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MockoBCKM rOCy1apCTBEHHbIN YHUBEPCUTET MPUKJIAAHOM OMOTEXHOJI0ruH, r.MocKkBa

Coobuwaromesn ceedenus 0 pazsumuu meopuu 3aumooeiicmeus
uepapxuyuecKux Cmpyknyp 6 KOMnIeKCHbIX OUHAmMUYecKux cucmemax. B kauecmee passusarowieiica
Modenu npugodamcs Oannvle meopuu e3aumoodeiicmeusn Kn c muxpocpeooi na ocnoge
Ouocneyughuueckoii aozezuu, noayuueuiell céoe OanvHeiluiee pazsumue 6 meopuu MeH30Zpayui.
Obocnogana HeodOX00UMOCMb U3 MEHEHUS MEOPEMUUECKO20 NOHAMUA OUON02UYECKOIl adze3ul 6 ee
HO60M 3Hauenuu (kauecmee) - e3aumoodeiicmeuu ¢ mexanuueckoi aozezuei. Ilpugedenst
coomeemcmeyrouiue IMOoIl meopuu MamemamuiecKue ypasHeHusa u meopemuuecKue Kpuevle cus
UHMEZPUPYIOWUX U PAcnpeeaiouwux IHePulo u UHPHOpMayuio 6 cOOmeemcmeyIouiux ypoeHax u 610Kkax
Ha MoOenu 6A3KOYNPy2020 63auUMO0eCMEUA KAMAWE20CA Tumpoyum.

BBenenne

[Tocne xnaccuyecku pabor Bunepa, Omobu, MecapoBuya, (1) mo Teopuum B3aUMOACHUCTBUS
HepapXUUeCKUX CUCTEM, OCHOBAHHBIX Ha MPUHIUIE N30bITKa (HEIOCTaTKa) B3aUMOAEUCTBUS CTAJIO
BO3MOXHBIM peIlIeHHE 3ajjauy MOJAEIMPOBAHUSA M JBIXKEHUS KIETOK B mpeaenax 2-3-x u Oosee
ypoBHEU. [l mocTpoeHuss MOAENEeW IBWKEHHsS B JABYX YPOBHSX YPE3BBIYANHO IUIOAOTBOPHOM
OKa3aJIuCh M€ CYMMHUPOBAaHHUS HH(POPMALUM MEXIY B3aUMOJACHCTBYIOUIMMHM KOMIOHEHTaMHU
CUCTEM, a TaK)K€ BBEJCHME IapamMeTpa KauecTBa 3Toro B3auMmonencTBus. CyThb 3TOr0 HOBOIO
KauecTBa CBOAWJIACH K BBIYHMCIEHUIO KPUTEPHs, PETYIHMPYIOIIET0 CHUTHaJa II0 €ro CTEIEHH
B3aMMOJICICTBHUS CO CBOMM IOJYPOBHEM U €r0 CBEIACHHMEM K IapaMeTpy KOOpPAMHALUUU (YHKIIMH
MIEPBOTO YPOBHS MO OTHOIICHUIO KO BTOPOMY M OTBEYAaEMOCTH Ha OOIIMI MapaMeTp HanpsKeHUs
cuctembl. TakuMm o00pa3oMm, ObUIO YCTaHOBJIEHO, YTO KaueCTBO B3aUMOJICHCTBUS CBOJAUTHCSA K
peleHno GyHKIUH, OTpa)XaroluX MapaMeTp 3arpoca Ha yBEJIMUEHNE B3aUMOICHCTBHUS, KOTOpPHIE B
OIpe/IeIEHHONW TOYKE YPaBHOBEUIMBAIOTCS ITapaMeTpaMu 3alpOCOB Ha CHI)KEHHE B3aUMOJIEHCTBUS
IpU TOM YCJIOBHUHM, YTO HX COOCTBEHHAsl COCTaBIIOIIAs HE M3MEHsAeTcs, JM00 H3MeHseTcs
JIOCTaTOYHO  MEJUIEHHO, uTOObl oTpaloTanmach (YHKIUS KAadeCTBEHHOIO IIEpexoja BO
B3aUMOJICHCTBUN (NpUHATHE pelleHus). Takas Mojenb MOJNydusa Ha3BaHME «TOYEYHOH MOJeNu
B3aumojeiicTBusi»y. CojepkaHHE BCEX ONUCAHHBIX IPOLECCOB  YKIAABIBAETCS B  CXEMY
TEOPETUYECKUX KPUBBIX IIPUBEICHHBIX HA puC. 1.
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AocTaTouHuR I
|

Soda 1A puod faecan i
31 AU, 0T B i

HegooTaTouHeR

TeopeTHYECHKHME KpPHMBbLIe Biﬂl’lMD,.[l,El"‘lC'l’Bl’lﬂ CNOEHBIE JHHAMAYECHMX CHCTERM

Puc. 1. Ilpamas nunus 603pacmanus Ha epaguxe ompasxcaem KaieCmeeHHull pOCH Nepeoco
Ypo8Hs 83aumooeticmeus. Bo emopom ypogne cymMmupyromes cueHanbl 83aumo0eicmeaus no
NPUHYUNY «MOYEYHO20 83AUMOOEUCMBUAY (cunepboIuyecKkas 3a8UcCUmMoCb.
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VYunteiBasg, Oa3uCHBIC TPHHIWIBI B3aUMOACWCTBUS CJIOXHBIX JUHAMHYECKHX CHCTEM U
IIPUHLIMIIOB KJIACCUUYECKON TEOPUH UEPAPXUUYECKUX CHCTEM, CTAJIO BO3MOXHBIM CO3JAHHUE MOJEIH
JUHAMHUKU B3aUMOJICHCTBUSL KOMIUIEKCHBIX B3aUMOJICHCTBYIOIIMX YpOBHEH C Oojee ueM Tpex
YPOBHEH.

basucnble NPUHIUIIBI B3aHMOI[eﬁCTBHﬂ KOMIIVICKCHBIX HEPAPXUIECCKHUX CUCTEM.

Ilpunyun 2omeocmasuca - 3TO CIOCOOHOCTb CJOXHBIX JKMBBIX HEPAPXUUYHBIX CHCTEM
BbIpa0aThIBaTh aJaNTHBHBIE PEAKIMHU MO TMOJJICPKAHUIO IIOCTOSHCTBA CBOEW BHYTpPEHHEH H
OmKalieir MUKpOCPEIbl B COCTOSIHUH OajlaHca (OTHOCUTEILHO YCTOWYMBOTO PABHOBECHS).

Ipunyun yposnesocmu (MepapxuuHoctH). CTPyKTypHas M HMHPOPMALMOHHAS  HepapXus
SIBJISIETCSl COCTABJICHHOW (KOMILJIEKCHOW) W3 TMOAYPOBHEW M COCTOSIHHM [0 OTHOIIEHHUIO K Cpejie
HaxoxaeHusa. MepapXuuHOCTh MpeAnoiaracT NPUOPUTETHOE U MOCIEIOBATENFHOE PACIIONIOKECHHE
MOJICUCTEM, JAECUCTBUS KOTOPHIX UIYT B HANpPABIECHUU OINPEAEIECHHOIO BEKTOPA OT CONOJUYMHEHHBIX
YpOBHEH, 1 3aBUCHUT OT HCIIOJTHEHUS CBOUX LIeJeBBIX (PYHKIHMI. MepapXU4HOCTh CHCTEMbI O3HAYaeT,
YTO KaXIbIi €¢ KOMIIOHEHT (IOJICUCTEMA) MOXKET paccMaTpUBaThCs, KaK OTAENbHAas CUCTEMa, a
cama crucTeMa MpeCTaBiIseT cOOO0M JHIb OJIUH U3 KOMIIOHEHTOB 0oJiee MIUPOKON MO OTHOLICHHUIO K
HEW METACHCTEMBI.

Ipunyun  cmanoenenusa. Ilpunnun HenmuHeitHocTH. HenuHelWHOCTP B OMOJIOTHYECKOM
B3aUMOJICHICTBUM MOHMMAETCS, Kak JAMHAMHUYECKas MHOIOBAPHMAHTHOCTh, albTEPHATHUBHOCTh U
HEoOpaTUMOCTh BO3MOKHBIX ITyTeH Pa3BUTHS CIIOKHBIX CAMOOPTaHU3YIOIIUXCS CUCTEM.

Ipunyun neycmouiuueocmu. Ilocne monxona CHCTEMbI K TOYKE BbIOOpa, OHAa NEPEXOIUT B
HEYCTOWYHMBOE COCTOSIHME TIO0 OTHOIICHHIO K 3TOMY YpPOBHIO CHCTEMBI. B TOuke HeyCTOMYMBOCTH
CUCTEMA CTAaHOBUTBHCS OTKPBITOM ISl MOTOKOB M3 MOJYPOBHS U MPOSIBISET UyBCTBUTEIBHOCTH
CBOHMX MPUEMHHUKOB BO3JEHCTBUS OT APYTruX ypoBHEH. Takoe COCTOSIHHS HEyCTOWYMBOCTH BhIOOpa
¢bukcupyercs, Kak ToYKa OMQypKarmu.

Ipunyun HezamxHymocmu (omxpvlmocmu) - CIOCOOHOCTh CUCTEMBI MOCTOSHHO OOMEHUBATHCS
BEILIECTBOM (PHEprueil u mHpopmaimein) ¢ OKpyKarwlie CUCTEMY MUKPOCPEION U 00J1agaTh, KaKk
«UCTOYHUKAMHU» - 30HAMHM TNOANUTKU OHHEPruerd OT OKpykawiuehd ee cpenpl. CymmapHoe
B3aMMO/JICIICTBIE KOTOPBIX, CIIOCOOCTBYET HapalllUBaHUIO CTPYKTYpPHON HEOJAHOPOAHOCTH JTaHHOM
CHUCTeMBbI, TaK M «CTOKaM» — 30HAM pacceuBaHus, «cOpoca» »sHepruu. B pesynbrare
B3aUMOJICHCTBUS TMOCJIEIHUX, MPOUCXOIUT CIVIAKUBAHUE CTPYKTYPHBIX HEOJHOPOJHOCTEN B
cucteme. OTKPBITOCTh - CIIOCOOHOCTH BOCHPHSTHS BIMSHHN BHEIIHUX «HCTOYHHKOB)» «CTOKOBY -
SABIISICTCS ~ HEOOXOMUMBIM  yCIIOBHEM  CYIIECTBOBAaHUS ~ HEPAaBHOBECHBIX  COCTOSHHIA, B
MIPOTUBOMOIOKHOCTh 3aMKHYTBIM CHCTEMaM, HEHM30€KHO CTPEMSIIMXCS, B COOTBETCTBUU CO
BTOPBHIM HAyajaoOM TEPMOAMHAMUKH, CTPEMSIILIEHCS K OalaHCOBOMY (PaBHOBECHOMY) COCTOSIHHUIO.

Ipunyun ounamuueckol uepapxuuHocmu — 3TO TPUIOKEHUE MPUHIUINA MOJYUHEHHOCTH Ha
MPOIECCHl CTAHOBIICHHUSI B OHMOJIOTMYECKMX KOMIUIEKCHBIX CHCTEMax - CO3/IaHHE IapamMeTpOB
YHOPAIOUMBAHUSL U3 Xaoca, B3aMMOJICHCTBHS Ha YPOBHE YyCTOWUYMBOro coctostHus. CaM mporiecc
CTaHOBJICHUSI €CTh MPOIECC YMOPSAOYMBAHMS Xaoca M €ro OpraHu3alus, a 3aTéM HOBOE
HaKOIUIGHHE OJIHOTO M3 HUX B IPOILIECCe B3aUMOACHCTBUS yXKe TPEX HEpapXHUECKUX YpPOBHEH
CUCTEMBI U Tak 1o Bo3pacTtarole. [Ipy 3ToM nepeMeHHble mapaMeTphbl YIOPsI0UUBaHUS OCTAIOTCS
HEYCTOHYMBBIMU JI0 MPEOJIOJICHUSI UMU YPOBHS JOCTATOYHOCTH U MEPEX0a B HOBOE KaueCTBEHHOE
COCTOSIHHE.

Ipunyun nabarooaemocmu — COCTOUT B OTHOCUTEILHOCTH OpTraHU3alluu KaTEerOpuil Mopsaka u3
Xaoca MO OTHOIIEHHIO K YpOBHSM HaOmoJaeHHs, MacumTaba M  MPOCTPAHCTBEHHO-BPEMEHHOM
MIPOTSHKEHHOCTH, MPEBPAILAOIIUE Xa0C B CIOCO0 (YHKIIMOHUPOBAHUSA U UHPOPMAITHIO.

JIBa TmociemqHUX NPUHLUIA BKIIOYAIOT TaKXKe «METAPUHIMIBD) -  JIOCTATOYHOCTH U
WHTETPUPYEMOCTH Ha OCHOBE MX LHUKIWYECKOM © TUIEPIHUKIMYECKON  OpraHu3alui,
KOMMYHHUKATUBHOCTH U OTHOCHUTEIHLHOCTH IO OTHOIICHUIO K HaOMIoaTeNo (KOHTPOJIEp), 3ammycKas
MpoLIeCC MEXYPOBHEBOIO JHAlora BHYTPEHHEro HaOdroAaTrenss W TJI00aIbHOrO JIMCKypca
MeTaHa0IIoJaTeNs] KOMIUIEKCHOM CUCTEMBI (METAPHHIUIIB (PPAKTATHHON OpraHU3auy Xaoca).
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Co31aHue Mo1e/ 1M B3aNMOCHCTBHSA KJIETOK € Cy0OCTpaToMm.

B kauectBe (QyHKIMHM 1LeAM B3aUMOJEHCTBYIOIIMX YypOBHEH HamMu BbIOpaHa (QyHKIUS
ounonorndeckoi anre3wu. DyHKIUS [ETH JOCTUTACTCS B OIMPENCICHHBIH MOMEHT IOCTHKEHUS
KauyecTBa B3aUMOJICUCTBYIOIIMX YPOBHEM B COOTBETCTBUM C TOYEYHBIM [PUHLHIIOM €T0
ucnonHeHusi. CyMMapHbId pOCT BEIIECTBA JIOJKEH COCTOATh U3 B3aUMOJCHCTBHUSI HOBOTO KavyecTBa
U CHUTHaJIOB (OPMUPYIOIIUX 3aBHCHUMOCTH JTOCTHXKEHHUS ILIEeNH, T.€. BO3pacTarolle-yObIBaloIIylo
XapaKTEPUCTUKY TOCTATOYHOCTHU CBS3BIBAHUS U MEPEXOASALIYIO0 B HEOCTATOYHOCTh CBSI3bIBAHUS, HO
IO MOMEHTA OTKJIIOUEHHs CHUTHaja OTKPEIUIEHHsA. OJTO MPEANOJaraeT WM €ro CpPaBHUTEIBHO
MEJICHHOE yJEP/KAHUE B 30HE TAPMOHUYECKOT0 B3aUMOJICMCTBUS WM YJIEPKAHKE 3a CUET CHavasIa
TOYHOI'O MapaMeTpa yAEPKUBAHUS U MEPEXOAAIIEIO0 B HOBOE KAYECTBEHHOE COCTOSIHUE MOCIE TOTO,
KaK MPUHIUI HEAOCTATOYHOCTH OTKIIIOUUT 3TO OTHOLLIEHUE.

Tako¥ Bu B3aUMOJICUCTBUS HAOIIOAIOT B OJJHOM YPOBHE Ha MPUHIIUIIE MEXaHO-CEHCUTUBHOTO
napaMmeTrpa B3aUMOACHUCTBUS Yy TpaHchopmupoBaHHBIX Ki, KOTOpbIE TEpAIOT KOHTPOIb Haj
YPOBHEBBIM PACIPEIECICHUEM CHTHAJIOB. TakuWe HCCIEeIOBaHUS MOTYT 3HAYHUTEIBHO YCKOPHUTH
mpo0GsieMy pelieHus 3a1a4u MOUCKa MEXaHHU3MOB MOTEPU ITOTO KOHTPOJIs. Takue paboTsl BeoyTCs B
HACTOSIIEE BPeMsi CaMbIM MHTEHCUBHBIM 00pa3oM.

W3 xmaccuyeckux paboT Mo TeoprH OMOIIOTUYECKON aire3uu TakKe M3BECTHO, YTO, JOCTUTHYB
MPUKPEIJICHUS, KJICTKU MepexonsarT B (a3y paciuiacThIBaHUA M yACpKaHUS B CBOEM YPOBHE,
COXpaHsis 3TO COCTOSIHUS 10 NEPHO/ia 3aBEPILIECHUsI CBOETO )KM3HEHHOTO 1UKia. /lanee mporcxoaut
oOpaTHBIIl Mpoliecc OTKPEMJIEHUsI OT CBOero cyOcrpara mocie Toro, kak Ki naer HemoctatouHo
KaueCTBEHHBbIE CHUTHAJIBl O CBOEM COCTOSIHUM C MeECTa CBOEro yzep:kaHus. Takod curhan
HA3bIBACTCS ANMONTHYCCKHM W TEIeph YXKE OH, CTa0WIbHO C(HOPMHUPOBAHHBIA B TOJICKAIIEM
ypoBHE ¢ 0ojiee KaueCTBEHHBIM U CTAOWJIBHBIM CHUTHAJIOM IO OTHOILIEHHUIO K 0Ooyiee BBICOKOMY
ypoBHio! U Tenepsr yxe Ki, HaumHaer neHCTBOBAaTH MO MPUHIUITY HEAOCTATOYHOCTH, U ITO
3acTaB/IsIeT €€ MOKUHYTh MECTO B3aMEH Ha HOBYIO Ki. DTo cuTyalus reHepupyeT TakKe CHTHajl
BCEM YPOBHSIM O MOATOTOBKE Ha 3TO MecTo HOBOM Kit 3, Onuxke pactosiokeHHBIX CTBOJIOBBIX Kit,
B cucteMy POC nmns toro, ytoOsl 3Ty K yrunusupoBats. Ho B 1ieiom uepapxudeckasi CTpyKTypa
Ha BCEX YPOBHAX IMPOIECCUPYET, KaK ONpPEACIICHHbIN OajaHC B3aUMOJCHCTBUS MEXKIY YPOBHSIMH,
KOTOpBIE KOHTPOJHUPYIOTCS OOLIUM MapaMEeTpOM B3aUMOYACPKUBAIOUINX YCUIUN U B CIydae ero
W3MEHEHUSI CHCTEMA aJICKBATHO PEArHpPyeT HAa 3TH CUTHAJIbI, U3MEHSS LIEJICHANPABICHHO T€ WJIH
WHBIE €r0 COCTOsIHUA. TeopeTndeckass KpUBasi B 3TOM cily4ae JUisl ABYX YpOBHeH OyaeT 3epKaabHO
MEHSTHCS MECTAMU B TOYKAaX CBOETO B3aMMOJIEHCTBUsI. Takue COOBITHS COBEPIIAIOTCA B CIIOXKHOM
JUHAMUYECKOM PEXUME B3aUMOJICHCTBHUSL.

OOmias moTepsi CyMMapHOUW yAEpKMBAeM OCTH BCEM MHOTOYPOBHEBOW CHCTEMBI Ha YPOBHE
L[EJOr0 OpraHM3Ma (HampuMmep, COCTOSIHHE CTapeHHe TKaHe W OpraHoB) TNPUBOAUT K
JIE3UHTErpalid CTPYKTYP M B3aUMOYIEPKUBAKOLIMX CHJI PETYJHUPOBAHUS, 3a KOTOPBIMU CIEAYET
natoyorusi oTAeNnbHbIX Ki, TkaHeil wnu oprana. T.o. Ooyiee MOHATHBIM CTAaHOBUTHCS M TIEPUO
SMOPHOHAILHOTO Pa3BUTHSl OPTraHU3MOB M3 OIUIOAOTBOPEHHBIX KIJIETOK, KOTOphIC, HapaOaThIBas
CBO€ OKPY)KCHHME CHauaja B  YPOBHSIX MHTEHCHUBHOTO WHTEIPUPOBAHUS OHTOT€HETHUYECKOTO
TeHOMHOTO cTaTyca, (OPMHUPYIOT, HOBBIH OOMEH CHUTHAJIaMU Ha B3aMMOYJCPKHBAHHE HOBOTO
KaueCTBEHHOI0 MapaMeTpa CBA3bIBAHUS W, HMCXOAS U3 HEro U COOTBETCTBYIOUIMX CHUTHAJIOB
CTPYKTYpPHOTO HAKOIUICHHSI ypPOBHEH, CBS3BIBAIOT OTY OJHEPTHI0 W HWHPOPMAIUIO, CO37aBast
MHOTOMEpPHBI KOMIUIEKC B3aUMOJEUCTBYIOIIMX MEXIy YPOBHSAMHM U B TO JK€ BpeMs
COXPAHSIOIIMMH OaJlaHC ITOTO CBS3BIBAHHS JIO OKOHYaHHS (HOpMHpOBaHHs Bcero mHTepdeiica
COCTOSIHMSI KM3HU. VICKIIIOUEHHE COCTaBIIAIOT PAKOBBIE KJIETKM WM HE BBIIIEAIINE U3 COCTOSHUSA
anorrro3a Kit u mpoyHO ynepKHBaroOIIHUeCs B ONMPEACICHHOM MECTE M0 KPUTEPUIO U30BITOYHOTO
XapakTep CBOEro CBA3BIBAHUS C MHUKPOOKPYKEHMEM. B 1enoM, 3TO NpUBOAUT CHadajla K
0CJIa0JICHUI0O MUKPOCHUCTEMBI 3a CUeT M30BbITKA CUJIBI YIEp>KaHUS B ONPEICICHHOM MECTE, TAC U
MPOUCXOAAT MPOIECCHl UHTEHCUBHOM JIETPaallii CTPYKTYPHBIX YPOBHEH MO TUIY AarONTUYECKUM
curHai. [lpm >TOM B3auMOJECMCTBHE CHUTHAJIOB BTOPOIO YPOBHS, KOTOPHIE OHU caMu cebe U
CO3JAI0T, IPUHUMAIOTCS B PEKMME HOPMAJIBHOTO CUTHAJA.

IVTN-2006: / 13.03.06 db06_10.pdf  #3



VYuutbiBas BBILIEU3I0KEHHBIE 3aKOHOMEPHOCTH, MOJENb JJI1 B3aUMOJAECUCTBUS MEXIY IBYyMS
YPOBHSIMU U O0JibIIe OYAET PEryJIMpPOBAThCS cleaytomel 6J0K-CXeMOi.

Gl.l Gl.l
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—>
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Ipunyunuanvras 610K-cxema 63auUMO0etUCMBEUs. CLONCHBIX OUHAMUYECKUX CUCTEM 8 2-X
VPO8HESOU uepapxuu

B cuctemax B3ammoserncTBus Takoro tuna G — 3To 1eneBas (pyHKIUS KauecTBa B3aMMOICHCTBHS
B ypoBHe 1.

S — ¢dbyskmus dopmupoBaHHsS TMapaMeTpa Ha MPUHIUIE JTOCTATOYHOCTH\HEIOCTATOYHOCTH B
ypOBHE 2.

®opmanuzanus Mojenu (YHKIMOHMPOBAHUS HA IMPHUHATOM MPUHLUIE MEXIY CHUTHAJIbHBIMU
o6mokamu G 13 u G 22 — 1-bIif ypoBeHb OyJeT coaepxKaTh mapaMeTpbl KadecTBa B3auMOCHCTBUS,
3aBUCHUMBIE OT YPOBHS MHTErpallUd MNapaMeTpu4ecKux (QYHKUMH 2-r0 ypOBHS C BBIXOJIHBIM
CUTHAJIOM:

y = 8(x), (1

C 3JIeMEHTaMH MHOJKECTB napamMeTpa kauectna - [1(Y),

rae S — gyHkuus popMupoBaHus napaMeTpa Ha NPUHLUIE JOCTaTOYHOCTH\HEAOCTATOYHOCTH.

Jist moGoro BxoaHOTo curHana x’ € X . OTBET CHUCTEMBI JISKHT B Mpeeax o0IacTu 3a1aBaeMoit
Mepoil ocTaTOYHO\HenocTaTouHO. [loBejeHne cHUCTeMBl B IEPBOM YpPOBHE OyAeT 3aBUCETH OT
MIPUHATHUS CUTHAJIOB TOJBKO JABYX THUIOB (CM. OJIOK cxemy) - S 11 u S 12:

- 3aMpOChl HA U3MEHEHMSI BO B3aMMOJIEHCTBUIX HA TIEPBOM YPOBHE,

- 3aBMCHMOCTU IapaMETPOB KauecTBa OT CTENEHH B3aUMOACWCTBUS (MHTErpalnuu) BO BTOPOM
YpOBHE.

[Tpu mocTHXKEHUH OTPEeNIeNIEHHOr0 MOKAa3aTesl ONTUMHU3ALUKN B3aUMOIEHCTBUM NIEPBOTO YPOBHS
CHUCTEMa HAaYMHAET M3MEHATHh CBOE KAuyeCTBO B3aMMOJEWUCTBUS W TakuM OOpa3oM MEPEXOJUT B
HOBOE COCTOsIHME. BO BTOpPOM ypOBHE M3MEHEHHME CUTHAJIOB Ha 3alpoC pacCcMaTpHBAETCs, Kak
MIEPETIONIHEHNE CHUTHajJaMH JIOCTaTOYHOCTM W CHCTEMa OTBEYaeT CHIKEHHUEM IapameTpa
CBSI3bIBAHUSI.

T.o. MexaHu3M, cpabaTblBaHHs MapaMeTpa B3aUMOJEHCTBUS IEPBOrO YPOBHS COOTHECEH Ha
KayecTBO B3aUMOJICHCTBUS, a BTOPOW YpPOBEHb DEryJIMpYETCsl MapamMeTpaMy JOBOJBHO TOYHBIX
MEXaHO-CEHCUTUBHBIX «yCTAaHOBOUHBIX TOYEK», KOTOPbIE 3aBUCAT OT (PUIUKO-XUMUYECKUX
nokaszaresneil cBs3bIBaHMA (TMpUKpervieHus). s OMOJOrMyecKuX BUAOB B3aUMOACHUCTBUS Takas
uepapxusi YpOBHEH YCJIOBHA M 4allle BCErO Mbl PacCMAaTPUBAaEM B JIMHAMUKE CETEBOM IMPHUHIIMII
B3aUMOJICHCTBUH, I'/le 3TH CUTHAJIbl MOJBEPKEHbI ONTUMH3ALMKU M MHTErpaliu B Oosiee BBICOKHE
YPOBHHU BCEH CUCTEMBI U KOMIUIEKCA CHCTEM B LIeJIOM. B 3TOM cilydyae kauecTBO B3aMMOJAEHUCTBUS
KOMILIEKCHOW CHCTEMBI 3aBUCUT OT €r0 KaueCTBa B YPOBHAX U MOAYpOBH:X.(1).

Jlnst Mozieny onmMCcaHHOM BBILIE HE CYLIECTBYET €IMHOrO MaKeTa MpOrpaMMHOr0 00eCIeYeHusl, C
MIOMOIIIbI0 KOTOPOTO, MOKHO TPOBECTH pacyeThl M aHAJIW3 JAHHBIX B3aUMOJCHCTBUI Haxke B
npenenax ogHoro Onoka. Takue cucTeMbl Ha (HOPMAIBHOM SI3bIKE OMOWH(OPMATHUKH, MPHHSATO
MPEJCTABIATh, KaK KOMIUIEKCHAs MHOTOKOMIIOHEHTHAsl MepapXxuyeckasi CTPYKTypa ¢ IUCKPETHBIMU
1 ($a30BBIMH TIPOLIECCAMH, YTIPABICHHE KOTOPBIMHU TIPEICTABICHO OJOKaMH C TUHAMUYECKHMU
JAHHBIMU Ha «BXOI» M «BBIXOI», HA COCTOSTHHE» U Ha «B3aUMOJICHCTBHEY.
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B ocHOBy MmaremMaTHuecKOW MOJENW Hamled 3agadd OblIa MOJIOKEHA HAeS «TII00aTbHOM
CTPYKTYPHOH yCTOMYMBOCTH», KOTOpasi B €€ peaJbHBIX COCTABISIONIMX (CHCTEMaX, OJIOKax)
COOTBETCTBYET €€ MCTUHHBIM TapaMeTpHUYeCKUM (YHKIUSAM U MOCTpOocHA Ha Teopuu Pene Toma
(1973) ero MmatemaTudeckoM ammnapare.(2).

HeoOxomuMocTh BBEICHUS TEH30PHBIX WM HA MPUHATOM COBPEMEHHOM NOHATHH MEXaHO-
CCHCUTHUBHBIX MTaPAMETPOB OYCBH/IHA JUIS HAIIICH MOJICIIH.

Ki1eTouHO-HAHOCTPYKTYpHOE B3aMMO/eliCTBHeE.

Takum oOpa3oM, u3ydYeHHE M NMOHMMAaHHME MEXaHHW3Ma OWOJIOTMYECKOM aire3uu H mepeaadu
curHanoB B Ki1 oT OKpy>KeHUs 3aBHCSIT OT COCTaBa, pazMepa, U MepepachpeielieHuss MaTPUKCHBIX
KOMITOHCHTOB, KOTOpBIE MOTYT JUTMTEIIFHO 3aJep)KUBaTh Yy3HaBaHWe cBoux JIii Ha
CyOMHUKpPOCKOTIMYECKOM  ypoBHe. Mcmonb3ys, MeTOApl KOHTAaKTHO-TEH30PHOTO  HM3MEpPEHUs
MOBEPXHOCTEH JUIsi  y3HaBaHUS  yYacTKOB C AaJIe3WBHBIMH M HEAATC3WBHBIMH CBOWCTBAMH,
MOJTy4al0T JaHHBIE, KOTOPBIE 3aTE€M YCIIEUTHO UCMONIB3YIOT Ui aHAIN3a T€OMETPUU TIOBEPXHOCTH U
¢dopmbr Kit ¢ yaeToM ux ku3HecrmocooHocTH [3].

Pe3ynpTaThl 3THX JaHHBIX JOCTOBEPHO TOKa3biBalOT, uTo ¢opma Kin um  koHpopmamms
YYaCTBYIONIMX BO B3aUMOJICHCTBUU MOJICKYJI YIPABJISIOT JKU3HEHHBIM ITUKIOM KiT 1 amonTo3oM u
MOTYT TEPEKIIOUUTHCS MEXKAY OSTUMHU JBYMS OCHOBHBIMH MpPOrpaMMaMd B 3aBHCHUMOCTH OT
«3(pPeKTUBHOI TEOMETPHUI» B3aMMOJICHCTBYIOIINX YIaCTKOB (CalTOB).

PaspaboranHass Hamu paHee Ha OSKCIEPUMEHTAIILHOM MaTepualie KOHICMIHS aJare3uu
IpeTepresia HEeKOTOpble M3MEHEHUSI M HYXKIAeTCsl B HACTOSIIEE BpeMs B yTouHeHUWU.(4). JlanHas
HaMu (GOpPMYIIMPOBKa crenu(rueckoil OMOJOrMYEecKOil aare3uu, Kak COBOKYITHOCTH CBOMCTB H
CIIOCOOHOCTH B3aMMOJCHCTBOBATh MEXKAY (PEHOTUIUYECKH JKCIPECHPOBAHHBIMHU CTPYKTYypaMu
MOBEPXHOCTH KJI M €€ JUraHjaMu BO BHekieTouHoMm MaTpukce (BKM) mno tumy nurang -
PELEenTOPHOTO B3aUMOICHCTBUS HE BKIIIOYAJa 3JIEMEHTOB Hecnenuduueckoro B3anmoerctus K.
Tenmeppr 5TH cBOiicTBa clieyeT OOBEOMHATH B CBA3M C HOBOW MapajurMoil TE€HOMHOTO U
BHETCHOMHOTO PETyJIMPOBAHUS YIIPABJICHUS B3aMMOJCHCTBYIOMINX KIIETOUYHBIX CTPYKTYp H
MUKpPOOKpY:keHus. Cro/la BKIIIOUEHBI CIeAYIOINE BUIbI U CHUJIbl B3AUMOACHCTBHUS:

BSI3KOYIIpYTo€ (BpalleHue, KaueHue);

perientop-nurangHoe (6uo-agpuHHOE CBA3BIBAHNUE);

MEXaHH4YEeCKas aAre3ust (TCH30pHAas HHTETPAIHSI - TSH30TPAIIHs);

THJIPOJIUHAMHUYECKOE;

ruipooOHO-THIPOGUIBLHOTO OaTaHca;

To0pUKanys (31aCTO-TUAPOIUHAMUYECKOER);

MEXaHUYECKOE BpalleHHe (BOJIOUYCHHUE).

OObenmMHUB BCE OTH COCTABHBIE HEpPApXUH CWJI B OAHY CHIY B3aUMOACHCTBHUS MOKHO
MIPEJICTABUTH U MOHATH BCIO TEOPUIO OMOJIOTUYECKON aJire3un KaK eIMHYIO.

CHoXKHOCTh aHaIM3a 3TUX CHUJI KaK MOTOKOB HANpPaBIEHUH M BEKTOPU30BAHHBIX pacIipeieiIeHHA
oueBngHa. OHH TakkKe CIOXHBI TEM, YTO COJEp)KaT B ceOe MmapamMeTpbl JCUCTBUS U
MIPOTUBOACUCTBUSA O] KOTOPBIE €Ille HE CO3JaHbl COOTBETCTBYIOIINE MaTeMaTHUECKUE pa3padOTKu
JUIST aHalli3a TaKuX Cuil. VX NpUXOAWTHCS YYUTHIBaTh, KaK B COCTaBE CHJI HANPSDHKEHUS WIH
YCTOWYMBOCTHU WJIM IPEHEOpEraTh UMH B MOJAEIBHBIX IKCIIEPUMEHTAX.

Pe3ynbpTaThl MHOTHMX JTHX HWCCIICIOBAaHWM BBIMIOTHCHHBIX TPOILIBIM JIECATUICTHEM, KOTOPOE
obecrneuniiy yTBEepKIeHHE KIETOYHON MOJIeH TeH30rpaluu (tensegrity). J{pyrue moaenu, KoTopbie
eIIe MPOXOIAT MPOBEPKY BPEMEHEM TakKe Hellb3sl He yuuThiBath (Heinemann u ap., 2000). Mel
paccMOTpUM 3Ty MOJAETh MEPBOM, TaK KaK OHA SBJSIETCS €IWHCTBEHHOW M3 CYIIECTBYIOIIMX IO
Teopuel cTpykTypsl Kit, KoTopasi 0OBSICHSET BCE IKCIEPUMEHTAIBHBIE PE3yIbTaThl. 31€Ch BaKHO
OTMETHUTH, YTO CYIIECTBYIOIIEE PA3IUYHE MEXKIY «MATEeMAaTUYECKOW MOJENbI0», KOTOPYIO MOXKHO
MPOCTO TIOCTPOUTH CICIHATBHBIM BBIUMCICHHEM, OCHOBAaHHBIM HAa W3BECTHBIX JIAHHBIX H
MaTeMaTH4ecKord (OPMYJIHUPOBKE TEOPHH, KOTOpas, HCIHOJIb3yS BBIUUCIUTEIbHBIE METOIBI,
TECTUPYET anpHOpH MU CO3/aeT MPOTHO3 Uit 3Toi Monenu. [lo cymecTBy Besi mpomwias pabora
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I[GCSITI/IJ'IGTI/Iﬁ nmo MOACIIMPOBAHUTIO MCXAaHMUKH KIICTOK BKJIIOYUCHA B PE3yJbTaTbl TCOPUHU

TEH30TPaLUH.

[TokaskeM 3TO Ha NMpUMepe aHaNM3a MeXaHu4eckoil aiare3uu. Ilox Monensro Mbl 37ech Oynem
noHnMatb -  CTpYKTYpHYI0O  MHOTOKOMIIOHEHTHYIO  CHUCTEMY  B3aHMOJAEHCTBHS  C
HEOPUEHTHUPOBAaHHBIMU  OnokamMu. B KkauecTBe  KJIAaCCHMUECKOM  CHCTEMBI  MOJIENH

B3aUMO/JICHCTBYIONIMX CHJI BBIOMpPaeM 3JaCTUYECKOC B3aUMOJCHCTBUE JICHKOIUTOB O]
yIpaBJICHUEM MOJICKAIIUX UM CETSAIM CYyOTOPH30HTOB AKTWHOBBIX (DMIIAMEHTOB M HAXOISIIUXCS
MOJ1 UX CHUJIAMH HAIPSHKEHHOCTH (CIy4ail TeH30pHOH CcBs3H). (5).

JIByxcroifHasi MeMOpaHa cypdakTaHTa MOJIEKYJ NMPHUCYTCTBYIOIIAs Ha moBepxHoctu Kii, mMeer
3aJJaHHY10, (PUKCHPOBAHHYIO 00JIaCTh, B TO BpeMsl Kak, 00JacTh IMOJ MOJEKyJamMu cypdakTaHTa
YCTQHABJIMBACTCSI OT CHTHAJIOB YYBCTBUTEIBHOCTH K HeH. MemOpaHHas IIepoXoBaTOCTh
neiikorToB  (JI) co3maercs ceTeBOW  HANPSDKEHHOCTBIO, MPHIAIOIMIEH MM XapaKTePHYIO
MopuHUCTOCTR(crumpled) u ckmamgarocTh (appereance). Ckiaaakud MEMOpPaHBI MPOMCXOISAT OT
M30BITOYHOCTH COCTOSIHUSI 00JIaCTH MEMOpAHHOTO MoTeHIrana npuMepao Ha 100% 1o cpaBHEHHUIO
C €ro CpeIHUM ToKazareseM y chepuuecknx (Hopm JIEHKOIHUTOB. Tak HampsHKEHHAs JTa0MIbHOCTh
Cyp(haKTaHTHOTO MaTepuaa u 3JaCTUYCCKUX CBOUCTB JIil B OONBIION CTENCHU NETEPMHUHUPOBAHBI
€e OTHOIICHUSIMH C KOPTHUKAIBHOW CeThio. B «maccMBHOM» COCTOSHUM (T.€. C BBIKIIOYEHHBIM
BHYTPCHHUM MOTOPOM) HAINpsDKEHUE 3TUX CETEH MO JaHHBIM M3MEpeHUs (6) COCTABISET MOPSIKA
0,035 nua\cM2, a OCMOTHYECKOE JaBJIIEHHE B HUX cocTaBisieT mopsaka 102 muH\cM2 .(MCTIonb3ys
ypaBHenue Jlamnaca). (6).

I1.=72/R )

Ho »3T0 naBieHne npu BKIFOYEHHOM MOTOPE BpAIATELHOTO JABIKEHHS JICHKOIUTOB HE UTPAET
pPOJM M CO3/1aeT TOJBKO OIpPENEJICHHBI MapaMeTp 3JaCTUYECKOr0 HampsHKeHHe, YTo U ObLIOo
MoKa3aHo B cepud pabor. OHO CO3[aeT CBOMM BBICOKMM JIaBJICHWEM BHYTpH JIIl ycioBUS Iist
00pa3oBaHMsI BBICOKO BSI3KOM XKHIKOCTH (4,5).

Janee MBI HM37araeM apryMeHTBhl 3aBHCHMOCTH CWJI aJre3WH TpH ABMKeHUH JII OoT cui
HaNpsDKEHUs, KOTOPble BOSHUKAIOT MPHU KOHTAKTE C MOBEPXHOCTHIO MEMOpAH JIMTaHIOB M COCETHUX
K Tonpko B pamMKkax MakpOCKOIHYECKOTO MPOCTPAHCTBAa apryMEHTOB W3 TeOopuu MemOpaH. B
o0beMHOM cozepkanu Kit ux cBOOOIHAsI SHEPTUs TOJ BIMSHUEM CHJI HANPSHKEHHOTO (BS3KO-
AJIACTHYHOTO) CBSI3BIBAHUS OyJET COCTOSTh M3 Pa3HUIIBI SHEPTHH WHTETPAJIBHON TOBEPXHOCTH U
SHEPTUU TEPMHUHATIBLHOTO COCTOSHHUSL:

F=yA -TIV 3)

r7e y- MOBEPXHOCTHOE HampspkeHue, [l - ocMOTHYecKoe NaBIeHHWE BHYTPU OOOJOYKH, A -
CyMMapHasi IUIOIIaJb 30HBI MeMOpaHbl a - V 00beM my3bIpbka. KonnyecTBeHHBIC HYKBUBAJICHTHI
BeMYMH A 1 V , cleqyeT BCeraa WHTePIpPETHPOBaTh, KaK CPEIHHE 3HAYCHUsS W3MEHEHHUU (OpPMBI
MOBEPXHOCTH Ty3bIpbKa B TMapaMeTpax WX paclpelesieHus KOPTHKAIbHOW CeThro. Tak Kak
CyMMapHasi IUIOIab MEMOpaHbl A TO3BOJSET PETyJIMpOBaTh 3TOT IMOKa3aTelb M3-3a OOJBIIOrO
3araca JIOCTYITHOHM U U30BITOYHOM MOBEPXHOCTH MeMOpanbl JII B CKJIakax U IMIePOXOBATOCTSIX.

Teopun oneHMBaHUS SHEpPruu IedopMaluy COOTBETCTBYIONIAS M3MEHSIOMIEHCS Gopme ObLTH
pa3BuTHI B padborax.(7,8)

AFc = yAA+][d2s(Vs Aeii2 + p € ij 2)+ Yax[[d2s [ /R'+1/R']2 4)

3necy AFc - cymmapnas sHeprus aedopMany BbIpa)kKeHa B CIIEIYIOIIEM BHJE - TIEpBHIC IBa
TEPMHHA OMUCHIBAI0 BTOPUYHOE COCTOSTHUE YHEPTeTUYECKOTO OLIEHUBAHUS HAIPSHKCHUS CETH W\WJIH
€€ B3aMMOJICUCTBUE C 30HOM CBs3bIBaHMS. AA - 3TO M3MEHseMas IUIOaAb CBsi3bIBaHMsS K ¢
MOBEpPXHOCThIO. [lapameTp BbIpaBHUBaHMS - € 1j OTpakaeT HamOoJiee 3HAYMMYIO BEIIMYMHY, a
MMEHHO OallaHCOBYIO CHWJIy HaTsDKEHHs 3TOro B3aumojeiictBusa. Ero nHaumbosee monpoOHas
paspaboTka npuHauIeKuT (8). [1o MOHATHRIM MPUYKMHAM MBI HE MOKEM €€ PACKPBITh B JETANIAX, TaK
KaKk BBIOOp MaidbHEWIIMX TMyTEH WCCIECIOBaHUS BO MHOTOM YKe OyJeT 3aBHCETh OT 3aJaud
pelaeMoii Mo KOHKPETHOMY OOBEKTY.
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Takum oOpa3zom, o0mias BSHeprus ajare3ud B3aUMOJEWUCTBUS WM «KOJUIEKTHBHASI aare3us»
oTpeieNsIeTcsl B3aUMOJCHCTBYIOIMMI MEMOpPAaHHBIMH CBS35IMHM, @ TOYHEE MX OOILIMM BKJIAJOM B
pe3yabTaT 3TOr0 B3aMMOJCUCTBHUS MMEIOIIETO B CBOEH OCHOBE (DM3MYECKUN CMBICI M MOJ00EH B
Kakoii To mepe Ban nep BanbcoBbeiM cunam cBsI3bIBaHUS. B 3TOM CBS3M OLIEHKY CBOOOAHOMN YHEPTHH
CBA3BIBAHUS BHOBb MOKHO OIIPEJCIINTh KaK:

AF = AFc — GS (5)

['me mepBblii TEpMHUH O3HAYaeT ODHEPIUI0 3JacTUYECKOH aedopMmaivy, WHAYIHPOBAHHYIO
aaresuei, G — 3o cuibl oOpatHbie W a S — 3T0 CBOOOIHASI SHEPTHUS CUJT A[II€3UN PaCIpeIeSICHHbIX
Ha eIUHMILY TOBEPXHOCTH. ( CM OJIOK - cXeMy B3aMMO/ICHCTBHS BHIILIE. )

Jlis Oonee HarisAHOTO MPEJCTABICHHMA O T€OMETpUM B3aumojeicTBus JIi ¢ MeMOpaHHBIMU
CTPYKTYypaMU IPEIOCTaBIIsAEM CXEMY NPUIMMAIOIIEH IaCTUYHO-BA3KOM CHJIBI B3aMMOJACHCTBHS Ha
pHUc.2. HUXKE.

Sole

E P S
| rled

Puc.2. Ycnosnvie ceomempuueckue pasmepul 0715 K1emouHot mooenu npuaunarouie2o J1y.

R — nuramudeckn m3menstommiics paauyc Jlu. U — paanyc nucka ¢ mionaabio NpuinnaHus, 0
— yron (0003HAaUeHHBI HAKIOHHOM JMHHEH cjeBa) OTpaXKarollMd CTeNeHb KOHTaKTa C
MIOBEPXHOCTHIO MpWININAHUA. B mpocTpaHcTBe KBajgpaTa NEpecedeHus! yrijla CTENEeHW KOHTaKTa U
MIPOCTpaHCTBa MEMOpPaHbl HAXOJIUTCS TOUYKA CO 3HAYEHHE So— OKpAILEHO B CBETJIO-3€JICHBIN IBET.
B 31Ol «TOYKEe», HAXOAWUTCSA MapaMeTp CXOXKICHHS Pa3HOHAIPABJIECHHBIX CHJI TEH30IpaluH, O
KOTOPOHM MBI paccy’kJajld Ha MPOTSHXKEHUH BCETo M3JI0XKEHUs AaHHOW paboThl. O Hell HeoOXxoaumo
TaK)K€ TOBOPUTh, KaK O 30HE MPOCTPAHCTBA IUCKOBOIO XapaKTepa IeOMETpUH 0Opa30BaHHOMU
BEKTOPOM TaHTECHUMAJIBHOIO yIjda HakIoHAa UV — OJHOBPEMEHHO OTPaXKAIOIIEro  CHJIbI
npunumanus\panunaaus Kin ¢ memOpanoit. OH 3aBHCHT OT CyMMapHOTO B3aWMOJCHCTBHUS
COOTBETCTBYIOIIMX MOJIEKYJI 3TOTO BUJAA CBS3bIBaHUS (CHJI BSI3KOYIPYTOro XapakTepa) a Takke
pa3HOHANpaBICHHBIX CHJI paclpeesieHus cuibl aBrxkeHus camoil Kii. Ilocnennue pacnpeneneHsl B
JTUCKOBOM IMPOCTPAHCTBE BOJIM3U KOHTAKTHOTO yTia. (cM. popmyiy 6)

v =U/R, (6)

C yd4erom 3THX YCIOBHM C MOMOILBIO MAaTEMAaTUYECKUX PACYeTOB MOXKHO HAWTH 3Ty TOUYKY,
OTPAXKAIOIIYI0 CUIYy aJre3MOHHOr0 KOHTaKTa T-Tay. M BK/IIOYMB €ro Kak MapameTp MOJyYHUThb
KOHEUYHOE BBIpKEHUE ypaBHEHUE B3auMoIecTBYOMIeH criibl.(Dopmyna 8).

AF = yAA+Y2 EAA2/A -n/U2 G - n/2xU2/R2+2mut (7)

OObsicHsIIOIME €€ COCTaBHbIE 0OCYKJIEHBI B TEKCTE COOOIIEHUS BBIIIE U B CChUIKaX Ha JaHHYIO
CTaThlO, a TaKXke OyyT 0OCY/IaThCsl B HAIIKUX CIETYIOIUX COOOICHUSX.
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3akjIoueHue.

Momp TeopuM TEH30Tpald COCTOMT, KaK pa3 B BO3MOXXHOCTU NIPEICKa3bIBaTh CIIOKHOE
noseneHune Kii, HaunHas ¢ MPOEKTUPOBAHMS MEPBBIX MPUHIIUIIOB OJIOYHOTO THIIA B3aMMOACHCTBHIH,
110 HanboJee CIOKHBIX MOJENeH, UMUTHPYIOLIUX IPOIECCHpOBaHUE OJIOKOB B Mpefesiax CTPYKTYp
HAaHOMETPOBOTO YpoBHA. McCmonb3ysi COOTBETCTBYIOIIMH THUIl U3MEPEHUi, Crocod perucrpanuu
CUTHAQJIOB OTPaXKalOUIUX YMPABJICHHE M HCTOJKOBaHHBIX OT reomeTpun (popmbl) Ki B
MOJIEKYJISIDHBIX CTPYKTypax, IOJy4aroT aJeKBAaTHbIE pe3yJbTaTbl IPOUCXOISALIME B JKUBBIX
CJIOKHBIX(KOMITJIEKCHBIX ) TMHAMUYECKUX CUCTEMaX.

MHorue MoJeKyJIsIpHbIe OHOJIOTH BCE eIle TUI0X0 OCBEOMJICHBI O TAKOM 3HAHUU. YK€ CETrO/Hs
cleyeT oOpaTWTh BHMMaHHE Ha TOT BKIAJA, (U3NYECKUX CHJI B3aWMOJICHCTBHSA, KOTOPBIA OHHU
OTPaXalT B HAJIMOJICKYJISIPHbIE MOAM(PHUKAIMN MPU OKOHUYATENBHON cOOpke (DyHKIMOHATBHBIX
MOJIEKYJT M WX COOTBETCTBYIOIIEE BIUSHHE B WCCICIOBAHUAX, KOTOpHIE (DOKyCHpYIOTCS Ha
WHAUBUAYATbHBIX MEXaHU3Max MOJIEKYJSIPHOTO B3aUMOJEHCTBUS M\ WIM CHUTHAIU3AlMU OT ITHX
omokoB. IloHumaHue wuepapxuueckoid OHOJIOTUM CHCTEM, KaK MOJIEKYJSIPHBIX IPOIIECCOB
(GYHKIIMOHUPYIOIIKUX B Mpeaenax XUBBIX MHOTOKIETOYHBIX OPraHM3MOB CTAHOBUTCS Bce Ooiee
BaXHBIM B HOBBIX HAIIPABJICHHUSIX OMOJIOTHUYECKOW HAYKH, KOTOPOE MBI MMEHYEeM KHHOMHKOW -
M3ydYaromiel mpoiiecchl B3auMooTHomeHni K, MeMOpaH, MOJIEKyJ U MX 4acTeil Ha OCHOBE TEOPHUHU
TEH30Tpaliy.

brnarogapunoctu: Xotenock Obl MOOMArofapuTh OPraHU3aTOPOB U TIOCTOSHHBIX YYaCTHHKOB
koHpepenmu MBTH 3a To y4yactue W BKJala, KOTOPHIH OHU BHECIH 3a 3TH MHUHYBIIWE 5 JIET B
MOAJEPAKKY HAayKH M TOXKEJIaTh MM pa3BUBATBCS M HAM BMECTE C HUMHU IO CJIy4yar IEPBOTrO
Masnenbkoro robunes S-nmetuss MBTH. Iloxenarb BceM y4yaCTHMKaM TBOPYECKMX HAYYHBIX H
CBSI3aHHBIX C Hel ycmexoB. [lonb3ysch, 3TUM cilydaeM, Xo4y TakKe Mmodiarogaputh mpod. 1.M.H.
Bacwmus IletpoBuua JleckoBa Tenepb, U3BECTHOTO YYEHOTO B 00JIACTH METUIIMHCKON KIMHUYECKOM
VMMYHOJIOTUH, 32 MEpBbIE SKCIEPUMEHTHI, KOTOPbIE MBI CIHENAId BMECTE IO HCCIIEIOBAHUIO
aJIr€3UBHBIX CBOMCTB B- u T- 1uM(pOIMTOB B MPOTOYHOM pEKUME (IMHAMHUUYECKasi MOJeNb) B 1986
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