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FNABA 1

NMPOBOONMOCTbL IA3A,
CO3OABAEMAYA
NOHN3NPYIOLLNMW
N3NTYHEHNAMU

1.1. Kpatkasa xapakrepucTmka BbICOKOMHTEHCUBHbIX
MMMNYNbCHbIX MICTOYHUKOB MOHU3UNPYIOLLNX
N3Nny4eHnn

BypHoe pasButue sinepHOil (pU3MKU HapsiAy C CO3JaHUEM SIIEPHOTO
OpYXUSI TIPUBEJO K LIMPOKOMY MCIOJIb30BAHUIO BbICOKOMHTEHCHB-
HbIX MMMYJbCHBIX M CTAlMOHAPHBIX MCTOYHMKOB HMOHU3MPYIOUIMX
uzjiydyeHuid. OHU MOJYYWIM LIUMPOKOE MPUMEHEHUE B Pa3UYHbIX
CMEXHBIX OTpacjsiX HAyKW U TEXHUKHU, U B YACTHOCTU, B XUMUU U
MenuiHe. B 1960-x IT. ¢ TosiBJIeHHEM JOCTAaTOYHO MOIIHBIX W JO-
CTYIHBIX MUCTOYHUKOB HAYaJOCh MCIIOJb30BaHUE UX B XMMUKO-TEX-
HOJIOTMYECKUX Mpolieccax, a Takxke MpPU dKCIePUMEHTAIbHOM OIpe-
JIeJICHUU PA3JIUYHbIX XapaKTepPUCTUK DJIEMEHTOB M Yy3JI0B B PaaMO-
3JIEKTPOHHOM ammaparype.

OnHoit U3 0cOOEHHOCTEN BHICOKOMHTEHCUBHBIX UMITYJILCHBIX MC-
TouHUKOB UMW s1BIsIETCS MX OTHOCUTEIbHO HEBBICOKAsI CTAOMIIbLHOCTD
mapaMeTpoB, a TaKKe TPYJIHOCTU pacyeTa TOJIIMHBI UCIIBIThIBAEMbIX
00BEKTOB, UYTO MPUBOAUT K HEOOXOAUMOCTHU MPOBEACHUS JO3UMETPU -
YECKOro COIMPOBOXIECHUST KaXI0ro UMITYJIbCa.

Paszpaborka u ocHamenue apmuii ctpad HATO u CIIA simepHbI-
Mu OoernpunacaMu ¢ Mo MOIIHOCTIO (10 10—20 T) ¥ TAKTUYECKUM
sIIepHbIM OOeMpunacoM, Tak Ha3biBaeMOW «HEUTPOHHON OOMOOIi»,
MPUBEJO K HEOOXOAMMOCTU Pa3pabOTKU M WCIBITAHUI TO3UMETPOB
raMMa-HeUTPOHHOTO U3JyYEeHUSsI, PETUCTPUPYIOLIUX UMIYJIbCHOE U3-
JIy4eHMEe BBICOKOM MHTeHCcHBHOCTU (10 1010 pan/c) Ha BBICOKOMHTEH-
CUBHBIX UCTOYHMKAX U3TyUYECHUSI.

B. kauecTBe TaKMX UCTOYHMKOB IIIMPOKO UCHOJIb3YIOTCS UMITYJIbC-
Hbl€ U CTaTUYECKUE SIAEPHBIE PeaKTOPbl, PEHTTEHOBCKUE YCTAaHOBKHU,
YCKOPUTENIN 3JIEKTPOHOB, a TaKXKe reHepaTopbl HEUTPOHOB.



1.1. Kpamkas xapakmepucmuka UMnYAbCHbIX UCHOYHUKOG

1.1.1. MNpoHukaowasa paguaums, cosnaBaemas
npu B3pbiBax SAepPHbIX 60enpunacos

C TOYKM 3peHUS MpeIbIBICHUS TpeOOBaHWI K JO3UMETPaM U MU3Me-
PHUTEISIM MIPOBOIUMOCTY BO3AyXa BaXXHBIMM XapaKTePUCTHKAMU TTPO-
HUKAIOIIe panvalny SBJISIOTCS: CIIEKTpaJIbHOE paciipenesieHue, aM-
IUTUTYIHO-BPeMEHHBIE MMapaMeTphbl TaMMa-HEUTPOHHOTO U3TyYeHUs,
HaKOIUIEHWE J03bl BO BpeMEHU U MPOCTPAHCTBEHHO-YTIIOBOE pacIipe-
JeJieHne VMOHW3UPYIONINX M3IIYYeHW. YKa3aHHBIE XapaKTepHCTUKU
U3MEHSIOTCS B IMUPOKHUX TMpeaesax B 3aBUCMMOCTH OT 1IeJIOTO psiaa
(hakTOpOB, TAaKMX KaK BUJ SIIEPHOTO TOPIOYETro, TUIT OoerpuIiaca, BUL
B3pbIBa, MOITHOCTH B3phIBA, PACCTOSTHIE OT SMUIICHTpA (IIEHTpa) B3pPhI-
Ba M T. II.

151 olleHKU TpeOOBaHMI K JO3UMETpaM U M3MEPUTENSIM TPOBO-
IUMOCTH, TIO-BUAMMOMY, B TIEPBYIO o4yepelb HEOOXOIMMO PaccMOT-
peTh clTy4yaii, Koraa OCHOBHBIM ITOpaXaloluM (paKTopoM ISt TMIHO-
ro coCTaBa W ammapaTyphl SIBIISIETCSI IPOHUKAOIIasT paguamnus. DToT
ciIyJail xapakTepeH UISI B3pBIBOB SIEPHBIX OOCTIPUITACOB CBEpXMAJIoit
U MajIoii MOIIIHOCTH, a TaKXKe «HEUTPOHHOI 60MObI» [17]—[19].

Takas TocTaHOBKa BOIIPOCA COBIAMAeT ¢ TEHACHIIUSIMHU Pa3BUTHUS
SIEPHOTO OPYXUS 3a PyOeKoM, CBSI3aHHBIMU C YBEIMYCHHUEM YIellb-
HOI MOIIHOCTU sigepHbix 0oenpunacoB. Tak, B CIIA ynenbHast Mo1il-
HOCTb K Hauany 1960-x rr. Oblia yBenudeHa Goisee yem B 100 pa3 mo
CpPaBHEHUIO C TEePBLIMU 00Opa3LaMU.

Coo61manoch, HaIIpUMep, YTO BECOBBIE 1 TabapUTHBIE XapaKTePHC-
TUKJ OOEIMPUIIACOB YIYYIIWIKCH B IBa pa3a MO CPaBHEHUIO C OOEMpu-
rmacamMu, TOCTYIMUBIIMMHU Ha BOOPYKEHNE CPAaBHUTEJIBHO HETABHO —
B 1970—71 rr. [15], [16].

B nmocnengnue roast B CIIA Benyrcsg MHTEHCHMBHBIE pabOTHI IO
CO3JaHMIO HOBBIX TUIIOB siA€pHBIX Ooernpunacos [17].

K Hum moxHo otHectu [17]—[19]:

e CO3JJaHUE «HEUTPOHHOM O0OMOBI» ¢ MOIIHOCThIO 20—30 T U U3-
MeHSIeMOIl MOILIHOCTBIO, OTIMYAIONIEICS Pa3IMYHBIMU TTOPaXKaIOII-
mu cBoiictBamu (Mini Nukes);

e SnepHbIe OOENPUIACH] C TTOBBIIICHHBIM BBIXOJIOM ITPOHMKAIO-
wero uznydyeHust (Enhanced Radiation weapons uiau prompt Radiation
weapons);

e Oe3paguaLlMOHHbBIE simepHbie Ooenmpunackl (Suppressed Radiation
weapons);

e sIepHbIe OOENPUITACHl IS PaIMOaKTUBHOTO 3apakKeHMST MeCT-
HocTtu (Induced Radiation weapons).



@2 Ihasa 1. [lposodumocms easza, cozdasaemas UOHUSUPYIOUUMU UBAYHEHUSMU

Hpyroii TeHaeHL e B pa3BUTUU saepHoro opyxus CIIA saB-
JIsieTcsl yIy4YllleHue TOYHOCTU CTPEJIbObI, KOTOPOE MO3BOJUT YMEHb-
IIUTh MOIIHOCTL OoempumacoB [21]. TIpuBegeHHBIE TEHAECHLIUU
MOTYT W3MEHUTb TpeOOBaHUS K NO3MMETpaM, CBsI3aHHbIE B OC-
HOBHOM C aMIUIMTYJHO-BPEMEHHBIMU, MTPOCTPAHCTBEHHO-YTJIOBBI-
MU U CNEeKTpaJbHbIMU XapaKTepPUCTUKAMU UCTOYHUKA UOHUBUPY-
IOIIMX U3JTYYEHU M.

YyurtsiBasg 3TU TEHAEHLIMU W JaHHbIE, IPUBEIEHHbIE B 3apyOex-
HOW OTKpPBITOI uTepaTtype (B OCHOBHOM amMepuKaHCKo#) [26], [28],
ObUIM OlIEHEHBl OCHOBHbBIE XapaKTEepPUCTUKM IMPOHUKAIOLIEH pamua-
LIMY B3PHIBOB CBEPXMAJION M MaJloll MOIIHOCTU SIIEPHBIX U TEPMO-
SIIePHBIX OOEMPUIIACOB.

SKCIO3NLNOHHAS U MNOIJIOLLEHHAS IOSA TAMMA-UN3JTYHEHWS

AMIUIUTYTHO-BpEMEHHOE U CIIEKTPaJbHOE pacnpeneieHue raMmMa-mn3-
JIydeHWsT TTPUHMKAIONIECH paavaliy oO0yCIOBJIEHO MTHOBEHHBIM, 3aX-
BaTHbIM U OCKOJIOUHBIM KOMIOHEHTaMHU, a TakxKe raMMa-u3aydyeHueM,
BO3HUKAIOIINM TIPY HEYIIPYTHX COYAApEeHUSX ObICTPBIX HEUTPOHOB.

MIHOBEHHOE TrAMMA-N3JIYHYEHVE

CIekTp MTHOBEHHOTO ramMMa-U3JIydYeHHs B Juaria3oHe dHEePTUH
EY = 0,03—6 M»3B mna smepHoro 6oenpuriaca mo gaHHbIM [28] mpu-
BeneH Ha puc. 1.1. CriekTp raMMa-u3ay4eHUs] HECKOIbKO XeCTde CIeK-
Tpa genenns Pu?®. Dro cBA3aHO ¢ MOMIOIIEHUEM HU3KOIHEPTETHY-
HBIX (DOTOHOB B Marepuaje Goernpumnaca U BHIXOJOM raMMa-KBaHTOB
MPpY B3aMMOIENCTBUN HENTpOoHOB ¢ Marepuasiamu BB. Okono 80 %
MTHOBEHHOTO raMMa-U3JIy4eHNs BhIIEIAeTCs 3a BpeMs mopsaaka 10710
1o 1072 ¢, 55—65 % — co BpeMeHeM nonypacmazga ot 10710 5o 107 c.
ITouTn Bce MTHOBEHHOE TaMMa-HU3JIydeHHe pogoirkaercs g0 1078 ¢
[27], [28].

CpenHsist SHEepryusi MTHOBEHHBIX raMMa-KBaHTOB cocTapJisieT 1,3 MaB
[28], mpuyeM sHeprusi, yHocuMass UMH, coctaBisier 1 % or oblueit
SHEPTUH, BBIIEJSIONIENCS Mpyu B3pbiBe. [101poOGHO BBIXOD MTHOBEH-
HOTO TaMMa-U3Jy4eHUsI TIPU B3pbIBE SAEPHOTO OOeIpuIraca MOIIHOC-
ThiO 1 1 24 KT obcyxaaicst B padorax [27], [28], nmpuuem B padote [27]
paccMmaTrpuBaiach IMHAMUKa BbIXO/a raMMa-u3TydyeHus JUIsl YIIPOILIeH-
HOM cXeMbl Ooerpunaca MOIIHOCTBIO 1 KT. DHepreTuueckoe pacrpe-
JeJieHre Ha4yaIbHOTO TaMMa-U3JIydeHUs TEPMOSIIEPHOTO B3phIBA IMPU-
BeAeHOo Ha puc. 1.2.

dopMa UMITyJTbCa MTHOBEHHOTO TaMMa-13JIydeHUs TTpUBeIeHa Ha
puc. 1.3 [26].



1. 1. Kpamkas xapakmepucmuxa UmMnyAbCHbIX UCIMOYHUKOS | E}
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Puc. 1.1. CnekTp MrHOBEHHOIrO raMMa-u3/1y4eHHUs :

1 — apepubrii B3peiB W = 24 kr [28]; 2 — cnektp aenenus Pu>?, U? [28];
3 — N(E) =0,72exp (—1,87F) + 0,22 exp (—0,4F)

MakcuMasbHbII BbIXOJI MTHOBEHHbBIX FTaMMa-KBaHTOB COCTaBJIsSIET
N o =7 10%° xBanT/(C - KT) [28], IIUTEIBLHOCTh raMMAa-UMITYJIbCA
Ha IOJIyBbICOTE paBHa 28 HC [28].

T'amMa-uMITynbC 10 JAHHBIM [28] MOXET OBITh ANMPOKCUMUPO-
BaH B BHIE:

e ipu ¢ = (0—40,32) - 1078 ¢

8
N, =exp(1,32:10%), (1.1a)

o mipu £ = (40,32—43,82) - 10~ ¢

N, =4N

k% Yy max

1,32-10° (43,32-107% — ¢
exp|. ( )] (0.16)

{1 +exp[1,32-10° (43,32-10% 1) ]} |
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Puc. 1.2. DHepreTryeckoe pacnpeae/ieHre Ha4aabHOro raMMa-u3aydeHusl Tep-
MOSIICPHOIO B3pbIBA

o ipu 1 = (44,32—57,32) - 10~ ¢

N, =4N, . exp[1,32-10°(43,32-10° - 1)]x

3 y max
x{1+exp[1,32-10° (43,3210 - z)]}fl + (1.18)
+ 0,167 N, 0 exp[ ~1,87 107 (£ - 43,32-10°° — )],
}\'3
P = 3,36-1016Wexp(%) P/c. (1.1r)

ITpu pacripocTpaHeHUM B Bo3myxe ¢hopMa raMMa-UMITyJIbca U3Me-
HSIETCsI, TIPUYEM YBEJMUMBAETCS €T0 IJIUTEIbHOCTh. DTO 00yCIIOBIIE-
HO MHOTOKPATHBIM paccesiHUeM raMMa-KBaHTOB B Bo3myxe. M3MeHsI-
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€TCs CIEeKTp MTHOBEHHOTO M3TYyYeHMSs, IPUYeM Ha PACCTOSIHUSAX OT
HeHTpa B3pbiBa R < 500 M npeobiiagaeT HU3KOIHEpreTUuieckKasl rpym-
na ()OTOHOB (EY ~ 1,25 M»B), a Ha R > 500 M HauMHaeT NpeodIanaTh
BBICOKO3HEpreTuyeckas rpymnmna (poToHOB (EY ~ 4 M»aB) [27].

\

Puc. 1.3. ®opma umnynbcos Heit- OTH. ea.
poHHoro (2) u ramma-usnayuyenus (1) 10°
A[IEPHOrO B3pbhIBA /\

//<'“

DbdeKkTUBHAA JUIMHA CBO- {72 \«
6omHoOTrO0 mpobera ramMma- \
KBaHTOB 7‘3@@ B BO3IyXe MIpU
HOpMaJIbHOM aTMOC(hEPHOM \
JaBJIeHUU, MO JaHHBIM [27], N
cocraBiisieT 260 M, HECKOJIb- 10‘30 1 8 13 16 20
KO MeHbllasl JjJMHa mojyya- Bpems t- 10, ¢
eTcsl o JaHHBIM [28].

YTpoIIeHHYI0 3aBUCMMOCTh M3MEHEHMST MOIITHOCTH SKCIO3UIIN-
OHHOM 03Bl BO BPEMEHHU M OT pacCcTOSTHUS R IS MTHOBEHHOTO TaM-
Ma-U3JTy4eHUsI MOXHO ITOJIyYUTh U3 BhIpaxkeHwus [27]:

P, (1)=5,07-10°{3,35-10* exp(1,27-10"*) + [ 1 - exp(~1,025-10°1,) | x
-1
x3,18-10 exp(—4,6-10°8,)| (1, —4,845-10°)" |+ (1.2)

+4-.10? exp (—l, 54.10* tz)+2’ 1 (12 + 2’66)71,2}WR72 eXp(_%)’

rne W — MoIHOCTb B3pbIBa, KT;
_ _ R R
<5100 6,25.10%; t=t/-—; t,=t-—;
Cc c

t/ ¥ t, — BpeMsl NOCIIE ONPENETIEHHOIO HYJIEBOTO BPEMEHHU, ¢ — CKO-
pOCTb CBeTa, M/cC.

®opMbl UMITYJIBCOB, a TAKXKe MaKCUMaJIbHAsi MOIIHOCTD JO3BI 10
BoipaxkeHusM (1.1) u (1.2) HECKOJIbKO OTIMYAIOTCSI. DTO O0YyCIOBIIE-
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HO Pa3IWYMUsIMU MCXOMHBIX JAHHBIX M METOHOB pacueTa KMHETHKU
pa3BUTUS B3pbIBa, IPUHSATHIX B padoTtax [27] u [28]. BBumy Toro, 4ro
B pabore [28] He oOcyxXmaeTcsl BpeMeHHasi U MPOCTPAaHCTBEHHas 3a-
BUCHUMOCTH MOIITHOCTH 3KCIMO3UIIMOHHOMN J03bl MTHOBEHHOTO TaMMa-
WU3IYYCHUS, IS JATBHEUIINX pacyeToB M OIEHKU MPUMeM 3aBUCH-
MocTb (1.2), mpuBeaeHHyI0 B padore [27].

MIrHOBEHHOE HEVNTPOHHOE U3J1YYEHWE

CrieKTp HEMTPOHOB TIPH SIAEPHOM B3pbIBE U3MeHsIeTcs BO BpeMeHu. Bo
ppeMmeHa 110 1,4 - 1077 ¢ CIIEKTp HECKOJBKO XKECTYE CIEKTPA JIEIEHUS
2Py, a ipu ¢ = 36 - 107% ¢ OH CTAaHOBUTCA MSAIYe CIIEKTPA NEJIEHUS U
MMEET 3HAYMTEIbHBI KOMIIOHEHT ¢ 9Hepruei Hike 26 k3B [28]. O6-
LIMiA BBIXOI HEUTPOHOB cocrasiister 1,9 - 10 HelTp./KT, IpUYEM BbI-
xoauT 64 % o06liero 4ucia HEMTPOHOB, MOJYYABLIMXCS B pe3yJibTaTe
B3pbIBa, 4TO cocTaBisieT 1,7 % obiieit sHepruy B3pbiBa. CpeaHsIsI 2HEP-
I'YsI MTHOBEHHBIX HEUTPOHOB, MO JaHHBIM [26], cocTaBinsieT ~1,5 MaB,
a MaKCUMAaJIbHBIIN BBIXOI HEHTPOHOB
N = 6,04 - 10% nmeitrp./(c - KT).

H max

KoHkpeTHBIe JaHHBIE O TapamMeTpaM IPOHUWKAIOIIEH paavaliu
HeliTpoHHOo#1 60MObI (HB) B OTKpBITOI MeyaTy oTcyTcTBYIOT. OfHAKO Ha
OCHOBE OITy0JIMKOBaHHbIX MaTepuasioB [ 18]—[24] MOXHO MpearonoXuTh,
yto HbB cBoiicTBEHHBI cienyoolie KayeCTBEHHbIe MoKa3aTe/u:

e 0OJIblIAst YaCTh HEPTUM BHICBOOOXKIAETCSI B BUIE MOLIIHOTO Heil-
TPOHHOTIO UMITYJIbCA;

e PAIMyC 30HBI TOPAXKECHMS HACEJICHUS YIApHOMA BOJIHOM U CBETO-
BBIM M3JlyYeHHWEM 3HAUYUTEJIbHO MEHBIIE, YeM PaIMyChl MOPaXKEeHUS
MPOHUKAIOLIEH pagualliu;

e pPagMOAKTUBHOE 3apakeHHe OKpPYXAIolel cpenbl He3HAUYM-
TEJIbHO;

e 30HA pa3pylIeHUs] HA3eMHBIX COOPYKEHUIT MaJa.

Mcxoast M3 3TUX CBOMCTB MOXHO CUMUTATh, UTO AEJISILIUXCS TsI-
JKEJIbIX 2JIEMEHTOB, SIBJSIIOUIUXCSI OCHOBHBIM MCTOYHUKOM paauo-
aKTUBHOIO 3apaXeHUsl MECTHOCTH, JOJIKHO ObITh MEHbIIIE UJIU OHU
JIOJIXKHBI OTCYTCTBOBaTh, OCHOBHAsI J0Jisl 9HEPTUU B3pbiBa JOJXKHA
BBIIEJISITHCSI B BUJE HEUTPOHHOTO M3JIYYEHMUSsI, AOJsI SHEPTUM siIep-
HOW peakIny, Tepexoasainas B KWHETUIECKYIO SHEPTUIO MTPOIYKTOB
peaKkIum, SIBJISIBIIUXCS UCTOYHUKOM (DOPMUPOBAHUS YIApPHOU BOJI-
HBbI, JOJKHA OBITh MUHUMaIbHA. Takoil Ooempuiiac MOXHO peaju-
30BaTh Ha peakIlMM CHHTE3a JIETKUX 3JIEMEHTOB (TPUTHUS, TeNTepust
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u np.). U3BecTHO, UTO WIS OCYIIECTBICHUS LEMHON peakiuu CHH-
Te3a HEOOXOAUM TIPOTPeB CMECH JIETKUX 2JIEMEHTOB 10 TeMIlepaTy-
pbl GoJiee HECKOJbKMX MHWJUIMOHOB TpagycoB. CMeCh MOXET pas3o-
IpeBaThCs IO TAaKOW TeMIlepaTypbl MPU MCIIOJb30BAHUU SIAESPHOTO
3amajna, Mpu paspsige €eMKOCTHOTO HAKOMUTENs, MpU OOJIydYeHUU
MOIIIHBIM TTYYKOM 3JIEKTPOHOB WJIM JIy4OM MOIIHOTO Jiaszepa [19],
[20]. Peanu3oBaTh 3TU METOAbBI C XOPOLIUM MPEeOOpa30BaHUEM IHEP-
TMA B HACTOsIIee BpeMs B TaKTUUECKOM OoerpuItace JOCTATOYHO
TPYOHO, TTO-BUIANMOMY, KpoMe MCIIOIB30BaHUS SIIEePHOTO 3araia ¢
BBIXOJIOM HEMTPOHOB, MOIIHOCTH B3pbIBa HECKOJBKUX COTEH KHMJIO-
rpaMMOB TPUHUTPOTOIIYOJIA.

B neiitepuii-TpuTUEBOM U TPUTUHA-TPUTUEBOI CMECSIX IIPU TEM-
nepatype ~10 MJIH rpagycoB HEUTPOH YHOCUT 3Hepruu 14,5 M>B
u3 17,6 MaB (80 %) u 8 MaB u3 11 M3aB (73 %) cooTBeTCTBEHHO
[29], [30].

PesynbraThl pacuera BhIX01a HEMTPOHOB UCXO/s U3 OajlaHCa BHEep-
MM, BhIAeIsIomeics npu genennu ~15 r Pu?® u cunrese ~1 r cmecu
TPUTHUS C TEUTEPUEM U TPUTUS C TPUTUEM T10 JAHHBIM, IIPUBEIEHHBIM
B pabote [30], moka3pIBalOT, YTO MO BHIXOAY HEMTPOHOB B3PhIB 3apsiia
MoIIHOCTBIO ~0,3 KT 1 BKIagoM peakunu cuHTe3a 17 % 3KBUBajeH-
TeH MO BBIXOIY HEHTPOHOB B3phIBa OOBIYHOTO 3apsiia ¢ MOIIHOCTHIO
oT 2 10 5 KT, T. €. Boixoay (8,4—30) - 102 HelATPOHOB C BHepruei
~14 M5B u 4,6 - 1022 HelTPOHOB cO cpenHei sHeprueii ~1,5 MaB (co
CMATYEHHBIM CIIEKTPOM neneHus: Pu??).

BTOPUYHOE TAMMA-U3JTYHEHUE

IIpn pacnpocTpaHeHMM HEHTPOHOB B aTMocdepe B pe3ysibTare 3a-
MeJIJICHWST ¥ TIOTJIOIIEeHUS] HEUTPOHOB 00pa3yeTcst BTOPUYHOE raMMa-
WU3JIyYeHHE TIPU HEYIIPYrOM pacCcesTHMU U 3aXBaTe HEHTPOHOB.

Heynipyroe paccestHie BOBHMKAaeT B OCHOBHOM TP OOJIBIIINX SHEP-
rusix HeuTpoHoB (0T 5 mo 14 M»3B), 1 UM NpaKTUYECKU MOXKHO IIpe-
HeOpeub Mpu 3Heprusix HeilTtpoHoB MeHee 0,5 MaB. Boigensior npa
OCHOBHBIX MCTOYHUKA HEynmpyroro paccesHus. OmMHUM MCTOYHUKOM
SBJISIETCST MaTepuall 6boenpunaca, IpyrumM — BO3AyX (M 3eMJIsl B CIy-
yae Ha3zeMHOro B3pbiBa). IlonpoOHO Heympyroe paccessHue ObICTPBIX
HENTPOHOB B MaTepuaiie boemnpuiiaca (B ypaHe M XeJie3e) 10 ero pa3-
pywenus (¢ ~ 1073 ¢) obcyxnmaercs pabore [27].

T'aMMa-KBaHTBI HEYIIPYroro paccesiHusl B Xejese 1mo pacuery [27]
COCTaBJISIIOT 0KOJI0 15 % oT 1oToKa raMMa-KBaHTOB BHe Ooerpumaca.
B uietoM mpuHMMaeETCsI, 9TO HEYIPyTroe paccestHe JaeT YBeTNYeHHe
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MOIIHOCTH J03bl Ha 23 % [27]. DHepreTryecKkoe pacipeaeieHue pac-
CeSTHHBIX B OoempuIiace raMMa-KBaHTOB MPUHUMAETCS TAKUM Xe, Kak
U SHEepPreTUYecKoe pacrpeaesieHne KBAaHTOB MPU AeJIeHUU. 3axBaTHOE
raMMma-u3jiyyeHue B MaTepuaje boenpuiiaca MMeeT 0OJIbIIOe CeYeHUE
JUJISL TeTIOBBIX HeUTpoHOB. I1o oneHkam [27] moJist TepMain30BaHHBIX
HEWTPOHOB BHYTpHU OoerpuIiaca Maja. 3axBaTHOE ramMma-usjaydyeHue
ropasno 6oJjiee XecTKoe, YeM BO3HWKAoIIee P HEYIIPYTroM paccesi-
HUU (EY o = ~5,6 MaB s xeme3a) m coctaBiisieT ~2 % OT ramMmma-
U3JIyYeHUSs, BOBHUKAIOUIETO MPU HEYIPYroM paccesiHu HeMTPOHOB.
BonbiiMHCTBO HEUTPOHOB MPOXOAUT Yepe3 MaTepual doerpurnaca u
MIPOXOINT 3HAYNTEIbHBIC PACCTOSTHUS TIpeXIe, YeM OHU TIpeBpaTsIT-
cd B TEIJIOBBIE, MpUYeM OOJblIas 4acTh HeHTpoHOB (okojio 50 %)
HEYIIPYTo paccemBaeTcsl B MaTepuayie boerpurmaca.

715 TepMOsIIEpHOTO B3phIBa aMEPUKAHCKIE CIIEITMAIMCTHI CUMTA-
10T [34], 4TO OH MOXET OBITh MPEACTABICH CIEKTPOM IaMMa-U3JIyde-
HUs TpoayKToB pacmana U2, HaGIogaeMbIM B IIPOMEXYTKE BpeMe-
Hu ot 0,2 1o 0,5 ¢ mocne geneHuss. DTOT CIIEKTP MoKa3aH Ha puc. 1.2.

Bormpocsl, cBsI3aHHBIE C pacIpoCTpaHeHUEM OBICTPHIX HEUTPO-
HOB B OJIHOPOJIHOM atrmMocdepe U Yy MOBEPXHOCTU 3eMJIM, paccMar-
pHUBaIOTCS MOAPOOHO B paboTe [26] M HECKOJNBKO YIMPOIIEHHO — B
pab6orte [27].

ITpu 3TOM BBIAESIOT MPOLIECCHl HEYIIPYTOTO paccesiHus HEUTpo-
HOB B BO3[yXe U 3eMJIe M 3axXBaTa TEIJIOBbIX HEUTPOHOB B BO3AyXe U
3demJie. Heynpyroe paccesstHue B BO3ayxe OIpenelisieTcsi B OCHOBHOM
aToMaMu a30Ta, ¥ ToybKo 10 % — aromamu Kucjopona [27].

Heympyroe paccessHme aroMamMu a30Ta MMEET MECTO TP SHEPTH -
sIX HeUTpoHOB OoJjiee 2,3 MaB. IlonepeuHoe ceuyeHne 3TOM peakuu
nopsiaka 0,1 6apu nipu 7 M»B Bo3pacrtaet oo 0,3 6apx npu 8§ MaB u
0,5 6apun mipu 10 M»aB [27].

ITonpo6HO smepHBIE KOHCTAHTHI B pacuyeTax MOHM3AIMK BO3IyXa
MO/, ACICTBUEM CTAllMOHAPHOTO MOTOKAa HEMTPOHOB OOCYXIAIOTCS B
pa6otax [31].

I'pynmoBble cedeHMsT paccesTHUST HEYIIPYTOoro pacCcestHUsI HEUTPo-
HOB SIpaMU a30Ta W KUCIIOpoaa 1o maHHbIM [32], [36] mpuBeaeHbI B
Tabna. 1.1.

M3 1abna. 1.1 BUOHO, YTO 3HEprusi raMMa-KBaHTOB HEYIPYroro
paccestHusI HEUTPOHOB ¢ 3Hepruei ot 5,3 1o 14 M»B B Bo3ayxe usme-
Hserca or 1,6 go 10,8 MsB.

IIpu HeympyroM B3aMMOIEMCTBUU HEWTPOHOB C TPYHTOM, COmepXKa-
wum 16 % H,, 57 % O,, 16 % Sin 8 % Al [26], ocHOBHOI BKJ1aJ B TaMMa-
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M3IydeHne JaI0T KUCIIOpo, KpeMHuUI 1 amomuauii. Oxkono 50 % ramma-
KBaHTOB MPEUMYIIECTBEHHO ¢ dHeprueii 6 MaB (EY = 2,7—8 M»aB)
MoJiydyaeTcsl mMpyu HEynpyromMm B3aMMOJEUCTBUNM HEUTPOHOB C KUCJIO-
pomoM, 35 % ramma-KBaHTOB TToJTydaeTcst ¢ aHeprueii 1,78 u 2,94 MaB
TIPH B3aMOJEUCTBUM ¢ KpeMHUeM U 15 % raMMa-KBaHTOB C HEPTH-
eit ot 0,47 no 3 MaB — nipu B3auMoaeicTBuu ¢ amoMuHueM. CpenHsis
9Heprus (GOTOHOB MPU HEYIIPYTOM pacCesTHUM B TpyHTe OJIM3Ka K Cpe-
Hel dHepruy raMMa-KBaHTOB B BO3AyXe U COCTaBJisieT okojio 3,4 MaB
JUISI SHEPreTUYeCKOro CreKTpa U3JydeHUN HEWTPOHOB Ha paccTosI-
HUM, TJIe UMeeTCsl HauboJIbIINI BKJIaJ B raMmMa-usnydyeHue. MMmnynbc
HEYIpyTroro raMMa-u3aydyeHusl, BOSHUKAIOIIIETO B TPYHTE, KOpoue, 4eM
B BO3IyXe, TaK KaK y 3eMJIM paccesiHue MPOMCXOauT Ha Oonee OIU3-
KOM pacCTOSTHMU K IIEHTPY B3pbIBa, YeM B Cllyyae CBOOOTHOTO BO3IY-
xa. bonpiuas yacTh HEMTPOHOB pacceuBaercss He Huxke 30 cM Hap
MOBEPXHOCTHIO TPYHTA. B CBSI3U C 3TUM ramMMa-usjlydyeHUue B BO3IAyXe
ocjabyseTcss U MMeeTcsl KOCUHYCOUIaJIbHOe pachpeaesieHue BOKPYT
BEPTUKAJIbHOM OCH.

3axBaTHOe raMMa-HM3JlydeHNe B OCHOBHOM BO3HUKAeT B BO3IyXe
MPY B3aMMOJEUCTBUM TETIJIOBBIX HEUTPOHOB ¢ simpamMu azota. CIeKTp
raMMa-KBaHTOB oxBaThiBaeT 3Hepruu ot 3 go 11 MaB co cpemgneit
sHeprueit okoiyio 5,3 M»aB.

ITpu kaxaom 3axBare oopasyercst 18 ramma-kBaHTOB. [110THOCTD
TeIJIOBBIX HEUTPOHOB MMeeT MakCMMyM Ha pacctossHuu 500 M or
LieHTpa B3pniBa [27].

3axBaTHOe raMMa-uU3JIy4eHHe B TPyHTE BO3HMKAET B KPEMHHH, a
TakXkKe B Xejie3e, ATIOMUHUM, KAJIUU, HATPUU U T. ., COMEPXKAIIUXCS
B MMHEPaJbHBIX WIM CKaJbHBIX MOopoaax. Tak Kak MOYTH BCE peak-
LIMM 3aXBaTa HEMTPOHOB C SIApaMU 3JEMEHTOB IPYHTa COMPOBOXKAA-
IOTCS BBIXOZOM TaMMa-KBaHTa, a Ce4eHHne 3axBara (u, y) B a30Te CO-
craBjsieT 0Kojio 4,4 % OT MOJHOIO CeYeHMsI, BhIXOJ IaMMa-KBaHTOB
W3 TPyHTa yBEJIMIMBAeTCS MpuMepHO B 20 pa3 Ijis KaXIoro 3axpara B
rpyHte [27]. IIpu KaxmoMm 3axBare U3JIydaeTcsl MpUMEPHO ABa PoTo-
Ha, KOTOphle UMEIOT B cpenHeM aHepruio 4 M»sB. 3axBarHoe ramMma-
U3JIlydeHre B TPyHTe BO3HMKAeT BO BpeMeHa mopsiaka 107* ¢ rmocie
B3PbIBa, B TO BpeMd Kak B Bozayxe — mipu ¢t = 1073—10"! ¢ [27], [28].
3axBaTHOe raMma-m3JydyeHHe B I'pyHTe BO3HMKAeT B OCHOBHOM Ha
rryouHe 10—40 cm. OHO ocnabisieTcss BEpXHUMU CIIOSIMUA TPYHTa U
nMeeT KOCHMHYCOMIAJIbHOE pacrpenelieHue KBAaHTOB OTHOCHTEILHO
BEPTUKAJIbHOW OCH.

3aBUCUMOCTb MOIIIHOCTH 3KCMO3ULIMOHHOM J03bl TaMMa-u3jayyve-
HMS OT pacCTOsTHUA BO BpeMeHa oT 1072 1o 1 ¢ ¢ y4eToM paccMOTpeH-
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HBIX BBIIIIE IPOLIECCOB, IO JaHHBIM paboThl [27], B OOHOPOIHOI aT-
Mocdepe MOXHO OMuCaTh BBIPAXKEHUEM:

P (R, 1)=W{5,07-10°[4,12-10* exp(1,27-10°7) ] +

+[1-exp(-1,025-10°4,)]3,18- 10 exp (4,6 10°%,) (1, - 4,859 10°%)" }_1 ¥
+5,6-10exp| ~1,75-107 (£, - 5-10%) |+ 4-10> exp(~1,5-10*1, ) +

+2,1-10% exp(t, +2,66) " R exp (_%0) ’

3
+8,5-10% exp (—%j{exp (%) —exp [_Tizﬂ +

+[1, 33-10° R exp(—%) +3,3-10° exp(—%jexp (—20:)} P/c,

(1.3)

rne T, = R/5,52-107 ¢; T, = 3,6 - 1077 ¢c; t,, t,, W — onpeneyeHbl B
BoIpaxxeHuu (1.2);

P (R)=1,2-10° R™W exp(—%) P/c. (1.4)

MN3MeHeHMe MOIIHOCTW 3KCMO3WIIMOHHOW J03BI BO BPeMEHU Ha
paccrosiHuu 1000 M OT LieHTpa SIEPHOTO B3pbiBa MOLIHOCTHIO 1 KT
npusBeaeHo Ha puc. 1.4. I3 pucyHKa BUIHO, YTO raMMa-u3IydyeHUe,
BBI3BAHHOE HEYIPYTMM paccessHMEeM HEWTPOHOB, MMeeT HanbOoJb-
LIYIO BEJIMYMHY B MOMEHTHI BpeMeHn ot 1076 10 3- 1075 ¢. B MomeH-
Tbl BpeMeHH oT 2 - 107 mo 3 - 107! ¢ Hanbonblunii BKJAH IejlaeT
3aXBaTHOE TaMMa-Hn3JlydeHue. B ocTtaibHble MOMEHTHI BpEMEHU MOIII-
HOCTb 9KCITO3UIITMOHHOM T03BI OTIPEaesIsIeTCSI raMMa-u3JTydeHUeM Jie-
JieHus1. B TedeHne mepBoil MUKPOCEKYHIBI MaKCUMaJIbHasT BEJIMIMHA
MB]I ramma-u3Ty4eHUsl IeJIeHUSI B HECKOJIbKO COTeH pa3 OoJiblile
MaKCUMAaJIbHO MOIIMHOCTH J03bI, CO3IaBacMOil HEUTPOHAMU TPU He-
VIIPYTUX B3aUMOIENCTBHSAX C BO3IYXOM.

ITomoGHBIe BpeMeHHBIE 3aBUCUMOCTA MOIIHOCTH TMOTJIOIIEHHOMN
03Bl BTOPUYHOTO TaMMa-MU3JIydeHHsI, CO3IaBaeMOT0 HEUTPOHAMMU JIie-
JIEHUSI U1 HEUTpoHaMmu c sHepruein 12,2—15 M»sB Ha paccTosgHuUM OT
LIEHTPA UCTOYHUKA HENTPOHOB (B3pbiB HB ¢ BoixOgOM 4,6 - 1022 Heill-
TpoHOB neeHust u 10 neiirponos ¢ £, = 12,5—15 MsB), npusene-
Hbl Ha puc. 1.5 u 1.6 [26].
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Puc. 1.4. BpemeHHA4s 3aBUCHMMOCTb MOILHOCTH
[03bl raMma-u3yueHusi Ha pacctosHuu 1000 m
. SIIEPHOrO B3pbIBA MOIHOCThIO 1 KT [27]
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Puc. 1.5. BpemeHHas 3aBUCMMOCTh MOILHOCTH MOIJIOIIEHHON 103bI BTOPUYHOIO
raMMa-usJjly4eHus, CO31aBa€MOro HEUTPOHAMU CIEKTpa JAEAEHHUS Ha
paccrosanu 300 M npu B3pbIBE C BHIXOAOM 4,6 - 102 HETPOHOB:

1 — oaHoponHas atMocdepa Py e 1a = 2,910 pan/c (¢ — pacuer no metosy
Momnre-Kapiio; 6 — no mMerony AMCKPETHBIX OpAWHAT); 2 — BBICOTa B3PbIBa
H = 15 M (pacuet nno metony Monre-KapJo), P! =4,4.10° pan/c

Y max 2a



1.1. Kpamkas xapakmepucmuka UMnYAbCHbIX UCHOYHUKOG J
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Puc. 1.6. BpemeHHAs 3aBUCMMOCTh MOILHOCTH MOLJIOIIEHHON J03bI BTOPUYHO-
ro raMMa-M3j1yJeHus, Co3aapaeMoro Heiitponamu £, = 12,2—15 M>B
Ha paccrositHum 300 M OT LIeHTpa B3pbiBa ¢ BbixoaoM 10 - 10?* HeTpOHOB:
I — oanoposHas atmocdepa (¢ — pacuet o Mmeroay Mounte-Kapso; 6 — no
METOy AMCKPETHBIX OpAuHaT); 2 — BbIcoTa B3pbiBa H = 15 M, pacueT 1o
Metoay Moure-Kapio, P, =2,6-10" pan/c, P, =1,85-10" pan/c

y max la max 2a

ITo maHHBIM, NTpUBEAEHHBIM Ha puc. 1.5 u 1.6, BUAHO, 4TO MaK-
CUMaJibHas MOLTHOCTD TMOIJIOLIEHHOM J03bl, CO3AaBAEMOIl HEUTPOHAMM C
E_ = 12,2—15 M»aB (tepmosinepnast yacts HB), B 4,0 10° u 3,8 - 10° pa3
0oJibllle MOLIHOCTHU J03bl, CO3AaBacMOil HEUTPOHAMM CHEeKTpa Aeje-
HUS TP BO3AYITHOM M HA36MHOM B3pPBIBE COOTBETCTBEHHO. JITnTeNbh-
HOCTH MMITYJIbCOB BTOPUYHOTO TaMMa-M3JTydeHUsI TPAaKTUIECKUA O~
HakoBbl (~1075 ¢). ®opma UMMyIbCa MOLIHOCTH ITOTJIOIIEHHOM JO3bI
BTOPUYHOrO raMMa-u3jiyueHusl B OOJibllieil CTeIeHU 3aBUCUT OT BbI-
COTHI M Buaa B3pbiBa. [1py BO3OYIIHOM B3pBIBE YETKO IMpOCMaTpUBa-
eTcsl IBa UMIYJIbca, OOYCIOBAEHHBIX HEYIIPYTUM BO3leCTBUEM Heil-
TPOHOB C BO3IYXOM M 3aXBaTOM TEIJIOBBIX HEHUTPOHOB B BO3IyXe C
JUTITETBHOCTBIO MMITYJIbCa Ha ToiyBbicoTe 8—12 Mkc n 50—60 mc
coorBercTBeHHO. [Ipn HazemuoMm TAB u SIB MoniHocTu morsioiieH-
HOM 1036l B MOMEeHTHI BpeMeHr 100—200 MKC Ha TpM MopsiJiKa BhIllIe,
YyeM Mpu BO3AYILIHOM B3pbiBe. BpeMst HakorieHUs TTOTJIOIEHHOM J03bl
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BTOPUYHOTO raMMa-M3TyYeHUST 3aBUCUT OT UCXOAHOTO CIEKTpa HEMT-
POHOB, BBICOTHI B3phIBa U pacCTOSIHUS 10 LIeHTpa B3pbiBa. Ha puc. 1.7
u 1.8 mpuBeneHo HaKOIUIEeHUE J03bl BO BPEMEHMU IO TaHHbIM puc. 1.5
" 1.6 COOTBETCTBEHHO.
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Puc. 1.7. HakonneHue nonioeHHO 1036 BTOPUYHOIO raMma-u3/aydeHus 1oc/ie
B3peiBa HB, no aanneM puc. 1.5, 7 = 165 pan, JZ/ s = 197 pan

v

IIpu simepHOM B3phIBE B OMHOPOAHOM aTMOC(hepe U y IIOBEPXHO-
ctu 3emian ~30 % mo3bl HaKaIIMBaeTCs 3a BpeMs mopsiaka 1075 ¢ u
3,5-107* ¢ coorBeTcTBEHHO. [TpH MOBLILLIEHHOM BBIXOIE HENTPOHOB C
sHeprueil £ = 12,2—15 M5B BpeMsi HaKOIUIEHUS 103bl YMEHbLIAET-
ca 10 2,5-10 ¢ m 1,6 - 107> ¢ cooTBeTCTBEHHO (NIPUOIUZUTEBHO B
4—20 pa3). 3aBUCHUMOCTb MOIJIOIIEHHONW A03bl BTOPUYHOIO ramMma-
WU3JIy4eHUST OT PAcCTOSTHUS IO IIEHTpa B3pbIBa, THUIA M BUAA B3pbIBa
npuBeaeHa Ha puc. 1.9 u 1.10 [26]. M3 npuBeneHHbIX Ha PUCYHKAxX





