CunpaBouHasi uHGopManus K JeKIHH
1. CnoBa, mpuBelleHHbIE B TJOCCAPUHU, B TEKCTE JIEKLIHUU TOKa3aHbl MOJIYKHPHBIM
MIpU(TOBEIM BBIJICTICHUEM.

2. CcbUIKd Ha ONIPEACIICHHBIM HOMEP Cllaiiia Mpe3eHTAIlMU BbIICICHBI IIBETOM.



«Cuj1auyu HAaHOMHPA»

«MesickonmunenmanvHwlll nepenem nmuy

U nepemeuyeHue 8e3UKyivl 6HYMpU HCUBOU KIEMKU

6Ce20 HA HECKONbKO HAHOMEMPO8 UMEIOM 0OH) NPUPOOY:
OHU OCHOBAMBI HA HANPABIIEHHOM 08UNCEHUU OEIKO8,
HA3bI8AEMbIX MOJEKVAAPHIMU MOMOPAMUY

Gunther Woehlke,
2EPMAHCKUIL OUOXUMUK

«Bce npocmoe coenano 0o nacy

A.H.bax,
aKademuk, OCHo8amesp
POCCUIICKOU WKOIbl OUOXUMUU

B HameM noHMMaHMM CIIOBa «MOTOpP» WM <«JIBUTATelIb» OOO3HAYAIOT BECbMa
CJIOXHBIM MEXaHU3M, TPEOOPA3yIOINNA KaKOKH-11M00 BUJI SHEPTUH B MEXAaHUYECKYIO padoTy,
B SHEPruio JABkeHus. O0a 3TUX TepMUHA B3aUMO3aMEHSIEMbl M IIUPOKO HCHOJIB3YIOTCA C
koHia XIX B. B XX Beke, 0 MOTOpax Tak»e MPUHATO ObLIO TOBOPUTH MPEUMYIIECTBEHHO C
TEXHUYECKOW TOYKU 3pEHUs, HMes B BUAY MPUAYMaHHbIE MU CKOHCTPYUPOBAHHBIE
yenoBekoM MexaHu3mbl. Emie 50 nmer Hazanm CiloKHO ObLIO TpEACTaBUTH cebe MOTop,
(GYHKIMOHUPYIOUUI BHYTPU KJIETKM Ha YpOBHE OMOJIOTMUECKHX MOJEKYd. A MEXIy TeM
Takue OMOMOJIEKYJISIPHbIE MOTOPHI CyIIecTBYIOT. C pa3BUTHEM 3KCIEPUMEHTAIBLHONU HAYKH
YEJIOBEK TMOJYYWJ BO3MOXHOCTb MMPOHUKHYTH B IJIYOMHBI >KMBOM KIETKH, H3y4as H
BHIOM3MEHSIS CTPYKTYPBI, CYLIECTBYIOIIE B HAHOMHUpE, B 001aCTH 3HAaYeHMIT mopsiaka 107,
W coBpemenHass OMONOTHSI 3HAET YK€ MHOTO NPUMEPOB IMPHUPOJHBIX HAHOJBUTATENCH,
BCTPEYAIOIINUXCS MPAKTUYECKN BO BCEX )KUBBIX OPTaHU3MAaX. DT MOTOPBI OTINYAOTCS APYT
OT Jpyra JIOKaIu3alued B KIETKEe, (QYHKIUSIMH, CTPYKTYpOH, «MOIIHOCTBIO», THUIIOM
«TOIUIMBA» U UX KJIaccu(UKaIUs Ha CETOIHSIIHUN JeHb BEChbMa OOLIMPHA.

[IpenmeToM AaHHOTO pazroBopa OyJeT rpyIna Tak Ha3bIBaEMbIX MOTOPHBIX 0€JIKOB,
BBITNIOJIHSIOIIUX B KJIETKE (DYHKIMIO «TPY3YHKOBY, IPUYEM pa3Mep I'Py30B, KOTOpPbIE OEJIKH-
«CHJIa4yM» MOTYT TEPEHOCUTh Ha cele, MO CPaBHEHUIO C MX COOCTBEHHBIM pa3MEpoM,
nouctuHe konoccaneH (Cnaiip  3).  JlBurarorcs 3TH  OCIKM 1O  KJICTOYHBIM
MHKPOTPYOOUYKaM, 3JIEMEHTaM KIETOYHOIO cKelleTa (HMTOCKeJeTa). MUKpoTpyOouku
MIOCTPOCHBI M3 TJIOOYJSIPHBIX OENKOB JIBYX THIIOB: 0- U B-TyOynuHa (Ciaiin 4). M3 atux
cyObeauHuL] o0pa3yroTcsl JTMHEHHbIE TOaUMEpPbl (TPOTOPUIAMEHTBI), B KOTOPBIX TJIOOYIbI

2



a- u PB-tyOynuna uyepeaytorcs. M3 13 mpoTodunamMeHTOB, PacMoOOKEHHBIX MO KPYTY,
MOJIy4al0TCsl MUKPOTPYOOUKH AHaMeTpoM oKosio 30 HM, ¢ KOTOPHIMH HEMOCPEACTBEHHO
B3aMMOJICUCTBYIOT ~MOJIEKYJIBI MOTOPHBIX OenkoB. Eciam mpoBecTH aHajOTHIO C
MaKpOMHUpPOM, TO MHUKPOTPYOOUKH WIPAIOT pPOJib PEIbCOB, MO KOTOPHIM MEepEeMEeNatoTcs
MOJIEKYJIbI O€JIKOB (BaroHsl), Hecs Ha ceOe moJie3Hblil rpy3. OIMH KOHEel 3TOW MOJIEKYJIbI-
«cuilayay MPUKPEIUISETCS K Be3UuKYyJie (TPaHCIIOPTHOMY IY3BIPBKY), KOTOPYIO HEOOXOANMMO
TPaHCIOPTUPOBATH, a IPYTOil — K MUKPOTPYOOUKE, KOTOpasi HallPaBJISIeT IBUKEHUE.

['pyniy MOTOpHBIX O€IKOB, OCYIIECTBISIONIMX TEPEMEIIEHHEe BE3UKyJ IO
MUKpPOTpYyOOUKaM, Ha3bIBAIOT OenkaMu-TpaHciaokaropamu (Cmaiin  5). DOTum  Oenku
U3BJICKAIOT DHEPTHIO I CBOEH paboThl B mporiecce pacmieruieaus (ruaposmsa) ATd,
ABIIAACH TakUM oOpa3zoM MmexaHoxumuueckumu ATdazamu. TpaHCiokaTtopsl CIOCOOHBI
npeobpa3oBbiBaTh 3Heprut0o AT® B MexaHuueckoe ycuiiue, No3BOJISIONIee UM NepeMeaTh
BHYTPU KJIETKM YacTHUIIbl 3HAUMUTEIbHBIX pa3MepoB. B sTomM um mnomoraer Oesok
MHUKpOTpyOOUek — TyOynuH, crumyiupytommii ATd-3aBucuMoe  mnepeMenieHue.
TpancnokaTopel B KIETKE HAXOMSITCSI B OCHOBHOM B CBOOOJHOM COCTOSIHUM WA
acCOLIMUPOBaHbl C¢  MeMOpaHHBIMH  KOMIOHeHTamH. K  MUKpOTpyOOukaM  OHHU
IPUCOEIUHSIOTCA B OCHOBHOM B MOMEHT TPAHCIIOPTHPOBAHUS «TPY3a».

benku-tpaHciokaTopbl AENATCA HA ABE TPYNIbl: KUHE3UHbl U JUHEUHBI. [ JTaBHBIM
(YHKIMOHAIBHBIM OTIMYUEM ITHX TPy SBJISETCS CIOCOOHOCTh MEepeMeniaTh YaCTUIbI 10
MUKpPOTPYOOUYKaM B IMPOTHUBOIIOJIOKHBIX HampaBieHUsX. [luHEMH mepemeniaer rpyssl OT
KJIETOYHOM MEMOpaHHI K SApPY, a KHHE3UH — HA000pOT, OT siapa k MeMOpane. [Ipu sTom 0be
MOJIEKYJIbI Kak OBl «IIararoT» M0 MHKpOTpyOoukam. B3ammopeiicTBueM nuHEWHA W
TyOyJMHa MUKpPOTpyOOUYeK oOOecreunBaeT TaKkKe JBHKEHHE J>KTYTHUKOB U PECHHYEK
OaKTepuil U NPOCTEHIIHX.

[Ipu onucanum TpaHcmopTa ¢ Yy4YacTHEM KHHE3MHAa M JAWHEHMHA OOBIYHO
paccMaTpUBalOT TPAHCIOPT BHYTPHM AKCOHA HEPBHOM KIETKH — €€ JUIMHHOI'O OTPOCTKa,
COCIMHSIONIETO TeNo KIeTKh (coMmy) u cuHanc (Cnaiin 6). AKcomia3MaTHYECKUM
TPAHCIIOPT, TAK)KE HA3bIBAEMbIH aKCOHAJIbHBIM, HEOOXOIUM HEHPOHY Ui MepeMEelICHUs
MUTOXOHJPUH, CHHAIITUYECKUX ITy3BIPHKOB, OCJIKOB, JIUIHAIO0B U T.J. MEXKIy TeIOM HEPBHOU
KJIETKU U nepudepueil akcoHa depe3 ero IUTOoIia3My (akcoruiasmy). AKCOHBI, KOTOpbIE
moryT ObITh B 10 000 pa3 mirHHEe caMOoro Teia KIETKH, HE UMEIOT CBOUX CTPYKTYp AJIS
cuHTe3a Oenka. B cBsi3u ¢ 3TuUM, moiydyaTh OEJKM aKCOH MOXKET TOJBKO MOCPEICTBOM

aKCOIUIa3MaTHYECKOTO0  TPAHCIIOPTA. C J1pyroil CTOpPOHBI, 4Yepe3 akcolulasMy B



IPOTHBOIIOJIOKHOM HAIIPABJIIEHUU HEOOXOIMMO TMepeMelaTh pa3iuyHble MOJEKYJbI C
HENbI0 UX JIerpajlaliuu (pa3pylieHus). AKCOHANBHBIN TPAaHCIOPT B HAIIPABJICHUU OT Tela K
CUHAIICY Ha3bIBalOT opTorpaaHbiM. OH oOecneunBaeTCsl KMHE3MHAMM, MEPEHOCSIIUMH Ha
cebe Oojee ABYXCOT Pa3NUYHBIX OCIKOB CO CKOPOCTBIO 70 6 MM B JeHb. PeTporpamgHsiii
TPAaHCIOPT, 0OecneuyrnBaeMblii JUHEHHOM W HAIPAaBJIEHHBIA K COME, 3HAYUTENbHO Oosee
obicTpbIi (10 200 MM B JI€HB).

Kunesun Obut BnepBbeie 0OHapykeH B 1984 rogy B TMTaHTCKOM aKCOHE KajabMmapa.
CeromHs HaiieHO OONBIIOE KOJMHYECTBO KHHE3WHOIMOJOOHBIX OCJIKOB B  Pa3HBIX
ucToyHukax. OHU OYEHb CXOJHBI MEXKIY COOOH M0 MMMYHOJIOTMYECKUM CBOMCTBaM M 1O
CTPYKTYpE MOJIEKYJbl. B KieTkax Aposxokeil HaiIeHO MIeCTh OEITKOB, MOX0XKUX HA KMHE3HH.
B kietkax muexonutaromux ooHapysxeHo 6onee 20-tu nonooHsIx OenkoB (Crnaiin 7).

Mornekyna kuHe3uHa uUMeeT (GopMy CTEpKHsS auamerpoMm 2-4 HaHoMeTpa (HM) U
mmrHOM 50-100 HM ¢ ABYMS TJIOOYJISIPHBIMU TOJIOBKAMH Ha OJTHOM KOHIIE U BEEpOOOpa3HBIM
pacHipeHrueM Ha JIPyroM UMeeT YIUTMHEHHYI0 (opMy ¢ IByMs TJIOOYJISIPHBIMU TOJIOBKAMU
Ha OJIHOM KOHIIE M BEEPOBUAHBIM paclIupeHHuEM Ha Jpyrom. OHa COCTOUT U3 JBYX
Tsokenbix (110-130 /1) u nByx merkux (58-70 x]l) uemeit. Kunesun spisercs ATdazoi,
AKTUBHOCTb KOTOPOW CHJIBHO CTUMYJIUPYETCSl TyOyJMHOM MHUKpOTpyOouek. MecTa (cailThl)
cBsa3biBaHust AT® 1 MUKpOTPYyOOUEK pacroyioKeHbl Ha TJIOOYJSPHOW TOJIOBKE TSXKEIOU
uenu. JIuneitHble pa3Mepsl FOJIOBKH CPaBHUTENIBHO HEBEJIHMKHU, OHU COCTAaBISIOT 7,5 X 4,5 X
4,5 aM. XBOCTBI JIBYX MOHOMEPHBIX IIENIEH CIUJICTEHbI BMECTE, 2 HAKIIOHCHHBIC B Pa3HbIC
CTOPOHBI  T'OJIOBKHU o0pasyroT cBO€0Opa3HbIe CHOXKKI», HEIOCPEICTBEHHO
B3aMMOJICHCTBYIOUIME C TyOyJIMHOM MHKPOTPYOOUKH, BAOJIb KOTOPOH NepeMelaercs
KUHE3HH.

Monekyna KHHE3WHa «IIaraer» BIOJb MHKPOTPYOOUKH, Aenas MIaru JJIUHOU §
HAHOMETPOB. /[ TOro 4ToOBl Tak LIArHyTh, MOJIEKYJA HCIOJIb3YET B KaueCTBE TOILUIMBA
onHny Mosekyiny AT®. Ilpu sToM cuna, pa3BuBaemass OJHOW MOJIEKYJIOW KUHE3MHA,
coctaBisier BenuunHy 6 mH. Ecnu Obl Takoli MOIIHOCTBHIO B pacueTe Ha €AUHUILY MacChl
o0najanyu aBTOMOOWIIBHBIE MOTOPBI, TO OHHM MOIJIM OBl JIETKO PAa3TrOHSATh MAIUHBI J0
CBEPX3BYKOBBIX CKOPOCTEH.

B mpouiecce «xoap0b» MoJieKysa KUHE3WHA MOKET pacUIeNUTh 3a OAHY CEKYHAY 10
100 momekyn AT®, mnepemectuBmuch Ha 800 wnHaHoMeTpoB. Pabortas B KadecTBe

MOJICKYJISIPHOT'O I'py34rWKa, KUMHC3WH, HCCA Ha cebe JIU30COMY WJIN MUTOXOHAPHUIO, MOKCT



COBEpIIATh MEepeMEIIeHUsI Ha OYeHb OOJNBIINE MO KJIETOYHBIM MepKaMm paccTosHus (1o 1
MM).

CeronHs HanOoJee MOIMYJISIPHON MOJIENBIO, OOBSICHSIONIEH MEXaHU3M TEePEMEIICHUS
KMHE3MHa [0 MUKpPOTpPyOOuUKe, sBisercd Tak Ha3biBaeMmasi«hand over hand»-monens (pyka
3a pykoi) (Cnaiig 8). Kaxkmgas u3 1ByX TroJoBoK kuHe3nHa oOmamaer ATdazHoi
aKTUBHOCTBIO. CBSI3pIBaHHE U TUAPOIN3 MOJIEKYJIbl AT® B aKTMBHOM LIEHTPE KNHE3WHA, a
TaKke Mocieayromuye coObIThs, BbI3BaHHbIEe Auccoruanuein AJIID n @y, conpoBoKaarOTCs
U3MEHEHHEM IOJIOKEHHUS TOJIOBOK OTHOCUTENBHO TyOYJIMHOBBIX MOHOMEPOB, B pe3yJbTare
4Yero KMHE3WH NEepEeMEIIaeTcsl B0Jb MUKPOTPYOOouku. PaboTa rosoBoK KMHE3MHA XOPOLIO
CKOOPJMHUPOBAHA: CBA3BIBAHUE U TUAPOIN3 MOieKyabl AT® oaHOM rosoBKON AMMEPHOTO
KOMIUIEKCa CIIOCOOCTBYET OCBOOOXKIEHUIO MoJieKyabl AJ[® W3 aKTUBHOIO LIEHTpa Apyrou
rojJOBKU. ['OJOBKM KHHE3MHA IONEPEMEHHO CBS3BIBAIOTCSI C MOHOMEPHBIMU 3BEHBSIMHU
MUKpPOTPYOOUKH. B X0J€ CTPYKTYypHBIX NMEPECTPOEK MOTOPHBIX yYaCTKOB KHMHE3WHA YTOJI
HAKJIOHA TOJOBOK OTHOCHUTEIbHO MHUKPOTPYOOUKH H3MEHSETCS, BCIEIACTBHE YEro
KUHE3MHOBBIA JTUMEp CMeENaeTcsl BAOJb MHMKPOTPYOOUKH. DTO JABMXKEHHE IO CBOEMY
XapakTepy HAllOMUHAET IEPEMEIIEHNE JBYHOTOIO CYLIECTBA — TOJIOBKM KHHE3HMHOBOI'O
aUMepa TONEPEMEHHO OMMPAIOTCS Ha TyOyJWHOBBIE TIOOYJIBI MUKPOTpYyOOukH. Becbma
BEPOSATHO, YTO HAa ONPENEICHHOW CTaJMH IPOUCXOJUT IOBOPOT PbIYAaroB OTHOCHUTEIBHO
XBOCTa KHWHE3WHOBOTO Jumepa. TakuMm o00pa3oM, KHHE3HMHOBBIM IUMEp MepeMeniaeTcs
BJI0JIb MUKPOTPYOOUKH, COBEpIIAsl ¢ KaX/IbIM «IIaromM» Mepuoaudeckue noBopotsl Ha 180
IpagyCcoB BOKPYT «HOTW», OMUpAIOLIEics Ha MHUKpOTpyOouky. Ilocme kaxmoro Takoro
MOBOPOTa KHHE3MH «IEpPecTylmaeT» Ha [JpYryl «HOTY», COBEpIIas TEM CaMbIM
MIOCTYIIATENbHOE JBUKEHUE B IIPOCTPAHCTBE.

Ha pucynke mnoka3zaHa cxeMa IEpEMELIEHUS MOJEKYJIbl KUHE3WHAa BIOJb
MUKpPOTPYOOUKH, COCTOALIEH U3 MOHOMEPOB 0- U B-TyOynuHa. bykBamu T u D o603HaueHbI
TOJIOBKA KMHE3MHA, C KOTOPBIMH CBsi3aHbl cOOTBETCTBEHHO AT® wim AJ[®P. B ucxogHom
MOJIOXKEHHUH (COCTOsIHKE 1) rOJIOBKAa KUHE3MHA, HE CBSA3AHHASI C MUKPOTPYOOUKOM, COJIEPKUT
monekyiy AJID, BTopasi rojloBKa, KOTOpasi B 3TO BPeMsi KOHTAaKTUPYET ¢ MUKPOTPYOOUKOii,
cBoOO/MHA OT HYKJeoTuaoB. [locne cBs3pBanus AT® BTOpOH TOJOBKON H3MEHSETCS
KOH(popMalMsi MOJEKYJbl KHHE3MHA, B pe3ysIbTaTe 4Yero Ieppas ToJIOBKA, coJeprKaluias
AJI®, cmemaercs Brpaso (nepexoxa 1-2>2). [locie muccormarun AJI® cBoOOHAS TOIOBKA
CBA3BIBACTCS ¢ MHKpPOTpyOoukoii (mepexom 2-2>3). 3atem mpoucxomar ruapoinn3 ATD u

nucconuanus Heopranumdeckoro ¢ocdara (Dy), B pe3ylbrare 4yero rojoBKa, ¢ KOTOPOM



cBsizaHa Mosekyna AJI®, orxomut or muKporpyOoukm (mepexon 3—2>4). B xoneuHom
HOJIOKEHUH  (COCTOsSTHME 4) yIWIbl HAaKJIOHAa TOJOBOK KHHE3MHAa OTHOCUTEIBHO
MUKpPOTPYOOUYKH TaKHE KE, KAK B NCXOJTHOM COCTOSIHUM 1, HO IPU 3TOM MOJIEKyJla KHHE3UHA
OKa3bIBAETCSl CMEUIEHHOW BJIOJIb MUKPOTPYOOUYKH Ha PacCTOSIHUE, COOTBETCTBYIOUIEE JIBYM
MOHOMEPHBIM 3BEHbSIM TyOyJIHHA.

Jlpyrue pacrnpocTpaHEHHblE O€NKU-TPAaHCIOKATOpPbl — JWHEWHbl. MX MOXHO
pa3fenuTh Ha JABE TPYIIbL: [MUTOIUIA3MAaTUYECKUMH JWHEMH M aKCOHEMHBIM (Wiu
(arenspHbIN) AMHEWH.

OnareIapHbI AUHEUH OBUT OTKPHIT B 1963 rogy kak OeoK, OTBEUAOIMKA 3a
JBYKEHUE pecHUYEK U KryTHKoB (Crnaiig 9). OH BBI3BIBACT CKOJIBKEHUE MHKPOTPYOOUEK
AKCOHEeMbI PECHUYEK U KTYTUKOB M HAlJIEH TOJIbKO y KJIETOK, UMEIOIINX TaKU€ CTPYKTYPBHI.
Pecanuka mpencraBnsger coOOW TOHKMM LMIMHAPUYECKUH BBIPOCT IMTOIUIA3MBI C
OCTOSIHHBIM auameTpoM 300 HM. DTOT BBIPOCT OT OCHOBAHMSA JO CAMOW €ro BEPXYIUKH
HOKPBIT TUIa3MaTudecko MeMOpaHoil. BHyTpu BbIpOCTa pacroyioskeHa akCoHeMa, CIIOXKHast
CTPYKTypa, COCTOsIIIass B OCHOBHOM M3 MHKpOTpyOouek. HIKHSISL YacTb pECHHUYKH,
0a3anpHOE Telblle, MOrPyKeHa B LUTOIUIa3My. /luameTpsl akcOHEMbI U 06a3aJbHOTO TeJbLA
onuHakoBbl (okojo 200 HM). AKCOHEMAa B CBOEM COCTaBE HMEET JEBATH AyOJIETOB
MUKpPOTPYyOOUeK, 00pa3yloluX BHEIIHIOK CTEHKY IMIMHApa. [lyOneTsl MUKpOTpyOOuek
ClIeTKa TOBEPHYThl IO OTHOIIEGHUIO K paguycy akcoHembl. Kpome mnepudepruyeckux
nyOneToB MHUKpOTpyOOUe€K B LIEHTpPE AaKCOHEMbl pacrojlaraercsi mapa LEeHTPabHbIX
MUKpOTpyOOUeK. B 1enom cucreMy MUKpOTpyOOUYeK pECHUYKH OMUCHIBAIOT Kak (9x2)+2. B
nyOnerax MHKpOTpPYOOuU€K TakkKe pas3iuyaroT A-MHUKpOTpyOOuKy, cocrosulyro u3 13
cyObenuHul, u B-MUKpoTpyOOUKy, HeEmosiHyto, cojepxamyo 11 cyobenunum. A-
MUKpPOTpyOOUYKa HeceT Ha cebe pYdYKH, KOTOpble HampaBiieHbl K B-MukpoTpybouke
coceanero aymiera. OT A-MHKpOTpyOOUKM K LIEHTPY AaKCOHEMBI OTXOJIUT paauaibHas
CBSI3KA, WM CIIMIQA, OKAaHYMBAIOWIASCA TOJOBKOW, MPHUCOCAUHSIONIENCS K LEHTPAIbHON
Mydre, wumewomed guamerp okono 70 HM, OKpy)Xawolled JBe ILEeHTpaJbHbIE
MuUKpoTpyOouku. [locnennue nexxart OTIENbHO APYT OT Apyra Ha pacCTOSHUHM OKOJIO 25 HM.
Takum oOpa3om, B akcoHeme pacnoiaraerca 20 mpoJoJIbHBIX MUKPOTPYOOUEK, B TO BpeMs
Kak B OasampHOM Tenble wux 27. ba3anbHOoe Tenblle COCTOMUT M3 9 TPHUILIETOB
MHUKpPOTPYOOUYEK, MMEET PYy4YKH, BTYJKY M CIHUIbI, PACHOJOKEHHbIE B MPOKCUMAJIbHOU
(HmkHei) ero yactu. basaibHOe Teble M aKCOHEMA CTPYKTYPHO CBSI3aHbI IPYT C IPYTOM U

COCTaBISIIOT €auHOe 1enoe: A- u B-MukpoTpyOouku TpuIieTOB Oa3albHOTO TelblLia



IPOAOIDKAIOTCS B A- 1 B-MukpoTpyOouKkax 1ymieToB akcoHeMbl. [Ipu nBHKeHHH pecHUYEK
HE MPOUCXOAUT U3MEHEHMs UX JUIMHBI, OHH HE «COKpAILAITCA», a U3rndaroTcs, ObOTCS.
Oxazanock, YTO MEXaHUYECKH BBIJICIEHHBIE PECHUYKU CITOCOOHBI K OMEHHIO B IPUCYTCTBUU
AT®. Ilpu otneneHuM pecHUYEK Oa3albHbIE TEJblla OCTAIOTCS B TeNE€ KIETKH. ITO
O3HAYaeT, YTO JJII MEXaHUYECKON pabOoThl peCHUYEK Oa3albHOE TEJIO0 HE HYXHO, a TOJIBKO
aKkCOHEMa y4dacTByeT B T€HEpalMM [BI)KEHUSA. YJaloCh IOKa3aTh, YTO 3a JBH)KEHUE
PECHMYEK OTBEYAIOT «pPyuKH», cuasdmme Ha A-MmukpoTpyOoukax. Ilpu skcrpakiuu
KOMIIOHEHTOB PYYEK PECHUYKH MepecTatoT Outbes B mpucytctBun ATO.

beimo nHalimeHo, 4To «pydykm» TpeAcTaBistoT coboit gunHenH (Cmaiin 10). Onu
coctoiT u3 9-12 MONMMNENTUAHBIX LeneH, coxepkammx 2-3 TI0OYJSPHBIE TOJOBKH,
CBsA3aHHbIE B OOIIMI KOpemok ruOkuMu xBocTamu. Kaxknas rosoBka JuHenmHa oOjaaaer
AT®-a3H0il aKTUBHOCTBIO, KOTOpas BO3pacTaeT NMPUMEPHO B 6 pa3 IpH accoLUaLUU C
MUKpOTpyOOUKaMu. B cocTaB kaXaod pydykd BXOJUT OAUH OEIKOBBIM KOMIUIEKC, OJIHA
MOJIEKyJla TUHEeHHa. Tak Kak SKCTPaKIMs pydyeK IMpeKpaliaeT OMueHre pecHUYEK, TO yueHbIe
IPEAIOJIOKIINA, YTO UMEHHO IMHEMH OTBETCTBEHEH 3a 3TO JIBHJKEHUE, TO €CTh JIMHEUH
SBJISIETCSI MOTOPOM WJIM JIBUTATelIeM INpU OveHuu pecHuuek. Ho KakoB MEXaHU3M 3TOro
NIBHOKEHUA?

OToT BOnpoc ObUI pelieH MPHU KCIOJIb30BAaHUH BBIJECIEHHBIX PECHUYEK, JIMIIEHHBIX
IUIa3MaTHYecKod MeMOpaHbl, paJualibHBIX CIIUI[ U CBSI30K IOCJIE YaCTMYHOW 00paboTKU
akcoHeM mnporteazamMu (depMmeHTamu, pazpymarnmmMu 0enok). Okazanoch, YTO TaKHe
aKCOHEMbI, COoJiepXallliue TUHEHHOBBbIE PYYKH, NMpU JoOaBieHUd K HUM AT® HauMHaIOT
YBEJIMYMBATBCS B JUIMHY IIOYTH JO JIEBITH pPa3 MU OJHOBPEMEHHO YTOHYaroTCs. B
AJIEKTPOHHBIM MMKPOCKOII BHJHO, YTO Takas aKCOHEMa YyBEJIMYMBAJach B JJIUHY 3a CYET
CMEILEHUS TMap MUKPOTPYOOUEK — MPOUCXOIUT MPOJOIBLHOE CKOJIBKEHHE AYIUIETOB OJMH
OTHOCUTENBHO Jpyroro. B ciyuyae pAuHeMHAa TOBTOPHbIE ULHMKIbI acCOLMALUU C
cyObenuHUIlaMH TyOyJMHA, HU3MEeHeHus: KoHpopmanuu mpu cBs3biBanuu AT® u ero
THJIPOJIN3€E, BBI3BIBAIOT IIEPEMEILIEHUE TOJIOBOK BI0JIb MUKPOTpYOoukH. ITpu sTOM cocennmii
IOYIUIET JIBUTaeTcsl K BEpXylIKe pecHUYKU. Korjga pecHu4yka colep>KUT BCe KOMIIOHEHTHI, U
OYIUIETBl MUKpPOTPYOOYEK CBSI3aHBl Jpyr C€ JpPyroM U C LEHTPaJbHOM Mapoi
MHUKPOTPYOOUEK, TAKHE KOOIEPAaTUBHBIE CMEILLEHHS TyTJIETOB MUKPOTPYOOUEK MPUBOAT HE
K YJUIMHEHHIO PECHMYKH, a K ee u3ru0y. Takum oOpa3om, CMEIIEHHE T'OJOBOK JAMHEHHA
OTHOCHUTEJBHO TYOYJIMHOBBIX MUKPOTPYOOUEK PECHHYEK 00ECIeYnBaET UX BOJHOOOpa3HbIE

JIBUKCHUS.



CymiecTBOBaHHE IUTOIIA3MATUYECKOTO JUHEWHA TakKe OBUI0 TEOPETUYECKH
npesicKa3aHo, OJHAKO, BBIJCIUTh U 0XapaKTepU30BaTh €ro y1ajaoch TOJNbKO B cepeauHe 80-x
ronoB XX Beka (Cnaiig 11). lluTormazmaruueckuit fuHenH uMeet maccy okoiio 1500 x/la u
COCTOUT MPHUOJIMUZUTENHHO U3 JABEHAIIATH CYOBEIUHUIL: 2-X OJUHAKOBBIX TSDKEIBIX IETel
(520 x/la), mectu MpOMEKYTOUHBIX Iieniel (AByX 1eneit maccoit 74 x/la u yeThipex nemnen
Maccoit 53-59 k/la) u HecKOJIbKUX JIETKUX Lienel, KOTOpble Ha CEroJHsl ciado H3yuYeHBI.
Tsoxenbie nenu umeroT ATda3Hyr0 akKTMBHOCTh M OTBEYAIOT 3a OOeclieyeHUe SHeprueu
mpoiiecca NepeMenieHus: JUHENHA 10 MUKPOTPYOOUKe.

[uTomiasmaTiueckuii JTUHEUH HAWJIEH BO BCEX KJIETKaxX XUBOTHBIX. OH Takxke
HAWICH U y paCTEHUH: OJTHOKJICTOYHBIX U KOJIOHUAIBHBIX (JOPM MHOTHX KJIACCOB 3€JIEHBIX
BOJIOPOCJICH, 300CIOpP U TaMeT, 300CTOop OyphIX BOAOPOCICH, a TaKXKe CIEepPMaTO30HI0B
MXOB, TIJIAYHOB, XBOIIEH M ManopoTHUKOB. L{uTomnasmarnueckuii TMHEUH HEOOXOIUM ISt
TpaHCIIOpPTa OpraHe/UI U YYacTBYET B IpoIleCCe€ COOPKH  HEHTPOCOMBI (KIETOYHOTO
ueHTpa). OyHKIMOHAIBHOE OTIMYHE TUHEHMHOB OT KUHE3UHOB COCTOUT B TOM, YTO JIUHEHUH
ACCOIIMUPOBAH C MUKPOTPYOOUKOH M MOXKET, MOCIIEC MPOJOJIKUTEIIBHOTO «ITyTEIICCTBU,
HE OTAETUTHhCS OT Hee cpazy. lluTomnasmaruyeckuil NUHEHWH, KPOME OMUCAHHOTO BBIIIIE
AKCOHAJIbHOTO TPAHCIOPTa, BEPOSITHO, IOMOTaeT pPa3MEUICHUIO U  PacClpeeICHUI0
KoMIuIeKca [oIbAKH ¥ HEKOTOPBIX JIPYTUX OPTaHeIUT BHYTPH KIIETKH, a TAK)KE y4acTBYET
B JIBDKEHUHU XPOMOCOM U MO3ULIMOHUPOBAHUY BepeTeHa JeJIeHUsl B IIPOIIECCE MUTO3A.

[{uronnasmMaTu4ecKuii AMHEUH MOXET aKTUBUPOBATHCS MOCTE CBSI3BIBAHUS C IPYTHUM
OENKOM — JIMHAKTHHOM, TaKXe COCTOSIIIMM M3 HECKOJIbKUX CyObenuHull. JIMHAKTHH, Kak
MPENIOoNaraloT, PEryJUpyeT aKTUBHOCTh JIMHEMHA W OOJIEr4aeT ero CBS3BIBAHHE C
MEPEHOCUMOM YaCTULIEH.

CpaBHEHHE MOJICKYJIbI JUHEWHA C IPYTUMU MOTOPHBIMH O€IKaMM TMOKa3bIBAET, UTO
OH YCTpPOEH ropaszio Ooiiee cloxHBIM oOpazoM. HenaBHo Obuta mpesioskeHa JIF0OOMbITHAS
runore3a, o0bsACHAIAs Takoe paznuune. OKazanoch, yTo 0€3 Harpy3Kd JUHEUH MOXKET
nBuratbesa ¢ marom ot 24 no 32 um. [lox Harpy3koil AjiMHA m1ara yMEHbIIAETCS 10 8 HM C
MPOIOPIIMOHATBHBIM yBeIMUeHUeM cuiibl. OOHapy>KeHHas KOPPEILUs MO3BOJIMIIa aBTOpaM
BBICKA3aTh IMPEANOJIOKEHUE, 4YTO paboTa JUHEMHOBOIO MOTOpa IIOXOXa Ha paboTy
MEXaHHYECKOr0 MOTOpa, B KOTOPOM HMMeeTcs KopoOka mepejad: MEHbIle Imar — OoJblie
TAra, OOJIBIIE IIar — MEHBIIIE TATA.

Kpome kuHe3nmHa W JAuHEWHA CYHIECTBYeT HE TakK JIaBHO OTKpbITas TpyImma

CIICHUATIU3UPOBAHHBIX TPaHCJIOKAaTOPOB, CITOCOOHBIX HHAYIIUPOBATH CKOJIBXKCHHC



MHUKPOTPYOOUYEeK B My4YKEe OTHOCUTENBHO IpYr aApyra. M3BeCTHbIE TpPaHCIOKATOPBI 3TOU
IpyIIBl Majg0 U3y4YE€Hbl M HE MMEIOT CXOJCTBAa B CTpyKType. He n0 kOHIa ACHBI M X
(YHKIMH B KIIETKE.

OpHuM 13 oOHApYKEHHBIX CPABHUTEILHO HEAABHO OEJIKOB, OTHOCSILUXCS K TpyIme
TPAHCJIOKATOPOB SIBJIECTCSA JUHAMUH — dyKapuotudeckas kierounas ['Tdasa, yuactByromas
B 3HaoumuTOo3e (Craiimg 12).

JunamuH 6611 OTKPHIT B 1989 1. bbUTO MOKa3aHo, 4TO B MpernapaTe MUKPOTPYOOUeK
U3 MO3Ta, BBIJCIIEHHBIX 0€3 HYKJICOTHOB, KpOME KWHE3WHA M JUHEWHA MPUCYTCTBYET €Ille
OJIMH MMHOPHBIA KOMIIOHEHT C MOJIEKYJISIpHOM Maccol nopsaka 100 k/la. OToT KOMIIOHEHT
B TIPOIECCE DOKCIEPUMEHTOB BBIACISAETCS € MHKPOTpyOOUeK BMECTe C JpYrHMHU
TpaHciaokaTopamMu. OJHAKO IPU JAJbHEUINNX HMCCIECIOBAHUIX OKA3aJIOCh, YTO €r0 MOYKHO
CEJIEKTUBHO 3KCTParupoBarh M3 MUKpoTpyOouek B npucytctBuu ['Td. benok Obul Ha3BaH
nuHamMuHoM. Jlunamun o6nanaet I'Tda3Hoil akKTUBHOCTBIO, KOTOpas CTUMYJIUPYETCS IpU
nobaBieHnn  MUKpoTpyOouek. Ilpm ngoGaBieHMun JWHAMHHA K  MHKpPOTpyOOdYKam
MPOUCXOIUT OOpa30BaHUE TE€KCArOHAJIbHO YMAKOBAaHHBIX IIyYKOB, B KOTOPBIX MOXHO
pa3IU4UTh MOCTHKH, PACIOJIOKEHHBIE C NMEepuoanyHOCThIO 13 HM. MHTepecHO, 4TO IpH
noOapneHnu AT® mydku «pacnoi3aroTcs.

JunamMuH crocoOeH 00pa3oBBIBaTh MYYKHM MHUKPOTPYOOUEK B  OTCYTCTBHE
CBOOOIHOTO HYKJIEOTHZA M MHIYLHUPOBATH CKOJIBKEHHE MHKPOTpyOOUeK B Iyuke B
npucyrctsun I'TO®. [TomsapHOCTE OnocpeayeMoro IMHaMUHOM JBHKEHHUS ITOKA HE U3y4YeHA.
JIMHAMUH NPUHIUIHAIGHO BaXKEH B Mpoliecce OTAeNeHUs] c(hOopMUPOBABLICHCS BE3UKYJIBI
OT KJICTOYHOW MEMOpPaHbBI WU JIPYTroi KIETOYHONH MeMOpaHHOW OpraHellIbl, €€ JOCTaBKU K
MECTy Ha3HAu€HUsl U CIMUSHUSA C Apyrod MeMmOpaHo#l (IOBEpXHOCTb KJIETKM WJIM ammapar
lombmxu). Hduunamun — xpynHas ['Tdaza ¢ wmonekymspusiM  Becom  96000. VY
MJIEKOIATAONIMX CYLIECTBYeT 3 TUma »J3TOro ()epMeHTa. YCTaHOBJIEHO, 4YTO Ha
MOBEPXHOCTH JIMIHJIOB KJIETOYHOW MeMOpaHbl JMHAMUH CAMOOPIaHU3YETCs B CIIMpaJIbHbIC
KOMIUIEKCHI, JIOKQJIM3YIOIMMECS BOKPYI KJIATPHHOBBLIX AMOK. [Ipu rugpomuze ['TO
CHHpaJbHbIE KOMIUIEKCHI IMHAMUHA COKPAIIAIOTCSA U CIIOCOOCTBYIOT OTPHIBY 00pa30BaHHON
BE3MKYJIbl OT KJIETOYHOM MemOpaHbl. TakuMm 00pa3oM, JTUHAMUH SIBISETCS YHHUKAJIbHOU
Mexa"Hoxumuueckou I Tdazou.

HuTepecHo, 4TO COCOOHOCTh JUHAMMHA, OTIIHYPOBBIBATH KIATPUHOBBIN ITy3bIpEK
OT MEMOpaHbI, «HAYYUJIHCh» UCHOJb30BATh B CBOMX KOBAapHBIX LIEISAX OAaKTEPUH U BUPYCHI.

9Ty CIIOCOOHOCTH OTKPBUIM HCCICAOBATC/IN MCOAUMIMHCKOI'O KOJUICIPKA IITaTa I[)KOPIDKI/I}I.



OHM yCTaHOBMJIM, YTO MUKPOOPTaHU3MBbI CIIOCOOHBI MPOHUKATH BHYTPh KIETKU C TIOMOIIBIO
€CTECTBEHHBIX IPOLIECCOB KJIETOUYHOM MeMOpaHbl. 13BecTHO, UTO B OTBET Ha pa3lIUyHbIC
CHUTHAJIBl PEIEeNnTOpbl KIETOYHOW MeMOpaHbl MEPHOAMYECKH CaMOYCTPAHSIOTCI C €€
noBepxHocTH. CHauana cofep Kalifil peuenTop y4acTok MeMOpaHbl Kak Obl BJIaBIIMBAETCSA
BHYTPh KJIE€TKH U (opmupyer Be3ukyidy (my3sipek). Ilorom ¢depment (nunamuH)
MEPETITUBACT «IIEHKY», COCIMHAIONIYIO My3bIpEK C BHEKJIETOYHOW CPENIOi, U OTpE3aeT ero
OT MeMOpaHbl. AKTHBalUs JUHAMHMHA IMPU 3TOM MPOUCXOIUT MO BIHUSHUEM MOJIEKYJI
okcyaa aszora. Ha mnpumepe mnaroreHHoro mrtamma Oakrtepuil Escherichia coli
UCCIIEZIOBATENSIM YAJIOCh MPOJIEMOHCTPUPOBATh MPUEM, KOTOPBIM HEKOTOpbIe OaKTepUu U
BUPYCHl HCIONB3YIOT JUIsl MPOHUKHOBEHHUS BHYTPb KJIETOK. OHH JIOKaJbHO MOBBIIIAIOT
YPOBEHb OKCHJIa a30Ta B OpPraHU3ME U, TAKUM 00pa3oM, 3aCTaBJIAIOT AMHAMUH padoTaTh HA
HuX. [lpukpenuBIIMCH K penenTopaM, MaTOr€HHbIE MHUKPOOPTaHM3MBI BMECTE€ C HHUMU
HOTPYKAIOTCA BHYTPb KJIETKH, I'Jl€ BUPYChl HAaUMHAIOT 3aHUMATHCS PEIUIMKALUEl CBOEro
reHomMa, a OaKTepuu — TMOJIb30BATHCA MUTATEIbHBIMU BEIIECTBAMHU KIIETKU-XO35SMHA H
OTpaBJATh €€ MPOAYKTaMHU CBOEH >KM3HEAEITeNbHOCTH. Kpome TOro, 3TOT MexXaHU3M
o0ecrieunBaeT BUpycaM U OakTepusM HAJESKHYIO 3alIUTy OT HMMYHHOW CHUCTEMBI U
AHTUOMOTHKOB.

K OenkaMm, cnocoOHBIM HHIYLHMPOBaTh CKOJBKEHHE MUKPOTPYOOUYEK B IIyUKE,
OTHOCHUTCS TaKX€ BBICOKOMOJIEKYJISIPDHBIN  TpaHCIOKATOp U3 TUraHTCKOM  aMmeObl
Reticulomyxa . 3ToT Oenok o0nanaeT yHUKaIbHBIM ISl TPAHCIOKATOPOB CBOMCTBOM — OH
croco0eH MHyIMPOBATh JBM)KEHUE TI0 MUKPOTPYOOUKaM B JIBYX HaIPaBICHHIX

['urantckass ameba Reticulomyxa siBisercss xopomeil MOIEIbHONM CHUCTEMOW IS
U3y4EHUs] BHYTPUKJIETOYHOTO TpaHcnopTa. OHa o0nanaeT BBIPRKEHHBIM M JTUHAMHYHBIM
LUTOCKEJIETOM, U TPAHCIIOPT OPTraHeUl B LIUTOIUIA3ME aMeObl MPOUCXOAUT OYEHb AKTHUBHO.
Kpome Toro, B ee nuroriasme mpUCyTCTBYIOT KPYIHbIE IMyYKH MHUKPOTPYOOUEK, KOTOpBIE
JeTKO HaONIoAaTh B MHTAKTHBIX KIETKax B cUCTeMe in vitro. B skcnepumeHTax ObLIO
MOKA3aHO, YTO ATH MYyYKH NpU HAOTIOJEHUHU In Vitro CrIocoOHBI «pPacMoN3aThCA» MOA
neiictBueM AT® 3a cuer aKTUBHOTO CKOJBKEHHUS MHKPOTPYOOUEK IpYyr OTHOCUTEIHHO
apyra. Bo3MoxHO, Takoe CKOJNBXEHHE OO0yCIaBIMBajIOCh MPHCYTCTBHEM OeiKa-
TPAHCJIOKATOPa, OTIMYHOTO OT KWHE3WHa U JuHenHa. [loucku momgoOHOro TpaHciaokaropa
IPUBEJIM HCcliefoBaTenell K 0OHapYyKEHUIO BBICOKOMOJIEKYJIIPHOTO Oeika (MOJIEeKYJIspHas
Mmacca okoso 440 x/la). DToT TpaHcIOKaTOp 00J1a/1all 9yBCTBUTEIBHOCTRIO K OOTYUEHHUIO U

HHTHOUTOpPaM, XapakTepHOl ans JuHenHa. OQHAaKo CYIIECTBEHHBIM OTJIMYHEM JAHHOIO
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Oenka OT TUHEHMHA, KaK Mbl YK€ OTMEYalld, SIBJSUIACh CIIOCOOHOCTH MEpeMeIaTh YaCTUIIbI
JaTekca MO MHUKpPOTpyOOUKaM, aJcOpOMpOBAHHBIM Ha CTEKJE, B JBYX HalpaBlICHUSX.
CKOpOCTh BBI3BAaHHOTO TPAHCIOKATOPOM M3 aMeObl epeMeIeH s JIaTeKca OblIa BhIIIE, YeM
JUISL IPYTUX W3BECTHBIX TPAHCIOKATOPOB. BO3MOXKHO, 3TOT TPaHCIOKATOP ABJIAETCA OJHUM
U3 BapUaHTOB LUTOILIA3MATUYECKOIO JUHENHA. J[pyras BO3MOXHOCTb COCTOMT B TOM, YTO
HECMOTpS Ha CBOIO CIIELMAIN3ALMI0 TAKOW OENOK SIBJISIeTCS MPECTaBUTEIEM HOBOM TpYyTIIIbI
MOTOPHBIX OEIKOB.

[Iporiecc m3yueHus: OETKOB-TPAHCIOKATOPOB HE CTOMT Ha Mecte. Tak, Hampumep,
y4eHbI€ U3 UHCTUTYTa UM. Makca [[nanka nonsITanuce «pupydYnTh» KUHE3UH BHE KIIETKU.
Jlist 3TOro OHM MOKPBUIM MOJIEKYyJIaMH KHHE3MHA TJIAJKYI0 CTEKISIHHYIO HMOBEPXHOCTD,
CO37aB YTO-TO BPOJE KOBpPA, BOPCHUHKH KOTOPOIO MPEJICTABISUIM COOON MOJIEKYJIbI
krHe3uHa. [loToM mccnenoBareny pa3MecTHIIM Ha 3TOM MOBEPXHOCTH Pl MUKPOTPYOOK U
mukpocdep. Mccnenosarenu nodasunu k cpeae pactBop AT® — u moaydusics OrpOMHBIN
«TpyOOuHBI» KOHBeiep. Eciiu B KieTke KMHE3UH IIaraeT BAOJIb MUKPOTPYOKH cam, TO B
MCKYyCCTBEHHOW CHCTEME MOJeKyJia Obljja KECTKO 3aKperieHa, M CBOOOIHBIC KOHIIBI
MOJIEKYJI «Illarajin» Mo MUKpoTpyOkam, mepeaBuras ux. B ganbHelineM KoMaHJa yUeHBIX
IUTAHUPYET CO3JaTh MUKPOUYHUIIBI CO BCTPOCHHBIMU KOHBEHEpaMH, paOOTarOIIMMH B Pa3HbIX
HaIpaBJICHUSIX.

Jlpyroil rpynmoil ydeHbIX HEJaBHO ObUIa OTKpBITA CIIOCOOHOCTh JUHEMHA W
KMHE3MHa B MpPOLIECCE JBUTATENIbHOTO aKTa BCTYINAaTh B KOONEPATUBHOE B3aUMOJIEHCTBHE
(Cnaiin 13). PykoBoaurens 3tux uccnenoanuii [Tons CenBun, npodeccop Wnnunoiickoro
YHUBEPCHUTETA, TAK KOMMEHTUPYET 3TO OTKpbITUE: «biiaronaps nccienoBaHusM Mbl CMOTIIH
y3HaTh, YTO MOTOPBI KJIETKH 0 OTIECIBHOCTH HEYIPaBIsIeMbl, a IBUKEHUE TPy3a (BE3UKYI
U OpraHeilyl) HNPOUCXOAUT MHPU COBMECTHOM YYAaCTHUU HECKOJIBKMX MOJIEKYJ JWHEWHA U
KuHe3MHa. UTo camMoe HWHTEpecCHOE — CKOPOCTh NEPEMEIIEHUsl TIpy3a HECKOJIbKUMU
MOTOpaMu BJEeCATepO Oouible, Kak OyJITO MOJEKYJbl COeIUHSIOTCS B aHCaMOJIb U BMECTe
JBUTAIOT TPy3 BHYTPU KJIeTKd. OpraHeiibl JIBUTAIOTCA IO MHUKPOTPYOKaM-«peiabcamy»
KpaifHe ObICTPO: UX CKOPOCTh COCTABJIAET 12 MUKPOH B CEKYH]y, B TO BpeMsl Kak CKOPOCTb
JBUKEHUSI MOJIEKYJIbl KNHE3MHA BHE KJIETKH cocTaBisieT Bcero 0,5 MukpoH. Ckopee Bcero,
3TOT 3((HEKT TOCTUTACTCS COBOKYIHBIM JIEHCTBHEM HECKOJIIBKMX MOTOPOB, HECYIIMX Ha
cebe opranemny. [loxoxe, 4TO MOTOPBI NIEPEHOCAT OPraHENUTy HE XAaOTHYHO, a JIOBOJBHO

OpTraHN30BaHHO.
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Ecnu Ham ypactes WM3y4uTh W TOHATH TOYHBIH MEXaHU3M PabOTBl MOJEKYJISPHBIX
MOTOPOB KHHE3MHAa M [WHEUHA, a TaKXKe IPOHUKHYTb B CyTb HX KOOIIEPATUBHOIO
B3aMMOJICHCTBUSA, 3TO MO3BOJIUT HaM B OnmkaiilieMm OyayIieM MOCTPOUTh YJIMBUTEIbHBIC

HaHOMAIIIMHBI JJ1S1 UICTIOJIb30BAHUS UX B KOHBEHEpax MOJICKYJIIPHON COOPKM.

biaronapro 3a Baumanue. [loxanyiicra, Bamm Bonpocs!.
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