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MatemaTtuka
YK 512.54

O KOHEYHbIX p-rPYMMNAX C ABTOMOP®U3MOM
CNEUMANBHOIO BUAA

B.A. AHmoHos, C.I". YexkaHoe

Ycnosne C-3aMKHYTOCTH /IS HOPMAIBHBLIX MOATPYNN B KOHEYHLIX paspemiH-
MBIX TPYRNax HO3BOJIAET BLIACJIHTL KJIACC TPYHN, KOTOpble XONYCKAIOT aBTO-
Mopduim jgeficTByiolHH PeryJsipHO M HENPHBOANMO HA MHHHMAJLHBIX HOp-
mMaJbHbIX noarpynnax. IHonyvenrl Heo6XxoauMbie H JOCTATOYHLIE YCJIOBHSH CY-
IiecTBOBaHMA Takux rpynn. Kpome Toro, j0xa3ano BCOMoOraTejinHOEe yTBep-
AAeHHE U3 anreGpbl MATPAN, AMelOIiee CAMOCTOSITE/ILHLIN HHTEpec.

Ilpu mccrienoBaHUM KOHEYHBIX paspemuMEBIX rpymm ¢ C-3aMKHYTHIMH MHBAPHAHTHBIME TOATPYII-
riaMu [1] BOSHMKUIM IpyImbl, UMEIOMKE ClIeAYIONiee CTPOSHHE. _
Ilycts p,q;,955..,9,, — PA3IMYHEIC POCTHIE YHCIA, 7; — MOKa3aTeNb YHCIa p 1O Moxymo g; [2],

m
n— nokasarens p no mozymo » =] [ g, . Torna
i=l

G=(4-B)A(x),
rae Au B —abenesrl p -rpynmsl,

ANB=Z(4-B)=(4-BY =] |Z,

i=1
npudeM Z; — aneMeHTapHas aGenepa rpynna mopsaka p™ , A/ANB u B/ AN B— MUHHMasbHBIE

HOPMAJIBHBIe TIOArPyINs: rpynnbi G/ ANB, |4/ ANB|=|B/ANB|=p", |s|=r, anemenr x nmefict-

ByeT Ha KaxIo¥ u3 noarpymn Z, Henpusomumo, 1 C(Z,)=(4-B)A{(x%).

B npemraraemoit pabore nomydeHs! HeoGXOMMEIE M JIOCTATOYHEIEC YCIOBHA CYINECTBOBAHMA TAKHX
rpyni.

Ilonoxum A-B=P, ANB=Z, k;=nlw, r,=rlq, m; — nokasareib p MO MOAYMIO 7, H
l;=n/m.Torna m;= HOK{n;|j#i} ul=HOT{k;|j=i} . |

B naneHeiimmeM HaMm noTpeGyercs cliemyiomee BCIIOMOTAaTENBHOE YTBEPKACHHE H3 anreOphl MaT-
PHLL, HMEIOIIEe H CAMOCTOATEILHBIH HHTEpEC.

. m
JIEMMA. Ilycmv p,q,44,...9,, — PA3nuuHble npocmute wucna, k€ N, yucio r = Hq,- HeuemHo,
i=l
n — nokazamenv wucia p no mooymo r, L-—aooumuenas epynna mampuy nopsoxa kn nao nonem
GF(p). Hnycmv A u B — mampuywt u3 L euoa

X 0 .0 Y 0 .. 0
0 X .. 0 0Y .. 0

A= ,B= :
0 0 .. X 00 .7

20e X u Y — mampuyer nopaoka n, xapaxmepucmuueckue mrozounensl f(x) u g(y) xomopwix aensiom-

CA MUHUMQILHBIMU MHO20YNEHAMY RePBOOGPA3HYIX KOpHeil r -1l cmenenu u3 eOuHuybl HAd Noaem
GF(p). Honoacum '
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AnmoHose B.A,, Yekaroe C.I'. O KoHe4HbIX p-epynnax
¢ asmomoppu3MoM crieyuanbHo20 euda

C,(4,B)={TeL| ATB=T}.

n . . n )
unyems f(x)=x"-Y ax'" —(-)"" u g(»)=y"-Y By ~(-)". Toz0a [C(4,B)|%1 mozoa u
i=2 i=2

moIbKO mo20a, K020a C; =(-1)" Boioy Ona 6cex i=2,3,...,n, wiu, ymo mo dxce camoe, X ! sensnemes
KopHem muozounena g(y). B amom crayuae ICL(A, B)] = pkz".

Hoxazarenbero. Ilycts T eC;(A4,B). Pazobeem Matpuiy 7 Ha xBamparHbie GNOKH MOpSAKa
n:T=(T;), ij=12,..,k.Ycnosue A'TB=T paBHOCHIBHO TOMY, 9TO X'];Y:T,Tj JUIABCEX i U j.

TlosToMy, ecnu L, — aniuTHBHAA IPyNNa MaTPHL IOPAAKA 7, TO B CHIY TOro, 4T0 Marpuua I' COCTOMT

us k* 6noxos, |C;(4,B)| =|CL, XY )lkz . TloaToMy B HanbHeHIneM AOCTATOYHO OFPAHHUHTCH CIYdaeM
k=1,Te. A=Xu B=Y.

Iposesem nugyxmo no uncity m . Ilycte m=1, n =nu ¢, =q. 3amernm, gro ecstnt U u V — He-
BHIPOXK/AeHHbIe MaTPHLEL, X, =U XU u ¥, =V"'1V , 10 |C (X}, }})|=|C,(X,Y)|. B camom nene, ecru
TeCi(X,1)), T0M3

T=X\TY, =(U'XUYTV 'YV =UX'(U YTV 'YV
CIIEYET, 9TO
xwhrvly=wlyrr!
Te. (U YTV e C.(X,Y). Orobpaxemwe T — U YTV smnsercs, oueBnmno, Guexumeit
C. (X)) va C (X,Y), Te. |CL(X1,Y1)]=|CL(X,Y)| . ITo3TOMY MOXHO CHHTaTh, YTO MATpHLBl X 1 Y
SBJSIOTCA UKITHYECKHMH MaTPHIIAMH, T.€.

0 0 .. (-p™ 0 0 .. (-p™
X=10... a, ,Y=10... B
0 0 .. a, 0 0 .. B,
Tpocras mpoBepka NnokaseIBaeT, 9ro eci X' TY =T, To B Marpuue I moboii psx, napanienbHbIi

TJIABHOH THArOHATH, COCTOMT H3 OJMHAKOBLIX 31eMEHTOB. IToaToMy |C (X, Y )] < pz""1 .

OGo3HauuM yepes ¢ Takoil asromopusm rpymnel L, wro 7% = X'TY pis moGoro Te L. Us
(,9)=1 u |p|=q cnenyer, uto L=[L,p]® C,(¢). Tax xax ¢ neficteyer Ha [L,p] perynspHo, To B

cuty Teopempt Mamke [L,p] pasnaraerca B mpsMylo CyMMy MHHHMATBHBIX @ -JONYCTHMBIX TOX-
rpynmn. Tlopsok kaxznol w3 nux pasen p”. Ilostomy |L|= P =p™ P, e pf =|C,(X,Y)|. U3 pa-

BEHCTBA n° = sn+1 CIIEAYeET, YTo ¢ JenuTcs Ha n. A Tak Kak 1 < (2n—1), 1o te {0,n}.
Iycts

2 a, a,

b, a .. a,_
T= 2 1 n-1 |

bn bn—l ves a]

npousBojibHas Matpuua u3 C;(X,Y). PaseHctBOo X'TY =T paBHOCHWIBHO OJHOPOZHOH CHCTEME
(2n-1) ypasuennii c (2n—1) HeH3BeCTHEIMH a; U b; Buza

n n
E;tia,.+z;sjbj=0,
= J:

Cepus «Maremaruka, GpuU3nKa, XUMUA», BbINYCK 7 ‘ 5



MaremMmatuka

‘mpudeM B NepBBIX (7—1) ypaBHEHHSAX, 3aHyMEPOBAHHBIX YHCIAMH k =2,3,...,n , BHINOIHAIOTCH PaBeH-

cTBa I =—1, S, 442 =(-)™, ¢ =s;=0 npu i>k u j>n-k+2, =B, 4, TpH i<k m
8;=Pu-js3 OPH j<n ~k+2, B cnexyromux (n—1) ypaBHEHHMSX, 3aHYMEPOBaHHBIX YHMCJIAMM
n+k, k=2,3,..,n, BHIOIHAIOTCS PaBEHCTBA &, ;. » = -n™, S =-1,t;=85;,=0 pr i>n-k+2 n
i>k, =@, ¢ 3 Upui<n-k+2, s;=a, ;. UpH j<k,aBrnocnenHeM ypasHeHuH (C yIeTOM
niepBbix (1—1) ypaBHeHuii) Bce HeHyleBble KOO OHLMENTH HMeoT BUA +(f; --)'a,, j-2) -

Taxk kak ICL (X.Y )| = p", TO paHr 3TO¥ CHCTEMBI HO/DKEH GbITh paBeH (1—1). Beruuras u3 ypasre-
HWA, 3aHyMepoBaHHOro uucioM (n+k), k=2,3,.,n, ypaBHeHHe, 3aHyMEPOBaHHOE HHCJIOM
(n+2-k), ymuoxennoe Ha (—1)", yGexxnaeMcs, 4T0 paHr CHCTeMBI paBeH (7—1) Toraa U TOIBKO TO-
raa, korma & =(-1" B,

Tlpeanonoxum Tenepb, aro m>1. Eem |C,(X,Y)|#1, 1o iCL(X %y )I;tl. B cuny npearosno-
JKEHHA MHYKLHY ICL(X%',Y‘I: )I=pki2mi -_:pkin )

Paccmarpusas jeiicteue @ Ha C;(X7%,Y%), nomyunm pasenctso kn=sn, +t, T.e. I Jenurcs Ha
n;. B ciry npoM3BonbHOCTH i uMciio ¢ fenurca Ha HOK {n,-li =1,2,...m}=n. Ho torma u3s t<2n-1

MOJIy4aeM t=n.

OCHOBHBIM pe3yJIbTATOM JaHHO#H paGoThl ABJISETCA CIEAYIOLIEe YTBEPKICHHE.

TEOPEMA. I'pymma G yka3aHHOTrO BbIIIE€ CTPOSHHS CYLIECTBYET TOIZAA M TOJBKO TOTAA, KOTJa
BBITIOJIHAIOTCS CIICAYIONIHE YCJIOBHA:

a) eCJIH YHCJIO 7 YETHO, TO r=2 U n=1;

m
b) eciu 9HCIIO 7 HEYETHO, TO ) 1, <n?

i=]

Hmbo m; <n ang moboro i=1,2,..,m, 1160 Haiinyrcs

TAKHE YHCIIA 1, 8),57,0.5, » 9T0 1p™ =—1(modr;) mng Beex i , Ho 1p° #—1(modr) mwis JuoGoro umcna s.

Joxasateberso. a). HeoGxommocTs. TIpeanonoxum, 9to ¢, =2 H x =X, -X,, Tl |x|=2, a |x,]
HeueteH. Eciu anement x; nefictyet Ha A/Z u B/Z perynapHo, To i mo6bix a€ A u be B Bbinon-
HAIOTCS paBeHcTBa a® =a"'z; w b= b'lz2 Ond  HEKOTOpRIX  zj,z,€Z. Ho Torma
[a,5]" =[a"l b ] =[a’1,b'l:| =[a,b], T.e. x; meficTByer Ha Z TPUBMATEHO, 4TO HEBO3MOXKHO B CHITY
C(Z])=Pl<x2>. IlostoMy MOXKHO cumTath, 9r0 C /7 (x)#1. U3 A/Z=[A/Z,x]xCy;z(x) ¥ Mu-
HUManbHOCTH A/Z crnenyer, 4to x; AeiictByer Ha A/Z TtpusmaneHo. Ecim nefictsue x; Ha B/Z To-
’K€ TPUBHAIBLHO, TO CHOBA NOJIYIHM [Z s xl] =1, 9T0o HeBO3MOKHO. [TosToMy x| AelicTByer Ha B/Z pe-
rynspHo, u s mobbix ac A u be B6ynem nvets [a,b]" =[a"‘,b""]:[a,b"]:[a,b]_l , T.€. X
nelicteyer Ha Z perynapHo. Hotorma Z=27,,1e. m=1n r=2. W3 p=1(mod2) cnexnyer, yto n=1.
Joctatousocts. Ecmu r =¢; =2 u p— Heuersoe npocToe uncio, To rpymia G =(({(a)x(z))A(b)A(x),
rae |a|=|b|=|z|=p, [¥|=2, [ab]=2z, [b,z]=1, da"=a, b =b7! u 2" =271, uckomas.

b). Heobxomumocts. Tak kak Z=P’=<|:aj,bk]| a;e 4, b eB), a A/Z u B/Z sneMeHTapHBIE

m 2
aGenesr! rpymnsl nopsaka p”, 1o |Z| =H phi<p” .

i=l

6 Becthuk IOYplY, Ne 7, 2006



Anmotos B.A., Yexkanoe C.I". O KoHevHbIX p-2pynnax
¢ asmomophusMom cneyuansHo20 euda

m
Hna ae G nonoxuMm a =aZ . TlpeanonoxuM, yro x=Hx,. , TAe |x,| =gq;. Jina ynobcTea nepeii-
i=1

aeM B rpynne Z u ¢akrop-rpymne P/Z x agnuruBHOH Qopme 3anmcH. BriGepeM B rpymmax
A/Z,B/Z u Z;,i=\,2,...,m, muxiieckue 6a3uChl, T.e. MbI IPEATIONIAraeM, 4To

AlZ =é(ak), B/Z=§(l7k>, z, =g(zg)

—X _ = X _F X . .
M3 =0, b =bynzy=z;,npnk<nuj<n;
» ,
z=Yad, B=YAk 7=3
n = ks Op = ks 2 = 2. V%
k=1 k=1 J=!

n ) n 3
ree f(y)=0"- Za Ly Hu g)=0"- Z By 1y _ MEHMMABHBIE MHOTOWICHB! NEPBOOGPA3HBIX
= =

7 .
KopHeii crenenu r w3 1,a i (y)=(" - Z7ij 3/™1) — MuEMManBHEI MHOTOWIEH NepBOOGpasHOro Kop-
j=l
H CTenieRH ¢; w3 | Hax monem GF(p). OtmernM, uto a; = B, = (1) u y, =(-1)"*!.
m 7
Iycrs [au,bv] = Zztijw -2y . Torma Tj; = (t,,) ~ KBajpaTHas MaTpULa NOPAAKa 1, ¥ €CIA Yepes
i=1 j=1
[a] u [b] obosnaumrs xoopmumatHsie cTonGup dnemenToB @ W b B Gasucax (@;,d,...d,} M
{b,,b,,...,b,} COOTBETCTBEHHO, TO
m ’
[a.6]=2.2 (4] T;[2])- ;-
i=1 j=1
JleiicTByd dneMeHTOM X Ha a U b, nomydaeM
m !
[#]=2 2 arleD =,
i=1 j=1
rane X — marpuua omeparopa x B Oasuce {a,,d,,...d,}, Y — MaTpuua omeparopa y B Oasmce

m
{b,bs,...,b,} , a LITPHX O3HAYAET TPAHCTIOHUPOBaHKeE. B TO ke Bpems, U3 X = Hx,- CIIefyer, YTo
i=l

l([a]' T;[8])-z5 =ii([a]' .; [z .

i=1 j=I

[ ]=laT =55

ITpupaBHuBas K03 PUUHUCHTH IPH z;;, TIOJMy4aeM, 4T0 I moboro i=1,2,...,m BBIIONHAIOTCA pa-

BEHCTBA

(X'TyY, X' ToY s X T Y) = (T, Ty T ) X = (P Ty T + Vi Lo Tigny =1y Vi Tin -
Orciona nomygaemMm

T =¥ X' TyY), Ty = X' T Y =737,

In, g sesy

(-1 Lry=X"TaY -yl (¥
u (X%YT,Y% =T, . A Tak Kak x JeficTByeT Ha Z perynspHo, To X' T,Y #T;). 310 paBHOCHIILHO TOMY,
uro C,(X%,Y¥)>C,(X,Y) nmna mobGoro momepa i. Ecim m;=n @i HeKkoToporo i, To u3
lCL(x%,y4 )| = p" >|CL(X,Y)| e {l, p"} cnemyer, uro |C, (X, T)|=1.

Kaxnoe u3 pacumpenuii GF(p)[X| u GF(p)[Y] usomopdro nomo GF(p"). Obosnawum vepes

x; H x, obpassl anemenToR X u Y npu coorsercTByrommx wiomopdusmax. Toraa x, =x s Heko-

Cepusa «Maremaruka, husuxa, XuMus», Bbinyck 7 ' 7



MaTtemaTuka

TOPOro umMcia ¢ 1 ecid X% genserTcs KOpHeM XapakTepucTHyeckoro MHorowiena Y% , 1o x % smna-
eTcsl KOpHeM MHHHMAIBHOTO MHOTOWIEHa IS X5 .

Taxk kak ICL (X%,y% )' #1, TO B CHJTY JIEMMBI SJIEMEHT X, ¥ 4B/ISETCA KOPHEM MHHHMATBLHOTO MHO-

5
rowieHa s x2 Ho Bce KOpHHM 3TOr0 MHOrOWIEHa HMMEIOT BHI xg“" , §=L12,..,m;. TlosTOoMy

X% = x3P" = 347" 1nq wexotoporo wncaa s; . Ho Torma fp* =—I(modr) . A w3 |CL(X,Y)|=1 anano-

FHMHO CIIEIYET, YTO X ! e spnsercsa KopHeM g(y), T.e. 1p* #—1(mod ) HH IIPH KaKoM s .
JHocrarounocts. Ilycte X, — neppooGpa3Hblif kopeHs r -ii crenend u3 | Hax moneM GF(p), a

n
foH=y" —Zoz,-y’~l — HOPMHPOBaHHBIH MHUHMMaJbHBIH MHOrOWIeH Ind X;. EciM Bce ducma m,
i=1
MeHbIIE 72, TO Yepe3 g(y) obo3HauMM HOPMHpPOBAHHBIH MHHHMAJBHBI MHOTOWIEH 3JIEMEHTa X I a
€CJIY BHINONTHAETCS BTOpasd ajlbTepHATHBA W3 IyHKTa b) ycloBHA TeopeMsl, TO uepe3 g(y) o6o3HauuM

HOPMHPOBaHHEIH MHUHUMANIBHBL MHOTOWIEH 37eMeHTa Xj. U mycTh X ¥ Y — MMKIMYeCKHE MaTpHILEI
nopaaka n Hajx noieM GF(p), y KOTOphIX XapaKTepUCTHIECKHE MHOTOWIEHE! PaBHEI, COOTBETCTBEHHO,

f() n g(y). Torna C (X% ,Y%)>C,(X,Y) nna moGoro Homepa i H, CIIEAOBATENbHO, HANTYTCS
Takue Matpuubl T, i=12,..m, wro (X¥)T,Y% =T,, wo XT,Y#T,. Marpumet T; ms

i

n m
J =2,3,...,n; HaiineM no dopmynam (*). Ilpeanonoxum, uro g(y)=)" —Z ﬁin H eClH x=Hx,~ s
i=1 . i=1
7 .
rae Ixil =q;, 10 B(y)=y" -2 Yy /7 — MAHMMaJBHBIN MHOTOWIEH WA x;. Toraa uckoMoil sBasercs
J=1
rpymnma
m n
G= «H(ak)XHH( ,,))/1H<b,,))/1<
i=1 j=l1
rae Iak|=|bk|=’zg-|=p11nﬂ BoeX L)k, |x|=r, af=a,, bi=b, W zj=z,, Upn k<n m
J <n; , COOTBETCTBEHHO,
¥ _TT.8 _TARB Yy L
a; =Ha by =118 2, -Hz ' u [a,a]=]1] ",
=1 k=1 i=1 j=1

Tae f,, —MEMEHT U3 u -# CTPOKH M v -ro cronbua Ma'xpuum T;; . Teopema iokasana.

IpuBeneM HekoTophie mpuMephl. B nanbHeiimeM yepez x 0003Ha4WM mepBooOpasHBIH KOpeHb
crenend r u3 1 Haxg noneM GF(p).

L.Ilycte p=2, ¢;=3, q,=7 ¥ q;=31.B stom cmyuae m; =15, my =10, my=6,a n=30.
Tax xak m; <nr g moboro i, To B 3TOM ciydae rpymma G CyIIecTBYeT.

2. Ecma p=2, ¢;=3 ¥ ¢;=5,T0 my=2 u m=n=4. Tak Kak x"3=x3'22, xS =x"?u

_ a
x'#x¥ Hu nng KaKoro @, TO ycIOBHE TEOPEMBI BBIOMHAETCA A =1 H, Clel0BATENBHO, IPyINa
G cymecTBYeT U B 3TOM cliydae.

3. IlpenmonoxuM Temeps, 4ro p=2, q;=7, q,=5 U g¢3=3. Torma m=4, my=6,

my=n=12. Ecim y - mnepBoobpasHeiii kopeHb cremend 105 m3 1 mHam GF(2), 10

.t I Ll - % - 7S
ye{xz,x“z,x'“|se1={0,1,...,11}}. U3 x3=y32 " x5=y52 CIEayeT, YTO

BecTHuk KOYplY, Ne 7, 2006



Anmonoe B.A., Yexarnos C.I", O KoHeYHbIX p-2pynnax
-C a@momMopgu3MOM crieyuansHozo euda

11:2°
H

yE {x”‘zs , £ | sel}. Am x = y7'2:.cnezxye'r, yro ye{x Pacd I sel}. Iostomy t=13-2° naa

- . ~3
Hekotoporo s €/ . Tak kak x '=x13%" 10 rpymma G B 310M Cityuae He CYLIECTBYET.

Jlutepatypa
1. AnronoB B.A. I'pynmnsl ¢ C-3aMKHYTBIMH HEIMKJIHYECKAMH noarpynnamy // Cubupckuii Mare-
matideckuit sxypHan. — 1979. - T. 20. - Ne 6. - C. 1171-1184.
2. Junn P., Huneppatitep I'. Koneunsie mona — T. 1. — M.: Mup, 1988. — 425 c.

ITocmynuna e peoaxyuio 3 anpens 2006 2.
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YAK 513.74

HENMOIPYXAEMOCTb METPUK BPALWLEHUA B BUE
rENUKOUNAIIbHON NOBEPXHOCTU B n-MEPHOE
EBKNMOOBO NPOCTPAHCTBO

A.B. MNnasbipuHa

B namnoii paGore AoKka3aHA HEBO3MOXHOCTh M3OMETPHYECKOTO MOTPYKEHHS
METPHKH BpAallEHHs] B H-MEPHOE €BKJIMAOBO NPOCTPAHCTBO B BHJE IeJIMKOH-
AJILHOM MOBEPXHOCTH.

Henorpyxaemocts mockoctt Jlobaueckoro B E? noxasana JAI'msbepromM [1], a norpyxcaemocrb BE"
npu n>5 ycraHomieHa B paborax [2, 3]. Bonpoc o norpysxennu miockocts JloGauenckoro B E* (Ges mo-
HOJTHUTEITHHBIX OTPaHHYEHMI Ha BHJI IIOTPY>KEHHA, KPOME €r0 PEryJsSpHOCTH) OCTaeTCsA OTKPEITEIM. B pabo-
Te [4] D.P. Po3eHnopH fOKa3a)l HEBOZMOXHOCTE norpyxce}mn mwiockocty JloGauesckoro B E' B Buze rem-
KOHpaEHOM ToBepxHocTH. HeBosmonmocTs norpysxerms B E* nccnenosanacs Taioke B paborax [5-10].

B nacrosmeit paGoTe paccMaTpuBaeTCs BONpoOC O norpyxeHun B E' AByMepHBIX METPHK BpaIieHus

ds? = du® + B* (u) dv? 1)
B BHIE IeJIMKOHAaIbHOH nosepxnocTd. Cnenya 3.P. PosennopHy [4], Ha30BeM NMOBEPXHOCTH eJIMKOH-
JAJIBHOM, €CJIM NOCTie IPUBEIICHHUS €€ METPHKH K BHAY (1) K03 pHIMEHTH! BTOPHIX KBaApaTHIHBIX GopM

¥ Ko3(ppHMeHTE KPydeHAS HE 3aBUCAT OT KOOpAMHATHI V. IIpHMepoM MOXeT CITyXUTh NpsMoil reu-
KOUJ B npoctpaHcTse E°.

Teopema. Ecrm B, (u) — HeorpaHumuenHas GyHKOMS OpH —0<#<+®, TO METPHKa

ds* = du® + B* (u)dv* He pomyckaer m3oMerpueckoro norpyxerus B E' (n23) B Buze remuxon-

IanbHOM! ITOBEPXHOCTH.
Hoxkasarensctso: ITycts F — nByMepHas omHOCBs3Has moBepxHOCTh B E" ¢ BHyTpeHHeH MeTpuxoit
HETOJIOKHTENbHOH KpuBH3HbL Bynem cumrare mns npoctoTe, uro Ha F BBeieHa efMHas cHCTEMa KOOp-

or o%r

s ="
ou' 7 ou'ow
i,j=12, tne #'=u, u®=v. 3apuxcupyem Broms F OpPTOHOPMHpPOBaHHBIN 6Gasuc Hopmaineit

muHat (4,v), a noBepxHOcTs F 3amana Bekrop-dyHkumed (u,v). Kak obsmHo, 7 =

€);-+3€,_ - XOPOIIO H3BECTHO, 4TO KO3(QUUMEHTH NepBoi U BTOPOH OCHOBHBIX (QOpM gy =#7;,

i, j=12, M,=r,e,, L,=n1e,, N, =rpe,, a=1, 2,..., n—2; u Tax Ha3biBacMble KO3PHUIIUESHTEI
Oe .
KpY4eHUs A, g = . ‘; eg, k=1,2, yNOBNeTBOPAIOT HIDKECIEAIOLEl chcTeMe ypasHeHuH (2)—(5).

VpaeHeHus norpyxeHus AByMepHo# nosepxHoctH B E" umeror sug (a= 1, 2,..., n-2):
n-2

> (LN, -M2)=(EG-F*)K @)
a=l

G 9 2 2y, LS8

e =M, -T'hLL, +TAN, -T:2M, +§:1(Lﬂ,4aﬂ2 Mydyp), 3)
) o ) n=2

oy Ma=5Na =Tl ~THM, +T5M, -TAN, +Z(Np o1~ MpAg), @)
0 0 5 1 2

P op2= 2 (Aayi Ay~ AayrApp )+ 8" (LaMp - My Lg) + 87 (Mo Ny -NoMy),  (5)

y=1
VpaBHeHNe NOTPY)KeHHA METPHKH Bpamenns ds” =du’ + B (u)-dv? B E™
ds® = r2du? + 2r,r,dudv + ridv?,

10 BectHuk IOYpIY, Ne 7, 2006



Inasbipuna A.B. Henoepyxaemocmi Mempuk epaujeHus e eude 2enuxoudansHol
rogepxHocmu 6 n-MepHoe eeknudoso npocmpaHcmeo

rae ru2=E=l, 2r,r,=F=0, rv?=G=Bz(u) %] K=—%"— — KPHBH3HA METPHKH,

2_p2 0, 8., 90,  _ n_, 2»__ 1
EG-F“=B", —a—vLa "é;Ma —gv-Am =0ug'=1,¢g =Bz(u)’
ko3 dummentsr Kpucroddens npumyT Bua:
il _0,5E,G-FF, +0,5E,,F_0. 2 _05G,E-05EF B,
n- 2 T 2= ) ==
EG-F EG-F B
ri- FE —oigEvF—zo,SEuF 0. rh= F,G- Oigqu_z 0,5G,F __ B.B;
Il = O,SE;((;; - (;:jG"F —0; 3= O,SG,,E; (I;v'vF F+2 0,5G,F _ 0,
TOT/Ia Hallla CHCTeMa TIPHMET BHIT:
nf(L N,-M}) Buy p2
o a'Ya a B
Pl B n-2
o Ma =My + 2 (L pAgpr—Mpdng );
B=1
d B n-2
— u .
7 Na = B,BL, +—N, 4-192_1(1»1,5,,4‘,,,92 —Npdyp);
0 n=2 N,Mgz-M_,N
A, “aB2 = Z(AaﬂAﬂrl 'AarlAﬂ72)+(MaLﬂ _LaMﬁ)+ —r T L.
Ou ] B
CnenaeM 3aMeHy:
M_=m_B(u); 0 0
¥ ¥ ( ) a x =a xB(u)+mxBu(u);
N, =nB*@); O N, =2 s B(u)+2n_B)- B, ()
au x = au X X u 4
L =[; 0 0
* * gu‘ Aaﬂz = .é;; aaﬂzB(u) + aaﬂzBu (u) 5
Ay =ay; Ay =a,,B(u), rae x,y=a,p,

U [IEPBOE, ¥ TPEThE YPABHEHHE pa3/IeIMM Ha B?(u) , a BTOpOE M YeTBepTOE — HA B().
CucreMa ypaBHeHUH MPUMET BHJA:

nz-f(lana —mz) = B ;

o B

a B n-2

6—um"’ =-2m,, ?" + %(lﬂaaﬁz - mﬂaaﬂl) ;

d B, , B 2

—n, =N, 41, L+ ) (mga,g, —nga,s);
P e p Tep ﬂz;.l( BYap B aﬁ)
2 B,

ou

YMHOXuM ypasHeHHA (2), (3) u (4) COOTBETCTBEHHO HAa Mg, N,, d,g; K CIOXKUM MONy4CHHbIE

- Gap2 = —aaﬁz 714 + Z (aaﬂaﬂﬂ - aa},laﬂ},z)“f' malﬂ —Iamﬂ + namﬂ - manp .
P

YpaBHCHHA:
n-2
0 0 0 B, 2 B 2, B
5. (g e e gy | 2w Bl B B B
Pra
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MaremaTuka

n=2 n-2 n-2 n-2 n-2 n-2
e 3= 3 M, 3, (Igapz ~mpa, ﬂl) > 70 2 (Mpaas; ~npagy )+ 2 “aﬁzz( Gay29py1 ~ arl”ﬂrz)
a=1 p=1 a=1 f=1 a=1 y=1
Pra
n=2
+Z ﬂz(m lg —l,mg +nymg —m nﬁ) 0.
fea

MOJKHO 3aMETHTB, 9TO:

F) n-2 B n-2 B n-2 2
0551; g(m +n, +aﬂ2) =—-B—"- g(m +ny +“ﬁ2) +—;—(;(lana~—ma)],
p#a pra

n=2 B n-2
rae Z(lana—mi)——-—-ﬁ— H 0603Ha4NM Z(m +n, +aaﬂ2) f?, torna

fea

i 2 _ u B Buu. __6_ 2 u Buu 2
O,Sauf f 7 0’56uf f 7 (ymHOXHM Ha 2B°);

%(32 /*)=-28,B,,.

B wrore M1 nomymuM: f2B%(u)=—B2(u)+C . PaeHCTBO He BHIIOMHAETCS /1S BCEX 3HAUCHMM U ,

d
B? ™ f>+2BB,-f*=-2B,B,,;

ecnu ¢ynxuus B, (u) He orpanmueHa. Teopema jokasaHa.

Caencraue, ITnockocts Jlo6agesckoro I? (-1) He JIONyCKAeT H30METPHUEeCKOro norpyxenus B E
(m=3) B Bune renukONNATEHOM IOBEPXHOCTH.

3ameuanne. Ecmm B, (u) orpanuteHa, To MerpHka (1) HomyckaeT morpy:keHHe B BHIE I'€JIMKOH-

JaIbHOM MOBEPXHOCTH B E x =—1—B(u)cosz, =lB(u)sinCv, X =—1— C%-B2du, 3nech x,,
1= X2 C 350 u 1

X, ¥; — AEKapTOBBI IIPAMOYTO/bHbIe KoopamHaTh B E’, |B,| < C = const.

JiaTepaTrypa
1. PansGepr [I. OcHoBaHus reometpun. — M.; JI.: OTU3, 1948.
2. Blanuga D. Uber die Einbettung hyperbohscher Riume in euklidische Rédume // Monatsh. Math.
—1955. - Bd. 59. — Ne 3. - 8. 217-229.

3. Posennopn O.P. Peamusanms merpuky ds’ = du® + f2 (u) dv® B IATHMEPHOM EBIJTHOBOM IIPO-

crpanctse // JAH APMCCP - 1960. — T. 30. — Ne 4. — C. 197-199,

4. Occepman P. Munnmanenele noBepxHoctd // Ycmexu MareM. Hayk. — 1967. — T. 22. —
Bem. 4(136). — C. 55-136.

5. AmunoB JO.A. Kpyuenme nsymepHBIX IOBepXHOCTelf B eBKIMAOBBIX mpocrtpaHcTBax // Ykp.
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6. Kanomues C.b. HeBo3MOXHOCTE HEKOTOPBIX CIICHHABHBIX H30METPHYECKHX MNOTPYKEHUH Mpo-
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7. Posennopn 3.P. K Bornpocy o morpy;xeHuH JBYMEPHBIX PHMAHOBBIX METPHK B YETHIPEXMEPHOE
eBKIHI0BO npoctpancTBo // Becrn. MI'Y. Cep.1. Maremaruka, Mexanuka. — 1979. — Ne 2. — C. 47-50.

8. Edumon H.B. Hero3moXHOCTh B TPEXMEPHOM EBKIIMIOBOM IPOCTPAHCTBE MOMHON peryapHOi
MOBEPXHOCTH C OTPHIATEIBHON BepxHel rpaHeio rayccoBoii xpuusHbl // Joxin. AHCCCP. — 1963. —
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YAK 517.957:539.374.

MATEMATUYECKUE MOAENU HANPAXEHHOIO COCTOAHUA
NMIMACTUHECKOI'O CNnosA C CEYEHUEM
B ®OPME KONbLEBOIO CEKTOPA'

B.J1. Qunbman, T.B. EpouwikuHa

Hcenenyerest HanpsiKeHHOE COCTOSIHME B 30He IJIacTHYeCKHX Aedopmanuii me-
Hee NPOYHOro, YeM OCHOBHOH MaTepHal, cjiosi, HMeluero GopMy KolabLEeBOro
CEKTOpa, PaCHOJIOKEHHOr0 B pacluMpsiollleMcsl 04 XeiiCTBHEM BHYTpPEHHEr0
AaBJIEHHA KoJiblie U3 GoJiee MPOYHOTO OCHOBHOTO MaTepHalia, B YCJIOBHAX IJI0-
ckoii fedpopmanun. Panee Takasi 3a1a4a He H3yuanach. [IpuGamKeHHRIM HuTEr-
PHPOBaHHEM CHCTEMbBI YPABHEHHI NIACTHYECKOTO PABHOBECHS B NOJsIpHO# cuc-
TeMe KOOPAHHAT MPH HCIOJIb30BAHWHA TUNOTE3bl pasdesieHNs] TepeMEHHBIX JIst
KacaTeNbHbLIX HaNpskeHw NojydeHbl aHATHTHYECKHE BLIPRXKeHHS IS KOMITO-
HEHT TeH30pa HANPAKeHHi K BbIuKCIIeHa Npefe/ibHAA HarpysKa.

1. Beeaenne n ocHOBRbIC AomymeHHs. 3ajada onpeneneHus HampsbkeHHoro cocrosHusa (HC)
msrko# npocioiiku (MIT), uMeroweii GopMy KOJNBLEBOTO CEKTOpa, PACTIONOKEHHOTO B KOJIbLiE U3 Gostee
npoyHoro ocHoBHoro Matepuaia (OM), v Haxonsmelcs MOA pacTAruBaloiedl Harpy3koil B yCIOBHAX
wiocko feopMaLiy, BO3HHKAET MPH MCCISAOBaHHM HecylieH CrIoCOGHOCTH NPOJONbHBIX CBapHBIX
coeUHEeHUH TpyO M ApYTrHX LMIMHAPHYECKHMX 000n04eqHbIX KOHCTPYKIMiA. Takas 3ajaua paccMatpH-
BAaeTCs BIEpBLIE, 2 TOUHbIE THO0 NPUOMIDKEHHbIE, ¢ OLIEHUBAEMOM MOrPELIHOCTRIO PeLIeHus 3TOH 3a/a-
Y, HE MPOTHBOpPEYallle W3BECTHBIM HKCIIEPUMEHTAIbHBIM JAHHBIM, B HACTOSIUUHA MOMEHT OTCYTCTBY-
10T. B Kkakoii-To creneHH G1M3KOH MO MOCTaHOBKE ABIAETCS 3a/ja4Ya MCTEUEHUS IUIaCTHYECKOro Marte-
pHaJia U3 KIMHOBHHOMH MONOCTH; H3BecTHbIE [1] peiieHHs HCXOMAT W3 THIIOTE3bl O HE3aBUCHMOCTH Ka-
caTeJIbHBIX HanpsKEeHU# OT OAHON M3 MONAPHBIX KoopauHAaT (aHajnor runortessl JI. [Ipanaris) gro, xoTs
¥ TNO3BOJISET NPOUHTErPHPOBATh CUCTEMY YPAaBHEHHUH IIACTHYECKOIO PaBHOBECHS, AENAeT MOAEND Cy-
IECTBEHHO HE afieKBaTHOH (PH3MYECKOMY NpOLECCY H 3HAYHTENbHO OrPaHHYHBAEcT BO3MOXHOCTH TIPH-
MeHeHMs Takoil moaenu. ITocTpoenne MaTeMaTHUECKUX MOJelieH HaNpsHKeHHO-Ae()OPMHPOBAHHOIO CO-
croguus (HAC) mnactiueckux cpe B GOMBIIMHCTBE NMPAKTHMECKH BaXKHBIX 3a1a4 OCHOBaHO Ha YacTHY-
HOM TIpeJyTafblBaHHH BHYTPEHHETO COCTOSHHUA cpelbl B opMe rurnores, GopMyIHpYIOLHX HEKOTOphIe
COOTHOIICHHMS MEXIY HaNpsSKEHHIMH, AedopMalMIMH, CKOpPOCTAMH AedopManuii, CMEIIEHHAMH, CKO-
POCTAMH CMEIUeHHH H T.J1., WIH HaKJIaABIBAIOIIUX KaKHe-TO OrPaHHYEHHA Ha COOTBETCTBYIOIHE (DYHK-
md. B pabore, npu usyvenun HC MIIT pacrarusaemoro xonbiia, MaTepyuan KOTOpoi MEPEXOAMT B CO-
CTOSIHME IUIACTHYECKOTO TEYEHHS paHbLIE OCHOBHOrO MaTepHaia KojblLia, NMPHHATA TaK Ha3biBaeMas
MYJbTHIUIMKATHBHAS FUIIOTE3a JUIA KacaTeNbHBIX HAMPAXKEHHUH, YTOo MO3BONWIO HaHTH NpHOIMKEHHBIE
aHAJIMTHYECKHE BBHIPOKEHHA 11 KOMIIOHEHT TEH30pa HanpsDKeHHH B mo0oif MOMEHT HarpyxeHus BO
BCEX TOYKAX IUIACTHYECKOrO CJOf, BRIYHCIIHTD NPEJENbHYIO Harpy3Ky H HauGOMBINyIO TOMIIHHY CJIOf,
KOTZla CoefiMHeHHe (KOJBLO C MATKOM NpOCIOKOii) paBHOMPOYHO OJHOPORHOMY Koblly Oe3 markon
npocnoik. Mcnone3yemelil OpHrMHaNbHbIA NOAXOA NMO3BOJISET CBECTH 3aady K HCCIEAOBaHUIO M pe-
HICHHIO KPaeBBIX 3a[a4 Ul HEKOTOPhIX OOBIKHOBEHHBIX AMGQepeHIMANbHBIX YPaBHEHHH H, B pe3yJib-
Tarte, MOMYYHTh HOBblE AHANUTHYECKHE BBHIPOKEHHS 11 KOMNOHEHT TeH30pa HanpsokeHui. IIpeanona-
raeTcs, 4Yro B IPOLIECCE HArpy»KeHHUA OCHOBHOM MeTtaul AedOpMHpYETCA ynpyro, a MpH 3Ha4YHTeNbHBIX
HANPAKEHUAX YYacTKH, PACMONIOKEHHBIE BOJIM3M TUIACTHYECKOTrO CJI0s, BOBJIEKAIOTCA B ILIACTHYECKYIO
nedopmaiio. Ilpy BeiBoe OCHOBHBIX (POPMYJ MaTepHall CJI0S U OCHOBHOH METaJLl CUHTAIOTCS MIeallb-
HO XECTKOIL1ACTUMECKMMH H YIOBJIETBOPAIOLIMMYU OOBIYHBIM B TaKMX CIIy4asx JomyueHusm [2]. B ka-
YeCTBE YPaBHEHHS IUIACTHYHOCTH NMpPUHATO ycnoBrue Museca: [lomyuenHbie pe3ynbTaThl NEPEHOCATCA Ha
YNpOUYHAEMbIC MaTepyalbl 3aMEHOH B YCIIOBHH MOJHON MIaCTHYHOCTH INpeAciia TEKyUECTH MaTepHaa
C/IOS Ha IUIACTHYECKYIO NMOCTOSHHYIO, XapaKTepH3yIOLIyl0 MOMEHT NOTepH YCTOHUMBOCTH Mpolecca
ractayeckoro aedpopmuposanud cinos (ITYTITL).

! PaGota BrmonHeHa npu noanepxke POGU (npoekt 05-08-18179-a).
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2. Maremarnveckas NOCTaHOBKA 3ajaaud. B onHocessHo# obnactu Q («CcedeHMM MATKOro
cloa») ¢ KycouHo-riaaxoi rpanuueii 4 BC\D;, rae xpusbie 4B u C,D; HHTepNpeTHPYIOTCA Kak
«(KOHTaKTHbIe» NMoBepXHOCTH, a BC, B 4D, —Kak «cBoOONHEIE OT Harpy3kuy, Tpebyercs HaliTH pelue-
HHeE KpaeBoil 3a/1asM JUIA CHCTEMBI YpaBHEHHi [2, ¢.54]

oo or o,~0,
24220, %% oy, 1)
p p 00 p
ot T
o0 109 5700 _y, @
op p9d p

0,-0g =:t2,’l—(rpg)2. (3)

3necs 0,,04,7,9 (6e3pasMepHbIe KOMIIOHEHT! TEH30pa HampsKeHKH) — QYHKUMH ABYX NEPEMEHHBIX

p uf,rne p, 8 —nonapHeie koopauHaTsl Touku MII (puc. 1).

HanpsbkeHve 0 MHHLMMPOBAHO BHEIIHEH HATPY3KOH, HATPSUKEHHE O, B HAYAILHEI MOMEHT Ha-

Ipy>KEHHS OTCYTCTBYeT, a 3areM Hosgpiserca B MII B pesynbrare crepxuBaiomero BiusHus Gonee
npouroro OM; 04eBHHO: O, <Oy B JI0GOH MOMEHT HAIDYXeHHs, O3TOMy B (3) cenyer Gpars pamu-

KaJ co 3HakoM mmoc. O6nacte Q B paboTe cunTaeTcs CUMMETPHUHON OTHOCHTENBHO OCH MOJAPHBIX
KoopauHaT P, iuHul AB v CD otpeskamu npsMeix, AC # BD —jpyramMy KOHIEHTPHYECKUX OKPYX-
HOCTe#H ¢ LIEHTpOM B Hadajic KOOpAMHAT. B kauecTBe XapakTepHCTHKH OTHOCHTENbHON TommuHel MIT
BBEJIE€M BEJIHYHHY } :
lz(pﬂ-‘-pe)ekz 0)( Nzex
Py Pe Pl s
rae p, P, — HApYKHbIH H BHYTPEHHMH pajyChl KONbLA, @, — 3HaYEHHE YITa, COOTBETCTBYIOIErO

, @

KOHTAaKTHOM MOBEPXHOCTH, § — TOJNMMHA 060no4ky (cM. puc. 1). M3 coobparkeHuii cHMMETpHH ACHO,
910 B npouecce Ae(OpMHPOBaHNA NMPOCIOHKH OCh NOJPHBIX KOOPIAMHAT IIEpEXOJMT cama B ceba H co-

JEPXKUT HENOJBIDKHYIO TOUKY o, (CM. puc. 1):

Puc. 1. ®PparmeHT KonbLa, coaepXauiero NNacTuyecknit cnoM, u uwnuHapudeckan o6onovka
C NPOAONLHON MAIKON NPOCNONKON

O4eBHaHO, BHIMOHAIOTCA PAHHYHBIE YCIIOBHSA
706 lp=p, =0 (%)
o0 lg=0=0; 6
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Hunbman B.J1., Epowxuna T.B, Mamemamuyeckue MOOesu HanpPsXXeHHO20 COCMOSTHUSA
nNacmuyecKo20 crios € ceyYeHueM e (hopMe KONbLUeeo20 cexmopa

%5 lp=p,= % lp=p, = 0- )
Jna ynoberBa fanbHEHIIMX paccyxkaeHuil GyneM UCronb30BaTh Ge3pasMepHbie KOOPAHHATHI, CYUTAs
Po =1. B moboii MOMEHT HarpyX€HHs Ha KOHTaKTHO!H NMOBEPXHOCTH AB KacaTenbHOe HanpsKeHHeE

T PO Bozpaci'aer ot 0 B TOUKe A 10 HEKOTOpPOTO HauOOJIBLIErO 3HAYECHHA a B OKpPECTHOCTH TOYKH B:

max 7.glg.g =a. 8
plX (o0 lo=s, ®

B pabore [3], B ciryuae npamoyroneHo#t MII, noyyeHa oneHka napamerpa a 8 Moment ITYIITIJT:
a=K-1, ®

rae K — xo3(duirenT MexaHuyeckoi HeOXHOPOJHOCTH COeMHEHNS, PABHBIH OTHOMIEHHIO IIaCTHYe-
ckux mocTosHHbIXx OM u MIL C TOukH 3peHus NpHAOKEHMH 3afauM K MCCIIeJOBAHHIO HAMPSIKEHHOTO
COCTOSHMA CBapHBIX TpyO GonbLIOro AMaMmeTpa, CONEPXKAIMX B MPOAOILHOM CBAPHOM COEAMHEHHM
(1Be, 30HE TEPMUUYECKOTO BJIMSHMA, 30HE CIUIaBJICHHS) MATKYIO NPOCIOHKY, Hanboliee BAXXKHBIM ABJISET-

¢4 AMana3oH 3HaueHnid K 6[1,05; 1,50], 4ro npuHaTo B pabore. Eciu yron 6, man, u npocioiika no

¢dopme 6rmu3ka k nmpaMoyronbHoit, ee HC B oxpectHocTH Toukn B Mano omm4aercs ot HC npamo-
YroAbHO# NpOCNOiKH, MO3TOMY OLeHKa (9) mpuMeHHMMa M B JaHHOM ciyuae. HexoompeneneHHOCTD
kpaesoit 3apauu (1)(3), (5)8), xak yxe ObUIO 3aMeYeHO, TIPHBOAMT K HEOOXOIMMOCTH HMCIIONB30BAHMA,
Ha OCHOBE JKCIEPHMEHTAIBHBIX AAHHBIX, HOTIONHHTENBLHBIX THIIOTE3, MPEeayrablBaloOMHX BHyTPEHHEE
COCTOSIHME cpefibl, B opMe orpaHMueHHMH Ha Knacchl QYHKIMH, B KOTOPHIX Pa3biCKMBAETCH pelUEHHME.
Taxk, B paborax [4; 5] npu uccnenosannu HC npsamoyromsxoit MIT ucnions3oBanack MyJbTHILTHKATHB-
Has runotesa (MI') s kacaTe/bHBIX HanpsbkeHud 7,,(x;y) = X(x)Y(y), T.e. kacaTesbHbIe HanpsDKe-

HHA, B COOTBETCTBHH C THIOTE30H, pacnajaloTcs Ha NPOU3BEACHHE JIBYX (QYHKIMI, ONHA U3 KOTOPHIX 3a-
BHCHT TOJBKO OT X, a Jipyras — ToJbko ot y. B pabote [5] npurumanace, kak HCXOAHAs, TMIOTE3a IUIO-
CKHX CeueHHH, Ho GbUIO [OKa3aHo, YTO OHA IO CyIIecTBY NpUBORMT K Bapuanty MI'. B naunHoii paGore
HPHHATO aHaJorHYHOe npeanonoxkexnne (MI):

7,0(p,0) = R(p)T (). (10)

B nekoTopoii okpecTHOCTH cBo60AHO#M noeepxHOcTH (kpuBo#t BC) pewenue cucteMsl (1)3), B cuny ee
rUnepGOIMYHOCTH, OMHOCTRIO onpeAensercs dopmoii kpusoit BC. Ipennonaraercs, uro ycnosue (10)
HMeEeT MECTO B OKPECTHOCTH JIMHMH pa3zena TedeHus AD, NOTONHUTENbHOH K YKa3aHHBIM NPHTPaHHY-
HbIM obnactam. XKectkocts ycnosus (10) nenaer 3agauy nepeonpeneneHHON U OCTaBISeT BOZMOXKHOCTD
JIMIND TIpHOITIOKEHHOro pelieHus. Ycnosue (3) B pabore 3ameHseTcs NPUOIMKEHHBIM PaBEHCTBOM

ag—ap=2(l-p(rpg)2). A1)

3nece koadduumeHT 4 onpenensercs U3 coobpaxkeHuit 6m3oct KpuBbiX (3) 1 (11) npu orpaHMYeHHH
(8). Hoapobrocty 1 paznuyHble GOpMyNBI 119 BHIYHCIEHHS ko3dduimenTa u cM. B pabote [6]. IIpu
MaiblX 3Ha4eHHAX a (a < 0,5) MOXHO, He JoMyCcKas 3aMETHOH MOrpemHocTH, cuntate 4 =0,5.

3. Anann3 maTemMaTHuecknXx Moaeeii. [Tocne yMHOXeHHs 0Geux yacTeit ypaBHeHHs (2) HA p M
mudepeHumpoBanms €ro no p, Auddepenunposanns ypasHenusa (1) no &, v BEMHTaHHS NOTY4EH-

HBIX YPaBHEHUH, HMEEM:
18% 8% az(o'p"o'a) 1 a(o'p‘o'o) ot
———p—+ +— -3—=0; (12)
p oo op 0po6 P 06 op

371€Ch M aJiee Ui YIPOLISHHS 3alHCH BMECTO 7,y muiueM 7 JloacraBu (11) B (12), nomy4um:
2 2 22 2
LICASIPCANY LAY YL LA UL (13)
p oo op 060p pog op

Tocnenuee ypaBHeHue peliaeTcs METOIOM pa3felieHHs epeMeHHBIX, ecliv B (13) noacTaBuTh BEIpaKe-

HHe JUTA KacaTeNbHbIX HanpsokeHui us (10), u pasgenuts Bce Ha RT :
ll—p£+8yR’T’+-4—ﬂRT’—3—Ig—=0. 14)
pT R P R

Bo3MoykHbI TpH BapHaHTa.
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Ilepeusiii cryuaii: T He 3aBUCHT OT p, T.e. T =T1(0), R=1, rorna us (14) nomygaercs ypaBHeHHe:

. T"+4uTT' =0, (15)
rae mubdepeHuuposanne Beaerca mo 6 .-Ha stoM myTu nonmydaercs pemneHde, aHATIOTHYHOE XOPOIIO
mBectHOMY pemienwio JI. Ilpanarng [7] and ToHkoM NpAMOYTOMBHOM TONOCH, OJHAKO, B OTIHYHE OT
[7], 3aBHCHMOCTB KacaTeJbHBIX HANPSDKCHHH II0 TOJIMIMHE TIONOCH 3/€Ch He JIMHEHHa, a, Kak Cleayer
u3 ypasHeHus (15) nmpu HavanbHOM yciioBuM (6), HMeeT BUL:

| —Atg(2u40),
"[ Ath(2446),

TZie IOCTOAHHasA A 3aBHCHT OT 4 . B cilydae pacTsbkeHHs KacaTelbHBIe HATIPSKEHUS BO3PACTAIOT C YBe-
JITIEeHUEM yfna 6, nosromy B dopmysne (16) HyxHO BEIGpaTh BapuaHT 7 = Ath (2,uA6) . AHaJTOTHYHEIE

3a[1a4y, B KOTOPBIX 7 €cTh (yHKLMA OT OJHOM He3aBHCHMO#M NepeMeHHO#M, paccMaTpHBAIKCE B [1].
Bmopoii cnyuaii: T He 3aBvcut oT @ ; Torna T =1, a u3 (14) nomydaercs ypaBHEHHe:

(16)

PR"+3R =0, amn
rae nuddepeHIMpoBaHAe BEAETCA 10 O, H KOTOPOE ClieyeT pemars NPy HaYaIbHOM YC/IOBHH
R(p) =0. (18)
Vpasuenue (17) npu ycnosuu (18) umeer pemenue: R=C [—%— - L?J , OTKyZa NOJy4aeM:
: P Po
1 1
T 9=Cl(————]. (19)
? P opt

Ouzpyeckwii mpoliecc, NPH KOTOPOM HanpsKEHHOE COCTOSHME MPOCIOHKU B 0605109Ke MOXKHO 65110 Obl
MOJIETPOBAaTh Ha OcHOBE (opMyisl (19), MoxkeT GbITh MONyYeH BPAIEHHEM C TPEHUEM BHyTpeHHel U
Hapy>XHO#M noeepxHocTell TPYOBI ¢ pa3nuHOH YFIOBO#H CKOPOCTSIO.
Tpemuii cayyaii: T nuHEeHHO 3aBUCHT OT O, T.€.
7=6R(p). (20)

B stoM ciryqae ypasHenHe (14) yMHOXeHHEM Ha Rp cBOIMTCA K ypaBHEHHIO:
P°R"—8upRR+3R' p—4uR? =0.
BbINOMHHB B HEM 3aMEHY HE3aBHCHMOH IepeMeHHO# 1o gopmyite
p=pye =€, (21)
TIOJTy4HM ypaBHEHHUE:
R"+8uRR+3R +4uR* =0,

B KOTOpOM A depeHIpoBaHne BeAeTcs M0 TepeMeHHo# ¢ . [lociie 3aMeHB! HeM3BECTHOU QyHKIIHHM 110

Gopmyune
4uR=y, (22)

3TO ypaBHeHHe npeobpasyercs K BULY
¥ =2yy+3y -y* =0, (23)

a QyHKIHsA y JOJDKHA YOOBJICTBOPATH, B CHity yciioBud (5) u dopmyn (21) u (22), rpaHHYHOMY YCIIO-
BHIO: 4

Yli=0=0. (24)
Bropoe rpanuyHOe yclIoBHE, COOTBETCTBYIOINEE 3HAYECHHIO HE3aBHCHMOM MepeMeHHoH p = p, (1mmbo
P = p,), OyneT onpezeneHo nozxke gepes mapamerp a (ycnoswue (8)). [oka 3aMeTuM, 9TO pasnu4Hs B

PEIICHMAX MpaHUYHOM 3a1a4M JU11 ypaBHeHuA (23) H ypaBHeHHS
¥y =2y'y+3y'=0 (25)
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HAunbman B.J1., Epowruna T.B. Mamemamuyeckue Modenu HanpsKeHHO20 COCMOSHUA
nnacmuy4eckozo ¢/1osl ¢ ceveHueM 8 (hopMe KONbYEB8020 cexmopa

Ha OTpe3Ke [0; t,,] HE3HAYMTENBHEI (31eCh #, =In p, ); 06 3TOM CBHAETENBCTBYIOT YHCIIEHHBIE pEllie-
Hus (puc. 2).

it O R

] ........ ......... ........ ........ ........ ........ ........ ........ ...... i

- ........ ........ ........ ........ ....... ........ ........ e
T - ........ ........ ........ ........ ........ e ....... |

who ........ ........ ......... ........ ....... ...... ........ .......

5 T TTOT T el o

0 i

H ] i i i 1 1 i
] 00z 004 0065 008 01 012 014 0168 018 02
t
Puc. 2. UnTerpanbHbie kpusbie ypasHeHuit (25) (cnnowwxan) u (23) (nyHkTUpHan)

Ans kpaeswix 3a0a4 ¥ |,.0=0, ¥|.02= Yy, Yo =10;20; 30

3OT0 Mo3BOJIAET, He Joryckad Gonbmol omuOKH, HCIIONb30BaTh BMECTO pelleHwil ypaBHeHHS (23) pe-
1meHus ypaeHeHus (25), npu ycnosuu (24). PaccMoTpuM TeXHWYECKH HECKOJIBKO Gonee yao6Hoe ypas-
HEHHe
U -2u'u+2u'=0, (26)
rae auddepeHImpoBanme Heu3BecTHOH QyHKuMM u Begercd o x. Ot ypaBHeHuA (25) K ypaBHEHHIO
(26) MOXHO nepeifTy ¢ MOMOMBIO 3aMEH NEPEeMEHHBIX:
2 3
u—gy, x—it. ;.(27)
Ycnosue (24), oueBUHO, MpHOOpETET BULL:
#|;0=0 (28)
3anaua (26), (28) pemaerca B sBHOM BHZE. ITycTs
U'|,0=4. 29)
Torpa

1-4
~1—A+\/1——_Ath(\/i—_Ax)

u=| X, 4=1; (30)
x+1

Al

, A<1;

A-1
—A—l+~/2_——_ltg(\/2——1x) ’

Ilepexons k nepeMeHHEIM y H _t o gopmynam (27), momyuum u3 (30) peurenne ypasHeHua (25) npu
cnenyromeM u3 (27) u (29) ycnopuu

A|l A>1.

W9
y |:=o=ZA=Bi 31
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-

2501 v2,25-8 ,B<2,25;
3 J2,25-B +1,5th(\/2,25—Bt)

9¢
y= m,3=2,25; (32)

2p|1- VB-2,25 ,B>2,25.
3 JB-2,25 +1,5tg(,/B—2,25t)

3ameTnM, 4TO NpH CTPEMJICHHH NapaMeTpa B k umciy 2,25 nepBoe U TpeTbe ypaBHEHHE COBOKYITHOCTH
(32) npumyT BHZ BTOPOro ypaBHEHHA 3TOH COBOKyMHOCTH. PaciiansiBas ¢pynxkumu th u tg B crenen-
HOH pAJl M OCTaBJIAA TONLKO NEPBBIA 4WIeH pAAa, NOTyduM u3 (32) BO BeeX CITydasx ammpOKCHMALMIO
Mane Tuna (1;1) pemenus y = y(f) 3apauu (25), (24), 31):
Bt
1+1,5t

y= (33)

4, BoiuncjieHAe KOMIIOHEHT TeH3opa HanmpsixeHmil. B pabore paccMorpen naubonee copepika-
TeJbHBIN TpeTrit ciryqaii. Bosspamasice x nepeMeHHBIM p ¥ R mo dopmynam (21) u (22), nomyuamm u3
(33) u (20) (no-npekHEMY OCTaBJIAEM TOJBKO HEPBhIC WIEHbI Pa3JIOKEHHIH)

- B In P - _ﬂ 6 P -1

T=—0™0 . 34)
4u 1+1,5np 2u 3p-1

Jne TOHKOCTEHHBIX ObojMouek OmHMOKa B paBeHCTBE 3p-—1=2 Mana: Tak Kak |p—l]<-;—s, TO

3p-1< 2(1 + %s) , 1 ecmu s =0,04, To ommmbKa He TpeBsimaeT 3%. 310 NMO3BOMAET HCIIOIB30BATH BEI-

paxeHue (34) B ynpolleHHOM BapHaHTe (C 3TOT0 MOMEHTa, B LE/AX YNPOINEeHus 3amucH, OyaeM npen-
nionarate, yro #=0,5):

z‘=-§9(p—l). (35)

Ioncrasus (35) B (1), (2) u (11), ¥ caenaB Heo6xoxuMBIe NpeoOpa3oBaHKA, IOyYHMM CHCTEMY YpaBHe-
HH 1 BBIYMCIEHHs HANPSDKEHU O, U Oy, C TOYHOCTBIO [0 HeM3BeCTHBIX ciaraeMsix ¢(p), v (0),

P
Cu(C:

(B
==@(p-1),
r=20(p-1)

BO*(. 3 x
3 09=T(1—5p)+¢(p)+q, (36)
B B*¢?
0, == (1-p) =(2-p)" -——(p-1) +¥(6)+C,
CO ClIeAyHOIIMMH HauaJIbHBIMH yCJIOBIfH[MH:
=0,
2(p) 15 37
¥ (0)lp=0=0.

IMoncraenss B paBeHcTBO (11) BBIpaskeHHs Uit BEIMHUCICHHA HaNPsHKEHUH U3 cuCcTeMBI (36) 1 HcToNb3ys
ycnosus (37), nomydumM:
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Bunsman B.J1., Epowkura T.B. Mamemamuyecxue mModenu HanpsKeHHO20 COCMOAHUS
nnacmuyecKo2o Cros ¢ CeYeHUeM e (hopMe KoNbLeso20 cekmopa

BG

=—(p-1
T 2 (P ),
BG>
P
2 2 4
B B%¢? B6&?
o, =—74—(l—,0)2 -(2-p)’ T p-1y — 6

\

CymecTByIOT pa3IHIHBIE TOAXO/B! U1 BEIYMCICHIA NocTosHHOH C . MOXHO, IpeArionaras, 4o ypas-
Henus (38) pacnpocTpaHAIOTCA Ha BECh CJIOH, W, Mcnonk3ys npuHiun Cen-Benana, Haditu C w3 ypas-
HEHHMA:

O
[ 01pep, 46=0, (39)
_gk

YTBEPXKHAIOWIETO, YTO CPEIHEHHTErPANbHOE 3HAYCHHE HOPMAIBHOrO HANpPSUKEHHUS 0, PaBHO HYIIO Ha
cB060/1HOM NOBEPXHOCTH. DTOT IOAXO HaubGoJIee MPOCT, HO JaeT HECKOJIBKO 3aBBIUCHHYIO OLEHKY UL
KpuTudeckux HanpsokeHui. [Tpumenss (39) u orOpackiBast ciiaraeMbie MOPAAKa 2 ¥ BBIILUE OTHOCHTE b~
HO S, IOMyIHM:

B

2( p2(, _1}}
C=Z(1—p”)2—(2,.p”)2+0 M.{.E

£ . (40
3 12° 4 (40)
Tak xak B npe/ieJIbHOM COCTOSHHH BBINONHsAeTCA ycioBue (8), MoxkHO, cepitaics Ha (8) u (9), U3 paBen-

ctBa (35) nomy4uTs:

B_s
—6,—=K-1. 41
2 K 2 ( )
Coorromenus (4) v (41) no3pomsmor B paBeHcTse (40) HekmounTh NapameTpsl B, p, u 6, , 1 3anucarh
BEIpaKEeHHE IJIA MOCTOsHHOM C dYepe3 OCHOBHBIE F€OMETPHYECKHE M MEXaHHYECKHE XapaKTepPUCTHKH
COeIMHEHHUA:

C=(£“L)+1_s+§£ﬂ, (42)
27 6

rge K — xoadpurmenT MexaHH4ecKoi HEOHOPOJHOCTH, ¥ — OTHOCHTENbHAs TONIIWHA CNOS, § “ OT-

HOCHTEJIbHAA TOMIMHA 000JI0UKH.

5. Boiuncienne npeaebHOll HArPY3KH H YC/IOBHil PABHONPOYHOCTH OJHOPOXHOMY COedHHe-
0. Cunras, yro ¢popMynsi (38) A BEIMHUCICHHS KOMIIOHEHT TEH30pa HAMPKEHHH pacnpocTpaHs-
IOTCS Ha BeCh CJIOH, BRIMHCIIHM CpeliHee MpesebHOe HANPsDKEHHE O 10 (opmyie:

1+3 142
2

1 2 f
5 5 § 1
-3

Hcnone3ys BeIpaxkeHHE U1 BBIYUCICHHS Oy B (38) u dopmyy (42), momydum nocie HHTErPpHPOBAHUA
no ¢opmyie (43) u orGpachiBaHuA 3aBEAOMO MAJIBIX ClIaraeéMbiX:

o, =2(1+ f (K, 2,5)), (44)
_K-1 (K-Dx s
f(K’Z’S)— 4Z 6 2, (45)

e cnaracMoe f XapaKTepU3yeT BECJIIMYHHY KOHTAaKTHOIO YNPOYHEHMS MII, BO3HMKAIOLIECTO BCIICACT-

Bue ycnoxaeraus HC 8 MII B nponecce ee nedopmuposanusi. B cmydae, korja nmpociioka JOCTaTOYHO
TOHKas, YIIPOYHEHHE MOXET OKa3aThCH HACTONBKO GOJNBIINM, YTO COSHMHEHHE C MATKOH IPOCIOHKOM
(ero ceueHne — KOJBLIO C COAEPXKAIMMCSH B HEM KOJIBLIEBBIM CEKTOPOM M3 MeHee NPOYHOro MaTepHaa)
CTaHeT PaBHBIM IO MIPOYHOCTH OAHOPOIHOMY COEIMHEHHIO H3 Gojlee NMPOYHOrO MaTepHaa OCHOBHON
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MaremaTuka

9acTH KONbLA. J{14 BEMHCIICHHA OTHOCHTE/IBHON TOMIMHLI ¥, TaKOH MPOCTOAKU ClefyeT NPUPaBHATh
HANpSDKEHHE O, HANPDKEHHIO 0y B OAHOPOJZHOM KonbLe K3 Goree mpounoro OM:
Oy =2K.
Hcnone3ya seipakeHns (44) u (45), u3 nocneHero paBeHCTBa HOMYYHM yYPaBHEHHE [UIA BBIMHCIIC-
HUS }=7p:
- 3
7243 24— |y -==0.
K-1 2
W3 ero pemenus
_ K-1
4 (K - l) +2s
ClIeJlyeT, YTO MaKCHMAIbHAA OTHOCHTEJIbHAs TOJIIHHA paBHOonNpouHo# MII momkHa HECKONBKO YMEHb-

1IATHCS C YBEJMUEHHEM OTHOCHTEIILHOH TOMIMHEI KObLA (TOMIMHEI CTEHKH TOHKOCTEHHOH IMTHHJ-
puHeckoii 060/109KH).

Zp (46)
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YAK 521.73

MOLAENNPOBAHUE OPBEUT KOMET C ®UKCUPOBAHHbIM
NONOXEHWUEM AMNCURANBHbLIX TOYEK

H.1O0. EMenbsiHeHKO

B pabote Hccnegyercsi KHHEMATHKA KacATENLHOrO cOMIKEHAS] MAJIOTrO Tena ¢
IOnuTepom. Ipenanaraioress ABe MOJENH KOMET ¢ (PHKCHPOBAHHLIM MOJIOMKEHH-
€M ancHAAJLHBIX ToyeK. PaccMaTpuBaeTcs BO3MOXKHOCTD, M ONPEXEIHIOTCH Y-
JIOBASi HH3KOCKOPOCTHOro cGamkeHust 3Tnx xomer ¢ YOnurepom. Ananusupy-
10TCcsi 0coGeHHOCTH cOyMmKeHuil MOJEILHBIX KOMET.

Beenenne

PaccMoTpuM ancupabHEIE HI3KOCKOPOCTHBIE cOmKkeHus xomeTsl i ¥O0murepa ¢ GpUKCHpOBaHHBIM
TOJIOKEHHEM aTiCHAAMLHBIX To4eK. [TycTs ancunamsHbie Touky yaaneHs! ot opoutsl FOmurepa Ha | a.e.
4 HaxojaTcd 3a npeaenamu (uHuA OA4) wm BHyTpH opbuthl IOmrepa (iunus OP,). OxHa acTpoHo-
Mudeckas equauia (1 a.e.) — 31o paguyc chepbl combkeHus B GOMBIIMHCTBE paboT, B KOTOPHIX H3y4a-
I0TCS TIPOXOXKJEHHA KOMeT BOJIM3H IUTaHeT-THraHToB. Hitak B paGoTe paccMaTpUBalOTCS KOMETHI, OpOH-

TBI KOTOPBIX YIOBJIETBOPSAIOT YCIOBHIO:
O-a=1Ua-g=1. )

e Ay "

1 Harecém m3yqaeMbie opOHTEI Ha IUIOCKOCTH (4,€), Ha KO-
TOPO#l paHee MOCTpoeHa M U3ydeHa obracTs koMer o [1-3].
HasoBem oGnacte ¢ BepxHeii rpanmieii A;OP; pacnmpeHHo#H
o6sacTei0 KOMeT ¢ 0cobeHHOCTAMH B cOmmkenusax ¢ IOmmre-
poM (wgx). Ha miockoctu (a,e) ot opOuThl 06pasyioT jgoma-
Hy1o uHMI0 A4OP; (puc. 1). Touxu Q, X, g, b, I, F — onophsle

N \ s koMmer ¢ imaun A4OP,. Touku M u R — ocoOrie.
o8 i . P, Bonee moppo6roe onucanue 0603HaYEHNI MOKHO HaHTH

09

08

b7

\ \ / P B pabore [4].
05 \ / ! B TOYKax HH3KOCKOpPOCTHOro kacanus opoutr M u M' BeI-

PZ/ / TOJTHEHB! YCIOBHA:
P, viv,, @
\W // /1 vev' ®
03 ’
02 \\\\// / / ~ OcHognvie 3a0auu uccnedosanun. B pabote usydaroTcs

04 Ay

\ / MOJie/IbHBIE KOMETBl, OPOHTHI KOTOPBIX PacliONOKEHBI Ha JIO-
ot MaHo# muHum A4OP, obimactd ogx.
/ 1. PaccmatpuBaeTcs 3BOJIIOLMA OPOUT MPH TPOABHKEHUH

o aHud A4OP; (M3MeHeHue 31€MEHTOB, XapaKTepH3yio-
HIHX pa3Mepbl H popMy OpOHTEI).
Puc. 1. OBRCTE KOMET 2. OueHHMBaeTcs BOSMOMKHOCTb, M OMpEENIAIOTCHA YCIOBHA
€ OCOBEHHOCTAMM B CONMKEHUAX CHHXpOHHOrO ABibkerns IOmmTepa 1 KOMeTs! Ha nepuozie 00pa-
ieHua Bokpyr CoTHIA, OTMEYEHHOM alICHAATBHBIM MHHMMYMOM.

3. Brigensrorcs H ONMCHIBAIOTCA BO3MOXKHBIE 0cOOeHHOCTH cOmukeHns ¢ FOmarepoM MOAENEHBIX
KOMET.

B nipeanaraemMsIX KHHEMaTHYECKHX MOZAENAX HU3KOCKOPOCTHBIX COMMIKEHHI MpeIIoaraeTcs, 4ro
npy NpoxokaeHun adenns (nepurenusa) xkomera Ay4(P;) u IOnurep Haxomarcd Ha OAHOM pajauyc-
BEKTOpE.

8 231 A 1,7 nae.
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MaremaTuka

1. Moaeas A, (HeBO3MyIIeHHas opOHTa K0 ¥ HOCIie COMDKEeHNs )
IT0 KOMETBI, OPOUTHI KOTOPHIX YAOBIETBOPSIOT YCIIOBHIO:

a+l 352 < a < 520 .
a

Onu pacnionoxkeHB! Ha BepxHei J1eBoii rpaHuiie 06nacTd wey, MiHnd OA4. B nanbHeiimeM H3T0KEHUH
BCE 5TH KOMETHI Ha3bIBalOTCH kKoMeTol Ay, It komeTs! A4 BBIIIONHEHO PABEHCTBO:

Sh < ny<SI, (1.2)
TO €CTh Ha opOUTe 3TOIH KOMETHl UMEIOTCA JBE TOYKH HH3KOCKOPOCT-
HOro kacanust opbur M; u M,, pacnonoxeHHble MeXIY Majiofl IieH-
TpanbHo# (b15,) u doxansHoii (I;1,) xopaamu (puc. 2).

PaccMoTrpum u3MeHeHHs pa3sMepoB M (OpMBI OpOHT KOMeThI A4
NP TIPOJBIDKEHUH BAOL JImHUM OA,4 obnacta wex. Touku O u A4 Ha
IUIOCKOCTH (a,e) uMmetoT koopauHatsl: O (a =5,20 a.e., e = 0,19); A4
(a=3,52 a.e., e =0,76).

Beipazum snemeHTH g, ), ¢ opOUTBI KOMETHE A4 Yepe3 e€ IKCLieH-
TpUCHTET e i Gompuryio nonyocsk op6ursl YOnmrepa a”

a=

a'+1
a= ,
l1+e
Puc. 2. HaumeHswas O=a'+l, (1.3)

opburta KomeThi A, l—e
q =—(a'+1).
l+e

Hccnenosanne Gyaxumit a = a(e), ¢ = q(e) Ha SKCTpeMyM TIOKa3aso, YTO IIpK IPOJBIKEHUH BIO/b
muamm OA, obnacTu Wex OHM HenpephiBHO yObIBatoT. IIpuBeneM sneMeHTH opOuT Haubonpmel (Touka
O) n HauMeHs1mel (Todka Ay) opOHUT KOMETH! Ay:

a=520ae.,
A;m: 0=6,20ae, (1.4)
: g=420ae.,
e=10,19.
. a=3,52ae.,
A:“m : 0=320ae., (1.5)
qg=0,85ae.,
e=0,76.

Ha opbutax xoMeTsl A4 BecerJa HMEIOTCS TOUKH TepecedeHus opour komersl 1 IOmarepa — omop-
Hble To4KU X1 B X;. Touxy HU3KOCKOPOCTHOro Kacanua opOouT M; u M, Bcerzna pacnoiokeHbl BHYTpH
opbutsl IOnuTepa. B MOMeHT BpeMeHH g KoMeTa ¥ FOmuTep HaxonqTcsa Ha OJHOM pajguyc-BekTope. Tak
kak Ha ayre Y M, OM, Moy reTMOLIeHTpHYeCKHX CKopocTei koMeTsl i IOmuTepa cBA3aHbI HEpaBeH-
ctBoM V<V’ anHa myre U MygM; - HepaBeHCTBOM V > V', Ha opbure KomeT A4 Beera WMEIOTCs 0Co-
6ble Toukd R; u Ry, npu npoxoxieHHH KOTOPBIX KomeTa M FOmuTep ele ABaKIB! OKa3bIBAIOTCA Ha Of-
HOM pajifyc-BeKTOpe.

* Ha puc. 2 uso6paxkena opGura Af{’i“ — 3T0 HauMeHbIIas opbuta ¢ HUH OA,4. Bee onopHeie TOukH

HaHEeCEeHBI TOJILKO Ha JIEBYIO 4acTh pucyHKa. Ocobas Touka R nokasaHa Ha rpaBoii ero vactu. Tam xe
IpHBeficHbI KpaTHble MUEMMYMEI (KM), noapo6Ho paccMOTpeHHbIE B TPETheH YacTi 310 paboTh.

A4 — eaMHCTBEHHAs MOJIEIbHAA KOMETa U3 NPeUIOKEHHBIX B Halux paborax, opbuta xotopoi ne-
pecekaer opbuTy 3emiu (npu e =0,72).
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Emenbsinenio H.FO. ModenuposaHue opbum xomem
€ huKCUPOBAHHLIM NONOXeHUEeM ancudanbHbix MOYEK

2. Moneas P, (HeBo3MymeHHas opOHTa 10 ¥ 1ociie COMmKeHn).
OT0 KOMETHI, OPOHTEI KOTOPHIX YAOBJIETBOPAIOT YCIOBHIO:
!
e=1-f’-a—l , 520 < a<768ae. @.1)

OHM pacniosioxkeHBl Ha BepXHeH TIpaBoit rpanmie 00nacTH Wgx, JHHuN OP,. B nannHedinem uaio-
JKCHHH BCE 3TH KOMETHI HaskIBaloTCa KoMeToit Py. Jlna xomeTs! P4 BEIONHEHO paBeHCTBO:

SF <ry < Sb, 22)
TO €CThb Ha OpOWTE 3TOH KOMETHl MMEIOTCA JIBE TOUKH
HH3KOCKOPOCTHOrO KacaHus opbur M; u M,, pacnono-
KCHHBIE MEXTY Maloi ueHTpanbHoi (5:6,) 0 poxais-
Hoii (F,F,) xopaamu (puc. 3).

PaccmoTpM H3MeHEHHs pasMepoB M (opMbl opGuT
KoMeThl P4 npu npoasmwkenny Baons muHun OP, o6nac-
TH Opx. 1ouku O u P4 Ha rockocTH (a, ) UMeIoT Koop-
JOMHATEI:

O(@=520ae.,e=0,19),P,(a=7,68 ae.,e=045).

Beipasum aneMeHTH @, (J, ¢ OpOHTEI KOMETEHI Yepe3
SKCLCHTPHCHUTET e U Gonbiyto noiyocs opbursl FOm-
Tepaa's —

l+e, ,

Q='1_(a_1)s
—-e

P (2.3)
1-e

g=a-1.

Hccnenopanue dynkumii a = a(e), O = ((e) Ha 3kc-
TPEeMyM MOKa3aio, 4TO NPH MPOABHKECHUH BIONE JIHHAM
OP; obnacTH gx OHM HETIPEPLIBHO Bo3pacTaroT. IIpuBenem anementsl opout Haumenbe# (Touka O) u
Haubonbiueii (touka P,;) opbur xomers! Py.

. a=520ae., o
p;“m . 0=620ae., (2.4)
q=420ae., o
e=0,19.

Puc. 3. Haubonkwas op6uTa KomeTL P,

a=17,68ae.,
P g=1L16ae., 2.3)
g=420ae.,
e=0,45,
Oco6as Touka M Ha op6ute koMeTEl P; coBmanaer ¢ Toukamu b # X; Ha OCTANBHBIX OPOHTAX NH-
muM OP, oHa pacnonoxena mexxy Toukamu b u F. Ha neprozne obpainenus, oTMEe4eHHOM TepHrenuii-

min
HBIM MHHHMYMOM, koMera i IOnuTep TpH pasa oKa3bIBaIOTCA Ha OHOM pajiyc-Bektope. Opbura Py
max ~
coBnagaeT ¢ opbuToll Ay , HO pacCMaTpPUBAIOTCA pasHble MOJEIbHbIE COMUKCHNUA: NEPUTENHHHOE Y
KomeThl P4 n1 adenuiinoe y KoMeTs As.
Ha puc. 3 usobpakena opbura P, . PasMemenue BCeX OMOPHBIX H 0COGBIX TOYEK COBMAMAET C MX

min
pa3MelleHHEM Ha opbure Ay .

3. OcobennocTH anCHAAILHLIX COMHKERHI KomeT Ay B Py

Hauanvuvie ycnosus nuskockopocmuozo conuscenus (HY). Haiinem ycnopus, HeoOXOqMMEIE Ui
JUIMTENIBHOTO HI3KOCKopocTHOro cOmmpkenus kKoMersl Ay(P;) m IOnurepa. PaccMoTpHM CHHXPOHHEIE
aswxenus FOmurepa u xomerst Ay(P,) Ha nepuozne ee o6pamenus Bokpyr ColHIia, OTMEYEHHOM ade-
NUAHBIM (DepUrenuiHBIM) MUHEMYMOM (cM. puc. 1, 2). B pamkax pemaemoit 3anaun kometa Ay(Py) u
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MaremaTuka

IOnwmrep aBmKyTCH 1O 3akoHaM Kerwiepa. Beuy cuMMeTpHy ABIKEHHS TeJI OTHOCHTENLHO JIFHHM arl-
CHJ OTIMIIIEM ABH)KCHHE KOMETH Ha Ayre U (g.

Pemenus ypasHenus Keruiepa Oputi HaliieHbl aHAJIMTHYECKH B ONOPHBIX TOYKax M Touke M. B
Tabn. 1, 2 IpUBOAATCA: O — yroa MexXJIy HalpasJcHHIMH Ha KomeTy u IOmutep (@ =v —v"); r;,— HoBH-
LIEHTPHYECKOE PacCTOSHUE KOMETH, V/V' — oTHOmEHHe MOAyeil Me/IMOLIEHTPHIECKHX CKOPOCTeH KO-
Metsl M OnuTepa B ONOPHEBIX, 0COOBIX TOUKAX, 8 TAKKE. B TOYKAX MMHUMYMOB BEJIMMMHEI 7. TOUKH, MO-
najaromue B 061acTs cOMMDKEHH, OTAEEHbI JKUPHOH JIOMaHO# iHHei. UKCo TaKUX TOYeK, 3aBHCHT
OT SKCHEHTPHCHTETa KOMETHOH OpOHTHI e.

Cornacno Tabu. 1, 2, B MOMEHT BpEMEHH f,, YTOJl MeXTY HallpaBJIeHHIMH Ha koMery U IOmurep pa-

PO
BeH 0. [IycTh V, B V,r — BEKTOPHI re;THOLCHTPUYECKHX CKopocTet koMeTsl H IOmirepa, cooTBeTCTBYIO-
1Me YTy O, 3 — YTOI MeXIy HanpaBleHUAMH Ha KOMETY, HaxoAsuryrocs B Touke M, u ¥Omurep, Haxo-
Jnsatica B Touke K, Taxoif, yro Bemonasgercs paBeHcTBO (1).

Vron 8 mnsa koMet A4 1 P, Haxomuics aHATMTHYECKH, a 3aTeM Tabymupoeaiics. CpaBHEHHE YIJIOB 04 U
8 moka3bIBaer, 9TO OHH BCETa HMEIOT ONMHAKORBIH 3Hak W 1A KomeTsl Ay(P,) mpu 0,25 < e < 0,59
(0,27 < e < 0,45) otrarotcs He 6onee gem Ha 7°. Tlo Mepe npoaBIDKeHHA BAOJb JMHUHA opOouT OA4 K
TOUKE A4 pacxoXkaAeHUsA A = ¢, — 8 YBeIHYHBAIOTCA U B TOUKe Ay Ay, = 14°,8; B Touke O Ay = 11°,2.

Htak, B MOMEHT BPEMEHH 7, BHINOJIHEHO PaBEeHCTBO (2), a paBeHCTBO (1) BBINOMHEHO NpUOMM3HU-
TENBHO, YTO TM03BOJIAET FOBOPUTH O HAJIMYHWHM HU3KOCKOPOCTHBIX KAaCATENbHBIX YYaCTKOB Ha OpOHTax
KoMeT Ay u P4 B okpecTHOCTsIX TOuek M; u M.

ArncunaneHeie cOmpkeHns koMeT Ay B Py — 3T0 nnuTenbHBIE HU3KOCKOPOCTHBIE COMDKEHHS, TaK
KaK OHH OXBAaTHIBAIOT HECKOJIBKO ONMOPHBIX TOYEK OpOHT.

Tonoxenus komets A4 ¥ FOmurepa c yrnom oy (e < 0,27), o (0,28 < e <0,43), mexxny Hanpas-
JEHHAMH Ha 3TH OOBEKTHl, COOTBETCTBYIOIIUM TaOIHYHOMY 3HAaYeHMIO, Ha30BeM HAYaJIGHEIMH YCJIO-
BHAMH HH3KOCKOPOCTHOT'O KacaTellbHOro comokeHus koMeTsl Ay. Ilpu 0,44 < e < 0,76 Touxu M; 1 M,
He NpHHAIeKAT obnacTy adermitnoro cOmpkenus [5]. COMmDKeHHs 3THX KoMeT He 6y ayT HH3KOCKOPO-
CTHBIMH.

Ionoxerua xomerts! P, u FOmrepa ¢ yriom ap (e <0,23), 07 (0,24 <e< 0,35), ay(0,36<e< 0,40),
0,(0,41 < e <°0,45) Mmexxny HanpaBneHHUAMH Ha 5TH 00BEKTHI, COOTBETCTBYIONIMM TaOIMYHOMY 3Hade-
HHIO, HA30BEM HAYATBHBIMH YCJIOBHAMH HM3KOCKOPOCTHOTO KaCaTeIbHOro COMIKEHHs KOMETHI P,

3ameTHM, UTO TOYKH HH3KOCKOPOCTHOTO KacaHms opGuT M; 1 M, nipunamnexar obnactu cGmmoKe-
Hus komeTs! Py U1 Bcex akcneHTpHCHTETOB TabuI. 2.

Kpamnvie munumymer (KM). B pabore EMenbsaneHko [4] Ob110 Noka3aHo, 4To HOBHIIEHTpHYECKOE
PaccTOSHHE KOMETHI B paMKaX NapHOH 3a/jadd JBYX TeJT MOXeET OBITh BEIYHCIIEHO IO GopMyie:

rj.2 = Ia - r|2 +4ra'sin® %. (3.2)

KauecTsenHelii aHanu3s ypasHeHus (3.2) He ucinodaer KM g komer A4 u Py. MunnMyme! Bo3-
MokHBI B Toukax ((g) 1 R(a= 0), B Touxe X(r = a').

Hccnenopanue QpyHKIMH 7; Ha 9KCTPEMYM MIPOBOAMIIOCH B JiBa 5Tana. CHadgaia B ONOPHEIX TOYKAX H
TOUKe M BenM4YHHa 7; BIYMCIUIACH 10 aHATMTHYECKMM GopMynaM (cM. Tabn. 1, 2). AHanu3 3HadeHHH

k .
r; nokasan cnefyomee. s Bcex opOur xometsl Ay(Py) QpyHkums HOBUIEHTPHYECKOTO PacCTOSHUS

umeeT rnobanbHb MEHUMYM B Touke ()(g). 3aTeM OHa BO3pacTaeT A0 3HAUCHHA rj”'. ITocne npoxox-

NeHUs TOYKM M BenMuMHA 7, IPOAOIDKAET BO3PACTaTh y KOMETHI A4 1ipu e, = 0,48 (y xomets! Py mpu
e, = 0,43) cHauana MeIeHHO, a 3ateM (rocie npoxoxzenus Touky F(I))ouens Guictpo. Ipu e < e, BBI-

b ae
IOJIHCHO HEPABCHCTBO F ;u >rj . HepBI:IH JTaln UCCICNOBAHNA MMOKa3all, 9To cOMKEeHNI KOMETHl MOAEITH

A4(P4) 1 FOmmTEpa MOTYT CONPOBOXKAATHCA BTOPUYHBIMUA MHUHUMYMAaMH.
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Emenpsinetixo H.IO. ModenupoeaHue opbum Komem
€ (hUKCUPOBAHHLIM MOJTOXEHUEM ancuanbHbIX MOYeK

Tak kak 5TH MMHHMYMEI BBI3BaHEI He rpaBuTanmeii IOnurepa, a crenuduyeckumu pasmepamu |
(dopMoii KOMETHBIX OPOMT, TaK ke Kak M it KoMeThl Ay(P;) [6], 3T0 — reoMeTpuueckie KpaTHbiC MH-
Humymel (TKM) [1, 7].

Jina yrounenus nonoxenus I'KM Ha BTopoM 3Tame paGoThl JTHHEHHON MHTEPIIONSLHEH MEXKKY
BCEMH OIOPHBIMH TOYKaMM M TOUKO# M yepes 10° no ucTuHHO# aHOMamH v KoMeTs! A4(P4) ObUIH BHI-
YyCTIeHB! 3HAYeHUS BEJMUMH Tj, o0 ¥ V/V'. AHanus pesynsraros noarsepamwt Hanmuaue I'KM y xomers!

A4(P4) IpH BeeX 3HAYCHHAX MX YKCLEHTPHCHTETOB. Y KOMETHI P4 110 KpaifHeii Mepe eme OquH MUHHMYM
nonagaer B o6nacte cOmmkenus [5]. To ects, y 310t MoAem# B 06macTH mgx Beeraa ects [KM. Craua-
72 P, HAXOAHTCS BOMM3H TOYKH R, 3aTeM OH IUTaBHO cMemaercs K Touke X, a B OKPECTHOCTH TOUKHM R
HOABJIACTCA TPETHH MHHUMYM (cM. Tabi. 2). Y koMmersl A4 nipH e 2 0,46 TKM He npuHamiexar obnac-
TH cOmDbKkeHus. BTopryHEIH MHHMMYM KOMETHl A4 pacIioyioxeH B OKPECTHOCTH TOYKH R npu e < 0,42;
mexay ToukaMu b 1 F (0,43 < e < 0,76). Ilpu 0,28 < e < 0,30 umeerca oueHsb caabblii MUHUMYM B
okpectHocTH Toukd X. [pr 0,39 < e < 0,45 onare NoABNAETCS HOMOTHUTENBHBIA Cla0biii MHHHMYM.
OH HenpephIBHO cMetaeTcs oT Toukd F k Touxe M u He ¢pukcupyercs mpu e > 0,46 (cM. Tabn. 1).

KonuvecTBeHHBIH aHAIN3 NOATBEPIII HAJTMIME BTOPUYHBIX MUHUMYMOB Y KomeTht A4(P;) B okpe-
cTHOCTH TOYKH R. B okpectHOCTH TOukH X BTOpHYHBIH MHHMMYyM oGHapykeH y koMeTsl P, npu Bcex
3HAYCHHAX BEIWYHHBI e. Y KOMETH A4 04eHb cabblii MUHHUMYM NEpHOAHYECKH MOABIAETCA B OKPECT-
HocTax Touek X, F, M.

Bpemennwiii cnymnuxoewiii 3axeam (BC3). Kak yxe 66110 ckazano panee, y komersl Ay(P,) B okpe-
cTHOCTAX 0co6bIx Touek M; B M, BEMONHEHO ycioBHe (2) ¥ NPUGIH3UTENBHO BBIIOMHEHO ycnoBue (1).
ITo3TOMY OKpECTHOCTH 3THX TOYEK GMaronpusTHH 1% BO3HUKHOBeHHS BC3. Y MOfEIBEHBIX KOMET OHO
BO3HHKAeT U 3a npeaenamu obnactu commxenns (npu e > 0,46), Tak kak pa3sHOCTh YIJIOB o, — f < 11°
i 0,19 < e < 0,67(komera Ay); i 0,19 < e < 0,52 (komera P,;). OkpecTHOCTH anCHAAIBHBIX TO-
yek HeOnaronpusTHe! A Bo3HuKHOBeHUs BC3. B Touke O xometsl A4 (Touke ¢ koMeTsl Py) BeImOmNHE-
Ho ycnoue (1), Ho ycnosue (2) cunsHo Hapymaercs. Ssnenue BC3 Hukoraa He nepeiiner B BI'3 (Bpe-
MEHHBII IpaBUTAlMOHHBIN 3aXBaT), TaK Kak HOBHIIEHTPHYECKOE PAcCTOSHHE KOMET B TEUEHHE BCETO

cOMDKeHNs CIIUIMIKOM BeJIMKO (CM. 3HAYECHHA er, r;’, rf' B Tabn. 1, 2). MoBuueHTpHIECKHE TPaeKTo-

pHH NPEACTABIAIOT cob0l 3aMBICTIOBaTHIE NIETIH, BBI3BAHHBIE U3MEHEHHEM IeTMOLEHTPHIECKOl cKopo-
cTH (koMeTa To goronseT IOmurep, To orcTaeT ot Hero). Y koMmersl A4 (Py) ipu e < 0,45 xpaTHBIE MB-
HUMyMBl (PyHKIMM HOBHLICHTPMHYECKOTO PacCTOSHMSA, He CBA3aHHbIE C OOpaiieHHeM KOMETBI BOKpYT
IOmurepa npunamiexar obaacTu ancHaaTEHOro coOmpkeHnd [6].

3axiouenne

HUrax, compxenus komet Ay, Py u IOnutepa, ynosneTBopsiomie HavyaabHBIM YCIOBHAM, PacCMOT-
PEHHBIM BBILIE, — 3TO HH3KOCKOpOCTHBIE cOmpkerus. OcobeHHOCTH CONMMKEHHI:

1.Comuxenns KoMmet Ay ¥ Py MoryT OBITh ATMTENBHBIMH. [{f1 KOMeThl A, COMDKEHNE OXBATHIBAET
Bech mepuox ee obpamenus Bokpyr Comnma (e < 0,27); pacmpoctpansercs Ha ayry UF,OF;
(e <0,43). s octanbHeIX 00BeKTOB ¢ MuHAK OA, KOMeTa He NOKHAaeT 00/1acTH cOMMKeHNs Ha NOTy-
nepuoze, sunovaromeM adenuit. s kometsl P4 0OHO OXBaThIBaeT BeCh HEPHOA €€ 0OpamiCHNs BOKDYT
Connua (e < 0,23); pacnpoctpansercsa Ha ayry U Iiql; (e < 0,40).Jing ocTanbHEIX 0OBEKTOB C JIHHHH
OP, xoMeTa He nokupaet obacTH compkeHus Ha xyre U MqM,.

2. dyHkiys HOBHLEHTPUYECKOrO paccTosHus komeT Ay H P, uMeer KpaTHble MHHUMYMEL. I'10-
GaBHBI MHHMMYM JIOCTHTaeTCA B anCHAATBHOH Touke: p = O N p = ¢. BropuuHble MUHMMYMEI — 3TO
reoMeTpUYECKHe KPAaTHBIE MUHUMYMBL. OHM HMEIOT MECTO B OKPECTHOCTAX TOYEK MepecedeHuss opouT
KoMeTsl H FOmurepa u (W) B OKPECTHOCTAX TOYEK, B KOTOPBIX komeTa H FOmuTep HaxoAATCs Ha OHOM
pamuyc-sekrope. KM npunaiexat obnacty cOmmpkenus komet Ay u Py ipu e < 0,45.

3. Ha opGurax xomer Ay 1 P, HMeIOTCA iBe TOYKHM HU3KOCKOPOCTHOrO KacaHua opOur. Jlnsa xomer ¢
muand OA4 Touka M npunamnexur obnactu commkenus npu e < 0,37. Toukun M; 1 M, ~ 370 HeHTpBI
HH3KOCKOPOCTHBIX KacaTelIbHBIX Y4aCTKOB, HA KOTOPBIX BEpOSATEH BPEMCHHBIH CITyTHMKOBBIH 3aXBaT B
cMbiciie OBepxapra. Ha yuyactkax BC3 pacnosnioxeH mMakcMMyMm (YHKIMH HOBHMIEHTPHYECKOTO pac-
crosHus komer. BC3 MoaenbHeix koMeT Ay ¥ Py He MOXKeET NepeifTH BO BpeMEHHBIH IpaBHUTAIIMOHHEIH
3aXBaT, TaK KaK BO BCEX MUHMMYMAaxX KOMETa HaXOAMTCA CITMIIKOM Aanexo ot IOmurepa. BC3 xomet Ay
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MaTtemaTuka

1 P, He MoxeT GBIT IIMTEIBHBIM, TaK Kak ycioBua (1, 2) 6sicTpo HapyIIaloTCs 0 M TIOCHE TIPOXOoXKIe-
HHs KoMeTo# TOYKH M. »

Paboma noddepacana zpanmom PODH Ne 06-02-16-512.
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YAK 5621.73

MOLAENUPOBAHUE OPBUT KOMET C ®UKCUPOBAHHbIM
NMOJNTOXEHUEM TOYEK HU3KOCKOPOCTHOI'O KACAHUA

H.10. EMenbsiHeHKO

B paborte necireayeTcss KHHeMaTHKa KacaTeJbHOro cOMMKEHMS MAJOro Teja ¢
IOnurepom. B pamxax mapHoit 3agaun asyx teqa (Coanue-IOnnrep, Connne-
KOMETa) OpeJIaraloTcs ABe MOJAETH KOMET, y KOTOPLIX TOYKH HH3KOCKOPOCTHO-
ro KacaHus ux opoHT ¢ op6nToit IONNTEpa pacnosiokeHs! Ha (POKAILHON Xopae.
PaccmaTpuBaeTcsi BO3MOKHOCTb, H OHPEAeNSIOTCH YCIOBHS HU3KOCKOPOCTHOIO
cOmmkennst 3THX KomeT ¢ IONATepoM. AHanm3npylores ocoGenHocTn cOomnke-
HHH MOIeNLHBIX KOMET.

Beeaenue
Pa6ota npomomkaeT Hecae0BaHHE KMHEMATHKH aliCHIANBHBIX cOmbkenuit. HeoGxomumele caezie-
HMSL O HU3KOCKOPOCTHBIX COMIDKEHMIX, BBEAEHHEIX ONpe/e/IeHHAX, 0003HaueHHIX H obnacti @ (opbut
KoMeT ¢ ocobeHHOCTAMHU B cOmpxeHnax ¢ IOmirepom) MoxkHo Haifti B pabotax Emensanenko [1-4].

Ocrosuete 3a0a4u uUccned08anus

B pabore mM3yuyaloTC MOZEIBHbIE KOMETHl, OpOUTHI KOTOPHIX PACHOJIOKEHBI HA JIOMAHOU JIMHHH
A,AP, obnactu @ [3].

1. PaccmatpuBaercs 3BomoOLMA OpOHT NpH NMPOABIKEHHH BIONb JIMHHH A;AP, (u3meHeHuHe 3ite-
MEHTOB, XapaKTepH3YIOIIKX pa3sMepsl U GopMy OpOUTEI).

2. OnenuBaeTcs BO3MOXHOCTD M ONpPEENAIOTCS YCIOBHS CHHXPOHHOrO ABIKeHHs FOmarepa u ko-
MeETHI Ha nepuozie obpamenns Bokpyr ColHIfa, OTMEYEHHOM anCHAATEHBIM MHHUMYMOM.

3. BolnenstoTcs H ONMCHIBAIOTCS BO3MOXKHBIE ocoOeHHOCTH cOmmkenus ¢ FOmirepoM MonensHBIX
KOMET.

B npennaraeMeIX KMHEMaTHYECKHX MOJENAX HU3KOCKOPOCTHBIX COMIDKEHHUH mpeanoaraercs, 4To
npu npoxoxaeHud adenns (nepuremus) xkomera A(P;) m IOmurep Haxonsrcs Ha OXHOM pamHyc-
BEKTOpE.

Beeném Ha 3ummnTHYecKoi opOrTe KomeTst onopHele Toukd Q, X, q, b, I, F u HanecéM ux Ha pu-
CyHKM OpOHT paccMaTprBaeMbIX Mozeneii (puc. 1, 2). ITapHas Touka X — 3T0 TOUKa nepecedeHHs opouT
xoMerTsl M I0nmrepa. OcTanbHele ToukH NoApoOHO onuckBaloTCs B pabote EMenssHenko [4].

Touxu M 1 M’ — TOYKH HH3KOCKOPOCTHOTO KacaHus OpOHT, B HMX BEKTOPHI Te€IHOLEHTPHYESCKHX
ckopocteit koMeTsl M I0nuTepa paBHbL:

- -
viv (1)
v=V', ()]
- -
rae V, V' — abcomoTHble BeMYMHBI BeKTopoB V, V', PaBeHcTBo (1) 03HaYaeT KOJUIMHEApHOCTD M O/IM-
HaKOBYIO HanpaBlIeHHOCTb BEKTOPOB.

Iycrs V j ¥ V; ~ BekTOp HOBHIIEHTPUYECKOH CKOPOCTH KOMETHI M €r0 MOAYINB; Iy, I} ,V', vy 0y
k=Q,X,M, L b, F, R) — paniyc-BeKTOp re/IMOLEHTPHIECKON H MOBHLIEHTPUUIECKOH OpOHTEI, MOTYIb
BEKTOpa €€ re/TMOLIEHTPUYECKOH CKOPOCTH, HCTHHHAS aHOMAIMA M YroJl MEXKAY HanpaB/ICHHAMH Ha KOMe-

1y ¥ FOmmrep B onopHeIx Wi ocobeix (M,R) Toukax; ty — MOMEHT POXOKAEHHS KOMETOH 3THX TOYEK.

1. Mogeun A; (HeBo3MyIneHHas opOuTa 210 ¥ nociie cOmmkeHus).
310 KOMETHI, OpGHTHI KOTOPBIX YAOBJIETBOPAIOT YCIOBHIO:
a—
e=|22  352<a<520ae. a.1n
a+a
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OHH pacno/ioXXeHB! Ha BepXHeH JIeBoi rpaHuLe 00/1acTH o, JMHEM AA;. B nanpHeliem u3noxeHu: Bee
9TH KOMETHI Ha3hIBAIOTCA Ay, JInst KoMeThl A; BRITIOJHEHO PaBEHCTRO: '
= SI, (1.2)
TO €CTh Ha OpOHTE 3TOH KOMETH! HMEIOTCH [iBE TOYKHM HH3KOCKOPOCTHOTO KacaHus opouT M; u M, pac-
HOJIOKEHHbIE HA XOp/ie, NPOXOsLeli Yepe3 MHAMBIN (HOKYC JUIMITTHHYECKOH OPOHTEI KOMETE CHMMET-
PHYHO OTHOCHTENBHO JIHHUH arncHp (puc. 1).
PaccmorpuM m3aMeHeHns pasmepoB M ¢opmsl opbut
KOMETHI Aj; TIPH TIPOJIBIKEHHUM BRONL THHUM AA, obnac-
-4 ®. Touka A coorsercTByeT KpyroBo# opbure IOmu-
Tepa paquyca a’ = 5,20 a.e. Touxa A, Ha IWI0CKOCTH (a.¢)
HMeeT KoopAMHate: a = 3,52 a.e., e = 0,44. Bripasum
3NEMEHTHI a, (J, ¢ OpOHTHI KOMETH! Yepe3 3KCLEHTPHCH-
TeT € ¥ 6oNbIny10 noiyoch opbutel I0murepa a'”:

1-¢*
a=—-a',

l+e

l+e—e?-¢*
Q=__%f—€—a" (1.3)

l-e-e?+é°
q=————-———-————

1+¢?

Puc. 1. Op6wra KoMeTb! A; Hccnenosanne ¢pynkumii a = a (e), ¢ = g (e) Ha 9kc-

€ HanGONbUINM achenUitHbIM PacCTOAHMEM TpeMyM MOKA3AJIO, ITO MPH MPOABHKCHHM BAOIb JIHHMH

opbur AA, obnactH ® OHH HEMpepHIBHO YOBIBAIOT OT

3HaYeHHH, COBIANAIONMX C pafycoM Kpyrooii opbutsl IOmuTepa (a’) 40 HAMMEHBUIHX, JOCTHATAEMBIX

B TOUKe A,. Oynkims Q = O (e) uMeeT akcTpeMyM — MakcuMyM: Q™ (e = 0,21) = 5,76 a.e., a 3aTeM He-

IpephiBHO yOBIBaeT K0 HauMeHbIero 3HadeHus Q™" (e = 0,44) = 5,06 a.e., JOCTHraeMoro B TOUKE A,.
ITpuBeneM 35eMeHTHI OPOUT ABYX KOMET C IMHAH AA;:

a=4,77ae.,
AY™:. Q=57T6ae., (1.9
g=3,79ae.,
e=10,21.
_ a=3,52ae.,
A" Q=506ae., (1.5)
g=198ae.,
e=0,44,

Kak BummM, 3TO CyImecTBEHHO pasHbIe
op6utel. IIpn e < 0,41 acdenuit komeTs Ha-
xonuTes 3a npefenamu opbutsl IOmurepa.
Ha opburax Takux KOMeT HMEIOTCH TOYKH
niepeceuenus opbut xoMets! U IOnuTepa X,
H X,. IIpn e > 0,41 opbura KoMeTHl Haxo-
aurca BHyTpH opbutsl IOmarepa. Bee opbu-
THI KOMETH A; MMEIOT ABE Maphl 0COBBIX
To4eK. TOYKHM HHU3KOCKOPOCTHOIO KAaCAHHA
M; 1 M; Bceraa pacnosioxKeHbl BHYTPH Op-
6utsl FOmarepa. B MoMeHT BpeMeHH tq Ko-
Meta ¥ IOmurep HaxoAATCA Ha OFHOM pajH-

Q yc-BekTope. Tak kxak Ha Ayre U MleMz MO-

IOyJIH TeJMOUECHTPHYECKHX CKopocTeil koMme-

Puc. 2. ODBHTS KoMere) P Tel M lOnurepa cBA3aHBI HEPaBEHCTBOM

¢ Hauueuhmu:c;le.pminuﬁu:me;ab;crzonnueu V<V', a na ayre UMM, — HepasexcTsoM
V>V’, na opbure KoMeTHl A; BCerjia HMEIOT-
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EmenbaneHko H.1O. Modenuposanue op6um KomMem ¢ (HUKCUPOGAHHBIM
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ca ocobbie ToukH R u R,, npu npoxoxneHun xotopsix komera u IOnutep eme ABaXkapl OKa3bIBAIOTCA
Ha O{HOM pajtHyc-BEKTOpE.

Ha puc. 1 usobpaxena opbura Ay — 310 op6uTa ¢ HauGoIBLIIUM adenuifHEIM paccTosHueM. Bee
OMNOpPHbIE TOYKH HAHECEHBI TOJIBKO HA JIEBYIO YacTh pucyHKa. Ocobad Touka R m3o0paxeHa Ha mpaBoii

ero yacTd. TaM e nokasaHsl KpaTHeie MuHEMyMB! (KM), 10Apo6HO paccMOTpEHHBIE B TPEThel YacTH
9T0# paboTHI.

2. Mopeas P; (HeBo3MymieHHas opOuTa 10 U NOCIE COMDKEHHA)
310 KOMETHI, OPOHTHI KOTOPHIX YIOBJIETBOPAIOT YCIIOBHIO:
a-da
e= - 5,20<a<7,68 ae. 2.0
a+a
OHM pacrionoxKeHbl Ha BepXHeH npaBoii rpanune obnactu o, ymHun AP,. B nancHeiinem M3iokeHHH
BCE 3TH KOMETHI Ha3bIBaloTeA koMeTol P,. Jlns komeTsi P; BEINOMHEHO PaBEHCTBO:
rv = SF, (2.2)
TO €CTh Ha opOUTe 3TOH KOMETHI MMEIOTCSA [BE TOYKH HU3KOCKOPOCTHOTO Kacauus opour M, u M, pac-
NOJIOXKEeHHBIe Ha (poKaIBHOM xopze.

PaccMoTpnM u3MeHeHns pasMepoB U GopMbl opOuT komeTsi P, nmpy NpoABWKEHHH BIO/b JIMHMU
AP, obnactu . Touka P, coorBercTBYeT Kpyrosoit opbure FOmurepa panuyca o’ = 5,20 a.e. Touka P,
Ha IUIOCKOCTH (@, e) MMeeT KOOpAuHaThl: a = 7,68 a.e., e = 0,44 .BripasuM sneMeHTH! a, (J, ¢ opOUTHI
KOMETEI Yepe3 SKCLEHTPHCHTET e 1 Gonbutyio monyocs opbursl I0nurepa a': '

1+€*
e
1+e*
Q= o % (23)
—-e
_ 1+¢? o
1 l+e

Hccnenosanue dpynkuuit a = a(e), Q = J(e) Ha SKCTPEMYM I10Ka3aJI0, 9TO [P MPOABHKEHHH BIIOJb
nHHAM opOoHT AP, 061aCTH @ OHH HENPEPBIBHO BO3PACTAIOT OT 3HAYCHHH, COBMAJIAIONMX C PaJIMyCOM
kpyroso#i op6uts! HOmmrepa (a’) 1o HanbompmuX, JocTHraeMbIX B Touke P;. @yHkums g = g(e) nmeer sxc-
TpEMyM — MHUHIMYM, HO B NIpEZie/iaX YKa3pIBaeMOH TOYHOCTH OH COBMAJACT C €€ 3HAYECHUEM B TOUKE Pz

Ha Bcex opGurax koMeTsl P, uMeroTcs onopHele Toukd X; ¥ X,. Touka nepurenus ¢ Bceraa pacmo-
JIoXeHa BHYTpH, a Touka adems O — 3a npenenamu op6uts FOnurepa. Ocobsie Touku M, 1 M, coBna-
JAl0T ¢ KOHIaMu (OKaIBHOM XOP/BI M HAXONATCA 3a IpeaeiaMu op6uts! Onurepa. Tak xe Kak B KOMe-
Ta A, kometa P, Tpu pasa oka3biBaeTcs Ha ofHOM pajguyc-BekTope ¢ JOmrepoM (B Toukax Ry, g, Ry).

TpuBenem snemenTsl HauboNbIel opouThl KOMETHI P

a=7,68a.e.,
P, 0=11,06 a.e., 2.4)
g=430ae.,
e=0,44.

OpGura P;"™ wu3oGpaxeHa Ha puc. 2. PasmelieHue Ha PHCYHKE OIIOPHBIX, OCOOBIX H TOYEK MUHH-

MYMOB COBIAJIaeT C HX pasMEIeHHeM Uit KomeTs: AY™

3. OcoGeHHOCTH ANCHAAILHBIX COMMKenHil Komer A, H P,

Hauanvnwie ycnosua nuskockopocmuozo conusicenus (HY)

Haiinem ycoBusi, HeoGXOqUMBIE /IS AUTENBHOIO HU3KOCKOPOCTHOTO COMmKeHHs KoMeThl Ax(P)
u IOnurepa. Paccmorpum cunxponnsie gemwkenns IOmurepa u komeTsi Ax(P;) Ha nepnoze ee obpaie-
Husa Bokpyr CojiHIa, OTMedeHHOM adenuitHbM (IepHreTHMHBIM) MHUHEMYMOM (cM. pHC. 1, 2). B paMkax
pemaemoii 3anaun kometa A,(P,) u IOnuTep neioxyrcs mo 3akoHaM Kensepa. Beuny cummerpun ABHU-
JKEeHUA TeJl OTHOCUTENBHO JIMHHUH aTiCH]] ONHIIEM JBIDKCHHE KOMET Ha xyre U Og.

W3 ypasrenuii Kernepa (cMm. [3]) onpenenum yron o
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o 3.1)

(Bemruns! E, v OTCIUTHIBAIOTCA OT TOUKH adelust V19 KOMETHI A, M OT TOMKH [EPUTeNUs 1A KOMETEI Py).

Kax yxe GbUI0 cKa3aHO paHee, BCe Yriibl ypasHeHHs (3.1) B onopHBEIX Toukax H Touke M ompene-
JIAIOTCH aHATMTHYECKH, KaK (yHKIHMH 3KCLEHTPHCHTETa KOMeTHOM opOuTEL. Pemenue ypasuenns Ken-
nepa TONTHOCTBIO ONpeJeiAeT ABIKEHHE KOMETHI B 3afade ABYX Tel. OHO GbUTO HalileHO B ONMOPHBIX
To4Kax M Touke M. B Tabn. 1, 2 npuBomdTCS: o — Yron MexAy HalpaBIeHWAMH Ha KoMmeTy u FOmurep
(a = v — v"); 1;— HOBHLUEHTPHIECKOE PACCTOAHHE KOMETHI; V/V' — OTHOLIEHHE MOAY/IEH reMOLEHTpH-
4eckux ckopocteit komeTsl H HOmiTepa B ONOpHBIX, 0COOBIX TOUKAX, a TAKKE B TOYKAaX MHHMMYMOB Be-
JIMYMHEI Tj.

B pa6ore Emenpanenko [5] 6pu10 nokasano, 910 0651acThi0 HI3KOCKOPOCTHOTO COMMKEHUA ABJIAET-
cs cepa paguycoM B 2 a.e., B TaONHIAX TOYKH, NONajatomue B o06aacts cOMDKeHH, OTAEIEHbI XKUp-
HOM noMaHoO# JiHuel. YHC/I0 TaKuX ToueK 3aBHCHT OT KCLEHTPHCHTETa KOMETHOI OpOUTEHI e.

Cornacro TabimiaMm 1, 2, B MOMEHT BpeMeHH t,, yTo/l MexkAy HanpasJeHUsMH Ha KoMety u IOmurep

a=lv—(EiesinE)[—2—;)%

- -
paBeH o, IIycts V u V,y — BEeKTOpHI renuoneHTpudeckux ckopocreil kometsl ¥ IOmurepa, cootBerct-
BYIOLIHE YTy Oy, B — yroa MexIy HalpaBlieHHAMH Ha KOMeTy, Haxojdmyiocsa B Touke M, u IOmurep,
Haxopsamuiica B Touke K, Takoi, 9To BhimoyiHseTcs paseHeTBo (1).

Vron B mia komer A; u P, Haxonunca aHanuTHYECKH, a 3aTeM TabynupoBaiics. CpaBHEHHeE YIJIOB
a, W [ rmoka3sbiBaeT, YTO OHM BCErja MMEIOT OAWHAKOBBIA 3HaK M i koMeTHl A,(P;) mpu e < 0,29
(e < 0,42) oTnuyarotes He Gonee dem Ha 5°. Tlo Mepe mpPOABIDKEHHA BIONE JIMHUH Op6uT AA(AP,) K
touke Ay(P;) pacxoxkaeHus A = o, — P yBENMUMBAIOTCA H B TOUKE A; Apsx = 12°2 (B TOuke P,
Apax=T7°,5).

Hrak, B MOMEHT BPEMEHH ty BBITOJHEHO PaBeHCTBO (2), a paBeHCTBO (1) BHITIONHEHO MpHOIN3M-
TEJbHO, YTO MO3BOJIIET FOBOPHUTh O HAJMYHK HHU3KOCKOPOCTHBIX KAcaTeNbHBIX Y4aCTKOB Ha OpOHTax
KomeT A; ¥ P; B okpecTHOCTAX TO9eKk M; 1 M,.

AncunansHbeie cONKeHUs KoMeT A; ¥ P, — 370 mmTeNnbHbIe HU3KOCKOPOCTHBbIE COMDKEHU, TaK
KaK OHHM OXBATBHIBAIOT HECKOJIBKO OTIOPHBIX TOUEK OPOHT.

Ionoxenus xoMeTsl A; H FOmmTepa ¢ yritom o (e £0,19), o5 (0,20 <e <0,39), 0, (0,40 < e <0,44)
MEX/[y HalpaBJIeHHIMH Ha 9TH O0BEKTHI, COOTBETCTBYIONIMM Ta0AMYHOMY 3HAYEHHIO, HA30BEM Hadaiib-
HBIMH YCJIOBHSMH HU3KOCKOPOCTHOI'O KacaTeJIbHOTrO COMDKEHHUA KOMETEL.

Ionoxenusa xomers! P; 1 IOmuTepa c yriiom aq (e <0,17), 07 (0,18 < e< 0,36), 04(0,37 < e < 0,40),
0,(0,41 < e < 0,44) MexxIy HaTlpaBlIeHHAMH Ha 3TH OOBEKTHI, COOTBETCTBYIOLIMM TaOIHMYHOMY 3Have-
HMIO, Ha30BEM HAYalbHBIMH YCIOBHAMH HH3KOCKOPOCTHOIO KacaTeJbHOro cOMmmKkeHus KoMeTsl P;.

3ameTHM, 9TO TOYKH HH3KOCKOPOCTHOrO KacaHus opbut M; u M, npunamiexar o6nacti cOmpke-
HUsL KOMeT A, 1 P, Ui Bcex aKcLeHTpUcHTeTOB B Tabu. 1, 2.

: Kpamnuvie munumymer (KM)
B pa6ore Emenbsnenko [4] 6bL10 mokas3aHo, 9T0 HOBHLEHTPHYECKOE PacCTOSHHE KOMEThI B paMKax

TapHo#t 3a/1a9| ABYX TeJl MOXKET ObITh BEIMHCIIEHO 10 GopMyJIe:
2 .2
rJ2 =|a'—-r| +4ra'sm25. (3-2)

KauecTBennslii anams ypasHenns (3.2) ne ucxmodaer KM mia xomer A; u P, MUHIMYMBI BO3MOXKHBI
B Toukax Q(gq) u R(a = 0), B Touke X(r = a').

HccnenoBanue GyHKIMH 77 Ha SKCTPEeMyM IIPOBOJAWIOCH B 1Ba STana. CHavyana B OMOPHBIX TOYKAX H
Touke M BeNM4HMHa r; BEIYHCIIANACEH 1O aHANTUTHYECKHM (opMynaM (cM, Tabn. 1, 2). AHanHu3 3HaueHHIH

rf nokazan crnegyromee. Jins Bcex opbur koMetsl Ax(P;) QyHKIMS HOBHLEHTPHIECKOrO PaCcCTOSHHA

nAMeeT robabHEIH MUHUMYM B Touke Q(g). 3aTeM OHa BO3pacTaer 0 3HAYEHMA r}" .INocne npoxoxae-

HHA TOYKH M BeJIMYHHA 7; TIPOJOJDKAET BO3PACTaTh y KOMETHl A; mpH e, > 0,27 (y kometsl P, npn
e, 2 0,34) cnavana MeaneHHo, a 3ateM (nocie npoxoxaeHns Toukd F(I)) ouens Grictpo. Ilpu e < e, BoI-

TOJIHEHO HEPaBEHCTBO rf' >r}’. COmpxeHus koMeTs! Mozienu Ax(P;) u FOmuTepa MOryT conpoBOXAaThCS
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Emenbsanenxo H.10. Modenupoearue op6um Komem ¢ (hUKCUPOBAHHLIM
NOSIOKEHUOGM MOYeK HUIKOCKOPOCMHO20 KacaHus

BTOPMYHBIMH MHHHMyMaMH. Tak kak 3TH MEHHMYMB! BEI3BaHBbI He rpaBuTanmeii IOmmrepa, a crietmdu-
YeCKMMH pasMepaMH M (opMoll KOMETHBIX OpOGHT, OHH OBUIM Ha3BaHBI FEOMETPMYECKHMM KpaTHBIMH
muHMMyMamu (TKM) [1, 2].

Hna yrounenus nonoxenus KM Ha BTOpoM 3Tame paboTsl JIMHEHHOW MHTEPHOALHEH MEKIY
BCEMH ONOPHEIMH TOYKAMH H TOuKOoH M uepes 10° no ucTuHHON aHOManuu v koMeTst Ay(P,) GulH BEI-
YHC/IEHB] 3HAYCHUS BEMUMH 7, 0. B V/V'. AHanus pesynsTaToB noxTsepnun Hammane KM y kome-
TH A, nipu e,‘,‘f <0,3; y xomerst P, mpu e,ﬁz <0,44. Eme oqMH MHHEMYM Y KOMETHI A, pacrosioxkeH me-
xmy Toukamu F u R (e < 0,27; Avg (e = 0,25) = 29°), rae ‘Av,, — HanbGolnbImee yaaneHHe 3TOr0 MUHH-
MyMa OT TO9KH R 10 HCTHHHOM aHOMaHM v; MexXAy ToukaMu M 1 6 (0,28 <e <0,3). Avy (e =0,3) = 3°,
Ilpu 0,23 < e < 0,27 QyHKIHA HOBHICHTPHIECKOTO PACCTOSHAS KOMETHI A, HMEET [Ba BTOPHYHEIX MH-
HuMyMa (cM. Taba. 1). JlononHHTEIbHEI MAHMMYM p, Y KOMeTH P, pacnonoxen Mexay Toukamu I u R
(e £0,26; Avg (e = 0,07) = 17°), mexay Toukamut b ¥ I (0,27 < e < 0,29; Avg (e = 0,28) = 18°), npu
e > 0,30 ¢yHknMA HOBHICHTPHYECKOTO PacCTOAHHMA KOMeThl P, MMeer [Ba BTOPHYHEIX MHHMMYMa.
OnuH 13 HKX pacnionoxeH Mexay ToukaMia M u b (0,30 < e < 0,34; Av,= 2,9°) ,Mexny Toukamu X u M
(0,35 < e < 0,44; Av, = 6,0°). Tlonoxenue APyroro BIOPMYHOr0 MHHAMYMa TOXE ILIABHO H3MEHSETCS
(cm. Tabn. 2) (0,30 <e <0,44; Avg (e =0,35)=23°).

B nenoM, KONMYECTBCHHBI aHAIN3 MOATBEPIWI HAIHYHE BTOPHYHBIX MHHHMYMOB Y KOMETHI

Ax(P>) B okpectHOCcTAX Todek X U R.OtHOCHTENBHO GONbInMe 3HaYeHH Av,, AUR CKOpPEE BCErO BHI3Ba-
HBI HETOYHOCTBIO HHTEPITONIALIMH.

Bpemennuviit cnymnuxosuwiii 3axeam (BC3)

Kax yske 6b110 ckazaHo paHee, y kKoMeThl Ax(P,) B okpecTHOCTAX 0coObIX TodeKk M; U M, BBITIONHE-
HO ycJioBHe (2) u npubmusutensHo BenoiHeHo yeioBHe (1). IostoMy oxpecTHOCTH 3THX TO4YeK Gnaro-
TpUATHB! U1 Bo3HMKHOBeHUS BC3. Ilpu manbix 3Hadenmsax sxcuentpucurera (e < 0,11) okpecrrHoctn
aNcMIANBHBIX TOYEK Takke OMarompuaTHe! 1A Bo3HUKHOBeHHA BC3. B Touke Q xoMeThl A; (Touke g
KomeTs! P,) BoimommeHo yenosue (1) m mpubGnu3uTeNbHO BHIIONHEHO yciioBre (2). MoxHO mpeamnoso-
*wHTh, yro TIpH € < 0,11 apnenue BC3 GyneT UIMTENBHBIM T10 BPEMEHH, CPAaBHHMBIM C TIOYTICPHOOM
obpawmenus kometsl Bokpyr Connua. Ho oHo Hukorna He nepefiner B ssnenue BI'3 (BpeMeHHbII rpaBu-

TAIMOHHBIH SaXBaT), TaK KakK ﬁommempmecxoe PacCTOAHHE KOMETBHI B TCUCHHC BCETrO cOmpKeHHs

0

CITMIIKOM BEHKO (CM. 3HaueHus 7;°, 7f ,rM B 1abn. 1, 2). MoBrueHTpHteCKHE TPAeKTOPHH TIPE/ICTaB-

7

Is0T coboii 3aMBICIIOBaTHIE NIETIIH, BEI3BAHHEIC H3MEHEHHEM IelIMOIIEHTPHYECKOH CKOpOCTH (KOMeTa TO
nororser FOmurep, To OTCTaeT OT HEro), IpH e < e, UMEIOT MECTO KpaTHbie MUHUMYMBI (YHKUHH HO-
BHIIEHTPHYECKOTO PACCTOSHHA, HE CBA3aHHBIe ¢ 0OpamenueM koMeTsl Bokpyr IOmurepa.

3akmovuenne

HUrax, cOmprenns koMeT Ay, P, u FOmmrepa, yaoBIeTBOPAIOMINE HA4aJbHEIM YCIIOBHAM, PaccMOT-
PEHHEBIM BBILIE, — 3TO HU3KOCKOpPOCTHBIE cOmmKkenns. OcoOeHHOCTH cONMKeHnH ClemyIoniHe.

1. 910 anwrensHbie cOmmkenus. s koMeTsl A, cOmbKeHHe 0XBaThIBaeT BECh EPHOZ ee obparie-
Hus Bokpyr Comnnana (e < 0,2); pacnipoctpansercs Ha ayry U FiQF,; (e < 0,39). [ina octanbHeIX 06beK-
TOB C MMHHH AA, KOMeTa He MOKHAaeT 00nacTu cONMMKeHHd Ha MONyNepHoe, BIovdatomeM adenuii.
Jns xometsl P, cOmbkeHHe oXBaThIBaeT Bech IepHox ee obpamenus Bokpyr Connna (e < 0,17); pac-
npoctpanserca Ha xyry U Liql; (e <0,33). Jlna ocranpHbIx 066eKTOB ¢ IMHHA AP, KOMeTa He MOKHAAeT
obnactu cOmpkenus Ha xyre U M;gM,.

2. OyHKIMs HOBHIIEHTPUYECKOTO PACCTOSHUA KOMET A, M P, uMeeT kpaTtHbie MUHMMYMBL. I n1o6ans-
HBIH MHHAMYM JJOCTHraeTcs B allicCHAATbHON Touke: p = QN p = g. BropyuHbie MEHHMYMEI — 3TO reo-
MeTpUYEcKHe KpaTHble MUHMMYMEL. OHH HMEIOT MECTO B OKPECTHOCTAX TOYEK IepecedeHus opOouT ko-
MeTh! ¥ IOnmrepa u (WiH) B OKpPECTHOCTAX TOYEK, B KOTOPBIX koMera M IOnHTep HAXONATCA Ha OJHOM
pazHyc-BeKTOpe.

3. Ha op6utax koMeT A, ¥ P, HMeroTcs JBe TOUKH HH3KOCKOPOCTHOTO kKacaHHA opbut. Touku M,
M; pacnonoxeHbl Ha KOHUAX (OKAIBHON XOPABI, 3TO LIEHTPhl HU3KOCKOPOCTHBIX KacaTeNbHBIX y4acT-
KOB, Ha KOTOPBIX BEpOATEH BPEMEHHBIH CITyTHHKOBEI 3axBaT B cMbicie Osepxapra. Ilpu e < 0,11 BC3
MOJKET paclpoCTPaHUTHCA Ha ancHAaNbHBIN MUHAMYM. Ha ydactkax BC3 pacnonoxeHbl MakKCHMYM H
BTOPHYHBIH MUHUMYM (QyHKIMHM HOBHUEHTPHYESCKOTO pacCTOSHUA KoMeT. BC3 MOIenbHBIX KOMET Ay U

Cepus «MatemaTtunka, pm3nKa, XMMUA», BLINYCK 7 35



MartemaTtuka

P, He MoxxeT mepeiiTH BO BpEMEHHBIH IrpaBUTALMOHHBIN 3aXBaT, TaK Kak BO BCEX MHHMMyMax KOMeETa
HAaXOAHTCA CIMIIKOM faneko ot IOnurepa.

Paboma noooepocana zpanmom PODH Ne 06-02—16-512.
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ABPAM [IABMAOBUY KALIMAH - YYEHbIW, NEQAIOr, YENOBEK

B.U. 3ananuH

CraThl NOCBSIEHA NEBSHOCTONECTHIO €O AHA POXKAEHHS OXHOIO M3 OCHOBOHO-
NOKHUKOB MaTemMaTnyeckoro obpasoanns Ha FOxnom Ypane A.J. Kaumana
(1916 - 1989).

22 anpens 2006 rona ucnosHWIoCh 90 JieT Co AHA POXKAECHUS
Abpama JlaBuzoeuda KaiMaHa, Boigaromierocs nejarora ¥ Marema-
Tika. AGpam JlaBunosuu npopabotan B UMMU-UIIM' ¢ 1944 no
1989 ron ® BHec 3HAYMTENBHBIM BKIaA B €0 CTAHOBIICHHS
MaTeMaTH4ecKoro obpaszosanus Ha IOxxHom Ypane. KaBanep neBatu
NpaBUTEIILCTBEHHBIX HArpal, y4eHbIH-anre6pauct, NpUpOXISHHbIH
MeJaror, OH 70 KOHI]A CBOMX AHe#l camoil BaXHOHM, caMoil riaBHOH
3a60Tolt cuuTan 3a60Ty O HPaBCTBEHHOM 30POBBE MOAPACTAIOLIETO
nokoneHud. AGpam [[aBHIOBHY HE MPOXOAWI PAaBHOAYLIHO MHMO
XaMCTBa H rpy0ocTH, GBI HETEPIIMM K HEYECTHOCTH W MOPAIBHOM
HeuMcroruoTHocTd. OH 6buT 06p — 060, Hyxparoumiics B ero
nomoiny, momy4an ee. Ho oH He 6bu1 HOOpeHbKMM — MHOTUM
NaMATHBI M €ro Kpyrod HpaB, H 6eCKOMIPOMHCHOCTH B BOIPOCAX,
KOTOpBbiE OH CYMTaJ NpPUHLMIHANBGHBIMH, KOTOpble OTcTauBan 6e3
OIJISZIKH HA aBTOPHUTETHI ¥ BBHIIECTOSIINE HHCTAHLIUH.

OH OBlN TaJaHTIMB BO BCEM — TAIAHTIMBBIN MaTeMaTHK,

ALl Kauman TaNaHTAMBBIA DPYKOBOAWTENb, TanaHTIMBHIH neparor. Ho cammiit
TJIaBHBIN €T0 TAIAHT — OH ObUT TANAHTIIMBBIM YEJIOBEKOM.

AGpam [laBuzosuu poauica 22 anpens 1916 roga B mecreuxe IO3edmons Opecckodi obnactu B
Heboraroif MHOrofeTHO# (MeTBepo ChIHOBeH M IBe JouepH) eBpefickoil cembe. Ero pomurenu 6bin
KycTapaMHu-KoHpeTunkamu. B 1919 roxy oten ero noru6 B ofHOM M3 MHOTOYMCIICHHBIX B TO BpeMs Ha
iore YKpauHbl HETHOPOBCKHX MOrPOMOB H CEMbS OCTaNach Ha WKAMBEHHH MaTEpH.

B 1924 rogy AGpam HaBHmoBHY NOCTYNaeT B CEMWJIETHIOIO
HIKOJTy, KOTOpYIO 3akaH4uBaeT B 1931 roxy. B ToM xxe rony ymupaer
Mmatb. CeMbs nepeeaxaer B r. [lepsomatick Onecckoii obnacty, rae
AGpam [laBuzoBuu mocTynaer Ha paboTy B mpomaprenb
«MonogHak» Ha JOMKHOCTb CYETOBOJIa, OMHOBPEMEHHO IPOJOIDKaA
YUMTBCS B BedepHeii cpeaseli mkone. Ota pabora naBana cpejacTsa K
CYILIECTBOBaHMIO HE TOJILKO camoro Abpama JaBunosuya, Ho H Beeit
ceMbH, 00A3aHHOCTH MO OOGECNEeYeHHIO KOTOpOH JIerIH Ha IUiedd
NATHaJLATHIETHOETO FOHOLIM U ero crapiiero 6para.

B 1937 romy A6pam JlaBuuoBHu nocTynaer Ha (H3HKO-
MatemaTHueckuit  ¢akynpter Opecckoro - rocyAapCTBEHHOTO
YHHBEpPCHTETa — OJHOTO M3 AaBTOPHTETHEHIIMX B TO BpeMs
YHHUBEPCHTETOB CTPaHBI.

OxoHuYaHHEe YHHBEpPCHTETa COBNANO C HayanoM Benukoii
OreuecTBeHHON BOIiHBI, H B KoHUe Hroni 1941 roma AGpam
Jasunosny 6611 MoGWIN30BaH B AekicTByomyo KpacHyio Apmuro.
Boesan Ha 3akaBka3ckoM, a no3aHee Ha CtenHoM (poHTAX cCHavajia
GallleHHBIM CTPEJIKOM, NO3HEe — KOMaHIMpPOM TaHKa 32 TaHKOBOH

AGpam Kauman - ctynent Onecckoro
yHuBepcureTa

! YensGunckuit MEXaHHKO-MaHHOCTPOHTENBHEIA HHeTHTYT (1943-1951), Uenabutckuil NONATEXHHYECKHI HHCTH-
TYyT (1951-1990).
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6puransl 5 I'Bapaefickoii Tankoso#f apmun. CepepHeiit KaBka3, Kypckas ayra — GecripepsieHeie Gou,
nopoii MO3HLHOHHEBIC, NOPOil HacTymatenbHble. B omHoMm w3 Takmx GoeB moa aepesnedt Kosbipeso-
TamapoBka B 1943 rogy TaHk muammero neirenanra Kainmana A.Jl. 6eu1 noabur, a caM OH MOMy4HIT
TAXKenoe paneHue B ronoBy. llo smBaps 1944 r. AGpam [laBHAOBHY Haxomwics HAa H3NCYCHHH B
rocnuTane B r.UensOuHCKe H ONHOBPEMEHHO YMCIWICA B OQHIIEpCKOM INONKY 3anaca npu [aBHOM
yTipaBjieHHH OpOHETaHKOBBIX BOHCK.

AGpam JJaBHI0BHY penKo MyOIHYHO BCIIOMUHAT BOGHHBIE TOfibL, (pOHT, BOOOIIIe BOMHY, HHKOTHA —
KpOMe TOpPXKECTBEHHBIX CIy4acB — HE HOCHI CBOMX Harpaj. Bcrnomuuaer AnekcaHnp Bopucosmd
Camapos’: «...O eoiine AJ]. ne mobun paccxasvieams. Boesanoce mpyowo... Ho eom manemviuii
wmpux, uUcmopua, 3aNOMHUBUAACS Ha 6cio dicustb. OOHAICOBL lemHuM OHeM, Ko20a He 6ulio 6os,
conoamer omoOwLIXanu, Hedcacb Ha coanvuuxe. AJ]. npunez nod mankxom, 6 mewu. Bopyz manx
3auesenwica u Cman pazeopasueamsvcea... dyoom A.J]. yoanocs sbicKouums U3-noo 2ycenuy maxceiou
MAWUHBL... »

CmepTh Ha BoOiiHE — HE Hy/J0, HE PEKOCTb, a OBCEAHEBHOCTh. HO BOT — 3aIOMHMIICA MOJIOAOMY
TAHKUCTY MMEHHO 3TOT CIy4Yad — BO3MOXKHOCTH NOTHOHYTH IOYTH B MHPHBIX YCJIOBUAX B Pe3y/IbTATE
cOOCTBEHHOI HEOCTOPOXKHOCTH ...

Xapakrep HOJy4YEeHHBIX PaHCHHIT He NO3BOJIHI eMy BEPHYTHCA B CTpOIi, a M BOHA MOAXOAMNA K
KOHLY — AGpaM JlapunoBH4 ObUT JeMOGHIIH30BaH M3 apMMHM M IOJYYHM] Ha3HAYECHHE HA JIOJDKHOCTH
npeniofiaBatens kadeapsl BICHIEH MaTeMaTHKH HeJaBHO obpasoBanHoro (1943) Yenabumckoro
MEXaHHKO-MAIIHHOCTPOUTEIPHOTO HHCTUTYTA. .

Kadenpa Briciieli MaTeMaTHKH B TO BpeMsa Oblta ManouucneHHoi. Beero 4 coTpyaHuKa, BO3IVIaB-
aseMsle OBIBINMM KaApoBBIM MOpPCKHM oduuepoM nouentoM BockoGoitHukobiM B.E. Bemyckuuk
Cankr-Tlerep6yprckoro yHMBEpCHTETa, HOCHTEb KJIACCHUECKHX TpaauIMii poccuiickoii MaTtemaThde-
ckoif mxomsl, uaymux eme ot I1.JI. Yebennena, B.E. BockoOOHHHKOB 3a/10KH/T OCHOBEI MATeMaTHUe-
CKOIi KyNbTYpPHI ¥ JaJ1 IIepBBIC YPOKH 00pa3z0BaTeNIbHOI JeATEIEHOCTH MOJIOOMY TaHKHUCTY.

310 OTMEYaeT B CBOMX BOCIOMHMHAHHSAX BBITYCKHHK HHCTHTYTa, ONMH W3 CTapedIMX €ro CoTpyA-
HukoB I'eopruit MapessHosyu Kynepnuiak. On conocrasinser nekiun B.E. Bockobolinukonsa, «uémxue -
U cmpozue, Kax MOpPCKol ycmagy, i «amoyuonanseie nexyuu A. [1. Kaymana; xomopeie Oemoncmpupo-
8aNU, UIMO MAMEMAMUKA — DMO YEIEKAMENbHAR HAYKA PAsMbIUNeHUus U nouckay. Yl 3axaHauBaer:

«...Couemanue Ilemepbypackoii cmpozocmu u O0ecckoii pOMAHMUNECKOT SMOYUOHATLHOCIU — Ma-
memamyieckas 6aza, Ha KOMOpoii GRA200aPHbI YUeHUK IMUX NpeKpacHux yuumeneii gom yoice 6onee 50
Jiem pewiaem pasiudHble UHIICEHEPHBIE 3a0aYU... »

TpeboparenbHEIH k cebe BuepamHuii GPOHTOBUK YBIEUEHHO B3sUICs 3a pabory. OpraHusalMOHHEIE
npo6ieMBl CTAHOBJIEHHA MOJIOAOTO KOJUIEKTHBA, HANpsOKEHHasd MpernoAaBaTeiibekas ACATeNbHOCTb, OT-
CYTCTBHE Hay4qHOH MaTeMaTHYeCKOH cpebl HE 0cob0 CTHMYIMPOBAIA CAMOCTOATENIBHBIC HAYYHBIC MC-
cnenoBanua. Tem He meHee, A.JI. Kanman yxe Torma (cpasy 1o OKOHYaHHM BOMHBI) Hadasi HCKATh Ha-
y4HBI€ KOHTaKTEl B CBEpPUIOBCKE M NPHUCTYIHI K CAMOCTOATEIBHBIM HCCIIeNOBaHHAM B obnacTu anre6-
pbl. OH aKTHBHO 3aHHMAETCH Hay4HO! paboToii Mox pykOBOACTBOM M3BECTHOIO CBEPIUIOBCKOTO Mare-
Mmatuka ILT". KoRTOpoBHYa, NOMTyHaeT MHTEPECHBIC Pe3yNbTaThl, CBA3BIBAIOLIME CBOMCTBA rpymmsl 6e3
KPYUCHHS C COACPXAUMHCA B Hell noanonyrpyniiamu. OH H3ydaeT HHBapHAHTHBIE TTOATIOIYTPYTME! B
rpynne, obpasyrolye 3IEMEHTH OATIONYTPYTHI, CTPYKTYpPY IpYIIN, NPEACTABUMBIX B BHJIE TEOPETHKO-
MHOXKECTBEHHOM CYMMbI YHMCTBIX JIMHEWHBIX moanodyrpynn. B 50-¢ roiasl HHTEHCHBHO H3Yy4YalHCh
rpymmsl 6e3 kpydeHus, U pesynbTarsl AGpama J[aBuaoBrua ABHIKMCH CYLIECTBEHHBIM BKJIAJIOM B T€O-
puro R-rpymm, 4actHoro ciry4as rpyrm Ges kpydeHus. B 1955 roxy A6pam J{aBHnoBuy ycremiHo 3a-
IMINAeT QUCCePTAlMIO HA COMCKAHHE y4EHOH CTeleHM KaHaugara GH3HKO-MaTeMaTHYeCKUX Hayk, a B
1956 rony momy4aer yueHoe 3BaHue poueHra. OnHospeMenHo A.Jl. Kaiman opranusyer paboty nepso-
ro B HHCTUTYTe (4 B I. YemsOHHCKe) Hay9dHO-HCCIIeOBATENBCKOrO CeMHHapa 1o obmeii anreGpe, QyHK-
IHOHUPOBABLIETO, ¢ HeOONBIMINMH TepepriBamy, Gonee 30 Jier.

BceriomuHaer caymiaTelis 3Toro ceMiHapa, Muxann MuxaifmoBuy I"onsuen6epr3 :

2 Camapos A.B., x.¢.-M.H., JI0LIEHT, 3aM. 3aBenyioiero kadeapoil seicineit MareMaruxku Nel UITH, snocneacTeau —
3aBexyromui Kadeapoii Beicieli Marematiky YUT'AWUY, HelHe — DoueHT kadeaps! MaTemMaTHuecKkoro avamusa FOVpl'Y.

* FomsnenGepr MM., K.b.-M.H., HoueHT Kapenph Beicmeli maremaruxu Nel UITH, nouent xapempet IIPUMA
UI'TY, ueine -~ 3apeayromuii xadeapoil NOIMTEXHHIECKOr0 MHCTHTYTA B T. BantuMop (Mepmnenn, CIIA).
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3ansnux B.A. Ab6pam LQasudosuy Kauman — YueHniil, ledazoa, Yenoeek

«...A[ eén cemunap no anzebpe — 2 nPUCOEOUHWICA K MOMY cemunapy 6 nayane 1964 200a, xo-
204 e20 Y4acmHuKy yoice sHanu xoe-4mo u3 meopuu zpynn. Cemunap napsady c¢ Jepzavesoii E.H. noce-
wanu Bpun @.11, 3ubapesa HII, Temnosa H.K., JTuxauésa O.M., nomom npucoedununca 1, nomom
Baoum Anamonveeuy Mozunsnuyxui... »

A.Jl. Kaiman 3aHuMaics HayuHol paboTol B TeueHHe Beel XU3HK, H Aake nocae 1973 roxa, xoraa
Y HEro Ha4ajlMCh Henajbl CO 370POBLEM, HE NMpPEKpalla HayYHBIX MCCiexoBaHui. OiHa M3 MOC/eHUX
HayuHbIX pabot A.Jl. Kaumana BbINOIHEHa COBMECTHO C €10 MHOFONIETHEH COTPYIHHLEH 10 SHEpTeTH-
yeckoMy daxynerery @.I11. Bpun. Pabora omy6mukoBana B 1986 roxy u nocesiieHa o6CyKASHMIO H3-
BECTHO#H B Teopuu rpynn npo6aemsi I1. I'. Konroposuua.

B 370 Bpems — BpeMs HOC/IEBOCHHOTO BOCCTAHOBJIEHHS CTpaHbl — OypHO pacter HHCTHTYT (¢ 1951
rojia CMEHMBIIMH Ha3BaHHe Ha YensOMHCKMH NOMMTEXHHYECKHH HHCTHTYT). MHOXATCS (aKyabTeThl H
CTELMAIBLHOCTH, @ BMECTE C HUMH PacTeT M paciypsercd Kadeapa BbiCIIeH MaTeMaTHKH.

Bcnommae'r Enena HocudosHa Jleprauesa:

..B 1958 200y xagheopa mamemamuxu bvina nebomuioii — 06a doyenma (Kayman AJ]. u Pewe-
mos M P.), 0sa unu mpu cmapmux npenooasamens, HeckonbKko accucmenmos. Kozoa uncmumym cman
DPAacuupameca, U pes3ko yeemuuunu Habop
CMYOeHmo6, NPUULIOCL NONOAHAMb WMAm
kageopu. Tax na xaghedpe nossunoco He-
CKORbKO GLINYCKHUKO8 Yennbuncko2o nedun-
cmumyma. Kagedpoii 3aéedoean B.I". JTum-
8UHEHKO, HO moH écemy 3aoasan Abpam Ja-
eudoeuy. On Obll HenpepexaeMbiM A8MOPU-
memom 60 8ceM, Ymo KACanoCb Mamemamu-
Ku U ee npenooasanus.

A Kayman 6uin nedogonen mem, umo
Kageopa nononHsemca GulNyCKHUKaMU neo-
uncmumyma, noO2OMOGNEHHbIMU 8 OCHO8-
HOM Ona pabomul 8 wikone, a e 6 eyze. Ko-

Crnesa Hanpaso: A.J].KaumaH, A.T. Noneuxwui, B.I". Nawxo 20a ¢ SMUM NPUULIOCH CMUPUMLCS, OH Ha-
cmoan Ha mom, umobsl HO8ble NPenoodasameny NPOULIU «Kypc Monodozo 6oiiya»: npopabomanu yHu-
eepcumenickue y4eOHUKY, NPOCIYWAnU AeKyuu 6edyuux npenooasamenetl, cOenany coobuenusn Ha 3a-
CeOanUY MemOoOUYeCKO20 CEMURAPA. U, mem CaMbM, KNPUNOOHANUCH) HAO WKONbHOU MAMEMamMuKol u
npu6au3wzuca K moMy YDOGHIO npenodaeauwi mamemamuxu, komopuiii Abpam ﬂaeudoeuu cyuman npu-
emMneMbiM ONA 8Y306CK020 NPEnooasamens ..

Ilo cnosam E.HN. depraué€soii, BHOBb npn6bmmne Ha kadenpy no6ausanuce A.J[. Tem He MeHee K
HeMy o0paIajucy Co MHOrHMH HAYHBIMU W/WIM METOAMYECKHUMH BOTIPOCAMH, M OH BCer/ia OXOTHO U
He3aMe IHTe/IBHO OTBEYA Ha HHX .

B cBa3M ¢ pocTOM YMCIEHHOCTH COTPYAHHKOB Kadexpsl H paclIMpeHHMeM cdepsl HX Npenoaasa-
TeJILCKOM JeATeNbHOCTH, O0meHHCTHTYTCKad Kadeapa Boiciieit MareMaTuku B 1963 roxy Obina pasne-
JieHa Ha Kadepy Boiciiei MatemaTuky Ne 1 1 kadeapy Beiciueit MmateMaTuky Ne 2.

3aBenytomum kadenapoii Boicmeidi MaremaTku Ne 1 cranoBurcs A.Jl. KauMat > OpranusaisoHHo
Kadenpa 6buta oopmieHa B CTPYKTYpe SHEpreTH4eCKoro ¢akyibTeTa — OHOrO U3 CaMbIX «MaTeMaTH-
KOEMKHX» B HHCTHTYTE, — Ha KOTOPOM 0 CaMOro KOHIIa YMTaJl JIEKLIHH U Bell MHOIOTPYAHYIO Hay4HO-
MeToauueckyio pabory Ab6pam J{aBunoBuy.

Tlepen HOBO# kadenpoit U ee 3aBemyOIMM BIVIOTHYIO BCTIM NpOGJIeMBl COBEpPLICHCTBOBAHHMA
yuebnoro npouecca. A.Jl. KaumaH xopolo noHuMai, 4To TONbKO aKTHBHas COOCTBEHHAsA HaydHas nes-
TEeNEHOCTh COTPYAHMKOB KadeJphl, pOCT WX KBATH(UKAIHK B 00/1aCTH MaTEMATHKH CIIOCOOHBI MPHBEC-
TH K NOBBIIICHHIO YPOBHA NpenojiaBaTeNbckoi paboThl. Pacxoxkas B Te BpeMeHa ceHTeHLMs «Mamema-

* 3amernm, uto B cynpbe E.M. [leprauépoi (kak u B MHOTHX ApYrux), A.Jl. CHITDal PELIAIOUIYIO POJIb, «OTIPEAEITHBY
(kak OH BbIpaXkasics) e B LENEBYI0 acNHpaHTypy B MockBy. OHa yCIICIIHO 3aKOHYMITA aCTTHPAHTYPY, 3aINUTIIIA AMcCep-
TauMIO H B TedeHHe MHOrHX JeT 6blta OAHMM M3 BeRywMX npenogasareneli maremarnkn UITH. B nHacTosumee Bpems
npoxcunae’r B I. bocrowne, CILIA.

5 Bropoii kadenpoli cran 3aBefoBath B.A. Jleaun, kotoporo Bckope (1965) cMeHmn Ha 3toM nocty JL.M. Bemikos.
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MartemaTuka

muxy 3mom- npenooasamend He 3HAem, 3aMO OH NPeKPacHviii memooucm» OTBeprajiach UM ¢
HEerof{OBaHMEM.

Hapany c nmpusnedeHHeM K Hay4HoH pabore yxe onzmumx B mITaT Kadeapsl npenoaasateniei,
5(¢QeKTHBHBIM H €CTECTBECHHBIM ITyTEM DELICHUA MOCTABIEHHOM 3aa4i ObUIO NPHBJIEYEHHE MONOABIX
BBIITYCKHUKOB BeyIIHX YHUBEPCHTETOB CTpaHbl: Mockosckoro, Kasanckoro, Hoeocubupckoro, Ypans-
ckoro, JlenuHrpazackoro, XapbekoBckoro, Omecckoro u ap.

Ota pabota 6buIa TPYAHOH M TIPOJOJDKUTENBHOM, HO lajia IIPEBOCXOAHEIC PE3YJIbTaThl. 3a cpaB}m-
TenbHO HeGOMBIOH cpoK Kadeapa NOMONHANACE BRICOKOKBATM(UIMPOBAHHEIMA MATeMaTHKaMH'. OHH
COCTABWIH B JaybHelIeM KOCTIK MaTeMaTHYeCKHX Kadeap HHCTUTYTa U MHOTHX By30B UensOuncka, B
TOM YHCJIE€ M MaTeMaTu4eckoro gakynsrera Yenabunckoro rocyaapcreeHHoro yausepcurera (Uenl'Y).

A.Jl. KauMan npunaran Hemajble yCHWIHS U191 CO3JJaHus MOAJIHHHO TBOPYECKO# aTMocdeps! Ha Ka-
¢enpe. Byay4n mHpPOKO 3PyAHPOBAHHBIM MaTeMaTHKoM, AGpam JIaBHIOBHY BCAYECKH CTHMYJIHPOBA
HaY4HYIO aKTHBHOCTB COTPYHHKOB Kadenpel, ocobenHo €€ mononoro nononHenus. A6pam Jlasunouy
MOAJEPXKUBAJl JINUHBle KOHTaKThl CO MHOTHMHM BH/IHBIMM MaTeMaTHKaMM CTPaHbl H Ha NPOTSKEHHH
MHOTHX JIET «IIPUCTpaHBaD COTPYAHHKOB KadeIpel K HAM Ha CTaXXHPOBKY, B acrmpa}rrypy, Ha KOH-
CyJIbTalH. J[J11 MHOTHMX 3TH MO€3/IKH CTAHOBWIMCH HAYaJlOM MX HAy4HOTO pOCTa.

He meHblnee 3HaueHne npunaBan AOpam J[aBUIOBHY M MeAarorsyeckoil AeATeNsHOCTH. IMEHHO
riefaroruyeckas, npernoiaBaTe/ibcKas COCTABIAIONIAs ABILIACH TEM AIPOM, BOKPYT KOTOPOTrO KOHLIEH-
TPHPOBAIKCH BCE APYTHE JJIEMEHTHI JCATEJILHOCTH 3aBe/yIOLIEro, MMEHHO ef OBUIM MOAMMHEHHI €ro
yCHIHSA, Ha Hee OblTa HaTpaBJ/ICHA €T0 SHEPTHA.

CneBa Hanpaso: M.P.Peweros, C.E. Eapuns, A.Ql. Kauman, 10.H. Karapruu, H.A. Cenuniies

~ Y3ke roBopwiock, 4TO C CamMoro Hayana cBoeii mexarorudeckoif gearensHoctd A.Jl. Kauman Gput
cBfA3aH ¢ SHeprerHdeckuM (axynpreroM. TpeGoBaHHA K MaTeMaTH4eCKOH MNMOATOTOBKE HH)KEHepa-
9HepreTHKa Bcerja GbUTH I0CTaTOYHO BHICOKH. B TO BpeMs OHHM AMKTOBAINCH HE TONBKO MOTPEOHOCTA-
MH CHCHMaNbHOCTH, HO H KBain(HKauue, npodeccHoHanbHOM OTBETCTBEHHOCTHIO CMELHAJIMCTOB, Ofl-
penensBuiMx o ¢akynbrera. AGpam JlaBHAoBHY, riTyGOKO M BHHUMATENPHO H3y4uMB CELHAILHbIC
JAVCLHIUTHHEI, HX NOTPeOHOCTH B MaTeMaTHYECKOH HMAEOJIOTHH M MaTeMaTHYeCKOM arnmapate, npeao-
KI (akynbTeTy TIPOAYMaHHYIO H B3BELIEHHYIO NPOrpaMMy Kypca BBICLUEH MaTeMaTHKH M JOTIOHIAIO-
ILYIO 3TY NpOrpaMMy CHCTEMY CITeLIHAIbHBIX KYpPCOB, BKJIIOYas KypChl JUI aCNHPAHTOB. JTH Nporpam-
MBI NOKPHIBATH BCE TEKYIHE MOTPeOGHOCTH 0Opa30BaTENbHBIX NPOTPaMM U NMpeZIoCTaBIsH 06yuaeMoMy
BO3MOXKHOCTb, TIPH HEOOXOMUMOCTH, Jerko H 3()eKTHBHO OCBaHBAaTh HOBBIE, paHee €My HE3HAKOMBIE,
pasgensl. To, 94TO BIOCIIEACTBHH CTalM Ha3bIBaTh «CHCTEMOM HEMpPEepHIBHOH MaTeMaTH4ecKo# moaro-
TOBKHM CIELMAIMCTa», ObIIO MM INPEABOCXHINEHO M BHEJPEHO B pealbHbii y4eOHBIH npouecc eune B
HIECTHAECATBIE TOJBL.

6 Bonpnapes B.I'., Bprickun U.B., Bsiko B.M,, [oiixman B.3., INonsaentepr M.M., lNonsaweiin H.K., Tonpmmeiin U.4.,
T'op6arenko B.H., {uneman B.JL, 3amanun B.U., Karkos M.JI., Kunauc M.M., Mareeesa JI.B., Matsees C.B., Mapkos
I'.B., Menuxec JI.JI., Morwisuuukuii B.A., MyprasuH P., Hecrepenko 0.I1., Pacnonosa H.C., Cmexanuna JI.A., Tapa-
cosa I".K., Tapacosa T.A., llItpayc B.A., lllapabGypoea J1.I". u ap.
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3ananun B.YU. A6pam faeudoeuy KaumaH —~ Yyerbild, Nedaeoe, Yenoeex

Iporpamma 3Ta He Gbula MM npuayMaHa. OHa cospena, ¢ OXHOM CTOPOHEI, B Pe3yJILTATE TECHOTO
coTpyaHHyecTBa Kak camoro Kammana A.Jl, Tak H ero 6/pkalfiux COTpYAHMKOB M €{HHOMBINIICHHH-
KOB C BEIYIIHMH Y4E€HBIMH 3HEpreTHyeckoro (hakyspTera, a ¢ Jpyroi — Osia 00yCIOBIeHa JOTHKOM
Pa3sBHTHA MAaTeMaTHYECKOH COCTaBiisionleli 06pa3oBaTe/IbHBIX MPOrPaMM SHEPreTHIECKHX CIIELMAlIb-
HOCTe#H. Beuto mpoyMaHo Bce — BIUIOTE 10 KOJUIGKTHBHOTO (T.€. KOJUIEKTHBOM TpernojaBareineii kaden-
PBI) pHEMa SK3aMEHOB B IIONYHCbMEHHOH» (opMe — MHCHMEHHBIH 9K3aMeH C MOCIEAYIomMM cobe-
CeNI0BaHMEM. 3aMETHM 9TO 3Ta, T.H. «(U3TeXOBCKas», GOpPMa KOHTPOJIS KauecTBa YCBOCHHI MaTepHana
CTyAEHTaMH, NPaKTHKOBaNach Ha Kadenpe matemaruxu Ne 1 UTIH eme B mecTHAecATHIE ropl, KOria
MHMHHCTEPCKHE HHCTPYKLMH CTPOro NIpEAMHCHIBAIH: SK3aMeH JOIKEH 1 MOXET NPHHUMATh TOJBKO JIeK-
TOp TIOTOKA, B KOTOPOM IpYTNa MPOC/Iymana Kype .

Benomunaer MM. T'osmbaenGepr:

«...y He20 Obla CMPOVIHAA KOHYeNnyus NOCMPOEHUs 6MY3068CKO20 KYPCA MAMEMAMUKY, KOMOPblil
Oondicen Gvin, no e20 MuiCU, COCMoame u3 obuwe20 Kypca (AHanu3) u cepuu Cheyxypcos, 6apbupyemuix 8
3a8UCUMOCTMU OM CheyuansHoCcmu. Ima u@eﬂ A6pwua ,[(aebu)oeuua OCYWecCmeaanacy 6 meyeHue MHo-
2ux iem.

Jpyzaa e2o udes kacanace mamemamuyeckoti cmpozocmu. O cyuuman, ¥mo nepevie NOHAMUA aHa-
Ju3a — npeden, NPOU3B00HAR, UHMESPAN — OONICHYL UBNALAMBCS NO 803MOdCHOCMU cmpozo. Kozoa deno
00X00Uno 00 OBOUHBIX U MPOIIHLIX UHMe2panos, meopuu noas u m.0. A.J]. cuuman oonycmumsimu He-
KOmMOpble GONLHOCMY, UCX00R U3 MO20, YMO CMBICIOBAS CMOPOHA, UOEON02Usl BONPOCA YJiCe YCBOEHA
bonvueli yacmuio ayoumopuu U YpoeeHs ee MuIUUIeHUA Yoice 006e0eH 00 U3BeCMHO20 COCHOAHUS, NO-
36015I0WL20 OMAUYamb POPMATLHO CMpPo20e OOKA3AMENLCMEO OM WINIOCHMPAMUBHOZ0, YCI0GHO 2060-
PpA, om dokazamenbcmea «Ha nanvyax». Muozue nomuam, ymo Abpam [asuooeuy wién na smu 601bHO-
cmu, ckpens cepoye. Hanpumep, on 6yprno npomecmosan npomug mepmuna "mepa obnacmu”, komopuiii
OoniceH bbin 06beduHUMb NOHAMUA ONUHbL OMpe3Ka U Oyau, NIowWady nnockol obaacmu u Kpueoi no-
gepxHocmu u obvéma mpéxmeproii obaacmu. Buoumo, e2o xopobuna 8ynvbeapusayus CakpanbHozo no-
HAMUR MEPYL... »

Banum AnaronneBnd MorwnsHuIKHIA, Jonrue roasl paborapmuii BMecte ¢ AGpamoM JlaBuioBH-
YeM Ha TOM Xe (axynbTeTe (CHayana ero acCHCTEHTOM, a 3aTeM JIEKTOPOM Ha Mapajuie/IbHOM ITOTOKE)
no6amme’r K 3TOMY ClIefAyIolee:

. Hzsecmnvie muozum xavecmea Kaymana-nexmopa, Kaumaua—nec)aeoea ~ cmpozocmb u Ac-
HOCMb UBNOJICEHUR, u3becanue CIOBECHbIX 8ONbHOCMET, WLYMOYHbIX CPABHEHUI U GHANOSUN U3 JCUmen-
cKk020 onvima, 6oobuje — maneilueli GyIL2aPUIAYUY, (YNDOWEHYECMBA) U M.N. NPUEMOES, KOMOPLIMU
06bIYHO NOAB3YIOMCA UHBIE IEKIMOPLL — 6CE 3MO GBLIO0 NPAMBIM NPOOORICEHUEM €20 TUYHOCHY, CO2NACo-
BLIBANIOCL ECMECMBEHHO U 2ADMOHUYHO C YUCMO Yenoeeyeckumu ceoticmeamu. Hu maneiueii paszeasno-
cmu, naubpamemea ¢ cobeceOHUKOM, USPUBO20 IESKOMBICTUA NO OMHOWEHUIO K meme beceobl, HuYe20
makozo Hukoz0a ne bvieano. Bmecme ¢ smum npukiadHas cmopoHa paccmanipuéaemoz0 nonamua (me-
Mbl, onpedelieHus, OmOebHOU Mmeopemyl), KAK U UHIHCEHEPHAR HANPAGIEHHOCMb KyPCa 6 Yenom 6éce20a
HAXOOUNUCH 8 NONE e20 3peHus. B mHozonemuem Oenogom u venogeveckom obwenuu ¢ A.J. 2 ouenv muo-
20My HAYNWICA, XOMA (N0 OMHOWIEHUIO KO MHe) OH HUK020a He OOMYCKANl «NPAMBIXY HPABOYHEHUl, Ou-
OaKmuyecKux 3ameyanuil, HaCmaeneHuli u m.n., Ha KOMopbvie, KOHEYHO, UMeN NONHOE NPaso, 8 cuny 603-
pacma nonpocmy, u 2pOMadH020 Nedaz02u4ecko20 Onvima. :

— Mano nonv3vl om paszo80poé o0 nonb3e MAMEMAMUKY, O ee 3HAYeHUU ONA KANCOOU UHIICEHEPHOT
CReyuanbHOCHIU, — 2080pWIL OH, YACMO YUMUPYS B0CHOYHYI0 NO208OPKY: Om mozo, Ymo 6yoewtb 4acmo
2080pumb XaN6a, Xanea, 60 pmy ciauje He cmanem. CmyOeHmy HYJICHO NOKA3aMb MHO20 3a0aY, HAYUHAS
C CaMbIX NEMEHMAPHYIX, U YYUmb UX Peuamsp, He Jcanes Ha MO 6PEMENY, 8 MOM YUCHe U Ha JeKyuu —
obsazamenvro!, mo20a on paro unu NO30KO NoUMem Ha Oeae NOAL3Y U SHAUEHUEC MAMEMAMUKY.

Omom npunyun A.J]. npoeodun HeyKoCHUmenbHO, NPUKIAOHbIE 3a0a4U U MemoObl Ux peuwieHus Guiau
HeOMbEMAEMOl YACMbIO €20 NeKYUll Ha NPOMAICEHUY 8ce20 Kypca u mpebosanuce Ha sx3amene. H zope
6110 momy cmydenny, komopuiii o6Hapyscuean baaxcennoe neselenue 3axona Kynona (Oma, Kupxzo-
¢a ...) — 8 nooobnwix cayvasx A.[l. bvisan sozmywjen u nemepnum 00 KpQiHOCMU, XOMS HENOHUMAHUe

7 Taxum 06pa3soM, eClTH Ha TIPOM3BOJCTBE WIMUHOE KIEHMO KaYeCTRa» BPYYaNoch TOABKO H3OPaHHBIM, Ny4IlAM H3
ayqmux, To B Bhicmelf mxone CCCP mpakTHKOBaIach CHCTEMa «caM Cienal, caM oLeHHI». KoHeuHo, Beayiue By3bl
crpansl (ckaxem MI'Y, MOTH, MU®H u HemHOrHEe ApyTHE) MPAKTUKOBATH HMEHHO KOJUICKTHBHBIE 9K3aMEHBI, HO B
[POBHHIHH 3TO He IPHBETCTBOBAIOCH,
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MaTtemaruka
KaK020-HUGYO0b YUCTO MAMEMAMUYECKO20 NOHAMUA, UNU HEYMEHUE BbIBECTNU POPMYIY 3aHACMYIO MO2 U
npocmumb...» :

Baxnoii ocobeHHOCTBIO meaarornyeckoro Tananta A.Jl. Kanmana 6emna yxe ynomsHyTas BbIIe
HAlEJICHHOCTh Ha BOCIHTaHMe JIMYHOCTH. MHoro ner pa6oras Ha kadenpe, obnanas obmmpHeimMu
TO3HAHHAMH B CMEXHBIX 00/1aCTAX HayKH H TEXHMKH, IPEKPAcHO BJiajiess COGCTBEHHO MaTeEMAaTHYECKHM
armaparoM, A.Jl. Kamas Bcerfia TimaTebHO FOTOBHIICS K JIEKUMAM M BOJIHOBAJICA Iepel Kaxmoi w3
Hux. Ha HefjoyMeHHEBIE BOTIPOCE! MOJIOZBIX KOJLIET, HE MTOHHMABIIMX — 3349eM F'OTOBHTHCA K JICKLHH, TH-
Tas eé B ABAJUATHIH WIK ABAJLATh NATHIH pa3s, OH MOACHAN, YTO «... OHH Bellb OyAyT CIyIIaTh 3TY JIeK-
[MIO B NEPBBIH pa3, OHH COBCEM HE Takve, KaKMMH ObUIH HX NpeJIIECTBEHHHKH, H JIEKIHA 3Ta HOJDKHA
OBITh MpOYNTaHA TaK, YTOOBI OHH OLIYTHJIM — 3TO Paccka3bIBalOT MMEHHO MM, 5TO 3HAHHE POXKIACTCS
BOT 37€ch U ceifdac...». IIpexpacHbiii iekTOp, yMelomuii Tak pacCTaBUTh aKLEHTHI IIPH H3JIOKEHHH Ca-
MOTO CJIOXHOTO JUISl BOCIIPHATHA CTYJICHTOB MaTepHaja, YTO OH NPEACTABILUICA CIYINATEN M NPOCTHIM
¥ IOHATHBLIM, OH BCETZa BO BPeMA JIEKIIAH HAXOAMI BpEMS H MECTO JUId OOCYIEHHS TeX HarpaBneHui
CTIeLMANbHOH MIKEHEpHOH MOATrOTOBKH, I/l TOJIBLKO YTO M3JIOXKEHHBIE UM abCTpaKTHBIE MaTeMaTHue-
CKHe KOHCTpYyKumH 6ynyT Heo6xomumel. MokeT ObITh, MHOTHE U3 €To CiTymaresniel yxke 3a0bUIH Ty Teo-
pemy Ponng unm npasuno Kpamepa, koTopele OH HM BTONKOBBIBAJ, HO HayKy JXW3HH, HayKy OTBETCT-
BEHHOCTH 32 CBOM HOCTYIIKH, HayKy NpeRaHHOCTH CBOeMY Jeny OHHM He 3abyayt Hukorma. U cBoero
VUYHTEJIA — toxe. UHcTHTyTCKAs rasera «[lomurexHudeckue Kanape», B cratse®, nocesmennoit 50-
neruio AGpama Jlasunosuya, otMedana: ~ He cayuaiino ¢ omeem Ha 60npocel ankemul, pazociaHHOU
UHCMUMYNIOM CEOUM 8LINYCKHUKAM, «JIexyuu xakux npenodasameneti OKa3anu HAUbOvUee enUiHUE HA
Bawy unoicenepryio 0eamenvHOCMby, MHO2UE UHDICEHEPYI, GLINYCKHUKU IHEP2eMUYECKo20 (aKyibmema,
omeemunu — nexyuu A.J]. Kaymana...

Benomunaer eiryckHuna O-¢pakynprera 1966 rona, Berepan IOYpl'Y Babunkosa H.C.

«...AI nocmynuna-é YIIH na snepeemuyeckuii paxynomem ¢ 1961 200y. Jlexyuu no evicuesi mame-
mamuxe y nac yuman A J]. Kayman, npaxmuvecxue 3anamus eena @111 bpun.

Io ceii Oenv 6 namamu nepsas ecmpeya ¢ rekmopom. boino amo 6 ayo. 359 2nasmnozo xopnyca. He-
MeOIleHHO NOC/ie 360HKA 8 AYOUMOPUIO CMPEMUMENbHO «8nemeny» HegbiCOK020 pocma Yenogex, Ha Xo0y
nooxsamun Kycouex Meid u OYeHb SHep2UYHO 6 GbicCmpoM memne Hauan UNA2AMb MAMEPUA.

Mot yorce bonu Hachbiuwanst Om CMAapPUIEKypPCHUKOE O CIPEMUMENbHOCMY U IKCRAHCUBHOCIU Ha-
we20 1eKmopa, HO MAaKas OUHAMUKA NOBEOEHUA, YBUOEHHAA «BJICUBYI0», owenomuna Hac. Bo ece anaza
Mbl CMOmMpeny Ha «nopxXalowezo» y 00CKY NPenooasamens U CIapanuch 3auKcuposams KaxK MOXCHO
bonvuie e2o uspevenuil.

Yeaxcanu mvr e2o ouenv — cnedvl panenuii Ha 20108e 2080PUNU O €20 HCUBHEHHOM nymu bonvue,
yem yacel paszeo8opos. Ko20a oceounucs co c6OUM CIAmycom cCnyoOenmos u Cmany cmeiee, 06cycoany
C HUM HA nepemMeHKax 6ce, Ymo Hac unmepecosano. Mei yyecmeosanu, ymo mvl emy unmepecnvl. Ocma-
1ack 8 namMamu e2o ¢pasa, KOMopyio OH NPOUBHOCUN bbicmpo-ObiCMpPo, HAKAOHAR 20108y, YMOGBL Kyyule
caviuams cobeceonuxa: « Ymo But 2osopume? »...

K xonyy nepeozo cemecmpa on ysice 3HQN HAC 6CEX NO UMEHAM.

Kozoa mui 3axonyunu uzynams euicuLyio MamemMamuxy (8 KoHye 6mopozo 200a obyvenus), Abpam
Hasudoeuu na nocrednem sx3amene KajicoOoOMy 0Qean HANymCmeusa U NOJICEAAHUA, NPU3bIGAA OMOAsambs
Mmaxcumym cun yuebe, nomoz2ams Opyz Opyzy U yeHums npedOCmABNERHYI0 HaM B03MONCHOCMb YYUMbCa
8 9mMom npexpacHom eyse — YenaibUHCKOM NORUMEXHUYECKOM UHCIUNTYme.

Bcez0a npusmnuiii 8 06wenuy, Ounamuynbiil, nOOBUNCHYIY, SHEP2UNHbILL, OH YYUT HAC OYMamb, 06-
WamvCa U paccyncoame... »

Benomunaer M.M. Toneaen6epr:

«...Mne npumunocw nobvieame na nexyuu Abpama Jjasudosuua 6ce2o monvko pas, 0G6HLIM-0A6HO, 8
1964 200y. A cuden ¢ nocneOnem pady OnuHHOU Y3K0U ayoumopuy, euos neped cobou cnunvl cmyoeH-
moe u 1exkmopa enepeou — HeboNbULD20 POCMA, KPENKO20 CONCEHUs, C KDACUBO GLLNENIEHHON 2071080U.
Onu paccysicoan o cmenennbix paoax, noOYEPKUBAan 0OHOBPEMEHHO 2IYGUHY U Kpacomy npeomema u e20
savicHocmd Ona npunooicenuil. Jenanoce smo cepvésno, be3 ckudox na ayoumopuio. Cmyoenmbul 8HUMA-
2u ¢ omeemHol cepvésnocmoio. Mue kadicemcs, ymo nodobnas ammocgepa mMo2na CloHCUMbCA HA JIeK-
yuu, ckasicem, 8 mopckom yuunuwe 200y 6 1900. H ecnomunaemcs 3a201080K nepeozo poCcuickozo
yuebnuxa mamemamuxy, wanucanwnozo J1.D.Maznuykum — u, xcmamy, ona 6yOywux mopexodos —

'B HoMmepe 15(391), or 20 anpens 1966 roaa, cratea «O crapeiimmeM NpenofaBaTese HHCTHTYTAY.
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3ansnun B.A. Abpam [lasudoeuy KaumaH - YueHnniil, [Tledazoz2, Yenoesex

«Apudhmemuxa, cupeyv yucrUmensbHUYA, UCKYCCMBO YecmHoe u écem yoobononamuoe...». [Janee cnedo-
6an0 nepevucieHue 0ocmouncme «apugpmemuxuy. Abpam [asudoeuy nuxoz0a A6HO He GLICKA3LIBAN
nOO06H020 OMHOWIEHUA K MAMEMAamuKe U eé NPenoOaBAHUIO, HO, MHe KAXNCemCs, OHO Bbino 6CMpoeHo 6
e20 opzanusm. H nomomy ox ymen 3apasume C60UM OMHOUIEHUEM K OeNly MHO2UX U MHO2UX KOLTEe2 U CO-
DAMBUKO8.

Abpam Jlasudosuy nuxoz0a ne 2060punt 0 moM, Kaxou oH xomen éudems ceolo xagedpy. Ho on moz
Obi noemopums Cn06a OUPEKMOPa WIKONbL, KOMOPYIo MHe 008e10Ct 3aKOHYumb.: «A xomen cobpams 6
ceoetl wKone Kkpacuguix nooei...». Moemy oupexmopy amo yoanoce.

Abpam [lasudoeuy coszdan kagheopy, Komopas 6bi36l6aNa OCXUUEHUE CIMONUYHBIX MATEMATNUKOG.

Mnozoe uzmenunoce ¢ Poccuu 3a nocnedOnue 0sa Oecamunemusn, u xagedpa, 2nagnoe demuwe A6-
pama [lasudosuua, kax MHe Kaxcemcs, Oanexo yoice e ma. Muozue yennocmu, xomopuvle o1 omemau-
ean, npedanvi 3absenuto. To, wmo OH cuuman HeBOIMOJICHLIM, CMAN0 3AYPSOHOT NOECEOHEEHOCTIbIO.
3nauum nu smo, umo ycunus Abpama [Jasudosuua, e2o obwecmeennviti memnepamenm Goinu nompaye-
Hol enycmyio? He dymato. JKusnb 00Ha, OHa YHUKANbHA, HENOBMOPUMA, U BAJICHEE 6CE20 MO, YMO NPo-
ucxooum e neii camoii. Abpam [Jaseidosuy npoicun 600 cuacmaueo u nrodomeopro. H 6 mom He-
bonvuiom coobuecmse, yeHmpom KOMopPo2o. OX Obll, CHACMAUBH BLLIU. U Mbl — €20 YueHUKY, Opy3ba U
xomnezu. M xajicowlil u3 mex, Kmo conpuxacaics ¢ Hum, npodoasxcaem Hecmu 6 cebe uacmuyy >moii 3a-
MeyamenvHou AUYHOCIU. » 4

3aMeTHM 371€Ch, 9TO JAeSTeNbHOCTE AGpaMa J[aBUIOBHYA, €r0 «0OufecmeeH bl meMnepamenmy
OCTABHIIH CBOH CJI€Jl HE TOIBKO B YMaxX H AymaxX «Hebonbuio2o coobuecmea ezo koanez, Opyseti u eou-
HomblunenHukoey. JIno ceroaHsAmHAero coobmecTBa YeNAOMHCKAX MATEMATHKOB B HEMAION CTENeHH
00ycnoBIeHO TeMH LICHHOCTAMH, KoTopbie orctanBai A.Jl. Kaiman.

Ero rops4as yBne4eHHOCTb J€JIOM, NPUHIMITHAIBHOCT, TPeOOBATEIBHOCTE B COYETAHMH ¢ Gnaro-
JKENATENbHOCTRIO H TOCTOSHHON TOTOBHOCTHIO TIOMOYh CHHMCKANIH €My YBaKEHHE M ABTOPHTET CpelH
CTYZICHTOB M KOJUIET.

Cnoso B. A. MoruibHULIKOMY:

«...Mnozo 206opunoce — ewe npu scusnu Abpama [asudosuua — o e20 npunyunuarerocmu, -bec-
KOMNDOMUCCHOCIY, NPOPECCUOHANUBME U UHBIX KAYeCcmeax, Komopule, no npasde 2080ps, OAIEKO He
8ceMm (8 mOM YuCHe U UHBIM U3 2080PUBULUX) U He 6ce20a Obiiu 6e302080pOUHO no Oyule (WIU «No Hpa-
8y»), ecnu He camu 3mu Kayecmea, mo, Kax Obl GuIpAZUMbBCS NOMOYHEe, UX KOHKPEMHble NPOAGNEHUA 6
OmOenvHYIX JCUZHERHBIX cumyayuax. H3eecmHo, 6ce Ml cuumaem ce6s NPUHYUNUATLHBIMU U NOPAOOY-
HUIMU, NOKA... 06CMoamenbCcmea 60py2 He CIOXCAMCA MAK, Ymo npudemcs uloupamy. Wiu NPUHYUNGL,
unu cobcmeennoe baazononyyue, scumetickue yooocmsa. Tonvko y A6pava [Jasudosuya 3mo éce 6viio
He HanoKas: 0a, OH Gbil NPUHYUNUATLHBIM, NOPO U HCECMKOBAMbIM (KAK PYKOBOOUMENb, KaK nedazoz),
611 npogheccuonanom 8biCOKO20 KIACCA, HO He 20POUNCA IMUM, d 3auACHIYI0 CIMpAdAi U COCMpaoan
6HympeHHe meM, KOMY CIYNaNOCh (NOCMpadambvy om 3mux e2o kayecms. Mepy ezo cocmpadarus, 006-
DOmbL, 20MOBHOCIY NPUOMU HA NOMOWb OYEHWIU OANEKO He 6ce — A 3HAN ee, U GOy NOMHUMb 6ce20q.

Ho xouy cxazamv 0 camom eajicHom: ece 3mo nooyunerno bvino y Abpama [Jasudosuua o0HOMY Ha-
yany: uyecmey u COHAHUIO OMBEMCMEEHHOCIU neped JCU3HLIO. 3a nocaeonue Oecamunemus, Ko20a
HAWa CMpana nepecmana JCumy «no J03YH2aM», Mbl YBUOEU, YMo 6mecme C JIO3YH2aMUy, Y6bl, ympayu-
8aNOCL NOHEMHOZY U MO CAMOE YYBCMEO — COIHAHUE OMBENMCMEEHHOCMU NEPED JCUHBIO (U NPOU3B00-
Hble Om Hez20 — NPUHYUNUANbHOCMYb, npogeccuonanusm u m.n.). Ha cmeny emy npuwen — nponons nesa-
MEmHO — MaK HA3bIBAeMbll «ROGU2UIMY; He YBEPeH, YmO Celi MePMUH, POJNCOCHHBLE HauLUM «EEIUKUM U
Moeyuumy, b6vin useecmen Abpamy Ilasudosuyy, Ho mo, ymo OH 6écei c8oell Jcu3HbIo, pabomol u no-
cmynkamu npomugoCmoAn moii HeOOCMOUHOW, NO2AHEHLKOU CYWHOCMUY, KOMOpas CKpuima 3d Imum
MEPMUHOM, — HECOMHEHRHO... »

A6pam JlaunoBud ObU1 HETEPNHM K pasTWIbAANHCTBY ¥ HE0OS3aTebHOCTH CBOMX MOAYMHEHHBIX.
U ecnu corpyaHuK He NPOABIAN AO/DKHOTO CTApaHuUs, ycepAaus M AUCIMIUTMHUPOBAHHOCTH, TO OH pac-
CTaBajCA ¢ HUM Ge3 coKaneHH.

Bor uro pacckasbiBaeT M. M. T'onsnen6epr

«... Cpedu nepsuix, npunamuix A6pamom [asudosuuem na pabomy, oxazanca nexmo I, xopo-
wuii mamemamux, Ho abcomomuo 6e3omeemcmeennviii npenooasamenv, EMy Huyez0 ne cmowio npuii-
MU HA 3GHAMUA HENOO20MOGNEHHBIM, A MO U B08Ce NPpONYCMUMb «napy». « e2o0 HeMeONeHHO Y80I,
Hezo0o8an Abpam [asudosuy no ympam 6 meuenue MHO2UX Mecayes, noka noovickuean L. opyzyio
pabomy. B xonye xonyos, on ycmpoun e2o accucmenmom 6 YBBAYILI. Tax 6vieano écezoa: ecnu Abpam
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Matemaruka

Hasuoosuy cuuman, wmo xmo-mo ne nodxo0um ons pabomvl Ha kagheope, mo, npezncoe 6cez0 OH HAXO-
Ooun kaHoudamy Ha «ysonvHerue» opyayio pabomy... »
A6paM I{asunomm NPOABIANT 3a60TY HE TONBKO O «IMIIE AYXOBHOH» CBOHX MOAYMHEHHBIX, CO-
TPYAHHUKOB M npysel. Hemanas nons ero Bpemeny 6puia moces-
IEHA YIYHLICHHIO HX MaTepHaJIbHOTO nojokeHns. KoHeuHo, oH
6bUT He B CHIaX 3HAYHTENBHO YBETHYHTH MX 3apIUiaty, Ho, Oy-
JAY4H APYXKHBIM CO MHOI'MMH NpPENCTABUTEINIMA HAY4HOMH HHXe-
HEPHO-TEXHMYECKOH 3JIMThl MHCTHTYTa, pabortaBmeil Haj 3aka-
3aMH  KPYMHBIX TPOMBIIUIEHHBIX TIPEJNIPHATHH  CTpaHbl,
AJl. KaiiMaH «BHeZps» MOJIOABIX MAaTEMAaTHKOB B KadecTBe
COHMCTIONHUTEIEH YIIOMSHYTBIX 33K230B, H TEM CaMBIM, JaBajl HIM
BO3MOXKHOCTH 3apaborath jonomuurensHo 50-60 pyGneit B me-
can, yro 66u10 BecoMoii 106aBKO# K IITATHOH 3apIuiaTe, COCTaB-
napmieii B To Bpema 105-125 py6neit. [ing HekoTopsix 3Ta Jesd-
TeJBHOCTh M3 3apabaTbiBaHHA JEHer NpeBpallanach B cepbes-
HYIO Hay4HYIO paGoTy HaJl NPUKIATHEIMH 3a/la4aMHK’.

A.Jl. KauMan GBUT yOMBHMTENBHO KOHTAKTHBIM M XJ1e6o-
conbHBIM YenoBekoM. Kpyr ero ofiienus 6b11 HeobbMalHO -
POK — POACTBEHHMKH, Kosulerd rno pabore Ha kadenpe, cociy-
JKHUBLIBI-CAMHOMBIIUICHHHKH, B MIEPBYIO OYEPEHb IPEACTABUTENH
1pod)ecCOpPCKO-NpPeNnoAaBaTENBCKOr0 COCTaBa SHEPreTHYECKOro

¢akynbTera, ObIBIINE YHEHHKH, NPEICTABUTENN TBOPYECKOH HH-

AJ. Kayman u A.T. Moneukmit tesumreHuny Yensabuncka u mMHorne apyrue. M xakapiit 6wt

NPMHHMAEM M IIPHBEYAEM B €ro roCTeNPHHMHOM JOME — He3aBH-

CHMO OT PaHrOB M 3aHHMAaeMBbIX MOCTOB. B IHM BceHapOAHBIX NPa3/iHUKOB OH OBbUI HEM3MEHHBIM Y4acT-

HMKOM MHCTHTYTCKOM KOJIOHHBI A€MOHCTPAHTOB — He MIOTOMY, YTO ABJIAJICA afeNTOM BiacTeH, a Mnoro-

MY, 4TO 3TO ObUla JHMIIHAA BO3MOXHOCTH HeopManbHO moobwmarkes ¢ KOIeraMu 1 ydYeHMKamy, 3a-

3BaTh M0 OKOHYaHHH JIEMOHCTPALMH BeeX k cebe JOMOit M IPOJO/DKMTD «pa3roBOPHI 32 KH3H» 32 LHeA-
PO HAKPHITHIM CTOJIOM.

Bcenomunaer A.b. Camapos:

<... enoeex Heobwiyaiino obwumenvruii Abpam [lasudosuy écez0a xooun Ha demoHcmpayuu. Yo
mam obwenus ¢ OopozUMY eMy COCTy cusyamu 6uL10 «goluie kpouluuuy. Yaue ecezo ¢ ympa 3 3axooun 3a
HUM U Yepe3 20pcad Mel ebixoouny Ha npocnekm Jlenuna. Heoanexo om uncmumyma Kk Ham npucoeou-
nsnca Anexcanop Tumogpeesuy Ioneyxuii'® u éce emecme Mbi ROOXOOWTU K UHCTIUMYMY K MOMEHMY
popmupoeanun npazsOHUYHOU KOROHHBL... »

B 1974 roxy pykoBoACTBO By3a, BOCHOJb30BABLIMCE TEM, YTO CPOK MOJHOMOYMH 3aBE/IOBAHMA Ka-
¢enpoit A.Jl. KaiMaHa MCTeK, pemIno 3aMEHHTh €ro JPYTHM YelOBEKOM. OTO HaMEpEHHE BBI3BAJIO
pe3Ko OTpULATEBHYIO PeakLiHIO Kak COTPYAHHKOB Kadeapsl, Tak v camoro Abpama JlasuiosHya.

U neno ObLI0 HE B TOM, YTO OH HE XOTeJl PaccTaBaThCs C OCTOM «HayanbHHKa». [IpocTo kaHamna-
Typa TpeTeHJeHTa ObLia BOIMIONIE «HE TOH». 3aBelyloIMM HaMepeBalici CTaTh MHXKEHEp MO crely-
JILHOCTH, €AHHCTBEHHBIM NOCTOMHCTBOM KOTOpOTro ObLIO HaJTH4YME CTENEHH NOKTOPa TEXHHYECKHX Ha-
yk. OueBHAHAA HENENOCTh 3aTEAHHOrO, TEM HE MEHEE, He OCO3HABAIach PyKOBOJCTBOM BY3a, KOTOpPOE
XOTeNo BHAETh Ha 3TOM MOCTY JOKTOpA HayK, M pekrtop, npodeccop MensHukos B.B., HacTauBan Ha
cBoeM. Hu nporecTsl coTpyAHHKOB, HH no3uuusa YueHoro CoBera sHepreTHueckoro Qaxynbrera, HHU
BeICTYIUIEHHE Ha CoBeTe HHCTHTYTA JBYX MOJIOABIX KAaHIMAATOB QH3UKO-MaTEMAaTHYECKHMX HAYK, Npe]-
CTaBJIBILMX TOYKY 3peHHs Kadeapsl, He Bo3bIMeNH AomkHoro aelictud. Kadenpa, coznanuio u necro-
BaHHIO KoTopoH A6pam [laBHAOBHY NMOCBATHJI 3HAYMTEIIBHYIO YacTh CBOEH JKH3HH, ObUIa B OJHOYACKE
YHHYTOXKEHA.

® 3peck yMecTHO OTMETHTB, uTo B UITH B MIECTHAECATHIE-CEMUAECATEIE roabl XX BeKa Haykoii HMEHOBANACH TIpe-
HMYIIECTBEHHO XO3[0TOBOPHAA JEATEALHOCTH — paboTa 1Mo JOroBopaM ¢ MPOMBINUIEHHBIMH, 60/bIeH YacTh0 060pOH-
HBIMH, nipeaupusTHaMy. HaydHad JeATenpHOCTs B 061acTH 9MCTOH MaTeMaTHKH, He NPUHOCAIIAS MaTepHaIbHbBIX AHUBH-
JEHJIOB, CYHTANIACE HENOTHOLIEHHOM.

19 A T. Moneuxii, nipodeccop, MHOTO JieT 3aBefOBaBIIMiT kadeApoi TeopeTHuecKol MeXaHHKH.
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3ananux B.A. Abpam [asudoeuy KaymaH — YueHslii, [Tedazoz, Yemosex

To ects cTpykTypHas enpnuiia noj HassanueM «Kadenpa Briciieli Matematuku Ne 1» nponoskana
CYIECTBOBATh, HO TOrO KOJJIEKTHBA I€IaroroB-MaTeMaTHKOB, KOTOpEIH AGpam J{aBuaoBH4 foJIrHe ro-
Ipl cobupan no Beel cTpaHe U KOTOPBIH onpeaensan Jmuo Kadenpsl, yxe He 6su10. YacTh cOTPYAHHKOB
nepeuna Ha Kadenpy Beiciiell MaTeMaTUKy Ne 2, yacTh — Ha BHOBb CO3LaHHYIO KaeApy NPHMKJIagHOMH
MaTeMaTHKH. Ellle HECKOMBKO Y€NI0BEK COUWIM HAWIYYINHM s cebs BRIOOpOM YiTH B CO30aBacMbiil B
310 BpeMs YenaOuHckuii rocy1apcTBEeHHbIN YHUBEPCHTET, HEKOTOpBIe ocend B UUMDCX,

Ounnako Bce OHY, KyJa Obl HU YIIIH, YHECTH ¢ co0OM JacTHIly ero B3r/ISA0B Ha MATEMATHKY, Ha €€
npernojaBaHue, Ha xku3Hb Boobme. Kadeaps! kak KO/UTEKTHBA eAMHOMBILILIEHHHKOB He CTaJlo, HO OCTa-
JIMCB 3aBE€THI, NIPHHIHMIE! U TO. ONTHMHCTHYECKHM-OTBETCTBEHHOE OTHOLIEHHE K M3HU M paboTe, KOTO-
peie A Jl. Katimas npoHec uepe3 BCIO CBOIO JKH3Hb.

Cam A6pam [laBunoByuY B NepBYIO odepeas 6bU1 Ma-
TEMaTHKOM H NENaroroM, ero aBTOPUTET OCHOBBIBAJICA Ha
TTyOOKHMX 3HAHUAX, IpyAULIUM U GoraTeliieM OMbITe, a He
Ha aJMHHHCTPAaTHBHOM pecypce. HecMoTpa Ha Hauag-
mpecs Henajbl CoO 3J0pPOBBEM, OH NpPONO/DKAT MHOro M
TUTOZOTBOPHO paboTaTh, NMO-NPeXXHEMY Onpenesss Mard-
CTpajibHBIE HamnpapleHHs METOAMYecKol W memarormde-
CKOM JesATeNbHOCTH TOH 4acTH KOJUIEKTHBA IperiofiaBaTe-
Jnieii, KoTopas MpPOJOJDKajia ¢ HUM paboTaTh, H, 110 TpaaH-
1uH, obpainajiack K HEMy 3a COBETOM M moazepkkoii. U
Ha Kajenpe NPHKIAJHONW MaTeMaTHKH, M Ha kadenpe
Boiciel matemarukd Ne 2, (kyza ee 3aBemyrommii, Jles
Muxaiinoeuy bensaxos npurnacun A6pama JlaBunoBruya BMECTe ¢ HEMHOTOYHCIEHHBIMH OCTaBaBIIMMH-
CSl K TOMY MOMEHTY BpEeMEHH B HHCTHTYTE ero Kojuteramu), aBroputet A.Jl. Kanmana Gbu1 Henpepeka-
eM. OH nmpoxosKan 4YMTaTh JIEKUUH, TOTOBUTH YueOHble W METOAMYECKHe MocoOud. B mosceaneBHOM
Je7I0BOM OOIIEHMH M Ha COOpaHMAX METOJHYECKOro CeMHHapa, KOTopbiM AGpam JlaBHIOBHY PYKOBO-
I B CEMHMAECATHIE TOJIBI, NIPETMIO/IABATENH Y)KE HOBOTO MOKOJNEHHS NMPUOOIIANKCE K €ro mnejaroruye-
CKOMY OIIBITY, TIOy4aIH YPOKH MacTepcTBa, IPHOOpETaIH IparoLeHHbIe KPYMULBI 3HAHUS M YMEHUA —
YMEHHA Nepelarth 3HaHus ApYTHM, HAyYMTh YMETh TeX, KoMy 3T0 HeoGxoaumo. [Ipogokan mybamka-
LMIO pe3yJIbTATOB CBOMX HAay4HBIX HcclegoBaHUi. JKum U pabortan B NOJNHYIO CHITY, H NOAOWIEN K CBO-
eMy cemuaecaTHneTio (1986) xak 6yaro TakuM ke, KakuM oH GBUT B Hauase cBoero mytH. OnHaKo ro-
Ibl ¥ yqacTHBLIHecs Gone3nu Gpanu cBoe.

ITocse JIMTENBHOTO Kypea JieYeHHs, CONPOBOXK/IABLIETOC] OBYMS TSOKENSHIIAMH ONepaLusaMH, B
mapte 1989 rona A6pam JlaBHIOBMY yIIen U3 KHU3HH.

¥ %k %

A6pam JlaBumosuu Kauman 6b11 M OCTaNICH U1 MHOTHX, 3HABIIHMX €10, OJHUM M3 JTyYLIHX JIIOJEH,
KOTOPBIX OHH BCTPEYAIH B CBOEH XHM3HH. M3 TeX, 0 KOTOPBIX FOBOPHTCA — COJb 3eMJIH. JTO He 00s3a-
TENBHO IHPOKO M3BECTHbIE, IMyOIMYHbIE JIIOAM, YbUMH MMEHaMH Ha3bIBAIOT YJIHMLBI U napoxonsl. OHH
MOTYT OBbITh MPOCTBIMH KPECThIHAMH M aKaJeMHUKaMH, NPOC/IABJICHHEIMU MUCATENIMH M BpayaMH WM
MEJICeCTPaMH TOCENKOBBIX G0NBHULL... OHH XKHBYT Cpe/iti Hac U TPYAATCH BCIO XKH3Hb, HCTOBO, CO CMHU-
PEHHBIM JOCTOMHCTBOM, HE HAallOKa3 MUPY, HO Ha TMOMB3Y AEIy.

Hocmynuna 6 pedaxyuio 10 urona 2006 2.
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OB OfIHOW MOLEINM PbIHKA U EE TAPAHTUPOBAHHOM
MO BbIUIPbILLAM U PUCKAM PELLEHUU'

K.H. Kydpseyee

PaccmoTpena MaTeMaTH4ecKasi MOAETh PHIHKA GecKOHETHO AJIAMOTO MPOAYKTA
¢ ABYMS TOBApONPOH3BOANTEIAMH H Y4eTOM BO3MOKHOCTH HEOXKHAAAHHOTO IO~
SIBJICHHN HMINOpTepa, NpeAcTaBisiomas coboii KoonepaTHBHYI0 Hrpy ¢ moGou-
HBLIMH IJIATeXaMH M NPH HeompeAeJeHHocTH. Jlna faHHOH Mrpnl HaiieHo ra-
PaHTHPOBaHHOE TI0 BLINIPHIIIAM H PHCKAM pelieHne.

1. Beeaenne
PaccmaTtpuBaeTcs KoonepaTHBHas Mrpa JBYX JIMLL ¢ MOGOMHBIMH IUIATEXKAMH M IpH HeompenesieH-
HOCTH, KOTOpas OTOXKIECTBIIACTCA C YIIOPAIOYEHHOH YeTBEPKOH

r=<{1’2}’{Xi}i=l,2’Y’{ﬁ(x’y)}i=1,2>' @
3nech 1 ¥ 2 — nopskoBbie HOMepa UTPoKoB. CTpaTeruu i-ro MTpoKa x; SBIIAIOTCA dIEMEHTAMM MHOME-

crBo crpareruit X; ¢ R"™. B sxoHOMHYeCKHX 3aja4aX CTpaTerHsM MOTYT GbiTb, HAaIpHUMep, LEHBl U

o0BeMBbl OCTAaBOK TOBAapa Ha PHIHOK (OmpeneNisdeMble MPOJABIIOM), YCTAHABIUBAEMbIE PYKOBOICTBOM
npeMuy, wrpadsl ¥ ApyTHe Mephl MOOLIPEHHA W HaKa3aHWd, BHEAPEeHHe pecypcocbeperalommx TeXHo-

noruit ¥ T.4. O HeonpepenenHoctd y€ ¥ ¢ R™ WrpokH He MMEIOT KaKMX-MGO CTATHCTHYECKHX NaH-
HBIX, H3BECTHBI TOJILKO IPaHALIBI M3MEHEHHA HEONpeeNIeHHOCTH. B «ponm» HeonpeeneHHOCTH MOTYT
BBICTYNATh, HAIIPUMeP, HeNpeCKa3yeMble Iyl HTPOKOB W3MEHEHHS MOTOHBIX YCIOBHIM, KOHBIOHKTYPHI
PBIHKA, 3aKOHOJATENbCTBA, HEOXKMJAHHEIE CKa9KH KypCOB BAIOT M T.II.

B pesynbTaTe COIMIaCOBaHHOTO BEIOOpA HTPOKAMH CBOMX cTpaTeruil x; € X; (i = 1, 2) cknansiBaer-
ca curyamma x=(x,%,)eX =X;xX, cR" (n=n+n,). HesaBucumo oT felicTBHI HIPOKOB peann-
3yeTcs OjiHa U3 HeonpejaeaeHHocTel yeY .

Ha o6pa3oBapmuxcs B pe3ynbTate napax (x, y) € XxY omnpeneneHa ckaaApHas (QyHKIMS BBIUI-
peima i-ro urpoka f;(x,y): XxY - R (i =1, 2). 3sauenne Gpynxuyn srmrpeumna f;(x,y) Ha peamn-
30BaBIIeHCS CHTyallMH X M MOABHBINEHCA HE3aBHCHMO HEOIPEEICHHOCTH y €CTh npedeapumenshulii
gviuzpbiut i-ro urpoxa. IomydenHsii Takum 06pasoM cyMmapHbtil Berpemn f;(x,y)+ f,(x, y) arpo-

KH{ [peATOoNaraioT B JATbHEHIEM paclpeZielIiTh MKy co60i. AHATOrHYHO MIPOKH NOCTYMAIOT H C
PHCKaMH.

Ienb i-ro Urpoka, Ha «CONEPXKATEILHOM YPOBHE», COCTOMT B COBMECTHOM M COIJIACOBAHHOM C
MapTHEPOM BbIGOpe Tako¥ CBOEH CTpaTerny H TAKOro nepepacrpee/ieHHA CyMMbI BRIMTPhIeH U CyM-
MBI PHCKOB, YTOOBI TOMy4EHHBIH B pe3yNbTaTe €ro OKOHYATENbHBIH BBHIMIPHIN CTall BO3MOXKHO 60/b-
wum, a OKOHYATENbHBIH PHCK (ONpeIeSIeHHBIN HIDKE) BO3MOXKHO MEHLULUM.

2. TapanTHpOBaHHOE 10 BHIATPHINIAM H PECKAM pelieHne
Cnexys npHHUMITy MMHMMaKcHOro coxxanenus Caumxka [1] u yduTsiBas «koonepaTHBHBIA Xapak-

Tep» urpsi (1) BBeieM GyHKIMIO prcka i-ro urpoka ®; (x,y) (i=1,2) B Buze [2]

@, (x.y)=£(x" (7).y)-fi(xy) (=12 @
rae x’ ()eX VyeY - makcumanshas no Tlapeto anbTepHaTHBA B IBYXKPHTEPHATLHOM 3a1ade
I(y)= <X A (x,y)},.=l,2>, )

! Pa6oTa BINONHEHA NPH (pHHAHCOBOM noanepxke POOH (npoekr Ne 05-01-00419).
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noxy4eHHoH 13 urpel (1) npu kaxno# GpuKcHpoBaHHOMN HeonpeneneHHocTH Y€ Y .

Cornaco [3, c. 80]: Eciu cymectsyior ansTepuatusa x” () 1 uncno a € (0,1) taxue, uro
I;xea}[a A(xy)+(1-a) £ (x, y)] = Idem[x - xF( y):] Vye?, 4)
10 x" () sBnsercs MakcuManbHoi 10 TapeTo B 3a7a%e (3) Npu KakaoM yeY .

B (4) u panee Idem[x —>xF ( y)] o3Ha4aeT cKoOKy [...] B 1eBOif YacTH TOXKAECTRA (4), [e X 3aMEHEHO

na x" ().
3navenne pyHkumn pucka @, (x,y) (i = 1, 2) Haseaercs [4, c.15] puckom i-ro urpoxa. OyHKIus

@, (x,y) YMCNEHHO OLICHUBAET PUCK i-rO MIPOKa, CBA3AHHBLH C TeM, 9TO OH BHIGPAN CBOIO CTPATETHIO H3

CHTyaLMH X, a He U3 X ( y) » XOTs TIOC/IC/AHSAA M JOCTaB/IieT MaKCHUMyM 1o [lapeTo B ABYXKpUTEpHAIL-
Ho# 3agaqe (3).
Jins kakgoil QyHKIMH BEIATpHIIA f; (x y) (i =1, 2) BBeeM cneayronue MaKCHMHHBI
R [v]=max mm fl (%15x257)s

xneX) e (5)

Noe [y]—xrzne%(x min fz(x],xz,y) Vye?.

AHanorayHo is Kaxmod gyHximu pucka @, (x, y) (i = 1, 2) manee ucnoim3yeM clieAylomue MHI-IPI-
MaKCHl
@7 [y]= min max @, (x,x,,),

xlexlx EX (6)
;[y]= min max ®, (x,%,) Vyel.

Bynem npenmonarats, 9T0 KaXIblii HTPOK MOXET MepeaTh NapTHepY YacTh CBOETO BBHIMTPHIIA H
4acTh pHcKa. [Ipu 3TOM cuMTaeM, 4TO BHIMTPHIINHM CyMMHPYIOTCS TONBKO C BHIMIPHINIAMH, & PHCKH C
PHCKaMH.

Hwke npumensiorcs Bekropa f =(f}, /), ®=(®,;,®,) u nonaraem, 410 Bce MAKCHUMYMSI ¥ M-

HHMyMBI B CIIEAYIOLIEM OMpeesneHrH JocTuraiorcs, a gynxumn f;(x,y) u @, (x,y) HETpepLIBHL! Ha

TIPOU3BEICHUM KOMITAKTOB X XY .
Onpenenenne 2.1. rapaHTPIPOBaHHLIM Mo BHIMIpHIIIaM U puckam pemenneM (I BP) xooneparus-
HOM WMIpHl ABYX JIHL C MOGOYHBIMM IUIaTeXaMu M TIpH HeomnpeaeneHHoctH (1) HaseiBaercs [2] Tpoiika

( NN ¥ ), IUIs KOTOPOH CyINECTBYeT HEONPEAEACHHOCTh y¥p €Y Takad, 4TO BBHINONHAIOTCA CIEAYIO-

I{Mie TPH YCHOBHS:
1° ycaosue xonnexmusHoii pauuonanbuocmu

mafo (x.yp)= Idem[x—-)x ] W)
l~1
2° ycnosue «neyxyowaemocmun cywuapuozo BLIUZPBIULA U PUCKA
r;lepo[ ( ) ( ,y)]=ldem[y—>yp]; (8)
3' ycroeue unousudyansnoii payuonansnocmu:
2 . 2 2 . 2
Z.ﬂ (x ,}’P) =Zf: A Z‘Di(x ayP)=Zq)i >
i=1 i=1 i=1 i=l
H CTpaBeUTHBA CHCTEMA U3 YETHIPEX HEPABEHCTB

2y, ], @ <o[y,] (=1,2) ©)
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npu ToM napy f = ( 5 fz') Ha30BEM 2aPaHMUPOGAHHLIM 6EKMOPHLIM Oenedicom, lapy ®° = (CD{,CI);)

— 2apaHMUpPoSanKLIM eexmopHbim puckom Arpsl (1), a x* — cHTyamueit, rapapTHpYIOMIEi 3TH NENEKH H
PHCKH.

3ameunanne 2.1. [2] [Tapa (x‘, J’P) , HalineHHas w3 TpeboBaHwmit 1° u 2° onpenenenns 2.1 sBns-

€TCA CeUIOBOM TOUKOMH Ul AaHTarOHUCTHYECKOH HUIPBI

<X,Y,g[ fi(xy)-;(x y)]> ,

TO €CTh
‘}gi‘g[f; (x,yp)—(i),- (x,,}’p)] = g[f, (x*,,}’p)—@i(x"yp)] - l;lel}l’l ; I:f' (x',y)—q)i(x*,y)] .

B pa6ote [2] ycTaHOBIEHBI CBOMCTBA FapaHTHPOBAHHOTO IO BHIMTPHIIAM H PHCKaM PEIICHHA H
npeIoxKeH crocob ero nocrpoeHus. B HacTosmeit crathe Haiineno I'BP mis mMomenu pelHKa C ABYMS
HPOM3BOAMTENSMH M YHETOM B 3TOH MOMIENTH HENpeACKa3yeMBbIX «AeHCTBHID HMIIOpTepa.

3. MoaeJib phIHKA ¢ ABYMS TOBAPONPOH3BOIHTE/IIMH H YI€TOM HMIOPTA

PaccmartpuBaeTcs GyHKIMOHHPOBaHHE PEIHKA GECKOHEHHO JEIMMOro NPOXYKTa (HamnprMep, PEIHOK
3epHa, MyKH, caxapa) ¢ y4€TOM BO3MOHOCTH HEOXKHIAHHOTO TIOSABJICHHA €lIEe OTHOTO NpoAaBua (HM-
noprepa). IIpeanonaraercs, yro ¢yHKIHS cnpoca Ha NMPOXYKT u3BecTHa. Cripoc ompependercs cie-
IDyiomuM o6pa3oM: «cnpoc MOKa3bIBaeT TO KOJMMYECTBO NPOAYKTa, HAa KOTOpOe (NP NPOYHX PABHBIX
ycnoBuax) Oyaer npeansBlIeH CIpPOC NMPH PasHBIX LeHax» [5], T.e. Crpoc moka3bIBaeT KOJIHYECTBO MpO-
IyKTa, KOTOpoe NMOTpeOHTeNH BRIHYKAEHBI NIOKYIIAaTh IO pa3HBIM BO3MOXHbBIM IieHaM. IIpu paccmorpe-
HMM BEJIMMUHBI cripoca (a TalKe NpeUIOKECHMA) 34eCh NPHHMMAETCS YCJOBHE HEH3MEHHOCTH BCeX
BJIHAIOMUX (haKTOPOB, KPOME 1ieHBl ToBapa. Cripoc NpeACTaBiseTca B BAe Hepo3pacTaiome GpyHKumy,
KOTOpas omnpezeneHa NP NOJOKHTEIBHEIX 3HAUSHHAX apryMeHTa M NPUHAMAET TOJLKO IOJNOXKHUTeNb-
Hble 3HaveHus. byJeM paccMaTpHBaTh (PyHKIMIO CIIPOCA C NMOCTOSHHBEIM KO3¢(HULHEHTOM 371aCTHIHO-
ctu. Takyro ¢pyHkimo MoxHO [5] npencTaBUTh B BHAE

b
w(p)=b—-;p, 0<p<a,

rae b/a — xoaddumeHT sMacTHYHOCTH Crpoca HA JAHHOM DhIHKE, P € (0, a) — LICHa TOBapa, a — €ro

MaKCHMalbHO BO3MOJXKHAs LI€Ha, b — MaKCHMAIbHOE KOJMHYECTBO TOBapa, KOTOPOE MOXET MOITIOTHTE
PBIHOK.

«lIpednooicenue MOKa3bIBAET, KaKOe KOJIMYECTBO TOBapa OyZeT NpeabABIIEHO K IPOAAKE 0 Pa3HBIM
neHam» [5]. IIpemnoxenne onuceiBactca HeyObBaromel ¢yHkuyeli HeHbl. OTa QYHKIHS TaKkoKke Ompe-
IeNeHa I NOJIOXKUTENbHBIX 3HaUEHUH apryMeHTa ¥ IPMHAMAET MOJOKUTENbHEBIE 3HAYEHUA.

Jlanee orpaHHMHMCH CITy4aeM ABYX TOBapPONPOH3BOAMTENEH H NMMHEHHBIME QYHKIHAMH IIpeUTONKe-

HUI ¢ TOCTOAHHBIMH KO3()QHIIMEHTaMH 3/IaCTHIHOCTH X; (i =1, 2) HYy:

vi(p)=xp (i=1,2), y3(p)=yp (0<p<+w).
Ipu 5TOM NpeanonaraeM, 4To Mpejenbl H3MECHEHH HHAHBHAYAILHBIX K03((HLIEHTOB IaCTHIHOCTH
3a/]aHbl
x,.eX,-=[k,K] (i=1,2), er:(O,M], (10)

rae nocrosHuele K >k>0u M >0,

Tax kak TOBapoONpPOM3BOAMTENH IPEMLIAraloT OMH M TOT XK€ TOBap Ha OJHOM M TOM Xe phiHKe (U
MO3TOMY HAXOJSATCH B OJHMX H TEX K€ YCJIOBHAX), TO NPEANoJaraeM, YTo NpeAeisl H3MECHEHH HX HH-
JUBHIYaIbHBIX KO ()HIMEHTOB IaCTHYHOCTH COBIIAZAIOT.

CoBOKYIHOE Ipe/yIoKeHHe y/( p) BCEX NMOCTaBIIMKOB TOBapa Ha PHIHOK IOyYyaeM CYMMHpOBaHH-

€M BCEeX MHAMBHAYAIBHBIX (DYHKIMI pEUIOKEH!A, BKITIOYAs U HMIIOpTEpa (tp3 (p)= yp) , T.€.
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w(p)#gw,-(p)=(x1+xz+y)p-

Cuuraercd, 9T0o LicHa NPOAYKTa P (GOPMHPYETCS B Pe3yNIbTATE PaBHOBECHA MEXIY CIPOCOM H
npemoxkenneM. FMenHo,
peR, =(0,+w)
ABJIAETCSA paBHOBECHOM LIEHOM, €CITH BBITONHAECTCA PaBEHCTBO

b _ —
b—;p=(xl+x2+y)p.

Orcrona nomyvaem
- b
P

b
—+X +Xy+ Y
a

— paBHOBECHYIO LICHY p B JaHHOM 3ajave.

TTpubsLis, nomyuaeMas i-M TopaponponsBoauteneM (i = 1, 2) ¢ npoaHHOro TOBapa OrpeaeNseTcs
3Ha4YeHHEM QYHKLHH

xb*

(—+xl+x2 +y)
a

VBenuueHHe npuOEUMH i-ro ToBaponpoussoautend (I = 1, 2) focTHraercs 3a cueT HOAXOAAIIEro BhIGopa
ko3 ¢uIHeHTa MAaCTHIHOCTH X; B TIpefieNax, ycraHoBeHHEIX B (10).

IIpennonaraercs, Yro NpoAaBLEl (HapAMEp, B paMKaxX ONHOMN TOProBOH CeTH, WIH ABJISACH YWICHA-
MH OJHOH 3THHYECKOH IpyIbl, CeMbH) MOTYT COBMECTHO BBIOMpPAaTh CBOHM KO3((HIIMEHTHI SJIaCTHIHO-
CTH ¥ NepeiaBaTh JAPYT APYTy HE TOJIBKO YacTh MONYYCHHOMN NPUOBLIH, HO U «IETUTHCA» PUCKAMH.
«OKOHOMMYECKAA LeNb» i-r0 TOBaPONPOH3BOAUTENA COCTOMT B MOMYYECHHH BO3MOXKHO Gobiieit
npHOBUTH ¥ B MEHBIIEM PHCKE IIOCHe nepepacnpe/ienenns obmell npubsuii 1 cyMMapHOTo pHCKa.
B kavecTBe MaTeMaTH4ECKOH MOJIEH MPECTABIEHHOTO BhIIIE B3aUMOICHCTBHS TOBapOIIPOH3BO-
JMTeNed H MMIIOpPTEpa PacCMaTpPHBAeTCA KOOTepaTHBHAS Mrpa ABYX JIML ¢ NOOOYHBLIMM IUIaTeXaMH H
TIp¥ HeonpeeneHHOCTH By (1), UMeHHoO,

S (%%, ) =(%,P) P = = (i=1,2). (11

-2
b
(L210X}, TA A (s y)=(;+x, b+ y) Y )
i=1,2
3neck 1 ¥ 2 — nOpANKOBEIE HOMEPA HIPOKOB (IIPOH3BOAHMTENEH); MHOXKECTBA X; = [k,K ] cTparerui i-ro
urpoka x; (i = 1, 2) n MHOXecTBO ¥ =(0,M ] HeonpenenenHocreil y onpeznenens B (10); dynkupms

somrpeima f;(x,y) y i-ro urpoka umeer Buz (11).

VrnopsaodeHnas yersepka (12) apngerca MaTeMaTHUeCKON MOZIETBIO PBIHKA C ABYMs IIPOM3BOAUTE-
JISIMH M YYETOM «fieiicTBHiD mMiopTepa. OXHOBPEMEHHO C TeM, C «TOYKH 3PEHHS» TEOPHH TP, YIops-
JoueHHas deTBepka (12) ecTp KoomepaTHBHAA MTPa ABYX JIML NPH HEONPEAENIEeHHOCTH H ¢ HOOOYHBIMH
TUTATEKaMH.

Hrpa (12) npoucxomur ciemyromum o6pasom. ITpoku cOBMECTHO, IyTeM [eperoBopoB, BeIOHparoT
CBOM cTpaTeru (KOTOpHie, HAIOMHUM, TIPEACTARIAIOT cobo «ux» KoadduumenTs 3nacTHaHOCTH). B
pe3ynbTaTe obpasyeTcs CUTyalus x=(x1,x2)e X =X, xX,. HezaBucumo oT Takoro BEIGOpa B HMIpe
(12) peamusyercs HeonpeneneHHocTh y €Y (koaddunmeHT snactuaHocTH MMnoprepa). Ha nomyyen-
HBIX B pesynsTare napax (x,y)e XxY onpeneneHa GyHKIMs BIATPINA i-ro Hrpoka f; (xy) G =1,
2) n3 (11), ouennBaromas ero npeasapHTenbHyro npubsUs. Ilocne 3Toro UrpokH cornacoBaHHO Iepe-
pacIpenensioT CyMMapHyIO IPHOBLTb, HCXO/IA M3 YCIOBHI MHAMBHAYATBHOMN pauMOHANEHOCTH (9).

Ha «conepxaTelsHOM YPOBHE» LIENb i-r0 HIPOKA COCTOHT B COIJIACOBAaHHOM C MAapTHEPOM BEIGope
TaKkol cBoel cTparernd x; € X; (i = 1, 2) ¥ Takoro CorjiaCoBaHHOTO IepepacnpeleieHHs MpeiBapHu-
TEJIBHBIX BBIMTPHILICH M PUCKOB, IIPH KOTOPHIX €ro OKOHYATeNbHBIH BRIMIphIN (pHOBLIL) OyAeT BO3-
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MOKHO 6onbiuum, a €ro nepepacnpenc/ieHHbIH PHCK BO3MOXKHO MeHvuum. OXHOBPEMEHHO, 002 HIpoKa
OPHEHTHPYIOTCS Ha BO3MOXXHOCTh peayi3aiiiy JIoboil HeompezieneHHoCTH ye Y .

Janee, He oroapuBas oco6o, GyneM npe/onaraTh BEIIONHEHHEIMH OrpaHIdeHus u3 [6, c. 176]

0<k<K<~211-, O<M. (13)
a
Jlemma 3.1. @yskumn packa Buja (2) ana ¢yHkuwii Bemmrpbma (11) uMeroT Buz
2 2
(ry)=—2X2 %b (i=1,2). (14)

- 2 2
[-ll+2K+y) (—b—+x,+x2+y)
a a
JoxazareancrBo. Heronssys (4), HalineM MakcuManbHyio mo Ilapero anstepHatusBy xP ( y) B
IBYXKpPUTEPHATILHOH 3a1a4e

-2
I'(y)= {f (%)= ( +xx+x2+y) x,-bz} , (15)
i=1,2

noydeHHo# u3 (12) npu kaxnoi GpUKCHpOBaHHOH HeOIpeEeNIeHHOCTH yeY .
Cunras B (4) mocrosaHyo @ =1/2, moctpoum QyHKIEIO

2
o(5) =3 A2} 43 S ) =—- 0] as)
2(2 +x+ X, + y)
a
ITpencrasum (16) kak GyHKIMIO ONHOM NEPEMEHHOM % = X, + X, NpH Kakoi-mmbo ¢ukcHpoBaHHOH He-
OTpefieNIeHHOCTH y €Y

‘ ub®
puy)=——s.
(2
2| —+u+y
a
Hatinem npoussoaHeie
b Z_
dp(uy) _B* g7 **7  de(wy)_ (2 ”+2y)
du 2 (b )3 du? (b )

—+u+y —+u+y
a a

Orciona nomydaeM, uto MakcuMyM dyskumus ¢(u,y) Ha uMcnOBOH OCH {u} HocTHraerca B TOuke

u=bfa+y,artouka neperuba ectb u =2(b/a+y).

d*p(u,y)
2

Ha npomexyTke (0,2(b/a+ y):l MIPOM3BOAHAS
u

<0 u noatoMy ¢(u,y) sBIfeTCA BOrHYTOM

no u; Ha [2(b/a+ y),+oo) Gyner >0 u nosToMy ¢(u,y) BBIYKIA TIO 4.

d’p(u,y)
du®
HaxoHel, FopH3OHTaIbHOM ackuMITOTOM dyHKIWY ¢(u,y) TPH 4 —> +00 SBISETCS TONOXKHTEIb-
Has nonyocs % € (0,+0).
TakuMm obpazoMm, rpadmk $yHKIHH ¢(u, y) HMeeT BUJ, Npe/CTaBJIeHHbIH Ha pUcyHKke. CornacHo

PHMCYHKY M orpaHudeHHsM (13) ?1?);1( ¢(u, y) Iocruraercd npu u =2K g kaxgoro yeY .

Hrak, makcumasHoii nio ITapeTo ansrepHaTHBO# B AByXKpHTEpHANBHOM 3ana4e (15) Oyner cutya-
s x7 (y)=(K,K) . Ilpu 3tom dyHKums pucka (2) npurwumaert Bux (14).
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Puy)

' 1
§ I
i 1
| '
1 1
i |
| i
i 1
1 1
1 1
' 1
I 1
1 1

2 blaty  2(bla+y)

pacuk dyHKUMM (p(u, y)

Vreepxaenne 3.1. [apaHTHPOBAHHBIM 10 BBIMIPEIIAM U PHCKAM PEIICHHEM KOOTIEPATHBHOM HT-
I IBYX JIMII TIPH HEOTIPEIENIEHHOCTH H ¢ TI060uHbIMH TiaTexamu (12) sBasercs Tpoiika (x*, f ',CD") ,

T/ie rapaHTHPOBAHHLIH BEKTOPHBIN JeJIeK
-2 -2
r =[(1’-+2K+M) Kb2,(2+2K+M) szj,
a a

rapaHTHPOBAHHBI BeKTOPHBIH puck @ =(0,0), a cuTyaums, rapaHTHpYIOINas 5TH AENEXH H PHCKH,
oyzer x" =(K,K).
HJokazareancrso. HalineMm napy (x", yp) , OTBevatolny1o TpeGoBanusaM (7) u (8) onpenenenus 2.1.

TockonbKy, B cuty BoiGopa @ =1/2,
2
Z-f; (x’yp) = 2¢(xayp)s
=1

T0

x" =xP (yp) =(x{’(yp),x§’ (yp)) =(K,K).
PemmuM oNTHMU3ALMOHHYIO 3a7a4y (8) mpu yenosuw, uro x* =(K,K).
Cnenys (8), mocTporm

W):éj[ A(#)- (5]
W, ¢ yderom (14), N
2Kb*

—_—
(?—+2K+y)
a

®ynxuus o(y) cTporo ybsiBaeT npu Bospactanry y € R, =(0,+), cnenosatensHo MunaMymM ()

o(»)=A(*"y)+ fH(*.y)=

npu orpanmderuax (13) socruraerci Ha y, =M .
Ortcrofa CyMMapHBIii rapaHTUPOBAHHBIN BBIUTPHII HIPOKOB

i f,-(x",y,,)= 2Kb?

i=1 b 2’
—+2K+M
a

a CyMMapHBI¥ rapaHTHPOBaHHBIH PHCK
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Z‘D ( ,y,,)

i=l

Tanee, soraucinv Maxcumunst f)[M] u £ [M], onpenenennsie s (5)

_ x1b2 x2b2
M= xe[kK]xge[kK] 7 i [M]= qu[kK]xe[kK] 2’
( +x1+x2+M) (—+x1+x2+M)
a
TockonbKy (yHKIHA
xb?

fi (3,0, M) = : 2
(—-+x1+x2+M)
a

cTporo yObIBaeT IPH BO3PacTaHMH X, OT k no K npu Bcex QMKCHPOBaHHBIX X; M M , M CTpOro BO3-
pacTaer TpH Bo3pacTaHH# x; OoT £k ao K (ymonerBopsiomux orpanuueHusM (13)) npu Bcex ¢uxcu-
POBaHHBIX X, U M, TO

Kb?
b 2"
(——+2K+M)
a
Kb?
b 2’
(-—+2K+MJ

Munmmakcst (6) 6yayr 7 [M]=3[M]=0 B crry Toro, uto xP (M) =1x".
Tak kak f,(x ,yp)=f,-°[yp] H CD,-(x ,yp)=d>?[yp] (i=1,2), 10

A [M]=

AHanoruuHo

£ [M]=

-2
v ofo 2 b o (o P
fi -fi(x ,J’p)-Kb (;+2K+M) , D —-CD(x ,yp)-O (i=1,2).
Asgtop 6narogaput npogeccopa B.H. XKykosckoro 3a 3ameyanus.
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YAK 517.968

OB OfAHOW YETBIPEX3NEMEHTHOW KPAEBOW 3AJAYE
TUNA PUMAHA AN BUAHANTUTUYECKUX ®YHKLIMKA

10.A. Medeedes, K.M. Pacynoe

B pafoTe nmosiyien aaropuTM pellieHHS OAHOH M3 OCHOBHBIX YeTHIPEXIIEMERT-
HBLIX KPaeBbIX 3a/a4 Tuna PumMaHa B Kjaceax KyCOUHO-OHAHANMTHYECKHX (PYHK-
Dk, AMHNCH CKAYKOB KOTOPBIX SABJISETCS eIHHAYHAS OKPYXKHOCTD, YKA3aHBI yC-
JIOBHS, IPH KOTOPBIX pelieHNe 327290 MOXKET OLITh MOJYUYEHO KOHCTPYKTHBHO
sBHO B HHTerpanax Tuna Kommn, HcellefoBaHa KapTHHA Pa3peliHMOCTH 3a144H
W YCTAHOBJIEHA e HETEePOBOCTh.

1. Hocranosxka 3agaun. [ycte T* — kOHeYHas OHOCBA3HAA 061aCTh Ha MIIOCKOCTH KOMIUIEKCHO-
rO NEPEMEHHOr0 z = X + iy , OTPAHM4EHHAsA MPOCTHIM IIAJIKHM 3aMKHYTHIM KOHTYpoM L. ObGnacts, no-

nonustomyto T* UL Ao nonHO# miockocTd, 0603HaunM depe3 T~ u 6yJeM CUMTATh, YTO HAYAJIO KO-

opavHaT Haxomurca B T . B manbHeiimeM B OCHOBHOM IONb3yeMcS TEPMHHAMH H 0603HaqumIMn,
MpAHATHIMH B [1]. PachOTpHM CIEXYIOLIYIO KpaeBylo 3aiady.

Tpebyemca Haiimu 6ce Kycouno-6uananumuyeckue @ynkyuu F (z)={F *(2), F '(z)} Knacca

4, (T i)m H® (L) ucyesaiowue Ha beckoneunocmu u yoosnemesopsaowue na L ycrosuam:

OF* (¢ _ OF*(t OF (¢ _ t
Akl(n—_%ﬂ—l)" ‘Ak2<t)5—x;,,;y—)—— Gul)= ,,a(y,),_, +1F ‘sz<t)—2-_,,—;y,2_—+ g, (0, (1)

20e k=12, A(1),Gy(1), g (?) (j=1,2) — 3a0annvie na xonmype L pynxyuu xracca H(L) (I'éne-
Oepa), i — MHUMAan eOuHuYa, npuvem Ona onpedereHHocmu 6yoem npeononazame, YmMo viNONHACMCA
creoyloujee «HAUANLHOE YCAOBUE)
F*(0)=0. 2

CoopmynupoBaHHyio 3afady OyneM Has3biBaTh 3adayeil GRy;, a COOTBETCTRBYIOIIYIO onnopomlyro
samady (g,(t)=0, k =1,2) HasoBeM 3adaueil G]’E4

Ot™MerHM, YTO B YaCTHOM CiTy4dae, Korga Aj,(1)=An()=G()=Gu() =0, 4,@)= A21(t) 1,
3amaya GR, mpencrasisaer coboit OCHOBHYIO (0gyxanemenmuyio) KpaeBylo 3afady Tuna Pumana mia
OuanamuTHueckux QyHximi, chopmynuposannyo @.J. 'axoBEIM B ero H3BeCTHOH MOHOrpaduu (cM.
[2], c. 319). [{ByxanemenTHad 3afa4a THna Pumana (1) mia Gnanamurigeckux QyHKIMHA B CIy4ae mpo-
M3BOJIBHBIX KOHEYHOCBS3HBIX 00JIacTell ¢ rilaJKuMH rpaHMLaMH NoApoOHO uccienoBaHa B paborax of-
HOro u3 aBTopoB (cMm. [1] 1 umeromyrocs Tam 6ubnuorpaguio).

B nmanHoii 3aMeTke 3ama4a GR, ucciemyercd B COpMY/IMpOBaHHOM BBIIIE MOCTaHOBKE B CIyvae,

xorza konTyp L ects exunmaHas oxpyxHocts: L={t:J]=1}.
2. O ceexennn 3a1a4n GR, Kk ABYM BeKTOPHO-MATPHYHLIM 3aiauaM PuMana ais ananuTHYe-

cknx gpyaxnuit. Xopomo u3BecTHO (CM., Hanpumep, [1, 2]), uTo BeaKyro Hcde3aromnyio Ha GeckoHed-
HOCTH KyCOYHO-OHaHAMHTUYEeCKyO QyHKIMIO F(z) ¢ nuHMeH CKaukoB L MOXHO NPEACTAaBHTH B BUIC

F(2)=g5(2)+ 2’ (2), z€ T} 3
rae  ¢;(z), ¢;(z2) - aHanuTHUeck¥e COOTBeTcTBeHHO B I° Hu T (QyHKIHMH, npuUdeM
H{(/),: ,oo} >1+k, k=0,1 (3nech H{(o,;',oo} O3HauaeT MOPANOK BYHKIMU ¢ (Z) B TOUKE Z=0).

C yuerom npencrapneHus (3), H3BECTHBIX COOTHOLIEHUH
o_0 08 @ ( 2 @ )

—_— +—, — —_————
Ox 0z o0z ay 0z 0z
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M ToXecTsa f-f=1 (te L) xpaesrie ycobus (1) MOXHO mepenucars B CICTYIOIMEM BHE:

1 4, (DO () + ty, ()DE (1) = 17'Gy ()5 () + 16, (DD () + £, (), k=12, (4)
rac NpHUHATHI 0603HaYeHM:

dps(2z) . dof(2) e
@i (2)=z—1"2 ¢ +(-1
(2 l 7 -1
U3 paBeHcTBa (4), nepexos K KOMILIEKCHO CONPKEHHBIM 3HAYCHHAM, TIOMyHaeM:

2 4, (0) 10} () + 17 A (D0 () = G (D10, (1) + 7' G (D (1) + 2, (1), k=12,  (5)

Hanee, BBE/ieM B PaCCMOTPEHHE AHATMTHYECKHE COOTBETCTBEHHO B 77 U T~ (QyHKumM W,;(z) 7

zﬁ(z), zeT*,

wi(2) (k=1,2; j=1,2), xoTOpHIC ONpE/Ie/HM TaK:

Wi (2)=0p(2), yir(2)= %EG), zeT*, (6)
Ecnu npeanonoxurs, 4To
A @G () = 4 (DG, (D20, tel, k=12, )
TO paBeHCTBA (4), (5) MOXKHO 3aMHcaTh B CICAYIOMECH BEKTOPHO-MaTpH4HO# dopme:
vi®O=G.(Ow;(O+0,(), tel, k=12, )
rae
X ) Gu0g:() =G (Vg
-1 | G (D) =|Gpn (2 t t-0,.(t
Gk(t)=(§k(t)) 1. l kl( )l_l-kZ( )] zﬁk() N A=l k() 1
-6 (® |4, O] — |4, D] A (1)) (t)_—_f{d(t )8 (1)

£8,(0)
8(t)= 4y (Gu ()~ 42 ()Gio®) s B(®) =1 (42 (1)~ 42 (G ©) 5

a Wi(2) =i (2), viy(2)) — HemIBeCTHBIN KyCOUHO-aHATHTHYECKHH BEKTO (IPH K2XKIOM (GHKCHPO-
BaHHOM 3HAYCHHWH Kk ) ¢ muHUeH ckaykoB L.

Taxum o6pasom, IpH BBINOIHEHUH YciioBHii (7), pemeHue 3agauu GRy CBOOMTCA K PEIIEHHIO ABYX
OOBIMHBEIX BEKTOPHO-MATPHYHBIX 3a4a4 Pumana Buza (8) OTHOCHTENHHO IBYMEPHBIX KYCOHYHO-

aHATATHYECKHX BEKTOPOB Wi (2) = (Wj;(2), v (2)) -

3ameuanne 2.1. 3pech BaxkHO OTMETHTb, YTO €CIM BhmonHAoTes yenoeus (7), To

detG (1) = %% #0, t e L. CnenoBarensHo, ycioBug (7) HeoOXOAMMBI M AOCTATOUYHBI AJIS Hemepoeo-
k
cmu 00erx BEKTOpPHO-MaTpH4HbIX 3ana4 Buaa (8) (cm., Hanpumep, [3], c. 51).

H3 npuBeneHHBIX BBINE PacCyXICHHH BHIHO, 9TO B CiIy4ae, Koraa L= {t :ft| = 1} H BBHINOJHAIOTCA

ycnosus (7), npobnema uccnenoBanus 3amauud GR; B KiaccaX KyCOUHO-OHaHAMMTHYECKMX (yHKLMH
CBOJIMTCS B OCHOBHOM K Npo6iieMe HCCeIoBaHUs ABYX BEKTOPHO-MaTPUYHbIX 3anad Pumana Buna (8).
HsBecTHO, 9TO B 00IIEM ClIyHdac pelieHHe BEKTOPHO-MaTPHUYHBIX 3a/ia4 TaKoro BHAa CBOAUTCA K pere-
HHIO ONpeieJIEHHBIX CHCTEM MHTErpajibHBIX ypasHeHME Opearomsma BToporo pona (cM., Haripumep, [3],
ria. 1 wm [4], rn. 1). lockonbky 3aKOHYEHHOTO pelIeHHs METOJ HHTETPAbHBIX YpaBHEHHMH He Jaet
(xak B CMBICIIC YCTAHOBJICHHS YCJIOBHH pa3spelIMMOCTH, TaK U B cMbIcHe 3¢ (EKTHBHOTO MONY9IeHA ca-
MMX pelIeHHH), TO O4CHb BXKHO YCTAHOBJICHHE YaCTHBIX CIIy4aeB, KOTAa BEKTOPHO-MaTPUHbIE 3a/1a4
BHuza (8) romyckarioT BroiHe KOHCTPYKTHBHbIE H 3((EeKTUBHEIE pEIICHUA.

Crpykrypa Matpuli G,(f) (k=1,2) B xpaeBbIx ycnoBusx (8) no3Bojser noxy4utTbh KOHCTPYKTHB-
Hble pElIeHNs BEKTOPHO-MaTPUYHBIX 3a/1a4 Pumana Bupa (8) (a 3HaumT, M nocraBneHHo# 3anaum GRy),
HaIpuMep, B CJAEAYIOIMHX TPeX CITyqasX:

I.  Ob6wuii cnyuaii, koraa BHITIONHAIOTCA YCIOBHA:
|4 )] # |42 )] 1 |G ()] #|Gia ()], 1€ L, k=1,2; )
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II.  BeipooicOennviii cayuaii, KOraa Ut KKAO0ro U3 ABYX 3HAYEHHUI napameTpa k BBINOIHAETCH Of-
HO M3 CIICAYIOLIHX YCJIOBHI:

Gu(®)]=|Gi2 ()], |4 ()| #|42(0)], te L; (10)
|41 | =| 4420, |G ()] = ,teL; (11)
1G] =|Gia®), |4 @)]= ,tel; (12)

IIL. IlonysvipooicOennbiii cayuai, KOTa MPH ONHOM 3HAYESHHM MapaMeTpa k BBINOJHSAETCH YCIOBHE
(9), a ipu ApyroM 3HaYEHHH 3TOrO MapaMeTpa BHINOIHAESTCA OQHO H3 yciosuii (10)-(12).
Hipke mokaxkeM, 9TO B KaXIOM M3 YKa3aHHBIX ClydaeB 3aiada GR, Jomyckaer BIOJHE 3G (eKTHB-
HOE pellcHHE.

3. O pemennn 3axa4n GR,. OcTaHOBMMCS CHa4aJla Ha NOCTPOEHHH KOHCTPYKTHBHOTO a/ITOPHTMa
peleHus uccaeyeMoi 3aauM B cilydae 1. 3ameTHM, ¥TO NpH BBITONHEHHH ycroBui (7) xoadduupmenrt
G, (f) xaxnoi BeKTOpHO-MaTpHuHOH 3anaun Pumana Buna (8) (r.e. 3amaum, nmomydaemoii u3 (8) npu
KaxxaoM (puKkcHpoBaHHOM 3HA4YECHHH mapaMeTpa k) ofnafaeT CIEAYIOIMM BaKHBIM CBOMCTBOM: 6ce
anagnvie munoper mampuybl Gi(t) omauuner om wyns va L. Ho npu BRINOSHEHWH 3TOFO YCIOBHSA H3-
BeCTHO (CM., Haripumep, [1], §18), uTo BekTOpHO-MaTpuyHas 3asa4ya PuMana 119 aHATUTHYECKUX QYHK-

Iyl JOMyCKaeT BIOJHE KOHCTPYKTHBHOE pelleHHe. B camoM xperne, mepenmiueM B pa3BepHYTOM BHIE
MaTpuiHoe paBeHCTBO (8):

Gu®f -G @ AGHS Gu(8: ()= G (Dg, () o
V) ==y v+ VRO 18,(0) > @
Lo B® lAk,<t)12—lAkz<t)| i Akz(t)gkm Ay(Ng®)
Wia(t)= 5k() wa()+ 50 W)+ 25.0) (14)
Brozasa o603HaveHus
_BO - a8 -Gug® | _
Ql() 5k() (t)+ té.k(t) [ k 1’29 (15)
paBeHcTBa (13), B CBOIO ouepenp, MOJKHO 3aMKUCaTh Tak:
2
[ <110 /PG Y 16)

O (1)
Hanee, ecimu BpeMeHHO paccMaTpuBath O (f),f1€ L (Npn QUKCHPOBAHHOM 3HAa4YeHMH K ) Kak M3-
BEeCTHYIO (yHKIMIO, TO paBeHCTBO (16) Gymer npeacrasiaTh coboit KpaeBoe yClIoBHe CKLIPHOH 3a1a49n
PrMaHa OTHOCHTENIBHO HEM3BECTHOH KyCOYHO-aHATATHYECKOH (PYHKITMH 1,1/,?fl (2), ucuesatomeit Ha bec-

KOHEYHOCTH.
Ilycrts

2 2
Fnd 1Gu (@) -G ()]
O (1)
Torna, kak usBecTHO (CM., Hanpumep, [2], c. 113), npu 2; 20 ckamipHad 3agaya Pumana Buna (16)
(pn kaxxHoM GHKCHpPOBaHHOM k ) 6e3yciioBHO pa3pelnnMa H ee ofliee peleHue 3a1aeTca Tak:

Ou(r) dr_
2 Xk( 7)T—2Z

]:Indé‘k(t)= 2o k=12

Via(2)=X;(2)| 7 +P, (2)|,z€T*, a7
rae X;(z) ~ kaHOHMueckas QyHKUMS 33724y, P, ’e-1(Z) — TIONHHOM CTeNeHH J; —1 C MPOU3BONEHBIMH
KOMIUIEKCHEIMH Kod(duuuentamu. Ecin ke y, <0, To pemeHre 3anaud Pumana (16) take maercs
dopmyoii (17), rae HyxHo ronoxkuts P, _(z)=0, nmpu cobmoneHuy CIENYIOIAX ~ ¥y yCIIOBHH pas-

PEHINMOCTH:
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T) ;-
Q@ gm0, =12,z
Xk @
IToxcraBuB rpaHMYHOE 3Ha4YeHHE QYHKUMM y/;(2), HalinenHo#i no dopmyne (17), B paBeHCTBO
(14), momyunm KpaeBoe yclioBHE 0606ujenHoii cKaapHOi 3anaun PUMaHa OTHOCHTENIEHO HCYe3atouiei
Ha GeCKOHEUHOCTH KyCOUHO-aHATHTHIECKOH QYHKIMH Wi, (2) :

|4 )l2 "|Ak2(l')l2
LAQ)

rae By, (t,7) — ppearonsMoBo aapo, Oy, (f) — dyHkums xinacca H(L), BrioNHe onpezesieHHbIM 00pa-

30M BEIpaKaeMble Yepe3 u3BeCTHbIe PyHKIMM Ay (1), Gy (1), 8, (1) (=1,2).

Wia (1) -

Vi ®O+ [Boltwin(Ddr=0,@), tel, k=12, (13)
L

ScHo, yTo 1pH BEINOIHEHMH ycioBuii (7) u (9) o6obmenHas ckangpHas 3aga4da Pumana (18) aeia-
eTcs 3ajavell HOPMATBHOTO THTIA M B 3TOM CJIy4ae OHA JONYyCKaeT KOHCTPYKTHBHOE pelieHHe (CM., Ha-

npumep, [1}, § 2).
Hakonen, pemas (npH kaxaoM (HUKCHPOBaHHOM 3HAYEHHH MapaMmeTpa k) o6oOmeHHywo 3amaqy

PuMana (18), HanpuMep, NOMB3YACH METONOM, TpeIokeHHLM B [1], onpenemmm dyHkmm Wi, ().
3areM, MOJACTABUB IPaHHYHbLIC 3HAYCHHS HaWACHHOH QYHKUMH 5,(2) B BBIpOXKEHHE JUIA CBOGOZHOrO
yjaeHa Kpaeeoro ycioeus (16) m pemmB oOpruHyI0 3agady Pumana (16), ompexmemum KycowHO-
aHanuTHYeCKyYI0 GyHKIHMO Wi (2). [To HalieHHsIM yHKIMAM wih(2) u wi,(2) , nome3ysack hopmyna-
mu (6), ompeneTHM KycoduHo-aHamuTHueckne Qynkuun O (2),k=1,2. Torxa, ¢ y4eToM HauaTbHOTO
ycnoBusa (2), HETPYAHO BOCCTAHOBHTh AHAIWTUYECKHE KOMIIOHEHTHI HCKOMOH  KyCOYHO-
GuanamuTHaeckol gyHkmmm FE(z):

5 @)= (0 @-23@)., %)= fz g(cb (©)+D3()- 2""”;,;‘;))01;,

rae I'* (I'") - mpousBoibHAs IMaaKas Kpusad, jiexamas B 7 (77) u coenunsroman Touku 0 u z (o
# z). CrnenoBarensHo, B cuiy (3), pemieHue uckoMoit 3amaun GR, MOXHO MONY4HTS 1o dopmyrie:

F@)= {010 03(0) 3 [ O+ B3O - 2”"”';"Jdc,zer*

ri

2

Taxum 06pa3oM, CIIpaBeTHBO CleLYIOee YTBepKICHHUE.
Teopema 3.1. Eciu na L ={t:|t| =1} sunonnsomen ycaoeus (1) u (9), mo pewenue 3a0a4u GRy

c800uUmca K nocnedo6amenvHoOMy peutenuio 08yx 0606wennvix ckanspuulx 3a0ay Pumana euoa (18) u
08yx obviuHbIX ckanApHbLIX 3a0ay Pumana euoa (16) e xaaccax ucuesaiowux Ha beCKOHeYHOCMYU KyCoY-
HO-aHanuMuYecKux QyHryuii ¢ cunues ckaukog L.

OueBuaHoO, 4T0 B gviposcoennom (I1) u nonyeviposicoennom (III) caydasx MOXHO NIPUMEHHTH TOT
e aJropuTM peeHns 3afaun GRy, 9TO M B pacCMOTpeHHOM o6wem cryyae. Hanpumep, ecim ko3dpu-
IMEHTHl NIOCTaBJICHHOH 3aa4u oGnanaroT ogHuM u3 ceoiicts (10), (11) mwm (12) (cyyaii II), To peme-
HHE KaXI0H BEKTOPHO-MaTpH4HOH 3aja4uu Pumana Buna (8) Oynaer cBOAMTBCA K PELICHHIO JBYX CKa-
JIAPHBIX 3afa4 PUMaHa B Knaccax KyCOYHO-aHaJTMTHUYECKHUX (yHKImi, HCue3alomux Ha GeCKOHEUHOCTH
(cm. dopmynsl (13), (14)). CooTBeTCTBEHHO, € YYETOM paccyxIeHui 1. 2, s pemieHus 3anadn GR,
noTpeSyeTcsd pelMTh YeThIpe OOLIYHEIE CKalApHBIE 3amaun Pumana. AHajoruuso, B ciyqae 11 perme-
HHe uckoMoii 3anaun GRy CBOAHTCA K PEHICHHIO YeTHIPEX CKAIAPHBIX 3aad PuMaHa B Kiaccax aHaiH-
THYECKUX (QyHKIMi, Hcuesaromux Ha GeckoHeyHOCTH: ofHON 0600menHo# 3anayn Bupaa (18) u Tpex
oObIMHEIX 33124 Buaa (16).

3ameuanue 3.1. Tak kak B BeIpoxkaeHHOM ciydae (II) pemenue 3anauv GR, penyuupyercs K pe-
IIEHHIO YeThIpeX OOBIMHBIX CKATAPHBIX 3afa4 PuMaHa, To B 3TOM ciiydae peiieHue 3anauu GRy (B ciy-
4ae €€ pa3spelMMOCTH) MOXKHO MOMYYMTh SBHO B HHTeTpatax THma Komm, T.e. NpH BHIIOJHEHUH YCIIO-
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Bui (7) u ognoro u3 ycnosuit (10)-(12) uccnemyemas 3axada NOMycKaeT pelieHHe B 3aMKHYTOH dopme
(B kBazpaTypax). ‘

4. O xa1eCTBEHHOM HCCIE/0BANNH 3anaul GR,. KapTuHy paspenmMocts 3anaqi GR, H BBIBOX O
€€ HETEPOBOCTH HEC/IOXKHO YCTAHOBHTE OCHOBLIBasACH Ha TeopeMme 3.1. JleHicTBuTensHO, U3 TeopeMnl 3.1
BHZIHO, 9TO KapTHHa PaspellMMOCTH 3afaud GR, onpejenseTcd Ha OCHOBAHWHM KapTHH Pa3peIHMMOCTH
IByX 00600IIEHHBIX CKaJipHBIX 3a7a4 Pumana Buna (18) u xByx oObruHbIX 3amay Pumana suma (16).
Ilpn 3TOM BaXKHO 3aMETHTh, YTO MHICKCHI 3THX 3afay (1A KaKAoro ¢pHKCHPOBaHHOrO 3HaueHus k)
COBMAJAOT:

le1(‘)|2 “‘Isz(‘)lz — Ind IAkl(t)lz "lAkz(f)l2
S (1) 6 (1)

CrnepoBaresnbHO, JUI MOJTHOrO M3y4eHHS KapTHHBI pa3pelIMMOCTH 3aaul (GRy Ha OCHOBaHHH Kap-
THH pa3spelUIMMOCTH KpaeBbIX 3aa4 Pumana suaa (18) u (16), cnenyet paccMOTpeTh CIEAYIOLIHE HEThI-
pe pasiMYHBIX ClTydas, KOTOpPhIE TIOJTHOCTHIO OXBATHIBAIOT BCE BO3MOXKHEIE CHTYALIHH:

1) 120,2,20;2) <0,%,20;3) 120,72, <0;4) <0, 2, <0.

Jainee, oMB3yACh CXEMOH HCCNENOBaHHS KapTHHBI paspemiHMocTH obobueHHoit 3afaun Pumana
suaa (18), npuBenennoii B MoHorpaduu [1], HeTPYAHO YCTaHOBHTH CHPABEUIMBOCTE CIEAYIOIIETO YT-
BEpIK/ICHUA.

Ind }=Ind5k(t)= 2o k=12

Teopema 4.1. Ecauna L= {t :Itl = 1} guinonusaomea yenosus (1) u (9), mo uucno nuneiino nezasu-

CUMbIX pewienuti 0OHOPOOHOU 3a0ayu GR‘? U YUCNO YCN0BUIl pA3peMUMOCu HeOOHOPOOHOU 3a0auu
GR, xoneunwi, mo ecmo 3a0aua GRy agnaemcs Hemeposoil.

JIuteparypa
1. Pacynos K.M. Kpaessie 3anaun u1g nomaHanuTiHdeckKux (HyHKIHI 1 HEKOTOPbIE UX MPWIOXKE-
Hust. — Cmonenck: CITIY, 1998. — 343 ¢.
2. Taxoe ©.[. Kpaessie 3anauu. — M.: Hayka, 1977. - 640 c.
3. JIureumuyk I'.C. KpaeBrble 3a1auy ¥ CHHTY/IApHBIE HHTETpaibHbIC YPABHEHHA CO CBHIOM. — M.
Hayxa, 1977. - 448 c.
4. Bexkya H.II. CicreMbl CHHTYJIPHBIX HHTETPaTbHBIX YpaBHeHui. — M.: Hayka, 1970. - 379 c.

Hocmynuna e pedaxyuwio 23 uionn 2006 2.
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YAK 512.54

KOHE4YHbIE HEPA3PELUUMbIE I'PYINbl C HETPUBUATbHBLIM
LEHTPOM U MAJIbIMU LLEHTPANTUSATOPAMU HELIEHTPAJIbHbIX
SNIEMEHTOB

Nn.A. TropuHa

HOJ'!y‘-lelIO ONMHCAHHEe KOHEYHBIX HEPa3pelNMbIX I'DYHN ¢ HETPHBHAJILHBIM HEH-
TPOM, YAOBJIETBOPAIOINHX YCJIOBHIO: MOPAAKH IEHTPAIH3IATOPOB HENECHTPAIL-
HBIX JJIEMEHTOB rpyIHibl B CBOEM NPEACTABJICHHHM B BHAC NMPOH3IBEACHMA NpoO-
CTBIX YHces1 HMeIoT He GoJlee MATH COMHORATENE..

1. Beenenne u ocHOBHBIE Jonymenns. Yepes w(n) ycnoBumca 0603Ha4aTh KOJIHYECTBO MHOXKH-
TeJell B MpeICTaBJICHHH HATYPATIBLHOrO YHC/Ia # B BH/E NpOM3BeAeHHA MpocThIX uncen. Ecou H — nog-

rpyrma koneuHoi rpynmst G, 1o w(H) =w(|H K
v(G) =méx{w(C(g))| ge G\Z(G)} . 1)
B pa6orax [1] u [2] uccnenoBaHs! KoHeuHble HeabeneBbl TPYTIIIB ¢ YCIIOBHEM v(G) =2u v(G) =3
cooTBeTcTBeHHO. B [3, 4] ommcans! koHednsle rpymusl ¢ ycnoeueM v(G)=4, a B pabotax [5] u [6]
H3yueHB! HepaspeIMEIe rpyTbI Ges nentpa ¢ ycosueM v(G)=5. B npeanaraemoit paGote uccneny-

€TCs CTPOCHHE HEpaspelIHMBIX I'PYTIT C HETPMBHATBHEIM LIEHTPOM ¥ ¢ ycoBueM v(G)=5.
Ecimu p — HeweTHOE POCTOE YHCIIO0, TO MOJOKHIM

- ; max{w( p"-1), w(l’f{ﬂ}} ecim {;” =1(4), o
~max{w( p"+1), w(l’—z——lJ} ecmu p” = —1(4).

Kpome Toro, nonoxum S
l'(p"):max{w(p"—l),w(p"+1)}. (3)
Yepes Ep,, ycnoBuMcs 0603HaYaTh 3NIEMEHTapHYIO abeneBy rpymry nopsaka p”. B pancheiimem p—

BCEr/ia HEUETHOE TIPOCTOE YHCIIO.
Ilycts G — Hepaspemmman rpymma, v(G)=5 u Z(G)=#1. Ilpeanonoxum, aro Z,(G)>Z(G).

Ecmn xe€Z,(G)\Z(G) u ¢:g—[g,x], o Ker(p)=C(x) u G/C(x)-abenera rpyma. Ho Torna
nompymma C(x) Hepaspemmma. Tak xak CZ(x)=C(C(x))-a6enesa rpynma, To daxrop-rpynna
H =C(x)/C*(x) nepaspemmma. 13 ycnosuit w(C (x)) <5wu w(C2 (x)) >2 crmenyer, uto w(H)<3,
YTO TMPOTHBOPEUHT HepaspemmmMocTd rpynmst H . Tlostromy Z,(G)=Z(G) u G/Z(G)~-rpymna Ges
nenTpa. OTMETHM elIle, 4To v(G/ z (G)) <v(G). 310 cnemyer u3 Toro, 4TO

ICG/Z(G) (xZ (G))I - IC (X)HZ (C;;?G{g]x’ 2 G}' ' (4)
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Tiopuna N.A. KoHeyHble Hepa3pewuMsie 2pynibl ¢ HeMPUBUasIbHLIM UeHMPOM
U ManbiMu YeHmpanu3amopamu HeyeHmpansHbLIX 3NeMeHmoe

B camom gene, mycts H/Z(G)=Cy;, 2(6) (xZ(G)). Paccmorpum romomopdmme: H — Z(G),
sajanHpii  Qopmynok  h®=[hx]. Torma Ker(¢)=C(x) u Imp= {[x,h]]h eH } =
={[x.g]|g € G} nZ(G). Mostomy |H|=|C (x)|- IZ (G)n{[x.glige G}l .

Uz pabor [1-6] cnexyer, uTO HepaspelllMMbie KOHEYHBIE IPyNmbl Ge3 LEHTpa € YCIOBHEM

v(G)=n<5 ucuepnpIBalOTCA rPYNTNaMH CISAYIOUHX THIIOB.
P Ip, Y10

A. TIpocTsie rpynmsl.
1) n=2: PSL(Z,S) ;

2) n=3: PSL(24), qe{2’,3%3.5", p} . rme I(p) =3;

3) n=4: A pSL(z,q),qe{24,52,73,p},r11e I(p)=4;

4) n=5: My; J4i; PSL(33); PSL(2.), qe{3,7%11%13%, b}, rme 1(p)=5; PSL(2.p°),
rne /(p*)=5; PSL(2,7°), tme p=2 wm I(p°)<5.

B. T'pyrimst aBTOMOP(H3MOB MPOCTHIX PYIML.
1) n=3: PGL(2,5);

2) n=4: PGL(2,q), g€ {32,33,19} ,rae I (p)=3; PSL(2,9)A{r), q€ {23,33} , T _ monesoi
aBToMopdu3M nopsaka 3; PSL (2,32)-(1‘) , Tie ¢ —IpOU3BEIeHHE MOJIEBOTO M AUATOHAIBHOI'O aBTOMOP-
¢bu3MOB;

3) n=5: PGL(2,9), g€ {52,53,73,;7} e I'(p)=4; PSL(2,9)A(r), g€ {24,32} , T—ToJe-
BO¥ aBTOMOp(dU3M mopska 2; PSL(Z,SZ)-(t) , TIe ! —TpOu3BEACHHE MOJIEBOr0 M AUArOHAILHOIO aB-
Tomopdusmos; Aut(PSL(2,9)), g {32,33} :

C. Pacmmpenns rpynnsi 4s .

n=5: AsxH, H-mueaGenesa rpynna nopanka pq; (4sx(a))-(z), rme 4-(r)=Ss, |a|=p,
T MHBEPTHPYET d .
D. Paciinpenns abeneBEIX rpym.

1) n=4: E,APSL(2,5), p=£1(10); G/E, = PSL(2,5);
2) n=5: HASL(2,5)- rpynma @pobenmyca u 2<w(H)<S5; ESZ/ISL(Z,S);

5
rpymmsl T2 Ey ASL(2,5); mee rpymmsl Tuma Ep‘ ASL(2,5), p#5; Ep3 ﬂ((a)xPSL(Z,S)),
p=%1(10), p=1(3), |4=3, Ep; A{a)- rpymma ®poGernyca; Ep3 APSL(2,7), P =1(7);
G/E4 = PGL(2,5).

B nynkre D pelicTBie COOTBETCTBYIOIIMX IpyIIN Ha aberneBoii rpyrme onpexeneHo B paborax [5-7].

(E 2 XE 5 )ASL (2,5), Epz ASL(2,5)-rpyrma ®pobenmyca; ((a) X (b)) ASL(2,5), |a|=|b|=25; mse

2. OcnoBHas Teopema. lenbio faHHOI paboTHI ABNAETCA HOKA3aTENLCTBO CIEAYIOMEH TEOPEMBI.

TEOPEMA. Ilycmv G —KoHeunan Hepaspewumas 2pynna ¢ Hempusuanohvim yenmpom. Ecnu
v(G)=5, mo G- odua us cnedyiowux zpynn:

1) G=HxZ(G), H - zpynna 00nozo uz munos A.1) — A.3) wnu D.I), w(Z(G))=5—v(H);
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2) GIZ(G)- .epynna  oowoeo w3 munoe B1) ww B2),G'NZ(G)=1 u
w(Z(G))=5-v(G/Z(G));

3) G=H-Z(G), H=SL(2q) u w(Z(G))=4, ecru q=5; w(Z(G))=3, ecru q=p,
I'(p)=3; w(Z(G))=2, ecm qe{3,5,5°,7, p}, 20¢ I'(p)=4; w(2(G))=1, me. G=SL(2,q),

ecnu q € {34,72,1 12,132,p,,p§} , 20e Py, p — Heuemnvie npocmsie wucna, I (p)=5 u I’ (pg) =5;

4 G= A; / <k" > , e0e A; —YHUBEPCANbHAA HAKpLISAIOWAn pynnsl A, (k) —  MYJIbMURTUKAMOP
Illypa zpynner A;, a ne€{2,3,6};

5 G=H-Z(G), z0e mubo H= PSL(2,9)‘ wu  SL(2,9) u w(Z (G)) =3, aubo
H = PSL(2,9) /(K*) um w(Z(G))=2;

6) G/Z(G)=PGL(2,9) u G'=SL(2.q), npu smom w(Z(G))=1, ecru qe{52,73,p}, 20e
I"(p)=4; w(Z(G))= 2, ecnu g€ {33,53,19} , 20e I"(p)=3; w(Z(G)) =3, ecnu g=5;

7) GIZ(G)=PGL(2,9) u npu smom mubo G'=SL(2,9)uru PSL(2,9)* u w(Z (G)) =2, mbo
G'= PSL(2,9) /(k*)u w(2(G))=1;

8 G=SL(2,9)A{r), g€ {32 ,33} , T— HempuguanbHuiii nonesol asmomopusm;

9 G/Z(G)=PSL(2,9)-(t), qe {32,53}, ! — npouseedenue noneeoz0 U OUGZOHATLHOZ0 ABMO-
Mopusmos, u ecru q= 52, mo G'z SL(2,52) u w(Z(G)) =1, a ecmu q=3*, mo
G'= PSL(2,9) /{k"), 20e ke{2,3,6} u w(Z(G))=2;

10) G= Ep; ASL(2,5), p=+1(10) u C(Ep; ) = Ep3 A{z), 20e v~ unsomoyun uz SL(2,5).

Hokasatenscrso. Ecmn Z(G)NG'=1, 10

Co12(6) (%2 (G))=C(x)/Z(G) (3)
ans moboro x€G , T.e. v(G)=v(G/Z(G))+w(Z(G)). Tosromy daxrop-rpyma G/Z(G) B stom
ciyuae u3oMopdHa oaHo# U3 rpymn 4.1) — 4.3), B.1), B.2) wm D.I) u w(Z (G)) =5—v(G/ Z(G)).
Eciu nipu stoM G/Z(G) coBmazaet co cBOMM KOMMYTaHTOM, T.. ABJfETCS rpynmol Tuoa A.1) — A.3)
win D.1), To m3 paserctea G=G'-Z(G) crmenyer, uro G=G'xZ(G). Taxum obpasom, B ciyuae
VA (G) NG =1 rpymma G sBndercs rpynioii Tumna 1) win 2) u3 ycloBHS TEOPEMBI.

Ipennonoxum tenepb, uto Z(G)NG'#1, u nyers G/Z(G)- rpymma ogHoro u3 Tumos A.1) —
A4). Torna G=G"-Z(G) m G' sBnserca HakpeiBaiomedl ana rpymmst G/Z(G). Cryuan
G/Z(G)=M,,, J,, PSL(3,3) mm PSL (2,2" ) MpE n>2 HEBO3MOXHbI, TaK KAK B 3THX CIydasx
MynsTLkatop Llypa rpymsr G/Z(G) TpuBHaeH.

Tycts G/Z(G)=PSL(2,9), ¢ =p" Heverro u ommuHo ot 9. Torna G’ = SL(2,q). B s1om cry-

4ae (CM., HalpHUMep, AOKA3aTENbCTBO TEOpeMbl 5.9 u3 [8]) LEHTPATU3aTOp HOO0r0 HeUEeHTPaTLHOTO
aneMeHTa x B rpynmne G abenes u

lc(x)/2(G)|e {q,i’:—l,-q-f-l}. (6)

2 2
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Tiopura WU.A. KoneuHble HepaspeuwiuMble 2pynibl ¢ HEMPUGUANLHLIM UEHMPOM
U MarnbIMU YeHMpanu3amopaMu HeUeHmMpPansHbIX ANeMeHmoe

Toatomy G =SL(2,9)-Z(G). Y u3 pasencrs
v(SL(2.9))=max{I’ (g),w(g)+1} u v(G)=v(SL(2,))+w(Z(G))-1 (7)
crenyet, yto G — rpynmna THNA 3) U3 yCIOBHA TEOPEMBL
Ipeanosioxum Teneps, uto G/Z (G) = 4;.I'pynna A; ¥MeeT TpH HAKPHIBAIOLIKE € IEHTPAMH II0-

PAZKOB 2, 3, M 6, COOTBETCTBEHHO. 3aMETHM, UTO 3JEMEHT NpocToro nopsaxa r w3 Z(G)NG' ysenu-
uuBaeT Ha exuHALy 3navenne w(C(x)) wa r'-omementa x M3 4, W He Menser w(C(x)) nns sne-
MEHTa X nopsaka 7. Tak Kak B rpynne A, Ui 31€MEHTOB NOPAAKA 2 U 3 BHIMONHSAETCA PABEHCTBO
w(C (x)) =4, 10 B moGom cydae v(G')=5,1e. G=G'= 4,/ <k"> , e (kY- mynbrammaxarop Llypa
rpymmst 4; u n€{2,3,6}, T.e. G- rpynna Tvna 4 u3 yclOBHS TEOPEMEL

Tlycts G/Z(G)= PSL(2,9). Mynstimnakarop Illypa rpymmst PSL(2,9) Toxe sBIsieTCS LKIH-
4ecKoi rpynmoii nopsaaxa 6. Tak kak B rpymnmne PSL(2,9) JUIA 37IEMEHTa X MOpsAAKa 3 BBIIOIHAETCS
pasenctso w(C(x))=2, a s aniementa x mopszka 2 — pasencteo w(C(x))=3, 10 ¥(G')=4 B cny-
yae G’EPSL(Z,Q)' I PSL(2,9)‘/ <k3>, rae (k)— mymsrammxarop Wlypa rpymmst PSL(2,9), u
v(G')=3 Benydae G' = PSL(2,9)* / (k") , T.€. B 3TOM cTyqae G — rpymna THNa 5 U3 yC/IOBHS TEOPEMEL

Iycrs Temeps G/Z(G)=PGL(2,q). Torma G'-Z(G)/Z(G)=PSL(2,q). THonoxum
G'-Z(G)=H. Torma H'-Z(G)=H w H/H'- uentpanbhai noarpymma nopsuka 2 u3 G/H'. Tlo-

sromy G/H'— abenesa rpymma, Te. H'=G'. Ho Ttorma G"=H"=H'=G. Orciona
G'NZ(G)=G"NZ(G') m, cnepoBarensHo, G’ sBUSeTCS HaKphiBAloWleH JUIA  TPyIIBI

G'I(G'nZ(G))=PSL(2q).
Eciu g#9, 10 cora G'=SL(2,q). B aroM ciydae (cM. IokasaTenbcTBo TeopeMsi 5.9 u3 [8])

LleHTPATH3ATOPE! HELICHTPAILHBIX 3/IEMEHTOB B Ipymne G HCYEpHBIBAIOTCA MOATPYINAMHA MOPAKOB
q IZ (G)I u (g+1) -IZ (G)I , T.€. MBI TIOJTyda€eM IPYTIIIEI THIIA 6) U3 YCIIOBHS TEOPEMBL.

TMpennonoxum, ato ¢=9. Torma G’ EPSL(2,9)*/ <k”) , toe ne{2,3,6}. Eom n=3, Te.
G'=SL(2,9), 10 m3 r (9)=3 cuemyer, uro w(Z (G)) =2. A ecn G'= PSL(2,9)* WIH
PSL(2,9)* /<k2> H T — UeHTpanbHas nusomowns u3 G/Z(G), To u3 yciosus lCG 12(G) (rZ (G))‘ =16
CrefIyeT, YTO MOPSZOK cHIOBCKoi 2-moarpymmer S m3 C(r) pasen 16. Tak kak C(r)=S-Z(G) u
|2(G)G'| pasen 6 wm 3, To

lc(z)|=48-]2(G)/(2(G)nG).- (8)
Tootomy w3 w(48)=5 cnenyer, uro Z(G)<G' u, crenosatensHo, w(Z (G)) =2 B NEpBOM CiIydae
w(Z (G)) =1 Bo BropoM ciy4ae, T.. G~ rpynmna Thna 7 U3 ycJOBHS TEOPEMBI.

PaccMoTpiM Teneps caydail, korna G/Z(G)= PSL(2,9)A(z). B atom ciyuae cHosa G'— smm-
MopdHEI 06pa3 PSL(Z,q)*. W u3 paBeHCTBa PSL(Z, 2" )‘ =PSL(2, 2") npu n>2 Ccaemyer, 4To
g=3 wm 3’. Bom ¢=3, 1o w3 C(r)2(r)xSL(2,3) n ycnosms v(G)=5 cuenmyer, uro
w(Z (G)) =1, Te. GESL(2,33)/?,<T) . B ciysae 1 g=9 m G'=SL(2,9) aHanOrHYHO MNONydHM
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G=SL(2,9)A(r). A ecmn G'=PSL(2,9)" mm PSL(2,9) /(k?), 1o w3 Cpgy(y g)(7)= PGL(2,3) mo-
myanm v(G)>5.

Hycts G/Z(G)=PSL(2,q)(t), rae ¢~ npousseaeHHe NONEBOro H AUATOHATHHOTO aBTOMOPM3-
MoB. B 51OM ciryuae cuiosckas 2-noarpynma rpynnst G/Z(G) nuompansha. Kak u Bemme, G'— smu-
MopdHEIif 06pas rpymmst. B ciyuae g =52 i ueHTpansHo# uHBOMOIMA 1 € G/Z (G) sbmonnsercs
PaBEHCTBO ,C (z)l =24. |Z (G)' , T.€. B 3TOM CITy4ae w(Z (G)) =1.Ecmaxe g=9,T0 IC (z)l =8 |Z (G)I u,
CIIe/IOBaTelIbHO, w(Z (G)) =2,

Tycts G/Z(G)=4sxH, lﬁ | = pq.Ecnu @~ snemeHT nopazaka 3 u3 H, g— 3/eMeHT Hopaika
g w3 45 u z=[a,g|, To u3 2’ =[a”,g}=1=[a,gq]=z" cnenyer, uto mbo z=1, mibo g=p. Bo
BTOPOM CIydae SNeMEHT @ MepecTaHOBOYEH ¢ cuuloBekol 2-noarpymmoii m3 T, rae T = A x(a@), a

CIICHOBATENEHO M C TMOATPYMNOH, NOPOMUICHHOH 3TMMM CHiOBCKHMH 2-moarpymmamu. Ho Torza
C(a)=T(a) u w(C (a)) >5, T.e. 3TOT Cilyuali HeBoaMosxkeH. B ciyuae G/Z(G)= (17 x(E))(T), The

H = A, ananorwano nonyanm C(a)=H x (@), 4to HeBO3MOXHO.
Iycrs G/Z(G)- pacmmperye rpymst Ep3 ,rme p=5 wm p=+1(10), c nomomsro PSL(2,5).
Kak roka3zaHO NpH NOKa3aTeNnbCTBE TeopeMbl 1.2 U3 [3] , B 3TOM cIy4ae MOXHO CYMTaTh, UTO

E, =<a>x<a_2>x<5;> , ¥ JUIS CHJIOBCKOH 2-TIOATPYIIIIBI <H>x<g> w3 PSL(2,5) BemonHMmoTCH pa-

Ty

- =
BEHCTBA @; =a; U g

—-1

=q, npuiz#j,tae i,j=,23 n ;;=ET_Z- Ho Toraa m3 [a,-,aj]eZ(G)
CIIeTyeT, uTo

[a,.,aj] =[a,-,aj:|ri =[a,-,aj'-l:| . 9)
Tosromy [a,-,a j] =1, Te. (lG’mZ (G)l, p) =1. D10 o3HavaeT, YTO ]G’ NnZ (G)I =2 u G- paclIHpeHHe
Ep; ¢ nomompio SL(2,5), npuuem nuBomonus u3 SL(2,5) neficteyer Ha Ep; TPHBHAJILHO, T.6. G~
rpymma Thrna 10) U3 yCIoBHS TEOPEMBI.

Ecmn G/Z(G)= AASL(2,5)- rpymna uma D.2), To w3 SL(2, 5)* =SL(2,5) cnexmyer, 4ro nops-
JOK |G’mZ (G)| negeren. Ho Torna ecn 7 — mnsomouun u3 SL(2,5), 1o w(C(r)) >5, T.e. 3TOT CIIy-
uaii HeBO3MOXKEH. AHATIOTHIHO B citydae G/Z(G) = E, A((@)x PSL(2,5)) nomyamm w(C(a))>5.

Tpennonoxum Teneps, uto G/Z(G)= Ep3 APSL(2,7) . Yis nemms1 6.5 paGotsi [7] crenyer, uto B

HekoTopoM Oasuce {al,az,a3} hyngiiiis] Ep3 3/IeMeHT X nopsanka 4 u3 PSL (2, 7) 33/1aeTCA MaTpHUIeH

( 1 1)
—'r — ——
2 2
1 1
0 réc —r—a|, (10
5 T3 (10)
1 1
r — —
\ 2 2)
e r - pemeHue ypasmenns 2r’+r+1=0 B note GF(p). Ho torma Co12(6) (%)=

—r—r— —r——r—

=(J?)x<al a, a3>. Monoxum b =a, a, a;. Tak Kak w(CG,Z(G)(E))=5 n w(C(b))<5, To
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Tiopuna U.A. KoneyHbie Hepa3pewuMbie 2pynnsi ¢ HempUeUanbHLIM UeHMPOM
U ManbIMU UeHmparu3amopamu HeyeHmpanbHbIX s5eMeHmoa

G'NZ (G) = (z)-— TOArpyNia nopsajka p H z =[b c] JUIS HEKOTOPOTO JIEMEHTa € € E . Ho Torna,
ecnt P - CuNOBCKas p-TIOATPymma Ipymm G, To [Px]sC(b). U ms P=[P, x] Cp(x) u
Cp(x)=(b,z) cnenyer, uro P <C(b), 4T0 HEBOIMOXKHO.

Cryuaii G/E = PGL(2,5) ananorsHO MPUBOAWTCS K NPOTHBOPEHHIO. B 3TOM cityuae w3 sieMMbI

6.3. paGorst [7] cremyer, uTo B HekoTOpOM Gasmce {a,,az,a3} rpynmet E anemeHT X nopsaka 4 u3

PGL(2,5) samaerca MaTpHuieit

3 -1 1
30 -1, (10)
-1 3 3

T.e. Cg/2(6) (%) =(x)x <21;2a_3> . Teopema noxazaHa.
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YOK 519.63

MOAENIMPOBAHUE VITFPALMOHI:IOVI OAKTOPUSALIUN
ang MNMUNTUYECKOU KPAEBOU 3ALAYU BTOPOIO NMOPAOKA

A.Jl. Ywakoe

JuuMnTHYeCKas! 38/1a4a BTOPOTo NOPsiAKa B NPAMOYroJibHO#H 061acTH npH onpe-
AeJICHHBIX KPaeBBIX YCIOBHAX C MOMOHILI0 METOIOB CYMMATOPHLIX TOXKIECTB H
ATEPAnUOHHOH (PAKTOPH3ALMM CBOIHTCH K CHCTEMaM JHHeWHLIX ajareGpamdve-
CKAX ypaBHEHHI ¢ TPEYroJibHbIMH MaTPHIAMH, B KOTOPLIX KOJHYECTBO HEHYJIe-
BLIX 3JICMEHTOB B Kaxa0# cTpoxe He Gonee Tpex. IToBTOpstiomasics daxkropnsa-
HHS ONEepPaTopa, JHEPreTHYecKH JKBHBAJIECHTHOIO OMEpaTopy NpHOIHXKeHHOMN
pemieHHol 3apa4m, 06o3HavaeTcH B JaAHHOM CIydyae Kak MOJeJHPOBAHHE HHTe-
rpanvoHHoli GaKTopH3alHH, TAK KaK ONepaTop HCXoAHOM 3agauu He (aKropH-
3yeTcsl TOUHO.

1. Beeaenne. B cTathe paccMaTpHBaeTCs UIMIITHYECKOE YpaBHEHHE BTOPOTO MOPAJKA B HPAMO-
YTOJIBHHKE CO CTOPOHAMM IIaPAJUICIBHBIMH OCSM KOODAMHAT IPH 3TOM Ha NPaBOH M BEpXHEH CTOPOHax
NPAMOYTOJIbHHKA 3a/1aHO I7IABHOE KpacBOE YCJIOBHE; 4 Ha OCTAIbHON HacTH IpaHMIIBI 3aJaHO eCTecT-
BEHHOE KpaeBoe ycnoBue. [l YHCIEHHOTO peleH:s pacCMaTpUBaeMoil 3a/1avu Ipeiaraiorcs BapHaH-
THI UTEPaLMOHHOTO TpPOLECCa, MCTOIB30BAHHE KOTOPHIX JaeT yObiBaHME OIMMOKH B JHEpreTHUeCKOH
HOpME 3a KaKAyI0 UTEpallHioO He MEHee 4YeM B JiBa pa3a. Ha xakaoM mare HTepalliOHHOIO mporecca
BO3HHKAIOT JIB€ CHCTEMEI! YPABHCHHH C HIDKHE- M BEPXHETPEYrOJMbHBIMA MaTPHLIAMH, B KOTOPBIX KOJIH-
YeCTBO HEeHYJIEBBIX JJIEMEHTOB B KKHOH CTPoKe He Golee TpeX. YKa3bIBaIOTCS BAPUAHTHI PEIICHHS TI0-
CIIGAHHX CHCTEM, KOT/Ia CYET 11O IPOM3BOAHBIM (hopMynaM ycroiuus, TakuMm oGpasoM, HalifeHa U yka-
3aHa YHCTas 3a/a4a JUIA SUTHIITHIECKOrO YPaBHEHHs BTOPOro NMopsaKa, KOTopas 1ocjie anmpoKCHMali
IO METOY CYMMATOPHBIX TOXKAECTB He (akTopHsyeTcs, HO uMeeT (aKkTOpH3yIoIMiica epeobyciaBiu-
Baresib HauboJiee eCTECTBEHHOH KOHCTPYKIMH, KaK, HalIpHMEP, B MONIEPEMEHHO TPEYTOJILHOM METOXE.

2. HenpepniBHAs 331242 BToporo nopsiaxa. PaccMarpusaercs 3aa4a:
ueW .. Auv)=C(v) VveW,CeW, )]
TAc
W =W (@)={vem (@], =0},
Q = (O,bl)x(o,bz), bl s b2 € (0,00),
T.€. HCCIEXYeTCA 3a4a4a B PAMOYTOJIbHOM 061acTH,

Iy={b;} x[0,b,)v[0,5 ] x{b,}
H 6muHeiiHas Qopma
A(u,v)= I(uxvx +uyv, +cuv)dQ, cef0,).
Q

3ameTMm, OCHOBBIBaACH Ha [ 1, 2], uto
3¢ c,€(0,0): ¢ "V"ié @ <A(u,u)<c, "v";,zl @ VVEW
Cclie[oBaTeNbHO, pelieHne 3a1aq M (1) cymecTByeT 1 exuHcTBeHHO [1, 3].

Mo3kHO OTMETHTB, YTO NPH KOCTATOYMHO TJIANKOM pemieHuH 3a1a4H (1), KaKk cleAcTBHH, HATIPAMED,
TOro, 4T0, €CITH

1()= [ o,
Q

rae f— JOCTAaTO4HO Iriajkas (pyHKUHS, HMeeM (F = dQ) :

_"(ux Ve —U, v, +ouv)dQ=
Q
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Ywaxoe A.Jl. Modenuposanue umepayuonHoli (hakmopusayuu
ans annunmudveckol Kpaeeoll 3adayu 8mMopozo nopsidxka

= I(—uxx V=, v+couv)dQ+
Q
+ I(ux veos(n,x) +u, Veos (n,y))dF =
r
npeabIAyliee paBeHCTBO MMEET MECTO, T.K. [1]

ij dQ= jW vdQ+ ijcos(n 2)dl,z=x,y

- I( ™ uyy+cu)de+rj' 540 = g! fvdQ
2

TakuM 00pa3oM, 3agaya (1) npu cAeNIaHHBIX BBIIIE NPEANOIOKEHUSIX TIPEACTABIACTCA B ClIEAYIOMEM
Bane (I, =I'\I))
—Au+cu=-u 2 -uy2 +cu=f,

on
I=0—/I,=0,
“/ 155542

3. Auckpernas 3ax1a4a BTOporo nopsiaka. PaccMarpuBaercs cucTeMa JIMHeHHbIX anreGpandecKux
YPaBHEHHMI, MONyYarOIMXCs NpY AMCKpeTH3anuu 3anauu (1) Ha OCHOBE MeTOIa CYyMMATOPHBIX TOX-
nects [4-8]

I;GRN:A;=Z, @
leRY ,
rae
veRY:v= O, vy, N=mnmneN,
TIpH 3TOM CUYUTAETCA, YTO
Vin(jmtyi =V joi =Ly, j =11,

av; ; ABIIOTCA 3HA4EHUAMH QYHKIMH TUCKPETHOrO apryMeHTa COOTBETCTBYIOMIETO Y3/laMH CETKH

(x,37) = ((E-0,5),(j -0,5)1,)1, j € Z,

B =b,/(m+0,5),h, =b, [(n+0,5) -
IIard CeTKH, COCTOSAIIEH H3 yKa3aHHBIX BBIIIE Y3JIOB CETKH, @ MaTpULIa pa3MepHocTH Nx N, onpenense-
Mas cleqyromuM obpasom:

-2
(Auy)= ZZ((“,+1 =t )YV = Vi )+
i=1 j=1
0ty gy =y OV, a1 =V 3"+t g, Yy,
Uintl =Vins1 = =0,i =1""’m’umﬂ,j = Ve, j =0’j=1a" 2N,
371€CH (.,.) — CKAIAPHOE POU3BEICHUE BeKTopOB CIeYIOIIEero BUaa:

(,v) = Z";V hVu,veRY,

U BEKTOp ] ompeznesercd o (byHKuHOHaJIy I(-) ¢ yuérom xpaesnx ycnoBuil. OtMerim, uTo 4 > 0 4,

ClIeIOBaTeNILHO, pelieHHe 3a/1auu (2) CyIIecTByeT U €AMHCTBEHHO.
3anaqa (2) MoxkeT OBITh 3aMKCAHA B CJIEYIOMEM BHIE:

-2 -2
Quy =gy =ty Wy + Qo =~y oy =y )"+

+ew =1 0=

U i1 =0,i= ,...m,uo,j =Uy sl =0,/=1..,n

Mo>kHO 3aMeTHTb, UTO IIPH AOCTATOYHOM IN1aKOCTH pelleHus 3aa4H (2), HallpuMep, IIpH

Lo, j=1,m,0; 0 = 3)
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= [6(,y)dQ= f(5,y,)i=1sm, j=1,..0m
Q

3ana4a (3) anmpokcHMHpYeT 3afady (2) co BTOPHIM MOPAIKOM.
4. Pemenne JACKpPETHOM 324298 BTOPOr0 NOPSAKa
Yreepxaenne 1. Eciu s Matpun O, j =1,2 uMeeT MeCTo HEpaBEeHCTBO

1) 0;+0;>0, j=12,

TO TOTZa BBIMOJIHAIOTCA U HCPABCHCTBA
2) O, >0, Ql, >0,

3)0, xQ >0,

4) (O, % Qxl ) >0,

5) G %0+ % Q) >0.

JoxkazarensctBo. 1) =2)=>3)=>4)=>5) cM., Haripumep, [9].0Onpenenum MaTpuLs! V..V, pasmep-
HOCTHNX N

(V,u,v)= i i CCRIE LS T

i=l j=I
—_— m n
(V,u,v)= Zl Zl (1 — )hl—l W, i,
i=l j=
Uit = Vi1 = 0,i= l""’m’umﬂ,j = Vmsl,j = 0,j=L..n
JomnonautensHo BBEAEM MaTtpuusl: V,, j=1,2 pasmepHocTH px p,rae p=(2-j)m+(j—-1)n, xoro-
phi€ CBA3aHBI C MPebIIyIIMMH MaTPHLAMHE CIEAYIOMUM o6pazom:
V,=E,xV,V,=V,xE,.
3necy E, E, eIMHMYHBIC MATPHIBI Pa3SMEPHOCTH B X7 H MXmM COOTBETCTBEHHO.
YTeepxaenne 2. UMeoT MecTO clieyiouHe OTHOMIECHHUS:
DV, +V, =E xVi+(E,xV]) >0,
2) V,+V, =V, xE, +(V,xE,) >0,
3) ViV, + ViV, =V, x V| +(V,xV}) >0.
Hoxasarensctro. Cnenyer u3 yreepxkaenus 1. Onpepenum Marpunty U nipu
v €(0,8),d €[0,8):

Uy, V‘—’) = Z Z Y~y - )hlnl (v~ L+

i=1 j=1
+aduy )y (=W, ~ Vi) )hi—l ~(V Vi) 0 L+ av; Yhh,,

ui,n+l =vi,n+l = Osl = ls'-'am9um+]’j =Vmil,j = 0,] = 1,...,".

Bo3bpMéM MatpuLy A4:
A=A-cE.
3necs v nanee E = E, 06038a4aeT eANHHYHYIO MAaTpHLly pasMepHOCcTH N x N . MOXKHO OTMETHTb, YTO
U=y(V,+V, +de),

A=V, V +VV,

YT1eep:kaenne 3. FiMeroT MecTo crieyrowye oLeHKH
Q+sgnd) 'y UU < A+d’E<y™UU .

Yreep:xaenne 4. [ cnekrpanbHo 3agaun

A du=Anv=0.
COOCTBEHHBIE YHCJIA MMEIOT BHL;
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Ywaxoe A.J1. Modenupoeanue umepayuonHoli haxmopuzayuu
dnsa annunmuyeckoli kpaeeol 3ada4u emopo20 nopsidka

2(21 Dzhy + 457 sin 22/~ 1)’”‘2
4h 4b,

La,m,j= 1, W ]

—2
’lm(J-l)ﬂ '1'1 J _4h1
MIPH 3TOM

0<, min_ A Ar2sin2 "M ap2in2 e
= A =4k 4b, 4b,°

max /1,, Ay =4k 2 cos? =L 7h + 4% cos? =2 zhy <o,
k=l,. 2h 2b,
Jloka3aTenseTBo. Bbmucnenmx YKa3aHHbIX COGCTBGHHBIX ymceN MpoBOJSTCH aHAOTHIHO [6].
Yreepxaenune 5. Umeror MecTo OLEHKH

)K(4)XA+d’E)<s A<K(4,)A+d’E),c<d>,
2) K(Ay)(A+d*E)< A<K(4)(A+d%E),d* <c,
re: K(4)=(A+c)(A+d?)!
Joxkasatenscteo. Beuny [6, 10, 11] umeem:
Av,v
iy K k)<((A (dzE;v v) = o
Tlpu ¢ <d*(d* <c wnaoBopor) K'(1)20, 1. dynxiums K(Z) BO3pacTaeT B IIHPOKOM CMBICIIE B &

K(/'Lk),v #0.

MHHHMYM H MakCUMyM TpH A€ [AL,ZN] HOCTHIaeTCs, COOTBETCTBEHHO, Korna A= A4Ay Jlerko Bu-
IeTh, 4TO TIpH d l=¢ 1) m 2) BeinonHsOTCA, 00paINasch B paBEeHCTBA.
Iycts Bemmaunnl Cy(d),C,(d) Takue, uro 0 < Ci(d) < C,y(d) <om
C(dUU<A<LC,(d)U'U.
Yreepxkaenne 6. C;(d),C,(d) Moryr 6bITE BHOBS BHIOpaHBI B CJIEAYIOIIEM BHAE:
Ci(d)=Q+sgnd) 'y 2K (4),c<d?,
Ci(d)=Q+sgnd) 'y 2K (Ay),d* <c,
C(d)=7K(Ay),c<d?,
Co(d) =y 2K (4),d’ <c.

JlokasarensctBo. Crienyet u3 yreepkaenuii 3 u 5.

Yreepxkaenne 7. Ecnmua 24y —34, <0 nnm 24y —34 > 0,c < 44y /(2/'LN -34) 10
1 2 < max Gi@) _G) _ A(Ay +o)
3 def0,0)Ci(d) C2 © 2/’LN(21 + c) 2

ecid 24y —34 >0, A4y I(2Ay —-34) <c, TO

C(d) _C(e) _
de02) Cy(d)  Cy(e) 3
Yr1Bepxaenne 8. Bemmunna C(d), B 4acTHOCTH, MOXeT OBITh BRIOpaHa B CIEAYIOIEM BHE:

YR IQA +220 +d+d?),c=0,0<d <,
Y 2(Ay +) QA +22Ayd +d?),
0<d <min{cy245,vc}.

Yreepxnaenne 9. Ecmn 24y —34, <0 wm 24y —34 > 0,c < 44y /(245 —34), 10 (31€ch C((d) 13 yT-
BepkAcHMH 8):

1. sup G@ _GO) _ Ahy+e)
3 400 Ca(d)  Cy(0) 21N(/71+C) 2

Jokazarensctso. Cnexyer u3 yreepkaeHuii 7, 8.
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Yreepxaenne 10. Benuunna C,(d), B 9acTHOCTH, MOXKET OBITh BEIPRXEHA B CJIEAYIOMEM BHIE:
Cid) =24 124 + 2241 d +d*),c =0,0 < d <,

C(d)=y"213,c>0,d=+/c.
JloKka3aTensCTBO ClieyeT H3 yTBepxkaeHuii 8 u 3.

Breaém HOpMY
=

PaccMaTtpuBaeTca wrepal[MOHHBIH pOLiecC: ;
4 eRY :UUGE —d"y=—1,(4 =),
k=1,...,K,KeN,Va eR¥ 1, =2(c,(d)+cy(d)).

Hcnone3yercs crnemyomas OLEHKa CXOIMMOCTH Zk Ku:

u <>

LS

- —0
—U U —u

,KeN,
A

IIpu sTom

k k
= _[G@D-C@)) _[1=Ci(@)/Cy(d)
2=2. [Cz(d)+C,(d)) (1+Cl(d)/C2(d)}'

Hrepanyonssie napameTpsl 7, B (4) MOXKHO BHIOHPaTh H Ha OCHOBE BAPHAIIHOHHBIX IIPHHLIATIOB.

@

3ameriM, 9TO B HTEPALMOHHOM Iponiecce (4) BO3HMKAIOT 3a/la4i ¢ (paKTOPU3OBAHHEIMH ONIEPATOPAMM

H CJIEAYIOUIEr0 BUAA
ueRY :U'w=g,geR",
[IPH 3TOM BO3MOXKHO pacIIeIVIEHHE Ha GoJiee MPOCTHIE 3a1a4H
weRY:Uw=g,geR",
ueRY :U;=v—v,;eRN,
KOTOpEIE MOTYT GBITh 3aIIUCAHBI B TAKOM BHJE:
y(w; ; _wi—l,j)hl_l +y(w; "'Wi,j—-l)h2—l +ydw, ;=8 ;
i=1..,mj=1..n,
Wi = 0,i= 1,...,m,w0’j =0,j=1,.,n

=7 (U -, I)hl—l -y(y; 1 Y )Y L+ ydu; Wi j

i=l.,m, j=1,..,n,

U =0,i=1,..,m, Upal,j = 0, j=1,..,n.
U3 (5) MOKHO HalfTH HEM3BECTHBIE

w,.’j,i=1,...,m,j =1,...,1,
Hcxons u3 popmyn
Wy =Wy ; +0W, jy +838;
M 13 (6) HAXOAATCA HEW3BECTHHIC
W pi=m—i+), j=n-ji+Li=1..mj=1..n,
ucxons u3 gopmyn
U ;= Oy, it 62u,-, mt oW, s
rae
& =7k 18,8, =7} 18,
8, =1/8,,8, =y +yh5' + yd.

®

©®

Q)

®
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Ywaxos A.Jl. Modenupoeanue umepayuoHHolil ghakmopusayuu
dna annunmuyeckoil Kpaeeol 3adavu emopozo nopadxa

Ormernm, 9to 6, +6, <1, T.€., B cooTBeTcTBHH ¢ [10], MMeeTca mpocTpaHCcTBeHHAas CUETHAS YCTONIH-
Boctb i (7), (8). Ecmu 6 =8,y =6, + 6, +; <1,, 10 B cooTBercTBHH ¢ [33, 35] cuer mo opmymam
(7), (8) 6ymer ycroiiums. ,
Teopema 1. B wrepaumonHoM mpomecce (4), ecimm 24y —34 <0v24y -34 >0,
¢ < 4y I(2Ay —34) nBbibpats d =0,y — nocTaTouHO GOMBIIOE, H €CH
T = 44y ? ,
344y +cQAy + A4)

(l)k 5a=[ Aoy + @Ay = 4y) )k{i)k,
3 Sy +ehy +4)) 2

. 2 k
Ecma 24y -34, >0, 4 Ay /(2Ay —34) <c ¥ B34TH d\/c_:,yzd"l, 7 =§-}2L-,T0 0'=(%) ,a 6<l.

TO

aé(y)—>1xorma y > .

Hoxkasarenscto. Cnefyet U3 yrBepkAeHHi 6, 7.
Teopema 2. B ureparmonrom nporiecce (4), ecu ¢ =0 u B3 0<d H0cTaTo4HO Maoe ¥ >d ),

204+ 20J24d +d*) Ay +d*)y?

T S Ay + 220 d+ (o +A)d*
TO
k
aza(d){MN+2\/EﬂNd+(zN—A,)d22] _{1)"’
3 Ay + 2322 Ayd + (Ay + A)d 3

korma d -0, a 6 <1.
Ecmu ¢ >0, mpu stoM 24y 34 <0 wmu 24y —34, > 0,e < Ay /(245 —34) , n BeIGpate d nocraroy-

HO MaJ1oe:
0<d <min{e\245' e}y 2d7,
. 224y +2,24yd + d*)(4 +d*)y?
© T3 Ay +cQAy + )+ 220 (B +0)d + (A + Ay +20)d°
TO

Ay +cQAy = )+ 220 Gy +)d—(y —2)d? )
gy + Oy + Ay)+ 220y (hy +CYd + (g + Ay + 2007
Ay +e@iy =) ) <(1]"

Thy +e@Ay+4) ) \2)°
korma d -0, a d £1.

0'=(d)=(

k
Eemi 24y —34 >0, 44y 22y —34)<c u d =e,y2d™!, 7, =1,29%, 10 a=(—;—) ,ad<l.

JlokazatensCcTBO ClieyeT U3 yTBep:kAeHwi 6, 7, 8, 9, 10.

Beison. YuutsiBas Bug Marpury U',U, HeTpyAHO 3aMETHTh, 4TO pelneHue 3afadu (2) ¢ N
HEHM3BECTHBIMH MOXKHO NOTYYHTH Ha OCHOBaHUH TeopeM 1 U 2 mpeyioxKeHHbIM HTepaliHOHHBIM IIpoLEC-
coM (4) ¢ OTHOCHTENBbHO# NOTPEIIHOCTRIO O 3a 0(Ntno™)) apu(pMeTHIECKHUX OTIepalidii.
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YK 523.6

OCOBEHHOCTHU 3AXBATA KOMET I'AJIIEEBCKOIO TUMNA
C NOYTU NAPABOJINMECKUX OPBUT

E.E. bupiokoe

Hccnenyercs NpoMCcXoxkAeHAE KOMET ra/UIeeBCKOT0 THIA B Pe3y/IbTATe 3aXBATa C
nouTn napabojndecknx op6ut. PaccMOoTpeHo JBa BO3MOXKHBIX MeXaHH3IMA 3a-
xpaTa. IlepBoiii MexaHH3M 3aKJTI09AeTCd B TOM, YTO B Pe3yjbTaTe cOBMECTHOro
snusnng Fanaxraxu u IOnuTepa komere Ha mourn mapaGosmdeckoil opGute
Heo6XoMMO coBepIIHTE 0Ko0/10 500 oGoporoB Bokpyr Co/HUa Aasi 3aXBaTa Op-
6uTHI raneeBckoro THna. [Ipm BTopoM MexaHM3Me 3aXBaTa B pe3y/ibTaTe MHO-
TOKPATHBIX TECHLIX CO/IMMKeHMiHl KOMETHI ¢ INVIAHETAMH-THTaHTAMH IPONCXOIUT
HocTeneHHoe MeAJICHHOE NOATATHBAHAE OPOHTHI KOMETHI K Op6UTAM IIaHeT 3eM-
Hoii rpynnel. 3TOT Npomece MPOTeKaeT OUeHb MEIJICHHO H KOMeTe HeoGX0xuMo
COBEPHINTEL 0K040 12 500 oGoporos Bokpyr CosiHIa npexae, 4eM OHA 6y)1e'r 3a-
XBadeHa Ha opOUTY; COOTBETCTBYIOIIYIO rajljieeBCKOi.

Bsenenne :

3a Bce Bpems HabmozeHwit 3a koMeTaMu 66110 06HapyxeHo 359 KOMeT Ha Kopomonepnonmeclmx
opbuTax, cpemu KOTOPBIX MMEETCH B NOCTATOYHO MHOTOYHCI/ICHHBIX MOMYJIALMH, Y OpOHT KOTOPHIX
3Ha4YCHHUe NepurenmitHoro paccrosnus MeHeme 1,5 a.e.: koMersl cemeiictBa FOmurepa (KCIO) u xome-
oI rayteeBckoro THma (KI'T). Kometn! cemeiictea FOmurepa BiokyTcs Ha opOuMTaX ¢ TIEPHOROM MEHB-
me 20 jet u napameTpoM Tuccepana Is > 2. V KOMeT rajuleeBCKOro THIIa Iepuos obpalieHns BOKpYT
Connna 20 < P < 200 ner u napamerp Tuccepana 75 < 2. B xomeTHOH acTpOHOMHM OYE€HB HOJITO UAYT
CIIOPHI O IIPOUCXOXKACHHWN THX Ipynm koMeT. bonemuHCTBO Heenenosateneii [1, 2] nokasamu, ¥To nosc
Koiinepa oGecnieunBaeT HeoOXONUMBIH NOTOK OOBEKTOB C MaJIbIMH HaKIIOHAMH OpOHT i GOpMHpOBa-
HuA KoMeT ceMeiictsa FOmwurepa. Jina ¢opmuposanus KI'T weoGxomuM Apyroif HCTOUHMK ¢ G0BIIMMH
HaKIOHaMH OpOuT. OTO BRI3BAHO TEM, YTO Ha rajUIeeBCKUMX opburax Habmoparorcs oOBeKTHl ¢ obpat-
HEIM JBIDKEHHEM, B TO BpeMs Kak y 00beKTOB, 3aXBaueHHBIX M3 nosca Kolinepa, Masbiii HaIoH OpOHT.
OTHM HCTOYHHKOM MOXeT GbITh 061mako Oopra.

Brepssle ucciefioBaHHe 3aXBaTa KOMET C IOYTH HapabosdeckuX opOHT Ha KOPOTKONEPHOAMYE-
CKHe OpOHTHI M HX MOCIeAyIomas JHHAMUYecKas BOJIIOLMA B INTAHETHOHM o6acTy 6bUIO BBRITIONHEHO B
paborax Kasumupaak-ITononckoii {3—5]. Onnako B ee paborax mporece 3axBaTa pacCMaTpHBAJICS TOJIb-
KO C Ka4eCTBEHHO! TOUKHM 3peHus. HMKakMX KONMYECTBEHHEBIX OLIEHOK, KAaCalolHecs BEpOATHOCTEH 3a-
XBaTa, NPONOJDKHTEBHOCTH HEKOTOPBIX 3TAIIOB 3BOIOLMH OpOHT B ee pabore He 6bU10 BHIMONHEHO. C
JIpYroft CTOPOHBI, OHa paccCMaTpHBalla SBOJIOLMIO KOMET Ha opOMTax ¢ MEPHUreJMHHBIM PacCTOSHHEM
6onbe 20 a.e. ¥ TakuM 06pa3oM HTHOPHPOBANa BO3MOXHOCTb 3axBaTa ¢ opOHT ¢ g < 20 a.e.

B coBpeMeHHO! KOMETHON acCTPOHOMMHM HEOJHOKDPATHO HCCIEJOBAJICSA 3aXBaT Ha OPOMTHI KOMET
rajwieeBckoro Tuna [6-9]. Onnako B 31X paboTax He pacCMaTpPHUBAIHCH CIIOCOOERI 3aXBaTa Ha KOPOTKO-
repHoIYecKHe OpOHTHl, a TaKKe He YUYMTHIBAJIOCh, YTO ITOTOK KOMET B IUIAHETHYIO 00/NacTk pacTeT ¢
yBeJMYeHUEeM Nepurenuitieix paccrosuuit [10, 11]. B nannoit paGore ucciexyercs 3axBaT Ha OpOHTHI
KI'T ¢ yuerom 31ix 0cOGEHHOCTEH.

Mozenn

Jns uccnenosanus 6s110 3o 50 000 066ekTOB Ha MOYTH Mapabonuyeckux opOUTaX U3 BHELIHETO
obnaka OopTa, pacnpefeneHHbIX cilydalfHbIM 06pa3oM. Bonbinme nonyocu pacnpeneneHs! paBHOMEPHO
B nipezenax (10 000, 30 000 a.e.). Hakions! opGuT paBHOMepHO 1o cos(?) B npeaenax (—1,1), apryMeHTs
TIEpUTe/THA ¥ BOCXOIAIIETO Y3/1a paBHOMEPHO pacnpezelieHsl o i B npegenax (0°, 360°). Ilepronavans-
Hble TIepUreNHitHbIe PacCTOSHHA HaXOMWINCh BHYTpPH IUTaHETHOM o6nacTH, koTopas Obuia pasbuTa Ha 5
npomexyTkos: (0; 4 a.e.), (4; 6 a.e.), (6; 10,5 a.e.), (10,5; 18 a.e.), (18; 31 a.e.). B kaxxzmo#t obnactu no
10 000 opbut ¢ paBHOMEPHBIM pacTIpeAe/ICHHEM NIEPHUreTMIHBIX PacCTOSHHMI B IIpefenax Kaxaoro mpo-
MEXYTKa. B Haya/IbHbIH MOMEHT BpEMEHH MONIOXKEHHE 0OBEKTOB HA OPGHTAX ONpeensIoch CyHaitHEIM
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00pa3oM myTeM 3aJjaHis PABHOMEPHOTO pacTpelelieHHs paccTOSHUA OT KoMersl o CojiHiia B pefenax
(50, 500 a.e.). TIpocnexuBanacs THHAMHUECKAd SBONIOLMS 3THX 00beKTOB 3a Bpems 4,6:10° er, uto
COOTBETCTBYET IIpeArionaracMoMy BpeMeHH xm3Hu ConHeuHoli cucreMbl. B ToM ciydae, ecnu B pe-
3yJbTaTe SBOJIIOLMH OoJbiNas Modyock OpOHT 3THX 00BEKTOR focTHTaNa 3HavyeHue 34,2 a.e. (T.e. opOu-
THl CTAHOBHJIHCH KOPOTKOIEPHOAMYECKHMH), TGO MEPHreTHHHOE PacCTOAHME CTAHOBHIOCH MEHBINE
1,5 a.e., To ameMeHTHI OPOHT 3THX OOBEKTOR 3aIMMCHIBAIIACH B OTAENBHEIN (aiin v uX mocneyomas au- -
HaMHU4ecKas 3BOJIOLHMA PaCCMaTpHBaJIach OTACNbHO. B pesynbrare npeiBapUTE/IbHBIX BHIYHACIIEHUH OBI-
JIO TOYYeHO, YTO BO3MYIICHHS OT MAJIbIX IUIAaHET HEe OKa3bIBAIOT CYINECTBEHHOrO BIHMSHHA Ha 5BOJIO-
IO KOMETHBIX opOuT. [103TOMY B OCHOBHEIX HCCIIGAOBAHHUAX YUHMTHIBATMCH BO3MYIIEHHA OT YeTBHIpEX
ruranrckux miader: IOmarep, Caryps, Ypan, HentyH. Bee BhMMCIIEHHS POBOIWIIMCH C YIETOM BO3-
MYIIEHHA OT TraJIJaKTUKH B COOTBETCTBHH ¢ Mofensio buia [12]. B pabore ucnons3oBasncs HHTErpaTop
Emensanaenxo [13].

3axsat Ha op6uTHI KI'T 0 KCIO

B pesynbrare BerauciaeHUH GBUIO0 OGHApYXKEHO, YTO MMEETCA ABa PasiMYHBIX MEXaHM3Ma, [IPHBO-
asmue K 3axsaty w3 obnaka Ooprta Ha opburel KCIO u KI'T, xoTOophle MOXHO Ha3BaTh g-3aXBaT U
g-3aXBarT. g-3aXBaT 3aKJIIOYAETCS B TOM, YTO Ha IIEPBOM 3Tale JMHAMHYECKOH SBOMIOLMH B Pe3y/IbTaTe
TECHBIX CONMWKEHUH C IUIAaHeTAMU-TUTAHTAMH Y TIOYTH Napaboju4ecKuX OpOUT M3MEHAETCS, TIaBHBIM
ob6pazom, 6o/pIas NOAyOCk, ¥ OHH 3aXBAaTRIBAIOTCA. Ha KOPOTKOMepHoadecKkue opouthl. C TedeHHeM
BPEMEHH 3TH OpOWTHI MOTYT 3BOJIIOLMOHHMPOBATh B rajuieeBckue wnd B opoursl KCIO. B ormmmue ot
a-3aXBaTa y 00BEKTOB, MCIBITABIINX ¢-3aXBaT, Ha [IEPBOM 3Talle JMHAMHMECKOM 3BOIOIMH H3MEHAETCH
B OCHOBHOM IIEpHTENIHIHOE pacCTOsHHMEe OpOHT, koTopoe cTaHOoBHTCS MeHbine 1,5 a.e. BrocnencTsun
TOX AeiicTBHeM BO3MymieHuii ot FOmuTepa 311 OpOHTH MOTYT 3BOIONHOHUPOBATE B KOPOTKONEPHONH-
YecKHe.

Ha puc. 1 npeacrasieHa JuHaMH4ecKas SBOMIOLHSA OZHOTO M3 -O0BEKTOB, MCIBITABIIEr0 g-3aXBaT
(o6sekr I). ¥ 3TOro 00bekTa nepBoHaYAILHOE 3HAYECHHE NIEPUTENTMIHOTO paccTosHUA ObUTo paBHO 8,783
a.e. O6sexr cosepmmn 13 000 o6oporos Bokpyr ConHila, npexze ueM ObUT 3aXBa4eH Ha KOPOTKOIe-
puoandecKyio opbuTy B pesynsrare TecHoro cOmmkenus ¢ CarypHoM. BrocneacTBuu 06BEKT MHOTO-
KPaTHO NepeX0i1 Ha pe30HaHCHBIE OPOHTHL, IMIABHEIM 00pa3oM ¢ YpaHOM ¢ COMBMEPHMOCTH IEPHOIOB
obpamenns 3:5 (a = 27 ae.), 4:5 (a=22,25 ae.), 43 (a= 15,83 a.e.), 5:4 (a = 16,52 a.e.). B MoMenHT
BpEMeHH 78-10° et o6BexT oM Ha opbuty pesonaHca 1:2 (@ = 15,14 a.e.) ¢ CaTrypHoM, Ha KOTOpOH
oH npocymectosan 1,8-1 0° ner.
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Puc. 1. AuHamuyeckas 3BONIOLUSA 31EMEHTOB opBMT o6nekTa |, ucnbiTaswero a-3axsar
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Bupiokos E.E. OcobenHocmu 3axeama KOMem 2a1/1ee6CK020 muna
¢ noymu napa6onuyeckux opbum

B pesynerate TecHOro cOmmkeHus ¢ CaTypHOM, y opOUTHI 00BEKTa POU3ONLIO PE3KOe YMEHbIIE-
HHE JKCLEHTPHCHTETa H 06beKT nepemen Ha opbuty KI'T. B ofmeii cioxHOCTH 10 3aXBaTa Ha OpbHTY
KI'T xomera cosepuma okono 149 000 o6opotoB unu 850 MuH ner.

Ha puc. 2 npencrasnesa qJuHaMHUYecKas SBOJIONMA APYToro 06beKTa, HCNBITABIIETO g-3aXBaT (06L-
ext II). V atoro o6bexTa nepoHavanpHOE 3HAYCHHE NIEPHIETHIHOrO paccTosHUs GBUTO paBHO 23,2 a.e.
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Puc. 2. [lunamuyeckan IBONIOUUS 3NeMeHTOB opbut o6kekTa ll, ucnuitaBuiero a-3axsar

B ommume ot o6wsekra 1, 06pexty II morpeGoBanocs cosepunts Beero 233 obopora Bokpyr ConHia
JUIs 3aXBaTa Ha KOPOTKONEPHOAHIECKYIO OpOUTY. DTO BBI3BAHO TEM, YTO B PE3YJNIBTATe ralakTHIeCKUX
BO3MYHICHHH y 00BbeKTa NMPOH30NLTO YMCHBIICHHE NEpHIeIMHHOro paccrosuus opbuts no 5,3 a.e. B
pesynbTate BosMymeHuit ot IOmuTepa 06BeKT O4eHb GRICTPO IBOMIOIMOHMUPOBATI HA KOPOTKONEPHOIM-
gecKyro opbury. OueHb PONOIDKHTEIBHBIH 3aXBaT 06bekTa I Ha KOpOTKONEepHOAUUECKYIO OpOUTY 065~
ACHAETCS TEM, UTO 3TOT OOBEKT Ha NepBhIX 060poTax BeIeACTBHE Bo3MynieHuii o CaTypHa nepeuien Ha
JIONTONEePHOAMIEcKYI0 OpOHTY co 3HadeHHeM Gorpmoi moxyocH a < 1000 a.e., rie BO3MYIIEHHS OT ra-
JMaKTHKU He OKa3bIBAIOT CYINECTBEHHOTO BiwsHWA. TpaHchopManus OOJITONepHOANYEcKOol opOUTH B
KOPOTKOIICPHOANYECKYIO IPOXOAMT B pe3yibTaTe Ju(dy3HOHHOro npouecca o4eHb NMPOAOIDKHTEIEHOE
Bpems. [Toppo6Hoe ucenenoBanue npouecca Auddy3um mposeneHo B paGorax Ulreitnca [14, 15]. O65-
ekt Il ToNbKO YacTh OpOUTAILHOM 3BOJIFOLIMA HAXOMMIICS Ha Pe30HAHCHBIX opbutax. B MOMeHT BpemeHH
12,9-10° niet on nonan Ha opbuTy pesonanca 2:3 (@ = 12,5 a.e.) c CaTypHOM, Ha KOTOPO# TIPOCYIIECTBO-
pan 10° net. B MomenT Bpemenn 13,08:10° et o6bexT 611 3axBavex 1 B Teuenne 50 000 net ABuTancs
Ha opbuTe pe3oHanca 2:3 (a = 6,8 a.e) ¢ IOnurepom.

Taxum obpasoM, BaxxHylo ponb B 3BomonuK napabomrgeckux op6ut B opbursl KI'T ¢ nomompio
(-3aXBaTa UrpaloT TeCHbIe COMDKEHHS C IUIAaHETAMH FMTaHTaMH, uTo ObUIO OOHapyXKeHo eme B paboTax
[3-5]. Benenctre nonafanus oOBEKTOB HA PE3OHAHCHBIE OPOHTHI 3TOT MPOLIECC MOKET MPOAOIDKATHCH
CKOJIb YTOHO AONTO:

Ha puc. 3 npexcraBnena quHaMU4ecKas 3BOMIOLMSA OOBEKTa, NepBOHAUAJIbHOE 3HAYCHHE IEepHre-
JHiHOTO paccTosHUA opbuTsl Kotoporo Osuto paeHo 0,3 a.e. B pesynerate Bosmymenuii ot IOmarepa
06eKT oueHs GrIcTpO ObUT 3aXBaveH Ha KOPOTKOMEepHOaMUecKyio opbuty (depe3 350 o6oporos). O65-
ext III nmocne 3axBara Ha op6uty KI'T Heckompko pa3 mepexoAun ¢ KOPOTKONEPHOAHYECKOH Ha JOJro-
TEPHOMHECKYIO OpOUTY B 10 HeTeueHnH 1,4-10° et 6511 BRIGpOIIEH Ha runep6oy.

Ha pwuc. 4 npeacrasineHa 3BomoLHs 31eMeHTOB OpoHuT 06BekTa IV. TlepBoHavansHOe 3HaAYEHHME TIe-
purenuiiHoro paccrosHus opOUTH paBHO 1,9 a.e. 3ToT 06BekT OBUI 3aXBaveH Ha KOPOTKONEPHOAUYE-
cKyio opbuty 3a Bpems, coorBercTByromee 150 ob6oporam Bokpyr ConHua. JIMmb He3HaYHMTEIbHYIO
9acTh JMHAMHYECKOH 3BOMIOLIMH OOBEKTHI, UCTIBITABLINE §-3aXBaT, JBIDKYTCA Ha Pe30HAHCHBIX OpOHTax.
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O61exr IV nonan Ha opbuTy, nepuox oOpalleHHs KOTOPOH BOKPYT COJIHIA COM3MEPHM C NEPHOAOM 06-
pamenns IOmatepa B otHomenuu 2:3 (a = 6,8 a.c) u npocymecrsoBan Ha el 10° ner.
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Puc. 3. QuHamuyeckas 3BONIOUMA 3nemMeHToB opbut o6tekra lil, ucnbitaBuwero g-3axsar
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Puc. 4. [luHammnyeckan 3BOMnIouNsa aNeMeHToB opouT obwexTa IV, ucnuiTaBiero g-3axsar
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Heo6xoauMo OTMETHTB, YTO BEICOKAs CKOPOCTh SBOJIOLMM Ha KOPOTKOTIEPHOAUIECKHE OpOUTEI

He 3aBHCHT OT NEPBOHAYAITBHOrO 3HAYECHMA NEpHIe/MHHOro paccTofsHus. MHorue oOBEXTH, C
NIepBOHaYA/ILHBIM 3HaUEHHEM NEPHUTEIHIHOrO pacCTOSHUA ~2 a.€. 0 3aXBaTa Ha KOPOTKOMEPUOIH-
geckue opbuthl coBepunumi Goee 1000 o6opotoB. M 310 otHOCHTCH K 06BEKTaM, MCHBITABIINX
a-3aXBaT, B TO BpeMs KaK 1A 3aXBaTa Ha KOPOTKONECPHOAWYECKYIO OpOUTY C MOMOIIBIO ¢-3aXBaTa
KoMeTe HeobxonuMo coBepmuTh okono 200 o6oporo Boxpyr Conxna. MoxkHo oOpaTHTh BHHMa-
HMe Ha JpYTyIo 3aKOHOMEPHOCTb. [104TH y BceX 06HeKTOB, HCIIBITABIINX ¢-3aXBaT, NEpHIe/INHHbIC
paccTosHuA OPOMT He MOTYT NMPEBLICHTH 3HAUCHUA 2 a.e. DTOT 3 eKT ABNAETCA CIIEACTBHEM BO3-
mymenuii or IOnurepa. B paGortax [6, 7] npeacTaBneHs! 3HAYeHHS W3MEHEHHS JIEMEHTOB opOuT
KOMET ¢ MaJIbIM 3Ha4CHHEM Nepurenuitnoro paccrosnua (g = 0,85). M3 s3tux pe3ynnraTos cnenyer,
4o nof AeticteHeM IOnuTepa nepurenuitHbie paccTOAHMA DIUTMITHIECKHX OpOUT MMEIOT TEHACH-
IHIO K YMEHBLICHUIO H KOMIIEHCHPOBATH 3TO BIIMAHUE BOSMYLICHHAMH OT APYIHX IUIAHET HE BO3MOXHO.
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Bupioroe E.E. Oco6eHHOCmU 3axeama KOMem 2a/1eeecko20 muna
¢ noYmu napabonuveckux opbum

B Tabn. 1 npexncTaBicHbl BEPOATHOCTH 3aXBaTa Ha opOUTHI KoMmer cemeiictsa IOmurepa (KCIO) u
komeT rajuieesckoro Tuna (KI'T). Bo Bropom cronbue npeacTaBieHsl BEpPOATHOCTH 3aXBaTa Ha OpOHTH
KI'T i 06peKTOB, HCTIBITABIINX g-3axBaT. B TpeThem cTonbLie NpeACTaBIeH ! JaHHBIE IS TeX OOBeK-
TOB, Y KOTOPEIX Ha IIEPBOM 3Talle JHHaMHUYCCKOH 3BONIONIMH MPOH3OIUIO YMEHBIICHHE NIEPHTENHIHOIO
paccTosHuA 70 g < 1,5 a.e. (g-3axsar).

Tabnuua 1
BeposiTHOCTL 3axBaTa Ha KOPOTKONEPUOAUUECKUE OPBUTLI
U3 noytn napabonuyeckoro noroka o6naka Oopra

BeposarHocTs Jons or obmero | Komuuectro
90, 8.€. p Bec ¢ yuetom Beca | kommdectBa KI'T KI'T
04 0,0089 1 0,0089 0,33 1068
4-6 0,0019 0,59 0,001121 0,04 134
6-10,5 0,0005 2,81 0,001405 ' 0,052 169
10,5-18 0,0004 11,35 0,00454 0,17 545
18-31 0,0003 35,7 0,01071 0,401 1285

U3 Tabn. 1 BuAHO, 9TO BEPOATHOCTH 3aXBaTa Ha OPOHTHI rA/UIEEBCKOTO THIIA A1k 0OBEKTOR C EpBO-
HAYaJIbHBIM 3HAYEHHEM NIEPUTETMHHOrO paccTosHus B npenenax (0,4 a.e.) mpuMepHo B 1,5 pa3a MeHbIe
B CPaBHEHMH C pe3yJbTaTaMH, Noay4eHHbIMH Emensanenko u baiinu [6, 7], B paboTax koTtopsix 6u10
TIONTy9eHO, YTO 3Ta BEpoATHOCTH paBHa 0,0128. Oto mpoTuBOpeure MOXXHO OOBACHHUTD TATAKTHIECKUMHU
Bo3MyIeHHAMH. B paGote [9] Ha OCHOBaHMHM aHATHTHYECKHX BHIYMCIESHHIM GBUIO OKA3aHO, YTO rajak-
THYECKHE BO3MYIIEHHS CIIOCOOHBI 3HAYHTEIPHO U3MEHHUTh TIEPUTEITMIHHOE PacCTOSHHE OPOUTH KOMETHI
¢ 6onpmmo#l momyocsio Bo BHelIHeM obiake OopTa 3a ouH ee 060pot Bokpyr ConHua. 3T0 NPUBOIMT K
YMEHBIIEHHIO BEPOATHOCTH 3aXBaTa Ha OPOUTHI Ia//ICEBCKOTO THIIA [/19 OOBEKTOB U3 MepBoii obnacTu
nepBoHadanbHeIX g. g 4 < gg < 31 a.e. BeposTHOCTE 3axBara Ha opGutel KI'T nossimaercs. ['amaktu-
YecKue BO3MYLIEHHS CIOCOOHBI NOBLICHTD BEPOATHOCTh 3axBata Ha opGursl KCIO nns o6sexToB ¢ nep-
BOHaY&JIbHBIMH NEPHTeTHAHBIMA PACCTOSHHAMM B IEPBO U BTOPOif 061acTAX B CPaBHEHHH C OLEHKAMH
Emensanenxo u baitmn [6, 7].

Ha op6ure1 KI'T 1 KCIO npakTiiecky He 3aXBaTbiBaloTCs OOBEKTHI ITyTeM g-3axBata (cM. Tabn. 1).
TlourH y Bcex 0OBEKTOB, 3aXBa4YEHHBIX 3THM CIOCOOOM Ha ramieeBcKue OpOMTHL, EpBOHAYATBHBIE 3HA-
YeHus MEePUreIMHHBIX PacCTOAHMH yke Obutm Menbme 1,5 a.e. Heo6xonumo OTMETHTB, YTO BEpPOAT-
HOCTb TIEpEX0/ia KOMET C NMouTH napabomuueckux opbut Ha opbutsl KI'T ¢ moMompbio g-3axpara HUXe,
YyeM ¢ [IOMOINBIO @-32XBaTa. JTO OGBACHIETCA TEM, YTO 0OBEKTHI, 3aXBayeHHbIE Ha OpOMTH ¢ ¢ < 1,5 a.e.
NPOZOIDKHTEIEHOE BpeMs JBIKYTCA BHYTpH opOuthl FOmurepa u odeHs GBICTPO MOTYT OBITB MM. BhI-
6pomeHb! Ha runepbommeckue opoutel. OmHaKo 310 o6ecneunBaeT Hosiee BHICOKYIO CKOPOCTh 3aXBara
Ha rajuieeBckue opOuTsL. J{na nonananus ¢ noMompio g-3axeara Ha op6utsl KI'T u3 nouru mapabonu-
yeckoro noroka obnaka Oopra KoMere HEOGXOAUMO COBEpPIIMTH B cpefHeM okono 500 o6opoTos Bo-
kpyr Conzia. B To BpeMs Kak ¢ MOMOINBIO @-3aXBata KoMeTe HeoGX0aUMOo COBEpIIMTH 1A 3Toro 12500
obopotos Bokpyr CoiHiia.

Ha op6urs! komer cemeiictea FOmurepa ¢ momoumpio g-3axsara nonano Beero 4 o6bexra. Berumucie-
HHA C YYETOM BO3MYILEHHMI OT BHYTPEHHHX IUIaHeT (MOfesb 2) NPHUBOAAT K TOMY, 9TO Ha 3TH OPOHTEI
He 3aXBaThIBAacTCA HH OXHOro OOBEKTa IMyTeM g-3axBaTa. Takum o6pa3oM, OOBEKTH Ha AOTONEPHOAH-
YecKHX OpOMTaxX C MepUrelMiHBIME PacCTOAHWAMH ¢ < 1,5 a.e. HUKOrJa He 3aXBaTATCA Ha OPGHMTEI
KCIO.

B Tabn. 2 npencraBneHa BepoATHOCTD 3axBaTa Ha opOuThl KI'T u3 pasHbIX obnacTeii nepsoHa4alib-
HBIX ¢ C y4eToM Beca Kaxzoi ob6nactu. B nepeom cronbe 3anucaHbl NEpBOHAYATLHEIE 3HAYCHUA NEPH-
FeMHHBIX pACCTOSHHM, BO BTOPOM CTOJIGLIE — BEPOATHOCTH 3axBara Ha opGursl KI'T. B BeiGpanHO# Mo-
JieNTH KOHIIEHTpaLus 06BEKTOB B 5 06/1aCTAX NEPBOHAYANBHBIX TIEPHTEHIHBIX PACCTOSHMI HEONHMHAKO-
Ba. HauGonpimas koHueHTpauus o0BeKTOB MMeeTcs BO BTOpoii obmacTi ¢ 4 < g < 6 a.e. ¥ HAUMEHb-
mas — B 1sroit. ClieflyeT Takke YUMTHIBATh, YTO OTOK KOMET B IUIAHETHYIO 00/IacTh YBEIHIMBAETCA C
pocrom ¢ [10, 11, 16]. Eciu notox koMeT M3 Kako# 0671acTH NepBOHAYATBHBIX ¢ TIOAEIUTH Ha IHOTOK
KOMET C MepHIe/IMAHBIME PaCCTOSHHAMH OpOHT B nepBoii o6nacty, To pe3yiabTar Gyaer paseH Becy. B
TpeTheM cToNbLe Tab. 2 npeAcTaBieH Bec KXo 061acTH epBOHAYATBLHEIX IEPHTE/IMAHBIX PaccTos-
Huit, B pa6orax [6, 7] orpannunnuch aHanmu3oM 3axsara Ha opOutsl KI'T Tonbko u3 nepsoi 06;1acTH go.
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JeiicTBUTENEHO, BEPOATHOCTD 3aXBaTa M3 9Toii o6macth Ha opGurel KI'T Ha nopsamok Beiiie BEpOSTHO-
CTH 3aXBaTa H3 BCEX OCTALHEIX objiacTel MepBOHAYAIBHBIX 3HaYeHHH nepurenuifHoro paccrosaua. Ho
- y9eT Beca NPHBOAHT K TOMY, YTO 0OBEKTHI M3 HEpBOi 06JaCTH ¢ COCTABJIAIOT MEHBINE MOJIOBUHEI TIO-
myasan KI'T, 3axBayeHHBIx B3 o6naka Oopra. M3 cronbua 5 BugHO, 9T0 10711 00BEKTOB, 3aXBaYeHHBIX
13 nocieHelt 061acTH NEPBOHAYATBHBIX 3HAYECHHUH ITEPUrelMIHOro PacCTONHMSA, COIIOCTABHMA ¢ JOJIei
00BEKTOB, 3aXBa4YCHHBLIX M3 NIepBOii 001aCTH NEpBOHAYANBHEIX ¢. BBUIO TakkKe MOMydYeHO, YTO JHHAMH-
yecKoe BpeMs XKH3HM Ha OpOUTax rajuieeBCKOro THna coctaBuio nopaaxa 150 000 ner, uro cornacyercs
¢ pesynpratamu JleBucona u ap. (2001). Oxnaxo 3To NpUMEpPHO B 2 pa3a MeHbIIE OLEHKH, IONTYIeHHON
Emensanenko 1 beitmi (1998), yro MoskHO OORACHHTS AEHCTBHEM ralaKTHYECKUX BO3MYIEHHUH.

: . Tabnuua 2
Brnag xaxgoit o6nactu B.cemencrso KIT ¢ yuetom Beca
W npeanonaraemoe nocrosHHoe konuyecrso KIM
a-3axsar g-3axear
4o, a.€.
KI'T KCIO KI'T KCIO
04 0,0031 0,0007 0,0058 0,0003
46 0,0018 0,0013 0,0001 0,0001
6-10,5 0,0004 0,0002 0,0001 0
10,5-18 0,0003 0,0001 0,0001 0
18-31 0,0002 0,0002 0,0001 0

B cootBercTBHM ¢ pesynbTaTamu [17], HabmonaeMslii IOTOK V HOBBIX KOMET U3 BHEWIHero obiaka
Ooprta ¢ abcomoTHOH 3Be31HOM BeMMYMHOI sApye, ueM Hyo = 7, pasen 0,2 komersi B rog Ha 1 a.e.. Torma
nperoaraeMoe OCTOAHHOE KOHYECTBO KOMET raJUIeeBCKOro TUNA, KOTOpOoe JOJDKHO OBITh NOCTYITHO
HabMONEHUIM MOXKHO BBIYHCIIUTD TI0 opMyie:

: NfT=y4.p.L7

rie N/7 — xoNHMuecTBO KOMET TaIIeeBCKOrO THIIA, 33XBATHIBAEMBIX W3 -0l OGNACTH NEPBOHAYATHHBIX
3HaYCHWI MEPUTENHMIHBIX pacCTOsHU, V4 — MOTOK HOBBIX KOMET U3 nepeoii obnacth, P; — Bec 06bek-
0B i-0#t 06macTh, L7 — cpeHee muHaMIMeckoe BpeMst JKH3HH Ha op6uTax rajuieesckoro Tuma. Ifocto-
SHHOE KOJIMYECTBO 06BEKTOB Ha OpOHTAX ra/IeeBCKOro THIIA NODKHO GriTh N7 = 3201, uto cornacyer-
ca ¢ ouenkoii Emensanenko u befinu [6, 7]. Oanako B HacToAmmii MOMEHT 0OHapyKeHO Bcero 24 koMe-
TBl Ha opbutax KI'T, 4o B coTHM pa3 MeHbHIe rony4eHHOH oueHkH. C Apyroii CTOPOHSBI, BpeMs JKH3HH
KoMeT ceMeiicTBa IOnuTepa cocraBwio okono 12 000 Jer, cnegoBaTeNbHO, MOCTOSHHOE KOJMHYECTBO
obnexToB Ha opburax KCIO nomkHo Gbite mopsaka 100, uro cornacyerca ¢ HabmoaeHnaMu. Pemenue
BOTIPOCOB CBA33HHBIX C KOJIMYECTBOM KOMET raJl/IeeBCKOTO THIIA M O BO3MOXKHBIX OTpaHWYeHUAX Ha ¢u-
3MYECKOE BpeMs JKH3HH 3THX KOMeET TpeGyeT pacCMOTpEHHS B OTAEIbHOI paborTe.

3axmouenne

B pabote paccmoTpeHbl MexaHu3MEI 3axBata Ha opbuThl KI'T M3 moutu napabonuyeckoro moToka.
O6HapyxeHO ABa MeXaHM3Ma 3axBata. IlepBblii MexaHW3M (g-3aXBaT) 3aK/IOYAETCA B COBMECTHOM
pmusHAM IOmuTepa u lNatakTHKY Ha MOYTH nMapabosyiMyecKue OpOHTEL, B Pe3yJIbTATe Yero y KOMETHRIX
opbuT mepurenuifHOe paccTOSHHE OYeHb 3HAUMTENBHO yMeHbmaercd (mo 1,5 a.e.). Bmocnencrsum,
rIaBHEIM ofpasom, non BiugHMeM IOnurepa, B pesynsrate auddy3un KomeTHBIe OpOHTH TpaHChOp-
MHPYIOTCA B KOPOTKONEPHOAMYECKHE. ITOT crocob 3axBaTa odeHb OBICTpEHIM M A MONajfaHus Ha op-
oury KI'T xomeTe nocratoqHo B cpefHeM coBepmHTh okono 500 o6oporos Bokpyr Conxua. B pabore
[18] 6pu10 Mokasano, yro AUGGY3HOHHBIE H3MEHEHHA OONBUIMX MOIYOCel CIIPHOIILTHITHYECKHX Op-
OHT ¢ MaJILIMH 3HAYCHAIMH ITEPUTeJINHHBIX PaCCTOAHHMI HOCAT CiTydaifHBIN XapaKrep.

BTtopoii MexaHn3M (g-3axBaT) 3aKTIOYaeTcd B TOM, YTO B pe3yNbTaTe TECHBIX cOMDKeHuH ¢ IaHe-
TaMH-THTaHTaMM IUTaHETHl 3aXBATHIBAIOTCA HA KOPOTKONEepHoandeckne opbursl. BrociencTeuu, B pe-
3yJIbTaTe IUIAHETHBIX BO3MYIIEHMI NMPOUCXOMUT NOCTEHEHHOE MOATATHBAHHE MX OpPOUT K BHyTpPEeHHEH
maHeTHol obnacti ConHedHo# cHCTEMBI, B OCHOBHOM, B PE3yJIbTATe CEPHM CTYMEHYATHIX NEPEXOI0B
Ha Pe30HaHCHbIC OPOHTHI ¢ IJIaHeTAMH-THraHTaMH OT Gonee otnaneHHBIX obnacteit ConHedHo# cHcTe-
Mbl k Gonee 6nmskuM. B pesynsrate TOro, YTo MOATATHBaHHE OPOHT OCYIIECTBISETCA B pe3yibTaTe
b dy3uH B CONPOKEHO ¢ HEOMHOKPATHBIM NpeObIBAHHEM KOMET Ha Pe30HAHCHBIX OpOUTaX, HBOJIIOLHA
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Ha opbuTel KI'T ¢ nomousio g-3axBara B cpenseM B 30—40 pa3 Gonee MpoaOIDKUTENBHA, YEM C OMO-
WIBIO g-3aXBaTa.

B onpeneneHHoM CMEICTIE, MEXaHH3M g-3aXBaTa €CTh MEXaHW3M 3aXBaTa, ONMCAHHEIA B paboTax [3—
5]. B cBoux paborax oHa paccMaTpHBalla 3aXBaT Ha KOPOTKONEPHOAWYECKHE OPGHTEI ¢ MapabouYecKux
opbut ¢ nepurenuiiHeM paccrosHueM Gonbiue 10 a.e. B 3T0il paboTe nmokasaHo, YTO 3TOT MEXaHH3M
paboTaer 4 [1g OpOHT ¢ MEHBIIHM 3HAYECHHUEM TIEPUTEMIHOrO PACCTOAHMS.

Heo6X0quMO OTMETHTB, YTO YHYET BOMYIIEHHH OT rajIakKTHKH CHOCOOCTBYET HOBBILIEHHIO BEPOAT-
HocTH 3axBara KoMeT Ha op6uTel KI'T u3 o6naka Oopra ¢ nepBOHaYanbHBIMH 3HAYCHHAMM TIEPUTeTHi-
HBIX paccTosHMH B npenenax (4-31 a.e.) H NOHMIKEHHIO BEPOATHOCTH 3aXBaTa Jyis OPOMT C MEepBOHA-
YanbHBIMH 3HAYCHHAMH NEPUTECIUIHBIX PacCTOAHMI MeHbIIE 4 a.e.

BbI0 NOMy4eHo, YTO BEPOATHOCTH 3aXBaTa HAa OpOHTHI ra/UIEeBCKOro THIIA HaHOOoNbImas uia obnac-
TH NEPBOHAYATBHBIX 3HAYCHHH NepHrenuiiHex paccrognuii (0, 4 a.e.). OnqHako MOTOK KOMET H3 o0aka
Oopta Ha opbuTax ¢ nepureMHHBIMH paccTOSHHUAMH OpOHT 6 < ¢ < 31 a.e. 3HAYMTENBHO NpPEBLIIIAET
HIOTOK KOMET Ha opbutax ¢ g <4 a.e. 310 NPUBOAUT K TOMY, YTO BCETO OKOJIO TPETH OOBEKTOB, 3aXBa-
YEHHBIX Ha OpOHTHI Ta/JIEEBCKOro THITA, HMEJIH NIEPBOHAYAIbHOE 3HAYEHUE NIEPUTEJIMIHOrO PACCTOSHHS
(0, 4 a.e.). Takum obOpasom, 3axBat u3 Apyrux obnacteii Ha opbutsl KI'T urHOpHpoBaTh He creyer.

Bripaxato 6naromapHocth EMenbsanenko B.B. u Masesoit O.A. 3a o6cyxaenre pe3yyiETaTOR U 3a-
MEYaHuA.

Hannas paboma noddepacana epanmamu POOH-Ypan 04-02-96042, PODH 06-02-16512 u npo-
2pammoii yenesoii NOOOEPICKU HAYHHBIX UCCIE008AaHUY MONOObIX Yuenvix IOVpI'Y.
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YAOK 523.6

YrACAHMUE KOMET U3 OBJIAKA OOPTA
E.E. Buprokoe

B pabote nccaenyercs Bonpoc yracaHus komer u3 ofiaka Oopra. Ipeanonara-
eTcsl, YTO ITO CyYaiiHbIil Npolece, 3aBUCANINI 0T BO3pacTa KOMeThI H Nepure-
Jimfinoro paccrosiaus eé opOutel. IToka3ano, 9TO KOMETHI AO/DKHBI YracaTh Ha
AOCTATOYHO GOTBLINX TeJIHOIEHTPUYECKHX paccTosuusax (r > 2,5 a.e.). Takum
obpa3om, cymecTBeHHoOe BiIMgHHe HA (H3HYECKYI0 3BONIONHI0 KOMET 0KA3LIBAET
cyGumanus He TOLKO BOASHBIX JIbJA0B, HO H JILJIOB APYrHX, GoJiee JIeTY4HX CO-
ennHeHui. CTAaTHCTHYECKAs OUEHKA Pe3y/IbTATOB JaeT X0poilice COrJIACHE ¢ Ha-
GJIIoeHUAMH.

Beegenne. Kopotkoneprnomiueckue komers! (nepuoa MeHsue 200 jieT) TpauiIMOHHO TOApasie-
JSIOT Ha [BA OCHOBHBIX KiIacca — KoMeThl ceMelicTBa FOmirepa i komeTh! rajuteeBckToro tina. Komerst
cemeifctBa IOmmrepa (KCHO) — xomers! ¢ nepruonoM obpamenus Bokpyr Conmia MeHbme 20 JieT U na-
pametpoM Tuccepana Ts > 2. KomeTsl raJuleeBCKOro THITa JBIDKYTCH Ha OpOHTaX ¢ HEPHOIOM o6pan1e-
Hus Bokpyr Conxna 20 < P <200 ner u mapamerpoM Tuccepana Ts < 2.

MonempoBanue 3axBaTa KoMeT U3 obiaka Oopra ToKa3kIBaeT, 9T0 Ha OpOUTaX raieeBckoro fHma
¢ g < 1,5 a.e. nocTOSHHO J0JDKHO HaxoAHThCA okosio 3000 koMer ¢ abcomOTHOM 3BEe3AHOM BETHIHHOM
Hy <7 [1-3]. D10 mocTaTtouHO KpyIHBIE KOMETHI, pa3Mep KOTOPHIX NMpeBhIIaet 5 kM. OJHaKO B HACTOSA-
Mt MOMEHT HaOMONEHHAM JOCTYITHO Beero 24 koMeTsl Ha opbuTax ramieeBckoro THma ¢ ¢ < 1,5 ae. u
14 xomer Ha opbutax ¢ ¢ < 1 a.e. Eme B pabote [4] 6pu10 caienano npe/monokeH e, YTo ¢ TeIEHUEM Bpe-
MEHH JIETy4He COSJIMHEHHA B SApaX KOMET HCTOIAIOTCA M KOMETHI IIPEBPALIAlOTCS B aCTEPOUIBI.

bonpmmHCTBO MccenoBateneil monaraer, uto A0 99% xomer yracaer [1, 2, 5]. B paGore [5] 6suto
TMOKa3aHo, ITO €CJIH KOMETHI NPEBPAINAIOTCA B aCTEPOHBI, TO JOJDKHO cymiecTBoBaTh 46000 akTHBHBIX
¥ YTacIIMX KoMeT pasMepoM bostee 1,5 kM Ha opburax rajureeBckoro tuma ¢ g < 1,3 a.e., 4to He corna-
cyercs ¢ HabmozeHuAMU. B HacTosmee BpeMs 06HapyKeHO TONBKO [iBa aCTEPOH/A Ha rajieeBCKoi op-
GuTe ¢ mepureNUiiHEIM paccTosHHeM MeHbme 1,3 a.e. — 1999 XS35 u 2006 HR30. C yuerom Habmoza-
TENbHOH CEeNEKUMH 3TO YHCIO MOXET 6BITh okono 100, uro mourH B 500 pa3s MeHbIIE MOTYYEHHOH
onenku. Ha sToM ocHOBaHHM GBUTO BHIIBHHYTO NpeIIonokeHue, 4To 96% yracumx KOMeT pa3pyliaioT-
4 B IBUTb HOCJI€ NIEPBBIX MPOXOXAEHHH NepHreiis OpoHTH 10 MOMEHTA, KaK HX OpOUTBI 3BOJHOLIMOHH-
pyioT B raiuieesckue. OnHako 3Ta paboTa He OTBEYaeT Ha BOIPOCH], CBA3AHHBIC C IIPOHCXOMKICHHEM H
9BOJIOLMEH KOMET FJLIEeBCKOTO THIA: KaKiMM 00pa3oM BO3MOXHO YracaHHe KOMETHBIX SAEp, KaKMMH
BHYTPEHHHMH HpoLieccaMHi OOBACHAETCA MX pe3Koe CHIDKEHHA APKOCTH WIH paspylICHHE IOC/e He-
CKOJIBKHX TIPOXOXKACHHMI TIEpUTreNHs, YTO PONUCXOINUT B JajbHEHINEM ¢ OCTaTKaMH pa3pyllieHHs S1ep U
Kak 3To coryacyercs ¢ HabmozneHnsMu. [lonoGHble pe3ynbTaThl yke ObUTH MONy4eHsl B pabote [6], rae
ObUTa PacCMOTPEHA 3aBHCHMOCTh KOJIMUECTBAa KOMET Ha rajllIeeBCKHX OpOHTax OT orpaHMueHHiH Ha Qu-
3HYECKOE BPEeMS JKH3HHU fA/lep M OT NEepHIeNHifHOro paccTOAHHSA OpOHTHI COOTBETCTBYIOIIErO IEPBOMY
TIOTaJaHUIO KOMETHI Ha rajuieeBeKyio opbury. B 3t1oii paGote GblI0 Moxa3aHo, 4TO CpEHEE BpEMS XKH3-
HH KOMET raJUIeeBCKOTO THITa He JIOJDKHO TPEBBIATh BpeMeHH, cooTeTcTBytomero 200 oboporaM Ko-
Mets! Bokpyr ConHua.

Taxum ofpa3oM, B HacToslee BpeMs HE UMeeTCH paboT, MOCBAIEHHBIX MCCICIOBAHMIO pacmpene-
neHus snemeHTos opbut KI'T, 3axBaveHHsIx 13 o6naka OopTa, NOMy4aeMoe ¢ Y4E€TOM yracaHHa KOMeT-
HeIX anep. [IpakTudecku Bo Bcex paboTax paccMaTpHUBanoCh BAMAHHMA OrpaHHYEHHH (QH3MUECKOro Bpe-
MEHH >XU3HH Aiep Ha KoIMuecTBO koMeT Ha opOurax KI'T. B nanHoit paGote Hiercs ¢pyHKIMOHANbHAS
3aBHCHMOCTE YTacaHMA KOMET He TOJIBKO OT BO3PAacTa KOMETEI, HO M OT NIEPHUTeIMHHOTO PACCTOSHHUSA Op-
GHTHI KOMETHI.

Yracanne komer. [ pemeHns Borpoca Guzndeckoli 3BOMIOLHH KOMET He00X0AHMMO BBIACHUTS, C
4eM MOXKeT GbITh CBA3aHO yracaHue KOMET, KaKue MpOIeccH MPOTEKaloT B AAPaX KOMET.

IlpyanHa yracaHHs KOMeT 3aKJIIOYaeTcs B ciefyromeM. IIpH KakJoM MPOXOXACHWH IEpUrenud,
SApO KOMeTHI nporpepaerca. BenieZicTBHE 3TOro MpOMCXOANT CyOaMMalis JIBJOB, BXOAAIINX B COCTaB
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A7ipa KOMeTH. BMecTe ¢ eTyqnMH BeeCTBaMHU H3 ARpa YBJIEKAIOTCS B OKONOAAEPHOE IPOCTPAHCTBO
TBEepAble MHHEpaJIbHbIC BEIIECTBAa — NMLUTHHKH. C TedeHneM BpeMEHH KOMETHBIH MatepHan 60 ucro-
LIaeTCA ¥ KOMETa MPEeKpaIiaeT CBOe CYLIECTBOBAHHE, JIHOO ApO KOMETHI MOKPHIBAETCA IUIOTHOM KOp-
koii. JlensHas MOBEPXHOCTh CO BPEMEHEM CTAHOBHTCS NATHHCTON BCJIEICTBHE 00pa3oBaHUs MUHEpATh-
HOI KOPKH, KOTOpas MOCTENEHHO HAIUIACTOBHIBACTCA Ha NOBEPXHOCTH JIEASHBIX A/IEP M CO3JaeT 3alluT-
HEI 5KpaH-MaTpHUIy, 3AMETHO CHIDKAIOUMH CyOnMMalLMio JIbJAa B MEX3Be3JHOE NPOCTPAHCTBO. DTOT
nporiecc 0cO6eHHO 3aMETHO MPOABIAETCA Y KOPOTKONEPHOANIECKHX KOMET, MHOTOKPATHO HPOXOAAINHX
yepe3 nepurenuii. Koraa ko3 duiinenT 3KxpaHMpOBaHHS, paBHbIN OTHOIIEHHIO TUIOMANH HOBEPXHOCTH
A7Apa, MOKPHITOH MHHEpalbHOH KOpPKOM, K MOJHOM IVIOMafX MOBEPXHOCTH AApa, CTAHOBHUTCA Gonblne
0,9, koMeTy CIOXXKHO OTJIMYHTE OT actepouia [7]. HeobxomuMo oTmMeTHTh, 4TO KOMETOH HA3BIBAIOT Ma-
noe teno ConmHe4HOH CHCTEMBI, Y KOTOPOTO HMEETCS KOMa, COOTBETCTBEHHO acTEPOMAOM HA3bIBAIOT
Masioe Teno COMHEYHOH CHCTEMBI, Y KOTOpOro 3Ta koma orcyrcTByer. Kax nokasan Mapcnen [8], y
MHOTHX KoMeT ceMeiicTBa OmuTepa 10511 akTHBHOH NOBEPXHOCTH sApa MeHbLe 1% H 3TH 06BeKTh IpH
HabmoneHMAX HACHTUQUIMPYIOT HMEHHO KaK KOMETBI. DTO JIETKO 0OBACHAETCH TEM, YTO KOMETHI Ce-
MetictBa IOnuTepa obnanarot ManeM neprHogoM obpamenus Bokpyr Conxua (P < 20 ner) u, Kak ciiea-
CTBHE, MAJTLIM 3Ha4YeHHEM OOJIBIION NOMYOCH, B PE3y/IbTaTe Yero OHH AOCTYIHBI HaGMONEHHSM mpak-
THYECKH BCe BpeMs HX opGuransHOro mepuoza. B cBa3u ¢ aTuM npu HabmoneHUIx jierde oGHApYKHTH
HaJTMJHe BechbMa Manol kombl. KoMeTsl rajuteeBCKoro THma, Kak paBmiio, HaGMOAaroOTCA TONBKO B MO-
MEHT HX HaXOXKOEeHHS BONM3H nepHrenus cBoeil opouThl. MHOrHe U3 HUX HaGMIOJAIOTCA HA MPOTAKE-
HHHM BCETO HECKONBKHX JIHEH, H cllefiyloliee HX TOABJICHUE IpousoiieT Tonbko Yepes. 100-200 ner. Ilo-
3TOMY O4€Hb YacTO KOMEThI FaJUIEeBCKOro THIIA He 06OHapyXKMBAIOT, a €CIM 0OHapyKHBAIOT, TO ONpexe-
NS0T HX Kak actepounsl. Hanpumep, o6sexrsl 2001 OG108 u 2002 CEI0 nepBoHa4aibHO HACHTH(H-
IMPOBAIM KaK acTEPOU/IbI, ¥ CITyCTA HEKOTOpOe BpeMs Yy HHX OGbula oOHapyeHa cnabas KoMa.

B moHorpagun Illynemana [7] 65m1 mogpoGHO paccMoTpeH mpouece oOpa3oBaHWA MHUHEpATbHOM
KOPKH Ha MOBEPXHOCTH fA7pa. Beiio rokasaHo, 4TO €ciiM pa3Mep aapa MeHbile 1,5 kM, To Ha ero mo-
BEPXHOCTH HHKOTZja He CMOXKeT 00pa3oBaThCs MHHEpaIbHas KOpPKa H 3TO AP0 O4eHb OLICTPO TIpeBpa-
TATCA B MbUTh. OTCIONA chefyeT IIaBHbLi HegocTaTok paboTei JleBucona u ap. [5]. B croeit paGore onu
paccMaTpHBall KOMETHI pasMepoM Oobime 1,5 kM, HO Kak cliefyeT U3 pe3yisTaroB [7], y smep Takum
pa3MepoM MHHepalbHasd Kopka OyzeT BecbMa HE3HA4YHTE/IbHAA U HE CMOXKET MOTHOCTBIO 3aIIHTHTE SAPO
OT cyOiUMauuH NBJ0B ¥ UCTONIEHHS KOMETHOTO MaTepuana. B Toii xe pabote Illynemana 66110 noka-
3aHO, YTO NBUTMHKH, pasMep KOTOpEIX Goblle HEKOTOPOro KpHTHUECKOro 3Ha4eHHd, B npolecce cyl-
JMMaI¥H JIbJa OCENAIOT Ha MOBEPXHOCTH A7pa, o6pasys MuHepalbHyI0 KOpKy. Kpuruueckuil pasmep
MBUTHHOK YMEHBINAeTCA C YBEJIMYEeHHEM NEepHre/IMHHOTO pacCTOAHHA M PasMepoB fApa KOMeTHL. To
€cTh, 4eM Goplle pasMmep sapa H IepurenuitHoe paccroanue opoutsl, TeM GoJbine MBUIH OCEAAcT Ha
TNIOBEPXHOCTH s7ipa H TeM GbicTpee o0pa3syeTca MUHepanbHasd KOpKa. OTO BBI3BaHO TeM, YTO Ha GObHINX
reJIMOLEHTPHYECKHX PacCTOSHHAX CKOPOCTH BRIOpOCa NMBUIEBBIX YAaCTHYEK OYCHb Majla M HE JOCTHraeT
CKOPOCTH, HeO6XOMUMOH [1s MIPEONONEHNS CHITbI IPHTKEHHS siapa (deM Gonblne AApo, TeM CHia NpH-
TAAKEHHA GoJible), H 9aCTHYKH OCeJaloT Ha AP0 KOoMeThl, o0pa3ys IUIOTHYI0 KOpKy. JlaHHbii criocob
yracaHus NpPOXOAMT C BBICOKOH ckopoctsio. IIpexkne yeM mpekparuTbcs KOMETHAas aKTHBHOCTB Apa,
KOMETe JOCTaTOYHO COBEPLIMTH HECKOJIBKO NMPOXOXKIACHHI niepureiis ceoeit opoutkl. MMetotes cioydan
TIPeKpaIleHHss KOMETHOH aKTHMBHOCTH A7pa HO NEPBOTO MPOXOXKAEHHUSA KOMETOH MEepHreMiHOro pac-
crosHus (Hanpumep, koMeta D/1978R1). Onnaxo no npuyunHe npubiikeHus koMeTs! K ConHLy pasmep
ee fAapa yMEHBIIAETCH, KaK CJICACTBHE yBEIMYMBAETCA KPUTHYECKHH pafHycC IBUIMHOK, H HEKOTOpPbIE
ABUTHHKH BbIAYBAlOTCA B KOMETHYIO aTMochepy.

Jpyroii BO3SMOXHBIH MEXaHW3M yracaHHs KOMET €CThb CJEJCTBHE caMOif CyOnMManMy KOMETHBIX
JIBJIOB, TO €CTh NPOABJICHAA KOMETHOH akTHBHOCTH. IIpH KaxknoM mocneqyroeM POXOXKACHUH NepH-
rejiis KOMETHI u3-3a CyOIMMalMH JIBJOB M BBIHOCA B OKOJIOSAEPHOE MPOCTPAHCTBO BMECTE C JIETYYHUMH
BEIIESCTBAMH M TBEPABIX YaCTHL], KOMETHI TEPAIOT YaCTh CBOEH MacChl H YMEHBIIAIOTCA B pasmepax. On-
HaKO TIPOLECC MCTOLIEHHS KOMETHOIO MaTepHhala NPOXOAUT MEMJIEHHO, H €ro CKOPOCTh OY€Hb CHIIBHO
3aBHCHT OT NEpHreIHiHOro paccrosnua. Eciu komera aswkercs no opbure ¢ g = 1 a.e., To oHa Henapsi-
erca. 3a 600 o6oporos Bokpyr Comxna. Jia KOMeT ¢ nepureiuifHbIM paccTosHHeM OpOHTHI ¢ = 2 a.e.
TpebGyerca coBepmmTh okosno 4500 o6oporor [9]. B TakoM ciywae yracaHHe KOMETHI 3aK/IIOYaeTCs B
YMCEHBIIIEHHH pa3sMepOB KOMETHI HACTONBKO, YTO €€ (TEPAIOTY, TO €CTh KOMETa CTAHOBUTCS HEJOCTYNHA
HaOmonCHNAM.
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Buprokoe E.E. Y2acaHnue xomem u3 ob6naxa Oopma

Takum 06pa3zoM, Heo6X0MMMO BBECTH (QYHKIMIO yTacaHHs KOMETHBIX f1ep, KOTOpas XapaKTepu3yeT
TIOTEPIO KOMETHI VI 3eMHBIX HaOmonenmil. OyHKIHMSA NOJDKHA 3aBHCETh OT KOJHYECTBa obpamieHwHii
KOMeTEHI BOKpYT COJHIA M OT IEPUTEAMIHHOrO paccTosHuA ee opOuThl. DyHKIMH yracaHus, MpPeUToKeH-
Hele B pabote [10] cnenyer orbpocuts cpasy. ITockonbKy, BO-TIEpBBIX, HECMOTpPS Ha KAXyILEeCs MHOTO-
obpasue npepnoxkeHHX QyHKIHH (B paboTe npencTaBieHo 6 GyHKIMIA yracaHus), BCe OHH JAIOT 3aBH-
CHMOCTB YTacaHHs TOJIBKO OT BO3pacTa KOMeThl. BO-BTOPBIX, B 3THX (yHKIHAX BBEACHHI KO3 PULIHEH-
Thl, PH3MYECKHI CMBIC/T KOTOPHIX HE PACKPHIBAETCA, a IOTOMY HE MOHATHO, [0 KaKOil MpUYHMHE IIPOMC-
XOJUT yracanue KOMeT. B-TpeTsux, noj yracaHueM OHH TaK e pacCMaTpUBAIOT MEPEXO] KOMET Ha Ko-
POTKONEPHOJHMIECKHE OpOHTBI, 9YTO HE HMEET (PH3HUECKOTO CMBICIIA, IOCKOJIBKY MOCIIE 3aXBaTa Ha KOPOT-
KOTICPHOMYECKYIO OPOHTY: € AIPOM KOMETHI HUYETO He MPOHCXOJIHT, U ee MACHTHYHUUHMPYIOT Kak KOMETY.
HauGonee noaxonsmei apnserca (pyHKLMA, NpenokeHHas B pabote [6]. Onuako B 310# pabote He Gbu10
YYTEHO, YTO Y KOMET B NPOLECCE SBOTIOLMH H3MEHSIOTCS JIEMEHTh! OPOUT, B YaCTHOCTH TIEPHIENTHItHOE
paccTosHMe, H, KaK CJIEJCTBHE, H3MEHAETCA BEPOATHOCTh yracaHus. B paboTe Taxoke He paccMOTpeH
BKJIAJ| KOMET Ta/lJIeEBCKOTO THUMA, 33XBAYEHHBIX ¢ OpOUT ¢ GONBIMMY NEpPHUTEMAHBIMA PACCTOSHHUAMM.
Kax 65110 nokasano B pabore [3], 31 06beKTHI ABNAFOTCA CymecTBeHHbIM HeTouHHKOM KI'T.

BepoaTHOCTB yracaHus KOMETHI 3a: OftiH 06opoT paBHa P = 1/(Nypaq®), tie Npay — MAKCHMATEHOE
KomyecTBo 060poToB KoMeT BOKpyr ConHLia Ha opOHTax ¢ NepHreJIMiHbLIM paccToSHHEM ¢ = 1 a.e.,
a — Hekoropas KOHCTaHTa. bblia nmpoBeieHa cepys BbIYMCIICHHH I pa3HBIX 3HAYCHWH TapaMeTpoB
yracaust Ny (100-700) u o (0,5-3). Ilpennonaraercs, 4To yracaHue KOMET CBA3aHO ¢ CyOauManueit
BOJAHBIX JTHJI0B, HHTCHCHBHOCTE KOTOPO# PE3KO YCHIIMBAeTCA HA PacCTOSHUAX MEHBIIE 2,5 a.e.

Hamnyqmee cornacue pacnpenenernus opour KI'T, 3axeadenHbix u3 obnaka Oopra, ¢ HabmoaeHus-
MH obecnieunBaeTcs NpH 3HaAYeHUAX Ny = 600 1 @ = 1. OHako B TakOM CiTydae KOJHYECTBO KOMET Ha
opbHTax ra/uieeBCKoro Tuna ¢ g < 1,5 a.e. pasHo 190 1 64 nns opbur ¢ g < 1 a.e., YTO NPOTHBOPEUHT
HaOmoneHnaM, MOCKONbKy B Kartanore Mapcmena m Bunbamca [11] umerorca mannsie o 24 KI'T c
g<15ae n14KITc g <1 a.e. MoxnO npeanonoXnTs, YTO PacXOXACHHE MEKAY MOIYUYCHHEIM . H
HabmoJaeMbIM KOJIMYECTBOM KOMET Ha TajUteeBCKUX opOuTax sBisercs ciencreueM dddexra Habmo-
JatenbHOM cenekuuH. JleficTBUTENLHO, apryMeHTHl NIepUreiiieB HOBBIX KoMeT U3 obiaka Oopra paBHO-
MepHO pacrmpefieieRsl B npenenax (0°; 360°). M3 wicneHnoro vHTErpupoBaHHA OBUIO HOMYHEHO, YTO
pacnpeneneuue aprymexToB nepuremes KI'T, nporcxoskaeHue KOTOPHIX cBs3aHO ¢ o6nakom Oopra, He
JIOJDKHO OTJIHYATHECH OT NepBOHadaibHOro pacupeneneHus. Y Habmogaemsrx KI'T nmeercs ABHbI He-
JIOCTaTOK OpOHT ¢ apryMeHTOM repuresus opoutsl @ > 180°. M3 14 komer Ha ramieeBckux opGuTax ¢
HEPHTeTHHHBIM PacCTOSHHEM MEHbIIe | a.e. BCero y Tpex apryMeHT nepureis opoutsl 6oneme 180°.
Ipuyem Takas aucnporiopiys HabmoaaeTcd Jaxe Ui KOMeT, HabmoaeMbIX B HECKOJIBKHX TIOSBJICHH-
ax. TakuMm obpasoM, Ha opburax KI'T ¢ nepuresuifHbiM paccTosHHEM MeHbIle 1 a.e. JOMKHO OBITh HE
meHee 20 koMer. Otot 3ddekr faBHO 0GHApYXEH, U ero OTMeua Bo MHOKecTBe paboT no Habmona-
TenbHOM cenekumu koMmer [12—14]. OH cBg3aH ¢ TeM, uTo Y opbHT ¢ @> 180° nepurenmii pacrnonaraercs
HIDKE TUIOCKOCTH 3KTHITHKH. B pesynbraTe dero KOMeTHl JOCTYNHbI HaOMOAEHHUAM B I0XKHOM MOJTyINa-
pun 3emny, rae HabmoAeHus 3aTpy/JHEHbI MEHBIIHNM, B CPABHEHHH C CEBEPHBIM NOMYINApHEM, KOJIHYE-
CTBOM, KaK TeJIECKOIIOB, TAK M acTpOHOMOB-/itoGuTeneit. Ho B pabore [5] mokasaHo, 4To ¢ y4eToM 3¢-
¢exra HaGmONATENBHOMN CeNeKLMM KOMHYECTBO KOMeT Ha opOHTa rawieeBckoro tuna ¢ ¢ < 1,3 a.e.
JIOJDKHO B JiBa pasa npeBbimaTe Habmonaemoe. Takum oGpasom, momyyeHusie oneHku xomauectsa KI'T
3HAYMTENBHO 3aBBINICHBL. KONM4YecTBO KOMET rajieeBCKOro THIa OynAeT MeHbINe, €CNIH B3ATh Majoe
3HaYeHHE Ny HO Nypgy He MOXeT ObITh MeHblIe 500, MOCKONBKY B 3TOM ciiyuae Gyaer Habmoaareca
HEJIOCTATOK KOMET C MaJIbIMH NEepUreMiHEIMH paccTosHuaMH opbut (g < 0,75 a.e.). Kpome obmaka
Oopta Be MMeeTca APYroro HCTOYHMKA, CIIOCOOGHOr0 MPOU3BECTH KOMETHI FaJUICCBCKOro THIIA ¢ MAJIBIMU
TICPUTe/THIfHBIMH PacCTOSHUAMH OpOUT.

B kauectBe pemieHHa 3T0off MpoGiEeMBI IOMYCTUMO TPEAIIONOKEHHE O BO3MOXKHOCTH IPOABJICHUS
A7ipaMH KOMETHON aKTHBHOCTH Ha 6onmeumx paccroanusax ot Connna. M3 sroro cnepyer, 4To KOMETHas
aKTHUBHOCTb, CIIOcOOHas BEI3BAThH YyracaHHe KOMeT, CBsi3aHa ¢ cyOnuManueil abaoB Oonee NeTyYux co-
exunennii, yem HyO. TlosTomy cienyer eme pa3 oOpatuthes K HaOMOAaTENBHEIM JaHHBIM.

CrieKTpabHBIH aHAMH3 KOMETHBIX aTMochep TNMOoKa3bIBaeT, YTO MOMHMO BOJAHBIX JIOB B COCTaB
siep KOMET BXOJSAT JibJibl Gotee sieTyumnx coequnennii, yem Boga (CH;OH, CO, CO, u apyrue). Hlyns-
MaH [7], He ocTaHAaBIHBAACh HH Ha ONHOM TEOPHH NMPOMCXOXAEHHA KOMET, JaeT MOAPOOHBIN aHANM3
¢opMHpOBaHUA KOMETe3UMANMi B NPOTOIUIaHETHOH TyMmaHHOCTH. lllymsMaHoM ObIIO NOKa3aHO, YTO
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BOZHBIC ¥ aMMHAYHbI€ JIB/BI HE MOTYT OJJHOBPEMEHHO KOHICHCHPOBATHCA HAa MOBEPXHOCTH AP KOMET
B CHI[y CBOMX (pH3MHYECKHX CBONCTB. B mpollecce KOHAEHCAIMH ra3omNblIeBOdl TYMaHHOCTH B IIEPBYIO
odepenpb B TBEpAYIO (a3y IEpeXONUT BOIIHOM Iap, 3aXBaTHIBAIOIINN HEKOTOPOE KOJIHMYECTBO aMMHAKa
(remneparypa T = 100-150 K). C TeyeHueM BpeMeHH B npoliecce OCThIBaHHA TyMaHHOCTH 10 §0-90 K
MPOUCXOAMT KOHJACHCALMA aMMHaKa. 3aTeM B quanasoHe teMueparypbl 60-90 K xonaeHcupyertcs yrite-
KHUCHbIH Ta3, B pe3yJIbTaTeé 4ero NpOHCXOIHUT GopMHUpoBaHMe ciioucToro sapa. Ilpu stom dopma azapa
MoOXeT GBITh COBEpIIEHHO NPOU3BONBHOM. He mpoTuBOpeunT 3THM pesynsratam upes Yummwia [15], co-
[JIaCHO KOTOPOH KOMETHI Ha okpamHe CojHEeHYHOH CHCTEMBI MOKPHIBAIOTCA JIbAaMu GoJiee JTeTyqnx CO-
eIMHEHHI, yeM BoJia. IIpH MepBEIX NPOXOXKICHUAX KOMETOMH IEPHTENHS CBOEH OPOHTHI 3TH JIb/BI O4€Hb
OBICTPO CYONUMHPYIOT, TIOCHE 9ET0 NPH HAOMOASHHAX ¢ 3eMIIH KOMeTa CTAHOBUTCA MEHee APKOiA.

TaxuM 06pa3oM, y KOMET, BliepBbie TpHOmpKaromuxca kK ColHIy Ha paccTogHue ~3 a.e. MpOsBIia-

eTcs KOMeTHas aKTHBHOCTb, CBA3aHHAdA ¢ CyOmuManmeif ILIOB JIETYMMX COSIMHEHMH, KOTOPhIe CIOAMH

, IOKPBIBAIOT BOJSAHOH Jiell, pacloNoXKeHHbIH Ombke K HEHTpY A7Apa. B nmoms3y 3Toro mpeanonoxeHus
TOBOPHT CTaTHCTHKA KOMETHBIX HabmoneHuil. Okono TpeTH KOPOTKOIEPHOANYECKHX KOMET ABIDKETCA Ha
opbHTax ¢ NepHre/IMHHLIM PACCTOSHUEM, NPEBHIIAIONAM 2,5 a.6., W3 HUX OKOJIO IATON HacTH HBIDKETCS
Ha opburax c g > 3,5 a.e.. [TosToMy uMeIoTCS BCe OCHOBaHHS pacCMaTPUBATE IPOLIECC yracaHWd KOMeT Ha
pacctosuuu 3 a.e. 1 6opine B 9T0M ciyyae KoIMUYeCTBO KOMET Ha OpOMTAaX TajIeeBCKOrO THITA C [IEPHTe-
JIMAHBIM paccTOsHUEM ¢ < 1,5 a.e. nomkHo 6BITh paBHO 90 1 Ha opbuTax ¢ g < 1 a.e. okono 25.

OBepxapr [13, 14] paccMoTpen 3¢ dexT HabmOnaTeNMLHOM CeIeKIHU U NOIyIHI BEPOSTHOCTH O0Ha-
PYKEHHS KOMET B 3aBHCHMOCTH OT IEpHUIe/IMHHOro pacCTosSHUA opOUTHI M abcomoTHOM BemuuHbl H)j.
Ecnu npuHATS BO BHEMAHHE OLIEHKH DBepxapra, TO Ha OpOHMTaX rajuleeBCKOr0 THIA C MEepUreHifHBIM
paccrosHueM g < 1,5 a.e. HabmoneHnaM AOMKHO GBItk RocTymHO 18-20 koMert, u 7-11 komert ¢ mepu-
reJIMIfHBIM paccTOsHHEM MeHblIe 1 a.e. BeposaTHocTH 0OHapy)KeHHsS KOMET COOTBETCTBYIOT pa3pelnaro-
el cnocoGHOCTH HabmoaaTeNbHbIX MPHOOpoB 60-X roJI0B, U NOTyYEHHBIE OLIEHKH COTJIACYIOTCA C Ha-
ONMOIEeHUAMH Ha TOT MOMEHT.

B tabmuue 1 npeacTaBleHb! XapaKTEPHCTHKH KOMET, 3aXBaYEHHBIX Ha OPOUTHI raJIeeBCKOTO THIIA C
y4YeTOM yracaHus KOMETHBIX sifiep. Jl1a cpaBHeHHs IIPHBECHEI JaHHBIE, IOTYYCHHBIE C YIETOM yraca-
HYA pu ¥ < 2,5 a.e. v r <3 a.e. Panee 6bu10 mokazano [3], uro npumepHO 2/3 KOMET 3aXBaTHIBAETCA HA
OpOUTHI rajIeeBCKOro THIA IyTeM g-3axBaTa. Kak BHIHO U3 TabJHUBI, IPaKTHYECKH BCE KOMETHI, 3a-
XBaYeHHbIEe Ha rajuieeBckue OpOUTEI ¢ HOMOLIBIO @-3aXBaTa, yracaloT. OcoGeHHO OTHETIIMBO 3TO BHIHO
TIPH PacCMOTPEHUH yracaHus IpH 7 < 3 a.e. 3HaUMTEIBHAS YaCTh KOMET, HCITBITABIINX g-3aXBaT, yraca-
IOT, HE JIOCTHUT'HYB TaJUICEBCKUX OpOUT. JTO 4BNIsETCS CIECACTBUEM TOTO, YTO 3TH KOMEThI 3HAUNTEIbHOE
BpeMs MPOBOAAT Ha opburax ¢ 1,5 a.e. <g<5a.e.

B paGore [2] 6b110 oMy4eHO, YTO MeAHaHHBIM HAKIOH OpOUT KOMET, 3aXBa4€HHBIX Ha rajl/IeeBCKUe
opbutsl u3 obnaka OopTa, 3HAYHTENIHHO IPEBHINIAET MEAUAHHBIA HaKIOH opbuT Habmomaemerx KI'T.
INosToMy aBTOpEI CKOPPEKTHPOBAIM NIEpPBOHAYAILHOE (IO COS i) paclipeie/ieHHe HAKIIOHOB OpOHT KOMET
u3 obnaka Oopra. OgHAKO 3TOTO Ae€NaTh He CIIEAYEeT, HOCKONLKY, BO-IIEPBLIX, IPH HCCIIEOBAHHH CTATH-
CTHHECKMX CHCTEM ClEAYyeT PacCMaTpPHBATh HE MEAMAaHHbIE, a CPE/IHUE BEIMYHMHLL Bo-BTOpHIX, OBLIO
o6Hapy)XeHO, YTO CPEeAHMH HAKJIOH aKTHBHBIX KOMET (TO €CTh «HE YTacUIMX») YMEHBIIAETCH C YMEHb-
IEeHNEM Ny, U yBEJIMIEHHAEM O

Cpennuii HaxIOH OpOHT KOMET rajUTeeBCKOro THIA C MEPHre/IMHHEIM PacCTOAHMEM MeHbine 1 a.e.
paBeH 77,7° u 68,9° y opbur ¢ q < 1,5 a.e. B Tabnuue npeacTaBleHb 3HaUSHUA CPEAHNX HAKJIOHOB Op-
6UT TeopeTHIECKMX KOMET IaJUICEBCKOTO THIA I NapaMeTpoB Ny, = 600 u a = 1. W3 Tabmuus! BHAHO,
9TO MPH 3THX NapaMeTpax CpeHHe HAKIOHBI aKTHBHBIX KOMET, 3aXBaYeHHEIX U3 obnaka Oopra, cornacy-
1otcs ¢ Habmonennamu. Pacxoxaenne cpefHUX HAKIOHOB OpOGHT OOHAPYKEHHBIX H TEOPETHIECKHX KOMET
cg <1 a.e. paHo 1,1° u 3,6° 114 koMeT Ha OpOHTaX ¢ MEPHTeIMIHBIME pacCTOSHIAMH ¢ < 1,5 a.e.

IIpy HccnenoBaHMy 3aXBaTa KOMET Ha OpOMTEI rajuieeBckoro Tuma us obiaka Oopra ¢ yuerom yra-
CaHMs KOMETHBLIX fJiep He CIeAyeT NPUHUMATh BO BHAMaHHE MaJible spa pa3MepoM okoio 1,5 kM, mo-
CKOJIBKY BpeMs INOJIHOrO paspyleHHs KOMET TaKoro pasMepa CONOCTABHMO CO BpeMEHeM 3axBaTa U3
obnaka Oopra Ha ramneesckue op6uthl IIpu camom 6picTpoM criocoGe 3axBaTa koMeT u3 oGnaka Oopra
Ha opbutst KI'T (g-3axBaT) koMeTe Heobxomumo coBepmuth ~500 oGoportos Bokpyr Conrua [3], B TO
BpEM: AP0 KOMETHI pasMepoM OKono 1-2 kM Ha opbure ¢ ¢ = 1 a.e. HONMHOCTBIO paspymiaeTtcs 3a ~600
oboporos Bokpyr Comnua [9]. ITostomy pesynsratsl JleBrcona ap. [5] He oTpakaioT ocobeHHOCTe
npouecca yracaHus Aep KOMET, IIOCKOJIBKY PacCMaTPHBAIOT JjaXke MaJTble KOMETHEIE S/Ipa, O IOBENCHUHI
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Bupiokoe E.E. Yeacanue komem u3 o6naxka Oopma

KOTOPBIX COBEPIIEHHO OMPE/IENICHHO MOXHO TOBOPHTB, YTO BCE OHH Pa3pyLIaroTCs, Npexk/e 4eM ux opbu-
THI 3BOMIOLIMOHUPYIOT B raineesckue. O KpynmHsIx koMeTHbIX saapax (Hip < 7) MoxHO cka3ath Gonee on-
penenenno. Okono 3000 koMeT JIO/MKHO CyIIeCTBOBATh Ha OPOHTAX FAJUIEeBCKOro THia ¢ ¢ < 1,5 a.e., ube
NIPOHCXOXK/IEHHeE CBA3aHO ¢ 0b6makom Oopra.

XapaKTepuCTUKM KOMET, 3aXBajeRHLIX Ha OpOGUTLI rarneeBcKoro TMna ¢ yHeToM yracaHus

VYracanue npur <2,5 a.e. VYracamme npur <3 ae.
o P (a- P(g- . P(a | P(g- .
3axpaT) | 3axear) Nirr/n | saxsar) | saxsar) Nk |

g <lae. 0,0023 | 0,0018 | 64/156 | 78° | 0,0006 | 0,0015 | 25/121 | 76,6° | 7-11
g<lS5ae. | 00074 0,002 | 190/210 | 73,7° | 0,004 | 0,0019 | 90/175 | 72,5° | 18-20

Ny

N"rr — TEOPETHUECKOE 3HATCHHE KOJTMYECTBA KOMET FaJLIEEBCKOro THIA, N'Cypp — KONMUECTBO KOMET rallie-
€BCKOro THIA, KOTOpoe MOXeT OBITh AOCTYNHO HabmonennsM (HabGmonatenbHas cenekiua no Osepxapry [13,
14]), n — cpepnee BpeMs XKH3HH KOMET TAJUICEBCKOTO THIA C yYETOM YracaHua B 060poOTax, / — CpeIHHI HAKIOH
KT'T. P (a-3axsar) u P (g-3axsat) — BeposTHOCTH 3axBara Ha op6urel KI'T ¢ yuetoM yracanus. BepoaTHOCTH mpu-
BeeHbl C YYETOM 3aBHCHMOCTH TIOTOKA HOBBIX KOMET OT MEPHUIeNui{HOTO PACCTOAHNA B COOTBETCTBHH C PE3YIILTa-
TaMmu [16].

W3 Tabnyup! BHAHO, YTO © YYETOM YracaHHs BEPOATHOCTP g-3axBata Ha opbutsl KI'T ¢ g < 1,5 aee,,
cocrasnset 0,004, 4To B 5 pa3s MeHbIIE BEPOATHOCTH g-3axBara Oe3 ydera yracanus (buprokos, 2006).
BeposTHocTh g-3axBara Ha opburel KI'T u3 obnaka Oopra ¢ ydeToM yracanus pasHa 0,0019, uro B 3
pa3a MeHbIE BEPOATHOCTH, MOMyueHHOH 6e3 yracanusa. Takum obGpazom, 80% komer, MCTILITABIIMX
a-3axBaT, ¥ 66% KOMeT, HCTBITABNINX ¢-3aXBaT, YracaloT A0 TOTO0 Kak HX opOuThl TpaHCHOPMHPYIOTCS B
ravieeBckue. CegoBaTeNbHO, TONBKO 75% KOMeT yracaer, Mpex e 4eM OHH OBUTH 3aXBaveHB! Ha raj-
JeeBckue op6uTHI, a He 96%, kak yrBepxnaror JleBucoH u zp. [S]. HeobXxonuMo oTMETHTB, ITO OKOJIO
TPETH KOMET yracaeT Ha JoJronepHoandeckux opourax. Beero 2% xoMer BRIGpOHIEHB ¢ OPOHT raie-
€BCKOTO THIIA Ha rHIiepOOoNBI, Mpexae 4eM UX AApa Yracid ¥ MpHMepHO 5% KOMeT Yracid I1ocie Toro,
Kak ObUTH BBIOpOIIEHH! C TajlyIceBCKMX Ha Apyrue opOHTHL. Y BCeX 3THX 00BEKTOB OpOHTHI 3BOMIOLMO-
HMpPOBAJIH B TaJUIEeBCKME C MOMOMIBIO g-3axBara. OcTaibHble koMeThl (0koso 18% xomer) yracaroT Ha
opburax KI'T.

Ha puc. 1 npeacrassieHo pacrpesiesieHHe ITepHTeIMIHHBIX PacCTOSHHN HabmoAaeMBIX KOMET rajuie-
€BCKOIO THIIa, Ha PUC. 2 NPEACTABJICHO pacnpeze/ieHie NEePUTeIMifHEIX PacCTOAHHN KOMET, 3aXBayeH-
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Puc. 1. Ha6nionaemoe pacnpeneneHue Puc. 2. Pacnpepenenve nepurehuﬁﬂux
nepurennitHbIx paccTosHuit KI'T PacCTOAHMUA KOMET, 3aXBayveHHbIX
Ha rajnneeBckue opouThLI C yHETOM yracaHus
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dusuka

HBIX Ha OpOHUTHI rajjieeBcKoro Tuma u3 o6iaka Oopra ¢ ydetoM yracanusa. He cMoTps Ha To, 4To nipes-

CTABJIEHHBIE PaclpeAeICHHA HMEIOT MHOro 001ero, BONPOC MX SKBUBAIGHTHOCTH SBIISETCH CIIOPHBIM.
TTpoBepHM FUIIOTE3y O COBIIAJICHHH TEOPETHIECKOrO M HabMOaeMOro pactpeaeieHUa IepHTeTHii-
HBIX paccTosHHM KoMeT raiwieesckoro Tuna. ITo xpurepmo CmupHoBa-KosMoropoBa 1 ypoBHS 3Ha-
yumoct a = 0,05 A,p = 1,36. O6nacte nepurenuitaeIx paccrogHuii opbur (0;1,5) a.e. Gbina pazdura Ha
. 23 wuHrepBaia. B 3TOM cCiydae

A =«/175up|FH —FM| =102, Trme
Fy; u F,, — HaKkOIUICHHBIE YaCTOTHI

Ha0MogaeMOro H MOJEIBHOIO pac-
npeneneHui NepUreNTMifHeIX pac-
CTOAHHUH OpOHT, JN - obsem Boi-
6opku (puc. 3). [lonyuenHoe 3Ha-
4eHHe /4 MEHbINE Ay, CICHOBATEND-
HO, OHO YZOBJIETBOPSET YCJIOBHIO,
YTO MpPEMIOKEHHYIO THIIOTe3y OT-
BepraTh He CIeayeT NpH YpPOBHE
sHaunMocTH 0,05. Takmm obpasom,
TIPE/UIOKEHHBIM  3aKOH  yracaHus
3HAYUTENHHO JIy4lle COTJIacyercs C
HabMmONEHHSAMM, B CpaBHEHMH C
Mozensto [5].  CnemoBarenbHo,

Puc. 3. DyHKuyuM pacnpeneneHua nepurenmnitHsIX paccToAxMin opouT HMEIOTCA BCE OCHOBaHHA TPUHATDH
obHapyxeHHsIx KI'T (cnnowxan nuHKuA) U 3axBaueHHbIX u3 obnaxa Oopr
C YYeTOM yracaHus (MyHKTUpHas NMHUA) PacCMOTPEHHYIO MOZACIb yracaHus
KOMETHBIX AA€D.

08+
08-
07
061
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044

0,3 4

Haxomnesusie YacToTH

0.2 4

0,1

0.0 s T T T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

[lepurenntinoe paccrosnne. a.e.

3akmouenne. PacCMOTpeHHBIN NPOLIECC YracaHus KOMET TIPEAToNaraeT He TOJNBKO paspylleHue
WIH NaJieHAs UX APKOCTH, HO ¥ YMEHBIIEHHE Pa3sMepoB S1pa KOMETEHI, B pe3y/IbTaTre Yero KOMera CTaHo-
BHUTCS HEJOCTYMHA 3eMHBIM HaboneHusM, To ecTb komerta Tepserca. Ilpu Beibope dyHKIpm yracaHus
MPHHHAMAJIOCH BO BHUMaHHE, YTO Ia30NpOH3BOAUTENHOCTD Apa KOMETHI H, KaK CIEJCTBHE, YMEHbINE-
HHE ee B pa3Mepax WIH MOKPEITHE €€ MOBEPXHOCTH MMHEPATBHON KOPKO# 3aBHCUT OT NEPHTEIMIHOrO
paccTogHMA OpOUTHI KOMETEI, BO3pacTa KOMETHI (OT KOJIMYECTBA COBEPILIEHHBIX KOMeTo# 060poTOB BO-
kpyr CoJHia Ha MaJIBIX NICPHIe/IHHHBIX PACCTOAHUAX).

Hccnenoanue yracanus KOMETHBIX siiep TOKa3ajio, UTO 3TOT MpOLECC CBA3AH He TONBKO ¢ CyOnu-
Malueit Tb10B BOABI, HO H Apyrux Gonee seTyuux coepuHeHui. CKopocTh CyGMHMMaly BOASHOTO JbAA
PE3KO yBENMYMBAETCA Ha AOCTATOYHO MaNBIX (0KoMo 2,5 a.e.) paccrosHuax ot Comrna. Ecnu paccMmar-
pUBaTh KOMETHYIO aKTMBHOCTb KaK MpOLECC, CBA3aHHEIH TOJNBKO ¢ cybaumaruel JbI0B BOJBI, TO MO-
CTOSHHOE KOTHYECTBO KOMET, KOTOPOe MOCTOSHHO JOJDKHO HAXOXUTHCSA Ha OpOUTaX rajyieeBCKOro THA,
3HAYUTENBHO MpeBhIaeT HabmonaeMoe Jaxe ¢ yueroM d¢ddexra nabmonarensHoii cenexunu. Ha oc-
HOBaHHMH JaHHBIX HaOMOJEHMH O HANHYMY B CIIEKTPaX atMocdep KOMET JIETYyYHX COeIMHEHHI, HanpH-
Mep aMMHaK UM OKCHJA yrijepoAa, OpUla paccMOTpeHa ClIoMCTas JiefisHasd MOJelb KOMETHOro A1pa, MoJ-
pobHoe ¢u3HMHecKoe ONMmHcaHHe KOTopoii npencrasieHo B pabore lllymemana (1987). Yuer cymecrsen-
HOTO NPUCYTCTBUA B cocTase azaep komer nbpaos CH;0H, CO, u apyrux npennonaraet npossjieHHe Ko-
METHOH aKTHBHOCTH AJJpaMH Ha JOCTATOYHO GONBUINX MEHONEHTPUUSCKUX PaCCTOSHHAX.

Bsino nokasaHo, 9T0 HE ClIeyeT pacCMATpPHBATh Majibie KOMETHBIE spa pa3MepoM okoio 1,5 kM,
HOCKOJIBKY 3TH A7jpa IOCTaTO4HO GbicTpo paspymatorcs. Haubonee nosnHyro uupopMalmio o npolecce
yracaHus KOMET JaeT HCCIIC/IOBaHHE siep pa3MepoM ~5 kM. 75% 3THX KOMET yracaer elle JIo Toro, Kak
OHH 3aXBaThIBAIOTCA Ha OPOUTEHI rajuieeBckoro Tuna. OKOJIO TPETH KOMET yracaer Ha AOJIronepHonYe-
CKHX OpOHTaX.

CrarucTHyecKas OLIEHKA Pe3yBTATOB NOKa3aja Jydllee Corjiache ¢ HabmoAeHHAMH B CPaBHEHHH C
pe3yabraTtamu [5].

Bripaxkato 6maronaprocts EMenbsnenko B.B. u 3amamuay B.H 3a o6cyxneHue pe3ynsTaToB H pe-
KOMEH/ALMH.
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Buprokoe E.E. Yeacanue xomem u3 obnaka Oopma

Paboma noodepoicana zpanmom PODPH 06-02-16512 u npozpammoil yeneeoii noOOepiICKY HAYYHBIX
uccneooeanuii monoovix yuenvix 1OYpI'y. " '
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YAK 5§34.2: 537.622.4

FEHEPALIMA HOPMAJIbHbIX AKYCTUYECKUX BOJTH
(BOJTH ISMBA) B METAJITAX C NMOMOLLLIO
MMINYNbCOB JIASEPHOI'O U3NYYEHUA

C.10. l'ypeeuy, 10.B. lNlempoe, B.®. Boxko

IlpencraBieHsl pe3yabTaThl 3KCIEPHMEHTANLHBIX HUCCIEAOBAHMM IO JIa3epHOI
reHepanuy yabTpa3sBYKoBBIX BoIH JIamGa B eppoMarauTHoif mnacTue,

Bsenenne. B npakTHke yIbTpa3sByKOBOH AC(PEKTOCKONUH ITHPOKO NPUMEHSIOTCH Hepa3pyaroIye
METOABI KOHTPOJIA C IOMOILIO HOPMAIEHBIX BOMH (BonH JIam6a). [14]. HopManbHbie BOJHBI BO3HHKA-
IOT B pe3ysbsTaTe TpaHC(OpMALMK HPOXOJIBHBIX BOJH, NAJAlOIMX Ha TIOBEPXHOCTh KOHTPOIHPYEMOTO
H3JesHs NOA OTIMYHBIM OT HyJA yIJioM. Takue BOJNHBI CBS3aHBI C BOJTHOBOIHBIM MEXaHH3MOM pPacIipo-
CTpaHeHHs yNbTPa3BYKOBBIX KOJeGaHHH U MOTYT CyIIeCTBOBaTh TOJBKO B TUIACTHHAX, JIHCTAX, JICHTaX H
obomoukax (Harmpumep, B CTeHKax Tpy0) cpasHHTEIEHO HeGompmo# TomuuHs! (o1 0,15 1o 3,5 MM).

JUis BO3OY>XIEHHS M PETHCTpallMi HOPMAJIbHBIX BOJMH OOBIYHO MCIONB3YIOT IbE30HCKATEIH C
GonpImMMy pa3Mepami B ITIOCKOCTH MAJCHHS YIBTPa3ByKa € KECTKO YCTAHOBICHHBIM WIH IIEPEMEHHBIM
yrjioM majeHus. BBoA aKyCTHYECKHX KojteGaHuii B KOHTPOJIHPYEMOe H3JEIHE OCyHIeCTBIAeTcs U0
yepe3 CMasKy, JIH00 Yepe3 CTPYIO BOIbL, TH00 UMMEPCHOHHBIM METOLOM.

Ienepamys aKycTUuecKHuX BOJH (B TOM YHCJEC M HOPMAIBHBIX) C MOMOIIBIO KOPOTKMX JIa3€PHBIX
HMITY/JIbCOB HMEET pAX CYIIECTBEHHBIX NMPEHMMYLIECTB IMepel TpaIulHMOHHBIMH MeTojaMH. B mepByio
oyepens 3TO0 OTCYTCTBHE HEMOCPEACTBEHHOTO KOHTAKTa C KOHTPONHPYEMEBIM H3Ie/HeM, BO3MOXHOCTh
BO36YKAaTh YIBTPa3Byk B 0ObeKTe KOHTPOJA Ha GONBIIOM PACCTOAHHH OT HEro, BBOAHUTH CBETOBYIO
9Hepruo B MO0y TOYKY MOBEPXHOCTH KOHTPOJIMPYEMOTrO H3JE/IUs, TeHEPHPOBATh aKyCTHYECKHE HM-
MyJbCHI MJIOH IUTMTEIBHOCTH M HMCIIONB30BaTh X UM KOHTpOJIA H3Aenuil ¢ rpybo obpaboranHoi mo-
BEPXHOCTHIO H T.1. [5, 6]. B coueranum ¢ omrumMansHBIMH criocobaMM perMcTpaliH Bo30ykaaeMsIx
HOPMAaTBHBIX YJIbTPa3BYKOBBIX BOJH, 3TO IO3BOJHIIO GBI CYIECTBEHHO YIyJIIHTh MTapaMeTpEl anmnapa-
TYPHBI 11 KOHTPOJIS METAJUIMYECKHAX TOHKOCTEHHBIX M3AENIHH.

JlasepHas reHepanys aKyCTHYESCKHUX BOJIH B METAJUIE OCYIIECTBIACTCA 32 CUET MOBLILHCHHS TeMIIe-
paTypsl IIOBEpXHOCTH MeTal1a B 30He obydenns. [lapamerpsr Bo36yKIaeMbIX aKyCTHUECKHX UMITYIb-
COB (aMILTHTYAa, [UTHTENHHOCTD, CIIEKTP U T.H.) B 3TOM CJiydae ONMPEIENIAIOTCS pasMepaMu 30HbI 00Iy-
YeHHsl, SHeprueil NoromaeMoro Ja3epHOTrO UMITYIIbCa, a TaK XKe TEeIUIo(3HYSCKUMH XapaKTepUCTHKa-
MH MeTajna.

JlanHas paGota mocBsIIeHa SKCIIEPHMEHTAIGHOMY HCCIIEZIOBAHHIO 1a3epHOro BO30YXKIEHUS B Me-
TAJUTHYECKUX IUIACTHHAX HOPMAIBHBIX BOMH (BOJH JIsM0a) 1 BIHAHIMIO MEXaHW3MA TEPMOAKyCTHIECKO-
ro npeoOpa3oBaHms Ha apaMeTphi BO30YKIaeMBIX aKyCTHYECKHX HMITYJIbCOB.

Teopuns. IIpoBeneM pacuer CKOpOCTH pacrpoCTpaHEHHS HOPMAJBHBIX aKyCTHHECKMX BOMH Kak
¢yHKUMH YacToThl KoneOaHMH v M TOMIMMHH A 1acTHHBL M3BecTHO, 4TO B CBOGOAHOM MNacTHHE
MOXKHO BO30YJMTH [[Ba THIIA HOPMAIBHBIX BOJIH: CAMMETpHUHbIE S M aHTHCHMMeTpHuHBle A4 . [lepBoii
THN BOJIH COOTBETCTBYET BOJIHAM PaCIIMpPEHUA, BTOPOH — M3rHOHBIM BoTHaM. CKOpOCTh pacrpocTpaHe-
HHA HOPMAJILHBIX BOJIH 3aBHCHT OT 4acTOTHI KoneGaHMH v, TONMIMHKI TVIACTHHBI /1 M Oompenensercs pe-
IIEHHeM JUCTIEPCHOHHBIX YpaBHEHHit [4]:

— IJIS CHMMETPHYHEIX BOJH

2 2 2 2 2 -2
th| Zvn 1| 2| |eth| Zvn 1| 2| =4 1| & 1| [2-2 ], (1)
1] Dt 1) UI UI Ut Ut

- IJI1 aHTUCHMMETPHYHBIX BOJIH
I 2| [ 7 2 2 5 \2

~ v n v v v v

th| Zom, [1-| 2 | leth| Zom,f1-| 2| |=41-| 2| 1-] 2] [2-5] . @)
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L pe L. -

86 Becthuk IOYpIY, Ne 7, 2006



Fypesuy C.10., Mempos 10.B., Boxio B.®. Ferepauus HopManLHbIX akycmuvecKkux eonH (eonk J1am6a)

8 Memannax ¢ NOMOUWbIO UMNYNbCOE 1a3ePHO20 U3NY4YCHUS]

rhe L — (a3oBadg CKOPOCTs HOPMANBHBIX BOJH, U; = ,/(/‘L +2 ,u) / p HY= J U/ p — cKopocTH NpOAOITE-
HOH M NonepevHoi BOJH B MaTepHalie IIACTHHEL. 3eCh O — IUIOTHOCTD, A, 4 — YIIPYrHe MOCTOSHHbIE
MaTepHaa IVIaCTHHBI.

Anamms seipakenuii (1) ¢ (2) NOKa3BIBaET, YTO B JIUCTE 3a{aHHOM TOMNIHHBI MOYKET CYIIECTBOBATH
6ecyrcIieHHOE MHOKECTBO CHMMETPHYIHEIX M aHTHCHUMMETPHYHBIX BOJIH C Pa3IMYHBIMA YaCTOTaMH KO-
neGanmii (Mozel). IIpu 3TOM Kak/0# M3 MO COOTBETCTBYET CTPOFO ONpe/C/NEHHOe 3Ha4YeHHe (asoBoi
ckopocTH. MakcuMansHoe npeoGpasoBaHie SHePTHH NMafaloiiell BOIHB B SHEPIUIO OMHOM U3 HOPMasIb-
HBIX BOJIH MPOUCXOIMT IPH COBNaJeHUH (a30Boif CKOPOCTH B MaJaroUieil BOJIHE ¢ OJHOM H3 BO3MOXK-
HBIX CKOPOCTE# HOPMAJIBHO# BOJIHBI:

v=y[sina, 3)
rae v; — (azoBasd CKOPOCTh YNIBTPa3ByKa B OKpYXKaloIleH cpefie, & — yroJj NajieHus.

Kak H3BecTHO, NepeHOC IHEPTHH yNpyrux Kosnebanuit cBA3aH He ¢ (asoBoii, a ¢ rpyINoBoi CKOpPO-
CTBIO BOJH. IMEHHO 3Ta CKOPOCTE XapaKTepu3yeT GopMy HMITYJILCHOTO CHIHANA M €ro MepeMelIeHue,
MO3TOMY B MMITYJILCHOH JIe(EKTOCKOIHMH OHA MTPaeT CymECTBEHHYIO poiib. ['pyNmoByr CKOpOCTL HOp-
MAJTBHEIX BOJTH MOKHO PacCYHTATH II0 CIIeyIOmeMy COOTHOIIEHHIO [7]

v, =0 l—ﬂ dv )
& vdh))

Oxcnepument. J1a NPOBEACHMA HCCIIEOBAaHUI 110 Ja-
3epHOMY BO30YXKIEHHIO HOPMAJIBHBIX BOJH B MeTaJUTHYe-
CKMX IJIacTHHaxX Oblna paspaboraHa M cobpaHa SKCIepHMeH-
TaJlbHas yCTAHOBKA, PHHIMITHAIBLHAS CXEMa KOTOpOii moka- I
3aHa Ha puc. 1. Ummymscusit YAG: Nd*'-nazep JITH-403,
paboTalonuii B pexkuMe aKTHBHOH MOAYIsuuMM NOOpOTHO-
CTH, W3JTyd9aeT CBETOBHIC MMITYJIBCHI IUTUTENRHOCTEIO 30 He ©
vyactoToi cnemopanua 12,5 I'u. JinuHa BOMHEI Jia3epHOroO
u3ydyeHus cocrasiser 1,06 MKM, MakcHMalbHast dHeprus
umnyasca 400 m/bx. IIpoctpaHcTBeHHOEe pacnpeneneHue
SHEPTHU B BBIXOJHOM H3/IyYEHHH Jlazepa HMeEeT CIIOXKHYIO
CTPYKTYPY, H3MEHSIOLTYIOCS OT UMITyJIbca K MMITyiscy. Pac-
MpeJieieHde 3HEPrHy MO CEYEHHIO JIa3ePHOTO JIyua TaloKe
HeogHOpoaHO. KpoMme Toro, 3HEprus ONTHYECKOTO WMITYJIb-
ca He SABJAETCH IOCTOSHHOHN BENWYMHON M MOXKET OTKIIO-
HaTbeqa Ha 10-15% oT ero cpeaHero 3Ha4YeHu.

HHTeHCHBHOCTD YNBTPa3sByKa MpH €ro J1a3epHoil re-
Hepaluy orpejenserca cpefHell MOBEPXHOCTHOH IUIOTHO-

)

Puc. 1. CxeMa axcnepumeHTannHoi yc-
TaHOBKM: 1 — flasep, 2 — ONTUYECKMIA
atreHloaTop, 3 - nameputen MOUHOCTH
NasepHoOro wusny4yeHua, 4 - IiKH3a,
5 — gwadparma, 6 —~ deppomMarsuTHan

CTHIO TEIUIOBOM MOIIHOCTH JIa3epHOro H3nmydeHus <g>. OHa
paccuMTHIBaeTCA 1O GopMyIie

4<P>
< g >=—,

xd*nr

nnacTuHa, 7 — Harpesarens, 8 — usmepu-
Tenb TeMnepatypbl, 9 — BaHHa ¢ BOAOWH,
10 — npAMON nbesouckarenb NPOAOHNb-
HbIX BOJIH M YCTPOUCTBO ANA €ro 3akpe-
nneHus W nosopoTta, 11 — ycunurens,
12 - ocumnnorpad

rae <P> — u3MepseMas CpeAHAS MOIIHOCTH M3Ty4eHHA d —

JIMaMETp CBETOBOI'O IATHA 7 — YacTOTa CJICAOBAHHSA JIa3epHBIX MMITYJIbCOB, T — JUIMTENBHOCTD ONTHYC-
CKOro MMITysibca. IIpH NpoBeNeHUH SKCTISpUMEHTa BETUYHHBI <g> COOTBETCTBOBAIH TPEM PasIH4HBIM
MeXaHM3MaM reHepaly YIbTPa3ByKa: [Ula JuameTpa cBeroBoro matHa d = 1,00 MM — ucniapurensHOMY,
s d = 2,00 MM — ruapoauHaMudecKomy, s d = 3,00 u 4,00 MM — Tepmoynipyromy [8, 9].

MOIIHOCTS TIafalONIero Ha MOBEPXHOCTh 00pasia U3MydeHHs PeryJHpyeTcs ¢ MOMOLIBIO OITHYe-
CKOTO aTTEHIOAaTOpa, COCTOAIIEro u3 Habopa TOHKHMX CTEKIAHHBIX ITacTHHOK. Kakmas mocnemyromias
IUTACTMHKA YCTAHABJIMBAETCA TakK, 4TOOBI MONEPEYHOE CMEILEHHE CBETOBOrO JIy4a OT NPEAbITYIIHX IU1a-
cTiH ObUI0 CKOMIEHCUpOBaHO. M3myuenue nmasepa orpaHuumBaercsa nuadparmoit ¢ auamerpamu 1,00;
2,00; 3,00; 4,00 mmM. MoIHOCTS J1a3epHOT0 H3Ty4eHH KOHTponupyercs npubopom KMO-2H.

O6pasusl npefcTasisiorT coboif mudoBaHHbIEe NPAMOYTOJIbHbIE IUIACTHHBI pasmepamu 270x60 u
tommuuoit h = 0,60; 1,50; 2,90 MM, H3roTOBJIEHHBIE H3 3arOTOBKH >KENIC30HMKEIEBOTO CIUIaBa MHBap-
Horo coctaBa 32HKJI. Ha nnactuHe momemaercs NpHEMHBIH CTEHJ B BHAE HMMEPCHOHHOH BaHHBI €
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BOZO#H, JHOM KOTOPOH CIIYXHT NOBEPXHOCTH IUIACTHHEI. B BaHHe B cIELMaIBHOM YCTPOHCTBe 3aKperuii-
eTcs nbe3onpeobpazoparesib MpoaoasHeIX BonH (T1IT), OtiM ke ycTpoiicTBOM OCYIIECTRISETCSA IIABHOE
H3MEHEHME YTJIa HaKJIOHA ¢ TUIOCKOCTH MCKaTeNls OTHOCHTEBHO MOBEPXHOCTH IacTHHE oT 0° no 90°
¢ TOYHOCTBIO + 1°. JInd mpoBesicHHA TeMIepaTypHBIX HCCIENOBaHMH B YCTaHOBKE B 30HE JIA3EPHOTO
MATHA NPEeAYCMOTPEH HarpeBaTelb.

JlazepHblit yd, cOKYCHpOBaHHBIN JTHH30H, HanpaB/iics depe3 AuadparMy Ha MOBEPXHOCTH 06-
pasiia. BosGyxxaemble ynsTpa3ByKoBhIe KoleGaHHs, paclpoCcTpaHAACk MO IUIACTHHE B BHAE HOpMajib-
HBIX BOJIH, TpaHCGOPMHPYIOTCA Ha IpaHMIlE pasjeiia «IIaCTHHa-BOXa» B MPOJONbHBEIE BOJMHBL C mio-
MOILBIO TIOBOPOTHOTO YCTPOHCTBA ONPENEIUTHCH MONOXKEHHA Mbe30UCKaTeNA (Yron & ), IpH KOTOPBIX
OH PErucTpUpyeT MaKCHMYM aMIUIMTY/bl KojeOaHHi B HOpMaibHEIX BoHax. Jlanee curHaN ¢ mpeoGpa-
30BaTe/d NOCTYNACT HA YCHIIHTEND, a 3aTeM Ha BXoj ocimuutorpada. Ilo axpany ocuminorpada usme-
pIoT aMIIUTYAy U, 9acTOTY v M BpeMs IPOXO0XKAEHHUA ! yIIPYroro MMITyabca B IuiacTiHe. [1o Bpemenu

¥ H3MEPCHHOMY HMYTH IIPOXOKACHHA paCCYHATHIBAINCH IPYNIIOBEIC CKOPOCTH HOPMAJILHBIX BOJIH Ug .

B xadecTBe NPUEMHHKOB aKyCTHYECKHX KoJieOaHHH MCIONB30BATHCH JIeMIUPOBAHHEIE TTBE30ILIA-
CTHHEI ¢ Ppe30HaHCHBIME YacTotamu v™" Ha 0,49; 0,94; 1,07; 1,50; 1,81; 2,69; 3,76; 6,27 MI'u i mupo-
KOIOJIOCHBI! KJIMHOBBIH TIOBEPXHOCTHO-BO30GYKIaeMblif ToNCTHIM mbezonpeobpasopatens (KIIBTII)
[10] npu pabote ¢ nuadparmamu auamerpsl, koropeix 1,00; 2,00; 3,00 mm. Ilpu pabore ¢ nuadparmoit
JnametpoM 4,00 MM NPHEMHHKAMH CITyXKIIH NIPAMBIE MbE30HCKATENH U3 KOMIUTeKTa Aedekrockona Y ]|
2-12 ¢ pesonancHeiME yactotamu v 0,6; 1,25; 2,5; 5,0; 10,0 MI'y, (KIIBT) u 271€KTpOMArHHTHOAKY-
cTHdeckuii npeobGpasoBatens (OMAII). Pesynsrate! necnenoBanuii orpaxeHs! B Tabn. 1-12.

Tabnuua 1
Tonmuza wiacTeHKY £ = 0,6 MM, Anamertp Jia3epHoro matHa d = 1,0 MM, <g>= 180 MB1/cm’
V™ MTn v,MI'n vh, MT'Mm @, rpan v, 100, M/c | U, 107B
0,49 0,56 0,34 40 3889 22,0
0,94 1,00 0,60 38 3889 ' 36,0
1,07 1,10 0,67 38 3889 44,0
1,50 1,67 1,00 40 4000 30,0
1,88 1,40 0,84 40 ' 4118 12,0
2,69 1,10 0,66 40 4242 7,50
3,76 1,10 0,66 40 4058 8,00
6,27 1,25 0,75 39 4118 4,00
KIIBTII 1,25 0,75 40 3590 8,0
Tabnuua 2
TommuHa rwiacTHEKY i = 1,5 MM, IMameTp JasepHoro natHa d = 1,0 Mm, <¢> = 180 MBt/cM?
™ Ml v, MI'y vh, MI'-MM a, rpan L, +100, m/c U,10°B
0.49 0,67 1,01 35 1321 14,0
’ 1,43 2,15 35 3182 15,0
0,94 1,00 1,50 40 3182 31,0
1,07 1,11 1,67 25 2917 32,0
1.50 ' 1,54 2,31 34 3043 27,0
> 0,87 1,30 43 3684 6,00
1.88 1,43 2,15 33 3182 10,5
’ 0,78 1,17 38 3889 5,50
260 1,43 2,14 33 3040 5,20
’ 1,00 1,50 43 3333 2,40
3.76 1,43 2,14 30 3111 4,00
’ 1,00 1,50 43 3680 2,00
6,27 1,54 2,31 35 3890 6,00
0,67 1,00 35 4118 4,00
KBTI | 143 2,14 35 2692 4,00
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Typesuy C.10., Nempoe 10.B., Boxxo B.P.

eHepayun HopManbHbLIX aKycMuYeckux eonH (eonH Jlam6a)

€8 Memaiinax ¢ NOMOWbIO UMNYNLCO6 J1a3ePHO20 U3NTYYeHUNR

Tabnuua 3
Tomumba rwiacTHHKA /1 = 2,9 MM, uameTp naszepHoro nsrHa d = 1,0 Mm, <g> = 180 MBr/cMm”
V" M v, Ml vh, MTo-Mum a , rpan v, £100,Mc | U, 102°B
0,49 0,56 1,62 38 3346 11,0
0,94 1,00 2,90 35 3346 24,0
1.07 1,00 2,90 39 2806 14,0
’ 1,00 2,90 35 3625 12,0
1,50 1,00 2,90 39 3346 8,00
1,88 1,67 4,84 38 3625 9,50
2,69 1,00 2,90 32 3346 4,00
3,76 1,00 2,90 32 3625 3,50
6,27 1,00 2,90 35 4579 5,50
KIIBTIT 0,83 2,41 30 3867 11,0
Tabnwua 4
TommuHa wiacTHHKH £ = 0,6 MM, AnameTp asepHoro mstHa d = 2,0 MM, <g> = 50,0 MB1/cM®
V™ MIn v, My vh , MTu-Mm @, rpan v £100,Mc | U,10”B
0,49 0,59 0,35 38 3684 11,0
0,94 1,00 0,60 38 3784 26,0
1,07 1,00 0,60 39 3889 28,0
1,50 1,00 0,60 40 3889 11,0
1,88 1,10 0,66 40 3889 8,50
2,69 1,10 0,66 40 3889 3,60
3,76 1,00 0,60 39 3889 2,80
6,27 1,10 0,66 40 3784 4,00
KIIBTII 1,00 0,60 36 3333 5,20
Tabnuua 5
TonmHa mwiacTuHKy A = 1,5 MM, TuameTp naszepHoro matHa d = 2,0 MM, <g> = 50,0 MBrt/cm’
™ Ml v, MI'n vh, MT-MM @, rpan v, £100,Mc | U,107B
0,63 0,95 35 2917 44,0
0,49 1,66 2,50 34 2917 15,0
5,00 7,50 59 2593 0,14
0.94 1,00 1,50 40 2917 0,34
’ 1,25 1,88 30 3182 0,18
1,25 1,88 25 2917 0,70
1,07 1,00 1,50 40 3333 0,36
1,43 2,15 33 3333 0,36
1,50 1,66 2,50 34 2692 0,44
1.88 1,43 2,14 30 3111 0,14
’ 4,00 6,00 19 2692 0,13
2,69 1,54 2,31 30 3111 0,08
3,76 2,86 4,29 30 3111 0,06
6,27 1,67 2,50 30 4667 0,07
KIIBTII 1,67 2,50 33 2692 17,0
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Tabnuua 6
Tosmmua niacTHHKY A = 2,9 MM, uameTp JiasepHoro nartHa d = 2,0 MM, <g> = 50,0 MBt/cm®
v™ MIn v, MI'n vh, MMM a,rpan U, +100, M/c U,102B
0,49 0,63 1,83 38 3346 18,0
0,94 1,00 2,90 34 3346 32,0
1,07 1,00 2,90 33 3346 26,0
1,50 1,00 2,90 33 3480 7,00
1,88 1,00 2,90 32 3625 7,00
2,69 1,00 2,90 33 3625 7,00
3,76 1,00 2,90 35 3480 5,00
6,27 1,00 2,90 35 4350 10,0
KIIBTII 0,83 2,41 32 2949 26,0
Tabnuua 7
Tommuna riacTanku A = 0,6 MM, THaMeTp NasepHoro nataa d =3,0 MM, <g> = 20,0 MB1/cMm’
y™ Ml v, MI'y vh, MMM a,rpan 0, +100, M/c U,10%B
0,49 0,67 0,41 39 3684 18,0
0,94 1,00 0,60 39 3889 52,0
1,07 1,00 0,60 39 3889 52,0
1,50 1,00 0,60 40 3889 19,0
1,88 1,10 0,67 40 4000 4,00
2,69 1,00 0,60 40 4000 4,00
3,76 1,00 0,60 40 4000 4,00
6,27 1,00 0,60 38 4000 2,80
KIIBTII 0,83 0,50 37 3500 8,00
Tabnuua 8
TommuuHa WIACTHHKY k= 1,5 MM, AuameTp JlasepHoro matHa d =3,0 MM, <g> = 20,0 MBT/cM*
v™ Ml v, Ml vh, MI'rMM a,rpan v, £100,mc | U,107?B
0.49 0,59 0,86 40 3780 17,0
’ 1,29 1,86 33 2920 10,0
0.94 1,00 1,50 20 2500 28,0
’ 0,83 1,25 40 3890 26,0
1.07 1,10 1,67 25 2920 23,0
’ 0,83 1,25 42 3680 10,0
1.50 1,33 2,00 30 3040 5,40
’ 0,77 1,15 40 3680 3,60
1.88 1,43 2,14 29 3040 2,80
’ 0,74 1,11 40 3890 2,40
2,69 0,71 1,07 40 3890 3,20
3.76 0,77 1,15 39 4000 5,00
’ 1,25 1,88 24 3180 3,00
6.27 1,25 1,88 30 2800 7,00
’ 0,77 1,15 42 3500 12,0
0,71 1,07 40 3333 11,0
KIIBTII 1,00 1,50 20 2692 7,00
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rypesuy C.10., Nlempoe 10.B., Boxxo B.¢®.

TeHepayus HopManbLHbIX aKycmu4ecKux aosnH (eonH Jlamba)

6 Memanisax ¢ rIoMouibio UMIyJILCO8 NIa3epHO20 U3NYy4YeHUs

Tabnuua 9
Tomuuna wiacTHHKY /= 2,9 MM, luaMeTp JiasepHoro natHa d = 3,0 My, <g> = 20,0 MBT1/cm”
V™ Ml v, MIy vh, MM @, rpan U, 100, M/c U,107°B
0,49 0,67 1,94 33 3346 24,0
0,94 1,00 2,90 35 3346 48,0
1,07 1,00 2,90 33 3346 26,0
1,50 1,00 2,90 32 3480 12,0
1,88 1,00 2,90 32 3480 7,00
2,69 0,83 2,41 30 3480 4,00
3,76 1,00 2,90 34 3480 3,60
6,27 0,90 2,61 32 3222 7,00
KIIBTII 0,91 2,64 31 2949 20,0
Tabnuua 10
Tonumna miacturky h =0,60 MM, Iuametp nasepHoro ratHa d = 4,0 MM, <g> = 2,30 MBr/cm”
v, Ml v, MI'n vh, MT MM a, rpaa v, +100, m/c U,10%B
0,6 0,83 0,50 19 4024 18,0
1,25 1,10 0,66 25 4308 18,0
2,50 1,00 0,60 20 4545 3,00 -
5,00 1,00 0,60 22 4125 2,50
10,0 0,91 0,54 26 4054 2,10
KIIBTII 0,95 0,57 18 4178 8,00
OMAII 1,00 0,60 4225 0,42
Tabnuua 11
Tomuuna miactusky 2 =1,50 MM, auameTp nasepHoro maTHa d = 4,0 MM, <g> = 2,30 MBrt/cM”
V™ M v, MI'u vh, MT'-Mm a , rpan L, +100, M/c U,107°B
50 2108 10,0
1905 6,00 .
1,25 1,00 1,50 48 2108 3.50 -
0,83 1,25 22 2054 2,24
2,50 1,25 1,87 58 1704 5,00
1,25 1,87 58 2192 5,00
5,00 1,00 1,50 52 1875 3,00
10,0 1,00 1,50 50 2024 2,00
KIIBTII 0,85 1,27 42 2931 4,00
IOMAITI 1,92 2,88 4044 8,00
Tabnuua 12
TomuuHa wiacTHHKH 1 =2,90 MM, AHaMeTp nasepHoro matHa d = 4,0 MM, <g> = 2,30 MBT/cM”
v M v, MI'n vh, MMM a, Tpan L, +100, M/c U,102B
0,83 2,24 16 3399 7,00
0,6 0,60 1,60 44 1875 10,0
0,63 1,70 48 3158 6,00
1,00 2,70 6 2927 5,00
1,25 0,90 2,50 18 3333 10,0
1,00 2,70 46 3077 5,00
0,83 2,24 6 3000 3,20
2,50 0,71 1,92 20 3604 2,40
0,83 2,24 52 3243 3,20
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OxoHvaxue Tabn. 12

V™ MTII v, Ml vh, MT'u-MM a,rpan v, +100, M/c U,10?B
1,25 3,40 4 2553 4,00
5,00 0,83 2,24 24 3429 2,00
0,83 2,24 62 3750 5,00
0,87 2,30 4 3000 9,00
10.0 1,00 2,70 6 2553 2,50
’ 0,87 2,30 8 3692 6,00
0,83 2,24 10 3158 6,00
KIIBTII 0,83 2,24 40 2955 16,0
OMAII 1,42 1,89 3688 7,00

YuceHHble 3HAYE€HHS HAWOSHHBIX rpYTMOBBIX cxopoc’reﬁ HOpPMAJIbHBIX BOJIH Ug HAaHECCHbI Ha

pacyeTHbIEe 3aBUCMMOCTH 3THX cKopocrteii oT napamerpa vh. Pacuer mpomsBomwicsa mo ¢opmynam (1),
(2), (4), B KOTOpBIX 3HAYECHUA CKOPOCTEH MOIEPEUHBIX U, H NPOMONBHBIX U; BOJH OBUTH paBHBI COOT-
BeTcTBeHHO 2683 M/c 1 4878 M/c [11]. Pesynbrars! pacyeToB U SKCIEPHMEHTOB NPUBEEHH! Ha pHC.2—S.

Uy Mm/c
& ....... .
4000 |- .5.!' \. " §
o ,(/ S) \\ .
» L ]
e K
i
2000 AT _71»/
/An A1 /P "(’i T
1000 P ! II : [A’
........ ’

0 1 2 3 hv, MM*MTI'n
Puc. 2. 3aBUCUMOCTb FPYNNOBO#A CKOPOCTH
HOPMalnbHLIX BOMH U, OT napameTpa vk
~ — pacyeT, ® — 3KCNePUMEHT

d = 1,00 mm, g = 180 MBr/cm*
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» H Y
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}\,{ P
\ )
2000 S
/ / f% _7
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Puc. 4. 3aBUCHMMOCTL TPYNNOBOM CKOPOCTH
HOPMankHLIX BOAIH U, OT NapamMeTpa vh

— - pac4eT, ® — IKCNEePUMEHT
d = 3,00 mm, g = 20,0 MB1/cm®

Vs m/lc . ‘
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TN i \\
L) [ ] [
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/. \ T L
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1000 ( ------ .
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Puc. 3. 3aBKCUMOCTb IPyNNOBOA CKOPOCTU

HOpManbHbIX BOINH l)g OT NapameTpa vh

— = pacyer, ® — 3KCNePUMEHT
d = 2,00 mm, g = 50,0 MB1/cm*
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Puc. 5. 3aBUCMMOCTEL IrPynnNoBoil CKOPOCTH
HOpMAarnbHLIX BONH U, OT NapameTpa vh

— ~ pacyerT, akcnepument: @ - [, ® - KNBTN,
X ~ OMAT. d = 4,00 MM, g = 2,30 MBT/cm®
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Typeeuy C.1O., Nempoe 10.B., Boxxo B.®. lenepayus HopManbHbIX aKycmu4ecKux eonH (eonH J1am6a)
8 Memasnnax ¢ NOMOUbIO UMITyNbCOE J1a3epHO20 UNTYYeHUs

OGcyxnenne pe3yIbTATOB H BHIBOABI

1. PaspaboraHa ycTaHOBKA M TIPEMIOKEHa METOAHKA JUIS SKCACPHMEHTAIBHBIX MCCIEHOBaHMH N0
Jla3epHOM reHepalMy ¥ perucTpaly aKyCTHYECKHX BOJIH B METAJUTMYECKHX IUacTiHax (BoH JIamGa).

2. YCTaHOBNEHO, YTO NPH MCTIAPUTENIEHOM MEXaHH3ME TEPMOAKyCTHYECKOro NpeoGpasoBaHHMA B
IUIACTHHAX BO3HMKAIOT B OCHOBHOM CHMMETPHYHEIC HOPMAIBHBIE BOJHBI HYJIEBOTO IOpsaKa Sy M 4ac-
THYHO — CHMMETPHYHEIC BOJIHEI TIEPBOro NOpAAKa S; M aHTHCHMMETPHYHLIE BOJIHBI HyJIEBOTO M IIEPBOT'O
nopsanxoB A, A;. Yribl, 0K KOTOPEIMH PETHCTPHPYIOTCS TH BOJHBL, Jiexkat B npezenax ot 30 no 40
rpagycoB, YHC/ICHHBIE 3HAYEHHA CKOpOCTeil nexar B nipeaenax ot 2700 no 4500 m/c. Ilpu runpomuHamu-
yeckoM MeXaHW3Me BO30YXICHHA aHTHCHMMETPHYHbIE BOJHBI HYJIEBOI'O MOPSAKA NPAKTHIECKH HE BO3-
HHKAIOT, pacTipeielicHHe CHMMETPHYHBIX BOJIH HYJIEBOT'O M [IEPBOr0 NOPAAKOB IPMMEPHO OIMHAKORO.

3. B cnydae reHepalii HOpPMAIBHBIX BOJH 33 CHUET JEHCTBHMA TEPMOYNpPYroro MeXaHW3Ma B IUia-
CTHHAX BO3HHKAIOT IMPEHMMYIIECTBEHHO CHMMETPHYHBIE BOJIHBI HYJISBOTO H IIEPBOr0 MOPAAKOB, NPHCYT-
CTBYIOT HEKOTOpBIE MOJIbl aHTHCHMMETPHYHBIX BOJH IIEPBOT'O MOPSIKA.

4. nanazoHs! YTJIOB IIPHEMA M YKC/IEHHBIX 3HAYCHUI CKOPOCTEH ¢ Y4eTOM MOrpeniHoCTeH u3Mepe-
HHi B 3aBUCHMOCTH OT MEXaHW3Ma reHepallvii, CYIEeCTBEHHO He H3MEHAIOTCH.

5. Haumnas ¢ gactotsi 1,88 MI'1i, yacrora KoneGaHuii B perHCTPUPYEMBIX aKYCTHUECKHX MMITYJIb-
cax HOPMATBHBIX BOJH CYLIECTBEHHO OTIMYAETCA OT COOCTBEHHOH YacTOTH MPHEMHBIX Ibe3ompeobpa-
30BaTeNei. JTO OUYEBHAHO CBA3aHO C TEM, YTO IUIACTHHA HE3aBMCHMO OT €€ TOJIIMHBI, He MPOITyCKaeT
BBICOKOYACTOTHYIO 9acTh B030YKHaeMOro HIMPOKOMOJIOCHOTO aKyCTHUECKOTro HMiTyJsibca. I1o 3Toit xe
MPUYMHEe MaKCHMYM aMIUINTYAB! Bo30y2IaeMbIX HOPMaJIbHBIX BOJIH, HE3aBUCHMO OT TOJINMHBI IUIaCTH-
HBI, TIPEXOAMTCA Ha HU3KHe YacToThl (0,94-1,11 MI'm).

6. Iupoxononocksenii npuemunk (KIIBTII), peructpupyer npuMepHO Te ke MOABI HOPMAIbHBIX
BOJIH, YTO M pe30HaHCHBIe npeobpasopatenn. OMAII peructpupyer cHMMETpHYHEIE MOITBI HYJIEBOTO U
TIEPBOro MOPAAKOB. Pa3noXKHB B CIEKTP aKyCTHYECKHH UMITY/IBC, 3aperHCTPHPOBAHHEIN 3TUM [TPUEMHH-
KOM, MOXXHO ITOJIyYHTb JONOJHHUTEbHYIO HH(GOPMALHIO O CHEKTPAIEHOM COCTaBe BO30YKIaaeMbIX HOP-
MaJIbHBIX BOJTHAX.

7. Tlony4eHHbie pe3yabTaTHl MOKHO HCTIONB30BATH MPH pa3paboTke W CO3MaHUH CPEACTB U METOAOB
KOHTPOJIA TOHKOCTEHHBIX METAJUIMYECKUX H3JENHi ¢ MOMOINBIO- HOPMAIBHBIX BOJIH, BO30YXKZaeMBIX
JIY4OM Jiasepa.
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YAK 523.214

PE3OHAHCHbIE TPAHCHENTYHHbIE OB BEKTbI
KAK UICTOYHUK KOMET CEMEMCTBA IONMUTEPA

E.Jl. Kucenéea

O6cyxpaercs JUHAMHYECKAA B3aHMOCBSA3b Pe30OHAHCHLIX 0GBEKTOB TpaHCHeN-
TYHHOIi 30HBI U KOPOTKONEpAOANYeCKHX KomeT. Mcciiefopanye OCHOBaHO Ha MO-
Jesd, npeanonaramomefl popMupoBanue cemelicTBa pe30HAHCHBIX 0GLEKTOB B
nponecce MHrpanun niaader. J{unamMuka 00beKTOB 3Toil ONMYJ/ISIIUH PacCYHThI-
Bajiack B Teuenue 4,5:10° ner. Hecnenosanne 6asupyercst Ha AOJroBpeMEHHOM
CHMIIEKTHYECKOM HHTETPADPOBAHUHM YpaBHeHHil ABHXKenHs o0bexros. Ioxasa-
HO, YTO MHOFHe 00BEKTHI 3aXBATLIBAIOTCS BO BHYTpPeHHI0I uacTh CoJiHeqHOi
cucremsl Ilonyaeno, 4T0 X051 00LEKTOB U3 pe3oHaHca 2/3, IPOHHKAIOIIHX B roJ
Ha opOuTLI KoMeT cemeiicTBa IOnnuTepa ¢ nepUreTMHLIMYA PacCTONTHUSIMH MeHee
2,5 a.e., cocrapaser 0,410, Pezonanchsie 06beKThl, 3aXBaUeHHbIE B IIAHET-
Hyl0 o61acTs, Aa10T JyYlee COOTBETCTBHE HaGmogaeMoMy pacnpee/ieHHIO e~
MEHTOB OpOHT KEHTABPOB, 4Y€M COOTBETCTBYIOIIHE TPAHCHENTYHHbIE 06beKTHI HA
op6uTax ¢ GOJBUINMH 3KCIIEHTPHCHTETAMHU,

Beenenne

Junamuyeckue ¥ (QU3HYECKHE XapaKTEPHCTHKM KOPOTKONIEPHOAMMECKHX KOMET MpeArioNararor,
YTO HCTOYHMKOM 3THX MAaJIBIX TEN ABAeTCS BHEWHAA YacTh ColHeyHOH cHcTeMEl. BecbMa akTyanbHBIM
B CBA3HM C 3THM CTAHOBHMTCA M3y4YCHME AWHAMMKH MAaJBIX T€Jl TPaHCHENTYHHON 00JIacTH, BKJIOYAs HC-
CJIEAOBaHUE MHTPALHH 3THX TeN B IUIaHETHYIO 061acTh.

IlepBrie mpearonoXeHHA O MPOUCXOKACHHH KOPOTKOINEPHOAMIECKUX KOMET GBUIH CBA3aHEI ¢ 00-
naxkoM Opra. ITozxnee, B 1980 roxy, B kadecTBe MCTOUHMKA KOMeT ceMeiicTa FOmmrepa 6bu1 mpeano-
xeH nosc Koiinepa [1]. B HekoTopbix u3 pabor [2, 3] npeanonaranock, 9T0 JOMHHAHTHBIM HCTOYHHKOM
KCIO sBnsiorcs o6bekTsl Ha opbuTax ¢ 60/BIIHMY SKCHEHTpUCHTETaMH. B ToM wumcie, B pabote [3]
6bU10 MONTy4eHo, 4TO 01 OOBEKTOB U3 pe3oHaHca 2/3, MPOHUKAIOMMX B ol Ha OPOMTHI KOMET ceMeii-
crea FOmuTepa ¢ nepHreTHIHEIME PacCTOSHMAME MeHee 2,5 a.e., cocrasser 0,36:107'°,

Mexann3M 3axBaTa TPaHCHENTYHHBIX 00BeKTOB Ha OopOHTHI KOMeT cemelicTBa HOnurepa Gbut omu-
caH B paborax [2, 3]. 3TH Hccie1oBaHMA TOKa3aiiH, YTO TeJla U3 TPAHCHENTYHHOU 30HbBI IPOHUKAIOT BO
BHYTpeHHIOI0 4acTh ConHEe"HOH CHCTEMBI B pe3yJibTaTe MOCTENeHHOH SBOMIOLHH Yepe3 BCIO IUIaHETHYIO
obnacte. TakuM obpasoM, Ha myTH K3 BHelmHel dacTH ConHeuHoM cHCTEMBI K KOMETaM ceMelcTBa
IOnutepa Manpie Tena MpOXOAAT Yepe3 MPOMEKYTOUHBIH KJIACC KEHTaBPOB, YbH HEPUTE/IHH pacrionara-
1oTcs Mexxy opburamu fOnuTepa u Henrryna. B pabore [4] 6bu10 mokazaHo, 4TO CylecTByeT ABa nepe-
KpPBIBAIOIIMXCA AHHAMMYECKMX Kjlacca KEHTaBpOB, OMHH H3 KOTOPhIX mpomsoimien u3 obnaka Oopra, a
Apyroii — U3 Kacca 06bEKTOB Ha OpOHTaX ¢ BBICOKHMH SKCLEHTPHCHTETaMH. PacripeneneHus a1emMeH-
TOB OpOHT, NMONMy9YEHHbIE NPH HCCIIGNOBaHMH JBYX MeXaHu3MoB npoucxoxaenus KCIO, He qaiot nonHo-
FO COOTBETCTBHA HabMONaeMOMY pacIIpe/ieSICHHIO.

HauanpHeI# 3Tan nepexoaa TpaHCHENTYHHBIX OOBEKTOB B IUIAHETHYIO 00J1acTh CBA3aH ¢ GombuMMu
Bo3MymieHHsAMH ux op6uT HenryHom. 3axBarty noapeprarorcs 06beKThI, YbH OPOUTHI MOAXOMAT K OpoH-
Te HentyHa. Pacnipenenenne o6bexToB ¢ nepurenusMu B okpectHocTH HenryHa, HabmoxaBmmxcs He
MEHee YeM B IByX OMNTIO3HIIMAX, MOKa3hIBAET, YTO OHH MOAPa3eNIAoTCd Ha [Ba Kiacca: oOBeKTE Ha Op-
Ourax ¢ GONBIIMMH SKCLIEHTPHCHTETAMHM M pe3oHaHCHbIe. IIpenmonaraercs, uTO TeMII 3aXBaTa peso-
HAHCHBIX OOBEKTOB Mall BCIIECTBHE YCTOWYMBOCTH PE30HAHCHOTO JBIKCHHSA 10 OTHOLICHHIO K BO3MY-
menuaM ot Henrtyna [5, 6]. B onHoii u3 pabor [5] 65010 nokasaHo, 9T0 IUTyTHHOCH! MOT'YT BEIBOAMTBCS
H3 PE30HaHCa IO/ ACHCTBHEM MeXaHH3Ma XaoTHUecKoH Auddy3mu, u nocie cOMMKEHHA ¢ THraHTCKUMH
riaHeramu nepexozar Ha opdursr KCIO.

B nanno#t paboTte npeANpHHATa NONBITKA PACCMOTPETh OCOOEHHOCTH JUHAMUYECKOM SBOJIFOLHH pe-
30HAHCHBIX OOGBEKTOB TPAaHCHENTYHHOM 06macTd M, TakuM 00pa3oM, OLEHHTh 3TH OOBEKTHl KaK BO3-
MOJKHBIH HCTOYHHK MaJIBIX TeJl, 3aXBaThIBAEMbIX BO BHyTpeHHIOI 4acTs Comneunoif cucremsl. Heo6xo-
JMMO OTMETHTBH, YTO OpOMTH HaOMIOAaeMBIX PE30HAHCHBIX 00BEKTOB Ha JJAHHBIH MOMEHT H3BECTHBI He-
JOCTaTOYHO TOYHO JUIA TOTO, YTOOH! JeNaTh OKOHYATENbHbIE 3aK/IIOYEHHA O CKOPOCTH 3aXBaTa TaKHX
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Kax ucmoyHuk xomem cemelicmea lOnumepa

06bekToB. OfHAKO MBI MOXKEM HMCCIEI0BaTh OPOUTHI OGBLEKTOB, 3aXBaUYeHHBIX B PE30HAHC NPH MHIpa-
uny HenTyHa Ha cramuu GpopMupoBanus BHewHel 4acTd CONHEYHOH CHCTEMEI, H HAAEKHO OLICHHTH
TEMII 3aXBaTa pe30HaHCHBIX OOBEKTOB B IUIaHETHYIO o6nacTs. HccnenoBanre oCHOBBIBaETCS Ha JIONTO-
BPEMEHHOM CHMIUIEKTHYECKOM HHTETPHPOBAHMH YpaBHEHHH IBIKCHHMA OOBLEKTOB, 3aXBa4YeHHEIX B pe-
3oHaHC npy Murpauuy HenTyHa Ha cranum ¢popMupoBaHud BHeHeH YacTi COHEYHOM CHCTEMBI.

Mopgens
Muzpayus

Mbe1 npoBepsieM rumnoTesy, COracHo kotopoil HenryH MMrpupoBan HapyXy Ha HECKONBKO acTpo-
HOMHYECKHMX €JHHHL BO BpeMs (opMHpoBaHHA BHeIIHeH dacTH CONHEYHOM CHCTEMBI M, TAKHM obpa-
30M, Crioco6CTBOBAN MOABJICHAIO pe30HaHCHOHN nonyniamyH B nosce Koiinepa [7]. INonuepxuem, 4T0 B
IaHHOH paboTe HEe YUHTHIBAIOCH B3auMOAeHCTBHE MEXKIY YaCTHLIAMH.

IMapameTps1 MoenHpOBaHKA ObLTH MACHTUYHBI T€M, KOTOPbIe PHBOANIMCH B pabore [7]. Havans-
Hele Gombume noyocu 1000 TecTHpyeMbIx gacTHll 6bUIH pacrionoxeHsl B HHTepBaie ot 27 10 42 a.e.
Taxum obpa3zoM, Bce 3TH OOBEKTHI ABJIAIOTCA MOTCHUMANBHBIME KaHIWIATAMH Ha 3aXBaT B PE30HAHC
2/3. Mu1 paccMotpend 4 Mozend. B HUX HadaybHBIE SKCHEHTPHCHTETH! ¢ H HAKIOHHI i 0GBEKTOB ObLTH
pacripenesieHs! creayromuM obpasom: 0 u 0,001, 0 u 0,01, 0 1 0,05, 1 0 u 0,1 ma kakzoit U3 4 Mozeneit
COOTBETCTBEHHO. BeymanHbI apryMeHTa nepHresms «, AOJTOTHI BOCXoAdLIero yaia £ u cpegneii aHo-
Manuu M ObUTH B34Thl pacTpe/ie/ICHHBIMHE CITy4aifHeIM 00pa3oM B HHTepBasie Mexy 0 u 2.

Bonemue nomyocH KakIOH M3 IUIAaHET W3MEHANNCH B COOTBETCTBHH CO ciieayromeii dopmysoii:

a(t)=a; —Aaexp(—t/t), Tie NapaMeTp MUrpauuu T = 10° ntet. Brutn B3ATHI clenyoolye Ha4albHbIE U
KoHe4Hble Gonbive nonyocH mwianet (a;,a,): (5,21; 5,2), (9,5; 9,53), (14,5; 19,19), (21,3; 30 06) Ui

IOnurepa, CatypHa, YpaHa n HenTyHa cooTBeTCTBEHHO.

PesynbTatsl MOAeNMpOBaHUs A1 0GBEKTOB pe3oHaHca 2/3 BO BCEX YETHIPEX MOMENAX OKA3aJIHCh
NpUOIM3NTENEHO PaBHBIMH (33 HCKTIOUYEHHEM BEPOSTHOCTH 3aXBaTa) H COOTBETCTBYIOT TeM, YTO ObUTH
npuBeneHs! B nofoGHoit pabote [7]. MBI oGHapy: uH, 4TO B CiTydae YeTBEPTOM MOZENH, I/le paccMat-
pHBaJICH TUHAMUYECKH BO30YXKIEHHBIN HayanbHBIM JUCK YaCTHII, BEPOATHOCT 3aXBaTa B pe3oHaHc 2/3
MEHbIIE 9eM B OCTANBHBIX, OXHAKO pacrpejielieHHe HAKJIOHOB B 3TOM CIydae XOpPOMmO COOTBETCTBYET
HabmoaaemMoMy.

Honzoepemennan s6omoyus

B 30He pe3oHanca 2/3 K KOHIly MUTpalliH IUIaHeT mo Mojemu 4 Haxopunocsk 332 obbexra. Jind HX
HCCNIEIOBaHMA GBUTO TIPOBEICHO CHMIUIEKTHYECKOe MHTErPUPOBaHHe YpaBHeHHUI ApkeHus [8] Ha mpo-
MexyTke 4,5 miipx sier. IIpn sToM yunreiBanuce BosMymenusa ot HOmrepa, CatypHa, Ypana u Henry-
Ha. JIna kaxmol 3. 4acTHIl BEIYHC/ICHHS NMpEKpallaiich NP JOCTIDKEHNH opOMTHI ¢ ¢ < 2,5 a.e. WM
a>1000a.e..

PesymnTarhl

HUccneposanue HONTOBpeMEHHOM 3BOMIOLMH OOBLEKTOB M3 pe3oHaHca 2/3 B IUlaHeTHyio o0nacTb
IIPOBOJMITKCE M paHee [S], HO paccMaTpHBaIKCh, KaK NPABHIIO, pABHOMEPHBIE PACTIpe/C/ICHHA JIEMEH-
TOB OpOHT OOBEKTOB, MOKPHIBAIOIIHE BCIO PE30HAHCHYIO 30HY C MaIbiMM aMIUTHTYAaMH jubpaumii. Ta-
KM 00pa3oM, He YYHTHIBAIMCH OCOOCHHOCTH NMPOHMCXOXKACHHS PE30HAHCHOH MOMYJLIMM, BCICACTBHE
KOTOPHIX Y 00OBEKTOB NOABNIAIOTCA cneui(HyecKye AUHAMHYecKue cBolicTBa.

Kax ynomuHanoch Bbiille, BBIXOZ M3 PE30HAHCA MPOHUCXOJUT BCIIEACTBHE AEHCTBHA MEXaHH3MA Xao0-
tveckoi auddysuu [5], mocse yero oObEKT 3aXBaTHIBaeTCA B IUTaHETHyIO obnacte. B pesynsrare
Halero MCccienoBaHua GBUIO MONYYEeHO, YTO K KOHIly MHTETpHpOBaHMA Ha OpOHTax pesoHaHca 2/3
octanoch 44 obpexra u3 332. Takum 06pa3oM, MOXKHO YTBEpP:KAATh, YTO 3a BPEMS CYLIECTBOBAHHA
ComnHeYHO CHCTeMBbl pe30HAHCHBIE 30HBI TPAHCHENTYHHOM 00/1aCTH HCTOMMMWINCH NPHONTH3HTENBHO B
10 pas. HeoGXx0AHMO OTMETHTB, YTO MBI HE MOMYYHIH «CTaGWIBHEIX» OpOHT, ormmcaHHBIX Mop6unen-
nu [5]. TloaToMy MBI MOXKEM TIPEITIONAraTh, YTO CO BpeMEHEM Pe30HaHCHas MOMyNAnHs 2/3 HCTOmMUT-
cs MOJTHOCTHIO.

U3 44 o6BexToB, COXpaHHBIIKXCS B pe3oHance 2/3 3a Bpems >ku3HH CONHEYHOH CHCTEMBI, 5 Haxo-
JUUTHCH B 3TOM 06/1acTH ele /10 Hayana MUTpaly IuTaHeT. Y 3THX oOBEKTOB 3a BpeMs MHIPaLlMH yBe-
JIMYUINCH SKCHEHTPUCHTETHI, OJHAKO Jiajiee MX JIEMEHTHl OpOUT He MpeTcpneiy 3HaYMTEbHbIX H3Me-
HeHHH. B COOTBETCTBHMH C Halei MOZEIBIO MOXXHO FOBOPHTH O TOM, YTo 0,5% HabmozaeMbIX HEIHE B
pesoHance 2/3 00BeKTOB Beeryia HAXOMWINCH Ha 3THX opOHTax.
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dusuka

Eme 6 065€KTOB B KOHIIE HHTEIPHPOBAaHHA HMeENH OOJIbIINE MOTYyOCH, COOTBETCTBYIOIIHE NepHpe-
PUM PE30HAHCHOM 30HBI, IZie YCTOHYMBOCTE OPOMT KpaiiHe Mana. OIHAKO OHM HAXO[WIMCh HA TIOYTH
KPYrOBBIX OpOHTaX, YTO M 3alMTHIO MX OT cOmpkenus ¢ HermrynoM: Dt 0GBEKTH IONA/M Ha Kpyro-
Bble OpOUTHI el BO BpeMsl MHTPALMH IUTaHeT, ¥ COXPaHWIUCh Ha HUX B TCYeHHe BpeMeHH xu3Hu Con-
HeuHoii cucrembl. CylnecTBoBaHHe MONOGHBIX OPOMT NMPOTHUBOPEYHMT pesynsTaraM pabotsl [5], mo-
CKOJIbKY HM GBLIO MOJy4EHO, Y4TO CKOPOCTh AWHAMUYECKOTO BBIOpOCca 00BEKTOB C MOXOOHEIMH 3JIeMeH-
TaMH OpOHT AB/ISETCS MAKCHMAJILHOIA.

Ha puc. 1-3 npenctaBnens! pacnpeaeneHus 31eMEHTOB OpOMT 00BEKTOB M3 pe3oHaHca 2/3 B Havale
JOTOBPEMEHHOH SBOJIONHH, HA MOMEHT OKOHYAHHA MHTErpHPOBaHMA, a Takoke HabmonaemMoe pacrpe-
JieTIeHue.

n n —
0,6- 0,61
0,5 0,51
0,4- Bis 0,4
0,3 0,34
0,2 0,2+
0,11 0,1+ I—l
0,0 : .—-.|_| l—|._r—'| 0,0 I—ll—‘l—-] —
384 38,8 392 396 400 384 388 392 396 400
bonemas moyocs, a.e. Bomsmas HOTYOCh, a.8.
Puc. 1. Pacnpeaenesue Gonbwmx noryocei Puc. 2. Pacnpenenetine Gonbiumx nosyocen
00BLEeKTOB pe3oHaHca 2/3 B MOMEHT. obbexros pe3oHaHca 2/3 nocne
OKOHYaHWA MUrpauun HenryHa [AONTOBPEMEHHOMN 3BONIOUMM
n
0,61
0,54.
0,4-
0,34
0,2-
il
N 1

384 388 392 396 400
bonnInas nonyocs, a.e.

Puc. 3. Pacnpeaenerue Gonbiumx nonyocei
Habriopaembix 06LEKTOB pe3oHaHca 2/3

3axsam obvexmos pesonanca 2/3 na opbumer KCIO

Kak 6bu10 YNOMAHYTO BBIIIE, Ha mMyTH U3 BHewHel dactu ComHeuHOM CHCTEMBI K KOMETaM ceMeHcTBa
IOnmTepa Maibie Teaa MPOXOJAT Hepes. MPOMEXYTOUHBIN Kiacc keHTaBpoB MBI HccieJOBany opOHTATBHOE
pacnpesienenne KeHTaBpoB, MpOM3OMIEANINX M3 pe3oHaHca 2/3 ¥ CpaBHIIM ero ¢ HaGmomaemeiM. Ha-
6monaeMble 0GBEKTBI COCTABIIAIOT BBHIOOPKY M3 MHOTOYHCIIEHHOrO CEMEHCTBA OOBEKTOB, MMEIOMIUX
pasiMHHBIE IEMEHTH! OPOUT M pa3HbIe aHChi 0OHapyxeHus. IToaromMy AomKHBI ObIT yuTeHB! dddek-
THl HaO/MOAATENbHOM CENEKLMH B OTKPHITHH OOBEKTOB C pa3IHYHBIMU OPOHTAMH M 3BE3XHBIMH BEJIHUH-
Hamu. B pa6ore [4] 6buta paspaborana crnenuanbHas METOAMKA, YUMTHIBAIOIUAA BEPOSTHOCTH IIOMAja-
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Kak ucmoyHuKk komem cemeiicmea lOnumepa

HHSl AIEKHX OOBEKTOB B Y3KYyIO IIOJIOCY CiTyXG morcka BOJIH3H SKIHITHKH, Pacipe/ie/ieHHe TPaHCHeTI-
TYHHBIX 0OBEKTOB 110 pa3MepaM H 3¢ peKTHBHOCT OOHApYKeHHA OGBEKTOB ¢ PasIHIHEIM 6I1€CKOM.

Pacripeieniende 1o GONMBIIMM MOMYOCSM TOKa3bIBAaCT, YTO OCHOBHadA 4acTh KeHTaBpoB, mpomso-
IIeKX H3 pe3oHanca 2/3 (puc. 4), pacnionoxeHa B uHTepBaie (20; 60) a.e., 4To JTydllle COOTBETCTBYET
HaGnof1aeMoMy pacTipe/ieNieHuIo (puc. 5), 4eM B Clydae 3aXBaTa TPAHCHENTYHHBIX 0GBEKTOB, Paciono-
XCHHBIX Ha opOuTax ¢ GONbIIMMH SKCIIEHTPHCHTeTaMH. B paclipeie/ieHn 10 nepureuiftHbIM paccTos-
HUAM OOHApYXHIIOCH PacXoikeHHe B OONacTH BHICOKMX NEPHIENHEB. DTO OOBACHACTCS BO3MOKHOM
KOMETHOH aKTMBHOCTBIO KEHTaBPOB Ha OTHOCHUTEJIPHO MAIBIX paccTosHuAX ot Connua [4].

n n

0,8 0,8

0,61 0,6

0,44 0,4-

0,2 0,2

0,0 T T T T T : 0,0 T T | T ¥

0 10 20 30 40 50 0 10 20 30 40 50 60
bonemas nonyocs, a.e. BoMTbIIast TIOyOCH, a.e.

Puc. 4. Pacnpepenesne KeHTaBpoB, 3axBaueH- Puc. 5. Pacnpepnenenue HaGnioaaemMbix
HbIX U3 pe3oHaHca 2/3, No GONLILMM NONYoCHM KeHTaBpoB 1o 60NnbUUM NONYOCAM

Pacnpedenenue naxnonos komem cemeticmsa IOnumepa
Ha puc. 6 nokaszaHo pacnipefie/icHHe HaKIOHOB M napameTpa TuccepaHa Jyisi 00beKTOB, KOTOPhie
3BOMOLMOHMPOBAIM Ha OPOHTEL ¢ ¢ < 2,5 a.e. ¢ opbuT pe3oHanca 2/3. PacnpesieneHne HAKIOHOB CO-
racyercs ¢ HabmopgaeMsM A KoMeT ceMeiicTea FOmuTepa. OTMeTHM, 9TO MHOTHE O0BEKTHl HMEIOT
napamerp Tuccepana T ~ 2,9. 310 3HadeHue Gonbime, deM Te, 4TO GBUTH MOMydeHH MPH HCCIENOBa-
HHUHM 3axBaTa 00BekTOB ¢ OPOHUT ¢ BricokMMHM 3KcneHTpucHTeTamM (T ~ 2,6 [3]) u ¢ opOuT u3s obnaka
Oopraf4].

Temn 3axeama na xopomxonepuoOuyecxkue opoumoi
Ha puc. 7 npexcraBneH rpaduk 3aBHCHMOCTH YHCIA COXPaHUBLIMXCA B pe3oHaHce 2/3 yacTul Ny
OT BpeMeHH ¢ B Moc/enHue Apa Muwumapaa jer. [Tpoussoasas ot GyHKuMU Nys(f) JaeT B TOUHOCTH CKO-
pocThb 3axBaTta 00BEKTOB Ha KOpoTKonepHoawueckre opbursl. Hamm nccnenoBaHus nokasainy, 9TO M3-
MeHeHHe KOTHIeCcTBa YacTHI B pe3oHaHce 2/3 co BpeMeHeM omMchiBaeTcs ¢yHKUMel Buaa:
N,;5(t) = A+ Bexp(-#/C) .

OKO_H‘-IaTeJIBHO, peE3ynbTaT NPEACTABIACTCA B BUAC:
Ny (£) =39+218- exp(~/1180).

OTOT pesynbTaT OTIMYAETCA OT TOTO, KOTOPHI ObLI NOMy4eH B HCCIENOBaHUHM [5]; 3TO OIATH XKe CBHAE-
TENBCTBYET 06 0COOEHHBIX JMHAMHYECKHX CBOMCTBaX OPOHT, MPOM3OIIEAIINX ITyTEeM 3aXBaTa B PE30HAHC.

BrruucneHne o 00BEKTOB Ny TPOHMKAIOMMX B rof Ha opOMTEI KoMeT ceMedicTea IOnuTepa ¢
TIepHTeIHHHEIME PACCTOSHHAMH MeHee 2,5 a.e. U3 pe3oHaHca 2/3, 6huio npoBefeHo 1Mo MeToauke pabo-
1o [3]. CornacHo 3T0it MeTOMKE

_ P dN

~ T, 1
rae P — BepoATHOCTH 3aXBaTa KOPOTKONEpHOAMYEeCKHX kKoMeT ¢ opbut Kenraspos. MeI nomyumiu, uro
3Ta oueHka cocrasser 0,4-107'° koMeT B roji, UTO aHAJIOTHYHO OLIGHKE U1 OGBEKTOB C OPBHT C BEICO-

KHAMH OKCLICHTPUCHTCTAMH.

Cepun «MaremaTuka, husuka, XuMusi», BoINYCK 7 97



®dusuka
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Tapamerp Tuccepana Bpewms, x 10° ner
Puc. 6. Pacnpenenenune napamerpoB TuccepaHa Puc. 7. pathuk 3aBucumMocTH umcna
¥ HAKNOHOB Ans 06bLEKTOB, KoTopbie GbIn COXpaHMBLIUXCA B pe3oHaHce 2/3 yactuu Na;
3axBayeHbl Ha op6uTul KCIO us pesoHanca 2/3 OT BpemeHun
3aknuenne

B pabore u3yuanach AMHAMU4ECKas B3aHMOCBA3b PE30HAHCHBIX 0OBEKTOB TPAHCHENITYHHOM 30HbI 1
KOpOTKONepHoA4Ieckux komeT. Mccienoanie OCHOBaHO Ha MOAENH, NMpeAnoaraiomeif ¢popMuposa-
HHe ceMeHCTBa pe30HaHCHBIX OOBEKTOB B IIpoLiecce MHMIpaluy IutaHeT. Hamri BBIMMCIEHHS MOKa3wiH,
YTO MHOTHE OOBEKTHI M3 pPe30HaHCa 2/3 3aXBaTHIBAIOTCA B IUIAaHETHYIO 00aacTh. BpUTo molyueHo, 4To
JoJ1 00BEKTOB U3 pe3oHaHca 2/3, MPOHUKAIOIMX B IO Ha opOuTsl koMet ceMeifcrsa IOmurepa ¢ nepu-
TeNUHHBIMH PacCTOAHHAMH MeHee 2.5 a.e., COCTaBIAET 0,4-107'°. Dra ouenka COOTBETCTBYET TOH, HTO
6bu1a noyueHa B pabote [3] Ang TpaHCHENTYHHBIX 00BEKTOB ¢ GONBIINMH 3KCIeHTpHCHTeTaMH. OHa-
KO pacrpelie/ieHHE 3IEMEHTOB OPOMT HCClieyeMBIX HaMH OOBEKTOB JIydIle Corfiacyercs ¢ Habmronae-
MEBIM pacnipezeneHreM KeHTaBpoB, 4eM nofo6Hbie pacnpe/ieieHus Ui O0beKTOB ¢ BHICOKHMH SKCLEH-
TPUCHTETaMH.

Hannan paboma 6vina noodepoicana epanmamu POOH 04-02-96042 u 06-02-16512, a maxoce
epanmom Ilpasumenvcmsa Yenabunckoii obnacmu
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YAK §31.12

YPABHEHUE COCTOAHUA QﬂHOMEPHOﬁ CUCTEMbI
«KONNAMNCUPYIOWUX» TBEPObLIX COEP

N.N. Knebaroe, .M. Npuyail, H.H. runyuykui

Meronom Beprxeiima nosiyseHo ToOYHOe aHAJATHYECKOE PellieHREe HHTErpajibHO-
ro ypaBHeHuUS! Hepxyca—ﬁenuxa U1 ofiHOMepHOli cHCTeMbl YACTHII ¢ ONHOCTY-
TMENYATHIM NOTCHNHANIOM OTTAJIKABAHASA («KOMJIATICUPYIOIHE» TBepAble cdeprl).
Ha ocHOBaHHM J2HHOTO pPellIeHHS NOCTPOEHO YPaBHEHUE COCTOSHAS OAHOMEPHOH
CHCTEMbI (KOJIANICHPYIONIAX) TBEPALIX cep M YCTAHOBJICHO, YTO B NpHlIKe-
HUH Hepxyca—ﬁesnlca tpazosnlii mepexon B Taxol cucreme He HaGmogaeres.

Ha nmporsbxennn nocnegaux 20 NeT NOBHINIEHHEIH HHTEPEC CIIEHMANKMCTOB B 00acTH (PU3HKM KOH-
JECHCHPOBAHHOTO COCTOAHHUS BBHI3BIBAET CHCTEMA «KOJUIATICHPYIOIMX» TBEpAbIX cep (collapsing hard
spheres (CHS)). «Konnancupyromumn» TBEpABIMEA chepaMH HA3BIBAIOT CHCTEMY YaCTHI C MOTeHIIHa-
JIOM NapHOTO B3aUMOAEHCTBHA BHAA

©,r<a,
V(ry=sVy, asr<b, )
0,7r>b,
rae V, — nonoxureNnbHad MOCTOSAHHAA, 7 — PACCTOSHHE MEKAY YACTHLAMH, g — JUaMeTp «TBEPAOro

snpa» (hard core diameter), b— nuamerp «markoro aapa» (soft core diameter) [1]. 3toT uHTEpEC CBA-
33H C TeM, YTO CHCTEMbI «KOJUIATICHPYIOIMX» TBEePABIX cep HAXOAAT MIHPOKOe MPHUMEHEHHe NPH Ma-
TEMaTUYECKOM MOJEINPOBaHUH H30MOP(PHEIX (Pa30BEIX MEPEXOOB, MPEBPALIECHHUAX B KOJUIOHIHBIX CHC-
TeMax, MpH W3y4eHWH aHOMAIBHBIX KPHBBIX IUIaBNEHMA M T. 1. [2]. B HacTosinee Bpems mpOBEACHBI
pacyeTsl TEPMOAHHAMUYECKUX XApaKTEePHCTHK CHCTEMBI «KOJUIATICHPYIOUIMX» TBEPABIX chep MeToaoM
MOJIEKYJIIPHOH AMHAMMKHM H TEPMOJAMHAMHMYECKOH TeOpHH BO3MYWIEHMH, a TaKke B paMKax CIIMH-
XHAKOCTHOrO nozxoxna (cM., Harpumep, [3] u mUTHPYEMYyIO TaM UTEpaTypy).

OnHako B CTaTHCTHUECKOH MEXaHHMKe CYMIECTBYET, KaK M3BECTHO, U JPYroif MOIXOA K H3YYCHHIO
CHCTEM C B3aMMOJCHCTBHEM — pellieHHe MPUOIKEHHBIX HHTErPaJbHbIX YpaBHEeHUH Mg napHo# Koppe-
JIAIMOHHOM (yHKIMH. ABTOpaM HEH3BECTHHI PaGoThI, B KOTOPHIX pellaiich ObI HHTErpaIbHEIC ypaBHE-
HHS IS MApHOH KOppenduuoHHON (yHKIMHM CHCTEMBI «KOJUIATICHPYIOIUX» TBepAbIX cdep. B To xe
BpeMs TaKoe HCCle/IoBaHHe TPEICTaBIsieT HeCOMHEHHbIN HHTepec, XOTA Obl C TOUKH 3PSHHA H3y4YeHH:
BO3MOXKHOCTE# METOja HHTErPaIbHBIX YPaBHEHHH.

B nacroameit paGore cuctema CHS msyuaerca B npubmmkernun Ilepkyca-Hesuka. WssectHo, 4ro
ypasrenne ITepkyca—VieBuka 1oMycKaeT TOUHOE aHATHTHIECKOE PEIICHHE B CTydae MOTEHLANA TBEp-
IsIx chep [4]. D10 pemieHne Ha CerOAHANIHMN eHb ABIACTCA €AHHCTBEHHBIM aHATHTHYECKUM PEIICHH-
€M HeIHHEeHHOTO MHTErpaIbHOIO YPAaBHEHWA JUIS NApHOH KOppensunoHHOM GyHKIMH. MBI mokaxeM,
9TO METOJIEI, Pa3BHTHIE B [4], NO3BOMAIOT MOCTPOMTH TOYHOE AHATIUTHYECKOE pelleHue ypaBHenus Ilep-
xyca-HeprKka u 1is Gonee COXHON M «peamucTHIHOM» cucremsl CHS. B actosmeit pabote Mbl mog-
pobHo m3yuum oxHOoMepHyIo cucteMy CHS. Kak u Besikas oqHOMEpHas CHCTEMA ¢ KOPOTKOAEHCTBYiO-
MM TIOTeHIMaioM B3amMopelicTBusa uacTh, CHS He nomyckaer ¢aszosoro mepexona [S], omHako ee
H3y4eHHe MpeJCTaBIieT HEeCOMHEHHBI MeTOAWYecKHH HHTepec Kak Ui Pa3sBUTHA MaTEMaTH4ECKOro
anmapara, Tak ¥ 11 ysCHeHHA pasiuymii ¢ KIacCHYecKHM pemieHueM Beprxeiima—Trens [4].

Vpasuenne [epxyca—lieBnka B 0IHOMEPHOM CITydae HMEET BHA:

[ <] .
()@ =1-n [a'(”®) — 1y, (¥ )my(x-x)-1), )
-0
rae B=1/kT, T — temneparypa, k¥ — nocrosHHas Bonsumana, 7 — IIOTHOCTb YacTHI, #,(x) — nap-
Had KOppeJsloHHas QyHKIMA, V(x) — NOTEHIMaN B3aumMoyelicTaa qacTull. (PaccMaTrpuBaeTcs CHCTe-
Ma C IIOCTOSHHBIM YHC/IOM HaCTHIL IpH (uKkcupoBaHHoOl Temniepatype). IIpusenem ypasHenue (2) k 60-
nee ynoGHOMY Juid AanbHEHIIero aHa i3a BHAY
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dusuka

ny(x)eP’ @ =1=n J'dx'(l —e DYy (e O (ny (x - xYe BV VG _py - (3)

BeezneM oGoanavenue: 7(x) = n, (x)e? .

Torna ypaBHeHHe (3) 3anuiIeTcs CIeAyomuM obpasoM

]
r(x)=1=n J' dx'(1—e PNy ('Y r(x - x")e P ) 1. 4)
. o )
VuuTeiBas BHA MOTCHUMANBHOTO B3auMozeicTaus (1), piMeeM
0, le <a
e D 3¢ a<ld<p. (5)
1 x| >5

Hepenmnem nanee ypasHeHHe (4) ¢ ygerom (5)

r(x)=1- n jr(x’)(r(x —x")e %) gy -

-a

—a b
—n(l-e P )[ I () (x-x")e A ) Dy’ + Ir(x')(‘r(x —xe Pre¥) _ l)dx’} 6)

-b a

a
t(x)=1-n f‘r(x')r(x ~x")e A=) gy
-a
_n(l.—-e”ﬂVo ) If(xl)r(x _er)e-ﬁV(x—x)dxr + IT(xI)T(x_xl)e—ﬂV(x—xJ)dx,} +
-b v :

a -a b
+n J'r(x')dx'+ n(l-e P )[ jr(x')dx' + [ r(x’)dx'J . %)
-b a

B cuny usorponnu 7(x) = 7(—x) , 103TOMY ypaBHeHue (7) NpUHAMAET BUA;

-a

a .
o) = 4-2n [r(x")r(x—x)e Py’

-a

-a b

—n(l-e P )[ J’r(x')r(x-x')e“ﬁ”(x"">dx'+ J'r(x')r(x-x')e‘ﬂ” (""")dx':i, (8)
~-b a

rae

a b
A=1+2n I‘r(x’)dx’ +2n(1-eP) J.‘r(x’)dx' . ®
0 a

Vpaerenue (9) OyaeM pemats MeTOAOM Npeobpa3oBaHus Jlarnaca
-] «®

a
IT(X)e_sxdx =_A___n J.e—sx& J‘T(xl)z,(x_xl)e—ﬂl/(x—x’)dxl_
0 50 a
b

] -a .

—n(l-e~P") j' e'“dx[ j TG )r(x-x")e PV X gyt 4 r(x')r(x—x')e'ﬂV("""')dx'}. (10)
0 -b a

ITocne cMeHbI TOPAAKA HHTETPUPOBaHHA IO x M X' H yueTa 3Ha4deHuii dakropa (5) nMeeM
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Kne6anoe MU.U., Mpuyail N.N., M'unyuykuii H.H, YpasHeHue cocmosiHus 0OHOMEPHOU cucmems!
sKonnancupyloujux» meépowix cghep

© a x"+b a .
Ir(x)e”"‘dx 4 ne P j 7(x")dx' Ir(x -xYe ¥dx-n I 7(x")dx’' jr(x -x"e " %dx
0 § ~a x"+a -a x"+b
) -a x'+b -a ©
—n(l-e P )[e P fr(x')dx' I‘r(x -x"e ¥ dx+ J' 7(x")dx’ Ir(x —x")e dx +
-b x'+a -b x'+b
b x'-a b x'+b
+e P I T(x")dx' J' r(x—x")e Fdx+e PN .fr(x')dx' J'r(x -xNe Fdx+
a 0 a X+a
b )
+ {r(x")dx’ Ir(x—x')e"‘xdx] . (1)
a x'+b

BBozs HOBYIO EPEMEHHYIO y = X — X', IOJTyqIHM
« a b a ©
I r(x)e™ dx = E—— I T(x")dx’ I T(»)e 0 dy—n I 7(x")dx’ ,f 7(y)e” ) gy
0 § -a a ~a b
-a b -a @
~n(l-e ) [r()ds’ [r e Oy + [e(xa' [r(pe ey +
-5 a -b b
b -a b b
+e P [o(xdy' [r(p)e 0y +e7 [r(xd' [r(3)e™ 0y +
a -x' a a
b )
+ [ehax’ [e(o)e 0y, (12)
a b

OnpeneJmM aanee (bYHKIH/IH KOMILICKCHOI'O IEPEMECHHOrO § :
a b

F(s)= |r(x)e™dx, K(s)= |r(x)e dx,
0 a
© b -a
G(s) = [r(x)e™ax, M(s)= [r(x")ax’ j 7(»)e 0 gy
b a -x'
L(s)=F(s)+(1-eP)K(s), w(s)=G(s)+e P K(s). a3)
Torpa Ha ocHOBe ypaBHeHus (12) momyunm

4 L(s)- M)

-5
V) @+ L) (1

TAe ¥y = ne A" (l—e'ﬂV" ).

Jlerko BuzeTh, uTo QyHKIHA W (s) ABngerca npeobpazopanueM Jlamiaca oT napHO# KOpPpEIALHOH-
Ho# QyHKIMH n,(x), a dyHkums L(s) — npeobpa3osanue Jlaraca oT pAMO# KOpPENAIHOHHOH (byHK-
muu C(x)=[1- e’ In,(x) B npuHOMIKEHHN I'Iepxyca——ﬁemxa.

Beezem nanee BCIIOMOTaTeNbHYIO (hYHKIIHIO

H(s) =s2(fs‘l+L(—s)+m(—s»w(s). (15)

W3 (14) 1 (15) nomyvaem, 9ro
- 1 2 L e _
H(s)= T3 n(i0) 7 L) [47 +sA(L(=s) — L(s)) + sSA(M (—s) — M (s))

—s2p(M(s)L(~5) + M(=5)L(s)) — s> L()L(~s) - s 2y * M(s)M(=s)] . (16)
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dusuka

OyHKIMA K(s) M(s) F(s) Gynyqn OHpeJIeIIéHHHMPI mrrerpanamn B KOHEYHO#t 06/1aCTH OT OrpaHu-
YyeHHBIX (YHKIHH, PeryJMpHbl Ha BCCH KOMIUIEKCHOH miockoctd. @ynkimsa G(s), Oyxyqu ompeneneH-
HBIM MHTErpajioM OT OrpaHH4YeHHOH (QYHKIMH B NodybeckoHedHOH 06JIacTH, peryiipHa B IpaBoi Ho-
aymnockoctd. Torna ¢ysxuas H(s) Taioke perynspHa B npaBoi momymiockoctd. Ho B criy geTHoCTH,
H(s) perynapHa TakoKe M B JIEBOH noiyruiockocTd. ITockonexy ¢ynximsa H(s) He conepKuT JelieHHs Ha
s, OHa TakKe pery/apHa u B Hyse. Kak nokasano B [4], B cyqae TBepasix chep dyrxims H(s) perynap-
Ha M Ha MHHUMOH OCH, IIPHYEM 3TO CBOMCTBO HE 3aBHCHT OT HAJIHYHMA WIM OTCYTCTBHS KOPOTKOHAEHCT-
BYIOIIETO «MATKOTO #Apa» B NOTEHIMANE B3aUMOICHCTBHA YacTHIl. TakuMm obpasom, ¢pyrkuus H(s) pe-
ry/lspHa Ha Bcell KOMIUIEKCHO#H IUTOCKOCTH, @ 3HAYMT IOJHOCTBIO ONpEJENseTCs CBOMMU aCHMIITOTHKA-

"(0) L(—s)ﬂ%i, M(s)~",
5

MH. AHaiM3 TIOKa3blBaeT, 4YTo IpH S—>©  L(s)~

M(-s)~r(a)r(b)e*®D, H(s)~s.Toects H(s)=p+p;s.
B cuny uernocTv H(s) p; AOJDKHO TOXAECTBEHHO 0OpaTUThCA B Hynb. TO ecTh

H(s)=p. an
3HauuT
2 2
H(s) = H(0) = A -4
1+n(L(0)+ L(~0)) 1+ 2nL(0)
2
- 4 - Ny (18)
1+ 2n( j 7(x)dx+(1-eP70) J' 7(x)dx)
0 a
W3 (15) u (18) cuexyer, uro
H()= 4=52(-+ Li-s) + MW ()
w(s)L(—s)=Si;—-‘f’%—w(s)r-M(—s) (19)
U3 (14) nmeeMm
w(s)(1+n(L(s)+L(—s»)=—’§—L<s)—m(s) (20)
M3 (19) u (20) nomyunm
()4

(s)+ny (s)L(s) + n(-sAf ~E0L (M (=s)) =2~ L(s) - M (),

w(s)+L(s)+ A(Slz - %) +ny (s)(L(s)- : —M(-s))+M(s) =0,
L{r(x)+ A(:?z- - -};) +ny (s)L(s) - -‘-:; —M(=s))+yM(s)=0,

rae Z (z(x)) - npéqﬁpasonaﬂne Jlarnaca ot ¢pysHkumM 7(x) .
IpunuMas Bo BHUMaHue onpeaenernne Qyskuun y(s) (13), umeem

L(z(x))+ A(;’lz- - -i—) +nG(s)(L(s)~ é - yM(-s))+ ne P K (s)(L(s) - —:1 —yM(=s))+yM(s)=0.(21)

IMoneiicrayeM Ha ypasHeHMe (21) oneparopoM obpaTHoro npeobpasopanus Jlamaca, B pe3ynbTaTe
9ero NoyuuM:

-C(x), x| <a
T(x) = H = A(1+ne Pky)- 4 (22)
_ C(X) a<lx‘<b h 0 nx,
R

rae nocrosHAble A u k; HAXONATCA U3 CHCTEMBI ypaBHEHHMH
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Knebanoe U.N., MNpuyaii N.YU., FTunvuykuii H.H. YpaeHeHue cocmosiHus odHomepHoll cucmembi
«Konnancupynowux» meépdbix cghep

’

a b )
A=1+2n I 7(x)dx + 2n(1-e P )Ir(x)dx
T, “ . (23)
ky = I‘r(x)dx
L a
(OueBHIHBIM YCIOBHEM «QU3HIHOCTHY pemieHns saserca: A>0 u &y >0).
Toncrasnsaa nanee 7(x) B (14) u copepmas o6paTHoe npeobpasopanue Jlamnaca, HaiiieM napHyio
KOPPENALMOHHYIO QYHKIMIO 7y(x) s mobbix 3HaueHuii napaMeTpoB a, b, n, B,V .

3Had MapHyI0 KOPPEJALMOHHYI0 QYHKUHMIO CHCTEMB! (KOJUIATICHPYIOLIMX)» TBEPABIX cdep, MOXKHO
HaliTy ee ypaBHEHME COCTOAHMSA

~ 1 5. dv
P=nkT - JZxEnz(x)ﬂ, 24)

rae P — naenenue. B cuny crynenvaroctd norenuuana ¥(x)

‘f—d: = kTP [P0 5(x — @)+ (1— e P70)S (x - b)),

rae o(x) — nempra-Pynxims Jupaka. Ioacrasnis HaiineHHoe BoipakeHue B (24), nonydum

2 -
k? [at(a)e ™ +(1-e )b (B)]. .(25)
Amnanus cucrems! (23) 1 ypaBHeHus (25) nokassiBaer, 9ro nerns Ban-gep-Baansca Ha m3oTepmax oT-

cyrcrByeT. K sToMy 2ke BHIBOAY MOXKHO NPHIATH, aHATH3UPYH ypaBHeHHME JU1s 0GpaTHOM COKMMAeMOCTH

P =nkT -

1 (P by
E(E)T =1- " £C(x)dx =4. (26)

Iockonmbky ¥, >0, A>0 (9), T.e. 3aBHCHMOCTD JaBJIeHHS OT IUIOTHOCTH YaCTHL MPH TOCTOAHHOM

TeMIlepaType MOHOTOHHA. JIErko mokasarh TaKxe, YTO NOJyYCHHOE HAMH peIleHHe MepeXoAHuT B Kiac-
cuteckoe pemenue Beprxeiima—Toéns [4] npu @ = b nnu npu ¥V =0.

Takum o6pazoM, ypasHenue ITepkyca—liesrka JOMyCKaeT aHATMTHYECKOE PEIICHHE B 3aMKHYTOM
(hopMe He TONBKO I MOTEHIHANA TBePABIX cdep, HO H I NOTeHIHANa ¢ OXHOCTYNIEHYaTHIM KOPOTKO-
JIeHCTBYIOIMM OTTalTKHBaHWeM. Pa3BuThii Hamu (opmamusm romyckaetr oGo0meHue Ha TPEXMEpPHbIH
ciryyait [6], a Taroke Ha clydad NoTeHIMana, conepaxkainero 6osee OfHOM CTyHeHH, YTO SABNAETCA Mpea-
METOM OTJEIFHOI0 HCCCAOBaHMUA.
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YAK 532.6

KONEBAHUSA KAMNMNM BA3KOW XUAKOCTH,
OrPAHMYEHHOW ABYMS NNOCKOCTAMM

A.E. KopenueHrko, B.I1. Beckayko

IIpoBedeHO MaTeMaTHUECKOE MOJIE/INPOBARNE ABHKEHHS! KAIUIH BA3KOH KHAKO-
CTH, .323KaToil MeXKTy ABYMS IUIOCKHMH IOBEPXHOCTAMH M BBIBEJEHHON U3 CO-
CTOSHUSI MeXaHMYIecKoro paBHOBecHs. OGHapyxeHo, YTO pejlaKcallus HMeeT
XapaKTep 3aTyxalomux Konebanuii. Onpenesiensl coGcTBeHHbIe YacTOTHI H KO-
3QPpanEeHTL] 3aTYXaHAA TaKHX KojieGaHull, COBMECTHMEBIX ¢ NPEIHOJI0KEHHEM
00 oceBoii chnMMeTpHM (BH:KeHNH B Kane, BrispieHa 3aBacuMocTh K0 dpumi-
€HTA 3aTyXaHus Koaefanuii 0T BA3KOCTH KHIKOCTH.

Bsexenne. Bo3MOXXHOCTb OZTHOBPEMEHHOTO M3MEPEHHS IMOBEPXHOCTHOIO HATSHKEHHS, INIOTHOCTH M
BA3KOCTH JKMAKOCTH 110 HabMOASHUAM 32 COGCTBEHHBIMH M BHIHYKACHHBIMH KOJIEOAHHUAMH CBOGOHEIX,
OIIEPTHIX WM CTECHEHHBIX KareJib, MPe/ICTABIAET 3HAYUTEIbHbINH HHTEPEC B CBA3M C Pa3BUTHEM TEXHU-
K¥ (PH3MKO-XMMHYECKHX SKCIIEPHMEHTOB HaA XKHIKOCTAMH. F3BeCTHBI 5KCIIEPUMEHTEI T10 OTIpeIeTICHHIO
9THX CBOMCTB 10 HaOMIOAEHHUAM 3a KoeGaHMAME CBOOOIHBIX Kalle/b, HAXOMMIOMXCH B YCIOBAAX HEBE-
cOMOCTH [1] wiH JIeBUTHPYIOINMX — B3BEILCHHBIX B 3JICKTPOMardMTHOM HoJie [2] WiIH ra3oBOM NOTOKE
[3]. Beugy TpyaHOCTElH TEXHUYECKOH peany3alvy SKCIEPHMEHTOB CO CBOOOAHBIMH KaIUISMH NPEACTaB-
JIeT MHTEpeC OLEHKA BO3MOXXHOCTH OIpeJeeHUs TeX JK& CBOMCTB Ui ONEPTHIX, NMOABEINCHHBIX HIH
CTeCHEHHBIX Kanesib. B HacTosmei pabore ¢ MOMOMIBIO YHC/IEHHOTO MOAEIMPOBAHUS A€IaeTCA MOILIT-
Ka OLIEHHTh 3Ty BO3MOXKHOCTB IUIA «3aKATHIX» Kalellb — OrPaHUYCHHBIX CBEPXY M CHU3Y JBYMs FOpH-
30HTAIBHBIMH IUIOCKMMH TBEPABIMH MOBEPXHOCTAMH. 3aJa4da COCTOHT B TOM, YTOOBI YCTAHOBHTH CBA3b
MeXIy MHTepecyIOLUIMMH HAacC CBOMCTBAMH XXHMAKOCTH M napaMerpamu koseGaHuil Takol Kammm nocne
BBIBCICHHA €€ M3 COCTOSHHA PABHOBECHA

Maremarrueckass Moaedb. Ilycts sxunkas kamwns o6bema V 3akara MEXAY ABYMS IUIOCKOCTAMH,
PACCTOSHHE MEXIY KOTOPBHIMH H, ¥ BBLITONHEHBI ClIEYIOIIHeE IPEATIONOKEHHS:

® KHJKOCTb HECIKHMMAEeMa;

e (hopma pacIUTIONICHHOMN KAIUTH, a TaKoKe I0Ji CKOPOCTH M JaBJIeHHA B )KHIIKOCTH HMEIOT OCEBYIO
CHMMETPHIO;

® TemIoBHIAENeHHE, 00YCIOBICHHOE ABIKEHHEM XHAKOCTH, He3HAUYNTEIBHO, TakK UTO CIIPaBeIH-
BO M30TEPMHUYECKOE IPHOMDKEHME;

® MOXHO NpeHeOpeyb HCIIapeHHEM C ITIOBEPXHOCTH KaIUIH;

® MEXaHH3M pAaCTEKaHHs TaKOB, YTO YCJOBMA NPHIMIAHMSA HA TBEpIBIX MOBEPXHOCTIAX HE Hapy-
MAKoTCs;

® OTCYTCTBYET THCTEPE3HC CMaYUBaHHA.

Torna ruppoaMHaMMYECKHe YpaBHEHHS JBIKCHUA XKUIKOCTH B KarUle 3alHIOYTCA KaK

éll—=—u-Vu+vAu—le—g,,
ot p
V-u=0.
3mech . M p — OIS CKOPOCTH M JaBICHHA B XKUAKOCTH, V — K09 PHIMEHT KHHEMAaTH4ECKOH BA3KO-
CTH XHIKOCTH, P — TUIOTHOCTh JKHIKOCTH, € — YCKOpeHHe cBoGoaHoro mameHus. O603HaumM depes

n={n,, nz} €IMHUYHBIH BEKTOp BHEINHEH HOpMany, 4epes ‘t={‘tr, ‘tz} SIMHUYHBIA KacaTelbHbIN
BEKTOp k cBoOomHOI moBepxHocTH, uepes I, u ', — rpaHHIB JXHMAKOCTE—TBEPAOE H HKHMAKOCTE—

ra3. TOr/Ia BHITIONHEHE! CAEyIOLIME TPAHMUHBIC YCIIOBHA:
“Il}r =0,

n'Tll“n -t=0,
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KopeHuenko A.E., Beckayxo B.11. Konebanusi kannu easkoli xudxocmu,
o2paHuveHHol dayMs nnockocmamu

n-T. n=0,K,

rne T; =-pe; +n(6u,. [0x; +0u; /6x,-), i,j=1,2 — Tensop HanpmxeHud, K — KpHBM3HA CBOGOIHOI
MOBEPXHOCTH KAIUMM, O, H O,; — KO3(QQHIMEHTb NOBEPXHOCTHOrO HATSHKEHHS HAa IPAHHLE XKHJ-

KOCTb—Ta3 B XKHUAKOCTh—TBCPAOEC TEIO COOTBETCTBEHHO, T — KOSQ)Q)HIIPICHT JUHAMHUYECKON BAZKOCTH

xHakocTH. Ilepsoe yciioBre 03HAa4YaeT HENPOHHUIIAEMOCTH TBEPABIX I'PAHHIl U OTCYTCTBHE NMPOCKANB3BI-
BaHHs HA HUX, BTOPOE — OTCYTCTBHE CABUIOBBIX HANPSKEHMH Ha CBOGONHOI rpaHmIie JKHIAKOCTH, TPEThe
— PaBEHCTBO HOPMAJILHBIX HANPSHKEHMH Ha 3TOi rpaHHIie NOBEPXHOCTHOMY HABJICHHIO, OIPENeIIeMOMYy
tdopmynoii Jlannaca.

BBenem GespasMepHeie NEpeMEHHBIE, KOrAa CKOPOCTh U OTHECEHA K XapaKTePHOH BeJMdHMHE

Uy = 1072m/c (HavaybHas aMILIMTYJa CKOPOCTH BO3MYILUEHMSA), PACCTOSHHA — K paguycy R paBHOBe-
nukoil ceoboaHOM KaruH, BpeMsa — Kk R/u,, naBneHue pug u obo3naunm Re =uyRp/m — yucno
Peftnonsaca, Fr= ug /(gR) — uucno ®pyna, We= ung/ O, — unciao BebGepa. Toraa B 6e3pazmMepHbIX
LWITHHAPHYECKHX KOOpAuHaTax (r,z) ypaBHEHHMS I CKOpOCTeH v =(7,, V,) u naenenus P sanu-
HIyTCA Kak

v, o = o 1(1a( v, & v,
==|V-V)V ——+— Ll+—LwL|, - (1
ot ( )' or Re(rar(rar) 622 rz] -()
W, (o=, P 1[18
=—(V.V)y -2 4|22
ot (V )Vz oz * Re(r ar(

0z

) ©
10 (rap) &P _ (61’, )2_(5)2 o, aV (aV,) a)
ror\ or) o or r o

a B Ka4eCcTBe IPaHHYHBIX YCIOBHI OyneM UMeTs:
NS @

v, o, 2 CLANIA
2 r__ -2z — -2z = 0 . 5
( nzn,( or &z )+(nz " )( or oz ))r ©)
~P+2m? =L o, 2nzn,(aV o, ) 2’ o KX, +P. - (6)
or o o "o ). We

3nece P ecth npesbliCHAE AaBICHHA B TOYKE C KOOPAHHATOMN Z Hal THAPOCTATHYCCKUM JaBieHueM F,
onpeeaieMsiM hopMynoi '

p(2)=-5l2) )

We
K, — xpuBH3Ha CBOOOAHOM rpaHHMIBI KaIUTM B paBHOBecHH. s ompenesieHus paBHOBeCHOH (opMel
CllexyeT HaliTH MUHMMYM ITOJTHOH SHEPIruH KAIUTH
E=fpgedV + [0, dS+ [ (0 —0)dS,
v Sr Sur

3mech S, — IUIOMaAbL NOBEPXHOCTH XKHIAKOCTb-Ta3, S, — MIOMaAb MOBEPXHOCTH B3aHMMOJACHCTBHA
KHUIKOCTL—TIOZNIOKKA. Jlns 3TOro Karuis pa3buBaercs Ha TOHKHE CJIOM B opMe YCeUEeHHOro KpyroBoro
KOHyca ¢ TomuuHoll h=H /(m—-1), m — uucno pasbuenuii Baonb ocu z. [lomiexar onpeneneHyio pa-
anychl ocHoBaHwil cnoés. O603Ha4MB Yepes 7; pamMyc KalUTH Ha BBICOTE i-h, TONyHaeM Cledyroulee
BBIpKEHUE U1 GespazMepHoﬁ TIOJIHOM SHEPruM Karui:

o ,—-——— w1 iktn
E—( = Or )T (’1 +r )+Z——(r+ 141) B+ -r) _IE%—(EZ“"‘;'}H""}‘L)' (8

Uy =1
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Musnumym (8) cesyeT HCKATh NP YCJIOBHH NIOCTOSHCTBA 00’beMa KaIlii, paBHOTO
m-1
nh 2
V=3 (7 a4 i) ©®
i=l

IMonck MuHMMyMa BhipaxkeHHs (8) mposommics MeroqoM PosenGpoka [4], npu sToM pammycH 7,
i=1, m~1 sBNAIOTCA HE3aBUCHMBIMH TIEPEMEHHBIMH, a 7,, onpeznenserca u3 (9).

Tlocne onpenenenus 3Ha4eHuH r;, i = 1, m, COOTBETCTBYIOIMX MHHHMYMY TIOJHOH SHEPruH, pas-
HOBECHBIE AaBJIcHHA BRIMHC/AIOTCA 10 opmyne (7), B koTopoit Ge3apasmMepHas KPMBH3HA BHIYMCIIAETCA -
Kak K, (z)=—R1;1 +R2‘,.1 , TAe R; u R,;, — paauycsl KpHBW3HBI HOPDMAJIbHBIX CEYECHMI paBHOBECHOH
KaIUTi IpH z=i-h. R;; €CTb B3ATHIH C COOTBETCTBYIOIIMM 3HAKOM Pafyc OKDY)KHOCTH, Jiexamieii B
IVIOCKOCTH OCEBOTO CEHCHHA M MpoXojsmell yepes Touku ¢ koopauHatamu (7, (i-1h), (7,ik) n
(r,-+, L+ l)h) » Rp; — paayyc OKpPY»KHOCTH, JieKameH B IUIOCKOCTH, COAEpaKaleli HopManb N H NepIeH-
JMKYJIIPHOH OCEBOMY CEHEHMIO, BEIUMCIISCTCA KaK Ry; =—r; /n,.

Uncnennsiii Meron pemenns. J[ns pemenus cucrems! (1)~(6) ucnonb3oBanace pasHOCTHAsA CXe-
Ma, TIOCTPOEeHHass Ha OCHOBE PaBHOMEPHOI MpOCTpaHCTBeHHOM ceTkH. IIpocTpaHCTBEHHEIE NPOM3BOM-
HbIE anIpPOKCUMHPOBATMCH LICHTPATLHBIMH Pa3HOCTAMH, BpeMEHHaA TIPOM3BOIHAA BRIYMCISIIACEH BIipe]
no BpeMeHH. CeTka nepecTpanBaiach Ha KOKIOM BPEMEHHOM IIare B COOTBETCTBHM C U3MEHEHHAMH B
¢dopme karwm. CucTeMsI JIMHEAPH3HPOBAHHBIX Pa3HOCTHBIX YPABHEHMH pellaiCh METOROM HCKITIOUe-
una laycca.

B umcieHHOM PEIICHWM 3a/1a4H MOXKHO BBIACNHTH TPH 3Tana. Ha nepBoM NpOBOAMTCH peLIeHME
ypaBHeHMs (3) ¢ rpaHUYHBIMH YCIOBUAMH (6) 11 ONpeieNieHus 1o JaBieHusd NpH (GHKCHPOBAHHBIX
ckopocTax u ¢opme karuii. Ha Bropom sTane npoBoautcs pemenue ypasHenuii (1), (2) npu rpanudHbIX
ycnousix (4)(6) u HaxoaWTCA TOJNie CKOpocTel NpH GUKCHPOBaHHBIX AaBieHHMH U dopme. Ha Tpersem
JTane U3 ypaBHEHHiH

A =yt +Vrlr,¢ ‘At zﬁ*A’L_ =z,f|l_ +VZ|Fn At i=2,m-1
k. KT
onpezenserca HoBas Gopma Karw. Panuychl nTeH CMadHMBaHUs ONIPeeNAIoTCA M3 3aKOHA COXPAHEHUA
Macchl B MPWIETalOMMX K TBEPJBIM IUIOCKOCTAM HIDKHEM H BepxHeM ciosX. IIpm mocTpoenun HOBOH
¢dOpMEI KaTTM y4aCTKH MEXIY TOUYKaMH CBOGOAHOM TpaHHIBI (r,.’*A’, A )Ir anNpPOKCHMHEPYIOTCS
*T

oTpe3kaMHi. TakuM o6pa3oM, HCTIONB30BaHHBINH YHCIICHHBIH METOX ABIASTCA ONHUM M3 METOJIOB paclie-
TIIeHnd 1o ¢u3HYeckuM npoueccam [5].

Ob6cyxaenne pesyabTaToB. OCHOBHAA Iejb paGoTHI COCTOMT B BBIACHEHHH TOrO, KakuM 00pasoM
JKHIKAs Karuid BA3KOH )KHIOKOCTH AOCTUTaeT COCTOSHHSA PaBHOBeCHs, OyXyvd BHIBEAEHA U3 HETO KaKUM-
nmubo obpasom. Tak Kak B pa3sHOCTHO#M (HOPMYIHPOBKE HOpMa KaIUIH OTIPENENAETCS PaqdycaMi CBOHMX
TIOTIepEeYHBIX CEUeHHH, TO U MOZIETTHPOBAHHA €€ HAYaIbHOTO HEPaBHOBECHOIO COCTOSHHA JOCTATOYHO
3a/laTh TPOM3BONLHBIC PaJHMyChl 7;, COBMECTHMBIE ¢ Oe3pasMepHBIM OOBEMOM KaILTH, DPaBHBIM

V =4xn/3. B pabore B Ka4eCTBe HEPaBHOBECHBIX #; MCIIONB30BAHCh PABHOBECHDBIC 3HAUCHNMA, HallIeH-

HBI€ B NpPEABapHTETILHOM pacueTe Aj1 KaIUTH )KHAKOCTH ¢ IOBEPXHOCTHBIM HAaTDKCHHEM, HEMHOTO OT-
JMYAIOIMMCA OT HCXOIHOTO (HO HMelommel ToT ke GespasmepHslil 06beM). Ecii paccTosHue Mexy
IUIOCKOCTAMM, CKHMAIOIMMH KAaIUTIO, He MEeHsAeTcd, TO BHIYUCIICHHE paBHOBECHOM (opMsl, Heobxomu-

A OI1] g » b OZXUH B .
MoO€ T CACIICHHUA R) Z), ROCTATOYHO MPOBECCTH JIHIN a3 B HavyaJic pacuera

Ha puc. 1 n3o6paxeno nose ckopocted B 00meMe karwi. MrHOBeHHas KapTHHA pacnpefesicHus
CKOpOCTe#t MOKa3BIBaeT, YT0 HaubonbllHe 3HA4YeHHS CKOpocTH Habmopaiotcs BOMM3M cBobomHO#M rpa-
HHMIIBI, EHTPaJbHAS YacTh KAIUTH JBIDKETCS MEHee HHTEHCHBHO. J[BIDKEHHE NOBEPXHOCTH KaIUTH BBI3HI-
BAaeT U3MEHEHHe paJHycoB 7, BO BpeMeHH. Ha puc. 2 u3obpaxceHsl pacCHUTaHHbIE BDEMEHHBIE 3aBHCH-

MOCTH paguycoB KaIuin k. Pacuer NpOBEACH I Karuti BOIbI,

R=1,5MM, v= 1078 M%/c ,H=12, o,. =0,073 H/™, o, -6, =0 H/M. Kak BunHo H3 pHCyHKa, pe-
NaKcanus pagdycoB npejcTaBiger coboii 3aTyxaromue konebanuia. IloaroHkoi KpuBeIX 7 (t) nox 3a-
TYXalOIyIO CHHYCOHIY BHAA
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Kone6anus xannu easxoli xudxocmu,
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Puc. 1. Kaptuna nons ckopocteil B 0CeBOM COUEHUM Kansiu

r,-(t)=A-e"’"sin(f-t+q1)+C (10)
MOXHO MOJTY4HTh 4acToTy M Ko3(duiuenT 3aryxanus xoneGanuit. IIoaronka rpoBoAHIacs METOIOM
HaNMEHBIIHMX KBAaApaTOB ¢ MHHMMM3alMel metonoMm Posenbpoka [4]. ITapamerpsr ¢ynxupm (10) ome-
HHUBAJIMCH JIOKAJIBHO — B IIpeJieNiaX KaXIOoro NepruoAa KonebaHuii.

Kak BBISCHWI0CE, ONpE/ICICHHBIE TAKHM crioco6oM dacToTa H K03 GHIMEHT 3aTyXaHus] H3MEHAIOT-
cq B nponecce KoneGaHuil M 3Ha4YeHHS MX CTaOHIM3HPYIOTCA JIMLIB TIOC/IE 3aBEPUICHUA MEePEeXOXHBIX
nporeccoB. JUMTENEHOCTh 3TOTO NEPEXOJHOrO HHTEPBATA 3aBHCHT OT BA3KOCTH JKHIKOCTH. Xapakrep-
HbIe 3aBHCHMOCTH JIOKAILHO ONpEJeJIeHHOro Ko3((uIMenHTa 3aTyXaHud OT BPEeMEHH H300paxkeHBl Ha
puc. 3. Kak BHAHO U3 PHCYHKa, BECH MPOLICCC SBOJIIOLMH p(f) MOXKHO YCJOBHO pa3zesuTh Ha 3 stana. Ha
HEepBOM NPOHCXOAHT YCTAHOBJICHHE KoseOGaHMil M Koa(HIMEHT 3aTyXaHHA He NOCTOSHEH, 3aTeM Ha-
GmrofaeTca MHTEpBA €ro CTallMOHAPHOTO MOBEIEGHMA, HAa 3-M JTane aMIUIMTYAa KojebaHuii Mana U xo-
s¢duimeHT 3aTyXaHud CHOBA 3aBHCHT OT BPEMEHH, BO3MOXKHO, H3-3a norpeirHocTy noaronky (10). Ha
PHCYHKE 3TH 3Talbl pasAeIcHBl BEPTHKAIBHBIMH OTpe3kamu. MHTepec mpejcTaBnger BelM4HHA p Ha
BTOpOM 3T1arne. JUIHTeIbHOCTD 3TOTO 3Tana 3aBHCHT OT BA3KOCTH JKHAKOCTH U TeM 6onbie, YeM MeHbIIe
BA3KOCTh. Tak, /s KoneGaHui Karuid BoIbl, H300paXKeHHBIX Ha PHC. 2, JVIMTEIBHOCTs BTOPOTO 3Tama

cocrasiser 40 Mc (4 xoneGanms) (puc. 3), IpH 3TOM uacToTa KONMeGanuii coctasnser f = 584 ¢, a

ko3 durmenT 3aryxaHus p =46 ¢! ns sxwmxocTH ¢ Baskocteio v=2-10" M%/c (xHIKOe MamH-
HOE MAcJio) MPOAOJDKHUTENLHOCTD 3TaMa KojiebaHuii ¢ HOCTOAHHBIM K03()(HIIHEHTOM 3aTyXaHHs COCTaB-
nger 28 Mc (cm. puc.3). Ilpu penakcaumu Kammm >XAIKOCTH, BA3KOCTh KOTOPOH NpEeBHIIIACT
v=3-10" M%/c, 2-if 3Tan uMeeT OYEHH MATYIO JIHTETHHOCTS WIH OTCYTCTBYET, TAK YTO TAKHE KOJe-
6aHKA He MOTYT XapaKTepH30BaThCA OAHO3HAYHO OMNpeJeIeHHBIM K03 GHIMEHTOM 3aTyXaRus.
OrHocamuiics ko BropoMy 3Tarty kosiebanuii kooddHIpeHT 3aTyXaHuA MOXET OBITh HCIIONB30BAaH
IJIs OTIpesieNieHUs BA3KOCTH xHAKocTH. 'padwk ero 3aBHcHMOCTH OT K03 duIMeHTa BA3KOCTH H300pa-

gl
10854 T; 80 M)
1,080 4 =0
1075_\/\/\/\/\,—‘,__ 0] — I e dute
10104 S, 7 e e e
P .- =311 80+
1,065
1,080 4 50 4 [ . v=10"5u?/c
1'055_.‘\ ————————————————————— z=5hA11 404 \-T T T
1,050
1. 304 v=510"ule
1,045 ."¢ e ™ T e T et e e e =ThN1 i |
1040 o) T 1 1
10354 7\ ~
SN TN T e T T e 2=0I11
10307, N T e e e e ae 104
e VA =h
T T T LU o e e B e e e I e e e e e e e e s
e 40 60 ) 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 o)

Puc. 2. BpemenHan 3BO/IOUMS panmMycoB NONePeYHbIX
ceyeHuit Kannu Bogbl Npy penakcauumn
B paBHOBECHOE COCTOsIHME

Puc. 3. 3aBucumocTb koadpcuumneHTa satyxaims
cBo6oaHbIX kKoreGaHMi XKannu oT BpeMeHu
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XKeH Ha PHC. 4. PacueTsl GBUTH BBITIONHEHB! U1 MOJE/BHBIX XKHAKOCTEH ¢ INOTHOCTHIO p =1000 kr/m>,
O, =0,073 H/M, o,, —0,, =0,005 H/M, mapameTps! Karuth 6bima paseel R = 1,5 mmM, H = 1,2. Ko-
a¢pduiMenT  KHHEMaTHYeCKOH  BA3KOCTH  HM3MEHsJICA B pacdeTax B Ipeaenax
0,5-107° M2/c... 3,0-10'6 M%/c. Kak BHAHO u3 PHCYHKa, ¢ YBEIIMYECHHEM BA3KOCTH IPOHCXONUT YBeE-
yueHre Kod(uLreHTa 3aTyXaHHs, pacueTHBIe TOUKH rpaduka p(v) XOpOIIO MOATOHAIOTCS 3aBHCHMO-

. ’ n
a0 - PEY cTei0 p =63,664(v —0,255)" (sa puc. 4
" n300paxkeHa ITyHKTHPHOH KpHBOIf), rue
80 . n ¢ TOYHOCTEIO 10 1% oKa3biBaeTCs
] "
o o pasueiM 1/2. Haubonmpmas dyBcTBH-
i ”_.-' : TEAbHOCTb METOJa, COOTBETCTBYIOMIAS
. o HaubonemeMy yrily HaKIOHA 3TOH KpH-
] g BO#, HabmonaeTca IpH MaJBIX BA3KO-
50 - ,." crax. KoadduimeHTs! BS3KOCTH, mIpe-
o Equation: y » a%(x-b)*o -6 2
'.,' 2 5356304 £0.20609 BBILIAIOINUE 3.107 M°/c B IIO}IO6HOM
40 , b 0.25513 0.00087
g ¢« om7m 000704 OIBITE OMPEEINTh HEBO3MOXKHO BCJIE]-
4 n * '
o . CTBHE TPYAHOCTEH B OIPENEIEHHWH KO-
1 & a(pdumenTa 3aTyXaHus, 0 KOTOPBIX Io-
20 - < BOPWJIOCH BBILIE, OJHAKO MY YBEIHYe-

05 10 15 20 25 30 odio HUM pajiyca paBHOBENMKOH KaIUIi KpH-
v(s/c
Puc. 4. 3asucumMocTb KoadduumneHTa 3atyxaHusi cBo6OAHLIX BbIC p (v) MOryT Gerrp TIPOAOTDKCHEL 1
kone6anuil kannu or ko3 PULHeHTa BAIKOCTH KMAKOCTH JUIA OOJBIIMX 3HAYCHHH BA3KOCTH.

TaxuMm o6pa3oM, MONyueHHBIE B pa-
6oTe pe3yabTaThi MOTyT OBITH TIONOXKEHBI B OCHOBY HOBOM METOJMKH M3MEPEHHS BS3KOCTH XKHAKOCTEH -
110 HaOJIOeHKUAM 32 BpeMEHHOM peJtakcalyeli 3aKaToi Karum, BRIBEACHHON U3 HOOKEHHUS PABHOBECHS.
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YK 662.64

PACMNPEAENEHUE YACTUL B BEPTUKAITbHOM
BUXPEBOM NOTOKE A3A

r.®. Kysueyoes

PaGora mOCBSIIEHA HCCIENOBAHHIO pACHpeleieHHsi TBEPALIX YACTHI, ABHKY-
IUXCH B 3aKPYYEHHOM ra3oBOM IIOTOKE,

JU11 oneHKM pacnpefie/IieHHs YaCTUIl B 3aKPyYCHHOM IMOTOKE LIUTHHIPUYECKOH BepTHKAABHOMN Ka-
MepBl BOCToNB3yeMcs ypaBHeHHeM bonbipvana [1-3]

N(rv,1) =No(v)—r(v)‘fi—];/vVT+%r(v)8%v]!+micr(v)[va]%v]!, 1)

B KOTOPOM /i1 HamleH 3a/iaqd BTOPOE H TPEThe ClaraeMble MpaBoi YaCTH MOXKHO CYMTATH PABHBIMH Hy-
JI¥0, MIOCKOJIBKY 3a/iada pacCMaTpHBAcTCAd B H30TEPMHYECKHX YCIOBHAX 0e3 ydera 3eKTPHIECKHX CHIL
Torma ypasHenue (1) MOXHO 3anucaTh CJICAYIOIMAM 00pazoM
dN(r,t, v¢)

3

de

rae N, — cTaipoHapHas KOHIIEHTpaLus, 00yCIOBJIeHHas OCTOSHHBIM IIOTOKOM YacTHII CO CKOPOCTBIO
v,, N(7,1,v,) — JOKaIbHAdY KOHLICHTPALHs, YIJIOBas CKOPOCTb, T — BPeMs pellaKcaliy, T.e. Bpems yc-

N@r,v,t)=Ny+ T0’r

@

TAHOBJICHHUA CTATHOHAPHOTO MMOTOKA HOCJIE NPEKPaCHHA BHEIIHCTO BOSMYIICHHA.

Tlocne pasjieneHus MEPEMEHHBIX M TMOACTAHOBKH BBHIPDKCHHA i dv, =—3—’L-I—(R —~2r)dr [4], nomny-
7

qUM
- dN(r,t,v
£ (R/r-2)dr=—-—(--—i’2-—, 3)
3rw'n N(r*,t,\)¢,)—-N0
¥ 110CJIe HHTErPUPOBAaHHUA 3AITHINEM PacTipeeNieHue KOHUEHTPAUH JaCTHIL
—y(—Rln%+2r)
Nty Mo "ty @
Ny
T/ B Ka4eCTBe IPOM3BOJILHOM MOCTOSHHOM ObuTa BEIOpana BenuuuHa InR .
Bosee yao6HO MoTy4YeHHbIH Pe3y/IETAT MOJKHO 3alACATh B BHJE
r
N(r, tv ) _ NO ,u(—R In E + 21")
___________(D :exp ——-————-——-—2 (5)
Ny 3tw’n

AHanu3 MOTYYCHHOrO BEIPKEHHA NOKassiBaeT, yro npy u# 0 N(r,1,v,) > N;. 310 03Ha4aer, 410
B nepHGepuiiHoii 061acTH KOHUEHTpaUMs YacTHI] BCErJa BhINE, YeM B IPHOCECBOH, YTO COBIAJAET C
pe3ynbTaTaMi peajbHbIX uccnenopanuii. Ilpu ycnosun, uro 7=0,0=0,7 =0, mubo paBHa HymO OHa
U3 9THX BEJIMYHH, BTOpOE CilaraeMoe BripakeHus (5) obpainaercs B Hyab. OHU3HUECKH OHATHO, YTO HPH
HyJIeBOM BS3KOCTH HacTHLBI HE HM3MEHAIOT CBOEro NnepBOHadabHOro pacnpenencHud. Ecin ckopocts
BpalleHus oTcyTcTBYeT (@ =0), oceBas CKOPOCTH pacrpejielieHa BIOJb pafiyca paBHOMEPHO H, CIIEJ0-
BATENBHO, TAIOKE TIEPBOHAYANILHOE PACTIPEIENICHHE B 3TOM Clydae M3MEHMTECS He MOXer. OYeBHIHO,
4ro Ha ocH (r =0) comepxkaHHe HaCTHL He MOXeT OBITh GONBIIMM TIEPBOHAYATILHOTO.

Ilpu yBemuueHWH r BeJIMYHHA KOHIEHTPALMH yBETHYHBAETCH, AOCTHras MAaKCHMAaIbHOH BOMM3M
r = R/2, TaM, rae Hauborblee 3HaYCHHE TAHNeHIUATBHOM cKopocTH. OTMETHM, YTO TOIYYEHHOE pac-

TpefesicHHe CKOpOCTed M KOHLEHTpaluii yacTHIl GBicTpee peanmusyeTcs MUId MENKHX (pakiuil, Tak Kak
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dusuka

Juis Gonee KpynHeIX (ppakimii TpeGyerca Gosee MpoaODKUTENEHOE BpeMs ISl IPHOGPETEHHS CKOPOCTH
MOTOKa ra3a ¥ 4acTHIL. _ )

OreHka XapaKTepHOrO BPEMEHH CHIDKCHHA N0 HyJIs TAHT€HIMANBHON CKOPOCTH — BPEMEHH pesiak-
camuy — JaeT caenyrommui pesynsrar. [locie npexpamenus neiicTBUA aBleHNS, HAa OTOK AEHCTBYIOT
TONBKO CHJIBL, CBA3aHHBIE C BA3KOCTHIO (CHJIBI TSDKECTH HE YUHTHIBAIOTCH)

dv
m-‘-i; =-6znvry, 6)

TAie 7, — PAXHyC YaCTHLEL.
Tlocne pasjeneHns IEPeMEHHBIX ¥ HHTErPHPOBAHKS HAXOIHM
Inv=v,exp(-t/7), )

rng 7=

— BpeMs peNaKCalHH.
6znr,
Jb1a dacTun pasMepoM ~3 MM 3TO BpeMs cocTaBiisieT 1-3 CeKyHABI, UTO ABJIAETCA HOCTATOYHO
ONMM3KKMM K peallbHBIM YCIIOBHAM. BpeMs KOHTaKTa 4acTHII, O4eBUIHO, GyeT Takoro e mopsjka.
IponenaHHebIH aHANW3 HEINIOXO OOBACHACT CYLTHOCTH TIPOLIECCOB MPH OTHOCHTENBHO HEGONBIIMX
TaHI€HIHATBHEIX CKOPOCTAX (aMaMeTp Kamepsl ~1,5 M, ckopocts ~30 M/C), Tak KaKk B COOTHOLIEHHH (2)
IIPHHATO, 4TO @ ~ const . Kak M3BeCTHO, NpH GOMNBIIMX CKOPOCTAX HEHTpaTbHEIE H NepHpEPHIMHEIEC CIIOH
BPaIIAIOTCA 10 pa3saM4HBIM 3akoHaM [4]. Jlng Toro, 4yTo6b1 yuecTs 3Ty OCOOEHHOCTh, BOCHOIB3YEMCS

ypaBHeHHeM BonbiMana B CliefyomeM BHIE:
2

v, dN
N=Ny-1-Lt—, 8
oy dv, ®)
U3 npenpiaymux BHIKIAO0K CIAEOAYET, YTO
4 2 AP
= (Rr- ; =
Yo =g (K= #= 2R
H 2 ﬂ2 2.2 3, 4
dv¢=£(R—2r)dr; v'p:EF(R r“—2Rr’ +r"). ®
Tloncrarnas (9) 8 (8), monyunm
- dN - 3nr(R-~2r)dr (10)
N-Ny (R 2R +r%)’
Beeziem Ge3pasmepHyto koopauHaty & =r/R
dN _3n | (-28)ds ' a1)
N-Ny tuR| &1-¢Y
IIpaBy1o yacTh 3amumieM B BUIE ABYX CIaraeMbIX
dN 3n| dé dé
= - = (12)
N-Ny, wR|S1-$) (1-9%)
Torna nociie HHTErpUPOBaHHA MOYIHM
1
L/ P B | W Ul (13)
TwR| 1-¢& N,
ITorentupys, nmeem
3
L Ymr
__é__.e -¢ =M_ (14)
1-¢ N,

AHany3 NOCIENHETO BHIPAKEHHA MO3BOJIAET CAENATh HEKOTOpEie BbIBOABI. KoHIeHTpals yacTuiy
HE OTIMYAETCsA OT Ha4albHOH B IIEHTPE KaMephl HA MaKCHMAJIBHOM paJHycCe, YTO COOTBETCTBYET H3-
BECTHBIM NPEACTABJICHUAM 3aKOHOMEPHOCTEH BHXDEBBHIX TeueHHit. MakcHMalibHOe 3HA4EHHE KOHLIEH-
TpaLHii HAXOMUTCA Ha PacCTOSHUAX OT OCH, GONIBIIMX MOJIOBMHEI paguyca. B paccMoTpeHHON Mozenu
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Kysreyoe I'.®. Pacnpedenenue yacmuy,
€ 6epmuKan>HOM 8UXPEBOM NIOMOKe 2a3a

He Y9HTHIBATACH CHJIAa TPEHHA CO CTOPOHBI CTEHKH, JAeiicTByiomas Ha vacTuusl. Jofoe TopMOXeHHe
4aCTHI| Ha CTEHKE KaMePhl IPUBOHT K CHIDKEHHIO HX CKOPOCTH H, CIIEOBATENLHO, MIOBBILIEHHON BEpo-
ATHOCTH IIUIAKOBAHMA. ‘

PacnipeniencHue 4acTHil| 10 pa3MepaM M, CJIEZOBAaTENFHO, MaccaM TAKKe BIIMAET HA MX KOHLEHTpa-
IHMIO B KaMmepe. AHanu3 ypasHeHuA (8) nokaspiBaeT — BpeMeHH NpeObIBaHUI Hanbomee KPYIHBIX JaCTHIT
B MOJICTIbHOH KaMepe AOCTATOYHO, YTOOBI MPOM3OIIO BRIpABHUBAHKHE CKOpocTeil Becex wacTHil, D1o Gy-
JIeT O3HA4YaTh, YTO Ha CTEHKE KAMEPE! OKAXYTCS, B IIEPBYIO OUepelb, KPYITHEIE YaCTHULEL, YTO H Habmo-
JlaeTca B PealTbHOCTH.

Jna nanbHeimero aHanu3a sarmimeM ypaBHeHue (14) B Buge

a

N-WNo | £ 12 rae a=->1 (15)

N, 1-¢ ’ WwR’
Ilpapas vacTs ypaBHeHMA oOpataerca B Hyab npH & =0 u £ =1, mosroMy MexXIy ITHMH TOYKAMH
JIOJDKEH CYHIECTBOBATh XOTA Obl OHH SKCTPEMYM.

Haiinem Touky 3xcTpeMyMa, IpUpaBHUBAs HyJHO IIPOU3BOJHYIO IPaBoi 4acTH

1 1
1 iz, 6 -1

‘oo it | o
I
1
1 12 1—2§)=
i (1_5 0. an

OTkyzaa BHAHO, 4TO 3KCTpeMyM Oyner umeTs MecTo B Touke & =1/2. Jlna onpenenenus Gyaer ad B

9T0# TOUKE MAaKCHMYM HJIH MMHMMYM, ONIpeJie/IMM 3HAK BTOPOi mpousBoaHOM B 3ToM Touke. O603Ha-
YHM BBIpaXKeHHE Tiepe]] nocnefHel ckoOKoH.

1w
a e =4, (18)
a-¢y
TaK 5T0 (PMKCHPOBAHHOE YHCIIO, HE BIUAIONIEe Ha 3HaK BTOPOH MPOU3BOAHOMN, KOTOpas
420=9-0-20) 19)
-2

H, CIIEIOBATEIbHO, IpH & =1/2 cymecTByeT MakCHMyM pactipe[e/ieHHs 4acTHLl. DTOT Pe3yJIbTAT COOT-
BETCTBYET aHAJIH3Y, IIPOZIEJIAHHOMY IIPH AONYLIEHHH @ =const, CBUAETENBECTBO TOFO, YTO I JaHHOIO
aHaJIM3a TaKoe JIOMyIEHHE JeHCTBHTEIEHO MOXKHO NPHHATE.

TomyveHHble pe3ymbTaThl MOXHO MCHONB30BaTh [UIA TIPOSKTHPOBAaHHA pasJIMYHBIX TEIUIO-
MacCOOOMEHHBIX afiapaToB, HCTIONB3YIOMMX BHXPEBbIE TIOTOKH.
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YAK 541.1

BO3OEACTBUE HAHOCEKYHAHbIX 9NEKTPOMAIHUTHbIX
UMMYJNIbCOB HA KMHETUKY ®A30BOI'O NEPEXOOA
y-Al(OH); —» y-AIOOH B TMAPOTEPMAIJIbHbIX YCNTOBUAX

B.N. JlonywaH, B.B. Kpsimckui, [].T. Knewee

BrisiBjieH d(deKT HHRIHUPYIOLIET0 BIMAHUS HAHOCEKYHAHBIX 31eKTPOMATHHT-
HBIX HMIYJILCOB HA KHHETHKY (a3oBoro mepexoaa ruG6cHT —> GeMHT B rMApO-
TepMalbHbLIX YCIOBHAX.

Beenenne. MenkonucnepcHele kpucraminyeckne cucreMsl (MJIC) ¢ pasmMepoM wacTunm ot He-
CKOJBKHX €AMHHI 0 COTEH HAHOMETPOB 10 CPABHEHHIO C aHAJIOTUMHBIMH MOHOJIUTHBIMH OOBEKTaMH
obsafaroT cnenupUYEcCKUMH, a B pAle CIyYaeB, YHHKATbHBIMH (PU3HKO-XHMHUYECKMMH CBOHCTBAMM
[1-4]. OntamansHbie cBofictBa MJIC mocTHraroTcs npH OINpefeNeHHOM COYETAHMH MX XHMHYECKOro,
¢a30BOro M rpaHyJIOMETPHYECKOro, BKIOYad MOPGOIOTHIO MHAMBHAYAILHBIX KPHCTAIUIOB, COCTABOB,
pudeM, UeM Yxke (yHKIHs pacnpeselieHHs KPHCTA/UIOB [0 pasMepy, TeM Oojiee BBICOKHMH MOTpeOu-
TeJICKUMU cBokicTBamu obmagator MJZIC. B cBsi3u ¢ 6ypHEIM pa3sBHTHEM HAyKH H TEXHHKH B TIOCJICTHHE
JeCATUIIETHS HEYKIOHHO pacuupserca notpedHocts B MJIC. TTostoMy paspaGoTka HOBBIX BBICOKO3(-
(EKTHBHEIX 5KOJIOTHYECKH YHCTHIX TEXHOJIOTHH HX CHHTE3a ABJIAETCS OJHOH M3 aKTyaJbHBIX HMpobieM
COBPEMEHHOM HayKH, B YACTHOCTH, (PH3HKH ¥ XUMHH.

TUIMYHEIMA NpECTABUTENIAMH TAKHUX CHCTEM SABJISIOTCA MENKONHCIEPCHBIE OKCHABI p- M 3d-
METaUIOB, KOTOPhI€ MIMPOKO HMCTONB3YIOTCH B Ka4ECTBE HEOPraHMYECKHX ITMIMEHTOB, KaTaau3aTOpOB
XUMHYECKHX peaKiuii, MArHHTHEIX OPOMIKOB, TOJMPOBAIEHEIX H HOHOOOMEHHEBIX MaTepHAIOB, KOMIIO-
HEHTOB JUIA MOJy4eHHs [UIaCTMAcC, KepaMHUKH H JIp. B 3aBHCHMOCTH OT MeXaHH3Ma M THIa IIPOTEKao-
X (PUBHKO-XMMHIECKHX peaKLMii MOXKHO BBIICIUTH CJISAYIOLIME MPYIIEI METOAOB CHHTE3a OKCHIHBIX
MJIC: a) TepMHYECKOrO pPa3lOXKEHUA coledl WIM THMAPATHPOBAHHEIX OKCHIOB p- M 3d-MeTamwios;
6) OKHCIIEeHHA METAJUTHYECKMX WIH BOCCTAHOBJIECHHA OKCHAHBIX HOPOIIKOOOpa3HbIX 06HEKTOB; B) TBEp-
no0¢a3HOro B3auMOAEHCTBHA B CHCTEME NMOPOMKOOOpasHbIX OKCHIOB; I') KOHASHCALMH U3 ra3oBoit ¢a-
3bI; J{) KPUCTAUTM3AIMH M3 PacTBOPOB, B TOM YHMCJie, OC/IOKHEHHOH MPOTEKaHMEM XUMHYECKHX peak-
IHif; €) OCHOBaHHBIE Ha Pa3iIM4HOrO poja NPEBPaliCHAIX HEPaBHOBECHBIX THIPATHPOBAHHBIX OKCHIOB
METAIOB TIpH TepMoo6paboTKe B pacTBOpax: KPHCTA/UIM3ALMS PEHTTeHOaMOp(HBIX (a3, (a3oBLIe
npespamenus (OIT).

Kaknpiit U3 3THX METOZOB HMEET NPUCYIIHE eMy OrpaHHYeHHs B ()a30BOM, XMMHYECKOM M JIHC-
HEePCHOM cOCTaBe ()OPMUPYIOIMXCA IIPOAYKTOB, KOTOPhIe AETATHHO NPOaHANH3NpoBaHH B [2]. B wact-
HOCTH, W3-3a aKTHBAL[HH IpPH BHICOKMX TEMIIEPaTypax MPOLECCOB KOAJIECHEHIMH M CIIeKaHUS TBEPIO-
(a3Hble METOABI He MO3BOJLIOT MOJy4aTh HAaHOKpUCTALIHYECKHe 06beKkThl. HanpoTus, npu KoHAEHCa-
LMY TPYHOPACTBOPHMEBIX OKCHJOB H3 ra30BOH (ha3shl HJIH pacTBOPOB 00pasyioTcs HaHOKpHCTAJLTHYe-
CKH€ TIPOXYKTBI, CKJIOHHBIE K KOAryJiuH ¢ 06pa3oBaHHeM IUIOTHBIX arperaToB U3-3a BHICOKOH AedexT-
HOCTH HX KPHUCTAJUIMYECKOH CTPYKTYPHL.

ITokasaHo [2, 5—7], yro 6HM3KHEe K MOHOAWCTIEPCHBIM, HE CKJIOHHBIE K Koaryymn okcuansie MJIC
¢dopmupyrores nipu @I wiu XTI HepaBHOBECHBIX FHAPATHPOBAHHEIX OKCHIOB METAJUIOB B TIPOLIECCE HX
TepMoo6paboTKH B pacTBOpax, B TOM HHCJIE, B THAPOTEPMAIBHEIX YCJIOBHAX. [IpH aToM cpeHuii pasmep
kpuctawioB MJIC MOKHO BapbHpOBaTh B LIHPOKOM JAHana3soHe (OT AECATKOB N0 THICAY HAHOMETPOB)
IyTeM H3MEHEHHs NapamMeTpoB TepMoobpaboTk, (a3oBoro M JHCIIEPCHOIO COCTAaBa HEPABHOBECHBIX
COCMHEHHUIA.

OTMeTHM, 4TO € 3aMETHOH CKOpPOCTHIO IpeBpaleHus HepaBHOBecHBIX MJIC mpoTekatoT nmpH OTHO-
CHTENBHO BBICOKHMX TEMIMEpaTypax M AaBJICHHAX, 9TO TpebOyer pa3paGoTKH aBTOKIABOB CIIEHATBHOM
KOHCTPYKIHH H MpPENATCTBYeT HIMPOKOMY BHEIPEHMIO HOBBIX TexHosIoruii. M3ectHo [3, 8], uro duzm-
YyecKHe METOZBl BO3ACHCTBHA HHHUIMHPYIOT npotekanne B MJIC mpoieccoB, NpUBOAAIMX K MOHIDKE-
HHIO ee cBOOoHOIM sHeprun. K TakuM MerozaM, B 4aCTHOCTH, OTHOCHTCH Bozaeiicteue Ha MJIC HaHo-
CEKyHHBIX JJIEKTPOMArHHTHBIX MMIynbcoB (HOMM), xoTtopeie BIMSAIOT Ha HPOTEKaHWE Pa3IMYHBIX
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Jlonywan B.Y., KpuiMckuti B.B., Boadeiicmeue HaHOCEKYHOHbIX 3MIEKMPOMacHUMHLIX UMITYNLCOS
Knewee [.I". Ha kuHemuxy ¢haszoeozo nepexoda y-Al{OH); —» y-AIOOH ...

NIPOIIECCOB B TBEPABIX U XUAKHKX Tenax [9-11]. Llensio nanHO#H paGoTHI ABISETCS BHIABICHHE BO3ACHCT-
Bt HOMU na kunernky XI1 ru66cuta (y-Al(OH);) B 6emur (y-AIOOH), kotopoe cornmacso [12, 13] B
cucteme ALO; — H,O MakpoCKONHYeCKM NposBIsSeTcs IPH TeMIeparypax TepMooOpaboTKM Bbille
170 °C.

Meroauxa 3xcuepuMenTa. B xadectse ncxomHoro obpasia ru66cHTa MCTIONB30BANH (HPAKLMIO
MuHyc 40 MKM TE€XHHYECKOrO T'MAPOKCHAA AFOMMHMSA, KOTOPBI, TI0 JaHHBIM XMMHYECKOro aHaIH3a,
conepxai (Mac. %): A1,0; — 64,210,5; H,O — 35,5£0,5; M,O (M — K', Na*) — 0,410,1. O6pazen npex-
BapUTE/NbHO TINATEIBHO OTMBIBAIM OT IpHMecel THAPOKCHIOB LIEJOYHBIX METaLioB cHawanda 0,1 N
PacTBOPOM CEpPHOI KHCJIOTHI, a 3aT€M AMCTHUIMPOBaHHOHN BoJoH, BhicymuBamy nipu 110 °C mo nocro-
AHHOH Macchl ¥ H3MmenbyanH. Ilo nanaemv POA, ormerTeiit obpasen 6601 ogHOdazHbIM — y-A1(OH);, a
ero coctaB Al,033,12H,0 — 6mia30k k crexHoMerprteckoMy. Pa3oBo-uncTeiit 06paser Gemura (cocTas
ALO51,05H,0) 6511 nomyuen tepmoobpabotkoii ru66cura B napax sopst npu 300 °C npu mapumais-
HOM JaBJeHHH 11apoB Boakl ~6 MI]a.

Jna uccnenopanua kuHeTHkd @I1 y-Al(OH)3 — y-AlIOOH o6pa3zern; ru66cura pemyabipoBain B
JUCTWLIHPOBAHHOH BOAE NPH MaccOBOM cooTHomenue 7K = 1:5. B nepBoii cepum ONBITOB CYCTIEH3HIO
B konAuectse 2,4+0,1 M 3arpy:xamd B aBTOKI1aBEI ¢ pabounM obseMom 3,0 CM’, M3TOTORJICHHBIE U3 HE-
prKaBeroweH cTany, U repMeTH3HpoBaiy. i MaKCHMAITLHOTO HCKITIOUEHHS BITMAHUS KHHETHKH Harpe-
Ba M TeMIlepaTypHOro rpajueHTa B rieqn Ha @I1 runporepmansiyio 06paboTKy cycrieH3uii IPOBOAMIM B
AByX MyQenbHbIX medax. Bropyio meus ¢ MHPOKOH M30TEPMHUYECKOH 30HOM (IHMHEHHBIE pasMephl —
150x150 mMm?; Pa3HOCTh TEMIIEpaTyp Ha rpaHHIax 30HH — He Gonee 0,5 °C) HarpeBanu 10 3aJaHHOM
Temneparypsl I ¥ TepMOCTaTHpOBanM (TOMHOCTh MOAEpkaHHs Temmeparypsl — 10,3 °C), a nep-
ByI0 — 1o Temmnepatypsl 13 = T + AT, rane AT = 150 °C. Kaccery u3 12 aBTOKJIaBOB ¢ TepMoIlapaMi,
BCTaBJICHHBIMH B IIPOCBEPJICHHBIE OTBEPCTHA B BEPXHMX KPBIIKAaX KpaliHHUX ABYX aBTOKJIABOB, CHavdajia
TIOMELIAIM B TIEpBYIO TleYb, B KOTOPOH UX 32 BpeMs 7, He NpeBblmaomee 15 MuH, HarpeBaiy 10 TeMIie-
patypsl T, a 3aTeM — BO BTOpYIO neyb. C MOMEHTa JOCTH/KEHHS aBTOK/IaBaMHM TeMIieparypst 1 Ha9WHAIIH
oTcyeT BpeMeHH 7 TepMoobpabotku. Temniepatypy T BapeupoBanu ot 180 mo 220 °C, mmurensHOCTs T
~ ot 0,1 1o 30 u. [To okoHuaHum TepMOOOPabOTKY ABTOKITABBI BHIHMMAIHA M3 Ne4H, GBICTPO OXJIAXKIalH
IOA CTpyei BOJBI M pa3repMETH3HPOBAIIH.

Hns wsygenns puaaast HOMH Ha kusernky XIT1 6bu1 m3rotoBneH aBToknap obbemom 10 eM’ ¢
IBYMS KOAaKCHAJIBHBIMH dJIeKTpoaaMy. OJJHAM M3 37€KTPOOB CITXKW1 KOPITyC aBTOKJIaBa, KOTOPBIH ObLI
3asemieH. Ha BTOpoi LIEHTpalIbHbIH 3JIEKTPOJ, H30JIMPOBAaHHBIN (PTOPOIIIaCTOBOH MpOKIaAKoH, noxa-
BaJICs TIOJIOKHTEIIBHBIN MOTEHIMaI OT reHeparopa HOMMH. Bo BTOpo#i cepyH ONBITOB B aBTOK/IAB 3a-
rpyxamu 8 mi cycnenzuu y-Al(OH);, ero repMeTH3HpOBaIH, HAarpeBald B IIEPBOH I€YH O TEMIeparTy-
pbI 20013 °C, nogwnoyand k anekrpogam reseparop HOMH, nomemany B nepByio neys, TEpMOCTaTH-
poBanHyio nipu 200 °C, H BKIIOYaNTH reHepaTop HMITynbcoB. TepMooOpabotky Benu B Teuenue 0,5 4
TIpH CIEAYIOIHX pexuMax paboTsl reHepaTopa: [UTHTENbHOCTh UMITyJbca 0,5 HC; aMIUIMTyda MMITyb-
coB 8 kB; uacrora noeropeHus mMiynscoB 1000 I'u. beuta npoeeeHa ceprs M3 TpeX MapalIeIbHbIX
OIIBITOB.

®azoBbIif cocTaB 06pa3sLoB KOHTPOJIHMPOBAJIM METOAOM IMOPOWIKOBOH mu¢pakToMeTpun (peHTre-
noBckuit anmapar [IPOH-3, duwmtpoBantoe Cuxo-uzmydenne). Upentudukammo $asosoro cocrasa
FACXOJJHOTO M MOJBEPrHYTHIX TepMooOpaboTke 0OpasLiOB MPOBOAWIM IIYyTEM CONOCTaBJICHHA SKCIIEpH-
MEHTAIBHO ONpPENENEHHBIX 3HAYEHMI MEKIUIOCKOCTHBIX PACCTOAHMM diyg M OTHOCHTENBHBIX HHTCHCHB-
Hoctel Jyy mudpakiMOHHBIX MAKCHMYMOB ¢ TabmmyHbIMY NaHHbIME [14]. [Ins oGHapy:KeHus ClelOBbIX
KonuuecTB GeMHTa B MOABEPrHYTHIX TepMooGpaGoTke o0pa3uax MpOBOMWIM CKaHHpOBaHHME pediiekca
(020) Gemura mo ToukaM (Bpems cyera — 40 c; mar ckaaupoBanus 1o 20 — 0,1 rpanx Ha kpeuIbax H 0,02
rpaj B UEHTpanbHOM YacTH Aud)pakLMOHHOro MakcumMyMa). CreneHb XMMHYECKOro IpeBpallieHns rub-
Ocura B 6eMutr paccuuThiBaIM M3 JaHHBIX POA mo cranmaptHoil Meroauxe [15]. B kauecTBe aHaIHTH-
yeckHx ucnons3oBaay pednexce (002) y-Al(OH); u (020) y-AIOOH. Xumudeckuii coctaB 00beKTOB
KOHTPOJIMPOBa/IM METOZaMH OGBEMHOrO XHMHYECKOTO aHAIN3a M TepMOTrpaBUMeTpuH (JepuBartorpad
Paulik-Erdey).
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PesysbTaThi B o6cyxnenne. Jlna soiasienus o¢dexra smusaua HOMU na kuneruxy OIT ru66cu-
Ta B GEMHT U ONpeAeNIcHHs YCIIOBHH TIPOBEAEHHA SKCIICPHMEHTa B [IEPBOil CEpHH OIBITOB Oblia M3y4eHa
kuHeTHKa faaHoro XI1 B OTCYTCTBAM BHELTHHX BO3IEHCTBHIA.

PeHTreHOrpaMMBE] BCEX HCCIIEIOBAHHBIX 00pasIioB B 3aBUCHMOCTH OT TeMreparypsl 1 B IpOJOIDKH-
TEJIBHOCTH T TepMOOGPabOTKH cozieprKaiy ToNbKO pedurekchl rub6cuTa, Wiy GeMuTa, WIH CMECH Bhllie-
yka3aHHBIX (pa3. [Ipu T = const ¢ pocToM 7, 16O NpH 7 = const U yBeJMIeHHH T, IPOABNIAETCS TEHACH-
U4 K YMEHBIICHHIO OTHOCHTEIILHBIX MHTEHCUBHOCTEH pedrexcos y-Al(OH); 1, HanpoTHs, Bo3pacTaHue
HHTEeHCHBHOCTH pedurekcoB dassl y-AIOOH, uro cBuaerensctByer o mpotekanun OII ru6Genra B Ge-
MMT.

Kvnerudeckue kpusbie storo ®II umeror cUrMOMAHbBI BHA (CM. PHCYHOK) C SPKO BBIPaKEHHBIM
nareHTHEIM niepuozoM. C yBenmdenueM I HaOMOAAIOCH COKpaHmieHWe JUTHTEIBHOCTH JIaTEHTHOTO [ie-
puoza, a npu 7 = const — Bo3pacranue NoHOTH! o ‘®II, yTo cBHmeTeNECTBYET 00 €ro akKTHBALIAOHHOM
XapakTepe.

Cornacro [16] kuHeTHdecKwe ypaBHEHUS

1,04

" ®II MOXHO NpeACTaBUTH B BHIE
% 42 rpe g — UHTerpayibHas (GYHKIHI KMHETHIECKOro
g _ ® 3 ypaBHeHms, aHANHTHUECKHH BUI KOTOpO# 3aBH-
Y 0,5 ® 4 CHT OT MeXaHM3Ma PEAKINH; k — KOHCTAHTA CKO-
E‘ _ ® 5 poctd peakumn. MaTemaruueckyio oGpaboTky
§ ® 6 OSKCMEPUMEHTAIBPHBIX [JAHHBIX IPOBOJWIHM CO-
o o 7  riacHo pekomeHmaumam [17, 18] ¢ yuetom Ham-
© of ° / v 8 Oonee pacnpOCTPaHEHHBIX KMHETHYECKHX MOJeE-
0,0 T T T T > 1%
0 50 240 360 430 neit @IT (cMm. Tabmuwy). Ina sToro Ha mepeoM
JTane KUHETHYECKHE KPHBLIC TMHEApH30BAIH B
Bpems tepmoo6paboTk 7, MHH = .
koopAuHaTax g(o) — 7, U KaKaoH u3 Monenei
KuHeTuqecame KpuBbie )a30BOTO NpespaweHus PacCUYUTHIBATIM' BBIOOpOUHBIE CTaTHCTHKU Du-
ru66euT — GeMuT: Temnepatypsi TepMoobpaboTiu
1-180, 2~ 185, 3 - 190, 4 — 192, 5 - 185, mepa Fix, (cM. Tabnuiry), 1o 3HAYESHHIO KOTO-
6 - 200, 7 — 205, 8 - 210 °C PHIX CYAWIH O BO3MOXHOCTH peanusaiyyl AaH-
HOro Mexanmusma XI1.
AHanuTUYECKMI B MHTerpanbHbIX MyHKUMA g(a) U cpeaHue 3HaYeHun
BBIGOPOUHLIX CTaTncTHK Guwepa Fi L, ann N ru66cuT —> Gemut
JInmuTHpyIOIIAN CTaNHUs
E*
(cuMBOJI MOJIENH) 8(®) Lm-2
OpuomepHas suddysns (D)) o 56,3
HAsymepHas muddysud (D,) o+ (1-a)ln(1-o) 93,9
TpexmepHras mubdysus (Ds) [1-(01-o)"P 35,8
TonoxuMudeckue peakiu Ha rpaHuue paszena dpas
p l-‘p p 21 ‘b 1 _ (1 _ a)l/n 190,4
(Rp:15mn<3)
3apoapiieo6pa3oBaHAE M POCT KPHCTAILIOB (MOJETH
Ap A p pOCT Kp (mox [In(1 - a)]1/” 4293
spamu—EpodeeBa—Konmaroposa — An: 0,5 <n < 4,0)

M3 npoBeneHHBIX pacdeToB cnexyer (Tabmuia), 910 BO BCEM HCCNECAOBAHHOM TEMIIEPAaTypHOM HH-
TepBal¢ HaubomblIMe 3HaueHWs Fj,, mocturarorca i Moxemu Apamu-EpodeeBa—Kommaroposa
(A-E-K), THMUTHDYIOIIMH CTa{MIMH KOTOPO# BHICTYNAIOT NpOLECCHl 3apobiieobpazoranus U (WiH)
POCTa KPUCTAUIOB PABHOBECHOM (a3l

Ha BropoMm 3Tane MateMaTH4eckoii o6pabotku B Mogens A—E-K 6plia BBeZieHa IOTNpaBKa, Y4HThI-
BaOMas BO3MOXKHYIO TIOrPSHIHOCTh HaYyasa OTCUeTa BpEMEHH 7.

H3 nuHeapH3oBaHHBIX O CKOPPEKTHPOBAHHOH MOJENM KHHETHYECKHMX KPHBBIX I KaKAOH M3
TeMIeparyp OnpeaeneHbl 3Ha4eHus KOHCTaHThl ckopocTn kK DIT ru66cura B 6eMUT ¥ NapaMeTpa peak-
1 1. 3aBucuMocTH k = k(T) nmuHeapusyrorcd B koopauHarax Ink(7) — 1/T , 4T0 CBHAETENLCTBYET 00
aKTHBAIIMOHHOM XapakTepe nportexatomux XI1:
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Jlonywat B.W., Kpsimciuii B.B., Boadelicmeue HaHOCEKYHOHbBIX 311eKMPOMaZHUMHLIX UMITYNLCOS
Knewes 4.1, Ha kunemuky (hasoeozo nepexoda y-Al{OH); —»7-AIOOH ...

k(T) = 4-exp[- E/(RT)}, (2)
rae A — HekoTopas nocTosHHaA 1) AanHoro OIT penmuunHa; E — kaxymascs sHeprug aktusaimu OIT;
R - ynuBepcanbHas razoBas NOCTOAHHAA. OKCIEPHMEHTAIBHO ONPENE/ICHHOE 3HAYSHHE SHEPIHH aAKTH-
pamuu: E = 15712 xJ[x/Mons. ITo cBoeit Besuune E cornmacyercs ¢ CyMMapHEIM H3MEHEHHMEM JH-
TanemuH (148,49+2,20) npu @II y-Al(OH); —> y-AIOOH u y-AIOOH—» y-ALO; [19], a Takxe ¢ 3Hep-
ruamu axtaaumamu XIT npy npokanke Ha BO3[MyXe FHAPOKCHIOB M OKCHTHAPOKCHAOB APYTHX METal-
noB [2, 18].

C yderoM nomydeHHBIX JaHHBIX 1o KuHeTHKe DIT (cM. prcyHOK) GbutH BHIOpaHEI CIICAYIOIHUE pe-
xKUMBI TepmMoobpaborku y-Al(OH);: T = 200 °C; 7= 0,5 4. Jins nexmoueHus apredakra, CBI3aHHOrO ¢
M3MEHEHHEM 00BeMa H KOHCTPYKLMH aBTOKJIABA, CHayajla Obula MpOBeZCHA CepHs M3 TPEX KOHTPOJIb-
HBIX OTIBITOB C BHIKIIOYEHHBIM reHepaTopoM. CkaHMpOBaHHE IO TOYKaM 00pa3lioB, TOABEPIHYTHIX Tep-
MoobpaboTke, B 06nacTu yriioB audpakimuu pediekcoB GeMuTa Ha OGHapyKeHHE €ro CIIEHOBBIX KOJH-
YecTB AaJIM OTPHLIATENBHEIH pe3ybTaT: Bce Tpy 00pasua 6sum ogHodasHemMH ~ Y-Al(OH);.

Ha penrrenorpamMax Bcex Tpex ofGpa3uoB, OJTyUYEeHHBIX NIPH TeX JKe pexuMax TepMoobpaborku ¢
BKJIIOYEHHBIM reHepatopoM HOMH, napsany ¢ pednexcamu ru66cura npUCYTCTBYIOT OTYETIMBEIC IH-
¢paxiMOHHBIE MakcHMMyMEI 6emuTa. CreneHp mpeBpaieHus o ruG6cura B GeMuT, onpejeneHHas W3
OaHHBIX KonuvecTBeHHOro POA, B Hux cocrasuna: 29; 20 u 36 mac. %. TakuM o6pa3oM, MOTy4YeHHEIe
pe3ynbTaThl HO3BOJAIOT CHENaTh BbIBOA 00 MHWupmpyoomeM Biusaud HOMM Ha O®II ruGGeura
B 6eMuUT.

OGpaTumcs K aHaNU3y BO3MOXKHBIX NPHYMH HaHHOro siBieHus. Kak nokasauno B paborax [2, 58],
¢asoBble H XHMHYECKHE TIPEBPAICHHs HEPABHOBECHBIX THAPAaTHPOBAHHBIX OKCHIOB p- # 3d-3neMeHTOB
npu TepMooGpaGoTke B pPacTBOpaX OCYIIECTBAIOTCA MO MEXAHH3MY «PacTBOPEHHE-OCAKICHHEY
(POM), nyTeM pacTBOpEHHS KPHCTAIUIOB HEPABHOBECHO# (a3sl, 06pa3oBaHMs 3apoABIIIEi B pocTa (de-
pe3 pacTBOp) KPHCTAIOB paBHOBecHOH (a3bl. IIpH OTHOCHTENBHO HH3KHX TEMIIEpaTypax TepMoolpa-
00TKH MUMHUTHpYIOLIEH cTagred 3THX MpeBpalleHuii BHICTYNIACT IPOLIECC PACTBOPEHHs KPHUCTAIIOB He-
paBHOBecHOH (ha3bl, CBA3aHHBIN C pa3phIBOM CBA3€H MexITy aToMaMH (MOHAMH) TOBEPXHOCTHOIO CJIOf
kpucramios. TIpu Bosneiicteim HOMMU c BoicOKON HaNpHKEHHOCTHIO MeKTpHueckoro moms (o 10°
B/m) nporcxoauT Aedopmaipis BaneHTHBIX opOuTaineil aToMOB (HOHOB), YTO BEZIET K CHIKEHHIO 3HEPIHH
paspsiBa cpaseit. [IposBrnenneM 3Toro ABgeTc yCkopeHuUe rnpouecca Ga3oBBIX U XMMHYECKHX NpeBpalie-
HHMii HepaBHOBECHBIX (pa3, CHIDKeHHe TeMITepaTypbl MAKPOCKOITHYECKOTO MPOSBIEHHUS NPEeBpaIeHHH.

BbiBoabl. YCTaHOBJICHO HHULMMPYIOIIEE BIMSHHE HAHOCEKYHIHBIX 3JIEKTPOMArHMTHBIX MMITY/Ib-
COB Ha KHHETHKY XMMHYECKOTO NpeBparieHus ru66cura B Gemur.

Paboma euinonnena npu gunarncosoti noddepoicke Poccuiickozo onda gynoamenmanvhuix uccnedo-
eanuii: gpanm  05-08-01356.
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TEPMOAUHAMUYECKWUNA ACIMEKT BbIAENEHWUA PACTBOPEHHOIO
BOOOPOLA B MUKPOINMOPAX METANNA

H.A. Mup3saee, A.A. Mup3oes

B paGote npeanoxeHa Npocras H HAIVIAXHAS TeOpPHsl 3aNOJHEHHS] BOXOPOXOM,
pacTBOpeHHbIM B 00pasue, NOp H MHKPOTpeIMH B 06beMe MeTA/LIa HA OCHOBe
YPaBHEeHHUS! COCTORHHA rasa W 3akoHa CrBeprTca. BhiBeaeHHOe aHANHTHYECKOE
BbIPazKeHHe JUIsl ZaBJEHUS BOAOPOAA B HOPE HLTIOCTPHDYETCH YHCISHHBIMH pac-
HeTaMH JUIA Pa3/IHIHLIX 3HAYEHUI TEMIIEPATYD M cofepxkaHnii BOXOPOAA B XKeje-
3¢, TlosiyueHHbBIe pe3ynbLTaThl NPHMEHEHB! KA ofcyxueHns mpobaemMsl 3apoxk/e-
HUS (GJIOKEHOB B CTANAX.

Beenenne
K nHacTosmemMy MOMEHTY MOXHO CUMTaTh AOKa3aHHBIM [1, 2], 4To ¢uIOKeHBI — pacmpocTpaHeHHEbIe
Je(heKThl MacCHBHBIX CTAILHEIX MOKOBOK, NpPEJCTaB/IAIOT coOoi BHYTpPEHHME MHKPONONOCTH (TOPHL),
3aroJIHEHHBIE BOROoposioM. HamnonHeHHe OpE1 BOZOPOAOM NPOMCXOMHT MyTeM aToMHOM quddy3uu pac-
TBOPEHHOTO rasa u3 ob6bema Metamia. [To Mepe HaTekaHws BOZOPOJA AaBJIeHHE ra3a B HOPEe BO3PACTaeT,

TIOKa HE ROCTHTHET KPHTHYECKOrO 3Ha4eHMA P(Z), MPH KOTOPOM MHTEHCHBHOCTh MEXAHMYECKHX Ha-
NPSDKEHUIA Ha IPaHKMLE TPEIMHB! JOCTHIa€T KPHTHYECKOTO YPOBHS paspymieHus K, :

K, =aRPVL, )
rAe BeIMYMHA KPUTHYECKOro YpoBHa K, ompenensercs BA3KOCTHIO pa3pyIeHHs H, BEPOSTHO, Cerpera-
et aTOMOB BOAOpPO/A B BepLIMHE TpemuHsl [3]. Beimonnenue ycnopus P> Plg? MPHBOJMT K POCTY

3apoblNa TPEMHHE] ¢ XapakTepHo# mHOH L. Poct driokeHa NpUBOAMT K NaJCHUIO JaBICHHA H OCTa-
HOBKE pa3BUTHA TpeIMHEL TpebyeTca HekoTOpoe BpeMs JUIA AaTbHelInero NOBBINICHHs JABIEHUS H3-
33 (HAaTEKaHHA» rasa M Hayasa CNeyIOmEero «PhIBKa» BEepPUIMHEI TPEIIMHEL.

Hecmotps Ha To, 4TO NpHBeACHHAA Bbime 00mas (usudeckas KapTHHA pa3sBUTHA (IIOKEHOB ABJIA-
eTcs MPH3HAHHOM, BOMPOCH! KOJIMYECTBEHHOTO OIMHCAHHA M MPOTHO3UPOBAHHA SBJICHHUS BCE €IIE OCTa-
I0TCA JUCKYCCHOHHBIMH. M3BecTHO, 4TO (UIOKEHBI 3apoXkKHaOTCAd B XOHAE€ OXJIAXIAECHHSA MOKOBOK IIPH
temneparype Hiwke 150 °C [1]..Bonpoc o Tom, KakHe ZaBle€HHS BO3HUKAIOT HPH 3TOM BHYTPH MHKpO-
noJocreii, KoTopsle, 6€3yCIIOBHO, CYIECTBYIOT B IOKOBKAX, OCTAETCA OTKPBITHIM H HauboJiee CIIOPHBIM.
PaBHOBecHOE IaBlIeHHE MOJIEKYJIAPHOTO BOIOPOJa B IOpaX peryjaupyercs 3aKOHaMH QH3HYeCKOH XH-
MuH: 3aKoHOM CHBepTCa paCTBOPEHHs BOAOPO/a B XKeJle3e HIH CTalIH

3 E
Cu [IBB;I’} =A- exp(—ﬁ) L /PHZ [amm], )

" YPaBHCHHEM COCTOSHNA rasa H, B nonoctu

By, -V ="R2 R 3)
Hh,

Konnenrpauusa Bopopoza B (2) BbpakeHa C ITOMOIIBIO MPaKTHYECKOH EAMHHMIBI H3MEPEHHS
[CM3/ 100 r], xoTopas moka3bIBaeT KONHYECTBO razoobpaszHoro H, B KybHueckux caHTHMETpax BhIeIse-
Moro 100 r meranna npu HopManbHbIX yenoBuAX (0 °C, 1 atM). M3Mepus skciepHMMEHTAIBHO BETHIHHY
Cy » MOKHO OTIPEZIETTUTE Maccy Boziopoza B o6pasiie 06beMoM Vo (cM’) M3 BEIp@KEHHS:

my, =BV Cu, C))
rac
Hu, " Po
=—=7,018-107, )
22,4-10
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3
po = 7,86 r/cM” — IIOTHOCTD CTANH, My, = 2 r/mons — MonapHas macca Bogopoza. Torna oTHomexue
Macc Boziopozia B 06pasne # camoro o6pasiia, KOTOpoe MOXKHO HaifTH Kak

M P ., =8929-107.Cy,

VorPo  Po
IIPEAICTABIIET MAacCOBYIO JOIIO BOJAOPOZA B pacTBope. YAOOHON eAMHuIeH M3MEpPEeHHs B IOC/TIEIHEM
cyuae seaserca 1 propromille (1 Becosas wacTs Ha MmLIHOH). OueBHaHo, 4o 1 (cm® / 100 r) =
= 0,893 ppm = 0,893-10™* mMac.%. Jl1 pacTBOpa BOAOPOIA B O-Kelie3e [0 NaHHBIM [5]:

1 oM

A=47,534———1[§-—-—,
arm - 100r
a 9HeprHs akTHBalMH pacTBopeHus £ = 27,180 xJbx/Mons.
®opmyna (3) onpenenseT KOHUGHTPALMIO BOJOPO/A B JXKee3e, eClIM OHO IIPH HEKOTOpOi TeMIiepa-
Type T HaxXomuTCA B paBHOBECHH ¢ aTMoc(epoit MOJIEKYIIPHOTO BOJOPOAA, XapaKTepH3yoleics 1aB-
nenveM By, . Ho 3akon CuBeprca npuMeHHM M UL 0GpaTHOrO Ipolecca BhAesIeHns BOA0Opoaa U3 Me-

tayna. JlomycTuM, UTO IPH BBICOKOH TeMneparype obpasel HMeeT paBHOBECHYIO KOHLIEHTPALHIO BOJO-
pona CJ . TIps oTHOCHTETEHO GHICTPOM OXMTaxKieHHH 05pasiia BHe BOXOPOAHOM aTMocdeps! HEKOTOPOE
KOJTHYECTBO BOAOPOAA, BBIHAA MyTeM Mubdy3un Ha NOBEPXHOCTh, HCIIAPUTCS, HO OCHOBHAS YacTh rasa
B riybune ofpasiia COXpaHHTCA B HEM3MEHHOM KOHIEHTpalmH. [IpeamoioxuM, 9To 34ech BOSHHKIA
GeckoHeuHO Manas IO pa3Mepy Hopa. Torzaa JaBieHue Boopoza B Heil Oyaer onpeaessIThCs YCIOBHEM
PaBHOBECHS C PACTBOPEHHBIM B CTaJIH Fa30M:

By, = %exp(-}gg;) . (Cﬁ )2 ,8TM . (6)
Ecnu, Hanpumep, Cﬁ =5 (CM3/ 100 r), To mpn 1000, 500, 300 u 100-K paBHOBecHOE aBneHHE OKKETCS
PABHEIM COOTBETCTBEHHO 7,65; 5300; 3,24-107 u 2,8:10° at™ wmm 0,77; 535,3; 3,3-10° u 2,85-10% MITa.
CornacHo [7] okpy»HOe pacTATHMBaIOllee HANpsDKeHHE Y NMOBEPXHOCTH CepUIecKOH MOJOCTH COCTaB-
nset By, /2. Taxum obpasoMm, yxe B paifore 450 K y nosepxHoct# OymeT HOCTHTHYTO HamlpsKCHHE,

npesbimaiomee op ~ 1000 MIla, u HauHercs paspymenue. [l KOMHAaTHOH TeMnepaTyphl BOSHHKAIO-

IIFe BOKPYT IIOPH HANpsDKEHMs MpuMepHO B 15 000 mpepnrmaroT o . OnHako, HaM HeoOXomMHUMO
y4ecTb, 4TO pealbHBIe 00pasibl ColepkaT JOCTaTO4HO O0JbHIOoe KOJNHYECTBO IOp, obimamalomux Ko-
HEYHLIM CyMMapHbIM 00seMoM V; . Torna MoskeT okas3aThCs, YTO Hal/IeHHBIe BbILIE 3HAYEHHS JaBJICHIA
He OyIyT OOCTHraThCA B CHI[y OFpaHHYEHHOCTH KOJIMUECTBA ra3a, 3aKiFoueHHoro B obpasue. [Tosromy
npoBezieM OLeHKY BO3HMKAIOLIETO NaBlIeHHs, NPEeTIoIoKHB, YTO ok 00paslia, 3aHATasd MopaMy, paBHa
f=V,/V, 1 Bec BonOpoQ, 3alaceHHbI! B MeTalIe, OIHOCTHIO BRIAEUTCS B HHX:

My, 2,88-107
by, Y,

Ilpu BriBoAe (7) MBI HEABHO MpENIONaralii, YTO KOHIIEHTpalMs BOopoja B obpasue yMeHpIaeTca On-
HOPOZHO, MO3TOMY [aBJIEHHE B IIOpax pa3HOTO pa3Mepa BO3pacTaeT OAMHAKOBO. B dacTHOCTH, eciH
f=10,001, T.e. o6veM mop cocrasiger 0,1 % ot o6peMa obpasua, TO peaTbHO AOCTIKAMOE JaBlCHHE

cocragut By, =28,8-C,?I-T (arm). Ilpu T = 300 K u Cﬁ = 5 (cM’/100 r) momyuaeM JaBIIcHHE

By = RT = Cy T, atm. @)

2

P,,12 =43200 atM. 3TO 3HaYHTETHLHOE HABIICHWE, HO CYHIECTBEHHO MEHBIICE, HeM -OIPEAE/ICHHOE 110

ypasHenuio Cuseprca (6)! Takum ob6pazoM, HeoOxouMa Teopus, HO3BOJISIOMAA YYECTh COBMECTHOE
neiictre o6oux axtopos. K BEIBOLY ypaBHEHHIt TAKOTO pojia MBI H TiepeiiieM.

Brisox oCHOBHBIX ypaBHEHHIH
ITocne npoBeAEHHBIX OLEHOK, OYEBHAHO, YTO MCTHHHOE NaBIeHHE MOKHO OMNpPENENHUTh JHIL CO-
BMECTHBIM pellicHHeM ypaBHeHHit (6) u (7) ¢ yueToM 3aKOHa MOCTOSHCTB2 MacChl BOZOPOAa B obpasie.
C aT0ii Henbio paccHHTaeM:
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Mup3zaee [].A., Mup3oes A.A. TepmoduHamuveckuil acrnekm enifeneHus
pacmeopeHHo2o eodopoda 6 MUKpornopax Memarsna

a) KOJIMYECTBO BOXOPOA B NOpax miy
0 2P, VoS

5 8
H RT (8a)
6) KOIM4EeCTBO PaCTBOPEHHOTO B CTATH BOJOPOZA ml({z) :

m) = BVCy, (86)

Tofiaras, YTo BBIACIMBIUMICA B NOPaxX M PaCTBOPEHHBIH B METa/le BOJOPOA HAXOAATCA B PaBHOBECHH
TIpH HEU3MEHHOH cyMMe

1 2 0
mip +m =my = BY,Cy, (88)
rae Cg — KOHLIEHTpaLKA PaCTBOPEHHOT0 BOAOPOAA B CTAH, HE COAEpAKAIIEH MOphI, TPUOIMKEHHO COB-

naJaromas ¢ HCXOHOH BBICOKOTeMIIepaTypHo# koHueHTpauueii. Ilocne noacranosku (8a) u (86) B (88)
THOJTy4aeM:

2f
Cl=Cy+By -— 9
H=CH i, g ®
U Jasiee, ¢ y4eToM (2), TIpXOAHM K OKOHYATeIbBHOMY BBIPRKEHHIO
RT A RTP
By +——1 B, —-—LC; =0, 10
KOTOpO€ IpeJCTaB/IseT coboi KBaApaTHOE ypaBHEHHE OTHOCHTEIEHO */Pﬂz . Uepes A, o6o3HaueH Ko-
~E/RT

adumment pacrBopumocTd A = Ae » AMEIOII|M CMBIC KOHI{EHTPALMH BOJOPOAA B CTAIHU IIPH
JaBieHud Bopopona B 1 armocepy. Pemenue ypasnenna (10) umeer Bug

=RTﬁA1,:|- af-ch
JPa, a7 I_,RT,BA,ZH 1. (11)

B obnactu mmskux temneparyp npu T — 0 mapamerp A, Taroke crpeMurcs k Hymo. [losromy nepsoe

cjaraemoe IoJ 3HAaKOM paJMKajia HEOTPaHWYEHHO BO3DAcTaeT, MO CPaBHEHHIO C HUM MOXKHO IpeHeb-
peys enuHuUeH, Torna

1/2
VB, =5 (122)

H, CJICA0BATEIIBHO,

RTB
By, =——27’B-CH , (126)
gro coBrazaet ¢ (7). Kak u cnenopano oxuaars, NpH HU3KHX TEMIEPaTypax pealusyeTcs CATyalus, Ko-
ria Bech BOXOPOA KOHLEHTpUpyetca B nopax. HaoGopot, B ApyroM npenensHoM ciry4ae nnpu T’ — oo nep-
BO€ CllaraéMoe CTaHOBHMTCS MATBIM MapaMeTpoM. Pasnaras moAKOpPEeHHOE BEIPOKEHHE B P [0 ITOMY Ma-
paMeTpy ¥ OTpaHHYHBAACh NIEPBHIM WICHOM Pa3JIoXKeHHs, HAXOUM COOTHOLIEHHUE, aHaIoruyHoe (6):

B =—H. (13)

Taxum o6pa3oM, IpH BHICOKHMX TEMITEPaTypax JaBI€HUE B NOpPax ONpEAENACT KOHLIEHTpalws rasa, pac-
TBOPEHHOTO B METANLIE.

IpencraBneHHas HaMH TEOPHA ABJIAETCA JOCTATOYHO MPOCTOH M odeBMAHON. HecMmotps Ha TO, uTO
OHA He TIPHBO/IMTCA B COBPEMEHHOH JIMTEpaType, TPYAHO NPEACTABHTE, YTO 3TH pacyeTsl 10 CUX Mop He
6summ cienansl. Hanpumep, B.S1. JlyGosoii B cBoeit krure [1] cebunaercs Ha cratbio XoHna U Xwupose [8],
ommyOnukoBaHHyIO B 1936 r. O3HaKoMHTCA € COAEpMKAHUEM 3TOH CTaTbH CeHvac 3aTPyAHHTENIBLHO, HO, Cy/Id
no rpauKy TemmepaTypHOI 3aBHCHMOCTH [JaBJIEHHs BOAOpPOZA B TOpax, NpuBeAeHHOMY B [1], momxon
aBTOpOB K npobiieMe Obu1 aHAsIOrMYeH HameMy. OZIHaKo, AaHHBIE O PACTBOPHMOCTH BOIOPO/IA B O-Xesie3e
‘B Te rojisl 65UTM HEZOCTATOYHO TOYHBI, TaK YTO aBTOPHI NOMYYHIH MAKCHMYM NaBJICHHA B 1I0pax B paiioHe
250 °C. B.51.[ly6oBoii orBeprai Teoprio o6pazoBanus ¢rokeHoB X0oHAa H XHPOHE 110 TOH NIPHYMHE, UTO
OH HaGIIOAAN JUIs MHOTHX cTaneil o6pasosaHue ¢uiokeHos Hwke 100 °C. Ioxoxwe pacuers 6bLTH Clie-
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naHel B page pabor, 0630p KoTophix mpuBeieH B [6, 8]. OmHako MX nHesb 3aKMOYaNach B BHIACHEHHM
BIIHSTHHSA TIOPHCTOCTH Ha KodgduimeHT qudQy3un, a OLEHKH AABJIEHHA HE NPOBOAMIIHCE.

Pe3ynbTaThl YHC/IEHHBIX PACUETOB
Jina wunocTpauMu pe3ybTaToB NMPHBEACHHOH TeopHH GBUIH MpPOBEASHbI YKHCIIEHHEIE pacueTsl Ha
ocHOBe Gopmyisl (1 1) Ui 'rpex 3HaueHHM KOHIIEHTPAILMK Bofiopona 2,5; 5 u 7,5 (cm/ 100 r) u Tpex
snavernnii £ ot f= 107 no f= 107, PeaynpraTsl pacyeta npuBeens! Ha puc. 1 a, 6, B. Kaxxsiit rpadux,
€C/IM JBUraThCsA BIOJb OCH TEMIIEpaTyp, MMEET BOCXOAMALIWI YUaCTOK, 3aKAHYHBAIOIMIACH MAaKCHMY-
MOM, ¥ OC/TEAYIOIHif HUCXOAMMH YJacTOK B 06J1aCTH BEICOKHX TEMITEPATYP.

7000 -
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5000 - 2N —v—1=0,0025
] e —e—£=0,005
4000 - J/ —o—=0,0075
3000 ] A . —*— =0,01
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1000 ] « 5_’_':': \! a)
0 _-_J/ /Q_- == . e
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——a
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d '/’V——V \
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o ("5’5 == : -
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Puc. 1. Bnusinue yemnepatypst M 06emHOM gony nop f Ha NaBnexve Bogopoaa
ANA pasnMUHOro coaepXaHus BOROPOAA B Xenese: a ~ 2,5; 6~ 5; 8~ 7,5 cm/r

Bocxopsmuit ygacTok 00yc/oB/ieH AeiicTBHeM YpaBHEHHA COCTOSHUS ra3a (7), COTJIaCHO KOTOpOMY
OaBlicHHE MPOTIOPHUOHAIBHO TEMIIepaType; HUCXOMALIMI yJacTOK — AckcTeueM 3akoHa CHBeprca, B
COOTBETCTBHH C KOTOPhIM PaCTBOPHMOCTh ra3a B MeTajUle pacTeT IpH YBEJIMYEeHHH TeMIepaTyphl, a
BBIJIeJICHHE ra3a B IOPHI NajaeT. TeHaeHUNH W3MEHEHHA JaBleHHs, onpe/eseMbie YKa3aHHBIMH 3aKO0-
HaMM, B3aHMHO TIPOTHBOIONOKHBI, TO3TOMY BCEr[a BO3HUKAET AOBOJILHO Pe3KMii MaKCHMYM B paioHe
300-400 K. 3asucumocTs Temmepatypsl 1,,, COOTBETCTBYIOMIEH MAaKCHMAIBHOMY IAaBJICHHIO, OT KOHLIEH-
TpalLMK BOAOPOAA H IOJH ITycToT f, npuBeAeH puc. 2. [Tpu noeblmeHNH KOHLEHTPALMH WM N1apaMeTpa
f Temnepatypa 7,, HeCKOIBbKO MOBBILIAETCA, HO OCTAETCA B Ipe/ie/iax TOrO TEMIIEPaTypHOro HHTepBaa,
B KOTOpOM HabmozaeTcsa BOZHUKHOBeHME (iokeHOB [1]. YpoBeHs MakcHManbHOrO AaBlieHHs B 3aBHCH-
MOCTH OT aHAJIOTHYHBIX NI2paMETPOB NpeACTaBleH Ha pHC. 3. PopManbHO, MBI MOXKEM yKa3aTh T€ 3Ha-
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TepmoduHamuveckull acriekm ebidesnieHUR
pacmeopeHHo20 aodopoda 8 MUKporopax Memarnna

uends Cy H f, IpU KOTOPBIX P,_’I';“" npes3oizer 3rauenne 2000 MIla, u pactarusaiolee HanpskeHHe

o= O,SP}’{';ax OKa)KeTCA BhIIE O g . Takoil moaxos BO3MOXKEH, U YacTo HUcnoib3yerca. OQHAKO MOPHI He

o6s3aTeIEHO UMEIOT cepuyeckyro Gopmy. A npu uHOH dopMe HEOOXOQMMO YUHTHIBATE KO3QdHIHEH-
Tl KOHLECHTPALMH HaNpsOKEHHH W, B KOHEYHOM HTOTE, Mbl MPUJAEM K ycioBdAM (1), BEITEKAIOMMM U3

JIMHEHHON MEeXaHMKH pa3pymieHus. BepoarHo, yciosue PITZ“ >20p ompeneNnseT BEpXHHUI Npenen pas-

pYMIAIOIIEro JaBjicHHs, HO 332 HEHMEHNEM AaHHBIX 00 L u K npUXoauThCA HCTIONE30BaTh HMEHHO €ro.
Jinst KOHIEHTpaIHK Bofopoza 2,5 (cM”/ 100 1) IPHHATOE YCIOBHE PaspyIIEHHS BBIIIOTHAETCS TOMb-
ko ans f= 0,001 u T = T,,. Otot dakT cornacyercs ¢ HaOMOASHUAMHA IIPOU3BOACTBEHHHKOB O TOM, YTO
driokeHEI He HaGmonaloTCa y craneif, ¢ KOHIEHTpamuel Bonopona meree 2 (cm’/ 100 r) [4]. B ciryuae
KOHIeHTpawwmii 5 u 7,5 (cM’/ 100 r) ycoBus paspymenns BHIONHAOTCA L1 f= 0,001 B A0BOMBHO LiH-
POKOM AHAna30He TEMNEPATYD.
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Puc. 2. Bnivsinue KOHI{eHTPaL MM BOROPOAA B Xenese
u gonu nop fHa remnepatypy Tm, NpYU KOTOPOH

AaBneHve BOAOPOAA MaKCMMankHO
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Puc. 3. 32BUCMMOCTL Benn4MHbI MAKCUMarnbLHOro
[ABnNeHus B Nopax OT KOHUeHTpauuu Boaopoaa
U cTeneHmn nopucrocTu f
6000 *’*\
/%
5000 - /*
*
4000 - /
* *
3000 */ \
, / -9-9 6)
®
2000 - /* o e
[
* o \
/ '/ v.v.vw ®
1000 y /./ v VIA— N LA\‘\*
| %o ppad e
0 jx‘ ) &01
“ T T T I M T N 1
0 200 400 600 800
TK

Puc. 4. 3aBUCHMMOCTL faBReHUA BOAOPOAA B NOPaxX OT TemnepaTtypki M 4ONU nop
NPy  pasnMuHbIX 3HAYEHUAX 3HepPruM axkTUBauuM pacTBOPeHWA BoAopoAa:
E = 17 185 [Ix/monb (a) n E = 37 185 Du/mont (6). [laHHbie ANA NPOMEXYTOMHOro
3HaueHus E = 27 185 [x/monb npusepekbl Ha puc.16
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JlarHO M3BECTHO [4], 9TO HEKOTOphIe JIETHPYIOIIUe dJieMeHTH], Takue kak Pd u Ti, nogaensor npo-
necc ¢uiokeHoo6pa3oBanys B cramsix. CyliecTByeT MHEHHe [6], 4To Takde JOGABKA YBEMUMBAIOT pac-
TBOPHMOCTH BOJIOpPOZa B CTAIH. YTOGHI IPOBEPUTH BIMSAHHE PAaCTBOPHMOCTH BOAOPOZA, OBLTH BBINION-
HEHBI PacyeThl, B KOTOPRIX SHEPIruH aKTHBALMU pacTBOpeHMs £ npumaBand 3HadeHus 17 185 u 37 185
Jbx/Mons, MeHbIIee H Gonbluee, 9eM B AeticTBuTesHOCTH (pHC. 4). B nepBoM ciydae pacTBOpPHMOCTb
Bogopoda npy 300 K ysenmumusaercs B 55 pas, a Bo BTOpoM — yMeHbIIaeTcs B 55 pas. IloBbimenue pac-

TBOPHMOCTH IIPH HEH3MEHHOH KOHIIeHTpaImy Cy NPHBOIHT, KAK 5TO BWIHO M3 CPABHEHHS puc. 16 u

4a, K CMEIIEHMIO TIMKA JIaBJIeHHs npuMepHo Ha 200 K BHH3 1o TeMIlepaTypHOH IIKaJe H CHIDKEHHIO €10
BEICOTEI ¢ 4200 o 2690 MIa. Ilpu 3ToM AaBneHre Bogopona B nopax mpu 300 K (koneuHas Temrepa-
Typa OXJIAKIECHHS TIOKOBOK) CyINecTBeHHO cHIKaetcs (¢ 4200 MIla no 750 MIla), T.x. Touka 7= 300 K
OKa3bIBaeTcs npasee 7.

VMeHbIIeHHEe PaCTBOPUMOCTH B 55 pa3 BHI3bIBaeT NepeMeleHHe MakCHMyMa JaBJieHus Kk Oonee
BBICOKO# TemnepaType 440 K, npm sTom cam MakciMym Bospactaet 10 S800 MIla (cp. puc. 1a u 46).
Onnako nasnenne Bogopoaa mpu 300 K ocraercd npakTHYeCKH TaKuM ke, Kak M B HCXOJHOM BapHaHTe.
9710 cBA3aHO ¢ TeM, 4To B 06omx ciydasx Touka 7 = 300 K oxaspipaercs Huke 7, MO3TOMY JIEXKHT Ha
UPAMOJTMHEHHOM Y4acTke, ONpeAeseMOM ypaBHeHHeM cocTosHuA rasa (7). [TosroMy s omHo# | Toi
ke Temmepatypsl (300 K) nomydaem opuHakoBble 3HAYECHHA JaBIEHHA, HE3aBUCHMO OT BEJTHUMHEI KO-
3¢ UIHEeHTOB pacTBOPEHHA A, .

5000
—_—
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& 3000 \
=
&- -

2000

1000

\
0 } + } } } } }
5 4 -2 0 2 4 6 8
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Puc. 5. BnuaHue pacTBOPMMOCTM BOAOPOA2 B Xene3e Ha AaBnexue sogopona
8 nopax: N = A/ Ay(Fe), rae Mq(Fe) = 8,78-10* cm¥/100 r — koadbpuument pacrso-
PUMOCTH Boaopoaa B xenese, a Ay — pasnunyHble BO3MOXHLIe 3HAYeHUS DAHHOIO
ko3acuLmueHTa ANA CNNaBoB Xenesa

Bonee petanbHasg 3aBHCHMOCTS JaBneHud Bogopoza npH 300 K xak ¢yHKkumMs pacTBOPUMOCTH NpH-
BelleHa Ha pHc. 5. 3a eflMHMIy PaCTBOPHMMOCTH NpHHATO 3HadeHHe A, (Fe) = 8,7 8-10™* (cM*/100 1), xa-

paKTepu3yIomee pacCTBOPUMOCTb Bojopona B xenese npu 300 K u PHz =1 arMm. Pe3koe yMeHblUeHNE

JaBJIeHHA B NMOpax AOCTHIaeTcd IPH BechbMa 3HaUMTENbHOM BO3pacTaHHHW pacTBopHMocTH. Hampumep,
JECATHKpaTHOE Bo3pacraHne N NMPHUBOAWT YMEHBIIEHMIO AaBieHMs Ha 45 %, TpUALATHKpPAaTHOE — K
YMEHBIICHHIO Ha 64 %, NATHIECATHKpPaTHOE — K YMeHbIIeHHIO B 5 pa3. Hampotus, yMeHbImenye pac-
TBOpMOCTH Bozopoza (InN < 0), nelicTBurenbHO, MOYTH HE BIMSET HAa YPOBEHb JABJICHHA BOXOpPOAA
npu 300 K.
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Mup3zaee [].A., Mup3oes A.A. TepModuramuyeckuli acnexm ebideneHus
pacmeopeHHo20 60dopoda 8 MUKPOMOPax Memarnna

Cnenmyer OTMETHTB, YTO PacyeTHl IPOBE/ICHE! B MPETIONOKEHHH, HTO MOPbl, 3aII0THEHHEIE BOXOPO-
JIOM, HMEIOT paBHOE JAaBJICHHE ra3a, HE3aBHCHMO OT pa3Mepa mop. JlaHHOe yclioBre Heo6XOMUMO Julst
TOro, 4YT00BI B NMPOCTPAaHCTBE MEXAY MOPaMH OTCYTCTBOBATH AH((y3roHHbIe MOTOKH. OQHAKO HAMOM-
HEHHeE op XOT: OBl Ha HAaYaJIbHOM 3Tare MOKET OKa3aThCd HECKOPPETMPOBAHHEIM, B 3TOT BOMPOC HyX-

. AacTCA B JONOJHHTCIIBHOM HCCICIOBaHNH,

BoiBon1

1. Borpexs pacnpoCTpaHEHHOMY MHEHHIO O TIpHOpHTeTe 3akoHa CHBepTCa, HAlY PAcUeTHI MOKa3a-
JIH, YTO YCTAHOBJICHHE PABHOBECHOrO JABJEHHA BOJOPOAA B MOpax ABJAETCS KOMIIPOMHCCOM MEXIY
3akoHOM CHBepTCa H 3aKOHOM COCTOSTHHS rasa.

2. AMeHHO 3TOT KOMIIPOMHCC NIPHBOAMT K MOABICHHIO MAaKCHMyMa JaBJieHHS BOAOpoIa B palioHe
300 K. TouHoe 3Ha4YeHHe TeMNEpaTyphl, IPH KOTOPOH AaBlieHHEe BOJOPOAa MAKCHMAJIbHO, 3aBHCHT OT
KOHICHTPAllMH BOJOPOAA, CTEIICHH HECILUIOINHOCTH M PacTBOPUMOCTH BOAOPOJA, HO BO BCEX CIydasdx
OHO pacloOJIOKEHO B TOM HHTEPBAJE TEMIEPATYpP, B KOTOPOM BO3HMKAIOT (HJIOKSHBI NPH OXJTAKICHUH
HOKOBOK.

3. Bospacranue pacTBOPHMOCTH BOAOPOJA B CTalH, NPH COOTBETCTBYIOLIEM JIETHPOBAHHUH, AeHCT-
BUTEJILHO MOJKET NPUBECTH K 3HAYUTEIFHOMY YMEHBILIEHHIO JABJICHHA BOJOpo/ia Oaronapsa CMEIEHHIO
NMKa JIaBJICHHA B 00/1aCTh OTPHLIATEIIBHBIX TEMITEPATYP:

4. Pe3ynbTaThl pacueTa IOKa3ajlk, YTO CHIDKEHHE PaCTBOPHMOCTH BOAOPOZA, XOTA M NPHBOIMT K
CMEIICHHIO MAKCHMYMA JIaBNIeHus B 061acTh Golee BEICOKMX TEMIIEPATYP, HO OCTABIIAET NPAKTHUECKH
HEH3MEHHBIM JAaBlieHHe rasa B nopax np# I'= 300 K (konednas TeMnepaTypa noKOBOK). DT0 yKa3bIBaeT
Ha TO, 9TO OTPUUIATENBHAA POJIb, KOTOPYIO B JIMTEPAType NPHITHCHIBAIOT JIETHPYIOIMM J00aBKaM, CHH-
KAIOLIMM PaCTBOPHMOCTB BOAOPO/Ia, BO3MOXKHO, IIPEYBENHICHA. '
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YOK 538.913

CTPYKTYPHASl YCTOWYMBOCTb U ®OHOHHbBIE CMEKTPbI
B CUCTEME Ni-Al: PACYET METOOM PEKYPCUU

A.A. Mup3oes, E.A. KabnumaH

OcHoBLIBasiCh Ha MEKATOMHBLIX NOTEHNNAIAX, HAHICHHBIX METOZ0OM HOrpyXeH-
HOro0 aTOMa, PACCYHTAHBI (JOHOHHLIE CHIEKTPHI MApTEeHCHTHOTO criaBa Nig sAlyy s
¢ moMombLI0 MeTola pekypcnH. KpuBas (oHoHHOIl AucnepcHH ciuiaBa HMeeT
«CMArYeHAe» ISl 3HAYEHMs BoaHoBoro Bextopa 0,16, Kotopoe cornacyercs ¢
akcnepuMenToM. Ilpu 3ToM cmexTpanbHas GYHKUHS JJIA JaHHOTO 3HAYEHHS
HMEET UK Ha vacToTe KoneGanmii 1,6 TI'n. anHoe noBeaerne JOHOHHBIX CIIEK-
TPOB CBA3AHO ¢ BO3MOXKHOM noxanusaumeii mox Ha 4acrore 1,7 TT'1, uTo Beaer K
3apOoXKICHHI0O MApPTEHCHTHOM cTPYKTYpBt TR cnnasa.

B nocnennee BpeMs B METALTYPrHH ocofoe BHUMaHMe yIeNsieTcd MHPOKOMY H3yUEeHHIO MapTeH-
cutHbIX npespamexnii (MII), MexanusMa ux 3apoxpeHus [1] U mpeamapreHCHTHEIM 3¢dekram, Ha-
nmpUMep, aHOMAJIbHOE IOBeJeHHe KpuBoi ¢oHOHHOH mucnepcuu. [aunsie 3dexTsl ABNAIOTCS Mpen-
BECTHHKaMH BO3MOXHOIO CYIIECTBOBAHMA y MCCIIEyeMOro CIlIaBa HU3KOTEMIIepaTypHoil ¢a3bl 1 yKa-
3bIBAIOT Ha €e Hambonee BEPOATHYIO CTPYKTYpy. B merawmypriun MIT Hanum mupokoe NpUMEHEHHE B
CBA3H C Pa3sBUTHEM BBICOKOIPOYHBIX CIUIABOB (CTalhb), KOHCTPYKIHOHHBIX cIuiaBoB (Ni—Al), a Tawoke
CIIaBOB C TAKMMHU CBOHCTBaMH Kak 3¢ipekT «naMary ¢opmsi», Hanpumep Ni-Ti, Ni-Mn-Al, Ni-Al [2].
OnnuMm 13 Haubosiee M3BECTHRIX MaTepHalioB, npetepnesatomux MIL, seiserca ciae NiAly, ¢ koH-
LeHTpauMeH aToMOB HMKeNd X B mnpenenax ot 60 mo 64%. B cow ouepens, cam cmwiaB NizAl,, Kak
KOHCTPYKIMOHHBIH MaTepHaJI, TIPE/ICTAB/IACT MHTEpeC A n3yderus. brnaroaapa Tomy, uro Ni—-Al saBis-
€TCs JIETKMM M XXapOCTOWKHM MaTepHalioM, OH IIMPOKO MCMONB3YeTC B aBHALMOHHOM MPOMBIIIIEHHO-
CTH, paKeTHOH TexHHKe, npubopocTpoenuy u T.4. ClienoBaTenbHo, H3yueHue (pa3oBbIX MepexoxoB (Wi
MII) nanHOro cruiaBa, ocoOOE€HHO NpH TEMIlepaTypax BhIIE XapaKTepHHIX (a3oBOMY mepexoxy (Wiu
MIT) 3HaqeHui, none3Ho U HeOOXOAMMO C TOYKH 3peHHS NPAKTHUECKOro rpuMeHeHud Ni,Aly_,.

Ilpu Temneparypax semne Temneparypsl MIT (7}, on obnamaer B2 wm crpykrypoii Tuna CsCl
(OIIK pererka, BepIHHb KOTOpOi 3aHATH! aToMaMH Ni, a IeHTp npou3BoJIbHO 3aHAT G0 Ni, mbo Al
B COOTBETCTBMH C KOHIIEHTpauHel x), xapakrepusyioineit f, ¢asy. HuskoremneparypHas ¢aza MOXeT
H3MEHATHCA B 3aBHCHMOCTH OT COCTaBa, 4TO NMpEACTaBIAET HHTepeC uli M3ydeHus. Ni,Al,_, moaBepra-
etcsa MIT u3 BricokoTemnepaTypHoi £; pa3sl B HU3KOTEMIIEPaTypHYIO CTPYKTYpY THHa 7M 11 KOHLECH-
Tpauuy aroMoB Hukens 60 < x < 63% [3, 4] wm cTpykrypy Tina 3R mis 63 <x < 68% [4]. MapreHcur-
Had CTpPyKTypa THna 7M Xxapakrepusyercs, Tak HasbiBaeMbM, (5,-2) cnoxenmem. Ilom (n,m)-
CTPYKTYPHBIM 0003HaUeHHEM MofpasyMeBaeTcd, 4yTo n mwiockocreit (110) cmemeno Baoas [1-10] Ha-
npasieHua U m mwiockocted (110) cmemeHo B npoTHBONOJIOKHO Hampasiennu [~110]. Kak wmapren-
cuTHsI cas, Ni Al obnanaer cnegyromeii ocobeHHOCTBIO (aHOManHelt) PpoHoHHO# aucnepcun. OHa
nipoABisieTcsd B noseaeHrH ¢oHoHHOM BeTBH [110]-TA, (Bropas monepevHas aKycTHUecKas MOJAa), OT-
BEYaroLIeH aTOMHBIM CMemeHWAM Bionb [—110] ranpasnenus. OcoGeHHOCTD 3aKIIOYAETCA B TOM, 4YTO
JlaHHAas BETBb CHJIHHO 3aBMCHT OT COCTaBa CIUIaBa M MMeeT «ieperut» («CMIrdeHne» NpH onpeesieH-
HOM 3Ha9Y€HHWH BOJIHOBOTO BEKTOpA k), MOJIOKEHHE KOTOPOro B Ak-npocTpaHcTBe (0OOpaTHOM HPOCTPAHCT-
BE) TaKOKE 3aBHCHT OT KOHLICHTPallHH aTOMOB HHKENA X. DKCIEPHMEHTATBHO [4] (37IeKTpOHHAA MHKPO-
ckonus) 6bUTH 0OHApYeHb MHKPOCKONMYECKHE OTKJIOHEHHS OT KyOHuecKol CTPYKTYpHI, YTO MOIJIO
OBITH PacCMOTPEHO KaK 3apOxICHHEe HH3KOTeMIlepaTypHoif (5,~2) MapTeHcHTHOH (a3l Mccnenopanus
[4] TeMniepaTypHO#t 3aBHCHMOCTH NOKa3a/IM «CMATYEHHE» (POHOHHOM BETBH B OKPECTHOCTH «mepernbay,
KOTOpOE YBEJIMYMBAIOCH N0 MEpPe TOro, KaK TeMIepaTypa npubmmkanack k Ty, (TeMrepaType Hadana
MTII). Ilpu 3TOM MOJ]a HUKOT/IA HE CTAHOBHTCA MOJIHOCTBIO «MArKoi». Takum o6pa3zoM, uzyuenue MII,
MEXaHM3Ma MX 3apOKACHHA U IPeAMapPTEeHCHTHBIX 3(/eKTOB ABNAETCA aKTyaNbHO# npobieMoii ¢ TOUKH
3peHMs] NPAKTHYECKOTO IPUMEHEHHA MAaPTEHCHTHBIX CIUIaBOB KaK KOHCTPYKUHOHHEIX MaTepHaioB. [Ipu
3TOM BBIACHCHHE NMPHPOJABI NAHHBIX SBICHHH BBI3BIBaCT MHOrO BOMPOCOB. TeopeTHueckoe HCCeIoBa-
HHME B OCHOBHOM CBOJMTCA K HAXOXKAEHHIO (POHOHHOTO CHEKTpa, pacyeT KOToporo 6e3 UCmONMb30BaHUA
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Mup3oee A.A., Kabnuman E.A. CmpyxkmypHras ycmoliyueocmb U (hOHOHHBIE CNeKmphbi
6 cucmeme Ni-Al: pacyem memodom pekypcuu

Pa3THYHBIX NpuOMDKEHHH 1 METOIOB NPEeNCTaBIIeT cob0 JOBONBHO CIOXHYIO 3a1a4y. [loaTomy BeTa-
€T BOTIPOC O cnocobax pelIeHKs 3TOH 3a/lady: IOCTPOSHHE MOJIENH CIUIaBa, BEIGOp NpuGIKeHnit U Me-
TOZOB pacdeTa.

B Hammux pacyerax Mbl NONE3yEMCA M3BECTHBIM MX XUMHH NPUOIIDKEHHEM METOa CHIIBHOM CBS3H,
KOTOPO€ YUHTEIBAECT B3aMMOJICHCTBHS aTOMA TOABKO ¢ OnmwkalmuMu cocemsamu. Takoil MOAXoA yHUBED-
cajleH H MPHUMEHHM K CHCTEMaM C JIO0BIM THIIOM Oecrnopska, BKIIOYAs XKHAKHE METAIUIBI H CILUIABEL.
Jns pacuera IIOTHOCTH (GOHOHHBIX COCTOSHHI, 8 COOTBETCTBEHHO W (JOHOHHOMN AMCIIEPCHH, IPUMEHS-
ercq MeTofl peKypcHH. JIokanbHas MIOTHOCTH COCTOAHHM HA y3iie MOXKeT OBITh BhIpAXKEHA Yepes y3eb-
Hy10 ¢pynkmmo 'puna G;;:

1
n(E)= _;Imc;ii . D
rage
1
G, =<y, |——=——|w, >. 2
u W”E—H-’rialyj’ ()
Tonxas IOTHOCTE COCTOAHHM HMEET BHUI:
n(E)=> n(E). (3)
i

C moMowuIBI0 METO/Ia PEeKYPCHH MATpHlly raMuibTOHMaHa H HcceyeMOH CHCTEMBI MOXKHO TIpH-
BECTH K TPHAHArOHANBHOMY BuAy. Takum 06pasoM, mioTHOCTE (oHOHHEIX coctosHuit (TIOC) mnsa ko-
nebannii ONpeeIeHHOTO BHIA, XapaKTEPH3YEMOro BEKTOPOM-COCTOSHHEM |\/), MOXKHO ONPEACTHT, CO-
OTHOLICHHEM:

1
= ¥
g (@) 4 ( ]w -D+is

rae D— nuHaMHuecKas MaTpHulla B KOOPAUHATHOM IPOCTPAHCTRE:

'¥), w20, '»(4)

DG H=MM) 29D, (5)
a MaTpHIa CUIOBBIX KOHCTAHT CBA3aHA C MEXaTOMHBIM NOTEHLMAIOM V() COOTHOLIEHHEM
, 0"2
$ap)=5 5= v ZV(Rk+u,, R,—i,) |, (6)

Ilie U, — O-¢ KOMIIOHEHTH! (@ = X, z) HMITJIECA U BEKTOPA CMELIEHUA i-r0 aToMa, HMEIOIIEro gaccy
M, ¥ paBHOBECHOE MONOKEHHE R, B 3aBucuMocTH OT BeIGOpa cocTosHus |y) dopmyna (4) Oyaer mpen-
CTaBIATEL coboii:
1) noxampHyto TIC xonebanuii atoMa i ¢ nonspusauueii o s
ujﬂ =1, _]ﬂ= ia,
lw)= o 7
u;p =0, jf#ia,
2) cniextp ¢TyKTyalWii ILIOTHOCTH KOJUIEKTHBHBIX KoJieOaHui CHCTEeMBI 1A

[P)=N"Y ZZe exp(ik -R)). ®)

1
PesonbBeHTa (W l——————g |[¥) MoxkeT GbITb BBIUMCIEHA METOJIOM PEKYpCHH B BHAE GECKOHESUHOM

-D

npobu, oOpbiBaeMOli Ha HEKOTOPOM YPOBHE, Ha3sIBaeMOM IiTyOuHOI pexypeuu. IIpeumymecTso Meroaa
PEKYpCHH COCTOHT B TOM, YTO OH MO3BOJIAET paccyuTaTh (POHOHHBIE CIIEKTPHI HE TOIBKO OJHOKOMIIO-
HEHTHBIX, YNOPAAOYCHHBIX CHCTeM, a TaKkke OHMHApHBIX, HEYNOPAMAOYEHHBIX CHCTEM, COCTOSINMX H3
6onpmioro 4yucna aroMoB. B kayecTBe nmpuMepa NPHUMEHEHHS METOJa PEKYPCHM K JaHHBEIM CHCTEMaM
MOXKHO NMPUBECTH: HEYTIOPAAOYECHHbIN MapTeHCHTHBIH ciwta Li-Mg [5], cimkaTHsle paciuiaBel B CTEK-
na, HanpuMmep Ni-Zr crekna [6], ynopanouennsie cucremsl V, Cu, Ni, CuzAu [7], xuaxuii Cs [8, 9] u
T.1. Taxum oGpa3oM, BeIOOp MeTOzIa peKypCHH B JaHHOM paboTe no uccienoBaHmo GOHOHHOM aucmep-
CHM aTOMHO YHOPAAOYEHHOTO CIIaBa BIIOJIHE OIPaB/aH.

Jlna pacyera POHOHHOTO CMEKTpa METOAOM PEKYpCHH GBUIH HCIOIB30BaHEI ClEXYIOMIME IapaMer-
pBI: BUI KpHCTaudeckoi pemerku — B2 mwnu CsCl-tun, mapametp pemerku — 2,858 anrcrpem [4],
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aTtomHuble Maccel: Ni — 58,6934 a.e.m:, Al - 26,9815 a.e.M., HOTEHIMAN MEKATOMHOI'O B3aHMOICHCTBAS ~
[10], xonuenTpauus aromoB Ni x = 62,5%, pasMep Kiactepa (komuuecTBo aromo) — 2000 aTomos,
riy6uHa peKypcHH (KOJHYECTBO ypoBHeii) — 12. TIpu aroM 3HaHMe MOTEeHIMAIa MEKATOMHOTO B3aHMO-
nelicteua B cucteMe Ni—Al oueHb BakHO, OCKONBKY BTOpbie MPOM3BOAHEIE JAHHOTO MOTEHIMANA HC-
MONB3YIOTCA JJIA pacvera JuHaMu4eckod Matpuusi (2). Ho, B cBoio ouepenp, mpsMoe HaxoKAeHHE
MEXKaTOMHOTO B3aHMOJCHCTBHA JOBONBHO 3aTPYAHUTENLHO. J/I1 yrpoleHus NaHHOM 3a/1a4M CyIIecT-
ByeT pasnu4Hbie Merofbl. Mcnons3yemsie B faHHOH pabore MexXaTOMHbIE NMOTEHIHANb!, HaliIeHHBIE C
TNIOMOIIBIO METOAA MorpyxeHHoro atoma [10]. JIaHHBIA METOX TOYHO BOCHPOM3BOAMT OCHOBHBIE CBOM-
cTBa pemierkd ¢assl B2 cucremsl Ni—Al, pasmudHOro. pofa nAedexrs! (TOMeUHbIe, JUHEHHBIE, ABYMEp-
Hele) [10-12], a Taicke 3HEPrHM CBA3M aTOMOB M XapaKTEPHCTHKY YCTOWYHBOCTH PacCYMTHIBAEMBIX
CTPYKTYp € APYTHM COCTaBOM. TakuM o6pa3oM, JaHHEIH METOZ MPEKPAcHO MOAXOAMT I/ HAXOKACHHS
MOTEHIMATIOB MEXXaTOMHOro B3ammoneiicTus cucteMel Ni~Al. ITockomsky ¢yHKIHS mapHOro gacTHd-
HOTO B3aMIMOACHCTBHS ABJIIETCA OYEHb BRXKHOH XapaxTepucTHKOH JnoGoi uccexyeMoit CHCTEMBI, TO
He6obIIoe OTIVIOHEHHE OT TOYHOTO 3HAYCHHA MOXKET NPHBECTH K JOBOJILHO 3HAYHTELHOMY H3MEHe-
HHIO TIOJTy9€HHOro pesynbrata. [IpoBesieHHBIe B JMaHHO# paboTe pacdeTsl MOKa3aid, YTO HeOONBIIHE
OTKJIOHEHHs (yHKIHMH MOTCHIMANa B HallleM Cliydae cnabo BIMAIOT Ha IPOM3BOAMMEIE pacuers! ¢o-
HOHHOH aucriepcud. Ha ocHOBE 3HaHWA AaHHBIX NMOTEHIMATIOB MOTYT OBITh CHENAHBI MPEATIONOKEHUS
otHocuTensHO npHpoabl MIL. PaccmorpuM onHy u3 Haubonee HHTEpecHBIX TeopHii, Kacaromuxcsa Me-
XaHW3Ma 3apoXKeHHs MapTeHCHTHOH ¢asbl. B pabore [13] peus muer o TOM, 4T0 HEYNOPANOUEHHOCTh
cocraBa (aroMoB Al) MoxeT nopoxnaare 00JacTH JIOKAIM3alHM MOJ B BHICOKOTEMIIEpaTypHO# ¢aze
cruiaBa Ni Al (0,61 < x < 0,66), coorsercTByromue 4acrotam 1,6; 5,8; 7,5 u 11 TI'u [13, 14). Ilpn
MIT nokanuzauma MoJ MCYe3aeT 3a MCKIIFOYEHHEM CHIIBHO JIOKJIM30BAHHBIX ONMTHYECKHX MOJ aTOMOB
Al na uvactore 11 TTI'u, Kaxknyio o6nacTe JIOKanu3alMyd MOMKHO CONOCTaBHTh OCOOBIM JIOKaJIBHEIM
GIIyKTyalMsM B COCTaBe, HalpUMep, Mozbl Ha yactore 7,5 TI' oTHocsTea K o6nacTH ciuiaBa ¢ npeob-
napaHHAeM atoMoB Ni. OTH MOJBI XapaKTepu3ylOT 00NacTH BEHICOKMX SHEpruii, HaNpMKEHHI U JIOKaIb-
HBIX Ae(hopMaliii, YTo yKa3bIBAET HAa BO3MOXKHOE 00pazoBaHue MapTeHCUTHOH (asbl. IIpu sTOM NOKa-
yu3oBaHHEBIe 00nacTH Ha vacToTax 5,8 u 7,5 TI'n ABIMOTCS CAMIIKOM BBICOKUMH, YTOOBI yUacTBOBATh B
omnpeneneHun (asosoro nepexoxa. Hanbonee BO3MOXKHO, YTO IVIaBHYIO POJib 3A€CH MIPAlOT MOIRI Ha
gacrore 1,6 TI'n, oTHocsIHecs kK aTomaM HMKeld. B naHHOM ciydae paccuuTaHHbIH mapamerp I'pio-
HalizeHa [13], xapakrepusyromuii ©3MeHeHHe (HOHOHHON JUCIIEPCHH C PacHIMPEHHUEM PEIIETKH, HMeeT
oTpuuarensHoe ¥ Gonblnoe 3Ha4eHue. JlaHHble MOZBI HMEIOT OTHOLIEHHE K OONAcTAM BBICOKHMX 3HEp-
T'Hii, HaNpsOKEeHUH U 3HAYMTENTBHBIX JIOKATHHBIX Ie(eKTOB BIOJIF KPHCTALTOrpapUIecKOro HanmpapieHHs
[110]. 310 MOXET ABNATHCS NPEBECTHUKOM 3apO>KHECHHA MAPTEHCUTHOMN CTPYKTYPBIL.

C npyroii CTOpPOHBI, KaK YK€ FOBOPWIOCh, 0Opa3oBaHHe MapTEHCHTHON CTPYKTYpHI CIUIaBa MOJKET
XapaKTepU30BaThCA «CMATUCHHUEM» KpHBOH (OHOHHOM AucriepcuH. [ MOCTpOeHMs AaHHOH KpHBOH,
HY>KHO OTIPENENIMTH 3aKOH, 10 KOTOPOMY MOXHO HaiTH (oHOHHY10 Aucnepcmio. CHadana paccCMOTPHM
HOBe/IeHHe CIIEKTPaTbHOH QyHKIHMH (IJIOTHOCTH (POHOHHBIX cocToAHMiA) cuctembl Ni—Al jyis mpoxons-
HBIX KOJUIEKTHBHBIX BO30YX/ICHHH C BOJHOBBIM BEKTOPOM, HMEIOIIHM NPOH3BOJBHOE HAIPaBICHHE B
o6paTHOM npocTpaHcTBe (A-NIPOCTPaHCTBE), HO (PUKCHPOBAHHBINH MORYJb, PaBHBIH k (puc. 1).

Kax BrHO U3 pHc. 1, NIpH Majbix 3HaYeHHIX k criekTpaibHas QYHKIMA uMeeT GopMy OCTpOro mu-
Ka, HEHTPHPOBAHHOTO BOJIM3H ONpECICHHON YacTOTHl Wmay. Tako#t BHI crieKkTpaibHO# (QyHKIMHU To-
3BOJIAET TOBOPHTH O CYINECTBOBAHMH KOJIEKTHBHOTO KojebaHus («GoHOHAY) ¢ YacTOTON s Cymme-
CTBOBAHHE NOCTATOYHO XOPOIIO OMNpeNeNIeHHOH 4acTOThl «(OHOHa» ¢ JAaHHBIM MOZXYJEM BOJIHOBOTO
BEKTOpa NO3BOJISET ONPEAEIHTD 3aKOH AUCNICPCHH KoyiebaHHil KaK 3aBHCHMOCTD Mma(k). OmHaxo pe-
3y/IbTATHl pacyeTa NOKa3bIBAlOT, YTO IHK CTIEKTpaTbHOH (yHKIMH CHIIHHO PacILIBIBAaETCA C POCTOM 3Ha-
YEeHUA BOJIHOBOTO BEKTOpa K, T.€. TepseT JiopeHueBckuit Bua. ClieloBaTe/IbHO, TPAKTOBKA 3aKOHA JHC-
TIEPCHH, OCHOBAHHASA HA Wpax, CTAHOBUTCA HeompeseneHuoi. Io aroil nmpuumHe 3akoH qUCNEPCHH Ui
¢doHoHOB GymeM paccMaTpHBaTh [8] Kak CleAyIOIIYIO 3aBHCHMOCTb:

70) f(k,w)dw
o(k) =L, ©
[7k @)
0
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T @ MMEET CMBICI CpeHeH YaCTOThl CIIEKTPa NpH AaHHOM 3HadeHuH k. MHTerpan (9) 6bu1 paccumTan
YHCJIEHHO MeToAoM CHMIICOHA.

fikw)

kia =
(1)0.035
(2) 0.056
(3)0.075
4)0.4
(5)0.12
(6)0.14
(7)0.16
(8)0.18
(9)0.20
(10) 0.22
(11)0.24
(12)0.26
(13) 0.28
(14) 0.30

Puc. 1. CnexrpankHasn tbymcuuﬁ npoaonbHLIX Kornebanui
B cnnase NigsAlsrs. {k,w)~ cnexrpanbHasn gpyHkums,
W = 4acToTa, kK — BONHOBOW BEKTOP

Ha puc. 2 npeacTtasneHsl ape KpyUBbiE BTOPOi nornepedHol akyctudeckoit Mol (TA,), Haﬁz(egmme
TEOpeTHHECKH ¢ IMOMOMIBIO METOJla PEKYPCHH H SKCIEPUMEHTANILHO IIPH HEYNPYTOM PacCesHWH Heii-

12 TpoHOB [4]. [danHas GOHOHHas BETBb COOTBETCTBYET CMe-
|[—==TA, experimentj4] LIEHKMSIM aTOMOB BJIOJb KPHCTAIIOrpaduyeckoro Hampasiie-
104| —®—TA, method of recursion Hus [1-10] meprnieHAMKYISPHO NEPBOHAYAILHOMY Pacipo-
crpaHeHmio BonHE! [110]. BeibpanHsie HampaBiaeHus ABns-
8 : IOTCS HAMpaBIeHUAMH CHMMETPHM B JaHHOM KpHCTalIe.
§ ] Kax BumHO M3 rpajmka mopa TA; nposBiser aHOMAIBHOE
6 TIOBE/ICHHE, TO eCTh HMEET «CMAr4eHne» B obnacTH 3Haue-
HusA k/a = 0,13-0,16. [JanHsiii pe3yasTar corjiacyercs ¢ 3Kc-
4- NepuMeHTaNbHBIME JaHHeMU [4]. TlonydenHoe 3HaueHMe
1 kla cootsercTByer crpykrype 7R. CrnemoBaTelbHO, MOXHO
2+ TIPEANONOKATE BO3MOMKHOE 3apOXKCHHE CTPYKTYpH 7R, B
KOTOpYIO nepexoaut cruiaB Nig sAls; s IPH MapTEHCHTHOM

0

AP 0 s S St B DA S s s nipeBpaiueHH. CTOMT OTMETHTS, YTO 3aPOXKICHHE NPOHCXO-

Ka IUT NPH TEMIIEPATypax BHIIE TEMIEPaTypsl MAPTEHCHTHOIO
nepexona Ty. [{aHHOEe AB/eHHE NMPHHATO HA3BIBATH IpEX-
MapreHCUTHBIM 3¢ dekrtoM. C yem Moxer OBITH CBA32HO
JIaHHOE sBJIeHHE?

PaccMoTpHM NoBeieHHE ITIOTHOCTH (POHOHHBIX COCTOSAHMUI CHCTeMb! B 001acTH 3Ha4eHui A/a = 0,13—
0,16. Paccunransbie crniekTpaibHble GyHKIpH (TIOHOM TWIOTHOCTH cocTostHui) f{k, ) MpencTaBiIeHsl Ha
puc. 3. Kak BiuaHO U3 rpaduka, npy oueHb MATBIX 3HaUYeHWIX K/a ¢yHkims f{k, ) AMEET SPKO BHIPAXKEH-
Hyl0 NUKooOpa3Hyo ¢opMy, COOTBETCTBYIOLIyIO 00GnacTH MaibIXx 4acToT. IIpu yBenuueHMM 3HaYCHHUA
BOJIHOBOTO BEKTOpa & MHK PE3KO YMEHBIIAETCS W MOCTENEeHHO MepeXoquT B oOnacTh GONBIIMX YacTOT.
ITpu 3Havenuw k/a = 0,16, COOTBETCTBYIOLIEM 3apOXKICHHIO CTPYKTYPEI 7R, MPOHCXOMT pe3KOe BO3pac-
Tande Ha vactore @ ~ 1,7 TT'u. Ilpu nansrelimeM yBenuuennu k 3Hauenue fk, @) cHOBa yMEHBIIACTC.
®DopMHpOBaHKE SPKO BHIPOKEHHOTO IMHMKA HA JAHHOM 4acTOTe FOBOPMT O c/1abOM 3aTyXaHWM KoneGaHuH
BIOMb KpHCTaLTorpaduaeckoro HanpasneHus [110]. MoxHO npeanonoxuTs, 9To NoTy4eHHOe 3HAUYCHHe
qacToTH @ ~ 1,7 TT'1| OTHOCHTCA HEMOCPEACTBEHHO K mporeccy $asosoro nepexoza. B pabore [13] roso-
puTCs, 4TO Hanbolee BO3MOXKHO, B ONpeJieneHHH (a30BOro nepexozia INaBHYIO pojib MTPAlOT MOIBI Ha
yactore wo~ 1,6 TI'u. JlaHHble MOIBI OTBEYAOT KojieGaHMAM KIacTepoB HUKeNs, K 00pa3oBaHMIO KOTO-
PBIX MOTYT TPUBECTH HEOIHOPOJHOCTH COCTaBa, OTH MOIBI XapaKTepHU3yIOT 06/IacTH BBICOKHX 3HEPIHH,
HATPSDKEHUH ¥ JIOKAIBHBIX JedopMalmii, 4TO YKa3biBaeT Ha BOSMOXKHOE 00pa3oBaHHe MapTeHCHTHOH (a-
3pl. Takum obpa3om, noydyeHHoe B JaHHOH pabote 3HaueHue 9acToTel @ ~ 1,7 TI'l, cooTBeTCTBYIOLIES
Pe3KOMy BO3PAcTaHHIO CHEKTPATLHOH (yHKIMK mpH 3HaYeHuH k/a = 0,16 ¥ MoABNCHHIO HE3aTyXalOLHX

Puc. 2. Bropas nonepeyHast
akycTuueckan moaa cnnasa NiszsAlsrs
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KosieOaHmif, ONIM3KO 0 3HAYEHMIO IS YACTOTHI Wy ~

iy Ka= 1,6 TT'n, Ha koropoit Nokanu3yroTes MoIbl kKoneba-
o5 ‘ (1)--- 0035|  Hmif KiactepoB Hukens [13]. anHoe sBIEHME MOXKET
! @ (@——00%5| GrTe paccMOTPEHO KAk MPENBECTHHK 3apOXKACHHS

204 |y —01 MapTeHCHTHOM cTpYKTYpHI 7R crinasa Nigy sAlsy s.
" g:g;s Takum o6pasoM, B naHHOM paborte Gbuta Hc-
£ 6—03 CNIe/IOBaHa CTPYKTypHas YCTOHYHMBOCTE M Paccyu-
X TaHb! (oHOHHBIE creKTphl chcTeMbl Ni—Al. Crinas

Ni;Al,; ¢ KoHUeHTpaluell aTOMOB HUKeJS
60% < x < 64% WCIBITBIBA€T MapTEHCHTHOE IIpe-
BpalllcHUe M3 BBICOKOTEMMEPATYPHOH CTPYKTYphI
B2 B nmskoremnepaTypHylo ctpykrypy 7R. Ilpu
3TOM 3apOXJCHHE CTPYKTYpHl 7R BO3MOXHO IpH
TeMIlepaType BhIIE TEMIEPaTYpsl MApTEHCHTHOTO
00 05 10 15 20 25 30 35 40 45 50 55 ppeppamenus (upenmaprencuTHBIA 3ddexT). Jlan-
W HOE fBJICHHE COOTBETCTBYET aHOMAJILHOMY MOBeJIe-
Puc. 3. Cnexrpanthan ¢yHkuust cnnasa NiszsAlsys HHIO KpHBO# (I)OHOHHOI’I JMCTIEPCHH, a TOYHEE BTO-
poii monepeuHoi aKycTHdeckoit Moasl. OHO 3aKimO-
Yaercs B TOM, ITO IaHHad MOJa HMeeT «CMArdeHne» Ipy 3HaueHun k/a = 0,16, KoTOpoe COOTBETCTBYET
ctpykrype 7R. TlomyueHHsl#t pesynapTaT cornacyercsa ¢ akcriepumenToM [4]. Ilpu stoM paccumranHad
crniekTpanbHad QYHKIMSA HMEET pe3koe Bo3pactaHue Ha 4acrore 1,7 TI'n npu HalineHHOM 3HaueHHM k/a
= (0,16. Jannoe sABNeHHe MOXeT ObITh CBA3AHO C MOSBJICHHEM HE3aTYXaIOIMUX KojeGaHWN Ha JAHHOM
9acTOTe H BO3MOKHOM Jiokamusatmeii Moz Ha 6muskoii gactore 1,6 TI'n [13]. Tlomyyennstit pesynstar
MOXET COOTBETCTBOBATH 3apOKACHMIO MapTeHCHTHOH (asbl cinaBa Ni Al ,. Pacuer hOHOHHEIX criek-
TpoB OBUT OCHOBaH Ha 3HaHMH MEXATOMHBIX MOTEHIMAJIOB B3aUMOJIEHCTBHA B CIUIaBe, HAHICHHbBIX Me-
TOZOM norpyseHHoro aroMa [10], u MeTone pexypcus Ui HaXOXKIAEHHS MIOTHOCTH OHOHHBIX COCTOS~
Hu#l. Micnonb3oBaHHE COBOKYITHOCTH 9THX METOJOB IOKa3ano xopommil pesynbrar. Takum obpasom,
METOX PEeKypCHH BMECTE C METOZOM NOTPY>KEHHOTO aToMa MOTYT GBITh NPHMEHEHB! 1A MOIEIHpOBa-
HHA HEYNOPAAOYESHHBIX CHCTEM, COCTOAIIUX W3 GOJBIIOTO YHC/Ia aTOMOB.
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YOK 539.4

YNPYT O-ﬂﬂACTMHEpKOE PA3PYLWIEHUE TPYB
C NOBEPXHOCTHOU TPELLIMHOM

A.A. OcmcemuH, I.5. YmkuH

PaccmaTpuBaeTest 3a4a4a 0 pa3spymiaonieM KOJIbHEEOM HanpsKeAHH LIS OTHO-
CHTEJILHO TOHKOCTEHHBIX TPYO ¢ oceBoii nosepxuocTHol TpemnHoil. Tlpu penre-
HHH MAaTepHaJl CYHNTAEM YNPYIHM, 32 HCKAI0YeHHEM AedOpPMAPOBAHHLIX 30H B
HETTO-CEYECHHH M KOHLAX TPEUIHHBLI, KOTOpbIC 3aMCHAIOTCH JKBUBAJCHTHLIMH
HANPSOKCHAAMH, SABASIOIMUMHACH IPAHHYHBIME YCJIOBHAMH V1A 334444 IPH yn-
pyro-naacTuvyeckoM paspymenud. Mcnoas3ys anmapar KOMILIEKCHOH nepemeH-
HO¥, ManHAas 3aja4a b2 AHAMTHYECKH PellleHa MPH MCHOJIbL30BAHUM HEKOTO-
pBIX npeanoaoxeHdil Ha rpannynbie ycjiosns, [lonyuennoe pemenue paer Bo3-
MOKHOCTH BLIYHC/IHTE KOJLUEBOE HanpsikeAne B TpyOe. B kauecTBe KpuTEpHEB
paspymenns Gepyrcs ABa ycjoBHs. Bo-nepBhix, packpuiTHEe TPEHIMHBI JOCTHra~
€T KPHTHYECKOr0 3HAYCHHA IS MAaTEepHaJia, BO-BTOPLIX, HaNpsKeHHe B HETTO-
CEYEeHHH TPEINHHBI NOCTHIAeT HANPSDKEHHS PAa3pylIeHns 1JI JaHHOr0 MaTepHa-
na. Ilo dopmysam Gbutn npoBefeHbI BHIYMCICHHS JJIsl CPaBHEHAA ¢ JKCHEpH-
MEHTAJILHLIME AaHHBIMH AJI HECKOILKHX THNOB TPY0 ¢ MoBepXHOCTHOIH oceBoif
TPeHIHOIA.

1. Beenenne

B nocneaxue rofsl Ha MAaruCTPAIBLHBIX rasonpoBosax PO oTMeueH pocT aBapUHHOCTH CBS3aHHBIH C
crpecc-kopposueii. IIpu obcnenoBanum y4acTkoB rasonposoaa YpeHroi—IleTpoBck NpoTHKEHHOCTHIO
1453 m 6610 BBIABIICHO 744 cTpecc-KOppO3HOHHEIX Aedexta. OtaebHbie Ae(eKTh HMeH TIyGHHY 10
7 MM u gnuHy 10 4,5 M. Pecypce paborocniocoGHocTH Tpy6GompoBoa onpenensercs BpeMEHEM ero 3Kc-
TUTyaTal[i 0 MOMEHTa CKBO3HOTO pa3pymienus creHKH. Eme Gonee HeonpeiesieHHBIM ABIIAETCA BpeMs
3apOXKJEHHA OPOroBoro AedekTa, COCOOHOCTh K CTAOHIIBHOMY POCTY IIPH SKCIUTyaTallii Marucrpa-
neit, TpyOOIIPOBOZOB, TEILIOTPACC, BOAOBOOB H COCYJOB JaBleHMsA. PazpynieHue MarucTpaibHBEIX TPY-
60npoBOIOB, H3rOTOBJICHHBIX U3 TPYOHOM cTamu xiacca npovHocTH K-52, SBHIOCH CITE/ICTBHEM 3apOiK-
JIeHHs Ha Hapy>XHOH IOBEPXHOCTH TPYOBI HPOJONBLHEIX KOPPO3HOHHO-MEXaHUYECKHMX TPEIIWH, pacno-
JIOXKeHHBIX B HIDKHEH dacTd TpyOs! BONMM3M npononsHOro ceapHoro mea. PaGorocrocoGHocTs Tpy6o-
TPOBOJOB BO MHOTHMX ClIy4adx obycnaBiMBaeTcs HATHIHEM B HHMX KOHLIEHTPaTOpPOB HANMPMKEHWH —
TpPEIIMH, PHCOK, LiapanyH, KaBepH. B HacToAnee BpeMs HEOCTATOYHO H3Y4YEHO paclpeencHie Harps-
xeHuii B nedopmaimii B TpyOax ¢ MOBEpXHOCTHOHM TpemuHo#. B 5TOM ciydae 3ajada CTaHOBHTCA
TpeXMepHOH H, TIPH Y4eTe IUIaCTHIECKUX AedopMalyii, pa3BUBAIOIIMXCA B BEpINUHE TPEIMMHEI, TPYA-
HOpa3pelMOii H aKTyanbHOMH.

PaccMOTpeHO HamnpsKeHHO-Ae(QOPMHPOBAHHOE COCTOSHHE TPYOBI C IMOBEPXHOCTHOM OCeBOH Tpe-
UIHHOM NpH IUTOCKO-HANPAXKEHHOM cocTosHuM. [Ipumensaa momens IManacioka—[larneitna u pedopma-
LMOHHEIE KPHTEPUM PaspyIIeHHA (KPUTHYECKOE PacKphITHE TPEIIMHBI) MOTy4eHBI aHATHTHIeCKHE ¢op-
MYJIBI, JAIOLIHE CBA3b MEKIY XapaKTepHCTHKAMH MaTepHala M Pa3pyIlaroliM KOJIBLEBBIM HaIpsKe-
HHeM TpyOBI.

2, CxemMaTH4YecKoOe ONAcaHne 3aJa'YH

Tpyb6a cumraercs GecKOHEUHOH, ¢ MPHUIOKEHHBIM BHYTPEHHHM JAABJICHHEM IePHEeHIMKYIAPHBIM
IVIOCKOCTH TpeINMHbL. TpeliMHa cuMTaeTca JHUHeHHOH, mocrosHHo# riry6unsl. U3-3a mpuiiokeHHOro
YCHIHA TpelHHA HMEET TCHACHIHMIO K PaCKPhITHIO H AeOpMali HETTO-CEHCHHSA, PaBHO KaK M IpHJIe-
raiommue 30H5L. PackpeITHE TpeIHHBI BapbHpyeTcs BIOJb JUIMHBI TPEHMHH M OyJeT MaKCHMAlbHO B
neHTpe TpemuHbl. [IpeanonaraeM, 4To TpemuHa BMECTE ¢ HEKOTOPOH OKPECTHOCTHIO (ILIaCTHYECKOH
30HOH) OTCYTCTBYET, @ CHJIBI, ACHCTBYIONINE B JaHHOH 30He, 3aAMEHAIOTCA Ha FPaHMYHBIC YCIOBHA B CO-
OTBETCTBYIOLIEH YNPYro-miacTH4eckoi 3agade. Cxema TpemMHbl JaHa Ha puc. 1. Paspes man Bponb
TPELIHHBI, TEMHO-CEPHIM MOKA3aHE! ILTACTHYECKHE 30Hb! Y KOHIOB TPEIHHEL.

MaremaTidecKyro MOJENb 3a]a4i MOKHO OITHCATH B CNIEAYIOIHX TEPMHHAX H NPEANIONOKECHHSIX.
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Ocmcemun A.A., Ymkun I1.5. Ynpyezo-nnacmuyeckoe paspyweHue mpy6
€ nosepxHocmHol mpeuwuHoll

1. Tpy6a nMeeT OBEPXHOCTHYIO OCEBYIO TPEILMHY.

2. Ha Tpeiuny JeHCTBYIOT paCTATHBAOIIME CHIIBI, KOTOPBIE IIPH PacCMOTPEHHH 3a/{a49d 3aMEHIEM
HaNpsHKSHHUAMH, ACHCTBYIOIHE B HETTO-CEYSHUHM TPEIHMHBL.

3. Ha ofoux xoHLAX TpeIMHbI PacTATH-

BalOMME CHIBl 3aMEHEHbl HANPKCHUAMH, , 2a
JeHCTBYIOIMMH B KOHYMKAaX TpeIOMHBI (IUia- 2
CTHYECKOH 30HE).

Ecnu riry6uHa TpeIMHEI IOCTOSHHA H Ma-
Tepuan HASATbHO YNPYTHil, TO CWIBI, Iepe-
Jalolrecs Yepes HETTO-CEYEHHE TPEHIVHBI MOo-
crosuHel. C Apyroil CTOpOHB! €clid Marepual
ToABEpKEH 1eGOpPMALMOHHOMY YIPOYHEHHIO,
TO 3TH CWIBI ecTh QYHKUMS OT JedopMani U =
TaKkuM 06pa3oM 3aBUCAT OT PacKpHITHA TpPEIIH- Puc. 1
HBI, IOCTHTasd MaKCHMyMa B LICHTpE.

3. Kpurepuii pa3pymienns HETT0-cedeHAs] HOBEPXHOCTHOMH TPeIAHBI

Jng onmcanus pas3pylicHHA HEoOXOIMMO ONpENe/MTh KPHTEpHii pa3pylieHHs HETTO-CEUeHUs M0-
BEPXHOCTHOH TpemumHe! TPyOBL. 1o aHanorum ¢ xpHTepHeM paspyiieHH, MbI IPEIMOI0XKHM, UTO, paa-
pyuIeHHe (pacnpocTpaHeHHe TpellMHbI) BOSHHKAET Koraa:

1) HanpsoxeHHE B LIEHTPE TPELMHBI JOCTHITIO KPUTHYECKOTO 3HAYEHHUA IS MaTepualia; oy
2) pacKphITHE TPEIIMHBI B LIEHTPE TPELIMHEI JOCTHITIO KPUTHYECKOTO 3HAYECHUS J, OTpe/IeICHHOro
U1 KOKIOro MaTepHaa. &

4. ARaJIHTHYECKOE pelieHne

Ha ocHOBaHHMH CX€MaTH4Y€CKOTO OMHMCAHHA 3a/1a9M BO3MOXKHO TEOPETHYECKOE ONpeResieHHe Harps-
XEHHO-Je(POPMHPOBAHHOTO COCTOAHHMA TPYOHl ¢ MOBEPXHOCTHOH TpemmuHol (d — rayOuHa, 2/ — miuHa
TPEINHHBI, ! — TOJIIHHA CTEHKH TPYOHI).

Jns MHNTHYECKUX TPELMH P PElICHHH 3a/1aud HCnoib3yercs KoHGOopMHOe mnpeobpa3oBaHHe

m a+b a+b
wiockoctd [7] z=a({)=n{ {+ —C_ rze napamerpsl n = T,m =—— OMNpEAEAIOTCH Hepe3 napa-
a —
MeTps! dJuunca a (6onbmas noxyocs) ¥ b (manas nosyocs). B Halmem cityyae [Uis TpenuMHE CUUTAETCS,
YTO Majas MoayoCh paBHa HyI0. OTO O3Ha4YaeT paBeHCTBO m=1,n=a/2w.

MBI npexmosnaraeM, 4To JUTMHA IUIACTHYHOMK 30HBI paBHa JeHCTBUTENbHOM JUTMHE TPEIHHEI 2/ Toraa
KaK JUIHHA TPELIUHBI BKIIOYAs 30HbI IUTACTHYHOCTH Y KOHIIOB TPELIMHEI paBHBI 2a. TH JBa MapaMeTpa
CBA3aHBI COOTHOMEHHEM / = acos(@) ,FAe & — eCTh BCIIOMOTATEINbHEII napamerp.

I'paHuuHBIe YCIIOBHA ONpeeNseM TaK: HanpsikeHHe Ha GeCKOHEYHOCTH paBHO KOJIBLIEBOMY Hamps-
KEHHIO Oy, QYHKLHIO PacTIpeeICHI] HANPKEHHA B HETTO-CEUSHHH NIOBEPXHOCTHOMH TPEIMHBL, KOTO-
pad 3aBHCHT OT PaccCTOSHHA X OT BEpPUIMHBI 10 LEHTpa TPELIHHBI, NpejieNa TeKy4eCcTH Oy, Ipeaena
MPOYHOCTH O g, HANIPSDKEHHA TUIACTHYECKOTO TEUEHHA T = k;0'p TIPEATIONaraeM paBHOH:

k .
P(x)=(d~1)G - (G ~kyor XD a,(x/ D¥)), )
i=1

rie k; xapaKkTepu3yeT MOMEHT MOTEPH YCTONYMBOCTH (HANpPMKEHHE IUIACTHYECKOro TeYeHus G ) mia-
CTHYECKOro Ae(pOPMHpPOBAHHA YYACTKA OKOJIO BEPIIMHBI TPEIIMHBI, YUHTHIBaeT Kod(UIHEHT NBYXOC-
HOCTH Harpy»KeHHA CTEHKH TpyOHBl m, U Noka3aTenb Ae(GOpMAaLHOHHOTO YIIPOUYHEHHA 7 CTENEHHOMH af-
NIPOKCHMALMH AuarpaMMbl 1eOpMHPOBaHNS; k, ONpeJENsIeT IPaHHALY JOKATH30BaHHOM ILIaCTHIECKOH
30HBI M 33BHCHT OT K03 durenTa nonepeunoit neopmauun u . Hcxona w3 ycaoBuil aHATHTHYECKOrO

peilieHUs 3akaduy NpeAronaraeM CHMMETPHYHOCTD (YHKIMH HanpsikeHHH (1), koTopas ABIS€TCS MMOMH-
HOMOM YeTHOH creneHH (Hanpumep, 2 ¥ 4). Ha puc. 2 nokasaHsl pacnipe/ie/IiCHHs HalpsHKEHHs B HETTO-
CEYCHHM IS CITydas MOJMHOMA 2 cTeneHH (BapuaHT 1) W deTBeproit crenenu (sapuant 2). Ilpeanona-
raeM TaKKe, YTO 3TH CHIBI pacrpe/ielIeHb! HE3aBUCHMO OT ITyOHHBI jHcTa. COOTBETCTBYIONIEE pacipe-
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dusuka -

JieTIleHre HaNpsHKeHUs, KoTopoe OyAeT HCMOoIb30BaHO KaK FPAHMYHEIC YCIIOBHS COOTBETCTBYIOMEH Mo~
CKoii 3a/1a4H ynpyrocTH, paBHo o(x) = P(x)/(d —t), B joGaBieHnN MpeATIONaraeM, YTo HANPMKEHHE HA

KOHLIaX TPeIUHBI PaBHO k,07 , YTO 03HAYAeT PaBEHCTBO Za, =1.
i=1
Wcnonesys armapar QyHKImH Kom-
IiekcHoro  nepeMenHoro  Komocosa-
Mycxenuueunu [1-2] 1 pasbus 3apaqy
Ha TPH NOA3aja4yd — IepBad 3ajaya co-
CTOMT B BBIYHCIIEHHH KOMIUIEKCHBIX MO-
TeHupanos ®©(§) u W({) mna Hampa-
JKEHHOTO COCTOSHHA B OKPECTHOCTH Tpe-
IHHBI (HAMpSOKEHHE Ha TpaHMIle TpemH-
HBl PaBHO HYJIO) H HampspkeHUe Ha Gec-
KOHEYHOCTH PaBHO Oy, BTOpas 3aja4a

YYUTHIBAeT HaNpspkeHWe, IepeZiaBaeMoe
yepe3 HETTO-CeYeHHE TPEHMHbl, M Iio-
ClIeAHAs 3a/jaua yYMTHIBACT HaNpsHKCHHE Ha KOHYMKAX TpemuHs! (B IUacTHYeCcKOi 30He). B 3aBepime-
HWHY I3 CYMMHPOBAaHHA 3THX 33J1a4 NpeInoaraeM, UTo pe3ybTHPYIOIMI KOMIUIEKCHBIH MOTeHIHAT
MozkeT OBITh MOMY4CH KaK CyMMa pelleHMil Bhile NepedrcIeHHBIX 3a/1aY ¢ Olpelie/ICHHBIMU BeCaMH,
a UMEHHO Mepoii 30HBI JEHCTBHA COOTBETCTBYIOMIMX CHJI 110 HPHHIMITY CYNEpPHO3ULMA. AHAIHTHYE-
CKHE pelleHHA HEKOTOPBIX BBIIIE NIEPEYHCICHHBIX 3a1a4 MOJKHO B34Th U3 [1, 2].
B kauecTBe pe3ynbTaTa TEOPETHYECKOTO aHAJIN3a MOJYHaloTes ClIeAYIONHe 1Ba KOMIUIEKCHBIX TI0-
termuana O(¢),'¥($) (rpoMo3nkue BEIKIAAKH HE IIPHBOIATCA):

d d
o= Z[cos?fa) (1 ———)(k‘ag —(kop - kor )Z “25,2' } %‘1(1;’- + (1 —f:—) cos(a)J + 9%7} +

i=1

o

o

kyop |-

0 Puc. 2 ) x

d\kop —k,0 4’2"2'”"'1 g2l—2m-—l
+ 1-— 1¥B 29T 3
acos(a)( t)_——-z Zzz. Z 21[ Ty

i=1 m=0
2 2ia
ZGT d[ ln( C2 —e-, )—cos(ar)ln(1 ¢ +21§'sm(a)J:| @
zi t &e - 1-¢2 -2i¢ sin(a)

2 d Chy d (, d d
v 2 1) ko, -t $ 85 |- {4 1-L o 2208
i-l

2i-2m+1 2i~2m-1
+acos(a)(1—d)——————klaB ko1 2221 Y cmi- 2m)( ¢ y )-

2 o2 oo 2i-2m+1 2i-2m-1

_ﬂi[cos(a)l (1 42’“2’“‘“(“))] ®)
27i t 1-4* -2if sin(a)

Ananormuno moaxony Jlaraeiina [Uis MCKIOYEHHMs pa3phiBa HANPSKEHWH B KOHIAX TPEITHHBI
(¢ =11), neobxoaumo, uTobri kosdduument npu (C2-1)"! B Bopaxennu (3) dynkm ¥ Gsut paseH
HYJTI0. OTO MPHBOJMT K CHEAYIOIIEMY YCIIOBHIO:

d d d d
[°°52(“)(1——](k163 (ko - kzaT)Z“Cz') 7 (7*(1‘7)"“(“))*717} ° @

i=l
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€ nosepxnocmHol mpewuHoll

IIpeo6GpasoBriBas ypasHeRHe (4), nonquvx:

d EaC aCs o, 2ad o,d
1-— || k -y 2 L g,y a2 26 I tadbadfd - Rl 5
( t)( ‘aT( X J ,Z,: 2% ) cos@)+— ©)

W3 panHOrO ypaBHEHHS MOKHO HalfTH napaMeTp o M Jajice pasMep IUIaCTHYECKHX 30H COTJIaCHO
mozemn Ianacioka—Jlarneina

a-1I=a(l-cos(a)).
Janee uepes KoMIUIeKCHBIH moTeHiman ®({) w3 ypaBHeHHs (2) MOXKHO ONpPEIENMTh PaCKPHITHE
TpeIHHsl §

4
=——Re(i®)=—
v=-% (iD)

_Mop| (- dY, o5 , \Ng (sm((Zl 2m+1)6) _sin((2i—2m-1)6)
= [;;(1 t)(klaT kz)z - C5; > J (6)

i=l 2% o 2m+1 2i-2m-1

[cos(a)lnlsm(e a)| lnlsine—sinal]]

cos(e) Ism(e + a)l |sind + sin-a|

VpaBHEHHe Ha nepeMenieHHe v JIETKO MOMy4HM H3 CIEAYIOMMX COOOpakeHHH: YUHTHIBAd, YTO pac-
CMATPHBAETCA Clydall IUIOCKO-HATIPAKEHHOTO COCTOAHMS H MHTEPECyIomas To4YKa ecTh z =0, MOXHO,

NONB3YACh YpaBHEHHEM MiA v, u3 [1] momyqurs ero B janHoM Bupe. JlelicTBuTensHO, corylacHo [1,
¢. 149]:

2p(u(%, )+ (%,) = xg@—za@-m @)
o) +ap'(0)+y(o)= 1 +if, ®

[
rae K= '113# u fi+ify =ij(X,, +iY,,)ds . Ecny HaM Hy>KHO pacKpHITHE TPEIIMHBI B LIEHTpE, TO BBHI-
H 0

YuCIIAM 3HaueHHe QyHKuH v B Touke z = 0. CxnansiBas dopmyinsr (7) u (8) nomyuum:

2p(u+v)=(x+Dp(0) - (fi +if2) . ®
W3 dopmynsl (9) cpaBHMBas MHEMEBIE YaCTH, TIOIy4aeM:
v=(1/22)((c + DIm(p(@)) - £,) (10)

Janee 3ameTHM, YTO B CiIydae JIMHEHHON TpeIIMHBI M OAHOOCHOTO HanpskeHua f, =0. JlanHoe

3aMedaHHe MOXKHO 0606ImMTE Ha cilydail CHMMETpHYHON TpeIuHEl H CHMMETPHYHOIO PacrpeNieieHHA
Hanpsokenus. Hroro (10) npepamaerca:

k+1 K+l .
v=——/Im(p(0)) = ~——Re(ip(0)). (1)
2u 2u
OCTa/I0Ch yHecTh, YT0 B IUIOCKOM CIy4Yae HAZO MpPOBECTH 3aMeHy A— A’ = 2Au/(A+24) nocne
k+1 A+u

4
ero, mpeoOpa3oBEIBag =4 =— u3 ypaBHeHus (11), mo. eM IepB 0 6
ero, mpeobp on Y uGaram £ °P (11), nomyaem nepeyio popmysy (6).

Hcnons3oBaHue NaHHOH GOpMYIIBI BOZMOXKHO TOJIBKO Ha IPaHuLEe OTBEPCTHA.
B ypaBrenuu (6) Tawoke yureno uro ¢ =e . Jlanee noacrapnsa 3Hauenue 6 = z{2 (dro xapakTe-
pH3YeT LeHTP TPELIMHbI) IOTyYaeM:

g (s, o

i—-1
1 1
— ¥ -1 + .
22',,,2_:o 2D (2i—2m+1 2i—2m—1)
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Kputnaeckoe pacKpbITHE TpeIMHbI §, €CTh XapaKTepHCTHKa MaTepuaia [6]. Takam obpasom, dop-
MyJisl (4) 1 (12) ycTaHaBIHMBAIOT CBA3b MEXKIY N€OMETPHUECKUMH XapaKTEepUCTHKaMH TPEIIUHBI (ITHHA
H riay6uHa), XapaKTepUCTHKAMH MarepHaia (Tpefiesibl TeKy4eCTH H NPOYHOCTH Op,0p ) H paspyliaio-

MM KOJIBLICBBIM HATIPSDKEHHEM O .
U3 popmyus! (12) MOXKHO OnpeaenuTh apaMeTp & no gopmyoie:

- S7E =& d
=2t 1- kL -k —- 13
a=21tg (exp[d[SIo_T 2( J( 2 2)12_1:‘14)]} (13)
Jlanee BOCTIONL30BABINNCE BEIPaXkeHHEM (5) onpeziesiieM OTHOUICHHE O /o7y
k
-2——‘-i-+cos(a)(1 —i) K2 . (1 Z %3 )+k22a C%:
o, Tt Or il 2 (14)

or (1] + (l —i)cosa
t t

JU1sa npoBepkH TeOpeTHYECKOro aHaMW3a OBUIM B3ATH HKCTIEPHMEHTAIbHBIE HaHHEBIE, TOCJIE Yero
TIPOBE/ICHO CPABHEHHE SKCTIIEPHMEHTAIBHBIX H aHAIUTHYESCKHUX PE3YJIBTATOB, BEIMUCIICHHBIX MO GopMy-
aaM (13) u (14). B xauecTse npumepa npuseneHs! Tabn. 1, 2. OkcnepuMeHTaILHBIC HaHHBIEe Ta0. 1 B34-
TBI W3 pabot apdu A., nposeneHusix B CLIA [4], mia cramu X-52 u w3 [5] — mna poceniickux Tpy6
Gonbimoro guamerpa, ucnbitaHHBIX B 000 « BHUHUCT» (Mocksa) (cM. Taba. 2). Kpurideckoe packpsl-
THe TPelIUHbl J§, TPYOHEBIX cTaneli npuseneHo B [6]. CpeaHss MOrpemHOCT MOMYyYeHHBIX Pe3y/IbTaToB

cocraBmia MeHee 6% (cM. Tabi. 1) u 5,5% (cM. Tabn. 2).

Jauusie s Tpy6 u3 Tabm. 1: R =380 MM, £=9,5 MM, J, = 0,27 Mm.
Tabnwuua 1
Pazpymatomee nasnenue (MIIA)

Ne | Mapka or, Og, d/t l, Y NOrPEIIHOCTH BhIYHCEHNS (B %)
w/n | cram MIlla | MIla MM oxe B B2 Horp. norp.
‘ ' To To s Bap. 1 Bap.2
1 | X-52 449,3 | 586,4 | 0,3895 | 180 | 372 | 363,03 | 370,56 | 2,41025 | 0,3867
A — 4493 | 593,5 | 0,3895| 111 | 406 | 383,5 | 390,16 | 5,54095 | 3,9014
c SN Q— 4289 | 574,4 0,6 179 | 249 | 265,32 | 270,48 | 6,55605 8,6261
T R — 428,9 | 574,4 0,6 |103,5| 287 |298,83 | 303,39 | 4,12269 | 5,7107
5 | -memeeee 4486 | 564,6 | 0,8105{ 36 390 |350,97 | 351,83 | 10,007 9,7866
Cpennee 572748 | 5,6823

Hannele 11 Tpy6 u3 Tabin. 2: 8, = 0,27 mm; 08T 20BT (R =710 MM, = 15,7 Mm); X-70 (R =710 MM,
t=16,0 mm); 13T1C (R=610 mm, £ = 12,0 Mm).

Tabnuua 2
Paspymatomee napneraue (MIIA)
Ne Mapxka or, Opg, dlt l, M [IOTPEeLIHOCTH BEIMHCIEeHHA (B %)
n/n | cram MIla | Mila MM axe Bl B2 norp. 1orp.
%5 %s %5 Bap.1 Bap.2

1 2 3 4 5 6 7 8 9 10 11
1 | AISI304 | 150,92 | 426,3 0,5 75 {161,7| 157,3 | 169,2 | 2,73754 | 4,6406
P 147 | 416,5 | 0,77 75 | 952 | 89,98 95,4 | 5,53663 | 0,1488
3 [ == 140,14 | 408,66 { 0,9 50 | 52,7 54,8 57,1 | 3,95382 | 8,2372
4 — 146,02 | 414,54 | 0914 | 20 86 77,9 79,53 | 9,48442 | 7,5698
5 | Cpennee 5,4281 | 5,1491
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C N108EePXHOCMHOU mpeujuHol

OxoHyvaHue Tabn. 2

1 2 3 4 5 6 7 8 9 10 11

6 | X-70 4354 | 622 0,6 225 | 317 | 286,95 | 293,37 | 9,48053 | 7,4556
7 113ricC 402,2 | 519 10,5417 | 150 | 274 | 241,66 | 246,64 | 11,8046 | 9,9841
8§ | 08I'20BT | 535,5 | 653 10,5172 | 260 | 328 | 333,07 | 338,41 | 1,54592 | 3,1734
9 | 08I'2OBT | 546,9 | 667 |[0,5414 | 260 | 323 | 322,94 | 328,11 | 0,01797 | 1,5822
10 | O8I'2BT | 483 600 | 0,694 |222,5| 232 | 223,11 226,36 | 3,83149 | 2,4327
11 | Cpennee . 5,33611 | 4,9256

B 1abu1. 1, 2 npuBezseHE! pacyeTH! O JBYM Pas3iiMMHBIM BapHaHTaM i GyHkid P(x) . B nepsom
BapHaHTe (yHKIHA B3ATa paBHoit P(x)=x?, Bo BTOpOM — paBHo#t P(x)=x*. Mcrons3ys Takue Tabmm-
IbI JUIA Pa3MYHBIX [IapaMeTPOB TPEIIMHbI, MOXKHO PELIMTh OGPaTHYIO 3ahady, 8 HMEHHO HAWTH KPUTH-
HecKHe napaMeTpel (FMyOMHY M JUIMHY) TPEIIMHBI IS 33[laHHOTO KONBLEBOro Hampskenus. Takasd

TPAKTOBKa 33Ja4H JaCT BO3MOMKHOCTh HOPMHPOBATh OBEPXHOCTHbIE TPEIMHEI M3 coOGpaxkeHuit Ge3o-
TIaCHOIM SKCILUTyaTally TpyOOHPOBOIOB.

5. IpakTH4eckoe NpIMeHeHHe NOJYICHHBIX Pe3yJILTATOB

Jlna mmpoko pacnpoCTpaHeHHOH HH3KosermpoBaHHOH Mapku cram 17T1C-V oy = 360 Mlla,
op = 520 MIla, o, =07(0g)/n, rae n=2 — ko3(dULMEHT 3amaca, ¢ NOMOMBIO MPEIJIOKEHHOTO
TEOPETHYECKOrO armapaTa NpH PEHICHHM NaHHOH 3alauM NOCTPOSHBI HIDKE NpUBEACHHKIE Tabn. 3, 4 ¢
packpsiTHeM TpemuHel &, = 0,12 MM u 6, = 0,09 MM 110 JBYM BBILIEONHCAHHBIM BapHAHTaM.

Ecmu TpyGonpoBoz noAseprajics BHCIIHMM HeGIaronpUATHbIM BO3IEHCTBHAM (CTapeHHe, TeMIepa-
TYpa, JUIMTENbHBIH KCILTYaTalWs), TO NPOLIECC Pa3pyMICHUs XapaKTePH3yeTCs CHIDKEHHEM PacKpBITHA
TpemuHsl ¢ &, = 0,12 MM no &, = 0,09 mm. ITosToMy nony4aroTcs ApyrHe pa3Meps! OBEPXHOCTHOTO

nedexra (JUTMHA TPEIUHBI YMEHBIIACTCS).
Tabnuua 3

ah Jinvna TpemuHb! 2/
50 100 150 200 250 300 350 400 450 500

0,5 [ 31,56 | 28,28 | 26,83 | 26,002 | 25,464 | 25,085 | 24,805 | 24,588 [ 24,416 | 24,276
0,6 | 29,08 | 24,84 | 23,01 |21,994 [ 21,346 | 20,897 | 20,567 | 20,314 | 20,115 | 19,953
0,7 12629 | 21,1 | 1896 | 17,787 | 17,052 | 16,548 | 16,181 | 15,902 | 15,683 | 15,506

Tabnuua 4

" Jmna TpemuHs: 2/

50 100 150 200 250 300 350 400 450 500
0,5 | 31,97 | 28,93 | 27,54 | 26,734 | 26,205 | 25,831 | 25,552 | 25,337 [ 25,165 | 25,025
0,6 | 2945 | 25,36 | 23,58 | 22,572 121,929 | 21,482 | 21,152 | 20,9 | 20,701 | 20,539
0,7 | 26,58 | 21,5 | 19,38 | 18,214 | 17,482 | 16,98 | 16,614 | 16,335 | 16,116 | 15,939

C TOYKH 3peHHs HOBOH TEOPETHYECKOH MOJENH CQIIIACHO MOMyYeHHBIM Tabn. 3 W 4, 3a1aBIINCH
BHYTPEHHHM CTaTH4YECKHM AABJICHHEM H Kod(duieHTOM 3amaca 2, 6buti BEIYMCIICHBI IIpejieNbHag OT-
HOCHTe/bHas ITyOHHa dft W JuHa Tpemussl 2/ (MM) npu 8, = 0,12 MM IpH pasIHYHBIX KONBLEBHIX

HanpsokeHusX o (180 MIla u 260 MIla).

Tabnuua 5 Tabruua 6
Bap.1 | Bap.2 Bap. 1 | Bap. 2
180 MIla - dft 0,7 0,7 260 Mlla dit | 05 0,5
2] 250 275 2/ 250 350
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npu S, = 0,09 MM

Tabnuua 7 ‘ Ta6nuua 8

180 MITa Bap.1 | Bap.2 260 MITa Bap.1 | Bap.2
dft | 07 0,7 dit | 05 0,5
2] 180 220 21 | - 200 250

Taxum o6pa3oM, ¢ yBENHYEHHEM pa3pyINAIOMIEro KOMBLEBOrO HANPIKEHHA Oy TPyO Gonmbmioro
auamerpa ¢ 180 MITa xo 260 MITa oTHocHTeNbHAA MIyGUHA d/t MOBEPXHOCTHOTO Ae(eKTa CHIDKAETCS
¢ 0,7 mo 0,5 mrs 060HX BapHAHTOB M 3HAYEHHI PACKPHITHA TpeLHHEI J, . Korna 8, chmxaercs ¢ 0,12 MM

70 0,09 MM jTHHA IOBEPXHOCTHOH TpeIMMHBI yMeHbmaeTca ¢ 250 1o 200 MM 1o nepBoMy BapHaHTY H C
350 go 250 MM o BTOpOMY BapHaHTy.

6. BoiBoabI

1. [IpoBeaeH TEOPETHUECKHH aHAIM3 METOIOM TeOpHH (YHKIMH KOMIUIEKCHOTO TEpEMEHHOro
MycxenHIIBIIM 1O ONPEACICHHIO Pa3pyIIAIOMIET0 KONbIIEBOr0 HANPMKEHUS NIPH BA3KOM Pa3spyLISHHH
TOHKOCTEHHBIX TPYO, COCY/ZIOB JaBJICHHA € MPOAOJILHON IIOBEPXHOCTHOM TPELIMHOM Ha OCHOBE PacKpbl-
THA TpemuHbl. [TokazaHo xopomee COOTBETCTBHE HOBBIX TEOPETHUECKHX (OPMyJ H SKCIEPHMEHTaNb-
HBIX HaTypHBIX FHAPaBIMYECKHX McnbitaHuil A. Jlagdu u poccuiickux yuensix. Iorpemsocts cocra-
BWIa He Gonee 6 %.

2. IlpeanoxeHa HOBas MaTeMaTH4ECKad MOJIEJIb pacnpe/ie/ieHHs] HaNpsuKeHUi B HETTO-CeueHMH I10-
BEpPXHOCTHOM TPEIMMHBI TPYOBl Ha OCHOBE HANPSKEHHS IUIACTHYECKOrO TedeHus O ; ko3dduimenta
OMpeeNsIoero rpaHuiy JIOKAIM30BaHHOM TUTAaCTHYECKOH 30HBI ¢ yueToM Koad(HIMeHTa orepevHO
nedopmanmu 1 1edhopMalMOHHOrO YIIpOYHeHHs TpyOHOM cTany.

3. ITomyueHs!l HOpMBI OTOPAaKOBKH NMOBEPXHOCTHBIX TPEUIMH TPYOOIPOBOKOB, COCYJOB AaBIEeHHS,
TEIUIOTPAacC, BOJOBOAOB, KOTOPHIC MOJNE3HBI MPH MX JHATHOCTHKE M KANMTAIBHOM peMoHTe. Makcu-
MaJlbHas OTHOCHTENbHAs ITyOHMHa TpelnuHbl paBHa 70% OT TONINMHBI CTEHKH TPYOBI, @ MAKCHMAIbHAS
IUTMHA TpemuHb paBHa 180 MM npu koadunmeHTe 3amaca paBHoro 2.

- Paboma nooodepoicana epanmom PODH 05-08-18179%a.

JInteparypa

1. Mycxenmumsunu H.H. HexoTopsle OCHOBHBIE 33/1a4d MaTeMaTHUECKOH TEOpHH ynpyroctd. — M.
1966.—708 c.

2. I'yavep k. MaTtemaTH4ecKkad TeopHs paBHOBECHBIX TpelMH — Paspymenne. — M.: Mup, 1975. —
T.2.-C. 13-82.

3. Dugdale D.S. Yielding of steel sheets containing splits. // J. Mech. Phys. Solids. — 1960. - V. 8. -
P. 100-104.

4. Duffy A.R., Eiber R.J., Maxey W.A. Recent work on flaw behavior in pressure vessels. // Symp.
Frac. Toughness Concepts, UKAEA, England. — 1965.

5. IlpumeHenye MoziesH BA3KOro paspyuieHHs TpYO ¢ oceBBIM HedeKToM U1 aHAIH3a pe3yJIbTaToB
HaTypHEIX SkcnepuMeHToB / Y1.B. OpriHiK, C.B. JIamenko, B.M. Toporn, B.H. T'opuuksii // IIpobnemst
NpoYHOCTH. — 1996. — Ne 6. — C. 5-15.

6. Kpacosckuii A.f., Kpacuxo B.H. TpemmHocTolikocTs craieii MarucTpaabHBIX TPYOOIIPOBOIOB.
— Kues: Hayk. xymxa, 1990. — 176 c.

7. llla6ar b.B. Beenenne B xommnekcHblii aHamms. Y.1. QyHkumM ofHOTO mepeMeHHOro. — M:
Jlanb, 2004.

ITocmynuna e peoaxyuio 17 uronn 2006 2.

136 Becthuk IOYpIY, Ne 7, 2006



YAK 669.017.3

BITUAHUE CKOPOCTU OXJNTAXIOEHUA HA CTPYKTYPY
HU3KOYIrMEPOANCTOU TPYBEHOU CTAIU

A.A. Nymnsaxckuii, M.A. CMupHos,
J1.I. XKypaenée, W.10. [bitumuHyee

JuiaToMeTpHYECKHM METOIOM TOCTPOSHA TePMOKMHETHYECKAs AMArpaMMa
pacnaja nepeoxiaakiénHoro aycrenura craan 05SI'2M@B n npoaHAIA3HPOBaHO
BJIMAHHE CKOPOCTH OXNAXKACHHS Ha e€ cTpyKTYypy. Ilosydennble AaHHbLIe CBHIE-
TEIbCTBYIOT, UTO B MAJI0YI/ICPOAMCTOMH cTa/JH NpH GOPMHPOBAHUHN CTPYKTYPHI B
nponecce HENPEPLIBHOIO OXAaXKAECHHS CYLIECTBEHHYI0 POJIb HIPAalOT HPOLECCHI
nepepacupeae/ieHnst YIriepoaa MexAY aycTeHHTOM 1 oGpasyomumucs gazaMu.

B 1py6HOIi MPOMBIIUIEHHOCTH LIMPOKO MCHOIB3YIOTCS HU3KOYTTIEPOAUCTHIE JIETHPOBAHHbIE CTANH C
(deppUTO-TIEpIIMTHOH CTPYKTYpoii. X ynpouHeHue B cOUETaHHH C BHICOKHM CONIPOTHUBIEHHEM XPYIKO-
My pa3spylIE€HHIO JOCTHIaeTCs MpH NPUMEHEHWH KOHTPOJIUPYEMO# IPOKATKH U JIETHPOBaHMA KapOumo-
oGpasylomuMy J1eMeHTaMH, 0GecTiedHBaoOIMMY 3G eKT AUCTIEPCHOHHOTO TBEPACHHA.

IlepcriekTHBHBIM HAINIPaBJICHHEM CO3JaHHA BHICOKONMPOYHBIX TPYGHBIX CTastell ABIAETCA MEPEXOX OT
teppHTO-TIEPIIMTHOH CTPYKTYPHl K KpHCTauiorpadudecku ynopsgoueHno# GeHuTHOM cTpyktype [1].
Beicoknii ypoBeHb MPOYHOCTH TaKOH CTPYKTYpPBI B CTAIAX C HU3KHM COJEPIKaHHEM YTJIEpOAa B OCHOB-
HOM CBS3aH ¢ HeOONBIINMH Pa3sMEpaMH KPHCTALIOB GeHUTHOMN 0-(a3bl ¥ 3HAYNTENEHOM IUIOTHOCTHIO
JieeKTOB KPUCTAUIHUECKOro CTPOCHHA B 3THX KpucTaiax. [Ipu NmpoBefeHHH KOHTPOIMpPYeMOH Ipo-
KaTKH H JPyrHX BUAOB 06paboTKH onTHManbHas CTPKTypa ¢ GeHHUTHOM o-(ha3oi MoxkeT GbITh momy-
YeHa JMIIbL IPY NPaBUIBHOM MOAOOpPE YCIOBHH OXJIaKAEHHUS B TEMITEPaTypPHOM HHTEpBae TIPOTEKAHHSA
¢azoBbix npeBpameHuii. B cBA3M ¢ 3TUM ABMsAETCA II€1eCO06Pa3HBIM NpOBEAEHHE OOCTOATEIBHBIX HC-
CIeAOBaHMH BIMAHHA CKOPOCTH OXJIKACHHS Ha (pa3oBble IpeBpallieHHs, CTPYKTYpY M cBOMcCTBa pac-
CMaTpHBAaEMOif rpynIisl cTaeH.

B nacrosmeli paGote M3ydany BIMSHME CKOPOCTH OXJIAXKIEHHS Ha CTPYKTYpPY M JHIaTOMeTpHYe-
ckue dddexrsl cramm 05I2MDB, conepxameii 0,07% C; 1,64% Mn; 0,23% Mo; 0,075% V u 0,053%
Nb. W3 nucra, noaseprayToro KOHTpOIUPYEMOH IPOKaTKe, BRIpE3aIn AWIaTOMETPHYECKUE 00pasiip! AHa-
Metpom 3,5 u musHo# 50 mM. Hcenienosanue MpoOBOAWIN Ha MOJIEPHU3MPOBAaHHOM AwratoMmerpe 1llepena-
pa. B mporiecce HarpeBa M OXNaXICHHS HEMOCPEACTBEHHO (HKCHpOBaliach TemIepaTypa obpasua, s
Jero K HEMy NpPHBapHBAIACh TOHKAsA XpOMeNb-amoMerneBas TepMmoriapa. Ha zamiceiBaeMylo NOTEHILHO-
METPOM TEPMOrpaMMy CTEHMATHBIM YCTPOHCTBOM HaHOCWIHCH METKH, COOTBETCTBYIOIIME Hadany, Mpu-
OCTaHOBKE M KOHIIy NipeBpamieHui. Jlanee TepmorpaMmel iepecTpaHBaICh B KOOPAMHATAX «TeMIiepaTypa
— yorapu¢m BpeMeHmW». JlunaTorpaMMel CHIMaIUCh nocsie aycreHuTHsaud npa 1000 °C ¢ maTuMUHyT-
HO# BBIIEPIKKOMH, B pe3ysbTaTe KOTOpoit (opMHpOBaIOCs 3epHO aycreHuTa 8—9 Gamna. CpeaHsas cKo-
pocTh oxyaxaeHus oOpasiuos B mHTepBage 1000-300 °C mappupoanace ot 0,04 mo 34,6 rpap/c.
Hx cTpykTypa m3ydanack B ONTHYECKOM M IEKTPOHHBIX MPOCBEYHMBAIOMIEM H CKaHHPYIOMIEM MHKPO-
CKOTax.

Ha ocHOBaHMHM JaHHBIX JHIATOMETPHYECKOTO H CTPYKTYPHOTO aHAIH3a IIOCTPOSHA TePMOKHHETHYE-
CKad AMarpaMMa pacriajia nepeoxyiavknaEHHoro aycrennra ctam 05SI2MOB (puc. 1). Ona umeer BHI, TH-
IIMYHBIN U HA3KOYTJIEPOAMCTBIX JIETHPOBAHHBIX cTayeil. [IpH oxsiaskeHH ¢ MaTbIMH CKOPOCTAMM TeM-
nepaTypHsie HHTepBas! AU dy3uoHHOroO M GeliHUTHOrO NpeBpalieHuit pasaesneHs!. [Ipu Gonpmux ckopo-
CTAX OXJIaKIeHus 00a MpeBpallie s HaKIabIBalOTCA APYT Ha AApyTra o TeMrepaTypHo# mikane. CooTBeT-
CTBEHHO, Ha JIUIATOMETPHYECKHX KPHBBIX MPH MENICHHOM OXNAXAEHHH HaGMoNaloTcd /iBa y4acTKa yBe-
JrdeHAs 06bEMa, CBA3AHHOTO € Y—>O.-IPEBPAllCHAEM, a IPH GBICTPOM OXJIKACHNUH — OJJMH Y4aCTOK.

Ilpu oxnaxnenun co ckopocramu 0,04-1,26 rpan/c pacmaj nepeoxXIaKAEHHOrO ayCTEHHTa IO
b dy3HOHHOMY MeXaHu3My, npoucxoasuuii B untepsaie 780-580 °C, conposoxpaercs gopmupopa-
HHEM CTPYKTYpbl MOJIMrOHATBEHOro (paBHOOCHOT0) (hepputa. 3€pHa deppHTa, pasMep KOTOPHIX OLICHH-
Baercs 11-12 Gauramu, IMEIOT HU3KYIO TUIOTHOCTE AUCIOKauui (puc. 2, a). B deppure npucyrcTByior
AucTiepcHble KapOuaHble yacTHipl pasmepamu 0,1-0,04 MkM, 9acTe M3 KOTOPBIX HAXOJMTCA Ha JHCIIO-
Kaimax u Gonbrueyrsosblx rpanumax. Harpes Ha 1000 °C npuBOAMT MHIIB K YaCTHYHOMY PACTBOPECHHIO
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kap6unmo# dassl. Ilo-suauMomy, HecBs3aHHBIE ¢ Ae(EKTAMH KPUCTALIHYECKOrO CTPOSHUS YaCTHIIBL —
3T0 KapOuLl, HEPaCTBOPUBINKECS NPH ayCTCHHTH3ALHH, 2 TAKKe BBIIS/MBIINECS B AyCTEHHTE IPH OX-
naxaenuu ot 1000 °C no TemnepaTypHOro HHTepBasa y—>c-npespamenns. KapOuas:, Haxomsmumpecs Ha
JedexTax KpHCTAUIHHECKOTO CTPOEHHSA, B OCHOBHOM, 00pa3s0oBAINCE HEMOCPEACTBEHHO B (peppHTe.

Kpome deppura, npu auddy3noHHOM NpeBpallileHHH BO3HHKAIOT HEOOIbLINE YIACTKHA BHIPOAMBIIE-
rocs mepnura, 06pEMHOE cofepikaHie KOTOporo He npeBbimaer 8%. Tak Kak KONMMYECTBO MEpIMTa He-
BEJIMKO, €ro MOABJICHHE 3aMETHO HE CKa3BIBACTCA Ha XO/ie AWIATOMETPHIECKOM KpHBOiL. B cBA3M ¢ 3THM
Ha TEpMOKHWHETHYECKOH [MarpaMMe IITPHXOBOM JHMHHeH BBINEJIEeHa JIMIUG NpeAmosiaraeMas oGnacTsh
(dopMupoBaHuA 3TOH CTPYKTYPHOIl cocTaBisomei. 1leMeHTHT B yuacTkax BBHIDOAMBINETOCS IEpJIHTA
MPHCYTCTBYET JIMOO B BHAC KOPOTKHX IUIACTHH, HEpEKO Pa3OUTBIX HA OTAENBHBIC YaCTH, 00 YacTHIY
OKpyTJIOif GOpMBI, HAXOAAIIMXCS Ha Pa3HBIX CTaAHAX chepouaH3aium.

OcobeHHOCTh TAHHOH CTajM 3aK/II0YaeTcd B TOM, YTO KOMIUIEKCHOE JIETHPOBAHHWE MapraHUEM U
MOJTHOIEHOM CYIIECTBEHHO 3aMETIIO pa3sBuTHe JU(Qy3HOHHOrO npeBpamienus. J{axe npH OueHb Ma-
JMBIX ckopocTax oxnanaenus (107 rpan/c) oHo He mpoTekaeT momHOCTHIO. Henpespam@ntas gacts ay-
CTeHHTa NpH nepeoxnaxacHuu o 520-400 °C nperepneaer 6efinnTHOE npeBpatexue. Cynd mo Benu-
YUHE JWIaToMeTpudecKoro s¢dexra, konudyecTBo obpasyromerocs OeifHura HeBemuko (MeHee 10%).
Ipu 51eKTPOHHOMHKPOCKOIIMYECKOM HCCIIEJOBAHHH B CTPYKTYpE CTA/IH, MOABEPrHYTOH MeUTEHHOMY
OXJIAKIEHMIO, OBUTH OOHapY>KeHBI HeGONbINNE YIAaCTKH, HMEIOLIHE CTPOSHHE BepxHero Gefinura, Xapak-
TEpPHOro IJI CPeAHEYTIepoaucThIX craneil. Ha rpanmuax miactus (peek) ¢ BHICOKO#H IIOTHOCTBIO JMC-
JoKamuii pacronaraloTcs AOCTaTOYHO KpYIHBIE 4acTHIbl LeMeHTura (puc. 2, 6). Ilossnenue takoro
GeitHura He ABNAETCA YAMBHTEIILHBIM, €CIIM YYECTh, YTO B npouecce obpa3oBaHus QeppHUTa HETpeBpa-
ImEHHAsA YacTh ayCTeHHTa oboraimaercs yrjiepoioM.

IMpu ckopocTsax oxnaxacHus 6osee 2,2 rpan/c pa3sBuTHe AWPPY3HOHHOTO MPEBpaLICHUA CYILECT-
BEHHO TOPMO3HUTCS, YTO MPOSBJIAETCA B YMEHBUIEHAH KOJIMYECTBA MOJMTOHANBHOTO (peppHTa M B TIPAK-
THYECKH IMOJHOM HMCYE3HOBEHHMM mepnuta. B obpa3suax, oxnaxaéHHEIX co ckopocTaMH 5—10 rpan/c,
(eppuT NpUCYTCTBYET B OCHOBHOM B BHJIC OTAEIBHBIX MEIIKHX 3EpeH.

IMoxasnenue Aud¢y3MOHHOTO NPEBPAILECHHS NPH YCKOPEHHOM OXJIKISHHH COMIPOBOXKAAETCS yBe-
JTMYEHHEM KoJdyecTBa OeHHMTHON CTPYKTypHO# coctaeimfromeit. Ho B aToM ciydae He Habmonaetcs
¢dopMupoBaHHA BepxHero OeHHHTA, KaK 3TO HMEJIO MECTO MpH MEIIEHHOM OXJIaKAeHUH, a obpa3syercs
XapaKTepHas Ui HH3KOYIJIEPOIMCTHIX cTaneil GeitHurHas o-dasza peeqHoit (Mronpuaroi) U riobyssp-
HO# mMopdosnoruu [2]. BHyTpH kpHcTamwioB 3T0# (assl HabmoaaeTcs BHICOKAA IUIOTHOCTD JHUCTOKALIME
(puc. 2, 6). Ha rpanunax 1 B 06bEMe KpHCTA/UIOB NPUCYTCTBYIOT AMCHEPCHBbIE KapOHIHbIE YacTHIIBI.
Kak u B ciryuae depputa, Haa&KHO HASHTHGHLMPOBaTh KapOH b, HepaCTBOPHBILHeECS TIPU ayCTEeHHTH-
33l M BBIAETHUBIIHECA NPH OXJIAKICHUH B ayCTEHUTHOU 00JIaCTH WM MOCIE Y—>Ol-IIpEeBpallleHUs, He
TIpEICTaBIAETCA BO3MOXKHBIM.

Ha snexTpoHOrpamMMax, CHATEIX ¢ 00pa3sLoB, OXJIAKAEHHEIX C BBICOKUMH CKOPOCTSIMH, TOSBHIHCH ped-
JIeKChI OCTaTO4YHOro aycreHHTa. Kak m3BecTHO, GeiiHMTHOE NpeBpallleHHe B HHM3KOYTIEPOMCTBIX JIETHPO-
BaHHBIX CTALIX He HAET N0 KoHLa. HenpeBpalli€HHBI ayCTEHUT YaCTHYHO OCTAETCA MEXIY KpHCTaUIaMH
GeitHMTHO# 0-(ha3bl NPH OXJTOKACHHH BIUIOTH X0 KOMHATHOH TeMiiepaTypbl. YacTHIHO OH MOXKET IIpeTepIie-
BaTh MapTEHCHTHOE NpeBpaticHHe. OGpa3oBaBIIMiiCS MAPTEHCHT HMEET PeedHyIO MOpgONOrHIo, a OCTaTO4-
HBIii ayCTEHHT HaXOQWTCA B BUJE TOHKHX NMPOCIOEK MEXTY peiikaMl MapTeHCHTa. Y4acTKH (OCTPOBKH) C
MapTeHCHTHO-ayCTEHHTHOH CTPYKTYpoit nomyurn HasBanue M/A-~cocrasnsromeii [2].

VBenu4eHne CKOPOCTH OXJIaxAeHHs 10 34,6 rpan/c He TONBKO HCKIIOYaeT pasBuTHe A