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laHHl:d!: BlillyCR oTKpl:lBaeT so:ayD cepl'IJJ BSY'iHO-Tex.mfllecKoro c6opmnta 
BAHT "~.e:sRKa ,mepma peaxTopoB". KpoMe c6opIDtKoB ".111.mym,cHHe peaKTO.PH 
:a npocme Kp.HT.H1l8CK.H8 O6OPK.H" B 8Ty C8,PRD BK.lil)q'.8BJi BWJYOKK "~s.HKa .H 
M8TO,Itl:,I pac"leTa H;Itepma peaKTopoB" :a "Jlim8MIIK8 ,mepso-aaepreT.H11ecK.HX 
yoTEUIOBOK", paaee BXO,ltllBllllte B cepD> "l.e:aua B'. Te:mmta SJtepma pe81tTO­
poB". 

B BWJyc.KaX "fumyJ.IbcBlie peaRTO.PH :a npocme K,PHTlI1leCRB:e c6opi.ut" uy-
6.mncymc.11 MaTe,PHaJIH no CJie,JzylJ!tHM BonpocaM: 

- K.HH8TKK8 .H ,Il;l!B8MB'.K8 .HM'IJYJ1LOBliX pe8KTOpoB B'. 6yoTepoB ane,PHO;Itlf'leC­
KOro .1telcTm"lR:; 

- KOHCT_pyltql,IK .H gJ.Hanecue XBpaKT8p.HOT.HKliil )t8ICTBYDJtHX liJJII! npoeKTH­
pyeMl:lX .HM'IJYJILCH!lX peaxTopoB; 

- OID:,IT 8KCIIJJY8TanRH lIMIIyJILCBHX peSKTOpOB; 
- M8TO)tRK.H B'. peayJrLTaTH IlPOBO.ItRMYZ C llOMOmLll RMuyJII,CHHX peaKTOPOB 

8KCn8p.HM8BTOB, 
- K,PHTH"i8CKH8 R ru,yme R81TpOHHo-{{>lIS,H'q8CRB:8 X8paRT8,PB'.CTHltlt npoomx 

o6opox lIB .1te~c.11 BemecTB; 
- .HCllOJil,8OB8IDl8 lIHTerpaJU.BHX 8Kcne~eHTOB H8 npocTHX R,PB'.T.H"lecxmc 

c6OIJK8X ,I(,IDI npoBepu MHOrorpynnoma H81Tpomna KOROT8BT; . 
- H;It8pHaJI ~esonaCHOOTL m.myJILcma peaRTOpOB lI npoc'l'Hx KpB'.~8ClO!X 

c6opox. 

The issue under consideration opens a new "Physics of Nuclear Reac­
tors" series in scientific and technical collection VANT, In addition 
to collections of "Pulse Reactors and Simple Critical Aasemblies" this 
series includes "Physics and Methods of Nuclear Reactors Calculation.11 

and "Dynamics of Nuclear - Power Installations" issues, previously a 
part of a "Physics and Engineering of Nuclear Reactors", 

Materials related to the topics described below are published in 
issues "Pulse Reactors and Simple Critical Assemblies": 

- kinetics and dynamics of pulse reactors and boosters of aperio­
dic action; 

- designs and physical characteristics of working and projected 
pulse reactors; 

- operational experience of pulse reactors; 
- procedures and results of experiments perfonned with pulse reac-

tors; 
- critical and other neutron-physical characteristics of simple 

assemblies of fissile material; 
- integral experiments as applied to simple critical assemblies to 

test multigroup neutron constants; 
- nuclear safety of pulse reactors and simple critical assemblies. 
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Y'JJ$. 621.039.514 

K PACllETY IIPOCTPAHC'IBEHHO-BPEMEHHO~ IG1HETI001 IDIP H BYCTEPA 

B.X.Xopyu! 

C¢,opay11Jl!p0B8B.W .IBT8rp&IJ,IIH8 YJ18BH8BM npoCTpsRCTB8HBO-Bp8M8HHOfl 
KIIB8HRJI mmyJU,OHOro .fl'ABPHOro ,P88RTOP8 HJll! 6yCT8pe B N -SOHHOM Dl)H6'1B­
ll8HHB. PacqeT D8,P8M8Tp0B lt11B8TIIRB ODHP88TCR He nporp8MM!l M8TO,I(8 MoBT8-
Kap110 • B cnyqae Me,nneaao npoT8RBDIUJX npoueccoB lno cpaBHeHm> co cpe.n­
HBM BP8M8H8M reB8l)&nBB) JIBT8rpa,u,aye Yl)8BH8BM CBO,!UiTCR K ;u;s@)epeausa,u,­
IWM. 0DBC8H cnoco6 _pemeH.BR: BBTerpa,u,ayx Yl)8BH8Hd N -SOHROfl KBH8THKH. 

TO CALOULA.TIOB OF SPACE-TIME KINETICS OF PNR AND BOOSTER. V,Kh.KHO­
RUZHY. Integral equati ons of space-time ki.netico of pulse nuclear 
reactor and booster in N- zone appr oximation have been f ormul a ted. Cal­
culation of kinetics paramet ers is bas ed on Llont e- Carlo progrWJllles . 
\'/hen the processes pr oceed s l owly (compared r,it h the aver age t ime of 
generation ) , integra l equations are r educed t o differential ones . The 
method of solution of integral equations of n- zone kinet i cs i s dei;­
cribed, 

BB8;D;8HJl8 

lll.apoRo HODOIIl>SyeMSR B pacqeTax p88KTOpHofl 
RBB8!l'JIRJI Toqeqean MO;D;Bll [I-3) He yqH~B88T 
Dp0CT,P8BO'l'B8BHliX a@)eKTOB, RO'l'Opl8 B l)R'.ll8 o,ry­
qaeB MOryT .arpau SSMBTBYI) po,u, [2-4] • Pacqer 
D,POOTpeBOTB8HHO-B,P8M8HHO! RHB8TJIRH peaRTOpa 
HILB 6yctepa RBMBTCJi 6onee cnomofl aa;u;aqel. 
P88BJIB8Ji COOTB8TO'l'ByD!lJl8 M8TO,JUJ pacqera, q81110 
JICXO,!UiT BS H8CT8IU!OH8pHoro RHRBTBqeoxoro y:p8B­
B8BM nepeaoca H8IT,POBOB(Z 0'1'8IOIOB8PmlX oonps:­
DIDDIJ: Yl)SBHBBd) HU .1!8 CS011ee Dl)OOToro 
M<Wt18HOBHOro DpHCSll.BE8HM Yl)SBBBHM nepeaoca 
[5-?]. Il.PB 81'~ MO&HO DOJ!j"l.l!Tl, ;n;H@)e;peanaa11r 
HY8 ypBBBBBM B ¢0IN8UHB8 BY,P8ll8BM ,ll.lUI na­
,P8118'1'p0B N-SOBBOI RIIHBTUB, 0;n;B8RO BODO,U,­
BOB8BJl8 8TBX ¢,o,lMSllHYX BH1)8ll8Bd ;D;.IIJI paoqeTa 
D8,P8118Tp0B !tllH8TJIRJI OM88HO 00 BB8qJT81ll>HYM.11 
BJiqJIOUT8Jll,BWI T.PYl(BOOTJDIB, oco6eaao ;D;M ,P88lt­
TOPHHX OICT8M CO C.710JtHOI r8CM8T,P1118CKOI ROB4)H­
ry:psnaefl. 

B B8CTOJU1181 _paCSoTe og')oIJiCYUp0B8BH BBT8rpa,u,­
BY8 ypBBH8BU Dp0CT,P8BCTB8HBO-Bp8M8HBOI UH8-
TJl1UI peaRTOpa BU 6yorepa B N -80HBOM opBCS.Jlll­
Jl8BJIB. IlpB 8TQlf paoqer D8,PSM8Tl)OB N -80HBOI 
UB8TJIJUI B saaqJTBllBol OT9D8BI ODBp88TCJi HS 
BOSMOUOOTB nporpSMM, •anons~ M8TO;D; Moa­
T8-Ka,P~O ;u;u paoqeTa nepeaoca aelTl)OBOB B 06'1.e­
ue peaxropa, •• B qaoraocTB, as BX reCNeTpBqec-

3 

KOB H KOBCT8HTH08 o6ecneqease. KpoMe TOrO,HH­
TerpallH!i8 ypaBB8HBR R.l!B8THRB 6onee S;D;BKBSTHY 
Ol)B OOHCSHBH 6YOTpo Ol)OTBRSIIIUIX Dl)OU8CCOB B 
peaRTOpe, 8 DPH BX pemeHBH MOlltHO HCD01tb30B8TL 
H8ROTOpY8 D,PHBMl,J, -ylt8 anpo6Hp0B8HHY8 B cnyqae 
O;n;HOSOBBOtt (Toqeqaofl) RHH8THKB[8]. B ps60TB 
DPHBB,I(8Hli T8Kllt8 cnpaBB,lUUIBY8 .I(M Menneeao npo­
T8RallllUlX npo~eccoB (no Cl)8BH8RHD co CpB.IIBHM 
BPBMBHBM reaepausa ) nz@)epeausanLHYe YlJSBHe­
HBR N -SOHHOft RHHBTBKB I cne;u;ynnae HS nonyqeH­
HliX HHTBrl)S/U,RYX ypaBH8BBi1. HaMeqea cnocoCS 
pemeBB.Fi HBTerpS,7ll,HliX y:p8BHBHd N-SOBBOtt RH­
BBTJIRB anepBo;n;HqecROro· BMJIY,7ll,OBoro R.llBpHoro 
peaKTopa {IDIP) H 6yOTBl)8. 

YpaBHesu N -soasoit meHRB 

Kax BB paCSOT0 [8], 6yneM HCXO.Il,»Tl> BS BH­
Terpa,u,eoro Yl)SBH8RBR .nna npocTp8HCTB8BBO-Bpe­
M8HBOi1 .ll110TBOCTH .I(BneHd p(°f, t) B SKTHBHOfl 
SOR8 (A3) peaKTOl)HOfl CHCT8Mli 

p<r; t, =j d.tJd.;:'Grr. ;::;t,t'> p r~'t'J •r1r. t>. < r) 

t. '!t, 
3,nec1, ;:, ~ •Ev~, ; /Hr, ~: t , t') - npocrpaecr-
BBHHO-BpBMBHHSR D110THOCTL BTOpzqeyx ,I(8118!Ultt B 
Toqxe °f A3 B MOM8HT Bp8M88H t DPH ycnoB.BH, qTo 
nepBmqaoe ;u;enease 1™0110 MBCTO B roqxe ~' B Mo­
M8HT Bp8M08.0 t'; i<r, t) ' - Dp00Tp8HCTB8HHO­
-Bp0M8HH8R nnoTHOCTl> .I(0n8HBfl, BY9B8H1ll,lX HS 



aaBBCmI\HMB OT _p88KTO.P8 0croqH0KBMz.Y_p8BH8H08 
T008 (I) BCOO/ll,80B8110Cb B p860T8 [9) 0 B H8-
KOTOp:lX 601188 .PSHHBX _pa6orax (CM. CCb11IlU! B['JD. 

Paao6b8M BCD A3 HSN n_pocrpaHCTB8HHl,IX 80H, 

B n_pe;nenax KOTO.PhlX D.POCT.P8HCTB8HHhl8 0 Bp8M8H­
H8R nepeM8HHhl8 npH6rutlK8HHO _paa;nerunoTCR 

p(;:,t) ... p"(t)p,.,(i'>, jrlr:p,,,,;:,.,. (2) 
Vn• 

3;nec1, P"(t) filvl88T CMNC11 CKO.POCTH ;D;8118Hd B 

~-~ 30H8. fiO;D;CT8B}!Jffl Bhl.P8~8HB8 (2) B y:p8BH8-

Hl18 (I) 11 0HT8r~B.PYR Y.P8BH8H08 (1) DO o6~8MY 

Vn , 001l~BM 1, 

P"u1 ~ f.Jt1.t'G; <t,t') P"(t')+Q''w. (3) 
t. 

G,.~(t, t ' ) .l!M88T CM!iO 11 CKO.POCTB BTO.P0lJHhlX ;D;8-
118H0tl B 30H8 n B MOM8HT B.P8M8H0 t n_pz yC110BBB, 
qro nepB0lJH08 ;D;81l8H08 HM8110 M8CTO B SOH8 n' 

B MOM8HT Bp8M8HH t ' • Ec1111 KOHWBrypal.UlR C0C-

T8Mhl H803MBHH8 BO B.P8M8Hl1, TO G~,(t,t') = 
= (j-:,('i:1,'tst · t' , B 3TOM C~88 DilB Q".o/t

0
-·"") 

MOJKHO _paCCMOT.P8Tl:, aa;naqz Ha co6CTB8H­

Hhl8 aHaq0a11R o6_parttoro nep0o;na _pasroaa o<. z 
B@l8KT0BHOro KOaqxilzr.u,eHT8 p88MHOlK8HWI K3, 
n0pen11caB ypaBHSHl18 (3) B Bz~e 

P"rt>= 'E.fcfr-tJ-~ (-;:) P"(t-'c:'). ('1) 
,,: 0 I\ 

I) "" - aa;naqa: P"tt) =P,,,"eo.t. (5) 
Ilo;ncraB7!JIJl' BhlpBlK8ri08 (5) B ypaBH8HB8 (4), 

0011~.i!M C0CT8MY Jl.0H81llihlX 0.ll.HO.PO.ll.HhlX ypaBHBHm! 

~~>K:.<,..,1]P ... "~o, K:.(oC)s jd.<tG;,t'<Je·"'". (6) 
0 

Yc110B08 cymaCTBOB8H0R H8Tp0BH81l1,HOro pemeHBR 

o;nHOIJO,llHOfi C0CT8Mhl 110HeitthlX ypaBH8H0tt (6) 
;naeT .YJ)8BH8HB8 ;nllH <1--

d.etl/o';:. -K,.~ (o<.)ll=o. (7) 

flocne onpe;n011aH0R "'- MOlKHO Hanrz P;: ,KOTOphle 

np11 COOTB8TCTBynil8a HOIJMl!POBKB ;namr 8CHMOTO­
Tl1lJ8CK08 pacnpe;ne11eH11e q0ce11 ;neneH~ B N -3e& 

HOti Cl1CTBM8. 
2) K3, - aa;naqa : _ P "(l) = Jr' . 

f;,"=-K' I.fae-G-:,('c:')Po"°, (8) 
9f n' 

0 

YcnOB08 Cylll8CTBOB8HBR HBHY118BOro pemeHM O.II.l«>­

po;nHott CBCT8Mhl (8) ;naeT ypaBH8H08 ;nnR K3~ 

d..et//S:J--f-K;,101//=o. (9) 
>f' 

~T06bl paao6p8Tl>CR C B03MOlKHOI H80.Jl}IOSHaqHoC-

Tl>D p8lll8H0R YI)8BH8H0A: (9) OTHOCET81lbHO K3, , 

paCCMOTpHM C118.JlYlCIIIYJO ;nByx30HHyD MO;D;8/ll,HYJO 38-

,naqy: 
4 

, 1 , · }'i:" 
G c-;:-> ~ G- r.:J • K ~ e • 2 I 2. ~ I 

OTKy;D;a K,q,=K,' tK; • PemeHHB co 8H8KOM "-" H8-
W08E'JHO, T8K KBR C pOCTOM KOBqqlBW!BHTOB CBR:BH 

Kit ,D,011l!HO YJ3811.HqHB8UCR. 0TCJUJ;8 B.l,l,IIHO, qro 
npaBB/Il>BI™ RBIIR8TCH H8H6o111,mee BB8lJ8HH8 I<OPHH 
Yl)8BH8HHJ'I (9). 

Il8paM81'pH N-SOHHOA IWHBTHI<ff 

KaK H B O,ll.HOSOHHOA MO~BIIB, G~ MOlltHO npe,D,­
CT8BHTI, B BB;ne CyMMl:l qneHOB, COOTBBTCTBj"DIIHX 
H8fiTpoH8M C CHIIbHO OTJUllq8DD,l!M.0CH Bp8M8H8M.l!I 

ll!.0'.SHB (MrHOB8HHH8, orpalltBHHHB, 88D88;nblBBIIJlB8) 

(IO) 

r.ne, aanpHMa_p, G,:,(t'> Li; .. ~ ct-i] HMeer CMHC11 
CROIJOCT.11 BTOI)llqHl,IX ~8718Hd B 30H8 n B MOM8H'l' 

Bp8M8H.0 ,.- , Bhl8B8HHHX OTpalltBHHHMB ( 88D88;nbl­

B811!1U™H) HBAT.POH8MB 08.PBBqeoro .neneBHR, .l'IM8B­
mero MBCTO B 30H8 n' B MCNBHT BP8M8H.II ~-o 
PaCCMOTP.ilM 601188 DO.JU)06Ho K8llf.n08 BS BTBX cna­
raeMblX, cqaTaR ,D,JJR D.POCTOTl,l,'JTO B I<8ll.lt0A 8088 

co.nepz.eTCR IIBll1l, O,D,BH .nerumurl!CJi HYKrut.n. 
CKo_poCTl> p0llt,ll.8HHH MrHOBBHHl,IX H8ATpoBOB B 

soee ,._, ecTb vp,,_.p"itJ , r.ne Yp,.._' - qacno 
MrHOB8HHhlX eeAT_poHOB HS 8KT ,D,8118Hl!JI B 80B8 n'. 

CKO_poCTl> .P0lKn8HIDi S8D88;nblB8111lBX H8AT_poHOB 

r:pynn1,1 ""- B SOHB fL
1 8CTb ",..~•C,.,,,_,(t) ,r,D,e 

(II) 

3;neCl> vm~ ~m~- qgcno HS 8KT ;D;8118HM H 
DOCTORHH8H pacna.na .nM sanas;nblBSll!lBX BBITJX)HOB 
rpynn1,1 m. B soHe n.' • 

Ilycn .Ip:' ('t") [f ;,.,: <•>] - CKO.POCTH BTO-
.PHtJHl,IX ,D,8118HBA B BOH8 n B MOMBHT Bl)8M8HB ~ , 
Bhl9B8HHl,IX O.Jl}IHM MI'HOB8HHHM eehpoHOM (o,ll.HBM 
sanaa;nHBSDII.BM HahpoHOM rpyD!ll,I "'- ) , l)OlK,Il.8BHl,IM 
B 80H8 n-' B MOM8HT B.PBM8BH t' :0 • BBB,D,8M 060-

SHStJBHHH 

(12) 

r.ne no onpa.nenesm 



(13) 

.IlHee. BCX(Wl BS q>B8.IA8C1t0ro CIIHCJ18 <WBJt-

ItJIB o;,., (t- ) • D18811 

G,.",.,, ~ J - L F."/fr> x.
1 
N ,.; , lj • (14) 

r,11;0 !{' - 'IBC.IJO BTOpJi!'DUilX ,11;811.88.d B 80B8 11. • 

BH8B8BBYX 8,ulllqJU,81 q>Jlll8BOOII O'l'pa&8BBYX BelT­

l)OBOB rpyDDY i. ; .A-!l(t > - JJO'l'Olt O'l'pall8BBHX 

B81'1',POBOB I'llYDDY l B M8CT8 p80JJO.IJ0&8BBJI p e-

8K!Op& B MCA18B'1' Bp8M8BB ~ B paoqeTe 88 0JtJB 

B81'1',POH rpymm j , . BOJJYlll8HRlil B M0118HT Bp8-

118RB ~-o [10] ; -,! - CJJe:K'l'p B81'1',POBOB Y'f8q1U'I 
. j ( f x; "'f ) ; N,.: - 'IBCJIO B8IT,POBOB )'T8'Dtll B 

pacqeTe 88 O,ll;HO ,ll;8118BB8 B 80B8 n' . TalQD( 06-
p&BOll , Yll&BB81Wl (0-(;3),n:JIJI l)88lt'1'0p& B8B8118BH0A 

KOB~IUIB IIOr)'T 6YT~ 881JBC8HM B BB.n:8 
t 

Pct>:[ fat·fiJ,.''-.tt-tJfF:,.", ,.,._,P"<(> +-[ r ",v. .c ,(t 'J) + 
n:J' l"' r "' n • "' ,,,n: '",,. '"h: 

t.. (15) 

+ 4 t'(~ .;ft - t 'J-,/11,._,P"rt>l +q"'rt) · 
'.I j 

BB8ll.811 .n:u:ee Cll8~8 o6oBBH8BU: 

(16) 

l'll,8 DO OJJP9ll,H8BDI 

(l? ) 

.IlNI BU8,ll8 0Tpu9BHYX B91'1',POHOB BOJJOll8f811 

aJJpo6Jll)OB8BB08 B Toqeqaol IIO,ll;8U 0JJB0&ILl8 C 

JJOIIOIIIMI C~yTYX BO Bl)8118B1 8ltCD0B8BT [8) : 

L.F.".A'l(f;)"f-J- I: &"J... e -1'.<{'--.:-.">/ • (18) 
L) L .. ~ ,c ,c r-.t;" 

B 06111111 ca;rrae. xor.n:a 1t0B(J)BrY1>&ItU 01o!e& 

118BaHOII • B8UUIDI K; D.1Ulll'l'CS: ~ 
~8118BB 

(19) 

(20) 

YplBB8BU (8) 0 IJCIIOUI) BB8.Jt8B&X 060888UB.Jdl 
IU.ICIIDUn'OS B BU8 

• L.{t~-..LK (K". +J:_8_",;)lp"'. o . 
,.! •• ., II. It K ~J O (21) 
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Ecu X8p&KT8paH8 Bp8M8B8 BSM8B8BM BC8X ~­

ltd MHOro 60lll,lll8 BC8X 

e". -J-:-c--e-B".("<">, ,._ " (22) 
0 

TO OT "Sl)8BB8Bd (19) MODO nepelTB C JJOMOIIII,I) 

JISB8C!HOro Dl).88118 [I] It ll.Bgxf)8p&BUB8.IWUDI Yll&B­

B8Bmlll 

(23) 

B O,ll;HOSOBBOM npB611D8B11 BBll.8KOY 80H o,cY'l'­

C!BYJ)T B mip8&8BB8 (23) DP.l!IB.IIM88T BB.lt 

f1<<1-JJJP •[Kff-J3>- 1J P•" :E.,,, c + r:.1. c .-qm . (24) ... 1 -m ;,, II( ,c If 

3,Il80~ fi • ~p,,. - 9@)8lt'1'111HM ll,01111 88JJ88,JU,IB81>­

°ID,BX selTpoBoB; K - Jt0~8H'1' p&SIOl0&8BIUI Ha 

MrBOB8BBl:IX I 88JJ88,lll,IB8DllBX B81'1'POH8X. Hs Yll&B­

B8B.Jdl (21) BB,ll;HO, q'l'o B &TOM cnyqae 

(25) 

Pemesn :ypaBBem N -sossol MJJBTMM 

PeoqeTY 118TO,Ila4 MOB'1'8-Kap110 pa;na p88JtTOpHYX 

010'1'811 DOlt88YB81lT • qTo <WBJtIUIII a;:. ('i;) ~o 
0 Yll.OBl18'l'BOpl'1'81.lliHOI T011HOCTlil) 8JJJJPORC.IDU,PO­

B8U BYp&ll8RB811 
.,/ 

8" L. 8" " " " ,,_, (C-) = •' •• ,.,.f •. ,,_.exp(- !,,,,._.~), ~8.,,., cf, (26) 

Ilp.a 8'1'011 B8lEHO Jlp&BlllBO BOCJJpol8BOll,BT~ 8H&qe­

BBJI 

(27) 

Hs ~saqecRIIX ooo6paaaa.d oqeBIOUlo, qTo 

4iYJ{ia:tllJI (26) ,ll;OJDQl8 6YT~ H90!PBWIT81Il,HOl,xo!a 

B8KO'l'Ol)Y8 t;.,.., IIOry'l' 6YU M9HJ,IJl8 sy1111 (Be-

UUBY f ;,,,_,>o ). 
XapaltT8pB08 ll.M Hfill ramesre pe&It!IBHOO'l'B 

[lIJ npe.IlCT&B.IDI B BB,ll;e 

• t 

Y"rt>•j,u 'P''rt), v;;(t l ~wjdt'"lin.w(t ·t!J Y"(t 'J . 

\ *· 
3ll.8CI, 1(

0
",._rt> OJJBCYB88T B8118R8Bl8 p88JtTIIB-

BOCTI • B8 CBll88BR08 C HJJJIOBHII p&OJUp8RB811 ~ 
w - Jt.PYI'O:e&R qao'l'0'1'8 oo6CTB8RBYX KOne6asd 

TBU&. n. -1 80BJI (II O,ll;HOBp8118BBO BBll.8ltO TB81l8) • 



no/l8rElllTCJI .B8B8CTHYM!il. 
HcnollSyJl Bli,PU8BM (26), (28), MOZHO pas­

BBTl, M8TO~ pemeHJUt Yl)8BH8W N-SOHBOI IU!H8TB­
KB , 8H8XOr.B'DUrlt cn;riam Toqe'UIOI M0~81lll [SJ. 
YpaBH8RJIIJl (19) MOaBO san.ecaTl> B BB,lt8 

P"tt) =L K:,(t) I:.&,,~,..CK~,..(t)+ r.('t.ltN/"{i); (29) 
t&.' K' IC 

(30) 

HcnoJU>8yJ1 BHTerpani.aee npe~cTaBneHBJI peme­
eBI ~4JP8P8HIUl8'1liHYX Yl)8BH8Hd (II), (20), (30) 
.e nHHelHo BHTepno1UI.PYJI BCKOMHe WURIUUS sa BB­
T8l;)Bane ( t, t +Ii, ) , DO,Q"ii'IM CBCT8MY rumelHl:lX 
811l'86pa1i1qeoKHX Yl)8BH8Hd ~1111 H8X0~8HBJI P"(t,/,) 

{. [( -(,(t•h~p:' ~f,..H11;,.,1,.,] p"(t +/,,) C 

+ [p;:_, P'fo + {:Jt>] [f, t;,.. 'D(t;,,.,/.) j 

+ sd.:,(t +h.>[f,C,.Hr};,,.,h)ll +f(c/t+lz.)•Q?tr/t.). (31) 

BXO,IUDllff8 c~a q,yHKUHH 'l)(lt) s(f-e-"')/x- e -X 

H(K) • /-{{ - e-• )/ x npoorw 06:paaoM CM88Bl:l C 
WURU0JD4H C,. , onpe~enesB1™B B pa6ore [3 ] ,r~e 
H ODHC8Hl:l ycroAqHmJe M81'0,JU,I .BX BeqscneHHJl 

Cit+h) ; C"'(tJ exp(- ">..,h.) + 

+'/)(>.~ hlfN,.,P"rt-r;•, +H()o.,,h) 'f N,._,P"rt+h.-r:o x >. (32) 

BB8~8M HB.Pllm' C q,yHJtIUUOO! 1T..," (t) q,yHKIUJH 

t 
, .,-" I • " , f: w..,fi)c-;;:;zrw - w1 d.t'co.sw(t - t ') Y "t!J, 

t. 

Tor~a MOZHO nonyq.BTl, [SJ 

Y'rt --h.J • Y"<t> ... f [P"'lt) + P "(t +I,,)]; 

'1{,"<t•h.)c[ir,)t)- Y"rtlo~wh + W',)tJ.1i11.wh. +Y"{t)+ 

(33) 
6 

+ kP"tt> /-t:.O!.c,, h +lr.[P"(t +/.,J-P"1t)1( .i.. - $/JH,.ih.) 
wh. 'J wk -;:;r;:r- · 

CooTHOm8HM (31)-(33) JraMJl!l'CJl OCHOBOI yc­
ToAqsBoro M8TO~a pemeHBJl Yl)8BH8H.BI N -BOHHOI 
KBH81'HKH. Ilepexo~ OT saaqesmt .P8CCMBT.P.BB88Ml:lX 
B81Ulqzs B MOM8HT B,P8M8HH t 1( 888'188.BHM B MO­
M8HT B.P8M8HH t+h. p881Ul8Y8TCJI B ,I(B8 aTana.Ha 
nepBOM eTane nonaraeM P"ft•/.)~P"(t) .e saxo-

.ItHM OPH61Um8HHO: 
1) Y''/t+h.), ir':;. { i: +It, ) , w,;rt+h.) C OOMODU,I) Bl:l­

pallt8HHA ( 33) ; 
2) 1<;:(t+k) C OOMO~l,Jl Blil;)8Z8HHR (28); 
3) cm,., {t+k), CK(t +Ir,) 0 IlOMOlll!>ll Bl:lp8lll'.8-

HBI (32); 
4} /J"ft•/t.) c nouo~:&lf ypaBHeHlrlt (31). 
Ha Bro,POM aTane nonaraeM P?'t •k)""-P"rt +I.) 

H HSXO,IU!M B TOA lll'.8 noone~OB8T8nDHOCTH j'TO'IH8H­
Hl,l8 SHaqeBHR nepeqHcneBHl:lX B!llll8 (Jlj'HRUea B MO­
M8HT Bp8M8HH t +Ir, , 8 T8K!t8 

+H(!", ,h.){pp" ,P"fl •h.J +s" ft ... h.J]. 
I( It, It, d..A.' 

(34) 

B 38RJ!JlqeHB8 O.P.BBOMTCJI Bl:lp8X8H.BJI ~llli pac-
qeTa H8'18nl>Hl:lX BH8'18H.Bft HCROMliX q,yHKI.Url\ B 
MOM8HT Bp8M8HH t

0
=0 ,8C1Uf npe~00/10!1'.HTD, '!TO 

ITl)H t < t. peSRTO.P Bl:lXO~n Ha 8C.BMO TOT.0'J8C.Kid1 
o6paTHHA nep.00~ paaroaa a1. : 

(35) 

P"(o) C 1'0'JHOCT!,ll ~o OOC1'0JiHHOro MHOlltil1'811Jl 
onpe~811JDJTCJI B 3TOM cnyqae 23 Yl)8BH8HHft (6), 
Roropee npHH.IIMaET BH~ 

(36) 
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liiT&IfHPOBAHHE YP.ABifrlOOl KHHETHKH llmYJII:CHOIO PEAKTOPA 
HA BiCTPliX HEH'rFCHAX IECTKO-YCTO~ IIETO,IlAIIH Il!PA 

B.X.Xopyad, A.C.KcaeaeB, B.~.KoaeooB 

Onrou azropaN uoaeuoro pemeusr .JUICM)eptBI1DUJU1X JP8BB8ul ,o­
q9'Dfol 11CJ1118TID .nmym.osoro 11,1tepeoro peax,opa o aBTGll8Tneo1t1111 a,60-
l)(M mara 0118!'8 B8 OOBOB8 ucno-yoTOhllBIX IIITO.lOII r.pa. P10mlO'fl)8BJl 
BODl)OOH g,opopoB81Wl DIIJYll,08 ,l8Jl8Bd B l)98ltT0p8 C OYJ180'fB8BBO .D8p­
IUIOBHHII ram8B1811 pe&JtTJIBBOO'fl B YQ110BJU[X .uBetioro BBOJUI pea&!JIBBOO'fl 
DPB 88.llJlqll 01.llliBOI'O ICTO'IIIJDt8 B81Tp0BOB. 

DITEGRATION OP EQUATIONS OP PAST PUr.SE REACTOR XlllETICS BY RIGID­
STABLE GIR METHODS. V,Kh,KHORUZBY, A.S.KOSHELEV, V.P.KOLESO'i. 
The algorithm of numerical solution of differential equations for 
point kinetics of nuclear pulse reactor ,1ith automatic selection of 
calculation step based on rigid-stable Gir methods is described. 
The problems of fission pulse shapin8 in reactor with essentially iner~ 
tial reactivity quenching in conditions of linear reactivity introduc­
tion are discussed provided that a powerful neutron source is avai­
lable. 

B B 8 ll 8 B JI 8 

YpaBHemta peaRTOpBOI RIB8H1UI, ODIOYB8111l18 
1Jl)OQ8CCH C OBllBO pasuq8IIIIDUICJI xapa1t!8lHJAO 

Bp8M8B8IOI, O'l'BOOJl'l'Cl.fl 1t UO.JlY .SB0TJt.lX, B ~811 

c11y-qae OBOT8N8 lll~P8BIUl8.llRYX Yl)8BH8Bd B8-
BYBaBTOR .S8CTJtOI, 80ml Oo6CTB8BBY8 aeaqellJlll 88 
MBTP~ RRo6.a OT.llJlqamcs Ha amoro DO,PR;JOtOB B 
BHT8p8CyDll81 B001l8JlOB8T81UI o6UOTI. Pemeese 
Jl80TROft CBOT8MH 00Jl81JUT "6tiCT.PYJ)" RGNDOH8HTY 
(o6yo110B1I8BHyl) B .JtBBBOM Cny,188 l!p8118B8U reae­
p&IUII) I "M8,IU18BBH8" ltCIUIOB8BTY (xapaJtT8.Pll8Y8-
MY8 Bl)f)MSRBYMB napaMBTpaMJI 0Tp&a8BBYX I 8aDa8-
lOIB81111BX HelrpoeoB). lb!cneeeoe 1srerpapoB8R.le 
&80TIUIX OBCT8M Tp&JtJIIU!OBBHIOI M8TO,JUIIOI (31nepa, 
PyBre-KyrTa, A,Jt81108 JI r.n.) DPBBO,JUIT 1t OOUllDI 
88TP8T811 M8IUIIBOI'O Bp8U8HB (18-88 &e0TJtlX or­
pasneed ea ll8l' oqeora) BOJDtd paa, xor.JtB .JUU1-
reJ1JJ100T~ aea.11J18BPY8MOI'O B80'f81Ul0B8p!OI'O npo­
Q800a Be.umta no opaJ1BeBD> o xapaxrel)IDII( nepao­
llOM "6Horpol" KCIIIJOB8HY. 0,JllR BB a,,WleRTDRHX 
M8T0,Jl0B paoq9ra OROp00TI ~811801 B peaxrope oo­
HOB8B B8 BCDO.U.SOB8BU JIBT8rp8llBYX yp&BBeed 
1UIB8T.11CB [I). OlUIHO B B8lt0'1'0pr% Oiy,IUX (sa­
Ill)Bll8P, DP.I Qp0B8BOllBOI 88BIODIOCH peaJtT.D­
HOOTJI I BB8IIIB8l'O BOTO'Ullllt8 Jl8&8JUdt OT Bpeweu) 
D0&88B0 Pf11CDO.l18r8T~ 118'1'O,llOII pemeHJIR yp&BBBBd 

RBB8T.IIKII o aBr011a,neoXJD111,16opo11 mara oqe,a. 
B DOOA8,ltB88 BpeMS: ,JtU P8111BM &80t&U 010!811 
Yl)8BB8Bd, BCTpH8111taXOJI B paaanm Ill)IK,lal­

HHX swqax, Dp8,Jt.10&8B0 B80BOUIW OD0006oB,Ba­
JIOOZ88 s@)eKTDHmlJI Ill KOTOJIIX OK881UO~ 118!0-

~ Iilpa [2]. 0'1'118'rlDI, uo 118'1'0lOI I'lpa o Be­
OK01ll,Jro BIDl8H8HBHM onooo6011 BH6opa mara 0118'1'8 
anpo611poBauo~ 1 B pao•8rax p8axropeol UBB'l'B­
KH [3]. 

B H&OTORlllel pa6ore anop.am q.ao~eesoro pe­
mesu Jll~8p8HQ.18m.JBIX Yl)8BB8Bd O 8BTOM8TR80 
1tlDI m,6op<111 mara oqera sa ooso:ee a8ono-yorol­
uBHx M8TOllOB Iilpa anpo611poB8H Ha yp&JIB8BUX 
RBBBTBltll 611crporo JDOJynoeoro p8anopa, Ilp.a 
8TOM, B OT111AB8 OT pa6oTH [3), B Up0Q8008 oqe-­
T8 00Ylll,80TBU8TOJI KOHTp0ll OTBOOBT8m.HOI 118'1'0· 

JU1qeo1t0I oorpeD1Bocr1, a ee a6oomreol, q'l'O IIPII-· 
BO,IUIT K pasyueol B811BUB8 mara IBT81'p11poBUJIJI 
DPB JD>6yx aeaqeeux OROpoou ~uesd, zoropu 
M8BJl8TOJI Ha MHOI'O 00.Pll;JtROB. (Kosrpon a6oolll>'f­
HOI T01DIOOT.a B pa6oT8 [3] Ill)BBOJUIT K B800:p88-
M8J;SO M8JUtOMY mary cqera QPB 6oJllillllX seaqeu­
JIX CROp00TB Jl8HBBl,T8K Kalt mar OUT8 cym,ecr-­
B8BBO 88B.BCBT OT OTBomeH.IUI 88.JtBBBOI AOUy0TIIIOI 
a6001.11>THol roqeocT.a x B8U11J1Be ompoo'l'.a Ae&e­
ul ,1t0ropaa paunsa B pasma 811,Jtnax 1 11pa-

8 Hee BIDB8CTH8. Ilo TOI ll8 npnue up.a uam,x 



BBB~~s.aax CROpoOTK lt8118Bd BOSBBR88T onaceocT~ 
6o.u.mol OTBOOJIIT8llldlOI M8TO'AB'<i8CROI norpemeocT.111 
JIIB-88 01ll!IIIROM 6011l,IIIOTO JtODyoTBIIOro mars C'<i8T8~ 
K_powe Toro, JI.P()rl)8MM8 OT8pTy-8T C M8TOJt8 I'J!pa 
I-ro DO~, ltOToplil! RBM8TOJI CaMOH8'<il'IB8111U!M­
CJI. 0DK08BB!il 8.lll'Ol)JIITM BCJIOll80B8B 'AM paO'<i8T­
BOTO Jll8y,18BU g,c>IMJII.P()BSBU IMJJY1Jl,08 Jt8118Bd B 
p88RTOP8 C Oj'11180TB8BBO BHBPJJ,BOBlU,IM rameBBEIM 
p88ETJIBBOOTJII B yonoBWIX .llBHBboro BBO'AS peax­
TJIBBOOTJII IIPl'I B8m!'<iJIIB CJIIJO,BOro JIICTO'IBBR8 BBIT­
.P()BOB. KoBI<PBTHO paccqBTaBH COOTB8TCT:ayDllB8 
D8P8118T:pli mmy,u,coB ,P88RTOl)8 EP-I {4]. B1,16op 
EP-I 06yo1IOB.ll88 BOSMOl!HOCTl,I) BOJIOJU,SOB8BWI co­
BOJcy'l]SOCTB 9KCD8PBM8BT8Jll,JU,IX .Ill pacqeTBNX JtBH­
HWC JIO X8P8RT8pl'IOTJIIR8M co6CTB8HRO peaRTOpa .Ill 

D011JI 0Tl)8E8HHIDC HBIT.IJOBOB, ycnemHo anpo6.lq)O:ea& 
HliX B pa6oT8 [I]. H8y,18HB8 pelUIM8 reeeplilpoBS­
BlilJI .IIIMDY1.ll>C8 C rume:a.am.. BBOJtCII pe8RT.l!BBOCTlil 
OPlil H81llf'<iHlil Clil,U,BOro .HCT011HlilK8 o6ycnoB11880 B08· 
BBRllllDI .IIBT8l)8C~ R DQ'A06HW peZJ!MSM RSR ea.11160-
1188 6naronplilJl'l'HJ,II( B nn.aee JlllBJtOTBpa111ea.11J1 6on­
lllBX 8B8,PdBNX 9H8p:r'OB1ilt8119Bd. 0TM8T.BII, '<i'l'O H8-
ROTO.Pi8 BOllPOCN, CBSS8BB!i8 0 ,lij1yI'lDI 98ROBOM 
BB0lt8 p88RTIIBB00Tlil lil11B 00 Ony,:188M 6881ti18pUHOB­
HOI'O rameeu, saTparl!B8uo~ B pa6oTax (5,6]. 

Am:opnm pemesu ypaBHeuaa 
Mff8TBJQJ mmv.J11,0Boro p88R'l'QP8 

JtaM)epeHIU1a~1,19 Y,P8BH8B1!Ut TO'<i8'1BOI lti!BBT.111-
JtB mmyllOBOI'O peaxTopa, ODJIICl,IBSDq.1118 Jl1)0~8CCl,I, 
xapaRT8~08 Bpawl npo1'8R8BlilJI RO'l'OlliX MBOro 
6QlU,llle cpe,IU1ero spewee.111 reeepaxnm 11 , MOJIHO 
Dl)8ltOT8BJIIT~ B C118~8M BJIIJX8: 

I\ P = [frt) -_,.s] P(t) +- f JJ,.,, c.,riJ •f?ftJ/X,,1 ; 

C,,. -.>...,[PU) · C,..(i)); 

_JJ(l)c_P.(t-)-1:.a.w ITW(t) -a.r Y) (I) 
a, I 

Yft) •fcl.t'Pft?: 

:• 
7.J;.,(t) • wja:t'.5;_,.w/{ -t') Y{t'J 

'-
~80~ P(f)- OROIJOCT~ Jt8118Bd B p88RTOP8 (BU 
MOIIU'IOCT~, DP.Ill 8TCII I BT= 3,4?•Io10.xtenesd/c); 

.,P(tJ=l·K;; (t) - l)88RTnBOCTl>; J..,,.,,8,,.- ~R­
TBBB!,18 D8pal(8Tl)l,I m -I rpynIJli 88D88,ll;1:IB811D,BX B1l.lll 
OTp&a8&mlX B81Tl)OBOB; f;.fl,;:_fl i K3,fl,,.c,.Jt) JIIU88T 
011110n cxopooTa ll8118W B peaKTope, Bl,ISBSBBl,JX 
BelTpoH81Ul m.. -1t :rpyJJJII,I; (?It) - CROIJOCTl, Jt8118BBf 
B P88ETOpe, :SW8B8BHUX BHBUIBDOI HB 88BBCJmUDIB OT 
fllOBIUI Mal!BOCT.111 JIICT011B.IR8MJII; Y(t) - aaeprOB1i,ll8-
aeH.18 E M<Jil8BTY BP8M8BJII t ; ft, (t) OJIBCl,IB88T 88-

ll8BB08 18118H8Hl8 peaKTBBBOCT.111, H8 CM88HH08 C 
T8Jl1IOBl:ilM paCJllBp8BH8M 8KTHBHO~ 90111,1 {.A3), B8DpB­
M8p, 06ycnoBX8RB08 ,llBHJt8BH8M IMJIY1.ll>OBOro 61IOR8, 

opraHOB CBCT8Mli ynpaB118Bilfi .Ill 8811li1Tli B T.n.; oc­
T8n81i8 '<i'18Rli B BliP9llt8H.i1lil ltllll p88RTHBHOCTH p(t) 

OPBOYB81l'l' xapaRT8PB08 JtJUI m.myllCBl,IX peaxropoB 
rameue peaRTBBHOCT.111, c:wraaeeoe c T8JI110BlilM pao­
mapeueu .A3 [?); <t,.,, l{,<t> - xo~eBT rame­
eu peaxTBBBOCTB .Ill yc.llOBB08 CMemeeae (B BltBHB­
ItBX 8881JI'()BHlt8118RBJI) JtM TB8118 0 co6cTB8BHOff 
'<i80TOTOI R02l868B.aitw ; Q,. (Y) OD1i!OYB88T 6esweep­
IUIOBH08 rameBlle p88RTJi!lllHOOTB. 

Ilep11,1e ,llB8 CTJX)'<il<i!I B Blil)8Z8HIU! (I) npeJtCT8-

)( = f (1<,f.) J (2) 

r,lle X 08H8'Q88T OOBOJcyDHOOU D8l)8M8HHliX P, c,., 

( '"' - I, 2, , •• ) • ~00'118 I'apa K -ro DOl)IWtS llM 

OBO'l'8Mli Yl)8BH8Hd (2) 111488T BJIIJt .. , 
!\n., = h.&.,Jrx,,_.,, t,.,,) + ~

0
a; x~-i, (3) ,. 

1')18 h, - mar O'Q8T8 ,a !., B aL - ROHOT8BTll, SSB.111· 
OIDD,B8 OT DOpli,JOUI M8TOJt8 I< [2] • lJop,OJ;OR &BCTltO· 
JOTOl1JJ11BHX ueTOJtOB orpaHB'<iBB, tH~B. llnJI pe­
meBJUt CBCT8Mll anre6pa.lA8CRJIIX ypaBBeBd (3) BO­
D01.ll>8Y8TOJi B'l'8p&JJ,BOHBM CX8M8 WTOHa-Paqicosa 

(j•ll 1)1 [:J ( ti) t 1-• I tJ) t ) 
X-1\•i 

0 'n"- p:JC,rt◄ 1 n.,t) f)l.ft•f' fttf • 

r,IJ.e j - HOMep HTe~;~F(,-~! .. t • .,)z:: I (j) -
"•"111.•1 t•tn•t 

MaTPlllUI H.Ro6B, Bbl'UICJ18HH8Ji B TO'U<e •t,_~?,, tst~,,· 

Ha'W,11I,B08 npB6.muteHHe SB'A88TC.ff llOJll!HOMH8Jll,HOl 
amipOKCms8IJ;lll ell H81113B80THHX QJYB.RIOIA. YnpaB11eID'Je 
llOps;tKOM M8TO,ll8 B maroM C'Q8T8 pe8.1ll'lsyeTCR C 
JIPZ.BJ18'Q8Wl8M B8KTOp0B liOI>,I4CRK8 t - I I Ji.~ • It! ,~,, .. 

~,.- ,c.,.,,h)(.1t'2' x,.., ... ,-, x,,, 1 
• K. 

ltOTOp!,18 xpaJUl'r .npelOOtYll(YI) BBq>()P181J,Bll B B.l!ll8 
EOIDOBBBT 'l'81no_posoJtOro pas.nozesaa. Ha11a1IM1oe _,,,1 

PP>dUUH]f' _ (T! ; .•.·· .• ,:,.l ~ 
lf ... , - 2/ -v~ ... 
',,_'K°t•)fo} • ' • , • •~<• l•I 
-;,x,u, D O O I 1x., 

(4) 

8 BT8p.lpOB8BB8 D.P()18BO'ABTCJI 018~ o6pasOM: 

(5) 

, 3.Jteo~ C
7 

- nocTommlilfl B8RTo_p,saBBCJUD,BI oT no­
.PffltE8 M8TOJt8 [2] ,a ~ OIIP8lt8lVl8TCJI BS Yl)8BB8-

ad 

9 
I,, ri, h ,tjJ 

= j(l(lu,f 1 t,,,_.,,>- Xll•f I (6) 

.... j f, 



• 

3( _i/ t ) .if.full! 'J xtt••' "" .... dv ,c .,_ tiJ 
r ._ " ♦ f 

t • t,__,, 
Upi! .BT8pHpoB8HBB YI)SBH81UU[ RO.P.P8RIUIB (5) ll,0-
CTBTOqHo 0~8B.l!B8TL T01ll>KO ,Itll8 08,PBY8 RCM110H8H · 
Tl,I Z~~~ , TBK K8K Fz( z~!,) MOJt8T 6HTL BYUC118-
H8 C BCD0.1ll,30B8Hl8M T011LRO STHX ltBj'X ROMIJOHEB'J:. 
Ilol!H.1:11 CRO.PP8KTHl)OB8BHHI B8KTO.P HO.IUJ;CBK8 nony­
qaeTCJI nocne l arepamdt nyreM HaROnneassr CYM-

t -1 · 
w I: F. ri r,i > : 

j::•D l 11-+t 

I 1t' .1 1•J•~F.<l'ii,c. 
n,-,.1 "''' j•O ~ ,_,,., I 

JlM Yl)8BH8Hs.it RBH8THRH (I) MBTpana HRooa ~ 
HMS 8 T C ne,l1.yJIIUll Bl!J4: 

(

P
11rt., .• ,)-.fi, fl1 

-,.-- ' 
5 ( fi) t >-, - ">-, 
f x~.,, ".,l= . . ~2.- o 

qro YDPOl!l88T pameHae IDIH81Hol BM 6r~, ~CY.on 
c.ecreMl:I n,aBHeHd (6) [3] . 
p 11Yt ,, , , ) Bliq111C11Ji8TCR DO 8H8110r.B.B C _p8tli8:ill8lll 
ilHTerpB1ll>Hl,IX n,BBH8Hd [IJ : 

r.1te 

(8, 
~Jh,,_.,)•[~rt~)-Yft,.Jjc.oseuli. + W-Jt~J~1.11.wl. •Ylt,,_)~ 

-tlr..P.{f-si1tt.1"-)+h.[P./JJ • P.}(.i. 1-coswl.) 
,. -;;:;-r "'' " Z t.u•l,.Z > 

BB8lt8H8 qiyHRUHSi U{,(t) -= .:, ::s1 , 8 

~) [ ur., <t.,._.)•W-,,/f.,.)U>Swli. - ~ft,,)-Y(t,J} S1J1..wh. + 
(9) 

-1- h.P 1-coswh. +!,.[P.1/J -P.jlf ~) 
"" wl,. "-" ,. \c.,Ti: - w•A' , • 

llps pemeBBH Yl)8BH8Hd KHR8THKH (I) ltOCT8TOqao 
ll,Byx HTepaumt (5). KoHTponL Toqaoor.e OCYlll8CT­
BJIJl8TCJl Ha Jtallf,ltOM mare .eHrerpi!poB8HM nyreM 
CpaBSeHM .tlOK8.11LBOfl M8TQ.ItHqecKofl OTHOCHT8,U,­
BOI norpemaocTH 

lr = c" f J( !) / v 'r iJ,. 1K., II P"., (IO) 
C aa.1taHHofl 118KOHMa11LBO ltOilYCT.BMOfl norpemaocr:w 
H8 mare .IIHT8r];)Hl)OB8H.BSi c 3on. .B q>OJMYJI8 (IO) 
'il 

1
( P,,)" +, - ];l88HOCTL DOC118.ltfflJX ROMJJOH8HT B8K-

TOl)OB HO.IUJ;CHKB HS npaBol H 118BO~ rpaBanax , 8 
Jt08~HIU!8HT C" 88B.BCHT OT DOl)R:11KB M8TOll,8 r.e­
_pa [ 2]. Ilp.e Er "£30,. mar cqaraeTCR Bl,ID011H8H­
HW. Ecn.e ROHT_p011l, no TO'IHOCT.I! npomn.e ( K ♦ 1) 

marOB, D.POBSBO.ItHTCSi OOTR!Ml!88Ul!Si OOlU{.ltRB M8TO­
ll,8 K B 3H8'18HBJI I.. H8 C118ltYDl18M mare. Jlna 8TO­

ro Bl:lqacJV!'.llTCJt ~- ROS~HIU!~HTB 

cl.1 "' ,,;{°c/irlJfv'(~~ •• ,1P •• J;... ll,JVI DOPRlUtB Ki 
IO 

r.1te 

o( _ / f e,0 ,. ]-k 
,-~5lc (K l)/v zr;1_) /IP. ;JI.1111 DOl)ll:llR8 ,,,, 

lt ♦ t • A l(. ♦ 1 1'-tf 

2 - , ... , -rll,e V (P,.> ... ~ VIP,.> • ., - v (P,..,) • .,. 

M8RCJIM81ll>H1,1I HS 3THX K09®BIU!8HTOB, COOTB8TCT­
BYJIIU!ft ycnoB.llll, aanaraeMOMY BB DOl)IJ,ll.OR M8TO.It8 
(cox_paHBTL,Y148HLlllJITb B1ll yB8Jl.BqHrL), lJ DOSBO­
nner onpell,e1ll!TL HOBOS sHaqeaae mara .eererpapo­
BSHHH I,, 10 o<.,.,o•c A • 

ECJIH ll8 ROHT.P011L no TO'fflOCTH D.POIIUUI i tnaI'(l3 

( f<i< ,c~,), a Ha (i . , )-v mare ycnoBHe eT ~ Er,. 
He Bl,lfi01lHB110Cb, TO npouecc BHT8rpapoB8HHR B08-
Bpa~88TCR Ha aaqano nocne.ItHero (i+f)-ro (HeB1,1-
no11HeHHoro) mara, D.PBHBM88TCR OOp,!JI.OX Y8TO;Jl8 
/('•i a HOBoe saaqea.ee mera 1,,',,1../2 (npa i•o 
nopR.ll,OR M8TOll,8 H8 M8H~8TCR). Ilpe R8llr,IJ;OM H8M8.le­

HH.1! mara H8o6XO;JlBMO nepecrpoHTb B8KT0pl,I HoIUt­
CBKB HS HOBOS 3H81J8HB8 mare, 8 B cnyqae ~eJIH­
qeHHR DO.PJJ,ll,KB M8TOll,8 .B ;JlOCTl)OHTD HX 

( ~ > '( - (II) ;;i:,,_,,,
2

=V z,.>,.., t1<+1J. 

YIHrerpBpoBBHH8 ff81J.BH88TCR M8TOltOM / -ro DOpJUt­
KB np.e 38;Jl8HHl,IX mare /,, .B BBRTopex HO.IUJ;C.BKB: 

ri.),~x0 , ('i0 ) 2 -h.j(10 ,t0 J- (!2) 

Pac3eTRH8 nap§M8TJJ# HMQYJU,COB 
ABA8Hd p88KTOpa EP-I 

Cornacao (IJ C.P8.ltff88 B];l8WI reH8.PBIUI.B MI'HO­
B8HH!iX HeffrpoHOB ltllR "ronoro" p88KTO.P8 .PBBHO 
0,0123 MKO, a DOJIHl,lfl K08®Hl.U'l8HT rameHHR peaK 
THBHOCTH A = 3,89·Io-10 a6o.a;a./»:,.. Ilap8M8T.PH 
88083.IWBBDIUJX lJ OT.P8ll8HHHX HeflrpoHOB OpBB8lt8-
Hl,I B TaOn.I, 8 paonpe.1t8JI8HH8 R03~BIU!8HT8 ra­
meHHR 00 1J8CTOT8M KOJI808RHI TOD1l.BBHl,IX sneM8H­
TOB( TB8JIOB)- B ra6n.2. 

Ta6Jisna I 
IlapaM8Tpl,I 38D89.IWB8DQHX H 0Tpall88BHX 

HehpoHOB 

Tao Het!rpoHOB fa,., ).. ,., > Ml(CI 

0 ,00026 0 ,0127-6 

3anas.IWBBDQae 0 , 00143 0,0317-6 

aeflTpoHlf 0,00127 O,II5-6 

fl., = 0 , 00682 0,00277 0,3II-6 
0,00090 I,40-6 
0 ,000!9 3,87-6 



TBJJ BelTl)OBOB },.. 

0 , CXXlIOII 
-O,CXXl0356 
0,0000703 

0'l'pall8HBH8 H8hl)OBH -O,OCXXl315 

,llJlR 88.ll8 p&8M8l)OM O ,OOOI083 

7 , 4x6 , 4x4 , 3 •• -0, CXXl0597 
p88R'l'Op B U8BTpe O,OOOI492 

aana Ha :eaoore I ,811;-0 ,0000229 
.A-= 0,099)3 0,0006089 

,. -0,0003736 

0,0000989 
0,0000570 
0,0000035 

0,000306 
0,000868 
0,00241 
0,00537 
O,OII8 
0 ,0214 
0,0582 
0,379 
0,632 
I,03 
I,I9 
2,07 
3,6 

Il P ll JI e 11 a H I e. 3aml01, llllAB o, OI2?-6 
08J181188T O,OI27•I()-t). 

Ta61111ua 2 

PaOJJ,P8,Jt0118BB8 I<Oa@.BIUJBBT8 rameHBSi 
DO 118CTOT8M ROl186asd TB9110B 

OJ' MRO-I a.,.,/.11 

0,02801 0,05 
0,02662 0,05 
0,02336 0,I5 
0,02239 0,15 
0,02004 O,IO 
O,OI932 O,IO 
0,0I'755 0,20 
0,01699 0,20 

H8M8BBBB8 ,P88RTBBBOCTB peaKTOpa, o6yonoBl18H­
B08 BB8DIBBN BOs,neloTBirew ( useibndt BBO.It peax­
'l'BBHOCTB, 061)00 oprat10B 881D,B'l'll) , 8a,JJ.8B8110C!, 'B 

Bl!Jt8 

(I3) 
.,P,,ft)~proJ "'A, 'APc,,rt>, v-i•.,s,, . 

B,nec:L JJ/0) - B81J81ll>H8Jl (CT8,PTOBBB:) peaKT.BBBOOTD; 
V-- OKO,POOU BBO,It8 p88K'l:BBBOOH, A/'cy1, ft)' - Jl8-

118B88Jl8 ,P88KTJIBBOCTB DPB opa68'1'1iB8BllB 88JIIJl'l'li -
8a,JJ.8B81100:L B Bl!Jt8 

fl, 2 
IJf!c:,,/tJ=-2,1/1/ ·(lT , t -t~ .. K -15000), (I4) 

t > t "UI< + (!,000, 

BP8MI!, COOTB8TCTByDIIB8 JlHRy BMOY/Il,CS. Ilpe,11no­
nara11oc1,, 'ITO I< MOM8HTY B,P8M8HH t = 0 ,PB8KTO.P 
:eame11 HS 8Cl!MDTO'l'BIJ8CRd 08pHO,Jt pasroHa, COOT-
BB'l'CTByD!ld p88K7'BBHOOTH /J/OJ , 8 HSIJS/Il,HSR MOIII-
HOCT:L P{()) (B 8,n.lJH~X ,Jt8118HH8/C) y;JJ;OBIIBTBO­
:PR8T ycnOBHD CH/Il,BOro HCTOIJHBKS 

[fl -J'(O}] P/oJ 11 >> f · (I5) 
~JUI 88'18111,HOfl MOm,BOCTH 6snH BH6paHH TPH 8Haqe­
H8HBR: I, 5, 25 BT. TaK KSK Op8,llJJ0118ra11oc1, (H 
pacqeTB 9TO DO,JtTB8p,nBJIH), qTo POOT ,P88KTHBHOC­
TH DPH KOHK,PBTHBX ssaqeffMX ~ 6y,JtBT orpaHHqea 
ItOHlq)8THllM aeaqesHeM M8ROlDl8/Il,HO ,JtOOTl!llUIMOfl 
p88KTBBHOCTH .f'No1<ct 6ll118 Jll)8.1(yCMOTp8H8 08pHR 
P8CIJ8TOB B MO,Jt811H MrHOB8HHOro CKS'lRS. B STOM 
cnyqae HSM8B8BB8 ,P88KTHBHOOTH p88RTO,P8 8a,JJ.8B8-
110C!, B Bl!,lt8 

J'o(-t) •.f',.,o,.c + 4.Pcnft} • (I6) 

~JUI CKOp00TH BBO.I(El ,P88KTBBHOCTB B OCHOBBOM 6H-
1ll! HCJJOJll,80B8BB MT!, seaqes.ld: IO, 20, 40, 80, 
160 fi,- /c • B OT,11811!,HliX Ony118RX 6B11H ,Jt0Jl011HH­
T811:LBO f:CJJO/Il,80B8Hll e~e T,PH 8H&qesu: IOO, 120, 
140 fia,lc. 

BapUl)OB811JICl, T8Kll8 B ssaqesaa: CT8pTOBOfl pe-
8KTBBHOOTB .J>fO} • Ill)H STOil BO BCBX 01lyq8RX 068--

CJJ811BB81100E, yD11OBH8 J'(O) +fa~ > JJ,,,uc , 
B xaqeoTB8 HCROMYX Jl8pBM8Tl)OB IIMJJYllC8 pao­

OMSTPBB81ll!CE, 0118.nyDll.118 B811HqBHH: v, - 8B8pro­
BB.It8X8BB8 B 6BO'l'l)OI qacTB (.Ito Jl8pBOro IIIIBHMyYB 
Ba "Xl!OCT8" JDIIIYJll,08); Y,,_ - JJOU08 9B8pr0BH,Jt8-
Jl8HB8 (p&OIJBTH08 Bp0IUI - B8Clt01Jl,KO OOT8B lll!1lllB-

08JeyBJt OT Jll!R8 JDUIY'J.ll,08), 8 - JlOnymBpHHa (up.1-
H8 sa JJoJyBHcoTe} ; ..., - nep.10.n pa8l'osa; ( .I' ,.4 .._ -

-p•t } - 118KO.IDl8ll8811 P88KT.IBIIOOT:L, ,JlOCTHr88M81l 
DP.II UHBIBOM BBOltB • YK888BBB8 B8xnll.1Di, a T8R­
ll8 Jll)0.18BOltBH8 OT BBX OTBomesu Y,/v... B 9/-e­
,JtlR P800110TP8HllHX B paoqeTSX CHTYSl'.(.111 Jl,P8,JtOT8B--
18Bli B Ta6x.3. lu: 6oJll,lllel eara~ooTB ~ mm­
Bl:IX ~OHBm.llliX 88BBCHIIOC'l'81 (raux, K8R 
Y.J(V'), YJ(J'), B(j,), 1',..a.,,c<V') ) npe,JtOT8BX8B T8RU 
B rpa~eoxol «,0Jille ea pac.I:.-4. 

lloJ1Y118BHH8 pesy.JlHBTH k108BOJJJD>T O,Jt8.ll8U BB­

BO.JU,1, B8JDIH8 ltllll Jll)8RTB118CROfl P88Jll!S8IUIJI re­
B8,P8IUII JDIIIYllCOB EP-l B p8UM8 11J188IBOro BBO­

lt8 l)88KTBBHOCTB D,PH sa;u;qaB OlllBOro BOTOq­
UK8. 

3B81J8Bllll BBJlBqBH V6' B .P.,..,a,.c 0Jll)8,Jt8JIJDli'OR 
B OOBOBBOII OKO.POO'l'Y BBOlt8 p88KTBBBOCTB .I 

C.ll86o 88UCRT OT saqa.u.eol NOIIIBOO'l'B JI OTB.PTO­
Bol ,P88KT.IBIIOCTJI. IIp.a 6onux OROl)OOT.RX BBO.It& 
p88ltT.IBIIOOTI TO ll8 MOllBO CK8S8U .I O Y,. ,OJUl8-
KO DP.II YJ,18Bl,ID8H.IJ.II OROpoCTB 88B.ICBNOOU Y~ O'l' 

r.ne t - TBKYlD,88 B.PBMII B IU!KpoOBJ.tyB,Jt8X; II JO(O) H P(o) OTSBOBJ!TOR ssaqHT81WfOfl • 



p(o!, ir, PfoJ, 
/32t /3~/C Br 

0,20 IO I 
0,20 IO 5 
0,20 IO 25 

0,25 IO I 
0,25 IO 5 
0,25 IO 25 

0,IO IO 5 
0,037 00 1 

0,20 20 1 
0,20 20 5 
0,20 20 25 

0,25 20 1 
0,25 20 5 
0,25 20 25 

O,IO 20 5 
0,049 - 1 

0 ,20 40 l 
0,20 40 5 
0,20 40 25 

0,25 40 1 
0,25 40 5 
0,25 40 25 

0,12 40 5 
0,066 00 l 

o.~o 00 l 
0,20 80 5 
0 ,20 80 25 

0 ,15 00 5 
0 ,090 00 l 

O,Ib lCO 5 
0 ,18 120 5 
O,I8 140 5 
0,20 !60 l 
0,20 160 5 
0 ,20 160 25 
0 ,125 ~ l 

Ta6aan;a 3 

HCXO,JUIJ,l8 ,ll;81U1lil8 B pacqeTH!:,18 D81)8118Tia,I nury.U.COB 

p;enead .llPB n.BB8flBCM BB0,11;8 (I3) 

Y5, I . Y..,, Y&IY,. B I 'l' 

:n911ARd .MKC 

"'0,46+I7 l,62+I7 0,28 345 III 
0,45+I7 I ,6I+I7 0,28 390 I20 

"'0,44+17 l,6I+I7 0,27 440 I33 

~0 ,45+I7 l,83+I7 0,25 340 IIO 
0,45+17 1 ,83+17 0,25 390 121 
0,44+17 1,82+17 0,24 440 133 

0,44+17 1,01+17 0,44 396 122 
0,37+17 0,60+17 0,62 467 122 

0,54+17 I,78+17 0,30 193 70,2 
0,56+17 1, 7l+I7 0,32 200 75 ,2,. 

0,52+17 1, 77+17 0,29 222 81,6 

0 ,54+.L 7 ... , 1 ...... 1? 0,26 I88 70,1 
0,56+I7 2,1o~r7 0,27 205 74,6 
0,53+17 2 .11.J+:;:, 0,25 223 82,6 

0,56+17 i, CY:,-. 17 0,5I 207 76,4 
0,48+17 0,76+I7 0,63 239 75,8 

l ,02+17 l ,88+I7 0,54 II5 45,3 
0,93+17 1,87+17 0,50 124 48,4 
0,83+I7 l,87+17 0,44 132 51,8 

1,03+17 2,23+17 0,46 II6 44,8 
0,93+17 2,23+17 0,42 l2I 4?,8 
0,83+I7 2,23+17 0,37 132 51,9 

0,92+17 I,42+!7 0,65 I24 48,4 
0,74+!7 l,09+17 0,68 I38 48,I 

2,43+1? 2,88+1? 0,84 ?3,0 29,4 
2,l5+I7 2,~+I7 0,82 77,5 3I,5 
l,9I+I7 2,42+!7 0,79 8I,5 33,I 

2,14+17 2,54+17 0,84 77,7 30,7 
l,70+1? 2,04+I7 0,83 85,5 31,I 

2,94+I7 3,32+I7 0,88 66,9 27,0 
3,85+17 4,23+!? 0,91 60,I 24,2 
4,82+!7 5,20+17 0,93 54,5 22,0 
6,72+17 7,II+l7 0,94 47,8 19,2 
5,94+17 6,32+17 0,94 50,1 20,3 
5,21+17 5,59+17 0 ,93 53,0 21,5 
4, 75+17 5,10+17 0,93 54,2 20,3 

B/7: J'_ .. ., --8.;, .s..,, 
3,II 0,039 
3,25 0,037 
3,3I 0,035 

3,0S 0,039 
3,22 0,037 
3,31 0,035 

3,24 0 ,037 
3,83 0,037 

2,75 0,052 
2,76 0,049 
2,72 0,047 

2,68 0,052 
2, 75 0,049 
2, 70 0,047 

2, ?I 0,049 
3,!5 0,049 

2,54 0,069 
2,56 0,066 
2,55 0,()53 

2,59 0,069 
2,53 0,066 
2,54 0,063 

2,56 0,066 
2,87 0,066 

2,48 0,094 
2,46 0,090 
2,46 0,086 

2,53 0,090 
2, 75 0,090 

2,48 O,IOO 
2,48 O,I09 
2,48 O,II8 
2,49 0,131 
2,47 0,125 
2,46 0,120 
2,67 0,125 

II.PH Me tr a H .0 e. 3aDBCI> BB.Ila 1,62+17 oasaqaer l,62,1017; aaax ""'" oa&naeT,'l'l'O m,p;eH-
HHS Y4 Cll,8/18HO D.P.0611H3B1'8nl>HO BS-98 OTCj'TC1'BM IJ81'KOrO MBHJDCYM8 HS DIDf.U.08; 1f•00 - D.PB6uae-
mte MI'HOBBHHoro CX8tfK8 .P88XTBBIIOCTB. 
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ConoOT8Bll8H.B8 ~ B 8 O.P.B r8H8.PJJ.POB8HH.B ~ 
nylll>OOB B pell.l!Me 11.BHeftaoro BBO.ll8 .B MI'BOB8BHOI'C. 
CI<B'lKB, o6'.!,e.ll.l!HJi8MliX O.IIH.BM ssaqeaseM MBRO.BM811&­

Ho pea11.BsyBMoA peaKTBBl!OCT.B .l'N~•c , noRBSHB88~ 
qTo Ol)H MI'HOB8HHOM CJ<aq]t8 8H8,ProBlill8118H.B8 88-

CKOlll>KO H.D8 (aa 20-25%) , a nonyuuq>.BH8 60lll>W8 
(Ha 10-15%). J<aqecTBO HMDYJll,OOB (no D8P8M8TPY 
Y,,/Y,. ) 88BBCHT OT .f'/0) H lT .B ynyqmaeTCJi IJl)H 

poCT8 if B D.P.B61U!llt8H.BB .J'fO) R B811.Bq.Bff8 (p,.,.,,.,.J.,). 

2 

0 so ,oo 
¼}3'/C 

,so 

' .P.Bc.l, 38BBC.i'IMOCTb 8H8l)I'OBH.ll8118H.BJI B 6HCTpofl 
~80T.B .l!MilyJll,C8 QT OROpoOTB BBO.ll8 p88KTHBHOOT.B 
t .f/O)= 0,2A,r. l - Pfo) = l Br; 2 -Pro)= 5 Br; 

3 - PIO) = 25 BT 

0 50 100 fjQ 

V,fl~ lc 

P2c. 2 . 38BHC.BMOCTb M8KCHM81ll,HO p8811.B8Y8MO! pe-
8KT.BBHOCT.B OT CK~CT.B BBO.ll8 ~88KT.BBHOCTH (p~/= 
= 0,2)3,9 ) : l 3 _ f~(o) ~ \f:Bi, - Pio)= 5 Br ; 

IlpH O'Al!'HSKOBO! B811.Bq.Bff8 p8811.B8Y8MOI peaK­

T.BBHOCT.B_p,.,QKC .BM88T M8CTO COB08.ll8HB8 8Cl!IMD­
TOT.Bq8CKOrO D8P.BO.ll8 pasroaa (MI'HOB8HHHA CKa'IOR) 
B MilH.i'IM811DHOrO saaqeH.BR nep8M8HHOro nepBO.ll8 

,PSSroaa ~ ,.,.,~ ( 11.BBBIBHA BBO.ll). 0,IIH8KO. K8K 

c nenyeT HS pec.4, q,yH.KU.BOH8llH8R SSBHC.i'IMOCT!, 

OTHOW8HM ~l~,.,u.H OT B811.Bq.BHH OTHOW8HM 
Pf P ,.,,,_H ( T8Rylll88 P .e M8KCRM8/lbH08 P,.,a.,,c saaqe-

HM MOIIlBOCTH p88KTOpa B XO.ll8 ,PSSBHTBR HM-

DYJll,CS) l!IM88T CllOl!Uiliit X8p8KT8p, Ilp.B DpoB8.ll8HlilJII 
8KCD8,P.llM8HTOB, CB1i38HHHX C H8M8p8HH8M D8PHO.ll8 
't' , aeo6XO,ll.BMO yqHTHB8Tl,, qTo 06118CTl, CYJ118CT­

BOB8HM nep.BO.lla, 611.BsKoro K ~,.u~, orpaaHqeaa 
.llOBOlll>HO ysKRM .BHTepBanoM saaqea2a P!PMAKc. 

2 6 

+oo 5 l:, 

2 4 
:, 
~ 

300 
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"' V "' 'f ct> 
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Cl:,-200 
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2 >-.;; 
100 
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-i p·J3~,,,a JJ 3, 

P.Bc,3. 3aBHCm.locTl, 8H8l)I'OB1,1.ll8118HHR B 6HCTpott 
qaOT.B BMDYlll,08 H WHPBHH HS DOJiy'BHCOT8 OT MSK­
C.BMBllHO P8811HSY8MOfl ,P88KTHBHOCTH: I - PIP)= 
= 5 Br, llHHelHHI BBO.ll P88KT.BBl!OCT.B; 2 - MI'HO-

B8HHHA BBO.ll peaKT.BBHOCTH 

0 '-:'J-'--,:;--'-:,-......1..-'--......I..-L--L.__J 
10· ,o-7 ,o·• I(;• ,o.. 10· • ,o-2 10·• , 

P/P,..,KC 

Pac ,4. HsMeaea.Be oepHona pasroaa B npo~eoce 
cf>o~POBSHM RMDylll,C8 ll8118HHI: l - /5/o) = 5 13T. 
V = 120.,89',lc ; 2 - P(o) = 5 BT A 1T = 80fo.,;/c ; 

;l - P(o) = 5 BT, V-= 4u.,l3~/c 

3 a K 11 D q e H H e 

Ilo~TB8p:!t,118H8 3(pp8KTBBHOCT!, aeCTRo-ycro~qe­

BHX M8TO~OB repa H npH pemeHHI yp0BB8HHI KHH8-
THKH li!Mnyncsoro R.llepaoro peaKTopa. MaWBHBoe 
BP8MII cqeTa 0.llHOro HMOYJll,08 .ll8118H.Bfl peaKTopa 

EP-1 n o BPBMBHH - t,.wc ... 20C MC npe HS llH'lBH Ko-
11e6aed MOlllHOCTH HB 11XBOCT8 11 HMDyllca COCT8B­
l1118T t,8 ,.. ~ 2 MBH ea 3BM E3CM-6 . Ee 11.B xone6aH.BR 

MO~OCTH OTCYTCTByDT , 'lTO BM88T M8CTO npH 6om. 
ID.Bx oepzonax pasrose, xorna rameame peaKTBBHo­
CTI CTSROBBTCH npaKT.BqecKB 683HH8Pll.BOHH~M. aifr 

13 ~8KTIBHOCT!, M8T0~8 CYJ118CTB8HRO BOSpacraeT. 
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H8j"J8H l)li.II, BOIJl)OCOB, CBll88HHYX C raaapspo­
B8HB8M BMDYJll,COB ,Jt8118Hd B 6YCT,POM HMIJYIU,CHOM 
p88RTOp8 C Cyill8CTB8HHO BH8pl.'(.IIOHHYM ramaHBBM 
peaRTBBHOCTB DPB yc110BBB 1lllH8flHoro BBOM peaR­
TBBBOCTB. Ilp• 8TOM CT8pTOB08 COOTOJIBB8 p88RTO­
pa xapaRT8pB3Y8TCR 8011MDTOTHqecKJIN HaqauHYM 
D8pilO.JtOM pasroaa I aaqau.eofl MOIIIBOCTl,I), COOT­
B8TCTByDll81 CBJll,BOyY BCToqamcy HBIT,POHOB. C,1te­
n&HY BYBO.JtY, BSDY8 .1t11JI DpBRTBqecxol paausa­
I.UI.B reaepausB 1DUJY.lll,COB )t8118Hd B p88KTOP8 E~I 
B p8UM8 UHelHoro BBO,Jt8 l)88RTBBHOCTB DPB CT8.P­
T8 C aaqam.aol IIO!IIBOCTB. 
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PAC~TH0-3KCIIEPMIIEHTAJII:HOE HCCJIFJlOBAHHE PEAKUIDf 
C~CK00 B3Pl:ffiH~ KAMEPll 

A.H.A6SKyll0B, A.C.JJ.y6oBlWI, A.B.IleBSHU}U!ill, A.II.ToJioqKO, 
B.II.CoJiom,eB, l,B,CrpaxoB, D.r.lllimloB, A.A.YqaeB 

Ilp• •ODOlllOBSIUI• q1onBHHO! NBTO.IUIKJI, OCHOBSHBOI 88 TBOPBB o6onoqeK 
HDS TDl)m8BKO, romaarpBB88TCJI p88J<IUIII c!l)epB118CJtol B8PIBKOI RBM8,llli,HB­
OTpoha paoqeTBO MO,ll;811.I .Il1ISI ODBCSHU DOB8.Il8BU ROHJtp8TBol B8PYBHOI Jt8-
M8p,I O y,18Tc»i lUIBSIOlqecml DOTBPB yoro!qJBOC'l'B 00~80TB1.IJl8TCJI C DOMOmY> 
CD8lt'l'p81l>BOro 8B8088, B Rn8C'l'B8 11apaH8Tpe BSCTJ;)OW pa.nae111,eol 1J8CTO­
'l'Y CIYS-IT _peJUIJ'C Ol!iep•qeoxol DOB8pxBOOT•, 8 .Il.llll OD8KTP8 BBrB6BYX qacTOT­
TOJIIIISB8 06010m. Pesyn.HTY paoqere OpaBHBSll'l'CJI C 8KOD8PIDf8BT81ll,lillMB 
.IlBBBJnOI. 

CALCUL1TI011-EXP.ERIIIDTAL ABALYSIS OF SPHERICAL EXPLOSIVE CHAMBER 
RE1CTI01l, A.I.A.BAXO)(OV, A.S.DU13OVKIN, A.V.PEVNITSKY, A.P.TOLOCHKO, 
V.P.SOLOV,EV, D,V.STRAHOV, Yu.G.SHISBOV, A.A.UCBAEV. The reaction 
of spherical explosive chamber is considered using nUl!lerical technique 
based on Timosbenko type shell theory. Adjustment of calculation model 
to describe the behaviour of specific explosive chamber with allov1ance 
for dynamic stability loss is accomplished by means of spectral analysi& 
The radius of spherical surface is used as radial frequency adjustment 
parameter and shell thickness is considered for bending frequency 
spectrum. Calculation results are compared with experimental data. 

B 1180TOJUll88 Bpel,Ui IIIJIPOK08 nplllll8H8D8 B T8X­
Hlllt8,B TOM 1Dlo.-& BB o6JraoTI! peaRTOpoB,H8XO~T 

ocJJepneODe B8JHBHH8 Jt8M8JJ,l(o6o.m"lKll[)IIHOropa-
80BOr0 BOilOJil>SOB8HBS{,pe(SoT8Dllil8 B YCJIOBIUa BM-­

eyJIJ,OHHX Harpy80K npa ynpyrow .necI>op.mpoBamm 
vaTepH8.1[8,l'aue 060.11011D ~e Boero JmJISmTOJ1 

'l'OHKOCT8HBHMlll C OTHOOZT8JI1,BOI To.mitmOI h/R < 1/20 -
(Ii.- TOJilllltH8 ..,.B - ,P8.Illi'IY o ope,JtHJmol no Be pmoon:) • 
Hx Jl8r0TOBJI8D8" Oaylll8OTBJUi9TOll OBapKOit ZS m'!Br 

noBalUIHl'. Jl8Il80'1S0B.O6Jma'l'8J[5BHI( 8Jl8N8HTOM ,mng. 

8'1'011 r0PJ[0BZBB O JtpYIIIKOl,Ha.lnNB:8 H8COB8p!l8BOTB,­
O1UJ88HB'RX X8lt C ll8r0TOBJl.8HlteM(OT1UlOH8Hlt8 OT 
ocJJepnHOOTlt,OB8pHH8 mBH) ,TBK lit O KOHOTpyK'l'D.Blr 
MIi ooo6eHBOC'fJOOl(ropn:oBJIB8 0 ltJJ,llllKOI) ,B8.Il8T Jt 

TOl(Y,~'l'O ~8,RallUOO~ 6H O;itllH8ltOBO zaroTOBJl8H­
HH8 060.1oim:a,11oryT OTJDASTI>OJI O.ItBS OT ;u,yro! B 

OB0811 IlOB8~8HD 1Ipll maJyJil,QBOM earpyaemm. 
B 1180THOOTll,8TO R8088TOJI Bp0118HHOI aamtOm.!OOTl! 
~ell)o~ BB llOB9plr:HOOTlt 060JIO'llGI. 

6usu Jt PB.IlBB1WIOI qao,ore. PocT BMD11JITY.11Y 
1sra6eol (f>opm D,POIIBIS8'l'CJI B IUIRJIBqeo.KCM DOBY­
meHBI BMDU'l'y,I(Y .Ite!l)oll(BIU!I B,nOKBllBHX aoeax 
b6onoqu, B Jt8qeoTB8 D8P8118Tpa, X8l)8KT8pB8yD-
111ero 8TO'l' J;)OC'l', o(Syqeo pacOM8Tp.lYB8DT R08(fq)B{U!-
8H'l' paoJtSqKIJ [ 4), paBR!ifl O'l'HOmBR.Bll M8KO.ID48Jll,ff0 
.ItOOTll'ffYTOA BMDJIHTY:nY Kone68B.BS K 8MI111Jl'l'Y,l18 IO­

ne68R.BS D8pBoro D8PB0~8 88 ~Jl8,ll;lCOI qacTB 060-

IIO'OO'l. CorJISCBO (4], xapaKT8p p00T8 BMDJIBTy;llY 
!IOJI868BIIUI 88BBOBT OT p80D0Jl0&8BIIUI ,PB.IU!8llBOI 
~SOTOTH B BHT8pBSne 6.lll81I8llt8m!X BSrB6HHX qao­
TOT. IlOBTOIIY DPB yr:tzyOJIBBHOM BCCJl8.IlOB8HIB K8Z­

.ItOI KOBK:tl8TBOI o6onoqJtl! C y,18'1'011 88 ,IO!HSMJJqeo­
KOI aeyorolq1raocTB aeo6xo,IU!Mo, qro6H paoqeTH8Ji 
MO.It8ll 6YJ18 oorJIBOOB8H8 0 pea111,sol o60JIOqJtOI 
RBK DO PB.IlBBJU,BO! ~80TOT8, TSR B DO BBrB6BHM 
qaoTOTSM, 611J18Jt.lM I< ael. 

B J<aqecTB8 pea111,eofl o6onotra.B pBOOMOTPBM ~ 
pJJqeo:Kyl) BSpYBRyJ) KSMepy C BByTp8HRl!M PB.IlBYOCM 
1? a.. = 130 CM H TOJlDl,JIBOI o6onotra.B It= 2, 5 CM. Ka­
Mepa, HM8DIJ,8H B8pxHDl B BBZHD> ropJIOBBRH, B8-
rOT8BJIBBSnac~ DYT8M CB8PKB OT8Jl~BYX mT8MDOB8H­
BHX Jl8D8CTROB. Harpyz8HB8 KBMBPY 0Cy!lt80'l'B.llll-

Kax DOJt888HO B llS,1(8 pa6or [I-4), DpJJOYTOT-
3)18 B o6ono1"t8 ee•a68llBYX B800B8p!l8BO'l'B DPBBO­
UIT Jt ,JUIBSMJ1qeo1t0A DOTepe yorohnoCTB Clllll8T­

pJl100:IX P8,1U18Jll,RHX KOJI86aad I J;)OCTY 8Ml!U'l'Y,l1 
onpe.ne•eBBYX BBrB6BYX !l>OIM, qaoTO'l'Y ROTOPHX IS noo~ BS,lllBOM BB (Tr 50/50) , DOM81!l8BBOro B ee 



reOM8TP.l!q8CKOM 08HTJ;)8. B xo,ne 3XCD8J;)ID(8HTOB 
T8H3CN8Tp.1!,POB8Jl80I, HSJ;)ymtSH DOB8.l)XBOCTI, R8M8pi. 

Il011Y'l8HHSH .llll!fx>lNSil;.M DJ;)8,I1CTSBJJH118CI, B IUl<J),PO­
BOM BH.Il8 ii o6pa6aTl,IB811801, BS :3BM C DOMOID,l,I) qq­
p1,e-SH811i188 .n.1111 onpe.neneau cnexrpa qacror[5). 
PeSy11I,TST1,1 o6pa6oTIU! B BH;ll8 qacTOT, HS KOTOl)YX 
H86111U18110CI, BOS6yir,neHB8 KSM8p,I B cepail ODWTOB, 
DPHB8,I18BY B TS611H08. llu ~8BTH<f>JIX8UKB qacTOT 
BOCDOJU,3Y8MCH qacTOTHYM Yl)SBB8BB8M (6] r118,IU(ofl 
c<J>epaqecxofl o6011o'CJKlll c D;81ll,ll onpe,neneHM mare 
no qacroTe MBz.ltY coc8,JUI.D111 asra6HNIO !fx>IMBM1! 

rn.1l-11•Jp •). •d.2 A2)R
2 

+ {(1-:f'',(fL-2>•~'>-•r>. ·1J>]•o, (I) 
r.ne Jl1•c.hl},rf·JL?/E; t< •rt(n.•tJ; .•.;. 'lr1tll"). 

3,nec1, w - co6CTB8HHSH J;)B,IUJSllHM qaoTOTS o6o­
noqIUJ; E,.f'- B ./J - MO~JU, IJHra, KOS4Xl>,imH8HT 
JJyaooosa a DXOTSOCTI, MST8J;)i18118. 

'tlacTOTl,I o6ono1lltlil np.a no.IU)YBe BB 
p08.llABol M80CJI 

HoMep Mecca 
oma-a BB, Kr .,,21. ~~· i,. .. t 

I I,65 964 I020 I053 II48 
2 5 540 964 I020 I065 II5I 
3 ?,5 580 96? I020 
4 I0,5 590-630 968 I020 I056 II54 
5 15,5 580-630 9?4 I023 1056 II54 
6 20,5 590-630 9?4 1026 1062 II60 

Il,PHBe,I18HH08 qacTOTH08 Yl)SBHBHHB HM88T ,I1B8 
pemeHBR - ne BBTBB qacTOT: B8TBI, qacTOT pa­
~8111,lll,IX ROne6aad ( .12:), cna6o SSBBOJilllYI) OT 
h/R, ii BBTBI, qacTOT B3rB6HYX R0}186SHd ( 2: ), 
Cyt!IBCTBBHHO 38BBcmnyJJ OT h/R. IlpscyTCTBBB B 
o6onoqxe H8COB8p!J8HCTB D.PBBO,I1BT K BOS6YJl,l(eBU 
B Heft i13ri16BNX R0}186aad C qacTOTBMB, 611HSR.llMB 
R qaoTOT8 .P~81ll,Bl,IX R01le6aad. lfcno111,ayH pe­
aynHSTN pa60Tl,I [?] • BS ycnOBM Sl,1to) = Q,2,,._, 

DOnyq.llM 

(2) <;1.,2(0) = 2 (1 •p> , 
llJJH i13rH6HO~ BBTB.0 qacTOT si:,n. 1 

(1) cornacao [6] BMeeM 
D.PB pemeBH.I! 

(3) 

r.ne B:•f[r,,3,,.,...).)- Jff+3;,<~M
1

- +r1-fL)/1,.-2, J. 
B pa60T8 [6] DOR838BO, qTo !'!:;.B:=f-p 1 , D03TO­
MY B (3) T.PBTI,.RM cnaraeM1,1M MOllHO npeae6peq1,, 
TSR KBR D.PB fl. ~,o H MIU 1/20 ero BR118.Il He npe­
Bl,IIDSBT 3%. B .l!TOre .HMeeM 

PemaH COBM8CTBO (2) B (4), DOQ'11al 
lf"2 +~1 n.1tn .,,•. 2(t+,1'} 

B11il 

!Ip.I! J-'•43 

(5) 

(6) 

(?) 
Onpe,ne1ll!M mar no qacToTe Ca~,. ) M8z.ItY co -

Ce,IU!DOI .esr.e6HYMJI <J>()ll(SM.B "' .e n. ., C qaoTOTS­
MJI, 6JUISIWIB K J;)S,IUIS.lll,BOI qaorore. !IOOROlllt,Y 

2!1n.~n-12!tnl •2!2/0111.12 1 fn.) ,TO, IODOD>8yS (4) 
.a (5), POnyqBM Qro1.112

1
rn.1- 2 t, .. .,,,• 11ll! ' ,. 

(8) 

!Io,D;CT8BISUI B (8) BYp&SeHBe (?) PJ;)B ./'- 2 '!3 ,DO­
xy,QIII 

'llaoToTa .f. , cornaoao (I) a (2) 
.18 BYJ;)8Jl8BU 

I 12£ J.-v;T~· 

(9) 

0 JJ.P8,lte U8'l'OII 

(IO) 

ll1IH paccwarp.11BB8MOl/ea11,eol J1CS11ep,1 R -

= I3I,25 CM;£= I,9-I0 ra:o/ml-:P= 7,8 r/o..;3; 
I'-= 0,3. B pesynraTe, oornaoao (8) • (9),IDle­
eu 4/,. = 94 rn. I. = IOI2 rn. ConocT&BJUIJI DO­
.uy,ieBBYB B8UUBY A/,._ B /. 0 .Jl8BBYMJI TS6.llllD;H, 
MOllHO OTMeTITI,, qTOf. - J;)8,JUl8llB8JI qaoTOTS, 8 

i., i,.,, .a J .... ~ - .esr.e6awe qaororu. llu no~­
qeHBH Toqeoro oornacoBSH&R pacqeraoro saaqee.111 
J. C 9KCD8J;)l!M8BTSUBYM /. = I020 I'n Beo6xon-
.,;O DJ;)IIHJIU R = 130 CM. • 

,lLJI.11 Omtoamul DOBe,lteB.111 c<J>epnec1t0I 00O.llO'CJU 
D.P.B .IDIIJYJlJ,CHCII earpyaee•• BCDOll9OB8.IIBO~ q10-
neauas uer0,Jllllt8 [8] ooeo.111MMerp•,moro aeo,aoao­
aa111oro YIJpyronuor1qecxoro .1te<J>()llflll)Oaaau 
TOBXOC!eBHWX KOHOTwmu,I. Onpe,1t9JJJD11t1Dm 
ypaBBBBl!JDOI B STOI M81'0,101K8 .IDUUl-

l)'l'OJI Yl)SBH8BU Teop1.e o6oAoqex TBM T•-
Momeaxo. lJ.ec11eaeSJ1 .PBSJUISSD;BH OCHOBYB88'0,,. BS 
B8ll.1!80KOHBO-J;)88HOCTBOM M8TO,I1e pemee1s. feOMeT­
pnecKSH Be11HaelaocT~ yqBTHBSercs pomaroBOI D& 
pecTpOIKofl cpe~BHOI DOBepXHOCT.I, 

B paoqeTSX ROUD;eBYe CBSJ;)BYB IIIBY ppe,1tCT8► 

1IHJUICI, B Bwte xonoeBIU Y'fO.llllleeal o60JJ01DUI, 8 
pa6ora yana KJ;)8P1leHBH Kl)YIIIXB C ropnOB.IBOI - no 
CX8Me, npe~OMSTJ;).BB8IIJl81 BX aeCTlt08 KJ;)8Dll8Ble 
~on OCB B.P8Jll8HJUI o60llO'DtB II CB06o,naoe CM8I11e-
dl8 Jql88B ropnOBilHJ,1 .I lqlllllltlll .no MOMeBTS ltOBT85-
T8 B B8Dp&B118BKB, nepnefl.lt.lJCYUJ;)BCII BTOI oca. 

(4 ) I6 llpoBepJta BOSMOUOO!B KOHT8RTBOI'O B881M0,1telCT-



BIil rol)JIOBIIBY O KlJ,IIIKol OOYJll80TBJIIUl80l, Ha l(Sg­

,llOII Bp0M8BBOM mare O'l8H, • B OJ11'188 Jt0Bi'8RT8 
Dl)Oll8BO,IU!.1J80l, ouellta • Ill)OB8,lt81UD,18 l)SOqeTY DO­
R88aU, 'ITO T8Rali MO,ll81J, B88af0,ll8IOTB.llll ro11.110-
!IIIBl,I O lqlmll(OI ,llOCTSTO'DIO XOl)Omo ODBCYB88T 
p88.u.syl) ltal)Tl!By DOB8,ll8RM J98p!,ll¥JOI KSM8l)l,I. 

Bp8M8HBM 88BIIOBMOCTJ. ,ll8IOT:eyllll81 88I'lJY'8KII 

Offl)eA8M.IJ80J. q11CJ18BBlilMB p80'l8T8IOI DO M8TO,lllllt8 
[ 9 ,IO] .JJ:nst Dl)O,ey'R'l'OB B8.lllB8 BODO,U,SOB81100l, 
Yl)8BB8HB8 OOO'l'OJDJIIH Dl)O,JcyRi'8 Tr 50/50 B Bl!,ll;8 

[II] • Bos,eyx p&OO'IJBTHBSllCJJ C .ICDOJll.30B8BII8M 
T86llJ111BOI'O Yl)8BR8Bltfl OOC'l'OJD!ltfl [I2}. 

Ha p11c.I D,Pl!B8,ll8BH l)88YJ!lol8TH p80'l8TOB BBB­
,ll8 8.8BIO.BMOOTB B8rB6BHX 'IJ80TOT OT TO.IIDU1BH o6o­
noqu O R = I30 CM (CDJ10mBH8 11BBU) l]pl sar_py­

&8BBB B8:pt,IBOM BB xanopBitHOCi'!d) II40 RlUln/KI' B 

MSOOOI 5 KI'. Cp&BBBBM 9RCD8P11148B'1'8UHO ll01Jy­
qeBSll8 'lSOTOTH C l)8C'IJ8i'HliMB 'l8CT0'1'8MB, MOJIHO 
On18TITJ. 11X 00Bl]8,It8HB8 ,llns! o6ono'IJRH T01.llllHBOI 
k = 2, 65 CM ( 6ollllll18 88,llaBBOI T0111D,BHY HS 6% ) • 

Ill)OB8,1t8BSY8 ,P8C'IJ8TH l]OR8881lll, 'IJTO B ,ll8BHol 

K8M8,P8 O ,nBYMJ1 .JU!8M8'1'l)SUBO l)SCD0110Jt8HB1™11 rop-­
llOBBHSM.I B8 H86Jlll,ll88TOJI B086yz,n8HBS H8'1J8TBliX • 

(\ rB6BHX 4>Cll4. B 'IJ80THOCT.I!, 118rB6HM 4>0IM8 C tf8T­
~- BlilM BCN8,Pa,f II- = I4 BOS6YJr,11,88TOS, 8 H8'1J8'1'H88 

"":!--- n•t = I5 - ae BOs6yz,neeros (oM • .PJ!O.I.), 3TB _pe-e; ay)ll,TaTH DO.llTB8.Pll,1181lTCJJ BRCll8,P2M8HT81ll,SO. 3nec1, 

~ BOS6yitr;ll8HB8 H8'1J8TBOI (n,1} BSrB6Hol 4>ClJ,IH XS_pe-t· 

T8.PJ1f8'1'CJI oudol (B IO pas Mesme})Dexr_pa)ll,Hot 
llllOTHOCTl,ll MOlllHOOTB, 

.nns aea1U1aa 11aKCm,mueo peauaye~x .ll8410.P­
Me~ R8M8l)J,I 88 ,PRC.I D,Pl!B8,ll8HH SSBBCBMOOTB OT ~--fJJkJ 7 

f/XJO 

951 

9fJfl 

T01IlllHBH h R03(M,HI(l8BTOB p8CR8'1JRH M8l)B,llBOH8lll,­
BOI B K01Wl8BO! ,ll8(pop.!8IliJB ( "c,, K~.). lfa pi1CYH­
Jlt8 BB,ItBO, 'IJTO M8KCZM8Jll.R08 SH8tf8HB8 RO~~BH-

TOB p&CK8'1JM Kt, B -\,. ae61.IJ),l(e8TC.lt B o60JIO'IJR8' 
y ROTO,POI 'IJ8CTOT8 'IJ8TBOI BSrB6Hol 4><>INH 61.mBKa 
R P8.JU!8Jl1,BOA, 8 MMHllMSJ11,H08 3HalJ8HM8 - B o6o­
llO'CJK8, Y KOTO,POI 9TB 6/lBSOOTE, Dl)ORJ311.lt8TCS ,llJI.lt 
'180TOTH B8'18THol ssr116aol (po_p,m. 

C U8JlH> DPBB8,ll8BBS B 60JI88 DOJIR08 COOTB8TCT­
BH8 ,P88Y1ll,T8TOB pa0'18T8 0 8KOD8PBM8HT811J.Hl,IMH 
,ll8HH!iMB B806XOro;!MO y'IJBTliB8TJ. H861llll,l{S8M08 B 

8RCD8,P.0M8HT8X ,llBMDg)MJ;>OB8HH8. IloOR01ll,xy B pao­
'IJ8TBOit MO,n81U! ,n8Mll~li!_p0B8BH8 HB y'<?.0THB88TCR;·llpl,ll· 
naraeTCS 8TO ,ll8118TL KOOB8HHO, Ol],P8,ll811.lt.lt R03q?­

~BIUf8BT 88TyxBBM fa HB 8KCD8,PBll8HT81ll,lll,IX 88-
B.HOJilMOOTSit ,ne4>Cll(8IliJ.li! OT BP8M8H.li'I t , Cornacao 

llJ;>OBe,neauOMy aeausy :K03@Blli!8HT f!, saB.li'JO.li!T OT 
Yl)OBIIJI Har_pysu. YMHOllt8JI P80'1J8TH1'8 ,ll;841()p.!8IliJB 
OT Bp8M8HB Ha B81lB'IJli!HY e-ftt , MOlKBO DOlly"rBTJ. 
HBROTO.PYJ) JDUITalliJJ) .neMD{tlBl)OB8H.l!R R011868HHR o6o-
11011l<.1!, oornaoyD!lyl)cH C 8KCD8,P.l!M8HTOM. 

B Ka'IJ80TB8 Dp.0Mepa ea pzo.2 .li'I 3 npBB8,n8BY 

p83YJIJ,T8Tl,I 8KOD8,P.0M88T8 H P8C'i8T8 no ,ll841()p,!8UBB 
II no 0D8RTpy '18CTOT DPB B811B'IJBB8 l]O,ll;p!,IB88MOI 

Macey BB, paBHoit 7,5 :Kr. Xa_paxTe_p xone6aaM xa­
MB.lll ,ll11.lt .ll8HBOro Clly"rSS BarpyitaHM fll).li!B8,Il8H Ha 
puc.4. 3,ll80l, ll0R888H8 KBHorpaMMS l]OJlOJt8HBJi 060-

noqRH BS l)881lll'IJHY8 MOMBHTH BPBMBHB. 
TaK.HM o6pasoM, ,llJIH ODMCBB.BR: l]OB8,Il8HM cqiep11-

qecxol BSl)llBBO! lt8M8l)l,I C Y'J8TOM .JU!H8MBqeoI<OA ee­
ycroltiBBOOTB npe,nnaraeTcs D,POBO.llBTJ. oornacoBa­
BBB paO'IJ8TBOI MO,ll8JIM O peam;aol K8M8l)OI DYT8M 

24 26 26,5 28 JO 32 
/8 20 22 

lo,r114u.,a., ,..,. 

Puc.I. 3aBBCDfOCH 11ar16swx qeotOT tcnnomawe llBHBll) H R08~.l!tUl8HTOB paCKS'IJRH x~, ii K$1 M8plr!­
AIOB8UBol Ir! lt()lll1;8'BOI .ll*lJll81UUl ( DYBRH,Pliij8 11BB.HB) OT TOJlIIU!HY 05'.lono'IJRH; SRCD8,PBM8HTa1ll,BH8 'IJ8C· 

TOTH (m'1'1>21-,YHRTHPHH8) 

i , nl' ,;,1JT., " 
h11,. H, [I, ,:~ '1: LI.' 

6H6 J1W 1TE_!-:_~:.. -
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HSCTl)OIM qacTOTBoro CD8KT.PB paoqeTHOI M0,I(811B 
e a qaoTO'l'BYI OD8RT.P l)881U,BOI 1WM8P,. B J.Ulq&OT­
B8 nap8M8Tl)EI H80Tpolu l)8,ll;B8.lllBOA qaoTOTY BC­
no,u,syeTCJl _p~c. a ;o;M BBrB6HYx qaoToT - m­
l!U'IHB 0601101UUI . JJ:M BSP,BHYX K8M8l) 0 ~ ,JU!8-

M8Tl)EIJU.RO l)EICDO nOlleBHYwt ropnoB.a.BSMB seqer­
HY8 28rB6HY8 ~lMY D.PSRTBqecu H8 B086Y1f,IUll)T-
0Ji, IlpB ROne CSaeu R8M8l)Y HS 'IJ80TOT8X,61.IB81U!X 
R qaoTOT8M 9THX .HSrB6HYX ~IN,R09CM>B1Uf8BT pac­
RB'IJKS MHH.ilM81Wlliit . I!OJiy1i8BBM pacqeTHSJl MO,I(S,U, 
MO&ST 6YTI, .ICDOJI!,SOB8B8 ,I(JlJI Dl)OB8,I(8H.wi nporeo-
8Bl)YDIUJX pacqeTOB. 
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0 CTAEHJIHICX.:'ffl HEKOTOP!i.X KPl1TEPHEB rJP01.JHOCTI1 C1EKll.OllllACTID<OB!iX 
TPYE ilPH BHYTPEHHEM W,fflYJllCHOM HAIPYlKEHIDi 

O.C .Bo_poauoBB, M.A.CwpyHHH, A.l'. ~ .nopeaxo, 
B.H.UlinxHH, H.A.EH1Il:lR, A.f. HBaeoB 

IlpHB8.D,8HY p03y1ll>T8TY 8KCD8pli!M8HT81ll,BYX HCCA8,ll0B8Hl!fl KO!kW>l!IUl8BTOB 
BBPH8UHH npe.D,8}11,HOfl .D,8ql()p.!8UHH H DP8.Jl8.lll,BOit H8rl)Y8R.11 IJ.B.JIJIH,IU).llqecxHX 
o6onoqex HS CT8R~OD1l8CTHK8 I cran.11 20 DPH J!MDY1ll>CBOII aarp~8HHH B eop­
Man!>Hoit Bos.nymaoU cpe.ne. 

IlOKaS8HO, tJTO B ycnoBHmt 8RCTl)8M81ll>IUiX .BMfiY1ll>CHYX HarpysoR CT8Kno­
n/18CTIKOBl:l8 o6onoqKH o6 na,nemT 6onee Bl:ICOKOI! , q9M Dl)H CTBTBqecKOM B8-
rpyiK8HHH, npotJHOCT:bll no Kl)HT8l)KI> Dl)8.D,81ll>HOit .neiI>op,taI.U!H H .D,OCT8T0qff0ff 
CT86H1ll>HOCT:bll aroro KPHT8l)HJI. r 

ON STABILITY OF SO!YIB CRITERIA OF GLASS- REINFORCED PLASTIC TUBES 
3TRENGTH UNDER IllTERNAL PUL3E LOADING. O. S.VORONTSOVA, M. A. SYRUNIN, 
A. G. FJ:;DOilliI{KO, V,I. TSYPKIN, ll.A.BILYK, A, G,IVAfTOV. Results of expe­
l:1mcmt~J :wvestigat ion of ultimate strain and ultimate l oad vari at:i.­
on coefficients for cylimLrical glass-reinforced and steel 20 ple.s­
tl c shell s under pulse lc:,ading in nol'llll!.l c\tmoaphere are p:rc. cnted . 
It 1.s :,huwn that uncler extrenie pulse loads glass- reinfor<.:e~ plastic 
shells have A h i ghe•· vltimate st1·ain c;riter1.on strength , "i;'.1a."1 upun 
st,;it1c loadtng, and pos:;ei:;s :rnfficient otab1li1.;i of '.;his <·i·itericn. 

I{• Ml' ~ .'iHt. 1/o'll' .. pl'dJll,I 11c·10.nr,.,Jl:l'i'CH lJ ~):13.Jii{\j­

HblX IIMI• l [•JI 1.(11..'-'- ,,., • J"" •I11c.,1e I10,.(Bl3P,".teHHJDC .$!­

f,(8t,tl,lUl-lC'.J{IA.M H 1.l!'.Y;•N'lM . D•"ll)C l(;)KTllBHO ID{ np,L'l,eHe­
,n,e r.p11 <:: .1u 'i.1111 KnpzycoB 111,uy.;:1,cHIDC pc::in:Topoa. 
Ec.n11 .D..J]f\ TJlcl,U11LV1JHi-!LIX ~1£<Tl:l!Jl1-':lJIO:d ycT,:\HOBJI8Hl.! 

,,nre.!J.P.11eHH.b!e cJoT:i01UJHIIIF. Melltn;y pactre·mw.111 11 

J-IO~c1TIH\Hbl"'111. npo1.ffiOC'l'HliUYJ1: x.,p-11{ Tdpl1CT~11taM11, ','O 

Jlll.9 l< >Mn,,:.i\'!THH:X. M.qTep118JIOll Tp86yerc,q nepOHT:-1O­

''\'Ha:!![ n~ 'Tt;HOBKd p,;i ~'!<J1'0R r: I apO"-O!OC.'h,0C!!OD­

H,1fl l.(C.71 T3Kt'l CJ _µac 1!-' fB COCTOl1T B OII.,. i;icJreH.t!V. 
?epo!'!THO0Tli 1'0ro , 4TO npe.D;eJILJ!Ot? COCTOID!•l0 ue 

(,y I\l:!'J .t',CC'T~HYTO , H B COTIOCTaB..'ld!01r. H8M,I(OHHO~ 

i1.-!pOHTHOC'l'\1 l! 1IO.[X11anum1,1M :rna-re.HHeM. YCJIOmre He­
tc3pYlllel:U!Jl ICO.HCTIJYKJ..!1111 npe.ncT1.1B..11iicTc. • • :an,4e 

Y(«., .. ,t-,> 2 Qt«,, . ·P-• ) - C ( "'-~••, ... , ot,) ;> 0 1 .r,;i;e Q -

H, ;rry ,II{! , ,:_;Y.JJO)l..'IUli:l.I 1, TIJ'.lC,\C.,'11,HO/f.Y COCTO.mn!Ill 

RvHC 't'fY 1.iml. ; c - W,lCTBYJ(Jllc:l.fI Harpy3Ka ; .c, , .... ~ -
t,.l 1J.'JMdTJLI . 

'rrpa flOCTOSlliHOfl 'A8flCTByIJ118fl aarpysxe K0~2-
IU18HT BBJlRBUHR ¢YHKI.1,HR 'f' onpe.nenneTCH Koaippa­
IU18HTOM B8pH81..ll!R npe.D,81ll>HOfl uarpysKR KOHCTpyx­
UHR 1'-" [ l ], Il,PH 3TOM '!° 0Tl)8ll88T H8CT86111.l>­
HOCTL K8K M8X8HHq8CKIX cnyqal!HYX X8,P8KT8l)HCTIK 
M8T8,PM8na, TaK H r eOM8TpltJ8CKIX na,P8M8TpoB KOH-

c•ryyim;m , llpli CT8TK"r0CKOl,l H.ar_::lyJKeHID! CTa!U(ap'l'­
HliX o6p83UOB KO!kW>HIJ.B8HT!il B8l)B8UHH M8X8HHqec-
Kl!X CBOflCTB CT8Krun!HliX BOnOKOH B KOMDOSRT8 CO­

CT8B1lRI>T I0- 25% [2], a p836,POC C,P8,llHHX 3Haqe­
HHfl npoqaoCTH, HanpHMep CT8KnOD1l8CTIKOBYX KO­
HMtJ8CKRX o6onOtJ8K, ll.OCTHI'88T 30% [3] . laHHl:IX 
0 KO~BI.U!8HT8X l'8PH8I.U!H M8X8ffHqecKSx CBOIICTB 
CT8KJlOOnacTHK8 npM .D.HHaMHqecxOM Harpyiit8HHM 
ITp0KTltJ8CKH B8T, 

ij91J.1, B8CTO.f!IQ8ff p860TY - DOn:ytJRT~ OU8HKI K0-
3ippHIU!8HTOB BBPB8I.U!H npe.nenLHOR aarpysKB H npe­
.D,8}11,HOR 'AE$).IJ,f81U!I CT8KnonnecrHROBYX ll.H1U!H,IU)H­

qecKBx o6onoqeK npR BMDy,u,csoM aarpygenss. 
IlpB Har~8HHH I.U!nHH;DJ)HqecROR o6onotraB B3l)~ 

BOM c~epsqecKoro 38,PIUl8 HSBYTPH OCHOBH8$i -­
ny1ll>CH8$i uarpysKa cocpe.noroqeHa B soae npoTH­
llt8HHOCT:bll H8 6onee .D,H8M8Tpe o6ono'IIUI [4J. IlpR 
8TOM B03MOl!tHH .D,B8 THD8 paspymeBBH: paspymeHH8 
B ~38 paCTJflt9BH.fI, Korna DPR pacnpoCT,P8H8BRB 
pa.n1a1J.1,Horo HMIJyni,ca no o6onoirae Bee ueeT­
pa,u,sol qec TR o6pasyeTCH BcnyqeHHOCTL, paBBO­
M8l)HO pacnpe.nen8HH8H no .D,1U!H8 OKJ)y&HOCTH; pes­
pym8HR8 se cqe T .IUIBaMHqecxoll norepa ycrolqeBo­
CTR P8.D.H81ll>HYX OC8Cl!MM8T,PRqHHX Kone6aal!fl H ne-

20 ,P8XO'A8 aaeprHH Kone68HBI B H3rH6HYJ) qx>.INY, IlpH 



8TOM ,ll.PIH8MRl'J8CKl!8 ,n8\P()IMBUZ.II ClltST.08 B KOJl808-
T8Jii,BOM npouecce orpaH.1fqHB8DT H8CyI!lyll cnocoO­
HOCTb CT8KJIODJlaCTHKOBblX 060JIO'i8K [5]. 

Paa:pymeHH8 B 4)888 .PSCT08HHJl'. DPC>HCXO,ll.PIT nl)ll 

,noOTHllt8HHJI npe,neJU.HoA KOJlbU8BOA ,neq>op.!SUZH 
et "' 4% [ 5' 6]' .P88.PYJll8HB8 BToporo Tl'IDS - ll.PH 
Et"' 1,5+2 ,5% B 88BHC.0MOCTH OT OTBOCHT8JlbHOA 
TOJIIIIRBH o6onoqex [4,5] • 0.IUiHM .11s nyrea nonHo­
ro HCDOJ1b80B8HJIU[ H8CYI!l8ff cnoco6HOCTH CT8KJIO­
llJlaCTHKOBHX 060110qex KBJIH8TCH Or.PSHH'J8HH8 .ne­
qx>p.rauztt ClKBTM! HBDPHM8P, DPH m.1ny,u,caoM HB­

rpygeHBB CT8KJI08llOKCH,ll,Hl:lJC o6onoqeK (6] ,ll.PIHBM.0-
qecKHe .neqx>IMBUHB ClltSTIDI BCJI8,nCTBH8 H8J1.11q.0JJ BO­

.IW B DOJIOCTH o6ono<reR He DP8Bbllll.81lll I% .II paapy­
meHH8 HS-88 noTep.11 ycroffqHBOCTH H8 npoHCXO.nHJIO. 

qT06bl DOBblCllTb conpoT.IJfBJl8HH8 060JIO'JKH paa­
B.0THD HSrH6Horo ,nBHllt8H.l!JJ B COOTB8TCTB8HHO 88 
npoqHOCTb, CT8KJIOD11BCTHKOBy:TO o6onoqKy DO,nKpen­
JIR'JI.II HSHyTpH CTBJU,Hoff. B pesy,u,raTe .es-sa He­
COBna.neHM qacTOT KOJle6aHHff o6emc o60JIO<JeK H 
pa60Tbl CTB,U,HOA o6onotraH B OOJISCTH nnaCTH<rec­
KilX ,neqx>Jl,1BUZff R08<ppHUH8HT saryxaHM Yl38Jl.ll'JH­
BBJICH,H .PSSBBTH8 HB'iSJlbHblX HeCOB8pm8HCTB q>C>Jr 
MH H8 Dl)OHCXO,ll.Pl1IO. 

ITp.11 _pemeHH.11 88,llaq DPO'iHOCTH Ha,neJI.IIA B Be­
:poliTBOCTHOA DOCTSHOBK8 KOMDOSHTHblff M8T8p.08JI 
npe,nCTBBAAeTCJI COCTOJ'IIJU!M .113 pH,na 0Jl8M8HTOB (Ber 
JIOKOH HJUI CJI08B), M8llOJ.Y KOTOpHMH npo1rnxo,ni1T ne­
P8,PIIOD.P8.neneHB8 Harpyau DPH pa60T8 KOHCTpytt­
UHH. IlpH 8TOM npouecc paaJ)ymeHBJl'. paCCMBTPBB8-
8Tc.R'. BO BP8MeHH,H 4JYHKIUIH .PSCDpe.neneHM npoq­
HOCTH KOMD03HTOB annpoKCmffl.PyJOTCJI 8KCDOH8H­
UZ81I:&HHM .IIJIH Beff6ynnoBclOIM pacnpe,nen0H.00M [IJ. 

Ilp.11 HMIJY,U,CHOM BOa,neACTBH.11 Harwsxa DPHKJla­
,IU:iB88Tc.R'. sa OTO/lb KOPQTK08 B.P8Mli, 'JTO nom1oro 
nepe_pacn_pe,neneHHH ee Meir,ny sneMeHTBMH ae npo­
.11cxo,n.11T,R TOMY ie YI3en.e'i.11Baerca qacno cnyqaa­
HHX ~KTOpOB, CO!MeCTHOe ,neACTB.lle KOTOPYX H8-
l)JI.ItY C DPO'JHOCTI,J) KOMD08HT8 on_pe,neJIHeT Dl)O'J­
HOCTL KOHCTPYKUB.11. Bee 8TO DPHBO,IU!T npH .nasa­
M.ll<JeCKOM aarpyi,:eHHH R 88KOHY paonpe,neJI8HHH 
npoqaoCTHblX CBOICTB, 6JIH8KOMY K HOJM81ll,HOMY, 
ROTOpoe 61,1110 BSHTO B KB'ieCTBe annpoRCHMHPYJO­
Dt8ro. 

06.PSSOBHB8JIHCL TPSIIIHHH H paspHX118BHH. Kal!,ZJ;aJl'. 
o6onoqKa HSrpylltBJIBCL TOJILKO o.nHH pas. 

06~BKT8Mlrf HCDHTBHHl HB11HJIHCL CB060,nHbl8 UH­
'1.BH'Al)HqecKHe CTeKnonnacTHKOBl:le o60JIO'iKll,B K0-
1'0pl,18 6es sasopa BCT8B11Jl:JIHCL CT811DHH8 06011oq­
R.l! (cTaJlb 20) . ci-exnonnacr.11xoBl:le oOonoqKH 6H11H 
H3rOTOB118Bbl M8TO,nOM "MoKpoA" HSMOTRH PQBHHra 
PBMHI0-1260-80, Dp0DHT8HHoro CBHSyJIIIHM SnT-10, 
11:epe,nyIDU!MHCH J<O,U,UeBblM.11 H CDH.P811Dlil,IMH CJIOJl'.MRI 
(':f = ±350). 

Bee HCC118,nOB8HHble 0601IO'iKH 6HJIH 0,!UiOTHDHbl 
H HM8JI.II l)83Mepbi: BHYTP8HBl'IA PB.IU!YC R = 150 MM; 

cpe,nHM TOJIID,HH8 CT8RJIODJIBOTHK8 o; = 8 ,5 MM, 
M8CC8 Cl'8JIH 8 ,5 Kr. Onpe,neJIJlruJ M8RCHM8'1bHH8 
KOJlbUeBY8 .neqx>IMBnJ.11 06011011:ex B ueHT,PBJlbHOM 
ceqaHHH £?. IlorpemHOOTL onpe~eneHHH BC8X B81IH­
q2H ae npeBHwana IO% . Pesy,U,TSTH ODHTOB D,PHBe­
~8Hbl B Ta6n. I. 0THOCHT811l,H8Jl'. M8CC8 38:p,R;Jta B3IJ,1-
Bll:8TOro B8!11eCTB8 5 - OTHOID8BHB M8COH 38l)JI.It8 
x Macce ooonoqu. 

HOM8,P 
OilblT8 

l 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
12 
13 
14 
15 
!6 
17 
I8 
19 
20 
21 

Ta6JIHUB l 
3RCD8,PHM8BT81ILHli8 aaaqea.l!Jl'. 

napBMeTpoB 

3 t,.. % 
CoOTOHIUl8 t, 10 06011oqx2 nae-
118 ODYT8 

12,5 3 ,56 He .PBBJ)ym8118CL 
15,2 3,95 -"-
17,9 5,05 Paspyma11BcL 
16,I 4,80 -"-
15,3 4,55 -"-
13,7 4,26 He paspymanacb 
15,4 5 , 10 p 88 .PYJ118118 0 L 
15,2 4 ,28 -"-
13,4 4,80 -"-
13 ,I 4,78 -"-
12,7 3,25 He paapymanacL 
14 ,3 4 , 02 PaspymallBCL 
12,6 3,45 He paspymanacL 
14,6 3,94 -"-
15, 5 4,14 PaspymanacL 
16,0 4,77 -"-
II ,3 3,28 He p83J)ym8JISCL 
II,O 3 , IO PaapymanacL 
20,I 3,97 -"-
16,5 3,48 H'e paapymanacL 
16,7 3,45 -"-

IlOCT8HOBK8 sRcnepZMeHTa H M8T0l(l:I perHCTpa­
UHH aaanorH'iBbl OD.IICSHHYM B pa60TB [5),r.e. H8-
rpygeBH8 OC~8CTBM11H B8,l:BBOM B reOMeTpHqecKOM 
UBBT,P8 o60JIO'<IKH C4)8,PH'i8CKOrO 88.l)R;ll.8 HS XHW!­

qecxoro B8pJB'i8TOrO Be!IIBCTBB M8CCOI m. 3a npe­
~8/lbHYJ> D.PBlfl'IMBJ18CL HarpysRa, DPH ROTopol B 
UBHT.P81ll>HON ceqeHHH o60JIO'DO! DOHB11Jl'.Jl8CL OCTS­
TOqHaH ,neq>OJ;MBUHJ!'., B HB HBPYlltHOI DOB8l)XBOCTH 

0DYTH Dl)OBO,ll.PIJI.II DO CXBMe Eep,11y1111H (OTJt83-

21 HBOTKBS) [ 7] .YpoBHH aarpygea.M Bbl6H.PS1111 DYTSM 



B81)Dl!l)OB8HBH M8CCY 88.PR',l(S B COOTBBTCTByJIIUlM 
oo.n6opoM Macey o6ono'!IRB TSKBM o6paaoM, qro6!. 
:paCCTOJIBHB MBll!JlY YJ)OBHJWH d0 R8XO,IU!l10CD B D:p3-
,Il8/I8X ~<cl,, < 2 sj , r,na 5_, - 01.'(BHI<S, DO.ny,l8HH8Si, 
80,PBO,PH. naHHOB YCIIOBH8 HB06XO,IllilMO ,IlM DOC/10-
.IlYD!lBrO 8H8/IH98 MBTO,IlOM EpocTOH8. 3a Jq)HTB­
pd opoqHoCTH CT8K/IOD/I8CTHROBYX 060110qeR 6Y/I8 
DPHHS:T8 npe,Il8JU,HSS: Pa.nB811l>H8H ,Il84)0.IJ,f8l.l,HH c? , 
KOTOP8H 0111160 98BBCHT OT xapaKT8,P8 m.toym,ceoro 
HSrpyJKBHM (5,6]. OneHKI! M8T8M8THqecxoro OlltJll­
,Il8H.l!H "'i. B Cp8,IlH8RB8M)8T.l!qHoro OTK/IOH8RM ¾,. . 
DOJIY"l'8HY M8TO,IlOM ~H,IlYIUl811l>HYX B8p0HTHOOT81 (8) 
.I! CT8THCTHqecRoro MO,Il8M,POB8HM. CyDV!OOT» M8-
TO,Il8 88K1Il)qaeTOH B C/I8JtyDll8M. Ilpa .l!O[ll,IT8HBB 

a/I8M8HT8 B8 i --M Yl)OBH8 ( i = I, .• • , I<. ) B81)0-
HTHOCTD ,IlOCTHllt8H.Hli 01)8,IlBlU,HOro OOCTO.RBBS: 1)8B­
H8 ii• Tor,na oorJlSOHO 6HHOW181U,HOMY paCD1)8,Il8118-
HHD B8l)OHTHOCT» Toro, qro B 1)89Ylll,T8T8 HCIUiT8-
HRli HS i --M YlX)BH8 HarpyzeHHH n., o6p..isnoB r;_po­
HSOlt,IleT ( OTK890B, l)8BH8 

I\ li of;. • "' -t.., 
t;; C, - C,.. </, , ( f -<J,.. ) , 

f!p.1! <pHRCHpoBSHHNX peayJ1J,TaT·ax acowraaii'! (acnw-
raHo n, o6:pa9UOB, OTR838/IO ~) H B8B3B8CTHOM 
3HaqeBHH 1: ,ltSHB08 BHP8~9HH8 DOpQlli,Il88T pacn~e­
,Il8/I8HHe ~,IlyUKB/IbHYX B8pOHTBOCTB~ ,IlllR B8p01!'1'­
HOCTH OTK038 f HS ypoBH8 c, C DIIOTHOCT.W re) 

• <j/•( f - 9,) "'• -l, 
!f<i>~ • • J 1e.(1-ff'' -t, d~ 

Ec/IH ,IlllR Ka~or"o HCnYTST8/IDHOro ypOBHH Ci 
B COOTB8TCTBHH C DIIOTHOCT:b'I) pacope,nenaHHH Y;ri> 
CJIY"l'Saaw o6pa9a.! BH6pau pea/IHSSUHD 9 ' TO 
COOTB8TCTBY][IIU!8 p88'1Rl88L'(H.il H8HSBeCTHl~X ns r,a:.1~ 
p0B .mll , ~. MOlltHO DOJIY"l'HTb, pemast ypBB.'18HB8 

'- ~ r:(a. _..L._J 5t, e-t~2dt/w.2-m,rr. , (I) 
. "' {21f ,. 
t1rf --

2 rn,•2)(n. +3) 
r.na ""1,= rt. +/){rt,-f.+I) - MBCCOBli~ I<03qXp3II,I. 

8HT[8]. IlpoBO,JJ,R: CT8T.i!OTHqec1<0e MO,Il8ru!J)OBBH1f 
(BY6Hpa.11 CJIY"l'Si'!H!iM 06pB90M B8RTOp 9 =( tjy, j » 
.il ,IlM K8ll!Jl01l p8811288l.l,HH f pema.11 ~BH8HH8 (I), 
D011Y'J88M YC1)8,IlH8HHY8 0l.'(8BRH m.z , Sl , no ROT<r-c, t 

];BM 6YII ODP8.Il8/I8H RO:.:MfxIJHUJ!8HT B8l)HBnHB D,P8,Il81llr-
HOit ,Il8(pOIJ,18nHB ~• (OTHOW8HB8 Cpe,IlHeKB8,Il.PBT.0q­
HOrO OTR/IOH8HHJI R M8TeM8TH'ieCROMY Ol!Ul,Il8Hli!D B 
nponaHrax). MaTo~ paa1I.0aoBSH ea aBM IDCM-6.Ilo­
r_pamaocu MBTo~a ~ IO%. Ycpa.nae1me npoBO,IU'lnH 
no 5000 paaimaand. OnaaKa ~. 61,111a TSI<llte oony­
qaaa HSBeCTHYM cooco6oM CT8TBOTBqacROro 8H811H-
88 paay,U,TBTOB BCOYTBH.el HS YCT8/IOCTb M8TO~OM 
CTyneaqaroro H8M8H8H.0.II HBrPY9KH [9] Ill)H BCD011l>-
80B8HHH ROJM811280B8HBYX B81lll'i.0H, qro cornao-

'22 

HO [IO] 8HaqaTelIDHO DOBYID88T TOqHOOTb 01.'(BBOK. 
n/1.11 aToro pasylIDTBTY HCDYTBHD 6YJlll D,P8,IlCT8l3-
neHY B Bane B8,PH8L'(HOHHOro ~a H crpyoDHl)OBB­
HY no YlX)BHHM TSK, KBR YK888HO B TB6n.2.0naeM 
oapaM8Tp0B '"'t~ B s,, oope,ne11eBY DO ~IMY718M, 
nonyqaaMYM M8TO,IlOM M8KC.l!M81ll,HOro D.P8BJJ;OD0~0-
6HH [7] 

r~e S. - H8HM8Hbmae SHaqeH.il8 ypoBH.11, D.PH RO­
TOpoM Ha6mo~aeTCS!' M8H88 qacTYA HCXO,Il (B HameM 
c,ryqaa - H8p8Sl)ym8HHe); a. - paCOTOHH.08 Me,imy 
ypoBHHM.B; N - 0011Hoa qaono aepas_pymeesti; 11.. -

'i80TOT8 co6YTl!.II; i, - HOM8.P YJ)OBB.11 (no T8611.2). ,. 

Ta6n.ana 2 
YpoBHH HSMBHeB.H.11 HarpyaR.H 

HOM8.P ODYT8 
DO TS6n.l II,17 13,20,21,I 2,15 6 

~t't 0,5I, 0,52 0,54 0 ,54, 
0,54 G,55 o.~ 0, 

0,64 

HoMel) 
0 I 2 3 Y,POBHH i. 

3aaqaeae 
ypOBRJl 0,5 0,55 0,6 0,65 

AHanorHqHYM o6p880M DO.ny,l8HY OU8HK.0 KO~­
UH8HT8 B8l)H0l.l,HH Dl)8~81IDHOA y;i,;elibHOI HarpysKH 
'!)"~ •• Cne,nyaT OTMeTHTD, qTo B8M'iHH8 ~ H8 BB­
B81)H8RTH8 DO OTHOW8Hm> R 88MeH8 THD8 BS,PYBqa­
TOrO B8~eCTB8 H Moger CnyJt.BTb K,PHT8l)H8M opoq­
HOCTH TQlU,KO B qaOTBOM CJIY'{ae. Pe8y1ll,T8TY pao­
'i8TOB DPHB8~8HY B Ta6n.3. IlpH B8Mq1aa mars, 
6M8RO! K 01)8,IlHeRBa,IJ.pSTHqHoMY OTKllOHeHHD BC­
one,nyaMOro 081)8MeT:pa, BHS/1.08 E,PDCTOB8 ,Il88!1' ,IlO­
CTBTOqao TOqBYe OU8HR.0 (71. Kax Bl!l,IlBO HS Ta6n.3. 
OUBHX.il, DOJIY"l'eHH1,1e ,IlBywl paauqHWlf MeTO,IlSM.0, 
Dl)8KTHqaoRH COBD8,Il8DT, qTo D0,llTB~88T ,IlOCTO­
B8llfOCT» DOJIY'{eBBYX peaym.TaTOB. 

TaR.HM o6p830M, 1)88yllT8!1'1,1 JI.POB8,Il8BHOro HO­
c11e,noB8HWI DOR88HB8DT, 'iTO B yonoBBIIX 8K0fl)8-
M811l,ffl,IX .BMIJY1ll,0HYX earpysox OT8KnODJl80THROBlie 
o60J10'Dt.0 06118,IlBl)T 6on.ee BYCOKOI, qeu IJl).I CH­
TIA80ltOU H8I'l)Y]l8HHH, npoqeoOTI,J) DO JC.PHT8J;)Dl 

opa~e;ru,Hol ~84)0JMSIUIB. ~OOT8T011HOI ora6Bu.HCr-
0f!,I) &Toro R.PBT8.PHH. 



Ta61111na 3 

PaoqeTHH8 SHaqeHBR D8l)8M8Tl)OB 
paonpeA8118HM DP8A8m.&BX B8JI.BllBH 

MSTOA Be11.RBR8 I Ko9tM}.IJIJ;ll881' 
B8Pl8IUJB. % 

~BAYUB8m.HliX E,, '1· II,5 
B8l)OJITHOCT8ft ~ I3,3 

Bl'S)CTOH8 t't. °I. II 
~ I3,6 

C D B C O R 11 B T 8 p a T y p Y 

l • C 8 p 8 H O 8 H C .B. , C T p 8 J1 R -
8 B B.C. CT8TICTJ1qecK18 88KOHOM8pHOCTB paspy­
meHBR B B8pos!THOCTH8R 0[(8HR8 OT8THqeoICOI D];X'f­
HOCTB KOHCTPyRIUIOBHYX 8~8M8hTOB 18 D011HM8pHYX 
ROMIJOSBTHYX M8T8PH8110B II M8X8HBK8 noruwepoB, 
I9?2. » 3. C.466=-482. 

2. r y H H 8 B r.M. CTPYKTY1)8 H CBOICTB8 
DOlll!M9PffYX B0110RHICTliX RCND031TOB, M,: Xl™M, 
I98I. 

3. H Bo as a D.H.~ .n y ma a M.H., H s­
o T 8 p OB CR BI H.~. ~8HK8 CT86Blll,HOOTB 
npoqaocTI ROHCTPyKIUIOl\,I\J,IX CT8K110DJL8CTBKOB B 
xoenecRBX 06o110'1Jl<ax I I MexSH.exa noruwepoB. 
I9?0. » I. C.102-108. 

4.~8.I(Op8BKO A.f,,UYDKHH~ 
H B 8 HOB A.f • .I! .I(p, 00o68HHOCTH A.1!H8MBqec­
KOro .I(84i<>IJ,fll)OB8HWI S paspym8HBH IU!1UlffAPBqec­
KIX CT8R1IODJL80THKOBYX o,6011oqex DPB BHYTP8HH8M 
JDUJY,U,CH~ HBrI!YKSBHH / M8X8HIR8 KOMDOSBTHYX 
M8T8PB81IOB, I983. i I. C.9:l-94. 

5. U Y n x s a B .H. , P y c 8 x B .H. , Ill s­
T o B A.T., H B 8 Ho B A.f • .lle<l>otM8I.UIR H 
paspym8HB8 IUJIU!ff.lU1.l!qecKBX 06011oq9I( 18 CT8K110-
8DOKCl,tJ;8 apa BHyTp8HH8M .l'IMDY,U,CHOM H8rpy,gea2w'/ 
TSM Jte, 1981, i 2, C,249-255, 

6, P Y It 8 H C K B I B,A,, M B H 8 8 B B.H,. 
HB0aoB A.r.,lllsToB A.T.,3Y-
x o B A.ll. Paspymeaae rnt1UIB.I(pHqecx2x crex110-
snoxc.1UU1Yx 06011oqex, 88D01IB8HHY~BO,IJ;Ol, DPH 
BHYTP8HH8M BMl'JY,U,CHOM H8rppt8HHB // MexBHBKB 
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9. B 8 I 6 y n 11 B. YCT8110CTBY8 .l!CDYT8HBJ! 
B 88811.1!8 .ax pesy,u,reTOB. M.: M8lll.llHOCTl)08R.08, 
1964. 

IQ, D i x o n VI, J. , M o o d A,M, A method 
for obtainin8 and analysing aensitivil;y_datjl,// 
J . Amer,Statiet.Aaaoc . 1948 • Vol,43,P.L09-126. 

CTST:&I! IIOC'1'1IIWI8 B pelt8RltD) 13,03.88. 

' 



YID< 539.4:620.I?I.3 

IlPOi:rHOCTI:i KOHCTP~OHffi.lX MATEP11AJIOB 
IIPl-1 ,IU1HAMWIECKMX HAIPY3KAX 

(06aop) 
A.n.£om.maKoB, C.A.HoBHKOB, B.A.CHHHilblH 

npanCT8B/l8Hl:l KpaTKH~ o6aop nHHaMHqacKHX MBTonoB HCnHTaHHM H 3KCnapH­
M8HTa/lhHH8 paayllhTaTH HCC/lanoBaHHH nnH pima KOHCTPYJ{IU!OHHHX M8T8pB8/lOB. 
n~Ha xapaKT8PHCTHK8 paapa6oTaHHOro 8BTOp8MH B3pliBHoro M8/lOra6apBTHoro 
ycrpo~crBa Ha OCHOBB MBTona COCTaBHoro CT8PJKHH ronKBHCOH8 H D~OBenea 
aHfnH34DPHMBHHMOCTH naHHOro Merana HCDHTBHHl npH CKOpoCTHX na~O,PM8~HH 
IO -IO c -1. YcTaHOB/lBHH nedlo,PMBIUIOHHO-npoqHOCTHli8 38BHCHMOCTB MBTa/lllH­
qacruix (cr.36HXT!v, cnnaB AMr6, MB~h MI, nopo111KOBHB MBTfil.l~Bllli CIIXI8H9T, 
CJI36KHM) H DO/ll-lM0PHHX (KOMDByHnH CKTH, BHKCHHT IIK-68, UllJ,1-3AK H ~.) 
M8TBpH8/lOB OT CKOpoCTH nagx>p.f81.l,HH. Onpe~~/l8H8 nHH8MHqacRBR np6qHOCTh 
CBapHHX (anBKTpoHHHM llY'JOM) H K/l08BH~ (K300-6l, 3JI-20, BK-9, l.l,HaKpHH 30) 
coenHH0HH~ MBTa/l/lHqacKHX M8TBpHa/lOB {TBT8H, MBnh, CTB/lh 3,~cnnaB AMr6). 

STRENGTH OF STRUCTURAL UATERIALS UNDER DYlfAMIC LOADS (REVIEW) • 
A.F.BOLSHAKOV, S.A.NOVIKOV, V.A.SilHTSYN, Brief review of dynamic toot 
m!':thods and experimental ~·e:mlt..s of investie;ation for a number of 3truc­
tural materials are preseJted . Explosive small-size device developed by 
the au tho:rs, which i::; b.i3Cd on t:1e Gopkinson coupound bur r.iethoci, is 
chfracteri::;ed and analysis of the .:;iven test method applicability at 
1 CJ -104 s-1 strain rates 1.3 carried out . .3train-stren£;th 1·elations bet­
ween metal (st.36HXTJO, alloy AMr6, copper i,IT, powdery I:1aterials 
CIIXI8H9T CII36KHM ) , pol~1.ue1 .:.c materiuls (cm,,pounds CKTH vicsint 
IIK-68, fum-3AK etc.) antl .;t_•ain rate nre deter:1ined , DynaJJic streI1Eth 
of vrelded (by electron beam) und c.dhesive ( I<300- 6I , 3.JI-al, BK-9, 
c:,,ai.1oc.crylate 30) joint.'> o'· 11:'.:c.l :Jate.;•ic.ls ( ti tuniu .. n, copper, steel J, 
alloy AMr6 ) is found . 

BBB.IJ, 8!:!H B 

H nror:ecce aKcnnyarauHH naraJU1 i1Mny111cHHx 

peaKTOpOB HCAHTHB8DT KOMnneKCHoe B03,US~CTBH8 

HBY.TpoHHOro 06ITY'J8HHH, MMDY/lhCHOro TBil/lOBOro 
H MexaHHqacKoro HarpyiKEID:lli, Marapzan H ODTH­
MB/lhHBR KOHCTpYJ{IU!R neranew peaKTOpOB, a T8K­
~~ HCnHrarentHHX ycrpo~CTB, 2cnom.ayeMHX B 

3KCD8PHM8Hrax Ha paaKTOpax, onpene.71.fD)TCH DOB8-

.neHH8M KOHCTPYKIUIOHHHX M8T8pHanoB B 3THX ycno­

BHHX. 
H3M8H8HHR MBXBHHqecKHX npoqHOCTHHX xapaKT8-

p0CTHK HHBpTHHX (Ha nnapH0-8KTHBHHX) KOHCTPYK­

l.U'IOHHHX MBTa/l/lOB H Cil/lBBOB Ha6mo,namTCR npz 
HHrerpallDHHX DOTOKBX 10I8-1019Ha~TP /c~ (yBa­
JU1qaHH8 npa~ena TBKY'JBCTH, Bp8M8HHOro conpo­

THB/l8HHH, JM8Hhlli8HH0 OTHOCBT8/lhHOro YlJ.llHHBHM) 
[I]. QqeBHnHO, qro DPH HHTBrpam.HHX DOTOKax, 

paanH3YJOmHXCJl npH pa60TB HMDY/lhCHHX p88KTOpoB 

p83/lHqHHX THDOB1 paCCMOTp0HHHX, Hanp.i!Mep, B 
[I-4](~Jll08HC IO 4-IoI6He~TP /cJ?- npz nllBT811D­

HOCT.RX HMDYllDCOB neneHH~ 50-5000 MKC), BJIHRRH-
eM o611Y'J8HHR HS M8X8HHqacKB0 xapBKTBpHCTHKH 24 

MaT8p08/lOB MOlltHO npaHe6peqh, OapenaJIHDl\88 BM­

RHHB Ha H3MBHBHH8 npoqHQCTH M8T8pH8IlOB 6ynar 

OK83HB8Th HMDJJU,CH08 M0X8HffqacK08 Harpr8RH8 
npH CKopocTHX ,neqJOJ:UBlUIH i. = I01..;.I03c- .Eonh­
me~ qyBCTBHTBJU,HOCTl,Jl K npoH.IJK8lll\BM H3IlY'J8HH­

m~ o6nanailT D0/1.HMBPH H KOMD8yHnH (xoTH B [ 4] 
6Hll0 IlOK838HO, qro 06/lY'JBHHB H8~TpOH8MH HS 
paaKTOpa filITP ~/Il08HCOM IoI5Ha~TP /c~ eme Ha 
npHBO.UHT K H3M8H8HHil nzHSMHqacKOl npoqHOCTH 

CT8K/l03llOKCH,UB) • 

B H8CT0Rl!l8~ pa6ora npa.ncraB/lBHH Kp8TK0~ 
o63op MBTonoB HCDHT8HHH KOHCTPYKUl'IOHHl:IX M8T8-
pH8/lOB DPH OnHOOCHOM nzHaMRJqacKOM paCTRlltBHBB 
H ClltBTBB H DOn;rJ8HHH8 3RCD8PilM8HTantHH8 pa-

3Y1U,T8TH nllH psr.v;a KOHCTPYKUl'IOHHHX M8T8pBanoB 
(cranel, UBBTHHX MBTannoB, D/lBCTMBCC B CBap­
HHX H K/l88BHX coanzaaHd). OnscaHHaH B pa6oT8 
MBTonsxa DPHM8HH/lBC!, B HOC/l8,UOB8HWIX DOBana­

HHH PR,n8 M8T8pBanoB HanocpancrBaHBO DPH o6ny­
qaHHH BO BSl)liBHHX axcnepi!M0RT8X Ha BMDYllDCBOM 
p88KTOpe BII'P [3 ,4] . B :pa60T8 ,UOOTSTOqso non­

po6HO ODHC8H BBC!, apouaoc D01!yll8H.HSI 8RCD8PHM9B­

T81U,HHX ,naHHHX. IlpHBO,II.IIMl:l8 paay/lhT8TH X8:p8KT8-



pB3YJ'T .l!SM8H8BBJI 11.P()~OOTB IJ881lll'llllilX TBDOB MB­
T8,PBSnOB D.PJ! lU!H8MB1J80KBX Bar_pysKSx. 

M§TQIDI ,lliffll3M23AAW IQPJ,IT8M8 H§tQJll§AQB 
nw, OJIHoocaoM pacTJmeffBZ I CIUlTHg 

!{JI.aCCfiR§U(,U Mero,noB no 0RODO0T.aM ,nejbop­
~- MeTo,n BCnHTBHmt - BTO cnoco6u Wll'pj&e­

H.HP. H _perBCTl)8~13, rI>op,i:a l! ,P8SM9:pN OCS,Paaua, 

Bl:16l)SHHU9 0 j"l9TOM OQ,n98l\fllX CRO:p0CT9il ,nerI>op­
M8tDIB. BcSMOl!O:lOCTb Bl,1~8n0HM OD.P8'A01lltDIIBX (leH-­
TOpoB DOB0,!t8RZJ! MST8l)H8ilOB Dl)B :p881tH1JBliX B_pe­

M8HSX aar~HB.li Jl03B01UJ1l8 Jl.eHJO(OfiliMY (4) D.PO-
B80TB Rll8CCB@l.lt8!UiD M8TOAOB 2CIWT8HMfi D.PH 

0,l'.UiOOCH~~ HSD!)ID!t8HHOM COCTOSil!B~. Y.M llOR888HO, 
1JTO 'A11Ji 60/1.l:Jlll!RCTBS M0TannoB &!W>8RTU,CBR:88B­
BH8 C BSM8H9HR8M CROl)OCTB ~~.tf!{BUBB, CTSRO­
BRl'CF. 38M8TH!iM.H DIJB e = ro-I+l02 CI a lll)H 
Bl,ICOI<OCKOl)OCT!illX DCDl,!TSHWi.X ( f. = 10~+104 C-l) 
cco68HHO B8~8f! j"lB'I' Hli8~B z BOJ!BO~X n:r,cnac-
co:s. ill).I! _y~ap.O-ll01liiO:BO!\1 Har:pyzemm ( e = 
= I04+10b c-1 ) Dl)OBCXC,!taT DOCT8p8HH~i nepexo,n 
Of O'AHOOC&Ol'O Hanr..r.::EelU!oro COCTomrna K O'AHO­
OCllQ:q ,!teqx.l.x:tmIJO:BBEHc.uy COCTO.'iB.llll. C:R<),POCTio 

,neqioptan.,nf i .lll1H STOY& OD.P8.l.\8M8fCll I'J)a.lUI8HTOM 

MSCOOBOit CRO,POC'i'i J! ,110CTJ!I'88'1' • ll8Dl).BM8p, ll 
odnaCTB ,P83JlYlll8H.lffl D~.B OTK01l9 ra5-ro6 c-1 (f= 
= ro-7+ro-6 c). 

n1l!i odecneqeHM 8,lUlHCTBa HCll9TSHd BO BC8M 

BP8M8BBOM !HT8l)Ba1l8 aeo6XO;IJJirMO COXl)BlllfTb noo­
'l'O.RlHWM S8,118HBl,lf napSMaTp Bru! SSROH ~00l,IT8-

a!Ul [5-91 • Ha CTaH,n:apTH~X J!'CONT9'l'8nl,Hl:,IX M3-

1lll?H8X TBIUIM Il8J8MS1i)OM JiBMB'l'CH CROJJOCT:& .n,egio_p­
MBIUSZ, ll09TCMY 'AM COIIOCT8BI!MOCT.ll TSRO~ l!8 ID-
ZiffA i 3 C0'1.St lW1l8COOCSpaSHO 060cne-q.0Ban .II DI)M 

CF.O,POOTHHX BCJlST~HHHX. 
IB.JUW lq)STieyJ) xapaRT8l)HOTHRy cnoco6oB H8-

I'}',)yal8H2H S parBOTJJSIJ;HZ ll.PJS llc:ICOKOCKOl)OCTHNX 
somi:raHMX g npnBe.UeM lq)l'ITepn Blieiopa _paaMa­
poB o6_pssna. 

C.D.Qgo¢Ii aiooooo:sa1:uw mmy,µ.caNx nprcysox 
l!J 9PM9TAA pergoTpamm Y9Hilff I newn.raw. 
OosoBBlillllf Tpe6oBa.l:l.iW.UI IJllB pas~CSorxe aarpy­
UDILllX yOT,POfl:OTB B:BnRl>TOH o6eone'!'8BRl9 BOSMOl!t­

BOOTB D,POB8,n8HBa BCllllT!UU!it B lllltl)OltOM JU1anaso-
S8 01t0poOTaff ,Ae\Il(),IN8Il,}lll! i. z 060cne'ies1e no­
cTOO0TBa 0RO,PO0TH ,118q>O.];l,fflil,IIB B ll,PO~aooe OT­

,ne,u,aoro BCllNTSJU!I{, CT~8PTRN8 HOllHTST81lbHS8 
yoTpoftOT:B8 DOSBONDl'l' ll,POBO,ltff'l'I,, KaR lll)SBH21O, 

BCIIl:ITSS.IH M8XSBH119CR.l!X CBOIOTB MST9fR8nOB npR 
OKOl)OCTJIX ,lle(p:)p,1S!U!R BB BSil18 ra4 c- • .IlM: ac-
0119~01181UIII ,lUIHSM111i8CIUIX X8l)8RT8.P.BCTIIK M8T9l)Pl8- 25 

noB paapaOOTBHH B npo.n;O)IlKSB)T paspa6aTl:IB8TbCR 

B COB9_p!ll8HCTBOB8TI,CP. p88H006pasaee YCTSHOBKH 
ll o6opy,nOBBH.1'!8. B1:1COROCROlX)CTHH8 HBr.PYJtS!lilHe 
YC'l'l)OftCTBS ,Il;OJOOll,I CWTb )l,OCTBTO~HO MOIIUlHM.B, 
KOHOT:pyltTRBHO R8CJ10lll.HHMli H llOSBOJlP.l!IIIHMK HOilli­

TlilBSTI, mzpomrlt .KIJYI' M8T8.l>l18.1IOB OT Manonpo11-
HNX (Han_pmep, neaono,mCTZ.tJOll) ~o BlilCORODpoq­
BclX (nar.e_po11rrnaa0 cTanz). 

B 98BHCIIMOCTH OT Bl!,D,8 BOn01.ll,Sy0MO~ 9H0,PrHH 
cpe,nOTBB HarpyxeHHR ,Il;11Jf KBB3MCTBTHqacMx .I'! 

Bl,ICOKOCROlX)C'.l'Hl,IX .l:!Cil!iTBlH!fi MOiKHO yc.r.OBHO _pas­

)l,8111!:TI, HS M8X8H~qecKl!8, IlH9&10r}UU)BB1ll!qscKB6, 
anOK'l'P0.IUfflBMH'!6C.!'J,8 R B31)}:IBHl:lf.l. K M8~HZ'!l30-
RP.M cpe;a.oTB8M H81'1):y:K8H.M: O'l'HOC'.SITCR B8.PT.l!K811l>­
Hl:l8 B ropHSOHTSlll,Hl:18 .!'.ODPl:I, B TOM qzcne C HC­
ll01.ll,30B8HH8M ynpy:rHX anaMeHTOB )l.1!Si YCKO,PSIDlR 
rpysa, a TBRXte MMTH.0ROBY8 .0 !)OTS!UlOHHl,18 ROD­
p1:,1. 3TH T,PB,!UlWIOHBH9 cpe;a.CTBa Herpyitt8HM D.PH­
M8&f.lJOTCR ~/lfl )l.HHBMBqacux HODl:ITBHMtt oCSpaa~OB 
llJ?H CRO!)OCTHX ,n;eq.,op.rnmrn £ = ro-1+102 C-l 

[ 6, "I. IOi • llil8EMOrHJU)8DJllil'l:J8CID!S yc:rpoffc:I'Ba 

[B' II. 12] OCHOB8Fl~ l!S HCOOJU,30Bamrn 9Ha:prirn' 

D0IJ8,ll;0B88MOt! lKV.,IU<OCl'l,lO RJI..0 ClllaTb'M raaOM,.0' nc-

3BOJl..iDOT n_poaOJI,.i!'r:t M'Cll9T8Hl!lf B mHpoitOM ,It~Sll880-
H8 CRO,POCT8i ~8if,o:p!l8l.l.l'l.0 (~o ro4 c-1). 

0CHOBHUM'~ Ha;.oCT8T:K8."4H IT8p8'!MC1lf.lHHNX onoco-
6oa Rarpy;KSHM RBlUl:i01'~q MX CllOXHOCTb H rr,o­
M03)l;I<:OCTl,, B 9/lBKTIJO;!U!l:HlM.fftfeCRIDC YOTBHOB!'.SX 
)V'IJI ;Il.RH81,lll'18Cl{l!X BCDbl'.t'8H2tt zcnom,syeTM D.P.!!H­
UHO Bl:l,Ill3119HM SH8'CJ~iT8Jll,ffO~ 9HO.PI'S.0 B '.t'8'CJ0HB8 
Manero DJ)OM8l:ty1'.!(8 Bf,0M8!U! (?. 13, 14] • UOSTO­

My ~JU! T8Kl!X YCTBHOBOR T,P86yJOTCR Cll8ltH8Rl:iHij0 

HaKOnnoM aHa_prmi (1mn~eHcarop1:,1, 6aTa_psz ,1 

T. n.) • HarpyiKB~e yerpof!cirna raxoro T.000 He 

HBXO,n;JT llllipoKOro DP.l!M8H8HM rna.BHl:IM o6paSOM 
28-38 T.P~OCTS p8I'M'CTp81.l.1'1~ B 1C11OB~JiX 3f!8'CJH­
T8,U,HijX 8118RT,PC?48l'H2TffliX llCM0X, 

~CllO}lJ:,30B8Hli8 aneprIDI BSpl:IB'!SThlX B811l8CTB 
(BB) J1 nopoxoB .mm lUff1SMZ'CJ8Cl\'P.X HCDhlTSHHil M8-

T8,PHSnOB ~89T I\F...Il D.P8ZMYU\8CTB no C.P8DF16RIDO C 
OTM8'!'8HHhlM.0 Bame cnoco6SM~ HerpyJKeH~ff. Ilp11M8-
H8HH8 BB .1t1Ul MCDblT8H.l'IR o6pasnoB OOBBOllRBT D0-
JlY'il:lT:b npaRTH'iSCKB Jlll6b18 MOlllHOCT.lt .0 D!)OBO'AHTD 

ZCill:ITSHM c DOMom:E,JO M06MIU,HNX Manora6apHTHblX 
ycT:poacrB KSK B IT07JMTOHHNX, TBK BB naooparop­

HNX YC11OBMX (B rep,reTHqHiix K8M8,PBX)[3- 5, ?, 
9, 15, 16] • 

B 1973 r. aBTOJlH .P9spa60Ta1W Manora6apzT­
Hoe B8,PblBH08 ycTpo:ttCTBO ,Il.llR ,IU5B81Jli!'t8CKID(. zc­

DblT8HHtt MaTep.0anoB H8 pBCT.fIJ!tBH.1'18 H Cl!WT.08 B 

yc.llO:rurox O,IIHOOCHOro HSDpro!tBHHOro COCTOS!HM 
llP.l'I CKOl)OCTax ,119q>o,PM81llf.B l = ro1+Ia4 c-1 IT6J, 



B ROTOpoM OCHOBOfi RBJI.118TCH M8TO~ COCT0BHOI'O 
CT8pl!UlR ronKl!HCOH0 (CCr), DP8~110~8HHBff K071I,C­
~ [I7]. ~Ol)Wlp0B8HZ8 ZMOy1lbCHOl HarpysKB 
OPZM8PHO Il-o6pa3HOff 4)0~ OCYII18CTBJIJl8TCJl'. C 
OOMOml,IO B3pHBHott 'A8MD~Zpymte~ CZCT8MH, coc­
TORIIIBfi H3 C110R BB, y~apHHK0 0 'A8MD~8p8 H3 ne­
HODO/U!CTHpona Billi M8T011JU!qecKIDC nepqioRpeme­
poB (16] • 

Ilp.i npoBS'ASlil.rn BCDBT8Hd ,IU!HaMJaqeclUlW! 
M8T0~8M0 Z3M8p8HH8 YCHnHff OCYII18CTBJlRXlT IU!60 

H8IlOOp8'ACTB8HHO ~TqHRBMH ~B118HHR (MSHraHH­
HOBB8, Db830S118KTpHqecKHe, 'AH8118KTpHqecKHe 0 
~.), 11.060 C DOMOJ.U!,!) CH110ZSM8PZT87U,HJ,IX ane­
MBHTOB (CT8p)K8Hb, r_py6qarHtt BOnHOBO~ H T.n.). 
Ha.06onee npoCTBM H pacnpocrpaH8HHBM KOHCIJYR­
TZBHBM p8UJ8HH8M CH110H3M8PHT8JIJl (,IU1HaMOivf8Tpa) 
HBJLRlOTCJl'. CT8~8BOl z Tpy6qar~ BOlll!OBO,Il,ll, B 
KOTOPHX H3M8P8HH8 ynpyrex CHn OCYII18CTBJI.118TCH 
T8H30p83ZCTOpaMH. KOHCTPYKTZBHBS oco6eHHOCTZ 
,IU!HaMOM8TpoB, onoco6H H8R11ettM Z HSM8pZT87II,­
HH8 CX8MH BRmoqeHZH T8H30~arqzKOB no~6HO 
paOCMOTp8HH B [IS]. KOHCTpYl(!UlH ,JU!H8MOM8Tp0B 
c nbeso~arqzKaMH ~JI.II aenocpe~crBeHHott perecT­
pall,0~ ~8B118HHtt Hex npHM8H8HH8 npz Y'ABPHO-B01l­
HOBOM HarpyateH00 paccMoTpeHB B pa6orax ('l ,I9l 
nnn 03M8p8HHR 'A8B118HHfi ope y~apHO-BOnHOBOM 
aarpyatSHZZ M8T8pH8110B co CKOpOCTRMH 'A84)0p.!0-
I.U!H E. = 105 ... 106 c-1 ITPHM8HJ'IJOTCR M8Hr8H.BHOBH8 
~arqzKII [20]. nzaneKrpzqecKze ~arqzKJa ~aBne­
HHR [2I] WHpoKoro pacnpocrpaHSHZR HS HM8~T. 

AM per2crpa1.UIH 'A84lOPMBUHff (nepeMe~eHett) 
DPH 'A1lliaMHqecMX HCDHTBHHRX H8H607U,W88 DPHM8-
H8HH8 H8111Jl.H T8H30p83HCTOPH H 8MKOCTHH8 ~arqz-
10!, TeH30p83HCTOPH (qio71I,rOBH8 H noJiyJJpoBO'AHH­
KOBH8) o6na.IUUOT M8110ff HH8pIUIOHHOCT!,!), BHCO:&)fi 
qacrorott co6CTB8HHHX K011868Hd (50 Kl'Q) H 
~OCTBToqao Bl,ICOROtt qyBCTBZT871I,HOCTl>.!O (H3M8-
PBHM npoBO,M:TCR, KBR npaBH110, 683 npoMe~y­
TOqHHX YCH11HT8118fi). 

Eo}U,llUIHCTBO T8H30P83HCTOpOB HMB~T orpaHH­
qeHHB no Be11Hq0He H3M8J;)R8MOfi 'A84)0I)M8IJ,0H (~r%i 
HO yate ITPHM8HRlOTCR T8H30p83HCTOPH C npe~enoM 
H3MepeHd 7-10% H 6onee (HanpHMBP, [22] ) . 

B nocne~ee Bpewr BHB.IUJRlOTCR nneHoqHHe 
T8H30p83HCTOPH, B KOTOPBX DOMi!MO M8T81111.Jdqec­
R.i!X HC0071I,3yxJT nonynpoBO~ZKOBB8 MBTepzami, 
o6na~annee BBCOKHM R08qxpHIJ,08HTOM T8H30'!YBCT­
BHT871I,HOCTH. 

EMKOCTHH8 'A8TqHRZ Dp0CTH no KOHCTPYK,IUIZ, 
apaKTHqecKz 683HH8pIJ,00BBH H npi!M8HJ'IJOTOR KBR 
'AM oape~eneHHR napaMeTpoB ynpyronnacrHqec-
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KIDC BOnH (23] DPH y;n;apHO-B01lHOBa.1 HarpyzeH.BH . 
T0K 0 ~JIJl perHCTP8UHB Il8P8M8~8HM DO'ABmtHOro 
saxBara o6pasua npz nasBcrarBqecRBX Meronax 
.BCD!iTSHd [24) • 

KpHT8DHH Bl;l60pa o6paauoB iM lll!H!IMfl,8QlUlX 
HCilHTaHg@, H3B8CTBO, qTo O,IlBHM RS OCHOB!lliX 
ycnoBd nonyqeH.Ba noCTOB8pH!iX pesyllbTSTOB ltB!r-
8HCT8THqecKBX R BHCOKOCKOpoOTlll,JX RCIIliT8W ~ 
JLR:erca o6eoneqea.ee o,IlBopo.iutoro aan,PRaeBaoro 
OOCTOJUIHB B o6~8M8 paOoqe! qaoTB o6pasua. 3TO 
ycnoBB8 06ecneq.0B88TCJI YM8Bl,1118HR8M o6'l>eM8 B 
OCHOBHOM 38 oqer COKP811\8H.Ba 'All.RHH pa6oqe! qao­

T.0 o6pa3Q8 [25,26]. Ilp.e HCDHT8HBJDC Ha paCTR­
Z8HH8 onpe~en8HB8 apoqHQOTH!iX R neq>oJ;l,fBUBOH­
HHX xap8KT8pHCTmt M8T8PH8110B 38Tpy;n;H8HO B03-
MOl!UIOCT!>J) HRTBHCRBHOro 'A8q>OJ;MRJ;)OB8HM H naze 
paapymeirnR M8T8PH8118 B nepBO! B01.IH8 BarpysKR, 
T,8 • .,no B!ip8BHBB8HRB H8DllRJlt8HHOro OOCTOJmRR 
38 cqeT HHTepJlepeBI.Uil! B011H. IlpH 11HH8fiBOM H8-
paCT0Hl!H CKOpoCT.0 HarpyiK88MOro ROHU8 o6pa3U8 
paBHOM8pH08 H8DJ;)Rl!8HH08 COCTORHB8 B08HHK88T 
sa BpeMR 'ABO!aoro npo6era t •U/.,_ ( e - 'A11.1!1Ha 
o6paana, tt - CROPOCTb paonpoCT,PEill8BRB ynpyrol 
B011HH) B011Hli DO 'AJIHHB :pa6oqeft qacTR 06:paana. 
Il,P.1! DOCTORHHott OKOpoCTH HarpyzeHHR O,IlBOpo~­
HOCTb H8Ilp.8llt8HHOro COCTOJmM ooxpaHB8TCJ! 'AO 
aaqana o6pa80B8BM melKl'!,8011H K MOM8HTY Bli­
paBHHBBHHB B8Ilp$1l!t8HB2 B o6pasne OHR He npe­
B1illl8~T DP8'A8118 T8Ryq80TH 6;,. Hcxo,ItR: RB BTO­
ro ycnoBRR p8KOM8H'AY8TCR DPORBBO,lU!Tb B1i16op 
pa3M8POB o6pasua nJLR: RCDHTSHBI Ha PBCTRllt8HR8 
no qx:>IJ.fY118M [25, 261 

I fir 
"p t. f,6 jia{" , (I) 

r~e e,. , cL,, - xapaxrep.ecr.0RR 06pa3na (~mma 
H ~8M8TP pa6oqett qacT.e); 6.,. £ - xapaKT8pHC­
THKH MarepHana o6paana (npe~en re:iey-qecr.e,Mo­
nyll ynpyrOCTH), IlOCTOllllHM CKOp00Tb ,r 

coo6~aeMaR 38XBBTY o6pasua, onpe'Ae11ReT npe­
Mepao nocTORHHyx> CKOPOCTb ~84)0IM0UHH €, qro 
CHHlKB8T BnHRHH8 Ha perzcrpHpyeMoe YCZ1ll!8 pac­
T.RJK8HHB ycKopeH~ B npo~01.ll>HOM H pa.zu,allbHOM 
HaopaBnBHHHX. Ilpz HH3RHX CKOpOCTRX ~84)0p.!8-
IUIJIJ ('AO I01-I02 c- I) Z3M8H8HH8 'AIIHH!i pa6oqel 
qaCTH o6pasua He BnHR8T Ha xapaKTBPHCTHKH 
npoqHOCTH (27), 

Ilpz npOB8'A8HZH ~HHaM.HqecRZx HCDliTBHmt HS 
C~T08 M8TO~OM ccr impoKO DPilM8HB8TCR KPHT8-
pd ~8BZCa- XaHT8p8 [26] , cornacHO ROTOPOMy 
OTHomeHH8 ~1ll!Hli o6pa3U8 R pa,IU!ycy 'A01D!HO 6!i'rf> 
Il0PH,IUC8 e~HHm.o,I, qTo6H MOlltHO 6H110 apeae6peqb 



l)BlU'J811l,HlmB 9®>8RTBWJ T,P8BBJI. B lJ800T8 l,28] 
T8Iat8 POR888HO, qTo ,PS.l(B81lldiY8 B OC8BY8 9®>8lf,­
TY MOryT OYTb TO'qJIO CROMD8BCB,POBBH.1,1 1 8011H pas­
M8l)l,l 00 _pa sna BYOHlJ8 n _pa BHHMI! 

1,/d._ C 1f--•p- J (2) 
r.ne fL - .KO~~eHT IJyaocoHa. Mccne.n:o:aaaM 
BllllJIBBJI T,P8BM Ha TOJ;lll:8X oo_pasnoB C OTHOm8HB-
8M t/d. , lJ8BHHM OT 0,021 .IlO 1,633 ( d. - 9,52 w4 
D,POB8,ll8HH!il8 B ,P800T8 (29) 1 00l!t888J.LIJ, qTo J]OBTO­
lllf8MOCTb pesym.TBTOB M0&8T OYTb DOny,1888 nHmb 

HS 06:pasnax C OTHOm8HJl8M l/d., com.me 0. 35. qTo 
cornacyeTCJI C RPHT8,PH8M .UeBBCs-XaHT8,PB. 

.U.IIR BCDYTBBd HS CBBTB8 ,PB8M8PY oo_pasnoB 
aBTOl)BMRI BY0HlJ8lll!Cb B COOTBBTCTBHB C Rl)BT8,P.l!EM 
.UeBHCB-XBHT8:p8. ,Una BCJ]YTBHd HS pSCTJDK8HB8 
OHJIH BIJOl)BHH oopaaD,H - "ROnDBtJM" (oes ,P88b­
OOBHX C08,lJ..BH8H.l'lA) C D,PO.Il01Il>HYMH Biip888M.B [30] • 
Paooqaa qacTb oo_pasnoB npe,ncTBBMna ooooA qe­
TH.Pe paB!iliX nneqa (opyoKB). Ra~I C OTHOmeH~ 
8M ,llmJHH R IILl!l)BH8 D,PB0JUIBHT8UHO 2 R l. Msy­
qeHHe BJI.MHHJI rec»aeT_pnqecRBX paSMepo:a oopasna­
"KOnosqoR" Ha pesym,TSTY i!O[IIU'SHd (lU'JsrpBM­
Mli t1 -E ) • D,POB8,ll8HH08 B [30] HS oo_pasnax BB 
M8lU'l, DOR8SS110 , qTo .no .n:e!l>op,,SJJ,BB E = 30% 
reoMeTp1rn3ox:e:e paBMe.PH oo_pasna oKBSY-
BSJJT Ha H11X B88H8'QJl[T8Jllail08 BJll'IJUlll8 • 

Bst:tiBHoe sxcnepgeHT§Jll,Hoe ycTpo1\CTBQ 
.n1JJI noMSHBJi ID!Hat.fj!'J8CMX parpaMM 

.!:.:L 
MeTO,n CCr ,11.}ll! DOJIY'l8HBJI lU'lBBMBqecRHX ,nsar­

l)BMM q_~ ROHOTpyxtl,BOHHYX M8T8,PH8nOB BD8,PBIJ8 
BB8.Il8H Kom.CRJilM B 1949 r. [l?]. Bnoone.n:oTBBB 
MO.IlBiJ)al<BllBB nepBOBStJam.Hoit M8TO,nBRB Kom.cKOro 
OYnB ODBC8HY .UeBBCOM B XBHT8,POM (26] ,Jll!a,nxo1llr­
MOM B YaRnB [3ClJ ,.n:a@B, Xeyna, ~:paHnE!M [31) , 
Jll.J:lBOOM II rom,;o:OMBTOM (32]. B B80TOlllll88 B.PE!Wi 
BO MBOr.HX 11800:paTOpMX 14B,P8 BOJ]Onl,SyJ)T 0080:S­
BOI (oasoBlil) M8'1'0.Il ccr O B8ROTOJ;l,IMB BS,PBBIUUI­

IU :a cnocooax sarw-eaM .e 11s11e_pea.u. B same! 
CT,PSH8 BTOT M8TO.Il D.PB BBJ;IIBHOM BSI'J;)JZ8HBB BD8l)­
&18 osn npnteses a:arop8MB [16) • B .nanae!mBM 
OB CTSn np1i1118BJl!'b0H B acone.n:oB&B.BJDt B H8KOTO~ 
IOI .IUIYI'.IDl'.B 8BTO,P81U! B aamel CTl)BH8 (?, 331. 

CYlltHOOTb 118TO,It8 saJUIJl'lm8TOH B TOM,~TO $,­
S8n 118 llOCJl8.11YeMOrO MSTei-,a.na B ~Op,!8 ROp0TRO­

ro ~ (t, "'"') ,nOM811(8BBHll MEmJIY TO~ 
JI:B1X M8pmll OT8.J.ll'll8I ( nepe,ItSIIIQD,I Jt OIIOp.Bl,111), 
no.JtBepraeToa BOa}l;elo'rBDI :aa.mm sanpaemut,re­

aepapyeMal :e ne~GM O'Npml8 Y.ItSPOU ILmt 

B3pHBOM. MePSH8 OT8_plltlm R8r OT8BJmllaJ>'l'CJi K3 M8-
T8.PJ,UUia ,npe,n8JI T8:ity~8CTR ROTOporo SB8~T8Jl1:,BO 
npeBHmaer ope.nan Telcy'leoTB oopasrr.a. reeepa_pye­
Ma.l! B D8,P8,ll8DQ8M CT8pg88 yapyraa B01Ui8 H8D.I)Ji­
ll8HM e-, qaoT.l'ltJHO 0Tl)8llt88TCJI OT r paHm:tH CT8.P­
ll8Hb-06_pasen ( 6'R ) , a qaoTBqeo npoxo.nBT qepea 
oopasen :e oaopHY1t CTBPKBHb ( o-T ) • B nponecce 
HSrpyllt8HH.I! OTHOOBT8JU,BO Manoapoqa1,1fl oopaaen, 
RBK npaBBno, nperepne:eaeT ynpyron1IBOTHqecRYJ) 
.ne!l>c>IM81Ulll, :e TO :epeMII KaR nepe.n:8JIIUII a onop­
a1,1A CT8:pm!B .ne!l>op.rnpyJ)TCSi 11fflllb ynpyro . MSM8,PM 
B npouecce 3KCJ]8,PHM8HT8 :een.eqz91,1 RBJ],PIDl[SH.ldt 
6, , t!11 , 6r BO Bl)8M8HB, 3a T8M C DOMOll\l,ll COOT-
BOm8B.lffl H3 npoCTOI O,llBOM8,PHOI T80l)BB pacnpocT­
PBHBHM ynpyrax BOJJJI onpe,nerumT ycu .rur ea 060-

BX TO,PnBX oopasna B CRO.POOTB D8.P8M8~8BM TO.P­
ne:e 00,PBSl.lB, 8 no HHM HBXO.I(JIT Cl)8,llBH8 3Haqe81!.1! 
ean,PJDKeBl!lll u .n:e!l>op.,anns oo_pasna u cTpoaT .IlBHa­
MHqecKYJ) ,1J..BarpaMMy 6' - E. • 

0CHOBHHMB D,P8HMylll8CTBaMB MST0,11;8 ccr no cpa:e­
HSBBE C .IUJYI'HMB .IlBHaimqecKBMe M8TO.Il8MB HCDHTE!ff 
BBi JIBJJJD'.lTC.I! J]p0CTOT8 HBT8,PD,P8T8nBH OJ]l,lfll!,IX 
.IlBHHHX, BIJCORBJI TOtJHOOTb onpe,ne neRB.I! ynpyrnx 
.n:e!l>op,raJJ,BI (aan,PJDKeH.d) OT8l)lllll81, J]O KOTOl)l,IM 
:ee,neTca _paoqeT eanplD[eHM a .ne!l><>p,rann1 oopas­
na, B TOM qacne B oonaoTH s aaqBT81ll,HliX DnBCTB­
qecKBX .n:e!l>c>IMand (,neCJITRB nponeBTOB), KO,P,P8R!r­
H08 9RCJ]8,PBM8HT8ll~08 B T80l)8TBqecK08 OOOOHO­
B8HB8 aBnesd, D,POBOXO.ll,RID)!X B 8KCD8PBM8RT8Jll,­
HOM ycTpolCTB8 , 

IlpB ,llBH8MHq8QRBX BODliTSH.l!JIX M8TO,llOM ccr 
aarpyaaHB8 oopasna D,POHSBO.Il,RT BMDYllCHYM ,llBB­
nesaeM, 611HSRBM J]O ql()p.{8 K DJ)RMOyro,u,eQMy.Cno­
COOY !l><>IMH.POBBHM m,mym.OHYX aarpysoR no.noo­
soA !l><>J;M!,1 D.PB BODHTBHHB M8TO,ll;OM ccr MOllHO pas­
,11;8JlHTb 88 ~8.PHY8, B3.PliBBli8 B C BCJ]01ll,80BBHB8M 
sneRTpoaeepru. Il_pa ~apHoM onooooe eerpyzeaM 
B J(8qecr:ee ~8,PBJlltB D,Pl!M8HJDlT T8JUI BP81118BJLII 

J~IJIJIB,lij)H80KOI (1>opilil I JlO~BQJJSDqJre Hal'pyaan 
TO~ nepeMD11ero 0'1'8pmla PBBHOM8l)HO paOlJl)e­
Ile.t8lllUDI .JUIU8B118111. 

IlpB H8I'J;)yit8BBB nHllBll,II.P8MB 88B.IOBMOCTb 8MD­
nBTY)(li BXO.IlHOI'O HMDYllCHOl'O ,n8B118HBJI ~, OT 
B81111UHY IIBOOY m B CRO,POOTB 11; M8T88Moro Te-
118 MOZST 01,1Tb DOJIY"i8H8 BS OOOTBOmSHIIJI [34] 

fJ. V. ·E' t -H•at ,K -.r-- • -,;.y;- > 

r.n:e M,k - M8C08 B ,ll;n..1188 OT8l)ZWI-D8P8.Il8TqBJ!t8 
OOOTB8TO'l'B9RHO; £ - Mo.n:ym. ynpyrooTB MST8l)ll8118 

OT8pa.HJI; ct. - OKO,POCU ,P8C.Dl)OOT,P8H8SBJI ynpyrBX 



Benw:rnuy .JlBBl!eHHR o, reHep.111pyeMoro DP8M0YI'Omr­
Horo m.1ayn1,ca MOlKHO onpe.nelll!TL no woJMYne,npe.n-

'Z>f 

nollteHHo:I! R f35J .P. . a r. 
0. s _, _ • • 21.. V. ' 6:,,1--------~ 

:, '(,, 1 T,_ ' 
0, 

r.no p, - OllOTHOCTl, M8Tep.11ana paaroHR0MOro IJ,.l'I-

Jl.11H.DJ)8; a,- CKO,l)OCTb pacapocTpBH8H.l'IR yn_pyr.111x 

BOllH B paaroHH0MOM U.l'lllHH.npe; T, , J; - nnoma-
.n.11 nonepe'!Horo ceqeHMR paaroHReMoro u.11n.11tt.n.PB .11 

CT8pFRR-n8pe.naT'IHRB COOTB0TCTB8HHO ; 1';- CRO-
pOCTL paaroHR8MOro UMllHH.npa i ?-C,/ Cz - OTH0-
111011.118 y.napHhlX JK00TKOCT8il IJ,.1'1/lHH.npa .11 CT8l)lltHH­

□8pe.naT'llll<8. 

.ltnHT8,U,HOCTL t~ coa.naBaBMOro HMny,u,ca .naB­

ll8HMR oape.neJ1H8TCSI .UllHHO~ paaroHH8MOro IJ,.1'1/U'IH.U-
pa .11 paBHa 2 t,,, /a, • ~p,1a reHep.11pyeMHx .naBJie­
HKY B 38BKCHMOCTK OT COOTHOlll8HWT y;uapHhlX lK0CT­

KOCTO~ npe.ncraBJ18H8 Ha PKO Ia , 6 . 
PaamiqH!,18 cnoco6hl C03.U8HHH KMDYJll,COB .IX8Bll8-

H.l'IR .nllR HarpYJKRHWJ o6pasuoB no Mero.n.1111<0 ccr no 

.npo6HO paCCMOTP8Hhl B pa60T8 (36] . 
ABTOpaMl1 Ilp;N8Hat cnocoo cI,opMHpoBaHWJ Harpy-

30'1HhlX .naBJ18H.l'l:I! rpaneueH.na/ll,HO:I! q>OpM!,1 .U/lH npo­
B8.U8H0R .UKHBWl'l8C!UiX KCDhlTaHJ,!il M8TO.UOM ccr C 

noMonu,~ aHepr.111.111 6p.11saHTHhlX BB .111 .neMDWHPYJ(l!IIDC 

2. 3 4 5 6 

BY 
13 

8 9 

BCB 

to 

0 
a. 6 

PRc.l. 11/0pMS reH8PH.PY0MHX HarpysoqHhlX RM-
DY/ll,COB .IXBB/l0HWJ B 38BKCHMOCTH OT COOTHOlll0HBR 
y.napHhlX llt8CTKOCT0~ pasroHR0MOro U.l'IIUIH,IU)B B 

CT8p!CHJI-II8p8,It8T'IXKB 

3/l8M0HTOB. CxeMa B3phlBHOro BRCD8PHM8HT8/ll,HOI'O 

ycrpoflCTBB .UNI D,POB8.U0HM BhlCOKOCRO.POCTRhlX BC­
DhlT8Hm1 KORCTt'JYKIUl.OHHl:fX MaTep.11allOB Dp0.UCT8B/l0-
H8 Ha p.110.2. Ycrpo~CTBO COCTOHT B3 B3.PJ,IBHO~ 

HarpYJKBJlll0:I! CKCT0Mhl, COCTBBHoro CT8_pl!CHR ron­

KHHCOH8 C o6p83UOM H H3M0PHT0/ll,HO:I! annap8Typhl. 
B3p,IBH8R .U0MD~KpoBBHH8Ji Harpy3R8 003.IXBBTCHyt)'l'­
poacrBOM, BK/llJt!8ll!UlM cnoa BB, M8T8JlJ1HqecKJrli 

y.napHKK H .neMn~p. B RaqecTB0 .IX0MO~Hpynnmc MB-

T0IJK8/lOB 8BTOp8MH Dl).l'IM0H0fili 08HODOllHCTHPOll JB3-

PacrRJKeHKe 

II {( 

TC-IO 1--...L..----1...., CI-18 1-----'-~"""' CI-69 
16 

hie . ~. CxeMa BSPhlBHOro BKCDBPHMBHT8,U,Horo ycrpo:l!CTB8 .JX/lH BhlCOKOCKOp0CTHhlX HCDhlTSR.irlt M8T8PB81IOB. 
I - 3.lt ; 2 - BB; 3 - y:napHHK; 4 - .neMn~ep; 5 - p8Clllllp8HH8H ronoBKa CTBl)l!IHH-08p8.n8T'qBRB; 6 - ycra­
HOBoqaan Tpy6a;? - BTYJIKl!I CRO,U,lKBHHHj 8 - CT0.PJKBHL-nepe.narq.1111< ; 9 - TBHao.narqHKH; IO - o6pasen; 
II - ODOI)Hhl2 MBPHhl:I! CT0.PJK0HL ; 12 - ynop; 13 - Bl:,ICOKOBO/lLTHBJi YCT8HOBK8j I4 - 6/lOR CBRXp0BHB8UBH 

Bpe.MeHB, 15 - T8li30CT8HI.OclJi, 16 - OCI.V,!Jl.llOrpaqH 
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1lll'lHOI DnOTHOCTB B D8Pl}opBp0BllHHJ,18 Rpemel)l,I B3 
ann.umze»oro oDnaBa (.AMn). XapaRT8llffO! 0006et1-
eocTl,J) ,II.BHIWX .Jt8MI1~8poB HB.1lR8TOJI ODoco6eoon 
D8l)8,Jt8B8TD DP8KTH'l80KIII DOOTORBH!i8 YOl1I.l/l.fl DPH 
1>aseoo6pasa11x no 4)o,P,fe .a SMDMTY.Jte BH8111HBX 
Y)t8l)HHX B08,Jt8IOTJUVIX. )laasoe OBOICTBO ,lt8MJl~­
l)OB H BOSMO&HOCTD 111.el)OROrO B8l)DHl)OB8HB8 .BMIJY'l,­
OHIIX sarpy30K DO 8MDJT..11Ty~e l! ,Jt1UIT81ll,HOOT.IJ 611-
JIJI BCllOJib30B81W fl.PH 003,Jt8BBH BSl)IIBHOI'O cnooo-
6a 4JoJMBl)OB8HM TpBD8~8Jm81ll,llllX .11MDym.ooB. 

XapaRTBl)Hlilit BM 88BHO.IIMOOTH .JtE$>J;N8~H OT 
H8Dl)lm8HHfi flPH Oll8THB D8HOD01llIOTHl)On8 DOK888H 
Ha l)BC.3. AHa/lOrB'lHHfl Bl!,11; 38BHOHMOOTH o-€ 
,Jtnfi D8HOD01li'IOTH1)01l8 ooxpaHRBTCfi H Dl)H ,IUlH8MH­
'lBOKOM Cllt8THH (37-39] • 3a B81Ul'lHffY Dl)8,Jt8n8 

5 

2 
I 
I 
I 

O E1 E2 

PHo.;; • .!ap81tTeplll:ilt BH,ll; 38.BldOJ4MOCTH ll8HOllOJlH­
OTHpo.nB llpB CZSTliUI 

npo11BOOTH D8HODOJlllOTHl)OnB Dl)HH.IIM88TCfi O~Ha­
T8 TO'll<B l ( tr, ) , OOOTBBTOTByD!lafi H8'l8ny DIU:0-
T.nBOKOrO T8'l8HB8, Bill! YOJJ.OBBO H8Dpm18HB0 °s 
(nl).e ,Jt84)o];N8~H E = 5%). Ill)H ,Jt81U,HBlllnBM cza­
THH ~arpm.t,,a tr-E .l!IM88T yqaOTOK H83H8'lHT8Jla­
HOro B09paCT8H.Bfi H8Dpm18HM (,Jtnn nnoTHOCTBI 
100-400 xr/tl> B08paOT8H.B8 H8Dl)Rllt8HM DpBKTH­
'l80K.B OTOYTCTBYBT) ,JtO B8Jll!'l.llBII tlz , OOOTB8!101'­
Bj'D118I H8'lany l)88ROro B08l)80T8HlifJI H8Dl)Rllt8HM 
DPH D8l)80a8TBJIJ. )le4X>J;N8J:OVI e, X81)8KT8l)B8Y8T 
Dl)8,Jt8llHyJl B81li!~Y OZ.STM D8HOD01li!CTBl)On8 
Dl)B DOOTOHHHCII H8bp!ll!8BHH. 38811 88BHO.l!MOOT.B 
B8Dp!ll!8BM T8'l8B.Bfi 6, (npe,Jtena Dl)O'IBOOTH) B 
Dl)8,Jt81II,BOI .Jt$J;N8~H £2 OT DnOTHOCT.I! ,MOllt­
HO O OOMOlllJ,ll BSJIIBBOI OBOTBMII, OOCTOJ'IID,81 BS 
onOJi BB, M8T8nnB'l80ROro Y)J;Sl)HBK.8 B 08HO,Jt8MJl-
4Jepa 008,II.BBSTD B D81)8,II.BIJll811 OT8p,!H8 ,JtaBnBHM 
ea.n;SHBOI SMJin.HTY)tll .I! ,JtJUJTBJll,BOOTB. PaC'lBT BB­
IIIIUB y,Jt8Jll,BOro mmym.ca BB, Y.Jt8UHOI M8001J 
Y.Jt8pluraa, DJIOTHOOTB lJ l)88M8p0B D8HO,Jt8MD!p8l)8 
IJl).I! Sa,n;SHBJ,IX D81)8M8TpBX JIIMIIY1ll,OHOI'O ,It8B'18H.Bll 
Dl)HB8,Jt8B B l)86oT8 [38]. 

B OT8pllHH-D81)8,Il.8T'lBKH C ~8CIJUilll8HfillM TO,PlleM 
(ronoBJCol). 3KOD8l).l!M8HTII DOR888nH, 'lTO Dl)8BH­
meBHB nn0111a,zu, earpY!tBBMoro ropu;a .JtO 15 pa3 DO 
opaBHBHHE o nnOllla.IU,JO noDepe,moro oeqeaM OTB.Pft­
HJ1-Depe,1taT'lHK8 H8 DPHBO.n;BT K 0~8CTB8HH0!,,1y HO­
R8llt8BBE 4)opa,, earpyso'll!oro m.my1II,ca (BOapaora­
eT nH~ ,Jt1li!T8JrbHOCTb ~poHTS). 

lliBpoKO,{y HODOIII,30B8HHE D8HO,Jt8MD!p8l)OB BO 
BSJIIBHIIX CHCTBMSX H8rpyllt8H.l!J.I Dl)8MTOTBYJ)T H8-
,JtOCT8TO'lfH8fi OT86Hll.bHOCTD Dl)O'lHOC.THHX xapaKTB­
l)BOT.IJK Dl)OMHWJIBBHOro DBBODOJlilCTHpona, B1IBR'.Illl81i 
HS BOCDp0.IJ9BO,Jtl!MOCTD pesyll.bT8TOB .IJCDIITSHHfl, H 
Cl)8BHBT81ll,HO HBSKSR: ero Dl)O'lHOCTb, orl)SHH'lH~ 
111811 Yl)OB8Hb 008,Jt8B88MIIX aarpysoK. II09TOMY H8H-
6onee D8p0D8KT.l!BIWMH ,JtM B3PHBHHX CBOTBM HSI'­
PYJ18HBR RB1IJlllTCR D8PliOPBPOB8HHY8 Kpemep!,I BB 

DnBCT.H'lHHX M8T8MOB (a1IDfflHH8BY8 CDnaBl:I, M8-
noyrnepo,zu,cTH8 OTSnB .e .JUI·), D09B011HDll.lJB Dony­
qaTb TP808~8H,II.Bnbffll8 li!MIJYll.bOH ,Jt8Bll8HM. 

Ilnoman DODepe,moro ceqeHBn (nnoman conpo­
TBBneezs y,Jtapy) :Fe nell4X>p.1JpoBaaaoro lq)emepa 
0D1)8,lt8MET BS BllP8llt8HBJl 

re- 7-nr. =:T{f-0,91 ·rf/1' 
r.n;e r- nnoman Donepe'lfforo oeqeaHR xpemepa 
603 yqera nqeeK; z- - D/lOntan nonepe11aoro ce­
qeHHfi JJ'lBARH ,JtH8M8TpoM d ; n. - KOJlil'l8CTBO fi'l8-
8K ( n - r12 7.' , r.n:e z-- t:fi - nnoma.n;D paBao­
oTopoHHero Tl)8yroll.bHHK8 co CTOl)OHOA l ). no H8-
B8CTHOA nnoma,zu, oonpoTBBJI8HlUI Y.Jt8PY ~ H 
Dpe,1teny D.PO'lHOCTH 0 8 MSTepHana Kpemapa OD­
pe,JteMET YOHnH8 P , D81)8,lt8B88MOB 'l8l)88 OT8P­
llt8Bb-D81)8,II.BTqID( HS o6pasen. Kp.eT8l).B8M YOTOA­
'lHBOCTB Jtp8W8l)8 DPB .n;BHSM.IJqeoKOM 008BCl.f OM­
T.1'11! OityllBT COOTHOmee.ee H/D!: I, r.n:e H, D - lll,I­

COT8 B ,IUl8M8Tl) Kpemepa OOOTB8TOTB8BHO.~~OIBO 
M8T8nJlil'l8CROro DBIXlx>KPSmepa {II• 7) DOR888HO 
ea p20.4. 

PHc. 4. YCTpo20TBO M8T811Jlll'l8CRQX'O DBIXlx>.PH­
p0B8BBOrO 1tpemepa l n = ·n 

Ill)HM8H8HH8 DBIXlx>P.BJlOBSHBIIX KpemepOB .1!8 ~ 

)l1111 B8l)Hl)OB8BM sari,yso,nu,ix m,mym.OHHX 
,n;aBne!.d B IIIBpoRCJil ~8D880H8 (5 - 1000 Mlla) 
(aTO D08B01.11!8T B00'18,Jt0B8TD M8T8l)H811li, OB.lllJJO 
l)881llA8Dllll80H DO Dl)011HOOTll) BOD01ll,80B81UICD 
D8HO,Jt8MD4Jelll O l)88nB11HOI Y)J:810,HOI Dl)O'IBOOTl.Jl 29 B K8'l8CTBB ,U:BMD<I>epoB D09BOnHno fB8nH'lllTl> 8MD-



llHTY.llY ..mny111,cao~ aarpysKH B npe.nenax ynpyroc• 
TM M8pHHX CT8p,KH8A (.no ~l Illa) B YM8HhlllZTh 
qJ.IJOHT HapaCT&IBJi .no 10-20 MI<C ffil8CTO 30-50 Ml<C 

(.nM D8HO,ll.8MD~8p8). 
ITpH npoB8,ll.8HHI! HCOWTSHB~ HaH60ll88 IIIHPQKOS 

npHM9H9HH8 DOllY'{01U! M8pHH9 CTSJ)lRHH BS TRTaHa 
BT-14 HllR 38K8ll9HRO~ CTSIDI 30XTI:A ,ll.08M9TpOM 
13,6 0 20 MM 0 ,11.IDIHO~ 500 0 1000 MM, CBo6o.n­
H00 CKOlll>lK8HH8 J,J OC9C0MM8TpBqHOCTh CT9J)lRH8tt 

06ecneq0BSllBCh BTYJIKBMH 03 ~Toponnacra, 38-
KpenneHHHMJ,J Ha ~8CTKOtt OCHOB8, AxyCTJ,JqecKHtt 

KOHT8KT Me~y TOI]UaMH o6pa3ua 0 CTSp~ett, a 

T8KlK9 YM0HhW0HH0 B1U!JiHJ,JJi p8,11.B8llhHOro Tp8HJ,JJi 
06ecneq0BSllJ,JCh rpa~HTOBott CMSSKOtt (50% rpa~J,J­

Ta + 50% B8301U!Ha) TOMeB nepe.n Harp~BHJd_BM, 
06pa38U nepe.n J,JCDWTSHHBM 00,Il,llt.l!MSllCJi MBlK,11.Y TOP­

U3Ml,l CT0J)lRH8~ H800111,UIJ,JM 0 npI!M0pHO noCTOJiRHHM 

YCH1U!8M, 
TeH30p830CTOPH .UM 03M0P8HldR ynpyrldx .neqiop­

MaUJ,Jii e, 0 f.T B na.n8l0ll1efl (Harpy3oqHott) 0 
n_poxo,lLllllle:A BOnHSX HBDPIDKSHJ,JJi pacnonarallldCD Ha 
CTepll(HJiX ( L {. 500 MM) Ha paCCTOJiHHH (5~10) cl 

OT :ropueB co CTO.IJOHH Harp~8HJ,JJi, B cnyqae np0-
M8H8HJ,JJi CTBp,KaBtt ,11.lmHOtt 6onae 500 MM T0H3npe-

30CTOI)W pacnonaraID!Ch B M9CTax, paBHOYJl8ll8H­
HHX or :ropueB, qro .nenaer B03MOlKHHM Henocpe.n­
c:rBeHHyJO perHCT,PBII.IID Ha 3KpaH9 OCI!,llllllOrpa~a 

.n0arpaMM (1" - E. • 

}f3Mopemie ynpyr0x .ne~op,1au0I! npo03Bo,11.0noch 
M8ll0683H!iMJ,J (3 J,J 5 MM) qJOllUOBHMJ,J J,J)ll,l DOllY­
npOB0,11.HMKOBHMH T8H30p030CTOIJ8MH, ~NI KOMD8H­
C8llHH H3rH68Klll0X MOM8HTOB J,J DOJiy1?8HHR 60llhW8~ 
Ben0q0HH none3Horo cHrHana B pa6oq0x caqeHHJiX 

H8KllOJ,JB8llHCh no 2-3 IJSBHOM8pHO pacnono~eHHHX 
DO OKPYJKHOCTJ,J nocne.noB8T81ll,HO C08,ll.0H8HHHX T8H-
30IJ830CTOP8, K_poMe OCHOBHOro B yKa3aHHHX oe­
qeHHJiX HaKll80B81U!Ch JJY61U!pYJWl08 T0H30,11.aTqJ,JKJ,J, 

~0111,roBHS T0H30,ll.8Tq0KJ,J H8Kll8HBaID!Ch Kll0ffl.rn 

ro~ero OTBBIJllr'ABHHJi THDa BJJ.-931, nonyn_poBo.n­

HHKOBHe - UJ,J8.Kp0HOM 30. 
ITHT8HH8 03M8PHT8lll,HWX T8H30p03J,JCTOPOB ocy­

mecTBllRllOCh DO DOT8HI!,IIOMBTp0qecKOA CX0M8 OT 
CT86HM3J,J_poBaHHoro J,JCTOqHJ,JKB J,J)ll,l cyxRX 6aTapeit. 

ITOT8H-UBOM8Tp0q0CK8R CX8M8 H3M8P8HJ,JR ,11.BRSMJ,Jqec­

KOtt COCT8BIIJIKln0~ .neqiop,,1aI!,110 COCTOJill8 03 J,JCToq­
HHKS noCTOJiHHOro H8DI)li~8RJ,JJi tT 0 nocna.noBa­
T8llhHO C09,II.J,JH8HHHX p890CTOpa Ro H T8H9ope-

3HCTOP8 Rj, Ec1U! conpoT0Bll8H08 HSrpys:KH (BXQIJ. 
Hoe conpoTHB/l0H0e ocrurnnorpa~) R,. » R3 , ro 
DPH ll3M8H9HJ,Jll conpOTHBl18H0Ji T8H90IJ83J,JCTopa Ha 

B8 Jll,lqJ,Jay '-' R~ (BCll0,UCTBJ,J9 ero .naqiop,1aUJ,J0) HS 
30 

BHXO,UB DOR:BllJiBTCJi C0rH8ll (nponopUJ,JOHS llDHHtt llRg) 

llll'= V•R3 •t1R3/IRy +Rr>
2

. (3) 

nllJi H3M8p8HHR .UHHaMBqecKHX ,ll.8qJOpM1llJ;d B 
ODHT8X DIJHM8BRll.8Ch 10-R8H8llDH8R T8B30CTSHI!,l!Ji 
TI::-10. B KaqecTB8 perHCTIJ8TO.POB 6H1U! 0CDOllD-
90B8HW 8ll8RTPQHHH0 ,11.Byx11yq0BH0 ocu0nnorpa(fJH 
THDS Cl-18 J,J 98D0MHH8Jalll,l8 OCUJ,l/lllOrpaq1:1 THD8 
CI-69. Kalll,l6poBRa 08MBPHT8llDHOro RSHSll8 npo­

B0,11.J,Jll8Ch DYT8M napsllll9llDHOro D0,11.Kmoqea.wr K 
T8H30,U8T"IHRaM MSCmT86Horo CODPOTZBll8Hl!Ji R,,, , 

"!TO npHB0,11.HllO R 03M8H8HHD CODIJOT0Bll8BM B uen0 

Ha BBllJ,JqffHY ll R'j , 8RBHB8ll9HTHyl) OM,II.S8MOI .ne­
qJOp,,!SUHH E =ARgl>< ·R'I ( K - R08(ppBUJ,l8BT T8H90-
qYBCTBHT8llDHOCTH) ,0 Ha 8KpaHe OCIJ,HllllOrpa~ sa­

DJ,JCWBSllCJi HMDYllDC, BMDMTy.na ROTOporo onpe.ne­

llJillB MSCWT86 ,neqiop.1aUJ,J0.Ecll0 nepe.nail!Ulfl 0 ODO.P­
HH~ CT8plKHJ,J H8TOTOBll0H& 03 o,n.Horo M8Tep0ana H 
HMBDT o,11.0HaK0Bbl0 nnoma.nld nonepeqHoro ceqeH.HR, 
TO HS OCHOB8 O,IUIOM8pHOtt T80PHH paCDIJOOTpaH8H.BR 

ynpyr0x BOnH nerKO Bl>IBQI(RTCH OTHOCHT811DHO D.PO~ 
THB COOTHOW9HHJi .UM R8Dpm!tBHd 6s ,,neqio,tMau.d 
es H CROIJOCTBI ,neqiop.1SUHtt Es B HCDHTHB88MOM 

o6paan;e (30J 

(4) 

(5) 

l V,-V. a (E e E ) 2Q.(E E ) (6) 
$ - e. - e:-- , - , - r "' e , - r • 

r.ne E - MO.n.yllD ynpyroCTH MarepH8ll8 CT8IJlltH0tt; 

u, , u, - cMemee.00 TopueB o6pasua; -,,., , 1'i - oito­
pocn cMemeHHR :ropueB o6pasua; e. - .nmrna 06-
psaua; J:,,, T- nnoma.nh oonepeqaoro oeqea.BR 06-
pasua H CTBplKHJi; a. - CKOpOCTh pacnpocTp8H8HWI 

ynpyr0x BOllH B CT8p!t!Utx; c, ,ER , E, - ,neqiop.1s­

-UBH B na.nalOllle~. OTP8~9HHOI 0 DPOXO,IVIIIIBl BOllHBX 
H8Dpm!t8Hl!Jl, IlpB6llIDltBHJ,JJi B npaBoff qacTH Yl)8BH8-

HHff OCHOBSHH HS npRMepHOM paB8HCTB8 CB/1 HS 

TOIJUSX o6paaua, T. e. P, "' P, .l!lll,l 
e, .,. ER. ., ET • (7) 

3To Dp06lll'J~9HH8 KSlll,IIJ,ltt pas MOX8T 6HTD npoBepe­

HO 8KCD8IJHM0HTallDHO nyTeM DpRMOro CYMMJ,JIJOB8HWI 

YK83SHHliX .BMDyllDCOB, 

0TDPSBHHMB aaBHC.iIMOOTRMH DpH .l!CDHTSRHJIX Me­
T0,11.0M CCf JiBrumTCJi ~ -If J .I! c5 < 0 , IlOC/10 OD­
p9,11.8ll8H0Ji 38BHC0MOCT8i1 6jUJ 0 c1 {t) 0 HC­

KJill'CIAHHJi nap8M8Tp8 BIJ8M8HH t DIJ0.08BO,IUITCR DO­
CTPQ8H08 ;zumaMl'!qec:iwx Kp.BBl>IX o-E .nna .eccne.uye­

Moro MaTep.esna. 
nM 0CDHTSHHfl 88 paOTJilltBH.1!0 ,lt8BHl,IM M8TO.I(OM 

I 

' 

j 



I 

n:pBMeHJtnCR o6paaen; kollllaqox~ npa,nno~aam,,~ .11.lu!.ll­
xOJI&MoM [30) . Kax H B B8pHaHT8 HCDHTaHHtl Ha 
Ollt8TH8, HODOJU,80B8JlHCb .IU38 CT8:plltHJi, DPH'l'8M 
O,IlHH HS HIDC ( n e:pe,naiaJJ,Htl) 6H JI en JIOlllHblM , ,n.pyrot1 
(onopHmt) - r :py6qaTblM (cM.pHc~2 ). Uzmm.zui.0qec­
XBR qacTb oelpaan;a .nm.mot! eo (IO-I5 Mi) 

H TOJll!UJHOtl tt (I-I , 5 MM) .HM81Ia Opo,nOIIbHI.O Bl:l­
p88H. 

Pa 3M8,PH H q)O,IN8 oelpaan;a TBI<OBl:I, qro, 
8011B nepa,na~ H ODOPHHtl CT8plKHH .HM8DT O,nl!H8-

l onymeHHB O J)8BBHCTB8 MI'HOBOHHHX 3HaqeHH~ 
HaDIJJDKBAM BO BCBX ceqeHH.fIX oelpaaua, BHpB~8H­
H08 qJOJl,1Y118MH (?), RB11JJBTCR HB06XO.IUl'MliM ycno­
BHBM DPHMBHl!MOCTH qlOp.!j'Jl (4)- (6) ,IlM p8C'l'8Ta 
os- H c, B o6paan;e . O'l'eB~,nao , qro sTo ,nonyme-

HHe T8M npaBOMBpHee, qeM MBHbme rpa,n!!BHT H8-
D,PIDK8H~ no ,Il/l.0H8 o6pasn;a H 'l'BM M8Hbme ,Il1U!Ha 
oelpaaua no cpaBHORRm c ,n11Haot! Har pyaoqaoro HM­
nyJU,c a ,IU3BJ18HHH, Harpy,RBHHB B 60JU,ID.0HCTBB pa-
60T DO MBTO,Jzy CCr OCyI!lBCTB1IH8TCH 6 11.BSKZMH K 

I<OBYB nnoma:iw nonep e'l'HOro CB'l'BHM, TO P8B8HCT- npR:MoyrollbHOMy HMDYIIbCBMH ,naBJIBHHH, reRepupye-
B8 (4)-(6 ) OCTaDTCH DPBMBHZMlilMH H npu pacqe- Ml:lW! DPH y,nape paaroHHBMoro ,no 60/U,ID.0X CI<opoc-
Tax HCOHT8Hl'li1 Ha paOTJD!t8HH8 . IloaTOMy HSMBpH- T8i1 [Ufllil~pa- y,napHHKa H1l.B C DOMOmhD SHeprHH 
T81lbHH8 H paC'l'8THH8 CX8Ml:I coxpaHH11.BCb H8H3M8H- B3p!lB8 , ilpaBOM8pHOOTb ,nonymeHHH p8BBHCTB8 Ha-
Hl,IMH !<BK DPH HCil!lTBHHH H8 c~aTl8, T8K H Ha DIJJDKBHHtl Ha Topn;ax o6paan;a DPOB8_pffJlaCb B ~ e 
pBCTRllt8HH8. paeloT DYT8M CJ)8BH8HM paO'l'8THHX H 8KCD8PHM8H-

B pa6orax l5, 30 , 40 ) DOK838HO, 'l'TO c COOT- T8JlbHHX I<!)HOOX ~ -£, [41--44]. 
B8TCTByJJIU!MI! non:paB.KSWI M8TO,n ccr MO~BT HCDO/ll,- B pa6ore [45] 8BTO:p8MH COBMBCTHO c OOTpy,n-
80B8TbCH C Bl:ICOI<Oi1 CTBD8HbD H8,IlB!UiOCTH B axe- HHI<8M91 l1HCTHTYT8 MBXaHHI<H (r . ropbI<Htl) npoae,ne-
nep.l'IM8HTax C llOB!lmBH!WMH TBMnepaTyp8M91 06:pasn;a. HO CODOCT8BJ1BHH8 qzcneHHYX 9RODBPHM8HTOB H 

Peay1ll>TaTOM Kal!Ul.Oro OT,Il8JU,HOro HCnHT8HM 8KCD8!).i!M8HTOB no M8TO,Jzy ccr ,nM ann.raHHBBoro 
MBTO,IlOM cc r JiBll/DlTCR 88DHCH Ha fl118HR8 ,nefiiop- cn118Ba . ~HCnBHHoe econe,noBaHHB npoBB,llBHO C 00-
MBI:J;d E,, t R , ET (u11.B 'JJ:1!iYX HS HHX) H KBJIH6po- MOIJU,JO MBTO,IU!R.il .ii nporpaMMH pacqeTa pacnpocrpa-
BOqHl,IX .BMnyllbCOB no BMnJIHTy;D;8 .ii no B!)8M8HH . HBHM ,nByMB:pHHX OCBCHMM8TpHqHHX ynl)yrOD118CT.il-
ITpu o6C'l'8T8 p88ynbT8TOB aKcnepHMBHTa npoBO,n!!T- qecKl!x BOJIH [46] . Ilo pacqeTHI:IM .ne4)o,INawu,M 
CH OD;H(P!)OBI<8 rpaipB'l'BCKOtl HliqJO,IN8llHH C pa6oqex 8Jl8M8HTOB MBPHHX CT8pKHBa , MMBTBpyRI!U!X .narqz-
OCD;H111IOI'.P8llt.l C DOMOIIJ,I,10 nonyaBTOM8TBqecxoro yep.. KH, MBTO.IlOM ccr onpe,nerurn.H ,llHH8MHqec1cy10 .IJ.H8-
pot1crBa H pesy1ll>T8TH BBO,IJ./iTCH B naMHTb 3BM B rpaMMY ,Il1IH o6pasua , I<OTOPyD cpaBHHB81IH aaTeM c 
B.H.nB T861IHD; 11,( t > H .R2'tJ , T. 8. 8MDJIHTy,n pa- 38,Il8HBOi1 B C COOTBBTCTByI!l!IHMH .nHarpaMMaMl! (f. £ , 

6oqzx OHrH81IOB. p88Jl03YDl4HMHCR B 81l8M8HT8X o6pasua B peayJILTa-
,llJIH npoB8,Il8HM ,Il81IbHBIOWX B!l'l'HCnBHd no TB ,IlHH8MH'l'8CKOro ClKaTBH. AHaJIH3 peayJU,TSTOB 

4)oi:r,,yJIBM (4)- (6) Heo6xo.nKM ,n/!Jl Bcex WJiKUHt1 noxaaan xopomee coana.neHee \I)aI<THqecxofl KpHBO~ 
o,nHHSKOmdt DOCT01iHHHi1 mar no BP8M8HB, qTo ,noc- ~-E C paccqeraHRO~ no MBTO,Jzy ccr. I<pOMe H8-
T.ffl'8110Cb DYTSM HHTBPD011HpoB8HM, ID!Tepno AApo- 'l8JlbHOI'O ytl8CTK8 . 
B8HH8 ocymeCTBJIH110Cb no MBTO,ny Kyeleqecxux Ilpoae,neHHgl 8H8JIH9 DOI<838n, qTo .nonymeH.i!B 
C0118iUIOB. B npor:paMMY o6cqeTa BK1110qeaa CTaTRJC- 06 0,Il,HOpo,I!,HOCT.il H8Dpm!t8HHOro COCTOrul!Ml DO fml-
THqecKSH o6pa6oTRa 8KCD8Pl'IMBHTa1lbHHX peayJlbTa- HB o6paaue ,no CKOpOCTBI ,nefiiop.,all;l!'H 41□4 c-
TOB, 0Dp8,ll8118BR8 ,IlOB8,P.ilT81lbHHX HHT8PB8JIOB ~o npaBOMBpHO B aI<cnepHM8HT8X no MBTO,ny ccr DPRI 
H ~E ,nM Boero HHTBPB8118 aeaqeaeR Hanl)HlltBHHR Harpy,RSHRIH TP8D8UBH,n8JlbH~MH HMnyJibC8Ml! ,ll8B1IEIU!IH., 
5s f t ) H ,Il8qJOp.!8IlHH e, (t) D.PB KOaqxl>HUH8HTB Ha- IlpH BHBO,llB qJOJJMY1l (4)-(6) HS y<!T8Hl:/ aqxl)SKTU 

,ll8ll!.HOOTRI ol =O, 95, ,P8,Il.il8/U,HOil H OCBBOI HHB,Pn;H.il, conyTCTBynIU'18 ,IJ;.il-
I'paJ1111Ul,1 DP.i!MBH.HMOCTH MBTO,n8 CCr ,llJIS DOJIY'18- R8MH'l'8CI<OMy ,ne4)op.rnpoBaHHD, 

HM ,IU!HaMB'l'BCKRIX ,nuarpBMM 6-€ I<OHCTpYKIUJOH- BHp8!t8HH8 ,nru:r pa,n11811l,HO~ HH8pUHOHH0.0. non-
ffHX M8T8,PB8JIOB, ,IJ;OCTOB8pHOCTL nonyqeHBHX pe- paBKl! nonyqun Ko1IbCKlli1 (I?J B BB,ll8 ~- fS = 
sym,raTOB B 88BBCHMOOTB OT ,P881IH'UWX \I)aI<TOPOB = 0 ,125 . JJ-1 •J> d 2

- i, ' r.ne O - ,neRCTBHT81ll>H08 
(T8XB01IOrHqec.KHX,I<OHCTJJYK[UIOHHHX H T.,ll.) BH- O.nHOOCHOe H8DI)SDit8HH0 , Reo6xo,nm,ioe ,IllIH ,nefiiop-

8B118HH B o600HOB8HH T80,P8THqecI<lJ H 8KCfl8Pli!M8H- Ml!,POBSHM 6ec1<0HeqHo M81IOI'O o6pasn;a; jl - I<Oa<fr-
T8JU,HO MHorm.m uccne,noBST81111MH. Il,P.i!BB,Il8M Kp8T- (p.,!D;H8HT ilyaccoHa ; tr - YCKO.PBH.il8 ,ll8qJO,IN8D;HH ; 
KO ~88Y1IbT8TH 8H8JIH88 M8TO,Il8 C TQqKRI 8l)BHHH ,P - D1IOTHOCTh o6paaua. ilOK838HO, q r o noopaBI<B 
npaBOM8pHOCTH HCll01ll>8Y8MHX B HBM H8KOTOPHX ,no- ,llJIH H8D~8HHR Ha ,P8,nH81lbHOB pac1D.0pBHH8 HB 
IT.Vlll8Hd s M8TO~qecRIDC npB8MOB. 31 npeBl:lmaeT H8CKOJU,KHX npon;SHTOB .ii ee ytl8T HB-



o6XO,IU!M }Ull11l, Ha Haqa,U,HOM yqacrxe KIJHBOff ff-E , 

Kor.na aaMSTHO HaMSHJiSTCH CKOIJOCTI, lt8qx)P,.8W!H t. 
naBHC H XaHTBP [26] IlO/Iy'iHIU'! B!,1p8~8HH8 lt11JI oce­
BOff HH8prtHOHHOA nonpaBK.H 

6. - 5 « J> ( ~ - e:.:..:!::) · i 
• (1 I > 

IlepB!:rl-t qneH npaBOfl qaCTH YJ)SBHBHBH onpe,n8M8T 
aaaqeHH8 OC8BOff, a BTOpoff - pa,n.Hanl>Hoil KOMOO­
H8HT BH8~H. BnRRHH8 KOTOphlX MOllt8T OhlTl, roqao 
CKOM08HC.Hp()B8HO, IlpBpaBHHB8f.! Hy/IIO B!ipallt8HH8 B 
CK06KSX, aBTOIJhl [26] nonyqBII.H g,op.,yny (2) .nna 
onpe,neneHM onTHMB/lI,Hhlx paaMepoB o6paana,n,PH 
KOTOpiX B11.WIHH8M OC8BOfl B pa,nza,u,aoff BH8PW!H 
Ha KPHBH8 6'-E MOlKHO npeae6p8'1l,, 

Peay,u,raTH pacqeTa HHSPW!OHHHX nonpaBOK, 
npe.nnollteHHHX paSHl,IM.0 aBTopaMB [47,48Jnpe.ncTaB­
nr .!hi Ha p,r.,c, 5. IlpHB8,n8HHH8 88BHOliMOCTH roBO,PRJ' 
O TOM, '1TO npH CKOIJOOTHX .neg,opiialUIH He BHW8 
!~4 C-l HH8IJW!OHHhl8 COCT8BJIRJOOIH8 H80,PIDK8B.14R B 

o6paaue npH B1:,10p8HHOM COOTHOW8ffll!H (2) H8 npe­
BhlWBlOT 5%, 

111 ~o 

30 

20 

0 3 4 

Pzc. 5. 3aBHClltM(?CTI, HH8P.J..ll,i8JlI,HWC nonpaBOK I ~I 
OT CROpOCT.H ~eqx,pMBl..l,Hllt f. : X - ,m3HHH8 .d:oJu;CKo­
ro [I?J ; o - 1viena'tU<o [471;. v - .llelll!ca, XaH:re-

pa (26]; •- vBMaHTa [48) 

IlpoB8lt8HHhlff B pa6oTax [I?, 47-51] 8H81Ul8 
Bn.HHHHH aqxtleKTOB HH8~B B CRn Tp8HBH HS pe­
aynl>TBThl .ImHaMBqeCKHX HCDhlTBHHff M8TOltOM CCr 
OOK88hlB88T, '1TO IDC B1UlRHH8 MO~ST 6HTI, H83Ha­
'qJ!T8,U,HJ,JM, 8C1Ul paaMepa o6paauoB B1,J6Hp8TI, HS 
OCHOB8 COO'l:f!OW8HM (2), a no:n6opoo OM881Ul 

YMSHI,DIHTI, TP8HH8 HB TOIJJ..U3X o6pasna. 
AHalU!a B1l.WllUUI ltHCD8pCHH, Dp()B8Jt8HHHff B 

(17, 52-57) 'DPH pacnpocrpaHBHHH B01lH H8DJ;lll­
llt8H.0R B CT8,Pl!tH}DC DOKaaa~. qro ltM YM8Hl,IU8HM 
B/U!RHHH .imcnepC}JH HS roq.HOCTI, .03M8J;l8HM .ne<J(>p­
MBni,,ff MBTO,l(OM CCr H800XO,l(HMO BhlDOnHHTI, cne,Icy'D­
lll.08 Tp860B8Jl'M: 

- ltll.0H8 BOllHhl Har,PY'SRH 6onee tf8M B IO pas 
,no/lJltHa npeBlilllBTl, PB.IUJYO OT8~Hi 

- H8M8P8HH8 .neqx,J;Nanmt npo~OltJdTI, HS pscora:r­
HH.0 H8 M8H88 IO ltH8M8TpoB OT ropneB CT8,Pll(HH, 

Ilp.e oneHK8 norpe!DHOCTB HSM8P8HBB SMOnHcy,ItH 
H8D,Pmit8HM H :neg,op.rnr~Irn 8BTOPH BOXOltH1UJ HS To­
ro, qTo aaaqeaM aan,PID!teHHH B ,neg,oIJ,{anBH onpe­
.nerumTCH KOOB8HHhlM M8TOltOM, npH ROTOpoM npeo6-
paaoBaHH8 .neg,op.fSnBB B anexTpHqeoIWff CHI'H811 
D,POBSBO,l(HTCJI T8H80p88BCTOP8Ml!, Heo6XO,IU!MO OT­
M8THTI,, qro B 00,U,IIU'IBOTB8 CB08M B8M8IJ8HM :ne­
qx)p.f8ni,,ff M8TOlt<».l: ccr OTHOCJITCH K T8XBHtJ8CIWM, 
T,8, TOtJHOCTI, B8M8p8HM M8X8HHtJ8CKBX xapaxre­
IJACTHK onpe:neM8TCH DPH HSlt8lltHOCTH oneHKB,PBB­
HOA 0,95,B 008TOMY 8H8'18HM B8M8pH8MhlX B811BtJHH 
~ HE< 0 .nocTSTO~Hol CT8D8HW TO'lHOCTH MOryT 

OhlTI, nO/Iy'i8Hhl npRJ tfHCII8 HCDl,IT8Hd 5 4 n. , IO, 
Cy-MMapeaH OTHOO.BT8nl>HBH norpe111H0Cl'I, MBTO:n;a 

H8M8IJ8}!BH SMDllHTYlthl HB.DpmtmHM B lt8g,0IJ,f8UBB 
:nM 01IY1J8f.! OltffOI(J)STHOro H8M8P8HBH no DPOB8lt8H­
Hoit onea1<e He npaBHmsns :t:I2%, OYMMBPHBH oTHo­
cura,u,aM norpelllROCTD B8M8P8BBH BIJ8M8HHhlX HH­
T8PB8110B He npeBHmana ±8%. 

IlpoqHOC'l'I, KOHOTp:ylW.PIOHHl,IX M8T8pft8110B 
DIDI nHH8MH38CKHX Harpysxax 

A/llQMPJHH8BYit COMB AMr6 n M8llp MI. BacoKO­
Cl<OPOC'l'Hhl8 BCOHTSHBH HS O,IUIOOCH08 paOTJDlt8HH8 
B Cllt8TB8 0J;)OB8lt8Hhl Ha o6pasnax (B COCTO.RHHH 
DOCTSBKM H OTUra) H3 CD118B8 AMr6 H M8.nR MI 
[I6J . PaaMePJi o6pssnoB konnsqxoi ,nM BCOhlTa­
a.lrlt HS paCTJDlt8HB8 (CM,PBC.2): lt/U!H8 pa6otJel 
tJaCTH IO H 15 MM, n11oma:n1, nonepeqaoro cetJeHM 
pa6otJel qacrH 32 w/-. PaaMep1:,1 nHllHH.IU)Bqecxmc 
oelpa3UOB HS ClltSTHe: ltH8M8Tp IO MM, ltllHHa 5,10 
H 15 MM. CT8TIR80.KB8 BCOl,ITSHM o6paanoB Ha 
paOTSDlt8HH8 (IOCT 1497-73) B Ha 0Jl8TB8 (ltJd8M8Tp 
IO MM, ,IlllAHS 15 MM) D,POB8lt8Hhl HS Mam.BH8 Ymi-5, 

0CHOBHhl8 napaMBTJ;)l:,I HMDYliOHOI Bar,PY'SRB Ha 
o6paai:Qi: 

- aMIJ/lHTy,na TPSD8Il8H,n8,U,HOro liMDYnI,08 OT 
300 .no 800 MIIa; 

- lt11.IJT81U,HOCTI, liMDYnI,OHOI HBr,PY'SKB ~200 MRO, 
nHH8MHtJ8CKB8 ltld8I'J;)81JN!i 6-E. ,IlM CO/laBa 

AMr6 B M8ltld MI npH czaTWI B paOTIDl8HHB D,Pe.n­
CT8Bn8H!,1 HS PHC,6, nna OTOQ8HHOI MB,IlB IJPB 
paOTHllt8HBB KJ;l.l!Bli8 (f-E DOOTJ;)08Hli :no :neiI>op,ta­
nwi, paBHoit 12%. PaapymaH.He o6paanoB as MS.JU! 
npoHcxo,JUJ110 D.PH .neqx:ip,1aruu1, _paBBol N 60% • .IteiI>op-

- HBrpyllt8HH8 npoHSBOltJdTI, m.mynI,CaMH lt8B118- MSllHOHHo-npotJHOCTHhl8 xspaKT8.tIHCTIIIKII HOOhlTaHmix 
HM rna.nxol <Ix>PMhli 32 MST8,PH8110B CB8lt8HH B Ta611,I. 



PB3YJihT8Tli IIpOBe,neHHWC HCmlTBfilllt IlOK838Jm, 
'iTO OTOJIORBHHaR: MB.l{h IIpaKTl'I'18CKH He -qyl3CTBHT8Jl,­
Ha K H3M8H8HHD CKOPOCTH .ne<po~ B ,ItHaD830-
H8 OT 0 ,002 .no 2 •I03 c-1 • HM81ll!H8CR: B JmTepa­
TYPB .namrne no HCCJIB,nOBBHHJ'IM npO'iHOOTH M0,Ita 
npH CKOPOCTR:X .ne~op.mrnm~ra3 o-1 HM8JJT npoTK­
BOpetmBID! xapaKTep [ 5 J • II pH y,napHO-BOJIHOBOM 
HarpyxeHJm ( i ~ !05 C-I) OTOD0HH8R: M8,nh 

HM88T K0344)ID.Ui0HT ~'lliOCTK 2, 9 [58] H 4 [~l 
!IO-BHJll{MOMY , -qyBCTBHT0Jll>HOCTh OTOJIC!t8HHOa M8,Ita 
K CKOpOCTK ,neq>OpMa!U'W CTBHOBHTOR: 9aM8THoa npH 
OKOpOCTJlX ,neqiOJ:t,18.I.tHH BW118 IQ3 C-I. 

KaK BRJUiO H3 ,D;HarpaMM tr - € , npO'lliOCTh 
TBep,noa M8.D;H (COOTOmme lIOCTBBKH) npH YBBJIH­

'!8HKH CKOPOCTH ,neq>OpMBUIDi B03pacTaeT. TaK, Ha­

npRMep, npK CKOpOCTH ,neq>OpMaI..tlm 0 ,9·I03 c- 1 

~ift ..... a.---.....----,..---.......------.----

3 

2 PacrnAJKe-,ue 
1-E.sSoo,·• 
2 - £ • uooc-1 

3 - E zf90oc-' 

~- £ =- SOOt:'- 1 

s-i = 9ooc-1 

0 4 8 12 I6 20 e. •;. 
u. 

11,Mno.. 
240 

2 

0 2 4 

t 

"""" ( .,., I"# ) KO<>'i-'i'~8HT ~OCTK K1 e,-.,, /er.,. 
paB0H I ,3 . 113 ,ItaH8Ml!'I0CKRX ,D;HarpaMM o-E .IV!R: 

CIIJrBBB AMr6 CJI8,llY8T , 'ITO KPHBli0, IlOJIY'18Hfil:l0 B 
l048Il830H8 CKOpOCTeA ,neq>OpMSWIH OT 0 ,8•I03 ,no 
l,9.!03 C-I, np8BJ:,1W8ET CT8TH'l0CKY~ KpHByE. Ko­
~0HT ,ltHHaMII'{HOCTl'I npH 3TOM H8 npeBbllllaJI 
1,15. I1JiaOTIJt!HOCTh CITJJaBB IlpR ,ItaHaMH'10CKIDC H8-
rpy3KaX llpaKTH'10CKH H0 H3M0!L'IJl8.Ch. IlpH H0KO­
TOpO~ npOTHBOp8'1HBOCTH aKcnepHMeHTBJihHHX .naH­
HliX .IVlR: a.JiiMl4RH8BliX CrtnaBOB K3 [5] CJI8,llY8T , 
'ITO CT8Il0Hh 'IJYBCTBHT0JihHOCTH K CKOpOCTH ,ne­

~OpMBUIDi B03paCT80T C YM0Hli!ll0Hli8M np0'1HOCTH 
wm: IlOBW!leHHeM '1HCTOTli CIIJJBBa . TBK , aanpHMep .. 
.1V1R: CrtJlaBOB 606!-{) , a:J24-{) ( ~.. =120+250 MTia) 
K 7075-{) ( 5,, =260+280 Mila) y~p0'1Helil'l8 B HH­
T8pBaJie CKOpOCTea l =I0-4+I03 0-I He IIp0Bli­

maeT 12%. 
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PJac 6 .Ii.lmaM.ll'IBOXJIIB ,10!8:J;'PBMMli 6'- E ,I1,1lJi CIL718B8 .Alilr6 .K Me,Itlll MI npH ClKBTHH H paCTR:llteijHH : 
a - .i: 2 3 - CIIJI.8B AMr6 (oTDr); 4,5 - Me~ MI (cOCTOR:HHe lIOCT8BKli); 6- CIIJl8B A.Mr6 {COCTOR:H.Ke 

' ' lIOCT8BKJII); B - MB~ Ml (oTl!UU') 
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Ta6JIE~al 

MexaJmlreoIUie xapaRTepHCnIKH Me.JtB MI H OIIJI8Ba .AMn> 
Il.Plf O,ItHOOOHOM paCT.Rl!t0HJm H CJISTHR 

MaTepliaJI 
o6pas~a 

Tou HClibl- CKopocT:r, 
.1(~ 0~ 

Ilpe.D:eJI 
TamtR T8KY'i8CTR 

6'0,2. Mila 

Me,11:r, MI 
(OTOU 8HHaa) 

To lite 

Me.D:1, MI 
tOCTOJnm8 
IlOCT8BKK) 

To JKe 
_,,_ 

CMaB AMr6 
PTOlltlK8mwil:) 

To l!te 
- 11-

-11-

Cn.naB AMr6 
(OOCTO.fIHH8 
IlOCTaBK.H) 

To .ae 
-n-

PaCTIDK8IDI8 

- "-
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-"-

PaCTRJ18IDI8 
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-"-_,,_ 

Cll!ElTH8 
_t,_ 

-"-

l, C-

2-rn-3 

2•!03 

2 •!0-3 

0 ,5. rn' 
0,9•!03 

2 ·10-J 

0 ,8 •!03 

I ,I•I03 

I,9 •!03 

2,10-3 

2 ,? ·!02 

2•!03 

66 

66 

290 

330 
380 

8EJ 

L90 

200 
220 

205 

205 

230 

BHco1<onpo"ll!Wt aeMaI'l@THWl cn.naB 36HXTKl.amm 
36HXTI0 06Jia,n88T B!,iCOKID.m IlpO'iHOOTHliMK X8paRT8-

pKCTKK8MH H BblCOKOA KOpp03HOHHO! CTOhOOTI,D, 
C 1{8Jll,I) o6eCII8'i8BllJI OIJ'J'BM81JLRHX npo'iBOCTHHX 
CBOICTB R 06Jter11emui: 06Pl:!,68~8MOCTH npo,110JI­
JKa8TCJi H3y'i8IDI8 M8X8HM'i8CKl!IX xapaRTepRCTRK 
CllJiaBa IlOCJI8 B03,I18ftOTBWi pa8JIKtilil:DC peDMOB T8p­
M006pa60TKH H H3M8Hemrl1 B COCTaB8 MmCpOJierz­
PYDl!IDC ,II06aBOK, Hue IlpRBO.ItllTCJi p03YJll>T8Tbl HC­
CJI8,IIOB8HHJi ,JtBH8Mld'i8CKOa IIpO'iHOCTH IIpOMbllllJI8HHO­
ro H OIIblTHOro (TY-3590-9-82) CIIJiaBOB B YCJIOml­
mc O,ItHOOCHOro paCTRJ18HWl. 

06pa81Ui npOMbllllJI8HHOa H OliblTHOA (MHKpo,1106aB-
1<8 0,0?5% capbl) CTaJIH 6wm Il0,Illl8p:rny-ra TpeM 
pa3JIH'ilil,IM pelDIMBM T8J;M006pa6oTKR: 

- S81<8JIK8 npR 950°C + CT8p0HH8 IIJ)K 700°C 
B T8'i8IDI8 4 'i (HRC = 40); 

- HOpMMH3attID{ OT 95QOC ( HRC = 25+30) ; 
34 

Ilpe.D:eJI 
Il£011HOCTR 
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209 

-
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340 
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E, TIIa 
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7I 

7I 

.Il$~ 
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55,8 

60 

16,3 

16 
16,5 

Ko~eHT 
.I(HH8MK'qHOOTH 
K• 6"4!/6"~; 

I 

1,15 
1,3 

1,05 

r,r 
I,2 

r,r 

- 38R8JIKa OT 95QOC B BO,!zy (peDM MHHHMBJll,­

HOrO ynpo'iH8IDUI) , 
IlapaM8Tpbl HMIJYJU,CHOI Harpy3KH H pasMepbl 

o6pa~oB-KOJIII8.'IIKOB: 
- aMIIJIIIITY.IT.8 n-o6paaHoit HarpysKH 500 MIIa; 
- MB:T8JU,HOCTl> nmyJII,OHOI HarpySiat 160 MKc; 
- MHHa pa6o-qait "iaCTH o6pa~ IO MM; 
- nJIOlll8.D:li nonapa11Horo ca,mHWi pa6011aa 11ao-

TH 06pa~ 21 ,al-, 
Tmnronla OcnwIJIOrpaMMbl ynpyrn .D:8<POp.!8Itl!it 

B ~ea ( E !J ) H npoxo.wm1aA ( £,. ) BOJIBaX 
HBIIpmiemut IIpR HCliblTamm Ilp0YJm1.118BBOrO H OIIHl­
HOro CIIJiaBOB ~ B08X Tpex paDMOB T8JM006pa-
60TKI! Ilpe.I(CTaBJ18Hbl B8 pHO,?, 06pa~, K81t 

npamuo, IlpH HOliblTamnt paspymamtOI, IIO.I( yrJIOM 

~450 K HS.IIpaBJI8HDl ,Ita!OTBWi H8rpy9KH (a,6 -
981<8JI8HHbl8 o6pa~; B,r - BOJ119,JD!90BaBJD,(8 
.It, 8 - MP'.HHY8 l['Jd!O ynp0tm8BBH8) , 



MapKl:'IpoBKa 
CIIJiaBa 
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IIII 
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B I' 

Ta6JIH1.l 8 2 

luIHSMHqecKHe .n;eqiopMB.qROHHO-IlPO'Il!OCTHbl8 X8paKT8pHCTIDUli 
CIIJJBBa 36HXTJO 

TeXHOJIOI'HS! Te.IJ,(oo6pa6oma C1wpocT1, IlpotfHOCTHli8 H .n;e~o~OHHH8 
H3roTOBJI8HID!'. 

.n;~~ 
T8 HCTmUi 

6j ,MIia E",ffia cf ,% 
IlpOMlilllJI8HHrul 3aKa.JIKa 950°C 620-750 IIB0 1420 22 8,5 
Bl:ll1JI8BK8 + c0apeime 
fOCT 10994-?4 ?00 C 4 q. 

Om.iTHWi Bbl- 650-900 II00 1380 23 IO 
IIJiaBK8 To JKe 

.n;o6am<a%ce-
¥1,[ 0,0?5 
Y-14-3590-9-

-82 

Il pOMl,llllJJ0HHrul Ho~38llIDI II00- 1300 IOOO 1250 22 13 
Bbl1IJI8BK8 OT 950 C 
IDCT 10994-?4 

0IIHTHaJI Bbl- To lite 680- I080 96(.J 1200 20 15 
IlJiaBI<a 
.no6aBKa ce-
~ 0 0?5% 

-14-3590-9-
-82 
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0KOR'fmmt8 T86.n.2 

Niap1<.11poBKa TeXHo.no.I'Wi Haro- Tept,iOo6j,1a60T.Ka U.KOp0CTI> llpotmocTBHe lil ~PY8ltffOl!Hlie 
CWlBBB TOBJtemm 

.n~~ 
:xaru.i, T8mICTH.!U'I 

o;, .. ,Mila lo, ,.14Ua IE;rna I o- ,% 

1IpoMlillllleHll.8Ji SaKaJU<S 95tA; II00-1300 !x!CJ 800 I3 l? 
.BWJJlaBRS B BO}I'J (.peiwt 
I\lGT llJ994-?4 MllllilU48JU,liOro 

YIIPO'llllelill.fl) 

C 
0D.liTH8.fl mmJlBBKS laJu-I5Uu 540 76() 13 20 
A008.BKS Cep!l lJ1 U?~ To lite 
1'Y-I~59U=-~-8G 

E" - ,D;HHaMlftieCRd MO,ltYJll> yrxpo'!HelillJl. ,lumm.m'ieCRd lo.lO,ltYJil, yrxpyrocTD £. B llp0A8Jl8X norpem-
HOCTH ascnepHMeHTS paBeH CTSTH'll.8ClCOMY (~:clO Tila) • 

.IJ,IUlaMB'ieCI<lle .KPHBlie 0-- ~ ' llOCTpoel:llilie no 

pe3y.J11,TS'l'8M HCI.WTB!Wil ti-lU o6pa3U.OB npn noc­

TO.HHH!lX CKOpoCT.RX ~eq,opt,Jall,iIH (ll ;.ll8i18.JO!ie 

bW-.15UlJ C -l) ' nplil.se,nel:W 1:18 pi!C. c.,. ,..,;11>! HclUJ:,H­
iKCHl!li n ~eq_,o_pt,11:iJ.41tl! onpe,ne.neH!i .noBe:r;;ue.olJi!>F; 

HHTepaa..'ll:I t,(f H A E npH l<03t_W:ilru,BeHT8 H8.l{<:lK­

.HOC'J.',I u, ::i5. J:leJU!'Ul.ll.8 .l{OB6PHT8.IWiOrO ilHTenr,a.w 
,il,1lR H8ll,PRl(81W.R B03paCT88T C YBeJWqt!.Wt;:W CTe­
ll8.IIB .ne(iiOJ)Mawm , HO MSKCRIMWllu!8.a BeJUl 'D!liEl ero 

He npe.aimWt:'l' ?.., OT 6,. J;eJJ.lf'il1Ha II f ·rni-ae .soa­

pacTaeT .l:l npouecce .neqiopMaI.Urn, H .K MOMeH'I'Y 

pa,;pyllieHJMl 00pa31J,S ee AJaltCl!MaJl...bliaJi BeJlll'il.lii6 

He i;.peE~O'i.' ll.i% OT Es • 

fi,Mna. 

I6QO.------.----.--~--~----, 

nn 
en 
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0 4 8 12 16 20 
€,% 

PJac.8 • .lll!HaMJRec1<:He ,ItHarp~ fi -E J'.)?c•rJ1J:e­
Hll.R o6paanoB IlIX)MNIIIJleHHoro UIY, ITg,,,)I> a oIIH:>-

Horo ( CY, L'II, C) CIIJJ.aBB 3tlllA'lll • 

l13 .Kpl!Bl,IX 5' - E CJle.nyeT, 'l:TO IL1l80'l'l1'1!8CKOe 

Te'l:eHl!e OIIHTHOro CWIBBS H838BlilCl!.MO OT peuMS 
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Tel)Moo6pa6oT.KH npoHCXO,Iti!T npB .l:U3IIplm8HlUlX H8 

I0-15% lll!lle, 'l:eM P.llJ3. rxp~Ml:iIUJ1eBBoro. PocT n.nac­

-mlufocT.11 Olll:iTliOl'O C!l.11BB8 38M6T6li TaKJte no y Be­

Jllilliel:00) Ha .,20% OCTE.lTO'lliOro Y.JJ,lllliil'.:lilUi o6paa~OB # 

llOCJle .ilOill,I.TSlmSi. .lllma.1om'll.eC.KHe .Q;eqx>pM::➔~OBBO­

llp0'CIHOCTllli0 XBpaRTepHCTlUUf lipoWillLJlelliioro H 

OIIHTHOro CII.llaBOB, onpe.l{eJI0liliHe no 3.KCII8pWi!eH­

Tall.hdliM KplUlbl.M (S'- E , rxpe.)'.tCT8Wlellli B TS6Jl. t::. 
Hs pesy.'ll>TSTOB IIpOBe~e.llilllX EClWT8H1!K CJie,cy­

eT, 'iTO .MBKpo,no6aBI<a Cep!i ( 0, Cfl5%) B Iij}OMli.lllJ2H­

aym CTaJU, 36HX'fil, H838BR!CllMO OT pezm.ia Tepuo­
OOpe60TJOI, cnoco6CTByeT poc-ry ll.'18C'l'"1tn10CTH npR! 

aeaHa"mTeJU,HOM CHmtelilIH llp0'iliOCTM H TeM CBMW,I, 
y.ey-cnuel:UUl T8XBOJI.OI"'.d'i8C.KO! o6pa<18Tlill88140C'l'il .He­
ooxo~o TS!ate OTM8TlitTI, 3&M8THU8 BJUUllilfe BliCO­

kMX C.KOpoCTet 'AeglOpMSIJ,Bl! Ha M8X8l:I.H'll.8CREe CBait­
(; r- ,J cu.aaBa. Tai., llBllp.u!,!ep, ~w sa.Ka.neHHoro 

npoMUJIJJlel:IBoro CllJ18Ba npH i. = 6~u c-1 1'0aqqll~-

eJ:1T .ltHH&Uf"lHOCTE K:/o!,ns;; l paa!:lli l,~5. Ha 
u pe.ue.n npo'lliOCTB IlOQCJIOHHH8 CKOpOCTil .l{eg}Op.MaIJ,lnl. 

(6Uu-I5uu c-1) rxpaKTB'leC~M He OK83liBElllT BJU!.R­

l-ili.R • 

MaTepHBJ.Ui nopolll.ROB01i N8TaJWlpnm CI1Xl8H9T 
.'1 Wl36Kill.l. ,!.iaTe,PHailli nopo!IliiOBOil M6T8Jl.ll,YPI'mf 

06.na,na.KiT O,ItHopo.mio:ll CTPY.KTypot!, Bl:iCOl<0.11 TBOP­
'AOCT.&D II I!pO'DiOCT:&X), xopomo nepeHOOJiT Bos.nea­

CTBHSi IU,U<JUl:'ll:80UX 1<021e6amd '1'8MII8paTyl)li, lia­

II,PJm8HlUi, ~epaoro o6Ay'lelWi. H:3.neJWi nopom­

.KOBoa MeT8JIJIYprlilt llBXO,WiT llpBM8Ii8Hlle B paSJllA­
liliX OT!)SOJJJiX IijX)MWU.n8HHOCTl'l JI T8XHJI.IOI, B TOM 

'll!CJ18 B yc..noBlilSll Boa.nelCTBHR .nimmm1JeCJUIX H8-

rpyaOK. 

liCIIliT8lllffl o6pa~OB ll8 OIIe'leBiillX 118'1'81)]18.llOB 

CII36KHM I Cllll8H9T (nopl'ICTOCTI, He muue 8%) 
apoBe,nellli IlpJI O;olOOCHOM paCTJlll8BIJI CO CKopoc-



rllll .n.eqiop.ian;ez t. = I, 4 • ru3 c -l. OcHomwe na_pa­
M81'Pfi l4MI1Y.IU>CHO! H8I',PY3RH H lllCIIliTW388MliX 06-
pa3UOB: 

- M8I<CIIIM8Jll,H8Ji 8MILIIHTY AS Harpy 3Klll 800 Mila ; 
- 'A,IIBT8Jll,HOCTh Harpysu l6u ldKC; 
- AlllUl8 pa60'iei 'iaCTIII o6p83UOB-.KOJ!Il8'ql(0B 

IO MM; 
- DJlOlll8.Itl> nonepe'llioro ce'ieHHR pa6o'iel qac­

Tlll 00,P83~ 16 MM:C: , 

,llJ!Haam'iecKH e ,u;aarpaMM!i. tS - e , nOJJ;y 'ieBlihle 
no pe3Y.IU>T8T8M HCIIl,ITamdi 6-~ OO,P831.\0B, no.Kasa­
BH Ba p111c.~. Ilpo'lliOCTHHe Ill Wl8CTH'i8CKHe XBpa.K-
T8plllCTIIIKlll, onpe.n.eJieHHHe no ,u;aarpaMMaM np111 

600--------,---r------r--7. 
3',Mna. 

0 4 8 12 16 t, % 20 

PRC. 9. ,lllllHBMK'!8Cim8 ,ll;H8cy8MM!i If - £ paCTSi­
l!t8HlllJi M8~,8Jl0.t! nopOWKOBOI M8T8Jl.llYpI'llllll 

bli~T B L'I136l'JfM ( I - paspyweHHe) 

C.KO,POCTB .n.eqio,PMBII,HH 1,4.IUJ c-1, CBe.n.eHH B 
Ta6.n.J. J.l,1JJi Cp8BH8.liHSi B Hel ll,PHBe,l(eHli T8KJKe 
:xapa.KTep111cTHI01 npoMW!l.lleHHWC. cWiaBoB (XIbH9T, 
36.KHM). 

0CHOBHli8 pe3yJil,T8Tli ,ll;HHaMlll'i8CKHX lllCilliT8liHH 
cne'ielililiX MBTB,PH8JIOB t:lll6H~T H t:IlJ6hlfat np111 0.11.­
HoocHoM paCTRl!t8HBH: 

- ,ll;HH8MH'i8C.KH8 3H8'i8.lillB np8.ll.8Jl.OB npo"ll-lOCTH 
H npe)l.eJ.IOB T8.KY'i8CTH B npe.n.e.nax norpelWiOCTH 
3.KCnepHM8liT8 ,PBBHbl CT8Tlll'i8C.Kl1Mi 

- DJl8CTH'iHOCTh 'ASHHWt MBTepaa.noB npH C.KOpo­
CTJlX .11.eqJ(),PMBUHH U,ULU H l,4•103 c-1 llpa.KTH'iec­
KH O.ll.lllliB.KOBBi 

- paspyweID1e oopasuoa HMe.no xpyill<Hii xapaI<­
Tep (OTCYTCTrote wem, nop!i H Tpe!IUillili Ha no­
BepXHOCTIII). ~H8'i8HHJ'i .11.$:pMal.Ulil: nplll paspywewm 
cne'ieHHliX MBTep111anos npHMepao B ,!03a pasa J:W&e, 
'i8M ,Il,llSi ll,POMWIIJ18HHliX CllJIBBOB (.Uilli\:IT, 86.rilii11) • 

Ha ocHoBe ,u;aarpaMM er -E. onpe.n.MeHli ,Il,llSi 

cne'ieHHHX MBT8,PlllaJIOB 3H8'i8HHJ'i Y.IJ.eJll,HOI pa60Tli 
,Il,eq>OpMSUWI A H oueHeRU 3H8'i8HHJ'i K034$Utlll8HTOB 
lllliTeHClllBHOCTH li8npi'IX8WIJ'i K,c no a.KcnepHMeH­
TaJWiliM M8X8ID!'i8C.KJIIM XB,P8KT8,PHCTH.K8M [6{)) • ~3-
B8CTHO, 'iTO 3HB'i8HHe .K03qxpw.l,H8HT8 K fC n_paI<­
TH'ieCKE He 3aBHCHT OT <Ix>PMH o6pa3Ua, cnoco6a B 

BlllAS aarpyaeHHR. O,IUia.Ko onpe,ue.neHHe ero ,Il,llSi 

MBT8,PlllB.nOB M8JIOI H Cpe,IUieil ll,PO'IllCICTl! CBSi3BBO 
00 3H8'ilf Tem.HBMJll Tpy ,IUiOCT SiMlll , Bbl3B8HlihlMlll H eo6-
XO,ll;HMOC Tldl HCCJl8.ll.OBBHHI Ha o6pa3UaX C O'i8Hh 
QOJll,IIIHM nonepe'WHM C8'i8HH8M, .KOTOp!ie npa1<TH'ie­
C.KH TPY.IUiO lll3rOTOBHTh Ill HCllliT8Th. B pa6oTe~U] 

Ta6JIHUa 3 

AeqiopMaUHOHHO-npO'lliOCTBHe XB,PB.l(T8,PHCTl!.Klll MaTepHaJIOB nopoll!l<OBOH 
M8T8JJJI.YprHlll L'IIXIbH9T H Cil36.KHM 

MaTe,PH8Jl t:1<0,POCTh 6~2 6& o' Ge £ ,l(f~ j'- s.' .11.~PM!!fJB Mila e 
E. ' C MIT.a o.e • .n.. Mila 

CIIHlbH9T l46U 36U ~u U,22 U,14 18,6 0,27 69,3 75 104,9 590 0 , 20 
( o6 pa 3l.\li 
ko.nna'!Klll') 

To ze O,UU2 320 550 0,2I U,14 l!:l,6 lJ,27 

CIIXI8H9T CJ,(J(J2 20U 550 0,23 U,14 18,6 u,27 60,3 98,6 
( C 'l'alWljTHlie 
o6pa3l.\li 

Xl8H9T CJ,L.()2 280 620 0,49 0,14 18,8 0,27 ?U,6 Iu6,3 
tcTB~Hlie 
o6pa ) 
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0KOli'Ullilil8 Ta6JJ..3. 

MaTepHa.n C.Kopocn 0
<1• I o, s I 3., f.IU-4 .A; I ... ~ • K1c, s,., 

• fL .it$,P~H 
f. ' MW:l o. e • .it, Mila 

M• 11• e. 
M3 mar. Mila 

VII36&lM I4UU 35lJ 55U u,23 U,14 19,(J lJ,25 66,l ?3 103,? 6IO 'J,21 
(o6pa31.tli 

"K OJllU:l 'Ura) 

To ze lJ,W2 310 54(J U,i2 lJ,14 19, lJ lJ, 25 

36KHM u,UJG 24U 561.J 0,44 U,14 2U,O CJ,25 6U,4 - IUI,b 
(CTBH.ltBPTlibl.e 
o6pa 3Ll;J,I) 

tf, - BeJUl'll!Ha paBHOM8l)HOH ,lteq>Opt,48!..0,!H; A; - y,1teJU,H.S.R paC,oTa paBHOM8pHOit ,lt8q)Opt,181.U!H (paC'48TH08 
3H8'i8HH8); 11; - Y.lteJ.U,H8.R pa6oTa paBHOMep.aott ,lteql()pM81.0,UI (8.KCll8l)llM8li'l'8Jll,HQ8 3H81i8Hll8); S - BC-
TBHHOe HOI)MaJU,HOe HanpRJteH.He np:e pa3pymewm; t- BCTWWO8 YAl1BB8lill8 B OTBOCB'l'eJU,Hlil'. eu,rum'{ax. 

ll0K838li8 BO3MOllWOCTh YCTSHOBJleJilffl YHHBepCWll,­

HOH 38BHCBMOCTH M83U(y nor~Oll\88MOA MeTaJJ.JlOM 

Y.iteJU,HOit aHeprHeH II H BR3KOCTl,IO pa3pywelilSR &~ 
C 3Hepl'1'1eH, 38Tpa<msaeMoA H8 H8CT86Wll>HO8 pac­

npocTpaHeHHe TpelltlDil,l B YMOBHJilC IIJlOCl<Oii ,lteq>op­

MBJ.Um,WlH CB.R38lilWM C Hei! RO~eHTOM BHTeH­

CHBHOCTH H8llJ)RllteHH.R Y BeplllHHl:1 TPeIIIIDili! 

K - f G-,c 1 , 
1C f p 

IlOJzy'ielililie 3H8'48lill8 l<O3<P1'21.QdeHT8 K .,_ .D',1lJi 

cne'leHHWC nopoWI<OBl,IX M8T8pH8.11OB JlBJli!IOTC.R JlHIIII, 

o~eHO'lilWMH, ~Tene~ BX ,ltOCTOB0pHOCTH MOllt8T 

6HTh o~eHeHa nyTeM cpa.BBeW!R c a1<cnepHMeHTali­

HNMH 3Hallelil!JlMH K ,c. , IIOJJS118BHb{Mlr! Ha CII8U,H8~­

HWC o6p831\BX, U,IJ,R8.Ko, Ka.I< no1<aaaiw cpaBHeHHR 

pac11eTHWC :e a1<cnePEMeHT8Jll,HliX SHa'ieHHit K ,c. .D',1lJi 

15 MST8PH8.110B ( THT8HOBl,le B 8JillMWWewe CIIJI.aBll, 

CT8.11H), zx OT~<me He npeBW118eT 2-3%, eCJlH BeJlD­

'lllH8 paBHoMepHoit .iteq>opMa~:e d', , onpe.iteMeMoit 

a1<cnepueHTaJll,HO no .itOCTll&emm Harpy3Kott MBl<­

CH.MEIJWioro 3H8'leHH.R' ' l.G% [ 60] • 
.!JJmaMIPleC1<8.R IIpo'iHOCTh CBBJJHHX coeJmHeHB~. 

Csap1<a , o6ecne'lHB8Dll8R Hepas'.be.MH.lie coe.ItHHeHWI 

.I{8T8.lleit C IIOMOIIU>i) MOJleI(YJlRl)HOro ~eIIJleHIDI, a.B­

MeTCJi O,IUU!M HS H8H60Jlee COBpe.MelililiX cnoco6oB 

COS'A8HWI npoliBliX B HB,ltezHWC coe,ltli!Hewdt .I{8T8Jleit 

B3,ltAJll1H H KOHCTPY.Kl.U!! , H3 cy~eC'l'BYlllJIHX BH,ltOB 

CB8pKlil HSE6011ee BblCO.I<OKa'ieCTBeHHOH H 3l<OHOMHOtt 

B H8CTOR111ee apeMR JUlJIJieTCR M8KTPOHH0-~'48.B8Si 

CB8pi<8, npoBO,It0M8.R B YCJlOBHJiX BblCOKoro BBl<YYMB, 

HC.l.<JIJl1U!DI1ero O.KlllCJ18Hll8 B 38I'p.R3HeHHe WB8, r~-
601<oe npon.na.BJleHBe M8T8JJJ18 n:pH M8Jloit IIOrOHHOit 

3H8prm1, 60J.ll>IIJM C!<Opocn O'l'BO,ltS Ten:.n.a OT som,i 

CBBp!O!, BliCOK88 Cl<Opocn .K.l:)l4CT8JIJU!IS&t0 o6ec­

II8'l:IIBaJOT MMK0.K,PBC1'8JlJll{tl8CKYJl CTPYKTYPY a./181<'1'-
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p0HB<hlcy'l8BOro IIIB8, IlO CBO.Bll O.l3olCTB8U MallO 

OT.llB1i8DIIYJlCJl OT OCBOBHOro M8T8JJJ18 , 

limpo.Koe n:pHMeH8Hlile 8JIARTPOHH0-J.IY'l8Boit aia~ 

.KB B COBpeMelilDil IIpa6opax :e BS,lteJll!JlX BliSHB8-

8T H800XO,Itl!MOCTD IIpOBe,lteWUI BCm.tTamul IIJ)O'I­

HOCTil CB8:pw,IX OO8.JtHHeHl!!it, B TOIi tmOJle B YCJlO­

BHJiX ,Io,!B.8MH'18CKOro HBI'pY&elll!.R:. Ilpo1mocn C:Blp­

HOI'O coe,ItHHeBlUI. M8T8Jl.llOB B CIU18BOB o6H1mo 
OI.{8HHBall'l' ey TeM cpaBHeHHJI uexa11necxux odm! 
CBapHOro WB8 C MexaJmll8CJUDGI CBOitOTBallB OCKB­
HOrO M8T8!>E8JI8 , BX HOl)MBTHBHlalMH 3lUl'l8Bl&ID01, 

.lWl s.1<cnep:aMeHT8JW:loro 111cc.ne.rtoBBHWi ,JUma­
MlfqeCKott IIpO'lliOCTl!I CB8:pHHX OO8,ltli!Hemut B HaC­

TOJllllett pa6OT8 HCilOJll,SOBBJil!CD CII~8.lll,H!,l8 M8-

JlOra6ap.lllTH.1,1.8 o6paSUJi THII8 "KMII8'1ROB" co c~ 

HHM DIBOM [61] , PaSM8pi,l Ill l<OHqJHrypalUUl CB8pmll 

o6pa3~OB BS THT8B8 BT-14, Me,Itl! B AJ!JlfflHBl'IBOl'O 

CIIJ18Ba AMr6 nOKa38Hli Ha pBc. IO. .llluuum'leC.ltllle 

B CT8'l'l!'l8C.K:ee HCIIHTBlilW !IpO'IHOCTB CB8:pm,l.X c oe­

,ltli!Hemtlt Ha OTpW3 6Wlll !IpOBe,lteHl,l BB 0,ltlm8KOIIHX 

o6pa~x c r.u,y6BHoit !IpOBSJ;lK.111 DIBS 0,6 H 1,2 M.14. 

Ilpo,mocn CBapa!,[X coe,ItHHemdt 5c& onpe,tte­

JlJU.8Ch HS Bl,lpaEeliJilJl ( 4) , CKopoCTh H8I'p,V&01UIJ1 

& CB8:pw,IX o6pasnoB onpe,1t8Jl&Jl8Ch Be.mromol H8-

IIpm!8HHJi °'' :e B~8MeH8M t .rto pa3pymeima B 
COCT8.B.!LILlL!l(2-3)•1O MIIa/c, 

Pe3yJU,T8Tli 3l<Cll8PllMeHT8JUdiOro BCCJle,ltOB8lillR 

,IU!li8MH'l8CKoit B CT8TB1180Koit np0'1HOCTB CB8pmll 

OO8,ltli!HelilUt BS TBT8B8 BT-14, 'l'Bep,Itoit 1118,Itl Ml 
H CllJl8Ba AMr6 cse.n;elW a '1'86.n, 4, Ha 8H8JI.Bsa 
pe3yJU,T8'l'OB OJleJzyeT, llTO ,lJ}'IHBMll1i8CK8Ji IIpoq­

HOCTh CBap.HliX coe.io,memd BOIIHT8ID:WX U8T8l)H8JlCB 

SBalll!T8JlliHO Bl,lllle (a 1,5 pasa .D',1lJi MEWi :a AMr6 :a 
B 2 pass AllJi TH'l'8B8) C'l'8TB1ieOKoit. )ommarqecxaa 

!IpO'IHOC'l'l, CB8pmil coe,ItHH8BIIIA Al1Si 0ILl18B8 AMr6 



li!I Y8,Itli1 npm,epao paBHa CT8TJA8C.KOI npotmOCTli!I 
caapaBaewx .MaTepHa.no.e (cnna.e AMr6: ~, = 

.. 405 MI1a, 51 = 425 Mlia i TB8p.It8H Me,IU, MI: ~ , = 
=440 MIIa • 6j = 480 Mila) • 

¢25 

PHc. IO. KOl$U'Ypat(IDI R pa8Mepi CBapBl>lX o6-
pBSitOB AJI.Q ,ItHHB.IOA8C.KHX li!I C'1'8Tli!lt{8CKHX li!IOIIHTS­
iWt: I - onopm CT8.P,'18lll>i 2 - o6paae.tt; 3 -

CT8p&8Hl,-ll8p8,Ita'l"'DIK 

IlpotmOCTl> CBSp!il,IX coe,ItHHemdl:, l<SK IlOR838JIH 
8KCll6,PHM6HTli, 38BHCl/lT OT TOJIJllmil,l (r.ny6HH1,1.) 
CBapHoro lllBB, TaK, HSil,PHMep, IIPH r.ny6HH6 npo­
BS!lf(H l,i MM Il,POtnlOCTl> DlB8 6Jlll3K8 K llp0'1lli0CTJ4 
OCHO.BHoro M8TepH8Jla. IlpH YM8H:blll8Hli'IH r.ny6HHl:l. 
nma B ~a paaa (BMBCTO 1.2 MM lJ,6 MM) npoq­
HOCTl, CBapmu. o6paauo.e H3 M6.n;H li!I AMr6 ll8.Il,!l6T 
nplllMepao Ha 3Ui'. TruraM 06paaoM, MR .ll8HB1il Ma­
T8,PHB.1lOB cy~eCT.ByeT OllTHM8JlhH8Ji r.ny6.111Ha 8JleKT­
poHHo-.nyqe.eoii ll,POf!SPKli!I, 6Ju!l3K8Ji l< l,2 MM. 

Paapywe.HHe c.eap.HHX oopaauos Ha Me.n;u H A!4r6 
IIPOHCXO~O no CBSpHOMY WBY H HOCli!IJlO Ji.BRO .BH­

pa1teHJllilt IlJlBCTHt{ecm xapaKTep (KoHycooopa~oe 
ceqeHJae msa noCJie paapi.Ba). Ha HeKOTO:pi,1.X 06-
paauax Ha cnna.aa AMr6 noc.ne .ecliliTSHJlit s aoHe 
msa o6Hapyll8Hbl Henpo.Bapl:i, CBlllla.Bllllle npo'iHOCTl,. 
PaapywemJe C.BSPHl:ilX. coe,ItHHeH.141 H3 THTSH8 HOCli!I­
JlO xpynKd xapa.r<Tep. l10.B8p.xHOCT1, p83pii.BB npo­
XO,ItRJ18 KSK no WBY • TBK li!I no OKOJlOWOBHOii 'UICTH 
M8T8,PHBJ18. 6 

.IJ.iwaMH"leC.K&t Il,PO'lliOCTl> ~& ( e' =(2+3 )IQ Mlla,c) 
coe,ItHHeH.d. Ha THTSHS HT-14 npe.Bb!W88T CT8TH'i6C­
KY~ Il,PHM8pHO .B ~ pass H COCTSBJ1Ji6T ~4% (.u.,ui. 
AMr6 li!I M8.n;H 94 H 9~ COOT.B8TCTB8HHO) OT npe­
~eJl.8 npotmOCTH M8T8pH8Jl8. 

'l'a6JIH1.{8 4 

IlpO"lHOCTl, CB8,PHW( 8Jl8KT,POHH0-J1Yt{8.Bb!X coe,ItHHeBd 
HS paapii.B 

MaTep.ea.n. CBSJ)Hlil llnOlll8)U, llO- ).bm8Mll'i8C.K82 llPO'lliOCTl> ~T8TH'i8C.K8Ji ll,PO'iHOCTl> Ko* 0THOWe-
oopaauos nepetmoro ci:u:m ... oro llJ.B8 CBAnHOr0 WB8 ~~- Hll18IIWI-

8HT .ItH- HOC'm Ill.Ba C8'18Hl!Ji 
ti', MUa(c" o.; t. lllla tr , MIIa/c ~T Mila aru,mq- :K npoq-CBBpHoro 2 Cl • ROOTH HOCTH lllB8 Jl,;. • OM •IO (3't /(/T M8TepR-

d d 8Jl8 a;.t /6,, o/. 

AMr6-AMr6 0,96 2 4015ii 5 24'¥,. 1,7 94 
35-4~ 2I-3oi 

MeJU> MI - MeJU, .III 0,96 2 44 5 27 1,6 9~ 
41-46 22--29 

'.lil'1'8H BT-14 - 0,96 3 80 5 39 2 94 
TJH'8H BT-14 76-85 35-43 

ii B "DICJIJIT8Jl8 npl(B8,A8BH cp8,ltli8S,Plllqll8'1':neo.ue 8Hat{8Hll!Jl ll,PO'iHOCTJII, 8 .B SH8M8H8T8Jl8 - .MBWIMSJll,­
HHe H MSRCIDl8-111>HHA paapy~e Hanps&em. 
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JlJwBMHqeCKaR IlPQ'IHOCTb .KJiee.BblX coeJWHeHH~ 

HS CAAHr H Ha OTp!iB. HcCJle.n;oaaHJrn npo'il'OCT!ll 

.l<Jlee.l:lliX coe;iurnem B 38BHCHMOCTH OT CKOpOCTH 

.aarpyllteHHR npoae.n;ew .aa OOpa~ax Ha CllJIBBOB 

MII'6 ,BTl-0 n CTaJIH 3 npli RCllblTaHID!X 113 c,IOEr :e: 
m 0'1p:D3 f6I] • C.l<JleHBBHlde o6p83UOB IIPOH3BO~JlOCb 

MeRMli .BK-9, OCT B95 1653-75 ( ,.._ ~ IO Mila), 
1'.30(>...61,0C1' B95 1658-75 ( ~,. ti Mila), 3Jl-20, 
OCT .095 1654-7::l ( ~ ~ IO MIIB) H l..\HB.Kpl4HOM 30, 
TY 6-09-30-76 ( ("">,, IO Mila). ;,Kc11epm.1eHTBJU,HOe 

onpe.n;MeHBe .iumaMHqecKOH IIp0'lliOCTH IlpoBO.ll,WlOOb 

no OOli'lliO:li oxeMe HOilliTBHBi MeTO,ll;OM (.,\;r HS Cllta­

THe H paCTJlliteHHe (cM.pHc.2). CxeMii HCIW.TBHlllli 

o6pa~OB ,Il,]lJi onpe.n;e.n.e.lWR CTSTJ4qecKoit npO'lliOC­

T.0 ua C,l(BJdr (a) HHS OTpiill (6) npl!Be,D;eHli HB 

p.ec.II . d>opMa H pa3Mepli o6pa34oa npH ;iurnaME-

~ecKHA H CTSTHqec.KHX HCilliTaHHSL<. 6.ww O,IU!HBKO­

J:11,lMJd .llnolll8.ltH MeeBlix coe.n;HaeHJ4.ti o6pa~oB npz 

JIICilliTSH.IIH HBf.n;BHr COCT8.l:IJLRJ1H 200 MM~ , Ha OT­

pHB - 120 MM. 
p 

4 

P:e:c . II. Cx8M8 cTaTHqecmax HCilliTaljwi: _ KJiee.Bli.X. 
coe~HeHHii HS C,IU3Hr (a) l'I Ha oTI)bl.8 l6). I -
H8llp8.BJLJmlll8R BTYJU<8; ~ - ROl1bl~/3eMHlt o6pa3e~; 
J - KJJ.eeaoa woa; 4 - HarpylltB!llllHR nyaHcoH 
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IlBpaMeTJ)b! w.myJU,CHoit BOJllili aarpyaKB: wm­
JWTY .n;B OT 3U ,ItO 50 Mila, p,!UlTe.JWiOCTb 200 MKC. 

T.Hru!'llihl e ool..l,WIJlorpaMW y11pynx .n;aj>Op.,aud e., , 

Er IIPH l/lCilliTaI:illlt .In!HBMB'tieCKOli Iij)O'IHOOTJII KJlee­

BliX coe.n;HHelil'Ui o6pa~OB BTI-:.0 - BTI-O(a) H 

AMr6 - AMr6(6) llp}4Be,D;8Hli HB pJ,!C.12. $aaqemia 

w 
• •· I 1.· . ·I 

_ _L.-.... L._L .. ~1 ~ { - ~ ~ ~ - . .r ~· 

.... 

(S 

II■ 
■■ 

P:e:o. I2. Tllmrnni~ Ocznl.1Ll10rp81,DIH II8Nillll8! ( 63 ) 

K npoxo~e! ( dr) BOJIB BaIIpgeJDIJI npa ,ItHBaMH­
'ti8CROl4 ZCmlTSmm Ba O'?I)HB RJ[88BHX ooe.wmemita 
(KJiel BK-9

7
): a - H5, = 14 .Mlla/CM.,i_,.~ =16 Mlla/CJil, 

';= 50 MKO CM (o6paSI:tJi BTI-Q - .tfJ.'.L-0): d -
M,1 = 28 .Mila/CM; Hdr. = I4 ~/OM; Ht= 50 YRC/CM; 

'J (o6paSI:tH Al~ - AMr6) . 

,IOIIH8Wt'i8C!<Oi Iij)O'IBOC'm liB C,ltBBI' 'ell H li8 OT­

pi,lB ir.;,,,,. O11pe.zteJ1MllC1> no qx>pt,tyJie 

~(5') = P,. MOl<C ~ er MO/ft:: •E ·F , 
;; :F. 

r.n:e P,. "'a"' - MaKcm.mJThHoe oceaoe ycn.mrn; !.11a•<MBK., 
CW48Jll,H8R ~eq>Opt.18URR B Iij)OXO,IJJDllea BOJ!H8 ; E -

MO,lzyJlb y11pyroCTl'I MBTepB8Jl8 onopHOI'O CTeplKHJi; 

~ , :T - llJ1Ollt8.ltH KJ188BOI'O COe.ItHHeHl'IR ii OllOp!iOI'O 

CT8plKHR COOTB8TCTBeHHO. ,lJ,HHaMl!'ieCI<SR OROJ?OOTD 

HarpyJKeHHJ'I 6" o6pa~OB COCTS.BJIM8 U, 5 · lcf>~ 
( 11'"' l MI<M/MKC), CT8THqeCK88 - l M!Ja/c ( 1T= 

=U,15 MKM/c, pa3pliBB88 MBIIIHH8 MPC-25U,UD. lU/9U 
(r.lJ.P)).Pel!C11Mb1 OTBe~ewui: .KJJ.ee.BWt coe~Hemtit. 

Mela B.l:{-9, K3u0-6l - BH,Itepll!(a 6 -q Iij)H T = 
= 1r.Pc; Mel'! :;.a-2u, ~8.KJlHH ::o - Bl,l)tepll!(B a 

T8~8IDI8 CYTOR npH KOMHSTHOi TeMIIepaTYpe. 



Ta6JIHU.a 5 

Hpo"lliOCTl> MeeBlix coe,IJ;HHemul npH ~H8MH'l6CKI\X H 
CT8THqecRHX Harpy3R8X 

U.l<JleHBB e.Mlie Map&a linOqttOCTl> Ha OTTIWB !lnoqaocTl> Ha C rmHr 
MBTepuaJil,l .l<JleR 5<m Mila I ~!.l Ivilla I K : O:J 1~•m t Cm !Jlla r t".~& ,hll1a J K.,e =~ 1r;; .,,,,. ' °">p tkffp• Omf •:& ' 

AMr6-AMr6 BK-9 3lJ 36 2 l, .G 
28,'7-35,3 28,6-3~,8 

lu lts l,b 
'7 ,2-12, '7 15,8- 20,9 

AM:r6-AMro K300-61 :.:!6 6 Ji.: 6 l,:.:! 
21, '7-31. 5 ~.G,9-3{;,7 f l &6 1,7 

6,t>- 7,5 lb, v-31,6 

AMr6-AMr6 ;;JI-20 ~.a2 29,5 
15,5,:-41,5 

1,4 I~ 
\:l,lJ-19,5 ~-~ .Gl,lJ-2b 

I ,b 

AMI'6-AMr6 J..IJJ~.BH 
00 7.~~!~ 

lf:i 
Iu,5-I9 

1,4 ~.4 
7,5-ll,5 ~~ ~. -1~,5 

1,4 

BTl-0 - BK-~ 
. ~~-~ ;;!J. l,.G 

rlTI-0 16, -::.II, 7 .:C7, 9-:36,6 l6,~ ----14, tS-9,6 

BTl-0 - K300-6l i.:6 ~ J4~ I,3 
BTl-0 23.~~ ,5 25,47 

C.:T,3-GT,3 3.Jl-20 2I 4~ 2 
17-25 36 2-47 5 • • 

16,5 
b,5-.G4,5 

33 .:C 
24,lJ-46,5 

Pe3yJll,T8Tli ~HaMifqeC.KMX H CT8TH'leCKBX HCDJ,1-
TaJUUi npo'lHOCTH .KJ1eeB1i1.X coe,llHHemm: cse~eH.bl s 
T86JI.5. An.a o~eHKH .BJlldJillEfl CROpOCTlil Ha npo'l­
HOCTl> BB8~eHl,l R03q:qim.J.HeHTli ,llHH8MH'IHOCTlil Ha 

pa3pyweHZe Meemix coe;u;e:HeH.Hi.i npu .IUIBBMHqec­
KOM Harpyxemm HOCHT CMewaliHl:i.ii 8~3HOHHO-.KO­
re3HOHHHH xaptIBTep (~u-4u% - a~e3HOlIHOe, 
60-7~ - ROI'63HOHHOe), npH CT8THqecKOM aarpy­
gelilU:I - npeHMY~8CTBeHHo a;u:eauowwil.. OTpiiB ( K0 m,.= 6",,trf 5':,:;, ) H Ha C~HI' ( K;31 

=.:-.:,, -c:;; ) . H3 Ta6~ CJie.n;y eT. 'ITO M8RCHMS7ll:,- l\0Mn8YH,llli C.:K'IH I BID<Cl!HT il.r.:-6b I IJ,41:1-,;SAK. 
L\I'-IU21 llo.O:. Ilepeq}!CJieHHU.e 3.1l8CTH'Ilihle xoMnaYH­
).l;W. IIIHpO.KO npldMeHSDOT ,IJ,1lH CID:lliteHM ypoBHSl. ;IJJ!:H8-

t,1Hqec.irax HarpysOR , npzxo~xcn Ha oT~eJ.U,lil,le 
~eTaJllt, Hanpl!Mep, pa;u;e:oMe.KTpoHBoi.i annapaTy­
pli (P::IA). O.n;aoil H3 OCOOeHHOCTeii llOB~eHHSl. ROM­
nayll,D;OB Sl.BJIJieTCSl. TlIB li83Wl8eMOe MeXSlill'leCROe 
CT6RJ10B8HHe, ROTOpoe CBSl.38HO C 't{SCTOTOtt Mexa­
HH'leC.Koro a-0s~eiCTBBSl. [ 62] • 

li08 YBeJIH'leHHe llpO'lHOCT}:I npH .IIHHBMlll'l8CROM H8-
rpyEemIH BB6JJJO.naeTca y coe~emul: MeeM ::JJJ.-2U 
o6pa3~0B 1113 CT8Jlll 3, i\OaqxpHJ..0!6HTli 'AIUi8MH'lliOC­
TH 1<

0
,.,,. , Kell ,IVlR MHHOI'O coe~eIDUI pa.BHH 2. 

TBRZM o6p830M llOR888HO, 'lTO .KlIB CT8Tl!'l8CK8R, 
TBR H .J:o;IH8Mil'leCR88 npo'lHOCTl> RJJ:eeawc coe~e­
Hli!i B03paCT88T C YBeJil!'l8HH8M npo'lliOCTB CKJ18B­

B86MOI'O MaTepHa.na, T8R .KBR npz 0,ItHOil H TOI Ee 
aarpys.Ke y M8T8pl!lanOB C llOBW!l8HHOi npO'IHOCT:&10 
y Alll!HEllili!e RJ1eeaoi npoCJiom MeH.bllle. Onp~eJlHD­
IIIHM npB 8TOM JlBJIJieTCJi MO)lyJll, ynpyrOCTH MBTe­
pzana, .Iu!HBMlll'l8CR8Sl. llpo'lBOCTl> .D;PYI'HX J(Jl68BliX 
coe~eBBil BWl18 CT8TB'l6C.KOil: npl'I BCIIliTBBD BB 
OTPHB Ha 2CJ-4ta H HS c~r - RB 40-80%.~ Ilpo'l­
HOCTl> li8 c~r Sl.BJJJl8TCSl. 60Jiee '{yBCTBBT~ 
Il8paM8TpOM R H3MeHeH.W> CKOpOCTH Harpy&eHHSl., 
'leM npO'lBOOTl> Ha OTpl,IB, 

llposo'AHMWt c QeJ!l,Jl onp~eJiewtn xapa.KTepa 
paspymeHHSl. BHanB3 pe3yJU,T8TOB llOR838Jl, 'iTO 

IlpH onpe~eJI8l:IBW( qacTOT8X MeXSHHqeC.KOI'O 
ao3~iiCTBBSl. a 3Jl8CTH'llllil nOJmMepax He ycnesa­
DT npOHCXO;IJJ!:Tl, MOJle.KYMpHHe neperpyII!ll'lpOBRH 
,wute npH ROMHSTHOtt TeM!lepaType. 8JI.aCTOMepii B 
T8KBX YCJIOBMX 6y.n;yT OOH8pym1B8Tl> CBOttCTBB , 
COOTBeTCTBYDIUle TBep~OMY CTe.KJIOo6pa8HOMY coc­
TORHlfil, L'noco6HOCT» 8Jl8CTliPUlliX nOJmMepoB npH 
YBeJIB'ieHl!l! CKOpOCTH llpHJIOliteHl!Sl. HBI'pY3RH (qac­
TOTli B03~8itCTBHSl.) pe3.KO noBWDar» MO)lyJU, ynpy-
I'OOTH E H oxpyn'llU!BTl>CJi H H83liB8KlT MeXBHH'leC-

41 RHM CTBM0B8HH6M, F.cJm 0003H8'lHTl> BP8MSi ~eitCT-



BHJi Harpy 3Kl'l 11epe3 t,. , B BPewl MO.U8.KYJJJipBO.ll ~·~-----~ 
pe.naRc~ 11epes a , TO yc.nomte ue.xamt11ec1<OI'O 

CT6MO.BaHJIIJi .MOmiO npe.ztCTSBHTl> B .Bl!.It8 t,. / 8 >S ~a (T«l >fOKC t1£a 5,J 
•16,6 Hna 

TaR .Ka.K speMH p8Jl8KCSI.UIB a.nacTlf1D:Dil no.ntaMe-1----'----4----4--..-!:~..,L..-~,_ 

poB npH HOP118JU,ROl Te.unepaT;ype COCTSBJUi8T 

ro-4 - ru-5c, TO ~ HOCJ18,ItOB8HIIJi npotJHOCTHlil 1---'---------+-,c;,_...::.:.::.i. 

csmtam .KOMilSYH.ItOB npH HMiIYJU,CJ:IWt HSI'pY3.K8X 

( t "' I Uu MKC) B onpe.zte.neHHJi CXJlOBHOCTll .K M8UI­

HJll'l8C.KOyY CTe.KJIOBSHBJ) 6Wl llplllM8HeH M8TO.It ccr. 
Pe3yJU,T8Tli .ztBH.8MB'l8C.KBX BCOJ18,ItOBSHHl COllOCT8B­

Jl8Hbl CO CT8TB'i8CKBMB, llp0B8,It8lillliMH .B ,ItBSll830-

H8 C.KopocTeli! .zteq>opMal.llDI U,66•IU-3 - U,5 c-1• 
0CHOBHli8 napaMeT);ll:,I BMII3JU,CHOl Barpy3KB B 

HCilli'l'Wl88l,tiX o6pa~OB CJl8,lzyllJUl8: 

- Ma.KCIIIMaE.HaH 8MIIJIBTY.zta IIIMIIYJU,C8 ,ItaBJl8HWI 

f,6 

0,a lfOKf• 'j£ c,\3 
• ♦,51'ffla 

COCT8BJlRJJEI OT O. 5 .ItO 20 MIIa ( B 38mtOl1YOCTB OT 1---l+ _-... -.-__ ---~i-_-.,.-r_ 111_r_ +~ _-_,-,.--:......! -~ 14-_-_-_-_-_---t-1--_-_-_-_---t+-_-_-_-_-_--r~ 
npotJHOCTB .KOMIIaYH.zta); "" 

- ,IT,llHTeJI.I,HOOTI, aarpyso11Horo BMII3Jl1,C8 8(.J -

I5U MI<C; 

- ,ItB8M8Tp o6pas~OB Ha C&aTBe I2 MM; 
- ,nJlBHB o6pa~O.B 3 H 5 WI. 

PesyJ11,T8TH ,ItBH8MH'l8C.KBX B CT8TB'i8C.KHX HCilli­

Taimlit o6pa3~OB npH O,ItHOOCHOM c:&aTllH npBB8,It8Bl,I 

HS rpaqllll(aX, IlOCTpo8HHWC .B .KOOp.ztBBSTBX 6-e~ t 
(pHc.I3). 06w mut a1<cneJ)HMeHTB.llbHW( saBJ1cu-

MOcTeit B ,ItH8ll830H8 C.KOPQCTeJi! .zteq>opMSI.UIB OT 

u,66·10-3 ,Ito 2,5·Io3 c-1 M0&8T 6HTI, npe.ztCT8B­

Jl8H B aH8JlHTH'l8C.KOl q>OpMe 

f5'c6o+/'tff~E. > 

r.zte ~ - npe.zt8Jl npo'D:IOCTB npB CZ8TIDI C MBHJI­

MaJWiOH C.KOpoCTJ:,,ll .Iteq>opl.l.91...,HII; /'l/ - yr.110BOI XO­

aqxl,mnteHT, XBpa.KTepusylllld npHpalilema:e 6 x 
COOTB8TCT.BYDllet.lY npHpalilelilUl ~ £ , H3 8H8JlH88 

rpacpB.KOB OJ1GJX;y8T, 'ITO ,n.nJt ROMIISYH.ItOB CK'lli,.Bl'lR­
<Jml'S IIL<-68, JJ,IU1-3AK 38BHCHMOCTI, HanpRZemUI O 
OT ~ E. Cllp8l38,I1,IIHB8 .Ka.K npH CT8TH'l8CKOM, Ta.K 

B llpil ,ItBH8.MB'l8CKOM Harpy&8lil!H • .ll,na .KOMII8YH.ItOB 

Kr-I02 111 Il3l{ Y.K838HHB.IJ 38l3HOHMOCTI, npH BHCO­

KBX C.KOpOCT.IJX Harpy&elil!.li HapywaeTca 1113-38 pea­

.Koro BOspaCTBHIIIJi npe.zt8Jl8 npo'IHOCTB 6,o (HB­
npaa;eHBe npH .zteq>opMalUIH e = IO.'). 

'lB.mmD,e 38DllCH .zteq>o~ B IUWIJllte! ( ! 1 ) 

H npoxo~el ( Er ) .BOJIH8X Hanps&emta ~ xa.. 
nayH,XtOB II.K-68 l!I IIJl,H-3AK npe,D;OT8BJl8BH B8 PHC. I4. 

,1.l.wiaMB'18CKH8 Ill CT8TJ!'l8O.KH8 ,ItBSrpaMl,ti t:r - E. , 

no.ny'ieHHlie nplll O,WIOOCHOM C&aTllH 8Jl8CTl!l'illlil 

.KOMIISYH.ItO.B, npH.B8.It8Hlil Ha pHc.I5. Ml< :san;HO H3 

.Itll81'!)8MM, 111MIIYJI.I,CH08 e&aTlll8 ( E = ( l, &;-2, 5):Icrc~ 
nplllBO,ItBT .K 3H8'1HT8J11,HOMY llOBWll8lilW np0'1HOCTH 

e5,o H MO,lzyJlR ynpyrocTH c no CpBBH8HHJO co 

CT8TH'l8C.KliM. Mexam!l'l8C.KH8 X8pa.KT8pBCTH.KB 9JlBC-
42 

2 0 2. 3. 
• ~ ~E 

Pllo. I~. 3amlo&OOD BaIIpSDDJ! d OT l1E_»a 
8Jl8CTK'IBHX K~OB lill'it Clla'rD: •- CK'ffl: x­
BlllltOHHT; o- IJJIM; o- KI'-102; 4 - IISK I 

a 

6 

Pllo. I4. Tmmtmlle OOQ;&UO~ ~ Jt~ 
ll8Itd B II8Jl,81J1181 ( f., ) • npoxo~el ~wo.JB{IX 
HaIIPSJK8HH.ll 1IP111 OJ!aTmI ;o,m.ayB.ltOB l8) 
H IIK-68 (6): Her= 0 ,05:1/aw;/HH=O,OOIB OM; 

H1 = 50 IIRC OM 

Tll'iHlil .KOMII8YH.ItOB, Il0Jij''l8HHH8 Ilpt! JWIIYllC­

HOM Ill CT8TB'l8CROM HEll'pYZeHD,CBe~eHH B Tml.6. 



Ir, M/IQ. 
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a. 
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PHc.15 • .!flmaMl!lieC.KHe H CT8Tl!l1i8ClUl8 lUfSrpaM.W 6'-( MR 8Jl8CTJrJ'IIHlil HOMIISYH,ltOB !IT)ll CJKBTH: a -
CK'lli (I, 4); BlU<CBHT IIK-68 i2 ,3); ~ - IJ.m1-8AK ( 7, 5), KI'-I02 (8, 6); B - IraK (IO ,9) 

Ta6J1H.IJ;a 6 
Me:xaHFiecaze xapaxTepHCTH.KR! MaCTll'lllWC KOMIIaYJI.ItOB 

vTSTM"IeC.KOe JI.JmaMB'l:eCKoe Harpy.aeBJi!le PasMep Ko.r.mayH.It .llnOTBOCT~ BaI'P.Yllt8lme -
I .,., e -l I l',i6pa3.IJ;OB, .P' .KI'/M E, Mila 5-o >Mila ,c £, MIT.a I ff.o9 MIJ.a I< .. 5,f /6 .~- MM 

CK'llI 960 I,3 0,136 1200 3,4 0,34 2,5 \612x3 

BHKCIDIT IIK-68 1000 I,5 CJ,155 1400 2,5 0,25 I,6 <f12x3 

II.Uv.l--3AK 95(.J 7,U lJ,68 2500 17,0 I,65 2,4 IP12x3 

KI'-102 IOIO 5,6 u,7CJ 2500 52 5,~ ?,3 ~I2:x5 

Il3.n Ii0u-II50 10,(J U,9u 1900 174 17 19,4 ?l2x5 

IlplilMe'l:alllle. CTSTJ:1'l:ec1<oe Harpyaeime npoBe.I(eHO DPH C.KOJ)OCTl!l .I(eq>ol)Marum . 25 -I € = O, Ul c , 

Ifs HCmlT8HBHX MaT8pHaJIOB Ml:UIID48JII,H08 3HS'i8HR8 JIJi ynpyrocni KOMIIaYH,D;a .Il3K np:a .IJ;ll1H8Ml,J'i8CKOM 
lt0~8HT8 ,ItilHaMl:f'lHOCTl!l, J)3BH08 1 ,6, HM88T CJ!aTD M0&8T 6~TI, 06'bHOH8H T8M, 'iTO npR CKO-
ROMIIa:Vll'A BBXCRBT IJK-68, a MaKCHMaJILmrlt KOa<p- poc TJIX .I(eqiop.uut1m .e"' 2 • I03 c -I MaKOHMSJll>HBH .ite-
wmtH8BT ~OCTl!l, paBmni: I9,4, RM88T ROM- qlOJ;lMBitHJi o6pa~ .I(OCTl!lI'SJISCI, B OmiTSX sa BI9ffi 
n:ayu IloK. 3HS'lllT8JWDrlt pOCT IIpO'l:HOOTlll R Mopy- 43 ctp=-100 ll!ItC, '<ITO M8Hl,1118 BP8M8IDI M8DOJI8:ity.llllpHOit 



peJ1a1<c~H ( -.:;. 10 ,. t ) , H noaroy;y KOMI18YH.it IISK 

B YCJIOBRIU 3KCll8Jll!UeH'l'8 npeTepn8B88'1' nepexo,It 

HS 3JlBCTHqeCKoro B ynpyrOTB8p.xtoe COC'l'OIUD48. 

3Ha~Tem.Hoe ynpo'lliewte npH ,IODUIMJ!qeC.KoM caa­
'l'Hll H86.11IWl8'l'CR TS.De y l<OMII8YlUS J.(['-l02 (K= 
= 7,3). 

Taloo.s o6l)830Y 1 npH CKOJ)OC'l'SX Jt$~ 

i« 2 · rn3 c-1 HB6JIJWleTOJl CY8111eHBe TeunepaTypl:l 

C'l'8.ltllOB8HBJi tc HS 25°c y ROMIUIY~ II3K .B H8 

45°c y .KOMIIaYH.ltS KI'-I02 (,g1W11111ec.KBe B OTS­

Tnec.KHe HCIIHTaHIJl npoB8Jt8.Bli IIpJI HOl)ll&llldioii 

TeMIIepa11pe). 

MMIISYH.ltl:i CK'.IH, BHKCl!H'l' IIK-68, IJJ0I-SAK yn­

,PO-cmal>TCH B SBBql'!'1'8Jlll0 M8Hl>Weii C'l'8ll8Bll ( I.V= 
= I,6 f 2,5). 3TO MOZHO o6MCBlil'l'l> TOM, q'l'o 

.Il,1Ui ~ l<OM!laYH.ltOB BpeMli p8J181(08.lu,m 9 

M8Hl,lll8 BJleMeHlll B03.1telCTBBR m,myJU,CS CMTWi 

-.:;.- IOO MKC, T.e. "I- 1e > I,.lil .MSTep.lil8Jllal np.lil cxo­
pocTJIX Jt8<.POpM81.UUI 2 -rri3 0-I H8XO,!ViTCR B BHC0-

1(03J1BCT.lilqec1<0M COCTOHHIIIH. Il03'l'OMY ,It8HHl,l8 l(Ol,I­

IlBYBJVi MOry'l' 00'1'1' p8KOM8H.ll;OB8Bli AllJl 8S.ll.l!IBKII 

MeMeHTOB annapaTYpl:l, pa6oTa xoTo:p!il conpoBO&­

~eTCa .lilSMeHeH.lileM reoMeTPnec.K.lilx pa3MepoB c 

Ollp8AeJ18HHOi 1mC'l'O'l'Oil, H8IIpBJ,!8p1 q>eppETOB. 

KoMJiayH,XUi KI'-I02 .Iii II3K AllJl y.Ka38HBIU ~8.lle! He 

MOryT 6b1Tl, JIPHM8li8libl. 

::Sa.K.u1>qeH.lile 

Ilpe,n;cTaBlleJi KpB'l'xd o6aop M8'1'0JtOB .zuma.i,m­

qec.KHX HCIIHT8ll.lill .KOBCTPY.K.l.OlOHHWC MSTeJ)BallOB .Iii 

~ xapa.KTepacTua paspa6oTrumoro Bspl.!JHoro 

HCIIH'l'aTe.nJ,HOro YCTPoitCTBa, npHMeHSi8MOl'O AllJl 
HCCJle,IJ;OBBl:Wi llOB8AeJWI M8'1'8p.lila110B II!E ,IODUl.lm­

qec.KOM HarpyaeBJUI, B roM q.li(CJ18 B yc.nomuu: o.xt­

HOBpeMeHHoro o6JlyqeH.lilJi Ba lilMIIY.lll,CHOY peSl<TOpe. 

3.KcnepBM8H'J18JU,BO YC'l'Sll0Bll8BH aaBBOlWOCTH 

Jt$pualU!OHHO-ll,PO'lliOCTHWC X8pa.KT8paC'l'.lill( psw, 
M8T8JlJl.lilqecKHX .Iii nOJl.lilMepB!iX MSTepaanoB O'l' QKO-­

,POCTH Jt$p,t~. 0npe.xt8J18H8 ~Mn8CK8Ji 

npO'lliOC'l'l, CBapliblX H &n88l31:il coe,gBemdt M8T8Jl­

JllA8CR.lilX M8'1'8Pl'!8Jl0B. 

ilOKBSSllO, q'l'o ll,PO'lliOCTllll8 X8pa.KT8PBOTB.R.lil 

M8.ltB MI (O'l'DI') .Iii MaTepH8JlOB nopODIKOBOi Me­
'1'8JIJJYPI'ID'I CII.XI8H9T .Iii CII36KHM B .;aanasoHe CKO­

pOCTei .xt$~ 2-ro-3 - 5-ra3 c-1 npaRTH­

li8C.RJI He .lil3MBWWTCH. l'ioa4llm~8BT ~1moc-

TB MR 38.K8J18HHOA OT&Jllll 36HXTI) npH € = 
= I,5 •I03 c-1 paBeH I,25, ~ 8JtJNRUe.Boro 

CDJlaBB A.Mr6 (COC'l'OSHB8 IlOC'l'aBKH B OSBI'a) npB 

t = 2·Ir:J3 c-I - I,I-I,2 • ~ M8.IOI MI 
44 

(COO'l'OJIHlle ll00'1'8BKII) IlPH € = 0,9 •Ia3 c-I 

- I ,3. lapa.K'l'8pilOTH.KB IUaO'J.TmOOD .1t8HBWX 
M8T8JJJIHqecux MST8PH8Jl0B B 'npe.xte.nax norp81DHOO­

'l'B M8TOJt8 BCllblTaHBI IlpH aTOM He ll8M8lUDl'lCJI. 

,Il,muu,nec.KSR npo11HOOTl> c.aa:pwu ooeJtJ1H8Bd 

( aJl.8.KTJ)OBHWil JlY"IOM) llPH C.KOpOCTll H8l'pj'&8HHS1 

6 = 2 •Io6 
Ylla/c Allll Me~ Ml npeBW118eT CT89-

qeoxy1> B I,6 paaa, .lUl.li CllJlaB8 AMrG-,iI, 7 paaa 

H ~ THT8H8 .BT-I4-B2 paaa. 

.lulH8MIAeC8aa IlJ)O'lliOOTl> uee.BWC ooe,IOIB8Hd 

(MST8Pll8.ILli: .A!iir6, C'l'8Jll, 3, 'l'H'l'Sll .BTI-lJ; &n8ll: 

Bli-9, K300--6I, 3.li-20, ~8.KPWI :ii) Iijlll C.KOpocm 

Harpya81Wl it= u,5 · ICJ6 
Mlla/c BHille 0TaTJ1liecJCol 

npB HCilbl'1'8RH.H Ha O'l'pi,lB H8 21J--4(/,C ll BB CJtJ!,ll' -

Ha 4(>..8(.$. Il,PO'IHOC'l'l, BB C.ltBlU' Ji.BJJJl8TC.ll 60Jiee 

'zyBCT.BllT8Jll,HW,I napawe'l'J)OM .K BSM8li8HBI) OlCOl)OC'lSl 

Barpya81ilUl, -qea, IlJ)01D1oou HS ,~ 

.Ko~8H'l'Jal JtJIBaMl'iHOC'l'll .KOllllaYH.ltOB npB 

c.aaTu co c.KopocTl,I) .xte4>0Jll,l81Ulll 2•ru3 c-I pa.a-
HH: ~ CK'.IH 2,5; Allll BB.KCBBT8 II.K-68 I,6 ;AIUI -
IllUl-3AK 2,4; ~ .ICI'-102 7,3; ~ Il3K 19,4. 
KoMaayli,IU,l Il3.i{ B !U'-l02 Iijlll BMIIyJU,CHOM Harpy­
&EIBBII ( 'i:".._ "' IOU M.KC) np8'1'8pn8B81)1' 11epexo.xt ll3 

.BlilCO.K08JISC'l'Hliec.KorO B ynpyroTB8PJt08 COCTOJ1BJ18, 

'1'.8. IlJ)O.lilCXO~T M8DBJN80K08 OTJllCJIO:aaDe. 
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YlllC 62I.039.5I 

H3MEPEHHE 3HEPI'Olli.II.ElIEHIDI B AKTIIBHOtl 30HE l1MIIYJI:bCHOro PEAKTOPA IMI'P 
H Qi,»EPWmn{08 .ICPH'lWIFmCO~ CEOPfil'I HS ME:rA.llJll1:lIOI'O YPAHA 

M.H.KyBtimBoB, Il.!l!.'tlepe.zonm, H.r.CMHpaoa, B.H. Eor.naaoB 

C llOMOOll,J) M8TpOJIOI'H'l80Xll 8TT8CTOB8HHO! KaMepu ~6JI8HH.fl H ~eJmT8JThHl,IX 
o6pa-artoa Ha ypaaa HSMepeHopacnpe'AeJieHllle IIJIOTHOCTH ~e~emtll: no o&heMy 
AS m.myJll,CBOro peaKTOpa IMI'P H cq>ep:a,recKott KPHTlftr8CKOI c6opKH H8 M0-
TaJI.'ll['t{0CKOl'O ypaHa. Onp8'A0JI0HO llOJIHOe 'DICJIO ~e.nemtli B AS yl(888HHIDC 
YCTaBOBOK, 

ICEASUREJIE1iT OF El'lERGI RELEASE Ill CORE OF BIGR PULSE REACTOR AND 
SPHERICAL CRITICAL J.SSEKBLY OF JIETALLIC URAI,TIUII, 14,I,KUVSHillOV, 
P.F.CHEREDill, I,G.SJIIR1JOV, V.N,BOGDilOV. By means of metrologically 
certified fission chamber and uranium fission samples fission distri­
bution over core volume of BIGR pulse reactor and spherical critical 
assembly of metallic uranium is measured. Total fissions in core of 
installations mentioned above are determined. 

Bae~eHHe 

lli,mym,cmdl: peaKTOp B-II'P [I ,2] l'!CllOm:,ayeTCJl'. 
KaK ycTpOICTBO .IVIJl'. reaepKpOB8HIDl ,,_ 1-HSJiy­

'ieHWi. J/,JIJl'. TaKHX JK8 ~8Jiel 'i8CTO npm.«mUmTCJl'. H 
oIJepH'i8CKH8 KpHTlftr0CKH0 c6opM. 

YpoBHlll n- r -H3J.IY'ieBHI, o6eone'll!BaeM!ile B 
TaKl4X YCTaHOBK8X B 06MM8.X .IVIJl'. o6~eHlllJl'. 06-

pa~OB, llp.RMO CBJl'.88BH co 3Ba'i8Hlll8M llOJIHoro 
8H8pl'OBH,1{8JI8Hll!SI 12 B aKTltBHOI 80H8 (AS)• OT B8-
Jllf1mHl,l Q 9aBHCHT TaKllt8 R 6eaonaCBOOTl, 8KOIIJIY-
8T~ RMIJY~l,OHHX YOT8HOBOK, IlOCKOJl:bB:Y (BMec­
T8 0 (j)OpMOI pacripe'A8JI8HlllJl'.) 8HeprOB!i'A8Jl8Hlll8 B 
A3 Onp8~8J!Jl'.8T H ypOB8Hb T8IJ&OM8X8Hll:1i8CIWX 
H8IlPRJ!t8mdt B TB8JlaX R ~0.TaJ!Jl'.X ROBOT~, 

Hapa;n;y O IlOJllWM 8B8prOB!i'A0JI8Hlll8M (RHTerpa­
JO.Hoe 8H8'i8Hlll8) H806XO.v;HMO T8Klte 8H8Tb 8Hepro­
BH,1{8JI8Hlll8 B JIOK8.Jll,HliX o6JiaCTJDC A3 (y~MDHH8 
3Ha'i8HlllJl'., OTHeoemra:e K e~e M8CC~ TOIIJmBa). 
C KCIIOJU,80B8HH0M HM8111tRXCJl'. 'ASHlmX O T8IIJI08M­
KOCTR ~8.llliHlie 8HeprOBH,1{8Jl8HIDi CBJISW381lT C 
TeMnepazypoa paaorpeaa TOIIJIRBa a pa3Jllftl'.HHX 
o6JI8CT.fIX O&heMa AS. Il08TOMY 8Ha'!f8Hlll8 ~OKaJII,­
HOro aHeproaimeJieHWI B B8KOTOpoa (j)RKCHpOBaR­
HOR T01l'.K8 A3 (BanpHMep, B 06JI8CTR M8KCRMaJIIr­
ROrO pasorpeBa, B ~8HTJ)8 AS) GJJylltRT ll8paM8T­
poM, C llOMOIJP,ll KOTOporo YCT8H8BJIRB81lT rpaHRey 
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6eaonacaoa 8KCIIJIY8T~ peaKTOpma: YCTJ)OIOTB, 
HlllJl8 KOTopoa 06ecne'DIB8eTCJ1 coxpaaemi:e x:m.m­
-qecKol K q>880BOI CT86Wil>HOOTR TOIIJIRBHoro Ma­

T8pK8JI8 B npo~ecce aKCllJ.IYST~ peaKTopa . 
Ilo y-K838RHHM npHllKHaM Ollp0'A0JI0Hlll8 llOJIHOro 

aaeprOB!i'AeJI0HWI B A3 Hero ~OKaJibHHX 8H8'i8W 
JIBJIJl8TCJI :saimol sa~a-qel (j)R8HKR RCCJI8'AOB8T8JIIr­
CKRX ~8pH1,1X peaKTOpOB. 

B HaCTOJlll{81 pa60T8 OIIR08HO RSM8p8HH8 npo­
OTpaHCTB8HHHX pacnpe~8Jlemdt Y~8JII,HOro 8Hepro­
B!i'A8JI8Hll!SI no o6'I>eMY A3 K aaa-qemnt nOJIHoro 
aaepro~8JleHWI .IV1fi m.mym.cHoro peaKTopa IMI'P 
R al>8.PK'I8CKO! Kpll!TR'i80KOI C60,PKR R8 M8T8JIJIR­
'i8CKOro ypaHa o o6oraineHHeM 90% no 235u. 

IapaKT§mIQTRKa A3 
B p08KTOpe BfI'P B K8'i8CTB8 TOIIJIRBHoro Ma­

TepHaJia KCllOJil,8Y8TCJI O.nHOPO'AHSH CM8Cb .D;ByOKR­
OH ypaaa C rpa(j)KTOM. 0THOW8HH8 'iRCJia ~ep 
rpa(j)RTa K 'iRCJ.IY ~ep 235u COCT8BJIJl8T ~I6. 
06oraU1eHHe ypaHa R80TOIIOM 2nu 90%. AS COCTO­
KT 11!3 Tpex 6~0KOB: Heno,naIDIU1oro 6~oRB (HB) , 
6~0K8 rpy6oa peryJIRpOBKH peaKTRBHOCTR (EI'P) 
111 6JIOK8 TO'lfHOlil: peryJIRpOBKR pea.KTRBHOCTR (BTP). 
B co6paHHOM Bl'I,Il;8 TOIIJIKBHaJI 'l:8CTb A3 ll!M88T 

BH,Jl; IIOJioro ~ BliCOTOl 670 MM , BH81IOO!M 



/4tc:t,,I8'l'p0,,1 76() MM H BttyTp8HIDLl1 ;IU!8M8TpOM 

IEO ,,;: 1. PacnoJioJKeIDie UHJmH.lij)8 BepTHKaJII>Hoe. 

PcaKTOP He li.¼88T OTpaJKaTSJUI , 

~i:a:K,!O,tlr 113 6JIOltOB co6paH H3 ;IU!CK006pa3HliX 

CSK.1+!1..i Bh!COTOJ1 60 .'1IM, COCT8BJI8HH!,!X H3 OT,ll;SJII,­

liblX KOar,c,~aJU,Hl:lX KOJI8U TOJlll.lllHOli no pa.n;eycy 

:.J(.-50 ,,li,! . B C81(.UY,fil( K8lir,ll;08 KOJlhllO CJiyl!lliT ono­

poii ,!I,JLfl coce,D;Hero BeyTpeHHero KOJiblla. ,Aew 
.$fCKOOc.ipa3!iliu,m C8KUHRMH H.¼88TC!I 3830p ~I MM, 

il!S)n,l.ly K0Jlbll8,vlli no pa,n;eycy 3830p COCT8BJUI8T 

~(J ,.c5 ,.;.~1 . Bee 6JIOKli A3 38RJU<N8Hl:l B 8,IU!Hl:llt 

Koprryc li3 H8pli{BB8l0lll8H CTaJlli, repM6TH3HpOB8H­

HhlH C TIOMOllfblO CBapKH, Kopnyc :HM88T OCSBOI K8-

H8Jl AJffi pasMemeHIDI ID,UIJ'Jll>CHOro CT8pl!t!IB (HC) 

JI! KOHTSHHepa (;IU!aMeTpOM ':' 100 MM) ,lWI o6Jiy'i88- 2 

,11b1X o6pa3UOB, 

0T.v!8Tl'L.i , 'iTO nocJie 38B8pKH Kopnyca ,ll;OCTY­

na K TBSJIB111 HST. ITOSTOM,Y li3MepeIDie pacnpe.n;e­

JlSl!lliI SHeprOBll.l(8JI8Hli!I no 06'b8MJI A3 peaKTOpa 

EJI'P npoBO,J..\IUIOCI> npH ero -!iH3K'iSC!'.Jlll nyc1rn , .n;o 

rep~ie1•.,1aau1rn: Kopnyca. 

HcnOJih3y8,.1.3!I B s:i<enepMMSHTax O.J!8PH'I6CK8H 

ceio_pKa 11.ieeT Hapy.lKHlilli .11,HaMeTp 2ICt MM, .b ·e 
I{GHTpe noJIOCTI, ,n;i,taMeTpOM 80 MM, ,l.,.eJ"1Jill(ll;.i0. ua­

T0_p1:8.'I0':1 .fIBJ'Jl6TC.f.£ id9T8JIJilft{8CKH:i! ypaH ( 9U' 
23SU). CCiopKa OOCT8BJUI8TCR H3 Ha6opa llOJIY0J.,8JJl-l­

'i8CKHX ,!1;9'1'/l.JIS~ C TOJilllKHOH CT SHIU! no pa.n;Hy cy 

C- 14 J,llv! , KaJK,naR no.rrycq,epa ruvieti•r noJUOCHOe O'l'­

BepOT'·le ,l.\H8M8TpOM 22 MM, 3:JRph!Baeuoe COOTB6T­

c·r.c.yl<Jl1S,i: npo6Ko~ :us o6ora!lleHHoro ypaHa. ITyTe:.t 

y.u,aJieHYi.H npo6oK B c6opKe MO.ll(ST o6pa30Bh!B8Tl>CR 

KallaJI, npoxo,l.l.llmltii 'iepea USHTp A3. KpHTH'I8CK8!I 

c:io1iKa He ,L,188T OTpai;caTeJUI. 

;1jeTOlW li3Mepe!OOi 

3rrnoroB@eJie@e B JI01sa;11,HOa o6JiacTH As 
,!Wi1Ti-I'I8CKOH c6orurn li peaKTOpa OO'P. Onpl:l,D.1:;.ru:1-

jiOC!, nyTe,'1 perKCTPSUHH 'iHCJia ,ll;eJ18Hllll ~ yp;:1,­

C0,1.1e_p;.~'oll\8l,i .n;eTSKTOpe MaJiblX pa3M8pOB li 113B8CT­

r!O-. .,13CCl,! , pa3M8ll\88MOM B STOil. o6Jia CTV.. 

llyll llCCJie.J).OBaHWDC Ha peaKTOpe .6lIT'P HCilO}II,-

30;:Ja,11..,lCI, Ma Tlilla T8KHX .J).8T8KTOpOB : ypaA- rp:c,­

;;:.fTO.t:h,lC o6pa3U}:l , Bl:lp838HHN8 l13 " wTa TH Oro" TOil­

J.,iBHoro :;a'.l:ep,l1:vra A3, .11 ,¼aJiora6ap.uTHaH 11omrn..1-

u,10HmHI 1:a.,ie: ,lJ'.l -~e.rreIDIR (!1I{.IJ.) • 
...,0TeK'ro11H U3 ypan-rpatj_,HTOBOro ,v!aTeJ:i,idJI9 A3 

11),),;;c'l:.JBJ".i.HJlli COOOY. .n;HCKl-f .n;H8M8Tp0,A 5 /.t\l ,I 

TO.'ll:,auo;; O, 7 MM, co.nepy~e ~20 Mr 
235

u. C no­

.,!Oil!I>Iu ·raK;IX .n;eTeKTOpOB 1't3M0p!I.7IOCI, npocTpaHCT-

BeHHoe p8Cll1'8,!(8JISHRe ll.JIOTHOCTH .n;eJieHn:.i TIO 45 

J6'b8M,Y A3,,li,JI!I 3TOro OHH pa3M8!ll8JDICI, B !ll8JIBX 

M8lK,l!J TOilJIHBH.blMlI ;D;ZCK8MJ4 H Ha TOMSBliX IlOBepx+ 

HOOT.RX KaJK,IJ;oro H3 6JIOKOB A~ B Tpex pa;ru!aJII>BHX 

HanpaBJieIDIJDC: R, , R2 H R3 ' KOTOpHe 6wm: BH6pa­
Hl:l c y'ieTOM reoMeTp:im repMeTH3KPYlilllBI o6oJio'I­

KH H KOJeyxa B03,D;ylllHOro OXJialK,IJ;SHHR (cM.pHCYHOK) 

'I 5 

7 

8 

9 ? 

R3 

CxeMa _pa31v!81ll8IDI!I y_paH-rpaqJJIITOBIDC .o6pa3I.(OB rrpK 
H3MepeH:lll'I pacnpe.n;eJieIDIJI IIJIOTHOCTH .n;eJie.Hitlt rro 
o6'beMy A3 BU'P: I - ETP; 2 - EI'P; 3 - HB A3; 
4 - HC ; 5 - KUK; 6 - cTaJII>Hl:le onop1,1 TOIIJIKB­
H!,IX .I(IICKOB; 7 - CTaJII>H8H repM8TZ3RPYKJ!l8!I 060-
JIO'!Ka ; 8 - KOJKYX B03,D;ylllHOro o~eHIDI ; 9 -
I.(SHTpaJII>HWi KaHaJI j !m - TOil.Jll'IBHl:l8 ;D;ZCKH 



c n0JII,J) onpe;i;e.nemur B.1IWIHWI noOJie;romx aa cTe­
neH1> OTKJIOH8HW! ~Jll,Hl,lX pacnpe,D;8JI8Hml OT 
qwmH,Iij?H'I8CKOI CHMM8Tpllll'I. KpoMe Toro, ypaa­
rpaipl!TOBH8 o6pa&Oi paCIIOJiaraJmCI, Truat8 Ha TOP-, 
nax KOJI~' BXO;D;HBUIHX B COCTaB H~ ,R no 06'1>8MY 

KOHT81biepa neHTpa.l[l,ROro KaHaJia (KUK) , yoTaHaB➔ 
JIKBaeMoro B neaTpe AS. 

B O,lij!OM OIIHTe o6JlY'll.8JIOCL ~300 ,11;8Jll'IT8Jil>HHX 
,11;8T8KTOp0B. 06utee 'Di!OJIO TaKHX ,11;8T8KTOp0B, HC­
nOJIL30BaHHHX npH :e:sy-qemm pacnpe;i;eJieHIDi IIJIOT­
aocm ;i;e.nem no o6'1>8MY AS peaKTopa OO'P,ooo­
TaBl!Llio ~330. 0CKOJIO'iR8H 1-aKTHBHOCTL 06Jly'ieH7 
BHX o6pasnoB RSM8pHJlaCL Ha CnliHTJa'.JIJlRIJ;ROHHOM 
,O,ItHOKpKOTaJI:bROM f-Cn8KTpOM8Tpe • 

Pacnpe;i;eJiemre n.n:oTHOCT:R ;i;eJiemul no AS u(l',z) 

~li!ltCRpOBaJIOCL C nOMOutI,J) OTHOCKT8JI:&.HHX RSMepe­
imrlt y,D;eJU,HOI r-aKtm!HOCTK B o6pa~ax. 3a 8,JUI, 

lmm;y np:a 8TOM nPmmM8J!BC:b IIJIOTHOCTL ,11;8JI8mul 
B reOM8TpK"18CKOM neHTpe AS {"neaTpaJILBHlt" 06-
ipasen). Macoa o6pasnoB onpe;i;eJIMao:& BSBenmBa­
bmeM Ha aHaJil'l~8CKll Becax. IIorpelllHOOTl, RS­
~epemur OTHOOHT8JlbROro pacnpe~eJiemui IlJIOTHOC'IJll 
~8Jl8HRI BRJIJ)q88T B Ka~8CTB0 cJiaraeMl,C( (~ ;i;o~ 
IB8pRT8JlbROI B8p01iTHOCTR p = 0 ,95) norpe!DHOCTR! 

- onpeA8JI8HlUI OTHOW8W 7 -aKTRBHOCTR 06-
tJIY'i8HHHX o6pagncB (-1%); 

- Ollp0A8JI8HWI OTROmem MBOC o6paSIJ;OB(-1%). 
- BHSl,[Saewe H8TO'lllOCTLJ) wmto~ reOMeTpR-

iqecKoro nOJIOllemur (Koop,IO!H8Tli) o6pasna. 3Ta 
COCTaBJIJDlQEIJ! o6utel norpe!DHOOTH RlI8CCl'@m:(lllp0-
BaRa B HaCT08lltRX R3M8p8HWDC K8K OJlY'lalliaSI H, 
p:o HalllIDJI on;eHRaM, He npeBIDIJaeT 2,5%; 

- CB1i38HH!:l8 C OTKJIOH6IDIHMH KCTRHHOro COA0P­
:KaHIDI 235u B KOHKpeTHOM o6pasn;e OT cpeAHero, 
e~Horo ~ Bcex TOwrnBHHX ;i;eTaJiel AS OO'P 
nacnopTHOrO SHa~e.HIDI, TaKO~ OTKJIOH6HJII6 MOX6T 
jliTl, o6ycJIOBJI6HO T6XHOJIOI'l'!~6CKHMH npl<ftm.HaMH. 
lJJH ero OIJ;8HKR 6WIO npOB8,11;8HO onp8A8JI6HR8 co­
,L(8px8IDUi 235U B Ka~OM ypaa-rpaqlliTOBOM o6pa3-
n;e IJYT8M per:aCT~ IDIT6HCRBHOCTR co6CTB8HHOI 
f-JOOUm 23s11 ( ET = 185 K3B) r-cneKTpOM6TpOM. 
IlpR 3TOM C KCnQJil,30B8HJII8M KOHCTaHT R3 [3] B IIO­
JIY'i8HH!,.l0 ,n;aHHHe BBO~Ol, nonpaBKa Ha CaMOno­
I"JIOllt8HJII8 r-KBaHTOB C £,.= 185 KSB B o6pasn;e 
(OT~? ,11;0 -14%). CpaBH8HJII6 MBOC o6pasn;oB (OTHO~ 
CRTeJI:bHO MBOCli IJ;8HTpaJihHOrO o6pasn;a) • R3M8p8H-

IEnpR WH3H'I8CKOM nycKe, B nponeoce KOToporo 
npoBO,IJ;RJ!RCI, OIIR08HHli8 R3M8pemt1i, ROnOJil,80BaJI­
C1i HC,co;i;epsall!ld TPR KOJI~ HS TOIIJmBHoro Ma­
T8Pl!l8Jl8 H 0,Il;HO - H3 rpagJHTa (1:tiOKH88 B OOOT8B8 
\fC- Ha pRCYHK8) • 

HliX o60RMH onocoOaMR (Ha Beoax :a no Er = 
= 185 KaB), ,D;aJIO CP8AH88 3Ha~eHJile RX OTHOme-
HWi l ,0195±0 ,6% (pas6poo npRBe;i;eH .1t)lJi p = 
= 0 ,95) • IlOJlY~6HH08 OTJilrol:8 (~2%) npRH.fiTO B 
Ka~8CTB8 OIJ;8HKK OTHOCHTeJII,HOro 0Tl(J[OH6IDI.li 
oo;i;epxamui 235u B o6pasn;ax. 

TaKHM o6pa30M, oyMMapHaii norpeWHOOTl, H3M6-
pe!m.11 OTHOOHTeJII,HOro pacnpe;i;eJieHRii MOTHOCTH 
,IJ;8JI8mtll LL ( r, l) ~ peaKTOpa m.I'P OOOT8BJL<i8T 
±3,5% ( P= 0,95)*, 

A6COJIIOTH08 SH8~8Hli18 llJIOTHOCTli .L(8JI8HR! B 
ypaH-rpaq>RTOBOM MaT8plll8JI8 AS 6wro H3M8p8HO C 
llOM~l,JO H8CROJILKl4X o6pasnoB, pa3M81118HHHX ~ 
KUK, B reoMeTpHtieoKoM n;eHTpe AS. 1b1CJio ,L(eJie­
m B Kal!t,ll;OM RS aTIDC o6pasnoa 6wro onpe;i;eJieHo 
IJYT8M p8I'RCTpan;m4 BHX0,11;8 OCKOJIKOB ,11;8JI8IDI.li 
l'l0 Ba. - f'1°,ia no RHT8HCHBHOCTH f -H3Jiyll'.81:1lU[ 

c aaepr:ael £7 = l ,6 MaB r-oneKTpoMeTpOM c 
RCUOJil,30B8Hli8M noBepo~ott CX8MH no , 
I'OCT-8.105.80. Ha OCHOBaHJilR pa6om[5) npmmMa-

1JIOOl,, ~TO BHXO,L( OOKOJIKOB ,L(8JI8HJIISl '·0
Ba ~ 

,peaKTOpa OO'P COCTaBJiiie_T 0,06107±I,4%(p:::0,95), 
iilpR aTOM npmmMaJIOCL BO BHRM8HJII8, ~TO no ;i;aH­
!WM aTol lite pa60Tli BHXO,IJ; '"0Ba. npR ,D;eJI8ImH 
23511 T8WIOBHMR H8!TpOHaM'.R OTJIK'l80TCH H63Ha~, 

T8Jll,HO (Ha 2,7%), IlorpemaocT:& onpe.L(8JI8HM a6-
COJIJOTHO! WIOTHOOTR ,IJ;8JI6mul n0 C UOMOll\hlll ypaH­
rpaq>RTOBlil o6pasnoB OM8,D;lill88T01i R3 norpe1DHOC1 
Tel auxo.n;a f'f0Ba. (l ,4%), onpe;i;eJieHHH MaCCli 06-
pasnoa ( - 2%) , IIJIOl!laAR nmta llOJIHOro norJIOut8HR1i 
H npRB8,11;8HlilH ee K MOM8HTY 06JlY~8HHH (4%), aj>­

,i;peKTHBHOCTH ,-cneKTPOM8HTpa (4%) H COOT8BJISI-
3T- 6% ( p = 0,95%), 

A6COJI!OTHOe 3H8'l6HH6 IIJIOTHOCTK ,D;eJiemtil: B 
neHTpe AS H3M8pMOCl, T8Kllt8 C IlOMOut:blO MaJiora-
6apliTHOI (,IJ;HaMeTp 18 MM, BliOOTa IO MM) MeT­
pOJio~ecKR 8TT6CTOB8HHOI fil{,!L, C0,11;9pl!t81J18H CJIOI 
235u BliCOKO! ~CTOTl:l (99 ,9995% 235U ) C 11B0COM
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2 ,44. •1015 ii,11;8p (t2%) ( p = 0 ,95).Jl,RaM8Tp CJIOJJ. 
(no "MTHY") 8 MM. 

Henoope,D;CTB6HHO C IlOMOIIll,lO l1K,lJ. K3l.1:0pHJl8CL 
ilJIOTHOOTb ,D;eJieiral!:,OTH6C8HHa1i Kl ~y(wm l r) 

235,IE*. IlorperuHOCTL B onpe;i;eJieHJIIR YK838HHOI 

* S;i;eo:& H ,n;aJiee cyMMapHaJJ. norpemHocT1, JIBJIH­
aTCJJ. norpemHOCTblO KOCB8HHblX RSMepeim:!,B KOTO-

!HX ROKOMaii B8Jm'UIH8 V OBK38H8 C HSM8pH8MID.m 
8JIH'!:HH8MH XL ypaBH8HJII8M /I =-!,(xil. i=r,2, ... ,11.HaSBaH­
aH norpelllHOCTl, pacc~TIIBaJiaCl, no R3B6CTHOMY 

~ooTHomeHmO [4] ~1 =-4!::fV .![(~)-11•.)2 • 
Be HCnOJil>SOB8Hli8M aHaJIOI'R'IHOI 8TT00TOB8H-

m
o! KaM8pli co CJI06M 238u (99 ,9999% 2'

8 u )6WIO 
OJIY~8HO, 'ITO B AS OO'P BKJia,11; .I(8JI8Hm!: Ha 238u B 

49 0Jlll08 ~CJIO ,u;eJieHR! He llp8Blilll86T O .5%. 



BeJ!ll'll!!Hl:,I COCT8BWI8 .GI 5to ( p = u '95). ,!l.ruI II8pe­
C'leTa IIOJJY'l8HHblX 3H8ti:8~ K HOPMHPOBK9 Ha I r 
ypaH- rpaJJ:11TOBoro TO!l.1mB8 E!,IT'P H80ClXO,!OlMO 388T1, 
co,n8_plK8HK8 B H8M 235u. B .nonOJIH8HK8 K Y'JB.8 HM8-
XlJIW,1CJi ,nBHHHM (nacnopTHOe 3H8ti:8HH8, 11B3B8W14-

B8HH811 no COClCTB8HHO.I! 1 - J!JdHWd C £, = 185 KaB) 
,11,]lH Tp0x ypaH- rpa~HTOBlilX oelpa3UOB 6wxo npoB0-
.n0Ho onpe,n0JieHK0 aelcoJIDTHoro co.n0pimHWl 235u 
nyT8,II RX O()Jzy"ieHw:i: B IIOTOK8 61,1cTpwc HeifTpOHOB 
COBlll8CTHO co CJI08M M8T8JLllll:ti:8CI<Oro ypaHa (90% 
235u ) H3B8CTHOif ( C norpelllHOCTI,ID 4% .Il,Jlfi p = 

= 0 ,95) M3CC1,1 H IIOMe.eynne.a OTHOCHT8JI1,H0'1 pe­
I'llCTpaumi l - JI3JIY"i8HIDI H3 HKX c E.1 = I , 6 . .1aB 

( 
1

"
0 Ba - "0.ta). ITO COBOKYIIHOCTH P83YJI1>T8TOB 

H3MOp9HIL'l M8CC1,1 235u B ypaa-rpa<lJHTOBWC o6pa3-
qax norp0waocT1, onpe,neJI8HIDi 00 aelcOJIJOTHoro 

aHa"i0HID1 oueH0HB B 5% ( p = 0, 95) . TaKHM o6pa-
30M, norp0ll!HOCT1> onp0,neJI0Hw=I y,n0JI1>Horo aH0pro­
B1,1,neJieIDrn (Ha I r TOTIJllllla) C IlOMOllll>IO ill{,l.l, co­
CT8BJIJI8T ~6% (p= 0,95), 

.,lO!illTO!)Olll npll .ISMepemm. a6COJilOTHOro 3Hati:e­
HID! IIJIOTHOCTH ,neJI0HKiii (K8K C IIOMOllll,ID o6pa8QOB, 

TaK H C nOMOllll>IO fil<,iJ.) CJJYlKltIDI 8KTRB8.l.l;ldOHJW8 
,neT8KTOpli 1!8 Hlil<8JIH (,nH8M8TpOM IO I Bl:lCOTO!I. 

0,5 ,,11.1 H ,IUret.18TpOM 20, BliCOTOi I MM) 1 pa3M8lll8-

8M1,18 B CTa~pTHWC nOJio~eRWDC(B lQK H Ha T8-
JI8J![I{8 ,11,]lH 06Jzy"ia8MWC o6pa3UOB), TaK08 MOHHTO­

pliipoB8HM8 mlJlll8TCR illT8THHM IlpH 3KCIIJJY8T8qrul: 
B-II'P H Il03BOJ1Jl8T onp0,neJIRTI, p88JIH30BaHH!ie 3H8·• 
"i8HHR 3HeprOB!i,n8JI8HIDi (KaK noJIHoro, T8K li 

JIOK8JII,HOro) B JII060M (J.iMIJYJILOHOM, OT8TH"i8CKOM) 
IIYCK8 p88ICT0pa , UcnOJI1,30BaHli8 ill{,l]. "M8JIOI'011B8-
ca noaBOJIHJIO H0nocp0,ncTB0HHo, 60a npm11eH0HHJI 
npo:.1e.it,j'TOti:HlDC nepexo.zun,oc ,n8T8KTOPOB ,nOJJ;yUTI, 

CBR3I, M8li'Jzy y,neJII,HO!I. I!JIOTHOCTI,JD ,n8JI8Hml 11 

8RTHB8U}{eil: Ni-:,tOIDlTOpa* H' T8Kl!M o6pa30M' 

:IE IlpliI OimCHBa8;vlliJ{ liI3Mep8KWDC , npoBO,D;m,!HX B 
CTa T'Ati:8CR0.,1 pe:,::rtt\18 pa60T!i, B K8"i8CTB8 MOIDITOpa 
3HeproBu,neJI8IDUi MOryT :r.l:CIIOJI1,30B8T1,Cfl I! .npyrne 
lliT3THl:,19 ,neT8KTOp!i H8il:TpOHOB, B 'l8CTHOCTH, B 
MHHOM CJIYti:88 np.ll 8RTRBauIIB Ni -,n8T8I<TOPOB o.n­
HOBp8:,18HHO , B nOPH,JJ;I<8 RaJIK6pOBKl'l, p0I'llCTpliipO­
.B8JI001, TaKJit8 CYMiviapHOe '!HCJIO OTCti:8TOB lllT8THliX 
:i:K.u. c.,::y::.aql!X ,11,]lH ROHTpOJIR aa ypOBH8M MOlllHOC­
TH i-500 KBT u T8J<YutHM 3H8ti:8HH8M aH0proBim0Jie­
;mm 0- 280 .,Ui.JK B CT8Tl!ti:8CROM p0JKHM8 pa60T!i, 
C M8TpOJiorliI"i8CKO!I. TO'lKR 3p8HIDi MOHRTOPliIPOB8HK8 
;wroTHOCTliI ,nMeHH! C noMOllll,ID Hi-,n8T8KTOpa 
p60cn0lll!BaeT 60JI00 Ha,n;el!Woe BocnpozaBe,neHR0 
l<OaclxI>mtH8HT8 OMSK Mea.ztY: 8ICTm3~81 HKK8Jlll K 
:n,not RoCTI,ID ,ll;eJI8Hd B B!i~p8HHOI T0'ql(8 (Q8HTp8 
A3) K, M8,nOB8T8.llhH0 1 60JI88 TO'llllil KOHTpOJII, 
Y.neJILHoro aH0proB1i,n0JI8HWI B nponecc0 MHOI'OJI8T­
~0! 3KCIIJJY8TaqIDI peaKTOpa. 
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np.IDIIO conocTaBHTI, noJJ;y~8HHH8 peayJibTSThl C 

a HaJIOI'K'l:Hl:lMI! ,I{SHHl,IMH I onpe.n;eJI8HH!iMH C nOMOilfbl) 
ypaa-rpa~l!TOBHX o6pa3QOB, 

IlpR RSM0peHKRX Ha KpitTK'l{ecmol oOopKe npx­
MeHMJic1, T8K!t8 MaJIOra6apHTHSR M8TpOJIOI'H'i80Klil 
8TT8CTOBSHH8R Hl{.U CO M08M 1 HM8DIIID4 TOT Jt8 

KSOTOIIl:!Hlt COCT8B, "iTO H B8J118CTBO A3 (Macca 

MOR II5,9 MRI' Ct2,9%) • p= 0,95) • H .Il8T8KTO­
p!i C ypaHOM (90% 235U ) 1 H8H8C8HHHM B BH,n8 

IlJI8HIOI Ha a.JIXMKIDI8BYI> IIO)J,JIOJ!tKY ,ll;l!3M8TPOM 5MM 
H TOJIIIUIBOtt 0,25 MM. 

KaMepa ,neJieHWl pa3M8J118JIBCI, B Q8HTpaJII,HO! 
nOJIOOTH, B TOti:Ke r00MeTplN8CKOro U8HTpa A3 
KPHTl!"i8CKO! c6opKK. C 88 nOMOJIII,ID onpe,neJIRJIOOI, 
a6COJIJ)TH08 3H8"i8IDI8 IlJIOTHOCTK ,neJI0mnt B 

Q8HTp8 A3, B K8ti:8CTB8 MOHHTOpa Ilpit 3TOM llC-
IlOJil>30BaJICR 11BC8BOJIHOB!il" Oti:8T1ml<, YCT8HOB-
JI8HH!il Ha paccTomnm I,5 MOT u eHTp A3. Ilo­
rpeIIIHOCTl> onpe,n8JI8HWi ~THOCTH ,neJiemnt B 

RO.lm~OHHO! K8M8p0 3% ( p = 0 1 95) • 
lleT0KTOp!i B Bu,n0 MOeB, co,n8!)lK8JIIKX 235u, 

RCnOJI1,30B8JIHC1, ,11,]lH HSMepeHKR OTHOCHT8JI1,HOI'O 

pacnpe,Il8JI8HHJI IlJIOTHOCTK .ne.n0m no o6~8MY A3 
KPHTl!ti:80KOI c6opKK, 3TH ,neT8KTOpl:l pa3M8J118JIIIC1, 

B lll8JlJ'IX Me~ nOJJ;y(xp8pa.MH I l'l3 ROTOpwc OOCT8B­

JIRJL8C1, A3, B paSJill'UD,IX TOti:KaX no 88 p8JIJ/f9CY, 
Ilorp0111HOCTI, H3M8pemut OTHOCHT8JII,HOro pacnp0-
,neJieHRR: MOTHOCTK ,neJieHKI cocTaBMa H 3% 
( p= 0,95). 

3aMeTHM, 'ITO a6COJIDTH08 'lliMO ,neJieamt B 

38,nBHHO! TOti:Ke A3 MOZ8T 61:lTI, onpe,ll;8Jl8HO no 
ero 3Haqewm B neHTpe A3 liI ,nBIDil,IM ,11,]lH OTHOCll­

T8JII,HOro pacnpe,neJI0IDIJi MOTHOCTH ,neJieHd no 
ee o6MMY, 

H3M8D8HR6 nomoro 8H8DrOB!iil8JI6HIDI B A3. 
~BO,IJ;l'{TCR 06ll'IHO K K8Jil1[(lpoBK8 ajxJJ8KTH.BHOCTH 
KaKoro-J11I60 onopaoro ,neTeKTOpa (B e,Il';HHJitQax 

OTcq0T/,neJI8HH8 B A3). ,l].rul OCYlll8CTBJI8HWI aTO! 
npOQ8J1Yp!i RCnOJII,SOBamtCb TpH M8TO,na: 

- R8Jil!6poBaHHOro H8!Tp0HHOI'O HCTOti:mlKa; 

- ROppeJIKpOBaHH!iX COBna,nemnt ; 
- WITerpHpOBaHll!R pacnp8,neJI8mut IIJIOTHOOTH 

,neJieHKI no o6~8MY A3. 
TaK K8K B n0pBl:lX ,nByx M8TO,nax HSMepeHII.R: 

npOBO,nRTCJi Ha Cpa.BHHT8Jll,HO MaJIOM ypoBHe Mom­
HOCTH, TO B K8ti:8CTB8 onopHoro .Il8T8RTOpa (H Ha 

peaKTOpe .&IT'P, K Ha Rpl!Tl!,i80KOit c60pK8) zc­

nOJII,30B8JICR BC8BOJIHOBwl 0~8TqH}( - mTaTHHI .ne­

T8RTOp C H8K60JilillI8! ajxJJeRTK.BHOOT1,ID. Ilpz pea­
Jl1I88Itl!K Tp8Tl>8l'O M8TO,n8 npm.t8Hl'IT8Jll,BO R p08R• 



TOPY OO'P CBH3l, nOK83aHID1 IDtKeJieBoro MOID1TO­
pa, RcnOJih30BaHHOro npR onpe;:r;e.nemm IIJIOTHOCTII 
,ll;eJielilrli, C noKa3aHW'IMK B08BOJIHOBOrO cqeT"Il[Ka 

6Wl8 noJIY-qeHa C IlOMOmblO ;:r;onommTeJlhHOro lll.Hpo­
KO,IU!.8II830HHOrO KaHaJia pencTp~ HeJ.l:TpOHOB 
YT8qKR, KOTOpw!. IlOCTpOeH Ha OCHOBe ROIDI3a!l;i!OH­

HOli1 KSMep!i KHK-15 [6] ' pa6oTaXl!le! C nepel<JilOlle­
HReM R3 IDvmyJlhCHOro pellmM8 B TOKOBWi. 

Onpe;:r;eJieHRe aqqieKTl!IBHOCTR c-qeT"IKKa no oT­

HoweHHJO K ,11;eJ1eHIDO B A3 M8TO,Il;OM MJm6poBaHHoro 
HCTO"lIDl:Ka He!TpOHOB npOR3BO,IJ;ldJIOCJ, no q,op:,,iyJle 

(I) 

r;:r;e Es - aqqieKTKBHOOTJ, perRCT~ C'i8T'll!KOM 
H8HTPOHOB KaJIK6pOB8HHOro HCTO"llilllta, pacnoJ10-

~eHHoro Ha M8CT8 U8HTpa A3 npR ee OTCYTCTBID'I; 
E:J - aj;q>eKTl!IBHOCTJ, peI'KCT~ Cll:8T'DiIKOM He!~ 

pOHOB yTell:KK R3 A3; ~ - cpe~ee 'iRMO H8li1Tpo­
ROB Ha SKT ,ll;8JI8IDIJ!; ~ - BepOHTHOCTJ, yTe~R 

HeHTpoaa ;:r;eJieHILq ~3 A3. 
BeJIRlmlia ,H~ npe;:r;oTaBMeT co6oi q.HMO 

H8Ji1TpOHOB YT8'qKK Ha aitT ,ll;8JI8Hlffi B A3 R MOlit8T 

6!iTl, onpe;:r;eJieHa R3 6aJiaHC8 HeiTpOROB B A3. 
B pesyJ11,TaTe npoBe;:r;eHHoro aHanzsa 6wro noJIY­
qeHo, 'iTO q.HCJlO HeflTpOHOB YT8ll:KR Ha SRT ,ll;6J1e­

HIDI B A3 .Il,1lll o;t>epR'<8CKOli1 KpRTllll:80KOli1 c6oplUI 

COCT8BM8T 1,456±0,045. 
3aMeTRM , qTo wopMYJ1a (I) cnpaBe.lVllIB8 npz 

cql8pF!8Cit.R- Cm.1M8TpH-qfiOM pacnpe,ll;8JI8HID'I H8li1Tp0-
HOB, BWieTalCDlHX H3 A3. ,lLJm RsyqaeMOH ajlepn­

-qecxolit KpRTR'i8CROH o6opRR 3TO YMOBR8 Bb!IIOJI­
Wl8TCR C xopoll!e! TOqHOCTh!O. ,lLJm peaRTOpa OO'f 
BM8,ll;CTBH8 ri;wmH.lij)Rll:8CKOli1 reoMeTpim A3 R 

3Haq.HT8JU,Hl:IJC ea ra6apHTOB (no cpaBH8HHIO C 
paccTomm:eM ;:r;o- c-qeTtraKa) yrJioBoe pacnpe;:r;eJie­

Ime He!TpOHOB yTe'llGI He RM08T cgiepR'i8CKOli1 
CZMMeTpllH , Il03TOMY B 3TOM cny-qae M8TO,Il; Ra.IDI6-, 

poBaHHoro HCTO'iHIDta MOliteT RCilOJU,30BaT:bCR 
TOJihKO .Il.1lll ouemrn 3\WleRTl!IBROCTl4 cqeT<mRa :a B 
H8.CT0Rm8li1 pa60T8 H8 paCCMaTpllBa8TCH. 

B OIWTax Ha KPHTIN8CKOH c6opKe RCnOJll,30· 

BaJIRCl, M8TpOJIOr.Hq8CKH 8TT8CTOBaH.Hl.dt Pu- Be­
i!CT01Uil!K H 252Cf -HCTO'li.llIK , MOml{OCTh KOTOpO­

ro onpe,11;eJmJiaCl, npH n~~o~ OTHOCKT8Jll,HhlX R3-

MepeHd KaMepoJ.l: , co,11;epl!t81!(8J.l: MOli1 252
Cf . IlpR 

3TOM IIBT8HCRBROCTb RcnycKaHIDr aeJ.l:TpOROB Ka­

Jmq)OpHReBolit KaMepoJ.l: onpe,I!;eJIHJiaCh ( c norpelll­

HOCThJO He 60Jiee I% ( p = 0 ,95)) nyTeM pel'l!CT­
p~ CKOpOCTR ;:r;eJieimlit B Heit M8TO,ll;OM n- 1-cce­
na,11; em • 
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3HaqeHKe c1 /E5 .ll,Jiff xaJlli\,t,opm1.eBoro ac-
TO<rHRKa npRIDfol8JlOCJ, paBH!iM e~e B cz.ny 
6Jm30CTli1 Cll8KTpa H8MTpOHOB YT8'1K,1 KpRTl!:tiec­

KOR c6opKR cneKTPY ,ll;6JI6!IBR 252Cf R He6oJIJ,lllT.,1X 
pa3111epoB c6opIUl no cpaBHeIDIJO c paccTomrne1v1 
,ll;O cqeT'lliKa • B QJ1yqae Pu. - Be - li1CT01Ullll<.a ,ll;JIH 

orrpe,D;M8HKH 3Ha'i8ID1H c, /Es npOBO,IJ;ldJIHCl, ;:r;onoJ1-
1iliT8Jihlibl6 li3MepeHKH C npHMeHeIDieM. MeTpOJlOrli­

-qecRR aTT6CTOBaHHOro BCeBOJIHOBOro cqeT'iJ!Ka . 
MeTO,ll; KOppeJmpOBaHH!iX COBna~eHIDi ;:r;o npRMe­

H8HRR Ha peaKTOpe OO'P 6WI nepBOHall:aJlhHO an­

po6RpOBaH (R conocTaBJleH C .ru,yrHMK M8TO,ll;8MK 
R3MepeHIDI:) Ha KPKT",d-q6CKOJ.l: c6opKe, KOTOpaff , 
KaIC ynoMRHaJlOCh,OTJlll'iaeTCH KOMI!aKTHOCTb!O K 

npocToToi reoMeTpi;m (cqiepa), 
B 3TOM MeTO,ll;e ajqleKTRBHOCTl, Cll:eTtIJIBa onpe­

,ll;eJISl8TCE -qepe3 BepOETHOCTb Kopp0JmpOBaHHor o 
COBna;:r;efil!Ji P,,_n OTC'i8Ta c-qeTtJIDta C OTC'i8TOM 

~8KOTOporo .ru,yroro ;:r;eTeKTOpa, perRCTPRPYl00\8-
ro H6~TpOHH peaKTOpa. MHT6pBaJl COBrra;:r;emtl! 
~OJDi{eA npK a~oM npeBblIJJaTh Bpelllli cna;:r;a ueno-q­
IUl HeRTpOHOB B peaxTope. Ec.m,: peaKTOp Haxo­
,ll;HTCH B KpKTl!:'16CKOM COCTOmnm, TO B npR6Jmllte­

H.IDI TO'l:8'lllOR KRH8TRKR MOJKHO nOJIY'l:HTb [7] 

(2) 

r;:r;e D: ,l(\1-1) - K0~8HT .Il.KBeHa D = ~· = 0, 795±_0 ,007 ;:r;M 235U ) ; j!- ~KTRBHaH 'AO-
M 38II83,ll;l,l]3a!CIUIDC H8iTpOHOB. 

YqeT npocTpaHCTBeruru:x 3CW>eKTOB , CBR3aH­
HhlX C pacrrpe~exe1meM U6HHOCTR HeiTpOHOB ~eJie­
.lOOr' npRBO)OiT K CJI8,DYJ!Iq8Ii g)opMY Jie [8] : 

(3) 

r,11;e R - nonpaBKa (nopH.!Jlta e,ICllll:IDll:l) : 

111(r)dr f 11Cr)I
2
(r)dr 

R-=- ~~~---:-=- ( 4) 
[Su(r)I(r)drr 

3;:r;ec1, u.(r) .r I(r) - npocTpaHcTBeHHoe pac­
npe;:r;eJ1eID1e IIJIOTROCTR ~exel!lrlt H ueHHOCTJi1 HettT­

pOHOB B peaKTOpe . 
3KCnepRM8HTaJU,HO Bemrcm:H8 P,,_n MOllt6T 

6HTh K3MepeHa pas.JIR"CllillMR cnoco6aMH ,B~6op KO­
TOpbtX onpe,11;eJIHeTCSI,KCXO,Il;H li3 BpeMeHHHX napa­
M8TpOB peaxTopa,xapaKT8pKCTKR ,11;6T6KTOpOB uea 
TPOHOB H ID46Bl]l6~CE annapaTYpH. B ,D;aHHOI pa6o­
Te 6wm KcnonsoBaHH ,IU3a cnoco6a H3Mepeli:JOl . 

~ R3MeptlHIDDC Ha c6opKe npID48HHJIKCl, ~8T8K· 

TOpH Ha OCHOBe KpKCT8JlJlOB CTRJlh66H8 C ,ll;HCKpR-



~el m.mj'JI1,COB OT ;-R8JJY'l8HWi. B KBT.IecT­
Be cxeMl:l COBna,n;emdt RCilOJil,30BaJICH BpeMFaMJIJm­
TY.zun,n1 KOHBepTop (BAK), Ha BXO,IUi KOTOporo 
"cTapT" R "CTOilN IlOMBaJmCb m.myJil>Cl:1 .n;eTeKTO­
poB. ID!TepBaJI COBna.n;em COCT8BJIHJI I6 MKC. 
Hr,myJibCl:1, IlOCTYTIBDitRe Ha BXO.n; "cTon" BAK, 3a­
.n;ep,!!l!J3aJmC1, Ha 8 MKC, T.IT061:1 o6ecne'll.RTb perRcT 
p8IUU) KOppeJmpOB8HHl:1X COBna.n;eHJrl!:, eCJilil Helh -
poH, Bl:13BaBm RMny JIJ,C "cTon" , pQJ!UtaJICH pam,.. 
Ille, T.l8M He:l!:TpOH, Bl:19B8Bllllill m.mj'JIJ,C "cTapT". 

BeJIH'lliliB P,,_,. onpe.n;eJiltllacb no qJOJ>MYJie 

p = (- Heal,. _ llc'"on •'f: ) • _N_ ( 5) 
,,_,, i ., ' 

K,_,,,,. U3H "cma,r 

Ta6.1111na I 
3Ha118Hl1Ji P,,_.,./1>, "'-, K «,, Ilplt pa9JIR'lmol 

ajipeKTKBHOCTH .n;onoJmK~eJll,HWC ~8TeKTOpOB c, II El 

(MO!llHOCTl, c6opKR 0,32·I09 .n;eJiemut/c) 

I,4 2,6 
2,6 I,9 
5,5 I,5 

I7,6 I,5 
I,5 5,5 
I,517,6 

O,I98±0,002 
O,I96±{),002 
0,210±0,003 
0,alB±O,OOI 
0 , a:J6:tO , OOI 
0,210:tQ,002 

0,87 ±0,03 0,88 ±0,04 
0,88 ±0,03 0,83 ±0,02 
0,845±0,025 0,916±0,0~ 
0,86 ±0,03 I,II ±0,04 
0,875±0,025 0,855±0,02~ 
0,925±0,025 0,784±0,025 

r.n;e Ncma(',n - '!:HCJIO sany CKOB BAK; Neman- 'lRCJIO 
II p .H M 8 'i a H .H e. IIpne.n;eHHaJi ODDl6Ka COOT-

Be~CTByeT TOJil,KO CT8TlrICTHKe OTCT.IeTOB, 
RMIJY,7I1,COB llO BXO,!IY 11 CTOil"; Ncaln - 'lllCJIO COB­
na,n;eJma (B 11 0KH811 BAK); N - 'D!CJIO OTCT.l8TOB 
CT.IeTtmKB , aqxl)eKTHBHOCTb KOTOporo no,wreimT on­
pe.n;eJieKmO ; -r - UTepBan coBna.n;em, onpe.n;eJIHe­
r.mtt OKHOM BAK; ta,,.- BpeMH H3Mepem. 0TpH­
~aT8JIIimidt T.lJieH B CK06KaX Y'D'[THB88T CJiy'la2Hl:1e 
COBna.n;eHWI B J,1HT8PBBJ18 -r • 

Truw.t o6pasoM, B 'Afil{HOM cnoco6e P,,_,, .wr& 

CT.leT'IBKa onpe.n;eJIHeTCH nyTeM RCilOJil,30B8HIDi 
!I:BYX .n;onOJnmT8Jll>HWC .n;eTSKTOpOB HezTpOHOB R 
yti8T8 OTHOCRTeJIJ,HOI aqxlJSKTHBHOCTH perRCTpaI.J;,m 
He:l!:TpoHOB H3yqaeMoro R .n;onOJJHRT8JThHOro .n;eTeK­
TOpOB . TaKO:I!: cnoco6 RMeeT anpe.n;eJieHHl:1e npeR­
M;Yiq8CTBa , CBH3aHHlie C B03M03!HOCTbl!i Baphll:pO­
BaTb aqxl)8KTHJ3HOCT1, perRCTpaum,t .n;onOJIHRT8Jll>Hl:lX 
.n;eTeKTOPOB H RCilOJI1,30B8Tb MaJil,le 3Ha'ieIDUI Wi­

TepBaJia COBna.n;emrll 't' , T.ITO IlOJIOJmT8JlbHO CKa-
31:1BaeTCH Ha OTHOlllemm Clll'HaJJ/~OH4 

Ha KPRTR<IeCKOI c6opKe 61:1.lm RCCJie.n;OBBHli 
saBRCRMOCTR P,,_,. OT acOO)eKTRBHOCTR "cTapTOBO­
ro" R "CTOilOBoro" .n;eTeKTOpOB E, H E2 • PesyJU,,­
TaTl:1 npime.n;eHl:1 B Ta6JI. I. TBM !t8 co.n;ePllfBTCH 
.n;aHHl:1e O 3HaT.IeHIDDC llOCTOHHHOI CllBM He!TpO­
HOB , IlOJJyT.Iemme nyT8M o6pa60T!W BpeMeHHoro 

pacnpe.n;8JleHIDI COBna.n;em. "",2 H "'-2t COOTBeT­
CTBYlllT npru3ol R JieBol B8TBRM OTHOCRTeJU,HO 
ImK8 MrHOBeHHHX COBna.n;eHJrl!:, 

Ha~aeMoe yB8JIRT.leIDie SHBT.Ielid o< np:a 
60.7Il,UIHX 3Ha'i8HKRX aqq>8KTHllHOCTR .n;eT8KTOpa 
06'bJiCHH8TCH BJIWllmeM MHOrOKpaTHl:1X CBMOCOBna­
.n;elill:! m.myJIJ,COB 3TOro .n;eTeKTOpa, BMecTe C T8M 
P,,_,. npR aTOM He yMeHI,1118eTCH, a .n;a.11te pacTeT. 
TaKyD oco6eHHOCTl, MOlltHO 06'bJiCHl11Tl, cne~RKOI 
pa60TH cTRJIJ,(1eHOBOro KpRCTBJIJla, BpeMJI Bl:1CBe­
T.IRB8HWI KOTOporo npR perRCT~ He:l!:TpOHOb 
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(-0 ,3 MKC) COH3MepRMo a. ,wr.HTeJibHOCTl>J) ~enoT.I­
Y..H He!TpoHOB B c6opKe (~I MKC). Ilp11 HMO~e­
HKl'l ,r;ByX HMIIYJil,COB OT H81TpOHOB O;a;HOI ~enO'i­
KR npO.HCX0.14RT OMelllemte nopora .l4RCKPIIIMKHartml 
perRCTP.HpYDJl8ro KaHBJIB, ~TO npllB0.14RT K yB8JIIII~ 
T.IeHR.ll aMIIJIRTY.n;bl IlJIOTHOCTH B8pOHTHOCTR KOppe­
.7mpOBBHH!il COBna,n;elill:! 7J$YX ~eTeKTOpOB. 

H9M8Hemte MOIIlHOCT.H 060,PK.H B ,Itlil8II8SOH8 
(O,II+II,2)•I09 'AeJiemnt/c, KaK z OJ!l:l'A8JI001,, 
H8 IlOBJmHJIO Ha p03YJI1,T8T R3M8p8H.HH P,,_,.. 

HTaK, ,wrH MHHOro cnoco6a .H3Mepem ~-nlD 
MOryT 6b!Tl, P8KOMeimoB8Hli CJI8,D.yDitR8 napaueT­
pl:1 aKcnepRM8HTa: aqxl)eKTKBHOCTl, perROTpaill<JlI 
e, a e2 He 'AOJDKH.a npeB1:1111aT1> ... 3. ro-2_,s2 Mo111-
HocT1, 61:lCTpoa COOpKK .n;oJDKHa 61:1Tl, ~3·10~ 'A8Jle­
mdt/c. 

B H3Mepemmx Ha peaKTOpe OO'P ROilOJI1,30B8-
JmCl, illTBTHl:18 BCeBOJIHOBl:1e .n;eT8KTOpl:1 H81TpOHOB 1 

ac.W>eRT.HBHOCTh KOTOplil!: Il0,wI8.1KaJI.8 R3M8pemno. 
Ilpo~e.nypa R3Mepemtlt 61:1Jia OJie.JlYIJ!lel. 0.14RH xs 
'AeTeKTOpoB (nepmd) sanycKaJI nepmd c~eT"<mK 
RM!IYJIJ,COB (nepeCT.I8TeyD OXeMY), KOTOpll! perzc­
TpRpOBaJI m.mj'JIJ,Cbl BToporo 'A8T8KTOpa B T8T.l8-
HR8 BpeM8HR 'l' = 2 MC, N6 • B 8TOM CJiy'lae pe­
I'IICTpRpOBaJIBOl, IlOJIOBRHB KOppe.lmpOBaHl:WX COB­
na.n;emdt , onpe'AeMeMblX no wop.,y.ne (2) KJm (3). 
,II.BB .n;py:rnx CT.l8T'mKa perRCTpRpoBaJII! 06Ulee 'i.HC­
JIO m.myJIJ,COB BTOporo .IJ:8T8KTOpa N lrI 'i.HOJIO 38-
nyCKOB nepBOrO CT.l8T'mKa N30,. 38 Bpewt ll3M8-

peHRI tu3,-, - P,,_n onpe.n;8JIHJiaCl, no WOP,Y.118 

(6) 



-

r.I(e P =_!!!__ -~ /fop N~an f,w, , Cf H C~ - CROpOCTll: 

cqeTa nepBoro H BTOporo .1(8T8RTOp0B. 
0T,IlBQ8T8JII:Jnill tJJ18H y,ni'l'HBa8T c.ny-qaitB:He 

O0Bna.t(8HHJi. 1f.neH B OKo6RaX y-<m'l'llB88T YM8Hl,lll8-
Jm8 B8PMTHOOTH COBna,nemat OTcqeTOB nepBoro 
)teT8KTOpa 00 BTOpHM, nOCKOJll.RY m,myJII,01,1 nep­

Boro .1(8'?.eKTOpa 6.nOKHpyDTCJI H8 BpeMII q;- llOCJI8 
88IlyC1(8 nepBoro cqeT'lmRS HelTpOHOB. 

IlpK TSROM cnoco6e peI'KCTpa.u;Jm llpaRTK"i8CKK 
OTCYTCT:eyeT s@}eRT YM8Hl,lll8HWI P,,_n sa cqeT 

CaMOOOBIIa,!(8HKl l!MDYJU,OOB ~8T8KTOpa B llp8.I\8JIBX 
-.!8pTBoro BP8M8HK KaHBJia P8I'KCTpa.u;Jm. 3TO CBR:-
38RO C T8M, 11TO 6JIOK 38M8NlHTeJISI, BXO~ B 
COOTaB BC8BOJIHOBOro cqeT'lHKa, YJ38JilrlintBa8T xa­
J)8RT8PHO8 BpeMR: ona,rr,a :a:enO'ClKE He!TPOHOB .1(0 
~a)Q MKO. 

,Il;Jm On:p8.I\8JI8HHR: llpOCTJ)aHCTB8HHOlt llOllpaBKK 

R (cpOJMYJia (4)) Ha c6op&e 61iJIO ll3M8P8HO pao­
npe~8JI8HH8 OTHOOKT8Jil,HOI :0:8HHOCTH H8il:TpOHOB 

KOTO'tJHm<a 212q, KOTOpld!: pacnOJIBraJICR: B pas­

mrqm,oc TOtJitaX no 'P8JillfYCY o6opKK, noCJie qero 
peI'l'ICTpHpOBaJiaCI, ycTa\ommma.fICJI CKOp0CTb cqe­

Ta BO8BOJIHOBOI'O cqeT'lHKa • Kos@}mi;aeHT YMHOl!8-
mt.R: H82TPOHOB :O:GHTpa.:i!bHOro KCTO~ paBHSDICR, 

ll,PH 8TOM IlO. li8M8H8HKR: l)88KTHBHOOTH C6OpKR, 
CM38Hml8 C .nepeM8lll8IDl8M KCTO~, Ollp8.J4eJIJI­
JIHCb B .I\OllOJ!XIIT8JlliHHX OllliTaX K y-<m'l'llBaJil!:Cb 
np11 OIIp8.1(8JI8HD :0:8HHOO'l'll. PesyJU,TS'rli HSM8pe­

Iml n.PHJ38.1(8Hli B TSOJI. 2. 3Haq8Jm8 nonpaBKR 

T a 6 JI R :a: a 2 
Pacnpe.I(8JI8HR8 OTHOCKT8Jll>HOI :0:8HHOOTH 

H8il:Tp0HOB JiIOTQ,nnma 252Cf B JiIOCJI8,Dy8MOil: K,PH­
T~8OKOit ooopxe 

Pa,w-o, UeHHOOTb, Pa,w-o, UeHHOCTb, 
MM OTR.8,It. MM OTH.8.I(o 

0 1,00 54 0,961 
7 1,00 64 0,879 

17 1,016 74 0,765 
'Z7 1,004 84 0,655 
37 1,014 94 0,528 
42 1,004 104 0,397 
47 0,988 

R, nOJIY118HHO8 ,Il,1IH C6OpKH O KCllOJU,3OBaBJl[8M 
9ltOn8pKM8HTe.:iu.BHX MHBliX I(r) II u.(r) (OM. 
Ta6Jr. 2 R 5), OOOTSBMO 1,04±0 ,02, ,Il;Jm peaitTO­

pa BIT'P nonpamca R Be Ollp8.I\8JIR:JI8Cb. 

Ilo.moe 'UCJIO ~8JI8Bd B A3 ( N1. ) lWl 
peaKTOpa OO'P • 0n:pe.1'.18JlltllO0l, Oywlll,POB8Jm8M 

tmOJia .I(8JI8md ,Il,1IH KaZ,ll;OI'O 6.nORS A3 (HB. 1iI'P • 
53 

BTP. HC) B OT'A8JI:&HocTH. PacqeT npoBO.IOIJIC.fl no 
!pOp.1YJI8 

¥ 

~='j_ U.ftrofu.(r,z)rardz;29Ljn0 Y, (7) 
ul ~ 

r.1'.18 J - Op8.I\B.fIR: no 6Jioxy WIOTHOCTI, TOilJIJiIBHOro 
Ma T8,PHaJI8 • Olia on:pe.I(eJUtJiaCb ny T8M .1(8JI8Hrui 
OY?,!M8pHO! MaCCli TBaJIOB B 6JIOK8 Ha BaHHMaeM!itt 
.ID.GI o6'I>eM, BKJI!OqB.fl OC8Bli0 H pa,IO,IaJil,HHe 8880-

pli M8llr,lly OT.I\8Jil,HHMH TBSJiaMH. IlorpelllHOOTl> on­
P8.I\8JI8HH.fl j ~ 2%; u ( r, l) - OTHOOHT8JI1,HO8 
paonpe.I\8JI8HR8 llJIOTHOCTH .I\8JI8HKl no O6'I>9MY A3, 
nOJJYl:l:8BHO8 HS aKonepZM8HTaJtbmlx .I\SHHHX ITy'ffIM 
:ax yope,lUleDJt no TpeM HaIIpaBJiemuw (R, , H

2 
111 

R3) ,Il,1IH KSJK,IJ;oro 3H8q8HK.fI i • OTM8TRM, qTQ .n;JIJi 

~oro ~ OT~ B pacnpe.1(8JI8HWIX no R,-N3 
~OCTa TO'IHO M8Jili Ill .fIBJI.fil)TCJI JIOKSJil,HI,IMR. npO.fIB--' 
JI.fIR:Ob JIHJlll, Ha Kpall A3 B COOTB8TOTBlllll O reo­

M8T,PK82 OTa.lll,Hl,IX OTpa!talIJtHX aJI8M8HTOB (CM. 
pHCYHOK). KpoMe Toro, BKJia'A nep~epdm,tx 06-

JIBOTel A3 B llOJIHOe 'lllOJIO .I\8JI8.Hd cpaBHHT8JU,­

HO H8B8JIKlt. B ORJIY CK838HHOro IIIOllOJl.l,3OB8Hl118 
yope.v;aerum:x no R1 -R3 paon:pe.I\eJie.Hd He BHO­

CKT B 8.Ha'll8HR8 l!HT8rpaJJa Y norpell!HOCTl>,npe­
Blilll8Deyll •2%; n0 - llJIOTHOCTb .I\8.n8HRI B r80M8T-1 
P~8OKOM D;8HT!)8 A3, HOp.mpOBaHHaR: Ha Ir Ton-­

JIHBHOro Ma T8,PH8Jl8 • IlorpelllHOC Tl> onpe.1(8JI8HID! 
n0 • 6% .I(OllOJIRll8TCJI llOrpetllHOCTldO (•2%), BHO­

OHM'Olt nepeHop.mpoBKolt no C Ni-MOHIIITOpa Ha 
BC8BOJIHOBHI cqe~. 

B8JIK'mH8 Y pacOtmTmlaJI.aCl:, nyTeM 'IHCJI8HHO­
ro KHTerpHpOBaHR.fI C KCllOJI1:,3OB8Hl110M .mmetbrol 

KHTepno.JI.fiD;HH M8Jl!AY sHaqeHWJMH u(r,z) no KO­
Op.I\RHSTaM r H l • Bmlro.1'.18,PR: IIJUlBHOMY XO.DY pao­
llP8.I\8JI8RHJI llJIOTHOCT.H .1(8JI8HRI Ill .I\OCTSTO'l'.HO 
60JII,lll0~ 'IHCJJy 9KCnepRM8HTaJU,Hl,IX ToqeK (ysJIO~ 

KHTepno.JI.fiD;HH) y&a38HHO8 n:pKOJIIIIJK8Hlll8 BH8CJIO 
norpe!IIHOCTb B SHaqeHHe Y ~ 3%. 

CYMMBPHS.fI norpelllHOOTI, B Ollp8.I\8JI8HRH llOJI­
Horo ,mcna .I\8JI8Iml (R COOTB8TCTB8HHO s@}eK­
THBHOCT.H BO8BOJIHOBOro cqeT'mKa) H8 peaKTope 

BIT'P COCTSBltlia ~8% ( p= 0,95). B aTy norpem­
HOOTI, llOMKMO Bliill8nepeimCJI8.HHliX BKJIIIJli8H8 TSKllt~ 
OOCTSBJllllID,a.fl, o6yCJIOBJI8HHaR: KOOB8HHl,IM xapaK­
TepoM KSMepemm (KHTerpHpo:aaHR8M) Y no pe-
sy JU,Ta TaM onpe.I\eJI8IDIH ii (r , 2) • r , HM8Dltlll 
COO0TB8Hml8 oum6KK Ai:i H 6r ( ., 2 ,5%). 

,Il;Jm ope~ecKoa KpRTJl[q8CKOl c6OpKH nOJIHoe 

tmCJIO .I\8JI8HHil: B A3 B~CJI.fIJIOCI, no cpO.IJ,fj'JI8 
a ,.,,., 

H1 = 'f?i,no &,, fi J r 2
u.(r)dr, (8) 

r~ 



rAe .fL - MOTHOCTl, A8JIJilll8r0CII MaT8PHaJia ~ 
i-ro O(j?epgqeOKoro OJIO.R: c6opru1, a n0 R u (r) 
Ollp0'A8JI8HH paHee. 

Pe3YJU,TSTH K3Mepem 
PesyJil>T8Tl:l H3Mepemrlt OTHOCRT8Jll>HOro pac­

llP8A8JI8HWI IlJIOTHOOTR 'A8Jl8Hm!: no o6~er.w AS pe-
8RTOpa OO'P u ( r , ii) , y cp8.IU{8Blll,l8 no H8Ilpal3JI8-
HR.R:M R,, R,.. H R3 (cM.pROyHOR) ~ Ra~oro i, 

R o;t,ep:ll'i8OKOI KPRTlf<i8CKOA o6opKR u(r) npeA­
CT8BJI8Hl,I B Ta6JI. 3 R 4. 

Ta6.1tKI{8 3 
IIpocTpaHOTB8HHO8 pacn~A8JI8HH8 MOTHOOTR 

'A8JI8Hd u(r ,i!) no OM8MY AS OO'P 

,. 
1901 240 290 330 I 380 

MM 

+338 0,2J6 0,163 0,142 0,120 0,102 0,083 0,064 
+276 0,512 0,483 0,437 0,378 0,283 0,2IO 0,113 
+215 0,744 0,715 0,691 0,543 0,411 0,305 0,155 

• +153 0,902 0,891 0,813 0,685 0,517 0,355 0,195 
+ 921,020 I,003 0,91? 0,?68 0,595 0,430 0,230 
+ 301,060 1,039 0,954 0,795 0,606 0,446 0,225 
- 301,002 0,962 0,865 0,715 0,558 0,444 0,230 
- 460,968 0,953 0,876 0,735 0,561 0,352 0,235 
-107 1,002 0,963 0,875 0,725 0,512 0,362 0,234 
-169 0,889 0,848 0,767 0,638 0,475 0,340 0,190 
-230 0,739 0,687 0,618 0,512 0,386 0,275 0,157 
-292 0,491 0,457 0,415 0,352 0,275 0,190 0,113 
-352 0,228 0,190 0,184 0,187 0,165 0,098 0,065 

!I p JlI M 8 q a H H .11:: I. r - paCCTO.R:HR8 no pa.w .. 
cy; l! - no Bh!COT8 (+ l R - ~ - KOOp~Ta mune 1t 
mn:te I{8HTpa A3 COOTB8TCTB8HHO). 

T a 6 JI R Il a 4 
OTHOORT8Jll>HO8 paonpe'A8Jl8HH.fl MOTHOOTR 'A8JI8-m u.(r) B ol)e~8CKOI c6opK8 RS ypaHS 

(90% mu) 

r, MM u(r) H r,MM u.(r) 

0 
40 
46,6 
53,6 
60 
67,5 

1,00 
1,094 
1,124 
1,075 
1,004 
0,940 

75,5 
83,5 
91,5 
99,5 

105,0 

0,814 
0,684 
0,553 
0,417 
0,288 

T a 6 JI 1t Il a 5 
IlJIOTHOOTl> 'A8JI8Hd B reOM8TJ)lil118CKOM I{8HTpe 
A3 pea1tTopa OO'P a ol)epneo1tol RpRnNeCKol 
c6oprut, HOJ;NRpOB8HHhl8 Hal r TOIIJmBa R Ha 

OToqeT WT8THOro YOEmTOpa 

Il1rOTHOCTl> 'A8Jl8Hi!I 

MHO'A OO'P 
ll3U8peBd ' 

1023 'A8JI8Hd/~ 

HKJJ, 1,16±0,07 
IIo BID:O.JJY 

f'fOB,i. l ,13±0 ,07 

KpRmqeoKaR 
O6O~.!Jef 

'A8JI8Hd/r-

1,87±0,06 

~ Hop,mpOB8HO Ha OlIJJY ~ Ha Jl,lij)8 58Hi. 

~op,mpoBaHo B8 0~ OTQq8T BO8BOJIHOBOro 
cqeT'IRK8. 

PesyJll>TaT!i B:SMepeHllll, X8paRT8pB:3YDJlll8 IlM­

HO8 DCJIO 'A8JI8mtl no o6~e~ A3 peaxTOpa J![ 

KpR'mll8CROI c6opu, OO'A8pZ8TO.R: B Ta6.ll. 6. 

T a 6 .11 a Il a 6 
Pe3yJll>T8Tl:l HSYepemtl ~TllllHOCTR mTaTBHX 

BC8BOJIHOBHX cqeT'ID!lKOB peSRTOpa Bfi'P R 
KpltTiJil8CROI O6O,:giqi; WB M8T8JIJ!Rq8CJtOro ypaH8 

(90~ u-u ) 
2. 3a e~HHcy npRH.R:Ta IIJIOTHOCTl, 'A8JI8HHI B reo-

M8TPR'l:8CKOM I{8HTP8 A3 (r= 0,i! = 0). ----------..-------------
3. IlpK l = -46 MM odpasI{hl pacnoJiaraJmcl> Ha IO oTcqeATl'A8JI8HR8 B 

B8px.H8l'.I TOl)I.(8 IiI'P, H8 'AOB8'A8HHOM 'AO H8IlOMIDKHOro :.!8TO'A !3 
MOKa Ha n MM. PeaKTOp KpzTl'l'.qeCKa.R: 

113 Ta6JI. 3 K 4 BK'AHO , qTO BAS El{['P M8KCK­
M8Jll>H3.R: IIJIOTHOCTl, 'A8JI8Hmt peaJIRsyeTC.R: Ha BHYT­
peHHel rpa~e TOilJilil.BHOrO MaT8pKaJia (B paloHe 
I{8HTpa.AS), a B KPRTlf<i8CROI c6opK8 - Ha H8KO­
TOp0M Y'AaJ18IDm OT Hee. 

3iraqe.HWi IIJIOTHOCTK 'A8JI8m.nl B reOM8T_pKq80-
KOM I{8HTpe A3 OO'P R O(j?eplf'l:8CKOI KPRTlf<i8CKOI 
c6opKK, OTH8O8HHli8 Kl r B8~8CTBa A3 R HOpMR­
p0BaHlil,18 Ha OTcqeT mTaTHoro MOHHTOpa (HRK8JI8-
BOro 'A8T8KTOpa ~ peaxTopa OO'P, BC8BOJlllOBO­
ro oqe~ ~ Kpzrnqecxol c6oprui), npne'Ae­
HH B Ta6JI. 5. 54 

KaJm6pOBaHHOro HC­
TO'lllm(B RBiTpOROB 

OO'P c6opxa 

:<oppaJIRpoBaHHWC 
COBITa'A8md 4,4ltO,l:33f 

9,35t0,44 

9,30±0,93 

IDITerpRpoBaHH.R: 
qzceJI 'A8JI8mtl no 
OM8MY A3 4,24±0,34 9,45t0,47 

3f IlpB:B8'A8HHa.R: IlOl'l)8111HOCTl> OTputa8T TOJil>KO 
CTaTRCTJ!RY OTcqeTOB. 0CT8.Jll,HH8 - CYJ.8UlPBH8 
norpeWHOOTII ~ p = 0 ,95. 



G·rMeTJ,!M xopomee coBna.n;eFrne pe3y.n:r,TaToE, 

Il0.JlJ'I6HHh!X pa3HhlMM MeTo;.a~m H3"1ep6Hli1l: (.CM. 

Ta6JI. 5 h 6 ) • 
B Tad.n. 7 nplille.n;etto pacnpe.n;e.nem1e no.JIHoro 

:rnopro1,i..ii:e.ne1rn.1I B AS EHI'P no 6.nor(a,J n cocTaB­

.JI./!Kl4IDI! WC ,I(lfCHaM • 

T a 6 .n R n; a 7 
Pacnpe.n;a.nemre noJIHoro sHeproBl:l,ll;e.neIDJ./l BAS 
i11I'P no OJ!Olta~I ll COCTaBJI./lJW(HM wc ,n;KCKaM 

MOK 

HB 

I,rp 

.GTP 

w.: 

HoMap 

B ,ll;liCK8 I B 6JIOK6 

II 
IO 
9 
8 
7 
6 
5 

5 
·1 
J 

0 ,042I 
0,0751 
0,!009 
O,II7I 
0,1302 
0 ,1246 
0 ,0159 

C,0914 
u ,UtJ69 
L· ,G72'J 
G,0557 

I u ,u.:i25 

1 
J 

G 

I 

ll ,0174 
U,CJl4f. 
u ,LJII~ 
u ,0065 

0,6060 

0 ,3394 

0,04% 

0 ,0049 

il p l1 \\: e '! 8 H lI e • :iyl,16paIU1./l ~CKOB B 
A8 Il.(l0l"9.Je, ('3Ha cmrny DDupx (cM. plfCYHOK) B 
I!,1?0)1,)"0J:.o;KeH;,n: IlOJIHOI'O CJ38l\9HH./l BC6X '!aCTett 
,t:l ( 'l' • e . .6I'P il b""'IP Hax:o,,r,nTC.ll B CBOli!X B6pXHllX 
I;OJIOJK6HJIRX) • 

C IlOiv!OJ;jI,10 MeTpOJlO:r;rtIBCIUl aTTeCTOB8HHOfii 

JK,iJ. ll ,!.(6Jil1T9,nI,HliJC. o6pa3D;OB 113 ypaHa R3MepeHO 

pacnpeAeJleFme llJ!OTHOCTR .n;eJieHKfii TIO o6~6MY AS 

ID,myJII>CHoro peaRTOpa EIILI'P l1 cq1epH'!6CKO.ll: KpH­

TWieCKOM c6opK11113 MOT8JI.JrnliOCKOro ypaHa (90% 
235u ) • IIpv.: sT0"1 norpernHocT:r, onpe.n;e.neHIDI llJ!OT­

HOCTll .n;e.neHJiili B ll;6HTpe AS COCTaBWia (,I\Jl.ll ,I\OBe­

pHT6JI1,HOi1 B6 pO.llTHOCTH p = 0 , 95) 3-3, 5% ,I\J1.ll 

HOµ.mpoBru:. Ha Ir OCHOBHOro A6JIE1118rOC.ll HYK-
Jm,~a ( 2 '

5U) 11 6% ,I\J1.ll HOpM11pOBKH Ha 1 r TOll-

7IlIBHOro MaTep111a.na (OO'P) . 

IIpHMeHeHKe Ha peaKTope OO'P MK,l.( MaJior o 

"Baca " ( ~ 1015 
.ll,I\6p 23 5U ) Il03BOJm:JIO C IlOMOlll:hlO 

O,n;HOro MOHHTOpa ( Ni - .I(8T6KTOpa) H6IlOCP9,IlCTB8H-+ 

HO 063 HCilOJib30BaHK./l ,IlOllOJIID1TeJII,HI,IX MOID!TOpR­

PYI<XnllX ,Il6T6KTOPOB COI!OCTaBHTI, pe3yJib TaTH K3-

MepeH11.ll IIJIOTHOCTH ,IleJiem B J.J;6HTpe A3 , no;ry­

'!8HHli6 C llOMOIIII,~ MK,l.( 11 ypaH-rpa~HTOBliX o6pas­
IJ;OB . 

C HCllOJIJ,30BaHlieM Tpex MeTO,IlOB (KaJI116poB8H­

Horo HeiiTpOHHOro KCTO'Uil!Ka , KOppeimpoBaHHI,IX 

COBna,IleHHii 11 HHTerpRpOBaH11.ll npocTpaHCTB8HHOro 

pacnpe,Ile.neHM.ll llJIOTHOCTR ,Ile.nemdl: no AS) onpe­

.n;e.neHo llOJIHOe '!HCJIO .n;e.ne~ BAS H83B8HHhlX 

ycTaHOBOK. Ilorpell!HOCTL onpa.n;e.neHH./l 3Toi BeJm­

"ll!Hli (.rr,.'I.ll p = 0 , 95) on;eHeHa B 5% ,I\J1.ll Rp!,ITl1-

'!ecKon c6opKR :a 8% ~ peaKTopa IMI'P . IlpoBe­

.n;eH aHaJIE3 oum6oK R3Mepemdl: . 

Xopornee COBna~eHRe 3KCll8pHM8HTaJII,HIDC 3Ha­

'leHlifr, llOJIY'l6HHh!X pa3HNMll M8TO,IlaMR , CBR~C­

T6JII,CTByeT o tta.n;earnocTH pe3y.n1,Ta TOB u31,1epemdl: , 
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P E ~ E P A T l:l 

YJ1K 621.039.514 
K PACTIETY IlPO~P.AHCTBEHHO-BPEMEHHOH IOOilID001 IDIP H B!CTEPA/ 

B.X.X op y & R ! /BA1IT.Cep.HMllYn1>Cm,ie peaKTopu R npocT!ie KpH­
nrqeclUle COOPRH. 989. Blm. I. C.3-7. 

Cq>o:p.iyJmpOBaHH RHTerpani,HHe ypaBH8HWI npocTpaHCTB8HHO-Bpe­
M8HHOit IWHeTRRR m.myn1>cHoro SI,Itepaoro peaKTopa (IDIP) wm 6ycTepa 
B N -30HHOM npR6.mmemm. 

Pac~eT Il8WM8Tp0B KRHEYrmGI ormpaeTCH Ha nporpaMMl:,I M8TO,IJ;a 
MoaTe-Kap,ro. B c.nyqae Me~eHHo npoTeRaDitHX npo~eccoB (no cpaB­
H8Hl:lll co cpe,ll;IDlM Bp8M8H8M reae~) RHT8rpanhHlie ypaBH8HRH 
CBOMTCH K ,Il;l!qXpepeHizyIMl>HliM. OrmcaH cnoco6 pememm l'IHTerpan1r­
HWC ypaBHem N -30HHO! Km:18TKKH (crmCOK JIHT. - II HaSB.). 

Y,lll< 62I.039. 514 
lIBTEI'PMPOBAHHE YP.ABHEHl1ti KHHEI'HKl1 HMrlYJII:CHOI'O PEAKTOPA HA 

HiCTPl:lX HE0.TPOHAX JKECTKO-YCTO~ f.IBTO~ IliPA/B.X.X o p y­
a R !, A.C.K omen e B, B.~.K one co B BAIIT.Cep.&filyJI1>C­
m,ie ,WaKTopu R npocme KPRTK'l:ec:iw:e c6op:iw:. 989. BwI. I. 
c. 8-14. 

OnRCaH anropRTM 'lllCJI8HHOro pemeHRJI ~8p8HqHMl,HllX ypaBH8-m To~e1mott KRHeTRRR m.myn1>cHoro SI,ItepHoro peaKTopa c aBTOMaTR­
~ecRRM BU6opoM wara C~8Ta Ha OCHOB8 &8CTKO-YCTOtttnmlOC M8TO~OB 
Tupa. 

PacCMOTpeH!l BOilpOCli ~OJlMl'lPOBaHWI m.myni,ca ~enemnt B peaKTO­
pe C CYllt8CTB8HHO RH8pl.tHOHHHM raweHReM peaKTKBHOCTR B yCJIOBWDC 
nHae!Horo BBO,IJ;a peaR'l'HBHOCTH npR HaJ'IR'mll CMl>HOro RCTO'IIHHR8 
H81TpOHOB (TaM. 3, PRC. 4, CimCOK JmT. - 7 Ha3B.). 

YJlK 539.3 
PAC1IETH0-3KCICEPHMEHTAJIHIOE HCCJlmI.OBAHHE PEAKUID1 ~EPmECKOil 

B3HIBHOH KAMEA:i/A.H.A 6 a Ky Mo B, A.C.,IL y 6 o BK H H,A.B. 
Ile B HR~ K H tt, A.Il.T on o ~Ko, B.Il.C on o B 1, e B,,IL.B. 
CT pa XO B,Kl.r.m lI m OB, A.A.Y ~ a 8 B//BAlIT.Cep.HMIIYJU,CH!,18 
peaRTOpli K npocTHe KPRTK'l:8CKR8 c6opRH. 1989. BwI. I.e. 15-19. 

IlPR RCilMl>SOBBHml 'lllCJI8HHOti M8TO~, OCHOBaHHO! Ha T80pHH 
o6M0~8R TWta Tm.tomeHRO paCCM8TpRBa8TCH peaianur cxI>ep~ecxott 
B3pWIHOil ICaMepH. HaoTpoM pac~eTHol Mo~eJIIII ~ omtcaHWI noBe~e­
HWI ROHRpeTHon B3pHBHO! KaM8pli C ~8TOM ,!OmaMR"l8CKO! IlOT8pR 
ycTotttnmocTH 0Cytll8CTBM8TCH C IlOMOfilI,J) cneKTpaJU,HOro aaaJIIIIsa. 
B Ka~80TB8 napaMeTpa HaCTpom pa.D;Han:&Hol ~8CTOT!,[ Cnfl!OIIT pa.we 
cxI>epR'l!8CKO! IlOB8pxHOCTH, a~ Cil8KTpa R3I'lll6Hlil ~CTOT - T0nlIIR­
Ha o6ono~. Pe3yn1>TaTH pac~eTB cpaBHRB81lTCH o 3Kcnepm11eHTanlr­
.HliMH ,IJ;aHmlMlI ( Tai:Sn. I. p1rn. 4' CIIHCOK Jil!T. - 12 Ha3B.). 
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Y.llK 624.074.4:678 
0 CTAmlll:HOCTH HEKOTOP!il KmTEHIBB IIPOlffiOCTH CTEKJIOIIJIACTii­

KOHiX TPYE ITm BBYTPEHHEM HMIIYJilCHOM FIAf'PYmil,fil/0,C.B O_..P o H­
n o B a.,. M.A.C H p y H .111 H.\ A.r.~ e .n o~P_..!! H x o, B.H,U: H n­
R .Ill H, n.A.B H JI Iii R, A.r.t'.l B 8 H O Bl/1lAHT.Cep.11MrryJil>CHlil.8 pe­
SltTQI)lil :e: npoome RpuneOiaie o6oPIQt. '.r989.Blm.I. C. 20-23. 

IrpltB8,It8BH pesy llTHH :e:oo.ne.1tOB8HWl KOaqxJ)mti!eSTOB Ba pl!EII(llH 
IIpe,IteJil,HOI ,tteq>o~. Ilpe.lt8JWIO:lt HarpyBR.111 Ill X8paKT8pa paspy­
meBl!JI D;RJll!tB,lij)F80RHX 060JIO'll8R HS OT8RJIOIL1UIOTHR8 l'I OTaJIR 20 npl'I 
iWI!yllOHOM H8rpya8mnl Ilp0.D;YKTaMH B3p,tB8 B :eos.nynmott Ope,lte sa­
pima oqiepneoxolt ~OIJ,IH H8 DDGl'i80ROl'O BB, YCT8HOBJ18HHOl'O B 
reOMeTpnecxOM neBTpe. ,Il.nJl cm;eBOK KOooxflm:m8BTOB B8l)Ml3I(lm npm«e­
BeBH Y8TO,JtH ~ B8poilTBOCT81t-i :SpDOTOH8, IlOKa38HO,'IITO 
B YCJIOBWll 8KCTp8M8JIJ.BHX .IIIYIIYllCHlll HarpysoK CT8KJIOIIJiaCTHKOBli8 
o60JIO'IIKH 0~ 60JI88 BHCOROI, '118M IIpH OT8TH'll8CROM Harpyaemm, 
IIpO'IIBOCT:t.ll IIO RpHTepHI) npe,It8Jll>HOI .It~O~ l'I ,ltOCT8TO'IIBO! CT8-
6lJJil,HOOT:t.ll 8TOrO KpHTeplUi ( T86JI. 3, Clll'ICOK Jll!T. - IO H83B.). 

Y.I(K 539.4:620.171.3 
IIPOl!HOCT.E> K¼CTPYKUHOHHHX MATE!WJIOB IIPH .IillliAilfiNECKIDC HA­

I'PY3KAX (06soy) A.II.Bo JI h w a Ko B,C.A.H o :e H x o B,B. A. 
C .111 H .111 q li H/ AHT.Cep.fu.uiyllcHl:le peaKTOpH Ill npocTHe xp.111ni:­
-qecKHe c6opx.111. 1989. Bwr. 1. C. 24--46. 

Ilpe,itCT8BJI8BH xpaTR.1111t o6sop ltJllH8MJll'q80KHX M8TO,ItOB .IIIOIIHT8mtlt 
B 8ROil8pHY8HT8Jll>BH8SJlhT8Tlil. BOOJ18,ItOB8HWl ~ pim8 KOBCTJJYK­
~OHHH.X .MaT8pH8.llOB. XSpaKT8pHOTmt8 paapa60T8HHOro BBTOpa­
M.111 :eaptmBOl'O MSJiora 8pHTHOro yoTpolcTBa H8 OOHOB8 M8TO,It8 coo­
TaBHOro OT8pml1{ roIIIWHOOHa,.111 npOB8,lt8H 8H8JI.1119 Ilpm&BHBMOOn'L.ItBH­
HOl'O M8TO,It8 .IIIOIIHT8HBI Ilplll CROpOOTU .It~O?QUtlDI 101-104 o-1. 
YOT8HOBJI8BH ,lt~O~QHHO-IIpO'IIHOOTBH8 38BJ/IOm.400TB M8T8JIJ1.lll'q8CKRX 
( o T. 36HXTD ....._2wra11 AMr6 , Me.Ith MI , nopowxo:eHe MB Tep.111ami 
CIIXI8H9T, \jll,j6KHM) :e: IIOJ1.IIIY8pB!iX (ROMil8~ CKTH, Bl!lltO.IIIHT IIK-68' 
Ulllf-3Al( :e: ,l(p.) Y8T8p:e:a.110B OT CRQp00T.III ,tteq>Op.tan.llllll. 0npe,lt8l[8H8 
~80K8J'I fil)O'IIBOOTh o:eapma: l~eKTpoHHHM JJY'IIOM) B KJI88BHX 
(K300-61, :3JI-20, BK-9, ~plllH 80) 008ltlllB8HBI M8T8JIJIH'q80.IOIX 
M8T8p.1118JIOB (THT8H, Y8,Itb, OT8JU, 3, on.na:e AMr6) (Ta6JJ:. 6,p.1110.15, 
OII.IIICOR JI.IIIT. - 62 H83B.) • 

Y]IJ{ 621. 039,51 
li3MEPEE1E 8J:IEProjj~ B AKTHdII0.11 30HE HMilYJibl,'HOI'O PEAK­

TOPA mI'P l1 C11.>EPlfliECKOl4 i<PH'.ffll!ECKOH CIDPKH ~ MET.AJJJIH1IBCKOIO 
YPAHA/M.H. l{J B m H H O B, II.IP. 'II e p e ,Il H B R, H.r. C M B p­
H o B, B.H. :0 o r ;a; a H o B // BAHT. Ce:Q • .11MnYJII,CBlie peaR­
'1'0~ B npocme KPBffllleCIOie c6o!)KH. !989. llin.I. C.47-55. 

C IIOMOJit(,I) M8Tl)OJlOI'H'll8CKil 8TT8CTOBaHROi RaMepl,l ,IleJ18lillS H ,lte­
Jll!TeJU,Bl,lX o6pasuo:e Hs YpaBB .HS.M1ir~o pacnpe.zte.nelll!Je .zte.neud no 
o6~8MY A3 BMOyJU,CHOI'O p88.KTOpa B cq>ep:neCK~ ~~8CROii 
c60P£<B HS M8T8JIJIH'll8CROro YPSHa (o6oralll8HB8 IIO 1~ ~) .c llC-
IIOJU,30.B8HJ!l8M Tl)8X M8TO,IlOB lR8Jll!6poBSHHoro BeitT!)OHROI'O BCTO'IIWU(S, 
ROppe.mtpoBaHHWC CO:ena.xteud H BHT8rp.BpOB8BllUl pacnpe;a;e.nemJJI ILnOT­
-HOCTlll .zt8JleHd no AS) OIIpe,Jt8JleHo IIOJIHoe 'll'!CJlo .zteJieHHil :e A3 ua­
SB8EH!il YCT8HOB0.K. Peay.nl>Ta~ HSMepemnt, BWIOJlHeHHHX pa:mw.m Me­
TO~, xopomo cor.naoyDTca uez.ey coool (pzc.I, Ta6JI.7, cmwoo 
JIHT. - 8 HBSB.). 
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