O BpeMeHU OYHIIEHNS JIETKUX OT
HUKOTWHA B YNCTON cpeae

A.III. Ackaposa

B nannoit pabore nsy4daercs GyHKIMOHNPOBAHNE JETKUX Ky Psi-
IIIEro YejIOBEKa B YNCTOM cpejie. BuIsiBjieHa 3aBUCHMOCTD yXy/IllIe-
Hust 3OPEKTUBHOCTH PECHUYEK OT BPEMEHH, B T€YeHnEe KOTOPOro B
JIETKAX HAXO/MJICST HUKOTHH. TakxKe IoJIydeHa BpeMeHHasl OIeHKa
CJIOYKHOCTH IIPOIIECCA CAMOOUUINEHUS JIETKUX OT HUKOTHUHA.

KroueBble ciioBa: jiérkue, mporecc CAMOOYUUITIEHUS, TUCTAST
cpeja, HUKOTHUH.

BBenenue

B paborax |2, 4] mocTpoena mareMarnyeckasi MOJEJb IIPOIEcca Ca-
MOOYHITICHUS 3/I0POBLIX JIETKUX M U3YUI€HDbI €€ CBONCTBA, KAK B YCIOBUIX
YUCTOH CPEJIbl, TAK U B YCJIOBUSX €€ 3allblIeHHOCTH. Takke ObLia mocTpo-
eHa MOoJeb (PYHKIIMOHUPOBAHUS JIETKUX C OYarOBBIMU IMTOPAXKEHUSIMU B
qucroii cpesie [5]. B npeyiaraemoii pabore cTpouTCs MOJIENb CAMOOYHIIE-
HUsI JIECKUX KYPSIIEro 9e/I0BeKa U UCCIeyeTcs €€ (DYHKIIMOHUPOBAHUE B
YCJOBUSIX YUCTOH Cpeibl. B 9acTHOCTH, HAXOMUTCS BPEMS IOJIHOI'O OCBO-
602K JIeHUsT JIETKUX OT HUKOTUHA B XYIIIEM CJIydae, C yIeTOM BCEX BAaXKHBIX
napaMeTpoOB NOCTPOCHHONU MOJIEJIN.

JIErKue sIBJISIIOTCS OHUM U3 IVIABHBIX OPTaHOB UeJIOBEKA. Y HUX MHO-
ro YHKINIA, OTHON U3 KOTOPBIX SBJISETCsI TPAHCIOPTUPOBKA BEIECTBA.
B Hux mpoucxoauT mporiece OYnInenns OPraHu3Ma, OT 3arpA3HsONINX Be-
IIECTB, MOCTYIAIOIUX C TIOTOKOM BO3/IyXa IIPHU BIOXE, & TAKYKE BOZHUKAIO-
IUX B Pe3y/IbTaTe KU3HEAeATeIbHOCTH. [Ipu KypeHun JIErKue deioBeKa
HATOJHSIIOTCS OTPABJIAIONINM BEIECTBOM — HUKOTUHOM, KOTOPBLIN OKa-
3bIBAET HA HUX aryOHOe BJIMSHUE, HApyIIas uX (QyHKIIHOHUPOBAHUE.

JIérkue cocTosT n3 GPOHXOB, KOTOPBIE 00PA3yIOT JIPEBOBUIHYIO CTPYK-
Typy. BHyTpennss gyacTb OpOHXOB MOKPBLITA MEJIKUMHU pecanakamu. [Ipo-
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[IECC TPAHCIOPTUPOBKH OCYIECTBJISIETCSI 38, CIET 9TUX pecHu4ek. ITocTy-
HMUBIIANA HUKOTHH PACIPEIE/ISeTCsl [0 PECHUIKAM, KOTOPBIE, BIIOCJIE/I-
CTBUM, OYMINAIOTCS OT HEr0 IYyTEM IEepeJadd UX BEPXHUM PECHIIKAM.
Bpouxu umeroT pasHble IPOITyCKHBIE CIOCOOHOCTH U Pa3Hyo 3hdEeKTUB-
HOCTb PecHUYeK. eM Bblllle OT ajbBeoJ (CaMbIX MEJIKUX OPOHXOB), T€M
CUJIbHEE MEXAHWU3M Ie€Peavu.

Bosaukaer 3amada 0000IIEHIST MOIEIN JIETKUX, TIOCTPOEHHON B CTATHE
FO.T. Yepnosoit (I'epacbkunoit) [2], Ha cirydaii JErKUX KypsIIEero 4esio-
BeKa U U3YYCHUS CBOMCTB TaKON MOJICIIN.

B nameit pabore npuBejieHa MOIEIb CAMOOYUIIEHUS JETKUX Ky PIIie-
ro YeJIOBEKA U HAMJIEHO BpEMs OYUINCHUS B CAMOM XY/IIEM CJIydae Ipu
y9IéTe TaKUX MapaMeTPOB KakK KOJMIECTBO PECHUYIEK, UX 3(P(MEKTUBHOCTH
U TJIyOWHA, JIPEBOBUIHON CTPYKTYPHI.

[Ipueeném HeOOXOMUMBIE JIJIs JAJIBHEHIIEro N3JI0YKEHUsT [TOJTY YeHHBIX
PEe3yJITATOB OCHOBHBIE OIIpEJIeJIeHUsI U 0003HAUeHUsT U3 [2].

[Iycrs N ={1,2,...,n,...}, N,={1,2,....,n}, Ny={0}UN.

JIérkue mpecTaBUMBbI KakK IIOJHOE, OPUEHTHPOBAHHOE K KODHIO JIe-
peso [1]. O6oznauum ero I-gepesom D~!. Bymem paccmarpusarh Taxoit
KJIACC JIEPEBBEB, B KOTOPBIX KaskK/1asl BEPIUHA UHIUIEHTHA He 60jiee 4emM
TpéMm pebpam. [imybuna I-nepesa D! pasma [+ 1. Cunraercs, uaro pebpo,
HHIIUJIEHTHOE KOPHIO, nMeeT riyouny 0, j1ajee 1o BO3paCTAHUIO.

CunraeM, 9T0 KaxKj10e pebpo pas3jeeHo Ha m dacTeil, KOTOpble Ha30-
BEM pECHHYKAMU. 3aHYMEPYEM WX [0 BO3PACTAHUIO YUCTAMU j, j € Ny,
B IIOpsiJike OOPATHOM OpHeHTAIuu pedpa.

[Mpunumem pecuuuke qucyio b, b € N u Ha30BEM MaKCUMAaJbHON Ha-
IPY3KOIl Ha PECHUUKY, & Tak:Ke 9uciao r, r € @, rme () — MHOXKECTBO
pammoHasibHbIX unces, 0 < r < b, Ha3pIBaemoe mepoit nepedbpoca. [lox
MaKCHMaJIbHOM HArpy3KOil HMOHMMAEeTCsT MaKCHMAJIBHOE KOJMIECTBO HU-
KOTHHA, KOTOPOE MOXKeT HaxoauTbcsi Ha Heil. [lox mepoit mepebpoca 1mo-
HUMaeTCsl MaKCUMaJbHOEe KOJMYECTBO HUKOTHHA, KOTOPOE MOXKET Iepe-
OpocuTh 3Ta pecHUYIKa cocejiHeil cBepxy. [lapaMerpbl HAIPY3KH U MepbI
epebpoca OIpeIeJIsIIOTCs 110 iy tomeMy 3akony. Ha pebpe riyOuHbI i,
i=0,1,...,1, MakcuMabHas HAarpy3Ka Oyzier pasHa 2/7'b, a Mepa mepe-
6poca — 27y

JlpIxaHre TPOUCXOJUT B JUCKPETHbIE MOMEHTBI BPEMEHH. 3a OJINH
TaKT IPOU3BOIUTCS BIOX U BBIIOX.

Hasee 06061mumM Mojieb CAMOOYHITNICHNs! JIETKUX U3 [2| ciemyomum
obpazoM.
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0 I R by 27y

1 /\ 24(L-2)b, 2/(L-2)r
2 /\ /\ 27(L-2)b, 27°(L-2)r

AN AN AN

Puc. 1. IpeBoBuanoe mpencraBieHue JIETKAX.

Cuwnraercst, 9To Mepa mepedpoca pPecHUYKN Ha pebpe TIyObuHbI 1,
i = 0,1,...,1, B 3aBuUCHMOCTH OT MoMeHTa Bpemenu t(t = 0,1,2,...)
YMEHBIAETCS IO CIIEAYIONEMY 3aKOHY:

r(1) =27 rt+1) =2k ke (1;2], TeN.

DTOT 3aKOH U3MEHEHHMS MepBI Iepebpoca O3HAYAET, UYTO Mepa Iepe-
Opoca pecHHIKHN Kazkjible 1’ TaKTOB yMeHbINaeTcs B k pas.
Jasee 11 HarISAHOCTH OyAeM IPEJICTABIIATL k B CJIELYIOIMIEM BUIE:

E=1-d)7! de (0%]

Torma 3akon m3MeHeHmsT MephI mepedpoca OyIeT UMeThb CJIeyIONTnii
153701
r(1) =2, rt+1) =21 - )T

[Tapamerp T HA30BEM MEPUOIOM HOCTOSTHCTBA MepbI mepedpoca
peCcHUYEK, Jiajiee IPOCTO MEPHUO.

Kounduryparueit Harpy30K Ha PECHUYKAX HA30BEM COBOKYITHOCTh
3HAYEHUil HArPy30K, KOTOPbIe 3aJ1al0TCsl BbIpaxkeHueM s(i,j,t), e i —
riybuaa pebpa B JiepeBe, j — HOMED PECHUYKU Ha i-TOM pebpe, t —
MOMeHT Bpemenu. Komdurypainio B MOMEHT BpeMeHH ¢ HA30BEM HOP-
MaJbHOU AJjd J-Toii pecHUYKM pebpa ypOBHS i, €CJU HAIDY3Ka Ha
BCEX PECHUYKAX C MEHBIITUM HOMEPOM MOXKET OBbITh 3aJlaHa CJIe/IyIoNeit
KOH(UTY parueii:
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s(i, 4, t) = {Z’ J_j, =2 crmej=1,2,...,J—1; 0<2z<27 ().
0, J—j=2v+1

Bpemenem Hopmasinzanuu jisi J-TOl PECHUYKHM HA30BEM KOJUIECTBO
TaKTOB, 3aTpavdlBaeMoe Ha Iepexo)] K HOpMaJIbHON KOH(MUrY paIluu.

Takoe I-mepeso D~ ¢ mapamerpamu m,l,b,r k,T obo3nadaercs
D= Y(m,1,b,7,k,T).

C stum I-mepesom D~! cpszkeM HEKOTOPEI IIpolecc, HA3LIBACMBII
[IPOIIECCOM OYHINEHUsT JIETKUX OT HUKOTUHA.

O6osnaunm V — obmuit 0obeM jgerkux. V/ — ucexoaubiii 06beM HUKO-
THHA, HAXOAIIErocst Ha pebpax. Kaxkias peCHUIKa OCYIECTBIIAET MPUEM
HUKOTHHA W3BHE W IepedpoC CBOeil HArpYy3KU Ha CJIEAYIONLYI0 PECHUUKY
C MEHBIITUM HOMEPOM BHYTpHU pebpa. [IpuéM pecHUYKON HUKOTHHA U €ro
mepebpoc Ha COCETHIO CBEPXY PECHUIKY OCYINECTBJISIETCS 10 MPaBUJIaM,
[PUBEJIEHHBIM B [2].

O6osnaumm wepes L(D~Y(b,r,m,l,T,k)) Bpems ounmienns jepepa
D=Y(b,r,m,l,T,k) npu Ipou3BOILHOM HAYAJLHOM DACHPEICTCHIH Pec-
undex. Torma L Oyaer dyHkimei, 3aBUCAIIeil 0T HAYAJILHOTO PacIpe-
JleJieHnst HArpy3oK 10 pecanukam. A uepes L(b,r,m,l, T, k) oboznaunm
naunbosibiiee 3uadenne Gpyukiuu L. Jlajgee Hama 3a1ada 3aK/II0UAETCA B
YCTAHOBJICHUU BUJIA ITOW (PYHKIUU, OOBITHO HA3BIBAEMOW CJIOKHOCTHOM
dyuxmueit [1lennona.

OcHoBHBIE PeE3YyJIbTAaThI

Jemma 1. [Tyemv b, T,71,m € N;r,bs € Q\{0};d € (0;3]; T > br—d—i—m;
s(1,1,0) = b; 7(0) = r u nycmov T) — 8peMA OYUWEHUA NEPEOT, PECHUYKU
mpazeu. Toeda Any,q1 € Ny:

1 =1n1 + q1,

_ bd
n1 = [loga-a)(1 - 75)] (1)
_ ] bd-1r T
= } A= T d|-
IIpu smom KoAuMECTIBO HUKOMUNGA, NEPedPOUEHI020 6 NOCALONUL MO-
MEHN. BPEMENU, PAGHO

— (1 —dym

by — b— Tr — D (g - (-, 2)
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okazarenbcTBo. Harpyska b Ha pecHudke IpejicTaBuMa B BHJIE:
b= b1 + by + b3,

rae by — KOJIMYIeCTBO HUKOTHWHA, TIEPEIAHHOIO 34 MOJIHbIE IEPUOIbI, by —
KOJINYECTBO HUKOTHHA, IEPEJAHHOIO 3a IOCJIeIHUN HENOJHBIA IIepuo/l,
COXPaHssI 3aKOH M3MEHEHMsI Mephl Iepebpoca, by — KOJINIECTBO HUKOTH-
Ha, IEePEJAHHOrO 3a IOCJEIHMI TaKT, B MOMEHT ITOJIHOTO OCBOOOXK IEHUSI
PECHUYKU.

Haitném KoamdaecTBO MOJHBIX HMEPUOIOB IMOCTOSTHCTBA MephI Iepedpo-
ca, HeoOXOoaUMOe JIJIs TIOJTHOI'O OCBOOOXKIEHUSI PECHUYIKI.

[TockosibKy B JaHHON JileMMe PacCMaTPUBAETCA TOJBKO IepBasi pec-
HUYKa TPaxeH, TO CIejaeM cJeayolnye nmepeobosnaderns. Obo3HadImM 3a,
s(t) KOJIMYECTBO HUKOTHHA HAXOJISIIEr0oCs Ha PECHUYKE B MOMEHT BpeMe-
vy t. Torjma uMeem cjelyroIue paBeHCTBa

s(0) =b, s(t+1)=s(t)—r(t).

Tak Kak B TeuyeHUe O/THOT'O IIepuoia Mepa Hepe6poca OoCTaeTCd IIOCTOAH-
HOI71, TO MOZKEM 3alliCaThb CJIE/IYIOIre paBEHCTBA:

s(nT)=s((n—1T)—=Tr((n—1)T)

s(nT +t) =s(nT) —tr(nT) Vt<T.

Orcrona cireryer

s(nT) =s((n—1)T) =Tr((n—1)T)=b—Tr—...—Tr(l—d)" !,
s(nT+q—1)=s(nT)—(¢g—r(1—d)" =
=b—Tr—...—Tr(1—d)" ' —(¢—1)r(1 —d)"

VaurbiBasg BbIIIEYKa3aHHbIE IPEICTABICHHUSI, MOXKEM 3alliCaTh CJIEIYIO-
Iee PaBeHCTBO, I/ BMECTO N, ¢ OyIeM MOJIb30BAThCS 3AIUCHIO N1, 1

b=Tr(l+(1—d)+(1—-d)?+...+(1—d)™ 1)+
o= Dr(l ="+ smT +q - 1), (3)
O6ozuaunm bg = s(n1T + g1 — 1) u npeobpasyem paBeHCTBO (3), HOIYYUM

— (1 —dym

1
b=1Tr 7 + (g1 — Dr(1 —ad)" + bs. (4)
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JlanHoe paBeHCTBO O3HAYAET, YTO HATPY3Ka b OOJIbINE TeM KOJIHIECTBO
HUKOTHHA, [1epedpachbiBaeMOro 3a 71-1IEPUOI0B, HO MEHBIIE YeM KOJIude-
CTBO HUKOTHHA, llepebpacbiBaeMoro 3a (nj + 1)-nepuos. 3anuiiem JaHHOe
YTBEPXKICHUE B BUJIE CHCTEMbI HEPABEHCTB

1—(1—dm™
_ (1d_ d)n1+1 (5)
d .

b>Tr

1
b<Tr

To ecTh HAXOXKJIEHUE KOJMIECTBA MIEPUOJIOB €CTh, HAIIPUMED, ITOUCK TOY-
HOI HIKHeHl IpaHd MHOXKECTBA JIEMEHTOB N1 € Ny, yIOBJIETBOPSIONINX
HIZKHEMY HEPABEHCTBY CHUCTEMBI (5).

1—(1—daprtt
nl—inf{peNO: b<TT%}. (6)

Hasee, mpousseis /1eMeHTapHbIe TPeo0pa3oBaHusd HaJl HEPABEHCTBOM B
(6) u ucxonst uz roro, uro T',r,d > 0, nosyanm

bd

Tak kak n; € Ny, To u3 (6),(7) caeayer

o= oo (1= 2] ®

Taxum obpa3oM, mepBas 9acTh JEMMBbI JTOKA3aHA.

Hanee, HafiIéM KOJUYECTBO IAroB B IOCJEIHEM HEIIOJHOM IIEPHUOIe
[IOCTOSTHCTBA MePbI 11epebpoca, 3aTpadnBaeMoe Ha OCBOOOXKIEHUE PECHUY-
ku. Paccmorpum paserctso (4). OHO o3HAYaeT, YTO KOJMYECTBO HUKO-
THHA, OCTABIIIEECH 110 UCTEYEHUIO 71-TIEPUOIOB, OOJIbIIIE YeM KOJUIECTBO
HUKOTHHA, I1epebpackiBacMoro 3a (g — 1)-TakT, HO MEHbIIE YeM KOJIHte-
CTBO HUKOTHHA, II€PEeOPACKIBAEMOTO 38 (1-TAKTOB. J3AIUIIEM CKAa3aHHOE B
BUJIE CUCTEMbI HEPABEHCTB

il Gl R )
1 1dd”1 )
_lii_L-gmml—@M.
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[To anasiorun ¢ HAXOXK/IEHHEM KOJIMYECTBA MEPUOJIOB, HAXOXKIEHNE KOJIH-
YeCTBa TAKTOB B IIOCJIE/THEM HEIIOJIHOM HIEPHO/IE €CTh HOUCK TOYHON HUK-
Hejl rpaHi MHOXKECTBA 9JIEMEHTOB ¢ € N, Y/IOBICTBOPSIONINX HUKHEMY
HepaBeHCTBY cucremsl (9)

1—(1—dmt!
d

q1 = inf {U €No: b-Tr <or(l— d)"l} . (10)

Hamee, mpounssens sJeMeHTAPHBIE Tpeodpa30BaHNUsI HaJl HEPABEHCTBOM B
(10) u ucxomst uz roro, uro 1T, r,d > 0, mosydnm

bd —Tr T
> — 4 — 11
V2 di—am T d (11)

Tak xak ¢ € No, To u3 (10),(11) caemyer

bd —Tr T
Y P L 12
D= raa—am T4 (12)

Takum obpazom, BepxHell pecHUUYKe pebpa Jijisi MOJHOT'O OCBODOXKIEHUS
OT HATIPY3KH HEOOXOIUMO POBHO

1=Tn1+q

TaKTOB, I'/le

T, W |- T
N )] T rd(l—dm™m d

A uz (4) caemyer, 9TO KOJIMYECTBO HUKOTUHA, TI€PEGPOIIEHHOIO B TIOCJIE/I-
HUN MOMEHT BPEMEHU, PABHO

—(1—dm

bs = b— Tr — (g - (-,

JlemMma, jl0Ka3aHa.

Vreepxkaenue 1. I[Iyemv bym,tg € N, J € Ny, \ {1}, rz € Q)\
{0}, de (0;3], Me{r(l—d), r—r(1—d)} r(ty) =r. Ecau ev-
noanenv. Kondueypayuu (13), moeda 6ydym ewvinosnens, Kon@duaypayuu

(14).
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0, J—j=2v, 1<j<J
. r, J—j=2v+1, 1<j<J
S(Zm]at()) = . (13)
z, j=J
b, 7>J
0, J—j=2v, 1<j<J
. 0, J—j=2v+1, 1<j<J
S(Z7jvt0 + J) = J J (14)
x, =J
b, j7>J
JlokazaTejabCcTBO 110 WHITYKITUN:
Basuc unmykuuu:
J=2
r,j=1 r—r(l—d), j=1
b, J<j<m b, J<j<m
. 0, J—3=2v+1,
0.7 = 1<j<J
siditotd) =g, j=J  mslitorl)=3
x, j=
b, J<j<m J .
b, J<j<m
J=3
0,j=1 r(l—d), j=1
r,j=2 o r—r(l—d), j=2
S(iajvtO): j :>5(7’7]7t0+1): ( ) J
z,j=J z, j=4J
b, J<j<m b, J<j<m
0,j=1 r—r(l—d), =1
. r—r(l—d), j =2 . 0, =2
S(Zaj7t0+2): ( ) J = S(Zaj7t0+3): ] ~
x, j=J x, j=4J
b, J<j<m b, J<j<m

0 J—j=20,1<j<J
0, J—j=2v+1,1<j<J
x, j=J

b, J<j<m

S(i7j7 to + ']) =
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NanykimoraHOe JTOIYIIeHHIE:

Pacemorpum koudurypanuu (13). Ilyers mist pecaunuku ¢ Homepom J — 2
BBITIOJIHUJIOCH ITPEAITIOJIOZKEHNE UHIYKITUN. l];OKa}KeM7 YTO BBIIIOJTHUTCA 1
JJIs pecHUYKHU ¢ HoMepoM J. To ectb vepes J — 2 mara obpasyercsi pac-
npesesienne Harpy3ok (14). Ho na pecnuuke ¢ Homepom J — 2 Harpyska
paBHa HYJIIO, IIO3TOMY B Te€UYEHUE IIPOIIEIININX TaAKTOB PECHUYIKUA C OOJIb-
UM HOMEPOM B pebpe OYIyT OCyIEeCTBIATh Mepedpoc peCHUIKE ¢ HOME-
pom J — 2.

0, J—j=2v, 1<j<J
.. r, J—j7j=2v+1, 1<j<J
S(Zvj7t0): z ]_J
b, j>J

S(iaj7t0 +J - 2) =

z, j=J
b, j>J
(0, J—j=2, 1<j<J—2
0, J—j=2v4+1, 1<j<J—-2
o 0, j=J-2
stigito+J—=1) = r—r(l—-d), j=J-1 ~
x, j=J
b, 7>J

Q

S(i7j7t0 + J) =
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0, J—j=2v, 1<j<J
. 0, J—j=2v+1, 1<j<J
sisgto+ ) =4 !
b, j>J

Takum ob6pazoM, HOJIYUEHO paclpejie/ieHne HArpy30K, HTPUBEJIEHHOE B
koHburypanusx (14). YrepxKeHue JI0Ka3aHo.

Jlemma 2. Tyemo b,T,75,m,q;_; € N; J € Ny, \ {1}; r,bs € Q \ {0};
de (03], T>%+m; ¢,y <T;r(0)=r,r(¢)_; +1) =r(l—d)

0, J—j=2v+1 1<5<J
s(1,7,0) = r, J—j=2v 1<j<J

b, J<j<m
U NYCMb Tj — IMO BPEMA 0C8000MHCICHUA PECHUNKY ¢ HOMEPOM J om
ecetl naepyaxu, mozda ANy, qy

Tr=q7_1+n;T+qy,

ny = |loga-q [ 1-—

!
q'y_ T_ (1-d 7LJ+1
J2 : r ] 2J [T(l d) =4 d)

|
q7 =2 TA=ayT + J,

ecau 00 CAEQYIOUE20 USMEHEHUA MEPDL NEPEGPOCA 0CMAAOCH ¢y maK-
mos. Ilpuyuém na nociednem maxme pecHuuka ¢ Homepom J nepebpocum
HA2PY3KY PASHY?O

s

HoxkazaresbcTBo. Harpyska b na pecnuuke ¢ Homepom J npejcraBuma
B BUJIE
b= b1 + b3z + b3 + by,

rae by — KOJIMYIeCTBO HUKOTHHA, MEPEIaHHOIO 3a HavaJIbHBIE qi,fl TaK-
TOB, by — KOJIMYECTBO HUKOTHHA, IIEPEIAHHOIO 33 1 IMOJHBIX IIEPHOIOB,
b3 — KOIM4YeCTBO HUKOTHHA, IIEPEIaHHOIO 38 IOCJIEIHWI HEIOJIHbIA I1e-
puosa, by — KOAWYIECTBO HUKOTHHA, IMEPEIAHHOIO 3a MOCJIETHUN TaKT, B
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MOMEHT IIOJIHOTO OCBODOXKICHUSI PECHUYKH OT CBoeil Harpysku. lamee,
JIJIsl IPOCTOTHI, Bbipazkenue $(i,.J,t) nepeobosnaunm uepes s(t), mojgpa-
3yMeBasi, YTO 3TO KOJMYECTBO HUKOTHHA, HAXOMAIIErOCS HA PECHUIKE C
HoMepoM J B MoMmeHT Bpemenu ¢, u nyctb $(0) = b. Torna

3@31)—sm)—by—b_]g%lp

Taxxke MbI 3HAEM U3 YTBEPXKJEHUSI, UTO IIPU OUEPETHOM yMEHBITEHUN
MephbI I1epedbpoca, BO BpeMs OYHUINEHUsS] PECHUYIKNA ¢ HOMepoM J, mpownc-
XOJUT 3aJIEpXKKa Ha J TaKTOB, TO €CTb POBHO CTOJIBKO TaKTOB JIJINTCS
mporecc HopMmasnzarmu. CreoBaTeIbHO MOXKEM 3alliCATh CJIETYIOTTee

T_qu—@,

Pﬂ—dﬁ%

4¢,1+Tv=sm31>—]

S(dy 1+ nsT) = s(dy_ + (ny — 1T) — ]

2

YuurbiBad BbIINI€YKa3aHHbIE IIPECTaBJI€HUA, MOXKEM 3alliCaTb CJICIYIO-
Iiee paBeHCTBO:

o e L

2 d
—J=2
+]2____

—J
s(@y1 T +aqs—1) = s(d)_y +nT) - ] - [r(l — )"t

52 @ st T ) (19

Omo o3HavaeT, 9T0 HArPY3Ka b GOJIbIIE YeM KOJIMYECTBO HUKOTHHA, II€Pe-
JIAHHOI'O 3a M. j-TIePUOJIOB, HO MEHbIIe YeM KOJMYECTBO HUKOTUHA, [epe-
nauaoro 3a (ny + 1)-nepuosos.

Haiiiém KosmvecTBo mosiHbIX 11€puooB. 1lo ananoruu ¢ jgemmoit 1 3amm-
IIIEM CJIC/IYIONLYIO CHCTEMY HEPABCHCTB

b>]QJ 1 [H—] [r(l_d)l—(lgd)nj’

b < ] 2 [r +] 52 [r(1 — d) ==

(17)

Ananormano jgeMMe 1 MOXKEM 3aKJIIOYATH, UTO HAXOMKICHHUE KOJIMYICCTBA
[OJIHBIX IIEPUOJIOB €CTh, HAIIPUMEp, IOUCK TOYHON HMXKHEH I'DAHU MHO-
JKECTBa, 9JIEMEHTOB Ny € Ng, YIOBIETBOPAIOIINX HUYKHEMY HEPABEHCTBY
cucremsl (17).
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! T—-J 1—(1—d)ptt
nJ—inf{peNO: bg}qJ—l{H] {r(l_d)%}_

2 2
(18)
Hasee, mpousseist 3/1eMeHTapHBIE TPEOOPA3OBAHK Ha i HEPABEHCTBOM B
(18) u ucxomst u3 roro, uro T, r,d > 0, moysrydnm

( AWM o)

=2 r(1 - a)

p=loga_a |1-

Tak kak ny € Np, To u3 (18), (19) caemyer

ny = |loga—q | 1 - ?g[}r(il—[;) . (20)

Taxum obpa3oM, mepBas 9acTh JEMMBbI JTOKA3aHA.
Hanee, HafiIéM KOJUYECTBO IIAroB B IOCJEIHEM HEIIOJHOM IIEPHUOIIe
[IOCTOSTHCTBA MePbI 11epebpoca, 3aTpadnBaeMoe Ha OCBOOOK/IEHUE PECHUY-

ku. Paccmorpum pasenctso (16). OHO o3HAYaeT, 9TO KOJIUIECTBO HUKO-
TUHA, OCTABIIIEr0Cs 110 UCTEIEHUIO 1 IEPUOIO0B, DOJIbIIE YeM KOJTHIECTBO

HUKOTHHA, IepebpacbiBaeMoro 3a (¢ — 1)-TakT, HO MEHbIIE YeM KOJIMIe-
CTBO HUKOTHHA, I1€Pe6PaChIBAEMOr0 32 ¢1-TAKTOB. AHAJOMMYHO HAXOXK e
HUIO KOJIMYECTBa MePUOJIOB, MOKEeM 3aK/II0UUTh CJIe/lyIomee

S R LRI

qJ:inf{UGNO: b—}

—J
< ] qJ2 {r(l - d)"J}. (21)
[TpousBemns smemenTapHbIe TPEOOPA3OBAHUS, IOy IUM

ol
= r(1—d)m

+J,

u u3 (16) ciemyer, 9TO Ha MOCJIEHEM TAKTE PECHUYKA 11€PEOPOCHUT

by — b_] qul [T_] T;J [Tu_d)l—(l—dd)”ﬁl _} CIJ—2=]—2 [r(l—d)"J
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Takum 06pasoM, BpeMsl OCBOOOXKJEHHsI PECHHYKH DABHO T; = ¢_; +
njT + q;. Jlemma jokazana.

Jlemma 3. Ilycmo swvinoarenvr yeaosua aemm 1 u 2 u depeso umeem
eaybuny 1. Tozda

m
L(D(b,r,m,l,T,k)) :ZT]' +w; we{m—1,2m—-2-T+qn},
j=1

ede Tj, qm onpedeasromca usz semm 1 u 2.

oxkazareabcTBo. [lo memmam 1 1 2 MOKEM OIPEIETNTEH BPeMsT OTHIIE-
HUs J11000i pecandkn. Jlasee, IpocyMMHUPOBAB X, MOJIYYIUM KOJIUIECTBO
TaKTOB, IIPOIIEAIINX C MOMEHTA, KOT/Ia HAYaI0Ch OCBODOXKIEHHE IIEPBOit
PECHUYKH JI0 MOMEHTa, 00pa30BaHMs CJIEIYIONell KOH(PUTYpaIUd HATPY-
30K Ha PECHUYKAX

r(t), m—j=2v+1

5(1,j’t): 0 m—]:QU

1<j<m

W3 semMbI 2 citetyeT, 9TO MOC/Ie TAaKOTO IIPOIECCa JI0 0YEPETHOTO YMEHb-
meHust Mepbl nepebpoca ocraercs 1 — ¢, TakToB. Ecom T — ¢, = m — 1,
TOrIa Yepe3 m — 1 TAKTOB BCe PECHUYKM pebpa MOTHOCTHIO 0CBOOOISITCST
OT CBOMX Harpysok. VHade, 110 Mepe NPOABUYKEHUsI HAIPY3KH Ha Ipe/-
ocjIeHENl PEeCHUYKEe BBEPX, B KAKOH-TO MOMEHT CJIYIUTCH OYEpPETHOEe
YMeHbIIIeHne Mepbl Irepedpoca. A CIydnuTcss OHO HA PECHHYKE C HOMEPOM
m—1—T+4q,,. Torna ongaTs Mpou3oiIET 3a1ep:KKa Ha m— 1 —T 4 q,, Tak-
TOB W IPOJIOJIZKUTCsT TIporiecce ountnernust. Y sarpatures 2m — 2 — 1T + g,
TakTOB. OTKYy/Ja BBITEKAET YTBEP:KICHUE JIEMMBL.

SameruM cienyromiee. Kcim jiepeBo 3arpy»KeHO IIOJHOCTBIO, TOLJIA
IIPOIIECC OYMINEeHUsI pébep Ha OIHOM YPOBHE IPOUCXOIUT CHHXPOHHO U
omHOBpeMeHHO. To ecTh OHM HAYMHAIOT IPOIECC OUMINEHNs B OJHO W TO
JKe BpeMsI M 3aKaHYMBAIOT €r0 B OJHO M TO »Ke BpeMs. [Ipm sTom jan-
HOE YTBepXKJ/eHHe CIPABEJINBO U JIJIT PECHUIEK MMEIOIUX OJIMHAKOBLIE
HOMEpa BHYTPH PEGEp Ha OJHOM YPOBHE.

Ecnu Bce pébpa yposus i, tiae ¢ = 0,1, ...,[, o0beaunum B 0HO ped-
PO, HO IapaMeTpbl KOTOPOI'O €CTh CyMMa IlapaMeTpoB pebep, KOTOpbIe
y4acTBOBAJIM B OObEIMHEHNN, TO MBI IOJIYIUM CTOJIOEIl U3 IIceBIopedep,
y KOTOPBIX COOTBETCTBYIOIIUE apaMeTPbl PaBHBI (CM. puc. 2).
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z 27l Ry
2 2/ b 2My
2/ b g

27Mb R

m 27Mb 27y

27lb 27

2 7 24
m 276 24l

Puc. 2. Haganbaas xouduryparus mncesmopedpa.

Jlamubrii cTo16er; MOXKHO 00bLEIMHUTL B OJHO pedpo, TaK KaK y BCEX
PECHUYEK paBHBI COOTBETCTBYIOIIME IapaMeTpPhbl, & UMEHHO Mepbl Iiepe-
Opoca n MakCHMaJIbHBbIE HArPY3KU. [loMeHsieM Jnib HyMepaIuo pecHu-
4JeK CJIeAYIomMM obpa3oM. Eciau pecHndka mMmeeT HOMeED j B IceBaopedbpe
YPOBHS i, TO ee HOMEpP OyIeT ompeneasaThcsa 1mo dopMmyie im + j.

Takum obpas3oM, MBI CBEJIN 3aJady H3yYeHHsl JepeBa ryouus | + 1
K 3ajlade U3ydeHusl JepeBa IIyOWMHBI 1, TO eCTh JiepeBa, COCTOSAIIEro n3
oxHoro pebpa. OTcro1a BLITEKAET CIELYIONIasi TEOPEMA.

Teopema 1. ITycmo bym,T,l € N; ke [1;2]; reQ\{0}. Toeda
L(b,r,m,l +1,T,k) = L(D~*(2, 2'r, (1 + 1)m, T, k)).

To ecmv 8pema OUUWECHUA NOAHOCTDIO 3a2PYAHCERHO20 DEPEBA, PAGHO 8Pe-
MeHU ovuuenus ncesdopebpa.
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Teopema 2. [lycmbd 6bNOAHEHDL YCAOBUA BCET BHIUE NPUBCICHHHLT
aemm, Ymeeporcdenud v meopem. Tozda

(I+1)m
L(b,r,m, 14+1,T, k) = > mjtw; w € {(I+1)m—1, 2(+1)m—2-T+gm},
j=1

ede Tj, @ onpedensromea us aemm 1 u 2 auwin ¢ samenoti v na 2lr, b
na 26, m ma (I +1)m.

HoxkazareabctBo. [lo Teopeme 1 BpeMsi OUUINEHNST TOJIHOCTBIO 3arpy-
JKEHHOT'O JIepeBa PaBHO BPEMEHH OUHUIIEHUSI IceBIopedpa, a BpeMs OUM-
[eHUsT TICeBaopedpa MOXKHO HAfTH, MPUMEHUB JIEMMY 3, JIUIIb 3aMEeHUB
rua 2lr,  bua2b, m ma (I +1)m. Yro u nokazano B hoOpMyIHPOBKE
TeopeMbl. Teopema JoKa3aHa.

B sakitoueHne XOTEI0Ch BBIPA3UTh CBOIO NPU3HATEILHOCTH HayIHO-
My pykoBoanTenio Ueprosoit FO.I. u akagemuxy Kynpseriesy B.B. u
OTMETHUTL, UTO JAHHASI CTAThLs HE MOLJIA MOSIBUTCSI HA CBET 6€3 MX IIOMO-
M1 1 TOAAepKKH. Tak»ke XOTeJa0Ch ObI OTIEJIHHO MOOJIArOTapUTh MOUX
poauTeseil 3a MOCTOSTHHYIO BEPY B MEHH.
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