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AHoTranis—Po3riasaHyro ocobauBOCTI Bajigamii CKJIaIHHUX
KOMI'KOTepHMX  MopjeJeid, ki BHKOPHCTOBYIOTH IS
inTerpajbHoi oninku. OCHOBHI KpOKHM BaJiganii: Bamigamis
KOHLENTYaJbHOI MoJeJi, Bajijauisi JaHuX, BajJiJanisi oBeliHKH
mMozeti (mopiBHAHHS pe3yIbTaTiB MOJEJI0BaHHS 3
BHMIDIOBAaHHSAIMHM, pe3yJbTaTaMH IHIIMX MoJeJei, aHaJi3
YyTJIMBOCTI Mo/ieJIi Ta iH.) Ta Bepudikanis KOMII’IOTEPHOro Koxy
mogeni. HaBeneno mpukian Bajiganii riodansHoi mMogedni Jicy.
IIponemoHcTpOBaHO sIK PO3IVISIHYTAa MoJedb NpoONLIa BCi
3a3Ha4eHi eTanu BaJigamii.

Abstract—Specifics of validation of complex computer
models that are used for integrated assessment is considered. The
main steps of validation are: validation of conceptual model,
validation of data, validation of model behavior (comparison of
the  modelling results with  measurements, model
intercomparison, model sensitivity analysis etc.) and verification
of the model software code. An example of verification of the
global forest model is considered. It is shown how the model has
passed all considered stages of validation.

Knwuoei cnosa—moodeni inmezpanvnoi ouinku; Komn’romephe
MOOent6anH; eanioayisa mooeneii; 2100a1bHa MoOey aicy

Keywords—integrated assessment models; simulation; model
validation; global forest model
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3rizHo BU3HAa4YeHHs ToBapucTBa IHTErpajbHOI OLIHKH
(TIAS) inTerpanpHa OIiHKA — I HAYKOBA MeETa-TUCHHUILIIHA,
sKa IHTerpye 3HaHHSA PO NpoOJIeMHY cdepy i poduth i
3HaHHS JIOCTYITHUMH JUIs CYCHIJBHOTO HaBYaHHS 1 IPOIIECIB
npuitHATTS pimens [1]. IHTerpaspHa OLHKA € BaKIMBUM
CIEMEHTOM  aHaji3y CKIQJHUX  COIiaJIbHO-€KOHOMIYHO-
€KOJIOTIYHUX CHCTEM JUIsl MATPUMKU NPUHHATTS pIllIeHb Ha

Bcryn
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MDKHApPOJHUX IIEperoBopax. 30KpeMa, IHTerpalbHa OIliHKA
IIMPOKO BHKOPUCTOBYETHCA MPU PO3B’SI3aHHI TII00ATBHUX
mpo0JieM HABKOJHUIIHBOTO cepemoBuina. J[is iHTerpanbHOI
OILIHKK BUKOPHUCTOBYIOTH IEBHUHM KIi1ac KOMIT FOTePHUX
MoJjieiel, ab0 KOMIUIEKCH MOJeNied — MOJENl 1HTerpabHOL
ominky. OcoOIMBICTIO TakKMX MoOJeIed € MOIEIIOBAHHS
B3a€MOITOB’I3aHUX MPOLECIB Y TaKUX cepax sSK eKOHOMiKa,
HABKOJIMIIIHE CEPEIOBHIIE, CHEPreTHKa Ta 1HIINX BAYKIMBUX
cdepax Ui po3B’si3aHHS KOHKpeTHOI mpobiemu. Kpim toro,
BRXJIUBUM KOMIIOHCHTOM MOJICNICH 1HTErpajbHOI OI[IHKH €
MOXJIMBICTh ~ CHMYJIAINI  BOPOBA/DKEHHS — 3aXOMiB VIS
PO3B’si3aHHs Mpo0IeMu (HAPHKIIAI, OMOJATKOBYBAHHS EMICiH
MIAPHUKOBHX Tra3iB) Ta OIHKA ¢(PEKTUBHOCTI UX 3aXOIiB.

Bamigamiss Mojesnel iHTerpajJbHOI OIIHKH € HEeOOXiIHOI
JUT JOBIPM YYaCHHKIB IIEPErOBOPIB IO 3aIlpPOITOHOBAHUX
BapiaHTIB  pO3B’s3Ky  IpoOyieM, OIIHKKA  3aTpar  Ha
BIIPOBA/PKCHHS MOXKJIMBHX 3aXOJiB Ta BIAMOBIIHUX PU3HUKIB. 3
IHIIIOTO OOKY, HE iCHY€E, a00 MPAKTHYHO HE MOKIIUBO OTPUMATH
Oe3rocepe/Hi BUMIPIOBaHHS MApaMEeTPiB CKIIAJHUX COLaJIbHO-
€KOHOMIYHO-EKOJIOTIYHUX CUCTEM. B SIKOCTI BXIJHUX JaHUX Ta
JAHUX YIS TOPIBHSIHHA 3 PE3yJIbTaTaMU MOJICIIOBAHHS YacTo
BHUCTYIAIOTh CTAaTHCTHYHI IaHi, JaHi OTpHMMaHi Ha OCHOBI
JMUCTAHIIIHOTO 30HAYBaHHSA 3eMJII Ta OOMEKEHOI KiJIBKOCTI
Ha3eMHUX JIOCIIi/PKEHb, EKCIIEPTHI OLIHKH, PE3yJIbTaTH 1HIIHX
obuucnenb, abo MojemroBaHHia. KpiMm Toro, Mopedni
IHTETPAJIbHOI OI[IHKU BKJIIOYAIOTh MOJETIOBAHHSA CYCHUIBHUX
IIPOIIECIB, SIKi € TIOraHO CTPYKTYPOBAHHUMH.

B mifi po0OoTi MpoBEAEHO OMNIAN MOXJIMBUX IUIAXIB
BaJiaIi ri00abHUX MOJEIeH IHTErPaIbHOI OI[IHKH, a TAKOK
HaBEJCHO TMpHKJIad Baiijamii T100aJbHOI TeonpoCTOpOBOL
Mmogeni Jyicy G4M, ska 3acTOCOBYETbCS sl IHTErpasIbHOL
OLIHKK B paMKax KOMIUIEKCY B3a€MOIOB’S3aHUX MOJelel
Mi>KHApOAHOTO iHCTUTYTY MPUKIATHOTO CHCTEMHOTO aHaMi3y.



II. OCOBJIMBOCTI BAJIIJIALIT MOJEJIEM IHTEI'PAJILHOT OLITHKI

Mogeni IHTETpaJbHOT OLIIHKH € CKJIaIHUMU
KOMIT FOTEpHHMH ~ MOJISIISIMM,  sIKi  BKJIIOYalOThb B cebe
KOMIIOHCHTH MOJICITIOBaHHSA 010()i3UYHUX Ta EKOHOMIYHHX
TIPOLIECIB, & TAKOX MOBENIHKH JItoed. ]I KOMIIOHEHTH MOXYTh
Oytu 00’eHaHi B OAHIN Mozesni (MEHII JeTaabHO, HAIPUKIIA,
AIM/CGE (Asia-Pacific Integrated Assessment/Computable
General Equilibrium) [2], International Futures
(http://pardee.du.edu/node/484)), ab0 y BUIJISAAI KOMIUICKCY
3B’SI3aHUX MK COOOIO ORI JAE€TABHUX MOJENIeH (HAPUKITa,
KOMIUIEKC MOJIeJied IHTerpajgbpHOi OLIHKK Mi>KHapoIHOro
IHCTHTYTYy  HIPUKIATHOrO  CHUCTeMHoro  anamizy  [3]).
BpaxoBytoun Te, IO KOMIIOHEHTH Mojeneid 00’eaHaHi i
BUHUKAIOTh  3BOPOTHI  3B’S3KH,  Bajijallisi  OKpPEMHX
KOMIIOHEHTIB MoJielicii He Oy/ie rapaHTyBaTH BaJlianii MOIei
(4¥ KOMIUTEKCY MOJIEJIeH) B IILJIOMY.

3araJbHONPUIHATAM € TBEPKCHHS, 10 BaJIiJaIlis MO
TICHO TIOB’sI3aHa 3 MpHU3Ha4YeHHAM Mmoxeni. Nguyen (2005) [4]
aHaJII3YIOuM Tpalli, B SKUX PO3IVISIAIOTH BaNiJAIiio MOJeNel
IHTETpaJbHOI OIIHKH, BHIUILE Taki IPOOJEMH Baimamii
MOJIeJIeN IbOTo THUITY:

e BijcyTHICTh 3araJlbHONPUHHATAX BU3HAYCHb TaKUX
MOHATL SK BaJIAHICTH MOJENI, Bajijgalis Mopaenli 1

KpHUTepiiB BaiiaHOCTI Mojedi (izocodchbka mpodiaema);

CKJIAJHICTh MoJelen OLIIHKH

(MeTomororiyHa mpodiema);

IHTErpaIbHOL

y4acTh JIrojel (ICHXoJorivyHa mpodiema);

HecTaya i BiICYTHICTh JaHUX CIOCTEPEIKEeHb (mpodieMa
JTAHUX);

BHUCOKHMI piBeHb arperauii (mpoOiiemMa BiJKPHUTOCTI
CHCTEMHU).

B.Hughes [5], omun 3 po3poOHukiB Mozeni International
Futures, BUKOPHCTOBYE KOHIICHINIO Bepudikamii-pamigalii Ta
akpenutanii (VVA). Po3pi3HsAIOTh BaIiAaIii0 KOHIIEITYaJIbHOI
Mozeli (abo BasiAamiio CTPYKTYPU MOJENTI — TepeBipKa TOro,
0 Teopil Ta MPUIYIIEHHS, SKi  BHUKOPHCTAHO Y
KOHIICTITYaJIbHI MOJENi, € palliOHAIFHUMH, BpPaXOBYIOUH
NIPU3HAYEHHs] MOJENi), Balifalilo MOBEOiHKM Mojeni (abo
onepaniiiHy Balifamil0 — IepeBipka TOro, MO IOBEAIHKA
pe3yNbTaTiB  MONENIOBAaHHS  Ma€  JIOCTaTHIO  TOYHICTh
BINMOBIHO JO MPH3HAYCHHS MOJEINI), BaTiJaIlil0 JaHUX
(mepeBipka TOro, 110 AaHi, HEOOX1THI I PO3POOKH MOJIENi Ta
MIPOBEACHHSI MOJICTIHPHUX EKCIIEPUMEHTIB € aJeKBaTHUMHU Ta
KOPeKTHMMH) Ta Bepudikalito (mepeBipka TOro, 1o
KOHIIETITYaJIbHa MOJIEIb MepeBe/IeHa Y KOMIT FOTEpHY MOAEb
KOpPEKTHO, Oe3 mommiok) [6] (puc. 1).

BpaxoByroun  BWICHaBeACHI  MpoOJeMH  Bajigarii
CKJIaJIHUX MOJEINEH, Taki MOJIeNi, MPaKTHYHO, He BaIiAyIOTh. B
TOMY YHCIIi LIe CTOCYEThCS MOJeJiell IHTerpajbHOi OIIHKK B
CIJIBCBKOMY TocmomapcTBi [7] Ta JiCOBOMY TOCIOTApCTRBI.
HartomicTh, BU3HAYAIOTh, YM MOJETH IiJXOMUTh Ul MEBHUX
LiIeH, - «aKpeauTaiis» 3rifHO [6] 1 YOro NPUTPUMYETHCS
B.Hughes [5] npu Baniganii moze:ni International Futures. Taka
«aKpeauTalis», B TOMY YHCII, MOXE BiIOyBaTHUCh uepe3
NpolLleC BUKOPUCTaHHS MOJENI y pI3HUX MpoeKTax i3
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3aTyYeHHSIM JIO pPCEICH3YBaHHS MOMeNi Ta pe3yiabTaTiB

MOJIETIOBAHHS HE3aJISKHUX €KCIIEePTIB, 3aMOBHHKIB
pe3yiIbTaTIiB  aHami3y 3 BHKOPHCTaHHAM  MOJCNI Ta
3aliKaBIeHUX oci0 (TUX, KO0 MOXYTh CTOCYBAaTHCh

pe3ybTaTH MOJCIIOBAHHS, YW IOJMITHYHI PIllICHHSA, Ha SKi
MOXYTh BIUIMHYTH Il pe3yJabTaTH MoJetoBaHHs) [5, 7, 8].

[lpy HasiBHOCTI  BIANOBIAHUX JAaHUX  «CHOCTEPEKEHB)
TIOPiBHIOIOTH PE3yNbTaTH MOEIOBAHHA 3 IUMHU TaHuUMU. [Ipu
HasBHOCTI  IHIIMX  MOJENeH  NpPOBOMATH  TOPIBHSIHHS

Pe3yJIBTATIB PI3HUX MOJIENEH K [UIsl iCTOPHYHOTO Mepiojy TaK
i MaitOyTHbOrO TIepiony (Hanpuxnaz, [9, 10]). Takoxk BaxIHMBO
MIPOBOJUTH  JIOCHI/DKEHHS YYTIMBOCTI MOJAENI JO 3MiHH
OKpeMHUX IapaMeTpiB (Uil BHU3HAYEHHS THX IapaMeTpiB, sKi
MaloTh CYyTTEBUI BIUTUB Ha Pe3yJIbTAT MOJCITIOBAHHS, a TAKOX
BUMIPIOBaHHS I[bOTO BIUTMBY), @ TaKOX, IPU MOXIIUBOCTI,
aHaJIi3 MOIIUPEHHS] MOXMOOK B MOjelNi (HampuKIIaja, METOAOM
Moute-Kapio).
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Puc. 1. CxemarnuHe 300paXkeHHsI IIPOLECY MOJICIIOBAHHS 3a [6].

Bamigamiss ckimamHOi Momeli — Il TPUBAIUKA Ipolec, a
Oynb-sKi BIOCKOHAJICHHS MOZEIl BHMArarOTh ITOBTOPCHHS
MpoIeAyp Bamifgamii (OKpEMHX, UM BCIX, B 3aJICKHOCTI BiJI
CYTTEBOCTI 3MiH).

III. TIPUKJIAL BAJIJALIL IJIOBAJIBHOI TEOITPOCTOPOBO{
MOJIEJII JIIcY G4M

I'mobanbHa Mogens Jicy G4M €  TreonpocTopoBOIO
MOJIEJUTIO 3 po3autbHOIO 3matHicTio 0.5 Tpamyca. B xoxHii
KJIITHHIII MOJIEIi CUMYITIOETHCSI IPUHHATTS PillIEHHS TIPO 3MiHY
3eMJICKOPUCTYBaHHS (3aJ1iCHCHHS, 3HENICHCHHS, YM 0€3 3MiH)
Ta MapaMeTpH JIICOKOPUCTYBAaHHS 3aJIEKHO BiJ| €KOHOMIUHOL
BUTOIM  BEJAEHHS CIJIbCHKOTO Ta JIICOBOIO TOCIIONApCTBa,
TIONUTY Ha JAEPEBUHY, MOJITUK 3MEHIIEHHS eMicii MapHUKOBUX
ra3iB, a TaKOX OOYMCIIOIOTHCS BIANOBIAHI emicil (4u
nornuHanHs) CO,3 6ioMacy, MepTBOi OpraHivHOI peYOBUHH Ta
rpyuty [11]. OOYHUCICHHSA TPOBOMATHCS I KOXKHOTO POKY
MoJieroBaHHs (y Bepcii st €BporedchbKux KpaiH), abo st 5



pokiB (y rioOanmbHId Bepcil) KIITHHKA 33 KIITHHKOI. Y
HO€JIHAHH] 3 T7100aIbHOI0 eKOHOMIYHOI0 Mozestro GLOBIOM
il BHUKOPDHCTOBYIOTH Yy 3aJayaX IHTETPAJIbHOI OLIHKH JUIs
3MEHIIEHHS  eMiCcii  NapHUKOBMX Ta3iB y  CEKTopi
3eMJIEKOPUCTYBaHHS, 3MIiHUA 3€MJIEKOPHCTYBAaHHs Ta JIICOBOTO
rOCIIOAapCTBa.

Konmenryansna mozpenb G4M Oynna penieH30BaHa, MPU
BukopuctanHi G4M y MDKHapOJHHX HAYKOBO-IOCHITHHUX
MPOEKTax, BKIIOYAIOYM MPOEKTH, CHPSIMOBAaHI Ha MiITPHUMKY
TIPUIHATTS PillIeHb 11010 3MEHIIIEHHS eMiCil TapHUKOBUX Ta3iB
(manpuxnan, PASHIMA [12]; EUCLIMIT [13], [14]), a Takox
npu IyOJTiKauii pe3yJabTaTiB MOAENIOBAHHS Y PElEH30BaHUX
KypHanax (Hampukian, [3, 9,10,15,16]).

Y G4M BUKOPUCTOBYIOTh JaHi MXKHAPOIHUX OpraHi3alil,
sKi CKJIaJieHI Ha OCHOBI 3BITiB, HAJICIaHUX KpaiHaMu,
FoodandAgricultureOrganisation (FAO) [17],
UnitedNationsFrameworkConventiononClimateChange
(UNFCCC) [18] Ta ForestEurope[19], a Takox naHi, sKi
OITyOJIIKOBaHI y pELEeH30BaHUX JKypHanax (Hampukian, [20-
22]).

HesBakaroun Ha Te, IO JaHi, SKI BUKOPHUCTOBYIOTBCS Y
G4M, npoxonsTh NepeBipKy NpH iX po3MilleHH] y 6a3ax JaHuX
MDKHApOJAHUX  OpraHizamiii, 4u mpu  myomikamii y
pELIeH30BaHUX IKypHajaxX, ICHye BeNWKa BIAMIHHICTD Yy
BIJIMOBITHAX JaHUX 3 PI3HUX JDKEpesl, a TaKoXK JaHUX,
OITyOJIIKOBAaHMX Y 3BiTax y pi3Hi poku. Hanpuknan, naHi momo
IUTOINI JIiCY, & TaKOX INBUAKOCTI 3aJIiICHEHHS 1 3HEIICHEHHS,
orpumadi 3 FAO Tta UNFCCC, MOXyTh BiApI3HATHCS Yy
JIeKiJIbKa pa3iB Ul OKPEMHX KpaiH (Hampukiaa, ABCTpaiis —
OLlIHKA 3aJicHeHHs Ta 3HemicHeHHs st 2005 ta 2010 pokis
Bipi3HAEThCA ¥ 2-3 pasu; Ta TypeyunHa — OIliHKa 3aJ1iCHCHHS
BiJIpI3HSIEThCS MPUOJIM3HO Y 2 pa3u, 3HENICHEHHS BIJICYTHE 3a
maaumu  UNFCCC, ame cyrree 3a manmmu FAO). lle
3YMOBJICHO THM, IO y Pi3HUX KpaiHax 4YacTo pi3Hi JeprKaBHI
opraHizauii BiJIOBiNal0Th 3a moaaHHi 3BiTiB y FAO Ta
UNFCCC (mo UNFCCC naHi moiarooTh y BHUIJISAI TaOIHIb
Excel, CommonReportingFormat CRF), MoxyTh
BHUKOPHCTOBYBATUCH Pi3Hi JaHi VIS OLIHOK, Pi3HI BU3HAYCHHS
TIOHSITB JIIC», «3aJiCHEHHS» Ta «3HENIICHEHHS», a TAKOX Pi3Hi
METO/IH OLlIHFOBAHHSL.

[IpocTopoBi naHi, HaNpUKIaA KapTH JICOBOTO MOKPHUBY,
KUIBKOCTI BYTJICIIO B 0OioMaci JicCiB, MiACTHJIII Ta TPYHTI,
MIPUIATHOCTI TPYHTY IO BEJCHHS CIIBCHKOTO T'OCIOAAPCTBA Ta
iH. MOXYTh MaTH CYTTEBI HEeBH3HAaYCHOCTI. Taki BXiJHI JaHi 5K
IIHK Ha JICPCBHHY Ta CUILCHKOTOCIIONAPCHKI 3€MJIi, a TaKOK

koeQimieHT Kopymuii (koedilieHT Kopymuii € cepeaHiMm
apuMETHYHUM 3  TPhOX  MEPIEHTWICH  «IOJITHYHOL
CTaOUTBHOCTI», «e(EKTUBHOCTI ypsiIy» Ta «KOHTPOJIIO

Kopynuii», orpumanuMu 3 [22] i y mozmemi G4M Bu3Havae
€(QEeKTHBHICTh BHKOPHCTaHHS KOIITIB, CHPSMOBAHUX Ha
sMenIreHHs emiciit CO2 (3mintoeTbes Bix 0 mo 1) [10], To6To,
YUM ~ BUIIUA  KoedillieHT, THM BHIIA C()EKTUBHICTH
BUKODHCTAaHHS KOIITIB) € BAXJIMBUMHU MapaMeTpaMu IJIst
aHaJIi3y COLiaTbHO-eKOHOMIYHUX CLIEHAPIiB 3MEHIIEHHS eMiCiii
MIAPHUKOBHX Ta3iB. TOMy Ba)KJIMBO OLIIHUTH YyTIUBICTH MOJEII
JI0 3MiHH 11 OCHOBHUX NIapaMeTpiB.
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A. Awnaniz uymausocmi mooeni

B pesynbraTi aHamizy 4YyTIMBOCTI MOIENI 10 3MIHHU
okpemMux mapameTpiB (+/- 10% Big cepemHBOrO 3HAYCHHS)
OyJ0 BWSBJICHO, IO PE3YJAbTaTH MOJENIOBAHHS IIBHIKOCTI
3aJiCHEHS Ta 3HENICHEHHs 0e3 BIUIMBY NOAATKy Ha BYIJIEIb
HAWOUTBII YYTIMBI 1O 3MIHM BaJOBOrO BHYTPIIIHHOTO
MPOAYKTY, KoedillieHTa TIepepaxyHKy BYIJICIIO Yy 00’ eM
JepeBUHM (KOMOIHAIisl IIUIBHOCTI JEPEeBHMHU Ta BMICTY
BYIJIEHIO Y JIEPEBUHI), NMPUPOCTY JEPEeBUHHU (3AISKUTH Bif
YUCTOI IEPBUHHOI MPOAYKLIi), LIUIBHOCTI  PO3MIICHHS
HaCeNeHHs, LiHM Ha JEPEeBUHY, INPHIATHOCTI 3eMJi IS
BEJICHHSI CLIBCBKOTO TOCIONAPCTBa Ta BapTOCTI 3aJliCHEHHS
[23].

B pesynbrari aHamily YyTJIMBOCTI OLIHKM KIJIBKOCTI
JIEpeBHHH, sIKa TIOTEHIIIHHO MOXKe OYTH 3aroTOBJIEHA Y KpaiHax
€C, 10 BubOpy KapTH  pO3MIIIEHHS  JICIB, SKY
BHUKOPUCTOBYIOTh y G4M, Oyl0 BHUSBJICHO, IO BIUIUB €
HE3HaYHUM Y BHIIAJIKy PO3TJISY arperoBaHuX pe3ysbTaTiB (Ha
piHi €C), aje CyTTeBUM y BHIAJKY PO3TIILY OKPEMHUX KpaiH.
SIKIo pe3ynbTaTH MOJENIOBAHHS OYIyTh BUKOPHUCTaHI IUist
aHai3y BUOOpPY IUIAXY JOCATHEHHS IIUIi  30LIBIICHHS
6ioeneprii Ha 10%, BUOIp KapTH PO3MILIEHHS JIiCIB MOXKE MaTH
BIUIMB HA Take pillleHHs. Y LOMY BHUNAJKY CYTTEBA Pi3HHILI
MDK KapTaMd BIUIMHYJa Ha PI3HHIIO Yy pe3yjibTraTax
MoOjieIoBaHHs. [24].
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Puc. 2. I'moGanpni emicii CO2 Bix 3amicHeHHs 0e3 BIUIMBY MOJATKy Ha
Byrylens npu BukopucranHi mannx FAO (BAU_FAO) ta UNFCCC
(BAU_CRF) st kanibpyBaHHs MOJEII.

[I{0o0 OLIHWUTHBILIMB BiIMIHHOCTEH y BXIJHUX JAaHUX IIPO
IUTOIY JIICY, @ TAKOXK IIBUIKOCTI 3aJiCHCHHS 1 3HETiCHCHHS
FAO ta UNFCCCha pe3yipTaTd MOJICIIOBAHHA, OyJI0
MIPOBEAICHO aHaJli3 YyTJIMBOCTI PE3YNIBTATIB OLIHKK eMiciii Ta
CTOKY BYIVIEKMCJIOrO Ta3y Uil ICTOPUYHOrO Tepiomy Ta
nporao3yBaHHss 10 2050 poky, 0e3 BIUIMBY IOAATKy Ha
BYIJICIh Ta 3 BIUIMBOM IIOAATKY Ha BYTJIClb (KPHBI TPAHUYHUX
BuTpaT Ha 3MeHiIeHHs eMiciii (MACC). PesynbraT aHamizy
HaBeJIeHO Ha pHc. 2 — puc. 4. (puc.2 — "eratusHi emicii CO,
BiJI 3aJTICHEHHSI; pHC. 3 — eMicii BiJI 3HENiCHEHHS ), puc.4).
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Puc. 3. I'mobaneni emicii CO2 Bij 3HesicHeHHs 0e€3 BIUIMBY IOZJATKy Ha
Byrens npu BukopucranHi mannx FAO (BAU_FAO) ta UNFCCC
(BAU_CRF) st kanibpyBaHHs MOJEII.

I'mobGanbhi (cyma st Beix kpaiH) emicii CO2 Bix
3HEJTICHEHHS Ta 3aJliCHeHHs 0e3 BIUIMBY ITOJATKYy Ha BYIJICIb
MIPAKTHYIHO HE BiPI3HAIOTHCS MPOTATOM i1CTOPHYHOTO MEPioay,
aje Jemo po3XomaThes 3 4acoM (1o 9% s 3alliCHCHHS Ta
12% misa 3HenmicHeHHs). [J100ANBHUM TMOTEHINAM 3MEHIIICHHS
emicii CO2 Big 3ajicHEHHS, 3HEIICHEHHS, JICIBOrO
TOCIIOAapPCTBA Ta CyMapHHH Binpi3HsAeThCS MakcuMyM Ha 20 %
JUTS 3a)TiCHeHHS. Pa3oM 3 TuM, JUIs OKpeMHUX KpalH pi3HHUIA
nepesuinee 100%. Tomy BakiIMBO BpaxoBYBaTH NMPU3HAYCHHS
pe3y/IbTaTIB MOJACTIOBAHHSA JJI BUOOpPY BIAMOBIIHUX JaHUX
(FAO, yn UNFCCC) mnpo momry Jicy Ta IIBHIKOCTI
3aJTICHECHHS 1 3HEJICHEHHSL.
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Puc. 4. I'noGansuuii noredian 3sMedmends emicii CO2 Bij 3HeNIICHEHHS I
pi3HOI WiHM Ha ByrJelb (KpHBI IPAaHUYHHMX BHUTPAT HA 3MCHILICHHS
emiciit) y 2030p. mpu BukopuctanHi mamux FAO (lin FAO) ta
UNFCCC (lin_CRF) mus kanibpyBaHHs MOJEII.

Takok IPOBEIEHO JIOCHIPKEHHS YYTIMBOCTI KPHUBUX
IpaHUYHUX BUTPAT Ha 3MeHIIeHHsS eMiciii CO2 Bif 3aiCHEHHS,
3HENIICHEHHSI Ta JIICOBOTO T'OCIOJApPCTBA JI0 3MIHH BaXKJIUBHX
COLIaJIbHO-eKOHOMIYHHX (DaKTOpiB — KoedilieHTa KOpYIIii
(BiTHOCHa HEBU3HAYECHICTH OI[IHOK KOMIIOHCHTIB Koe(illieHTa
KOpyNuii KOJNUBAETHCS BiJ NEKUIBKOX BIZICOTKIB JI0 3HAYHO
oimpme 100% mns Jeskux KpaiH, JO€ BaXXKO OTPUMATH

noctoBipHy iHpopMario (Hampukian, IliBaiuna Kopes,
AdranictaH), I1iHM Ha  JEpPEeBUHYy Ta  IIHK Ha
CIITBCBKOTOCIIONAPChKY  3eMitio  [25] (y  cueHapisx, ne
BUKOPHUCTOBYIOTh MOZEIb G4M, LiHA Ha
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CLIBCHKOTOCIIONIAPChKI TOBapH 3MiHIOIOThCA Bin -60% mo +
50% mo 2100 p. mopiBHstHO 3 2005 p.,a 3aX0IH 110 3MEHIIICHHIO
eMicili TAPHUKOBUX Ta3iB MOXYTh IPU3BECTU JO 30UTBIICHHS
IiH Ha CLIbChKOrOCOAapchki ToBapu Ha 110-570%). dus
LBOr0 MOJENh PO3B’SI3yBajJM JUIsl Pi3HUX CIEHApIiB JHIHHOT
3MiHH IiHK Ha Byrrenpb (Bix 0 y 2015 pomi g0 0 — 717 $4C y
2030 porri). JIas9 KOXKHOrO CIIEHApil0 3MIiHH I[iHH BYIJICIIO
3MIHIOBAIM KOJKEH 3 mapamerpiB Ha +/- 1, 2.5, 5, 10, 50 ta 90%
BITHOCHO cepenHboro 3HayeHHs. Otpumanu 12 KpuBHX
TPaHWYHUX BHUTpAT JJIsI KOXKHOTO mapamerpa (MO3HAYeHHS:
crpV, crmV, wpV, wmV, IpV ta ImV; cr — koedimieHT KOpPyYIIIil,
W - I[iHa IEPEBUHH, [ — IliHA CUTLCHKOTOCIIONAPCHKOT 3eMJTi, p —
30UIBIICHHS TTapaMeTpa, 71 — 3MEHIICHHs TapaMepa, V — 3MiHa
nmapamerpa Ha 1, 2.5, 5, 10, 50 a6o 90%; puc.5 — puc.7).
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Puc. 5. I'noGanbHuii oTeHLian 3MeHIIeHHs cyMapHuX emiciit CO2 mis pisHol
[[iHM Ha BYTJIElb Ta BIAXUJICHb LIHK HA CLILCHKOIOCIIOAAPChKI 3eMIli Ha
+/- 10, 50 Ta 90% (kpHBi rPaHUYHHX BUTPAT HA 3MEHILUCHHS eMiciii) y

2030p.
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Puc. 6. ['nobanbHuil moTeHLian 3MeHIIeHHs cyMapHux emiciii CO2 mis pisHol
I[iHK Ha BYIJIELb Ta BiAXWUJICHb LIiHK Ha AepeBUHy Ha +/- 10, 50 Ta 90%
(KpHBi rPaHUYHHUX BUTPAT Ha 3MEHIIECHH: eMiciii) y 2030p.

I[Mpu 3mini mapamerpiB Ha 10% T1oOanbHa KpHBa
TPaHUYHUX BUTPAT € HAWOLIBII YYTIMBOIO, KOJIH I[iHA BYTJIEIIIO
craHoButh 18 $/tC. Ilpu Takiif IiHi BYIJICIF0O 3MEHIICHHS
koedimieHTa Kopymuii Mae HalOutbmmi BB Ha MACC —
moreHmian 3MeHmeHHs emicii CO2 3HwKkyeThbcs Ha 230



Mt1CO2/pik (puc.7). 30inblieHHst koedilieHTa KoOpynmii mae
nmemo MeHmuil edpekr Ha MACC — mMOTeHIlan 3MEHIICHHS
emiciii CO2 3pocrae nHa 229 MTtCO2/pik. 3MiHa IiHM Ha
CLIBCHKOTOCIIONAPCHKI 3eMili Tex cyTTeBO BIutmBae Ha MACC
— 3MEHIICHHS IIIHM Ha 3eMJII0 TPHUBOIUTH JO 30LIBIICHHS
noTeHmiany 3MmeHmenHs emicii CO2 na 172 MT1CO2/pix
(puc.5), a 30UTbIICHHS IIIHA HAa 3€MJIIO0 MPUBOTUTH IO
3HW)KEHHSl TOTeHIialy 3MeHIIeHHs ewmicii CO2 na 122
Mt1CO2/pik. 3miHa koedimieHTa KOpymnuii Mae HaWOLTbIINIA
BB Ha TmnobankHy MACC y TOpIiBHSHHI 3 I1HIIMMH
napaMeTpaMu Mpu miHax Byrieio Hwkde 180 $/tC i mpu mini
478 $/tC. 3miHa HiHM JEPEBHHUA Ma€ HAMOLIBIIWIA BIUIMB Ha
MACC y mnopiBHSHHI 3 IHIIUMH TapaMeTpaMy IpH MiHi
Byruemnto 239-358 i 597-717 $/tC. 1lina Ha JepeBUHY IOCATAE
cBoro MakcumaisHoro BBy Ha MACC mpu 90 $/tC.
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Puc. 7. I'moGanpHuil moTeHNian 3MeHLIeH s cymapHux emicii CO2 st pisHol
I[iHK Ha ByIJelb Ta BigxuieHs xoediuieHTa Kopynuii Ha +/- 10, 50 Ta
90% (xpHBi TpaHUYHUX BUTPAT HA 3MEHIIEHH eMiciit) y 2030p.

IMpu 3mini mnapamerpiB Ha 50% rmodansna MACC €
HAMOUTBII YYTJIMBOIO, KOJM IliHA HAa BYIJIENb CTaHOBUTH
30 $/tC. Ilpu Takiii miHi Ha BYTJIElb 3MEHIICHHS KoedillieHTa
kopymiii Buknukae BigxmwieHass MACC na —1310 MtCO2/pik
(puc.7), a npu wini 717 $4C — nume wa —75 M1CO2/pik.
Koeoginient xopymuii mae HaiiOinpmmii BB Ha MACC y
TIOPiBHSIHHI 3 HIIMMU NapamMeTpaMy TpH LiHI Ha Byryenp 6 i
30-179 $/tC. Llina nepeBunu Mae cyrreuii BiuinB Ha MACC
NPU BCIX IiHAX BYIVICIIO 3 MaKCUMAaJbHMM 3HA4YeHHsIM -582
MtCO2/pixk mpu 1ini Ha Byraeis 30 $/tC (puc.6) i mae
HAMOUTBIINIA eeKT y OPiBHSAHHI 3 IHIIMMU NapaMeTpaMy NpH
migi  Byrmempo  239-717  $4C.  3mima  uiHm Ha
CLIBCHKOTOCHIONAPCHKI 3eMJII Mae€ MaKCUMalbHUI BIUIMB Ha
MACC (903 M1CO2/pik), a TakoX y TOPIBHSIHHI 3 IHIIAMH
napaMeTpamu, TpH Iiidi Ha Byrirerps 18 $/tC (puc.5).

IMpu 3mini mapamerpiB Ha 90% MACC e HalOLIBII
YyTIUBOIO TpH HiHiI Ha Byrienp 119 $4C. Tlpu Takiit mini Ha
ByIJiellb  3MEHIICHHsS KoeillieHTa KOpYMIil BHKIHMKAE
BimxmwienHss MACC wna -3477 Mt1CO2/pix (puc.7). Brms
3MiHM Koe(illieHTa KOpYIILii 3MEHIIYETHCS ITOBUIFHO 1 Mae
Haiompmii BrtmiB Ha MACC y TOpIBHSHHI 3 1HIIMMH
nmapaMeTpamMud npHu mini Byrremo 30-717 $4AC. 3mina miHu
CLIBCHKOrOCHOapChKol 3eMiti Mae MeHmmil BB Ha MACC,
HiK 3MiHa KoedillieHTa KOpYMIii, 3 MakCUMyMOM NpH IiHi
Byruemio 30 U$/tC (1699 MtCO2/pik) (puc.5). Y mopiBHsHHI 3
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IHIIUMH napameTpamy, BILIMB 3MiHH LiHA
CLIBCHKOTOCIIONAPCHKOT  3eMJIi € HaWOLIbIIMM TIpH  LiHi
pyrimemo 6 i 18 $/4C. 3mina [iHM JepeBHHH Mae

MakcumanpHuid BB Ha MACC (733 M1CO2/pik) mpu 60
$4C (puc.6).

KoeoginienT kopymuii Mae HaioOinpmmii BB Ha MACC
IpU  BCIX PIBHAX 3MiHM TapamerpiB. 3i 30UIbIIECHHSIM
aMILUTTyAu 3MiHHU apaMeTpa MakcuMaibHui BB Ha MACC
scyBaerbes Big 30 $/tC (npu 3minax ma 10 i 50%) mo 119 $/tC
(mpu 3mini Ha 90%). LliHa nepeBHHM Mae BiJHOCHO
piBHoMipHu#1 BB Ha MACC mpu BCiX IiHaX ByrJemio, a
I[iHa Ha CUJILCHKOI'OCIIOAAPCHKY 3€MIII0 MA€E JBa MAaKCUMyMH —
OUIBIINIA NPY HU3BKUX I[iHAX BYIJIEIIO 1 MEHIIUH TPH BHCOKIH
IiHI ByIJeIo. 30UIbIICHHS aMIUTITYId 3MiHM TMapamerpa o
90% 3HIKYe LiHYy Ha BYIJIelb, NPU SKId 3MiHA OKPEMHX
rapaMeTpiB BUKIMKAE MakcuManbHe BiaxmieHas MACC.

B. Biomeopenms icmopuunux OaHux.

Jis Ginbrnocti kpain €C, e iHdopmarist mpo Jicu € Oinbi
ITOBHOI0, MOJIENIb JOCHTh TOYHO BiaTBoproe emicii CO, Bix
JicokopucTyBaHHs (y TOpPIBHSHHI 3 JaHUMH, SIKI KpaiHu
3BiTyt0Th y UNFCCC, nHanpukinan, @innsHuis, puc.8).

B psani kpain €C (manpuxnan, benbris, BennkoOpuranis,
[Hanisi, ®pannis ta lIBenis (puc.9) BiIXuieHHs pe3ylbTaTiB
MOJICTTFOBaHHS BiJl IaHUX, sKi kpainu 3BiTytoTh y UNFCCC, B
OKpeMi pPOKM € CYTIT€BUM. B Takux Bumagkax MOTpiOHO
MIPOBOJUTH aHaJi3 BXIJIHUX JAaHUX Ta MOJEIi, 100 MOSCHUTH
npuuuHy, ab0 BWIIPaBUTH, HANPUKIAA, T[OMHIKH Yy
KOHIIETITYaJIbHI/ MOJIEN, UM IpOorpaMHii peanizaiii Mozaei.

G4M results for countries
(Finland, 0)
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Puc. 8. Emicii CO; Biz snicoBoro rocrogapcta (FL-FL) y ®@innsuaii y 1990-
2015pp., nopawui kpainoto 10 UNFCCC Ta 3mozenboBani G4AM

VY unanxy llBenii pe3ynsraTn MonentoBanus emiciit CO,
BiJl JIICOKOPHCTYBAaHHS JOCHTH IOOpE BiAMOBIZAIOTH JaHHM
npo Jicozarotieiio (puc.10). Lle Moxe cBimuuTH mpo Te, IO,
LIBHJIIE 33 BCE, NMPUYMHY BiAMIHHOCTEH MOTPIOHO LIyKaTH y
BXIJHUX JaHUX.

VY Bumaaky KkpaiH, mias SKAX iHpoOpMalis Tpo JiCH €
HEMOBHOIO ~ Ta/ab0  HETOYHOK,  BIATBOPEHHA  eMicCiii
BYIJIGKUCIIOTO Ta3y € MEHII TOYHHM, aje 1 JaHi
«CIIOCTEPEIKEHBY, 3 SIKUMHU MPOBOIUTHCS TIOPIBHIHHS, TAaKOXK €
MEHII JOCTOBIpHUMH (Harpukiaz, [uais, puc.11).



Takok TPOBOIWIIOCS TOPIBHSHHSA 1 aHaNi3 pe3ysbTaTiB
MozentoBanHs G4M 3 HalioHaIbHUMH naHuMHu kpain €C [26].
ABTOpY He 3HAWNUIM €IVUHUA BXiTHUH MapaMmeTp, sIKHH Ou
JI03BOIMB TOSCHUTH NPUYMHY BIAMIHHOCTEH y pesyibrarax
MOJICTTIOBaHHS Ta HAllOHAJBHUX NIaHWX KpaiH. HalOinbmii
BIUIUB Ma€ METOJI, SIKMH EKCIIEPTH B KpaiHaX BUKOPHUCTOBYIOThH
Uit odumcieHHs emiciii CO2 Bif JIiCOBOTO T'OCIIOAAPCTBA, IO
MOXE BIJIPI3HATUCH BiJl TOTO, SIKMA BHUKOPHCTAHO y MOJIEIIL.
[HIIi BIUTMBOBI NMPUYHHU — II¢ JaHi MPO 3arOTiBIIIO JACPEBUHH,
BTpaTH TPH JICO3aroTiBii, METOAM, SIKIi BHKOPHCTOBYIOTH Yy
KpaiHax, JJ1sl KOopeKii BIZICYTHIX JaHUX y iHBEeHTapH3allil JiciB,
a TaKkoX Te, W0 MOJAENb HE BpPaxOBYe BeEMKOMAacHITaOHI
TIPUPO/IHI MOPYIICHHS JIiCiB (BITPOBAJIH, TOXKEXKi, XBOPOOH).

G4M results for countries
(Sweden, 0)

2

n

991
1992
000
001
004
00s
006
007
003
009
010
011
01
013
014

&

&

1990
1993
1994
1995
1996
1997
1993
1999
el
2
21
21

2
2i
21
21
e
el
2
2

8= em_fm_bm_mtco2

year == e _frm_bm_unfoce_mtcoZyear |

Puc. 9. Emicii CO2 Big nicoBoro rocnogapcrea (FL-FL) y Ileuii y 1990-
2015pp., mopaui kpainoto 10 UNFCCC Ta 3mozenboBani G4AM

G4M results for countries
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Puc. 10. 3aroriBns aepepunu y IlBeuii 3a manumu FAOSTAT (BxigHuit
napameTp Mojeni) Ta 3amozenboBaHa G4M

KpiM mopiBHSHB 3 ICTOPUYHMMH JIQHUMH, TaKOX
TIPOBOJIVIIY TIOPIBHSHHS 3 BiJIIOBITHUMH PE3YJIbTaTaMH 1HIIHX
Mojenei. JleranpHe mopiBHsHHS i kpain €C npoBoamny 3
mozesmo Jicy EFISCEN [15], anst Bpasunii 3 pesyasratamu
crneianbHoi Bepcii GLOBIOM st wiei kpainu [27] (puc.12)
Ta Ha II00aJBPHOMY PIiBHI Y CKJIaJi KOMILICKCY IHTErpajbHOL
OLIHKK MIiXXHApOJHOTrO IHCTUTYTY NPHKJIATHOTO CHCTEMHOTO
anamizy 3 wmomemsimu  AIM, GCAM, IMAGE Tta
REMIND/MAEPIE [9]. V 3a3HaueHHMX BHIIAJKaX PE3yJIbTaTU
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G4M € panioHaJIbHUMH, a PI3HULS y Pe3yiabTaTax MOjelel
MOSICHIOETHCS BIJIMIHHOCTAMHU Yy TiJIXOAaX 10 MOICTIOBAHHS
BIJIMIOBITHHUX ITPOIIECIB 1 BXIIHUX JaHUX.

G4M results for regions
(IndiaReg, NoPalicy_SPAQ)
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Puc. 11. Emicii CO2 Bix nicoBoro rocnomapcrsa (FL-FL) y Innaii
2015pp., 3a nanumu FAOSTAT Ta 3mozensoBani G4M
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Puc. 12. lIBuakicTh 3HeNiCHEHHs, Kra/pik, y bpasumii y 2000-2050pp. 3a
pesynpTaTamu crenianbHoi Bepcil GLOBIOM mns Bpasunii [27] Ta
G4M

Baxxnupum eTarom BaJIi gamii MOJIENICH, SIK1
BUKOPHCTOBYIOTh JIJISl IHTETPAJILHOI OILIHKH, € TPEICTaBICHHS
pe3yJIbTaTiB HAI[IOHANBHUM EKCIIepTaM, a TaKOXK THUM, KOro
MOXYTh CTOCYBAaTHCh IIi PE3yJbTaTH, Ta CIUIBHUN aHai3
pe3yiIbTaTIB B PEXXUMI MUTAHHA-BiANoBim. L{s1 pobora moxe
MIPOBOJIUTUCH BiJJIAJICHO Yepe3 IHTEPHET Ta TelleKoHpepeHuii,
abo yepe3 opraHizamito criemianbHux ceminapi [15]. Ilix gac
TAKOrO aHaNi3y eKCIEPTH NpOCATh MOSCHUTU Ti, YM IHIII
Pe3yIbTaTH, 3a3BHuUAl, 3BEPTAIOUH 0ocoONMMBYy yBary Ha
«aHomamii». B pe3yJILTaT1 Takoi poOoTH MOXYTb OyTH
BUSIBJICHI SIK TIPOOJIEMU 13 BXi1HUMH JaHUMH, TaK 1 TOMUJIKH;
OOMEXEHHS KOHIENITYallbHOI MOJENi, a TaKoX ITOMUJIKH
mporpaMHoOi  peanmizariii  Mozeni. Po3poOHukuM Momenmi 1
KOpHCTYBaui pe3yJabTaTiB MOJENIOBAHHS MOXYTh Y3TOIWTH,
sSKi BXiTHI JaHi Kpalle BIAMOBINAIOTH IS PO3B’A3KY
nocraBieHol 3amaui (Hampukinan, UNFCCC um FAO). VY
KopI/ICTyBalIiB pe3yabTaTiB  MOJENIOBaHHS (THX, XTO Oyne
NpUAMATH PIUICHHS, TPYHTYIOYMCh HA IMX pE3yIbTaTax, a
TAaKOX Ti, KOro I pilIeHHs 6yz[yTL CTocyBaTI/ICL)
BI/IpO6J'I$I€TLCH PO3yMiHHS pOOOTH MOJIENi, OOMEKEHHS MOJIElTi,
HEBH3HAUEHOCTI pe3YNIbTAaTIB MOJIENIOBAHHS 1, BiJIOBIIHO,



piBeHb JOBIpM /O pe3yJabTaTiB MopemoBaHHA. [Ipukian
00TOBOpEHHSI PE3YNIBTATIB 3 KOPUCTYyBauaMH HaBeAeHO B [28],
a pexkoMeHjamii sl TOJITUKIB, Ha OCHOBI pE3yJbTaTiB
MojietoBaHHs y [29].

BHCHOBKM
Mogeni, ki  BUKOPHCTOBYIOTH  UIS  MPOBEACHHS
IHTETPAJIbHOI OINIHKK, y OUIBIIOCTI BUIAMKIB, € CKIaJHUMH
KOMIT FOTepHUMH MOJIEJISIMU, a0o KOMILUIEKCAMU

B3a€MOITOB’AI3aHUX MOJENEH, sKi, Cepell 1HIIOro, BKIIOYAIOThH
MOJICTTIOBaHHS EKOJIOTIYHUX, EKOHOMIYHMX Ta COMialbHO-
TIONITUYHHUX TIPOIECiB. Y 3B’S3Ky 3 CKJIAJHICTIO MOJeJel, a
TaKOX BIJICYTHICTIO JOCTaTHBOI KUIBKOCTI JJaHHX BHMIipIOBaHb,
Taki MOJeNl BaliylOTh Y TMpoOLeci iX 3acTOCYBaHHS, y
HAyKOBUX  IIyONiKamisix 1 Mg 4ac  0aratoeTamrHoro
peLieH3YBaHHS EKCIIepTaAMU Ta KOPUCTYyBadaMH SIK CaMHX
MoJIeJIed TaK 1 pe3yNnbTaTiB MOJIENIIOBaHHS. B pe3yibraTi boro
MIPOIIECY Y KOPUCTYBAYiB BUPOOIISETHCS MIEBHUIA PiBEHb JOBIpU
JIO pe3yNbTATIB MOJIEITIOBAHHS, 1110 I03BOJISIE BUKOPHUCTOBYBATH
i pe3yJbTaTH IS MATPUMKH IPUHHATTS PillIeHb.
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