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3acaToHa cxena cucmemozo nidxody 0o docioNcenns exocucme

Tponec CHCTEMHOTO TXORY /10 AOCTIDKEHESE EKOCHCTEM MOXH TIDECTa-
‘BTH y BHTIS paAy erania [34]

Mocmanoska sadaui. Ha msosy €Tl BRILITOTSCE KOREHe SHCTO TPOTE-
i T2 BIACTHBOCTeft eKOCHCTEMH, %K1 HARGUTSII BAATHE /1% SHPIIIEHEE KORKpe-
THOY TpOGAENH, HATPHITAY TIepeABATCHIS PEANLil CHCTEMH HA TEBEi JHTpOIo-
s mil

Kowuenmyazisauia. Ha SACTYIIHOMY €Talli CHCTEMFOTO /I0CTKERRA POTK-
[PHBATECS CICTAT CHCTeD, K3t IpEICTABTRETSCH MEOATHOR0 if BEYTPIIBIX ee-
MCHTIE Ta 662T0CEPEBO BIAEOTIOIX i3 HIDH CICNCHTIE JOBHIIHEOND Cepe-
Z0BHIA. [EIIIH CTOBAMI CKTATAIOTEC KOUICTTY AT YSRICH:R IpO 6YI0RY
‘exocuCTeM: Ta i Gysxaiiosasms. TTiX CTPYKTYPOR0 EKOCHCTMH POTYMIIOTS CYY-
THICTE YCIX 38'%3KIE (BUTHOMIEHD, B3aeMOMIH) Mk eemenavu Ilponec vimm
"BTACTHBOCTCI €MERTIE Y Taci B Pe3ySTaTi peakIii Ha o 0BEIIHIX GaxTopia
i B30EMOi MK BHYTPIIIEINI ETEMEHTAM | € GYKIIOBIEIY EXOCHCTENI.

Haprc.2.1. TpeACTARTICRa THTIORA HAYMHA CKOCHCTEN3, CEMEHTH K0T Ho-
AT arperosasii XapaKTep. ATPETOBAICTS O3ATAE, O i KOMIIOHERTH EKOCHC-
Teu € cyKymHiCTIo miAcHCTeM. T2k KOMTIORRTa exocrcTens « TRapHEHID) MOKE
YT B CBOI0 Epry IpENCTARTEsA Y BHIIAN] CYKYIHOCTI I3t TIOMYII, cepex
KIIX € KEPTBH , XUDKAKH, TAAITH 3 MBS MK HMH BUHOCHE@ ML Korto-
HerTa (PYET) TAKOK MOKe GyTH IpeICTABTeHNE Y GLTSIN ACTATISOBAHOMY Bi-
At Take JETATI30BaRE MPEICTABTERIEA 0COGTHB0 BATHBE TPH POSTIAN: Tico-
O EXOCHCTeNH, KO CT BIIUTATH DUICTISTRY, & TAKO, TIpH YPaXyBassi BepTH-
KATEHO! HeOTHOPITHOCT] HeOGXiTHO TPEACTABTATH IPYRT ¥ BAITAAI CYKYIHOCTI
mapis. KoMTIORHT ((iToNCHO TAKOA TPEACTARICRA Y AOCHTS AIPETOBIHONY
BHTIT. PiTONCHO? CKIATACTCS i2 GAATHOX BIAIR POCTHT | MOAE GyTH HaBITs
6aTaTOSpYCHIIM, K Y BEIAIKY iCOROT CKOCHCTEMH. (FCRLIHO, O TIpH TAKOMY
‘ATPETOBAHOMY MKOI 70 IPENCTARTERHR OKPEMILX KOMIIOHERTIB EKOCHCTEMS B0~
B GYIYTH XAPAKTEpIIYBATHCS MEAKIMH YoeDETHERIN TIAPAMCTpaNH (RATpH:-
7137 Bionaca). BHKOPHCTAHS Toro 350 {EIIIONO CTYTICHS TPErOBIROCTI BHIHAT
€TBCS KOHKPCTHI LM, ki CTABHTS TIEped COBOR0 A0CTLIEIK. BAKOPHCTAREE
ArPETOBAMIIY KOMIAPTMCHTIE OLTSHO TP Po3podi YIIATSHEEIX MoZCTeh
eKOCHCTEM, MaIOTH A YBa3i HOJATSIIY fi KORKPCTRALLio TIPH PO3POBII Mozeeh
'KOHKPETHIX CKOCHCTeM, ki BLIHOCATECS 10 JAHOFO KTACY.

JTinif 52 PHCYHKY TpeACTARTIAOTS HANDAMAH TIEpEXOTY PEIORHITE MiK BKA-
A KoMIOHeRTaNS exoccTes:. Tax, JUHE KA 38 £3yE aTMOChEpY Ta BiTo-
IIEHO3 Ma€ O3ATATH BONENE | TaOBHIT OGMIE MUK POCTIEAMII Ta ATMOCHEPOTO
(tpascnipani, GoTocHsTes, MOxasEE i T 1) 3OKpEMA, TAKED e SHHOM KORIIET-
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TYATSHO MOKE NpeICTABTATHCS HATKOIXCRES 10 GITOEHO3Y FKOTO - HedyI 32~
GpyaHeRREs 13 aTMOChepH.
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Prcysox. 2.1 TIpHHITITIORA CXeMa Ta BHY TPl CTPYKTYpa THIIOBOT Hasen-

01 exoCHCTeMH

3. Creungpixauiz. Thics CrpyKTypH Ta MpHEIHS by
‘BAHHE EKOCHCTENSI BHIEATACTECH MEOATIHA EXUTHIX IMIEEFX Ta SMIHEIX CTaEy
‘OKpersIx KoMTapTMesTiE. TAKIDGT BETHTIHAMH MOAYTS GyTH JaTesa Giowack,
460 KITSKICTS PEOBHEH Mirpanisn KoY POIAIACTECH ¥ Maifi exockcTeni. TIpn
BOMY BUIRGTAETCE POMIPHICTS SMIHENX, AKi XaPAKTEPH3YIOTS OKpEMIT KOM-
‘MoHeHT exocrCTeNm BaATHEIM € BHGIp TAKIDK SMIFHIX. AKi JOCTYTII Gemocepe-
IEROMY BMipIOBaFETO.

4. Cnocmepexcenns. 3a pesyTsTaTanss CremiKanii, Ta KepyROTHCE KO-
HeMTyaTImINGI YEBTEREAMG Tpo GYHKINIOBAMHA eKOCHCTEMH IITAHYIOTCE Ta
"TIPOBOZATEC TOTSOB CTIOCTEPEXERHA 33 JMHAMIKOR MIHH MIEHIX CTAEY eKo-
cHCTeMm Pe3yTSTATH TAKITX CHOCTEpEAEH: BHKODHCTOBYIOTHCH HA MOTATHIIEX
‘STANAX MOZETIOBAHES (IACHTHQIKANIA, MEPEBIPKa Ta AOCTUKEHES MOZE) i Mo~
AYTS CTYTYBATH OCHOBOI0 A% ACAKOT NEPETILATY KORICTTYATSHO! MOACT Ko~
crcren

5. oenmugixauis. HACTYTHOR 3470%€10 € BCTAHORTERIE MATEMATHYHI
CIBBUTHOMEHS MiX IMIHHIMI CTAHY KOMIOHEHTIS eKocHCTeN:t BAKTIFTHO mi
CHBBITHOMER S BZOGPAKIIOTS MOBORD MATEMATHKH YHKIIOBAHI CKOCHCTEME.
Ta TpOTIeCH OBiry pEvOBHEN i eeprii B exocHCTeMi. 30KDEMA, OCHOBY CTPYKTYpH
HAMSHOT MOZETi EKOCHCTEN i3 71 He3ATe AT TMHEHMH CKITATAIOTS 71 Jde-
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PEFIIATLHNX Ta ATTeGPAIEX pississ. ATTeGpaiTE PISHANA, K PABIIO, BT0-
GpAKAOTS 3AKOHH 30€DEKEHHA PETOBE Ta exeprii.

6. Excrepuvenmu. B mporteci inesTabixamii Moz SHEIKaE TOTpeGa ¥
"TIpOBETeEHi TIOTT0BITX Ta TAGOPATOPHITK EKCTIEPHMEETIB 3 METOF TIEPESIpKH Tillo-
Te3 BITHOCHO 38’ F3KIB MK INEIDMH MOZET Ta 13 NPOBCICHES OIHOK apase-
‘Tpis, s GirypyroTs ¥ pisEmEAX. EXCTIEpIMERTATS i POGOTH MPOBOTATECH 1apa-
FRTHHO FHIIINM CTATUM MOACTIOBARS,

7. Peaisauis modei. Thic1s ixesTROIKAIi MOTET, BCTAROBTERER THCTO-
‘BIIX HATEHS MAPAMETPIB BUIGYEAETECH O3B HIOK CHCTEMH OTPIMARIIX PIBHAHD,
K OMHCYIOTS yHKIiROBarER cHTes. CyTacH MOTETH CKTATAIOTECS i3 CHCTeNST
GaraTsox pissas. Tak MOTETi AIOSKOCHCTEN MAIOTs MeKLTSKA TECATRIS 38HYaf-
X EDEIATE I PIBEAS Ta DiEPEHIIATS I PISHAES ¥ JACTHEEAX TOXi-
. ToMy TpO 3HAXOIKEHER AHATITINEOTO DO3E'3KY MOBA He MO&e HTH. Sk
TPABTO CKTATGETECH ATIOPHTM STHCTOBOTO PO3S'SIKY OTDHMAHOI CHCTeMS
‘piBHAHS, V eAKN BHIATAX V1A el METH MOAH BHKOPHCTATH CY¥aCHi MaTeMa-
TR maeTs, THITY (MATEMATHKA- IpOTpaMa LTSI MPHCTOCOBARA T dizuKis,
‘ocKimssat if 28TOp isHK - TeopeTrx i3 MaTacyTeTcsKor0 TexHoToriHOr0 Icra-
TyTy - Credan-Wolframy Ta MATUTE-KaRATICHKA TPOTPaMa-TIepeKTATAETECE TK
‘Kmsosuit THCTOK, 260 TIPHKTATHA MATEMATHE®).

8. Mepesipra modeni. THCTA  BCTAHORTEHH THCTOBHX METOTS PO3E 43Ky
‘CHCTeMH piBiEAs, TIepeCBUTTYIOTECA B AKIH CTeTeR] MOZETS BUTBOPIOE THAMITHI
IMiF, 7Ki BITOYBAIOTECH B EKOCHCTEMI, J0KDEMA HACKUTSKI TOTHO BITBODIOIOTS-
O HQERIR SMIHIX CHCTEMS! B YCIX KOMIOHERTAX eKocHCTeMr. TIpH SHACHeRHI
‘BIACYTHOCT! ATCKBATHOCT B OTHCI CHCTEMH, JeAKi CTamH NOGYAOBH MOZETi 1o~
'BTOPIOIOTECA, MPHALITOTH PH IBOMY OCOBTHBY YBary eTany ineHTuéixanii.

9. Tocaioscenns modei. TIps TOCTUDKESE MOTETi HeOGKIHO BCTAHOBHTH
K 13 TIOTATKOBHEX YMOB, 383K MK 3MIHETINGL, TApaMETPH Ta 30BHIIE $akTopa
MAIOTS HafISITSIT BITHB Ha TOBEAIRKY MoAeTi. MeToio Takimx JOCTLTKeHD Ha
“IYTTHBICTS € BHIRAYIHHA CTYTIER 0 TOYEHOCTI 3 KO TIOTPIGHO BH3HATATH THCTOSE
Tix a0 irmm mapaeTpis. TIPH TAKITX ZOCTITAEHENX MOTETi BCTAHOS-
BOETSCA TP FKIIX JHATEHHAX TAPAMETPIS TOBEEKA CHCTEMH MA€ OTHMATSEIT
xapaxtep. Taxi I0CTUDKESEA MAOTS HAIBY ONTHMIBANEITX i ITHPOKO BHKOPHC-
TOBYIOTECE TIpH JOCTUDKEHE ITY ALK EKOCHCTEM — ArpO EKOCHCTeM, KOTH Heos-
XITHO BPAXOBYBATH eKOTOTIFHI Ta EKOHOMIFTH] YMOBH, fKi 1aCTO GYBaioTs Cymepe-
B, JHCHO, METOO TOCTIOAAPCTBA € OTPHMAHA MAKCIMATSHOTO BPOKAIO
‘TIpH 3aGesTeTes BHCOKOT AKOCT Ta EKOTOTITHO THCTOT POCTHHEMIGKO! IPOTYK-
i
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3. OcHOGHI GUOU MaMENAMIUHIN NONYTAUTTIHIN MoDeel.

Modeai exonoziuniex cnitowom. ExoToris BUEHOCHTSCE 70 KIaCy TPHPOT-
HNHX HAYK, IO JOCTUTAYE QYEIAMEHTATSEI BTACTHBOCTI iCHYBAHER HATOpra-
‘BH3MEREITX Oprasisanif, BHSYAC CYKYTHICTS ANBIX OPrAHITMIB, fKi B3EMOTIOTS
O i3 OEEM i YTEOPIOIOTS 13 OTOMYHOSHM CepeTIOBHIIEM CHCTEMY, B TPAHHIIEX
Kol BiTOYBACTECA TDOTIEC MEPETBODERHA €Hepril Ta opraivsoi pevosmm. Thx
CHCTeMOR posyMiETECA Gy — A CKTATHNY PeATHEI 06 '€KT, BTACTHBOCTI
FKOTO BIHATAIOTECH AK CKTATOBHMH ETEMEHTAME Tak | PE3yTBTATOM B3EMOT
ik

‘EftemesTaprom0 omEmeRo B €KOTOTi € ocofma momyAm CyKymicTs
‘0COGHH YTROPIOE HITACTY. €IEMEHTapHY. ILACHCTENY Y TPARHIIAX EKOTOTIHHO CHc-
‘Tenm. CYKYTHICTS TIOMY-ALif, 7i 3HAXOTATLCA HA OTHOMY TpoGiHoNMY pissi yT-
‘BOPIOIOTE TIPOMUKHY TIACHCTeMY (acomiania, OTHOTHTIOBA CykymmicTs). Cywym-
HCT OPTARIMIB Pi3HEX TPOQITEIK PISHIS YTBOPIOE CTPYKTYDENTH QHCAMGTS TI0B~
HOH €KOTOTiNHOT CHCTeMH — exocHCTeNs. Oprasit, #i YTBOPIOKTS mpocTi i
CKTATH CYKYMHOCT] B33€MOTIOTS MiK COGOI0 | B PEATSHOMY TIpOCTOpi GioTomy.
Bei OCOMHE, MOBENHI 13 OTOSYNONM CepeloBMmEM yEKIORATENG
38 S3KAMH, OTPHMYIOTS i3 Hel MATEPIATSE PeTOBNEN i 30ATATyIOTS CepeToBmE
‘MpomyKTaNst cRoei MiaTsHOCTL. BIOTON i OPrasin, mo HOro 32CeOTS, YTBOpio-
50T Y HKIIOHATSHY €THICTS, KA | HASHBIETECR EKOCHCTENOR (3 posyhimsi Tect
A [35]). a0 o Cyxatosy B H. [2] ~ Gioreomestozon. TIpn smsatesi Gioreome-
"HO3Y BT MUKpECTIOEThes HOTO TPOCTOPOBa OTHOPIZHICTS, epes Gioreotieros
e TIDOXOIIITS Hi OTHa CYTTEBA GIOUEHOTHTHA, TPYETOBO — TEOKIMITHA, TEOMOp-
OTOTi<THa T2 MIKpOKTIMATITHA TPAFHIA.

OcHoBHA 337%A EKOTOTiI SBOTUTECH 710 BHBMEHIE 3MIHIH TIOKASHIIIS AT~
TETTEHOCT] OPrARINMiE, B TOMy THCTi | X TOMYTANH,  3ATeAHOCT! BiX 3Mism
eKoTOTiHIIX aKTOpis. V' KOAHOTO i3 X TOKAMHKIS € MeBHi Mei, AKi BH3Ha-
K0TS 0GTACTS ICHYBHHA AMBITX Oprasisis. BUTIOBUTHA OGTACTS JHATeHS €K~
TOriEIX ($AKTOpiS, AKi SHIHATAOTS IPHITYCTHMY /VTH OPTAHIIMIS CHCTEMY TIOKA3-
K X AMTIETUTSHOCTL, € eK0702/MHOR Hitlio T IAEOTO SHIY Orasiss.
Orke, eKOTONTEOM HIMO% € 05'eM y GaraToBmMipHONMY ($a308y TPOCTOPi eKoTO-
‘i daKTopis. V, TaKin THEOM, BHIRATeHi eKOTOTITHiR HiIm € 0GTACTS 3~
“teE eKOTOTITHIIX (JAKTOPIB HARGL TSI CIPHATTHBITX 1% iCHYBAES OPrAHIIMIE.

‘EXOTOri i HiIIi 1% PI3EITX TOMyAII OpTaHi3MIB MOYTS GyTH CriTsem-
30, ACTEORD MeperpumaTICA. OCKITLAN Y SHETD CROORHNN GakTopia XOAT:
‘MAPAMETPH, 3HATERER AKIX BHIRATACTEC JOBHIMHIN, IO BUTHOMEREHO 10 ZaRoi
EKOCHCTEMI. CepeTIOBMINEN, TO €KOTIOTIFHA Hilla MOKe IMIFIOBATHC i3 IMIHOK
308HIEEOTO Cepenonmma. EXOTOTINHY HIlly MOKHA XapaKTEPIYBaTH TESHOR
EMHICHIF — MAKCHMATSEIIN THCTOM TOMyIii OprasisMis, £Ka MOKe iCHYSaTH y
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masift wimi. TIHETATOM MoKe GYTH €MHICTS TACOBHINA — MAKCHMATSHE THCTO TIo-
‘O % Xy0H, TIpH At 30ePIraETECH IATHICTS POCTHEHOCT] 710 BUTHORTERHA i,
TAKIM EHOM, 320€IMETYETECE TOBIOTPHBATE ICHYBANIA BETHKOTO HCTA TOTO-
s’ HAYBHICTS EG10CT Hilll 03HATa€ HIIIO {FIte, 7K OGMEAEHICTS PeCYPCiB %
iCHyBasEA TeBHOI TOMYJTAI i e TIOHATTH HEOGXTHO BPAXOBYBATH IPH POSTTATL
AR noTy iR

TIpw aatisi ZHaMiss TOMYTNiE PISENCK OraRinS BHXOTATS i3 YPAxy-
‘BAMHA MOACTHBIIX SOTHPEOX TIPOTIECiB, 3 cave: possoxerHz B, cxeprHocTi D,
inirparii 1 Ta eirpani E. Tax, 7% SHCSTSHOCT! i — TO BRI MOy MAEMO:

&y
@

=D+ 1 -E;

@irypyioi y moy pisssss semrn B, D, 11a E sa7eats 2K 5ix eHI0-
"TeHEITX Tak | €XI0TeHEIIX (GKTOpiS, YPAXYBAEIEH SKIX HIPEACTARISE COGOR0 CRIAT-
HY 370y T8 2HATISY HABETeHOrO PiBAHEA. TACTO OGMEAYIOTECE POITHION
BIIHOCEO POTHORAHTEX  GOTTOMY BUHONIEHES, K0T BOMTPANICI Ta ITpa-

'V HalTpoCTiIoMy BEIIATKY TPHITYCKANOTS, IO CMEpTHICTS | HapOTAYEa-
HCTS IPOTIOPIIORATS THCETEHOCT! IOMYILAii — X, . TOGTO

B-Di=a;

TIps m0My HeoGXiHO BAXOBYEATH OGMEXKEHiCTS Pecypeis. OCTaEA Be-
“IHHA BPAXOBYETECA MITAXOM MPHTYMERES, MO MBATKICTS 3MIEH Y 9aCi JAHOTO
By moMyAIi OpraiaMis MpAMO MporopmifiEa BTN pecypear: K; —x;. OT-
Ke DIBHAEEA NPHIDIE BHTIAT

B (K en
‘Hae/leHe PiBRAHAS Mac Ha3By JTOTiCTHHHOTO y opii epxomsera - Isopta

i 42 posmmox:
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K
1 Eitu ars

i

e Xo - THCTO TIOMy-TAIT B MoMET Tacy t=0).

s B B3A€MOMIT Y AaHiR €KOCHCTeNM, £Ki MOKYTS MATH Mictte i GyayTS
POIHYTI Y MOTATSIIONY, MOKYTS IPH3BOIHTH 10 TMIHH e K THEHOT MBRTKOC-
Ti pOCTy, 360 210 3MIHH EMHOCTI HiIll. V' MepIIOMY HAGTICKERH] BBAKACTECA, O
‘Oz 3z I HO THCACHOCT] B3ACUOAIOTX HOMyALiE. B pesyTari pi-
BEAHEA 1% § — § TOMYTAN TDE HATBHOCTI  BICMOTHOTIX 3 Hemo iEITEX
(=1,2,.,n) momy1amifi mprinac BT

xi(t)=

Lot 5 NN, @2

TYT & WIBHICTS TPHPOTHOTO MPHPOCTY, 350 CMEPTHOCTi 1-T0 BHIY 32 BiA-
CyTHOCTI peNrTH BEIS. 3 3HAK Ta ABCOTOTHA BETIGIA J; BIOGPAAIIOT BIATO-
‘BUIHO X3PAKTEp Ta HTEHCHBHICTS BIUTHEY j-TO BHIY Ha /- BIL, € IOKAZHHKOM
MiAEHA0B0T B32€MOTiE 13 -ro BEAY. Matpmmzo 7= |4, AKa mizoGpaxaE CTpyK-
Typy 383K BCi€i CTIUTLHOTE, HASHBAIOTS MAMpIER0 CHETOHOMIL.

TIpApOTHi CRTSHOTH MAOTS CKIAZHY GYAOBY. AKY MOAHA OICATH 32 Jo-
‘TIOMOTOR0 JeKITSKOX KOMIAPTMERTIS, MK SKIDMT iCHYIOTS PISHOMARITH] TPOGiH:
(xap08i) i Tomi*m (e 3830 3 TaFIBOTON XapTYBAES) 35 AKAMH. CTPYKTYPa
TPOGIFTHOT MipaMiZ Moe GyTH AOCHTS PIZEO0 B JATCAHOCT] Bill KIMATY, IPYE-
Ty, AaMUAYTY. TPHEAIOCTI iCHYBAHE GioreolieRo3Y T {HIIEX (JaKTOpis.

TIpu asatici GOTOTIFHI CHUTEHOT NPHEATO GyAYBATH Xapi0Bi 260 Tpodi-
i Mepexd, TOGTO TpagH. BepUIIM AKX BUTIOBLIAOTS BITAM, IO BXOTAT Y
CHTSHOTY. 2 CTpIMK BKATYIOTS Ha TPOQITE 353K M EHIIM. 38TalO Taki
‘Tpai - OpicHTORAN: HAIPMOK MK JBOMA BEPIMHAM BKATYE KA Tof 3 BIIS.
110 € CrIOATBaTEN {HIOTO, TOBTO HAMPEMOK AYTH S6ITACTECH 3 HATPAMKONM 0T~
Ky pesosimm 360 Giovac B cacTexi (Prc.2.3).

"JacTo TPoGIHI TpachH 306paKYIOTE Y BHAI TPOQITHIX mipamiA. ¥ Takid m-
‘PAMLT BHALITOTECA TPOGITHL PiBii - TPYIH BB, MK KK He iCHYIOTS TpAMi
‘Xapiosi 38380t (2 OTHOMY i TOMY  pisei). PiBsiis Moke GyTH IeKiToKA BRI
M0 EATeAATS OZHOMY piBHeRi, 5K JHANOIATECS B CTAHi KOHKYPEHII 32 ATITER
'PECYPCH. 260 CTILTEHO BHKOPHCTOBYIOTS PECYPC.
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2.1. TeopeTHKO-MHOXECTBEHHbIe U KOMGUHATOpHbIe
OCHOBaHMA

TeopHs BEPOATHOCTEH — O/IHA M3 CaMbIX OGLLMX MOJIE/ICH MHpO31a-
Hust, 06061IaoLas NpeaCTaBeH s O BeHoMeHe cryyaifHocTH. UHTy-
MTHBHO CIYaifHOCTb BOCTIDHHHMAETCA KAK HEYTO HEMPEACKA3YeMOe,
MpOMCXOALLEE B KAKOH-TO CTEMEHH BHC CBA3M C OXMAAEMBIM WM
xenaembiM. C Jpyroil CTOPOHBI, YeNOBEK aKTHBHO MCTONb30BAN CIY-
4ailHOCTb B MIPaX, KOHCTPYHPYS CIICUHANLHbIE FEHEPATOPbI CAYUaitHO-
CTH: MIPANbHBIE KAPTBI, KOCTH, JIOMHHO, JioTepes 1 T.1. [Ipu 3ToM B
MIPaXx OH BCET1a CTPEMMJICA YMEHBUIMTB POIb CAIYWas H NOJY4HTb Xe-
JaeMblil Pe3yIbTaT BONPEKH MCXOMHOM CY4aHOCTH W HEMpeacKasye-
MocTH. OBCYXICHHE NPHPOIBLI CAYHARHOCTH ABNAETCH TPAIMUMOHHOI
obnacTbio hunocopmu. B obiiem cayyae ciyqaitHOCTb €CTb pe3ynbTaT
OHOBPEMEHHOTO IHCTBHA Ha ARICHNA MHOKECTBA YACTHUHO HE3aBH-
cumbix (aktopos. Ho 3TO TONBKO OHO M3 BO3MOXHBIX OOBACHEH M.
MHOXECTBO YaCTHBIX CAIYaiHOCTEH COCTOAHMI ARICHHI BO BpEMEHH
M B IPOCTPAHCTBE eCThb Xa0€. Xa0C BOCTIPHHUMACTCA KaK NOJIHOE OTCYT-
CTBUE BHYTPEHHEI B3AHMO3ABHCHMOCTH MEXIY COCTOSAHHAMM HIH CO-
Gbitusamu. Yem Gomblue K CHCTEME MOABOAMTCA IHEPTHH, TEM CKOpee
ee noseneHue Gynet Bee Gonee u Gonee xaotyeckum. Takoii xaoc co
Cy4aRHBIM BIAMMOTIONOXEHHEM MHOXCCTBA YACTHIL HAIBIBAIOT «men-
2066um wiymom». Cy4aitHOCTb YaCTO PACCMATPHBAETCS KAK OCHOBA pa3-
BuTHA. Henpenckasyemoe, cyuaiiHOC COSHHEHHE KAKMX-TO ICMEH-
TOB C Pa3THYHBIMH CBOWHCTBAMM MOXET J1aTh COBEPLICHHO HOBOE, pa-
Hee He CyIICCTBOBABLICE KAYCCTBO.

C npyroii CTOPOHbI, HEKOTOPYIO YC/IOBHOCTb MOHATHSA CIYYaHHOCTH
MOXKHO MOKa3aTh Ha CACAYIOLICM NpHMepe. CTO/IKHOBEHHE [IBYX aBTO-
MOGWICH B TPAHCIIOPTHOM TOTOKE, €CHIM PACCMATPHBATH MHOKECTBO
aBTOMOGH/IEl BO MHOXECTBE NOTOKOB, T. €. aHCaM6Jib MHOXECTBa 3/ie-
MEHTOB, AR/IAETCS OMEBMIHOM ClyaitHOCTbIO. OaHAKO 111060€ KOHK-
PETHOE CTO/IKHOBEHHE PACCMATDHBACTCS KAK CTPOrO ATePMHHHPOBAH-
HOe COBLITHE, B KOTOPOM 11O YC/IOBHIO NMO/IPA3yMEBAETCS CYLCCTBOBA-
HHE BHHOBHOTO.

DaKTHYCCKH B 3TOM NPHMEpe JEMOHCTPHDYIOTCS Pa3IHUHbIE CTIO-
COGBI BbUIEIEHHS! CHCTEM. B 0IHOM CiTyuae CHCTEMOIH SBSIETCA aHCaMOTb.
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MHOXECTBA 3/ICMCHTOB, B JIPYTOM — ABYX B3AHMOIEACTBYIOUIMX I~
MEHTOB  Cpeibl.

MoJenb TEOpHH BEPOATHOCTE/ OPUEHTHPOBAHA B NIEPBYIO O4EPEAD
Ha OITHCAHHE NIOBEACHHA OYEHD GOTLIIMX AHCAMGIEH, SIEMEHTH! KOTO-
PBIX WM HEPASTHUMMBL, HAH, 11O KpAItHCH MCpe, HX CBOMCTBA OCTaloT-
CA HEHIMEHHBIMH BO BPEMEHH H B NIPOCTPAHCTBE. ITO YCIOBHE O4CHb.
BAXHO HMETb B BUAY. B TCODH PeUb WICT 06 WACATHHON, T. . O CBOCOG~
PA3HOI <HOpME» MIOBEACHMS.

Mozeh OGLACHACT NOBEACHHE «HACANLHOTO». CPABHMBAN PeanbHO
TIOBENEHHE KAKOTO-1HEO OBLCKTA C Er0 ACAIBHbIM NIPCACTABICHHEM,
TIONYHAEM HEKOTOPYIO OLICHKY, KOTOpAR HaswiBacTc cmamucmukoi. Ha
OCHOBE CTATHCTHKH NIPOBEPSIOTCA KOHKYPHPYIOLHE FHIOTE3bl — MOKHO
M CYMTATS, UTO PEATLHOCTS COOTBETCTBYET <HACATY» WIN OHA OTAMN-
HAOT HEro. B AHATHIE 1AHHBIX B GOTLUIMHCTBE CTYNAEH PELIAETCH HMEHHO
57a 3anaua. CTATHCTHUCCKIE NPABILIA MDHKATHA PELCHNi CaMi 1O
Ce6e ONMPAIOTCA HA CTICUHATLHEIE HICATLHHE MOENH TEOPHH BEDOAT-
HOCTEi. T OGBIHO MOZEIH OCHN BHICOKOH OBLIHOCTH.

OHaKO, KAK M BO BCEX CAYWasX, KODPEKTHOE HCTIOTbIOBAHHE MO-
nencit JU1A peLeHHSA NPAKTHICCKHX 3A1a TPEGYET XOTH Gl Camoro 06-
LLErO MPEACTARNEHHA O IEXALLX B HX OCHOBE NPABIAAX MPEOGPa‘OBa-
HHA H, COOTBETCTBEHHO, YCAOBHAX HX PHMEHHMOCTH. ITO Onpeens-
©T HEOBXOMHMOCTL IHAHWA OCHOB TCOPHH BEPORTHOCTEH M NPHEMOB
nocTpoeHns ec Moaeneit.

Y106l JOCTATONHO KOPPEKTHO CHOPMYTHDOBATH OCHOBHL TEOPHH
BEPOATHOCTEI, HCOGXOZHMO BBECTH CLLE OHY MOZCL G0Tce BHICOKOH
OBUIHOCTH — Modeb MHoXecmaa. BHILLE COBO «MHOXECTBO» paccwar-
PPHBANOCH KAK HHTYHTHBHO NIOHATHOE. TTpHMeHeHHe ITOro BAXHOIO No-
HATHA K IKOTOTHIECKHM H TCOTPADHHECKHM OGBEKTAM HCCICIOBAHNS
BLABIACT CYLICCTBOBAHKE, IO KpAItHCit MCPe, ABYX PAYIHYHBIX THNIOB
MHOXECTS. C O1HO CTOPOHI, MOXHO FOBODHTS O MHOXCCTBE JEMEH-
TOB (HANPHME, OCOBEiH), @ C APYTO — O MHOKECTB CBOFICTB WM
TepeMEHHbIX, KOTOPbiMH XAPAKTEPH3YHOTCA 3TH MeMeHTHL. Kpowe Toro,
MOTYT PACCMATPHBATLCA HEKOTODHIE KAACCH JTIEMEHTOB, KOTOPHIE TaK-
Xe OGLCAHHAIOTCH B MHOXECTBA. O MHOXECTBE TIEpEMEHHBIX B FIEPBOM
CyaE MOXHO FOBOPHT KaK O NPOCTPAHCTBE.

TlepBbiil THI MHOXECTB ONIPEACAACTCH CHCTEMOf aKcHom Liepue-
10— DpenKenn. B Heil YTBEpKIACTCA, 4TO BCAKOE MHOXECTBO Onpee-
RETCH CHOMMH IIEMEHTAMH.

BTOpOil THI MHOXCCTB paccmaTpiBacTes B chcteme Fexens — Bep-
Haflca. B 37O/t CHCTEME KIACC ONPCACIACTCH KAK «KOLICKLMA» BCEX
MHOKECTS, OBIRAAIOULIIX HEKOTOPBIMH OGUIMH CROVICTBAMI WIH CBOFI-
CTBOM. 3Ta CHCTEMA TCOPHH MHOXCCTB HCTIONB3YET 18 THIA MIEPEMEH-
HBX — KJACCH W MHOXECTEA, TIDH 3TOM JMEMEHTOM KIACCA MOKET
6T, TOMLKO MHOXeCTBO. CHcTema l'enens — BepHalica Kak vacTHbiit
cnysaii BR1IoYaeT cHeTemy Llepmeno—Mpenkens. CooTsercTaenHo
OCHOBHbIE OTIEPALNK Ha MHOXECTBAX OCTAIOTCA OGUIMH.
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CACAYIOUIMM BAKHBIM OGLIMM NOHATHEM ABTAETCA NPOCMIPAHCMED.
TIPOCTPAHCTBO B LIMPOKOM CMBIC/IE — CPeAa, B KOTOPOHt CYLIECTBYIOT
MHOKCCTBA, HANPHMED B MATCMATHKE MPOCTPAHCTRO — MHOKECTBO
INEMEHTOB.

PACCMATPUBAN MHOKECTBO KAK MPOCTDAHCTHO, YNHTBIBAIOT TONLKO
Te CBOMCTBA, KOTOPHE YCTAHARAMBAIOTCA NPHHATHIMH BO BHHMAHHC
JWTH BBEICHHIMH 110 ONPEACACHHIO OTHOWEHHAMH. ITH OTHOLICHHS
MEXKILY JNEMEHTAMH WIH KIACCAMM SNEMEHTOB OGYCTOBTHBAIOT reo-
METPHIO NPOCTPAHCTBa. Yallie BCEro B KauecTBe OTHOIEHHS NPOBOMHT-
A AHATHI PACCTORHMA WM AMCTAHLIMA MEXIY TOYKAMK (KTaccamu),
HAlIEHHBX Ha MHOXECTBE PACCMATDHBACMbIX CBOWCTB. BReneHHe oT-
HOWCHHA PACCTORHHA HAIMBACTCA MeMpUIaUuei,

B TCODHH BEPOATHOCTE!| B OCHOBHOM HCTIOTHIYETCH MOTENb MHO-
xecrsa Liepmeno— ®penkens. OIHAKO NpH OPraH3ALHH HCCACIOBA-
HUIt W AHATHIC JAHHBIX B SKOMOTHH W TEOTpAdMM MCCIEAOBATENIO
NDHXOAMTCH MMETb €10 W ¢ 607ce MOWNO KOHCTPYKuMedt Texe-
25— Bepaica.

LIS NOHHMAHKA MOTENH TEOPHH BEPOSTHOCTH HEOBXOTUMO BCTOM-
HMTL OCHOBHbIE ANTEGPAKYECKHE NPCOGPAIOBANHS MHOXECTE®.

Pasencmeo mnoxcecme: MHOXeCTBA A W B conaaaior, ecm Kaxabii
JNCMEHT MHOXECTBA A NPHHAICAHT MHOXeCTBY B, M Haobopor. Ha-
NpHMED, MHOXeCTBO [enb, Gepeaa, coCHa) COBNANACT ¢ MHOXECTBOM
[Gepe3a, cocHa, eMb), HO TOTLKO B TOM CAYHAe, ECAM B KAYECTBE e~
MEHTa He PACCMATPHBAETCA HX MECTO B CTPOKE 3ATIHCH.

DTO 03HAYACT, UTO MHOXKECTBA XaPAKTEPH3YIOTCA CBOMCTBAMM:

* pedrekcusHOCTH: A = A;

* cHMMeTpHIHOCTH: e A = B, 10 B = A;

© TPAHINTHBHOCTH: e A= B B=C, 10 A= C.

Bce 370 npencrapasercs oueBiaHbM. Ho noctatouro nonycturs,
UTO €A C TEHEHHEM BEMEHM YHCTIO JICMEHTOB BO MHOXECTBE 3~
MEHSETCH, TO CBOMCTBO PeIeKCHBHOCTH HCue3aeT. B pamKax 2anHoi
JIOrHeckoil KOHCTPYKLUMH 3T0 yxe GyayT pasnbie muoxectsa. [Tosro-
My, TIDHMEHAR MOACH K PEATLHOMY OGLEKTY C HIMEHSIOUIMCA YHC-
I0M /1CMEHTOB, NIONYYAEM HCKAXEHHOE OTOGPAXEHHE PEATbHOCTH.

Obvedunenue mHoxecms: OGHEIMHEHHEM MHOXECTB A M B HasuiBa-
€TCH MHOXECTBO AU B, 06pajoBaHHOE BCEMH IEMEHTAMH, KOTOpbie
NIPHHALTEXAT XOTA Gbi ORHOMY W3 MHOXCCTB (pHe. 2.1, a). Hanpiwep,
OBBCAMHEHHE ABYX MHOXCCTB (e, Gepesa, cocHa] W [eab, 6epesa,
ocuta] ecTh [enb, Gepesa, cOCHa, OCHHa).

Iepeceuenue uuoxcecms: nepeceucHHen MHOXecTs A B HasbisacT-
€Al MHOXECTBO A B, 06PA30BAHHOE INCMEHTAMM, KOTODHIE NPHHAL-
ZIeXaT KaXIOMY W3 MHOXECTB. B paccMaTpiBaemMoM npumepe nepecese-
HHem GyneT MHOXeCTBO [enb, Gepesal.
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Putc. 2.1. JIMarpamsest (a, 6) OCHOBHBIX OTHOMIEHHH ABYX MHOXECTS

MHOXECTBO, He COCPAALLEE HH ONHOTD MIEMEHTA, HaMBaCTCA
MYCTUIM W 0603HANAETCA CHMBOTIOM D,

acms Mnosxecmea: IPOMIBOTBHOE MHOXECTBO A, KaXabi S1eMeHT
KOTOPOrO NPHHALICAMT MHOXECTBY B, HASHBICTCA HACTHIO MHOE-
cTaa B (AC B). [lycToe MHOKECTBO A = @ 110 ONPEENEHHIO ABARETCA
noamHoxecTsoM B. MHOXecTBo A = B ABTAETCA 4aCTHIO MHOXeCTB B.
TIYCTOE MHOXCCTBO @ H CAMO MHOXECTBO B HAIMBAIOTCA HECOGCTBEH-
HbIMH YACTAMMH MHOKECTBA B.
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2.1 Memoou exonociunnx docTioncens

OCKITSHI €KOCHCTeNMa TIpETCTaBTRE COGOR0 CKTATHNH 0O €KT, It CKIATa-
€TECH i3 GraTsOX BHIIB AMBITX OPFAHIIMIS Ta TEMEHTIS HEANBO! IPHPOTIL, 3 Be-
JTHKIM SHCTOM MEXAHITMIB B30€MOTI MEK CKTATOBHMI, 7K IUTTPHMYIOTS ITiC-
HCTs HOTO CTPYKTYDH. TO A% AOCTUDKEES EKOCHCTEM BHKODHCTOBYIOTS Tak 383~
‘s CHCTeMsI TUTXIZL, OPIEHTOBAFHTH HA BHBTEHEa 00" €KTIB i3 CKTATHO Oprasi-
A0 i3 YPAXYBAHEM HerlepepEHO 3MIFOBAMIK 30BHIIIHIX, 10 BITHOIIEHO 10
Hasol exocHCTeNS, Y8, CHCTeMHIR TIUTXUT 10 BHEYEHHA eKOCHCTENH TIOTATAE ¥
‘BEaTerH i CKATOBAX 9aCTHE, GiOTHMENX Ta abiomrmm. — X1, Xe.. Xa Ta
'BIENOTHOEX i3 HIDMH 06 €XTiB 30BHITIEOTO CepezoBIa — S1.S: . Sy, BCTAHOB-
TeEHi CYKYTHOCT] 38'H3KIB MUK KOMIIOHERT2MI EKOCHCTEMS G G 3, .., O, 3 Ta-
‘KO 38'43KIB MIK EKOCHCTEMOTO Ta JOBHIIHIN CeETOBHIEM — CYKYTIECTO dyE-
S V1, V2.... ¥, MeTOR METOy € HAXOKEHIR 3AKOEY GYHKIIOBAEIE €KOCHC-
TeMH, TOBTO 3aKOHY 3TiTFHO AKOMY IMIHIOETECH I3 TACOM 7 CTAH CKTATIOBHX TaCTHE

exocucTesm Xy(t), Xa(t).... Xa(t). 38 m381 Mz s 64(t), © (D). .. Ow() A i~
‘20 30BRimmEIX BrmsiB Si(f). Sa(t). Sk(t). [11 BHPIMEHHS MEOrO 3ABJAHHA BHKO-
PHCTOBYIOTS pi3E MeTOmL.

TIix 101006101 Q0CTIOHCOHHENI POSMIOTECA METOMH GeMOCEPeTE:HOTO
cnocTepexensx 2 amungr X(0) Ta o(t) eKOCHCTeM: Y IPHPOTHI YMOBAX, 3
‘BiZcyTHOCT! Gy — SKOTO BIUTHEY Ha Hel 3i CTOpORN criocTepirawa. IIpn moMy
‘BCTOHORTIOIOTECH TIeBi JAKOHOMIDHOCTI SKiCEH 260 KUTGKICHI y IMIHi  JHIGeHE
X(t) Ta o(t) mpi s s0mmimmEix dakTopis S(1).

Tlopax i3 TIOTSOBMME TOCTUDKEHHM IMMpOKE 3ACTOCYBAHEA OTDHMATH
eKCTIEpIDeRTATS i METOM. B TIDOIEC] EKCHEPIMEHMATONILY DOCTIONCEHD TOCTi-
K CTIOCTEpITa€ 32 €KOCHCTEMOR, B AKilf HIM NpoBeZesi epsi ism. [Ipika-
Z0M Moe GYTH CHOCTEPEACHHS 33 THCIOBHMH XApIKTEPHCTHKAMI HOMYIAI
AePTE IpH 343 eXCTEPIMEHTATOPOM MiEi Y THCIEHHOCT] XIDKaki3. EXCIepi-
MEHTATSHI AOCTUTACHAR MOAHA PO3ITHTH Ha IOT0Bi Ta TaGopaTopei. OcTasm
"HPOXOATS Y GLTBI KORTPOTHOBAET YMOBAX HiK HMepiIi. Bematii BRI Y po3-
‘BHTOK eKOTOTIFHOY HAYKH /IATH YIATATSHEHHS Ta AHATIS PE3yTSTATI CTIXIHII
EKCTIEDIDMERTIB 3 EXOCHCTEMAMH, 7Ki G7TH HACTITKOM TIPHPOTETEX TIDOTIECIS, 260
HiSTsHOCT] MO,

OFEHaK. S eXQIOTIENI EXCTIEPHMERT TaK i METOR IACHBHIX CHOCTEDEACHS
32 eKOCHCTeMaMH € HAHGITAII eeKTHERING! Y IOETHIHE i3 Memo0oM Moderio-
anis, MoZeri € BHDIACHERM IESHITX TEOPETINEIX VARICHS IPO IPOLIECH., IO
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‘BinGyBaoTECs B exocHcTenax. To THIY peaTizarni pOSPISEIIOTS peatoi Ta SHaKo-
i nozeni [34]. PeaTska Mozems, Bi100paxac CYTTesi pHCH exocHcreym. Tlpricia-
oM peaTsROT MoTeTi € aKBapiy i3 HOTO POCTIEHICTIO, TEaPHEAMII T2 MIKpOGHID
‘HacenenmmL AxBapiyM y nessif Mipi sit06paxae mpupomHe Bofoime. Octo-
‘B TPYTHICTS MOTATA€ Y BCTAHOBTEHHI CTYTIEHE ATeKBATHOCT! MOTEIT OPHTIHATY,
2 BUTTGK. Y APrYMeHTOBAHOCT] 3ACTOCYBAEE PE3yTHTATI OTPHMAEITX TIPH TpOBe-
ZeHEi SOCTITKCHS Y PEATHHI MOTCTX 10 OPHTIHATHHIX — MPHPOTHIX CKOCHC-
e

‘Ha Bimiisy BiT PEATSHOL 400 IEKOTH TOBOPATS, Gi3MEOL, MO, 3HaKoE
MOTETS € YMOBHe NEACTABTERER CHCTEMS — OPHNIHATY HA MOBi CHMBOTE Ta
‘omepanit Hax cinvmonavs: HARGITSMe HATEHHA MAIOTS TAKi B HAKOBHX MO~
zeneii: KowuenmyasHi Ta Mameyamrni. OCHOBHE NPH3HATEHIR KOHIIEMTYATs-
HIX MOTeTelt JIATH Y3raTHeRe, IOCHTS TIOBH, YARTEHHS JOCTUIENKA PO CHCTe-
My, 110 BMEYGETECA, B PAMKAX eBHO HAYKOBO KOIrermii. TAK, B PAMKAX exepre-
THHOi, 250 GorcoXIMITHOT KORICTI, BiTIOBiHI KORUCTTYATSAI MOZETi Tpea-
CTARITOTSC Y BITIAAI 610K — CXeM, ki BiAOGPKAIOTS TIOTOKI CHEPTii Ta peto-
‘BHEH MK KOMTIOHCHTaMH CKOCHCTeNH, TPoditTi 38" #3KH B exocucTeni. Taxi 610k
— CXEMH CYTIPOBOSPKYIOTECA TeKCTOBIRM, TPagiviing Ta TAGTIFHIN MATEPIaToN.
K POIKPHBAIOT CTPYKTYPY Ta ACEKTH (yKIIOBAHH EKOCHCTEM.

TIpw KUTHRICHOMY BHEYeHE] GYHKITIOBAHER €KOCHCTEM HARGLTSIIOTO TOMH-
PeRIEA HAGYR MCTOA MATEMATHTHOTO MOACTIOBARES, KOTH 38’ F3KH MiZ GyRIIiDm
(0. X0, Xa0). 51(0, 0 2(0). .. Ga(t) T2 S(1). S2(0).. (1) mpencTanaTOTICE
Y BHIIENI PISHOTO POTY CHCTEMI HEIATSAHIX MATEMATHTELX it Tammnar
PISHFHESNI MOAY TS GyTH fK ATTeGpAiTH Tak | MepeHIIATEEI Ta iHTerpaTSH,
60 iEmerpo — mithepermiaTs . OKpIM PISHSHS, CKOCHCTEM MOKE XAPIKTEPHIY-
‘BTHCR TAKOX HepIBHOCTAMI, 0COGTHEO, KOTH Mif POSFTZIAENO ATPOSKOCHCTEMY
e TUTSKI i3 €KOTOTI<RIO TOTKI 30py. A f 3 EKOROMITHO.

TIDHKTATOM YIArATEHeHOY MATEMATEEOT MOTIETi €KOCHCTEMSH € CHCTEMa pi-
sezar (1.1) 72 (1.2),

MoZIeii, B KUK TIDOCTOPOBA CTPYKTYPA EKOCHCTEMH He POITATACTECE, TOB-
To y cucTen pisrsHS GirypyioTs THIe IMIEI, AKi € GYHKIIMC TUTHEH TCy, Ha-
IBAOTECE TOTKOBMMIT MOTETRMH, 300 MOTETIMI i3 KOHICHTPOSAHING HATER-
‘s SImO K IMiEE € QYEKIUGT He TUTHKH Ay 3 f IPOCTOPOBHX KOODIIEEAT,
To Taki MOTeT HAWMEBAOTRCA MOZETMM i3 powoniTemmar Imavemmmar [lo
OCTANHIX BiHOCATSCS TCTCPOTeHH] CHCTENH, Ak OITHCYIOTSC AR bepeRTiaTsHInT
DISHIHHAMR Y TACTHHIIX TOX{TI.




