METOLbl N SMEPEHWA
BVOPA3SHOOBPA3A



[Onsa n3y4vyeHusa nsmeHeHum dnopasHoobpasus Bo BpeMEHN HEOBXOANM
MOHUTOPUHI BuopasHoobpa3nsa — perynsipHsle, NPoOBOAUMbIE YEPES
ornpenesieHHbIN NPOMEXYTOK BPEMEHU, €r0 UCCreaoBaHUS.

[MepBbin aTan n3lyyeHnst bBuopasHoobpasnsa — cocTaBneEHNE BUOOBbLIX CINCKOB
(ka4eCTBEHHOE M3y4eHMe hayHbl).

[ns oueHKM cTeNeHn NONHOTbI BUAOBbLIX CMTMCKOB MOXHO MCMOMNb30BaThb
KpuBble OOHapYy>XeHns BUOOB:

no ocn abcuucc oTknaabliBaeTcsl nepmnod nccrnegoBaHnm (YenoBEKO-4achl,
4erloBEKO-AHW), MO OCU OpAMHaT — YMCno BUAOB B BUAOBOM cnucke. Yepes
Kakoe-To Bpems rpadomk obpasyeT nnaTto — 3Ha4uuT bonbLiasa 4acTb BUOOB
y>Xe obHapy»xeHa.



[1ns TO4HOro onpeaeneHns NAMEHEHU B pa3HOObpa3num HeJoCTaTOYHO
Ka4eCTBEHHbIX JaHHbIX (CMUCKN BUOOB), @ HEOHBX0ANMbI KONUYECTBEHHbLIE
OAaHHbIe N0 YNCIIEHHOCTN 0coben BXoasaLWmMX B cOobLLIECTBO BUOOB.

[na nonyyeHna Taknx gaHHbIX MPOBOOAT yYeTbl BUOOB.

MeToabl NpoBeaeHNA y4eTOB MOTyT noapasaenaTbca Ha:

1. ABConoTHbIE YYETHI — NOACYET BCEX 0CODEN, ODUTAOLWNX HA OaHHOW
TeppuTopumn.

2. MeTopq y4eTHbIX NnoLwagoK — noacynTbiBaloTCA 0COOU Ha HECKONbKUX
nnowankax, 3ateM JaHHbIe 3KCTPanosmpytoTCca Ha BCHO U3y4YaeMyto
TEPPUTOPUIO.

3. MeToa y4eTHbIX MapLLUPYTOB — y4MTbIBAOTCA 0COBM BOONb MapLupyTa
OBWMXEHNs HabntogaTens, 3aTeM JaHHbIe NepecynTbIBaAOTCA Ha BCHO
nccrnegyemyto TeppuTopuIo.

4. CneunarnbHble METOAbI Y4ETA — MCNONBL3YKTCA A4 rPpynn, KOTopble
HEBO3MOXHO Y4YUTbIBATb UHLIMN MHEHUAMW — METOAbI JTIOBYLLUKO-NTMHUW K Ap.
[Ona nanbHENLWNX nccrnegoBaHnin, Kak npaBunio, NCnomb3yoTcs He abcontoTHoe
4Ynucno ocoben, a OTHOCUTENBLHOE OBUNKUE — SK3EMNAPLI HA Nnowaab Unu
00beM, 3K3eMNNAPbI HA JTOBYLLKOCYTKU W T.M.



——

CxeMbl PacMOJOXEHHA MapWpPYTOB COOpLINKA HAM TPAHCEKT AAA pasMellle-
HHA npo6 [no: Jlo6rines, 1958a]

‘CTpeNKaMH NMOKa3aHO Hampas/JieHHe ABHXXEeHHR cOopuiHkKa



[1pn oueHke anbda-paszHoobpasnsa NPUHUMAKOTCS BO BHMMaHMe aBa daktopa:
BNOOBOE BOIATCTBO n BbLIPABHEHHOCTb ObJ1 BUOOB.

Budosoe 6o2amecmeo - YNCno BMOOB, A1 CpaBHEHUA OTHECEHHOE K
onpeneneHHon nnowaau.

Bblpa8HEHHOCMb - PABHOMEPHOCTb pacnpeaeneHmnsa BuaoB no nx obunmio B
coobuiecTse.
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[MnoTeTnyeckne coobuiecTsa ¢ pa3HOU BbIPpaBHEHHOCTbIO



MeToabl NOCTPOeEHUS rpaPrkoB BUOOBOIMO 00OUNns



Panr Buma

[OuHamuka paszHoobpasust coobLEeCcTB NTUL, B peKpeaLMOHHbIX 30HaX
r. PoctoBa-Ha-[loHy: Ha JleBom Gepery [JoHa 3umomn (1) n BecHom (2). 3umon B
napkax (3) u B botaHn4yeckom caay (4)



YacmomHoe pacripedernieHue ycTaHaBnNMBaeT 3aBUCUMOCTb MEXY YMUCITOM

ocoben kaxgoro suaa u ymcrnom Bnaos. Ocbk abcumce - KonnmyecTso ocoben.
Ocb opgnHaT - KOnn4ecTso BUOOB.
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Yucno ocoben



ITOT XKe rpaduk Ncnonb3yeTcs rpu s102apumudecku HopmasibHOM
pacrnipederieHuu, oCcb abcuucc npu aTom NpeacrasneHa B norapndoMmyeckom
mMacLutabe.

TUNWYHBIV rpadonK, NPUMEHAEMbIN B criydae mMooesiu "pa3rioMaHHO20 CMepPXKHSA",
Korga no ocu opavHaT OTKagblBaeTcsl OTHOCUTESNTbHOE 0bunne B NMIMHENHOM
mMaclwiTabe, a no ocu abcumnce - NopsaoK BUOOB (paHr) B nnorapndoMmyecKkom
mMacluTabe ot Hanbornee K HaMmmeHee 0buUIbHBIM (0BpaTHOE paHroBoe
pacnpegeneHue).

MO>KHO ncnonb3oBaTb MO OCK OpAUHAT HAKoMMeHHoe obunue, BolipaxxeHHoe B %,
B 3aBUCUMOCTM OT fiorapndma nopsiakoBoro Homepa smaa (paHra suaa).
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Panr Buaa

PacnpederneHusi HakorneHHbIx oburnud 8 3uMHUX coobuwecmeax nmuuy 8

peKkpeauuoHHou 30He Ha JleBom bepeey [JoHa (1) u bomaHu4yeckom caoy (2) a.
Pocmoea-Ha-LJoHy



Tunel rpacdonkoB B aHann3e BMaoBOro pasHoobpasums

Ne TUITI TPADOIKA OCBb ABCIIHNCC OCb OPIMHAT MOJEJIb
PACIIPEJEJIEHHN A
| Panr/oonine Panr Buga OOwnne BHIA ['eomeTpHueckoe
pacmpeneneHHe
2 Panr/o0unue Jlorapudm panra OTHOCHUTeIbHOE Mopens "pazioman-
BHA oomme, % HOT'O CTepsKHA"
3 Panr/obunue JlorapudgMm panra Hakonnennoe o6u- |Jlorapudmuueckoe
BHIA nue, % pacrpeneeHue
4 HacTtotHoe pacnpe- |Hucsao ocobeit KomnuectBo BugoB |Mozeis "pazioman-
neeHne HOT'O CTepPKHA"
5 YactoTHoe pacnpe- |Jlorapudm uncia KomnuectBo BUA0B |JIor-HopMaisHOe

ACJICHHEC

ocooOeil

pPacIIpeaciIicHHE




KpuByro AOMMHUpPOBaHUSI-PA3HOOOpPa3nMA MOXHO UCNOMb30BaTh AJ1S1 OLEHKU
BIIUSIHUSA HApYyLLEeHMW HA BUAOBYIO CTPYKTYpY. YeM Kpyye nagaeT KpuBasi, TeM

MeHblue obLlee pa3HOOOpa3ue U curbHee JOMUHMPOBaHMEe O4HOro Unu
HeCKONbKUX BUAOB.
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Oounue

0 10 20 30 40

Panr Bia

KpuBble 4OMUHNPOBaAHUSA-pa3HOODpa3snsa coobLecTB NTUL N3 OKPECTHOCTEN
CpenHeypanbCKoro MeaennasuiibHOro 3aBoa B TPpeX 30Hax: 1 - KOHTPONbHOM
(20 km oT 3aBoga); 2 - bydoepHomn (4 kKm); 3 - MnakTHOU (1,5 KMm)



Mopenu pacnpeaenenus BUAOBOro oounus

[na aHanunsa pasHoobpa3na HeobxoaMMO YYnNTLIBaATb Creayowmne OCHOBHbIE
TeopeTnyeckue pacrnpeneneHms.

1) reomeTpuyeckoe

2) norapndomunyeckoe

3) norapndomMmnyeckn-HopmarsibHoe (for-HopmarnbHoe)

4) pacnpegeneHue, onucbiBaemMoe Mogesnbto "pas3fioMaHHOro ctepXxHa" Mak-

ApTypa.
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5. PeanpHbie gaHHbIe

MNruubl NHcTOoNaaHoro neca
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Pactennn cyBansnuickoro
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[eomeTpuyeckmun psaa

PaccmoTpum cutyauuio, B KOTOPOU BUA-AOMMHAHT 3axXBaTbIBaeT YacTb k HeKoero
OrpaHU4YeHHOro pecypca, BTOpou no oomnunio BuAa 3axBaTbiBaeT TaKyH Xe

ponto k octaTka pecypca, TpeTum no oomnmio — kK ot octatka u T. 4., NoKa, pecypc
He OyaeT pasgeneH mexay Bcemu Buaamu (S). Ecnu aTo ycnosue BbINOSIHEHO U
ecnu oomnusa BmMaoB (BbipaXeHHble, Hanpumep, X Guomaccoun UnU YNCrIomM
ocobei) nponopumMoHanbHbl UCNONbL3YyeMOMN Aorie pecypca, pacnpegeneHme aTux
oounnuin byaet onncbIBaTbLCA reOMeTPUYECKMM paaom (Mnu runoTe3on
npeMmMmyLLecTBEeHHOro 3axearta Huwu). B reometpnyeckom psaay oounua BuaoB oT
Hanbonbllero K HauMeHbLWeMy BblipaXxarTcsa chopmynon

n, = NC k(1 — k)"~ 1,

rae n, — 4YHCIO ocobelt i-ro Buna;
N — ofee yucno ocobeil;
C,=[1-0- k)’]~! — koHcTauTa, npu koTopot ¥ n, = N,



[TOCKOMbKY OTHOLLEHME OOUNUA KaXXaoro Buaa K oounuio npeallecTByOLEro
Buaa Bcerga nocTtosiHHO, rpadomk 3aBUCUMOCTK norapudpma obunmnsa ot paHra
Buaa oyoet npamoun nuHMen. NoctpoeHne Takoro rpaduka — camblii NPOCTOU
METO[, BbIICHEHUS, COOTBETCTBYET NN UCCreayeMbI MAacCuUB OaHHbIX
reomeTpuyeckomy psigy. Nonesble AaHHbIE NOKA3bIBAKOT, YTO pacnpeneneHne
obunumn BMOOB NO TUMY reOMETPUYECKOro psaaa obHapyXnBaeTtcs
NPENMYLLECTBEHHO B 6eaHbIX BuaamMu (U 4acTo CYpOBbIX) MECTOOBUTAHUAX UNU
Ha OYEeHb paHHUX CTagmax cykueccuun. B xoge cykueccum (Mnm no mepe
yNy4dLlEeHUs YCNOBUIN) XapakTep pacnpeaeneHus oonnnm BMaoB NocTeneHHo
npubnmxaeTca K nor-psaay.



Jlorapnpmunyeckun psan
Jlor-pan onucbiBaerca ¢opmyoft:

ax2 QX3

a X"
a X, ’ ’

> 3 e

rA€ aX — YHUCIO BHIOB, NPEACTABJIEHHbIX OQHOM 0co6bI0, aX?/2 — YHCIO BH-
OOB, NpeacTasieHHbIX AByMA ocobamu u T. a. (Fisher et al., 1943; Poole, 1974).

O61wee yucno BHAOB S nonyyaeTCA CIOXKEHHEM BCEX WIEHOB pala, YTO NpPH-
BOIHMT K PaBEHCTBY )

’

S=a[-In( — x)];
3HAYEHHE X OLICHHBACTCH NYTEM HTEPALMOHHOIO PELICHHA YPaBHCHHSA
S/N=(( - x)/x[— In(1 — x)],

roe N — obuee uucno ocobeit.
Ha npakTuke x noutH Bcerna Gonswe 0,9 u uukoraa He npessbiuaer 1,0. Ec-
ma N/S > 20, x > 0,99 (Poole, 1974).

[NlapameTpsb! o (HHOEKc nor-psana) H N NMONMHOCTBIO XapakTEpH3YIOT pacrnpe-
OCNEHHE H CBA3aHbI MexXay cobo#t 3aBHCHMOCTBIO

N =aln(l + N/a),
N



rae o — HHAEKC pa3Hoobpa3us, KOTOPbift IIHPOKO HCNONB30BAJICA H 10 CHX NMOP

octaerca nonyaspHbiM (Taylor, 1978).
JTOT HHIAEKC MOXHO MNOJIYYHTb H3 YPaBHCHHA

N(l — x)
X

C JOBEPHTE/IIbHBIMH INpe€aciaMH, yCTaHaB/IHBaCMbIMH BbIPAXCHHEM

Var (a) = — N
— In(1 — x)

Moaenb norapucgpmmnyeckoro psaaa obinia nepBou NONbITKOM MaTeMaTU4YeCKU
onncaTb OTHOLUEHUE MeXAy YMCIIOM BUAOB U YMCIIOM ocoben aTux BnaoB. XoTS
CHavana oHa nNpocToO UCNOJib30Banachb U3-3a XopoLwlero CooTBeTCTBUA
3MNUPUYECKUM OaHHbIM, ee LULMPOKOoe NpuMeHeHne, oCO6eHHO B
3HTOMONOrM4YeCKNX nccrnegoBaHusX, NpUBeno K AeTaribHOMY aHariM3y CBOMCTB
Takoro pacnpeaeneHnsa. MoXxXHO npeAnonoOXuTb, YTO reOMeTPUYeCKUn paa
COOTBETCTBYeT CUMTyauumn, Korga Buabl NPOHMKAKT B HEHaCbIWeHHOe OMOTUYECKHU
MecTooOOMTaHUe Yepe3 paBHble MHTEpPBaribl BpeMeHU, 3axBaTbiBas 4YacTu
OCTaBLUErocs Ha Ux OO runepnpocTpaHcTBa HULWW. Jlor-psa, HanpoTmue, byaeTt
ONuUCbIBaTb TaKoe NMOJI0XKeHune, Korga MHTepBarnbl MeXxay 3aHOCOM BMAOB
criyyauHble, a He perynspHble. Manoe 4ncrno oouMnbHbIX BUAOB U OonbLuas aons
«pedKkux», npeanonaraeMmblie MoaenbIo nor-psiga, roBOpAT 0 HanbonbLen
BEePOATHOCTU TaKOro pacnpegeneHus (Kak U B criy4ae reomeTpuyeckoro psana) B
CUTyauusx, rge 3Konorus cooodllecTBa onpeaensaeTca ogHUM UM HEMHOTUMU

dakTopamu.




Norapmndpmmnyeckn HopmarnbHoe pacnpeneneHue

Ona 6onbWMHCTBaA COOOLECTB XapakKTepHOo Nnor- HopmMmaribHoe pacnpegeneHue
oounun BMOoOB, HO OOLIYHO 3Ta MoAesib YKa3blBaeT Ha bonblLuoe, 3perioe n
pa3HooOpa3Hoe coobwecTBO. Takoe pacnpeaeneHne xapakTepHo A cuctem, B
KOTOPbIX BEeJIMMMHA HEKOEU nepeMeHHOM onpeaenseTcs 0oNnbLWUM YUCTIOM
cdakTOopOB.

JdTa moaenb BnepBble OblNa NpMMeHeHa K pacnpeaeneHuo oonnum BuaoB
lNMpecTtoHoM. Ha pa3zHOOOpa3HOM AIMNMPUYECKOM MaTepuarne OH nokKasar, 4Tto
4acToTbl BUAOB B O0nbLUMX BbIOOpPKax pacnpeneneHbl B COOTBETCTBUU C
norapudgpmmyecku-HopmaribHbIM 3aKkoHOM. 1o paspaboTaHHOU UM MeTOOUKE B
YaCTOTHbIE KflacChbl rPYNNUPYHOTCA BUAbI C YUCIIOM 0CO0O€en, 3aKITl04YeHHbIM B
NpoMeXyTKaX, KOTOpble OrpaHu4yeHbl YNCNTaMN FeOMEeTPUYECKON NPOrpeccumn.
lNpecToH HaHeC Ha oCcb OOUNMA BUAOB B Maclutabdbe norapudpma no OCHOBaHUIO
2 (Log ,) n HazBan nony4mnBLLMeECs Knaccbl OkTaBamu. [ins onucaHus Mopenu
MOXHO UCNOSb30BaTb Nloboe ocHoBaHue norapudma. Ha rpachmke pacnpeneneHus
4acToT BUAOB MO NOJTy4YeHHbIM TaKUM CNOCOOOM Kraccam YMCIIeHHOCTU
COOTBETCTBYIOT U3BECTHOMN KPMBOWU HOpPMasibHOro pacnpeneneHns, yce4eHHoun
crneBa, B 0651acTU 4acToT peaKux BUAOOB.

PacnpepeneHue oObIYHO 3anucbiBaeTcs B hopme:



Sg=95

~mo

' exp] —RAJ' ’

rae Sz — TeopeTHUeCKOe YHCI0 BHIOB B OKTaBe, PACIOI0KeHHOH B R OKTaBax OT MOJAIbHOI OK-
TaBEL; S, — YHCIO BHIOB B MOJATBHOI OKTaBe. G — CTAaHJAApPTHOE OTKIOHEHHe TeOopeTHUecKOil
TOT-HOPMATBHOI KPHBOII, BEIpaKeHHOE B UHCIe OKTaB.

Jlor-HOpMaTBEHOE paclipederneHHe ONNCHIBaeTCsS CHMMEeTPHUHOI "HopMalpHOI", T. e. Ko-
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OaHako ecnu gaHHbIe, KOTOPbIM COOTBETCTBYET KpuBas, NoflyyYeHbl U3
orpaHn4YeHHOM BbIOOPKU, TO fieBas eé 4YacTb (T. €. peakune, HeyuTeHHble BUAbI)
OyaeT BblpaXeHa He4yeTKo. [pecToH Ha3Ban TaKyk TOYKY yCeYyeHUs KPUBOM crieBa
"nuHuen 3aHaseca". "JlInHna 3aHaBeca" MoXeT cABUraTbCs BreBO NMpu yBerIM4eHUun
ob6bema BbIOOpKU. Ha pucyHKe OHa yKa3aHa cTpenkou. [ina 6onblMHCTBA
BbIOOPOK BblpaXeHa TOJIbKO YaCTb KPMBOM cripaBa OT MoAbl. TONbKO nNpwu
OrPOMHOM KOJNiM4yecTBe AaHHbIX, COOpaHHbIX Ha OOLWMPHBLIX bDnoreorpadunyecknx
TeppuTopusax, NpocrnexXuBaeTcsa NonHasa KpuBas. S - obpa3Has KpuBasi ykasbiBaeT
Ha CNOXHbIU xapaktep auddepeHumnaumm u nepekpbiBaHUA HULW. BONbLLUNHCTBO
BUAOB B NPUPOAHbIX OTKPbITbIX 3KOCUCTEMaX CyLleCcTBYeT B YCITOBUAX
COpPeBHOBaHUA 3a peCcypcChbl, a He Ha YCITOBUAX NMPSAMON KOHKYPEHLUU; MHOXEeCTBO
aganTtaumm gaet BO3MOXHOCTb AeSIUTb HULLN 6e3 KOHKYPEeHTHOro UCKNIYeHUs u3
MecTooOUTaHUA. ATa Moaerib Hanbdoree BepoATHa ANA HEeHapyLIeHHbIX
cooOLlecTB.



Yucno supos

Yucno sugos

10

10

SRtesRRg R R

-

0

€0

N

L00

10
8
@
% 6 Bce snibopxn
: 33 MaA ¥ HIOHL
Onna asibopra: Man 3 4

N

© - N = - N o =
& sRBERESSH
Obunwe

Bece aniBOpKK 32 roa

‘4

7

S« - - N O -
& aBERESH

EL0
1A

O6unue : cpeanee yncno ocobedn,
nonmanHoe 3a 45 Mun TpaneHuna



PacnpeneneHue no mogenu "pasfnomMaHHOro CTepPXKHS"
Mak-ApTypa

Mak-ApTtyp B 1975 r. npeanoXxun Tpy runoTeTUYeCcKNX pacnpeneneHnsa ocodeun no
BuAaam B coobLiecTBe, OCHOBaHHbIX Ha Pa3fiMYHbIX TUMNAX B3aMMOOTHOLUEHUN HULL
pa3HbIX BUAOB:

1) HUWIM BMOOB B coobLecTBe He NepeKpbIBakOTCS, HO TECHO NMpunerarwT ApYr K
APYTrY;

2) HAWIN BUAOB YaCTUYHO NepeKpbLIBalOTCA:

3) HALUM BUOOB He NepeKpbIBalOTCA U pasaerieHbl MPOMeXyTKaMu.

Hanbonee nogpo6bHo Mak-ApTyp uccriegoBan CBOUCTBa NepPBOro runoTeTu4ecKoro
coobuwecTtBa. OH cpaBHUI pa3geneHue NPOCTPaHCTBA HULWIKM B npeaenax
coobLecTBa CO Clly4YauHbIM U OAHOBPEMEHHbLIM pa3namMbiBaHUEM CTEPXHSA Ha S
KYCKOB. S BUAOB pa3fensroT cpeay cny4yamHo mexay cobom Tak, YTO OHMU
3aHMMaloT HenepekpbiBawoLwmecs HUWU. NMpu 3TOM YUCNoO ocoben Kaxaoro Buaa
nponopunoHasibHO WWMPUHE HULWIKN. JTa MOAeNnb paccMaTpmMBaeT TONbKO OAUH
pecypc. OHa oTpaxaeT 6oriee paBHOMepHoOe ero pasgeneHue, 4em Mmogerb nor-
HOpMarsibHOro pacnpegeneHus, norapmpMmmyecKkoro U reoMmeTpm4ecKoro
pacnpeaeneHnn. PacnpeaeneHue no moaenu "pasfioMaHHOro ctepXxHsa"
XapaKTepu3yeTcs TONIbKO OAHMM napamMmeTpoMm S (YyMcnom BMAOB) U CUSTbHO
3aBUCUT OT 0ObEeMa BbIOOPKM.



Uncmo ocodeit B 7-oM o MOPSAAKY OOWTHA cpean S BUIOB (V;) moaydaroT o gopmyite:

S
N,=N/S-Y1/n,
n=1
rae N — oOmiee ynuciao ocodell, a S — oOImee YHCIO BHAOB.
DTy MO/ellb MOKHO BBEIPa3UTh TakKe B BeJIMUYHHAX CTAaHOAPTHOI'O paclipeleleHHS 00H-
JHHA BHIOB COITIaCHO BEIPaKeHHIO, OIMMHCAaHHOMY M»aeM:

S(S—-1) (1-n ’

S, =—-—.|
N | N

Mopgenb Mak-ApTypa npeanonaraeT; YTO NPOCTPAHCTBO HULL NOAEeNeHOo Ha
crlyyauHble, conpukKacarLmecs, HO He nepeKkpbiBaloLmecs y4yactku. Takoe
pacnpeaerneHne xapakTepHo A coooLwecTB C MHTEHCUBHOW MeXBUAOBOM
KOHKYpeHUuuen, TepputopuaribHbIM NoBeaeHNnemM, HarnpumMmep, Ans necHbIX NTUl.
Jlyywe Bcero ncnonb3oBatb Mogernb "'Pa3fnnoOMaHHONo CTepPXHA" Ans
AOKa3aTtenbCcTBa 60nbLIeN BbIPaBHEHHOCTU OOMNMM BUOOB B onpenerieHHOM
cooOLlecTBe.



NHaekcbl bnopasHoobpasns
(Anbdra-pa3Hoobpasme)

B HacTosulee Bpems npeasioxeHo boree 20 NHOEKCOB,
KOTOpble npeaHasHaveHbl A1 oueHKM bnopasHoobpasus.
MHOeKebl, NPUMEHSIEMbIE B aHanmn3e pa3Hoobpasus
coobLLECTB, OOMKHbI YOOBNETBOPATL CNeayoLmm
OCHOBHbIM TpeboBaHUSAM:

1. PaszHoobpa3une coobuiecTBa TEM Bbllle, YeM borblUE B
HEM KOJIM4YecTBO BUOOB.

2. Pa3HooOpa3une coobuiectBa TeEM BbILLE, YEM BbilLE €r0
BbIPaBHEHHOCTb.

BonbLWWHCTBO pasnuunn Mexay nHgekcamum,
namepsarLwnmMmn bnopasHoobpasme, 3akno4aeTcs B TOM,
Kakoe 3Ha4YeHne OHW NpuaaloT BbIPaBHEHHOCTU U
BNOOBOMY Ooratcray.



NHpekcbl BMaoBoro boratcTea

PasnuyHble coyeTaHusa S (umcno BbisBNeHHbIX BuaoB) u N (obwee yncrno ocoden
BCeX S BUAOB) fexaT B OCHOBE NPOCTbIX NoKa3aTeriem BUA4OBOro pasHooopa3us:
UHOekca eaudoeo20 pa3Hoobpasusi Mapzanega

51_1
DMg = n N

U UHOeKca eudoe8o20 pa3Hoobpa3usi MeHxuHuUKa

S
Dy, =

-~

JJOCTOMHCTBO 3TUX UHAEKCOB - JIErKOCTb pacyeToB. bonblwaa BennynMHa nHAaeKca
COOTBETCTBYeT OosfblieMy BUAOBOMY pa3HOOOpa3smio.




Ona oueHkn BuagoBoro pasHoobpasna KemntoHom n Teunopom B 1976 r. Obin
npeanoXxeH uHoekc Q, yunTbiBalOWMUNA pacnpeneneHme BUAOBbIX OOMNMKN U He
TpeOyrLwmnmn cooTBEeTCTBUA KaKON-nnbo moaenu.
ATOT MHAEKC npeAcTaBrfieT cooon Mepy MeXKBapTUIIbHOro HakKNnoHa KPUBOW
HaKoOMJfieHHOro BUAOBOIro oounmna n odbecnevymnBaeT namepeHue pasHoobpasua
coobOuecTBa, He oTAaBas NpPeanovYTeHUA HN OYeHb OOUNBHBLIM, HU OYeHb PeaKUM
BUAaM.

Muaexc Q pacCUUTEIBAeTCA 110 YMIHPHUYECKUM JaHHBIM:

| |

Q) — = 1";1—1 ’
log(R2/R1)
rae n — o0llee YHCIO BHIOB ¢ oOumHeM R, S — o0Iee 4HClIo BHIOB B BEIOOpKe; R/, R2 —

HIDKHHH ¥ BePXHHIT KBaPTHIH; 71g; — YHCIO Oco0el B KIacce, COOTBETCTBYIOIEM R/, 71g) — UHCIIO
ocoOeili B Ki1acce, COOTBeTCTBYIomeM R2 (puc. 8).

Mo ocu abcuucc oTknagbiBaeTca oounue BUOOB B riorapndpmmyeckom macitabe
(log,,), @ no ocx opaMHaT - HaKonsieHHoe Yucno BuaoB. UHaekc Q — yron Q mexay
ABYMSA KBapTUnamu. Ecnu BbIOOPKU Manbl, UHAEKC Q MOXeT cMellaTbCs
OTHOCUTESIbHO reHeparnbHoOro napamerpa. OgHako 3Ta ownMbKa HeBesiMKa, ecnm B
BbIOOpPKY nonagaet 6onee 50% Bcex BMOOB.

HekoTopble yyeHble cHUUTaloT, 4TO Q = a norapupmnyeckoro pacnpegeneHusa. nsa
nor-HopManbHOMn moaenu Q == 0.,371S/c/



IHOeKcbl, OCHOBAHHbIE HA OTHOCUTENIbHOM 0bUNMKU BNOOB

ATy rpynny MHAEKCOB Ha3bIBalOT UHOeKcaMu HeOOHOPOOHOCMU, TaK KaK OHU
YUYUTBbIBAOT OQHOBPEMEHHO 06a napameTpa pa3Hoobpa3us: BbIpaBHEHHOCTb U
BuaoBoe boratcTtBo. MHAEKCbl, OCHOBaHHbIe HA OTHOCUTENIbHOM OOUNMN BUAOB,
OTHOCATCS K HenapamMeTpU4eCKMUM, MOCKOSbKY OHU He TPeOYHT HUKAKMUX
npeanorioxXeHUun o pacnpeaeneHusax. Ux npyumeHeHue yrnyonsiet oueHKu
OnopasHooOpa3na No CpaBHEHUIO C MHOEKCaMU BUOOBOro boratctea, KOTopble
onuparTCcH NULb Ha OAUH NapamMeTp.

BbiaensaoT ABe KaTeropum HenapameTpnyiecKnx UHAEKCOB:

1) nHpeKcbl, Nony4YeHHble Ha OCHOBe Teopuun nHdopmauum (MHpopMaLUOHHO-
cTaTUCTNYeCKue) ;

2) VHAEKCbl AOMUHNPOBaHUA.



Nupekc LWeHHOHa

LleHHOH B 1949 r. BbIBEN OYHKLNIO, KOTOpasi CTana Ha3biBaTbCsi UHOEKCOM
pa3Hoobpa3usi LLleHHOHa. Pac4yéTbl nHaekca pasHoobpasunsa LLleHHoHa
npegnonaratoT, YTo ocobu nonagatoT B BbIOOPKY criy4anHo U3 "HeonpeaeneHHo
bonbwon” (T. e. npakTn4eckn 6eCKOHEYHON) reHepanibHOM COBOKYMHOCTH,
npuyem B BbIDOpKEe NpeacTaBneHbl BCe BUAbl reHeparibHOW COBOKYMHOCTM.
HeonpeneneHHoCTb OyaeT MakcmMarnbHOW, korga Bce cobbitns (N) byayt nmetb
OAMHAKOBYO BEPOSATHOCTb HacTynneHus (p, = 1/ N). OHa ymeHbLUaeTcsl no mepe
TOro, Kak, 4YactoTa HEKOTOpPbIX CODbITUM BO3pacTaeT No CPaBHEHWUIO C OPYTMMMU,
BMS1IOTb A0 OOCTMXKEHNA MUHUMASbHOMO 3Ha4YeHus (Hyns), Korga octaeTcd OgHO
cobbITHE N eCTb YBEPEHHOCTb B ero HacTynneHmn. Migekc LleHHoHa
paccynTbiBaeTcsa no goopmyrne:

H,:_zpilnl)i

rae BenuyuHa pi - gons ocoden i-ro smaa.
B BbIOOpKE MCTMHHOE 3HaYeHne pi HEM3BECTHO, HO oueHnBaeTcs kak n/N. Takum
obpa3om, hopmyny MOXHO NpeacTaBuUTb B crieayowemM Buae:

= - (ni/N)In(ni/N), rae

n. -4ncno ocobemn i-toro Bnaa, N - obLiee 4ymcno ocoben.



[MprymHbI OLLIMBOK B OLEHKE pa3dHOobpasusi C NCNoMNb3oBaHMEM 3TOro MHAEKCA
3aKro4vatoTcs, npexae BCcero, B TOM, YTO HEBO3MOXHO BKITHOUNTb B BbIODOPKY BCE
BUObl peanbHOro coobLulecTsa.

[1pn pacyeTte nHaekca LLlieHHOHa YacTo ncnosnb3yeTtca ABOUYHbLIN norapudm, HO
npuemMsieMo TakXe UCMNosib30oBaTh N Apyrne oCHoBaHUA norapndoma
(OecAaTUYHbIN, HaTyparibHbIW).

Nnoekc LWeHHoHa obbIvHO BapbupyeT B npegenax ot 1,5 oo 3,5, oueHb pegko
npesbiwasn 4,5.

[na npoBEpPKU 3HAYMMBIX Pa3NMUYn Mexay BblbOpPOYHbIMN COBOKYNMHOCTAMM
3Ha4YyeHnn nHagekca LLleHHOHa XaTt4yeCcoH npeasioXus Ucnosib3oBaTb
napameTpuyeckum kputepmn CTblogeHTa:

o H-H
- vara] -vara; J?

Uncno cteneHen ceoboabl onpegensaeTcs no ypaBHEHWUIO:
(VarH, + VarH, )
(VarH! ) /N, + (VarH, )"/ N,

2

df =

rae N1 n N2 - obuwee yicno BuaoB B ABYX BbIOOpKax.



Ha ocHoBe nHaekca LleHHOHa MOXHO Bbl4MCINTL NOKasaTeslb BblpaBHEHHOCTU
E (oTHOWweHne Habnogaemoro pasHoobpasns K MakcMMaribHOMY) eLle
Ha3blBaeMbI mepon [neny:

E konebnetcs ot 0 go 1, npndem E = 1 npu paBHOM 00mMnnu BCEX BUOOB.



NHpekc bpunnyaHa

He Bcerga nccnegoBatenu cnocobHbl rapaHTMpoBaTh CllyYanHbln oTbop
0OBbEKTOB B BbIOOPOUHYO COBOKYMHOCTb UMK Y4E€CTb BCE BMAObI coobLlecTBa. JTO
nponcxoauT 0BbIYHO MU3-3a HECOBEPLUEHHBIX METOAOB OTNOBA XXUBOTHbIX.
[Mogxoosawen dopmMon MHPOPMAaLIMOHHOIO MHAOEKCA B TAKUX Criydasax MOXeT
6bITb MHOEKC BbpunnyaHa. onpegensemMbln no dopmyne:

In N!—E Inn!

N
ni -4ynucno ocoben i-toro Buga, N - obyee yncrno ocoben. 3Hayok «!» o3HavaeT

dakTopuan. Hanpumep, 4! = 4x 3x2x 1 = 24.

NHpekc bpunnyaHa gaeTt cXoaHyro ¢ nHaekcom LLieHHOHa Bennuunny
pa3sHoobpasusi, peako npesbiwas 4.5. OgHako npu oLeHKe 0gHOro U Toro Xe
MacCCuBa OaHHbIX ero BennymHa Hmxke nHgekca LlleHHoHa. 1o obbacHAeTCs
TEM, YTO B HEM HET HeonpeaerneHHoCTU, CBOMCTBEHHON nHAekcy LLieHHOHa.
BbipaBHEHHOCTL onpeaenaeTcd no opmyne:

HB =

E=—2
HB

max

NI
27 1 ki N!

= N {N/SIFT ANV s]+y

rae /N/S] - nenas gacte otHomeHus N/S, ar = N-S « [N/S] .




Mepbl AOMUHUPOBAHUA

Mepbl AOMUHNPOBAHNSA YOENAT OCHOBHOE BHUMaHME 06UNNI0 camblX OObIYHbIX
BNOOB, a He Bnaosomy borarctay. Jlyywimm cpegm MHOAEKCOB JOMUHUPOBaHUS
cuntaetca uHdoekc CumricoHa. NHgoekc CumrncoHa onucbiBaeT BEPOSATHOCTb
NpUHaONEXHOCTM NMbbIX ABYX ocoben, criy4anHo OTODpaHHbIX N3
HeonpeaeneHHo 60ﬂbLLIOI'O coobulecTBa K pasHbIiM BUOaAM, cpoplvlynom

D= Z p; , Tle p; 1074 ocobeit i-ro BHIA.

[ns pacyeTta nHagekca mcnonb3yeTcs| dopmyna, cooTBeTCTBYOLAA KOHEYHOMY
cooOLuecTBy:

n —1) l
1) |
rae n— 4ducno ocoben i-ro Buaa, a N 06Luee 4Yncrno ocoben.

1o Mepe yBenuieHuns D pa3Hoobpa3sne ymeHbluaeTcs. [loaToMy nHaekc

CumMmncoHa Yacto ncnonbaytot B popme (1 - D). OTta BennynHa HoCUT Ha3BaHUE
"BEPOATHOCTb MEXBUAOOBLIX BCTpe4" 1 BapbupyeT 1 npeaenax ot 0 go 1.

MHormne aBTopbl CYUTAIOT, YTO Haunyywas Mmepa JOMUHUPOBAHUS -3TO "MHOEKC
NOIMOOMUHAHTHOCTU": Sh=TID:

S‘}‘V . ‘\ (4"\" - l)

- Y n(n-1)




Mepa pa3Hoobpa3sna MakuHToLwa

B 1967 r. MaknHTOLW NpeanoXun paccMmaTpmpaTb COODLLECTBO KaK TOYKY B 5-
MEPHOM rMnepnpocTpaHCTBE C KoopanHatamu n1, rn2..., ns). Toraa eBKNMOOBO
paccTosiHME Takoro coobllecTBa OT Ha4ana KoopanHaT MOXXHO MUCMNOMb30BaTb

Kak Mepy ero pasHoobpasus: =
: ‘/ 1

NHpekc MakuHTola U cam no cebe He ABNAeTCA MHAEKCOM JOMUHUPOBAaHMUS,
O[jHaKo, UCMNOIb3ysi €ro, MOXHO paccyMTaTb Mepy pasHoobpasus D nnu

AOOMUHNPOBAHUA. N —TT
D=——.
N-JN
ﬂ,aﬂee MO>XHO pacCynUTaTb BblIpPaBHEHHOCTb.
N-U

N-N/S



NHaekc beprepa-llapkepa - ogHa 13 mep gomMmHUpoBaHUA. Ero
OOCTOUHCTBO - NPOCTOoTa BblvuncneHuda. Iuaekc beprepa-llapkepa Bbipaxaet
OTHOCUTESbHYO0 3HaYMMOCTb Hanbonee obueHOro BMaa:

d — Nmax
2
N

roe Nmax - yncno ocoben camoro 0bunbLHOro BUAa.

YBenunyeHune BennunHel nHagekca beprepa-llapkepa, kak n nugekca CMMncoHa,
O3Ha4aeT YMEeHbLUEHNE pa3HOobpa3nsa 1 yBenmyeHme cteneHun
OOMMHUPOBAHUA oaHoro Buaa. 'oatoMmy oObIMHO UCNONL3YETCA BEMNYMHA,
obpaTtHas nHaekcy beprepa-llapkepa 1/d.

OTOT MHOEKC HE3ABMUCUM OT KONM4YecTBa BUAOB, HO Ha €ero BENTMYMHY
oKasbIBaeT BNunsiHne obbem BbIOOPKN. HeKkOTOpbIE UccrneaoBaTenn cumuTaroT
9TOT MHAEKC Ny4llen Mepoun pasHoobpasus.



PekomeHgaunu ansa aHanusa gaHHbIX Mo pasHoobpasnto BUOOB
(no MarappaH)

PopmMmmpoBaHue BbIOOPOK. AHanusnpyemblie BbIOOPKU AOMKHbI ObITb
penpe3eHTaTUBHbI, 4OCTAaTOYHO BESIMKM N OAUHAKOBbI N0 00bemMy, choOpMNPOBaHDI
c cobnrogeHueM npaBus CriydamHoro otoopa.

[‘pacdhnyecknun aHanus gaHHbIX. Heobxoanmo noctpoeHue rpacdoMKoB paHroBoro
pacnpeneneHnsa oounun, KOTopbie NO3BONAT NOMYy4YMUTb NepBoe npeacTtaBneHue o
Moaenu pacnpeaerieHus.

[IpoBepKa COOTBETCTBUA IMNMUPUYECKUX AaHHbIX TeopeTuyeckon mogenu. B Tex
uccneaoBaHUSAX, roe oueHKa pa3Hoobpa3na AaBnsaeTcss OCHOBHOM 3a4a4ven, 4yacTto
ObiBaeT none3Ho hopmaribHO OLLeHUTb COOTBETCTBME IMMUPUYECKUX
pacnpeneneHnn oCHOBHbIM MoAesniaiM BUAOBOro oounusa. PesynsraTbl
noaATBepAnUTb C MOMOLLbLIO KPpUTEpUEB corfacus, MCNosib3ya rpacukn paHroBoro
pacnpeaeneHnsa oounun n cpaBHUBaA UX C OXXnaaemMbIM pacnpegernieHMemM. OToT
npuem npeactaBnsieT HanbonbLINN UHTEpPEC, Koraa uccnegyemblie cooblwecTBa
noaBepraroTcs AeUCTBUIO CPeaoBOro crpecca.

PacyeT nHgekcoB pa3HooOpasusa. Buaosoe 6oratctso u AOMUHUPOBaAHUE
paccunTbiBaroTca no nHaekcam Mapraneda n beprepa-llapkepa. Jlerkoctb
BbIYUCIIEHNA N UHTepnpeTaummn - ux oonbLUOe NpenmyLecTBo. 3aTem
onpeaenseTca napameTp a norapudpmmyeckoro pacnpegesrieHms. 3To ctaHaapTHas
cTaTUCTN4YecKasa mepa pasHoobpa3us. BmecTto Hero MoXXHo UCNoOMNb30BaTb UHAEKC
Q. Ina cpaBHeHUSA C pe3ynbTaTaMu UCCrneaoBaHUM APYruX aBTOPOB ObIBaeT
nosieaHbIM onpeaeneHne nHaekca LLleHHOHa.



[TpoBepka cTaTnucTudeckux rmnotes. Koraa BbI6oOpkM npeacTtaBreHsbl
HECKONbKMMW MNOBTOPHOCTAMM, AN NPOBEPKN 3HAYUMOCTM Pasnuymmn mexay
coobuiecTtBaMn He0HX0OMMO MCMNOMb30BaTb ANCNEPCUOHHBINM aHanu3. Ecnu
HenocpeaCcTBEHHO CPaBHUBAKOTCA pe3ynbTaThl ABYX UCCNEA0BaHUN, BaXXHO
MCNONb30BaTh OAMNH M TOT Xe NHAEKC pasHoobpasus. Mo aTon npuymHe 6Gonee
NHGOPMaTUBHBLIM MOXET OKa3aTbCA UCNofb3oBaHMe nHaekca LLleHHoHa, a He
NOUCK HOBbIX NoKa3aTenen, 6onee npuemMnemMsix ¢ TEOPETUYECKON U
NpUKNagHoON TOYEeK 3peHund.



AHanun3 beTta-pa3Hoobpa3ua: cpaBHEHUE, CXOACTBO,
COOTBETCTBMNE COOOLLECTB
[TokasaTenun cxoactBa, OCHOBaAHHbIE HA Mepax pa3HOobpa3sns

BelgeneHo 6 mep namepeHus 6eta-pasHoobpasnst Ha OCHOBE AaHHbIX HO
NPUCYTCTBMIO UM OTCYTCTBUIO BUOOB. q
Mepa Yuttekepa onmceiBaeTcsa qQoOpMYIou: BW =——1,

0
roe S - obuiee Yncrno BMOoB, 3aperMcTpupoBaHHbIX B CUCTEME, O - CpeadHee
pa3Hoobpa3sune BbIOOPOK CTaHOapTHOro pasmMepa, UsMepsieMoe Kak BUOOBOE
boraTcTBO.
Mepa Koyau paspaboTtaHa ansa nccnegoBaHusi UsSMeHeHnn B coobulectse Ntu

BOMNb CPEAOBOrO rPaANeHTa: 5. - g(H)+I1(H)
¢ " )
2

rae g(H) - uucno Bnaoos, npnbaBmBLUMXCS BAOMb rpadneHTa MectoobutaHmn, a
|(H) - yncno Bnoos, yTpadeHHOE Ha TOM e TpaHCEKTe.

Mepbl PaTtneaxa. YuntbiBaeT obLiee BnaoBoe 60ratctBo U CTENEHb
coBnageHusa BUOoB: v2

Br == L,

C2r+ S -

roe S - obulee Yncno BUOOB BO BCEX BbIDOPKaAX, a r - YNCNO nap BUOOB C
nepekpbiBalOLWMMCA pacrnpeaerneHmnem.




Mepa BI OCHOBaHa Ha Teopuun nHdopmauumn 1 Obina ynpolleHa ans
Ka4yeCTBEHHbIX AaHHbIX M paBHOMO pa3mepa BblOOPOK:

B; = log(T)— (1 ./"T)Z e, log(e,.)— (l /’T)ZO(] log(aj),

rAe e, - Y1Cno BLIBOPOK BAOML TPAaHCEKTa, B KOTOPbIX NpeAcTasneH (i-i Bua, a, -
BMAOBOE 60raTtcTBo i -0l BbIOOPKK, a8 T = 2 e, = 20]

Mepa 3¢ — sxcnoneHIIATBHAS opma [
B, =exp(B,)-1.

Mepa YuncoHa n lmnapl BT BKJTHOYAET Te Xe anemMeHTbl yTpaThl (1) 1
nobasneHus (g) Bunaos, YTo n mepa Koyau, HoO ctTaHgapTuU3oBaHa Ha cpeaHee
BNOBOe 60raTtcTBo BbIOOPOK a, BXoAsiLLee B Mepy YUTTekepa:

B, =lg(#)+1(H)]/ 201

Bce 6 mep cxoacTtBa Obinn oueHeHbl MarappaH rno 4-m Kputepusim ¢ LEenbLo
onpenennTb Nyywmnn nokasaTtenb. bonbLWMHCTBY KpUTEPUEB YO0BIETBOPAET

Mepa Yuttekepa Bw



OCHOBHbIe MHAEKCbI OOLHOCTU A9 BUOOBbIX CMUCKOB

CambIin npocTton cnocob usmepeHusa beta-pasHoodpasusa ABYX y4acCTKOB - pacyeT
Ko3adhpuUMEeHTOB cxoacTBa UITU MHOEKCOB OOWHOCTU. CNUCKM BUAOB MOTYT ObITb
npeacTaBrieHbl Kak KOHeYHble MHOXeCcTBa (Unu nons), anemMeHTaMmun KoTopbix oyayT

cocTaBlnsaAoume nx snabl.

Onpe;(e.ﬂelme HHIeKCOB OOIIMHOCTH

a

b

(IIHC.TIO OOmMHX BHIOB IJIA ABYX (IIHC:IO BHIOOB., HMCHIINHXCA

CIIHCKOB)

TOJIBKO BO BTOPOM CHI/ICKe)

a+tb

(oOmiee 4yHCIO BHIOB BO BTO-
POM CITHCKe)

&

(IIHCJ'IO BHIOB, HMCEKOIIHXCA
TOJIBKO B II€PBOM CHHCKE)

d
(4peIo BHIOB, OTCYICTBVIO-
X B O0OOHX CIHCKaX, HO
HMEIIIHNXCA B IPYTHX, B KOTO-
pBle BXOIUT BCEro S BUIOB)

ct+d
(4HCII0 OTCYTCTBYHOIIHX BHIOB
BO BTOPOM CITHCKE)

atc
(oOmee UMCIIO BUIOB B IIEPBOM
CIIHCKe)

b+d
(4HCIIO OTCYTCTBYIOIIUX BHIOB

B IICPBOM CHI/ICK@)

atbtctd=S
(Bcero BHIOB)




Cymma (a + d) Ha3blBaeTcHa YMCNOM coBNageHUN Ka4yeCTBEHHbIX MPU3HAKOB;
cymmy (b + ¢) Ha3bIBaOT YNCIOM HECOBMAAEHWUN; & - YUCITOM NONOXUTENBHbIX U
d - YUCIIOM OTpuMLATESNbHbIX COBMageHNN.

Bce n3BecTHble MHAEKCHI OOLWHOCTU pacnagatTcsl Ha ABe rpynrbl B
3aBUCMMOCTM OT TOrO, YYUTLIBAKOT OHU UITN UTHOPUPYIOT YUCNO OTPULATESTbHbIX
coBrnageHuin (d).

Hanbonblee 3HadeHne B 9KONOrmdecknx pabotax MMerT MHOEKCHI, B popMyrbl
KOTOPbIX BXOAUT TOSbKO YMCIIO NONOXUTENBLHBLIX coBrnaaeHun. NpeanoxeHo
OrPOMHOE YMUCNO UHOEKCOB OBLLHOCTU, HO Yalle B OMOLEHONOrMYEeCKnX,
dayHucTrnyecknx n buoreorpadpuyecknx paborax NCrnonb3yrTCs NUHAEKCHI
XKakkapa n CepeHceHa-YekaHOBCKOro. 9Tn KoadopuumeHThl paBHbl 1 B cnyvae
NOSHOro coBnageHns BnaoB coobuiecTB 1 paBHbl 0, ecnin BbIBOPKN COBEPLLEHHO
Pasnn4yHbl U HE BKMOYAKOT 0OLWMX BUOOB.



OCHOBHbIE UHOEKCHI 0BLLHOCTN, Y4UTbiBaloLWne noJioxXnTteribHble CcoBrnageHud

DOOPMVYIIA ABTOP OTHOIIIEHHE

;. =4 B> bpayn-bnanke. 1932 @ K YHCIY BHIOB B OoIbIIeM
B g CITHCKE

a - [ITaMkeBHY, 1926, CHMIICOH, [a K YHCIY BHIOB B MEHBIIEM
Tgs = bze 1943 CITHCKE

a+c
7= 2a UekanoBckui, 1900, Cepen- (¢ K cpeaHeMy apH]pMeTHUe-
S (a+ b)+(a+c) ceH, 1948 CKOMY YHCIY BHIOB B IBYX

CITHCKax

7wl (1 . KynpunackHii, 1927 a. K CpegHeMy TIapMOHHYe-
M 2la+b a+ec ,l CKOMYy YHCIAY BHIOE B IBYX
| | CITHCKaX
a Oxana,1957, bapkman, 1958

a K CpeIHeMy TIeoMeTpHUe-
CKOMY YHCIy BHIOB B [BYX
CITHCKaX

7 a Kaxkkap. 1901 @ K YHCIYy BHIOB B 00BeIH-
T, s HEHHOM CITHCKE
[ a Coxkamn, CHHT, 1963 a@ K CyMMe 9YHCIa BHIOB B
s§ =

00BEeIHHEHHOM CIIHCKE H YJHC-
71a HeoOIIHX BHIOB

KynpunHckHi, 1927

d K THCITY HeOoOIIHX BHIOB




NHOekcbl OOLWHOCTH, yYuThIBaOLWME HEraTUBHbIE COBNAAEHNS, NCNOMNb3YHTCS
0ObIYHO NPU CPaBHEHUM KOMMEKUNW, KOraa N3BECTHbI MOMHble BUOOBLIE CMUCKMU.
[TpMeHeHne aTon rpynnbl MHOEKCOB B 3KONMOrMYEeCKNX n buoreorpadunyeckmnx
nccrieqoBaHusX nogBepranocb cepbe3Hon Kputuke. OrpaHn4YeHHoe
NCNONb30BaHNE MHOEKCOB, YYMThIBAKOLLMX OTpULaTenbHble COBnageHus,
CBA3aHO C UX 60MNbLION 3aBUCUMOCTBLIO OT PeAKNX BUOOB, KOTOPbLIE MOTYT HE
nonagartb B Bblbopkn. Hanbonee pacnpoctpaHeHHbIMU N3 NHOEKCOB,
YUYUTbIBAKOLLMX OTpuLaTeNbHble COBNaaeHNS, ABNAKTCA KO3PPUUNEHT
NpocToro cosnageHus unu uHoekc Cokana-MauyeHepa:

a+d
a+b+c+d
N NHOekc obwHocTn bapoHu - YpbaHu n broccepa:

Jad +a

Y o 08 T ]
U Jad +a+b+c 2

I SM —




NHOekc 0OWHOCTU AN KONMYEeCTBEHHbIX JaHHbIX

Hanbonee npnemnemMo ncnonb3oBaHMe B 9KONOMMYECKUX nccrneaoBaHUsIxX
kKoadpdunumneHta CepeHceHa:

- - 2N
Y aN+bN

rae aN — obuiee uncno ocoben Ha yvactke A, bN - obLiee 4ncno ocoben Ha
yyacTke B, jN -cymma HauMeHbLUInX U3 ABYyX 0OUNnUin BUOOB, BCTPEYEHHbIX Ha
obounx yyactkax. Tak, ecnn 12 ocoben Bnaga obinn HangeHol Ha ydactke A n 29
ocoben Toro e Bnaa Ha yyactke B, nogcuntbeiBas jN, crniegyet B3sTb BENUYMHY
12.



