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AHHOTaIUA

B pabote mpoBeseH aHAIN3 CHCTEM CHHTYISIPHO BO3MYIICHHBIX OOBIKHOBEHHBIX AH((epeHnnansHbIX ypaBHeHHH. [laetcs
0030p W3BECTHBIX pE3yJBTATOB IO pacCMaTPHBacMOMY BOIPOCY M Ha HMX OCHOBE OOOCHOBaHA CTEIeHb aKTyaJlbHOCTH
uccienyeMoii 3agaun. PaccmarpuBaeTcs cucteMa CHHTYIIIPHO BO3MYIIICHHBIX OOBIKHOBEHHBIX TU((EpeHIINATbHBIX YPaBHEHHHA C
AHAJMTUYCCKUMU (PYHKIIMAMH B KOMIUICKCHOM 00J1acTH. BBIpOXKIeHHAs CHCTEMa, COOTBETCTBYIOIIAS pacCMAaTPUBAEMOI CUCTEME,
TepsieT eJMHCTBEHHOCTh NPU BBIPOXKJICHUU. J1JIsl aHanM3a pelieHus] HadyaibHOM 3a7]auil 10 MajloMy MapaMeTpy BBEACHO MOHSITHE
00JIaCTU MPUTSHKCHUS PEIICHUST BRIPOXKICHHON cHcTeMbl. [locTaBneHHast 3aja4a CBOAUTCS K OTBICKAHUIO 00JIacTel MPUTSHKCHHUS.
C mpuBICUYCHUEM JIMHUU YPOBHS TAPMOHMYECCKUX (PYHKIMIA B KOMIUICKCHOM 00JIACTH MOCTPOCHBI 00IAaCTH M TOKAa3aHO, YTO OHU
SIBJISTFOTCS 00JTaCTSAMU MPUTSHKEHUS PACCMATPUBACMBIX PEIICHUIN BBIPOXKICHHOW CHCTEMBI.

KioueBble cj10Ba: CHHTYISIPHOS BO3MYIIECHHE, BBIPOXKICHHBIC YpaBHEHUS, TapMOHUYECKas (YHKIHWS, TUHUHA YPOBHS,
001aCTh IPUTKCHAS, ACUMITOTHKA.
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Abstract

The paper presents the analysis of singularly perturbed systems of ordinary differential equations. The overview of known
results on the considered issue is given and the degree of relevance of the problem under investigation is substantiated based
on them. We consider a system of singularly perturbed ordinary differential equations with analytic functions in the complex
domain. A degenerate system corresponding to the system under consideration loses its uniqueness under degeneracy. In order
to analyze the solution of the initial problem with respect to a small parameter, we introduce the notion of the domain of
attraction of a solution of a degenerate system. The problem is reduced to finding the domains of attraction. Domains are
constructed with the use of the level line of harmonic functions in the complex domain, and it is proved that they are domains
of attraction of the solutions of the degenerate system under consideration.
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BBenenue

MHorouNcIeHHbIE 3aJa4l MaTEMaTHKH, MaTEMaTHIECKOH M TEOPETHIECKOW (DM3UKH, TEXHUKH IPUBOJIAT K HCCIIEIOBAHHIO
muddepeHInaNbHBIX YpaBHEHMH WIM MX CHUCTEM C MajlbIMH HapaMeTpaMy TpH CTAapIINX INPOU3BOAHBIX. Takwe Kiiacchl
YpaBHEHHI TOJTyYHIIO Ha3BaHHE CHHTYJISIPHO BO3MYIIICHHBIE.

[IpuMeps! CHHTYJIIPHO BO3MYLICHHBIX YPaBHEHHH NPHKIAIHOTO XapakTepa npuBeneHs B [1].

ACHMINTOTHYECKUMH  PA3JIOKEHHUSAMH  PEHICHHH CHHTYJSIPHO BO3MYIIEHHBIX YPAaBHEHHH 3aHMMalUCh MHOTHE
uccienoBarend. O6 3ToM mOApoGHEe MOXHO O3HAKOMUTBCSE B [2], [3]. CHHrymsSpHO BO3MYyIIEHHBIE YpaBHEHHS B
KOMILIEKCHBIX 00JIaCTAX PacCMOTPEHBI penko. B aToM HampasieHnn u3 paHHux pabot MoHO HasBats [4], [5], [6], [11], [12].
K Gonee nozaaum paboram otHocstes [8], [9], [10].

B [8] paccmarpuBaroTcsi CHHTYJISIPHO BO3MYIICHHBIE OOBIKHOBEHHBIC IU(GEpeHINAIbHbIE YpPaBHEHHS (CHUCTEMBI) C
AQHATUTHYECKIMH (QYHKIIMSIMH B HEKOTOPBIX KOMIUIEKCHBIX oOmacTsax. PaccmaTpuBaembple 007acTH COAepKaT OTPE3KH
JeHCTBUTENbHON ocH. [IprucoennHéHHbIe ypaBHEHUs (CHCTEMbI) 3aJIaHHBIX YpaBHEHUH (CHCTEM) UMEIOT OJHY TOYKY TOKOS,
npuuéM OHa ycToiuMBa 110 JISAIMyHOBY B 4acTH OTpe3Ka JEHCTBUTEIHLHOM OCH M HEYCTOWYHBA B JPYrOi YacTH ATOTO OTpe3Ka.

JlokazaHo, 4TO pelIeHns] HadallbHbIX 3aJad PacCMaTpUBAEMBbIX YpaBHEHHH (CHCTEM) IPH MOTEpe YCTOHYMBOCTH HE Cpasy
YXOIHT OT BO3HHKIIEH HEyCTOWYMBOW TOUKHU IIOKOS, @ B TEYEHHH KOHEYHOTO BPEMEHHU OCTaeTcsl BOJIM3M HEro. JTO SBICHHE
MOJTYYHJIO Ha3BaHUE «3aTSATUBAHUE ITOTEPH YCTOWYHMBOCTH NPU TMHAMHYECKUX ON(pYypKALIUIX).

B [9], [10] noka3zaHo, CHHIYISIDHO BO3MYILICHHBIE OOBIKHOBEHHbIC AW(pdEpeHIMANbHbIE YpaBHEHHs (CHCTEMBI) ¢
aHAJIUTHYECKUMH (DYHKIMSAMH B KOMIDIEKCHBIX O0JacTsAX 00JagaroT psIoM CrieluUIecKuX CBOWCTB. B wacTHOCTH nokazaHO
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CYIIECTBOBAHUE TAaK HA3bIBAEMBIX <«IIOTPAHCIIOMHBIX JIMHHUN», KOTOPHIC MOXXHO PACCMATPUBATh KAK YACTHBIC CIIy4daw JUHUN
Crokca. IlorpancnoifHple JTMHAN Pa3felsiioT paccMaTpUBacMble KOMIUICKCHBIE 007acTH Ha YacTH. B OJHMX YacThsX perIeHHe

CTPEeMHUTCS K PEIICHHUIO BHIPOXIICHHOTO YpaBHEHHS (CHCTEMBI) IO & (g —>+0), a B JIPYTroil 9acTH HE OTpaHMYCHA, a B CAMOU

MOTPaHCIOMHON JIMHHUM pellleHHe He uMmeeT npexena no &£ . Takxke HOKa3aHO, SIBICHHUE «3aTSATUBAHUE TMOTEPU YCTOMYHMBOCTH
MIPOUCXOMUT TIPU OIPEACNICHHBIX YCIOBHAX HAa MpaBbleé YacTH PAacCMaTpPUBAEMbIX YypaBHEHHWH (cucteMm). Takum oOpazom,
CYIIIECTBOBAHME IIOTPAHCIONWHBIX JIMHUNA CHer(uIeckoe CBOWCTBO CHHTYSIPHO BO3MYIICHHBIX YpaBHEHHH (CHCTEM) ¢
AQHAIMTUYECKUMH (QYHKLMSMHY, a «3aTATMBaHUE TIOTEPH YCTOMYMBOCTI SIBJICHHE IPOUCXO/ISIIEE PH OJIaroNpHATHBIX YCIOBHSX.

B [8], [10] uccnenoBanust IpoOBEACHBI B MPEAMOIOKCHUH, YTO BHIPOXKICHHBIC YPaBHEHHUS (CHCTEMBI), COOTBETCTBYIOLINE
paccMaTrpuBaeMbIM YpaBHEHHUSIM (CHCTEMaM) B KOMIUIEKCHBIX OOJACTSX MMEIOT OJHO €IMHCTBEHHOE peIleHHE. YpaBHEHUS
(cucremsl), KOTa BEIPOKACHHBIE YPAaBHEHUS (CUCTEMBI) MMEIOT HECKOJIBKO PEIIeHUH paHee He pacCMaTpPUBAIUCh.

ITocTanoBKa 3a7aun

ITycts paccmarpuBaeTcs cucteMa

ez'(t, &) = f(t,z(t, €)) Q

z(to, ) = 2°, 2
raet € 2 ¢ C u {) - ogHOCBs3HAA 007acTh; ty € Q U e€ BHYTPEHHSSI TOUKA.
z(t, &) = colon(z,(t, €),z,(t,€), ... 2z, (t, €) )
f(t,z) = colon(fi(t, 21, 22, ) Zn), fo(t, 20, Zoy weny Z0)ys woes fr(6) 24y Z2y vy Zy).
f(t,z) — xoMIUIEeKCHO3HAYHAs aHAJIMTHYeCKass (QYHKLUS 110 NEpPEeMEeHHBIM (t,Z) B HEKOTOpoi obmacth H mepeMeHHBIX
(t, 2).
Ilpu € = 0 u3 (1) moTyINM BBIPOKACHHYIO CUCTEMY
f(e,€@®) =o0. 3)
Ipesnoxum, 4To cucteMa (3) mMeeT u3oupoBanHble pemenns (kopun) &;(t) (j = 1,2, ..., k).
Hanee: Q(Q) - 03HaUaeT MPOCTPAHCTBO AHATUTHUCCKUX QYHKIHH B Q.
3anmcek Vt € Q(o(t)) GymeT o3HAYaTk, 9To IS J06OTO t M3 Q cripaBeTHBO yTBepKaeHne o (t).
Onpeoenenue 1. Ecin &;(t) € Q(Q) u Vt € Q(&;(t) # & (t) npuj # k), 1o pemenus &;(t) u,(t) naspiBaroTCsH
M30JIMPOBaHHBIMH B (2.
Onpedenenue 2: Ecm: 1. CymectByeT 00macth {2 C £ coneprKanias TOUKY to.
2.Vt € Q; cymectByer z(t, £)- pemenue 3anaqu (1)-(2).

C HaYaJIbHBIM YCJIIOBUEM

3. VtEQ; (Z(t, g) = &;(t) no S), TO 001macTh ; Ha30BeM 0071aCThIO IPUTSHKEHHs pemenus & (t).
Hanee o6nacTh NpUTHKEHHS 0003HAUMM €2 (f j (t)).
[IpenmeToM HamMX HCCienoBaHMHA OyAyT (OpMYJIMpPOBKA YCIOBHII Ha IpaBble 4acTH cucTeMbl (1), TPH KOTOPBIX
CYIIIECTBYIOT O0JIACTU MPUTSIKESHHSI.
JI7ist HarJsiI0CTH PacCMOTPHM CITydaid, Koria
fi(t,z1,2,) = a;()z; + bj()z}, j =1,2.
peamonoxum Beimonaenus yenosus UL, a;(t), b;(t) € Q() AVt € Q(a;(t) # 0, b;(t) # 0).
Jlnst 5TOTO Cilydas KaXkJ0e BBIPOKICHHOE yPaBHEHHUE UMEET I10 JBA PEIIEHHUS, KOTOPBIE 0003HaYNM
£1(D) =0, £,(6) =~ (/b = 1.2).

U3 mosTydeHHBIX PEIIeHHI COCTABUM CIIEAYIOIINE PEIIEHUS IS BBIPOXKICHHOM CHCTEMBI

& (1) = colon(&;1(t), &1(1)), & () = colon(&1(t), &2 (1)),

&) = COlO”(Sﬂz(t)' 521(75))' §a(t) = COlon(flz(t), &2z (t))-
3adaua: Cymectsytot m o6nactu nputsukenns O (6,(t)) (k = 1,2,3,4)?
ITpeaBapuTeabHbIE 0603HAYEHHS M MIOCTPOEHUS

Paccvotpum  dynxmmn  Fj(t) = ftto a;j(t)dt (j =1,2) u BBemem oOosHauenms ReF;(t) = Fj;(ty,t;), ImF;(t) =

Fj5(ty,t;). Cormacuo U. 1dynxumu Fj (t) (j, k = 1,2) - rapMonndeckue.

Mo ompenenenuto Fj(ty) = 0. Torma cymecTBYIOT JMHHH YPOBHS (Ljo) = {t € Q|ReFjl(t0) = 0} MPOXOASAIINE Yepe3
TOYKY &g.

U. 3 [ycts nuaun ypoBHs (L1o) u (L,o) HE UMEIOT OOIINX TOYEK, KPOME TOUKH L.

Jluanmn (L]-O) obunacte Q JemsT Ha YeThIpe yacTi. DTu yacTu o6o3HaunM Q. (k = 1,2,3,4).

Ecmu yuects U.2, to munus (Lyy) He MMEET KPaTHBIX TOYEK W O0JACTh ) [ENUT Ha [[BE YacTH B K&KIOM H3 KOTOPBIX
Fi1(t) <0 wmm Fy;(t) = 0, npuueM paBeHCTBO MMEET MECTO TOJBKO st Touek (L;,). AHajoruunoe umeet Mecto Uit (L,g)
u F,,(t). YcnoBue U.3 obecrieunBaeT CylecTBOBaHHE E€IUHCTBEHHOW obOmactu, rae Fi(t) <0 wu F,;(t) <0, a B
ocTaBIIUXCs 00acTsax QyHkuu  Fyq(t), F,q(t), 0 COBOKYITHOCTH MPUHAMAIOT 3HAYCHUS PA3HBIX 3HAKOB.

st onpeneneHHOCTH OyieM CYUTATh

Vvt € Q (F1(t) £0,F,(t) £0),Vt € Q,(F1(t) <0,F,.(t) =0), 4)

Vt € Qz(F1(t) = 0,F,,(t) <0),Vt € Q,(F1(t) = 0,F,,(t) = 0.

BBezieM B pacCMOTPEHHUE IMHUH YPOBHS

(Ljy) = {t € Q|Fj1(¢1,t,) = Ljy — const},
(sz) = {t € Q|Fj2(t1, ty)) =Lj; — const}
M COCTaBMM MHOKECTBa {(le)}, {(sz)},j =1,2.



Medicoynapoonwiii nayuno-ucciredosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

I1ycThb BBINONHSETCH YCIOBHE
U4. TIpoussosnbHble unud W3 MHOKECTB {(Lq1)} u {(Ly2)} , a Tarke u3 muoxkects {(L;,)} u {(L,;)} mepecexatorcs
TOJIKO B OJIHOM TOUKE.

3amerum, (L) € {(Ln)}, (Lao) € {L21}-
[Janee paccMOTpUM JIMHUM YPOBHS

+ —_—
(LTs) = {t € Q|F};(t;,t,) = Felne},
+ —_—
(LES) = {t € Qlel(tli tz) = +£l7’l}.

JIunun (Lfa) u (L%E) cornacHo U.4 mepecekaloTcs TOIBKO B OJHOM TOuKe (Bcero yerkipe Touku). Oymkiun Fjy (ty,t),
Fj,(ty,t;) nenpepsiBHEL U Fjy (t1g,t20) = 0, Fj,(t10,tz9) = 0, TOrna TOUKM nmepeceveHus JMHMUIA (Li—ra) u (L;—ra) [IPUHAJIEKAT
JIOCTaTOYHO MaJIOH OKPECTHOCTH TOYKH t,. K mpumepy 3a 3TO OKpeCTHOCTh MOKHO B35ITh 00J1acTh, OTaHHYEHHYIO JIMHUSIMHU

+ +
(L3) m (L3)-

O6nacte orpannuennyio (L7,) u (L3,) oboznaunm Q,; (LT,) u (L7,) obosnaunm Qs,; (L) u (L},) oGoznaunm Q,,;
(L7e) u (L%,) obGosnaunm Q.

Cornacuo U.1 nmunuu yposns onpenensembie Gynkmmsamu Fj () (j, k = 1,2)ABnsi0TCA aHATUTHYIECKMMH KPUBBIMU U X
MO’KHO MIPE/ICTABUTE Mapamerpudecku [6].

Bozpmém (Ljo) U e€ ypaBHEHHME IPEICTaBUM MapaMETPUYECKU B BUAE t; = tl(sj), t, = tz(sj),O < sj < sjo (comywait
Sjo = ~HooHE HCKIIK0YAETCs), I/ Sj O3HaYaeT JUIMHY JyTrd (Ljo) OTCYUTBIBAEMOT'O OT TOUKH ty,j = 1,2.

BozsmeMm (Ly,) (k = 1,2) u ec ypaBHEHHE MIPEACTABUM B BHIE

t; = t1(op), t; = ty(0x) 0 < 0y < gy
(cnywait g,y = +00 HE UCKIFOUAETCS), TIE 0y O3HAYAET WIUHY IyTH (L,j) OTCUMTHIBAEMOTO OT TOUKH & € (L]-O)(j =1,2).
Taxoke 0003HaUNM
Fie2(t) = Fi2(t(sk)) = Fiea (s,
Fi1(8) = Fia(t(01)) = Fra (i), (k = 1,2).

BcrnomorarenbHbIe IeMMBI

Jlemma 1. Oyuxuus F;,(t;,t;) ctporo MoHOTOHHA BI0Jb JuHHK (L5), a GyHkiwus F,q(t,t,) Baoas muaud (L,,).

Jloka3aTenbCTBO JISMMBI TpUBECH B [7].

. 1 -1 .

Jlemma 2. B xaxmom u3 uacteit Q. (k = 1,2,3,4) (exp;Fj1 (t1) = 0 no €) wm (expTFjl -0 no s) (G =12).

JHoxazarensctBo. [Iycth t € (Q4, U Q,,). BozeMem exp §F11(T1)-
VteE (Q:UQ,,) (Fi(ty) < €lne)=>

1 1
=>Vte (Q, U QZS)(expEFu(rl) < exp;(lng) >

1
>Vt € (Q; UQ,,) (exngn(Tl) - 0no e).

Ortcroa ciexyeT cupaBeUIMBOCTb JIEMMBI Ul OAHOTO ciaydasi. OcTaBIIuecs Clydan J0Ka3bIBalOTCs aHAJIOTUYHO.

Pemenue 3agaun

Teopema. Ilycts BemounHstoTcs ycnosus U.1 — U. 4. Tornma cymectByer pemenue 3amaun (1) — (2) u 2, sBIAIOTCS
obnacTsamu npuTsHKeHust 1s pemennit & (¢) (k = 1,2,3,4).

JoxazarenscTBo. s paccMaTpruBaeMoro cirydast pemerue 3agayu (1)-(2) MoxHO mpeacTaBUTh B BUE

z(t, &) = colon (zl(t, ), 2, (t, s)),

rae z;(t, &) = sszexpéF}-(t)/(e -z Ii(t,€), F;(®) = ftto aj(v)dr, Li(te) = f:o bj(r)expiFj(T)dr,j =1,2.

Oyukuio z(t, €) oymem paccmarpusath 1is t € Q. (k = 1,2,3,4). Ipu uccnenosauuu z(t, £)no €, CYIMECTBEHHYIO POITH
urpatot 3Haku GyHkiui ReF;(t) n acumnroTHueckoe nosesieHne uHTerpanos I;(t, ) mo . Beibepem MyTn MHTErPUPOBAHHS
A1t 3TUX MHTErpanos. ITyTh s Beex ciyyaes t € (. BHIOMPAETCS €MHBIM M COCTOMT M3 9acTH (L jo) COEIMHSIOMETO TOUKH
to m t; wactu (Lj,) coeqmnsromero Touku ¢ u t.

Mpu j = 1 nomyynm myTh 1is z4 (t, €), anpu j = 2 IyTh JUIA Z,(t, €).

Komnonents! z;j(t, ) B 3aBUCUMOCTH OT 3HaKa (yHkuuii ReF;(t) npeacrtaBuM B pasiHYHBIX BapuaHTax. 3Haku ReF;(t)
OTIPENIENIAIOTCS COTTIAcHO (4).

1. Tlycrs t € Qq,. Torna ReF;(t) < 0 u koMnoHeHTH Z;(t, €) MPEACTABIAIOTCS B BUJIE

1 .
z(t, &) = sszexp;Fj(t)/(s -z Ii(t,€),j = 1,2, (5)
2. t€Q,,. Borom ciuyuae ReF,;(t) <0, ReF,(t) >0wu
z1(t,€) = ezexp  Fy(0/(e = 2 - 1, (¢, ©)), (6)
z,(t, €) = €23/ (exp - Fy(t) — zfexp - Fy (D1t ). 7)
3. t € Qg Umeem ReF,(t) > 0, ReF,(t) < 0mu
2,(t,€) = e20(e20exp = Fy(t) — 20exp = Fy(£) - L, (£, €)), (8)
2,(t,€) = ez8exp = Fy(t)/(¢ = 23 - I (¢, €)). )
4, te€Q,, ,torna ReF;(t) > 0, ReF,(t) >0mu
zi(t, &) = ezjo/(eexp_?le(t) - ijexp_?lﬂ-(t)lj(t, &), j=1.2. (10)
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C ydetom BBHIOpaHHBIX TIyTeH HHTEIPMPOBaHMS M NapameTpudeckoe mnpeactasnenue mnmii (Ljo), (Lj2) ( = 1,2)
unTerpansl I (t, €) mpencraBum B Buie

S]‘ 7 U'j 1
62 = [ by (e L Fa(5)as; + [ by (@)exn (a(3) + iL)da
rae by;(5;) = by (T(§j)) ~T(8)), b2(6)) = by; (T(&j)) -7(5),
Fio($)) = Fiz (r1(§j), T2 (51))

Fu(5) = Fn (11(8),72(5)) ), Lyz = const, j = 1,2.
Bo Bcex paccMaTpUBaEMBIX CIIy4YasXx OyAyT IPHUCYTCTBOBATH HHTETPAIbI

5j
i
I (t(s)€) = f b (8)exp — Fjz(3)ds;.
0

K TakuM HHTETpaN NPUMEHSAS METOJI CTAIIMOHAPHOH (asel (PpyHkumus Fj, (sj) HE UMeeT ocobeHHocTell) [6] momyanm

Ly (t(sp),e) = 0(e). (11)

Ecnu ReF; < 0, T0 K uHTErpany
7 1 . -
t(@),2) = [ oy (@)exw (Bu(3) + ity
MPUMEHSSI HHTETPUPOBAHKE 110 YaCTSIM UMEEM

Ii;(t(0)),€) = 0(e). (12)
Ecin ReF; > 0 1o cornacho (7)-(8)-(9)-(10) paccMoTpum BbIpaKeHHs

I3(t, &) = exp _Tl F;(t) I;(t, £), KOTOpBIE MOXKHO 3amHCATh TAK

- ~ 1 ~ ~
Ii3(t(0), ) = [ by;(8;)exp - (Fj1(6;) — Fiu(0))d6.
K I;3(t(0), €) npuMeHss HHTErPUPOBAHHE 110 YACThAM U yuHThIBas Jlemmy 1 momydaum
113(6(0),€) = £ | b;(8))/F j2(0) = (b2;(0)/F 3 (0))exp~ L — 0(2)]
3ametnm, uto b, j(0;)/F 1 (07) = bj(t)/a;(t) j=1,2.
Teneps kaxapiit u3 cydaeB t € Q. (k = 1,2.3.4) paccMotrpum oTaenbHO. OTMETHM, 4TO B KaXKJIOM CIydae HaJO y4ecTb

Jlemmy 2.
1. t€ Q. ,rornanaocHoBe (11), (12) (j = 1,2) umeem

1 1
zj(t, &) = sz}’exp;Fj(t)/)/(e —2z)-0(e)) = ijexl’gFj(t)//)/(l -0(1)z)
Tak kak V¢ € Q;.(ReF;(t) < elne) = (exp%F}-(t) — 0 no s), TO

vt € Q. (z(t,e) > 0 noe) = Vt € Q. (2(t,£) — &(t) noe) = Q. (&)

2. t € Q,,. Bortom ciayuae yuursiBas (11)-(12) mpu j = 1 u (13) npu j = 2 Oyaem uMeThb
Vt € Q,.(z,(t, &) = 0,2z, — —a,(t)/b,(t) noe) =

=Vt € Q,,(2(t,€) — & (1) noe) = Q. (&,()).

3. Ecmut € Qg., 1o yurem (11), (12) mpu j = 2 u (13) npu j = 1.
Vt € Qz,.(z,(t, &) = — a,(t)/by(t),2z,(t,e) > 0no ) =

= Vit € Qu,.(2(t,€) — &(t) noe) = Q3. (& ().

4. Tlycrs t € Q4. Torma Hamo yuects (11)-(12) mpu j = 1,2,a (13) mpu j = 1,2.
Vt € Que(21(t, €) = —a,(£) /b1 (1), 25 (8, €) — —a,(t)/b(t) no &) =

=Vt € Q. (z(t,e) = &4(t) noe) = 948(64(t)).TeopeMa JIOKa3aHa.

3akio4yenue

1. PabGoTta HOCHT TEOPETHYECKHH XapakTep, HO IOJy4YeHHBIE Pe3yJbTaTbl MOXKHO HCIIOJIb30BaTh Ha INPaKTHKE, KOTIa
COCTOSIHHE O0OBEKTa OIMUCHIBACTCS CHHIYJISIPHO BO3MYILCHHBIMUA YPAaBHEHHAMH (CHCTEMaMHM), IPHYEM OOBEKT HPH Pa3IMIHBIX
pPEeXKUMAX CTPEMHUTCS K OINPENESNICHHOMY CTa0MIFHOMY COCTOSIHHIO, a TaKKe HPU MOCTPOSHUH O0JIAaCTed MPHUTSDKSHHS IS
CHCTEM CHHIYJISIPHO BO3MYIICHHBIX YpaBHEHHUH Oosiee o01iero BUa.

2. Kak TOKa3pIBAIOT HAIM HCCICIOBAHUs, OONIACTH TPUTSDKEHHS, B HEKOTOPBIX CIIydasX, CYIIECTBYIOT HE ISl BCEX
peliieHnil BBIPOKICHHBIX ypaBHEHUH (cucTeM). [l MOATBEPIKACHUS 3TOTO BBICKA3hIBAHUS JOCTATOYHO 3aMEHHTH d,(t) Ha

(—a.(®).
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AHHOTaNMA

[omy4eHs! AaHHBIE JTUIAPHOTO 30HAMPOBAHUS aTMOC(EpHl B IMEPEXOTHOI 30HE MaTepPHK-OKeaH TpeMs MOIM(pHUKAIIMA
(heMTOCEKyHIHOTO JHIapa, OCHOBAaHHBIMH Ha THTaH-CAl(pUPOBOM Jiazepe ¢ YHPIHUPOBAHHBIM YCHIICHHEM MOIIHOCTH: JIHIAap
VIPYroro paccesHus, JHAap KOMOWHAIIMOHHOTO pAacCesHUs W Juaap Oenoro cBera. B pexkume numapa Oenmoro cmera
3apETUCTPUPOBAHB OMHUCCHOHHBIE JIMHUM TIEPBOM MOJOKUTEIHHON CHUCTEMBI MOJIEKYN a3oTa. lIpencTaBiieHO CpaBHEHHE
TIOJTYYEHHBIX JIAHHBIX C pe3yJibTaTaMH JIUJAPHOTO 30HIUPOBAHMS C HCIOJIB30BAHUEM JIa3€pPHBIX MMITYyJIHCOB HAHOCEKYHIHOM
JUTATENHHOCTH.

Kawuesrble c1oBa: peMTOCEKYHIHBIC HMITYJIbCHI, CYTIEPKOHTUHYYM, JIAIAP.
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Abstract

Data were obtained for lidar sounding of the atmosphere in the continent-ocean transition zone by three modifications of a
femtosecond lidar, based on a titanium-sapphire laser with chirped power amplification: elastic scattering lidar, Raman
scattering lidar, and white light lidar. In the lidar mode of white light, the emission lines of the first positive system of nitrogen
molecules were registered. A comparison of the obtained data with the results of lidar sounding using laser pulses of
nanosecond duration is presented.

Keywords: femtosecond pulses, supercontinuum, lidar.

OCOOEHHOCTBIO JMCTAHIIMOHHOI'O 30HJUPOBaHMsI aTMOC(Ephl C HCHOJIb30BaHHEM (PEMTOCEKYHIHBIX J1a3€pOB SIBISETCS
WCITIONIb30BaHNE u3NydeHus cynepkoHTHHyyMa (CK), kak SBIEHHS CHEKTpaJbHOTO M IPOCTPAHCTBEHHO-BPEMEHHOIO
YIIMPEHUS] MOIIHOTO YJIbTPAKOPOTKOro 30HAMpYomiero ummyisca. [Ipouecc renepamun CK compoBoxpaercs mpoieccom
(umaMeHTaIK NCXOTHOTO MMITYJIbCa, KOT/la 3HAaYeHNEe MOIIHOCTH MMITYJIbCa MPEBBIIAaeT onpeaeneHHsli nopor (< 3,2 I'Br B
BO3JlyX€), HEJIMHEHHass J00aBKa K ITOKa3aTeI0 IPEIIOMIICHHS CTAHOBUTCS 3HAUYMMOM B 30HE B3aMMOJCHCTBHS M IPOUCXOIMT
caMO(OKYCHPOBKa JIa3epHOT0 M3Iy4eHHs, a 3aTeM Habmonarorcs a3pdexT (praMeHTanuy 1 reHepalui KOHNIeCKOH SMHUCCHA
[1, C. 592]. Cnekrpanbubie komnoneHTsl CK pacnpeneneHsl B KOHycaX, a HampaeieHue uanydenus CK - B HampaBieHHH
pacripocTpaHeHus 30HAUpYyoero uMityibca. Mznyuenne CK HabmonaeTcst Kak B CTOKCOBOM YacTH CIIEKTPA 110 OTHOLIEHHUIO K
JUIMHE BOJIHBI J1a3epa, TaK U B aHTHCTOKCOBOM YaCTH CIEKTpPa B [HaIla30He HECKOJIbKUX CIIEKTPalbHbIX OKTaB. [ToTepu sHepruu
uMIyiabca sl unamentanuu u reHepanuu KoHuueckux BbIOpocoB CK cocraistor He Oonee 20%. Takum oOpasom,
HIMPOKOMOJIOCHBIH HCTOYHHK KOPOTKOTO UMITYJIbCA C XapaKTEPUCTUKAMM, OJIM3KHUMH K JIa3epHBIM HCTOYHUKaM, GopMupyeTcs
Ha TPAeKTOPUH 30HIUPOBAHHSI.

Hcnons3oBanue 3¢ dekra rerepanin CK OTKpbUIO HOBbIE BO3MOXKHOCTH IJIs U3MEPEHHsI aTMOC(HEPHBIX MapamMeTpoB METOIOM
JUIAPHOTO 30HAMpoBaHus. [lepBble mark B UCTIOIB30BaHUH TEPPABATHOTO PeMTOCeKyHIHOTO Juaapa B 1990x romax mokasainm, 9To
IpY 30HIUPOBAaHUU aTMOchepsl (HeMTOCEKyHIHBIMH JIa3epHBIMH UMITyJbcaMu (opmupyercst uctodnuk CK, KoTopblii 1o3BoOJISET
UccIeoBaTh atMocdepy Ha BbicoTax ot 12 nmo 15 km [2, C. 73], [3, C. 51]. B pamkax mpoekra «Teramobile» 3a mocnenxue nsa
JecTHIeTHs. ObUTH pa3paboTaHbl COBPEMEHHBIE TEPpaBaTHBIC JIMJAPHBIE CHCTEMBI, pelIeHbl MHOTHE HpoOsieMbl aTMocepHOi
ONTHKH U HAKOILIEH MeToosorndeckuii onsit [4, C. 1633-1713]. OcobeHHOCTH (rnaMeHTa, HCIIOIb3YeMOro B KaUueCTBE HCTOYHUKA
V3IYYeHUs IIMPOKOTO CIIEKTpA 30HIMPYIOLIEr0 H3JIydeHHs, NPUBOIAT K IIEPECMOTPY OCHOBHBIX TPEOOBaHMH K JIMIAPHBIM
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CHCTEMaM, METO/IaM PErUCTPALIMH JUIAPHBIX CHTHAIOB U JuaapHoMy ypaBHeHuro [5, C. 2717], [6, C. 157]. Teopetnuecku MOKHO
OLICHUTH TOJIOXKEHHE HEJMHEWHOTro ()OKyca C y4eTOM IUIMHBI BOJIHBI, CEUCHMS KOJUIMMHMPOBAHHOIO MMITYJIbCA W OTHOLIEHHUS €ro
MOII[HOCTH K KpuTHYecKoMy 3HadeHuto [7, C. 35]. DKCIepUMEHTAIBHO M TEOPETHUECKHU J0KA3aHa BO3MOXKHOCTh JUCTAHIIMOHHOTO
TIO3UITMOHUPOBaHMS ToUeK (rutameHTauu u rereparp CK. MoxkHO chopMUpOBaTE MHOKECTBO (DHMIIAMEHTOB KaK B HaIlPaBJICHUH
PacTpoCTpaHEeHHs, TaK M B MOTIEPETHOM CeueHIH nMITyIibea [8, C. 243].

Henpro HacTosAmeld pabOTHI SABISETCS ONpeNeIeHHe BO3MOXHOCTEH 30HAMPOBAHUS aTMOC(ephl B IEPEXOTHOW 30HE
MaTepHK-OKeaH (GeMTOCEKYHIHBIM JHAAPOM C MCHOJIB30BAaHUEM JIa3€PHBIX UMITYJIbCOB TUTABATTHOTO YPOBHS 110 MOITHOCTH.

Jnst peMTOCeKYHTHOTO JIMIaPHOTO 30HAMPOBaHMs aTMoc(ephl Oblia coOpaHa SKCIIEpPUMEHTAJbHAs YCTaHOBKa (cxema
u3o0pakeHa Ha puc. 1). B sKkcrepuMeHTaNbHOI yCTAaHOBKE HCIOJB30BaNach KOaKCHAJbHAs CXeMa, B KOTOPOHM Ja3epHBI
MCTOYHMK U CHUCTEMa JIETEKTOPOB PaCIOJI0KEHBI B OJTHOM MeCTe (B HalleM Cllydae B KauecTBE JETEKTOpa ObLI MCIOJIE30BaH
teneckon Kaccerpena nuamerpom 300 MM co crmekTtpoMmeTpoM MM (OTOYMHOXHTeleM). B KkauecTBe 30HAMPYHOLIETO
U3ITYYCHHST HCIONIB3YeTCsl TUTaH-canupoBBIA Jazep ¢ ueHTpambHOW mnuHO#M Bomuel 800 M (40 de, 7 mIx) s
30HAMpOBaHU atMochepsl B pexxume reaepamun CK (simmap 6emoro cBera). B kauecTBe mprHeMHNKA HUCTIONB3YETCS TEIECKOII B
COYCTAaHHH C CTPOOHPOBAHHOM BBICOKOYYBCTBHTEIBHON KaMepoil ¢ omrnueckuM ycumureneM sipkoctu (DOIT) (PI-MAXS3,
Princeton Instruments), mmuroit Bostabr 350-800 HM, MUHUMATBHBIM BpEMEHEM 3KCIIO3HINK 3 HC, BpEMEHEM 3aJIepKKa OT 1 He
JI0 JIECSTKOB CceKyHM W crektporpad Spectra Pro 2300i (Princeton Instruments). B kadecTBe 4yBCTBHTEIBHOTO H3ITYUICHHS
UCITIONB3YyeTCs BTOpas TapMOHHKa THTaH-campupoBoro mazepa (mmmHa BomHe 400 HM) i peanmu3amiié  peXMMOB
MHOTO(OTOHHOTO TOTIIOMICHHS U (IYOPECIICHITMH (C MCTIOIb30BaHNEM KpHcTailia 6era-6opara 6apust (BBO)). B sTom ciyuae
B KauecTBEe MPHEMHUKA Telieckom coBMmerieH co crektpomerpoMm (Newport 77480) u 16-kaHanbHBIM (OTOYMHOXKUTEIEM
(10515B-04, Hamamatsu), koTopslii o6ecreunBaeT 60Jice BHICOKYIO YYBCTBUTEIBLHOCTh M CIIEKTPAILHOE pa3pelieHue.

4 Teneckon Juadparma ONTOBOIOKHO

- A 0 ; A

D £ — D DOTOYMHOMHTEIE
4 I

8 | Cnekrporpad |, P

DOTOYMHOKITEL

2% n ' JTazep

Puc. 1 — Cxema 3KcIIepUMEHTaIbHOM YCTaHOBKH:
1 - Jlazep ¢ nByxkackanubiM ycunutenem Spitfire XP (Spectra Physics); 2, 3 - cucrema 3epkan UFM10R Throlabs,

4 - teneckon Celestron Advanced C11-SGTXLT, auadparma 279 mm, dokycHoe paccrosiue: 2800 MM, OTHOCUTEIbHAST
muagpparma: 1/10; 5 - Bxoa getekropa ¢ mosieBoi quadparMoi, aepkaresieM OnTHIecKoro GUIbTpa U ONTHYECKUM
coefiMHeHHEM; 6 - ONITOBOJIOKHO, 7 - poToymHO)kuTenb (R7400U-2, Hamamatsu), 8-ciektporpad (SpectraPro 2300i) B
coueranuu ¢ ICCD (PI-MAX3: 1024i, Princeton Instruments) wiu criekrporpad (77480, Newport, mudpakimonnas perrerka
300 nuawmit / MM, BxomHas mieib 1 MM) B couetannu ¢ 16-kananpaeiM hotoymuoxkurenem (H10515B-04, Hamamatsu) u
BeIcokockopocTHsiME ALIT (ADM216 100M)

B TperbeM BapuaHTe B KauecTBE JETEKTOpa HCMOJb3yercs (oroymuokurens (Hamamatsu R7400U-2, 300-850 um) co
cMeHHbIME  omtrueckumu  pmisTpamu  (Thorlabs FKB-VIS-10), o6ecrieunBarorinii MakCHMalibHYI0 YYBCTBUTEIBHOCTH
oOHapy)KeHHs CHUTHAJa B TUana30HaxX JIHH BoXH 445-455, 495-505, 545-555, 595 -605, 645-655, 695-705, 745-755, 795-805 am
(B 3aBECHUMOCTH OT QIIBTPa). JIMIapHOEe 30HANPOBAHUE MPOBOIIIOCH MpH ~85 P, (KpUTHYECKast MOITHOCTH CaMO(OKYCHPOBKH)
Ha IeHTpanbHOil 1yrHe BoHbl 800 HM B aTMocdepe ¢ yacToToil moBTOpeHHs: MMITY TbCOB 1 K[l M MCHIONIb30BaHUEM TEXHOJIOTHU
«UUPIUPOBAHMSD) JIA3EPHOIO M3ITy4YEHHUs, Yroil aTMOC(hEepHBIX TPEKOB BapbupoBaiics B nuanazoHe 10-45 rpamgycos. B onrraeckoit
cxeMe 0eJIoro JIMaapa UCIoIb30BaliCs TENeCKOI, IBAXK bl YMEHBLIAIONINIT IUAMETP HCXOIHOTO JIA3ePHOTO JIyda, TI09TOMY B 3TOM
ciyvae uHTeHCHMBHOCTH renepanun CK Obuta yBenuuena [9, C. 1044-1046], [10, C. 135-140].

Ha puc. 2 moxa3aHbl BO3MOXHOCTH JIMJapa KOMOHMHAIIMOHHOTO PAacCesHHsl C MCIOJIb30BaHUEM (PEMTOCEKYHTHBIX
JIa3ePHBIX UMITYJIBCOB C IEHTpaIbHOM mmnHON BoHB 400 HM. Mexny 3epkanamu 2 u 3 (cM. puc. 1) ObLIT YCTaHOBIICH KPUCTAILT
BBO rtoamunoi 300 MmxM. B pesynbraTe ObLIO MOyYEHO M3IyYCHHUE HA [EHTPaIbHON JuinHe BOHBI 400 HM ¢ MONyIIHpUHON
criektpa ~ 5 HM, 3Heprus B ummnyibce 1,2 mJx; yactora nosropenus 1 kI'1, HavanpHbId AuaMeTp syya - 10 mM. Perucrpanus
npoBoamiack cucrtemorr |ICCD npu 30HIMpOBaHMM Ha BTOPOM TapMOHHMKE M TOKa3ajia BO3MOXKHOCTh OOHApY)KEHHs JIMHUU
KOMOWHAIIMOHHOTO paccestHus a3oTa (441 um).

Ha puc. 3 mokaszaHbl ociaOJjeHHbIC BEpPTUKaJbHbIC NPOQUIN BEPTHKAJIBHOrO paccesHus R (z) (koaddunmeHt
ocnabnenHoro paccesitus) [11, C. 565] anst ciydaeB Ja3epHBIX HMITYJIbCOB HAHOCEKYHAHOH anutenbHOCTH (pu A = 355 HM) U
(emrocexyHaHON uTenbHOCTH (pu A = 400 HM) re

_fa@ t Pn(@) ;mﬁm @) exp| —2 OJ aq(z)dz' | = I:n((zz))

Ba (2), Bm (2) - KO3DPHUIIHEHTHI a9PO30IBHOTO U MOJIEKYJISIPHOIO PACCESHUSI COOTBETCTBEHHO; Oy (Z) K03 (GHIHEHT 3KCTUHKINH
atMocdepHoro a’po3oist; P (z) u Py, (z) - nupapHbie cHrHABI, BBI3BAHHBIC JICHCTBUTEIBHONW M MOJICKYJIPHO# aTMOChepoi,

z

R(z)

13
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COOTBETCTBEHHO, Z - PACCTOSHHE A0 OOMACTH 30HAMPOBaHHA. MOXHO 3aMeTuTh, 4T0 R (Z) mis 3TUX ABYX ciydaeB
MPAKTHYCCKH OAMHAKOBHL. HeOoinpime pa3nudus CBA3aHBI C Pa3IMYHBIMH KOHOHUTYpaIMsSMH CHCTEM IpHUeMa W Iepenadn
CUTHAJIA, & TAaKXKE CIIEKTPAIBLHON 3aBHCUMOCTHIO KOA(PPHUIINEHTOB 0OPATHOTO PACCESTHUS M SKCTUHKIINH IS MOJICKYJISIPHBIX 1
a’3pO30JILHBIX aTMOC(HEPHBIX KOMITOHEHTOB, Ha KOTOPbIE TakXe BIHWsET cooTHommeHHe R (z). PaBHOBECHBIC OTHOIICHHUS
JIMAapHBIX CHTHAJIOB, BHI3BAHHBIC PEANBHOM W MOJIEKyIsipHO atmochepoit (R (Z)) mwis 30HAMPOBaHHS HAHOCEKYHIHBIMH W
(heMTOCeKyHIHBIMH HMITYJIbCaMH, MOATBEP)KJAIOT MPEIIOI0KEHHE O JHHEHHOM paclpOCTPaHEHHH «HOCTHUIAMEHTAIIUI

(demToCcekyHHOTO H3myUeHus B atmocdepe [11, C. 566].
2004 ¢ = ¥ 40000

38000

< 36000

OTH. €1

4000

I

[Tukcenu

32000

30000 4 v .
Mo TRy 440 A HM 460 480
Puc. 2 — OOHapykeHHe JIMHUYM KOMOWHAIMOHHOTO PACCESHUSI a30Ta C TIOMOILBIO PEMTOCEKYHHOTO JHaapa:

(a) m3obpaxenue ICCD kamepsl, (6) muaun Ny

400 1M (de) |
=:=:=155 oM (HC)

101 =

T T T
S00 Tk 1 5003 UMD 2500

BricoTa, M
Puc. 3 — R(z) s HaHOCekyHIHBIX UMITYIbCOB (A = 355 HM) 1 pemTocekyHHBIX UMITYTbcOB (A = 400 HM)

Ha puc. 4 (a) nokasaH IIHPOKOIIOIOCHBIN CHI'HAJI paccesiHus B atMocdepe (HadanbHOe paccTosHue 75 M, mar 28,5 m). Ha puc. 4
(6) BBIIEINSAIOTCS IMHUM B CHEKTPaX, MoJTydeHHBIX Ha (oHe m3nydyenus CK Ha jymnax BonH 815 M u 847 um. Taroke uHMM ObUTH
3aperuCTPUPOBAHKI HA JUTMHAX BOJH 752, 760, 775 HM, IMEOIIHE 3HAYUTEIIFHO MCHBIITNE HHTEHCUBHOCTH, YeM OCHOBHOM JTa3epHBIH

HMITYJIBC. IIo nammm OLICHKAaM, 5TH JIMHUU COOTBETCTBYIOT HepBOﬁ MIOJIOXKUTEIIEHOM CHCTEME MOJICKYJIbI a30Ta.

14
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I, oTH. en.
800 A I, otH. exn. 75M
700 4 200 - = | 1035M
0001 A A NN S 150 1 —
500 S N N . : = =
300 — . 50| SEA————— e———
200 ey e s e e
100 e e L —— .

0 - e 810 85 sio o5 830 s 8&0 a5 séo

JliuHa BOJIHBL, HM

740 760 780 800 820 840 860 880
JlnHa BOJIHBI, HM

Puc. 4 — JIugapHbIil ITPOKOMIOIOCHBIN CUTHAJ pacCestHUs B aTMocdepe:
(a) nuama3on aauH BoyH 740-880 uM, (6) nuanason muH BoyH 810-850 uM

Ha puc. 5 (a) moka3ana BO3MOXHOCTb PETHUCTpalds KOHHYCCKOW SMHCCHU B JAMANa30HE BBICOTHI 75-225 M (Ha
cnekrporpade B coueranuu ¢ |ICCD kamepoii) u (0), (B) — S-byHKIMHU JTUAAPHOTO CUTHANA JUIS IEPEXOAHOM 30HE MaTEPUK-
OKeaH, MOJyYeHHOW NPH SHEPruM JazepHoro m3nydeHus 7 mMJDkx Ha neHtpanpHOW jiuuHe BoimHBI 800 HM M JUIMTEIBHOCTH
umnynbca 50 de. Yroa HakiIoHa Tpacchl 30HAUPOBAHMS COCTaBisLT 25 rpaaycoB. J[ist momydeHus JTuIapHBIX CUTHAIOB (0) U
(B) ucmonp30Baack cxema JHuaapa yupyroro paccesHus ¢ ONTHYSCKUME (QMIBTPaMHU ¢ MpOIycKaHueM B auamna3oHe 795-805
BM (ms (0)) m 745-755 M (ams (B)). Ha puc. 5 mokaszano, uyTo KOH(HTYpanus nuapa YIpyroro paccesHUs MO3BOJSCT
MOJTyYaTh CHUTHAI C PacCTOSHUSA 10 12 KM TpH JymMHe BOJHBI u3mydeHus (800 + 5) uM u 10 2,5 KM TIpH IJIMHE BOJHBI
nanydenns (750 + 5) am.

I, oTH. eﬂ: 6)

50000000 —.
45000000 -
40000000 —.
35000000 -
30000000
25000000 -
20000000 -
15000000 ':
10000000

5000000 :

0 1 v T T T
0 2000 4000 6000 8000 10000 12000 14000

—— 800H1M

Bricora, M
I, oTH. ex. B)
450000 +
400000
] —— 750uMm
350000 —
300000 —
250000 —
200000 —
150000
100000 -
50000
P O .
0 500 1000 1500 2000 2500 3000
Bricora, m

Puc. 5 — Perucrpanus KOHUUECKOI SMUCCHH B TUaIIa30HE BBICOTHI 75-225 M (a) ¥ S-pyHKIHMS JTUIAPHOTO CUTHAlIA B
nuanasoHe 795-805 uwm (6) u 745-755 M (B)

CornacHO MOJY4YEHHBIM PE3yJIbTaTaM HCIIOJIb30BaHHE (PEMTOCEKYH/IHBIX WMITYJIbCOB TUTaBAaTTHON MOIHOCTH MO3BOJISIET
MIPOBOAUTH 30HAUPOBaHHE aTMocdepbl B KOHPUIYpalUM JHIapa YIPYroro paccesHusl Ha paccTOsiHusX A0 12 kM u B
KoH(purypanun nuaapa Gemoro csera g0 2,5 kM Ha JuiiHe BojHbI (750 + 5) HM. OcnablieHHBIE BEPTHKAIbHBIE MPOQIIH
BEPTHKAJIBHOrO paccesuus R (Z) i ciydaeB Ja3epHbIX MMITYJILCOB HAHOCEKYHIHOW AIMTENLHOCTH (mpu A = 355 HM) H
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(emrocexkynaHol umtensHocTH (mpu A = 400 HM) NpakTHYECKH OJMHAKOBBI, YTO IIOATBEPIKAACT HPEAINOJIOKEHHE O
JMHEHHOM PacIpPOCTPAHCHUH «IIOCT(HIIIAMEHTAN» (PEMTOCEKYHIHOTO U3IIydeHHUs B aTMoc(depe.
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O PASPEHIUMOCTH 3AJAYA KOIIN IS CACTEM HEJWHEWHBIX HHTETPO-IU®PEPEHITAAJILHBIX
YPABHEHUMU B YACTHbBIX IPOU3BO/JHbIX C IAPAMETPOM
Hayunas ctatbs

JaxodHbaeBa I'.A*
Wucturyr Marematuku HanmonansHO# akanemun Hayk Keipreizckoit Pecnyonuku, bumkek, Keiprescran

* Koppecnonaupytoruii aprop (baytemirova2007[at]mail.ru)

AHHOTAUMSA

HccnenoBars npobiieMy pa3pelimMOCcTH 3aaad Kolw s HeMmMHEHHBIX HMHTerpo-auddQepeHansHbIX  ypaBHEHHH B
YAaCTHBIX NPOU3BOJHBIX MOXKHO IIPOBECTH METOJOM mpeoOpa3oBaHusi pemieHui. CyTbl0 TakKoro IIOAX0JAa SIBISETCS
npeoOpa3oBaHHe HMCXOAHOW 3anaun Komm B SKBHBaJIEHTHOE €H WHTETrpalbHOE ypaBHeHHWE Bonbreppa BTOpOro pona, K
KOTOPOH MOYHO NPHUMEHHUTH TOMOJIOTHUECKHH METOJ — MPUHIMI CKAThIX 0ToOpaxkeHHi. V3 ycoBHii cxxaTocTH oneparopa
OTIPEETIAIOTCS JOCTaTOYHBIE YCIOBHUS HA 3a/laHHbIC (DYHKINH, IPU KOTOPBIX HCXOJHASA MpoOJIeMa pa3penmma.

B npanmHO# pabore wmccnenoBaHa IpoOieMa pa3pemuMocTh 3amaud Kommm s cucTeM HeNHHEHHBIX HWHTErpo-
JuddepeHnInanbHBIX ypaBHEHHH B YaCTHBIX IPOM3BOJHBIX MNEPBOTO IOPSAIKA C MapaMETpOM M HaWIEHO WHTErpalbHOE
IPE/ICTaBICHUE IIOMYUYCHHBIX pemeHuil. [lanmee, Iy HOBOro Kiacca CHCTEM HENMHEWHBIX HMHTErpo-Iu(epeHnnantbHbIX
YpaBHEHHH B YaCTHBIX NPOM3BOTHBIX TPETHEro MOPSAAKA HAIICHBI TOCTATOYHBIE YCIOBHUS CYIIECTBOBAHUS PEIICHUN 3amaqn
Komm u kpome TOro, NOCTPOEHO MHTETPAIBLHOE NPEACTABICHUE TaKUX PELIEHUN. B cuily HEITMHEMHOCTH HadajbHBIX 331ad,
HalJIeHHBIE IOCTATOYHBIE YCIIOBHUS, BOOOIIIE TOBOPSI, HE FAPAHTUPYET €ANHCTBEHHOCTD MTOJYYEHHbIX PEIICHUI.

KitoueBnbie ciioBa: nnrerpo-auddepeHnnansHple ypaBHEHHS B YaCTHBIX IMPOU3BOHBIX C IIAPAMETPOM, JOCTATOYHOE YCIIOBHE
paspemmmoctH 3a1aud Komm 11t cucTeM HENMHEHHBIX HMHTerpo-aupepeHMaibHBIX YpaBHEHWI B YacTHBIX MPOM3BOJHBIX,
oTtoOpakeHHe B ceOsi, MPHUHIMII CXKaThIX OTOOpaKeHW, HEIMHEHHOE WHTErpajbHOE ypaBHEHHE BombTeppa BTOpOro poja,
MPOCTPAHCTBO (PYHKITHIA HEMPEPBIBHBIX CO CBOMMH MPOU3BOIHBIME, HHTETPAILHOE MPECTaBICHHE pelieHui 3aaaun Korm.

ON SOLVABILITY OF CAUCHY PROBLEM FOR SYSTEMS OF NON-LINEAR INTEGRO-DIFFERENTIAL
EQUATIONS IN PARTIAL DERIVATIVES WITH PARAMETERS
Research article

Dzhaenbaeva G.A.*
Institute of Theoretical and Applied Mathematics of the National Academy of Sciences of the Kyrgyz Republic
Bishkek, Kyrgyzstan

* Corresponding author (baytemirova2007[at]mail.ru)

Abstract

It is possible to carry out the method of transforming solutions to study the problem of solvability of the Cauchy problem
for non-linear integro-differential partial differential equations. The essence of this approach is the transformation of the initial
Cauchy problem into an equivalent Volterra integral equation of the second kind, to which one can apply the topological
method — the principle of condensed mappings. Sufficient conditions are defined for given functions for which the original
problem is solvable from the conditions of contraction of the operator u.

In this paper we study the solvability of the Cauchy problem for systems of non-linear integro-differential partial
differential equations of the first order with a parameter and an integral representation of the solutions obtained. Further, for a
new class of systems of non-linear integro-differential partial differential equations of the third order, sufficient conditions for
the existence of solutions of the Cauchy problem are found, and, in addition, an integral representation of such solutions is
constructed. In view of the non-linearity of the initial problems, sufficient conditions do not guarantee the uniqueness of the
solutions obtained.

Keywords: integro-differential partial differential equations with a parameter, sufficient condition for solvability of the
Cauchy problem for systems of non-linear integro-differential partial differential equations, self-mapping, principle of
condensed mappings, Volterra non-linear integral equation of the second kind, space of continuous functions with its
derivatives, integral representation solutions of the Cauchy problem.

B cB3m ¢ TpeOoBaHMAME NPAKTHKH O TOBBIICHWH TOYHOCTH aHAIN3a UCCIIEMYSMbIX SBJICHHUH, TPUXOAUTHCS OTKA3aThCS OT
MaTeMaTU4eCKUX MOJIeNe, KOTOpblE OINUCHIBAIOTCS JIMHEHHBIMH ypaBHEHHSMH. BOJBIIMHCTBO 33/1a4 TEOPUM AMHAMHYECKUX
CHCTEM NPAKTUYCCKOrO XapakTepa, B YAaCTHOCTH 33/1aud JU(PQPepeHINaTbHBIX U UHTErpo-muddepeHInanbHbIX ypaBHEHU B
YaCTHBIX TIPOU3BOIHBIX, IO CBOCH CYIITHOCTH SIBIITFOTCS HeNMMHEWHBIMU. HekoTopbie po0iieMbl HelTMHEHHBIX TU(depeHITHaTbHBIX 1
UHTErpO-TUPPEepPEHITNATBHBIX YPAaBHEHU B YACTHBIX MPOM3BOJHBIX BBICOKOTO TMOPSJIKA, HAMpPHUMEp, HCCIENOBaHHE BOIPOCa
pazpemumocTy 3a1aun Komm 1 pa3paboTka KOHCTPYKTHBHBIX METOJIOB MOCTPOEHHUS CYIIECTBYIOIIMX PEIICHHA MaJlo M3y4eHbl. B
TUTEpAType UMEETCs HECKOJIBLKO PAa3HBIX METOJIOB JJISl HCCIIEOBAHUS Pa3pEeIIMMOCTH HEJTMHEHHBIX MHTETPO-IrddepeHManbHbIX
YpaBHEHUI B YaCTHBIX MPOM3BOAHBIX TEPBOTO TMOpsaKa. Hampumep, XOpOIIO M3BECTHBI: KIACCHUECKHN METOJN XapaKTEPUCTHK,
Meto ["anepkuHa, METO]] JOTIOIHUTENIFHOTO aprymMeHTa. CieyeT OTMETUTh, YTO TIOMOIIBI0 METO/1a JOTIOJHUTENFHOTO apryMeHTa
TaKkKe yIaeTcsl UCCIIE0BATh Pa3pEIIMMOCTh M YPaBHEHHS BBIIIIE IEPBOTO TOpsaka[3].

HUccnenoBath paspemumocTsh 3amaun Kommwm it muddepeHnuaipbHbBIX U HUHTETpo-nupdepeHInaIbHbIX YPAaBHCHUHA B
YACTHBIX MPOU3BOJHBIX MOXHO MPOBECTH METOJIOM IpeobpasoBanus pemenuit [4], [5], [6]. CyThio Takoro moaxoa sABIsSETCS
npeoOpa3oBaHie HCXOAHOW 3amaun Komm B 3KBHBAJCHTHOE €l MHTErPAIbHOC YpaBHCHHE, K KOTOPOW MOXKHO MPUMEHHUTH
TOIIOJIOTUYECKAN METOJ — NPUHIMI CXKATBIX OTOOpakeHWH. MBI B JaHHOHW pa0doTe NpH MCCICIOBAHUU MPOOIeMy
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YCTAHOBJICHHS Pa3pClIMMOCTH HAYajlbHOM 3aJa4yd IS HEJIMHEHHBIX CHUCTEM HHTErpo-AuddepeHInanbHpIX ypaBHCHUN B
YACTHBIX NMMPOU3BOIHBIX OYJeM CIIEIOBATh METOTY MPEIIOKEHHOM B [6].
IIpuBenem  MaremaTudeckwe O0O0O3HA4YeHWS, HCIIOJb3yeMble B  JaHHOW pabore: R — dwucioBas — oCh,

R, = (0; +oo), D =[0,T]xR; E- exunanunas marpuua; C"- (QXA) — nmpoctpancTBo DyHKimit |, HenpephIBHBIX BMecTe co
CBOMMHU TIPOM3BOAHBIMH TOpsAAKA P MO NEpBOH MepeMeHHOH, (] Mo BTOpOW mepeMeHHOW; rne Q m A — obmactu B
k Ll y
eBKIMIOBBIX TIpocTpaHcTBax U R°  coorercrBenno; C (QXA) — mpocTpaHcTBO (yHKIMH f, orpaHMYeHHBIX U
HETIPEPHIBHBIX BMECTE C MPOU3BOJHBIMU 10 COOTBETCTBYIOLIErO HOPSIKA; Lip(L| ) — KJacc (YHKIHH, yJOBIETBOPSIOMINX
u

ycaoBuro Jlunmuna no nepemenHoit U ¢ koaddunnentom L;

Hopwmoii B mpoctpanctee CP% (Qx A) OyaeM IIOHUMATh OTOOPAKEHUE, KOTOPOE OMPEAEIAETCS B BUIE || f || = max| f |
QxA
I. Paccmorpum 3amauy Komm aas cucreMbl MHTErpo-auddepeHIuanbHbIX ypPaBHEHHH B YACTHBIX IIPOM3BOAHBIX C
HapaMeTpoM

g[ut(t, X, ¥)+U(t %, y) +u (t, y)]+

t @)
+A(L, X, Y, &)u(t, x, y) = f (t, % y,u(t,x, y),g)+jK(t,s,x, y,u(s,x,y),&)ds,
0
rie te[O,T], (X, y) € RxR, ¢ HagaipHBIM yc0BHEM
u(0,x,y)=¢(xy) @
IIpeanono:xenne A. Ilycts
A(t,X,y,£) eC([0,T]xRxR), f(t,x,y,u,g)eé([o,T]xRxRxR)mLip(LJu),
K(t,5,X y,u,5) eC((0<s <t <T)xRxRxR)NLip(L,|, ). (x y) e C*(RxR).
SIcHO, 4TO U3 NpeanoaoKEeHUsI A UMeeM ||A(t,X, y,g)" <M A =const .
Pemenue 3agaun Komm (1)-(2) umem B Buae
t 7a(t—s)+ﬁ
u(t, x, y)=¢(x—t,y—t)+je ¢ ¢ ZQ(s,X—t+s,y—t+s)ds. ©))
0 &

rae Q(t,X,y)— HEM3BECTHAS BEKTOP-(DYHKUMA, MOUIEKAIIAsS ONPEACICHUIO; ¢, 3 € R, ¥ ux 3HaYeHUsS] OyAYT ONMPEIECIATHCS

HO3XKE.
IocnenoBarenpHO MU depeHIHpyYs 1o t 1 X, Y cooTHOIIEHHE (3), IMeeM

12 a
u (t,x,y) =g (x=t,y—t) + ¢ (x-t, y—t)]+;e “Q(t, X, Y)—;(U —-9)—

g —s+£s
—Ie ) 1[Qx(s,x—t+s,y—t+s)+Qy(s,x—t+s,y—t+s)]ds

s —
0 &

U _2q o P8
u,(t, x, y)=(p;(x—t,y—t)+je S %Qx(s,x—t+s,y—t+s)ds,
0

U ah o B8
u, (t, X, y)=¢;(x—t,y—t)+je S le(s,x—t+s,y—t+s)ds.
&
0

12 a. «a
Torma U, (t, X) +u,(t, X, y) +U,(t,X,y) ==e“Q(t, X, y) ——u+—gp(x-t,y —t).
£ e ¢

VYMHOXkasg 00e yacTu MOCJICAHCTO YPAaBHCHUSA HA & , HIMCCM
&(U +u,+u ) +au(t,x,y) = e%Q(t,x, y)+ap(x—t,y—t). 4)
Yuntsias (3) BEIYUCINM COOTHOIICHUE
[Alt,X,y,e) —aEJu=[A(t,X,y,6) —aE]p(x—t,y —t) +[A(t, X, y,&) —aE]*
PR AN |
*_fe s e ;Q (s,X—t+s,y—t+s)ds. ®)
0

C yderom cooTHoIeHu# (4) u (5), TOTyduM CleAyIoN1e paBeHCTBA
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t s
g(u +u, +u,)+ At X Yy, &)u= f(tXY,Uz) +IK(t,s,x, y,u,e)ds=e*Q(t,x,y) +
0

+ap(x—t, y—t)+A(t XY, &)p(X—t,y—t)—ap(Xx—-t,y—t)+
+A(t, %, y) - aE]J. ey EQ(s X—t+s,y—t+s)ds.

Otcrona, yauThiBas (3), HaXOJIMM HEU3BECTHYIO BEKTOP-(PYHKIIHIO

B
Q(th! y):e ¢ {f (t,X,y,[*],S)-i-

+.t|' K(t,s,x,y,[*].€)ds— Alt, X, y,&)p(x —t,y —t)} -

t (a+ﬂ) ~
—[At,x,y,6) - aE] je 1 ZQ(s,x—t+s,y—t+s)ds=PQ,
8

(6)

re [*] 0603HAaYaET MPaBYK 4acTh COOTHOLICHHUS (3). VYpaBHeHue (6) sSBIAETCS MHTErpalbHBIM ypaBHeHUEM Bombreppa
BTOPOTO POJIa, OTHOCHTENbHO Heu3BecTHOM BekTop-bynkimu Q(t, X, y) - [IpaByto yacTh 0603HaYMM Kak onepatop PQ .

K HenmuHeitHOMy WHTETpalbHOMY ypaBHEHHIO Bombreppa BTOporo poxa (6) OyneM IpHMEHSTh MPHHIUI CXKATBIX
0TOOpaKeCHH.

Paceworpin wap Q ={Q(t,x,y):Q(t.x,y) C([0.T,1xRxR) n[Q(t.x,y)| <h}-

OTMETHM, YTO BEIMYMHEI T0 <T u h 6ynyr onpeneneHbl HUXe.

TycTs
||{ f (t,x,y,[*],&)ds + i K(t,s,x,y,[*],&)ds — A(t, X, y,&)p(x—t,y —t)}|| <M.
0
V3 (6) » cuny mpenonowemna A meem [pgy<g - M4 Mat .
BuiGepem oz, B € R, Tax, wrobs
L1+I_2T+MA+a<1. %

a+pf
A M, +a
Torna, sicho, uto ¢, f3 € R, Bynem cunrats T) <T u  hTakumu, uto ¢ ¢ M + —A " h<h,

a+pf

Torna oneparop oro6paxaer map Q B cebs, T.e. PQ:Q —»Q-

[NokakeM Tereps, 9To orepaTop P u sBiseTcst oneparopom ckatust. M3 (6), HCIONB3yS MPEANONIOKEHHA A, MONTydaeM
t a+
L B ]

|IPQ,—PQ,|<[e {f(tX(p(x t,y—-t)+e¢ je s —Ql(sx t+s,y—t+s)ds,e) -

—f(t,x,go(x—t,y—t)+e€j —Qz(sx t+s,y—t+s)ds,¢)

0

e CON| }

_pt Bs s a+/i'(7)1
e’ .[K(tsxy(p(x S,y—s)+e¢ je ¢ —Ql(sx S+7,y—Ss+r7)dr,&)—

—jK(tsxygo(x S,y— s)+e'9_[ ¢ —Qz(sx S+7,y—S+7)dr,¢)
0

Bs s a+ﬁ'(7)1 :|

t a+f

HIA® X, .2)-aE]| ef(tS)%[Q (8 X=148,y~t+)-Q (s,X~t+5,y ~t+5)]ds |-, ®)
0

Torna u3 (8), (7) cneayer uro PQ ecth onepatop cxatus Ha mape Q . [To npuHImmy cxaThIX 0TOOPaXKeHUH ypaBHEHHE

<

L1+LT+M +ta
a+

(6) umeer emuuctBenHoe pemenne Q(t,X,y)e Q. IoacraBus HaiileHHYI0 BeKTOp-(QyHKIMIO B (3), TOIy4MM HMCKOMOE
pemenwne 3axaun Komm (1), (2).

OueBUIHO, 4TO YCioBHUe (2) BHIIOIHUTCS, ECIIH HOI0KUTH B (3) 3Hauenue [ = 0.
Wsyunm Tenepb auddepeHnuanbable CBoMcTBa peleHuii HadanbHol 3amaun (1)-(2). s Bcex D w3 pasencrsa (3)
CJIeZIyeT HEPaBEHCTBO

19



Medicoynapoonwiii nayuno-ucciedosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

t at-s) s) /;s %

1 he
Ju(t.x,y)| <lex-t,y-t)]+ Ie ;Q(s,x—t+s,y—t+s)ds sco+m=MO=const-

Amnanornuno, u3 coornomenuii (3I1) MOXHO JOKa3aTh, YTO BCE MPOU3BOAHBIE BXoisuue B ypasuenue (1), B D
PaBHOMEPHO OTPaHUYEHBI.

ChopmynupyeM mOTydIeHHBIE HAMH PE3YIIbTaTHI.

Teopema 1. Ilpeanonoxum, 4to BeoIHEHbI yenosust (A). Torna 3T, >0, Takoe, 4To HavanbHas 3anaya (1), (2) umeer

pemenne y(t,x,y) e ch ([O,TO] « R x R), IpUYEM, 3T PeLIEHUs UMEIOT MHTErpajibHOe npecTasieHue B Buae (3).

3ameuanne 1. B cmny HenmueliHOcTH HawanbHOH 3amaum (1), (2), BeIMOIHEHWE ycioBHS (A), BoOOmIe TOBOpPS, HE
rapaHTHPYET €ANHCTBEHHOCTh MOJYYEHHBIX PEIICHUI.

Il. Paccmotpum 3amauy Komm ans CHCTEMBbl HENMHEHHBIX HHTErpo-IudQepeHIMaNbHbIX YpPaBHCHHH B YaCTHBIX
MPOU3BOHBIX TPETHETO MOPSIKA

t
Uy, +& (U +U, +uy )+ A(LX,y,8)u = f(t,x,y,u,g)+IK(t,s,x,y,u(s,x,y),g)ds,
0

te[0,T], (x,y)eRxR )
¢ HavanbHeIM ycnoBueM (2), a pynkuun A(L, X, Y, ), T (t, X, Y,U,&) Takue xe, kak B nynkre |. Pemenne 3amaun Komu
(9), (2) 6ynem uckath B BUzE

as+‘[:,u+;/v
u(t.x,y)=o(x, y)+jj je —SQ(S,u,v)d,udvds, (10)
rae Q(t,x,y) — HeusBeCTHas (YHKLMs, NOJJICKAIAS ONPEIENCHHIO; ¢, [, € R, - HEKOTOpbIC MOJIOXKUTEIbHBIE

MIOCTOSIHHBIE, KOTOPBIE OYIIyT OMPENeNATHCS MO3XKE.
U3 (10) HaxomuM YacTHBIE TIPOU3BOIHEIC TIEPBOTO H BTOPOTO TOPSIKA PYHKIIUI u( t,X,y ) , T.€.

Xy %t+§y+£v 1
= f _fe —Q(t,u,v )dudy, 1
R &
s+ﬁx+7v
u, =g,(x, y)+He L Qs.xv)dsdy (12)
&
t x —s+€y+ y
u, =g+ [ e eyt
0 —o0
gt‘FﬁX‘FyV
je Q(t x,v)dv - (13)
a Bur
Zlxly 1
utxy:eg e _Q(t X y)
Tornma u3 (9), yautsiBas (11)—(13) umeem
4 +£x+at
Uy, +g(ut +ux+uy)+ A(t,x,y,&)u= gr ¢ e Q(t,X,y)+ep.(X,y)+
as Bty as By
tyassl , txsglgyl
+“.e ?Q(S,X,v)dsdv+g(py(x, y)+”e ?Q(s,y,y)dsd/ﬁ
0 —© 0 —0
Xy %Hg;ﬁ%v l
+[ fe S Q(t, v )dpdv + A(t,X,Y,6)p( X,y ) + AL X,Y,&)-
—00 —00 &
t x y %s+§;z+§v 1 t
H je = Q(8,,v)d pdvds = f(t,x,y,[*],s)+jK(t,s,x, y,[*],€)ds (14)
0 —00 —0 & 0

rzie [*] obo3HayaeT npaByio yacTh cooTHomeHus (10).
U3 (14) nmeem
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vy By ey , ,
Qtxy)=e < e [ —AlX Y, 8)p(% Y) — &0, (%, Y) — 0, Y) |+

ﬂ a, yy_ﬁx_gt Xy %I+§lu+£v 1
v PR (X, y[*]g)+jK (tsxy[e)ds]+€° ° " [ [e = Q(t,p,v )d udv —
—00 —00 &
ty %s+§x+€v 1 t x %s+£y+£y 1
-Jfe SQsxv)dsdv-[ e —Q(s.y )dsd 1~
0 —0 & 0 —0 &
as+£,u+lv
—A(txye)j [le” " Lotsur)uas] =p(Q), (19
&

K HenMHeHOMY HHTerpanbHOMY ypaBHEHHIO BonbTeppa Broporo poza (15) IpHMEHNM MPHHLKII CKATBIX 0TOOPaKEHHIA.
Yeaosus (C). HMpeanonoxum, uto A(t, X, Y, ) € C ([0, T]xRxR),

f(t,xy,u,6)eC([0,T]xRxRx R)mLip(L1|u),
K(t,s,% Y,u,6) eC((0<s<t<T)xRxRxR)N Lip(L2|u),
o(X, y)eC_ll'l(RxR),€>O.

ScHo, uto ||A(t,X,y,€)|| <M, =const.
PaccmoTpum map
= {u(t,x, y):u(t,x,y) eC([0,T]xRxR)Ulul < h},

npuyeM BenuvuHa h OyaeT, onpeaessieTcst HiKe.
N3 (15) umeem

Ty By 2
IIPQIISe oAt x v, lle o )+ el
B .7

y s+ y+v

e [f(txygo(x y)+j”e —3Q(s,y,v)dydvds,5)] *

0 —00 —0

o]+

Zs+£ u+ly
& & &

vy b . 1 +
He = Q(s,p,v)d udvds,g)
—00 —00 &

e ar IK(t X, Y,o(X,y)+

0

o t—

B,.7 a B .7

a
=s+Ex+Lv t =S+ u+ty

_,y_ﬁx_gt LY ¢ s 1 X & & ¢ 1
+ec ¢ ¢ [He ?||Q(s,x,v)||dsdv+He ?||Q(s,y,y)||dsdy+

0 —o 0 -0
B .7

o
x y Uourv

& € & 1
—|Q(t,z,v)||dpd At X,
+[Je SlQtu)dudy+ At x )

Yy g ¢ 1 1 1 - 1
=R, i) dpdvdsI S My +| —+—+—+M
Je o IR uldudvas] fK+(ay+aﬂ+ﬁy+ A(ij

x||Q||<M+(i+i vt
ar of By “apy

Ay )leta v+ £l (< )] + e, . ]I,

o]k

y—Lx-
e 6' & E

M=M, +

rac

;/ﬂa

M, =max|e © ¢ é[f(txy[*]g)+‘|‘K (t,s,%,y,[*], )ds]|.

Bribepem T o, By 1 h TaK, 4TOOBI
I'1+L2T+ L +i+i+M i<1 (16)
ofy ar af By aPy
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M+(i+i+i+MAithh. an
ay af Py afy
B cuny Bei6opa (17), oneparop PQ nepeBoaut map () B ce0st.
ITokaxxem TCHEpb, UTO OIepaTop PQ " SABJIACTCA OIIEPATOPOM CIKATH.
[Tokaxem Teneps, uto oneparop P u sBisiercst oneparopom cxatus. 13 cootHomenus (15) nomyyaem
Ly txy S+£y+yv
Sty [ e Qs ) padvds. ) -
||PQ1 - PQz” < 0o
Cuy Lol
& € 1
—f(t,x,y,¢(x,y)+” je ;Qz(s,y,v)d,udvds,g)] +
0 —o0 —o0
tox y ‘:SJrf,quyv
+e [jK(txygo(x y)+”fe Ql(S,uv)d,udvds g)-
0 —o0—0
t t x y Zs+§y+£v 1
—jK(t,x,y,¢(x,y)+” je ;Qz(s,y,v)dydvds,g)] +
0 0 —o0 -0
vy By % X Y %Hgﬂ %V 1
e -] [e Q)= Qu(t v ) pdv —
ty %s+§x+£v 1 t x %Hf‘” y
—[]e —(Qutp) = Qyt v ))dsdv - [ [ e (Ql(t v ) = Qy(t,p1,v))dsd 12 -
0 —o0 0 -
tox y Zs+f;t+yv
~atxyf [ Jo T Q) - Qult v ) peves ]|
0 —0—0
3ameTHnM, 9TO
a B .7
Sy Byagtx N T 1
g ¢ ¢ e —dudvds|<—, mx. a,B,y€R,
!'Uw & apy P
AHaJIOTUYHO
vy B ty —s+£x+7v
Yy Py % & € 1 1
X SX‘?”e —dvds|<—,
0 - & ay
vy Byt X “g’”gy 1
es “ EJ' e —duds|| <—,
0 —0 127
Ly ’gx—gtx y gt+§ﬂ+£v 1
e ¢ 8_[ e —dpdv|<—.
b & Br
U3 (15), ucnonesys ycnosus (C) nomygaem
+LT 1 1 1 1
IPQ, - F’Q2||<(L1 M, —)|Q, - Q- (18)
affy ay off pr afy

Torna u3 (16), (18) cnenyer uro PQ ectb onepatop cxarus Ha mape (). [To npuHIHUIY cKaThIX 0TOOpaXkeHH ypaBHEHHE
(15) umeer enmuctBenHoe pemenne B mape Q(t, X, Yy) € Q. Hoacrasus Haiinennyio dynkmmo Q(t,X,y) B (10) Haxomum

MCKOMOE pellieHre HadalbHOU 3anaun (9), (2).
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Teopema 2. Ilycts Bhimonnenst yenosus (C). Torma 3T, >0, Takoe, 4T0 HavanbHas 3axada (9), (2) uMeer peuicHue
u(t,x,y) e Gy ([O’To] x R x R), MpuYeM, 3TH PEIIeHHs] IMEIOT HHTETpabHOE TpeacTaBienne B Buae (10).

3ameuanue 2. B cuny HenmHeWHOCTH HadanbHOW 3amauu (9), (2), BemonHenwe ycioBus (C), BooOme roops, He
rapaHTHPYET eANHCTBEHHOCTD MOJYYEHHBIX PEIICHUI.

KoHpaukT nHTEpecoB Conflict of Interest

He yxazam. None declared.
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CMEIIAHHAS 3AJTAYA JIUIS1 OJTHOTO KBASUJIMHEMHOI'O TAPABOJIMYECKOI'O YPABHEHMUS C
I'MCTEPE3NCOM
Hayunas cratbs

Hcaesa C.2.%
ORCID: 000-0002-0872-1350,
Bakunckuit 'ocynapcTBennsit YauBepcurer, baky, AzepOaiimkan

* Koppecnonaupyromiuii aBrop (isayevasevda[at]rambler.ru)

AHHOTAUMSA

B manHoi1 paboTte paccMaTpuBaeTcs Ha4aJdbHO-KpaeBas 3aada sl OJHOTO KBAa3WIMHEHHOTO MapaboIniecKoro ypaBHEHHS
C 3allOMHHAIOUINM OIEPaTOPOM B OTPAaHMYCHHON 00JacTH € JOCTaTOYHO TJIagkod rpanmmeid. [lokasana TeopemMa o
CYILECTBOBAaHUM PELICHUI pacCMaTpUBAaEMOM HayalbHO-KPaeBOU 3a/1auu ¢ 3alIOMUHAIOIIKUM oniepaTopoM. st 1okazareiabcTBa
3TON TEOPEMBI UCIOJIB30BAH METOJl AUCKPETU3alUU MO BpeMeHU. JlokazaHa Takyke €IMHCTBEHHOCTh PEUIEHUMN 3TOH 3ajaud,
€CJIM 3aTIOMHUHAIOIIII OTIepaTop SABJISAETCS THCTEPE3UCHON HETHHEHHOCTHIO THIIA 0000IIEHHOTO THO(TA.

KiroueBrble ci10Ba: KBa3WIMHEHHOE MapabOIMICCKOe YpaBHEHIE, 3aIIOMUHATOIIHIA OTIepaTop, TUCTEPE3UC, 0O0OIICHHBIH JIOQT.

MIXED PROBLEM FOR ONE QUASILINEAR PARABOLIC EQUATION WITH HYSTERESIS
Research article

Isaeva S.E.*
ORCID: 000-0002-0872-1350,
Baku State University, Baku, Azerbaijan

* Corresponding author (isayevasevda[atJrambler.ru)

Abstract

The paper considers an initial-boundary value problem for a quasilinear parabolic equation with a memory operator in a
bounded domain with a sufficiently smooth boundary. A theorem on the existence of solutions of the initial-boundary value
problem with a memory operator is proved. We used the method of discretization with respect to time to prove this theorem.
The uniqueness of the solutions of this problem is also proved if the memory operator is a hysteresis nonlinearity of the
generalized backlash type.

Keywords: quasilinear parabolic equation, memory operator, hysteresis, generalized backlash.

BBenenne

NuddepeHnnanbHple ypaBHEHHS ¢ 3aIIOMHUHAIOIINM OIIEPATOPOM, 0COOEHHO ypaBHEHHS C THCTEPE3UCOM MMEIOT GOIBIITOE
3HAYEHHWE CPeaW HEIMHEWHBIX IU(dEPEHIMANTBHBIX YPAaBHEHHN C YaCTHBIMH TPOM3BOAHBIMHU. [IOHATHE THCTEPE3MCHOTO
oreparopa BriepBbie ObLIO BBeneHO B [1]. CMemtanHble 3aauu ¢ THCTEPE3UCHBIMA HEMMHEWHOCTAMU M3YYEHBI, HAPUMED, B
paborax [2], [3], [4]. B nmauHoii pabore paccMaTpuBaeTcsi HadallbHO-KpaeBas 3ajada s OIHOTO KBa3sWJIMHEHHOTO
1apaboIMYeCKOrO YPABHEHHS ¢ 3aAlIOMUHAIOIIMM ONIEPATOPOM. B Cilydae OTCYTCTBHs 3aIIOMHMHAIONIErO OIEPaTopa, 9Ta 3a1aua

UCClieIoBaHa, HarpuMep B [S]. Pa3pemmMocTh Takoi 3a1a4u 0e3 HeJIMHEHHOTO ClIaraeMoro ‘u‘ U, ucenenoBana B pabote [6].

B nmanHoii paboTe JokazaHa TeopeMa O CYIIECTBOBAaHWUHM pEIICHWH paccMaTpuBaeMol 3amadd. JlokazaHa Takke
€MHCTBEHHOCTh PELICHUM 3TOW 3aJauM, €CJIM 3allOMUHAIOLIMM OIEepaTop SBISETCS TUCTEPE3UCHOM HEIMHEMHOCTBIO TUIA
0006meHHoro modTa. OTMETHM, YTO CMEIIaHHbIE 33/1a4M C TAKUMH TMCTEPE3UCHBIMI HEJIMHEHHOCTSIMU W3y4EHBI, HalpuMep,
B paborax [7,8].

IlocTanoBKa 321241 M OCHOBHBIE Pe3yJIbTAThI

Iycte Q RN(N 21) OrpaHHMUYEHHass 001acTh C JOCTAaTOYHO Tnajakoil rpanmmeit I' B obmactm Q =Q><(O,T)

paccMOoTpuM KBa3WJIMHEHOE napa60n1/1qecxoe YpaBHCHHUEC:
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aat[u+F(u)]—Au+upu:f @
C TPaHUYHBIM YCJIOBHEM
u=0, (x,t)e'x(0,T) )
1 C HAYaJIbHBIM YCJIOBUEM
[u+F()) _,=u’+w, ®)

rie Q< p < ecmt N>3u p>0ecm N=1,2; f:Qx(0,T)—> R ¢ Hemuneiinrrii oneparop F nefictsyer u3

IPOCTPAHCTBA M(Q;CO([O,T])) B M(Q;CO([O,T])), rae M(Q;CO([O,T])) - TIPOCTPAHCTBO M3MEPUMBIX (DYHKIHIA,
neiicteyromux u3 €2 B CO([O,T]). [peanonaraercs, 4to F sBISETCS 3alOMMHAIONIMM ONEPATOPOM, KOTOPBIH JeHCTBYeT B
KaxI0i Touke X € Q) HesaucuMo, To ectb [F(u(x,))|(t) 3aBucnt ot U(X"X[O,t] ¥ HE 3aBUCHT OT u(y’)[o,t] wis Y # X,

[TycTs onepaTop F ynoBneTBOpSET CIEIYIOMNM YCIOBHUSIM:

{ecnn JUIsl IIOOBIX Uy, Uy € M(Q;CO([O,T]))H s o6oro t €[0,T] @)
vy =0 12 [0,t] 0 [Foy)|(,t) = [Flvp)) 1) ms. » ©;
{ecm/wn € M(Q;CO([O,T])) U U, = U PaBHOMEpHO Ha [O,T] ,ILB.B Q, (5)
1 F(v,) —>F(v) pasromepro wa [0,T], . B Q.
Ilycts V = H%(Q). [Ipeanonaraem, 4To
uw eV, w e l}(Q), (6)
f=1f+f, f,el’Q) f,eW"(0,T;V). @

Omnpenenenne. Oynxmus U € M (Q;CO([O,T]))m L2 (O,T;V) TaKas, 4To F(u)e L2 (Q)
1 YIOBJIETBOPSIOIIAS ISt JTIIOO0TO ) & L2 (O,T Vv ) NH 1(O,T; 12 (Q)) (U(~,T) =0 n.B. B () paBeHCTBY

J‘QJ‘{—[u+F(u)]z—l;+Vu-Vu+|u|p uu}dxdt = I ,,,<f,U>V dt+£[u° (x)+n’ (x)] v(x,0)dx, (8)

HasbIBaeTcs pelreHueM 3anauu (1)-(3).
U3 ompezieneHus peIeHns CIeayeT, 4To

g[u +F(u)]-Au+ufu=f s D(0,T;V’), ©
OTKyZa

%[u +F(u)]= f +Au—|ufuel?(0,T;V');

nostomy U +F(u)e Hl(O,T;V’) u (9) ynosnersopsercs B V' m. B. Ha (O,T). WurerpupoBaHue 1o 4YacTsM B
cooTHomeHn! (8) Jaer ciemytomiee:
[u + F(u )]|t:0 =u’+W B V' (B cMbiciIe pacipenesenuit). (10)

B cBoto ouepens u3 (9) u (10) momygaercs cootHomeHHE (§).
[Mpeamnosoxum, 4To oneparop F ynoBieTBOpsET TaKkKe YCIOBUIM:

cymectytor 3L >0, 3g LZ(Q), 410 [UIs1 11060r0 LU € M (Q;CO([O,T])) (11)

H[F(u)](x,-]co([oﬂ) < LHU(X"XCO([O,T]) +g(x) ms. B Q;
€CIM U € M(Q; CO([O,T])) u s moboro  [ty,t, ] < [0,T]
U(X,-) sersiercst ahduHHON Ha [tl,tz], ILB.B O,

1 {F)lxt2) - [Fo)lx t)lfo(x tp) - v(x4)]> 0, ns.5 Q.

Teopema 1. Ilycts BomonHstores ycnosus (4)-(7), (11), (12). Torma 3amaga (1)-(3) mMeer mo kpaifHel Mepe OIHO
pemnieHne, st KOTOPOTo HMEeeT MECTO:

ue Ho,T; 2@ Tv), Fu)eZlcO( 1)) (13)

Jloka3aTebeTBo. [IpHMEHNM METO/ UCKpeTH3aImy 1o nepementomy U (em.[6]).

(12)

Pa3buBas oTpezox [O,T] Toukamu { = nk, n=01,...,m va M uacreii, 0603Hayast

nk
fin =i( I)fl(r)dr, fom = fz(nk)’ fn = fim + fo n=1....m,
Za)k
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ud =u® wd =w®, ull(x)=u(x,nk), n=1,...m,

wh (x) = [F(upn )lx,nk), n=1,....m, ms.B Q,

um(x,-)znnﬂeﬁﬂaﬂ WHTEPIIONALNUSA [0 BpPEMEHU urr%(x) mss N=01...m mB.B Q u anamoruyusiM oGpazoMm

ompezensist W, (X,), PACCMOTPHM 3aj1ady

n n-1 n n-1
um_um +Wm_Wm _Aun +Un pUn == fn B V,ln:112|---!ml (14)
K K m m m m
0 0 0 0
Uy =U", Wy =W, (15)

2

n-1
myeUm eV wu3BeCTHHI s

ITokaxkeM, 4TO 3Ta 3a/1a4a MOKET OBITH PEIICHA mIar 3a maroM. [Ipeamnonoxum, 4ro u#, u
moboro ne {1,2,..., m} U pacCMOTpUM 3ajiadyy OIpeaeeHHs urrr‘]. OYHKIHS um(x,-) sBisieTcss aQQUHHOW HAa OTpe3Ke

[(n —1)k, nk], noury st Besikoro X € (2 mostomy [F(u,, )|(x, nk) 3aBucuT TombKo ot u,(x-) KOTOpPOE U3BECTHO,

fo.(n-1]
oT u:,] (X), KOTOPOC IO0JLKHO OBITh OIIPCACIICHO. H03TOMy
wh (X) = [Fup, )](x,nk) = ‘Pr’,}(u,?](x) x), mne.B Q-
Ilycts

n-1(y) = )= i . 16
Un(x) [Or(rgl%k]\um(x,} j:m?(n_l‘um(xj, ne.B Q (16)

Cornacno (16), Urr:]_l el? (Q) u u3 (11) monyuaem, 4ro

0 (u(x)x) < Lmax{ U (), [o(x) + 9(X), me. B ©. (17)

I 100010 » € M(Q)
Onpezenum onepaTop \ifr?] :M(Q) N M(Q), L— ‘an (U(),) Cornacho (5) u (17) umeem
\I’nq 2 (Q) N (Q) apPUHHO OrpaHMYeH W CHIBHO HempepbiBeH. (18)
U3 (12) momy4aetcst, 9To
(‘i’r?] (v)- WrTq_l) (u - ur’,‘{l)z 0, m.B.B Q
g modoro p e |? (Q) W3 mocnennero HepaBeHcTBa W w3 (17), moiydaem, 9TO CYIIECTBYIOT TaKWE MOCTOSHHBIE

C,C, € R* (zaBucamue or M, N, Ho HE oT V), uTO

[¥n)odx=— ]| v] 2 ) —C (19)
Q
st L e L2 (Q)
Ecnu He ydecTs puKCHpoBaHHBIE HHACKCHI M M N, To ypaBHeHHE (14) MOXxeM 3amucath B BHJIE:
u+P(u)-kau+kju’u=g B V', (20)

n-1 n-1
rae ¢)=kh+um +W,~. ng [0Ka3aTeNbCTBA CYLIECTBOBAHMSA XOTA Obl OJHOTO PELIEHHS 3TOr0 YpaBHEHHS

BOCIOJIB3YEMCSl CTaHAapTHON mpouenypoit. Ilycts {Vj } - IOCJE0BATEIbHOCTh KOHEYHOMEPHBIX MOANPOCTPAHCTB,
jeN

nokpsiBatornx V ; st moGoro j € N paccMOTpuM Crieyrontyo KOHSYHOMEPHYIO 3aa4y:

Hal  QYHKIEO Uj €V TaKyo, 410 1)

—u. +%(y. ) Py, = 1
Z(uj)—uJ WL‘I’(UJ)—kAuJ +k‘uj‘ uj=¢sVj.

Cornacuo (18), Z:V —V' sBusercs CUIBHO HENPEPBHIBHBIM orieparopoM. M3 (19) (a taxxke u3 Toro ¢akra, 4to s
f(u): ‘u‘pu BBIMOJTHSACTCS] HEPABCHCTRBO f(u)- u> —Cluz —C,,rme C,C, € R™ - HekoTOpbIE MOCTOAHHBIE) OMYYaETCsl, 9TO

STOT OMNEPATOP YIOBIETBOPSIET CIEAYIOMIEMY YCIOBHIO:

i\,,< Z(v) v >, —> +o TPH HUHV —> +00. (22)

loh,
Otcroma momy4yaeM, 4to 3afgada (21) mMeer xoTsa OBl OJHO pemieHHe (IO OJHOMY BapHaHTy TeopeMbl bpayspa o
HETNOJIBIKHOM Touke, [5], r. |, pasnmen 4.3). Ymuoxas (21) Ha U j W HCTonB3ys (22), momyuaem, 4TO TOCIIEAOBATEIHLHOCTh

{uj} paBHOMepHO orpanmdeHa B V . CremoBarenpHO, cymiectByeT Takas ¢GyHkims U # MOXKHO BBIIETUTH TaKytO

noAIoCjaea0BaTCIbHOCTD {UT }, 4T0 . > u cnaboB V .
]

Cornacro komnaxTHoMYy Bioxenmio: V < L2(Q) n (18) nmeem
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Wlu;) > ¥(u) & Q).
[Tostomy nepexoas k npeneny B (21) (aist j = T) npu I — o0, moay4aem (20); To ectb cymectByet ¢ynkuus U,
KOTOpas sBisieTcs peireHueM ypasHenus (20) (wm (14)).
UroOBI MOyYUTh alPHOPHBIC OICHKH, YMHOXHM 00e wactu (14) Ha urr:] - u::;l. Torma cymmupyst mo n=1,2,...| ans

moGoro | €{1,2,...,m} u uuterpupys no ), nomydum:

k;i( g ]dx+ ;;[ w—w' ) (u! u,’,’,'])dx+§iVu,f,(Vu,',’l—Vu,’,’,‘l)dva 23)
!

n-1 _ _
m m _um )dx_ZV’< m’u um >V

n=lQ n=l1

CornacHo (12) umeem

(W% - wr?]‘l)(ug - ur?]‘l)z OuB.sQ n=12..l: (24)

Zl: [V, (Va, = vz i IUVu;; ’
Q

n=1

KpoMe TOro

! ‘Vu,'fi ’
2

_1 ‘Vu:;l ‘2 J dx =
2 (25)

—‘Vu:;_l‘ )dx = El (‘Vufn ’

/
2 Je
n=1 Q

—‘Vuo‘z)dx

p+2 n,  n—l
u'u""dx >

m m-—m
1
pl _r
2 2 +2
(p+l)& p+ p+2 p
N dx| =
Q
L
_|p+2 p+2 26
dxj > (26)

p+l
[7+2 n un 1
m

p+2 ]P+2‘[I
Q
p+1

p+2 lzij'u

p+ n=l O
1

" p+2)dx=%£[( u

p+

m

dx — u
n=lq

un—l

m

u

-1 p+2

m

dx =

p+2 p+2

li

m

0
2]

- ‘u e ) dx.

YuauteiBas (24), (25), (26) B (23), umeem
2
n-1

kzj(um Un ]dx+;f(Vu!n2_Vu°2]dx+

=

B bbb o, (00, -

p+2
_ ‘u

+

o JdX<ZV <fmvum _um 1>V =

=1

| n n-1)2 2
-2V <f2m - f2m U 1> (ij(flm)deJ (l,lm—ljrn] dx| +
n=2 n= k

_lQ
+ max‘
n=l1,...|

2
1,..2 u —uh-t 2 1

n 10 L/

rje mocrosiHHask C; HE 3aBHCHT OT M. Tak kak (27) cnpaBeanuBo juist jobdoro | e {1,2 ..... m}, TO TIPOBEAS HECIIOKHBIC

fom — fom™
k

s, oo e

+kZ
n=2

@7)
um

n01 ..... H

npeoOpa3oBaHMs, MOIYINUM, YTO
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n_ n—l2

m um

k

m

93

k=1

u n
, max - fuy

) n=1.., v
L*(@)

Unl <C,» (28)

TIe IOCTOSIHHAS C2 He 3aBucut oT M.

IIycts
a,(x,t)=un(x), ecm (n—1k <t<nk, n=12,...m; neBQ
U OTIpENIEIUM Wm’ Fm aHanmoruyHbeiM oOpasom. Torna u3 (14) u (28) umeem:
;(Um +Wm)_AGm +(Um)pﬁm = Fm i V" f1.B. Ha (O’T)' (29)
”um”Hl(o,T;L2 (Q))mL"o (0,TV)’ ”Um”L"o (0TV) < const. (30)
Tax KaK Hl(O,T; L2 (Q)): L2 (Q' H'(0, T))c L2 (Q'CO([O,T])) (c HeTpepHIBHBIM BIIOKEHHEM), To cormacHo (11) u (30)

H HLZ(Q :c%(o,T] )S LHumHLZ(Q;CO([O,T]))+ HgHLZ(Q) < const - 1)
1 TIOCKOJIBKY () —> ‘(p‘ p(p MOPOXKIAET 0TOOpaKEHHE Lp+2(§2) N Lp’(Q), i — 1, TO JIETKO IPOBEPHUTH, 4TO
p+2
@,/° T, < *(0.T; L7 () (32)
W3 cooTtHOmIEHMI (29)-(32) nonyuyaem, 9T0
0
+l=(u, + <
10,7577 2 ot (u’” Wm) Plozw)
|ﬂm ", <
(o) (33)
+H la,|” a, < const
*(0,T;7")
UssectHo, ato ecn D - Banaxoso npoctpanctso n p' = P npu p >1 (1' = oo), TO

!
1(@: D)= (2(@:D)) = L2, (@ D)
(cm. [9]); kpome Toro, eciu D pedrekcusro, nmm D' cemapabenbHo, T0
!
¥ (@: D)= (1 (D).
Hcnonb3ys 31oT Gdakt gt D = Ll(O,T) U oueHKy (33), 3aKiro4aeM, 4TO CYLIECTBYIOT (DyHKIMH U, W Takue, 4To (1mocie
BBIIETIEHUS OBITh MOXET IOJI ITOCNIEI0BATEILHOCTH) Ipu M —> 00

U, —>u * - crmaGo B Hl(O,T; LZ(Q))ﬁ LOO(O,T;V), (34)
0, —u *-cmabos  L*(0,T;V), (35)

W, > W  *-cna6o s Li, . (Q; L (O,T)), (36)
Up + Wy > U+W *-crabor |2, (Q; L°°(O,T))ﬂ HY(0,T;v"). 37)

2 (o1 2(-11 '
rae L, (Q,L (O,T)):(L (Q,L(O,T))).
VYunteiBas (34)-(37), nepexoanum K npeneny B (29) mpu M —> 0o u nonydaeM (9); ierko nomydaercs u (10). U ato, kak

MBI Y>K€ OTMETHIIH, IPUBOJUT K (8).
UsectHo ([10], rmaBa 4, ctp. 378), uro

H'(0,732(Q)) "L (0,T;7) c H' (Q) < H' (@ H'™ (0,T)) = I (2,¢°([0,7])) (s E (O%D

C HENPCPBIBHBIMU BJIOKCHUAMU (HOCJ’[C}IHCG BJIOKCHHUC TAKXKC KOMHaKTHOC). 1_[03TOMy, BBIJCIIAA OBITH MOXKET O4YE€PEAHYIO
noAIOCICA0BATCIbHOCTh, HMCEM:

U, — U PaBHOMEpHO Ha [O,T], mB.B Q.
Torna, cornacho (5), F(u)e M (Q;CO([O,T])) 51 F(um)—>F(u) paBHOMEPHO Ha [O,T], mB.B Q.
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Tax kak W, (X,-) ABsieTCA MuHeiiHON uaTepnonammei no Bpemenn ot W1 (x)=[F(u, )[x,nk) (n=0.,...,m) ans nourn
BCeX X € (2, TO UMeeM w_ —>F(u) PaBHOMEPHO Ha [O,T], mB.B Q).

IToatomy cornacho (36) umeem: W = F(u) . B. B Q. U3 (11) nonyuaercs, uro W,,, cxonurcs B |2 (Q; C° ([O,T])).

Teopema 1 nokazana.
Teneps paccmoTpuM 3amady (1)-(3) mpu JOMOTHUTEIBHOM YCIOBHH, YTO F SBISETCS THCTEPE3UCHON HETMHEWHOCTHIO
Tuna 00001eHHOTo MIdTa (cM. [6]).

Ilycts mns GyHKIwiA 7 (o-), 7r (o-) c CO (R) YIOBIETBOPSIETCS YCIOBHE
7e(@)<n (o) (38)

s mroboro o e R .
OGosnaunm uepes E rucrepesmcuelii omeparop oGoGmennoro modra (cM.[6], rmasa I1). 3apukcupyeM HEKOTOpoOE

e Ll(Q) Y IPEATIONOXUM, YTO
[F)]0) = [l ) 2())] ) o5 2 39)
s moooro p € M (Q;CO([O,T])) U I 1100010 t e [O,T].

Omneparop E ynosnersopser yenosmsam (4)-(5), (11)-(12). st 3Toro oneparopa yaoBIETBOPSIOTCS TAKKE HEPABEHCTBO

gF(U) gl_au IL B. Ha (O,T),

U Cleaytoliee
HepagenctBo I'masnepra ([6 ], rmasa Il). ITycts

(07,20 )ew™(0.T)xR (i =1.2)
ug: [O,T]_> R - mmepumas (GyHKOWS, Takas, 4TO ge H(o-l_o-z) II. B. Ha (O,T). Ecmn & = E(o-i ,Sio)(i :1,2),
g=g-& n & =max{g,0}, 10
de d(_+
“a>_— m B.Ha \0,T ).
at ° (g ) (o)
Teopema 2. Ilycte U ,§i0 € LZ(Q), hi(x)e LZ(Q) (i=12): 7(0),7(0) eCOR) - nunmmueso wenpepsiBHEL,

ah(UHHO OrpaHUYCHBI U YIOBICTBOPSIOT yciaoBuio (38). Ompenenum F kak B (39) U MpeanoaokKuM, 4To
o =min{max{£’ 7, U)}, 7 ) n.5.ma Q(1=12).
Ecimn y; er’l(O,T; Ll(Q))ﬂ L2 (O,T;V) - cooTBeTCTBYlowMe peuenns 3agaqn (1)-(3) ¢ f =h 1 W, = F(ui )(| =1 2)

, TO JUIsL II000T0 t e [O,T] YIIOBIICTBOPSIOTCS HEPABEHCTBO

E[[(ul —uy) (x,t)+(w —w,) (x,t)} dxg;[ [(uf—u;’)

Hoxkasareabcrso. [Tycts

+

(x)+(wf—w§)+(x)]dx+Ti(hl—h2)+dx. (40)

1 eclin >l
d 77 mi

1
=<mny, O<n<—,
Hin() n, eciu 77<m

0, eciim 17<0.

Cornacko Teopeme 1. 2.3 (om. [11), Wi er'l(O,T; Ll(Q)), i=12.

Taxk xak

0
a[ul +F(uy)] - Aug + |ug|Puy =y,

0
a[uz +F(up)]- Aug +]ug|Puy =y,

TO

;[(Ul — Uy )+ F(u) — F(up)] - Alug — )+ |ug|Pug —Jug|Pup =y —hy,

OTKyJa ymMHOKast Ha H (Ul — u2) u unrerpupys no {2, umeem
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I[;(Ul - U2)+;(W1 _WZ)}Hm(Ul —Up )dX + [V(Ug —Up )V H iy (ug —up )dx +

4 5 (41)
+ jhul\pul —\uz\puz]Hm(ul — Uy )dx = (U —up H y (ug — uy )dx.
Ta Kak ? ?
[V(ug —up )VHp (ug —up )dx = [ Hiy (ug — up YV (uy — uz)\zdx >0
m s Ha (0,T)wu ? ?
| hul‘ Puy - ‘UZ‘pUZJHm(Ul —Up)dx >0,

10 113 (41) oy HaEM ?

J] )+ S0 ) | )< 1 M —to)ec (2

Teneps nepexoaum k mpeeny mpu M —> 0o. CymecTByeT GyHKIHS y ¢ L™ ((2) TaKas, 9To Hm(ul - u2) — 1 W.B.BQ
Kpowme toro y e Hm(u1 _uz) m.B.B Q, e
{O}, ecm Yy <0,
H(y)=<[0,1]  ecmm y=0,

{1, ecrm Yy >0.
Tornma u3 (42) momrygaem, 9To
0 0
[ R R (R S (LR “)
Q Q Q

Tak kxak B CHUJIYy HCpAaBCHCTBA FI/IJ'IBHepTa YAOBJICTBOPACTCA HEPABCHCTBO

0 0 "| n.B.B
&(Wl_Wz)‘//Zat[(Wl—Wz)] -BBQ.

TO U3 (43) uMeeM

0 +
2 vy + (o~ Jocs i —1e)” 0x: mnm 0
Q Q

oTkyxaa noxyvaercs (40).

Teopema 2 1oxkazaHa.

Teopema 3. Ilyctb

uWev, 92 ?(Q) hel?(Q),
Gynxkunn y (o), (0) € CO(R) JIUTIINIIEBO HEMPEPHIBHBI, ap(UHHO OTpaHUUEHBI U YAOBIETBOPSIOT ycioBuio (38), a
F ompenensiercst kak B (39). Torma 3amaua (1)-(3) ¢ f =h uMeeT eQMHCTBEHHOE pELICHHE, KOTOPOE YAOBJICTBOPSET

ycaosuio (13).

Joka3zaresibcTBO. JTa TEOpEMa SBIISIETCS NPSIMBIM CIIEJCTBUEM TeopeM 1 u 2.

3akjaouenune

Jduddepennmansaple ypaBHEHUS ¢ 3aIIOMHHAIOIINM OTIEPATOPOM, OCOOCHHO YpPaBHEHHUS C THCTEPE3HCOM MMEIOT OOJbIIOe
3HAUCHHE CPEIV HEMMHEHHBIX MUQQepeHIHaTbHbIX YPAaBHEHIH C YaACTHBIMU MPOU3BOIHBIMHU, KOTOPBIE BCTPEYAIOTCS B (PH3HKE,
MeXaHHKe, OMOJIOTUH, XUMHH, SKOHOMHUKE U B JIPYTUX OOJIACTSX HAYKH; TUCTEPE3UCHBIC SBJICHUS YacTO BCTPEUAIOTCS TAKXKE B
TEOpUH TPEHUS, B (heppOMarHETH3ME, B TEOPUH CBEPXIPOBOAUMOCTH. Oco0yI0 TPYIHOCTh UMEIOT YpPaBHEHUS C THCTEPE3UCOM,
€CJIM TUCTEPE3UCHBIN ONEepaToOp HAXOIUTCS MO onepatopoM AuddepeHnnpoBanus mo nepemeHHoii t. B a1oit ctathe MeTomoM
JIUCKPETU3AIMH 110 BPEMEHH HCCIIE0OBaHA Pa3pelIMMOCTh CMEIIAHHOW 3324 JJIsl OJJHOTO KBAa3HJIMHEHHOTO MapabouecKoro
YpaBHEHUsI ¢ 3alIOMUHAIONIMM OIEPAaTOPOM; JOKa3aHa TaKKe €IMHCTBEHHOCTh PENICHWI JTOW 3a7ayd, MpU JAONOJHUTEIHHOM
YCIIOBHH, YTO 3alIOMUHAIOIIAN OTIEPATOP SBISETCS TUCTEPE3UCHON HETMHEHHOCTHIO THTIA 0000IIIEHHOTO JTIOdTA.

KoHpauKT nHTepecos Conflict of Interest

He ykazan. None declared.

Cnucok auteparypsl / References
1. Kpacnocenbsckuit M.A. Cucremsl ¢ ructepesnucom // M.A. Kpacnocenbckuii, A.B. [TokpoBckuii. - M.: Hayka, 1983.-272 c.
2. Mielke A. Rate-independent systems. Theory and application / A. Mielke, T. Roubicek // Applied Mathematical
Sciences. - vol. 193. - Springer, New York. - 2015. - 660 p.
3. Visintin A. Quasilinear hyperbolic equations with hysteresis // Ann. Inst. H. Poincare. Analyse nonlineaire. - 19. - 2002.
- P. 451-476.

30



Medicoynapoonwiii nayuno-ucciredosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

4. Visintin A. Mathematical models of hysteresis / In: The Science of Hysteresis (G. Bertotti, . Mayergoyz, eds.) Elsevier.
- 2006. - chap.1. - P. 1-123.

5. JInonc JK.JI. HekoTopbie METOBI pelIEHUs HENMHENHBIX KpaeBbix 3a1a4 / JK.JI. JInonc. - M.: Mup. - 1972, - 588 c.

6. Visintin A. Differential Models of Hysteresis / A. Visintin. - Springer, 1993. - 411 p.

7. Kopfova J. Uniqueness theorem for a Cauchy problem with hysteresis // Proceedings of the American Mathematical
Society. - 1999. - vol. 127. - No 12. - PP. 3527-3532.

8. Kopfova J. Periodic solutions and asymptotic behavior of a PDE with hysteresis in the source term // Rocky Mountain
Journal of Mathematics. - 2006. - vol. 36. - No 2. - P. 539-554.

9. Jlapekun H.A. Henuneiinble ypaBuenus nepemensnoro tuna / H.A. Jlapekun, B.A. Hosukos, H.H. flnenko - Hayka,
HoBocubupck, 1983. - 269 c.

10. Jlnonc X.JI. HeogHopoaHsle rpannyHble 3a1a4n U ux npuioxkenuns / XK.JI. Jlnone, 3. Mamxkenec. - M.: Mup, 1971.-
357 c.

Crnucok auTepaTtypsl Ha aHrIniickoM s3bike / References in English

1. Krasnoselskii M.A. Sistemy s gisterezisom [Systems with Hysteresis] // M.A. Krasnoselski, A.V. Pokrovsky. — M.:
Nauka, 1983. [in Russian]

2. Mielke A. Rate-independent systems. Theory and application / A. Mielke, T. Roubicek // Applied Mathematical
Sciences. — Vol. 193. — Springer, New York. — 2015. — 660 p.

3. Visintin A. Quasilinear hyperbolic equations with hysteresis // Ann. Inst. H. Poincare. Analyse nonlineaire. — 19. —
2002. — P. 451-476.

4. Visintin A. Mathematical models of hysteresis / In: The Science of Hysteresis (G. Bertotti, 1. Mayergoyz, eds.)
Elsevier.-2006. — Ch.1. — P. 1-123.

5. Lions J.L. Nekotorye metody resheniya nelineinykh kraevykh zadach [Some Methods for Solving Nonlinear Boundary
Value Problems] / J.L. Lions — M.: Mir. — 1972. — 588 p. [in Russian]

6. Visintin A. Differential Models of Hysteresis / A. Visintin. — Springer, 1993. -411 p.

7. Kopfova J. Uniqueness theorem for a Cauchy problem with hysteresis // Proceedings of the American Mathematical
Society. — 1999. — Vol. 127. — No 12. — P. 3527-3532.

8. Kopfova J. Periodic solutions and asymptotic behavior of a PDE with hysteresis in the source term // Rocky Mountain
Journal of Mathematics. - 2006. — Vol. 36. — No 2. — P. 539-554.

9. Larkin N.A. Nelineinye uravneniya peremennogo tipa [Nonlinear Equations of Variable Type] / N.A. Larkin,
V.A. Novikov, N.N. Yanenko. — Nauka, Novosibirsk, 1983. — 269 p. [in Russian]

10. Lions J.L. Neodnorodnye granichnye zadachi i ikh prilozheniya [Nonhomogeneous Boundary Value Problems and
Their Applications] / J.L. Lions, E. Magenes. — M.: Mir, 1971. — 357 p. [in Russian]

31



Medicoynapoonwiii nayuno-ucciedosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

DOI: https://doi.org/10.23670/1RJ.2018.75.9.005

MOCTPOEHUE PASMEYEHHBIX MHOKECTB IPUMEHEHUEM T'APMOHUYECKHNX ®YHKIIUIA
Hayunas crates

Myp3ab6aeBa A.B.*
ORCID: 0000-0003-0694-6633,
Omckuit TeXHOIOTHYeCKUH yHIBepcuTeT, Omr, Kelprescran

* Koppecmonmupyrommii aBTop (aytbu.murzabaevalat]mail.ru)

AHHOTaNHUA

B naHHOI cTaThe Ha OCHOBE PaHHUX Pa0OOT MOCTPOCHBI Pa3MEUCHHBIC 00JACTHA MPUMEHECHHEM TapMOHHYCCKUX (PYHKITUIA.
JlaHbl onpesiesicHUs U 0003HAYCHUS pa3MEUCHHBIX 00J1acTeil, pACCMOTPEHBI KOHKPETHBIC CIydaW Pa3MEUCHHBIX O0JacTed. A
TaKXKe BBEJICHO MOHATHE OPHECHTHUPOBAHHBIC pPa3MEeUcHHbIC 00acTu. [IpuBeIcHbBI TPUMEPBI OPUCHTUPOBAHHBIX, PA3MECUCHHBIX
obnacteil. B kauecTBe mpuMepa MPUMEHEHUS Pa3MEUCHHBIX 00JIACTEH pacCMaTPUBACTCS JIMHEHHOES CHHTYJIIPHO BO3MYIIICHHOE
OOBIKHOBEHHOE IH(epeHInanbHOe ypaBHEHHE IEPBOTO Topsaka. [y HcciIeqoBaHUS AaCHMITOTHYSCKOTO ITOBEICHUS
pemieHns HavYaabHON 3aJadd IMOCTPOCHAa pa3MedeHHas oOmactb. JlokazaHa, CYIIECTBYeT YacTh pa3sMEUeHHOH OO0JacTH
SBIISTIOIIHECS 00JIACTHIO TIPUTSHKECHNUS PEIICHNS BRIPOXKICHHOTO YPAaBHEHHUS.

KiroueBble ci1oBa: pa3zMedeHHas 001acTh, TapMOHMYECKas (GYHKIWS, JHHUU YPOBHS, CETh KPUBBIX, TOUKH BETBIICHUS,
CHHTYJISIPHO BO3MYIICHHOE YpaBHEHHE, ACHMITOTHKA.

CONSTRUCTION OF LABELED MULTITUDES USING POTENTIAL FUNCTIONS
Research article

Murzabaeva A.B.*
ORCID: 0000-0003-0694-6633,
Osh Technological University, Osh, Kyrgyzstan

* Corresponding author (aytbu.murzabaeva[at]mail.ru)

Abstract

In this paper, based on earlier papers, we constructed a labeled area using potential functions. The definitions and
designations of labeled areas are given, specific cases of labeled areas are considered. The paper also introduces the concept of
oriented labeled areas. Examples of oriented labeled areas are given. We consider a linear singularly perturbed ordinary
differential equation of the first order as an example of the application of labeled area. A labeled area is constructed to study
the asymptotic behavior of the solution of the initial problem. It is proved that there is a part of the labeled area that is the area
of the attraction of the solution of the degenerate equation.

Keywords: labeled area, potential function, level lines, network of curves, branching points, singularly perturbed equation,
asymptotics.

Ilycts ) C R? u () omHOCBSI3HASI 001aCTh.

Omnpenenenne 1. Ecan ) MOTHOCTHIO TIOKPBHIBAETCS HEKOTOPHIM MHOKECTBOM KpuBBIX {L(A)}, rne A npousBoiabHas ToYKa
HpHHALIEKAIas 0071acTh {2, To 00acTh 2 Ha30BEM pa3MeYeHHBIM, MHOKeCTBOM KpUBbIX {L(A)} n o6o3naunm 2({L(A4)}).

Hwmxe Gynem paccMaTpuBaTh KOHKPETHBIE citydan MEHOXkecTBa {L(A)}.

IIpumepsnt

1.L(A) = {A(x,y) € R?|ly =x%*+a, a € R}.

2.L(A) = {A(x,y) € R?|x* +y? =7r%,r €RR}

3.L(A) = {A(x,y) € R*|x* —y* = q,q € R}

4.0={(x,y) ER?*|0<x<1,—-0<y <o}

L(A) ={A(x,y) ER?|0<x <1,y =b— const ER},
L(A) ={A(x,y) ER?*|0<x<1,y=x+b,b€ER}

B [1] s wccmenoBaHWS ACHUMIITOTHYECKOTO TOBEINCHHS pEIICHUH CHHTYISPHO BO3MYIIEHHBIX OOBIKHOBEHHBIX
I epeHInaTbHBIX YPaBHEHUH aHAMTUTHYCCKIMHA (QYHKIUSMH TpPH HAPYIICHWH YCIOBHS YCTOWYHBOCTH, TOYKH TIOKOS
MPHUCOCIMHEHHON CHCTEMBI BBEICHO MOHATHE Pa3MEUSHHOE MHOXKECTBO B MHOKECTBO € KOMIUTEKCHBIX YHCEI.

Ompenenenne 2. Ecin kpusbie L(A) U3 MHOKECTBA HMEIOT ONPEIETEHHYIO OPHEHTAIIHIO (HAIIPABIECHHE), TO Pa3sMEYEHHOE
MHOXeECTBO () Ha30BEM OPHEHTHPOBAHHBIM M OyaeM 0003Ha4aTh .Q({Z(A)}) OpueHTanys KPUBBIX 3aBHCHT OT HEKOTOPBIX
mapaMeTpOB, 3HAYCHHS KOTOPBIX OMPEEIISIOT OI0KEHUE TOUKA A.

OO6nacTy ompeneieHHbIe B MPEIBIAYIIEM MPUMEPE SBISIOTCS OPHEHTHPOBAHHBIMU. IlapaMeTpOM OpPHCHTAI[MH CIIYXKHT
HEe3aBUCHMas IICPEMCHHAS X .

3aiiMeMCsI MOCTPOCHUEM Pa3MEUCHHBIX MHOKECTB, IPUMCHEHHEM FapMOHUYECKUX ()YHKIIHIA.

[pu mocTpoeHnn pasMedeHHbBIX 06IacTell HCIOMb3yeM YacTHIHO pe3ynsTatel pador [1], [2], [3], [4], [5].

Iycts u(x,y) € I'({2) — mpoCTpaHCTBO rapMOHHYECKUX PyHKIMI B 061acTH 2.

Onpenenenue 3. Muoxectso (L) = {(x,y) € 2| u(x,y) = L — const} HasoBém nunueii ypoBHs (ynkuud u(x,y) B
obnactu 2.

[IpennonaoxuM BBHITIOTHEHHUS CICAYIOIIETO YCIOBUS

Ul Vv(x,y) €N (Z—z # 0 unu Z—; * 0)
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Cornacuo ycnoust U.1 muaun yposHst (L) He MMEIOT KPAaTHBIX TOYEK B 00IacTd {2, TO €CTh 4epe3 KaxIyi0 TOYKY
obnactu £ IPOXOAUT SAUHCTBEHHAS TUHUS YPOBHS.

Takum o6pasoM obGiacts {2 sABJIIETCS pa3MeueHHOM auHusMu ypoBHed (L) ¢yuxumu u(x,y) u obnaacte 2 sABIAETCA
pa3MEUCHHBIM.

Ipumep. u(x,y) = In(x? + y?), (x,y) € 2 = R*\(0;0).

JIvuusamu ypoBHs GYHKIHHK U(X, V) SBIAIOTCA KOHIICHTPHIECKHE OKPYXHOCTH ¢ ieHTpoM B Touke (0; 0).

Iycte F(z) € Q(£2) — mpOCTPaHCTBO aHATUTHYECKHX QYHKIMI B 001acTH (2.

Honaras z=x+iy,rne i=+—-1, x5y — JelicCTBUTeNbHBIE  ITICPEMEHHBIC, BBEJEM  OOO3HAYEHHS
ReF (2) = Fy(x,y), ImF(2) = Fy(x,y)

Oyukuun Fy, (x, y) SBISIIOTCS COMPSHKEHO TAPMOHUYECKUME B obactu Q.

IpeamnonoXum BBITONTHEHHS yCIOBHS

U2 vten (F(z)#0).

Torma dyukius F(z) B obnactu 2 He UMEET KPATHBIX TOYEK, CIICIOBATENBHO JUHUK YPOBHs GyHKIMA Fy (x,y) Takke He
MMEIOT TOYEK BETBJICHUSL

JIuuuu yposuert Fi (x,y) (k = 1,2) sBISIOTCS B3aMMHO OPTOTOHAIBHBIMH B TOYKaxX MepecedeHus. TakuMm o0pasom
00macTb {) TMONHOCTBIO MOKPHIBACTCS CETHI0 B3aMMHO OPTOTOHATBHBIX JIHHWM YypoBHe# oyHkumit F(x,y) (k = 1,2). B
paccMaTpHBaeMOM cirydae 00macTs {2 pa3MedeHa ABYMs BUIAMH MHO)KECTBA KPUBBIX.

IMpu Hapymennu yciosust U.2, B 001ieM ciiyyae, MpeIcTaBUTh PasMEUEHHYIO0 001acTh (2, IPAKTHYECKH SBISETCS TPYIHOM
3aj1aueil U KasK/Iblii M3 3THX CIIy4yaeB, HaJ[0 OyeT paccMaTpuBarh OTaelbHO. Takue ciyuan paceMoTpenst B [1,3].

Teneps paccMOTPUM Ciydai, KOT/a 3a1aHbl HECKOJIBKO aHAMMTHYECKUX QYHKIMM B obnacti (). YacTHYHO UCIOIb3yeM
pe3ynbTathl pador [6-10].

U.3. Tlyets Fi(z) € Q(2),j = 1,2u vz € 2 (F(2) # 0).

Beeném o6o3nadeHms

ReF;(z) = Fy;(x,y), TmF;(z) = Fy;(x,y).
CoracHo pacCMOTPEHHOMY CITy4alo JIMHUM YPOBHs, OTpeIesieMble apaMu

(F1 iy F, j(x,y)) (j = 1,2) mONHOCTBIO TIOKPHIBAIOT 0OJACTh {2 CETHIO B3aMMHO OPTOTOHAJLHBIX JIMHUH YPOBHEH W

00macTh {2 OyneT pa3MEYCHHBIM IOPO3Hb MapaMu (Fl i y), Fyi(x, y)).

PasmeuennocTh obmactu f2 mapoit (Fq,F,;) o6o3naunm 2%, a mapoii (Fy,, Fp,) o603HaunM 22, KakoBa B3aUMOCBS3b
pasmeueHHBIX obnmacteit 21 u N2 ? Vicnons3ys Tonsko ycnosue U.3 peleHne mMocTaBIeHHOM 33124, TPAKTUYECKH SBJIACTCA
HEBO3MOXKHBIM.

IlycTs z, € 2 u aABnsercs e€ BHyTpeHHei Toukoit u U.4. Fi(z,) = 0,(j = 1,2)

Bossmém Fj;(x,y). Cormacro U4 nmeem Fiq(xo,Y0) = 0, cnenosatensHo, cymecrsyer munns yposus (Lig) = {(x,y) €
12 F11x,y=0, xoTopas pOXOAUT Yepe3 ToUKy z0 1 00nacTh /2 ASUT Ha JIBE YacTH, KOTopble 0003HaunM 2711 u 212

[lo nuuusiM yposHeit Gpynxunn Fy,(x,y) dynkuus Fy;(x,y) crtporo monoronHna. Ilycts z! = x! + iy! npoussosbHas
Touka, npuHamnexamas (Lyo). Cymectyer munus yposHs (Ly;) = {(x, ) € 2 |F1,(x,y) = Ly; = Fi(xt, yh)}.

Paccmotpum Fyq(x,y) Baomb (Lyq). Tak xax Fi;(x%,y1) = 0 1o B kaxmom u3 obnacreil £2;; u £, Gynkuus Fi(x,y)
NPUHAMAET 3HAYCHUSI Pa3HBIX 3HAKOB.

st onpenenénnoct Bo3bMéM V(x,y) € 214 (Fi1(x,y) < 0).

Torma V(x,y) € 2y, (F1(x,y) =0), npuuém paBeHCTBO MMEET MECTO TOJNBKO JUIS TOYECK MPHHAIUICKANINX JIHHUH
(L10)-

O6nacty 2y, ¥ {1, ABJIAIOTCA PA3MEUEHHBIMHU U B COBOKYNHOCTH OIIPEIENAIOT pa3sMedeHHy0 obnacts 21, Ananorudxo
paccmarpuBas pynkimu F,;(x,y) onpenensem obnactu {lq,{,,, rae dyskuus Fq(X,y) NpuHEMaeT 3HAYEHHS Pa3HBIX
3uakoB. O6nactu 2,1, ,, umeror o0y rpauuny (L,g) = {(x,y) € 2 |F,1(x,y) = 0}, ABIstoTCA pa3sMeUYEeHHBIMU U B
COBOKYITHOCTH OIIPEJEIISIOT pa3MEUeHHYI0 00JacTs (2.

st onpenenéHHOCTH CUUTaeM

V(x,y) € 01 (F21(x,y) < 0),V(x,y) € 2y, (F1(x,y) = 0).

U.5. Iycts auaun ypoBHS  (L1g) u (Lyg) TEpECceKaroTcst TONBKO B TOUKE Z.

Ipu BemonHenuu ycnosus U.5 cymecTytoT obnacty, rae Gynkuuu Fy;(x,y) NpUHAMAIOT 3HAYEHHS OJMHAKOBBIX MM
Pa3HBIX 3HAKOB, IPUUEM Bce 00J1ACTH SABIAIOTCSA Pa3MEYEHHBIMH 0 JTMHUAM ypoBHe# Gpynkimit Fy;(x,y) (k,j = 1,2).

IIpumeHeHnune pa3MedyeHHBIX MHOKECTB JJISl ONpe/iesieHus 00JacTeil NPUTSIKEeHH.

PazMeueHHbIE MHOXECTBA HPUMEHSIOTCS IPH HCCIEJOBAHWM ACHUMIITOTHYECKOTO IOBEACHMS DEIICHHH CHHIYJISPHO
BO3MYIIEHHBIX YPaBHEHHH M /IS OTIpeAesIeHuUs 00IacTel MPUTSHKEHNS peIlIeHN I BEIPOXKICHHBIX YPaBHEHHH.

Bonee monpobHO NprMeHEHNEM pa3MEUYEHHBIX MHOXECTB JUISl PA3JIMYHbIX KJIACCOB CHHIYJSIPHO BO3MYIIEHHBIX ypaBHEHHH
MOKHO 03HaKOMHTECS B [1-10]. [l mpocTOTHI pacCMOTPUM JIMHEHHOE CHHTYIISIPHO BO3MYLIEHHOE YPAaBHEHHE CIIEIYIOLIEro BUAA

ez'(t, &) = a(t)z(t, &) + eb(t) (1)
C HAYaJIbHBIM YCJIOBUEM
z(ty, €) = z° — const, 2
rae 0 < & — mansrit mapametrp; t € Q C C b Q- ogHOCBsI3HAS 001aCTh;

ty € Q u sBIsgeTCS €€ BHYTPEHHEN TOUKOM.

[TycTb BBIIOIHSAIOTCS YCIOBHS

U.1. a(t),b(t) € Q(Q). U.2. Vt € Q(a(t) # 0).

3adaua. ViccnenoBarh acCHMIITOTHYECKOE TIOBEIeH e pernterus 3aaaqn (1)-(2).

Jlis perieHuns MOCTaBICHHOM 3a1aun pemreHue 3agauu (1)-(2) mpeacraBuM B Bujie
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F(t)

z(t, &) = z%xp —+ f; b(t)exp w dr, 3

rae F(t) = ftz a(t)dr.

Beimonusirorest Bee ycnoBusi paszaena |1, O6nacts € HOMHOCTBIO MOKPHIBAETCS CEThIO B3aMMHO OPTOTOHABHBIX JIHHUH
ypoBHe# ¢pyHkiuid ReF (t) u ImF (t) u siBiseTcs pa3MeueHHBIM.

Oynkmuio (3) OyzeM paccMaTpuBaTh B pa3MedeHHON oomacTa 2.

o onpenenennio F(t,) = 0. Toraa cymecTByeT JIUHASL YPOBHsI

(Lyo) = {t € Q|ReF(t) = 0} npoxoasiias yepe3 TOUKY to U Aeisias 001acTh 2 Ha 4acTd 0y U Q,, IPUYEM B KOKIOM U3
vacteit pyHkuus ReF (t) mpUHUMAET 3HAYCHHS Pa3HBIX 3HAKOB. [1J1s OMpeIeIeHHOCTH BO3bMEM

vVt € Q,(ReF(t) <0),Vt € Q,(ImF(t) = 0).

O6nact Q; u Q, TakKe SBIAIOTCS pa3MeueHHbIMHU. [JIJIsl HCCIeAOBAaHHS ACHMIITOTHYECKOTO TToBeAeHus GyHKUuH (3) mpu
& = 0 s (3) BeIOEpEM ITyTH UHTETPUPOBAHMUSI.

ITycts cocTonT 13 YacTh (L) COSTUHAIOMETO TOUKH to U & € (L1o) ¥ 9aCTU IMHMHA YPOBHS

(L,) ={t € QImF(t) =L, — const}

C coemMHsIomEro Toukn &t u t € (Q unu Q).

Jlunum ypoBHs ¢yHkuuid ReF(t) u  JmF(t) sBISAIOTCS aHATUTUYECKMMU KPUBBIMH M UX YPaBHEHHS MOXKHO
HapaMeTpU30BaTh M0 UX JJIHMHE.

Jomany muann (Lyg) OT Toukw to u £ 0603HAYMM S, & INIMHY JTUHUH (Zz) OT TouKH £ 10 t 0603HAYNM O

VYuureiBast BRIOpaHHBIC TYTH HHTETPUPOBAHKS U MTapaMeTphl, GYHKLIHIO (3) MepenuiiieM B CICAYIOLIEM BUIE

F(t(0)) = F((3) »

&

z(t(0), &) = z°exp@ + f exp

0
x b(z(8))dr(3) + fod exp w b(z(8))dz(6) 4
PaccMOTpHM CIIEAYIOIIHIE CITyYan:
1. t € (Lyo). Mg sroro ciaydas o = 0, t(0) = £(s) u (4) umeer Bux

2(E(s), 8) = zoexp@ N J GO) ;F(T(ﬁ)) .

0
x b(z(%))dr(3). (5)
K uHTerpany, B (5), mpuMeHsisi METOJl CTALMOHAPHOM (a3bl, MOIy4YnM, YTO OH UMEET MOpSJoK &. B paccmarpuBaemom
ciy4ae
ReF(1(3)) =0,a (ImF(z(3))); # 0.
Taxum o6pazom Vt € (L1o) dyHkums (5) He umeeT npenena npu € — 0, HO orpaHUYEHa [0 MOAYJIIO T.€.
|z(E(s), &)| < |2°] + eM,,
rae 0 < M, — nmocTosiHHas He 3aBUCSIIAs OT €.
2. Ilycte t € Q. B s10M ciyuae mis 3Hauenuii o > 0 ¢yukius ReF (t(a)) &« 0. Cnenosarensto, B (4)
HepBoe M BTOpOE cllaraeMoe OSCKOHEYHa Maya IO CPaBHEHHIO C &, a TPEThe cllaraeMoe HUMeeT MOpSIoK € (Haxo
yuecTh, 4to F (t(0)) yosiBaer). Takum obpazom it t(o) € Q; (o > 0) (z(t(o),€) - 0.
3. Ilycte t € Q, (¢ > 0).
st acummtoTrdeckoii oreHka |z(t(0), €)| Bocmonb3yeMcst HepaBeHCTBOM
|zy — 25| = ||Z1| - |Zz||-
N3 (4) nmomyuum

F(tio)) 129 — fexp —F(:(E))x

0

x b(x(®)dr(®) + J exp P b(2(8))dr(5))| (6)
K nepBomy unTerpaty B (6) NpUMEHHUM METO/] CTAI[IOHApHON (ha3bl, TOTAa

s —F(z(3) . ~
Js €xp(T)b(T(S))dT(S)| < Me,
rae 0 < M;- NOoCTOSHHAs He 3aBHCAIIAS OT &; JUIS BTOPOTO HHTErpana MPUMEHss METOl HHTETPHPOBAHUE TI0 YACTAM HOTYUUM

OIICHKY.

1z(t(0), &)| = exp

|f00 exp @b(r(&))dr(&ﬂ < M,¢,,
rae 0 < M,- MOCTOSHHAs HE 3aBUCAIIAS OT &
VuursiBas mojydeHHBIE OleHKH, uis |z(t(0), €)| numeem
|z(t(0), )| = exp@“zol —e(M; + M2)|.
Ortcrona crnemyer, s
t € Q,(0 > 0)(|z(t(o), )| » +x).
Taxum 06pa3oM 4acTh 001acT £, SABJIAETCS OONACTHIO NPUTHKEHHS BBIPOXKIEHHOTO ypaBHenus [1], [2].
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MWHHUMAJIBHBIE 1 MAKCUMAJIBHBIE 3HAYEHUS YIIPYTUX MOJYJIEA U KOO®PUIIUEHTA
MMYACCOHA MOHOKPUCTAJJIOB TiFe U TiNi C 9®DPEKTOM NAMATH ®OPMbI
Hayunas cratbs

Mycaos C.A*
Mockogckuit 'ocynapcrBennsiit Meaunko-CtoMmartosiorudeckuit YuausepeuteT uM. A.W. EBnokumoBa Munsnpasa PO,
Mocksa, Poccus

* Koppecmonmupyrommii aBrop (muslov[at]mail.ru)

AHHOTALMSA

Cpeny MakpOCKOIIMYECKHUX XapaKTEPUCTUK TBEPABIX Tel YIPYrHe CBOMCTBA UTPAIOT BaKHEWIIYIO pOJb B AHAIU3E MOTEPH
YCTOIMYMBOCTH KPUCTAJUIMYECKOH PEIIeTKN MaTepuaioB K (a3oBeiM mepexonam. IIpu mepexomax CIBHIOBOTO THIA, KAKOBBIMH
ABJIIOTCS. MapTCHCHTHBIE NPEBpAIlleHWs B METaUIax M CIUIaBaX, oco0oe 3HAaYeHWe HMEET HCCIECJOBaHHE aHW30TPOINH
MapaMeTPOB KPUCTAJUIMUECKUX CTPYKTYp: YIPYTHX MOIYJEH M MOCTOSHHBIX, Kod(¢uuuenta Ilyaccona n npyrux. B pabore
MIOCTPOEHBI MMOBEPXHOCTH Moayseil KOHra n cipura Kpuctayuios, a Takxke kodddunuenta [lyaccona 1 nx eHTpaIbHBIE CEUCHHS.
Paccuuransl sKcTpeManbHble 3HaUeHUst Moyliel u koaddunmenTa [Tyaccona kpucramios. TpaHcdopmalus MOBEPXHOCTEH U UX
LEHTPAJIbHBIX CEUCHNUH! 1aHa B KOHTEKCTE MOTEPH CTaOMIBHOCTH CILUIABOB K MaPTEHCHTHBIM MTPEBPALICHHSM.

KawueBble c1oBa: MOIyTH yIpyroctd, kodgduinueHt [TyaccoHa, aHU30TPOIHS, CIUIABBI C TTAMSATHIO (POPMBEI.

EXTREME VALUES OF ELASTIC MODULI AND POISSON'S RATIO OF TiFe AND TiNi WITH SHAPE
MEMORY
Research article

Muslov S.A.*
Evdokimov Moscow State Medical Stomatological University, Moscow, Russia

* Corresponding author (muslov[at]mail.ru)

Abstract

Among the macroscopic characteristics of solids, elastic properties play a crucial role in the analysis of the loss of stability
of the crystal lattice of materials to phase transitions. For shear-type transitions, such as martensitic transformations in metals
and alloys, the study of the anisotropy of the parameters of crystal structures: elastic moduli and constants, Poisson's ratio, and
others is of particular importance. In this paper, the surfaces of Young's and shear moduli of crystals, as well as the Poisson's
ratio and their central sections are constructed. Extreme values of the moduli and the Poisson's ratio of the crystals are
calculated. Transformation of surfaces and their central sections is given in the context of loss of stability of alloys to
martensitic transformations.

Keywords: moduli of elasticity, Poisson's ratio, anisotropy, alloys with shape memory.

B B2-coenunennn TiFe n30MOpdHO# BEICOKOTEMITEPATypHOH MOAU(HUKAILIN HUKEINIa TATAaHa HE POUCXOJUT MApTCHCUTHBIX
NpeBpalleHni [PH OXJIKACHUH, 1Mo KpaiiHeir mepe, mo 4,2 K [1]. B cmmaBax sxe Ha ocHoBe TINi xopomio u3ydeHo, 4to
BbicokoTemIeparypHas OLIK B2-¢aza, ynopspouenHas no tumy CSCl, moxer mopBepratbcsi IpU TOHIDKCHHH TEMIIEPaTyphbl
MapTEeHCUTHBIM TPEBPAIEHUSAM 10 1ByM KaHanam: B2—B19' u B2—-R—B19’, B 3aBucnMocTH 0T cocTaBa U TEPMOMEXaHUIECKON
obpabotkn, 3mece B19' 1 R — moHOKIHMHHAs u pomOosapudeckas ¢asbl, coOTBETCTBEHHO [2]. CBepXdsiacTHYHBIE CIUIABHI C
3¢ dexToM mamsaTa (GopMbl HAILIM MIHPOKOE MPUMEHEHHE B TEXHUKE W MEAWIIMHE, HAallpUMep B KaueCTBE COCAWHEHHH B paboTe
KOHCTPYKIIM#, UMIUIAHTHPYEMbBIX B OPraHU3M JIUTENIbHO (DYHKIHOHHPYIOLIMX MaTePUaloB, OPTOJOHTHYECKUX AYT, COCYINCTBIX
CTEHTOB M cepa IPIMEHEHHS STHX MAaTEPHAIOB IOCTOSHHO MPOJ0JDKaeT pacmpAThes [3]. OHM crIOCOOHBI 00paTHMO M3MEHSTH
CBOIO (pOpMy IpPH M3MEHEHHH TEMIIEpPaTypbl, OMOCOBMECTHMBI, NMPOSBIAIOT BBICOKHE DJIACTUYHBIC CBOWCTBA, HE PaspylIaloTCs B
YCIIOBUSIX 3HAKOIEPEMEHHOM Harpy3Kd, I09TOMY IIPE/CTaBiseT MHTEPEC OTAECNBHOE CPaBHHUTEIBHOE MCCIIENOBaHME HanbOoee
MH(POPMATHUBHBIX XapaKTEPUCTHK JaHHBIX HHTEPMETAJUTHIOB — YIIPYTUX CBOMCTB MOHOKPHCTAJLIOB.

JlanHble cBoOMcTBa IEHCTBUTENHHO SIBISIIOTCS HamOoiee BaKHBIMH (DM3MKO-MEXaHMYECKMMH CBOMCTBAMHM B KOHTEKCTE
YCTOWYMBOCTH KPUCTANINYECKOHN PEIIETKH CIUIABOB M MX IIPEIPacHoNIOKCHHOCTH K PasiIMYHBIM CTPYKTYPHBIM M MapTEeHCHTHBIM
npeBpaieHusiM. MoHokpuctamisl cucteMsl TiNi-TiFe Oputi momydeHsl MeTooM BprmkMmeHa B rpaUTOBBIX THIJIAX B aTMOchepe
a3ota. YIpyrue MOCTOsIHHBIE BTOPOTO MOPSIIKA KPHCTAILIOB OBLTH H3MEPEHBI pe3oHaHCHbIM MeTozoM [4], [5], [6].
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Ynpyrue HocTosiHHbIE Cjj M KO(QGOHIMEHTH! NMOAATAMBOCTH Sjj KPUCTANIMYECKONH pELIeTKH CIUIABOB IPEJICTAaBIEHBI B
Tabaume 1.

Ta6muua | — Yipyrue nocrosuusie (I'Tla) 1 kosdduupents mogatmsoctd (ITla™) MOHOKpHCTALIOB

Cnnas C11 C12 Caq c S11 S12 S4s
TiggNisy 164.5 133.5 33 155 0.022278 -0.00998 0.030303
TisoFesy 309 104 69 102.5 0.003897 -0.00098 0.014493

B nuHeiHOM NpUOMMKEHNH yNIpyTHe CBOMCTBA KyOWYECKHX KPUCTAIIOB ITOJIHOCTBIO ONMCHIBAIOTCS MATpPHUIEH, KOTOpas
COJICP)KUT TPHU HE3aBUCHUMBIE YIPYTHE ITOCTOSIHHBIC C13, C1p U C44. VI3 HUX TOJIBKO MOCTOSHHAS C44 UMEET MPSAMON (PU3MUSCKUN
CMBICJI KaK Mepa COMPOTUBIICHHS KPUCTAIIA CIBUTY B INOCKOCTH Kyba {100} Bomb moboro HanpasieHus <0KI>, pexarero B
9T0# TuIockocTH. Koa(duuueHTsl MaTpuIpl Cj; U Cj; TAKOTO MPOCTOrO OOBSICHEHMs He MMeloT. OIHAaKo HMX JIMHEHHBbIE

. .
kombunaunmn B=(c, +2c,)/3 u C'=(C,, —C,,)/2 HABISAIOTCI, B NEPBOM CIly4ac, MEPOH CONPOTHBIECHHS KPUCTAJIIOB

THIPOCTATHYECKOMY CIKaTHIO (MOIY/b 0OBEMHON yIPYTroCTH) U, BO BTOPOM CIydae, MEpO CONPOTHBICHUS KPHCTA/LIA CIBHUTY

B mockocTH {110} B HanpaBnenmu <1710>. Ipu aToMm, ¢4y 1 C' — dKCTpemanbHEIE — Beerna HanGOMBIINIA ¥ HANMEHBIIIHIA
(1t HA00OPOT) — MOZYNHU CIBUTA B KyOWYIECKOM KPUCTAJLIE.

3HaHME YNPYTUX IIOCTOSHHBIX PEUIETKH IIO3BOJIAET BBIYHMCIUTH JpyrHe mapaMmeTpsl ymnpyroctd. Cpeam HHX dHacTo

MCTIONB3YIOTCS  Takue  Kak:  Kod(dumment ammsorpormn A — 5152 - Cu=Cp _ < , TIapaMeTp aHW30TPOIHHU
S44 2C44 C44
A=s,, —s,,—0,5s,,, baxrop anuzorporuu A'=A/S;; u SKcTpeManbHble 3HaYeHHs Moy FOnra E u cipura G.
OKcTpeMabHble 3HAYCHHs YIPYTUX MOJYJICH MOTYT OBITh PaCCYUTAHBI 110 (hOpMyTam
1 1 1
Ew=""Eun= A/Z’ B = 2A/37 @
11 Su— Si—
_ _ -1 o1
G{110}<110> o (2(511 Sp2 )) aG{100}<0kI> =Sy 2

Kax BHHO, KaKas 3KcTpeManbHas BeJIndrHa Moy st FOHra sBIsieTcss MaKCUMAaIbHON MITM MUHUMAIIBHOHM 3aBHCHT OT 3HaKa W
BEJIMYMHEBI TAPAMeTpa aHU30TPONHH A. DKCTpeMalbHbIe 3HadeHnst Moxyiteii ynpyrocta TiNi u TiFe npencrapieHs B Tabiuue 2.

Tabnuua 2 — DKkcTpeManbHble 3HaUeHHs] MOJIyJIeH YIPYTOCTH M UX OTHOIICHHS

E E E G{110}<110> = e
100 110 * 111 ) _ 100yok> 44! )
Crnnas IMa ITla I'a Ermx /Emm (2(811 _Slz)) 1, {Ooklina Gmax /Gmln
I'Tla
TiggNisg 449 72.9 92.1 2.05 15.5 33.0 2.13
TisgFesg 256 197 183 1.40 69.0 102.5 1.49

AHanorn4HbIe BHIBOBI MOYKHO C/I€1aTh HA OCHOBE aHAJIN3a XapaKTEPUCTHK aHU30TPOIMHU CIIIaBoB (Tabi. 3).

Tabmuna 3 — XapakTepucTUKN aHU30TPOIUH CILIABOB

Cruias A= ZM A'=A/syy A=sy —5112 -0,5s,,,
Su MITa’
TisNiss 213 0.77 171
TisoFesp 0.67 20.60 235

B xauecTBe XapaKTepHCTHK aHU30TPOIIUH MOKHO paccMaTpuBath U 3HAYCHHS Emau/Emin M Gmaxd Gmin 113 TabI. 2.

Koadpunment Ilyaccona (p) siBisieTcst Takke BechbMa HH()OPMATUBHOM XapaKTEPUCTUKOW INPH aHAIM3E YIPYToro
noBesieHus: TBepAbIX Tel. OH HaspiBaeTcs KOI(QQHUIMEHTOM IolepedHoi JedopMaluy UM W3HAYAIbHO ONpPENessieTcs] Kak
OTHOLIEHHE MOTIEPEYHOM AehopMaLK K IPOIOILHOM, B3ATOE € 00PATHBIM 3HAKOM: —g  / g

Ms! paccunrany 3HaueHHs ko3 ¢uunenrta [lyaccoHa BONb TTIaBHBIX HANpaBICHUH PacTSHKEHHUS-CHKATHS M MTOTIEPEYHON
nedopmanuu. OHH e ABISIOTCS SIKCTPEMATbHBIMHU 3HAUSHISIMUA W (Ta0I. 4).

Tabmuna 4 — ismenunBocTh K03 durmenta [lyaccona

Cruas Wi M ax Hioo = Ho H110, 001 H110,170 Hag <H>
TisgNisy 0.10 0.73 0.45 0.73 0.10 0.40 0.42
TisoFeso 0.20 0.43 0.26 0.20 0.43 0.33 0.30

B wnamem HUCCIICAOBAHUHN 3HA4YCHUA K03(1)(1)I/IIII/I€HT3 HyaCCOHa BAOJIb CUMMETPHUYHBIX HaHpaBJ‘IeHI/Iﬁ OIIpEACIAINCh

YIPYT'UMH KOHCTaHTaMH KpHcTajuia 1o Gopmynam
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S, S, +0,5A 35, —A ©)

— _Lza e _ = ’ —_ .
Mg S H110,001 s, —0,5A M10170 s, —0,5A Hy1q 35, — 2A

11
Ilpu sTOoM 3KCcTpemanbHble 3HauyeHHs kodpduimenta I[Iyaccona TiNi Obutn paccumtansl mo Qopmyiaam [7] mis
KyOHMUYEeCKHX KPHCTAJUIOB:

4C12C44
2(:11044 + (Cll - Clz)(cll + 2C12) ) (4)
e = ([110], 1i0]) = ~ 20 (6 =€ )0y 2 20,)
2(:11(344 + (C11 - Clz)(cn + 2C12)

Ins TiFe mpaseie wactu (4) HY)KHO OBUIO TIOMEHSTH MECTAMH B CHJIy OOpaTHOM aHHW3OTPOIHMH. YCPEIHCHHBIH MO
HOMePEYHBIM HanpasieHusIM ko3¢ duuuent [lyaccona < |1 > B Tab. 4 Berauc/sUIM Kak [ 7]

1%, . 5
<u>=2—n‘([d(p.£sm6 1(,0)do: (5)

rae (o, 0)— xosddunuent Iyaccona kax GyHKIus 2-X yrioB.

Hiex = W([110], [001]) =

Kak Bumno, ko3¢ ¢urment [lyaccoHa HUKeNUaa TUTAHA PACCUYUTAHHBINA MO JAHHBIM, MOJYYCHHBIX HA MOHOKpPHUCTAJUIAX,
BbIIIIE, YeM Tabau4Hble 3HaueHus s nonukpuctammmdeckoro TiNi (0,32-0,33), KoTopbie MOXHO BCTPETHUTH B JIUTEPATYPE,

HarpuMmep B [8]. Bo3MOXKHO 3TO CBA3aHO ¢ BeChMa OOJBIIMMH Pa3IMYMAMH B 3HAYECHHMAX W .. ¥ W . ¥ B CBA3H C 3THM

OonbIIOl TOTpEITHOCThI0 ycpenHenus. OaHako u coriacHo maHHeM http://progs.coudert.name/elate/mp?query=mp-571
ycpenHeHHbli koo ¢unuent [yaccona kpucramuios TiNi Beie ynomsayThix 0,32-0,33.
Yrto kacaetcs TiFe skcTpemanpHble 3HAueHHs | W3 Taba. 4 BechbMa OJIM3KM K JIMTEPATYPHBIM JaHHBIM, HAlPUMeEp

pasmemennsM Ha http://progs.coudert.name/elate/mp?query=mp-305: 0,13 (U, ) 1 0,49 (L, ), cooTBeTCTBEHHO. Cpennee

3HaueHune kodddurmenrta Ilyaccona TiFe Takke oYeHb ONU3KO K AaHHBIM, MOJYYEHHBIM C MOMOIIBIO H3BECTHBIX METOOB
yepenrenust: u(Voight)=0,28; u(Reuss)=0,30; u(Hill)=0,29 (tam xe).

200—] a)
l\ 111
0 - O S
-200—
-200 200
x.¥.2)

Puc. 1 — INosepxuoctu Moayist FOura E TiFe (a) u TiNi (6) (mocTpoeHHbIE ¢ MTOMOIIBI0 CHCTEMbI KOMITBIOTEPHON anreOpbl
Mathcad)

O6parmaeT Ha cebs BHUMaHHE MakcUMaibHOe 3HadeHHe koddouuuenta [lyaccona TiNi Wi10 0010573 Kak BuaHO OHO

6osbie 0,5 u BeIxoauT 3a npeaensl 0-0,5 i “oObrdHBIX” MaTepuanoB. OIHAKO 3TO HE NMPOTHBOPEYMT JAHHBIM, HAIIPUMEp
[9], cormacHO KOTOPBIM U psAAa KPUCTALIOB aOCOIIOTHBIE SKCTpeMyMBI Kodg¢ummenTta IlyaccoHa MOryT NpeBBIIIATh
CTaHIApTHHIE 3HAYCHHS, paBHbIC —| I CTaHAAPTHOTO MUHIMYMa, ¥ +2 JIJIs CTAaHIapTHOTO MaKCHMYyMa.
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—TiNi

——50%F
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Puc. 2 — lleHTpasbHBIC CEUCHUS yKa3aTebHbIX moBepxHocteit moayis FOura E (100) u casura G;jp MOHOKPHCTALIOB
(I'TTa) TiNi u TiFe

Yupyrue cBOWCTBAa KPUCTAUIOB IOJHOCTHIO HEb3s IMPEICTABHTH OJHOW IMOBEPXHOCTHIO (puc. 1) m Tem Oonee eé
]
ceuenmsamu (puc. 2). TIpakTiuecku IONE3HA MOBEPXHOCTh, W300paxkaromas H3MeHenme moxyns FOmra E=(S;,) ¢

HAIpPaBJICHUEM PACTHKEHUS-COKATHS B TIPOCTPAHCTBE. B 3TOM ciydae ykaszaresbHasi HOBEPXHOCTH Ja€T MOJHOE MPeCTaBlIeHUE
TOJIKO 00 aHWU30TPONUHU MOJYJIE HOpManbHOW ynpyroctu FOHra u — MOIyJisl CIBUra ¢ HampaBlieHHEM CBUra. B mocnenHem
ciydae Heo0XoanMo (HKCHPOBATh IUIOCKOCTh, KoTopas ciasuraercs, Hampumep {110}. Ilpu mocTpoeHHH ykazaTeabHOM
moBepxHOCTH K03 duiuenta [Tyaccona MOKHO 3a(UKCUPOBATH MMOJIOKEHHE OCH PACTSHKCHHUSI-CKATHS, U3MCHSISI HAaT[PaBJICHIE
MOTNepevHOH AehopMarim Wiu Ha060POT.
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0727,

u31TiNI(0)
— 180
u31TiFe(0)

270

Puc. 3 — Kosddunuent ITyaccona [y, TiNiu TiFe B cpaBHenun

Beutn  monydeHsl cpes3bl H30moBepxHOCTeH ko3 duimento Ilyaccona kpucramioB TiNi u TiFe. Dkcrpemymsi
ko3¢ ¢unnenra [lyaccona B KyOM4eCKUX KpUCTaIax MOTYT HPOSBIATHCS MPU pacTsHkeHUH B HampasieHusx [100], [110] u
[111]. OpueHTaMOHHYIO 3aBUCHMOCTh MOKHO CTPOUTH TOJBKO st ciaydas [110]. B aByx apyrux ciydasx Ko3(GHIHEHT

Ilyaccoma  Oyzmer  IOCTOSIHHOM BEJIMYHMHOM: B I-m ciry4ae Moy =M5 =S5, / Si1» B 3-m -
Koy =Wy =—(35, +A) / (35, —2A). Ceuenns  ykasarenabHblx — moBepxHoctell  kod(duuuentos  Ilyaccona
unrepmerauaoB TiNi u TiFe umeror Bua kak Ha puc. 3. Koadduuunents: [Tyaccona (1(0) BEIYHUCISITUCH U3 COOTHOLICHUIA:
2
My =—(2s, + Acos®0) / (25, —A), ©)

T2
Uy =—(25,, + ASin“6) / (2s,, — A)
Kak BHAHO W3 NPHUBEACHHBIX TAaOIMI] BBIYUACICHHHA W PUCYHKOB ypoBeHb ympyrux cBoiictB TiINi m TiFe cnmaos
KapMHAIBHO OTIHYACTCS APYT OT Apyra. DTO Ke COpaBeUIMBO U [UIs TUIA aHU30TPONHU HHTepMeTaunaoB. Buano ans TiNi
B orauune oT TisgFes, monynu FOHra BAOJNb BBICOKOCHMMETPUYHBIX HAMpPaBICHUNW TMOJYUHSIIOTCS HEPABEHCTBY

Eo <Eyo<Ey;- YV TisoFesy maobopor E >E, ,>E,, (orpunarensnas anusorponus). Kpome Toro mapamerp

aam3otpormd A s TisgFesy MO 3HAKYy MPOTHBOMOJIOKEH COOTBETCTBYIONIEMY MapamMeTpy Ui MOHOKPHCTAIUIOB
HUKENINJa THTaHa, YTO IOJHOCTHIO COOTBETCTBYET rpadukamM Ha pHC. | W pUC. 2 M TaKKe CBHJETEILCTBYET 00
OTPHIATENFHON YIPYroW aHU30TPOIHH KPUCTAITHYCCKON cTpyKTypsl ciaBa Ti-50% Fe. Kpucrammnueckas pemerka B
3TOM cliydae OoJiee mojaTiivBa K CABUTY B OaszoBoi miockoctu {100}, yem k “3uHepoBckoMy” caury {110}<110>,
UrparoieMy OOJBIIYI0 POJIb IPU MaPTEHCUTHOI IepecTpoiike peIIeTK B CIIJIaBaX Ha OCHOBE HMKenuaa TutaHa [10].

[losmyueHHbIE TaHHBIE ¥ YCTAHOBJICHHBIC PA3/IMYMs B YPOBHE M XapaKTepe YIPYTUX CBOMCTB COEAMHEHHSIX OyAyT MOJIE3HBI
JUISL aHalli3a MEXaHW3MOB M IIPHUPOJBI MAPTEHCHUTHBIX INPEBpALCHUH B CIUIaBaX HHUKENINWAA THTAaHA, JEXAIIMX B OCHOBE
s dexroB namsti Hopmbl U cBepxdTacTuaHOCTH B TiNi.
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AHHOTaNHUA

HccnenoBana BpeMeHHas JAWHAMHUKA CIEKTPOB J1a3€pPHO-WHIYLMPOBAHHOM (DIyopecHeHIMM pasIudHBIX COpPTOB
HEQTENPOAYKTOB, PACTBOPCHHBIX B MOPCKOW BOXE, NMPH ABYXYaCTOTHOM BO3OYXKICHHWH Ha JUIMHAX BONMH 266 m 400 HM
UMITyJIbCaMH ANUTENbHOCTRIO Topsinka 100 ¢e. OnpeneneHsl MUHUMAIbHBIE NMPEAETbl OOHAPY)KEHHWA KOHIEHTpanui auis
pactBOpoB 00pa3noB ¢aorckoro mazyra MFO u rasomoroproro tormuBa TCM. IlpoBeneHHbIe HMccIeT0BaHNS TTOKa3aId, YTO
HCIIONIb3YEMbIH METO/ 00J1aaeT XOPOIIeH YyBCTBUTEIBHOCTRIO M MOKET MIPUMEHATHCS AJISI aHAJIN3a CIE0B YIIIEBOAOPOIOB B
MOPCKOH BOJi€, KaK aHTPOIIOT€HHOTO, TaK ¥ MPUPOTHOTO IIPOUCXOKACHHA.

KaroueBble cJjioBa: na3epHO-WHAyLMpOBaHHAs  QuiyopecueHUus, (EeMTOCEKYHIHbIE HMITYJIbChl, HE(PTEIPOLYKTHI,
MUHHMMaJbHbIE IPeeIbl 00HAPYKEHHUS.

INVESTIGATION OF LASER-INDUCED FLUORESCENCE SPECTRA OF DIFFERENT GRADES OF
PETROLEUM PRODUCTS DISSOLVED IN SEA WATER WITH DOUBLE-FREQUENCY EXCITATION BY
PULSES OF FEMTOSECOND LENGTH

Research article

Proshchenko D.Yu.}, Major A.Yu.>*, Golik S.S.2
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2ORCID: 0000-0002-3562-3078;
¥ ORCID: 0000-0003-4199-4163,
123 Far Eastern Federal University, PhD in Physics and Mathematics, Vladivostok, Russia;

* Corresponding author [mayor[at]iacp.dvo.ru]

Abstract

The time dynamics of the laser-induced fluorescence spectra of various grades of petroleum products dissolved in seawater
was studied for two-frequency excitation at wavelengths of 266 and 400 nm with pulses of duration about 100 fs. The
minimum detection limits for concentrations of MFO fuel oil samples and TCM gas engine fuel were determined. The
conducted studies showed that the method used has good sensitivity and can be used to analyze traces of hydrocarbons in
seawater, both anthropogenic and natural origin.

Keywords: laser-induced fluorescence, femtosecond pulses, oil products, minimum detection limits.

3ajaqa CBOEBPEMEHHOTO OOHApY>KEHHUS CJIEJOB YTEUKH PA3IMYHBIX THIOB HEPTENPOLYKTOB HMEET INPHOPUTETHOE
3HaYCHHE B BONPOCAX 00ECTIEYEeHHs HKOIOTHUECKOI 0€30I1aCHOCTH MOPCKUX SKOCHCTEM. DTO CBSI3aHO C TEM 0OCTOSTENHCTBOM,
4YTO He(TSAHbIE 3arpsA3HEHUS] NPUBOAAT K HAPYLIICHUIO €CTECTBEHHBIX OHOJIOTMYECKHUX IPOIECCOB U  B3aWMOCBSI3EH,
CYIIECTBEHHO U3MEHSIOT YCJIOBHS OOUTAHUS BCEX BUJIOB )KUBBIX OPTaHU3MOB M MMEIOT aKKYMYJISATHBHBINA 3 (HEKT B MOPCKOii
tdope u ¢dayne [1], [2], [3], [4]. B pe3ynbraTe HHTEHCHBHOIO MEPEMEIIMBAHUS BOJ B 30HE MPHOOsI HEPTEIPOAYKTHI OBICTPO
pacrpeeNatoTes. BO BCei TOJIIIE BOABI U HAYMHAIOT OKa3bIBaTh MaryOHOE BIMSHHME Ha MOPCKyIo OHoTy. B mpubpexHoiil 30He
BEChbMa BeJIMKAa BEPOSTHOCTh MOMNagaHusi HEQTENPOAYKTOB B MOpE B pe3yjibTare CTOJKHOBEHHH CyJOB, OCAJOK Ha Melb U
JpYyrux aBapui [S], NPUBOAALIMX K Pa3pyLICHHIO TEPMETHYHBIX TOIUIMBHBIX pe3epByapoB. Kpome Toro, 31ech pa3MerieHbl
MOPTBl CO BCEW WMHQPACTPYKTYpOH, BKIIOUYAIOMEH CTOSHKH CYZOB, TOIUIMBO3APaBOYHBIC ITYHKTHI, CYJIOPEMOHTHBIC
npeanpusThs. Bee 3T 00BEKTHI SIBISIOTCS MOTEHINATBHBIMA MCTOYHUKAMH 3arps3HEHUs BOJBI He(TEepoykTaMu. B takmx
YCIOBUSIX HEOOXOIMM CBOEBPEMEHHBIH M 3()(EeKTHBHBIH MOHHTOPHHI 3KOJIOTHYECKOTO COCTOSHHMS MOPCKHX aKBaTopuid. B
Ka4yeCTBE UYBCTBUTEIHHOTO M ONEPATUBHOTO JUCTAaHIMOHHOIO CHOCO0a JIETEKTHPOBAHUS CIIEJOB PACTBOPEHHBIX (pakiuil U
SMYJIBCUH YII€BOJIOPOJOB Ha MOBEPXHOCTH M B TOJIIE BOJBI, a TAKXKE JJIsI OUEHKH (PyHKIMOHUPOBAHUS (POTOCHHTETHUECKUX
CHCTEM KJIETOK (DUTOIUIAHKTOHA KaK HMHAMKATOPOB COCTOSHHS MOPCKHX 3KOCHCTEM, MOXET BBICTYNATh METOJ| Jia3epHOi
uHAynupoBanHoi ¢uyopecuennuu (JIM®) [6], [7], [8], [9]. Takxke ¢ moOMOIIBIO (IYOPECHEHTHBIX METOJOB BO3MOXKHA
uaeHTH(GUKAIIS TPUPOIHBIX 3ayexeil HedTenpoaykToB u razoruapatos [10].

B nanno#i paboTe mpoBeleHBI JTA0OpATOPHBIE M3MEPEHUS IO OMPEIEICHHUIO MPENeIOB MUHHUMAILHO OOHAPYKUMBIX
KOHIIEHTPAI[M pPacTBOPOB pPa3lIWYHBIX COPTOB HE(TENPOAYKTOB INPH ABYXYAaCTOTHOM Bo30yxaeHmn (266 m 400 HM)
UMITyJIbcaMH (PEMTOCEKYHHO [UIMTEIBHOCTH M MCCIIEeOBaHAa BPEMEHHAs TMHAMHKA CHEKTPOB (IyOPECUEHIIMH Pa3InYHBIX
COPTOB HE(PTEIPOAYKTOB.

B kagecTtBe nccienyemMbIx 00pa3oB ObUTH B3sITHI pacTBOpPHI (ioTckoro mazyra MFO u razomoropsoro torumsa TCM.
Jist X nostydeHust B mpoObl MOPCKOM BOJIBI, B3ATHIE B AKBATOPUH AMYPCKOTO 3aJIMBa, 100aBIISUIMCH OJTHOIPOLICHTHBIE MO BECY
o0pa3zipl HedrenpoaykToB. Jlanee B TeUeHHE CYTOK C ITOMOIIBI0 MAarHWTHOM MEIIAJKH IPOM3BOAMIOCH X IOCTOSHHOE
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nepemennBanue. [locie ¢ momompio Merona nHdpakpacHoii criektpomerpun ¢ @ypee npeodpazoBanueM Oblia ornpezeIeHa
MIPOLIEHTHAs OISl PAaCTBOPHUBIIMXCS COPTOB HedrempomykToB. [[ns momydeHHs mpod ¢ pasaMyHOM KOHIEHTpanmei ObLIo
TIPOM3BECHO MOCIIEAYIONIEE Pa3BEICHNE MOTYIHUBIICHCS MPOOBI C NCXOJHBIM 00pa3IioM MOPCKOH BOJIBI.

B kadecTBe NCTOYHMKA JTa3epHOTO M3ITYUEHHS HA ATHMHAX BOJH 266 1 400 HM HCTIONB30BaICs PeMTOCEKYHIHBIN JTa3epHBIi
komruieke Tsunami + Spitfire 40f-1k-5W, paGorarommit Ha gactote 1 kK['II ¢ TeHEpaTOpOM BTOPOM M TPETheil TapMOHHUKH
Spectra PhysicS ¢ UIMTENBHOCTBIO JIa3€PHBIX UMITYJIbCOB mopsaka 100 ¢c. TpaHCIOPTHPOBKA HMITYJIECOB B KBapIEBYIO
KIOBETY C HCCIIeyeMoii Ipo0o# OCYIIECTBIIIOCH IO aTMOC(EpPHOH Tpacce ¢ IOMOIIBIO ONITHIECKON CHCTEMBI, COCTOSIICH 13
3epkai ¢ koaddurmenrom orpaxkenus ~98% Ha nyuHE BOIHBI 266 HM. CpeHsisi cyMMapHasi MOLITHOCTb JIa3€PHBIX UMITYJILCOB
HETOCPEACTBEHHO TMepell KIOBETOH € HCCieayeMoi MpoOOoi COCTaBisuia mopsaka 25 MBT HpH COOTHOUICHWH SHEPTHA
umiya6coB 1 = 0.05. V3mydeHue 3aBOJMIOCH CBEPXY depes OTKPEITYIO BOZHYKO MOBEpPXHOCTH mox yrmom 45°. Kiosera
yCTaHABIMBANIACH Ha peryiupyemoil miatdopme mox yrmom 45°. B kauecTBe permcrparopa CIEKTPOB HCIOIB30BATICS
IUPOKO/IMaa3oHHbii criekTpomerp Maya 2000 Pro ¢ 600 mkm cBetoBogoMm u Kosimumaropom 74-UV (Ocean Optics) c
pabounm criekTpansHEIM nuanazoHoMm 200 — 1100 am. Bxon onTrdeckol mpreMHON CHCTEMBI pa3MENIaliCsl Ha PacCTOSHUHN
ropsika 1 ¢cM OT MCTOYHHMKA MHAYLMPOBAHHOTO CHUTHaNIA (DIyOopecHeHINH. YIpaBICHHE TapaMeTpaMi IKCIIEPUMEHTAIFHOTO
KOMIIIEKCA OCYLIECTBIISUIOCH C ITOMOIIBIO TEPCOHANBHOTO KOMITBIOTEPA. Bpems 3KCHO3MIMM IPHEMHOTO CHEKTPOMETPA
3aJaBaioch PaBHBIM 3 CEKyHAaM. YCpEIHEHHE IPOBOAMIOCHE IO TPEM CIEKTpaM. BpeMms HaKOIUIEHHS M KOJIMYECTBO
yCpEeOHEHUH ObUIO BBIOPAHO C YYETOM ONTHMAIBHOTO BPEMEHH, HMPU KOTOPOM YAACTCS PETUCTPUPOBATh CHTHAN 0Oe3
CYIICCTBEHHOTO CHIDKEHHS OOIIero ypoBHA CIIEKTPOB (IIyOPECHEHIMH BCIESACTBHE “BBITOPAHUSA’  PACTBOPEHHBIX
HepTenpoayKTOB TOJA BO3JEHCTBHEM BBICOKOMHTEHCHBHOTO JIa3€pPHOTO YIbTPa(UOIETOBOTO H3NIydeHus. lccnemoBaHus
NPOBOJAMIINCH JIBRXIBI C HWHTEPBAIOM B JIBOE CYTOK. B pesynbrate OBIIM IOMY4YEHBI CIEAYIOIIUE CIIEKTPAJIbHBIC
XapaKTepUCTUKU (IIyOPECLUEHIMH HCCIeyeMbIX 00pa3noB. CHEeKTpbl HOPMHPOBaHbI Ha MaKCUMyM CHTHaJla II€pBOii
TApPMOHHUKH JIa3ePHOT0 (PeMTOCEKYHIHOTO KOMIUIeKca Ha JyinHe BOJIHBI 800 HM. M3 CIEKTPOB MCKIIFOUEHBI IIMKH PACCESIHHOTO
u3nyuenus 400 HM METOZOM JTUHEHHOW MHTEPIIONISAIUH C YICTOM (POPMBI CIICKTPa U3TyUCHHSL.

I, oTH. en. — 0.001%
50 0.002%

/\/ — 0.002%
0.01%
40 / \ — 0.02%
/ \/ﬁ\\ —— M. BoJa

30 /

¢ 300 350 400 450 500 550 600
Ay HM
Puc. 1 — Cnexrpsl daayopecueniuu pactBopoB TCM B Mopckoit Bojie py peMTOCEKYHITHOM JIByX4aCTOTHOM

B036y)KI[eHI/II/I, TOJIYUYCHHEBIC B HepBLIﬁ JCHb MPOBEACHUA SKCIICPUMEHTA

35| 1, oTH. ex. — 0.0005 %
0.001 %
30 \‘N — 0.002 %
% — 0.005 %
25 / — 0.01 %
—— M. BOJIa

300 350 400 450 500 550 600
Ay HM

Puc. 2 — Cniekrpsl ayopecueHiun pactBopoB MFO B Mopcko#i Bojie IpH (PeMTOCEKYHIHOM JBYXYaCTOTHOM

BO30Y:KIE€HHH, TIOJyIEHHBIE B TIEPBBIA JI€Hb MPOBEICHUS IKCIIEPUMEHTA
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AHanu3 pe3yibTaToOB IOKA3bIBAET, YTO CTPYKTypa CreKTpoB ¢uryopecueHund TCM mpu AByX4acTOTHOM BO30YKACHHH
AMIyJIbcaMi PEeMTOCEKYHIHOM ITUTEIHFHOCTH 00JIee XapaKTepHa IS CITydasi TSKEIBIX COPTOB HE(TETIPOIYKTOB.
B xauecTBe XapaKTepH3yIOIIEr0 IapaMerpa Uil MOCTPOCHHS KaTHMOpPOBOYHBIX KPHUBBIX OBITIa B35iTa WHTETpalbHAs

XapaKTePUCTHKA CTIEKTPOB (ryopectieHInH B nuamnazone 300-600 Hm:
600

a= 300 (I()') - IO (/'l))d/1 (1)
rne I(A)— cmekTpanrsHas WHTCHCHBHOCTb CHTHAJA (IyOpECICHIMH pacTBOpeHHoro Hedrenpomykra; Iy(A)— crektpanbHast
MHTCHCHBHOCTD CHTHaJIa (hIIyOPECIICHIINN YHCTONH MOPCKOM Bompl. sl OmpenencHusl MpeesioB MUHUMAIBHO OOHAPYKHMBIX

KOHLICHTPAIIMA TI0 TOJYyYCHHBIM HMHTETPAJbHBIM IapaMeTpaM CTPOMINCh KalHMOpOBOYHBIE KpHBBIE (puc. 3, 4), Y KOTOPBIX
onpezesics Ko3(pGUIUEHT HakIoHa KpUBOH S. MHHHMANBHO OGHAPY)KHMBIC MPEACTbl KOHUICHTPALMH PACCYUTHIBATUCH IO
¢dopmyne LOD = 3on/S, rae 6 — cTaHIapTHOE OTKIOHEHHE (JOHOBOTO CHUTHAJIA, IPHHSATOTO 3a CHTHAT (PIYOPECIEHIIMH YHUCTOM
MOPCKOM BOJIBL.

B pesysnprare OBUIM MOJYyYCHBI CIIEAYIOIINE KATHOPOBOYHBIC KPHBBIC, Ha OCHOBAaHHH KOTOPBIX IJIsI OOOMX COPTOB
HedrenpoaykToB ObL10 MonyueHo 3HayeHue LOD, pasuoe 0.0002%.

x103

! Ol, OTH. e].

§%02
08000 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175  0.0200
C, %

Puc. 3 — Kanmubposounas kpusas ainst TCM B mepBblii 1eHb TPOBEICHUS SKCIIEPUMEHTA

x103
! OL, OTH. e]I.
5
a
3
2
1
LOD
0._0.0002
0.000 0.002 0.004 0.006 0.008 0.010

C, %

Puc. 4 — Kanubposounas kpusas st MFO B nepBblIii 1eHb IPOBEIECHUS SKCIIEPUMEHTA

Brlna ncenetoBana TMHaMKKa CHEKTPOB (IyOpECEHIMH B 3aBUCMMOCTH OT BPEMEHH BO3AEHCTBUS JIa3€PHOTO MU3ITyYSHHUS
Ha pacTBop HedrenpoaykTa. [losrydeHHbIe pe3yJIbTaThl IPEJICTABIEHBI HA pHC. 5 1 6.
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x103
1-ii xenp | 3-if AeHb 0.002%
O, OTH. e1. 0. 004%
811 OIH. €A —— 0.004%
7 - L —— 0.01%
e — 0.02%

0 10 20 30 40 50 60
t,c

Puc. 5 — JIlunamuka ciektpoB (ryopecueHun pactsopa TCM B 3aBUCHMOCTH OT BpeMEHH BO3ACHCTBHA

(heMTOCEKYyHIHOTO JTa3ePHOTO U3TYICHHUS

x103
1-i genp {3-H 1eHb

—— 0.0005 %

] O, OTH. ex1. « 0.001 %
—— 0.002 %
e 0.005 %
\ e 0.01 %
3
2
|
¢ 0 10 20 30 40 50 €0

Puc. 6 — lunamuka ciektpoB ¢uayopecuennun pactsopa MFO B 3aBucMMOCTH OT BpeMEHH BO3JICHCTBHS
(heMTOCEeKyHIHOTO JIa3epHOTO W3ITyUCHHUS

CoryacHO MOJIy4E€HHBIM pe3yJibTaTaM, CITyCTs JiBa JIHS HaOJI0/aeTcsl YCTOMYMBAsE TCHACHIMS CHWKEHUSI HHTErPaIbHOTO
curHaia dQuayopecuenuun. B nmanpHeidimem B mnepBble 10-20 cexkyHa (B 3aBUCHMMOCTH OT COpTa M KOHIEHTpAIMU
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CHUHTE3 ! JIIOMUHECIHEHIOUSA JOIIMPOBAHHBIX MAPTTAHIIEM KBAHTOBBIX TOYEK CYJIb®HUJA
HOUHKA
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AHHOTaNNUA

[IpuBeneHBI pe3ynbTaThl HCCICIOBAHUN ONTHUYCCKUX XAPAKTEPUCTHK KBAHTOBBIX TOYCK Cylb(HIa IIMHKA M KaaMHS B
Pa3IMYHBIX OpraHUYecKuX o0oyoukaX. [IpoaeMOHCTpHpPOBaHA BO3MOXKHOCTH YIPABICHHUS OCHOBHBIMH XapaKTEPUCTHKAMHU
JIOMHUHECIICHIIMK PA3JIMYHBIMU TOAXOJaMU CHHTE3a M MPOIECCOM IMOCICCHHTETHYCCKOH 00paboTku. OnpenenacHbl
COOTHOIIICHHSI KOMITOHEHTOB PEAaKIHOHHOW cMecH, OOecneynBaromue HanOOJIBITYI0 HWHTCHCHBHOCTH JIFOMHHECIICHITUH.
YCTaHOBIIEHO, YTO 3aKIIOUYEHHE KBAHTOBOW TOYKHA B OOOJOYKY W3 TIIyTaTHOHA NMPHUBOAWUT K BO3HHKHOBEHHIO IBYX IOJOC
JIOMHHECIICHIINN ¢ MakcuMyMmamu BOIm3u 420 u 590 M. /s 0060109ky U3 MEpKaNTOSHTAPHON KUCIIOTHI XapaKTepHA OJHA
moJioca JroMuHecHeHnuu BOmm3u 590 aM. B cBoro ouepens, B ciaydae 000IOYKH M3 MHUCTEHHA HAOIIOAACTCS OIUH MaKCUMYM
JIIOMHHecCHeHIrH BOmm3u 500 HM.

KioueBble cji0Ba: KBAaHTOBBIC TOYKH, CYIb(QHI IIMHKA, MEPKANTOSHTApHAS KHCJIOTa, MUCTEHWH, TIYTATHOH, HWOH-
aKTI/IBaTOp, JIOMUHCCLICHIIN .

SYNTHESIS AND LUMINESCENCE OF QUANTUM DOTS OF ZINC SULFIDE DOPED WITH MANGANESE
Research article

Sergeev A. A *, Sergeeva K.A% Leonov A.A2
1 ORCID: 0000-0002-8294-865X;
123 Far Eastern Federal University, Vladivostok, Russia

* Correspondent author (aleksandrsergeev[at]inbox.ru)

Abstract

The work presents the results of the optical characteristics study of quantum dots of zinc sulfide and cadmium in various
organic shells. The possibility of controlling the main characteristics of luminescence by various synthetic approaches and
post-synthetic processing is demonstrated. The ratios of the components of the reaction mixture ensuring the highest
luminescence intensity are determined. It was found that the conclusion of a quantum dot in a glutathione shell leads to the
emergence of two luminescence bands with maxima near 420 and 590 nm. For the shell of mercaptosuccinic acid, one
luminescence band comprises 590 nm. In turn, a cysteine shell there is one luminescence maximum of 500 nm.

Keywords: quantum dots, zinc sulfide, mercaptosuccinic acid, cysteine, glutathione, ion-activator, luminescence.

Hecmotrps Ha OobIIOe KOJIMYECTBO METOMOB IOJYYCHHS! (DPOTOAKTHBHBIX CTPYKTYpP Ha OCHOBE KBAHTOBBIX TOYEK
XaITbKOTEHHUIOB METAJJIOB, MOXXHO BBIJCIIUTh HEKOTOPHIC KITFOUCBBIC aCTIEKThI, OKa3bIBAIOMINE MIEPBOCTECIICHHOE BIMSHUE HA MX
ONTUYCCKUE M JFOMHHECIICHTHBIC XapaKTePUCTUKH. B mepByro odepens STO KBAaHTOBOPa3MEPHOE OTPAaHWICHHUE, XapaKTepHOE
JUISL TAKOTO POJIa CTPYKTYP U MPHUBOJASIIEE K 3aBUCUMOCTH XapaKTEPUCTUK KBAHTOBBIX TOYEK OT MX pasmepos [1, C. 2261].
Bropass 0coOeHHOCTP HaHOpPa3MEPHBIX ITONYNPOBOJHUKOBBIX YACTHIl 3aKIIOYACTCS B CYIIECTBCHHOW 3aBUCHMOCTH WX
XapaKTepUCTHK OT MOBEPXHOCTHBIX A(¢ekroB. Tak, yBemudeHHE IOIM IMOBEPXHOCTHBIX aTOMOB, BO3HHUKAIOIIEE IIPU
YMEHBIICHHH pPa3MepOB YACTHUIIB, NPHUBOAUT K OOpa30BaHUIO OOJBIIOTO YHCIA HECKOMIICHCHPOBAHHBIX CBS3ed Ha
MOBEPXHOCTH 4YaCTHIbl, OTKPHIBas BO3MOXXHOCTH MJISI MOAW(HKALMHM ONTHYECKHX XapaKTEPUCTHK YaCTHIBI 3a CueT
BapbUPOBAHM YCIOBUH IACCHBAI[MH TOBEPXHOCTH.

Takum 00pazoM, MeToipl (OPMUPOBAHUS ONTHYECKH AKTHBHBIX CTPYKTYpP Ha OCHOBE KBAaHTOBBIX TOYEK JIOJKHBI
o0ecreuynuBaTh BO3MOXKHOCTh KOHTPOJISI M BapbUPOBAHUS KaK pa3MEepOB KBAHTOBBIX TOUEK, TAaK M COCTOSHMSA MX MOBEpXHOCTH. B
3TOM CBA3M CrOCOO MONMyYeHHS KBAHTOBBIX TOYEK ITyTEM XHMHUYECKOTO OCAKICHUS KOJUIOMAHBIX PAcTBOPOB XaJIBKOTCHHIOB
MPE/ICTABIIETCST HamOoJiee IEePCICKTUBHBIM, ITOCKONBKY OH TI03BOJIIET IOCTATOYHO IPOCTO KOHTPOJIHMPOBATH YKa3aHHBIE
mapaMeTphl YacTHI] ITyTeM MOAOOPa COOTBETCTBYIOIIETO MOJSIPHOTO COOTHOIICHHS KOMITOHEHTOB peakImoHHOU cMmecu [2, C.
241]. Cpean XaJIbKOT€HHIOB — OCHOBHBIMH IIPEACTABUTENISIMH KOTOPBIX SIBIISIIOTCS COEIMHEHHMSI CEphbl, CeJieHa M Telurypa —
HanOOJIBIIYIO TEPCIEKTHBHOCTh NPEJICTaBISIIOT COEMHEHUSI CEphbl, MOCKOJIBKY CYyIb(HIBI, 110 CPAaBHEHHUIO C CEJICHWIAMU U
TEIUTypUIaMH, 00NamaroT MeHbIneld TokcumyHOcThio [3, C. 165], 4ro mmeer OobIIOE 3HAYCHUE IPH CO3JAHWU CHCTEM
9KOJIOTHYeCKod Oe3omacHOCTH. B ob6nmacTm momydeHHMs HAaHOPa3MEpPHBIX CyNb(QHIOB METANIOB OCHOBHOE BHHMAaHHE
CKOHIICHTPHPOBAHO Ha TOMCKE HOBBIX CYIb(MHUIN3ATOPOB (MATEPHAIIOB, SIBISIOIINXCS UCTOYHHKOM HMOHOB CEPhI B PEaKIMOHHOMN
CMecH) M CTaOMITH3aTOpOB (MaTepHanoB 00OJOYKM KBaHTOBOW Toukw). B pabotax [2, C. 243], [4, C. 1460], [5, C. 2911]
MIOKa3aHo, YTO MPHUpPOJA CYIb()UAN3ATOPA OKAa3hIBAET CYIIECTBEHHOE BIMSHHUE Ha pa3Mep ModydaeMbIx dacTuil. CTaOumn3aTopsl,
B CBOIO O4Yepelb, CYIIECTBEHHO BIHAIOT HA JIOMHUHECIICHTHBIE XapaKTEPHUCTHKH KBAHTOBBIX TOYEK M CTENCHb X arperanvé B
pactBOope. bombIioe KOIMYEeCTBO BO3MOXHBIX BapHAHTOB CTAOMIM3aTOPOB, a 3TO (PAKTHUECKH BCE OPTaHMYECKHUE COCITMHEHUS,
MMEIOIIIE CIIOCOOHOCTH CBS3BIBATHCS C NMOBEPXHOCTHBIMU aTOMaMH METaJlIa WM Cephl Yepe3 THOJIbHBIE, GpochuHoBbIe M SH-
rpynnsl (Takue Kak IMCTEHH, XUTO3aH, MEPKAITOKUCIIOTEI, OEJKH U Jp.), eNaloT aKTyaJbHBIMH HCCIEAO0BAaHHS 3aBUCHMOCTH
OIITHYECKHUX M CTPYKTYPHBIX XapaKTEPUCTHUK MOJTyYaeMbIX KBAHTOBBIX TOUEK OT IIPUPOIBI CTaOMIIN3aTOpA.
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B nmanHOlIl paboTe mNpencTaBICHBI PE3YJIbTAThl HCCICAOBAHHS 3aBHCUMOCTH JIFOMUHECLIECHTHBIX XapaKTCPUCTHK U
CTaOMIBHOCTH KBAaHTOBBIX TOYEK CYIb(HIOB METAIJIOB OT THUIIOB MX OPTaHMYECKOW OOONOYKM W HAYaIbHOTO MOJSIPHOTO
COOTHOIIICHHSI KOMIIOHEHTOB PEaKIIMOHHON CMECH.

Jlis cuHTe3a KBAaHTOBBIX TOYEK OBUTH NMPUTOTOBJICHBI BOJHBIC PACTBOPHI: alleTaTa IIMHKA ¢ T00aBKOW arjeraTta Maprasia,
[ICTENHA, MEPKANTOSHTAPHON KHCIOTHI, TIYTaTHOHA, THAPOKCHAA HAaTpusi M cyibduma Hatpus. CMmelmeHHe pacTBOPOB
MPOBOIIIIOCE B OIpPEICIICHHON IIOCIEIOBATEIPHOCTH MpPH BapbUPOBAaHUHM MOJLIPHBIX COOTHOIICHHH W KOHIIEHTpAIIHA
KOMIIOHCHTOB pPEaKIMOHHON cMecH. B pacTBOp mmcTeMHA, MEpKaNTOSHTAPHONW KHUCIOTHI, WM TIyTaTHOHA, BBHICTYNAIOIINX B
Ka4yeCcTBE CTaOMIIN3aTOPOB KBAHTOBBIX TOUCK, P WHTCHCUBHOM MEPEMCITUBAHUY HA MATHUTHOM MEIIAJIKE BBOJIUIICS PAcTBOP
arierata IIMHKa ¢ J00aBKOM arieraTa MapraHia. JlaHHas cMech MEpEeMEIIUBAIaCh HA MArHUTHOW MEIIAJKe, MOCIE 4Yero
nobaeisiics pactBop NaOH. 3arem cMech nepememnuBanack Ha BogsHol 6ane npu 60 °C wmu 80 °C B Teuenuu 30 mun. [Tocne
3TOrO MPH MEPEMEIINBAHUH B CMECh MO KAIUISIM JI00aBIISUICS pacTBOp Ccyib(huaa HaTpus B TeucHuu eie 30 muH. [lonydenHas
peakiMOHHasi cMech HarpeBanach B Tepmoctate (Binder 53) mpu temmepatype 80 °C, 90 °C, 100 °C B TeyeHue daca.
CoOTHOIIIEHNST KOMIIOHCHTOB PEaKIMOHHOW CMECH B HCCIEOOBAaHHBIX OOpaslax mNpuBeneHB! B Tabmumax 1, 2 m 3 s
KBAaHTOBBIX TOYEK B 000JI0YKAX U3 TIYTaTHOHA, MEPKANITOSHTAPHON KUCIOTHI M IICTENHA, COOTBETCTBCHHO.

Tabmuma 1 — MonsipHble COOTHOIIEHHS KOMIIOHEHTOB PEAaKIIMOHHON CMECH /7SI KBAaHTOBBIX TOUEK CyNIb(HIa IUHKA,
JIETHPOBAHHBIX MapraHIIEM, B 000I0UKE U3 TTyTaTHOHA

Ne/ Konnenrpanus Monb/1
e L-Glu Zn/Mn Na,S NaOH
Boa. 6ans 80 °C. 1y
183z Iorpes : 183(1) Tepmoctar 80 °C 30 mun
28.09.16 0.035 0.01 0.01 0.0358 183(2) Tepmoctar 80 °C 1u
183(3) Tepmoctar 80 °C 24
185z Bog. 6ans 80 °C. 1g
04.10.16 0.03 0.0101 0.01 0.034 Horpes : Box. 6ans 80 °C. 2u
186z
04.10.16 0.025 0.0101 0.01 0.037
187z
04.10.16 0.0204 0.0102 0.01 0.0356
190z Bog. 6aust 80 °C. 1y
(oBTOp 0.03 0.0101 0.01 0.0355 Horpes : Box. 6aus 80 °C. 2u
185) . . : :
11.10.16
191z
(moBTOD
186) 0.025 0.01 0.01 0.0351
11.10.16

Ta6J’II/II_[a 2 - MOHHPHBIe COOTHOIICHHA KOMIIOHCHTOB pCaKHHOHHOﬁ CMECH 1JIs1 KBAHTOBBIX TOUYCK CyJ'IL(I)I/IZ[a IIWUHKa,
JICTUPOBAHHBIX MApPraHlCcM, B 000J10UKEe K3 MepKaHTOHHTapHOfI KHUCJIOTBI

Ne/ KoHIeHTpaIms MoJIb/ i
P TMAK | zivin Na,S NaOH
Boa. 6aus 60 °C. 1u
165z Iorpes :  165(1) Tepmocrar 90 °C 30 mun
24.05.16 0.035 0.01 0.01 0.0373 165(4) Tepmoctat 90 °C 2u
1667 Bog. 6ansa 80 °C. 14 166(1)
26.05.16 0.035 0.0101 0.01 0.0351 Horpes: 166(2) Box. 6auns 80 °C. 1u
o 166(3) Boa. 6ans 80 °C. 2u
1672 0.03 0.01 0.01 0.0363
02.06.16 ' ' ' '
168z 0
02.06.16 0.035 0.0051 0.0050 0.0343 Boa. 6aus 80 °C. 1u
169z
02.06.16 0.035 0.015 0.015 0.0354
Boa. 6ans 80 °C. 1y
180z Iorpes : 180(1) tepmocrar 80 °C. 30 mux
28.09.16 0.035 0.01 0.01 0.036 180(2) tepmocrar 80 °C. 14
180(3) repmocrar 80 °C. 24

48




Medicoynapoonwiii nayuno-ucciredosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

Ta6m/1ua 3- MOHHPHLIC COOTHOLICHHA KOMIIOHCHTOB peaKHI/IOHHOﬁ CMECCH 1JIs1 KBAHTOBBIX TOUYCK Cyﬂb(l)l/lﬂa IIWMHKa,
JICTUPOBAHHBIX MapraHuneMm, B 000J10UKE U3 MHUCTCHUHA

No /it KonmenTparus MoJib/i
) L-Cystein ACTAT LN erar M NaOH Na,S
158z 0,024 0,01 0,035 0,01
1597 0,027 0,01 0,035 0,01
160z 0,03 0,01 0,035 0,01
1617 0,033 0,01 0,035 0,01
1627 0,036 0,01 0,035 0,01

Takum 00pa3oM, MOITyYCHHBIH HAOOp KBAaHTOBBIX TOYEK C PpA3IMYHBIMH BapHAHTAMH HCXOAHBIX KOMIIOHEHTOB
PEaKkIMOHHOM CMECH ITO3BOJISIET OLEHHTH MpEAEibl M3MEHEHHS! ONTHYECKHX XapaKTepPUCTHK, B 3aBUCHMOCTH OT YCIOBHH
cuHTe3a. KpoMe Toro, 1i1st psjga KBaHTOBBIX TOYEK B 00OJIOYKE W3 MEPKANTOSHTAPHOW KUCIOTHI M TJIyTaTHOHA MPOBOANIACH
JIOTIOJTHUTENbHAsI IOCJIIECHHTETHUECKAasl TeMIIepaTypHast 00paboTKa Ha BOJHOM OaHe MM B TEpMOCTATe.

Ha pucynke 1 npuBeneHbl CieKTpaJIbHBIE XapaKTEPUCTUKU KBAHTOBBIX TOYEK CYNIb(QHIa IMHKA JIETMPOBAHHBIX MapraHIeM
B Pa3IMYHBIX OPraHMYECKUX 000JIOYKAxX: TIyTaTHOHA, MepKanTosHTapHoi kucinoTel (MSK) u nucrenna. MoxHO BUIETb, YTO
opraHnveckas 000JI04YKa OKa3bIBAET CYLICCTBEHHOE BJIMSHHE Ha JIIOMHHECIECHTHBIC XapaKTePUCTHKH KBAaHTOBBIX ToueK. Tak,
U 000JIOUKH M3 TIIyTaTHOHA XapaKTepHBI /[Ba MMHKa JIOMUHECIICHINN ¢ MakcumyMmamu BOmm3n 410 M (3.024 3B) u 590 am
(2.1 »B). Ilupoxkast monoca ¢ Amax =~ 590 HM sBIsIeTcs XapaktepHoi amst ZnS, nermpoBanHoro Mn. Ona oO0ycioBieHa
pa3IMYHON JIOKanu3anuell NMPUMECHbIX MOHOB MN B KpucTaummdeckoil pemerke ZNS, B TOM YHCIE JOKAIM30BAHHBIMH B
TOJpeIIeTKe IIMHKA B MECTaX CHIIBHBIX HapymieHui pemetku [6, C. 44595]. Tlonoca mromuHecTieHInN ¢ 3Heprueit 3.024 3B
ABJISIETCS XapaKTEPHOM JUIS YUCTOTO Cylb(hraa NMHKA U CBsI3aHa ¢ Ae(eKTaMu pelIeTKH, 00pa3oBaHHBIMU OO BaKaHCHSIMH,
1160 MEXI0Y3eIbHBIM PACIOIOKEHHEM HOHOB ITUHKA U cepsl [7, C. 56].
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Puc. 1 - CpaBHeHI/IC JIIOMUHCCIHCHTHBIX XaPAaKTCPHUCTUK KBAHTOBBIX TOUCK cyan)m[a HWUHKa B PA3JIMIHBIX 000J109KaxX

B crnyuae sxe obosnoukn n3 MK Habmomaercst TOJIBKO MAaKCHUMyM, OOYCIIOBJICHHBIN JIOKaIM3alMedl MPUMECHBIX HOHOB
MapraHiia B KpPUCTAJUIMUECKOW pemieTke IMHKA. [lo Bcel Bumumoctu, MK obecneumBaeT Hawmydline YCIOBHS ISt
BCTpaMBaHWS HOHA MapraHIa B KPHCTAUIMYECKYIO pEHIeTKy Cyab(uAa IMHKA, 9YTO IPHUBOAUT K BO3HHKHOBEHUIO
MaKCHMaJIbHOT'O 3JIEKTPOHHOTO TpaHc(epa uyepe3 HOH-aKTUBATOP, OJIOKUPYSI COOCTBEHHYIO JIIOMHUHECHIEHIIMH CYJIb(GHIA IIMHKA
[8, C. 6090]. 11t KBaHTOBBIX TOUYECK B 00OJIOUKE M3 IIUCTEHHA XapaKTePEH eMHCTBEHHBIH MUK ¢ MAKCUMyMOM BOIM3u 500 HM
(2.48 3B), npuposa KOTOPOTO CBA3aHA C UITyYCHWEM BaKaHCHH IIMHKA WM M3JIydYeHHEM MOHA MapraHia B TEeTpadpHUYecKoi
koH(wurypanuu [9, C. 106].

3HaunTEIbHBIC U3MEHEHUS CIIEKTpa JIOMUHECICHIIMM KBAaHTOBBIX TOYEK OT THIIA OPraHW4YEeCKOHW 0OOJIOYKH MOTYT MMETh
HECKOJIbKO TpHYMH. [lOCKONBKY KBAaHTOBBIE TOYKM O0OJaIalOT CYIIECTBEHHOW 3aBHCHMOCTBIO JIFOMHHECHEHTHBIX
XapaKTEepUCTHK OT COCTOSHUSI MOBEPXHOCTH, B MEPBYIO OYEpelb MOBEPXHOCTHBIX BAKAHCUHM CEpPbI, MAcCCHBALUSl KOTOPBIX
OTPHIATENFHO 3apsDKCHHBIMH HOHOOOMEHHBIMH TPYIIIAMH OPTaHMYECKOW OOOJOYKH MPHBOAWUT K H3MEHEHHSAM CIIEKTpa
mromurecrernuu [10, C. 3041]. dpyrum 3¢¢hexToM, OKa3bIBAOIIUM BIHSHAC HA JIFOMHHECCIICHTHBIC XapaKTEPUCTUKU, MOXKET
CIIY)KUTh Pa3lIMYHasl CTETEHb BCTPAaMBaHMA HOHOB MapraHIa B CTPYKTYpy Cynb(ua IMHKA, MPUBOAAMIAS K Pa3IAIHOMY
OKpYKEHHIO MOHOB MapraHila MOHamH cepbl. B cucreme ZNS XOpOIIO WM3BECTHHI MHOTOYHCICHHBIC IMOJUTHUIIHBIE (OPMBI,
oOpasyromuecsi CMENmIeHHeM CTPYKTYp cdajepuTa W BIOPTIHTA, KOTOPHIE B CIydae NMPHCYTCTBUS AE(PEKTOB CYIIECTBEHHO
M3MEHSIOT CIEKTP JIFOMUHECIIEHIIMH KBAaHTOBOM Touku [5, C. 44598].

[To Bceil BHOMMOCTH, HaxoJsiCb B BOJHOM pAacTBOpE NPH HOPMAIBHBIX YCIOBHUSX, KBAaHTOBBIE TOUYKM IPOIOJIKAIOT
U3MEHSTh CBOIO CTPYKTYPY, NMpPEIINOJIOKHUTENHHO 332 CYET HENPOPEarnpoBaBIIMX HMOHOB PEaKIMOHHOH cMmecH. MakcuMmyMm
JIOMUHECHCHIINH NPY 3TOM CMEIIAeTCsl B KOPOTKOBOJIHOBYIO 00s1acTh Ha BenmuuHy nopsiaka 100 am (0.4 5B) (oOpazen Nel 58,
tabnuna 3, pucyHok 1a).
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Puc. 2 — MI3MeHeHNe TIOMIHECIICHTHBIX XapaKTEPUCTHK KBAHTOBBIX TOUYCK CYNb(HAa IUHKA B 000JI0YKE U3 IUCTEHHA C
TeYEHHEM BPEMEHHU:
@) CIEKTp JIIOMUHECIICHIINHY, §) KBAHTOBBINA BBIXOJ] TIOMHHECIICHIIUN

W3 pucyHka 2a Taxke MOXHO BHIETh, UYTO JIFOMHHECILCHIIMS KBAaHTOBBIX TOouek Ha 13- m 15- neHp mocie cuHTe3a
MPAaKTUYEeCKH COBMNAJAIOT, OJHAKO IIPM 3TOM KBAHTOBBIM BBIXOA JIIOMMHECICHLMH HAa4YMHACT YMEHbBUIATHCHA, UTO
CBHJIETEJILCTBYET 00 YBEJIMUCHHH ONTHYECKOI'0 TOTJIOIICHHS Ha JUTMHAX BOJH, COOTBETCTBYIOIINX MOJIOCaM BO30OYXKICHUS U
SMHCCHN KBAaHTOBOW TOYKH.

B cBoro ouepenp, KBaHTOBBIE TOUKH CyJib(naa IIMHKA B 00OIOYKE M3 MEPKANTOSHTApHON KHCIOTHI, JEMOHCTPHPYIOT
O0JIbIIyI0 CTAOMIBHOCTH, TI0 CPAaBHEHHIO C KBAaHTOBBIMH TOYKaMH B 000JIOYKE M3 LUCTEMHA. VI3 IaHHBIX, MPHUBEACHHBIX Ha
Puc. 3(a) BuaHO, 9TO C TeYCHHEM BPEMEHHU HE MPOHUCXOIUT CYIIECTBEHHBIX M3MEHEHNII MHTCHCUBHOCTH JFOMUHECIICHIINH, €€
CIIEKTPAIBGHBIX OCOOCHHOCTEH M KBAaHTOBOTO BBIXOAA JIOMHHecHeHIMH. [lociaeaHuii NEeMOHCTPHPYET HE3HAUMTEIBHOE
yBEIHMYCHUE B TeueHUe nepBoit Hexenu (Puc. 36), mocie 4ero BEIXOANUT Ha CTAOMIIBHOE COCTOSIHUE.
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Puc. 3 — JItoMHHECLIEHTHBIE XapaKTEPUCTUKN KBAHTOBBIX TOYEK CY/Ib(uIa IIMHKA B 000JI0UKE U3 MEPKANTOSHTAPHOM
KHCJIOTHI.

@) CTIEKTP SMUCCUH, O) KBAHTOBBIN BBIXO]I

Xoporiasi CTabMIBHOCTD JJAHHBIX KBAHTOBBIX TOUEK MO3BOJISIET BAPbUPOBATH XaPAKTEPUCTUKU UX JIFOMUHECICHIIMU TyTeM
JIOTIONTHUTEIBHOM TOCIECHHTETHYECKOH 00paboTKu. JlaHHbBIe, MPUBEACHHBIE B TaOMUIe 2 M Ha PHCYHKE 4, TEMOHCTPUPYIOT,
YTO BapbUPOBAHHEM BpPEMEHH JOTpeBa Ha BOASHOW OaHe M TepmocraTHpoBaHueM npu Temmneparype 80 °C B Teuenue 1-3
4acoB MOXKHO YIPAaBISITh MHTCHCHBHOCTBHIO JIIOMHUHECIEHIIMM IOJYYEHHBIX KBAaHTOBBIX Touek. [Ipu 3ToM, HamOosbliee
YBEIMYCHHE WHTCHCUBHOCTH JIFOMUHECIEHIMM JIOCTHIaeTCs IPH BBIACPKUBAHUM OOpa3loB Ha BOJMHOM OaHe mpH
temriepatype 80 °C B TedueHue aAByx yacoB (00pasen Nel66(3), Tadbmuna 2, Puc. 4).
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Puc. 4 — 3aBUCHMOCTD JTFOMHHECIICHTHBIX XapaKTEPUCTHK KBAHTOBBIX TOUEK CyIb(pHUIa IIMHKA B 000JIOUKE W3
MEpPKaNTOSHTAPHOW KHUCIOTHI OT YCIIOBHH MOCIECUHTETHIECKOI 00paboTKH
Ilpumeuanue: Homepa obpasyos coomeemcmeyiom Homepam u3 mabauyst 2

Jnst ciy4asi erMpoBaHHBIX MapraHieM KBaHTOBBIX TOYEK Cylb(HIa IMHKAa B 00O0JOYKE W3 TIIyTaTHOHA, M3MEHEHUS
JIFOMHHECIICHTHBIX XapaKTepUCTHK, a UMEHHO, COOTHOIIEHHUsSI MHTEHCUBHOCTEH IMKOB JIIOMHUHECUEHIINH, COOTBETCTBYIOIINX
nepexoiam B Cyib(uae IMHKA U MapraHiie, MOXXHO JOOUTHCS ITyT€M BapbUPOBAHUs KOHIIEHTPALMH IJIyTaTHOHA B MCXOJIHOM
peakuuonHoil cmecu (Puc. 5, tabnuna 1). [Ipu 3ToM, yMeHbIIEHHE KOHUCHTPALMU INIyTaTHOHA MPUBOJHUT K YMEHBLICHHIO
MHTCHCUBHOCTH TIMKa JIIOMHUHECICHIINM, COOTBETCTBYIOIETO pPAa3JIMYHOM JIOKaNM3alMM TNPHUMECHBIX HOHOB Mn B
KpHCTaJITYecKoii pentetke ZNS. B To e BpeMs, OTHOIICHHE THKa, CBA3aHHOTO ¢ 1e()EKTaMH PEIISTKH Ha BaKAaHCUAX [IUHKA U
CepHI K MOJI0CE JTIOMUHECIICHIINN MapraHla yBeIHIUBACTCs IIPH yMEHBIICHNH KOHIICHTPAIUY [Ty TaTHOHA.

1E+07 -
9E+06 183
z 185
§ 8E+06 A —190
& 7E+06 191
° 186
& 6E+06 A
5 —187
9 5E+06 -
S
S 4E+06 -
I
© 3E+06 A
X
= 2E+06
16405 1 /’/w‘\\‘*~\5N_H_,,»—-\~\_w__~
OE+00 r . - s
350 450 550 650 750

[ANWHA BO/IHbI, HM
Puc. 5 — 3aBucumocTtsn JIIOMUHCCHCHTHBIX XaPAKTECPUCTUK KBAHTOBBIX TOUCK cynb(bﬂz[a IIMHKAa B 060.1'[0‘{[(6 H3 IIyTaTUOHA
OT MOJISIDHOI'O COOTHOIICHU I KOMIIOHCHTOB peaKHHOHHOﬁ cMeEcu
Ipumeuanue: Homepa 0bpasyos coomsemcemayiom Homepam uz mabauywt 1

BHe 3aBHCHMOCTH OT KOHIIEHTpPAlMM TJIyTaTHOHA B PEAKIMOHHOW CMECH, JaHHble KBAHTOBBIE TOUKH IAEMOHCTPHUPYIOT
HAWJIYYIIyI0 CTaOWJIBbHOCTh JIFOMHUHECIIEHTHBIX XapaKTepucTUK. B TeueHwe 15 gHell mocie cuHTEe3a MPU3HAKOB M3MEHEHHS
WHTEHCUBHOCTH JIIOMUHECIICHIINH, KBAHTOBOT'O BBIXO/a UJIM ONTHYECKOTO MOTJIONICHUS 0OHAPYKEHO HE OBLIO.

Takum 00pa3oMm, TPENCTaBICHHbIE PE3YJIbTAThl HWCCIIENIOBAaHUN 3aBUCUMOCTH ONTHYECKUX U JIFOMHUHECIIEHTHBIX
XapaKTEPUCTHK KBAaHTOBBIX TOUYCK CYNb(HUAA [IMHKA, JCTHPOBAHHBIX MapraHIeM, OT YCIOBHIA CHHTE3a U MOCIECHHTETUIECKOM
00pabOTKH, NEMOHCTPHPYIOT BO3MOXHOCTh MX BaphUPOBAHUS B IIMPOKOM JTHAIIA30HE, YTO JCNAacT JaHHbIC KBAHTOBBIC TOYKU
MEPCIEKTUBHBIMU AJIS1 CO3AaHUS PA3IMYHOr0 POJia ONTOAIEKTPOHHBIX YCTPOMCTB.
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AHHOTaIHNA

B cratse mpencraBieHa cxema (pyHKIIMOHHPOBAHUS CHCTEMBI TPAHCIOPTHPOBKH, IPUTOTOBJICHUS M pa3gadd KOPMOB Ha
CBHHOBOMYCCKHUX NpeAnpusaTusx. Ha ocHoBaHMM cxembl (DYHKIIMOHHPOBAHUS, pa3paboTaH alrOPUTM YIPABICHUS CHCTEMOM
MIPUTOTOBJICHUS U pa3fadyd KOPMOB, KOTOPBIA MO3BOJUT ONTUMHU3UPOBATH MPOIECC KOPMIICHUSI CBUHEN M MPOU3BOJUTH €0 B
nojiyaBToMaTuueckoM pexume. [lon onTtumuzanuend pe>kuMOB padOThl MOAPA3yMEBAETCS NUCTAHIMOHHOE OIpeeeHHe
TOJIIIMHBI KA CBUHEH C TIOCIEAYIONICH aBTOMAaTHYECKOH KOPPEKTUPOBKOI 00beMa BBIIABACMOT0 KOPMa M €r0 PEIETTYPhI
B COOTBETCTBHUU C MOJYYCHHBIMU TaHHBIMH.

KiawueBble caoBa: celbCKOe XO3SIMCTBO, YKMBOTHOBOJCTBO, CBHHOBOJICTBO, CHUCTeMa (YHKIIMOHHUPOBAHHS, AJTOPUTM
yIpaBJIeHUs, IPUTOTOBIICHAUE U pa3fada KOpMa, TONIIMHA IITHKA.

MANAGEMENT ALGORITHM OF FEED PREPARATION AND DISTRIBUTION SYSTEM AT PIG-BREEDING
ENTERPRISES
Research article
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Abstract

The functioning scheme of the feed transportation, preparation and distribution system at pig-breeding enterprises is
presented in the article. Based on the functioning scheme, the algorithm for managing of feed cooking and distribution system
has been developed, which allows to optimize the process of pig feeding and produce it in a semi-automatic mode.
Optimization of operating modes means the remote determination of the thickness of the lard of the pigs with the subsequent
automatic adjustment of the volume of the feed and its formulation in accordance with the received data.

Keywords: agriculture, livestock, pig breeding, functioning system, control algorithm, feed preparation and distribution,
the thickness of fat.

KommnekcHass MexaHH3aIusl ¥ aBTOMATU3AIMsI IPOU3BOACTBEHHBIX IIPOIIECCOB MOATOTOBKH M pa3fjayd KOPMOB CBHHBIM
MperonaraeT NOTOYHOE BRITIOJIHEHHE Psiia TEXHOJIOTMYECKHX OINEpaIiil B3anMOCBsI3aHHBIX cucTeMoi MammuH [1, C. 24]. ITpu
MOTOYHON OpraHM3aIlMH NPOU3BOACTBEHHOIO IpoIiecca MPOAYKT, B pe3yibTaTe pabOTHl MPEAbIAYINed MAIlHMHBI, SBISETCS
UCXOIHBIM MaTepHuaiioM i mocienyromeit [2, C. 197]. B atom ciny4ae omepanuy BBHIIONHSIOTCS Ha pabOdMX MeECTax B
MPOMEXYTOK BPEMEHHM, PaBHBIH WJIM KpaTHBIM PUTMY IOTOKAa. HapylieHnme moToka B OJHOM M3 3BEHBEB JIMHUM MOXKET
NPUBECTH K 3HAYUTENBHBIM 3aJep)KKaM B MOCJIEAYIONIMX 3BEHBSIX M KaK CIEJICTBHE K YBEIMUCHHIO 3aTpaT BO BCEM
npousBoacTBeHHOM mporiecce [3, C. 48]. Cxema QpyHKIIMOHMPOBAHUS CUCTEMBI TPAHCIIOPTHPOBKH, TIPUTOTOBIICHHUS U pa3Iadn
KOPMOB Ha CBHHOBOJUECKHX NMPEANPHUATHIX MpecTaBlieHa Ha puc. 1.
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panrona pannona rpyoblie 3€JICHbIE
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yio oumeTKa HAKOIUICHHE U
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MalIlHHAas [03UpOBaHHAs KOPHEIUIOA0B
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. Hsmenbuenne H3MenbueHI u 3€JICHON
HaKOIJICHHE Cymika ‘ cena " e Macchl Iepen
* 3epHOGypaxa OIepaTHBHOE KOPHETUIONOB U3METbYCHUEM
TTomaya BB/l u HaKOIJICHNUEe C UMX MOWKOI
MVKHW ¢
Ilogaya xupa ¢ HUHIPEIMCHTOB u yaa{eﬂneM
Ha Ha ¢ KamHei
03MpOBaHUE W3menbuenue
CMeIIMBaHue ¢ Hosup ’ A03MpOBAHNE p
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FOTOBBIM SKCTPYAMPOBaHUE H Hosuposanue u 3eJIeHOi
OMKOpPMOM TPymHp i
KoM CEHHOI MyKH
H3MENBYCHHE 3epHa Macchl
¢ IMonaua BBJI 1 ¢ OrnepatiBHOE ‘
WHIPEIMECHTOB HAKOIUICHHE U
TO3UPOBAHHE
Horaua o IMomaua  cenHolt y Onepatusroe
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I
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KOMOMKOPMOB
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KOMGHKODMA B * HU3MENBbYCHHBIX M3MEIbYCHHOM
P v KOPHEIUIO/I0B MaccChbl Ha
TPaHCIIOPTHEIE Ha N —
CNeneTRrRA
CMelINBaHHE
¢ CwMernBaHme
HHTPE/ICHTOB
Tpancnoptipo KOMOUKOPMOB . +
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Pa3znaua *
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OJIHOBPEMEHHOM paznadeit

Puc. 1 — Cxema GpyHKIMOHNPOBAHHS CUCTEMBI TPAHCIIOPTHPOBKH, IPUTOTOBIICHHS U pa3adnd KOPMOB Ha CBUHOBOIYECKUX
IPEeaIPUATHAX

Ha mpencraBieHHON cXeMme yKa3aHO KaKHe TEXHOJIOTHYECKHME ONEpanyyl BBIMOJIHSIOTCS U KaKIOTOo BHAAa KopMma (KHp,
3epPHOBBIE, OEIKOBO-BUTAMUHHBIE T0OABKH, IpyOBIe KOpMa, KOPHEIUIOBI, 3eJICHbIe KOPMa) B MPOIIECCE MPUTOTOBICHHS U pa3iadn
JKUBOTHBIM TOTOBOM KOPMOCMECH. 13 OCHOBHBIX TEXHOJOIMYECKUX OINEpaluii, MPUMEHAEMBIX K KOMIIOHEHTaM KOPMOCMECH,
MOJKHO BBIICIIUTH CICLYIOLIUE: XPAaHCHHE U HAKOIUICHHE KOMIIOHEHTOB; TPAHCIIOPTHPOBKA K KOPMOLEXY; IIOArOTOBUTENIBHBIC
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ornepauy ((HUIBTPOBaHHUE, OYKHCTKA, CENAPUPOBAHUE, SKCTPYAUPOBAHUE, JIyLIEHHE, U3MENIBYCHHUE, JO3UPOBAHNE); CMEIINBAHHUE
BCEX MHIPHINECHTOB; IPUTOTOBJICHNE KOPMOCMECH; TPAHCIIOPTHPOBKA U pa3iada KOPMOCMECH KHBOTHBIM.

Oco00 BakHOE 3HAYCHHUE CIICAYET YACNATH TEXHOJOTHYECKUM TPeOOBAaHMSAM B IOTOYHBIX TEXHOJOTHYECKUX JIMHUAX. B
YaCTHOCTH, 3TO OTHOCHTCS K JIMHUM W3MENbYEHHS M HO3MPOBAHHOW MOAAYM 3€eHBIX KOPMOB (0e3 NpenBapHTEIbHOTO
HAKOIUICHHS) Ha CMeIMBaHUe. [IpoNODKHTENBHOCTh HM3MENIBUCHHS WM JO3MPOBAHHOW MNOJAYM HE JODKHA IPEBBIATH
NPOAOIDKUTENIBHOCTH OIEpallMi CMEIIMBAHUA, TO €CThb OHHM B3aHMMOCBS3aHBL. [ JIMHUM OYHCTKH, W3MEJIBUCHUS,
JO3MPOBAHHOM BBINAYM, CMEIIMBAHMS U pa3ladll [UIUTSILHOCTh BCETO TEXHOJIOTHYECKOr0 [IUKJIa OTPpaHNYeHA 10 JAOITYyCTUMOM
JUTUTEIBHOCTH XPAHEHHUSI CaMOT'0 CKOPOTIOPTALIETOCS HHIPEANEHTA.

st Toro, 4To0OBl TEXHOJOTUYECKHH TPOIECcC NMPUIOTOBJICHHS, TPAHCIIOPTUPOBKH M pa3/aud KOPMOB Ha CBHHO(pepMax
(YHKIIMOHMPOBAJ JODKHBIM 00pa3oM HeoOxouMa 3(h(eKTHBHAs CUCTEMa YIPABICHHUSI.

CyliecTBYIOIINE CHCTEMBl YIPaBJICHUS MPOLIECCOM INPHUIOTOBIEHHS M pa3fayd KOPMOB Pa3sHOOOpasHbI M JIOCTATOYHO
ABTOMATH3MPOBAHbI, OJTHAKO OHHM HE OIIEHMBAIOT OMOJOTHYECKYIO 3(P(EKTHBHOCTh MOENaHUs KOpMa CBHHBbSIMH. B HuX He
YUYHUTHIBAIOTCS ITOTEPH KOPMa, KOTOPBIE BOSMOXHBI B CIy4ae BBIXOJA M3 CTPOSI DIEMEHTOB CHCTEMBI pa3gadd KOPMOB U B
pe3yibTaTe WIpbl CBHHEH ¢ KOPMOM. B TakoM ciydae aBTOMAaTH3MPOBAaHHAs CHCTEMa CIENAeT BBIBOJ, YTO CBHHBH CIIHIIKOM
OBICTPO CHENIU IOPLHI0 KOPMa U IIPH CIEAYIOLIEM KOPMIICHUH HOPMa BbITa4u OyleT OmIMOOYHO yBENMYeHa. JTO NMPUBEHET K
HOBBIICHHOMY Pacxo/ay KOpMa U COOTBETCTBEHHO K YBEIHMYCHHIO CE0ECTOMMOCTH IPOLYKIIIH.

B paspabaTpiBacMOM aJITOPHTME YIPaBICHHS CHCTEMOH MPUTOTOBJICHUS M pa3fgadyd KOPMOB, aBTOPAaMH Ipeliiaraetcs
Y4eCTb 3TOT acHeKT, IMyTeM HCIOJB30BAaHUS TEXHHYECKOTO CPEACTBA U AWUCTAHIMOHHOTO HW3MEPEHHs TOJILMHBI IINHKA,
KOTOpOE TIO3BOJIMT ONEPAaTUBHO ONEHUBATh 3()(eKTHBHOCTh KopmileHHs. [lapamnenbHo ¢ paboToOil aBTOMAaTH3MPOBAaHHOM
CHCTEMBI TPUTOTOBJICHHUS M pa3jaud KOPMOB OyJeT NPOU3BOIUTHCS HM3MEPEHHE TONMIMHBI Inuka. JlaHHble OyayT
COIOCTABJIATHCS, ¥ TEXHOJIOT OyAeT MPUHUMATh PELICHHE UCXOAs U3 BIUSHUS IBYX (hDaKTOPOB.

Pa3paboTaHHbIl aNropuTM YNpaBICHUS CHCTEMOW MPUTOTOBJICHMS M pa3jayd KOPMOB CBHHBSM I10/Ipa3yMeBacT
BBHITIOJTHEHHE Psiia OC/IeoBaTeNbHBIX onepanuii (puc.2) [4, C. 17].

IMepen 3amyckoM pabOTBI CHCTEMBI, B aBTOMaTHYECKOM PEXUME MPOBOAUTCS TPOBEPKA JIMHUH CBs3HM, paboTOCIOCOOHOCTH
JAaTYNKOB W HCIOJHHUTEIBHBIX MEXaHH3MOB. [IpM IOJNOXXHTENBPHOM pe3ynbTaTe NPOBEPKH CHCTEMAaTHYSCKH OCYILECTBILSICTCS
KOHTPOJIb KOJMYECTBA KOpMa B KOPMYLIKax C MOMOIIBIO JaTYMKOB YpPOBHSA. B IpOTHBHOM cilyyae omepartop MOJTydaeT CHrHal,
CBUJICTENIbCTBYIOLINH O HEHCTIPABHOCTH HIIM HEKOPPEKTHOM paboTe IPOBEPSIEMBIX 0OBEKTOB ¥ HEOOXOIMMOCTH HAJIAKU CHCTEMBL

[pu ypoBHE KOpMa B KOPMYIIKaX BBIIIE MHHHMAJIBHOTO (HA KOTOPOM PacIOJIOXkKEHBI NATYHKH YPOBHS) CHCTEMa YIIPaBIICHHS C
onpeieTIeHHON NePUOMIHOCTBIO MPOIOIDKAST ONPANINBATh JATYMKU YPOBHS Ha MPEAMET ONOPOKHEHHUS KOPMYLIKH.

st 5T0TO HA THOM KOPMYIIKH Pa3MelIaeTcs IPYTOK M3 HePIKABEIOWIeH cTaly ¢ JaTYMKOM. J[aHHBII TaT4nuK npoBepsieT
HaJIMYKe MPOBOSIIETO COCUHEHNSI MEXIY NPYTKOM M KOPMYIIKOW. [Ipu OTCYTCTBUM TaKOTO COSNUHEHHS JATYMK MOCHUIACT
KOMITBIOTEPY CUTHAJI O TOM, YTO KOPMYIIKa MyCTa.

[Tpu nosy4eHnM cUTHANIA C IATYUKOB 00 OMOPOKHEHWH KOPMYIIEK 10 HEOOXOJMMOTO YPOBHS ONTUMH3HPYIOTCS PEKUMBI
paboThl cucTeMbl. Eciau BpeMsi ONMOpPOXHEHHsT KOPMYIIEK OT KOpMa OTKIIOHSIETCS OT rpaduka KOPMIICHHUS JKUBOTHBIX, TO
HE0OX0MMO BHOCHUTH KOPPEKTHPOBKHU. [Ipy OBICTPOM OIYCTOIICHHH KOPMYILIKH CJIEAYIONas NOPLUs KOpMa aBTOMAaTHYECKH
yBenuuuBaercs. [Ipy MeAIeHHOM OIIOPOKHEHUH KOPMYIIKH, CICAYIONIask MOPLIUs KOPMa aBTOMAaTHISCKH COKPALIAeTCsL.
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Puc. 2 — AnropuT™ ynpaBiIeHUsI CHCTEMOH PUTOTOBICHHUS U Pa3laud KOPMOB
IIoBBIIIEHHBIH aNIeTUT >XKMBOTHBIX MOXKET YKa3blBaTh Ha UX 3aCAJIEHHOCTb, YTO OTPULIATENIBHO CKaXKETCS HAa pacxoje

KOPMOB 1 Ka4€CTBE MsACA. B cBoro o4epeanb, MMOHMKCHHBIN alTIeTUT KMBOTHBIX MOXKET CBHACTCIILCTBOBATH O HGO6XO}II/IMOCTI/I
OIICPATUBHOI'0 BETEPUHAPHOTO BMEIIATEILCTBA.

56



Medicoynapoonwiii nayuno-ucciredosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

Takum 00pa3oM O] ONTUMH3AIKECH PEKUMOB PabOTHI CUCTEMBI MOIPA3yMEBACTCS TUCTAHIIMOHHOE U3MEPEHUE TOIIIUHBI
IITMAKa CBHHEHW C MOMOINIbIO pa3pabaThbIBAEMOTO YCTPOWCTBA, ¢ TOCIEAYIONICH aBTOMATHYECKOW KOPPEKTHPOBKOW oOBeMa
BBIJITaBAEMOT0 KOPMa U €r0 PEIeNTyphl B COOTBETCTBHHU C IOyYSCHHBIMH JaHHBIMHA. OnrcaHre KOHCTPYKIMH YCTPOWCTBA HE
MIPUBOIUTCS C TIETBIO 3aIMUTH HHTEJUICKTYaTbHOW COOCTBEHHOCTH.

3areM ¢ ydYeTOM IIONyYCHHBIX NAHHBIX W BHECEHHBIX KOPPEKTUPOBOK, €CIM OHH HEOOXOIWMBI, OCYIIECTBIIICTCS
JIO3MPOBAaHHE KOMIIOHCHTOB KOpMa B COOTBETCTBHM C HW3MEHEHHOM peHenTypod M X cMelmmnBaHWe. [lo OKOHYaHUH
CMEIIUBAHMUS OCYIIECTBIICTCS TOOUYEpeHas agpecHas TPAHCIIOPTHPOBKA M pasfada KOpMa B KOPMYIIKH H30JMPOBAHHBIX
CeKIMH I COAepiKaHMUs BCEX MOJOBO3PACTHBIX Ipymn cBuHel. [lomadya xopMma OCyIIECTBISETCS MOCPEICTBOM KOPMOBOIO
Hacoca U MpH MOMOIIM CKaTOro BO3AyXa. B kaknoil kopMyIlKe yCTaHOBJIEHBI JaTUMKU YPOBHS, KOTOPBIE CUTHAIM3UPYIOT O
MUHHMAJIBHOM M MaKCUMaJIbHOM YpOBHSX KopMa. [Ipu cpabaThiBaHMM JaTYMKa BEPXHETO YPOBHS, MOJada KOpMa B KOPMYIIKY
IpeKpalaeTcs, 1 pa3fada OCyIeCTBIsACTCS B CIEAYIOINE KOPMYIIKH B COOTBETCTBUY C IIOKA3aHUSAMH JaTUUKOB.

IIpombIBKa KOPMOMPOBOAA OCYLIECTBISIETCS MO OKOHYaHUU KOpMJIeHHs. Bcsi ycTaHOBKa, BKIIIOYash KOPMOBBIE KIIamaHbI,
OITYCKH, KOPMOBBIE JINHUH, a Takke 0aK-CMECHTENb, 0aK ¢ TEXHHYECKOH BOZOH, MOTYT OBITH IPOMBITHI YUCTOM BOmoi. [Ipu
3TOM TPYOOIIPOBOI OCTAETCS 3allOIHEHHBIM YHCTOW BOJOW B IEpephiBaX MeXOy KopwmieHMsMH. C HadaaoM KOPMIICHHS
JaHHAs BOJA MO/IaeTcsa B OaK-CMECHUTENb U HCIIONB3YETCs I 3aMeca KOPMOBOH PEeLENTYpEI.

[Mocre 3aBepiIeHIs IPOMBIBKH, €CITH HE TIOCTYIAET CHTHAI C JATYHKOB CBHICTEIBCTBYIONIHMI O HH3KOM YPOBHE KOpMa B i-
O KOPMYIIIKE, HACOC BBHIKIIFOYAETCS. B MPOTHBHOM Cilydae OCYIIECTBILICTCS MPUTOTOBIICHHE W pa3/iada O4epelHON MOPITH
kopMma [5, C. 141].

IIpumeHeHre TEXHUYECKUX CPEJCTB AJsl AUCTAHIIMOHHOTO U3MEPEHHSI TONIIMHBI IIMHKA BO3MOXKHO TaK)Ke MPH KOPMIICHUU
CBHHEH CyXMMH KOMOMKOpDMaMmH. DTO OCOOCHHO IIEPCHEKTHBHO B CHHTE3€ C IPUMEHEHHEM OEeCcCTPECCOBBIX TEXHOJOTHHM
BOCIPOU3BOICTBA, BEIpAIIUBAHUS U OTKOpMa cBuHel [6, C. 142], [7, C. 83], [8, C. 104].

Ornepatop OIDKeH OyJeT JMIIb JUCTAHIMOHHO TepeaTh TEXHOJIOTY HPEANpHATHS WHOOPMALHIO, MOIYUYSHHYIO ¢ TOMOIIBIO
JaTYUKOB YPOBHS M MOKa3aHWA U3MCPCHHA TOJIIMHBI HIMTUKA. B cBoro o4ucpeab, TEXHOJOI, HA OCHOBAHUU TMOJYUYCHHBIX JAaHHBIX
JIOJDKEH BHECTH KOPPEKTHMPOBKY B peEIENTypy KOpMa M CKOPPEKTHPOBaTh HOPMY BBLIAuM JUIS IOJHOLICHHOHN pealn3aliu
TEHETUYECKOTO TIOTEHIINANAa BCEX MMOJIOBO3PACTHBIX TPYI CBUHEH. [IMCTaHIIMOHHOE OTpeieNieHIe TOMIIMHEI IITHKA CBUHEH MOXKET
OBITH peaTM30BaHO KaK Ha MAIBIX CBUHO(EpMaxX, Tak i Ha cBHHOKoMIUTekcax [9, C. 197], [10, C. 207].

BruiBoabI

1. PazpaboTaHHBIii aNTOPUTM TO3BOJUT ONTHMH3HPOBAaTh IIPOLIECC KOPMIICHHSI CBHHEH W TPOW3BOIUTH €r0 B
MOJyaBTOMATHYECKOM PEXKHIME.

2. YCTpO#CTBO I AUCTAHIIMOHHOTO W3MEPEHUS TOJIIMHBI IITTHKA TTO3BOJIHUT OLIEHNBATH OHOIOTHIECKYIO () (HEKTHBHOCTH
nocaaHnus KopmMa u HGOGXOILI/IMOCTI) OICPAaTUBHOI'O0 BETCPUHAPHOTO BMEIIATC/ILCTBA.

3. [IpumeHeHne MPEIIOKEHHOTO AITOPUTMA YIPABJIECHHS CHCTEMOH NPUTOTOBICHUS M pa3adyd KOPMOB MaKCUMaIbHO
CHU3UT WJIN UCKITIOYUT BCPOATHOCTH OHII/I6KI/I TEXHOJIOra IMpu U3MCHCHUU PEUCITYPbl KOPMa U HOPMbBI BblAa4H, 3a CUCT 4YETO
6y£[yT HCKJIIIOYCHBI BOBMOXHBIC IOTCPU KOPpMa U CHUIKCHA ce0eCcTONMOCThD MMPOU3BOACTBA NPOAYKIUH.
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HEOBXOJNMOCTb ABTOMATU3AIIMN NHO®OPMANNOHHBIX ITIOTOKOB HA TIPONU3BO/JICTBE
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AHHOTALMSA

OCHOBHBIE 33/1a4H JIFO0OTO PYKOBOAMTENS MPEINPHATHS — CTaTh KOHKYPEHTOCIIOCOOHOM KOMITaHHeH, OBITh JIUIEPOM Ha
pBIHKE, CO3[aTh M BHEIPUTH pPadOTAIOUIYI0 CTPYKTYpPY YIIPaBICHUs, OOECHEYUTh BBICOKYIO 3(P(EKTUBHOCTH pPaOOTHI
nepcoHana. Kakaplii oTaen mpeanpusTus HyXJaeTcst B aOCOJIIOTHON OpraHU3allly, KOTopas oOecreunBaeT NpeoCTaBlICHUe
aKTyaJIbHOM M BCECTOPOHHEH MH(pOpMAaIMH, JUIS YIPaBJICHUs MpolieccaMu Ha mpousBojacTBe. ClieoBaTesIbHO, MPEIpUsITHE
HYXJaeTcsl BO BHEAPEHUHM IPOrPaMM B IPOLECCH YIPaBICHUS, OOECIIEUMBAIOIINX IOBBIIIEHHE CKOPOCTH 00pabOTKM |
JOCTOBEPHOCTH HMH(OpMALUK, NJOKYMEHTAIlMM W JAaHHBIX JUIA NPUHATUA pemeHuid. OIHAaKo CeTrofHs eIl JaleKo HE BCe
OpTaHM3al{ aBTOMAaTHU3HPOBATH BBIIOJHEHUS MPOW3BOACTBEHHBIX 3a/lad, CBS3aHHBIX CO CHENU(UKON MX ESATEIHLHOCTH.
Hannuue 3TuX U Apyrux BOIPOCOB 00YCIaBIMBACT aKTYaIbHOCTD TEMBI HCCIICAOBAHUS.

KnaroueBble ciaoBa: wHpOpMamus, WHPOPMAIMOHHBIM IOTOK, AaBTOMAaTH3alMs MPOWU3BOJCTBA, SKOHOMHYECKAS
3¢ (EeKTHBHOCTD.

NECESSITY OF INFORMATION FLOWS AUTOMATION IN THE WORKPLACE
Research article

Korastyleva A. V.*
Moscow State Technological University “STANKIN”

* Corresponding author (jullisseja[at]mail.ru)

Abstract

The main tasks for any manager of an enterprise include: making the company competitive, being the market leader,
creating and implementing an operational management structure, ensuring high efficiency of staff. Each department of the
enterprise requires good organization, which ensures the provision of up-to-date and comprehensive information for the
management of production processes. Consequently, the enterprise needs to implement programs in the management processes
that ensure the speed of processing and the reliability of information, documentation, and data for decision-making. However,
today, not all organizations have automated the performance of production tasks related to the specifics of their activities. The
presence of these and other issues determines the relevance of the research topic.

Keywords: information, information flow, production automation, economic efficiency.

CerofHs TJlaBe OpraHU3allMd HEOOXOIMMO HENPEephIBHO KOHTPOIMPOBAaTH M PETyIUpPOBaTh BCE CTOPOHBI
MIPOM3BOJICTBEHHON AEATENBHOCTH, HaXOAACh B OOCTAaHOBKE PHUCKOBAHHOCTUH WM HEOMNpPENENeHHOCTH. JJi1 BeleHHUs TaKon
JIeATeIIbHOCTH IIPUXOIUTHCS OINEPHUPOBATh OONBIIMMH O0BEMAaMH JOKYMEHTOB, B KOTOPBIX COAEPXHTCS HWH(OpMAanus
pa3IMYHBIX BHIOB M actekToB. [IpaBmibHO coOpaHHas, CHCTEMaTU3MPOBAaHHAS M KJIACCH(HUIMPOBAHHAS MPOM3BOACTBEHHAS
nH(opManus sBISIETCS 3a710roM 3((EKTUBHOCTH YIIpaBIeHUs opranuzanueid. K ommboyHoMy yrpaBiaeHYeCKOMY PELISHHIO H,
TakUM 00pa3oM K OOJNBIINM yOBITKaM OpPTaHHM3AIMH MOXKET MPUBECTH K Ae(UINTY IPaBIUBBIX M JOCTOBEPHBIX JaHHBIX. bes
pENeBaHTHOW, TOYHOMW, ONepaTuBHON MH(MOpPMAIMM M €€ aHaiM3a CUCTeMa yrpaBiieHus He Oymer paborats. [2, C. 133].
Cucrema pacyeTHO-aHAUINTHYECKOTO OOECIIeUeHHs YIpaBJICHNSI OpraHHW3aleld NTpaeT BaXKHYIO POJIb B NPAaBHIBHONH padoTe
CTPYKTYpbI YIPaBJICHUSI CAMHM IIPOM3BOJICTBOM, OOECIIeUrBasi B3aMMOCHCTBUE Pa3IMUHBIX CTPYKTYPHBIX MOJpa3/ieeHui 1
OTBEYAET «JICHCTBIEM)» HA H3MEHEHHS ero BHyTpeHHel u BHenHe# cpens [1, C. 2].

WNudopmannoHHas CTPyKTypa — 3TO OoblIast CUCTeMa yIpaBJIeHUS IPOU3BOJICTBEHHBIM IPOLIECCOM, KOTOPask HAMPSIMYIO
BJIMSIET Ha TOJydeHHE M COXpaHeHHe WH(OpMalWH, Tak kK€ Ha CHOocoO0 oOMeHa JOKyMEHTaMu W HMHpopManueil B xojue
ynpasieHust opranuzaiueil. COCTOMT M3 KOMILIEKCAa CPEACTB M METOJIOB, HANpPAaBJCHHBIX Ha YIIpaBjieHHe HH(pOpMarueii:
co3nmanue, coop, obpaboTka, Tpanchep, xpaneHue. HpopMaMoHHas CTPYKTypa HaYMHAET CBOE BOJIONHUIO M paboOTy erie
IPU CO3JaHUM OpPraHW3allMH, TAaK KaK Ha BCEX CTaJMsIX €€ pa3BUTUS HeoOxoxmmo ympasieHue. Llens mHbOpManmoHHOM
CTPYKTYpbI 3aKJIFOUAETCsl B MPOU3BOJICTBE HEOOXOJUMOW AJISI MIPEANPUATHS NWHPOPMANH, KOTopast OyIeT MCHOIb30BaThCs B
1essix 3G QeKTHBHOrO yrpaBIeHUs] BCEMH pecypcaMy OpraHU3allly, a TaKKe /IS COo3/1aHHs MH(OPMAIIMOHHON U TEXHUYECKOH
cpensl [5, C. 341].

Ceituac uH(pOpMaNMOHHBIE CTPYKTYpHl YIpaBJICHUS OpraHU3alMeil HCIONB3YIOTCS ¢ npuMeHeHHeM OBM, dro
o0yciaBmuBaeTCs SKOHOMHYECKOH HeoOxomumocTeio. Kaxkmas wHpopManmuoHHas CTPYKTypa, IpeAHa3HA4YeHHas Ui
yIpaBJIEHHUS MPOLIECCaMU Ha MIPOU3BOJICTBE JOJDKHA PEIIaTh CIeTyIONINe 3a/1auu:

1. oneHka cuTyanuuy;

2. IOKyMEHTHUpPOBaHKE M ONMCAHUE Npoliecca (CUTYyallH);

3. mpunsitue pemenus [3, C. 41].

WNubopmanmoHHass aBTOMATH3MPOBaHHAs CTPYKTypa yNPaBJICHHS OpTaHU3alMeld COCTOMT W3 COBOKYIHOCTHU
B3aMMOCBSI3aHHBIX JaHHBIX, MIPOrPaMMHOr0 oOecredyeHHs, OcHauleHusi (00OpyJOBaHME), IITAT CIYXAaIIHX, CTaHAAPTHBIX
npouenyp. Bce oHm ciyxar B IensX MNOJydYeHHs, aHaiIM3a, OoOpabOTKH, paclpOCTpPaHEHHMs, paclpelelieHus, XpaHEeHus,
nepeaayu JaHHbIX [0 TPeOOBAHHIO M pealiu3yoT 3a1a4n opranusauuu [4, C. 99].
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Ha ceroassmnuii neHp Kaxkaas WHPOPMALMOHHAs CTPYKTypa YNpaBiI€HUs OpraHu3alMy JOJDKHA IPUMEHSThH
COBPEMCHHBIE TEXHOJOTWYECKHE WHHOBALMH, Pa3HOOOpa3ne KOTOPHIX C KaXIbIM TOJOM pacTeT. Tak Xe, HCXOoas u3
(yHKIIMOHATBHON IIE/N BBLACISAIOT TAKHE CHCTEMBL:

¢ YIpaBIISIOIINE;

JMarHOCTHYECKHE;

HPOEKTHPYIOIINE;

MO/JICIUPYIOIINE;

CHCTEMBI [0 MOJrOTOBKE MPUHATHS peruenus [6, C. 287].

OCHOBHBIMHU  (haKTOpaMH, BIMSIOIMIMMHM HAa MPOLECC BHEJPEHUS CHCTEM YIPABICHHS IPOM3BOJACTBOM, BBICTYNAIOT
NOTPEOHOCTH NPEANPUATHI M TIOJIB30BATENeH, a TaKKe HAIMYME COOTBETCTBYIOIIMX CPEICTB MO HMX (OPMHUPOBAHHMIO.
[IprunHbI, KOTOpBIE TOOYIMIN ITPOU3BOACTBEHHBIE MPEANPHUATHS BHEAPUTh HH(POPMAIIMOHHYIO CHCTEMY, C OJHOW CTOPOHHBI,
BBI3BaHBl CTPEMJICHMEM K YBEJIWYEHHIO IPOU3BOIMTEIHLHOCTH MOBCEIHEBHBIX paboT WiIM H30€KaHUS MX IOBTOPHOTO
NPOBEACHUS, a C JPYrod - JKElNaHHEM MOBBIIICHUS 3(()EKTHBHOCTH YIPABICHUS MPOW3BOJCTBEHHOH EATEIBHOCTHIO
npennpusTys. [lepBas npudunHa ABISETCSA AOBOJBHO MPO3PavyHON M IS €€ PeaM3alui BCETO JIUIIb JOCTATOYHO OCYIIECTBUTH
BHE/IPCHHE CTaHAAPTH3UPOBAHHBIX CUCTEM IO 00pabOTKe MPON3BOACTBEHHON HH(OPMAITHH.

OCHOBHBIMH ~ HANpaBICHUSAMH 1O aBTOMAaTH3alMM MPOW3BOACTBEHHOH IEATCIBHOCTH TPEANPHUATHS  SBISIFOTCS:
aBTOMATH3aIUs 0OpPaOOTKH TEXHWYIECKOHW JOKYMEHTAllMH C BHEAPEHHEM CHCTEMbI IO 00pabOTKe TEKCTa W aBTOMAaTH3AIM
oOMeHa MPOU3BOICTBEHHOM HH(POPMAITHEH MOCPENCTBOM Pa3IMIHBIX BUIOB KoMMyHuKanuii [7, C. 178].

OpraHu3anuy B YCJIOBHAX COBPEMEHHOIO Pa3BUTHS TEXHOJIOTHMH 3a4acTyl0 MCIONB3YIOT BBICOKOA((EKTUBHEIE
MH(OpPMALMOHHbIE CTPYKTYPHI YIIPaBJICHHS MPEANPHATHEM, paboTarole Ha OCHOBE IIPUMEHEHUsS IIEPEAOBBIX TEXHOIOTHH I10
YIpaBJICHUIO HH(pOPMAaIKel, HapuMep, MPUMEHEHHE eIMHOM BHYTpEeHHEH (JIOKaJIbHOM) KoMIboTepHOH ceT. MHdopmarust B
OpraHM3alii, B OCOOCHHOCTH €€ TMOJIHAs aBTOMATH3MpOBaHHAs 00OpabOTKa, Tak )K€ OCTaeTCs IJIABHOM HPUYMHON st
yBennueHus: 3pPEeKTUBHOCTH AEATEILHOCTH JIIOOOH MPOM3BOJACTBEHHOW opranusanuu. s 3QPeKTHBHOTO HCIOIH30BAHUS
MPON3BOJICTBEHHOH MH(OPMALIH Ba)KHBI:

e  METO/BI HAKOIUICHNUS, 3aIKCh, 00pabOTKa U Iepenaya;

e  CHCTEMaTH3MPOBAaHHOE XpaHCHHE HHPOPMAIMHU U €€ Nepeada B HyXKHOH Gopme;

®  TIOJyYeHHE HOBOH YHCIIOBOH, rpadyndeckoil u mpodeii mHQOpMAaITHH.

D¢ deKTHBHOCTD MPUMEHEHHS HH(GOPMAIIMOHHBIX CTPYKTYP YIPaBICHUS IPONU3BOJICTBOM ITOBBIIIAET CKBO3HASI CTPYKTypa
¥ COBMECTHMOCTh MH()OPMALMOHHBIX CHCTEM, KOTOPBIE CIIOCOOHBI yCTPaHAThH AyOIHPOBaHUE M 00ECTIEUNBAIOT MHOTOKPATHOE
UCIIONIb30BaHUe HH(pOpPManuy, (GpOpPMHUPYIOT MHTETPAIlMOHHBIE CBS3M, OTPaHMYMBAIOT KOJIMYECTBO IOKA3aTelNei, CHUKAIOT
pasMep MH(OOPMALMOHHBIX IOTOKOB, IOBBIIIAIOT  YPOBEHb  HCIOJB30BaHUS  MPOM3BOACTBEHHOHW  HMH(pOpMAIHH.
WudopmanmonHas cucreMa B MPOM3BOJACTBE JNOJDKHA MOAJEPKUBATh Takhe (DYHKIMH, KaK MMpeAocTaBieHHe WHGOPMaUK 1
(hopmupoBaHUe OJIArONPHUATHBIX YCIOBHI 11 ee pacnpoctpanenus [8, C. 127].

CoBpemMeHHasi MH(GOPMAIMOHHASI IIPOU3BOJICTBEHHASI CTPYKTYpa JIOJDKHA MTO3BOJIUTH TAPAaHTUPOBATh PELICHNE TaKHX 3a/au:

® HaIpaBJICHHOE U TOYHOE MOIyYEHHE JOCTYMa K HHYOPMALMOHHOMY MPOIYKTY;

e JICIICTBCHHOTO pAaclpeleNieHus] BCeH JEATeNbHOCTH MPENNpHATHS W HE3aMEUINTEIBHOTO  PACTIPOCTPAHCHHUS
MPOU3BOJICTBEHHBIX JIaHHBIX;

® TIpe/IOCTaBIICHHUE HEOOXOANMOTO BPEMEHH ISl TTOJTy4eHHs pAOOTHUKAaMH BCEX YPOBHEH MH(pOPMaNNH B HOJIHOM 00beMe
M0 BOXHEHIINM BHJaM JAESTEIbHOCTH HA TMPEINPHUSITHH, TAKUM KaK pe3yJbTaT KOHTPOJI, aHAIN3a U PEHICHUSIM IOJTyYeHHBIX
NPU YCTPAHEHUH JEATEIbHOCTH HE BIHSIONINX Ha MOJ0XKUTEIbHBINA pe3yibTarT;

e BHE/APEHHE Ha MpEANnpHATHe 0ojiee Ka4eCTBEHHBIX M TEXHOJOTMYECKH yCOBEPIICHCTBOBAHHBIX CHCTEM JUI aHAJIH3a,
KOHTPOJIS U pa3paboTKa ONepaTHBHOTO YIPABICHHS BCEMHU OTCIaMK U CBsI3siMHU B opranusanui [9, C. 33].

CJ10)kHOE COCTOSIHME C BHEApPeHHWEM HH(GOPMALMOHHBIX CTPYKTYP B IPOU3BOJCTBO Ha NPEIIPHATHSIX B HalIeH CTpaHe
00YCIIOBJICHO CIEAYIOIUMU TPUYUHAMMU:

® TSDKEIIBIM SKOHOMHUYECKHM IT0JIOKEHUEM, OTCYTCTBHE JIOCTATOUHBIX CPEJICTB Ha UX pa3paboTKy;

e TIOXMM (pUHAHCHPOBAHHEM, KOTOPOE HE MOXKET CIIOCOOCTBOBATH IMEPBUYHBIM OTEUECTBEHHBIM pa3paboTkam;

e mpuMeHeHHeM yctapeBmmx MC, 4To B OCHOBHOM IOKa3bIBaI0 UX HEI(P(HEKTUBHOCTb.

B wurore, coepieHcTBOBaHNE MH()OPMALMOHHBIX CTPYKTYpP YNPaBJIEHHS NPOW3BOJACTBAMH HOBBICUT 3((EKTHBHOCTH C
HanMEHBIINMHU 3aTpaTaMu. [ riaBHOe, nHpOpMaNMOHHAs CTPYKTypa YIpaBJIeHUs JOJDKHA OBITh CIIOCOOHA B TIOJTHOM 00BbeMe
obecrieunBaTh W MOJEPKHUBATh MH(GOPMAIOHHBIE NTOTOKH M ITIPOLECCOB YNPABICHUS OpTaHM3allMel, a TaK >Ke OCTaJbHBIE
MPOLIECChl, HAIPaBIICHHBIE HA IOJJEPXKAHUE CIEHHAIN3UPOBAaHHONH pabOThI: MapKETHHTOBOHM, (PMHAHCOBOH, WHXXEHEPHOMH,
yIpaBJIeHUE KaJpaMu, MPOU3BOJICTBO, MHIKMHUPUHT, OyXrajTepus, BHEIIHHE HH(POPMAIIMOHHBIE CBS3U M OTHOIICHHMSI.

OcHOBHOW W BaxXHEWIIeW 3amauell mo pa3paboTke WHGOPMAIHMOHHBIX CTPYKTYP M CHCTEM YIPABICHHS SBISACTCA
MIPEJOCTAaBIICHHE TTOJIHOTO KOMIIEKCHOTO HAIpPAaBICHHOI'O aBTOMATH3WPOBAHHOTO OCYIIECTBIICHHUS MPOEKTHBIX, YHCIOBBIX H
KOHTPOJIBHO MH(POPMAIIMOHHBIX paboT, popMupyIoIHecs B GYHKIIMOHAIBHBIE X OPTaHW3aMOHHbBIE CTPYKTYPBI OpraHU3aInH.
[1, C.13].

BrIBOABI

Lenp aBroMarHzanuy WH(GOPMALMOHHBIX ITOTOKOB CKJIQJIBIBACTCSl M3 YBEJIMYCHHUS I[IOKa3aTelie W pe3yibTaToB
(MHAHCOBOM XO3AHWCTBEHHOHM JEATENLHOCTH OpraHM3allid B CBA3HM C IIOJYYEHHEM CBOCBPEMEHHOH M KaueCTBEHHOM
uH(OpMaLMK, HampaBieHHas Ha MPUHATHE BEPHOTO M TOYHOTO YIPABIEHYECKOro pemreHHs. Ha ceronHsmHuil aeHb NnpH
YPOBHE M pPa3BUTHUH COBPEMEHHBIX TEXHOJIOTMH CBS3aHHBIX C HWH(OOPMALMOHHBIMH TIOTOKAMHM W YIIPABICHHEM IS
NPEANPUSITHH MEPCIEKTUBHO BHEIPSATH B CBOIO JAEATEIBHOCTh BBIYMCIHTEIBHYIO TEXHHKY W WH(OPMAIMOHHBIE CHUCTEMBI
HOBOTO TIOKOJICHHS, KOTOpbIEe 00ECHeYMBAIOT TOYHYIO W OOMIMPHYI0 00pabOTKy MaHHBIX C aBTOMATH3WPOBAHHBIX PabOuMX
MECT, JIOKAJIbHBIX CeTeH M MPO()EeCCHOHATBHBIX CTPYKTYP MOIAESP)KKH IS IPUHSITHS PEIICHUS.
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DATA MINING IOAXO/J K BOITPOCY AHAJIU3A DPPEKTUBHOCTU METO/10B
ABTOMATHU3UPOBAHHOI'O HEPA3PYIIAIOIIEI'O KOHTPOJIA
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OpeHOyprekuii rocyJapcTBeHHBIH yHHBepcuTeT, Opendypr, Poccus

* Koppecmonmupyromuii aBTop (maxov-1[at]mail.ru)

AHHOTaNHUA

B crartbe omucan aHann3 3p(EeKTHBHOCTH METOJOB aBTOMATHU3MPOBAHHOTO HEPa3pyIIAIOIIEro KOHTPOJIS B PaMKax 3aJadu
KJTaCTepU3allK JTAHHBIX 10 MPHUMEHEHHIO KOPOTKOBOJHOBOTO 3JIEKTPOMAarHUTHOI'O M3JIYYEHUs NIpH Je(PEKTOCKOIHMH. MeTosp
HCCIeZI0OBaHuUsI: caMoopranusyolnecs kaptel Koxonena B pamkax Data Mining moaxona. AKTyanbHOCTh paboOThI 3aKII0YACTCS B
TOM, YTO B CBSI3M C IIOBBIIICHUEM TPEOOBAHMM K KAaueCTBY M HAJIC)KHOCTH BBITYCKAGMBIX W3/ENUI Bce Oonbllee 3HaueHUE
NpHOOpPEeTaoT (U3NIECKUE METOABI aBTOMATH3MPOBAHHOTO KOHTPOJS METAIIOB M W3ACIUHA W3 HUX, HE TPEOYIOUINE BBIPE3KH
00pa3noB WM Pa3pyLICHHUs TOTOBBIX M3JEIHHA. ABTOp OTMETHI OOIINE YePThI METOI0B KOPOTKOBOJIHOBOTO 3JIEKTPOMArHUTHOTO
KOHTpOJIS m3zmenuii. B crathe oOocHoBana s>d¢ekTiBHOCTh moaxoma Data Mining k momxomy TOCTPOEHHS THIIOTE3BI O
B3aMMOCBSI3IX TpPYyNN JaHHBIX [0 HEpa3pyIIalomieMy KOHTPONIO wH3Aenuid. B KkadecTBe WHCTpyMeHTa BBIOpaH METON
camoopraam3yrommxca kapt Koxonena. [IpuBeneH mpumep dacTu 0OydYaromnX NAaHHBIX M MapaMeTphl HACTPONKH HEHpOHHON
CETH, BBINIONHSIOIIEH 3amady BHM3yalM3allM M KiacTepu3anuy. M300pakeHbI MOIydYCHHBIE B pe3yibTaTe oOpabOTKH CceTH
MaTpHulia pacCTOSHUN U KapTa KIacTepoB, IPUBEACHBI JalbHEHIINe HalIPaBICHUs UCCIIeIOBAaHUMN, 3aKII0YAIOIIHecs B pa3paboTke
METOZI0B KOMIIBIOTEPHON 00pabOTKH N300paKEHUH B paMKaxX aBTOMAaTHU3MPOBAHHBIX CHCTEM HEpa3pyILArOLIero KOHTPOJIS.

KiroueBble c1oBa: Hepa3pyLIalOUUil KOHTPOJIb, JIEKTPOMarHuTHOE U3nydeHrne, KoxoHeH.

DATA MINING APPROACH TO EFFECTIVENESS ANALYSIS ISSUE OF AUTOMATED NON-DESTRUCTIVE
CONTROL METHODS
Research article

Ovechkin M.V.*
Orenburg State University, Orenburg, Russia

* Corresponding author (maxov-1[at]mail.ru)

Abstract

The article describes the analysis of the effectiveness of automated non-destructive testing methods within the framework
of the problem of clustering data on the application of short-wave electromagnetic radiation in flaw detection. Research
methods are as follows: Kohonen self-organizing maps within the Data Mining approach. The relevance of the work lies in the
fact that in connection with increasing requirement for quality and reliability of manufactured products, physical methods of
automated control of metals and products from them, which do not require cutting out samples or destroying finished products,
become increasingly important. The author noted the general features of the methods of short-wave electromagnetic control of
products. The article substantiates the effectiveness of the Data Mining approach to the approach of constructing a hypothesis
on the interrelationships of data groups for non-destructive testing of products. As a tool, the method of self-organizing
Kohonen maps was chosen. An example of a part of training data and neural network configuration parameters performing the
task of visualization and clustering is given. The resulting matrix of distances and a map of clusters are shown, further
directions of research are presented, which consist in the development of methods for computer image processing within the
framework of automated nondestructive testing systems.

Keywords: non-destructive testing, electromagnetic radiation, Kohonen.

B cBsa3u ¢ moBblleHHEM TpeOOBaHMM K KadeCTBY M HAJAEKHOCTH BBIIYCKAaeMBIX H3AETHH Bce Ooibllee 3HAUCHHE
nproOpeTaroT (pu3nyecKkre METOAbl aBTOMATH3UPOBAHHOTO KOHTPOJIS METAJIOB M M3JIENHUH U3 HUX, HE TPEOYIOIIe BBIPE3KU
00pa31oB Wi pa3pymeHUs TOTOBBIX U3IEIIHIA.

Takum 00pa3oM, CHCTEMBI YNPaBJIEHUS TEXHOJOTMYECKHMMHM IPOIECCaMU II0 PE3yNbTaTaM JHAarHOCTUKU TEXHHYECKUX
00BEKTOB MIMPOKO PACHPOCTPAHEHBI B PA3IMYHBIX OOJIACTSX HPOMBIINIIEHHOCTH. B 9acTHOCTH, K HUM OTHOCSTCSI CHCTEMBI
ONTHYECKOTO KOHTPOJIS M JIMarHOCTUKHM CBAPHBIX COEIMHEHWH, a Takke Hepaspymaromiero koutposst (HK) n nuarnocruku
neraneit n konerpykuuii [1]. [Ipumenenne HK obecneunBaeT HeoOXoanMblil (hakTHIECKHI 3arac TPOYHOCTH U HAJAEKHOCTH
MAIllUH U MEXaHU3MOB IIPH OJHOBPEMEHHOM CHI)KEHUM KOJIMUYecTBa MaTepuanoB u Maccsl. HK mo3Bonser nepeiiTu k nmomHoi
ABTOMATH3alMH IPOU3BOJICTBA, OCBOOOIUTH KOHTPOJIEPOB OT YTOMUTEIBHON M 0JTHOOOpa3Ho# paboTs [2].

CormacHo uncciempoBanusiM poccuiickoro ydeHoro H.II. Amemmna [3], cocTaBieHa OIICHKA BBISBISIEMOCTH Je(PEKTOB
pasmuaabiME Bugamu HK (puc. 1). Ha ocHoBaHMM UCCIIEOBaHMIA, MOXKHO CJI€NIaTh BBIBOJ, UTO, IUAEpaMH MO 3PGEKTHBHOCTH
SIBIIAIOTCS CIENYIOLIME METO/Ibl: aKyCTUYECKUM, pauallMOHHbIN, ONTUYECKUI U BUXPETOKOBBIN.
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Puc. 1 — Jlnarpamma orieHKH 3¢ (HeKTHBHOCTH Je(PEeKTOCKOINN Hepa3pymaIIIMH METOJaMI KOHTPOJIS (II0 pe3yibTaTaM
uccnenoBanud H.I1. Anemunal2])

W3BecTHO, YTO 3HAYCHHE DHEPTUM HA CIEKTPOrpaMMa 3JICKTPOMATHHTHOTO H3JYYCHHsI BO3PACTACT C YBEIHYCHHEM
YacTOTHl BOJHBI [4], BCIEACTBHE 4Yero, K KOPOTKOBOJHOBBIM METOJaM, MOMHMO 3JICKTPOMArHUTHOTO U PaHalliOHHOTO,
MOYKHO OTHECTH KalWJULIPHBIA (IPH HCIOJB30BAHHH YIBTPA(HOICTOBOrO MPOCBEYMBAHMUSA), MOCKONBKY BCE ITH METO/IbI
HMMEIOT OOLIYIO MPUPOAY KaK MEXaHW3Ma KOHTPOJISI, TaK U MPHUHIMIIOB aHAJINU3 MOIYYSHHBIX PE3YJIbTATOB.

[IpoaHanu3upyeM akTyaJlbHOCTh METOJOB IMPU IOMOINU camoopraHusymoommxcs kapt Koxonena. JlaHHas TEXHOJOTHS
oTHOcHTCS K obOiacTu ananu3a Data Mining. TpaguunoHHbIle METO/IbI aHaIKM3a JaHHBIX (cTatuctudeckue Metoansl) u OLAP B
OCHOBHOM OpHEHTHPOBAaHBI Ha TPOBEPKY 3apaHee copmyiupoBanHbix rumote3 (verification-driven data mining) u na
«rpyOblity, pa3BelOYHBIA aHAN3, COCTABISIONUA OCHOBY OICPATHBHON aHanuTHYeCKOi o0pabdoTku manubix (OnLine
Analytical Processing, OLAP), B To BpeMs Kak OJHO W3 OCHOBHbIX mojoxeHuid Data Mining - mouck HEOYEBUIHBIX
3akoHOMepHOCcTell. MHuctpymentsr Data Mining Moryr HaXxoQuTh TakKhe 3aKOHOMEPHOCTH CaMOCTOSTENBRHO M TaKke
CaMOCTOSITENIBHO CTPOMTH THIOTE3bI O B3aUMOCBs3sIX. I[IOCKONBKY HMEHHO (OPMYJIHPOBKA THIOTE3BI OTHOCHTEIBHO
3aBUCHMOCTEM SABIIAETCS CAMOM CIIOKHOM 3aauei, mpeumyiiectBo Data Mining mo cpaBHEeHUIO ¢ APYTUMH METOJAAMH aHAJIHM3a
SIBJIICTCSI OYCBHIHBIM. BOJBIIMHCTBO CTATHCTHYECKHX METOMOB ISl BBISBJICHHS B3aUMOCBSI3el B JAHHBIX HCIOJB3YIOT
KOHIICTIIINIO YCPEMHEHHs MO BBHIOOPKE, MPHBOSIIYIO K OMEpalUsIM HaJ HECYNICCTBYIOUIMMH BEIHYHWHAMH, TOraa kak Data
Mining onepupyeT peanbHBIME 3HaAYCHUAMH [5].

Camoopranusymomiascs: kapra Koxonena (anria. Self-organizing map — SOM) — wueiiponHast cetb ¢ oOyueHuem 0e3
YUUTEIS, BBIMOMHSIONIAS 33/[auy BU3yalH3aluu U Kiactepusanun. Uaes cetu npemioxkena Guackum yu€ubiM T. Koxonenom
[7]. SIBnsieTcst METOOM MPOEIUPOBAHKSI MHOTOMEPHOIO IIPOCTPAHCTBA B MPOCTPAHCTBO ¢ 00Jiee HU3KOW Pa3MEpHOCTHIO (Jarle
BCEro, JBYMEPHOE), MPUMEHSCTCS TAKXKe Ui PEIIeHUs 3a7a4 MOJCIHPOBAHMs, MPOrHO3MPOBAHUS, BBISIBICHHE HAOOPOB
HE3aBHCUMBIX TPU3HAKOB, MMOWCKA 3aKOHOMEPHOCTEW B OOJIBIIUX MACCHBaX JAHHBIX, pa3pa0OTKe KOMIBIOTEPHBIX HWIP,
KBaHTH3AI[UH [IBETOB K UX OPAaHUYECHHOMY YHCITy WHJEKCOB B I[BETOBOW MAJIMTpE: MPU MMEYaTH HA TMpUHTepe U panee Ha [1K
WITH K€ HAa TIPUCTABKax C JUCIUICEM C TTOHM)KCHHBIM YHCIIOM I[BETOB, IUIS apXUBAaTOPOB (OOIIEro Ha3HAYEHHUS) WM BHICO-
KOJICKOB. SIBisieTcst 07iHO# U3 Bepcuit HelipoHHbIX cetell Koxonena [6]. O6mas cxema paboThl CETH NPEACTaBICHA HA PHCYHKE
2 [8]. dust ananusa nanHbx 1 nocrpoeruss SOM ucnons3oBana mporpamma Deductor Academic.
2D output
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Puc. 2 — Obmas cxema pabotsl cett KoxoHeHa
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B mabope nannbix Input Layer yuacTBoBaiM JaHHBIC MO OLICHKE 3((CKTUBHOCTH METOJOB KOHTPOJISI, PBIHKY HPOXYKIHH
Ne(eKTOCKOTIOB ¥ PHIHKY TPEIIONKEHHS YCIYyT TI0 Hepa3pylrarmeMy kouTpoiro: Input Layer = [Merton (X1), IIpennoxenue
1o obopynosanmio (X2), [Ipemnoxenne no yciayram (X3), bansnas spdexrusrocts (X4)]

I'pynia BXOIHBIX 3HAYCHUI 10 OanbHON 3((HEKTUBHOCTH IPEICTABICHB HA OCHOBAHWH CBEPTKH JaHHBIX M3 TAOIHLbI 1.

Tabnmma 1 — laaAbIe 1715 BXOJHBIX 3HAYCHUN IO 0aTbHOM A (DEKTHBHOCTH

OOBEKT KOHTPOIIS Bug HMK
OnexTpo- Kanumnsip-TokoBux- Maraut-|Akyctuuec-| Temnosoii [PagroBonHo-
MarHUTHBII HBIN peBoit HBIN KMl BOH
(pamualMoHHBIH,
ONTUYECKUN
HedeppoMarauTHeie MaTepHAIIBI
IIpoBomnoka, B tnama3oHe THaMETPOM
1-14 mm 4 0 5 0 5 0 0
0,01-1 mm 4 0 5 0 5 3 0
[IpyTKH, B AHana3oHe JUAMETPOM
156-1000 MM 5 0 5 0 5 0 0
30-100 mm 5 0 5 0 5 0 0
3-40 MM 5 0 5 0 5 0 0
JIMCTBI, IIUTHI TOJIIUHOMK
4-10 u 6omee MM 5 4 5 0 5 0 0
0.1-3.9 Mmm 5 4 5 0 5 0 0
0.1-1 mm 4 4 5 0 5 3 3
CopToBO#i MpoKat 5 4 4 0 5 0 0
OTIuBKH 5 5 0 0 4 3 0
CBapHble COCAMHEHUS 3 4 3 3 5 3 0
KieeBrle coennuenus 4 4 0 0 5 4 5
[TasiHble cOeTUHEHUS 3 3 3 0 5 3 0
Pe3n00BEIE coeqMHEHNS 0 4 3 5 0 0 0
®DeppoMarHUTHRIC MaTEPHAIIBI
[TpoBomnoka | 4 | 0 | 5 [ 5 | 5 | 3 | 0
[IpyTKH ¢ AMaMeTpoM B AHATIA30HE
30-10 mm 5 0 5 5 5 0 0
3-4 MM 5 0 5 5 5 0 0
TpyObI cBapHEIE C THAMETPOM B THATIA30HE
150-1000 mm 4 4 5 5 5 0 0
50-150 mm 4 4 5 5 5 0 0
30-40 mm 4 4 5 5 5 0 0
JIMCTBI, IIUTHI TOJIIUHOMK

4-10 u 6onee MM 4 4 4 4 5 0 0
0,1-3,9 Mmm 4 4 5 5 5 0 0
0,1-1 mm 4 4 5 5 5 3 3
CopToBOii MpoKaT 4 4 3 3 5 0 0
OTIuBKH 4 4 3 3 4 0 0
CymMapHas olleHKa 103 68 103 58 118 25 6

OneHka MPOBEACHA B BHAEC CHCTEMBL: «5» - «OTIHYHO», «4» - Xopomo, «3»- YIOBICTBOPUTEIBHO, «1» — «HE
HCTIONB3YETCSD.

['pynma BXOAHBIX 3HAUCHUH 1O OanbHOM 3()()EeKTUBHOCTH MPEICTaBICHH Ha OCHOBAHHH CBEPTKH 3HAYCHUH MO OaNBHOMN
3G GEKTUBHOCTH IPUMEHEHHUST METOJIOB.

Pa3znenenne MHOXecTBa MEXIy O0YyYaromeM W TECTOBBIM
3HAYUMOCTb.

B kauecTBe BXOmHON ceTn ObUla mMpow3BeleHA KiacTepu3amnusi Ha 6 PErMoOHOB 1O  CJEAYIONIMM TPyNIaM METOJIOB
Hepa3pylIamero KoHTposs (pucyHok 3). M3o0pakeHb! KiacTepsl (ClieBa HaIpaBo): YIbTPa3BYKOBOH KOHTPOJIb;
TETJIOBU3UOHHBIH KOHTPOJIb; MarHUTOIIOPOIIKOBBIM KOHTPOJIb; METOABI KOPOTKOBOJIHOBOTO 3JIEKTPOMAarHUTHOTO KOHTPOJIS;
BUXPETOKOBBIE METO/Ibl; BU3YaJIbHBIH KOHTPOJIb.

- 95 u 5% . I'pynmam kiacTepoB Ha3HA4YeHa PaBHOIICHHAS
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Puc. 3 — Knactepuzanus BXOJHBIX JaHHBIX IO TPYIIIaM METOAOB HEPa3PyIIAOMIET0 KOHTPOIIS

BxomHble TaHHEBIE TT0 PEIHKAM TOBApOB H yCIyT 00BEIMHEHEI B CICAYIONTNE KIacTepsl (puc. 4):

0
73 2335 388 | D 4
Puc. 4 — Kiractepu3sanusi JaHHBIX 110 peiHKaM ToBapoB u ycrnyr HK. Cnesa - npeaioxenus o o00pyA0BaHHUIO; CIIPaBa -
MIPEUIOXKEHUS 110 YCIIyTaM.

[onydeHnast B pe3ynbpraTe 00pabOTKM CETH MaTpHULA paccTOSHHN[9], comepikarasi B KauecTBE AJIEMEHTOB PAacCTOSHHMS
MEXy 00bEKTaMH B METPUUECKOM MPOCTPAHCTBE M KapTa KJIacTepoB (110 6 CerMeHTaM) MPEACTaBICHbI HA PUCYHKE 5:

Puc. 5 — Pe3ynbrarel 00paboTkn BXOJHBIX TaHHBIX. ClleBa - MaTpuIa pacCTOSIHUI; CIIpaBa - KapTa KJIacTepoB

B pesynbrate kinacTepHOro aHaiamza copMupoBaHa ciexyromas ruarpamma (puc. 6):
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Pe3ynbTaT KNacTepHOro aHaaAu3a

y/IbTPa3BYyKOBOW U

TEN/JIOBU3NOHHbIN

KOHTPO/Ib
22%

BM3ya/ibHbl ocmotg,
(o]
7%

BMXPETOKOBbIN
KOHTPO/b
16%

meToAbl
KOPOTKOBOJIHOBOIO MarHMTOMNOpPOLUKOBbIN
3/IEKTPOMArHUTHOIO KOHTpO/b
KOHTpOAA 27%
28%

Puc. 6 — [lnarpamma pe3ylbTaToB KIaCTEPHOTO aHAJII3a

Taxum 00pa3oM, MOXKHO CIENaTh BBIBOJ O JIMIEPCTBE MMEHHO 3JIEKTPOMAarHUTHBIX METOJOB JUIS aBTOMAaTH3MPOBAHHOTO
KOHTPOJISL CJIOXKHBIX M3/eNnil Ha mpon3BojcTBEe. OCHOBHBIM HEJOCTATKOM METOJa 3JIEKTPOMArHUTHOTO KOHTPOJS SIBIISIETCS
TO, YTO PACCESIHHOE H3JIyYCHHWE B 3aBHCHMOCTH OT BSHEPTHH NEPBHYHOTO H3IYUYCHHUS HM3MEHSET KauecTBO BH3YaJIbHOTO
pe3ysbTaTta KOHTPOJIS, CHHXKAeT KOHTPACTHOCTh M 4eTKOCTh m300paxenus [10], a, cienoBaTeiabHO, M YyBCTBUTEIBHOCTH
CaMoro MeToJa; BCIEJICTBHE STOTO SIBJICHHS JAe(EKTHl MaJOro pa3Mepa TKENIO Pa3UyUTh Oe3 NPUMEHEHHs CpE/ICTB
ABTOMATH3aLUH.

JanbHeilmue HarpaBiIeHUs UCCIEI0BaHUI 3aKIII0UAIOTCS B TOM, YTO IIPUMEHEHHE KOPOTKOBOJIHOBBIX 3JIEKTPOMAarHUTHBIX
METOJIOB Hepa3pylIaloliero JedeKToCKONuu Oa3upyercss Ha MeTojax oOpaOOTKM M paclo3HaBaHHsS HW300pakeHHH,
MOTYYEHHBIX B pE3yibTaTe IPOBEACHUS TEXHOJIOTHYECKOTO IIpoliecca KOHTPOJSL. DTO JENaeT akKTyalbHbIM pa3paboTKy
METO/I0B KOMITBIOTEPHOH 00pabOTKM H300paXKEHUH B paMKax aBTOMAaTH3UPOBAHHBIX CHCTEM HEPa3pYIIAIOMETO KOHTPOIIS.
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MCCJIEJJOBAHUE MPOTHOCTUYECKHUX BO3MOXKHOCTEM CUCTEMBI «IWIZARD-E»
Hayunas crates
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AHHOTANMA

HccnenoBanbl nporHoctuyeckue Bo3MokHocTH «iWizard-E» — HHTeIUIeKTyadbHOH CHCTEMBI MOANCPKKH MPUHATHS
pELIeHNH, TpeJHa3HaueHHON JJIsI OKa3aHWs MOMOIIM aOUTypueHTaM B BBHIOOpE HampasiieHUs! moarotoBku. [Iposenena cepus
9KCIIEPUMEHTOB, B KOTOPBIX CHCTEMOW IPOM3BOAMIACH OOpabOTKAa pPa3IMYHBIX BBIOOPOK, COAEPIKAIINX WHIUBHIYyaJIbHbBIC
XapaKTEPUCTUKU CTYJCHTOB M HMH(OpMalMI0 00 OKOHYAaHMM MMH BYy3a, C IMOCJEIYIOIIMM TeHEPUPOBAHUEM DPEKOMEHJIAINi
OTHOCHTEJIFHO BBIOOPA MPEANOYTHTEILHOTO HaNPaBJIeHHs MOAroToBKH. [locie 3Toro ObUIO BHINOJIHEHO CPaBHEHHE PeabHbIX
JAaHHBIX C TPEUIOKEHHBIMH CHCTEMOW. B KauecTBe KpuTepusi HCIONb30Banach F-mepa. Ycranosmeno, uro «iWizard-E»
M03BOJISIET (POPMUPOBATH FPPEKTUBHBIC POTHO3BI.

KaroueBble cJjI0Ba: KMCKYCCTBEHHBIH HMHTEIUIEKT, WHTEJUICKTyaJbHAas CHCTEMa NOAJEPKKA NPUHITUS peIIeHHH,
MHTEJUIEKTYyalbHbIN aHanu3 qaHHbIX, Orange.

STUDY OF PROGNOSTIC OPPORTUNITIES OF THE IWIZARD-E SYSTEM
Research article

Palmov S.V.» *, Miftakhova A.A.?
12\/0lga State University of Telecommunications and Informatics, Samara, Russia

* Corresponding author (psv[at]psuti.ru)

Abstract

The article considers prognostic capabilities of iWizard-E, an intelligent decision support system designed to help entrants
choose their future career. A series of experiments was performed; various samples containing individual characteristics of
students and information about their graduation from the university were processed followed by recommendations for choosing
a preferred direction. After that, the real data were compared with the option proposed by the system. The F-measure was used
as the criterion. It is established that “iWizard-E” allows creating effective forecasts.

Keywords: artificial intelligence, intelligent decision support system, data mining, Orange.

BBenenue

OpmHa W3 caMBIX OCTPBIX HPOOJEM BY30B B HACTOSAINICE BPEMs — YCIIEBAEMOCTh. OJTO BBI3BAHO BCE BO3PACTAIOLIMMH
TpeOOBaHUSAMH K cTyneHTaM. Kak ciencTBue, BO3HUKIA CUTyalus, TpeOYIomas OCYIISCTBICHHS HEKOTOPBIX MEpONPUSITHH,
HanpaBJIEHHBIX HA MOBBIIICHUE YCIIEBAEMOCTH CTYACHTOB. TpaguIMOHHBIE CTIOCOOBI YK€ HE OKa3bIBAIOT JOJDKHOTO d(dexTa.
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[TosToMy B mocnennue rogpl B cdepe oOpa3oBaHUsI HaMETWIIACh OTYETIMBAs TEHACHLMS HCIIOJIb30BAaHMS Pa3sHOOOPAa3HBIX
MH()OPMALMOHHBIX TEXHOJIOTHII 1JIs TOBBIIICHNUS YCIIEBAEMOCTH CTYAEHTOB.

Ha BeposTHOCTB yCIIEIIHOTO OKOHYAHUS CTYJCHTOM BY3a, & 3HAYNT, M Ha €r0 YCIIEBAEMOCTh, CHIIBHOE BIMSHHE OKa3bIBACT
TO, HACKOJBKO «IIPaBHIBHO» OBIIO BEIOPAHO HAIpaBiIeHHE NOATOTOBKU. OXHUM 13 CIIOCOOOB CHMKCHUS BEPOSITHOCTH OLITHOKH
BBIOOpa SIBISIETCSI BBIBICHHE CKPBITHIX 3aKOHOMEPHOCTEH MEXIy WHANBHAYaIbHBIMU XapaKTEPUCTHKAMH CTYyICHTa
(abutypueHTa) M pe3yabTaTOM OKOHYAHUS BY3a C IOCIEAYIOIIMM HCIIOIb30BAHHEM IIOJyICHHON MH(GOPMAIMN AJISI TIOMOIIH
aOuTypHEeHTY HpH BHIOOpPE HAIPABICHUS IOATOTOBKM HA ATale MOAA4YM IOKYMEHTOB B NPHEMHYIO Kommccuio. Ha B3rman
aBTOpPOB, HambOousiee d(GEKTUBHBIN clIOCOO aBTOMATH3aIMK Mpoliecca OKa3aHHWs MOMOIIM aOUTYpUEHTY B BBIICYKa3aHHOM
BOIIPOCE — 3TO MCIOJIb30BAHUE MHTEIUICKTYaJIbHOM cucTeMbl noanepkku npuHstus pewenuid (MCIIIP), paspaboTanHoii ¢
UCIIOJIb30BaHUEM TEXHOJIOTUU MHTeIUIeKTyabHoro aHanu3a qanueix (MA/D). Takas UCIIIIP ucnonp3yetr Mojenb npeagMeTHOH
obyactu (IIpOrHOCTHYECKash MOJENb), KOTOpas Ha OCHOBE HEKHMX 3HAaHWH (3aKOHOMEPHOCTEH) BBIPa0ATBIBAET IPOTHO3BI
(pexomenganun). [5, C. 7].

Onucanue 3KCNIEPUMEHTOB

HCIIIIP ynomsHyTOro THHa paspaboraHa, 3apeructpupoBaHa B Peectpe mporpamMm mrs OBM  (cBHOeTenbCcTBO
Ne2018616979, UCIIIIP «iWizard-E»), a ee ocHOBHBEIE 0COOEHHOCTH ommmcaHsl W mpoTecTupoBansl B [5, C. 8-10]. Oxnako
OBIJIO PEIICHO TPOBECTH IOTIONHUATENBHOE HCCIeIoBaHre Bo3MokHocTel iWizard-E, ucmone3osas miust atoro F-mepy (F1),
MOCKOJIBKY OHA TI03BOISIET 3(pPeKTHBHEE ONEHUTH Ka4eCTBO (POPMUPYEMBIX CHCTEMOM MPOrHO30B. F-Mepa paccunTeiBaeTcs 1Mo
dopmyne: F1 =2+ ((P *R)/(P + R)) [6].

HUccnenoBanue cocrosiio u3 11 skcnepuMeHTOB. B KakoM M3 HUX, KpOME IEPBOr0, HCHOJIB30BaJIOCh IO ISITH BHIOOPOK
ompeneneHHoro tuna (ctparuduimposanHas, bootstrap u ¢ Bo3BpaieHieM), co3aaHHbIX cpeacTBamu cuctemsl Orange [7, C.
95] Ha ocHOBe mcxomHOro Habopa maHHbIX (2618 3amumceit) u3 [5, C. 8-9]. B yka3aHHBIA HCXOIHBIH HAOOp NAaHHBIX OBLIO
BHECEHO €IMHCTBEHHOE U3MEHEHHUE — I[EJIEBOM MOKa3aTelb «CBEACHUS 00 OKOHYaHUU By3a» MPUHUMAET TOJIBKO JBa 3HAUYCHMS:
3aKOHYMJ By3 \ He 3aKOHUYMI BY3. TakuM 00pa3oM, B XOJ€ CEPUH IKCIEPUMEHTOB OIlleHWBaiach crnocobHocts MCIITIP
«iWizard-E» GpopmMHpoBaTh JOCTOBEpHBIC IPOTHO3BI OTHOCUTEIILHO BEPOSTHOCTH YCHECIIHOIO OKOHYAHUS CTYICHTOM BYy3a IS
BBIOPaHHOT'O HAIIPaBJICHHS TIOATOTOBKH.

Kpatko onuiem ncrosis30BaHHbIE THITHI BHIOOPOK:

CrpatudunupoBanHast BEIOOpKa (OpMHpYETCs B [[Ba 3Talna, B PE3yJbTaTe YEro TeHepalibHas COBOKYITHOCTh JICIUTCS Ha
cion (ctpatsl). CTpaThl NOJDKHBI B3aMMHO HCKIIOYaTh M B3aUMHO JOIOJHATH APYT ApYyra, YTOOBI KaKIObI 3JIEMEHT
COBOKYITHOCTH OTHOCHJICA K OJHOMY M TOJBKO OJHOMY CJIOIO, M HU OJUH 3JIEMEHT He OblI ymymieH. Jlanee, U3 KaXXI0ro ciios
CIIy4aliHbIM 00pa30M BBIOMPAIOTCS JIEMEHTBI, IPH 3TOM OOBIYHO MCIIOJIB3YETCsl METO POCTOH Ciy4aiiHOM BBIOOPKH [8].

Bootstrap-eeibopka — MeTon (HOPMHUpPOBAHMS HECKOJBKUX BBIOOPOK IAHHBIX TOTO K€ pa3Mepa, YTO W HCXOIHAS
reHepajbHasi COBOKYITHOCTb, HO C Pa3HBIMH paclpele/IeHUsIMA HHTEPECYIOIIeH BEeTUUNHEI [2].

Beibopka ¢ BosBpamieHuem (replacement) — Ha BepOSTHOCTb MOSBICHHS DIEMEHTa B BBHIOOPKE MPOYHME DIICMEHTHI
TeHepaJbHON COBOKYITHOCTH He BiusioT [10].

DKCIIepIMEeHTH MOKHO Pa3feNuTh Ha JBa BUIa. B mepBoM U3 HUX Ui Kakaoro kputepus pasouenus (Gini [4], Entropy
[3], Information Gain [1] u Gain Ratio [9]) npu nomoruu ucxoaHOro Habopa 00y4aIach MPOTHOCTUYECKAs] MOJEIb, KOTOpas
3aTeM MPOBEPsIIACh Ha ISTH BEIOOPKAaX KOHKPETHOTO THMNA (3KCIIEPUMEHTHI CO BTOPOTO IO IIECTOH; B TIEPBOM IKCIIEPUMEHTE
JUTSL TIPOBEPKH MCIIOJIB30BAJICS MCXOAHBIN HA00P).

OKCHepuMEHTHl BTOPOTO BHJa HPOBOIMINCE 10 CleAyromeil cxeme: 1) B pe3yibTaTax 3KCIIEPUMEHTOB CO BTOPOTO IO
IIECTON BBIOMPAIMCH JBa MHOXKECTBA, NMPU NpoBepkax o koTopbiM iWizard-E mokasana mydiuid ¥ XyOmiuid pe3ysibTaThl
COOTBETCTBEHHO (OYKBBI «I» M «x» B Taba. 7-11); 2) Ha OCHOBaHUM KaXKIOW Mapbl BEIOOPOK MOCIEAOBATENHHO CTPOWINCH
MPOTHOCTUYECKHE MOEIH; 3) TIPU MOMOIIIM UCXOJHOTO HabOopa BBIMONHSIACH TPOBEPKA MOCTPOSHHBIX MOJIENEH.

Pe3ysbTaThl 3KCIIEPUMEHTOB

Okcnepument Nel (TecTupoBaHue Ha oOydarolieM Habope TaHHbBIX)

Tabnmua 1 — PesynpTarsl skcniepumenta Nel
Kpurepuii pazouenus Gini Entropy Information Gain Gain Ratio
F1 0,8846 0,8700 0,8671 0,8700

OkcrepuMmeHT Ne2 (TeCcTHpOBaHHUE Ha CTPAaTH(UIIMPOBAHHON BEIOOPKE)
Pasmep oOyuatomero MuoxectBa — 2618 3anuceit (ncxoaHbIi Habop), pasMep TecToBOH BEIOOPKH — 90% oT 0Oyuaromiero
MHOJECTBA.

Tabmuna 2 — Pe3ynbrarsl skcniepumenta Ne2

Kpurepwuii pazonenus Gini Entropy Information Gain Gain Ratio
F1 (BeiOopka 1) 0,7779 0,7819 0,7807 0,7763
F1 (BeiOopKa 2) 0,7328 0,7240 0,7386 0,7240
F1 (BeiOopka 3) 0,7379 0,7306 0,7255 0,7410
F1 (eiOopka 4) 0,7329 0,7219 0,7229 0,7238
F1 (BeiOopKa 5) 0,7368 0,7435 0,7444 0,7267

OkcnepumenT Ne3 (TecTHpoBaHHE Ha CTPATU(HUIIMPOBAHHON BEIOOPKE)
Pasmep oOyuaromnero MHOXKecTBa — 2618 3amucei (MCXOHBIN HAOOp), pa3Mep TecToBOr BEIOOPKH — 80% OT 00ydaromiero
MHOXKECTBA.
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Tabmuna 3 — Pesynbrarsl akcriepumenTa Ne3

Kpurepnii pazouenus Gini Entropy Information Gain Gain Ratio
F1 (Beibopka 1) 0,7422 0,7452 0,7464 0,7315
F1 (BeiOopKa 2) 0,7385 0,7386 0,7392 0,7257
F1 (BeiOopka 3) 0,7366 0,7209 0,7221 0,7221
F1 (BeiOOpKa 4) 0,7398 0,7469 0,7457 0,7331
F1 (Be6opka 5) 0,7428 0,7280 0,7462 0,7288

OkcrepuMmeHT Ne4 (TecTHpOBaHUE HA CTPATH(HUIIMPOBAHHON BEIOOPKE)
Pasmep oOydaromero MHOXecTBa — 2618 3anmceit (ncxoqHbIid HabOp), pasMep TecToBOH BEIOOPKH — 70% OT 0Oydaromiero

MHOJ>XECTBA.

Tabmmma 4 — Pesyneratsl skcriepumenTta Ned

Kputepnit pazouecHust Gini Entropy Information Gain Gain Ratio
F1 (Bbibopka 1) 0,7358 0,7440 0,7457 0,7405
F1 (BbiOopKa 2) 0,7412 0,7279 0,7256 0,7432
F1 (Bbibopka 3) 0,7392 0,7453 0,7451 0,7298
F1 (Bbibopka 4) 0,7343 0,7283 0,7256 0,7419
F1 (BbiOoOpKa 5) 0,7438 0,7319 0,7431 0,7346

Okcrepument Ne5 (tectupoBanue Ha bootstrap-ssi6opxke)

Pa3mep oOyuaromero MuoxkecTBa — 2618 3amuceii (MCX0aHbII HAOOP), pa3Mep TeCTOBOH BEIOOpKH — 2618 3amuceit.

Tabnuna 5 — PesynbpTatsl skcniepumenTta NeS

Kpurepwnii pazouenus Gini Entropy Information Gain Gain Ratio
F1 (BeiOopka 1) 0,7393 0,7426 0,7321 0,7218
F1 (BeiOopKa 2) 0,7555 0,7537 0,7537 0,7382
F1 (BeiOOpKa 3) 0,7210 0,7114 0,7140 0,7308
F1 (BeiOopka 4) 0,7396 0,7383 0,7352 0,7176
F1 (BbiOOpKa 5) 0,7154 0,7225 0,7091 0,7250

OxcnepuMeHT Neb (TecTUpOBaHHE Ha BBIOOPKE C BO3BpAIICHUEM)
Pasmep obyuarorero MHOkecTBa — 2618 3ammceit (MCXoqHBIH HAOOP), pa3Mep TECTOBON BEIOOPKH — 2618 3amuceid.

Tabmmma 6 — Pesynmerats! skcniepumenTa Ne6

Kpurepuii pazoueHus Gini Entropy Information Gain Gain Ratio
F1 (Boi6opka 1) 0,7402 0,7348 0,7339 0,7286
F1 (Bbi6opka 2) 0,7476 0,7308 0,7324 0,7357
F1 (Bbi6opka 3) 0,7495 0,7390 0,7337 0,7397
F1 (Bbi6opka 4) 0,7258 0,7323 0,7332 0,7342
F1 (Bb16opka 5) 0,7382 0,7333 0,7279 0,7479

OkcnepumenT Ne7 (TecTupoBaHNE Ha UCXOAHOM Habope)

Pazmep oOyuaromero muoxectBa — 90% 3ammceil ot ucxoxHoro Habopa, pa3Mep TECTOBOHM BeIOOpkHM — 2618 3ammceit

(cxomHbI HAOOD).

Tabnmna 7 — PesynpTarsl skcniepumenTta N7/

Kpurepwnii pazouenus Gini Entropy Information Gain Gain Ratio
F1 (Bb1Oopka 1) 0,7727 n 0,8229 n 0,7705 n 0,7737 n
F1 (BeiOopKa 2) 0,7413 x - - -

F1 (Be1OopKa 4) - 0,7516 x 0,7577 x 0,7510 x

OxcrepumeHT Ne§ (TecTHpoBaHNE HAa HCXOAHOM Habope)

Pasmep obOydaromero mHoxkectBa — 80% 3amuceid OT MCXOIHOTO Habopa, pa3Mep TeCTOBOHM BBHIOOpKHM — 2618 3amuceit

(ucxomnbIit HAOOD).

Tabmuna 8 — Pesynbrarsl skcriepumenTa Ne§

Kpurepnii pazouenus Gini Entropy Information Gain Gain Ratio
F1 (Be1OOpKa 1) - - 0,7391 n -
F1 (BeiOOpKa 3) 0,7348 x 0,7101 x 0,7128 x 0,7134 x
F1 (BeiOOpKa 4) - 0,7233 n - 0,7233 n
F1 (BeIOOpKa 5) 0,7134 n - - -
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OkcnepumeHT Ne9 (TecTupoBaHe Ha HCXOAHOM Habope)
Pasmep obyuatomero muoxectBa — 70% 3ammceil oT mcxomHOro Habopa, pa3Mep TECTOBOH BbIOOpkM — 2618 3ammceit
(ucxomHbIit HAOOD).

Tabmmma 9 — Pesyneratsl sxcniepumenTta Ne9

Kputepuit pazoueHust Gini Entropy Information Gain Gain Ratio
F1 (Beibopxka 1) - - 0,7345 n -
F1 (Be1bopxka 2) - 0,7422 x 0,7422 x 0,7352 n
F1 (Be1bopxka 3) - 0,7372 n - 0,7371 x
F1 (Be1bopxka 4) 0,7290 x - - -
F1 (Be1bopxka 5) 0,7336 n - - -

OkcrepumenT Nel0 (TecTupoBaHne Ha UCXOTHOM HaOOpe)
Pasmep obyuaroriero MuoxkectBa — 2618 3ammceit (bootstrap-Beibopka), pasmep TecTOoBOW BhIOOpKH — 2618 3ammceit
(ucxoaHbII HAOOD).

Tabmuna 10 — Pe3ynbraTel 3xcniepumenTa Nel()

Kpurepwnii pazonenus Gini Entropy Information Gain Gain Ratio
F1 (Bb1OopKa 2) 0,7307 n 0,7337 n 0,7318 n 0,7337 n
F1 (Bb1Oopka 3) - 0,7219 x - -

F1 (Bb1OopKka 4) - - - 0,7172 x
F1 (BbIOOpKa 5) 0,7195 x - 0,7325 x -

OxcnepumenT Nell (TecTupoBaHHE Ha HCXOTHOM HabOpe)
Pa3zmep oOyuatomero MHokecTBa — 2618 3ammceil (BbIOOpKa ¢ BO3BpallleHHEM), pa3Mep TecTOBOi BbIOOpkH — 2618
3ammce (MCXOTHBIH HAOOD).

Tabnmma 11 — Pe3ynbraTel oxcriepuMenTa Nel(

Kpurepwuii pa3ouenus Gini Entropy Information Gain Gain Ratio
F1 (Be1bopxka 1) - - 0,6974 n 0,7256 x
F1 (Be1bopxka 2) - 0,7115 x - -

F1 (Be1bopxka 3) 0,7480 n 0,7288 n - -
F1 (Be1bopka 4) 0,7406 x - - -
F1 (Be1bopxka 5) - - 0,7063 x 0,7031 i

I[J'I?[ TNOJYYCHHBIX PE3YJIbTATOB ObLIN pacCcHyuTaHbl CICAYIONUC XapAKTCPUCTHUKHU: CPEAHCC, CTAHAAPTHOC OTKIIOHCHUC

(CKO) u pucnepcus.
Ta6muna 12 — Cpeanee, CKO, nucnepcus mis F1
Howmepa skcneprMeHToB Cpennee CKO Hucnepcus
2-6 0,73627 0,01288 0,00017
7-11 0,73460 0,02286 0,00052
2-11 0,73580 0,01629 0,00027
0e3 yueTa MUHUMAaJIbHOTO M MAaKCUMAaIbHOT0 3HaueHuit F1
2-6 0,73608 0,01184 0,00014
7-11 0,73330 0,01734 0,00030
2-11 0,73540 0,01424 0,00020

Jannbie sxcniepuMenTta Nel B pacueTe xapaKTEpUCTHK He HCIIONIb30BaNUCh. [IpnunHa ykazana B BeiBosie Nel (cm. nanee).

Ta6numa 13 — Cpennee, CKO, mucnepcus ais F1 (Gini)

Howmepa skcrepiMeHToB Cpennee CKO Jucnepcus
2-6 0,73938 0,01154 0,00013
7-11 0,73636 0,01635 0,00027
2-11 0,73852 0,01291 0,00017
0e3 yueTa MUHIMAaJILHOTO U MaKCHMabHOTOo 3HaueHui F1
2-6 0,73778 0,00847 0,00007
7-11 0,73891 0,01508 0,00023
2-11 0,73809 0,01043 0,00011
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Ta6muua 14 — Cpennee, CKO, mucnepcust ans F1 (Entropy)

Howmepa skcnepuMeHToB Cpennee CKO Hucnepcus
2-6 0,73590 0,01375 0,00019
7-11 0,73832 0,03244 0,00105
2-11 0,73659 0,02033 0,00041
0e3 yyera MUHMMaJILHOTO U MaKCHMaJIbHOTO 3HaueHui F1
2-6 0,73590 0,01375 0,00019
7-11 0,73128 0,01266 0,00016
2-11 0,73478 0,01345 0,00018
Ta6mura 15 — Cpennee, CKO, mucnepcust aist F1 (Information Gain)
Howmepa sxciepuMeHToB Cpennee CKO Hucriepcus
2-6 0,73608 0,01435 0,00021
7-11 0,73248 0,02243 0,00050
2-11 0,73505 0,01677 0,00028
0e3 ydgerta MUHUMAITbHOTO ¥ MAaKCHMAaJIbHOTO 3HaueHuH F1
2-6 0,73422 0,01117 0,00012
7-11 0,73638 0,01988 0,00040
2-11 0,73481 0,01376 0,00019
Tabmnuua 16 — Cpeanee, CKO, nucnepcus ais F1 (Gain Ratio)
Homepa skcniepuMeHToB Cpennee CKO Hucnepcus
2-6 0,73370 0,01178 0,00014
7-11 0,73133 0,02014 0,00041
2-11 0,73302 0,01437 0,00021
0e3 yyera MUHIMAJIBHOTO M MAaKCHMAJIbHOTO 3HaueHni F1
2-6 0,73193 0,00791 0,00006
7-11 0,73447 0,01859 0,00035
2-11 0,73262 0,01152 0,00013

W3yuuB npeacTaBIeHHBIC PE3YNIBTAaThl, MOJKHO CIEATh CIIETYIOIINE BEIBOABL:

1. iWizard-E npoxemoHcTpupoBaia HauOONBIIYIO 3((GEKTHBHOCTh MPH HCIONIB30BaHUHM B KayeCTBE TECTOBOIO MHOMKECTBA
UTOTOBOTO Habopa, TO €CTh JAHHBIX, KOTOPbIE NPUMEHSIINCH Il 00y4eHHs POBEPSIEMBIX MPOTHOCTUYECKUX MOJEINEH B MEPBOM
skcriepuMenTe. OnHako TakoW MOJXOZ, KaK IPaBUIO, JEMOHCTPUPYET 3aBHINICHHBIC 3HA4YCHHs IOKa3aTeleld KadecTsa.
CrienoBatesbHO, 9TH Pe3yJIbTaTh B IaJbHEHIIIEM YUUTBIBATHCS He OYTyT VISl MOBBIILIEHHS JOCTOBEPHOCTH OLIEHKH PabOThI CHCTEMBI.

2. Hamnyummit pesynmpratr (F1 = 0,8229) Obl1 JOCTUTHYT TpH: THII BBIOOPKM = «CTpaTH(GUIMPOBAHHAS», pa3Mep
obyuaromeit BEIOOpkH = «90% 0T ucxomHoro Habopay, pasmMep TECTOBOM BhIOOPKH = «2618 3anuceit». Hanxyamuit pe3yabTat
(F1 = 0,6974) 6T AOCTUTHYT MpPHU: THII BBIOOPKH = «C BO3BpAIeHHEM», pa3Mep obyuaromiedl BbIGOpKH = «2618 3ammceii»,
pa3Mep TeCTOBOW BHIOOPKH = «MCXOJIHBIA HAOOP».

3. iWizard-E npopemoHcTpHpoBana Haubosiee CTabMIBHBIC Pe3yJbTaThl MPH HCIOJIb30BAHUH B KauyecTBE O00YYaroOLIEro
MHO)XECTBA MCXOIHOro Habopa (camble Hu3kne 3HadeHnss CKO u aucrepcny NpH HAaWBBICIINX CPEIHHUX 3HAYCHUAX; CM.
CTpoKH 2 1 6 B Ta01. 12).

4. iWizard-E npoaemoncTprpoBana Hanbosee CTa0uIbHbIC pe3yibTarhl (CM. Tabmn. 13-16) npu UCIOJIB30BAHUH KPUTEPHS
pazbuenus Gain Ratio (naumensinue 3nauenus CKO u nucnepcun).

Takum obpaszom, iWizard-E npogemoHcTprpoBaia T0CTATOYHO BBICOKHE PE3YAbTAThI IPH 00paboTKe Pa3IHYHBIX HAGOPOB
nmansbix. Crie1oBaTeNIbHO, MOKHO yTBepkaaTh, uto ICIIIIP no3Bosser popmupoBath 3G(HEKTHBHBIC POTHO3BI.

KoHpaukT nHTepecos Conflict of Interest
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AHHOTALMSA

HW3BecTHO, YTO KOJIOHWHM HACEKOMBIX, OCOOEHHO MYpPaBbH, ISHCTBYIOT M PEIIAIOT Pa3IMYHbIC 33/1a4 OYCHb paclpeeNEéHHbIM
00pa3oM, cCoXpaHsisi BBICOKHI YPOBEHb HaJEKHOCTH. AJTOPUTMBI KOJIOHHH HACEKOMBIX, OCHOBAHHBIC HA TIOBEJICHUN HACEKOMBIX,
MOJIyYMIM OOJIBLIIOE BHUMAaHHE B Pa3IMYHbBIX MPHIOKEHUSX, TAKUX KaK paclpesiesieHHe 3ajad, TIOUCK JIoMa Ui JKM3HH U T. 1.,
JIEMOHCTPUPYSI OYEHb XOPOLINE Pe3yJIbTaThl B PEIICHNN KOHKPETHBIX mpobiemM NP-cioxxHocTH. B 3TOM cTaThe MBI aHAMM3MpyeM
BapHaHT aJITOPUTMa KOPMJICHHS, OCHOBBIBAIOIIETOCS Ha MOBEJICHUHN KOJIOHUH MYpPaBbEB. MBI HAXOMM, KaK TEOPETHYECKH, TaK U C
MOMOIIBI0 YHCICHHBIX CHMYJIIMH, TaKHE YCIOBHUA, KOTOpBIE BEAYT K MH3BECTHYIO CaMOYHHUYTOXAIOIIEMY MOBEACHUIO,
Ha3bIBACMOMY ‘‘MypaBbHHAS CIIAPAIIE CMEPTH .

KarodeBble ci10Ba: pacnpenenEéHHbIEe alrTOPUTMEL, CIydaifHoe Oy KIaHHe MOJCINPOBAaHNE, YUCICHHAS CUMYIIALISL.

THEORETICAL AND NUMERICAL EVALUATION OF COLLECTIVE ANT BEHAVIOUR
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Abstract

It is known that insect colonies, especially ants, act and solve various necessary tasks in a very distributed manner, keeping
high level of robustness. Insect colony algorithms, based on the insects’ behaviour, have received large attention in various
applications such as task allocation, house hunting, etc., showing very good results in solving particular NP-Hard problems. In
this paper we analyse a variation of foraging algorithm that originates from the ant colonies behaviour. We discover
theoretically and using the numerical simulations the conditions, which lead to a known self-destructive behaviour, also
referred as the Ant Spiral of Death.

Keywords: distributed algorithms, random walk, modelling, numerical simulation.

Introduction

Basic ant colony foraging problem on the grid can be described as the problem of finding target cells (sources of food) given
starting cell (anthill) and number of independent agents (ants) with limited resources [2, P. 575]. Some species of ants may have
very limited amount of short-term memory and extensively rely on the pheromones for navigation. l.e. each walked path is
marked with some amount of pheromone, which tells other ants whether path is walked already and/or source of food is found.
Each ant that walks "food" path adds it’s own pheromones to existing amount to increase attractiveness of the path and pull more
ants into the process. Pheromones are tended to dissipate and diffuse, thus, decreasing influence over time [10, P. 123].

One of the algorithms that models and solves foraging problem is called Pheromones Algorithm. It imposes no obstacles,
no dissipation, no direct communication and centralised starting point. Group of ants starts from given cell and randomly
explore surroundings, avoiding already marked cells. More complicated foraging model may include obstacles and rely on
more probabilistic navigation, for instance, whenever ant tries to find an anthill it will more probable to move in the direction
with larger pheromones density, but it can still perform random walks. This problem is experimentally covered in [3, P. 56]
with discussion on the different parameters that leads to convergence.

We, in turn, want to discuss modification of the pheromone algorithm in no-food environment in order to simulate
phenomenon of Ant Spiral of Death. It is observed, that some warrior colonies of ants, with bad eye-vision, can form a moving
spiral "flock" (size can vary up to 1200 feet), and if it is not broken down somehow, then, whole colony can die because of
exhaustion. It is, usually, explained by the looped pheromone paths which are followed by the blind ants that do not have other
methods for orientation. It can be easily reproduced in handicraft conditions by placing sufficient amount of ants into bounded
space. In the following sections we will describe the model of ants behaviour, derive some theoretical results and prove them
experimentally.

Model

Informally, ant behaviour in our model can be described as following:

1. N ants start randomly in a bounded grid space and act synchronously.

2. Each ant places portion of pheromones ¢, at its starting point.

3. Environment does not contain food cells.

4. Ateach round:

a. If ant stands at non-marked with pheromone cell, then it places there amount of pheromone equal to the maximum
amount from the neighbourhood (cells that can be reached within one round) of this cell, multiplied by the uncertainty factor
u < 1. If cell is marked (i.e. ant previously moved to, probably, other’s ant path), then it adds 4¢ to the existing amount
(increases attention to the path).

b. Ant randomly chooses whether to perform chaotic move with some fixed probability p or to move to the cell with
larger amount of pheromones (with respect to distance):
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 ant can move in 8 directions by one cell during one round,;

« tie-breaking is done randomly;

« each ant has limited memory and can remember up to m last cells it visited;

- ant prefers not to visit cells that are in the neighbourhood of the last visited (tries to explore broader).

c. Pheromone ¢ evaporate over time with rate ¢, i.e. ¢, = ¢, - €*

Theory

Given the model description we can do some theoretical suggestions regarding the possibility of the Spiral of Death
formation. For ease, let consider the above model with number of ants N = 1.

Assumption 1. For small chaotic move probability p an ant, starting from the closed trail of pheromones is more likely to
stay on it.

Proof. Since ants have 8 degrees of freedom, then, probability to chaotically move from the trail at the step 0 is gp.

WLOG at the step 1, there are only 3 ways to move strictly out from the trail, thus, the probability is Zp. At the step 3,

assuming trail is not in the neighbourhood anymore, ant will choose direction randomly and uniformly. Thus, 1D random-walk
can be applied in order to find probability that ant will not chaotically come back to the trail. From the theory it is known that
this probability is proportional to (1 — n=/2), where n is the number of steps. Total probability, that an ant leaves the trail is
6 3
~gPgP- nt?) «p?(1 —n"?)
For a sufficiently small p and large n this probability is small.

Assumption 2. For ant memory m > 1 and number of steps n > m, following equations give conditions on parameters n,
m, u and e that, if satisfied, lead to creation of "Spiral of Death".
n—m)[logln—m) —1]+log(n—m) ~ 1
L=y euV 2 68,i=1,...,n,
where n* is solution to 1, & - some threshold, may considered as machine precision.
Proof
To prove this assumption we need to find probability that path of the ant have intersections after n steps. First, we consider
easier problem of finding probability that ant returns to it’s starting point. We can consider creation of such closed loop as 2D
random-walk with return. However, finite ant memory m and respective behaviour imply following restriction: random-walk
started at step i can not return at steps less than i + m. From the theory it is known, that for 2D case probability of return in k

steps is proportional to % Then, mathematical expectation of the number of returns after s steps is [1]
1 1 4
2s  12s?

(ONE)

> 1 n>1
Es(rets) = ZE =H; = logs+vy+
k=1
where H, - st* harmonic number.
Thus, ant returns to it’s starting point after n steps E, (rets) times. However, to solve original problem, we also need to
consider intersections with each following point of random-walk 2 ... n. Hopefully, intersection with point i can be considered
as the return after n — i steps of the random-walk started at i, because random-walk is, essentially a Markov Process. Thus,

number of intersections is
n
I = Z Ej (rets),

k=1
adding memory restriction:
n-m n-m 1
I = Z Ej (rets) 2t Z <logk +E> =
k=1 k=1
=log[l-2-...(n—m)]|+ Hy_p,

m>1

~ logln—m)!+log(n —m) =

=~ |Stirling 'sfactorialapproximation| =
n>m

=~ (n—m)log(n—m)— (n—m)+log(n —m).

Finally, closed loop creation, or, equivalently having at least one intersection in a random-walk is given by setting number
of intersections I ~ 1, from which (1) immediately follows. This is qualitative estimate that describes the relations between the
model parameters. To obtain particular solution n* given some m, one should numerically solve the particular equation.

If, after n steps, trail completely dissipated, then, random-walk would not intersect the trail whatsoever. Therefore, we
need to require the pheromone not to dissipate completely at any trail point i before the closed-loop is created. From 1 for
fixed m, particular n* steps, that are needed for closed-loop creation can be obtained. Thus, using evaporation and uncertainty
laws, we see, that for each trail point i after n steps
oL = ¢ €u™ti=1,..,nllolds.

Immediately follows (2).

In this section we provided some theoretical results showing how different parameters of our model must be set with
respect to each other in order to create or avoid "Spiral of Death" in the case of N = 1. Extension to N > 1 does not seem
trivial for general case, but can be roughly done using the results on multiple random-walk intersections.

Experiments

In this section we provide some experimental results obtained from the simulation of the described model. For
implementation, we used Multiagent Simulation Toolkit MASON, which provides easy way to model synchronous systems
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using Java programming language. As well, it has in-built screen-capture tools, which allows to record and take snapshots of
the simulation.
We conducted several experiments on the bounded square grid of size 50 x 50 cells. Starting points of ants were placed
uniformly. We varied model parameters N, m, €, p to see how they affect the results. For all experiments we put u = 0.8,
Adp = 0.1, ¢y = 1.0.

First, we decided to reproduce theoretical results for N = 1 and see if our assumptions are reasonable. For large chaotic
movement probability p we have got expectable results, that ant can not create stable loop, hence, we set p = 1% for the
experiments described below:

+ Small memory m = 5, moderate evaporation e = 0.8 lead to small loop size as expected. See FIG. 1 a).

e Small memory m = 5, intensive evaporation € = 0.3 lead to loop impossibility as random-walk can’t end before
¢ = 0.002 already. See FIG. 1 b).

e Very large memory m = 100, moderate evaporation € = 0.8 lead to loop impossibility, as ant is very unlikely to
return to the trail. See FIG. 1 ¢).

+ Large memory m = 50, slow evaporation e = 0.99 lead to large loops as expected. See FIG. 1 d).

Second, we observed behaviour patterns for N > 1. Now, we varied p, fixing memory to moderate value m = 20.

« N =100, tiny probability p = 1073%, fast evaporation € = 0.6 lead to small/medium loops. See FIG. 1 f).

*+ N =100, large probability p = 10%, moderate evaporation € = 0.8 lead to no loops, mostly chaotic movement. See
FIG. 1e).

+ N =100, tiny probability p = 1073%, moderate evaporation e = 0.8 lead to large loop. See FIG. 1 g).

Summary

In this paper we showed the behaviour of an ant colony in specific environment, which could lead to an interesting natural
glitch/phenomenon known as "Ant Spiral of Death”. We described simple model with several parameters that could be varied.
After that, for simple case of unit size ant colony we derived theoretical predictions on the relations between parameters that
lead to larger possibility of “spiral behaviour”. Further, we implemented our model using multi-agent simulation toolkit and
conducted experiments that, overall, were consensual with theoretical results. Finally, we empirically picked up suitable
parameters and verified, that "Ant Spiral of Death™ can be produced in our model with colony of larger size N > 1.
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FIG.1: N=1.m=5¢=08 p=1% FIG.2 N=1,m=5¢=08 p=1%
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AHHOTaNMA

MOHUTOPHHT MOPCKOTO MPHOPEKHOTO pEeTHOHAa BaKHOE HANpaBIIEHHE HAYYIHO-TIPAKTHYECKOH maearensHOcTH. OH
BKIIIOYAeTCsI B OOMIyI0 CHCTEMY TIJI00adbHOrOo MOHHTOpWHTra. CyIIeCTBYIOT OTHENbHBIE METOIMKH MOHHTOPHHTA IS
OTHeNnpHBIX cpen. Ho menocTHO# cucTeMBl MOHHTOpPHHTA JJIS MPUOPEKHBIX PETHOHOB IOKa HeT. B crathe mpemmaraercs
0o0paTuTh BHUMaHHE Ha HEOOXOAWMOCTh KOMIUIEKCHOTO MOAXONAa IJISi M3YYEHHsS OCOOCHHOCTEH NPHUOPEKHBIX PETHOHOB C
1ensio 3¢ eKTHBHOTO ympaBiieHUs cCUTyanuel. Pe3ynbraT [UIMTeThHOTO H3YYeHNSI MOPCKHUX aKBaTOpHi, ypOaHU3NPOBAaHHBIX
CHCTEM, PACIOJararoluXxcs B MPUOPEKHON 30HE, OCOOCHHOCTEH OpraHU3allMyd TEPPUTOPHU IOJ PCKPEAI[HOHHBIC HYKJBI,
MPUBEJ aBTOPOB K HEOOXOUMOCTH 30HUPOBAHUS TCPPUTOPUH U pa3pabOTKK CUCTEMbl MOHHUTOPUHTA B COOTBETCTBUH C TUIIOM
30H. B craThe MPUBOIATCS HECKONBKO 30H, KOTOPBIC OBUTM BBINCICHBI B PE3yJbTaTe HM3YYCHUS OCOOCHHOCTEH MOPCKOIO
npubpesxHoro peruona CeBacTomos.

KiroueBble ¢Ji0Ba: MOHUTOPUHT, YKOCHCTEMA, TIPUPOIHBIE PECYPCHI, YIIPABIICHUE.
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Abstract

Monitoring of the coastal seaside region is an important area of scientific and practical activity. It is included in the overall
system of global monitoring. There are separate monitoring methods for individual environments. However, there is as yet no
integrated monitoring system for the coastal region. To effectively manage the situation, the article suggests paying attention
to the necessity of an integrated approach to the study of coastal regions. The result of the long-term study of marine areas,
urbanized systems located in the coastal zone, the main features of arranging the territory for recreational purposes made the
authors conclude that zoning of the territory and developing a monitoring system by the type of zones is necessary. The article
lists several zones identified after the study of the characteristics of the coastal seaside region of Sevastopol.

Keywords: monitoring, ecosystem, natural resources, management.

MOHHUTOPHHT — 3TO cHCTeMa HaOJIONEHHS W KOHTpOJI OKpyKaromied cpernbl. [ToHATHE 3KOJIOTHYECKHH MOHUTOPHHT
BBelleHO CTOKroabMCKOM KoHbepeHuuerd B 1972 romy M O3HauYaeT, 4TO 3TO HAOMIOJEHHWE, OLIEHKA, aHallu3 COCTOSIHHS
M3MEHEHHsI OKpYIKaIoIeil MPUPOAHON cpelibl. MOHUTOPHHT OKpYIKAaIOIIEH YelloBEKa CPellbl — 3TO CIISKEHUE 32 COCTOSTHHEM
NPUPOJHON Cpelbl M NPEeNyNpPeXICHUE O CO3JAIOUIMXCS KPUTHUECKHX CHTYAIMsX, BPEIHBIX WIIM ONACHBIX VIS 3[0POBbS
JFOJIEH ¥ IPYTUX KUBBIX OPraHU3MOB.

MOHUTOPUHIOM Ha3BIBAaeTCA CHCTEMa HAOJIIOJCHMH, OIEHKM M NPOTHO3a COCTOSHHS OKPY)KAIOLIeH MPHUPOIHOM Cpelbl,
MO3BOJISIONIAsT BBIACINTH HM3MEHEHUS! COCTOSHMS OHocdepsl Ha €CTECTBEHHOM (pOHE T10Jl BIMSHHEM 4YeJIOBEUECKOH
JIeATeIIbHOCTH. DKOJIOTHYECKHH MOHMTOPHHI — KOMIUJIEKCHAsl cHCTeMa HaONIOJEHUI 3a COCTOSHHEM OKpY>Karomed Cpesbl,
OLICHKA M MPOTHO3 M3MEHEHUH COCTOSHUS OKPY’Karoled cpesl Mo BO3AEHCTBHEM IIPUPOAHBIX M aHTPOIIOTEHHBIX (DaKTOPOB.
OcHOBHOE TIpeHa3HAYeHHEe MOHHWTOPHMHIA JUIS CHCTEMBI YNPABIEHHS — 3TO IIOJydEHHE DPE3yJIbTaTOB IO CHCTEMHOMY
CIIS)KEHHIO, OKCIIEPUMEHTAJbHOMY M TIPOTHO3HOMY MOJEIHMPOBAHUIO W pPa3pabOTKa pPEKOMEHJIanWii 10 yNpaBIEHHIO
COCTOSTHHEM OKpY>KalolIel MPUPOIHON CpeIbl.

Buibl MOHUTOPUHTA MIPU YUETEe OCHOBHBIX MOKa3aTeleii:

1. KauecTBeHHBbI WJIM KOJMYECTBEHHBI — KOJIMYECTBEHHAas M (WJIM) KaueCTBEHHAash OIIGHKa COCTOSHHSI BO3/yXa,
MOBEPXHOCTHBIX BOJI, KIMMaTHYECKUX HU3MEHEHHH, MOYBEHHOro MOKpOBa, (Guopbl U (ayHbl, BEIOPOCOB, CTOKOB, COPOCOB C
MPOMBILUICHHBIX MPEANPHUATHA U C arpolnpOMBIIUIEHHOrO KOMIUlekca M T.J. OCyLIecTBISIETCS C TMOMOIIBIO CHCTEMbI
HaOJIOCHUH TEXHOJIOTMYECKUX U (MJIH) BU3YaJIbHBIX METOJIOB, B 3aBUCUMOCTH OT LIEJIH U 3a/1au.

2. IIporHO3HBII — UCHOJIB30BAHUE METO/IOB ITPOTHO3a, B TOM YUCIIE U CTATHCTHYECKUX METOJIOB, 38 COCTOSHHEM OOBEKTOB
HPUPOTHOM CPeibl MIIM SKOJIOTHIECKON CUTYaIMel OKpY Karomel cpeibl.

3. NudopmanmoHuslii — coop, 006paboTKa, aHaIM3 M Tepeaada MHPOpMaKu 00 M3MEHEHMSX B OKpYXaloled cpeie H
(WTH) TEXHOJIOTHYECKHX IUKIIaX.

OcHOBHBIE (D)YHKIIMM MOHHUTOPUHra — KOHTPOJIb Ka4eCTBa OTJENILHBIX KOMIIOHEHT OKpY’Kalolled Cpeabl M OmpeleliCHue
OCHOBHBIX HICTOYHHUKOB 3arpsI3HEHUS.
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Bupl MOHUTOpPHMHTA IO CTEIIEHH EMKOCTH HAaOJIIOAEHHH 3a IpolieccaMu B bnocdepe:

. 'moGanbHbIit:
CJIC)KEHHE 33 MHPOBBIMH NPOIIECCAMU U SIBICHUAMHE B Onocdepe, BKII09ask BCE IKOIOTHUECKHE KOMIIOHEHTHI;
MpeRyNPexICHIE O BO3HUKAIOMINX YKCTPEMAIIbHBIX CUTYalNsAX;
OCYILIECTBIICHHE IPOTHO3a BO3MOKHBIX W3MEHEHUH B Onocepe 3eMim.

2. PernoHanbHBIA — OXBATBIBAET CICKCHHE 3a MPOLIECCAMH U SIBICHUSIMH B NIPEJEax OTACIbHOTO PETHOHA, II€ OHH MOTYT
OTJINYATHCS 110 IPUPOJHOMY XapaKTepy M aHTPONOT€HHBIM BO3AEHCTBUSAM OT 0a30BOro (hoHa, XapaKTEepHOTO ISl SKOCUCTEMEI
WK BCeH OHocdephl.

3. IMmakTHEIH — TPOBOJIUTCS 0COO0 B OMACHBIX 30HAX, HENOCPEACTBEHHO NPHUMBIKAIOIINX K 3arps3HSIONIUM Cpery
UCTOYHUKAM.

4. ba3oBblii — MOHHUTOPHMHI Ha KOHKPETHOM OOBEKTE, C YYEeTOM OCOOEHHOCTEHl pPErHOHANBHBIX M JIOKAJIBHBIX
AQHTPOIIOT€HHO-TEXHOTEHHBIX BO3AEHCTBUI B 0000 OMAcHBIX 30HaX M MecTax. Ero MOXKHO NMPHUMEHSTH JUIsl U3y4eHHsI 0c000
OXpaHAEMBIX TIPUPOAHBIX TEPPUTOPHUA — 3alOBETHHKOB, 3akasHHKOB. CremyeT pa3pabaTbiBaTh METOABI 0a30BOTO
MOHHUTOPHHTA AT PEKPEAIHOHHBIX 30H.

Mopckoil TpHOPEXHBI PErHOH HMMEET CBOM OCOOCHHOCTH B 3aBHCHMOCTH OT TI'eOrpa(puIecKoro pacIONOXKEHUS.
CeBacTOMONBCKII MOPCKOW TPHUOPEKHBIA PErHOH, HANpUMEp, OTIMYaeTCS OT BCeX NMPUOpEeKHBIX pernoHOB Kpreima. OH
HCTOPHYECKN Pa3BUBAJICS KAK TEXHOTEHHBIM BOCHHO-TIPOMBIIIIIIEHHBII KOMIIIEKC, KaK CENbCKOX03sHCTBEHHAs pecypcHas Oaza.
Ha ero Tteppuropum compspKeHBI BCE THIIBI HPUPOIHBIX M AHTPONOTEHHO-TEXHOTEHHBIX CHCTEM. Uepe3 HEro HpOXOmsT
aTMocdepHbie (POHTHI, HUPKYIUPYIOT YSPHOMOPCKUE TeueHHs. MopcKas akBaTOpHs CBs3aHA M C pedHbIM cTokoM [5], [6].
KnuMaTtudeckue ycioBHS TaKOBBI, YTO OHH SBIISIOTCS KypOPTOJIOTMUECKMMH (hakTopamu, IEeHCTBHE KOTOPBIX aKTHBHO
MPOTAaraHMPOBAINCH C 1IEIbI0 Pa3BUTUS NMPUOPEXKHBIX KypopToB KpbiMa. ATMOC(hepHBIE EPEHOCH! CIIOCOOCTBYIOT 3aHOCY
3arps3HAIONINX BEUIECTB U3 PAa3BUTHIX TEXHOT'€HHBIX PETMOHOB M MX ocefaHuto. JXKurenu ropoja HaxoaaTcs MO MOCTOSHHBIM
BO3JICHCTBMEM CaMbIX pa3HOOOpa3HbIX (AKTOPOB Cpelbl: METEOPOJIOTHUECKHX; KIMMATHYECKUX (KypOPTOJOIMYECKHX);
AHTPOIIOT€HHO-TEXHOTEHHBIX. MopcKas NmpuOpe)Hasi 30Ha — 3TO 30HA CONPSDKCHMS M CHCTEM YIPaBJICHUs, OHA BakHAa B
KOHTEKCTE pa3BUTHsI HHTEepecoB Oyayiero pernona [10].

Jlns mpoBeeHUsI MOHUTOPHHTa MOPCKOTO IPHOPEKHOTO PErHOHA HEOOXOANMO MEPBOHAYAIBHO ONPENCIUTh €ro LeIeBoe
pa3BUTHE. 3aTeM BBIJCIUTH CHCTEMY A HaONIOJCHUS, OINpPEACIUTh OCHOBHBIC KOMIIOHEHTHI, BIHUSIOLINE HAa CHTYAIHIO,
c(hopMyIHpOBaTh 3a1a4H, TIOA00pATh METOABI cOOpa U 00pabOTKH HHPOPMAITUH.

CymiecTByeT HECKOJIbKO KOHTAKTHBIX MM CONPSKEHHBIX 30H B MOPCKOM NPHOPEKHOM PETHOHE TOpO/ia, B COOTBETCTBHU C
JEUCTBYIOIIMMH Ha HHUX (haKTOpamMu CpeAbl MOXKHO BBIJICUTH OCHOBHBIE XapaKTEPUCTUKH, KOTOPhIE B JaJIbHEHILEM
HEOoOXO0MMO YUHTHIBATH B TIporiecce mouuropuara [7], [8], [9].

1.IIpudpe:KkHbIE CONPSIKEHHBIE PAHOHBI — «CONMPSIKEHHAS CHCTEMa: Mope — Cyla»:

1)IlepBbIii TeppUTOpHATBHBIN MOSIC KOHTAaKTA. [IpuMep: 4acTHBIN CEKTOP.

MOHUTOPHHT 3TOH 30HHBI CIEIyeT BECTH C YIETOM OCHOBHBIX KOMIIOHEHT, HAIlPHUMEp, B CHCTEME «IUISK — peKpeariioHHas
30Ha»:

a)UacTHBIN CeKTOp.

KoHTposnb: neHTpatbHbIe KOMMYHHUKAIUN; BHITPEOHBIC SIMBL.

DKOJIOTMYECKUI METULIMHCKUN PUCK:

-IpUYHMHA — HapyIIEHHE CAaHUTAPHO-3ITUINMEOJIOTHYECKUX HOPM,

-TIOCTIEICTBUS: Pa3BUTHE NMUIIEBBIX HHTOKCHKAINH, TeIbMUHTHOE 3apakeHHE.

-IIPOTHO3 - BO3MOXHO IIOCTYIUIEHHE B MOPCKYIO Cpely MaTOTeHHOW MHUKPO(IOPHI M pa3BUTHE KUIIEYHBIX U BUPYCHBIX
UHQEKITIH.

6)OTapIxaroniyue — 3aMyCopuBaHUE TEPPUTOPHUH.

IIporHo3 cOOTBETCTBYET NPEABIAYIIEMY IYHKTY.

2)Bropoii TeppuTOpHATIBHBII MOSIC KOHTAKTA.

[peanpusiTust U KWiible MaccuBbl Ha Oepery mops. [IpuMep McToyHMKa omacHOCTH: LleMEHTHBIN 3aBOX; MPEAIPHSTHUS
o0IenuTa ; MpenpHsThS JOCYTa.

Tpu cyObexTa — KHUTEINH, YaCTHBIN NMPEeANPUHUMATENb CEephl MUTAHUS U 10CYyTa, aIMHHUCTPALHS 3aBOJIA.

Paznuumst oTMewaroTCs: B CHCTEME YIPaBJICHUS; THIy W MHTCHCUBHOCTH BO3ICHCTBHS 3arpsi3HSIONIMX HCTOYHHKOB;
0COOCHHOCTSIM, HHTEHCHBHOCTH 3arpsI3HEHUSL.

3)Tpernii TeppUTOPUATBHBIH ITOSIC KOHTAKTA.

WMmnakTHEI palioH ¢ HACBINICHHOW pa3HooOpa3HOH cdepoit BosmeiictBus. IIpumep: CeBactomonbekas OyxTa.
PeructpupoBaiucek 1 0kHIaeMbl BCE TUITBI HETaTHBHOTO BO3/EHCTBUA U HANIPSXKEHHOCTD YKOJIOTHYECKON CUTYallHu.

Heckonpko cyOBEKTOB BO3ICHCTBHS Ha IPUPOIHBINA OOBEKT.

BosneiictBust paznoobOpasHsle. [locrmencTBus THArHOCTUPYEMBI, HO IMArHOCTHPOBATh NPHYMHY TPYIHO BCIEICTBHE
COYETaHHOTO JACHCTBHA (PaKTOPOB, HO HANIPSDKEHHOCTH CUTYAIlUH OXKHaeMa.

4))YeTBepTHIil TEPPUTOPHATBHBINA MOSIC KOHTAKTA.

HHTEeHCHBHOE BO3ACHCTBHE TEXHOTCHHOW JEATETLHOCTH Ha CONpPsDKeHHYIO 30HY. Ilpumep: KawmbimoBas Oyxrta —
MOPCKOW TOPTOBBI M PBHIOOIOBEIKMH MOPT. AHAJIOTHYHO TPEThEMY IOsSCYy, HO OTMeuaeTcs crennpuka IO THIIAM
Bo3aeicTBUs. OHa XapaKTepHU3yeTcs SBHO BBIPAXKEHHOW JOMHMHAHTOW WM HMPUOPUTETOM JIEHCTBUS HECKOIBKO COYETAHO
JeHCTBYIONINX (PaKTOPOB CPEbI.

B ceBacTononbckoM MOPCKOM MPUOPENKHOM perHoHe, KaK U Il JII0OOTo aHaJIOTMYHOTO paiioHa B COIPSKEHHOM cucTeMe
«CylIa — MOpEe», BBIJIENSETCS] HECKOJIBKO THUIIOB OYXT 110 CTENEHH 3arpsi3HEHHs. XapaKTepUCTHKU 3arps3HSIONINX HCTOYHUKOB
MOTYT pa3jIn4aTbCsi, HO HANpPSDKEHHOCTh OSKOJIOTMYECKOM cuTyanuu Oyner OOOCHOBBIBATHCS —CTENEHBIO  TSKECTH
9KOJIOTMYECKON CUTYyalluu.

e o o
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1) OtHocuTenbHO umcTast OyxTa. VIHTEHCHMBHOCTh CYOBEKTOB [EATECIBHOCTH, B TOM 4YHCIE€  PEKPEAlHOHHON,
HerocTosiHHAsl. HecKoIbKO 3arpsA3HUTENCH MepHOIUYecKH cOpachIBAalOT 3arpsi3HSAIONINE BellecTBa B akBaTopuio. CTeneHb
CaMOOYHIIICHUSI MOPCKOI IPHOPEXHON CHCTEMBI BbILIe (POHOBOTO aHTpOHOreHHoro 3arpsisaenus [7], [8].

2) I'psizuas Gyxra. Heckoapko CyOBEKTOB MMOCTOSIHHO 3arps3HsIIOT akBaToprio. CTENEHp 3arpsi3HEHHST IPEBBIIIACT CTEIICHb
CaMOOYHMINEHHSI OyXTHI. 3arpsA3HSIOIINE BEIIECTBA ACIOHUPYIOTCS. DMHU30JUYECKH MM MOCTOSHHO IPOUCXOIWT BTOPHYHOE
3arpsi3HEHNE. B skocucTeMe HaOMIOAAIOTCS CTOMKHME M3MEHEHHS BHIOBOTO Pa3sHOOOpasws, HApyIICHbI OMOTHYECKHE CBS3H.
Moryt HaOmonaThCA OBICTPBIE CMEHBI IKOCUCTEMHBIX cTaauit [7].

3) Byxta upesBbruaiiHoii sKkomormdeckoit curyauuu (UDC). DTa cuTyalus MOXET BO3HHKHYTh B pE3ylbTaTe paspbiBa
KOJUIEKTOpA, JJAMIIMHTIa, Pa3iiBa HEPTEIIPOAYKTOB U T.I. DPPEKTHl B COOTBETCTBUH C THUIIOM M MHTEHCUBHOCTHIO HET'aTHBHO
BO3JIeiicTByIOIIEro (akropa. [Ipu quarHocTHKe NPEBBINICHUS HOPMATUBOB BO3AEHCTBUS OTBETCTBEHHOCTH HECET BUHOBHBII
CYOBEKT B COOTBETCTBHHU C THIIOM TSDKECTH CKJIA/IBIBAIOIICHCS CUTYaIHH.

2.Conpsi:keHHbIe YPOAHN3HPOBAHHBIE CHCTEMBI.

OHHM XapaKTepU3yIOTCsI pa3HOOOpa3HeM CBSI3aHHBIX M B3aMMOOOYCIIOBIEHHBIX CHCTEM B NPENETaX CHCTEMBI KOMIIOHEHT
HNPUPOJHOH cpenbl. KOMITIOHEHTHI TPUPOIHON Cpebl U aHTPOIIOTEHHO-TEXHOTCHHBIE CHCTEMBI IIPOYHO CBA3aHBI. BBICOK pHCK
TEXHOT€HHBIX aBaphii ¢ pa3HOOOPa3HBIMH HETATUBHBIMH ITOCIIEICTBUSAMH.

ComnpspKeHHBIE ypOaHH3UPOBaHHBIE CTPYKTYPBI HIMEIOT CHEU(HUIECKHE XapaKTEPUCTUKH 10 pernoHaM ropona. CreneHs
UX CONPSDKCHMS MUHIMAJIbHA B 30HE IUIDKEH W IPUOPEKHBIX 30HAaX OTABIXA, MAKCHMAJIbHO - B IMIIAKTHBIX 30HAX.

1) TlepBslit TEppUTOPHATIBHEIH MOSAC KOHTAKTA.

OTO 30HAa CONPSDKEHMS JKWIBIX KOPIYCOB M TEXHOJOTHMYECKMX (IPOMBIIUICHHBIX) OOBEKTOB C YYETOM HX
TEpPUTOPUATLHOM PACHONOKEHHOCTH. PacnpocTpaHenue 3arps3sHUTENS JUarHOCTUPYETCS M0 PaJnyCcy OT HCTOYHHUKA BBIOpoOca.
CyOBeKT pacmojiokeH B 30HE (B IIEHTpe) KOHTakTa. HeoOX0MUMO MPOBOIUTE MOHHUTOPUHI MECTHOCTH C BBIICICHHEM 30HBI
pacnpocTpaHeHHst U BO3JCHCTBHS BEIECTB 3arps3HUTENICH C Y4eTOM KIMMAaTHUYECKHX OCOOCHHOCTEH, yYMTBIBAsi CE30H roja,
penbedba M naHgmadra, 3aCTPOSHHOCTH TEPPUTOPUM M T.O., OCOOCHHOCTEH pacHpOCTpaHEHUWs 3arps3HEHUs, €ro
TpaHchopmanuu ¥ 3HeKToB BO3ACHCTBUS Ha KOMIIOHEHTHI IPUPOJTHOM CPeIbl U YeIoBeKa.

2) Bropoii TeppUTOpUANTBHBIH HOSC KOHTAKTA.

30Ha, ynaleHHas OT MCTOYHHWKA 3arps3HeHus. Cdepa pacnpocTpaHeHUs 3arpsi3HEHUS] OTPaHWYMBACTCS KIMMATHYECKOH
(MuKpoKIMMaTHYeCKOH) crenuduKoi, JaHIMAPTHEIMH OCOOCHHOCTSIMH, XapaKTEPHCTHKAMH 3arps3HUTENS U CTETEHBIO
BEPOSITHOTO KOHTaKTa KOMIIOHEHT MPHPOIHOW cpenpl M denoBeka. HeoOXoAMMO y4HTHIBaTh OCOOCHHOCTH IIOCTOSIHHO H
MIEPHOINYECKH JACHCTBYIOMMX (DaKTOPOB, BBISABISISI COYETAHHBIC BO3ACHCTBUS M BO3MOXKHBIC BapHaHTHl OTKIMKOB Ha
Bo3xeicTBre. [IpropureT oTaaeTcs OMOXMMUYECKHM METOIaM.

3) Tperuii TeppUTOPHUANTBHBIH MOSC KOHTAKTA.

310 paiioH, yAaJeHHbII OT cepbl BIMSHHUS UCTOUHHKA 3arps3HeHns. Bo3neiicTBie Ha KOMIIOHEHTHI IIPUPOIHOM CPEIbl U
4eJoBeKa MOXKET ObITh AU (GY3HBIM MM BPEMEHHBIM, U CBS3aHO C IPHPOAHBIMU SIBJICHUSAMHU (aTMOCHEPHBIMH NEPEHOCAMH),
0COOEHHOCTSIMU TpaHCc(opMaluK BEIeCcTB 3arps3HUTENEH, BpeMeHeM Bo3aeicTBHs. DPdekTsl BO3AeHCTBUS HE3HAYUTENBHBI,
HO B Clly4yae JUIUTEJIbHOTO BO3/EHCTBUA U JIETIOHUPOBAHUSA, MOTYT MPOSABIATECA CO BPEMEHEM — OTAAJICHHBIE TIOCIEICTBUSI U
OTMEYAIOTCs COYETaHHbIE MM KOMOMHaTOpHBIE 3¢ dekTs. Oco00e 3HaUeHHE NMEI0T OMOXMMUYECKIE METOIbI MOHUTOPHHTA.

4) 3oHa 3anoBenHas. BosnelcTBHE aHTPONOTCHHO-TEXHOTCHHBIX (DAKTOPOB JOJDKHO OBITh MHHHUMAJIBHO, HO
TpaHCTpaHWYHBIE SMHM30JMYECKHE BO3/ACHCTBUS OTMedaloTcs. Ha TeppuTOpuHM CeBacTOMOJIBCKOTO PErMoHa CYIIECTBYET
HECKOJIbKO 3allOBEIHBIX 30H C pPa3HbIM THIIOM 3allOBEJHOTO peXHMa. XEpCOHEC — TNPHMEP HCTOPHKO-KYJIBTYPHOTO
3aIl0BEIHUKA, PACTIONIOXKEH B IEHTPE COBPEMEHHOTO Iopoia. AHTPOIIOT€HHbBIE BO3AEHCTBHUS TOJDKHBI OBITh MUHUMH3HPOBAHBI,
HO 3TO MMNakTHas 30Ha. OCBOGHHE TEPPUTOPHM IPOHCXOAUT C YYETOM apXeoJOTHUecKod IeHHocTH. Heobxomumo
MUHHMH3HUPOBATh BO3ACHCTBHS IIOCPEICTBOM pPa3pabOTKH IPOTPaMMBI  3aIIUTHl TEPPUTOPUH OT TPAHCTPAHUYHBIX
3arpsa3HUATEINEH C y4eTOM KIMMaTHYeCKOH U JTaHIAGTHON CIIeIIUPHKH.

5) 3oHa, yaaneHHas OT TEXHOT€HHO-aHTPOMIOTEHHBIX KOHTAKTOB. DTO, HAMPUMED, TITy0OKOBOIHAS 30Ha, KOTOPAs C OJXHON
CTOPOHBI CONPSDKEHA ¢ CHIIBHO 3KCIITyaTHPYEMBIM MIETh(GOM U CBA3aHA Pa3IMYHBIMU THIIAMHU IPUPOJHBIX CBSI3€il — MUTpanus
PBIOHBIX KOCSKOB Ha HEpPECT M KOPMEXKY, M TEXHOI'CHHBIMH BO3JCHCTBUSAMH - MOpEXOJHas Tpacca. 3a cueT
THIPOAMHAMHYECKHX MPOLIECCOB BOI00OMEH B UepHOM MoOpe CBSI3BIBAET HECKOJIBKO MOpEHl B €AMHYIO CUCTEMY, IPOUCXOIUT
0oOMEH BOZHBIMH MaccaMH, KOTOpBIE INEPEHOCAT IMHUTATEIbHBIE BEUIECTBA, KUCIOPOA M 3arps3HUTENN. 3a CYET IoJbeMa
riryOOKOBO/IHBIX BOJI — SIBJICHHS aNIEeBWIIMHTA, HaOmomaercs noabeM (ochop M a30T COAEpIKAalIUX BELIECTB, KOTOPHIE
CIIOCOOCTBYIOT TOBBIIICHUIO TEPBUYHOM IPOJYKTUBHOCTH. B neTHWil mepwox mporpeBa BOABI Ha IIENb(e OTMEUYAOTCS
SBJICHHSI CTOHA W TIOHIKEHUE TEMIIEpaTyphl.

Paznenenne TeppuTOpME MOPCKOTO TNMPHUOPEKHOTO CEBACTOIOJIBCKOTO PErMOHA HA CONPSDKCHHBIE 30HBI MOXET OBITh
YCJIOBHBIM, T.K. HE CMOTpSI Ha MHPPACTPYKTYPHYIO HACBIIIEHHOCTh OTAEIBHBIX 30H, BBIJCISETCS pelibeHasi HEOJHOPOHOCTb.
Crermduka ee TakoBa, YTO TOPHl W Oalku HUMEIOT MHKPOIHMPKYIATOPHBIE aTMOC(hEpHbIE OCOOEHHOCTH, KOTOpHIC
CHOCOOCTBYIOT 00pa30BaHUIO MUKPOKIMMATHUECKUX PaoHOB. B crcTteMe apXUTEKTYpHOTO IUTAHMPOBAHUS HET 3KOJIOTHIECKH
000CHOBaHHOW TPOTPAMMBI 3aCTPOWKH perrmoHa. B OONBIIMHCTBE CIy4aeB HAPYMIAIOTCS CAaHUTAPHO-3IIHIEMHOJIOTHYECKHE
HOPMBI (30HAIBHOE IMIMPOTHO-IOJTOTHOE PACTIONOKEHHE JKHIBIX JIOMOB; CTPOWUTEIECTBO KOMMYHHKAIMHA M CHCTEM
XKU3HEeoOeceueHnss W T.JI.). JTO CO3JAaHHE YCIOBHHM Ui BO3HHUKHOBEHHS UYPE3BBIYAWHONW HKOJIOTHYECKOW CHUTYaIllMd B
peruoHaibHOM Macmtabe. Ha ypoBHe pervoHanpHBIX 4Ype3BBIUAHHBIX cuTyaund wuctouHuk YODC: yBenmuueHne
ABTOMOOWJIBHOTO TPaHCHOPTA Ha IEHTPAIbHBIX YJIHIAX TOPOJA, B CBA3U C OTCYTCTBHEM allbTEPHATHBHBIX TPACC; CO3IaHUE
CTUXMHHBIX PHIHKOB M IPENNpPUATHI O0IIenHTa, a TaK XKe 3acCTpoiika TeppUTOPUH M TEXHOT€HHOE onycThiHMBaHHE. CHucTema
HOPMAaTHBOB 3aCTPOHKH C y4ETOM JaHAIA(THBIX OCOOCHHOCTEH M HKOJIOT0-9KOHOMUYECKOH IIEHHOCTH PErHOHOB B TOPOJICKOM
cHCTeMe YIpaBJIeHHs JI0JDKHA cobmonarbesi. C 3TOH 1esiblo He0OX0MMO TIPOBECTH KOMIUIEKC MCCIIEA0BaHUI U pa3padoTaTh
IEJIEBYIO TIPOrpaMMy CTPOUTEIBCTBA C yYETOM KOHTDOJISI 32 COXPAaHEHHWEM IPUPOJIHBIX TeojlaHImadTHBIX, pelbe(HbIX,
TE0IKOJIOTHYECKUX, MUKPOKITUMATHIECKUX U 9KOHOMUYECKHX OCOOCHHOCTEH TepPUTOPUH.
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Jns anannza u oOpabOTKM JaHHBIX MOHHUTOPHWHIA, Pa3palaTbIBAlOTCS M INPAKTUYECKH BHEAPSIOTCS KOMIIBIOTEPHBIE
MH()OpPMALMOHHBIE TPOTPaMMBI. 3a/1a4H MO OIEHKE BIMSHUA (PAaKTOPOB HA KOMIOHEHTHI OKPYXKAIOIIEH Cpellbl MOKHO PEIIaTh
C MOMOIIBI0 MareMaTuueckoro moaenuposanus [1], [2], [3].

B DBxkonormueckoit moktpuae Poccuiickoit depeparuu, kotopas omodpeHa pacropsbkeHueM [IpaBurensctBa PO ot 31
asrycta 2002 r. N 1225-p, otMe4eHo, YTO K YHUCIIy OCHOBHBIX (DaKTOPOB AETpafalliil IPUPOITHON cpelbl Ha MHPOBOM ypPOBHE
oTtHOCSTCS [11]:

-pOCT MOTPEOICHUS IPUPOIHBIX PECYPCOB IPH COKPAIICHUH MX 3aI1acOB;

-yBEIMYEHHE YUCJIEHHOCTH HaCeNICHUs IUIaHEeTHI IPH COKPAIEHUN TePPUTOPU, MPUTOJHBIX AJIS MPOKUBAHUS JIIOJIEH;

-Jlerpafanysi OCHOBHBIX KOMIIOHEHTOB OMOC]epbl, BKIIOYas COKpalleHHe OMOJIOTHYECKOro pa3sHooOpasusi, CBA3aHHOE C
9THM CHHMKEHHE CHIOCOOHOCTH MPHUPOABI K CAMOPETYIISINH U KaK CJIEACTBHE - HEBO3MOXKHOCTh CYIIECTBOBAHUS YEJIOBEYECKOM
UBIIN3ALIHY;

-BO3MO>KHBIE U3MEHEHHUS KIMMaTa U UCTOLEHUE 030HOBOTO CJI0s 3eMIIH;

-BO3pACTaHUE HKOIOTHUECKOTO yIepOa OT CTUXMHHBIX OCACTBUI M TEXHOTEHHBIX KaTacTpod;

-HEIOCTAaTOYHBIM I IEPEX0AA K YCTOMUYUBOMY Pa3BUTHIO YEJIOBEUYECKON LIMBUIN3ALMY YPOBEHb KOOPIMHALMM AEHCTBUN
MHPOBOTO cO00MIecTBa B 007IaCTH PEIICHHS SKOJIOTHIECKUX MPOOIIEM U peTryInpOoBaHHS MPOIIECCOB III00ATN3aNY;

-TIPOAOJDKAIOIINECS BOCHHBIE KOH(IINKTHI M TEPPOPUCTHIECKAS IESITEIbHOCTb.

B cooTBeTcTBMM C JOKTPHHOH, ONPENENSIOTCS OCHOBHBIC HANpaBJICHWS MOHHTOPHHTa B TJIO0ATbHOM MacmTade.
CymiecTByeT HECKOIBKO MEXTyHapOIHBIX IKOJIOTHUECKUX IMPOrpaMM U COOTBETCTBEHHO HANpPABICHUH HAYTHO-TIPAKTUIECCKUX
UCCIIeIOBaHUN MO Pa3BUTHIO MOHUTOpUHTa. MoHuTtopuHr B pamkax nporpammsl OOH mo oxpyxkatomeit cpeae (KOHEII)
MOoJpa3JeNgeTcss Ha BHJbl: MOHHUTOPUHI KJIMMAaTHYECKUX YCJIOBUI; MOHUTOPHUHI TPAHCTPAHUYHOTO NEpeHoca (TEeUEHHUSIMH,
BO3AYHIHBIMHA HOTOKaMI/I) N OCAXKICHHUA 3arpA3HAIOINX BCIIECTB: MOHUTOPUHI JJIA ueneﬁ 3ApaBOOXpaHCHUA; MOHUTOPUHI
BO300HOBJISIEMBIX IIPUPOIHBIX PECYPCOB; MOHUTOPUHT OKeaHa [4].

HekoTopele 3a1a41 CTPYKTYPHBIX 3BEHbEB MOHUTOPUHIA:

1. OHepaTHBHLIﬁ KOHTPOJIb 3KOJIOTHYCCKOT'0, COIIUAJILHOTO, MeZ[I/IKO-6I/IOJ'IOFI/I‘-IeCKOFO COCTOSAHMA CpE€Abl HAa Pa3IMYHBIX
YPOBHSIX.

2. Coop m XpaHEeHHE OOBEKTHBHON MH(OpMALMK O COCTOSHUM OKPYXKAaloOLIeH Cpeipl, KOMIOHEHT Onocdepsl, 310pOBbsI
HACEIICHHUS.

3. ®opMupoBaHHE TEKYyIIEH KapTHHBI COCTOSIHUS OKPY>KaroIeH Cpeibl — CUTYaI[HOHHBI MOHUTOPHHT.

4. BrusiBnenune (paKTOpOB SKOJIOTHIECKOTO HEOIaromoIydust peruoHa.

5. logrotoBka uH(pOpManuy, HEOOXOAMMON M TPHHATHA  YNPaBICHYECKHX pEIICHWH, COOTBETCTBYIOIICH
9KOJIOTMYECKON 0O0CTaHOBKE.

6. BeipaboTka yrnpaBJisiroliero BO3JEHCTBHS, HAIIPABICHHOTO HA YIIy4IlIEHHE COCTOSIHHUS OKPYKAIOIIEH Cpebl.

Ha ocHoBanuu JaHHBIX MOHUTOPWHIA IMPUHHUMAIOTCA PCEIICHUA TI0 YIYUYHICHUIO W YHPABJICHUIO 9KOJIOTHYECKOMH
curyanueii. CuctemMa MOHUTOPHHIA DPa3BHBAETCS BMECTE C HHCTPYMEHTaJbHOI cucreMoil u3mepenuil. HoBele MeToabl
JIMarHOCTHKH IOKa3aTtelneil 1 onpeaeneHus d3PQGEeKToB BO3ISHCTBHS MO3BOJISIOT PACIIUPUTH CIIEKTP PErHCTpalyu HakTopoB
BEICCTB, BIMAIOMMX HAa 3KOCHCTEMHblEe mponecchl. OHM IO3BOJIIIOT W 0ojlee TOYHO ONPENEIHTh KOHIEHTPalUH
3arps3HAIOIUX BEIIECTB CPENE, paHee HAXOAUBIIHMECS B 30HE — «HIDKE METOJa OmpelcleHus». MaremaTHYecKHe METOIbI
MO3BOJISIIOT  OOJIee TOYHO pPACCUMTATh KOHLEHTPALWM 3arpsi3HAIONIMX BEIIECTB M BBIABUTH 3aBUCHMOCTH. MeETOBI
MaTeMaTHYECKOTO MOJICIIUPOBAHMS ITO3BOJIIIOT CMOJIEITMPOBATh CUTYAIMIO U clenaTh NporHo3. O0macTs NPUMEHEHHUS TaHHBIX
MOHHUTOPHHIA paciiupsiercsi. B Hacrosimiee BpeMsi TEPMHH — MOHHMTOPHMHI IIPUMEHSETCS BO BCEX OOJACTIX HAay4YHOH H
MPaKTUYECKOH JeSITEIbHOCTH.
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AHAJIN3 JIATOJIOTUYECKOT'O COCTABA M KOJIJIEKTOPCKHAX CBOVCTB MOPO/I IIJIACTOB
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AHHOTAUMSA

Wzyuensr ycnoBust (GOpMHpPOBaHHSA OTIOKCHHMH adMMOBCKOTO TOPH30HTa HEOKOMa. PaccMOTpeHBl OCOOCHHOCTH
W3MEHEHNs (U3NYECKUX CBOUCTB (MIPOHUIIAEMOCTh, IOPHCTOCTh) AYMMOBCKMX OTJIOXKCHHH C TIyOMHON B mpernenax
AJEeXMHCKOTO MecTopokaeHus. lIpoBemeH aHanmM3 W3MEHEHHH (UIBTPAlMOHHO-EMKOCTHBIX CBOWCTB HE(PTETa30HOCHBIX
OTJIOXKCHUH auMMOBCKOI CBHUTHI Ha TEPPUTOPHUH XaHTHI-MaHCHHCKOTO aBTOHOMHOTO okpyra — IOrpel. YcraHOBIE€HO, 49TO
NPE/ICTABICHHBIE MEJIKO3CPHUCTHIMA MECYaHUKAMHU M KPYITHO3EPHHCTBIMH aJE€BPOJINTAMHU TIOPOIBI AYMMOBCKOM TOIIIH
00J1aflaloT HEPaBHOMEPHBIMH ~ HM3MEHEHHSIMH  (MIBTPALMOHHO-EMKOCTHBIX ~ CBOWCTB, OOYCIOBJICHHBIMH  CJIOKHBIMH
re0JIOTHYECKUMH YCIOBHSIMHU 00pa30BaHUsI OTIOKEHHH.

KaroueBble ciioBa: 3anexb, HedTh, MNOPOABI-KOJUIEKTOPHI, (QHIBTPAIIMOHHO-EMKOCTHBIE CBOWCTBA, MOPHUCTOCTS,
MPOHULIAEMOCTb.

ANALYSIS OF LITHOLOGICAL COMPOSITION AND COLLECTIVE PROPERTIES OF BREEDS OF
ACHIMOVSKY HORIZON ROCK BEDS (ACh1, ACH2, ACh3) OF ALEKHINSKY PRODUCTION FIELD OF
KHMAO-UGRA
Research article

Gamidullaeva A.Z.', Romanova T.1.%2 *
12 yugra State University, Khanty-Mansiysk, Russia

* Corresponding author (s_pavlova[atjmail.ru)

Abstract

The conditions of the formation of deposits of the Achimov Neocomian horizon are studied in the article. Specific features
of the change in physical properties (permeability, porosity) of Achimov deposits that come with the change of depth within
the Alekhinsky deposit are considered. The analysis of changes in the formation reservoir properties of the oil and gas bearing
deposits of the Achimov suite in the territory of the Khanty-Mansiysk Autonomous Okrug, Yugra, is carried out. It is
established that the rocks of the Achimov rock bed represented by compacted sand and coarse-grained siltstones exhibit
uneven changes in the formation reservoir properties due to the complex geological conditions of the deposits formation.

Keywords: deposit, oil, reservoir rock, formation reservoir properties, porosity, permeability.

B Hacrosimiee BpeMsi OZHOW M3 OCHOBHBIX 33j1a4 He(Tera3zoBOro KOMIUIEKCA SIBISETCS BOCIPOW3BOJCTBO MHHEpPAIBHO-
CBHIPbEBOH 0a3bl YIIIEBOAOPOJHOTO CHIPHS, TMOBBIMICHNE AP PEKTUBHOCTH Pa3BeAKH, pa3paboTKu U 1o0baM HedTH n rasza. [Ipn
3TOM OOJbIIOE BHUMAHHE YAENSACTCS OCBOSHHMIO TJIyOOKO 3alleralolMX TOPHU30HTOB, KOTOPHIE OTHOCATCS K
TPYAHOM3BIEKAEMBIM 3alacaM M, KaK IPaBHUJIO, XapaKTEPU3YIOTCA CIOXKHBIM T'€O0JOTMYECKMM CTPOEHHEM M HHU3KUMHU
KOJIJIGKTOPCKUMHU CBOHCTBaMH. K TakuM CIOKHBIM OOBEKTaM OTHOCSTCS OTJIOXKEHHS a4MMOBCKON CBUTHI HMXKHEMEJIOBOTO
BO3pacTa, PacloOKEeHHbIE Ha TEPPUTOPUU XaHThI-MaHCHIICKOTO aBTOHOMHOTO OKpyra - Orpa B 3anagHoit Cubupu.

AunMOBCKHIT HepTera3oHOCHBI KOMIUIEKC, 3aJIeralolliii B OCHOBAHMM pa3pe3a HEOKOMa, SIBISIETCS OOBEKTOM Te0JIoro-
reo()U3MIECKOro M3yueHuUs Ha MpOoTshKeHUH JumtenbHoro Bpemend [1, C. 4], [9, C. 71], [10, C. 228]. B aunmMoBckux macrax B
HacTosiiee BpeMst OTKpbITo Oosiee 100 3anexeil HeTH, Ta3a U KOHAEHCATa, MHOTHE U3 HUX OTHOCSTCS K KpynHbM [11, C. 196].

Ha AnexmHCKOM MECTOpPOXIICHHH B Hpe/eiax aulMOBCKOTO TOPHU30HTA BBLAENEHO 3 MPOAYKTHBHBIX IUIacTa: Adj, Adp,
Aug, OTIIOKEHHS KOTOPBIX 0XapaKTepH30BaHbl KEPHOM B 14 CKBa)KHHAX.

Ha reppuropun 6onbmeid yactn 3anagHo-CHOMPCKOi MIUTH (POPMUPOBAHUIO AUMMOBCKOW TOJIIIN B T€YEHHE HECKOJIBKUX
MHUTMOHOB JIET TpEANIecTBOBAIA TITyOOKOBOAHAs Mopckas oOcraHoBka [7, C. 12]: B ycinoBHSIX HEKOMIICHCHPOBAHHOTO
CEeIMMEHTOreHe3a OTJIaraJInCh INIAyKOHUTOBBIE U ONTYMHMHO3HBIE TJIMHBI T€OPTUEBCKOM, OakKeHOBCKOW CBUT. B manpHeiiniem,
Kak mokazainu uccieposanus [1, C. 17-37], [7, C. 14-15], [9, C. 77], ocaaKOHaKOIJIEHHE TPOUCXOAMIO JHOO B YCIOBHAX
MOPCKOTO MEJIKOBOMbS, THOO0 TeCYaHO-aJIeBPUTOBBIEC TUIACTHI A9MMOBCKOHM TOMIIHN (HOPMUPOBAIUCH IPU OOKOBOM 3aIIOTHEHUH
HEKOMITEHCHPOBAaHHOTO MOPCKOT0 OacceiHa.

B mpenenax AJEXHHCKOTO MECTOPOKACHHUS TMOPOABI aYMMOBCKOTO TOPH30HTA TPEACTABICHBI YEPEIOBAHHEM IIECHAHO-
AJIIEBPUTOBBIX, KAPOOHATHBIX M TTIMHHUCTHIX IPOCIIOEB, PA3ACIAIONINX OTIOKEHNS Ha CEPUIO MMPOAYKTUBHBIX TIACTOB Adj-Ads.
[Tmacter chopMupoBaIUCh B OTHOCHUTENHFHO TITyOOKOBOJZHOM YacTH MOPCKOTO OacceiHa M MPEACTaBISIIOT co00il MO0IBOIHBIC
KOHYCHl BBIHOCA Ha IIepeIHEM CKIIOHe aeinbToBod tuatdopmsl [8, C. 147]. Kaxnelii U3 IIIACTOB COCTOUT M3 HECKOJIBKHAX
OTZAEJBHBIX JIMH3 WJIM KOHYCOB BBIHOCA, OTJIAraBLIMXCS C HEKOTOPBIM CMEIIEHHEM OTHOCHUTENBHO Apyr Apyra. OGpazoBaHue
KOHYCOB BBIHOCA IIPOMCXOAMJIO MPU MNEPUOAMYECKH BO3HMKAIOIIMX cOpocax HaKaljiuBaeMOTr0 Ha KpPOMKE JeJIbTOBOM
IaT(GopMBbl TEPPUTCHHOTO MaTepHaia. [ IMHUCTBIE OTIIOKEHHUS IIPEJICTABIEHB B OCHOBHOM OTJIO)KEHHSMH MYTHEBBIX TIOTOKOB
U HOPMAaJbHBIMHM TE€MHIENarHuecKUMH ocajakamu. IlocTymieHue TeppUreHHOro Marepuana B TEYEHHE BCEro BpPEMEHU
(hopMupOBaHKSA aYUMOBCKOM TOJIIM NMPOWUCXOAMIO C CEBEPO-BOCTOKA. B IieloM 0cagKkOHAKOIUIEHHE BCEH TOJIIHM, BKITIOYAs

83



Medicoynapoonwiii nayuno-ucciedosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

MOPO/IBI-KOJUIEKTOPA U TIIMHUCTBIC PA3HOCTH, IPOUCXOIUIIO B CXOAHBIX YCIIOBUSX, YTO 00YCIOBHIIO OJIM30CTh BCEX TUIACTOB MO
CBOUM JIMTOJIOTHYECKUM H MeTpodhusnueckuM cBoiicteam [8, C. 198-201].

[IpoHnmaemple NMPOCION AYMMOBCKOTO KOMIUIEKCA MPEACTABICHBI NECYAHUKAMH MEJIKO3EPHHCTBIMH M aJE€BPOIUTAMHU
KPYITHO3EPHUCTBIMHU, PEKE MENKO-KpYyMHO3epHUCThIMU. [IpeobnanaromyM pa3MepoM OOJIOMKOB B TECUAHMKAX SIBIIAIOTCS
¢paxmuu B mpexenax 0,10-0,14 mm, B aneBponmrax — 0,06-0,09 mm. CterneHp COPTHPOBAHHOCTH OOJIOMOYHOTO MaTepHaja
MEHSETCS OT CPEHEN A0 XOpOoIlel, HO OTMEYAIOTCs IPOCIIOU € IIOXO0M COPTUPOBKOM 3epeH. [opoabl cBeTIO-cephie U Cephle,
He(TeHACHIIEHHBIE PAa3HOCTH ¢ OypoBaTHIM OTTEHKOM, 4Yallle ¢ KapOOHATHO-TJIMHHCTBIM, PEXe IITMHHCTO-KapOOHATHBIM U
TJIMHACTBIM LleMeHTOM. OTMeueHbl pa3HOOOpa3HblE THIBI CIOHUCTOCTH: TOPH30HTAIBHO-CIIOUCTHIC, JTHMH30BHIHO-CIIOHCTHIE,
rpajanonHsle. CIIOMCTOCTh OOYCIIOBJICHA W3MEHEHHMEM 3€PHHCTOCTH, HalM4YMeM JIMH304YeK 0oliee MEJIKO3epHHUCTOro
Marepuana, MOAYepKUBAETCS HAMBIBAMHU CIIIOJMCTOTO MaTepuayia. XapakTepHbl TEKCTYyphbl OIOJ3aHUS M CMSTHS OCajKa.
[lecyaHnky W aNeBPOJMUTHI HEPEAKO COJEp)KAT HEOKATaHHBIE WM C€1abo okaraHHble oOnoMKH aprusumtoB. ConepikaHue
[IeMEHTa B IOPOJax-KOJUIEKTOpax u3MeHsercs oT 5-7% nmo 10-12%. Hauboxee pacnpocTpaHeHBI IUIEHOYHO-TIOPOBBIN U
MOPOBO-TIJICHOYHBIM THIBI [IEMEHTA, JIOKaJbHO MMEET MECTO KBapIEBHIH KOH()OPMHO-pereHepanuoHHb THI. [lo cocraBy
[IEMEHT TJIMHHUCTBIH XJIOPHTOBO-KAOJIMHHUTOBBIM C MPUMEChI0 KapOOHaTHOro warepuana. [l a4uMOBCKHX IIOpPOJ
XapaKTEPHBIM SBISETCS 3aMEIICHUEC METUTOMOP(QHBIM CHAEPUTOM OHOTHTOBBIX HYEHIyeK, NPH 3TOM YEHIyHKH CITIOIbI
nedopmupyroTes, pa30yxalOT W YaCTHYHO BBIIOJHSIOT TPHIIETAONIee MOPOBOE MPOCTPAHCTBO. KoOIMYECTBO ayTHIeHHOTO
CHJIEpHTA TOCTUTAET B OTIEIBHBIX Mpociosax 16-17%.

MecTopOoXXKICHUS YTIEBOAOPOIOB JOKAIU3YIOTCS B MOPOJAAX, KOTOPBIE OTIMYAIOTCA OT APYTHX IOBBIMIEHHBIM 00BEMOM
MOPOBOT0, TPEIIMHHOIO WJIM KapCTOBOTO NPOCTpaHCTBa. MX ¢u3uyeckue mapamMeTpbl 3aBHCSAT OT TakuX (HaKTOPOB Kak
JIUTOJIOTUYECKHUI COCTAB MOPOJI, TOPUCTOCTh, MPOHUIIAEMOCTh, TEMIIEpaTypa, AaBieHue u ap. [6, C. 104], [11, C. 197].

OI[HI/IMI/I us3 TJIaBHbBIX (bI/IJ'ILTpaHI/IOHHO-CMKOCTHI)IX CBOMCTB TMOPOA-KOJIJIEKTOPOB SABJIIAIOTCA TMOPUCTOCTH n
MPOHULIAEMOCTbh, TaK KaK MOPHCTOCTh TOPHOI MOPOABI — 3TO HAJIMUYUE B HEll MyCTOT (TIOp, KaBEepH, TPELIUH), HE 3al0JHEHHbBIX
TBEPABIM BCHICCTBOM, a IJIs TOT'O YTOOBI nopucrtas cp€aa Morja npommyCckKaTb XUAKOCTb UJIM ra3 npu nepernajac qJaBjJICcHusd, OHa
JOJDKHa 00JianaTh NPOHUIIAEMOCThI0. DuiIbTpannoHHO-eMKOCcTHBIe cBoicTBa (PEC) miacToB auMMOBCKOTO KOMILIEKCa
AJEXWHCKOTO MECTOPOXKICHUS NPecTaBlIeHbI B Tabmuie 1.

Ta6m/1ua 1-— Cpe,Z[HI/Ie 3HAa4YCHUSA KOJJICKTOPCKUX CBOCTB a4MMOBCKHUX OTJIOKCHUH AJICXHHCKOTO MCCTOPOKACHUA

Ay 16,3 3,9 55 2671
Au, 16,5 5 56 2682
Aus 16 3,5 60 2694

SIBHOI 3aBHCHUMOCTH 3HAYEHUH TaKUX CBOMCTB, KaK MOPUCTOCTh U MPOHHUIIAEMOCTh, OT INTyOHHBI HE 0OHAPYKEHO, TOPOJIBI
iacta A4, 00JIaIal0T CaMbIMU BBICOKMMH 3HAYEHUSIMU MTOPUCTOCTH U MPOHUI[AEMOCTH, B OTIMYHE OT IUIacToB A4y U Auz. A
BOJIOYAEP)KMBAIOIIAsg CIIOCOOHOCTh IOPOA, HaoOOpOT, CBA3aHA C INIyOMHOW MNpPsIMOM 3aBUCHUMOCTBIO. Bonoyaepskuparommas
CIIOCOOHOCTH TOpo/ TacTa Ads, B cooTBeTcTBUH ¢ HU3knMH PEC, noBoibHO BbIcOKast — 60%, 3TO YETKO CBUIETENBCTBYET O
TOM, YTO Ka4eCTBO KOJUICKTOPCKMX CBOMCTB TOJIIM 3HAYMTEIBHO XYyXE W YTO OOJbIIAas 4acTh MOPOBOTO NPOCTPAHCTBA B
YCIOBUSIX IJIACTA 3aHsTa BOAOH, pa3Mephl MOp vallie HeOOJIbIINe, & TIIMHUCTOCTD BBIIIE, YEM B OTIOXKEHUAX Ad; M Ady.

Topoapl aunmoBckoit Tonim Ha Tepputopun XMAO-IOrper He UMEIOT oBceMecTHOTro pacnpoctpaunenus [3, C. 9], [10,
C. 230], [8], BcTpewaroTcss B IEHTpaJIbHOM M BOCTOYHON dacTsx okpyra (puc.l). HccrmemoBanme Xxapakrepa HW3MEHCHHH
(UIBTPAIMOHHO-EeMKOCTHBIX CBOHCTB a4MMOBCKOTO TOpH30HTa B npeaenax dpososckoit u CpenHeoOCKol HedTera30HOCHBIX
o0nacTel ¢ y4yeToM HaHHBIX 1O APYTUM MECTOPOXKACHUSAM OKpyra Imokasayno [5], 4uro riayOmHa 3ajeraHusi MCCIeAyeMbIX
OTJIO’)KEHUH YBETMUMBAETCS C Iora Ha ceBep (Tabi.2).
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Puc. 1 — Kapra HeTerazoreoornaeckoro paiOHIPOBaHMS TEPPUTOPUH XaHTHI-MaHCHIICKOTO aBTOHOMHOTO OKpyTa [8]:

1 — rparnusr XMAO, 2 — rparunst HI'O, 3 — rpanuns HI'P, 4 — mimommaae MecTOpOKICHNUS U €r0 Ha3BaHHUE:
|- BemaToiickoe, |- 3anamao-Koryxtuackoe, |11- Korutnopckoe, 1V— Anexurckoe, V— Boctouno-Crynenoe, VI- 3amangso-
Kamerackoe, VII- IIpuo6ekoe, VII- Manobansikckoe, | X— 3amagno-Bapbeeranckoe

[MopucTocTh NoOpoA iacTa A4;Ha paccMaTpUBAacMBbIX y4acTKax NMPUMEPHO OJMHAKOBas M BapbuUpyeT B mpexaenax 15-16,5%,
kpome Konutiopckoro mecropokaeHust (puc.2-a). Ha 3ToOM MeCTOPOKICHUM OTIOKEHHS a4MMOBCKOM CBHTHI (Auj, A, Adg)

XapaKTepHU3yIOTCs] MAKCUMaJIbHBIMU 3HAUEHHUSIMU TTIOPUCTOCTH (pHC.2-a,0,B), 0 CPAaBHEHHUIO C APYTHMH MECTOPOXKICHUSIMH, PAaBHbBIC

B cpemeM  19,1%.  SIBHOM  3aBMCMMOCTH  JAHHOTO  mapaMeTpa OT  DJIyOMHBI ~ 3aJieraHdsl  IUIacTa
00Hapy»)eH0. MaKcHMaIbHRIMHATIOKAa3aTeISIMU TIOPUCTOCTH 00NIaiaroT miacTel Ha ydacTkax Kormrmopcekoro(lll), Mamo6anpikckoro
(V1) u Bocrouno-Crynenoro (V) mectopoxkaenuii (o yosiBaromieii). [lnact Aus pacronoxken riyoke ocTaabHbIX ABYX (Auy,
Ady), a ¢ TIyOMHOM OCaIOYHOTO pa3pe3a KOJUICKTOPCKHE CBOMCTBA YXYIUIAIOTCS B pe3yibTare JuTHQUKamu. Tak W Ha
paccMaTpUBaeMBIX HAMH y4acTKax HOPOJbI IacTa Adz 00IaJatoT CaMbIMH HU3KHMH [TOKA3aTeIIMU TIOPUCTOCTH (pHUC.2-B).

Tabmnuua 2 — KosiekTopckie CBOMCTBA IUIACTOB a4MMOBCKOT0 TOPU30HTa MecTopokaeHniH XMAO

IIponunaeMocThb 107 Bonoynepxusaroras Abcomorias
[Tmacr ITopucrocts, % 2 OTMeETKa ITyOUHBI
MKM CII0COOHOCTB, %0
acTa, M
1 2 3 4 5
| - BEIMHTOCKOE MECTOPOIKICHHE
Auy 16,5 3,8 52,6 2873
Ay, 17 18 53 2885
Aus 16 1,2 64 2905
Il - 3anagHO-KOTyXTHHCKOE MECTOPOXKICHHUE
Agy 16,3 4 48,5 2806
Ay, 17 55 56 2818
Aus 15,7 15 63 2830
I11-KoHuTIIOpCKOE MECTOPOKICHIE
Auy 19 3,8 53 2386
Au, 20 1,8 55 2587
Aug 18,3 1,2 65 2615
V - Boctouno-CTyieHOe MECTOPOKICHUE

Agy 16,9 4 51,9 2668
Ay, 18 55 55,5 2727
Aus 16 15 65,4 2751
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Iponomkenne Tabnuis! 2 — KoaekTOpeKre CBOMCTRA MIACTOB a4MMOBCKOTO TOPH30HTA MecTopokaeHnii XMAO

AbcomoTHas
IInact [opucrocts, % | Ilponnmaemocts, 107 mxm? Bonoyaepxusaoias OTMETKa TITyOUHBI
CII0COOHOCTD, %
1acTa, M
1 2 3 4 5
VI - 3ananno-KaMbiHCKOE MECTOpOKICHHE™
Ay 15 2 53 2792
Ay, 16 2,5 55,7 2810
Aug 15,5 1 63,8 2835
VII - TIprno6ckoe MecTopoXIeHIe
Ay 16,05 3,8 55 2632
Ay, 16 3,8 60,8 2687
Aus 154 1,19 62 2779
VIl - ManoOabIKCKOe MECTOPOKICHNE
Auy 16,9 1 47,9 2595
Au, 18 3 51,2 2642
Aug 16,5 1 65,4 2696
IX - 3ananHo-Bapperanckoe MeCTOPOXKICHIE
Auy 15,9 3,8 50,8 2798
Auy 17 3,8 56,5 2826
Aug 16 1,19 65,4 2856

Ipumeuanue: dannvie e3smul u3 [2, C.156-157].

[IpoHuIaeMocTh MOPOJ aYMMOBCKOTO KOMIUIEKCA HEMOCTOSHHA. MaKCHMaIbHBIMU TTOKa3aTesAMH IIPOHUIAEMOCTH (pHcC.2-
7)) XapakTepu3yroTcsl miactel Au; U Aup, Ha MecropoxaeHusx 3amaano-Koryxrtuackoe (II) u Bocrtouno-Cryamenoe (V).
[IponumaeMocTs mracta A4z Ha BCEX PACCMOTPEHHBIX yYacTKaX MPHUMEPHO OJMHAKOBA, €€ TIOKA3aTEIN N3MEHSIOTCS B Tperenax
1-2%. Bpicokue 3Ha4YeHHs NPOHUIIAEMOCTH IIOPOJ, BKIIOYasiAdu;, HaOJIIONAIOTCS B IUIACTAaX A4YMMOBCKOI'O KOMIUIEKCA Ha
AnexunckoM mectopoxxkaeruu (1V), rie cpeHee 3HaueHUE COCTABISET 4,1-10mrm (puc.2-r,1,e). Kak nmokazanu rccienoBaHus,
Han0oJiee MpOHUIAeMbIMH Ha ceBepe CpenHeoOCcKoii HeTera3oBoil 001acTH ABISFOTCS IUIaCThl Aug U Ad, (Tabt. 2).
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Puc. 2 — TIoprcTOCTh M IPOHHUIIAEMOCTh IIACTOB Ay, Ady, AUz Ha MECTOPOKICHHUAX:
| - BemHTolickoe, |1 - 3amagHo-KotyxTtiackoe, |11 -Konutnopckoe, 1V - Anexunckoe, V - Boctouno-Crynenoe, VI -

3amanno-Kamerackoe, VII - TIpuooekoe, VI - Manobansikckoe, |X - 3anagHo-Bapberanckoe

Ha ocHOBaHMUM BBIIIE CKa3aHHOTO MOXXHO OTMETHTh, YTO MPOAYKTHUBHBIC TOPOABI aYMMOBCKOM TOJIIIM IMPEICTABICHBI
MEJIKO3EPHHUCTHIMU TIECUAaHUKAMH M KPYIHO3CPHUCTBHIMH ayeBpoimTamu. B mpenenax AnexuHckoro (1V) mecropoxaeHus
(bMITBTPalIMOHHO-EMKOCTHBIC CBOICTBA M3MEHSIOTCS HepaBHOMEepHO. OTHAKO, HAOIIOAACTCS OMPENICIICHHBIA POCT MapaMeTPOB
MMOPUCTOCTH U TIPOHUIIACMOCTH OTJIOKCHHUN a4MMOBCKOTO KOMILJICKCA C CeBepa Ha FOT J0 [ICHTPAJIbHON YacTH OOMICH IIOIIa i
HCCIICIOBAHMIA (OTHOCHUTEIFHBIH MaKCHMyM OTMeueH Ha Tepputopun Bocrouno-CrtyneHHOro (V) MECTOPOXKACHUS), 3aTeM
KOJUICKTOPCKHE CBOWCTBA YXYIIMIAIOTCSA. OJTO OOYCIOBICHO HEOJHO3HAYHBIMH T'€OJIOTUMECKUMH YCIOBHSMHU 3alleTaHus
omnoxeHnit aunmoBckoil Tonum [4, C. 19-20], a IMEHHO KOCOCJIOHCTBIM CTPOSHHEM TOPOJI, 00Pa3yIOIUMH POTSHKEHHBIE
CyOMepHIMOHAILHO OPUEHTHPOBAHHBIE T€0JOTHYECKHE Tela, OCIOKHEHHBIC IN3bIOHKTUBHOM TEKTOHUKOM.
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HecMotps Ha 3T0, neCUaHUKY a4MMOBCKOIO KOMILICKCA SBILIIOTCA IIEPBOM KOJUIEKTOPCKOW TOJILIEH HA IIyTH MUIpalUu
HeTH W ra3a U3 HeTeMaTePUHCKUX MOPOJ 0aXKCHOBCKOW CBHUTHI B IIENb()OBBIE KOMIUIEKCH Heokoma [5]. CremoBaTensHO,
MEePCIEKTHBAI He(hTEra30HOCHOCTH 3TOH TOJIIH Tpeanonaratores Beicokumu [11, C. 199].
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HAYYHBIE OCHOBBI YIIPABJIEHUS TEOJIOTHYECKUMHA TIPOHECCAMHU B TEXHOI'EHHO-
MUWHEPAJIBHBIX OBPA3OBAHUSAX
Hayunas ctatbs
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Typunckuii Ilonurexuuyeckuil yausepceuret, Typun, Uranus;

* Koppecnonaupyromuii aBrop (Vittter[at]inbox.ru)

AHHOTAUMSA

B cratbe paccMmaTtpuBaroTcs mpouecchl GopMHpPOBaHHS TEXHOTEHHO-MHHEpaNbHbIX oOpa3zoBanuii (TMO) - TexHoreHes u
noclieiyroniero npeoodpasosanus cocrasa u crpoeHuss TMO - TexHoreorene3. TexHoreoreHes U3y4eH aBTOpaMH Ha IIpUMepe
30JI0OTOHOCHBIX TEXHOTEHHHBIX pocchinei. Ilpomeccsl mpeoOpazoBarnss TMO npuBOOAT K BBICBOOOXIEHHIO, MEPEHOCY U
AaKKyMYJSIIMK 30JI0TOHOCHBIX (pa3 BHYTPH TEXHOTCHHBIX OTBAJIOB. YTPABICHHE IIPOIECCAMU TEXHOTEOTE€HE3a BEAET K
CO3JJaHUIO TPHUPOJONOAOOHBIX TEXHOJOTWI MOOBYM.  BpIneneHbl  HampaBieHHA 10 YHPaBICHHIO (HOPMHUPOBAHHEM
KoHHeHTparwit 30mota B TMO. [IpoBeneHb SKCIEpUMEHTHI 10 aKKYMYJISIIIAN 30JI0TAa Ha TEOXUMHYIECKUX Oapbepax.

KaroueBble ci10Ba: TEXHOTE€HE3, TEXHOTCOT€HES, 30JI0TO, AKKYMYJISALH, TPUPOJONOAO0HBIC TEXHOIOTHH.

SCIENTIFIC BASIS OF GEOLOGICAL PROCESS CONTROL IN TECHNOGENIC MINERAL FORMATIONS
Research article

Naumov V.A.}, Fioruchchi A2, Goldyrev V.V.%, Bryukhov V.N.* *, Fetisov V.V.°
1.3.4.5 perm State National Research University, Perm, Russia;
2 Turin Polytechnic University, Turin, Italy
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Abstract

The article presents the forming processes of technogenic and mineral formations (TMFs) — technogenesis and subsequent
transformation of the composition and structure of TMF — technogenesis. The authors studied technogenesis on the example of
gold-bearing technogenic placers. The processes of TMF conversion lead to the release, transfer, and accumulation of gold-
bearing phases inside man-made dumps. Management of the processes of technogenesis leads to the creation of nature-like
production technologies. Directions on the management of the formation of gold concentrations in TMFs were allocated.
Experiments on the accumulation of gold on geochemical barriers were carried out.

Keywords: technogenesis, gold, accumulation, nature-like technologies.

I'eomorust TexXHOTeHHO-MHHEpaNbHBIX oOpasoBanmii (TMO) HampaBieHa Ha W3Y4YEHHE YCIOBUM (HOpPMHUpPOBaHHUA,
mpeoOpa3oBaHUsI U OCO3HAHHOTO yIpaBiieHHs cocTaBoM BemecTBa TMO u BeIpaOOTaHHOT'O MPOCTPAHCTBA. B 3THX ycIOBHAX
€€ OCHOBHOM 3ajadedl cIeAyeT CUuUTaTh BO3MOXHOCTb IIEPEBOJA «HEMOJE3HBIX» MCKOMaeMbIX B monesHsie. TMO
MPE/ICTABISIOT COOOH pe3yIbTaT re0JIOTMIeCKO M TOPHOTEXHUIECKON IESITENbHOCTH YEIOBEYECTRa.

TMO TpamuIoOHHO pacCMaTPUBAIOT KaK TEXHOT€HHBIE OTBAJIbl, TCXHOTE€HHBIE U TEXHOJIOTHUECKUE OTXOMBI, TEXHOTEHHOE
MHHEPIFHOE CBIpbEe ¥ TEXHOTCHHBIH MHHEPAIbHBIH pecypc. TexHOreHHO-MHHEpalbHble O0pa3oBaHMS SBISIFOTCS
MOTEHIMAIbHBIM UCTOYHUKOM JUISl YBEIMUYCHUS] MHUHEPaIbHO-CHIPhEBOM 0a3bl pErMOHOB M MHpa B 1esioM. Ha aHHBI MOMEHT
BPEMEHH MHOTHUMH HPEANPUATHAMU—HEIPOINOIb30BaTEIIMU BEJIETCS MCIIOIb30BaHUE TEXHOTCHHBIX OOBEKTOB B CBS3U C
HCTOIEHUEM NMPUPOIHBIX MECTOPOKACHUH MOJIE3HBIX UCKOIIAEMBIX.

CoBpeMeHHBII MOAX0]] T€0JIOTOB K KOMIUIEKCHOMY OCBOEHHUIO BEIIECTBA MECTOPOXKICHUH M CHIDKEHHIO 3KOJOTMYECKHX
HArpy30K peanusyercs uaeer moBTopHOHU paszpabotku TMO. Pemenne gaHHOUW 3a7a4u BO3MOXKHO C YYETOM COBPEMEHHBIX
npencraBiernii 0 TMO kak MpoJIyKTax T€0JIOTMYECKOl JIesTeNbHOCTH YenoBeka. [Ipu TakoM noaxoae k TMO MbI He nMeeM
MPaBO OTOXJECTBIIATH HMX C OTXOJaMM IIPOM3BOJACTBA. MX cieayeT paccMaTpuBaTh Kak MPOMEXKYTOYHBIH MPOIYKT,
TEXHOJIOTHYECKHUI pe3epB MECTOPOXKACHNS, IIPUTOIHBIN /IJIS TOCIEAYIOIIEr0 HCIIOIb30BAHMS.

Cpenu TeoJorHYecKuX mporeccoB cBsa3aHHBIX ¢ TMO pasmuuarot: 1) mporeccel GpopmupoBanus TMO, nnn coOCTBEHHO
TEXHOT€He3; 2) Te0JOTHYecKHe MpOoLecchl MpeoOpa3oBaHMsl COCTaBa M CTpoeHus, mporekatomue B TMO — TexHoreorees.
Y4uThIBast, YTO NMPOLECCH TEXHOT€HEe3a W TEXHOTeOoreHe3a SBISAIOTCS YNPABISIEMBIMH (3aBHCAT OT AEATEIHHOCTH YEJIO0BEKa),
MOXHO BBIICJIIUTh M 3) IMPOLECCHl TEXHOTEHHOTO PYAOTeHe3a — OCO3HAaHHOro (OpMHPOBaHHUS 33JaHHBIX XapaKTEPUCTHK
CTpOCHHs M HampaBlieHui m3MeHeHus coctaBa TMO [5], [7]. TexHoreHHbIil pydoreHe3 MMeeT MPUKIAMHOE 3HAYCHHE U
Ga3mpyeTcsi Ha 3HAHHUAX MPOIECCOB TEXHOT€HE3a M TEXHOTEOTeHEe3a.

TexHorenes mwim hopmupoBanre TMO TIPOUCXOIUT B pe3yIbTaTe MPOIECCOB MEXaHWIECKON Au(depeHInay 1 HHTETpaIyy.
3aKOHBI PacTIpeieIeHNs BEIIECTBA M TIOJIC3HBIX KOMIIOHEHTOB B OTBAaX HE 3aBHCST OT COCTaBa MPUPOAHOTO MaTeprana (PBIXibie
OTJIOKEHHUS POCCHINEH WM MPOIYKT APOoOJeHHS KOpPEeHHBIX pyx). IIpum 3ToM (GopMHpyrOTCs TeXHOTeHHBIE (Daruu Tpex THIIOB:
HaMBIBHAsSI, OTBAIbHAS (HACBHITHAS) W OTBAIHHO-HaMbIBHas [4]. [Tox TexHOreHHOH (ariei Mbl TOHUMAeM — TIPOIYKT aKKyMYJISIIIHA
TMO, cchopMupOBaHHBII IPH TEXHUYECKON JIEATETTHHOCTH YEI0BEKa B IPOIIecce Pa3paboTKN MECTOPOKICHHUH.

CrpoeHNe M COCTaB OCAJKOB B TEXHOTCHHBIX (DaIMsIX HMMeEeT 3aKOHOMEPHBIH XapakTep paclpeieleHHs BelecTBa B
COOTBETCTBMM C CHCTeMOH HX QopMupoBaHMs. PacnpesneneHne NONE3HBIX KOMIIOHEHTOB (Ha IIpUMepe 30II0Ta), He
M3BJICYEHHBIX 110 Pa3HBIM IIPUYMHAM B IIPOIIECCE 00OTAICHHS, N3yUeHbl HA TEXHOTEHHBIX 00BEKTaxX C IIMPOKOH reorpadueit
(Ypan, Cubups, SAxytus, Hansauit Bocrok, Kanana (Yukon Territory, Klondike).
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Crenyer OTMETHTB, YTO IIOTEPH IOJIE3HBIX KOMIIOHEHTOB (CBOOOJHOrO 30J10Ta) M (pOpMHpOBAHME HMX KOHIEHTpauUWil B
TMO wuper auckperHo. PasznnuaroT motepu, OOYCIIOBICHHBIE TI'€OJOTMYECKUMH (BBICOKAs TIIMHHUCTOCTb, MECYAHUCTOCTD
Marepuana u JIp.) ¥ TEXHOJIOTHYECKUMH IprunHamu. [lociennue MoryT oOpa3oBEIBaTECA B IEPHO 00OTAICHNS MaTepuana ¢
Hanbosee BBHICOKMMH KOHIEHTPAIMAMH 30JI0Ta IPH HAPYIICHUH TEXHOJOTHYECKHX CXeM OOOTAlIeHUs] WM HETpaBWILHON
paboThI 000TATHTEIEHOTO 000PYIOBAHUS.

TexHoreoreHe3 BBIpaXXAcTCsl B IPOIECCaX HOBOOOPA30BaHWS MHHEPAIOB, NMPEOOpPa30OBaHWM BELIECTBA M IOJIE3HBIX
KOMIIOHCHTOB TIOJ] ACUCTBHEM BHYTPEHHHX M BHEIIHHX (PAKTOPOB I'e0JOrmYecKor cpersl. Kak reomornueckuii 3K30TeHHBIH
npolecce - TeXHOreorene3 oTinyaeT Haanuue B TMO pa3pyiieHus mopoJ 1 MUHEpalIbHBIX (a3; TpaHCIIOPTUPOBKA MaTepUaia
U TIEPeHOC XUMHYECKUX JJIEMEHTOB B DAacTBOpEHHOHW (opMme; akkyMyisius W OOpa3oBaHHE HOBBIX MUHEPAJIbHBIX H
nerporpaduueckux pasHOCTEH.

[IposiBneHne TexHOreoreHe3a B OTBaJax OOYCIOBICHO MEXaHUYECKOH, (U3UKO-XUMHYECKOW U OHOXUMHYECKOW
muddepeHnnanyeil 1 MHTErpalMeil BelecTBa, BKIIOYAs MOJIE3HBIE KOMIIOHEHTHI. Benmka 37ech poiib NOBEPXHOCTHBIX,
OTBAJIBHBIX, PYAHBIX, TOJIPYAHBIX, TEXHOT'CHHBIX BOA, pa3BUTHIX B mpenenax TMO. Ilpn HacelmieHHE WX TOJE3HBIMH
KOMIIOHGHTAMH B TIPOIIECCE TEXHOT€OTeHe3a OHM MOTYT pacCMaTpHUBaThbCs KaK T'HAPOMUHEPATBHOE CBIPHE, HMEIOIIEe
MPaKTUYEeCKYI0 3HAYMMOCTb. Takue Bomel Qopmupytorcsi B TMO oOpa3oBaHHBIE TpH OTpabOTKEe CYIb(QHIHBIX
MECTOPOXKICHUH, COIEPIKAIINX MEJIb, XKEIE30, MBIIIBSIK, PTYTh, 30JI0TO, CEpeOpO U Ip.

[loHsATHE «TEXHOTCHHBINH PyAOTEHE3» MPEACTABISIET IT€OIOTHUECKIH POLIECC CO3AHMUS TPUPOAOH MITH YEITOBEKOM HOBBIX
PYIOHBIX OOBEKTOB M3 TEXHOT'CHHBIX OCAJKOB, B PE3YJIbTaTe IPOIECCOB TEXHOTEHE3a W IOCIEAYIOIIEro TeXHOreorenesa [6].
TexHOreHHBIH pyJIOreHe3 U3y4YeH aBTOpaMM Ha MpHMepe TeXHOTeHHBIX pocchinedl FOkoHa, rie mpoucxoaut GopMHUpOBaHUE
JKEJIE3UCTHIX KOHTJIOMEPAaTOB C HOBOOOPa30BaHHBIM CAMOPOIHBIM 30JI0TOM.

30JI0TOHOCHBIE TEXHOTCHHBIE POCCHIIM — YaCTHBIA ciydaid Oojiee OOIIEro TMOHSATHS «TEXHOTCHHO-MHHEPaIbHBIE
obpazoBanus (TMO)»

K 2016r B mupe mo6eito okono 180 Teic. ToHH 30yota [Thomson Reuters GFMS]. Ilpu stoM chopMupOBaHO 10
600 mipa. TouH TMO, B KOTOPBIX COXpaHsAeTCs MO pasHbIM orleHkaM oT 10710 40 % He M3BJICYEHHOTO 30JI0TA CO CPEIHHUM
coxepkanuem 0,2-0,5 r/t.JIns mpuMepa, cpeqHee conuepKaHHE 30JI0Ta B 30JI0TO-IIOPPHUPOBBIX MECTOPOXKICHUSIX-TUTAHTaX,
takux kak Pebble Copper (Alaska), Bingham (Utah), Oyu Tolgoi (Mongolia) cocrasmnser 0,35-0,5 r/T.

3omoro B TMO BeTpedaeTcsi B pa3HbIX arperaTHbIX COCTOSIHMSAX M pasHbIX (Gopmax HaxoxaeHus. Hambomee xoporro
u3ydeHa TBepaas (aza: cBoOOgHOE, CBA3aHHOE B MHHEpajlax, B CPOCTKaX, "TUICHOYHOE" M COpPOMPOBaHHOE HA MUHEpajax.
MeHee n3y4eHO 30JI0TO B pacTBOPAX: OTBAIBHBIX, PYAHUYHBIX U MOJPYJHUIHBIX BOJAX, paccoax, HeTsx.

TexHOTeoreHes 30J0Ta B TEXHOTCHHBIX 00pa30BaHMAX (pacTBOpEHHUE (pa3pyLIeHNe), IEPEHOC, aKKYMYIIALHS) MPUBOJINUT K
nepepacrpeielieHHI0 MeTajula U B PsJie CIy4aeB NPUBOJUT K 0Opa30BaHMIO 30H KOHLEHTPALMH. YTIPaBJICHUE MPOLIECCaMU
TEXHOI'€OTeHe3a MPECIIeAYEeT CIeIYIOINe OCHOBHBIE 3a/1auu:

- AKKYMYJIAOUA TMOJIC3HBIX KOMIIOHECHTOB C HEJIBbIO MOCICAYIOMICTO WX HU3BJICUCHUA (HpI/IpOI[OHOL[O6HI)Ie TCXHOJIOTHHU
JI00ObIun);

- CO3JIaHUE MIPUPOIOTIOJOOHBIX CUCTEM 3aIIUTHI OKPYIKAIOLIEH CPeIbl.

BelzieneHs! ciieayronye HarpasiIeH:s 10 YIpaBIeHN0 (OPMHUPOBAaHIEM KOHIIEHTpanuii 3omota B TMO:

1) Mexanunueckas nupdepeHInanys, co3TaHue MEXaHHYCCKHX 0apbepoB - KOHICHTPALWS MeTajula B JIOKAIBHOH 30HE
OTBAJIOB IyTeM (OPMHUPOBAHHS MEXaHUIECKHX 0aphepOB-JIOBYIICK;

2) Buoxumuueckas nuddepenmanms, 00pa3oBaHue INICHOK Ha TIOBEPXHOCTH 30JI0Ta M IPYTHX METaJlIOB;

3) Ouzuko-xumudeckas audhepeHuranys, co3qaHiue TeOXUMUYSCKUX 0aphepoB B 30HAX Pasrpy3KH 30JI0TOCOICPIKALINX
TEXHOT€HHBIX BOJ (THIPOMUHEPAIILHOE CHIPBE).

Ha naHHBIH MOMEHT BpeMEHH aBTOPaMH M3y4aeTcsl MPHUKIIAHOM acleKT GU3UKO-XUMHIeCcKol audpepeHnnanmy 3010Ta B
paMKax BBIITIOJITHCHU A pa60T B COCTaBC MemnyHapouHoﬁ I/ICCHe}IOBaTeHbCKOf/'I rpynrbl ¢ UTAJIbAHCKUMHU KOJUICTaMH.

Pa3zpaboTaHbl TEOpeTHYECKHE OCHOBBI MEXaHM3MOB pAcTBOPEHHUS M IIEPEOTIIOKEHHs 30JI0Ta. PacTBOpeHHe 30J10Ta
MporUCXOoUT HNHUaHUJIaMU Na wm K, KUCJIBIMA pacTBOpaMHM TUOMOYEBUHBI U XHOpHOﬁ BO/Jbl, T'YMHWHOBBIMHU U
dynbBOKHCIOTaMH, BogHbIME pacTBopamu FeCl,, Fe(SO,)°, CuCl, CuSO,, NaCl, HCI, H,SO,. [lepeHoc 30110Ta IPOHCXOLUT
PYAHBIMHU, OTBAJIBHBIMU U TOJOTBAJIbHBIMHU BOJIaMU. OCEI)K}:[CHI/IG 30J10Ta MPOUCXOAUT HAa TCOXUMHNUYCCKUX 6ap1:epax

[IpoBeneHbI SKCTIEPUMEHTHI 110 AKKYMYJISIIIMH 30JI0Ta HA CIEAYIOMNX T€OXUMHUECKHX Oapbhepax:

1) KapOoHaTHbIi - 1JIsl KACHBIX BOA. 3a()MKCHPOBAHO BOCCTAHOBJICHHE PACTBOPEHHOIO 30JI0TA IO CaMOPOAHOIO Ha
kapOoHaTHOM Oapbepe B OeTroHHOM oTcToiHuKe (Ypai, McoBckuii mpuuck).

2) Yrmuersiit [10]. IlonmydeHBl pe3ynbTaThl SKCIEPHMEHTOB MO3BOJIIONIME MOATBEPIUTh HAIPABICHHOCTH IpoLecca
copOIMH 30J10Ta, MEXaHU3MBI €T0 HAKOIUICHUS M PACTIpE/IeIIeHHUs] YaCTHIl HAHO30JI0Ta Ha YTOJIbHOW HOBEPXHOCTH.

3) DIEKTPOXUMHUYECKOM Ha METAIUTHYECKOM ceTKe. 3ahMKCHPOBAHO OCAXKICHHE 30JI0Ta W3 TEXHOTCHHBIX BOJ HA MEIHOMN
MPOBOJIOKE 3a CUET MPUPOIHOTO 3ekTpoim3a (Ypai, McoBcknii mpuucK).

Ha teppurtopun Ceseproit Utamuu n Ypaia BEIOpaHBI 3TaTOHHBIE TEXHOTEHHBIE OOBEKTH HA KOTOPBIX U3y4aeTCsl COCTaB U
30HAJILHOCTh TEXHOTEHHBIX U PYJHUYHBIX BOA. OJTHUM U3 00BEKTOB SBISETCS 3aKOHCEPBUPOBAHHOE CKAPHOBOE KENE30PYAHOE
MECTOPOXKJEHHE C HATUYUEM 30H apCEHONMMPUTOBOM MUHEpaIu3aIny, pacmnonoxennoe B KOxubix Anbnax. J[pyroit o0bekT —
OTBAJIBI TOJIMMETAIUINYECKOTO 0O0BbekTa BocTounoro Ypama. Ha obbektax oToOpaHBI MPOOBI OTBANBHBIX, ITOJOTBAJIBHBIX U
PYAHUYHBIX BOJ JUISi ONPEJENICHUS! BEIWYMHBI 30JI0TOM MMHepanu3anud. Ha oObeKkTax IUIaHMPYIOTCS 9KCIIEPUMEHTHI 110
(hOpMHPOBAHUIO HCKYCCTBEHHBIX YTIMCTHIX 0AphepOB B BHJIE KAIICYJILHBIX MOAYJIEH.

[Ipomecchl TexHOreHe3a B 30JI0TOCOJEPIKAIINX TEXHOT€HHO-MHHEPAIBHBIX O00pa3oBaHUSIX BeIyT K OOpa3sOBaHMIO
«oborarutenpbHblX (abpuk B HeApax», TA€ BHYTPH TEXHOTCHHBIX OOBEKTOB MPOTEKAIOT MPUPOJHBIE ITPOIECCH
nepepacripeielieHlst BellecTBa. B pesynbpraTe 3THX MNPOLECCOB NPOUCXOIHUT BHICBOOOXIICHHME, PAaCTBOPEHHE, MHIpalus,
pereHeparysi 1 BOCCTaHOBJICHHE (POCT) 30JI0OTOHOCHBIX (a3, B TOM Ynciie U B (hOpMe I'PaBUTALIMOHHO M3BJIEKAEMOT'0 30J10Ta.

[TyTu yrnpaBieHust MpolieccaMy TeXHOTeoreHe3a aBTOPbl BUMST CIIEYIOIHe:
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1) Ycunenue mnporeccoB TexHOreoreHe3a (oOecrmevyeHue MUPKYNSAIUA TEXHOTCHHBIX BOJ;, AKTHBHU3AIHMS PA3I0XKEHUS
Ccynb(OHUIOB ¥ T.1.);

2) ®opMuUpOBaHUE MEXaHHMYECKMX M XHMHUYCCKHX 0apbepOB BHYTPH TEXHOTCHHBIX OOpPA3OBaHUM IS aKKyMYJISAIHAH
MOJIE3HBIX KOMIIOHEHTOB.

3) IlpoekTHpoBaHWe CTPOUTEIHCTBA IUIOIAMOK JUIsl pasMENICHHsS TEXHOTEHHBIX OOpa30BaHHWM C yYETOM CHCTEM
yIPaBICHUSL.

B nenoM, u3ydeHue nporeccoB GOpMHUPOBAHUS TEXHOTEHHO-MHHEPAIbHBIX 00pa30BaHHIT HMEET BAXKHOE TEOPETHIECKOE U
MPaKTUYeCKOe 3HaucHHe. [IpaBUNBHBIA TOAXON K Hcmoib3oBaHHI TMO mo3BONsSeT pa3paboTaTh LENbIA  Psin
MPUPOAONOO0HBIX TEXHOJOTHH, KOTOpBIE OYAyT Oosice 3((HEKTHUBHBIC U IKOJOTHYHBIC, YeM SKCTCHCUBHBIA MyTh OCBOCHUS
HOBBIX MECTOPOKICHUI.
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Abstract

In our previous studies, a model of the electroencephalogram (EEG), based on integral nonlinear equations for averaged
brain membrane potentials in neuronal ensembles, was developed. In areas of EEG stability, characteristic equations,
constructed for a set of oscillations with negative decrements and their convolution with discrete (evenly discontinuous) white
Gaussian noise, satisfyingly simulated the EEG. The methods for calculation of the EEG decrements through correlation
functions were suggested earlier and tested on EEG from rats and mice. In present study on transgenic 5xFAD mice (a model
of the Alzheimer's disease), we analyze the relationships between different brain areas using coherence of oscillations in their
EEG with decrements and frequencies revealed from our EEG model.

Keywords: EEG; modeling; harmonic functions convolution; coherence; phase shift.

Introduction

In our previous studies we investigated the model of rhythmic processes in summarized electrical activity
(electroencephalogram, EEG) of the cerebral cortex, which was based on the integral equations of averaged membrane potentials
of excitatory and inhibitory neocortical neurons. Nonlinear analysis of these equations revealed a stable region associated with a
set of negatively decremented oscillations. We suggested that a solution for a linear system represents a sum of convolutions of
external signals with corresponding original functions. Furthermore, discrete white Gaussian noise, typically used as an afferent
input during resting awake, has to be involved in development of EEG model through convolution of centered discrete white noise
and harmonic functions with negative decrements. Initially, EEG model was represented as a convolution of a single harmonic
function [5], and later, a sum of two independent processes was studied with estimation of decrements through signal power
spectra, calculated, in turn, through autocorrelation functions [6]. Finally, a convolution of the sum of several independent
harmonic functions with discrete white Gaussian noise, and those with independent Gaussian noises, were examined [7]. In
present work, the frequency-decrement parameters were calculated by use of the least-squares method and real EEG's
autocorrelation functions, normalized to EEG variance, for further simulation of the coherence and phase parameters of EEG.

System and methods

In transgenic 5XFAD (a model of the Alzheimer's disease) and non-transgenic mice (n = 6 and 9, respectively) with
chronically implanted electrodes into the hippocampus (HPC) and ventral tegmental area (VTA, dopamine-producing nucleus),
EEG recorded from these brain areas for 1 hour. EEG signals, sampled at 500 Hz off-line, were passed through a second-order
Butterworth filter in the range of 0.5-30 Hz [8]; power frequency spectra were calculated for 5-sec EEG epochs by use of the
correlation function [9] of 1-sec duration, normalized to EEG variance and smoothed by Parzen's function [10]. In analysis of
auto- and cross-spectra, coherence and phase interrelations in EEG and its model, the least-squares method was used.
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Implementation and discussion
We modeled EEG, &(t), as a real part of a sum of convolutions of damped harmonic functions (EEG rhythms) and discrete
white Gaussian noise with the sampling rate of At:

m t
Et)=Re(x). x(t) =) x . where x,(t) =k [a(t")exp(z x(t—t')+ j )dt'. z' =o' + ja'. X, is a EEG
1=1 0

rhythm with decrement of ¢, frequency of @ = 27f,* and phase of ¢/, created by the discrete (uniformly discontinuous)

white Gaussian noise g(t) with the sample rate At and the variance of 05 . Then,

t+At

X (t+At) = k' exp( z7At) [a(t')exp(z' x(t—t')+ jo! )dt' =
0

t+At

= exp( Z7 AL)X (1) +ka(t+At) [exp(z x(t+At—t')+ jo )dt',
t

recurrence relation is:
X (t+At) =exp( z/At)x, (t)+k q(t+ At)exp( joo )exp( z;At)-1)/ z,

t+7

and X, (t+7)=x(t)exp(z'7)+k’ jq(t’)exp( ' x(t+7—t")+ jo )dt’".
t
For simulated EEG, the averaged autocorrelation function, calculated in a short time interval of T, is:

Ri(D) = [EAOE (ot = 3k o enp(27).

In our model, among two processes, the second one is: 7(t)=Re(y), y(t)= Rei)’n where
1=1
t
y,(t) :I p(t kY exp(z) x(t—t")+ jo? )dt’. 2/ =’ + jay’, and p(t) is the discrete (uniformly discontinuous) white
0

Gaussian noise, correlated with q(t) and the variance of 0'5. In our model, p(t)=q(t)*p+q,H)* \1-p%, where q(t)
and qp(t) are white independent Gaussian noises and p is a coefficient of correlation, with. recurrence relation of

y,(t+At) =exp( zJ/At)y,(t)+k’p(t+At)exp( jo )exp(z/At)—1)/z’, and normalized cross-correlation

T-7 T-7 T
function of simulated process as follows: r_ (7)= J'g(t)* n(tﬂ-)dt/\/ Jé(t)zdt jn(t+r)2dt .
0 0 0

Replacing the integral by the sum with sampling increment of At allows the calculation both the coherence and phase.
Sinusoidal signals with close frequencies are well known to form branches of normalized cross-correlation function
approximately as follows:
sin(Aa(T —7)/2)

r ~ cos(AT —7)/ 2+ @' t+A and
5 (7) AT —2)1 2 (Aa(T —7) @' T+AQ)
re(7)=~ SmiA?)_l(_T _)T/);Z)cos(Aa)(T 7)1 2— @'t +Ag). Where Ap =" —¢’and Aw =" — @’ resulting,
[0, -7

in dependence of the amplitude and phase shifts of cross-correlation function, in both the difference between frequencies and
time of T. An example of the computation of monochromatic (strongly sinusoidal) signals is shown on Fig. 1A.
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Fig. 1 — Coherence and phase evaluations are shown for different ("x" and "y") simulated EEG ( f =5 Hz, f =5.1Hz,
A =0) monochromatic sinusoidal signals:

a, =a, = 0 (A) and simulation-dependent signals of the real part of convolutions of harmonic functions with discrete

-5

cex™ (D). On B - D, frequency dependent distributions (horizontal axes are frequencies, in hertz) of the coherence (in arbitrary
units) and phase (in degrees), averaged for 120 successive realizations, are demonstrated (vertical line segments are confidence
intervals)

white Gaussian noise (p=1) of similar amplitude ¢, = o, = 0 (B); eitherat o, = a, —1cex™ (C) or at o, =o, =

The second signal outruns the first one with phase of approximately n/2. In simulated signals with p=1, A =0, and Aw+0,

the mean phase on 120 realizations is about zero due to the random component, while the variance rate is very high. The
coherence, calculated for the signals with stable amplitudes, i.e., without decrements (Fig. 1B), is similar to estimated value
(Fig. 1A) while the coefficient of correlation was extremely small. The decrements insertion into simulated signal maximally
increases both correlation and coherence of the signals and eliminates the phase shift between them (Fig. 1C, D). In simulated
independent signals (p=0, A@ =0, Aw#0) coherence is attenuated at decrement module increasing, whereas the correlation is

minimal and phase is roughly fluctuated around the zero (Fig. 2).
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Fig. 2 — Coherence and phase evaluations are shown for different ("x" and
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ata, =a,=0(A), o, =a, =-1s'(B), &, = a, =-35" (C),and &, = ¢, =—55" (D). On B - D, frequency

dependent distributions (horizontal axis are frequencies, in hertz) of the coherence (in arbitrary units) and phase (in degrees),
averaged for 120 successive realizations, are demonstrated (vertical line segments are confidence intervals)
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This approach was used for analysis of interrelations between EEG, recorded for 1 hour from two brain areas of the
hippocampus (HPC) and ventral tegmental area (VTA) in transgenic (Tg) and non-transgenic (nTg) mice (Fig. 3).
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Fig. 3 — Interrelations between power frequency spectra, coherence, and phase shift in EEG, recorded for 1 hour from two
brain areas (HPC and VTA) in individual transgenic (Tg) and non-transgenic (nTg) mice (A, C) or averaged (B, D) across their
populations (n= 6 and 9, respectively). The results of the EEG modeling are well fitted those obtained in the experiments on
mice (c.f., thin and thick lines, respectively). Horizontal axes are frequencies, in hertz; vertical axes are either normalized
arbitrary units for power and coherence spectra or degrees, for the phases' shifts. The line segments on the plots are associated
with confidence intervals

In one of control mouse (Fig. 3A), obvious differences between frequency spectra of EEG from the brain areas are
observed, whereas in a transgenic mouse (Fig. 3B), the spectra are about similar. In contrast, HPC-VTA coherence level is
stable at all analyzed frequencies in nTg mouse, whereas it is unstable in Tg mouse. Finally, phase shifts between EEG from
both brain structures, frequency-dependent in nTg mouse, practically disappeared in Tg mouse. The differences in these EEG
parameters between Tg and nTg mice are especially demonstrative in their averaged forms (Fig. 3 C, D).

The results of these experiments were obtained in several consecutive steps of EEG computation. Firstly, by use of the
least-squares method, the frequency-decrement parameters (Table) were calculated from the averaged auto-correlation
functions. Secondly, the EEG simulation was performed through analyzes of the coefficients of correlation (to select "p") and
phase ("¢"). The results of the EEG modeling are well fitted those obtained on mice (c.f. thin and thick lines in Fig.3).

Discussion

We have shown a feasibility of coherence simulation of EEG and phase alignment between them. We have revealed that
convolution of sinusoidal signals with white Gaussian noise suggests the variance of phase shift between them. Furthermore,
the decrements of signal simulation, originated from the same white Gaussian noise, increase the coefficient of correlation and
coherence and stabilize phase relationships between the signals. Finally, we have shown that coherence of independent noises,
lowering with increase of decrement module, provokes an attenuation of the coefficient of correlation and considerable
increase of phase variance. One of possible consequences in development of this EEG model of coherence-phase relationships
is associated with suggestion to pay attention on partially dependent Gaussian noises in cerebral networks functioning.

Conclusion

The coherence of EEG from different brain areas is associated with the extent of synchronization frequencies of their
intrinsic potentials and, thus, with the level of interrelations between the structures. Disturbances in the interrelations are the
main pathological factors accompanying the development of neurodegenerative processes in Alzheimer's disease, in particular.
A monitoring of EEG coherence in such patients is suggested allow the revealing of early stages of the disease and, thus, the
improvement of its further therapy. Our approach is widening a spectrum of the existing tools used for analyzes of the
intracerebral disturbances associated with neurodegenerative processes. Furthermore, the results obtained by use of this
approach are extremely important for its further improvement.
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Table 1- Frequency-decrement electroencephalogram (EEG) characteristics, calculated by use of averaging normalized
autocorrelation functions for the hippocampus (HPC) and ventral tegmental area (VTA) in one of non-transgenic (nTg) and
transgenic (Tg) mice

Mice nTg Tg

Areas HPC VTA HPC VTA
Ky 1 1 1 1
f 1,8 1,0 3,3 3,6
a -5,5 -0,6 7,7 -1,7
01 0° 0° 50 0°
ko 15 2,0 1,4 0,8
f, 5,0 1,9 6,3 6,3
a -13,3 -4,2 -11,1 -9,5
0 15° 0° -10° 10°
K3 1,3 3,3 1,3 0,5
fs 8,5 5,1 9,8 91
as -16,3 -16,4 -19,5 -10,2
03 45° -30° ° 0°
Ky 1,3 0 0,9 0,5
f, 14,6 13,2 12,9
a -22,4 -11,8 -13,8
04 60° 30° -30°

preal 0,54 0,67

Psim 0,60 0,63

Notes: ki, f;, o, and ¢, are parameters for the "I"-consecutive decomposition of the signal (index, frequency, decrement, and
phase, respectively); pra and psm are coefficients of cross-correlation function for a real EEG and its simulated version,
respectively.
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AHHOTaNNS

DKCIIEpUMEHTANBHO MMOKA3aHO MEPCICKTHBHAS TEXHOJIOTHS C MCIOJIb30BaHUEM BHICO M aKyCTHYECKOTO 000pPYIOBaHUS C
NMPUMEHEHHEM Pa3INYHbIX CIIEHApHEB B3aMMOACHUCTBHS MEXKIY YeJIOBEKOM U NenbGrHOM Oemyxoil. s meMoHCTpamuy 3THX
crieHapueB ObLT pa3paboTaH CIICIUANBHBIN MOJBOIHBIA MOHUTOD. IIpH AEMOHCTpAaNU XUBOTHOMY Pa3IMYHBIX KAPTHHOK H
3BYKOBOTO COIPOBOXIEHHUS MPOSBIIIOCH PE3KOE YBEIWYCHHWE BPEMEHH YAEp:KaHUs BHUMaHWA nenbduHa y dKkpaHa (mo 7
MHUHYT). AKycTHYecKas XapaKTepHUCTHKAa CHTHAJIOB JKHBOTHOTO NpU JEMOHCTPALUH COOCTBEHHOTO W300paKeHHUS C
WCIIONIE30BAaHUEM BeO-KamMep IOKas3ajia, YTO JeNb(UH WCIONB30BAN IIOCIEAOBATEIFHOCTH ITAKETOB YIBTPAKOPOTKHIX
MIMPOKOTIONIOCHBIX HWMITYJIBCOB PA3NWYHON JJUTENBHOCTH W KOJIHYSCTBOM HMITYJIBCOB C BPEMS-MIMITYJIECHONH MOIYJISIHEH.
AHanu3 3aMCaHHBIX CUTHAJIOB MOKa3aJjl, YTO OTYETIMBO Pa3IMYalOTCs TPH OCHOBHBIX BPEMEHHBIX CTPYKTYPBI, COCTOSIIUE U3
MOBTOPEHMSI U KOMOMHAIINY TaKUX MTaKETOB.

KawueBble cJIoBa: KOMMYHUKAI[MOHHBIC CHTHAIBI [eNb(HHA, MAKEThl MMITYJIbCOB, BPEMSI-UMITYJbCHAS MOJIYJISAIUH,
MOAYJISALMS MO3UIIUU UMITYJIbCa.
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Abstract

We have shown experimentally the promising way to dolphin and man communication using video and acoustic
equipment by the beluga dolphins reaction to various scenarios presented. For the demonstration of these scenarios, a special
underwater monitor was engineered. The participated animals’ interest to different pictures and sounds revealed itself in a
sharp increase of the dolphin retention time at the screen (up to 7 minutes). The animal's acoustic response to the
demonstration of its own image with the use of a web camera consisted of the frequency wideband impulse packets sequences
of varying lengths with internal time-pulse modulation. The analysis of the recorded signals made it possible to distinguish
three main temporal structures, consisting of repetitions and permutations of such packets in time.

Keywords: dolphin’ communication signal, packages of impulses, time modulation, pulse position modulation.

Introduction

Modern hydroacoustic systems allow for a long-term monitoring of bioacoustic activity of naval animals. The
development of monitoring systems operating in various parts of the spectrum, as well as the use of additional channels for the
information transmission and reception, suggest the search for psychophysiological techniques to provoke communication
between animals [1] in the conditions of a closed pool. Progress in such experiments can allow us to form a database of
acoustic signals used by dolphins during the “verbal interaction” between animals. This database will be used further to create
the acoustic communication channel for the man - dolphin dialogue.

The general purpose of the study presented in our paper is in organizing an acoustic channel for the development of the
intermediary language for the dialogue system "man - dolphin" based on the study of acoustic communication behavior
between animals. In this process, one needs to solve the following problems:

- development of methodic to provoke the acoustic contacts between dolphins;

- creation of the technology of impact on the dolphin’s visual and acoustic sensor systems;

- formation of communication signals database used by dolphin in the interaction with the feedback system via video and
acoustic channels.

Being the secondary aquatic mammals, cetaceans twice passed from the aquatic environment to the gaseous habitat in the
course of a long evolution. These changes gradually led to changes in the sensory system. In the process of adaptation, the
change of sensors changed the behavior of cetaceans, which inevitably led to a change in channels of communication. The
difference in the physical properties of the human and dolphin habitat has led to the fact that the main information channel for
a man is vision and hearing, while for a dolphin the main means of perception of the environment is sound as the physical basis
of "illumination" of space, while vision plays an auxiliary (but rather large) role. Both channels are used when establishing
contact with dolphins in human actions, but when using an acoustic channel, a man immensely loses both in the speed of
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information generation and of its processing. The effective frequency range of “generated™ and "received" sounds by a man is
400-4000 Hz, while for a dolphin it extends from 10 Hz to hundreds of kilohertz. Visual contacts with the dolphin are more
effective for the man but also have limitations due to the peculiarities of light propagation from air to water and backwards.
One must note also that the interval of the animal's head being above water is very limited, as well as the underwater staying of
the man without special equipment.

Numerous attempts aimed at the active human interaction with the dolphin are usually built on the variation of methods of
training based on the each other imitating behavior of animals [2] or on the copying of certain types of human activity by the
dolphin [3]. For the interaction with dolphins and other cetaceans, trainers use visual and acoustic channels as the main ones,
the tactile channel is also successfully used but it requires the direct contact with the animal.

We see the most natural development of expanding the human - dolphin communication means in two directions:

- compression in time of the acoustic signals generated by a person and the reverse transformation of the dolphins’ signals;

- the use of underwater sources of images (perhaps with appropriate sound effects) of a static or dynamic character.

The first direction requires engineering and assembling of a completely new park of acoustic devices. Ability to complex
forms of imitation plays highly significant role in dolphins’ social life. It is assumed that their ability to "vocal " and motor
simulation is the basis on which various forms of coordinated group activity develops: synchronized swimming, collective
hunting, protective behavior [4], [5]. The great similarity of the identification signals of animals belonging to the same
community gives them the opportunity to quickly recognize their congeners.

The second, at the first stages, at least, can be implemented with a small modification of existing computer monitors [6].
We choose this direction for a series of experiments with Beluga wales (Delphinapterus leucas).

Specific features of dolphins’ physiology and psychology lead to the fact that the interaction within the group (pack) of
dolphins and humans-to-dolphins significantly differs from that of other mammals. Accordingly, for the study of cognitive
functions and communication behavior of dolphins, the formation of useful skills is realized in the process of active learning.
Thus, we must abandon the conventional methods of training with the use of food deprivation and the use of negative
reinforcement.

Material and methods

The positive results of the visual contact between the trainer and the dolphin with the help of images on the screen of
underwater TV were shown in some well-known experiments [6], [7]. In our study, we used a system of interactive
communication channels, including underwater computer monitor, webcam, microphones and acoustic signal synthesizer,
which allowed activating the attention of the animal to the subject. This system permits to control the feedback between the
flow of echolocation signals emitted by Beluga whales when approaching the monitor and the nature of the presented images.
The software allows also the animal to control itself the image on the underwater monitor depending on the terms set up by the
operator. By changing the amplitude of the acoustic signals and their frequency, the dolphin was able to turn independently the
underwater monitor on or off and to change the image on the screen [8]. During all time of the experiment, the continuous
acoustic monitoring was effectuated. Permanent processing of the incoming objective information and implementation of
various devices interaction were realized with the help of specialized software. It provided communication between different
devices: reception of dolphin’ echolocation of signals, control of scenes shown on the screen, synthesis of acoustic stimuli, etc.
The block diagram of the engineered complex is shown in Fig.1.

\ 14 ol == 13
- -(/

2

Fig. 1 — The scheme for the study of dolphin’s cognitive functions:
1, 2, 3 - three hydrophones, 4, 5, 6 - three pre-amplifiers, 7, 8 - two loudspeakers; 9, 10 - monitor inside the underwater
hermetic box; 11 - web camera; 12 - general three-channel amplifier; 13 - analog-to-digital convertor; 14 — computer

The developed software allowed us to form the dolphin conscious activity on the basis of self-learning or on the imitative
reflex of the animal. The software interface is shown in Fig. 2.
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Fig. 2 — The interface of the software “feedback-monitor” for the experimenter:
1 — position of the dolphin’s head taken by webcam; 2 — record of the acoustic pulses sequence; 3 — software to control the
monitor; 4 — the monitor picture

For the self-learning subjects or vicarious learning, the broadcast on an underwater monitor was used. In the video clips
demonstrated, the trained beluga whales are actively nodding their heads and spinning around their own axis at the command
of the trainer. One of tested dolphins after a long observation of the scene demonstrated on the monitor repeated the motor acts
of nodding and turning around its own axis. At all period of this apprehending, there were no additional acoustic
accompaniment signals, in addition to echolocation signals.

Results

Demonstration of the floating fishes on the monitor in the aquarium, when their movement was synchronized with
echolocation pulses, led to a continuous lingering of dolphin's attention to the monitor up to 7 minutes. A similar reaction was
observed during video demonstration of the moving toy synchronized with echolocation pulses, as well as the periodic change
of scale and number of different simple geometry figures.

Transmission of acoustic stimuli in the form of different song fragments, music, narration associated with various images
on the screen, even synchronized with the echolocation pulses, did not induce the interest of dolphin. He swam up to the
monitor, began the location test and after the beginning of the acoustic and video broadcast turned around and left the monitor.
At the same time, the acoustic stimulus synthesized of a long noise-like pulses (in the frequency band up to 10 kHz) together
with the amplitude modulation by the voice of the announcer (at the modulation depth not more than 5%) caused an active
response of the animal. This response consisted of a package of broadband pulses with the modulation of time interval between
pulses, which were clearly recorded by the acoustic control system. The delay of reaction varied from 300 to 2000 ms.

In all the described experiments during the tests, there were two animals in the pool: male and female belugas. The
duration of each experiment varied from one to four hours and depended solely on the animal's free will to work. Sometimes,
the preparatory period for setting up the equipment was delayed, but under the stable dolphin’ “research mood” they remained
nearby the monitor screen and waited for the start of work. Food reinforcement in the experiments was not used at all. As is
well-known, the imitative reflex does not require immediate nutritional reinforcement, and the positive result plays the role of
such the reinforcement itself, sometimes. In these tests, the preparatory period was clearly distinguished, during which the
animals fixed their position at the monitor either in turn or together. At the same time, the period spent at the monitor was not
more than 1020 seconds. Only on the 11-th and 12-th day of the study, the duration of the animals’ activity reached a
maximum value of 60 and 76 minutes for the whole experiment.

Demonstration of self-video image of the animal obtained with the help of web camera synchronized with echolocation
signals caused an intense reaction of emitting the acoustic pulses packets of different duration and frequency. Packets consisted
of ultrashort broadband pulses with modulation the time interval between pulses. The evident response was observed in 41 of
43 tests fulfilled. In some experiments, in parallel with sound effects, various video fragments were displayed at the monitor in
these tests; the first dolphin’s acoustic response to the video and/or sound signal was of the main importance.

The results of induction of motor simulation behavior show the consistency of vicar teaching in this group of beluga whales. We
observed the clearly visible cognitive function, which provides targeted attention, the process of learning about the surrounding world
and interaction with it. Subjects containing the video games synchronized with dolphin’s acoustic activity by the feedback, induced
the increase of attention to the monitor, but they did not cause the expected acoustic communication reaction. Quite different was the
dolphin’s motor and acoustic response to the image received with the webcam: there was observed the exact match between the
image and the acoustic communication signal sequence, even without any acoustic and food reinforcement.

The recorded acoustic signals of the dolphin clearly indicated that this was a verbal reaction to the video and acoustic
impact. The dolphin tried to come into verbal contact with the image on the underwater monitor. The spatially distributed
system of hydrophones also has shown that the dolphin can control the characteristics of the radiation field. For further
processing of hydroacoustic information, there are important fragments, which were recorded simultaneously by three channels
(with the necessary delays) with a maximum signal on the second channel.
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Analysis of the set of dolphin’ signals obtained at a good signal/noise ratio in various experiments made it possible to
reveal the characteristic temporal structures (Fig. 3), which are repeated in different fragments when displaying the webcam
image and during acoustic noise stimuli containing amplitude modulation. Some specific pulse packages were well
distinguished by their modulation structure. We have singled out two packages of ultrashort pulses, which were presented and
clearly recorded in practically all fragments of the acoustic response. The first packet is indicated as 1, 1” in Fig. 3, and the
second one as 2, 2°. The duration of packets of the first type can slightly differ or be very close to 803 ms or 789 ms, the
number of impulses being 119 and 85, correspondingly. The minimum and maximum change of the interval between pulses
can both vary significantly or be very close one to another, while the modulation coefficient varied insignificantly from 0.15 to
0.17 (for the first type signals) and from 0.92 to 0.93 (for the second type signals). Signals of type 2 can differ significantly in
the duration (221 ms in Fig. 3.1 A and 331 ms in Fig. 3.1” A), while the number of pulses varies insignificantly: 37 and 43,
and the time parameters remain constant t,;, = 2,9 ms, and t.x = 2,9 ms.

A B
e T=803 ms
UGN o
1 T
N=119
‘ 10 40 70 100
4oms T=789ms 59 tnn=4.6
5.7 " tmax = 5.6 ¢!
22 i¢--= 1017 f*‘
5.1 - f"/
i
N=85 4911 =
7 w :
1S et ettt — — — — — — .1030.5070 :
wim ' Lt
= ms { H H
8_ms 70 tmm o 2.9
tmx = 86.5

RN TR S S S S

e L 0 o s e 2
2 8 14 20 26 32
20ms T=331ms 80: tonl = 2.9
60 tmax ='86.3
A } b s Knes™ 0.93
N=43 29

2.8 14 20 26 32 38>
Fig. 3 — Two main type of communication signals (A) and dependence of internal pulse frequency modulation (B) on the
impulse number for two experiments numbered 1 and 2. N - is the total number of impulses recorded in one experiment, T - is
the moment corresponding to the last impulse of the pack. Pay attention to the stability of the internal pack form

Discussion and Conclusion

Thus, the information parameters of signals of the first and second types can be fixed as following:

- the duration of the packets,

- the number of pulses in the pack,

- the variation of time-pulse modulation,

as well as the repeatability of the packets in all parameters and the invariance of these parameters in azimuth. In addition,
there are signals with a structure that can be represented as permutations and repetitions of signals of these two types, stable in
parameters.

The pulse series we have recorded have some similarities with the results reported in [9]. There were no frequency-
modulated long pulses that were used as communication signals for the formation of the mediator language in experiments
with Orcinus orca [10]. We would specially emphasize that the time parameters of isolated verbal signals are stable in form
and invariant with respect to the angle of observation. The considered experiments have shown also that there is a channel for
the information transfer in the high frequency region of verbal signals with time-pulse modulation of a sequence of ultrashort
pulses in packets, which is quite suitable for the information encoding.

The recorded signals allow us already to form a database of communication sequences that are associated with the subjects
formed by the experimenter. Further development of the experiment of this type should be aimed on the provoking of the
communication interaction between two dolphins in a duplex acoustic and video communication system (Fig. 4) with
accumulation of a database of acoustic interaction of animals.
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Fig. 4 — General view of the pool arranged for the experiment aimed on the formation of database on the acoustic activity
of dolphins when operating with the duplex three-channel communication system

Our interest is in the formation of an intermediate language of dolphin-to-human “verbal” communication on the basis of
the resulting verbal interaction database. In the conducted experiments, we have recorded signals with minimal distortions that
are usually unavoidable when recording sound in the confined space with broadband reception system.

The results of this work show the prospects of complex experiments with various combinations of video and acoustic
scenes included. The developed technical support of our experiments and the obtained data allow us to see the future
experiments on the study of cognitive functions and communications between dolphins and dolphins-to-man, which may make
feasible creation of a language-intermediary between human and dolphin.

The fulfilled study opens up also the possibility of implementation of duplex communication between animals and
realization of an Internet video conference between groups of animals, in the future.
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AHHOTALMSA

PaccMoTpeH oMH U3 acreKTOB MOBEACHUCCKONW TepMOpEryJ i Huibckoro kpokoamna Crocodylus niloticus Laurenti,
1768 (Crocodylidae, Crocodylia) B ycnoBusix kpokoauioBoii ¢pepmsr B Djerba Explore Park (o. Ixep6a, Tynuc). Habmronenue
3a OackuHroM mpoBenu it 12 B3pochbix ocobeit 3 wrons 2018 r. B AHEBHOe BpeMs Ipu Temreparype Bo3ayxa +29°C.
VY CTaHOBIICHO, YTO HIMPUHA PACKPBIBAHHS MACTH BO BpeMsi OACKHUHIra OMPEAEISIETCS YITIOM MEXIY PAa30MKHYTHIMU YETFOCTSIMH,
KOTOPBIN B CpellHEM cocTaBisieT 26 + 1°, Bapbpupyst B peaenax 18—32°.

KumoueBble cioBa: Huibckuii kpokoauia Crocodylus niloticus, repmoperyssiums, yron Mexay OTKPBITBIME YETIOCTAMH,
rpagycHasi Mepa, OaCKHHT.
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Abstract

One of the aspects of the behavioral thermoregulation of the Nile crocodile Crocodylus niloticus Laurenti, 1768
(Crocodylidae, Crocodylia) under the conditions of a crocodile farm in Djerba Explore Park (Djerba Island, Tunisia) was
considered. Observation of the basking was carried out for 12 adult individuals on June 3, 2018, in the daytime at an air
temperature of + 29°C. It was established that the degree of mouth gaping during basking was determined by the angle
between the open jaws, which on average was 26 = 1°, varying from 18° to 32°.

Keywords: the Nile crocodile Crocodylus niloticus, thermoregulation, angle between the open jaws, degree measure,
basking.

Introduction

The ability of crocodiles to thermoregulation, which increases and decreases the body temperature, is achieved due to specific
acts of behavior, the most important of which is basking [3, P. 185-192], [9, P. 549-557], [10, P. 77—-86]. It is considered that
such type of behavior is related to the ability of the individuals to bask in the sun, move between land and water or to cover in the
shadow [3, P. 185-192], [10, P. 77-86]. It is known that the Mugger crocodile Crocodylus palustris Lesson, 1831 during the
temperature peak is even able to hide in burrows as a protective measure [3, P. 185—192], [8]. In this regard, the crocodiles
thermoregulation is directly dependent on environmental conditions and behavioral adaptation [2], [3, P. 185—192].

One of the basking visually distinctive features is the open jaws, which increase the evaporative cooling [3, P. 185-192],
[5, P. 443—-467]. Open jaws should be considered as an element of a potentially useful mechanism related to the heat release [3,
P. 185-192], [11, P. 235-236]. Thus, when the American alligator Alligator mississippiensis Daudin, 1802 opens the jaws
during the basking, it reduces the heat increment in the head and gives the possibility to increase the body temperature to the
required level [3, P. 185—192], [11, P. 235-236].

The basking features of the Nile crocodile Crocodylus niloticus Laurenti, 1768 were described in several studies earlier [1,
P. 211-356], [3, P. 185—192], [4, P. 463—469], [5, P. 443—467], [6, P. 81—88]. It seems that the latitude of the inhabitation and
air and water temperature influences the frequency and prevalence of basking [3, P. 185—192]. Seasonal aspects also affect the
behavioral thermoregulation. Thus, in Zimbabwe, individuals of the Nile crocodile stayed in the state of basking more often in
winter than in the summer period [4, P. 463—469]. Additionally, during the winter period the opening jaws can be also a signal
of the Nile crocodile threatening behavior [4, P. 463—469].

Many issues of such an interesting behavioral aspect of the crocodiles’ life are still poorly studied. Thus, the gaping angle
of the mouth is mentioned only in few studies [7, P. 25—38], however, it is obvious that such feature can also be of the species-
specific nature, and depend on environmental factors.

In this regard, the aim of this paper is to describe the variants of basking and to determine the gaping angle of the Nile
crocodile jaws.
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Material and methods
Observation of specimens of the Nile crocodile Crocodylus niloticus Laurenti, 1768 (Crocodylidae, Crocodylia) was

carried out on June 3, 2018, on a crocodile farm in Djerba Explore Park on Djerba Island (Tunisia), in the daytime from 3.44
pm to 4.01 pm. On that day, the weather conditions had the following parameters: air temperature was + 29°C; atmospheric
pressure — 758 mm Hg; cloud cover — clear; wind — northeast; wind speed was 7 mi/s
(https://www.gismeteo.ru/diary/6517/2018/6/).

During the observation period, we saw and photographed 12 adult crocodiles with open jaws in the state of basking. The
mouth gaping angle was determined from photographs. On the inner line of the opening of the jaws, we constructed two
straight lines, at the intersection of which the angle a of jaw opening was found (Fig. 1).

Fig. 1 — Measurement of the angle (a) of the mouth gaping of the Nile crocodile Crocodylus niloticus at basking.
Crocodile farm in Djerba Explore Park (Djerba Island, Tunisia)
Note: Photo by A.B. Kiladze

The angle o was measured by a protractor within the accuracy of 1°. The results were processed by descriptive statistics
methods using STATISTICA 10 (StatSoft, USA). Statistical parameters were rounded to integer values.

Results and Discussion

According to our observations, crocodile can perform basking in the following cases: (i) lying in direct sunlight on the
shore of the reservoir (Fig. 2A); (ii) were locating in the shade or half-shade under the trees (Fig. 2B); (iii) on partial immersion
in water, usually t‘Jy._the back part of the body (Fig. 2C).

[

Fig. 2 — Variants of basking of the Nile crocodile Crocodylus niloticus with an open mouth: A — under direct sunlight on
the shore; B — in the shade or half-shade under palms; C — with partial immersion in water. Crocodile farm in Djerba Explore
Park (Djerba Island, Tunisia)

Note: Photos by A.B. Kiladze
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During basking, the individuals remain immobile and can hold the mouth open for quite some time. Periodically crocodiles
smoothly close and open jaws. The gaping angle of the mouth of crocodiles averages 26 + 1° (Table 1).

Table 1 — The exponent of the gaping of the mouth of the Nile crocodile Crocodylus niloticus at basking (n* = 12)

Statistical parameters Angle of jaw opening (a, °)
M+m 26+ 1
lim 18 —32
to 5
Cv, % 19

Note: n is the number of measurements; M + m is the arithmetic mean with the error of the arithmetic mean; lim — parameter
limits; & o is the standard deviation; Cv is the coefficient of variation.

It is obvious that during basking, crocodiles only slightly open their jaws, slightly opening the mouth, whereas when
attacking a large prey they open it widely. Our results are close to the data obtained for the Mugger crocodile, as the angle
between the open jaws during basking ranges from 20° to 25° [7, P. 32].

Conclusion

Scientific value of our results is as follows: (i) the data supplement information on the thermal biology of the Nile crocodile;
(i) the data are an example of the morphological and functional adaptation of the Nile crocodile to environmental conditions; (iii)
the data complement the system of morphometric parameters of the jaw apparatus of the Nile crocodile at basking.

Thus, the usage of geometrical and statistical methods allowed us to clarify important features related to the physiology of
the Nile crocodile.

BuaropapHocru Acknowledgement

Beipaxkato Omaromapuocts a.0.H. O.®. Yepnosoit | am grateful to Dr. O.F. Chernova (Severtsov Institute
(UuctutyT mpobiem skomoruu u sBomormu uM. A.H. of Ecology and Evolution, Russian Academy of
CegeprioBa PAH) 3a peakTupoBaHue PyKOITUCH Sciences) for editing the manuscript.

KoHpaukT nHTEpecos Conflict of Interest

He ykasas. None declared.

Cnucox aureparypsl / References

1. Cott H.B. Scientific results of an inquiry into the ecology and economic status of the Nile crocodile (Crocodilus
niloticus) in Uganda and Northern Rhodesia / H.B. Cott // The Transactions of the Zoological Society of London. — 1961. —
Vol. 29(4). — P. 211-356. https://doi.org/10.1111/j.1096-3642.1961.tb00220.x

2. Cott H.B. Looking at Animals: A Zoologist in Africa/ H.B. Cott. — New York: Scribner’s Sons, 1975.

3. Downs C.T. Body temperature and basking behavior of Nile crocodiles (Crocodylus niloticus) during winter / C.T.
Downs, C. Greaver, R. Taylor // Journal of Thermal Biology. — 2008. — Vol. 33. — P. 185-192.
https://doi.org/10.1016/j.jtherbio.2008.02.001

4. Kofron C.P. Behavior of Nile crocodiles in a seasonal river in Zimbabwe / C.P. Kofron // Copeia. — 1993. — Vol. 2. — P.
463-469.

5. Loveridge J.P. Thermoregulation of the Nile crocodile Crocodylus niloticus / J.P. Loveridge // Symp. Zool. Soc.
London. — 1984. — Vol. 52. — P. 443-467.

6. Modha M.L. Basking behavior of the Nile crocodile on Central Island, Lake Rudolph / M.L. Modha // East Afr. Wildl.
J.—1968. — Vol. 6. — P. 81-88. https://doi.org/10.1111/].1365-2028.1968.tb00904.x

7. Rosamma K.M. Studies on Crocodilus sp. of Kerala / K.M. Rosamma. — Unpublished PhD thesis. — Trivandrum:
University of Kerala, 1993. — P. 25-38. — URL.: http://hdl.handle.net/10603/140807 (accessed: 30.07.2018).

8. Ross C.A. Crocodiles and Alligators. An Illustrated Encyclopedic Survey by International Experts / C.A. Ross, S.
Garnett, T. Pyrzakowski. — London: Meerhust Press, 1989.

9. Seebacher F. Patterns of body temperature in wild freshwater crocodiles, Crocodylus johnstoni: thermoregulation versus
thermoconformity, seasonal acclimatization, and the effect of social interactions / F. Seebacher, G.C. Grigg // Copeia. — 1997.
—Vol. 3. — P. 549-557.

10. Seebacher F. Crocodiles as dinosaurs: behavioural thermoregulation in very large ectotherms leads to high and stable
body temperatures / F. Seebacher, G.C. Grigg, L.A. Beard //J. Exp. Biol. — 1999. — Vol. 202. — P. 77-86.

11. Spotilia J.R. Mouth gaping as an effective thermoregulatory device in alligators / J.R. Spotilia, K.M. Terpin, P.
Dobson // Nature. — 1977. — Vol. 265. — P. 235-236.

105



Medicoynapoonwiii nayuno-ucciedosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

DOI: https://doi.org/10.23670/IRJ.2018.75.9.020

AJIbTEPHATABHBINA TYTh COXPAHEHUSA KOJUIEKIIMY TEHETUYECKHAX PECYPCOB KOPMOBBIX
KYJbTYP
Hayunas ctatbs

®uannenxo WY *, 3a0eraeBa O.H.z, Bapanosa E.A.3, I'epacumona T.B.*
! ORCID: 0000-0001-8419-1518;
> ORCID 0000-0002-6316-3232;
* ORCID 0000-0001-9071-0513;
* ORCID 0000-0002-3858-4561,
®denepallbHbIN UCCIEN0BATEIBCKUM LIEHTP BecepoccuiiCKuil HHCTUTYT F€HETUYECKUX PECYPCOB PACTCHUI IMEHU
H.J. BaBunosa (BUP), Cankr-IlerepOypr, Poccus

1,234

*Koppecnonaupytowwuii aprop (galina-filipenko[at]yandex.ru)

AHHOTAUMA

[poaHann3MpoBaHbl Pe3yIbTAaTHl 25-IETHETO XpaHeHHs 575 06pa3ioB ceMsiH JronepHsl moceBroi (Medicago sativa L.) u
127 o6pasmos cemstH kieepa sryrosoro (Trifolium pratense L.) B punane BUP KyGanckoMm reHeTHIeCKOM GaHKE CEMSH TPH
temneparype 4°C. CeMeHa XpaHWIH B TE€pPMETHUYECKH 3aKpBITOH Tape, MCXOIHAs BIAKHOCTh ceMsH cocTaBisuia 4,0-6,9%.
[ToxazaHo, 4TO y JIFOIIEPHBI IOCEBHON YHCIIO 00pa3loB cO BCXOXeCThio BbImE 80% mocie xpaHeHHs cocTaBisuio 95%, a y
kiaeBepa — 93% xpanuBmmxcs obpas3moB. Ha oOpasmax kieBepa Oblta oOHapyXeHa TEHIACHILMS K YBEIHUCHHIO IEPHOAA
COXpPaHCHHS BBICOKOH JKU3HECIIOCOOHOCTH TIPH CHM)KCHUH MCXOIHOW BIaXHOCTH ceMsH. B 2018 r. mpoBoauiachk pa3paboTka
METOAUKHN TIOJYYCHHUA YJIbTpa CYXHUX CEMAH KJIEBEpa JIYyroBOro M JIFOLICPHBL HOCGBHOﬁ, MOTCHIUAJIBHO MNPUTOAHBIX K
JJATCIIBHOMY XPpaHCHUIO 663 HCIOJIb30BAHUA HHU3KUX TEMIIEPATYp, YTO ABJIACTCA AJBTCPHATHBHBIM IMYTEM COXpaHCHUA
TEHETHYECKUX PECYpPCOB pacTeHuid. VIcronp3ys cuinkarens B COOTHOILIGHUU ceMeHa: cuiukarenb=1:10, ynanocs 3a 7 Henemb
NOACYIINTh CEMSIH KiieBepa JyroBoro 10 2,8%, a nrouepHsl moceBHod — 10 1,9-2,0%, 0e3 CHWKEHUSI UX BCXOXKECTH. DTH
3HAUYCHUA HHKE PEKOMCHAOBAHHBIX CTaHAApTaAMU IJIA FeH6aHKOB, TaKUC€ CEMCHA MOXHO OTHCCTH K YJIbTpa CYXHM. Baxapim
MOMEHTOM METOJHKH SBIISETCS €XKEeHeleIbHas 3aMeHa MCII0Ib30BAaHHOTO CHIIMKArels Ha cBexuil. Crnenyromuii stan pabot —
npoBepKa 3PPEKTHBHOCTH 3TOTO PEXHUMa NOJACYIIMBaHHSA CEMSH KiIeBepa JYrOBOIO M JIOLECPHBI MOCEBHOI B ONBITaX IO
IUTUTENIBHOMY XPaHCHHUIO, a TAKXKE B MOJACIBHBIX OIBITAX 10 YCKOPEHHOMY CTAPCHHUIO CEMSH.

KiroueBble cjI0Ba: TeHETHYECKHE PECYPCHl PAaCTCHHUI, MHOTOJICTHHE KOPMOBBIE KYIbTYpPBI, KOJUICKLHUS CEMsH, KIIeBep,
JFOLEPHA, BIAXKHOCTh CEMSIH, YIIbTPa CyXHe CeMeHa.

ALTERNATIVE WAY OF STORING COLLECTION OF GENETIC RESOURCES OF FODDER CROPS
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Abstract

The article analyzes the results of 25-year storage of 575 samples of creeping alfalfa seeds (Medicago sativa L.) and 127
samples of meadow clover seeds (Trifolium pratense L.) in the branch of N.I.Vavilov Research Institute of Plant Industry of
the Kuban genetic seed bank at a temperature of 4 °C. Seeds were stored in hermetically sealed containers; the initial moisture
content of the seeds was 4.0-6.9%. It was found that 95% of the samples of creeping alfalfa and 93% of clover had germination
above 80% after the storage. Clover specimen showed a tendency for the increase in terms of keeping high viability with a
decrease in the initial moisture of seeds. In 2018, a method was developed to produce ultra-dry seeds of clover meadow and
creeping alfalfa potentially suitable for long-term storage without the use of low temperatures, which is an alternative way to
store plant genetic resources. Using silica gel in the ratio of seeds: silica gel = 1:10, in 7 weeks we managed to dry the clover
meadow to 2.8%, and creeping alfalfa to 1.9-2.0% without reducing their germination. These values are below the
recommended standards for gene banks; such seeds can be referred to as ultra-dry. An important point in the technique is the
weekly replacement of the used silica gel with the fresh one. The next stage of the work is to test the effectiveness of this mode
of drying the seeds of clover meadow and creeping alfalfa in experiments on long-term storage, as well as in model
experiments on accelerated aging of seeds.

Keywords: plant genetic resources, perennial fodder crops, seed collection, clover, alfalfa, seed moisture, ultra-dry seeds.

CoxpaHeHHE ¥ YCTOWYHMBOE HCIIOJIB30BaHIE OHOJOTMYECKOT0 pa3HOOOpa3ws WMEeT pelIaonee 3HaueHHe It
YIOBJIETBOPEHHSI ITOTPEOHOCTEH B TPOJOBOJBCTBHM M 3[PAaBOOXPAHEHWH, a TaKKe JPYTHX IOTPEOHOCTEH pacTymero
Hacenenus 3emun [1]. Tlo ganabiM ®AO B Mupe HacuuThiBaeTcs 0koyio 1750 reHHbIX OaHKOB, COXpaHSAOMUX 7,4 MUIITMOHA
KOJUICKIIHOHHBIX 00pa3noB pactenuii [2, C. 5]. Komtekuust o0pa3ioB celbCKOXO3SHCTBEHHBIX KYJIBTYP M X AUKHUX POJHYEH,
xpansmascs B OI'BHY «®enepanbHblil ucclienoBaTeNbCKUil LEHTp BcepocCHHCKUI MHCTUTYT T€HETHYECKHX PECYpPCOB
pacrennii uM. H.W. BaBunosa» (BUP), 3annmaer 4 Mecto B Mupe 110 uncieHHocTH nocie kosutekuuii CIIA, Kuras u Uaann
[2, C. 6]. Konnekuus rexerundyeckux pecypcoB BUP HacuutsiBaeT 329826 00pa3uoB, u3 Hux 32543 obpasua cocTaBiser

106



Medicoynapoonwiii nayuno-ucciredosamenvckuil scypuan * Ne 9 (75) = Yacmo 1 = Cenmadpo

KOJUICKIMSI OT/IeNIa TeHETHYECKUX PECypcoB KOPMOBBIX KyibTyp (13 oruera BUP 3a 2017 1.). D10 camas Gonbuias B Poccun
KOJUICKIMS O0OO0BBIX, 3JIAKOBBIX M JPYTUX KOPMOBBIX KynbTyp. CoXpaHeHHE KOJUICKIMH KOPMOBBIX KyJIbTYp B JKHBOM BHIC
OCYIIECTBIIIETCS KAaK IIyTEM IIEPECEBOB, TAK M C HCIIOJIb30BAHHEM TEXHOJOTUH JIUTEIBHOTO XpaHEHHsS 00pa3loB CEMsH B
YCIOBUSIX HU3KUX TEMIIEpaTyp.

W3BecTHO, YTO ONTOBEYHOCTH CEMSH NPU XPaHEHWH OMPEAEIIAECTCS B3aUMOICHCTBHEM OHOJIOTHYIECKNX (DaKTOPOB, TPHUCYIHX
CEMEHAaM, W YCIIOBHH XpaHEHWs, CPEAW KOTOPBIX BEAYIIYI0 pOJIb HWIPAIOT TEMIIEpaTypa, COAEPKAaHWE BIAard B CEMEHax
(oTHOCHTENbHAST PABHOBECHAS BJIAKHOCTB) W MapimalibHoe masneHne kucimopoma [3, C. 14], [4, C. 565]. YcraHoBieHO, 9TO, YeM
HIDKe TeMneparypa xpanenus [5, C. 26] u naprpansHoe faBieHue kuciopoaa [S5, C. 57], TeM ainMHHee IepHo/] )KU3HECTIOCOOHOCTH
ceMsH. Ha W3MeHeHHE BI@KHOCTHOTO pEXKHUMa CEMEHa pa3HbIX BHIOB pEarHpyloT I0-pasHOMy. Y  OOJIBIIMHCTBA
CETIbCKOXO3SIMCTBEHHBIX KYJIBTYp CEMEHa XOpOLIO MEPEeHOCST MOJCYLIMBaHHUE A0 BIaKHOCTH 2-5%. Takue ceMeHa Ha3bIBAIOT
OpTOJOKCATBHBIMU (OT JaTUHCKOro Orthodox — mpaBoBepHsIif). Ho ecth pacTeHus, ceMeHa, KOTOpbIE HENb3sl BBICYIINBATh HHKE
XapaKTEepHOTO JUIS HAX, OOBIYHO BBICOKOTO, YPOBHsI BIaXHOCTH (12-31%) — TpormiuecKkue ApeBecHbIe PACTEHHSI, IUTPYCOBbIE, Kode,
KaKao, HEKOTOPbIC KAaydyKOHOCHI W Hp. VX ceMeHa Ha3bIBAaIOT PEKATBLMTPAHTHBIMHU (OT JaTHHCKOro recalcitro — Gpeikathbces,
npotuButhes) [6, C. 501]. Iozke Oblia BbIAENCHa TPYIa PACTCHUH, CEMEHA KOTOPBIX 3aHUMAIOT MPOMEKYTOUHOE MONOKECHHE
MEXIY OPTOJOKCAIBHBIMA U PEKATBIUTPAaHTHBIMHA. COOCTBEHHO TOBOPS, TPYIITa PEKAIBIUTPAHTHBIX CEMSH OblIa pa3OHTa Ha JBE:
Te, KOTOPBIE MIEPEHOCST MOACYIINBAHUE TOIBKO IO BIAKHOCTH He HIKe 15-20% — coOCTBEHHO peKaNbIUTPAHTHBIC, H TE, KOTOPBIC
MOYKHO TIOJICYIITHTH 110 BiaxkHocTn 10-12,5% — unrepmenuansasie cemena [7, C. 15].

CoxpaHeHHE peKaIbIIUTPAHTHBIX M HHTEPMEANAIBHBIX CEMSH TPEOYET OCOOBIX IMTOAX0/I0B — TAKHUX, KAK XpaHEHHE CEMSH B
yBrnaskHeHHOM coctosiauu [8, C. 130]. OprogokcanbHbIE ceMEHa XpaHAT MOACYIIECHHBIMH, UX JOJTOBEYHOCTh TPH CHI)KEHUN
MCXOTHOW BIIAXKHOCTH IMOBHIIIAETCA, IO KpaiHeil Mepe, B TemneparypHoM uHTepBajie oT 3° 1o 90°C u uHTepBaie BIaXKHOCTH
ceMstH oT 5% 110 25% [9, C. 376]. [IpaBuibHas opraHu3alis ATUTEIBHOTO XPAHEHUS CEMSH, TapaHTUPYIOIIAs COXpaHEHHE UX
JKM3HECIIOCOOHOCTH M TEHETHUYECKOH IEeJOCTHOCTH, NPEIIoJiaraeT TOYHOE 3HAHHE, SIBIIIOTCS CEMEHa OpPTOJOKCAbHBIMY,
PEKAIBIUTPAHTHBIMU HJIM MHTEPMEAUATbHBIMH.

CoBpeMeHHbIE ~ CTaHIapThl Ui TEeHOAHKOB PEKOMEHIYIOT —MOJCYIIMBAHHUE OPTOJOKCAIBHBIX CEMSIH IIepen
HU3KOTEMIIEpaTypHbIM XpaHeHueM 1pHu 5-20°C u 10-25% oTHocuTenbHON BiakHOCTH Bo3nyxa [8, C. 24]. B atux ycnoBusax
paBHOBECHAS BJIAXKHOCTb CEMSH COCTaBISET 3-7% B 3aBUCHMOCTH OT KynbTypbl. B I'enbanke BUP, moctpoernom B 2000 T,
CeMEHa CyIlaT Mmepe 3aKlaAKod Ha XxpaHeHHe npu TemnepaTtype 20°C u oTHOCUTENBbHOM BIakHOCTH 12%. B 3THX ycnoBmsx
paBHOBECHAS BJIAXKHOCTH CEMSIH Y KJIeBepa cocTaBisieT 3,5-5,8%, y monepust — 3,7-5,2%.

OnHaKo HMMEIOTCSl SKCIEPUMEHTANIbHBIC JaHHbIC, CBUACTEILCTBYIOIIME O TOM, YTO CEMEHA, MOJCYIICHHBIE 0 Ooiee
HU3KMX 3HAYEHUH BIIAXKHOCTH, Y€M PEKOMEHIOBAHO CTAHAAPTaMH Al TeHOAHKOB, HA3bIBAEMBIC YIbTPA CYXHMH, MOTYT
XPaHMTHCS BECbMa JUIMTENbHBIE CPOKH, IIPUTOM Jaske Oe3 HMCIIOJIb30BAaHUs OTPHLATENBHBIX TeMneparyp. Hampumep, ydeHsie
MaapuacKoro MOMUTEXHUYECKOTO YHHBEPCHTETA TMOKa3ajd, 4To ceMeHa 37 BHIOB cemelicTBa Brassicaceae, mojacyuieHHbie
IpY oMoy cuiukarens 1o 1,5-3% u 3anasHHBIE B CTEKJITHHBIE aMITyJIbl, COXPAHSIM BCXOXKECTh Ha MICXOTHOM ypPOBHE TOCIIe
40 neTHero XpaHeHHUsl B Ja0OpaTopuu. B HEKOTOPBIX Cilydasx BCXOXKECTh ObLIa BBIIIE MCXOJTHOM — 3a CUET MPEOJOJICHHS
tBepaocemsinaocti [10, C. 143]. XpaHeHue ynbTpa CyXHX CEMsIH NpH KOMHATHOH TeMIepaType MpeAcTaBisieT coOoi
aNbTEepHATUBY YHEPro3aTpaTHOMY HHU3KOTEMIIepaTypHOMY XpaHeHHo. Ho mojcymBanue ceMsH 10 yiIbTpa HU3KUX 3HAUYCHUH
BIAKHOCTH CBS3aHO C TEXHMYECKHMMHU TpyAHOCTAMH. K TOMy e, CTOMT NOMHHUTh, YTO UPE3MEPHOE CHIDKEHHE BIAKHOCTH
MOXET TPUBECTH K JICCTPYKTHBHBIM H3MEHEHMsAM. JId KakIoW KyJnbTypbl Tpeniesl TOJCYIIMBAHUS CBS3aH C
MOP(OJIOTHYECKIMH OCOOCHHOCTSIMH ceMsH, ux omoxumuaeckuMm coctaBoM [11, C. 1019]. Cepbes3noit npobiemoii sBiseTcs
BBIBOJI CEMSIH M3 YJIbTpa CyXOro COCTOSIHUS Oe3 npuunHeHus uM yuiep6a [7, C. 25].

3aja4ya JaHHOTO MCCIIEJOBAaHNS — yTOYHUTD, K KAKOMY THILY IT0 OTHOLIEHHIO K MOJCYITMBAHHIO OTHOCSITCS CEMEHA KJIeBepa
ayrosoro (Trifolium pratense L.) u monepust nocesHoit (Medicago sativa L.), u pa3pabotatsh METOAMKY MOJTYYEHHS YIbTpa
CYXHX CeMSH 3TUX KYJIBTYP, €CJIM OHH SBISIOTCS OPTOOKCATIHHBIMH.

Eme B 50-x XX Beka rogax B onsltax Jaboparopun cemeHosenenus BUP (¢ 1997 r. JIIXI'P) 6su10 mokas3aHo, 4TO ceMeHa
KOPMOBBIX O00OOBBIX KyJIBTYP XOpOIIO IHEPEHOCAT MOJCYIIMBaHUE 10 4%-HOI BIaKHOCTH, T.€., CKOPEE BCETO, SBISIOTCS
OpPTOJOKCANbHBIMH. MHOTOJIETHEE XpaHEHHE CeMiH — B TeueHue 10-27 €T, B TepMETHYECKH 3aKPBITHIX CTECKISHHBIX
OyTBUIOUKAX B TMOMEIIEHHH, TeMIepaTypa B KoTopoM konebanmack oT 12°C mo 20°C, BBIBWIO Pa3IUYHs B JOJITOBEYHOCTH
MeXIy o0pa3naMu, MIMEBIIMMHU Pa3HYI0 HCXOAHYIO BIaXHOCTh. Ha OCHOBaHMM pe3yIbTaTOB ONBITOB OBUINM PEKOMEHIAINH IS
OpTraHM3ally [UIUTEIBHOTO XpaHeHWe ceMsH B HamnmonambHoM xpaHwnumie cemssH Ha KyOanm (HpiHe KyOaHckwuii
TeHeTHYeCKUi OaHK ceMsH), HauaBieM pabdoty B 1976 r. [ns marouepHs! ObllIa PEeKOMEH/IOBaHA MCXOJHAS BJIQXKHOCTH CEMSH
4%, nns xneBepa — 4-6%. OngHako HE BCe IOJTYYEHHBIE TOTJ@ MaTepHanbl ObUIM OIyOJIMKOBAaHBI M B JIOJDKHOM Mepe
obcyxnensl. He Bce pe3ynbTaTsl MOTJIH OBITH OZHO3HAYHO HCTOJIKOBaHBI. B kadecTBe mpumMepa MoxHO npusectd 10-neTHee
xpanenne mpu 12-20°C o0pa3noB ceMsH TronepHb! CIIaBTHCKOW, HCXOIHAS BIAYKHOCTh KOTOPBIX Koliebanachk B MHTEPBAIIC OT
13,9% no 4,4% (puc. 1).
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Puc. 1 — Biausgnaue PICXOZ[HOﬁ BJIAXJKHOCTH CEMSH JTIOLCPHBI IMOCEBHOMU copTa CnaBsiHCKas Ha U3MEHEHHE UX BCX0XKECTU B
mpouecce XpaHeHUs B TCPMETHUICCKU 33KprTOI71 Tape

B aTOoM ombITe OBUIO OOHAPYKEHO, YTO CHIKEHHUE UCXOIHOM BIIAXKHOCTH ceMsiH oT 13,9% no 8,8% Bener K yBelIMYEHUIO
Nepro/ia, B TEUEHHE KOTOPOrO CEMEHa COXPAHSIOT BBICOKYIO J)KU3HECHOCOOHOCTh. OHAKO JalbHEHIlee CHUKEHUE BIaKHOCTH
ot 8,8% mo 4,4% He oka3alo 3aMETHOTO BIUSHIS HA COXPAHHOCTh CEMSH, YTO MOTJIO OBITH CBSI3aHO C TOBOJBHO JKECTKIMHU
YCIIOBHSMH HCIOJB30BAHHOW CYIIKH — B TepMoctate mpu 35-40°C, u MOBpexIeHUEM CeMsH, KOTIa Ui MOJydeHHs Ooee
HU3KHMX 3HA4EHUN BIAXXHOCTU YBEIWYMBaIM BpeMs dkcrnosunuu. Ho, Bo3moxHO, 10 €T — HEJOCTaTOYHBIA CpPOK IJIs
MIPOSIBJICHUS] TIPEUMYIIECTB Oojee HU3KOW HMCXOAHOW BiakHOCTH. C 3TOH TOYKH 3pEHUs IEIEcO00pPa3sHO pPaccCMOTPETh
pe3yIbTaThl ATUTEIHHOTO XpaHEHHs OOJBIIOTO YHCIa 00pa3llOB MHOTOJIETHHX KOPMOBBIX 0000BBIX KynbTyp B KyOaHckom
TEHETHYEeCKOM DaHKe CeMsH.

Tak, B 1977 r. Ha xpaHenue B KyOaHCckuii reHeTndeckuii 0aHk ObLIO 3aJI0’KEHO Ha XpaHeHHe 575 o0pasloB JIOLEPHBI
noceBHOMH, 476 u3 Hux (83%) umenu BcxoxecTs Boime 91-100%, octaneuble — 81-90% (puc. 2a). Ilocne 25 neT xpaHeHus B
TrepMETHYECKH 3aKPBITBIX OYyThbUIOYKaX BCXokecTh B mHTepBane 91-100% wumenn 106 obpasuos (19%), uncino obpas3uos co
BcxokecThio 81-90% yBemuumnoch 10 439 (76%), mosBIINCH 00pasibl ¢ 0ojiee HU3KOW BCxOxecThio. Ho B 1enoM uucio
00pa3ioB co BcxoxkecThbio Bbie 80% cocraBisuio 95% (puc. 26). Takue pe3ynbrarhl CileAyeT MPU3HATh yCHEUIHBIMU. TeMm
Ooree, 9TO TemIiepatypa xpaHeHus 6a30BbIX koiuieknuit BUP B Kybanckom reHetndeckom OaHke ceMsiH paBHa 4°C, Torna Kak
COBPEMEHHEBIE CTaHIaPTHI JUIA TeHHBIX O6ankoB ®AO pekomenmyrot —18°C [8, p. 24].

1%
1%
17% 19% —3%

83% 6 76%

HHTepB aJbI BCXOXKECTH

m51-60% ®W61-70% ®W71-80% M81-90% M91-100%

Puc. 2 — CooTHOLIEHNE Ynciia 00pa3LoB JIOLEPHBI TOCEBHOI ¢ pa3HOil BcxoxkecThio (%): A — nepes 3aKiIaaKoi Ha
JumTenbHoe XpaHeHne B KyOaHckuii reHeTnaeckuii 6aHk cemsiH B 1977 r.; b — mocine 25 et xpaneHus

B 1982 r. Ha xpanenue B KybaHckuii reHeTHYECKUH OaHK CeMsH OBUIO 3a10keH0 127 00pa3ioB KieBepa JIyroBoro. 85 u3
HUX UMENIU HCXOJHYIO BIAXHOCTHh ceMsiH oT 4,0 no 5,0%, 42 — BnaxHocTs ot 5,1 1o 6,9%. Takoe neneHue Ha TpyIIbl MO
BJI&)KHOCTH JOBOJIGHO YCJIOBHO: MpocTo 5% — 3TO cpenHee 3HAYCHHWE B HMHTEpBaJie 3HAUSHHMH BIAXKHOCTH, O KOTOPBIX
BBICHIXAIOT CEMEHA B YCIIOBHUSAX, PEKOMEHJOBAaHHBIX cTaHaapTamu s reHOankoB ®AO [8, p. 24]. Tem He MeHee, OBLIO
MHTEPECHO BBISICHUTB, CKa3bIBAIOTCS JIM PA3JIMYMs B UCXOJHOW BJIaKHOCTH CEMSIH Ha UX JOJITOBeYHOCTH. B rpymme ¢ Oosnee
HHU3KOH MCXOJTHOI BIa)KHOCTBIO 82 oOpasia (96%) nepen xpaHeHueM uMenu BexoxecTb 91-100%, a 3 obpasua (4%) — 81-90%
(Puc. 3a). [Tocne 25 net xpaneHust 00pasibl co BexoxkecTbio 91-100% cocraBisum 68% rpymrsl, a co BexoxecTbio 81-90% —
28% (Puc. 20). B rpymnme ¢ 6omee BBICOKONH MCXOIHOW BIAKHOCTBIO B IIPOIlECCE XPAHEHUS MPOM3OIIIO YMEHBIIEHHE YuCIia
00pa3uoB co BcxoxkecTbro 91-100% ¢ 38 (90%) mo 17 (45%), a unciio o6pas3uoB co BcxoxkecThio 81-90% Bripocio ¢ 4 (10%)
1o 19 (45%) (Puc. 3B u 3r). B rpynne ¢ ucxomnoit BimaxHOCThIO 4,0-5,0% 4rcno oOpa3noB co BcxoxecThio Bhime 80% B
pe3ynbTate 25-netHero xpaneHus B KyOaHCKOM reHeTmdeckoM OaHke ceMsiH cHu3mioch co 100 mo 96% (Puc.3a u 36). B
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rpymmne o0pa3loB ¢ UCXOIHON BJIAXKHOCTBIO 5,1-6,9% Tarke MPOM30LIIO CHUKEHHE YHCIIa 00pa3loB CO BCXOXKECTHIO BBIIIE
80% c 90 no 86% (Puc.3B u 3r). Takum 06pa3oM, HENB3sI CKa3aTh, YTO 0OPa3Ibl KIEBEPa JTyTOBOTO C HCXOIHOM BIAXKHOCTHIO
4,0-5,0% xpaHWINCh 3HAYUTENBHO JIydllle, YeM OOpa3lbl C HMCXOMHOH BiaXHOCTBIO 5,1-6,9%. Ho TenpgeHuus k Oomee
JUTUTENIBHOMY COXPAaHEHHIO JKU3HECIIOCOOHOCTH IPH CHIDKEHHH HCXOJHOW BJIQKHOCTH CEMSH HMeEeTCs, OCOOCHHO ecin
CPaBHHTh, KaK MEHSIOCH B IPYIIIAX, PA3IMYAIOIINXCS 110 BIAXKHOCTH, YUCIIO0 00pa3oB co BcxokecThio 91-100%.

Ecmu He pasmensats oOpasipl KieBepa JIyroBoro, 3amoxeHHble B 1982 r. B KyOanckuii reHeTndyecknii OaHK CeMsH, Ha
TPYIIIBI, TO MOXKHO CKa3aTh, 9TO0 nociie 25 et xpaneHus 118 u3 127 (93%) nmenu Bcxoxxects Boime 80%.

B menom, m0CTaTOYHO ycIEIIHbIE pe3yJbTaThl JUIMTEIBHOTO XpaHeHHs B KyOaHCKOM reHeTMueckoM OaHKe 00pas3ioB
KJIEBEpa JIyTOBOTO U JIIOLEPHBI IOCEBHOM, NMEBIIMX MCXOJIHYIO BIQXXHOCTH ceMsH 4,0-6,9%, no3BoJsIOT yBEpEeHHO OTHECTH
CeMEeHa ATUX KYJbTYp K OPTOJOKCAIBHBIM. DTO JejlaeT BO3MOXXHBIM pa3paOdoTKy METOAMKH IMOJY4YEHHs yJIbTpa CYyXUX CEMSH
KJIEBEpA JIyTOBOTO ¥ JFOLIEPHBI TIOCEBHOM.

- 4% 3%, 1%
o X

10%

HHTepBaIbl BCX0KECTH 00pa31oB

= 61-70% = 71-80% =81-90% =91-100%

Puc. 3 — VI3MeHeHne COOTHOLICHUSI YrCIia 00pa3iioB ¢ pa3Hoil BcxoxkecThio (%) B MAPTHUH CEeMSIH KJIeBepa JIYTOBOTO B
npoiiecce 25-neTHero xpaHeHust B Ky0aHCKOM IeHeTHYECKOM OaHKe CEMSIH B 3aBUCUMOCTH OT UCXOIHOM BIQYKHOCTH CEMSIH:
A — 1ipH 3aKaIKe Ha XpaHeHHE, UCXOHAs BIaXHOCTH 4,0-5,0%;
b — nocne xpaHeHus1, UCXOAHAs BiIaxHOCTH 4,0-5,0%;
B — nipu 3akiake Ha XpaHSHUE, UCXOIHAS BIAXHOCTD 5,1-6,9%;
I’ — nocre XxpaHeHus1, HCXOAHAS BIAXHOCTH 5,1-6,9%

[TepBerrit 3Tam pa3paboOTKH METOAMKH TONTYYCHUS YIIBTPa CYXHX CEMSH — ONpeAeICHAE HIDKHETO Mpeieia BIaXXHOCTH, JI0
KOTOPOTO MOXKHO TMOJCYIINBAaTh CEMEHA, HE BBI3BIBas JECTPYKTUBHBIX WM3MEHEHHH, CHIDKAIONIMX WX CHOCOOHOCTH K
MIPOPACTaHHIO U HOPMAITBHOMY Pa3BHUTHIO.

B mponwible ToABI Ha 3€PHOBBIX KYyJIbTypax OBUIO ITOKAa3aHO, YTO IMPH MOJCYIIMBAaHWUH OOPa3lOB B TepMOCTaTe NpHU
temneparype 40°C 10 ynbTpaHH3KUX 3HAYCHUN BIAKHOCTH BCXOXKECTh CEMSH HECKOJBKO CHIDKANAch. [IpH MCIIONB30BaHHUU
JUISL IOACYIIMBAHUS CHUIIMKaressi B cooTHouieHnH 10 00beMoB cuitikareiist Ha 1 00beM ceMsiH M3MEHEHHUH KU3HECIIOCOOHOCTH
CEeMSH He HaOJI0aIoChk, TIPH 3TOM BIAXXHOCTh CEMSH CHU3WIACH J0 yIbTpa HU3KHUX 3HadeHuil 3a 7 Henens [12, C. 42]. Taxoi
JKE PEKUM IMOJCYIIMBAHUS OBbLI YCIEUIHO MCHOJIB30BaH ISl TOJNYYSHHUS! YJIbTPa CYXHX CEMSH MacClU4YHbIX KyiubTyp. s
JOCTHKEHHsI TIOJIOKUTEIILHOTO pe3ysibTaTta oOKa3ajach BaKHA pEryJsipHas 3aMeHa CHJIMKarels, HCIIOJIb3yeMOro Juis
nozacymmBanus [13, C. 51].

AHanoru4nele ombIThl ObuUM TpoBeaeHbl B 2018 r. Ha ceMeHaxX 3epHOO0OOBBIX KOPMOBBIX KyJIbTyp. B pabore Obun
HCIIONIb30BaHbl CEMEHa KIieBepa JIYyrOBOTO M JIIOLIEPHBI IIOCEBHOM, MOJyYeHHbIE M3 OTIela TEHETHYECKHX pPeCcypcoB
MHOTOJIETHUX KOPMOBBIX KyibTyp BUP (Tabm. 1).
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Tabnuna 1 — OcHoBHBIC cBeneHMs 00 00pa3iax KieBepa JIYTOBOTO U JHOIEPHBI IIOCEBHOM, UCIIOIB30BAHHBIX B OIBITAX IO
MOJIY9YCHHUIO YIBTPA CYXUX CEMSH

Ne karajora IIpoucxoxnenue Mecto lNon penpoaykuun Hcxongnas Hcxonnas
BUP obpasma penpoayKIHHU BCX0)KECTh,% BIIAKHOCTB, %
Kinesep nyrosoit
k47421 | Benoropka | bemoropka | 2013 | 89 | 6,9
Jlrouepna nmoceBHast
Kk-6254 Kazaxcran Kurait 2013 97 6,1
k-19996 Azepbaiimkan Kurait 2013 93 5,6

[oxcymmBaane ceMsH MPOBOIIIIHN IIPH TOMOIIN CIITUKAreist (COOTHOIIECHHE CeMeHa: criukareib = 1:10) B repMeTndecku
3aKpHITOM Tape NpH KOMHATHOW TeMIleparype, B TeUeHHE § HeIeNb, CKCHEACNbHO 3aMEHSA CHIIMKAreidb W IpOBepss
CTaHIAPTHBIMH METOJaMH BCXOXeCTh [14, C. 36-44] u BnaxuocTs cemsH [15, €.109-114]. Tlepen omnpereneHueM BCXOKECTH
00pa3ipl 6 4acoB BBIIEPKUBAIHM OTKPHITBIMHU B JJAOOpaTOPHOM MOMEIEeHUH (Temneparypa Bo3nyxa 18-20°C, oTHocHuTenbHAs
BJIQXKHOCTh Bo3ayxa 60%). DToro oka3aaoch TOCTATOYHO, YTOOBI CEMEHA YBIAXKHUIUCH, U MPENICCTBYIOIIEE MOACYIIUBAHKIE
HE CKa3bIBAJIOCh HAa MX BCX0KeCTH. OTBIT MPOBOAMIN B IByKPaTHOH MOBTOPHOCTH. BIa>KHOCTH CEMSIH B ITOCIIETHIOIO HEAEIIO
OMBITa CTAOMIIM3UPOBATACH U ObLIA y KJIEBepa JYroBoro K- 7421 2,8%, y molepHbI MOCEBHOM K-6254 1 k-19996 1,9% u 2,0%,
cootBeTcTBeHHO (Puc. 4). JlocTOBEpHBIX M3MEHEHHH BCXOXKECTH M3Yy4aeMbIX 00pas3lloB B IPOIECCE MOJCYIINBAHUS CEMSH B
TeyeHue § Hellenb He MPOU30ILIO0 (pHcC. 5).

BiaaxxHOCTE.%

(3]
|
|
|

0 1 2 3 4 5 6 7 8
BpeMs noACyIIHBaHHA, HEX

—=—KeBep k-47421 —=—JIronepHa k-6254 JIronepHa k-19996

Puc. 4 — JIluHaMuKa BBICYIIMBAHKS CEMSIH KJICBEpa U JFOIIEPHBI ¢ IOMOIIBIO CHIHKAreis (COOTHOILICHUE CEMEHa:
cunukarenb=1:10)

BcxoxecTts. %

100 gt et

80
60

40

0 1 2 3 -+ 5 6 7 8

Bpems noACyIIHBaHHA, Hel.

—eo—KiaeBep k-47421 —e—JIlronepHa k-6254 JIronepHa K-19996

Puc. 5 — BausiHue BBICYIIMBAaHUS CEMSH KJI€BEPA U JIIOLEPHBI C TIOMOIIBIO CHIIMKArels (COOTHOIIEHUE CEMEHa:
cuiikarenb=1:10) Ha MX BCX0XKECTh

Takum 00pazoM, MOJCYIIMBAHHE CEMSH MHOTOJETHHX O0OOBBIX TpaB — KJ€Bepa JYrOBOTO M JIIOLEPHBI MOCEBHOM, IpU
TIOMOIIIN CHJIMKaresis (COOTHOIIEHHE ceMeHa : cuiMkareiab = 1:10) B TeueHne 7 Helellb, CONPOBOXKAAEMOE €XKEHEeIbHON
3aMEHOW HCIOJIb30BAaHHOTO CHJIMKAreNs Ha CBEXHH, IMO3BOJSAET CHU3HMThH BJIAKHOCTH CEMsH KiieBepa Jyrosoro 1o 2,8%, a
JroriepHsl moceBHOW — 10 1,9-2,0%, Ge3 cHKeHHs uX BcxokecTH. Cremyromuil 3tan pa3paboTKH METOIUKH ITIOTYYEHUS
yIBTPa CyXHX CEMsH KJIeBepa JYTOBOT'O M JIIOLEPHBI TIOCEBHOW — MPOBEPKA 3TOr0 PeXKUMa MOJICYIIUBAHUS CEMSIH B OIbITaX 10
JIIATEIIBHOMY XPAaHCHUIO, a TAKIKE B MOACJIbHBIX ONBITaX IO YCKOPEHHOMY CTAapECHUIO CEMSH.
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AHHOTALMSA

B crathe mpuBOAATCS pe3yNBTATHl MCCIEAOBAHUS II0 TOBBIIICHUIO MOTHBAIMHA K OPTOJOHTHYECKOMY JICUCHHIO NETEH,
MyTEeM JEMOHCTPAIMd TEMAaTHYECKOTO MyJNbTGMIbMA. VICHONb30BaHUE BIIEMCHTOB BH3YAJIbHOW IENArOTHKU (BHU3YalbHOTO
KOHTEHTAa) MO3BOJWJIO MOAHATH MHTEPEC U MOBBLICUTH YPOBEHb MOTHBAlIMW MALIMEHTOB K JalIbHEHIIEMY OPTOJOHTUYECKOMY
nedenuto (y 100% nereii onbITHOM rpymnmbl). OTMEYEHO MOBLIICHHUE YPOBHS TUTHEHBI Ha 67,6% M0 CpaBHEHHIO C UCXOJHBIM
YpOBHEM, a YPOBHSI CTOMATOJIOTHYEeCKOro KoMiutaeHca — Ha 30,6%. DTo B CBOIO OYepe/b MO3BOJIMIIO YIYUIIUTH CAMOOILICHKY
JIeTel ¥ YPOBCHb KOMMYHHKA0OCIEHOCTH |, B IIEJIOM, IIOBBICUTH KA4ECTBO KU3HHU.
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Abstract

The article presents the results of a study aimed at increasing motivation of children to get orthodontic treatment by means
of showing thematic cartoons. Using the elements of visual pedagogics (visual content) allowed raising interest and the level of
the patients’ motivation for further orthodontic treatment (100% of children in the experimental group). An increase in the
level of hygiene was noted in 67.6% compared with the baseline, and the level of dental compliance rose by 30.6%. This, in
turn, has improved the children’s self-esteem, the level of their sociability and, in general, the quality of life.

Keywords: motivation, compliance, visual content, orthodontics.

AKTyalbHOCTh

DcreTrKa YemOCTHO-TUIIEBON 00JIACTH MTPAET BAKHYIO POJIb B OTPE/CICHHH BHEIIHETO BU/IA JIMIIA YeOoBeKa. BHemrHuit
BHJ CIHOCOOCTBYET CaMOYBEPEHHOCTH M, TEM CaMbIM, OOECHEYMBACT COLMAIBHOE MPHU3HAHHE JIMYHOCTH. DCTETHYECKUE
HAPYIICHHS, B TOM YHCIIE U HATHYUE 3yOOUEIIOCTHBIX AaHOMAITHI, HEMOCPEICTBEHHO BIHUSIOT Ha Ka4eCTBO JKH3HHU MAIMEHTOB,
OKa3bIBasl BIMSIHUE Ha CAMOBOCIIPUSTHE BHELIHOCTH, OCOOCHHO Ha JTalle )KHU3HH, KOT/Ia IPOUCXOAUT HHTCHCHBHOE COLIHAIbHOES
U apdexTrBHOE B3aumoeicTue. s geteil 1 moapocTKOB BakHa QU3MYECKast MPUBICKATEIEHOCTh, KaK (haKTOp, BIUSIOLIMHA
Ha couuanbHele otHomieHus [11], [13]. OcosnaHume mnammeHTOM (aKkTa OTCYTCTBHSI TapMOHHHM 3aTPYAHSET OOLICHHE,
CIIOCOOCTBYET IOSBJICHHIO 3aCTEHYUBOCTH, IETH MEHEe YJIbIOUMBEI, MOKET (OPMHPOBATHCS MPUBBIYKA PUKPHIBATH POT PYKOH
IpH CMeXe U pasroBope. Y MalMeHTOB C HAPYIICHHEM 3CTEeTUKH 3y0OB CHIKEHA caMOOLeHKa [5].

OLeHKa CTOMATOJIOTHYECKOI0 KAueCTBa KHU3HH ONPEACIAeTCs CyObEeKTUBHBIMH TTapaMeTpaMy, ONMpPEISISIOIIMMHU BIUsSHUE
3[I0POBBS MOJIOCTH PTa HA KAYECTBO KHU3HH YEIOBEKA HAPSIY C OIEHKON €ro HyXIaeMOCTH B CTOMATOJNIOTHYECKOM JICUCHHH
[2], [10]. ITpu aTOM 3HAYMTENBHASI POJTH OTBOJUTCS OPTOAOHTHIECKOI MATONOTHH, BBHY €€ IMPOKOTO pacmpocTpanenus [1].

Kax 1oka3bIBatoT HCCIICIOBAHMS C YYACTHEM MOAPOCTKOB, MOJIOACKD, POLIE/IIasi OPTOJOHTHICCKOE JICUSHHUE, COOOIIIIN
O MEHBIIIEM KOJMYECTBE ICTETHUECKUX HEYNOOCTB, CBSI3aHHBIX C YJIBIOKOH, W CTECHEHHs B OOLIEHWH CO CBEpCTHHKAMH. [10
pesynbraTaM OBLIO YCTAQHOBJICHO, YTO ICTETHKA W COLMAIBHBIC ACICKTHI KAauecTBa 3[0POBBS IMOJOCTH PTa IMOCIYKHIN
TIepBOOYEPETHOM MPUINHOM TSt 0OpaIeH s 32 OPTOIOHTHYECKOM momonikio [12], [14].

Ilpu oneHke SPPEKTHBHOCTH OPTOAOHTHYECKOTO JICYCHHS HCIHONB3yeTcs psAA  OOBEKTHBHBIX  IapaMeTpOB
(aHTpOmOMeETpHYECKHE NaHHbIC, PEHTTCHONOIMYECKHe NaHHble, GoroMerpus u mp.). OgHako, OONBIIOE 3HAYCHHE HMEET
CYOBEKTHBHOE BOCIPHATHE CAMUM MAI[IEHTOM CBOETO COCTOSHMA [8].

BwMecte ¢ TeM, onpeeseHHy 0 npodiaeMy NpeacTaBisieT HU3KUA YPOBEHb MOTHBALIUMH MALMEHTOB K CTOMATOJIOTHYECKOMY
Je4eHHI0, 0co0eHHO aeTei [7]. BaxkHyo posb B GpopMUpOBaHWHM KOMILIAGHCA MIPAIOT poauTeNin peOeHka. Kak mokasbiBaroT
HAIlIM MCCIICOBAHHS, YPOBEHb NPUBEPIKCHHOCTH K JICUCHUIO OTIMYACTCS B PA3IMYHBIX COLMANBHBIX IPYMNAX, U 3aBUCHT OT
psiia COMYTCTBYIOIINX (PAaKTOPOB: HAJIHYHE COMATHYECKOW MATOJOTHH, YPOBEHb OOpa3sOBAHHOCTH pOIWTENEH, CTEIeHb
YMCTBEHHOTO Pa3BUTHSI, OCBEIOMIICHHOCTD TTAI[MEHTa TTPOBOANMBIX MaHumysiwmsx [3], [4].
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CyObeKTHBHOE HEIOBOJILCTBO HMMEIONIMMUCS HAPYLICHUSIMH MPUKYCa, NPOBOLMPYIOIIUE ICTETHYECKUE HAPYILICHUS,
SBIISICTCSA TIEPBUYHBIM ()aKTOPOM MOTHBAIIMH HYEIOBEKAa K OOpAaIIeHHIO 32 OPTOJOHTHYECKOW momormbio [15]. Yimydmenwe
SCTETHYECKAX TapaMeTpPOB HYENOCTHO-JIIUIEBONH 00JAaCTH, JOCTUTAEMOE JUIMTENBHBIM OPTOJOHTUYECKHM JICUCHHEM,
rmosipa3ymeBaeT ocoboe BHUMaHHE K ICHXOJOTHYECKOMY CTaTyCy HalMeHTa W OMpeIessieT TBOPUECKHH MOAXO0 K OOIICHHIO.
CriocoOHOCTh K aJalTalWH, CBSI3aHHOW C OIPENeIeHHBIM THIIOM IHCKOM(OpTa, M ITIOJHOE COTJIaCHe C JICUYCHHEM Tpedyer
BBICOKOTO YPOBHSI KOMILIACHTHOCTH OPTOIOHTHYECKOTO MaruenTa [9].

B mmrepatype BcTpewaeTcs ONMHMCAaHHE METOAWK IS MTOBBIIICHHS MOTHBAIlMM IETE€H K OPTOJOHTHYECKOMY JICUCHHIO.
Mockanéea U.B. ¢ coaBt. (2011) [6] npeanararoT UCHOIB30BATh TEMATHYCCKUE MYJIBTQUIBMBI, YTO MO3BOJICT IOBBICUTH
KOM(OPT M HHTEpeC peOeHKA K IPOBOMMOMY JICYCHHUIO.

Lenp — OLEHUTH yPOBEHb KOMIUTACHCA MAIIEHTOB MEPEe OPTOAOHTHUECKHUM JICYUSHHEM U HOBBICHTH YPOBEHb MOTHBAIIMU K
JICYCHUIO, IyTEM HCIIOIb30BaHUS IEMOHCTPAIIMOHHBIX MaTepUaIOB.

MartepuaJjbl 1 METOIbI

B wuccnemoBannm mnpuHsmM ydactue 148 mererr B Bo3pacte oT 6 mo 10 ser, KOTOpele OOpaTHINCh B JIETCKOE
CTOMATOJIOTHYECKOEe OTACICHHE cromaronormdeckor momukmuankn OI'BOY BO Ky6I'MY MunmsapaBa Poccum 3a
OpTOJOHTHYECKON moMotIsio. [locine mpoBeaeHHONH KOMIUIEKCHON AMAarHOCTHKH (MCCIEIOBaHME AHArHOCTHYECKUX MOJETCH,
opromanTomMorpadus, (GOTOMETpPHS JHIA) OIPEACTCHO, YTO BCEM JCTAM IIOKAa3aHO HOIIEHHE CHEMHBIX IDIACTHHOYHBIX
anmapatoB.  lIpoBemeHWEe  CTOMATOJOTHYSCKHMX ~ MAHHUIYIBIOHAN  OCYIIECTBISUIOCh  TPH  HAIMYAM  MHUCHMEHHOTO
HH(POPMHPOBAHHOTO COTJIACHS POTUTEICH.

[lepBbIM 3TamoM nanueHTaMm OBUIO TPEIUIOKEHO 3aIllOJHUTH AHKETY ISl ONpPENENICHHS YPOBHS CTOMAaTOJIOTHYECKOTO
komiutaeHca [3]. IlaumenTs, HaOpaBHmIME B aHKETUpOBaHMM MeHee 24 OautoB (CpesHUH W HHU3KMH  ypOBEHb
CTOMATOJIOTMUECKOT0 KOMIUTaeHCa) IPOJIOIDKHIN Y4acTHe B UCCIEA0BaHUU. B nTore, 3 HUX ObUIM C()OPMUPOBAHBI OIBITHASL
(47 yenoBek) u KOHTpoJbHas (39 yenoBeka) rpyMIIbL.

I[CTS[M OIBITHOM TpyIIIbI 6LIJ'IO Pa3bACHCHBI OTallbl MPECACTOAIICTO JICUCHUA, IPOBCACH YPOK 'MI'MEHBI TOJIOCTH PTAa U TaHbL
CTaHJAPTHBIC PCKOMCHAAINU 110 HOMICHUIO U YXOAY 3a OPTOAOHTHUYCCKUM alliapaToM. lla.nee UM 1mpeajiarajioCb OTBETUTh Ha
HECKOJIbKO BOIIPOCOB, KacalOMIUXCS OTHOIICHHWS PEOCHKAa K MMEIOIICHCS OPTONOHTHYSCKOW MATOJNOTHH W TPEICTOSIIEMY

nevenuto (Puc. 1). . _ °
A | )8
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Puc. 1 — Bonpocsl, npeyaraemple ATIM 10 JeUSHUS

JIONONHUTENBHO JUIsl TOBBILICHWST MOTHUBALIMK JEMOHCTPUPOBAIN pa3pabOTaHHBIM HAMH TEMaTH4YeCKUH MYJIbTQHIBM.
['maBHBIMU reposSIMH B HEM BBICTYIANH IOMYJISIPHBIE B HACTOSIIIEE BPEMs repOor KOMHKCOB U MYJIbT()UIBMOB, YTO HOBBIIIANIO
WHTEPEC M BBI3BIBAJIO XeJIaHue noapaxkars uM (Puc. 2).

Puc. 2 — Kaapel u3 TeMaTuieckoro MyiabThuibrma
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Ilocne apocMoTpa HeTCfI MmpoCujin NOACIUTHCS BIICUATICHUEM OT MyJ'II)T(I)I/IJ'ILMa U YyKazaTb, HU3MCHWJIOCH JIM UX

OTHOIIICHHE K OPTOJAOHTHUECKHM armaparam (Puc. 3).
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Puc. 3 — Bonpocsl, peaaraeMple IETSIM MOCIe IPOCMOTpa MYJIBTHIIIEMA

JleTd KOHTPOJILHOH IPYIIIBI MOJYYMIIA AaHATIOTHYHBIE PEKOMEHAAIMH, HO 0€3 M0Ka3a TEMaTHYECKOTr0 MyIbTHUIbMA.

HaOmroeHne 3a BCeMHU MAlMEHTAMH MPOBOAMIOCH B TEYCHHE T0JA, C MEPUOIMICCKUMH KOHTPOIBHBIMH ITOCEUICHHSIMHU
uHTepBaiom B 1-1,5 Mecsa ¢ OUEHKOW YpOBHSI FMTHEHBI MOJOCTU PTa. B KOHIE mepuoaa HaOIIOAeHUS OBUIO MPOBEACHO
MMOBTOPHOE AHKETUPOBAHHE.

Jlis OIleHKM YpOBHS TMI'HIEHBI IOJIOCTH pTa MCIoib30Banu uHIekc Penoposa-Bomoaxunoit (1971). Craructuueckyro
OLIEHKY Pe3yJIbTAaTOB MPOBOAMIN ¢ UCIIOIB30BAaHUEM MPpOrpaMMHOT0o obecnieuenus «Microsoft Excel 2010».

PesyabraTsl

ITocne MMPpOBEACHUA NUATHOCTUYCCKUX MaHI/IHyHHHI/Iﬁ HO30JIOTHUYCCKUEC q)OpMLI OpTOI[OHTquCKOﬁ I1aTOJIOTUU COCTaBHIIU
cleyroliee nporeHTHoe pacnpenenenue (Taom. 1).

Tabmmna 1 — CTpykTypa OpTOIOHTHYECKOH NAaTOJIOTHH y 00ciienoBanHbIX aetei (%)

I'pynna OnbiTHas KouTponbHas
Hoszomorust (N=47) (N=39)
JlucTampbHas OKKITIO3HS 59,57 53,84
Me3suanpHas OKKIIFO3US 34,04 30,77
I'my0okast pe3roBasi OKKITIO3HS 21,28 23,07
OTKpBITast pe3oBast JE30KKITFO3HS 14,89 12,82
[lepekpecTHast OKKITIO3HS 57,45 47,72
CyskeHre BepXHero 3yOHOTO psiza 53,19 41,03
CysxeHHe HIKHETO 3yOHOTO psiia 36,17 30,77
CKy4eHHOCTh 3y0OB HIDKHEH 31,91 28,20
YEJIIOCTH

[Ipy aHKETHPOBAHUH TIO ONPEIEIICHUIO UCXOAHOTO YPOBHS CTOMATOJIOTMYECKOT0 KOMIUTA€HCA HA MOMEHT Havaja JedeHUs
BBISIBIICHO, YTO B OIBITHOM TPYIIIE cpeqHee 3HaueHue coctaBmio 17,38+2,73, a B koHTpompHOH — 16,13+2,95.

PesynbraThl onpoca NanueHToB ONBITHOM IPYIIIBI PACHIPENEIMIINCEH CIIETYIONIM 00pa3oM:

- 100% pecrnoHIeHTOB paHee He JICUUINCh y Bpaya-OpTOH0HTa;

- 53,2% nmereil ONMBITHON TPYNITBI OTMETHIIH, YTO MMEIOT APY3€H M OJHOKIACCHUKOB, KOTOPBIE HOCIT OPTOAOHTHYECKHE
KOHCTPYKLIUH;

- 89,4% OMPOIICHHBIX CTECHSIOTCS CBOUX 3y0O0B;

- 87,2% B uccaexyeMoii TpyTne yKa3ail, 9TO INTACTHHKH He0OXO0AUMBI I (OPMHUPOBAHUS MPABIIIBHOTO 3yOHOTO psifa U
KPacuBOH yIBIOKH.

3HaueHHe YPOBHS TMIHMEHBI ITOJIOCTH PTa B JaHHOH rpymnmne cocTaBwmio, B cpeaneM, 2,38+0,36, B koHtpose — 2,48+0,51,
YTO COOTBETCTBYET HEYJOBIETBOPUTEIILHONW TUI'HIEHE.

IIpy koHTpoIBbHOM mpueme uepe3 roj B onelTHOH rpymme y 100% nereil oTMedYeHO ynydlleHHE HO KIMHHYECKOE
MpU3HAaKaM M pe3yJibTaTaM JOIOJHHUTEIBHBIX METOJI0OB 00cienoBanus (B T. 4. 3 manueHTra 3akoHYMBIIMX JedeHue). Co cioB
poawurenei, netu cranu 6osee yBepeHHBIMH B ce0e, Jallle CTallk yJIbI0aThesl, YIyUIIHIOCh CAMOBOCIPHSTHE.
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B pesysnbrare MoBTOPHOTO aHKETHPOBAHMUS CPEAHEE 3HAYCHUE YPOBHSI CTOMATOJIOTHYECKOTO KOMIUIAGHCA TIOBBICHIIOCH JI0
25,06+1,59, 4TO COOTBETCTBYET BBICOKOMY YPOBHIO. 3HAYCHHE YPOBHS THTHEHBI MOJIOCTH PTa YJIy4IIWIOCh Ha 67,6% u
coctaBmwio 1,42+0,21 (xopoias TMTHEHA).

B KOHTpONMBHOW TpyIIe KIMHUYECKOE yiydlleHHe oTMmedeHo y 82,1% mereit, Haxomsmxcs Ha jnedeHnn (7 aereit
OTKAa3aJIICh OT JICYCHHUS BBUIY CYOBEKTHBHBIX CIOKHOCTEH). CTOUT OTMETHTB, uTo 18 (46,2%) mereit, co cioB poxuTeneii, He
pETYIApHO HOCHIM ammapar, a 6 mamueHtam (15,4%) anmapaT ObLTI M3TOTOBJICH MOBTOPHO, BBUIY MOTEPH IPEABIIYIIETO.
YpoBeHb CTOMATOJIOTHIECKOTO KOMIDIACHCa y TaHHOH KaTeropuu Aereit cocraBmr 21,0542,04 (cpenauii ypoBeHb), a ypOBEHBb
rurueHsl — 1,89+0,32 (yRoBIeTBOpUTENIbHAS THTHCHA).

BoiBoabI

1. Ucnonp3oBaHne BU3YaIbHOTO KOHTEHTA (TeMaTHYECKHE MYNbT(GHIbMBI) MTO3BOJIMIIO TOMHATH WHTEPEC W TOBBICUTH
YpOBEHb MOTHBAIIMH NAllUEHTOB K AaJbHENIIEMY OPTOLOHTHYECKOMY JieueHuto (10 100% B ombITHOM rpymnime).

2. YpoBeHb I'MI'MEHBI Y JAETEeH OIBITHOM IPYIIBI 3a MEPUOJ JICYeHHUs MOBBICHICSA Ha 67,6% 10 CPaBHEHHUIO C MCXOIHBIM
YPOBHEM, @ 3HAUYCHHE YPOBHS CTOMATOJIOTHYECKOTO KoMIutaeHca — Ha 30,6%.

3. JleTn KOHTPOJIBHOM TPYIIBI MEHEE OXOTHO ITOCEINAIN Bpada-OpTOAOHTA, MUMEIH MECTO MPOIYCKH IpHeMa W yTeps
OPTONOHTHYECKUX armaparoB. CaMu anmapaTsl HaXOIWICS B HEYAOBICTBOPHUTEIFHOM T'MITMEHHYECKOM COCTOSHHM (TMIHCHA
yIydIIniIack, B cpeqHeM, Ha 23,4%), poauTenH ajJoBaliuch Ha OTKa3 peOCHKAa HOCUTh IUIACTHHKY Ha3HAYEHHBIH MIPOMEKYTOK
BpeMeHH (YpOBEHb KOMIUIACHCA MOBBICHIICA Ha 23,4%).

Huskuii ypoBeHs MOTHBAIINH Y AETEH KOHTPOJIBHOM TPYMITBI IPHUBEN K (POPMUPOBAHHUIO HEAOCTATOUHOTO OJIArONPHUSATHBIX
YCIIOBHIA, YTO B CBOIO OYEPEIb MOXKET CIY)KUTh NPErpazioi JUisl TepaleBTUUECKOI0 COTPYAHNYECTBA.

BnaronpusTHeIN (OH, KOTOPOTO YIaJI0Ch JOCTHYH B XOJ€ OPTOJOHTHYECKOTO JICUEHHS JIETeH OMBITHON TPYIIIBI, MOXET
MOCITY)KUTh XOpOLIeH OCHOBOW ISl B3aMMOJICHCTBHS MAaIMEHTOB CO CTOMATOJIOTAMH JPYrHX NPOQMIeH M JOCTHKEHHS
MaKCHUMaJbHOM 3¢)(beKTHBHOCTH OPTOAOHTUYECKOTO JICUCHHA, YTO B CBOXO OYCPCIAb INMPUBCACT K YIYUYIICHUIO CaMOOUCHKH
,Z[eTeﬁ, TOBBIIICHUIO YPOBHSA KOMMyHI/IKa6eJ'II)HOCTI/I ", B IICJIOM, IIOBBINICHUIO Ka4CCTBA JKU3HMU.
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AHHOTaNHUA

Ipemnokena u anpoOUpOBaHa OPUTHHANIBHAS METOAMKA IS MHTPAOTICPAIIMOHHON HICHTU(UKAIIUA OKOJIOIUTOBUIHBIX
JKele3 ¢ TPUMCHEHUCM aHWJIMHOBBIX Kpacutenei. JlaHHas MeToaMKa, moapasyMmeBaeT moj coboii, BBeacnue 0,1% BomHOrO
pacTBOpa METHJICHOBOTO CHHET'O B HIDKHIOI HIMTOBHIHYIO apTepHio. MeToauka MpocTa W HE TPeOYeT IOMOTHHUTEIBHBIX
3aTpaT Ha CICIHWaIbHOC OOOpYIOBaHHME M IPYTUE JOPOTOCTOSIIUE Kpacuteiad. JlaHHBIH MeETOJ MOXET OBITh B3ST Ha
MOBCEHEBHOE HCIOJB30BaHWE B paboTe XUPypraMU-3HIOKPHUHONOTaMH. TakuM o00pa3oM, IIPOCTOe ¥ HEJAOporoe
HCCIIEIOBaHUE MOXET 3HAUYUTEIFHO COKPATUTh BPEMsI OTIEPATHBHOTO BMEIIATEIBCTBA, ACPKATh O] BH3YaJIbHBEIM KOHTPOJIEM
MIPY PE3EKINHU IUTOBUIHON Kee3bI OKOJOMUTOBHIHEIE JKEJIe3bl ¥ BO3BPATHBIN TOPTaHHBINA HEPB.

KiaroueBble ¢J10Ba: MCTHJICHOBBIN CHHUM, OKOJOIUTOBHIHEIC JKCIIC3EI.

USE OF METHYLENE BLUE IN INTRAOPERATIVE SEARCH OF PARATHYROID GLANDS
Research article

Zubkov A.V.}* Krayushkin A.l.2, Zagrebin V.L.2
1.23\/olgograd State Medical University

* Corresponding author (zubkov.a.v.74.ru[at]mail.ru)

Abstract

The original technique for intraoperative identification of parathyroid glands with the use of aniline dyes was proposed and
tested in this work. This technique implies the introduction of a 0.1% aqueous solution of methylene blue into the lower
thyroid artery. The procedure is simple and does not require additional costs for special equipment and other expensive dyes.
This method can be taken for everyday use in the work of endocrinology surgeons. Thus, a simple and inexpensive study can
significantly reduce the time of surgery, keep the parathyroid glands and the recurrent laryngeal nerve under visual control
when resecting the thyroid gland.

Keywords: methylene blue, parathyroid glands.

Beegenne

ITapaTupeonnHas XUpyprus oJIHa W3 CIOXHBIX OTpaciell XUpypruu. AHATOMHUS OKOJOIIMTOBHUAHBIX xene3 (OILDK)
SBJISICTCA 3JIEMEHTOM TEOPETHYECKOro Oa3uca SHIOKPUHHON XHMPYPruH, BIAJCHHE KOTOPBIM II03BONIAET CHHU3UTH BpeMs
OIEPaTHBHOTO BMEUIATENILCTBA U 3HAYMTEIILHO COKPATUTh YHCIIO ONEPALMOHHBIX OCI0KHEeHUi. 3HaHue amoOpuorenesza OLLK,
SIBJIICTCS] HAWITYYIIMM MIPOBOJHUKOM B MX WICHTH(OUKALMH IPH HOPMAIIbHOM JoKanu3auun u npu sxkronusix [1], [3], [9].

IIpu Bemonnenun onepanuu Ha OIDK mpecnemyercs ogHa umenbs — yzaaneHue naronormdecku msMeHeHHbIx OILDK u
ocrapiienue uHTakTHRIX OLLK. B mnaparupeoungHoi Xupypruum Bcerga CTOUT Bompoc, kakas u3z OIDK natonmormuecku
M3MEHEHa W YTO CJeNaTh, I TOro, 4To0sI Haiith Bce OLIK.

Tyt HaxonmuTcst caMblii OOJBIION BOIPOC B MApaTUPEONIHON XHUPYPIHH, MOYEMY TaK BaXKEH ONBIT XUPYPra, JUIsl YCIICIIHO
nposeneHHoH omeparn Ha OLDK u 3HaHmMe sMOprorene3a u Mect TunmdHoH Jtokammsanun OILDK. B mporecce amOprorenesa
OIDK MuUrpupyroT U3 OJHON YacTH IIeH B ApYTyro. TakuM oOpa3oM, OHH HaXOAATCS HE BCET/a TaM, Kak Obl mpesmonaraiocs. B
CBSI3H CO CIIOXHBIM TIporieccoM murpanuy, OLIDK nmeror Hanbonee epeMEeHHYI0 aHATOMUIO B OpraHu3Me 4enoBeka. [loatomy
OIK MoryT ObITH pacroNIOKEHBI B Pa3IMYHOMN YacTH IIeH, OT YIJIa HIDKHEH YeNIFOCTH BIUIOTH A0 NMepuKapia.

OIIX pa3BHBalOTCS U3 TPETHETO U YETBEPTOTO KaOEPHBIX KapMaHOB HapsALy ¢ Apyrumu opranamu med. Huxane OIDK,
(hopMupyIOTCS M3 TPEThEro kabepHOro KapMmaHa, KOTOPBIM Takke OTBe4aeT 3a 3MOpuoreHe3 tumyca. VMx o0o3Ha4aroT Kak
(Oll) mmu Tumuueckue. Bepxuue OIDK, pa3BuBaioTCs M3 YETBEPTOro kabEpHOr0 KapMaHa, COBMECTHO C IIUTOBHIHOMN
skenezont (I1K), nx o6o3nagaror (O1V) win mUTOBUIHEIE.

B nponecce pazsutus Tumyc u LK Murpupyrot n3 BepxHei 4acTH MIen B HUKHIOIO YacTh, U YBJIEKAIOT BMECTE C COOOH U
OLIX. B cBa3u ¢ atum Hmknue OIDK, xak npasuio, ocratorcs psaoM ¢ LK, a BepxHue MUTpUPYIOT BMECTE C THMYCOM, U
HepeJIKo 0OHAPYKUBAIOTCS B IEPETHEM CPEJOCTEHHH.

Takum 00pazoM, MpH HOPMAJIBHBIX YCIOBHAX 3MOprorenesa, HivkHue OLK, 3aHMMaloT cBOE TUIMYHOE MECTO, KOTOpOe
HaXOJIUTCS BO (DPOHTANBHON IUIOCKOCTH B pagnyce 2 CM OT TOYKH IEePECeYeHUs] HIKHEHW IMIMTOBHIHON apTepUH W BEPXHETO
ropranHoro Hepa. Ho oHM MoOTyT OBITH OOHapykeHBI U 3a TPyAWHOH. TumuaHoe mMecTo pacmosoxkeHus Bepxaux OLDK —
MECTO B PallyCce MEX]y IIEPEKPECTOM BEPXHETO FOPTAHHOIO HEPBA U HWXKHUX IUTOBUIHBIX apTepuil Mexnay tpaxeeil u DK
WIIA COWICHEHHS MEPCTHEBUIHOTO XPsIia ¢ IePeTHAM POTOM IIUTOBHIHOTO Xpsima. To ecTh, Kak mpasuiio, Bce ueTsipe OLK
HaxomaTcst BOKpYT 3aaueit croponsl LK. Ho Tak mpoucxoaut He Beeraa [3], [9], [10].

Crnoxusrii nponecc murpanun OILDK Bo Bpemst BHYyTpHYyTPOOHOTO Pa3BUTHSA, MHOTZA 3aTPYAHSET MHTPAOIEPAIIOHHYIO
uneHtndukanuio sxesne3d. Bepxusas OLK MoxeT BoBiekaTbcss B TKaHb HIMTOBWIHOW JKEJNE3bl BO BpPEMs CIMSHUA
YIBTUMOOpaHXHUAIBHBIX XKeJIe3 CO CPEIMHHBIM 3a4aTKOM. JTO 00BsSCHEHHE HE MOXKET puMeHeHo K HmkHuM OLDK, koTopsie
HE BO3HHMKAIOT M3 YETBEPTOro >kabepHoro kapmaHa. OJHAKO ONMCaHBl HEOCHOPUMBIE CIy4ad BKIIOYEHUsI HOPMAaJbHBIX HIIH
narosnorndecku usMeHeHHbIX HIDKHUX OIDK B HmxkHue nomroca IIDK. YacToTa MHTpaTHpPEOUIHBIX SKTONUN HUXKHHUX U
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BepxHux OLIXK nHaxomurcst B mpepenax ot 0,5 no 4%. Hwknue OLDK nproOperaroT BHICOKME MM HHU3KHE DKTONHHU. DTO
CBSI3aHO C XOJIOM MUTpanuu 3adatka Tumyca 1 OLK, mpoTsHKeHHOCTHIO OT yTila HWKHEH YeTIOCTH 0 nepukapaa. GakTopsl,
3aMeUIAIONINE WM NPENSATCTBYIOIINE K OIYCKaHWIO MapaTHMyca, IPUBOIAT K BBICOKHM DKTOIHSM IO XOXIy KapOTHIHOTO
(yTspa, OT yriia HIDKHEH gemocT 10 HikHero moioca goiw K. YactoTta Takux sxTonmii He npeBsimaet 1— 2%. YactoTa
HHU3KHX SKTOINS COCTABISET OT 4 10 5% cimydaeB. JlaHHas SKTomms cBsi3aHa ¢ 3aaepxkoi HIvkHUX OLK n aucnokarmeii nx B
TepeHee CPEeIOCTEHNE Ha Pa3InIHYyIO TIyOHnHY.

Kpome BpOXICHHBIX SKTOIHWH, CYIIECTBYIOT W TpHOOpeTeHHBIe. BosHmkaromme Bcneactue murpanuu OLK mox
BIIMSTHUEM JaBJICHUs PacTyIlei omyxonu. Yemy Takxke crmocoOCTBYIOT BOCXOJSIIEE JIBM)KCHUE TOPTaHU U INIOTKU B IpOIecce
IJIOTaHUS M TpHCAChIBaOLee JAEHCTBHE BCIIEACTBHE OTPHUIATEILHOTO BHYTPUTPYIHOTrO AaBieHHA. Takum obpasoM, npu
omyxoneBod TpaHchopmaruu, OLDK MoryT mokupaTh MecTa THUNWYHOW JIOKAIM3AlMU U TIEPEMEIIaThCsl B IKTOMHMYECKHUE
MecTa. JTH JTUCIOKAIMU 3aBUCAT OT MEPBUYHON Tonorpaduu sxesie3sl 10 BOSHUKHOBEHHUS B Hell omyxoiu. Bee 3o nomkHo He
YXOJIUTh OT BHUMaHUS XUPYpra.

ITo maHHBIM pa3IMYHBIX KCTOYHUKOB, BHYTPUBEHHOE KaIleIbHOEC IPUMEHEHNE METHIICHOBOTO CHHETO, HEPEIKO BHI3BIBACT
HETaTHBHYIO HEBPOJIOTHUECKYIO CHMITOMATHKY, KapJHOTOKCHYECKOe IEHCTBHE, aiiepruieckue peakuuu. [lceBmommanos
JIMIIAeT aHECTE3UOJIOTOB BO3MOKHOCTH OIICHUTHh HCTHHHBIN IIBET KOXKHBIX IIOKPOBOB. Taxke I[BET KOKH CHIDKACT COLUANBHYIO
aJanTalyio ¥ M3MECHEHNE ICUXUIECKOTO CTaTyca MaIfieHTa.

[IpuanMas Bo BHUMaHUE TO, 9T0 B 80% OKOJOIIMTOBUAHBIX Keje3 KPOBOCHAOKAIOTCS M3 BETBEW HIDKHEH IIUTOBUIHON
apTepru, HaMHU OBLIa MPEJIOKEHa HCs CEIIEKTHBHOTO BBEICHH METHIICHOBOTO CHHETO B HIDKHIOIO IIIUTOBUAHYIO apTEPHIO, VIS
unTpaonepaponHoro noucka OIDK. Tem cambIM CHMXKANOCh pacrlpenesieHHe M KOHLEHTpaLus KpacuTels B opraHusme. B
CBSI3H C YeM, OOLIHE OTPHUIATENbHBIC OCICACTBHS OT BO3ACHCTBHS METHIICHOBOTO CHHEro ObUTH HckimoueHs! [2], [4], [6], [7].

Heasn

OnpenenuTs BO3MOXKHOCTh  CEJIEKTUBHOI'O  HCIHOJB30BAHUS METHJICHOBOIO CHHEro Al HHTpaoleparloHHOMN
unentuduranuu OILDK nms coxpamenus Bpemenu nmorcka OIK u pa3BUTHS OCITOKHEHHI BO BpeMsl OTIEpaIlUH.

MaTepuajibl 1 MeTOABI

B wuccrenoBanme Opumm BKIOUeHB! 60 mamueHToB ¢ pasnuuHbME 3abonmeBaHmsamu LK n OLK. Cpemm HuX 85%
cocTtaBmM KeHIUHbBI (N=51) u 15% myxunH (N=9). B 3aBucuMoOCTH OT BO3pacTa OHM OBUIM pa3ZeieHBl Ha 5 BO3PACTHBIX
rpym (tabmuma Nel).

Tabmuna 1 — PacripeneneHue NalMeHTOB 110 BO3PACTHBIM IpyMIaM

IHon My:sK4YHMHBI 7KeHMHBI Bcero
Bo3pacTHble rpynnsi

Adc. % Adc. % Adc. %

25-44 ner 2 22,22 7 13,73 9 15
44-60 net 3 33,33 24 47,05 27 45

60-75 ner 3 33,33 12 23,53 15 25
75-90 ner 1 11,11 8 15,69 9 15

Bonee 90 ner 0

Hroro 9 100 51 100 60 100

Ha amOynaropHoMm 3Tare jiedeHus Bce 00ibHbIe ObLTH 00CIeoBanbl. [Ipy y3JI0BBIX 1 MHOTOY3JI0BBIX 00pasoBaHusx LXK,
BCeM OOJIbHBIM OblIa BBINIOJIHEHA TOHKOWIOJIbHAS aclUpalyoHHas Owoncus Juiss Bepudukanum auarHos3a. JocTHrHyTO
COCTOSIHHE 3yTHPe03a y OOJbHBIX ¢ TUPPY3HBIM TOKCHUYCCKHM M Y3JIOBOM TOKCHYECKOM 3000M. M mpu MOCTYIJICHHH Ha
IUIAHOBOE OMEpaTUBHOE JieueHHe ObLIM paclpesesieHbl M0 CICAYIOIIMM HO30JIOTHSM, C YYETOM YBEJIHUYESHHUS IIUTOBHIHOM
sxene3sl o O.B. Hukonaesy, 1955 r. (Tabmuma Ne2)

Tabnuna 2 — PacnipeeneHre OOTBHBIX MO HO30JIOTHIM

Crenens yBeaunuenus K no Yuceao
Ho3osornueckas gpopma Hon 0O.B. HukonaeBy Ha0/I0AeHui
[ 1 1l IV | V | Abc. %
V310801t 300 Myx. 1 1 1,7
XKen. 3 2 1 1 1 8 13,3
MsHoroys310Boii 300 Myx 2 1 3 5
XKen. 1 10 4 4 2 21 35
AT3 Myx. 1 2 3 5
XKen. 4 6 3 1 2 16 26,7
Pak 11K Myx. 1 1 1,7
XKen. 1 3 1 5 8,3
Anenoma OIIXK Myx. 1 1 1,7
Kemn. 1 1 1,7
Bcero 12 24 11 8 5 60 100
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BosibHBIE MOCE MOATOTOBKM K OIEPATHBHOMY JICUEHHMIO OBUIM ONEPHPOBAHBI 110/ SHIOTpaxeajbHbIM Hapko3oM. B
CTaHAAPTHOM yKiIajaKe GOJILHOIO, C BAIMKOM I10[ JIOTIATKAMH M C 3alPOKHAbIBAHKEM r0Ji0Bbl Ha 210°. TlonepeuHbiM pa3pe3om
Ha 1,0 —1,5 cM BeIIIE sIpeMHOU BBIpe3Ku TpyauHbl. [locne oOHaxkeHns u moOmmm3anuu DK npuctymanu k. uaeHTHUKauu
OIIK. Ha manHOM 3Tarme BBIIENSIACH HUXKHSSA IUTOBHIHAS apTepus psiaoM ¢ kancyinon K. [Tox Bu3yanbHBIM KOHTPOJIEM
BO3BPATHOT'O TOPTaHHOTO HepBa, y kKancynsl 11K, Ha HIDKHIOIO OTUTOBUAHYIO apTepHIo HaKIaIbIBaNachk Jurarypa. Urioi ms
uabeknuit 22G BBoaum 1 mut 0,1% BoAHOTO pacTBOpa METHIEHOBOTO CHHETO B HIDKHIOIO IIMTOBUAHYIO apTepuio. [locie gero
OLDX WHTEHCHBHO OKpAIIMBAINCh B TEMHO-(MOJETOBHINA mBeT. [locime oOHapy)KeHHS WIICHIIATEpANBHBIX JKele3, JaHHas
npoleypa NPOU3BOIMIIaCh Ha MPOTUBOMOJIOKHOMN cTOpoHe uts BhisiieHus OLLK.

OObeM M xapakTep omnepauuil BHIIOJHEH C Y4eTOM HO30JIOTMHM M cTeneHu 300Hoi# Tpanchopmanuu LK u nmaronornn
OIIK. Bo Bpemsi omepaTHMBHOTO BMEIIATENbCTBA OBLIM BBIIOJHEHBI CIEAYIONIME BHIBI OIEPAaTHBHBIX MOCOOMH: OT
OPTaHOCOXPAHSIONINX PE3eKUUI 0 THpeonadKTOMuUH ¢ TuMpoaucceknueil. Tadmuna Ne3. C nociieayronyM rucToIorH4ecKuM
aHaIM30M MpenaparoB. [locieonepalMoHHbIH TepHol MPOTeKal IIaAKo, 0e3 ocIoKHeHHH. B mocieonepannoHHOM nepuoje
He OBUIO 3aUKCHPOBAHO CHENU(PUICSCKAX OCIOKHEHHH, TAKUX KaK KPOBOTEUCHHE, MApe3bl M Mapajnddl TOPTAHHBIX HEPBOB,
runonaparupeos. CpeqHui KOMKO- 1eHb cOcTaBUII 4,7 THEH.

Ta6muma 3 — O0bEM OIEPATUBHOTO BMEIIATENLCTBA B 3aBUCUMOCTH OT JUArHO3a
O06beM onepanuu My:KuMHbI KeHmuHbI
JAunarno3
Abc. % Abc. %
CyOToTanpHas pe3eKuus 3 5
JIOJTH
V3108011 300 Peseknus neperneiika 1 1,7
I'emuTHpeongdKTOMUS C 1 1,7 4 6,7
TepeneikoM
I'emutHpeoudKTOMHUS U 1 1,7 8 13,4
cyOTOTalIbHAsL PE3eKIMs
TIPOTHBOTIONIOKHOM
MHoroy3noBoi 300 OJIH
CyOroTanpHas pe3eKuus 1 1,7 6 10
1K
TupeonmpKTOMUS 1 1,7 7 11,7
Huddy3HbIi TOKCHUIECKHI 300 CyOroTanpHas pe3eKuus 1 1,7 4 6,7
1K
TupeonpKTOMUS 2 3,4 12 20
I'emutupeounpKkTOMUS C 1 1,7
TepeneiKoM
I'emurupeonpKkTOMUS C 1 1,7
Pak muToBUIHOM XKeJie3bl cyOTOTaNBHOM
pe3exuuen
IIPOTUBOIIOIOKHOM
JIOJIH
CyOToTanbpHas pe3eKius 1 1,7
1K
TupeongdKTOMUS 1 1,7 1 1,7
TupeoumdKTOMUS C 1 1,7
TIM(OAUCCEKITUEH
ArleHOMa OKOJIOIIATOBUIHON VY nanenue ageHOMBI 1 1,7 1 1,7
JKEJIe3bl OKOJIOLUTOBUHOM
JKEJIe3bI
Bceero: 9 15,3 51 84,7

Pe3yabTaThl M 00Cy:KAeHUE

B mepuon c suBaps mo umoHb 2015 rona, B XHPYpPrHYeCKOM OTIENICHWH, OBbUIM IpOONepHpoBaHbl 60 MaIMeHTOB.
Crpanaromue paszmuaabiMu 3a0oneBanusmu [IDK u OLK. Bo Bpemst omepaTHBHOrO BMEIIATENBCTBA HAMHU YIalloCh
obnapyxuth 256 OLLDK. B npouecce nnenrudurarmym OLDK yuuThBaIuCch MX KOJIMYECTBO U PACIION0KEHHE MO OTHOLIEHHIO
k 12K, M3y4ass KoIM4YeCTBEHHBIH COCTaB, OBLIM IONYYCHBI CIEAYIONINE NaHHbBIE: B 3% cilyyaeB HaMu ObLIO OOHApykeHO 3
OLIX, B 84% nabmoaenuii— 4, B 10% cioygaes— 5 OILK, 6 OLK 6puto obHapyxkeHO B 3%. M3ydas Tomorpadudeckoe
otHomenne OLX k cocemnum anaromuueckuM oOpa3oBaHMsM, B yacTHocTH K II[DK, kak cmpaBa, Tak cieBa OT CpeaHei
JUHUH, HAMU YCTaHOBIEHO, 4TO B 6,3% cnyuaeB OIX pacmonaramuce Beime BepxHero monroca DK, B 29,4% cnyuaes
OIIK Oputm BeIsSBIEHBI B oOsacTu BepxHeil Tpetn gonu K. B obnactu cpemueit tpetn 6okxosoi momu LK - B 16,2%
cinyqaeB. B 42,7% nabmronennii OIDK Haxoawnucs Ha ypoBHe HIbKHeH Tpetu OokoBoit momu LK. B 6,4% nabaromenuid,
OIIK 6pimu oOHapyxkeHbl HWke HikHero mnomtoca LK. B mpomecce m3ydenus konmdectBeHHoro coctaBa O, Oputa
BBISIBJICHA TeHJICHINA K yBenmdeHmo konndectBa OILK ot BepxHero k HikHemy nommocy [1DK.

[lo nmaHHBIM pa3MMYHBIX JIMTEPATYPHBIX HMCTOYHUKOB, KPOBOCHA0)KEHHE OKOJIOIIMTOBHIHBIX JKEJIE3 OCYIIECTBIISETCS
NPEeUMYIIECTBEHHO M3 OacceliHa HIDKHEH IMMTOBMIAHOHM aprepuu. OnHAaKo, B NPHUBEAEHHBIX B JIMTEpaType AaHHBIX B 15%
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Cllydasix KPOBOCHA0XKEHHUE OCYIIECTBISACTCS U3 BEPXHEH HIUTOBUIHOW apTepuu U B 5% K3 aHACTOMO30B JBYX apTEPHAIBHBIX
CHUCTEM IIWTOBHAHON >kene3sl. llpmHMMas BO BHHMaHHE MaHHBIX (akT, BceM OOJNBHBIM, BOBPEMs OIIEPATHBHOTO
BMEIIATEeNFCTBA, B HIDKHIOIO IMUTOBHAHYIO aprepuio BBoawica 1 mi 0,1% BomHOTO pacTBOpa METHICHOBOTO cHHEro. B
pesynbTate gero okpacuiock 87,2% (224) OLLK, 12,8% OILXK (32) He okpacunuck. B BuIy TOTO, 4TO MX KpOBOCHAOXECHHE
OCYILECTBIISUIOCH U3 APYTUX UCTOUHUKOB.
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AHHOTaNHUA

C uenblo ynydileHHs: pe3ysIbTaToB JEUEHUs AeTel C IMITMEMOM IJIEBPHI U OLEHKH 3(P(PEKTUBHOCTH Pa3IMYHBIX METOAUK
MECTHBIX CaHAIIMOHHHBIX MEPONPUATUIl NPOBEIEH aHaNIM3 Pe3yNbTaTOB JICYEHUS NMPU JaHHOM MaTOJOIHU Yy AeTel, KOTOPBIM
BBINOJIHANOCH APEHUPOBAHUE IJIEBPAIIbLHON IOJIOCTH M Topakockomudeckas ca”anus. C 2014 mo 2018 rr. B oraeneHun
nerckoit xupypruu I'5Y3 MO MOHUKU nm. M.®.BraguMupckoro HaXOIMINCh Ha 00CIeOBaHUH U JICYCHUHN 56 meTeid ¢
JIECTPYKTUBHOI IHEBMOHHUEH, OCIIOKHEHHOW 3MIUEMON IUIeBpbl. BceM AeTsaM NpOM3BENEHO APEHHPOBAHME IUIEBPAIbHOU
MOJIOCTH C MOAKIIOUEHWEM CHUCTEMBl achupanud. Y 5 MalueHTOB INPOBOAMIACH BHACOTOPAKOCKONMYECKAs CaHAIMA
TUIEBPAIFHON TTONOCTH. AJIEKBaTHOE M CBOCBPEMEHHOE IPEHHPOBAHUE IUICBPATBHOM MOJIOCTH B COYETAHUU C EPMEHTHOW U
aHTHOAKTepHATbHONW Tepamued mokasano ceds 3(p(eKTHBHBIM METOIOM JICUYCHHS SMIMEMBbl IUIEBpH. [Ipu oTCyTCTBHH
pactipaBlieHHs JIETKOTO TIOCJE IPCHUPOBAaHMSA, (OPMHUPOBAHWH OCYMKOBAHHBIX THOWHBIX mojocted Ha 10-12 cytkm
panroHaIbHO NPUMEHEHHE TOPAKOCKOIIMYECKON CaHaIUM IUIeBPaIbHOM MOJIOCTH.

KiroueBble c1oBa: sMnyeMa IJIeBpbl, THEBMOHMS, APEHUPOBAHUE, TOPAKOCKOIIHS, AETH.
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Abstract

In order to improve the results of treatment of children with pleural empyema and to evaluate the effectiveness of various
methods of local sanatorium interventions, the results of treatment in this pathology in children who were treated with drainage
of the pleural cavity and thoracoscopic sanitation were analyzed. Fifty six children with destructive pneumonia complicated by
empyema of the pleura were on examination and treatment from 2014 to 2018 in the Department of Pediatric Surgery in
Vladimirsky Moscow Regional Research Clinical Institute. All children were treated with draining of the pleural cavity with an
aspiration system connected. Five patients underwent videotoracoscopic sanation of the pleural cavity. Adequate and timely
drainage of the pleural cavity in combination with enzyme and antibacterial therapy has proved to be an effective method of
treating pleural empyema. In the absence of pulmonary dilatation after drainage, formation of confined purulent cavities for
10-12 days, rational use of thoracoscopic sanation of the pleural cavity is rational.

Keywords: empyema of the pleura, pneumonia, drainage, thoracoscopy, children.

AKTYaJIbHOCTH

B cTpykType rHOWHON XUPYPTru4ecKoi HHGEKIIUH Y AeTeil OHO M3 OCHOBHBIX MECT 3aHUMAET JACCTPYKTHBHAS THCBMOHUS
U ee OCJIOKHEHMA. B mocnenHue rofsl 0TMe4YaeTcss pocT Yucia JeTel ¢ THOMHO-AeCTPYKTUBHBIMU TIpolLleccaMt B JieTkux [1].
Pa3BuTHe IHONMHO-IECTPYKTUBHBIX OCJIOXKHEHUM Yy NAlMEHTOB C ITHEBMOHUEH CBS3aHO C 3alo3JalblM U HEaJeKBATHBIM
JICYCHUEM B CTallMOHapax o0uiero mpoduis, a TakKe ¢ Pa3BHBAIOIIECHCS PE3UCTEHTHOCTHIO MUKPOQIIOPH K aHTUOMOTHKAM.
OmHUM W3 ONACHBIX OCIO)KHEHHH MHEBMOHHH y JI€TeH OCTaeTcd AMIHeMa IUIEBPHI, KOTOpas, MO JAaHHBIM JIUTEPaTypHI,
BcTpeuaercs B 16-50% smmzomos [1], [2], [3].

TpaguIMOHHO AN JEYCHHS SMIIMEMBI IJIEBPBI UCIONB3YIOT IPEHUPOBAHME IJIEBPAIBHONW IMOJIOCTU C MOAKIIOYEHHEM
CHCTEMBI aclipanv (aKTUBHOM WM HACCHBHOW) C IajbHEHIINM INPOMBIBAHMEM M BBEJICHHEM B IIICBPAJIbHYIO IOJIOCTh
(epmeHTHBIX npenaparoB [4]. XoTs B 3apyOeXHOH JMTepaType €cTh JaHHbIE, YKa3bIBAIOIIHME HAa BO3MOXHOCTb JICUEHHS
SMIHEMBI IUICBPHI 0€3 JPEHUPOBAHUS TUICBPAIBLHON MOJOCTH, HCHOIB3Yys TOJNBKO aHTHOWOTHKH [S5], [6]. B mocnemnHue roabt
OpY SMIHMEME MJEBPhl CTaja IIMPOKO MPUMEHATHCA TOPAKOCKONMHMUYECKas caHauus IeBpanbHo monoctu [7], [8], [9],
ocobeHHO TpH HE3(PPEKTHUBHOM APSHHUPOBAHWM W PAa3BUTHH (uOpoTopakca. MHOTHE aBTOPHI YKa3bIBalOT HA COKpAICHHE
JUTUTENIFHOCTH 3a00JIeBaHUS M CPOKOB CTAIIMOHAPHOTO JICYEHUS IPH HCIIONB30BAHUU TOPAKOCKOMHWYEecKo# caHauuu [7], [9],
[10], [11], [12]. B TO e Bpems, psI TMPOBEIEHHBIX PAHIOMHU3UPOBAHHBIX KIMHUYECKHUX HCCIEIOBAHUNA HE BBISBHII
JIOCTOBEPHBIX PA3INYMN 1O TCUEHHIO 3a00JI€BaHMSA, CPOKAM TOCITUTAIU3AINY U ICX0JaM MEXIY IPEHUPOBAHHEM C BBEJICHUEM
B IUIEBPATIHHYIO TOJIOCTH (PUOPHUHONUTUKOB U TOPAKOCKOTIMYIECKOM caHAIMel TPy SMIIeMe IUeBphl y netei [13], [14].

MaTepuajibl 4 MeTOABI

B nepuon ¢ 2014 no 2018 rr. B otaenenun aerckod xupyprun MOHUKU um. M.D.Bragumupckoro HaxoAujaoch Ha
JieueHuu 56 aetel ¢ AeCTpYKTUBHOW MHEBMOHUEH, OCIIOKHEHHOM smnueMoi mieBpsl. Bo3pact nereit cocrapun ot 1,5 net a0
16 net (B cpenHem 5,2+1,4 rona). Yame Bcero smmnuema IIieBpsl pa3BHBaslach y Jereil pannero (ot 1 g0 3 siet) Bo3pacra (37
jereit - 66%). ¥ 12 nereit oTMedancsi IBycTOpoHHHH mpouecc (21%). Y 24 manueHTOB SMIHeMa IUIEBphl couyeTanach C
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nHeBMoTopakcoM (42,8%). ¥V 12 nereit (21,4 %) chopmupoBauck OpoHxo-1jIeBpajibHbIe CBULIH. Bee 6obHBIE TIOCTynanu u3
CTaIMOHapoB MOCKOBCKOI 00JacTH, Te¢ OHM IHOIydasld JICYCHHE 110 MOBOAY MHEBMOHMU. [IpH pa3BUTHM 3MIIHEMBI IUIEBPHI
MPOBOIIIIM IPEHUPOBAHHUE IUICBPAJIbHOIN IMOJOCTH C MOAKIIOYCHHWEM TIacCHMBHOM acmuparuu. Y 48 OomsHBIX (86%)
JPEHUPOBAHUE BBHITIONHEHO B CTallMOHAPE IO MECTY JKUTENBCTBA, y OCTAJBbHBIX — MPH IOCTYNJICHUH B OTACICHHH JETCKOH
xupyprun MOHUKMU. [{nst pepMeHTHOH Tepanuy HCIOIB30BAIN TPUIICHH B 103upoBKe 10 Mr, KoTopsiid pactBopsm B 10-20
i 0,9% pacTBopa HaTpus XJIOpHAa M BBOAWIM B ApeHax | pa3 B AeHb. BeceMm mammeHTaM Ha3Ha4aiaW aHTHOAKTEPHAIBHYIO
Tepanuio. B HaganpHOM meproje 60sIe3HH, 10 TOyYeHUS PE3yIbTaTOB IIOCEBOB IUIEBPAIBHOTO BHIIOTA M KPOBH, HA3HAYAIN
AQHTUOMOTHKM W3 Tpymnnsl IedanocrnopuHoB 3 TOKOJEHWS M aMHUHOTIMKO3uAbl. llocnme mojdydeHHs JAaHHBIX 110
YYBCTBUTEIBHOCTH MHUKPOQIIOPHl TPOBOIMIM KOPpPEKIMIO aHTHOMOTHKOTepanuu. [l KoHTpons 3((eKTHBHOCTH
MPOBOJIMMOTO JICUCHHsI BCEM JETAM MPOBOAWIN 0030pHYIO peHTreHorpaduio rpynHod kietku (1 pas B 7 gmeit) u Y3U
ieBpanbHOi monocTtH (1 pa3 B 3-4 nHs) B quHaMuKe. Y 6 NMAIMEHTOB IS BBIBICHUS OCYMKOBAHHBIX THOMHBIX HOJOCTEH
BBITIOJIHSUIA KOMITBIOTEPHYIO TOMOTpadHio TPyAHON KIETKH. Y 5 ManueHToB ¢ pa3BuTHEM (QuOpoTopakca U (GOpMUPOBaHHEM
OTrpaHMYCHHBIX THOWHBIX TOJNIOCTEH B CB3HM HEed(Pp(PEeKTHBHOCTHIO ApeHHpOBaHUSA HA MpOoTsHKeHUH 10-15 mHEH BBHITOIHSITH
TOPAKOCKOIHIO C pa3/IelICHUEM CHaekK, ynaneHneM (pubprHa u caHanueil IeBpajtbHOH MOJIOCTH.

Pe3yabTaTsl n 00cy:xaeHHe

CpenHsisi POIOIDKUTEIBHOCTh TOPAKOCKOITMYECKON CaHammy cocTaBmia 45 MuH. VHTpaomepanHMoHHBIX OCIOKHEHHH He
Ob110. Y Bcex OOJIBHBIX IIOCIIE OMEPALM OTMEYAIH IIOJOKHTENBHYIO IUHAMUKY, YMEHBIICHHE IPH3HAKOB ABIXAaTECIbHOMN
HEZIOCTAaTOYHOCTH, SIBJICHUH MHTOKCHKAnWH. B To ke Bpems y 3 ManMeHTOB cpa3y HOCIe Olepanuy oTMedann (GOpMHPOBAHHIE
OpOHXO-TUIEBPATIBHBIX CBHIIEH, YTO MOTPEOOBAIO MPOJUICHHOTO COXPAaHEHUs JPeHaka /0 MOJHOTO MpeKpamieHus NpoayBaHHN
(o1 12 5o 16 cyrok). JpeHax yaaisian Ipu OTCYTCTBHH OTIEISIEMOTO U MPOJyBaHUH, B cpeaneM Ha 12+2.9 cytku 6onesnu. [1pu
3TOM CPEIHsASA NPOJOKUTEIIFHOCTD CTAI[MIOHAPHOTO JIEUEHH JAeTeH TONBKO ¢ TPaJUIMOHHBIM JIPEHHUPOBAaHUEM U C IPUMEHEHHEM
TOPAKOCKOITMYECKOH caHalel JOCTOBEPHO HE OTiaWuanach - B cpeaneM 19+£3.4 u 2143,7 mueit (p>0,05). Tarke HEe OTMEUEHO
JIOCTOBEPHBIX pa3NiMuuil IO cCpoKaM HopManu3anuu TeMmeparypsl Tena (11+2,8 um 10+2,2 cyrok cooTBeTcTBeHHO, p>0,05),
JUTUTENLHOCTHU CTOSTHUS ApeHaxa (12+3,1 u 13+3,4 cyTok cooTBeTcTBEeHHO, p>0,05). Kpome Toro, crenyet yauThiBaTh OONBIIYIO
MHBA3MBHOCTH TOPAKOCKOITMYECKONH METOIMKH CAaHAINH TUICBPAIbHON MOJIOCTH M HEOOXOMMOCTB €€ BBIITOJHEHHUS MO HAPKO30M,
B OTJIMYHE OT OOBIYHOTO APEHUPOBAHMS IIEBPAILHOM ITOJIOCTH, KOTOPOE ITPOBOIUTCS IO MECTHOM aHECTE3HEH.

TpanuIOHHBIA METOZ JICUYCHMS SMITUEMBI IUIEBPHI IIyTE€M IPECHHPOBAHUS IUICBPAJbHON IOJOCTH Yy JAETed ocTaeTcs
3¢ (PEKTHBHBIM METOIOM JICUEHHs JAHHOM MATOJIOTUH B COUYETAaHWM C a/ICKBATHOM aHTHOAKTepuanbHON Tepamnueil. [IpaBuibHO 1
CBOEBPEMEHHO IIOCTAaBICHHBIH APEHAX C IIOJKIIOUYCHHEM CHCTEMBl acllpallid W BBEICHHEM B IUICBPAIBHYIO IIOJIOCTh
(hepMEHTHBIX MPEnapaToB B OOJBIIMHCTBE CIIyYaeB JaeT BBIPAKECHHBIN MOJIOKUTEIBHBIN 3(GEKT B TCUCHHE HECKOIBKUX THEH.
[lpy oTpuLaTeNbHOW JUHAMHUKE, OTCYTCTBUH PACIPaBJICHUs JIETKOTO TOCJe IPEHUPOBaHHUS, (OPMHUPOBAHHM OCYMKOBaHHBIX
THOWHBIX noJsiocTeil Ha 10-12 cyTku G0JIe3HU palMOHAIBHO NPHUMEHEHHE TOPAKOCKOIIMYECKOH CaHalMH IIEBPaIbHOM ITOJIOCTH C
ynanenueM GpuOpHHa 1 paspylieHHeM HIBAapT ¢ MOCIEIYIONMM JAPEHUPOBAHUEM IIJIEBpANIbHON NosiocTh. B Gonee mosaHue cpoku
Ha cTaauu (HOPMHUPOBAHUS TUIOTHOTO (hHOpPHHA TOPAKOCKOIMYECKas CaHAlUsl MOXKET CONPOBOXKIATHCS KPOBOTeUeHHEM. B ator
MepHO/ OHA CTAaHOBHUTCSI TEXHHUECKH HAMHOTO CIIOXKHEH M 4ypeBaTa pa3BHUTHEM OCIOXKHEHHMH. B coOTBeTCTBUU € pe3yiabTaTaMu
HAaIllMX MCCIIEIOBAaHUH, B TAaKWX CIIydasx Oojee OmpaBAaHO NMPUMEHEHHE APEHUPOBAHUS IUIEBPAIHLHOM MOJOCTH C BBEICHHUEM B
JpeHaX (PEPMEHTHBIX INPENapaToB A0 NMPEKpaIleHNs] THOHHOTO oTaensieMoro. IIpu HeoOXOomMMOCTH (HEHOJIHOE paclpaBicHHUE
JIETKOTO, TIOSIBJIEHHE OCYMKOBAHHBIX IOJIOCTEH € JKMAKOCTBIO M BO3/yXOM) BO3MOXKHA YCTaHOBKA JIOTIOJHHUTEINBLHBIX JIPEHAKEH
nozt KoHTposieM Y3U ¢ nenbro MakCUMaJIbHOW CaHAIMH TUIEBPAIbHOM MOJIOCTH M PACTIPABIICHNUS JIETKOTO.

[Ipumenenne nuddepeHnnpoBaHHOTO MOAXO0AA K JEUEHHIO AMITMEMBI IUIEBPHl y JeTel B TEUeHHWE IOCIECAHUX S5 JeT
MO3BOJIMIIO HAM COKPATHTh CPOKH TrocruTanu3anuu ¢ 27+3,9 no 19+3,5 mueit (p<0,05) u cHU3UTH netanbHOCTE ¢ 4,6% 10 0%.
Y Bcex mgeTeil B JaHHOM HCCIIEJOBAaHMM HACTYNWJIO BBI3ZOPOBICHHE O€3 XpoHM3amuu mporecca. [Ipu BeImuCKke Ha
KOHTPOJIbHBIX peHTreHorpamMax y 39 gereil (69%) coxpaHsuicsi HeBbIpaXXeHHbII (uOpHUHOTOpAaKC, KOTOPHI HE TpedoBa
JIOTIOJTHUTENBHBIX JICUEOHBIX MEPOIPHUITHI 1 CAMOCTOSTEIBHO paccachIBaJICsl B TeUeHUE 2-3 Helelb, YTO MOJATBEPIKACHO MpU
KOHTPOJIBHOM 00CJI€JOBAaHUH B MOJTUKIMHUKE.

BroiBoabI

1. AnexBaTHOE U CBOEBPEMEHHOE APEHUPOBAHHUE IIEBPATBHOI MMOJIOCTH TI0J MECTHOM aHEeCTe3UeH ¢ BBEACHHUEM B IPEHAX
(hepMEHTHBIX MpenapaToB SBIseTCs 3PPEKTUBHBIM METOIOM JICUCHHUS SMIIMEMBI IJIEBPHI Y ETEH.

2. Topakockonuyeckass CaHalWs IUICBPAILHON TOJIOCTH C yaaneHueM ¢GHUOpHHa IOJDKHA NPHUMEHATHCS IO CTPOTHUM
nokazanussM Ha 10-12 cyrkm Ooyie3HM TIpH OTPHULATENHbHONH JAWHAMUKE, OTCYTCTBHM DAacCIpaBlIeHHS! JIETKOTO II0Cie
JpeHNPOBaHus, (HOPMUPOBAHUH OCYMKOBAHHBIX THOWHBIX ITOJIOCTEH.
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AHHOTAUMSA

[IponomxurenbHast reModuiIbTpalys Oblila CIIOJIb30BaHA B KOMOMHUPOBAHHOHM Tepamuu 27 GONBHBIX a0JOMHHAIBHBIM
CETICUCOM, y KOTOPBIX Pa3BUBATACh MIOJUOPTraHHAs HEJOCTATOUHOCTh MM CENTUYECKUH IIOK. BBIIH Mccie10BaHbl MOKa3aTenu
OKCHIaTHBHOT'O CTpecca. Y CTaHOBJICHBI yCHIICHHE IEPEKUCHOTO OKUCIICHHUS JINIIUJIOB U MaJIeHUe CO/IEPXKaHUs 0-ToKogepoIa.
[IpomomkurensHass reMOQUIBTpANs yIydmiaga ITOKa3aTeld AHTHOKCHIAHTHON 3amuTel. PaccunTaHHBIN KO3(QQUIUEHT
OKHCJINTETBHOTO cTpecca «K» B CBIBOPOTKE M 3PUTPOLUTAX, B HOPME NPUOMMKaIOmuiics K eANHNLE, NCXOJHO YBEIUUYCH B 2,8
u 2,59 pasa, COOTBETCTBEHHO. B Im1a3mMe W B 3pUTPOIMTAX MOCJE MPOBEACHUS MPONOJDKUTEIBHOW TeMOQMIBTPAIlUN 3TOT
[I0Ka3aTeNb CYIIECTBEHHO YIYYIINJICS, HO OCTaBajics MOBbILEHHbIM 1,28 u 1,72 pa3a.

KaroueBble ci10Ba: abIOMHUHANBHBIN CETICUC, TeMODMIBTPALNS, OKHCIUTEIBHBINA CTPECC, 0-TOKO(EPOIL.

CORRECTION OF PROLONGED HEMOFILTRATION OF LIPID PEROXIDATION IN ABDOMINAL SEPSIS
Research article
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Abstract

Continuous hemofiltration was used in combination therapy of 27 patients with abdominal sepsis, with developing
multichannel insufficiency or septic shock. Indicators of oxidative stress were studied. The enhancement of lipid peroxidation
and the decrease in the content of a-tocopherol are established. Continuous hemofiltration improved the performance of
antioxidant protection. The calculated coefficient of oxidative "K" stress in the serum and erythrocytes, normally approaching
unity, was initially increased by 2.8 and 2.59 times, respectively. This index improved significantly after prolonged
hemofiltration but remained elevated 1.28 and 1.72 times in plasma and erythrocytes.

Keywords: abdominal sepsis, hemofiltration, oxidative stress, a-tocopherol.

VYcunenne cBOOOTHOPATUKAIBHBIX PEAKIUH, TPOSBISIIONINECS OKUCIUTEIBHBIM CTPECCOM C TEPEKUCHBIM OKHCIIEHHEM
JKUPOB U OCJTa0JIeHHEeM aHTHUOKCHIAHTHOW 3alUThl, HAOIIOAAETCS TPU PA3IUYHBIX MATOJIOTUYECKUX COCTOSHUSX YeJIOBEKa.
[Ipu TSHKENBIX THITOKCHYECKUX MOPaKEHUSIX KIETOK W TKaHeH HaOiromaeTcs H30bITOYHAS aKTHBAINS [TEPEKUCHOTO OKUCICHUS
mumuaoB [4,6,9]. M30brrounoe ycunerue [10JI ObUT0 BRIIBICHO y MAIMEHTOB ¢ THOWHBIMHE 3200JIeBaHUSIMA ~ a0JOMUHAITEHON
obmactu [1,5]. U3BecTHO, CYIIECTBYIOT €CTECTBEHHBIC CHCTEMBI aHTHOKCHIAHTHOMN HAIpPaBICHHOCTH, KOTOPHIC MOCTEIIEHHO
UCTOIAIOTC. [IaHHBIX O BIUSHHUU MPOJOJDKHUTENBbHON (TmocTossHHON) reModmibrpanuu (I'®) Ha moka3aTenn OKCHIATHUBHOTO
CTpecca ¥ KOMIIOHCHTHI aHTHOKCHIAHTHOM CHCTEMBI y OOJNBHBIX a0JOMHHAIBHBIM CETICHCOM B M3yUCHHOW IJUTEpaTrype HaM
HE BCTPETHIIOCH.

MarepuaJj 1 MeTOBI

[IpomomkutenbHas reMOQUIbTPAIMS KCIOJAb30BAHA B HWHTCHCHBHON  Tepamuu 27 OONBHBIX, MOCTYMUBIIMX B
peaHNMAaIMOHHOE OT/ICJICHHE UHCTUTYTA U3 CTAIMOHAPOB MOJAMOCKOBHOTO PETHOHA B CBSI3H C PA3BUTHEM THOHHO-CEMTUYECKIX
OCJIOXKHEHUN u abJOMHHAIBHOIO cerncuca. MyxuuH 0but0 18, seHmH - 9. BoabUHCTBO ManueHToB 06110 10 50 JieT, 4To
coctaBmio 66,7%. Ilepeuenn 3a60eBaHU, OCTOKHEHHBIX a0JJOMUHATILHBIM CETICUCOM, OTpaxkeH B Tabuuie 1.

Tabmumna 1 — [epedeHs 3a0oseBaHmMil ¢ a0TOMHHAIBHBIM CETICHCOM

3aboneBanue Yucio 60JIBHBIX
Aobc. %
OcTpslil annesAunuT 11 40,7

AKyIIepCKO-THHEKOJIOTMUEeCKasl MaToJIOTUs 4 14,8
[ToBpexieHns1 OpraHoB OPIOUTHOW IOJIOCTH 3 11,1
S13BeHHast 60JIe3Hb KETyAKA ¥ JBEHAAATUIEPCTHON KHUIIKH 4 14,8
3
1
1

Oc0XHEeHMs IJIAHOBBIX ONepalni 11,1
CrnacyHasi TOHKOKHIIIEYHASI HEIPOXOJUMOCTb 3,7
[MankpeaTut 3,7

Htoro 27 100

OC’IpLIfI AleHAUIUT Yalle BCETO COIIPOBOXKAACTCA a6HOMI/IHaHLHHM CCIICUCOM. I[anee o0 4YacToTC pa3BUTHUA
a6ZlOMI/IHaJ'IBHOFO cercruca U CUHIApOMA HOHHOpFaHHOﬁ Z[I/IC(I)yHKL[I/II/I 3aHUMAKOT OCTpad aKyHIEPCKO-TUMHCKOJOIrn4ecKkas
[aTOJIOTUsl W s3BEHHas 00JIE3Hb JKeJIyaKa U ﬂBCHa,HIIaTHHGpCTHOﬁ KHUIIIKH.
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[Ipu oOcienoBaHuM Yy MNAIMEHTOB BBISBICHBI KJIWHHMKO-TA0OpAaTOpHBIE IPU3HAKK MOJUOPraHHOW JUC(HYHKIUH.
HepebpanpHas HEMOCTATOYHOCTh W OCTPOE TOYEYHOE MOBPEKACHHE HAONIOJANNCh Y BCEX MAIMEHTOB, ImpuieM y (25,9%)
MAIMEHTOB pa3BWiIach onuroaHypus. lledeHounass HemoctatouHocTh Oputa y 11 (40,7 %) mamumeHTOB, IBIXaTelbHAS
HenoctatogHocTh (PIACB) - v 5 (18,5%) GompabIX. OcTpas cepaedHas HEAOCTaTOYHOCTH 3aperucTpupoBaHa y 6 (22,2%)
MAaMeHTOB a0JOMHUHANBHBIM cerncicoM. COoueTaHHOE MOpPaKeHWE OPIaHOB M CHCTEM CYIIECTBECHHBIM O0pa3oM YCHIIMBAJIO
TSOKECTh COCTOSIHHS TAlWEHTOB. Y TAIMEHTOB JWAarHOCTHPOBAH CEICHC Ha OcHOBaHWMU KputepueB «Cemcue-3» [10],
CENTHYECKHH MIOK pa3Buics y 6 (22,2%) marueHToB.

Bcem 0osipHBIM ObLTa BBINIOJHEHA pENanapoTOMUs, TIIATEIBHOW JaBaX OPIOIIHOM IMOJIOCTH M HA30MHTECTHHANBIION
uHTyOanuu. B nocnenyromnemM npuMeHsuI NporpaMMHYIO CaHalluIo OPIONIHOW MOJIOCTH, ITHOTPOIHYIO0 aHTHONOTHKOTEPAIIHIO,
UMMYHOTEpAIuIo, SHTepaIbHOE 30HJ0BOE NTUTAHHUE.

B panHeM mocieonepalioHHOM MEpUoJe MPUMEHSIN MPOAOJDKUTENbHYI0 reModuibTpanyo (I'®). I'd npoBoamnmu Ha
ammapare «Oxto HoBa» «Asahi Kasei Medicaly (Snouus), ucnons3yst remopuisTpsl «Rexeed-21A» Toit xe ¢upmbl. Beero
npoBeneHo 67 reMouIbTpannii, CpeaHsI MPONOIKUTENHHOCTE I'® 23 waca 15 + 49,8 mun, cpenamii o0bem ['D — 67,2 £ 5,3
nuTpa u3 pacdera 35 MI/Kr Beca/cyTku. Bo Beex cirydasx I'® ucmonb3oBany BeHO-BEHO3HBIH COCYIUCTHINA TOCTYII, Hanboee
4acTO NMPHUMEHSIN TPEXIPOCBETHBIN KaTeTep, KOTOPHIN YCTAaHABIMBAIN B IEHTPAIBHYIO BEHY (SPEMHYIO WIN OCIPEHHYIO).
IIpu HeoOxommmocTH, ocoberno npu PJICB ocymecTBismn geruaparamuio B npenenax 3 i IIpm Bcex I'® mcnomp3oBamn
3aMEIIArONINK PacTBOP BBOAWIM MOCHE TeMOGIIbTpa. [ 3aMeneHUs TPUMEHSIIH MOJIM3IEKTPOIUTHBIN IBYXKOMIIOHEHTHBIN
OuKapOOHATHBIN THATHU3HBIN pacTBOp «AKKycol 4+» dhupmbr «NikkKiso» B Memkax 1mo 5 JTHUTPOB.

HccnenoBanue mokasareneil OKCHIATHBHOTO CTpecca MPOBOAWIM y 22 NAalMEeHTOB IMepei HayajoM reMo(WIbTpalud 1
NP €€ 3aBEpLICHUU.

KpoBb 3abupanmu B mnpobupku ¢ DJITA, wueHrpupyrupoBany, OTACISUIM IUIA3My OT OSPUTPOLUTAPHOM MAacCHI.
OpUTPOLUTAPHYIO MacCy JBaX/Ibl IPOMBIBAIN (PU3UOIOTUUECKIM PACTBOPOM.

VYposens ruaponepekuceii aunuaoB (I'TI) wcciemoBanu B 3puTponmTax W B miazme mo Mmetoauke B. B. I'aBpunoBow,
M. U. MurikopyaHoii [3]. Tam e uccie0Baid ypoOBeHb MAJOHOBOTO TUAJBICTHIA CIICKTPODIFOOPOMETPHUSCKIM METOIOM TI0
crioco0y K. Yagi, ypoBens a-Tokodepoun (TD) uccnenoBanu crekTpodaroopoMeTpuueckuM MeTooM 1o criocody G.Storer [10].

OOmue mUnuAbl OIpenesu YHI(GUIIMPOBaHHEIMU MeToJaMu. Kpome Toro, OleHKy OKHCIUTENIFHOTO CTpecca MPOBOIUIN
C TTIOMOIIIBI0 pacyeTa K03 GHUIMeHTa OKHCIUTENbHOTO cTpecca K no moxudunuposannoii popmyne [7]:

I'i MJAI Ti
K=( x ) = ( ),
I'TIn  MJAn Tdn

[Toka3atesb ¢ MHACKCOM «i» paBeH I[OKa3aTeNsAM MOJyICHHBIM Y MAI[MEHTOB, a MU(PBI ¢ HHACKCOM «N» - HOPMAIBHBIM
3HaueHusM. [loyueHHbIe IpH UCCiIe0BaHUHU JaHHBIE 00pabOTaHbI C UCIOJIb30BAaHUEM BapHALIOHHOW CTaTHCTHKH.

Pe3yJbTaThl HCCJIENOBAHUSA M UX 00CYXKIEHHE

[Tpu aHanum3e pe3ysibTAaTOB HMCCIEAOBAHUS , NMPUBEICHHBIX B TaOmuue No 2, y MalMeHTOB a0JOMHHAIIBHBIM CEIICHCOM
BBISIBIICHO DPa3BEepTHIBAHHE OKUCIUTEIBHOTO CTpecca B KPOBH — HPOSIBIAIONINECS HApacTaHWEM  SPUTPOLMTAPHBIX U
CBIBOPOTOYHBIX TIOKa3aTeNel THIPOIIEPEKNCEN JINITHIOB.

Ecnu mepecunrtaTh 3HaYCHMS THUIPONEPEKHCEH JIMNHMIOB HAa | T JIMIMIOB CHIBOPOTKH, (pU3MOIOTHYECKass HOPMa 3TOTO
nokazarenu coctaBut 0,26, To y marueHToB kKak 10 ['®, Ttak u mocne ['® 3T0oT mokazarenp OyIeT 3HAYUTENHFHO MOBBIIICH U
cocrasisier 0,46 u 0,44 coorBerctBeHHO. [Ipu pacuere ypoBHS THAPONEPEKUCEH JMNUAOB Ha | MI SpPUTPOLUTOB,
(uznonormyeckast HopMa cocTaBuT 1,63. Y OONBHBIX MAUCHTOB a0JOMHHAIBHEIM cericicoM Kak 1o ['D, tak u nocie I'® stor
IoKa3aTeilb 3HAYMTEJIBHO IOBBINIEH M cocraBisger 2,35 u 2,19 coorBercTBeHHo. Ilocime I'd HabmromaeTcss TEHAEHIHUS K
YIY4IIEHUIO 3TOT0 TMoKa3aTens. Takum oOpa3oMm, eciaM paccMaTpUBaTh COCTOSIHHE JPUTPOLUTAPHONH MeMOpaHBl Kak
oTpaxeHHe (DYHKIMOHAIBHOTO COCTOSIHHUS KJIETOYHBIX MeMOpaH B JPYrMX OpraHax, TO JIAHHOMY IIOKa3aTelo HaOoqaeTcs
aKTUBAIMS OKCUIATHBHOTO CTpecca.

IIpu paccMOTpeHMH BTOPOTO BTOPUYHOTO MPOIYKTa OKHUCIHUTENIBHOTO CTpecca, HapacTaHHE MAaJOHOBOTO AMANbICTHAA
(MJIA) BUAHO HET €ro HaKOIUIGHHS U B IJIa3Me U B SPUTPOIMTAX. YMEHBIIEHHE 3HAa4eHuil sputpounTapHoro MJIA mocne
I'd compoBokmaeTcss CHKeHHEM Koddduimenta MIIA/xonectepuH, HU3NOIOTHUECKass HOpMa KOTOPOro cocTasisier 1,63,
3TOT MoKazarenb cHuxaeTcs npu I'® ¢ 1,71 nol,38.

Hcxonnoe 3Haunmoe HakoruieHne MJIA y manmeHToB abJOMHHAIBHBIM CETICHCOM CBSI3aHO ¢ OOJBLIMM IOTpeOJICHHEM
OJTHOTO M3 3HAaUYUMbIX AaHTHOKCHIAHTOB O-TOKO(EpOia, IMPH 3TOM CHIDKEHBI SPUTPOLUTAPHBIE M IUIa3MEHHBIE YPOBHH.
IemodmipTpannst conpoBOXKAAeTCs IMOBBIMIEHHEM IUIa3MEHHOTO YPOBHA 0O -TOKOodepoida , M 3TO CBS3aHO C
nepepacripeielieHIeM o-ToKo(eposia B OpraHu3me.

W3BecTHO, 4TO 00 YypOBHE pE3epBOB B OpraHM3Me BUTaMHHAa E MOXHO mpejrmoyiaraTh 1O OLEHKE KOJHYeCcTBA O-
ToKO(epoa B HPUTPOIUTAX M MO KOI(PGUIHMEHTY COOTHOWICHHSA O-TOKOdepos/o0mue Iunuasl (MHAEKC XOpPBHTTA),
MIOJy4€HHBIE PEe3yNbTAaThl IO3BOJIIOT 3aKIOYHUTh, 9TO0 ['® CHOCOOCTBYyeT yMydIIEHHIO TKAaHEBBIX 3alacoB OpraHH3Ma
BuTamMuHOM E 1 TeM camMpIM HOpManu3anuy oOMeHa B MeMOpaHax KIETKH.

HecoMHeHHO mpecTaBIsgeT HHTEPEC OLEHUTD BKIIAJA 0-TOKO(epoa B MOAIEpKaHHe TOMEOCTa3a OKUCIUTENIFHOTO CTpecca
y TaIMeHTOB C CETICHCOM IIPH OPTaHHOW MUCPYHKIMH U BKiIax '@ Ha 3T B3aMMOOTHOIIEHUS. B cBs3m ¢ 3TUM Hamu i
IUIa3Mbl M DPUTPOLMTOB PACCUUTAHBI CTENEHH MOTpeOHOCTH W obecnedeHHocTH, rae 3a 100% B3dTa BennuuHA
(bM3MOIIOTHYECKOH HOPMBI.
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Tabauua 2 — JIunaMuKa mokaszaTeseil OKUCIUTEIBHOIO CTpecca MPH MPOJOIKUTEIbHON reModuaptpauun (M£m)

Iloka3aTens dusnonoruie bonbubie
CKast HopMa Iepen Io oxoHuanun
remMmopuIbTpany | reMoQUIBTpAIIN
ei
JInnuaer oOmume, /1 5,98+0,18 5,17+0,32%* 5,18+0,33*
OOuTmii X0JIeCTEPUHEPHH , MMOJIB/ T 4,9+0,09 2,53+0,12* 3,12+0,09%**
DpUTPOIUTAPHEII X0JIeCTEPUH, MT/MIT 0,99+0,033 0,98+0,06 0,96+0,043
CBIBOPOTOYHBIE THAPOIEPEKUCH, EAUHUI] ONTHYECKON 1,56+0,11 2,40+0,18 2,27+0,15
IJIOTHOCTH.
OpUTPOIUTAPHEIEC THIPONCPEKUCH, €AUHHUI] OIITHIECKOI 1,61+0,11 2,30+0,25* 2,14+0,16
IJIOTHOCTH
CrBopoTtousstit MJIA (am/1) 3,28+0,09 4,17+0,23 3,70+0,16
Opwurpormrapasiii MJIA , HM/n 1,62+0,16 1,68+0,16 1,32+0,1*
CeiBopoTtoussrii o-T®, Mxkm/1 21,3+0,6 14,9+1,2* 19,7+1,1%*
Opwurpormrapssiii o-TD, MkMm/1 4,15+0,17 2,37+0,20* 2,6+£0,29*
o —T® / O6JIun 3,54 2,86* 3,8
[Ina3mMeHHas creneHb NOoTpeOHOCTH B 0-TD 100% 130% 165%
OpHUTpOIUTapHAs CTETIEHb MOTPeOHOCTH B 0-TD 100% 249% 210%
IIna3meHHas cTeneHb o0ecrneueHHOCTH o-Td 100% 55% 82%
OpuTpormTapHas CTerneHb obecrnedeHHocTH o-TD 100% 25% 31%
IIna3sMeHnHas cTereHp HEQOCTATOYHOCTH 0T 0 45% 18%
OpUTPOIUTAPHAS CTETIEHb HEJJOCTATOYHOCTH 0-TD 0 75% 69%
KoaddumreHT OKHCTUTETFHOTO cTpecca s CBIBOPOTKH 2,80 1,28
=1
KoaddummeHT OKUCTUTETFHOTO cTpecca sl SPUTPOIIUTOB 2,59 1,72
=1

[Ipumeuanue. a-TD- a-rokodepon, O0JIum — odime TUIUAB, CUMBON «*» — (p<0,05) TOCTOBEPHOCTH Pa3IUIUN MEKIY
(u3HOIIOTHYECKO HOPMOH M OONBHBIMU; ** — MEXKIY 3HAUSHUSIMU JI0 U [I0CIIE TeMO(pHIbTPALIIH.

CrerneHb NOTPEOHOCTH B 0-TOKO(EpoIie oKa3anack IMOBBIIICHHOH Uil CHIBOPOTOYHOTO U IIa3MEHHOTo a-Tokogdepona. [To
okoHuanuu ['® nanHbIi Moka3arens Oojee 3HAYMMO CHHU3WIICS B IUIA3ME U HE3HAYUTEIBHO — B 9PUTPOLIUTAX.

Crenienp obecrieueHHoCcTH 0-T®d okazanack Oonee HU3KOH B 3puTponuTax. [1o okoHYaHHN TeMOUIBTPALNHI OHA 3aMETHO
MOBBICHJIACh B INIa3M€ M OY€Hb HE3HAUNTEIHHO YBEJINYMIACH B dpuTporurax. OTCIona cTerneHb HeJOCTaTOYHOCTH B a-Td no
I'® Obi1a mouTH BABOE BBINIE B 3PUTPONMTAX M MOYTH HE M3MEHMIACH B HUX IOCIE reMO(HIBTPAINN, TOT/IAa KaK 3aMETHO
nogHsnack nocine I'® B mmasme. IlocinenHee cBUAETENHCTBYET O IepepactpeleleHn o-Tokogepona mocie ['dD, HO He
obecrieuynBaeT MOTPEOHOCTH OpraHM3Ma B HEM. OTH pe3yibTaThl Jal0T OCHOBAaHHE IUII PEKOMEHJAIMU O BBEACHUH -
TOKO(epoIIa manueHTaM adlOMUHAIBHBIM CeNcHCOM Kak 7o I'd, Tak u mocie Hec.

O ry0OKOM HapylIEHHH MeTaboJM3Ma XOJIECTEPHHA CBHJIETENbCTBYIOT AAaHHBIE O PE3KOM CHHKEHHH YPOBHS OOILEro
XOJIECTepHHA B CBIBOPOTKE. BeposTHO, MOHMKEHHE YPOBHS XOJECTepHHAa B IUIa3Me OOBACHSAET CTaOWIBHOE COMAepKaHHe
XOJIECTEpHHA B IPUTPOIIUTAX.

PaccunranHblil KOA(QPUIMEHT OKUCIUTENBHOTO cTpecca K B CHIBOPOTKE M IPUTPOLIUTAX, B HOpME MPHOIMKAIOIIHUICS K
e/IMHMLIE, UCXOTHO yBenn4eH B 2,8 u 2,59 pasa, coorBeTcTBeHHO. [locie mpoBeieHHs MPOIOIKUTENEHON TeMOGHIbTPaLuy
9TOT MOKAa3aTelb CYNECTBEHHO YIYUIIMICS, HO OCTABAJICS MOBBIIIEHHBIM JJIs1 CBIBOPOTKH 1,28 1 it sputporuTos 1,72 pasa.
Koppexkmust okucimTebHOro crpecca 6osiee ObICTPO MPOUCXOAUT B CHIBOPOTKE, YEM B 3PUTPOLIUTAX.

[lo HamemMy MHEHHMIO, yIydIIEeHHE IIOKa3aTellell OKCHIATHBHOTO CTpecca Yy MAalHeHTOB C abIOMHHAIbHBIM CENCHCOM
nociie reMo(uIbTpanuyu HEOOXOAMMO CBA3aTh C TEM, YTO NpU reMouibTpanuy HaOII0AAeTCsl CHIDKEHHE  MeTabOoJHMTOB
MIEPEeKUCHOTO OKHCJICHHs. Pemyknuns MeTaboJMTOB NEPEKHCHOTO OKHCICHUS BPEMEHHO INPOTE3UPYET aHTHOKCHAAHTHYIO
cucTeMy manueHTta. BuaHo, uro mocine ' mapkepbl OKCHAATHBHOTO CTpecca W aHTHOKCHAAHTHOW PE3MCTEHTHOCTH HE
COOTBETCTBYIOT (PM3HOJIOTMYECKAM IapaMeTpaM, 4TO JUKTYET MaTOreHETHYECKYI0 HEOOXOJMMOCTh Ha3HAUEHHS ITPenapaToB
MOBBIIMAOIINX AHTHOKCHAAHTHYIO 3aIIUTY.

Pannee B wmccienoBaHusAX OBIIO MMOKa3aHO, 4To B mpouecce I'd Habmogaercs yiydlleHHe TOKazaTened olmed u
CHUCTEeMHOH TeMOJMHAMUKH, B TOM YHCJIE YIy4lIeHHEe KPOBOCHAOXKEHHWS TmedeHH [2]. Mbl cumraeMm, yiaydiieHHEM
METa0OIMYECKUX TPOIECCOB B MEUEHH OOBSICHACTCS (haKT yBEIMUEHHS COJEpKaHWS OOINero XoJecTepHHa Y MAIlHeHTOB C
a0TOMUHAJIEHBIM CETICUCOM II0CJIe TeMO(UITBTPALINH.

BriBoabl

1. YV nanueHToB a0IOMUHAIBHBIM CENICHCOM HAOJIIONAIOTCS aKTHUBAIMS IEPEKHCHOTO OKWCICHHUS JIMIUAOB U 3HAYMMOE
YMEHBIICHUE COAEPKaAHUS B opraHusMme o-Tokodeposa. Hcronp3oBaHne MPOJNODKUTENBEHONH reMouIbTpaluu B
MHTEHCUBHOM Tepanuy OOJILHBIX a0JOMHHAIBHBIM CENCHCOM IO3BOJISIET YCWIINTh aHTHOKCHAAHTHYIO TOJIEPAHTHOCTH, HO HE
YCTPaHHTh ee NeQHLUT.

2. JlnvHaMuKa B3aUMOOTHOIICHUH MEXAy IMOKa3aTelsMH OOILIEro XOJEeCTepHHA, MOKa3aTelIIMH MEPEeKHCHOTO OKHUCIECHUS
JUMHZOB U 0-TOKO(eposa JeMOHCTPUPYET MATOTEHETHYECKYIO [eJIecO00pa3HOCTh NPOBeIEeHHUS reMO(MIbTPAui Y OOIBHBIX
a0TOMUHAJIBHBIM CETICHCOM U PacKphIBaeT OJUH U3 MEXaHU3MOB ¢ 3(h(HEeKTHUBHOCTH.

3. [MonyueHHble pe3ynbTaThl NATOTCHETHYECKH OOOCHOBBIBAIOT MPUMEHEHHE B HWHTEHCHBHOW Tepanuy MalUeHTOB
a0TOMUHAJIEHBIM CETICHCOM TPENapaToB C aHTHOKCHAAHTHOH HAIIPAaBICHHOCTEHIO.
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