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PO3POBKA MATEMATHYHOI MOJIEJII HOMYJISINIAHOI
JIMTHAMIKHU PE3YC AIIIOTUHOTEHY

B po6oTi po3riasizaerbcsi MaTeMaTHYHA MOJeJIb T'OMOI€HHOI JMHAMIKM HAa NPHKJAAi
rpyn JioJei, siki BiIPI3HATBHCA 32 NMOKAa3HUKAMHU pe3yc-pakrTopy. Posrisigaerbess KoMm-
IUIEKC MiIX0AiB,I0 MOXKYTh O0yTH 3acTOCOBaHi 1A ifeHTH(dikanii napameTpiB MoaeJi B 3a-
JIEZKHOCTI BiJl THX aKCIOMATUYHMX I0JI0KEHb, 10 NMPUIAMAKTHCA K 0a30Bi ISl CHCTEMH.
IIpoBeneHo noc/ig:KeHHs1 CTIHKOCTI CHiBBIIHONIEHHS] YHCEJIbHOCTI MOMYJsANid y 3aJaHuil
MOMEHT 4acy B 3aJIeKHOCTI Bil moyaTkoBUX YyMOB. Po3risiialoTbcsi yMOBH BUHUKHEHHSI B
cucremi karacrpod, HaBeJeHO BianoBiaHi ¢a3oBi moprpern.

B padore paccMoTpeHa MaTeMaTH4yecKasi MOJieJIb TOMOT€HHOM JUHAMMKHM HA TpuMepe
TpyI Jilojiel, KOTOpble OTJAMYAKTCS pe3yc-pakTopoM. PaccMaTpuBaercsi KOMILIEKC MOJ-
X0/10B, KOTOpPble MOTYT 0aTh MCHOJIb30BaHbI A WAeHTUGUKANMH apaMeTPOB MOJe/IM B
3aBHCHMOCTH OT AKCHOMATHYECKHNX YTBEP:KIeHHUH, MOJ0KEeHHbIX B 0OCHOBY Moaesei. IIpo-
Be/IeHO MCCjlel0BAHUE YCTOHYMBOCTH COOTHOUIEHUS] YMCJIEHHOCTel Momy/sinuii B 3aJaH-
HbIii MOMEHT BpeMeHH B 3aBMCHMOCTH OT HaYaJIbHBIX ycJoBHii. PaccMaTpuBaloTcs ycio-
BHUSI BOBHUKHOBeHUsI Ouypranuii, npuBeieHbl COOTBETCTBYIOIIUE (a30BbIe NOPTPETHI.

In this work considered the model of homogeneous dynamic on examples of groups of
peoples who are different by the Rh factor. The complex of approach as can be used for
identification of models parameters with base are research. Research the question of popu-
lations stability quantity for start position. Research the bifurcation effects and illustrate
for phase portraits

Kiro4oBi cioBa: MmaremaTnyHa MoJesb, pe3yc arjJlOTHHOTreHy, Oipypkaunis, momyJs-
wiliHa TuHAMiKAa.

Beryn. YV Ham yac piBeHb aHTPOIIOI€HHOI'O THUCKY MPU3BOJIUTH HE TUIBKHU 0
3a0pyHEHHS HABKOJIMIIHLOTO CEPEIOBUINA, aje, 0 OLIbIl HEOE3MEeUHO, CIpUsE
pPOCTY KUIBKOCTI MATOJIOT1id 01070TTYHUX 00’ €KTIB (3HM>KEHHSI PIBHS IMYHITETY, MO-
TipIIEHHS PEenpoayKTUBHOI (PyHKIIT Ta 1H.) B ymoBax HecTaOUIbHOCTI (haKTOpiB
Cepe/IoBUIIa, MO3alYHOCTI apeajiB Ta BUAIB BIMYYTHO 30UIBIIYETHCS TCHETHYHA
HEOJHOPIAHICT OCOOMH BUAIB Ta OKpeMuX nomyJisuii. Lg monmynsuiiina HeogHo-
PIIHICTH Ma€e OyTH BpaxoBaHa Ta MOe OyTH BUKOPUCTaHA MPU:

e IJIAHYBaHHI MTPUPOOOXOPOHHHUX 3aXO0/1B;

® /7151 TIPOBEICHHS €KOJIOTIYHOTO MOHITOPHUHTY;

e11pu OOYAOBI €KCTPANOJISALIMHUX TPOTHO31B;

®IIpU PETyJIIOBAHHI YUCEIBHOCTI MOMYJIALIN CTUMYTIOIOUUMH METOIAMHU.

Bxkpaii BayxIuBUM y Halll 9ac € JOCIIHKEHHS PIBHS TeHETUYHOT Te€TePOTCHHOCTI
JIOACHKOTO HACEJICHHSI; HAKOIMYEHHs MaTOJIOTIYHUX (PELleCUBHUX) FEHIB MOXKeE
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OyTH JOBTU Yac MPUXOBAHUM, a 3 JIEIKOTO MOMEHTY BUSIBUTUCS y (OpMI IIBH/]I-
KOT'O 3pOCTaHHS BUIAJIKIB IEBHUX CHAJKOBUX 3aXBOPIOBAHb.

BukopuctanHs MaTeMaTUYHUX MOJIeNIel TMHAMIKA TOMOTE€HHUX MOMYJIALIH, 1X
KOMIT FOTE€pHA 1MITallisl JO3BOJIAIOTh €(peKTUBHO, 3 MiHIMAJIbLHUMH BUTpaTaMH 4acy
Ta MaTepiaIbHUX PECYpCiB BUSABJIATH 3arajbHI TCHICHINI PO3BUTKY MOMYJISIIIN,
MPOTHO3YBAaTH CTaH CHCTEMHU Ta MOXJIMBI HACIIIKU MITYYHOTO BTPYYaHHS y MpO-
mec [3].

Oco0smBoCTi B3a€MOAil pe3yc arJIlOTHHOTEHY cepel JIIOACHKOI NMOIYJIsAILii.
Pesyc-dakTop sk oIuH 13 SKICHUX MOKAa3HUKIB KPOBi BHepiie OyB iaeHTH(]iIKOBa-
HUI Ta JOCHIPKeHUH TIpH BHBUYEHI opraHizmy masnu ‘“Pesyc” [3]. HasBuicTts abo
BIJICYTHICTh JAHOTO TeHy He Hece Oe3Mocepe/lHbOl 3arpo3u OpraHi3Mmy JIOUHHU.
BmuB pe3yc dakTopa Ha JTIOAUHY BUSBISETHCS JIMILE MPU B3aEMO/IIHN JItO/IeH 3 pi-
3HUMHU TNoKa3HuKamMu Rh. OnHMM 13 IpUKIaiB HECTAaHAAPTHOIO BIUIMBY pPE3YC-
(akTopa Ha OpraHi3M JIIOJIMHU € MPOIIEC arIIOTHHALI] pe3yCc-HeraTUBHOI KPOB1 NPU
NOTPAIUIHHI B HET pe3yc-NMO3UTUBHOTO Teny. [Iporiec arnoTHaLii YUHUTh 3HAUHY
IIKOJTy HEMOBJIATI, 110 MAa€ pe3yc MO3UTUBHOTO OaThbKa Ta PO3BUBAETHCA B TLI1 pe-
3yC-HEraTUBHOI KIHKU. [Ipu 1IbOMy OpraHi3aM Rh~ KIHKM CHpUMMAE I SIK CTO-
POHHE TUIO Ta MOYMHAE BUPOOJIATH aHTUTLIA 11 O0opoThOu 3 HuM. [z, BiguyBa-
04U Ha cOOl BEJIMKUN THUCK aHTUTLI KPOBI Marepl, BTpAyae BEIUYE3HY KUIBKICTh
CBOIX YEPBOHMX KpPOB’SHUX Tellellb, TUM CAMHUM IMIJIITOBXYIOYH CBOi OpPTaHU JI0
rinepakTUBHOI poOOTH. B pe3ynbTaTi HHOr0 B HEMOBISTH PO3BHBAETHCS PAXIT,
3HM)KEHUM PIBEHb IMYHITETY, MOPYIICHHS OOMIHY PEYOBHMH, MiABUIIEHA YYyTJIH-
BICTb /10 1IH(EKUIHA, ICUXIYHI Ta PO3yMOBI1 BIIXWICHHS. B CBOIO yepry B KpOBI KiH-
KM BiOYBAa€ThCS MPOIIEC arIIOTHHAII, IO 3HWXKYE i1 XIMIKO-O10JIOT1YHI SIKOCTI
[2,3].

Sk B1IOMO, MacoBa YacTKa JIO/IEH 3 MO3UTUBHUM Ta HETaTUBHUM MOKa3HUKOM
pesyc-aktopy ckmnagae BiamoBimHO 85% Ta 15%[2]. Ilpu po3poOii Tta goci-
JUKEHH1 MaTEMaTUYHOT MOJIENI sIK 6a30B1 OyJIM BUKOPUCTAH1 TaKi TBEPIKEHHSI:

1. T'era Rh+ € nominantaumM, Rh- periecuBHIM.

2. CyO-nomynsiii He € 130JIbOBAaHUMH, ICHY€ WMOBIPHICTb, 1110 TIE€BHA YaCTUHA
HaIIa/IKIB i -01 cyOmomyisiiii 3a CBOIMU (PEHOTHINIYHUMM O3HAKaMHU HaJleKaTUMe
JI0 CyO-TOMYJISII 3 THAEKCOM J .

3. B cuiy reteporeHHoCTI momyJsii, CyO-monynsiii iCHYIOTh Y €IMHIN €KO-
JIOT1YHIM HHIII, 0 caMa 1o co01 0OMeKeHa TPOCTOPOBUMH Ta XapUOBHUMH PECyp-
camu apeainy.

BuznavenHs ¢akTopiB BILIMBY HA JUHAMIYHUI npouec. {11 onucy cucre-
MU OyJTU PO3TIISTHYTI TaKl apaMeTpH:

® .- KOe(ILIEHTH, 110 3a3HAYAIOTh PENPOAYKTUBHI MOKIMBOCTI i-Oi MOILYJIs-
ITii JTO 3pOCTaHHS,

e K - eMHICTh apeaiy;

® A, - KOeDILIEHTH NIEPETOKY HAIIAIKIB MIXK MO JISLISIMA.

EMImipudaHi gaHHI OpO CIIBBIAHOIICHHS JIFOJEH 3 MO3UTHBHUM Ta HETaTHUBHUM
MOKa3HUKaMHU pe3yc-(hakTopa € HEMOBHUMH. SIKIIIO MPEACTaBUTH, IO HA apearl ic-
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HYIOTb 85% Jroieli 3 BUKIIOUYHO JOMIHAaHTHUM TeHOoTHIIOM “X” Ta 15% 3 perecun-
(Y}

HUM “X”, TO AWHaMIKy Takoi CHCTEMH MOKHa Oylo O ommcaTd CHCTEMOIO JBOX
nvdepeHItiaaTbHUX PiBHSIHB HACTYITHOTO BUTJISATY:

X =0,85-X>+0,85-0,15X - x,
x=0.15%-x°.

JluHaMika CHCTEMH Ma€ HaCTYITHUHN BUTJISI:
et

E0 //f’

EO //

10 //

m f///
—

T 14 27 40 53 66 79 92 105 118 131 144157 170183

W

u]

Puc.1 lunamika cucremu npu noyatrkoux ymosax X, =8.5;x,=1.5

SAx 6auumo, criBBiAHOIIEHHS 85/15 He 30epiraeTbcsi HaBITh HA MPOTSA31 HE3HAY-
HOTO TepMiHy. OTXe 0O4EBUIHO, 1[0 CUCTEMA Ma€ OUIBII CKIaJHY CTPYKTYpPY 1 MO-
e OyTH CXeMaTU4HO IpOouTIocTpoBaHa y BUrisdl (1).

B OCHOBY 3HaHB IIPO CHCTEMY, 3 YPaxXyBaHHSIM IOJIOKEHb 1-3, MpencTaBICHUX
paHinie, MPONOHYETHCS MOKIACTH HACTYITHI aKCIOMAaTH4YHI TBEPHKEHHS:

1. TloyaTkoBe CHIBBIJHOIICHHS YUCENBHOCTEW MOMYJSALINA JIOAEH 3 PI3HUM
MIOKa3HUKOM pe3yc-(pakTopy € TOBUIbHUM;

2. Bzaemonis 0coOuH BiZIOYBa€ThCS BUIAIKOBO, TOOTO MMOBIPHICTh 3yCTpiul
JIBOX OCOOMH MPOTOpIliHHA JOOYTKY YACETbHOCTEH BIMOBITHUX MOMYJISIIIN;

3. BnuB pe3yc arfmoTHHOTEHY Ha OCOOMHM 3 P13HOIO CTATTIO € OJIHAKOBUM.

BBeaemo no3naueHHs 0CoOWH, 10 HAJeKaTh J10 PI3HUX MOMYJISIINA CUCTEMHU:

“X” - XX - Ocobunu (Rh+);

“Y” - Xx- Oco6unu (Rh+) 13 3MillIaHUM T€HOTHUIIOM;

“Z” - xx- Ocobunu (Rh-).

XX + XX = XX
XX +Xx=0,5-XX +0,5- Xx
XX +xx=Xx

1
Xx+ Xx=0,25- XX +0,5- Xx+0,25 - xx 1

Xx+xx=0,5-Xx+0,5-xx

XX+ XX = XX

3riIHO NPUMHATUX aKCIOMaTUYHUX TBEP/IKEHb, CXeMHU penpoaykiii (1), auna-
MiKa cUCTeMHU Ha (f+1)-oMy Kpoll Miciii HOPMYBaHHS MaTMM€ HAaCTyIHUW BH-

I
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Ha puc.2 npencraBieHo TMHAMIKY CHCTEMHU, 3T1JIHO cXeMu (2).
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T 13 25 37 49 B1 73 85 97 109 121 133 145 157 189
Puc.2. lunamika cucreMu npu NOYaTKOBUX YMOBax X’ =Yy"=27°=1,
KoedilieHTaxX NepeToKy, BUBHAYEHHUX y cXeMi (2), penpoayKTHBHUX KoedilieHTax , =1 Ta

emHocTi apeaixy K=100.

Sk 6aurMo, CIiBBITHOIICHHS OloMac CyONOIMysIii 3 MJIMHOM Yacy 3MIHIOEThb-
cs. [Ipuuomy cmiBBigHomeHHS 85% 10 15% He BcTaHOBIIOETHCSA. OIHOIO 3 MPHU-
YUH CTAJIOrO CIIBBIJHOIICHHS MOKe OyTH caMe BMINE3raJlaHui MPOIEC aritoTH-
HAaIlli(3HIKEHHST PeNPOAYKTHUBHOT (DYHKINT y OCOOMH KIHOYOI CTaTi MpU CIONY-
YEHHI1 3 PE3yC-MO3UTUBHUM YOJIOBIKOM).

BruiuB npouecy arioTuHanii Ha KoediuieHTH nepexoxy. PosrimsaemMo mMo-
nenb «OcobauBocTei pe3yc-(hakTOpHUX B3aEMOAIN MK PI3HUMH JIFOABMU PI3HOI
CTaTl». 3alpoONOHOBAHUN MIJAX1J € CXOXKUM 3 MOMEpPEeAHIM, 3a TIEI0 BIIIMIHHICTIO,
110 B JIAaHOMY TIJIXO/1 BPaXxOBYIOThCS MEBH1 OCOOJUBOCTI B3a€EMO/IIi T€HHUX CYKY-
MHOCTeN MK co0010. B MeauIuHi 3arajbHOBIJOMUM € TOM (hakT, 110 CTATEeBl CTO-
CYHKHU MIXK Pe3yC-MO3UTUBHUM YOJIOBIKOM Ta PE3yC-HETaTUBHOIO KIHKOIO HECYTH B
co01 IOCUTh BUCOKHI piBEHB 3arpo3u JjIsl HAPOKyBaHOTO HEMOBJIATHU. Jlanuii de-
HOMEH CIIPUYMHEHHMM IIPOIECOM arjIfoTHHAIlIl, 1[0 BHHUKAE B OpPraHi3Mi pe3yc-
HEraTUBHOT IHKH, TIPU TOTPAIUISHHI B ii Opra”i3M pe3yc MOo3uTUBHOI KpoBi. [1po-
1IeC arfil0TUHAIN] HE € TUMYAaCOBUM Ta NMPU3BOAUTH JI0 HE3BOPOTHUX MEPETBOPEHB
B oprasi3mi xiHku. OTke IpU HACTYIHIN BariTHOCTI ICHY€ 3arpo3a BUHUKHEHHS Y
HEMOBJISITH MATOJIOTIH, MPUUOMY 3 KOKHUMHU HACTYITHUMH TIOJIOTaMU WMOBIPHICTh
MaToJjorii 301IbIIyeThes. besnepeuno, ganuit Gakt BruiMBae came Ha KOEQIIIEHT
nepexoiay, a He Ha Koe(ilieHT penpoayKTUBHOI (yHKIii. OTxe, BBEJEMO B CHC-
TEMY JOJAaTKOBUH mapametp 0 e [0;]], akui Oyne O6e3nocepeIHbO BILUIMBATH Ha pe-
3yAbTaT NPOAYKIM npu B3aeMoAisax “XX + xx” Ta “Xx + xx”.

AKClOMaTH4HI TBEPIKEHHS, TTOKJIa/ICH1 B OCHOBY JIaHOTO MIIX01y, OyIyTh TaKi:

1. TlouaTkoBe CHIBBIIHOIICHHS YMCEILHOCTEN CyO-TOMYJIAIIi Y BiICOTKOBO-
My chiBBiAHOIIEHHI ckiagae 37,5%/47,5%/15% (naHH1 YuCenbHOTO JOCTIIKEHHS
CIIBBITHOIIICHHS JIFOJICH 3 Pi3HMMU IToKa3HHKaMu Rh cepen a3ilicbkoi pach).
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2. VIMoBipHicTh 3ycTpiui ABOX OCOOHMH IIPONOPLiiHA JOOYTKY YHMCEIBHOCTEH
BI/IMOBITHUX HUM TTOMYJISIIIH.

3. Cepen HamaaKiB map pe3yc MO3UTUBHOTO OaThKka Ta pe3yc HEraTMBHOI Ma-
Tepl BIXKUBAE TIIbKU € 4acTHHA HEMOBIAT. 0 €[0;1].

3riIHO BUIIETIOKJIAICHUX aKCIOMAaTUYHHUX TBEP/KCHb, BPAXOBYIOUH ITapaMeTp
0, cxema penpoaykiii Habyae HaCTyITHOTO BUTJISY:

XX%%-XXJ&-XHO-M

Xx—t>l~XX+l-Xx+g-xx
4 4 8 3)

X roxx + L xer &
4 4 8

xx—t>O-XX +§-Xx+%-xx

Koedimientn nepexony cucrtemu (3) He BIAMOBIJAIOTh YMOBI ZA, =1, a oTxe
j

MIiCJIA NpOLEypy HOPMYBaHHS BOHU HAOYyTh TAKOTO BUTJISITY 3a3HaUYE€HUX Y Ta0-
am 1.

Tabnuys 1
KoedinienTn nepexoay cucremu 3 ypaxyBaHHsIM napamerpa 6
A, J
1 2 3
0,6125 0,30625
1 085+0,15-0 0.85+0,15-0 0
, 0,2375+0,150 0,425+0,075-0 0,6125-60
! 0.85+0,15-0 085+0,15-0 0,15+0,85-0
0,11875+0,075-0 0,15+0,2375-0
0 0,85+0,15-0 0,15+0,85-60

['padik quuamiku cucteMu 3 KoediieHTamMu nepexoay 3 Tabdin.l Oyne mpexacra-
BJICHUM HAIPUKIHII POOOTH MPH JTOCHIIKEHHI 3aJIEXKHOCT] KIHLIEBOI TOUYKHU Ta MO-
YaTKOBUX YMOB.

MartemaTu4He O4iKyBaHHS JJIsl MOYATKOBUX YMOB. /{111 BU3HAYEHHS Haili-
MOBIPHIIIOTO TOYATKOBOI'O CTaHy CUCTEMH MPUITYCTUMO, III0 MAEMO JIB1 HOIYJISIIIi
nomiHaHTHOTO(X) Ta perecuBHOro(X) reHy. UucenbHICTh TEeHHUX MOMYJISLIA BiJ-
HOBIJTHO CKJIAJA€ n, Ta n,. JIMoBipHiCTh KOMOIHAIi MOYaTKOBUX YMOB PO3Paxo-

BYETHCS 3a cxeMoro bepHyi

P=C}-C - pt-(1-p) 2, 4
n, n,—1

p= , (5)

n+n, n+n,—1

Jie p — UMOBIPHICTh BUHUKHEHHS Y T€HHIN MOMYJISIT OAHOPITHOT (HAIPHUKIad, pe-
IIECUBHOI XX) CYKYITHOCTI TeHiB. [Ipu Bu3HadYeH1i ynucenbHOCTI O/Hi€T 3 peHoTuri-
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YHHUX pac, Hanmpukiang N (xx) =k, YACENbHICTh JBOX IHIIUX BU3HAYAETHCS OIHO3-
HA4YHO 3a (OpMyTaMHu:

N(XX)=n—n,+k , (6)
N(Xx)=%, ™
Nox)="2=2 k. (8)

3rimao Gopmyn (4), (5), mo3HaveHsb (6)-(8) Ta MPUHHATHX 3HAHB KIIACHYHOI TeOpil
PO B3aEMOJII0 T€HIB B T€HHHUX CYKYIHOCTSIX, OTPUMAEMO MaT€MaTU4YHE OYiKY-
BaHHS YUCEILHOCTEH BIAMOBITHUX (DEHOTUITIYHHUX pac:

Me=52:iCl-Cop(1=p) 2 . ©
M(Xx):nz—Z-zM(xx), (10)
M (xX) = n, —2-2M(xx) , (11)
M(xx)=""" +22'M(xx). (12)

B noznauennsx (9)-(12) 3adikcoBaHo mMareMaTH4HE OUYIKYBaHHS BIIMOBITHUX
(EHOTUNIYHUX CYKYNMHOCTEW, MEePIIMi I'eH SIKOTO MO3HAYEeHH T'€HOM MaTepi, a
JIpYyruii — reHom Oatbka. Ik 0a4yuMo, BUKOHY€EThCS YMOBA LIJTICHOCTI CUCTEMM:

n +n
M(XX)+M(Xx)+M(xX)+ M (xx)=—1—=.

BpaxoByroun To# (paKT, 1110 CTATEBI CTOCYHKU PE3YC-MTO3UTUBHOIO YOJIOBIKA Ta pe-
3yC-HEraTUBHOI KIHKM MOXYThb IMPU3BECTH 1O MATOJIOTI Y HEMOBIIATH, BCTAHOBH-
MO KOe(DIiLieEHT penpoayKTUBHOI (PYHKILII IPH BIANOBIAHINA F€HHINA CYKYITHOCTI PiB-
HUM HYJIO Ta MPOHOPMYEMO YHUCENBHICTh (PEHOTUIIB BIAMOBIIHO A0 MaTeMaTH4-
HOT MOJIETII.

3a pe3yJibTaTaMH YHCEJIbHUX PO3pPaxyHKiB, BPAXOBYIOUH PEMPOAYKIIIIO CUCTEMHU
3riTHO KOEQIIEHTIB Tepexoay Tadu.l, MaTeMaTHYHEe O4YiKyBaHHS YUCEIHHOCTEU
CyO-TIOmyJIsIIIiN MPH 3ajaHuX 0l0Macax TeHHUX CYKYIMTHOCTEH CTAaHOBUTHUME:

t+1 t t
N_ =N_+0,35-N,
t+1 t t
Ny, =Ny, +0,29-N,, (13)
t+1
N, =0,
t+1 __ a7t t
Nyy =N,y +0,36-N, .
Po3poOka MaTeMaTH4HOI MOJeJIi AUHAMIKH pe3yc arJlOTHHOreHu. Martema-
TUYHA MOJENIb TUHAMIKUA Pe3yC ariloTHHOTEHY IpEACTaBlieHa TaKOK CHUCTEMOIO
nudepeHIliagbHUX PIBHSIHB!

xj :ZAji - [ (%), j=ln, (14)
i=1
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JI€ x, — YHACENBHICTh i-01 cyonomyssuii. CyOnomynsdiii € OUIbII-MEHII OJAHOPIA-
HUMH 3 TOUKH 30py T€HOTHUITY, ajleé MAlOTh MPHU IIbOMY MEBHI BiJIMIHHOCTI MiX CO-
0oro. DyHKIS fi(x) ONMUCYye 3araibHi PEMpOIYKTHBHI MOKIUBOCTI i—i CyO-
MOMYJISALIT TpU 130Jb0BAHOMY PO3BUTKY 1 Mpe/ICTaBICHA 3arajJbHOBIIOMHUM JIOTiC-
TUYHUM 3aKOHOM

() =q, -(1—iixl}c,.. (15)
K=
Heo0ximHa yMOBOIO IITICHOCTI CHCTEMU:
>4, =1, (16)
j

Y Bumnagky n =3 cuctema (14)-(15) HaOyae HaCTYyITHOTO BUTJISTY:

dx, X +x,+x
—L=(a,-A,-x,+a, A, x,+a,- A, x,)| | -1—2—"2 |

dt (1 11 1 2 12 2 3 13 3)( K ]

dx X +x,+x
_2:(a1'Azl'xl+a2'A22'x2+a3’A23'x3)' l-—=2— 3), (17)
dt K

dx, X +x,+x

—=(a,- A, - x,+a, Ay, x,+a, Ay xg) | 1-L—2—2|.

dt (1 31 1 2 32 2 3 33 3)( K j

Mo:xnusi kongirypauii pazoBux nmoprpertiB. OcoOIMBOCTI TUHAMIKUA CUCTE-
MH y OUIBIIIOCTI BUIAAKIB 3yMOBJICHI CIIBBIAHOIICHHAM ii kKoedirieHTiB. Koediri-
€HTH, BU3HAUYCHI Y TIOTIEPETHHOMY PO3/ILII, MOXKYTh OyTH MOKJIAJIeH] sIK 0a30Bi, aje
0€3yMOBHO OyJib-sIKa €KOJIOT1YHA CUCTEMa B TiM YW 1HIIIM Mipi 3aJIeKaTh B1J] 30B-
HIIIHIX 30ypeHb. 3T1IHO ICHYIOUHUX OCOOJMBOCTEN HABKOJMUIIHBOTO CEPEeIOBUIIIA,
COLIIAJIBHUX Ta €KOHOMIYHHMX (PAaKTOPiB, KOEPIIEHTH CUCTEMH MOXYTh CYTTEBO
3MIHIOBATHCh, CIOIPUUYMHSIOUM TpU LbOMY Katactpodu (0ipypkamii). Ha puc.3-5
IpEeICTaBIICHI MOXJIMBI KOH(Irypauii (pa3oBuX MOPTPETIB CUCTEMHU MPHU KOeilie-

HTaxX OJU3bKUX J10 O1pypKaIiiiHuX.
X3

X1%2 / Xt

Puc.3. ®azosuii noprper Puc.4. ®azosuii noprper Puc.5. ®a3oBuii moprper
cucr. (17) A; =(Ta6a.2.), cuct. (17) mpu A; =(Ta6x.3.), cucr. (17) npu A, =(Tadmr.4.)

a,=a,=a;,=1;k=100 a,=a,=a;,=1;k=100 a,=—la,=a,=1;K=100

Tomnouioris gazoBoro mpocTopy puc.4 Ta puc.5 € OJHAKOBUMH, HE TUBJISIYUCH HA
Bi3yasibH1 BiAMIHHOCTI. Lle cnpuumneno Oidypkauiero cuctemu (17) mpu ymosi

3
> A, =1, Tomy Ha puc.4 oiHa 3 cenapartpuc Maiibke criBnagae 3 Biccto 0: X
i=1
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Tabnuys 2
KoedinienTn nepexoay cucremu (12) puc.2-3.
Ay J
I |2 3
i |1]0,7/0,15]0
210307 10,3
310 ]0,15/0,7
Tabnuys 3
KoeginienTn nepexony cucremu (12) puc. 4.
A, J
1 |2 |3
i [1]0,2]0,1]0
2108/030,1
310 10,6/0,9

3aj1esKHICTD KiHIEeBOI TOYKH PiBHOBArd BiJl MOYATKOBUX YMOB. /[1s cucremu
(14)-(15) moyaTkoBi YMOBHU € OJHHUM 3 (PAKTOPIB, SIKI BU3HAYAIOTh KIHIIEBE IOJIO-
YKEHHS pIBHOBAard Ha aTpakTopl. 3BUYalHO, KIHIIEBOIO TOYKOIO ()a30BUX TPAEKTO-

n
piii cuctemu € TouykM atpaktopa » X, =K, aje B 3ale)KHOCTI Bill MOYaTKOBHX

i=1

YMOB, KiHIIEBa TOYKa PIBHOBATHW Ti€i UM 1HIIOI (Pa30BOT TPAEKTOPii MOXKYTh 3HAYHO
PI3HUTHC.

3ayBa)xxuMo, 110 3a YMOBH, KOJIU IIOYATKOB1 YMOBH € JIOCTaTHHO MAJIMMH Y MOPI-
BHSIHHI 3 €MHICTIO apeaity K, KiHIIeBe MOJI0KEHHS PIBHOBArv HE 3aJI€KUTh BiJl TO-
yaTkoBHX yMOB. Ha puc. 6-7 npencraBieHo JMHAMIKy CUCTEMH IPU JTOBOJII MaJIMX
B MMOPIBHAHHI 3 MapaMeTpoM K Ta pi3HUX Mik coO0I0 MOYaTKOBUX yMoBax. Sk Oa-
YUMO, 3 IJIMHOM 4Yacy HE TUIbKM BCTAHOBJIIOETHCS YUCEIbHUMN MPIOPUTET BIANOBIA-
HUX MOMYJISILIH, ajie i KIHIEBE CIIBBIIHOUIEHHS PI3HATHCS MK COOOI0 HECYTTEBO.

a0 wa a0 W2
45 = 45

40 /’f 1 40 //F_ 1
35 f /..—"'"_ 35

30 30 / f_.-—-_

25 L/ 25 L

20 f;,’f > /S

15 L} 15 /’/  ——— )
ol 10 /At

U8 tan %=t mo Eao u

0
’x2

Puc.6.lunamika cucremu npu x’ =3.75;

=4.75,x, =1.5;k =100

0 50 100 150 200 250 300
Puc.7.Innamika cucremu npu

):[OBi.]'IbHI/IX MOYAaTKOBHUX YMOBaX

3ayBaXMMO, 10 B peajbHUX EKOJIOTIYHMX CHCTEMax IMOYaTKOBAa YMCEITbHICTH
HOMYJISALIN MOXe OyTH JOBUIBHOIO Ta HABITh MEPEBUIIYBATH MICTKICTh apeaiy.

[Ile omauM pakTOpOM CHCTEMH, IO € CYTTEBO 3aJCKHUM BiJl 30BHINIHIX 30Y-
peHb, € mapaMmeTpu cucteMu. Ha puc.8-9 300paxkeHo giarpamy 3ajie’KHOCTI KiHIIe-
BOI TOUKH PIBHOBAru BiJ KOE€(ILIEHTIB CUCTEMH A, Ta d, BIATIOBIIHO.
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a0 100

do—— 2 "
a0 \% 5O
a0 e 404
1 L]
0 N X2
0 t + t t w1
u} -
0 0.25 [ 0.75 1.0 u 4 B B 10
Ay =[01] a, = [010]
Puc.8. 3ajexuicTh KiHeBoI TOYKH Puc.9. 3agexuicTh KiHeBol TOUYKH
piBHOBarm Bia koediuicHTa A 3 piBHOBaru Bix Koediuienry a;

SIx 6aunMo, Ha puc.8 mpu 3MiHI KOe(iLi€HTy A, BITHOCHA YacTKa TPEThOi CyO-

nonyJsIii 30iIbIyeThbes. [IpuaoMy ToAaTHOTO 3HAUCHHS CATA€ HE TUIBKU TIepIia,
ane W Ipyra noxijJHa BIAIOBIIHOI KpUBOI x,. CHIBBIAHOIIEHHS MIX YHCEIbHOCTSI-

MU MONYJALIA x, Ta X, 30epiraerbea. OTke MOXkKHA 3pOOUTH BHCHOBOK, IO KOE-
imienTn mepexomy A, 3araiom ta A,; 4aCTKOBO € 3MIHHMMH, L0 YHHUTH CYTTE-

BUI BIUIMB HA TUHAMIKY CUCTEMH B LIIIOMY.
Puc.9 inmroctpye 3MiHy KIHIIEBOI TOYKHM PIBHOBAru IpH 3MiHI Koe(ilieHTa cuc-
TEMH a,. SIk 6auuMo, KIHIIEBa TOUKA BIJUYTHO 3aJI€KUTh Bl KOHCTAHTH d,, ale ii

3MiHa 3HaXOJWUTHCS B MIEBHUX 3aJaHNX Mekax. He muBisiunch Ha Te, M0 BILIUB KO-
e(QILIEHTIB CUCTEMH € JIOCUTh CYTTEBUM, TOIOJOTIA (Pa30BUX MOPTPETIB HE OTPH-
MY€ 3MIH.

BucnoBku. B po0oTi po3risiHyTa MareMaTH4Ha MOJEIb TUHAMIKU arilOTHHO-
reny. JlocnipkeHo cTanioHapHl CTaHU CHUCTeMHM, KatacTpodu. JochipKyeTbes mia-
IPYHTS CTAJOTO CIIBBIIHOIICHHS JIOJCH 3 MO3UTUBHUM Ta HETAaTHUBHUM TOKa3HHM-
KOM pe3yc-hakTopa Ha POTsI31 0araTbox PoKiB. 3aMpoONOHOBAHI TPU MOXJIUBI Mij-
XOJH JI0 BU3HAYEHHS KOCQIIIEHTIB CUCTEMHU. PO3rismaloThcs OCOOJMBOCTI B3ae-
MOJIii pI3HUX T€HHUX CYKYITHOCTEH Ta iX BIUIMB Ha KIHIICBE CIIBBIIHOIICHHS ITO-
MyJSIinA. 3a pe3yiabTaTaMM JOCIIIKEHb MOYKHA CKa3aTH, 10 TeHO(OH/T HAIA IKIB €
CTaJIUM Ta 3aXHIlae 0OCOOMH 3 HeraTuBHUM Rh Bin 3HUKHEHHS. 3MiHA 3 TUTMHOM Ya-
cy BiicoTKy ocoouH Rh- y mexax 14%-16% cnpuunHena 30BHIIIHIMEU (haKTOpaMH,
a came ICHYBaHHSIM TIPIOpUTETY MpU BHOOPI mapTHEpa i 3anoOiraHHs BHHHK-
HEHH$ MaTOJIOTIN Y HEMOBJIIATH, 1110 Mae 6arbka Rh+ ta matu Rh-.
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