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IMPAKTHYECKOE 3AHSTHE Ne 1

TeMa: HCIIONB30BAaHUE KOPPEISIIUOHHOTO aHAIN3a JUISl BBISIBJICHUS] SKOCHCTEMHBIX
CBA3eU

HCJ'IL: HaY4YUTBCA BBIACIIATD O9KOCUCTCMHBIC CBA3U B qepHOMOpCKOﬁ 9KOCHCTCMC

KpaTtkue Teopernueckue cBeJleHUs

OxkeaHorpaduueckue MpoLEcChl ¢ WX BCEOOHIMM BO3JIEHCTBUEM MOTYT CIYKHUTb
XOpoILlIe OCHOBOM [UIsi TOCTPOEHUS MHOTOIUIAHOBBIX MOJIEJIE MOHUTOPUHIA U
AKCIUTyaTallkd MOPCKHMX 3KOCHCTEM. 3aBHCHUMOCTM B cucTeMe 'cpeaa-Ouota"
(GOpMHUPYIOT CBSI3YIOIIEE 3BEHO MEXAY aOMOTHUYECKUM M OMOTHYECKUM OJIOKaMU MOJEIU
HKOCUCTEMBI, T.€. MEXKIY T'MAPOMETEOPOJOTUUECKUMHU MPOLECCAMHU C OJHOW CTOPOHBI U
OMOTIPOTYKTUBHOCTHIO BOJI, OMOJIOTUYECKUM COCTOSIHUEM U TIOBEJICHUEM PHIOHI.

AKTyaJqpbHOCTh 93TOM 3amauyu  OOyCJIOBJIEHA HEJOCTATOYHON H3YYEHHOCTBHIO
MEXaHU3MOB (DYHKIIMOHUPOBAHMSI YEPHOMOPCKON SKOCHCTEMBI, BIUSHUS a0MOTHYECKHX
MPOIIECCOB HA YPOXKAMHOCTb M TIOBEJCHHWE OCHOBHBIX TIPOMBICTIOBBIX pBIO U
HEOOXOAMMOCTBIO TOBBIMIEHUS Y()PEKTUBHOCTH MPOMBICIOBBIX MPOTHO30B Pa3IUYHOMN
3a0J1arOBPEMEHHOCTH.

Pemienne 3amaun Ha OCHOBE KOMIUIEKCHOTO 3KOCHCTEMHOTO MOAXOJa AKTyaJIbHO
TaK € M C TOYKM 3pEHHUS COBEPILICHCTBOBAHUS TEXHOJOTUM UCCIEAOBAHUS
B3aMMOJICHCTBUNA MOPCKHUX OPTaHU3MOB CO Cpelod OOWUTaHUS M CBS3aHHBIX C ITUM
BO3MOXXHOCTEH MX JOOBIYH.

[TocTpoeHne pbIOONPOMBICIOBBIX MOJIENIEH TI0 TUIY BHYTPHUBHUIOBBIX, OCHOBAHHBIX
Ha JIMHAMHUKE YHCICHHOCTH TOMYJSIHUUA, HEU30€KHO TMPUBOAUT K 3HAUUTEITHHOU
HEaJIeKBaTHOCTH PeaJIbHBIM IpolieccaM B ruapocdepe, KOTOphle MPOTEKAIOT B T€X WIIU
UHBIX YycloBUSX cpenapl. Kpome TOro, OHM HE MOIYT YAOBIETBOPUTH HHTEPECHI
MIPOMBICIIA, TAK KaK ABJISIIOTCS OCHOBOM TOJIBKO MEPCHEKTUBHBIX TPOTHO30B.

M3mepeHHble WM BBIYHMCIEHHBIE  OKeaHOTrpadUYeCKHUE  XapaKTEPHUCTUKH,
ONKUCHIBAIOIIME  COCTOSIHUE BOJHBIX MAacC H  MOPCKUX  DKOCHCTEM, HMEIOT
IPOCTPAHCTBEHHO-BPEMEHHOE pacnpejieneHre. IMEHHO B ATHX YeTbIpeX H3MEpPEHUsX
NPUHITO aHAJIU3UPOBATH MPOUCXOAIINE U3MeHeHns. OTHaKO OMOJIOrMYecKHe MPOIECChI
3aBUCAT HE OT BPEMEHU M MECTa COOBITHI, a OT (U3UYECKUX U XUMHUUECKHX MPOIIECCOB B
OKpYXKarollen cpeae.

MHo:xecTBeHHBbIT KOG PUUMEHT KOpPpPeJSUUM  XAPAKTEPU3YET  TECHOTY
JUHEMHOM  CBSI3M  MEXIAYy OJHOM TNEPEMEHHOM W COBOKYNHOCTBIKO  JIPYTHX
paccMmaTtpuBaeMbiX TepeMeHHbIX. Oco0oe 3HAaYeHWE HMMEET pacueT MHOKECTBEHHOTO
Kod(hpUIMEeHTa KOPPETSALHNH pe3yabMmamueH020 NPU3HAKA Y ¢ QAKMOPHbIMU X1, X2, ..., Xm,

dbopMyna it onpenesaeHuss KOTOporo B 00IIEeM cliydyae UMeeT BU!



, [1.1]

rae  A;—  OIpeaenuTeNnb — KOPPEeISUOHHOM  MaTpuilsl;  Aj; — anreOpandeckoe
JOIOJTHEHUE DJIEMEHTA Tyy KOPPEIAIUOHHON MaTPHIILL.
Ecnu paccmatpuBaroTcs auinb aBa (PAKTOPHBIX MPH3HAKA, TO A BBIUUCIECHUS

MHOKXCCTBCHHOTI'O KOB(i)(i)I/ILII/IeHTa KOppeJ'IHHI/II/I MOXHO HUCIIOJIB30BaTh CJ'ICI[YIOH_IYIO
popmyiy:

1 1

2
1-r
nx2 [1.2]

[TocTpoeHre MHOXECTBEHHOTO KO3(DPUIIMEHTa KOPPENsLUU IEeIeco00pa3HO TOJIbKO B
TOM cjydae, Korja 4acTHbie KOA(OUIIMEHTH KOPPEISLUU OKa3aluCh 3HAYUMBIMHU, U
CBSI3b MEX]y pE3yJbTaTUBHBIM TMPU3HAKOM M (PaKTOpaMU, BKIIOYEHHBIMH B MOJIEIb,

JIEUCTBUTEIIBHO CYIIIECTBYET.

2 _ 52
R yng.x, =R ’ [1.3]

KBagpar MHOXecTBeHHOTO Koddummenta koppemsiuu (1.3) HasbiBaeTcs
MHOMNCECNBEHHbIM KO uyuenmom Oemepmunayuy; OH TIOKA3bIBAaeT, Kakas J0Jsd
JUCTIEPCUU  PE3YJIbTATUBHOTO TIPU3HAKa Y OOBICHAETCS BIMUSHUEM (HaKTOPHBIX
MPU3HAKOB X1, X, ...,Xm. Dopmyna s BbIYUCICHUS KOd(PUIIMEHTA JeTepMUHAIINU
4yepe3 COOTHOIIEHHWE OCTATOYHOW M OOIel JUCIIepCUU Pe3yIbTaTUBHOIO MPU3HAKA JACT
TOT K€ pe3yJbTar.

MHuoxecTBeHHbIH KOd(hUIMEeHT Koppemsiuud U KodQPUIMEHT JeTepMUHAINH
n3MeHsATes B mpenenax or 0 mo 1. Uem Ommke k 1, TeM CBs3b CHUJIbHEE W,
COOTBETCTBEHHO, TEM TOYHEE ypaBHEHUE PETPECCUH, IIOCTPOCHHOE B JaJIbHEHIIIEM, OYIeT
OMHUCHIBATh 3aBUCHUMOCTBH Y OT X3, Xp, ...,Xm. ECIHM 3HauY€HHE MHOXXECTBEHHOTO
kod(duimenta xkoppensanuu HeBenuko (MeHbine (,3), 3TO 03HAYaeT, 4TO BBIOPAHHBIN
Ha0op (aKTOpPHBIX TMPU3HAKOB B HEIOCTATOYHOW MEpE OMKCHIBAET BapUAIIUIO
pEe3yNbTaTUBHOTO TIpHU3HAKa JMOO CBsI3b MEXAY (AKTOPHBIMU H PE3YJIbTaTUBHON
MIEPEMEHHBIMU SBJISECTCS HEIMHEMHOM.

3HaYMMOCTh MHOXKECTBEHHOTO Ko3(duumenta koppemauuu #u KodpPHUIHEeHTa

JIETEPMUHALIUU IIPOBEPSETCS C IIOMOLIBI0 KpuTepus Puniepa.


https://math.semestr.ru/matrix/prim3.php
https://math.semestr.ru/matrix/prim3.php
https://math.semestr.ru/corel/fisher.php

BoinoJsinenne padoTsl

3ananue 1.

1. ns ananu3a NpEACTABICHHBIX JAHHBIX WM BBISBICHUS KOCUCTEMHBIX CBS3EH
MpEACTaBICHBI CIEAYIOIINE JaHHBIE:

®B — 3Ha4YeHHs] OMOMACChl (PUTOIUIAHKTOHA.

7ZB — 3HauYeHUs1 OMOMacChl 300MJIaHKTOHA

J1B, PB— Guomacchl GUTOMIIAaHKTOHA JUATOMOBBIX U MIEPUIUHUEBBIX BUJIOB.

H— noxazarens ypoBHS pa3HOOOpa3usi B  BHUAOBOM COCTaBe  KJIETOK
(UTOMIIAHKTOHA.

M1, M2—sBenuuunbl Ouomaccel Meny3 (A. aurita) B UepHom Mope B MJIH T MO
CbEMKaM.

Bx, 3x— OOmwmii BbUIOB XaMChl B UepHOM MoOpe BO BpeMsl 3UMHEH MYTHHBI U €€
3amac.

311 — 3armac 4epHOMOPCKOTO HIIPOTA.

Tg— cpeaneronoBas Temmneparypa B mopty batymu — nokasarens teraoBoro ¢poHa
BOCTOYHOM MOJOBUHBI YEpHOTO MOpAL.

( —3HaueHus PaKTUUEeCKOro MIPECHOTO CTOKA, KM,

Q—0e3B03BpaTHOE BOIOTIOTPEOIICHUE, KM/

Ao, Ao, Aro— K0dhOUIMEHTH Pa3IOKEHHUS TOJS MPU3EMHOr0 aTMOCHEPHOTO
naBieHus 1o moiauHoMy YeOsblmeBa, Tre Agy XapakTepu3yeT cpenHee arMochepHoe
JaBlieHue, Aoy — 30HaJIbHBIE IEPEHOCHI, A1) — MEPUANOHAIIBHBIE IEPEHOCHI.

2. Ucnonb3yss wHCTpyMeHTH aHanu3a gaHHeIX makera MS OFFICE EXCEL
BBITIOJIHUTH KOPPEJISIITUOHHBIN aHAIU3 ISl YCTAaHOBJICHUSI TECHOTHI CBSI3M MEXIY psiIaMu
JMaHHBIX. JIJIsT 3TOTO TOOYEpEeaHO BBIYUCIUTH Kod(pduuneHtsl koppensuuu I[lupcona
MEXy a0MOTUYECKUMHU U OMOTUYECKUMU TTOKa3aTEIIMU DKOCHCTEMBI.

3. [1o mosy4eHHBIM pe3yabTaTaM CIeNiaTh BBIBOJBI O MOJYYEHHBIX CBS3SX MEXKIY
aOMOTUYECKUMU ¥ OMOTHYECKUMH TMOKA3aTEISIMI YePHOMOPCKOM 9KOCUCTEM

3aganue 2.

1. Berancnuth napHbie KO3QGUIUEHTHI KOPPEISLUN I UMEIOIINUXCS TaHHBIX.

2. IIpoananu3upoBaTh MOJYyUYCHHBIC PE3YIbTAThl U CPABHUTH UX C MOTYUYCHHBIMU B
npeapiaymem pacuere. OObICHUTH MOTYYCHHBIC PA3IUUHS.

3amanue 3.

1. BbraucnuTh MHOKECTBEHHBIE KOY(PDUITUEHTHI KOPPEISAIUHN TSI UMEIOIIHXCS
JTAHHBIX.

2. [Ipoananu3upoBaTh MOJYYECHHBIC PE3YNIBTATHI M CPABHUTH UX C MOJYYCHHBIMU B
npeablaymux pacyetax. OObACHUTH MOJYYEHHBIE PE3YIbTATHI.

3. Tlo pe3yapTaTaM BBIIOJIHEHHOTO aHAJIN3a COCTABUTh UTOTOBYIO TaOIHILY, B
KOTOPYIO BHECTH Ha3BaHMsI UCCIICAYEMBIX MMAPAMETPOB SKOCUCTEMbBI U 3HAUCHUS

BBIYHUCIIEHHBIX KOA(PPULIHUEHTOB KOPPEIISLIHH.
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Bonpocsl as1si CAMOKOHTPOJIA:

1. 3agaun TUHEHHOTO KOPPEISIUOHHOTO aHATN3A.

2. CaoiictBa ko3 dunmenTa koppensuuu [Iupcona.

3. HacTtHbie K03 PHUITUESHTHI KOPPEIISAIIHH.

4. MHoXecTBeHHBIE KO3 (DHUITUEHTHI KOPPETAIIUH.

5. O6ocHylTe HEOOXOAMMOCTD IPUMEHEHUS KOPPEISIIMOHHOTO aHAIK3a Py
U3YYCHUH MOPCKUX SKOCHCTEM.



INPAKTHYECKOE 3AHATHE Ne 2

Tema: HCHONB30BAHME MHOMKECTBEHHOI'O  PETPECCHOHHOTO  aHalIW3a  JUId
UCCIIEIOBAHUSI COCTOSIHUSL 3KOCHCTEMBl M IPOTHO3MPOBAHMS 3HAYEHHHM MapamMeTpoB
MOPCKHUX 3KOCHCTEM

Leab: HayuyuTbcsl MPOBOAWTH AHAJIM3 U HHTEPIPETUPOBATH  PE3YJbTAThI

MHOXXCCTBCHHOI'O pErpCCCHUOHHOI0 aHaJIn3a

KpaTkue TeopeTuueckue cBeieHUsA

Okeanorpaduueckue Tpolecchl ¢ UX BCEOOIIUM BO3JACHCTBUEM MOTYT CIYXHUTh
XOpoIlIel OCHOBOM [UIsi TOCTPOEHUS MHOTOIUIAHOBBIX MOJIEJIEl MOHUTOPUHIA U
SKCIUTyaTalldd MOPCKHMX JKOCHCTEM. 3aBUCHUMOCTH B cHcTeMe 'cpema-Omorta"
GbOpMHUPYIOT CBA3YIOINIEE 3B€HO MEXKIY aOUOTHYECKUM U OMOTHYECKUM OJIOKaMH MOJIETH
HKOCUCTEMBI, T.€. MEX]Y THIPOMETEOPOIOTHYECKUMHU MPOIIECCaMU C OJHOW CTOPOHBI U
OMOTIPOTYKTUBHOCTHIO BOJI, OMOJIOTUYECKUM COCTOSIHUEM U TTOBEJICHUEM PHIObI.

AKTyaldpbHOCTh 3TOM 3a7aud  OOYCJIOBJI€HAa HEJOCTAaTOYHOM H3YyYEHHOCTBHIO
MEXaHU3MOB (DYHKIIMOHUPOBAHUS YEPHOMOPCKON SKOCHCTEMBI, BIUSHUS a0OMOTHUYECKUX
MPOIIECCOB HA YPOXKAMHOCTb M TIOBEJCHHWE OCHOBHBIX TIPOMBICTIOBBIX pBIO U
HEOOXOJIMMOCTBIO TOBBIMIECHUST PPEKTUBHOCTH MPOMBICIIOBBIX MPOTHO30B Pa3TUYHON
3a01aroBpeMEHHOCTH.

Pemenue 3aaun Ha OCHOBE KOMIUIEKCHOTO PKOCHCTEMHOTO TMOJAX0/a aKTYyaJIbHO C
TOYKH 3pEHUSI COBEPIICHCTBOBAHHS TEXHOJOTHU HCCIEAOBAHUS B3aMMOJICHCTBUN
MOPCKHX OpPraHM3MOB CO CpPeloil OOMTaHMSI U CBA3AHHBIX C 3TUM BO3MOKHOCTEH HX
OOBIYN.

[TocTpoeHne prIOONPOMBICIOBBIX MOJIENIEH 1O TUIY BHYTPHUBHUIOBBIX, OCHOBAHHBIX
HAa JMHAMHUKE YHCICHHOCTH TOMYJISAIUN, HEM30€KHO TMPUBOAUT K 3HAYUTEIBHOUN
HEaJIeKBaTHOCTH PEaJIbHBIM IpolieccaM B ruapocdepe, KOTOphle MPOTEKAIOT B T€X WU
UHBIX YyCJIOBHUSX cpeapl. Kpome TOro, OoHM HE MOTrYT YAOBIETBOPUTH HHTEPECHI
MIPOMBICIIA, TAK KaK SBJISIOTCSI OCHOBOM TOJIBKO MEPCHEKTUBHBIX MPOTHO30B.

N3mepeHHble  WIM  BBIYUCIICHHBIE  OKeaHorpaUueckue  XapaKTEPHUCTHKH,
ONMKCHIBAIOIIME  COCTOSIHME BOAHBIX MAacC W MOPCKHMX  OKOCHUCTEM, HMMEIOT
IPOCTPAHCTBEHHO-BPEMEHHOE pacnpejeneHre. IMEHHO B ATHX YeTbIpeX H3MEpPEHUsX
MPHUHSITO aHAJTU3UPOBATH MPOUCXOIIHE n3MeHeHrsa. OTHaKO OMOJIOTHYECKHE TPOTIECChI
3aBHUCST HE OT BPEMEHH M MECTa COOBITUH, & OT (U3HUECKUX U XUMUYECKUX MPOIECCOB B
OKpYXKarollen cpeae.

Ao, Aor, Aro— K0IQPUIIMEHTHI pa3oKEeHUs MO MPU3EMHOr0 aTMOC(HEpPHOTro
naBieHus 1o mnoiauHoMy YeOsblmeBa, rne Agy XapakTepu3yeT cpeaHee arMmocepHoe

JaByieHue, Ag; — 30HAJIbHbBIE MEPEHOCHI, 419 — MEPUINOHAIIBHBIC IEPEHOCHI.
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ComeHocTh BOA MOpS KaK BaKHEHIIMHA aOMOTHYECKH (aKTOp Cpeasl B
3HAYUTEIBHOM Mepe NpPSMO M KOCBEHHO OIIPENENSET COCTOSHHME IKOCHUCTEMBI MOPS.
Hanpumep, A30BCckoe MOpe OTHOCUTCSI K COJIOHOBAaTOBOJHBIM BOJOEMaM M IO CYLIECTBY
IpeICTaBIsieT cOo0OM OONBUIYI0 30HY CMEIIEHHS PEYHBIX U YEPHOMOPCKHUX BOJI.
HeGonpmme pasmepsl A30BCKOTO MOpPSI M €r0 MEJIKOBOJAHOCTb SIBJISIOTCS MPUYMHOU
BBICOKOW M3MEHUYNBOCTHU COJIEHOCTH.

YpaBHEHHE MHOKECTBEHHOM PETPECCHH.

Ocnosenas yenvb MHOJCECMEEHHOU pezpeccuu — TOCTPOUTh MOJEIb C OOJBIIUM
YHUCIIOM (PAaKTOPOB, OINPEIENIUB MPU 3TOM BIMSHHE KaXKJI0TO M3 HUX B OTAEIBHOCTH, a
TaK)K€ COBOKYITHOE X BO3/IEHCTBHE HAa MOJIEIMPYEMBIIl OKAa3aTENb.

C noMo1IpI0 OHJIAWH-KAJIBKYJISTOPa MOKHO HAlTH CIEAYIOIINE TOKA3aTEIH:

e yDaBHEHUE MHOXECTBEHHON perpeccuy, Marpuia MapHbIX KO3(PPHUIMEHTOB
KOppeJsiLuy, cpeiHue K03(pPUIUEHTHI 3IaCTUYHOCTH JJIs IMHEHHON perpeccuu;

e MHOKECTBEHHBIN KO3 PHUIMEHT JeTepMUHALNU, JOBEPUTEIbHBIE UHTEPBAJIbBI IS
MHAVBUAYAJIbHOTO U CPEAHETO 3HAUECHMSI pE3YJIbTATUBHOTO IIPU3HAKA,;

[Ipy  BBIYMCIIEHMHM TApaMETPOB  ypaBHEHUS  MHOKECTBEHHOM  perpeccuu
WCIIONIB3YETCS MATpPUYHBIM MeToA. /[l MHOXECTBEHHOW PErpeccur ¢ AByMS
NepeMeHHbIMU (m = 2), MOXHO BOCIOJb30BaThCA METOJOM pPEIICHHUS] CHCTEMBbI
YpaBHEHUH.

Ilocmpoenue ypaenenus MHONMCECMEEHHOU pecpeccul HAYMHAECTCS C PEIICHUS
BONpOCa O cCHeHU(UKAIMK MOJENH, KOTOPBI B CBOIO OdYepeab BKIIOYAeT 2 Kpyra
BOIIPOCOB: 0MmbOp ¢akmopos u 8bl00p YPaGHeHUs pecpeccul.

OT60p PakTOpOoB OOBIYHO OCYIIECTBIISIETCS B JIBA ATarna:

1. TeopeTnyeckuil aHalM3 B3aMMOCBSA3M pe3yJibTaTa U Kpyra (hakTopoB, KOTOpbIE
OKa3bIBAIOT HA HETO CYIIECTBEHHOE BIHSHMUE;

2. KOJIMYECTBEHHAS OllEHKA B3aUMOCBS3H (DaKTOPOB ¢ pe3ynabraTtoM. [Ipu nuneitHoiM
dopme CBSI3M MeXIy NPU3HAKAMU JTAHHBIA 3Tall CBOAMTCA K aHAIU3Y KOPPESLUOHHOM
MaTpuIbl (MaTpPHUIBl TAapHBIX JHMHEWHBIX Ko3(hduumeHToB koppemsiuuu). Hayuno
000CHOBaHHOE peIlIeHUE 3aJad MOJA0OHOr0 BHJA TaKXKe OCYIIECTBIISIETCS C MOMOIIBIO
JTUCIIEPCUOHHOTO aHajiu3a — OJHO(MAKTOPHOrO, €ClId MpPOBEPSETCS CYIIECTBEHHOCTb
BJIUSHUS TOTO WIM HMHOro (axkTtopa Ha paccMaTpuBaeMbld MpPHU3HAK, WIIHU
MHOT0(aKTOPHOIO B CITy4yae U3y4YCHUsI BIUSIHUS HA HEr0 KOMOMHAIMU (PaKTOPOB.

@daxTophl, BKJIIOYAEMbIE BO MHOXECTBEHHYIO PpErpeccuro, JOJKHBI OTBEYaTh
CJIEIYIOIIM TPEeOOBaAHUSIM:

1. OHu nOKHEI OBITH KOJWYECTBEHHO M3MEpUMBI. Ecir HE0OXOAMMO BKIIFOUHUTH B
MOJIeNIb KayeCTBEHHBIN (DaKTOp, HE MUMEIOMIMIA KOJIWYECTBEHHOTO W3MEPEHHsS, TO €My

HYXHO pruaaTh KOMTHYCCTBECHHYIO OIIPCACICHHOCTD.
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2. Kaxnplii ¢akTop IOMKEeH OBITh JOCTATOYHO TECHO CBSI3aH C Pe3yibTaToM (T.e.
KO3 PHUIHMEHT NapHOH JIMHEHHON KOPPEIAINU MEX1y (PaKTOPOM H PE3yJIbTaTOM JOJKEH
OBITh CYLIECTBEHHBIM).

3. @akTOphl HE MOJDKHBI OBITH CHIIBHO KOPPEIUPOBAHEI IPYT C IPYroM, TeM Oosiee
HAXOOUTHCA B CTPOroil (yHKIMOHANBHON CBA3M (T.e. OHM HE JOJDKHBI OBITH
UHTEPKOPPENUPOBaHbl).  Pa3HOBHIHOCTBIO  MHTEPKOPPEIUPOBAHHOCTH  (pakTOpOB
SBJISIETCS] MYJIbTUKOJUIMHEAPHOCTh — TECHAs JIMHEHHAS CBSA3b MEXAY (pakTopamH.

Oyenka 3HAUUMOCMU YPABHEHUS MHOMCECMBEHHOU pecpeccuu OCYIIECTBISCTCS
NyTeM TMPOBEPKH THUIIOTE3Bl O PABEHCTBE HYIMIO KOIP(OUIMEHT OeTepMUHAINH
PACCYMTAHHOTO O TaHHBIM T€HEPaIbHON COBOKYMHOCTHU. JlJIsl €e MPOBEPKU HCIIOIB3YIOT

F-kpurepuit Guiepa.

Beinosinenue padoTsl

1. 3anycTuTh 3ME€KTPOHHBINA KABKYISATOP:
https://math.semestr.ru/regress/corel.php.

2. IlpouuTaTh ¥ U3yYUTH TEOPETUUECKUI MaTepUal.

3. Tlepeiitn K OHJIAMH pELISHUIO CBOCH 3a1auHn.

e Bmrauane HeoO6xoauMo chopMHpPOBaTH MACCHB YEThIpeX MepeMeHHBIX (Sa, Agp, Ao,
Ay) — cpenmHerofoBbix 3HaueHud ¢ 1960 mo 2016 romer (57 3HaueHUi).
YuurteiBasi AOJTOBPEMEHHBIE TEHACHIIMM U3MEHEHHIN COJIEHOCTH A30BCKOTO MOpS U
nokasareseil aTMOC(EepHON HUPKYISIIIMK MAacCUB MEPEMEHHBIX HAJ0 pa3/ieluThHA
nee uvactu: g0 1989 roma (30 3Hauenuil) m mocne (27 3Ha4YEHMil), KOTOpHIE
COOTBETCTBYIOT MPEABIAYIIEMY U TEKYIIEMY NPUHATHIM KIMMATUHYECKUM IIEPUOJIAM.

e Jlns OIEHKM 3aBUCHUMOCTH cpeaHel cosieHocTh Mopss (Sa - Y) oT Kaxaoro wu3
nokazateneil armocdepHoit 1upkymsauuu (X - Ago, Ao, Ajg) HUCIONB30BATH
MHOKECTBEHHBIN JIMHEWHBI PErpecCHOHHBIM aHaliu3, B KOTOPOM MPEIUKTOPAMHU
(bakTopamu) OyAyT CIYKUTh PSAIBI 3HAUCHUM OJTHOTO U3 MOKa3aTeseH ¢ pa3IMuHbIMU
(TmoImaroBeIMM) BETUYMHAMH YIPEXKAAOMIEro cABura (mo 5 ¢aKTopoB-CIBUTOB B
KaXJI0M JKCIIEPUMEHTE).
Koppensiiinonnsie ucnpiTaHusl MOAHOrO psiAa (57 3Ha4eHWI) IPOBOJAUTH TPHIKIBI -
ISl TPYIITUPOBOK akTOpoB co casuramu 1-5 (X - X.5), 6-10 (X6 - Xq0) 1 11-15 (X
11 - X.15) JIET.

e OIleHUTh TaKXe M TapamMeTpbl MHOXKECTBEHHOM pPETrpeccHy CHUHXPOHU3MPOBAHHBIX
PSAZOB COJIGHOCTH M TpeX TOKa3aTeled HHUPKYISIUN aTMochephl HCCIeTyeMBIX
MEPUOJIOB.

e [IpeauKTOpHI CO 3HAYUMBIMH MAPHBIMU KOIPPUITUEHTAMHU KOPPEISAIUNA O0BETUHUTH B
OJIHY MOJIeJIb MHOKECTBEHHOW perpeccu Sa u (HakTOpOB CO CIBHTaMU OJHOTO W3
nokasaTenei aTMochepHON MUPKYIAIUN — Agg UK Agy WA A 1.
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e OmuHOYHBIE 3HAYMMbIe KOA(DOUIIMEHTH TAPHON KOPPENSIHUH IEePECUUTaTh Kak
ypaBHEHHMsI IMHEHHON perpeccuu Buja y=a+bx.
3a M1OCTOBEpHBIC MPUHATH CTATUCTUYECKH 3HAUYMMBIC CBSI3U C YPOBHEM 3HAYMMOCTHU
0<0.05 o tabaue CteronenTa. CTaAaTUCTUYECKYIO 3HAYUMOCTh YPaBHEHUS PETPECCUU
MPOBEPSTH C TOMOIIBIO Kod(dPuitnenTa qerepMuHanuu u kpurepust Ouiepa.
B ananmuze mMONy4YeHHBIX pE3yNbTATOB MCIOIB30BATh TOJIBKO CTAaTUCTHUYECKH
3HaYUMBbIE€ CBS3U M PErPECCHOHHbIE ypaBHeHHUsA. M3 Moaenu MCKIIOYaINUCh
CTAaTUCTUYECKH 3HauuMmble (akTopbl, umeronme Hu3kue (< 0.01) xosdduueHTs
paszienbHOM qeTepMUHAIMK. Pe3yabTaThl pacyeToB 0OpMHUTE B BUjIE TaOIHIIbI (Ta0I.

1).

Bonpocsl 11si CAMOKOHTPOJIA:
1. 3amaym MHOKECTBEHHOT'O PETPECCHOHHOTO aHAIM3a.
2. Ilepeuncnute 3Tarnbl NPOBEJCHUS MHOKECTBEHHOT'O PETPECCHOHHOTO aHAIN3a.

3. Ha gem ocHOBaHO MOCTPOEHHE PHIOOTTPOMBICTIOBBIX MOJICICH?
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Ta6muma 1 — [TapaMeTpbl CTATUCTUYECKH 3HAYMMBIX MOJIENIeH (YpaBHEHH MHOKECTBEHHON JTMHEHHOMN perpeccun)
pOTHO3UPOBaHus cojieHocTH A3oBckoro mops (YY)

No [Ipeauxrop | Ynpexnaio Koad. Koad. Koad. paznens. Koad. Perpeccuonnoe ypaBHeHrEe MOAETH
MOJIENN (Xn) 107051 MapH. MHOX. | JIETepM. PETUKT. | JETEPM.
CBUT KOPpKEJl. | KOpped. (d) MOJENU [Iporuos
(n net) (Rn) (Rn) (D) ‘ ‘ ‘
Ago -7 7
Ag -9 9
Ao -12 12
Ago 13 13
Ago-14 14
Aooas 15 | | |
I Aoro 0
Ag11 1 | | |
Il Ago -9 9
A0 10 | | |
v Ao1-10 10
Ao1-1 11
Aq1z 12 | | |




IMPAKTHYECKOE 3AHATHE Ne 3

Tema: MonenupoBaHue peryaupyromlmx BO3ACHCTBANA HA BOJHBIE KUBBIE PECYPCHI
Heab: Hayuutbes omnpenenstb oOIIMKA AONYCTHUMBIA YpPOBEHB YJIOBa BOIHBIX

JKUBBIX pCCYPCOB IJIA o0OecIeueHust YCTOﬁqHBOFO PaBHOBCCHUA

KpaTkue TeopeTnueckue cBeieHUA

Heperynupyemoe ppiOHOE X0341CTBO XapaKTepU3yeTcsi HEYyCTPAaHUMOM TeHIeHIIUEeH
AKCIUTyaTalliy PHIOHBIX PECYpCcOB Ha 00Jiee BBICOKOM, YeM 0011eCTBEHHO 3(PhEKTUBHBIN
YpOBEHb, O3Hayas, YTO YPOBHU JEATEIBHOCTU CIUIIKOM BBICOKM U TaKUM 00pazoM
HKOHOMHMYECKHUE PEHTBI/IOXO/ABI OT 3KCILTyaTallMk PhIOHOTO XO3sIiCTBA pacTpaurnBaIOTCS
BIIyCTyt0. OCHOBHBIMM METOJAMH pEryJupOBaHUsA [UIsl TpUBENeHUs (aKTUYECKON
AKCIUTyaTaluu pecypca ommke K 3¢(GHEeKTUBHOMY YPOBHIO, KOTOPBIE MCIIONB3YIOTCS IS
ATOM TEJNH, SBISIOTCS MPSAMbIE OTPAHUYEHUSI, HAJIOTH U KBOTHI.

HaubGonee uacTto wHCMONB3yeMbIMH BHJAMU TMPSIMBIX OTPAHHUYEHUN SBISIOTCS
JUMUTBI Ha PBHIOOJOBHYIO NESITEIHHOCTh, B YAaCTHOCTH, OTPaHMYCHHS Ha (PaKTOpbI
IPOU3BOJICTBA Il PBHIOOJIOBCTBA M JIMMUTHI HAa WHBECTULHMU B PHIOOXO341CTBEHHbIE
MPOU3BOJICTBEHHbIC  MOIMHOCTU. IlpuMepamMmu  TakMx  OTPAaHMYCHHI  SBISIOTCS
JUMUTHPOBAHUE KOJMYECTBA JIHEH, KOTOpPHIE MOXKHO NPOBOAHWTH C PHIOOJIOBHBIMU
HEJSIMU B MOPE; OTPAaHUYEHHUSI HA MOIIHOCTH JIBUTATENel U eMKocTel cynoB. [Ipobiema ¢
TUMH BUJAMU OTPAHUYECHHUI COCTOUT B TOM, YTO OHM HE MEHSIOT (akTa, YTO PHIOHBIE
pPECYPChI OCTAIOTCSl 0OBEKTOM OTKPBITOTO TOCTYTIA.

OObsicHeHre U30BITOYHOM  pPHIOONPOMBICIIOBOM  AESTENIBHOCTH B YCJIOBHSIX
CBOOOJIHOTO JOCTyIa K pecypcaM CBSI3aHO C BHEIIHMMHU OOCTOsTenbcTBaMu. Kaxmpiid
pBIOOTIOB, BHOCS CBOWM BKJaJ B OOIIYI0 PHIOOJTOBELKYHO JCSTEIbHOCTh, BBI3BIBACT
o0Opa3oBaHue U3IEPKEK ISl IPYTUX PhIOAKOB, MMOCKOJIbKY HCTOIIAET PHIOHBIE PECypChl U
3aTpyIHsET JO0OBIUY OINPEACIEHHOTO KOJMYeCTBAa pPHIOBL.. TeM He MeHee, KaXKIbIi
OTIIETIbHBIA PBIOAK HE HECET OTBETCTBEHHOCTH 32 3TH BHEIIHUE W3JICPKKUA — TaKUM
00pa3oM YpOBEHb JESTENbHO MPEBBIIIACT OOIIECTBEHHO JOMYCTHUMBIN ypoBeHb. Opras,
peryaupyronuid  ppI00JIOBCTBO, JODKEH HAWTH CMoco0, KOTOPBIM MOOYyAUT 1 OBl
pbiOaKoB BecTH ce0s Tak, Kak OyATO OSTH BHEIIHUE U3JACPKKH BO3JIOKECHBI
HEMOCPEJACTBEHHO HAa HHUX CaMHX, YTO COKPATUT HX JESATENbHOCTh 0 OOIIECTBEHHO
3¢ (HEKTHBHOTO YPOBHSI.

OmHUM U3 IPUEMOB SBJISIETCS HATOr000JI0KeHHE TM00 YPOBHS JAESITEILHOCTH, THO0
ypoBHs ynoBa. Hajmor Ha ypoBeHb PBIOOJOBEIIKOMN JIEATETHHOCTH BBI30BET IMOBBIIICHUE
CTOMMOCTH PHIOOJIOBHOTO MPOMBICIIA M MOXKET TEOPETHUECKU MPUBECTU K A3PPEKTUBHOMY
YpOBHIO TMpombicia. OJHUM U3 MyTed peau3aluyd TaKoro Hajora sBJSeTCS B3UMaHUE

J'II/IIICHSI/IOHHOfI IJ1aThI, KOTOpas BHOCHUTCA OO BblJa4U pa3pClICHHA HA JIOBJIIO.
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Hanoxxenne nUIEH3MOHHOW IUTaThl O3HAYAeT, 4YTO KpHUBas OOIIUX pPacxoioB
CIBHTraeTCs BBEPX JIO MO3UIMHU, 0003HaueHHOM OykBamu CE+LF (cost of effort + licence
fee). Tenepr ypoBEeHb AEATEIHHOCTH, MPU KOTOPOM HPUOBUIM OT PHIOOJIOBCTBA PABHEI
HYJII0O — paBHOBECHE IIPU OTKPBITOM J0CTyne — paBeH E*, T.e., oOmecTBeHHO
¢ exTUBHBI ypoBEeHb. PeHTHI/I0X0ABI OT pbIOOSIOBCTBA A(()EKTUBHO BBIACIAIOTCS B
BUJE JUIEH3UOHHOW TuIaThl. CHIDKEHHE YpPOBHS JEATENbHOCTH OOBACHAETCA TEM
¢dbakToM, YTO PHIOOJIOBBI, SIBISIONIMECS MPUYMHON MAKCUMAIbHBIX HU3JEpKEK, Oojiee He
HaXOJAT TMPUBJCKATEIbHBIM 3aHATHE MPOMBICIIOM, TI/i€ HEOOXOIWMO IUIATUTh
JUIEH3UOHHBIN cOO0P.

BrinoJsinenne padoTsl

1. BBIMOAHUTH KOJIMYECTBEHHBIM IKOHOMUYECKUN aHAU3 JKCIUTYyaTallid BOIHBIX
KUBBIX pecypcoB. [IoCTpOUTh MPOCTYIO0 MOJIENb, KOTOPasi UCIOJIb30BaTh MOJIETUPOBAHUE
JUISI KOTMYECTBEHHOTO SKOHOMHUYECKOTO aHalln3a, YTOOBl ONMPENEIUTh MEPhI MOTUTHKU
WIH UX COYETaHHWE, B PE3yNbTaTe KOTOPHIX MOXHO IMOJYYHUTh MAKCUMAIbHYIO UYUCTYIO
YCTOMYMBYIO BBITOTY OT PHIOHOTO TIPOMBICIIA.

e Jlns 5TOTO HAaM HEOOXOUMO CMOCTHPOBATH XaPAKTEPUCTHUKU MTPUPOCTA MOIYIISIIAN
peiO, YTOOBI TOTOM paccuuTaTth A(PPEKTh pa3IUYHBIX CTpaTeruil JOOBIYM |
BOCIIPOU3BOJICTBA PHIOHI.

e 3aTeM HEOOXOAMMO Y4YeCTh PACXOJbl M JOXOHbI, U MPOOJIEMBbl YTPAYEHHBIX MECT
Hepecta g ompexaenenus s¢pdextuBHoro OJY u o0beMm 1enecoodpa3HbIX
WHBECTHIIUN B PHIOONTMTOMHUKH /IS KOMIIEHCAIIMH OTPAHWYCHHOTO €CTECTBEHHOTO
BOCTIPOM3BO/ICTBA.

e U HakoHell, Mbl paCCMOTPUM, KaKUM 00pa3oM MOKHO cIipaBeIuBoO pasaenuts O1Y

MEX1y pa3HbIMU CTPaHAMH, UMEIOIIUMHU TOCTYI K PHIOHBIM pecypcam.

1.1 MonenupoBaHue pEnpoayKIIUKA pecypca pbio

bazoBas ¢pyHKIus npupocTa, paccuuThIBaeTCs 1o popmyse:

Growth = rS(1- ), [3.1]

rze I' — UICTUHHBIN KO3 (UIIMEHT IpUpocTa, S — CYIECTBYIOMUN ypoBeHb pecypca, C —
EeMKOCTh ©CTECTBCHHOH Cpelpl OOWTaHWS, KOTOpas CIYXUT OTPAaHUYHUTEIEeM JUIs
npupocta 3anacos. [Ipu npubmmxennn S k C BbIpakeHHe B CKOOKax MpHOIMKAeTCs K
HYJIIO U POCT OCTaHaBlIMBaeTcs. Takas pyHKIMS UMeeT KpUBYIO S-00pa3Hoil popMBI.

[Tpenmonoxum, 9T0 eMKOCTh cpebl ooutanus coctaBisger 3000 TOHH ¥ UCTUHHBIN

ko3 dunment npupocta 20%.

16



e Iloctpouts rpaduk H3MEeHEHHUs 3amaca pbIObI Hpu ero mpupocre. B3ars mepuon
NpoTsbKeHHOCThIO 15 net. HauanbHoe 3HaueHue pecypca — S5 TOHH.

e lcnonb3yss HCXOAHBIE JaHHBIE PACCUUTATh M MOCTPOUTH (YHKIUMIO TPUPOCTA
peIOHOTO pecypca, U300pa3uTh ee Ha rpaduke. [JomxkHa OBITH MOKa3aHa cyMMa
npubaBisieMas K KaxaoMy oOlLIeMy pa3Mmepy 3amaca Ui KaXI0ro ypoBHs 3amaca

pecypca.

KpuBas mokasblBaeT, 4TO MakCMMalbHas BEJIMYMHA YBEJIMYEHHS 3amaca B JII0OOH
nepuo; cocrabisier okoyio 150 TonH. Takasg BenWYMHA HA3bIBACTCS «MAKCUMAJIBHO
ycTounBass ao0ega» (MVYJl) peiOHOrO pecypca, TMOCKOIBKY 3TO MAaKCHMAaJbHBIN
OPUPOCT PBIOHOTO 3amaca, KOTOPBI YMO3PUTENBHO MOXKET OBbITh TMOJy4eH Ha
MOCTOSIHHOM OCHOBE M KOTOPBIM HE NpPHUBEAET K HCTPEOJIEHHIO PHIOHOTO pecypca.
PeIOHBIN pecypc HaxoAMTCS B COCTOSHUM OHMOJIOTMYECKOTO pPaBHOBECHS, KOTJa
OTCYTCTBYET TEHJICHLIUS K €r0 U3MEHEHUSIM, IPYTUMU CII0OBaMH, KOT/ia IPUPOCT pecypca
COCTaBJIIET HOMb. Takoe siBIEHUE MPOUCXOIUT, KOT/Ia YPOBEHb pecypca JIM00 HaXOJUTCs
Ha YPOBHE PECYPCOEMKOCTH, TUOO KOI'/1a OH PaBEH HYIIIO.

[Tonydyennble rpaduKy SBISIOTCS PE3YJIbTaTOM MOJCIMPOBAHHEM MPHUPOCTA
PBIOHOTO pecypca B €CTECTBEHHOU cpene. J[is Toro uToObl UCIONBb30BaTh TAKHE MOJCTH
U 00acTu ympaBlieHUs PHIOHBIMH pECypcaMu HaM HEOOXOIMMO CMOJEIUPOBATH, KAKUM
00pa3oM MEHSIOTCS PbIOHBIE PECYPCHI B PE3YNITATE UX TOOBIYH.

Jlnst takoro aHanm3a Ha (OHE €CTECTBEHHOI'O YPOBHS IPUPOCTA 3alacoB HaJIo
BBECTH pa3lIMYHbIE YPOBHHU JOOBIUM, YTOOBI oOmpenenuTh ee 3PEPeKT BO BpEeMEHHOU
nepcrnexkTuBe. Torga MOXXKHO MOKa3aTh, KaKUM 00pa3oM J100b14a OyJeT BO3JAEHCTBOBAThH
Ha PBIOHBIA pecypc mocpeacTBoM yuéra s dexra onpeneneHHOro ypoBHsS JHOOBIYU Ha
MPUPOCT PHIOHOTO 3ariaca.

e [loctpouts mnpsMyr0 OHMO’KOHOMHYECKOTO pPABHOBECHSI B MOJEIU PBIOHOTO
npomebiciia. Ha pucyHke nokasaTs, KakuM 00pa3oM OyJieT MEHSThCS YpPOBEHb pecypca
C JIaHHOTO CTapTOBOI'O YPOBHSI B OTBET Ha OMNpEAENIEHHbIN ypoBeHb n00b1uu. Ecnu
YpOBEHb JOOBIYM HUKE YPOBHS MPHUPOCTa PBIOHOTO pecypca, TO pecypc Oyaer
yBEJIMUMBATBCS M HA000poT. ToibKO B TOM ciydae, eciu 00bI4a paBHA YPOBHIO
IPUPOCTA, CUCTEMA HAXOJUTCA B OMOPKOHOMUYECKOM PaBHOBECHH.

[Ipu moctpoeHnn npAMOl HEOOXOAMMO YYECTh, YTO CYIIECTBYIOT JBa YPOBHS
pecypca, Korjia OTMEYaeTcsl Takasi CUTyalus, 3To Sy and S, npu ypoBHSX pecypca BbIIIIe
S, no6bIYa MpeBbIIAET MPUPOCT, U YPOBEHb pecypca noHmwkaercs. [1pu ypoBHAIX pecypca
MeXAy S; U Sy MPUPOCT pecypca BhIllIe, YeM YPOBEHb JOOBIUM MOTOMY YPOBEHb pecypca
nossimaeTcs. [lpu ypoBHSIX pecypca HUXe S; 100bI4a MpPEBHIIIAET MPUPOCT, U YPOBEHB
pecypca cokpamaercs. Mbl BUIUM, UTO €CIH S); — «CTa0WIbHOE PAaBHOBECHEY, TO S; — HE

cTaOMIbHOE paBHOBECHE.
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Ecnu ObI cucrema Haxomwiach Ha S; M CYIIECTBOBaNIa Obl Kakasi-TO MPUYHHA, TO
0/ BO3/ICHCTBUEM CHJI CUCTEMBI YPOBEHB €Ille OOJIbINe OTKIOHSIICS Obl OT PaBHOBECHS
pecypca — K HyJIIO ITPH COKpPAIIeHHH YPOBHS pecypca M K S, IPH €ro YBEeITHYCHUH.

Ecnmu Ob1 ¢ apyroil CTOpOHBI cHCTeMa HaxoAWjach Ha Sy, TO J000e KoiebaHue
YPOBHsI pecypca ObLI0 Obl KOPPEKTUPYEMbBIM: IIPU TOBBIIICHHN YPOBHS pecypca, MpUpocT
COKpAIlaeTCsl 10 YPOBHSI HMXKE YPOBHS JOOBIYM, COKpallas ypoBeHb 3araca 1 Hao00poT.

Takoe siBI1eHHE MOKa3aTh HA AuarpaMme CTpCJIOYKaMHu.

e Ha camom nene HE0OOXOAMMO YYUTBIBATH TOT (PAKT, YTO PbIOE HEOOXOAMMO BpEMS
JUId  JTOCTHXEeHMsT 3penocTu. IloaToMy MOXKHO HCHONB30BaTh 0oJiee CIOXKHYIO

byHKIHIO:

G= (981—15 + yS:L _% ) [3-2]

rae g — Bec, NpuOaBIISIEMBIN K KaXJA0MY KWJIOTpaMMy pecypca, CyIIecTBOBaBIero 15 mer
Ha3aJl, Y- HICTUHHBIN KO3 uIMeHT npupocTta 3penoro 3amaca peiobl. [Ipumem, uto pride
JUIsL JOCTHKEHHS TIOJIOBO3PEJIOCTH Heobxoaumo 15 jer, ee Bec B ATOM BO3pacTte
nocturaet 15 xr, peioa npousBoaut 10000 uKpUHOK Ha KT Beca, HEPECTUTCS Kaxabie 12
et u 15,5% uKpUHOK BBDKHMBAeT U mIpeBpamiaercss B cerojierok. M3 1000 ceromerok
BBIKMBAET U JOCTUTaeT 3PEJOCTH TOJBKO OAWH. BHyTpeHHMi k03 dUIIMEHT nmpupocTa
3penoit ctau coctanisieT 10%. dopmyna s pacueta mpupocTa OyaeT BBITIISACTh:

G =135, . +0,S, (1—%) , [3.3]

[Toctpouth rpaduk NpuUpoOCTa PHIOHBIX 3aMacoB TOCIE H3MEHEHUU (YyHKIUU
IPUPOCTA.
e [Ipoananu3upoBaTh MOTYICHHBIC PE3YJILTATHI, MPEACTABIICHHBIC B BUC TPaUKOB.

HpeleIO)KI/ITB BapHWaHTbl COXPaHCHUA OMOPKOHOMHYECKOTO paBHOBECHUA CUCTCMBI.

Bomnpocs! 1uis caMmonpoBepku:

1. Kakas uH(pOpMaIus 3aKiIaIbIBaeTCs B MOJIETN pacyeTa pocTa 3amacoB BOJHBIX
JKUBBIX pECYpCOB?

2. O6ocHyiTe HEOOXOAMMOCTH TPUMEHEHHUS MOJIeTIeH B PhIOHOM XO35HCTBE.

3. Kak J0CTUYb PABHOBECCHS B OKCILNTYaTUPYCMBIX sKocucTeMax”?
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