CooTHoIIeHNE CTATUCTHICCKUX CBOMCTB YHMCIa COYJIAPEHUI M JIINHDbI
TpaeTOPUN YaCTUILbI

1 Ilenn

B mamreit pabore MbI XOTHUM HANTH:
1) Pacupenesenue JjiuHbl TPAEKTOPUU YaCTULBI IIPU (DUKCUPOBAHHOM YHCJIE COYJIAPEHUI ¢ JIPYIUMU YaCTUIIAMA
2) Pacupejesienue anciia coyJapeHuil 4acTUIbl IpU (DUKCUPOBAHHON JIJIMHE ee TPACKTOPUK

2 Cpennss qianHa cBOOOJTHOrO Impobera

MouJiekyJibl ra3a, HaXO/siCh B XaOTUYECKOM JIBUXKEHUsI, HEIIPEPBIBHO CTAJKHUBAIOTCS JIPYT C ApyroM. Mexkiy maByMsi
[IOCJIeIOBATEILHBIMIA CTOJIKHOBEHUSIMUA MOJIEKYJIBI IIPOXO/ISIT HEKOTOPBIA MyTh L, HA3bIBAEMBIM JJINHON CBOOOIHO-
ro npobera. B obmiem ciiygae JjumHA IMyTH MEXKIY IIOCJIE€IOBATEIbHBIMEA CTOJKHOBEHHUSIMY DPAa3/IMYHA, HO TAK KaK
MBI UMEEM JIEJI0 C OY€HDb OOJIBIIAM YUCJIOM MOJIEKYJI W OHU HAXOJSTCS B OECHOPSIOYHOM JIBUXKEHUH, TO MOYKHO
FOBOPHTH O CpefHeil nmHe cBOGOIHOrO mpobera Momekysa L. MuHUMAIbHOE PACCTOSHUE, HA KOTOPOEe COIMKAIOT-
Csl IPU CTOJIKHOBEHWH IIEHTPHI JIBYX MOJIEKYJI, HAa3bIBAETCs 3(PMEKTUBHBIM AUaMETPOM MOJIEKY/bl d. OH 3aBUCUT OT
CKOPOCTH CTAJKUBAIONIUXCS MOJIEKYJI, T. €. OT TEMIIEPATYPbI Ta3a (HECKOJLKO YMEHbIIAETCI ¢ POCTOM TEMIIEPATY DB ).

Tax kak 3a 1 ¢ MoJieKyJsIa B CpeJIHEM IIPOXOIUT IIyTh, KOTOPBII paBeH cpefHeil apudMeTndecKoit CKOpOCTa U, U
€CJIn Z — CpeJiHee JICJIO CTOJIKHOBEHUN, KOTOPBIE OJIHA MOJIEKYJIA Ta3a JejaeT 3a 1 ¢, TO CpeiHss JJINHA CBOOOIHOTO

npobera 6ymer L = g Jist otipejiesienust Z IpeJicTaBUM cebe MOJIEKY/Iy B BUJIE ITapuKa JuaMeTpoM d, KOTopast JBU-
JKETCsI CPeJIM APYTUX KaK Obl 3aCTHIBIIUX MOJIEKYJI. DTa MOJIEKYJIa CTOJKHETCS TOJBKO C TEMU MOJIEKYJIAMU, IEHTPbI
KOTOPBIX HAaXONSATCsI Ha PACCTOSTHUSIX, PABHBIX WJIN MEHbBIIUX d, T. €. JIEXKAT BHYTPU TaK HA3BIBAEMOI'O JIOMAHOIO

MIWINHAPA paamycoMm d.

Yucsio CTOJKHOBEHUI Z MOJIEKYJIBl C APYTUMH MOJIEKYJIaMU B CEKYHIY Oy/eT paBHO YUCIY MOJIEKYJI, IEHTPBI
KOTOPBIX HAXO/SATCS B [WJIMHJIPE JJINHOM, YMCJIEHHO PABHOM U, U JuaMeTpoM 2d. DTO YKCJIO BHIPAXKaeTcsi (pOPMYJIOii:

Z = nnd*v (1)

B dopmysty HyKHO BHECTH MOIPABKY HA TO, YTO JAHHAS MOJIEKYJIA CTAJIKMBAETCS HE C HEIIOIBUKHBIMU MOJIEKY-
JIAMH, & C JIBIXKYIIAMHUCS. DTO 0ODCTOSATEHCTBO OYJIET YITEHO, €CJIA BMECTO CPeJiHeil abCOMIOTHON CKOPOCTH 3aITUCATD
CPEJIHIOI OTHOCUTEIBHYIO CKOPOCTh. OTciomna:

Vrel = V250 (2)
Wroro moxydaem:

zZ =\ 2nnd*v (3)
Haitnem niuay cBoboauOrO mpoberas

L=—=(V2rd?*n)™? (4)

w2

3 Pacnpegenenue ajmHBI CBOOOIHOIO IIpodera

BeruncsienHas paHee cpenHssl JJIMHA CBOGOAHOTO mpobera (4) saeT JIMIb 3HAUEHUE, YCPEJIHEHHOE MO GOJIBIIOMY
YUCJTy CTOJKHOBeHUiT. UTOOBI HANTH, KAK KOHKPETHO M3MEHSIIOTCSI JJIMHBI CBOOOIHOTO IIpobera, cHavYa1a HeoOX0IMMO
BBIUUCJIUTH BEPOSITHOCTH TOT'O, YTO MOJIEKYJIA IIPOWJIET IIOCJE CBOETrO IOCJEJHEr0 COYJIapeHusl IyTh X, HU pa3y He
CTOJIKHYBIIUCH C ApyruMu MoJiekysiamu. OdeBuino, uro byHKIWsA pacupenesenus F(x) 10/KHa yI0BIETBOPITH
yeosusim F'(0) =1 u F(oo) = 0.



[Ipenmonokum, 9TO MPEIBICTOPHUS MOJIEKYJIbI He BJIUSIET HA BEPOATHOCTDL COYAAPEHUM, T. €. BEPOATHOCTH COYIa-
peHust B JIIOOOM CJIydae COBEPIIEHHO HE 3aBUCUT OT TOT'O, CTAJIKUBAJIACH JIU MOJIEKYJIA TOJIHKO UTO, MJIM OHA IIPOIILIA
0oJIBITION TIyTh 6€3 cToIKHOBeHUi. Torjia BeposSTHOCTEL TOTO, UYTO MOJIEKYJIa IpoiaeT 6e3 CTOTKHOBEHUN PACCTOSIHUE
r = x1 + T2 OyIer paBHA IPOU3BEJIEHUIO BEPOSITHOCTEN PONTH 03 COyIapeHuii MyTh T1 U Ty COOTBETCTBEHHO:

F(r)=F(x1 +x2) = F(z1)F(x2) (5)
YpaBHeHns 3TOro THIIA UMEIOT €IUHCTBEHHOE pellleHue BUia:
F(z) = ke™? (6)

Haiinem mapamerpst k n A. Tereps HaiizeM BepOSTHOCTL TOTO, UTO MOJIEKYJa IPOiIeT MyTh 6e3 CTOJKHOBeHMI,
HO 00s13aTeJIbHO CTOJKHETCs Ha CJIeyomeM orpeske Az. 910 u GyieT HCKOMOM IUIOTHOCTBIO pacipenesaenus f(x)
JJIAH CBOOOTHBIX ITPOOETOB.

Besmuuna F(Az) ecTb BepOATHOCTH TOIO, YTO MOJIEKYJIa poiier myTh A 6e3 cronkuosennii. Torga 1 — F(Ax)
OyJleT BEpOSTHOCTBIO CTOJIKHOBeHus B HHTep-pasie A. Cienosarensho, f(x) 6yner pasuo F(x) (BeposTHOCTH TOrO,
ITO MOJIEKYJIA MIPORIET My Th & 0€3 CTOJIKHOBeHuit ), ymMHOKeHHOH Ha 1 — F'(Ax):

f(2)Az = F(2)(1 - F(Az)) = F(z) — Fz + Az) (7)

nJI

fla) = == ®)

flay=-22 (9)

Hocre samensr F(x) = e~ (k=1 B cuy yemosuit F(0) = 1):
f(x) = Ae™ (10)
Cpe/iHee 3HAavEHHE JTHHBI CBOOOIHOTO TIpoGera L paBHO:

L= /000 xf(z)de = )\/OOO re  Mdx (11)

W3 sToro nnTerpupoBaHus HEMOCPEICTBEHHO CJIE/LYET, YTO:

- 1
L=< 12
- (12)
3HAYUT B UTOre IJIOTHOCTH PACIPE/IEIEHI MOKHO BBIPA3UTDh B BH/IE:
1 —z/L
flx) = 7€ (13)

[To cyTn sKCcnOHEHIIMAIBLHOE YOBIBAHME STOIO BBIPAXKEHUsI O3HAYAET, UYTO BEPOSITHOCTH JIETETH JIOJITO, HE HMCIBIThI-
Basi CTOJIKHOBEHU{1, MEHBIIIE, 9€M BEPOSITHOCTb HE CTOJKHYTHCH. 10 €CTh MaJjible PACCTOSHUS CBOOOIHOIO ITpodera
BEpOSITHEH, deM OosIbIme.

4 llepexona K paciipejieJIeHUIO JJIMHBI CBOOOHOrO Irpodera 1mpu puKcCu-
POBAHHOM YHCJI€ CTOJIKHOBEHU

B upeapliyneM myHKTe Mbl HAIIIU PACIPEJIeHIEe JIJIMHBI cBOGoaHoro npobera (13) mis oxmoro coymapenus. O6o-
3HAYMM COOTBETCTBEHHO €e:

file) = et (1)

[Tepeiimem K ciydaro ¢ 2 CTOJIKHOBEHUSIME. BBeJeM NMCKPETHYIO JJINHY, 8 UMEHHO Pa300beM TPAEKTOPHUIO YaCTUIIBI
na majieabkue dactu Al. Ilycrs [y = mAl - mmaa cBoboaHOr0 mpobera 0 MepBOro CTOJKHOBEHUSA. BeposTHOTH
CTOJIKHOBEHUs HA M-OM uHTepBaJse pasHa fi(x = mAl)Al.



Toria BeposITHOCTH COOBITHS, 9TO CJIEJIYIONIEe CTOJKHOBEHUE TPOU3OMIET TP JIJINHE TPACKTOPHUU [, IPU YCJIOBHUH,
YTO IEPBOE CTOJKHOBEHHE ObLIO Ha 1-OM HMHTepBaJie(TO eCTh NpH JUIMHe Tpaekropuu 1 = mAl) Gymer paBHO
f1(l = 11)Al. Do coorBeTCTBYET TOMY, UTO PACCTOSHUE MEXKJY IIEPBBIM M BTOPBIM CTOJKHOBEHHSIMU OBLIO | — I1.
[TockobKy HAC MHTEPECYeT TOJBKO MOMEHT TIOSIBJIEHUSI BTOPOT'O CTOJIKHOBEHUSI, & IIEPBBI MOYKET IIPH JIFOOOI JIjThHe
TPAEKTOPUH, TO, IPUMEHsIsT (DOPMYJLY TOJHON BEPOSATHOCTH, ITOJIYIaeM

Fa(@)Al= 3" fi(mADALf (¢ — mALAL (15)

m=1

Ilepexonst K HEIPEPHIBHON JJINHE TPAEKTOPUU U MHTETPUDYS 110 [, ITOIydaeM

fg(x):/owfl(l)fl(:c—l)dl: ;/Oxexp (—i) exp (-l;””) dl (16)

B urore pacnpejenenue Jjist 2-X CTOJKHOBEHUH MOYXKHO BBIPDA3UTDH Yepe3 pacrpejiesieHue JJjist 1-ro CTOTKHOBEHMS
x T x
fa(x :Texp(—f):fflx 17
(0) = sexp (=) = Th) (1)
Paccy»xiast aHAJIOMIYIHO JIJTsl JIJIMHBI TPAEKTOPUE [IPU TPETHEM CTOJKHOBEHUU, TTOJTYIaeM

f3(m):/0mf2(l)f2(x—l)dl: LIB/Ozexp (—i) exp (—z£l>dl, (18)

1,2

x x
Tr) = —— ex —_— = — €T 19
fiw) = s exp (=) = 5= (@) (19)
[Monyyas anamorunysuo mist fa(x) u jist f5(x) MOKHO 3aMeTHTb 3aKOHOMEPHOCTH fn41(z) = (x/L) fn(x) u, ciemosa-
TEJIbHO, BBIUCATH UTOrOBYIO0 (hopMyny (3) INIOTHOCTH PacIpe/iesieHus! JIMHBI CBOOOIHOTO Tpobera mpu buKCupo-

BaHHBIX Tt COY/IapPEHUAX

ule) = s e (<7) (20)

BameruM, 9To nosrydennoe pacupeneenne (20) asiagercs [amma-pacupenesieaneM. VIMEHHO €ro MOXKHO HaOJII0IaTh
upu pabore B pezkume Nel. BaxkHO OTMETUTD, UTO B JAHHOM CJydae T — CJlydaliHas BeJIMIuHa (JjInHa TPAeKTOPUH ),

a n — dukcuposano (uucio coyiaapenuii). OCHOBHBIE XapaKTEePUCTHKHU: Maroxkujanue (r) = nL u mucnepcus
02 =n2L

5 Pacnpegenenune umncja CTOJKHOBEHU Npu PUKCUPOBAHHONM JJINHE TPa-
€eKTOPUHN YaCTHUIIbI

Haiinem BepOSTHOCTD TOTO, 9TO K MOMEHTY, KOT/Ia JIUIMHA TPACTOPUHU YACTUIIBI PABHA X, OHA CTOJIKHYJIACH C JIDYTUMU
qacTuriamMu n pa3. To ecTb, B oTiim4ane oT l'aMMa-pacipesiesiennst, n aBaseTcs CIyIaifHON BeJTUINHOM’, a £ — mapaMeTp
pacipe/jiesIeHu.
BeposiTHOCTB COOBITHS, UTO 11-0€ CTOJIKHOBEHUE IIPOU3OIILIO B MAJIOM HHTPEBAJIE 110 JIJINHE TpaekTopuu (T, + Ax)
onpenessiercst ['amma-pactpeeneanem (20) 1Mo OMpeeIeHnIo IIOTHOCTH BEPOSITHOCTH
n

frs1(z)Az = L+t eXp (—%) Az (21)

D10 xKe cobbITHE COCTOUT M3 JBYX HE3aBUCUMBIX cOObITuil: (I) 710 MOMEHTa ¢ JJIMHOW TPACKTOPHH X OBLIO POBHO
n croJKHOBeHUi ¢ BepositHOCTBIO Py (n) m (IT) Ha uHTepBase Ax NOSBUIOCH N + 1 CTOJIKHOBEHUE C BEPOSTHOCTHIO

L' Ax. Tlonyuaem

Py = DA o (22)

W3 31010 1noxydaeM OKOHYATEIbHYIO (hOPMYILY I PACIPEIeIEeHISsT
( T / E) ne—x /L

Pa(n) = n!

(23)

JenaeM BBIBOJ: UTOroBOE pacipelejieHue YUC/a CTOJKHOBEHWH YacTHIbl PU 3aJaHHoil e Tpaeropuu (23)
apisercs [laycconosckum. Ero ocHoBHBIE XapaKTepUCTUKH

(&)

L ol=2 (24)

<n>= n=F

~ R



