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JOCJIIJXKEHHA NEPCIIEKTUB MOJIEJI CTAKEJIBBEPT'A TEOPII ITOP Y
XOJICTUYHIN MEJJALTAHI

B po6omi HasedeHo aHani3 sukopucmaHHs modeai Cmakeavbepea 0451 cumyAsayii ma amanaizy cucmem aidep-
esooYitiHa nonyaayis y meduyuHi. [Ipoananizogari nomo4Hi HANPMKU AUKOPUCMAHHS meopii izop y 8edeHHi nayienmis
nid 4ac ximiomepanii. OkpecseHo NOHHAMMSI X0AicMu4HOi MeduyuHu ma Modcaueocmi 0415 nodaavwoi iHmezpayyii ma
po3sumky modei Cmakesavbepza.

Karwouosi caoea: esontoyiiina meopist izop, xonicmuyHa MeduyuHa, Modenb cmakeavbepaa.
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RESEARCH OF STACKELBERGS GAMETHEORY MODEL PERSPECTIVES INHOLICSTIC MEDICINE

The article presents an analysis of the use of the Stackelberg model for modeling and analyzing leadership-evolutionary
population systems in medicine. The current trends in the use of game theory in the management of patients during chemotherapy are
analyzed. The concept of holistic medicine and the possibilities of further integration and development of the Stackelberg model are outlined.

The intersection of game theory and medicine has become a promising avenue for understanding and managing complex systems,
particularly in the context of chemotherapy and patient care. This paper explores the analysis of leadership-evolutionary population systems in
medicine using the Stackelberg model. It delves into current trends in the application of game theory within patient management during
chemotherapy, shedding light on the potential of holistic medicine and the integration of the Stackelberg model for further advancements in this field.

The Stackelberg model, a cornerstone in game theory, has proven valuable in modeling and analyzing leadership dynamics within
evolving population systems. In the medical context, its application offers insights into strategic interactions among stakeholders, influencing
the trajectory of patient care during chemotherapy. The paper examines the intricacies of the Stackelberg model, emphasizing its role in
understanding decision-making processes and optimizing resource allocation in healthcare settings.

Further improvement of approaches to the use of game theory models in the analysis, simulation and management of processes in
medicine requires the adoption of an arsenal of concepts and tools from the holistic theory of medicine. Current models, including those by
Stackelberg, have limited capabilities to assess the evolutionary system's resistance to the actions of an external agent.

An in-depth analysis of current trends reveals a growing reliance on game theory for patient management during chemotherapy.
Game-theoretic approaches enable healthcare professionals to anticipate and respond to evolving situations, fostering more effective and
adaptive strategies. This section explores real-world examples and success stories where game theory has played a pivotal role in optimizing
treatment plans and improving patient outcomes.

Despite the advancements made through the integration of the Stackelberg model and holistic medicine, challenges persist. This
paper addresses limitations in current models, emphasizing the need for a broader conceptual framework to evaluate evolutionary systems’
resilience to external influences. It calls for continued research and innovation in incorporating holistic principles into game theory models,
envisioning a future where healthcare management is characterized by a more nuanced and adaptive approach.
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IHocranoBka npodaemu

[lomanpme BIOCKOHANICHHS ITIXOMIB BHKOPHUCTaHHS MOJENICH Teopii irop y aHamizi, cuMymnsmii i
KepyBaHHAM IIPOIECIB Y METUIMHI MOTpeOye NPHUIHATTS apceHady MOHATI i 3ac0o0iB 3 XONICTHYHOI Teopii
MeauiuHA. [loTouni Momenmi, B ToMy uucii 3a CTakemp0epromM, MarTh OOMEXEHI MOMIIMBOCTI OI[IHKH MPOTHIi
EBOITIOIIITHOT CHCTEMH [isIM 30BHIIIHBOTO areHTY.

AHaJti3 ocTaHHIX TKepe

B po6orax [1] i [2] HaBeileHO OCHOBHI MOHATTS XOJICTUYHOT MeauIHN. OTNICaHO MEXaHI3MU KIIITHHHOTO
IHTENIEKTY Ta NPHUIWIN B3AEMOAIl KIITHH SK OKPEMHX areHTiB. BHKOpHCTaHO MOHATTA «KIITHHHUN pily» s
OTIMCaHHS CHCTEMH 3 JIEKUTBKOX THIIB areHTiB-KIITHH 1 iX B3aemoii. L{eil ¢pyHIaMeHT 103BOIsI€ BUKOPHCTOBYBATH
MOJIeNTi  €BOJIIOLIHOI Teopil irop, e OpraHi3M BHCTYIA€ €BONIOLIOHYOYNM CcepeloBHINEM, a HOro craH —
peTTiKaIiifHoI0 THHAMIKOIO.

Pob6ota [3] € pyHmaMeHTaIBHOIO TIpaIieto, MO 3aa€e onucye Moens Crakenboepra. B Hill 1o eBoirominHOT
CHCTEMH JI0/Ia€THCSI 30BHIMIHIN pallioHAIbHUI areHT, 1[0 MOXKe BIUIMBATH Ha i1 3MiHM. Came 1IuM (peiiMBOpKOM MU
i Oy1eMo KOpUCTyBaTHCh HaAaMi.

PoGotu [4], [5], [6] mpomnoHyroTh BHKOpHCTaHHS Mozeni CrakenbOepra s KOHTPOIK MPOBEICHHS
JiKyBaHHS paKy. TyT 30BHILIIHIM areHTOM BHCTYIIA€E JIiKap, 110 BHOCUTH 3MIHH y €BOJIIOLIIOHYIOUY CUCTEMY (PaKOBY
MyXJIMHY) 3a JIONIOMOTOI0 KOperyBaHHsS XiMiorepamii. [IpoTe, B IMXIOCHIPKEHHSIX peakiisi CUCTeMH OOMexeHa i
PO3MOAINICHHS KIITHH Ha THIIM Maike He Tpae poJli.

PoGora [7] posrnsgae HaGip MAIi€HTIB y paHAOMI30BaHi KIiHIYHI JOCTIKEHHS, 30CEPEKYIOUNCh Ha
MOTEHIIIMHNX KOHQUIIKTaX 1 mpoOieMax IOBIpH MK JKapsMH Ta mamieHTamu. I[IpomyHyeThCs MoOAeNb irop
Crakenp0epra, 10 3alI0BHIOE MPOTANMHY MiX KITACHYHOIO Ta €BOJIIOIIIITHOIO TeOpi€to irop 1 3abe3nedye TeOpEeTHIHY
OCHOBY JIJIsl yTIPABIIiHHS OIIOPOM y CHCTEMaX, IO €BOJIIOL[IOHYIOTb.

MeTor0 po0dOTH €: TOCTIHKSHHS TIEPCIIEKTHB MOJIENI cTakeap0epra Teopii irop y XONMiCTHYHINA MEIUIMHI Ta
MOTEHIiaJl MOJIeJIeH pallloHAILHUI areHT - €BOJIIOLIHHE CepeIOBUIIE /Il CUMYJISILIT B3aEMOJIIT 3 «KITITHHHUM POEM.
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BukJjax ocHOBHOr0 MaTepiay

OHUM 3 HABXKJIMBINIMX ACIEKTIB HAIIO! CBOJIOIIIHOT iCTOPIi, 110 Mae OaraTo HACIIAKIB IS MEIUIIMHH,
€ Te, M0 MU CKJIaJaeMOCsl 3 KIJITHH, SIKi PO3BHHYJIMCS 3 HE3aJICKHUX OJHOKIITHHHMX oOpraHi3MmiB. He Timbku
MIKpoOH, sIKi KMBYTh Y HAIIOMY TiJli, ajie ¥ Haml KJIITHHA MalOTh 3[JaTHICTh J0 CHPUHHATTS, IPUUHATTS pilllCHb,
nam'sti, nependadeHHs Ta Oarato iHmMX 37i0HOcTel [1]. OkpeMi KIITHHM YyJOBO CHPABIISIOTHCS 3 TaKHMMHU
3aBIaHHSIMU Ha KJIITUHHOMY piBHI, K MiATPUMaHHS HaJIeKHOTO MeTalboiiyHOro Ta (i3ioNoriyHOTO CTaHy,
He3BaKarouM Ha BCl BUAM 30ypeHb y TXHbOMY MiKpocepesoBHIli. BaxinBo, 10 BOHU HE BTPATHIIN IIMX 3/110HOCTEH
mpu o0'enHaHHI B OaraTOKIITHHHUI opraHi3M. HaBmaxu, eBoIOIis po3mupuia ixHI MiHIMaNbHI TparHeHHS Bix
HEBEJIMKUX 3aIaHUX JaHAMAPTIB OKpEeMIX KIITHH (Tpoiidepartis, MeTaboIIiYHi CTaHH TOIIO) N0 Habarato OLTBITIX
el Ha piBHI TKaHWH 1 OpraHiB: CTBOPEHHS CIEIM(ITHNX aHATOMIYHIX CTPYKTYP, 3yMOBJICHUX (PYHKITIOHATEHUMHI
nmotrpebamu OaraTOKIITHHHOTO OpraHizMy [2].

[Ipu mpoMy, pak CKIAamaeThCS 3 TETEPOTeHHUX KIITHHHHUX IOMYJIAIiH, SKi HEOAHOPA30BO MiITArOTHCS
npupogHoMy Bimbopy. Lli wiiTHHHI momyssiuii KOHKYpYIOTH MiX cOOOK 3a NPOCTIp Ta IOKHBHI PEYOBHHH 1
HaMararoThcs T'eHepyBaTH (EHOTHUIM, SKI MaKCHMI3YIOTh IXHIO €KOJIOTIYHY INPHCTOCOBaHICTh./lJI1 1IbOro BOHHU
PO3BHUBAIOTH CBOJIOIIIHO CTilKi cTpaTerii. [4]

Konn oHKonOr moYMHae JIKyBaTH pak, Juisd OUIBII TOYHOI CHMYJBLII LBOTO IIpOLeCy MOTpiOHa iHIIa
Mozenb Irpu — mojens Crakensbepra.

Teopis eBomonifinux irop Crakensbepra (SEG) moenHye KiacM4Hy Ta CBOJIOIIMHY TEOpi0 irop, 1mod
OTIHCATH B3a€MOIII0 MiXK paIliOHATBHUM JIiAEPOM 1 TOMYJIAII€I0, IO €BOOIIOHYE.

VY neskux 3 LOUX B3a€EMOJIH Jigep Xo4ye NPUMHOXKUTH MOMYJBILiI0, IO EBOJIOLIOHYE (HANPHKIAM,
YOpaBIiHHSA pUOATBCTBOM), TOAl SK B IHIIUX BiH HAMAaraeThCs IOBECTH IOIYJLILIIO A0 BHUMHpPAHHS (HAIPUKIAL,
6opoTrba 3 pakom). YacTo HAWTIpHIOW CTpaTeTi€ro UIA Jiepa € HaHOUIbIn arpecuBHa (HAIPHUKIAJ, HAAMIipHHUN
BWJIOB pHUOM B YIpaBIiHHI pHOATBECTBOM a00 MaKCHMaJbHO IOIyCTHMa J03a B JIKYBaHHI paky). BpaxyBauas
€KOJIOTIYHOT TWHAMIKH 3a3BHUYail MPU3BOIUTH IO KpaIluX pe3yJIbTaTiB A Jifepa i Bimmoimae piBHoBasi Hemra B
TepMiHax Teopii irop. OpHak, HaWOUIBII BUTIAHOIO CTpaTerielo Jigepa € mepenbdaueHHs Ta YNPaBIiHHSA €KO-
€BOJIIOLIIHHOIO JUHAMIKOIO, 10 BeJe A0 piBHOBark rpu 3a Ctakenboeprom.

30BHINIHIN areHT (J1iZiep) Moxke OyTH HAIBHUM, EKOJIOTTYHO OCBIYEHUM a00 E€BOJIIOLIHHO OCBIYEHUM.

IcHye BI MOXKIIMBI IHTepIpeTallii HaiBHOT cTpaterii Jigepa: (1) abo Jigep MakCUMi3y€e CBOIO METY OO0 M,
He OepyuH JI0 yBaru eKoJIoro-eBONIOLiiHy TuHaMiKy, a0o (ii) Jiiaep rpae anpiopHoO MOCTiIHHY A0, SIKa Ha MPaKTHUII
4acTo BIJAMOBiJa€ MaKCUMAaIbHO MOXJIMBIN [Iil, BBaXKAIOUH, IO I HaWKpala 3 MOXIHBHX [iif, HC ONTUMI3yIOYn
Hivoro. Skmio minep Gepe 10 yBaru eKoJOTiUYHYy TUHAMIKY, BiH Oyae makcuMizyBaTu Q(m, u, x*(m, u)). Lle Bpemri-
pelT MpUBOAWTE Hac Jo piBHoBarn Hema. .Hapemiri, Ko Jjizep NOJATKOBO BPaxOBY€ EBOJIOLIHHY IHMHAMIKy
MO JIATT, BOHK MaKCUMI3yroTh Q(m, u*(m), x*(m, u*(m)), mo npu3BoauTh 10 piBHOBaru Crakenpbepra.

PiBHoBara 3a Crakenb0eproM 3aJa€ThCsl HACTYIHO (HOPMYJIOK0:

ms = argmaxm@Q(m.u = (m)x = (mou= (m))), (1
e m — Mist 30BHIIIHBOTO areHTa,  — MiboBa (QYHKIIiS, IO MiHIMI3YEThCS , ¢ - BiIIOBIIb MOMYJIALIT Ha Jif0
areHTa, x* — eKoJIOTiYHa PiBHOBAra.

Sk BxKe BIIAMIYAIOTH JOCIIHHUKH, JiKapl MOXYTh CKOPHUCTATHCS IepeBaramu, NMpUTaMaHHUMHU acHUMeETpil
Ipyd B JIKyBaHHI paky, i, MWMOBIPHO, NOKpPAIIWTH pPE3YJIbTATH, 3aCTOCOBYIOUM OUIbLI JUHAMIUHI MPOTOKOJIH
JIKYBaHHS, SKi IHTEIPYIOTh €KO-EBOJIIOLIHHY JUHAMIKY 1 BiJITIOBITHO MOJIYJIIOIOTh Teparito. [5]

Peauizanis nporo migxoay norpedyBaTiMe HOBUX IOKA3HHMKIB BIAMOBIJI IMyXJIWHH, SIKI BKIIFOUYATUMYTh K
€KOJIOTi4HI (TOOTO PO3Mip), Tak 1 eBOJIOLIKHI (TOOTO MOJIEKYJISPHI MEXaHI3MH PE3MCTEHTHOCTI Ta BiIHOCHUI
PO3Mip pe3UCTEHTHOI MOMYJIIAIIT) 3MiHU. [5]

[Tpu nboMy KpaIiux pe3yJsibTaTiB MOJKHA TOCSTTH JUCKPETH3ALIEI0 OpraHi3My Ha OKpeMi iJJCHCTEMH «POI0
KtiTHHEY[2]. TIpy HbOMY CTBOPIOETBCS OaraTolapoBa rpa, e piid, sk 3aMKHYTa CHCTeMa, TAKOX BHCTYIIAE TPABLEM.

BucHoBknu
VY wiit poboti Oymno mociiKEHO cydacHi TEHJEHLIl y BUKOpHCTaHHI coxeni CrakenpOepra B MEIHIMHI.
Byno mocmimkeHo XOMICTUIHUN HAIPSM y JTIKyBaHHI Ta MOXJIMBI criocoOu fioro MozemoBaHHs. byna 3ampomnoHoBa
MHoromraposa Moziens Crakens0epra Ui Ipy areHT-0praHi3M-«KIITHHHAH pii». 3anponoHoBaHa MOAETh TOTpedye
MOJIAJIBLIOT0 BUNIPOOYBAHHS HA MacUBax JAHUX Y, HAIIPUKIIAJ, JIIKYBaHHI PaKy.
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