XmeapHuk C. H.

MaremaTudeckas MOAEAD
IIECIAHOTO BUXPS

AHnHOTAIUA

PaccmatpuBaercs  Bompoc 00 HCTOYHHKE SHEPTHU B
mecyaHoM Buxpe. ArmocdepHble SABACHHSA HE MOIYT OBITh
CAHHCTBEHHBIM HCTOYHHUKOM JHEPIUM, IIOCKOABKY TAKHE BUXPH
cymectByroT 1 Ha Mapce, rae atmocdepa orcyrcrsyer. Hinke
ITOKA3bIBACTCA, YTO MCTOYHHKOM HEPIUN AAA IIECIAHOTO BHUXPS
ABAACTCA DHEPIHA IPABUTAMOHHOIO IOAf. Ilpeasaraercs
MATEMATHYCCKAA MOACAb  IIECYAHOTO BHUXPS, B KOTOPOH
HCIIOAB3YETCA ~ CHCTEMa  MAaKCBEAAOIIOAOOHBIX — YPABHCHHI
rpaBurannn.  OOBACHAIOTCA HEKOTOPBIE CBOHCTBA IIECYAHOIO
BUXPA - COXPAHCHHE IIHAMHAPUYCCKON BEPTUKAABHOH (DOPMEI
BHXPf, €r0 KOACOAHMSA, XAOTHYECKYIO TPACKTOPHIO ABHIKCHUS
BUXPA B IIEAOM, PACIIHPEHNE TEAA BUXPA.
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1. BBeaenue

[I[Inpoko M3BECTEH HBIABHBIA BHXPb, KOTOPBIA ITPEACTABAACT
COOOI ITOYTH BEPTUKAABHBIH CTOAO IIBIAH — CM. pHC. 1.

Takol BHXPb HMEET BEPTHKAABHYIO OCh BpAINEHHSA, BBICOTY -
HECKOABKO AECATKOB METPOB, AHAMETP — HECKOABKO METPOB, BpeMmsd
CYIIIECTBOBAHHUA - HECKOABKO AecATKOB cekyHA [1]. Cymecrsyror u
IIOAOOHBIEC €My fABACHUA — BOASHOI, BO3AVIIHBIN, IEIIAOBBII BHXPH.
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IlpranaamMun  BO3HUKHOBEHHSA  HIPHHATO  CYUTATH  PA3ANYIHBIC
armocdepubie ABAcHUA (Berep, HarpeB atmocdepsr). OaHAako camMo
CYIIIECTBOBAHME ITECYAHOIO BUXPA - COXpaHeHHE (POPMBI U ABHAKEHHE
TPYAHO OOBACHUTD TEMH K€ IpuduHaMu. Kpome TOro, CymecTByroT u
ABIDKYTCA Takue BUxpy n Ha Mapce, rae arMocdepa OTCyTCTBYET — CM.
puc. 2 [1]. ITostomy 1mpu OOBACHEHUHN TAKHX BUXPEH I'AABHBIM ABAACTCA
BOIIPOC 00 UCTOYHUKE SHEPIUM.

Puc. 1.

Puc. 2.

Hirxe mpeasaraeTca MaTeMaTHYECKas MOAEAD IIECIAHOTO BUXPA, B
KOTOPOI HCIIOAB3yETCA CHCTEMa MAaKCBEAAOIIOAOOHBIX —yPaBHEHHI
rpapuranuy. [lokaspBaercs, 9TO MCTOYHUKOM 3HEPIUH AASl ITECYAHOTO
BUXPSA ABAAETCA SHEPTUA I'PABUTAIIMOHHOIO 1oAf. Bo Bcakom cayuae, Ha
Mapce TPyAHO OOHAPYKHTH APYTOH HCTOYHHK SHEPIHM.
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2. MaremarnuyeckKkasa MOAEADB

MoaeAb OCHOBAHA Ha CACAYIOIIHUX IIPEAITOAOKEHHAX. |lecuansrii
BUXPb COCTOUT U3 MATEPHUAABHBIX YACTHUII - IIECIMHOK. ABIKCHHE 9THX
YACTHI[  YIOAOOAfiETCA  MacCOBBIM  TOKaM. MaccoBele TOKH B
IPaBUTAIIMOHHOM  IIOA€  OIIMCBIBAIOTCA  MAaKCBEAAOIIOAOOHBIMU
YpaBHEHUAMHI IpaBUTAITIN (Aaaee - MIII'-ypasuenuamm).
BzanmoaefictBe  MEHKAY — ABIDKYIIIUMHCA ~ MACCAMH  OIIHCHIBACTCSA
IPaBUTOMArHUTHEIME cHAaMu Aopenma (Aasee I'A-cuarr, amarormgmsre
curam  \OpeHIIa B  IACKTPOAMHAMUKE), ACHCTBYIOIIUME — MEXKAY
ABIDKYIIIIMUCSH 9ACKTPHICCKAMU 3APAAAMU

MIII'-ypaBHeHus Ormcane B [2].

MIII'-ypaBHeHMA AAS [PABUTOMATHHTHBIX HApsmxkeHHOCTeH H 1

OAOTHOCTDb MACCOBBIX TOKOB J B CTalMOHAPHOM TPaBUTOMATHUTHOM
IIOA€ IMEKOT BHA:

div(H)=0, (1)

rot(H)=J, @)
IIpr MOAEAMPOBAHMH IIECYAHOTO BHXPA OYAGM  HCIIOAB30BATH
OUAMHAPHYECKHE KOOpAmHATH I, @, Z. Toraa MIII*-ypasaenus

HpI/IMyTBI/IAI
oH

Hr+8H,+1‘ ¢’+6HZ=O, 3)
r or r oOp 01

oH
1.%_ =7, @
r op oz
aHr_aHZ_J 5
oz o 7

H oH 1 oH
e + L= =] 71 (6)
r or r Ogp
MoaAeAb OCHOBaHA HA TOM, 9TO
1.  HAIPAKEHHOCTH I'PABUTAIIMOHHOTO IOAf HAIIPAaBACHA BAOAB OCH
BUXPA,
2. OHA CO3AAET BEPTHKAABHBIN IIOTOK IIECYMHOK - MACCOBBII TOK J

3.  BEPTHKAABHBIN TOK J, dopmupyer KOABIIEBOE
IPABUTOMATHHTHOE HOA€ C HAIPSKCHHOCTBIO H 1 paAnasbHOE

rpaBuToMarEuTHOE TToA€ H . - cm. (6),




4.  I'PaBHTOMATHHTHOE IIOAE H, orkaomser I' A-cmaamMuy mmecUYMHKM
BEPTUKAABHOIO IIOTOKA B PAAMAABHOM HAIIPABACHHH, CO3AABaf
PAAHMAABHBIN ITOTOK IIECIMHOK - PAAHAABHBIN MACCOBBIM TOK J,,

5. TPaBUTOMATHHUTHOE IIOAE H, orkaomser I A-cmaamuy mmecunmHKH
PAAMAABHOIO IIOTOKA IIEPIEHAHUKYAAPHO PaAHyCaM, CO3AaBasg
BEPTUKAABHBII MACCOBBIN TOK J,,

6. rpasuromaranTHOE mOoAe H,  orkaomsder I'A-cmaamm mecamnkm
BEPTUKAABHOIO IIOTOKA IIEPIIEHAMKYAAPHO PaAHyCaM, CO3AaBasg
KOABIIEBOM MACCOBBII TOK J P

7. rpasuromarHHTHOE mOAe H,  orkaomsder I'A-cmaamm mecamHkm

KOABIICBOTO ITOTOKA HEPHEHAUKYAAPHO PAAHYCAM, CO3AABas
BEPTUKAABHBII MACCOBBIN TOK J,,

8. MAaCCOBBIN TOK J, dopMupyeT BEPTHKAABHOE TPABUTOMATHUTHOE

noAe H, M KOABLEBOE rpaBUTOMarHUTHOE IToAC H , - em. (4),
9. maccoBblil TOK J,, POPMHUPYET BEPTHKAABHOEC IPABUTOMATHUTHOE

rmoae H, u paamasbpHOE TpaBuTOoMaranTHOE 1moae H, - cm. (5),
10. maccoserit Tok J, OPMEPYET KOABIIEBOE IPABUTOMATHHTHOC

noae H, 1 papmaAbHOE rpaBuroMarHuTHOE oae H - cm. (0),

Takum o6pa30M, OCHOBHOM  MACCOBBI ~TOK J, ~ CO3AQa€T
J

moas  H,, H e H,. Omu AOAKHBL YAOBACTBOPATH yPABHCHUAM

AOIIOAHHUTEABHBIEC MACCOBBIE TOKHU Jr' J %8 rpaBI/ITOMaFHI/ITHbIe

[ z

MakcBeara (3-6). Kpome TOro, ToKkn AOAKHBI YAOBAETBOPATH YCAOBHIO
HEIIPEPBIBHOCTH

div(J) =0, ®
UAH, B IHIAMHAPHYECKIX KOOPAMHATAX,
oJ
L + % + 1 L O (9)
r or r O
MaccoBsie TOKHI

J=n-m-v, (10)
a UX KHUHCTUYCCKaAd SHCPFI/IH

W =n-m-v?/2, (11)

rae N - KOAMYECTBO IIECYMHOK B MOTOKe, M - macca necumukn, V - CKOPOCTD
IIOTOKA IIECYMHOK. Takum 0oOpasoMm, paBHbIE MACCOBBIE TOKU MOIVT OOAAAATDH
PA3HOM KMHETHYECKON SHEPIUE.




Permenme cucremsr (3-6, 9) HariaeHO B [3] M MMEET CACAYFOIIMIM

BUA:
H,.=<hrsi
= ,Isin(ag), (14)
H,.=h,rcos(ag), (15)
1. .
H, == j,r?sin(ag), (16)
o .
Jr.:—ijrcos(ago), 17)
J,.-=],rsin(ay), (18)
3, =h, (L~ a?/2)cos(ap) - asin(ap)). (19)
TAC jw, h(o - HCKOTOprC KOHCTAHTBI, & - LIEAO€ YHUCAO, KOHCTAaHTA.

MaccoBbie TOKH L[I/IpKyAI/IPYI-OT IIO CECYCHHAM TEAA BI/IXpH H II0

Beptrkasn. Ctpykrypa Tokos J, m J, moapobno pacemorpena s [3]. Ha

puc. 3 1OKa3aHA BEAWYMHA J Ha IIAOCKOCTH CCYCHHA HpI/I

z

o =10, h(p =1 R=50,rae R - paanyc Buxps.

3",’5 il

}

R

X

Puc. 3.

3A€Ch BAKHO OTMETHTDB, YTO BEPTHKAABHBIC TOKH IIHPKYAUPYIOT
TAK, YTO CyMMa TOKOB J, B KaKAOM cedeHHM paBHA HYArO — cm. (19).
Takum 0Opa3soM, MaCCHI-ITBIAMHKA ABI/KYTCA IO 3aMKHYTOH TPaeKTOPUU
U CHABI TA/KECTH HE COBEPIIAIOT padOoTy IIO 3TOH Tpaekropun. Tem He

MEHEe, COBEPINACTCA padOTa IO IIPEOAOACHHIO CHA TPEHHA MEKAY
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IBIAMHKAMH IIPA II€PEMEINeHnN IBAHMHOK ['A-cmaamm. Drta pabora

BBIIIOAHACTCA 3a CYET SHCPFI/II/I rpaBI/ITaIII/IOHHorO IIOAd — CM.
HpI/IAO)KCHI/IC.
ByAeM IIOAATATh, 9TO paGOTa CHUA TpCHI/IH MC)KAY IICCYMHKaAMMX
2

TAC P — YACABPHOC COIIPOTHBACHHE MAaCCOBOMY TOKY, HE 3aBHCAILICE OT

€ro BEAMYMHBI I HAIIPABACHNA (AHAAOTHYHOE IACKTPOCOIPOTUBACHUIO).
Toraa Bca paboTa MOMKET OBITH OIpeAcAcHA Tak ke, kKak U B [3]. Ona
paBHa

_ 2] (i2p2 2 2 4

P = R2Lp(j2R%(L/ 4+ a?/16)+ W21+ a*/4)) e1)
rae R, L - paamyc u BbIcOTZ BHUXPSI COOTBETCTBEHHO. DTH (DOPMYABL
AHAAOTMYHBEL (DOPMyAAM AAS OTPE3Ka IIPOBOAA C IIOCTOSHHBIM TOKOM.
EcAu IIPEAIIOAOKHTB, YTO AASL MACCOBBIX TOKOB (TAaK K€, KAK H AAf

SAEKTPHYECKUX TOKOB) COOAFOAACTCA IIPUHIIAII MHUHHMYyMa TEIAOBBIX
IIOTEPh, TO MOKHO HAHTH cOOTHOIIEHUE [3]

i,=hn/R. (22)

TAC

77:\/(4+a4)/(1+a2/4), 23)

P = R*Loh?(1/ 4+ a*/16). @4

Dro — Ta MOIIHOCTB, KOTOpadA AOANKHA ITOCTYIIATh M3 I'PABHTAIITMOHHOIO
IIOAS AAAL CYIIECTBOBAHMS IIECYAHOI'O BI/IXPH.

Toraa

4. IToroxku HEPIUU U YCTOMYNBOCTH (POPMBI

ITo amanormm ¢ 3SACKTPOAMHAMHKOM 3aIIHIIIEM CBA3b MEKAY
MAaCCOBBIM TOKOM \] nu FpaBI/ITOSACKTpI/I“ICCKOfI HaHpH)KCHHOCTbIO E B
BUAE

E=p]. (25)

Tawxe II0 AHAAOTHH C 3ACKTPOAHMHAMHKON OIIPEACAHM IIAOTHOCTD
ITOTOKOB TPABUTAITMOHHOM SHEPTUU B BHAE

S=ExH. (26)
Toraa HaliaeM
S=p(JxH). @7)

BexropHoe mpousseacHme (J X H) B IIMAHHAPHYCCKAX KOOPAMHATAX

HMECT BUA:




S, J,H,-J,H,
=JxH=|S, |=|J,H, -J,H, (28)
S, JH,-J H,
[Toroku sHepruu H yCTOHYHBOCTH (POPMBI PACCMATPUBAAUCH B
AHAAOTHYHBIX MaTeMaTHIecKux MoAeAfx [4, 0]. Ilo amanormm moxHO

VTBEP/KAATh, YTO IIOTOK SHEPIHH OTCYTCTBYET BHE TeAa BUXpsA. Buyrpm
TEAa OH HAIIPABACH

® 110 paauycy or repudepuu K LEHTPY - S, ;
® 110 OKPYXKHOCTH - S ;

® 110 BEPTHUKAAN BHHI3 - S, .
DTH BHYTDEHHUE ITOTOKH SHEPIUH O0ECIICYMBACT COXpaHeHue (DOPMBI

BI/IXEQH, ubO U3MEHEHHE EIO (pOprI Tp€6YCT HpI/ITOKa BHEIITHEHN BHCpFI/II/I

[5]-

5. DHeprusa Buxpsa
HPI/I MN3BECTHOM BHYTpCHHeM IIOTOKE 9HCerH BI/IXPH 3H€[2FI/IIO

LIIATHAPUYECKOIO HEIIOABIKHOIO _BHUXPA MOKHO PACCYUTATH 11O
dopmyae

wzljs-dv, 29)
c \%
TA€ C — CKOPOCTbh CBETA, V - o6bem Teaa BUXPSL

6. ABroxeHne BUXpA

Tpaekropusa ABIZKEHHA BHXPA IIAOXO IIpeAckasyema. Kpome Toro,
BUXPb — COBCEM HE HACAABHBII ITUAHMHAP U BO BPEMs ABIKCHUA MEHACT
CBOIO AHHHIO. B IeAOM MOMKHO cKa3arh, 9YTO BHXPb COBEpIIAcT
XAaOTHYECKHE ABIDKEHHA. AAS TOrO 9YTOOBI IIOKA3aTh, YTO ABHIKCHIIE
BUXPSA COBEPIIACTCA 34 CYET BHYTPEHHEH SHEprum (a HE 33 CUET CHABI
BETpa) CHOBA OOpaTHMCA K PACCMOTPEHHIO BHYTPEHHETO IIOTOKA
3AEKTPOMATHUTHON SHEPTHH.

M3BecTHO, 9TO HOTOK 9ACKTPOMATHUTHON SHEPIUN OOAAAAET
umIyAbcoM. [Ipr cuMMeTpHIIHOM pacIPEACACHHN PAAMAABHOTO ITOTOKA
SHEPTUH COOTBETCTBYIOIIHE €My HMIIYABC PaBEH HYAIO, ITOCKOABKY
HIMITYABCEI OTAEGABHBIX OOBEMOB ITOTOKA KOMIIEHCHPYIOT APYI ApPYTa.
Ecam xe oceBag cHMMeTpus IIMAHMHApPA HapyIIeHa, TO BO3HHUKACT
HECKOMITEHCHPOBAHHBI HMIIYABC PAAHAABHOIO ITOTOKA — PAAHAABHEIN
UMIIYABC 1TOAA. [ToApoOHEee 9TOT BOIIPOC paccMOTpeH B [4] AAfL TOPHAAO.
B coorsercTBHM € 3aKOHOM COXPaHEHNA UMIIYABCA PABHBIN €My HMITYABC
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ACHCTBYET Ha OOBEM TEAd BUXPA B IPOTHBOIIOAOKHOM HAIIPABACHHH.
DTOT pPAAMAABHBIH HMIIYABC IPUBOAUT K HCKAKEHUIO BEPTHKAABHOMN
dopmbl 1 ABIIKEHHIO BUXPA B I1eAOM. [Ipu yBeAmdeHun BHyTpEHHEH
SHEPTUHU H, CACAOBATEABHO, YBEAUYECHNH BHYTPEHHETO ITOTOKA SHEPIMH

U FMIIYABCA YKA3aHHBIA PAAMAABHBIH HIMIIVABC PACIIHUPACT OODBEM TEAR
BUXpA.

7. BeprukasbHasA yCTOMYNBOCTD

B Teae Buxpsa cymiectByeT TakKe IIOTOK SHEPIUH BAOAD
BEPTHUKAABHON OCH, HAIIPAaBACHHBIN BHU3. EMy cOOTBETCTByeT HMMIIYABC
5AEKTPOMATHHTHOTO ITOAfl, TAK/KE HAIIPABACHHBIM BHH3. B coorBercTBHmM
C 3aKOHOM COXPAaHECHHA HMMIIYABCA PABHBIM €My HMIIYABC AEHCTBYET Ha
00beM TeAa TOPHAAO B IIPOTHBOIIOAOKHOM HAIIPABACHUH, T.€. BBEPX.

Dror MMITVABC TIOAACPIKMBACT BHUXPb B BEPTHKAABHOM ITOAOKCHIH.

[ToapobHee 9TOT BOIIPOC pacCMOTPEH B [4] AAA TOPHAAO.

8. BEIBOABI

[Toxkazano, dYTO TIECYaHBII BHUXPb CYIIECTBYET OAAroAaps
HCHPCPBIBHOMY HOCTyHACHI/II-O FpaBI/ITaHHOHHOI;‘I 3HCPI‘I/II/I. B HEM
CYIIECTBYFOT IIOTOKH TPABUTAITMOHHOM SHEPTUU U COOTBETCTBYFOIIIE UM
ITOTOKA HMIIYAbCA I'PaBHTAIIMOHHOIO I10Af. IloTOKm rpaBmrarmoHHOM
SHEPIMU COXPAHAIOT ITMAHHApHYecKylo dopmy Buxpda. [loroxu
HMIIYABCA TIPABUTAIIMOHHOIO IIOAf IIEPEAAFOTCA BEILNECTBY TEAA BHXPA,
YTO OOBACHAECT BEPTHKAABHOCTD BUXPS, €O KOACOAHUSA, XAOTHYIECKYIO
TPAEKTOPUIO ABMKEHUA BUXPA B IIEAOM, PACIIHPEHHE TE€AA BUXPA IIPH
YBEAMYCHUU BHYIPEHHEN SHEPTUML.

ITpuaoxenue

KonceppaTuBHbBIE CHABI (ITO OIIPEACACHHIO) HE COBEPIIAIOT PabOTy
110 3aMKHyTON Tpaekropuu. Cmaa TMKECTH ABAAETCA KOHCEPBATHBHOM
(aro AoKkaswIBaeTCA MaTeMaTmdecku). OTCIOAQ AEAAETCA BEIBOA O TOM, UTO
1) me cymecTtByer ABHIATEAb, HWCIIOAB3YIOIIHH  TOABKO
KOHCEPBATUBHBIE CHABI (B YACTHOCTH, CHABI THKECTH) AAf
BBILIOAHEHHSA PaOOTEL
Aanee Gesdoxasaniensio ACAACTCH BEIBOA O TOM, ITO
2) He CYIIECTBYET ABHIATE€Ab, HCIIOAB3YIOIINH 3HEPTHUIO
HMCTOYHHKA KOHCEPBATUBHBIX CHA (B YACTHOCTH, CHA TAKECTH)
AAS BBIITIOAHEHHSA PaOOTEL

KyAoHOBCKHE CHABI TakxKe ABAAFOTCA KOHCEpBATHBHEIMH. OTCroaa
IT0 aHAAOTUH MOKHO CACAATh BHIBOA 1). OAHAKO BBIBOA 2) AETKO
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OIIPOBEPracTCA: CYIIECTBYET, HAIIPUMED, ABUTATEAD ITOCTOSHHOIO TOKA C
CaMOBO30YKACHHEM. B HeM HMCTOYHHKOM SHEPrHH ABAACTCA HMCTOYHHK
ITOCTOSIHHOTO ~ HANPM{KEHHA, T.€. HCTOYHHK  KYAOHOBCKHX  CHA.
CAeaoBaTEABHO, B OOINIEM CAydYae HE BEPHO YTBEPKAEHHE 2), a BEPHO
CAEAYIOIIIEE YTBEPKACHIC
3) MOZKET CYIIIECTBOBATh ABUTATEAD, ICIIOAB3YIOIIHH HEPIUIO
HMCTOYHHKA KOHCEPBATUBHBIX CHA AAf BEIITOAHEHHUSA PaOOTBHL.
Tem mHe MeHee, CYIIECTBOBAHHE ABUIATEAf, HCIIOAB3YFOIIETO
SHEPIUIO MCTOYHHUKA JAEKTpHYeCKHX koncepBatuBHBIX cuA (MIDKC),
eIre He O3HAYAET, YTO CYIIECTBYET ABUIATEAD, HCIIOAB3YFOIIUI SHEPIUIO
HCTOYHHKA TPABUTAIIMOHHBIX KoHcepBaTuBHBIX cuA (MII'KC).
DAEKTPUYECKIE CHABI CO3AAIOT ABIKEHUE 3aPAAOB IIO 3AMKHYTOI

TPACKTOPUU — I1CK/NPUecKUl] /720K, KOTOPBIH (DOPMHUPYET MATHUTHOE ITOAE.
ITpn stom sueprua MIOKC npesparaercs B MAarHUTHYEO SHEPTHIO. DTO
IIPOMCXOAUT AQKE€ B TOM CAyYa€, €CAU AASl ABIDKEHHSA 3aPAAOB IIO
3AMKHYTOI TPAEKTOPUU HE 3aTPAYHBACTCA dHEpPruA. TakuMm oOpasom,
seprua VMOKC 1peBOCXOAUT 3SHEPIHIO MEXAHHYECKOIO ABHKEHUA
3apAAOB. B atOoM —  mpHYmMmHA  CYIIECTBOBAHHUS — ABHIATEAS,
ncrioAbsyrorrero saepruro MOKC.

I'paBUTAIIMOHHEIE CHABI TAKXKE MOTYT CO3AATh ABH/KEHHE MacC ITO
3AMKHYTOI TPAECKTOPUU — Maccossrtl 720K. IIpEeAITOAOKIM, ITO MaCCOBBII
TOK TOKE POPMUPYET 2pasumomacrumioe nose (310 nokaszano B [2]) Toraa
IT0 AHAAOTHH C IIPEABIAYIIIIM, MOKHO IIPEAIIOAOKUTH, UTO

4) MOYKeT CyIIeCTBOBATh ABHTATEAD, MCIIOAB3YIOIINNA IHEPIUIO
HCTOYHHUKA TPABUTAIIMOHHBIX KOHCEPBATHBHBIX CHA  AAf
BBIIIOAHCHHA PAOOTHL
D10 HE NIPOTHUBOPEUUT 3aKOHY COXPAHEHUA OJHEPIUU: B padoOTy
npesparmaercss sHeprua MI'KC, a wncrounux smeprum MI'KC Tepser
4acTh CBOEH sHeprum (HeAb3s yrBep:xaarh, uro suHeprusa MI'KC moxer
OBITH ~ HCIOAB30BAHA  TOABKO  AAA  BBIIOAHEHHSA  pabOTBl IO
IIEPEMEITIEHIIO MACC).
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