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e F, U p, — cBoOOAHAS 3HEPIUd U BYX4UaCTHUHAA
¢byHKIIMSA pacnpeqeacHAS, PACCUUTAHHEBIE JJIST CHCTEMBI
€O chepHuecKl CHMMETPUYHBIM TTOTCHITUAIOM MEKMO-
JIEKYJSAPHOTO B3aUMO/IEHCTBHSL.

PaccuuranHoe HaMH C HCOONB30BaHUEM (22) 3HA-
yeHHe IocrosHHONM pemerkun npu 50 K cocras-
aser a = 6,81 A. PKcoepuMeHTanIbHOE 3HAUYCHHE
Qexp = 6,757 A [3], a mo apyrum gaHHEIM — 6,83 A [5].

3akiarouenue

P pennoxxeHHBIA METOA OMNpencicHus CcBOOOTHOMH
3HEPTUH CUCTEMBI C IOMOIIBIO KOPPEISITHOHHOTO pa3iio-
JKEHUS STUCCUHO-KIACTEPHOrO TUMA MPU UCIOIL30BAHUA
JIBYXIIEHTPOBOM MOJIENIA OTEHITHATIA MEXMOIEKYISIPHO-
ro B3aWMOJICHCTBUA IO3BOJSET C XOPOINEH CTENEHBIO
TOYHOCTH OIMMCATH CTPYKTYPY BCex Tpex (a3 TBepAoro
kucinopoaa. TakuM odpa3oM, TBYXIICHTPOBEIA NOTCHITHU-
aJ1 SIBASIETCS 0a30BON MOJICTBIO /1S TOTCHIIAAIA B3aUMO-
JIeACTBUA MOJIEKYJI KUCIOpoa. JladbHEUITUN yueT KBaH-
TOBBIX U CIIHHOBBIX CBOHCTB CUCTEMBI IPUBOAUT JUIIIL K
HCKOTOPOMY YTOUHCHHIO XapaKTepUCTHK., OCHOBHEIC K¢
HapaMeTphl CTPYKTYPBL PEIICTKUA OMPEACISIIOTCS TUIaB-

VK 537.84

HBIM 00pa30M /IBYXIIEHTPOBON YACTBIO MOTEHITHANA B3a-
AMOJIEHCTBUS MEXTy MONEKYIaMH.
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OB BBOJIOLUU JIBYMEPE bIX OBJIACTEIN Wb BEPCUU
MATBUTBOI'O b OJISI Cb UPAJIBB bIX 'AJTAKTUK

A. A. brikos, B. 1O. b onos

(ragpedpa mamemamuxu)

ITokaszano, 4T0 Wiomaab 001ACTH MHBEPCHMH MATHMUTHOTO MOJSI B COHPAJbHON TajlaKTHKe JIHHEHHO
yObIBaeT CO BpeMeHeM BHe 3aBUCHMOCTH 0T ¢opmbl 00sactu uaBepcud. Takas JMHeiiHAs CBSI3b 00YCJI0BIEHA
TeM, 9TO CKOPOCTh Jpeiida nepexoqHoro ¢Jios, OrpaHHYUBAIONIEr0 00JIaCTh UHBEPCHH, NMPONOPIHOHAILHA
ero KpuBH3He (HJIH, YTO TO :Ke caMoe, OOPATHO MPONOPIHUOHAILHA PAaAMyCy KpuUBU3HbI). BplumcieHo BpeMst
KU3HH 00JIACTH HHBEPCHH NMPOM3BOJBLHON (OPMBI, KOTOpPOE OKA3aJI0Ch HMPONOPHMOHATILHBIM HAYAIbHO
omaaa odaactu uHBepcu. MceciieioBana 3B0JONUS MHOTOCBSI3HBIX o0jacTeii HHBepcuu (T. €. o0macTeid,
cojlep:KalIMX BHYTPH ce0sl JONOJIHUTE/IbHbIe 00IACTH HHBEPCUH).

Beenenue

P acrosmas pabora mpogomxkaer paborel [1-3], B
KOTOPBIX OBUIH HCCICTOBAHEI 3aKOHBI YBOIIONUA 00J1ac-
Teid nHBepcud (OM) MarHuTHOro mois B OJTHOMCPHOM
npubmkeHnn. P okazaHo, UTO OCHOBHBIM (haKTOpPOM,
OMPEICIISIONTUM JBOMIOIUI0 AByMepHOH OMU, sBnsercs
KpuBH3Ha mepexoaHoro cios (P C), orpanuunBaloiie-
ro OU.

Hanubie HaOmoneHuid [4] MOKa3BIBAIOT, YTO BEKTOP
MArHUTHOTO TOJISI B HEKOTOPBLIX OMMKANHIINX ciUpaib-
HBIX TaJakTUKax (Hamp., M51, M81) mapaleneH mioc-
KOCTH JIACKa U HaIIpaBJIeH MO/ YIJI0M NpuMepHO 12-18°
MO OTHOIICHUIO K a3UMYyTaJbHOMY HampapjicHuio. P a-
MNPaBICHUC MATHUTHOIO MO B OOJBIICH YacTH rajak-
TUUECKOTO JAUCKA MOCTOSHHO, HO UMEIOTCS JTOCTATOYHO
Oonbive 00IACTH, TJIC HAMPABICHUEC MCHSICTCS Ha IPO-
TUBOIOJOXHOE. PTU 00MacTu Ha3BIBAIOTCS 00IaCTIMU
uHBepcud. P a rpanurie obiactu MHBepcHH 00pa3yeT-
¢ P C, KOTOpEIN BEITTISIUT KaK UCKPUBJCHHAS IOJIOCA

NPUMEPHO TOCTOSIHHONU ToamMHEL. Bayrpu P C Bektop
HANPSDKCHHOCTH MCHSICT HampaBiCHHUE Ha OPOTUBOIIO-
JoxHoe. B Hacrogmiell paGoTe MBI MOKA3BIBACM, UTO
ckopocts apeiida P C mpomoprinoHaibHa €ro KpHBU3HE,
Taxum obpazoM, oML 00JACTH UHBEPCHU MATHUT-
HOTO MOJIS B COMpPAIbHON rajJakTUKE TUHEHHO yOBIBacT
CO BpeMEHEM BHE 3aBUCHMOCTH OT (GOPMEI 00J1aCcTH MH-
BCPCHHU.

Jlas omucaHWsT MAarHUTHOTO TONSl COUPATLHON Ta-
JIAKTUKW MBI HWCIIOJB3yeM JIBYMEPHYIO MOJIENB, BKJIIO-
YAy TypOyieHTHYI0 Tuddy3UI0 MATHITHOTO TIOJIA,
HETMHEHHBIN MPOIECC TeHEpAIA B OJHOPOHON Ccpere
H TEpEeHOC C 3aJaHHOW CKOPOCTBIO. TeM caMBIM MBI
npeHeOperaeM HEOHOPOTHOCTRIO IO/ B HAPaBICHUH
MoNepeK JUCKa H HEOJHOPOJHOCTHIO IApPaMeTpoB Tra-
JIAKTUKW BHYTPU TUTAKTUYECKHX PYKABOB U B MEXpY-
KaBHOM MpPOCTpaHCTBe. PTO ompaBAaHHO, TaK KaK TOJ-
IMUHA TUCKA TUMIUYHBIX CIUPATBHBIX TaJTaKTUK TPUAMED-
HO B 50-100 pa3 MeHbIle auamMerpa. Takum oOpasom,
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00JIaCTH UHBCPCHU HEYCTOMUMBBEL U JOCTATOUYHO OBICT-
PO paspymarorcs co BpeMcHeM. P ecMoTps Ha 3TO, Cy-
MIECTBOBAHUE YCTOHUMBEIX OOJACTCH MHBEPCUH MOXKCT
OBITH OOYCIOBJICHO HEMUHECHHBIMHA OPOIICCCAMHU TeHepa-
MM MAaTCHUTHOI'O MOJI1 B HCOAHOPOAHOH TYpOyICHTHOH
cpene [5].

3axon JnHeHHOTO YOLIBAHNA IVIOMIA/IH JIBYMEPHOMH
oaHocesa3Hoi OU

PyneM HCXOAMTH U3 TOrO, YTO CTPYKTypa MArHUT-
HOTO TOJISI B TOHKOM TaJaKTUYCCKOM JUCKE ONpeacs-
ercsl mporeccaMu audy3un, TMepeHoca W TeHeparlum.
3aMeTUM, YTO U3 PE3yNbTATOB [5-7] caeayeT, UTO Mar-
HHUTHOC MOJIC B KaXA0H TOUYKE TaJIAKTHUUCCKOTO JUCKA
HAMCET BIIOJHE ONpEACICHHOS HAPABICHUE O OTHOIIIC-
HHIO K JOKUIBHOMY pPajuyC-BeKTOpPY. P ampspKeHHOCTB
MarHUTHOTO MOJS MOXKHO MO3TOMY PacCMATPHUBATEL KaK
CKAJSIPHYIO BCIMUYHHY, KOTOPAs MOXET MPUHUMATE IO-
JIOXKUTENBHBIC U OTPUIIATCABLHBIC 3HAUCHUSL.

P pu ManbIx HAMPSHKEHHOCTSIX MATHUTHOTO MOJIS IPO-
IieCC TCHEpAlMM JMHECH, 4 MpH NPUOIMKCHHHM K 3a-
JTAHHOMY YPOBHIO HACHITIICHUS 3(PPeKTUBHOCTE TeHEpa-
IIHA YMEHBIIACTCS. P pu PEeBBIINICHUN 3aJaHHOTO YPOB-
HS HACHIIICHUS TCHEPAIUS CMEHSCTCS 3aTyxanuem. Jis
MOPOCTOTHL B JTAHHOU paboTe MBI CUATACM YPOBCHL Ha-
CBIIICHAS KOHCTAHTOH, HE 3aBUCAINCH OT KOOpPAUHAT
U BpeMcHU. P o OpolllecTBUU OCTATOYHO OOJIBINOrO
BPCMCHU MATHUTHOC MOJIC B OOIIMPHBIX 00JACTSIX J0-
CTUTACT YPOBHS HACHIIICHUS, HA TpaHUIax odaacTted ¢
MOJIEM TTPOTHBOIIOIOKHOTO HAMPABIEHUS GOPMUPYETCS
P C, BHyTpH KOTOpOro HANPABACHUC MATHUTHOIO TOJIS
MCHSCTCSl Ha MPOTHBOMOJOXHOE. P pH ompe/encHHBIX
HaYaJIBLHBIX YCIOBHUSIX B pe3yibTaTe ACHCTBHS MEPEUUC-
JICHHBIX TIPOIECCOB MOkKer copmupoBarbes OM mar-
HHUTHOT'O TOJISL.

J1a onucaHusl 3BONIONUN HAOPSDKCHHOCTU MArHHT-
HOTO TOJI MOXKHO HUCIONB30BATE CKAISIPHOC YPABHCHUE
mudpy3nn ¢ reHepanyed U epeHocoM [4, 5]:

Ou Ou Ou 0w O%u

e F=~vy(uu, v(u)= 700[1 — (w/U)*] — xoabdu-
IHCHT TCHEPAIINH, 3aBUCAIIUN OT HAMPSDKCHHOCTH MO,
U — ypoBeHb HACBIICHUS TEHEpaIuy, vy — Koaddu-
IHCHT TCHEpaIluU B NpUOIMXKEHUHN caadoro mous. Bek-
TOPHOE T0JIC CKOPOCTH MepeHoca V CUUTACM 3aaHHEBIM.,
Tommmuua P C Moxer OBITH BBEIpaKcHa MNPUOTUNKCHHO
dopmymnoit [1] II ~ +/p/v0, Tne p — xodbdunment
muddysun, vy — kosbdunuent renepanun. Koaddu-
1ueHT Aupdy3un (4 CUUTAEM MAJBIM, TaK YTO TOIIIHHA
P C mHOrO MeHbIIE pazMepa CUCTEMEL.

Ecnu auamerp obmactu mHoro Gonbiie II, To moc-
JIe 3aBEpIICHUS OBICTpOro mporiecca ycraHosiacHus P C
nonoxecuue P C onpenensiercs HAaYaIbHBIMU YCITOBHSMH.
3arTeM HaumHaeTCd MeIeHHEIHN fpetid P C, nampaeneHne
U CKOPOCTH KOTOPOIr'0 B OJHOPOAHON cpese, Kak OyAcT
MOKA3aHO HUKE, OMPEICTSIIOTCS TONBKO reoMeTpuUcH ca-
moro P C.

M=l paccMarpuBacM sBomoiuio OW moias B BHIE
ONTHOTO W HECKOJNBKHUX IISITeH Tpocrediel GopMel,

KOTOpBIE MOTYT COZIEpKaTh BHYTPH ceOd MATHA C Mar-
HUTHBIM T0JIEM NPOTHBOIIOIOKHOTO 3HAKA.

BrruncinM cHauana ckopocth NepemetnieHus P C nis
OMU, umerommeit dopMy kpyra paauyca R(t), B KOTOpoM
u > 0. PoMectuM Havamo KOOpAUHAT B IIEHTD Kpyra
U TMPeAnoiaokuM, YTO CKOpOCcTb V' HMEET TOIBKO pa-
JUABHYI0 KOMIIOHeHTY V = V.. B moisapHOH cucreme
KoopauHaT ypaBHeHHe (1) MOKHO MPUBECTH K BUAY

Ou p\ou  9%u u)’
E+( _?)5_”W+7“ 1—(5) - (@

PTo ypaBHEHHE SKBHBAJICHTHO OTHOMECPHOMY HETHHEH-
HoMy ypaBHeHuio auddysmm (1) co CKOpocThIO Tepe-
Hoca Ve = V + Vourv(7), T Veurv(r) = —p/r. Po-
1e ckopocteil Viupy(r) HampaBieHO BAONL pajuyca, B
okpecrHoctd P C, KOTOPEIN B TAHHOM ClTydae JCKHT Ha
OKPYKHOCTU paguyca R(t), HOMOIHUTEIbHAS CKOPOCTh
npeiica P C paBHa

Veure(R) = = 7. 3)

3rak «MuHyC» B (3) o3HAUaeT, uto Apetid P C Hanpasien
BHYTpPL Kpyra.

Paccmorpum BrusHue kKpuBu3Hbl P C B unicroM Buje,
JUISL 4ero MPUMEM CKOPOCTH MEPEHOCA PABHON HYIIO:
V = 0. U3 (2) caenyer, uro kpyroBass OW B xope
ABOJIIOIIMM OCTAaeTcd KpyroBod. P pomsBoaHast paauyca
MO BPEMCHH OMPEACTSICTCS COOTHOIICHHUEM (3), TOATOMY
R(t) = v/2u(to — t), t < tyg, MOCTOSIHHAS HHTETPUPO-
BaHUS ty ompenaeasier MOMeHT paspyiicHus OU. Cre-
noBaTenbHO, niowads OU S = wR%(t) = 2mpu(ty — t)
yovI8aem ¢ medenuem GpeMeHU no JUHEUHOMY 3aKOHY, &
BpeMs xxu3Hu OW, paauyc kotopoidl mpu ¢ = 0 paBeH
Ry, MOXXHO BBEIYMCIUTS O popMye tg = Sy/(2mp), rae
So = mR%2 — wHauanbHas wiomans OU. Pru opmy:sr
CIIPABE/VIUBEl TOJBKO IIpH yciioBuu R > II. Pa moszn-
HEM dTane paspyiieHust kpyroeoii OU, xorma R ~ II,
ckopoctb nepemeiticHus P C Bo3zpacraer mo cpaBHCHUIO
CO 3HAUEHHUEM, OoTpenesieMbiM dopmynoi (3).

Teneprs paccMoTpuM 3BoMIONUIO WIocko OU mpo-
n3BOMBHON ¢GopMEl. P okaxkeM, uro dopMysia st Bpe-
MEHU XU3HH to = Sp/(27p) ocraercst BepHOH U B 3TOM
cnydae. P penmonoxkum, uro ckopocth fpetipa PC B
HaIpaBlICHUH, MCPICHAUKYIIpHOM Junun P C, ompene-
nsercs gopmyoii (3), B KOTOpoH paauyc Kpyra HyXKHO
3aMCHUTE Ha pajuyc KpuBU3HEI KpuBoil P C B gaHHOMH
touke (pucyHok). Takum obpaszoMm, CKOpocTh mpeticda
OMPEICIICTCS PAUyCOM KPUBU3HEI, & HAMIPABJICHUC TIc-
pemetnienus P C — nonoxenuem nedrpa KpuBusHel P C.

P ycte OU ogHocBs3HA4, T. ¢. BHyTpU OU He nmeercs
P C. P okaxeM cHauana, 4To €CIU paauyc KpUBU3HEI R
BO Bcex Toukax P C, orpaHMuMBAIONICTO OHOCBS3HYIO
OMU, muoOTO Gomemie II, TO miowaoe odmoceasmoit OU
NPOU3BOTLHOU DOPMBL TUHEHHO YMEHDUACTNCS HA BETUYUHY
2w 3a edunuyy epemenu. Pycrb L —3aMKHYTHIM KOH-
Typ, OrpaHUUHBAIONINI onHOCBs3HYI0 OW. Odo3HaUNM
MCPEMCHHYIO JUIMHY AyTH Baodab L depe3 [. CkopocThb
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HbIt .
epemﬂ Choy

(1) - cropocTy
CUurv  ppeicba

IManpasnenue apetigpa [1C

yoeBanms miomamu OW S pana dS/dt = § Veyvdl,
L

rae Vewv(l) — ckopocts apeiida konrypa L B Ha-
MpaBJicHUH BHENTHEH HopMasu., P pumennm dopmyny (3)
TS Viypy B YITEM, UTO JIOKATBHEIH paiyC KPUBU3HEL
BeIpaskaercs opmynoit R = dl/dy,rae ¢ — Hampais-
FOITUH YTOJI KacaTellbHON K L. YUHTHIBAS, UTO HHTErpal
M0 3aMKHYTOMY KOHTYPY OT d¢ paBeH 27, MOIyINM

; = —2mp. (4)

Wrax, niowade npouseonvhoii 00uocesasuo OH ymenvuia-
emces ¢ ROCMOosAHKOU ckopocmvio (4), Komopas He 3asuctm
om ¢hopmer OU. Bpems xuzan OU ¢ 3aaHHON HaYalb-
HOM mIomaapio Sy COCTaBIsSET

So

to=—.
0 2T

(5)

Hns O kpyroeoii dopmel a1a popMmyna gaer pe3ynbrar,
COBIAIAIONTUI C MOIYICHHBIM BHIIIIC,

Temnepb paccCMOTPHUM 3BOIOIUIO HEOTHOCBS3HBIX OM.
P ycte OU orpanuucHa BHEIIHUM KOHTYPOM L, BHYTpH
KoTOporo umeercd M obaacTeil HHBEpCHU OPOTUBOIIO-
JIOKHOH TMOJSIPHOCTH, OTPAHHYCHHBIX KOHTYypamu L., ,
1 <m < M. Tak kak IUIOmMA/b, OrpaHAYEHHAs KOH-
TypoM Lg, 3aBUCHUT OT BPEMCHHU MO 3aKOHY (4), U MO
TAKOMY K€ 3aKOHY U3MCHSICTCS IUTONIAAb BHYTPH KaXK10-
0 U3 KOHTYPOB L,,, TO CKOPOCTb U3MCHCHUS ILIOIIAIH
MOJOXKUTEILHOrO MSTHA

)
=2mpu(M —1). (6)

PTo BBEIpaxkeHue, pazymeeTcsl, BEPHO /10 TEX MOP, MOKA
JUaMETP KAKOr0-TO U3 BHYTPCHHUX IISITCH HE YMCHBIITUT-
ca no II. B wacrtHOCTH, €CIIH BHYTPH HOJIOXKHUTENBHO-
ro MSATHA MMEETCsl OJHO OTpHIlATEIbHOE, TO IUIOMAIb
MOJOXKUTEIBLHOrO MSATHA OY/ET MOCTOSHHA 0 TEX IOp,
MOKa BHYTPEHHEE ISTHO HE BCTYIUT B CTAAUIO Pa3py-
meHus. B 3TOT MOMEHT, KaK MBI Y)K¢ YIIOMHHAIH, TCMII
VMCHBIIICHUS TUIOMIAIA BHYTPEHHETO IMATHA BO3pacra-
er, Tak 4to Ha Tpaduke 3aBucuMoctH miomaan S(+)
OT BpeMCHU OyACT BUJCH KPAaTKOBPEMCHHBIA BCILICCK.
P ocnie paspynieHust BHyTPEHHETO OSTHA BHEITHEE MATHO
ABOJIIOIIMOHUPYET IO 3aKOHY (4).

HMHaTepecHO OTMETUTB, YTO CCIH PACCMOTPETH IBO-
JIOLUIO CTYYAHHOr0 HAYaIBHOTO COCTOSIHUS, AMIUTATYIA
KOTOPOr0 MHOTO MEHBIIIE MOPOTOBOrO YPOBHS, TO 00-
pa3yercsl CNOXKHASI KOHTPACTHAS CTPYKTYpa, B KOTOPOH
OyayT, B YACTHOCTH, MSITHA ¢ MHOTOKPATHBIM BKIIOUCHU-
€M IAITCH MPOTUBOMOJOXKHON MmonaspHocTH. PUHANTBHOE
COCTOSIHUEC TAKOH CHUCTEMBI ONPEACSICTCS HE CPEeTHUM
3HAUCHUECM MOJIS B HAavaje, KaK 3TO MOXKHO OBLIO OB
OPSANON0KUTE, U HE HAYATBLHOW TCHACHIIUCH YMCHBIIIC-
HHS WIN YBEIUYCHUS MOJOXKUTEILHON TUIOMIAIH, & TEM,
KaKasl MOJSIPHOCTE TMOJSl UMEET MECTO Ha rpanuile. Pro
CICACTBUE OJHOPOTHOCTH OPOTOBOTO YPOBHS, KOTOPHIHA
HC 3aBUCUT OT KOOPJUHAT U BPEMCHU SIBHO.

OOpatuM BHHMAHUC HA HCKOTOPHIC HWHTCPECHEIC
cBorictea OU: anuHa 3aMKHyTOH rpaHuIlsl Kaxaoit OU
yOBIBACT CO BpeMeHeM, AuaMeTp Kaxkaoid OW ybOwiBacr
co BpeMeHeM, A7 moboil apyroi dopmel OU, orauva-
IOIICHCS. OT KPYTOBOM, CKOPOCTh YMEHBINICHUST JUAMETPA
OUN OGoawmie, yeM 18 KpyroBol OW, rpaHunbl AByX
Heconpukacaronuxces msareH O HUKoraa He COMPHKOC-
HYTCSl H JAXe YAAISIIOTCS APYT OT Apyra.

DopMyIBl A1 TUIOIAAA U BPEMEHH KU3HHU JIBYMEp-
HoU HectranuoHapHoi OW OBUIM MpOBEpEHB METOAOM
KOMIIBIOTEPHOTO MOJICTUPOBAHHUSL.

J1sa THOWYHBIX TaJakTUK (Hampumep, M51 u M81)
A~ 0,16, ecnu U3MEpATH BpeMsl B MWLIHApAaxX JCT, a
paccTosiHUC B KHWIOMapceKkax. TUNUYHBIC 3HAUCHUST KO-
sddunrenTa resepanuu yo ~ 4. P pu sToM xapakrep-
Hasl TOJIUHA IepexofHoro ciaos II = 0,2 Kk, 4ro Ha
JIBa MOPSAKA MCHBINC pajuyca TaJaKTHYCCKOTO TUCKA
(20 xnk). P pu takux mapaMeTpax CKOpOCTHb YOBLIBAHUS
oM pasua 1 knk? 3a 1 MJIP/T JIET, TIO3TOMY IISATHO
¢ HavampbHOH momapio 10 knk? mpoxuBer He Gonee
10 mupn ser.

Pabora nognepxkana PODU (rpant 98-01-00356).

Aptopel Onaromapusl A, I'. Ceemaukory, A.P.Ba-
cuibeBo, B. @, Pyryzony, . . Cokon0By 32 MOJC3HBIC
00CyKACHNUS.
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