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MANAGEMENT OF WORKING PROCESSES IN A GROUP OPERATORS BIOTECHNICAL SYSTEM

The analysis of the main factors determining working processes in a small group of operators of biotechnical systems is carried
out. The group parameters characterizing the development of these processes are discussed, among them the following con-
cepts are singled out: group compatibility, the level of psychological preparation, group thinking, group pressure, conformist.
Several criteria for the group's effectiveness have been proposed, and operational methods for managing group processes
have been examined, which make it possible to assess the group's readiness to work during activities or during breaks. To do
this, it is suggested to use test tasks with visual images and actions usual for the usual work of the information system opera-
tor. The generalized structure of the biotechnical system is presented, in which test visual images are created that are close in
content to real working subjects and sensor-motion movements are used to solve test problems.
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BuoMexaHu4YecKkme NcciefoBaHUsi COCTOAHUS
CTPYKTYpP CTEHO3MPOBAHHOI0 aopTa/ibHOro KjanaHa

npn 6annoHHO annartaymm

MpedcmasneHa Memoduka UCCIe008aHUS HONPSAXEHHO-0epopMUPOBAHHO20 COCMOSHUS CMPYKMYyp CMeHo3upo-
B0HHO20 OOPMANLHO20 KAQNGHA NPuU KOppekyuu Memodom 6aa10HHOU duaamayuu 045 mpex 803PACMHbIX
2pynn, Haxooawuxcs 8 Haubosbwell 30He pucka. lpu peanusayuu MemoOuKu 6bi1 NPogedeH aHAAU3 AUMePa-
MYypPHbIX UCMOYHUKOS, U3 KOMOPbIX NOAYyYeHbl 2e0MempuYeckue napamempsl U MexaHu4eckue ceolicmea cmpyk-
myp aopmanbHo20 kAanaHa. llocmpoeHa codepxcamensHas Modens 6aA10HHOU dunamayuu aopmanbHo20 KAQ-
naHa. BeedeHbl donyuwjeHus 048 ynpoujeHusi mModeau. [TocmpoeHa KOMNLOMepHas 2eoMempuyeckas Mooens
CMeHO3UPOBAHHO20 AOPMALHO20 KAANAHA 8 NPo2paMMHOM Komnaekce SolidWorks u o6ocHoeaHa ee adekeam-
Hocme. CO300HA KOHEYHO-3/1eMeHMHAs Modesnb aopmasnsHo20 knanaHa 8 nakeme SolidWorks Simulation. B pe-
3ynbmame 661U NOMYyYeHbl 3HAYeHUs dunamupyrowe2o daeneHus Ha KaXOoM waze HazpyxceHUs 045 3penod,
noxcunoll u cmapuyeckoli 803pacmHeix 2pynn. 1o 3MuM 3HAYeHUSM NOCMPOeHs! 2pAPUKU 3a8UCUMOCMU NPUKAQ-
ObigaemMo20 OaeseHUss om NOpsOKO8020 HOMepPa waz2a HazpyxeHus. Takie npedcmaseHsl pesyasmupyrowjue
3nropsl HanpsxceHUl 015 Kaxcdol u3 paccMampueaeMsix 803pACMHbIX 2pynn.

AopTanbHbIV K/1anaH, aopTanbHbIli cTeHO3, 6annoHHas AnnaTauusa, MoaenpoBaHue,
MeToph, KOHEeUYHbIX 3iemeHToB, SolidWorks, Hanpsi>kxeHHO-AedpopMUPOBaHHOE COCTOAHUE

OpHOH U3 MIaBHBIX NPUYUH IPEKIAEBPEMEHHOU
CMEpTHU MAalEHTOB BO BCEM MUpPE SABISIFOTCS MOPOKU
CEpIEUYHBIX KJIAllaHOB, B YAaCTHOCTU aOPTaJIbHBIN

CTCHO3, KOTOprfI 3aHUMAcCT TPETHEC MECTO CPCAN BCEX
CCPpACYHO-KIIAITaHHBIX l'[aTOJ'IOl"PIﬁ, a TaKXKC SABIIACTCA
HanOosee paCHpOCTpaHeHHOﬁ MaToJI0THel KiIamaHHOTO
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anrmapara Ha CeToAHsIIHUIN eHb. COmTacHO CBEIEHHSIM
U3 JIMTEPATypPHBIX HMCTOYHUKOB, CTEHO3 YCTBSI aOpTHI
BhIABISIETCS Y 3—7 % MalMEeHTOB B OOIIECH MOMYIISAIN
U €TO PacHpOCTPAHEHHOCTh YBEIMYMBACTCSI C BO3PAC-
ToM 110 15-20 % y ymt crapine 80 ner [1], [2].

Ha nanHBIM MOMEHT CyHIECTBYET JBa OCHOBHBIX
METO/Ia XUPYPTrU4eCKOM KOPPEKIIMHU JaHHOTO TIOPOKa:

— mpancKkamemepHas UMNIAHMAYUS — TOBOJIBHO
HOBBI METOJI, MEPBBIM ATAlOM KOTOPOTO SIBIAETCS
OamronHas BanbByJOIUIacTHKA. [Ipr mprMeHeHNH 3TO-
IO METO/a TIPUCYTCTBYET PHCK IIOSBICHIS OIMAaCHBIX
OCJIO’KHEHUH, BOSHUKAIOIINX M3-32 0COOEHHOCTEH KOH-
CTPYKIMH IIPOTE3a: TeMOAWHAMHUYECKH 3HaYnUMasi pe-
Typrupanysi, aTpHOBEHTPUKYIIpHAsl OoKaga, a KpoMe
TOTO OCJIOKHEHUSI, HY)KJAIOIIUeCs B SKCTPEHHOM XH-
pyprudeckoM BMmelnareinbcTBe. Her Takke enauHOM
CTpareruy 1o BbIOOpY Mozenu Ouonporesa ¢ OecIIoB-
HBIM METOZIOM (PUKCALIUH;

— banI0HHAS 8ANLEYIONIACMUKA TIO3BOIISIET COXpa-
HUTh TIPUPONHBIA KJallaH cepiama. OTOH METOAWKE
CBOMCTBEHHA BBICOKAs CTCICHb BBDKUBAEMOCTH, He3a-
BUCHMOCTb OT OIICPAIIMOHHOM, a TaKKe MaJoe KOJIUe-
CTBO OcCHokHeHMi. OQHako Ha HBIHEIIHWN [IEHL HE
CYILECTBYeT METOIWKH, ITO3BOJIIIOMICH ONTHMAIBHO
nofdUpaTh HEOOXOMUMOE JIABJICHUE JUIS pa3phbiBa KO-
muccyp. IIpn M30bITOUHOM JTABIEHUH BO3MOXHO pas-
pymieHne (UOPO3HOTO KOJIbIIA HJIM 30HBI CHHYCOB
BainbcanbBa, a Ipyu HETOCTATOYHOM BO3HUKAET PUCK
peruauga [3], [4].

Hcxonst U3 BCero BBIIEHU3IOKEHHOTO, pa3padoT-
Ka W BHEAPCHHE METOOUKH IPEIOTeParliOHHOTO
MIPOTHO3MPOBAHUS PEaKINH CTPYKTYP aOpPTaIbHOTO
knarana (AK) mpu koppekimu Bo BpadueOHYIO Tpak-
TUKY JId HUCKIHOYCHU He6HaFOHpI/IHTHI:IX n HEpe-
3yJNBTaTUBHBIX BO3JCHCTBHUI SIBISACTCS AaKTyalbHOU
3aJadyei.

B mpomecce wmccnemoBaHuUs CTEHO3HPOBAHHOTO
AK mpu GamymoHHOW auimatanyy Obuia paspaboTaHa
METOJMKA, KOTOpas IO3BOJIICT IPOBOAUTH aHAIN3
HanpspKeHHO-AepopMmupoBanHoro coctosHus (HJIC)
cTpyktyp knamana. MccnemoBanme HJIC crenosmpo-
BaHHoro AK mnpoBoAMJIOCE METOIOM IOIIAroBOTO
Harpy>KCHUs. MaxkcumanbHO AOITYCTUMOC HAIIPSIKCHUEC
B xomuccypax — 0.9 MIla. Ilpu 3ToM 3HaueHUM HaIps-
JKeHUs] TIPOMCXOAUT paspbiB Komuccyp. CyTb MeTofa
3aKJII0YAETCS B TOM, YTOOBI PA3eUTh JUIMHY KOMHCCY-
pBl mpubmiBuTensHO HAa 10 paBHBIX YacTed W mOOH-
BaThCs MTOCIIENOBATENFHOTO pa3pymeHus Kaxaoit. [lo-
CIle TIPOBENICHUS dTaTla UCCIICOBAHMS Ae(OpMUpyeMast

MoJIeNb TIpeo0pasyeTcs B TBEPIOE TeEJ0, TOCIE Yero
CHOBA CO3/[AETCSl KOHEYHO-3JIEMEHTHAsT MOZETH Y)Ke
JIe()OPMHUPOBAHHOTO TBEPJIOTO TEJA U TPOBOIMTCS CIe-
JTYIOILUM 3Tan aHanm3a [5).

MeTtonnka BKJIrO4aeT B ceosl:

1. [MocTpoenue conepkarenbHor Moaenu AK.

2. Beenenue nonyuieHui.

3. [ocTpoeHre KOMIBIOTEPHOW rE€OMETPUUECKOM
Mojienu creHo3uposanHoro AK.

4. 3agaHune Harpy3KH M YCIIOBUN 3aKPETLICHUSI.

5. Iloctpoenue koHeuHO-3eMeHTHOM Moaenn AK.

6. O6ocHoBanue aneksBarHocty moaenu AK.

7. VccnenoBanue HanpspKeHHO-IE(POPMUPOBAHHO-
IO COCTOSIHUSI.

J1st mocTpoeHus coAepKaTebHON MOJAEIN HC-
MOJIb30BAaHbI TEOMETPUUECKHE MapaMeTpsl (Tabmn. 1) u
MEXaHHYECKHE CBOMCTBA CTPYKTYp (Tabm. 2) Juist Jiro-
nent 3penoit (50-60 net), nmoxuinoi (61-74 rona) u
crapueckoit (75 ner m crapiie) BO3paCTHBIX TPYIIIL,
nonry4eHnsle u3 [4], [6].

Tabauya 1
HaumenoBanue Pasmep, Mmm
Jlmametp GpuOPO3HOTO KOJIBIA 22.6
Tommunaa GrOPO3HOro KoIbIa 1.8
Jlimaa ¢ubpo3HOro Konba 3
JlnameTp BOCXOJSIIEro OTJelIa a0PThI 22.6
TonmuHa BOCXOIAIIEro OT/IeIa A0PThI 1.8
JlinHa BOoCXOs1IEero OTAeNa aopThl 140
Jlnuna cunycos Banbcanbspa 23.6
I'mybuna cunycos BanbcansBa 10.5
JIuHMs cMBIKaHUS COCETHUX CTBOPOK KJlaraHa 19.5
TomnmuHa CTBOPKY KJanaHa 0.9
JlnnHa KoMuCCypbI 6.44
Tabnuya 2
Mopnysb HoOpMaIbHOM
Koad-
Haumenosa- ynpyroctu, MITa uuenT
Hue 5060 | 6174 | 75zer .
Ilyaccona
JeT rojga | ucrapue
Crrychl 0.2 0.2 0.2 0.4
BasnbcanbBa
Craopiu 10 20 40 0.4
KJIanaHa
PuGposuoe 50 50 50 0.4
KOJIBIIO
Boexommutit | | 0.1 0.1 0.4
OTZEIN a0pTHI

C moMoIIIbIo MOTYYeHHBIX JTAHHBIX ObLTa MOCTpoe-
Ha coaepxarenbHas moxenb AK (puc. 1). Bcocras
MOJIENN BXOJAT: CUHYCHlI BanbcasbBa, CTBOPKH Kiiaria-
Ha, GUOPO3HOE KOJBIIO U BOCXOISIIHI OTET a0PTHI.

[Ipu moctpoeHnn Monmenu OBUTH BBEICHBI CIIC-
IYIOIIHE JTOMYIICHHUS:
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Puc. 1

1. Marepuansl CTPYKTyp OOJNamarOT yCIOBHEM
CIUTOLTHOCTH, OTHOPOIHOCTH U U30TPOITHOCTH.

2. HauasbHble HalpsbKEHUS B CTPYKTypax OTCYT-
CTBYIOT.

3. AK 3akperuieH mo ¢puOpo3HOMY KOJIBILY U BOC-
XOISIIIEMY OTIEIY aOPTHL

4. laBnenue npu OayUIOHHOM NWIIaTaIlid PaBHO-
MepHO pacnpezeneHo no cteopkam AK.

11 TocTpoeHust reoMEeTpUYECKO KOMIIBIOTEp-
HOW MOJIETIM CTEHO3MPOBAHHOTO aOpTAIBLHOTO Kiama-
Ha WCIOJNB30BaJICAd MpOrpaMMHBIH Komruiekc Solid-
Works 2016. beuii OCTpOEHBI OTAENBHBIE JIEMEHTHI
KJlanaHa (CHHYChI BanbcanbBa, CTBOPKH KiaraHa, Gpuo-
PO3HOE KONBII0O M BOCXOISIMN OTHEN aopTHI), 3aTeM
Obl1a co3maHa cOOpka ¢ MPUMEHEHHEM YCIOBHM CO-
npspkeHus. B pesysnbrare Bcex mocTpoeHmit OblTa Mo-
JIydeHa KOMITBIOTEpHASI TeOMETpHUYCCKasi MOJIETb CTe-
Ho3upoBaHHOTO AK, yIOBIETBOpPSIIOIIAsl BCEM YCIIOBH-
SIM, HEOOXOMMBIM IS [TPOBEJICHHS UCCIIEIOBAHUSL.

Mopens 3apuKcupoBaHa Mo GUOPO3HOMY KOJIBILY
U BOCXOIAIMIEMY OTAeny aopTsl. Ilockombky mmmHa
BOCXOJISIILIETO OTZeNa aopThl Oojee ueM B ISTh pa3s
npesbiaeT AauHy AK, To 3akpeluieHHE HE OKaKeT
BIVSIHHSL Ha TIPOBOAMMOE HccienoBanue. K anemenram
TPIMEHEHBI CBOWCTBA MaTepHaioB. BHENTHsA Harpy3Ka
(naBieHHE) TPUIOXKEHAa Ha HIDKHUE IOBEPXHOCTH
cTBOpOK 1 Komuccyp AK.

B pesymsrare mporecca MOACTMPOBaHHUS ObLIa CO-
3[aHa CETKa KOHECYHBIX AJIEMEHTOB I IPOBEICHUS
pacueToB KOHEYHO-3JIEMEHTHOM Mozies (puc. 2).

Jlnst 000CHOBaHUS aJeKBaTHOCTH MOJCIH HE00-
XOIMMO TIPOBECTH IIOCTPOEHUE KOHTPOJIBHOTO 00B-
€KTa, CXOJHOIO C PacyeTHBIM, HO HACTOJIBKO IIPOCTO-
0, 9YTO BO3MOXHO €r0 aHAIUTUIECKOE PEIICHHE.

~

e

Puc. 2

Kopmniyc pacuetHOro obwmekra (puc. 3, a) mpen-
CTaBJsIeT coOOM IMIMHApUUYECcKyIo TpyOy. Ha ogHOoM
KOHIIE TPYObl HAXOMUTCS )KECTKUH (IIaHell, a Ha ApY-
oM — cepuueckoe JHUIIE, KOTOPOe MOJABEpraeTcs
BO3JICHCTBUIO BHYTPEHHETO AaBieHus p. [I[poBogutcs
aHaJN3 HaPsDKEHHOTO COCTOSHIS 30HBI COTIPSKCHIUS
UWIHHAPUIECKON TPYOBl CO CHEPUUYESCKUM JTHUIIEM
(puc. 3, 6).

DKCTpeMaabHOE HANPSHKCHUE B 30HE COMpsDKE-
HUS pacCUuThIBaeTCs 1Mo popmyse [7]

X z0.145%§,

MaX _ skcTpemanbHOE HampsKEHUE; p — JaB-

TIe O,
JeHne; R — paauyc IWJIMHIpA; h — TONIINHA CTEH-
KH; p — IUNIOTHOCTb.

JlaHHBIC TIPOBEIICHHBIX BBIYMCIICHAN HANPSLKECHHO-
IO COCTOSIHUSI KOHTPOJBHOTO M PacyeTHOro OOBEKTOB
comnocTtaBuMbl. Pasauia coctaBuna 30 %, 4to sBiseTcs
MpUeMJIEMBIM TOKa3areNieM. DTO JOKa3bIBaeT, YTO MPH
MIPOBEJICHUN HCCIICAOBAHUS B IPOrpaMMHOM oOecrie-
YEHUH OTCYTCTBYIOT OIIMOKY aHaIN3a.

W3 BBIIEU3IIOKEHHOTO CIIEMYET, YTO MOJIENb ajeK-
BaTHa, TAK KaK BBITIOJHSIOTCS CIISTYIOIINE YCIOBHS:

1. Mozenb MOBTOPAET TEOMETPUI0 PEATbHOTO
00BeKTA.

2. CoiicTBa MaTepHajoB NPHUCYIIH pPeaTbHOU
BO3PACTHOU TpyTIIE JTIOACH.

3. B mporpaMMHOM OOECIIEUCHHH OTCYTCTBYIOT
OIIMOKY aHaJIM3a.

B pesyibrare AOCTUTHYTO TOJHOE pa3pylleHUE
xomuccyp. Kpurnueckue 3nadenuns nasnenus 240, 282
n 374 kIla cOOTBETCTBEHHO PaBHBI IS 3PEIIOH, TTOXKH-
JIOW W CTapyecKoil BO3pacTHBIX rpymm. Takke ObLIH
MOJTy4YeHBbl 3HAYECHUS JUIATUPYIOLIETO JaBJeHUs Oaj-
JIOHA Ha K)KJOM IIare Harpy»KeHHsl I TpeX BO3pacT-
HBIX Tpym (Tabd. 3).
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Von Mises (N/m?)

1.367¢+006
I 1.259¢+006
1.151e+006
1.044+006
9.360e+005
| 8.282¢+005
7.205¢+005
6.128¢+005
' 5.051e+005
' 3.974¢+005
2.897¢+005
1.820¢+005
7.425¢+004

Puc. 3

p,klla .
300 Von Mises (N/m?)
9.000 e+005
250 310/ ® l 8250 ¢+005
| 7.500 e+005
200 6.750 e+005
6.000 e+005
150 .| 5.250 e+005
4.500 e+005
100 I 3.750 e+005
- 3.000 e+005
2.250 e+005
50 1.500 e+005
0 . I 7.500 e+004
1 2 3 4 5 6 7 8 9 10 Saszenn
[ar
a o
Puc. 4
Tabnuya 3
ar JlaBienue, xlla
50-60 siet 61-74 rona 75 net u crapuie
1 8 10 15
2 18 21 32
3 31 34 52
4 46 48 74
5 62 64 99
6 80 81 129
7 101 103 165
8 127 139 207
9 169 188 263
10 240 282 374

[To >TMM 3Ha4YEHUSIM MTOCTPOEHHI TPaUKU 3aBH-
CUMOCTH TIPUKJIAIBIBAEMOTO JABJICHUS OT IOPSIIKO-
BOTO HOMepa IlIara Harpy>kKeHus Ui 3peioH, MOXKH-
JOW M CTapyecKod BO3PACTHBIX TPYII COOTBET-
cTtBeHHO (puc. 4, a; 5, a; 6, a). 3aBUCUMOCTH TIpeI-
CTaBsIeT COOOM BO3PACTAIONIYIO 3KCIOHEHTY. IJTO
OOBSICHSCTCS. TEM, UTO C YBEJIMUYCHHUEM IIara Harpyxke-
HUsI YBEJIMUMBACTCSI IUIOIIAIL CPACTaHUS KOMHUCCYD, a
CJIeIOBAaTENIbHO, BO3PACTaeT U JaBjieHue, He0OX0quMoe

JUIL MX paspylleHHs. MOXKHO clenarh BbIBOJ, 4TO C
YBENMUCHHEM BO3pacTa MalllieHTa yBEIMYUBACTCS 3Ha-
YeHHE JaBICHUs, HEOOXOAUMOE AJIs OJTHOTO pa3pylie-
HUSL KOMUCCYD.

Takke NpencTaBIeHbl PE3YNBTUPYIOLINE 3TIOPbI
HaNpsDKCHUN s 3pelod, IOXKHUIOW U CTapuecKon
BO3pacTHBIX Tpynn (puc. 4, 6; 5, 6; 6, 6 cooTBeT-
CTBEHHO).
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p, klla
350

300
282

250 |
188

139

150

100

=
b
L
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Ln
cn
[+14]
0

g

Puc. 6

PeanusoBaHa MeTOAMKAa MCCIEIOBAHUS COCTOS-
HUs cTpyKTyp AK mpu GannoHHON quiaTany, KOTo-
pasi IO3BOJIUT MPOBOJUTH MPENONEPALMOHHYIO JHa-
THOCTHKY 3TOH 3HIOBacKynspHO# omepanuu. K He-
JIOCTAaTKaM JaHHOW METOAUKH MOXXHO OTHECTH WH[IU-

m

e
5 37504005
-+
- | 3.000 &+005
2.250 &+005
1500 &+005
7.500 e+004
1420 €+002

o

Puc. 5

Von Mises (N/m?)
9.000 e+005
8.250 e+005
. |

A~

Von Mises (N/m?)
9.000 e+005
8.250 e+005
7.500 e+005
6.750 e+005
6.000 e+005
5.250 e+005
4.500 e+005

7.500 e+005
"~ 6.750 e+005
6.000 e+005
5.250 e+005
4.500 e+005
3.750 e+005
3.000 e+005
- 2.250 e+005
1.500 e+005
7.500 e+004
2.000 e+002

BHJIyaJIbHOCTh MOCTPOCHHON MOJENH, KOTOpasi Tpe-
OyeT mepecTpoeHUH sl KaXKI0TO MAaIMEeHTa, a TaKKe
BBOAVMMBIC TOMYIIEHUS JIJIsl YIPOIICHHS TOCTPOSHUH
Y TIPOBEJICHUS aHAIIH3A.
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BIOMECHANICAL STUDY OF THE STENOZED AORTIC VALVE STRUCTURE
IN THE CYLINDER DILATATION FOR DIFFERENT AGE GROUPS

Presents a technique for studying the stress-strain state of stenotic aortic valve structures with balloon dilatation correction
for three age groups in the greatest risk zone. Analysis of the literature sources was carried out in order to implement the
method, from which geometric parameters and mechanical properties of the aortic valve structures were obtained. A con-
tent model of balloon dilatation of the aortic valve was constructed. Assumptions for simplifying the model were intro-
duced. A computer geometric model of the stenotic aortic valve in the SolidWorks software complex was constructed and its
adequacy was substantiated. A finite-element model of the aortic valve in the SolidWorks Simulation package was created.
As a result, the values of the dilatation pressure at each loading step for the mature, elderly and senile age group were ob-
tained. Graphs of the dependence of the applied pressure on the sequence number of the loading step were plotted from
these values. The resulting stress plots for each of the age groups under consideration are also presented.The resulting
stress plots for each of the age groups were constructed.

Aortic valve, aortic stenosis, balloon dilatation, modeling, finite element method, SolidWorks, stress-strain state



