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PE3IOME. Bgeoenue. SneMeHTH MaTeMAaTHIECKOTO MOJCITHPOBAHUS YBEPEHHO BXOIAT B IIPAKTH-
YECKOEe 3/]paBOOXpaHEeHNE M OPTaHU3aIMIo 3/ipaBooxpaHeHusi. OHU MOT'YT OBITh HCIIOJIb30BaHbBI KaK
MHCTPYMEHT OIICHKH Pe3yJbTaTUBHOCTH, INIAHUPOBAHUS, IPOTHO3a U pacueTa MOTPEOHOCTH MEIU-
UHCKOU momontu. Ifeab — mpou3BecTH pacyeT MOTPEOHOCTH JCTCKOrO HACEICHUS apKTHUUECKON
30HBI PecniyOnmmku Caxa (SIKyTHS) B cieualn3upOBaHHON MeIUIIMHCKONW oMot 10 2036 roga u
MoTpeOHOCTH B caHuTapHON aBuanuu 10 2032 roga. Mamepuanst u memoosl. B HacTosiiee BpeMs
B Pecniybnuke Caxa (SIkyTus) co3jgaHa yHUKalbHasi 0a3a MeIUKO-IeMOrpaduyecKuX JaHHBIX 10
36 paitonam u pecnyOiuke B mejioM, HaduHas ¢ 2000 roma. DTOT MacCHB JJaHHBIX OyJIeT MCII0JIb30-
BaH TPH pacueTe NOTPeOHOCTH HACENEeHUs B CIENHATU3NPOBAHHON MEIUIIMHCKOW TIOMOIIH, a TaK-
JKe TIPU TEPPUTOPUAIBHOM TIIaHUpOBaHUH. Pe3yivmameut u oocyscoenue. B ctaThe npeacraBiieHa
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MOIBITKA MOJICIMPOBAHMSI IOTPEOHOCTH B CIIELUAIN3UPOBAaHHON MEIUIIMHCKOM MOMOIIH JETCKOMY
HaceJeHUIo apKTU4YecKoi 300k PecniyOnuku Caxa (SIKyTHs) ¢ MCIIOb30BaHNWEM MTPOTHOCTHYECKUX
moxeneir Gardner (1985). IIpn cymecTBYIOIIUX MEIUKO-IeMOTrpa@UIeCKuX MOKa3aTeNIX U yPOBHE
)knu3HU HaceneHus PecnyOnuku Caxa (SIkyTus) mOTpeOHOCTh B CIIEHAIM3NPOBAHHON MEIUIINH-
CKOM TMOMOIIM JIETSAM M MOJPOCTKAM OCTaHETCS Ha YPOBHE CPEIHUX MapaMeTpOB 3a TEKyIUe TOa.
3akniouenue. IneMEHTH MATEMATHYCCKOT'O MOJICIIUPOBAHUS TIO3BOJISIFOT PACCUUTATH MMOTPEOHOCTD
B CHENMATU3UPOBAHHON MEIUIIMHCKONW IMOMOIIM JIETCKOMY HACEJIeHUIO0 apKTHUYeCKOM 30HbI Pecmy-
ommku Caxa (SIKyTHs) M1 MOT'YT aKTHBHO HCIIOJTb30BaThCS IIPH TEPPUTOPHUATIBEHOM TIIIAHUPOBAHUU.

KJIOYEBBIE CJIOBA: monenupoBaHue, MEAULIMHCKAsI IOMOIb, CAHUTApHAs aBUALUsI, IETH,
MOJIPOCTKH, AKyTHs

Hctounnk ¢punancupoBanus. PaboTa BeIIToNHEHAa B paMKax TOCYIapCTBEHHOTO 3ajaHusi MUHHCTEpCTBA
Hayku n oopazoBanust PO (FSRG-2026-0008) u tembt HUP ®I'BHY «HIL KMII» «®yHnamenTanbHbIe
OCHOBBI ()OPMHUPOBAHHUS U COXPAHEHHUS 30POBBsI IeTCKOro HaceneHus: Ha CeBepe» (HOMEp rocyJapcTBeH-
Hoit peructpauuu: 1022041300003-6).
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ABSTRACT. Introduction. Elements of mathematical modeling are steadily employed in the system
of practical healthcare and healthcare organization. They can be used as a tool for performance
assessment, planning, forecasting, and calculating medical care needs. 4im — to evaluate the needs
of the children’s population of the Arctic zone of the Republic of Sakha (Yakutia) for specialized
medical care until 2036 and the need for air ambulance until 2032. Materials and methods. To
date, a unique database of medical and demographic data has been created in the Republic of Sakha
(Yakutia) for 36 districts and the republic as a whole since 2000. These data set will be used in
calculating the population’s need for specialized medical care, as well as for the sake of territorial
planning. Results and discussion. The article presents an attempt to model the need for specialized
medical care for children in the Arctic zone of the Republic of Sakha (Yakutia) using predictive
models by Gardner (1985). With the existing data of medical and demographic indicators alongside
living standards of the population of the Republic of Sakha (Yakutia), the demand for specialized
medical care for children and adolescents will remain at the average level for the current years.
Conclusion. The elements of mathematical modeling make it possible to calculate the need for
specialized medical care for children in the Arctic zone of the Republic of Sakha (Yakutia) and can
be actively used for territorial planning.

KEY WORDS: modeling, medical care, air ambulance, children, teenagers, Yakutia
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BBEJAEHUE

MonenupoBanne MOTPEOHOCTH MEIUIIMHCKOM
MOMOIIM HACEJICHHUIO, TEPPUTOPHATIBHOE TUIaHU-
poBaHME, pacyeT IKOHOMUYECKOH Ppe3yJbTaTHUBHO-
CTH SIBISIIOTCA HPUOPUTETHBIMU HANPaBICHUSMH
OMOCTAaTUCTHYCCKUX  UCCICOBAHUN  TMOCICIHUX
ner [1-3]. C HakoruileHHMeM (QaKTHYECKUX MEH-
KO-JIeMOorpadu4yeckux, CTaTUCTUYECKUX JaHHBIX B
pEeTHOHAaX 3T MCCIeIOBaHUS TIPHOOPETAIOT 0cOo0YI0
3HAYUMOCTb B OPTaHU3alMU M PAa3BUTHU 3/PABOOX-
panenus [4, 5].

Ha 6aze I'bY PC (i) «SxyTckuii pecryOnnkaH-
CKuii UH(OPMALMOHHO-aHATUTUYCCKUN  IICHTP»
cthopmupoBaHa 0a3a TaHHBIX MEIUKO-JIeMoTpadu-
YeCKHX IOoKa3arenell Bcex pailoHOB PecryOmuku
Caxa (Sxyrtus), sHaunaas ¢ 2000 roma. OcHOBBIBaA-
sICh Ha 3THX JaHHBIX BO3MOXXHO MPOBOAUTH MOJE-
JUPOBaHUE MHOTUX I1apaMETPOB OOIIECTBEHHOI'O
310poBbs. Cpean 0COOCHHOCTEH opraHu3aly Me-
JUIIMHCKOWM MOMOIIM B apKTHYECKUX pailoHax Pec-
nyOnuku Caxa (SIkyTus) ciiegyeT OTMETHUTS:

* HAIW4YUE MAJOKOMIUICKTHBIX JIeueOHO-TIPO-

¢buIaKTHYECKUX yUpeKACHUN 1715 obecrede-
HUS TOCTYITHOCTH MEIULUHCKON TOMOLIH;

* BBICOKYIO HOTPEOHOCTh HAceJICHUs] B CKOPOH
MEIUIUHCKOW, B TOM YHUCIIE CHEIHAIU3UPO-
BAaHHOH, U CAHUTAPHO-aBUALIMOHHON IIOMOIIIH;

* NOTPeOHOCTH B OPraHM3aLUU BBIE3IHOHN (op-
MBI OKa3aHMS KaK MEPBUYHOM, TaK U CIeHua-
JU3UPOBAHHON MEIULMHCKON OMOIIH B CBSI-
3M ¢ HU3KOH YKOMIUIEKTOBAHHOCTBIO Y3KHUMH
CHEIMATUCTaMH, BHICOKHH YPOBEHb rOCIUTA-
JM3aLUH HACEICHHUS.

OTH 0COOCHHOCTH OUKTYIOT HEOOXOTMMOCTH
paspaborku nupHepeHIUPOBAHHBIX PErHOHANb-
HBIX MEXaHHM3MOB pealu3aliil TI'oCyIapCTBECHHON
MOJIUTHKHU OXPAaHBI 3[10pPOBbSl U Pa3BUTHUS 30PaBO-
OXpaHEHHsI U, BO3MOXKHO, TPEOYIOT HOBBIX MOJIXO-
JI0B B IJIAHUPOBAHUU PECYPCOB 3IPABOOXPAHCHUS

C HUCIOJIb30BAaHUEM MaTeMaTHYeCKOro MOAEIUpO-
BaHUS MEJIMKO-AeMOTrpaduiecKiX MmoKa3aresnei.

HEJb HCCIEJOBAHUA

IIpousBect pacdyer NOTPEOHOCTH JETCKOTO
HaceJICHUs! apKTHYeckor 30Hbl PecnyOmuku Caxa
(SIkyTus) B crenuain3vpoOBaHHONW MEIUIIMHCKON
nmomomi 10 2036 roga W mMOTpeOHOCTH B CaHHU-
TapHo# aBuauuu a0 2032 rona ¢ UCMONIb30BAHUEM
MPOTHOCTUYECKUX MOJIEJIEeH.

MATEPHAJIBI U METO/IbI

ABTOpamMH TIpe/ICTaBICH pacdeT MOTPeOHOCTH
JIETCKOTO HaceJICHHsI apKTU4ecKol 30HbI Pecmyomnu-
ku Caxa (SIkyTus) B ClielMaIn3upOBAHHOW MEITH-
nuHCKol momomu a0 2036 roma u moTpeGHOCTH B
caHuTapHoi aBuaruu 10 2032 roma ¢ UCHOIB30BaA-
HUEM nporHoctuyeckux moxeneit Gardner (1985).

PE3VJIBTATHBI U OBCYKIEHUE

Kak nokasano B Ta0:. 1, rocniuraaiuzupoBaHHas
3a00jeBaeMOCTh JeTei B guHamuke ¢ 2001 roma
noBeIciack ¢ 2387,6 no 4054,4 na 100 000 met-
CKOT'O HaCeJICHHUS.

[Ipu coxpaHeHWH OCHOBHBIX MEIUKO-IIEMOTpa-
(UYeCKUX XapaKTEPUCTHK MPOTHOCTUYECKH II0-
Ka3aTedb TOCIUTAIN3UPOBAHHON 320071€BaeMOCTH
Oynet Ha ypoBHe 3700 Ha 100 000 gerckoro Hace-
neHnst. JlaHHas TEHICHIWS IOJKHA COXPAHHUTHCH,
Ha puc. | 3TOT MoOKa3aTelib U300paKeH KPacHBIM
IIYHKTHPOM.

Kak mokazano B TaOn. 2, €XEeroJHO TOIydaau
CTallMOHapHOE JieueHue B [lenuaTprudeckom LEHT-
pe Pb Ne 1-HIIM oxomo 500 mereit (2005 — 487,

Tabnuya 1
TlocnuranusupoBanHas 3a001€BaeMOCTb AeTCKOro HaceneHus Sxkytuu (Ha 100 ThIC. 4eTI0BEK) MO JaHHBIM
ITenuarpuueckoro nenrpa Pb Ne 1-HIIM
Table 1
Hospitalized morbidity of the children’s population of Yakutia (per 100 thousand people) according to the data
of the Pediatric Center of the RH No. [-NCM
Toanl
Iloka3zarenn Years
Indicator
2001 2010 2015 2020 2021 2022
Bcero 2387.,6 3610,0 39478 2553,6 4153.8 40544
Total P <0,00 P <0,00 P=0,02 P <0,00 P <0,00

Tabruya cocmasnena no dannvim cobcmeenno2o uccaedoganus agmopos / The table is based on the authors' own research
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Exp. smoothing: S0=1347, T0=2083,
Damped trend, no season; Alpha=,470 Gamma=,100 Phi=,100

4500 hosp.morbidity 1500
4000 oo
L e s S S -~ {1000
£ 3500
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2 ©»
S 3000 200 é
S i o H &
Puc. 1. TIporHo3 JMHAMHUKH TOCHHTAIM3UPOBAHHON 3a00- § 2500 bt : : S
JIeBAEMOCTH JETCKOTo Hacenenns Pecmy6mukum Caxa i
(Axytus) no 2036 roga (pHCyHOK MOATOTOBIICH aBTO- 2000
pamu 1o pesyibraraM COOCTBEHHOTO HCCIIEIOBAHMS) 1500 500
Fig. 1. Forecast of the dynamics of hospitalized morbidity T o
of the children's population of the Republic of Sakha v 5 BB 2 A &R
(Yakutia) until 2036 (the figure was prepared by the Years
authors based on the results of their own research) - ) .
— hosp. morbidity (L) ---- Smoothed series (L) - Resids (R)
Tabruya 2
KonugectBo aereil u moapocTkoB U3 apkTudeckoil 30Hbl PecnyOnuku Caxa (SkyTtus),
nonay4uBuIKx jgedeHue B Ilequarpuueckom nentpe Pb Ne 1-HIIM
Table 2
The number of children and adolescents from Arctic zone Republic of Sakha (Yakutia)
who received treatment at the RH No. 1-NCM Pediatric Center
Toanl
Years
IMoka3areanb
Indicator 2005 2010 2015 2020 2021 2022
A/A|B/B|A/A|B/B|A/A|B/B|A/A|B/B|A/A|B/B|A/A|B/B
Bcero 1466 | 487 1537 | 502 | 2381 557 122 320 1478 | 559 1628 579
Total

Ilpumeuanue: A — ambGynatopHoe jiedeHue; b — crannoHapHOe Je4eHUE.
Note: A — outpatient treatment; B — inpatient treatment.

Tabruya cocmasgnena no oannvim cobcmeenno2o ucciedosanus asmopog / The table is based on the authors’ own research

Puc. 2. Tlporros noTpeGHOCTH B CTAIIMOHAPHON Meau-
nuHcKkoi momomu B IleguarpuyeckoM LEHTpe
PB Ne 1-HLIM pmetsim U3 apKTHYECKUX pPAaHOHOB
Pecny6nuku Caxa (Skytus) mo 2036 roma (pu-
CYHOK IOATOTOBJIICH aBTOPAMU IO pPe3yabTaTaM
COOCTBEHHOTO UCCIICIOBAHUS )

Fig. 2

. Forecast of the need for inpatient medical care
in the Pediatric Center of the Republic of Be-
larus No. 1-NCM for children from the Arctic
regions of the Republic of Sakha (Yakutia) until
2036 (the figure was prepared by the authors
based on the results of their own research)

Exp. smoothing: S0=421,3 T0=131,4
Damped trend, no season; Alpha=,470
Gamma=,100 Phi=,100
Patients_arctic_hosp_Yakutsk:

650 250
600 200
.._"f’ 150
=550 -
ol 500 . ] -
] Y 5 S
) 450 : =
o S 17}
S i 0 2
< 400 i . ;
3 \ _50 — patients_arctic_hosp_Yakutsk (L)
i (L
£ s
-~ Smoothed series
= 300 -150 (L)
250 —200 - Resids (R)

6 10 14182226 3032 36
Years (R)

2010 — 502, 2015 — 557, 2020 — 320, 2021 — mnapameTrpax aeMOrpaUUecKux XapakTEpUCTHK U
559, 2022 — 579).

Pacuer morpebHOCTH B crammoHapHoM Jede- ctaBuia 520. Ha puc. 2 Momens mporHo3a JTuHaAMU-
HUU JeTei U3 apKTUYEeCKUX pailoHOB PecrmyOnuky Ku MOTPEOHOCTH B CTAalMOHAPHOH MEIMIUHCKON
Caxa (SIkyTus) nokasai, 4TO MPH CYIIECTBYIOIUX OMOIIY IPEACTABICHA KPACHBIM LITPUXOM.

OGHICCTBCHHOFO 310pOBbs JTaHHBIM TTOKA3aTelb CO-
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Tabnuya 3
KomndyecTBo BBI30BOB CAHUTAPHOM aBHAIMK IS I€TEH M HOJPOCTKOB I10 YIIycaM apakTuueckoil 30Hbl Pecriyommku Caxa (SIkyTHs)
Table 3
The number of calls for air ambulance for children and adolescents in the districts of Arctic zone Republic of Sakha (Yakutia)
Tonbl
Iloxa3zarenn Years
Indicator
2018 | 2019 | 2020 | 2021 | 2022 | 2018-2022
Bcero no apkruueckoii 30ue Pecrryomuku Caxa (SIkyTns) 200 132 113 170 193 808
Total of Arctic zone Republic of Sakha (Yakutia)
Bcero no Pecniy6nuke Caxa (SIkyTust) 483 383 369 467 501 2203
Total of Republic of Sakha (Yakutia)

Tabnuya cocmasnena no dannvim cobcmeennozo uccaeooganus agmopos / The table is based on the authors’ own research

Exp. smoothing: S0=460,5 T0=45,00
Damped trend, no season; Alpha=,470 Gamma=,100 Phi=, 100
Aviation_Yakutia:
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Exp. smoothing: S0=208.8 T0=—17.5
Damped trend, no season; Alpha=,470 Gamma=,100 Phi=,100
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B munamuke ¢ 2018 roga ObLIO BBIIOIHEHO OT
369 mo 501 BBI3OBa caHUTApHOI aBmaruu 1o Pec-
nyonuke Caxa (SAxyrtus). U3 nux oxono 40% —
9TO BBI30BHI U3 apPKTUYECKUX paiioHOB Pecrybmu-
ku Caxa (SxyTus) (tadm. 3).

Pacuer moTpeOHOCTH B BBI30BaX CaHUTAPHOMN
aBUalMW JUIsl JIeTed W TOAPOCTKOB, MPOXKHUBAIO-
mux B PecnyOnuke Caxa (SkyTus), mokasasn, 4To
mo 2032 romga B cpemHeM IMOTPEOHOCTh COCTABHUT

Puc 3. TIporHo3 nTuHAMHKH KOJHYCCTBA BBI3OBOB CAaHUTAp-
HOW aBWAlUU JUIS JETeH W MOAPOCTKOB, MPOKUBA-
tonmx B PecryOnuke Caxa (SIkyrtusi), mo 2032 roga
(pUCYHOK TMOJTOTOBIICH aBTOPaMHU MO pe3yJbTaTaM

COOCTBEHHOT'O HCCIICIOBAHS)

Forecast of the dynamics of the number of air am-
bulance calls for children and adolescents living in
the Republic of Sakha (Yakutia) until 2032 (the figure
was prepared by the authors based on the results of
their own research)

Fig. 3.

Puc 4. IIporHo3 nuMHaMUKH KOJIMYECTBAa BBI30OBOB CaHUTAp-
HOM aBMAaLlMM AJIs J€TE€d M IOIPOCTKOB, MPOKUBA-
IOLIIMX B apKTHYeCKuX pailoHax PecmyOnuxu Caxa
(SxyTus), no 2032 roxa (pHUCyHOK HOATOTOBJICH aBTO-

pamH 10 pe3ynbTaTaM COOCTBEHHOT'O UCCIICAOBaHMS)

Forecast of the dynamics of the number of air ambu-
lance calls for children and adolescents living in the
Arctic regions of the Republic of Sakha (Yakutia) un-
til 2032 (the figure was prepared by the authors based
on the results of their own research)

Fig. 4.

465 BBI30BOB B T'0OJI IPU COXPAHCHUU OOIICH MEIH-
KO-JIeMoTpauIecKoil CUTyalliil M YPOBHS KU3HU
HaceneHus. Ha puc. 3 mnanupyemasi moTpeOHOCTh
B BBI30BAaX CaHUTApPHOW aBHANWM 0003HAUYCHA
KPaCHBIMH ITYHKTHPHBIMH JINHUASIMH.

Pacuer e moTpeOHOCTH B BbI30BaX CAHUTAPHOU
aBuaIMK JUIsl JIeTell M TOAPOCTKOB apKTUYECKHX
paiionoB Pecriybnuku Caxa (SIkyTus) mokasan, 4To
mo 2032 roma B cpeaHEM IOTPEeOHOCTH COCTaBUT
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175 BBI30BOB B roJl IPU COXpaHEHUU OO MeIn-
KO-JIeMOTpauuecKoil CUTyalluu U YPOBHSI KU3HU
HacelieHus B JlaHHOM peruone. Ha puc. 4 mia-
HUpyeMasi MOTpeOHOCTh B BBI30BAaX CAaHUTApHOU
aBualuy Ui AeTed M MOAPOCTKOB, HMPOKHUBAO-
IIMX B apKTHYeCcKuX paiioHax PecmyOmmkum Caxa
(SIxyTus), ob6o3HaYeHAa KPACHBIMHU ITYHKTHPHBIMHU
JTUHUSIMU.

3AKJIIOYEHUE

Takum 00pa3oM, HPOrHOCTHYECKOE MOIEIu-
poBaHHE TOTPEOHOCTH B CHEUHMATU3UPOBAHHON
MEIUIIMHCKOW TIOMOINM JIETCKOMY HAacCeJIeHHUIO
apkrudyeckux pailonoB PecmyOnuku Caxa (Sky-
THS) T0Ka3ajo, YTO NPU CYIIECTBYIOIINX MeEaH-
KO-ZeMOrpanuecKUX OKa3aTesIX U yPOBHE KH3-
HU HaceJeHUs MOTPeOHOCTh B CHEIMATU3UPOBaH-
HOM MEIMIMHCKOM MOMOIIN AETSIM M MOAPOCTKAM
OCTAHETCS Ha YPOBHE CPEIHUX 3HAUCHMI.
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