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B cmamve paccmompenvi 6onpocvl mamemamuuecko2o MoOenUposanus 0eticmeusl 1a-
3EPHO20 1yUa HA MHO2OCIOUHBL WAPO0OPA3HBIIL MUKPOOUOIOSUYeCKUL Mamepual. AKyenm uc-
C1ed08anus COeNan Ha SMOPUOH, KAK HA chepuyecKuti MHO20CIOUHbIU, HeOOHOPOOHbLI MUKDO-
buonocuueckull 00veKm CI0NHCHOU NPOCMPAHCMEEHHOU CMPYKMYpPbl. B cés13u ¢ smum, npu oeti-
CMBUU 1A3EPHBIM JYYOM, NPOUCXOOUM HEOOHOPOOHbIU HAZPe8 IMOPUOHA, YUMo redem K mep-
MUYeckomy nospexcoenuio. /s nosvluenus Kaiecmea OUomexHoI02UYecKko20 npoyecca ia-
3epHO20 OeleHUs MUKPOOUOIO2UYECKO20 00beKma HeoOX00UMO NO8bICUMb MOYHOCMb U ObICH-
pooelicmaue pearu3ayu NPUKIAOHbIX ONMUMUSAYUOHHBIX MAMEMAMULECKUX MoOeell.

Cneyughuka onmumusayuu cucmem «I3MOPUOH-TA3EP» MAKOBA, UYMO MOYHOCHb U
Ovicmpoodelicmaue peanu3ayuu NPUKIAOHbIX ONMUMUZAYUOHHBIX MAMEMAMUYecKux Mooenel
3a6UCAmM 0M KOPPEKMHOCMU NOCMAHOBKU PACYeMHbIX Mamemamuieckux mooenei. Tak Kax, 6
0CHOBE pacyemHOU MamemMamuyeckol Mooeiu npoyecca 1a3epHo2o 030elUCmeus Ha IMOPUOH,
Jledcum Kpaesas 3a0aya cucmemvl yemuipex HeoOHOPOOHBIX OUPGepeHyUaNbHbIX YPAGHEH UL
MenIonpo8OOHOCIU, UMEIOWUX C80U OCODEHHOCMU, MO AKMYaleH 60npoc 0O0CHOBAHUS KOD-
PEKMHOCMU PEUEHUSL.

Knroueswie cnosa: pacuemunas mamemamuieckdas MoOelb, KOPPEKMHOCMb, ONMUMU3A-
YUOHHASL MAMeMamu4ecKasi MOOeib.

Beenenue. /{1151 onTuMu3anuy napaMeTpoB (pU3NUECKUX MOJIEH MHOTOCTIONHBIX CUCTEM
HE00X0/IMMO MHOTOKPATHOE PEIlICHHE CEPUU KPAeBBIX 3a]1a4 B mpolecce MoaenupoBanus. Cy-
LIECTBOBAHUE U €JUHCTBEHHOCTD PEUICHHSI MO’KHO FapaHTUPOBATH TOJIBKO B CIIydae KJlacCHU4ie-
ckoii popmbl MaTepuaia. B 1anHoii cTaThe B KauecTBE MIapo00pa3HOro MUKPOOHOIOTUYECKOTO
00BEKTa MHOTOCTIOWHOM (TPEXCIIOITHON) CTPYKTYPBI, paCCMOTPUM dMOpUOH. B ocHOBe pacuet-
HOM MaTeMaTH4yecKOW MOJENH, ONMCHIBAIOLIEH MpoIlecc NEHCTBUS Ja3epHOro Jyda Ha dM-
OpHOH, JISKUT KpaeBas 3a7jaya CUCTEMbl YEThIPEX HEOJAHOPOIHBIX, HEIUHEHHBIX, MHOIOMEp-
HBIX M HECTAIIMOHAPHBIX U (HEepeHIINATBHBIX YPAaBHEHHH TETIONPOBOAHOCTH B chepryecKont
cucTeMe KoopauHar. J[ist ocylecTBiIeHNs ONTUMH3AIMK TapaMeTpoB GYHKIMHU e (TeMIIe-
paTypHOTrO 0JIs1) HEOOXO0IMMBI KOPPEKTHAsI TIOCTAHOBKA U peanu3alius paccMaTpUBaeMoil pac-
YETHOM MaTeMaTU4YeCKOW MoAeIu. Bompockl KOPPEKTHOCTH KpacBOW 3a1adl PaCCMOTPEHBI B
pabotax [1, 2]. C uenpio onTUMU3aUU MapaMeTpoB (QYHKIUH 1IeJIM B JAHHOK paboTe mocTpo-
€Ha pacyeTHas MaTeMaTH4ecKas MOJENb Mpolecca AeHCTBUS JIa3epHOro Jy4ya Ha SMOPHOH, €
YUETOM MPOCTPAHCTBEHHON (POPMBI U TPEXCIONHOM CTPYKTYphl MUKPOOHOJIOTHYECKOTO 00h-
€KTa. Y4YeT Ha dTalle MaTeMaTHYeCKOr0 MOJEIMPOBAHHUS HEOJHOPOJHON CTPYKTYpPBl MHUKpO-
OMOJIOTHYECKOTO 00BEKTA MTO3BOJIUT PACCUUTATh TETIOBOM PEXHUM JIa3epHOTr0 HarpeBa aMOpu-
OHA, YTO JACT BO3MOKHOCTb Ha TEXHUYECKOM YPOBHE OCYLIECTBUTH IPOLIECCHI JIA3EPHOTO Jc-
JIEHUS. U KOHTPOJIS TPaBMUPYEMOCTH IocieqHero. Hekoropble acneKkTsl ONTUMU3ALKN Hapa-
METPOB TEMIEPATypPHOIO MOJs SMOPUOHA, TOABEPraeMoro BO3JEHCTBUIO HA HETO Ja3epHbIM
U3JIy4E€HUEM, pacCMaTpuBalIkiCh B padboTax [3, 4].

AHaJIU3 MOCJeIHUX JOCTHKeHUH M nmyOaukanuil. OCTAaHOBUMCSI HA aHAIN3€ Hay4-
HBIX TTyOnuKammii [S5 — 12], kacaronuxcsi BOIPOCOB pacyueTa U ONTUMH3ALUN OJTHOCIOWHBIX U
MHOTOCJIOMHBIX CUCTEM C JIOKAJIbHBIM BO3/ICHCTBUEM HAa HUX MCTOYHHKOB COOTBETCTBYIOIIHUX
(bu3nYeCKux moei.
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Bonpocsl napamerpuzanuy GU3MUECKUX MOJIeH Ipu IPOSKTUPOBAHUN TEXHUUECKUX CH-
CTEM C IUCKPETHBIMHU HCTOYHUKAMHU paccMaTpHUBAIIMCh B MOHOTpadusix [6, 7]. B aTux paborax
OTMeYalach B)KHOCTh JAHHOTO 3Tama JUisl (popMaiau3aliyd ONTUMHU3ALMOHHBIX MaTeMaTH4e-
CKHX MOJIEJIEN C IIEJIbI0 PAallMOHAILHOTO MPOEKTUPOBAHUS PA3INYHBIX (PU3NKO-MEXaHUUECKUX
cucreM. OIHaKO, B HUX HE pacCMaTPUBAIUCh BOIPOCHl ONTUMHU3ALMU TEXHUYECKUX ITapaMeT-
POB CHUCTEM «MHOTOCIOMHBI MUKpPOOMOIIOTHYECKUI MaTepuai-iasepy». [locneqnue cucremsl
CYLIECTBEHHO OTJINYAOTCS HE TOJIBKO MX UCXOIHBIMU PAaCUETHBIMHM MOJCIISIMU (KpacBbIMHU 3a-
JlauaMu ), HO U1 0COOEHHOCTSMH JICHCTBUS JIa3epHOTO JTyya Ha MHOTOCIOHHYI0 MUKPOOHOJIOTH-
YECKYIO CUCTEMY.

HekoTopsie criocoOb! mapameTpu3alnuy TeMepaTypHbIX 1Mojiei Ha 6aze npuOIKEHHO-
aHAJTMTUYECKHUX PEIICHUH KpaeBhIX 3a/1a4 pacCMaTpUBAIKCh B paboTax [8, 9].

Oco0060 crienyeT OTMETUTh aBTOPCKOE CBUICTENLCTBO Ha n300perenue [10] mis cermMeH-
TaIMH JIA3€PHBIM JTY4OM PaHHEro IUTHOTO SMOPHOHA C LENbIO MOTy4YEHHs )KU3HECTIOCOOHBIX
yacTel sMOpHOHa /IS UX TMocleayrolel TpancianTauu. [lpu stom, ayd nazepa npoxoauT
yepe3 OJI0K (pOKYCHPOBaHUS U HAIPaBISAETCA Ha 3MOPUOH, Mpope3aeT 000I04YKy SMOPHOHA U
OCYIIECTBISIET ero Aenenue. s agpdexTuBHOM peanusaruu 3Toro crocoba [ 10] Heodxoaumo
IpeBApUTEILHOE PACCMOTPEHUE BOIPOCOB pacy€Ta U ONTUMHU3ALMH TEII0()U3MIECKOTr0 IPo-
1ecca B MHOT'OCIIONHOM OMOIOTHYECKOM cpelie, KaKOBOM SIBISIETCSI IMOPHOH.

B pa6ore [11] aBTOpamu mpHBeIEHO pacrpeieneHne TeMIIepaTypHbIX MOl B CIOAX
SMOpHOHa MpH AEHCTBUM Ja3epHbIM TydyoM. OHaKo, HECMOTpPS Ha TO, YTO B AaHHOM padboTe
OepeTcsi BO BHUMaHUE TPEXCIIOHHAsl CTPYKTypa SMOpHOHa, B HEW HE YUYUTHIBACTCS HEOAHOPOI-
HOCTb €T'0 CJI0€B, YTO BJIEUYET K MOTPEIIHOCTH PACYETOB TEMIIEpATyp JIa3€pHOI0 HarpeBa, 1, Kak
CJIEZICTBHE UET0, K U3JIUIIHEH TPaBMUPYEMOCTH SMOPHUOHA.

B paGote [12] aBTOpamMu paccMOTpeHbI BOIPOCHI MPUMEHEHUS AEUCTBUS J1a3€PHOTO
Jdy4a A7 ynajdeHus OJacTOMEpOB U3 YaCTHYHO MOBPEXKIACHHBIX SMOPHOHOB. 3HAUUTENIBHOE
BHUMaHUE aBTOpaMu paloThl [12] yaensercs yMEHbIIEHUIO TPAaBMUPYEMOCTH 3apO/bIIIed B
nporecce yaaiaeHus 6aacromepos. [Ipu 3ToM B paboTe He yUUTBIBAETCS. HEOJHOPOHAS CTPYK-
Typa SMOpHOHA U €€ TETUIOPU3NIECKUE TAPAMETPHhI, YTO BEJIET K TPABMHUPYEMOCTH MHUKPOOHO-
00BEKTa, U3-3a YCPEAHEHUS TeIUI0(QU3NIECKUX XapaKTEPUCTHK.

eab uccaenopanms. [ocTponTh KOPPEKTHYIO PACYETHYIO MATEMATUUECKYIO MOJIENb,
OIKCBIBAIOLIYIO MPOLIECC ACUCTBUS Ja3epHOro Jiyya Ha MHOTOCIIONHBIN apooOpa3Hblil MUK-
POOHOTIOTUYECKUI OOBEKT.

PesyabraTsl ucciaenosanuii. Ha srane MmaTeMaTnueckoro MOJEINPOBAHMS, TPOLIECC
NEMCTBUS JIa3epHOTrO Jyya Ha SMOPHOH OMMCHIBAETCS C IMOMOIIBIO KPaeBOM 3a7auu 4EThIPEX
MHOT'OMEPHBIX, HEOAHOPOAHBIX, HECTAI[HOHAPHBIX, HETMHEHHBIX AU (PepeHIInanbHbIX ypaBHe-
HUH TETJIOTPOBOAHOCTH B CPepUUECKOM CHCTEME KOOPMHAT:

plcl%—ﬁ_l %+%% +q,=0 npu re[rl;rz], te[tl;tz];
pzczﬁa—T;—/lz %+f—2aalrz +q,=0 npu re[rz;}g], te[tz;t3]; 0
,030385—];3_13 0821”];3 +%% +q,=0 npu re[r3;r4], te[t3;t4];
p4c466—T:—i4 %2:;4 +%aa—Tr4 +q,=0 npu re[r4;r5], te[t4;ts].
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rae p, — Ko3GQUIUEHT INIOTHOCTH e -T'0 CI0s SMOPUOHA; ¢, — KOI(PPUIIMEHT TEIIOEMKOCTH;
T, =T (r,t) — TemiepaTypHoOe 10JIe 9MOPUOHA; 7 — IPOCTPAHCTBEHHAS [IEPEMEHHast; | — JUIH-

TEJIbHOCTD JIEHCTBUSA JIa3C€pHOIO JIy4da, v, — paCcCTOAHHC OT HCHTPA NCTOYHHKA TCIUIOBOI'O BO3-

JEHCTBUS B BUJIE MIATHA JI0 TOUYKHU B € -OM CJI0O€ SMOpHOHA, B KOTOPOl OnpeensieTcs 3HaueHNue
TEMIEPATYypPHOTrO NoJsA; A, — KO3(Q(QUIMEHT TEIUIONPOBOAHOCTH e -TO CIOs; ¢, — yJAelIbHas

MJIOTHOCTh MOIIIHOCTH TEIUIOBBIX HArPY30K B AMOPHOHE.
Z[J'I}I ydy€Ta Hayajia 1 KOHIIa HeﬁCTBHH JIa3€PHOIo JIydya Ha 3M6pI/IOH BOCIIOJIB3YyEMCA I'pa-
HUYHBIMU yCI0BUSIMHU [{upuxiie:
T(ro,to)lel; (2)
T (r5 , ZS) =T

K2

rae 7, — temneparypa SMOpHOHA B Havyaje JEHCTBH Ja3epHOro ay4da; I, — TeMIIepaTypa 3M-

OpHOHa B KOHIIE JIeHCTBUS J1a3epHOrO JIyya.

Jljig yuera MHOTOCJIONHOW (TPEXCIIOMHOM) CTPYKTYpbl IPUMEHSIOTCS PaBEHCTBA pa3-
7ienia Cpell U paBEHCTBA HENPEPhIBHOCTH TEMIIEPATYPHBIX MOJEH M0 BpEMEHHOM KOOpAUHATE.
PaBeHcTBa paznena cpe MMEIOT CAEAYIOIMA BU!

T(rnt)=T,(rut,), _zla; _Na_i npu refnnl;
L(nt)=T(nt), —AS2=-A%E mpu refnin
1y (5, =T, (1ot @a—ﬂai wu relrinl; ®
L) =T (ot 45 =-2 T3 refnin)
T, (rnts) = T, (rty), -zsz_f:-z%_z mpu re[nin].

PaBenctBa HETIPCPBIBHOCTHU TEMIICPATYPHBIX TIOJIEH 10 BpeMeHHOﬁ KOOpAHWHATEC:
T(rl;tl _O) = T(rl;tl +0);

T(rz;t 0)=T(r2;t +O);
T(r3;t3—0): (r t +0), “4)
T(r;t,—0)=T(r,t,+0);

T(r;t5—0)=T(r;t5+0).

Jnst 3aaHusi TPAaHUYHBIX YCIIOBHH TEIJIOBOro 0OMEHa Ha TpaHuUIle pa3jiena 000I0UKH
SMOpHOHa (30HBI MEJUTIOLKA) U OKPYXKAIOLIEH cpelbl (TpaHUYHBIX YCIOBUH TPETHETO poja)
BOCIIOJIB3YEMCA T'paHUYIHBIMUA YCIIOBUAMMU:

(2 Z-a@-1.)] o ®

rae A, — ko3 duIreHT TermIonpoBoIHOCTH 30HbI NEJUTIOIMIA IMOpHOHa; A — mapamerp Ten-
JIOOTJAa4M 30HBI MEJUTIONUAA; 1, — TeMIeparypa 30HbI NeJUIIonuaa; 7, , — TeMIeparypa okpy-

ext

YKAIOUIEH CPEbL.
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B ciydae neiicTBus Ha SMOPHOH Ja3epHOro Jy4a, 00pa3yroIlero HCTOYHUK TEIIOBOTO
BO3JICHCTBUS B BUJE MATHA, TPaHUYHbIE ycI0BUS (5) OyAyT UMETh BUJI TPAaHUYHBIX YCIOBUI
TEILIOBOT'0 IIOTOKA OT 30HBI MEJUIIOLKIA K OKPYXKAIOLIEH cpele:

4200 =g, 0i<h, (©)

rac g — y,HeJII:HBIfI TEILJIOBOH IIOTOK; N ANaMCTPp UCTOYHHKA TCTIJIIOBOT'O BOSIIGIZCTBHH, T.C. —

MATHA; i — JJIUTENBHOCTH IEHCTBUS UCTOYHHUKA.
J1n1st HaxoKIeHHs YIEMBFHOTO TEIJIOBOTO IMOTOKA, BOCIIONB3YeMCS CIIEAYIOIIEH (hOopMymoit:

T-T
q= —— (7)
11 S,
-+ —+ z _Ve
al aext e=l1 /Ie

rae o, — K03 (QUIMEHT TEIUIOOTAA4N 30HBI MEUTIONNAA; «,, — KO3QOHUIHUEHT TEII00TAaYN
OKpY»Karolle cpelsl; 6, — TOIIIUHA e -T'0 CI0s SMOpPHOHA.

PemmB kpaeByro 3amady, MOJTYYUM paclpeieieHus TeMIIEpaTypHbIX Moje B 3MOpH-
oHe. HekoTopble aceKThI peaan3aliy JAaHHOW pacueTHON MaTeMaTuyecKon MOIEH PaccMOT-
peHsl B pabote [13]. AnropurMudeckasi OCHOBA MPOIEAYPhl ONTUMHU3AIMH ITApaMETPOB JICH-
CTBUS JIA3EpHOTO JTyya Ha SMOPHOH paccMOTpeHa B paborax [3, 4].

BoiBoabl. B pabore mocTpoeHa pacueTHas mMaTeMaTH4ecKas MOJENb Ipoliecca JcH-
CTBHSI JITA3€PHOTO Jiyya Ha SMOPHOH C y4eTOM CHeUHU(UKU 3IEKTPOHHO-TY4YE€BOr0 HarpeBa u
HEOIHOPOJHOM, TPEXCIOWHON CTPYKTYPBl MUKPOOHOJIOTHUECKOT0 00bekTa. Peanmn3arus mate-
MaTHYECKOW MOJIENU C IPUMEHEHHEM YHCICHHBIX METOI0B U Ha 1uppoBbix [IDBM, nact Bo3-
MO>KHOCTb:

— BO-IEPBBIX, (hopManM3alMu OTPAaHUYCHUN Ha PE3yIbTHPYIOLIEE TEeMIIEpaTypHOE
moJie ’MOPHUOHA, PACCMOTPEHHBIX B padote [3];

— BO-BTOPBIX, popMan3avy (PyHKIHUU [EIH B OCHOBHOM ONTHMHU3ALIMOHHOMN 3a/1a4e
U B €€ IPUKJIAJHBIX MaTEMaTUYECKUX MOJIENSX, PACCMOTPEHHBIX B padoTax [3, 4].
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Summary

Levkin D.A. The mathematical model of an action process of a laser beam on a multi-
layer microbiological object

In the article, the calculated mathematical model of an action process of a laser beam
on multilayer spherical microbiological material was constructed. The given mathematical
model is universal, because, despite the consideration of multilayer structure of microbiologi-
cal material, the numerical values of the biophysical parameters, which are peculiar to layers
of specific microbiological material, and the technical parameters of an electron-beam impact
are not established in it. It allows, setting the certain values of parameters, to get the correct
calculated mathematical model of an action process of a laser beam on multilayer spherical
microbiological material.

The researches given in this article have novelty in connection with the fact that the
constructed calculated mathematical model is correct, the complex multilayer structure of mi-
crobiological material and peculiarities of an electron-beam impact are taken into account.
The actuality of the researches is denoted in works of leading foreign and domestic scientists.
The task of the researchers is calculation and search of rational values of technical parameters
of biotechnological process of a laser division of multilayer microbiological material. It will
allow to improve the quality of biotechnological process of a division of microbiological mate-
rial due to the increase of exactness and operating speed of realization of the applied optimi-
zation mathematical models.

In the article, an embryo is considered as a spherical three-layered microbiological
object with the heterogeneous inclusions. The basis of the calculated mathematical model is
presented by the boundary-value problem of four multidimensional, nonlinear, unsteady and
heterogeneous differential equations of thermal conductivity in the spherical coordinate sys-
tem. In the construction of the calculated mathematical model of an action process of a laser
beam, for the consideration of the spherical three-layered structure of a microbiological object
under an influence of a laser beam, the conditions of the conjugation of temperature fields in
layers of an embryo and of equality of division of environments are entered in the boundary-
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value problem. Inserting the numeral values of biophysical and technical parameters of process
of a laser effect on an embryo, we will get the correct calculated mathematical model of the
action process. The realization, with the applying of numerical methods or net processors of
the obtained calculated mathematical model, will allow to improve the quality of biotechnolog-
ical process of a laser division of an embryo due to the increase of exactness and operating
speed of realization of the applied optimization mathematical models.

10.
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12.
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