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Beryn

Po3citoBaHHS 3a4yaTkKiB (HACiHH i MJI0/AiB) y 6araTbOX BUILLMX POCJIMH Big0y-
BA€ETHCS 32 YUACTIO PI3HOMAHITHUX areHTiB pO3MOBCIOMIKEHHS, TAKUX SIK BiTep, BO/A,
TBapuHu i monu [1, 2]. 3oo0xopisi, ab0 po3ciloBaHHS 3a JIOIIOMOIOI0 TBApUH, €
3HAYHO MOLIMPEHUM SIBUILEM, IO SIKOI0 3ajJydyeHa liijla Hu3Ka 0e3XxpeOeTHUX Ta
XpeOeTHUX TBApUH. Y JliTepaTypi yBara repeBaXkHO NPUIIISIETbCI PO3CilOBAHHIO
3a4aTKiB IJIOAOIAHUMU TBapMHAMU (€HI0300X0pisl) abo MypalikamMu (CHH300X0-
pist). JIuie aexijsibKa rnpallb NPpUCBSIUEHI PO3CiIOBAHHIO 3a4aTKiB LIJISIXOM 1X MPpU-
KpIIUIEHHS 0 MOBEPXHi TBapuH (emizooxopis) [3—6, 10, 11, 14, 16, 19]. [Ipun-
LIMIY Ta MEXaHi3MU LILOTO CIOCO0Y PO3IIOBCIOAXEHHS OyJIM paHillle pO3TJISHYTI B
OIVISIAOBUX MpalsiX, MPUCBSIYEHUX PO3CilOBaHHIO 3avaTkiB [1, 2, 17—19, 24].

€ 1Ba MeXaHi3MU MPUKPITUJIEHHS 3a4aTKiB 10 TBAPHH 3a JOMTOMOTOIO CIellialb-
HUX TPUCTOCYBaHb: (1) MeXaHIUHWI, KOJIM 3a4aTKW 3YEIUIIOIOTHCS 3 MOBEPXHEIO
TBapuH, Ta (2) NPUKJICIOIOTLCS B’SI3KMM CeKpeToM. MexaHiuHe 3UerIeHHS 3 XyT-
poMm, Tip’sM abo M’IKUMU TKaHWUHAMU Jiall 31iMCHIOETHCS 3a 1OMOMOT0I0 pi3HOMa-
HITHMX TayKyBaTUX CTPYKTYp Ha MoBepxHi 3ayatkiB [17, 18, 21, 24]. Xoua pi3HO-
MaHITHICTb (hOpM rauKyBaTUX MPUIATKIB BeJIMUE3HA, MOXHA BUILIUTU TPU OCHOBHI
ix Tumma: (1) raukoromibHi, (2) crpinomnonioHi, (3) rapmyHononioHi (puc. 1, 1—6).
ITepiii MarOTh TIJIBKKA OJHY TaUKOIOAIOHO 3irHYTY YaCTUHY (Jaji B TEKCTi — 20108~
Ka eauxa), TOAi SK iHILII MOXHa BBaXkaTW CYKYMHICTIO TaukiB. B ocTaHHbOMY THITi
JIeKiJIbKa raykiB MOXYTb PO3MilllyBaTUCS Ha BEPXiBLli K y CTPiLIONOAIOHUX MpU-
JaTKiB a00 yTBOPIOBAaTH OAWH YU KiTbKa PSIIiB BiJ HU3Y 10 BEPXY SIK Y TapIIyHOIIO-
JiOHMX BUPOCTiB. [[aUKOMOAiOHI CTPYKTYpHU 3aBX/IM aCUMETPUYHI, TOMI SIK iHILI BUAU
rauykyBaTUX MPUIATKIB MOXYTb OyTH i CHAMETPUUHMMMU, i aCUMETPUIYHUMU. MU po3-
[JISiIaTUMEMO JIMIIE TaYKOIOAiIOHI MpUaaTKU (ajli B TEKCTI — eauku).

T'auku pi3HUX POCIUH Pi3HATHCS 3a MOXOAKEHHSIM, MOP(POJIOTiEIO Ta po3Ta-
LIIyBaHHSIM Ha MOBEpXHi 3auarka [2, 17, 18, 22, 24]. BoH1 MOXYTb OyTU OTHO- UM
0araTOKJIiTUHHUMMU, MOPOKHUCTUMHU 200 BUTIOBHEHUMU, 3 PYXOMOIO UM HEPYXO-
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Puc. 1. Tunm raykyBaTuX CTPYKTYp Ha Tiogax pocauH (I/—6) i MpOMUCIOBUX JIATYYKaX (7—
10) ta cxemMa MopOMETPUYHUX MTapaMeTpiB raukiB G. aparine (11): 1, 2, 7, & — raukonoioHi;
3, 4, 9 — ctpinononi6bHi; 5, 6 — rapnyHomnoni6Hi; /0 — rpubononi6Hi; I — Parietaria officinalis;
2 — Ranunculus arvensis; 3 — Echinospermum lappula; 4 — Uncarina didieri; 5 — Harpagophytum
procumbens; 6 — Bidens cernuus; db — niameTp rauka B HUXHiii yacTuHi; dd — miameTp rauka
y BepxHiit yactuHi; dh — giameTp roysioBku rayka; lh — moBXMHa TrOJIOBKM rauka; Is — 1oBXuHa
rauka; sh — ImuprHa TOJIOBKM raukaio [—6 — 3a [24]

Fig. 1. Shapes of hooked structures occurring on plant diaspores (/—6) and industrial fasteners
(7—10), and scheme of morphological hook variables in G. aparine (11): 1, 2, 7, § — hook-like;
3, 4, 9 — arrowhead-like; 5, 6 — harpoon-like; /0 — mushroom-like; I — Parietaria officinalis;
2 — Ranunculus arvensis; 3 — Echinospermum lappula; 4 — Uncarina didieri; 5 — Harpagophytum
procumbens; 6 — Bidens cernuus; db — diameter of the hook in its basal part; dd — diameter of
the hook in its distal parts; dh — diameter of the hook head; lh — length of the hook head; Is —
length of the hook; sh — span of the hook head. /—6 are modified after [24]

<

MOIO OCHOBOIO. IXHi po3Mip Ta dopMa, SIK i HAIPSIMKU TOJIOBOK, MOXYTb Bapilo-
BaTW HE TUIbKU y Pi3HUX BUIB POCJIMH, a i HAaBiTh CEpeJ] rauKiB, PO3MIlLIEHUX Ha
OJHOMY IUJIOAi. X0o4ya rayku nyXe pi3HOMaHiTHi, BCi BOHU 3a6e3meuyioTh edek-
THUBHE MEXaHiuHe 34YeIlJICHHS 3a4aTKiB 3 XyTpPOM Ta ITip’sIM.

ITonepenHi eKcriepuMeHTaJIbHi JOCIIIXKEHHS 3 €I1i300X0pil 0yJIx MepeBakHO
COpsIMOBaHi Ha BU3HAUE€HHS KiJIbKOCTI MPUKPITUIEHUX 3a4aTKiB i BiICTaHi, Ha Ky
BOHU PO3MOBCIOIKYIOTHCS, a TAKOX Ha aHaji3 (pakTopiB, 1[0 BIJIMBAIOThH HA 11O
BiacTaHb [4, 10, 11, 14]. JIng HU3KHA POCIHUH OLIHEHO IIBUAKICTh BUIYYEHHS 3a-
yarkiB [8, 13]. IIIBuaKiCTh BUJIyU€HHS, Yac MOJOPOXYBAaHHS Ha TBapuHi Ta
BiZICTaHb, Ha SIKY PO3HOCSIThCS 3a4aTKU, MOXYTb 3aJiexKaTy Bill CUJIA MPUKPITUIEHHS
3ayarka. Ha 110 cujy BIUIMBA€ YMCJIO0 3YEIUIEHUX rauykiB Ta cujia MPUKPITJIEHHS
OKpeMoro rayka. Mu mpumnyckaemo, 110 cuja MPUKPIIUIEHHS OKPEeMOro rayka
3aJIEXXUTh BiJl Horo OyJ0BHU Ta BIACTUBOCTENM pedyoBUHM rauka. [11o6 nepeBiputu
IO TiloTe3y, MU JOCHIAWIM 30BHIIIHIO i BHYTpilIHIO OynoBy raukiB Galium
aparine L., m10a1 SIKOTO BKPUTI TaukKaMK 3 PyXOMOIO OCHOBOIO, 32 JOMOMOTOIO0
HU3KU MiKPOCKOMIYHUX METO/IIB. 3MiMCHEHO BUMipH CUJIM BiIpMBY OKPEMUX raukiB
(BOHa BiAMOBIAA€ CUJIi MPUKPIIUIEHHS) Ta BU3BHAYEHO BJACTUBOCTI MaTepiajly raukis.
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11106 3’scyBaTH pojib OCHOBM Y IIPUKPIIJICHHI rauyka, IpoBeJN €KCIIEPUMEHTH 3
JIBOMa BapiaHTaMM MPOMUCIOBUX raukiB: (1) 6e3 pyxomoi ocHOBM Ta (2) 3i 3MO-
JeJIbOBAHUMMU CYTJI00aMU.

Metoauka JOCJiIKEeHb
BI/I}I pOCJII/IHI/I Ta IIpOMI/ICJIOBi BaMKI/I-JII/Il'ly'-IKI/I, Bmcopnm'aﬂi B eKCHepHMeHTaX

IMimmaperHUK vinkuii (G. aparine L.) — IMUPOKO PO3MOBCIOMKEHN T HU3BKOPOC-
JIUA TpaB’SIHUCTUM YiNKKWA OJHOPIYHUK, SIKUU 3a0yp’SIHIOE MOCiBU, TOPOHU, 3aC-
MideHi ninstHku. Inig — ABOropilllok, 1110 po3Maga€Thcs Ha ABAa OJHOHACIHHI Me-
puKapriii (1axi B TEKCTi — TaKOX #1100U).

30BHilIHA i OiYHI AUISIHKY 1U10/1a 1IiJIbHO BKpUTI raukaMu. Ha BHYTpillIHbO-
My OOlli rauku MeHIlli i po3TallioBaHi pifile. BoHU MOBHICTIO BiICYTHI B 00J1aCTSIX
MPUKPITUIEHHS TJI0[a 0 IUIOJOHIXKM. 3arajbHe YMCJIO rauykiB Ha IJIOAiI Bapitoe
Bin 136 no 219.

ITpuHIMN NPUKPITIEHHS €I1i300X0OPHUX TUIOMIB ClielialbHUMU rauyKyBaTUMU
CTPYKTYypaMU BUKOPUCTAHO MPU CTBOPEHHI MPOMUCIOBUX 3aMKiB-JTUIMy4OK. JIu-
My4YKU CAYTYIOTh JJIs1 TAMYACOBOTO MPUKPITJIEHHS ABOX MOBEPXOHb OJTHA A0 OfI-
Hoi. Ha ofHili 3 MOBEPXOHb JUIMYUYKHU PO3MIllleHi 3a4illKu, 1110 MalOTb raykKoIo-
JiOHY (majni B TeKCTi — IMPOMMUCIIOBI TauykM), CTpiIonoAiOHy abo rpuboIoaioHy
dopmy (puc. 1, 7—10).

Mu BUKOPUCTOBYBaIM MPOMMCIIOBI rauku 3paska N3 Original Velcro® Hook-
Band (Velcro® Fastening Systems, katanor The Velcro® Global Advantage), oc-
KUTBKM 1X (popma HalbGinbIn momioHa g0 raukiB G. aparine. I'auky po3ramoBaHi
psaamMu i BKpUBaKOTh MTOBEPXHIO JOCUTh PiIBHOMIPHO, BOHU YMMaJli, 3 BEJIUKUMU
roJjliBKaMu, 30piEHTOBAHUMMU B OfHOMY HanpsiMky. CepelivHa raykiB BUITOBHEHA,
pyxoma ocHoBa BincyTHs. Popma Ta po3MipH TTOMePEIHUX PO3Pi3iB yepe3 HIK-
HIO Ta BEPXHIO YACTMHU rayka oiHaKoBi. AUk 3HAYHO Pi3HATHCH MiX cO0OI0 3a
3araJIbHOIO JOBXUHOIO (cepenHe 3HayeHHs: EX=1,69 MM; cTaHgapTHE BiIXuaeH-
H4: SD=0,21; po3mip Bubipku: n=20) ta mmpuHoto (EX=0,70 mm, SD=0,08, n=20).

Mikpockomiuni meroau Ta Mmopdomerpist

30BHillIHIO MOPGOJIOTito TaukiB BUBYAJIU 3a 10TIOMOTOI0 CcBiTJ0Boro (CM) ta cka-
HYBaJIbHOTO €J1eKTpoHHOTro MikpockoriB (CEM). Lini cBixXi rutoau i BinpizaHi rauku
MPUKJICIOBAIM A0 ABOOIYHOIMMKOI CTPIYKW i po3rasaanu Tif OiHOKYJISIpHUM
Mikpockorom Leica MZ 12 5 (Leica Microsystems GmbH, Bewap, HiMmeuunHa).
J1s1 cKaHyBaJIbHOI €JIEKTPOHHOI MIKpOCKOTIIi 1t mmoau, 3aikcoBaHi CBLKMMU
B 70%-My €TUJIOBOMY CIIMPTi, 3HEBOIHIOBAIM y BUCXiIHOMY pSIIy €TUIOBUX
COUPTIB, BUCYIIIYBAJIM B KPUTUYUHIM TOYILli, MOHTYBaJIM HA CTOJIMKU, HAMTWJTIOBAJIU
3oi10TtoM-nanagiem (10 Hm) i BuByanau B CEM Hitachi S-800 (Hitachi High-
Technologies Corporation, Tokio, fAnonis) 3a Hanpyru 20 kV.

JIist aHaTOMIYHUX J0CHiIKeHb BUKopucToByBan CM. CBixi niaoau po3pi-
3a1u Ha aBi yactuHU, dikcyBanu B PIIK (popmanpaerio, mpomioHoBa KMCIOTA,
€TaHoJI, BOJa), MOTiM MPOMUBAJIM Y BOIHOMY PO34YMHi alleTOHY 3 €TaHOJIOM, 3He-
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BOJHIOBAJIU Y BUCXiTHOMY psiiy TepT-OyTaHoJy (Boja, alleTOH, TepT-OyTaHo) i
BMilllyBaJi1 B eroKcuAHY cmouty Spurr [20]. HanmiBTOHKI MO310BXHi Ta MoIepeyHi
3pi3u ¢apOysanu (1) TonyinMHOBUM CHHIM abo0 (2) cadppaHiHOM i LUBUAKUM 3eJe-
HuM. [luritanbHi 300pakeHH 3pi3iB OTPUMAHO 3a IONOMOTOI0 BiieokaMepu Sony
3CCD, 3moHTOoBaHO1 Ha CM Zeiss-Axioscope (Carl Zeiss Microlmaging GmbH,
I'voTTiHnreH, HimeyuuHna).

TpuBuMipHa MoOjedb rauyka CTBOpEHa Ha OCHOBiI AMTiTAIbHUX 300paxkeHb
MO3J0BXHIX Ta MOIMEePEYHUX 3Pi3iB 3 BUKOPUCTAHHSM IIPOTPpaMHOro 3a0e3MneyeH-
Ha Studio 9.5 mns Windows NT (Alias-Wavefront, Toponro, Kanana).

Jns mopdomeTpii 3actocoByBaiu CM ta CEM. T'auku npukieoBau 10
JIBOOIYHOIUIIKOI CTpiuku. Taki MoposoriyHi mapameTpu, sIK 1OBXKUHA rayka, Horo
JliaMeTpu B HUXKHI Ta BEpXHil yacTUHAaX, JAiaMeTp, 1OBXMHA i LIMPHUHA TOJOBKU
rauka (puc. 1, /1) Bu3HaueHi 3a njornomorow BuMiptoBajibHoro CM Mitutoyo MF
U-510 TH (Mitutoyo Messgerate GmbH, Hoiic, HimeuunHa) 3 TOUHICTIO 10 1 MKM.
ToBIIKMHY CTIHKM BUMIipIOBaJM Ha MOIMEPEYHUX pO3pi3ax, 3po0JeHUX Ha Pi3Hii
BUcoOTi raukiB. Jlani npenaparu rotyBaiau ajis CEM, gk onucaHo Builie. TOBLIM-
HY CTiHKM TayKiB BU3HAYaJM 32 IUTITAJIbHUMU 300pakKeHHSIMU, BUKOPUCTOBYIO-
yy niporpamHe 3a6e3nedyeHHsa SigmaScan® Pro 5.0 (SPSS Inc., Yukaro, Lurinoiic,
CIIIA).

BumipioBanHsi CHJIHM Ta BU3HAUYEHHSI MOAYJIs NpyKHOCTi (Moxayast IOura) rauxin

JI1s1 BUBHAUYEHHS CUJIM BilpUBY TaukKiB BUKOPUCTOBYBaJIM aare3iomeTp Basalt-01
(Tetra GmbH, InbmeHay, HiMeuunHa), skuii BUMiptoe cuiau B gianazoni 100—5000
MKH. AaresioMmeTp CKiIaga€eThes 3 TPHOX FOJIOBHUX YACTHUH: MIAaT(GOPMU, CKISTHOL
MPY>XUHU Ta BOJIOKOHHOI'O ONTUYHOTO ceHcopa (puc. 2, ). HuxHs npobda MOH-
TYETBHCA 0 TUIATHOPMU, BEPXHS — KPIIUTHCS 10 TIPYKUHU, STKOIO YIIPABJISIOTH 3a
nonoMoroto asuryHa. IIpukpirieHa 10 NIPy>KMHU BEPXHS Mpoda MOXe pyxaTucs
BHU3 Ta Bropy. BinxwieHHS MpyXXWHU BU3HAYAETHCS 3a TOTIOMOTOI0 ONITUYHOTO
ceHcopa, 3’€IHAHOTO 3 KOMIT'I0TEPOM, Ha SIKOMY 3aMUCYIOThCs AaHi. PeecTpyloThb
pe3yabTYyIOUY CHIY MiXK ABOMa 3pa3kaMu. 3a JOIIOMOTOI0 1IbOIr0 METOAY OLliHIOBa-
JIU CUJTy BiIpUBY OKPEMOTO rauka.

T'aukwu, BimpizaHi Bif CBiXKMX IUIO/IB, MPUKJIEIOBAIN A0 IUIAT(POPMHU 3a JOIIOMO-
roio yHiBepcanbHoro ke Ergo 5925 (S. Kisling & Cie AG 8010, Iropix, I1IBeii-
Lapisi) i BUKOPUCTOBYBaJIM SIK HUXHIO TMpody (puc. 2, 2). IleTiio, 3pobaeHy 3i
CTajeBOro Apoty AiameTpoM 50 MKM i MPUKJIEEHY A0 MPYXUHU (cTajla MPYXKUHU
290 H/M), BUKOPHUCTOBYBAJIM K BepXHIO Ipo0y. Bei ekcnepuMeHTH 31ilicHIOBA-
Jucs 3a yMOB KiMHaTHOI Temrepatypu (20—25°C) Ta BimHOCHOT BOJIOTOCTi 55—
75 %. Tauok 34imuOBaIu 3 NETIEl0, Ky NoBiIbHO (77,9 MKM/C) pyxaau Bropy.
3apeecTpoBaHi KpUBi 3aJIESKHOCTI CUJIX Bifl BilCTaHi BUKOPUCTOBYBAJIM JJIsI OLiH-
KW CUJIX BiipuBy rauka (puc. 2, 3). IloBeaiHKy rauka mpoTsroM BipuBY 3alucy-
BaJIi Ha Bimeo 3a qonoMmororo BoynoBaHoro Bigeouina Leica IC A, 3MoHTOBaHOTO
Ha OiHOKYJIsApHUM Mikpockon Leica MZ 12 5. 3arajioM B eKcriepuMeHTax 0ysio
BuKopuctaHo 50 raukiB G. aparine.
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Puc. 2. Cxemu aaresiomerpa
Basalt-01 (/) i exciepriMeH-
TaJbHOI cuTyauii (2) Ta TU-
T noBa KpuUBa  3aJIEXKHOCTI

LP

CUJIA BiJ BificTaHi, BUKOpU-
cTaHa JyUIsl BUSHAYCHHST CUJTN
BimpuBy rauka (3). FOS —
H BOJIOKOHHUM ONITUYHUIA CEH-
cop; G — cKIsiHA MPYXWHA;
P GL GL — xueit; H — rauok;
LP — craneBa napoTsiHa net-
asg; M — npzepkano; P —
miatopma

Fig. 2. Micro-force tester
2 Basalt-01 (0, the
experimental set-up (2), and
an example of the force-
distance curve wused to
estimate the contact
separation force (3). X-
axis — distance, mm; Y-
axis — force, mN. FOS —
fiber optical sensor; G —
glass spring; GL —glue; H —
hook; LP — loop; M —
mirror; P — the platform

cuna, MH

00 50 100 150 200 250 300 350 AresiomeTp BUKO-
BiACTaHb, MKM PUCTOBYBaJIX TAKOX JJIsI
3 BU3HAUYEHHSI BJIaCTUBOC-
Tell MaTepiajly TraukiB
(puc. 3, I). ManeHbKa CKJIsiHa TNajuyka, MPUKpIreHa A0 MPYyXUHU, clyryBajia
SIK BepXxH TIpoba. [Tamnuky moBineHO (9,2 MKM/C) pyxan B HAIIPSIMKY TOJIOBKU
rayka, MoKy He Jocsrajv MOBHOTO KOHTAKTy (Mpoliec HaTUCHEHHS) (puc. 3, 2).
B Takomy nosioxeHHi NpoOu 3ajuiliaiv Ha AesIKUi yac (mepion peyakcaltiii), pee-
CTPYIOUHM peaKliilo rauka Ha NpUKIaaeHy cuiny. [IpoBenu nBa BUAM €KCIIEPUMEHTIB:
(1) 3 raukamMu, 1110 MaJIu OCHOBY, i (2) 3 raukamu 3 BifpizdaHOO 0CHOBOO. KpuBi
3aJIEXKHOCTI BiicTaHi Big cwiu (puc. 3, 3) BAKOPUCTOBYBaIU JJIs1 BUBHAUEHHS MO-
IyJsl TIPY>KHOCTI MaTepiany radka. JIjas oOpoOKM JaHUX CTBOPEHO MaTeMaTUUHY
MOJIeJIb, SIKa BpaxOBYE reoMeTpiro rauyka. Bceoro Oyno mpoBeneHo 78 eKcrepu-
MEHTIB 3 12 raukammu.

111006 3’sscyBaTu 3HAYEHHST PyXOMOI OCHOBU JJIsI IIPUKPIIIJICHHS rayka, 3acTo-
CyBaJIU I’€30€JIEKTPUUYHUU BUMipIOBau CUJIM (BUMiproBaibHUM nianazod 1—100 r,
Biopac Systems Ltd., Canra bap6apa, Kanicdopnisi, CIIIA), 3MOHTOBaHMIi 3 MO-
TopuzoBaHuM MikpomMaHinynastopom (DC3001R, WPI, Capacara, ®Dinanenndis,
CIHIA). IIo6 iMiTyBaTU rayku pOCIUH 3 OCHOBOIO i 06e3 Hel, BUKOPUCTOBYBaIU
3aYilKu MPOMUCIOBUX JUITY4OK. [TpOMUCIIOBI Tauku, MPUKIIEEH] 10 CKIISIHOT TJ1a-
CTUHKH, BiIMOBigaJM POCIMHHUM raykaM 6e3 ocHoBu (puc. 4, [). II1o6 3mone-
JIIOBaTH POCJMHHI rayKu 3 pyXOMOI OCHOBOIO, /10 TIPOMUCJIOBUX FauyKiB MPUKJIIE-
I0BaJIM MaJIeHbKi METJIi, CKpyUY€eHi 3i cTaneBoro apoTy aiameTpom S0 MkMm (puc. 4, 2).
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cuna, MH

0 50 100 150 200 250 300

yac, C
2
60 T
= .
Puc. 3. Cxema ekcnepumeH- < 501 :
TajbHOI cutyaiii (1) i TumoBi = :
KPUBi 3aJIeXXHOCTI CWJIM Bifl . 401 :
yacy (/) Ta BiacraHi Big cuiau .o -
(2), BUKOpMCTaHi Ajisl pO3pa- r:'é 01 :
XyHKY MOAYJIS NMPYXHOCTi Ma- |~ 201
Tepiany rauka. B 3 nepepuua- U -
cra JIiHiS XapakTepHa JUIst :_:r 101 :
rauykiB 3 OCHOBOIO, CyLiJlbHAa m s
JiHisT — 6€3 OCHOBM; A — TIpO- 0+ — i . i
1iec HaTUCHeHHS; B — ckisiHa 0 2 4 6 8 10
nanunuka; GL — xkueii; H — cuna, MH
rayok; P — miargpopma; R —
3

nepioja penakcarii

Fig. 3. Experimental set-up (/), typical force-time (2) and distance-force curves (3) applied in
the evaluation of the elastic modulus of the hook. Solid line indicates hooks with a base, the
dotted one — hooks without base. X-axis — time, s; Y-axis — force, mN (/). X-axis — force,
mN; Y-axis — distance, mm (2). A — approaching process; B — glass beam; GL — glue; H —

hook; P — platform; R — resting period

ITetni HaHM3YBaJIM Ha TOJIKY, HABKOJIO SIKO1 TaUyKy MOIJIA pyxaTucs. ['auku 34irnio-
BaJIU 3 METJel0, 3p00JeHOI0 i3 cTajieBoro ApoTy (50 MKM y aiamMeTpi), Ky pyxXaiu
B IIPOTUJICKHOMY BiJl TauKa HanpsMKYy 3i mBuakicTio 200 mxm/c. J1o KOXXHOTO rayka
MPUKJIAJAJIN CUIIY B TPhOX Pi3HUX HanpsiMKax: Mmif Kyramu 45°, 90° ta 135° BinHOCHO
oci rauka (puc. 4). 3a KpUBUMU 3aJI€KHOCTI CUJIM Bifl BiICTaHi OLIHIOBAJIMU CUITY

BiipuBy. B ecknepumeHTax BUKOpUCTAHO 12 raukis.

PesyabraTi AociaiIKeHb Ta iX 00roBOpeHHs
Bynosa raukis

l'auku G. aparine muci, IPIMOCTOAYI Ta MEPIEHANKYJISIPHI 10 TTOBEPXHi TIJIOMY.
3arayibHa 10BXU1HA 3HauHO Bapitoe (EX=281,1 MkM, 6=42,2, n=20) HaBiTb y raukis,
pO3TallloBaHUX HA OJHOMY MepuKapIii. ['auk¥ CWJIbHO MOTOBILEHiI MPU OCHOBI
(EX=45,1 mxMm, 6=8,3, n=20) i mOCTYNOBO NOTOHIIYIOTHCS B amikaJbHOMY Ha-

ISSN 0372-4123. Ykp. 6oman. xucypn., 2006, m. 63, Ne 6 821



1000

I 8001 [
S 600 T GP H
: | | l GL

400 -

200

1

800
< 600 ( H
= ( [ GL
z L N
S 4001 J

WL
200

Puc. 4. Cuna BimpuBy NpOMUCIOBUX raukiB 6e3 ocHOBU (/) Ta 3i 3MOEbOBAHUM Cyrio0oM (2)
Mijg Ai€l0 30BHIIHBOI CUJIU, CripsiMoBaHoOi minm kytoM 90°, 45° i 135° BimHocHO oci rauka. GL —
kneit; GP — cknaHa mnactuHka; H — radok; N — ronka; WL — npotsiHa mietiis

Fig. 4. The contact separation force of artificial hooks lacking joints (/) and with simulated joints
(2) obtained under pulling force applied at angles of 90°, 45°, and 135°. GL — glue; GP — glass
plate; H — hook; N — needle; WL — wire loop

npsamky (EX=9,8 mkm, 6=2,6, n=20). ['oJ10BKM raukiB MajeHbKi (JOBXMHA:
EX=19,6 MmxMm, 6=4,9, n=20; wupuHa: EX=29,6 mxm, c=11,8, n=20).

T'auok cknamaeTbes 3 NBOX yacTuH: (1) ckiaagyacToi oCHOBM Ta (2) KOHyca,
raykorno/ioHo 3irHyToro Ha BepxiBui (puc. 5, I). OcHoBa, 0YeBUAHO, (PYHKIIiO-
HY€ SK Cym1o0, KoTpuli 3a0e3neuye obepTaHHsI KOHyca. BoHa yrBopeHa po3rta-
LIOBAaHWMU B OJIMH PSiJ eNifepMaJbHUMU KJIITUHAMU, CIIOTYYEHUMHU 3 HUXKHBOIO
YaCTUHOIO KOHYCA, KOTPi OTOYYIOTh MOIr0 IIMPOKUM KiJIbIIEM Ha 3pa30kK ITiXBU.
KJliTuHM OCHOBM TOHKOCTiHHI, BEJIMKi, HEIIPaBWIbHOI (pOpMU, BUTATHYTI B Ha-
MpsIMKY KOoHyca (puc. 5, 2).
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1 2 4

Puc. 5. Oco6auBocti 6ynoBu raukiB G. aparine : 1 — radyok B CEM; 2, 3 — no3noBxHiit (2) Ta
nonepeyHi 3pi3u (3) y BepxHiit (3a) Ta HUXHIiN (30) yacTuHax rauka B CM; 4 — TpuBUMipHa
monenb rauka. CV — nopoxHuHa; HB — ocHoBa rauka; HC — raukonomioHo 3irHyTHii KOHYC;
HH — ronoska rauka

Fig. 5. Structure of the G. aparine hooks: I — scanning electron microscope micrograph; 2, 3 —
longitudinal (2) and cross sections (3) at the apical (3a) and basal (36) parts of the hook in a
light microscope; 4 — 3D model of the hook. CV — cavity; HB — hook base; HC — hooked
cone; HH — hook head

ITonepeaHi aBTOpy BiAMivalX TPUXOMHE MOXOJXKEHHSI rauykiB Ha IUioAax
G. aparine |24]. Haie mocmimKeHHS IMOKa3ye, 1110 TAYKK pO3BUBAIOTHCS 3 30BHIIII-
HBOTO 1IAapy INepukKapiniio. OIHOKITUHHUNA i MOPOXHUCTUN TauKyBaTUM KOHYC
MOXHa BBaXXaTU BUIO3MIHEHOIO TPUXOMOIO. BHYTpillIHSI MOPOXHMHA KOHYCA 3a-
KiHUYETbCS Ha PiBHI BiAXOJKE€HHS TOJIiBKM rayka, OTXe, roJliBKa BUITOBHEHA.
MoxHa pUITyCTUTH, 110 MOPOXHUCTA OynoBa KOHyca Kpaille 3a0e3Mnedye mMoro
CTabIbHICTh y BUTIAJKY Ae(opmMalliii BUTMHY, HiXK BUTIOBHEHA CTPYKTYypa. Y Pi3HUX
raykiB KOHYC MOxe OyTH OKpyIJIMM ab0 OBaJIbHMM Y MOIEepeYHOMY po3pi3i (puc. 5,
3). @opma TONepeyHOro po3pidy MOXKe 3MiHIOBATHCS TAKOX y MeXKaxX OIHOTO rayka
Bil OKpYIJIOl B HUXKHilA YaCTHUHIi 10 OBaJIbHOI — Yy BEpPXHill YaCTUHIi, i HaBMaKMu.
ToBIIKMHA CTIHKU 3pOCTAa€ B alikaalbHOMY HanpsMKY (Mpu ocHOBi: EX=7,7 MKM,
6=2,9, n=14; y cepenniii yactuHi: EX=11,6 mxm, ¢=3,03, n=19; Ha BepxiB1ii:
EX=13,4 MmxMm, 6=5,1, n=21). 3a 1OITOMOTIOIO0 TiCTOJIOTIYHOTO (papOyBaHHS B CTiHITI
KOHYCa rayka BMSBJIEHI 1IEJIF0J103a 1 JIirHiH.

IMopiBHSAHO 3 iHIIMMM €Mi300XOPHUMU POCIMHAMU Tadyku G. aparine MamOTh
oco0OnuBy OynoBy. B monepenHix poborax Bim3Hayaiu, 10 raykyd TPUXOMHOIO I10-
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XOJIXKEHHSI MOXYTb OyTU 1 MOPOXHUCTUMU, i BUNTOBHEHUMU [24]. TTopoXHUCTI
rauyky 3HAMIEHi TaKOX Y Agrimonia eupatoria, ane, Ha BinMiHy Bin G. aparine, BOHU
HE MalOTh pyXxoMoi OCHOBU. ['aukuy iHIIIOTO MOXOKEHHSI Hal4yacTillle BUIIOBHEHI.
BigomocTi npo HasiBHICTbh pyXOMO1 OCHOBM Y TaKUX TaukiB y JiTepaTypi BiICYTHi.

Cuia BipuBy rauka

Ha nouarky ekcriepuMeHTy, KOJIU MPUKJIaJeHa cuiia OyJjla HUXKUOIO 3a CUJTY BiIpUBY,
rayKy TMOCTYITOBO BUTIPSMIISUTHCS. 3a TIEBHOI CHJIN, SIKY MM HA3UBAEMO CUI0/0 8i0pU-
8y, TaUKU JaMayiucs. 3jaM 3BMYalHO MPOXOJAUB MO LIEHTPY FOJOBKM rauka.

Cuna BimpwBy raukiB G. aparine XonuBajach y Mexax 9,37—44,89 mH
(EX=23,23 mH, ¢=8,13, n=50). Ha oCHOBi eKCIiepuMMEHTIB 3 YOTUpPMa BUAaAMU
POCJIMH paHilue O0yJ0 BCTAHOBJIEHO, 1110 CUJIa BiIpUBY 3aJleXKUThb BiJ MOp(hOMeET-
pUYHUX TapaMeTpiB raykiB, i MepeayciM Big 1X 3arajibHOI AOBXMUHU. [auku
G. aparine myXe pi3HATBCS 3a TOBXWHOIO i 11, MOXKJIMBO, BIUIMBAE HA BEJIMKI BiIXu-
JIEHHS B 3HAUYE€HHSX CUJIU.

JIsi MOpiBHSIHHSI Pi3HUX CIIOCOOIB pO3CilOBaHHS 3a4aTKiB Y Pi3HUX BUJIIB
POCJIMH 3BMYaiiHO BUKOPUCTOBYIOThH TaKi MapaMeTpu, SIK YUCJIO PO3CITHUX 3a4aTKiB
Ta BiACTaHb, Ha Ky BOHM PO3IIOBCIOMXYIOThCS [9]. BimcTaHb BBaXKaloThb IYXKe
BaXXJIMBUM TapaMeTPOM, OCKiJIbKM BOHa 3abe3reuye YHUKHEHHS HEraTUBHOIO
BIUIMBY MaT€PUHCHKOI POCJIMHMU i BiIUYTHO BIUIMBAE HA KOJIOHi3allit0 HOBUX MiClle-
3pOCTaHb HAlllaAKaMU JaHOI POCIMHU. B emi300X0pHUX pOCIMH 115 BiACTaHb, OYe-
BUJIHO, 3aJI€XKUTh BiJl TPMBAJIOCTI NepeOyBaHHS TU10Jla Ha TBApUHi, OCOOJMBO SIKILIO
TBapMHa JOBroBiyHa abo Mae€ BeJIMKY PypaxyBajabHy TepuTopiio [3, 6, 11, 14, 19].
Ha ueit yac BrMBaroTh, BOUYEBUIb, MPUKPITLIIOBAIbHI BIaCTUBOCTI 3a4aTKiB. Cuja
MPUKPITUIEHHS 3a4aTKa 3aJIEXKUTh BiJl YMCia 3YETIEHUX raukiB Ta MPUKPITLIIOBasIb-
HOI CUJIM OKPEMOro radyka. B pe3ynbraTi IomepeaHix JoCaimkeHb Oyn1o 3’scoBa-
HO, 1110 PO3MipU rauykiB Ta iX KiIbKiCTh BIJIMBalOTh HA yac, MPOTSATOM SIKOTO 3a-
YaTKM 3aJIMIIAI0ThCS 34eruieHuMu 3 TBapuHamu [10, 11, 19]. ITpoBeneHi Hamu goc-
JIJKEHHS € MEPILIO CIpo00i0 BUBHAYEHHS TTPUKPITLIIOBAILHOI CUJIM OKPEMOTO
rayka-3adinku. Mu BUKOPUCTOBYEMO CUJIY BilpMBY rayka JJisl XapaKTepUCTUKU
MOT0 3MaTHOCTI A0 MPUKPITUIEHHS.

Y G. aparine cwna BiIpWBY rayka 3HAYHO HIKYa 3a Bary MepUKapITis
(EX=20,7 mMr, 6=4,2, n=35), TOMY 1151 HaJlilHOTO NMPUKPITUICHHS 3a4aTKy A0 TBa-
PUHU HEOOXigHE 34eIUIEHHS KiJIbKOX, IIOHAaMMEHIIEe AeB’ ITU, TauKiB. Mepukapmii
G. aparine MaloTh cpepuuny popMy i MiILHO BKpUTI Taukamu. Lli ocodamBocTi
MopdosIoril 3a4aTKiB 3a0€3MeUyI0Th MOXKJINBICTH OMHOYACHOIO KOHTAKTy 0aratbox
raykiB 3 XxyTpoM abo Mip’sM TBapuH, 3aBISIKU YOMY JIOCSITAETHCS 1OCTATHS CUJIa
npukpiruieHHs. O1HaK cyMapHa Cuiia BCiX TaukiB, 1110 BKPMBAlOTh OBEPXHIO Me-
puKaprisi, CyTTEBO TepeBulllye ioro Bary. Akiio OyayTh 3UeIIeHUMU Oifibliie 3a
MiHiMaJbHO HEOOXiTHE YMCJIO raukKiB, MATUMEMO AYK€ BUCOKY CUJTy IPUKPITUICHHS
3ayaTka. B peanbHill cuTyallii He BCi, a JIWILE AesIKi raykKy 3BUYaiiHO MPUKPITLIIO-
I0Th IJIiA A0 TBApUHU. MOXJIMBO, Iy:Ke IIUJIbHE MOKPUTTS 3a4yaTKa raykaMu CJIy-
rye IS TMiABUILIEHHS 1IAHCY HA MOYaTKOBE 3UEMJIEHHS TJIOAY 3 Pi3HUX OOKiB.
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BaactuBocti maTepiayy rauka

B excrniepumeHTax, MpoBeJAEHUX 3 METOIO BU3HAUEHHS BJIACTUBOCTE MaTepiany
raykiB, IiJ 4ac MpoLECy HATMCHEHHS CUJIa B3aEMOil 3pocTajia JOCUTh IIBUIKO
(puc. 3, 2). Koau rauok KOHTaKTyBaB 3i CKJISIHOIO MaJW4YKOI0 (Mepioj peakcailii),
cuJjia B3aEMOJIii MOCTYIIOBO pejlakcyBajia. KpuBi 3aj1eXXHOCTI CHIIM Bif yacy 3acBif-
Yyl0Th, 110 MaTepiaj rauka Ma€ B’s13KO-MPY>KHi BJIACTUBOCTI.

3a KpMBUMU 3aJIEXXHOCTI CUJIY Bill BilCTaHi, of1epXXaHUMU MPOTSTOM MPOLECY
HaOJIVDKEHHS, KOJIM BifOyBa€ThCS MOCTYIIOBE BiIXMJIEHHS rayka, BU3HA4€HO MO-
IyJib IpyXHOCTi (puc. 3, 3). Moayni FOHra raukiB 3 oCHOBOIO Ta 06€3 Hei Biipi3HsI-
Jmcs ctaTUCTUUHO noctoBipHo (H=755,44, df=1, P<0.001, 0miHOKOMITOHEHTHMIA
aHasi3 BuOipok 3a anroputmMmoM ANOVA 3 BUKOpUCTaHHSIM TecTy Kpyckana—
Vennica). Moayni FOHra craHoBwin 2,02+1,5 I'Tla (N=7, n=48) s raukis 3
ocHoBoto i 23,20+15,73 I'Tla (N=5, n=30) — 6e3 ocHoBMU. Ilepiiie 3HaUeHHS OJU3b-
K€ 10 MOAYJsl TpyXHoCTi JirHiny (2,0 I'TlIa) [7] i cyTTEBO MeHIlIe 3a TaKUii epe-
BuHU (5,03—14,54 T'TIa) [15]. Ipyre 3Haue€HHS iCTOTHO HMXY€e 3a MOAYJIb MPYXK-
HOCTI LIeJIt0103U y TionepeuHomy Hanpsmky (30,5 I'Tla) [23] i nepeBulllye Takuii
nepeBuHU. LlikaBo Big3HauuTH, 110 Moayab FOHra KJIiTUHHOI CTiHKU, po3paxoBa-
HUI 32 JOMOMOTrOI0 MaTeMaTUYHUX MOJEJeN, IKi BpaxoByBaJU MPY>KHi BIACTU-
BOCTi TPbOX FOJIOBHUX MOJiMEPiB KJIIITUMHHOI CTIHKU B IEPEBUHI (11€J110J1034, JIiTHiH
i remiliestoyio3a), KoaMBaeTbes y Mexax 7,0—15,0 I'Tla [12]. 3a HaluuMu naHuU-
MM, Tauku 0€3 OCHOBHU, YTBOPEHI JIUIIE KJIITUHHOIO CTIHKOIO, MalOTh BULLIMIA MO-
JIyJIb IPY>KHOCTI MOPIBHSIHO 3 BKA3aHUMM PaHillle 3HAYECHHSIMU JIJIST CTIHKY KJTITUH.

Otxe, cuja BiipuBY rayka 3ajieXuTh Bil HOoro Mop@oJiorii Ta BJIacCTUBOCTEM
Matepiany. OCKiIbKU Yy IPUPOAHUX YMOBAX HAMPSIMOK il 30BHILIHbOI CUJIN MOXE
OyTH pi3HUM, 11€ TaKOXX MOXE BILUIMBATW Ha CWIY BiApMBY. 3a OTpPMMaHUMMU JIaHU-
MM MOXHa JilTU BUCHOBKY, 1[0 HASIBHICTb OCHOBH ITiIBUILIYE IIPYKHICTh YChOTO
rauka. OCHOBY MOXHa PO3IJIIAATU SIK CYITI00, KOTpMii 3a0e31euy€e 3UeTIeHHS rad-
Ka, KOJM 30BHillIHS cwia Ji€ 3 pi3HUX O0KiB. [l mepeBipKu i€l rirnoTe3u Mu
MPOBEJIU €KCIIEPUMEHTHU 3 TIPOMUCIOBUMHU raukKaMu 0e3 OCHOBU Ta 3i 3MOJIEJIbO-
BaHUMMU Cyri06aMu.

Bnime ocHOBH rauka Ha HOro NPUKPIMIEHHS

I1ig miero 30BHIIIHBOI CUJIM IIPOMMCJIOBI TaYKY HE JJaMaJiucs, a IpOCTO BUCIM3A-
Ju 3 nieTii. Cuiia BiApuBY raukiB 63 OCHOBU CTaTUCTUYHO JOCTOBIPHO BiJIpi3HsI-
JlaCh B €KCIIEpUMEHTAaxX 3 Pi3HUMU HalpsMKamu npukinaaeHoi cunu (H=19,534,
df=2, P=<0,001, omHOKOMIOHEHTHUI aHaJIi3 BUOipoK 3a aaroputMoM ANOVA 3
BUKOpUCTaHHSIM TecTy Kpyckana—VYenica). HaliMeHllla cujla 3apeecTpoBaHa y
pasi kyta 45° (puc. 4, 1) (45° npotu 90°: pizHuug Bubipok = 19,643, Q=3,472,
P<0,05; 45° npotu 135°: piznuusg Bubipok = 23,214, Q=4,104, P<0,05, 6araTtopa-
30B€ MOIapHe NOPiBHIHHS BUOIpoK 3a TecToM JlaHHa). [IpoTe pi3HuULIS y 3HaUeH-
HSIX CWIM BilpuBY OyJia HECYTTEBOIO, KOJIM 30BHIILIHIO CUJTYy TIpUKAadaIn Ml Ky-
tamu 90° 1 135° (pisauug Bubipok = 3,571, Q=0,631, P>0,05, Gararopa3oBe mo-
rapHe NopiBHSAHHS BUOIpoK 3a TecToM [laHHa). B ekcieprMeHTax 3 raykaMu, 110
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MaJlu CyIJIoOU, cujla BilpuBY He 3ajiexasa BiJ HalpsIMKy NpUKJIaAeHOo1 cuiu (puc.
4, 2) (H=5,481, df=2, P=0,065, 0iHOKOMIIOHEHTHHUI1 aHa/1i3 BUOIPOK 3a aJIrOpPUT-
MoM ANOVA).

OTpumaHi pe3yJIbTaTu JO3BOJISIOTH JiATHM BUCHOBKY, 1110 pyXOMa OCHOBA IIpa-
LIFO€ Ha 3pa30K cym1o0a i 3a0e311euy€e BUILMIA LIAHC UIST [IOYATKOBOTO IIPUKPITICHHS
mioaiB. HaBiTh SKIIO TiJIbKM BEpXHSI YaCTMHA TFOJIOBKM rayka 3uemnuiacs 3 cyo-
CTpaTOM, MOXE CTaTUCS ToJajibliie MOBHE MPUKPIIJIEHHS rauka. B TakoMmy Bu-
MajaKy OKpyrja Ta oBajbHa (popMa Mioay, BKpUTOro daraTbMa raykamu, MaTuMe
0COOJIMBO BaxXJIMBE 3HAUEHHS. To/i MoyaTKoBe MPUKPITUIEHHS Bil0OyBaTUMEThCS
HE JIMIIIE 32 paXyHOK raykiB, po3TalllOBaHUX 3 OOKY CyOCTpaTy, a TaKOX THX, IO
BKPUBAIOTb CYCiiHI 00JacTi, 3aBASIKM HAsIBHOCTI pyXxOMoOi OCHOBU. B pesyibTrari
3YETUIIETHCS OiIblla KiIbKIiCTh raukKiB, i BiIMTOBIIHO CUJia IPUKPITUIEHHS TUIOiB
3pocTa€. Takoro He CIOCTEePIraETbCs y pOCIMHHUX TaukiB 6€3 pyXoMoi OCHOBU. Y
0GaraTbOX BUJiB POCJMH BiJICYTHICTb CYIJIOOIB MPU OCHOBI, MOXJIMBO, YaCTKOBO
KOMIIEHCYETBHCS 3a paxXyHOK Pi3HOIO CIIPSIMyBaHHS TOJIOBOK CYCiTHIX raukis.

MoXI1BO, POCIMHHI TaUKU 3 PyXOMOIO OCHOBOIO, 1110 Oy 00’ €KTOM Halllo-
ro JOCJiIKEHHS, CTaHYyTb 0i0JOTiYHUM MPOTOTUIIOM JJISI TIPOMUCTOBUX 3aMKiB-
JIMTTYYOK 3 MOJIMILIEHUMU MPUKPITUIIOBAIbHUMU BJIACTUBOCTSIMU.

ABTOp BUCOBIIOE KUPY MoKy B. TTonoBy (bepaiHCbKMit TEXHIYHUN YHi-
BepcuteT, HiMeuunHa) 3a po3poOKy MaTeMaTUUHOI MOJEeJi, BAKOPUCTAHOI JJIsI
pO3paxyHKiB MOAYJIS IIPY>KHOCTI MaTepiany rauka, Ta C. 'opOy (IHcTuTyT mocii-
JKeHHS MeTaliB ToBapucTtBa Makca Ilnanka, IItyrrapr, HimeyunHna) — 3a no-
rmoMory Ha Bcix ertanax poooru. T. Ilnek (T. Speck, @paitbyp3bkuit yHiBepCcH-
TeT, HiMmeuurHa) KOHCYJbTYBaB 3 MPUBOY MiATOTOBKM aHATOMIYHUX MpenapariB
raukiB. C. Engepc (S. Enders, IHcTuTyT mociaxeHHs MeTajliB ToBapucTBa Mak-
ca Ilnanka, lItyrrapt, HimeuunHa) Hagana iHpopMallito mpo MOayJi MPYy>KHOCTi
MaTepialliB POCIMHHOIO NMoXoxkeHHs1. CriBpoOiTHUKM J1abopaTopii eleKTPOHHOI
mikpockomnii FO. beprep, b. Caiinep ta b. Jlarremann (J. Berger, B. Sailer,
B. Lattermann, IHcTuTyT 6i0J0ri1 pO3BUTKY TOoBapucTBa Makca ITnaHka, Tio0iH-
reH, HiMeuunHa) gonomMarajiu y npoBeAeHHI MiKpOCKOMIUYHUX JTOCJiIXEHb.
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Pexomennye 1o npyky Hapiiinua 13.08.2005
AT Oinyx

E.B. Top6

I'pymia 3BOMMOIIMOHHBIX OGMOMATEPHUAJIOB,
WHCTUTYT ucclienoBaHUsI METAIOB
obulectBa Makca [lnanka, [epmaHus

CTPOEHUE, MEXAHUYECKHNE CBOMCTBA
N CHNJIA OTPBIBA KPIOUKOB, IIOKPBIBAIOIIINX
ITOBEPXHOCTDb IIIOAOB GALIUM APARINE L.

3auarku (ceMeHa M TUIOJbI) MHOTHMX IIBETKOBBIX PACTEHUI PacrpoCTpaHsIOTCs Gjaromapst Me-
XaHUYECKOMY CLETUIEHUIO C IIEPCThIO WM MEePhsIMU KUBOTHBIX (3MKM300x0pHust). B cratbe mpu-
BeJIEHBI PE3y/IbTaThl U3YYSHUS] CTPOECHUS M U3MEPEHMS CHJIBI OTPhIBA KPIOYKOB, TTOKPHIBAIOLINX
MMOBEPXHOCTh MJIOAOB Galium aparine L. 1 ciayxaliux Ajsi SIIM300XOPHOTO PaclpoCTpaHEHUS
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3a4aTKOB. [Ipy MOMOIIM CBETOBOU M CKaHUPYIOIIEH 3JEKTPOHHOW MHUKPOCKOMHWM OOHapyxke-
HO, UTO KPIOYKM COCTOSIT M3 ABYX uacteit: (1) ocHoBaHusI M (2) KOHyca C KpIOUKOOOpa3HO
3aTHYTOM BepxylIkoil. KoHyc pa3BuBaeTcsi M3 BHEIIHETO CJIOSI TIEPUKAPIIUS U TIPEACTaBIsIeT
co00ii BUIOM3MEHEHHYIO TIOJIYI0O ONHOKIETOUHYIO TpuxoMmy. Crenuduyeckoe oKpalivBaHUe
TOJIyTOHKUX CPE30B, 3aKIIOUYEHHBIX B STMOKCUIHYIO CMOJY, cadpaHWHOM W CTOUKUM 3eJIeHBIM
BBISIBIJIO 1I€JUTIONO3Y W JIMTHUH B CTEHKE KOHyca. M3MepeHue CUITbl OTPhIBA OTAEIbHBIX KPIOU-
KOB M0Ka3aJI0, YTO OHa KoJiebsercs B penenax 9,37—44,89 mH (EX=23,23 mH, 6=8,13, n=50)
U 3aBHCUT OT pa3Mepa KprouykoB. JIJisT paccuera MOIYNs 31acTUYHOCTU (Momynab FOHra) mare-
praja KpIOYKOB, KOTOPBII SIBISIETCS] BaXKHBIM MapaMeTpoOM JUTsl XapaKTePUCTUKNA MEXaHWdec-
KUX CBOMCTB, UCITOJIB30BAIM MAaTEeMaTHUECKYI0 MOJIENb, YYUTHIBAIOIIYIO CIOXHYIO TEOMETPUIO
KPIOYKOB. 3HAYEHUS MOIYJISI 3JIACTUYHOCTA KPIOUKOB C OCHOBAaHWEM, BBITIONHSIONIUM (YyHK-
1IMI0 cyctaBa, M 0e3 OCHOBaHUs cyllecTBeHHO oTimyanuch (2,02 I'lla u 23,20 I'Tla, coort-
BETCTBEHHO). Ha 0CHOBaHMM MOTyYeHHBIX IKCITEPUMEHTATLHBIX MTaHHBIX TIOKa3aHO, YTO KPIOYKKN
C OCHOBAaHUWEM JIydllle TIPUCTOCOOJIEHBI JUIT OKa3aHWs CONPOTUBIICHUS pa3HOHAMPABICHHBIM
BHEIIHUM CWJIaM, YeM Kplouku 0e3 cycraBoB. Takoil addekT He oOHapyXeH HU y JApYyrux
pacTeHWil, HA Y TIPOMBIIIUIEHHBIX JIUTTY4YeK.

Knwueewv e cao6a: anuzooxopus, coeQuHeHus, mpuxomsl, MexaHuueckKue 0COOeHHOCMU,
M00YAb YHpKeocmu

E.V. Gorb

Evolutionary Biomaterials Group, Max Planck Institute for Metals Research

STRUCTURE, MECHANICAL PROPERTIES AND
CONTACT SEPARATION FORCE OF THE HOOKS COVERING
THE FRUIT SURFACE IN GALIUM APARINE L.

Diaspores (seeds and fruits) of many flowering plants are adapted to dispersal by mechanical
interlocking to animal fur and feathers (epizoochory). In this study, the morphology and
attachment force of fruit hooks of Galium aparine plants are presented. Using light and scanning
electron microscopy, it is found that the hook consists of two parts, a joint-like base and a
hooked cone. The latter originates from the outer layer of the pericarp and may be considered as
a modified hollow unicellular trichome. Staining of resin-embedded semithin sections with
safranin and fast green shows that the hook wall contains cellulose and lignin. The force ranges
from 9.37 to 44.89 mN (x=23.23, SD=8.13, n=50) and depends on the hook size. To calculate
the Young’s modulus, a mathematical model describing the effect of the complex hook geometry
was applied. The hooks with and without the base are characterised by different values of the
elastic moduli: 2.02 GPa and 23.20 GPa, respectively. Experimental data show that jointed
hooks are better adapted to resist forces in different directions compared with non-jointed
hooks. This effect is not present in many other plant hooks and is also unknown in industrial
hook-and-loop fasteners.

Key words: epizoochory, compounds, trichomes, mechanical peculiarities, clastic module
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