaHMS MOCTOBOU (DajlaHCHOM) CXeMBI BKITIOYEHHUS KaTyIIKH WHIYKTHBHOCTH,
TIpUBENICHHOM Ha puc. 15, 6. Pabora ycrpoiicTBa moapodHo omnmcaHa B padote [16]. .

7

|

a 0

Puc. 15. IoiBec MOCTOSIHHOTO MATHUTA B M0JIe KATYIIKHA HHIYKTHBHOCTH CO CTA0MIH3HPOBAHHBIM
MATHHTHBIM I10JIeM (2) H COOTBETCTBYIOIAs CXeMa YNPABJIeHUs] MATHHTHBIM I10JIeM
M 110JI0’KEHUEeM KaTyIIKH HHAYKTHBHOCTH (0)

O¢dexr neBuTarmy (MoaBeca) MOTYUYEH 3a CUYET B3aWMOJACHCTBHS COJCHOMIATLHOTO 10 (hOpME MAarHUTHOTO
TMOJT KATYIIKH WHAYKTUBHOCTH, BBIIOJHEHHOW W3 MEAHOTO IIPOBOJA (IMAaMarHeTHKa) M MAarHWTHOTO OIS
OITHHAPUIECKOTO TIOCTOSIHHOTO MAarHWTa, HM3TOTOBICHHOTO W3 IapaMarHeTnka win (eppomarsernka. O dopme
MarHUTHOTO IO, (POPMHUPYEMOTO KaTYyIIKOW HHIYKTUBHOCTH, B padoTe [16] ymamauBaercs. O4eBUIHO 3TO HOY-Xay.

CuiIoBbIe JIMHHMM HAINPsHKEHHOCTH MArHUTHOTO TOJIST COJICHOMJAJIBHOM KaTyIIKW WHIYKTHMBHOCTH HMPOXOIST, KaK
TIOKa3aHO Ha pUC. 15, a MyHKTHPHBIMU JIMHUSIMH, CHU3Y BBEPX 4epe3 MOCTOSHHBIM MarHWUT Kpyrioi ¢opmel Ero cumoBsie
JIMHUY HANPSLDKCHHOCTH MArHUTHOTO TI0JIS HAMPABJICHBI CIIPaBa Ha JICBO, KaK MOKA3aHO HA PUC. 15, a, ¥ BBI3BIBAIOT B METHOM
MPOBOJIE KATYIIKW MHIYKTUBHOCTH (nuamarHetrke) Toku Pyko. [locneqnue co3naror JONONMHUTENBHOE MAarHUTHOE TIOJIE,
HaIpaBJIeHHOE NPOTHB JCHCTBHS CHJIBI TSDKECTH ITOCTOSHHOTO MarHMTa LUIMHIAPUYECKO (opMel, T.e. cozmaercs s¢dert
TOPMOYKEHHS TTAZeHIS TTOCTOSTHHOTO MarHUTA TI0JT ISHCTBHEM CHITBI TSDKECTH

Ha puc. 15, 6 npuBeneHa MOCTOBas cXeMa YIPaBJICHHUS TOJBECOM TMOCTOSTHHOTO Maruurta. OHa peanu-
3oBaHa Ha mukpocxeme TCAO0372, comepramieil 1Ba ONeparioHHBIX YCHIUTENS. J[pyrue 31eMeHTHl CXeMBI H HX
HOMWHAJBHBIC 3HAYEHUS IPHUBEACHBI B IuTHpyeMon padote. CormacHo [16], BOSMOXHBI TpH pexknma paboThHI
CXEMBI YIIPABIICHUS:

1. RiR; £ RyR; — pexxuM oTpuLaTeNnbHOH 00paTHOH cBA3K. IIpu yMeHbIIEHHH MPOU3BEIEHUS 3HAYESHHUH
COIIPOTHUBJICHHUI TEPBOTO M TPETHETO0 PE3UCTOPOB (pHc. 15, 0) TOK KaTyIIKW WHAYKTUBHOCTH OyJeT IOCTETIEHHO
yBeM4IUBaThCS. [IOCTOSHHBIA MarHWT, MOABEIICHHBIN ¢ TOMOIIBI0 MAarHUTHOT'O TOJS KAaTYyIIKA WHIYKTHBHOCTH,
OyJIeT IpUTIATUBATHCS K HEH JT0 yropa.

2. RiR; = RyR; — pexuM OanaHca cXeMbl. XapaKTepH3yeTCsd HEM3MEHHBIM IIOJIOKEHHMEM II0/IBELIEHHOTO
TIOCTOSIHHOTO MarHuTa. TOK B KaTyIIKe MHIYKTHBHOCTH M3MEHSETCS BO BPEMEHH TOJIBKO M3-32 HECTAOWILHOCTHY 3HAYCHUS
kod(uIMeHTa YCHICHUS M TEMITEPATYPHBIX 3aBUCUMOCTEH BXOJIHBIX CONPOTUBIICHUI ONIEPAIlIOHHBIX YCHIIUTENEH.
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3. R|Ry 2 RyR; — pexuM HONOXKUTEIbHOU oOpaTHOU cBs3u. Ilpu yBenuueHuM NpoU3BEeIECHUA 3HAYECHUH
COINPOTHBJICHUH MEPBOTO W TPETHETO PE3UCTOPOB TOK B KATyIIKE MHAYKTHBHOCTH yMeHbIIaercs. IlocTostHHBIN
MarHuT NOCTENEHHO yIANseTCsl OT KaTyIIKH WHAYKTHBHOCTH U, I10CJIE JOCTH)KEHHS MUHUMAIBLHO BO3MOXHOTO TOKa
yIepKUBaHHUS, MTaJacT.

[Tyrem u3MeHeHus OanaHca IUIed MOCTOBOH CXEMbl CTaOMIIM3aLlMKM, MOKHO YIPABIATH IOJI0XXKEHHEM
MTOCTOSTHHOTO MAarHNUTa MO BEPTHKAIH, U3MEHSIA CpPEIHEE 3HAUCHNE TOKA B KaTyIIIKE WHIYKTUBHOCTH.

OnmcanHbplii MarHuTomoNieBoi 3(ddexkr moxseca QeppomMarHeTnka IOA HMCTOYHHMKOM HCKYCCTBEHHO
CO3JJAHHOTO MAarHUTHOTO TIOJISI COJICHOMIAIBHOW (OPMBI TaKKE CBUAETEIBCTBYET O BaXKHOW POIHM KOH(UTypanuu
MarHUTHOTO IIOJIS, CO3JAIOIIETO «MAarHUTHYIO sIMy», W KOH(UTypanuu oOBEKTa HCCIEIOBAHUI — IOCTOSIHHOTO
MarHuTa MUIMHAPHIECKOH Gopmbl. OTMETHM, UTO 3aCTAOMIN3HPOBATH MOJIOXKEHHE ITOCTOSHHOTO MarHUTa IUIHHA-
puueckoii nim mapooOpasHoit Gopmsl sierye [12], uem nHoit hopMbl (KyOHUECKOM, TTOAKOBOOOPA3HOM U T.1.).

Maznumononesoi 3¢hghexm noznowenua MaZHUMHLIM HAACHUIUHOM ROCHOAHHO20 MAZHUMA

Henp3st 060#TH CTOpPOHOIT CBOiicTBa Takoro MaTepuana, kak MarHuTHbIN mactiiind (Handgum, Xonaraw,
dannnactuk, Xsmmuram).

DTOT MaTepuall OTHOCUTCS K JECATH CaMbIM HEOOBIYHBIM MaTepuaniaM (HHUTHHOJ, a3pOrellb, MAarHUTHBIN
TIACTIINH, GeppodIona, MeTaMaTeprall, HEHPIOTOHOBCKAs XHUIKOCTh u np.) [17]. Ero MexaHwueckue cBOWCTBA
TAKOBBI: MarHUTHBIA TUTACTHIIMH DJIACTHYHBIN, TSHETCS, PBETCS, HMOANPHITHBACT, HAMAarHUHYNBACTCSI B MarHUTHOM
mosnie, o0JamaeT MmaMsAThIO, IPH PE3KOM yaape MOJOTKOM OH Jomaercs Ha Menkue dact [18]. Ha mam B3risan,
MarHATHBIH IUTACTHIIMH SIBISIETCS IWAMAarHETHKOM, IIOCKOJIBKY HAIOJIHEH MHJUTHOHAMH MAarHUTHBIX YacTHIL,
PAacCTIONIOKEHHBIX Xa0THYHO, KOTOPBIE ¥ MOTJIOMIAIOT IIOCTOSIHHBIC MAaTHATHI.

Ilpu coenvHEHNN MarHWTHOTO IUIACTIJIMHA C HEOMMMOBBIM MarHUTOM IIPOSIBISIETCS MAarHUTOMNOJNEBOH 3ddext
TIOJIHOTO TIOTJIOLIEHNE JTOr0 MarHuTa MarHuTHbIM IwiactwmaoM [11, 18], HeomuMoBble MarHWTBHI — SIBISIOTCS
CYIICPCHITBHBIMH, TIOCKOJIbKY M3TOTABIIMBAIOTCS M3 MAaTEPHAIIa C BEICOKOM OCTATOYHOM MAarHUTHOM MHAYKIMeH. [Ipudem oHn
COXPAHSFOT COCTOSIHAC HAMATHUYCHHOCTH B TEUCHHUE JUTUTEIFHOTO BPEMEHH. B CHIIBHOM MAarHMTHOM TOJIC HEOAMMOBOIO
MarHuTa OCYIICCTBILICTCS HAMATHUYMBAHUE MHKPOYACTHI[ MArHUTHOTO IUIACTH-TMHA M WX TIOBOPOT O IOJIOKEHHUS, TIPH
KOTOPOM CHJIOBBIC JIMHUM MArHATHOTO TOJIS OYIYT COPHCHTUPOBAHBI MPOTHUBOMOJIOKHO HATPABJICHHUIO CHJIOBBIX JINHUMA
MarHUTHOTO TIOJSI HEOJMMOBOTO MarHWTa. B pe3ynabTaTe MWUIMOHBI MArHWTHBIX YaCTHII MarHWTHOTO IUIACTHJIMHA
00BOJIAKMBAIOT HEOJMMOBBII MarHUT, BbI3bIBast 3 (EKT MOTIIOMICHUS.

Ha puc. 16 u puc. 17 npusenens! Gotorpaduu, WNTOCTPUPYIONHE MPOIIECC TIOTIIOMEHUS HEOIUMOBOTO MarHUTa
MarHATHBIM IDIACTHIIMHOM-TIApaMarHeTHKOM TI0 TaHHbM [11, 18].

TTpraem mporiece ocTaeTcsi HEM3MEHHBIM TIPY TIOTJIOIIEHHH MAarHATa B TOPU30HTATIBHOM TIOCKOCTH (prc. 16) mimm B
BEPTUKAITLHOM (puc. 17), He3aBUCHMO OT (pOpMBI MarHNTa, — B BHJIE poJikKa (puc. 16) wm B popme Kyoa (puc. 17).

@&

Puc. 16. Hnroctpauus 3¢ dexTa norjomeHuss MArHUTHBIM IJIACTUJINHOM
HHOJMMOBOI'0O MATHMTA UMJIMHAPUYECKOii popmbl (B BUIE POJIUKA)

Puc. 17. Wiuroctpanust 3¢ pexTa norJiouneHnst MArHUTHbIM IUIACTHJIMHOM HHOMMOBOIO MATHUTA B (hopme Kyda

Bnarogapst s¢¢ekry NoriomeHnus MOXHO HOJIYYUTh WHPOPMALMI0 O MEXaHWYECKUX ¥ MarHUTHBIX
CBOMCTBaX IUIACTHIIMHA 3aJaHHOTO 00beMa (Beca) NMPH YCIIOBHHU HCIIOJIb30BaHUsI 00pa30B HEOJUMOBBIX MarHUTOB
pasHoit ¢opmbl (B Buze Kyba, posiMka, IIapvka M JAp.), HO OJWHAKOBOro oObeMa WJIM Beca M 3HAYCHHS BEKTOPA
MarHuTHOM MHAyKuuu. V3Mepsiss BpeMs MOTJIOLIEHHS, MOXKHO OINPENENHUTh CKOPOCTh MOTJIOLICHMS, BSI3KOCTh U
Jpyrue cBOICTBa MarHUTHOTO MJIACTUIMHA.

Takum 006pa3zoM, MarHUTONOJEBBIE 3P PEKTHI MPOSBISIOTCS TOJIBKO TPU CO3TaHUH ONPEIEICHHBIX YCIOBHI
B3aMMOJICHICTBHS MAarHUTHOTO TIOJII M OTPUIATENHHO 3apsHKCHHBIMHM YaCcTHUIIAMH BEIIEeCTBA WM MaTepuana. [Ipum
STOM JIOJDKHBI YYUTBIBATHCS H3BECTHBIC 3aKOHBI COXPAHEHHS SHEPTHA (U3NICCKUMHU CHCTEMaMHU.
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Buoigoowt

1. YTOuHEHBI OmpeseieHNsl TAaKUX IMOHATHM, KAaK MArHWTHBIA 3KBATOp, JKBATOPHUAJBHASI JIMHHS, MArHHUTO-
TIOJICBast \Cpe/ia, MAarHUTHAS sIMa, MATHUTHAS MOYIIIKA, MATHUTHAS JICBUTAIMS U KOH(DUTYpAIs MATHUTHOTO TOJIA.

2. 3nokeHbl HOBBIC MPEACTABJICHHUS O KOH(PHUIYpaMM MArHUTHOTO TOJiSl TIOCTOSHHOTO MarHuta. Ero
OCOOCHHOCTBIO SIBIISIETCS TO, YTO MArHUTHBIC CHJIOBBIC JIMHWUM IIOCTOSHHOTO MAarHUTAa HAYMHAIOTCS OT MPaBOd
(BOCTOYHOI) CTOPOHBI MATHUTHOT'O 3KBATOPA, Pa3JICIIAIONIETO MATHUT HA JBE PABHO3HAYHBIC YACTH, PACTIPOCTPAHSIOTCS B
HANpaBJICHUH PACIIOJIOKEHHUS F0XKHOTO M CEBEPHOTO MArHMTHBIX TIOJIOCOB M0 YacOBOM M IMPOTHB YacCOBOM CTPEINIKH,
COOTBETCTBEHHO, a 3aTeM 3TH JIMHUH 3aMbIKAIOTCS Ha JICBOH (3aIaIHO#) CTOPOHE «MarHUTHOTO SKBATOPAY.

3. BacmyxuBaeT BceoOIero Npu3HaHWs OOHapy)KeHHOTo BramumupoM Benwknm sBICHHS IBYXKOHTYPHOTO
pacrpeziesieHust 3aMKHYTBIX CHJIOBBIX JIMHHN HANPSHKEHHOCTH MArHUTHOTO TIOJISl MCKYCCTBEHHO CO3/IAHHOTO MOCTOSIHHOTO
Mmarauta. [IpejcTaBiieHbl MpaKTHYECKHe I0KA3aTeNIbCTBA CYIIECTBOBAHUS JIAHHOTO SIBICHHS. DTO TMO3BOJUT MO-HOBOMY
PpelaTh 3a/1a4y B3aMMOJICHCTBHS BEILIECTB U MATEPUAIIOB C MATHUTHBIM I10JIEM, TCHEPHUPYEMBIM ITOCTOSTHHBIM MArHATOM.

4. TIpuBesIcHO MaTEMATUYECKOE ONMCAHUC 3aKOHA COXPAHCHHUS SHEPIUH MOCTOSHHOTO MArHWTA, OTPAXKAIOIIETO
JIBYXKOHTYPHOE pacrpe/ieiIeHUC CUIIOBBIX JIMHUI HAMPSHKCHHOCTH MATHUTHOTO TIOJIS.

5. OTKpbITHE SIBICHUS JIBYXKOHTYPHOTO pACIHpENCNICHUsT 3aMKHYTBIX CHJIOBBIX JIMHHNA HAMPSHKEHHOCTH
MarHATHOTO IIOJISI MOCTOSTHHOTO MAarHUTa UMEET BaXKHOC HAPOTHOXO3IHCTBCHHOE 3HAUCHHE B YaCTH, HATIPUMED, IS
MOBBIIICHUS ypoxaiHocTH KapTodens. [IpemioxkeHo MaHHOE sBICHHC Ha3BaTh <«siBJIcHHEM Bramumupa Beimkoroy,
IKCIIEPUMEHTAIIBHBIE HCCIIEIOBAHHS KOTOPOT'O U IPUBENH K €0 OTKPBITHIO.

6. BiepBbie 000011IeHBI 1 KJTaCCH(HUIMPOBAHBI JaHHBIE 0 MHOT000pa3uu d((GEKTOB U SBICHUN B3aUMOICHCTBHS
MarHUTHOTO TIOJISI C MAaTepHEH U YCIOBUSX, PH KOTOPBIX BOZMOXKHO MojTydeHue 3TuX 3(dekroB u siBneHuid. biaroxaps
BBITIOJIHEHUIO KOHKPETHBIX YCJIOBHH OCYIICCTBICHHUS B3aMMOJICHCTBHS SHEPTUM W MaTepuu 00ecreurBacTcs
BO3MOKHOCTb OTKPBITHS U TEOPETUYECKH OOOCHOBAHHOTO MOJIYUYEHHUSI HOBBIX d((EKTOB U SIBICHUIA.

7. Ha KOHKpETHBIX MpUMEpax MOKa3aHO, MPH KAKUX YCIOBHSAX JIOCTUTACTCS JICBUTAIMS AUAMAarHETHKOB B
MOCTOSSHHOM ¥ B TEPEMEHHOM MATHHTHBIX MOJSAX. DTO MOATBEPIKIACT HEOOXOJUMOCTH COONIOJCHHSA OOIIUX H
YACTHBIX TPEOOBAHUH K KAXKJOMY UCCICAYEMOMY MaTepraiy (BEIECTBY) U K HCTOYHHUKY MAarHUTHOTO TTOJIS.

8. JlaHO HayuHOE TOJTKOBaHHE Y(P(EKTA JICBUTALMH ATFOMAHHUEBOTO JIFICKA B IEPEMEHHOM MATHHUTHOM TIOJIC.

9. [NomyueHo Hay4YHOE OOBsACHCHHE dPPEKTa MATHUTHOMN JICBUTAIMH C UCIIONB30BAHUEM MATHUTHOTO TOJIS
MOCTOSIHHBIX MAarHUTOB, 3aKJIFOYAIOIIEECS B COONIOJCHHH JBYX HEOOXOIUMBIX M JOCTATOYHBIX YCIOBHH: a)
KOH(HTypalus MarHUTHOTO IO JOJDKHA TMPEACTaBIATH COOOW MAarHHTHYIO SIMy WJIM MAarHUTHYIO IOIYIIKY,
00pa30BaHHYI0 MArHUTHBIMHU TIOJIIMH HECKOJIBKHX COCMHEHHBIX MEX/y COOOH MMOCTOSHHBIX MAarHUTOB ONpPEICIICH-
HOU (popMBI (KyOMUECKOW, MPSIMOYTOJIBHON M 1p.); 06) OOBEKT MCCIEAOBAaHWH TOJDKEH OBITH BBITIONHEHHBIM U3
JIMaMarHeTHUKa U MPeCTaBIsATh COO0H MEXaHHYECKYI0 CHUCTEMY 3aMKHYTOTO THIIA.

10. OT™e4aetcsi, 4TO Mojy4eHHe WH(POPMALKU O BHICOTE MOABEMAa JEBUTHPYIOIIEH MIACTHHBI MOMKET
OBITh OCYIIECTBICHO C HCIOJb30BAaHUEM ONTHYECKUX METOJIOB H3MEPEHHUH MaJbIX PACCTOSHUM, HampHMep, C
MOMOIIBI0 uHTEepdepoMeTpa MalikenbcoHa — MyTEeM HU3MEPEHUS WM [0 Pe3yJbTaTaM M3MEPCHHS Pa3HOCTH XOa
IByX nasepHbix MK-nydeid, oTpakeHHBIX OT HEOJAUMOTO MarHuTa (4epe3 OTBEPCTHE B IUIACTHHE) M OT OBEPXHOCTH
JCBUTHPYIOICH TPaQUTOBOMN TIIACTHHBI

11. JTano HayuHOe OOBsiCHEHHE IPPEKTY NMHAMUYCCKOW JICBUTAIMKA KOJBLECBOTO HEOMMOBOTO MAarHHTA. HaJ
OOJIBIIINM KOJIBIICBBIM ITOCTOSIHHBIM MarHUTOM. B YacTHOCTH yTBEpIKIIaeTCs, YTO CTAOMIIM3ALHS TTOJIOKEHHS JICBUTUPYFOIICTO
MAarHuTa MaJioro JMaMerpa IOCTHTACTCS Onarofaps OJHOBPEMEHHOMY HCIIONB30BAHMIO THPOCKOIMYECKOro 3¢dekra mpu
YCIIOBAM KOHCTPYKTUBHOTO MCTIOJIHEHHSI MArHUTA MJIOTO IMAMETPA B BIJIC BOJTUKA, BPAIIAOIIETOCS BOKPYI BEPTHKAILHOM OCTH.

12. TokazaHa BO3MOXKHOCTb OJHOBPEMEHHOTO IMOJYYECHHS] HYEThIPEX MAarHUTOIOJEBBIX d(P(EKTOB: JEBUTALUH,
OpHeHTHpOBaHus, (HOopMOOOpa30BaHMsl W IUIABJICHHS NPU YCIOBUU BBIMOIHEHHUS BBIXOJHOTO KOJIeOATEIbHOrO
koHTypa MomHoro CBY renepaTopa B hopme, mogo6HOI popme mapadboronia BpameHus.

13. PaccMOTpEeHO W 1aHO HaydHOE OOBSICHEHHE CYIIHOCTH MAarHHUTOIOJEBOrO 3(h(eKTa B3aMMONICHCTBHS MEIHOTO
IIAPHKOM, JBIDKYIIIETO 10 OKPY)KHOCTH (TI0 a3y KOHTypa 3aMKHYTOT'O THITA), 1 UMITYJbCHOTO MarHUTHOTO TIOJIS IBYX 1 OoIee
ITHHIPHYICCKIX HEOUMOBBIX MarHUTOB, TMAMETPAITEHO PACTIONIOKEHHBIX HA BPAIIAOIMCS M0 (TIPOTHB) YaCOBOH CTPEITKE
MaxOBHKE. YCTaHOBJICHO M TIOKA3aHO, YTO B OCHOBE 3()(peKTa IECKUT YCTpaHCHUE MapagoKca IMOCTYNATEILHOTO H
BpaIIaTeIIbHOIO JIBYKCHHS IIAPUKA TI0 TOPH30HTAIBLHOM MOBEPXHOCTH CTONIA.

14. Jlano Hay4YHOE TOJKOBaHHE CYIIHOCTH MarHuTomnojeBoro 3ddekra momseca (eppoMarHeTHKa IO
HUCTOYHMKOM MAarHMTHOTO TOJISI COJICHOMIAIBHON ()OPMBI, YTO MOATBEPKAACT HEOOXOAMMOCTH CO3JaHUS TaKOi
KOH(HTypaluy MEKTPOMATHUTHOTO TOJIs, PH KOTOPOH POPMUPYETCS OIHA WM HECKOJIBKO «MATHUTHBIX SIM» HJIH
CO3JJAFOTCSI MAarHUTHBIE TOJISI AIPHOPH 33JaHHON KOH(PHUTYpaluu. DTO SBISETCS HEOOXOIUMBIM YCIOBHEM Kak st
pelieHust 3a1a4 JIEBUTA[MH 00BEKTA MCCIICIOBAHHIA CIIOKHOM (POpMBI, TaK U JUIS U3yUYSHHUS M MCCIIEIOBAHUS JPYTHX
3¢ pexToB B3aMMOIEHCTBHS TIOJIS ¥ BEIIECTRA.

15. YcraHoBIEHO, YTO UCCIIEAyeMbIe MaTepHabl JODKHBI PACCMATPUBATHCS KAK OTKPBITHIC HIIH 3aKPBITHIC
(u3Mueckre CHCTEMbl 3aMKHYTOTO WJIM Pa3OMKHYTOrO THIIOB, CTaTHYECKHE WIIM AWHaMu4veckue. ['eHeparop
MarHUTHOTO TOJIS JIOJDKCH PacCMaTPUBATHCS KaK MArHUTOCHIIOBOH, CIICKTPOOOPa3yIOIIUi (4aCTOTOTeHEPUP YEOTIIUI )
1 GOpMOOOPA3YIOIINI HCTOYHHUK YIIPABISICMOM SHEPIUH MArHUTHOTO TTOJIS.

16. VIckycCTBeHHO cO37]aBaéMOC MAarHHTHOE IIOJIE IO CBOMM MapaMeTpaM U XapaKTePHCTUKaM JOJKHO
o0ecrieunBaTh AanpHOPH 3aJI0KCHHBIN XapaKTep B3aWMOJCHCTBHS MEXAY MOKOSIIMMUCS WIH JBHKYIIAMUCS
JNEKTPUYCCKUMH 3apsIaMH BEIECTBA HIIH MaTEpHAa.

17. Onucan 3¢ ekt moriomeHnss HeOUMOBOTO MarHUTa METABEIICCTBOM — MATHHUTHBIM ITUIACTHIHHOM,
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YTO pacuIMpsieT Halld MO3HaHMS O (PU3MUECKOM NpHpOAE BellecTB W MarepuaioB. Jlauuelid addext nossomser
OIIpeIeNATh U MEXaHUYECKHEe CBOICTBA JaHHOTO METABEIIECTBA.

18. INokazaHo, 4TO B pe3ysbTaTe B3aMMOJCHCTBHS MAarHUTHOTO OIS C BEIIECTBOM (MaTepHaioM) MOXHO
MOJYYUTh JOTIOJIHUTENIFHYI0 MH(OPMALMIO O CBOWCTBaxX O3TOr0 BELIECTBAa (MaTepuaia) IyTeM H3MEpeHHs |
YIPaBJICHUS JTaHHBIM 3D (HEKTOM.

19. o mpexHEeMy aKTyaJbHOW SIBIAETCS 3afada M3y4eHHs B3aUMOJCHCTBHUS €CTECTBEHHBIX U HCKYCCT-
BEHHBIX MarHUTHBIX TOJIEH ¢ OWOBEIIECTBOM W OWOMATEpHaoM, 3ajlada pa3padOTKH (PU3UKO-XUMUUIECKUX CIIO-
CO0OB YMEHBILICHHS MK yBETHICHUs 3PPEKTUBHOCTH BIUSHUS STHX MOJICH Ha XOJ] TeX MM WHBIX peakuuii u 1p.

20. [puBeneHHbIE PE3yJbTaThl HCCICAOBAHUI SIBISIIOTCS MpPEATEYeil K OMMCAHUIO SIBJICHUS IMepeaadu
SHEPruu U MHPOPMAIMU CKBO3b MPOBOSIIYIO HIIH cJ1ab0 HPOBOJSIIYIO CPEY.
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General questions of metrology, measuring equipment and technologies

YOK 007: 621.391:681. 3

B.A. BBIIIIMHCKHU

WHcrutyt kubepHernku uM. B.M.I'mymkosa HAH Ykpannst

NCTOYHHUK MACCBHI BEHIECTBA

O0HoUL U3 6enUNATIUUX 3A2A00K COBPEeMEHHOU (u3uKU seisiemcs macca eeujecmsa. Hayka ons ee nonumanus cmoana,
MOILKO, 60CHONIL30BAMBCSL (PEHOMEHOIOZUUECKUM MEMOOOM, 3MO, KOO G030elCmEysi Ha MeNo U No €20 Peaxyuu, Ymo-mo
MOJICHO NOHAMb O €20 macce. B nacmosiwyeli cmamve HA OCHO8e HOBOU MOOEIU CYWecmeo8anuss Mamepuu, KOmopas, Ha
ce200HAWNUL OeHb, Hauboliee A0eK8AmHO Npupooe omoopaxcaem 6HYMPEHHIOW CMPYKMYpy Maccel meia u ee ¢hopmy
sapooicoenus. Tlokazana npuyuHa usMeHeHus Maccol NO Mepe Y8eaudeHust Uil YMeHbUeHUs ROCIYNamenbHo20 08UICEHUsl MeId.
Pacxkpeim «cexpemy» unepyuu mena u ee 8536 ¢ Maccou.

Kniouesvie cnosa: macca mena, unepyus, H08as MOOEb CYWECBOBAHUS MAMEPUU, CULO8As TUHUSL 2DABUMAYUOHHO2O
noJst, nocmynamenbHoe u KoaebamenbHoe 08UdICeHUe, INeMEHMAPHbLE YACMUYbL GeUeCmed

V.A. VYSHINSKIY
V.M.Glushkov Institute of cybernetics of National academy of Science of Ukraine

SOURCE OF THE MASS OF THE SUBSTANCE

One of the greatest mysteries of modern physics is the mass of matter. Science for its understanding could, only, use the
phenomenological method, this, the code affecting the body and its reaction, something can be understood about its mass. In this
article, based on a new model of the existence of matter, which, to date, most adequately reflects nature, it is proposed to display
the internal structure of the body mass and its form of nucleation. The cause of the change in mass is shown with increasing or
decreasing translational motion of the body. The "secret” of inertia of the body and its relation to the mass are revealed. The
transformation of translational motion in a vacuum into an oscillatory (wave) one is considered. And also the reverse process of
the transformation of the oscillatory motion (wave) into translational motion. The principle of the creation of elementary
particles of matter is shown, which, unlike the elementary particles of matter, is not an infinite number, but only nine. Attention is
drawn to the existence of two universal laws of nature, on the basis of which the emergence of elementary particles of the
gravitational field occurs. These laws are designated as the First and Second Substance of the Substance. On the proposed model
for the existence of matter, it is shown that in nature there is only one mass of matter whose properties are characterized by
inertia. The studies considered in the article are useful for understanding the natural appearance of atoms, their nuclei, as well
as the neutrons of protons, positrons and electrons.

Key words: mass of the body, inertia, a new model of the existence of matter, the force line of the gravitational field,
translational and vibrational motion, elementary particles of matter

1. BBeaenue

[IpaxkTrdyeckn Bcerga Hay4YHBIE MHTEPECHI TEOPETHUECKOW (M3MKH OBUIM HAIIPaBIICHBI HA OIHCATEIHHOE,
(heHOMEHOIOTHYECKOE ITO3HAHKE TIPHPOIBL. DTOT MOIXO B HAyKe OOOCHOBEBIBAJICS TEM, UTO 3alIPOCHl HWH)KEHEPOB,
00eCTIeYNBAOIINX TEXHOJIOTHYECKOE BOOPYKEHHE YeJIOBEYECTBA, YAOBIETBOPSUICS TAKHUMH ITOBEPXHOCTHBIMH
3HaHUAMH. TO €CTh NMpakTHKa OOXOMWIACh ONHMCAHHEM INPHUPOTHOTO SBICHUS M COOTBETCTBYIOUICH pacueTHOMH
(opMmysoif, KOTOpasi ¢ IOCTAaTOYHOW TOYHOCTHIO, B 3aJaHHOM HMHTEpBajJie €€ CYIIECTBOBAaHUS, YIOBJIECTBOpSIA
WH)KEHepHBIe 3ampockl. Hanpumep, oBianeBas HOBBIMH CKOPOCTSIMH B aBHAIWH, IO OIPEAEICHHOTO UX IOpOTa,
WHXKEHEepy OBLIO JIOCTATOYHO 3HAHUM, COCPEAOTOYCHHBIX B adpOJMHAMHKE, M KaK TOJBKO pa3pabOTYHKH
NPUCTYIWIA K TIOKOPEHHIO CBEPX 3BYKOBOH CKOpPOCTH, BO3HHKIA TNpo0jieMa OOOCHOBaHHS TOTO, I[OYEMY
JIeTaTeNbHBIN anmmnapar, npouib KOTOPOTO PACCYUTaH, IO CTPOTO YCTOSBIIMMCS GopMynam, paspyiraercs. B aToit
curyanuu, 0e3 HOBBIX TCOPCTUYCCKUX 3HAHWH, a, ONMUPASACh HA SKCIICPUMCHTHI, KOTOPBIE, JAJICKO HE BCeraa ObLIH
HeOe30MaCHBIMU, B CBEPX3BYKOBOW aBHAIMK OBLI JOCTUTHYT mporpecc. M TONbKo, BO BTOPOM JecsaTHiaeTHr XXI
BEKa TaKWe 3HAHWS MOSBWINACH. Vcclienys CymecTBOBaHHE MAaTepPHH HAa HAHO YPOBHE, YIallOCh YCTAHOBHUTB, UTO
n3BecTHBIN ¢ dexr UYepenkoBa-BaBuiaoBa umeer BceoOmiee cBoicTBo. HamomuamMm, 3T0T 3(dexr B BuIC
JJIEKTPOMarHUTHOTO CBEUCHHMA ObUT OOHApy)XeH TIpH [BIDKCHWH JJIEKTPUYECKH 3apsDKCHHOM — YacTHIIH,
TIPEBBIMIAIONIEH CKOPOCTh CBETa B KOHKPETHOH cpenme. Jlelo B TOM, YTO IUIOTHOCTH BaKyyMa B BEIIECTBEHHBIX
cpelax MEHbIIas 10 CPaBHEHUIO C «IHUCTHIM» BaKyyMOM M B HEH CBET IBIDKETCS MemieHHee. OKa3anoch, 9TO 3TOT
3¢ ekt mpucymt I060i MaTepHaTBFHON cpefie, BKII0Yas W BEIICCTBEHHBIE CPENIbl, TEM CaMBIM SBIIIETCS HE TPOCTO
a¢¢dexrom, a BceoOmuMm 3akoHOM Tpupoabl [1]. To ecTh HBMXKyIIeeCs TEIO B BEIICCTBEHHOW Cpele IpU
MPEBBINICHAH (Pa30BOl CKOPOCTH BOJIHBI B HEH OCTaBisAeT mocie ceds BoiHy. Okasalloch, YTO, €CIH CaMOJIET
JIBIDKETCS B BO3IYIIHOH CpeJic CO CKOPOCTBIO, IPEBBIMIAIONICH CKOPOCTh 3BYKAa, TO BCICH 32 HHUM ITOSBIISCTCS
3BYKOBasi BOJIHA, KOTOpas MaryOHO NEHCTBYET Ha JICTATENBHBINA ammapaT. TakuM o0pa3oM, YTOOBI B 3TOM Cllydac
caMoJIeT HE pa3pylIwics HeoOXOAMMO MOpaboTaTh HE TONBKO HAJl TPAIUIMOHHBIMH €r0 a’pOIHMHAMHYCCKUMH
CBOWCTBaMH, B KOTOPBIX PAacyeThl MPOBOASTCA MO (opMyliaMm, OTPaKaroluX (HEHOMEHOJIOTHYECKOE MOHHMAaHUC
TPUPOABI, HO W y4ecTh Ooyiee TIIyOOKME 3HAHHUS, KOTOpBIE COAEp)KaTcs B CYTH 3akoHa YepeHkoBa-BaBmiona,
JIEWCTBYIOIIETO B BO3IYIITHOM cpe/ie.

AHaorn4Has CHUTYaIlus CIOXWIACh IPU CO3/IaHUM HOBBIX HAHO TEXHOJOTHH, KOTJA MPHUXOIUTCS MMETh
JIENI0 C TIOHSATHEM MAacChl Tela Ha HaHO YpPOBHE cCymiecTBOBaHHMA Marepuu. OKa3amoch, 4TO B ITOM CiIydae HE
JOCTaTOYHO 3HAHWH, OCHOBAaHHBIX Ha OINHCAaHWHM 3TOTO NPUPOAHOTO siBIeHHS. HyXKHBI 3HaHUS O Macce Telna,
PacKpHIBAIONINE €€ CTPYKTYpy M IPHUPOAY BO3HHKHOBEHHUS. Benp Ha CeromHAMHWNA [1eHb WHXKEHEPH BIIOJIHE
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00XoaiTCs ()EHOMEHOJIOTHYECKMMH 3HAaHMSAMH O Macce BEIeCTBA, KOTOPHIE MOXKHO IIOYEPIHYTH U3 TPYAOB
Kjaccuyecko ¢Qusnkm, a Takke B J000OM CHpaBOYHMKE, B JII000HW SHuMKIONeauu. Bor dYro mnwmmer
sHUOuKIoneanyeckuii cioBapr D.A. bpokrayza m WN.A. Edpona, B koropoM mox Maccoil NOHHMAeTCs
XapaKTepUCTHKA MaTepUH, SBIAIOLIAsICS MEpOoH HWHEPIUOHHBIX M TpaBUTALIMOHHBIX CBoicTB. Kpome Toro,
(heHOMEHOJIOTMUECKOE ONMCaHUE CBEJICHO K TOMY, YTO Macca /71 paBHa OTHOLICHUIO JICHCTBYIOIEH Ha TeJIo0 CHIIbI F
K IPHOOPETEHHOMY UM YCKOPEHHIO d:

m =

F
— (1),
a

T.e. TIOHUMaHHE MAacChl COCTOMT B TOM, KaK OHa pearupyer Ha BO3JEHCTBHE CHJIBI, U 3TO BCE HOCHUT
omucaTebHBIN Xapakrep. Takke oTMedaeTcs,, YTO €IMHCTBO MHEPLMOHHONW M TPABUTAIIMOHHOW MAacChl COTJIACHO
npuHIUIY A.DWHIITEHHY SBIAIOTCA 3aBHCAIINMU OT €r0 CKOPOCTH, TPH YCJIOBHH, YTO CKOPOCTH IBIKEHUS
CpaBHHMa CO CKOPOCTBIO cBeTa. KpoMe Toro, yka3bIBaeTcs O CYIIECTBOBAHUN MacChl TIEpeMEHHOM 1 Macca mokost. 1
BCE OTH IMOHATHS TIOJAIOTCS, HE TOJBKO B CIIPABOYHHUKE, HO U B paborax A.DWHIITEHHA (EHOMEHOIOTHYECKH, T.C.
0e3 paciuppoBKU CTPYKTYPHOTO CONCPIKUMOTO MacChl TeJia ¥ €€ BO3HUKHOBeHUs. Ellle pa3 momyepkHeM, 9TO TaKoe
MOHMMAaHHUE Macchl Tejla JaHO elle BO BpeMeHa co3faHus JHuukionenunyeckoro ciosaps ®.A.bpokraysza u U.A
Edpona, T.e. He MeHee crta JeT Tomy. OJJHAKO MOHUMAHKE MACCHl YK€ B COBPEMCHHBIX padOTax JajeKo OT 3TOro
CJIOBaps HE YIIUIO — Ta e WHepTHas (1) u rpaBUTallMOHHAS Macca

F= G% @),

rne G — rpaBUTAllMOHHAs TOCTOSIHHASL BEJIMUUHA, #* — PACCTOSIHUS MEXy MaTepHaJIbHBIMU TEIaMH 1) U M,
U TOT e (DEHOMEHOJIOTHYECKuii criocod ux o0bsicHeHus. [lo3HaHne cyliecTBOBaHMS MaTepUX Ha HAHO YPOBHE ISt
MOTpeOHOCTEH YenoBedecTBa TpeOyeT OoJsiee aeTampbHOro (HE OMUCATENIFHOTO) IMOHUMAaHWe Macchl. B HacTosmiei
paboTe mombITaeMcsl IIOCTPOUTH MOJIENTE MacChl, KOTopas HanOoyee aJeKBaTHO, HA CETOMHSIIHUIN JI€Hb, OTpakaeT
CYIIECTBO MPHUPOJIHI, a TAKKE €€ BOSHUKHOBEHUE H CTPYKTYPY.

2. DJieMeHTapHbIe YacTULbI BellecTBAa.

[Ipucrynas K W3ydeHUI0 TaKOH CTPYKTYPHI CYIIECTBOBAHHS MaTepHH, KaK Macca, OyJeM HCXOAUTH U3 TOTO,
yro jro00e MarepuajbHOE 00pa3oBaHHE, C KOTOPHIM HMMEET JeJI0 YeJIOBEUECTBO, CTPOUTCS M3 DIIEMEHTAPHBIX
yactull. [loguepkHeM, 4TO B OTJIUYUE OT TPAJAUIUOHHOTO MOHUMAHUS 3JICMEHTAPHBIX YACTHUII, KOT/Ia K HAIM OTHOCST
JJIEMEHTAPHBIC YaCTHUIBl MATEPUU, B PACCMATPUBAEMBIX HCCICAOBAHUIX OTrPAHHYMBAEMCS 3JICMEHTAPHBIMU
YacTUIIAMH BelecTBa. [[eJIo B TOM, 4TO C MO3HIIMU THOCCOJIOTHH MCKATh IEMEHTAPHBIC YaCTUIBI MATCPUHU MIPOCTO
0CCCMBICIICHHO, BE/Ib TAKOBBIX B IPUPOJIC HE CYIIECTBYET. M 3TO MONTBEpkKAACTCS MPAKTHKON IKCIIEPHUMEHTAIBHBIX
uccnenoBanuid. CeromHs, 6oMOapaupys MaTepHaibHbIC 0OpPa30BaHUS DHEPTETHUCCKU HACHIICHHBIMHA CTYCTKAMHU
BEIECTBa, OOHAPYKUBAIOT YACTHIIBI, Ha3biBacMble (PU3UKaMU dJIEMEHTAPHBIMH YacTUIaMu MaTtepud, oT 200-T 1o
2000-9 TakuxX W3MEIbUYCHHBIX BEUICCTBEHHBIX 0Opa3zoBanmid. Cynas MO0 TakOMy CIOCO0y WX OOHapyXeHHs, 3TOT
MIOVUCK MOJXXET NMPHUBOANUTH K OECKOHEYHOMY MX KOJHMYECTBY, a AJIEMEHTApHbBIC YaCTHIBI MAaTePHH TaK M He OyayT
HaiineHsl. B [2] moka3aHo, 9TO KOPPEKTHBIE MCCIEIOBAHUS TTO3BOJITIOT OCTAHABIMBATHCS JIMIIb HA 3JIEMEHTAPHBIX
YJacTUIaX, He BOOOIIIEe MaTepPHH, a KOHKPETHOM €€ IIPOSBICHNH B BHUIE BelecTBa. B pe3ynpTare, moa 3iaeMeHTapHON
YacTUIEH BeIIecTBa CIEAyeT IMOHMMATh Ty YaCTHIy MaTEpPHAIbHOW CyOCTaHIIMH, COCTaBHBIE YaCTH KOTOPOH HE
MOTy OBITh OOHApYXEHBbI (3apPErHMCTPUPOBAHBI) BEIICCTBCHHBIMH NPUOOPAMH, B CHIy HX HEJOCTATOYHOM
pasperaroei crrocoOHOCTH.

[IpyuMeHUB aKCHOMATHUYECKUH METOJ TMO3HAHUS B (U3MKE, a OSTO OKAa3ajJoCh BO3MOXHBIM IOCIIE
paspemenus 1iectod npodnembl [.I'mmsOepra [3], ymasoch MOCTPOUTh HAa CETONHSIIHUN JICHb aJCKBATHYIO
MPUPOAC MOJIETh OCHOBBEI MAaTCPHAIBLHOIO MUPO3JIAHHS, K KOTOPOH OOBIYHO OTHOCAT BakyyM. W3 mIpemioxKeHHOM
MOJIENIN CIIeAyeT, YTO BaKyyMHas (opMa CYIIECTBOBAaHHS MAaTEpHH MOKET HAXOAWTHCS B IBYX COCTOSTHHSAX —
BOJTHOBOM H TIOCTYIATEIbHOM IBIDKEHHH. OKa3aJoch, 4TO, UMEHHO, 3TH COCTOSIHHSA BaKyyMa OOHapy>KHBArOTCS
BEIIECTBEHHBIMH nprbopamu. Ecnm paccMaTpuBaTh yKa3aHHBIE COCTOSIHHSA BaKyyMa, KaK YaCTHIIBI BEIIECTBA, TO Te€
W3 HUX, KOTOPBIe HaXOATCA Ha Mpefee X oOHapy)KeHUs, HAMH HCIIOJIB3YIOTCS B Ka4eCTBE AIIEMEHTAPHBIX YaCTHI]
BEIIIECTBA.

Hccrnexys BomHOBOE M MOCTYMATENBHOE ABIDKCHHE B BaKyyMe€ HECIOXXKHO IPHUITH K BBIBOAY, YTO MEXKIY
HUMH CYIIECTBYET «TECHas CBsA3b». TaK, B MPUPOJE M3 OJHOTO BHJA JBMXKCHUS MOXHO NMPHUHATH K JAPYrOMY, T.€.
MUMEIOT MECTO SBJEHHUS NpeoOpa3oBaHMsl MOCTYNATENBHOTO JABW)KEHHS MAaTEPHH B BOJIHOBOE €r0 COCTOSHHE
BaKyyMa, W, HaoOOpOT, BOJHOBOE COCTOSIHHE IIpeoOpa3oBaTh B MOCTYHATENBHOE IBHXXEHUE. OTH SIBICHUS
MOTYMHSIOTCS OMPEACICHHBIM 3aKOHOMEPHOCTSIM, U UX BEChMa YIOOHO OTHECTH K 3aKOHAM MPHUPOJBI. A TIOCKOJIBKY
JICHCTBUC YKa3aHHBIX 3aKOHOB «POXAAIOTY», O HAIIMM NPEACTABICHUSAM, DJIEMCHTAPHBIC YaCTHUIIBI BEIECTBA, W3
KOTOPBIX COCTOMT OKPY)KAIOIIUH MHp, TO MX LEIecoOoO0pa3sHO OTHECTHM M K BCEOOIIUM IEPBOOCHOBHBIM 3aKOHAM
npupoabl. ChopMyIupyem ux.
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3akoH 1

CoBMeneHne MpH MOCTYNATETbHOM JIBIZKEHHH B MMPOCTPAHCTBE MATEPUAILHOM CpeAbI ABYX U (ojee
ee YYaCTKOB BO3HMKAeT B Heil BOJIHOBOE COCTOSIHHE, T.e. TPOMCXOAUT MPeodpa3oBaHHe MOCTYNATETLHOIO
JIBUKEHHS B BOJTHOBOE IBHKEHHE.

JeiicTBre 3TOro 3aKOHA B BaKyyMe OTpakaeT BceoOmiee siBieHHE B MPHPOJIE, KOTOPOMY IIeIIeCO00pa3HO
npunatk cratyc [lepsoro Hauama BemecrBa. Beap uMeHHO Onarojapst HeMy MOSIBISICTCS IepBasi dJIeMEHTapHas
yacTuIa BeniecTa. KcraT, 9acTHRIM ciTydaeM 3TOTO 3aKOHA SBIIETCs n3BecTHHIN 3 dext Yepenkora-Basuiosa.

3akoH 2

Bo Bpemsi mpoaBHiKeHUS] BOJHBI B MaTepHAJILHOW cpele, MPH oONpeAeJeHHbIX YCJOBHAX MOKeT
«o0opBaThcs» ee KoJiedaTeJbHbI mpolece, ¥ TOTAa cpeJa MepPeXoJuT B COCTOSIHME, KOIIa OTAeJbHBIH ee
Y4YacTOK JABHKeTCS MNPAMOJUHENHHO, T.e. HMeeT MeCTO MNpeodpa3oBaHHe BOJHOBOTO B MOCTyHaTeJbHOe
JIBUKEHHE.

JeiicTBue 3TOrO 3akOHA HA YpPOBHE CYIIECTBOBAHWS MATCPUU B BHJIC BaKyyMa OTpa)xaeT, Kak U
TpeJBIAYIINN 3aK0H, BeeoOlee sBIeHNE B MPUPOJIE, KOTOPOMY Iieliecoo0pa3Ho mpuaath cratyc Broporo Hauama
BemecrBa. Benb noj1 ero IeficTBHEM MOSBIISIOTCS IIECTh AJIEMEHTAPHBIX YaCTHII BEIIECTBA — a BCEIO UX JICBATh.

OTH N1Ba IPUBCICHHBIX BHIIIE 3aKOHA HCIIONB3YIOTCS B KAYECTBE MIOCTYJIATOB B HAIIUX UCCIICTOBAHHSIX.

B marepuanbHOiW cpene, KOTopas MPEICTaBlicHA BaKyyMOM, Ha HAHO ypPOBHE B KayeCTBE BOJHOBOTO
COCTOSHMSI HaMH pacCMaTpUBACTCA DJIEKTPOMArHWTHAs BOJHA, T.e. (OTOH. M3BecTHO, YTO B 3TOM Clly4ae
KoJIeOaTeNbHBINA MPOLIECC, TIPH €0 TMPOIBIKEHUH, COCTONT B CMEHE YPOBHS HANPSDKEHHOCTH JIEKTPUIECKOTO MO
Ha HaIlpsDKEHHOCTh MarHuTHoro noist. [Ipemmaraemas HaMu MOJIEINTb, IIOKA3bIBAET, YTO (DOTOH BO BPEMS 3TOH CMEHBI
TEeHEPHPYeT B IPOCTPAHCTBO BAaKyyMa HANPSDKEHHOCTH DICKTPUYECKOTO W MarHuTHoro mois. Ilpwuem sta
TeHepanus BAOJb ITyTH HPOJABIXKEHHS (OTOHA XapaKTEpHU3YyeTCs MONMEPEeMEHHBIM M3MCHEHHEM paccMaTpHUBacMOM
HaNpSHKEHHOCTH, T.€. €CIH HANPSKEHHOCTh AJIEKTPHYECKOTO IOJIS PACTeT, TO MAarHUTHOTO MajaeT M, HA00OPOT, C
pOCTOM HANpPsDKEHHOCTH MAarHUTHOTO TMOJNIA IajaeT HANPsDKEHHOCTh AIICKTPUYECKOro. Torma B MPOCTpaHCTBE
BaKyyMa BO3HHKAIOT CHTYallld, KOTJa HANPSIKCHHOCTh MAaTHUTHOTO TOJS paBHA HYJIO, a JJEKTPUYECKOro JHOO
MaKCUMaTbHOMY €ro 3HAUCHHWIO, JUOO0 MHUHHMAJIbHOMY. AHANOTHYHAs CUTyallls CKIAABIBACTCI © C
HANPSHKCHHOCTBIO 3JICKTPUYECKOTO TIOJIA, T.6. KOIJIa OHAa paBHA HYII, TO HANPSKCHHOCTh MAarHUTHOTO
COOTBETCTBYET JINOO MaKCUMAaJIbHOHN HAMpsDKEHHOCTH moiiroca Hopr, mnbo MakcHMaIbHOM HANPSHXKCHHOCTH MOJOCa
3roiif.

M3BecTHO, 4TO MH000H KOJIeOaTenbHBIN MPOIECC, B TOM YUCJIE M SJIEKTPOMAarHUTHBIH MOKHO TIPEepBaTh, T.C.
OCTAaHOBUTH, KOT/Aa KOJEOIIomascs MaTepHalbHas TOYKa B HEM 3aliMeT, HallpuMep, CBOM, OTMEUEHHBIE BHIIIE,
KpaifHue monokeHus. Y Torma HampsHKEHHOCTH B DJIEKTPOMATHUTHOM MOJ€ MPUHUMAET MOCTOSHHYIO BEIWYHHY.
Tak, ecnu xonebaTenbHBIN Mporiece (oToHa 00OPBATh B TO BpPeMs, KOTJa HANPSHKEHHOCTh €r0 MarHUTHOTO IIOJIS
paBHA HYNIO, TO B Ka4eCTBE MOCTOSHHOW HAIPSDKEHHOCTH 3JIEKTPHUECKOTO IIOJIS BBICTYHAET IMOJIOKUTEIHHOE €To
3HAYCHHE, W, KaK PE3yJbTAT, MOSBUTCS SJIEMCHTAPHAS YacTUIA BEIICCTBA, KOTOPYIO O003HAYAIOT MO3HTPOHOM.
Ecnu HanpspkeHHOCTH 3TOTO OISl OKAXKETCSI OTPUIATENBHOM, TO TOT/Ia, COOTBETCTBEHHO, BOSHUKHET AJICKTPOH.

AHanornvHas cHTyanus OyJeT MMETh MECTO W B CiIyYae, KOIrJia HalpsDKEHHOCTh AJIEKTPHYCCKOrO OIS
NpUMET 3HaueHWe Hyhs. Ecmu B 3TOT MOMEHT 00opBath B (DOTOHE JIICKTPOMArHUTHOE KolieOaHWE, TO B
MPOCTPAHCTBE BaKyyMa MOSBHUTCS MOCTOSHHAS HANPSIKEHHOCTH JIHOO 3HaYeHHsS MarHuTHOro moitoca Hopa, mubo
3roiif.

B [4] Oonee mompoOHO WCCIENTOBaHBI CHUTYAallMd pPacCMAaTPHBAEMOrO OOpBIBA AJIEKTPOMATHHUTHOTO
Koyle0aHWs, W B YAaCTHOCTH, KOTIa HCKYCCTBEHHO MOXXHO WOJYYHTH 3JIeKTpoH. Kpome Toro, oOHapyxeH
€CTECTBEHHBIH Ccroco0 ero mosiieHus (oOpbIBa), MPENOCTaBIsAsA, TEM CaMbIM, MPHUPOJAEC BO3MOXKHOCTH CTPOHUTH
ATOMBI ¥ MOJICKYJIBL.

3. D1eMeHTapHas YaCTHIA MacChl BelllecTBa

Hccrnenys sneMeHTapHbIC YaCTHIBI BENIECTBA, M X BO3SHUKHOBEHHUE, 0KA3aJI0Ch, YTO U YAaCTHUIIA, KHECYIIast
B ce0e» Maccy, «pOXKIAIOTCs» U3 (POTOHA B €CTECTBCHHBIX YCIOBHSX, KaK U OONBIIMHCTBO 3JICMECHTAPHBIX YaCTHII,
MyTeM OOphIBa €r0 AJNEKTPOMATHUTHOM BOJHEI. B 4acTHOCTH, eciii TeHepupoBaTh /Ba ()OTOHA B OJHOW IJIACTHUHE
BaKyyMa CO CIIBUTOM BO BPEMEHH, OTBCUAIONIEMY OJJHOMY IOJIYHNEPUOY IEKTPOMATHUTHOTO KOJIeOaHUsI Ha TAKOM
PACCTOSIHHHM, YTO MEXIY HHMH HE OCTAHETCsS MecTa Jjisl TeHepalud, Kak MHHUMYM emle OoJHoro (oToHa, TO
MPOU30UIET OOPBIB ATOTO KoJicOanus. [Ipu 3ToM 0OPBIB BEITIOHSCTCS, KOTIa HAMPSHKEHHOCTh €r0 AJIEKTPHYECKOTO
MOJISL paBHA HYITIO, T.€. OH MPHUBOAMT K NOsBIcHHUIO noiitocoB Hopa u 3roki. B pesyibprate, B mpocTpaHCTBE BaKyymMa
MOABATCS JIBE YACTHIFI MAaTEPHAIBHBIX CyOCTaHIINA BaKyyMa, KOTOPBIE y4aCTBOBAJIH B KOJIEOATEIHHOM IIPOIIECCE
(h0oTOHOB. DTH YaCTHIBI MBI O0O3HAUMIIH, KaK 3JIEMEHTapHBIE YaCTHIBI TpaBHTAIMOHHOTO momd. Kaxmas w3 HHX
HaYHET ABUTAThCA BIOJH OCH aOCIHCC CO CKOPOCTBIO PACIPOCTPAaHEHUS HANPSHKEHHOCTH MOTEHIIMANAa MAaTHUTHOTO
MOJIOCa, TIPHYEM, UX JIBIKCHHE OyOeT B NPOTHBOIOJOXHBIX HANPABICHHUAX, T.€. YACTHUIBI HAYHYT IBUTATHCH,
OTHANAACH APYr oT apyra. OmHako 3TOMy OYIyT HpEemsSTCTBOBATH CHIJIBI MPUTSHKEHHS MEXIYy HUMH BIONb OCH
aTIUTUKAT, KOTOPBIC SBISIFOTCS MATHUTHBIMU CUJIAMH TPUTSDKEHUS, EHCTBYIOIIMMHU MEXY MOTOCAMH MarHUTHOTO
noist. Takum 00pa3om, B MPOCTPAHCTBE BaKyyMa IOSBUTCS MaTepUANIbHAS CTPYKTYpa, COCTOSINAS U3 ABYX CI'YCTKOB
BakyyMa (9JIEMEHTAPHBIX YaCTHUI] TPABUTAIIMOHHOTO IIOJIS), KOTOpas CIACPKHBACT MX OT JABIXKCHHS, TEM CaMbIM,
MpEeCTaBIsIsl COOO0M AUIOJIb, HA3BAHHBIA HAMH TPABUTAIMOHHBIM — DIIEMCHTAPHOMW YaCTHUIICH MacCHI BEIICCTBA.

OO0paTuM BHHMaHHWE Ha OJHY OCOOCHHOCTbH JCWCTBUS CHJI MPUTSHKCHUS, KOTOPBIC MPUCYTCTBYIOT B TAKOM
qurone. MarHUTHOE TMOJIe KaXKIO0TO M3 CI'YCTKOB 3TOTO JHIIOJNS B IUIACTUHE BaKyyMa 3aHHMAcT BCE MPOCTPAHCTBO,
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BCIO €0 TOJIIUHY BIOJbh OCH AIIUIUKAT, KOTOPYIO, KaK 00 3TOM y)KE YIIOMUHAIOCH B [2] HEBO3MOXKHO M3MEPSThH C
MOMOIIBIO TIPUOOPOB BBHITIOTHEHHBIX U3 BemiecTBa. (OIHAKO U3 ATOTO HE CIEAYET, YTO IJIACTHHA HE MMEET PeallbHBIX
pasmepoB.) Takum 00pa3oM, MarHWTHas CHJIOBas JIMHHS, KOTOpas UMEET MECTO B HPHUPOJE, 3alONHSACT 00beM
IUTACTHHBI B 3TOM MECTE IOJIHOCThIO. Kpome TOro, CHIOBBIC JHHUW NPUTSDKCHHS MEXIY CI'YCTKaMH, 1Mo 00e
CTOPOHBI JIUIOJIS, EPECEKAsCh, CIBUHYTHI BIIOJb OCH a0CIIKCC, T.C. OJHOCTBIO HE HAKIIAIBIBAIOTCS IPYT HA Jpyra.
OTa 0COOCHHOCTH, C OIHOM CTOPOHBI, HE IO3BOJIICT BEHIMOJHUTH COBMEIICHHE B MPOCTPAHCTBE BaKyyma IBYX
CT'YCTKOB €T0 MaTepHaIbHOW CyOCTaHIINH, TEM CaMbIM, CO3/IaB yCIOBUS IS eiicTBuA 3akoHa UepeHkoBa-Basmiosa
(ITepBoe Hauanmo Bemiecta), B pe3ysbraTe KOTOPOTO TOJIKHO MOSIBUTHCS JEKTPOMarHUTHOE KoyiebaHue ((hoToH),
W, TOTAa, IUNONb OynmeT nukBuaupoBaH. C Ipyroi CTOPOHBI, TaKoe pa3MENIeHHe CIYCTKOB MaTepHaIbHOU
CyOCTaHITH CO3/1aeT YCIIOBHS [UIS TOSBJICHHS €r0 KMHETHKH TPH B3aMMOICHCTBHH C IPYTUM TaKHM K€ JHUITOJIEM.

Takum oOpa3oMm, TpH B3aMMOJACHCTBHM JBYX CIYCTKOB MAaTepHaNbHONH CyOCTaHIMM BaKyyMa B
paccMaTpHBacMOM JUIOJIE HE BCE «BO3MOXKHOCTHY CHJIOBBIX JIMHHI YYaCTBYEeT BO B3aMMHOM MNPHUTSKCHHH
(xoMITeHCAUU APYT APYTa), @ YacTh M3 HUX BBIXOJWT 3a MPEICNbl TUMONS W PACIPOCTPAHSACTCS B OKPYKAIOIIYIO
cpeny. MMeHHO 3Ta 4YacTh, mpUTATHBas K ceO¢ MOJOOHBIC AMIIONU, HECeT B ceOc coAepikaHHe T'PaBUTALMOHHON
CUJIOBO JIMHUM, MO KXY U3 €ro CTOPOH BAOJb OCH amruiukaT. [IocKoJibKy OHa SIBJISIETCSl BecbMa MaJloi JoJeit
BCCH CHMJIOBOW JIMHUM MarHUTHOTO IOJIS, TO M, CCTECTBCHHO, CYIICCTBEHHO CJIa0ce MATHUTHBIX CHII MPUTSHKCHUS.
Tem Oonee, 4TO CWJIOBasl JIMHUS MArHUTHOTO TMIOJIsA, €I M COCTOMT M3 JABYX BCTBCH, KaxIas U3 KOTOPBIX
pacrmpocTpaHseTcs 0 OJHY M3 CTOPOH OT CTYCTKa, TeHepupylomero ee. HamoMHNM, olHA W3 HUX MPUTATHBAET K
cebe CryCTKH BaKkyyMma, a BTOpasi UX OTTAJIKHBACT BJIOJb OCH ANIUIMKAT, TEM CaMBIM, U3 ABYX, YKa3aHHBIX BETBEH, 1
(dopmupyercsi cmioBasg JHHHS MarHuTHoro mnois. Kak yxe oTMmedanock, B TPaBUTALMOHHOM JHIIOJIE CHUIBI
MPUTSDKEHUST 00€CIeunBaIOTCSl TOJMBKO TOW YacThIO0 CHJIOBOM JIMHWM MarHUTHOTO TOJISL, KOTOpas MPUTATHBAIOT K
cebe crycTkd Bakyyma. BoT modueMy rpaBUTallMOHHOE TIOJIE, COCTABICHHOE M3 TAKUX YaCTeH MAarHUTHBIX CHIIOBBIX
JMHAHN, HECPABHEHHO ci1a0ee OT 3JEKTPUIECKOT0, © MAarHUTHOTO B3aUMOCHCTBUS, J1a ellle, KaK yXKe 0TMedasoch, U
HE BCE BO3MOXXHOCTH MarHUTHOTO NMPHUTATHBAHUS CHIJIOBOI JTMHUU UCIIOJIE3YETCS B TPABUTAIHOHHOM TIOJIE.

Wrak, pacCMOTpPCHHBIC BBIIIE MAWIIOIU MACCHl BEIIECTBA SIBIISTIOTCS CTPOUTEIBHBIM MATEpPHATIOM JUIs
(opmupoBaHUs B MPUpPOJE JIIOO0TO dr1eMeHTa Tabnuipl XuMHYECKnX 3JieMeHToB MenneneeBa. B [5] Ha npumepe
(dbopMupoBaHHsA aTOMa BOJOPOJA IOKa3aHa MOJENb, COTIACHO KOTOPOH B TPHUPOJC MOSBISIOTCS HEHTPOHEI,
MIPOTOHBI, IO3UTPOHBI, JIEKTPOHBI U, B KOHEYHOM CUeTe, caM aToM. HamoMHuM, eciiv B IJIaCTHHE BaKyyMa CO3/1aHbl
YCIOBHS NIl BO3HHUKHOBCHUS DIICMCHTAPHBIX YAaCTHI[ MAacChl BEHICCTBA, M €CIH STH YCIOBUS OOCCICUMBAIOT
MOABIICHUE OCTATOYHOTO WX KOJIHMYECTBA, TO TOTAa B HEHl (opMHpyeTcssi CTPYKTypa, KOTopas 00O3HadaeTcs
HEUTPOHOM.

®dopMUpOBaHWE 3TOH HEWTPAJBHON YaCTHUIBI sAApa aToMa oOecredymBacTCS B3aUMHBIM TPHUTSHKEHUEM
3JIEMEHTAPHBIX YaCTUI] MACCHI BEIIECTBA — IPAaBUTALMOHHBIX IUTIONEH. J{J1s BBISICHEHHS 3TOTO SBICHUS pAaCCMOTPUM
IBA IUIONS HA TaKOM pAcCTOSHMM JApyra Opyr OT JApyra, OpH KOTOPOM HMEET MECTO TPaBHTAIlHOHHOE
B3aUMOJICHICTBAE MEIy HHUMH. YKa3aHHOC B3aMMOJCHCTBHE OCIA0NSCT B3aMMHOC MPHUTIKCHHE 3JICMEHTAPHBIX
YaCTHUI[ TPABUTAIIMOHHOTO OIS (CTYCTKOB MaTepHALHOW CYOCTaHIIMM BaKyyMa), 4TO IPUBOJIUT K HEYCTOHUHUBOMY
COCTOSIHUIO JTUIIOJSL — €r0 COCTaBISIOLIUE CTYCTKU «IIBITAIOTCS» Pa3lIeTEThCsl B MPOTHUBOIOJIOXKHBIE CTOPOHBL. To
€CTh CT'YCTKH YAAJSIOTCS APYr OT JApYyra W, TeM CaMbIM, OCIAOJSIIOT WX B3aMMHOE MpHUTsXKEHUE. [Ipu Takom
YIaJCHUU OCh, COCTUHSIONIAS UX YCIOBHBIC I[CHTPHI, IOBOPAYMBACTCS, TEM CaMbIM, IIOBOPAYHMBAsl AMIUIMKATBI HX
KOOPJWHATHBIX CHCTEM, BJOJb KOTOPBIX PACIIONAraloTCs CHJIOBBIC B3aMMOJNCHCTBHS JIIEMEHTAPHBIX YACTHII
TPaBUTAIIMOHHOTO TOJA. MHBIMH clioBamMH, MEHSETCS WX OpPHEHTAIMS B IBYXMEPHOM IPOCTPAHCTBE ILIACTHHEI
BakyyMma. Takoe B3aMMOJCWCTBHE ITUIOJEH TNPUBOAWT K BPAICHUIO WX APYT BOKPYT japyra [5]. Bosuukmias
Bpallafomascs mapa ITUMOoJeH, B3aUMOJCHCTBYsS C aHAJIOTHYHOW el mapod, (GOopMHUpPYET CTPYKTYpy, KOTOpas
AQHAJIOTHYHBIM CIIOCOO0M OyJeT BpamaThCsi BOKPYT ofmiero ee meHTpa. PopMHpOBaHHWE TaKOW CTPYKTYPHI
OTPaHMNYMBACTCS KOJMYECTBOM Map IHUIIOJIEH — HMX PACCTOSHUEM [0 OOIIero IeHTpa BpaIIeHUS B CTPYKTYpe
(hopMupyeMoro HEHTpOHA, KOTOPOE COTTIACHO paCIIpe/IeICHUI0 HAIPSDKEHHOCTH MO [2] TOAYMHEHO (PyHKITNH

a
P = arctan— (3)

X
rae P — cumoBoe 3HadeHue HaOpsPKEHHOCTU MOJISL, X — PACCTOAHHUE OT MCTOYHHKA MOJIA A0 HCCICAYyEMOI'O

MeCTa B IPOCTPAHCTBE, d — YCIOBHOE MECTO B MPOCTPAHCTBE, B KOTOPOM HCCIEIYETCs HANPsHKEHHOCTh OIS,
00OBIYHO, MPEICTABISAIOIICE KOHCTAaHTY — B pPacCMAaTPHBACMOM CIIydae — OTPE30K INPSAMOW JMHHH BJOIb OCH
aTIUTUKAT, KOTOPYIO MEPECEKAOT UCCIEAyEMbIC CHIIOBBIC JTMHHUU. B [5] moka3zaHO, 4TO MPOTOH SBJISAETCS YACTHBIM
BapHaHTOM CTPYKTYPBI HEHTPOHA, a 3TO TO3BOJISCT MPHUUTH K BBIBOJY, YTO B aTOME JIHOOOr0 3ieMeHTa TaOmuib
MeH/ieneeBa 3a Maccy «OTBeYaeT» HEHTPOH M ero pa3HOBUAHOCTH MPOTOH. IIpu GopMupoBaHHHM siapa aToMa U3
HEWTPOHOB U MPOTOHOB CHJIBI MX B3aWMHOTO MPUTSDHKSHHUS BEJUKH 33 CYET OYCHBb MaJIbIX MEXy HUIMH PacCTOSHHUN X
(B simpe aTOMa OHH CTPEMSITCS K HYIIO). DTy 0COOCHHOCTh CHJI HECIIOKHO YBHUIEThH M3 TPaPUIECKOT0 MPEICTABICHHS
¢dynkmy (3), KOTOpOe SKBUBAJICHTHO CIEAYIONMEH MaTeMaTHIecKoi (hyHKIINH.

P= arctanl 4)
X
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rpaduyeckoe, npeacTaBIeHHE KOTOPOi — cieayomiee.
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Puc. 1 I'pagnyeckoe npeacrapiaenue Gynkuun (4)

OcobenHoctn  (OPMUPOBAHMS, KaK CaMUX HEHTPOHOB, TaK M MPOTOHOB B siApe JOOOro aromMa TpeOyroT
OT/EJIBHOIO HU3JIOKEHHUS, HO YK€ Ha JTOM YPOBHE HCCIICIOBAHMM, OYEBHIHO, YTO B BaKyyM U3 siapa OyIyT
TCHEPUPOBATHCS CHIIBI TPABUTALMOHHOTO MPUTSHKCHUS, KOTOPBIC, CYMMHUPYSCh C TAKUMH K€ CHJIAMH SACp APYTHX
aTOMOB BEIIIECTBA, HAMU PETUCTPUPYIOTCS, BOCIIPHUHUMAIOTCS, KaK €ro Macca.

Hamm wccnenoBanus TOKa3aimd, 4TO B IPUPOJE HE CYHNIECTBYET HHUKAaKOH MacChl OTBETCTBEHHOU 3a
UHepIIo Tena. [IpocTo, Ta €OWHCTBEHHAs Macca Tela, KoTopas (OPMHUPYETCS C MOMOINBI0 TPaBUTAIUMOHHBIX
JIITIONICH, TPH BHEIIHEM BO3JCHCTBHM, MPHUBOJAIICM €€ B JBIXCHHE, BBHI3BIBACT M3BECTHYIO PEAKIHMIO MHEPIUU.
HarnoMHUM 3TO SIBJICHUE MPUPOIBI.

PaccMaTtpuBaeMoe pacCTOsSHHE MEXY CrYCTKaMH MAWIONS, M3 MHOXECTBA KOTOPBIX COCTOUT JH000€
BEIIIECTBO (TEJN0), MPUBOIUT K SABICHUIO MHEPIHH. CTOUT NPUHYIUTEIHHO TPUBECTH B IBIDKEHHE (TOJIKHYTH) 3TO
TEJO BJOJIb OCH a0CLUCC AUMOJS, KaK ero CTyCTOK, KOTOPbIHA 10 (GOpMUPOBaHUS A0S JOIDKEH JBUTATHCS B TY XKe
CTOPOHY, YTO U PACCMATPUBAEMOE BBIHYKICHHOE JABMKEHHUE TeJIa, CMECTUTHCS TY/a )K€, TEM CaMbIM, YBEIUYHBas
paccTosiHie B AMIONE MEXIY CTyCTKAaMHU MaTepUAIbHON CyOCTaHIMU. DTO CMEIICHHE OCIa0MT YacTh CHUIIOBOM
JUHUM MAarHUTHOTO IIOJIsA, KOTOpash OTBEYAET 3a NPUTSHKCHHE CTYCTKOB, YTO, HE3aMEIJIUTEIBHO, MPUBEICT B
JIBIDKEHUE BTOPOTO CI'YCTKA IPaBUTAIIMOHHOTO JIUIIOJIS, B MPOTHBOMOJIOKHYIO CTOPOHY HCXOJHOMY JBIKCHHIO. JTa
PeaxIysi BTOPOTO CT'YCTKA MOBJIUSACT U HA CaMO TEJIO, KOTOpOe OyIET «COMPOTHBIATHCS» MPUHYAUTSIEHOMY TOITYKY,
Kak ObI, OCTaBasiCh HA MECTE, XOTS B HEM BTOPOM CT'yCTOK HAYMHACT JABUTAThCS B MPOTUBOIOJIOKHOM HATIPABICHUU.
Takum 00pa3oM, BHEIIHEE MPOSBICHUE PACCMATPUBAEMOrO HAadala JBIKCHUS Tela UACHTUDHUIMPYETCS HAMU C
TaKUM SIBJICHHAEM B IPHUPOJIE Kak ero wHepuus. Eciu cuiia, BEI3BaBIIAs ATO SBICHUE HHEPIIUH, IO CBOCH BEJIMYHHE,
JIOCTAaTOYHA JJIsl TOrO, YTOOBI Pa3opBaTh TPABHTAIMOHHBIA JUIONb, TO TOrJA IPOUCXOAMT €ro paspyuieHue (1
paspyllieHHe [EeIOCTHOCTH Tena). B 3ToM ciiyuae CrycTKM pa3pyIICHHBIX UIONEH pas3fieTaloTcs B pas3HbIe
(IPOTHBOIIOJIOKHBIC) CTOPOHBI, YMEHbILIAs! [IPU ITOM Maccy Teisia. VIHBIMH CIIOBaMU, €ClIi B3BECUTh 00N BeC BCeX
KyCKOB Tella, KOTOPbIE OCTAJIHUCh MOCIE €ro pa3pylieHHs, TO OHAa OKa)KETCS MEHbBILNEH Macchl Tejla 10 ero
paspylieHus.

OOpatiM BHUMaHHUE €llie Ha OJHO SIBJICHHUE MPH CHIOBOM BO3JCHCTBHM Ha JMIIOJIb BJIOJIb OCH alCIHCC,
KOTOpOC MMEET MECTO IPU CHJIOBOM BO3ICHCTBHU HA Teno. Jleno B TOM, YTO, IPU 3TOM, B3aUMOCBSI3b MEXIY €ro
Cr'yCTKaMu OcHaOJseTcss 3a CYeT CMEIICHHS OCCH amuIMKaT KaXAOr0 M3 HHUX. DTO OCIa0JCHHC BBI3BIBACT
YBEJIMYCHUE 3HAYCHHUE TPABUTAIIMOHHOTO MPHUTSIKCHUS TEJ, T.C. YBEJIMUYCHHS T'PaBUTALMH, U KOTOPOE B MPHPOJE
MOXXKHO HAONIOJaTh MEXIy OONBIICTPY3HBIMH CyJaMH B TMOpPTy, NP UX MaHeBpe. Torma BO3HUKAIOT
JIOTIOJTHUTEIIBHBIC CHJIBI TPABUTALUHM, KOTOPBIC HMPU MAJIBIX PACCTOSHUSIX MEXKIY CyJaMU MOTYT IPUBECTH HUX K
paspyiieHuo. BoT mouemy, B OpTY 3aIlpelieHo CyiaM HaXOJUTCS HA MAJIOM PAaCCTOSIHUM APYT OT Jpyra.

Ecnu cuibl, BBIHYXKJAIOIIUE MOKAHYTh TEJO, HAXOJSIIErocs B COCTOSHHUH TOKOS, HE MO3BOJISIOT
pa3pylIUTh TPaBUTALUOHHBIN JUIIOJb, TO CIYCTKHM B HEM HAYHYT JBHUrAThCS, YTO, B KOHEYHOM UTOTE, MPUBEACT U K
JBIKeHUIo Tena. ClefyeT 3aMeTUTh, YTO B OTOM CIIydae PAacCTOSHAE MEXKIY CT'YCTKaMH JHIIOJS, OCh adcImce
KOTOpOrO MapaieibHa HANPaBICHUIO BBIHYKACHHOTO ABMKEHUsI, He OyIeT COKpaIiaThCs. TeM caMbIM, CO3IaeTCst
HAINpPSHKEHHOCTh B TeJle, KOTOpasi «CTPEMUTCS» COKPATUTh 3TO PACCTOSIHUE, 10 XOAYy ABHXKEHHs, «Hecs B cebey,
MOTCHIMATBHYI0 BO3MOKHOCTh BO3ACUCTBHSI HA JPYTHE OKpPYXKAIOIIHE Tella. DTy BO3MOXKHOCTh BO3JCHCTBHSA Ha
JIpyTHe Teja MPUHITO OTHOCHTH K TIOTCHIMAIBHOW 3JHEPIHH JBIXKYyIIerocs Tena. KpoMe Toro, ABmKymieecs Teo,
3a CYCT YBEIMYCHHS PACCTOSIHHUS MEY CT'YCTKAMH €TI0 TPaBUTAIIMOHHBIX TUIIONEH, UMEET HECKOIBKO YBEIHUCHHYIO
CUITy TPaBUTAIUH, HHAYE 32 CUCT ITOT0, Kak ObI Macca Telia UMeeT OOJBIIYIO BEIHYUHY, HEKEIH Macca ero moKosl.
ITockosbKy, Kak MPaBIIO, MbI B TIOBCEIHEBHOMN KU3HH UMEEM JIEJIO C MAIBIMUA CKOPOCTSIMH JBIXKCHHS T, & MACCY
TeJa MBI, MPEXkKAE BCEro, ONIYIIaecM Yepe3 CHIIOBBIC JMHUM Dapajesi TpaBUTAI[OHHOTO MOJS, TO 3TO M3MCHECHHUC
Macchl Teja JJIsl HAC He3aMeTHO.
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KpOMe TOIr'0, Macca Tejia OIYyIACeTCs OpraHaMn 4yBCTB YCJIOBCKA, a TAKKC HpI/I60paMI/I, BBIITOJIHCHHBIMH
H3 BCIIECTBA, KaK TBEPAOC, KUIAKOC U ra3oo6pa3H0e BCUICCTBO, T.C. €ro arperaTHoc COCTOAHHUEC. B Takoii
perucTtpanui COCTOSAHUU MACChbl TEJia, IMPEKIAC BCEro, Urpar0T poJib CBOIiCTBa HaOPsS?)KEHHOCTHU JJICKTPHUUICCKOTO
IoJIsA, KOTOPbIC PACCMOTPCHLI B [4] O,HHaKO ornpeacidromas pojb g OYIEHUA MacCChl TCjla NPUHAIICIKUT
T'paBUTAlITUOHHOMY BO3L[€I>1CTBPIIO T€Jla € €€ OKPYXKCHHUCM. YacTHbIN cnyqaﬁ CICAYCT OTHECTH K €ro
B3aHMOL[eI>iCTBPIIO C FpaBHTaHHCﬁ 3€MJ'II/I, 1 B 3TOM CJIy4dac¢ Mbl UMECM [JI€JI0 C BCCOM TEjIa, YTO IPU ONPCACTICHHBIX
00CTOSATENILCTBAX MO3BOJIIET BMECTO MOHSTHS MAacChl TeJla NCII0Ih30BaTh €ro BEC.

4. BeiBoabl

Takum 00pa3om, uccieayeMas Macca Teja SBJISISTCS MPOSBICHUEM CI'yCTKOB MaTepHabHON CyOCTaHIINH,
BXOJSIIIIUX B HETO, KOTOPOE BO3IACHCTBYET Ha OKPY)KEHHUE ITOCPEACTBOM CHIIOBBIX JIMHUN PDapasest IpaBUTALIHOHHOTO
MoJIsl — YyeM OOoJIbIliee KOJMYECTBO ITUX CHIIOBBIX JIMHUH, TeM Oojblias macca. B mpupoje macca Tena ofHa, U IO
CYIIECTBY OHA OTIPEACISICTCS KOJMUYSCTBOM YKa3aHHBIX CHJIOBBIX TUHHN. X IepecuuTaTh COCTABIIACT HEITOMEPHBIH
TPYA, HO PETUCTPUPOBATH WX COBOKYIHOE BO3JICHCTBHE C TOMOIIBIO TPUOOPOB M UYYBCTB, NPEACTABISICTCS
BO3MOJKHBIM. He cnenyer BBOIUTH B PacCMOTPEHHE MAcCy HWHEPIUH, MMOCKOJBKY OTACIBHO B TEJE TaKOW
CHCIHAATEHON MAcCHI HE CYIIECTBYET.
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OIITUYHI TA ®I3UKO-XIMIYHI BUMIPIOBAHHSA

YOK 66.099
O.b. LTAHAUBA

CyMmchpKuii HaioHaNBHUI arpapHuil yHiBepcutet, M. Cymu

EHEPITOE®EKTUBHICTD IMMPOLECY KPUCTAJI3ALIL TPAHYJ KAPBAMIJY B
TPAHYJIANIAHUX BAIIITAX

Anomauia. Pezyniosanus 63aemo0ii epanyib08aHux 3acobi6 HCUsIeHHs ma XiMiYHO20 3aXUCTY POCTUH 8 SPYHIMOB0-
BOOHUX CUCMEMAX CLTbCLKO2OCNOOAPCHKUX Y2i0b € AKMYANbHOI NPOOIEMOI0 azposupobruymea. Ananis npoyecie OucnepeysaHHs
n1asos azomuux 000pus y GiOPAYIIHUX SPAHYIAMOPAX, WO 00epMAIOMbCs, MAa KPUCMANI3AYl 2pAHYl NOKA3A8 MOMCIUBOCHI]
VKDPYRHEHHS SPAHYIOMEMPUYHUX NOKASHUKIE NPOOYKMY 30 PAXYHOK ONMUMANLHUX KOHCIMPYKMUSHUX NAPAMEMPIE 2PAHYIAYIUHUX
bawim, OCHAWeHUX anapamami KUnIsAY020 wapy npu payioHarbHOMy Chi68iOHOWEHH] UMPAMHUX XAPAKMEPUCMUK NAA8d ma
0X0N10024CYI04020 NOGIMPA.

Kniouosi cnosa: epanynayia xapoamioy, epanynvo8anuii npOOYKm, epyHmMo8o-600Ha cucmema, panyisayiina bawma,
OXON00IHCYIOUUI KUNTSYUL Wap, PPAKYITHUL CKAAO, MENTIOMACOOOMIH, eHep2030ePEeNCeHH s, POIMID SPAHYIL.

A.B. SHANDYBA

Sumy National Agrarian University, Sumy
ENERGY SAVING UNDER UREA GRANULES CRISTALLIZATION INTO PRILLING TOWERS

Annotation. Optimization of interaction between granulated fertilizers for feed chemicals and pesticide and plants is
the actual problem of agrarian industry. Improvement process of dispergating nitric fertilizers in oscillation running around
granulators showed some possibility of enlargement for grain-size indexes of product. The energy saving is arrived at due to the
optimal structural parameters of granulation towers with the vehicles of fluid bed and rational correlation for expense
descriptions of fertilizers and cooling air.

From experience of exploitation and literary data it is known that the increase of percent content of large granules is
arrived at by the increase of diameter of opening of perforation of dispersive shells into vibration granulators. In the ordinary
terms of tower granulation this process results in expansion of fractions content for product and to the increase of middle
temperature of granules. It is determined possibility of improvement of basic operating indexes of prilling by the construction of
granulators, in particular, by quality of perforation of dispersive shells., The terms of interaction between polidispersive stream
of fused fertilizers with cooling air also influence on energy consumptions . In present tense the various methods of calculation
under technological descriptions of granulation towers are used in engineering practice, are considered as mass-heat transfer
countercurrent devices. The amount of cooling air, that peculiar to the towers with natural traction at high intensity of irrigation,
even at the considerable height of tower can not provide necessary degree of crystallization of large granules and it will result in
sticking of product in the zone of cooling fluid bed. From the brought charts over evidently, that at the values of the indicated
descriptions 70% crystallization of large granules under diameter 3,0 mm needs time that approximately twice exceeds the
period of crystallization of granules of 2,0 mm.

On existent cooling tower of Odesa plant in a 80 m high in a summer period complete crystallization of granules is
attained with practically diameter of 3,0 mm, but only 60-70% crystallization of granules with 4,0 mm. Production of large-
sized granules with a middle diameter that exceeds a 3,0 mm, in a summer period in the conditions of Odessa plant is
inadvisable and it follows to apply dispersive shells with the diameter of opening of perforation a 1,3 mm, by the general amount
of 3900wm. Only in a winter period, passing is recommended to the profiled shells with the diameter of opening a 1,4 mm, by a
general amount 3200, that allowed to promote percent content of large-sized granules of carbamide on 20%. Using the
hydrodynamic and vibrating methods under dropping-granulation process can determinate the optimal construction parameters.

Key words: urea granulation, granulated product, soil-water system, granulation tower, cooling fluid bed, fractions
content, mass-heat transfer, energy saving, granules size.

Beryn. Ham3BuuaiiHO BaXJIMBHMH KOHCTPYKTHBHHMH (aKTOpaMH B3aeMoJlii BiOporpaHymsTopa 3
TaHYJHLIHHOIO 0amTol0, IO BIUIMBAE€ HA TPAHYJIOMETPHYHHMNA CKJIad Ta AKICTh TOBapHOTO NPOIYKTY, € BHUCOTa
MaJiHHS TPaHyl, BIHOCHA BUTPATa OXOJIOKYIOUOTO MOBITPS A0 BUTPAT AWCIIEPIOBAHOIO IJIABY Ta PO3MIp Kpareib
micnst nepdoposanoi obosoHKK TpaHyssitopa [1, 2, 3, 4], Jngd migBUIIEHHS arpoeKoJIOriyHOi e(eKTHBHOCTI
3aCTOCYBaHHS MIiHEpAILHUX JOOPUB 1 3MEHIICHHS IIKOJW JOBKULIIO BHACHINOK Mirpamii iX KOMIIOHCHTIB,
HEeoOXiHO 30iJBIIMTH YacTKy TOBAapHUX JOOPHB NPOJOHIOBAaHOI Jii, B TOMY YHCII OpraHOMiHEpaJbHHUX 31
30anmancoBanuM BMicToM NPK Ta onTtumansHUM TpaHYJIOMETPHYHHM ckiazoM [5, 6, 7, 8, 9, 10, 11, 12]. Cuig
TAKOXK 3ayBAXKUTH, IO TEIUIOMACOOOMIHHI XapaKTEPHCTUKU TPaHYJSLidHMX Oamt OJeCchKOro MPHIIOPTOBOTO
3aBOY, € IOCUTh BUCOKUMH TIpHU 1X BHcOTi 80 M, 00NaqHAHUX OXOJIOJ)KYBAa4aMH KUIUIAYOTO IIApy, IO JO3BOJIIE
OTpUMATH MPOIYKT 3 YKPYITHEHUM TPAHYJIOMETPHUYHUM CKJIAJIOM, KWW BINOBiNae BUINHUNA KaTETOpii SKOCTi. Ale,
BHUXOJISTYM 3 TIAPOJMHAMIYHMX Ta TETUIO(PIZMYHUX YMOB OXOJIOJDKEHHS 1 KpUCTami3amii TpaHys, B JITHIA mepiof
cepenHiii po3Mip OTPUMAHKX TpaHyJ IOBHHEH OyTH oOMexkeHwmi 3,0 MM.

Buxiaa ocHOBHOTo MaTepiany. 3 J0CBiIy eKCIuTyaTarllii Ta jitepaTrypHux ganux [1,2,3,4,5,6,7,8,9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19] Bimomo, 1110 301IBIIEHHS MPOLIEHTHOTO BMICTY KPYITHUX TPaHyJl IOCSATAETHCA
30UIBIICHHSM JliaMeTpy OTBOpIB nepdopanii TUCTIeprylounx 000JIOHOK BiOpOTpaHyJISITOPIB 1 B 3BUYafHUX YMOBax
0amToBOi TpaHYJALIl MPHU3BOAUTH IO PO3IIUPEHHS (PAKIIHHOTO CKIAAY MPOAYKTY Ta MiABHIICHHIO CEPEIHBOL
TEMIEepaTypu TpaHyl.  MOXIUBOCTI TMOJIMIICHHS OCHOBHHX CKCIUTyaTAalliiHUX TOKA3HUKIB MPULTIOBAHHS
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BU3HAYAETbCS KOHCTPYKILIEI TPaHyJsTOpa, 30KpeMa, SKICTIO nepdopaiii AUCIEprylodnx OOOJIOHOK, a TaKoX
YMOBaMH B3a€MOJIi HOJIMCIEPCHOTO MOTOKY PO3OPU3KAHOTO IUIABY 3 OXOJIOJUKYIOUMM TOBITpsIM. B TenepimHii
Yyac B IH)KCHEpHIl MPaKTHII 3aCTOCOBYIOTHCS PI3ZHOMAaHITHI CIIOCOOM PO3paxyHKY TEXHOJIOTTYHHMX XapaKTEepHCTHK
TpaHyJSILIHHUX OamT, MO pPO3MVISNAIOTECS SK INPOTHTEUiiiHI TemomMacooOMiHHI amapatu  [3, 4]. Bonm
BIZPI3HSIIOTBCSL  CHCTEMOIO IPUHHATUX MpHITylieHb, (opMol0 MaTemMarnyHoi wmoxemi [19], kinbkicTro
KOHCTPYKTHUBHHX I1apaMeTpiB, IO BU3HAYAIOTHCS, Ta TOYHICTIO OTPUMAaHMX pe3ysbTaTiB. Bubip Toro um iHmoro
crioco0a po3paxyHKy Ha CTafii MPOEKTYBaHHS NPUHMAETHCS B KOXKHOMY KOHKPETHOMY BHIIAJKY 3 ypaxXyBaHHSIM
TEXHIYHUX BHUMOT Ta KOHCTPYKIi BiOporpanymsatopa. B nmaHiii po0OOTi BpaxoBYBINCH TEIJIOMAacOOOMiHHI
XapakTepuCTUKH rpanysimiianx Oamrt OII3, ocHameHux BiOporpanymsaropamu cucteMu b.I. Xomina 3
JaMiHapH30BaHOIO Tepdopamielo AUCIEpryiounx o000JI0HOK. Po3paxyHOK TpoBOAMBCSA 13 3aCTOCYBaHHSIM
yIockoHaseHoi nporpamu «I'panyiay, mpeacTtaBieHoi Ha puc. 1.

BusHavyeHHA KoedidieHTIB onopy, BUTpaT Ta
eHeproedeKTUBHOCTI AUCcNepryr4voi 060NoHKK | GawTn

BeeaeHHA

BUXIAHUX faHUX

TexHonorivHMIA pospaxyHok NepdopoBaHnX 0GoNoHOK

I
BanucTUYHMIA pospaxyHoK chakeny ponuniBaHHA

TennoBUA pospaxyHOK 0XonoaxKeHHA Ta KpueTanisauii
rpaHyn ToBapHUX thpakuiid

CcTON. APYK PE3YNbLTATIE

Puc.1. Baok-cxema I «I'panyia»

Jdns  aHamizy eKCIIepUMEHTAJIbHUX JaHUX Ta pPEe3yJbTaTiB pPO3pPaxyHKIB JOIIBHO CKOPHUCTATHCS
6e3p03MipHOI0 (QYHKIIIEI0 CTYNEHIO KpUCTaNIi3allil, 10 sBJIsiE COOOI0 BiAHOUIEHHS Macu 3aKpHCTali30BaHOIO ILIaBa
JI0 TIOYaTKOBOi MacH Kparuii, 110 yTBOPHJIAcs I1iJ] BILIMBOM BiOpauii:

E = m/m, (1)

3 miteparypu [2,9] Bimomo, IO iHTEHCHBHICTh KpHCTami3allii Ma€ MaKCHMalbHE 3HAUYCHHS y BEpXHii
YacTHHI TpaHOamTH, Je TemIepaTypa TOBEpPXHI Kpaleidb JHCIIEPrOBAaHOTO IUIABYy CTAa€ PIBHOIO TeMIiepaTypi
KpUCTami3amii 1 B MOJAIbIIOMY IIOCTYIIOBO 3HIDKYBAaTHMETBCS II0 Mipi HApOIIyBaHHS Ta 3MII[HCHHS
3aKpUCTAII30BAHOTO IIapy Ta MOTiPIICHHS TETUIOBI AUl PiKOTO sSApa TPaHyIH B MOTIK OXOJIOKYIOYOTO TTOBITPSI.

Kinetnka 1poro mpouecy Nmpu MOCTIHHOMY CIiBBITHOIICHHI BHUTPAT IJIaBa Ta OXOJOKyBada JOCHUTH
JI00pe MOJICITIOETHCS PIBHSHHSM;

am - (2)
dr m,

HeBaxxko momiTuTH, MO CHiBMHOXKHUK (1- m/mgy) BU3HA4ae momo pigHOi pimkoi ¢asu B TpaHyli, a
IHTEHCUBHICTh KpHCTaNi3allii, TAKUM YHHOM, Oyjae MpomopliiHa BiTHOCHIH Maci HE3aKpHUCTATi30BaHOTO ILIABY.
Koedimienr mnpomopiiitHocTi k 3ameXuTh Bil aepoTiIpOJUHAMIYHHAX XapaKTEPUCTHUK Ta MaCOOOMIHHHX
XapaKTePUCTUK TpaHOAITH i Mae (i3MUHUN CEHC MAaKCHUMAaJIbHOT MIBUIKOCTI KpUCTAi3alii B TIOYaTKOBUH MOMEHT
MOJILOTY Kparum IJiaBy. PillleHHs HaBEJIEHOTO PIBHSAHHS CBIMTYUTH NMPO EKCIIOHEHIIIMHUN XapakTep KpHCTami3arlii
rpaHyn y BiamoBimHOCTI 10 Bimomoi ¢yHkmii A.M. KomMoroposa Ta KOpEOEThCS 3 €KCIICPUMEHTATLHUMHI JaHUMU
HAI XIMMAII [ 1, 2, 9 ] puc. 1.

Ha mincraBi GaraTopiyHOrO JI0CBify HPOMHCIOBOI eKcIuTyartalii BCTAHOBJIEHO, IO JOCTaTHS MIIHICTh
TpaHyJ Ha OCTAaHHIN CTaJii OXOJOPKEHHS B KUIUISYOMY IApi Ta BiJCYTHICTh HAIMIIAHHS MPOIYKTY Ha €ICMCHTH
KOHCTPYKLIi OXOJOMKyBaua JOCSTae€ThCcs INPH CTyNeHi Kpucramizauii He MeHml, HDK 70-80 %. BpaxoByroum
HaBeJCHI JaHi, BH3HAYAETHCS HEOOXIMHWI Yac MaaiHHSA TpaHyld B Kopensmii 3 OakaHUM iX MaKCHMaJbHUM
JliaMeTpOM, BUCOTOIO OAITH Ta KIIIMaTUIHO-TIOTOJJHUMH YMOBaMHU.

AHati3 mMBHUAKOCTI KPUCTaNIi3allii rpaHyJl pi3HOTO JIiaMeTpy IoKa3as, [0 il MaKCUMalbHe 3Ha4eHHS K, 110
(irypye B TOKa3HWUKY EKCIIOHECHTH PiBHSAHHS (2), 3aJICKUTH BiJ TUIOMNI MMOBEPXHI OXOJOKEHHS, TOOTO IPSAMO
MpoTopIiiHe KBaApaTy AiaMerpa TpaHyidd. 3 iHIIOro OOKy Maca TpaHyJd 30UTbIIYETHCS MPOIOPIIHHO KyOy ii
JiaMeTpa i € CTpUMYIoUYuM KpucTtamizamito (aktopoM. ToMy Tmmicis mepeTBOpeHb PiBHSAHHS (2) OTPUMAEMO
OIIIHIOBAJIbHE 3HAYCHHS CKCITOHCHTH KPUCTAMI3allil Y BUTIISIL:
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E:l_exp(_gj , (3)

Jie o - IapameTp, XapakTepu3ylunil MBUJIKICTh NpOoCcyBaHHS (hpOHTA KpUCTaNli3allil BCepearH] rpaHyy,
MM/c; d - miameTp rpaHyii, MM; T — Yac NMaJiHHS TPaHyJIH B OamTi, c.

ExcnepnMeHTanbHi pe3ybTaTH.

3rimao manunx K.A. KazakoBoi [1] Ha CTymiHb KpHCTami3allii rpaHysl 3HAYHO BIUIMBAE CITiBBiTHOIICHHS
MacOBHUX BUTPAT OXOJIOPKYIOUOTO TOBITps Ta mmaBa Q/q. Xapakrep 3MiHH KPUBHX OXOJIOJDKEHHS Ta KpUCTATi3allil
TpaHyJ pi3HOTO JAiaMeTpa TpejacTaBieHui Ha puc. 2. OCHOBHHUII BHCHOBOK, KM MOKHA 3pOOWTH 3 aHAJI3y IHUX
rpadikiB, MOJSTa€ B TOMY, IO 301TBIIICHHS. BUTPATH OXOJIOKYIOUOTO MOBITPSI i, TOOTO BUTPATHOI XapaKTEPUCTUKU
Q/q, 3 METOI0 TiABHINCHHS CTYIEHIO KPUCTAJI3aIlil TpaHyll Ma€ CEHC JHIIE IO IeSKOi MeXi, 0 BH3HAYAETHCA
BHUCOTOIO TpPaHOAIITH Ta aepOAMHAMIYHUMH YMOBAMHU OXOJIOJUKEHHS. IIpu 1[bOMy ONTHMaibHE €Heproe(eKTHBHE
CHIBBITHOIICHHSI BUTPATHOI Ta TemioMacooOMiHHOI xapaktepuctuku [10] mponecy ot/d 3Haxomuthcst B obiacti
neperuHy rpadikiB. HeBakko MOMITHTH, IO KiHIEBI MUISHKM KpUCTANi3alliifHUX KPHUBHX, IapajeibHUX OCSAM
KOOPJWHAT BKa3yKOTh HAa MOXKIHBOCTI CKOPOYCHHS BHUTPATHOI XapaKTEPHCTUKU 332 PaXyHOK 3MCHIICHHS MOJadi
OXOJIOJUKYIOUOTO IOBITPA.3 1HIIOro OOKYy, SIKIIO KpHCTajli3auiiiHi KpHBI napaienbHi KOOPIUHATHIH OCi BHCOTH
rpanbanITy, To caMe Ha Led po3Mip Moxke OyTH 3MEHIIeHa BHCOTa rpaHOaIITH.

3BEpHEMO TaKOXX yBary, IO HEIOCTATHS ITUTOMa KUIbKICTH OXOJIOJKYIOUOrO IIOBITpS, IO BIIACTHUBA
Oarmmram 3 IPUPOTHLOIO TATOIO MPH BUCOKIH IHTEHCHBHOCTI 3pOIIECHHS, HABITh NMPH 3HAYHINA BUCOTI OAIlITH MOXE He
3a0€3MeunT HeOOXiAHY CTYIIHb KpHCTami3alii KPyIMHUX TPpaHyl i e Mpu3Bee N0 HAIMIAHHS MPOAYKTY B 30HI
KATUIAYoro mapy. Tak, 3 HaBeneHuX rpadikiB BUIHO, IO MPH IMIOCTIHHNAX 3HAYCHHAX BKa3aHUX XapakTepuctuk 70%
KpHCcTami3amis KpymHHX TrpaHyd miamerpoMm 3,0 MM morpelye dacy, IO HMPHUONU3HO BABIUI TEPEBHIIYE MEPion
KpUcTami3amii rpanya maiaMerpoM 2,0 MM. SIKIIo moBHA KpUCTAi3amis rpanyn giameTpoM 2,0 MM BigOyBaeThes 3a
8,5 cexynn maninus ii 3 Bucotu 50 M, To I Kpucramizanii 3,0 MM rpanyn HeoOxinHo 8,5:1,5 = 13 ¢ i BiAmoBigHA
BHCOTa TPaHOAIITH, 110 CTAHOBUTH 75-80 M.

Qg
Krikr

15

10

H, m
Puc. 2. Cucrema i3oiHiii epeKTUBHOCTI KpHcTadi3alil rpaHy I B 32J1€5KHOCTI Bil BUCOTH 0AaIITH TAa BUTPATHUX XapaKTEPUCTHK

Ha icayrounx rpanbamrax OJecbKOro IpUIOPTOBOTO 3aBOAY BHUCOTOI 80 M B JITHIH MEpioa MOCATHYTa
MPaKTUYHO MMOBHA KpHCTami3amis rpaHyn giamerpoM 3,0 mm, ame mume 60-70% kpucramizamis 4,0 MM rpaHyi.
BupoOGHHIITBO YKPYITHEHHUX TPaHyI 3 CEpeAHIM IiaMeTpoM, mo nepesuirye 3,0 M, B niTHII nepiog B ymoBax OII3
€ HEIOIIIPHKUM 1 CJTiJT 3aCTOCOBYBATH JUCTIEPTYIOUi 000JIOHKH 3 JiaMeTpoM OTBOpiB nepdoparii 1,3 MM, 3araabHOIO
kimpkicTio 3900 mr. Jlumme B 3UMOBHIA MepioJl peKOMEHIYEThCS Tiepexia Ha mpodiiboBaHi 000JOHKH 3 JAiaMeTpOM
oTBOpiB 1,4 MM, 3aranbHOI0 KijbKicTio 3200, M0 JO3BOJWIO MiABUIIUTH MPOIEHTHUN BMICT YKPYITHEHUX TPaHyI
kapOaminy Ha 20%.

BucHoBkH. PeryiroBanHs B3a€MOJii TpaHyIbOBAaHUX 3aCO0IB JKMBJICHHS Ta XIMIYHOTO 3aXUCTY POCIHUH B
TPYHTOBO-BOJHUX CHCTEMAaX CUTBCHKOTOCIOJAPCHKUX YTiZb € aKTYaIBHOK MPOOJIEMOI0 arpOBUPOOHHUIITRA.

1. EHepro30epexeHHs B IPOLIEC] JUCTIEPryBaHHs IUIABOB a30THUX J0OPHB y BiOpaliifHUX TpaHyJIsTOpax,
mo 00epTaoThCsl, MOKa3ada MOXKIHBOCTI YKPYITHEHHS TPaHYJIOMETPHYHHUX ITOKa3HHKIB MPOAYKTY 3a PaxyHOK
ONTUMAIILHIX KOHCTPYKTHBHHX IMapaMeTpPiB TPaHYJIIIHHAX OaIT.

2. 30inbIIeHHST BUTPATH OXOJIOHKYIOUOTO TOBITPs i, TOOTO BUTPATHOI XapakTepucTHku Q/q, 3 METOr
MiIBUIICHHS CTYIEHIO KPHUCTANi3lii TpaHyJl Mae CEHC JIMIIe A0 NOeAIKOi MeXi, IO BH3HAYAETHCS BHCOTOIO
rpaHbamrTd Ta aepoJMHAMIYHMMH YMOBAaMHU OXOJIO[DKEHHS. IIpu 1bOMY oONTHManbHe eHeproeeKTHBHE
CIiBBiTHONICHHsT BUTpaTHOI Q/q Ta TeIIoMacoOOMIHHOT XapaKTepUCTHKH Tpoliecy ot/d 3HaxoauThes B oOacTi
neperuny rpadikis.
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OnrtuyHi Ta Gi3MKO-XIMIYHI BUMIPIOBaHHS

VJIK 53.088.3; 53.088.7
0.10. OJIEMHUK

YKpauHCKuil Aep:KaBHUM XUMHUKO-TEXHOJIOTMUECKUI YHUBEPCUTET, I. JIHernp

METOJ KOHTPOJIA UHTEHCU®UKAIINU TEIIVIOMACCOBMEHHBIX
I'A30KUJAKOCTHBIX ITPOIECCOB BUBPOYACTOTHBIM METOJ1OM

Ce200Hs1 OCHOBHBIMU MEMOOAMU KOHMPOIS MENIOMACCOOOMEHHBIX  2A30AHCUOKOCIHBIX NPOYECCO8  AGNAIOMC
00wenpuHamvie usMeperHusi OA6IeHUs, CKOPOCMU, YPOBHSL JHCUOKOCU 00 UU NOCILe annapama, KoOmopbsle He 0aiom uHpopmayuu
0 UHMEHCUBHOCMU npoyecca mypoyau3ayuu uau 8o3HuUKaowux nyivcayuil. Kpome mozo, usmepsiemvie genuuunvl ne mo2ym
Xapakmepuzo8amsv 803HUKAIOWUUE NYIbCAYUU, KOMOPble XapaKkmepuzyem npoyecc meniomaccooomena. Ilosmomy paspabomra
VHUBEPCATIbHO2O MeMOoOd KOHMPOs GO3HUKAWUX dPeKmos 6 30He KOHmaKma (a3s se1semcs nepcneKmueHbIM ACHeKmoM
peuleHust aKkmyanbHoU HAYYHOU 3a0a4u KOHMPOs UHMEHCUDUKAYUU MENnIOMACCOOOMEHHBIX NPOYUECCO8 8 2A30HCUOKOCHHBIX
annapamax.

Tpu kowmaxmuposanuu 2aza u JICUOKOCMU G6UOY OOHOBPEMEHHO20 NOsBNEHUs KONeOaHuil 0asneHus, 6bl36aHHbIX
PA3IUYHBIMU  APUMUHAMU U UMEIOWUX DPA3IUYHbIE  AMAAUMYOHO-YACMOMHbIE XAPAKMEPUCMUKY, 00pa3yemcs ClOdICHAsL
KoneOamenbHas Cucmema co MHOSUMU CMeEeNneHsMu c600600bl. DNeMeHmbl CMPYKmMypbl 2a304CUOKOCMHOU CUCMEMbl MOJICHO
npeocmasums KaxK Hecéa3anHvle Mexcoy coOoll pe3oHAmopbl ¢ PasiutiHblMu cOOCMEeHHbIMU Yacmomamu Konrebanuti. OcHO8HOU
3a0auell KOHMPOAA UHMEHCUDUKAYUU NPOYECCO8 6 2A30HCUOKOCHIHbIX CUCMEMAX SUOPOYACHOMHBIM MemoOOM ABNIAEMCs
usMepenue amMniIunmyOHO-4aCmMOmMHbIX XAPAKMEPUCMUK KOAeOAHUL.

B pabome uccnedosanru uwacmomy KoneOaHUll RYTbCUPYIOWE20 6 JHCUOKOCIU NY3bIPbKA C YEAblo OYEHKU GIUSLHUS
601H08020 nojs. bBvliu onpedenenvl Kunemamuueckue U CUIOBble XAPAKMEPUCTIUKU 60IHOB020 MNOJSL NY3bIPbKA, NY3bIPEK
sbICMYNAn 8 pou cghepurecko2o uznryvamens. I azo6viil nysvipex ObLl NPeOCmasieH 8 HCUOKOCMU KAK KO1eOamenbHask CUCeMA ¢
cocpedomouennvimu napamempamu. Ilonyueno gvipasicenue st onpedeneHust pe30HAHCHOU YaCmombl MAKOU CUCHEMbL.

Bovina paspabomana cmpykmyphnas cxema asmomamudecKkou cucmemvl KOHMPOJsL 05l Peaiu3ayuu npeoyiodiCeHHO20
Memooa KOHMPOs IPHeKmusHocmu meniomMaccoOMeHHO20 2a304CUOKOCMHO20 NPOYecca NYMmem UMepeHUs aMNIUMYyOHO-
YACMOMHBIX XAPAKMEPUCTUK CpeObl 6HYMpPU annapama 6 COYemaHuu ¢ KOHMPOLEM OCHOGHLIX NApaAMempos npoyeccd.
Anpobayus npeonosxcentoil cxemvl nPOULLA YCHEUHO.

Kniouesvie cnosa: eubpouacmomuuiii Memoo, UHMEHCUGUKAYUsT npoyecca, meniomaccooOMeH, 4Yacmomad, ny3uipex,
nyabcayusl.

0.Yu. OLIYNYK
State Higher Educational Institution «Ukrainian State Chemical Technology University»

CONTROL OF INTENSIFICATION OF THERMAL-ASSOCIATED GAS-LIQUID PROCESSES BY A
VIBROCHASTIC METHOD

The main methods for controlling heat and mass exchange gas-liquid processes are generally accepted measurements
of pressure, velocity, liquid level before or after the apparatus, which do not provide information on the intensity of the
turbulence process or the resulting pulsations. In addition, the measured quantities can not characterize the arising pulsations
that characterize the heat and mass transfer process. Therefore, the development of a universal method for controlling the
arising effects in the phase contact zone is a promising aspect of the solution of the current scientific task of controlling the
intensification of heat and mass exchange processes in gas-liquid vehicles.

When gas and liquid are contacted due to the simultaneous occurrence of pressure fluctuations caused by different
causes and having different amplitude-frequency characteristics, a complex oscillatory system with many degrees of freedom is
formed. Elements of the structure of the gas-liquid system can be represented as unconnected resonators with different natural
frequencies of oscillations. The main task of controlling the intensification of processes in gas-liquid systems by a vibro-
frequency method is to measure the amplitude-frequency characteristics of the oscillations.

The frequency of vibrations of a bubble pulsating in a liquid was investigated in order to evaluate the influence of the
wave field. The kinematic and force characteristics of the bubble wave field were determined, the bubble acted as a spherical
radiator. The gas bubble was represented in the liquid as an oscillating system with lumped parameters. An expression is
obtained for determining the resonance frequency of such a system.

A block diagram of the automatic control system was developed to implement the proposed method for monitoring the
efficiency of the heat-mass-internal gas-liquid process by measuring the amplitude-frequency characteristics of the medium
inside the apparatus in combination with monitoring the main process parameters. Approbation of the proposed scheme was
successful.

Key words: vibration frequency method, process intensification, heat and mass transfer, frequency, bubble, pulsation..

Beenenue

CKOpOCTh TEIIOMacCOOOMEHHBIX IIPOILIECCOB ONPEACISIeTCS WHTCHCHBHOCTHIO IIEpeHOCa BEIIECTBA H
sHeprud. M3BeCTHO, YTO HalOKEHHE KoJeOaHMI W3BHE B HEKOTOPBIX OOJACTAX YacCTOT, COOTBETCTBYIOIIMX
COOCTBEHHOW 4acTOTe KOoJeOaHW JIEMEHTOB CTPYKTYpPBI, IPUBOIUT K MHTCHCU(DHUKAIMU IIpolecca mepeHoca [1].
OmHuM W3 Hamboynee YacTo MPUMEHSICMBIX CIHOCOOOB WHTCHCH(HUKAIIMH TaKHUX TEXHOJOTHYCCKUX IPOIIECCOB
SIBIISICTCSL TypOyJIM3alusl KOHTAKTUPYIOIIUX (pa3 Ha MOBEPXHOCTH MX pasnena [2]. B Hacrosiee BpeMs MpeaioKeHbI
U HCCIICIOBAaHBl Pa3HOOOpa3HbIC METOAbl WHTCHCHU(PUKAIMKM TeruioMaccooOMeHa. I 3TOH LenHu MIUPOKO
UCTIONB3YIOTCS TypOyTU3aTOPHl MOTOKA HA MOBEPXHOCTH, 3aKPYTKa MOTOKA 3aBHXPUTEIISIMHU, YCTAHOBICHHBIMU Ha
BXOJIC B alapaThl, HOJMCIIMBAHKE K MOTOKY JKUJKOCTH ra30BbIX ITy3bIPEH, BPALICHUE WIH BUOPAIHS TIOBEPXHOCTH
TerIoMaccooOMeHa, BO3IEHCTBUE HA IMTOTOK DJICKTPOCTATHUECKUX, MATHUTHBIX TTONIeH [3].
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OMHOBPEMEHHO C ATHM, HECMOTPS, Ha aKTYyaJIbHOCTh MPOOJIEMbl HHTCHCH(DUKAIMU TEIJIOMAacCOOOMEHA B
ra30’KUJIKOCTHBIX ammaparax, B JHTepaType MPaKTHYECKH HE PAcCMOTPEH BOMPOC KOHTPOJIS MPOIECCOB
TypOynu3anuu. B TypOyJIeHTHOM MOTOKE 3JICMEHTAPHBIC CTPYH H3MEHSIOT CKOPOCTh U HAIPABJICHUE, B CBSI3U C YEM
B KaXIOW TOYKE OOBEMa MPOUCXOIMUT Iyibcamus ckopoctd [4]. CyliecTByeT MHOTO IMOAXOJOB K OLCHKE H
KOHTPOJII0 MHTEHCHUBHOCTH MAacCOOOMEHHBIX MPOILIECCOB BHYTPH allllapaToB. BOJBIIMHCTBO WU3BECTHBIX METOJIOB
CBOJIUTCS K KOHTPOJIIO KOCBCHHBIX TTAPaMETPOB MPOIlecca: H3MEPEHHIO pacxo/ia U TEMIIEPATyphl Ha BXOJE U BBIXOC
amnmapara, CKOpOCTH ITOTOKOB XHUAKOCTH U Ta3a [5]. [To maHHBIM [6] 111 KOHTPOJISI TEIIIOMacCOOOMEHHOT0 TTpoIiecca
HarpeBa JKUJIKOCTH HM3MEpPSUIM JaBJICHHE Mapa Iepe] paboyuM ydacTKOM ammapara, CKOPOCTh IOTOKa. 3aTeM
pPacUeTHBIM ITyTeM ompenesuii 3 (HEKTHBHOCTh pabOTHI.

I'naBHBIM HEAOCTATKOM OIMCAHHBIX METOJOB KOHTPOJIS TEIIOMAaCCOOOMEHHBIX ITPOIIECCOB SIBISIETCS TO,
YTO OOINEIPHHATHIE W3MEPCHUs JaBJICHUs, CKOPOCTH, YPOBHS JKHIKOCTH 10 WJIM IOCJe almapara He IaloT
WHPOPMALMUM O HWHTCHCUBHOCTH IIpoliecca TypOyium3anuu. Pa3MmelleHne TaTYMKOB B ammapare HE BCeraa
HEBO3MOXKHO M3-32 3PO3HOHHOTO JICHCTBUSA Ha M3MEpUTENbHBIC mpeoOpa3oBarenu [7]. Kpome Toro, m3mepsieMbie
BCIMYMHBEI HE MOTYT XapaKTCpPH30BAaTh BO3HUKAIONINE IYJIbCAIUH, KOTOPHIC XapaKTepPH3yeT MpPOIEece
TEIIOMacCOOOMEHa.

Bwmecre ¢ Tem, MakcUMaNbHBIH 3G (HEKT OT BO3ACHCTBYSI TYpOyIH3alMA U COOCTBEHHBIX KOJICOAHMIA CPEIbI
BO3HHKACT MPH JTOCTHKCHUU dPdekTa pe3onanca [8]. OJHaKO HA CErOMHSAIIHUI JICHb JaHHBIC O METOAAX KOHTPOJIS
PE30HAHCHBIX YaCTOT B Ta30-)KMUAKOCTHBIX almapaTax OTCYTCTBYIOT. HET 10CcTaTouHO yHHBEPCAIBbHON METOIUKH U
000pyIOBaHUsI, XOTSI U3BECTHO OOJIBIIOE KOJIUYECTBO BUOPAYACTOTHBIX JATYUKOB, KOTOPBIE YCIIEIIHO TPUMEHSFOTCS
B YaCTHBIX ciydasx [9].

Takum oOpa3om, pa3paboTKa YHHBEPCATHHOTO METOAa KOHTPOJS BO3HHKAIOMMX 3()PEKTOB B 30HE
KOHTaKTa (a3 SBISETCS MEPCIEKTHBHBIM AaCIEKTOM pEIIeHUs aKTyaJbHOW HAy4YHOW 3aJa4d  KOHTPOJIS
MHTEHCU(HUKALUH TETJIOMACCOOOMEHHBIX IIPOLIECCOB B ra30KUAKOCTHBIX alNapaTax.

AHaJIN3 MOoCJeTHUX MYOJITUKANMIA U OCTAHOBKA NPO01eMbl

DHeprus ra30BBIX CTPYH B Ta303KUIKOCTHOM CIIO€ MPeoOpa3yeTcs B KHHETHYCCKYIO SHEPTHIO MYJIbCAIIUH 1
MOTEHLUUAIBHYIO DHEPTHI0 MOBEPXHOCTHOTO HATSXKEHHUS, KOTOpPbIE, B CBOIO OuYepelb, MOTYT MEPEXOJIUTh APYT B
Jpyra.

AMIUTATYTHO-YaCTOTHBIC XapaKTEPUCTUKU KOJICOAHUH B Ta30)KUIKOCTHOM CIIO€ OMPEACISIOTCS MHOTUMH
(hakTopamu: KOHCTPYKIHMEH paclpeaenuTeNiell raza, 4acTOTOH OTphIBa My3bIpell M WX pa3MepoM, CKOPOCTHIO
KOHTaKTUPYIOMHUX Pa3 U uX U3HKO-XUMHUIECKAMHU CBOWCTBAMH, JaBJICHHEM, TEMIIEPATypoH U Ap. MaKCHMaIbHBIH
3¢ (}exT MHTEHCHBHOCTH BO3ICHCTBUS Ha TEINIOMAacCOOOMEHHBIN IPOIECC pealn3yeTcs MPU COBMAICHUU YacCTOT
HaJlaTaéMBIX U3 BHE M COOCTBEHHBIX KOJICOAHWN Cpembl WM DJIEMEHTOB CTPYKTYPHI CJOS, T.€ KOTJa HACTYIaeT
pesonanc [10].

M3BecTHO, UTO JOKaJNbHbIE TUAPOJAUHAMUYECKUE MapaMeTpPhl Ta305KUAKOCTHOTO CJIOS U3MEHSIOTCS 10 €ro
BBICOTE CIIy4aliHBIM 00pa3oM, MPHYEM CPEIHSS YacTOTa MYJbCAIMi ra30CoACpKaHus, CKOPOCTH Ta3oBod (haskbl,
CTATHCTHYECKOrO [ABICHHS M T. I. JEXKHUT B mpedenax 1—15 ¢, M3ydeHmio BOmpoca O BIMSHHMM My/bCAIlHil
KOHTaKTUPYIOIUX (a3 Ha 3PPEKTUBHOCTH MPOIECCOB TEIIOMACCOOOMEHA B Ta30XKHIKOCTHOM CJIOE MOCBSIICHO
3HAUUTENbHOE KOJMMUeCTBO HcciaeAaoBanuil [11]. OnpHako B HacTosiee BpeMsl IPaKTUYECKH OTCYTCTBYIOT CBEJICHUS
0 MeETO/JaX KOHTPOJIA BO3HUKAIONIMX Myimbcanuid win 3()(eKkToB TypOyIECHTHOCTH B Ta303KHAIKOCTHBIX
MIPOMBIIIJICHHBIX MaCCOOOMEHHBIX anmnapaTax WIA peakTopax. 3aTpyAHEHHS B MPAKTUYECKON pealn3alnid METOI0B
KOHTPOJISI MOTYT OBITh CBSI3aHBI C BOSHHUKAIOIIMMU CIIO)KHOCTSIMH TIPH MOTyYSHUH COOTHOIICHUS U ONTHMAIBHOM
(OpMBI TIPOAOJIEHBIX M IIOTIEPEYHBIX KOJNEOAaHWH pe30HATopa, NPH KOTOPOH IOCTHTACTCS MaKCHUMaJbHAas
YyBCTBUTEIHHOCTH K KOHTPOIUPYEMOMY TTapaMeTpy, COOTHOIIECHHUS CUTHAN/IITYM, XapaKTEPUCTHKH H3MEPHUTEIHHOTO
peoOpa3oBaTessl 4aCTOTHI KoJieOanuii pe3onaropa [8].

Takum 006pazom, IpH KOHTAKTUPOBAHWUM T'a3a M KHUIKOCTH BBUIY OZHOBPEMEHHOTO MOSBICHHUS KOJeOaHMA
JIABJICHUs, BBI3BAHHBIX  Pa3IMYHBIMM NPUYMHAMH W HMMEIOIIMX  pa3iMyHble  aMIUTUTYJHO-4aCTOTHBIE
XapaKTePUCTHKH, 00pa3yeTcs CIIOKHAs KoyieOaTenbHas CHCTEMa CO MHOTHMMH CTEICHSMH CBOOOIBL. DJIEMEHTHI
CTPYKTYpPBI Ta30KUAKOCTHON CHCTEMBI MOYKHO TMPEICTaBUTh KaK HECBSI3aHHBIC MEXIy COO0OW pEe30HATOPHI C
pa3IMYHBIMU COOCTBEHHBIMH 4YacToTaMHu KolieOanuil. Torga oOcCHOBHas 3ajjadya KOHTPOJS WHTCHCH(UKAIUU
MPOIIECCOB B TA30)KUIKOCTHBIX CHCTEMax BHOPOYACTOTHBIM METOJOM CBOIUTCS AaMIUIHTYIHO-9aCTOTHBIX
XapaKTEPUCTHK KOJICOaHHH.

Leab v 32124 MCCIe0BAHUS

Ilens maHHOW paboThHL: pa3paboTaTh METON KOHTPOJISI WHTECHCHU(PHUKANH TEIIOMAacCOOOMEHHBIX
ra30KMAKOCHBIX MPOLIECCOB BUOPa4aCTOTHBIM MeTOoAOM. [Iiisi JNOCTHMIKEHHs TMOCTaBICHHOW LMW B 3ajade He
00XOJMMO PEUINTh CIEAYIONIHE 3a/1a4u:

000CHOBAaTh BO3MOYKHOCTH HCITOJIb30BAHUS AMIUIUTYIHO-YaCTOTHBIC XAPAKTCPUCTHKH KOHTAKTHUPYIOIIUX
$a3 mms KOHTPOJIT MHTCHCH(HKAIMK TEIUIOMACCOOOMEHHBIX Ta30)KUJKOCTHBIX IPOIIECCOB BHOPOYACTOTHBIM
METOJIOM;

pa3paboTaTh CTPYKTYPHYIO CXEMYy aBTOMATHYECKOW CHUCTEMBI KOHTPOJS W YIPABICHUS AamliapaToM C
TEIIOMAaCCOOMEHHBIM T'a30KHIKOCTHBIM IPOIIECCOM.
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KoHTpoab koJie6aHMil KOHTAKTHPYIOIIUX (a3 B TEINIOMACCOOOMEHHBIX Ia305KHAKOCTHBIX Iponeccax

I"a30)xuIKOCTHOM CIIOH B ammapare rpezcTaBiisieT co0ol COBOKYNHOCTh Iy3bIPHKOB, sIU€EK, CTPYH, BUXpEH
pa3nuuHBIX pa3MmepoB. [Ipw 3TOM Ha MHTEHCHBHOCTH TEIJIOMacCOOMEHHOT'O Ipolecca MOTYT BIMSATH NapaMeTphl
MyJbCalluu ra30Boi (ha3bl, pa3Mep My3bIPHKOB, YacTOTa WX COOCTBEHHBIX KOJICOAHHMH, KOJMYECTBO MOIJIOIICHHON
SHEPrMU U, KOJUYECTBO OKUAKOCTH BHYTPU MY3BIPBKOB, OKa3bIBAIOIEE CYLIECTBEHHOE BIHMSHME Ha CKOpPOCTb
pacrpenerneHust 3ByKa M 4aCTOTy COOCTBEHHBIX KOJICOaHMIA.

IIpn KOHTaKTe Ta3a M KUIKOCTH BO3HHKAIOT AMIUIUTYAHO-4aCTOTHBIC KOJNEOAHNUsSI KOHTAKTHPYIOMNX (a3,
KOTOpBIE CBA3aHBl CO CKOPOCTBIO Ta30BOTO IOTOKA, HECTaOMIBHOCTBIO MeX(a3HON  IOBEPXHOCTH,
BOJTHOOOPA30BaHUEM Ta30KUAKOCTHOTO CJIOS. DTO CITOCOOCTBYET BOSHUKHOBEHHIO MEX(Pa30BOUH TYpOYICHTHOCTH 1
TypOyJIEHTHOM! ITyJIbCaIlNM TOBEPXHOCTH pa3jiesia KOHTAaKTUpyomuX (a3. B pesynpraTe sHEprust ra30Boro NoToka B
Ta30’kKUAKOCTHOM CJIO€ TPaHC(HOPMHUPYETCS B KHHETHUYECKYIO SHEPIUIO MyJlbCallMii M MOTCHIMATIBbHYIO SHEPTHUIO
MOBEPXHOCTHOIO HAaTsDKEeHUs. [Ipu 3TOM OHM B3aUMHO MEpPeXOsT Apyr B Apyra [12].

MaxkcumanbHbIH 3G QEKT mpouecca MPOUCXOMUT MPH COBMNAAECHHM HaJaraéMbIX 4acTOT M COOCTBEHHBIX
KoJIeOaHMH JIEMEHTOB CTPYKTYPBI Ta305KUIKOCTHOTO CIIOSL, T.€. C BOSHUKHOBEHHEM pE30HaHCa.

B pabote nccnenoBanu 4acToTy KoJIeOAaHMH ITyJIBCHPYIOIIErO B XXMIKOCTH IMy3bIpbKa C HEJbI0 OLEHKH
BJIMSTHHSL BOJTHOBOTO MOJIA. JIJIs1 9TOTO ONMpenernsuii KHHEMaTHYECKUE U CHIIOBBIE XapaKTEPUCTUKU BOJIHOBOTO ITOJIS
My3bIpbKa, IPU 3TOM ITy3bIPEK BBICTYIIAJI B POJIM chepruueckoro uaiydaress. Eciim mpencraButh my3bIpek B BHIE
MyJIBCUPYIOHIEH cephl, BCE TOYKH KOTOPOil KOIEeOIIOTCS TI0 clieayromeMy 3akoHy [10]:

V. (0)=22 =V (iwr), 0
ort

rae V,(7) — ckopocTh KoJeOaHUsI TOYEK MO0 HOPMAJM K IIOBEPXHOCTH cdepsl, @ - MOoTeHInal CKOPOCTH,
@=2 71f — NUKJIMYecKasl 4acToTa.

Bocnonb3oBaBiinch  u3BecTHbIMH  [13]  cBsi3siMH  HOTEeHIManamMu ckopoctd @ ¢ ypaBHEHHEM
THIPOAMHAMHUKHU JIMHECHHOTO NPHONMKCHHUS, MOXXHO MOJYYHTh PATUATBHYIO COCTABJISIONIYI0 CKOPOCTH YaCTHI]
KUIKOCTH:

V= 86@ ! [A(l+lkr)e’(“” " + B(1—ikr)e" ™" "”l )
roor
1 BOJTHOBOI'O JABJICHHUS .
P=iwpd,
P= lop [A exp(—ikr)+ B exp(zkr)]e’“” (3)

rze k=@/c — BOITHOBOE YHCJIO.
Kosdhdummentet A m B B ypaBHeHuu (2) ompenensuii MO CISAYIOMHUM coobpakeHusaM. W3 ycnoBuid
manyyennst @,_,,— 0 caenyer, uto B=0. C y4yerom (1) npu r=a moay4nm BeIpaskeHUe Ui A:

A=V,a" (1+ika). @)

[oncrasnsis Beipaxenus (4) u (3) n1s A u B B (2), onpeaenum, 94To AJIsL BOJIHOBOTO TOJIS ITYJIECHPYIOIIEH

cepsr:
i lljrzk exp[z(a)r kr; )] Q)
= II-E)?k 1+zkr exp[z(a)z' kr)] (6)
_he i—ex li(wr —kn)]; (7)
1 +ika T+ika” P
Ipu:
r=r—a. ®)

Wmest KuHEMATHYECKHE W CHIIOBBIE XapaKTEPUCTHKH BOJHOBOTO IIOJISI, OMNPENEIUM aKTHBHYIO U
PEAaKTHBHYIO COCTABIISIOIUE MEXaHMYECKOTO MMIIEAaHCa KOJieOaTeNnbHONW CHCTEMbI MY3bIPEK ra3a - KHIKOCTb C
Y4EeTOM MPUCOSAMHEHHOHN K My3BIPbKY Macchl )XUIKOCTH [14]. Ucxons u3 [14], mprcoenHeHHAs K MyJIbCUPYIOMIEH
cdepe Macca )KAIKOCTH OyIeT paBHA:

2 3
M @  pcdma ka 4ra’ p 3M, ©
-~ 2 2 2 2 27
0] o l+k+a l1+ka 1+ka

rae M, — Macca )XHIKOCTH B 00beMe mapa paanyca d.

Jns Hu3kux yactor K—0 u M—>3M0:47za3pm; T. €. TIOly4aeM u3BecTHoe [15] yTBepKAeHHe O TOM, UTO
Macca JKHIKOCTH, NPHUCOCAMHEHHAs K MyJIbCHPYIOIIEMY Iy3bIPbKY Tra3a, YHCICHHO paBHa YTPOCHHOI Macce
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KHUIKOCTH, BBITECHCHHOM 3TUM ITY3bIPBKOM.
Hpe,HCTaBI/IB ra3oBBIA IMY3bIPECK B JKUJKOCTHU KakK KOHe6aTeHBHyIO CUCTEMY C COCPE€AOTOYCHHBIMHU
napamMeTpamMmu, p€30HaHCHYIO YaCTOTY TaKOHW CUCTEMBI MOXKHO OIPCACIIUTD IO q)OpMyJ'ICZ

o= /—————1—————, (10)
(m+m,)C,

¢ m, — DKBUBAJICHTHAsA Macca, Ca — OKBHUBAJICHTHAs yOpyrocrtb; M- MMpUCOCANHCHHAasA Macca. HOCKOJ’ILKy
m3<<M, TO B Ka4Y€CTB€ OCHOBHOTO HWHCPIMOHHOI'O JJICMCHTA BBLICTYHNACT IMPUCOCAMHCHHAA Macca. OHpeHeJ’II/IB
OKBUBAJICHTHYIO YIPYTrOoCTb CHUCTEMbI ITY3bIPpEK — JKHUJAKOCTb KaK OTHOIICHUE HN3MEHCHHUA paJguyca K 06H1€ﬁ
C)KI/IMaIOHleﬁ CHUJIC, MOJYyYnM:

(11)

(12)

CrnenoBarenbHO, 3QPeKT HHTEHCUPUKALIMN TPOIIECCOB MOXKET OBITh OLEHEH ITyTeM HM3MEPEHHUS YacTOTHI
KOJICOAHUH CPEJIBL.

PaspaboTannas cTpykrypHasi cxema (puc.l) peanusyeT MpenioKeHHBIH MeTOI KOHTPOJIsS 3()h(HEKTUBHOCTH
TEIIOMAacCCOOMEHHOTO Ta30’KHKOCTHOTO TIpOIlecca MYTEeM H3MEPEHUS aMIUTUTYIHO-YaCTOTHBIX XapaKTEPUCTHK
Cpelbl BHYTPH aliapara B COYCTAHHU C KOHTPOJIEM OCHOBHBIX MTApaMETPOB IMpoIiecca.

BUJI PK

>
!
¥
Yy
<
=
h 4
0
-
o
h 4
-

Ll
™

BII | 1112 s-
3

TruzzoB 1=

Puc.1 CTpykTypHnasi cxema pa3padoTaHHOIi aBTOMaTHYeCKOH cHCTeMbl KOHTPOJISI U YIPABJIEHUs allllapaToM C TelIoMacCcoOMEeHHbIM
ra3o0KMIKOCTHBIM npoueccoM, rae BU/l— Budpo-uacroruslii 1aTunk; AI'— aBroreneparop; BII- 6,10k nuTanus;
MK-mukpoxontpoJuiep; CIIO— cnenmnann3upoBaHHoe NporpaMMHoe obecnedenue, II- namMsth; ¥YO— ycTpoiicTBO 0TOOpaskeHUs
undopmanuu;T-1, T-3, T-3, S—1, S—2, S—-3 —1aTunuku Temnepartypsbl; PK—peryaupyomuii kjianaH.

IIpemnaraercss ocHacTuTh ammapat Onokom ympasienus (MK), obecrieunBaronM BO3MOXXHOCTBH psilia
MOJIb30BATEIECKUX HACTPOCK, HAMpPUMEP, KaK KOHTPOJIh MAaKCUMAalbHON TEMIEepaTyphl Ha BHIXOJC amliapara, WiIH
ornpezeeHue cpeanei apdexTuBHOCTH paboTHI anmnapara.

Jdnsi u3MepeHus 4YacTOThl CHrHajda BHOPOYACTOTHOrO JaT4YWKa KM KOPPEKIHH JOMOJHUTEIBHBIX
MOTPEIIHOCTEl PE30HATOPHBIX M TEMIEpaTypHBIX MpeoOpasoBareneil ObUIO pa3paboTaHO CHEHAaTn3UPOBAHHOE
nporpaMMHOe obecrieuenue B cpeae Lab-VIEW. IlporpamMmMHoe obecriedeHue MpeacTaBisieT coOOH dacToToMep,
BEITIOJTHEHHBI Ha 0a3e aHajoro-mudpoBoro mnpeodpasoBaTeNiss W MEPCOHATBHOTO KOMIBIOTEPA, (QUIBTPAITHS
CHUTHAJIOB OCYIIECTBIISACTCS MPOTPAMMHO C MCIIOIB30BAaHUEM MTPOTPaMMHOI cpeasl Python [16].

BrIBOABI

B pabore mnpenyiokeH METOA KOHTPOJIsSl HHTCHCHU(HUKAIMH TEIJIOMACCOOOMEHHBIX Ta303KUIKOCHBIX
MPOIIECCOB BUOPAYaCTOTHBIM MeTOJOM. OMUCAHHBIA METOJ MO3BOJISCT HCIOJIE30BAHUS aMILTUTYIHO-4aCTOTHBIC
XapaKTCPUCTHKH KOHTAKTUPYIOMUX (a3 sl KOHTPOJISI HHTEHCH(DHUKAUN TEIUIOMAaCCOOOMEHHBIX Ta30KHIKOCTHBIX
MPOIIECCOB BHOPOYACTOTHBIM METOJOM. [ JIaBHBIM JTOCTOMHCTBOM METOJA SIBIISICTCS OTCYTCTBHE HEOOXOIUMOCTH
00pa0bOTKH OOINBIIOTO MAacCHBa PE3yJbTATOB H3MEPCHUH KOCBCHHBIX XAapaKTEPHCTHUK IIPOLECCa U IIONyYCHHE
pPacYeTHBIM ITyTEM PACUYETHOTO 3HAYCHHS 2 (HEKTUBHOCTH TIpoIlecca.
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IIpennoxxeHHass  CTpyKTypHas cXeéMa aBTOMATHUECKOM  CHCTEMBl  KOHTPONS U YIpaBJIECHUS
TEIJIOMacCOOMEHHBIM Ta30KHMKOCTHBIM IIPOLIECCOM Oblila peali30BaHa IMpPU aBTOMAaTH3alMH KaBUTAIL[MOHHOTO
TeryioreHeparopa. AmnpoOanusi MpeUIOKEHHOTO METO/Ja KOHTPOJS HWHTEHCU(HMKALUH TEIIOMaccCOOOMEHHOTO
mpoliecca BBIIOJHEHA MpPHU aBTOMAaTHU3alMM Ipoliecca KaBUTAlMKM B TEIUIOBOM cXeMe s AELEHTPATU30BAHHOTO
terocHadxenus B ycaousix OO0 «Ykpasuay (r. ITaBnorpan, Ykpauna) [17].
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YK 69.058.7
0.C JIEBUHCBHKHH, M.O. TOJIO®EEBA

OnechKuil HAIIOHAIBHUM MOMITEXHIYHUH yHiBepcuTeT, M. Oneca

EKCIIEPUMEHTAJIBHE JOCJI/KEHHS TEMIIEPATYPU OB’€EKTA
MPUJIAJAMU IHOPAYEPBOHOI TEXHIKA

Pozenanymo numanns uMipiosanus memnepamypu 3a 00NOMO2ow0 npunadié ingpauepeonoi mexwuixu. B kpail
AKMYanbHumM —NUMAHHAM ~ AGIAEMbCA  OUCMANYilHe GUMIDIOGAHHA  OIICHO20 3HAYEHHS Mmemnepamypu npu  HegiooMmill
BUNPOMIHIOBANbHIU 30amHocmi mina, wo oJocidcyemvcs. Ilposedeno ananiz ¢akmopie, wo GnaUGArOMb HA MOYHICHIb
eumiplosanns memnepamypu. Ilpedocmasneno oocniodcenns enaugy Kyma cnocmepesicenis Ha Koe@iyicHm eUunpoMiHIo8aANbHOT
30amHocmi.

Kniouosi crosa: memnepamypa, koeiyicnm unpominiogaisHoi 30amHocmi, nOXUuOKa 6UMIPIOGAHH, MENI0GI3iuHUL
KOHMpOIb, iHhpauepsona mexmika.

O. LEVINSKIY, M. HOLOFIEIEVA

Odessa national polytechnic university, Odessa
EXPERIMENTAL STUDY OF THE OBJECT TEMPERATURE INFRARED IMAGING DEVICES

Abtract - Non-contacting and speed of temperature control by devices that are detected a radiation in the infrared and
light range, high resolution, providing detection of local and temporary differences of temperatures on objects of control,
visualization of thermal fields are the main advantages of these devices for thermal control. At the edge of the relevant issue is
the remote measurement of the actual temperature values for the unknown emissivity of the test body. A significant drawback of
contactless optical methods of temperature measurement is the lack of data on the emissivity of real materials in the experiment.
This is due to the fact that the object’s ability to provide infrared radiation may change thanks to depending on the material,
properties of the surface area, angle of observation, and in the case of some materials - temperature.The analysis of factors
influencing the accuracy of the temperature measurement is carried out. The influence of the observation angle on the coefficient
of radiating power is presented. It is particularly important for objects with complex shapes or hard to reach areas. This makes it
possible to reduce the methodological error of the contactless method of the temperature measuring.

It is established that errors in determining the coefficient of radiating ability significantly affect the accuracy of
temperature measurement by using the devices of infrared technology. Using thermal imager and auxiliary equipment it was
Sfound that with the measurement error is increased with increase of observation angle and may reach 50 %.

The authors conducted a series of experiments confirming the effect of observation angle on accuracy of temperature
measurement, and proposed dependencies allowing reducing the value of absolute error of measurement using IR devices to
several degrees that in relative form less than 1 %.

Keywords: temperature, emissivity, measurement error, thermal control, infrared technology.

Beryn

Ak Bimomo, y 0a30BHX Talmy3sfX TPOMHCIOBOCTI YKpaiHn (MeTamyprii, XiMidHId TPOBHCIOCTI,
MPOMUCIIOBOCTI  Oy/iBEJIbHMX MaTepiajliB Ta MAaIlMHOOY/IyBaHHI) IIMPOKO BHUKOPHCTOBYIOTHCSI EHEProeMHi
BHUCOKOTEMITEPATyPHI MPOLIECH: TJIABKA METaNiB, 00poOKa MOBEPXHI METANICBHUX JIeTalieH Ta iHmi. Taki TeXHOIOTiHi
NpoLECH MOTPeOYIOTh PETENBHOr0 JOTPUMAaHHS PEKOMEHJIOBAaHMX TEMIEpaTypHHX PEXHMIB, OCKUIBKU
peryJIIoBaHHS TEMIIEPAaTYpPHOI'O PEXUMY — HaWOUIbII BaXXJIMBHH 1 yHIBepcaJbHUI 3aci0 30UIbIIEHHS IIBUAKOCTI
MIPOIIECY 1 MiABUIICHHS BUXOY TOTOBOTO MPOXYKTY. BUIBITICTh BUCOKOTEMIIEpATypHUX MPOIIECIB MPOTIKAIOTH MPH
temneparypax Oinpme 900 °C [1]. IIpoTe € Taki mporecH, AKi MPOTIiKAaIOTh IPX 3HAYHO HIDKYHMX TeMmnepaTypax (250
... 500 °C), ane iX BiZHOCATH 0 BUCOKOTEMITEPATYPHHX, OCKIJIBKH TEMIIEpATypa SBISIETHCS TOJOBHUM (DakTOpOM
iHTeHCU} KAl X TPOIECIB I OAepX)aHHI MaKCUMAJIbHOTO BHXOIy TOTOBOTO MPOIYKTY 3 BUCOKHMH TEXHIKO-
€KOHOMIYHUMH ITOKa3HUKaMH. ToMy iCHy€ IMOCTIHHHI MOMHUT HAa MPHUCTPOI Ta METOAWKU IS OE3KOHTaKTHOTO
BUMIPIOBaHHS SIK BUCOKHX TaK i BiTHOCHO HU3BKUX TEMIIEPATYD.

Be3KoHTaKTHICTD 1 MIBUAKOAIS KOHTPOJIIO TEMIIEpaTypyu IpHiaJiaMu, 0 PEECTPYIOTh BUIIPOMIHIOBaHHS B
iH(ppauepBOHOMY 1 CBITJIOBOMY Jlialla30HaX, BHCOKA PO3/UIbHA 3[aTHICTD, 10 3a0e3Iedye BUSBICHHS JIOKAJIbHUX 1
TUMYacOBHX PI3HHIb TEMIIEpaTyp Ha 00’€KTaX KOHTPOJIO, MOXIIMBOCTI Bi3yasli3alii TEIJIOBUX MOJIB, € OCHOBHUMH
nepeBaraMy LUX NPHIaIiB B TEIIIOBOMY KOHTpOII [2].

AHaJIi3 0CTaHHIX T0CTizKeHDb i myOJTikamiii

Cdepa 3actocyBaHHS mnpwiIafiB iH(GpPadepBOHOI TEXHIKH O€3MEPepBHO PO3IMHPIOETHECSA, TOMY €
HEOOXiTHICTh IiIBUIIYBATH BUMOTH JIO0 OiJIbIII TOYHOTO BHUMIipIOBaHHS TeMIiepaTypu. TouHe BHU3HAUYEHHS (i3UIHOT
Temreparypu o0’eKTa Mo Horo TeruioBoMy [Y BHIIPOMiIHIOBAaHHIO 3aJIEKHUTH BiJf 0aratbox (paKkTopiB., TOJOBHUM
YUHOM HEJOCTAaTHHOIO KUTBKICTIO iH(popMaIlii Koe(ilieHTy BUIPOMIHIOBAaHHS TTOBEPXHi TOCIIHKYBaHOTO 00’ EKTY.

BuwmiproBaHHs IiCHOTO 3HAYCHHS TEMIIEpaTypH MPHU HEBITOMil BUIPOMIHIOBALHIN 30aTHOCTI SIBJISETHCS
aKTyaJIbHUM, OCKUIBKH NPOBOJATHCS BXKE HE OJHE ACCATWIITTS, 1 HE AMBISYMCH HA JEIKUH mporpec i ycmix B
JAaHOMY HalpaBlIeHI, 3ajadi, NpH SKUX BHKOPHUCTOBYETHCS OOMekeHHH 00’eM iHpopmamii mpo koedilieHT
BUIIPOMIHIOBAJIBHOI 31aTHOCTI, 3aJIMIIAIOTHCS HE BHpILICHUMHM. B f1aHOMy HampaBiieHI akTUBHI poOoTu Ta
JIOCITIPKEHHS BEYThCs SIK HAa YKpaiHi, Tak i 32 KOPIIOHOM

3okpema, B poborax [1-3] Bim3HaueHo mpoOieMu Ta (GAaKTOpPH, IO BHHHUKAIOTH NPH IMCTAHIIHHOMY
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BU3HAa4YeHHI Temneparypu. [lokazaHo, 1110 KoedilieHTH BUIPOMIHIOBaHHS HArPITUX TN 3aJeXaTh BiJl F€OMETPUYHOL
(dopmu Ta opieHTalii BUIPOMIHIOBAIBHOI MOBEPXHi, 11 XIMIYHMH cKiaj, (i3MYHUN CTaH, HasBHICTH 3a0pyJHEHb Ha
noBepxHi 1 T.A. [Ipn mpomy BaknmBo 3HaTH (i3MYHMI Ta XIMIYHHI CTaH MOBEPXHI B YMOBaxX MpPOBEICHHS
BUMIPIOBAaHHS, OCKUIBKA CTaH 1 BJIACTMBOCTI TOBEPXHI 3MIHIOEThCS 31 3MIHOI TeMIEpaTypH, IO, SK IPaBUIIO,
CYNPOBOJIKYETHCS 3MIHOIO BUITPOMIHIOBAJILHOT 3/1aTHOCTI.

3aJexHICTh KoedilieHTa BHUIPOMIHIOBaHHS OO0’€KTa Bill HOro TeMmIlepaTypH, IO BIIACTHBA JESKUM
PEYOBHHAM, IPU3BOANUTE IO TOTO, IO MOBHA MTOTY)KHICTh TEIJIOBOTO BUIIPOMIHIOBAHHS 00’€KTa 3aJIEXKHUTH Bi HOTO
TEMIIEpPATypH CKJIAJHAM YHWHOM, IO YCKJIAJIHIOE OE3KOHTAaKTHI BUMIpioBaHHSA. [IeBHI TpPyAHOINI BHKIHKAE
pisHOMaHiTTS B [Y miama3oHi BUMPOMiHIOBaJIBHUX BIACTHBOCTEH PEUOBHUH, IO Pi3KO BiAPI3HIIOTHCS BIACTHBOCTIMHU
OJIMH BiJl OJTHOTO: Ta3M i METaJIN, KepaMiKa i TUIaCTUKA, TTHJT 1 KOMIIO3HITIHI MaTepiain.

B [4, 5] npencraBieni B iH(pauepBOHOMY Jiana3oHi 3aJIEKHOCTI BUITPOMIHIOBIBHUX 3MaTHOCTEH PSAy
PEYOBHUH Bijl TEMIEpATypH Ta TOBKUHH XBUIi. [loka3aHO, IO KOS(II[IEHT BUPOMIHIOBAJIBHOI 3IaTHOCT1 OLIBIIOCTI
METaJiB (IieeKTPHUKIB) 301IbIIYETHCS (3MEHIIIY€EThCS) IPH HarpiBaHHi.

Cxoxi oOcTaBUHM BiIMiueHO B pobOorax [6-8], sKi BimoOpaalOTh OCHOBHI TEHAEHILII cydacHOI
TEpMOMETPIi 32 BUIIPOMIHIOBaHHSM 1 POOUTHCS BUCHOBOK PO BEJIHKY KUIBKICTH CIIOCO0IB BU3HAUECHHS KOS(ILieHTY
BUIIPOMiHIOBaHHS abo0 Oe3nocepenHbO, BUMIPIOIOYM BUIIPOMIHIOBAHHS Tijla B ITOPIBHAHHI 3 BHIIPOMIiHIOBaHHSIM
YOPHOTO TiJIa IIPU OJJHAKOBIN TeMIieparypi, abo onocepeKkoBaHO, BUMIpIOIOYH KOe(illieHTH BiJOOpasKeHHS LIUX TiJL.
Y Bcix BUMaakax HEOOXiTHO BPaxOBYBAaTH NMapa3uTHi (hakTopu.

ATNbTEepHATUBHUN BapiaHT BHUPIMICHHS MPOOJIEMH TPEICTaBiIeHO B [9], e MpPOTMOHYEThCS BUMipIOBAHHS
TEMIIEPaTypH 3 BHUKOPUCTAHHSAM ONTHYHUX NPHWIAAIB Ta KOHTAKTHHUX TEPMOMETPIB. 3MIHIOIOYN 3HAUYCHHS
BHITPOMIHIOBAJIBHOT 37JaTHOCTI, TOOMBAIOTHCS PIBHOCTI MOKa3aHb MK TETUIOBI30POM Ta TEPMOTIApOIO.

Crmin 3ayBaXuTH, IO B POOOTaxX BiAMIYa€ThCA BEJHMKA KUTBKICTh CHOCOOIB BH3HAauYeHHS KoedimieHTy
BHITPOMIHIOBAJIBHOT 3/TATHOCTI Ta sIKi (DaKTOPH BIUIMBAIOTH HA 1€, POTE B JKOAHIN HE MPEACTaBICHI JTOCIIHKSHHS
BIUIUBY KyTa CIOCTEPEKEHHs Ha BUIIPOMIHIOBaJIbHY 3[JaTHICTb, III0 CIIPUHMAETHCS puiagaMu [Y-TexHiku.

Takum 4YMHOM, PE3YJIBTATH IPOBEJICHOIO aHaji3y HaloTh 3MOTY 3pOOMTH BHCHOBOK, IO MOJXXIJIMBICTBH
MiJBUILEHHS TOYHOCTI BUMIDIOBaHHS TEMIIEPAaTypH IUISXOM BH3HAUCHHS BIUIMBY KyTa CIOCTEPEXEHHS Ha
KOe(IIliEHT BHUIPOMIHIOBAJIbHOI 3JaTHOCTI, IO CHpHHMaeThcs npwiagamMu [YU-TexXHIKH SBISETHCS HaMMEHII
JOCIiKYyBaHUM (akropoM. ToMy BUHUKAE HEOOXiJHICTb B OLIBLI JETAIEHOMY HOTO PO3IIIsI.

00’exT, MeTa Ta 3a1a4i JOCTiAKEeHHS

00 ’ekmom 0ano20 00CiOHCcelHsl SIBISETHCS TETUIOBUN KOHTPOJIb TIPUJIaaMy iH(QpadepBOHOI TEXHIKH.

Memoto pobomu SIBISETbCS 3HIKCHHS METOJUYHOT MOXMOKH OE3KOHTAaKTHOTO METOIY BHUMIipPIOBAHHS
TEeMIIepaTypy Ha OCHOBI JTOCTi/PKeHHI BIUIMBY KyTa CIIOCTEPEXEHHS Ha KOe(iIlieHT BUIIPOMiHIOBAaJIBHOI 31aTHOCTI.

Jliist mocTaBieHOT MeTH B pOOOTI HEOOXiHO BUPIIIATH HACTYITHI 3a7a4i:

1. Hocnimuty 0cOOIMBOCTI BUMIPIOBAHHS TEMIIEPATyPH 32 BUIIPOMIHEHHSIM.

2. IIpoananizyBaTu mpooeMH, 110 3B’ sI3aHi 3 BUIIPOMIHIOBAILHOO 3[IaTHICTIO MaTepiaiB.

3. [IpoBecTH eKCIIEpUMEHTANBHI JOCHIPKEHHS, [0 MiATBEPKYIOTh BIUIMB KyTa CIOCTCPEKCHHS Ha
Koe(illiEHT BUIPOMiIHIOBaJIbHOI 3JaTHOCTI.

Bukian ocHoBHOTO MaTepiany

Be3koHTaKTHHH METO BHUMIipIOBaHHS TeMIIEpPaTypH 3HAXOAWUTH BCE OUIBII MIMPOKE 3aCTOCYBAHHS y BCIX
TaTy3sX TPOMHUCIIOBOCTI, TIPOTE A0 TEMEPINTHLOTO Yacy HOCHTH JOIOMiIXHHUH XapakTep. be3KOHTaKTHUN TETUTOBUN
METOJIl SIBISETHCS OJHWM 13 HampaBiIeHb METOAY HEPYHHIBHOTO KOHTPOJIO 1 OCHOBaHWH Ha BHMIipIOBaHHI
TEeMIIepaTypy MOBEPXHi 00’ €KTa 3a JOMOMOTOIO MPHUJIaAiB iHPadepBOHOT TEXHIKH.

JlaHmit MeTO IMUPOKO PO3MOBCIOKEHUH B 3B’SI3KY 3 PSAIOM IepeBar nepes TpaauliiauM metogamu. I1o-
mepie, e BUCOKA IMIBHAKOISA, IO BH3HAYAETHCS THUIIOM IIpHiiMada BHUIIPOMIHIOBAHHA, TO-IPYTe, MOXKIHUBICTH
KOHTPOJIIO 00’€KTa 0e3 3aCTOCYBaHHs KOHTAKTHUX METO/IB BUMIPIOBAHHSI, ITO-TPETE, MOKINBICTD JOKYMEHTYBaHHS
Ta (GopMyBaHHS iH(MOPMAIIHOrO 3BiTy, HO-YeTBEPTE, BUKOPUCTAHHS B aBTOMATHYHHX CHCTEMax YIPaBIiHHS B
SIKOCT1 JJAHKH 3BOPOTHOTO 3B’SI3KY.

CyTTEBUM HEROJIIKOM OE3KOHTAKTHHX ONTHYHHUX METOJIiB BUMIPIOBAHHS TEMIIEPATYPH € BiICYTHICTh TaHUX
CTOCOBHO BUIIPOMIHIOBAJIBHOI 3/1aTHOCTI peallbHUX MatepianiB B yMoBax ekcriepumeHty [10]. Lle moB’s3aHo 3 THM,
IO 3/1aTHICTh 00’€KTa BUIUIATH iH(padepBOHE BHIPOMIHIOBaHHS MOXKE 3MIHIOBATHCS, OCKIUIBKH, 3aJIE)KUTH BiJ
MaTepialy, BJIaCTHBOCTEH TIOBEPXHi, HAMPSAMKY CIIOCTEPEXKEHHS, a TAKOXK y BUTIAAKY 3 MEIKHUMH MaTepiataMmu — Bif
TEeMIIEepaTypH.

JIist BUSIBJIGHHST OCOOJIMBOCTEH 3MiHM KOE(IIi€EHTY BUITPOMIHIOBAHHS 3 TOYKH 30pPY TEILUIOBOTO KOHTPOJIIO
MIPOBOAMBCS TEXHOJIOTIYHUN ayIHUT, METOIO SKOTO OyJI0 BU3HAYCHHS BIUIMBY KyTa CIIOCTEPEKEHHS Ha KOEQillieHT
BUIIPOMIHIOBAJIFHOI 3AaTHOCTI, III0 B CBOIO YePTy MPHU3BOIUTH JJO HETOYHOTO BUMIPIOBaHHS TEMIIEPaTypPH.

HocnimxenHs nmpoBoauiock Ha 6a3i terwiosizopa Fluke Ti9 3 BukopucTaHHsIM JONOMIKHOTO 00T JHAHHS —
IITaTUB, YIIIOMIip, IEPCOHAIBHUI KOMII IOTED.

Cxema nporiecy BUMIipIOBaHHs IIPE/ICTaBIIeHA Ha pHC. 1.
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Yenomip BUNPOMIHIOBAHHSA

Puc. 1. Cxema nponecy BUMipIOBaHHSI TeMIIePATYPH 3 BiIOMHM KYTOM CIOCTepesKeHHsI

OCHOBHHM HaIIpaBJICHHAM JaHOI CXEMH SIBIETHCSA PO3PAXYHOK TEMIIEPAaTypH 3 ypaxXyBaHHSIM BIUIHBY KyTa
CIIOCTEpEe)XEHHSI Ha Koe(illieHT BUIPOMIHIOBaJIbHOI 31aTHOCTI. Lle M03BOJMTH B MPaKTHYHUX yYMOBAaX ITiJBHIIUTH
TOYHICTh BU3HAYECHHS TEMIIEPATYPH JIOCITIPKYBaHOTO 00 €KTY.

3aJeXHICTh BiJl KyTa CIIOCTEPEKEHHS Ma€ pI3HMH BHA JUIA METaJiB Ta MieNeKTPHKiB. SIKmo mms
JeJIeKTPUKIB B 00J1acTi HOpMaJIl JI0 IMOBEPXHI BOHA NMPHOJIM3HO MiKOpsieThes 3akoHy Jlambepra i Mae HaiiOuibine
3HAYEHHs NPU BUMIPIOBAaHHI 110 HOpMaJli, TO BUMIPIOBaHHS TeMIEpaTypH MOBEPXHI OLIBIIOCTI MeTalliB HaWOUIbII
eekTHBHO TpoBOAMTH Mix kKyroM 20-+30° ne Koe]illieHT BUIPOMIHCHHS MaKCHUMAIBHUH. 3a MeXaMH ITaHUX
3Ha4YeHb, KOe(ili€eHT BUMTPOMIHEHHS IIBUIKO 3MEHIIYETHCS A0 HYISA IIPH HAIIPaBIICHHI CTIOCTEPEKEHHS M0 JOTHYHIN

[8].
B Hachimok 3anexHOCTI Koe(ilieHTy BHIIPOMIHEHHS BiJl KyTa CIOCTEpeKeHHs, e(eKTUBHUN KoedilieHT
HETUIOCKHUX TOBEPXOHb PI3HHWH B PI3HUX TOYKAX, X0Ua MaTepiayl OJWH 1 TOH ke, KOe(illi€eHT SKOTO 10 HOpMali —

BEJIMYIHA TIOCTiiHA.
DaxTHyHE 3HAYCHHS KOoe(illi€eHTY BHIIPOMIHIOBAIBHOI 31aTHOCTI MOXKe OyTH po3paxoBaHo 3a (HOpMyJIIOI0:

&
_ BUM
Epaem = X 1)
Kym
ae €paxm — QAKTHYHE 3HaUYEHHS KOedillieHTy BUIPOMiHIOBAIBHOI 3/JaTHOCTI;

€4y — BUMIPIOBaHE 3HAYEHHsI KOe(iLliEHTY BUITPOMIHIOBAJILHOT 3/1aTHOCTI;
Ky — KOEQIII€HT BIUTMBY KyTa CIIOCTEPEKEHHS.

Pe3yabTaTi 10ocHigKeHb
I1pu poBeieHHI eKCIIEPUMERTY Oyl OTPHMaHi 3aJIeKHOCTI KoedilieHTy K, Bill KyTa CIIOCTEPEKEHHS.
Jlnst MeTaiB Taka 3aJeKHICTh Ma€ BUTIIS:

0.0164¢> —0.1067¢0+1.1464, 0< <85,

Kym = (2)
—2,53p+5.06, 85< <90,
ne @ — KYT CHIOCTEPEIKCHHSI.
s TieNneKTpuKiB 3anexHICTh K, BiJj KyTa COCTEPEKEHHS HAHO1IbII TOYHO OMHUCYEThC (HOPMYJIOKO:
K, =-0,0014-¢° +0,022-¢* —0,1-p+1,1. 3)

3a IOMOMOro0 MPHUIAAIB iHPPAYEPBOHOT TEXHIKM JOCTIIKCHO BIUIHB KyTa CIIOCTCPEKCHHS HA TOYHICTH
BUMIPIOBaHHS TEMITEpaTypH JIeTali 3i craii (puc. 2) Ta KOMIIO3UIIIHOro Martepiaiy (puc. 3).
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Puc. 3. BnuiuB KyTa crniocTepe;kKeHHs] HA TOYHICTh BUMIPIOBAHHS TeMIlePaTyPH KOMIIO3ULIHHOT0 noJjiiMepy

BusnaueHHs TemmepaTypu MpOBOIMIIOCS Oe3locepenHh0 Ha pearbHOMY 00°€KTi, (hopMyrounm BHUOIpKY
JaHHUX:

- #iiicHOI TeMmepaTypy, BAMIPSHOI KOHTAKTHUM TEPMOMETPOM;

- TeMmepaTypH, III0 BUMiproBasacs 3a JOIIOMOTOIO TEIUIOBI30pa IIi/I pi3HUMH KyTaMH CIIOCTEPEKEHHS;

- BH3HA4YeHHs TEMIIEPaTypH 3 YpPaXyBaHHSIM KyTa CHOCTEPEIKECHHSL.

AHaii3 OTpEMaHUX Pe3yJbTAaTiB BIUIMBY KyTa CIOCTEPE)KEHHS Ha TOYHICTH BHMIPIOBAaHHS TEMIIEPATypH,
IO TMpejcTaBieHi B BHUAI TpadikiB, Ial0Th 3MOTY 3pOOHMTH BHUCHOBOK, IO 31 30UIBIIEHHSIM KyTa CHOCTEPEKECHHS
nmoxuOKa BUMIpIOBaHHS 30UIbIIyeThcs. BimHocHa moxuOKa BHMIpPIOBaHHS TEMIIEpaTypH JeTaili 3i craii Mmpu KyTi
criocrepexxeHHs 85° ckmanae 57 %, a ans gerani 3 KOMIO3uLidHOro Marepiany — 22 %. Takum yMHOM, MOXXHA
BBQ)XaTH, L0 TaKe ICTOTHE 3HA4YEHHS IOXMOKM pOOHUTH BHMIpPIOBaHHS Oe3riay3aMMH. Y TOH ke 4ac, BIUIMB KyTa
CIIOCTEPE)XEHHS Ha TOYHICTH BUMIPIOBAHHS Ja€ MOXIIMBICTh 3BECTH 3HAYEHHs aOCONIOTHOT MMOXMOKM BUMIipPIOBaHHS
TEeMIIEpaTypy 3a JIOTIOMOTOI0 MPWIAJiB iHppauyepBOHOI TEXHIKN IO JIEKUIBKOX IpalyciB, M0 y BiHOCHIH GopMmi He
nepeBummye 1 %.

BucHoBku

1. JJocmimkeHo, MO BUMIPIOBaHHS TEMIIEPATYpH 3a BHUIPOMIHIOBAHHSIM SIBISIETHCS OJHUM 13 OCHOBHHUX
HamlpaBJICHb PO3BUTKY BHCOKOS(EKTHUBHOI CHCTEMH MIiarHOCTHKH, fKa 3a0e3ledye MOXIUBICTh KOHTPOIIO
TEIJIOBOTO CTaHy 00’€KTa, BUSBJIEHHS JAe(eKTIB Ha paHHIM cTamii iX PO3BUTKY, a TAKOXX MiHiMi3alis 3arpar Ha
TEXHIYHE 00CITyTOBYBaHHS.

2. BusiBneHo, 110 oHUM 13 icTOTHUX (DAKTOpIB, IO BIUIMBAIOTH HA TOYHICTh BUMIPIOBAHHS TEMIIEPATYpH,
SBJISIETHCSL 3MiHA KOE(III€EHTY BUIPOMIHIOBaHHSA 00’€KTa, [0 MAa€ iCTOTHY KPHUBU3HY MOBEPXHI Ta HEMOXIIUBICTH
HOro BU3HAUCHHS B BaXKKOJOCTYIIHUX MICISIX. B 3aranbHOoMy BHUINajKy Koe(illieHT BUIPOMIHIOBAHHS 3aJIS)KUTD BiJl
BUJly Marepiany, JOBXWHHHM XBWJI, TEMIIEpaTypH, CTaHy ITOBEPXHI Ta KyTa CIIOCTEPE)KEHHs IOBEpXHi 00’eKTa.
3HaueHHs KoedilieHTa BUITPOMIHIOBaHHSI B OCHOBHOMY NPUBECHI B TaOMUIIX ab0 TpeCcTaBiIeHi B BUAI Tpadikis, i
MAalOTh IOCHTh 3HAYHY Pi3HMIIIO, III0 HE A€ 3MOTY IIPOBOANTH TOYHI BUMipIOBaHHS TeMIEpaTypH 00’ €KTa.

3. BcraHOBNIEHO, IO TOMHJIKH Y BCTaHOBJIEHHI KoedilieHTa BUIIPOMIHIOBAaJbHOI 3JaTHOCTI iCTOTHO
BITUBAIOTh HA TOYHICTh BUMIiPIOBaHHs TEMIIEPATYPH 3a ITOTIOMOTOIO TpHiadiB iH(padepBoHOi TexHiku. [IpoBeaeHi
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JOCIIJDKEHHSI BIUIMBY KyTa CIOCTEPEKEHHS Ha TOYHICTb BHMIDIOBaHHS TeMIepaTypd BHpoOy 3i cram i
KOMITO3MIIITHOTO TT0JIIMEpY MTOKa3YIOTh, 10 IPH 3MiHI KyTa CIOCTEPEKEHHs, TOXHOKM BUMIPIOBAHHS TeMIepaTypu
TEIJIOBI30pOM MOXYTb nepeBuuyBatu 50 %, 1m0 poOUTs BUMIPIOBaHHS O€3TTy3aMMH. 3alpoIOHOBAHO 3aJIe)KHOCTI,
10 JO3BOJISIIOTH 3BECTH 3HA4YEHHs aOCOJIIOTHOT MOXMOKHM BHMIPIOBaHHsS TEMIIEPAaTypH 3a JOIIOMOTOI0 NpHIIajiB
iH(ppauepBOHOI TEXHIKH 10 AEKUIHKOX I'payciB, 110 Y BiJHOCHIH (opmi He nepeButye 1 %.

4. PesynbpTaTd JOCHIKEHHS JO3BOJIIOTH MIJBUIIMTH TOYHICTH BUMIPIOBAHHS TEMIIEPATYpH ILIIXOM
ypaxyBaHHs BIUIMBY KyTa CITOCTEPEXEHHS Ha KOeQiI[ieHT BHIPOMIHIOBAIBHOI 34aTHOCTI 00 €KTa, HOpMali3yBaTH
300paKeHHST TepMOTpaM Ui PI3HHX JUITHOK 00’€KTa, a TaKOX, BUAUICHHS MOXJIMBHX Ae(PEKTHHUX 30H Ha
TEepMOTpaMi JUIsi BA3HAYCHHS PIBHOMIPHOCTI PO3MOILTY TETLIOBOTO ITOJIA.
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Optical, physical and chemical measurements

EJIEKTPOTEXHIYHI TA PAAIOTEXHIYHI BUMIPIOBAHHSA

YIK 621 .314.87
LB.TPOIIMIIINH

Opecbka HalioHas bHa akaaeMmis 38°s13ky iM. O.C. [Tonosa

JOCJIIIPKEHHA MOJEJIT ALII ITAPAJIEJIBHOI'O THUITY TA AT )
MMOCIIAOBHOI'O HABJIM’KEHHSA HA TIPUHIIUIIAX METOAY KOIHOUAEHIIII

Dynoamenmanvre O0OCIIONCEHHSI HANPABNEHe HA BUPIUWEHHS NPUHYUNOBO2O OOMEJICEHHs BUMIPIOBANLHUX NEPEmBOPeHd,
MAKUX 8adCIUGUX I OCHOBHUX NAPAMEMPIE padioCUsHANi@ AKUMU € aMnaimyoa i uacmoma ma (asosuil 3cy8, Cymv K020 8
PAMKAX KIACUYHUX 6USHAYEHb Ma NOCMYIAmie 2080pUmbs, 0 0OHOYACHO NIOBUWYEAMU | MOYHICIY (PO30ITbHY 30amHicmy) i
WBUOKOOTI0 NOKPAUYBATNU HEMONCTIUBO ». Taxum yunmom macmag uyac waxom o6 ’€onanus meopiti Pazouacmomuux
sumipioganv i nepemeopenv paodiocuenanie (PYB i IIP) ma Keanmosoi meopii eumipiosanvrozo nepemeopenns (KTBII)
po3pobumu  npuHyunu ma Memooono2ii0 NPOEKMYBAHHA GUMIPIOSANLHUX NEPemeopiosayié i3 NpocpamosaHumMu ma
adanmosanumu napamempu ons LAl i ALII amnnimyonux ma ¢ghazouacmomuux napamempie padiocucHaunie, sKi € 0CHOGHUM
6UOOM  THPOPMAYIUHUX CUSHANIE CYHACHOI  IHPOPMAYIHO-6UMIDIOBANILHOI MEXHIKU ma cucmem, OIsl SKUX Napamemp
MOYHICMbXWIBUOKOOIS € susHauanbHUM. [Ipoexm nanpaeneno na po3pobnenus GyHOAMEHMATbHUX NPUHYUNIE A MemOo00a02i
npoexmysamHs Mikpocxem eumipioganvHux nepemeopiosayie (L[AILALIII, DDS, mowo) npunyunoso Hoeoi cenepayii i3
MOJCTUBOCMAMYU NPOSPAMYBAHHA MA AOANMYSAHHA X XAPAKMEPUCMuK UMIipo8aibHo2o nepemegopenns (Keanmoeoi wixanu
BUMIPIOBATLHO20 NEPEMBOPeHHs) Ni0 KOHKpemHi YMOBU BUKOPUCMAHHA — CMBOPEHHS NPOSPAMOBAHUX AHAN02080-YUPPOBUX |
yuppo-ananoco8ux mMiKkpocxem.

Memoto € pospobrka ma oceoenns eupobuuymea nosux eumipiosanrvuux ALl ona amnaimyonux ma @aszouacmomuux
napamempieé padiocucHania, AKi Mawoms Kpawi (8 pasu) MakmuKo-mexHiyHi XapaKxmepucmuxy, y NopieHAHHI i3 HAUKpawumu
AL i3 6i00MUX HA CbO2OOHI.

Pose’asanna  npunyunoeoi  npobaemu  sumiprosanvnozo ALl  amnaimyonux ma  @azouacmomuux —napamempie
padiocuenanis, 3a KOMNJIEKCHUM NApamempom: po30iibHa 30amHiCMb, WEUOKOOIs, MEeXHONO2IYHICb, AKULL 8 PAMKAX KIACUYHUX
yA6NIeHb | CMAHOAPMIG € 8eIUYUHOI0 NOCMILHOIO, | CYYACHI NO2NAOU MA NPUHYUNYU He 00380AI0ONb IX 0OHOUACHO NOKPAWYEAMU,
Xoua ye enemenmapno pobumuvcsi 6 pamkax Keanmosoi meopii eumipioganbhoco nepemeopenus i3 GUKOPUCMAHHA NOBHOT
0p06060-payioHaNbHOL WKAU Ma Memooié KOTHYUOEHYiT.

Kniouoei crosa: Ilapanenvnuii ALII, nocriooguoeo nabauscenns AL, Keanmosa mepis 6umipioganbHo20 nepemeopeHis,
NnoKpauwjeHHs po30iNbHOi 30amMHOCMI.

UDC 621.314.87
LV. TROTSYSHYN

Odessa National Academy of Telecommunications O.S. Popov

STUDYING THE MODEL OF ADAPTER OF PARALLEL TYPE AND ADC OF THE SUCCESSFUL
APPROACH ON THE PRINCIPLES OF THE COINCIDENCE METHOD

The fundamental research is aimed at solving the principle limitation of measuring transformations, such important and
basic parameters of radio signals as amplitude and frequency and phase shifi, the essence of which, in the classical definitions
and postulates says, "at the same time to increase and accuracy (resolution) and speed can not be improved" .

Thus, the time has come to combine Phase Frequency and Radio Frequency Transformation Theories and the Quantum
Theory of Measuring Transformation (KTVP) to develop principles and methodology for designing measuring converters with
programmable and adapted parameters for DAC and ADC amplitude and phase-frequency parameters of radio signals is the
main kind of information signals of modern information measuring equipment and systems, for which the parameter of accuracy
of speed is decisive. The project is aimed at developing the fundamental principles and methodology of designing
microcontrollers of measuring transducers (DAC, ADC, DDS, etc.) of a fundamentally new generation with programming
capabilities and adaptation of their characteristics of measuring transformation (quantum scale of measurement conversion)
under specific conditions of use - creation of programmable analog-digital and digital-to-analog microcircuits.

The aim is to develop and master the production of new measuring ADCs for amplitude and phase-frequency parameters of
radio signals that have the best (at times) tactical and technical characteristics, compared with the best ADCs known today.

The solution of the fundamental problem of the measuring ADC of the amplitude and phase-frequency parameters of the
radio signals, according to the complex parameter: resolution, speed, technology, which in the framework of classical
representations and standards is a constant value, and modern views and principles do not allow them to simultaneously
improve, although this is elementary. in the framework of the Quantum Theory of Measuring Transformation using a complete
fractional-rational scale and methods of coincidence.

Keywords: parallel ADC, sequential ADC approximation, quantum theory of measurement transformation, resolution
improvement.

IIpo0nemaTuka q0CTiTKEHHS:

00’€KT MOCTIIKEeHHSI; — TPOICCH Ta MPOIEAYPH 3MIMCHEHHS aHajIoro-nmudpoBoro Ta mu)po-aHaIOrOBOTO
BUMIPIOBaJIbHUX NIEPETBOPEHBb aHAIOTOBUX Ta ()a304aCTOTHUX MapaMeTpPiB paJiOCUTHANIB;

npeaMeT AocaixKeHHsI; - Meroau Ta 3acoou LAIT i AL ammutiTyaHux Ta (a3049acTOTHUX BHMipIOBAIBHUX
MIEPETBOPCHD PAIIOCUTHAIB;
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OnrtuyHi Ta Gi3MKO-XIMIYHI BUMIPIOBaHHS

(¢pynnamenTanbHa mpodieMa, Ha BHUPIlIEeHHsS] AKOI CIPSIMOBAHO MPOEKT; - 1I¢ OJHOYACHE ITIJBHIICHHS 1
TOYHOCTI (PO3ALIBHOT 34aTHOCTI ) 1 mBKAKoAIT BuMiproBanbHuX LIAIT i ALII, i po3poOka NpUHIMITIB Ta METOAOJIOTIT
MoOYJIOBHA TPOTPAMOBAHUX MIKPOCXEM, MapaMeTpU SKHX OyIe MOXIHUBHM NPOTPaMyBaTh Ta aJanTyBaTH IMif
KOHKPETHI 3aBJIaHHs BUMIPIOBAJILHUX IIEPETBOPCHb.

AKTyaJbHICTh Ta 3HAYUMICTh MPOEKTY AJIA OTPUMMAHHS HOBHMX 3HAHb, MiITBePIKeHHS rinore3, Teopiii,
NMOAAJILIIOr0 BHKOPUCTAHHA Ha mpakTuui. Ha ceboromgmi He icHye »xomaumx wmikpocxem IAIT i AIIIT i3
MPOTPAMOBAaHMMHU Ta aJaNTOBAaHMMH IapaMeTpaMH, IO BUKJIMKAJIO TOSBY BEIMYE3HOI HOMEHKIIATYPY BHILYCKY
(THCSUi), sIKI TTOTPIOHO MiAOMpaTH KOXKEH pa3, i BCTAHOBUBIIM X, TIOMIHATH Ta aNanTyBaTH iX XapaKTEPUCTHKH
MIEPETBOPCHHS HEMOXJIHMBO. B TO#l ke yac amganTHBHI METOAM OOpoOJIeHHS CUrHamiB, Ta nporpamosaHni IBC e
HarajibHOI0 TOTPEe0OI0 ChOTOJEHHS 1 BiAcyTHICTH BupoOiB, ekBiBaeHTHuX [1JIIC mnst umdpoBoi cxeMoTexHiKH,
CTPUMYE PO3BUTOK BUMIPIOBAJIBHOT TEXHIKH Ta BIPOBAHKCHHI MPUHIMIIOBO HOBUX IH(PPOBUX TEXHOIOTIH.

OyHAaAMEHTATbHUM TYT CTajJ0 BHKOPHCTAaHHS MPHHIUIIB BHMIPIOBaHHS sIKi 0a3ylOThCS Ha METO/I
KOIHITMACHINI. AHAJOTIYHI Pe3yJbTaTH MOKpaIieHas po3autbHoi 3gatHocTi [TAIT i ALIIT B 10- 100 pa3iB oTpuMaHo B
pamkax KBaHTOBOI Teopil BHMIipIOBAJIILHOTO IEPETBOPEHHS IMUISIXOM BHKOPHUCTAHHS ATEHI0ATOpa — TOIIIbHHUKA
Tporummaa Ta fioro Moaudikarmii, 3amicTs KIacugHoro nomiapbauka KembBina [ 1-5]. OCHOBHUM MPUHITUTIOBHM
€JIEMEHTOM BHICTYIIA€ BUKOPUCTAHHS KBAHTOBOI BUMIipIOBAJILHOT IITKAJIH SKa MICTUTh BC1 MOKIIMBI (KBAaHTOBI1 TOYKH
IIKAJM), TOMI SK KJIACHYHI MiJIXOU Ta MOJIE)Ii BUKOPUCTOBYIOTH JIUIIIC HE3HAYHY X YACTHHY, HAPUKIA] JUI 8-MU
pe3ucTOpHOro monuibHMKa KenbBiHA KUIBKICTH TOYOK = 8, a s MEpeTBOPIOBAYiB Ha OCHOBI aTCHIOATOpA-
nouTbHUKA TponrImHa X KUTBKICT AT 8 —MH PE3UCTOPHOTO JIAHITFOKKA MOKE CKIaaaTh (B 3aJ€KHOCTI Bi THITY
nepeTBoproBava): 22 - (koiHmuueHiii), 166 - (moxpiiHOI KoiHmMAeHNii), 169 - (cymapHO-pi3HUICBHIT), 247 -
(kombiHOBaHUIA).

Meroro € po3poOka Ta OCBOEHHS BUPOOHHUIITBA HOBWX BHMiptoBanbHUX AIIll mia aMmmiTymHuX Ta
(ha309aCTOTHUX IMapaMeTpiB PaJiOCHTHANIB, SKi MarOTh Kpamli (B pa3u) TaKTHKO-TEXHIUHI XapaKTEPUCTUKH, Y
nopiBHAHHI 13 Haikpamumu ALIIT i3 BiZOMUX Ha CHOTO/IHI.

Po3B’si3aHHsS mpuHIUTIOBOI TTpobiemu BuMiproBasbHOTO ALl ammuniTymHHX Ta (a304acTOTHUX MapameTpiB
paliocUTHaiB, 32 KOMIUICKCHHM ITapaMeTpOM: PO3IUTbHA 3IaTHICTh, IIBUAKOMIIS, TEXHOIOTIYHICTD, SKHA B paMKaX
KJIACHYHHX YSBIICHb 1 CTAHJAPTIB € BEIMYMHOIO MOCTIHHOI0, 1 CyYacHI MOTJISAM Ta NMPUHIUIHN HE NO3BOJSIOTH IX
OJTHOYACHO IIOKpAIlyBaTH, XO4Ya II€ EJIIEMCHTApHO pOOUTBCA B pamkax KBaHTOBOI Teopii BHUMipIOBAIBLHOTO
MIepETBOPEHHS 13 BUKOPHCTaHHS ITOBHOI IPOOOBO-paIlioHaIbHOT KA Ta METOIB KOIHIIMACHIII].

- 3aBJIaHHS, HA BHPilIeHHS SIKNX CIPSIMOBAHO MPOEKT.

Po3pobutu MeToanku npoektyBaHHs nporpamoBanHux L{AII ta AL aMrutiTy JHUX TapaMeTpiB.;

Po3pobuti  MeTOOWMKM TPOEKTYBaHHSA BHUMIpPIOBAILHUX IEPETBOPIOBAUiB  (Da304acCTOTHUX IapameTpiB
pamioCUTHAIIB;

Po3pobutn peansHUi TPOAYKT YHIBEPCATLHOTO TPOTPAMHOTO 3a0€3MeUeHHs I MPOTrpaMyBaHHs Ta afarTailii
KIIBIT HOBOTO THITY MPOTPaMOBAHUX aHAIOTO-NIU(POBHUX Ta MU(PPO-aHATIOTOBUX MiKPOCXEM.

- AHaJi3 pe3ybTaTiB, OTPUMAHUX BITYM3HAHUMH Ta iHO3eMHMMH BYCHHMH i3 Hi€i mpodaemu.

- [Ipobnema opHOYACHOTO BHMMIPIOBaHHA Ta LIBHJKOI y CBIiTI 0a3yeThCsi Ha KIACHYHOMY IIOCTYJATi, SIKMA
CTBEp/UKY€E IO OJHOYACHO Taki il 3AIHCHUTH HEMOMJIMBO, TOMY Ul IX IIOKpamieHHsS (KOXXEH OKpEeMO)
BUKOPHUCTOBYIOTh TEXHOJIOTIYHI MOYKIIMBOCTI MIKPOEIIEKTPOHIKH, TaKi K MiABUIICHHS POOOYNX YACTOT €JIEMEHTHOI
0a3u, 3MEHIIIEHHS TOIIOJIOTIYHOTO PO3MIpy €IeMEHTIB, TOMIO, TaK 3BaHWH €KCTEHCUBHAHN IIJISX, IKUH BXKe TIHIIOB 10
MeXi 3ac00iB MiKpOEIIEKTPOHIKH CyOMiKpOHHOTO Jiama3oHy.

ToMy NMUTaHHS MOJATBIIOTO 301IBIIICHHS BKa3aHUX MapaMeTpiB MOTpedye BeMU4e3HUX (iHAHCOBHX 3aTpaT i
BIPOBAJPKCHHS HOBITHIX TEXHOJIOTil HAHOEJIETPOHIKH, SIKi IIIe 3HAXOAATHCS y 3apOAKOBOMY CTaHi, 1 B Kpalomy pasi
JlalyTh MOKPAIICHHS [IIe Ha MOPSIIOK, TaK SIK Mepexi]] y cy0aToOMHI po3MipH € HEJOCSHKHHUM.

- HATIPAIIOBAHHS AaBTOPIiB MPOEKTY B JAHOMY HATIPSIMI.

Hamu TeopeTHyHO BCTAaHOBJICHO 1 MPAKTHYHO JOBEACHO, HA HATYPHUX 3pa3Kkax MAKETIB MPIJIAiB, IO IIIIXOM
BUKOPHUCTAHHS TPUHIUIIB KOIHIMISHIIT BIAIOCSA JOCATTH OJHOYACHOTO TMOKPAIIEHHS i TOYHOCTI Ta IIBHIKOIil
BuMiproBanHs gacTotH ( B 100-1000pa3iB), ammiityaaux mapametpis (B 10-100 pasiB), 63 iCTOTHOTO yCKIIaJHEHHS
Ta HaBiTh CIPOIICHHS BUMIPIOBAJILHUX CXeM (TE€XHOJIOTTUHICTB).

Mertoau, miaxoamu, ixei, podoui rimores3u, siki NPONOHYIOTHCS JIsl BUPilIeHHS 3aBAAHb MPOEKTY
[TutaHHS TOYHOCTI Ta IIBUAKOMAIT BUMIPIOBaHb € OCHOBHMM IUTAaHHs Teopii BUMIpIOBaHb Ta Teopii iHpopMmarlii, a 3
TEXHIYHOI YW TEXHOJIOTTYHOI TOYOK O3HAYa€: TOW, XTO B ITOBHIH Mipi OCAT BKa3aHOTO ITOKPAILCHHS, € JIIIEPOM Y
HayKOBO-TEXHIYHOMY IIPOTpeci Ta eKOHOMIUHiH (BifiCbKOBIH) MOTYTHOCTI KpaiHU. AJ)Ke OUYEBHIHUM € TOH (aKT, 10
y KJIACHYHUX METOJaX BHMIpIOBaHb OJHO3HAYHO BiJ3HAYEHO: IO JOOYTOK BKAa3aHUX IHapaMeTpiB € BEJINYUHOIO
MOCTIHHOIO, 3BIIKM Ha NMPaKTUIl MaeMO: ab0 30UIbIIEHHST TOYHOCTI BUMIpIOBaHb IPH 301IbIIEHH] Yacy BUMipIOBaHb
(3MeHIIeHHs] MBUAKOIT); a00 X, HaBMAKW: IIBHIKI BUMIPIOBaHHS BUKOHYIOTHCS 13 3HAYHHUMH IOXHOKaMHU.
OCHOBHUM pYIIIHHAM €IEMEHTOM TYT MOXKE BUCTyHaTu (pyHIaMeHTalIbHE TBEp/UKEHHA mpo Te, mo y ITPUPO/II
JKOTHUX TIApaOKCiB HE iCHY€, a BCE Ie €, “M KO KaKydH , HEBJAJi CIPOOH IMOSCHUTH ILIKOM OYEBUIHI pedi 3
MO3UITIH ICHYIOUMX “KJIIACHYHHUX METOIB BUMipIOBaHb.

Jlokazom, o 1€ caMe TaK, CIY>KHTh CTBOpeHHs KBaHTOBOi Teopii BUMipIOBaHb Ha MPHUKIAAI BUMIPIOBAHHS
(hazouacToTHUX MmapameTpiB pamiocurHamiB (teopis ®UB i IIP), a Takoxx KTBII na mpuxmani [HAIT i AL, a
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CIIJIBHUM JUIsl HUX 000X € BUKOPUCTAHHS MPUHIMITY KOTHIHMJICHLIT, IKa pealizye HAWIOTYKHIIY i3 BUMIPIOBAILHUX
LIKaJI: - MIKaJy BiJIHOLIEHb.

B ocnoBi meronosorii nobynosn KantoBoi Teopii BumiptoBanb (KTB) nexuTs NpuHIMI IO 3HAYCHHS
nudpoBoi IMIKAIM BHMIpIOBAJIBHOIO IEPETBOPEHHS BU3HAYAIOTHCS HAOOPOM BCIX MOXJIMBUX (KBaHTOBaHHX)
3Ha4eHb, SKI MOXYThb OyTH peai3oBaHO 3a JIaHOTO IOPIBHSHHS OaraTo3HayHOi MipW 1 0araTocTymiHYacToro
MOAUIbHUKA BXIIHOI BEIUYMHH — TaK 3BaHUI METOJ KOIHIIMIEHIIIT.

KsanToBwmii miaxig 10 BUMipIOBaHHS aMIUTITyIHUX [TapaMeTPiB peai3yeThesl IUIIXOM MOO0YI0BH ATEHIOATOpa-

nogineHrka Tponummaa (AIIT), skuii monsrae y BHKOPHUCTaHHI KOJOKEPOBAHOI KOMYTAIlii TOYOK MPOMIKHHX
3’e€qHaHb JIiHIKKY N ITOCIIIOBHO 3'€THAHUX PE3UCTOPIB OJHAKOBOTO HOMiHAIY, B sIKiii Ha BepXHii (KpalHil BUBIL
JHINKE pe3nCTOPiB) MOAAETHCS BXigHA HANpyra, a HIKHIW (KpaifHii BHBIX JHINKK pe3UCTOPIB) MiAKIIOYEHO 10
CITIIBHOTO BUBOJY aTeHIOATOpa-MoAUIbHAKA (TTonimpHIKa KenbBina).
KTBII nepenbauae HasiBHICTh 3HAYHO OUIBIIOT KIIBKOCTI KBAHTOBA HMX TOYOK LIKAJIH IIEPETBOPEHHS (TIpH OJTHOMY 1
TOMY JK JUHaMIYHOMY Jiana3oHi) HDK KJIacMYHa. 3MICT Ta OCHOBHI HAayKOBi 1 NPAaKTUYHI PE3yJIbTaTH MaKETiB
MoHorpagdii, HEOTHOPa30BO NONOBIAAINCH, Ha MDKHAPOIHUX KOH(EPEHIISX, OTPUMAHO psAA SK MO3UTHBHHUX TaK
KPUTHUYHHX 3ayBa)KeHb, SIKI CTOCYIOThCS MUTAaHb METOJOJIOTII camoro miaxoay. Tak 1o yuimie MOBHUH mepexia Ha
BU3HAYCHHS 1 MpUHIHMIY KBaHTOBOTO IMiAX0OAY 10 YTBOPEHHS IIKAJIM BUMIPIOBAJILHOTO MEPETBOPEHHS, a Hi B IKOMY
pasi, He criupaHHi Ha JBIHKOBY CHCTEMY KJIACHYHHMX METOIIB IEPETBOPEHHS, J03BOJISIE 3pO3YMITH, SIKUM YMHOM i
3BiIKM 3’SABISIOTHCA JONATKOBI KBAaHTOBaHI 3HAYEHHS B MEKaxX TOYOK OBIMKOBHX INKaJ (KOIHIMICHIIT), TPHIOMY,
JUTsE OiJTBIII BUCOKOTO TIOPSZIKY, 1€ € 000B’SI3KOBOI0 yMOBOIO. IIWTaHHS BimOOpakKeHHS PEe3yNbTaTiB y IBINKOBHX
KOJIaX MO>KE CTOSITH JIUIIIE TTiCIIsl OTPUMaHHS BCix (200 3amporpamMoBaHux ) 3HaueHb [T0BHOT ITKaIM BUMipIOBAIEHOTO
MEPETBOPEHHSI.

Hocaixxenns moaeai ALl mapaneasHoro Tumy

Jns minTBepIuKEeHHS OTPUMAaHHX TEOPETHYHUX PE3YNBTATiB B po3aiiaax 2-3, OyJo MpOBEICHO MOJCITIOBAHHS
ALII mapanensHoi il A BUNAAKY 8 pO3pSAHOI MaTpHIi PE3UCTOPIB Ta BUKOPHCTAHHS METOJNY KOIHIMAEHIIT B
cucremi PROTEUS.

Ha puc. 1- 30 HaBEJCHO pe3yabTaThl MOJCIIIOBAHHS Ta KOPOTKHH
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OnrtuyHi Ta Gi3MKO-XIMIYHI BUMIPIOBaHHS

Jns mosicHEeHHSI NPUHLMIY OpraHizaiii OKpeMuX BY3JIB ITOKaXeMO OiIbLI AETalbHO KOXEH i3 BY3JIOBUX
esleMeHTiB cucrteMu MonemoBanHs ALl mapanensHol fii 1y BUnanky 8 po3psAHUX PE3UCTOPHUX TOMUIBHUKIB
OIIOPHOT Ha BUMIPIOBaHOT HAMPYT.
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OnrtuyHi Ta Gi3MKO-XIMIYHI BUMIPIOBaHHS
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TakuM YMHOM MOXHA BIJ3HAYMTH, 10 3MIHIOIOYM BXIJHUH piBeHb CHUTHANY BiZIHOCHO BCTAQHOBJICHOI OIIOPHOI
Harpyra KOMITapaTOpW CHPanbOBYIOTH 1 BCTAQHOBIJICHIM ITOCIIIOBHOCTI 1 BiATBOPIOIOTH BHMIpIOBAJBHY IIKaIly
MIEPETBOPEHHSI KA € IKAJIOI0 8-KOIHIiACHINsS, i MICTUTh He 8, a 22 KBAaHTOBaHWX TOYKH BHMipIOBAJILHOTO
nepeTBopeHHs. HeoOXimHO Bim3HAYUTH ,IM0 MOoTeHmioMeTp RV1 3milicHioe ¢GopMyBaHHS BHXIAHOI HANpyTd y
BifncoTkax (%) Bix BXimHOI, ToOTO hopMye HiHIHHY mIKay i3 KpokoM y 1%, mo s Hamoro Bumaaky pisxo 0,12 B,
TOMY IIel HasBHUI KPOK IUCKPETHOCTI Oyne BIUIMBATH Ha OIHKY po3ainbHOI 3matHOcTi ALIIl, ame iimkom
JIOCTaTHIN I JEMOHCTpAIIii ITpame3aaTHOCTI Ta 3a0e3MeYeHHs] KBAaHTOBAHOI BUMIPIOBAILHOI IITKAJIH IIEPETBOPEHHS.

Jnst anamizy mpakTUdHO Bima3HsAToi Ha Mopmemi AL 3rigHo oTpuMaHMx 3HadeHb (Tabmwist.l) moOymyemo

XapaKTEePUCTHKY PEATEHOT0 BUMIPIOBAILHOTO IIEPETBOPEHHS Ta JOCTIIUMO ii XapaKTepHCTHKH.

Tabmuus 1 - KpanroBani 3HaueHHs xapakrepuctuku ALTT
Ne Touku | 3Hauenus BximHol | Ilxama Hopmosgani Binxunenns
MIePETBOPEHHS Harpyru 8-KOIHIIACHITiS 3Ha4yeHHs BXigHO1 | xamm ATIIT
HATpyTu Bij ineanbHOT
0 1.186 0.00000000000 0,11813 -0,11813
1 1.304 0.1250000000000000 0,12988 -0,004
2 1.421 0.1428571428571428 0,14153 -0,00488
3 1.655 0.1666666666666667 0,16484 -,00182
4 2.001 0.2000000000000000 0,1993 -0.0007
5 2.584 0.2500000000000000 0,25737 -0,0073
6 2.93 0.2857142857142857 0,29183 -0,0061
7 3.39 0.3333333333333333 0,33765 -0,0043
8 3.85 0.3750000000000000 0,38347 -0,0084
9 9.08 0.4000000000000000 0,40637 -0,0063
10 9.31 0.4285714285714285 0,42928 -0,00063
11 5.00 0.5000000000000000 0,49801 -0,00199
12 5.81 0.5714285714285714 0,57869 -0,0072
13 6.05 0.6000000000000000 0,60259 -0,0025
14 6.28 0.6250000000000000 0,6255 -0,0005
15 6.75 0.6666666666666666 0,67231 -0,00564
16 9.22 0.7142857142857143 0,71912 -0,0049
17 9.58 0.7500000000000000 0,75498 -0,0049
18 8.06 0.8000000000000000 0,80279 -0,0027
19 8.42 0.8333333333333334 0,83865 -0,0032
20 8.67 0.8571428571428571 0,86355 -0,00645
21 8.79 0.8750000000000000 0,8755 -0,0005
22 10.04 1.0000000000000000 1 0,00000
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Optical, physical and chemical measurements

3rigHo MaHuX TabuuIi modyayeMo xapakTepHi rpadiku Ha puc. 28-33.

g 1,4
) —
104 = 1= \ — Derivative of Data1_B
= B =
1T |—— Linear Fit of Data1_B 1242
©
T <<
814 >
X
o 1,0
6 0,84
0,64
4
04-
2
0,21
Nesigriky ALI'T X Axis Title
0 T T T T T T T T T T 1 Wt+—TT T T T T T T T T T T
0 5 10 15 20 25 2 0 2 4 6 8 10 12 14 16 18 20 22 24
Puc. 28 - XapakTepucTHKa BUMipPIOBAILHOTO NEePETBOPEHHS Puc. 29 - BigxuieHHsl XapaKTepUCTHKH BUMipIOBaILHOTO
ANII_8R nepersopenns AIIIL 8R
l®
104 @ EE B AL
‘ § I C 8-koiHUuAaeHUist
1
T
084 @
[]
=
12
g
06
04
02
0,0
X Axis Title
T T T T T T T T T T 1
0 5 10 15 20 25
Puc. 30 - IlopiBHAIbHI XapaKTePUCTHKH BHMiPIOBAJILHOIO Puc. 31 - TlopiBusIbHi XapaKTEPUCTUKM BUMIpIOBA.ILHOIO
nepersopennst AL 8R i mkasn $-koinmuaenis nepersopenHst ALITI_8R i mkajun 8-koiHuuaeHuis y TpuBumipHii
P P - rpadiui
1,0
C_1BAUN [l [ m—yTy
[ C 8-koiHuiaeHuis 08 1'% 8-KoIHLMAEHLS
08 & |—— Biaxunenns
06 1>
0,6
0,4
0,2 0,4
0,0 024
0,0 J_’W
X Axis X Axis Title
0,2 T T T T T T T T T T 1
0 5 10 15 20 0 5 10 15 20 25
Puc. 32 - Hopisusibni XapaKTepHCTHRH Bl.’lMiPIOBaﬂ."HOFO Puc.33 - HopmoBaHi nopiBHsUILHI XapaKTePUCTHKH
nepersopennst AL 8R i mkauu 8-koiHunenuist BuMipioBanbHoro nepersopenns AT 8R i mxam 8-
KOIHIM/IEHILisl, Ta BiIXUJIEHHS KA
62 ISSN 2219-9365 Measuring and Computing Devices in Technological Processes Issue 1° 2018 (61)



OnrtuyHi Ta Gi3MKO-XIMIYHI BUMIPIOBaHHS

Hocaimxennsa AL mocainoBHOro HaGIMIKEeHHS 32 METOAOM KOIHIMAEHITIi
IIpoBenemo aHanoriyHUM 4YUHOM MojenmoBaHHS s Bumanky ALl mociimoBHOro HaONMXKCHHS, SKE €
tunoBuM npenctaBHIKOM Al pi3HOYacOBOTO MOPIBHIHHS.
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Puc. 34 - Cxema moaeni AL noc/1iioBHOro HAGIMKEHHSI 32 METOAOM KOIHIIUAEHIIT i3 mKai0i0 16-KoiHuMIeH st

Puc. 35 - Cxema moaeni ALIIT noc/1iioBHOro HAOIHIKEHHSI 32 METOIOM Puc. 36 - Cxema moaesti ALITI mociritoBHOT0 HAGIMKEHHS 32
KOIHIMIEHT i3 mKaxo10 16-koiHuuaeHis METOA0M KOIHIMIEHIIII i3 mKaa010 16-KoiHuuIeHist
(3MiHA BHXiTHHX KO/iB) (3mMiHA BHXiTHHX KO/iB)

Digital Dscilloscope

Channel B
Position

By

Puc. 37 - Ocuuaorpamu moaei AL nociinosnoro Puc. 38 - Ocunsorpamu mogesti AL nocy1igoBHOTo HaGIMKeHHs 32
Ha0JMKEeHHS 32 METO0M KOiHUHMeHNi i3 IKa1010 16-KoiHIMaeHIis METO/I0M KOiHIUAeHii i3 mKa/010 16-Koinuuaenuia (3Mina BUXiTHUX
(3MiHA BUXiTHHX KO/iB) KOJiB)
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Puc. 39 - Po6ora moaeti ALIII moctiioBHOro HAGIMIKEHHS 32 METOI0M KOIHIMAEHUIT i3 mKaa010 16-koinuuaeHiis
(3MiHa BUXIAHUX KOIB)

Puc. 40 - Ocumnsnorpamu moaeni AL nocainoBHoro Puc. 41 - 3aranbHuii BUrisjg podo4oi naxesi
Ha0JIMKEHHSI 32 METO/I0M KOIHIUAEHII i3 mKaJio10 16-koiHuuaeHis
(3mMiHA BHXiTHHX KO/iB)
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Puc. 42 - Ocumnnorpamu moaesi ALIII nociinoBHOro Had/IMKeHHS 32
MeTO00M KOiHUMIeH Ul i3 mKkan010 16-koinuuaenuis (3MiHa BUXiTHUX
KOJiB)

L~h '||'.J'I\.!\‘1'|\V' j Nﬂ '\W

Puc. 44 - Ocuuaorpamu mojesi AL mocs1ioBHOro HaGJIMKeHHS 32
METO00M KOiHUMIeH Ul i3 mKan00 16-koinuuaenuisa (3MiHa BUXiTHUX
KOiB)
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Puc.46 - Ocunsnorpamu moaeni AL nociiioBHOro Ha0/IMKEeHHS 32
METO00M KOiHUMIeH Il i3 mKan010 16-koinuuaenuis (3MiHa BUXiTHUX
KOJiB)

Puc. 47 - 3aranbuuii Buriasg podoyoi naneni (3viHa koais)

Takum umnom, sk AILIl mapanenmsHOi mii Tak 1 TOCTIZOBHOTO HAOJNWIKEHHS HE YiTKO MPAIIOIOTH,
pearizyroun MeTOJ KOIHIMIEHINI, a i 3a0e3meuyroTh BCi Ti mepeBarn KBaHTOBOI Teopii BUMIiproBaHb (IIKaJIH
BiJIHOIIIEHB), 1 JO3BOJISIIOTh HAa TPAKTHINI OJHOYACHO ITOKpAIIyBaTH 1 TOYHICTH 1 IMIBUAKOJIIO BHUMIpPIOBAJILHOTO
MIEPETBOPCHHS aMILTITYAHUAX MapaMeTpiB.

OdeBUIHMM TaKOXK € TOW (haKkT, MO BIAXWICHHS KBAaHTOBAHOI IIKAJIM MOJCTI BiJ il€aNbHOI IIKaIH
KOIHIMJICHIIiT He3HauHe, HaBiTh 0e3 BUKOPHCTaHHS NMPELUU3iifHNX METO/IB 3a]JaBaHHs 3pa3KOBUX HANPYT Ha BXOJI.

Ocmunorpamu  pobdotu ALl mocmigoBHOro HaONMKEHHS MOKa3ylOTh JOuHaMiKy poootm ALIIl
KOIHIMJICHIIi, Ta BKa3ylOTh Ha MOJMJIMBOCTI onTuMmizauii iX poOOTH, IIISXOM BHKOPHUCTAHHS IPOTrPaMOBaHHUX
3HAYCHB KA BUMIPIOBAIBLHOTO TiepeTBopeHHs. Sk BumHO AL MOXyTh OyTH peani3oBaHO SK Ha JUCKPETHHX
KOMITOHEHTaX, TaK i MPOrpaMOBUX €JIEMEHTAaxX, a00 Y BUTJISAI CIEIiali30BaHOT MiKPOCXEMH.
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OuikyBaHi pe3yJIbTaATH BUKOHAHHS NMPOEKTY Ta iX HAYKOBa HOBU3HA
- CTBOpPEHHSI Ta PO3poOKa MaTeMaTHYHHUX MOJelieldl BUMIPIOBAJIbHUX HPOLEAYP aMIUIITYAHU Ta (a304acTOTHUX
BEJINYMH, aJICKBaTHUX JI0 PEUTBHHX, a HE 1/1ealli30BaHUX MapaMeTpiB;

- HIeperJisi/] Ta BCTAaHOBJICHHS 1€PapXivyHOT 3aJIC)KHOCT] ICHYIOUHMX, Ta PO3POOJIEHUX HOBUX METO/IB BUMipIOBAaHb
13 BpaxyBaHHSAM MPUYNHHO-HACTIIKOBHX Ta METPOJIOTIYHUX aCMEKTIB MpoleaypH BUMiproBanbaux AlIIT;

- po3poOKka yHiBepcaJbHO TIPOTPAMHO TIPOAYKTY JJIsI MpPOTpaMyBaHHS Ta aJanTalii XapaKTepHCTHK
neperBopennst LTAIT i ALIIT;

- Po3pobneHHs TONOMOTIYHIX CTPYKTYP KBAHTOBHUX BUMIPIOBAIBHHUX TIEPETBOPIOBAYIB;

- IlopiBHAAHHA OYiKyBaHMX Pe3yJIbTATIB i3 pe3yIbTaTaMH iHIINX ABTOPIB B JaHill 00;1acTi A0CTiNKEHD.

- B pesynbraTi MOHITOPHHIY OCTaHHIX JIOCSTHEHb B Tajly3l BUMIpPIOBAaJbHOI TEXHIKHM Ta TEHJCHLIH 10OynoBH
MmikpocxeM LIAIT i AIIl ta DDS Bu3HAYaIbHUMHU 1 €IWHAMHU € 1 3QIHIIAIOTHCS «KIACHYHI MiIXOIU» SKi
BUKOPDHCTOBYIOTh HEaJeKBaTHI Mojeni (Hanmpukiaja 4varora BeduuuMHa oOepHeHa g0 1nepioay), abox
BUKOPHUCTOBYIOTH JIMIIE Mi3epHY YaCTUTY 3HaUeHb (3pydHUX ABifikoBrx) KBIIII.

Tomy Bci iCHYI0Yi METOIM € HaWHWKYIMM piBHeM iepapxii metonis KBII, Hax sikuM € TpocTi BUMiproBadi 3a
METOJIOM KOIHIIMJICHIIil, Ta TPUHIIUTIOBO HOBI METONU SKi 3a0e3MedyloTh Ie OUThI 3HAYHE MOKPAIEHHS, SKE
HarJISAHO TOKa3y€e MPUKIIA] BUKOPUCTAaHHS 8§ —MH pe3ucTop HUX MojiHuka KenbBiHa, 1 ATeHIOATOpa-TIOIITPHAKA
TpoumiiuHa, e KIACUYHUN HIDKHIM piBEHb JIa€ JUINE KiJIBKICTh TOYOK = 8, a Ui MEpeTBOPIOBAYIiB HA OCHOBI
aTeHIoaTopa-noAiIbHAKa TporMmmuHa X KUIBKICTB Al § — MM PE3HCTOPHOTO JIAHIIO)KKa MOXKE CKiIanaTH (B
3aJIeXHOCTI BiJl THUIy mepeTBoproBaya): 22 - (koiHumaeHuii), 166 - (moxsiitHoi koiHmmaeHwmii), 169 - (cymapHo-
pizHHLEBHIT), 247 - (KOMOIHOBaHHUH).

- IIpioputer crBOpeHHs TporpamoBaHux MikpocxeMm AIIIT i ITAIl HamexuTh aBTOpaM MPOEKTY, TakK SK B
KIIACUYIHUX JBIHKOBUX CTPYKTypax TakKi ITiIXOJU € HEMOXKIMBUMH, i3 32 BiICYTHOCTI BCIX KBAHTOBAaHWX TOYOK Ta iX
HaJUTUIIKOBOCTI.

- Jlireparypa
1. I.B. Tpounmmnn. KBanToBa Teopis BUIPOMIHIOBaHb: NMPUHIMIM Ta METOJM BUMIPIOBAJILHOTO NEPETBOPEHHS
napameTpiB pamiocursanmis. [.B. Tpommmmu, O.I1. Boiitiok, H.I. Tpormummnaa // Marepiann OmguHAIIATOT
MDKHapoaHO! HayKoOBO-TeXHi4HOi KoH(pepeHii "BumiproBajgbHa Ta 00YMCIIOBAIbHA TEXHIKAa B TEXHOJOTTYHHX
npouecax”, (BOTTII 11 2012), 5 - 8 uepsus 2012p. B M. XmenbHuupkuii, C.25-28
2. Tpoummuu 1.B. Cnoci6 noOymoBu arteHioatopa-mofineHuka TpounmmumHa. Iarent Ykpainm 100581. MIIK
(2013.01) GOIR 15/00 GO6G 7/16 (2006.01) G11C 8/00 H02M 3/06 (200), Omyonikosano 10.01.2013, bromn. Ne 1.
3. I.B. Tporummus . ITAIT i AIIIT Ha OCHOBI aTTeHIOATOPA-MTOMITFHUKA TPOIUINKUHA (anT) i oro Momudikamii. 1.B.
Tporumma, O.I1. Boittiok, M.I. Tpouummua // Marepianm OxuHAAIATOI MIKHApPOTHOI HAayKOBO-TEXHIYHOT
KoH(pepeHmii "BuMiproBansHa Ta 00UHCTIOBaTIbHA TEXHIKAa B TeXHOJOTiuHUX mporecax”, (BOTTIL 11 2012), 5-8
gepBHs 2012p. B M. Xmensaumpkuid, C.100-103.
4. N.B.Tpoummwma. Hosoe moxonmenue I[AII-AIIIl ¢ mnporpamMmmupyeMbIMd TlapaMeTpamMu XapaKTEPUCTHUKH
nmpeoOpa3oBaHUsl Ha OCHOBE areHtoaropa-genutens Tpouummuaa / W.B.Tponumun // MHkeHepHbIEe W HayYHBIS
NpwiIokKeHus: Ha 0aze TexHoyorwmii National Instruments-2012; Coopuuk TpymoB XI MeXTyHApOJHOW HAYYHO-
npakTHYecKoi koH(pepenuuu, Mocksa 6-7 nexadps 2012r, C. 420-422.
5. U.B.Tpouummn. LIATI-AIIII Ha OCHOBE aTEHHIOATOpA-ACNUTENS TPOLUIIMHA C MPOrpaMMHUPYEMBIMU
napaMeTpaMH XapakTepHcTHKH mpeoOpasosanus / WU.B.Tpouummun // Matepianu kondepeHwii,. 67- Ma HaydHO-
TeXHIYHa KOH(epHLis NpodhecopChbKO BHKIAJALLKOIO CKJaJly, HayKOBIIB, aclipaHTIB Ta cryneHtiB, Oxpec, 5-7
rpyaus 2012p. C. 70-75.

- References
1. L.V Trotsyshyn. Quantova theoryja vymirunan: Principy ta Methody vymiruvalnogo peretvorennia parametriv radiosignaliv.
I.V. Trotsyshyn, O.P. Voytyuk, N.I. Trotsyshyna // Materialy 11-y misznarodnoi naukovo-tehnithoi conferencii "Vymiruvalna ta
obthysluvalna tekhnika v tekhnologithnykh procesakh" (VOTTP 11 2012), 5 - 8 June 2012. in. Khmelnitsky, S.25-28
2. Trotsyschyn I.V. Sposib pobudovy attenuatora-podilnyka Trotsyshyna. Patent Ukrainy 100581. IPC (2013.01) GO1R 15/00
G06G 7/16 (2006.01) G11C 8/00 HO2M 3/06 (200) Posted 10/01/2013, Bull. Number 1.
3. LV. Trotsyshyn. CAP I ACP na osnovi atenuatora-podilnyka Trotsyshyna (APT) I yogo modyfikazii. /I.V Trotsyshyn, O.P.
Voytyuk, M.I. Trotsyshyn // Materialy 11-y misznarodnoi naukovo-tehnithoi conferencii "Vymiruvalna ta obthysluvalna
tekhnika v tekhnologithnykh procesakh" (VOTTP_11_2012), 5 - 8 June 2012. in. Khmelnitsky, S.100-103.
4. L.V.Trotsyshyn. Novoe pokolenie CAP- ACP s prohrammyruemymi parameterami characteristiki preobrazovania na osnove
based on attenuatora-dtlitelia Trotsyshyna / I.V.Trotsyshyn // Inzhenernyi i nauthnye prilojenia na baze tehnolohy National
Instruments-2012; Sbornyk trudov XI- y mezhdunarodnoy nauthnopraktitheskoy conferencii, 6-7 December 2012. Moscow, S.
420-422.
5. LV.Trotsyshyn. CAP- ACP na osnove attenuatora-dtlitelia Trotsyshyna s programmiruemymi parametrami characteristiki
preobrazovania / 1.V.Trotsyshyn // Materialy conferencii , 67-a - naukovo-tehnithna conferencia profesorskogo vykladazkogo
skladu, naukovziv ta studentiv, Odessa, 5-7 December 2012. S. 70-75.

Penensisi/Peer review : 8.4.2018 p. Hagpykosana/Printed :9.4.2018 p.
Penenzenr :

66 ISSN 2219-9365 Measuring and Computing Devices in Technological Processes Issue 1° 2018 (61)



OnrtuyHi Ta Gi3MKO-XIMIYHI BUMIPIOBaHHS

YK 621.396.674.1
B.B. TPOMO3/IUH

Hayqao—nccneﬂosaTenbcxnﬁ HHCTUTYT paauo, Poccus

PAMOYHASA AHTEHHA C IBYXTOYEYHBIM BO3BY X KIEHUEM

Paboma nanpasnena na nogviuienue s3ppexmusnocmu paouomexHoi02uil, UCROIb3YIOUUX HANPABTIEHHbLE
ceoticmea manozabapumuslx uznyuameneti. Hcciedyemcsi opucuHAnbHull uziyuamens 6 6ude SILIUNMUYECKOl
PAMOYHOU AHMEHHbL C NPOUZBOLLHBIM 08YXNOYEUHBIM 8030YIHCOCHUEM.

Ilpeonoocena modenv onpedenenuss amnaumyo u ¢az 8030yxHcOAOUUX MOKO8 UCHOYHUKOS 8 3A8UCUMOCTIU
om amnaumyo u ¢az IJC ucmoyHuxko8 npu pasiuyHblx OMHOCUMETbHLIX PA3MEPAX U IKCYCHMPUCUMEMA PAMKU.
Mooenv ocnogvieaemcs Ha NPeONONONHCEHUU 0 OOCMAMOYHO MALOU 3A8UCUMOCIU COOMHOWEHUSL AMIIUMYO U a3
MOKO8 UCTNOUYHUKOG 6030YHCOCHUSI OM IKCYESHMPUCUINEMA DIIUNINUYECKO20 UZTYYAMENs MANbLX dNeKMPUYeCKUX
pazmepos. Ilpednosicennas mooenv 015 pacyema Xapakmepucmuk HANPasieHHOCU DAMOYHO20 U3LYYaAmens C
08YXMoUeuHblM  8030ydcoeHueM O00CMAMOYHO NPOCMA, YMO NO360Jsem NPOGOOUMb AHANU3  GIUAHUSL KAK
KOHCMPYKMUGHBIX NAPAMEMPO8 PAMOUHO20 U3LYHAMENsi — IKCYEHMPUCUMEmA U OMHOCUMENbHO20 pasmepd, MaxK u
anexmpuyeckux — amnaumyo u pasnocmu gasz 3/[C 6030yacoeHus.

Iposedenvl pacuemvl Quazpamm HANPAGIEHHOCMU MAKOU AHMEHHbL MEMOOOM BEKMOPHO20 NOMEHYUAId.
Ilposeden cpasHumenbHblil AHANU3 NOLYHYEHHBIX PE3VIbMAMOE C AHANOSUYHBIMU GbIYUCIEHUSMU, NPOBEOCHHBIMU 6
naxkeme mamemamuiecxkozo mooenuposanus FEKO.

Tlokazano, ymo npu KeAOPAmMypHOM G030YIHCOCHUU U PABECHCIBE AMNIUMYO MOKO8 B030VHCOCHUST MOICHO
ROIYYUMb HE3HAYUMETbHYIO HEPAGHOMEPHOCHTb 8 A3UMYMALLHOU U Y2IOMECIMHOU NIOCKOCHAX OISl COCMABNIouel
NOsl, PACNONOANCEHHOU 6 NAOCKOCMU pAMKU. H3menenuem SKCYEHMpUCUMema MONCHO De2yiupoeams 2iyouHy
npoeana Ouazpammvl HANPAGIEHHOCMU 6 6epMUKATbHOM Hanpaenenuu. [lpu 3nauenusix sxcyenmpucumema,
OUBKUX K eOuHUYe, PAMOYHbLIL UTyHamens 6edem ceds, KaK 6epmuKaibHblil OUNoOib ¢ OMCYmcmeuem usiyieHus 8
BEPMUKATLHOM  HANPABTIEHUU. Ilpu sxcyewmpucumeme, pasHom HyIO, umeem Kpyeosyio pamky. Ilpu
akcyenmpucumeme, oOauskom x 0,7..0,8 u npu coomeemcmsyouem amMnIUMyOHO-(A3080M COOMHOULCHUU
B03MOICHO NOLYHEHUE 3A0AHHO20 YPOBHS UNYHEHUS. 8 BEPIMUKANLHOU NIOCKOCMU, HO MOAbKO 07 COCMABIAIOUUX
INEKMPUYECKO20 NOJISL, NENHCAWUX 8 NIOCKOCIU PAMOYHOLO0 U3NLYUAME]ISL.

Hanpagnenusmu oanvhetiuiux ucciedosanuii 8 9motl 001acmu s8IsI0mcst ONMUMU3ayust (hopmul u3Lyuamers,
yeenuueHue movex 8030yiHcOeHUs. U blOOP ONMUMAIBHBIX MECT UX PACHONIONCEHUS, UCCIEO08aHUE XAPAKMEPUCTUK
HANPAGIEHHOCIMU MAKOU AHMEHHbL U PA3PabOmKa WUPOKOOUANAZ0HHO20 YCMPOUCMEA 8030YIHCOCHUSL AHMEHHbL.

Kniouesvle cnosa: osnnunmuueckas pamouyHds. —AaHMEHHA, BOIHOB0€ CONPOMUGIEHUe, OUAZPaAMMA
HANPABGIEHHOCMU, NPOU3BOILHOE 08YXMOYEYHOE B030YIICOEHIUe.

V.V. GROMOZDIN

Radio Research and Development Institute, Russia

LOOP ANTENNA WITH TWO-POINT EXCITATION

The work is targeted to increase radiotechnologies’ efficiency when applying small-size radiators’
directional properties. The original elliptical loop antenna radiator with the two-point excitation is under research.

The suggested model of amplitude and excitatory current phases sources determination depending on the
amplitude and EMF sources when having various loop dimensions and eccentricity. The model is based on
presumption that the amplitude and excitation sources current phases are having quite small dependency on the
small-size electric loop radiator eccentricity. The suggested model of the two-point excitation loop radiator
eccentricity calculation is quite simple, so it allows to make an appraisal of both loop radiator structural
parameters such as eccentricity and reference dimensions and electric amplitudes and EMF excitation phases
difference as well.

Using vector potential method the pattern calculation of such an antenna directivity was carried out.
Comparative analysis of the obtained results using a similar calculations, accomplished within the FEKO
mathematic simulation package has been also carried out.

1t is displayed that when quadratic excitation and equal excitation currents amplitudes we can obtain a slight
non-uniformity within the azimuth and elevation planes for the field component located within the loop plane. By
changing the eccentricity it is possible to regulate the pattern directivity hole depth towards the vertical direction.
When the eccentricity values are close to 1 the loop radiator behaves itself like a vertical dipole without a radiation
towards and vertical direction. When the eccentricity value is 0 then we have the round loop. When the eccentricity
is close to 0,7...0,8 and having a relevant phase/amplitude correlation, it is possible to obtain a radiation target
level within the vertical plane, but only for the electric field components which are in the loop radiator plane.

The oscillator shape optimization, expansion of the excitation points number and choice of the more efficient
points location, antenna directivity features research and development of the broadband device for the antenna
excitation could be the follow-up studies directions in this area.

Key words: elliptical loop radiator, wave impedance, beam pattern, arbitrary two-point excitation.
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CoBpeMEHHBIC PAaIUOTECXHOJIOTHU BCE OOJIBIIEC HCIONB3YIOT CBONCTBA JJICKTPOMATHUTHOTO TMOJNS IS
TIOBBIIICHNSI CBOMX Ka4eCTBEHHBIX M KOJIMYECTBEHHBIX IMOKazareneil. K TakuMm CBOHCTBAM MOXKHO OTHECTH, B
MEPBYIO  O4Yepeb, MPOCTPAHCTBECHHBIC W3MCHCHHS WHTCHCHBHOCTH W3IIydeHUs (TpUeMa) W TOJSPU3AIIH
3JIEKTPOMATrHUTHBIX BOJIH, KOTOPBIEC (JOPMHUPYIOTCSI COOTBETCTBYIOIIMMH H3ITy4YarOIIMMU CTPYKTypamMu (aHTCHHAMU).

Bo3smoxxHoctn  popMupoBaHUs —TpeOyeMBIX aMIUIMTYJHBIX U IMOJIIPU3AIMOHHBIX — XapaKTEPHUCTHK
HATPABJICHHOCTH U3JTYYAIONINX CTPYKTYP 32 CYET X T€OMETPHUYCCKON KOH(PUTYpAIMH H3YUYCHBI JOCTATOYHO MOJTHO
(cm., mampumep, [1,2]). MHOTOTOUEUHOE BO3OYXKACHHE HM3ITydarollel CTPYKTYpHl B aHTEHHOW TEXHHKE SBISACTCS
JIOCTAaTOYHO PEIKO HCIOIB3YyEMBIM CIIOCOOOM, YTO OOYCIIOBIIEHO HAJMYMEM TaKHUX HEOCTATKOB, KaK CIIOKHOCTHh
COTJIACOBAaHUSI MCTOYHUKOB BO30OYXKACHUS C MCTOYHMKOM CHTHAJIA W HCKIIOYCHHE “NEepeTeKaHrs’ MOIIHOCTH W3
OITHMX MCTOYHHUKOB B Apyrue. OgHAaKO HAJMIHe MHOTOTOYEYHOTO BO30YKIEHHS B psijie CIydaeB IO3BOJSET Ooiee
MIPOCTO pean30BaTh TpPeOyeMble XapaKTePHUCTHKU HAIPABICHHOCTH AaHTCHHBI, KOTOPBIE NPH OTHOM HMCTOYHHKE
BO30YKICHHS SIBIISIOTCS 3aTPYTHUTEIBHBIMA. B 00I1[eM BHJIe 0COOCHHOCTH UCIIOJIb30BAHUS TAKUX aHTCHH OIHCAHBI
B[3-5].

lenpro maHHON pabOTHI SBISCTCS CO3MAaHUC HHKCHEPHON MOJCITU JJIs aHalu3a PaMOYHON aHTEHHBI C
JIBYXTOYCYHBIM BO30YXKIEHHEM C OIpPEJCIICHHEM AaMIUTHTYIHO-(a30BBIX COOTHOIICHHY TOKOB BO30YXKICHHS B
3aBHCHUMOCTH OT aMILTUTYTHO-(ha30BbIX cooTHOMmEeHUH J/IC BO30YKICHUS M TCOMETPUICCKHUX Pa3MEPOB aHTCHHEI, a
Takke pa3paboTka METOAMKHM pacueTa U TMOJYYCHHE JUarpaMM HANpPaBICHHOCTH B 3aBUCHMOCTH OT
SKCHEHTPUCHUTETAa DJJUTMITHYECKOW paMKH, €€ OTHOCHUTEIBHOTO pasmepa W pasHoctH (a3 IAC HCTOYHHUKOB
BO30YKICHHUS.

HUccaenyemas moaeab. PaccMoTpuM paMOuHBI  W3JIydaTellb, MMEIOMAM, B YacTHOM cllydae,
SIUTUNTAYECKYI0 (OPMY, W PACIOJIOKCHHBIM B JACKAPTOBOM CHCTEMe, KaK IOKa3aHO Ha puc. 1, a. 3mech Takke
MIPECTaBICHEI ChepruaecKkasl cucreMa KoopanHat Ry, 0, ¢, Touka HabmoneHuss M B manbHell 30He ¢ KOOpIAHMHATAMH

—

XM> YM> ZM, IPOCKIHNU BEKTOPA HAIPAKECHHOCTHU IMOJIA U3JTYUCHUSA E Ha OpThI C(i)epH‘ICCKOﬁ CUCTEMbI KOOPJAUHAT.

26

0)

Puc. 1 — PamouHblii H3;Ty4aTeIb B JeKAPTOBOM cHCTeMe KOOPAHHAT (a)
U reoMeTpHYecKasi KOH(GpUrypauus »3LIUNTHYeCKOoli paMKkH (D)

ONIUNTHYECKIH PAMOYHBIA U3JTy4aTeNb PACIONOKEH B JEKApPTOBON CHCTEME KOOPAHMHAT, KaK IT0Ka3aHO Ha
puc. 1, 6. ITmockocTh paMKH COBMAJaeT C TIOCKOCThIO X0Z, a 0CH 2JuTUIICa, COOTBETCTBEHHO, OOJbIIAs 2a U MaJas
2b — ¢ KOOpAMHATHBIMH OCSIMU X U Z. B pa3pbhIBBI JUIMNITHYECKOH paMKH B JUAMETPAIbHO MPOTHUBOIIOIOXKHBIX
TOYKAX, PACIIONOKEHHBIX Ha OOJBIION OCH DJUIMIICA, BKJIIOYEHBI MCTOUYHUKM BO3OYXaeHHs U (ITOIOKXUTETHHOE
Hanpasiienue ocu X) u U, (OTpHUIIaTeIIbHOE HAMpaBJICHUE OCH X).

B cooTBeTCTBUM ¢ 3TUM, PAMOYHYIO aHTEHHY MOXHO IPEICTABUTh B BHUJEC IBYX HICHTHYHBIX H3ITYYAOIIHX
MPOBOJTHUKOB 1 ¥ 2, pacroyIOKEHHBIX B MPOCTPAHCTBE 3EPKAIBHO OTHOCHTEIBHO OOJBINOW OcH 3uiuica (ocu X
JICKAPTOBOHN CHCTEMBI KOOPJIMHAT).

Oco6oii mpobyieMoll B JTaHHOM 3ajiaue SBISCTCS OMpEIeliCHHE aMIUTUTYA U (a3 TOKOB BO30YXKICHUS, T.K.
peayibHBIC MCTOYHHKH BO30YKICHUS sBIAOTCS ucTouyHuKamMu DJ[C cO CBOMM BHYTPEHHUM COIPOTHBIICHHEM.
JlarHBIe TapaMeTpBI TOKOB BO30YKACHNS HEOOXOAUMBI TSI (POPMUPOBAHHS KaK ONTHMAIBHON Mepeaadi MOITHOCTH
B AaHTEHHY, TaK H [UI1 COTJIACOBaHWSA C muTalomuM Quuepom. [Ipum oxHOTOYEHYHOM BO30YKICHHH
HECOTJIACOBAaHHOCTH CONPOTHBIICHUI MPUBOAUT TOJIBKO K M3MEHEHHUIO aMIUIUTYABI U (ha3bl BO3OYKAAIOIIETO TOKa,
HO HE W3MEHSET pacIipelesieHIs] TOKOB B aHTEHHE M, COOTBETCTBEHHO, aMIUIUTYJHBIX AWAarpaMM HaNpaBICHHOCTH.
[Ipu MHOTOTOYETIHOM K€ BO30YKACHUH, B3aNMHOE BIISIHAE MCTOYHUKOB JIPYT HA IPYTa MPHUBOAUT K (PaKTHIECKOMY
OTKJIOHCHUIO aMIUTUTY U (a3 MUTAIONINX TOKOB UCTOYHUKOB OT MPEAIOIATaeMBIX 32 CUCT COOTHOIICHUH 3HAUCHUHA
OIC ¥ BHYTPEHHHX CONPOTHBICHHA HUCTOYHUKOB. CleIyeT OTMETHTh, YTO STO OTKIIOHCHUE 3aBUCHT TAKXKE OT

CONPOTHUBJICHHS M3JIyueHHs1 aHTeHHb Ry. IIo3TOMY B JaHHOM CIlydae y4eT CONpPOTHBICHUS M3JTy4eHHs aHTCHHbI

Ry Heobxoaum He TONBKO IIPU pacyeTe aMIUIMTYAHBIX XaPAKTEPUCTHK HAMPABICHHOCTH, HO U IIPEXAE BCErO AL
pacyera aMIUTUTY L M (ha3 BO30YKIAIOIINX TOKOB.
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Omnpenenenne TOKOB B030yKHeHHs (ITapaMeTpOB TOKOB BO30YXKICHHS) IPH 33JaHHBIX HAIPSHKEHHSIX
BO30Y)K/IEHHsI IIPEAJIaraeTcsl MPOBOJUTH MCXOJS W3 MOJIENBHOTO IPEJACTABICHHS PaMOYHOW AHTECHHBI B BHUJE
OTpe3Ka JUTMHHOH JIMHUH.

CymiecTByeT ABa BUJIa TAKOT'O MOJICILHOTO ITPEACTaBICHHUSI.

— Jlunus 6e3 morephb. [Ipu ITOM CONPOTUBIEHHWE W3IYYEHUsS AHTEHHBI Ry MOMEMIAETCA B MECTO
PACIIONIOKEHHUS ITyYHOCTH TOKa, ONIpe/ieNIeHHe KOTOPOTO 3a4acTyIo SBILIETCS CaMOCTOSATEIbHOI 3a1auei.

— Jlunmns ¢ norepsimu. [Ipu 5TOM CONPOTHUBIIEHHE U3JTyUEHHS aHTEHHBI fy yUUTHIBAETCSA B KOO(QUIMENTE
pacripocTpaHeHus BOJIHBI Y = o + jB , TAe o — KoadduumeHT 3aryxanus, f — kodhuuneHt gassl.

Koaddunuent pacnpocTpaHeHUs BOJIHBI Y [UIMHHOM JIMHUM BKJIIOYaeT B ceOs pacnperesieHHOe OMHYECKOe
COIIPOTHBIICHHE IPOBOAHUKA R W pacmpeleleHHYI0 NPOBOAUMOCTh G MEXIy HPOBOIHUKAMH C COOIIOACHHEM
COOTHOIIEHUS X3BUCANIA AT HEUCKAXKAIOIICH JTUHUH [6]:

= p, (M

A

b= | 33

rae G, C, R v L — moroHHble napaMeTpsl JIMHUK — MPOBOJUMOCTh TUDJICKTPUKE, EMKOCTh MEXY MPOBOIHUKAMH,
COTPOTHUBIICHHE M UHIYKTUBHOCTh MIPOBOJHUKOB.

DTO NPUBOJTUT K TOMY, YTO BOJIHOBOE COMPOTHBIICHHE HATPYKEHHON JTMHUU Z, SABJSICTCS TAaKUM XK, KaK U B
JTUHUN 0e3 oTeph

oo
lj:..[l-i-}__—{‘_m} ]Jl .
4y = D P =Jc= 7 2)
AT AT =
"-u' ijr
rac ﬁ* — BOJIHOBOC COIPOTHUBJICHUC JIMHUU 0e3 HalMuhs aKTUBHOH COCTaBJ‘IH}OHIeﬁ KOS(i)(l)I/IHI/IeHTa

pacrnpoCTpaHCHUs BOJIHBI.

COOTBETCTBEHHO, BHECEHHbBIE I[IOTEPH, ONpeeNsieMble CONPOTHBICHHEM H3IydeHHs aHTeHHbl Ky, He
M3MEHSIOT HU BOJIHOBOTO CONPOTHUBIICHUS JIMHUU Z;, HU ee Kod(duUIMeHTa pacnpocTpaHeHHs BOJHBI Y, YTO HE
MO3BOJIIET OIPEACTUTh 3HAYEHUS TOKOB (MapaMeTpOB TOKOB) HCTOYHHKOB BO30OykmeHus. Cremyer Takke
OTMETHThH, YTO B JAHHOM 3aJade, KaKk W B pPEabHBIX KaOesIX, COOTHOIIEHHE (2) HE BBITONHSIETCS, ITOCKOIBKY
MPOBOJIUMOCTD YTCUKH Yepe3 U3OJIAIUI0 3HAYUTEIHHO MCHBIIIE EMKOCTHOT'O COITPOTHBIICHHS MKy TTPOBOTHIKAMH.

B 9TOM ciydae BO3MOMKEH BapHAHT BKIIOYEHMS CONMPOTHBIEHHE M3JyYeHHs aHTeHHb Ky B omuueckme
MOTEPH MPOBOJHUKA JIMHUHA R U TIpeHeOpeKeHNEe MPOBOIUMOCTRIO nudiekTpuka G. B aTom ciydae, koadduiimeHT
3aTyxaHus o ¥ kodhumueHt $haspl B onpeaensroTcs JOCTATOYHO MPOCTHIMU BBIPKCHUSIMH:

) 3)

rne k = 1/2%/ A — BOJIHOBOE YHCIIO.

O,I[HaKO BO3HHUKAIOT 3aTPYAHCHHUA C OMPCACICHUEM BOJHOBOTO COITPOTUBJICHUA ZB TaKOU JIMHUH, T.K. B HETO
BXOJAUT JOMOJHUTCIBHBIM MHOXKUTCIEM CMKOCTb MCKAY I[MPOBOAHUKAMU C, TOYHOC BbIYUCJICHUC KOTOpOﬁ
COIIPSAKCHO C ONPEACIICHHBIMU TPYAHOCTAMHU, PCHICHUC KOTOPBIX CYHICCTBEHHO YCJIOXHUT pa3pa6aTLIBaeMon
HWHXXCHCPHYIO MOACIIb

Zy = \I'(Rz/ij)—l—(:L/C) = \/(R:/ij)-l-p*z. )

B cBsi3U ¢ BBINICU3NOKCHHBIM, U JaTbHEHIINX PACUCTOB UCIOIB30BaHA MOJIENb 0€3 MOTeph, MPU KOTOPOU
COTPOTHBJICHHE U3IyYeHHUsI aHTCHHBI Ky IIOMEIaeTcst B MECTO PACIIONIOKEHHS TYYHOCTH TOKA.

OKBUBAJICHTHAs CXEMa AHTEHHBI /IS OINPEACICHUs] 3HAUYCHHH TOKOB HMCTOYHHUKOB BO30OYXICHHS B ITOM
ClIydJae MpejcTaBlieHa Ha puc.2.

R,2
2
r2 21 () &3
2

Puc. 2 — Mopaenb aHTeHHBI 1151 onpeaejeHus 3Ha4YeHUs TOKOB HCTOYHUKOB BOSﬁy)KZleHl/lﬂ
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C yuyeroM mONHOH CUMMETPUM CXEMbl B JalbHEHINIEM IIPUHUMAEM, YTO BXOJHBIE M BBIXOJHBIE
COIPOTHBIIEHHUS JINHUY PABHBI, & CONPOTUBIIEHUS UCTOYHMKOB PABHBI BOJTHOBOMY CONPOTHUBJIEHHUIO SKBUBAJIEHTHOM
nmuann 6e3 norteph (fyy = Ry = Ry = p), 4TO SBIACTCS YCIOBHEM OTCYTCTBHSL OTPAKCHHOH BOJIHBI IS
Ka)KJJOr0 M3 MCTOYHMKOB BO30YKIEHHU, U B JAHHOM CJ1ydae ONPEENAOTCA BEIPaKEHUEM

-"-i,l H '-.'--.'.‘-‘.22" :J‘r—l #5'\'-."--.;"{ )'
Loy = Zpux . Q)

(6)

Tpa,HI/IIII/IOHHLIM CIocoooM OIPEACICHUA COMMPOTUBIICHUA M3JIYyYCHUSI aHTCHHbBL RI SABJACTCA ONPEACICHUC
MOIIHOCTHU HM3JYYCHUSI aHTCHHBI 4YC€pPE3 3aMKHYTYIO IMOBEPXHOCTHL OT HEC B ,HaJILHeﬁ 30HC U COOTHCCCHHC €€ K

KBaIpaTy aMIDIATYAbl TOKA HCTOYHHMKA. 3HAYCHWE CONPOTHBICHHS M3JIYyYCHHS AHTCHHBI iy OMNPENEIACTCS
KOHCTPYKLIMEH aHTEHHBI, I03TOMY JJISl €T0 ONpeIeTeHHs MpHpaBHIBaeM HyI0 aMITUTyabl 3/{C BceX HCTOUHUKOB,
32 KCKJIFOUEHHEM OJIHOrO, aMILIMTY/Aa TOKa KOTOpOro Oyner (hopMUpPOBATH MOIIHOCTh W3IYyYCHHS AHTCHHBI U

COOTBETCTBEHHO, OyZEeT ONPE/IeIsITh CONPOTUBICHHE U3Iy4eHNUs aHTEHHBI K.

Taxum 00pa3oM, B JaHHOM Cllydae Ul ONpEIENICHHs CONPOTHBICHHS H3JIy4eHHs aHTeHHbl Ky 3amarorcs
toku I3 =1 m I; = 0, onpenensroTcs cyMMapHash MOIIHOCTh H3Iy4eHHs aHTCHHBI Py M CONpOTHBICHHE
U3NIydeHus anTeHHsl Ry cormacHo dopmy:

i 1 P2, P L. o ~ . o ~ oz

| P = | den |l TE_(8 o)+ E_ (8 wm)leint d6

|22 1207 40 T g \VEmeENE TS Emg e s )

) L _ Pr O
| ==

L I3

B 06HI€M cj1ydac onpeAcjacHUC CONPOTUBIICHUS U3ITYUCHHS aHTCHHBI RZ' MOXKET SBJISATBCA UTCPALITUOHHBIM
mpomeccoM, T.K. CyMMapHas MOIMHOCTb M3JIYUCHHA AHTCHHBI P_[r 3aBUCHUT, B TOM 4YHUCJIC U OT COIIPOTHUBJICHUA

U3MIy4eHus aHTeHHb! Ky, HO 1711 MOCTPOCHHS YIPOILCHHONH HIKCHEPHOH METOMUKY aHAIM3a MOXKHO OrPaHUIHUTHCS
HIEPBBIM MTPUOIIIKCHUEM.
Jns aHanmsa moJst M3NMydYeHHsT UCCIIEYEMOr0 paMOYHOTO M3TydaTelsl SJUITMITHIECKOH (OPMBI MPUMEHSUICS

METOA BCKTOPHOI'O IMOTCHIHAJAa U C YUYCTOM TOI'O, YTO MUCCICAYETCs IIOJIC B ZlaHLHeﬁ 30HC, COOTHOLICHUC I

BEKTOpa HanpsikeHHOCTH snekTpuueckoro nosist E (&, @) onpenensnocs cornacHo BepakeHHIO

s a—ikr . =—ik
—je? T= “Ho (I rr7y. —JRk(x({)sinBcosp+z({)cosB) . 17 _ _ :F ! r= a0 (8)
- an J.o LWL J €E wy, = = - Em\V, ¢/ ),

a2 —
v, @) —

(51

rze S — moiHas JJIHA TPOBOIHUKA C TOKOM;
7 — paccTOsTHHE OT TOYKH IPOBOIHHUKA C KOOPAMHATON C IO TOUKH HAOJIIOACHNUS;

k = 2m/A — Bonnosoe 4ncio (A — IIHHA BOJHEI 31eKTPOMATHATHOTO KOJIECOAHHs);

I (( )d-‘: =1 ({’ )(?.dx + fd}’ + Edz) — pacnpeaeiCHUe TOKa BJOJIb IPOBOJHMKA OT ITapaMeTpa ( ;
e —Jkr

— MHOKUTEJIb, XapaKTEePU3YIOMIHA chepruaeckuii GPOHT BOTHBI B TalIbHEH 30HE.
r

C y4eToM reoMeTprueckor (hOpMbI MPOBOJHUKOB MPEICTABISACTCS YAOOHBIM BBEIICHHE MMAapaMETPUUECKOrO
yTJ1a 0, OTHOCHTEIBHO KOTOPOTO OyIeT ONpeAesIThCs KOOpANHATA TOUKH (.

Js mceiemyeMoro paMOYHOTO HM3ITydaTelsl SJUTUNTHYCCKONH (OPMBI, COCTOSIIETO W3 JBYX HIOCHTHYHBIX
MPOBOTHUKOB 1,2, YYHWTHIBas NPHHIOWIN CYIEPIO3HIHNK IIOJEH OTAEIBHBIX HWCTOYHHUKOB, BBIPAKCHHUSA IS
COCTaBIIIONINX BEKTOPA HANPSIKEHHOCTH IEKTPHUECKOTO MOJISI UMEIOT BHI:

{Eme(ﬂ. @) = X Exi (@, 8)cosbcosp — X; E; (@,0)sind o
Emg (0, ¢) = X Exi (@, 0)sing ’

rne E,; (@, 0)n E,; (@, 8) — cocTapnsiomye BeKTOpa HANPSKEHHOCTH SEKTPUYECKOTO OIS JUIsl i-TOTO
MIPOBOJHHKA
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ra —jl Yy

Il v oo . %Hg B 7 My o o —Tk(x:(alsinBcose+z; (alcos8) | ML g
%Exil_g.'_.b‘; — — 1 4 - JG fjl@j-e “7i i RS ;= Py ii

! i S ,(10)
I - - 3% - Y L —ikfv (isinlrosotz-{aicosy  GZLA); 4

Il 1O 0) = —]1—" I I lar) s g Joimiimemmmmmme s s s t ———— A

T I 4 4 dgr r Y0 RS folsd

6,  — yrIoBBIe KOOPAMHATH TOYKH HAOIIOACHNS, OTCUUTHIBAEMBIE, COOTBETCTBEHHO, [UIS YTIIOMEPHON TUIOCKOCTH
OT OCH Z ¥ JIJIsl a3UMYTaJIbHOM TMJIOCKOCTH OT OCH X;

Xi, Z; K g—"‘, g’: — COOTBETCTBEHHO KOOPJIMHATHI M3ITYYAIOIINX MPOBOJIHUKOB U MX AU QPEpeHInaTbl OTHOCUTEIHHO

R R

napaMeTpuiIeCKoOro yrijia o,

I: (&) — BexkTOp aMIUIUTY1HO-(HA30BOTO PACTIPE/IETIEHNS TOKA BIOMb U3ITY4AIOIIKX IPOBOIHUKOB.

KoopanHaTs! H31Iydaromux MpoOBOIHUKOB X;, Z; TIPH 3TOM OIPEEIISIOTCS BRIPAKCHUIMHU:

TP e A

{x32(a) =a-y/(1—ex? cos(a)

) z{a) = a - sin{a) . 11
I P L

{ z-(a) = —a - sin(a)

i A N LR

s s - ik (% (1 _oxZeoslo idm
( Ia@) =1, - efFl VToxeos@
I - R - P L e gy g
] T.. (v Y = T, « piilg vi7E8A LUSG LU
TLENTTS =1 =

{.: Cn e P T (12)
1 7 o — T . JA@+k], 1—ex* cos{alda)
I 121\ ) — a3 © T

-r —
lr ¢~ _ o+ J(A®+k-] " J1—ex® cos(a)<da)
U lal = —iy-e” oV /

rae {1 7 — aMIUIMTY Il TOKOB Ha 3a)KMMaX HCTOYHHUKOB BO30YIKICHHS;

A® — pa3HOCTH HAYATBHBIX (a3 TOKOB HCTOYHHKOB BO30YKICHHS;
ex — DKCLEHTPUCUTET JUTMIITUYECKON paMKHU.

Pe3yabTaThl pacuyeroB M X anauu3 Ha puc.3 npuBeqeHbl pe3ysibTaThl PACU€Ta CONPOTUBIIECHHS H3ITyUYEHUS
B JManaszoHe oTHocuTensHoro nepumerpa pamku P /A = 0,1 ... 1,1, rne P — nepumerp pamku.

Ry, Om X5, OM
60 /ex—l,O 15
50 10
ex=0.9 5
40 ex=08 0
30 : s

20 ex=0 1'0 ex=0

10 15 ex=0,9

0 -20 ex=1,0

02 04 006 08 1,0 P/4 02 04 06 08 10 P/A

a) 6)

Puc. 3 — AxTuBHad (2a) 4 peakTHBHAd (0) YACTH CONPOTHUBJICHUS U3TY4YeHHUs NITHITHYECKOH paMKH

W3 npuBeleHHBIX pPAacyeToB CIEAyeT, 4YTO C POCTOM OSKCLUEHTPUCHUTETA PAMOYHOIO M3JIydaTels
YBEJIMYMBAETCS AKTHBHAS 9aCTh CONPOTUBICHHUS M3Ty9CHHUS aHTEHHB Ky, 9TO SABIAETCS CIEACTBHEM YMEHBIICHUS
pasuoctu Habera a3 AP uznyuaemoro nons — cM. puc.4. Takxke aktuBHas yacth Ry MOHOTOHHO pacTeT u mpu
YBEJMYEHUH OTHOCUTENbHOTO pasmepa pamku P/A. Peaxtusnas gacte Xy ¢ poctomP /A yBenmuuupaercs u npu
P/A = 0,8 umeer makcumym, a ipu P /A = 1,0 o6pamaercs B 0, 4To TOBOPUT O HATUYUM PE3OHAHCA B CHCTEME.

B npenenax P/A = 0...1,0 peaktuBnas yacTs CONpOTHBIEHHUS M3TydeHHs Xy MMEET MONOKHUTENbHBIN 3HAK,
YTO MOATBEPKIAET €r0 MHAYKTHBHBIN XapaKTep.
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ex=0.9 [} ex=0.999

AD

& =

Puc. 4 — Bua 3IanTHYecKux PaMoOK B 3aBHCHMOCTH OT JKCHEHTPHUCUTETA LTI THYECKOT paMKu

=1  pamouHbIii U3IyYaTENH

U3 puc.4 BuUAHO, UYTO MpPH OIKCIEHTPUCUTETE CTPEMSIIUMCSI K &X
npeoOpasyercss B CHMMETPUYHBIH BHOpaTop. Eciy mnpu 5TOM OTHOCHTENBHBIN pa3Mep TaKoro H3JIydaTess
P/A = 1,0, o pamounsii wusnyuatens mnpeobpasyeTcss B UYETBEPTHBONHOBBIA CHMMETPUYHBIH BHOpATOp.
ConpoTuBieHUE H3JIyYeHHUs] TaKOHl aHTEHHBI XOPOILIO H3BECTHO, OHO COBMAJAET C BXOAHBIM CONPOTHUBIICHHEM

;o -
AHTEHHBI M PaBHO Z.5 = 73,1 + j42,5 OM, 4ro oTnM4aeTCss OT MONYYEHHBIX BBINIE PE3YIBTATOB MPU PACUETE

N3JIYy4YCHUA aHTCHHBI RZ P 3HAYCHUAX DKCHCHTPUCUTETA ST THIECKON paMKH IIpyA 3HAYCHUAX ex OJIM3KHX K

CIAUHUIIC.
Ha pI/IC.S MPEACTABJICHBI PACYCTBI COOTHOIICHHUA aMIUIUTyJ TOKOB HWCTOYHHUKOB B 3aBUCHUMOCTH OT

OTHOCHTEIIFHOTO TIEpUMETPa PaMKH, IPOU3BEICHHBIE B COOTBETCTBHH ¢ hopmynamu (5) u (6).

P

0,4 0,6 08 1 P/

0 0,2

Puc. 5 — CooTHOIIEHHE TOKOB HCTOYHHKOB B 3aBHCHMOCTH OT OTHOCHTEJILHOTO nepuMeTpa paMKH

Kak cienyet u3 nmpuBeI€HHBIX Ha PUC.5 pacueToB, COOTHOUICHHE aMIUTUTY]l TOKOB UCTOYHUKOB U3MEHSIOTCS
C M3MCHCHHMEM OTHOCHUTEIIHOTO MEPHUMETPa PaMOYHOTO HU3IydaTelisi (M, COOTBETCTBCHHO, YaCTOTHI), YTO TaKXKE
3aBHCHUT OT HadalbHOU pasHocT (a3 DJC ucrounnkoB. IMEHHO 3TO pa3inyue B aMIDIUTYIAX TOKOB BO30YKICHUSI
IIPHU COOTBETCTBYIOIMINX (pa3ax MOXKET 00ecHeunTh MOTYYeHHE OJHOHAIPABICHHOTO HW3IyYCHHS, B MIPOTUBHOM XK€
clIydae, XapaKTepUCTHKH HAIPaBICHHOCTH Bcer/ia ObITH OBl CHMMETPUIHBIMH.

Monens, mpuBeeHHAsI HA PUC.2, HE YIUTHIBAET SKCIEHTPUCUTET PaMOYHOTO H3IIydaTelisi, COOTBETCTBEHHO,
Jns moaTBepkAeHHsS NAaHHOTO (akTa OBUTM TPOBEACHBI

HET 3TOM 3aBUCHMOCTH B pacuerax M Ha puc.S.
aQHAJIOTHYHBIE PacyeThl METOAOM TOYHOTO AIEKTpOAMHAMIYecKoro moaenupoBanus B makere FEKO, pe3ynpTarsr

koroporo it ex = 0 1 0.99 npusenens! Ha puc.6.
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1/
ex = 0,99 .7
1w e il S SR PD) SELLLE 2 u:%r.F"!"
R S Err
YIS TR N AN |
RN NS 7 \ Ay
Y R P N ( II
0,6 =T 0PN
’ , \\\ g "’ 45 90 1350 . / .
.:‘-150 \ ), l'
0.4 B _.: 1650 o
5° \J
0,2 C
AD =175°
0 0 |
0 0,2 0,4 0,6 0,8 1P/A 0 0,2 0,4 0,6 0,8 1P/A

Puc. 6 — Paccuurannsie B FEKO cooTHOLIEHHE TOKOB HCTOYHHKOB B 3aBHCHMOCTH
OT OTHOCHUTE/IBLHOI0 MIEPUMETPA PAMKH /I 3HAYEHHH £X = Ounex =099

IIpoBenennsie pacuersl cooTHomeHuid TokoB B FEKO nonreepknatoT panee caeslaHHOE MPEAIONOKEeHHE O
JIOCTaTOYHO MaJOd 3aBUCUMOCTH COOTHOIICHHUS AaMIUIUTY TOKOB MCTOYHHUKOB OT OKCLEHTPUCHTETA
AJUTUITAYECKOTO U3JTyYaTelsi MaJbIX JICKTPUUCCKUX pa3MepoB. OTHAKO caMu aOCOFOTHBIC 3HAYCHUS MOTYYCHHBIX

B makere FEKO cooTHONICHHi MpH MPHOIIKEHNH OTHOCHTEIBHOTO TIepuMeTpa paMkn £ /A k 0,5 B 3HaunTenbHOI
CTETIEH! OTIMYAIOTCS OT PAaCCYUTAHHBIX MO GopmynaMm (5) u (6), 9TO, MO-BUANMOMY, OOBICHIETCS OTCYTCTBHEM
ydeTa B3aMHOTO BIHSHUS IIPOBOAHUKOB U 3G (eKTa U3ITyIEeHNUs IPOBOAHUKOB B MOJIENH, IPUBEICHHON Ha pHUC.2.

[To pe3ynpraTtam pacyeroB, Kak B IpeUIOKeHHOW Moxenu, Tak u B makere FEKO nnst pasnoctu daz 9/1C
UcTOYHUKOB paBHOM (O mnu 180 rpagycoB, COOTHOIIEHHE AMIIIUTYA TOKOB HCTOYHHUKOB PaBHO EIUHMIE BHE
3aBHCUMOCTH OT OTHOCHUTEIBHOTO NIEPUMETPA PAMOYHOT'0 U3ITydaTesl.

Ha puc.7 u 8 npuBenens! paccuuranusie 1mo ¢opmynam (5) — (12) nuarpaMMbl HalpaBJICHHOCTH aHTEHHBI
JUISL IBYX BapHaHTOB COOTHOIIEHUH pa3HOCTH (a3 ucTouHUKOB Bo30yxaeHus D/1C u sKCUEeHTpUCUTETa paMOYHOTO
u3nydarens. Jns 3THX ke cllydaeB NPHUBEIEHBI PACCUMTAHHBIE AMArpaMMbl HAlpaBICHHOCTU AHTEHHBI B NAKETe
FEKO.

270

180

20 300 210

70 130

06 = 1/2) 6(¢ = 0) 6(p =1/2)

Puc. 7 — Eg-cocrapnsiiomasn mosst manyuenus mist ex=0,9, A0=60u P/4 =1

90

120 240

210
180 180

6(p = 0) 8(p =m/2)

Puc. 8 — Eg-cocrapasiiomas noJst uzayqenus aas ex=0,9, Ad=60°u P /1 = 0,2

U3 MPOBCACHHBIX PACYCTOB CJICAYCT, YTO B 3aBUCUMOCTHU OT COOTHOIICHUA (1)33 TOKOB BO36y)KH€HI/I$I
HUCTOYHUKOB, SKCHCHTPUCUTETA PAMOYHOI'0 U3JIy4YaTelid U OTHOCUTECIBLHOI'O pasMepa CylIECTBYCT IMPUHIUITUAIBHO
JABEC SIPKO BBIPAKCHHBIC qUAarpaMMbl HAIIPABJIICHHOCTH — B BHUJIC BCCHAIIPABJIICHHOI'O U3JIYUCHHUA B IDIOCKOCTH @ U B
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BUJIC OJHOHAIPABJICHHOTO W3JIy4eHHs. VI3MEHEHHEM COOTHOIICHHS BBILICTICPEUUCICHHBIX MapaMETPOB, a TaKKe
COOTHOIIEHHEM aMIUIMTY] UCTOYHMKOB OJIC BO30YXIEHHS MOXHO IIOJydaTh IPOMEXKYTOUHBIE JHArpaMMbl
HAaIpaBJIeHHOCTH MPEICTABICHHOTO PAMOYHOTO M3JTydaTes.

OTaenbHBI MHTEpEC NpPEACTaBIsIeT COOOH IOJIe M3IyYeHHs PaMOYHOTO H3JIydarellss NMpU JBYXTOYEYHOM
B030y KIEHUH MCTOYHUKAMH TOKA C 33/[AHHBIMU COOTHONIEHUAME nX (a3 u ammummtya. Ha puc. 9 npencrasnena Eg-
COCTaBJISIIOAs TOJsl M3Iy4eHds pamodHoro wusiyuatens mis ex=0,8 u F/A = 0,2 ... 1. Bo3Oyxnenue —
IByXTOYeYHOE (pHC.]) NCTOYHHKAMU TOKA paBHOM aMIuuTy bl ¢ AD=90°.

JanHas nuarpaMma HaIpaBJICHHOCTH aHTEHHBI IMO3BOJISET OOECIIEUHTHh IIOCKOE H3JIY4YEHHE B BEPXHEM
TOJTYIPOCTPAHCTBE, MPUYEM YPOBEHbL M3Iy4eHHs B BepTuKaabHOM Hanpasienun (F = () MoxHO perynmposaTh
3HAUEHUEM OSKCLIEHTpUCHTETa paMKku. IIpu 3TOM ciedyeT OTMETUTb, YTO JaHHAs BO3MOXKHOCTh OOecIeuMBaeTCs
TOJIBKO AJISI COCTABILAIOLIEH 3JIEKTPUUYECKOro IO, PACHOJIOKEHHOH B IJIOCKOCTH PACIIOIOKEHUS PAMKH, T.€. I
Eg-cocrasmsnomeii mons npu ¢¢ = 0. Ilpu ¢ = 7 /2 u & = 0 He nmeercs IEMEHTOB PaMKH, JIEKAIUX B
INIOCKOCTH COCTaBILsolIeH Bekropa Eg, mosToMy u3mydeHue A JAaHHOTO Ciydas OTCYTCIBYeT Bcerda. K
cOXaJeHHIo, mnepecyer aus atoro ciydas 3HaueHus OJC u3z (5) m (6) anst TpeOyeMbIX 3HAUCHHH TOKOB, U
NOJICTAaHOBKa MX B MoJiesb B makete FEKO, He 1o3BoJIsieT MOMy4YnTh B HEM JMarpaMmy HaIlpaBIeHHOCTH aHTEHHHBI,
AQHAJOTWYHYIO IPUBECHHON Ha pHUC.9, UTO elle pa3 NOKa3bIBaeT OrPaHNYEHHOCTh JAHHOW MOJIEIH.

o0 P/A = var 0
1

180

@ (6=m/2) 8(p=0) 3(é9=ﬂf2}

NP BO30Y:KIEHUAMI HCTOYHHKAMH TOKA PABHOI aMIIuTyabl ¢ 4D=90°

BeiBoasbl. [Ipemmokennas Moaens I pacueTa XapaKTEpUCTHK HAIMPAaBICHHOCTH PAMOYHOTO M3IydaTeNs C
JIBYXTOYEYHBIM BO30YKIEHHEM JOCTaTOYHO IIPOCTa, 9YTO TIIO3BOJISACT MPOBOAWTH AaHAIW3 BIMAHHSA Kak
KOHCTPYKTHUBHBIX TapaMETPOB PAMOYHOTO H3Iy4aTels — SKCICHTPHCHTETa M OTHOCHTEIBHOTO pa3Mepa, Tak M
JJIEKTPHUYECKUX — aMIUTATY X U pazHocTh ¢a3 I/]C Bo30yxaeHus.

Monens OCHOBBIBaeTCS Ha MPEANOIOKEHUH O JOCTATOYHO MAJOH 3aBHCHMOCTH COOTHOIICHHS aMIUTUTYA U
(a3 TOKOB MCTOYHMKOB BO30YXKIEHHS OT SKCICHTPHCHUTETA JIUIMIITHYECKOTO M3IY4aTesi MAJBIX SJICKTPUICCKUX
pa3MepoB, a B OCHOBHOM OIPENENAIOTCA aMILTUTyAaMu U (asamu DJ]C UCTOYHUKOB M IIEKTPHUUCCKOW JUTMHOU
MPOBOAHUKOB. PacueTsl, nmpuBeaeHHbIE HAa PUC.6 MOATBEPKAAIOT AAHHOE MPEIIOJIOKEHHE, T.K. MPU Pa3IUYHBIX
3HAYCHHUSAX OKCUCHTPHCHUTCTA IIOJMYYCHHBIC COOTHOIICHUS TOKOB HWCTOYHHUKOB BO30YKICHUS IPAKTUYCCKU
uaeHTuyHbl. CpaBHEHHME JTUX PaCyYETOB C pacyeTaMy, MPUBEACHHBIMU HAa PHUC.5 MOJITBEPKIAIOT aJ€KBaTHOCTb
MPENIOKEHHOM MOIEH, 0OCOOCHHO MPU OTHOCHTEIBHOM pa3Mepe JUIMITHICCKOTO H3IyJaTelNs OIHM3KOM K HYJIIO H K
equnwnie. [Ipu sToM, camu abCONMIOTHBIE 3HAYEHUS MONyYeHHBIX B nakere FEKO cooTHomeHwi npu mpruOImKeHII

OTHOCHTEJILHOTO TepuMeTpa pamounoro wuamydarens P /A x 0,5 B 3HAYMTENbHOW CTENEHW OTJIMYAKOTCS OT
paccuuTaHHbIX 110 popmynam (5) u (6), 4TO MOKA3BIBACT HEKYIO OTPAHUYCHHOCTH MPEITI0KCHHOW MOJICITH.

JIByxTOUE€YHOE BO30YKICHHE MTO3BOJIICT U3MEHSTH JIUATPAMMHBIC XapPAKTEPUCTUKU OT BCCHAIIPABICHHOM 10
OJTHOHATIPABJICHHOW KapIUOWJIHOTO BHIA IIyTeM HW3MCHCHUS AaMIUTUTYAHO-()a30BeIX cooTHomeHuit JJIC
UCTOYHUKOB BO30YXKICHUS 0€3 HM3MCHEHUS KOHCTPYKTHBHBIX mapameTpoB. [Ipu 3TOM oJHOHAmpaBiICHHAs
JarpaMMma HaIlpaBJICHHOCTH O0eCleurBaeTCs Npu Takux cooTHomreHusx DJ[C B0O30YXKIEHHUS U OTHOCHUTEIBHOTO
nepuMeTpa U3JIydaTesis, P KOTOPOM aMILTUTY/Ia TOKA OJJHOTO U3 HCTOYHUKOB CTPEMUTCS K HYJIIO.

[Ipu 3HaYeHHSX OKCUEHTPHCUTETA, ONM3KUX K EIAWHUIIE, PAMOYHBIM H3IydaTesb BeAeT ce0s, Kak
BEPTHKAJIbHBIN JHUITIONb C OTCYTCTBHEM H3IIyYCHHUS] B BEPTHKAJIBHOM HampaBlieHUH. [IpH SKCHEHTPUCHUTETE, PABHOM
HYyJII0O, WMeeM KpyroByto pamky. Ilpu skcuentpucutere, Omuzkom k 0,7...0,8 W TpH COOTBETCTBYIOLIEM
aMIUIUTYHO-()a30BOM COOTHOIICHUH BO3MOXHO [OJYYCHHE 3aJaHHOrO YPOBHS HM3IYYCHHs B BEPTUKAIbHOMN
TUIOCKOCTH, HO TOJIBKO JIJIsl COCTABIISIFOLIMX AJIEKTPUUECKOTO MOJIS, JIEXKAIINX B IIIOCKOCTH PAMOYHOTO U3JTydaTels.
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TECHNOLOGY OF ACCEPTANCE OF ADMINISTRATIVE DECISIONS ON THE
STAGE OF TECHNICAL PREPRODUCTION

Annotation. New technology of acceptance of project and productive decisions is offered on the stage of technical
preproduction that is based on the use of the integrated informative environment of the modern integrated CASS. Such
technology allows to perfect the processes of technical preparation and promote efficiency of administrative decisions on
custom-building of wares. In opinion of authors of the article, a successful alternative to the considered approaches is creation
of branch integration platforms that combine in itself flexibility and powerful possibilities of universal platforms with the
productivity and subject oriented of partial decisions. Understanding it, the developers of software for integration create the
certain templates of integration decisions, that are based on universal platforms. However, these templates of integration are
accessible only for a limit amount of CASS after a functional and does not solve problem additional cost of introduction and
service. Thus, new positions of perfection of processes of technical preparation and operative management of operations must be
based on the use the only integrated model of data of machine-building enterprise with the «on order» type of production, that
allows effectively to accept project and productive administrative decisions, and also form within the framework of the system a
management productive processes three base administrative level: management an enterprise; management of technical
preproduction processes; control is after a management. the worked out positions and algorithms of acceptance of
administrative decisions on the stages of technical preproduction provide the receipt of data about efficiency of making of wares
on ordering from the necessary degree of working out in detail, that allows to estimate efficiency of production of at generally
from the point of view of achievement of the put aim.

Key words: productive data, integration of data, integrated automated systems, semantic design, integrated data.

ILM. ITABJEHKO, B.B. TPEUTSAK
Hauionaneuuii aBiauiitnuii ynisepcurer, M. Kuis
A.B. TOJIBATOB, I'.A. CMOJISIPOB

CyMmchpKuii HaioHaNBHUI arpapHuil yHiBepcutet, M. Cymu

B.A. TOJIBATOB

CyMmcpkuii iepkaBHHil yHiBepcuTeT, M. Cymu
TEXHOJIOT IS MPUMHSTTS AIMIHICTPATUBHUX PIIIEHB HA ETAIII TEXHIYHOI TEPEBATH

Anomauia. Y cmammi npoananizogana Ho8a mMexHono2is NPUHAMM NPOEKMHUX Ma GUPOOHUYUX pilteHb Ha emani
MeXHIYHOI Ni02omo6Ku, sKA OA3YEMbCs HA  GUKOPUCMAHHI  IHMESPOBAH020 [HPOPMAYILHO20 Cepedosuua CyuacHO20
inmezposanoco CASS. Taxa mexnonozis 0036015€ 600CKOHANUMU NPOYECU MeXHIUHOI Ni020MO8KY ma CHpUsmu egheKmusHocmi
VYAPABNIHCOKUX PilleHb.

Kniwouosi cnosa: npooykxmueni oaui, inmezpayis Oauux, iHMespo8ami AGMOMAMU306AHI CUCHMeMY, CeMAHMUYHUL
OU3QiiH, iHMe2posaHi OaHi.

INTRODUCTION. An acceptance of effective project and productive decisions in the conditions of
operating modern machine-building enterprises is an extraordinarily thorny and at the same time actual problem
both for ukraine and for other post-soviet countries [1, 2, 3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22]. On present tense it exists neither theoretical nor, the anymore, practical decision of automation of
informative support of process of acceptance of such decisions by a person that accepts him. principal reasons of
absence of methods and corresponding information technologies are:

— it is plenty of input and initial informative streams of data;

— it is absence of the only integrated informative environment on enterprises;

— it is a presence of the various informative systems from different developers and absence them reliable
informative integration(CRM-, PDM -, CAD -, ERP — and other systems).

ANALYSIS OF LITERARY DATA AND RAISING OF PROBLEM. In future will consider
fundamentally the new going near the decision of problem of acceptance of project and productive decisions. The
management of technical preproduction (TPP) processes at the level of scientific developments is based on the use
of «processes» approach [4]. Classic positions of «processes» approach envisage development of the system of
productive processes on the basis of analysis of all types of activity of enterprise. At the same time, process of
acceptance of operative project and productive decisions and until now taken to preparation of a few their variants
for person that makes decision. It can be chief of department, main designer, main engineer and other. Decision that
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he accepts (for to the terms, cost, internals and other) unfortunately very subjective and cannot be examined as
optimal [6, 7, 8, 9, 10, 22].

In opinion of authors of the article, a successful alternative to the considered approaches is creation of
branch integration platforms that combine in itself flexibility and powerful possibilities of universal platforms with
the productivity and subject oriented of partial decisions. Understanding it, the developers of software for
integration create the certain templates of integration decisions, that are based on universal platforms. However,
these templates of integration are accessible only for a limit amount of CASS after a functional (mainly
unproductive spheres, financial) and does not solve problem additional cost of introduction and service.

A research object are processes of integration of informative CASS of the productive setting. The aim of
work is presentation of results of researches from the mathematical design of processes of integration of data at the
level of development and use of models of semantic nets of productive data on the stages of technical preproduction.
For the put aim it was necessary to decide next tasks:

-to work out the mathematical model of integration of productive data;

- to offer the mechanism of integration of CASS of the productive assigning for the stages of technical
preparation.

OBJECT, AIM AND RESEARCH TASKS. New positions, methods and corresponding information
technologies of acceptance of administrative decisions are worked out must it is not simple to provide a
management an enterprise in accordance with «processes» approach, but to guarantee that in such transition the key
trends of activity of enterprise are observed with maximal efficiency [5]. In an order to define terms in accordance
with that new positions of acceptance of administrative decisions will be worked out it is needed to set the weak
points of existent «processes» management from the point of view of complication of their use for a machine-
building enterprise with the shown type productions.

During the analysis of processes of TPP of base for this research enterprises next defects were set:

1. On the stages of analysis of current activity of enterprise and development of him productive processes
possibility of the use of already existent reviewer models of productive processes is not examined, that considerably
abbreviates efficiency of the use of sentinels and human capitals on these stages;

2. Working out in detail, with that the models of productive processes are developed "as is", "standard"
often it is over loaded. As a result, part of worked out models is not used for the aims of analysis, and for providing
of implementation of processes of enterprise;

3. The questions of adjustment of productive processes are not examined after the degree of their influence
on efficiency of activity of enterprise. Absent methodologies of increase of efficiency of the basic stages of technical
preproduction.

As be reasonable and well-proven, by informative basis for the acceptance of project and productive
decisions there must be the only integrated model of data (IMD). The self use of IMD for a machine-building
enterprise allows to shorten to time, financial and human resources at introduction of «processes» approach for a
management an enterprise. Development of new positions for the processes of acceptance of administrative
decisions on a machine-building enterprise will allow to decide the task of effective introduction of «processes»
management an enterprise with the type of production «on order» [4, 11].

New positions must provide the special complex of measures sent to the improvement of those stages of
technical preparation productions that considerably influence on the operation ability of acceptance of
administrative decisions [5]. Effective decisions in area of management of project and productive data of one
machine-building enterprise must be presented in a kind suitable for the use other machine-building enterprises (to
be typical). Coming from the enumerated terms, new positions on the management of typical machine-building
enterprise productive processes with the type of production «on ordery it is possible to present in a next kind: 1. The
initial models of processes of management of operations for realization of analysis and determination of specific of
management of life cycle of good the basic stages are formed on the basis of IMD and existent models of productive
processes; 2. Foreground project and productive processes are determined on the basis of criteria of choice of key
processes of TPP and operative management of operations. For these processes a method that allows to promote
efficiency of their implementation through the reasonable choice of values of "internal" parameters of processes is
used; 3. After the worked out models of project and productive processes of TPP development of regulations of
corresponding processes, and also development of positions of structural productive subdivisions, comes true. It is
necessary for perfection of processes of acceptance of operative administrative decisions taking into account brought
in adjustment of project and productive processes;

4. On condition of creation and use of the integrated informative environment of CASS of the productive setting
approbation of the worked out algorithms of management the processes of TPP comes true. Efficiency of their use
and introduction is determined on the basis of monitoring of key indexes [7, 22].

The basic differences of the offered positions from the existent methods of management of operations are
presented on figure 1. Differences are base on that the observance of the new worked out positions allows: 1. To
provide formalization, design and working out in detail only of those productive processes that is needed for
researches; 2. To analyze activity of enterprise for the decision of next tasks: management of life cycle of good the
basic stages; management of enterprise productive processes; acceptance of administrative project and productive
decisions; 3. To provide development of improved control system by productive processes and stages of TPP of
enterprise on the basis of the use of IMD; 4. To work out the algorithms of processes of acceptance of operative and
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reliable administrative project and productive decisions.

Worked out sequence of Sequence of traditional
perfection of processes of TPP perfection of processes TPP
Beginning Beginni
eginning
Development of initial model A capture of data is about current
of management processes status of activity of enterprise on the
basis of analysis of normative
\l/ documents, questionnaire etc.
Analysis of current status of \l/

management processes TPP
Development of models of project

\l/ and productive processes "as is"

Working out in detail of productive
processes of structural subdivisions
with  distribution  of  them on Development of decisions on the
processes: management an enterprise improvement of project productive
processes

Development  of  models  of \l/

"standard" productive processes Development of models of project
\l/ and product. processes "as must be"

The use of the worked out positions \l/

is for establishment of key processes Development of indexes of project
of TPP and operative management of and productive processes
operations and increase of their

efficiency \l/

Development of regulations of

\l/ project and productive processes
Development of regulations of \l/
processes of TPP and operative

Development of positions is about
structural subdivisions of enterprise

v v

Organization of work of structural
subdivisions is in accordance with
new regulations and positions

management

Organization and perfection of
processes of TPP, management

N4

End

End

Fig. 1. Algorithms of "traditional" and worked out sequence of perfection of processes of TPP

It is necessary to mark, that the use of these positions needs development of next additional theoretical and
practical instruments: only semantic model of project, productive and normatively-certificate data; algorithms of
acceptance of administrative decisions on the stages of TPP; the systems of estimation of efficiency of processes of
TPP of machine-building enterprise are with the «on order» type of production.

In accordance with positions of «processes» approach it is envisaged at development of «processes»
models of the basic stages of life cycle of good of machine-building enterprise, that all types of project and
productive processes of TPP must submit to the only rules of management [5].

Traditionally at development of models of productive processes on the stages of TPP of machine-building
enterprise it does not a rise up with the small-scale, serial or mass type of production of complications. It is
explained by that at the frequent filling of bases given on a personnel, to logistical support and other, only
technology of her implementation is determined. To the performers known what resources are needed for
implementation of works, it is known also, with whom they must carry out intercommunication. It is set that uniting
data and knowledge in semantic models it is possible to create the intellectual informative environment of integrated
automated systems of productive setting.

CONCLUSION. Thus, new positions of perfection of processes of technical preparation and operative
management of operations must be based on the use the only integrated model of data of machine-building
enterprise with the «on order» type of production, that allows effectively to accept project and productive
administrative decisions, and also form within the framework of the system a management productive processes
three base administrative level: management an enterprise; management of technical preproduction processes;
control is after a management. the worked out positions and algorithms of acceptance of administrative decisions on
the stages of technical preproduction provide the receipt of data about efficiency of making of wares on ordering
from the necessary degree of working out in detail, that allows to estimate efficiency of production of at generally
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from the point of view of achievement of the put aim.
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MAIN ASPECTS OF THE MODERN INFORMATION SYSTEMS HARDWARE RESOURCES
VIRTUALIZATION METHODOLOGY

Main aspects of peculiarities of the modern information systems hardware resources virtualization were analyzed. It
was shown that virtual machines concept provides great opportunity for parallel computing while virtualization technology
enables sharing of hardware resources by multiplexing virtual machines on the same server’s farm. Analysis has demonstrated
that virtualization can be implemented at different operational levels: instruction set architecture level, hardware abstraction
level; operating system level; user level API and application level. Depending on that it could be defined classes of virtual
machine architecture: hypervisor architecture, host-based virtualization, paravirtualization. It was demonstrated that there are
two types of hypervisors: micro-kernel architecture and monolithic hypervisor architecture groups which are proves to be
effective and flexible but requires a lot of resources. Host-based virtualization class advantages were shown as installation
without modifying the host operation system and various host machine configurations which could be adopted. It was noticed
that performance of this architecture is rather low so it usually cannot be adopted. It was also demonstrated that
paravirtualization method implies modifying the guest operation system and development special APIs set so virtualization layer
can be inserted at different positions in server software. It was analyzed development hardware-assisted virtualization
technology and analysis demonstrated virtualization algorithm have to include further virtualization techniques and tools:
virtualization technology for directed input/output, virtualization technology for connectivity, interrupt remapping as software
capability for rerouting signals sent from peripheral devices, memory management unit and translation lookaside buffer.

Keywords: virtualization level, virtual machine architectures, virtual networking, virtual cluster construction, cloud
computing, virtual machine monitor.

APTEMUI BACUJIBEBUY KPOITAYEB
PYKOBOAUTENb AeNapTeMeHTa pelenuii aroMarusanuu Bell Integrator USA, Kosnopano,CLLIA
JEHHUC OJIETOBHY 3YEB

HE3aBUCUMBIIl KOHCYIBTAHT, BeIYIHI apXUTEKTOp ceTeil 1 obmaynsIx BeraucieHnii, Komopamo CILHA

OCHOBHBIE ACIIEKTBI METOJOJIOI'NH BUPTYAJIN3AIIUU AIIITAPATHBIX PECYPCOB
COBPEMEHHBIX THO®OOPMALIMOHHBIX CUCTEM

Ilpoananuzuposanvi ocrHosHble acnekmuvl 0cobenHocmell GUPMYAIU3AYUU annapamHslx pecypcos UHGOPMAYuoHHbIX
cucmenm. Iloxkazarno, umo KoHyenyus 6UpmMyalu3ayuy npeoocmaegisem 6oabuue 803MOACHOCMU Ol NAPANTIENbHbIX 8bIYUCTEHUL,
10360145 COBMECMHO UCNONb306aMb ANNAPAMHbLIE Pecypcbl Nymem MYAbMUnieKCUpoGanus UpmMyanbHulX Mawun Ha 6ase
cepgepnozo napka. Ananus npooemMoOHCMPUposal, Ymo SUPMYanu3ayus Modicem Oblmy peatu3o08ana Ha PaA3HbIX ONEPAYUOHHBIX
VPOBHAX.! YPOBEHb apXumekmypvl HaAOOpA KOMAHO, YPOGeHb AOCMPAKyuu aAnnapamuuix Cpeocms, ypo8eHb ONepayuoHHol
cucmemvl; API yposenv nonvzosamens u ypoeensb npunodicenus. B 3asucumocmu om smozo mocym 6vimsv onpedenenvl K1accol
apxumexmypul GUPMYAIbHOU MAWUHBL APXUMEKMYPA SUNEPEU30pd, SUPMYANU3aAYUs HA OCHOBe XOCMA, NAPAGUDMYATUZAYUSL.
Bvino  npodemoncmpuposano, umo cywecmeylom 08a Muna unepeéu3opos, Komopvle OMIAUHAIOMCA Napamempami
apppexmusnocmu, adanmuenocmu u pecypcoemkocmu. Ilpeumywecmsa knacca xocm-supmyanuzayuu Kauaiom 8 ceos
uncmaniayuio 6e3 uzmMeHeHus onepayuoHHol CUCmeMsbl XOCma U a0anmueHOCMb K PA3IuiHbIM KOHPUSYPAYUAM XOCI-NAUUHBL.
Bbvino ommeueno, umo npouseooumenbHocms 2moui apxumexkmypul 00801bHO HU3KAA, NOIMOMY 3A4ACMYIO He PACCMAmMpUearom
npu  paspabomke GUPMYanbHOU MawuHsl. bvito  maxoce npodemMoHCmMpupo8ano, UmMo Memoo Napasupmyanu3ayuul
noopaszymesgaem MoOUuPUKAyuo 20cmesoll ONepayuUoHHol cucmemsl u cneyuanvhvix API-unmepgeiicoe paspabomxu, nosmomy
YpoGenb eupmyanuzayuy Mmodcem Oblmb 6HEOpeH HA PA3HLIX YPOBHAX — CEPEEPHO20 NPOPAMMHO20 obecneyenus. boino
npoananu3upoOBano pazeumue MexHoN02uu annapamuou GUPMYAIU3Ayuy, aHAlu3 NOKA3AL, YMO Al2OPpUMM GUPMYATU3aAYUU
007dICeH BKIOUAMb OONOTHUMNENbHbIE MEXHONO2UU U CPeOCM8d GUPMYANUZAYUU. MEXHON02US SUPMYATU3AYUU CEA3AHHbIE C
pabomotl npoyeccopa, onepamusHo20 3anoMuHalowe2o ycmpoticmea (Qusuveckue u supmyanshsie aopeca: GVA, GPA, HPA) u
yempoticme 6600a-8b1600a (pynkyuonanvhvle y3nvl konmpoas namamu MMU u onmumuzayuu TLB).

Knioueevie cnosa: yposenv supmyanusayuu, apxXumexmypa GUPMyaibHbIX MAWUH, GUPMYATbHbIE CemuU, GUPMYATbHbLe
Kaacmepul, 0061a4HbIe GbIYUCTCHUSA, MOHUMOP GUPMYATLHOU MAUUHBL.

1. Introduction

Virtual machines (VMs) concept provides a great opportunity for parallel and distributed computing.
Virtualization paradigm technology enables sharing of hardware and software resources by multiplexing VMs on the
same servers farm of hardware hosts. A traditional server farm uses host operating system which should be used in
accordance for its hardware architecture, but after virtualization procedure it is became to run different user
applications managed by their own operating systems (OS) on the same server farm. Most simple model of
virtualization implies additional software implementation which for virtualization layer, known as virtual machine
monitor (VMM) or hypervisor [1, 2]. VM uses virtualized hardware resources (CPU, RAM, cash-memory, data
storage, graphics card and input-output components). Thereby, software layer virtualizes the physical hardware of a
server farm into virtual resources of the VMs which can be implemented at different operational levels [1-4] such as:

instruction set architecture (ISA) level;

e hardware abstraction level;
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e operating system level;
e user level API (library level);
e application level.

At the instruction set architecture level, virtualization could be performed by emulation of ISA. It brings
possibility to run larger amount of program code for various processors types on limited host hardware resources.
The emulation method has to be based on code interpretation. The algorithm should interpret the source instructions
to get target instructions and for each source instruction it could several target instructions to perform its function.
So the main disadvantage of this operational level is complex algorithm which requires a lot of time. To solve this
problem dynamic binary translation was developed. This algorithm translates basic blocks of dynamic source
instructions to target instructions. According to the method basic blocks can also be extended to group of blocks in
order to increase translation efficiency. It should be mentioned that instruction set emulation requires further
development of binary translation and optimization.

SERVER FARM |
(O 10st 08 | —— B Apptications |
T !

| Hardware resources |

; ‘ Cash ‘ ‘RAM‘ ‘ Data storage ‘

Virtualization operational levels }7

‘ Instruction set architecture level ‘ ‘ Hardware abstraction level ‘

) ‘ Input-output

‘ Operating system level ‘ ‘ Application level | ‘ User level API ‘

' }
4E-{ Virtual machine 1 I 4E-{Virrual machine N}i

@ Guest 08 | —— ]| Appications | @ Guest 08 | —— ]| Appications |
! T y y

------------- | Virtualized resources } ‘ Virtualized resources }
= i = ;
] ]

Fig. 1. Basic algorithm of information system hardware resources virtualization process

Hardware abstraction level virtualization is performed to the hardware resources of server farm. This method
allows to generate a virtual hardware environment for a VM and to manage hardware resource through
virtualization. Up to it the goal is to upgrade the hardware utilization rate by multiple users concurrently. Operating
system level refers to an abstraction layer which lay between traditional OS and user applications. It creates isolated
platform on physical servers that operates like real servers. Operating system level virtualization is often used in
creating virtual hosting environments to divide hardware resources among a big number of users. Library support
(AP]) level was designed in order to use APIs exported libraries rather than using system calls by the OS. Nowadays
most systems provide APIs which are documented good enough so this operational level becomes a popular one.
Library interface virtualization is possible by controlling the communication link between applications and the
system through API hooks. User application level virtualization naturally implies virtualization of application as a
VM. Application usually works as a process so application level virtualization is could be called process level
virtualization. According to this method virtualization layer work with application program and operating system,
thus layer exports an abstraction of a VM that can run programs compiled to a abstract machine definition. Main
benefit of the conception implementation is a simplification of application distribution and removal from user
workstations.
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2. Virtualization tools and mechanisms

As it was mentioned above there are five levels of virtualization which could be used in development of
classes of VM architecture. It should be noticed that before virtualization OS manages the hardware, while after
virtualization layer should be inserted between the hardware and the OS. Operational layer of virtualization converts
hardware resources into virtual hardware, thereby different user OS can run on the same physical platform,
simultaneously. Depending on the virtualization layer, there are must be defined further classes of VM architectures:

e hypervisor architecture;
e host-based virtualization;
e  paravirtualization.

The hypervisor supports hardware-level virtualization and functions directly between the physical hardware
and its OS, providing hypercalls for the guest OS and applications (Fig. 2). Hypervisors are usually to be divided
into micro-kernel architecture and monolithic hypervisor architecture groups, depending on its functionality. A
micro-kernel hypervisor includes basic functions (memory management and processor scheduling) while monolithic
hypervisor architecture type implies also work with changeable components like devices drivers. Therefore, micro-
kernel hypervisor code is smaller but monolithic hypervisor proves to be more effective and flexible.

| HARDWARE RESOURCES |

i|| Cash ‘ .‘RAM| .‘ Data storage ‘ @‘ Graphic card ‘ ‘ Input-output ‘
¢¢¢¢¢¢¢¢¢¢¢¢¢#¢¢#¢¢#¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

| HYPERVISOR |

v ; TIYYY v
4‘ Domain 0 }7 *‘ Guest domain 1 }* *{ Guest domain N }*

| Control ‘ ‘ Input / Output ‘ Igl

Applications Applications Applications

Fig. 2. Hypervisor-type virtual machine architecture

Host-based virtualization implies installation of virtualization layer on top of the host OS which is
responsible for managing the hardware while guest OS should be installed on top of the virtualization layer and user
applications will run on the VMs (Fig. 3). This architecture class has further advantages:

e installation this VM architecture without modifying the host OS, it simplify VM design and its deployment;
e host-based method appeals to various host machine configurations.
But it should be noticed that host-based while architecture has high flexibility, its performance is too low to
be widely used.
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- O
‘ CPU ‘ ‘ Input-output ‘ ‘RAM‘ IE—
AR AR AR 2222222221222121222
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‘ Virtualization layer ‘ - '®
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Fig. 3. Paravirtualized VM architecture, which implies modification of the guest OS
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Paravirtualization method implies modifying the guest OS while it provides special APIs. Thereby
performance decrease is a main problem of paravirtualization. The virtualization layer can be inserted at different
positions in server software set. Performance could be improved by modifying only the guest OS. Figure 3 shows
paravirtualized VM architecture where the guest OS are paravirtualized. This process must be assisted by compiler
which replaces the OS instructions that cannot be virtualized by hypercalls. It should be noticed that lower the
hierarchical protection domain (protection ring) number has to be associated with higher privilege of instruction to
be executed. The OS manages the hardware and the instructions at domain 0, while user-level applications run at
domain 3. It’s important to mention that virtualized OS cannot on the hardware directly.

3. Hardware support for virtualization paradigm

To implement servers’ hardware virtualization paradigm were developed hardware-assisted virtualization
technology which included special running mode and instructions for x86 class Intel and AMD CPU. Hypervisor
platform and guest OS should use different modes which are switchable on hardware level. This approach allowed
to run multiple processes simultaneously. For system protection from crash all processors uses at least two modes
(user mode and supervisor mode) which has to ensure controlled access of critical hardware. Instructions of
supervisor mode are privileged ones, while other instructions are unprivileged ones [8, 9].

Figure 4 shows scheme of full virtualization techniques. For processor virtualization, there were used VT-x

or VT-i techniques.
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Fig. 4. Model of Intel hardware support for platform virtualization

VT-x adds a privileged mode and special processors’ instructions. It was proposed for memory virtualization
to use extended page tables (EPT), which allows to translate the virtual address to the machine’s physical addresses
for higher performance. For I/O virtualization was implemented virtualization technology for directed input/output
VT-d, virtualization technology for connectivity VT-c and interrupt remapping as software capability for rerouting
signals sent from peripheral devices (Fig. 5).
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Fig. 5. Model of Intel hardware-assisted CPU virtualization
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It’s well known that x86 processors are not virtualizable primarily but Intel and AMD took great effort is
taken to virtualize them. VT-x technology demonstrates hardware assisted virtualization class. Start and stop of a
VM lifecycle and allocation of memory page is maintained by implementation of additional set. Hardware assisted
virtualization model shows high efficiency but main problem to solve is still problem of binary translation
performing. Paravirtualization systems often use a hybrid approach, so some tasks are loaded to the hardware, while
other ones should be done in software environment.

Memory virtualization algorithm also includes special virtualization technique and to observe it we should
define further terms:

e guest virtual addresses (GVA) as a virtual memory address of a process in guest OS;

e guest physical addresses (GPA) as a physical memory address in guest OS;

e  host physical address (HPA) as a physical memory address of the host machine;

e memory management unit (MMU);

e translation lookaside buffer (TLB) as a tool used to optimize virtual memory performance.

Traditionally OS maintains mappings of virtual memory to machine memory by page tables (so called one-
stage mapping). Modern x86 CPUs operates with MMU and TLB to optimize virtual memory performance. But
virtual memory virtualization also involves sharing the physical system memory to allocate it to the physical
memory of the VM components. In this case two-stage mapping process is to be used:

1. virtual memory to physical memory sharing;

2. physical memory to machine memory sharing.

MMU virtualization must be also supported as transparent to the guest OS process. The guest OS has to
control the mapping of virtual addresses to the physical memory of VM but has no access the actual machine
memory.

Level 4

GPA

Guest OS kernel
CR3
)

EPT | TLB EPT |MMU |= T
|| HPA
EPT pointer
Y

Fig. 6. Model of memory virtualization scheme using EPT

Hardware virtualization based EPT technique is shown at Figure 6. Up to the scheme page tables of the guest
OS and EPT should has four-levels. When a virtual address has to be translated, the CPU will start from level 4 page
table pointed to by Guest CR3 register and converts the Guest CR3 GPA to the HPA. CPU checks the EPT TLB to
find translation and if there is no translation CPU will look for it in the EPT. If the there are no translation in the
EPT, an EPT violation exception will run. At the next stage CPU should calculate the GPA of the level 3 page table
by using the GVA and the content of the level 4 page table. If it will find a page fault, the CPU should generate a
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page fault interrupt and then guest OS kernel will handle the interrupt. When the PGA of the level 3 page table is
obtained, the CPU should look for the EPT to find the HPA of the level 3 page table and continue the procedure in
same way.

Conclusions

Peculiarities of the modern information systems hardware resources virtualization were analyzed. It was
shown that virtual machines concept provides opportunity for parallel computing, virtualization technology enables
sharing of hardware resources by multiplexing virtual machines on the same server’s farm. Software layer
virtualizes the information system hardware into virtual resources which can be implemented at different operational
levels: instruction set architecture level, hardware abstraction level; operating system level; user level API and
application level. Depending on the virtualization layer, there are could be defined classes of virtual machine
architecture: hypervisor architecture, host-based virtualization, paravirtualization. It was demonstrated that
hypervisors should be divided into micro-kernel architecture and monolithic hypervisor architecture groups which
are proves to be effective and flexible but requires a lot of resources. Host-based virtualization class advantages
were shown, there are: installation without modifying the host operation system and various host machine
configurations which could be adopted. But it was noticed that performance of this architecture is rather low. It was
also demonstrated that paravirtualization method implies modifying the guest operation system and development
special APIs set so virtualization layer can be inserted at different positions in server software. It was analyzed
development hardware-assisted virtualization technology in order to implement servers’ hardware virtualization
paradigm. Analysis demonstrated virtualization algorithm includes special virtualization techniques and tools such
as virtualization technology for directed input/output, virtualization technology for connectivity, interrupt remapping
as software capability for rerouting signals sent from peripheral devices, memory management unit and translation
lookaside buffer.
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ANALYSIS OF INFORMATION SYSTEMS SECURITY ALGORITHMS BASED ON
CLUSTERING METHODS

Possible ways of application of clustering algorithms in the security of network and information systems area were
considered. Information systems network transparency support, hardware resources release development and clustering security
algorithms procedures were discussed. It was shown that cyber-defense systems are often slow down network service
performance so it’s necessary to develop algorithms which would not create extra overheads. Generally intrusion detection
model was analyzed as system which includes functional blocks of misuse intrusion detection and anomaly intrusion detection.
Most common and convenient similarity metric systems to use at modern network clustering algorithms were discussed. It was
analyzed how to use in the area of clustering algorithms development Minkowski Distance, City Block Distance and
Mahalanobis Distance metrics’. Hierarchal, partitional, density-based and grid-based algorithms of data clustering were
proposed and analyzed. It was shown that most effective hierarchal clustering algorithms are BIRCH, CURE and ROCK, most
effective partitional clustering algorithms are K-Means;, CLARA and CLARANS as version of CLARA, most effective density-
based clustering algorithms are DBSCAN, DBCLASD, GDBSCAN DENCLUE and OPTICS, while most effective grid-based
clustering algorithms are STING, CLIQUE, GRIDCLUS, Wave Cluster and OptiGrid. It was mentioned that main benefits of
hierarchical clustering methods are flexibility in adaptation of any metrics systems type of attribute and possibility to work with
undefined set of data which is very useful in order to work with nowadays scalable network services. It was shown that range of
application of clustering algorithms is based on amount of data to be analyzed and hardware resources of platform. An
algorithms based on each clustering method that is proved to be most effective was demonstrated. A mathematical model for
determining the efficiency of security strategy based on clustering algorithms was build and discussed.

Keywords: network security, information system, clustering method, hierarchal algorithm, partitional algorithm,
density-based algorithm, grid-based algorithm.

JEHUC OJIETOBUY 3YEB

HE3aBHCHMBIN KOHCYJIbTAHT, BEAYLIUH apXUTEKTOp ceTell u o0naunbix Beruncnenuid CILA, Konopazo,
APTEMMIA BACUJIBEBUY KPOITAYEB

PYKOBOZUTEND AeTapTeMeHTa pemennii aBromarmsanun Bell Integrator USA CIIA, Konopazo,
AJIEKCEN EBTEHBEBUY YCOB

Texunueckuii apxirekrop ITAO CK "Pocroccrpax" Poccusi, Mocksa,

JIMUTPUIA HUKOJAEBUY MOCTOBIIIUKOB

PYKOBOJIUTEINB OT/eNa pelieHnii cucteMHoi nactaiuanuu Bell Integrator Poccusi, Mocksa

AHAJIN3 AJITOPUTMOB OBECIIEYHEHUSA BE3OITACHOCTU HH®OPMAIIMOHHBIX CUCTEM,
OCHOBAHHBIX HA METOJAX KJIACTEPU3ALIUA

Paccmompenvi 6o3mooichbie cnocodbl npumenenus aneopummos Kiacmepuzayuu 6 obracmu 6ezonacnocmu cemetl u
ungpopmayuonnvlx cucmem. Hzyuenvl npoyedypvl 0becneueHusi NpOPAYHOCMU  Cemesoeo mpaguka, 0c80060H#COeHUs
annapamuvix MowHOCmet u paspabomxu KiacmepusayuoHHuIX 3auumHelx areopummos. beiio noxaszano, umo cucmemol kubep-
3AWUMbL 3AUACIYI0 CHUICAION NPOU3B00UMENbHOCTb CEMEBbIX CepeUcos, NOIMOMY HeoOX00UMO paspabomams an20pummbl,
Komopuie Oy0ym OKa3vleamv MUHUMATbHOE GIUAHUE HA pAChpedeleHue annapamusix pecypcos. Paccmompena 6azoeas mooennw
06HapydIcenusi HeCaHKYUOHUPOBAHHO20 BHeOPEeHUsl KAK cucmemd, KOmopas exkuodaem 6 cebs (DYHKYUOHANbHbIE DJeMeHbl
onpeoenenus GHYmMpeHHell amaku U amaku npouzsedennou uszene. Mzyuenmvl Haubosee pacnpocmpanenmvle u y0oOHble
MempuiecKue cucmemsl onpeodenenus cxoocmeda 00beKmog, Komopbsie Mo2yn 0binb UCHONb30BAHbL 8 COBPEMEHHBIX ANCOPUMMAX
Kiacmepuzayuy  cemegvlx pecypcog. Illpoananuzuposano, Kaxk UCnoib3ogams 6 obaacmu  paspabomku  arcopummos
xaacmepuzayuu mempuxy Munkoeckozo, Iopoockux Keapmanose u Maxananobuca. Ilpeonoosicenvi u npoananusuposamsi
uepapxuueckue, paszoenaioujue, niOMHOCMHbIE U SPUO-AT2OPUMMbL Kiacmepuzayuu Oanuwix. beino noxasano, umo nauboiee
appexmusnbiMu  uepapxuveckumu  areopummamu  kracmepuzayuu  sensmomess BIRCH, CURE u ROCK, wnaubonee
appexmusnvivu pazodensrowumu areopummamu kiacmepusayuu seusiomes K-Means; CLARA u CLARANS xax eéepcusi CLARA,
Haubonee spghexmusnvimu niomHocmubiMu - arcopummamu  kiacmepusayuu sgusomess DBSCAN, DBCLASD, GDBSCAN
DENCLUE u OPTICS, 6 mo spema kak naubonee s¢pgexmushoimu epud-arcopummamu kracmepuszayuu seissiomes STING,
CLIQUE, GRIDCLUS, Wave Cluster u OptiGrid. Ommeyeno, umo OCHOBHbIMU NPeUMyuecmeam uepapxudeckux Memooos
Kiacmepuzayuy A6IAIOMCA 2UOKOCMb 6 a0anmayui, a Makice 803MOACHOCHb pabomul ¢ HeonpeoereHHbIM HADOPOM OAHHBIX,
YUMo OuYeHb BAJCHO ONsi pabomvbl C COBPEMEHHbIMU Macuimadupyemvimu cemesbimu cepgucamu. Ilpeonodcenst memoost
Kaacmepuzayuy 60abUUX HADOPO8 OAHHBIX, OMMEHeHO, YMmo 00IACMb NPUMEHEHUs AN2OPUMMO8 KIACMepu3ayuu 3asucum
Konuvecmsee aunanusupyemvlx 00beKmos u annapammvix pecypcos niamgopmvl. buina nocmpoena u npoananusuposana
mMamemamuyieckdas Mooeib OJisi OnpedeieHuss IPHeKmusHoCmU ROCMPOeHUs ANOPUMMOs odecnedenus Kubep-6e3onachocmu
Cemegulx cepeucos.

Kniouesvie cnosa: cemesas 6e3onachocmv, Memoo Kiacmepuzayuu, aicopumm Uepapxuieckou Kiacmepusayuu,
aneopumm YacmuyHou KIacmepusayuy, ai2opumm niomHOCMHOU KIACmepu3ayuu, aneopumm epuo-Kiacmepusayuu.
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Introduction. Clustering is an unsupervised summarization technique of gathering similar objects into
groups (clusters). The similarity among objects has to be determined through parameter called metrics. Information
systems’ (IS) developers use clustering methods to optimize hardware and software environment by components
sorting. Application of clustering algorithms for support of IS security includes following procedures [1-4]:

e IS network transparency support;
e IS hardware resources release;

e development of clustering security algorithms.

As it shown at Fig. 1 support of the network processes transparency (i.e. classification of all allowed
processes) helps to clarify IS security policies, sorting of hardware environment components optimizes IS
infrastructure allowing to release some resources for security platform and, finally, clustering methods could be
directly used in cyber-defense algorithms.

Generally intrusion detection system (IDS) model includes two functional blocks:

e misuse intrusion detection (MID);
e anomaly intrusion detection (AID).

CLUSTERING METHQODS |e

T

Q Network transparency | |§g|| Hardware environment O| New security algorithms

@ Security policies

« |@®)|| CYBER-DEFENCE |o

Fig. 1. Application of clustering algorithms for support of IS securit

Effective detection of MID-class treats is all to accurate security policies development while detection of
AID caused by global network activity is often a nontrivial task. Major part of cyber-treats could be detected by
active monitoring tools. Clustering algorithms are usually to be used at the stage of passive monitoring, specifically

during data mining process.
r @ Intrusion Detection System T

Misuse Intrusion Detection @ Anomaly Intrusion Detection

l

17 % Global network #BB|| Localinfrastructure

|| Active network monitoring O Passive network monitoring
» System calls controller ¢ Behavior analysis
s Analyzer ¢ Data mining

Fig. 2. Basic components of intrusion detection system

It should be noticed that development of indirect as well as direct methods of security system which is based
on clustering algorithms requires deep understanding of clustering methodology.
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1. Clustering methodology. As it was noticed clustering algorithm are based on metrics which determined

similarity among objects. Let’s analyze similarity among objects x;; and x il which could be characterized by d set

of parameters (L € [1; d]):

{xi! = (151---3‘5&) W

i = [le - 'xjd)

Similarity among Xx;; and X5 could be defined by distance value D, ; which is obtained by mathematical

equations of chosen metrics. In the area IT researchers usually adopt following metrics’ systems (Fig. 3):
e  Minkowski Distance;
e  Manhattan or City Block Distance;
e Mahalanobis Distance.

It should be mentioned that for Minkowski Distance equation researchers often set value #t = 2 which corresponds
to Euclidean Distance (Fig. 3).

As for clustering of categorical data similarity measure will be different. For two categorical data points X ;
and x it with [ attributes it will be calculated as follows:

D (x4, y:) = Eiey 602, v,): 2

4

where &(x;;, ¥;;) could be obtained as:

Lif x;= vy

0 if xg#y,y ©)

5[3‘5:!}’&:) = {

Of course there are more complicated similarity measures; however, explained metric systems are most
common and convenient ones to use at modern network clustering algorithms.

r 88| Similarityamong x;; and x;; —J'
l
Minkowski Distance Manhattan Distance Mahalanobis Distance
d n d E.. 5

1 B Dij: (xi—xj) S -(xi—x}-)
Dy = Z\x“ —xﬂ|’1 i = |xu _xjil :
f=1 E=l i

t---1 T || Transpose
= Euclidean Distance “--1.5 || Covariance matrix
of cluster

¥ 2
1
Dij = leu—xﬂl*‘
i=1

Fig. 3. Determination of similarity among objects by the metrics systems

Another important stage of clustering algorithm design is selection of clustering method. There are five
groups of method to be used for clustering of network data [5-7]:
e hierarchical clustering;
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e  partitioning clustering;
e density-based clustering;
e grid-based clustering;
Selection of the method allows to determine type of data to be used in clusters, clusters shape, number of
clusters and maximal size of data set to be clustered.

2. Clustering algorithms. Hierarchical clustering is a method that implies building of tree-structure of
clusters where each cluster is represented as a node. This method is based on similarity measure (distance) and sort
nearby objects (or nearby clusters, group of clusters, etc.) into a group. Hierarchal clustering algorithms form two
major groups:

e  bottom up (divisive);
e top down (agglomerative).

Bottom up hierarchical clustering starts from the cluster of entire data set (called “root”) which should be divided
into partitions up to the minimal cluster (called “leaves”). Top down hierarchical clustering, in other hands, starts
from the elementary data elements (leaves). Set of these elements which should be formed into the clusters and the
groups of clusters until entire data set cluster (root) will be formed (Fig. 4).

HIERARCHICALCLUSTERING METHOD
l—dgt, Groups —l

| Bottom up Top down

Root cluster Leaves

([ W W 0 | ([E e
} ’

! Clusters Clusters

| N [ 1 [ ]
} ’

' ¥

Leaves Root cluster

| OO H E BN

work with undefined data-set | ---»1 scalable network service

--o i any metrics system

e . i
sensitive to outliers i

]
‘--0 | sensitive to noise

Fig. 4. Diagram of hierarchical clustering method

Main benefits of hierarchical clustering method are flexibility in adaptation of any metrics systems type of
attribute and possibility to work with undefined set of data which is typical for nowadays scalable network services.
In other hand, this method of clustering is very sensitive to noise and outliers, often incapable to correct
misclassification and has no clear termination criterion. Thus modern hierarchal clustering algorithms should be able
to cover mentioned disadvantages. Algorithms from this group that was proved to be most effective (Fig. 5) are:

¢ BIRCH (Balanced Iterative Reducing and Clustering Using Hierarchies);

e CURE (Clustering Using REpresentatives);
e ROCK (RObust Clustering using linKs)
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HIERARCHICALCLUSTERING ALGORITHMS
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Fig. 5. Diagram of hierarchical clustering algorithms

BIRCH is an unsupervised data mining algorithm used to large data-sets. Major benefit of BIRCH-algorithm
is incrementally and dynamically clustering of incoming data. It allows to get high quality of clustering and
hardware resources consuming due to time constraints. BIRCH makes clustering decisions without scanning the
whole data-set; it handles sparse area as outliers and removes them. The algorithm has a clustering feature tree
structure (CFT-structure) with leaves and intermediate nodes characterized by entries. The number of entries must
be constrained by parameters B (maximum number of intermediate node entries) and L (maximum number of leaf
node entries). Entry of intermediate node could be defined as

{ E; = [CF,Ch,]
CF; € (N,LS,55)

where CF. is cluster data-points a summary information, CF, is a pointer to {*® child node, N is the number of

“

data-points in a cluster, L5 is the linear sum of the N data-points in a cluster and 55 is the square sum of the N
data-points in a cluster. Obviously entry of leaf node can be defined in a similar way:
E; =[CF,T]
{T €L T 0]’

Pt max

(6))

where T is number of the leaves (inversely proportional quantity to height of the tree).

Algorithm CURE is very stable to outliers while it works with arbitrary-shape (e.g. non-convex) clusters. It’s
build to work with large data-sets with random sampling and partitioning procedures. First samples of data-sets in
CURE-algorithm are to be chosen randomly and have to be partitioned to K equal partitions. To simplify the
procedures first partitions could be clustered by BIRCH-algorithms. The algorithm ends with assigning label to each
data points corresponding to distance from representatives. Thus, CURE-algorithm includes two data structures:

e kd-tree for representatives storing;
e heap-tree clusters for data structure storing.
The time complexity of the algorithms depends both on the number of sampling data and the number of partitions.

ROCK is an agglomerative hierarchical clustering algorithm that clusters data points similar to CURE-
algorithm; however ROCK uses links instead of distance measure. ROCK also handles outliers and proved to be
highly effective with very large data sets processing.

90 ISSN 2219-9365 Measuring and Computing Devices in Technological Processes Issue 1° 2018 (61)




IndopmaniitHo-BuMipIOBaibHI Ta 00UNCITIOBAJIbHI CUCTEMH 1 KOMIUIEKCH B TEXHOJIOTTYHHX ITpoIiecax

There are two similarities metrics to be used in ROCK to enable accurate merging and clustering of data
points.

e sim [T’EE, T }-] as similarity measure to consider neighbors of a point;

o link (ﬂ'i’ﬁ J,-) to define the number of common neighbors between 7; and ;.

sim (_?I ol }-) could be defined as follow:

. et
sim(Ty, To) = 2 5m

sim(T,T,) =6 (6)
0=6<1

where |T1| and |T2 | are numbers of items in the transactions Ti and Tg; g is user-specified parameter based on
closeness which shows if there are any similarity between transactions (8 = 0 if any pair of transactions can be

neighbors and & = 1 if only identical transactions can be considered as neighbors). The number of links between
points indicates the probability whether data points are presented in a same cluster.

Partitioning clustering method includes partitioning data-set into k groups with #t objects. Objective function
of this method is minimizing square error function which is not effective for large data-sets due to high complexity
of computation. Partitioning algorithms that are most widely used in IS are follows:

e K-Means;
e CLARA(Clustering LARge Applications);
e CLARANS(Clustering Large Applications based upon Randomized Search).

K-Means algorithm divides data objects into k partitions in order to assign objects to the nearest cluster

centers. Value of K, cluster initialization and metric could be defined by researcher. K-means main goal is
minimizing the within-cluster sum of square. It should be classified as a greedy algorithm with time complexity
O(N,T, k) where N is the number of objects and T is the number of algorithm iterations. K-means algorithm is

scalable and could be used for clustering of large data-sets, but numbers of clusters in this case are needed to be
defined. Practical issues also demonstrate K-means limitations at processing of outliers. CLARA algorithm could be
considered as next level of PAM-algorithm (Partitioning Around Medoid) designed to solve problem of work with

large data-sets. It has same as PAM time complexity of O(k(n— k]zj. CLARANS is an advanced version of

CLARA as for efficiency and scalability.

In Density-based algorithms, clusters are created based on highly dens areas over the remainder areas and the
sparse area are classified as noise or border area. In this way, they can deal with outliers and non-convex shape
clusters. Some of the mostly used density-based algorithms for large data-sets are follows:

e DBSCAN (Density-Based Spatial Clustering of Applications with Noise);

e DBCLASD (Distribution Based Clustering of Large Spatial Databases);

e GDBSCAN (Generalized Density Based Spatial Clustering of Applications with
Noise);

e DENCLUE (DENsity-based CLUstEring);

e OPTICS (Ordering Points To Identify the Clustering Structure).

DBSCAN algorithm clusters data-set in order reachability parameter. Data point directly density-reachable
from another point if this is not far away than a given by user distance, so minimum number of points would be
critical factors to generate a cluster. DBCLASD uses a uniform distribution of data points in a cluster. In this case
nearest neighbor distance is a key parameter of cluster forming. This algorithm does not require loading the whole
data-set while building a cluster so it’s practical to use in network services. GDBSCAN is an improved version of
DBSCAN. This algorithm changes the definition of neighborhood by binary predicate which is symmetric and

reflexive, so GDBSCAN can define a neighborhood like intersect predicate. DENCLUE is based on h influence

function. Sum of influence functions are calculated to obtain local maxima of the overall density function for
defining of clusters, so algorithm is stable against noise and outliers. OPTICS is an algorithm for finding density-
based clusters similar to DBSCAN. OPTICS-algorithm was designed to DBSCAN’s main problem of detection of
meaningful clusters in variable density data-set.

Grid-based clustering method is based on generation of finite number of cells by dividing data space and
forming of grid structure. Major benefit of this algorithms is high velocity since they are dependent not on the
number of data objects but on the number of cells. Basic grid-based clustering includes construction of grid structure
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of non-overlapping cells, computing cells’ density, sorting of the cells by the density value and identifying cluster
centers. Mostly effective grid-based algorithms are follows:

e STING (Statistical Information Grid-based clustering);

e CLIQUE (Clustering in QUEst);

e GRIDCLUS;

e  Wave Cluster;

e  OptiGrid.

STING-algorithm clusters data-set into rectangular cells and forms hierarchical tree. It summaries data and
store statistical information in each cell. Time complexity relies on number of grid cells at the lowest level.
WAVECLUSTER transforms data-set into a frequency domain to find a dense area in it, so clusters with different
resolutions and scales could be obtained. The computational complexity of WAVECLUSTER depends on number
of objects in the data-set. GRIDCLUS neighbor search algorithm includes insertion of points into the grid structure,
computing of density indices, sorting the blocks up to their density, identification of cluster centers, and traversal of
neighbor clusters. OptiGrid algorithm is applied for high dimensional data-sets. It divides the whole data-set
recursively into different subsets to find optimal grid partitioning. CLIQUE identifies subsets of a high dimensional
data-set to achieve better clustering than original set. To find dense regions in a subset, each dimension is divided
into equal intervals and area of high density should be found when the number of data points in this area exceeds
threshold value defined by user.

3. Cyber-defense of information system based on clustering algorithms. To construct the model of IS
cyber-defense platform; let’s consider P as a set that includes all possible variants of the program code that can

work in IS, & € C is the code to be analyzed, and ¥ € C is a malware code. The definition of the cyber-attack can

be defined as follows:

f('ﬂ'z) = f(cej, ()

where f[iﬂij ta f (cij are functions of program code behavior defined by security policies, active monitoring and
data mining (Fig. 6).

{888} CLUSTERING METHODS |---

Security algorithms

|ﬁﬁ Resources release @ Security policies C)

|

l -—-- @ CYBER-DEFENCE PLATFORM -
: T
* Security algorithms development
T <>||| Program code 4—@—@ Malware
i |."%]| System update and scaling |> Efficiency audit
|| Acceptance EZZI > 0 Block

Fig. 6. Model of information system cyber-defense platform based on clustering algorithms

To define time interval At =Ty — T, cyber-attack probability we should use integral function

T [1:1, C;r Qs t,s} which will define behavior of virus code 17 at IS 5 under constraints of additional factors &t:
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T
J;; flv.ats)dt

T(v,c,et,s)=log ®)

T .
J“T;' c{*pf,a,t,s] dat

Thus, equation

T(v,c,ets) =0 9

could serve as an effective criterion of cyber-attack during At interval.

Proposed mathematical model provides the methodology for development of cyber-defense platform based
on clustering algorithms.

Conclusions. There were considered methodology of application of clustering methods in the algorithms of
cyber-security of network infrastructure and information systems. It was shown that cyber-defense methods should
not significantly slow down network service performance and it’s necessary to develop algorithms which do not
create extra overheads. Hierarchal, partitional, density-based and grid-based algorithms of data clustering were
proposed and analyzed. It was shown that range of application of clustering algorithms is based on amount of data to
be analyzed and hardware resources of platform. A mathematical model for determining the efficiency of security
strategy based on clustering methods was build and discussed.
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YK 621.384.23
AJI THEHHMIA.,
HTY VYxpaiun «KuiBcbkuil HoiTeXHIYHIN IHCTHTYT iM. Iropst CikopchKoroy
IO.I'. TOPAIEHKO

HTY VYxpainn «KuiBchkuil HONITeXHIYHIN IHCTUTYT iM. Iropst CikopchKoroy

THTEPHET PEYEMH, AK TOJIOBHU YNHHUK BITPOBA/IKEHHA IT-TEXHOJIOT'TA HA
CYYACHOMY IMIANITPHEMCTBI

Anomayis. Y saxocmi eonosnoeo uunnuxa enposaodcenns 1T-mexnonoziii na cy4acnomy nionpuemMcmei po3enadacmocs
Iumepuem peueil. Inmepnem peueil — 00HA 3 HAUNONYIAPHIWUX KOHYEnyill 6 cyuacHit ¢ymyponoeii. Busnaueno npunyunu
sukopucmanns mexuonoeii 1oT na epomadcvkomy nionpuemcmsi. 3asnauacmocs, wo 1oT € binvwr saxcaugum, Hidxc npocmo
000a8aHHs NIOKIOUEHHA 00 ICHYIOUUX NPOOYKMIE abo Nociye, Mo8a e npo 3Miny cnocoby 00CmasKu YiHHOCMI npooyKmie ma
nocaye. Y npoyeci npodykmu cmarome cepgicamu, a nocay2u cmaioms ece 0invt posymuumu. Piwenns, nobyodoseani 32iono yici
KOHyenyii, macuimabyiomvca 6i0 36UHAUHUX NOOYMO8UX npucmpois, 00 yinux "posymuux" micm. Busnaueno cknaoogi
exocucmemuy, HeoOXiOHi oOnsa  peanizayii Inmepnemy Peueil, HageOeHO nepenik cneyianizoeamux CcmMaHoapmis, WO
BUKOPUCTOBYIOMbCA 0 nepedaui oanux midxc "posymuumu” npucmposmu: eMTC (enhanced Machine-Type Communication),
EC-GSM-1oT (Extended Coverage — GSM — Internet of Things) ma NB-IoT (Narrowband IoT). IIposedeno munizayito loT-
NPOEKMIB 6 3aNeHCHOCHI 6I0 Muny KOMyHIKayii npucmpois (Macoei i KpumuyHi), 6KA3AHO OCHOBHI 8UMO2U 00 XAPAKMEPUCTIUK
npucmpoig 8ionosiono 0o kodxcroeo muny loT-npoexmy. OcHOHOW0 BUMO20I0 00 piuieHb HA OCHOBI MACO80i KOMYHIKayii
npucmpois € sucoka emepeoepexmusnicmy. dacmuna npoexmis O Yybo2o Muny KOMYHIKayii Ha OaHutl MOMEHM peanizyiomocs
na ocrnosi GSM-mepeorc, ane binvuticms piwens nobyoosani na ocnogi ingpacmpykmypu LTE. /[ns piwens na 0cHOGi KpumuiHoi
MAWUHHOI KOMYHIKayii HeoOXiOHa YIbmMpaHu3vbKa 3ampumka nepeoayi cucHany (MeHwie 5 Mcek) i Haosucoxka HAOiuHicmb
mepedici. Line enposadoicenns Inmepnemy Peueil - agmomamusayis npoyecie ajxc 00 NOGHO20 GUKNIOYEHHS YHACI NIOOUHU.
Cnoorcusaui  modicymv  euxopucmogysamu Inmepnem Peueii Ona ynpaeninmsa MIiKpoKIIMAmom npumiujers, YRpaGuiHHA
agmomobinbnumu  mexnonocismu (3amxamu, nagicamopamu, GPS), ynpasninms Xoa00unbHum O0ONAOHAHHAM, YNPAGAIHH
OCBIMNEHHAM, YIPAGNIHHA 3axucmom. 3eiono docniodxcensb, 0o 2022 poky kinvkicme npucmpois, 3adisnux 6 loT, docsaene 18
MInbApOie npucmpois.

Kniouosi crnosa. IT-mexnonoeii, Inmepuem peueti, cepsic, mepedica, enepeoeghekmusHi MikponpoyecopHi npucmpoi.

A.P. HNENNYI,

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"
Y.H.HORDIIENKO

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"

INTERNET OF THINGS AS THE MAIN FACTOR OF INTRODUCING IT TECHNOLOGY IN THE
MODERN COMPANY

Annotation. The Internet of things is considered as the main factor of it-technologies introduction at the modern
enterprise. Internet of things is one of the most popular concepts in modern futurology. The principles of using IoT technology in
a public enterprise are defined. It is noted that IoT is more important than just adding connectivity to existing products or
services, it is about changing the way the value of products and services is delivered. In the process, products become services,
and services become more intelligent. Solutions built according to this concept are scaled from ordinary household devices to
entire "smart" cities. The components of ecosystems necessary for the implementation of the Internet of Things are determined,
the list of specialized standards used for data transmission between "smart" devices is specified: eMTC (enhanced Machine-Type
Communication), EC-GSM-IoT (Extended Coverage - GSM - Internet of Things) and NB-IoT (Narrowband IoT). Typization of
1oT projects depending on the type of device communication (mass and critical), the basic requirements to the characteristics of
devices according to each type of loT project are specified. The main requirement for solutions based on mass communication
devices is high energy efficiency. Part of the projects for this type of communication are currently being implemented on the
basis of GSM networks, but most of the solutions are built on the basis of LTE infrastructure. For solutions based on critical
machine communications, ultra-low signal delay (less than 5 msec) and ultra-high reliability of the network are required. The
purpose of the introduction of the Internet of Things - automation of processes up to the complete exclusion of human
participation. Consumers can use the Internet of Things for premises microclimate management, automotive technologies (locks,
navigators, GPS) management, refrigeration equipment management, lighting control, protection management. According to
researches, by 2022, the number of devices involved in the loT will reach 18 billion devices.

Keyword. It technologies, Internet of things, service, network, energy-efficient microprocessor devices.

Beryn. Ha choroHiNIHIA JIeHB OHIEIO 3 HAHOUIBIIT 0OTOBOPIOBAHKMX KOHIIETIIIH B rary3i KOMITIOTEpPHUX Ta
iH(pOopMamiHHUX TeXHOJOTIH € KoHmemis «lHTepHeTy peuei». BBakaeThcs, MO I TEXHONOTISA — «the next big
thing», ToOTO HacTymHa pEBOJIOIIIfHA TEXHOJIOTIs, TKa PaIUKAIBLHO 3MiHUTH HAIl CHOCIO KUTTA. J[aHa KOHIIEMIis
Brepme Oyma cdopmyinpoBaHa KeiHom EmrToHomM — 3acHOBHMKOM BHAaBHHWYOI rpymu Auto-ID mpm
MaccagyceTcbKoMy TeXHOJIOTTYHOMY iHCTHTYTI B 1999 pori.

BaxnmuBicTh 1 aKTyanbHICTh TEXHOJIOTIT HACTUIBKH OYEBHIHA KpaiHaM, IO po3BUBaoTheA, 1m0 3 2009 poky
€BpOKOMICisl MATPUMYE 1 JoroMarae opraHizoByBaTh ImiopiuHy KoH¢epenuito «Internet of Thingsy», Ha skiit
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JernytaTi €BponapiiaMeHTy Ta €BPOKOMICAapH, €BPOICHChKI YHHOBHHUKH 1 KEPIBHUKU HAWOUIBIINX TEXHOJIOTTYHHX
KOMITaHii €BpOIH, BYECHI BEIMKHX YHIBEPCUTETIB MPECTaBIISIOTH CBOI JIOMOBII.

BignoBinHO 10 AaHOT KOHIEMIIT KOXEH MPUCTPiH, SIKUM KOPUCTYETHCS JIIOJMHA MOBHHEH BUXOIHUTH B MEPEXY
InTepHer 3a 1OMOMOrol eHeproe(eKTHBHUX MiIKpONPOLECOPHUX NpHcTpoiB. lle n03Bonsie naTté mpuCTposM i
MepekaM, IO CKJI3Ja€Tbcsi 3 HUX, O3y BIACTUBOCTEH, SKUMHM BOHM paHille He Bosoguin. Hanpukman,
MOJJIMBICTB YIPABJIATH 1 OTPUMYBATH BiJl HUX JIaHi B peaJIbHOMY Yaci, 3011bIIyBaTH e()eKTHBHICTh TEXHOJOTIYHUX
MPOIIECiB 32 PaxyHOK e(PEeKTHBHOI KOMYHIKaIlil, yCyBaTH JIOACBKHH (akTOp B HESIKMX aCHEeKTax BUPOOHUIOI
IISITBHOCTI.

AHagi3 ocTaHHiX JpocaiTkeHb Ta mnyOJikauniii. Ha crorommi crmocrepiraeTbCsi CTPIMKHN PO3BHTOK
Cy4JacHHX JociimkeHb y chepi [HTepHeTy pedeit. Jlo HaiOimbII akTyanbHUX ITyOmiKamii BapTO BiHECTH poOOTY
B.M. Ilerpogoi, O.B. Kypunenka, O.B. ®yprata [1], siki po3kpuin HoBY KoHuemnuito Ilurepuery Peueit (IP), B sikiit
YHCIIO KOPHUCTYBAdiB BHUMIPIOBATUMETHCS OAMHHUISIMH 1 JECSATKaMH TPHIBHOHIB. Y OCHOBI KiIi€HTChKOI Oazu IP
Jexats pedi (mpucTpoi, npunany, 6a3y qaHux i Tak gaii). Po3rnsaHyTi GyHAaMeHTalIbHI XapaKTepUCTHKN KOHIETIIIT
IP i nporokonu st mepex IP.

I3 3apyOi>KHMX BUEHHX BapTo BigzHauuTh pobotn Van Kranenburg R., Anzelmo E., Bassi A., Caprio D.,
Dodson S., Ratto M. [2], Li Y., Hou M., Liu H,, Liu Y. [3], Tan L., Wang N. [4], Jia X., Feng O., Fan T., Lei Q.
[5]

[Ipote, He3BaXkaroun Ha MacHmITaOHICTP HAYKOBHX IOCIHIIKEHb NMUTAHHS BUBUCHHS [HTEpHETY peuei, Ak
TOJIOBHOTO YHMHHHUKA BIPOBaKECHHS IT-TeXHOMOriii Ha cydacHOMY MiINPHEMCTBI 3aMIIAETHCS BIAKPUTHUM Ta
MOTpedye AETAIBHOTO OIPAIFOBAHHSL.

Mera pociigxeHHs. ['0J0BHOIO METOIO TAaHOTO AOCIHIIKEHHS € BUBUCHHS [HTepHETY peuei, sk TOTIOBHOTO
YHUHHUKA BIpOBakeHHS [ T-TEeXHOIOTIN Ha Cy4acHOMY IiATPHEMCTBI.

OcHoBHa yacTuHa Aocaimxkennsi. [nero InurepHery peueit (Internet of things - IoT) BucokoTexHONOTIYHI
KOMITaHii Ta eKCIepTH 0OTrOBOPIOIOTH BXKE MPOTITroM 0araTboX AECSTHIITH, 1 MEpUINH MiIKII0YeHui 1o [HTepHeTy
Toctep OyB mpejacraBieHuil Ha koH(pepeHuii me B 1989 pomi. 3a cBoew cyrtio, [oT mpoctuii: MoBa iine mpo
MAKIIIOUEHHST TIPUCTPOiB yepe3 [HTepHeT, MO3BOJSIOUN iM CHIUIKYBaTHCS 3 KOPHCTYBadyaMH, NOIATKAaMH 1 OJHH 3
omanM. IlomymspHUM mTpUKIAIOM € cMapT-xoJdoawiabHUK. [oT, omHak, mUpmuH, HK  PO3yMHI OYIOWHKH i
migKmodeHi mpuctpoi. BiH MacmrabyeTbes 10 IHTENEKTYalbHHX MICT — MiAKIIOYAOYH CBITIOGOPH depe3
BifCTeXeHHS Tpadika, abo CMapT-KOHTEHHEpH, SKi CHTHAJI3yIOTh, KOJW BOHM MOBHHHI OyTH OYHWIIEHI — i
MPOMHUCIIOBOCTi, 3 MIOKIIOYEHHX [O BCHOTO JATYMKIB, BiJl BIICTEXKECHHS MOCWIOK [0 MOHITOPHUHTY
CLITBCHKOTOCTIONAPCHKUX YTiflb.

IoT BaxuBuH TOMY, IO OO'€KT, SKMH MOXXE NPEACTaBUTH cede B HU(PPOBOMY BUIVISAL, CTA€ YUMOCH
OinbIIMM, HiX 00'eKT cam 1o cobi. B Toii e uac, IHTepHeT pedel € CKIaJHOI0 KOHLENIIEI0, 00 BU3HAYMUTH i1
touyHo. loT ommcye cBiT, 1€ Bce, IO 3aBrojHO, MOXKE OYTH MIiAKIIOYEHE i CIIJIKYBAaTHCS B IHTENIrCHTHIH MaHepi.
[Hmmmu cnoBamy, 3 InTepHeTOM peueii (Gi3n4HUIA CBIT cTae OHIEIO BEIMKOIO iH(opManiiiHoto cuctemoro. Bei nani
1 aBTOMAaTH30BaHE iX BUKOPUCTAHHS € OLIbII eEeKTUBHUM, a IIe 03HAYaE, M0 Oy/Ie CIIOKUBATHICS MCHIIIC SHEPTil.

VY 6inpm mupoxkomy Macmrtadi loT mMoxke OyTH 3acTocoBaHMil 10 TaKMX pedew, sIK TPAaHCHOPTHI Mepexi
"pO3yMHHX MiCT", IO OMOMOXE 3MEHIIWTH KUIBKICTH BIAXOMIB 1 MiABUIINTH €(EeKTUBHICTh, HANPHUKIA,
BUKOPHUCTAHHS €HEPTii; BiH JomoMarae 3p03yMiTH 1 TIOJIIIITUTH, AKiCTh KUTTS (Puc. 1).

Puc. 1 “Po3ymuuii cBit”
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InTepHer peueit — oaHa 3 HAUMOMYJSIPHIIMX KOHLEMIIH B cydacHil ¢pyTyposorii. I 6inbi Toro, onHa 3 THX
He0araThoX, 0 BXKE MEPECTAITh OYTH KOHIICTIIIIMY 1 BTUTIOIOTHCS B YKUTTSL.

3rifHO 3 HaWHOITBII MOIIMPEHUM (OPMYIIOBAHHSAM, IHTEpHET peded — Il KOHIEMIisl 0O0YHCIIOBaIbHOL
Mepexi Gpi3HYHMX NpeaMeTiB (ToOTO BiacHe, pedei), siki OCHAILEHI TEXHOJIOTISIMU JUTS B3AEMOJIIT O/IMH 3 OJTHHM.

Konuenuist nepenbavae, mo IHTepHET peuel 3JaTHUH CEpPHO3HO BIUIMHYTH HA PO3BUTOK CYYacHOTO
CYCHIJIbCTBA, OCKIIBKH J03BOJIMTH OaraTboM IpoliecaM BifOyBaTHCs 0€3 y4acTi JIIOJMHU.

Iarepuer peueii (Internet of Things, ckopodeno [oT) — e rrobanpHa Mepeka MAKIIOYCHUX 10 [HTepHETY
(I3UYHUX TIPUCTPOIB — «pedeii», OCHAIICHWX CEHCOpaMH, JaTYMKaMHU 1 MPHUCTPOsSMH mepemadi iHpopmarrii. [li
mpuCcTpoi 00'eHAHI 32 TOTIOMOTOIO IMiIKITIOYSHHS 10 IIEHTPIB KOHTPOJIIO, YIIPaBIiHHSA 1 00poOKH iHpopMaIrii.

B oxpemnuii Hampsimok loT, maOyts, Bumimmmocs B cepenuai 2000 poky, KOJM KUTBKICTh HPHUCTPOIB,
M IKITIOYSHHUX J0 BCECBITHROI MABYTHHH, TIEPEBUIIIIIIA YUCIIO KOPUCTYBAYiB.

3a manumu Ericsson Mobility Report, ceorogni B cBiTi Hayiuyerbcs Oinbine 16 MIpJ MiAKIIOYEHHX
npuctpois. Jlo 2022 poky — 1e uncio pocsrae 29 mupa, i 18 3 skux 0yayTh npuctposimu city [oT.

InrepHer peueil 00'enHye peaibHI pedi B BIpTyalbHI CHCTEMH, 3AaTHI BHUpINIyBaTH aOCONIOTHO Pi3HI 3aBlaHHS.
KirouoBa inest koHueniii — 3'eqHaTé MiXK COOOO BCi 00'€KTH, SKi MOKHA 3'€JIHATH, MiIKIIOYUTH JO MEpPexi, i 3a
PaxyHOK IIbOTO OTPHMAaTH CHHEPTIIO, IOCh Ha 3pa3ok «2+2=>5y.

Hns peanizanii loT HeoOxigHa ekocucTeMa, sika BKJIroyana 0 y cebe «po3yMHI pedi» — pi3Hi MPUCTPOI,
OCHAIIIEH] JaTYMKaMM; MEPEXy JOCTYyIy i mepeaadi indopmarii (MoOiIpHY 200 (iKCOBaHY — HE BaXKIIHMBO); a TAKOX
m1aTGopMu I YTPaBITIHHI MEPEXero, MPUCTPOsSMHU 1 gojmaTkamMu. [la3n He CKIaJeThcs 3a BIICYTHOCTI xoda O
OJIHOTO 13 3a3HAYEHNX KOMITOHEHTIB.

Jmst mepenadi TaHUX BiJl «PO3YMHHUX» IMPHUCTPOIB CHOTOJAHI iICHY€ KiIbKa CHEIialli30BaHUX CTaHAAPTiB.
Craagapt eMTC (enhanced Machine-Type Communication) po3ropTaeTbcsi Ha ocHOBI MoOimpHUX Mepexx LTE, a
EC-GSM-IoT (Extended Coverage — GSM — Internet of Things) npamoe moBepx mepexi GSM. Ane HaiOimbIT
nomymapunii — cragnapt NB-IoT (Narrowband IoT). Moro oco6musicTs momnsrac B TOMy, IO BiH MOKe OyTH
posropuyTuii, sk B Mepexkax GSM abo LTE, Tak 1 He3ane:KHO, OKPEMOIO MEPEXKeEIO.

YMOBHO MOXHa po3aianuTH Bei loT-poexTn Ha /Bi Ipynu B 3aJI€XKHOCTI B/l TUIy KOMYHIKaIlil IPHCTPOiB:
MmacoBi (Massive MTC) i kputuuni (Critical MTC). Ilepen K0)XKHUM THIIOM CTOSITh CBOi 3aBIaHHS, 1 KOXKCH 3 HUX
Mae CBOI BMUMOrM 10 Mepexi. MacoBi loT-nmpoexktn — 1e «po3yMHI» OYAMHKH, JIYMIBHUKH, DILICHHS IS
BIZICTE)KEHHS BAHTaXKOIIEPEeBE3eHb a00 CLIBCHKOT0 rOCHOAAPCTBA TOIIO.

Taki pimeHHs nependadaroTh mepeaady HEBEIHMKOI KiJbKOCTI JaHWX BiJl BEUYE3HOI KiTbKOCTI CEHCOPIB.
Takox mi piMIEHHS XapaKTepPH3yIOTHCS HEKPUTHUHICTIO TapaHTOBAHOI IMepenadi-oTpuMaHHs iHpopmarii. Skmio
OJIUH pa3 3 SAKOi-HeOy/b MPUYMHH iHGOpPMAIlif0 3 JIYMILHUKA HE OTPUMAIH — HIYOTO CTPAIIHOTO, OCKIIBKU JaHi
OyAyTh OHOBJICHI i/l Yac HACTYITHOTO CEaHCy Iepeadi.

OCHOBHI BUMOTH TYT — HU3bKa BapTiCTh MPHUCTPOIB 1 iX MiHIMaIbHE SHEProCMOKUBaHHA. YacTKOBO Taki
MPOCKTH MOXYTh OyTH peanizoBaHi Ha ocHOBI GSM-Mepex, ane OiIbIIiCTh NiHCHO MAacOBUX pilllcHb TOOYI0BaHI Ha
ocHoBi iHdpacTpykrypu LTE.

1o crocyeTbest pillieHh HA OCHOBI «KPUTHYHOI» MAIIMHHOI KOMYHIKaIlii, y HUX aOCONIOTHO 1HIII 3aIHTH.
Hacamnepen — 1ie ynpTpann3bka 3aTpuMKa Iepeaadi CUrHaity (MeHIIe 5 MceK) 1 HaJJBUCOKa HaIiiHICTh MepexKi.

InTepHeT pedeil 3HAYHO TpaHCHOPMYE OCOOHCTI Ta COILiabHI ACTIEKTH JKUTTS, a TAKOXK O13HeC 1 HaBiTh LMl
raiy3i. Takox 151 TEXHOJIOTISI Ma€ IMOTEHIIaI BUPIIIUTH JIesiKi TT00asibHI MpoOIeMy Cy4acHOCTI.

VY XuTTi moneil ctaHe MeHIIe Micusg A moOyTOBUX MpoOiieM, a 3HAYUTh — OiIbIe Yacy MO)KHa Oyne
MIPHUIITATH CiM'T, TBOPUOCTI, X00i. [Timkmoueni o [HTepHETY MPUCTPOT TAKOXK JAAYTh JIFOISIM OUTBIIE MOMXJIMBOCTEH
JUISL pallioHaJIbHOTO YIIPABIIHHS pecypcaMu. Bike ChOrOfHI BOHHM JONOMAraroTh ONTHMAIBHO BUTpAadaTH TEIUIO,
BOJY, CBITJIO i EKOHOMHTH Ha OTUIATi KOMYHAIBHUX MOCIYT.

BaxxnuBo BiA3HAYMTH, IO 3MIHUTHCS HE TIIBKU XKUTTS OKPEMHUX IO, a W minux iHmxycTpii. OmHiero 3
HaMOUTBII CXWJIBHUX OO 3MiH Taixy3ed, MaOyTh, OyJe TEIeKOM, OCKIIbKHM MOOUTBHI omepaTopu MOTPOXy OyayTh
3MIHIOBAaTH cBOI Oi3HEC-MOJIEN BiJl IPOBaiiiepiB Mepexki 10 MpoBaiaepiB «PO3YMHUX» CEPBICIB 1 TOJATKIB.

Hns peanizauii Garatbox cuenapiiB Bukopucranss loT HeoOXximnHe BmpoBamkeHHS Mepex S5G. Mepexi
I'SITOTO TIOKOJIIHHS JIO3BOJIATH 3HU3UTH 3aTPUMKH, OJTHOYACHO MiATPUMYBATH BEJIMUE3HY KUIBKICTH IiJIKIIOYEHB,
TIPOJIOBXKHTH CIIYKOy «PO3yMHHX» NPHUCTpoiB 70 10 pOKiB, a TaKOX IOMOTTHCS HEHMOBIPHHMX 3a HUHIIIHIMH
MipKaMH HIBUAKOCTEH MOOUIBHOT epeaayi JaHuX.

Oco0bmauBicTh 5G B TOMY, 1110 B paMKax OJHi€l Mepexi Oyae 0JJHOUaCHO MiATPUMYBATHCS poOOTa JOAATKIB 1
HPUCTPOIB 3 MUPOKHM CIIEKTPOM XapaKTEPUCTHK. Lle MocsAraeThCst 3aBASKH «CErMEHTAL» Mepexi Ha (parMeHTH,
KOJKEH 3 SIKMX NPU3HAUYCHHUH JUTA TIEBHUX MOTPED.

Po3BuTOoK puHKY Oyne 3anexatd Bim Oe3midi ¢akxTopiB, ajge abCONIOTHO TOYHO BCIM ydYacHUKaM IIbOTO
MIPOIIECY JOBENETHCS 3MIHIOBATUCS HA0AraTo IBHIIIIE, HiXk 1€ BiIOYBAEThCS CHOTOIHI.

I'moGaspHe MiAKITIOYEHHS 3MiHIOE BCe. bi3HeCMeHHM Ta CIOKMBadi IIOYMHAIOTH BUKOPUCTOBYBATH [HTEpHET
pedeil Uit BCHOTO — IOYMHAIOYM BiJ JOMAIIHIX TapaXHUX MPUCTPOIB IS BIIKPUTTA JBEpeH 10 Hporpam Juis
PO3YMHUX MICT, sIKi BUPIIIYIOTh 3aBaHTAXEHICTh TpadiKy Ta 3MEHIIYIOTh 3JI0YHHHICTB.
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YnipaaniHMA MiEpOKRIMATOM
npuMilyeHs

YnpasninMa
IAANCTOM YnpasniHHa asTomobinsHEm9
TEXHONOrAMKA, HasliraTop,

aamel, GPS

YNpasniHHA XOnoaMNsHuM
chnagHaHHAM

YnpaeniHHa GoaiTeHHAM VipasniHua ofnagHars
AK 308HIWHIM TAK | BHYTRIWHIM

Puc. 2 Buxkopucranns texnoJorii IoT na rpomajgcbkomy mianpueMcTsi

Ane IoT e 6imbIn BaKJIMBHUM, HiXK IIPOCTO JAOAABAaHHS ITiIKIIOUYEHHS 1O ICHYIOUHX NMPOAYKTiB a0 IOCIYT.
Hacnpaszai mMoBa #e mpo 3MiHY croco0y AOCTaBKH LIHHOCTI HMPOXYKTIB Ta MOCIYT. Y TpoIeci IPOIYyKTH CTalOTh
cepBicamM, a IOCITYTH CTAIOTh BCE ORI PO3YMHHAMH.

IoT: koHTpONb TEMIIEPATYPH

Barato mignpnemMcTB Bxke BUKOPHUCTOBYIOTH 0T a7 KepyBaHHS TepMOCTaTaMH.

[lepeMukaroun MiAKIIOYEHAH TEPMOCTAT, MiANPHEMCTBA MOXXYTh PETyIIOBATH TEMIeEpaTypy B MpPHUMIIICHHI.
[MigkmroueHUH TEPMOCTAT CKOPOUYE KOIITH Ha OXOJIO[DKEHHS Ta HarpiBaHHs NpUMiLIeHb. lle Takox 3MeHIIye
WMOBIPHICTb IICyBaHHs IIEPLIOr0 BPaXXCHHs BiJ KIMHATH 3 HENPUBAOJIMBOIO 1 HEMPUAATHOIO VIS IPOKUBAHHS
TEMIEePaTypoIo.

MosHa # 1aji BIOCKOHAIIOBATH OIAJICHHS Ta OXOJIODKEHHS. SIKIIO MiApHeMcTBa 00’ €JHYIOTb TEPMOCTAT
3 IHIIMMHU JIaTYMKAMH, KOHIMIIIOHEp MOKE aBTOMAaTHYHO BMMHKATHCh. IHIIA MOJJIMBICTBH IOJSITAE B TOMY, 10O
BHKOPHCTOBYBATH aBTOMaTH30BaHE MOKPUTTS BiKHA, SIKE MOXKE 3MEHIINTH KOJIMBAHHS TEMIICPaTypH Yepe3 COHSYHE
cBiTio. Yac 1o abo TemIiepaTypHi JaTYNKNA MOXKYTh aKTHBI3YBATH 1i KOPUTYBaHHSA HABKOJIHUIIHHOTO CEPETOBHIIA.
J3Binku 3 [oT

Tenedon Tex roToBuil 10 3aMiHn. OxHA BeNWKa MOXKIMBICTH: BUKOPHUCTOBYBATH AWHAMIK Tele(OHY I
crioBimieHHsA. Hampukiazm, SKIIO 3BYYHTh NOXKEKHA TPHUBOTA, MIANPHEMCTBO MOXKE HAIaTH IHCTPYKLii abo
iH(OpMaIio 32 JOMOMOTOI0 CHCTeMH cIoBimeHHs. [leperoBopHuil mpucTpiii Moxe OyTH KOPHCHHM 1 B iHIIHX
BHIIAIKaX.

Po3ni3HaBaHHs 1OTUKY Najbls

Jeski nmianpueMcTBa, Taki Ak rorens Hilton, ekcriepuMeHTYIOTh 3 MiAKIIOYEHHSM JIBEPHHX 3aMKIB depe3
Bluetooth. Takum 4MHOM TicTh 3MOXE BHKOPHCTOBYBAaTH CBiii cMmapTdoH sk kimod. [Ipore manmit minxin
CYMHIBHUM, a/pK€ MOJOPOXX — 1€ BXXe BUMNPOOyBaHHs sl Oarapei cmaprdony. BnacHuku cmaprdoHiB
BHUKOPHCTOBYIOTh iX SIK IIOCAJKOBHH TaJOH, JUIi MPOrpaM Takci, OHJIAHH-YNTaHHS Ta HaBIralii, TOMy NpHixaTH B
TOTEJb 3 BBIMKHEHUM TelIe(hOHOM — BEJIMKA yIada.

Kpamum migxomom e Oynka aist caMOCTiHHOI peecTpamii, cXoXka Ha Ti, III0 MPOMOHYIOTH aBiaKOMITAHiI.
Honarox s cMapT¢hOHIB MOKE BiirpaBaTH IEBHY POJIb, ajie OKPEMHH KIIFOY 3 OyIKH CTaB OM KpamriuM pillleHHSIM.
CyuacHi KapTKOBI KITIOUi € HEBEITMKIMH, BOJOHESIPOHUKHAMH Ta OJHOPA30BUMH, BOHH HE MMOTPeOYIOTh OaTapei.
Kommnanis Intel moxinmmacs cBoim Oauennsm IT-tempentiit, ski mominyBaTuMmyTh B 2018-my pomi. Ha mymky
MIPEICTaBHUKIB KOMIAaHii OCHOBHHMH TPEHAAMH CTaHYTh NPHUCTPOi Ha 0a3i HOBiTHIX TexHojorii, loT (Iareprer
peueit), ananiz "Benukux naHux" B OXOPOHI 370pOB'A, BiMOBa BiA ApoTiB i "po3ymui" Micta. IIpuctpoi Ha 6asi
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MIPUCTPOIB JJIsI MOHITOPHHTY (hi310J0TIYHMX MapaMeTpiB IIiJ Yac Takux 3aHATh. Kpim Toro, 3a nanumu Intel, B 2017
P- pUHOK "po3yMHEX" TOAMHHUKIB TAKOXK YCKAE 3HAYHE 3POCTAHHS.
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BucnoBku. Y skocti cknamHoi kibepdisuuHoi cuctemu «lHTEpHET peueil» 00'eqHye pi3HI MPUCTPOI,
OCHaIlleHI 30HAYBaHHAM, ineHTH(IKalielo, 0OpOOKOI0 JaHWX, KOMYHIKAIli€l0 1 BOJIOJIIOTE MEPEeKEBUMHU
MOXIIMBOCTSIMH. 30KpeMa, JaTYMKU | BUKOHABYI MPUCTPOT CTAIOTh Jie/lalli HOTY KHIIINMH, AEHICBIINMH i MEHILINMH,
110 MPHU3BOJAUTH N0 iX MOBCIOJHOTO BUKOpHCTaHHS. [HAycTpis CHIbHO 3alikaBieHa B posropranHi loT-npucrpois
JUISL pO3POOKH ITPOMHUCIIOBHX JIOJATKIB, TAKUX SIK aBTOMAaTHYHUH MOHITOPHHT, KOHTPOJIb, YIIPABIiHHS, EKCIUTyaTaIlis
Ta TexHiYHe oOciyroByBaHHs. IlepenOauaerscs, MO uYepe3 CTPIMKMHA PO3BUTOK TEXHOJIOTIH 1 NPOMMCIIOBOT
iHppacTpykTypu «lHTEpHET pedein» Oyne IMMPOKO 3aCTOCOBYBATHCS B MPOMHCIOBOCTI. Hampukianm, B Xapdosiid
MPOMHUCIIOBOCTI iHTerpamis 6e3mporoBux ceHcopHux Mmepex (WSN) i1 pamiouactornoi imentudikarii (RFID)
CIIYXHTh I MOOYJOBH aBTOMATH30BaHWX CHUCTEM KOHTPOJIIO, MOHITOPHUHTY Ta BiJIICTEKECHHS SKOCTI MPOAYKTiB
Xap4yyBaHHS 110 BCbOMY JIAHIIOXKKY IIOCTaBOK.
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BiomennuHi BUMIPIOBAaHHS 1 TEXHOJIOTIT

BIOME/JWYHI BUMIPIOBAHHSA I TEXHOJIOT'TI

YK 621.317.38
K.O.IBAHOBCBKA , M.®. BOT'OMOJIOB

HauionaneHux TexHiuHui yHiBepcuTeT YKpainu « KHiBCbKuid momiTexHiuyHuii iHCTUTYT iMeHi Iropst CikopchbKkoro»

JOCAIIKEHHSA OHKOKJIITHH 3A JIOTOMOTI'OIO ONITOEJIEKTPOHHOI
CUCTEMU

B cmammi posenanymo sacmocysanna onmuyHoi cnekmpockonii' 6 MeouuHill 0iaeHOCmuyi ma onmuyHi 61acmueocmi
63aem00ii ceimaa 3 Gionociunumu cepedoguwiamu. Bemanosneno, wo memoo onmuunoi momoepaghii € Hanbinbu 8i0N0GIOHUM
0718 00CNIONHCEHHA NAMONOLITYHUX 3MIH ) OIOMKAHUHAX A OHKOKAIMUHAX.

Ilposedeno amaniz memoouxu OOCRIOHNCeHb MKAHUH MOJOYHOI 3AN03U 3 OHKOKIIMUHAMU. 3anponoHoeaHomemoo
azepuoi 6ideo noasipumempii, ska 6azyemvcs Ha aHanizi pacmpogoi mampuyi Mrwonanepa, 0na awanizy XxXapaxmepucmux
auizomponii ni0  uac 00CniONCeHHsT NAOCKO-NAPANETbHUX 3PA3KIE NAMON0IYHUX MKAHUH. YOOCKOHANEeHO ONMuuHy MOoOelb
NIOCKO-NAPANenbHO20 3paska HeoOHopioHoi auizomponnoi BT ax cykymnocmi wiapie, KodceH 3 AKUX XApaKmepu3yemucsl
pacmpom 201081ux Minopie mampuyi Mroniepa ma HaOOPoOM KOOPOUHAMHUX PO3NOOINIE BeIUYUH AHIZOMPONIT

Pozenanymo cxemy onmuunoco ou@ysiiinoco momozpaga 015 eizyanizayii 6HYMpiuiHb0i CMpYKMypu OHKOKIIMUH
NnamanociyHux MKAHUM MA ORUCAHO nNpuHyun Oii. 3anponoHo8aHo QYHKYIOHATLHY CXeMy ONMUKO-eleKMPOHHO20 OKO-
npoyecoprHo2o momozpapa ma nposedeHo OOCHIOHNCEHH OHKOKIIMUH 68 NAMANOIYHUX MKAHUHAX MOIOYHOL 3a103u. B axocmi
010Ky nepemeopenus ma 0bpoonenna sobpascens (bI103) 6yno suxopucmano napanenvuuil KiHitiHo-anzedpaiuHuil npoyeccop.

Kniovosi  cnosa: onmoenekmpomnika, CneKmpoCKonis, OOCHONCEHHS, OHKOKMIMUHU, ONMUYHA mMomozpagis,
diazHoCmMuKa Namano2ivHux MKAHUH, Jazepua OiaeHocmuka, 6ionociune cepedoguuge, Koe@iyichm po3cilosawnts, KoeQiyichm
NO2NUHAHHA.

K. O. IVANOVSKA, M. F. BOGOMOLOV
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute»

RESEARCH ONCOLOGICAL CELLS WITH OPTOELECTRONIC SYSTEM

The implementation of optical stereoscopy in medical diagnostics and the optical properties of the interaction of light
with biological environment are considered. It is established that the method of optical tomography is the most suitable for the
study of pathological changes in biocenes and oncocells. The wavelength ranges for visible and infrared radiation are
considered.In the range of wavelengths 0.3-0.6 microns (visible area), the typical penetrating ability of radiation was 0.5-2.5
mm.The range of wavelengths of 0.6-1.5 microns (red and infrared radiation) is characterized by dispersal on orders of
magnitude higher than absorption, and the depth of penetration in the tissue increases to 8-10 mm.

The anisotropy is proved to be an important property of scattering tissue.The analysis of the method of studies of breast
tissues with oncocells was carried out. The method of laser video polarimetry, based on the analysis of the Miiller raster matrix,
for analysis of the anisotropy characteristics during the study of flat-parallel samples of pathological tissues is proposed. The
optical model of a flat-parallel sample of a non-homogeneous anisotropic BT (biological tissue) as a set of layers, each of which
is characterized by a raster of the main minors of the Miiller matrix and a set of coordinate distributions of anisotropy values is
improved.The scheme of an optical diffusion tomograph for visualization of the internal structure of pathologic tissue oncocells
is considered and the principle of action is described.

The functionals cheme of the optical-electronic eye processor tomograph was proposedand the oncology in
pathological tissues of the mammary gland wass tudied. A parallel line aralgebraic processor was used as a transformation and
image processing unit.

Key words: optoelectronics, spectroscopy, studies, oncocells, optical tomography, diagnostics of pathological tissues,
laser diagnostics, biological environment, scatter coefficient, absorption coefficient.

Beryn

[NommpeHHsT OHKONOTIYHUX 3aXBOPIOBaHb OOYMOBJIOE CTBOPEHHS CYYaCHHX MPWJIAJIB IIarHOCTUKU 1
MOHITOPUHTY, L0 CIPSIMOBaHI Ha IJBHIICHHS €()EKTHMBHOCTI METOAIB peecTpalii Ta oOpoOiaeHHs OloMeIuYHUX
MOKA3HHKIB, & TAKOXK PO3BUTOK MEUYHUX 3aCO0IB IIarHOCTUKH.

JiarHocTHKa OHKOKJITHH Ha paHHiN cramii i1 JIiKyBaHHS 3HAYHO 30UIBLIYIOTH IIAHCH Ha OMY>KaHHS.
Hocnimkenuss gopmu, po3mipiB Ta nedopmarlii NATOJOTIYHUX OHKOKIITHH, 3a JOMOMOTOK ONTOCICKTPOHHOI
CUCTEMH, € IOCUTh BOKJIMBHUM CTAIIOM J1arHOCTHKHU.

OHKOKJTITHHH aKTHBHO JUTSTHCS 1 IBUAKO 3POCTAIOTHCS; B HOPMi CX0KOI0 aKTUBHICTIO BOJIOIIOTH KIIITHHH
KiCTKOBOTO MO3KY. BiOBiTHO, SIKIIO OHKOKJIITHHHU OiNbII aKTHBHI, HXK HABKOJHIIHI TKAHUHH, TO 1 IIKiIHBA MTis
BHITPOMIHIOBaHHS 3amoie iM Oinmbin cepito3zHoi mkoau. Ile oOyMoBiIOE eQeKTUBHICTH MPOMEHEBOI Teparlii mpu
OJIHAKOBOMY ONPOMIHEHHI TYXJIMHHUX KIITHH 1 BEJUKHX OOCATiB 370poBoi TkaHmHHA. OpHAK CydacHi
OTITOCJIEKTPOHHI CHCTEMH JIJISI TIPOMEHEBOI Tepartii JO3BOJISIOTh iCTOTHO 30UIBIIUTH TEPAIEBTHYHE BiAHOIICHHS 3a
pPaxyHOK «(pOKYyCyBaHHS» JO3H 10HI3yIOUOTO BHIPOMIHIOBAHHS B MIATOJOTIYHOMY BOTHHIIII 1 BiAIIOBITHOTO TIATiHHS
3I0pPOBHX TKAHUH.
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1 3acTocyBaHHsI ONTHYHOI CIEKTPOCKOMIi B MeIUYHii AiarHocTHL

Cy4acHi ONTHYHI Ta ONTOEJEKTPOHHI CHUCTEMH € CKJIAJHMUMH KOMIUIEKCAaMH, HIO MICTITh EJeKTPOHHI
NPWJIa/IN [TOCHJICHHS 1 TIEPETBOPEHHS SJICKTPUYHHUX CUTHAJIB, aBTOMAaTH4HI 1 00YMCIIOBaNIBHI TIpHCTpoi. B mpomeci
NEpETBOPEHHSI €HEprii B ONTOEJIEKTPOHHUX MpPHJaJax BEJIMKE 3HAUCHHS MAalOTh IIEPETBOPEHHS CHUTHANIB B
SJIEKTPUYHHX 1 EJIEKTPOHHHUX HPHUCTPOSIX - IX MOCHIICHHS, (IbTpalis, MOIYJSLIs, IeTeKTyBaHHA Ta iH. [Ipu ubomy
CJICKTPUYHI H EJEKTPOHHI €JeMEHTH ONTOCNCKTPOHHUXIIPHIALIB IPALIOIOTh B LIMPOKOMY aMIUTITYAHOM i
YaCTOTHOMY Jlialla30HaX CUTHANIIB CKIagHOI (hopMH.

®Di3nyHy OCHOBY ONITOENEKTPOHIKH CKIAAAIOTh MPOIECH MIEPETBOPEHHS EIEKTPUIHUX CUTHAIIB B ONITHUYHI 1
ONTHYHUX B €JEKTPUYHI, MPOIIECH TOIIMPEHHS BUIIPOMIHIOBAHHS y BUAMMIK, iHPpadepBoOHil 1 ynbTpadioneToBii
00NacTsSIX CHEeKTpa B PI3HUX CEPENOBHUINAX, a TAKOXK TPOIECH B3aEMOJil EIEKTPOMArHITHUX BHUIIPOMIiHIOBaHb
OTITHYHOTO Jliara3oHy 3 pe4oBUHOIO [1].

JlazepHa piarHOCTHKAa Ma€ LIMKOPUI CHEKTp o0jacTei 3acTOCyBaHHS, Ta BUKOPHUCTAaHHsS Jia3epiB B
OHKOJIOT1{ € TOCUTh BayJIUBIM 1 CITYXKHTb JUIsl BUPIIICHHS HACTYITHUX 3a/1a4:

— BUJIQJICHHS 3JI0SIKICHUX IMyXJIMH Ha PaHHIX CTamifX;

- peKaHaizalist IpOCBITIB MaXOBUX OPTraHiB y HEBMJIIKOBHUX IAII€HTIB;
— JIKyBaHHS JIeSIKHX IOBUJIBHO IIPOTPECYI0YHMX 3aXBOPIOBaHb;

— YCYHEHHSI MeTacTas;

- JiKyBaHHsS 0araThoX JOOPOSKICHMX HOBOYTBOPEHb (B IITYHKOBO-KHIIIKOBOMY TPAaKTi, HA CIIM30BUX
000JIOHKaX TIOPOYKHUH POTa, HOCA, TOPTAHi, HA TIOBEPXHI MIKIPH 1 iH.).

2 Oco0auBOCTI B3a€MO/Il ONTHYHOI0 BUIIPOMIiHIOBAHHS 3 0i0JIOTIYHMM cepeJoBHILEM

3acToCcyBaHHS ONTHYHOTO BHIIPOMIHIOBAHHS 0a3ye€ThCsl Ha B3a€MOJII CBITJIA 3 O10JOTTYHMMH TKaHUHAMH
[1], a came #oro po3ciroBaHHi, BiIOUTTI Ta nornuHanHi. Ha puc. 1 mokazaHuii crieKTp NOIJIMHAHHS MENaHiHy, 10
MICTUTBCS B €IiIepMiCi MIKIpH JIIOJMHU.
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Puc. 1 — CneKTp NOIJIMHAHHSA MeJaHiHY

IIpu npoBeneHHI PO3paxyHKIB BEIMKHHA IHTEpeC MPEACTABISAE€ BEIMYMHA ONTHYHOI TYCTHHH CHiepMicy,
sIKa 3aJICKUTh BiJl KUTBKOCTI MEJIaHiHy B 0a3anpHOMY Irapi. Bona BusHavaethes 3a gpopmyioro (1):

OD = fomer - B, 1)

I€ |Lpye;— KOC(DIIIEHT MOTTTMHAHHS MENaHiHy; h,— TOBIIMHA APy eMifepMicy.

Ha puc. 2 300paxkeHO 3aJeKHICTh KOe]iIlieHTa TOTIWHAHHSA Ta TJIMOWHU TPOHHKHEHHS ONTHYHOTO
BHITPOMIHIOBaHHS BiJl BIACTUBOCTEH O10J0TIUHOT TKaHWHU [2].

SIk BHOHO 3 pUCYHKA, HaiOinpIma rIMOWHA MPOHUKHEHHS MOTPAIUIIE B 00JACTh TEPAIEBTUYHOTO BiKHA.
Came ToMy IUJISl TIPOBEJCHHS AOCHIKEHb MATOJOTil OHKOKIITHH BUKOPHUCTOBYIOTH JIIO/HI JIa3epH Ta CBITJIOAIOH,
SIKi JIe)KaTh B 00JIACTI YEPBOHOTO Ta OJIMHKHBOTO 1H(HPAIEPBOHOTO BUITPOMIHIOBAHHSI.
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JloBkHHA XBHII, MKM

Puc. 2 — KoeginieHT nor;imHaHHs Ta riMOMHA NPOHUKHEHHS ONITHYHOI0 BUNPOMiHIOBAHHSA

VY cepenoBuinax, siki XapakTepU3yIOThCSl BHCOKOIO ONTHYHOIO I'YCTHHOIO, BHIIPOMIHIOBAHHS HPaKTHYHO
TTOBHICTIO TOTJIMHAETHCS IICIA MPOXODKEHHS BifcTaHEW y KidbKa MUTIMETpiB BrinMO TKaHUHW. [lOTTMHAHHSA B
OioNOTIYHMX 3pa3KaxX 3aJICKUTH BiJ] XapaKTEPUCTHK JOMIHYIOYMX KOMITIOHEHT Ta BMICTY BOJAM Yy TKaHWHI. Tomy
Koe(iIieHTH MOTIMHAHHS Ta PO3CiIOBaHHS — J[Ba Ty’K€ BaKJIMBHX ITaPaMETPH B ONTHYHUX JOCIIIKEHHSIX.

Tunosi 3Ha4eHHS KoeQilieHTa TOTTMHAHHS JJ1s O10JIOTIYHUX TKAaHWUH BiIPI3HAIOTHCS HA JICKUTbKA TOPSIIKIB
i cramoBmate 107%-107% cm~!. I'IMOMHA TPOHMKHEHHS BHIIPOMIHIOBAHHS ONTHYHOIO Nialla3oHy B TKAHMHH

OpraHi3My 3HAYHOIO MiIpOI0 3aJICKUTH BiJ JOBXUHM XBWII. B ynprpadioneroBili IUISHIN CcHekTpa IinOWHA
MIPOHUKHEHHS € OJHOTO IMOPSJIKY 3 PO3MIPaMH KJITHUH i CTAaHOBHUTH IMOHAJA 2 MKM. Y Jiana3oHi JOBXHH XBHIb 0,3-
0,6 MxM (BMOMMa MUISHKA) THUIOBAa INPOHHMKAIOYa 3AaTHICT BunpoMiHioBaHHS — 0,5-2,5 mm. Tyt sBuma
PO3CiIOBaHHS 1 TOTJIMHAHHS CBITIa € OAHOro Imopsaky. Jliamazon noexuH XxBWiIb 0,6-1,5 MM (4epBOHE Ta
iH(ppauepBOHE BUIIPOMIHIOBAHHS) XapaKTEPU3YETHCS PO3CIIOBAHHSAM Ha MOPSIKH BUIUM 3a NOTJIMHAHHS, 1 IIIHOMHA
MPOHUKHEHHS Y TKAHUHY 3pocTae 10 8-10 mMM.

BaxnmuBoro BJIIACTUBICTIO PO3CIFOBANIBHOT TKAHUHH € aHi30TPOIis. 3aleKHICTh (aKTopa aHi30TpOoMil MKipu
(sIx mepmu, Tak i emiziepMicy) Moxe OyTH OmFcaHa TAKUM eMITipHYHUM CIiBBITHOIICHHM (2):

o) [ (.1 — 300 HMJ]
= 2 . — _— 2
g 0,764 +0,2355 - |1 —exp 7201 o (2
3aexHicTh Koe(ilieHTa pO3CiFOBaHHS MIKIPH Bifl JOBXXWHK XBHIII OITUCYETHCS TakUM BUpa3oM (3)[2]:
D = () 3
He = Hgldgd! 700 am . 3

Ob6epreHO-po3cisHi  (OTOHHM, IO BUXONATH HA I[IOBEPXHIO TKAHWHH, JO3BOJISIOTH aHATI3yBaTH Ta
BIATBOPIOBATH 300paKEHHsSI CTPYKTYPH BHYTPIIIHIX TKaHWH. Taki 300pa’keHHS OTPUMYIOTBCS 32 JONOMOTOIO
YacOBHX, YaCTOTHHX Ta CTAalliOHAPHUX METOJIB BHMIPIOBAHHS, 10 BHUKOPHUCTOBYIOTHCS JUIS Bi3yamizawii 3MiHH
BHYTPIIIHBOI CTPYKTYpU TKaHWH. lle 1ae MOXXIMBICTD BUSIBISTH NATOJOTIYHI 3MiHM B TKaHWHAX, B TOMY YHCIi
pi3HOTO poay myxiuHH [3].

3 CTpykTypHa cXxeMa ONTHYHOI0 IBOXBHJIEBOr0o ToMorpada

B pesynbpTari mpoBEACHOTO OTJSAAY HEIHBa3UBHUX METOMIB IS JOCSATHEHHS IMOCTaBlIeHOI MeTH OyIio
00paHO CXeMy ONTHYHOTO JTBOXBMJIEBOTO ToMorpada B AKOCTi 00’ekTa MopemroBaHHA [4]. Cxema HaBeneHa Ha
pPHUCYHKY 3.
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COCB3 :D

Puc. 3 — Cxema oNTHYHOIO JBOXBIJIEBOr0 TOMOrpada

OnrtuuHMi ABOXBUIIEBHI TOMOrpad MicTuTh nepiue jukepeno 1 indpadepsoHoro ceitia (I4), nmiinapudany
MiH3y 2, niHiMKy 3 ¢oronpuilMadiB CTPYKTYpU p-N-p-n-THITy 3 IHBEpPCI€I0 3HAKa eJNeKTPOPYLIiHOI CcuiH,
CJIKTPUYHO 3B’si3aHy 3 (oTonpuiiMauyamu cucteMy 4 oOpOOKHM CHUTHAIIB Ta BiJHOBICHHS 300pakeHHS 00’ekTa 5.
Kpim Toro, Tomorpag mictuth apyre mxepeno 16 mxepeno Y cBiTia, BUXiJ SKOr0 ONTHYHO 3’€AHAHUH 13 APYTUM
BXOJIOM OIITHKO- MEXaHIYHOT'O MOJYIATOpa 6 CBITIIA, NEPIIMHA BXiJ SKOTO ONTHYHO 3’€THAHUH 3 BUXOJOM IEPIIOTO
mxepena 1 T4 cBiTna, mepmuii BUXiJ ONTHKO-MEXaHITHOTO MOIYJIsATOpa 6 CBITIA ONTHYHO 3’ €IHAHHUMA 3epKaJIoM 7,
PO3MIIIEHUM TIi7 KyToM 45° 10 Malaloyoro Ha HHOT0 BUIPOMIHIOBAHHS, BUXIJ IKOTO 3’ €JHAHWHN 3 TIEPITUM BXOJ0M
HAaITIBIPO30pO1 TUTACTUHU 8, pO3MIIIEHOI IMapaieIbHO 10 A3epKaa, IPYTHi BXiJl SKOi ONTUYHO 3’ €IHAHUN 3 JPYyTUM
BHUXO/IOM OIITHKO-MEXaHIYHOTO MOAynsATOpa 6 cBiT/Aa. BuXim HamiBIpo3opoi MIacTHHU 8 ONTHYHO 3’€JHAHUHN 3
3aTBOPOM 9, OPYrUM BXOJOM SKOTO € ENeKTPHYHWH Kepyroumii Bxim 10 Tomorpada, BHXim 3aTBOPY ONTHYHO
3’€IHaHU 3 BXOJOM nosspuzaropa 11 cBiTia, BUXiJ SKOTO 3’€AHAHUN 3 ONTHYHAM Po3’eMoM 12, mo 3’€THaHUN 3
MOJISIPU3ALIAHO- YYTIUBUM BOJIOKHOM 13, BUXiJ SKOTO 3’€HAHUN 3 BOJIOKOHHO-ONTHYHUM BY3JIOM 14 BUBEICHHS
BUIIPOMIHIOBAaHHS, B SIKMI BCTAHOBJICHO IMJIIHIPUYHY JIH3Y 2, TTapaleIbHUA ONTHYHUI BUXIA SIKOT 4epe3 00 €KT 5
3’€IHAHUI 3 ONTUYHUMHU BXOJAaMH JiHIHKHM 3 ¢oTonpuiiMadis. Buxonom 15 ontiuyHOro 1BOXBHIEBOro ToMorpada €
BHUXiJl cCTeMH OOpPOOKH CUTHAIB Ta BIIHOBIICHHs 300pakeHHs 00 ekTa [4].

OnTuuHui JBOXBWJIEBMH ToMorpad Ipamioe TakuM 4YHHOM. 3 mepmioro mkepena 1 IY citia
BUIIPOMIHIOBAHHS IIOTIAJIa€ HA MEPIINHA BXiJ ONTHKO- MEXaHIYHOTO MOIYJATOpa 6 CBiTiIa, a 3 APYroro pxepena 16
CBiTJIa BUIIPOMIHIOBaHHS TOTMAJIa€ HA OPYTHHA BXil ONTHKO-MEXaHIYHOTO MOIyJsATOpa 6 CBiTiA, SSKUH B MOMEHT f
TPOITyCKa€e BUTPOMIHIOBAHHS BiJ TEpIIOTO JpKepena | cBiTia Ha a3epKajo 7, Bil SKOTO BHIPOMIHIOBAHHS
BiOMBAETHCA Wi IPSAMUM KYTOM 1 TIOTIAIa€ Ha MEPIIAK BXiJ HammiBIIpo3opoi miactuHu §. HamiBnpo3opa miactuHa 8
TIPOITYCKa€e JaHe BUIIPOMIHIOBAHHs dYepe3 3aTBOp 9, SKWH BiNKPHUBAETHCS IOJAYECI0 HA 30BHIIIHIA ENEKTPUIHUN
Kepyrouui Bxix 10 BiZHOBiZHOTO CHTHAIY, IIIO BiAMOBia€e mo4aTky podotu Tomorpada i 3aKpuBa€eThCS BiICYyTHICTIO
CHTHaJy, IO BIANOBiJae 3aKiH4YeHHIO poboTn Tomorpada, Ha nosnspuzatop 11 cBiTia, B SKOMY BHIIPOMIHIOBaHHS
noJsipu3yeThesi. [lonsipuzoBane BUNPOMIHIOBAHHS TONAJae€ B ONTUYHUI po3’eM 12, 3aBISKH SKOMY BBOIMTHCS B
MOJIIPU3ALIAHO-IYTIUBE BOJIOKHO 13, a TOTIM BHBOJIUTBCS 4Yepe3 BOJIOKOHHO-ONTUYHUI By30n 14, B sKkoMy
BCTAHOBJICHO IMTIHAPHYHY JiH3Y 2, IO CTBOPIOE 3 BUIPOMIHIOBAaHHS TOPH30HTAIBHY JIHIO, SIKA IIPOHU3YE 00’ €KT
5, a micis MPOXOJUKEHHST 00’€KTY pEeeCTpPYEThCs JiHilKoro 3 ¢oronpuiiMaui. Enextpuyni curnamu 3 miHiiiku 3
(oTompuiiMadiB MONamalOTh B CHCTEMY OOpOOKH CHTHAJIIB Ta BiTHOBJICHHS 300pakeHHA 00’€KTa 5, sKa Mparroe y
BiJIMTOBIAHOCTI 3 BiIOMUMH METOJIaMU PEKOHCTPYKIIii 300paxkeHHs Oionoridyaoro o6’ekra [4]. B MomeHT wacy (¢+1)
ONITUKO-MEXaHIYHUH MOIYIATOP 6 CBITIIa MPOITyCKae JaHEe BHIPOMIHIOBAHHS BiJ Opyroro jkepena 16 cBitia Ha
Ipyruil BXin HamiBmposopoi mimactuHU 8. HamiBmposopa IuracTiHa 8 MpOIycKae daHe BHUIIPOMIHIOBAHHS depe3
3atBop 9 Ha mosiapuzatop 11 cBiTia, B SKOMY BUIIPOMIHIOBaHHS MOJIAPU3YEThCA. [lonspr3oBaHe BHIIPOMIHIOBAHHS
roraja€ B ONTUYHHNA po3’eM 12, 3aBASKH SKOMY BBOAWTHCS B MOJSAPU3AIifHO-UYTIMBE BOJIOKHO 13, a TOTIM
BUBOJAMTHCS Y€pe3 BOJIOKOHHO-ONITHYHMI By30J1 14, B SKOMY BCTaHOBJICHO LWJIIHAPHYHY JIH3Y 12, 110 CTBOpIOE 3
BUIIPOMIHIOBaHHS TOPU30HTAJIBHY JIiHIIO, SIKa TPOHU3YE O00’€KT 5, a Mmicis NPOXOJUKEHHsT Ha BHXoai 15 cuctemu
00pOOKHM CUTHAJIIB Ta BiJHOBJICHHS 300pakeHHs1 00’ekTa 5. OCKUIBKN PO3MIPHICTh OTPUMAHUX 300paKeHb € JyKe
BEJIMKUMH, IO MPU3BOJIUTH 10 30UIbIIEHHS Yacy iX oOpoOieHHs Ha 3Buuaitnnx EOM, mo nocsrae nekimbKox
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XBHJIMH Ha OJHE 300pakeHHs, BUHUKAE HEOOXiHICTh B CTBOPCHHI CIIelialli30BaHIX IPOLECOPIB K 0a30BUX BY3IIiB
TOMOrpagiuHUX CUCTEM, SIKi O T03BOJISUIN 3 BUCOKOIO TOYHICTIO 00p0OII0BaTH 300pa)KeHHs 32 3HAYHO MEHILHMI Yac.

Takum ymHOM OYJIO 3aIPONOHOBAHO (YHKIIOHATBHY CXEMY ONTHKO-EIEKTPOHHOTO OKO-TIPOILIECOPHOTO
ToMorpada Juis Bizyasi3auii MaToJIOriYHIX OHKOKIIITHH (B SIKOCTI 3pa3ka OepeMo TKaHMHU MOJIOYHOI 3an03u (M3)),
JUISL CyTTEBOTO TIOKpAIlEHHS IOTr0 4YacoBUX XapaKTePUCTHK. B skocTi ONOKYy NepeTBOpeHHS Ta 0OpoOJeHHS
300paxens (BI103) nominpHO BUKOpHCTATH MapaielbHUH JiHiifHO-anreOpaiyHuii mporecop.

4 IIpyuHuunyu GpyHKUioHyBaHHS ONTHKO-eJIeKTPOHHOI0 OKO-IPOLECOPHOT0 ToMorpada

[lpuHIMOE 30HIYBaHHA JIA3ePHUM BHUIPOMIHIOBAaHHSAM 1 peecTpamii OTpPUMaHUX CHTHAJIB ITiCIA
MPOXO/KEHHS dYepe3 0i000’€KT, TOKITaJeHI B OCHOBY (YHKIIOHAIHHOI CXEMH OINTHKO-EJIEKTPOHHOTO OKO-
MIPOIIECOPHOTO ToMorpada s Bidyauisamii BHYTPIIIHBOI CTPYKTYpH OHKOKJIITHH Ta TKaHWH. Cxema MiCTHUTh TPH
JDKepeTia 30HAYBaIbHOTO BHIIPOMIHIOBAaHHS 3 pisHUMH HoBxuHamu (A1=690 M, A2=786 umM Ta A3=830 HM) abo
TBEPAOTIIbHI (THTaH-camndipoBi B pekuMi Moxyisinii qoopotHocTi A=650-+-980 HM) nazepu, MPOCTOPOBO-YACOBUI
MOJIYIISATOP CBIiTJIA, CKpeMOJIep Ta MOJIIPU3aTop, SKi YTBOPIOIOTH (HOPMYyBaIbHUN KaHAJ JIiHIHHO-TOISIPHU30BAHOTO
CBITJIA.

Ha pucynky 3 300paxceHa cxeMa ONTHKO-€JIEKTpOHHOTO ToMorpada. TomorpadiuHa cucrema Jyisi paHHBOT
JIIarHOCTUKYM TAaToJOrii OHKOKINITHH (puc. 3) moeqHye HalleeKTHUBHILI METOIM BHMIpIOBaHb 13 NapajieIbHUMHU
MIBUIAKOIIFOYUME METOAaMU 00pOOICHHS 1H(pOpMAaIii.

00’€eKTy peecTpyeThes JiHiHKOW0 3 doronpuitmaviB. EnexTpuuni curnamu 3 JniHidkn 3 ¢doronpuiiMauis
MOTIA/IAI0Th B CHCTEMY OOpOOKHM CHTHANIB Ta BiJHOBIICHHS 300paskeHHs 00’ekrta 5. IHdopmamis mpo BHyTpilIHIO
CTPYKTYpPY 00’€KTa 5 OTPUMYETBCS

g

BMK

H/n nasep 1
[I H/n nazep 2
H/n nasep 3

Puc. 3 — ®yHKIioHA/IbLHA cXeMa ONTHKO-eJIEKTPOHHOI'0
O0KO-TIPOLIECOPHOT0 ToMorpada juis Bidyasizaunii OHKOKIITHH

@dyHK1IiOHANBEHA CXeMa OITHKO-EJIEKTPOHHOTO OKO-IIpoLiecopHOro TomMorpada aist Bizyanizanii TkannH M3
mictutb: K/I — xpoxosuii npuryn; BMK — 610k micueBoro kepyBanus; bI103 — 610k nepeTBopeHHs Ta 00poOIeHHS
300paxkeHHsI; | — ONTHUKO-MEXaHIYHUI MOJYISATOpP CBiTHA; 2 — cKpeMOiep; 3 — mosipu3arop; 4 — By30J1 BBEJICHHS
BHITPOMIHIOBaHHS B ONITUYHE BOJIOKHO (OMITHUYHHUH PO3’€M); 5 — MONIpU3aIliiHO-IyTIUBE BOJOKHO; 6 — BOJIOKOHHO-
ONITHYHUI TeHepaTop JiHil; 7 — CKIIAHI IACTHHU; 8 — JTIHIMHUNA KOOPJAMHATHUN ACTEKTOP; 9 — aHami3zaTop.

Ha pucynky 4 300pakeHHO Bi3yami3amilo OHKOKITHH M3, OTpHMaHHX 3a JOIIOMOTOI0 ONTHKO-
SIIEKTPOHHOTO OKO-IIPOLIECOPHOTO TOMOTpada.
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Puc. 4 — 3o0paxenns nyxauaun M3 in vivo

3BepXy — PO3MOILT aMILTITyIN AETEKTOBAHOTO CUTHANY (00sacTh ckanyBaHHs 70x70 MM, TOBIIKHA IIapy —
60 MM). 3HU3Y — BiTHOBJICHHS PO3IOIiTY KOMIIOHEHTIB Oi0TKaHUHH.

Icuyroui craHmapTH30BaHI METOTMKH JOCHIKEHHS M3, gKi BBaKalOThCSI CKPUHIHTOBHMHU (pEHTTECH-
Mamorpadisi), sIK BUIPOMIHIOBaHHSI BUKOPHCTOBYIOTh PEHTIEHIBChKE BUIIPOMiHIOBaHH. [lepeBaramu 1uX METOJIUK
€ BIJIHOCHa TIPOCTOTa BHUKOPHUCTAHHs, JOBOJI BHCOKa iH(GOPMATHBHICTb, HEBHCOKAa BapTICTh OOJIaJHAHHS
(TOpiBHSIHO 3 KOMII'IOTEpHOIO ToMorpadi€lo Ta MarHiTHO-pe30HaHCHOIO ToMmorpadieo). Ilpore ronoBHEM
HEJIONIKOM peHTreHMamorpadii € BIUIMB 10HI3YIOUOTO BHIIPOMIHIOBAHHS Ha 01000°e€kT. J[OCHIIKEHHS OCTaHHIX
POKIB CTOCOBHO MIKI/UIMBOCTI BIUTMBY 10HI3YIOUOTO BHIIPOMIHIOBAaHHS Ha OpraHi3M JIOJUHH CBiI4aTh IIpo
MOJJIMBICTh BUHUKHEHHsI y MaiOyTHbOMY 3HAuHOI KUIBKOCTI TakK 3BaHUX PEHTI€HIHIYKOBaHUX IyXJIHH, B TOMY
gucni it M3. Tomy HaranpHOIO € ToTpeba po3poOJIeHHS AIarHOCTHYHUX METOMIB Ta 3ac00iB, IO IPYHTYIOTHCSA Ha
IHIIAX TIPUHITAIAX B3a€EMO/II HEIIKiUTMBOTO TUITY BUIIPOMIHIOBAHHS 3 61000’ €KTOM.

Hdudyzirina ontnuyaa tomorpadis (JOT) e HepyHHIBHUM METOIOM Bi3yami3amii BHYTPIOIHBOI CTPYKTYpPH
Oaratpox OiotkanuH (bT) Ta Hamae MOXIMBICTD AOCHIIHKEHHSI METa0OTIYHUX MporeciB. BpaxoByoun oco0MmMBoCTi
aHaToOMiuHOi OyZOBM Ta pO3TAlIyBaHHSI B OPTaHi3Mi, a TaKOX TiCTOJOTIYHY CTPYKTYpy M3, BoHa Moxe OyTH
BHOpaHa K 00’ €KT TOCIIHKEHD ITUM METOJIOM.

[lix 9ac pmochmikeHb HOBOYTBOPEHb M3  3a3HAY€HMM  METOJOM  3AIHCHIOIOTH  30HAYBaHHS
BUITPOMiHIOBaHHAM OnmmkHBOTO [Y-miamazony (A=700+900 HM) O6ioTKaHMHM Ha 3HAYHHUX TIHOMHAX HMPOHUKHEHHS
(mo 8+10 cwm). [Ipy 1IbOMY BHKOHYIOTH MTO3HMIIHHO-3aJIe’KHI BUMIPIOBaHHS IapaMeTpPiB JIa3epHOTO BUIIPOMiHIOBaHHS,
o Jiae 3Mory JiarHoctyBaru natosiorii M3. TIopiBHSIHO 3 MarHiTHO-pE30HAHCHOIO TOMOTPa(di€lo ONTOENEKTPOHHI
cucremu Ha ocHoBi JIOT 3mauno pemesmi. Texuosorii JOT yMOXIMBIIOIOTH MOCTIDKYBaTH HPOCTOPOBI
po3noy GpyHKIIOHAIBHUX ITapaMeTPiB TKaHUH (CTYIIIHb OKCH- Ta JIE30KCHUTe€Hallii TeMOrI00iHy KpOBi, BMICT BOAX
Ta JKUpY), Bi3yamizamlis SKUX Ha KUIBKOX IH(QOpMATHBHHMX JOBXKMHAX XBHWIb CBITJIAa IiJABHINYE OCTOBIPHICTH
niarHoctyBaHHs maroiyorii M3 [5-7]. Omxke, JOT € omHUM 3 NMEpCHEKTUBHUX CKPUHIHTOBUX METOIB Cy4acHOI
Mamorpadii.

4 AHaJIi3 METOIMKH J0CJIiIKeHb TKAHWH MOJIOYHOI 3aN03u 3 OHKOKNiTUHaAMU
HaftgiTkimmii migxigq A0 aHaimi3y NOMMPEHHS CBITIA Y PO3CIIOBAIBHOMY CEpEIOBHUINI IONIATAE Y
pO3B’s13aHHi piBHsAHHS nepenocy Bunpominosanns (PIIB) (4) [8], 3riaHo 3 sikuM sickpasicTb gir, s, t) GOTOHIB, SKi

HepeMiIlIaIOTBCH 3 TOYKH 7 B HAIIPSIMKY § 3a 4ac 7, BUBHAYAETLCSI CYMOIO BiHHOBiI[HI/IX YHUHHHKIB:

e% +s5-V+ ur,.[r]-) olr5t) = i) [ 805D olrs.t)ds"+ glr.5t) | @)
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ne 8(s,s"] — QpyHKuisn po3citoBaHHs, sKa BU3HAYAE HUMOBIPHICTH PO3CitOBaHHs (OTOHIB BiJl HAIPAMKY § 10
S W = Wg + 1, — KoeilieHT eKCTHHKIIT; ql{'r, 5.t} = XapakTepumsye JUKEPENo CBiTiIa B TOYII ¥, IO

PO3IOBCIOIKYETHCS 32 Yac ¢ B HANPAMKY s [8].
V nepuioMy HaGiMKeHHI B NpuIymieHHi, mo (asoBa ¢yHkiis & = @z, s'] , T0OOTO He 3aIEKUTH Bix

MOBHOTO KyTa, @ TaKoX, SKIIO 3MiHa IIOTOKY (OTOHIB € MOBUIBHOIO, yci Jokepena € i3orponHumu i1 PIIB

MePETBOPIOEThCA Y audy3ii (5):
1 Agplre)

—V k() Vol t) +pgplrt) + == = go(r. 1), )

ne ¢lr.t) = [y ¢lr. s, £)ds” — winbnicts GoTownis; k = %{uc + 1) - xoedinienT audysil

Xetino i Comepcaiio [35] 3ampornoHyBainu MoaudikoBaHe piBHIHHS nudy3ii 1uis aHI30TPOITHUX TKAHHH, B
. H . o L
akoMy koedimieHnT mudysii k = oo 3aMiHeHO Ha nudy3iitHuN TeH30p k = PR e S e 3x3
MaTpHIEI0, 10 MICTUTD IO JiaroHalli aHi30TPOIHI KoedimieHTn po3ciroBanHs. st Toro, mob po3s 30k (5) OyB
€IMHNAM, HEOOX1/THE 3HaHHS SIK HAIPSIMKY, TaK 1 BEIMYMHM aHI30TPOMII.

Jdns  aHamizy XapakTepUCTHUK aHI30TpOIi MiJA  Yac JOCHIDKEHHS IUIOCKO-TIApaJIebHUX —3pa3KiB
MaTOJIOTIYHUX TKAaHWH Ta KIITHH MPOIMOHYEThCS METOJ Ja3epHOI BiZeO MOJIAPUMETpil, sika 0a3yeThcsl Ha aHawi3i
pactpoBoi Matpuni Miomiepa. Benudaunu aHi3oTporii BUIIPOMIHIOBaHHS ITICJIsl B3a€MOJIIT 3 O10TKAHMHOIO MOXYTh
OyTH mpencTaBicHI depe3 mapameTpu Bekropa Crokca. [l ommcaHHS 3B’S3Ky BUXITHOTO (ICJIA B3aEMOIL
BHITPOMIHIOBaHHS 3 00’ €KTOM) 1 BXigHOro BekTopiB Ctokca I'. Mromiep 3amponoHOBaHO MaTpHI0 M po3MipHICTIO
4x4(6) [8]:

5 By g B
Mop Mgy Mpz Mg o o
BX BRI
gum _ gy grmo [T010 Mg My Mz 50| 3y ©
- T M Mg Mg Mg | |52 |5
Mgy Mgy Mgy Mg 5, Ls5,=

ne 550 g §%% — gexropu CTOKCa [0 Ta Micist B3a€MO/IT BUIIPOMIHIOBaHHS 3 00’ €KTOM.
Enementn matpuui Mromiepa sn;; — IiHCHI, NEPeBaXHO HE3ANCKHI 4HMCIA, WO € QYHKUIAMH 4acTOTH

CBiTJa, po3MipiB, (hopMH, OpieHTaNIi Ta CKJIaly PO3CIFOBaJIbHUX YaCTUHOK JOCIIHKYBaHOTO 3pa3Ka.
o Toro x aHizorponHa noBeninka oinbiocti BT (wkipa, Mosioyna 3ano3a, M’130B1 TKAHMHU TOIIO) MOXE
OyTH ommcaHa 3a JOMOMOTOIO TOJIOBHOTO MiHOpa M;,; Matpumi Mromnepa [8]. i aHamizy aHi30TPOIHHX
BJIACTHBOCTEH JIoKaiMbHOI AinsHKH BT mpomnoHyeTbess MyIbTUILIIKATHBHA MOJENb, 32 KO0 IUIOCKO-TIapajelIbHAN
3pa30K VSBISETHCSA TOCIIJOBHICTIO «EJIEMEHTapHHX» IIapiB 3 MEBHUM THIOM adizorpomii (CP — IUpKYISpHOT
(azoBoi, LP — miniitHOi pazoBoi, LA — miHiitHOI amrmtiTyaroT)(7):
My, o= Mg MMy, (7)

IIpocTopoBi aHI30TpOIHI BIACTHBOCTI 0i000’€KTa XapakTepu3yroThesa pacTpoM (MxN) roJoBHHX MiHOPIiB
3x3 Matpuib Miojutepa JJOKadbHUX JUITHOK 3pa3ka .

YIOCKOHAJICHO ONTHYHY MOJENb IUIOCKO-IIApalieIbHOTO 3pa3ka HeomHopimHoi aHizorpomHOoi BT sk
CYKYITHOCTI IIapiB, KOXKEH 3 SIKUX XapaKTePU3YEThCS PACTPOM TOJIOBHHUX MIiHOpIB MaTpuli Mroiiepa Ta HaGopoM
KOODAMHATHUX PO3HOALNIB BenwuuH aHizorpomii [&]i, [ali, [8]i, [¢li, [p]i Ta [4)i. Monens BukopucTaHo Anus

BUSIBJICHHS TAaTOJIOTIYHUX 3MiH y HIKIpi, 110 JajJ0 MOXKJIMBICTh, TIOPIBHSIHO 3 METOIOM MOBHOI Marpuui Mroutepa,
MiABUITUTH TOYHICTH Ha 19 % Ta ckopoTuTH Ha 78 % Yac BUMipIOBaHb BKa3aHHX MMapaMETpIB.

Oco0bauBicTio peaiizanii 06j0ka 0OpoOIeHHS Ta PEKOHCTPYKLII 300paXkKeHHs! € OpieHTallis Ha NPUHLINIH
OKO-ITpoIIecOpHOi 00poOKM [6]: 3xiliCHEHHS NapalieIbHOTO BEKTOPHOTO BBEJICHHS, BHUBEICHHS Ta OOpOOJIEHHS
iHdopmalii; iTepamifHui XapakTep mpolecy oOpoOIeHHS; BUIIICHHS CYKYITHOCTI O3HaK B TpoIieci oOpoOeHHS,
TOOTO CYMIIIEHHS MapajiebHOT0 00pOOIeHHS 3 IEPBUHHIM aHAIi30M BXiJHOTO MacHBY JaHHX.

Peamizamiss  oko-TmporiecopHoi 0ararokaHaJbHOI CHCTEMH OOPOOJISHHS CHTHANIB Ta PEKOHCTPYKITi
300pakeHp 3a MOAM(IKOBAaHMM anreOpaiyHUM ITiIXOMOM MPOTOHYETHCS HAa KBAHTOBO-PO3MIPHHX IPOCTOPOBO-
4acoBUX MOAyJsTopax cBiTia Tummy CI/] (cBiTIIOBHIIPOMiHIOBANBHI AioaH) [9], IO CTBOPIOE MOMIIUBICTH MPAIIOBATH
y peanpHOMYy 4aci (20 mc). Jlns oTpumaHHS OfHIEl TPOEKIlii 300pakeHHS 01000’€KTa 3MIHIOIOTH TOJOKEHHS
CBITJIOBOI JIiHIT MpPHM CKaHYBaHHI HEIO y BEPTUKAIBHIM IUIOMIMHI TAa OJHOYACHO 3MIHIOIOTH MOJIOKEHHS JIHIHKU
¢doromnpuiimauis. lle 3abe3medyeThCsl KOHCTPYKIIEIO ONTHKO-MEXaHIYHOTO By3Nla ToMorpada, IIo IOB’s3aHa 3
KPOKOBHUMH JIBUT'YHAMH, sIKi 320€3MCUyIOTh HCOOXIIHEe MEXaHIYHE MEePEeMIllICHHS By3Jia BUBOIY BUIIPOMIHIOBaYa Ta
KoopauHaTHUX (oronerexTopi. [Tix yac nOCHiPKEHHS aHI30TPOITHUX BIIACTHBOCTEH, 30KpeMa ITOBEPXHEBUX IapiB
MOJIOUHOI 3a71031 (PiOpO3HMX, KOJIAreHOBUX BOJIOKOH T2 HOBOYTBOPEHb ab0 3MiH 1HIIOTO I'eHe3y), Mepes JiHIHKOo
(hOTOETEKTOPIB JOATKOBO BCTAHOBIIIOETHCS aHAJI3ATOpP, SKUH KIHEMAaTH4HO 3’€JIHAHWI Ta 00epTaeThCs pa3oM i3
MOJIIPU3ATOPOM 32 JOTIOMOTOO BiMOBIAHIX KPOKOBHUX JIBUTYHIB (4acTOTH OOEpPTaHHS MOJISAPU3AIIHHAX EIEMEHTIB
BH3HAYAIOTHCS 32 METOOJIOTIEI0 JTa3epHOI BiJICOMOISIPUMETPil HA OCHOBI BU3HAYEHHS TOJOBHOTO MiHOpa MaTpPHIIi
Miromepa).
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BucHoBknu

1. Po3risiHyTO 0COOIMBOCTI B3a€MO/IiT ONITUYHOTO BUIIPOMIHIOBAHHS 3 O10JIOTIYHUM CEpEIOBUIIIEM.

2. BcranoBneHo, mo B miama3oHi JoBxWH XBWib 0,3-0,6 MKM (BHAMMA MAUISHKA) THIIOBA IPOHUKAKOYA
3naTHiCTh BUnpomiHtoBaHHA — 0,5-2,5 mM. [lianma3on moexuH xBuwib 0,6-1,5 MM (uepBoHe Ta iH(padepBoHE
BUIIPOMIHIOBAaHHS) XapaKTEPU3Y€EThCsl PO3CIIOBAHHSIM Ha MOPS/IKM BUILUM 3a TOTJIMHAHHS, 1 TTIMOMHA IPOHUKHEHHS
y TKaHUHH 3pocTae 10 8-10 MM.

3. 3anporoHoBaHO (YHKIIOHATBHY CXEMY ONTHKO-EIEKTPOHHOTO OKO-IIPOIECOPHOTO ToMmorpada st
Bi3yaizallii maToJOTiYHUX TKaHWH (B SIKOCTI 3pa3ka OepeMo TKaHWHH M3), JUIsl CyTTEBOTO TIOKPAIICHHS HOTO
YaCOBMX XapaKTEpUCTHK. BCTaHOBIEHO, MIO CXeéMa MICTHUTh TPH Kepesia 30HAYBaJbHOTO BHUIIPOMIHIOBAHHS 3
pizHEME JoBxuHAMHU (A1=690 (am), A2=786 (uM) Ta A3=830 (HM)).

4. PosrmaHyTO Bi3yamizaIlilo OHKOKJITHH MATOJOTIYHUX TKAaHHH M3, OTpHMaHHX 3a JOIOMOTOI0 ONTHKO-
€JIEKTPOHHOTO OKO-TIpoIiecopHOTO ToMorpada. Ilim dac mOCHIKEHHS HOBOYTBOPEHb OYJIO BHUKOPHCTAHO
30H{yBaHHS BUIPOMiHIOBaHHIM OmwkHboro [Y-mgiamazony (A=700+900 (HM)) O10TKaHMHM HA 3HAYHHUX TIIMOMHAX
npoHukHeHHs (10 8+10 cm).

5. BcranoBneno, mo audy3iliHi XBWI ONTHYHOI IMITBHOCTI JO3BOJISIOTH JOCHI/DKYBAaTH OITHYHI
HeomHOpigHOCTI M3, mpoTe iX NPOCTOpPOBA PO3MiAbHA 3HaTHICTh, Y 3B’SI3Ky 3 IUQY3IHHAM XapakTepoM
PO3IOBCIOPKEHHS CBITJIAa B TKAHWHAX, SIK IIPAaBUJIO, HE MepeBHILye 1 cMm.

6. YIOCKOHAJICHO METOAMKY JOCHIPKeHb TKaHWH MOJIOYHOI 3aJI03M NPH TPaHCUIIOMIHALI] J1a3epHUM
BUIIPOMIHIOBaHHSIM Ha XapaKTEpHHUX IOBXXWHAX XBWIb CBITJIA, IO JA€ 3MOTY MiABUINUTH 1H(OPMATHBHICTH 3a
paxyHOK BU3HAYECHHS ITOKa3HUKIB PO3CIIOBAaHHS, IIOTJIMHAHHS Ta Koe]illieHTiB aHi30Tporii.

7. 3anpornoHoBaHO (YHKLIOHAIBHY OpPTraHi3allild CXeMH ONTHKO-EJIEKTPOHHOTO OKO-TIPOILIECOPHOTO
ToMorpada, sika 1a€ 3MOry 301IbLINTH IPOCTOPOBY PO3ALIBHY 3aTHICT 32 paXyHOK 3aCTOCYBaHHS IOJISIpU3aLiHHO-
YYTJIMBHX €JIEMEHTIB.

8. [l ipoBeneHHs MiarHOCTYBaHHS OHKOKIIIH Ta Bi3yaji3allii matoyiorii TkaHnH M3 y pealbHOMY daci
3aMpPOTIOHOBAHO 3IIMCHIOBATH OKO-TIPOIIecOpHE 00poOIeHHs iHpOopMaITii.
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OBMIH ITPAKTUYHUM JOCBIJIOM TA TEXHOJIOTISIMHA
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Hauionaneuuii TexHiunui yHiBepcuteT Ykpainu «KuiBcbkuil momitexHivnuil iHcTUTyT iM. Iropst Cikopebkoroy, M. Kuis

3ACTOCYBAHHSI MIKPOCMYXKKOBHUX CTPYKTYP B SIKOCTI ®LJIbTPIB B
MIKPOCUCTEMHIN TEXHIII

Anomauia. B naw uac € axmyanvbhe 3acmocy8anms MIKPOCMYICKOGUX CMPYKMYp, HpOme B0HU Malombv OesKi
obmedicentss wooo BUKOpUCAHHA. AKWO pO32IAHYMU 36UHAUHI MIKDOCMYHCKOGL NIHIT MO 60HU MAIOMb 0OMEdICeHH CMY2u
NPONYCKAHHS 3 MATUM IMREOAHCOM, HUZbKULL KOe@iyienm niOCUNeHHs, 6eIuKi po3mipu ma npobnemu 3 noaspusayiero. Ane nicis
yeniwnol peanizayii cmyeosux inompis, 6dce 8 HAWL YAC MIKPOCMYICKOBI CHMPYKMYPU SUKOPUCIOBYIONb OOCUMb WUPOKO.
Pesynomamu pobomu po3pobnuxis 6 yiii cany3i 3a008i1bHUNA 20106HI KPUMEPIT 3ACMOCYSBAHHA MAKUX CMPYKMYP, WO 040 3MO2Y
3HUBUMU YIH HA BUPOOHUYMEO Qinbmpis, 3MeHuleHHs IX po3Mipie ma 0ano 3M02y GUKOPUCHOBYBAMU iX Y WUPOKOCMY2080MY
dianasoni.B daniti cmammi npedcmagnena 0CHOBHA KOHYENYis 3ACMOCYBAHHS MIKPOCMYHCKOBUX CIPYKMYD 8 AKOCHI CMY208UX
Qinbmpis, a Makoxc NOKA3AHO 3ACMOCY8AHHA CMY208UX (DLIbMPI6 6 CYYACHUX MEXHONOZIAX Md 3aNpPONOHOBAHO MONOIOZII0
€cMY208020 Qinbmpy.

Knrouogi cnosa: mixpocmysickosa cmpykmypa, cmyeosuil (pinemp, HBY, PEA

A.G. MARINICH, M.F. BOGOMOLOV
National Technical University of Ukraine "Kiev Polytechnic Institute. Igor Sikorsky ", Kyiv

APPLICATION OF MICROSTRIP STRUCTURES AS FILTERS IN MICROSYSTEM TECHNOLOGIES

Annotation - This paper presents the basic concept of the use of microstrip structures as bandpass filters, and
application of bandpass filters in modern technologies and proposes a bandpass filter topology.

In our time, microstrip structures are relevant, but they have some usage restrictions. When considering conventional
microstrip lines, they have bandwidth limitation with low impedance, low gain, large size and polarization problems. But after
successful implementation of bandpass filters, now microstrip structures are used quite widely.

The relevance of this topic determines such issues as the development of compact device sizes, their low cost and high
efficiency. For example, MW receiving and transmitting integrated modules having dozens or even hundreds of individual
Sfunctional nodes such as filters, amplifiers, directional splitters, adder, antennas, and the like. It should be noted that among the
large variety of frequency selective and control devices used in modern REA, band and broadband filters are most widely used. It
is known that band filters are a system of interconnected resonators, each of which, in turn, is a microstructure structure
executed, usually on a substrate with high dielectric permeability, the other side of which is completely covered with a metal
layer or with holes in it, the so-called screen or grounded base.

The results of the developers in this area satisfied the main criteria for the use of such structures, which made it
possible to reduce the prices for the production of filters, reduce their size and allow them to be used in the broadband band.
This article presents the basic concept of the use of microstrip structures as bandpass filters, as well as the use of bandpass
filters in modern technologies is shown and a strip filter topology is proposed. The given structure in the article is good in
application as bandpass filters, which is determined by the given characteristics. By selecting the optimal dimensions of the filter
topology, we can get good selective properties, reduce production costs, and widespread use in microsystem technology.
However, there are a number of factors that determine the errors in their implementation and production, in contrast to the
simulated parameters in the simulation systems of three-dimensional structures

Keywords: microstrip structure, bandpass filter , MW, REA

BCTYVYII. AxryanpHicTh JaHOI TEMM BH3HAua€ TaKi IHMTaHHSA SK pPO3poOKa KOMIIAKTHHX pPO3MIipiB
NpUCTpPOIB, iX Mayoi IiHKM Ta BUCOKOI edeKkTuBHOCTI. Hanmpukiaa, npuiiMaibHO-TIepeaaBaibHi IHTErpaibHi MOy
HBY TexHikH, IO MalOTbh AECATKH Ta HABITh COTHI OKpPeMHX (YHKIIOHAIBHMX BY3JIB TakuX SK: (QUIBTPH,
MiICWITIOBaYi, HampaBJeHI pO3rajyKyBadi, cymMaTopd, aHTeHH i T.n. Ciix 3a3HaYUTH 110, CEpell BEIHKOTO
PI3HOMAaHITTS YaCTOTHO-BHOIPKOBUX Ta KEPYIOUHX MPHUCTPOIB, IO BUKOPUCTOBYIOTHCSA B cydacHiii PEA HaiGinbme
3aCTOCYBaHHS MalOTh CMYTOBI Ta IIMPOKOCMYTOBI QinbTpHU. Bimomo, 1m0 cMyToBi GiTbTPH SIBJISIOTH COOOK0 CHCTEMY
B3a€MOIIOB’SI3aHUX PE30HATOPIB KOKEH 3 SAKUX, B CBOIO UEPry MPEACTaBIsE COO0I0 MIKPOCMYKKOBY CTPYKTYpPY
BHKOHAaHY, SIK MPaBWJIO, HA MiTKIAMAII 3 BHCOKOIO JICIEKTPUIHOIO MPOHUKHICTIO, APyra CTOPOHA SKOI TOBHICTIO
MTOKPHUTa METAIIEBHM IIapoM abo 3 OTBOpaMH Y HbOMY, TaKk 3BAHUM €KpaHOM ab0 3a3eMJICHOIO OCHOBOIO [1].

Puc. 1. Koncrpykuist MikpocMy:kKoBoi JiHii nepexaui
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Bukaax ocnoBHoro marepiany. Ha puc.l 300paskeHO 3arajibHy CTPYKTYpPY MIKpPOCMYKKOBOI JiHii. VY
texHini HBY gacto 3acTocoBylOTh BiIKpHTI (HEEKpaHOBaHI) MIKPOCMYXKKOBI pe3oHaTopu. BiachHa noOpoTHicTs Q)
6e3 expanysanns MIIP nopiBasHO HeBenuka: Q) = 200 (Ha wactoti | I'Tm) ams miaxmaaku 3 matepiany «Ilomikop»
(e =9.8) ToBumHOIO 1 MM, i O) = 400 y MIIP Ha migxmaami 3 matepiary TBHC &= 80 [ 2].

MoskHa BUIITUTH TPU OCHOBHI MEXaHI3MHU BTpaT, SIKi BU3HAYAIOTHh BJIACHY MOOPOTHICTH MiKPOCMYKKH:
OMIYHI BTpaTH B CMYXKIIi ITPOBITHUKA, TIEJICKTPUYHI BTpATH B IiIKIAAI Ta BTPATH HAa BUMPOMiHIOBaHHS. OCKIIBKH
3acTocoByBani y HBU-TexHilli MaTepianu MmifKIagoK MarTh Mali jgieneKTpuusi BTpatn (gd<l(0”, a BTpatn Ha
BHITPOMIHIOBAaHHS MOYKHa MIiHIMI3yBaTH, €KpaHYIOUHW MiKPOCMYKKOBI (iabTpu. OCHOBHUM MEXaHI3MOM BTpaT €
Mepmuid 3 TepepaxoBaHUX BHIIE TaK sK 30epekeHa pPE30HATOPOM EHEpris MpOoTopIlioHaIbHA YacTOTi, a
MOBEPXHEBUH OMIp MPOBIAHUKA 3pOCTa€ MPOIMOPLIOHANBHO KBAAPATHOMY KOPEHIO 3 YaCTOTH, TO y CMYTOBHX
pe30HATOPIB TOOPOTHICTH POCTE 3 YACTOTOIO MPONOPLIIHHO KBaJPaTHOMY KOPEHIO 3 HEf.

CunbHUH BIUIMB Ha BIAcHY JOOPOTHICTH MIKPOCMYXXKOBHX PE30HATOPIB HaJalOTh HEOJHOPIIHOCTI
NPOBIJHMKA, Taki SK mepenagy WUpuHU ado BUruHU. IIpy 1bomMy B OiiBLIOCTI BHIAJAKIB BOHH il 3MEHIIYIOTh, 1
TUIBKU TOJI, KOJIU TIPH BBEJCHHI HEOTHOPIHOCTI Oy/1e 3MEHITyBaTHCs (i3MYHa JOBXKHHA pPE30HATOpA, TOOPOTHICTH
Oy/ie 3pocTaTy 3a paxyHOK 3MEHIIEHHS BTpaT Ha BUIPOMiHIOBaHHS [1].

CeneKTHBHI BIACTUBOCTI TaKUX (QUIBTPIB BU3HAYAIOTHCS B MEPILY Yepry KoedillieHTaMi KPYTH3HU CXHJTIB
aMILTITYHO-9aCTOTHOI XapakTepucTukn AUYX mobim3y pobodoi cmyru mpomyckanus puc.2. Ili koedimieHTH
3aJekaTh Bil IIMPUHUA CMYTH TpPOIYyCKaHHS Af; BuMipsHOI 3a piBHeM -31b, i mmupunu cMmyr gactot Af; i Af),
BUMIpPSAHUX BiJ 4YacTOTH fj JO HHM3bKOYACTOTHOTO 1 BHCOKOYACTOTHOTO CXHUIIB Ha PiBHI Ly, Kpim TOTO,
CEJIEKTUBHICTH (DiIbTpa XapaKTePH3YETHCS TAKOXK BEITMYMUHOIO BTPAT Ly B CMY3i MPOMYCKAaHHS, PiBHEM IPUIYIICHHS
Lgi,p B CMyTax 3aropoi’KEHHs i LIMPHMHOK BUCOKOYACTOTHOI CMYTH 3aropoukeHHs Af ., K2 00MEXYETbCS IPYTHUH,
Mapa3uTHOTO, MPOIYCKHOO 3[aTHICTIO.
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Puc. 2. OcHoBHi napamerpun AUX ¢ijabTpa, 110 BU3HAYAKTH HOT0 CeJIeKTUBHICTH
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Puc.3. 300paskeHHsI TONOJIOTII 3aIPONIOHOBAHOI CMYT'0BOi CTPYKTYPH

ExcnepumenTanabhi pe3yiabTaT. [Ipn cTBOpeHI Ta BHBYEHHI HOBHMX KOHCTPYKWiH cemektuBHHX HBY
¢uTBTpiB, Tepen  KOHCTPYKTOpPaMH IIOCTAlOTh TOJIOBHI THTaHHS, SK IOKPAIIMTH IX CEJIEKTUBHI BIACTHBOCTI,
TiABAIINTH TEXHOJIOTIYHICTE BUTOTOBJICHHS TOMOJOTi (QiNBTPIB, Ta SMEHHIINTH iX po3MipH. OcoOIMBO BaXKIMBUM
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MIpU KOHCTPYIOBAHHI TakUX PE30HATOPHHX CTPYKTYp € BHOIp ()OpMH CMYroBHUX NPOBIJHUKIB , IO IO3BOJHTH
3MCHIINTH iX TabapuTu 0e3 MOTipIIeHHs X CEJICKTHBHHUX BJIACTUBOCTEH. B naHill cTaTTi OMUCAHO BUKOPUCTAHHS
CMYTOBOTO (iTBTPY Ha JBOX OKPEMHX PE30HATOPAX, 3 MICIEKTPHIHOIO MIPOHUKHICTIO € = 80 Ta TOBIIMHOIO /1=1 MM.
lonoBHa imes po3poOKU IMONIATa€ B 3MCHIICHHS Ta0apHTIiB MIKPOCMYKKOBHUX CTPYKTYp Ta IOKPAIICHHS iX
CCJICKTUBHUX BJIACTUBOCTEH. J[aHA CTPYKTypa Ma€e TOIOJIOTIIO, [0 Ma€ PiBHY CUMETPI0 B3JIOBXK FOPU3OHTAIBLHOL
0ci, Ta peai3oBaHa Ha TPHOX Pe30HATOpaX MPEACTABICHUX Ha pUC.3.

Jlis HanmamTyBaHHS CMYTH MPOIMYCKaHHS C(hOPMOBAHUMH HEOJHOPIMHOCTSIMHU MOTPIOHO TaK ONTUMAIIEHO
migiOpaTé B3a€MOIII0 PE30HATOPIB B (QiIBTPI, IO MPH [[FOMY IIHPHHA W Ta JOBXKHHA / OKPEMHUX BiJIPi3KiB KpanHiX
pe3onaropiB Oynme Biapi3HSATHCS MK coboro (w; = w, Ta [, # 1; ). Takok NOBHHHI BIAPI3HATHCS pPO3MipH
LIEHTPAIILHOTO PE30HATOPA BIJHOCHO CYCIJIHIX PE30HATOPIB Ta JOJATKOBO MOTPIOHO IX BUTATHYTHU SK ITOKa3aHO HA
puc.2.

[Ipu HamamtyBaHHI QiNbTpa 3 BIIHOCHOIO CMYTOI0 TpoiryckaHHS Af/fy =20%, #oro po3MipH CKIamaloTh B
m™m : [=18.7, ta L,=11,8, Ix=19, Ix;=11.8, lc=6.0, w=3.1, w;=0.8,w,=1.6, w,=2.2, w,;=0.8, §=1.3, cymimeHHs
HeHTpaIbHOTO pe3onatopa x=1.0. Po3paxoBaHa 3a JOMOMOTOI0 CHCTEMH aHaNi3y TPhOXBHMIPHOIO MOJIEIIOBAHHSI
AUYX dineTpy npenacrariena Ha puc.4.

BucHoBKH. 3rilHO XapaKTePUCTHK IO HaBeJeHI Ha puc.4  Ha CMY31 IPOMYCKAHHS CIIOCTEPIra€ThCsl JIB1
cmyru 3atyxanHs HBY moTyxHOCTi, sKi 3Ha4HO 30UIBIIYIOTH MPSMOKYTHICTH  1i BHCOKOYACTOTHHH Ta
HU3bKOYACTOTHHUX CXIJI XapPaKTCPUCTUKH.

L. R.ab (a)

- 1 ]
800.8 0.9 1.0 1.1 1.2

J.I'T'u
Puc.4. AUX cmyrosoro ¢iabTpa (a) Ta ii pparmenr (6)

TakuM 4MHOM IpeJCTaBICHUH CMyroBuil (iabTp Ha MiJKIAALI 3 AIEIEKTPUYHOIO MPOHUKHICTIO & = 80
SIBJIIE COOOI0 OKpeMi PO3IOAiIEHI CMYTOBi MPOBITHUKH. BHCOKI CEEKTHBHI BJIACTUBOCTI MOSICHIOIOTHCS OJIM3BKAM
pO3TalIyBaHHIM IIECTH PE30HATOPIB 110 300paXkeHi Ha TOIOJIOTII.
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USING BLOCKCHAIN TECHNOLOGY FOR E-LEARNING

Annotation. This article introduces the main principles of the Blockchain focusing on its potential for the e-learning. It
explains how this technology may both disrupt institutional norms and empower learners. It proposes one of scenarios for the
application of the Blockchain in an education context, based on the current state of technology development and deployment.

Blockchain is a modern information technology, providing creation of growing lists of data sequences. A separate
parts of the chain are called «blocks, which are linked using cryptography. Each component of the system remembers the
previous one, unauthorized changes are immediately blocked. The blockchain works as a decentralized register that stores data
on the Internet with an open access to the public.

Blockchain can be implemented within the automated management systems of individual higher education institutions
or groups of educational institutions. Each user who wants to store his personal and financial data as safe as possible, and to
provide a reliable information on his qualifications, can use blockchain technologies.

The most upcoming areas to implement multi-agent systems in e-learning are: personalization, i.e. adaptation of the
website content and design, allowing you to easily move from the standard website form and a set of individual tasks to a view
that takes into account the features of each individual student; identification of the user session; each user during the working
period can visit the university ACU many times and with different purposes, therefore, user visits must be divided into separate
sessions, creation of temporary working groups of students; creation of a competitive environment and support of the rating
system; verification and analysis of professional skills in case of further corporate training. It should be noted that Blockchain
technology can serve as a basis for implementing a centralized but actually distributed national database for authentication and
certification.

Key words: Blockchain, information system, information technology, e-learning, automated management systems.

A.B. TOJIBATOB, C.B. ATAJIIKAHOBA, O.b. BIOHEHKO

CyMchKuii HallioHaNbHUM arpapHuii yHiBepcutet, M. Cymu
B.A. TOJIBATOB

CyMmcpkuii iepkaBHHil yHiBepcuTeT, M. Cymu
BUKOPUCTAHHS TEXHOJIOI'Ti BLOCKCHAIN J1J151 E-LEARNING

Anomayis. Cmammsa micmums OcHO6HI npunyunu mexnonoeii Blockchain, 30cepedxcyrouu ceorwo yeazy Ha il
MOJICTIUBOCHIAX OA eNleKMPOHHO20 Haguanns. [Iposedeno ananiz cyenapiis ona 3acmocysanns Blockchain é xonmexcmi oceimu,
BUX00AAUU 3 CYUACHO20 CMAHY MEXHONORIlL.

Kniovosi  cnosa:  bnokuetin, inghopmayitina cucmema, ingopmayitini  mexHonocii, eneKmponHe HAGYAHHA,
aABMoOMamu3068aHi cucmemu yYnpasiiis.

INTRODUCTION. E-learning is considered now to be a flexible tool for student training. It is developing
dynamically and is focused on mobile learning, micro learning, automation of learning processes, working with
large volumes of data, video tutorial, gamification, personalized learning, cloud technology and transition from
distance learning systems to knowledge management systems. Therefore, we deal with the increasing relevance of
the content, forms, control and other activities of e-learning, as well as protection of personal data of the user’s
academic achievements in the university database with the help of the latest information technologies, namely,
Blockchain technology [1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16].

Objectives: summarizing the experience and developing recommendations on the possibilities of
implementing and using Blockchain technology in e-learning systems.

MAIN POINTS. Blockchain is a modern information technology, providing creation of growing lists of
data sequences. A separate parts of the chain are called «blocks, which are linked using cryptography. Each
component of the system remembers the previous one, unauthorized changes are immediately blocked. The
blockchain works as a decentralized register that stores data on the Internet with an open access to the public.

Not a single centralized server, but the computer power of all participants of the process are used to create a
cryptography. It means that any user of the system built on the blockchain can also be its owner.

This approach offers the following benefits: a decentralized recording method by means of cryptography,
mathematical algorithms and time that provides:

- transparency of operations;

- inability to falsify information and enter new records, not following the established rules;

- information security, high protection against unauthorised access, information destruction or modification;
- high speed of operations;

- low processing costs.

Decentralized access disables or minimizes the possibility of unauthorized access to the system aimed on
entering false data. It saves the resources of universities, since it does not require additional costs to ensure data
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verification and storage. It also reduces the influence of the human factor as well as the errors from the computer
side.

Usage of decentralized technologies is planned and has already been partially implemented at the state
level: e-Auction 3.0, e-Vox, E-Ukraine.

Blockchain technology is ideal as a new infrastructure to secure, share, and verify learning achievements.

The centralized model of present-day learning is no longer sustainable — indeed, blockchain technology
allows a total disintermediation and disaggregation of higher education. Today, learning happens increasingly
outside the brick-and-mortar lecture hall universities: it happens on online platforms, within communities of like-
minded individuals, or by contributing to projects and initiatives in the real world. Blockchain technology may hold
the answer to securely and verifiably collating the outcomes of this new distributed learning reality." Students gain
control and ownership of all their education data, their accreditation and portfolios of work, in a secure place that is
accessible to anyone who needs to verify them — and for their entire lifetime. Within a context where students,
teachers and course authors are in a direct relationship with one another, new transactional models will emerge. For
example, when a student views a learning video, a small micropayment can automatically be made to the video
authors [1 — 10].

Within this emerging model, micro-accreditation will take place through a blockchain. Transferability of
skills could also be facilitated through the accreditation of MOOCs — again, the future seems to indicate mix and
match teaching and learning via different media and different locations for face to face learning. There are also
significant opportunities in those areas which are increasingly positioned as alternatives (or in opposition to)
mainstream academic approaches, such as VET, corporate training and the qualifications awarded by professional
bodies, such as those in finance.

Thus, for example, a student may be awarded a certificate attesting a degree only if it has been issued for an
accredited program, which was in turn issued by an accredited university, which in turn was accredited by an
accredited quality assurance agency.

Introduction of intelligent e-learning interfaces based on blockchain technology.

The characteristic features of multimodal intelligent interfaces, which implementation ensures a natural
user-machine interaction, are considered in [9, 16]. The implementation of these features depends on the particular
system, where the appropriate interface is required. Implementing any feature of the interface involves clear
specification, as well as the ability to formally verify this specification applied to the interface of a certain system. In
general, they distinguish the following properties of intelligent agents: 1) activity, i.e. the ability to generate
intermediate goals and act rationally to achieve them; 2) independence, i.e. the ability to work without its owners
interference and to control the internal state; 3) basic knowledge, i.e. the agents knowledge about itself, the
environment, other agents that do not change during the agent's operation; 4) social behavior, i.e. the ability to
interact with other agents; 5) desires, i.e. states or situations, the achievement of which is critical for the agent; 6)
obligations, i.e. tasks that the agent assumes when it is accessed by other agents; 7) "beliefs", i.e. a variable part of
the basic knowledge that can change in time, the agent may not know about and continue to use them; 8) goals - a
set of conditions, the current behavior of the agent is directed to; 9) reactivity is an adequate perception of the
environment and reaction to its changes;

It is rather challenging to obtain the reliable information on the Internet due to the huge amount of available
data. For now, the widely used search tools fail to provide high-quality search. The most advanced search
capabilities are provided today by the keyword search systems. The main disadvantage of such systems is poor
accuracy of the information provided.

Improving the capabilities of such systems, aimed at increasing the accuracy of information, leads to the
complication of their query language. In addition, each system has its own syntax for query language. As a result,
this results in the user having to process a large number of documents himself.

That is why an important step is to select the prediction methods of user action. They in turn include:
sample search, cognitive modeling, applying the libraries of actions, and errors, shell systems and model logic.

All together intelligent agent is a hardware or software entity that can act independently in order to achieve
the goal set by the owner or user. Multi-agent systems are a kind of agency, a software and computing complex,
where various agents interact to solve the task assigned to them. At the same time, an intelligent agent can be
viewed as a cognitive system that has the ability to act after a decision has been made.

The main feature of the cognitive agent (Figure 1) is that it receives information from three sources: 1)
from the user in the form of goals and current instructions; 2) from the system itself; 3) from its own knowledge
base. Integration of these information processes is a necessary condition for management.

Ambient intelligence technology is a promising interdisciplinary technology formed at the junction of
cybernetics, artificial intelligence, computer technology and cognitive sciences. The term "Ambient Intelligence"
means an extended physical environment with technical devices sensitive to people's actions that in turn involves
recognizing users, understanding their goals and context, predicting behavior.

Modeling of multi-agent models in ambient intelligence environments involves: 1) strategic multi-agent
modeling in a specific environment; 2) modeling of dialogues and negotiations between cognitive agents; 3)
modeling of group training of agents in intellectual environments; 4) transition from the groups of agents to artificial
ecosystems; 5) development of mobile agent technology. Thus, a significant part of the information space of the
ambient intelligence environment is formed by the intelligent agents. The interaction of these agents while
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processing information can significantly reduce the requirements to their computing resources and increase the
validity of the results. In general, the concept of Aml is closely related to the Service Science, because it is aimed on
providing certain services to users. A service-oriented architecture can also be used when implementing interactions
between agents, i.e. services that they can provide to other agents. Thus, modern systems of e-learning and
certification should be considered as a community of intelligent agents.

Intelligent interface based on blockchain technology

h

A
Evaluation of the situation basing on intelligent information

technologies
A
v v l
System of Behavior planner
Knowledge base environment <
modelling

A

| Executive systems |
A

4
| External environment |

Fig. 1. Architecture of the intelligent cognitive agent

Blockchain can be implemented within the automated management systems of individual higher education
institutions or groups of educational institutions. Each user who wants to store his personal and financial data as safe
as possible, and to provide a reliable information on his qualifications, can use blockchain technologies.

The process of registering and using such a system by the end user is quite simple. It consists of the
following steps:

1. Download the necessary software from the university website. After running the file on the computer

(smartphone), install a package consisting of two programs known as i-ASU and i-ASUCert.

2. Order a New Certificate by means of i-ASUCert:

e firstly, you have to confirm that you want to get a certificate;

e then you specify the personal data using which you apply for certificate;

e the system proposes to protect your certificate with a password;

e at the next step you may need to select required certificate type, if you plan to place data on
several e-learning systems;

e request is stored on your computer as a X.pp1 file.

3. The request, a x.pql file, is posted on the website of the university. If you have any problems, you will

immediately see it.

4. Having received a confirmation of the request, the user must send a certified copy of his documents by

mail, as well as a document certifying the identity.

5. After receiving copies, your personal "certificate" will be sent to your email address as a x.pq2 file. You
will also receive a conditional name and password that will allow you to later access the information about
your resources on the corresponding website.

Having received the certificate, the user must import it into the i-ASUCert program.

After the file is imported, the user can proceed to the digital "signing" of his information.

When story in one of these formats is ready and verified, the user can work with the university ASU.

When the system receives all the necessary information, it begins to process ("sign") the client data. The
process is rather slow (about 20 minutes).

10. The client part of the program is linked to the user's hardware, so another key x.pq3 file is automatically

generated to switch to another computer.

It should be noted [ 15, 16] that this approach allows using intelligent agents of various types and
complexity levels. It provides an opportunity to model the approaches to the distribution of sub-tasks between
agents and to organize a correct interaction between agents in this case. The cases of cooperation and conflicts
between agents of various e-learning systems were also reviewed. The organization of interface by means of an
intelligent agent involves creating an entity that owns all the information about the system (knowledge of the system
business logic, access to the knowledge base). Such an entity can potentially respond to any query regarding the
system and the knowledge that it contains.

CONCLUSION. The most upcoming areas to implement multi-agent systems in e-learning are:

- personalization, i.e. adaptation of the website content and design, allowing you to easily move from the
standard website form and a set of individual tasks to a view that takes into account the features of each individual
student;

S B
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- identification of the user session; each user during the working period can visit the university ACU many
times and with different purposes, therefore, user visits must be divided into separate sessions;

- creation of temporary working groups of students;

- creation of a competitive environment and support of the rating system;

- verification and analysis of professional skills in case of further corporate training.

In conclusion, it should be noted that Blockchain technology can serve as a basis for implementing a
centralized but actually distributed national database for authentication and certification.
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INFORMATION AND ANALYTICAL SUSTENTION OF THE TRANSFORMATION
PROCESS OF THE MANAGEMENT SYSTEM OF DEVELOPMENT OF THE
UKRAINIAN INDUSTRY STRATEGIC POTENTIAL

Annotation. In this article, there was clarified the conceptual-categorical apparatus of management theories of the
formation, transformation and use of the strategic potential of industry. It is proposed to use the strategic potential grouping
based on the informational and synergistic outlook. Application of informational resource as the determining factor of
endogenously directed development and transformation of the real sector of the Ukrainian economy is considered. The
conditions of use of information-analytical systems in the context of providing a balanced development of strategic industrial
potential are detailed. The prospects of the increasing complexity of modern information systems that can automatically form
intellectual reserves by classes of forecasting problem areas are determined. From the standpoint of the above material, it can be
argued that the current stage of development of the national economy is characterized by the transition to the formation of an
investment and innovation model of development and construction of the basis of European integration of Ukraine. Providing
economic growth with investment-innovation orientation requires the transformation of the system-universal functioning
potential, which envisages, first of all, the formation of the idea of the possibility of using the aggregate opportunities of the real
economy to achieve the goals of balanced development; and secondly, the active use of modern management methods for
balancing and determining strategic directions of development. In our opinion, the process of transformation of the strategic
development management system is based on the principles of object-oriented design, such as encapsulation, imitation and
polymorphism, which give the objects as components of the projected system new qualities. This will enable the development of
adaptive technologies for managing the development of the strategic potential of Ukrainian industry.

Key words: transformation of management system of strategic potential development, strategic potential development,
strategic potential of industry, informational potential, information technologies.

M.O. YYITIPIHA, I.A. HIEXOBIHOBA

Hauionaneuuii TexHiuHMi yHiBepcuteT Ykpainu «KuiBcbkuil nomitexHiunuii iHcTUTYT iMeHi Irops Cikopebkoroy», M. Kuis

A.B. TOJIBATOB

CyMchKuii HallioHaNbHUMN arpapHuii yHiBepcutet, M. Cymu

THO®OPMAIIMHO-AHAJITUYHE 3ABE3INEYEHHA TPOIECY TPAHC®OPMAIIII CUCTEMH
YHPABJIIHHSA PO3BUTKOM CTPATEI'THHOI'O TIOTEHIIAJTY TIPOMUCJIOBOCTI YKPAIHA

Anomauia. Y cmammi npogedeHo YMOUHEHHA NOHAMIUHO-KAMEe2OPIantbHUliHo20 anapamy meopill YnpaseniuHsa
Qopmyeannam, mpanchopmayiclo ma SUKOPUCTIAHHAM CIMPAMEiYHO20 NOMEHYIATY NPOMUCIO80CI. 3anPONOHOBAHO 00
BUKOPUCAHHS 2PYNYBANHA CIMPAmMe2iuHo20 NOMeHYiany Ha 3acadax iHpopmayitino2o ma CUHepemuyHO20 CEiMoCnpULiHAMMAL.
Posensanymo 3acmocysanus inghopmayitinoco pecypcy 6 aKocmi 6USHAUANILHO20 YUHHUKA €HOO2EHHO CHPAMOBAHO20 DO3GUMKY i
mpancopmayii peanvrnozo cexmopy exonomiku Yxpainu. [Jemanizosano ymoeu 6UKOPUCMAHHA THPOPMAYIIHO-AHANIMULHUX
cucmem 8 Konmekcmi 3abesneuents 30a1aHCOBAHOCMI PO3GUMKY Cmpame2iuHo2o nomeuyiany npomuciogocmi. Busnaueno
nepcnekmugu  No2AubAeHHs CKIAOHOCMI CYYACHUX —[THQOpMAYitinux —cucmem, wo 30amui AGMOMAMUYHO opmysamu
iHmenexmyanvhi pesepeu 3a Kaacamu npobieMHux odracmeii RPOSHO3YBAHHS.

Kniwouosi cnosa: mpancopmayis cucmemu ynpaeninus po36UMKOM CHMpameiuHo20 NOMeHyiany, cmpameiunuil
nomeHyian nPOMUCIO80CHi, IHGhOpMayitiHULL nomeHyian, IHpOpMayiiHi MexHoNozi.

Introduction. The complexity of the structural construction of economic systems, the acceleration of
scientific and technological changes, and the initiation of perturbations in the aftermath of the globalization
processes of the world economy are the most decisive features of the modern historical stage of the national
economy development. Therefore, the problem of finding an effective model of the national economy growth, based
on the formation, expansion, transformation, development and use of strategic potential, remains relevant.

New aspects of the given topic study are due to the growing threats of the global financial and economic
crisis, which showed inconsistency of endogenous and exogenous factors of the transformation processes
realization, the sharpening of the contradictions between the global nature of modern economic processes and the
existing institutional and organizational mechanisms for their regulation. It should be noted that the problems of
transformation of economic systems in the conditions of globalization acquire a special scientific-theoretical and
practical significance, taking into account the current realities of the development of the Ukrainian state. Gained
during the years of transformation experience has convincingly demonstrated the urgent need to revise the
established and determined national model of development; to identify exogenous and endogenous risks of the
transformation of the Ukrainian economy and industry; to justify strategic priorities for developing an effective
mechanism of management of the formation, expansion and use of the strategic potential of national industry [1, 2,
3,4,5,6,7,8,9,10,11, 12, 13, 14].

Analysis of recent research and publications. The issue of the transformation of the management system
for the development of the strategic potential of the Ukrainian economy, and industry in particular, is constantly in
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the field of researchers, and is the subject of numerous scientific discussions. A significant contribution to the theory
and methodology of systemic economic transformation belongs to O.M. Alymov, A. Bersutskiy, I.A. Ignatieva,
V.V. Mykytenko, O.0. Bakaev, L.I. Baszhan, L.I. Kaydan, T.G. Kravchenko, V.V. Kulik and others [1, 2, 3, 4, 9,
10, 11, 12, 13, 14]. Paying tribute to the theoretical and practical value of previous achievements, there is a need to
detail the conditions of the use of information and analytical systems in the context of ensuring a balanced
development of the industry's strategic potential.

Main objectives. The purpose of the article is to determine the main directions and stages of
transformation of the management system for the development of strategic potential of the Ukrainian industry, and
to develop practical recommendations concerning the formation of complex information and analytical sustention of
this process.

Research results. It should be noted that the main obstacle on the path of general economic acceleration of
the country is the existence of outdated management systems of the national economy and the inadequacy of the
mechanisms used. Namely the following:

1) management of the economic security sustention of the country;

2) management of the development of the strategic potential of the industry (including management of the
systematically and universally functioning potentials), including: managerial, organizational, scientific, intellectual
potentials, as well as, according to the authors of the article, informational, synergetic, hierarchical and functional
complexity, social-ethical potentials, etc.).

Solving these problems in the context of the expansion of the European economic area involves, first and
foremost, systematic research and understanding of the term "strategic industrial potential" that can be defined as a
systemic phenomenon characterizing a set of capabilities, resources and industry sources used to achieve a strategic
mission to meet the diverse needs of society and ensure a high level of economic security of the country. The
proposed definition of the strategic potential of industry has the following advantages: a) it is based on a system
approach that allows the use of the characteristics and properties of the system; b) the general mission of the
"strategic industrial potential" system is defined - meeting the diverse needs of the society and ensuring a high level
of economic security of the state.

The theoretical and methodological definition of strategic potential involves, first of all, the construction of
the structure of strategic potential, namely its sub-potentials. We do not consider subpotentials as formalized static
phenomena, since they have their own hierarchy of substructural elements (for example, economic potential is a
consequence of the interaction of its production, technical, technological, raw material, energy substructural
elements).

The authors of the article support the opinion of the specialists of Alimov O. and Mykytenko V. on the
identification of key components of strategic potential, and believe that it is for their use that the macroeconomic
parameters of the development of national industry acquire macro-political and systemic features, although they
continue to be cognitive-methodological macroeconomic phenomena. These processes, being constantly dynamic,
require the application and adaptation to modern production and economic activities of research objects. In
particular, the initiation of prerequisites for the use of both resource and functional, and program-targeted principles
of the economics regulation. In their work [2, 6], the researchers emphasize the following: objective understanding
of the problems of the transformation of the management system with the development of the strategic potential of
the Ukrainian economy, and industry in particular, is impossible without the use of synergetic approaches as one of
the perspective directions for the knowledge updating about the development of complex economic systems in
national conditions. Thus, the process of transformation of the management system for the development of the
strategic potential of industry is to change the components, parameters, proportions and connections in the system of
strategic potential in the process of transition to a new qualitative state, under the influence of the external
environment. The transformation process has a dynamic nature, which acts as a process and result, which leads to an
analysis of the process of changing the economic system with an assessment of its quality status. This assessment of
the strategic development management system is carried out, first of all, to increase the development potential and
ensure the country's economic security. In our opinion, the process of transformation of the management system for
the development of the strategic potential of industry and the national economy in general is based on the basic
principles of object-oriented design (encapsulation, imitation and polymorphism), which provide objects, as
components of the system being designed, with new qualities. Therefore, summing up the above-mentioned results,
the author of the article considers it appropriate to note: the transformation of the management system for the
development of the strategic potential of the industry aims, firstly, to form the idea of the possibility of using the
combined capabilities of the industrial complex to achieve the goals of balanced development, and secondly, to use
modern management techniques to balance and define strategic development directions. Thus, the stages of
realization of the process of transformation of the management system for the development of the strategic potential
of the national industry can be presented in the form of a scheme given by the author of the article in Fig. 1.
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It should be noted that in order to increase the implementation” effectiveness of the management system of
the development of the state economy strategic potential, and the strategic potential of industry in particular, it is
suggested to develop a mechanism for determining the current level of use of this potential, which in turn requires
the transformation of its structure and assessment of its components.

Formation of the multilevel system of the indicators for estimating and forecasting the parameters of
development of the strategic potential of national industry, using the complex of relative and integrated
macroeconomic indicators

Setting the directions of development of strategic potential to initiate processes that will ensure safety

Formation of an adaptive management system for the development of the strategic potential of Ukrainian
industry

T
Development of the transformation mechanism of the management system for the development of the
strategic potential of the national industry

Formation of strategic development management system and development of adaptive technologies

Construction of a complex of adaptive Development of the optimal model of the
model solutions management system for the development of
the strategic potential of the national
economy

Adjustment of the benchmarks for the development of national industry and clarification of the
structure of the mechanisms of management of strategic potential development

Fig. 1. Stages of the process of transformation of the national industry strategic potential

One of the central role in solving the tasks of transformation of the management system of the strategic
potential of industry in Ukraine development belongs to the problem of the choice of a criteria system that
adequately reflects the current state of the real sector of the economy at the given moment (Table 1).

Table 1 Essential content of particular static indicators for assessing the strategic potential of the country*

Macroeconomic Indicators

Economic Content and Characteristics

GDP per capita (converted to money PPP in US dollars) of the
population

In the long term, only economic growth can provide an increase in
resources - non-current and current assets, including financial
resources, in the welfare of the population. The level of GRP per
capita depends on economic factors - capital and labor, their
productivity, driven by the level of technological development and
available intellectual and human capital

Sectoral structure of the economy and structure of GDP
distribution; indicators of the share of services and high-tech
industries in GDP; uniformity of GDP distribution (Gini index)

The essence of economic development lays in the changes in the
structure of GDP, which ensure the growth of income and increase
the welfare of the population in the long-term period

Quality of life of the population (life expectancy, morbidity, level of
medical care, education, environment). For the comparative
analysis, the Human Development Index (HDI) is used.
Components of HDI: life expectancy at birth (longevity); level of
education (knowledge); living standards - GDP per capita in
comparative prices (for PPPs)

A multidimensional, complex, "humanistic" indicator that takes into
account the ultimate effectiveness of economic policy within the
regional industrial complexes, namely: the uniform distribution of
GDP and GRP and welfare

Indicators of economic efficiency (capital productivity, material
intensity and energy intensity of GDP, labor productivity)

Evaluate the level of use and build-up of the strategic components
of the regional industrial complexes and the industry as a whole

Notes: * Systematized and grouped by authors

It should be noted that the criterion assessment, as a sign, on the basis of which the evaluation, the
comparison of alternatives, the classification of objects and phenomena is conducted, includes: 1) assessment of
resource potential and opportunities for its development; 2) assessment of the level of efficiency of the use of
resources, capital and labor and its compliance with the level in developed countries, as well as the level at which
the threats of external and internal character are minimized; 3) assessment of the competitiveness of the economy; 4)
assessment of the integrity of the territory and economic space; 5) assessment of the sovereignty of independence
and the possibility of confronting external threats.

According to the scientist [5, 6], the following methods should be used to assess the level of use and
development of strategic industrial potential: monitoring of the main macroeconomic indicators and their
comparison with the world average; estimation of economic growth rates by means of dynamics of the main
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macroeconomic indicators; methods of expert evaluation; methods for analyzing and processing scenarios; methods
of optimization; theoretical game techniques; utility methods; methods of recognition images; methods of the theory
of systems; methods of multidimensional statistical analysis.

The development of a complex of informational and analytical support for the management system for the
development of the strategic potential of the industryshould be based on the following principles: providing a one-
time introduction of information at the points of its occurrence, as well as collective and multiple use of it;
minimization of duplication of functional tasks of information processing by defining the subsystem, which is
responsible for its implementation of providing all consumers of other subsystems; unification and standardization
of tasks and subsystems of functional blocks and protocols of their information interaction in the same type of
systems of one hierarchical level; organization of information provision and interaction on the basis of formation of
a unified system of information and telecommunication interaction; the use of flexible instrumentation and modular
structure of subsystems and system in general.

The construction of a system of informational and analytical sustension of management processes for the
development of the strategic potential of the national economy involves the following stages:

1. Development of theoretical and methodological principles of information provision of the management system for
the development of strategic potential of the real sector of the economy.

2. Analysis of the information and analytical sustension for the management system for the development of strategic
industrial potential.

3. Development of the mechanism of management of the system of information and analytical sustention and
automated processing of information management process for the development of strategic potential of the
Ukrainian economy.

At the same time, the practical solution of such tasks should be ensured: a) automation of routine operations
and transition to paperless information exchange; b) informational and analytical support of processes of preparation
and acceptance of managerial decisions; c) the establishment of direct (horizontal) information links between the
governing bodies; d) introduction of advanced technologies for the analysis and modeling of socio-economic
processes; ¢) organization of scientific research in the economic, social and legal spheres [7].

It is problematic to estimate the significance of the contribution of the information resource to economic
growth as a non-material factor, since this indicator should be calculated both through the innovative component and
through the influence of the material component of the information resources and the human factor. The operation of
multi-component systems can not be imagined without the use of modern information technologies, based on which
economic information systems used to effectively process large amounts of data in computer systems of enterprises,
and provide information support of management decisions.

The scope of the use of new information technologies and advanced communication tools is enormous [9,
10, 11, 12, 13, 14]. It includes various aspects, ranging from providing simple functions of service correspondence
to system analysis and decision support:

1) technical support, that is, a set of means for the processing and transmission of information flows;

2) information support, which includes various directories, classifiers, means of formalized description of data;
3) mathematical support or a set of means for solving functional problems and other means of provision;

4) informational and methodological support, which determines terms and quality.

Consequently, the new level of complex study of the phenomenon of information potential analysis as a
component of the process of transformation of the management system for the development of the strategic potential
of industry in Ukraine needs to be reviewed in the context of social changes due to the disclosure of the reasons for
its special significance at the present stage of socio-economic progress, with the transition to innovation
development models and the need to ensure a sufficient level of economic security of the country. Hence, any forms
of progress in the economic sphere can not be imagined without the use of modern technologies (based on economic
information systems) as a key component of the information potential.

Conclusion. From the standpoint of the above material, it can be argued that the current stage of
development of the national economy is characterized by the transition to the formation of an investment and
innovation model of development and construction of the basis of European integration of Ukraine. Providing
economic growth with investment-innovation orientation requires the transformation of the system-universal
functioning potential, which envisages, first of all, the formation of the idea of the possibility of using the aggregate
opportunities of the real economy to achieve the goals of balanced development; and secondly, the active use of
modern management methods for balancing and determining strategic directions of development. In our opinion, the
process of transformation of the strategic development management system is based on the principles of object-
oriented design, such as encapsulation, imitation and polymorphism, which give the objects as components of the
projected system new qualities. This will enable the development of adaptive technologies for managing the
development of the strategic potential of Ukrainian industry. The analysis made it possible to conclude that the
existing system for managing the development of the strategic potential of the national economy and industry
requires the transformation, in particular, optimization of its structure and the elimination of those chains,
mechanisms and regulators, which are characterized by low level of adaptation to changes in the environment, or
insignificant influence on the acceleration of transformation processes in the system of the national economy, based
on the implementation of targeted programs. Realization of these measures is undoubtedly connected with
intensification of processes of building up and use of information potential.
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The scientific novelty of scientific work is the recommendations for the development of the classification
of certain modifications of constitutively key factors of influence on the rates of economic growth in the conditions
of information economy formation, such as: first, the indicator of scientific and technological progress is
functionally dependent on: a) the direction and pace of innovation development of the country; b) institutional
architectonics; c) features of the functioning of the national economic system; d) the general level of accumulated
knowledge, which are strategic resources of economic growth; secondly, informational and intellectual capital is
also an endo- and exogenous variable, which depends on: a) the level of informatization of the individual production
and the country as a whole; b) the development of traditional capital and knowledge of the enterprise or industry,
allowing for new technological developments, maintaining the pace of production and rapidly introducing
innovations; thirdly, the labor factor loses its quantitative significance for endogenously directed growth and is
mainly determined by the quality of labor and human capital; and lastly, the traditional indicators of economic
growth are changing: instead of GDP per capita, the amount of scientific developments and the number of patents,
the creation of conditions for the introduction of advanced technologies and products is foreground. The
development of further research in this direction should be aimed at studying the cognitive processes of production,
expansion and intensification of intellectual activity, since the global economic system entered the era of global
informatization.

Literature

1. Bersutsky A. / Management of the resource potential of the enterprise: / A. Bersutsky; National Academy of
Sciences of Ukraine. - Donetsk: Southeast, 2010. - 185 p.

2. Formation of the potential of socio-economic and organizational changes: Monograph / [edited by PhD in Economics
I.A. Ignatieva, PhD in Economics V.V. Mykytenko]. - K.: RVPS of Ukraine of the National Academy of Sciences of Ukraine and
KNUTD of the Ministry of Education and Science of Ukraine, Publishing House PE “Vyshchemirsky V. S.”, 2010. - 694 p.

3. Mykytenko V.V., Alymov O. M. Strategic Potential - Cumulative Possibilities of the National Economy for
Achieving the Purposes of Sustainable Development // Productive Forces of Ukraine. Scientific and Theoretical Economic
Journal. K.: - RVPS NAS of Ukraine. - 2006. - No. 1. - P. 135-151.

4. Methods, models and information technologies in the management of economic systems of different levels of the
hierarchy: Monograph / NAS of Ukraine; International Scientific and Training Center of Information Technologies and Systems /
[Bakayev O. O., Bazhan L.I., Kaidan L.I., Kravchenko T. G., Kulyk V.V.]; O. Bakayev (ed.) - K .: Logos, 2008. - 743 p.

5. Chuprina M.O. Technology for managing the development of the strategic potential of the industry of the allocation-
inversion type [Electronic resource] / M.O. Chuprina // Effective economics: scientific professional editions, 2012. - No. 6. —
Retrieved from: http:www.economy/nayka.com.ua

6. Economic security of industry: target functional and management technologies: Monograph [Text] / V.V.
Mykytenko, O.0.Demeshok / Edited by PhD in Econ., prof. Mykytenko V.V. - Kyiv, State Enterprise "Institute of the Natural
Resources Economics and Sustainable Development of the National Academy of Sciences of Ukraine", Academician Yuri Bugay
MNTU, Ministry of Education and Science of Ukraine. 2012 - 650 p.

7. Bondar O. Trends Opening New Horizons / O. Bondar // Business since January 19, 2016. — Retrieved from:
http://www.business-journal.51-52

8. Report on the Global Indicator of Information and Communication Technologies Development (IDI) [Electronic
resource] — Retrieved from: http:/www.mtic.gov.md/img/news/2010/03/indicele IDI_2009_ru.pdf

9. Tolbatov A. Data representing and processing in expert information system of professional activity analysis /
Zaritskiy, O., Pavlenko, P., Tolbatov A. / 2016 Modern Problems of Radio Engineering, Telecommunications and Computer
Science, Proceedings of the 13th International Conference on TCSET 2016 — Lviv-Slavske, 2016. — P. 831-833.

10. Tolbatov A. Mathematical models for the distribution of functions between the operators of the computer-integrated
flexible manufacturing systems / Lavrov, E., Pasko, N., Krivodub, A., Tolbatov, A. / 2016 Modern Problems of Radio
Engineering, Telecommunications and Computer Science, Proceedings of the 13th International Conference on TCSET 2016 —
Lviv-Slavske, 2016. — P. 72-75.

11. Tolbatov A. Cybersecurity of distributed information systems. The minimization of damage caused by errors of
operators during group activity / Lavrov, E., Tolbatov, A., Pasko, N., Tolbatov, V. / 2017 2nd International Conference on
Advanced Information and Communication Technologies, AICT 2017 — Proceedings — Lviv, 2017. — P. 83-87.

12. Tolbatov A. Theoretical bases, methods and technologies of development of the professional activity analytical
estimation intellectual systems / Zaritskry, O., Pavlenko, P., Sudic, V., Tolbatov, A., Tolbatova, O., Tolbatov, V., Viunenko, O. /
2017 2nd International Conference on Advanced Information and Communication Technologies, AICT 2017 — Proceedings —
Lviv, 2017.— P. 101-104.

13. Tolbatov A.V. Information technology of the work complexity optimization for metalworking machinery with
flexible logic operations’ dynamics analysis / A.V. Tolbatov, S.V. Tolbatov, V.A. Tolbatov, O.A. Dobrorodnov // International
scientific-technical magazine — Measuring and computing devices in technological processes. Hmelnuckyi. — 2014. — Ne3 —
P.132-135.

14. Tolbatov A.V., Information technology architecture development for work complexity assessment alghoritms
implementation / A.V. Tolbatov, V.A. Tolbatov, S.V. Tolbatov /Modem scientific research and their practical application. —
Volume J21410. November 2014. —P. 166-170.

Penensisi/Peer review : 27.1.2018 p. Hanpykosana/Printed :9.4.2018 p.
Penensenr :

118 ISSN 2219-9365 Measuring and Computing Devices in Technological Processes Issue 1° 2018 (61)



OOMiH NPaKTUYHUM JIOCBIJIOM Ta TEXHOJIOTIIMU

YOK 658.5. 011. 56
H.JI. BAPYEHKO

CyMchKuil HalliOHATBGHU arpapHUi YHIBEpCUTET

ONIHKA AJITOPUTMIB AIAJBbHOCTI JIIOAUHU-OIIEPATOPA B MOAYJbHHUX
CHUCTEMAX EJJEKTPOHHOI HABUYAHHS

Anomauia. Y cmammi onucyemucs H08a MOOEIb TH0OUHO-KOMN TOMEPHO20 83aEMO0ii 8 cucmemi cmyoenm-Komn romep.
B axocmi 6a306020 mamemamuunozo anapamy oopanuti memoo npoghecopa I’ybuncokoeo. Januii nioxio 003601a¢ onucysamu i
oyinoeamu OisneHicme onepamopa. Peanvna Oisnvhicmv 6 cyuacHux cucmemax enekKmpoHHO20 HABYAHHA MAE CKIAOHI
aneopummu. Jlanutl hakm sumazae 66e0eHHs HOBUX MUNOBUX MoOeiell OJisi ONUCY | OYIHKU I0OUHO-KOMN TOMepHo20 83a€Mo0ii. ¥
cmammi nposedeHo 3MICMOBHUL anani3 OIILbHOCMI CMYyOeHma 6 cucmemi eleKmpoHHO20 HA84aHHA. IcHylomb pisHi cnocobu
npoeooumu  diano2: 3AacmMoco8yiouU PI3HUX NPoYeoyp CAMOKOHMPONIO, 3ACHMOCOGYIouU NiOMOOYNI 1 pi3HUX npoyeoyp
CAMOKOHMPOII0, 3ACMOCO8YIOHY NIOMOOYIL 3 PISHUMU PIBHAMU CKAAOHOCI | pi3Hi npoyededypu camokonmponio. Budinena nogy
munogy @yukyionansna cmpykmypa. 3anponono8ano 0onognumu 0iO1iomexy HO80W CMPYKMYpOIO OAsl ORUCY OIAIbHOCHI 8
cucmemi e1eKmpoOHHO20 HAGYAHHA. [N OMPUMAHHA KiTbKICHUX 3HAYEHb IMOGIPHICHO-YACOBUX NOKA3HUKIE AKOCMI GUKOHAHHS
aneopummy OisnbHocmi ompumana Hosi opmyau. Lli gopmyau oozeonsiioms pospaxysamu UMOSIPHICIG 6e3NOMUTKOBOLO
8i0N0GI0i HA NUMAHHA MECMOB020 KOHMPONIO (WAAXOM 3ACMOCYBAHHA WIKA OYIHIOBAHHS NepeeoOUmvCsi 8 OYIHKY) |
mMamemamuyne OYIKY8AHHA HACY HABYAHHA (0N BUBHAYEHH UMOBIPHOCMI CBOECHACHO20 3ABEPUIEHHS  BUKOPUCTHOBYEMO
O00nyujeHHs: NPo HOPMANbHULL 3AKOH pO3Noodiny udacy). Dopmysanus GUXiOHUX OAHUX OJid PO3PAXYHKIE € OOHIE€I0 3 OCHOBHUX
npobnem epeoHOMIUH020 MOOento8anHs. B oanomy oOocnioscenni ne modce Oymu NpuiiHAmMO OONYUWEHHS «NPO CEPeOHbO20
onepamopay. Y pazi 0ocmamHvoi KitbKocmi OaHUX 8upiuyemuscs 3a0aua netipomepexcesoi anpoxcumayii (na 6xio nodaiomocs
napamempu cmyoenma, MOOYIA, MEXHIUHUX [ NPOSPAMHUX 3ACO0I8, 4aACO8UX 0OMedicenb), iHaKuie - peanizyemuvcs mexHoN02is
HeuimKo20 N102i4H020 8u80ody. Pesynemamu xomn'tomepnozo mooentoganns niomeepounu npaye30amuicmes GUAGNEHOI MOOeli.
3anpononosana modens modice bymu 3acmocosHa 8 KOMNIEKC NPO2PAM epeOHOMIUHOT NIOMPUMKU.

Kniouosi cnosa: epeononmixa, enekmponmne HaguanHs, Mamemamuite MoOemIO8aHHs, AneopUmMmu OisibHOCI.

NATALIA BARCHENKO

Sumy National Agrarian University
EVALUATION OF ALGORITHMS HUMAN OPERATOR IN A MODULAR E-LEARNING SYSTEM

Abstract. The article describes a new model of human-computer interaction in the student-computer system. The
method of Professor Gubinsky was chosen as the basic mathematical apparatus. This approach allows you to describe and
evaluate the activities of the operator. Real activity in modern e-learning systems has complex algorithms. This fact requires the
introduction of new model models for the description and evaluation of human-computer interaction. In the article, the content
analysis of the student's activity in the system of electronic learning is conducted. There are various ways to conduct a dialogue:
using different for self-control, using submodules and various self-control procedures, using sub-modules with different levels of
complexity and different procedures of self-control. A new, typical functional structure is singled out. It is proposed to
supplement the library with a new structure for describing the activities of the e-learning system. To obtain quantitative values of
probabilistic-time indicators of the quality of performance of the algorithm of activity, new formulas have been obtained. These
formulas allow us to calculate the probability of an error-free answer to the questions of test control (by applying scales to the
assessment) and the mathematical expectation of the training time (to determine the probability of timely completion we use
assumptions about the normal law of time distribution). Formation of output data for calculations is one of the main problems of
ergonomic modeling. In this study, the assumption of "the average operator” can not be accepted. In the case of a sufficient
amount of data, the problem of the neural network approximation is solved (the parameters of the student, module, technical and
software tools, time constraints are submitted to the input), otherwise - technology of fuzzy logic output is implemented. The
results of computer simulation confirmed the performance of the identified model. The proposed model may be applicable in a set
of ergonomic support programs.

Keywords: ergonomics, e-learning, mathematical modeling, algorithms of activity.

Beryn. Jliamor B cydacHiii cucTeMi "CTYIACHT-KOMITIOTEpP" MOXE MaTH CKJIAJHYy MHOTOBapHAHTHYIO
CTPYKTYpY, IO MOXE BH3HAYATH JCsIKi TPYIHOIII TPW TPOTHO3YBaHHI pe3ynbTaTiB misutbHOCTI. [limxim 3
MOJICITIOBaHHS  JIIOAMHO-MAIIMHHOTO B3a€EMOAIl 3a JOmMOMOror0 (YHKIIOHAJPHHX MeEpeX BIepme OyB
3anponionoBanuil pod. ['yoincekuM A.l. DyHKIIOHAIBHO-CTPYKTYpHA Teopis epratuanux cucrem (OCT ETC)
JI03BOJISIE ONMCYBATH M OLIHIOBATH IisUTbHICTH onepaTopa [1]. ITixxin 10 mporHo3yBaHHS pe3yJbTaTy JMisUIBHOCTI B
Jiajoropux cucremax Oyno posriasHyro [2]. B poGoti [3] Oysio 3ampornoHOBaHO 3acTOCYBaTH —amapaT
(YHKITIOHATBHUX MEPEeX JJIsl MOJAETIOBAHHS HAaBYAIBHOI JTISUTBHOCTI CTYAEHTA B CHCTEMi «CTYIEHT-KOMIT'IOTEPY.
PeaspHa nisutbHICTH Ma€ OUTBII CKJIaJHI aJTOPUTMH 1 BUMarae BBEJCHHS HOBUX THIIOBHX CTPYKTYp JJIS OHHCY i
PO3pOOKH HOBHX MOJIENECH JJIsl OLIHKHM JisUTbHOCTI. 3aBJaHHs IMOJIsira€ y BUKOHAHHI peBi3ii Ta OLIHKM MOXKJIMBOCTI
3aCTOCYBAaHHs ICHYIOUMX MOJENel, i BU3HAYATH HEOOXiAHICTh po3poOKHM HOBUX Mojenei. HeoOximHo mpoBecTH
3MICTOBHHH aHaNi3 MiSUIBHOCTI CTYyJEHTa B CHCTEMI «CTYIEHT-KOMITIOTEp» 1 IpHU HEOOXiTHOCTI BHIUIMTH HOBI
TUTIOB] QyHKITIOHANBHI CTpyKTypH (TPC) asst onmey i€l qisiIbHOCTI.

OcHoBHi cTpaTerii aiajorosoi B3aeMoaii B cucTeMi eJeKTPOHHOro HaBuYaHHs. [Ipum MomymbHOMY
MiIX0Al 1O HAaBYAHHS HAaBYAJBHHM MaTepial po30MBAETHCS HA OKpeMi OJOKH - MOAyJi. Momyli MOXyTb OyTH
iHQOpMAIIMHUMHA 1 KOHTPONIOIOYMMH (CAMOKOHTPOJIb 1 pPe3ydbTYIOUMH KOHTPOdb). Ilpu mpoxomkeHHI
iHpOpMaliHHOrO MOJyJIsl 3aCBOIOETHCS IEBHUH 00cCsAr 3HaHb. [IpyM NPOXOPKEHHI KOHTPOJBHOTO MOMAYJIS
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BU3HAYAETHCSI PIBEHD SIKOCTI 3aCBOEHUX 3HaHb. 3aJIE)KHO Bif 00paHOi cTpaTerii BUBYEHHS, MOXKJIMBO BiIMIHHICTD B
CTPYKTYPpi AiSTILHOCTI orepaTopa Npy BUBUYEHHI Martepiaiy (puc.l).

@woéig

a)

Puc.1 OcHoBHi cTparerii B fiajiorosoi cucremi "cryaeHT-komn'rorep"

Crpareris «a)» BiAIIOBia€e MOCTIIOBHOMY BUBUEHHIO MOJYJIIB 3 MOJABIIAM ITiICYMKOBUM KOHTpOJEeM. Y
pasi He3aJOBUILHOTO PE3yJbTaTy KOHTPOJIIO BiOyBAa€ThCS MOBTOPHE BUBYCHHS MOMAYNIB. Y CTparerii «0)» mpu
HE3aJI0BIIBHOMY pe3yJbTaTi KOHTPOJBHOI MPOIEAYPH BiIOYBAETHCS TOJATKOBE BUBYCHHS (HeMae HEOOXiIHOCTI
3HOBY TMPOXOJUTH yBECh MaTepian) i MOBTOpHUK KOHTpoib. B Tepminax ®CT ns mporemypa BiIlOBigae TUMTOBIH
dynkmionansHid oauaull (T®O) — «poboua (moompairoBaHHs)», BUBUSHHS MOayist — TPO «pobGoday, KOHTPOIh
HaByaHHS — TOO «KOHTPOJIb (PYHKIIOHYBAHHS».

BapiaTiBn MOIyiIO OCATAIOTHCS 32 pPaXyHOK Pi3HUX TEXHOJIOTiM HaBYaHHSI, peayi30BaHHX B MOIYJi —
HaIpyKJiaj, Clloco0amMu NpeICTaBICHHS MaTepiany.

IcHy1OTH pi3HI CHOCOOM IPOBOIUTH JTiaJIOT:

— 33 PaxyHOK pI3HHX ITPOLEAYDP CAMOKOHTPOJIIO;

— 32 paXyHOK BUAIJICHHS HiAMOIYIIB 1 pi3HUX MPOIEIYP CAMOKOHTPOITIO;

— 3a paXyHOK BHIIIJICHHSI ITiIMOJIYJIB, iX PiBHIB CKJIATHOCTI 1 pi3HUX MPOIIETyp CAMOKOHTPOITIO.

Skmo st MOIy s peaizoBaHi JEKiIbKa TPOIEayp CaMOKOHTPOIIO, TO MOXIIMBA pealtizaiisi Iiajaory 3
Pi3HUMH TIpOIIETypaMH CAaMOKOHTPOIIO

TakuM 9MHOM, MIPOBENECHUHN 3MICTOBHHMI aHAI3 CTPYKTYp IIaJIOTOBOT B3aEMOJIii B MOAYJIBHUX CHCTEMax
HaBYaHHS MMOKa3as, mo [4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15]:

— JUIsl OIMCY J1iaIoroBoi B3aeMoJIii MOXKYTh OyTH 3acTocoBaHi THIOBI ¢yHKIioHanbHI eneMeHTn ®CT ETC,
AKi paHillle BUKOPUCTOBYBAINCS ISl ONUCY JISUIBHOCTI ONEpaToOpiB—TEXHOJIOTIB 1 ONepaTopiB—MaHiIyIATOPiB; NpH
IbOMY MOHa OIMCYBATH JiaJIOTOBY B3a€MOJIII0 HA PiBHI MOAYJIS B IIJIOMY 1 Ha piBHI OKpeMHUX HOTO MiIMOAYIIIB, B
TOMY YHCIIi 3 ypaXyBaHHSM Ollepalliii CAMOKOHTPOJIIO 1 PI3HUX PiBHIB CKJIAHOCTI €JIEMEHTIB MOJYJIST;

— Il OMHUCY JiaJIOTOBHX MPOIEAYP B MOMYJIBHHX CHCTEMaX MOXYTh OYTH 3aCTOCOBAaHI MOJENI OIMHUCY
TATIOBUX (QyHKIIOHATbHUX CcTpykTyp PCT ETC, ski paninme BUKOPUCTOBYBAIUCS [UISI OMHCY JisSUTBHOCTI
OTIepaTOPiB—TEXHOJIOTIB i OIlePaTOPiB—MaHIMYJIISATOPIB;

— IS OLIHIOBAHHS HAifHICHO—YAaCOBHX XapPaKTEPHCTUK THUMOBHUX (YHKIIOHAJHHHUX CTPYKTYp HialorOBO1
B3a€EMOJIIT «JIIOANHA—KOMII'IOTEP» B MOJIYJIBHHX CHCTEMax EJICKTPOHHOTO HaBYaHHS MOXYTh OYyTH 3acTOCOBaHi
MOJIei, OTpHMaHi Juid HajaidHicHO—4yacoBux mokaszHUKiB TPC ¢ynkuioHamsHO—CcTpyKTYpHOI Teopii ETC, ski
paHillie BUKOPHUCTOBYBAJIMCS [UISl OLIHKH AisTIBHOCTI ONEPaTOpPiB—TEXHOJIOTIB 1 OMepaTopiB—MaHIiMyJIATOpPIB, SKIIO0
3MIHUTH 3MICTOBHE TPAaKTyBaHHs IOKa3HHWKA, IO XapaKTepU3ye OE3MOMMIIKOBICTh TaKMM YMHOM: TPAIHLiHHHI
MMOKa3HUK BIpOTiMHOCTI OE3MOMHUIKOBOIO BHUKOHAHHS po0OOYOi omeparlii TpaKTyBaTH SK: «BIpOTiTHICTh BUBUYCHHSI
Matepiany Moayys (pparMeHTy MOJIyJs) 3 SAKICTIO, sKa BiIMOBiga€ OE3MOMHIKOBUM BIATOBIIAM Ha yci MUTaHHS
MiICYMKOBOTO TECTOBOTO KOHTPOJIIOY.

AHani3 i ¢dopMaabHHMIl ONmMC THMIIOBHX CTPYKTYp [iajoroBoi B3aemodii B MOIYJBHHMX CHCTeMax 3
PO3BHHEHMM MEXaHi3MOM CAMOKOHTPO.II0 i KOpUTyBaHHA pe3yJIbTATIB.

Sk ipaBMITO, PO3TISIHYTI BUILE MOJIEI XapaKTEepHi A1 TPAJULIHHAX MOJIeTiel cucTeM HaByaHHs. [cToTHUMIA
Iporpec [iajJoroBUX CHCTEM HaBYaHHS, y TOMY YHMCJI PO3LIMPEHHS MOXIIMBOCTEH CaMOMAIarHOCTHKM, 3MiHU
TpaexkTopii HaBYaHHS, IMEPEpPHBAHHS HAaBYaHHSA 1 MepexiJi Ha IHMMHA piBeHb, NPHUBENIU A0 SKICHO HOBHX
B3aeMO3B’s13KiB Mixk @O B cTpyKTypax Jiaynory.

Hoge moxomiHHA cHCTEM «IroauHa—KoMIT 1oTep» [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] xapakrepu3yeTbcs
SKICHO 1HIIUMH JOTHKO—()YHKIMOHAIFHBIMH 3B’SI3KaMH MiX eJleMeHTaMu miaynory. Taki 3B’S3KHM HE MOXYTh OYTH
OTIFICaHi 32 IOTIOMOTOI0 iICHYIOUHX THIIOBUX CTPYKTYD.

JocmimkeHHsT Tpoliecy B3aeMOAii B cHcTeMax «roguHa—KkoMiriotepy [11, 12, 13, 14, 15] y pamkax
PEATBHUX CHCTEM J03BOJIUB BUIUIUTH HOBI TUITOBI B3aeMO03B’s13KkH Mik PO 1 HOBI TDC.

[TosBa HOBHX T@C mOB’s3aHa 3 JOAATKOBOIO MOMKIIMBICTIO BHOOPY albTEPHATHBHUX IIIISAXIiB Jiajory
3aJIeKHO Bijl pe3yibTaTiB caMo/AiarHOCTHKK (puc.2). BBeneHHs anbTepHaTHBHOI omepariii J03BOJISIE MOJETIOBATH
CUTyalil aHali3y JIOMyCTHMOi KUIBKOCTI IIOMWJIKOBHX BIINOBiZeH mnpu mnpoOHOMY TectyBaHHI. Buxinm 1
JIbepHATIBHOM omepalii peani3yeTbesi B pa3i KUIBKOCTI MOMWJIKOBHX BIJIIOBifEH MEHIIE KPUTHYHOTO 3HAUCHHS,
TOOTO BIJINOBIAAE BUIMAKY, KOJIN Oynb-Ki Iii 10 peasizanii J0AaTKOBUX A1aJOTOBHX MpOLEAyp He moTpiOHi. Buxin
2 peani3yeTsCsl B pasi, KOJIHM KiJIbKICTh ITOMWJIKOBHX BiJIOBiAEH OULIbIIE NESKOTO KPUTHYHOTO 3HAYCHHS, TOOTO
notpibHi goxatkoBi nii. Taka TOC Moxke MaTu Miclie, KOJH peayli3oBaHa MOXIIUBICTh CIIBBIHECCHHS
HENpaBWIFHUX BIJMOBiZeH 31 CTPYKTYpHUMHU €JIEMEHTaMH MOJIYINs, aje Pecypc dYacy He JO03BOJISIE HPOBECTH
JTIOTaTKOBU CAMOKOHTPOJIb ITICIIS pealizallii «I00MmpaIfioBaHHs.
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Puc. 2. Tunosi GyHKIiOHATBHI CTPYKTYPH AiSITIBHOCTI 3 eJIeMEHTAMH aHAJI3y pe3yJbTaTiB CAMOKOHTPOJIIO «podoya 3
KOHTPOJIeM, 21bTePHATHBOIO i 100MPAII0BAHHSIM»

Po3poOka MaTeMaTHYHUX Moje/iell OMiHIOBAHHS HAMIIfHICHO—YaCOBUX XapaKTEePUCTHK A THINOBHUX
(pyHKIiOHATBHUX CTPYKTYP MAifVIBHOCTI JIOAMHH—ONEpPATOpPa B MOAYJBHHX CHCTEMAaX eJeKTPOHHOIO
HABYAHHA.

B ocHoBy otpumanus Habopy dopmyrn mus TOC noknmamemMo mepexin Big «rpada podiT», BiAMOBIIHOTO
TOC, no «rpada momiit». Km0 CKOpHCTATUCS MM MPUHOMOM, TO BHUBEICHHS PO3PAXyHKOBHX MOJENICH MOXKHA
MPECTaBUTH TTOCIIIOBHICTIO HACTYIHUX Tporienyp [6, 10, 11, 12, 13, 14, 15]:
1. TloOynosa iimoBipHicHOTO Tpada. IMoBipHicHUIT rpad npeacTaBieHuit Ha puc. 3.
2. YxpynHeHHS iMOBipHicHOTO Tpada
3. OTpuMaHHS aHATITUYHHUX 3aJEKHOCTEH.

BuximHUME JaHUMU 7S OI[IHKY IMOKA3HUKIB ¢)eKTHBHOCTI, IKOCTI 1 HAIIIHOCTI €:

B'; (B";) — iiMoBipHicTb BipHOTO (HEBIPHOTr0) BiMOBI/I HA BCi MUTAHHS MiICYMKOBOIO TECTYBAHHS;

K" (K'")- iimoBipHicTs TOro, m0 (GaKTHIHO BipHY BINNOBiIF HAa NHUTAHHS TECTYBaHHA BH3HAHWH BipHUM
(HEeBipHUM);

K” (K”)- iimoBipHicTh TOrO, mo (hAaKTHYHO HEBipHA BiMOBiIb HA MHTAHHS TECTYBaHHS BH3HAHUN HEBIPHUM
(BipHMM); A; — 00'eKTHBHA HMOBIpHICTE BHOOpPY i-i aNbTepHATUBH; A; — HMOBIPHICTH TOTO, IO IPH HEOOXiIHOCTI
BHOOPY i-i aNbTepHATHBHU 00paHa j-s aTlbTEPHATHBA.

Jns moOymoBn MaTemaTwdHOi Mozeni [9] mo3HaumMo momii, MOB’s3aHi 3 BHKOHAHHSAM OIEpaliif, mo

Bxozs1Th B TOC. Bepumnau imoBipHicHOTO rpada (puc.3) BiOBINAIOTh HACTYITHAM ITOJISIM:
- MOYaTOK BUKOHAHHS CTPYKTYpH (BepiunHa 3);
- 3aKiHYEHHSI BUKOHAHHS po00401 onepariii 1 i mepexi o onepariii KOHTPOIo (BepiuuHu 4, 5);
- BUOIp aJIbTEpHATHBY (BepLIMHA 6);
- nepexiz 10 pobouoi oneparii 2 (noonpautoBanHs) (BepurHa 7);
- 3aBepILICHHs] BUKOHAHHS CTPYKTYpH (BepinHH 1, 2).

0 0 0 0 0 0
1 0 0 0 0 0
0 H, Hsy 0O 0 0
0 0 0 0 H, O0

H, 0 0 0 Hy, 0

H, 0 0 0 0 H,

H, 0 0 0 0 0

0)

Puc.3. I'pad noniii T®C i marpuns H-pynxuiii

H- dynkuii xyr rpada matots Bursin: H; ;=B L[Fp(t)] H; = BIOL[Fp(t)] Hy =K"'L[F(t)], Hs ,=K"'L[F\(1)],

H, =K °LIF(0)], Hs =K LIF(t)], Ho =As A" L[Fy (0], Hor=He ' +H 1"

He7'= A; A” L[F,(0], He7'= Ay A% L[F,()], H7 =B, L[F,(1)], H7 ;=B L[F,(1)]

ae  Fy(t), Fi(t), Fu(t) — 3akoHn posmoniny yacy Ha BHKOHaHHs poOouoi omeparlii, KOHTPONO (GYHKIIOHYBaHHS,
BHOOpPY ajbTepHATUBHU. YKpyNHUMO rpad (puc.4)

1 0 0 0 0 0
0 1 0 0 0 0
H 0 0 0 H, Hy 0
=g, 0 0 0 o H,,
0 Hy, 0 0 0 Hg

Puc.4 Yxpynnennii rpag T®C ta H-pynkuii

[NonmanpIe yKpyHmHEHHS IPUBOIUTE J0 ITiICYMKOBOTO HMOBipHICHOTO Tpada (puc.5):
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Puc.5 Ilincymkosuii imoBipHicHuii rpag

[InsxoM migcTaHOBKH Mapamerpa s=0:
V;,1=H;1(0) — fimoBipHICTB TOTO, IO CTPYKTYpa BUKOHAHA 3 33JJaHUM PIBHEM SKOCTI.
V;3,=H;,(0) — #iMOBipHICTb TOT0, IO CTPYKTYpa BUKOHAHA 3 PIBHEM SKOCTI MEHILE 3a1aHOTO.

BukopucroByrour OTpHMaHi pe3yJbTaTH, BH3HAYMMO BIPOTiAHICTE OE3NOMMJIKOBOTO BHUKOHAHHS
Toc:B= B/K" +(B/K" + B/K")(4,A" + 4,47)

MateMaTiuHe CIIOIiBaHHS Yacy BUKOHAHHS CTPYKTYpH:
M(T,)* 4,A" +a*(M(T,)+ M(Tp,))
B/K" +b*(4,4" +a)

M(T)=M(Ip) +M(Tp,) +

0 A= By (4,47 + 4,47)  b=B/K" +B/K"

i ¢opmynu 703BOISAIOTE pO3paxyBaTH HMOBIPHICTE OE3MOMUIKOBOTO BiATIOBiAI HA MUTAHHS TECTOBOTO
KOHTPOJTIO (IIUIIXOM 3aCTOCYBaHHS IIKAJ OILIHIOBAHHS MEPEBOIUTHCS B OIIHKY) 1 MaTeMaTHYHE CIIOMiIBAHHS 4acy
HaBYaHHS (U151 BU3HAYCHHS WMOBIPHOCTI CBOEYAaCHOI'O 3aBEPILICHHS BUKOPHCTOBYEMO JOMYIICHHS PO HOPMAaTbHUI
3aKOH PO3MOALIY Yacy) Ta MOXYThb OYTH BHKOPHCTaHi B CHCTEMI EpPrOHOMIYHOI MIATPUMKH HaBYaHHS [4].
®dopMyBaHHS BUXITHUX JaHUX JJIS PO3PAXYHKIB € OHIEI0 3 OCHOBHHX MPOOJIEM €PrOHOMIYHOTO MOJIC/ItOBaHHS. B
JTAHOMY JIOCHIJKCHHI HE MOXKe OyTH NMPHUIHATO JOMYIIEHHS «IIPO CEPEAHBOTO omeparopay». Y pasi IT0CTaTHBOT
KIUTBKOCTI TAaHUX BUPINIYETHCS 3a/adya HEHpOMEepe:KeBOoi anpokcuMariii (Ha BXiJ MONAIOThCS MapaMeTpu CTYJCHTA,
MOy, TEXHIYHUX 1 MPOTPAMHHUX 3ac00iB, 9aCOBUX OOMEXKEHb), iHAKIIE - Peai3yeThCsl TEXHOJIOTIS HEYiTKOTO
JIOT1YHOTO BUBOY.

Komn'oTepne mojenoBaHHs. Po3risHeMO MOJENIOBaHHS IPOIECY B3aEMOIl B MiaJloTOBOi CHCTEMI
"crynent-komir'torep". Hexail BUXiHI JaHi PO MOKa3HUKH SKOCTI CTYICHTIB MICTHTHCS B Tabmumi 1.
[Toka3HUKH SKOCTI KOHTPOJIBHUX HPOLUEIYD: K! 1:0,9; KIOIO, 1; K00:0,99;K01:O,01
IToka3HUKY SKOCTI «aJIbTCPHATHBIY: A'"=03; A"=0,7; A”=0,8; A*'=0,2; A|=0,1; A,=0,9
Matrematuune crioniBanus: M(Ta)= 0,1; M(Tk)= 7; M(Tp,)=27; M(Tp,)=5

pA

Tabiuus 1 — IMoka3sHUKH YCIMIIIHOCTI

CryaeHTn 1 2 3 4 5 6
B, 0,99 0,85 0,71 0,62 | 0,53 0,44
B, 0,99 0,99 0,99 0,99 | 0,99 0,99

PeSyJ’ILTaTI/I KOMH'}OTepHOFO MOACIOBAHHA HpeZlCTaBJleHi Ha pI/IC.6.

1 50
B} \ s S

a) 6)
Puc.6 MojaesnroBanHs iiMOBipHOCHO-4acoBUX noka3HUuKiB TOC
(a - iiMoBipHOCTi 6€3II0MHJIKOBOI0 BHKOHAHHS, § — MATEMATHYHOI0 CHOAiBAHHS YaCy BUKOHAHHS)

Ha puc. 6 BuaHO, M0 31 3MEHIICHHSM SKOCTi IMATOTOBKH CTYICHTIB a) 3MEHIIYETHCS WMOBIPHICTH
MIPaBWJILHOT BIJINIOBI/II Ha BC1 MUTAaHHS MiICYMKOBOI'O TECTYBAHHS 1 0) 3pOCTae yac HaBYAHHS.

BucnHoBku. 3anpornoHoBaHo 1omoBHUTH 0i6mioTeky T@C HOBOIO CTPYKTYPOIO ISl OMMCY AiSUIBHOCTI B
CHCTEMI €JEKTPOHHOI'0 HaBYaHHA. J[JIsl OTpUMAaHHS KUIbKICHMX 3HAueHb IMOBIPHICHO-4aCOBUX MOKa3HHUKIB SKOCTI
BUKOHAHHS aJITOPUTMY JiSUIEHOCTI OTpUMaHa HOBI (hopMyIu.
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YOK 62.52.110
I'M. KJIEI[OB

Opecbka iepKaBHA aKaJIeMisi TEXHIYHOTO PeryIFOBaHHS Ta SKOCTI

CUCTEMHO - CTPYKTYPHI PIBHI HITAMII - HAITIBOABPUKATIB B
METPOJIOTTYHOMY 3ABE3IIEYEHHI KIBEP - ®I3UYHIA CUCTEMI
BUI'OTOBJIEHHA JETAJIEN IITAMIIIB

Ilpoananizosano pospobiena moodenb — CMBOPEHHS UEPAPXUUHBIX CUCMEMHO - CMPYKMYPHUX DIBHIE8 0eKOMNO3uyii
Ooemaneii wmamn - naniegpadbpuxamis 6 Kibep - Qizuunii cucmemi guecomosrents demaneti wmamnis. Y maxii xibep cucmemi
0amuyuxu, YCmamkyeauHs I iHOOPMAyIuHi cucmemu CnoIyyeHi Ynpoooeoc yciei cninbHoi pobomu, wo 6uxooumv 3a pamKu
00Hoeo nionpuemcmea. Taxuil kibep - Qizuunoro cucmemoio (Industry 4.0) € xibep - ¢isuuna cucmema eueomognenus oemanei
wmamnig. OcHOB0I0, AKOIO €, - iHMezpo8ana IHGOPMAYIliHO-  BUMIPIOBATLHA CUCEMA GU2OMOGLEHHs Oemanel WMamn -
Hanieghabpuxamis, AKi Mawmv IEPAPXiyHi cucmemHo- cmpykmyphi pieni. Kooicen 3 pigHie nonseae 3 KilbKiCHO20 uucia,
cknadosux fu=f" i niomeeposxcyemvcs epagiunum 300paxcennsim. JIOCTIIKYEThCS BHIIANOK 1€PApXi4HOI CHCTEMH 3 BOMA
piBHsAME (BepXHIM:ITiTaMi i HIDKHIM) i JBOMa MiJICHCTEMaMH Ha HIDKHbOMY DiBHI (6uwimosxyeanns i 3uimannsi). Ilincucrema
BUILITOBXYBAaHHS IIOJIATAE 3 YOTUPHOX BUILUTOBXYBAUiB i TPaBEPCH, AKi NPUBOAATHCS B PyX Bijl IPECY, - BUIITOBXYIOYH BUPYOaHy
neranb 3 Marpuui. Ilincucrema 3HATTS cMyrd abo CTPIYKHM 3 MYaHCOH - MAaTpHLi MOJsirae 3: MPYKHH abo rymu. 3ycuiuis
CTIPsIMOBaHE 3 HU3Y BroOpy. Bucomoenenns wimamny 011 KOHKpemHoi 0emari po32na0aiomscs 0aii.

Kniouesi cnosa: xibep — izuuna cucmema, iHpopmayiiino — MeXHON02IMHA CUCMEMA, [EPAPXiYHi CUCMEMHO -
cmpyKmypHi pieui, TiJCHCTEMa BHIITOBXYBaHHS, IIJCHCTEMa 3HATTS CMYTH, CUCIEMA 6U2OMOGIEeHHA Oemanell Wmamn —
Hanieghabpuxamis.

G. KLESCHEV

Odesa state academy of the technical adjusting and quality, Odesa

SYSTEM ARE STRUCTURAL LEVELS STAMP - READY-TO-COOK FOODS IN METROLOGY
PROVIDING CYBERBUCK IS THE PHYSICAL TO SYSTEM MAKING DETAILS OF STAMPS

1t is analysed the worked out model of creation of uepapxuunvix cucmemuno- of structural levels of decouplig of
details  stamp - ready-to-cook foods in a cyberbuck - to the physical system of making of details of stamps. In such the
cyberbuck to the system sensors, equipments and informative systems united during all joint work which will nurse for the
scopes of one enterprise. Such cyberbuck - the physical system (Industry 4.0) is a cyberbuck - physical system of making of
details of stamps. By basis which is, - informatively - is computer-integrated measuring system of making of details stamp -
ready-to-cook foods which have hierarchical system - structural levels. Each of levels consists from a quantitative number,
constituents of fu=fm and confirmed by a graphic image. The case of the hierarchical system is investigated with two levels
(overhead : by flags and lower) and two subsystems at bottom level (extrusion and output). The subsystem of extrusion consists
from four to push traverses which are operated from a press, - pushing the cut down detail from a matrix. Subsystem of removal
of stripe or ribbon from puncheon - consists from a matrix: springs or rubbes. Directed effort from a bottom upwards. Making of
stamp for a concrete detail is examined farther.

Keywords : a cyberbuck is the physical system, informatively is the technological system, hierarchical system -
structural levels, subsystem of extrusion, subsystem of removal of stripe, system of making of details stamp - ready-to-cook foods.

Beryn
Y wHamrii gHI HECTPUMHO PpO3BUBAIOTHCA EIEMEHTH IPOMHCIOBOCTI MalOyTHBOTO, OpI€HTOBAHOI Ha
B3a€MOJIII0 JeTalel y BUPOOHUITBI 1 KiHIEBiH mpoayKIii 6e3 yuacTi moaunu, Tak 3BaHiit "Iaayctpii 4.0" (Industry
4.0).

IIpo6aemu

He nuBmistauck Ha TO, O HUHI B 6araTb0X KOMITAHISAX, JOCIIIHAIBKUX [IEHTPaX 1 YHIBEPCUTETAX KOHIICTIIis
Industry 4.0 y ¢oxyci yBaru, 3arajgpbHOr0 BU3HAYEHHsI LIbOTO IOHATTS HE iCHYe. 3a pesysibTaTtaMu aHamizy 51 - of
ny6nikanii Industry 4.0 - 1ie 30upanbHUI TepMiH JUIs TEXHOJIOTIH 1 KOHLEMNII opraHi3amii JaHII0)KKa CTBOPEHHS
Baprocti (Industrie 4.0). V pamMkax MOZYJIBbHO - CTpyKTypoBaHuX "Po3ymHmMX mimnpuemctB" kubepdmsmueckue
cuctemu (KOC) BincTexxyroTh (hi3uyHi MpoIecH i IpUHMaroTh AeEHTPAIN30BaHHbIC (JIOKAIBHI) PIlIEHHS.

MeTa po6oTtu

[omankie BAOCKOHAJEGHHS TEXHOJOTIYHUX IMPOIECIB, IMBUAKOTO 1 YCeOIYHOTO METPOIIOTIYHOTO
3a0e3meueHHsT aKTUBHUM JIa3epHUM KOHTPOJIEM JeTajeil INTaMIliB B CEpElOBWINI KiOep - 1HTErpoBaHOI
iH(pOpMaLiiHO - BUMIPIOBAJIbHIN CHCTEMH BUTOTOBJICHHS JieTaJIei ITaMIIiB.
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OCHOBHI pe3yJbTaTH I0CTiIKEeHb

Taxwuii xibep - ¢izuunoro cucremoro (Industry 4.0) € kiGep - ¢i3uuHa cucTeMa BUTOTOBJICHHS JETajeh
wramiiB (KOC B/III). Ochosoro, sikoro €, - iHTerpoBaHa iHdopmauiiiHo - BumiproBaibHa cuctema (I IBC)
BUTOTOBJICHHS JICTaJICH MITaMII - HaTiBPaOpHUKATiB, sIKi MAOTh i€papXivyHi CHCTEMHO - CTPYKTYpHI piBHi[ 1,2].

[z xibep cuctema yepe3 OOUYMCIIOBAIBHUM OJIOK yNpaBisie : BUKOHABYMMH MEXaHI3MaMH 1 JaT4uKaMH
BUMIpY, @ TAKOXK B3a€MO/IIE 13 30BHIIIHIM CEPEIOBHIIEM: 3aBOJaMH - 3aMOBHUKAMH IITaMIliB. Bemuky pois B Kibep
CHUCTEMI HAJIKHUTh  JCTAJsIM INTaMIl - HamiBpaOpHKAaTiB, 3a JOMOMOTOK SIKMX 3IHCHIOETHCS TEpeXil Bij
OJIMHUYHOTO MPOSKTYBAHHS JI0 CEPIHHOrO BUTOTOBJICHHS MX JIeTalleil B MeTaJIl.

Mogens geraneit mrammn - HaniBpadpukatiB y KOB B/ wmae, B3araii, iepapXidHi CHCTEMHO- CTPYKTYPHI
piBHI. lepapxiuHi CHCTEMHO- CTPYKTYpPHI piBHI JEKOMITO3UIi AeTanell y mramn- HamiB(paOpukaTiB mpeacTaBieHi
HIDK4e Ha puc.] i ckiamatoTecs 3 mectu ypmsHeit (0-5).

wmamn<

Hdad
O-pidens Q\bq) pU’fG
WH-F g

|-pibexb naumu
. f I
f=h+h
ll-cucmema BuwmobxyBanus:

BukoHaHHs-1,
BukoHaHHA-2

f ;:flu'flﬁ

ll-cucmema 3MiMaHHs Bid: dudepa
f=h+h+ A"

|V-po3mawybaxHs KonoHok v

300HA, 0igzoHankLHa, ockoba,

3 3-0 KONOHKAMU, é ©
3 L-0 KONOHKAMU.

f 4=f; o 4H+. :ﬂ +f4fr _I_ﬂl' ! |

V-demani kpinnenHa BepxHbol

NAUMU, HUXHBOI NAUMUY, 1,...,1’1 2!_'1“ . m,...,N
wmamn-Hanibgadpukamy.

F =+ +

F=) i+ 2 it D i+ 2 it 2 S

Puc. 1 - Iepapxiuni cucreMHO—CTPYKTYpPHI piBHI JexoMmo3unii geTaseii y mramn-nanisgadpukaris

JocnimkyemMo BUIIANOK iepapXidHOi CHCTEMH 3 ABOMa PIiBHAMH (BEpXHIH IUTITOW 1 HIDKHIM IUTITOH) i
JIBOMa TIiICHCTeMaM# Ha HIDKHBOMY PiBHI (BUIITOBXYBaHHS 1 3HIMaHHS). Po3risHeMo 1Ba BUITa Ku.
1. Ha BepxHbOMY piBHI BHUMaraeTbCsi MaKCHMI3yBaTH IUIBOBY  (YHKIIO  BEPXHBOTO

piBHA f (Xmax (T/l ), Vimax (V), u, V) ne 3MiHHl X, (M), Vimax (V) 3HAXOMATBCA B PpE3yibTaTi MakcHMizanii
9
LUTBOBUX (DYHKIIH HYIXKHBOTO PIBHS

g(x.u)—max. h(y,v) —»max, x y, TOOTO
g(xmax (u), u)>g(x, u), h(ymax (v), v)=h(y, v),

a TapaMeTpH YIpaBJiHHS U, V 33Jal0ThCsl Ha BEPXHbOMY pIiBHI Tak, MO0 MaKCHUMI3yBaTu IJILOBY
¢yskmiro BepxHbOTO piBHA. Limp0B1 QyHKIIT g(X, U), h(y, V) nepenbdadaroThCs TITaJKAMHE 1 CTPOTO OIYKJINMH BIropy,
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mo 3abe3nedye €AWHICTh TOYOK MakcuMyMy. Iy TMPOCTOTH 3alHCy BHKIAAEHB 3MiHHI X, y, U, V IPHITyCKAEMO
CKaJIPHUMU. BeKTopHUii BUMaioK po3risnaeTbesi aOCOMOTHO aHAJIOTTIHO.
2. llimboBa (QYHKIIST BEpPXHHOTO pIBHA 3aJEKHTH Bl 30BHIIIHIX MapaMeTpiB  pj, pa.

S s 00 Vs V)10, 1 )

BumaraeTncs BkazaTn BHU3HAYEHHS ONTUMATBHHUX TApaMETPiB YIIPABIIHHS U, V, K QYHKITIH 30BHIIIHIX
mapameTpiB pi, po(po3mipu mwiit). Ilpu mpomy, icToTHHM € 00°eM HeoOXimHUX oOumcnens. J{o 3apmanp Tumy 1, 2
MUISTXOM TUCKPETH3aIlil 32 9acCOM 3BOSATHCS 1 3aBJIaHHS 3HAXODKEHHS ONTUMANTBHUX QYHKITIH u(t), 0 yIpaBisAIoTh,
v(t) y pasi TMHaAMIYHHX i€papXidHUX OaraTopiBHEBHX CHCTEM, KOJIM 3aMiCTh IITHOBUX (QYHKIIH BEPXHBOTO PiBHSA
MaKCHMi3yBaBCsl IHTETpaIbHUN (YHKIIIOHAT BUAY

t

o dy (), v(0), pl1), pz(r>]d

x*(t), y*(t) nocTaBIsAIOTE MAKCUMYM (DYHKIIOHAJIAaM HIKHBOTO PiBHS

Ul

J 1| tx@.p* 0.~

j g(t,x(t),%,u(t)dt j g, x(t) v(t)dt

au(t), v(t) — gynxmis ynpasmiaas i pi(t), po(t) — 30BHIMIHI napameTrpryHi QyHKIii. Po3s’s3anHs 3amadi |
noeTHaHHAM MeToxy HeloToHa 1 Teopil HesBHUX QYHKIIH. BBeaemo mo3HadeHHs I MPUBATHUX TOX1THUX

df df df daf
1inboBO1 QYHKIT BEepXHBOTO PiBHS fl = ?)7 fz = d—)’ fu = Z):fv = E)ﬂ a TaKOXK

X (1) = A1), V0 (V) = B (V)

Toxi HeoOXigHi (a TPU HAITUX TMPOTIO3MINISAX 1 TOCTATHI) YMOBH MaKCUMYMY IIJTOBOI QYHKIII BEPXHHLOTO

PIBHS MAIOTh BUTJIST
{fl(a)u),ﬂ(u),uw) -a'(u) + f,(a)u), B(u),u,v) =0
Sfr(@yu), B(uw),u,v)- f'(w)+ f,(a)u), f(u),u,v) =0

Jn 3HaXOmKeHHS ONTHMAIBHAX MMapaMeTpPiB YHOPABIIHHS U *=U,,,y, V=V, TOOTO PO3B’S3aHHS CHCTEMH
( 1), moxHa 3acTocyBatu MeToa HploToHa. Bubepemo movaTkoBi mapameTpH iy, IO YIPaBIsAIOTh, Vy. 3HaAEMO d,

og(x,u) w(y.v) = oh(x,u)

M

B(vy). Hexait o(x,u) = > > TOAi 3 BU3HAYEHHS YHKUiH
0x oy
p(au),u) = o,y (B(v),v=0 (2)
Bupimryroun piBasHHS ( 2) mpH u=u,, v=vy) MeTogoM HpioToHa (TOOTO B HAIIOMy BHIAJAKY AOTHYHHX),
3HAXOJUMO a(uy), L(vy). Io3naunmo

s(u,v) = fi(@)u), f(v),u,v)-d'(u) + f,(a)u), B(u),u,v) (3)
pu,v) = fr(@), (v),u,v)- f'(u) + f (@), B(u),u,v) (4)

Tomi cuctema ( 1) mepenuimerbes y BUTISALS (u, v)=0, p(u, v)=0
Jlst 3acTocyBaHHs MeToay HetoToHa TpeGa 3HATH IPUBATHI MTOXiTHI

0s 0s op
u v Bt = oMy

ou ov ou

%y 2

_op
= ——, OTPUMYEMO
\%

o, f

() a'(u)+ f,-a (u)+ a( )+

aflﬂ(u)+ fa(u>+f A" () + f“ﬂ'(u>+%
op oa ov

% gy %2 gy« Yo gy + Yo
V_aﬂﬂ(v)+auﬂ(v)+aaa(”)+ I
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ofy ofy o " of, o of,
==L +22 + /- +2r T
D, aﬂﬂ(u) auﬂ(V) SoB'(w) aﬂﬂ(u) v
29 oy
3 ( 2) oTpumyemMoO a' = _Ou IB' —_ v 3BiIKH
o P70y
oa op
2 2 2 2 -2
ouda ou~ Joa”~ oul\ oa oadu ou
, Py dw) oy ow(ow ., . 0 AN
pruy=— | L g+ TN VY gy SN EV (g
ovdp ov™ Jovof ov\op opdv op

S S
Hexait H(u,v)=| " " |3 dopmyn (3)— ( 8) smaxoammo marpuimio H

u u, ~ u,
HEMEECR N
4 Vo Vo

Toni HacTymHI HaOIMKEHHS 3a MeToIoM Hpr0TOHA 3a1a10ThCs (POPMYITOF0

u u u
{ 1i|: 0 —H_l(uo,vo) 0 )
A%

Vi Vo 0

-1 .
pi(S H — 3BOpPOTHA MaTpuld A0 MaTpuUlll H. 3nauenns a(ul )ﬂ(ul) 3HAaXO0JUMO MCTOJO0M HrroTona

a\u u . .
( 0)'8 ( 0) SK IMoYaTKOBE HaOmmKkeHHA. Jlani BeaeMo po3paxyHoK micis GopMyi

u u u
{ nﬂ}{ n}_Hl(un’vn){ }
vn+l Vn Vn

ae a(u, )’ﬂ(ul) 3HaXOASATbCS MeToI0M HbloTOHA (JOTUYHUX),

(mOTHYHHX ), BUKOPUCTOBYIOUH

BUKOPUCTOBYIOUYH a(u,), pu,) SIKOCTI IOYAaTKOBOTO HAG/IM>XEeHHS, 110 J03BOJIUTb CKOPOTHUTH YU CJIO
iTepanin s iX 3HaXOPKEHHSI.

Jlo 3aBJjaHb pO3IJIAHYTOIO TUIY 3BOAATHCA i 3aBJaHHA ONTHMAJbHOIO yIpaBJIiHHA AUHAMIYHUMU
6araTopiBHeBUMM iepapxidHUMU cHucTeMaMHd. Y pasi ABox piBHIB i ABOX mifcUcTeM HMXHBOTO piBHA, Li
3aB/JJaHHs MalOTb HACTYMHUNU BUr/sA. Ha BepxHbOMy piBHI MakcuMisyBaBcsl iHTerpasbHuil pyHKIioHA
AKOCTI

[/ G (0,2 (0, Fo (0, T 1)

u(t),u(t))dt - max

ne oyHKIil xmax(t),ymax(t) 3HAXOAATbCA 3 YMOBH MaKCHUMa/IbHOCTi QYHKIiOHAJIiB SKOCTI
HWXXHbOT'O PiBHA
f . ., SN ] ~ ., N
[ gGi(e), %' (6),u(e))dt— s max [ A3, 7 (0),(6))dt—max
" x(¢ E v

>

al ®),v(0) -BeKTOpH — (PyHKIII, IO yIPaBIIsIOTh.

BuroroBiieHHs IOTaMIly Ui KOHKPETHOI IeTajdi BUKOHYETHCS TaKMM YHHOM: OOMPAETHCS BiNIIOBITHUH
THATIOPO3Mip MmTami-HamiBpaOpukaTa, SKHA pO3POONCHHWH OIHIEI0  YNPAaBISIFOYOI0 TPOTPaMOI0 IS BCIX
THTIOPO3MIpiB OJHOTO THIIOPO3MIpy, 1 3 ILOTO OJOKY MOTPAaIbOBYIOThCS HeTam makeTy mo YII sl moBepXoHb
IHCTpYMEHTY ILITaMmIly Juisi KOXHOI aeTaii 3amoBHHUKa. JlociiJukeHHs OaraTOpiBHEBOi i€papXidHOi CHCTEMH
ynpasiinns, sikoto € KOC B/, a B Hei mramn-HaniBhaOpHUKaTiB € OAHUM 3 Ba)KINBUX HANPSIMKIB CHCTEMHOTO
aHamizy[4,6].

ISSN 2219-9365 Bumipiosansna ma Oéuucniosanvrua Texnixa ¢ Texnonoziunux Ipoyecax — Ne 1° 2018 (61) 127



Sharing the experience and technologies

BucHoBknu

3a "HoBoro TexHomoriero" nerani 070Ky, SIKM BXOISTh B IUTaMn - HamiBaOpHKaT, [ajud MO>KIJIUBICTH
¢dopmyBat "maprii" OAMHPO3MIPHHMX JAeTaled 1 TepedTH BiJ ONUHWYHOTO IIPOEKTYBaHHS [0 CEpiiHOTO
BUTOTOBJICHHs iX B Mertam [3,5]. Ilaprtii moxyre mictutu: 20,.,50,.,100 i Oumbime geraneii, a poOITHHK HE
nepeOyJOByBaTUMETbCSl 3MiHY, JABI 3MiHM 1 Tak jami. Takull WiAXiJ Aa€ MOXIMBICTH CKOHLIETPUPOBATH
METpPOJIOTIUHI 3acO0M BHMIpY - AaKTUBHHMH Jla3epHUH KOHTPOJb MU TOKAPHUX, (pe3epHHUX 1 HUIQyBaIbHHUX
omepaniii. lepapxidHi CHCTEMHO—CTPYKTYpHI DiBHI AEKOMIO3HWIIi JeTaneill y mraMi-HamiBhaOpuKaTiB, TaroTh
HAaOYHE YSBIICHHA IIPO 0COOJIMBY CKJIAIHICTD IITAMITIB XOJIO[HOTO JINCTOBOTO IITAMITYBaHHS.
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YK 439.02:664
A.B. TOJIBATOB, B.B. IIOHIIA, O.0. TOJIBATOBA

CyMchKuii HallioHaNbHUM arpapHuii yHiBepcutet, M. Cymu

AHAJII3 OCOBJINBOCTEN BUPOGHUIITBA CIIPEJIIB

Anomauia. /[na eusnauenns AKOCMi KOJICHO20 XAPUOBO20 NPOOYKMY, 8 HAWOMY BURAOKY cnpedy, HeOOXiOHO He auuie
NpOaHanizyeamu 1020 OpeaHorenmuyni, Qisuko-ximiuni ma mikpobiono2iyni nokasnuku. Taxi 0ani 003601A10Mb OYIHUMU BJHCE
20mosutl npodyKm - HeoOXiOHO nposecmu OemanbHull aHMani3 6cbo2o 1020 GUpOOHUYMEa. Y cmammi npoeeoeHo aHaniz
ocobnusocmeti 8upoOHUYMEA cnpedig: YIHHICHI XAPAKMEPUCTNUKY PI3HUX 6uUdié cnpedig, iX KOpUCmv uu WKIOAUSICMb 014
Opeauismy JII0OUHU, CMAH CGIM06020 PUHKY peanizayii cnpedie ma Macia, 0coOMU80CMI MexXHON02ii ma cnocobig 1iozo
8UPOOHUYMBA, Nepesacu Mma HeOOMIKU PI3HUX Cnocobié eUPOOHUYMEA Cnpedis, NPOAHANIZ08AHO AKICMb 20MOB0I NPoOYKYii 6
3anexcnocmi 6i0 guxkopucmanoi cuposunu. Jani HANpAMKU OO0CTIOJICEHHS NOKA3YIOMb CHped AK YIHHULL ma 30a1aHco8anull
Xapuoeuii npoOyKm, wo He Hece WKOOU O HOPMAALHOL JHCUMMEQIANLHOCMI opeanismy noounu. Tomy e6adcacmuvcs
sampebyeanum Ha ycbomy ceimosomy punky. Hozo sionocro npocma mexuonozis ma cnocobu eupobruymea 0asno scim eidomi,
i 6 moti sce uac, nocmitino 8600cKoHa0MbCA. Lli cnocobu 003601a10mb 6U2OMOSUMU YIHHULL XAPUO8ULL NPOOYKIMN, WO 20MO8ULL
00 peanizayii, ane 6UHUKAIOMb CKIAOHOWI 8 OMPUMAHHI CINABINTLHOCIT HCUPOBOT eMYIbCi.

Ilpu eorcusanni pisHux 6udie cnpedig opeaHizm JOOUHU HACUYYBAMUMEMbCA AK MEAPUHHUMU, MAK | POCTUHHUMU
orcupamu, wo HeoOXioOHi ONsl 1020 HOPMANbHOI dHcummeodisnvHocmi. Ilpu eukopucmanui AKiCHOI CUPOBUHU HA BUXO0OT MAMUMEMO
npooykm, AKUll KOPUCTY8AMUMEMbCA WATeHUM NORUMOM ceped chodcusayis. Punox Ykpainu poswupiosamumemvcesi i AK
paniwe 6yoe éeauxum excnopmepom cnpedis i macia. Cami e GUPOOHUKU ROCMITIHO 30ITbULYBAMUMYMb CBIll ACOPMUMEHM Md
POo3pobAMUMY b We ehekmuHiuL cnocobu GUPOOHUYMEA 61ACHOT NPOOYKYIL.

Knrouogi cnosa: cnpeo, pociunna onisi, 8epuiku, eMyavbCis, CyMiul, nepemeopers GUCOKONCUPHUX 6EPLUKIE, 30UBAHHS
6EPUIKIB, HANOBHIOBAUI, NONUM, SKICMb 20M080I NPOOYKYII.

UDC 439.02:664
A.V. TOLBATOV, V.V. PONPA, 0.0. TOLBATOVA

Sumy National Agrarian University, Sumy

ANALYSIS OF SPREADS MANUFACTURING

Annotation. In order to determine the quality of each food product, in our case of spread, it is necessary not only to
analyze its organoleptic, physico-chemical and microbiological parameters. Such data allows us to evaluate the ultimate product
- it is necessary to carry out a detailed analysis of its entire manufacturing. For residents of Western Europe and North America,
spreads for many years are part of the daily diet as a product that complements or completely replaces butter.

Thus, the article analyzes the peculiarities of the production of spreads: the value characteristics of different types of
spreads, their usefulness or harm to the human body, the state of the world market for the implementation of spreads and oils, the
peculiarities of technology and methods of its production, the advantages and disadvantages of different methods of production
of spreads, the quality of the finished products depending on the raw material used. These trends indicate the spread as a
valuable and balanced food product that does not harm the normal life of the human body. Therefore, it is considered to be in
demand throughout the world market. Its relatively simple technology and methods of production have long been known to all,
and at the same time, are constantly being refined. These methods allow you to make a valuable food product that is ready for
sale, but there are difficulties in obtaining the stability of the fatty emulsion.

When using different types of spreads, the human body will be fed with both animal and vegetable fats, which are
necessary for its normal livelihoods. When using high-quality raw materials at the output, we will have a product that will be
used by crazy consumer demand. Ukraine's market will expand and will soon be a major exporter of spreads and oils. The
producers themselves will constantly increase their range and develop even more efficient ways to produce their own products.

Using the appropriate raw materials and technological features, as a result, we will have a high-quality spread.

Key words: spread, vegetable oil, cream, emulsion, mixture, transformation of high-fat cream, cream mixing, fillers,
demand, quality of end products.

Beryn. CBiToBHI pUHOK Xap4OBUX HPOJYKTIB He cTOITh Ha MicTi [1 — 13]. Bin mocTiiiHO Hajae cBoemMy
CIIO’KMBayy HOBUH BUJ MPOIYKIi, IKa HOTO 3allikaBUTh, a B HOAAIBIIOMY Oy/€ KOPUCTYBATHCh IAICHUM TIOTIHTOM.
Tak, Ha TaBHO BCIM BiJJoMe BEPIIKOBE MAcliO 3 SIBHBCS aHAJOT B Pe3yJIbTaTi €BOJIOMIMHUX 3MiH B MAacIIO)KHPOBOMY
CEKTOpi XapyoBHMX MPOAYKTiB. Takuii MPOAYKT OTPHMAB HA3BY «CIpea». MOro HasBa 3amo3MueHa 3 aHITHHCHKOI
MOBH 1 JOCIIIBHO NEPEKITATAETHCS «TE, [0 HAMA3YETHCS.

B memkanni 3aximHoi €Bporu Ta ITiBHIYHOT AMEpPUKH CIIpeny Bxke 0araTo POKiB BXOIUTH Y IMIOJCHHUI
paLioH K MPOIYKT, [0 JOMOBHIOE YH ITOBHICTIO 3aMIHIOE BEPIIKOBE Macio. Y Hac MPUHHSITO BBAXKATH, L0 CIIPEIN
KOPHCTYIOTHCS MACOBHM IIONINTOM, TaK SK BOHH JEIIEBII BEPIIKOBOTO MACIa, ajle, HaCIIPaB/i, IIe HE 30BCIM TaK.

B 3aramsHomy Bu3HaveHHi 3 npuiiHsTum JCTY 4445:2005 "Cnpean Ta cymimni TOIUIEHI KUPOBI. 3arajibHi
TEXHIYHI YMOBH" CHpEAN TPEICTaBISIOTh COOOI0 €MYJIbCOBAHMH JXHPOBHH MPOAYKT 3 MAacOBOIO YaCTKOIO
3arajgpHOrO KHpY B 39 no 95 %. Bosonie miacTH4HOO, JIETKO MaXKy4OrO KOHCHCTeHLi€o. BupoOiserbes 3
MOJIOYHOTO XHpY 1 (a00) BepiikoBoro Macia, i (abo) Bepuikis, i (a0o) nepeerepudikoBaHNX, HATYpaJIbHUX 1 (a00)
¢pakuiitanx, i (abo) rigporeHi3oBaHUX pPOCIMHHUX OJIiH, 1 (abo0) ix Kommnosuimii. [lomyckaeTbcs 1ogaBaHHS
XapuoCMaKOBHUX J100aBOK, apOMaTH3aTOPIB 1 BITaMiHIB.

B 3anexHOCTI Bi CIiBBIAHOIIEHHS TBAPUHHUX 1 POCITUHHUX XHUPIB CTIPEAM IIIATHCS HA TPH MiaBUAU: 1)
POCIMHHO-BEPIIKOBI MIicTATH Bix 15 10 49 % MomodHOTO XHpY; 2) BEpPIIKOBO-POCIHHHI, SKi MIiCTATH Oinbire 50 %
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MOJIOYHOTO XHpY (HaiOunbnie HaONMMKEHMH OO HATypaJbHOTO BEPIIKOBOIO Macia); 3) POCIMHHO-KHPOBI HE
MICTSITh MOJIOYHOT'O JKUPY (ITPAKTUYHO YUCTUIT MaprapuH).

[MomynsipHOCTI CrIpe; OTpUMaB Yepe3 KOPUCHICTh MPOIYKTY, BMICTOM )KHPOPO3UYMHHUX BiTaMiHIB, HU3bKHM
3MicToM (ab0 HaBiTh BiJICYTHICTIO) TBapUHHUX JKUPIB, SKI € JDKEPEJIOM XoyiecTepuHy. BiH BimHOCHTBCS 10
HHU3bKOKJIOPIMHUX THIIIB NPOJYKTIB, ajeé Ma€ BUCOKY CTYIiHb NOXXHUBHOCTI. ToOTO, BiH 31aTHUIT BTaMyBaTH ToJo] i
He NMpruOaBUTH 3aiiBOi Baru. [lany MpoayKIilo MOXKIIMBO 30epiraTé JOCTaTHHO JOBrUH 4ac. J{o Horo ckiiaxy BXOASTH
Oe3niy  BiTaMiHiB, SKi MOKPAIIyIOTh CTaH 3A0POB’S JIOAWHHW, 3al00IraloTh IOSBI HOBHX 3aXBOPIOBAHB Ta
YIOBUILHIOIOTH TIPOLIEC CTapiHHS opraHizMy. OKpiM TOro, cripea Mae OUThIT M Ky KOHCHCTEHIIiO, IO JT03BOJISE
OLTBII MUpIe BUKOPUCTOBYBATH HOTO B KyJIiHApii B MOPIBHAHHI 3 MAaclioM. B To# ke Yac 3aIMIIaeThCs TOJOBHE —
SIKICHI CTIpey MarOTh TaKi K CMaKOBI BJIACTHBOCTI SIK 1 BEPIIKOBE MacCIIO.

OcnoBHa YacTuHa.

Juis Toro, mo0 MPaBUJIBHO OIIHUTH KOPUCHICTH YM IIKIJJIMBICTH CIPEIiB JUIS OpraHi3My IIOIWHH,
HEeoOXiJHO MpoaHai3yBaTH 0COOJIMBOCTI CHPOBHMHH, SIKA BXOJHUTH JI0 HOTO CKIIafy.

Tak, npu moxynui crpeny o0OB’SI3KOBO MOTPiIOHO 3BEpTaTH CBOIO yBary Ha HOro CKJaj, OCKUIBKH HOTro
SKICTh HANpsIMy 3aJI€KHTh BiJl THUILy POCIMHHOTO JKUPY, II0 OyB BHKOPHCTAaHWH NpH BHUpOOHMITBI. Hanpukman,
riIpOreHi3oBaHMil KUp SBIAETHCS AyXKe HeOE3MEUHMM Ul OpraHi3My i 310poB’s moauHu. Moro HeGesneunicTs
HOJNATaE B TOMY, IO A0 HOTO CKIagy BXOAATh TPAHC-I30MEPH, SKi 3[aTHI BUKIMKATH IOPYLICHHS HOPMAIbHOI
JOisTbHOCTI cyZuH Ta cepus. oS NOHIKEHHS pPHU3MKY BUHHMKHCHHS 3aXBOPIOBAaHb KPOB’SHOI CHCTEMH
PEKOMEHAYIOTh BXKHMBAaTH POCIMHHHUN CIIpPe] y CKJIAJI SKOT0 MICTUTBHCS ManbMoBa oOfNis. BoHa He Hece mKoawW Iuist
3I0pOB’Sl JIFOMHW, OCKUIBKH SIBISETHCS HATypajdbHUM MpoaykToM. Crig mam’saTaté MO I HOPMaJIBHOTO
(yHKITIOHYBaHHS OpTaHi3My JIIOJUHH B ii OpraHi3M NMOBHHHI HAJIXOTUTH SK TBApWUHHI (HacCHUeHi), TaK i POCTUHHI
(menacwueni) xwupu. LliHHICTD XMpiB monsArae y ixHiff XiMiuHIH OymOBi, a TaKOX BiJCYTHICTIO UM HasSBHICTIO
MOABIMHUX 3B’s3KiB. SIKIIO Il 3B’SI3KM BIJICYTHI, TO *XHp HacuueHWH. Taki »upu HEoOXigHi AT POOOTH MO3KY,
LEHTPAILHOT HEPBOBOI Ta JAMXAIbHOI cucTeMu. HacuueHi TBapuHHI >XUpH (B TOMY 4HCHl 1 XoJecTepHH) OepyTh
y4acTh B CHHTE31 TECTOCTEPOHY, B TOW )K€ 4Yac, SIK i HEHaCH4EHi JKUPH, 10 HEOOXiJHI /Ui pO3UYMHEHHS BiTaMiHIiB
(>xupopozunHHKX). OKpiM TOTO, 3 HUX CKJIaJaloThCs BCi MEMOpaHM KIITHH. TakuM 4WHOM, IIPU BXXUBaHHI CIIPEIiB 3
SIKICHOI CHPOBHHH 1 HOPMaJIbHUM CITiBBIIHOLIEHHSIM )KUPHUX KUCJIOT HAIll OpPraHi3M Oy/ie paBUIIbHO MPALFOBATH Ta
PO3BHBATHChH HE MOPYIIYIOYH HOPMAaJIbHY JKUTTEISUIbHICTb. Ta HACKUIBKM O KOPUCHUM HE OYB MPOIYKT, CydacHi
BUPOOHUKH MPArHyTh 3/ICMIEBUTH CBOE BUPOOHUIITBO, 00 TXHiH IPOAYKT OyB OibII JOCTYMHUM ISl pI3HUX BEPCTB
HACEJICHHS Yy I[IHOBOMY 3HadeHHI. [Ipu 1[bOMy BTpadaeThCs AKICTh TOTOBOI MPOAYKIIiil, Yepe3 BUKOPUCTAHHS OB
JIENIeBOi 1 MEHIN SKICHOI CHpOBMHHM. HameBHO came depe3 Ile Ha YKpPAiHCBKOMY pHHKY Macjia i1 CIpemiB
CIIOCTEpITaeThCAd TEHICHINSI O CKOPOYCHHS BUPOOHHUIITBA CHpeniB i 30UMBIIEHHIO BHPOOHHIITBA HATYpPaIbHOTO
BEPIIIKOBOTO Macya. Bapto 3ramatu, mo YkpaiHa € HETTO-IMIOPTEPOM BEPITKOBOTO Macia i CIpeliB, a 3a OCTaHHI
JIeKiJIbKa POKIB IMIOPT A@HOTO BHIY NPOAYKTY 30UIBIIMBCS, @ €KCIIOPT 3HAYHO CKOPOTHBCS. A cepes BEpLIKOBO-
POCIIMHHUX CyMillIe, sIKi TOCTavaroThCs 38 KOPJOH, TUIBKU MOJIOBHHA € CHPaBXHIM cripeaoM. [IpuunHa kpueThes B
nedinuTi CHpPOBMHHM 1 3HIKEHOMY CIIOJKMBAaHHI JaHOTO MNPOJXYKTY, OCKUIBKM HaTypajbHE Maclio Bce Ouiblie
BUTICHSIETHCSI BEPIIKOBO-pociuHHMMY 3aminaukamu [ 1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13].

Jyxe Oarato BHPOOHHKIB BHUITYCKalOTh (panbCHU]iKOBaHE BEPIIKOBE MAacio, SKe SIBISETHCS CIPEAOM UM
MapraprHOM YIIaKOBaHI BIJIOBIZHO BEpIIKOBOrO Macia. | sk pe3ynabpraT MaroTh OUIBII JAEMIEBY HPOAYKIIIO 3
MiHIMaJbHAM BMICTOM XOJIECTEpHHY, a 3aMiCTh MOJIOYHOTO - TEBHY KIIBKICTb POCIMHHOTO >XHpy. Ta Ha
MIPEBENTUKHIA KaJTb HE BCi 3aMiHHUKH SIBJITFOTHCS TIOBHICTIO HE IIKiITTUBAMH.

Haiigacrime, mo0 BBECTH B OMaHy MOKYII, (ambcrudikaTopy BUKOPUCTOBYIOTh Y Ha3Bi TOBapy Bimomi
TOPTOBI MapKé SIK yKpaiHCBKHX, TaK 1 3aKOpJOHHHX Mapok. CHoxkwBad, SKHH 3BHK OO BUCOKOSKICHHX COPTIB
BEPIIIKOBOTO Maciia 0e3 OyIb SKMX CYMHIBIB KyIUIsi€ Taky (aabCu(ikoBaHy MPOAYKIIO AWBIISIUCH JHIIE HA TAaBHO
BimoMmy Ha3By. Came depe3 QanbcuikoBaHy MPOIYKINIO HEOOXiAHO HABYMTHCS BIAPIZHATH i BiJl BEPIIKOBOTO
Mmacia. Takuii TPOAYKT MaTHME MEHII LIUIBHY 1 PUXJIy KOHCHCTEHIIO, NMPUCMAaK POCIMHHUX OJIiif, BHUILY
TeMITepaTypy 3aMep3aHHs, a Ha Horo yrnakoBIi Oy/ie BiIcyTHs Bcs HeoOXiqHa iHdopmaris.

Sk Ou Tam He OyJ10, 3alliKaBJICHICTb 10 TPYIH HPOAYKTIB 31 3MIIIAaHUM CKJIaJIOM OyJie 3pOCTaTh 3a paXyHOK
3HW)KEHHIO THTOMHUX BHUTPAaT MOJIOKa CHPOBMHM. Ha chOromHimmiii 4yac crnpenu posrisiialoTh SIK 370pOBHI
XapuoBHH MPOAYKT 3 IIOKPAIIEHUMH SKOCTSIMH.

OjHUMH 3 TTOKa3HMKIB, 10 XapaKTepH3YIOTh SKICTh crpeliB: 1) BiAMOBIIHUN Mig0ip HEMOJIOYHUX JKUPIB,
SIKi BUKOPUCTOBYIOTBCSA 1 X CIIBBIAHOIICHHS i3 MOJIOYHMMH >KHPOBHMH (azaMu; 2) ONTHUMI3aIlisd TEXHOJOTIi 3
ypaxyBaHHSIM BHUKOPHCTAaHHS HasABHOTO OONamHaHHS, 3) pamioHaJbHe BHUKOPHCTAHHS XapyoBHX [100aBOK Ta
HAINOBHIOBAYiB, sIKi 3a0€3MeIYI0Th HOTO HEOOXIIHY CTPYKTYPY Ta SIKICTb.

Jlst Toro, mo6 OTpUMAaTH CIpen BiAMOBIAHOI SKOCTI BUKOPUCTOBYIOThH Pi3HI CIIOCOOHM HOTO BUPOOHHUIITBA
[1], [3], [5]- Cepen HuX BUANAIOTP HATMBHUN MeTOJ] 30MBaHHA BepIIKiB. BiH CKiamaeThcs 3 psAy OCHOBHHX
TEXHOJIOTIYHUX OIepaliii: NpuiiMaHHS Ta COPTYBaHHS CHPOBHMHH; OTPHMAaHHS BJacHE XHPOBOi eMyJbcii 35-42 %
(po3miaBieHHsT XKHUpY, 3MILIyBaHHS 3 0OpaToM, HAaTypaJbHMM 4YH BiJIHOBIEHMM MOJIOKOM, ab0 MaxTor) 1 3
JIO/IaBaHHSAM HeoOXigHOro cralimizaTopy; romoreHizamis >kupoBoi emynbcii mpu 60+5 © C i tucky 0,5 arm;
nacrepusanis npu 85-92 © C i 0XOJOMKEHHs >KUPOBOI €MyJIbCii; 3MIIIyBaHHS >KUPOBOI eMYJIbCIi 3 MOJIOYHMMH
BEpIIKaMH B HEOOXIHMX CIIIBBIHOUIEHHSX (TeMIlepaTrypa He NOBHHHA Biapi3HsTucs Oinpmr HiK Ha 5 ° C);
nospiBanHs cymimi 10-20 roxus npu Temnepatypi 68°C; miairpiBaHHsS cyMii 1o Temneparypu 30uBanHs 11-12°C,
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TOOTO HIDKYE TEMIIEPaTypH IJIaBJICHHS TJILEPUIIB MOJOYHOTO JKHPY; 30MBaHHS CyMillli B MacJIOBUTOTOBIIIOBAYAX;
YIIaKOBKa TOTOBOT'O CIIPEY, 10 MA€ XOPOLIY IUTACTHYHY TEKCTYpY.

JIpyruM MouIMpeHuM METOJIOM € TIEPETBOPEHHSI BUCOKOXKHMPHUX BepIIKiB. OCOOIMBICTIO TEXHOJIOTIi HOTO
METOJly €: NMPHUHMaHHS Ta COPTYBaHHS CHUPOBHMHHM; IiJATOTOBKA YXMPOBOI €MY/IbCii — PO3IUIABJICHHS KUpPY 1 HOTrO
HarpiB 10 65 © C; 3MilIyBaHHS >XMPOBOI eMyJbCii 13 MOJOYHOIO BHCOKOXXMPHOIO cymimmiro (1 BapiaHT: >KHp
BHOCHTHCSI B MOJIOUHY Iuta3Mmy (IIpsMa eMyJbCis), 2 BapiaHT: MOJIOYHA Iula3Ma BHOCUTHCS B JKHp (3BOpOTHA
eMyJIbCis)) 1 BIAMOBIAHOTO CTabimi3aTOpy; HOpMaJIi3allisl CyMili; eMynbryBaHHs cymimi mpu 65 ©C m1s OTpUMaHHA
ii criiikocti; macrepusariiss mpu Temmeparypi 85-108 © C; oxonomkeHHs cymimi no 65 ° C; mepeTBOpeHHS
BHCOKOKMPHOI CyMillli B CTIpea: TeMIieparypa Ha Bxomi 65 °C, Ha BUXO/Ii 3 MacJIOBHTOTOBIIOBa4ax 12-19 °C, Hmkde
TeMIIepaTypy MacoBOi KpHcTaiizamii miinepuaiB. Ha MacioBHrOTOBIIIOBadax €MYIBCil0 HEOOXiTHO MOmaBaTd MpHU
temrieparypi 65 ©C: HWKYE TeMIepaTypa Mpu3Bene 10 OOPOUTHHCTOCTI TOTOBOTO MPOAYKTY; BHIIA TeMIepaTypa
YCKJIaJTHIOE POOOTY MAacJIOBHIOTOBIIIOBAYaX 1 B PE3yNbTaTi BUCOKOI TeMIlEpaTypH BUAUISETHCS OibIIa KiIBKICTH
BUIBHOTO JKHPY, a caM cIpe] OyAe MaTh KOJIody KOHCHUCTEHII0. YIakoBKa MpoaykTy. TepmocraryBanns mpu 5 °C
npotsroM 1o6u. 30epiraHHs npu MiHycoBiil Temneparypi. KoHcHCTeHIIS cipely BUTOTOBJIEHOTO TaKHM CIIOCOOOM
— OJIHOpIJHA, TIIAHIEBa i 30epirae CBOi SKOCTI NPOTSATOM TPHUBAJIOTO TEPMiHY 30epiraHHs, SIK NPaBHJIO CTiKa 1O
TEeMITEpaTypHUX Iepenais.

Cripeay 3 3HMKEHOIO JKUPHICTIO 1 HU3BKO KUPHHUX 0e3 cTadumi3aTopiB BUPOOMTH CKJIAAHO (Haiuacriie
MPaKTUYHO HEMOXKIIMBO), OCKUIBKH Ba)XKKO OTPHUMATH CTiHKy emyibciro. CrabimizaTopu MO3BOJSIOTH 3B’S3aTH i
PO3MOIITUTH BOJIOTY, TiIBUIIATH B’ SI3KICTh 1 CTIHKICTh €MYJIILCIi.

[Imactuana TekcTypa i 4acrimie 3a Bce, OLTBII OTHOPiNHA, JOCSTAETHCS MPH BUKOPHCTAHHI TEXHOJIOTIi
CKpeOKOBOT0 TEIUIOOOMIHHHKA, SKIIIO BUKOPHUCTOBYBATH aTbTEPHATUBHUH MpoIiec BUPOOHHUIITBA.

TexHonoraMu 3 JaBHa JOBEICHO, WO NPOAYKTH, SKI BHTOTOBWJIM LUIIXOM 3MIIIyBaHHS 1 IIOKOBOTO
OXOJIOMKEHHS Y NOPIBHAHHI 3 HNPOJYKTAaMH, IO BHTOTOBJIEHHI BUKOPHCTAHHSM MAaclIOBHT'OTOBIIIOBAaYa, BHXOMSAThH
Ol cTaOuTbHUMHU. TaKOXX MOKJIMBO OTPUMATH HPOIYKT, IO Ma€ OUIBII MKy TEKCTYpY, SKIIO MOBHICTIO YU
YaCTKOBO JI0/IaTH MAaCIIO IICIs MEepIIOro OXOJIO/PKEHHS Y MOPIBHAHHI i3 TIPOAYKTOM y SIKOMY J0/AETHCS POCIMHHA
OJIisl TIepe]t IT0YaTKOM BUPOOHHIITBA.

3aBSIKM TOMY, 1[0 KOMITaHil, sIKi BUTOTOBJISIFOTH CIPEJ 3alliKaBJIeH] B TAaHOMY IPOLEC, TaK SIK IMOEAHAHHS
JIBOX TexHojoriunux mporecis [1], [3], [5], [7], [10], [11], [12], [13] mo3BoJisie OKpaNUTH CTAOUTHHICTE CIIPENY Ta
SKICHI TIOKa3HHUKH. J[JIsI IbOTO MO€THAHHS PO3poOMIM HEOOXimHE OONaJHAHHSI, a caMe BHPOOHHIITBO HA3WBAIOTh
«XOJIOHUM TIPOIIECOM 3MIlllyBaHHS». TaKoX TpH BUKOPHCTAHHI JAHOTO MPOIECy 30epiraeThcs KpUCTATIdHA
pemriTka Ta OUTBII M’SKa TEKCTypa — BCEe 3aBISKH IHTCHCHBHOMY IIEpPEMIITyBaHHI i [0JaBaHHIO POCIUHHOI oii. Sk
pPE3YNbTAT: MOXIIMBICTh PO3IIUPUTH ACOPTUMEHT MPOAYKINI 32 paxyHOK 301IbIIEHHS CIHCKY iHTPEII€HTIB, IO
MOJKYTh BUKOPHCTOBYBATHCH ITPH BUPOOHMIITBI CIIPEIiB.

Cama X TEXHOJIOTiI BUKOPHUCTaHHS CKPEOKOBOTO TEIUIOOOMIHHMKA O3BOJIIE BUTOTOBJIATH TPOAYKT 31
3MEHIIEHUM BMICTOM JKHPY HE MHOPYIIYIOYM HOTO SKICHY XapaKTEpPUCTHKY, IO HE MOXJIMBO JOCSITHYTH HpPH
BUKOPHCTaHHI IHIIUX CcHOCOOIB. AJie SIKIIO HE JOTPUMYBaTHCh METO/IB BUPOOHUITBA Ta PELENTYPH, TO HA BUXOJ1
OTpPUMAEMO He CTaOUIbHY )KUPOBY CYMIlll 3 TIOTAaHUMH CMaKOBUMH XapakTepuctukamu. Llle HeoOXiqHO BpaxoByBaTH
Taki (pakTOpH: CKJIaa BOAHOI (a3, CKIia )KUPOBOI CyMIllli, THUII eMYJIbraTopa, SKiii BHKOPHCTOBYETHCS, MEXaHIUHE
HaBaHTAXXECHHS, ITOCTIHHO KOHTPOJIIOBATH Ipolec KpucTaiizauii emynbcii Ta ii momepeaHio craOuIBHICTH e B
€MHOCTSIX JUISI eMYJbCii. Y TOTOBOMY NMPOAYKTI MIATPUMYBAaTH HU3BKI TEMIIEpPAaTYypH Ta CTBOPIOBATH BiJIOBIIHI
yYMOBH 30epiranus.

[Ipu BUKOpHCTaHHI MeTOAy 30WBAHHA KPHUCTAI3aIis TIIIEPHIIB Yy amapari NPakKTHIHO TIOBHICTIO
3aKiHIYETHCS, & TIPU METOJi MMePETBOPEHHSI - JIUIIE YacTKOBO. He3anexHo Bij crmoco0y BUPOOHUIITBA TEMIIEpaTypa
Crpeny Ha BUXOAI 3 anapary gopiBHioBatume 12-15 °C.

B Toii wac y meprmoMy BUTIQAKY CIIpel MaTHMe TBEPONOIIOHY KOHCHCTEHIII0, XOpOIla TIaCTUYIHICTD,
KpaIia TEPMOCTIHKICTh Ta MOXIIMBICTh PETYIIOBATH OJHOPITHICTh CKJIaTy, MOKIUBICTh BUPOOHHIITBA HEBEITHKOT
HOTY KHOCTI.

B Meroni mepeTBOpeHHs MNEpioNMYHOI Aii: TeKydy JIETKO pPYXJHMBY Macy, sSka Mae 3HayHO Oinblie
HETIOLIKO/DKEHNX JKUPOBHMX INAPUKIB, IO NEPEeXOAATh y IUIa3My, HENepepBHICTh BHPOOHMIITBA, BiIMiHHE
qucnepryBanHs miaasMu (1-3 MkM), HuM3bKa OakTepiasibHa OOCEMiHEHICTh, BHCOKa MeEXaHi3allis BHPOOHHYMX
npoueciB (migBHIIeHa 30€peXKEHICTh SIKOCTI, 3HWKEHHsSI BMICTY IOBITPS Yy TOTOBOMY CIIpE€Ai), MOPIBHSIHO MEHIIE
BUKOPHCTAHHS BOJY Ta XOJIOJY, MOXJIMBICTh BUTOTOBJIEHHS Maike BCbOIO ICHYFOUOTO aCOPTUMEHTY, MOOUIbHICTD
TEXHOJIOTIYHOTO TMPOoIIeCy, OUTBIT eKOHOMHE BUKOPUCTAaHHS BUPOOHUYHX IIJION] Ta MEHIIIA TPUBAIICTH BUPOOHUIOTO
Ky (1-1,5 romuam).

HenonikamMu 30WBaHHS POCIMHHUX 1 TBapHHHHUX BEPIIKIB y MAacIOBHUTOTOBIIOBaYaX MEPIOTUIHOT il
SIBIIIETHCS: TPUBAJICTh MUKy BUPOOHUIITBA (Maike 00Y), HEMOCTATHS AUCTIEPCHICTH IJIa3MHA B MOHOJIITI CTIpeny,
HEMOJJIUBICTD BHPOONATH CHpeay 3 CMAaKOBHMHM HAllOBHIOBAYaMH Ta IIIABHINEHOI KIJIBKICTIO IUIa3MH, B
TOPIBHSHHI OUIBII BHCOKa OOCEMIHEHICTh MIKpO(UIOpPOIO, 3HIKEHA MeXaHi3alis BUPOOHHITBA, HEPIBHOMIPHICTH
SKOCTI Ta CKJIaly y OJHiH maprii, 30inblIeHa €HEProeMHICTh, HEPaLliOHAIBHICTh BIPOBAKCHHS Ha HEBEIMKHX
HiANpUEMCTBaX Ta pepmax.

VY cnocobi nmepeTBOpeHHS] BUCOKOXXMPHUX TBApPWHHHX BEPILIKIB 1 POCIMHHHMX BEPIUKIB HEMEpepBHOI il
HEJIOJTIKH NOJIATAI0Th Y: PyYHHH MPOIIEC MUTTS CEerapaTopiB Ta JESKOro iHIIOro 00JaJHaHH, HOPIBHSIHO YacTi Balx
(He TepMOCTIHKICTh, MiZABHIIEHE BUTIKAHHSI MOJIOYHOTO XHpPY (6-12 %)), miABUILEHUH BMICT XUpY B Iuiasmi (2,1-
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17,4 %), yacta «pUXJIICTh» KOHCUCTEHIIIi, TOMY HEMOXKJIMBICTh (pacyBaTu cripes; OpuKeTaMH y MOTOLI BUPOOHUIITBA,
MOPIBHSHO BEJIMKI BIAXOAW KMPY B MACISHKY, BIACYTHICTH aBTOMaTH3alii B PEry/lIOBaHHI 1 BUMIpIOBaHHI BMICTy
BOJIOTH B CIIPE/Ii.

SkicHi moka3uuku roroBoro npoaykry [1], [2], [3], [4], [5], [6], [ 7], [8], [9], [10], [11], [12], [13] 3anexatb
HE TUIBKHM Bl TOTO YM JIOTPUMYIOThCS BCIX TEXHOJIOTIYHHMX omepauid Ta epeKTUBHOI poOOTH TEXHOJIOTIYHOTO
o0JiasiHaHHs, a  BiJ TOTO, 5IKa K CHPOBHHA BUKOPHCTOBYETHCS y BUPOOHUIITBI CIIpEy.

3a OpraHoOJENTHYHAMH TIOKa3HUKAaMH BEPIIKOBO-POCIWHHHUN CIpea 3a 30BHIIIHIM BHIJISIIOM i
KOHCHUCTCHIII€I0 TIOBHHEH OYTH: IIiIJIHHUM, OTHOPIAHHMM, IJACTHYHWUM; IMOBEPXHS 3JIeTKa MaToBa, abo ciabo-
Osnckyda, abo OJMMCcKyda Ha 3pi3i. ApoMaT Ta CMak: YHCTHH, HEIOCTATHRO BHUPAKCHHUIA BEPIIKOBHH 1/a00 TpHUCMaK
TACTepHU3aIlii; COJOIKO BEPITKOBUI, BEPITKOBUN 1 TprcMak macrepu3aiiii. Koyip omHOpimHWME 1Mo BCili Maci, Bif
CBITII0-3KOBTOTO JI0 6iJ710TO.

SIKI0 BUKOPUCTATH Y BUPOOHMITBI HEKOHIULIHHY CUPOBHHY, TO Ll€ MOXJIMBO IPHU3BEE 10 Baj rOTOBOTO
nponaykry. Tak Baau apoMaTy Ta CMaKky MOXXYTh BUHHKHYTH y pe3ynbTaTi: 1) «He CBLKHMIT» CaOKO BHUpaKEHHH,
HEYHMCTHH, BA)KKO BH3HAYAIOUMI NMPHUCMAK BHHHMKA€E Yepe3 3ilICOBAaHMH apoMaTHU3aToOp 4M 3aKiHUCHHH TepMiH HOro
NPUIATHOCTI, 3a0py/JHEHa MTPOAYKTOBA BOJIA, HEJOCTATHS JI€30/J0pallisl OJIiH, )KHUPIB UM BEPIIKiB; 2) TipKUil MprcMaK
— BHXIiJHA TIpKOTa XXMPOBOi CHPOBMHM, HE NMPABWIGHO MixiOpaHa ciib (i3 MiABHUINEHMM BMICTOM cyibdartis); 3)
KUCIIMHA NpUCMaK — HE JOTPHMAHHS CIIBBIIHOIIEHb NPH PO3BEICHHI JIMMOHHOI YW MOJIOYHOI; 4) 3TipKIicTh —
OKHCIIIOBAJIbHE TICYBaHHS JXHUPIB (CTapi XKUPH) i3 BHIOUICHHSM MACISIHACTOI KHCIOTH; 5) CaJbHUM INpPHCMaK —
BUKOPHUCTAHHS CaJoMacy 3 MiABUIICHOIO TemrepaTypoto rmiaBieHHs (monan 39 ° C), y ckiIaai MarOTh ITOMIIIKH
JKUPIB TYTOIUIABKUX (SJIOBHYMHHM, OapaHWHM), KHUPH 30epiraaucs He MPaBWIBHO (Ha TPSIMOMY COHSYHOMY CBITII
Tpu 30UTBIIEHIN TemmepaTypi); 6) ONHHUAN MPUCMaK — «CTapa Ois», He AKICHE Ne30J0pYyBaHHS; 7) CTeapUHOBHI
MPUCMaK — cajoMaca OTpUMaHa i3 MOPYIICHHSM TEXHOJIOTI1 IPH TiApyBaHHI, BAKOPUCTAHHS TYTOIUIaBKOI CaJoMacH,
sKa JOBro 30epiramacs; §) puOHHUIA MPUCMAaK — JOMIIIKH PIlTaKOBOi OJIil, OKMCIIOBAIbHE TICYBaHHS POCIHHHOI OJIil,
po3knamanHs ¢ocdaTtuaiB pOCIUHHOI 0Mil; 9) MWIBHMH NpPUCMaKk — HAasABHICTH Y TOTOBOMY TNPOAYKTI CHUpPHOI
TUTICHSBH, ITOraHa padiHaiis pocIMHHOI 0Jii, NaJbMOBOI, KOKOCOBOI, caomaca; 10) MeTaneBui NpUcMaKk — TpuBaie
30epiraHHs CUPOBHHH y 3aKPHTiil MeTalivHil Tapi i3 «40pHOTr0» 3aii3a, KOJH IiIBUIIEHA BOJIOTICTh CHPOBHHH, TO
OyAyTh HasBHI IMPOTYKTH YKUTTEISUTBHOCTI ISIKUX BHIIB OaKTEPii.

Baau 30BHIImIHBOrO BHIIISAY: 1) y 30BHINIHBOMY BHUIJISIII CIIPEAY MOJKIJIMBE IIOSIBICHHS MapMypOBi
NPOXKUJIKKM — HEIOCTaTHE 1 HEeNpaBWJIbHE 0OpoOJICHHS OapBHMKIB, a0 HeNpaBWJIbHE HOrO BUKOPHCTAHHSI; 2)
HEOTHOPITHICTh TI0 00’ €My MPOAYKTY (UIiJIBHICTh, KOJIP) — MOTPAIUIAIOTh 3aJHMINKA CTAPOTO CIPEAy i3 MIJIIHAPIB
aBTOMaTa YMAaKOBKH ITCIS 3yNHWHKH Mpolecy ¢acyBaHHS TOTOBOI MpOAyKuii, abo i3 moraHo BHMHUTHX TpyO; 3)
«TPYIKO TOMiOHE» HANOBHEHHS B OPHKETH — HEAOTPHUMAaHI TEMIIEpPATYpHI PEXHMH, 3aHIDKEHA TeMIiepaTrypa
BHXIJTHOTO CIIpey, J0JaTKOBa KpHUCTali3allis y TpyOonpoBoiax;

OpraHonenTUdHi Baau: 1) crpesn MOBrHM Yac TaHe B POTi, BiAYYBAETHCS IUIACTUYHICTH CMaKy — IIiJIBHUINEHA
TeMIlepaTypa Ipy BUPOOHHUIITBI eMYJIbCii; 2) crpen ayske IBUJIKO TaHE y POTI — 3HIKEHA TeMIlepaTypa IJIaBJIeHHs
JKMPOBOi OCHOBH, IOMMWJIKA B KUIBKOCTI J0JaHOl pociuHHOI ouii (Olnbiie HOpMH); 3) TpPICHUH, HEJOCTaTHHO
BUP)KCHUH apoMaT Ta CMaK — HEBIPHO 3Ba)KEHA KIJIBKICTh apOMaTH3aTOPiB, BUIIAPOBYBAHHS apOMaTH3aTOPY NpHU
JIOBIOTPHUBAJIMX 3YIMHKaX BUPOOHMIITBA Ta IPU HEBUTOTOBJICHIH MOBHICTIO Tpy00i eMyJbcCil; 4) po3zineHnii cmax
(crioyatky TpHUCMaK KHMPIB, MOTIM KHCIIO-COJIOHO-TIPKUI CcMak BOJSHOI ()a3u — YaCTHHKHM BOJSHOI a3y MaroTh
BEJIMKI pO3MIipH, HE BIDHO BUTOTOBJICHA EMYJIBCIsL.

Bucnoskmu.

Orxe, IPU BXXUBAHHI PI3HUX BUIIB CIPEIiB OpraHi3M JIOAMHA HACHIYBATUMETHCS SK TBApUHHUMH, TaK i
POCIMHHUMH KUpPaMH, [0 HEOOXiMHI I HOT0 HOPMAIbHOI KHUTTEMISUIBHOCTI. [IpM BHKOpPUCTaHHI SKiCHOT
CHUPOBHMHHU Ha BUXO/1 MaTUMEMO MPOAYKT, SIKUH KOPHCTYBATUMETHCS MIAICHUM IIOIIITOM CEpeJl CIIOKUBadiB. PUHOK
VYkpalHu pO3MIMPIOBATUMETHECS 1 K paHime OyJe BEITMKHUM eKCIopTepoM crpeniB i Macima. CaMi X BHPOOHHKH
MOCTIHHO 301JIbIIIYBaTUMYTh CBilf aCOPTHMEHT Ta PO3POOIATUMYTS 11ie e(heKTHBHIIII CIIOCOON BUPOOHUIITBA BIACHOT
TPOAYKITIL.
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B.A. BBIIIMHCKHUHU

Wuctutyt kubeprernku uM. B.M.I'mymikosa HAH Ykpaunsr

HUCTOYHUK MATHUTHOM MACCHI BEHIECTBA

Bonvwoii 3a2adxoii npupoodsl A6IA0OMCA MacHUmMHble ceolicmea sewjecmea. M 6 smom ciyuae, Kak u ¢ Maccou meina,
E€OUHCMBEHHDIIL CNOCO0 6 COBPEMEHHOU HAYKe NO3HAHUSL MASHEMUIMA C800UNCA K ONUCAHUIO €20, M.e. MemoO (eHOMEHONIOUU.
Takoe nosnanue 6 ecmecmso3HaHUU NO3BOJIAN0 peulams MHO2UE NPAKMUYecKue 3a0ayu, 00HAKO OHO He NPUBOOULO K NOHUMAHUIO
Mo20, Kakum o0pazom npupooa co3oaem MAHUMbL, KAKAA Y HUX 6HYMPEeHHAA cmpykmypa. B nacmosaweii pabome smu
CMOPOHbL PUUKU MASHUMO8 uccaedylomcs. Bnepevie obpawaemcs numanue na mo, 4mo MAazHUmMvl 80 6pemMsa UX OUHAMUKU
AHATIOZUYHO MACce Meaa UMerOm UHePYUio, KOmopas CpOOHU UHEPYUU MACCHL Med.

Knrouesvie cnosa: macca mena, unepyusi, CUN08as JIUHUSL MASHUMHO20 NOJA, NOCMYNAMeENbHOe U KolebamenbHoe
oguoicerue, d1eMeHMapHble YACMUYbl 8euecmad

V.A. VYSHINSKIY
V.M.Glushkov Institute of cybernetics of National academy of Science of Ukraine

SOURCE OF MAGNETIC MASS WEIGHT

The great mystery of nature is the magnetic properties of matter. And in this case, as with the mass of the body, the
only way in modern science of cognition of magnetism was to describe it; to the method of phenomenology. Such knowledge in
natural science allows solving many practical problems, but it does not lead to an understanding of how nature creates magnets,
what their internal structure is. In this paper, these aspects of the physics of magnets are being investigated. For the first time
attention is drawn to the fact that magnetic bodies, like their body mass, have inertia, which is similar to mass inertia, and that
these two types of inertia in time of their dynamics add up with the usual mass inertia. It is shown that magnetic inertia
disappears together with the magnetic properties of matter, the reason for this is the mechanism of the renewal of magnetism and
its inertia. The internal mechanism of the appearance of magnetic dipoles under natural conditions is considered and the
principal difference between gravitational dipoles and analogous magnetic dipoles is shown. The eternal mystery of the magnetic
field is revealed - two constituent parts of the magnetic masses: Nord and Zuid, and also obtaining them in nature individually.
What is the reason that these masses are not in a state of rest in nature? It is shown why the interaction of magnetic bodies is
much stronger than the analogous interaction of gravitational bodies.

Key words: mass of the body, inertia, magnetic field force line, translational and vibrational motion, elementary
particles of matter

1. Baenenue

MarepuanbpHas IpUPOIa CBOMM OKPYKEHHEM HYEJIOBEKY HaeT 3HaTh O ceOe, BO3NEHCTBYS Ha €ro OpraHbl
YyBCTB, KOTOPBIE, KaK CTajl0O M3BECTHO W3 HAIIMX HCCIeAOBaHWH [l], ABIAIOTCS MPOSBICHHEM ACUCTBHUS TPeX
(hM3MYECKHUX TOJIeH: TPaBUTAIMOHHOT0, MATHUTHOTO, IEKTPHYECKOTO, a Takke MX KomMOnHamuid. To, 9To opraHbl
YyBCTB pearupyioT, IMEHHO Ha yKa3aHHBIC IIOJIA, OBIIO M3BECTHO C HE3alaMATHBIX BPEMEH, OJHAKO HAyYHOE
00bsicHeHHEe MX (QU3WKH ObUTO HemaocTaToYHBIM. COBEPIIEHHO HEIABHO MMOJ IMOJIEM TOHUMaachk ocobas ¢opma
CYIICCTBOBAHHUS MATCPUU, W 3TO YTBEPKICHUEC SIBIJIOCH CICACTBHEM OTCYTCTBHEM KakhX JHOO 3HAHHWHA O
BHYTPCHHEM MeEXaHW3Me MNpOSBIICHUS MaTepuu B BUJE NOis. bojee Toro, ompenenss ero kak ocodOyio ¢dopmy
MaTepHH, MPOU3O0ILIO Pa3MEIKEBAHHE €€ C MaTepueH MPEJCTaBICHHOW B BUIe Macchl Tena. CeromHs B (PU3NIECKOM
JIUTEpaType, TaK U HE PaCKPBIB TAWHBI, YTO TAKOE MOJE, NPUILIN K YIOTPCONCHUIO MOHATUH HEKHX  YCTBIPEX
(hyHTaMEHTAIBHBIX B3aMMOJICHCTBHIA, OJTHAKO W 3TO HE pa3permwio npodiemy. Hammm ucciieoBaHus TPUOTKPHLTH
3aBecy Haj 3TOW 3araJKod MPUPOMBI, MPEIOCTABUB «MEXaHHM3M» BO3HHKHOBCHHS TOJS, a TAKKE MAaTCPHATBHYIO
CTPYKTYPY CWJIOBBIX JIMHHH, ITOCPEICTBOM KOTOPBIX W TIPOHCXOAAT OTMEUYEHHBIE BEINIE (pyHIaMEHTaIbHEIC
B3aUMOJIEUCTBHS.

Havano mno3HaHUS SJIEKTPHYECKOTO, MAarHWTHOTO U TpPaBHTAIlOHHOTO Tois pasHoe. Hcxoms wu3
HUCTOPUYIECKUX 3HAHUH, KOTOpHIE CPOPMUPOBAINCH B TOCIEAHHE CTO JIET, HYENOBEK, IPEXae Bcero, oOpaTmi
BHUMaHWE Ha SIBJICHUSA, CBSA3aHHBIE C MarHETH3MOM. OJTO yxe moTtoM B XVII Beke NpHCTynWiId K U3YYCHHIO
TPaBUTAIMOHHOTO TMPHUTSKCHHSA, a 3aTeM W dJeKkrpuuecTBa. OIHAKO CETOAHS OJHOBPEMEHHO C OTHMH
UCTOPUYCCKHMHU CBEJCHUSMU MOSBIINCH (DAKThl, UX MNPHUHATO HMCTOPHUKAMH HA3bIBaTh apTe()aKTaMu, COTIIACHO
KOTOPBIM COBEPIICHHO B HEJAIICKOM IPOILIOM, Kak MHHUMYM 200 yieT, Ha 3emiie CyIIeCTBOBaja YeloBeUecKast
UBUIIN3AIMS, C 0OJiee COBEPUIICHHBIMH 3HAHWSIMH O MArHETH3ME, JJICKTPUYEeCTBY M TpaBuTanuu. OO0 3THX
HEOOBIYHBIX (DAKTaX «KHIIAT» CTPAaHUIIBI COBpeMEHHOTo MHTEepHETa, M HET HEOOXOIUMOCTH MPUBOIUTH UX alpeca.
Takum 00pa3oM, HCTOPUYCCKHUN SKCKYPC B TIO3HAHHE MAarHeTH3Ma, KOTOPOMY IOCBSIIECHA HACTOSIIAS CTAaThs, IO-
BUANMOMY, W3HImIHWHA. OOpaTUM JIHIIF BHUMAaHHWE HA TO, YTO HCCIEIOBAHWS STOTO SBICHUS MPHUPOABI Oyaem
MIPOBOIUTH HE C IO3WIMI ero omucaHus ((PEHOMEHOIOTHH), a «IPOHUKHEM» B CTPYKTYPY MarHMTHOH Macchl, ee
€CTECTBEHHOE BOHHKHOBEHHE M Ha «PbIUaruy», ¢ IIOMOIIBIO KOTOPBIX OHA BO3ACHCTBYET Ha OKPY’KAIOIIYIO CPEIy.

2. DJeMeHTapHbIe YaCTHIbI MATHUTHOI Macchl BelllecTBa

Pemenne mpoOieMbl TOMydeHHs 3HAHWN O MarHeTW3Me, YKa3aHHBIM BEIIIE CIOCOOOM, TPHBENO K
HEOOXOTUMOCTH MOHUMAHHUSI TOT'O, KaK YCTPOCHO BEIIECTBO HA YPOBHE €0 JIEMEHTAPHBIX YAaCTHUIL. JTa mpodiiemMa
SIBIISICTCSL OJTHOW U3 TPYIHEHIINX B COBPEMCHHOM €CTeCTBO3HAaHUU. [lenio B ToM, 4TO B XX Beke (PU3UKU-TCOPETHKH,
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UCIIOBEYsl Pa3iM4Hble BapHaHTHl MJCATUCTHYECKUX MHUPOBO33PEHHUH, BKIIIOYAs M3BECTHBIH IMIUPHUOKPUTHIIN3M
(Maxu3M), cerojHs ero BapHaHT MO3WTHBU3M, NPHULUIM K BBIBOJAY, YTO MaTepusi B IpeJelie ee H3MEIbYCHUS
HeJleNIMMa, W3 4Yero CJIEAYeT, YTO COBOKYMHOCTh TaKMX HEAEIHMBIX MaTEepUaJIbHBIX 00Pa30BaHUH M COCTaBIISIET
COBOKYITHOCTb JJIEMEHTApHBIX YacTHI] MaTepHu. 3Jiech e ObUI MPHUIAyMaH M CHOCOO MOJYyYeHMs TaKUX YacTHIL,
KOTOpBIII IO CBOEH IPOCTOTE Cpa3dy ke NpWXKWICs B uccienoBaHusx. CyTb ero cBomuTcss K obOcrpeiy
MaTepualbHbIX 00pa3oBaHWi, HAaNpUMep, SACp aTOMOB, YHEPreTHUECKH HACHIINICHHBIMH dYacTHUIaMHu. Y BOT mnpu
paspymeHNH TaKUM CHOCOOOM sIipa IONyYaroTCs €0 COCTaBIIONINE, CPeANd KOTOPBIX W IMPOUCXOIUT IIOMCK
3JIEMEHTAPHBIX YaCTUI] MaTepuu. VIHBIMH CIIOBaMH, B 3TOM CIIy4dae HCCIIEAOBATENh OEpeT COBEPIIEHHOE TBOPEHUE
MPUPOABI — JPArONEHHBI «CEePBHU3» — SIIPO aTOMa M CTPENAeT 10 HEMY W3 IYIIKH CHapsSIaMH — 3apsDKCHHBIMH
JacTUIAMH, pa3dmBas €ro BAPEOE3rH, TMBITASCh IMOHATH, U3 YEr0 COCTOUT AITOT E€CTECTBEHHBIM «yHHUKAaJIbHBII
cepBu3». Takoi «BapBapCKUii» CIOCO0 UCCIICOBAHNI Ha CETOMHSAIIHUHN JeHb MTO3BOJIMI YK€ TOMy4duTh cBbIe 2000
OCKOJIKOB-YaCTHI], 1 BO3HHKAET TeIepb NpoOJieMa: 4TO C STUMH OCKOJIKAMHM JIeJaTh, KaK IPUPOJa U3 HUX CO3/aeT
TO, 4TO OBIIO pa3pylLIEHO, T.€. SAPO.

Hamm wccnenoBanusi, onmupasicb Ha CUCTEMY IOCTYJIATOB, SBISIOUIYIOCS PE3yJbTaTOM PELICHHs IIeCTON
npo6uiems! J[.I'nipbepra, NpUBEIr K HOBOW MOJIENHN CylIecTBOBaHHs MaTepuu. C MOMOIIBIO ATOW MOJIENH yJIalloCh
oOHapyXuTh 1Ba QyHaamMeHTanbHBIX 3akoHa (IlepBoe 1 Bropoe Hauano Bemiectsa), criocoOcTByronue B npupoe
HOSIBJIATHCS  JICBATH DJIEMEHTApPHBIM YacTHLAM BEILECTBA, U3 KOTOPBIX, 3aT€M, IMPHPOAA CO3/1aeT BCEBO3MOXKHBIC
aToMBbI DiIeMeHTOB Tabmumel MeHemeesa.

Hanmomuum, conepxanue stux Hauan.

ITepBoe Hauano BemecrBa

CoBMellenne, B0 BpeMsl MOCTYNATEJIbHOI0 JBMKEHHUS JABYX M 0oJiee YYaCTKOB BaKyyMma,
NMPUBOAUT €ro K BOJHOBOMY COCTOSIHMIO, T.e. MPOUCXOAUT NMpeodpa3oBaHHe MOCTYNATEeJIbLHOIO B
BOJIHOBOE JIBUKEHMHeE.

Bropoe Hauano BemecrBa

Bo Bpemss npoaBmxenusi GoToHa B BaKyyMme, IPH OINpEAEJCHHBIX YCJIOBHAX MOKET
«000pBaTHCA» €ro 3JIeKTPOMATHHUTHBIN Koj1ebaTeJbHBIH INpolecc, W TOrAa BaKyyMHas cpejaa
NepexXoAuT B COCTOSIHUE, KOTAA OTAeJIbHBIN ee YYacTOK IBHKeTCSl MPAMOJINHEIHO, T.e. HMeeT MeCTO
npeodpa3oBaHye BOJIHOBOIO B IOCTYIIaTeJbHOE ABHKEHHe.

CornacHo Hamiel MOAENM  MaTepusi B MPUPOAEC HAXOIUTCS B BHIE OJHOPOAHOU CPEIBI,
MOJYYHBIICH Ha3BaHUE BaKyyma, KOTOPBIA U SIBISIETCS OCHOBOW JUIsi (JOPMUPOBAHHS B HEM BEIECTBA.
Takoe cymecTBOBaHME MaTepWH ISl BEIIECTBEHHBIX OOpa30BaHWM SBISIETCS HEPETUCTPHUPYEMBIM, T.€.
OHO HEBUAVMOE HUKAaKMMU MpuOOpaMH, BBHIMOJIHEHHBIMA W3 BEIIECTBA, KaK €CTECTBEHHOTO
MIPOUCXOXKJCHHUS, TaK U UCKYCCTBEHHOro. Jleno B TOM, YTO BaKyyM COCTOUT M3 TaKUX HU3MEIbUYEHHBIX
CTYCTKOB MaTepHabHON CyOCTaHIIMM, YTO pa3pelaromas CIIOCOOHOCTh YKa3aHHBIX IMPHOOPOB HE B
COCTOSSHUM WX OOHapyxuTth. Tak, MaTepHaabHBId BaKyyM [UIsl BEIIECTBEHHOTO MHpa SBISCTCS
MPO3pavHbIM. BOT moyeMy perucTpaliust STOro COCTOSIHUS MPUPOABI Ha MPOTSHKEHUH 0O0Jiee YeM CTa JIeT,
KOT'Jla €T0 WHTEHCHBHO TBITAJINCh OOHAPYXUTh, HE YBEHUATACh yclexoM. 1o, 4To (pu3mkam TeopeTuKam
[IOKA3aJI0Ch YaCTUIAMU BaKyyMa, HalpuMeEp, B pe3yJibTare onbIToB Kasmmupa u Jlemba-Pesepdopma, Ha
OCHOBE JIOJXKHOM MOACIN «(1)1/131/1‘{601(01"0 BaKyyMa», CPOJJHHU BbIJa4YU KEJIAEMOI'0 3a L[eﬁCTBPITeJ'H;HOC.

I/ITaK, HaIllyu UCCJICA0BaHUs IOKa3alu [1], YTO MPOoNUECC BOBHMKHOBCHU BCIICCTBA B IPUPOAC HAYUHACTCA C
nosiBNIeHUst ero aneMeHTapHbix yactui. [lon nelictBuem Ileporo Hauana BemectBa B BakyyMe BO3HUKaeT
3JIEKTPOMAarHUTHAs BOJHA — (OTOH. 3aTeM, €CIT ATa BOJHA OKA3bIBACTCS B YCIOBHUAX BaKyyMHOM CpPEIBI,
MIpU KOTOPBIX JieiicTByeT Bropoe Hauano BerecTBa, TO B HEil MOSBIAIOTCSA 1IECTh 3JIEMEHTapPHBIX YaCTHIL
BEILIECTBA: DJICKTPOH, TO3UTPOH, JBE MACCHl MATHUTHOTO U JIB€ MAacChl TPaBUTAIMOHHOrO Nojsl. B Hareit
paboTe, Tpexxie BCero, HHTEPECYIOT MAarHUTHBIE ¥ TPAaBUTAIIMOHHBIE MACCHI, IOCKOJBKY WX TOSBIIEHHE B
MpHUpoJie BechbMa cxokee. HamomHuMM, Kak Mpupoja reHepupyeT mMacchl Ten. Ecnu B OfHOM ImiacThHe
BaKyyMa OJHOBPEMCHHO MOSIBIIIOTCS J1Ba (DOTOHA HA TAKOM PACCTOSIHUU, YTO MEXKIYy HUMH HET MecTa
JUTSL pa3MeEIeHusl eme OAHOTO (OTOHA, M WX (Da3a BOJHOBOTO JBMXKCHHUS OTIMYACTCS HA TOJIOBUHY
MEPUO/Aa 3IEKTPOMATHUTHOTO KOJIe0aHHS, TO 3TH (OTOHBI MPUTATHBAIOTCS IPYT K APYyry. Bo Bpems mx
MIPUTSHKEHUS. ¥ TIPOUCXOIUT OOPBIB 3JIEKTPOMArHUTHBIX KOJICOAHWH B HHUX, B PE3yJIbTaTe KOTOPOTO U
MOSIBJISIIOTCA JIBE AJIEMEHTApPHBIC YACTULBI TPAaBUTAIMOHHOTO MOJISL. DTO SBJICHUE UMEET MECTO B IPUPOJIE,
B CHJIy TOTO, YTO KOJIEONIONIMECS 3HAYEHWS MAarHUTHBIX UX COCTABIIAIONIMX CTYCTKOB MaTepHaIbHON
CyOCTaHIIMM BaKyyMa HaxXOJSITCS HAa CaMOM MallOM PACCTOSHHHM APYT OT ApPYyra, MPH KOTOPOM CHIIBI
B3aMMOJCHCTBUS MEKIAY HHMH OyAyT caMble MaKCHUMallbHble. OTO MaKCUMallbHOC 3HAYCHUC
paccMaTpuBaeMbIX Cui ciexayeT u3 ¢yHknun (1) pacmpeneneHusl MOTEHITHANa, KOTOPOE W ITO3BOJIUT
obopBaTh KOJeOAHWE C TAKOW CHJIOH, YTO Ta COCTABIISIONIAS MAarHUTHOW CHJIOBOM JIMHWH, KOTOpas
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OTTaJKUBAaeT OT CryCTKa COJCPKUMOE BaKyyma, ucde3aeT. B TO e BpeMs, OCBOOOIMBIIUKNCS OT
KOJIEOATEeIILHOTO TPOIecca CTYCTOK NpUOOpEeTaeT CKOPOCTh [IBMKCHHS, KOTOpas paBHA CKOPOCTH
pacipocTpaHeHHs TOTEHIMajda MAarHWTHOTO TIOJS, M CYIIECTBEHHO IIPEBBIIIAET CKOPOCTH CBETA.
HamomanM, ykasaHHast CKOpPOCTbH, T.€. MEpeMEIIeHre BO BPEMEHH IOTEHIIMAaNla COBEPIIAaeTCs 3a TaKOH
BPEMEHHOH MTPOMEXKYTOK, PErUCTpaIlHsl, HK3MEPESHUE KOTOPOTO HE O] CHITY pa3pelaronieil ciocoOHOCTH
BEIIECTBa, W3 KOTOPOTO OOBIYHO BBIMONHSIOTCS HamuW MpuOopsl. [losBuBIIMECS B OJHOW IJIACTHHE
CTYCTKM HE pa3lIeTaroTCsl B MPOCTPAHCTBE BaKyyMa, a NPUTATUBAIOTCA OPYT K APYTY, TEM CaMbIM,
00pa3yroT rpaBUTAIMOHHBINA AUIONG [2]. Tak «poxkaaeTcsy Macca BEIecTBa.

Ecnu nBa hoTOHA MOSBISAIOTCSA B OJAHOHN IUTACTHHE BakyyMma Ha OOJIBIIIEM PACCTOSHUH, YE€M 3TO
HEOOXOIMMO /ISl TIOSIBIIEHUST MAcChl TeJla, M MEXIYy HIMH MOKET Pa3MECTUTHCS, KaK MUHIUMYM €Ille OJIUH
Takoi (OTOH, a ciBUT 1O (a3e MX IIICKTPOMATHUTHBIX KoJeOaHU! OyJIeT OTCYTCTBOBaTh, TO MOXET
MIPOU30MTH aHAIOTUYHAS CUTyanus oOpbiBa (oroHa. B sTOoM cimyuae nmBa oOopBaBimecs oT (poToHa
CrycTka OyayT ymamsaThCs APYr OT Apyra (B NPOTHUBOIOJOXKHBIE CTOPOHBI) C HECKOJIBKO MEHBIIEH
CKOPOCTBIO, HEXKENIH B ciydae ¢ Maccoil Tena. OMHOBPEMEHHO C 3TUM, B YJAISIOMUXCS JIPYT OT Apyra
CTYCTKaxX yXe OyIyT MPUCYTCTBOBATh T€ COCTABJISIONINE CHIIOBBIX JIMHUHM MO, KOTOPHIC OTTAIKHUBAIOT
JIpyTHe CTYCTKU BaKyyma B IutacTuHe. To ecTh OOpBIB KOJIeOaHWII B 3TOM Cliydae OCYIICCTBISETCS, B
OTIIMYME, KOT/Ia TOSIBIIIOTCS DJIEMEHTAapHBIE YacTHIl TPAaBUTAI[MH BEUIECTBA, YK€ C MEHbIIEH CHIION
cornmacHo (yHkiuu (1) (cM. Takxke ee rpaduueckoe mpexncraBineHue — Puc.1). [lenmo B ToM, 9TO B
paccMaTpuBacMOM CITy4ae B3aUMOJICHCTBYOIINE CTYCTKH MaTePUAIbHON CyOCTaHIIMM HAXOMATCS B TAKUX
MecTax BaKyyMHOT'O POCTPAHCTBA, B KOTOPHIX HAMPSHKEHHOCTh MATHUTHOTO TTOJISI COTIIACHO (YHKIIUU

1
y = arctan— (1),
X
rac y — CHWIOBOC 3HAUYCHHUC HAIPAKCHHOCTU IMOJIA, X — PACCTOAHUC OT HMCTOYHHKA HOJIA OO0

UCCIIeTyeMOr0 MeCTa B IMPOCTPAHCTBE, HECKOIBKO HIKE, YEM 3TO UMEET MECTO IpH 0OpbiBe ()OTOHOB B
OJTHOW IIJTACTHHE BaKyyMa, MEXJy KOTOPHIMH HET MecTa JJisi MOSIBICHHS eme ogHOro (oTtoHa. DTO
03HAYaET, YTO U KUHETUYCCKUE, M CUJIOBBIC UX B3aMMOJACHCTBUS OYIyT ciabee, HEXKEIH 3TO HMEET MECTO
npu  (HoOpMHpPOBaHWM Macchl BemiecTBa. JUIs HArJsIIHOCTH TPHUBEICHHOTO BBIBOJA HAIIOMHUM
rpadudeckoe H300pakeHHE TPUBEACHHOW (DYHKIMHM pacrpoCcTpaHEHUs HANPsKEHHOCTH TIONS Ha
CIIEYIOIIEM PUCYHKE.

2
\\ o 1
g —-__'F__ arctan —

——— S - . —— x

Puc.1 I'paguyeckoe npeacrapiaenne Gpynkuun (1)

B pabote [3] BmepBeie pa3pelnieHa mpoOiIeMa ONPENeICHUs PacpOCTPAHSHUS HANPSIKEHHOCTH
M000r0 PU3MUYECKOTO MOJIS B IPOCTPAHCTBE BaKyyMa, KOTOpasi HIMEET MaTEeMaTHUECKOEe OITMCAHUE B BHJIE
¢yuxmum (1). C moMoIpio 3Toi GYHKITHN CYIIECTBEHHO KOPPEKTUPYETCS N3BECTHBIN 3aKOH BCEMHUPHOTO
TaroTeHUs: HpI0TOHA M 3aKOH B3aMMOJICHCTBHS JICKTPpUYSCKUX 3apsaoB Kynona, ocoOeHHO, B 00nacTu
CBEPXMAJIBIX M CBEPXOOJBIINX PACCTOSHUI OT MCTOYHHMKA TIONS, TEM CaMbIM, XapaKTepusys cladble U
CHIILHBIE B3aMMOJICHCTBUS, KOTOPbIE MPUCYINU U IEKTPHUECKOMY, H MATHUTHOMY, U TPaBHTAI[HOHHOMY
TMOJIIO.
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Takum 00pa3zom, eciii y JBYX CI'YCTKOB BaKyyMa, «POXKIAIONIUX» TPABUTAI[HOHHBINA JTUIOIb, KaK
y’)K€ OTMEYallOCh, Ta YacTh CIJIOBBIX JIMHHMA, KOTOpas OTTAJIKHUBACT CT'YCTKH BaKyyma, HOJHOCTBIO
OTCYTCTBYET, TO y CT'YCTKOB, U3 KOTOPBIX BO3HHMKAE€T MAarHWTHBIE MacChl, MAlHUTHBIE CHJIOBBIC JIMHUU
TIPEJICTABIEHBI ¢ 00€UX CTOPOH CTyCTKa, TeHEPUPYIOIIET0 B BaKyyMe MarHUTHOE moje. ToNbKo, B HUX,
OTTaJKUBAIOIIAs YaCTh CUIIOBBIX JIMHUH, OyJE€T HECKOJIBKO OCJIa0JieHa 3a CYET CUJIbI MPUBOJSIICH 3TOT
CTYCTOK B JBWXeHHE. [lOoCKONbKy, Takwe JBa CTycTKa B TIPOCTPAHCTBE BaKyymMa HaXOISITCS Ha
paccTOSHUM, TO3BOJISIONIEM MX MPUTATHBATHCA APYT K APYTy, TO OHU TPEKPATAT CBOE JABIDKEHUE B
MIPOTUBOIIOJIOKHEIE CTOPOHBL. EcCiy mpu «poKIeHUI» TPaBUTAIMOHHOTO JIMIIOJNS JIBA CTYCTKa BaKyyMma
MPUTATUBAIOTCS TEMH YaCTSIMH CBOUX CHJIOBBIX JIMHUM, KOTOPHIC paOOTAOT HAa MPUTATUBAHUE CT'YCTKOB B
BaKyyMe, TO B Cllydae C MarHUTHBIM JTUTIONIEM, CTYCTKH, CONPUKACASCh APYT C IPYTOM, MPUTITUBAIOTCS
CWIOBBIMH JTUHUSIMHA C TPOTHBOIIOJIOKHBIMH CBOWCTBaMH. TO €CTh, €CIIU B NIEPBOM CTyCTKE, B MECTE
MIPUTSDKSHYSI CUJIOBAs JIMHUS OTOJIBUTACT CT'YCTKU BaKyyMa, TO BO BTOPOM, HA00OPOT — MPUTSATHBAET UX.

Tak mosIBUTCS BeIIECTBEHHAS CTPYKTypa, KOTOPYIO MPHUHATO 0003HAYaTh MAarHUTHBIM JIUIIOJIEM.
O0OpatuM BHMMaHHE Ha TO, YTO €CIIM MEXIYy BO3HHMKIIMMHU CTyCTKamMHd OyIeT pacCTOSHUE He
MO3BOJIUBIIIEE CPabOTAaTh UX MPHUTHKEHUIO, TO OHU YAAIATCS IPYTr OT JApyra, MpeACTaBiisis coOOi 1Be
MarHuTHeie Macchl — Hopnm u 3roiin. CkopocTh JBMKEHHS 3THX Macc OyJeT TakoBa, YTO BpEMH,
XapakTepu3ymoIlee HX «pa3jieray HEBO3MOXKHO Oyaer 3adUKCHPOBATH C IOMOINBIO MPHOOPOB
W3TOTOBJICHHBIX W3 BemlecTBa [2]. HamoMHMM, TpyIHOCTH WX pErHCTpand OOYCIIOBJICHBI TE€M, YTO
BCIICCTBCHHBIC MPHUOOPHI, KOTOPHIMH MBI IMOJIb3YEMCS, HWMEIOT HEJOCTATOYHYI0 pPa3pelIarolyro
CrocoOHOCTh. Tak B IpUPOAE MOSIBISIETCS OTHOIIONIAPHBIE MATHUTHBIE MACCHI.

OO6patnM BHUMaHHE Ha Ty CTOPOHY MarHMTHOTO MOWIOJNS, KOTOpas MO CBOMM OCOOEHHOCTSM
aHAJIOTMYHA TPABUTALMOHHOMY TUMNOI0. HamoMHUM, MarHUTHBIC CHJIOBBIC JIMHHU, UX aKTUBHOCTh, B
IUTACTUHE BaKyyMa pa3MeNIeHbl 10 BceMy OOBEMYy TOW UYacTW IDIACTHHBI, KOTOpas SBISAETCS
MPOAOJDKEHNEM IIMPHUHBI, HAXOSIIETOCs B HEH paccMaTpUBaeMoro Cryctka. Bo B3aumoielCTBIH OBYX
CTYCTKOB, BXOJSIIUX B MArHUTHBIH JWIIONIb, 3TH J[BE IIMPUHBI HE COBMAJAIOT, T.C. UX CHUCTEMBI
KOOPJWHAT HECKOJIEKO CIABUHYTHI IPYT MO OTHOIICHWIO K Apyry. HamomamMm, ecinm Obl 3TH CHCTEMBI
COBMAJIaJIA, TO B MPOCTPAHCTBE BaKyyMma MPOU3OILIO OBl COBMEIIEHHE NBYX CTYCTKOB BaKyyMma, a 3TO
ycroBust s nedictBus [lepsoro Hawama BemectBa, W BMeCTO JBYX pacCMaTPUBaEMBIX CTYCTKOB
BO3HUKJA OBl TeHepanus (OTOHA, U HUKAKOTO ObI MarHUTHOTO JIUTIONS HE MOIYyYHJIoch. B pesynbrarte
TaKOTO PACIIOJIOKEHHUSI CHUIIOBBIX JIMHANA B 00beMe IUTAaCTHHBI BaKyyMa 4YacTh CHJIOBBIX JIMHUM CTyCTKOB
(hopMHpYIOIMX MarHUTHBIA JTUTONB OYJAYyT BBICTYNIATh MO 00€ €ro CTOPOHBI M PACIHpPOCTPAHATCS B
Bakyyme. C OJIHOM CTOPOHBI, OTTAJIKUBasl CTYCTKH BaKyyMa, a ¢ JAPYroi, ux nputsiruBas. COBOKYIHOCTh
TaKUX MarHUTHBIX JUIOJEH, B3AUMOJICHCTBYS B BEIIECTBE, M (POPMHUPYIOT MAaTHUTHOE TEJNO, T.€. MAarHHUT.

OO6paTm BHUMaHHE €IIe Ha OJHY 0COOEHHOCTh, PACCMOTPEHHOW BHIIIE, MAaTHUTHON CTPYKTYPHI.
Ecnu momecTuTs MeXIy IBYX CIYCTKOB B JUIOJIE (JOTOH, TO MATHUTHEIM WO UcUe3HeT. Eciu, 3aTeMm,
U3BATh YKa3aHHBIA ()OTOH, @ HA MECTO CTYCTKOB, KOTOPHIC COCTaBJISUIM IMOMABIIAN JTUTIONL TIOMECTUTH
(hOTOHBI, TO MarHUTHBIN AWIIONb BHOBb MOSBHUTCA. J[eWCTBUTENBHO TMOSIBIEHHE MEXIY ABYX CI'YCTKOB
(hoToHA MOXXHO OOEcTeyuTh IyTeM HarpeBa MarHUTHOTO Tena. V3BeCTHO, 4TO B JTOM CIIydae ero
MarHUTHBIC CBOWCTBA MCYE3HYT, T.€. MATHUTHBIC TUTIONHN B TAKOM Cllydae mpomnagayT. CTOUT IpUCTYITUTh
K €ro OXJIAXJCHHUIO, KaK ()OTOHBI, KOTOpPbIE MPH HAarpEeBaHUHM PACIIONATAINCh MEXKIY COCTaBIISIOIINMHU
(MarHUTHBIMH Maccam) JWITOJIS UCUE3HYT, U TOT/Ia OCTaBIINECsS (OTOHBI, IO 00€ CTOPOHBI UCUE3HYBIITHX
(hoTOHOB, CHOPMUPYIOT MATHUTHBINA TUNONb. TakuM 00pa3oM, ¢ OCTHIBAHMEM MAarHUTHOTO Tela €ro
MIPEKHUE MarHUTHBIC CBOHCTBA BOCCTAHOBSTCSI.

Macca Tela MMEET CBOMCTBO HHEPIMH. MarHuT TOXe OoOagaeT TakoW K€ OCOOCHHOCTBIO,
OJIHAKO B HEM POJIb IPAaBHTAIlUU WIPAeT MAarHUTHOE rosie. Tak, eclii MarHUTHOMY JIUIIOJIO, KOTOPBIN
HAXOJWTCS B HETOABMKHOM COCTOSIHMU TMPHUAATh JBWKCHHUE B OJHY U3 CTOPOH BJOJb OCH aOCITUCC, TO
TaKk)Ke Kak M B Cllydae ¢ TPaBUTAIIMOHHBIM JIUIIOJIEM, TOT CTYCTOK MaTepHabHONW CyOCTaHIIMHU, KOTOPBIN
MIPEIPACIIONIOKEH CAMOCTOSITENIbHO 0€3 CBOEro «HalmapHUKa» B JWIOJNE MOJDKEH ABUTAThCS B CIET
BEIHYXJICHHOMY JBM)KCHHUIO HAYHET CBOE NepeMelieHre. B 3To BpeMsi OH cMeCTUTCS BIOIb OCH a0CIIHCC,
ocnabisis TeM CaMbIM B3aMMHOE MPUTSIKEHHE C €r0 CIyCTKOM—HAIllapHUKOM, C KOTOPBIM OH (hopMupyer
MarHATHBIA umoNb. OcCIaOuB 3TO MPUTSKEHNUE BTOPOH CTYCTOK HA4eT IBUTAThCA B MPOTHBOIIOIIOKHYIO
CTOPOHY, TE€M caMbIM co3zaBas >(QQeKT WHepIuu, Kak U Ui OOBIYHOM Maccel Tenma. Ilo mepe
MPOJBMKCHUS MarHuTa B PAacCMaTPHUBAEMYH) CTOPOHY PAacCTOSHUE MEXKAY CI'YCTKaMH HE COKPAaTHUTCS.
IIpu 5TOM yMEHBIIUTCS MPUTATHBAHHUE ABYX CTYCTKOB JAPYT K APYTY, M 3@ CUET ATOr0 MarHWTHBIE CHIIBI
TPUTSHKEHUS JTUTIONS  YBEIHYATCS. OTta 0COOEHHOCTh WMHEPIMH MarHuTa W Macchl Tena Tpedyer
JIOTIOJTHUTEIBHOTO PACCMOTPEHUS, KOTOPOMY OYJET MOCBsIIeHa OTAeIbHas paboTa.
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Ecnu MarHuT HaxomuTCcs B JBUKCHHH BJOJIb OCH a0CIIMCC PacCMaTPUBAEMOIO MAarHHTHOTO
JUTIONS, W, TPU 3TOM, MPHUAATh €My €IIe OTOIHUTEIbHYI CKOPOCTh, JIMOO 3aTOPMO3HUTH, TO TOT
COCTABIISIIONIMN €ro CTyCTOK, TpearojiaracMoe HaIlpaBleHUE JBWKEHHS KOTOPOTO J0 (hOpMHUpPOBAHUS
MarHATHOTO JWIIONS COBMAIAET C HANpaBICHUEM TOPMOXKEHHUS WM YCKOPEHHUS HayHeT MepeMeIaTbcs B
CTOPOHY BBIHY)KJIEHHOTO JBIXKEHUA. [Ipu 3TOM ero BiMsiHHE B AUMOJE HA CTYCTOK-HalapHHK, IyTEeM
MIPUTSHKEHUS], OCIA0UTCA, YTO He3aMEIJTUTETHHO BBI3OBET B CTyCTKE-HallapHUKE IBM)KEHHE B 0OpaTHYIO
CTOPOHY, U 3TO MPOSBUT B MarHuUTe 3(PdekT MHepnuu, aHAIOTHYHO TOMY, KaK 3TO UMEET MECTO HpH
TaKOM K€ BO3JICHCTBUM Ha Maccy Tena. Ciemyer oOpaTHTh BHUMaHUE Ha TO, YTO MHEPITUS MACcChl Tela U
WHEPIIMS MarHWTa 10 CBOMM CBOWCTBAM WJICHTUYHBI U CKJIQJIBIBAIOTCS NPU UX JMHAMUKE. B TOXe Bpems,
WHEPLHMS MarHUTa TPU €ro HarpeBaHWU ncde3aeT. | paBUTAIIMOHHOE IPUTSHKEHUE ABMOKyIerocs tena [1]
0ObIIIe, HEKEIH MOKOAIIETOCs. TakuM jke CBOMCTBOM 00JIaaeT U MarHuT.

3. BbiBoabl

B mHacrosmieit pabore MBI KOCHYNHWCH ITOHUMAaHHUS BHYTPEHHEH CTPYKTYphI, BHYTPCHHHX
MPOLIECCOB, KOTOPhIE HMEIOT MECTO B MAarHUTHBIX Marepuanax. [lokazaHa mnpupoja NOSBICHUA
MarHUTHBIX JIMIIOJICH M3 JIIEMEHTAPHBIX YAaCTHI] MAarHUTHOTO TIOJsI BEIIeCTBa, (OpMHPYS TaKuM
CITOCOOOM MarHWTHBIC MaTephuaibl. PacCMOTpeH MPHUPOTHBIM CIOCOO «POXKIACHHSI» aBTOHOMHBIX
MarHuTHBIX Macc (MoHO) Hopn u 3roiin. [TokazaHo CBOMCTBO MHEPIIMU MarHUTHBIX TUTIONEH, a TAKKE UX
MOSIBJICHUE M yHUYTOXeHHe. [loka3aHa OOIIHOCTh WHEPIIMUA MacChl Tela W MAarHUTHONW MacChl U HX
CJI0’KEHHE BO BpeMs TUHAMUKH. [10-CyIecTBy paccMOTpEeHBI Hadala MarHATHBIX CBOWCTB BEIIECTBA M X
pupoaa, KOTOphIe TPEOYIOT eIe TIIATeNbHBIX KCCIEAOBAaHUN B paMKaxX TPEIOKEHHOW MOJIEIH.
Oco0eHHO TPeNCTaBIsSIeT HHTEPEC CBOWCTBA B3aMMOJCUCTBUS KMHETUKA MAarHUTHBIX TEJl, aHAJIOTHYHBIX
TeM, KOTOPhIE IMEIOT MECTO MEXKIY TPaBUTAIMECH TET M MX KHHETUKOM.
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THE MAXFLOW PROBLEM ANALYSIS ON FREE-ORIENTED NETWORK GRAPH

Abstract — A short review is given on the key issues of network Maxflow problem. It is proved, that known approaches
to Maxflow study are not always relevant to modern telecoms. Unlike traditional Maxflow task statement, whereby the maximum
permissible unidirectional product flow is calculated between emitting and receiving nodes, the bi-directional multi-source and
multi-destination data exchange is inherent to telecom system. Again, known algorithms for Maxflow task solution imply directed
links between nodes, having fixed capacities in the onward and/or backward directions. Currently, the flexible adaptation of
onward/backward channel throughput can be achieved with the use of modern reconfigurable add/drop multiplexors. In this
paper, a novel framework of a free-oriented multi-pole open graph (FOG) substantiated for transport system analysis, where the
free-oriented linkage is provisioned to simulate the dynamic configuration ability of advanced optical channels. Within this
concept, an enhanced formalism and related algorithm determined for maximal flow evaluation in particular case of three-pole
free-oriented open graph in terms of the overall circulation flow density between the open poles. The Maxflow formalism, in
general case, operates with two types of bidirectional product flow in an open transporting network: unilateral flows that
circulate between the network outside and given network via single port; bilateral flows traversing given network via multiple
pairs of ports. This work presents the simple case of bilateral product flows. These flows are limited by the border requirements:
the total flow in any open link must not succeed its overall capacity with no care about the occurred balance between counter
partial flows. The introduced FOG concept extends the scope of bidirectional data transfer scheduling among the multiple ports
of a telecom system, as well as the Maxflow algorithm simplifies the Maxflow task statement and provides more comprehensive
solutions of the task. Next researches in this direction intend development algorithms of network flow optimization based on
given approach.

Keywords: Maxflow problem, free-oriented graph, multi pole telecom network, dynamic channel configuration.

O0.B.TUXOHOBA

Opecbka HalioHajbHA akaaeMmis 3B°s3ky iM. O.C.ITonosa

AHAJII3 TPOBJIEMHU MAKCUMAJIBHOI'O IIOTOKY HA
BIJIBHO-OPIEHTOBAHOMY I'PA®I MEPEXI

Anomauia — Haoano cmucnuili 02150 3 KN0408UX NUMAHL NPOOIeMU MAKCUMANLHO20 NOMOKY. [losedeHo, wo 8i0omi
nioxoou 00 00CNIONCEHHA MAKCUMATLHO2O NOMOKY He 3a8AHCOU AKMYANbHI 05l CYYACHUX menekomyHikayit. OOTpyHmosano Hosy
CMpYyKmypy 8inbHO-0piEHMOBaH020 6azamononiocnozo eiokpumozo epaga (FOG) ons ananizy mpancnopmmnoi cucmemu, sKui
MoOenioe Moducausicms OuHamiunoi Konghicypayii cyvacnux onmuunux xauanie. Ilpeocmasnena xouyenyia FOG poswuproe
MONCIUBOCME 011 NIAHYBAHHS. OBOHANPABIEHOI nepedaui OaHux Midc OeKLIbKOMA NOPMAamMu meieKoMyHiKayilinoi cucmemu. B
pamkax yiei Konyenyii 6U3HAYEHO ANOPUMM (DOPMATLHOI OYIHKU MAKCUMATLHO20 HOMOKY ) KOHKDEMHOMY 6UNAOKY
MPURONIIOCHO20 BLILHO-OPIEHMOBAHO20 GIOKPUMO20 2pada 6 MepMIHAX 3a2aNbHOI NOMYICHOCHI NOMOKIE YUPKYIIOIOUUX MIdNC
siOKkpumumu nomocamu. Lleti popmanizm cnpowgye nooanns 3a0a4i npo MaKcumMaibHuti nomix i 3abesneyye 6inoul eghekmugne
piwenns 3a0aui.

Hacmynui docnidoicenns 6 ybomy HanpamKy nepeobauaioms po3pooKy aneopummie onmumisayii Mepesiceeozo nomoxy
Ha OCHOGI 3aNPONOHOBAH020 NiOX00Y.

Kniouosi  cnosa:npobnema  MAaKcumaibHo20 — NOMOKY,  GilbHO-OpicHmosanuti  epagh,  6acamononiocna
MmeneKoMyHIKayiiHa mepedica, OUHAMIYHA KOHGI2ypayis Kanauy.

Introduction

The network models are possibly the most important structures in optimization theory, and general network
flow problem (NFP) occupies particular position in theoretical/applied researches where a common scenario of
network flow problem arises behind industrial logistics concerns ([1], [2]). This scenario typically implies that some
manufactured products must be transferred over logistic network from one or more source terminal nodes to several
destination ports being addressed to wholesale consumers. In a simple case, a homogeneous product supposed along
with “single source-single target” transporting network model. As a rule, communication links in logistic network
graph considered to be one way directed channels having constant weights (denoted “arks”); therefore, related graph
is called “directed weighted graph” (DWG). The common objective of logistic task solution is minimizing the
overall cost of products supply to meet potential consumer demands (the so called “Min-cost-flow” task, or MCF);
herewith, related network transportation model may include capacity restrictions on logistic hubs (network graph
vertices) and transportation links (network graph arcs),[3], [4].

There are various approaches to MCF problem. Under certain background (e.g. hypothesis of unlimited
manufactures’ productivity, along with unbounded node’s capacities and consumer’s product needs), the general
task of minimizing the overall product transfer cost can be reduced to the so called “Maxflow problem” (MFP).
Typical examples of “product flow” are consumer goods delivered via logistic infrastructure; gas, oil or water
pumped through a pipe system; information data transmission over telecom or computer networks, etc. Though the
network transportation model is cast in terms of material streams from source to destination ports, various lateral
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applications emerged. Primarily known observations of Maxflow problem do not imply that intermediate network
nodes may either accumulate or generate product flow; presumably, they solely transmit the product. It means that
the sum of all the input streams must be always equal to the sum of all the output streams for any intermediate
network node. The conventional MFP statement involves finding a feasible data stream through a closed two-pole
graph with single-source and single-target poles (SS/ST).

The actuality of Maxflow task triggered by logistics in last century, now has taken its new impulse in
modern telecommunication sphere. However, common view on Maxflow task not always seems relevant to present
IT realm because of particular telecom channel properties, which significantly contradict the legacy transportation
model of material product provisioning. The principal aspect of information Maxflow study is bidirectional
character of data streams in typical telecommunication channels; from these premises, each open network terminal
should be treated as joint source/destination entity. This view is not character to homogeneous product transition in
commonly known logistics model. The second distinct aspect of information product supply is dynamic flexibility
of modern telecommunication channels with respect to onward/backward conductivity adaptation; it means that the
overall channel capacity becomes a fixed property of network graph edges, whereas particular onward/backward
channel resource scheduling is optionally possible. This phenomenon requires determination a new type of network
graph with free-oriented edges, which simulates dynamic channel scheduling in modern telecommunication systems.
The third critical point of data flow analysis is multi-pole scheme of network-to-network interaction, which mistunes
known “one source-one target” network graph models. The publications survey indicates that data flow optimization
in telecom systems is challenging yet, and more researches needed. The objective of this work is the enhancement of
Maxflow task solution on a free-oriented multi-pole network graph.

Free-oriented channel as linkage model on a graph

As it was mentioned above, the commonly exhibited models of matter product transportation often relay on
the formalism of directed weighted graph (aka digraph, or DWG), where all the graph edges are unidirectional links.
Sometimes, however, a digraph is understood as that, where at least one edge is either unidirectional or
bidirectional; instead, a graph with all unidirectional edges is called “oriented graph”. Further we will use terms
“ark” (or “simplex”) for unidirectional edge in contrast to bidirectional edge noted “bi-ark” (or “complex”).
Therefore, a graph with no one directed edge is undirected. However, the term “undirected weighted graph” (UWG)
is not uniformly perceived by the specialists. Customary, the undirected weighted graph (UWG) is given as
everywhere symmetrically weighted bidirectional graph, or skew-symmetric graph, [5]. This understanding of
undirected edge and related graph correlates with full symmetric duplex channels in generic telecom systems, but it
is beyond the modern decisions in fiber optic technologies, [6].

Actually, the term of “undirected edge” on a graph is not fully determined in literature for digital
communication channel, therefore, more detailed explanation of this entity needed. In fact, advanced telecom
technologies support bidirectional data transmission over a single optic fiber link [7]; the data exchange over a
single fiber strand is achieved by separating the transmission wavelength of two devices, Fig. 1.

| 1000BASE-BX10-D | ' 1000BASE-BX10-U
' /\ i Single Fiber : A \ '
1490 nm_| g=fy L — -4 1310 nm
Laser \/ i : \/ — Laser
| <> | 5 |
1310 nm Receiver 1490 nm Receiver

Fig. 1.The principle of bidirectional data transmission over a single optic fiber link

For instance, the 1000BASE-BX10-D network interface transmits at 1490-nm channel and receives a 1310-
nm signal, whereas 1000BASE-BX10-U transmits at 1310-nm wavelength and receives a 1490-nm signal. The
wavelength-division multiplexing (WDM) splitter is integrated into the Small Form-factor Pluggable module (SFP)
to split the 1310-nm and 1490-nm light paths. On the other hand, behind the bidirectional conductivity observed in
optic fiber, the flexible adaptation of onward/backward channel throughput can be achieved with the use of modern
reconfigurable add/drop multiplexors performing on the base of coherent multi-carrier pumping, [8]. Consider
aforesaid, the disputable term of “undirected weighted graph” is overlooked for further interpretation in order to
avoid terminology confusions among the specialists. Instead, a new term is introduced for optical bidirectional
trunk, namely, “free-oriented channel” (FOC). The FOC is defined as that having fixed total capacity P along with
dynamic scheduling between the onward channel throughput P+ and backward throughput P—:

o<(Pr|/|P <, | PY |+| P |= P = const. (1)
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Similarly, a free-oriented linkage (FOL) is introduced in this paper to simulate a FOC on a graph. Hence,
any network graph with entire free-oriented edges treated as “free-oriented graph” (FOG). The FOG transporting
model seems more adequate to exhibit advanced network technologies, and particular, the modern concepts of
network traffic engineering ([9]) and software defined networking ([10]).

The free-oriented linkage (FOL) in network graph model supports dynamic adaptation to flow requirements
and improves the overall network resource utilization. This fact illustrates Fig. 2 where two variants of network
linkage depicted. Fig. 2-a shows a common directed graph with the source vertex (number 1) and target vertex
(number 4). The minimal cut S1 between the source and target vertices easy calculated as 3+1=4 (note, that link
“2—>3” of value 5 not included into the S1 collection because the ark “2—>3" traverses the curve S1 in right-to-left
direction from target to source vertex, in contrast to arks “1—>2" and “3—>4" traversing the cut S1 from the left to
the right side of curve S1, e.g. from source to target vertex).

. \\ P
MinCut ™~ ~ - O

Teeao- -7 Vo side
a) Directed graph: b) Free-oriented graph:
Maxflow =3+1 =4 Maxflow = 3+1+5=9

Fig. 2.Network maximal flow in directed graph (“a”) and free-oriented graph (“b”)

Figure 2-b shows similar to Fig2-a network graph with the same link capacities, however, the links in
Fig.2-b graph are free-oriented, and therefore, do not have fixed directions. To distinguish depicted free-oriented
network graph (FOG) from commonly spoken undirected graph (UDG) it is proposed to draw vertex edges of FOG
in Fig.2-b by two-arrow links. Similar to previous case in Fig.2-a, it is quite easy to find out the maximal possible
flow between the vertices 1 and 4 in Fig.2-b (regardless of the flows distribution in the onward and backward
directions); this flow includes three partitions yield 3+1+5=9. This result gained in Maxflow task solution is better
than one in previous case, Fig.2-a.

Free-oriented open graph as an enhanced network model

The adoption of aforesaid hypothesis of free-oriented linkage in network graph modeling eliminates
necessity in distinct “sources” and “targets” of product flow among the network nodes or related graph vertices (like
S- and T-type nodes in common Maxflow problem observation). Again, particular outer vertices still needed as
network border ports to generate/consume network flows, in contrast to inner network nodes, which presumably do
not emit or absorb product flows but solely switch and put through the product flows in transparent mode.

On these premises, a network graph model is treated as an autonomous closed framework not aware about
its outer neighborhood. Probably, this point of view needs conceptual rethinking, as typical transporting networks
are open systems or subsystems constituting entire public infrastructure. With this concern, a concept of an open
pole graph (OPG) is introduced in this work as an open network model. The flowchart in Fig. 3 depicts an open
two-pole graph built behind the four-vertex graph prototype in Fig.2-b; however this graph differs in that no
particular conservative/emanative vertices exist on the plain.

Fig. 3. Free-oriented two-pole open network graph
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In this instance, new topological entities added on the open pole graph, i.e. two open network edges with
correspondent throughput capacities P1 and P2. The number of open edges in an arbitrary multi-pole free-oriented
graph must be equal to the number of open poles. The open network edges on an arbitrary OPG pay a principal role
in Maxflow task formalization and related Maxflow algorithms. In general case, the OPG model operates with two
types of bidirectional product flow in an open transporting network: unilateral flows that circulate between the
network outside and given network via single port; bilateral flows traversing given network via multiple pairs of
ports. In this work the simple case of bilateral product flows is considered. For the two-pole open graph on fig.3, the
following constraints are to be satisfied in order to prove the previously gained Maxflow result of 9 flow units:

(PLP2)2 ((1+3+5)=9). )

This question needs more observation in general case of multi-pole network graph study. Further on, a
three-pole open network graph studied for Maxflow resolution with open edge constraints.

Consider an open three-pole network graph with unknown or hidden inner structure, which is depicted in
general on Fig.4.

USRS >
ar.--"" "5
xS - /_,,—"
D i Al .-
Open three-pole X3
_____ a, free-oriented
<o network graph N ;:-\ _______ N
~\\~~‘ 613 \\\
2 G 4 ~

Fig. 4. Free-oriented three-pole open network graph

Suppose open edges have known capacities a;, a, andaj. Denote sought flows as non-negative real
numbers x1, xo and x3. The following system of inequalities must be satisfied:
X+ xp <ap
X]+x3<ap . 3)
Xy +x3 < a3
The total network flow we define as the following sum:
FZ =X txp +Xx3. (4)
Summing all three inequalities in (3) we yield the following:
Sy =x1+xy+x3<(a; +ap +az)/2. (5)
The exact equation fy = (a1 + ap + a3)/2 requires that strong equation system occurs in (3):
X1 tXxX2 =a1
X1 tx3 =ap . (6)
X2 + X3 = a3
Now, we will examine conditions of system (6) accuracy. Reorganize (6) in form
x1~0+x2~1+x3~1 = a3

x-1+x-0+x3-1=ay. (7)
x1-1+x2~1+x3~0:a1
0 1 1
Denoteaz[a3,a2,a1]; x=[x1,x2,x3]; G=|1 0 1].Present(7)in matrix form
1 1 0
x-G=a. (8)

The formal solution for linear system equation (8) is
-0.5 0.5 0.5
x=a-G ' =[az,ap,4]x| 05 -05 05 |. ©9)
0.5 0.5 -0.5

So, we retrieve the following intermediate result:
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X1 = (al +ap —a3)/2
X =(a1—a2 +a3)/2 . (10)
x3 =(—ap+ay +az)/2
Now, examine relations (10) on their consistency towards the flows xi, xy , x3. According our initial
definitions, all the flow values x|, xp , x3must be non-negative numbers. Therefore, the following inequalities
system required:
al +ay 2 a3
al+az 2ay. (11)
ap + a3z 2 ay
The system (11) obviously presents the well know “triangle rule”: any edge capacity a; among three ones
(k=1, 2, 3) must be not more that sum of two other ones. Thus, if system (11) valid, then outer maximal network
flow limitation defined by relation
max(fz =X+ X +x3):(a1+a2+a3)/2. (12)
The exact equality in (12) occurs when inner network topology and metrics allow the flows
X = [xl,xz,x3] to run between the correspondent pairs of network poles x;(7,2), x»(1,3) and x3(2,3). It is quite

evident, that among any three arbitrary non-negative real numbers a;, ap and a3 only one of them can be more
than the sum of two other ones. Consider a case that some of three open edge capacitiesay, ap and ajzviolates
condition (11), for instance, a; > ap + a3 . For given case a; > ay + a3 the obvious maximal flows are: x; = ap;

xy) =a3;, x3=0; max(fz) = max(xl +x7 + x3) =apy+ajz.

Conclusion

In this work, known approaches discussed to network flow modeling with particular focus on maximal flow
problem statement. Concluded that Maxflow problem is not exhaustively studied in general case, as well as common
graph models do not meet the modern networking technologies. To overcome this issue, an original Maxflow vision
introduced for telecom data flow analysis based on the concepts of free-oriented channel conductivity and multi-
pole open graph model. Formal constraints retrieved for maximal network flow estimation on arbitrary open three-
pole free-oriented graph. The next step research in this direction assumes development applicative algorithms of
network flow optimization behind the free-oriented multi-pole graph as network model.
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PEKOMEH0BaHi OPrKOMITETOM /10 OMyOJIiKyBaHHS, 3a pe3yJibTaTaMu pPo0OTH
KoH(pepeHuii OyyTh BKIIOUEHI JI0 APYKY B MDKHApOAHOMY HAayKOBO-TE€XHIYHOMY
x)ypHam "BOTTII" Ne 22018 ta Ne 3°2018., Ta HayKkoBHX XypHanax "BicHuK
XHVY" Ne3°2018, "Lludposi TexHosorii" ()KypHaIM BKJIKOYEHI Y HAYKOBO-METPUUHI
0a3n).
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Ckaap opranizauniiino-nporpamuaoro komirery Bicimuaausaroi MHTK BOTTII 18-2018

IL.II. Bopo®ienko. - npoghecop, 0.m.u., unen-xop. HAIIH Yxpainu, pexkmop OHA3 im.. [lonosa —
201064 opzKomimemy;

L.B. Tpounmmu — axaoemix YTA, akademix MAIT,npoghecop, 0.m.H, 20106HULI pedaKkmop
MHTK "BOTTII" — 3acmynnuk 20106u opzKomimeny;

Ynenu opexomimemy:

T.B. bop60TbKo (Binopycis, Mixck); O.M. Ilerpenko (Anrmis, JlonHoH)
ByoOyauc Anrumanrac, (Jluta); C.K.IMiguenko (Ykpaina, XMeJIbHUIIbKHI)
Binbsam Keii ki (PecrryOmika Kopest) IMonos Bajnentun, (Himeuunna),
Harpiamsini Tama3z Mamieuu, (I'py3is) O.I1. Ilynuenko (Ykpaina, Oxeca)

M.H. I'maakos (National Instruments) B.II. Poiizman (Ykpaina, XMeITbHULILKUN)
B.b. AynuxeBuu (Ykpaina, JIbBiB) O.H. Pomaniok (Ykpaina , Binauis)
MLII. JuBak (Ykpaina, TepHomiin) B.B. Pomaniok (Ykpaina, XMenbHUIIBKUN )
Kyarosebknii bornan, (ITonbia) O.I1. Pormrreiin (I3pains, €pycanum)

B.I" 3nopenko (Ykpaina, KuiB) B.II. Tapacenko (Ykpaina, KuiB)

C.M. 3uenko (Ykpaina, Binauis) A.B.Toabaros (Ykpaina, Cymmn)

B.I'. Kantyn (Ykpaina, XMeIbHULIBKU) FO.M. Ty3 (Ykpaina, KuiB)

B.A. Kantyp (Ykpaina, Ozneca) B.B.Ce0ko (Ykpaina, XapkiB)

B.M. Knuak (Ykpaina, Binauus) M.M. Cypay (Ykpaina, Kui)

B.T. Konaparos (Ykpaina, Kui) II.M. Conpyniok (Ykpaina, JIbBiB)
€.B.Kopooko (binopycist) O.I1. CraxoB (Kanana)

I.B. Ky3bmin (Ykpaina, Biaauis) H.I. Crennenns (Ykpaina, CeBeponIOHEIbK)
S.1. Jlenix (Ykpaina, Opneca) B.1O. lIBeTkoB (binopycis, MiHck);

A.O. Meabnuk (Ykpaina, JIbBiB) O.b. Hlapnan (Ykpaina, Kuis)
Mamncypos Todixk Maromenosunu, K.JI. llleBuenko (Ykpaina, Kuis).
(AzepOaiimkaHn)

C.B. IlaBjaoB (Ykpaina , BiHauis)

65029, m. Opeca, ByJa. Kysneuna, 1, k. 101, OHA3, T'osoBHOMY
pearakropy MHTXK "BOTTII", Oprrkomirer 18-i MHTK "BOTTII-18-2018".
Tes: 097-684-34-29. E-mail: vottp.tivawgmail.com

JletanpHy i1H(OpMalil0 MpOo yMOBH y4yacTi Ta poboTy KoHpepeHuii Bu
MOXXET€  OTpUMaTH, 3aBiTaBmM  Ha  BeO-cait  kypHamy  "BOTTII":
http://fetronics.ho.com.ua, abo e-mail: vottp.tiviwgmail.com

3azanvna cyma no nepepaxypanHsi (Bim 200 mo 450 rpH.) BU3HAYAETHCS
YYaCHUKAMU CaMOCTIIHO: - 0p28HecoK 0114 Y4ACHUKI@ AKI 0yOymb npUcCymHi nHa
3acidannax cknaoac 250 zpn,

Kpim mozo, oooamkoeo:- 3a 30ipnuxk npayv —200 2pn (2 cmopinku),
2502pu (3 cmopinku), - 0ooamkoeuii 30ipnuk — + 100zpn.
1 TepepaxoBye€TbCAd 3a OAHMM 3 BKa3aHUM PEKBI3UTIB:, a00 eIeKTPOHHUM
NEpPEeKa3oM Ha KapTKOBUN DPaxyHOK, AKUI _0yde 6KA3aHO Yy GUCHOBKY NpO
npUHAmMMmMA 00Nn08idi 00 OPYKy Onaama 0o 15 mpagna 2018 3
0008°a3k06010 nomimkorw '"yuacmov y 18-min MHTK (IIIIl nepwozo i3
asmopis)"’
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B 3asgBimi Ha yd4acTh BKa3ylOTh: Ha3By JOMOBIAI, CEKIii B SKy BOHa
HaIpaBJISIETHCS, MPI3BUILA Ta 1HIIIAIM aBTOPIB 13 BKa31BKOIO HAYKOBUX CTYICHIB,
3BaHb, MOCajA, TelNe(OHIB ISl 3B A3KYy, aApecu [UIsl HAJCWUIAHHS 3alpOIICHb,
KiIIBbKICTHL Micub A8l nmpo:kuBaHHA Ha 06a3i Binmouumnky OHA3, Ttepmin
nepeOyBaHHs, KOMIIO IUIATDKHOTO  JOPYYEHHS Ta  KUIBKICT  301pHHKIB.

Jna yuacnuxis axi 6asxcaroms 3amosumu npodscueanusn y comensix m. Qoeca
abo eypmooicumxkax OHA3, oooamxoey ingopmayiro modxciuso ompumamu y
Opexomimemi 3 10 no 25 mpasua,. vottp.tiviwgmail.com, men. 097-684-34-29.

na mux, xmo He 3modce ocodoucmo Oymu npucymuim na KoHgepenuyii,
ane mae Oaxcanua onyonikysamu mamepianu 00nogioi abdo ingopmauiiine
nOBIOOMIEHHA YU npuodamu 30IpHUK HAYKOBUX NPAUbL:

Jlnst myOumikariii JOMOBiI YW PEKJIAMHOTO JIMCTKa Bil 2 A0 3 MOBHHX
cropinok A4 nHeoOximHo A0 10 TpaBHs 2018 poky Hajiciaté Marepianid,
odopmieni 3rigao "Bumor 18-i MHTK", Ta nepepaxyBatu (6e3 I1/IB):3a (3a 2-1
cropinku —200rpH, 3a 3-u ctopiHku — 250rpH) 3a KOKHY OKpeMy A0NOBiIb Ha
p/p Oprkomirery.

OO6oB’s13k0BO0  TOTPiIOHO BKazaTu anpecy a6o (H/IT),nns wHamcunmanHs
301pHHKIB MaTepiaiB.

Jlist iHoO3eMHUX opraizaniidl Ta rpoOMaJsiH OIuIaTa MPOBOAMUTHCS B J0JIapax
CIIA 1 cknagae 308, xoTpi mepepaxoBylOThcsl Ha paxyHok Oprkomirery: (Web
Mani) abo y rpuBHax mno kypcy HBY Ha 1eHp mnepepaxyBaHHS.

B Oyap-sikoMy BUIMAAKy MOTPIOHO MOBIIOMHUTH MPO y4acTh B KOH(DepeHIiii
Ta HajaicaaTu jJucTtoMm (TomTor) abo Ha e-mail: vottp.tivawgmail.com xomito
IJIATIKHOTO JIOPYYEHHS a00 KBUTAHII MPO CIUIATYy OpPTaHi3alliiHOTO BHECKY.

Koumponwoni oamu
Peectpairis 3asBku Ha ydacth 10 10 TpaBHs 2018 p.
OmnaTta opreHeckiB 70 15 tpaBusa 2018 p.
[Tonaua matepianiB 1o 30ipHuKa koHdpepenIii 10 10 TpaBus 2018 p.
Po3scunka 3amnpoiieHs Ha KoOHpepeHIito a0 25 tpaBHsa 2018 p.
[TouaToxk peectpartii 8 uepBHs 2018 p. 3 09-00 rogun

basa Binnounnky «EgexkTpon» OHA3 im. O.C.ITonoBa, c.M.T. 3aTOKa,
Opecwkoi 0011. 3.11. «Kapanino-byrasy, ten. +38-097-684-34-29, e-mail:
vottp.tiv@gmail.com

Yeaca! 11po cTan miAroTOBKY Ta 3MiHU B perjiaMeHTi KOHPepeHIIii
iHdopMmarttis Ha http:/fetronics.ho.com.ua abo 36éepmaiimecs
3a nowmoro e-mail: vottp.tiv@gmail.com
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Bumozu 00 opopmnenna mamepianie mes 0onogioeil

Marepian Te3 oaHi€l0 13 MOB: (YKpaiHCbka, pociiicbka, aHIJilcbKa)
nomaeTbest Ha apkymax ¢gopmary A4 (210x297), 06'em 2-3 cropinku (MOBHi),
iaTepBan 1.0. IMoms: miBe-30 mm, mpaBe-20 MM; BEpxXHE-25 MM; HUKHE-25MM.
Cratti y penakropi Word forWindows. Pucynku 1 ¢otorpadii ciig nmomimiatu B
TekcTi. [y Habopy TeKCcTy BUKOpUCTOBYBaTH penaktop Word for Windows 8.0 ma
suwi eepcii. Tesn HaOpani B pemaktopi Word 2007 Ta BMINe MOJaBaTH B
opurinansHOMYy (opmatri DOC Tta koniwo e _ghopmami DOC(2003). Pucynku
OaxkaHO BHKOHYBaTu y rpadiunomy penakropi (Hampukiag COREL DRAW) Ta
30epirat 'y Qopmari TIF, GIF a6o JPG 3 sxictio e Hmwkue 300 dpi, abo
BUKOPHCTOBYBaTH BEKTOpPHY Tpadiky 3 BHeceHMMH wmpudtamMmu B  dail.

Bumozu 00 nabopy mamepiany.Jlnis HAOOPY  TEKCTy  CTarTi
BUKOPHUCTOBYBaTH uipughm Times New Roman, 10. ITlpu wnabGopi dopmyn
BUKopucTtoByBaTH BOymoBanmii B Word for Windows pemaktop dopmyn ado
pexomenayetbest MathType 5.0 Ta Bume (Bci CMMBOJIM 10 TEKCTY MOBUHHI OyTH
HaOpaHi B pegakTopi (popmy.i).

B sikocTi cmuiie BAKOPUCTOBYBATH:

- Text: Times New Roman Cyr, italic; - Function: Times New Roman Cyr, italic;
- Variable: Times New Roman Cyr, italic; - L.C. Greek: Symbol; -U.C. Greek:
Symbol; - Symbol: Symbol; -Matrix-Vector: Times New Roman Cyr, bold; -
Number: Times New Roman Ciyr.

Posmipu: Full - 12 pt; Subscript/Superscript - 7 pt; Sub-
Subscript/Superscript-5 pt; Symbol - 18 pt; Sub- Symbol - 12pt.

[lepenik niteparypu 0hOpMIISIETHCA 3T1THO MPABUJ 0(POPMIIEHHS
JiTepaTypH i OJA€THCS 3aTaTbHUM CIIUCKOM Y KiHIIi cTaTTi. CIIMCOK CKIIaIa€ThCs
3a 4eproro MocujaHb y TEKCTI (a He 32 a0eTKO10). Y TEKCT1 pyKOIMKCY MOCUJIAHHS
Ha JIITepaTypy CTaBJIATHCS B KBAAPATHI TYKKH.

YBAT'A: AsoTtalis aHTJIIHCHKO0 MOBOIO rToBUHHA MicTUTH He MEHIIE
1800 3naxig!! (CKOITIYC).

[Tocunanus Ha 11 He onyOiKo8aHl npaui He 0ONYCKAIOMbCAL.
Mamepianu noeunni mamu peuensii, eKCHepmHui GUCHOEKU Ma HAOICAAHI 00
Kinueeo2o mepminy 10 mpaensa 2018 poky.
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3pazox ohopmaenns mamepianis mes donosioeil

VIK 621.397
B.B. IWISBCKUIA
Opneckka HanioHansHa akagemia 38°a3kyiM. O.C. Tlonoea
v.pilyavskiy(@ukr.net

NOBYJOBA ATJIACY KOJILOPIB 3 BHKOPUCTAHHSAM PIBHOKOHTPACTHOI'O ITPOCTOPYCAMO2-UCS

Ilpedcmasneno nobydosy amiacy koabopie & pieHokoumpacmuomy kolvopoeomy npocmopi CAMO02-UCS ma mpancgopmayii nabopy
OMPUMAHLX KONbOPIE 6 3a2anbHonpulinami cucmemu, maki ax XYZ
Kmouoei crosa: amaac koawvopis, pienoxonmpacmuuil npocmip, Yxy, CIECAM02, CAM02-UCS

V.V. PILYAVSKIY
Odessa national academy of telecommunication a.n. O.S. Popov
v.pilyavskiy@ukr.net
BUILDING COLOR ATLAS WITH USE OF UNIFORM COLOR SPACE CAM02-UCS

Annotation — The method of building color atlas with use of uniform color space CAM02-UCS and transformation of obtainedcolor into

conventional color spaces such as XYZ are presented
Keywords: Color atlas, uniform color space, Yxy, CIECAM02, CAM02-UCS

ITopaeTscs TekcT MaTepialiB Te3 JAONOBiAEH B CTHCIOMY BUTIIAAI (cama cyTh Mpari) He fiabiie 3 cTopiHok
Ad. Ulpugt — Times New Roman, 10 pt.

Jlitepatypa
References
(HaBoaMThCH Nepedtik Jdireparypu Tpanciaitepanicio JATHHCKHUMM 6yksamu.

Iepekang HABOAHTHLCHA TLILKH 115 THX CTaTeil, 1[0 MAIOTH APYTY HA3BY AHIJIiHCLK0I0 MOBOK B OpPHriHAaTi
crarTi)

PexomeH10BaHO 10 APYKY pillICHHSIM
XMeJbHUIBKOT0 PerioHaJIbLHOrO0 Bi/liJIeHHs Y KPaiHCbKOI TEXHOJIOTIYHOI aKkajemil,
nporokoJ Ne 1 Bix 29.03.2018 p.

MMign. mo mpyky 27.03.2018 p. Ym.apyk.apk. 26,51 O6n.-Bumg.apk. 24,74
®dopmat 30x42/4, mamip odceernuit. Jpyk pizorpadiero.
Haximanx 100, 3am. Ne 6590

Hanpykosano B Tunorpadii «BMB»
(Ceinouro npo BugaBHu4y AistibHICTh K Ne 4612 Bix 05.09.2013)
VYxpaina, 65069, Oneca, mp-1. JJoOpoBombschKoro, 82a
ten. (048) 751-14-87; ten./pakc 751-15-80, www.vmv.odessa.ua
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