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An u3 @p KT JIOB ¢ KOMOMHUPOB HHBIM J€JIEHHEM 4 CTei

OO6cyXn 10TCSl CBOMCTB TIPOCTP HCTB -BPEMEHH B OOIIEH TEOPUM OTHOCHTEIIBHO-
CTH, T KX€ JUCKPETHOCTb M HE PXHUMEIOBOCTb NPOCTP HCTB B KB HTOBOH TEOPHH
rp BUT 1mu. IloguepkuB ercs, YyTO CBOICTB Tell B HE PXHUMENOBBIX IPOCTP HCTB X
COBII /1 I0T CO CBOWCTB MU HoJIsl P- IU4YecKHuX 4ucen u p KT JI0B. ABTOPBI IIPETIO-
J T 10T, YTO Il PTOHHBIE JIMBHM, MCIOJIb3yeMble ISl ONUC HUS B3 MMOIEWCTBHUIl U -
CTHI M SiIep NpPH BBICOKUX BDHEPIUSAX, MMEIOT (p KT JIbHYIO CTPYyKTypy. B p OGote
P ccMOTpeH Mex Hu3M (opMHPOB HHUA (p KT 1 C KOMOMHHUDPOB HHBIM JEllEHUEM
y creil. [Ipennoxen momucuumpos HHbIN SePaC-metom amd H W3 T KuxX ¢p K-
T 50B. P cecm TpuB torcs BC-, PaC- u SePaC-meromer onpenenenns ¢p KT JIBHOM
P 3MEpHOCTH W JAPYIUX X p KTEPUCTHK (Pp KT JIOB (KOJIMYECTB YPOBHEW W Belu-
YMHBI OCHOB HH4 (POPMHUPOB HU (pp KT 11 ). YcT HOBIeHO, uto SePaC-meron nmeer
NpeuMylecTs il H jau3 ¢p KT JIOB ¢ KOMOMHUPOB HHbBIM JIEJIEHHEM 4 CTeH.
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Properties of the space-time in general relativity, as well as discrete and non-
Archimedean space in the quantum theory of gravity are discussed. It is noted that
the properties of bodies in non-Archimedean spaces coincide with the properties
of the field P-adic numbers and fractals. The authors assume that parton showers
used to describe interactions of particles and nuclei at high energy physics have a
fractal structure. A mechanism of formation of fractals with combined branching is
studied. A modified SePaC analysis method is suggested. The BC, PaC and SePaC
methods of determining the fractal dimension and other characteristics of fractals are
compared. It is found that SePaC method has advantages for analysis of fractals
with combined branching.
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BBEJEHHE

B o01meit Teopur OTHOCUTEIEHOCTH IIPOCTP HCTBO SIBIISIETCS YETHIPEXMEPHBIM
TICEBIOPUM HOBBIM MHOTOOOp 3HeM, CTPYKTYp KOTOpPOTO B M JIOH OKpPECTHOCTH
K XJIOH TOYKH OOJI T eT CBOWCTB MM €BKJIUIOBOrO MpocTp HCTB [1]. DTH cBoii-
CTB OIKCBIB IOTCSl KCHOM MH dJIeMEHT pHoOil reomerpuu [2]. Ocoboe 3H veHHe
nmeer KcuoM Apxummen . OH p ccM TpPHB €T M3MEpEeHHe P CCTOSHHSA K K CP B-
HEHUE ByX M CIIT OOB, OOMH U3 KOTOPBIX MOXET ObITh CKOJb YTOJHO M JIBIM.
P ccrosHus B eBKIMIOBON TreOMETpHM H JIUTUYECKH OIKCHIB FOTCS BEIIECTBECH-
HBIMH YUCJT MH.

B KB HTOBOW TEOpUM TI'D BHUT LMK CYLIECTBYeT MHHHUM JIbHBIH M cuT 6 —
IUT HKOBCK 4 wiH (~ 1073% m) [3]:

hG
lpr =1\ —, (1)
¢

e h — mocrosuu s Iln HK , ¢ — ckopocTh cBeT ¥ (G — TIp BHUT LIMOHH $
noctosHH 4. CylIecTBOB HHE NPEeNesbHOrOo M CIIT 6 [p; O3H 4 €T HeBO3MOX-
HOCTb U3MEDPEHMS! P CCTOSHHI MEHbLIE IUT HKOBCKUX. DTO 3 KJIIOUEHUE NPUBETIO
K TOSBJICHUI0O HOBOTO NPENCT BJIGHUS O HE PXHUMENOBOCTH, IMCKPETHOCTH IPO-
CTp HCTB U 3 BHCUMOCTH €ro p 3MepHOCTH OT M cmr 6 . [l p ccMoTpeHus
HEEBKJIMIOBBIX, HE PXMMEIOBBIX MIPOCTP HCTB HEOOXOAMMO HCIIONB30B Th APYIYIO
YHUCIIOBYK cucTeMy. HOB s cuCTeM JOMXH OTpP X Tb CBOWCTB OIHCHIB €MOIO
€10 IIPOCTP HCTB . B He pXMMETOBBIX NMPOCTP HCTB X OKPECTHOCTU TOYEK HE MO-
TYyT 4 CTUYHO NEpeceK ThCs: MO0 OOH OKPECTHOCTb COAEPXKHUTCS BHYTPU OpY-
roii, 1M60 OHM He mepecek 0Tcsa. T Kylo Hep pXHUUYECKYI0 CTPYKTypy MMeeT Moie
P- muueckux uucen. B.Bn mumupos u M. Bonosuu mnpeuioXuin HUCHONb30B Th
P- pgndeckue 4Mcn 71 OMUC HUS HE PXUMEOBBIX IPOCTP HCTB H M JIBIX M C-
wr 6 x [4]. P- guyeckuiél H M3 NPUMEHSETCS HE TOJIbKO Uil Onuc Hus hu-
3UKUH M JIBIX M CIUT O X, HO U B P MK X TP AMLMOHHOH (DM3UKU [JI ONUC HHSA
CIIOXHBIX CHUCTEM THUIl CIIMHOBBIX CTEKOJ Wi ¢p KT joB [4,5].

JIiist onuc HUS B3 MMOIEWCTBUH Y CTHILL U siiep ITPU BBICOKHMX DHEPIUAX Hpen-
MOJI T €TCSl, YTO MPOLIECCHI P 3BUTHS I PTOHHOTO JIMBHS U IPOHH3 LM OOJ [ 0T
¢p KT nBHOU CTPYKTYpOil. B mpormecce p 3BUTHS TUBHA POAWTENBCKHUI I PTOH G
U3Myd eT AB Jo4epHux I proH b u c. T Kol Mex HHU3M p CIUEIJIEHUs TTOBTO-
psiercs U1 BCeX JOYEPHUX I PTOHOB. YIVIBI P CIIEIUIEHHs II PTOHOB OIP HUYEHBI



(B < © < 0;) u ynopsamouensl: 0,0, < O, [6]. P crpemenenue n p-
TOHOB JIMBHA B IICEBIOOBICTPOTHOM IIPOCTP HCTBE HE SBISETCS OJHOPOOHBIM H
06p 3yer ¢pp KT J1. ONHON U3 OCHOBHBIX X P KTEPUCTUK Pp KT JI , OTP XK HOIIUX
JIMH MHKY ero o0p 30B Husl, sBiIseTcs pp KT JbH g p 3MepHOcTh Dp. OH  orpe-
Jensietcsd K K 3H 4YeHHe O, pU KOTOpoM Mep Mjs MHOXECTB HMEeT KOHEYyHOe

3H yeHue [7]:
N

R T §
M; = lim 1?;211.. )

3necy onep Top inf 03H 4 €T MMHHMM JIbHOE M3 BCEX BO3MOXHBIX MOKDBITHH K
P CCM TPUB €MOrO MHOXECTB ; {l;} — I METpbI I POB MOKPHITHS, HE IPEBbI-
Ul IolIMe 3H YeHus €. Beanmuun e ! H 3bIB eTcd p 3pelleHHeM.

Jns  onpenenenuss p KT JIBHBIX P 3MEPHOCTEl MHOXECTB M HPOLECCOB
UCTIONB3YIOTCS p 37MuuHble MeToapl: moxcueT kietok (BC) [8, 9], perymsapms -
muu [10], R/S HOopMupoB HHOro p 3M X [11], M KCHMYMOB MOJyneil BeHBIIeT-
npeodp 308 Hud [12]. B p 6ot x [13] u [14] npemnoxeHsl HOBbIe METOABI (P K-
T JILHOTO H JH3 : Meton P- muueckux nokpsituii (PaC) u meToxn cucteM yp BHe-
Huil P- nuueckux nokpeituil (SePaC) coorBercTBeHHO. OTMETUM, UTO 3TH METOLBI
UCIIONB3YIOT IIOKPBITHS C OCHOB HUEM P, KoTopoe MOXeT ObITh K K MPOCTBIM, T K
U cOCT BHBIM 4ucioM. T Koii moxxox Gosee onp BA H ¢ JITOPUTMHUYECKOH TOUKH
3pEHHd, UCIIONb30B HHUE B K YECTBE OCHOB HUS TOJIBKO ITPOCTBIX YMCENT SBIISIETCS
Y CTHBIM CITyd €M JI HHBIX METOJIOB.

B H crogiueii p 60Te mpoBeeH H U3 ¢p KT JOB C KOMOMHUPOB HHBIM Jie-
nenneM 4 creid BC-, PaC- u SePaC-meton mu. B p 31. 1 mpenct BieH cueH puii
Il PTOHHOTO JIMBHS C IIOCJIEAYIOUIel JIPOHM3 LIMei, KOTOPbIid NMPUBOAUT K 00p -
30B HUIO T KOro tun p Kt j1oB. B p 31.2 1 HO onuc Hue BC-, PaC-meronos
U TpetoxeH Moaucuupos HHbI SePaC-metonm ama H nu3  ¢p KT JIOB ¢ KOM-
OMHMPOB HHBIM JIeIeHHEM 4 cTeil. BplOOp onTuM JIBHBIX 3H YEHMI I p METpOB
P CCM TPHB €MBIX METOZOB IPOBEZeH B p 34.3. H iineHHbIe 3H YeHus 3TUX I p -
METPOB IO03BOJISIIOT BOCCT HOBUTH (OpP KT JIBHYIO P 3MEPHOCTbH, KOJIMYECTBO YPOB-
Hel W CTPYKTYpy p KT JI C M KCHUM JIbHOW adppekTuBHOCTBIO. B p 31.4 06cy-
K I0TCSl PE3yNIbT Thl CP BHHUTEJIBHOIO H JIW3 p KT JIOB ¢ KOMOMHUPOB HHBIM
nenenueM 4 creil, nomydeHabie BC-, PaC- u SePaC-meron mMu. OcHOBHBIE BBIBOIBI
chOpMyJINPOB HBI B 3 KJIIOYEHHH.

1. TAPTOHHBIE JINBHU U NPOLHECC AIPOHU3AIIMUN
KAK ®PAKTAJIBI

OnuireM cxXeM THYHO CLEH PUH p 3BUTHS I1 PTOHHOTO JIMBHS W IPOLECC
APOHU3 LIMHM, NPUBOIAIIMIA K (pp KT JIy ¢ KOMOMHHPOB HHBIM JIeJIEHHEM 4 CTeid.
H puc. 1 npuseneHsl nepsble TPH YPOBHS T KOro (p KT J1 B 7)-IIPOCTP HCTBE.
OO611 CTh MPOCTP HCTB , JOIMYCTUM s WId OOp 30B HMSI POAUTENBCKOTO I PTOH ,



YCJIOBHO JAENUTCS H IATh 4 creil. g JOoYepHUX I PTOHOB AOIyCTHMBIE AU 1T -
30HBI COCTOSIT U3 OAHOH (BTOPOM IO CYETY) U JABYX (TPETbE, UETBEPTOM) U CTEM.
OTau4Me IIMH 3TUX JU I 30HOB CBS3 HO C TE€M, YTO LIMPHUH JIMBHSI A P 3HBIX
TUIIOB II PTOHOB P 3JIM4H . B p ccM TpHB eMOM IIpUMepe JOIYCTHMBIE JUI I P-
TOHOB U I1 30HBI CONpPUK C I0TCS, IO3TOMY H PHUC. 1 BUIEH eIUHBIA QU I 30H,
COCTOSIIMIA U3 TpeX U cTell (BTOpoid, TpeTbell 1 ueTBepToii). K Xablil u3 1 pToHOB
UHULIUUPYET JINBEHb HE3 BHCUMO,

Vposenb dpakrana
[\S}
T

MO3TOMY P CIIEIUIEHHE EJUHOIO 4
IM T 30H HPOMCXOAUT IO MPHUH-
LIy HEe3 BUCHMOIO JIEJICHHMSI. II I .
JlorycTUMBIi U 1 30H IS BTO- i
poro I1 pTOH , COCTOSIIMHA U3 - -
IBYX Y CT€H, P CCM TpUB €TCA
K K eIuHbIii OOBEeKT, T.e. Ipo-
UCXOJIUT €T0 3 BUCHMOE JIENICHHE. -_
IMpenmon r ercd, 4TO 1 JbHEH- Ir
1Iee p 3BUTHE JIMBHSI U JPOHH3 -
s coxp nor erpyrypy s mor- o | N
HeHus 1)-npoctp HCTB . Ilpouecc N
thopmupos Hust T Koro ¢p KT I -5 -4-3-2-101 2 3 45
OymeM H 3bIB Th PEryJSpHBIM C n
KOMOMHUMPOB HHBIM (3 BUCHMBIM  Pyc. 1. 3 BUCHMOCTb JOMYCTUMBIX W I 30HOB
U He3 BUcUMBIM) geneHueM. H  p-mpoctp Hete ot yposus ¢p kT n, momyu e-
K XIOM YpPOBHE IIPOCTP HCTBO MOIO COCOG0M KOMOMHHPOB HHOTIO JIEJICHHS
memwiocs H M 49 creit, Konuye-
CTBO KOTOPBIX H P 3HBIX M CIIT 0 X W3MEHAeTcd K K CTeleHb OCHOB Husl P:
M = P" e n =0,1,2... B npumepe, nok 3 HHOM H puc. 1, ocHoB Hue P
thopMupos Hug ¢p KT 1 p BHO 5.

H nomHuMm, 4to bp KT JIBH 51 p 3MEPHOCTb MHOXECTB — 9TO BelnmduH Dp,

pu KoTopoii Mmep (2) koHeuH . [l p ccM TpuB eMbIX ¢p KT 0B Dp gBisgercs
pelleHnueM yp BHEHHA

v,
Soabr =1, 3)
i=1

3pech N} — KoIM4eCTBO MPOGHUKOB (IOMYCTUMBIX M I 30HOB) MEPBOTO YPOBHS;
d; — p 3Mepbl NMPOOHMKOB (JUIMHBI JOIYCTUMBIX AW II 30HOB), MOKPBIB IOIIMX
¢p xr 1H mepsoM ypoBae. [t ¢p KT 1 , TOK 3 HHOro H puc. 1, yp BHenue (3)
umeer sun (1/5)PF + (2/5)PF = 1. Ero pewenue — 3H yeHue ¢p KT JIbHOI
p 3mepHoctd Dy ~ 0,5639... @p KT 1 X p KTepU3yeTCsd 4 CTO U KJIETOUHOM



p 3MepHOCTBIO Dy, onpenensieMoil o opmysie

. InN(9)
Dy =—lim =5

“)

3neck N () — KonuuecTBO MPOOHKUKOB p 3Mep §, MOKPBIB IOIIKX 00bEKT. B cite-
JyIOILIEM P 3[eNe MPUBEAEHBI OMMC HUS METOJOB, OCHOB HHBIE H P 3HBIX OIpe-
JEeHUIX P 3MEPHOCTH.

2. METOIbI ®PAKTAJIBHOI'O AHAJIN3A

B aToM p 3menie o HO Kp TKOe onuc HUe MeToaoB nojcuer kierok (BC) [9],
P- mmueckux mokpertuii (PaC) [13], mpemmoxen momucdummpoB HHbd SePaC-
METOJl CHCTEM yp BHEHHMH P- IMYecKUX MOKPHITHH U IIPOBEIEHO CP BHEHHE 3THX
METOJOB C LEJbI0 OINpeieNieHns] H Wiydlield 9(p(eKTHBHOCTH BOCCT HOBJIECHUS
tp KT JBHOH P 3MEPHOCTH, KOJIWYECTB YPOBHEW M OCHOB HUS (DOPMUPOB HHS
¢p xT 1 . B H nu3e ucnonp3oB H H 60p, BKIIIOY 0muid 646 TecTOBBIX p KT -
JIOB ¢ KOMOMHHMPOB HHBIM JIEICHHEM Y CTeii, CONepXK NN BCEBO3MOXHBIE P 3HO-
BUOHOCTH (pp KT JIOB IO OCHOB HHUIO P = 4-7.

2.1. Meroapl moacyer KJeTOK U P- nudeckux mokpeituii. B BC- u PaC-
meron x [13] ¢p xT 5mpH 9 p 3MepHOCTh Dp ompemensercd K K I p MeTp H -
ko 3 Bucumoctu N ~ MPF B i xawr nor pudmuyeckom M ciut Ge. 3aech
M u N — xonuyecTBo OMHOB M HEHYJIEBbIX OMHOB B H Oope p clpenesieHHl
UCCIIelyeMOl BeJuYMHbl. B p crpemeneHusx H Gop KoimuectBo GunoB {M;}
u3MeHsieTcss 1o crerentomy 3 kony (M; = (P)%,i = 0,1,2...), T.e. u 6op
apnsieTcss P- qudeckuMm nokpsitueM. B BC-metone, X K Ip BWIJIO, HCIHONB3YeTCS
HMOKpbITHE ¢ OcHOB HueM P = 2, B PaC-merome — p 37IM4HBIE MOKPBITHS
¢c P =2,...,Pnhax. B ciyu e, eciu X2 JINHEWHOM IMIPOKCHUM LIUM 3 BUCH-
moctd In N or In M MeHblue 3 X HHOrO 3H YeHMs I p MeTp X3, ., TO H Gop
P CCM TpUB €MBIX Y CTHIl CYMT eTcsd ¢p KT JIOM C OCHOB HUEM P u p 3MepHO-
ctpi0 D . KonuuecTso ypoBHei ¢p KT 1 onpenessercs 10 YCIOBUIO H CBIIEHHS
N(lev, P) = N(lev + 1, P). Ormerum, uro BC-meTon uMeer OIMH CBOGOMHBIN
np merp %, PaC — 1B 1 p MeTp : 3H YeHHME OCHOB HHS M KCUM JIHOTO
P- nnueckoro MOKpHITHS Pax B X3,. JeT JbHOE OIKMC HHE METOLOB IPHBE-
neHo B [13].

2.2. Meton cucrem yp BHeHmii P- nudyeckux nokpseituii (SePaC). SePaC-
METOJ OCHOB H H OIlpe/ieJIeHnl (p KT JIbHOW p 3MepHOCTH D K K pereHuu
CHCTeMBl Yp BHEHUI P- juuecKux IOKpbITHIL. B Merome H JIM3MpYyIOTCS THIIO-
Te3bl (POPMUPOB HUS (Pp KT JIOB METOJ MM 3 BUCHMOTIO U HE3 BHCHUMOTO JIEJICHUS.
P 3mepHOCTB bp KT J10B ¢ KOMOMHUPOB HHBIM JieJieHHeM OyIeT olpenensiTbcsd H
OCHOBE MPUOJIMKEHHOTO ONUC HUS C UCIIONB30B HUEM P CCM TPUB €MBIX THIIOTE3.



Mopuduk nus cr Hn prHoro SePaC-meron [14] cBoguTcs K CHATHIO Orp HHUYe-
HUH H CTENEHHYI0 3 BUCHMOCTb YHMCIl HEHYJIEBBIX OMHOB M YMCI [JOITyCTUMbIX
I T 30HOB OT ypoBHA ¢p KT 71 . Momuuuupos HHbIN SePaC-meron coctout u3
CIIEYIOIUX I TOB.

1. Cuuteie Hue 1 HEbIX {X = 7),...}, H HpUMep, NCEBIOOBICTPOT Y CTHUIl B
COOBITHH.

2. [Moctpoenre H 60op P- muueckux mokpeituii: P = 3, ..., Pyax. g K -
KIOT0 M3 TOKPHITUI NPOBOANUTCS H JIM3, OMHC HHBIM B MOCIEAYIOUINX MyHKT X.

3. Moncuer xonuyecTB HeHyneBbix 6uHOB N (lev, P). VcioBue H ChlleHUs
N(lev, P) = N(lev + 1, P) onpezesser KOau4ecTBO ypoBHeill Ny = lev. P c-
cMOTpeHHe - nuuecKoro MOKpBITHS MpeKp I ercs, ecinu Niey = 1.

4. [loouepenH 51 MPOBEPK THIIOTE3bl PETYISPHOTO HE3 BHCUMOIO M 3 BHCH-
MOTO AEeNeHMs, CIyd WHOTO He3 BUCHMOTO M 3 BHCHUMOTO jejieHus 4 creil. s
TUIIOTE3 PETyJSIPHOTO AENIEHHS! MPOBOAUTCS H JIM3 M CCHBOB CTPYKTYP M CHCTEM
yp BHeHmi (5). g rumote3 ciayd HHOTO AENEHUS MPOBOOUTCS H JIM3 CHCTEM
yp BHeHwuii (5). Ilpu BbIIOTHEHNM OIHON W3 TMIIOTE3 OCT BIIWECS HE P CCM TpHU-
B IOTCH.

5. JIns MOATBEPAMBILEHCS TMIOTE3bl ONPENENIIOTCS X P KTEPUCTHKH hp K-
T J1 : 3H 4eHHs OCHOB HUS P, pp KT 1bH 9 p 3MEPHOCTb, KOJIMYECTBO YPOBHEH,
TUI (p KT 71 , KOTMIECTBO U JUTHUHBI JOMYCTUMBIX I I 30HOB, T KXE€ CTPYKTYP
peryispHbIX p KT JIOB.

AH M3 M CCHBOB CTPYKTYyp noxapoGHo onuc H B p 6ote [14]. Hirke npuse-
JIeM CXeMy H JIM3 CHCTeMbl yp BHeHUHl (5).

1. Ompepenenue koimdectB Ndjey U IHH djey HOMYCTUMBIX IH I 30HOB
st p ccM TpuB emoit runortessl. Eciu Ndjey = 1, TO p CCMOTpEHHE TUIIOTE3bl
IpeKp I eTcs.

2. CocT BJIEHHE CHCTEMBl Yp BHEHUI M BBIYMCICHHE 3H YeHUH ¢p KT JIbHOM

P 3MEPHOCTU DIFCV METOAOM JECJICHUS OTPE3K IMOIOJI M IJid K XKAOI'0 YPOBHA:

Ndjev
Dlev
> (dien)PF =1 ()
i=1
3. OmnpenenieHue CpeiHero 3H YeHus (DIF‘“’> Y OTKJIOHEHUS OT CPEIHETO ADIF‘“’:

Niev
(DEY) = > (DE)/Niew,  ADE' =[(DEY) — D" (6)

lev=1

4. ITpoBepk ycl1OBHS TOUHOCTH ADIFC" / (DIF"V> < Dev, koropoe onpepenser,
aBsercs i H 6op 4 crur ¢p KT oM ((PUKCHPYIOTCS OCHOB HUe P u p 3Mep-
Hocth D = (DY),

Momudurnpos HHbIN SePaC-MeTom mMeeT 1B 1T p METP : 3H YeHHE OCHOB -
HHUS M KCUM JIPHOTO P- 1nu4eckoro MmOKpBITHS Ppax U NPENEbHOE OTKJIOHEHUE
ot cpenHero Dev.



3. MOMCK ONTUMAJILHBIX 3HAUYEHUI
IMAPAMETPOB BC-, PaC- U SePaC-METOJ10B

K xnprit 3 merogos BC, PaC u SePaC umeer cBom m p merpsl. Bpibop
OIITMM JIBHBIX 3H 4eHWil 9TX 11 p MeTPoB (X% ., Pmax, Dev) nossossier ompe-
JEMUTh KOJIMYECTBO BOCCT HOBJIEHHBIX (Op KT JIOB, UX P 3MEPHOCTb, KOIUYECTBO
YPOBHEH U OCHOB HHE C M KCHM JIbHOH 3(ppeKTUBHOCTHI0. DHPeKTHBHOCTH BOC-
CT HOBJIEHHS! (pp KT JI OIpeNessieTCs BbIp XEHUEM

Eﬁfrac - Nfrac/Ntcsty (7)

e Niest ¥ Nfrac — KOJIMYECTBO P CCM TPUB €MBIX U BOCCT HOBJIEHHBIX p KT -
soB. DddexruHocts Effyy v xoxnenus senuuunsl V = Dp, Nioy, P 3 BUCUT OT
omnbku ee BoccT HoBieHus! Erry = (V' — Viest)/ Viest:

Effy =1 — |Erry|, eciu |Erry| <1,

()
Effy =0, ecn  |Erry| > 1.

HcrunHoe 3H veHue Benu4uHbl V' p BHO Viegt. IlonmH s adpdpextrBHOCTD Effyos
BBIp X eTcs yepe3 3(ppeKTUBHOCTH BOCCT HOBJIEHUS (Pp KT JIBHOH p 3MEpPHOCTH,
KOJIMYECTB yPOBHEH M OCHOB HUS Cllefylomei (opmyoii:

Effyo, = Effp, - Effy,, - Effp. 9)

3.1. Onpenenennie 1 p Merp P, 11 PaC- u SePaC-meronos. IT p metp
Pax SIBISETCd M KCHM JIBHBIM OCHOB HHEM B P CCM TPHUB €MbIX P- AUYECKHX
nokpeitusix. OH ompenendercs 3H YeHHEM, COOTBETCTBYIOIIMM H 4 JIy IUT TO B
3 BUCHMOCTH (yHKUMH ADeyy OT BeNMMUMHBI Py WIS BCeX 3H 4eHHid X3 W
Dev mg PaC- u SePaC-meromos [15,16]:

ADqyi = ADDF + ADN]cv + ADp. (10)

3necs ADp,, ADn,,, 1 ADp — p 3HOCTb p CHpefeseHuil o BenuuuH M D,
Niey u P coorBercrBento. 3 Bucumocth QyHKuuu ADgyy OT 11 p MeTp Ppax
MpPEeJACT BJICH H puc.2. BpiOOp onTuM JIBHOTO 3H YeHUs P,y MPOBOAWICS B
1 30He Pax = 3—19. Ina PaC-meton 3H venme 3 = usmensercs or 10713
1o 2,5. Iu m 30H 30 yenuil m p MeTp Dev mng SePaC-meton OXB THIB €T WH-
teps 1 o 1076 10 0,9. 3 BucuMOCTb A Deyt (Prax) 118 060MX METOIOB UMEET
wi 10 npu Ppax = 7—19. 30 yenust ADgy v 1wt to 0,04 g PaC- u 0,0 s
SePaC-MeTomoB yK 3bIB IOT H HE3H YUTEJIbHOE U3MEHEHHE U OTCYTCTBHE U3Me-
HeHuii hopMel Bcex p copepeneHuil. OtMeTuM, 4To0 Ppax = 7 (H 9 JI0 LT TO)
ABJISAETCS M KCUM JIBHBIM 3H YeHHeM OCHOB Hus P copmupos HUI (pp KT JOB.

T kuM 06p 30M, OIpe/e/ieHbl ONITUM JIbHBIE 3H YEHHS I P METP Ppax = 7
st PaC u SePaC-MeTooB [Uis McciieayeMoro O6J0K 1 HHbIX.
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Puc. 2. 3 Bucumocts PyHKIHMH ADext OT 11 p MeTp Prax 111 PaC- () u SePaC-me-
TO110B (6)

3.2. Ilpouenyp mouck m p merp X2 s BC- u PaC-meronos. II p -
MeTp X3, OIpeienser: sBISETCS JU P CCM TPUB eMblil H 60p X HHBIX P KT -
som? Ilpouenyp mnoumck ororo n p mMerp mnd BC- u PaC-meronos omuc H B
cr ThaX [15,16]. 3H udeHue Xﬁm mist BC-meTon H XomuTcd K K MHHUM JIBHOE
3H YeHHWe H BTOPOM IUT TO 3 BUCHMOCTH ADext(Nxﬁm)' BoiGop 30 wenus 7
s PaC-meton umeer oco6eHHOCTH U1 (pp KT JIOB C HE3 BUCHMBIM [15] u 3 BU-
CUMBIM fesieHueM [16], mig H au3 ¢p KT JIOB C KOMOMHUPOB HHBIM JIeJICHUEM
Oynmer onpenesneH Hike. OH OCHOB H H Cp BHHUTENIBHOM H JIM3€ 3 BUCHMOCTEM
ADegyt u apdexrusHocTeil BoccT HOoBlIeHUs Effga., Eff p,., Effy, , u Eff p o1
3H veHmst x5, .

Huist 060MX METOOB OO/ CTh M3MEHEHHsI I P METP X% OXB ThIB €T U II -
30H o 10713 10 2,5. B T 6/1. 1 10K 3 HO COOTBETCTBHE MEXIy HOMEPOM Nxﬁm

¥ 3H vyenneM xZ . H puc.3, npusegen 3 sucumocts GyHKUMH ADey OT HO-
mep N, > il BC-meton . W3 3TOro pucyHK BHAHO, YTO H 4 JIO BTOPOIO IU1 TO

COOTBeTCTByeT 3H YEHHIO N 2 = = 25 wm X12im = 0,5. 3 Bucumoctu Effg...,
Effp,., Effy,, u Effp or N > (puc.3,0) MOATBEPXKI IOT HPOLEAYPY BBIOOD ,
MPUBOISLIYIO K M KCUM [bHBIM 3H YeHUAM ahekTHBHOCTEN.

OnpegenuM A jee 3H yenne xi = mia PaC-meron . H puc.4, 1ok 3 H
3 BUCHMOCTb (PYHKIMU ADeyy OT HOMEp NXﬁm‘ OH wumeer AB IU1 TO HpHU
Nxﬁm =1-7Tn Nxﬁm = 27—45, T KXe IUKHU IIpU Nxﬁm =11mu NXﬁm = 21.

AH JOrMYHOE MOBeieHne (PyHKIINU ADext(lez_ ) wis PaC-meron H Gmrox j10Cch

W Opu H Ju3e ¢p KT JIOB ¢ 3 BUCUMBIM JesnienneM [16]. T M xe 6buto 1Mok 3 HO,
4TO Ut BbrdHCIeHHs Dy BenmuduH N, 2  ONpeiesieTcs K K 3H YCHHe, NpH KO-

TopoM A Dyt UMEET BTOPOii IHK. ILHH BHIUUCIIEHHS Niev 1 P BenuyuH lea
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lim
Puc. 3. 3 Bucumoctu GyHKuuH A Deyxt (a) U 9(pPeKTHBHOCTEH BOCCT HOBIEHHS X P KTe-
puctux ¢p KT JIOB (6) OT HOMEp I P METp Nx%’- s BC-meron

im

T omun 1. CooTBeTCTBHE HOMED Nxﬁ M BeIMYHHBI Y5,
1m

Ny 1 2 3 4 5 6 7 8 9
Xén | 107 1072 | 107 [ 107 | 107° | 107® | 1077 | 107¢ | 1075
N 10 11 12 13 14 15 16 17 18
Xém | 107* | 1072 | 0,01 0,02 | 0,03 | 0,04 | 0,05 | 0,06 | 0,07
N 19 20 21 22 23 24 25 26 27
Xim | 0,08 | 0,09 0,1 0,2 03 | 04 | 05 0,6 0,7
N 28 29 30 31 32 33 34 35 36
X2 0,8 0,9 1,0 1,1 1,2 1,3 1,4 1,5 1,6
N 37 38 39 40 41 42 43 44 45

o 1,7 1,8 1,9 2,0 21 | 22 | 23 | 24 | 25

p BH NEpPBOMY 3H YEHMIO, MeXIy AByMs nuk Mu. Iloenenue scdexkTusHOCTEH
socer Hosnennst Effp,, Eff ., n Eff p or nomep N2 (puc.4,6) nox 3sis er,
YTO YCT HOBJICHHBIH p HHee BBIOOP Nxﬁm MOATBEPXI eTcsd W MId ¢p KT JIOB C
KOMOMHHPOB HHBIM AeneHneM. M Kcum JsibHoe 3H yenue Eff b v Gmion ercs npu
Nxﬁm = 21—45. DT0 COOTBETCTBYET BHIOOPY Nxﬁm = 21. 3H uyeHnd adexTus-
Hocreit Eff v, u Eff p M kenm smbibt mpu N2 = 13.
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Puc. 4. 3 Bucumoctu Qyskuun A Deyxy (a) 1 9pPeKTHBHOCTEH BOCCT HOBJIEHUS X P KTe-
puctuK ¢p KT JIOB (6) OT HOMEp II P METp Nx[“« s PaC-meron

1m

3.3. IIpouenyp mouck mn p Merp Dev maaa SePaC-meron . II p metp
Dev ompenenger: sBnsgerca iu H Oop o HHbIX ¢p KT jgom? [Iponenyp momck
3H yeHust Dev nogpo6GHo onric H B p 6orte [15]. D10 3H YeHHe H XOIUTCS NpH

H suze yHKIUH A Doyt (Dev) mis moiyd4eHHOro ONTHM JIBHOTO 3H YEHHS II -
p MeTp Prax. 061 cTb usmMenenus Dev coorserctsyer au m 30y 1076-0.9.
B T 611.2 1OK 3 HO COOTBETCTBHE MeX1y HOMepOM Npe, 4 3H yenuem Dev. H
puc.5, mnpuBeneH 3 BUCUMOCTb ADgyt oT HOMep Npey. OH HMeeT AB MUK
pu Npey = 8—11 U Npey = 18, T kxe w1 To npu Npey = 20—25. D11 0co-
6eHHOCTHU ompefendiorcd noseaenueM addextusHocteil Effpac, Eff p,., Eff &, u
Eff p or HOMep Npey T H GOPOB, BOCCT HOBJICHHBIX K K (Pp KT JIbI (pHC. 5, 6).
Boictpeiii poct Eff,. H Omion ercs npu Npey = 8 — 11, 4T0 COOTBETCTBYET IEp-
BoMy 1KY (PYHKUHH A Dyt (Npey). IIpu Npey = 18 (BTopoii muk (yHKIHH

T omung 2. CoorBercTBHE HOMEP Npey H BeIHYHHBI Dev

Nbev 1 2 3 4 5 6 7 8
Dev [107¢ | 107 | 107* | 2-107* | 5-107* | 107 | 2-1073 | 5-1073
Npev 9 10 11 12 13 14 15 16
Dev | 0,01 | 0,02 | 0,03 0,04 0,05 0,06 0,07 0,08
Npev | 17 18 19 20 21 22 23 24
Dev | 0,09 | 0,1 0,2 0,3 0,4 0,5 0,6 0,7
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Puc. 5. 3 Bucumoctu ¢yHKuMu ADeys (a), addextusnocreit Efftrac, Eff ., Eff vy,
Eff p nnist 1 Gopos, BoccT H BIMB eMbIX K K (p KT Jibl (6), 1 BceX H GOpPOB 1 HHBIX () OT
HoMep M p MeTp Npev W SePaC-meron

ADqxt(Npev)) 30 uenne Effy,c M kKcuM bHO W H GIIIOI €TCSI pe3KOe 11 IeHHe
Eff y,,, u Eff p. TIpu Npey = 20—25 (1 10 QyHKUMH A Dyt (Npey)) BUIHO H -
chlllieHUe 3TUX dpekTuBHOCTEi. [IIs ornpeniesieHnst 00JI CTH ONTUM JIBHBIX 3H ue-
HUif T p MeTp mpo H jmsupyeM 3 Bucumoctu Eff p ., Eff . u Eff p or HOMep
Npey IS BceX TECTOBBIX (p KT J10B (pHc. 5, 6). M KcuM spHoe 3H uenue Effp,
H Omion ercs npu Npey = 18—25. D10 cOOTBETCTBYET 00 CTH CIIp B OT BTO-
poro muk B 3 BUCUMOCTH ADeyt(Npey) (pHC.5, ). M KCUM JIbHBIE 3H YeHHs
Eff n,,, 1 Eff p cooTBeTCTBYIOT Npey = 12 — 16 (0611 CTh MeXIy ABYMS UK MU B
3 BUCUMOCTH A Doyt (Npey)).

10



Ver noeieHo, uro ecnu QyHKIUS A Doyt (Npey) UMEET IB [HK H IUI TO
cop B, TO [UIS BBIYMCIIEHHA (bp KT JIBHOM p 3MEpHOCTH BenuuuH Dev BbIOUp -
eTcd K K 3H YeHHe Ul BTOPOro MWK . MUHHM JIbHOe 3H 4YeHHe Dev mepexm BTO-
PBIM IIMKOM HCITONIB3YETCS WIS H XOXAEHHI KOIMYEeCTB YPOBHEW M OCHOB HUS.

4. CPABHEHHUE BC-, PaC- u SePaC-METOJ10OB

B 1 HHOM p 31ene NPeAcT BIIEHBI Pe3Y/IbT Thl Cp BHEHUS 3(pPeKTUBHOCTEH U
ommbOK BOCCT HOBIIEHUS (p KT JIBHOM p 3MepHOCTH Errp,, KOJIMYEeCTB ypoB-
Heil Erry, , u ocHOB Hus Errp, momydennsie npu H jmse ¢p KT JIOB ¢ KOMOH-
HUpOB HHBIM jeneHneM BC-, PaC- u SePaC-meton mu.

H puc.6, mpencr BIeHO HOPMHPOB HHOE p crpesesieHne ommoOku Errp,
114 BC-meron . M KcumMyM p crpenesieHHs HMeeT OTPHI] TelIbHOE 3H YeHHe

0,12 f “ 0,6 L BC 6
. 01F a
g f 0
S 008F Fodt
= - =
< 006F 503 F
= r =
= 0,04 F =02 F
0,02 F 0,1 F
:|||I||||I ALY L, L1l 0:|I|||I|||I|||I|| L Ryl laaal
-0,1 0 0,1 02 03 04 0,5 0,6 -1,4 -1 -0,6 -0,2
EerF EI'I'P
8
0,6 BC
50,5

1/N dN/d Erry,
o o o
[\) w N

o
—

....|....|...|||||.|......|....
0,5 1 15 2 2,5
Ererev

(=]

Puc. 6. Hopmupos HHble p crpenenenus omubok ¢p KT JbHOH p 3mepHoctd Errp, (),
ocHoB Hus Errp (6) u konuvects yposnel Erry,.  (6) 11 BC-merog

11
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Puc. 7. HopMupoB HHble p crpesesneHus omn6oK ¢p KT JjabHOM p 3mepHoctd Errp, (),
ocHOoB HMA Errp (6) u xonuuects yposrei Erry,  (6) mna PaC-meron

Errp, = —0,03. DT0 cBUAETENBCTBYET O TOM, YTO P 3MEPHOCTb 3TUX (PP KT JIOB
HE3H YUTENbHO MeHbllle TecToBoU. B p 60T x [15,16] HOK 3 HO, 4TO BOCCT H BIIU-
B eM g p 3mepHocTh BC-MeTomoM juist GOMBIIMHCTB  (hp KT JIOB C HE3 BHCHUMBIM
JeJIeHHeM MeHbIle, C 3 BHUCHMBbIM jielieHneM OoJblie TecToBoil. T KuM o6p 30M,
eciM B H OOpe 1 HHBIX NPUCYTCTBYIOT (bp KT JIBl C P 3JIMYHBIMH THII MM Jieje-
HHS, TO P crpejesieHne p KT JbHBIX P 3MepHOcTel OymeT ucK X Thed. K k
oTMedeHo B 1. 2.1, BC-meTon ncnomnp3yeT TobKO ofHO mokpeitie ¢ P = 2. Ilo-
®TOMY OCHOB HHe P ¥ Koiau4ecTBO ypoBHeH Ni., HE MOTYT OBITH OIIpeJiesIeHbI
I HHBIM METOIOM, HOPMHpPOB HHBle p crpenenenusd oummbox Errp u Errpy,,
(puc. 6, 6,6) X p KTepu3yloT TolIbKo H Oop x HHbIX [15]. H puc.7, mnpexacr -
BIIEHO HOPMHPOB HHOE p crpenenenue omwnoku Errp, nng PaC-meron . M xcu-
MyM p crpeneneHus coorsercTByeT Errp, = 0. P 3mepHOCTs 3THX (Dp KT JIOB
BOCCT H BJIUB eTcd TouHO. B [15, 16] ycT HOBIIEHO, 4TO BOCCT H BIMB €M £ P 3-

12
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Puc. 8. HopMupoB HHbIe p cripejiesieHus OLMO0K BOCCT HOBJIEGHHs (p KT JIbHOH p 3Mep-
Hoctu Errp, (a), ocnos Hus Errp (6) m Komuuects yposHed Erry, . (6) mna SePaC-
METOJ

MepHOCcTh PaC-MeTonoM 1 GONBLIIMHCTB  (Pp KT JIOB C HE3 BUCHUMBIM JEICHUEM
P BH , C 3 BUCHMBIM JieJieHHeM Ooubine TecToBoi. [losTomy eciiu B H Gope 1 H-
HBIX IPUCYTCTBYIOT (Op KT JIbl C P 37IMYHBIM THIIOM AeneHus1, To mig PaC-meron
p crupenenenue ¢p KT JIBHBIX P 3MEpPHOCTEN OyZeT UCK X ThCS MEHbILE, YeM I
BC-meron . Hopmupos HHble p crpenenenus omubok Errp u Erry, , npenct -
BJIEHbl H pHuc.7,0,6. BUIHO, 4TO KOJMYECTBO YPOBHEH U OCHOB HUE OIIpPENEIsi-
10TCst TOYHO Jist 56—58 % TecToBbIX (p KT JIOB.

H puc.8, npuseneHo HOPMUPOB HHOE p cripepeneHne ook Errp,. s
SePaC-meton . M xcumyMm p cropepenenud coorserctByer Errp, = 0,02. P 3-
MEPHOCTh 3TUX (Pp KT JIOB HE3H UYHUTENBHO IPEBBIII €T TecToByw. B [15,16] no-
K 3 HO, YTO julsl OOJBIIMHCTB (Pp KT JIOB C HE3 BUCHUMBIM U 3 BHCHUMBIM JIEJIEHUEM
BOCCT H BJIUB eM s p 3MepHocTh SePaC-meromoM p BH TecToBoil. T Kum o0p -
30M, €Ciii B H Oope J HHBIX HPHUCYTCTBYIOT (Op KT JIbl C P 3JIMYHBIM THUIIOM [e-

13



T 6mu 3. DddekTHBHOCTH BOCCT HOBJIEHHS X P KTEPHCTHK ()P KT JIOB ¢ KOMOUHH-

POB HHBIM JejieHueM, noaydeHHble BC-, PaC- u SePaC-meron mu

Meron | Efftrac, % | Effp,., % | Effn,.,, % | Effp, % | Efftor, %
BC 96, 6 91 0 30 0
PaC 98,5 93 68 70 44

SePaC 99,4 93 84 86 67

nenus, To it SePaC-meton p cnpenesienue p KT JIbHBIX p 3MepHOCTel Oyner
UCK X Tbcd MeHble, yeM mid BC- u PaC-metonos. Hopmupos HHbIE p cripenene-
Hug omnbok Errp u Errpy, , npeact BiaeHsl H puc. 8, 6, 6. Konmdectso ypoBHeit
U OCHOB HHE OmpeessiioTcs TouHo it 69 % tectoBbix dp Kt j10B. B T 611. 3 nipu-
BEIEHBI Pe3y/IbT Thl CP BHHUTEJIBHOTO H JIU3 3((EeKTUBHOCTEH U OMIMOOK BOCCT -
HoBneHust Dr, P, Ni., p CCM TPUB €MBIMH METOA MH IIPHU ONTUM JIbHBIX 3H Ye-
HHMSAX I P METpOB s ¢p KT JIOB C KOMOMHUPOB HHBIM JENIeHUEM 4 cTei. YcT -
HOBJIEHO, 4TO 3()(PeKTUBHOCTH BOCCT HOBIeHUs p KT JioB Efff,. a1 BC-, PaC-
u SePaC-meronos cocr Biuser (96,6—99,4) %. @p KT JibH I p 3MEPHOCTb IS
BCEX METOIOB BocCT H JmB ercs ¢ apextuHocThio Eff p. = (91-93) %. Komnu-
4yecTBO ypoBHel Nje, He omnpenensgercs BC-meronom. [Insg PaC- u SePaC-meronos
apcpexruBHOCTH BoccT HOBIeHus Eff v, p BH 68 u 84 % coorBercTBeHHO. OCHO-
B Hue P onpenensiercs ¢ adpdexrusroctsio 30, 70 u 86 % mis BC-, PaC- u SePaC-
METOH0B cooTBeTcTBeHHO. IlonH g apdextusnocts (9) SePaC-meTon coct Biser
67 % u 31 uurenbHO mpesbiin et dddexrusroctd PaC- u BC-MeTonos.

3AKIIOYEHHME

B p Gore npoBepeH H JM3 BOCCT HOBIEHUS X P KTEPUCTHK (p KT JIOB ¢
KoMOuHupoB HHBIM neneHueM 4 creit BC, PaC u SePaC-meron mu. H iinens
OIITUM JIbHBIE 3H YEHHS I P METPOB X7, Prax, Dev aTHX MeTon0B. OHU HCTIONb-
30B JINCh I onpenesaeHus ¢p KT JIbHOH p 3MepHOCTH Dp, KOJIWYECTB YpOBHEH
Niey 1 0CHOB HHSL P. YCT HOBIEHO, 9TO BCE METOLBI C IPUMEPHO OUH KOBOU 3¢p-
(peKTHBHOCTBIO BOCCT H BIIUB IOT KOJMYECTBO (Pp KT JIOB M (pp KT JIBHYIO P 3Mep-
HocTh. OTMmeu etcd npeumyinectso SePaC-meron mnepen PaC- u BC-meron mu
IIPU ONpeeNeH!H YiCI YpOBHEH M OCHOB HHS (p KT JI .
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