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Pe3zrome. OricaHa UCTOpUS CO3JaHUS W Pa3BUTHS KOHCTPYKIMA HEOHATAIBHBIX WHKYOaTOPOB.
Paccmotpena o0oOmieHHass KOHCTPYKITUS COBPEMEHHOTO HEOHATAIBHOIO HMHKYOaTopa W CXEMBI
OUPKYJISIAA BO3AYIIHBIX IOTOKOB, BKJIIOYas JIBUKEHHE IOTOKOB B WHKy0aropax C JBOWHBIMH
creHkamu. Jlana kmaccudukaiys HEOHATAIbLHBIX WHKyOaropoB. llpuBenen 51 mnpousBoauTensb
COBPEMEHHBIX HEOHATAJBbHBIX WHKY0AaTOpOoB M3 17 CTpaH ¢ yKa3aHHEM aJpecoB BeO-CTpaHHWII, Ha
KOTOPBIX pa3MelicHa HHPOPMAITUS O BBITYCKaeMbIX METUIIMHCKUX u3lenusiX. [IpoBeieH aHamu3 pador,
CBSI3aHHBIX C MOJICTHHBIMH HCCIEAOBAHUSMHU TEILIOMACCOOOMEHHBIX IPOIECCOB B HEOHATAIBHBIX
WHKY0aTOpax ¢ y4eTOM TepMOperyisiuu pedeHka, ero 3D-mMoaenu, mUpKyISIUU BO3TYITHOW CPEIbl,
KOHBCKTUBHOT'O, JIYYUCTOIO MW KOHAYKTHBHOI'O TeIIooOMeHa. HOKa3aHO, YTO MJIsI YHCIICHHOI'O
MOACIIUPOBAHUA MCIIOJIB3YIOTCA COBPEMCHHBIC IIAKCThI [JId BBEIUHMCIIMTETLHON ruapo-, aspo- Hu
TEPMOAVMHAMUKH.  YHWCIIEHHBIE  MOJICNIHBIE  HWCCIEAOBaHUS  COYETAIOTCA C  (DU3HUYECKUM
MOACIIUPOBAHUCM. JIBI/I)KGHI/Ie BO3AYHIHBIX TITIOTOKOB QAHAJIMU3UPYETCAd C IIOMOMLIBIO BHJACOKAMEP.
[TokazaHo mpUMEHEHHUE IS 33Ja4 MCCICIOBAaHUS WHKYOAaTOPOB HEOHATAIbHBIX (DAHTOMOB, KOTOPHIC
UMEIOT aHATOMHUYECKOE CXOJCTBO C HOBOPOXKJICHHBIM PEOSHKOM M W3TOTaBIMBAIOTCS Ha OCHOBE
AJIUTUBHBIX TEXHONOTWH. VMuTamus mpormecca TEPMOPETYISIUN MPOWU3BOAUTCA 3a CUET
3JICKTPUYECKMX Harpeparesieif, MaTYMKOB TEMIICpaTypbl M CHCTEM YIpaBJieHUs Ha 0Oa3se
MUKPOKOHTpPOJUIepoB. [IpuBeneH 0030p METOJ0B MOHHUTOPHHIA MapaMeTPOB OpraHu3Ma peOCHKa,
MOMEIIEHHOTO B HEOHATANbHBIA HHKyOaTop. [loka3aHO MPEeHMMYIIECTBO METOJO0B OECKOHTAKTHOTO
MOHUTOpPHHTIA C UCITOJIb30BAHUEM BUICOKAMEP U TEPMOMETPUH. PaCCMOTpeHBI COBPEMECHHBIC CUCTEMBI
yIpaBieHUs] HEOHAaTaJbHBIMU WMHKyOaTtopamu. Iloka3aHo, YTO OCHOBHBIM aJTOPUTMOM YIIPAaBIICHUS
spasiercss [1M]J]-3akoH perysiupoBanus. Tarxke MPEACTABICHBl HCCICAOBAHUS 10 MPUMEHEHHUIO
HEUETKOTO yMpaBICHUS W PA3IUYHBIX BHJOB aJalTHBHOTO YMpPaBICHHSA. YCTAHOBJICHO, 4YTO
KOHCTPYKIIMH HEOHATATBHBIX HHKYOAaTOPOB TPEOYIOT COBEPIICHCTBOBAHMS CHCTEMBI 3allIUTHI OT ITyMa,
JJIEKTPOMATHUTHOTO HW3JTy4CHUsI, WHPEKIHMA, KOHTPOJS BO3AYIIHOW Cpelbl HAa HATMYUE BPETHBIX
npumecei. [TokazaHbl BO3MOXHBIE HAITPABIICHUS PA0OT MO MOBBIIICHHUIO 3P )EKTUBHOCTH MOACPKAHUS
MOJIXOJISIINX JIJIsI HOBOPOXKACHHBIX YCIIOBUH OKpY Kalollell cpe/ibl B HEOHATaIbHBIX HHKYyOaTopax.
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Abstract. The history of neonatal incubator development and the evolution of its design were described.
A generalized structural and functional diagram of a modern neonatal incubator was presented. Airflow
patterns have been studied in detail, including illustration of typical airflow paths in double-walled
incubators. A classification of neonatal incubators was given. Information about manufacturers of
modern incubators was presented in a table that includes 51 manufacturers from 17 countries with the
addresses of web sites that contain specifications of medical products they manufacture. Publications
that discuss modeling heat and mass transfer processes in incubators for newborns were analyzed. It was
concluded that modern computational aerodynamics packages are usually used for numerical modeling
with consideration to the infant’s thermoregulation, their 3D-model, air circulation, convective, radiant
and conductive heat transfer. Numerical modeling research is usually combined with physical modeling.
The movement of air flows is analyzed using visible and infrared video cameras. The use of anatomically
correct neonatal phantoms created by means of additive manufacturing was demonstrated. The
thermoregulation process is simulated with the help of electric heaters, temperature sensors and control
systems based on microcontrollers. The methods for monitoring the physiological parameters of an
infant placed inside a neonatal incubator were reviewed. The advantages of non-contact monitoring
methods using video cameras and thermometry has been illustrated. Modern neonatal incubator control
systems were examined. The proportional integral derivative controllers are the basis of almost all
control algorithms in neonatal incubation systems. The studies on the application of fuzzy logic control
and various types of adaptive control in neonatal incubators were presented. It has been concluded that
the structural and functional diagram of a neonatal incubator needs to be improved with a view to
protecting from noise, electromagnetic radiation, infections, and harmful airborne contaminants.
Potential approaches to improving the efficiency of maintaining neonatal-appropriate environmental
conditions in neonatal incubators have been demonstrated.

Keywords: neonatal incubator, neonatal tissue-like phantom, numerical model, heat and mass transfer,
system for monitoring physiological parameters, microclimate control, environmental neonatology.
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Beenenne

Exeromqno mo ganueiM BcemmpHo# opranmsaiuu 3apaBooxpanenus (BO3) B mupe
poxaaercst okoio 30 MUJUIMOHOB HEJIOHOIIECHHBIX, MAJIOBECHBIX WM OONBHBIX neTeit [1].
HenoHomeHHOCTh PEACTABISIET CEPhEe3HYI0 MPOOJIEeMy IJIsI CUCTEMBI 31paBoOXpaHeHus [2].
ObGecrieuenne  mojAepx)aHus  KOMGOPTHOTO  MHKPOKJIMMara  (COOTBETCTBYIOIIEH
TEIUIO3AIUThl), YPOBHS  BJIAXXHOCTH, KOHUEHTPALlMW  KHUCIOpPOJa, OCBEIIEHHOCTH,
ITYMOH3OJIALNN U CTEPUIHHBIX YCIOBUH SIBISIOTCS KIIOYEBBIMU (PAKTOPaMU JIJISi BBKHBAHUS
HEJOHOIIEHHBIX JeTel. JlJIg MOBBINIEHUSI BBDKMBAEMOCTH, TEMIIA POCTA U YCTOMYMBOCTH K
3a00JIeBaHUSAM HEJOHOLICHHOTO peOeHKa MOMEIIAloT B HeoHaTajdbHbI uHKyOaTop (HWN),
KOTOPBIN YCTaHABIMBAIOT B OTACJICHUAX pEaHUMAIIM HOBOPOXKACHHBIX, [TajaTaX UHTEHCUBHOMN
Tepanuu, OTACICHUSIX MATOJOTUH HOBOPOXKICHHBIX, OTACICHUSIX HEOTIOKHOW W JeueOHOU
neauaTpun, poawiabHBIX ngomax [3]. OcHoBHoW (ynknumerr HU sBrnsercs mnommepskaHue
KOM(DOPTHBIX YCIOBHH M 33JIaHHOTO MHKPOKIMMAaTa BHYTPH Kamepbl. B Hacrosiiee Bpems
CYILIECTBYIOT 3aJ]aud [0 COBEPIICHCTBOBAHUIO MPOTPAMMHOI0 0OECTIeYeHUs] U KOHCTPYKUIUU
HU. JInst pemieHus 3TUX 3a/1a4 B IPEACTABICHHON paboTe MPOBOIUTCS aHAIU3 COBPEMEHHOTO
COCTOSIHHSI I TCH/ICHIIMI B 00J1aCTH MCClIeIoBaHU 1 pazpadoTtok HU.
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Kparkasi ucropusi nokoJieHid HEOHATAJILHBIX HHKY0ATOPOB

Emre B XIX Beke oA MOHUMAIH, YTO JIETSIM, POKICHHBIM paHbIIe CPOKa, TpeOyercs
00€ecIeunTh yCIIOBUS, TIOX0KHE Ha BHYTPUYTPOOHBIE, YTOOBI BELKUTE. B 1835 romy n3BecTHbIiI
pycckuii Bpau .®. Pronb npeanpuHsul MONBITKY YIY4YLIUTh TEIUIO3AINUTY HOBOPOXK/ICHHBIX,
pa3paboTaB METaUIMYECKYI0 BaHHY C JIBOMHBIMH CTCHKaMH, HAINlOJIHECHHYIO TETUIOH BOJOM.
BrnocnencrBun Bapuanuu koHcTpykuuu M.@. Pronst Opui mpeacrasieHsl o Beeit EBporie u
OBLTH aKTyasJabHBI 10 Havaja 80-X roI0B MO3ampoIuIoro crouetus [3].

@pannysckuid akymep C.O. TapHbe U1 BbIXa)KMBAHMSI HEJOHOIIEHHBIX MIIAJICHIIEB
IPEUIOKIIT OJIIEP>KUBATh OJJHOBPEMEHHO CTEPUIIBHYIO BIIAXKHYIO Cpejly, oOecrieunBasi B Hel
MOCTOSIHCTBO TeMnepaTypsl. st atoro on B 1881 roay ans poauiapHOrO JoMa pa3padboTal
MEAMIMHCKOE U3/IEINE B BUJIE JCPEBIHHOTIO SIIMKA CO CTCKISIHHBIMU KPBIIIKAMU U OTCEKOM C
nojorpeBacMoi Boxod. MuaneHen iexan B BepxHed kamepe. llomnepikanue 3amaHHOM
TeMIIepaTypbl Cpelbl BEpXHEH 4YacTH ObUIO JOCTUTHYTO 3a CYeT OOJIBLIOrO 3amaca BObI,
conepxaieiics B HikHe kamepe HU, koTopas HarpeBanace 3a npenenamu HU Onaronaps
IUPKYJISIIIUK MEKTy HarpeBarTesieM U pe3epByapoM [3].

B 1891 rony dpanmysckum Bpadyom A. JlaitioHOM OBUT CO3MaH TEPBBIA MPOTOTHUIL
coBpemenHoro HU, xoTopselii mpeactaBisia co0oil OOKC M3 CTEKIa, B KOTOPBIM HarHETAJICs
TETUIBIA YUCTHIM Bo3yX. B mepBoii monoBuHe XX Beka B koHcTpykuuio HU Obuta nob6aBnena
HOBas (QYHKIHA 10 MOAAa4Ye KMCIOPOa, a TAKXKE YCTAaHOBJICHO BIMSHUE CPebl C 000raIleHHON
BJIQ)KHOCTBIO Ha YJIYYIIEHNUE COCTOSIHUS HETOHOUIEHHBIX AeTei [3].

CoBmectHo ¢ neguatpoMm Y. Yammmom ¢upma Air Shields (CILIA) paspaborana u
BBIITYCTHIIA Ha pbIHOK B 1946 rony HU ¢ nogorpeBoM Bo3ayxa v peryiaupyemMoin TeMIiepaTrypon,
KOTOPBI BKJIIOYAT pabouyi0 KamMepy M3 aKpUJIOBOTO CTEKJA, OAKTEPHAIBHBIA (PUIBTP IS
MOCTYTAIOUIETO BO3/yXa, CUCTEMY LUPKYJSIUH U YBIAKHEHUS BO3/AyXa, a TaKKe (PYHKIHUIO
CUTHAJIM3allMU pH nieperpese. Meaummnckoe uznenue Isolette pupmer Air Shields mocmysxuino
Ha4yaJIOM JIMHEHKHU coBpeMeHHbIX HU.

Knaccupukauus HeOHATAJIbHBIX HHKY0OATOPOB M OCHOBHbIE MPOU3BOAUTEIN

B Hacrosiee Bpemsi MOJy4HJIA PaclpOCTpaHEHUE JBE KOHIIEMIUU YCTPOMCTB AJif
BBIXQ)KMBAHUsI HEJAOHOUIEHHBIX JeTel: KOHBEeKIMOHHbIe HM n OTKpBITBIE peaHMMalMOHHbBIE
CUCTEMBI C JTyYHCTBIM MOJOTPEBOM HIIH C 000TPEBAEMBIM MATPACOM.

Paccmorpum konBeknmonubiit HU (PucyHok 1), KOTOpBIH COCTOUT M3 KIIMMAaTHYECKOM
KaMepbl, BHYTPU KOTOPOH IUPKYIUPYET MOJOTPETHIA U YBIAXKHEHHBIN BO3/IyX 3a CUET PaOOThHI
BeHTWIATOpa. Ha cxematmdyeckom pucynke (Pucynok 1) mokasan oOOOIIEHHBINH BT
KoHBekIoHHOro HU. Bo3aymiHas cMech moctymaer uepe3 aHTHOAKTEpUaNbHbIM (QUIBTP B
HUW. 3anmannas TemmepaTypa BO3dyXa MOJJACPKUBACTCS JIEHCTBHEM HArpeBaTeIbHOTO
arieMeHTa. B yBnaxkHuUTENE 3a CUET APYroro HarpeBaTeIbHOTO AIEMEHTA TUCTUIIIMPOBAHHAS
BOJIa MHTEHCUBHO UCHAPSIETCA U YBIAXKHSIET UPKYJIUPYIOMKA BO3AyIHbIN noTok. HU nmeror
CUCTEMY [UIsl TOJJACp>KaHUsI BHYTPU OIPEACICHHOW KOHUEHTpAaIlMu KHUCJIOpOoJa, IMojaya
KoTtoporo m3 maructpamn B HU wm3mensercs paboroit simekTpoMarHUTHOrO KiamaHa. J[ms
yOpaBleHUsT TapaMeTpamu Mukpokiaumara B HUW ycranaBnuBaercss ONOK JAaTYMKOB ISt
WU3MEPEHMS TEMIEPATYPBI, BIAKHOCTH U KOHLIEHTPALUHA KHCIIOPOJa BHYTPEHHEN BO3AYIIHON
cpenbl. J[onoaHUTEIbHO MOTYT MOKIIIOYATHCS KOYKHBIE JATYUKHU 1JI1 U3MEPEHUSI TOBEPXHOCTH
Tena peOeHKa B pa3HbIX Toukax. [[s yxoma 3a peOeHKOM MpeayCcMOTpPEHbl MOPTHI AOCTYIA B
BUJIE 3aKPBIBAIOIIMXCS JBEPOK WM AJIACTUYHBIX PYKaBOB (MaHXKET), UPHCOBBIX auadparm.
CoBpemennble HW koMIUIEKTyrOTCS BecamMu IS B3BEIIMBaHUS pPEOCHKA, KOTOPHIE
pa3MelIaloTcss Ha CHEHUaIbHOM MaTpaile, HW3TOTOBJICHHOM W3 MaTepUalioB C HHU3KOU
TEIJIONPOBOJHOCTBIO.
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Pucynok 1 — O606mennsiit Bua kouBekorroro HU mjist HoBOposkIeHHBIX
Figure 1 — Generalized design of neonatal incubator of convection type

Jlis HOpMaJIbHOM JKU3HEAESTENbHOCTH TemIepaTypa Tena pedeHKa 0JKHA ObITh
OTHOCHUTENIbHO  cTabuiabHOH. B pe3ynbrate OMOXMMHUYECKHMX  IPOIECCOB  PEeOCHOK
BbIpabaTbiBaeT MeTaboanueckoe Terio. [loTepu Temsa mpoucxoasT B pe3ysbTare Jy4yUcToro,
KOHBEKTHBHOI'O U KOHIYKTHBHOTO TEIJIOOOMEHA, a TaK)Ke MCIApeHHsI BJard ¢ Teja peOeHka.
OcHoBHOM 3amaueir HU sBisieTcs MakCHUMalbHO YMEHBIIUTH 3TH TEIUIONOTEPH 3a CYET
CO3JaHMSI COOTBETCTBYIOIIETO MHUKPOKIMMAaTra MW OpraHu3allMd CUCTEMBI LUPKYJISALUU
BO3JIYIIHBIX MOTOKOB. I{upkymsiius Bo3aymHoro noroka B HM MoxkeT ocylecTBiasTbCsS Kak
noka3aHo Ha Pucynke 1. 3necy HarpeTslii ¥ yBIa)KHEHHbBIN BO3AYX TOAHUMAETCS OT TOPLIEBOI
OOKOBOW CTEHKH M IUPKYJIHPYET BIIOJIb BepXHEH moBepxHocTH (kymosna) HM ot HOr k Tos0BE
pebeHka W Janee OIMyCKaeTcs BIOJb MPOTHUBONOJIOXHOM TOpPLEBO OOKOBOM CTEHKH K
BBITSDKHOMY OTBepCcTHIO. CepBOKOHTPOJIb TEMIIEPATYPhI IIO3BOJISIET OTCIIEKUBATH TEMIIOO0OMEH
MEXIy TenoMm peOeHka M Bo3nyxoM BHYyTpH HU u obecreunBath 3aaHHYIO TEMIIEpaTypy
cpenpl BHyTpu HUW wmnm Ha moBepxHocTu Tena pebeHka. CEpBOKOHTPOIb BIAKHOCTH M
KOHLEHTPAllUU KHCIIOpOJa MO3BOJISIET MOJAEPKUBATh ONTUMANIbHBIA YpOBEHb YBIIAXKHEHUS
BHyTpu HMW, a Takxke OTCleXMBaTh HACBIIICHUE KHUCIOPOJAa M PEryJIHpPOBaTh €ro IpH
MOJIKJIFOUEHUH aMIapara K KUCIOPOAHON MarucTpay.

B coBpemennbix HU nns moBbimenus 3(h@QeKTUBHOCTH Tpoliecca MUPKYJISIAHA
BO3AYIIHOM cpenbl MPUMEHSIOTCS OOKOBBIE IBOWHBIE CTEHKH. OOBIYHO OOKOBBIE IBOWHBIC
CTEHKHM YyCTaHaBIMBAKOTCS crepean W c3aau HUW, u OHM ABIAIOTCA NPOAOJIBHBIMHU.
Hcnonp30BaHne JBOMHBIX CTEHOK UMEET Psifi IPEUMYLIECTB. B nepByto ouepep, 10CTUTraeTcs
Oosiee OBICTPBI TpOrpeB cTeHOK Kymosa HU, 4To mo3BoNiIe€T CHU3HTH MOTEPH JTYUHUCTOMN
SHEPTuu OoT peOeHKa U, TAKUM 00pa3oM, CIIOCOOCTBYET YMEHBIIEHUIO OTeph Teruia. [lomumo
3TOT0, JBOWHBIE CTEHKM HAINPABIAIOT IOTOK pa3orpeToro M YBIAXHEHHOTO BO3/yXa,
MOCTYTAIOUIETO HEMOCPEJCTBEHHO B KaMmepy, Baoib creHok HU, uyro cmocobcTByer
OnaronpusaTHOW JUIsi pebeHKa IUPKYJIALUU BO3AyXa W PE3KO CHUXKAET BEPOSITHOCTh
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BO3HUKHOBEHHUS TEPMUUECKHUX 0’KOTOB MPU HEUCIIPABHOCTU 000PYAOBAHUS WIIM HEKOPPEKTHO
BBCJICHHBIX YIPaBIIOIIKMX napamerpax. I[IpuMeHeHue NIBOWHBIX CTEHOK COBMECTHO C
MPOLIECCOM LUPKYJIALNUN BO3yXa CO3/1a€T TEIUIOBYIO 3aBECY, PEATU3YIOUIYI0 MUHUMU3ALINIO
TCIJIOBBIX TOTCPL MPHU NPOBCACHUU MCIUIHUHCKUX MaHI/IHy.]'IHI_[I/II\/'I C OOCTYIIOM K MIJIaJICHILY
yepes MOPThI WU MIPU OTKPBITOM MEepEeHEN CTEHKE.

HI/IpKy.H}II_II/IH BO3YIIHLIX IMOTOKOB C HCIIOJIB30BAHUC MNPOJOJIBHBIX I[BOP'IHBIX CTCHOK
opraHusyercs 1o cienyomuM cxemaM (Pucynok 2, Pucynok 3). Ha Pucynke 2 Harpetsiii u
YBHa)KHeHHBIﬁ BOSHYMHBIﬁ IIOTOK ITOAHUMACTCA BIOJb 60KOBBIX MMPpOAOJBbHBIX CTCHOK,
JIBUKETCSI TOPU30HTANBHO BIOJb BHYTPEHHEH MOBEPXHOCTH KyMoJja M 3aTeM OITyCKaeTcsl Mo
TOPLCBBIM CTCHKAM K BBITSKHBIM OTBCPCTUSAM.
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Pucynok 2 — [{upkymnsnuuns BO3TyIIHBIX TOTOKOB BJJOJIb OOKOBBIX IPOJOJIBHBIX CTCHOK
(a — Bum cnepenu; 6 — BUI COOKY)
Figure 2 — Air circulation along the side longitudinal walls
(a— front view; b — side view)

Ha Pucynke 3 BO3IylIHBIN MOTOK MOJHMMAETCA MO BHYTPEHHEH CTOpPOHE MEepeaHeHn
OOKOBOH CTEHKHU KYIIOJa, MIEPEMEIIACTCs BIOJIb BEPXHEH CTEHKU K 3a/IHel OOKOBOW CTEHKE U
Jlajiee OIyCKAeTCs MO 3aIHEN CTEHKE K BBITSKHBIM OTBEPCTHSIM.
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Pucynok 3 — L{upkymsinns BO3TyIIHBIX TOTOKOB: MEPEIHSA CTEHKA — KYTIOJ —3aIHss1 CTeHKa
(a — Bux cnepean; 6 — Bu cOOKY)
Figure 3 — Air flow circulation in the direction: front wall — dome — rear wall
(a— front view; b — side view)
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[Ipu Takoil opraHuzanuu BO3AYIMIHBIX TMOTOKOB (Pucynox 2, Pucynox 3) ¢
IPOJIOJIbHBIMU JIBOMHBIMH CTEHKaMH PEOCHOK HAXOAUTCS B 30HE C HHU3KOM CKOPOCTBHIO
LUPKYJISALINU, 1 KOHBEKTHUBHAS COCTABIISIIOIIAS TOTEPh TEIIa MUHUMAJbHA.

Paccmotpum coBpeMeHHy0 Kinaccudukarmio u mogenu HU.

B 3aBucumoctu ot xoHcTpykiumun HU moxuo pasgenuts Ha: 1) HU 3akpeiToro tuma
(KOHBEKIIMOHHBIE), OOecreynBaroIme HEOOXOAUMBIE JUIS Ppa3BUTUS pEOCHKA YCIOBHUS
OKpYXarome cpefpl; 2) OTKPBIThIE peaHUMAI[MOHHBIE CHUCTEMbl B OCHOBHOM C HaJIHYHEM
JTy4yrcToro oborpeBarelns, KOTOpble, B OTJIIMYHE OT 3aKPBITBIX CHUCTEM, HE MpPEanojararoT
CTPOTOro KOHTPOJIS BIAKHOCTHU U MTPeIHa3HAYEHBI, B IEPBYIO OUepeib, 115 000rpeBa pedeHKa.

[To npununy mobunsHoctT HU mozpasaenstoT Ha cTalliOHapHBIE U TPAHCIIOPTHEIE,
MPEACTABISIIONINE CO00M MOOWIIBHYIO KOHCTPYKIIMIO MW pa3paOOTaHHBIE CHCIUATBHO IS
0e301acHOI TPaHCTIOPTUPOBKU HOBOPOKACHHBIX. OHU CHA0KEHBI HE3aBUCUMBIM HCTOUHUKOM
SHEPTHH U padOTAIOT aBTOHOMHO.

ITo ¢pyuknmonansHoMy npusHaky HU pa3nensior Ha KaTeropuu:

1) craHmapTHBIC WU KJIACCUYECKUE, OTIIMYAIOIINecs 0a30BbIM HA00pOM (hYyHKITHI;

2) TpaHcdopMepsl, MpeoOdpazoBbIBAEMbIE B PEAHMMALMOHHYIO CHCTEMY OTKPBITOTO
TUIIA;

3) MHOTO(YHKITOHATHHBIE.

N3BectHbie MupoBsie pousBoauTenn HU npencrasnens B Tabmuie 1.

Tabnuna 1 — [IpousBoauTenu HeonaTambubix HA
Table 1 — Manufacturers of neonatal incubators

Crpana [TponsBomuTeIH Caiit
AO «IIpousBoacTBeHHOE
obremuneHnHe «Ypanbcrcvu 1 https://yom3.pd/production/medicina/neonatalnay
ONTUKO-MEXaHUIEeCKUN
3aBoa» umenn J.C. a
Poccus SAnamosay (YOM3)
OI'VII «HIIL ABTOMaTUKU
1 IPUOOPOCTPOCHUS HM.
akan. H. A .ITvaroruHa»

https://www.npcap.ru/produktsiya/meditsinskaya-
tekhnika/inkubator-transportnyy-int-1/

000 «Dixion» https://dixion.ru/subcategory/inkubatori.html
Advanced Instrumentations https://advanced-inst.com/neonatology/
Avante Medical https://avantehs.com/mdex.php/c/mfant-
incubators/72
CIIA International Biomedical https://1nt—b10.c0m./Heonatal—transport/transport—
incubators/
General Electric Company https://www.gehealthcare.com/products/maternal-
(GE Healthcare) infant-care
Arroba Ingenieria https://www.arrobaing.com/ingles
Mekcuka . http://bhelius.com/uploads/3/4/9/6/34966791/hoja
Bhelius . - ;
especificaciones eritrea v01.pdf
Snonns Atom Medical Corporation https://atomed-global.com/product/
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https://%D1%83%D0%BE%D0%BC%D0%B7.%D1%80%D1%84/production/medicina/neonatalnaya
https://%D1%83%D0%BE%D0%BC%D0%B7.%D1%80%D1%84/production/medicina/neonatalnaya
https://www.npcap.ru/produktsiya/meditsinskaya-tekhnika/inkubator-transportnyy-int-1/
https://www.npcap.ru/produktsiya/meditsinskaya-tekhnika/inkubator-transportnyy-int-1/
https://dixion.ru/subcategory/inkubatori.html
https://advanced-inst.com/neonatology/
https://avantehs.com/index.php/c/infant-incubators/72
https://avantehs.com/index.php/c/infant-incubators/72
https://int-bio.com/neonatal-transport/transport-incubators/
https://int-bio.com/neonatal-transport/transport-incubators/
https://www.gehealthcare.com/products/maternal-infant-care
https://www.gehealthcare.com/products/maternal-infant-care
https://www.arrobaing.com/ingles
http://bhelius.com/uploads/3/4/9/6/34966791/hoja_especificaciones_eritrea_v01.pdf
http://bhelius.com/uploads/3/4/9/6/34966791/hoja_especificaciones_eritrea_v01.pdf
https://atomed-global.com/product/
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Tabmmma 1(mpoaomkenHme)

Table 1 (extended)

Crpana [IpousBoauTens Caitr
Beijing Julongsanyou e o
Technology http://bjjlsy2015.com/pr.jsp? pp=0 314 7 -1
BNG Medical . .
. ‘7 —
Instruments Co., Ltd. http://www.bngmed.com/plus/list.php?tid=5
Comen https://en.comen.com/pa,qes/categorv/BaoYuSheB
ei.html
Foshan Medco Medical http://gdmedco.com/productshow.asp?ID=312&S
Equipment Co., Ltd. ortID=62&SortPath=0,54.62,
Jiangsu Aegean https://www.aegeanchina.com/home/product/detai
Technology 1/cateld/55.html
Heal For http://www.healforce.com/en/wap/index.php?ac=
cal roree article&at=list&tid=87
Kurait Ningbo David Medical https://www.nbdavid.com/En/product d1/id/93/pi
Device d/187.html

Seeuco Electronics
Technology Co., Ltd.

http://www.medincn.com/company leads.php?pr
od=product&group 1d=8323&uid=perlong

Shanghai Huifeng https://www.sh-
Medical Instrument Co., huifeng.com/product/category/nursing-constant-
Ltd. temperature-bed
https://www.longermaymed.com/product-
Longermay category/baby-care/
Xindray Medical https://Www:xindrav-medical.com/Hospital-
Equipment-pl3721252.html
Zhengzhou Dison https://www.disonmed.com/
Instrument
HOsxnas Kopes Bistos https://www.bistos.co.kr/infant-incubator/
.. https://brauninternational.com/product-
BenukoOpuranus Braun & Co. Limited category/medical/neonatal-infant-care-incubators/
Paraid Medical https://paraid.com/products/
LMT Medical Systems https://www.lmt-medicalsystems.com/en/
Driigerwerk AG https://www.draeger.com/de : de/Hospital/Neonata
I-Care/Thermoregulation-Incubators
I'epmanus MedCare Visions GmbH https://www.mcv—group.de/produkte—
kategorie/inkubatorensysteme/
https://www.weyermed.com/en/products/product-
Weyer GmbH

overview/thermocare-vita

Ertung Ozcan

https://ertuncozcan.com/en/yenidogan-yogun-
bakim-urunleri/?count=36

Novos Medical Systems

https://www.novos.com.tr/

Typuus

Okuman Medikal https://www.okuman.com.tr/tr/product/yenidogan
Sistemler LTD -bebek-kuvozleri/5
Tali Medical https://www.talimedical.com/our-products
Tende Elektronik https://tende.com.tr/en/home/

Trimpeks Healthcare

http://www.promedic-health.com/en/firstmed-
equipment/category/incubators.html
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http://bjjlsy2015.com/pr.jsp?_pp=0_314_7_-1
http://www.bngmed.com/plus/list.php?tid=5
https://en.comen.com/pages/category/BaoYuSheBei.html
https://en.comen.com/pages/category/BaoYuSheBei.html
http://gdmedco.com/productshow.asp?ID=312&SortID=62&SortPath=0,54,62
http://gdmedco.com/productshow.asp?ID=312&SortID=62&SortPath=0,54,62
https://www.aegeanchina.com/home/product/detail/cateId/55.html
https://www.aegeanchina.com/home/product/detail/cateId/55.html
http://www.healforce.com/en/wap/index.php?ac=article&at=list&tid=87
http://www.healforce.com/en/wap/index.php?ac=article&at=list&tid=87
https://www.nbdavid.com/En/product_d1/id/93/pid/187.html
https://www.nbdavid.com/En/product_d1/id/93/pid/187.html
http://www.medincn.com/company_leads.php?prod=product&group_id=8323&uid=perlong
http://www.medincn.com/company_leads.php?prod=product&group_id=8323&uid=perlong
https://www.sh-huifeng.com/product/category/nursing-constant-temperature-bed
https://www.sh-huifeng.com/product/category/nursing-constant-temperature-bed
https://www.sh-huifeng.com/product/category/nursing-constant-temperature-bed
https://www.longermaymed.com/product-category/baby-care/
https://www.longermaymed.com/product-category/baby-care/
https://www.xindray-medical.com/Hospital-Equipment-pl3721252.html
https://www.xindray-medical.com/Hospital-Equipment-pl3721252.html
https://www.disonmed.com/
https://www.bistos.co.kr/infant-incubator/
https://brauninternational.com/product-category/medical/neonatal-infant-care-incubators/
https://brauninternational.com/product-category/medical/neonatal-infant-care-incubators/
https://paraid.com/products/
https://www.lmt-medicalsystems.com/en/
https://www.draeger.com/de_de/Hospital/Neonatal-Care/Thermoregulation-Incubators
https://www.draeger.com/de_de/Hospital/Neonatal-Care/Thermoregulation-Incubators
https://www.mcv-group.de/produkte-kategorie/inkubatorensysteme/
https://www.mcv-group.de/produkte-kategorie/inkubatorensysteme/
https://www.weyermed.com/en/products/product-overview/thermocare-vita
https://www.weyermed.com/en/products/product-overview/thermocare-vita
https://ertuncozcan.com/en/yenidogan-yogun-bakim-urunleri/?count=36
https://ertuncozcan.com/en/yenidogan-yogun-bakim-urunleri/?count=36
https://www.novos.com.tr/
https://www.okuman.com.tr/tr/product/yenidogan-bebek-kuvozleri/5
https://www.okuman.com.tr/tr/product/yenidogan-bebek-kuvozleri/5
https://www.talimedical.com/our-products
https://tende.com.tr/en/home/
http://www.promedic-health.com/en/firstmed-equipment/category/incubators.html
http://www.promedic-health.com/en/firstmed-equipment/category/incubators.html
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Tabmmma 1(mpoaomkenHme)
Table 1 (extended)

Crpana [IpousBonuTens Caitr
Fanem Ltda https://fanem.corp.br/en/product—
categories/incubators/
Bpazumust Gigante Recém Nascido https://www.gigante.com.br/index.php/produtos/li
nha-neonatal
Olidef https://www.olidef.com.br/en/products-line/
GINEVRI SRL https://www.ginevri.com/baby-shuttle-eng/
Cobams SRL http://www.cobams.com/neonatal-incubator.html
Uranus - - -
. https://www.progettimedical.com/en/portfolio-
Progetti SRL >
item/pg-nest/
Medi Waves Inc. https://www.me§1—waves.com/mfant—care/mfant—
incubator-p-002/
Neotech Med1ga1.Systems https://www.niceneotech.com/neonatal-care/
Private Limited
- Phoenix Medical Systems https://www.phoenixmedicalsystems.com/all-
products
VNG Medical Innovation https://vngmedical.com/incubator-baby/
System
SS Technomed https://WWW.sstechnomed.com/product—
category/baby-incubator/
7 (— PT Fyrom International https://fvrom-{nt.com/prgduc‘F-categorv/mfant-
incubator-infinity/
Yexusa TSE Medical https://www.tse-medical.cz/incubators/
Benrpus Medicor Elektronika Zrt. https://www.medicor.hu/en/termekek
https://medix.com.ar/productos/cuidados-
ApreHtuHa Medix I.C.S.A. intensivos/neonatologia/incubadoras-y-
servocunas/30
https://www.ewellix.com/en/industries/medical/in
IBerus Ewellix fant-care-equipment/infant-incubator-and-radiant-
warmer

CornacHO MapKETHHTOBBIM HcciegoBanusM [4], Ha peiHkax Epomnbl, CIIA wu
A3uaTcko-TUXOOKEaHCKOTO pEeruoHa Ha JAHHBIA MOMEHT JIOMUHHUPYIOIIYIO TO3HIIHIO
3aHUMAIOT CTaHAApTHBIE KyBe3bl. [logo0Has TeHaeHUus OyIeT cOXpaHSAThCS B Onmkaiiiiee
JACCATHUIICTUC.

HUccaenoBanue MmpoueccoB TEIIO- H MaCCOIlEpeHoca

BaxnelmM HanpaBieHHeM HcciaeoBaHui npu pazpaborke HU sBnsercs usyuyenue
MIPOLIECCOB TEIMJIOMACCONEPEHOCa HA OCHOBE (PU3NYECKUX U MATEMATHUECKUX MOJIENEH.

B pabore [5] paspaborana komIuiekcHas MatemaTiuaeckas moaens HU s MnaneHiies
Ha OCHOBE HCIOJIb30BAaHUSI MOJYJBHOM CHUCTEMBI TEPMOIJIEKTPHUUECKOTO TEIJIOBOIO Hacoca.
OmnpeneneHsl U CMOJENMPOBAHbI MPOLECCH TEMJIO- U MAacCONEPEHOCAa TEPMOIIEKTPUUECKON
cucrembl HU.

B pabore [6] mpencraBiieHa nmpocras MareMaTrudeckas Mojens Teriooomena B HU Ha
OCHOBE ypaBHEHHUH TEIUIOBOro OajaHca M CHCTeMa yMpaBieHHs MapaMeTpaMu BHYTpEHHeEH
cpeasl Ha ocHoBe I[IM/l-perynsitopa ¢ anmapaTHOM peanu3auueid B BHUAE MOIYJIbHOM
CTPYKTYPBI.

B pabore [7] wuccaenyroTcs HCMONB30BaHHE pa3pabOTaHHOTO IMPOrPAMMHOIO
obecrieuenuss B cpene MATLAB, metonsl waeHTHQUKANIMM M TOCTPOCHHUE MOJEIEH
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https://fanem.com.br/en/product-categories/incubators/
https://fanem.com.br/en/product-categories/incubators/
https://www.gigante.com.br/index.php/produtos/linha-neonatal
https://www.gigante.com.br/index.php/produtos/linha-neonatal
https://www.olidef.com.br/en/products-line/
https://www.ginevri.com/baby-shuttle-eng/
http://www.cobams.com/neonatal-incubator.html
https://www.progettimedical.com/en/portfolio-item/pg-nest/
https://www.progettimedical.com/en/portfolio-item/pg-nest/
https://www.medi-waves.com/infant-care/infant-incubator-p-002/
https://www.medi-waves.com/infant-care/infant-incubator-p-002/
https://www.niceneotech.com/neonatal-care/
https://www.phoenixmedicalsystems.com/all-products
https://www.phoenixmedicalsystems.com/all-products
https://vngmedical.com/incubator-baby/
https://www.sstechnomed.com/product-category/baby-incubator/
https://www.sstechnomed.com/product-category/baby-incubator/
https://fyrom-int.com/product-category/infant-incubator-infinity/
https://fyrom-int.com/product-category/infant-incubator-infinity/
https://www.tse-medical.cz/incubators/
https://www.medicor.hu/en/termekek
https://medix.com.ar/productos/cuidados-intensivos/neonatologia/incubadoras-y-servocunas/30
https://medix.com.ar/productos/cuidados-intensivos/neonatologia/incubadoras-y-servocunas/30
https://medix.com.ar/productos/cuidados-intensivos/neonatologia/incubadoras-y-servocunas/30
https://www.ewellix.com/en/industries/medical/infant-care-equipment/infant-incubator-and-radiant-warmer
https://www.ewellix.com/en/industries/medical/infant-care-equipment/infant-incubator-and-radiant-warmer
https://www.ewellix.com/en/industries/medical/infant-care-equipment/infant-incubator-and-radiant-warmer
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aJJalITUBHOT'O aBTOPETPECCUOHHOTO aJITOPUTMA, CKOJIB3SIIET0 CPEJHETO C SK30T€HHBIM BXOJIOM
(ARMAX), koTOpbI€ ONMUCHIBAIOT JUHAMUKY M3MEHEHHsI BIKHOCTH U Temneparypsl B HU B
3aBUCHUMOCTH OT YHPABJISIOMINX BO3ICUCTBUM.

B paborte [8] npencraBiena MmareMaTHUECKasi MOJEIb, KOTOPast YYUTHIBAET TEMNIOOOMEH
Mexay oanemeHtamu HU, okpyxaromieil cpeabl W BapHaHThl TEIMJIOBOTO IMOBEICHUS
HEJOHOIIEeHHOTO pebenka. OHa BKIIOYAaeT B ceOS MOJYNTU OIICHKH TEIUIOBOTO OOMeHa
minanenna, HU u okpysxaromieit cpeabl. Mojiesb UCIOIB3YETCS ISl UCCIIEIOBAHUS CUCTEMBI
YIIPaBJICHUS TEMIIEPATYpOM BO3yXa U BIaXXHOCTbIO BHyTpU HU.

B  pabGore [9] nmpemnoxkeHa ~ MHOroy3joBas — MaTeMaTH4ecKas  MOJCIb
TEPMOPETYJIATOPHON CUCTEMBI HOBOPOKJIEHHBIX JeTel, OMUCHIBAIOLIAS
WHJUBHIyQIM3UPOBAHHBIE XAPAKTEPUCTUKM HOBOPOKIECHHOTO M MPEACTABISIONIAS TEJO
peOeHka B BHJIE CEMH OTACIbHBIX CETMEHTOB. Mo/eIh TOYHO MPEJCKA3bIBAET TEMIIEPATypy
KOXH peOeHKa U MOJENIUPYET TEPMOPETYIATOPHYIO TUHAMUKY C HU3KUM 3HaYCHHEM OLIUOKU
OmpeiesIeHUs TeMIepaTypbl KOxku. Mojelb MO3BOJSET MUHAUBUAYATU3UPOBATH MapaMeTphbl
pebeHka — Bec, poCT, BO3pacT Ui yTOYHEHHs] pabOThl MEXaHM3MOB TEIUIONEpPEeaayu U
npeAHa3HayeHa JUIsl TOJIyYEHHUsl JIeTaJbHOTO IMPEACTABJICHHUS O TEIUIOBBIX IMpoIeccax |
B3aMMOJICCTBUM OpraHu3Ma C OKpYXKAOWEW Cpeaoll Mg peajbHbIX KIMHHUYECKUX
npuMeHeHui. MaremaTideckast MoJIeJIb CIIOCOOHA MpeicKa3aTh TEMIIEPATYpPy «siapay (OpraHbl
TPYIHON KJIETKM U OpIONIHOMW TIOJOCTH) W TIOBEPXHOCTH Teina pebeHKa B Cilydyae
HECTallMOHAPHBIX TEIJIOBBIX YCIOBUH.

AnanTvuBHAs CUCTEMHas uaeHTU(HUKanus Ha ocHOBe anroputMoB ARMAX mporeccoB
teruioodmena B HU B pexxuMe peanbHOro BpeMeHU omnucana B padbote [10] ¢ yaerom neiicTBus
BO3MYIIAIOMIUX (PAKTOPOB, CBI3aHHBIX C OTKpbITHEM Bepok HU st moctyma k peOeHKy.

ABTOpHI cTathi [11] IpOBOAST MOIETBHBIE UCCIIEOBAHUS TEIJIOBBIX TOTOKOB BO3/1yXa
BHyTpH Kamepbl HUM Ha OCHOBE BBIYMCIWUTENBHONW THAPOAMHAMHUKH (YYUTHIBAIOIICH
AHATOMUYECKYIO MOJENIb HOBOPOXACHHOI0) U HATYPHBIX SKCIEPUMEHTOB C UCIIOJIb30BaHUEM
BUJICOKaMephl, (GUKCHUPYIOIIEH BU)KEHUE BO3IYIIHBIX MOTOKOB. IlomyueHHBIE pe3yibTaThl
npejcTaBieHbl B BUae Habopa BeBOAOB [11] o mpaBunbHON reomerpun HU s Gonee
3¢ pexTUBHOrO CO3qaHMs U MOAJIEPKaHUS 3aJaHHBIX TApaMETPOB MUKPOKIINMATA.

B craree [12] nmpeacraBieHo texHuueckoe pemeHue mig HUW ¢ ncnonb3oBaHueM
TEPMOAJIEKTPUYECKOTO 3JIeMeHTa Ha ocHoBe 3¢dekta [lenbThe AN MOBBILICHUS TOYHOCTU
MOJJICPXKAHUST TEIUIOBBIX PEXUMOB. Pa3paboraHa MaremaTHYeckas MOJENh Ha OCHOBE
MPUHIMNA JJIEKTPUUYECKUX aHAJIIOTUHW B BHUJIE CHCTEMBI CONPOTUBICHHM, €MKOCTEH U
MHAYKTUBHOCTEHN, KOTOpblE UMUTHPYIOT TEIUIOBOE MOBeAEHME 31eMeHToB HU.

B pabore [13] wmoxmemupyercss mporecc TEIIoOOMEHa Yy  HEJOHOIIECHHBIX
HOBOPOXCHHBIX B IIEPBBIC 4achl )KU3HU B yCinoBUsX 3akpbiroro HU. Ilpennoxena u pemiena
3aJaya  YOpaBJIEHHWS C LENbl0 MOJJEPKaHUA TEPMOCTAOMIBHOCTH  HEJIOHOIIEHHBIX
HOBOPOXJCHHBIX /I YBEJIMYEHUS HUX BBDKMBAEMOCTH W MAacChl Tela C TOMOIIBIO
MPEAIOKEHHOT0 HEMPEPHIBHOTO KOHTPOJIS TeMiiepaTypbl BHyTpu HU.

B pabote [14] MeTOIOM 4YHCIEHHOTO MOJCIUPOBAHUS MPOBEICHBI HCCIECIOBAHUS
duznueckux mpoueccos, mpoucxonsmux BHyTpu HU ¢ ucnonb3oBaHueM IBOIHBIX CTEHOK.
bl poBeieH pacyeT Mosie TeMIepaTypsl U CKOPOCTH BO3AYIIHOTO 0ToKa BHYTpyu HU no u
Mocjie YCTAaHOBKM JBOWHBIX CTEHOK. Bce uMcieHHble pacyeTbl ObUIM BBIIOJHEHBI C
UCIIOJIb30BaHUEM IAaKeTa JUIsl BBIYMCIUTEIBHOM THAPO-, a3po- U TepmoanHaMuku ANSYS
Fluent.

B pabGore [15] mpoBeneHbl pe3ynbTaThl YUCIEHHBIX HCCIEIOBAHUN IMPOIECCOB
termoooOMeHa BHyTpu HU, B wacTHOCTH, OCOOCHHOCTH paJHAIlMOHHOW M KOHBEKITMOHHOW
TEIUIONepelaun Uil 5 CerMEeHTOB Tena pebeHka. Pazpaborana MoJenb TEpPMOPETYISIUHN C
Y4ETOM IOTEPh TEIIa U MACChl 33 CYET UCHIAPEHUS C MOBEPXHOCTH KOXKH M JIbIXaHus. Monens
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UCIIONIb3YEeTCSl Il KOJIMYECTBEHHOM OILIGHKH TEeIUIOBOro ©OajaHca y HEIOHOLIEHHBIX
HOBOPOXJICHHBIX.

B pabote [16] mpoBeaeHBI KCIIEPUMEHTATBHBIC MUCCIEIOBAHUS O BIMSHUU JTBOMHBIX
cteHok B HU Ha mporieccsl TermnoooMena. beiio moka3aHo, 4To JIy9HCThIE TEIUIONOTEPH Tela
HOBOpOXkAeHHOro B HY ¢ 1BOMHBIMY CTEHKAMH YMEHBIIAIOTCS, @ KOHBEKTUBHBIE TEIJIONIOTEPH
YBEJIMYUBAIOTCS, ¥ B LIEJIOM MOTEPH TEIJIa Y HOBOPOKIEHHOI'O HE3HAUUTEIBHO U3MEHSIOTCS B
3aBUCHUMOCTH OT HAJIMYMS ABOMHBIX CTEHOK. Y CTAHOBKA JIONOJHUTEIBHOW JTBOMHON BEpXHEH
naHenu HU He naeT HUKaKuX MpeuMyIecTB AJIs CHIKEHUS OOIINX TETJIONOTePh Tela peOeHKa.

B pabore [17] mpoBomsTCs MOMAEIbHBIE WCCIEIOBAHUS TMpOIEcca MUPKYJISIHHA
BO3AYIIHBIX 1MOTOKOB B HU. Jlns Bepudukanmm moneneid ObLT NMPOBEIECH SKCIEPHUMEHT C
WCIIOJIb30BAHUEM HCIIBITATENIbHOW Kamepbl. /[ BU3yanu3anuu MOTOKAa NPUMEHSJICS JIbIM.
[MapannenbHO I OLIEHKH IIPOIECCOB KOHBEKTUBHOTO TEIIIO0OMEHA MPOBOIUINCH YHCIICHHBIC
HCCIIEIOBAHMS B CPEJIE ISl BBIYUCIUTEIBHOM THAPO-, a3p0- U TepmoanHaMuku Star CCM+ st
9TOM KaMmephl U CpPaBHEHHUE C JAaHHBIMH JKCrepuMeHTa. Jlanee ObLT BBHITIOTHEH AETaTbHBIN
YUCJICHHBIM SKCIIEPUMEHT ¢ ucrnonb3oBanueMm Star CCM+ mns momenu HU ¢ peGenkom, u
IPOBEJICH MOIPOOHBII aHaIN3 MPOIIECCOB TEMIOOOMEHA Ha PA3JIMYHbIX YU4acTKaxX Teja peOeHKa
Y Pa3HbIX TOYKAX MPOCTPAHCTBA.

B pa6ore [18] mpencraBieHbl KOHEYHO-3JEMEHTHAsE MOJIENb TEPMOPETYISIUH IS
W3Y4YEHUs TUIIOTEPMHUM HOBOPOXKJICHHBIX U PE3YJIbTATHl YUCICHHBIX UCCIEA0BAHUI HA OCHOBE
nakKeTa JJisl BEIUMCIUTEILHON THAPO-, a3po- U TepMoanHaMuku Fluent.

B pabote [19] paccmarpuBaeTcsi pojb MaTeMaTHUECKUX MOJIEICH JJIS MCCIICIOBAHUS
MPOIIECCOB TEIJIOOOMEHA Telna HOBOPOXKIEHHBIX, HAIIEAIIUX TMPUMEHEHHE B pEaTbHON
KIIMHUYECKOU MPAKTHUKE.

B pabGorax [20, 21] perasbHO paccCMOTPEHO MaTEMAaTUYECKOE OINUCAHHE U
WCITOJIb30BAaHNs NAKETOB JJIsl BBIUMCIUTENBHOU THIIPO-, a3pO- U TEPMOJMHAMUKHU B 3a/adax
MozerpoBaHus nporeccos B HU.

B pabote [22] ¢ ucnonszoBanuem nporpammuoro makera ANSYS Fluent Ha ocHoBe
METOJ]la KOHEYHBIX OO0BEMOB IS TUCKpeTH3anuu ypaBHeHuii HaBbe-CTOkca MpOBOISTCS
YHCIIEHHBIE HCCIIEOBAaHUS KOHBEKIIMOHHOTO M paaualnudoHHoro TteruiooomMena B HU ¢
a"Tpornomopduoit 3D-monenbio pedeHka.

B pabote [23] paccMaTpuBaeTcst HCMOIB30BaHUS MaTepraia ¢ (ha30BbIM IEPEXOIOM —
napauHa B KauecTBE aJIbTepHATUBHOTO UCTOUYHHUKA Teruta Juist H. MatemaTtndeckue pacueTsl
JUIsL aHaiu3a MPOIIECCOB TEIIOOOMEHa MPOBOWINCH C HCIOIb30BAaHHUEM MPOrPAMMHOTO
obecnieuenns COMSOL Multiphysicals.

B pabote [24] moapoOGHO paccMOTpEeHBI TEPMODU3UOIOTHICCKUE MOJCIIH, KOTOPBIC
MMUTHUPYIOT BHYTPEHHUI U BHEITHUH TEIUIO- M MAacCOINEPEHOC B TEJI€ YEIOBEKa.

[Toaxonpl, mpeacTaBieHHbIE B [24], MOXKHO UCIOIB30BATh JJI UCCIIEIOBAHUS TEIIO- U
Maccornepenoca B HU.

Pa3paboTka HeoHATAJIBLHBIX (PAHTOMOB

B OuomenuuuHCKOW HMH)XXEHEpUU TpU pa3paboTke HOBBIX Monened HU, a takxke B
HEOHATOJIOTHH JIJIsi OOYYEHUsI Bpadyeil M CPEeIHEro MepcoHaia aKTyaIbHOU 3aJaded SBIISICTCS
pa3paboTka aHATOMHYECKU-KOPPEKTHBIX (PAHTOMOB TeJIa HOBOPOKIEHHOTO.

Heonaranbubie paHTOMBI HEOOXOIMMBI 711 UCCIIEIOBAHUS TEIIJIO- U MAcCOIepeHoca B
HU. /Insa stux neneit B padote [25] npeacrasieH GpaHnToM HETOHOMIEHHOTO pedeHKa Maccoi |
KT, TO3BOJISIONINI OIIEHUTh €ro TeIIOBOM OasiaHc, 00Ire moTepH Terla U MOTepH Teria Ha
BOCBMH y4acTKax tena [25].

B paGote [26] obOocHOBaHa aKTyadbHOCTh HCCJICIOBAHUS B3aWMOCBSI3€H MEKIY
MHUKPOKJIMMAaTOM B COTrPEBAIOIIMX TEPANEBTHUECKUX YCTPOMCTBAX M TEIJIOBBHIM OallaHCOM
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mianeHna. M3-3a  OTCyTCTBHSI MoOJeNel, CIOCOOHBIX HMHUTHUPOBATh IOTEPIO  Teria
HEJIOHOIICHHBIX JIeTe MpH HCIapeHUH, aBTOpaMH pa3padOTaH TEIUIOBOW HIECTUKAMEpPHBIN
MaHekeH BecoM 530 rpaMM, UMUTHPYIOIINYA KOHBEKTUBHBIA M PaIMAlIMOHHBIN TEIJI000MEH, a
TaKXe MOTEpHU TeIlia, CBA3aHHbIE C UCTIapeHneM. Bce 1mecTh kamep BKIIIOYAIOT B ce0sl TIOJIOCTH
C BOJIOW U MOAOTPEBAIOTCS OTAENBHO.

ABTopel cTtatbu [11] s TOBBILIEHUS TOYHOCTH (PU3MUYECKOTO MOJCTUPOBAHMS
TEIUIOBBIX MOTOKOB BHYTpU Kamepsl HU mcrnonb3yioT ¢aHTOM, M3rOTOBJICHHBIN Ha OCHOBE
AHATOMUYECKU-KOPPEKTHOW F€OMETPUUECKON MOJENIN HOBOPOKIEHHOTO.

ABTopamu wucciefgoBaHus [27] Ha ocHOBe TexHoJoruu 3D-medatu co3gaH
HEOHATAJbHBINA (aHTOM (TEPMOMAHEKEH), KOTOPbI MMUTHUPYET HEIOHOLIEHHOTO peOeHKa
BecoM 2,5 kr u poctoM 46 cm. BrlmeykazanHblii TepMomaHekeH nomeniaerca B HU s
UCCIIEIOBaHMS TETJIOMAaCCOOOMEHHBIX MporeccoB. [Ipu 3ToM OH (TepMOMaHEKeH) COCTOUT U3
HIECTH CErMEHTOB, HE3aBHUCHUMO IIOJIOIPEBAEMBIX HM3HYTPH C HHMXPOMOBBIX HAarpeBaTeieil.
TemnepaTypa BHEIIHEW MOBEPXHOCTH U3MEPSETCS B Pa3HBIX MECTAX C MOMOIIbI TEpMoOIap.
W3mepeHHbIe YPOBHHM TEeMIEpaTyphl TMepefaroTcs Mo JUHUU obOpatHoi cBs3u Ha [IM]I-
PEryysITOp, KOTOPBIM YNpaBiseT MOAAaYel MOIIHOCTH, HAa HAarpeBaTEIbHBIE AJIEMEHTHI IS
NnoJepKaHUS TIOCTOSIHHON TeMIIepaTyphl MOBEPXHOCTH Pa3IMYHBIX CETMEHTOB (paHTOMA.

Jlns ueneit uccieqoBaHUS CUCTEM OECKOHTAaKTHOIO MOHHUTOPHHIA HOBOPOXKICHHBIX
pa3zpaboTaHbl HEOHaTaJbHBIE NUHAMUYECKHE (PAaHTOMBI, KOTOPbIE MOJAEIUPYIOT >KU3HEHHO
Ba)XKHbIE (DYHKIIMU TeJla HOBOPOXKACHHOTO: CEPJCUHYIO JEATEIHOCTh U TEPMOPETYIIAIMIO, a
TaK)kKe UMUTHUPYIOT BHEIITHUI BHJI HEOHOIICHHBIX JieTel [28, 29]. danToM ObLT H3TOTORJICH Ha
3D-npuHTEpe U MOKPBHIT HECKOJIBKHUMHU CIOSMH MOJIU(UIIMPOBAHHOTO CHJIMKOHA TEJIECHOTO
nBera. B xapkace dantoma pacrnpezaeneno 48 kpacHbsix 1 60 mHGpPaKpacHBIX CBETOAHMOIOB,
KOTOpBIE MO3BOJIAIOT HMMUTUPOBATh IYJbCUPYIOUIMI KpPOBOTOK IO TNy s JaTYMKOB
dotomnernsmorpaduu. Temneparypa Ha 13 ydyacTkax ¢gaHTOMA pa3faeiabHO PETYIUPYETCS C
UCTIOJIb30BAaHUEM DJIEKTPUYECKUX HArpeBaTeIbHBIX 3JIEMEHTOB M 00paTHOM cBs3u. MMuTanus
npoduns TemmepaTyp M MyJIbCHUPYIOUIETO KPOBOTOKa (aHTOMa OCYIIECTBISETCS TOJ
ynpasinesueM MATLAB uyepe3 koMnbroTep, MOAKIIOUEHHBIM C MCIOIb30BAHUEM YCTPONCTB
CONPSIKECHMUS.

B neuebHOIl mpakTHKE B  HEKOTOPBIX CIy4yasX HEOOXOAWMO TIPOBOAUTH
PEHTIE€HOJIOTMYECKUE MCCIIEOBAaHNS HOBOPOXACHHBIX HemocpenctBeHHO B HU, a Takxke
JMArHOCTUKY C HCIIOJIb30BAHUEM ONTHUYECKUX METOAOB. I pasinalMoOHHON 3alIUThl BaXKHO
YYHUTBIBATh, 4YTO PAJUALMOHHAS YyBCTBUTEIBHOCTh Y HOBOPOKJEHHBIX BBIIIE, YEM Y B3POCIIBIX.
Jl1g OLIEHKM HEOHATaJbHBIX J03 IPH PEHTTEHOJOTMYECKUX HCCIIECIOBAHMUSX MPUMEHSIOTCS
ocoOble HeoHaTtaibHbIe (GanToMBbI [30]. B wactHOoCcTH, B padore [30] mpencraBieH ¢aHTOM,
COCTOSIIIIMN U3 HECKOJBKHUX IPSIMOYTOJIBHBIX TBEPABIX TEJ, 3alIOJIHEHHBIX BOIOH. 32 OCHOBY
B35ThI IaHHBIE O CPEAHUX pa3Mepax Tejla HOBOPOKICHHBIX.

B pabote [31] mpencraBieH aHaTOMUYECKH KOPPEKTHBIM (PAaHTOM TpyAHON KIETKU
HOBOPOKIEHHOIO /Il pEHTTeHOrpapUuecKUX UCCIIEIOBAHUN ¢ IPUMEHEHNEM KOMIIbIOTEPHOMN
tomorpaduu. IlomoOpanel ocoOble Marepuansl  (paHTOMa, OOECIEUHBAIOIIUX  €r0
PaauoJIOrMYECKY0 SKBUBAJIECHTHOCTh. J[JI1 MMUTALIMM aHATOMUU BBIIIOJIHEHA KOMIIBIOTEPHAs
ToMorpadus Tpyna HOBOPOXKIEHHOTO.

B pa6ote [32] mpeacTaBieH TpexMEPHBIA TKaHEBBIN ()aHTOM JIETKOTO HEIOHOIIIEHHOTO
pebOenka. Bplmeyka3aHHbIi (paHTOM H3TOTOBJICH Ha OCHOBE HM300paXEHUH KOMITBIOTEPHOM
ToMorpaduu rpyIHOM KIETKH peanbHOro ManueHTa (HOBOPOXKICHHOI0) U MpeJHa3HaAuYeH AJIs
TECTOBBIX M3MEPEHUI KOHLEHTPALMHU KUCIOPOJAa B JETKUX C HCIOJIb30BAHUEM ONTHYECKUX
METO/IOB.

HeonaTanpHble ()aHTOMBI TaKKe UCHOIB3YIOTCS MPH OLICHKE BIUSHHS PaJUalliOHHOTO
W3JIydeHUs] Ha Bpadya MpPU MPOBEACHUU PANTUYHBIX MEJMIMHCKUX MAHUITYJISIUNA C
HOBOPOXKJICHHBIMH C IPUMEHEHHUEM pEeHTTeHOrpaduuecKux uccieaosanuii [33].
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ABtopamu uccnenoBanus [34] pazpaboran (paHTOM I'pyIHON KIETKH HOBOPOXKICHHOTO
JUTSE MCCTeOBaHUN (YHKIUN JIETKUX HOBOPOXKICHHOTO C WCIOIh30BAaHHUEM ONTHYECKUX
METOJI0B. AHTpoIIoMopdHasi KOMIIbIOTEPHASI MOJIETh OPTaHOB IPYIHOM KJIETKU CO3/1aHa MOCIe
CETMEHTAI[MU C MOMOIIBI0 KOMITBIOTEPHOW ToMorpaduu. @aHTOM UMUTHUPYET TE€OMETPUIO U
ONTHUYECKNE CBOMCTBA OCHOBHBIX OPraHOB I'PYJHOU KJIETKHU.

Co3manbl [35] rereporeHHble aHTponoMopdHble (AHTOMBI TPYIHOH KIETKH C
ucnoib3oBanueM 3D-npuHTEpa Ha OCHOBE OOBEMHBIX JaHHBIX KOMIIBIOTEPHOM ToMorpaduu,
MOJTyYEHHBIX U3 TPYJHON KJIETKU 6-mecsuHOro pebenka. Ilpu 3ToM aBTOpamu MCCIIeTOBaHUS
qis 3D-medatd  KMCMOIB30BANIach  MOJMMOJIOYHAs KHACIOTa. B KkadecTBe BENIECTB,
HKBUBAJIEHTHBIX KOCTAM U JIETKUM, UCIIOJIb30BAJIUCH TUIIC U IIEHOYPETAH.

DKcnepuMeHTHI [36-38] mOKa3bIBalOT, UTO IMATHOCTUYECKHUE UCCIIEIOBAaHUS TOJIOBHOTO
MO3ra HOBOPOXKJCHHBIX METOJOM MarHUTHO-pe3oHaHcHOW Tomorpaduu (MPT) umeror cBou
OCOOCHHOCTH, HalpUMep BpeMs pellakcallud TKaHEd TOJIOBHOTO MO3ra HOBOPOXKIEHHBIX
OTJIMYAIOTCS OT XapaKTEPUCTHK B3pOCibIX. B cBs3u ¢ atum B padortax [36, 37] npeanoxeHa
MeToAMKa BbIOOpa ¢anToMHOro Mmarepuana miasi MPT-ucciemnoBanmii ToJIOBHOTO MoO3ra
HOBOPOXKJACHHBIX

B pabotax [39-41] co3zmanbl peanncTuuHble (DAaHTOMBI Yepera HOBOPOKICHHOTO IS
3amady  (Kak o0pa3oBarelIbHBIX, TaK W  HCCIENOBATENbCKUX) TPAaHCKPAHUATHHOTO
YIBTPa3BYKOBOIO CKaHWpoOBaHMs. [IpM 3TOM OTpakeHbl aKyCTHYECKHE CBOMCTBA KOCTEU
yeperna v MPUMEHEH MaTepuall, UMUTUPYIOIINI MO3T.

st oTpa®OTKM HAaBBIKOB Bpayeil MO TPOBEACHHUIO PA3JIMYHBIX MAHUITYJISIUNA C
HOBOPOXJACHHBIMH, HAallPUMEP B KapAUOXUPYPIHH, CYIIECTBYIOT Y3KOCHEIUATU3UPOBAHHbIE
(haHTOMBI HOBOPOXACHHBIX [42, 43]. Hanmpumep, 17151 MpakTHYECKOTO 00yYeHUsI HEOHATATBHOM
panuorpaduu cymectByer [44] cepuilHO M3rOTaBIMBACMBI TOJHOPOCTOBOH (aHTOM
HOBOPOXXJIEHHOTO C KAyeCTBEHHOM AaHATOMUYECKOW CTPYKTYpOM MW  TOJBHKHBIMHU
KOHEYHOCTSIMU.

CucreMbl MOHUTOPHHIA MAPaMeTPOB OPraHu3Ma pedeHKa

M3BecTHO, dYTO yame BCEro HENpephIBHOE HAOJIOJEHHE 3a MapaMeTpaMu
KU3HEJEATEIIbHOCTH HEJOHOIICHHBIX JeTeil oOecreynBaeTcsi 3a CUYET HEMOCPEIACTBEHHOIO
B3aMMOJICHCTBUA C TEJIOM peOEHKa, HAampuMep KpEIUIeHHUs 3JIEKTPOJ0B Ha Koxy [45, 46]. B
YAaCTHOCTH, Ha KOXY HOBOPOXKJICHHOTO (B 00JIaCTH TPYIHOW KIIETKH, TEPEAHEH OpIOIIHON
CTCHKM WM Ha KOXY CHOUHBI) MOTYT OBITh MPHUKPEIUICHBI CIEIUATbHBIE MATYUKUA IS
MOCTOSTHHOTO KOHTPOJISI JbIXaHUS, CepALeOMEHHs, TEMIEPATYPHOIO PEeXHMa, YBIaXHEHUS
BO3/yXa M IpYrux (GyHKIUH OpraHu3ma.

DTOT MOAX0]] OTHOCUTENIBHO MPOCT M1 KOMMEPUECKH JAOCTYIEH, HO MOXKET IPUBECTU K
HapyIICHHIO [IEIOCTHOCTH KO>KHBIX TOKPOBOB, BHI3BATH OOJIEBBIC OLIYIICHHUS U CTPECC, a TAKXKE
OBITh MPUYMHON KOTHUTHUBHBIX HapylieHWW B Oymymiem [47, 48]. MemuuuHcKui Kied
JIEMKOIIACTBIPH, UCIIOJIB3YEMBIE JISl KPETJIEHUS JIEKTPOAOB K TNy HEAOHOIIEHHOT0, MOTYT
cTaTh ()aKTOPOM PHCKa TpaBMaTU3Ma ISl KOXKH [49].

CrnemoBaTenbHO, aKTyaldbHBIM HampaBieHHeM pa3BuTHsS HUW ams HOBOPOXKIEHHBIX
ABIIIETCS TMpPUMEHEHHWE OECKOHTAaKTHBIX TEXHOJIOTUH HaOMIOJeHUs 3a IOoKa3aTelsMu
KHU3HEIEATEIIbHOCTH HEIOHOIICHHBIX. B 3TOM HampaBieHHMH paboOTaeT HECKOJBKO TPYII
YUEHBIX.

B pab6ote [50] aBTOpBI ¢ MOMOIIBIO BHACOKAMEPHI MPOBOAT HENPEPHIBHYIO OILCHKY
YacTOThl JBIXaHMS, CEPJIEYHBIX COKpAIlEHUH U HACBIUICHUS TKaHEW KHUCIOpOIOM C
KJIMHUYECKOH TOYHOCTBIO, CPEIHssl aOCOJIOTHAs OIIMOKa IMpH KOTOPOM COIMOCTaBUMa C
M3MEpEeHUsIMU ¢ ucnosib3oBaHueM OKI', myiabcokcuMeTpa U JAPYyroro AUArHOCTUYECKOTO
000pyTOBaHUS.
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B pabGorte [51] aBTOpamu mpemiaraercsi MoOaXoJ, COTJIACHO KOTOPOMY C TOMOIIBIO
WH(PaAKPACHOTO JaTYUKa OMPEIENIeTCsS TeMIepaTypa MIIaIeHIa, C MIOMOIIBI0 BHICOKAMEPHI
OTIpEeIeIIAIOTCS YacTOTa JIbIXaHUS U CepJICUHbIX COKPAILIEHUH.

B pabore [52] omumcan merox kanuOpoBkuM HH(ppakpacHoil Tepmorpaduu B HIU,
MO3BOJIUBIIUI MOBBICUTh TOUHOCTh U3MEPEHUSI TeMIIEpaTyphl U 00ECIEeUNTh HEMPEPHIBHOCTh
MOHHTOPHHTA.

B pabore [53] mpemmaraercsi MeToJl OSCKOHTAKTHOTO MOHUTOPHHIA IOKa3aTesieh
KU3ZHEJEATSIILHOCTH HOBOPOXICHHBIX HAa OCHOBE JOpabOTaHHOW aBTOpaMH TEXHOJOTHUU
MalIMHHOTO 3pEHUs W paclo3HaBaHUA 00pa3oB s ¢oTomieTusMorpaduu. AHanu3 M
dbunbpTpanus curHana GoToImIeTU3MOTPaMMBI TIO3BOJISICT aHATH3UPOBATH HAPYIIICHUE JBIXAHUS
U CepIeYHOr0 pUTMa.

B pabore [54] mpemnoxkeH MOAxoJ, IpU KOTOPOM Ha OCHOBE HabOpa JNaTYUKOB U
MUKpPOKOHTpOJUIEpAa COOMpAIOTCS M aAHAIM3HPYIOTCS  clefyromue  (pU3noIorndeckue
nmapaMeTphl: YacToTa CEpPACUYHBIX COKpAIlleHWH, TeMIeparypa, apTepuaibHOe NaBlICHUE U
aMIIuTyna JaBwkeHuid pebenka B HU. B cioydae kpuThueckoro HapymieHHs mapaMeTpoB
cpabaThIBaeT TPEBOXKHASI CUTHAIIU3AIINS, KOTOPAst IPEIyPekKaaeT MEIUIIMHCKUN TIEpCOHAT 00
MOTEHLMAJIbHO OIMACHOM CUTyallMH, MNpeiaracT BO3MOXHBIA BapHaHT pEUICHHUS 3a CYET
QITOPUTMA TIOMCKA HAPYIICHHS COCTOSIHHS MapamMeTpoB pEOCHKA M MO3BOJSET ONEPAaTUBHO
OCYIIECTBUTH MPOPHUIAKTUYECKUE MEPHI.

B pa6ore [55] paccMOTpeHBI pa3nTuvHbIe OECKOHTAKTHBIE METO/IBI U3MEPEHUS Pa3MEPOB
pebenka B HU. OTmeuaeTcs To, 4To HAanOOJIbIIIee pacCpoCTpaHEHUE MMOTYyYNITH OECKOHTAKTHBIC
3D-u3zmepenus.

Haunbompmmx ycmexoB B pa3pabotke u  wucciaepoBannu HU  moOwmmachk
UCcIeioBaTebCcKas TpyIna nmoj pykoBoAcTBoM mnpodeccopa L. Jleonxapara Ha kadenpe
MeTUIMHCKUX ~ uHpopMmanuoHHblx  TexHosmoruid (MedIT) B Tensmromeu-UHcTHTyTE
OnomenMIMHCKON nHXeHepun Pelincko-BecThanbckoro TeXHH4eCKOro yHuBepcuTeTa AxeHa
[9, 10, 28, 29, 56-63]. ABTOpamMu NpeIOKEH HOBBIH OCCKOHTAKTHBIA METOJ MOHWUTOpPUHTA
4acTOThl JbIXaHusd HenoHolleHHbIX Aetedl HU [56]. HoBwili MeTOJ OCHOBaH Ha aHalIHW3€ U
00paboTke u300paKeHUM, TMOTYYEHHBIX C TIOMOIIBIO TEIJIOBU3MOHHON KaMmephl. bbuio
IPOBEICHO KJIMHUYECKOE UCCIIEIOBAHUE METOa HAa HOBOPOXKICHHBIX JAETAX, YTO OATBEPAMIIO
BO3MOYKHOCTh () (PEKTHBHOTO MCIOIB30BaHMS Pa3pabOTaHHOTO OECKOHTAKTHOTO METO/a IS
MOHHTOPHHTA COCTOSIHHSI HEIOHOIICHHBIX JneTeill [56]. Mcmonbp3oBaHue OECKOHTaKTHBIX
METOJIOB MOHUTOPUHTA KU3HEHHO BAXKHBIX CHCTEM M (YHKIIMI opraHn3Ma 0COOCHHO Ba)KHO
IIPU KOHTPOJIE 3a COCTOSIHEM HEJOHOIICHHBIX JETEH, TaK KaK YCTaHOBKA AJIEKTPOJIOB Ha Tele
pebeHka BeIeT K TpaBMaM KOXKHOTO TTOKpoBa [56]. B paborax [28-29] npencraBieHa cucreMa
BUJICOMOHUTOPUHTA JIsI JUATHOCTHKU Opaju- M TaxXUKaApAUM U THIO- U THUIEPTEPMHUH Y
HOBOPOXKJCHHBIX. Peann3oBaHHBI aJIrOPUTM TO3BOJSIET HENPEPHIBHO U3MEPATH U
AHATM3UPOBATh YACTOTY CEPJACYHBIX COKPAIICHUU C MOMOIILI0 (hoToreTu3Morpaduaeckoi
BU3YaJIH3aliH, a TAK)KE TEMIIepaTypy KOXKH HOBOPOXKJIEHHOTO B PA3HBIX TOUKAX MOBEPXHOCTH
tena. CucTemMa TECTHPYETCsI C HCIIOIb30BaHHEM HEeOHaTanbHOTO anToMa [28]. B paboTax [57-
60] moka3aHo, 4TO MH(PAKPACHOE TEIUIOBHACHHE SBISCTCS d(PPEKTHBHBIM OSCKOHTAKTHBIM
METOJIOM JIJIsi HETIPEPBIBHOTO M3MEPEHHs TeMIIepaTyphl HelTOHOMIEHHBIX Aeteid B HU u mis
OCCKOHTAKTHOTO KOHTpOJIA Tporiecca nbixanus. B [57] pa3paboran meTom HW3MEpEeHHS
Temreparypsl Tena pedenka B HU ¢ nucnonbszoBanueM nHppakpacHoii Tepmorpaduu. ABTOPEI
ctaThu [59] pa3zpaboTanu MeTo 1 KaTMOPOBKH TSI TOBBIIIEHUSI TOUHOCTH U3MEPEHUI HAa OCHOBE
uHpakpacHbIX Kamep. B pabGore [61] mnpenacraBieHbl anroOpuTMbl aBTOMATHYECKOU
CErMEHTAIlMU YacTel Tejla HOBOPOXKIEHHBIX C UCIIOJIb30BAaHUEM METOJIOB IIyOOKOr0 00yUeHUs
JUIS. HEPOHHBIX CEeTeH C LIeNbI0 HCIONb30BaHus B TepMorpaduu. B paborax [62, 63] onucano
MpUMEHEHUE HEHPOHHBIX CeTell TIyOOKOro oOydeHWs JUisl pacro3HaBaHHS H300pakKeHUI
HOBOPOXKJICHHBIX B 3aJauaX MOHUTOPHHIa NlapaMeTpoB opraHuzMa. B pabote [64]
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MPEJICTaBJICH AITOPUTM IIIyOOKOro 00y4eHHsI HEHPOHHBIX ceTel IJIsi CUCTEMbl MOHUTOPHHTA
JbIXaHUs] HOBOPOXIEHHOTO HAa OCHOBE BUJIEOKAMEPBI.

B pab6ore [65] npennaraeTcst onpeaensTh OKPYyKHOCTh TOJIOBBI HOBOpOskieHHOTo B HU
C TIOMOILBIO YJIbTPa3BYKOBBIX JaTUMKOB.

B pabote [66] npuBeneHbl pe3yabTaThl OOMTUPHBIX UCCIEAOBAHUHN BIUSHUS IUPKATHBIX
PUTMOB Ha IapameTpsl OpraHu3Ma HoBopoxkaAeHHoOro B HU. Iloka3aHo, 4TO LIMKIIBI CBETa U
TEMHOTBI OKa3bIBaIOT CYLIECTBEHHOE BIIMSIHUE HAa MX >KM3HEHHBIC OKA3aTEIW U pa3BUTHE
pebenka. OrnpeeneHsl HapaBICHUS s TAIbHEHIINX UCCIICI0OBAaHUH.

B paGote [67] onuchIBatOTCS SKCIEPUMEHTHI 11O MPUMEHEHHIO BOJIOKOHHO-ONITHYECKHUX
JaTYNKOB HA OCHOBE pemerok bparra s usmepenus temmeparypbl cpeasl B HU u
TEMIIEpaTypbl KOXHM HOBOPOXAEHHOro. MccinenoBaHus NOKa3ad, YTO HOBBIM METOJ
U3MEpPEHUs TEMIIEPaTyphl He YCTyHaeT TPAAULMOHHBIM CIIOCO0aM.

Pa3paboTka cucteM ynpaBjieHUs] HEOHATAJIbHBIMUA HHKYOaTOpaMu

Pa3paborkam cuctem ympasienus HU mocsieHo MHOTO paboT. buoMmenuimHckumu
WH)KEHEpaMU U YYEHBbIMHM IPENJIAararoTCs CHCTEMbl, OCHOBaHHble Ha TpaaunuoHHbix [TW/I-
NrOpUTMax C UCHOJIb30BAHUEM HEUETKOM JIOTUKM U HEMPOHHBIX CETEH, a TAK)KE Pa3JIMUHBIX
BHJIOB JJalITUBHOTO YIIPABJICHMUS.

B pabote [68] ms HU npeanaraercs MeToa KaluOpOBKM HA OCHOBE HEHPOHHOM ceTn
IPSIMOTO PacHpOCTPaHEHUsI JaTYMKOB TEMIIEPATypPbl U BIAXKHOCTH, ITO3BOJISIIOIINMI IPOBOAUTH
TOYHYIO UACHTU(DUKAINIO TUHAMUYECKON MOJIEIH.

B pabote [69] npennokeHO HCIOIB30BaTh MPEAUKTOP (MIPOTHO3UPYIOIIMA MOJIYIIh)
Cwmura B cucteme ynpasieHus temneparypoil B HU. B uccnenoBanuu [70] usyuaercst MeToq
aBromatudeckoil Hactpoiku [IW]-perynsitopoB B HM Ha ocHOBe mpuMEHEHUS METOI0B
UACHTU(DUKAITIH.

ABtopbl [71] mnpemnarator nporotunn HUM Ha OCHOBE MHUKPOKOHTpOJUIEPA,
peaIn3yIOIIEro ynpaBieHUE TEMIEPATypod M JaBJIECHMs ¢ IOMOIIbIO anroputMa MamaaHu
(anropuTM HEYETKOTO JIOTMYECKOTO BhIBOJA). M3BecTHa cucreMa MNONIEPKKHU TPUHATHS
BpayeOHBIX pEIIeHUII Ha OCHOBE MOHUTOPHHTa TEMIEpaTypbl, YacTOTHl CEpIEUHBIX
COKpAILlCHUH M YacTOThl JbIXaHUS HOBOPOXIEHHOro [72]. Ha ocHOBe pa3BETBIECHHOTO
IrOpUTMa C MPUMEHEHUEM HEUYETKOM JIOTMKM aHAIM3UPYIOTCS AAHHBIE KU3HENEATEIbHOCTH
pebeHKa U JenaroTcsl BBIBOABI O BOZMOXKHBIX HapYIIEHUSX KPUTUYECKOTO Xapaktepa. Takxke
IPUMEHSIOTCS aNropuTMBbl HedeTkoro ynpasienus HU [73] u koMOMHUPOBAaHHOTO HEUETKOTO
yIpaBiieHus ¢ ucnoib3oBanuem [N /[-perynsaropa [74].

B pab6ore [75] mpemnaraercss mporotun HU B Buje aBTOMaTU3MPOBAHHOM CHUCTEMBI C
oOpaTHOM CBSI3bIO JUII KOHTPOJS M YOpPaBJIEHUS BIAKHOCTBIO C TPHUMEHEHUEM
YIBTPa3BYKOBOT'O ITE303JIEKTPUUECKOr0 yBIaxHutensd. B pabote [76] cnpoexkrupoBan HU c
peryJupoBaHUEM TEMIIEpaTypbl M BIAKHOCTH Ha OCHOBE QJITOPUTMOB aJalTHUBHOIO
0e3MOeNbHOr0 yrpaBieHus. ABTopamu craTbi [77] npeanoxen mudposoit [TN][-perymnstop
o0 ynpaBieHust Temnepatypoid BHyTpu HIM Ha oOCHOBE HCHOJIB30BaHUA METOJIOB
UCHTU(PHUKAIMN, YIUTHIBAIOIIUX JUHAMUYECKOE MTOBEeIeHNEe OMOTEXHUUYECKOH CUCTEMBI.

ABTOpbl cTaTthu [78] mpenyaralroT = MCIOJAB30BAaTh  METOJ  JWHAMUYECKOTO
IpOTPaMMHUPOBAaHUS Ul pa3OMeHHs 33aJa4d yNpaBlIeHUs BIaxXHOCThi0 BHyTpu HUW Ha
COBOKYITHOCTh PEKYPPEHTHO CBS3aHHBIX MEXIY COOOM OTHOCHUTENBHO MPOCTHIX MOJ3a/1ad U
MOCJIE0BATENBHOT0 3(h(HEKTUBHOTO UX PEUICHHUS.

B mnHanpaBneHuu peanuszalMu  pasiMYHBIX METOJOB YIPABJICHHS NapaMeTpaMu
BHyTpeHHel cpeasl HU Ha mporsokenuu Oonee 10 mer pabortaer rpymnma y4eHBIX U3
Tynucckoro yausepcutera Inb-Manap [8, 79-86]. I'pynmoii pa3paboTaH U peanu3yeTcsi MeTO/
0000IIEHHOT0 MPOrHOCTHMYECKOTO KOHTPOJISI HAa OCHOBE TerIoBbIX Mojenedt HU u pebenka.
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3aKOH MPEIUKTUBHOIO YIIPAaBJICHUS U UMUTAIlMOHHAsA MOJIENb, pa3padoTaHHble B cpene Matlab
& Simulink, TO3BOJISIOT OIEHUTH MOKA3aTeNM KayecTBa MpoIecca YIpaBIeHHs apaMeTpaMu
cpenpl HU. Mcnonb3yeTcss HEMpsMOe aJanTHBHOE 000OIICHHOE MPEAUKTUBHOE YIIPaBICHUE
pexumamu HM Ha ocHOBe HWAEGHTH(HKAIMKA C HUCIHOJIb30BAHMEM PEKYpPCHBHOIO METOJA
HAaMMEHBIIINX KBaJpaTOB, a TAKXKE PAacCMaTPUBAETCs KaCKaJHAs CXeMa YIpaBICHUA. IJTOHN
rpymnmnoii pazpaboransl MetToa ynpasneHuss HV Ha 0CHOBE T€HETHYECKOT0 aIropuTMa U METOA
pos wactuil aig Hactpoiiku [T ]I-perynsitopa.

B paGorax [87-93] mpennaraercsi WCIOJIb30BaTh TEXHUYECKHE CPEICTBAa HAa OCHOBE
OCeCIpOBOJHBIX CEeTe M MUKpOKoMIbioTepoB Arduino m Raspberry ams monuTOpuHTa M
ynpasieHus: napamerpamu HU, 4uTto gaetr BO3MOXHOCTH JUCTAaHIIMOHHO MEpeJaBaTh JaHHbBIC
MOHUTOPHUHTa MEAULIMHCKOMY IIEPCOHATTY.

PasBuBaercs HampasiieHHe 10 CHUXEHUIO croumocty HU nmns ctpan co cpenHum
ypoBHeM noxopa. Jlemarorcs mombiTku co3nanus HU ¢ ynemeBneHueM B 3JIeMEHTHOUM Oa3e
0JIoKa ympaBlIeHHs M MaTepuanax kopryca [94], ¢ MaccoBBIM HCMOIb30BaHUEM 3D-meuatn
[95].

Hccaenopanus BIUAHUSA HETATHBHBIX (aKTOPOB

Kpaiine axTyanbHOW 3amadeil AJis HEOHATOJIOTHH OCTaeTcsl O00phOa ¢ HETraTHBHBIM
BIMSIHUEM YPE3MEPHOIO SPKOrO CBETAa M BBICOKMX YpPOBHEW IIymMa Ha COCTOSHHE
HEJIOHOILIEHHOT0 pebeHka. M30bITOUHBIE CBET W IIyM SBIAIOTCS OJAHUMHU U3 KIIHOYEBBIX
(akTOpOB cTpecca W MPUYMH HaApyIIEHUH 3puTenabHOro mytu [96-109]. B mocneanue roasi
KpUTHYECKasi Macca HMCCIEJOBAHUNM O BIMSHUM CBETa U IIyMa Ha HEIOHOILICHHBIX JeTei
no3Boyiniaa cOpPMHUPOBATH OTICIBHOE HAMPABICHHE B HEOHATOJIOTHH — JKOJIOTUYECKYIO
HeoHaTojoruto [110].

HccnenoBatensmu [111] mposeneH 0630p pa®oT Mo BIMSHUIO AJIEKTPOMArHUTHBIX
nosie Ha HOBOpPOXkJAEeHHbIX B HUM. DnekTpoMarHWTHBIE IMOJISI ONMMCAHbl KaK IMOTEHLIHUAIBHO
OMAacHbIE JJIs1 HOBOPOXKICHHBIX M JILI, OCYIIECTBISIOMIUX YXO/ 32 HUMHU.

Jpyrum akTyanbHbBIM actiekToM pa3utus HU sBisieTcst 6oppda ¢ MUKpOOpraHU3MaMH,
B TOM 4YHCJIE I[aTOT€HAaMH, CIIOCOOHBIMH BBI3BAaTh CMEPTh M TsDKENbIE 3a00JeBaHUS
HOBOpOXXaAeHHOTO [112-114].

Oo6cyxaenne

MHOTrOypOBHEBBIN aHAIN3 PE3yJIbTATOB HUCCIEAOBaHUN U pa3paboTok B obiactu HU
MO3BOJIUJ BBISIBUTH OCOOCHHOCTH, TIPOOJIEMBbI M TIEPCIIEKTUBBI PA3BUTHS ITUX MEIUIIMHCKHUX
HU3JEINI.

B nmnepByio ouepenb OTMETHM, 4YTO COBPEMEHHBIE OTEUYECTBEHHBIE HAyUYHBIC
UCCIIEIOBaHUsI B OO0JAcTH COBEPIIECHCTBOBAHHUS HWHKYOAaTOpOB Ui HOBOPOXKIEHHBIX
MPAKTUIECKH OTCYTCTBYIOT.

[IpumeHuTensHO K OOLIEMUPOBBIM TEHACHLUAM CIIETYyEeT OTMETUTh, YTO B HACTOSIIIEE
BpEMsI BEyTCS MHOIOYHMCIIEHHBIE MOJIENBHBIE HCCIIEI0BAaHUS ITPOLIECCOB TEIIOMACCOIIEPEHOCA
B HU ¢ yuerom Tepmoperymsiuu pedbenka u ero 3D-Moaenu, upKyIsSIuy BO3TYITHONW CPEIbI,
KOHBEKTHBHOTO, JIYYUCTOTO M KOHAYKTUBHOTO TeruiooOMeHa. [l  4YUCIEHHOTO
MOJICTTMPOBAHUS Yallle BCEro HCHOJIb3YIOTCS MPOTPAMMHBIE MAKEThl ISl BHIYMCIUTEIBHON
THIIPO-, a3po- U TepMmoauHaMuky, Hanpumep ANSYS Fluent, COMSOL Multiphysicals u ap.
YucneHHble MOJETBHBIE MCCIENOBAHUS COYETAIOTCA JIOBOJBHO YacTo C (U3HUYECKUM
MOJIeJIUpOBaHUEM. JIBUKEHNE BO3AYIIHBIX TOTOKOB AaHAJIM3UPYETCS C MTOMOIIBIO BUIEOKaMeED,
paboTaronux B BUAUMOM (JIOTIOTHUTEIIBHO UCTIONB3YETCs AbIM) K HH(PpaKpacHOM THarma3oHax.
AHanu3 pe3yJabTaTOB MHOTOUYMCIICHHBIX MCCIIEOBAaHUI MMOKAa3all, 4YTO B HACTOSIIEE BPEMs HE
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710 KOHIIA BhIsICHEHA 3¢ (EKTUBHOCTH MCMOIb30BaHUs ABOWHBIX cTeHOK B HU u ux BausHue Ha
MPOIIECCHI TETIOOOMEHa.

Jns uccnenoBaHusl TEIUIOBBIX MpOLIECCOB W cucteM ymnpaiaeHuss HUM  mumpoko
MPUMEHSIOTCSI HeoHaTallbHbIe (paHTOMBL. COBpeMEHHbIE (PAHTOMBI HOBOPOXKJIECHHBIX HMEIOT
AHATOMHUYECKOE CXOJICTBO C HUMHU M Yalle BCEr0 M3TOTABIMBAKOTCSA HA OCHOBE AIUTUBHBIX
TEXHOJIOTH ¢ moMo1bio 3D-neuat. MuTanus npouecca TEpMOPEryIsUU IPOU3BOANUTCS 32
CUET 3JICKTPUUECKUX HarpeBaTesield U JaTYMKOB TEMIEPaTyphl, YCTAHOBIEHHBIX B (haHTOME, a
TaK)K€ CHUCTEMbl YIOpPaBICHUS HAa OCHOBE MHMKPOKOHTposuiepa. B Hacrosimee Bpems
MPAKTUYECKH OTCYTCTBYIOT THIPOAMHAMUYECKHE HEOHaTalbHble (AHTOMBI U  METOJbI
UMUTAIMH [IPOILIECCOB MCIIAPEHUS BJIATH C TeJa peOCHKA U MPH JIbIXaHUH.

3HAUUTENbHOE YMCIO MyONMKAIMil MOCBSIIEHO pa3paboTKe METOJ0B MOHUTOPHHTA
(U3MOTIOTHUECKUX TapaMeTpoB oOpraHm3ma pebeHka, Haxoxasmierocs B HI. Buumanwue
ucclieIoBaTesneil NpUBIEYEHO K METO1aM OECKOHTAKTHOTO MOHUTOPHHIA C MCIOJIb30BaHUEM
BUJCOKAMEP U TEPMOMETPUHU, KOTOpBIE IO3BOJSAIOT OIPENEIUTh TEMIIEPATypy, 4YacTOTy
JBIXaHUS U CEPIICYHBIX COKPAILEHUH, a TaK)Ke pa3Mephl Tesna pedeHka. MoXKHO c/ienaTh BbIBOJT
0 TOM, YTO OJTHA U3 OCHOBHBIX 33124 UCCIIEIOBATEINEH 3aKIF0YAeTCs B CTPEMIICHUH TPUOIN3UTh
TOYHOCTh OECKOHTAKTHBIX H3MEPEHHH K TOYHOCTH KOHTAKTHBIX METOJOB OINpEesIeHuUs
nmapaMeTpoB OpraHu3Ma peOeHKa.

Pazpabotunku HU pemaror mnpobiemy oOecriedeHuss BBICOKOW A deKkTuBHOCTH
nojjepxkaHusi napameTpoB Mukpokimmara HW 3a cyer coBepieHCTBOBAaHHUS CHUCTEMBI
ynpasieHus. K HacTosmeMy BpeMEHH K OCHOBHBIM ainroputmam ympasieHus HU otHocutcs
3akoH [N ]I-perynmupoBanus. B oTnenbHbIX MyOnMKaIuUsaX MPEICTaBICHBI MCCISIOBAHUS TI0
IIPUMEHEHUIO HEYETKOTO YIPaBJICHUS W Pa3JIMYHBIX BUIOB AJalTUBHOIO YIIPaBJICHUS.
HccnenoBatenu mpoOyIOT OCYIIECTBUTH TpaHC(eEp TEXHOIOTUH M3 CMEXKHBIX JUCIUILINH,
HallpuMep  aJanTupoBatb  MeTox  npeaukropa  Cmura, METOX  IWHAMHYECKOTO
nporpammupoBanus, ARMAX u T. n. [lockonbKy B HacTosiee BpeMs MpoOieMa TOYHOCTH
nojAep>kaHus napaMeTpoB Mukpokimmara B HU npu nelictBum BO3MYyIIEHMH 10O KOHIIA HE
pelieHa, cieayeT NpoAOIDKATh MCCIEJOBAHUS MO pa3padOTKe W MPUMEHEHHIO HOBBIX
AITOPUTMOB YIIPABIICHUS.

AHanu3 BBICOKOPEHTHUHTOBBIX MyOMUKAlMd W TEMAaTUYECKHX IMaTEHTOB IO3BOJIWII
YCTaHOBUTH, 4TO KoHCTpykimsi HUW TpeOyer nopaboTku CHCTEM 3alldThl OT IIyMma,
DIIEKTPOMATHUTHOTO M3Ty4YCHHsI, UH(EKINI, BpeIHBIX MpUMeEceii B HarHETAeMOM BO3IyXe U
T. I

Takum o6pa3om, B HacTosiiiee BpeMsi y KOHKYPEHTOB M KOJUIET UMEETCS MHOXKECTBO
3aa4 MO TMOBBIMIEHUIO (PGEKTUBHOCTH MOANCPKAHUS MOAXOMALINX JIJIS1 HOBOPOXKIECHHBIX
YCJIOBHM OKpykarowei cpenst B HU.

3akJarouenue

Ha ocHoBe aHayim3a pblHKa yCTAaHOBJICHBI OCHOBHBIC Pa3paOOTYMKH U NMPOU3BOAUTEIN
HU: Dragerwerk AG (I'epmanmus), General Electric Company (GE Healthcare) (CIIIA) u Atom
Medical Corporation (SImonust). HoBble TeXHUYECKHE PELICHUS U XapaKTEPUCTHKU B LEIOM
noBTOpstoTcs B Monensix HU, pazpaboTaHHBIX KOMIAHUSMHU-TIPOU3BOIUTEISIMH.

HaGmromaercss Hemoctatok BHHMaHus K  wuccienoBanusMm HUW B oOmactu
OMOMEIUITMHCKON NHKEHEPUU OTEUECTBEHHBIX HAayUHBIX IPYMII.

IIpu  coBpeMeHHBIX HCCIEIOBaHMIX Teromaccooomena B HU  crnenyer
OPHUEHTHPOBATHCS HA TPUMEHEHUE MPOTPAMMHBIX TAKETOB JIJIS1 BBIYUCIUTEIBHON THAPO-, a9PO-
U TEPMOJMHAMUKA U (U3NYECKHE HKCHEPUMEHTHI C MCIOJIB30BAaHMEM BHUICOKaMep s
BUIUMOTO M HUH(QPaAKpacHOrO [uana3oHa, JAWHAMUYECKUX HEOHATalbHBIX (DaHTOMOB,
UMHUTHPYIOLINX MPOLIECCH )KU3HECSITEIbHOCTH PeOCHKA.
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Jlist MoHUTOpUHTA (PU3NOIOTHYECKUX TTOKa3aTenei pedenka B HU nmpeumymiecTBeHHO

PEKOMEHIYIOTCSI OECKOHTAKTHBIE METOAB M3MEPCHHIA.

Jlis TOBBILIEHUS TOYHOCTU PETYJIUPOBAHUSA MApaMeTPOB MHUKPOKIUMAaTa HYXKHO

NPUMEHSATh HOBBIE QJITOPUTMbI, HANMPUMEP METOAbl AJANTUBHOIO M HEHPOCETEBOTO
yIpaBiIeHUS.

OnHoif M3 rnaBHBIX 3amauy pazpaborunkoB HU sBrsercs obecrieueHue CTaHAApPTOB,

YCTaHOBJICHHBIX Tpe60BaHI/IHMI/I 9KOJIOrMYECKONM HEOHATOJIOTHH.

10.

CIITMCOK UCTOYHHUKOB / REFERENCES

Nearly 30 million sick and premature newborns in dire need of treatment every year.

URL: https://www.who.int/news/item/13-12-2018-nearly-30-million-sick-and-
premature-newborns-in-dire-need-of-treatment-every-year (mara oOpareHus:
05.11.2023).

Ohuma E.O., Moller A.B., Bradley E., Chakwera S., Hussain-Alkhateeb L., Lewin A.,
Okwaraji  Y.B., Mahanani W.R., Johansson E.W., Lavin T., Fernandez D.E.,
Dominguez G.G., de Costa A., Cresswell J.A., Krasevec J., Lawn J.E., Blencowe H.,
Requejo J., Moran A.C. National, regional, and global estimates of preterm birth in 2020,
with trends from 2010: a systematic analysis. Lancet. 2023;402(10409):1261-1271.
URL: https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(23)00878-4.pdf.
DOI: 10.1016/S0140-6736(23)00878-4 (nata oopamenus: 05.11.2023).

Webster J.G. Encyclopedia of medical devices & instrumentation. 2nd ed., volume 4
Wiley-Interscience; 2006. P. 144—146.

Infant Incubator Market by Product, Application, and End User: Global Opportunity
Analysis and Industry Forecast, 2021-2030. URL:
https://www.researchandmarkets.com/reports/5561176/infant-incubator-market-by-
product-application (zmata obpamenus: 05.11.2023).

Yeler O., Koseoglu M. Performance prediction modeling of a premature baby incubator
having modular thermoelectric heat pump system. Applied Thermal Engineering.
2021;182:116036. DOI: 10.1016/j.applthermaleng.2020.116036.

Kapen, T., Anero G., Mohamadou Y., D. Jauspin, F. Momo. An energy efficient neonatal
incubator: mathematical modeling and prototyping. Health and Technology.
2019;(9):57-63. DOI: 10.1007/s12553-018-0253-3.

Hadj Ali J.El., Feki E., Zermani M.A., de Prada C., Mami A., Incubator system
identification of humidity and temperature: Comparison between two identification
environments. 2018 9th International Renewable Energy Congress (IREC). 2018:1-6.
DOI: 10.1109/IREC.2018.8362529.

Zermani M.A., Feki E., Mami A. Building simulation model of infant-incubator system
with  decoupling predictive controller. [IRBM. 2014;35(4):189-201. URL:
https://www.sciencedirect.com/science/article/abs/pii/S195903181400075X. DOL:
10.1016/j.irbm.2014.07.001 (mara o6pamenuns: 05.11.2023).

Pereira C.B., Heimann K., Czaplik M., Blazek V., Venema B., Leonhardt S.
Thermoregulation in premature infants: A mathematical model. Journal of Thermal
Biology. 2016;62(B):159-169. DOI: 10.1016/j.jtherbio.2016.06.021_(nara oOpameHus:
05.11.2023).

Abbas A.K., Leonhardt S. System Identification of Neonatal Incubator based on Adaptive

ARMAX Technique. 4th European Conference of the International Federation for
Medical and Biological Engineering. Vol. 62. Springer Berlin Heidelberg; 2009. 2515—
2519 p. URL: https://link.springer.com/chapter/10.1007/978-3-540-89208-3_603. DOI:
10.1007/978-3-540-89208-3 603 _(nara oopamenus: 05.11.2023).

1727


https://www.who.int/news/item/13-12-2018-nearly-30-million-sick-and-premature-newborns-in-dire-need-of-treatment-every-year
https://www.who.int/news/item/13-12-2018-nearly-30-million-sick-and-premature-newborns-in-dire-need-of-treatment-every-year
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(23)00878-4.pdf
https://www.researchandmarkets.com/reports/5561176/infant-incubator-market-by-product-application
https://www.researchandmarkets.com/reports/5561176/infant-incubator-market-by-product-application
https://www.sciencedirect.com/science/article/abs/pii/S195903181400075X
https://link.springer.com/chapter/10.1007/978-3-540-89208-3_603

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kim Y.H., Kwon C.H., Yoo S.C. Experimental and numerical studies on convective heat
transfer in a neonatal incubator. Med. Biol. Eng. Comput. 2002;(40):114-121 DOI:
10.1007/BF02347704.

Casado A.R., Larrodé-Diaz M., Fernandez Zacarias F.F., Molina R.H. Experimental and
computational model for a neonatal incubator with thermoelectric conditioning system.
Energies. 2021;14(17):5278. URL: https://www.mdpi.com/1996-1073/14/17/5278. DOI:
10.3390/en14175278. (nata oopamenus: 05.11.2023).

Fraguela A., Matlalcuatzi F.D., Ramos A.M. Mathematical modelling of
thermoregulation processes for premature infants in closed convectively heated
incubators. Computers in Biology and Medicine. 2015;(57):159-172, URL:
https://www.sciencedirect.com/science/article/pii/S0010482514003412. DOI:
10.1016/j.compbiomed.2014.11.021 (nata obpamenus: 05.11.2023).

Ginalski M.K., Nowak A.J., Wrobel L.C. A combined study of heat and mass transfer in
a double-walled infant incubator. Medical Engineering & Physics. 2007:29. URL:
https://www.academia.edu/52810133/A_combined_study_of heat and mass_transfer i
n_a_double walled_infant_incubator.

Hannouch A., Habchi C., Lemenand T., Khoury K., Numerical evaluation of the
convective and radiative heat transfer coefficients for preterm neonate body segments
inside an incubator. Building and Environment. 2020;(183)107085. URL:
https://www.sciencedirect.com/science/article/pii/S0360132320304613. DOI:
10.1016/j.buildenv.2020.107085 (nata odpamenwus: 05.11.2023).

Delanaud S., Decima P., Pelletier A., Libert J., Stephan-Blanchard E., Bach V.,
Tourneux P., Additional double wall roof in single-wall, closed, convective incubators:
Impact on body heat loss from premature infants and optimal adjustment of the incubator
air temperature. Medical Engineering & Physics. 2016;38(9):922-928. URL.:
https://www.sciencedirect.com/science/article/abs/pii/S1350453316301072?via%3Dihu
b. DOI: 10.1016/j.medengphy.2016.05.010 (nata oopamenus: 05.11.2023).

Baghel D.K., Sinha S.L., Dewangan S.K. SST K-o based air flow and heat transfer
assessment in an infant incubator. Journal of Computational & Applied Research in
Mechanical Engineering. 2023;12(2):161-175. URL:
https://jcarme.sru.ac.ir/article 1780 _931d07becc32d3c305¢e1e9c37acec0d7.pdf. DOI:
10.22061/jcarme.2022.7590.2010 (mata obpammenwus: 05.11.2023).

Silva A.B., Laszczyk J., Wrobel L.C., Ribeiro F.L., Nowak A.J. A thermoregulation
model for hypothermic treatment of neonates. Med Eng Phys. 2016;38(9):988-998. URL:
https://www.sciencedirect.com/science/article/abs/pii/S1350453316301321?via%3Dihu
b. DOI: 10.1016/j.medengphy.2016.06.018 (mara obpamenus: 05.11.2023).

Delanaud S., Chahin Yassin F., Durand E., Tourneux P., Libert J-P. Can mathematical
models of body heat exchanges accurately predict thermal stress in premature neonates?
Applied Sciences. 2019;9(8):1541. URL: https://www.mdpi.com/2076-3417/9/8/1541.
DOI: 10.3390/app9081541 (nara obpamenus: 05.11.2023).

Ginalski M.K., Nowak A.J. Computational model of selected transport processes in an
infant incubator. XX1 ICTAM. 2004 URL:
http://fluid.ippt.gov.pl/ictam04/CD ICTAMO04/FM1/12409/abstract.pdf (mara
obpamenus: 05.11.2023).

Ginalski M.K., Nowak A.J., Wrobel L.C. Modelling of heat and mass transfer processes
in neonatology. Biomed. Mater. 2008;3(3). URL:
https://iopscience.iop.org/article/10.1088/1748-
6041/3/3/034113/pdf?casa_token=p1MujWa_ihEAAAAA:cdQZ9JIX20m-
RJPgSemDz5chwk-FO523dd9 cxkgzs s3gkvBxXhl1EyXoGFSWkpRa-

1827


https://www.mdpi.com/1996-1073/14/17/5278
https://www.sciencedirect.com/science/article/pii/S0010482514003412
https://www.academia.edu/52810133/A_combined_study_of_heat_and_mass_transfer_in_a_double_walled_infant_incubator
https://www.academia.edu/52810133/A_combined_study_of_heat_and_mass_transfer_in_a_double_walled_infant_incubator
https://www.sciencedirect.com/science/article/pii/S0360132320304613
https://www.sciencedirect.com/science/article/abs/pii/S1350453316301072?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1350453316301072?via%3Dihub
https://jcarme.sru.ac.ir/article_1780_931d07becc32d3c305e1e9c37acec0d7.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1350453316301321?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1350453316301321?via%3Dihub
https://www.mdpi.com/2076-3417/9/8/1541
http://fluid.ippt.gov.pl/ictam04/CD_ICTAM04/FM1/12409/abstract.pdf
https://iopscience.iop.org/article/10.1088/1748-6041/3/3/034113/pdf?casa_token=p1MujWa_ihEAAAAA:cdQZ9JIX2Om-RJPgSemDz5chwk-FO523dd9_cxkgzs_s3gkvBxXh1EyXoGFSWkpRa-S28ZiNrMT8zXiFU2U8Gt5HmZI
https://iopscience.iop.org/article/10.1088/1748-6041/3/3/034113/pdf?casa_token=p1MujWa_ihEAAAAA:cdQZ9JIX2Om-RJPgSemDz5chwk-FO523dd9_cxkgzs_s3gkvBxXh1EyXoGFSWkpRa-S28ZiNrMT8zXiFU2U8Gt5HmZI
https://iopscience.iop.org/article/10.1088/1748-6041/3/3/034113/pdf?casa_token=p1MujWa_ihEAAAAA:cdQZ9JIX2Om-RJPgSemDz5chwk-FO523dd9_cxkgzs_s3gkvBxXh1EyXoGFSWkpRa-S28ZiNrMT8zXiFU2U8Gt5HmZI

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

S28ZiNtMT8zXiFU2U8GtSHmZI. DOI:  10.1088/1748-6041/3/3/034113  (nara
obpamenus: 05.11.2023).

Hannouch A., Lemenand T., Khoury K., Habchi C. Coupled radiative and convective heat
losses from preterm infant inside an incubator with radiant heaters. VIII International
Conference on Computational Methods for Coupled Problems in Science and
Engineering, COUPLED PROBLEMS 2019, June 2019, Sitges, Spain. URL: https://univ-
angers.hal.science/hal-02568379/document (mara oopamenus: 05.11.2023).

Ige E.O., Dare A.A., Adeniyi K.A., Coker A.O., Murphy R.L., Glucksberg M.,
Gatchell D. Suitability of hood geometry for design of a PCM neonate incubator for
resource-limited clinical applications. J Med Syst. 2021;45(3):32. DOI: 10.1007/s10916-
021-01716-9.

Havenith G., Fiala D. Thermal indices and thermophysiological modeling for heat stress.
Compr Physiol. 2015;6(1):255-302. URL:
https://onlinelibrary.wiley.com/doi/10.1002/cphy.c140051. DOI: 10.1002/cphy.c140051
(mata obpamenwus: 05.11.2023).

Sarman 1., Bolin D., Holmér 1., Tunell R. Assessment of thermal conditions in neonatal
care: use of a manikin of premature baby size. Am J Perinatol. 1992;9(4):239-46. DOI:
10.1055/5-2007-994780.

Frankenberger R.T., Bussmann O., Nahm W., Konecny E. Model for simulation of heat
loss by premature infants. Biomed Tech (Berl). 1998;43(5):137-43. URL:
https://www.degruyter.com/document/doi/10.1515/bmte.1998.43.5.137/html. DOI:
10.1515/bmte.1998.43.5.137 (nara obopamenus: 05.11.2023).

Hannouch A., Habchi C., Metni N., Lemenand T. Thermal analysis of a 3D printed
thermal manikin inside an infant incubator. International Journal of Thermal Sciences.
2023;183:(107826). URL: https://www.sciencedirect.com/science/article/pii/S12900729
22003544. DOI: 10.1016/j.ijthermalsci.2022.107826 (nata obpamenus: 05.11.2023).
LyraS., Voss F., Coenen A., Blase D., Aguirregomezcorta I.B., Uguz D.U., Leonhardt S.,
Antink C.H. A neonatal phantom for vital signs simulation. /EEE Trans Biomed Circuits
Syst. 2021;15(5):949-959. URL: https://ieeexplore.ieee.org/document/9524494. DOI:
10.1109/tbcas.2021.3108066 (mara obpamenus: 05.11.2023).

Voss F., Lyra S., Blase D., Leonhardt S., Liikken M. A setup for camera-based detection
of simulated pathological states using a neonatal phantom. Sensors (Basel).
2022;22(3):957. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8838518/pdf/se
nsors-22-00957.pdf. DOI: 10.3390/s22030957 (mata obpamenus: 05.11.2023).

Akahane K., Kai M., Kusama T., Mitarai T., Ono K., Hada M., Ninomiya H., Kato Y.
Development of neonate phantom for estimating medical exposure. I[RPA-10 Proceedings
of the 10th international congress of the International Radiation Protection Association
on harmonization of radiation, human life and the ecosystem, (p. 1v). Japan Health
Physics Society. Hiroshima, Japan), 14-19 May 2000. URL:
https://www.irpa.net/irpal 0/cdrom/00582.pdf (mata obpamenwus: 05.11.2023).
Groenewald A., Groenewald W.A. In-house development of a neonatal chest simulation
phantom. J Appl Clin Med Phys. 2014;15(3):4768. URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5711047/pdt/ACM2-15-282.pdf. DOI:
10.1120/jacmp.v15i3.4768 (nata obpamenus: 05.11.2023).

Larsson J., Liao P., Lundin P., Krite Svanberg E., Swartling J., Lewander Xu. M., Bood J.,
Andersson-Engels S. Development of a 3-dimensional tissue lung phantom of a preterm
infant for optical measurements of oxygen-Laser-detector position considerations. J
Biophotonics. 2018;11(3). DOI: 10.1002/jb10.201700097.

1927


https://iopscience.iop.org/article/10.1088/1748-6041/3/3/034113/pdf?casa_token=p1MujWa_ihEAAAAA:cdQZ9JIX2Om-RJPgSemDz5chwk-FO523dd9_cxkgzs_s3gkvBxXh1EyXoGFSWkpRa-S28ZiNrMT8zXiFU2U8Gt5HmZI
https://univ-angers.hal.science/hal-02568379/document
https://univ-angers.hal.science/hal-02568379/document
https://onlinelibrary.wiley.com/doi/10.1002/cphy.c140051
https://www.degruyter.com/document/doi/10.1515/bmte.1998.43.5.137/html
https://www.sciencedirect.com/science/article/pii/S1290072922003544
https://www.sciencedirect.com/science/article/pii/S1290072922003544
https://ieeexplore.ieee.org/document/9524494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8838518/pdf/sensors-22-00957.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8838518/pdf/sensors-22-00957.pdf
https://www.irpa.net/irpa10/cdrom/00582.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5711047/pdf/ACM2-15-282.pdf

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Samantha D., Wight E., Forbush R. Occupational radiation exposure of respiratory
therapists during manual ventilation in the neonatal intensive care unit. Conference:
American Association for Respiratory Care International Congress. 2018:63. DOI:
10.13140/RG.2.2.10650.88008.

Pacheco Tobo A.L., Li H., Chakravarty M., Konugolu Venkata Sekar S., Andersson-
Engels S. Anthropomorphic optical phantom of the neonatal thorax: a key tool for
pulmonary studies in preterm infants. J Biomed Opt. 2020;25(11):115001. URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7670093/pdt/JBO-025-115001.pdf.
DOI: 10.1117/1.jb0.25.11.115001 (mata oopamenus: 05.11.2023).

Fujibuchi T. Investigation of a method for creating neonatal chest phantom using 3D
printer. Journal of Physics: Conference Series, 1943. 2021;1943(1):012056. DOI:
10.1088/1742-6596/1943/1/012056.

Orr T.N., Winter J.D., Campbell G.J., Thompson R.T., Gelman N. A phantom material
for MRI of the neonatal brain. 2017. URL:
https://proceedings.cmbes.ca/index.php/proceedings/article/download/178/174.

Kozana A., Boursianis T., Kalaitzakis G., Raissaki M., Maris T.G. Neonatal brain:
Fabrication of a tissue-mimicking phantom and optimization of clinical Tlw and T2w
MRI sequences at 1.5 T. Phys Med. 2018;55:88-97. DOI: 10.1016/j.ejmp.2018.10.022.
Clément J., Tomi-Tricot R., Malik S.J., Webb A., Hajnal J.V., Ipek O. Towards an
integrated neonatal brain and cardiac examination capability at 7 T: electromagnetic field
simulations and early phantom experiments using an 8-channel dipole array. MAGMA.
2022;35(5):765-778. URL: https://link.springer.com/content/pdf/10.1007/s10334-021-
00988-z.pdf?pdf=button. DOI: 10.1007/s10334-021-00988-z (mara oOpareHus:
05.11.2023).

Gatto M., Memoli G., Shaw A., Sadhoo N., Gelat P., Harris R.A. Three-dimensional
printing (3DP) of neonatal head phantom for ultrasound: thermocouple embedding and
simulation of bone. Med Eng  Phys. 2012;34(7):929-937. DOI:
10.1016/j.medengphy.2011.10.012.

Tavakolian P., Todd R., Kosik I., Chamson-Reig A., Vasefi F., Lawrence K.St.,
Carson J.J.L. Development of a neonatal skull phantom for photoacoustic imaging. Proc.
SPIE 8581, Photons Plus Ultrasound: Imaging and Sensing 2013. 2013;858146. DOIL:
10.1117/12.2005372.

Ultrasound Neonatal Head Phantom (Normal Type). URL:
https://www.kyotokagaku.com/products_data/usl4a_catalog_en.pdf (mata oOGpamienwus:
05.11.2023).

Mass P.N., Contento J.M., Opfermann J.D., Sumihara K., Kumthekar R.N., Berul C.I. An
infant phantom for pediatric pericardial access and electrophysiology training. Heart
Rhythm 02.2022;3(3):295-301. DOI: 10.1016%2F;j.hr00.2022.02.010  (mara
obpamenus: 05.11.2023).

Intubation phantom of a newborn baby. URL:
https://www.southernbiological.com/intubation-phantom-of-a-newborn-baby/ (mara
obpamenus: 05.11.2023).

PH-50 Newborn whole body phantom. URL.:

https://mediscientific.co.uk/product/newborn-whole-body-phantom/ (mata o6pamieHus:
05.11.2023).

Joseph R.A., Derstine S., Killian M. Ideal site for skin temperature probe placement on
infants in the NICU: A review of literature. Advances in Neonatal Care. 2017;17:114—
122. DOI: 10.1097/anc.0000000000000369.

2027


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7670093/pdf/JBO-025-115001.pdf
https://proceedings.cmbes.ca/index.php/proceedings/article/download/178/174
https://link.springer.com/content/pdf/10.1007/s10334-021-00988-z.pdf?pdf=button
https://link.springer.com/content/pdf/10.1007/s10334-021-00988-z.pdf?pdf=button
https://www.kyotokagaku.com/products_data/us14a_catalog_en.pdf
https://www.southernbiological.com/intubation-phantom-of-a-newborn-baby/
https://mediscientific.co.uk/product/newborn-whole-body-phantom/

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

Smith J. Methods and devices of temperature measurement in the neonate: A narrative
review and practice recommendations. Newborn and Infant Nursing Reviews.
2014;14(2):64-71. DOI: 10.1053/j.nainr.2014.03.001.

Malloy-McDonald M.B. Skin care for high-risk neonates. Journal of Wound Ostomy &
Continence Nursing. 1995;22(4):177-182. DOI: 10.1097/00152192-199507000-00008.
Chen W., Bouwstra S., Bambang S., Feijs L. Intelligent design for neonatal monitoring
with wearable sensors. Intelligent and Biosensors. 2010;386—410. DOI: 10.5772/7031.
Marcatto J. de Oliveira, Santos A.S., Oliveira A.J.F., Costa A.C.L., Regne G.R.S,,
da Trindade R.E., Couto D.L., de Souza Noronha K.V.M., Andrade M.V. Medical
adhesive-related skin injuries in the neonatology department of a teaching hospital.
Nursing in Critical Care. 2021;27(4):583-588. DOI: 10.1111/nicc.12621.

Villarroel M., Guazzi A., Jorge J., Davis S., Watkinson P., Green G., Shenvi A.,
McCormick K., Tarassenko L. Continuous non-contact vital sign monitoring in neonatal
intensive  care unit. Healthc Technol Lett. 2014;23;1(3):87-91. URL:
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/htl.2014.0077. DOI: 10.1049/htl
.2014.0077 (nata ob6pamenwus: 05.11.2023).

Kolarovic R.S., Barsky B.E. Patent No. US6679830B2. Infant incubator with non-contact
sensing and monitoring. 2001.

Hamada K., Hirakawa E., Asano H., Hayashi H., Mine T., Ichikawa T., Nagata Y.
Infrared thermography with high accuracy in a neonatal incubator. Ann Biomed Eng.
2022;50(5):529-539. URL: https://link.springer.com/article/10.1007/s10439-022-02937-
w. DOI: 10.1007/s10439-022-02937-w (nata obpamenwus: 05.11.2023).

Cobos-Torres J.C., Abderrahim M., Martinez-Orgado J. Non-contact, simple neonatal
monitoring by photoplethysmography. Sensors (Basel). 2018;18(12):4362. URL:
https://www.mdpi.com/1424-8220/18/12/4362. DOI:  10.3390/s18124362  (nmata
obpamenus: 05.11.2023).

Muthuramalingam S. Security and health monitoring system of the baby in incubator.
International Journal of Engineering and Advanced Technology. 2019;8(6). DOI:
10.35940/ijeat.F9353.088619.

van Gils R.H.J., Wauben L.S.G.L., Helder O.K. Body size measuring techniques enabling
stress-free growth monitoring of extreme preterm infants inside incubators: A systematic
review. PLoS One. 2022;17(4):¢0267285. URL:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0267285. DOLI:
10.1371/journal.pone.0267285 (nara oopamenus: 05.11.2023).

Pereira C.B., Yu X., Goos T., Reiss L., Orlikowsky T., Heimann K., Venema B., Blazek
V., Leonhardt S., Teichmann D. Noncontact monitoring of respiratory rate in newborn
infants using thermal imaging. IEEE Trans Biomed Eng. 2019;66(4):1105-1114. DOI:
10.1109/tbme.2018.2866878.

Abbas A.K., Leonhardt S. Intelligent neonatal monitoring based on a virtual thermal
sensor. BMC Med Imaging. 2014;14:9. DOI: 10.1186/1471-2342-14-9 (nara oOpatieHus:
05.11.2023).

Abbas A K., Jergus K., Heiman K., Orlikowsky T., Leonhardt S. Neonatal Infrared

Thermography Imaging. In: Chen W., Oetomo S.B., Feijs L. (eds) Neonatal Monitoring
Technologies: Design for Integrated Solutions, Book chapter: 1GI Global; 2011. p. 84—
124.

Voss F., Wolski L., Blasé D., Leonhardt S., Liieken M. Live temperature calibration for
neonatal thermography. Conference: IUPESM World Congress on Medical Physics and
Biomedical Engineering 2022. Singapore. 2023.

2127


https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/htl.2014.0077
https://link.springer.com/article/10.1007/s10439-022-02937-w
https://link.springer.com/article/10.1007/s10439-022-02937-w
https://www.mdpi.com/1424-8220/18/12/4362
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0267285

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Abbas A K., Heimann K., Jergus K., Orlikowsky T., Leonhardt S. Neonatal non-contact
respiratory monitoring based on real-time infrared thermography. Biomed Eng Online.
2011;10:93. DOI: 10.1186/1475-925x-10-93 (mata obpamenus: 05.11.2023).

Voss F., Brechmann N., Lyra S., Rixen J., Leonhardt S., Hoog Antink C. Multi-modal
body part segmentation of infants using deep learning. Biomed Eng Online.
2023;22(1):28. DOI: 10.1186/s12938-023-01092-0.

Lyra S., Mustafa A., Rixen J., Borik S., Lueken M., Leonhardt S. Conditional Generative
Adversarial Networks for Data Augmentation of a Neonatal Image Dataset. Sensors
(Basel). 2023;23(2):999. DOI: 10.3390/523020999.

Lyra S., Rixen J., Heimann K., Karthik S., Joseph J., Jayaraman K., Orlikowsky T.,
Sivaprakasam M., Leonhardt S., Hoog Antink C. Camera fusion for real-time temperature
monitoring of neonates using deep learning. Med Biol Eng Comput. 2022;60(6):1787—
1800. DOI: 10.1007/s11517-022-02561-9 (nata obpamenus: 05.11.2023).

Foldesy P., Zarandy A., Szabé6 M. Reference free incremental deep learning model
applied for camera-based respiration monitoring. [EEE Sensors Journal.
2021;21(2):2346-2352. DOI: 10.1109/JSEN.2020.3021337 (mata oOpamieHus:
05.11.2023).

Firmansyah R., Widodo A., Romadhon A.D., Hudha M.S., Saputra P.P.S., Lestari N.A.
The prototype of infant incubator monitoring system based on the internet of things using
NodeMCU ESP8266. 2019 J. Phys.: Conf. Ser. 1171 012015. DOIL: 10.1088/1742-
6596/1171/1/012015.

Cetin K., Ekici B. The effect of incubator cover on newborn vital signs: The design of
repeated measurements in two separate groups with no control group. Children (Basel).
2023;14;10(7):1224. DOLI: 10.3390/children10071224.

Burunkaya M., Yucel M. Measurement and control of an incubator temperature by using
conventional methods and Fiber Bragg grating (FBG) based temperature sensors. J Med
Syst. 2020;44(10):178. DOI: 10.1007/s10916-020-01650-2.

de Aratjo J.M., de Menezes J.M., Moura de Albuquerque A.A., da Mota Almeida O.,
Ugulino de Araujo F.M. Assessment and certification of neonatal incubator sensors
through an inferential neural network. Sensors (Basel). 2013;13(11):15613—-15632. DOI:
10.3390/s131115613 (mara oopamenus: 05.11.2023).

Lima S., Tarbouriech F., Gouaisbaut, Filho M.A., Garcia P. Analysis and experimental
application of a dead-time compensator for input saturated processes with output time-
varying delays. IET Control Theory and Applications. 2021;15(4):580-593. DOI:
10.1049/cth2.12063 (nata oopamenus: 05.11.2023).

Pereira R.D.O., Torrico B.C. New automatic tuning of multivariable PID controller
applied to a neonatal incubator. 2015 8th International Conference on Biomedical
Engineering and Informatics (BMEI), Shenyang, China, 2015. 2015. p. 588-593. DOL:
10.1109/BMEIL.2015.7401572.

Zimmer D.B., Inks A.A.P., Clark N., Sendi C. Design, control, and simulation of a
neonatal incubator. Annu Int Conf IEEE Eng Med Biol Soc, 2020, Montreal, OQC, Canada.
2020. p. 6018-6023. DOI: 10.1109/embc44109.2020.9175407.

Sobowale A.A., Olaniyan O.M., Adetan O., Adanigbo O., Esan. A., Olusesi A.T., Wahab
W.B., Adewumi O.A. Implementation of a clinical decision support systems-based
neonatal monitoring system framework. International Journal of Advanced Computer
Science and Applications (IJACSA). 2020;11(9). URL:
https://thesai.org/Publications/ViewPaper?Volume=11&Issue=9&Code=IJACSA & Seri
alNo=44. DOLI: 10.14569/IJACSA.2020.0110944 (nara oopamenus: 05.11.2023).

Ele P., Mbede J.B., Ondoua, E. Parameters Modelling and Fuzzy Control System of
Neonatal Incubators. 2009. SETIT 2009 5th International Conference: Sciences of

22127


https://thesai.org/Publications/ViewPaper?Volume=11&Issue=9&Code=IJACSA&SerialNo=44
https://thesai.org/Publications/ViewPaper?Volume=11&Issue=9&Code=IJACSA&SerialNo=44

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Electronic, Technologies of Information and Telecommunications, 22-26 March 2009,
Tunisia.

Alimuddin A., Arafiyah R., Saraswati ., Alfanz R., Hasudungan P., Taufik T.
Development and performance study of temperature and humidity regulator in baby
incubator using Fuzzy-PID hybrid controller. Energies. 2021;14(20):6505. URL.:
https://www.mdpi.com/1996-1073/14/20/6505. DOI:  10.3390/en14206505 (mara
obpamenus: 05.11.2023).

Alduwaish S., Alshakri O., Alamri R., Alfarieh R., Alqahtani S., Hameed K., Alomari A.
Automated humidity control system for neonatal incubator. Journal of Physics:
Conference Series 2071. 2021;2071:012029. DOI: 10.1088/1742-6596/2071/1/012029.
Ismail A., Noura H., Harmouch F., Harb Z. Design and control of a neonatal incubator
using model-free control, 2021 29th Mediterranean Conference on Control and
Automation  (MED),  Puglia, Italy, 2021. 2021; p. 286-291. DOI:
10.1109/MED51440.2021.9480305.

Pinto J.A.D., Cérdova E.A., Lévano C.B.C. Design and implementation of a digital PID
temperature controller for neonatal incubator ESVIN. Journal of Mechanics Engineering
and Automation 5.2015:167-172.  DOI:  10.17265/2159-5275/2015.03.005  (mata
obpamenus: 05.11.2023).

Abdiche M., Farges G., Delanaud S., Bach V., Villon P., Libert J.P. Humidity control tool
for neonatal incubator. Med Biol Eng Comput. 1998;36(2):241-245. DOI:
10.1007/b£02510752.

Zermani M.A., Feki E., Mami A. Application of genetic algorithms in identification and
control of a new system humidification inside a newborn incubator. International
Conference on Communications, Computing and Control Applications (CCCA),
Hammamet, Tunisia. 2011; p. 1-6, DOI: 10.1109/CCCA.2011.6031225.

Feki E., Zermani M.A., Mami A. Decoupling control approach for neonate incubator
system. [International Journal of Computer Applications. 2012;47(2):49-57. DOI:
10.5120/7164-9851.

Zermani M.A., Feki E., Mami A. Decoupling multivariable GPC with reference
observation and feed-forward compensation method. Case Study: Neonate incubator.
International Journal of Computer Science Issues. 2012;9(4):508-515. URL:
https://ijesi.org/papers/IJCSI-9-4-3-508-515.pdf (mata obpamenwus: 05.11.2023).
Zermani M.A., Feki E., Mami A. Self-tuning weighting factor to decoupling control for
incubator system. [International Journal of Information Technology, Control and
Automation (IJITCA). 2012;2(3):67-83. URL: https://zenodo.org/records/1404111. DOI:
10.5121/ijitca.2012.2306 (mara o6pamenus: 05.11.2023).

Zermani M.A., Feki E., Mami A. GPC multivariable control applied to temperature and
humidity neonate incubators. International Conference on Electrical Engineering and
Software  Applications, = Hammamet, Tunisia.  2013;  p. 1-6.  DOI:
10.1109/ICEESA.2013.6578492.

Feki E., Zermani M.A., Mami A. GPC Temperature control of a simulation model infant-
incubator and practice with Arduino Board. International Journal of Advanced Computer
Science and Applications. 2017;8(6):46—59. DOI: 10.14569/1JACSA.2017.080607 (marta
obpamenus: 05.11.2023).

Hadj A.J.E., Feki E., Mami A. Tuning PID using particle swarm optimization for
controlling temperature of the infant incubator. International Journal of Computer
Science and Network Security. 2020;20(3):174-182. URL:
http://paper.ijesns.org/07 _book/202003/20200324.pdf (nara obpamenus: 05.11.2023).

2327


https://www.mdpi.com/1996-1073/14/20/6505
https://ijcsi.org/papers/IJCSI-9-4-3-508-515.pdf
https://zenodo.org/records/1404111
http://paper.ijcsns.org/07_book/202003/20200324.pdf

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

86.

87.

88.

&9.

90.

91.

92.

93.

94.

95.

96.

97.

Zermani M., Feki E., Mami A. Thermal control of the newborns using a cascade
approach.  Studies in  Informatics and Control. 2023;32:119-130. DOI:
10.24846/v32i3y2023011.

Bhujbal R., Johnson H., Alag S., Ahire A. Smart ASHeR Infant incubator for accurate
monitoring and control. Journal of Emerging Technologies and Innovative Research.
2021;8:531-536. URL:  https://www.jetir.org/papers/JETIR2108318.pdf.  DOI:
10.1729/Journal.27909 (nata o6pamenns: 05.11.2023).

Samy K. Smart incubator for premature baby in an lot applications. Journal of
Semiconductor Devices and Circuits. 2023;9(2). URL:
https://www.researchgate.net/publication/370659128 Smart Incubator for Premature
Baby In_An_lot_Applications. DOI: 10.37591/JoSDC (nata o6pamenus: 05.11.2023).
Inba M., Rajagopal S., Amala M., Kannagi V., Bharatha S.G., Chettiyar V.V.,
Jasmine V.A., Sanjeev K.N. Implementation of an intelligent neonatal monitoring system
using Raspberry Pi. ECS  Transactions. 2022;107(1):1001-1009.  DOI:
10.1149/10701.1001ecst.

Cuervo R., Rodriguez-Lazaro M.A., Farré R., Gozal D., Solana G., Otero J. Low-cost and
open-source neonatal incubator operated by an Arduino microcontroller. HardwareX.
2023;15:€00457. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10393824/pdf/
main.pdf. DOI: 10.1016/j.0hx.2023.e00457 (nara oopamenus: 05.11.2023).

Al-Sawaff Z., Kandemirli F. YahyaY. LabVIEW based temperature control system for
neonatal incubator. Eurasian Journal of Science Engineering and Technology. 2020:20—
26. URL: https://dergipark.org.tr/en/download/article-file/1067113 (mata oOpamieHus:
05.11.2023).

Al-Sawaff Z., Kandemirli F. Yahya Y. Neonatal incubator embedded temperature
observation and monitoring using GSM. Journal of Engineering Research and Reports.
2019;4(1):1-9. DOI: 10.9734/jerr/2019/v4i1116895.

Mahdi M.A., Gittaffa S.A., Issa A.H. Multiple fault detection and smart monitoring
system based on machine learning classifiers for infant incubators using raspberry Pi 4.
Journal  Européen des Systemes Automatisés. 2022;55(6):771-778. URL:
https://www.iieta.org/journals/jesa/paper/10.18280/jesa.550609. DOI: 10.18280/jesa.55
0609 (mata obpamenus: 05.11.2023).

Chandrasekaran A., Amboiram P., Balakrishnan U., Abiramalatha T., Rao G., Jan S.M.S.,
Rajendran U.D., Sekar U., Thiruvengadam G., Ninan B. Disposable low-cost cardboard
incubator for thermoregulation of stable preterm infant — a randomized controlled non-
inferiority trial. EClinicalMedicine. 2020;31:100664. URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7846710/. DOI: 10.1016/j.eclinm.2020.
100664 (nara obpamienus: 05.11.2023).

Zaylaa A.J., Rashid M., Shaib M., El Majzoub I. A handy preterm infant incubator for
providing intensive care: Simulation, 3D printed prototype, and evaluation. J Healthc
Eng. 2018;2018:8937985. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC59713
29/. DOI: 10.1155%2F2018%2F8937985 (nata obpamenus: 05.11.2023).

Marchal A., Melchior M., Dufour A., Poisbeau P., Zores C., Kuhn P. Pain behavioural
response to acoustic and light environmental changes in very preterm infants. Children
(Basel). 2021:24;8(12):1081. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC87
00556/. DOI: 10.3390/children8121081 (mata obpamenus: 05.11.2023).

Kaneshi Y., Ohta H., Morioka K., Hayasaka 1., Uzuki Y., Akimoto T., Moriichi A.,
Nakagawa M., Oishi Y., Wakamatsu H., Honma N., Suma H., Sakashita R., Tsujimura
S., Higuchi S., Shimokawara M., Cho K., Minakami H. Influence of light exposure at
nighttime on sleep development and body growth of preterm infants. Sci Rep.

2427


https://www.jetir.org/papers/JETIR2108318.pdf
https://www.researchgate.net/publication/370659128_Smart_Incubator_for_Premature_Baby_In_An_Iot_Applications
https://www.researchgate.net/publication/370659128_Smart_Incubator_for_Premature_Baby_In_An_Iot_Applications
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10393824/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10393824/pdf/main.pdf
https://dergipark.org.tr/en/download/article-file/1067113
https://www.iieta.org/journals/jesa/paper/10.18280/jesa.550609
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7846710/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5971329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5971329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8700556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8700556/

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / I 2023;11(4)

Modeling, optimization and information technology

https://moitvivt.ru

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

2016;6:21680. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4753683/. DOI:
10.1038/srep21680 (mara obpamenus: 05.11.2023).

Antonucci R., Porcella A., Fanos V. The infant incubator in the neonatal intensive care
unit: unresolved issues and future developments. J Perinat Med. 2009;37(6):587-98.
DOI: 10.1515/jpm.2009.109.

Marik P.E., Fuller C., Levitov A., Moll E. Neonatal incubators: a toxic sound
environment for the preterm infant? Pediatr Crit Care Med. 2012;13(6):685-689. URL.:
https://journals.lww.com/pccmjournal/fulltext/2012/11000/neonatal _incubators__a_toxi
c_sound_environment_for.11.aspx. DOI:  10.1097/pcc.0b013e31824ea2b7  (mara
obpamenus: 05.11.2023).

Rodriguez-Montafio V.M., Beira-Jiménez J.L., Puyana-Romero V., Cueto-Ancela J.L.,
Hernédndez-Molina R., Fernandez-Zacarias F. Acoustic conditioning of the neonatal
incubator compartment: Improvement proposal. Front Pediatr. 2022;10:955553. URL.:
https://www.frontiersin.org/articles/10.3389/fped.2022.955553/full. DOI: 10.3389/fped.
2022.955553 (mara obpamenus: 05.11.2023).

Jaschke Artur C., Bos Arend F. Concept and considerations of a medical device: the active
noise  cancelling incubator.  Fromtiers in  Pediatrics.  2023:11. URL:
https://www.frontiersin.org/articles/10.3389/fped.2023.1187815/full. DOI: 10.3389/fpe
d.2023.1187815 (mara ob6pamenus: 05.11.2023).

Alomar S. The Impact of incubators on noise transmission produced by high-frequency
oscillatory ventilation inside the neonatal intensive care unit. e-Journal of Neonatology
Research. 2011:1. URL:https://www.researchgate.net/publication/258312400_The Imp
act_of Incubators_on_Noise Transmission Produced by High-

Frequency Oscillatory Ventilation_Inside_the Neonatal Intensive Care Unit  (marta
obpamenus: 05.11.2023).

Restin T., Gaspar M., Bassler D., Kurtcuoglu V., Scholkmann F., Haslbeck F.B. Newborn
incubators do not protect from high noise levels in the neonatal intensive care unit and
are relevant noise sources by themselves. Children. 2021;8(8):704. URL:
https://www.mdpi.com/2227-9067/8/8/704. DOI:  10.3390/children8080704 (marta
obpamenus: 05.11.2023).

Bellieni C.V., Nardi V., Buonocore G., Di Fabio S., Pinto L., Verrotti A. Electromagnetic
fields in neonatal incubators: the reasons for an alert. J Matern Fetal Neonatal Med.
2019;32(4):695-699. DOI: 10.1080/14767058.2017.1390559.

Fernandez-Zacarias F., Beira-Jiménez J.L., Puyana-Romero V., Herndndez-Molina R.
Diagnosis of noise inside neonatal incubators under free-field conditions. Acoustics.
2023;5(2):354-366. URL: https://www.mdpi.com/2624-599X/5/2/21. DOI:
10.3390/acoustics5020021 (mara obpamenus: 05.11.2023).

Hutchinson G., Du L., Ahmad K. Incubator-based sound attenuation: active noise control
in a simulated clinical environment. PLoS One. 2020;15(7):e0235287. URL.:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7363066/. DOI: 10.1371%2Fjournal.po
ne.0235287 (mara obpamenus: 05.11.2023).

Hutchinson G.M., Wilson P.S., Sommerfeldt S., Ahmad K. Incubator-based active noise
control device: comparison to ear covers and noise reduction zone quantification. Pediatr
Res. 2023;94(5):1817-1823. URL: https://www.nature.com/articles/s41390-023-02708-
w. DOI: 10.1038/s41390-023-02708-w (mara obpamenus: 05.11.2023).
Rodriguez-Balderrama 1., Cisneros-Hernandez J., Nieto, A., Ochoa-Correa E.,
Cavazos M. Measuring the quantity of light in neonatal care areas in a third-level hospital.
Revista Medicina Universitaria. 2023:24. URL: https://www.researchgate.net/publicatio
1n/366901165_Measuring_the quantity of light in_neonatal care areas_in_a_third-

level hospital. DOI: 10.24875/RMU.22000041 (mata obpamienus: 05.11.2023).

2527


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4753683/
https://journals.lww.com/pccmjournal/fulltext/2012/11000/neonatal_incubators__a_toxic_sound_environment_for.11.aspx
https://journals.lww.com/pccmjournal/fulltext/2012/11000/neonatal_incubators__a_toxic_sound_environment_for.11.aspx
https://www.frontiersin.org/articles/10.3389/fped.2022.955553/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1187815/full
https://www.researchgate.net/publication/258312400_The_Impact_of_Incubators_on_Noise_Transmission_Produced_by_High-Frequency_Oscillatory_Ventilation_Inside_the_Neonatal_Intensive_Care_Unit
https://www.researchgate.net/publication/258312400_The_Impact_of_Incubators_on_Noise_Transmission_Produced_by_High-Frequency_Oscillatory_Ventilation_Inside_the_Neonatal_Intensive_Care_Unit
https://www.researchgate.net/publication/258312400_The_Impact_of_Incubators_on_Noise_Transmission_Produced_by_High-Frequency_Oscillatory_Ventilation_Inside_the_Neonatal_Intensive_Care_Unit
https://www.mdpi.com/2227-9067/8/8/704
https://www.mdpi.com/2624-599X/5/2/21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7363066/
https://www.nature.com/articles/s41390-023-02708-w
https://www.nature.com/articles/s41390-023-02708-w
https://www.researchgate.net/publication/366901165_Measuring_the_quantity_of_light_in_neonatal_care_areas_in_a_third-level_hospital
https://www.researchgate.net/publication/366901165_Measuring_the_quantity_of_light_in_neonatal_care_areas_in_a_third-level_hospital
https://www.researchgate.net/publication/366901165_Measuring_the_quantity_of_light_in_neonatal_care_areas_in_a_third-level_hospital

MopenupoBaHue, ONTHMU3ALUSA U HHPOPMALMOHHBIE TEXHOJIOTHH /
Modeling, optimization and information technology

2023;11(4)
https://moitvivt.ru

109.

110.

111.

112.

113.

114.

®posoB Cepreii BaagumupoBuu,

Monson B.B., Rock J., Cull M., Soloveychik V. Neonatal intensive care unit incubators
reduce language and noise levels more than the womb. J Perinatol. 2020;40(4):600—606.
DOI: 10.1038/s41372-020-0592-6.

Rodriguez R.G., Pattini A.E. Neonatal intensive care unit lighting: update and
recommendations. Arch  Argent  Pediatr. 2016;114(4):361-367. URL:
https://www.sap.org.ar/docs/publicaciones/archivosarg/2016/v114n4alSe.pdf. DOLI:
10.5546/aap.2016.eng.361 (mara obpamenus: 05.11.2023).

Bellieni C.V., Nardi V., Buonocore G., Di Fabio S., Pinto 1., Verrotti A. Electromagnetic
fields in neonatal incubators: the reasons for an alert. J Matern Fetal Neonatal Med.
2019;32(4):695-699. DOI: 10.1080/14767058.2017.1390559.

Laurent F., Butin M. Staphylococcus capitis and NRCS-A clone: the story of an
unrecognized pathogen in neonatal intensive care units. Clin Microbiol Infect.
2019;25(9):1081-1085. DOI:  10.1016/j.cmi.2019.03.009  (mata  oOpamieHHS:
05.11.2023).

Lange 1., Edel B., Dawczynski K., Proquitté H., Pletz M.W., Kipp F., Stein C. Influence
of the incubator as direct patient environment on bacterial colonization of neonates.
Microorganisms. 2021;9(12):2533. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC8709377/. DOIL  10.3390%2Fmicroorganisms9122533  (mara  oOpamieHus:
05.11.2023).

Jiang L., Ma J., Li F., Qin N. Association between incubator standards and newborn
nosocomial infection with machine-learning prediction. Trans! Pediatr. 2023;12(4):655—
662.  URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10167382/.  DOL:
10.21037/tp-23-171 (mara obpamenus: 05.11.2023).

NHOOPMALIUA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

noktop Sergei V. Frolov, Doctor of Technical Sciences,

TEXHUYECKUX HAyK, Ipodeccop W 3aBeAyIOIIHiA
kadenpoi buomenuuunckas TEXHHKA,
TaMOOBCKHMI TOCYNapCTBEHHBIM TEXHHICCKHI
yHuBepcuteT, Tam00B, Poccuiickas dexepariusi.
e-mail: sergej.frolov@gmail.com

ORCID: 0000-0003-2917-535X

KopoGoB ApTém AHApeeBHY, KaHIUOAT
TEXHWYECKUX  HAyK, aCCHUCTEHT  Kadeapsl
Bbromenunuackas TEeXHUKA, Tam0OoBcKkuit

rOCY/IapCTBEHHBI TEXHUYECKUU YHUBEPCUTET,
Tam60B, Poccuiickas deneparusi.

e-mail: korobov1991(@mail.ru

ORCID: 0000-0002-2158-7029

CasunoBa Kpucruna CepreeBHa, acnupaHt
kadeaps buomenunnHckas TEXHUKa,
TamOOBCcKkHMII TOCYIapCTBEHHBI TEXHUYECKHUN
yHUBEpcUTeT, Tamb0oB, Poccuiickas deneparusi.
e-mail: savinova.k94@mail.ru
ORCID: 0009-0005-5323-7495

MHotaoB  Anton  FOpbeBU4,  KaHIUAAT
TEXHUYCCKUX HayK, JOIEHT, JOLEHT Kadeapbl
Bbuomenununckas TEeXHHUKA, TamOoBckHit

Professor, Head of the Department of Biomedical
Engineering, = Tambov  State = Technical
University, Tambov, the Russian Federation.

Artyom A. Korobov, Candidate of Technical
Sciences, Assistant Professor at the Department
of Biomedical Engineering, Tambov State
Technical University, Tambov, the Russian
Federation.

Kristina S. Savinova, Postgraduate Student, the
Department of Biomedical Engineering, Tambov
State Technical University, Tambov, the Russian
Federation.

Anton Yu. Potlov, Candidate of Technical
Sciences, Associate Professor at the Department
of Biomedical Engineering, Tambov State

2627


https://www.sap.org.ar/docs/publicaciones/archivosarg/2016/v114n4a15e.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8709377/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8709377/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10167382/
mailto:sergej.frolov@gmail.com
https://orcid.org/0000-0003-2917-535X
mailto:korobov1991@mail.ru
https://orcid.org/0000-0002-2158-7029
mailto:savinova.k94@mail.ru
https://orcid.org/0009-0005-5323-7495

MopenupoBanue, ONTUMU3ANKUS U HHPOPMAIIMOHHBIE TEXHOJIOTUH / 2023;11(4)
Modeling, optimization and information technology https://moitvivt.ru

rOCyJIapCTBEHHBIN TexXHuYeckuii yHuBepcuteT, Technical University, Tambov, the Russian
Tam60B, Poccmiickas denepartusi. Federation.

e-mail: zerer(@yandex.ru

ORCID: 0000-0001-9376-3688

Cmamuws nocmynuna 8 pedaxyuio 09.11.2023; o0obpena nocne peyenzuposarnus 16.11.2023;
npunama k nyonuxayuu 29.11.2023.

The article was submitted 09.11.2023; approved after reviewing 16.11.2023;
accepted for publication 29.11.2023.

27127


mailto:zerner@yandex.ru
https://orcid.org/0000-0001-9376-3688

