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1. B B e a e H H e 

B nocneaHHe roabi nony'ieHo 6onbwoe KOitH'iecTao a oabJX aaHHbiX o ce'ieHHSIX 

B38HMoaeRcTBHSI 'iaCTHU npH 6onb W HX 9HeprHSIX, B ocHoauoM 9TH aaHHbJe nony'ieH bl 

H8 Tpex 60itbWKX yCK OpH1'91tSIX: KOCMOTpOHe a 6pyKxaaeae, 6sea1'poae a 6epKnK 

H CHHXpo¢a3oTpoae a lly6ae. MaKCHMSitbHa SI 9 H ep rHSI npoToHoe , ycKopeHHbiX a aTHX 

MawKaax, Eh\Q.X' cocTaanSieT cooTaeTcTaeHHO 3; 6 , 2 H 10 Baa, a MaKCHManb

HaSI 9HeprHSI :J'r -Me30HOB 
1 

reHepHpyeM b!X IlpK CTOitKH OBeHHSIX 9THX npOTOHOB C 

Ha paMH MHWeHH, npH6nH3KTenbHO 2, 5; 5,5 K 9 6sa. Bonb w Ke nnoTHOCTK nyqxoa 

ycxopeHHblX 'i8CTHU Il03BOilSIIOT npoaecTH npeue3HOHHbl9 H3M epeHHSI . 

nH Wb H 93H8'iHT9JlbHaSl 'iSCTb a aHH blX IlOily'ieHa B OllblT8 X C K OCMK'i9CKHMH ny

'iaMH, T py.aaocT H H3MepeaHA o6ycnaanKBaJOT 3aecb cpaBHKTellbHo ManyJO TO'I HOCTb 

IlOity'I9HHblX pe3ylthT8TOB, Vf3MepeHHb19 B91tH'iHHbl SlaltSIIOTCSl 0 KSK npaBKitO, ycpeaH e W 

HbiM K no 6onbWHM HHTepaanaM saeprKH. OauaKo aTa ManaH 'i8CTb aaHHbiX HMeeT 

aa>I< H e lt w ee 3Ha'I9HKe , T8K KaK aaeT HaM HHcPOpMaUHIO 0 a3aHMO.ll9HCTBHH 'iaCTHU 

npK rHraHTCr.Kx s u eprHHX a coTH K H TblCSI'IH Baa. 

aaeT B03MO>KHOCTb npOHHKHYTb Brny6b aeweCTDa 

TO Onb!T bl C K OCMH'i9CKHMK n y'iaM H 0 no-BHllHMOMy, 

EcnK CH Hxpo¢a3oTpoa a lly6ae 

'lz - 1'1 
llO p8CCTOSIHHA ~ "'I /E ~lOt,. 

1\tQ)I 

ewe aonro ocTaH y TCSI eaHH- J 

CT89 HHblM cpeaCTBOM H3y'I9HHSI npOcTp8HCTB9HHO-epeMeHH bJX M8C W Ta 6oD 

) ~ ~0- 15cM ~ 10-lSCM, 

3 K CI19pHM9HTaltbHbl9 aaHHbl9 0 C9'f9HHSIX B3aHMOaeRCTBHSI npOTOHOB H He.il.Tpo

/ 1 I 
aoa c npoToHaMH npH aaeprHSI X E= / O,Olt6,2 / Baa co6paHbi a o63ope Xecca • 

0 a HaKO ceA'18C HM99T CSI MHOI"O HOBbiX aaHHbiX, OC069HHO B 061t8CTH 60itbWHX 

aaeprKA E- ~J' 1 B aa, no3eonHIOWHX caenaTb aeKoTopble aa>KHbie Te opeTJ.PtecK Ke 

38Kiti0'19HH Sl. 3 K CI19pHM9HT81tbH bl9 ll aHH bl9 0 C9'i9HH SIX B3aK M Oll e ACT BH Sl 'I acT RU apy

rHX COpTO B pa36pOC8Hbl IIO M HOT'HM OpKr'KH81tbH biM CT8TbSIM, 'fTO CKitbiiO 38Tpyn-

HSI9T HCil01tb30B8HR9 9THX ll8HHblX, 

.Dan ee f5yayT IlO.llp06HO paCCM 0Tp9Hbl 9KCnepHM9HT8JibHbl9 aaHH LI9 0 C9'19HIHIX 

B3aH•~oaeRcrelfSI 'laCTHU pa31tlf'IH bJX copToa npH saeprHHX E ), 0 , 8 Baa « Hx Teope

Tif'ieCKaSl HHTepnpeTanlfH . M&I orpaHH'IHMCSJ paccMoTpeaHeM JIHWb o 6nacTH 6onbwnx 

9HeprHA; HBn9HHH 8 9TO.il. o6JI8CT H HM 9JOT pS!n Cll9URcPH'I 9CKHX OC06eHHOCT9~, l<OTO-

pbte , OllH8KO 0 HaltSIJOTCSI o6WHM H llli fl a38 HMOne A CT BHSI 'laCTHU pa 31tlf'IH biX COpTOB, 



2. 3KcnepHMeHT81lbHb!C /HlHHbJC 

B opHTHH81lb H biX pa6oTax u cnonb3YIOTCSI paanH'ItthJC 011p9J10liPiilHI CO•I CHI!H 

B38RMO.QeRCTBHSI. no3TOMY npe>t<.ae 'iCM nepe~Tli K p8CC:vtOTpCtHi!O 3KC11CpHMCHT8Jib

H biX .Q8HHb!X ycnOBHMCSI, '-ITO Mbl 6y.QeM ITOIH!M8Tb 110ft p831IH'IHb!MI1 nM!l8MH ceqf>

HHA 838HMO.aeACTBHS1 1 K BBe.aeM H eOOXOJlliMble 0003H849HHS!, 

nonHOe Cetf9HHe 838HMO.Q9ACTBHfl at. CKJI8.QbiBA9TCSI M3 CC'-IetHISI ynpyroro 

pacceHHHst CJd H ce'i e ttuSI H eynpyrux npoueccos ~ : 

'"' 
a-' t: = (J e.( ... <ri"' 

B CBOIO O'!epe.ab 

G' e.t =- <t".l + ~P + cri e. ~ cr'" p . 
3.accb ~o(-ceqettH e .aH¢paxuHOHHOro pacceSlHHSI. 3 Ta 'iaCTb ynpyroro pacceSl

HHSI U91IHKOM onpe.aeJISieTCfl H eynpyrHMH pe8KUHfiM.H H 0008W8eTCSJ B llYilh llpH 

~~..., 0 
~r - C9'i9HH9 ynpyroro .,l10T9HUH8ll bHOrO pacc eSl HHSI ". npHMe

pOM TaKO rO p8CC9SIHHSI MO:>KeT C lly:>KHTb KYII OHOBCK09 p8CC9SlHH9 .O BYX 3 8pSl>KeHHbiX 

'iaCTHu HJIH pacceSIHHSI ayxnoHOB, o6MeHSIBWHXCSI MeaottoM. Cywec TBe ttHo • "'TO 

838HMO.Qe R:cTBYIOWH9 '!8CTHUbl 8 K8:>K.Qbi A MOM9HT BpeMeHH npH :3TOM COXp8HSIIOT 

C BO 10 HH .Q RBH .Oyan bHOCTb. 

n epBK'iHbl9 'i8CTHUbl MOryT T8K>K e B npouecce B38HM O.Q9HCTOHSl H8 K8KOA-

TO MOM9HT BpeM 9 RH llOT9pS!Tb CBOIO HH .Q HBH .OYM bHOCTb ,o6pa30B8B ertMHyiO 

*KOMI18YH£l-'i8CTHUy .. , KOTOp8S1 B 'i8CTHOM cnyqae MO>KeT CHOB8 pacnaCTbCSl H8 8TH 

>t<e qacTHUhi. Taxoe ynpyroe pacceSIHHe Mbi 6y.aeM xapaKTepH30B8Tb ce'leHHCM (f:Lfj . ~~~ 
r.ne HHJl9 KC (,. OTM9'i89T 'tteynpyroe npOHCX O>K.OOHH9 .. 3TOrO pBCCCSlHHSl . 8 H C KOTOpblX 

Clly'-18SIX fH811pHMep, npH pac'l e Te BepoSITHOCTC A p8Cl18!l8 KOMnayH.a -qaCTHUblf O Ka -

3biB89TCSI He06XO.QHMbl:vl BKIIIO'IHTb C"'(e_ 0 C9'19HHC HOynpyrHX peaKUHA ()"ell-\. . 

O.aHaKo s noc n e.ayJOuJeM scer.aa 6y.a.eT SJCHO, 'ITO noHHMaeTCfl no.a. ce '-leHIHJMH 

O"' .... n M ()': • 
"'t. I \o, 

J"'Jr - C9'19H H 9 p8CC9SIHI1fl 1 OOyCJIOBJI 9HHOrO HHTepc.jJep CH UH9A M C >K.Oy 

.0 11cPp8KUHOHH biM K KOre peHTHOA eMy '-18CTbiO llOT9HUH81lbHOrO p8CC9SlHI1fl. noHSJTHO, 

'-ITO ynpyroe p8CC9S!HH9 '19p93 KOMIT8yH.a-qacTHUY HCKO repeHTHO C ll. l1 cPP8K UHOHHbiM 

pacceSIHHeM. 

_j 
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Ce~eHHe aeynpyroro 838HMoaeAcTBHH Olt\ CKJ18abiB89TCH H3 C9~9HHft BeOX 

B03MO>KHblX aeynpyrHX K8H8J10B pe8KUHH 

~ =I: cr.lJ> 
""' • .i ,., 

'-lacTHbJM cny~aeM aeynpyroro pacceHHHH HBnHeTcH "ynpyroe paceeHaHe c nepe3a-

pRaKoa•, xapaKTepH3yeMoe ce~eaHeM o;~ 
1 

H "ynpyroe pacceHaHe c nepesopoToM 

enHHOB. c ce~eHHeM as . OaaaKO B o6naeTH OOJlbWHX 9HeprHA see H3MepeHHb19 

ao eHX nop Ce'ieHHH HBJlSIIOTCSI yepeaH9HHb!M If no enHHBM B38HMOaeACTBYIOWHX 

'i8CTHU a 9TOM cnyqae 0$ BKJliO'iaeTcst e 9KcnepHMeHTanbaoe 3HB'i9HHe ceqe-

HHSJ ynpyroro paccestaHR <ree . 

flepeAaeM Tenepb K paCCMOTp 9 HHIO 9KCnepHM9HT8JlbHblX a aHHbiX . 

2. 1. 838HMoaeACTBHe HYKJlOHOB 

8 Ta6nHuax I- ill npRseaeabi 9KcnepHMeaTanbHbJe aaHHbJe o ce'"!eHHHX 

6 
I I I - 1301 11 B38HMOaeAeTBHH HYKJ10HOB 1 B3HTb!e H3 pa OT • 

HenocpeacTaeaHbiMH H3MepeHHRMH B3aHMoaeAcTaHA aeATpoaos c npoToHa~H 

nony~ea bl ee'"!eHHH I p., /-s38HMoaeAcTBHA nHWb npH saeprHHX E .. 1,4 H 

4,5 B sa. Bee apyrHe 3H8'19HHH ee'ieJ.tHA nony'ieHbi pa3HOCTHbiM MeToaoM R3 onbt

Toa c aeATepHeM H aoaopoaoM. npH 9TOM y'iHTbiBanoeb , 'iTo nornoweaH o HJlH 

paeeeSJHHe aaneTaiowe ro T!poToaa ayKnoaoM aeATpoaa yMeHbWa eTCH, ecnH 9TOT 

/54/ HyKnoa n onaaaeT e ofinacTb TeaR apyroro ayKnoaa / sct>ct>eKT 9KpaHHpoBKH I . 

8 OOJlaCTH 9HeprHA E !::! I 1 7 3/ Bsa cooTaeTeTBYIOLURe nonpa BKR ysenR'iRBaJOT 

nonaoe ce'"!eHHe 

Ha 20%, OaHaKO H9CKOJlbKO M9HHIOTCH B 38BioCHMOCTH OT TOrO HJlH RHOrO KOHKpeT-

HOrO Bbi60pa BOJlHOBOA cPYHKURH aeATOHa. 8 T80J1HU9 ii npHseaeHbl 3H8'i9HI.fH 

()"(ptt) Y>Ke c y'ieTOM nonpaaoK aa 9KpaaHpoaKy. -
1 1 

0wH6KH a nonaoM ce'ieHHH ~(j't , ecnH OHH ae yKaaaHbi aeTopaMH, C'"!H
TanHcb paBHbiMH cyMMe a6cOJliOTHbiX owRooK ce'ieHHA 01~ H O"et · AHan orH'iHO 
sbi'iHcnHnHcb owH6KH ~Gi .... " ~G"e.t ( ecnH 6binH HasecTabi sKcnepHMeHTanbHbie 
OWHOKH asyx apyrHX C9'i9HHA) , 8bi'iRCJ19HHb19 T8KHM 00pa30M OWHOKH OTM9'i9Hbl 
B TaOJ1HU9 3Be3aO'iKOA. 
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B Ta6nHue Iii. npHae.aeHbl 3Ha'leHHH at H <r;., , cpe.aHHe .amt IPPI· 11 I pn I 

-a38HMO.ael%CTaHA, nony<reHHbi9 o6pa60TKOI% (a p8MK8X 011TH'l9Ct'OA MO.Q911H 51,apa) 

9KCnepHM9HT81lbHbl X 3H8'19HHA cpe.aHHX ca060.QHblX npo6eroB npOTOHOB B cP0T09MY1lb

CHH H 9KCnepHM9HT81lbHbiX 3H8'f9HHR C9'l9HHA B38HM0.09ACT8H SJ npOTOI!OB C SI.Qp8Mif 

1241,1281-1301 21 
H3 pa6oT • ( nonpo6Hee cM. npHno>KeHHe) . Cpe.aHSJH aHeprHSJ .anSJ 

Tpex nocne.aHHX HHTepaanoa abi'fHcneHa c y'leTOM aHepreTH'lecKoro cneKTpa npoTo

HOa a aTMoc¢epe. K aK aH.aHo, nony'feHHbre TaKHM o6paaoM ce'leH HSJ xopowo cor-

118Cy!OTCSI CO 3H8 '19tfHSIMH ~ H 0: H3 T8611HU 
fh l HU -

[lnH H81"'11Sl.l'lHOCTH OCHOBHbl9 aKCnepHMeHT81lbHbJe .Q8HHblC CYMMRpOB8Hbl 1!8 

pHC. 1. npHB9.Q9HHbl9 H8 aTOM p H CyHKe KpHBbJe MO>KH 0 HC I10llb3088Tb .QJlSI RHTep-

l1011SIUHH aKcnepHM9HT81lbHbJX .08HHL>IX. 

Coo6pa>KeHHSI 38pSI.OOBOR CHMMeTpliH H HHaapH8HTHOCTH no OTHOW9HHIO K 38pH· 

31 
.QOBOMY C011pSI>K9HHJO npKBO.QSIT K p889HCT 8Y C9'1CHHA : 

~(pp):. <r(~h) = (J"(pp ) = cT"(h~) .: 

cr-Cp"') = cr(p);) 

H938BHCHMO OT TOrO, K8K09 aTO C9'19HH9 - 0"-e <t HJlH ~~ . .. , ~ 

Yf3 npHae,aeHHblX 9KC119pHM9HT81lbHblX .l'l8HHbi X BH.QHO, tJTO C pOCTOM aHepr HH 

Gi"' = 
p p I -B3aHMo.aeAcTBHli CTpeMSJTCSJ K noCTOSJHHbJM 3H8'19HHHM (j ~30~~o\'• 

~ r ~ 
22 I" ct;' ; 0" tl !::' 8,.1>. K aK noKaa bl aaKJT H3MepeHHSI, BbmonHeH Hbi e a 

cetJeHHH I 

KOCMH'I9CKHX 1ly'laX , B npe.aenaX aKcnepHM9HT81lbHbiX OWH60K 110CTOSIHCTBO C9'19H HA 

B38HMO.Qel%CTBHSI HYK1lOHOB COXp8HS19TCSI Bl11l0Tb .00 a H eprHA B H9CKOJlbKO COT9H 

Baa. AHa1lH3 aKcnepHMeHT81lbHbiX .aaHHbJX no wupoKHM aTMoc¢epHbJM 11 HBHSJM 

yK83biB89T , 'ITO 110CTOSIHCTaO CE!"!9HHA 1 no-BH.QHMOMy, COXp8HSICTCSI .00 a He prH A 

E f'l 10
9 

Baa. 

21 
npH8C.Q9HHbl 9 B T8611HU9 OWH6KH COOTB9TCT8y!OT aKCI19pHM9HT81lbHbiM 

OWH6KaM a 3H8'19HHSIX cpe.aHero npo6era H C9tJ9HHA B38HMOll9ACTaH SI npOTOH8 C 

SI.Op8M H. 

31 
noHHTHO, 'ITO npH aTOM Mbl npeHe6peraeM aneKTpOM81"' HHTHblMH B38 H MO-

.ae ACT BHSIMH, 'ITO 38aC.QOMO HecnpaaennHBO npH Kp8AHHX nepRclJepM'IeC KHX CTO.nKHO

B9HHSIX 0 npHao.aSJI.UHX K pacceSJHHJO Ha MMbre yrnbl. O nHaKo TaKKe cTOnKHoaeHHH 

.Q810T O'ICHb M81lb1A aKJl8.0 B C9'1CHHSI ~t. , cr,t'\ , <r"et 

-
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T a 6 n H u a X 
lpp I - B 3 aHM o.aeACT BHe 

K KHeTH'i ecKa51 MeTo.a , 
S HeprHH a na- K OT O pbiM 

6op. C HC TeMe n o ny'ieH o (j"'et }\ S' a;" ,.~ a'...wb E 038 ce 'ie H H e 

0,8 11 2 I 
2 1 ,5%2 ,0 25,5!2 , 8 C'ieT'IHKH ' 47!.2 

0 , 8 131 
47 , 5!.2,2 C'i e T 'IHKH 

0,81 D lf cPcpya ,KaM . 
14 1 

24!_ 3 24 :t_3 4 8 !.3 

0,8:3 C 'I e'T'i KK H 
/5 I 

47 . a.= : :~ 
0 , 85 -·- 47 6+ 

1
•
7 

• - 1 ,2 
0,9 1 161 

4 6 ,1 .t 0 ,5 C'i9T 'IHK H 

0,92 131 
47 7+ 

3
•0 C'I9T'I RK H 

• -1,1 
0 .925 171 

17 :_3 S MY!lb CIHI 

0,93 181 
25,9:t_1 ,9 20,8:t_ 1,5 x l 11Y3b1pbK . KaM . 47 ,7_:!:3 ,4 

0 ,94 / 9 / 
26 3 2 3 :t_ 3 4 9 !. 5 C'ieT'IKKI{ + 

0,9 8 .a H cf'l<Pya .KaM . 
I 10 1 

26 !., 2 21 !.,2 47 .! 4x/ 
1,0 1 1 21 3 

28,8:_3,2 48, 0.;!:3 ,5 C 'I9T'IHKH ' 19 ,2!.2 

I ,0 3 131 
46 5+ 

2
•
0 C'i9 T'IH KH 

• -0,6 

1,075 151 
4 8 3+ 

1
•
6 C '19 T 'IHKH 

' -1,1 

1,17 13 1 
46 , 3:t_ ; •; C'I9T 'IHKH 

• 
1,27 5 15 1 

475+
1

•
6 C'I 9 T'IHKH 

• -1,2 

1,295 -"- 49 4+ 
1

•6 
• - 1,1 

1,3 131 
4 5 0 

3
•
0 C 'I9 T'IHKH 

' !.1 0 • 
1,490 15 1 

47 2 + 
2

•
6 C '19 T'IH KH 

' - I ,2 

1,5 .a Hcp cl>ya . xaM . 
I 1 1 I 

20 :!:.. 2 27 I. 3 47 !.5 xl 
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13 I 1 9 
1,7 C'I9T'iHKR - - 45,6+ ' -0,7 

151 3 2 
2 ,0 C'I9T'IHKH - - 41 4+ ' • -1,4 

131 0 9 
2 ,17 C'19T'IHKR - - 45 1+ ' ' -0,5 

11 I 1121 
2,24 C'19T'IHKH ' 16,9±.2,5 

151 4 
2,6 C'I9T'iHKH - - 41 ,6+ -},6 

1131 xl 
2,75 £U!'cPcPY3.K8M. 15_:t 2 26 ±. 3 41 +_5 

131 0 6 
2,75 C'i9T'IHKH - - 4 3, 3+0 ' , .5 

114 I 
3 ,0 C'19T'IHKH 8 ,9±.1,0 

131 3,17 C'I9T'iHK H - - 42,4!:_ 0,6 

I ll 1121 
4,4 C'I9T'IHKH ' 9,0±. 1,4 

Ill 1 15 1 5,3 .aac:Pc:Pya.KaM . • 5,6~,3 26,8!_5,5 32,4!_6 
1161 

5, 7 3MY1lbC HSI 13 ..:!: 6 
111 112 1 1 6,15 C'I9T'IHKH ' 6 ,9:!:,_ ,0 
111 1 y, l 

6,2 9MY11bCHSI 8 ,8!:_2 22, 6 '!_5, 3 31 ,4!_7 ,3 
1181 6,2 3MynJ;,C HSI - 25 

119 I 
6,2 H 9 Yll838HO 8 

120 1 
8,5 9My llbCHSI 8 , 6:!:,_ 0,8 

1211 9 9MyllbCBSI 10 !:_ 3 21 31 !_3 

xl 
ICM .npHMe'iaHHe 1 I . 



K HH9TH'l9CK8H 
3H epr-HH B na6o
p8TOp HOA CHCTeM e 

E E ae 

0 , 8 

0 .9 1 

0,98 

l '1 

l , 3 

1,4 

1,5 

2 ,0 

2 ,6 

4 ,5 

x l n pH 3H9pi"'HSIX 

- - 9-

x l 
I prl I -e3 aHM oneAcTBHe 

M eTon , KoTop btM 
nony'leuo ceq euae 

C'l9T'iHKH 
151 

C'19T'IBKH 
16 1 

nHciJcPy3 ,KSM~pa 
1101 

_,_ 
_,_ 

C'1 9T'I HKH 
122 1 

C'leT'IHKH 
151 

- , _ _,_ 
C'I9T'lHKH 

1231 

32,5 

39 ,2,±3 ,1 

37 ,6!,3 

37,4 

38,8 

42,4!..1 ,8 

40,8 

40,9 

37 ,4 

33 ,6 :!:. 1,6 

E > o.8 E s e H3BeCT HO ecero nHWb onuo , H3Mep eHHoe 

B n HcPcPY3HOHHO A KaMe pe, 3H8 'ICHHe (jd =15,5.,!. 3 npH E-Q,985ae llOI . 



KHHeTH'IecKa Sl sHeprHR 
B na6op,cHcTeMej E Bsa 

HHTepaan 
SHeprHH 

Esa 

) 9 

0,9-:-34 

28 + 58 

58 7 121 

121 7 387 

cpe,aHSISI 
9 HeprHSI 

Esa 

4, 51241 

5,11 161 

6,2 1251 

6 ,2 II 7 I • 126 I 

9/211 127 I . 
- 20128/ 

201291 

371301 

77 130 / 

1781301 

2001731 
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Ta6nuua DI . 

I p ('( I - B38HMo.aeAcTBHe 

npo5er 
B 9 MynbCHH 

1C) 

Lc"' 

37 ,6,.!5 , 3 

34,7:t_ 3,4 

~ 36,4 

37 ,3t0, 3 

-
42..! 10 

a;t\J'4b 

28 ! 4 

21 ±. 4 

25 :t. ~8 

O"'t .A4 6 

35 ..! 3 
29, + 16 

- 7 

35 + 13 ,5 
6 ,5 

31 

30 ..! 0,5 

32 :t.. 10 

32 ..! 3 

22 + 24 
- 13 

x/ 
K aK noKa3anH cpaBHHTenbHbJe pac'leTbl, cpe.a HI.f e cao6o.aHbte npo6erH 

a ¢oT09U ynbCHH HVJK<:t>I-1-P H 

l no.apo6Hee eM .npKno>KeHHel . 

Ilford G-5 np8KTH'IeCKH He pa3nHq8~TCSI 

-
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P • c. 1. Ce'leRIIA 83811Mo.oel cTMR HyKnOHOII. 3Ha'leHIIK KIIR8TII'lacKoA &HeprRII 

HyXnOHOB B na6opaTOpHOII CIICT8M!~OO~.ORH8T f;. .08Hbl B 698, 3H8'18-

HIIII C8'18HIIII - B 8.011RII04lt 10 CM , 3HA'lKAMR0oTMe'leHbl C8'18BIIA 

O"'(f' p) R <fetln>; aaaqxaMH A-~ .. cpp) : aHa'lKawll •- cr~ c p•J 11 

t: G".C (pi\) ; 3K8'llt4MR * -3 H4'18HIIA 1 C't (Ptl) Bbl'lHCnaHBble DO 9XCD8p11-
M8BT81IbHbiM C8'18KIIKM 83811M0.08IICTIIICA OpOTOHOB C 11.0p8MK, 



I 
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YJ3 T 861IHU H H3 pHC. 1 TSK>Ke B H.llHO, 'ITO C pOCTOM 3HeprHH cpaBHHBSIOTCR 

no ceoeA e e nH'iHH e 3Ha'ieHHsr n onHbJX ceqeHHA lpp/ H I P" l-a3aRMo.neAcTaHA. 

Mo>KHO .nyMaTb , 'ITO 6ynyT paBHbiMH npH eionbwHx aHeprHsrx H ce'leH H sr t17~ 
1301 . 

H <Ttt , YI3MepeHHR 5peHepa H 8 HnbstMca noKa3anu , 'ITO e HHT epeane aHep-

rHA OT 28 Bas no 387 Baa ce'leHHSJ Heynpyroro B38HMo.neAcTBHSJ npoTOHOB H HeA-

TpOHOB C sr.npaMH f:~ B npe.nenax aKcnepHM eHTSIIbHbJX owH 60K I "' 30% I He 

pa3nH'IaiOTcs:t, 'ITO yK83btaaeT H a paee HCTBO HeynpyrHx ce'leHHA I ? f 1- H I f " I · 

• B38HMO.aeACTBHH npH 9T HX 9HeprHSIX, 

2.2. 838HMO.lleACT B H e tji - Me30HOB C HyKIIOHSM H t 

3KcnepHMeHTMbHbJe 3Ha'leHHs:r ce'leHHA I fi/11 I-B3aHMo.ae iicTBHA rrpe a cTaa

neHbl e Ta6nHuax i'Y- Yl. O cHOBHbre H3 HHX cyMMHpoeaH':>I Ha pHc. 2. 3Ha'leHHS1 -CJt e Ta 6 nrtu e 2! Bbt'iHcneHbt 

3Ha qeHHA cpe.aHero ceo6oa Horo rrpo6era 

no 011TH'l9CKOH Te o pHR H3 9KC11CpHM9HT81IbHhlX 

r.:- 2 I 'JI - M e30HOB B cPOT09Myn bC HH • 

Y!3 C006pa>KeHHA 38pSI.aOBOA CHMMeTpHH H HH B8pH8HTHOCT H 110 OTHOWeHHIO 

K 3ap sr.aOBOMY conpsr >KeHHIO .lliiSI C9'l9H HA <Jt. , O(h , uee CllellyiOT p aBeHCTBa: 

G-'(11•p> = a-c,;-~) = uc,;- p) = O"'(Tt+i) · 
I 

crlJr- p) = <r(Jr• n.) = <r ego• p) = cr(CJr- R) · , 
a-{3To P) = ~<.r.-o n.): ~c,-o p) = O"'('jfoi\:} . 

) 

cr(n•n) :~{51' 0 p> :0'(5roi\) :<T(1top); 

xpoMe T oro1 

(j'~"'C (1Top) =uex(1r-p) =~)c (TJ'on) = Ut'><t1i'op) = 

: (j 4t ')( (., ... t\) = a-, )( ( 'lt ... p) = cr," ( tr- n ) = a' e ')C ('ii'. ~ ) . 

.......-L. 
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Ta6nHua i¥ 
/ Jf- p t - B38RMO D. 9 A C TBB9 

M eTon, 

3He prHSJ a n a6. K OT O pblM 

Gd~~ ~)C .Ati" •> CHC T 9 M 9 E E3a non y'leH o 

~ "' at ,...b" C9'i 9 HH9 '" 

0,8 

0,8 

0,819 

0 , 84 

0 . 86 

0, 86 8 

0 , 89 

0,9 

0 ,9 

0,9 

0 ,91 5 

o,sn 8 

0 ,94 

0,94 3 

0 ,95 

0 ,96 

0 .97 

0 ,97 

0,972 

1,0 

1,014 

1,03 

1,076 

1,08 

1,08 

2 

't-1 
C'19T'IH KH 

3 

18 
/34/ 

ny3bl pbK . K 8M. 2 1 + 
/3 1/ 

C'19T 'IHKH 

-n-

C'I9T'IHKH 
/ 32 / 

/3 1/ 
C'l9T 'IHKH 

-H-
/35/ 

D. Hcpcp. KaM . 

/33 / 
C '19 T'IKKH 

/ 32/ 
C'I9T'iHKR 

H e yK 838HO 
/ 84/ 

/3 1/ 
C 'I9 T'IHKH 

/32/ 
C"1'9T'IHKH 

/3 1/ 
C'{9T'IHKH 

18 ..:t 3 

/36 / 
ny3blpbK. K8M. 19 .!. 1,6 

/35/ 
D.Hcpcp.K8M . 20 :_3 

/33/ 
C 'f9T'IHKH 

/ 32 / 

/3 1 / 
C'i9T'IHKH 

/33/ 
C 'I9T'{HKH 

/ 3 1 / 
C'i 9 T'IH KH 

/ 32 / 
C'19T'IHKR 

/ 3 1 / 
C '19T'IKKH 

C 'l9T'IHKH 
/33/ 

/32/ 
C'i9T'IHKH 

5 

8 

10 

10:!:.3 

6 

19 

32, 3!_1 ,5 

27 ,5+ 3 

26 .:t 2,5 

26,3:!:.2 

7 

45 

53,3!_2,4 

47 ,9+_ 1,9 

5 4 ,6!_2 ,1 

40 

5 8,6:_2 ,4 

57 ,8:_ 2 ,2 

46 ,1~3 

44,4 :!:_2 ,3 

48,5 

54 ,5 ~2 ,4 

51 

50,4~ 2,6 

45 "t._3 

46,3:_2,7 

45!:_ 2 ,7 

49,5 

44,7.! 2 ,2 

46 1 .:t 3 

39 ,6 _'+12 ,0 

40,5 

35 , 9~2,0 

36,3 ~2,6 

37 ,5 



2 ' :- 6 'l . 

1 t 12 C'I9T 'IHKH 
1321 - - - 35 

1 t 15 13 11 
35 ,5!_2 ,0 C'I9T'IH K H - - -

1 t 17 1311 
33,5 ---- - - -

1,25 C'I9T'IHKH 
1331 - - - 29 ,2!_ 3 ,7 

1,3 rrya bipbK .KaM. 
131 I 

10 +0 , 8 - '19 

1,35 1331 
30,1-t_2,8 C'i9T'iH KH - - -

1,37 nH <i:Jcp.K8M. 
138/ 

10,0!_0,8 - ...... , 
20,2+3 ,4 30,3_!2 ,5 

1, 38 C'I9 T'IHKH 
1331 - - - 30,8:!_2,8 

1,4 3 MynbCHSI 
1391 

9 "t.. 1 7:tl 

1,4 He y x aaaH o 
140 1 

10 ±. 2 - 24 

1,47 
_,_ 

- - - 3 1,4_! 1,8 

1,5 
_,_ - - - 30 ,0!_2,0 

1,67 
_,_ 

- - - 3 1 ,4!_3 ,9 

1,85 n u <i:J<P. KaM. 
1441 

11,1±2,3 20,3'!,3 3 1 4+ 5 3++/ -
t - • 

1,9 C 'i e T'IH KH 
1331 - - - 3 1, 3 .:!:_1 ,6 

4,3 C'i 9 T'IH KH 
142 1 - - - 28 ,7 ...:!" 2,6 

4,4 C'i9T'IHK R 
14 3 1 - ·- - 30 ±.. 5 

4,5 
144 1 

4,5 ± 1 2t 0 ,7 2:45 t 2 , 4 29.! 2,6 3 M y nbC H SI 

4 ,7 He y K838HO 
145 1 

6.: 1,5 - 22 

5 n H cjJ<i:J . KaM . 
1461 

4 ,7.! 1.0 - 19,7 +2 XX I 24 5 + 2 4 XX I ·- . 
5,2 

141 I 
29,1!_ 2,9 He y K 838HO - - -

6,8 riy3blpbK.K8M . 
1481 

5 ,5!_0,5 - - 30 :!.:.. 5 

*' CeqeH H e "tx s xnJO'ieH o s O"'h'" . 
xx / ~ " ("' 1441 

3 H 8'i9HB 9 U ::. e£J"'b B3 SJT O B3 p aOOT bi • 

tx 
T / ~ 131 I \Ji rron y'ieHo HHTeprron stuHelt naHHbi-.: H 3 p a oOT bi , CooTseTftfYIOW.Hf 

C9'19H H SI QJ , <r.: r (r,. Bbl 'i BC n e Hbl R O naHHbiM pa60T I H l33 . 
d ~)( •h 

++I I I 
C M. npHM9'18HB e • 



K HHeTH'iecKa Sl 

aHeprHH a na5, 
cacTeMe E Saa 

0,8 

0,827 

0,847 

0,872 

0,85 

1,0 

1,07 

1,1 

1, 15 

1,23 

1,25 

1,28 

1,33 

1,36 

1,38 

1,4 

1,46 

1,46 

1,50 

1,58 

1,60 

1,67 

1,67 

1,73 

1,89 

2,05 

2,47 
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Ta6nHua ~ 

I ~ + P I - B38HMo.aeAcTBH e 

MeTo.a, KOTopbiM 

nony'ieHo ce'ieHHe 

2 

C'leT'iHKH 
1321 

C'iaT'iHKH 
13 1 1 

_,_ 

- " -

C'ieT'iHKH 
1321 .. 

C'iaT'iHKH 
1331 

_,_ 

C'ieT 'iHKH 
1321 

C'leT'iHKH 
1331 

C'i9T'iH K H 
1481 

C'ieT'iH,KH 
1331 

C'ieT'IHKH 
1481 

_, _ 1481 

_ ,_ 

C'laT'iHKH 
1331 

C'ieT'IHKH 
13 I _,_ 

C'leT'IHKH 
1491 

C'ieT'iHK H 
1331 

C'iaT'iHKH 
149"7 

C'I9T'IHKH 
131 

CtteTttHXH 
1331 

C'I9T'IHKH 
1491 

C'laT'IHKH 
131 

C'19T'IHKH 
131 

_,_ 
_,_ 

3 

17 

21 , 36_!.0,81 

22 ,42!.,0 , 83 

21,85~0,8€1 

21,5 

23,5_± 1,4 

27 ,3_± 3,7 

27 ,5 

31, 3_±1,7 

30 _!1,3 

38, 8~2 ,5 

33 ~1,2 

34 , 9~1, 1 

37 ,2_±1,4 

41,4_±3 ,0 

39 .~.6 

39 , 1~0,8 

38,5 :!:_1,4 

35,3~2 ,5 

38,2:t_l ,2 

35 , 8~0,9 

32,6't._ l,8 

36 :t_0 ,7 

30 , 1 ~0 ,5 

28,4 't._0 ,6 

27 ,8~0 , 6 

29,0 !_0,6 
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2 

2 ,76 C'ieT'iKKB 
/50/ 

2 ,97 C'ieT'iBKK 
/3/ 

3 ,58 
/3/ 

C'i eT'IHKH 

4,00 C "19T 'IHKH 
131 

4,3 C "'9 T "'KKK 
/ 42/ 

Ta6n a na Ii 

K H H eTH 'iecKaR a a eprKH 

B na6opa TOpHOA CRCTeMe 
E Baa 

1,0/51 / 

1,~52 I 

3/16/ 

4,2 174 I 

4,3 175 / 

5,7176/ 

6,8/53/ 

50 177 I 

/ltpea HRR no HHTepaany 
/ 1 7 200 / Baa) 

I ,.._/'I I - B38HMO.lleAcTa K e 

npo6er a <iJoTo-
8MynbCBB 1 L. C M X 

38t_3 

35:!:.,1 

35;Q.!5 

3 8,7.:!:3 ,5 

33 ,7:!:.,4,7 

4 1.±6 

.6 40 

37!.., 6 

3 

28 :!:.. 4 

29 ,2t_0,5 

29,2~,4 

29, 3_:!:0,4 

28 t_4 

O"'t:~b 
6 

29 ;, 

35.:!: 2 ,6 

34+ 18 ,5 
-11 

27+ 8 
- 5 

39+ 2 1 
- 12 

24+ 11 
- 6 

~ 25 

30+ 20 - s 

-
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Pac. 2. Ce'I&Jiatl 838 1 MOn.eACT88 SI r -we30.H08 c ttyKnOtt8M I . 3Ha.~eHBSl ICKHe

T.IfGCJ[OI 8HepraK ~-Me30HOB a na6opaTopaoit cac-T~e ~oop !l.BHAT E 
n attbl e S•a. 3Ka'leHIA ce "teu•A: # - s eaaKaaax 10 cw , 3H8'iKt~~~w• O 

0TM8~8Hbl Cfi~<'<U Of. ( li- p) R a",a (f•f) ; 3H4'1UMR 4 - 0",• .. (f-f) • 
<J",,.(J- p) ; 3K6~KaMI • - c1't ( 71+f) ; 3R8'11<8MR 1' -3HA'I8-

1 88 O"t ( 11• N). Bbl'lwcneHM LIC no cpe.:taaM coot5oaHbiM npot5eraM 'jj - Me -

30tt:oa 8 ~M'O»MYJTbCRM. 
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KaK BHD.HO H3 Ta6nHu H pRe, 2, 3H8'19H HSJ ce'leHHA nnn ('jl-t-f)· H ('j/ ... f) 

-e3SHM OD.9ACTBHA Cp8BHHB810TCR M 9>KLJ.y C060A H CT8H08SJTCS1 Hf''lllniiC ~!WJIMH OT 

SHeprHH npaKTIPI9CKH y>Ke npH SHeP,rHHX E ~ /2 -:- 31 Baa. npH 3TOM 8 npene

nax 3KCnepHM9HT81lbHbiX OWR60K npe,aenhH09 3H8'19HH9 Of. COBI18fl.89T C COOTDM'

CTBylOlllHM 3H8'19HH9M .Q1lSI (N/11) -eaalH~O.ae ACTBHA; npeD.911bHOe 3Hll'IOHHe (1"e( 

nO-BH.QHMOMy, H9CK01lbKO HH>Ke , 8 np9D.91lbH09 3H8'19HH9 cr;k. - Bh!WO, '19M .Q1lSJ 

I 1'11/1/ I - saaRMO.ae ACTBRA , DnR OKOH'laTe1lbHhiX 38K1lKY-~eHHt.i Heo6xonHMhJ 6onee 

TO'!Hbl9 H3MepeHHS1, 

B HacTosrmee speMH aeT npHMbiX sKcnepHM9HTl'l1lbHhiX .aaHH brx o aaaHMoneA

r.-:o 
CTBHH :II -M 93 OHOB C HYK11 OH8MH npH 601lbW HX 9HeprHSlX, 0.0 Ha KO 8911 H'IH Hy non-

HOrO C9'1 9 HHSI B38H!'.·fOD.9ACTBHSl MO>K.KO Onpe.aenHTb B3 C006pa>K9HHA 3apSlD.OBOA 

CHMM9TpHH: 

crt: c Tr" r) = i · [a; cJ-p) + o; c :u+pJ) . 
Yfa pHC, 5 BHD.HO, 'ITO IIpH 601lbWHX SHeprHHX STO C9'19Hn:e O'IOHb 611H3KO K C E'l 'le

HIUIM eaaHMOD.eACTBBSJ aapsr>KeHRhiX ~ -Meaoaos c ayKnoHaMH. Ha .ocHoee T eo

peTH'IeCKHX coo6pa >KeHHA 0 cna6oA 38BHCHMOCTH B38HMOLJ.9ACTBHA npH 601lbWHX 

SHeprHSlX OT H30TOnH'19CKHX CnHHOB /eM ,LJ.81l99/ cneny;eT O>KH.Q8Tb, 'ITO C9'19HBSl 

o;;,(rr•p) H cr;e (JT•e) TaK>Ke 6yD.yT 61lB3KB It COOTB9TCTBYIOLUHM C9'19HRSIM D.11S1 

B38BMOLJ.9ACTBHSl 1/"f. -M930HOB C npOTOHBMH. 

2.3. BaaaMoneACTeHe H yKnOHOB c aHTHHYlUlOHaMH 

$KcnepRMeaTa1lbHbie .aaHHhie D.11H eaaRMo.aeAcTBRSI aHTHHyKnoaos c ayKnoaa-

MB 6onee 6eD.Hbi , '19M D.llSI (Ntv)• H (11N)- B38HMO,aeACTBHA H orpaHH'I9H bl 

o6naCTblO SHeprBA e ~ 2 Baa. B Ta6nHue ru - H Ra pHC. 3 npeD.CT8B1l9HW 

HaeecTHbie s Hacrosrmee speMH 3Ha'leHHH ceqeaHA I p p I - B38HMOD.eAcTsHA no 

/9/ /53/ 
.QBHBbiM pa60T H • no C006pa>K9HHSIM 38pSl.QOBOA CHMM9TpHB, 0'19BHD.HO , 

0"' ( pp) :<:t'()'ti). 
t5st E,.., . 

YfaMepeHBH nOK83biB8IOT, 'ITO s o6naCTB aaeprHA - /0,5-;- 1,1/ Baa 

fl011H09 C9'19HH9 B38HMOD.9ACTBHSJ aHTHnpOTOHOB C .aeATpOH8MH OCT89TCSI npH611H3K

T91lbHO nOCTOSIHHbiM H paBHblM /170--;l 180/ J"b , 0TCIO.Q8, 9 C1lH npeae6p9'1b 

acpcpeKTOM 3Kp8HHpOBKH HyK110BOB B .aeATOHe ,o; (fh):~ (pJ)·~ (pr)!:: ( 7 0-=- go)}'fS. 
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T a 6 n H u a ¥Ji 
I p p I -B3aHMo.aeACTsHe 

K HHOTK'I OCK lHI M eTo.a , KOTopbJM 
auepruH s na6. nonyqeHo ceqeHHe 

CHCTeMe E Bas 

0,81 cqeTqHKH 
/9/ 

0,95 
_,_ 

1,0 ue YK838HO 
/55/ 

1,07 C'leTqH KH 
/9/ 

1,25 He yKa3aHO 
/55/ 

2,0 
_,_ 

x/ 

xx/ 1 I 
CM . npRMeqaHHe • 

o;e"r ~"""i 
37 !_5 7 't_2 

33.± 3 8 't_2 

33 8 

30!:_3 7 .± 1 

8 

23 7 

.., a-; .. ,... ,. crt .A4 S' 
67!_7xx/ 1 CJ5 +_6 
84 .!,5xx/ 98!_ 3 

69 1 02:!:.,3 
65+4xx/ 96:!:., 4 

90!:_3 

60 83~3 
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PHc, 3. Ce'<eHRB B311HMoncRcTBHR !IHTanpoToHoe c npoTouiiMn. 3111l 'IOHHII KnueT~
'IecxoA 3HOprHH IIHTHrtpOTOHOB B na6opaTOpHO A CHCTOM~ ~oopfllll!lT E 
,Q8Hhl 8 6311, 8 3H8qOHKSl CB'IBIIIIA - B e.ctKHHil iiK 10 2 CM , 3HII'IK&-

MH 0 ; • ; A ; • OTMe'leHbl cooTeOTcTeeHuo ce'!euull a; (pp) ; 
O"j._(;r) ; <r.tt(pp) ; ~'l({pp} 

-
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Y'leT nonpaeoK Ha 9 KpaHHpoeKy ysenH'IH eaeT 9 TO 3HS'IOHI1e Ha I l 0:- 201% . 3tw'l eHIH1 

C9'!9HI'IA H (J"t ( pn.) OK83bl8810TCSI npH 3 T OM 61IH3KH~IU 110 CBoeA B91ll.f-

'IHH9, 

Vl3 npHBe.:l eHHbiX naHH biX aHnHo , 'ITO npH sHeprHH e HecKOnhKO Sse 3Ha'!e

HHSI ce'!eHHA I p p I - B38HMonetlcTBHSl 3H8'1HTeJt bHO npeeocxonHT ce'leHHH I {'pi~ 

- 838HMOlleRCTBHR , 3 T O MO>KHO llOSICHHTb C1l9llYIOlUHMH C006pa>KCHHSIMI!. 

TaK K 8K aHTHHYK1lOH BO MHOI"~!X OTHOW9HHBX nono6eH HyK1lOHy , TO 91"0 1 K8K 

H HyK1IOH 1 MO>KHO npencT88HTb COCTOSl.lllHM H3 111I OTHO I"O K9pH8 H Cp88HHT 91lbHO 

pb!X1IOA Me30HHOA 0601l0'1KH. C TO'IKH 3peHH Sl TSK OH M0ll91IH eCTCCTBeHHO npcnno-

1lO~<HTb 1 'ITO 8HHHI"H1ISIUHSI llpOHCXOllHT npH CT01IKHOB9H HH KepHO B HYK1l0H8 H 8HTH

HYK1IOH8 , T aKH e CT01lKHOBeHHSl 6y n.yT xapaKTepHaoaaTbCSl 6 onhWHM nornoweH»eM 

H, cnenoeaTenbHO , 6 JnbJJJ HM co'!eHH eM , '!eM a cnyqae I IVN l - 83a»MoneAcTaHtl. 

npH CT01lKH089HlHI K9pHOB C nepHcpepH'19CKHM M930HHbiM 061l8 K OM T8K>Ke, K8K H 

a cny'!ae I IV N l -cT 0 1IKHOBeHHA , npoHcxonHT ynpyroe H1IH H eynpyroe , conpoeo

mna 1oweecSJ po~<neHHeM HOBbiX '!acTHU , pacceHHH e HYKIIOHa 1'1 aHTHHyKnOHa . B o6-

nacTH ElHeprHA, He npeehtWSIOWHX H ecK01lbKHX coTeH Mse, TaKoA w.onenH 

• CT01IK HOB9HHA COOTBeTCTByeT !10T9HUH81l 838HMOneACT BHSI 1 KOTOpbiR H8 paCCTOstHUSIX 

~ ( ~ -14 " "'t ~ O(,(l. ()-;: 1\ /(1(::::: 2· 10 CM - X8 p8KT9pHbllt p83M ep KepHa) IIHlUb 3 Ha-

KOM OTIIH'I89TCSI O T H 3B9CTH Or O ( NN ) noTeHuHana rapTeHxay3a-C ••rEcno.-Map

/56/ 
W 8K8 , 8 H8 M81IbiX p8CCTOSIHHSIX 

W9HH9M, K 8K 

"t. ~ (;\, xapaKTepH3 yeTcSl CH1lbH biM norno

/57 I 
noKaaanH oueH KH Ko6a H TaKena H 6onee T O'IHbie pac 'l eT bJ 

Bonn a , '-ly H 
/58/ 

np. , sKcnepHMeHTSIIhHbie naHHbie xopow o o6MtCHSIJOTCSl TaKoR 

cpeHOMeHOIIOrH'I9CKOA T90pHeiL 

JlnH 601lbW HX 3 HeprHR 110 K8 ewe H eT TeOpHH 1 110380J1SI IOW9 R Bhl'IHC1I HTb 

ce'!etiHSl eaaHMoneAcTBHSl HYK1lOHOB H aH T HHyKnOHOB, O nHaKo cnenyeT O>KHnaTb , 

'ITO C pOCTOM ::IHeprHH C9'19 HHSI (NN}• H (NN) - aaaHMOneACTBHA 6ynyT Cp8BHH

B8TbCSI /cp . 3.2 I. O n H o A H3 npH'IHH sTor o SJBIISI eTCH 6biCTpoe yaenH'IeHue c poeT OM 

3H9pi"HH 'IHC1l8 HeynpyrHX K8H81l08 1 B03MO>Ktlb!X npH CT01lKHOB e HHH L:lBYX HyK1IOHOB 1 

IT. e , , npyrHMH cnoeaMH - ysenH'IeHHe •qepHOTbi' K epHa H yKnoHa/ . 

4 I ~ 
HanOMHHM, 'ITO :JI -MeaoHHble 3apHllbl HyKnona H aHTHHYKnOHa pa3nn -

'laJOTcSl 3H8KOM, nosTOMy npH 06MeHe He'leTHbiM 'IHCIIOM 'jj' -M 930HOB 3H8KH 

IJOTetiUH81I08 (N/111)• H (Nif) - 838HMOneAcTBHH TSK>I< e p a 3 .nH <J810TCSl 3 H8KOM . 
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2.4 . 83aHMo.neRcTBH e K-Me3oaoa c HyKno a aM H 

B Ta6nHuax YIII- IX H aa p Hc . 4 npHee.neahl axcnepaMeHTSllbHhle 3aaqe

HHSI ceqeaHR B3aHMo.neRcTBHSI 3apgmea ahlx K - Me3oaoe c ayxnoHaMH no .naHHhlM 

6 
/59/ 1601 

pa OT H 

+ 
BenH"'HHa ce'<~eHHR B38HMo.neRcTBHSI K - Me3oaoe c aeRTpoaaMH nonyqeaa 

+ 
pa3aocTHbiM MeTo.noM H 3 H3MepeaHA B3aHMo.neAcTBHSI K- -M e3oao e c .neRTepH eM 

H eo.nopo.noM , 3aa"'eHHSI ce"'eHHA e Ta 6 nHue IX npHae.neHbi 6e3 y"'eTa nonpaeox 

Ha axpaHMpoaxy ayxnoHOB a .ne AToH e , O.nHaxo, 9TH nonpaexH H eeenMKH, Kplfeag 

H6 pHC . 4, anpOKCHMHPYIOW8SI C9"19HHSI CJt(ll.+f) H a; (IC-p) , B3SIT8 H3 llOKna.na 

/60/ 
AnbBa iJeua • 

Vf3 C006pa>K9HHA 38pS!llOBO~ CI1MMeTpHH H HHB8pH8HTHOCTH ITO OTHOW9HHIO 

K 38pSl:llOBOMy COI1pSl:m 9 HHIO IlOllHbll:! C9"19HHSI , 8 Taxme C9"19HHSl ynpyrHX H HeynpyrHX 

B38HM0ll9ACTBHA llOll*Hbl 6biTb p88Hbl: 

~(K•p)::G"(~0n.) :O"'(IC•p)"= <r( K0 i'); 

G" ( K + ") : o-( JCO p} = <r t 1(- h ) : <r ( ;c 0 p) J 

<t' ( K .. p):. o- ( ~"n) :: 0"' ("• p") = u < JC" fi); 

Q""(K-~):(5'( ;:"op) : <J"(I~+F\)-::. ()(t:o p) ~ 

npH 60l1bWHX 9H9prHHX 38pS!llOB8Sl CHMM9TpHS! H HHB8pH8HTHOCTb IlpH 38 PS!llOBOM 

c<;mpSimeHHH .nnH K-Me3oaoa axcnepHM9HT811bHO ewe He npoaepeHbi , o.naaxo , npea-

CT8BnSIIOTCSl 0"19Hb eepOS!THbiMH, 

Vf3 npH 89ll9 HH blX 9XCI19pHM9HT8llbHbiX ll8HHblX BHllHO , "'TO C9"19HHSI B38HMO-

+ 0 
.neAcTBHSI K - H K -Meaoaoe c npoToaaMH a o6nacTH aHeprHA E ~ 1 E ae e npe-

llen ax 9KCI19pHM9HT611bHbiX OW H 60K H9 p8 311 H"'810TCSI 1 "'TO T'OBOpHT 0 C l1660 A 38BH

CHMOCTH 838HMO.neACTBHA OT H30T OI1H"'9CKOJ"O CDHHS. npH 60ilbWHX a a eprHSIX 

+ -
cTaHOBSITCSI 6nH3KHMH Taxme ce"'eHHSI B38HMo.ne A cTBHSI K- H K - M930HOB c 

11p0TOH6MH. 3Ha"' eHHSI ceqeaHA IlpH 3 TOM I19'1TH H6 TpeTb M9HbW9 COOTBeTC T ByiO-

J 

l 

i 
I 
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wHx ce<teHRA I III'N I H I 1f'N I - eaaHMo.neAcTsKA. O.naaxo 

cyweCTseaHO H3MeHHTbCH senH'IHHa 9THX ce<teHKA npK 9HeprKHx E "l 2 ,5 Bas. 

K HH9TH'I9CK8SI 
aHeprHH a na6. 
cHcTeMe E B es 

x/ 

0,96 

1 ,1 

1 ,1 

1,23 

1,28 

1,45 

1,4 5 

1,6 

1,76 

1,95 

1,95 

2,26 

2,42 

Ta6nKua Y111 

I l(+p I - saaKMo.neAcTBKe 

M eTo.n , KOTOpbiM 
nony<teHo ce<teHHe 

/59/ 
C'leT'IHKH 

_,_ 

/60/x/ 
C'leT'IBKH 

/59/ 
C'leT'IHKK 

1601 
C'leT'IHKH 

/59/ 
C'leT'IHKH 

1601 
C'leT'IBKH 

/59/ 
C'leT'IHKH _,_ 

/59/ 
C'leT'IHKK 

C'leT'IHKH 
1601 

_,_ 
_,_ 

18,8 .!. 0,8 

16 ,4.!,0,7 

17,5 .:t 1,3 

18,3 .!. 0,8 

195 ~ 1, 3 

15,7 ±. 0,7 

18,75 .!,0 ,6 

15,5 ±. 1,1 

18,3 ~0,8 

1 3 .!. 

15,4 .!. 0,6 

15 .!. 1,50 

13, 1 t_0,8 

cywecTayeT nH CBSI3b M9>KLlY .ll8HHbiMK 1 npKae.neHHbiMH HaM HeKaaecTHO, 
/59/ 

a pa6oTe 
1601 

11 a o6aopHOM .noxna.ne Anbaapeaa • 



K ~HeT~'iecKaSI 
aHepr~SI s na6. 
c~cTeMe E B as 

0,9 

1,2 

1,4 

l ,9 

K ~HeTH'fe cKaSI 
9HeprHH s na6op. 
CHCTeMe E Bas 

0,9 

0,94 

1, 17 

1,23 

1,4 

1,7 

2,8 
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T a 6 n ~ u a lX 

I K•tu - s3a~Mo.aeAcTs~e 

MeTo.a, KOTOpbiM 
nony'ieHo ce'ieH~e 

C'ieT'iHKH/59/ 

-·-
-·-
-·-

T a 6 n H u a X 

I 1<- P I - B3aHMo.aeAcTs~e 

MeTo.a, KOTOpbiM 
nonyt~eHo cet~eHHe 

C'f9T'fHKH/60/ 

C'f9T'fKKH/59/ 

1601 
ny3blpbK .KaM. 

C'f9T'fHKH 
/59/ 

1601 
C'f9T'fHKH 

-·-
-·-

4/1>. 

(j't ~b 

16,4!., 2 

16,e: 3,7 

18,2-+:.. 4 

12,5_1:3,5 

O"t """b 

52 .1: 9 

36 ±.. 5 

48 ±. 5 

44 :!:.. 5 

36 .1: 5 

44 :t. 5 

20 .1: 5 



6A 
so i 

I 
"15 
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Jj r 
30 1 
25 

20 

t5 

10 

1 

~ 

..., 
tn 
I ~ 

1J 2 2.5 j E 
Puc. 4. non Hue Cf'4 ' HltR eft D38RM O.:tellcTBHII K -MO~OHOB c HyK.'IOIIa"H. 

3m 'leHIIR KltHeTH~ecxnA ~u epr·HH K-Me30IIOB a •1anopaTopuoli c"-<::JfMe 
2 KOopaHN~T E a auu R s~~ 3 HnqnHHR ceqPHHA - B e n HHHUSX 10 CM • 

3aa'IK8M:l 0 , e , A OTMe'leH"I cooT aeTCTaeuuo ce"feHHR 

~(JC.~f)' cr; (~+ l'\) 1 (j' ~ (Jc p) . 
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2.5 . 83aHMO.QeAcTBHe Jt- 11 1(. -Me30HOB C J/ - Me30H8MH 

8 H8CTORLUee BpeMSi CBe.QeHHSi 06 STHX B38HMO.Qel\cTBHRX MO>I<HO nony<IJ1Th 

llHWb H3 8H8nH38 KOCBeHH biX 9KCnepHMeHT81lbHbJX .08HHbiX , 

¢ a30Bbilt aHanH3 I W N I H (IV IV} - saaHMO.aeAcTsHA .aaeT .am1 ce'l e H H~ 
I :Jiii 1 -s3aHMoa eAcTBHR senH'IHHy, 6nH3KyiO K c e 'leH HRM I JfN I H I N IV 1 

- B3aMMO.ae AcTBHA. K TaKOMy *e B bJBOny ·npusonHT aHanH3 vrno&oA acHMMeTpHii 

~ /61 , 'i8CTHU, pO}f(.Q810lUHXCR npH CTOilKHOB e HHH 6b!CTpbiX ;)I - Me30HO B C HYKI10H8MH 

a Ta!OI<e H3Y'IeHHe MHO>KeCTBeHHOrO p O>K.OeH HSi '18CTHU B KOCMH'I eCKH X lly'lBX npH 

1821 
O'leHb 60ilbWHX SHeprHRX , 

3TH pe3yllbTBT bl MO}f(HO Hllll IOCTp!ipOBBTb Cll e.QyiOWHMH rpy6o Kl1'19CT B9HHhiM 11 

coo6pa }f(9HHHMH, npe.acTaBHM ce<JeHH R Heynpyrux I NIY I - HI Ji# I - B3aHMO

neAcTBHA B BH.Qe: 

O'*(NN) : 4jlz~ 
~ 

z. <r c 'Jr IV) = fjj ( ?N + "Z 1i) 0 

npH 60ilb W HX SHeprHRX, KOr.Qa Ll llHH8 BOilHbl B38HMO.QeRCTBy !OlUHX lJ8CTH U OlJCHb 

Mana I ~<<l J' l.-. I, a en H<JHH bl 'lA; H ?-:- M O>KHo paccMaTpH BaTb KaK ar.pc;peK -N H , . d 

THBHbie pa3Mepbl HYKilOHa H MeaoHa. TaK KaK npu E > 1 Baa 

TO ~lj !:::" ?N H Cel!9HHe HeynpyrHX (Ji'n)- B3aHMO.Q eACTBHA 

cr ( NN) ~ a-(TtN) 

~c :Tr7rJ ~ 4- ;r-z. ~ z a- c 7rtvJ . 
BnH3 KHMH 6y.ayT If ce<JeHHR ynpyroro pacceRHKR ~ ~~ .(HanoMHHM , 'ITO .a H cp

cpepeHuHallbHo e pacceRHHe uenHKOM onpe.aenRe>TcR HeynpyrHM H npoueccaMu} . 

1721 ~ 
K aK OTMe'leHo a pa6oTe , HH}f(HJOIO oue HKy ce'leHHH I !Ji'/1 1- MauM o -

, 

neAcTBHR <J1"' (1T 7i') ::> S-"'i MO>KHo nony'IHTb, ecn H paccMaTpHaaTb r, - \.1 P.3 0H, 

cocTO R W HM H3 TO<Je<JHb!X I "'ronbiX "I HYKilOHa H a HTMHYKllOHa . Y'leT actJrp<'K -

THBH biX pa3M9pOB 3THX BlipTyBilbH blX 'iBCTHU yB91lli'IH889T Bellli'iHHy CC'ICI!IHI 

1891 
B H 9CKOilbKO pa 3 lcp , I, 

HenaBHO lv\aH.O<>llbWTOMy H Lfy HB OCHOBe .OBOA HbiX .OHCnepCHOHHbiX OTI!O-

W 9HH!t Y llBilOCb CcbOpMyllHpOB8Tb C HCTeMy ypaBH9HHA
1 

onpenellR!OlUH X B MllllHTY.OY 

"''!'- - 1831 
ynpyroro I "'' 11 /-pacceRHHR s nno Tb no a H eprHA E - 0,5 Baa • OnHaKo peavnb-

TaTbl pew eHHR aTo A CHCTeMbl ypa BHeHHR ewe He ony611HKOB8H hl, 

-

" 



•• 
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4To KacaeTCSI eaaHMo.aeAcTeHA 'jj ... H K -Me30HOB. To HH<jlopMAUHS! anecb 

ewe 6onee 6e.atJaSI. CaMo cywecTaoaaHHe aaaHMoaeltcTnH~i TaKoro po.aa SIBnSieTcr~ 

e HaCTOSI!Itee epeMSJ npo6neMoA . 

B 
1641 1651 

pa6oTax 11 noKa3aHo , 'ITO Y'ICT B3aHMo.ae ltcTeHSI BHJ.ta 

).( i(.+l(.+ +iC•I(.,) (~ ... 11"--+ 1f-1f+ +1r.,1T'o) 
I 

T'HC T ' 1(. , i(" - onepaTopbi none!% cooTeeTcTeyJOUHIX "'acTuu, a A - nocTo-

stHHafl CBR3H,. naeT e03MO>KHOCTb o6bstCHHTb pSI.a 3KcnepHM eHT8Jlb H biX ¢axTon o 

eaanMo.ael!cTBHH K - Mc30HOB c HYK .riOHaMH H SI!lpaMu npH HH3K HX S H epruSJx . 

K. 
.. _ ~0 

EcnH H ,.... -Me30Hbi HM.JOT paanH'IHYIO tJeTHOCTb, TO, B npRHuHne, eoa-

MO>KIIO TpoAuoe e3aHMo.aeAcTeH e eu.aa H;k~: ,\ K:Jr'K . 

B o6nacTH 6onbtuux SHeprHA MO>KHo Ha.aestTbCR nony'IHTb cBeAeHH st o B3aHMo-

.ae AcTBHH K- H ~ - MeaoH O B H3 B3y'l e HHSI nepR¢epH'IeCKHX eaaHMo.aeAcTBHA 6bJ-

166 1 
cTpbiX K-Me30HOB c HYKilOHaMH , a TaK>K e H3 aHallH3a y r nonoro pacnpenenenHSJ 

r, -Me30I!OF\ C Hj'l\!10-'18CTHil, pO>K.Q810WHXCSl npH CTOilKHOBeHHH 0'19Hb 6b!CTpblX 

161 I 
H8MH B 3aHMo.aeAcTsHe ~- H ~ -M e30HOB !lOil>KHO npHBOUKTb I\ 110 ·rteflHPM 

Clly'la 9 K onpe,oe 1l9HHOT'O BH.L18 yrnOBOA 8CHM MeTpHH pO>K il8 IOWHXC R CT p8HII biX '18C

THU. npeasapHTe llbH ble pe3yllbT8Tbi, nony'leHHble rpynnoA BaH raH-~8118 llpH ::l!l('p-

167 I 
rHH E • 6,8 Eae , yK83biB8JOT Ha HanH'IHe TaKoA aCHMMI'TpHH , x o1>~ KOfi!~'IHO, 

HHTepnpeT8UHSI 9THX npeaeapHT 9 1lbHhlX pe3yllhT8TOB BlUe O'leHb H90/lH03H8"1Ha • 

3. TeopeTH'!ecxast HHTepnpeTauHSI aKcnepHMeHTallbllblX aaHHbiX 

3.1, nocTOSIHCTBO C9'19HHA B38HMO.aeRCTBH SI npH 60ilbWHX 9HCprHSIX 

Vf3 npHB9Jl9HHb!X BblW9 9KCnepHM9HT81lbHbiX .08HHb!X BHJlHO, ' ITO BO BCilKOM 

cny'lae .an Sl I IV fl/ I H I "1 IV I - eaaHMo.aeAcTeHA ce 'l eltHR ~ n- ,..,_A "' t: ' u ik • u ~ 
npH OOilbWHX 9 H eprHSIX cTaHOBSITCSI noCTORHHhlMH , 

CnenyeT noa'lepKHYTh, 'ITO aToT Bbteo.a eepeH nHwh a npe.aenax 9KcnepHMeH 

T81lbHbiX OWHOOK 1 T eM 6onee, 'ITO K8K 9 KCnepHM9 HTy. T8K If TeopHH .OOCTynHa 

XOTSI H ac e yeen H ttHB810W8SICSI , 0 JlH8KO OT'p8hK'I911118SI 061l8CTb 9HeprliA, 
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B uacTosrwee epeMSl HeT cTporoA Teo pHH, o6oSJCH SJ JOLUe A nouetlCHHo ce'IP HHA 

.llll)f{e ripH TeX 60ilbWHX 9H e prRSIX, K OTOp bH' .llOCTYTIH bl COBpeM e HHOMy 9K C 11epHMe HTy. 

Bonee Toro, nocTOSIHCTso ceqeHHR saaHMO.ll eAcTBHSI npu E '> 1 Bas Ka)f{e TcSI 

ripOTHBOpe<taWHM COBpeMeHHOA T eOpRH TIOilR, r.ae npH Bbi'iH ClteRHH MHOr.HX cpH3 H'l e -

CKHX BeltHl{HH IMaCChl '18CTHU, MllrHHTHhle MOMeHTbl H T.Jt ./ llpHXOllHTCSI .aenaTb 

paanH'IHble npennono)f{eH IHI .anSI n onasneHHSl saaHMoneAcTeHA npH t5onbwHx aHep

/68/ 
raSix. O nHaKo MO)f{HO npHsecTH npKMep&I /eM., HanpaMep, I, Korna .aa)f{e o'leRb 

C1l86bie B38HM01leACTBHSI npH B03p8CT8HHH 3HeprHH npKBOLlSIT K 60ilbWHM 3HS 'le HHSIM 

ce'leHaA. O cna6 n eH He B3aHMo.aeAcTBHA e 3TOM c nyqa e MO)KeT CKOMneBcHpoeaTb 

B03p8CT8HHe Ce'leHHA 838HMO.lleACTBHR t- 803M0)f{H0 0 8H81lOrH'IHOe TIOilO)f{eHHe HMeeT 

MecTo H s o6weM cny'lae. 

TeopeTR'leCKHA 8H81lH3 CBOACTB cpyHKURA pacnpOCTp8HeHHSI 13 llOKilllbHOA T eOplUf 

TIOilSI npH O'i9Hb 06utHX npenriOilO)f{ a HHSI X naeT .lllfSl 3HepreTH'leCKOH 38tllfCUMOCTH 

Ce"'eHHA B38RMO!leACTBHSI fij -Me30HOB C HyKilOH8MH tl na6opaTOpHoA CHCTeMe 

1691 
KOOp!lUH8T rpaHH'IHhl9 OUeHKH 

'-4"Mt 
E 

< crt ( e.) < £ . ~.t ..~ 

'ITO H e llpOTHBOpeqHT 9KCnepRMeHT81lbHbiM pe3yllbT8T8M. 

3 .2. PaseHcTeo Ce"!eHHA 838HM01leACT8HSI '18CTHU H 8HTH'I8CTHU 

npe.anOIIOJKBB, 'ITO Ce'leHHe B38 HM01l eACTBHSI npOTOHOB llOCTOSIHHO npH 60nb

WBX SHeprHBx, MO)f{HO noxaaaTb paeeacTso nonHbiX ceqeHHA I PP I H I p P I -

eaaHMOLl eAcTsRA . Aaanoraqaoe aaxnJO'!eHHe sepHo .anSI nonHblX ce'leHHA e3aRMo

.aeAcTBHSI 5i!H ~- -Me3oHOB c npoToHaMB; nonHbiX ceqeaH A I IC-+p I· H I /C-PI· 
•B38HM O.lleAcTBHA B T • .ll. - 8 06uteM Clly'lae .llllSI B38RMO!leACTBRA, B KOTOpblX 

/70 I 
O.llRR pa3 Y'l8CTBye1D '18CTHUa, B .apyroA pa3 - COOTBeTCTByiOutaSI e A 8HTH\f8CTHU8• 

'-iT06bi .llOK83ttTb 3Ty T eopeMy, paCCMOTpHM LlHCriepc H O HHOe COOTHOW e HHe 

.anSI aMnllHTY.ll bi ynpyroro pacceRHH SI A {E) ua yron e = o: -(~·E0 )L j":tE'[fi:lE') 
ReAlE): i - • P 

0 
7 (E'-EHE'-Eo)1 -t U~ C E :J _ 1 + Q + e f, 

• 
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rae a. H t?- DOCTOHHH~e K09cPcPHUHeH~bt, 171 
I t- anHHa BOJIHbl HYKJIOHa, 

E "" . 51 
0 - npOH3BOJibHO Bbrvpanaoe aaa~eaue aaeprHH • CywecT eeHHO , "'TO a aHcnep-

CHOHH~A RHTerpan sceraa sxoasrT xax ce~eaue saauMoaeAcTBHR ~acTuu ~ 

t-
, TaK 

H 8HTif~8CTHU 

npu f::-9 00 DOJIY'IHM, COXpaRRR JIHWb H8HOOJibWHe "'JI9Hbl 

o«E' [ott~) 
E' E'- E 

-
+ crt {00)' 

E' ... E l , 

rae 3H8~9HHe 9HeprliH E. Bbt!5\laHO T8KHM o6pa30M 1 ~TO E. ">") E" 0 H npu 

E'>..- E 
) ~ (E') -= O"'t ( f>Q) 

nocne Bhl"'IICJieHHH HHTerpana 

R.e A(E),..., E ~E= · [ r (oo)- tr. (0())"\ 
t f J 

Oaaaxo aMnnuTyaa ynpyroro paccesrausr A (f:) ae Mo>KeT eoapacTaTb KaK 

E t"' E . DeAcTBHT9JibHO, npll OOJibWHX 9HeprHSIX , xoraa e ')") I . 
x " 2l~ I A (e) I ::. I - l: c ~ e+ t) (I - e e) I ~ 
a, e:o 

' - (~ ol~ I (t-e2•Hsttr)) I ~ E·~!. 
~ 0 

I 17211 cp. . 

0"lesuaao cooTaoweaHsr 11 I u 12 I ae npoTHeopeqHs~, nuwb ecnu 

--

I I I 

121 

131 

51 
Dnsr npOCTOTbi Mbi He eiyaeM yquT~B8Tb CDHHOBYJO H H30TOnH"leCKyJO 

3&BHCHMOCTH s aMnnuTyae ~ Bee paccy>K.o:eaHsr nerxo noaTopHTb H s o6UleM 
cnyqae M ~ ae 6yaeM Tax>Ke paccMaTpiiB&Tb snexTpoMarHHTHbte saaHuoaeAcTnHst• 

yqeT KOTOpbiX BHOCHT JIHWb M&Jibl9 nonpaBXH . 
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VfROf'.CI.S yTBep>K.a.aeTCSI 0 'lTO 3TO paaeHCTBO Ce'ieHHA SIB1ISI9TCSI Cll l) !lCTBHe M 

nHwh caoltcTB .aacnepcHOHH&Ix coOTHOUteHHA. O.aHaKo H3 npHaenCHHoro a&m0.£11'1 sw.a-

ao, 'lTO paaeHCTaO /3/ nonyqeHO H8 OCHOBe 3KaHaaneHTHOf'O E'My npennOilO>f<OHJH! 

o nocToHHCTBe ce'leHaA aaaHMo.aeAc1'BIHI npH E ..,. 110 . EcnH paaeHcTao /3/ 

paCCM8TpHB8Tb KSK OCHOBHOe, TO H3 .aHCnepCHOHHOf'O COOTHOW CHHfl nony'IHM, 'lTO 

~ 6/ 
riOCTOSlHHbl rzpH ~ .... 00 • cetteHHfl <Tt 

-at H 

EcnH OTKilOHeHHSI OT DOCTOfiHHhlX 3H8'1eHHf.t cetteHHit, HanpHMep, MenneHHOe 

y6&JaaHHe, 6y.aeT npoHcxonHTb llHWb npH aKcTpeMallbHO 6onbWHX 3HeprHSIX 

E ')') / 100 7 1000/ Baa, To B o6nacTiif MeHbWHx aneprHA aTo .aacT nHwb Man&te 

DOrip8BKH K .aHcnepCHOHHblM COOTHOWeHHSIM H ace npHBe.aeHHble BbiW9 paccy>f<.a9HHSI 
. . 

u, a ttaCTHOCTH, paseHCTBO /3/ ocTanyTcSI npH aHeprHSIX 6"-'1100 f 1000/ Baa npH-

6nH>K9HHO cnpaae.anHBbiMH. 

3.3. 3aBHCHMOCTb C9'l9HHA OT H30TOUH'I9CK KX Crill HOB 

npH aHeprHSIX E ~ 1 Bas aaaaMo.a ef.tcTaKSJ qacTHtl cywecTaeHHO a a BHCSJT 

OT HX H30TOfiH'i9CKHX CUHHOB. 3TO BH.aHo H3 pHC. 5 H 6, r.ae npe.acTasneHa 3Hep-

reTH'l eC K8SI 3aaaCHMOCTb 3KcnepHM9HT81lbHbiX ceqeHHA B38HMO.aeftCTBHSI ~-Meao-

HOB H HyKilOHOB .anSI COCTOSlHHA C onpe.aeneHHbiMH 3Ha'ieHHSIMH H30TOriH'l9CKOf'O 

CriHHa. 

O.aHaKo c pocToM aHeprHH 6 &rTpo aoapacTaeT 'IHcno B03MO>f<Hbtx KaHa.nos 

HeynpyrHX p98ltUHf.t, a T O apeMSI KaK C9'i9HII 9 ~ ... COttJf HIIH, BO aCSIKOM Clly'iae , 
It\ 

He aoapacTaeT. Ce'leHHe Ka>Kmoro s a Heynpyrax KaHanoa, a TOM 'iRcne H KaHana 

paCC9SIHHSI C nepe38pSI.aKOit ~X , CTSHOBHTCR DpH STOM ace 6onee H 6onee Ma

llbiM: ~/{t~O 71 
• .QpyrHMH cnoaaMH, aKna.a saaa Mo.aeRcTasA, CBSI38HH&Ix c nepE 

OpH9HT8UHeA H30TOriH'i9CKHX CriHHOB CT81lKHB8~WHXCSI 'i8CTHU CTaROBHTCSI npeHe6pe

>KHMO M81lbiM o 3To npHaO.aHT lt TOMy , 'iTO ce'leHHSI npH OOilbWHX 9HeprHSI CTSHO-

BSITCSI He38BHCSIWHMH OT 1130TOriH'IeCKHX CriHHOB. 

6/ 

aonpoc. 

7/ 

fi 6naro.aapeH .Q .B. illHpKoay, KOTOpbiA o6paTH1l MOe BHHMSHHe Ha 9TOT 

npH 9TOM , KOH9'iH0 1 npe.anonaraeTCH, "'TO C9'i9HHe rrepeaapSl.aKH He HMe• 

eT peaoH SHCHoro xapaKTepa npH 6onbWHX esepriiHx. 3To cornacyeTcH c coapeMeH-

HblMH rrpe.aCT8B1leHHSIMII 0 M9X8HH3M9 B3811MO.aeiCTBHH 'i8CTHU npH 9HeprHSIX f)) ~ 
)") l5}8£ .. ..,,fif\ 
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1 5 10 
E 

nonHble Ce'-leHHSI B38HMO.Qeil:cTBHSI fji-Me30HOI'\ C RyKnOH/l l\111 B COCTOSI

HHH C R30TOnK<JeCKHM CflHHOM r=,/~ / cnnOWH8SI KpHBast/ H B COCTOSI HIIH 

c H30TOnH <JecKHM cnHROM T = '/2. /nyHKTKpHaSI KpK nasr I . UJTpJu-nyHKTKp· 

Hasr KpKaasr - cooT':_~"t,CTB2'IOwee ce<JeHH e O""t: (71Cp). Ce<J<>HHSJ npuaene-

Hbl B 9.0.HHI'JU8X }Q CM ; KHHeTK 'l9CK8SI SH9pl"HSI Jf-Me30HOB B na6o· 
paTOpHoA cKcTeMe KoopnHHaT E - a Baa. 
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PHC. 6. no'!KbiC COqOKHII l'l'li!.MMO.llPACTaHII HyKnOHOB " COCTOA-

HHH C H 10TOIIM 'ICCKHM CIIHHOM T • 0 ICII,OWHBR KpMa.~R/ H a COCTORIIIHI 

c H 'lOTOnM'I&C KHM cn HH O M T z I /nyHKTHpHaR KpHaasrl. Ce'l eH MA Of'IMfleaeu~. 
8 9!l HHMU8X IQ-27cM

2
, KHH 9 TH'I CC KI'IA 9HeprHA 'Jj M (!:)OHOfl a 'II!.~OflATOf'I

HOI\ C HCT('"e K OOp!l HH8T I:; - a 63a. 

E 
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, lOs:tC HHM 9 TH C006pameHIHI H8 ripHMepe pacces:tHIHI 

1781 

,.._, 
~ - Me30HOB H HyKnOH08 

H8 HYKIIOH8 X 

EcnH f:
1 

H F
1 

- aMriiiHTyabi pacces:t HHs:t 1i - Me3oHoe H a npoToH e o cocTos:t-. 

HHs:tx c H30TOriHl!eCKHM cnHHOM T: 'l.2. H T:.~ , TO a B c}lc}lepeHuHanbH hJe ccl!e HHs:t 

,..-
pacces:tHHs:t Jl -Me30HOB 38nJ~WYTCSl B B Rae 

<)2. : <r'(jTOp .. Jlo p} = F /2. ~l-t F=', [Z ; 

a; = o-{ 1J• r _. Tt • n ) = i l t= 3 - F, 1 z j 

<r-. : ct ( 31 - P ... JI- P ) -::. i I t=l ... 2 r:, (1 ~ 

0" s : <r' ( Jf· p _, Tt\) ~) ~ uJ 
Vf3 YCIIOBHSI o6p8W9HHSl B Hy!lb C9l!9HKA n e pe3 aps:taKH 

'"ITO F,: l='l , T.e. 

<13 = <r's z 0 cn enyeT , 

14 I 

KaK BH.O.HO H3 pHc. 2 R 6, 8 npeaenax aKcnepHMeHT8!lbHbJX owH6o K ce'leH Hs:t CTa

HOBs:tT Cs:t H e3a8HCs:tWHMH oT H30TOriHl!eCKHx cn HH OB yme npH 9 H eprHs:tX 12 ~ ' I L·.- s . 

TaK KaK npH 6onbwHx 9HeprHs:tx pa8e HCTBO 141 Bbmon H s:teTcs:t ans:t mo6oro 

yrna pacces:tHHSl e , TO p8BHbiMH OK83bi8810TCs:t H COOTBeTCTByiOUHI9 cP83bl i e 
8MTI!IHTyabi pacces:tHHs:t 

8 1 B aTOM n e rKo y6ea HTbcs:t, ecnH paseHcTso 141 nepenHcaTb ans:t aM llli HTYn 

p8CC9s:tH Ks:t 1 IIOMHO)KRTb ero H8 riO!IHHOM nemaHapa B npOHHTerpHpOB8Tb riO DC9M 

3H8l!9HHs:tM C.., 9 OT -1 LlO + 1. 0TM 9 Tl!M, liTO p889 HCTBO 141 \.iO)KeT 

H8py W 8TbCSl 8 06!18CTH O'i9Hb M8!lb!X yr!IOB e ""'0 1 r ae aatOT 8Knaa Ll8!1 CK'Ie 

nepHc}lepHl!9CKH9 CTO!IKHOBeHHSl C M8IIOA n e peaa<~eA 9HeprHH. 0 a H8KO C pOCTOM 

9HeprHH BKnaa T8KHX CTO!IKHOBeHRA 6biCTp0 YM9HbJ U8eTCSI . 
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OTciO.aa, s 'ISCTHOCTH, cne.ayeT paseHcTso ce'leHHA a;.,. H at-
B cnyqae pacceSIHBSI npoTo a os Ha HyxnoHax .aHcpcpepeanRallbH bte c e 'feHKSI Mo>K-

HO 38J:BC8Tb S BR,ae: 

0"' • = cr ( P P .... P P) =- J F. J t ; 

cr 2.. :. 0" ( ph _. p"' ) = ~ I F, -t r:. I z. ; 

0'& :<r(p)\~ t\ p ) :. ~ I r. - to 1 
2 

J 

r.ae F'1 
T=- I R 

u F0. -

T=o . 
8MII1IHTY.Ubl p8CC9SIHHSI S COCTOSIHHSIX C H30T ODR '19CKRM CDHHOM. 

V13 ycnOSHSI <Jl ~ 0 cne.ayeT, 'ITO F1: F0 , T.e. 

cr, Q! ()2. . 
PaSHbiMH CTSHOBSITCSI TSJC >Ke cp83bl 8MIInHT Y.Ubl ynpyroro pacceSIHHSI ~e 1 ceqe

HliSI o;" H <r* 
V13 pHC. 1 B 5 SH.QH0 1 'ITO B npe.aenax TO'IHOCTH OIIbiTOB 38SH CHMOCTb ce'le

HHft &38HMO.U9ACTBHSI OT H30TOCH'19CJCHX CIIHHOS B C'fe389T npH aaeprHSIX 

E) 16 ~ 6 I B a s. 8Ta s aeprBSI npH61Ili3HTenbHO B .a sa pasa sblwe , 'feM cooTseTcTsy

JOwasr sseprHSI .anSI cny'laSI (TN) - S38RMO.aeAcTsBA. 

AaanorH'IHO Mo>Kao paccMoTpeTb B ssaHMo.aeAcTBHe 'ISCTHil .appHx copT os. 

llnst B38HMO.UeACTSHSI 8HTHHyKnOHOB C HyKnOHSMH 38SHCHMOCTb C91f9HHA OT H30TOIIH'f9-

CXOrO CIIBH8 CTSHOBHTCSI H9CYW9CTS9HHOA1 no-SH.QHMOMy, IIpH H9CK01Ibl!:HX el01IbWHX 9Hep-

rHSIX, 'IQM .an SI I It/ It,/ I - B38HMo.aeAcTsHA . npR E =2 Baa ce'feH H e nepesa

pSI.UJCB I p 'f ..,. ~ i\ I cocTasn SieT ewe oxono 30% OT ce'leH HSI ynpyroro pacceSI-

HHSI. 

Kax su.aao H3 pBc. 4, npH s aeprHSIX E ~ i Bas H e T 3SMeTaoA H30TOIIB'Iecxol 

+ 
saBHCHMOCTH B38HMo.aeAcTsuA K -M e3oaos c ayxnoHSMH. 
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3 . 4 . 3aBHCKMOCT b Ce'leHKI\ O T CTIKH O B CT811KKB8 ~lUHXCn '18CTHU 

npH 60.nb W HX 3HeprHSIX , KOr,a.a r118BHy~ p 01lb Hrpa~T op6HT8Jiblibi e "!HC118 

e ')"") i. , ¢a38 8Mn1lHTYLlbl y npyroro pacceSIHHSI 38BHCHT JlHWb OT 3HeprHH H OT 

CyMM8p HOr O CnHH8 CT811KHB8~LUHXCH 'l8CTHU S , T8K K8K 

~~::re-~ li····r e+s l ~e. "" e' = t1-s/ j ... ;t1+s/c:-j c: e · 
I 

?t1 ,(& ;1; s) ~ ?~Ct: ; s). 
B o6nacTH 3HeprHR E ~ 1 B as '1.0 H BCTO Hwer o speM e!I H H e H3BecTHO "!! 

O,O.HOrO OnbJT8 C TI011SipH3 0B8HH biMH '18CTHU8MH , n oaTOM y y H 8C H eT npSIMOR 3KCn e 

pHMeHT8llbHOf.\ RHcpopM8UHH 0 38BHCHMOCTH B381iM0.0.8ACTBHA 6biCTphiX '18CTHU OT lfX CnH

HOB.0LlH8KO MO>I<HO O>I<H,0. 8Tb 1 'ITO CJIKIIOB8SJ 38BHCHMOCTb 8-'18HMOnet{cTBH A npH ::meprHSIX 

E)) l Eas 6y.a.eT HecyuleCT Se HH OA. 

~ 
8 cny'rae B38HMo.aeAcTeHSI 'IBCTKu pa3nH'IH biX copTOB IHanpHMep, 'J/- H n H 

I( -Me30HO B C H YK110H8MHI 3TO M O>I<HO TIOHCHHTb T S MH >KS C006p8>1<8 HH S1M H, "'TO H 

ann H30TO m!'JecKHX cnHHOB. Ce'leHHe pacc eSJ HHSJ c nepesopoToM cnHHll 0'.. e aTOM s 
cn y •u1e 6 y .aeT ObiCTpo yMeHbliJ8TbCH c pOCTOM 3HeprHH. 

no.ao6H bl8 paCCy>l< .aeHHSI He npHMSHHM bl K B38HMO.a.ef.\CTBH~ HVKJIOHOI), r te 

H8T nep exo.aoB M e >KLlY CHHrll eTHbiM H TpHnneTHbiM COCT O HHHSIM H H v;:: 0 J Ol. 

O .aHaKo , c TO'IKH 3 peHHs:t cospeMeHRbJX npencTaeneHHA o MexaH H3Me H"V'lpyrHx 

/. 1301 
538HMO,a.ef.\CT8Hr.\ npH OOJlbWHX 3HeprHSIX ~Mo.ae.nb KOMna y HLl- '18CTHU hl CTRT~-

/721 1791) 
CTH'I8CK8SI T eOpHSI U 8 HTp8ll bH hlX H nepH¢epH'18CK HX CTOII KHOBeH HA H 

cne.ayeT O>I< H a 8Tb, 'ITO K B 3 TOM Clly'lae ?e.(E;s)=. ?e(~) . 1HanOMIHIM 1 'ITO npH 

E "l 1 Bas H ue.nKKOM Onpe .a.enSJeTC SI Heynp y rHMH npOUPCC8:'\IKI . 

JlOHSlTHO, 'ITO ec e paccy>I<Ll8HIHI 0 C OHHOBOA H H30 TOriH'I eCKOit :'1 8DHCHMOCTH 

npHMeHH Mhl T8K >Ke H anSI B38HM01181\CTBHSI C SI ,O.p8M H , ICp. / 81 I I . 

10 1 

.a.eACTBK SI 

'!eTHOCTH 

- 8 CHny 

B cny'lae I pP I - s3aH Mo.a.eAcT BKr.\ I KaK K s oo6we, 

,a. syx .ni06biX T O>I<,O.SCTBeHHbiX '18CTHUI US: 0 B CtfJIY 

s cH c TeMe To>~<.a.ecT eeH H biX 'HICTHu • B c.ny'lae I f' M 
182/ I 

3 8pSinosoA CHMMeTpHH lcp. I . 

s cny'lae B3ll liM o -

3aKOHa coxpaHeHKn 

I - n-JaH~ton<'iicTnKti 
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4. 3aK.rtlO"'HTenbH bt e aaMe"'aHHst. Bonpocbt K aKcnepHMeHTaTopaM 

Vf3 npH 8e.aeHHb!X 9KCllepHMeHT81lbHblX H Teop e TH"'eCKHX .Q 8HH biX Cn e.ayeT 

.Q0801lbHO SICH8SI KS"'eCT8eHHSSI KapTHHS llOBe .aeHRSI Ce"!eHHA 838HMOneACTDM SI H y K

JIOHOB, 8HTHHyKnOH08, 'JI K IC -Me30HOB c HyKnOHSMK 8 o6nacTH 9HeprHA 

e z l l f 101 6a8. 0.aH8KO KO.rtH'leCT8eHH bi e .aaHH bJe 00 MHOf'HX Clly"18SIX e r..u o 

H9.QOCT8TO"! H bl. 0co6eHHO 9TO OTHOCHTCSI K B3SHMO.aeAcTBHIO SHTHHYK1IOH0 8 

H I( -Me30H08 c HYKJIOHSMH . Bo 8Cex cny"'ax nnoxo Keen e.aosaHo 83SHMo.aeA

CTBHe "18CTHU C HeATpOHSMH; 6eJibll\:{ llSITHOM SIB.rtsteTCSI B 3 SHMO.aeA C T 8 H e nonstpH-

aosaHHhlX "'SCTHu . Eonee TO"!Hhl e H3MepeHHst npe.a CTS8J1SIIOT CSMOCTO SITenb-

HbiA KHTepec, 8 T SK>Ke BS>KHbl .QJISI KO.rtH"'eCT8eHHOA npoBeOKH Teo p e TH"' eC KIO£ 

CXeM R MO.aeneA. noHSITHO , 'ITO OrpOMHblA HHT epec npe.acTaBnsteT 11106851 HHcpop-

Mauast, KacaJOr..uastc51 I 'JT1j I - B3SKMo.aeAcTBK51, 83SHMo.a eAcTBHH 

Me30H08 0 B3SHMO,aeACTBH51 r'KllepOHOB. 

Ji .. H ( -

no- eK.QKM OMY , KS"'eCTB e HH851 KSpTHHS OCTaHeT CSI TOA >Ke H .aanee, B HHTep

Bane ewe HecKOJibKHX .aecstTKOB Eas. 

Mo>KHO yKa3aTb eo BC51KOM cny"'a e H8 .aea eonpoca, Hccne.aoeaHHe K OTOp biX 

llpK 601lbWHX 9HeprK51X "'SCTHU npe,acTa BJISieT llpHHUHllH81lbH biA HHTe pec . 3TO, eo- nepBhTX, 

K CCJie.QOBSH H e , HSCKOJlbKO .aaneKO npK t -4 o0 0CTSIOTC51 llOCT051HHhlMH c e "! e -

HH51 a't: • 6i~ ' O"et . EcnH aTo nocToSIHCT8o , KaK H llO.QCK83 biB89T Oil biT, 

COXpSHRTCSI .00 O"'eHb 60Jib WHX 9 H eprHA, TO llpK CTOJIKHO B e HKH CBe pX9HeprH "'HbiX 

"'SCTHU MOryT o6pa30B8TbC51 .rtRBHK, r.ae MSCCS BHOBb p0.QHBWHXC51 "'SCTKU M O >KeT 

.QOCTKT' H YTb MSKpOCKOllH"'ecKOA 8eJIH'IKH bl. 06pa3HO B blpS>KSSICb, 8 9TOM cny"'a e 

MOr'yT pO>K.QSTbCSI 3Be3.Q bl He B CMbJCne , KSK HX ll OHHMSIOT ceft"'8C B cpOT09 M y .nb -

1331 
CHOHHOA na6opaTopHK, a 8 TOM CMbtCne, KSK HX llOHHMSIOT 8CTpOHOMbl • Ha-

o6o poT , H3MeHeHKe 8CHMllTOTH"' 9 CKOr'O llOBe.QeHH51 Ce"' e HKA 5 38HM O.aeACTBKSI TSK >f< e 

llpHBe.rtO 6b! K O'leH b BS>K !' b!M TeopeTH'I e CKHM 38K1IIO"'eHK51M. 

E.aHHCTBeHHblM HCTO"'HHKOM HHcpopMaUHH o eaaHMo.a eAcTBHH c e e pxaHeprH '1-

Hb!X '-18CTH U SIBJISI IOTCSI B H8CT051Wee epeM Sl K, no-8H.QKMOMY, OCTSHYTCSI 8 

6nH>Ka A weM 6y.ayr..ueM Ollb!Tbl C KOCMH'-IeCKHMK ny"'SMK, 

B T opb!M npKHuKnKanbH biM 8onpocoM stBnsteTC51 Hccn e .ao8aHHe B03MO>I<H hiX -HapyweHKA paae HCTBa C e '-leHKA 838HM0Ll eAcT BHSI '18CTHU K 8HTH 'l 8 CTHU (}" ;:: r:r • 
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TaKHe HapyweHHSI yK83blB81I H 6bl H8 Hecnpase.nnHBOC T b llH CnepCH OHHblX COOTHOwe-

HH A H ITOII O>K9HH blX B HX OCHOBy npH H UHITOB 1 B n e pByJO 0 '1 9p9llb - npHHUH IT8 npR'IHH

H OCT H a M81Ibtx o6nacTSJX npocTpaHcTsa- apeMeHH. BooMO>K H O , cywecTseHH bre p eayn t·· 

T8T bl B aTOM H8llp8BII 9HHH Yll8CTCSI ITOIIy'IHTb n pH 3HeprHRX1 llOCTH >K HM bl X H8 yCKO-

npH110)!{9HH 9 

06 bi'IHO npH 8H81IH39 CII9Ll0B 6b!CTpbtX '18CTHU B cpOT09MYIIbCHH H 9 cp!iKC!ipyJOT

C SI cny'la H ynpyroro pacceRHHSI aTHx '18CT HU Ha SJ.npax. Ynpyroe pacceRHHe npR 

60IIbW HX 3HeprHSIX SlBII Sl9TCSJ ITO'ITH U91IHKOM LlHcpp8KUHOHHbiM H npOHCXOllHT H8 

0'19Hb M81Ible yrnbl 1 KOTOpb19 TQM M 9 HbW9 , '19M 60IIbW9 p83M9p Sl!lpa. Hy>KH8 

CIT9llH81IbH8SI M9TOllHK8 1 'IT06b! cpHKC1l:pOB8Tb M81109 HCKpHBII9Hii e Tpe KOB npH yrrpy-

/ /86// 
roM Sl..'l9pH OM p8CC9SIH HH Cp. • 

B o acex c n yqagx aaaHMo.neAcT~HSI ayKn o a oa H 

Clf e A, llii R K OT Opbl X B T86 1IHU8X Tii H g npHB9ll9Hbl 3H8'1e HHR npoGera , KpOMe 

HeynpyrHX B38HMOll9ACTBHA Y'IHTbiB8110Cb IIHWb UpOHCXOllR wee H8 Cp8DHHTCJlbHO 

I l l/ 
6on b w H e yrllbt ynpyroe pacceRHHe Ha so .nop o.ne • Cpe.nH nA cao6onHbtA npo-

6er B 3 TH X cny~aRX paBeH: 

L = i I 2 ~ tv,~; -t N\-4 cTt s J 

' 
r.ne N-.., - 'IHcno s:~aep aoaopo.na a 1 cM

3 
cpOT09M y llbCHH; 

3 
apyrlfX 3119M9HTOB B } CM cpOT09MYIIbCHH /cM.Ta6nHuy ZS..l /; 

a-,~ 
rHX B38HMO!l9ACTBHA 9 TOA '18CTHUbl C .n p y rHMH S!Llp8MH. 

/A/ 

Ni - 4HCIIO S!Ll0p 

crt- - ITOIIH0 9 Cette

- C9 '1 9HI1S! H 9 yrrpy-

• 

npH 60IIbWHX ::meprHRX, KOr.na LlllliH8 BOIIHbl '18 C THU 0 B08HMOLl0.flCT8yiOlU H X 

C cpOT09MyllbCH e A 1 MHOrO M9HbW9 pa3M9pOB Sl!l9p, XOpOWO UpHM9HHM8 OITTH'Ie

/27 / , 172 / 
CK8R MO.nenb 

111 
K o H e 'IH O , Te c n y'laH ynpyroro pacceR HJ.tS! Ha aoaopo.ne, Kor.na qacTHnL>r 

paaneTa JOTCSI non 0 '1 9 Hb M8n bJM H yrnaM H, TOKH H e cpHKCHpyJOTcR . OnHaKo, KaK 

nOK83b! B8 10T OUeHK H, BKII8ll T 8 KHX Hey'IT9HHbi X B38HMO!l9ACTBHA H 9 MO>t<eT 38MeT

H O H3M9HHTb B91IH~HH bl c p eaH e r o CB060aHOrO ppo6era . npH 9 H 9prHR X 

IF? / 10.; 15/ Eas B /A/ Haao aaMeHHTb ~ Ha ~ • 

~ '"' 
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T a6n HJ!8 X1 

CocTaB aMynbCKH ( 'IHcno s:~aep a CM 
3 

l cM 
3 fl'j o!O -22 ) 

~eHT 
aMyn \-\ c.. tV 0 J3-z. AJ 

HYfKct>VJ- P 2,93 1,39 0,37 1,06 1,02 1,02 

Ilford G-5 
3 , 37 1,36 0 ,29 1,02 1,02 1,02 

, 
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C)() ..0 cr:.: : .l. ;r s 't (/- il"';5 0 S (~ 2L+sa) DIS j ol'l; 
0 

I Bl 

- pacnpeneneaue eewecTea B Hnpe i -ro copTa; Koa¢¢HuHeHTbi C. ," i .onpene-
/87 I ' ' 

neHW B onwTax c pacceHHHe M 5wcTpwx aneKTpOHOB Ha Hnpax 

- cpenHHH nnOTHOCTb HyKnOHOB B Hnpe C aTOM HbiM HOMepOM Ai /eM . Ta5mmy I 

¢>opMyna /B/ eepHa npH aaeprHHX ~ ~ 1 Eae. C pocToM a aeprHH npHMe

HHMOCTb 9TOA <iJopMynbi yny'IW88TCH. 

'l-lfa pHC. l B 38BHCHMOCTH OT Benu· 

'IHHW C9'18HHSI KaK noKaaan w pac'leTbi, paamt'I:Pie npo5eroe 

Ilford G-5 H H VfK ¢>Vf-P HH'ITO>KH b/
881

. K p HB8Sl 
~ <lJOTOSMynbCHSIX THna 

H8 pHC. 7 npHM9HHM6 nnH 060HX THllOB 3MynbCHH. 3H6'19HHSI C9'19HHH at , n pJilse--neHHbie e Ta5nRuax Ill - -H .!l , nony'I9Hbl C nOMOlUblO STOA KpHBOlL 

PyKOllHCb nocTynHna B RanaTenbCKHA oTnen 

17 MapTa 1960 rona. 
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