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AHanH3 H3B6CTHhlX BKCnepHM6HT8nbHhlX A8HHhlX no B38HMOA6MCTBHHM 

HYKnoHOB c aTOMHhiMH HAPBMH B o6naCTH BHeprHli, 6onhll!HX HecKonbKHX aecHT

KOB f&B, TIOKaaan, 'ITO BHyTpH HApa C 60nbll!OH BepOHTH OC TbiO npOHCXOAHT 

"MHOrO'IHCneHHbie B38HMOA6HCTBH51", B KOTOpb!X C OAHHM BHYTPHHAepHbiM HyK

nOHOM OAHOBpeMeHHO B38HMOA6MCTBYIOT HeCKOnbKO 6hlCTphlX 'IBCTHU/1-4/. 

ITony'leHHbie HeaaBHo KpaKOBCKoA rpynnoil: BKcnepHMeHTanbHbie aaHHhie 

0 B38HMOAeHCTBHHX rr - M 63 0HOB C ~OTOBMynbCHeM npH cpeaHeil: BHeprHH 

OKOnO 200 f & B ( e M. pH c .1) / 5,6 / TI03BOnHIOT BbiTIOnHHTb AOTIOnHHTenbHYIO rrpo

BepKy BTOro 38KniO'I e HH51. T a K K8K A8HHhie Kp8KOBCKOM rpynnbi HBnHIOTCH B 

H8CTOHil!ee Bp6MH H8H6onee 06C TOHTenbHb!M HC C neAOB8 HH6M HgepHb!X B38HMO

A6MCTBHM B o6naCTH KOCMH'I6CKHX B Heprail:, HX aHanH3 rrpeACTaBnHeTCSI BeCb

Ma HHTepeCHbiM x). 

ilpH paC'IeTe TIHOH-HAepHbiX CTOnKHOBeHHH Mbl HCTIOnb30B8nH B TO'IHOCTH 

Te )1{6 C8Mbie npH6nH)I{6HH51 H Te )1{6 npeanonO)I{6HHH 0 CBOMCTB8X MHOrO'IaC

TH'IHbiX B38HMOA6HCTBHM BHyTpH HApa, 'ITO H B cny'lae HyKnOH-HAepHblX 

CTOnKHOBeHHli /2,4/. HHK8KHX H3MeHeHHM B rrporpaMMe paC'IeTOB He aenanocb. 

llnR rronaoro ce'leHHH aeyrrpyrax B38HMoaeH:cTBHil: rr - M630HOB CO CpeA-

a ·tn = 835+42 M6, cpeaHHe ce-

'16HH51 HeynpyrHX B38HMOAeliCTBHH OTA6nbHO C rpynrrofi nerKHX H C rpynnoil: 

T51)1{6nbiX HAep ~OTOBMynbCHH OK838nHCb paBHbiMH COOTBeTCTBeHHO 195+8 M6 

H 960+55 M6. 3TH 3H8'16HHH 6nH3KH K BKCnepHMeHTanbHbiM ( CM.pHc.2) • 

B Ta6nHue 1 rrpHaeaeHhl HaH6onee B8)1{Hhle cpeaHHe xapaKTepHCTHKH He-

yrrpyrax TIHOH-HAepHbiX B38HMOAeikTBHH. KonoHKH LEm H HEm OTHOCHTCH 

x) 
B o6naCTH ycKopaTenbHhiX BHeprHH: HyKnoa-RaepHhie B38HMoaeil:cTBHH xo

polllo cornacyiOTCH c o6bi'IHOH KacKaAHoli MoaenbiO /7 I. 
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COOTBeTCTBeHHO K rpynnaM nerKHX H TmKenNX anep ~OTOSMYnbCHH, KOnOHKB 

Em - KO seeR ~OTOSMYnbCHH. 11a.nexcaMH a g H b , KBK 06bi'IHO, OT-

Me'leHbl BenH'IHHbl, OTHOCIDUHeCSI K nHBHeBNM,_KBCKBllHNM H HCI16pHTenbHbiM 
. ffll 

'IBCTHUBM. B cxo6xax yxaaaHhl axcnepaMeHTanbHhle 3HB'l9HHSI H3 pa6oTbl • 

Ha pHc.3 cpaBHHBaJOTCSI TeopeTH'lecxae H axcnepuMeHTanb.Hhle yrnoshte pac-

npe.neneHHSI nHB.HeBhlX 'IBCTHU. 

VIa npase.neH_!lhlX .naHHhlX BHllHO, 'ITO pac'leT H onhiT xopowo cornacy

JOTCSI apyr c apyroM. Ecnu He y'IHTbJBaTb MaoroqacTH'IHblX saaHMoaeRcTsuR 

BHyTpH Rllpa, TO pa3nH'IHe M9*llY pac'leTHOR H SKCnepHMeHTBnbHOR MHO*eCT-

' B9HHOCTbiO nHBH9BhlX '18CTHU OK83b!B89TCSI He CTOnb pa3HTenbHbiM, K8K B cny

qae HyKnOH-SillepHb!X B38HMO.Il9ACTBHR X), T.K. B cnyqae IlHOH-sutepHoro B3a

HMO.Il99:CTBHSI BHyTpH Rapa IlpOHCXOllHT, rpy!So rOBOpSI, BllBOe Me.HbWe CTOnK

HOB9HHR, 'leM B cnyqae B38HMOlleACTBHSI ay·KnOH+ RapO. B TO *e speMSI yqeT 

MHOroqaCTH'IHNX B36HMO.IleACTBHR OK83hlB8eTCSI BeCbMB cy!UeCTBeHHbiM anSI 

06'bSICH9HHSI yrnOBblX pacnpe.neneHHA nHBHeBbiX 'IBCTHU. 

113 Ta6nHUbl ·D BH.Il.IIO, 'ITO .nong MHOro'laCTH'IHbiX B36HMOllell:cTBH9: BHYT

pH Slllpa COCTaBnHeT 3H8'1HT9nbHYIO BenH'IHHy. 

KaK H B cnyqae HyKnOH-RQepHhlX CTOnKHOBeHHA, MHOrO'IBCTH'IHble saa

HMO.IleACTBHSI COCTaBnSliOT fionbWHR npoueHT B nerKHX Hapax. 06pawaeT Ha 

ce6H BHHMaHKe 3HB'IHTenb.Hhl9: BKna.n CTQnKHOBe.HHA, Kor.na C HyKnOHOM B38HMQ

ll9ACTByeT cpaay IlBTb H 60nbWee 'iHCno '18CTHU. 

Bee npHBelleHHbte BhlWe TeopeTH'leCKHe senB'IH.IIbl OTHOCSITCSI K SHeprHH 

nepBH'IHb!X nuoHOB T "' 200 faa, HBnH!OmeAcH cpeaueA .nn~~: axcnepHMeHTanbHoro 

pacnpe.neneHHSI(puc.1 ).Ecnu aHeprHJO nepBH'IHbiX nHOHOB paabtrpblBBTb Henoc

pe.ncTseHHO no STOMy pacnpeaeneHHIO, TO peaynhTBTbl paC'l9TOB H3MeHHIOTCSI 

O'leHb Mano: senu·'IHHbl 11 " H 11 =; soapacTaJOT Ha 10%, y ron 8 1j 2 •• aao 6o

poT, yMeHbwaeTCSI Ha 10% (cM.pHc.3), ocTanhHbJe senH'IHHbl Ta6nHUbl I B 

npeaenax OWH60K OCTSIOTCSI npaKTH'IecKH HeH3MeHHbiMH. B onee 38MeTHbie H3-

MeHeHHSI npeTepnesaeT Ta6mtua II -, B cnyqae Em aonSl MHoro'laCTH'IHbiX 

B38HMOlleACTBHA Wlnt (II> 2) ysemf'IHBaeTCH C 30 .110 38%, COOTBeTCTBeHHO 

W P rt (II > 2 ) B03paCTaeT C 47 llO 56%, npa6nH3HTenbHO B T8KOM *e COOT

HOWeHHH ysenH'IHBaeTCSI BKnaa MHOrO'l8CTH'IHbiX B38HMOlleACTBHH B rpyrme 

nerKHX H TSDKe.IJbiX Slllep. 

x) 3To o6cTOHTenhCTBO Y*e noa'lepKHBanoch B pa6 o T e / 5 / 
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Mbi rronb3yeMCH cny'!aeM rro6naroaapHTb rrpo<f>eccopoa M.MHe30BH'!a H 

.H.fepynH, a TBK)Ke COTPYLIHHKOB cjloToaMyn~CHOHHol:t rpyrrrrbi B Kp-aKoBe . K.P H-

6HTCKH H .H.Ea6eTCKH 3a o6c~aeHHH, Mbi oco6eaao 6naroaapHbi rrpo<f>. H.fe

pynH 38 rrpeaocTaaneHHe HaM aKcrrepHMeJITanbaoro MaTepHana ao ero orry6-

nHKOBBHHH. 
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T a6nHua r 
B aaHMOilellcTBHe IT - Me30HOB C su:tp8MH !j>OT03MYflbCHH !IpH 3HeprHH 200 f 3 B. 

D - MHOlKeCTBeHHOCTb B T OpH'IHblX '18CTHU ; 
+ 

n- - MHOlKeCT BeHHOCTb 38pH-

lKeHHblX BTOpH'IHblX '18C THU i r - HX KHHeTH'IeCK8H 3HeprHHi r e - KHHeTH-

'IeCK8H 3HeprHH flHilHPYIOIUell '18CTHUbl ( liHOHa ), YHOCHIUell OCHOBHYIO '18CTb 

3HeprHH ( ., 70%) ; p f - !IO!Iepe'!Hblll HM!IyflbC BTOpH'IHblX '18C T HUi (} Y.z - yron, 

B KOTOp b!ll BbineTaeT !IOflOBHH8 3THX '18CTI!U. 

(} 

1.- I ~ 

n a 
+ a 
a 

j_ LEm 1 Em HE m 

- I is,o.o,6 i n ,5•1 ,1 
1 

24,0•1 ,4 
I I 

+ 
n-

9 

.n b 

+ n
b 

'f , faB 

r a ' · f ?9 

r M3B 
91 

r b , M 3 B 

P J. • 1 MaB/c 

P1.. 9 1 M a B ie 

1/2 ., rpaa. 

I 9,7+0 ,4 i II,2+0 , 6 15,4+0,7 
~8 ,0+ 0,9) ; (10,7+0 ,9) (14,7+2 ,0 ) 
I 1,7+0,1 I 3,9+0 ,3 4,7-(0, 3 
J I 12,1+0 , 6 ! 17,0+0,9 
i ; 9,4+0, 5 IJ ,I+0,7 
! 120 + 5 104 + 6 94 + 6 
I 
I 

5 , 6+ 0, 3 
150 + 6 

420 + 20 

350 + 20 

5,4+0, 4 
150 + 7 
13,5+0 ,6 

470+ 30 

360 + 30 

6;5 + 0, 3 ! 9,0+ 0,5 
(6 ,2+0 , 4) ' (8,3+0, 6) 

4,4+0, 3 
150 + 7 
14 +0 , 6 
520+ 30 

350 + 20 

12 , 0+ 0 , 6 
( II,O+ I,I) 

70 + 4 
l ! I 

(} th 9 , rpaa. , 61 + 3 I 64 :_4 __ I 
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Ta6naua n ~ 

8Kli81l MHOrO'I8CTH'IHbiX ll38HMOileACTBHA B !IHOH-su:te pHOM B38HMOlleACTBHH 

!IpH 3HeprHH 200 fSB (%%) Wlllt (D)- OTHOCHTenhHOe 'IHC!IO D - '18CTH'IHblX 

B38HMOileACTBHA, KOrlla C BayTpHSI,IlepHbiM HYKliOHOM B38HMOlle ACTByeT (II -1) 

'18CTHU8 (no OTHO!UeHHIO K !IO!IHOMY 'IHCny ynpyrax H Heynpyr HX CTO!IKHOBe-

HH A a- H C- '18CTHU BHYTPH su:tpa); Wprt(D)- OTHOCHTenbH8H llO!ISI '18C-

THU, Y'IBCTBYIO!UHX B D - '18CTH'IHbiX B38HMOlleACTBHHX ( B H8,8!IbHbiX c oc-

TOSIKHS!X) . 

.LEm Em HEm 

D 

W lilt (n) W ·(n) prt w11lt <o> W prt (n) W lilt (n) wprt (n : 

2 61 42 70 51 74 56 

3 18 !9 !5 17 14 16 

4 IO 14 7 II 6 9' 

5 6 9 4 8 3 

I 
7 

~6 5 !6 4 13 3 12 
I 

-- -- -----~ - 1.-..--------- -'--- _l -
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TaiSnaua 11 

Bxnan MHoro~acTH'IHhlX B38HMoneACTBHA a nHoa-gnepHOM aaaeMoneACTBHH 

npH 3ReprHH 200 f&B (%%) \Vlnt (D)- OTHOCHTellbHOe ~HCnO D - ~SCTH~HhlX 

B38RMoneACTBBA, KOrns C BHYTPHHnepHb!M HYKnOHOM B38HMoneACTByeT ( D -1) 

'18CTHil8 (no OTHOWeHHID K nOnHOMY 'IHCny ynpyrHX H HeynpyrHX CTonKHOBe-

HHA a- B & - ~SCTBil BHyTpB gnpa); Wprt(D) - OTHOCHTellbHSH nonH ~ac-

THil, y'ISCTBYIDIIlBX B D - 'ISCTH'IHbiX B38HMOneACTBBHX ( B HS'JSnbHb!X COC-

TOHHB!IX). 

.LEm Em HEm 

D 

W lnt (D) wP., ·(o) W hot <o> W prt (D) w IDt (D) wp., (n) 

2 61 42 70 51 74 56 

J 18 19 15 17 14 16 

4 IO 14 7 II 6 9 

5 6 9 4 8 3 

I 
7 

?:.6 5 16 4 D 3 12 
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PHc.3. PacnpeaeneHHe aap51lKeHHhiX nHBHeBhiX 'IBCTHU no aenH'IHHe x ElogtanO. 
CnnowHa51 rHcTorpaMMa - SKCnepHMeHT 161, nyHKTHp-pac'leT anSI 

sHeprHH nepBH'IHhiX rr- MeaoHOB T 2 200fsa, TO'Ie'IHB51 rHcTorpaMMB -

pac'!eT c po3hirphiWeM sHeprHH nepBH'IHhiX rr - Me30HOB no pacnpe

aeneHHIO pHC. 1. 
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