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FrOCYLAKBCTBEHHbB W CTAHALAPT POCCUNCKOMN GEJLEPALUN U

nyym KOCMMNYECKWME CONNHEYHBIE
BeposiTHOCTHAs Mofeslb NOTOKOB NMPOTOHOB

Solar energetic particles. Probabilistic model for proton fluxes

[ata sseneHna 2002—01—01

1 O6nactb NpUMeHeHUs

HacToAwunin ctaHAapT ycTaHaBNnBaeT BEPOATHOCTHbIE 3HEPreTUYeckne CnekTpbl MOTOKOB (ptoeH-
COB M MaKCUMafbHbIX MUKOBLIX MOTOKOB) MPOTOHOB CO/IHEYHbIX KocMuyeckux nyyeii (CKJ) c aHeprueit
E>5 M3B B 0KO/103eMHOM KOCMWYECKOM MPOCTPAHCTBE MHe MarHuTochepbl 3eMaun ANs yCNOBUA N3MEHS-
I0LLerocs ypoBHSA COMHEYHON aKTUBHOCTMU.

CTaHgapT npegHasHayeH 419 MCNONb30BaHUA B pacyeTax pagMalMOHHOr0 BO3AECTBUS MPOTOHOB
CKJ1 Ha TexHMYecKue ycTpoiicTBa, MaTepuanbl v gpyrue 06beKTbl B KOCMUYECKOM MPOCTPaHCTBeE.

2 HopmaTtuBHble CCbINKK

B HacToAwWwemM cTaHfapTe UCNOMb30BaHbl CCbIIKW Ha Cliefytlouine CTaHAapThI:

FOCT 25645.105—84 J1yun KOCMMUYECKNEe COIHEYHbIEe. TepMUHbI U ONpefenieHns

FOCT 25645.302—83 PacuyeTbl 6annmcTuyeckme WUCKYCCTBEHHbIX CNYTHWMKOB 3eMnu. MeTtoguka
pacyeTa MWHJEKCOB CO/THEYHON aKTUBHOCTHU

3 OnpegeneHus

B HacTofwWwem cTaHfapTe NPUMEHAIOT Cefyolne TEPMUHBLI C COOTBETCTBYIOLW UMW ONpeAeneHnamu:

3.1 conHeyHble KocMuyeckme nyun (CKJ/1): TOTOKM 3apsKEHHbIX YacTul, BbICOKWX 3Hepruii (6onee
5 M3B/HYKNOH) CONMHEYHOTO NPOUCXOXAEHUS.

3.2 yncno Bonbta: OTHOCMTENbHOE YUCO CONHEYHbIX NATEH, onpegensemoe execyTouyHo (FOCT
25645.302).

3.3 ypoBeHb CO/MHEYHON aKTWBHOCTW: CpefiHEro40BOe UM CPefjHeMecaAYHOe ynucno Bonboa.

3.4 NporHosupyemblii ypoBeHb COMHEYHOW aKTUBHOCTU: Y POBEHb COMHEYHOW aKTUBHOCTU, MPOTHO3M-
pyembiii oT 4 mecaueB go 11 net Bnepeg (no FOCT 25645.302).

3.5 conHeuyHoe NpoToHHOe cobbiTve (CMC): Mo FOCT 25645.105.

3.6 dtoeHc nporoHoB: MonHOe KONMYeCcTBO NPOTOHOB, NafjaloWmnX Ha chepy € CevYeHnem aTolwagbio
lcwm:.

3.7 NWKOBbIA MOTOK NPOTOHOB: MakcMManbHOe KONM4YecTBO MPOTOHOB, Najakollee B efUHULY Bpe-
MEeHUW B eAUHMWLE TeNeCHOro yria Ha eANHUYHYIO NAowWagKy, NepneHANKyNapHyl0 HanpasaeHuto Habnwo-
feHns (B OQHOM WAM HeCKOoNbKMX cob6biTMAX CKJ1, npousowenlinx 3a onpefeneHHbIn NpoMexyTok
BPEMEHMN).

3.8 anddepeHumanbHbIl 3HEPreTUYECKUNiA CNeKTP (toeHca NpoToHOB: AnddepeHunanbHoe pacnpeje-
NneHune (noeHca NPOTOHOB MO 3HEPT UK.

3.9 anddepeHumanbHbIl 3HEPreTUYecKnidi CMeKTp MWKOBOTO MOTOKa NPOTOHOB: AuddepeHumnanbHoe
pacnpefeneHue NMKOBOro notoka npotoHos CKJ1 no aHepruu.

3.10 BeposTHOCTb (hntoeHca: BepoATHOCTb, C KOTOPOW (NtoeHC MPOTOHOB NpeBbillaeT 3ajaHHOe
3HayeHwue.

3.11 BepoOATHOCTb MMKOBOFO MOTOKa: BepoATHOCTb, C KOTOPOI NWKOBbIA NOTOK NPOTOHOB NpeBbillaeT
3afjaHHOe 3HauyeHMue.

W3gaHune odmupmansHoe
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4 O603Ha4YeHNs N COKpaLleHns

B HacToAwem cTaHAapTe NPUMEHAIOT crefylolne CoOKpalweHus n 0603HauYeHUnsA:

<W> — cpefHerofoBoii ypoBeHb COMTHEYHOW aKTUBHOCTHU;

<\V*> —cpefHeMeCcAUYHbIl YPOBEHb COMTHEYHON aKTUBHOCTH:

® — (p1l0EHC NPOTOHOB, CM-2;

@ (2:30) unn ®3J)—3HaveHue cobbiTua CKI;

® (£") —pndhepeHLanbHbil 3HEPreTUYECKNA CnekTp htoeHca NpoToHoB, (cM1M3aB)-;

/ — NWKOBbIA MOTOK NPOTOHOB, CM—cCp-'C-1;

/(£) —paouddepeHLnanbHbll  3HepreTuyeckuic  cnekTp  (MMKOBOr0o)  MoOTOKa  MPOTOHOB.
(cm2cpc MaB)-%;

R —>ecTKoCTb NpoTOHAa, MB;

Nivc® —aHeprnsa nokos nNpoToHa, pasHas 938 MaB:

D — cnekTpanbHbli KO3 UUMEHT AnddepeHynanbHOr0 IHEPreTMYecKoro cnekTpa NpoTOHOB;

N — cnekTpanbHblii MHAEKC AUDhepeHLManbHOr0 3HEPreTMYecKoro cnekTpa NpoToOHOB;

5 — nMHfeKc 3aBana crnekTpa fudpepeHynanbHOro 3HEPreTUYECKOro crneKTpa NPpoTOHOB;

<n> —O0XWfaemoe B CpeAHEM KonmyecTBo cob6biTuin CK/ #3,&10* cm-2;

Y — BepoATHOCTb (D/IH0OEHCA WM MUKOBOrO MOTOKa MPOTOHOB MpeBbIWaTh 3a4aHHOE 3HAYEHWE;

P — oTHOCKUTeNbHasA CKOPOCTb CBeTa;

E — KuHeTuyeckas sHeprusa npotoHa. MaB.

5 OCHOBHbIE NONOXEHUS

51 Mogenb ycTaHaBnuBaeT B BuAe AU depeHuMaTbHbIX 3HEPreTUYeCcKUX CMEeKTPOB 3HavyeHue
(h1I0EHCOB W MUKOBbIX MOTOKOB MPOTOHOB, MpeBbllleHNe KOTOPbIX B YCNOBMAX 3aAaHHOTO YPOBHSA
CONMHEYHON aKTUBHOCTM <LLLr)> Ha BpeMeHHOM MHTepBane 7'0XUAaeTcs C 3afaHHON BEPOATHOCTbIO Y\

5.2 AvnddepeHynanbHble 3HepreTuyeckne cnekTpbl atoeHcoB |® (£)| uaM NWMKOBBIX MOTOKOB

1/Y£)| npoToHoB (0606wWweHHO £(£)) 3agaloT B popMe CTeNeHHbIX PYHKLMA XECTKOCTU NPOTOHOB R;

(1)

rae U —cnekTpanbHblii nHgekc, npu £2:30 M3aB nocTosHeH u paBeH X
a npu £'<30 MaB u BbIUMCAAIOT N0 Gopmyne

(2)
R — eCTKOCTb NPOTOHOB, BLIYUCAAT N0 Popmyre
R=>EE+ MN{ >, (3)
rge £ — KuHeTnyeckad aHeprua npotoHa, MaB:
AfAc2 — aHeprua nokos npoToHa, paBHas 938 MaB;
R" = 239 MB. COOTBETCTBYET 3Hepruun npotoHa £ = 30 MaB;
P —oTHOCUTEeNbHaA CKOPOCTb MPOTOHA, KOTOPYIO BbIYUCAAKT MO Gopmyne
4)

5.3 OHepreTuyeckue cnekTpbl (1) onpegenstoT, UCNONb3Ys TPU napameTpa:

D —cnekTpanbHbIli KO3 QULNEHT;

X — cneKTpanbHbI MHAEKC;

5 — MHAEeKC 3aBana cnekTpa.

Kaxgbli 13 napameTpoB ABnseTcs PyHKLMel ABYX nmapamMeTpoB MOAenW —CpefHero 0Xugaemoro
yncna cobbiTnit CKJ1 <n> un BeposTHOCTK ©.

5.4 K napametpam MOAenu OTHOCATCA:
- BEPOATHOCTb Y MpeBbIWEeHNs (Il0OEHCA UM NMMKOBOFO NOTOKAa MPOTOHOB 3Hepruu £'. 3afaBaeMoro

onddepeHumnanbHblM 3HepreTuyeckum cnektpom (1);
- cpegHee oxupaemoe ymcno cobbiTnii CK/1 ©,1KEL0' cM-2 — <«>.
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5.5 CpegHee oxugaemoe 4yncno cobbitnii CKJ/1 @ MO 5¢cm-2 — <n> BbIYNCAAKT MO hopMynam:
npu NpPOAO/XUTENbHOCTW Mepuoja BpeMeHW (ANWTeNbHOCTL naneta) 751 rog v paBHOW T Mecauam

T (5)
<n> = 0-27 -1. X )

nil-1
rae <W\ > —cpegHemecayHble (MTPOrHO3MPYeMble) YMCna COMHEYHbIX NATEH,
npv gnutenbHocTn noneta T>1rog u 7 = S (net) + m (mecsaues)

(6)
<« 027 X <U>+yy | <\VY]>

rae <W> — cpeAHerofoBble (MPOrHO3MpYeMble) Yncna COTHEYHbIX NATEH, @ OTCYET rofa HaymHawT oT
MOMEHTa Hayana MHTepBasa BpemMeHU (Hayana noseTa).
5.6 CpefHerofoBble U CpefHEMECAYHbIE YNC/A COMTHEYHbIX NATeH BbluncnaoT no FOCT 25645.302—83.
5.7 3HayeHus napameTpoB AU hepeHLnanbHbIX IHEPTETUYECKUX CMEKTPOB AN DIIOEHCOB U NUKO-
BbIX MOTOKOB NPOTOHOB < Ky <u 5 <P gna Habopa Haubosee yacTo BCTpeyarolWmnxea Ha npakTuke

napameTpoB Mogenu —BeposTHocTu Y\ pasHoli 0.9; 0.842:0,5; 0,158; 0,1; 0.05; 0.0316; 0,01 1 oxxuaaembix
B CpeHEM KO/NMYecTB cOObITUIA <n>, paBHbIX 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, npuBeaeHbl B Tabnuuax
A.11.6 (npunoxeHue A). lapameTpbl 3HEpPreTUYECKUX CMNEKTPOB AN MPOMEXYTOUYHbIX 3HaYeHUN
napameTpoB MOAeNN BbIYUCAAOT NO Ta6NUYHLIM AAHHBIM MeTOAaMW MHTEPMONALUN.

5.8 Mopgpo6Has MeToAMKa pacyeTa (h/lOEHCOB M MUKOBbIX MOTOKOB MPOTOHOB, KOTOPas MOXET BbIThb
MCMnonb3oBaHa Ans onpefeneHns Kak AutepeHynanbHblX 3HEPreTUYECKUX CMEKTPOB, TaK U MPOMEXYTOuY-
HbIX BEIMYUH, HEOOXOAUMBIX AN MPOBEEHUA HEKOTOPbIX CheunanbHbIX pacyeToB, NpuUBeAeHa B Npuo-
XeHun b.

6 TouyHOCTb MeTOfa

6.1 TO4YHOCTb MeTOfa XapakKTepu3yeTcsi OTHOCUTENbHOW MOrpPelHOCTb ONpefeneHns 3Ha4YeHui
(hIF0EHCOB U MUKOBbIX MOTOKOB, 06YCNOBNEHHOW OrpaHWYeHHOW CTAaTUCTUYECKOW TOUYHOCTbIO HAKOMUB-
LWINXCA K HacTOAWEeMY BPEMEHWN 3KCNepPUMEHTaNbHbIX AaHHbIX (Tabnuubl B.l n B.2).
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MPUNOXEHWE A
(o643aTenLHoe)

Ta6J'IVILl,bI napameTpoB Ana pacyeTa 3HEPreTUYeCKUX CNEKTPOB
CbﬂIOGHCOB N NMUKOBbIX MOTOKOB NPOTOHOB

Tabn nHa AT —KoahdpuumneHTsl guddepeHLMasbHOro 3HePreTMYeckoro cnekTpa ploeHcoB NpoToHOB Dy m>

Dv OB CM-1, NP1 MHrerpanbHoin BepasiiocTM U

<n>

09 o2 0S 0.158 01 0.0S 0.0316 0.010
— — 0,676E*04 0,134E+06 0.336E+06 0.103E+07 0.196E+07 0,781 E+07
— — 0,384E-*-05 0.505E+06 0.104E+07 0.277E+07 0.501E+07 0.153E+0S
0.149E+05 0.260E+05 0.175E+06 0.156E+07 0.307E+07 0.696E+07 0.111E+08 0.262E+08
0.931E+05 0.144E+06 0,727E+06 0.445E+07 0.761E+07 0.147E+08 0.207E+08 0.397E-M»
16 0.450E+06 0.644E+06 0.240E+07 0.103E+08 0.164E+08 0.265E+08 0.340E+08 0.558E+08
32 0.186E+07 0,248E+07 0.704E+07 0.221E+08 0.298E+08 0.429E+08 0.523E+08 0.773E+08
64  0.648E+07 0.8I0E+07 0.185E+08 0,421E+08 0.520E+08 0.686E+08 0.794E+08 0.109E+09
128 0.19SE+08 0.236E+08 0.435E+08 0,771E+08 0.905E+08 O0.111E+09 0.123E+09 0.153E+09
256  0,539E*08 0.616E+08 0.938E*08 0.14IE+09 ON57E+09 0,179E+09 0.I195E+09 0.225E+09
512 0.135E*09 0.147E+09 0.195E+09 0.257E+09 0.276E+09 0.300E+09 0.31SE+09 0.345E+09

© AN

Tabnuya A2— VHaekebl anddepeHLnansHOro 3HepreTMYeckoro cnekTpa gaeHcoB NPOTOHOB la>

Xr ,n> NPV VIHTErparbHOI BeposTHOCTY

<P
09 042 05 01 01 0.05 0.0316 0.010
1 — - 6.41 5.18 4,86 4.48 4.29 4.12
2 — — 5.64 474 4.50 4.30 4.19 4.03
4 6,15 591 519 4.46 4,29 4,19 411 3,94
8 5,60 5.46 481 4.28 4.18 4.10 4,02 3,86
16 519 5.05 4,52 4,18 411 4.02 3,95 3,79
32 4,83 4.70 4,36 4.13 4,04 3,95 3,88 3,73
64 4,56 4.48 4.27 4.05 3,98 3.90 3,84 3,69
128 441 4.37 4.20 4.01 3,95 3,87 381 3,67
256 431 4.28 4,14 3.99 3,93 3,85 381 3,67
512 4.24 421 4,10 3.96 391 3,84 381 3,68
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Tabnunya 1.3 — VHaekesl 3aBana auddepeHLManbHOro 3HepreTYeckoro cnekTpa (aeHcoB NPOTOHOB J>

By , >Mpun vHTerpanbHoi nepositHocTy f

<>
09 042 05 0.1%5 01 0.05 0,0516 0.010
1 — 0,168 0,055 0,050 0,049 0.054 0.078
2 — 0,076 0,048 0.048 0.057 0,071 0.089
4 0,122 0.085 0,062 0,049 0,059 0.074 0.085 0.0S6
8 0.077 0.069 0,050 0,062 0,072 0.084 0.084 0.069
16 0,058 0.053 0,048 0,067 0.070 0.081 0,076 0.052
32 0,048 0.046 0,050 0.064 0,065 0.066 0,059 0.032
64 0.045 0.046 0,057 0.064 0.060 0.054 0.046 0.019
128 0,049 0.052 0,059 0.056 0,052 0.042 0.034 0.009
256 0,053 0,055 0,056 0.049 0.043 0.032 0.025 0.004
512 0,055 0.056 0,053 0.043 0.036 0.025 0.017 0.000

Ta6nuya A4 — KoahhuuneHTsl gudhepeHLManbHOro 3HepreTMYecKoro CreKkTpa NUKOBbLIX NOTOKOB MPO30HOB

D~ a>, <amj g»e MaB)-1. Npu UHTerpasisHoi BeposTHOCTH UL

<n>

09 o2 0S 0.155 01 0.05 0.0316 0.010
1 - - 0.0014 0.056 0,170 0.750 1.66 8.4
2 — - 0.0106 0.261 0,706 2,35 4.75 20.8
4 0.00257 0,0041 0.0561 1 2.27 6,65 12 39.6
8 0.0159 0,0237 0,258 3.24 6,75 16.7 26.8 775
16 0.0866 0.123 | 8,56 159 32,7 50,6 126
2 0.389 0,537 3,27 199 32,9 63.4 89,9 215
64 1,48 194 8,86 40 60,3 104 145 300
128 4.33 5.45 20.6 70.3 102 171 227 425
256 n.3 138 41 116 169 264 332 540
512 26.8 315 73,6 191 252 370 446 702

Tabnunua A5 —VHaekchl anddepeHLManbHOro 3HePreTMYeCKOro CnekTpa NKOBbIX NOTOKOB NPOTOHOB Y" <>

X, <a> MY VHTErpaibHol neposiLlocr

<P
09 osR 0S 0.15 01 00S 0.0316 0010
1 6779 6,581 6,434 5.09 4,765 4,413 4.247 4.06
2 807l 6.976 5,548 4672 4433 4.23 4.134 3.98
4 6.065 5,572 5.083 4.348 424 4131 4,05 3,889
8 5.415 5.306 4.664 4219 4129 4,041 3.956 3814
16 4943 4841 4,369 411 4,052 3,961 39 3,765
2 4567 4491 4195 4.02 3.948 3883 3822 372
64 429 4,262 4107 3,935 3,87 38l 3,756 3.649
128 4164 4145 4,028 3,869 3.806 3.754 3,699 36
256 4098 4,092 3.962 382 3,773 3.704 363 3,52
512 4.069 4,057 3,885 3,777 3,685 3613 3,568 3.44
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Tabnuuya A.6— VHAekchl 3aBana guddepeHLManbHOro 3HepreTMYecKoro CnekTpa NMKoBbIX NoTokoB nMpOTO-
HoB 8T I

5.,<PNpU MHTErpanbHoi HepoMr»ocT Y

<>
0.9 o 05 01Ss 01 0.05 0.0S16 0.010
1 — — 0,167 0.06S 0.064 0.080 0.089 0.121
2 — — 0,078 0,069 0.078 0.100 0.111 0.135
4 0,12 0.095 0,064 0,083 0.095 0,122 0,132 0.147
8 0,07 0.068 0,066 0,110 0,127 0.142 0,150 0.152
16 0.064 0.063 0.084 0,132 0,145 0,155 0,158 0,155
32 0.072 0,075 0,108 0,151 0,156 0,158 0,152 0,153
64 0.093 0.099 0,134 0,163 0,154 0.152 0,145 0.137
128 0,111 0.131 0,151 0,159 0,156 0.152 0,142 0.124
256 0.156 0,168 0,170 0.156 0,159 0.155 0,140 0.107
512 0,188 0.197 0,180 0.165 0,159 0.152 0,143 0.090

MPUNOXEHWUE T,
(cnpaBoyHoe)

MeToAunka pacyeta (*)]'I}OGHCOB N NUKOBbLIX MOTOKOB MPOTOHOB

B.1 3HauyeHWA (IOEHCOB U MUKOBbLIX MOTOKOB NPOTOHOB, MPEBbILIEHNE KOTOPbIX OXMWAAETCA C 3afaHHON
BEPOATHOCTbIO Y. AN YCNOBWIA 3afaHHOTO YPOBHSA COMHEYHOW aKTWBHOCTM <1Y> Ha BpeMeHHOM WuHTepBane T
BbIYMCNAIOT HO pacyeTy MOTOKOB MPOTOHOB A7 6ONbLIOrO KOAM4YecTBa BapuaHTOB Naneta N C mocnefytowum
npeobpasoBaHneM BbIYUCNEHHbBIX BEPOATHOCTHBLIX KPUBbLIX B 3HEPreTUYECKMe CreKTPbI.

Pa3Hble BapnaHTbl MONETOB OT/INYAIOTCA:

a) pasHbix! «cayyaiHbIM» KonmyecTBOM cobbiTit CKJT (Npu 3aiaHHOM CpefiHeM <si>);

6) BenMuMHa KaXAoro n3 cobbiTnii ®m, ABNSETCA «CyyvariHol» B paMmKax YyHKLUK pacnpefeneHuns;

B) 3HaYeHMs MapaMeTpOB 3HEPreTWYeCKOro CreKTpa NPOTOHOB (CMeKTpanbHbll MHAEKC Y W WHAEKC 3aBana
CMeKTpaa) AN Kax[oro cobbiTva npu ciyyaitHoi Bennumte @10 Takke BaNAOTCH «CyvaliHbIMU» 1 3afaHbl CPefHUMM
3HAYEHUAMU U UX CTATUCTUYECKUMMN OTKIOHEHUAMM.

B.2 PacueT (nt0eHCOB W MUKOBbIX MOTOKOB MPOrOHOB, MPEBbILIEHNE KOTOPbIX OXWAAeTCA C 3afaHHON
BEPOATHOCTbIO Y, ANA YCNOBUIA 3aflaHHOT0 YPOBHSA COMHEYHOW akTMBHOCTU <W> Ha BpeMeHHOM uuncpsanc T:

1. BbluMCNAOT OCHOBHO NapamMeTp MOfenn — CpefjHee 0XuaaeMoe Komyec To cobbiTuii CKJT dm2 H)5cm-2
<n> no opmynam (5) nnu (6) HacTosLLero cTaHaapra.

2. BblumcnsoT (hACHCHI UM NUKOBbIE NOTOKM Ans JT cnyyaiiHbiX BapWaHTOB MO/ETa Mpu PeKOMeHyeMoM
3HaveHumn JTr KA

B.2.1 [na KaxAoro BapvaHTa BbIUMCAAIOT CiydaiiHoe KOnyecTBo cobbiTuin CK/ n.

Ecnn <> mano (<n> <8), ro ana onpeAeneHns cny4aiHoro Yncna cobbiTil cnefyeT Nonb3oBaTbCs pacnpefe-
neHvem llyaccoHa, ANs KOTOPOTO NPW CPeJHEN BENMUMHE <s> BEPOATHOCTb HabMoAaTh N1 COBLITUI paBHa

p (n<a>) = CXp |-<s» <«>* ~

T. €. BbIYUCASAIOT C/lyyaliHble 3HaYeHWUs (HIFOEHCOB M MUKOBLIX NOTOKOB At Ku= Np(n, <a>) BapMaHTOB MnoneTa c

KONMYeCTBOM CO6bITMIA Nw 0. 1. 2. 3u T. 4.
Ecnn <n> 2 8. To Ans onpegeneHus n (cnyyaiiHoro uncna cobbITUil NS KOKAOTO O4epejHOro BapuaHTa noneta)
cnefyeT nonb3osatbca MeTofoM MoHTe-Kapio cornacHo HopmanbHoMy ([fayccoBy) pacnpefeneHuto

_ (<Ir>-n)2
= 1. oxp - (5.2)
PO = 1 oxp -,
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5.2.2 BblMMCNAOT CnyyYaiiHylo BENNUUHY Kaxgoro cobbitna / (L0*£*30* 10") npoTOHOB/CM2 METOAO0M
MoHTe-Kapno vn pacnpegeneHua

=const « (6.3)

5.2.3 Ana Kaxaoro cobbiTvs / BennuMHON ®/', BbIMUCASIOT* «ClyyaliHble» napameTpbl AnddepeHLnanbHbIX

3HEPreTUYecKNX CMEKTPOB (CMEKTPaNbHbI WHAEKC VY, M WHAEKC 3aBana CMeKTpa a), 3afjaHHblX B BUAE CTEMEHHbIX
CMEKTPOB MO XECTKOCTU C 3aBa/loM B 0611aCTU HU3KUX 3Hepruii (E<30 MaB)

o dR (6.4)
£(£) d£= FiRi-"j-dE._ C(w) 7r dE _ CA[ng}/ gE_
npu £2 30 MaB yn-u,,
a npu £ <30 MaB y=yufjyT.
rae J1np —>KecTkocTb M OTHOCMTeNlbHAas CKOPOCTb MPOTOHA, onpefensemas no gopmynam (3) u (4) HacTosLiero

CTaHfapTa.
3a UCK/IYEHNEM CNeKTpaibHbIX KO3WMULMEHTOB C, BEIMUUHBI Y, U & Kak 4TS gudgepeHunansHbiX sHepre-
TUYECKNX CNEKTPOB PAIOCHCOB (P). TaK U ANA MUKOBbLIX MOTOKOB (/') NPOroHOB NPUHUMAKOT OLUHAKOBbLIMU.

b.2.3.1 Vcnonb3ys 3HaueHue cobbiTus P'.L, ONpeaenstoT cpefHee 3Ha4YeHUe CNEKTPaibHOro uHaekca andde-
PEeHLMaNnbHOI0 3HEPreTMYecKoro crnekTpa NpoToHOB <M, >

<C> =63 npu @' < 10* npoToHOB/CM; (b.5a)
<lj|"(®7j> =5,5-fI,X sin npu W* 2 dag S 10X MpoToHOB/CM7 (B.5b)
<K'> 4.7 npu ¢,'0 > 10x npaTOHOB/CM7. (6.5¢)

HaxopsT craHnaprHoc 0TKNOHeHWe IOFHOPManbHOro pacnpefeneHus
ally =¥0.023 <> (6.6)
MeTogom MoHTe-Kapno Haxofar cryyaiiHyto BeNMUWUHY CMEeKTPasbHOTO WMHAeKCa SHepreTMYeckoro crekTpa
(hNIIOCHCOB MPOFOHOH B COOLITUM >4 ' B NPeAnonoXeHWN, 4TO CryyaliHble BeMYMHbI CMEKTPaNbHOrO WHAEKCa
pacnpegeneHbl .MMHOPMa/IbHO BOKPYT CPeAHero <A™ ">,

B.2.3.2 Wcnonb3ys BenuunHy cobbitus ¢/, 11 CnekTpanbHOro MHAeKca > 4 'onpefenstoT CpesHuii MHAEKC

3aBana <0’ >

<m T r; (6.7)

<(">=016 ;e 100 pTj

CTaHfapTHOe OTK/IOHEHME MHAEKca 3aBana CnekTpa NpoTOHOB 0/'L, BbIUMCAAOT Mo ((top.Mync

(5.8)

roe Bm npu @.g 2 3-107 npoToHoB/CM7

n I M npun @¢.5?< 3 107 npoTOHOB/CM2.

[Danee wmeTofoM Moirrc-Kapno HaxogsT cnyuvaiiHoe 3HadeHMe WHAekca 3aBana a° 1auddepeHumansHoro

3HEpPreTNYecKOro crekTpa NPOTOHOB W3 IOTHOPMabHOTO PacnpedeneHuUs CyyaiiHbiX BENNUNH;
B.2.3.3 CnekTpanbHbI KOIPhULMEHT AuddepeHLnanbHOro 3HepreTUUYeckoro CnekTpa CcHCOB NPOTOHOB
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npoToHoB [lcm2-M3B). (6.9)

JE
T

o=
'K

B.2.3.4 CpefHee 3HaueHWe CMeKTPalbHOIO Ko3a(duLmeHTa ANdhepeHLMansHOro 3HepreTMYeckoro cnekTpa
MUKOBbLIX MOTOKOB NPOTOHOB C Yy BbIUKCASIOT HO (hopmyne

<C*> *%6,0-10“* (pagyY  npoToHOB/(CM2-Ccp-c-M3B). (6.1O)

CTaHfapTHOe OTKNOHEeHWe ANA NOFHOPMasbHOIO pacnpefeneHns CneKTpanbHbIX KOIPHULNEHTOB MUKOBbIX
NOTOKOB MPOrOHOB MPUHMMAIOT PaBHbIM

Qjj, c*"1* 0,5. (B.11)

[Janee MeTofoM MOHTe-Kapio BbIUMCASIOT CNydaliHoe 3HaueHMe CnekTpaabHoro KoahguumeHTa angde-

PEHLMANLHOI0 3HEPreTUUeCKOro CneKkTpa NMKOBOro NoToka NPOTOHOB cnegys NOrHOpManbHOMY pacnpefe-
NEHMIo.

B.2.4 Mo dopmynam (b.4) n (B.5) BbIUMCNAIOT 3HEpreTnyeckne CnekTpbl (IFOCHCOB WM MUKOBLIX MOTOKOB
ANA K&XOro cryyvaiiHoro cobbITus.

5.2.4.1 Mapametpbl Cj™*, ¥ °, a|(> ncrnonb3yloT Ans BblUMCNeHN AnddepeHLnanbHOr0 3HEPreTUYeckoro

crnekTpa cHCoB NpoToHoB CKJ/1 @ >(£) anda cnyyaiiHoro cobbitns CKIL r(1 £/£ 1).
b.2.4.2 TapameTtpbl C/J1 a'> ncnonb3yloT AT BblUMCNeHUA AM(HEPEHHNATBHOrO 3HepreTM4ecKoro

CMeKTpa MUKOBbIX NOTOKOB NpoToHoB CK/1/" ‘(£ ) ans cnyuvaiiHoro cobbitns CK/ i (1 <i<#).
5.2.4.3 AT Kaxgoro cobbiTsi CKJ1 BbIYUCASIOT UHTErpanbHble 3HepreTMUecKue cnekTpbl dhitocHcoB @' '(2 £)
1 NnKOBbIX NoToKoB/ (“>2E )

©“><2£) =/ &>{E)dE It*>(2£) =/ (B/12)
t K

B.2.5 OnpefenvB sHepreTuyeckmne cnekTpbl Ans KaXAoro 13 g cnyyaliiHbiX COBbITUIA, BbIYUCNAIOT 3HEpPreTuyec-
Kue CnexTpbl P/IIOCHCOB U MUKOBbLIX MOTOKOB AT KaXXA0ro BapuaHTa noseta.

5.2.5.1 BbIUMACNSIOT MHTErpaibHblii 3HEpPreTUUeckuii cnekTp (CHCOB NpPoToHoB @ (2 E) ATA Kaxaoro
BapuaHTa noneta m (1 <T S JV), cymmupys gtocHesl @* *(2 E ) Bcex A cobbITHi

O+ (*£) =£ O "'(TE). (6.13)

5.2.5.2 VIHTerpanbHbIi 3HepreTnyeckuii CeKTp MUKOBbIX MOTOKOB NPOTOHOB ATA K&XAOr0 BapuaHTa Hauveta
/(2 E) HaxopsT, BblGMpas 13 nukoBbix MOTOKOB s COGLIT Ui MakCMMasibHble MOTOKM NPU KaXAoi aHeprum £:

1(2 £) € smax V ,>Q2£)J. (5.14)

B.3 OnpefensioT 3HepreTMyeckme cnekTpbl (IKOCHCOB H NMKOBbLIX MOTOKOB NPOrOHOB A1 Bcex ST BapuaHToB
noneTa N BEPOATHOCTU UMETb PNOCHC UM MWUKOBbLIA MOTOK NPOrOHOB 60/bLUE 38AaHHON 3Heprun £ B BbIOPAHHOM
uHTepeane ®,,2£) + @, 4<RLE ), um/,(2£) /,,>|(2 £ ). UM nUHTerpabHble BEPOATHOCTU UMETb (/IOCHC WK
MVKOBbIN NOTOK MPOroHOB 60/bLUE 33jaHHOV 3HePruK £ Bbille 3aaHHOro 3HaYeHns datoeHca PNE2 £) nam NMKoBOro
notoka/,(2 £).

B.3.1 Onsa onpefeneHns NNOTHOCTM BEPOATHOCTU HAXOAAT OTHOCWUTE/IbHOE KO/MMYeCTBO BapuaHTOB uT U3 N
BapuaHTOB MoneTa, PIKOCHC UM NUKOBBIA NOTOK KOTOPbIX A5 NPOTOHOB 3HEPTrMK 60oNbLUe £ HAXOANTCS B MHTEpBanax
noE2 £ ) n A/,(2 £ >C00TBETCTBEHHO:

Oon (2£) =dmvil (2£)-P n(2£) wwm aMW(2E£>=0.1(2 » -/ TI(2E> (6.15)
4% (W =sm.\ wan  AH ifm)=smiN. (6.16)
UMW COOTBETCTBYIOLLME NNOTHOCTM BEPOATHOCTU (hIOCHCOB yy

NN NMUKOBBIX NMOTOKOB
3/p6 £E) *

dry 5 dry s (6.17)
iz >« NASGR2 A| WU df2 E)“ NIVQE)"

dopmyna (b. 17) HauHETCH BEPOSTHOCTLIO MMETH MPW 3afaHHbIX YCMOBUSAX NoeTa (hIF0OCHC MAN MUKOBBIA NOTOK
NPOTOHOB C 3Heprueit 6onbwe £ B nHTepsaTe (B. 15).

8
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B.3.2 WNHTerpuposaHuem (b. 17) nonyunm 4acTo NCMo/b3yeMyto BEPOSTHOCTb HA6I04aTb MPW AaHHbIX YCN0BUAX
nosieTa NPOroHbl ¢ 3Heprueit 6onblue £ ¢ GAOEHCOM MU MUKOBLIM MNOTOKOM 6onblue @ (2 £) —4* 12 d (1 £)) um

/(2 £) —%|2/(2 £)| cooTBETCTBEHHO
S td'v (5.18)
420 <2E»=1 ~d<t> WU 4'12/(2£))=J — df.
o ( 1

PacnpegeneHus seposTHocTU Y [2® (2 £ )] um Y (2/(2 £ )LcnyxaT Ans onpegenenus patocHcos d (2 £ )
WM MUKOBbIX NOTOKOB/(2 £) NPOroHOB C 3Hepruei 6onblie £419 AaHHOro <n>. [pyrvmMmn cnoBamu, 60nbLLNe, YeM
® (2 £) n/(2 £), nroeHCbl 1 NNKOBbIE NOTOKM ByAyT HAabNOAATHCS C BEPOATHOCTbIO 4%

5.4 BbluncnsaoT guddepeHLmanbHble 3HepreTmyeckne CNeKTPbl MPOTOHOB ANS CPeSHEro 0XUAAaeMoro ymucna
COOBbITUI <N> 1 BEPOATHOCTUN *¥

[ns peweHus npuKnagHbIX 3afady yAo6HO MO/b30BaTbCs HE CEMeNcTBaMM BeposTHOCTel 4' |2 d (2 £ )| wm
Y |2/(2 £ )| ans NOTOKOB NPOTOHOB Pa3sHbIX 3HEPT WA, & 3HEPreTUUECKUMM CMEKTPaMU, OTHOCALLMMUCS K 33jaHHbIM
<n> u Y. Takne 3HepreTUYecKMe CNeKTpbl ONPeAenstoTca B ABa 3Tana.

B.4.1 [ns 3afaHHOI BeposTHOCTM Y |2 ® (2 £ )| m=const unn 4|2 /(2 £) ) = const U3 cemeiicTBa KPUBbIX
(6.3.2) cnepyeT HaiiTu 3HayeHNs aocHCOB ®/ MM MWUKOBLIX NOTOKOBJ) ANA HEKOTOPOW MOCNeA0BaTC/bIrOCTH
3HauyeHuii 3aHeprun. COBOKYNHOCTM BennuuH @®; 1 ft 06pas3ytoT MHTerpanbHblii 3HEPreTUYecKuii cnekTp ans
3afjaHHbIX 41 <n>.

B.4.2 fanee BbluvcnsioT napametpbl D. X v S guddepeHymnansHbix cnektpos ® (£) u £(£), 3agaHHbIX B
thopme, NpuBeAeHHON B cTaHgapTe (hopmynbl 11 2). KOTOpble NOC/e MHTErpupoBaHUA annpoKCUMUPYHOT 3HaYeHNS
PR2E) /(2 £).

[uddepeHunanbHble 3HepPreTUYecKne CnekTpbl BbluncnaoT no gopmyne (b.4).

NMPNNOXEHWE B
(cnpaBoyHoOe)

OTHOCUTENbHbIE OWNOKN pacyeTa (*)ﬂI'OBHca M NMNKOBOIro NOTOKa NPOTOHOB

Tabnuuya B.1 —OTHOCUMTENbHbIE OLLIMOKK pacyeTa qioeHca NPOTOHOB

WHTerpansHas scpoatocn. 4¢

<n>

0.9 o0.s4&2 0s 0.1ss 01 0.05 0.0316 0.010

1 - - <0,20 <0.20 <0,2 <0,20 021 0,33
2 - - <0,20 <0.20 <0,20 0.20 0,27 0.36
4 <0,20 <0,20 0,20 0,22 0,24 0,28 0,34 0,40
8 <0,20 <0,20 0,20 0.24 0,28 0,33 0,39 0.47
16 <0,20 <0,20 0,20 0,27 0,32 0.36 0.41 0.49
32 <0,20 0.20 0,22 0,31 0,36 0,39 0.44 0,51
64 <0,20 0,21 0,25 0,34 0,38 0,42 0,47 0,52
128 <0.20 0,22 0,28 0.36 0,40 0.43 0.45 0.48
(0,54)

256 0,20 0,24 0,33 0.38 0.42 0,42 0.42 0.44
(0.48) (0,50) (0.52) (0.58)

512 0,21 0,28 0,32 0,37 0.39 0,43 0.45 0,43
(0,38) (0.44) (0.47) (0.49) (0.55) (0,58)
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Tabn nHa B.2—OTHOCKTENbHbIE OLIMOKM pacyeTa NMUKOBbIX MOTOKOB NMPOTOHOB

VHTerparnsHas BeposTHOCTL Y

<n>

0.9 0.542 0.5 0.1SS 0.1 0,05 0.0316 0.010
1 - — <0.20 0,20 0.26 0.29 0.33 0.40
2 - - 0,20 022 031 0,34 0.38 0.4
4 0.20 0.20 0.25 0.25 035 0,38 043 048
8 0.20 0.21 0.31 0.35 0.44 0.47 0.53 0,56
16 0.22 0.24 0.33 0.43 047 0.47 0.48 0.58
2 0.23 0.26 0.34 0,42 0.46 0.48 051 0,56
64 0.27 0.30 0,35 0,44 047 0.49 051 0,55
128 0.27 0.29 0.36 043 0.46 0.48 0.49 053
256 0.26 027 0.3 0,42 0.46 0.47 0.49 0,52
(0.51) (053) (0.56) (0.60)
512 0.32 0.34 0.38 045 047 0.48 0.49 051
(053) (0,55) (0.59) (0.63)
YK 629.78:006.354 OKC 17.240 T27 OKCTY 0080
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