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OOBEKTOM JKCIEPUMEHTANIBHOIO MCCIIEN0BaHUs SBISETCA MapoBOH Iy3bIpeK, 0Opa3oBaHHBIA B HENOTPETOMH
XKUJIKOCTH B PE3yNIbTAaTE ITOTJIOICHHS JIA3EPHOT0 U3IyYCHNUs, TIePEaBacMoro B pabounii 00beM HOCPEICTBOM TOHKOTO
OIITOBOJIOKHA. DBOJIONMS ITy3bIPbKa XapaKTEePU3yeTcs ero OBICTPHIM POCTOM U CXJIONBIBAHUEM C TeHepanueil ropsaeit
3aTOIUICHHOH CTpyu. PaccMOTpeHBI HEKOTOpbIE OCOOEHHOCTH HCCIIELYeMOro Ipoliecca MPUMEHUTENbHO K o0IacTu
MequuHEL. B xadecTBe pabouelt xuAKOCTH HcHomb3yeTcs ¢pu3pacTBop. [lokazaHo, 4TO IPHU TeX XKe yCIOBHAX (MOII-
HOCTb H3Iy4eHHs, JHaMeTp ONTOBOJIOKHA M HadaJlbHAs TeMIepaTypa *KUAKOCTU) Pa3Mephl, KOTOPBIX JOCTUraeT obpa-
3YIOLMKCS B (hM3pACcTBOPE MapOBOil My3bIPEK, 3HAUUTEINFHO MEHbIIE, YeM B YHCTOM BOJE. BBISBIEHO CyIIECTBEHHOE
BiusHUE (POPMBI HAKOHEUHUKA ONTOBOJIOKHA Ha XapaKTep HCCIeLyeMOro mporecca.

Ki1roueBbie ¢J10Ba: J1a3epHO-UHIYILIMPOBAHHOE KUIEHUE, TTapPOBOH My3bIpeK, HEAOTPETask KUIKOCTb, 3aTOIJIECH-
Has CTpysl.

BBenenne

XopoIo U3BECTHO SBICHHE MHTCHCHBHOTO POCTA W IMOCIEAYIOIIETO CXJIOTBIBAHHS ITy-
3BIPBKOB apa B HEJOTPETON JKUIKOCTH NP HAJTUYKU 00JIACTEH C CYIIECTBCHHBIM JIOKAIBHBIM
neperpeBoM. Ecnmu mpu cxionbiBaHUEM (GOpMa My3bIpbKa 10 KAKUM-THOO MPUYUHAM TEpseT
c(hepHuHOCTh, 3TO MOXET MPUBECTH K (HOPMUPOBAHUIO HANPABICHHBIX CTPYH JKUIKOCTH,
00J1aafOIINX JOCTATOYHO BBICOKOW cKOpocThio [1—3]. Takue cTpynm MOTYT JIOKaabHO CO37a-
BaTh BHICOKHE THAPOAWHAMUYECKHE AABJICHUS, IOTOMY yKa3aHHBIH 3((HEKT UMEeT MIHPOKOe

* PaGoTa BbIMONHEHA NPH HOAEpKKe Poccuiickoro HaydHoro $honaa (ko npoekta 22-19-00092).
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MIPAKTHIECKOE MPUMEHEHUE, HAIIPUMEp, ISl CEJICKTUBHOW OYHMCTKH TOBEpXHOCTEH [4], pas3py-
MEHUS TBEPABIX [5, 6] ¥ KUAKUX [7] Te, B CTPYHHBIX TEXHOJOTUAX [8] U T.1I.

OddexT oOpazoBaHus CTPYH MPH KOJUTAIICE MAPOBBIX IMYy3bIPHKOB HAXOIUT TMPUMEHEHUE
Takke B MeaunuHe. OH CITy’)KUT OCHOBOW TE€XHOJIOTHMH MAaJOWHBA3UBHOH JIA3epHON XUPYpPrHH
[9—-13], B KOTOpOIl C UCNOIB30BAaHUEM TaKUX CTPYH OCYILECTBISAETCA JIOKAbHOE MEXaHUue-
CKO€ WJIM TepMHYECKOEe BO3AEHCTBHE HA TKAHU C MATOJOTMYECKUMH H3MEeHEHWsIMH. OmHUM
U3 IOCTOMHCTB METO/a SBJISIETCSI BBICOKAsh HHTEHCHBHOCTDH BO3/ICHCTBUS, a TaKkKe JOCTATOYHO
Xopomasi ero KOHTponupyeMocTb. O4eBHAHO, YTO YCHENIHOCTh NPOBEACHHUS MEIUIMHCKUX
BMEIIATEJILCTB OIPEEsIeTCsl Kak TITyOOKHMM HOHMMaHHEM (DU3UKH MTPOILIECCOB, MPOHCXOISIINX
IIpY MAaHUITYJIAOUAX, TaK U CIIOCOOHOCTBIO YHOpaBJIATb UX OCHOBHBIMH XapaKTCPHUCTUKAMMU.

CneﬂyeT OTMETUTDH, YTO H3JIYYCHUE B paMKaxX OIIMCAHHBIX BBIINIC MCTOJIOB MEPCAACTCA
B OpraHmM3M 4Y€JIOBEKA 110 TOHKOMY OINITOBOJIOKHY, KOHTAKTUPYIOHIEMY C OMOJIOTMYECKUMH TKa-
HSMHU WIH KUIKOCTSAMHU (KpOBb, JIMM(a, )KHUIKOE COAEPKUMOE KHUCT U JIp.), BOIM3H Toplia KO-
TOPOTO MHUIUHUPYIOTCA IMOCICAOBATCIIbHBIC AKThl HYKJICAIINH, pOCTa U KOJLJIAIICa MapoOBbIX ITy-
3BIPHKOB C 00pa30BaHUEM TOPSYHMX 3aTOIUICHHBIX CTPYH. IMEHHO THIpOAMHAMIYECKUE U TETI-
N0(U3NIECKHE MIPOIECCHl B OKPECTHOCTH TOPIA ONTOBOJIOKHA M ONPEACIIIOT XapaKTep MpoTe-
KaHUs paccMaTpuUBaeMoro mporiecca [14]. Beicokue TeMnepaTypHbIC HAITOPHI M CPABHUTEIHHO
HEOOJIBIIIE TEOMETPHUICCKUE pa3MEPhl CHCTEMEBI, B KOTOPOU MPOTEKAI0T HEpaBHOBECHBIE (ha3o-
BEIC [IPEBpAILCHIS, OE3YCIOBHO, ITOAPA3yMEBAIOT ONPEACICHHYIO OMICATEIFHYIO CII0)KHOCTb.

K HacTosiieMy BpeMEHHU pacCMaTpUBAEMBIH MPOLIECC HE UMEET MOJTHOLIEHHOTO TEOPETH-
YECKOT'0 OIIMCAHMS, XOTs AMHAMMKA U30JIMPOBAHHBIX IIAPOBBIX I1Y3bIPHKOB B IIEPErPETON KU~
KOCTH JIOCTATOYHO XOPOIIIO u3y4yeHa (cMm., Harmpumep, [15—17]). OgHako ero crenuduka, cBs-
3aHHas C WHTCHCHBHBIMH TEIJIOBBIMHA ITIOTOKAaMH, BBICOKHMH MEpErpeBaMH IKUIKOCTH
B YCIIOBUSX €€ OOIIEero HelIorpeBa, CIOKHOW TeOMeTpHel CUCTEMBI, TpeOyeT JaIbHEHIINX HC-
CJICJIOBAaHUH KaK TEOPCTUYCCKHX, TaK M IKCIICPUMCHTAIBHBIX. B 3TOW CBS3M aKTyalbHOCTh
MPOBEACHUS ICTATN3UPOBAHHBIX YKCIICPUMEHTOB C IENIBI0 U3YUCHUS TUHAMUKH apOBOH (ha3bl
B JIOKAJIGHO MEPETPeTOi JKUIKOCTH U THIPOJNHAMHYECKHX OCOOEHHOCTEH JaHHOTO Ipolecca
HECOMHEHHA.

B mHacrosmieit paboTe aenmaeTcs aKIEHT HA OCOOECHHOCTSIX MPAKTHYSCKOTO IMPUMEHEHHS
a¢pdexra GopMUpOBAHUS KyMYIATUBHOW CTPYH JKHUAKOCTH MPH CXJIOMBIBAHHM HAapOBOTO ITy-
3bIpbKa B He)IOFpeTOﬁ KHUIAKOCTHU, WHAYLIUPOBAHHOTO JIA3€PHBIM H3JIIYYCHUEM. A HUMCHHO,
B KauecTBe paboueil )HUIKOCTH UCTIONb3yeTcs (PU3pacTBOp, IPUMEHIEMBIN B pEalIbHBIX XUPYP-
THYCCKUX MAHUITYIAOUAX. Taxxke BIICPBBIC U3YYACTCA BJIHUAHUEC q)OpMI)I HAKOHCYHHUKA OIITOBO-
JIOKHA Ha XapakTep HCCIeIyeMoro mporecca.

MeToamnka 3KcepUMEHTa

Ha puc. 1 npeacrarieHa npyUHIMITHANEHAS CXeMa CTCHA MO W3YYCHUIO JIA3CPHO-HHIY-
[UPOBAHHOTO BCKUIAHUS KHUIKOCTEH. DKCIIEPUMEHTAIBHBIN CTEHA BOCIPOM3BOIWI YCIOBHS,
AHAJIOTUYHBIC CYIICCTBYIOUINM B MEIUIIMHCKOM MpakThke. Mcrmoap30Baics MmoIympoBOIHUKO-
BbIH JIa3ep C HEMPEPBIBHBIM U3Iy4YE€HUEM ¢ JUIMHOM BosHBI 1,94 MmxMm npousBoactea PO «Ilo-
mocy» (Poccust) MmomHoCThIO 10 10 BT, M3nyuenue nazepa Xopomio moriomaeTcst BoaoH (¢ kKo-
>¢ppunpenTom nornomenus ~ 100 cM™!), 4TO MPUBOIUT K MHTEHCHBHOMY 0OBEMHOMY TEILIO-
BBIJICTICHUIO BOJIM3M TOpIia ONITOBOJIOKHA, ITOTPY>KEHHOTO B BOAY. JloCTUTaeMbIe B 3TOM Cilydyae
BBICOKHE YpOBHHM Iieperpea sxunkoctu (6osree 100 K) criocoOCTBYIOT pa3sBUTHIO CTIOHTaHHOTO
3apoJIsIIeoOpa3oBaHus MapoBoi ¢as3pl. BepTHKaTbHO OPHEHTHPOBAHHOE KBapIl— KBApI[-TI0-
JFMEPHOE BOJIOKHO C AHaMeTpoM cepaedHrka 600 MKM MOTPyKajoch B ONTHYECKYIO KIOBETY,
mrotoierHyto m3 crekiia SCHOTT BK7, 3anonnennyro ¢puspactsopom (Hatpus xiopux 0,9 %-id,
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Puc. 1. Cxema 3KCTIepUMEHTAIHON YCTaHOBKH /ISl HCCIIEIOBAHUS
JIa3€pHO-UHIyLIHPOBAHHOTO KUIIEHUS KUJIKOCTEH.
1 — na3zep, 2 — ONTOBOJIOKHO, 3 — JepKaTelb, 4 — KIOBETa C KUAKOCTBIO,
5 — BBICOKOCKOpPOCTHAs Kamepa, 6 — ontudeckuit croin, 7 — IIK.

«COJIOdapm», Poccust). Mcnonp30Bainch CICAYIOMNAE BapyUaHThl T€OMETPHUH HAKOHEUYHUKA
ONTOBOJOKHA. HaKOHEYHWK «IpaBWIBHOI» (OPMBI, KOT/a IUIOCKOCTh TOpIAa ONTOBOJIOKHA
MIEPIICHANKYIIIPHA €r0 OCH, U HAKOHEYHUKH «HETIPABIIIBHOW» (DOPMBI: CKOIICHHBIA (HOpMalb
K IUTOCKOCTH TOPIIa ONITOBOJIOKHA HAIpaBJICHA IOJ YIJIOM K €r0 OCH) U «3aKpPYyTIIEHHBII» (TO-
peIl ONTOBOJIOKHA MPEICTABIACT co00# HenaeanpHyIo nonychepy). ['eomerpuyeckue xapakre-
PHMCTHKM KIOBETHI CJIEyIONIHME: BHYTPEHHHE pa3Mepbl — 16,5 x 37 x 20 M’ (LUMpHHA X BbI-
coTa X TIIyOHHA); TONIIMHA CTEHKH — 3 MM. [ TyOMHA MOTpyKeHUsI BOJIOKHA, HEMOIBIKHOCTh
KOTOpOro o0ecreyrBanach CreuaibHeIM (QUKCATOpOM, cocTaBisuia 15 mm. Tlocneanuii can-
THMETpP 000JIOUKH BOJIOKHA ObLT yaaseH. JlaBineHnue B cucteMe — atMocdepHoe. Temnepartypa
x)uakoctu coctaBisia 20 °C, T.e. )KHUAKOCTh BO BCEX OMbBITaX OblIa CYIIECTBEHHO HEIOTpETa
IO TEMITepPaTyphl HACHIIICHUS.

Onrtryeckre HaOMIOICHUS 00CCIICYNBAINCH TPUMCHEHUEM BBICOKOCKOPOCTHOM KaMephl
Photron FASTCAM Mini UX100 (SAnorus) ¢ gyacroroii ceemku go 100 000 xampos/c. Cremka
M3Yy9aeMOoro IpoIecca MPOBOAMIACE IBYMS CIIOCOOaMH: B MPSAMOM OCBEIICHHH U IITHPCH-
METOJIOM. Y KaXJOTO M3 HUX €CTh CBOW NpenmyinecTBa. [IepBrlii criocod obecriednBaeT deT-
Kyto (HUKCAITUIO CTPYKTYPHI MapoBoil (a3bl, TOTIa Kak BTOPOH CIOCOO MO3BOJSET XOPOIIO
OTCIEIUTh TUHAMHKY 00IaCTH HarpeTON KHIKOCTH, YTO OOYCIIOBICHO H3MEHEHHEM ITOKa3aTe-
JIsL MPEJIOMJICHUS JKUIKOCTH, 3aBHCAIICTO OT TeMuepaTypbl. CTaTHCTHYECKAsT JOCTOBEPHOCTH
MOJYYCHHBIX PE3YJIbTaTOB O0ECIICUYMBAaNach MPOBEICHUEM CEpUH U3 IIATH 3KCIICPHMEHTOB
Ha KKJIOH MOIIHOCTH H3ITy4eHHs. MOIIHOCTh JTAa3€PHOTO U3IYYCHHUS B SKCIICPUMECHTAX Bapb-
HpOBAJIACh B TEX K€ MpeJeiax, YTO U MPHU PEallbHBIX XUPYPTHUYECKUX BMEIIATEIbCTBAX —
ot 1 mo 10 Bt (c marom 1 Br). IIpu MourHocTH m3nydeHus Himke 3 BT BMecTOo OAMHOYHOTO
IMy3BIpbKa Ha TOPIIE ONTOBOJIOKHA, KaK IIPaBHJIO, 00Pa30BBIBATACH TPYIINA MYy3BIPHKOB 3HAYH-
TEIbHO MEHBIINX pa3MepoB. CXIIONbIBAHWE TPYIIBI My3bIpell HE MOPOXKIANO BBIPAKEHHOTO
HAMpaBJICHHOTO JIBWKEHHS JKHIKOCTH, IMOITOMY B JajbHeiieM oOcyxieHue 3(GeKToB,
HaOJI0IaeMBIX NIPH YKa3aHHBIX MOIIHOCTSX, omyckaercs. [lomyueHHble n300paxkeHus B I -
poBoM (opmare 00pabaTHIBAIMCh MOMMKCEIBHO C LENBIO ONMpPEeIeHUs] KOOpAUHAT Mex(as-
HOW rpaHUNBI 1 PpoHTa cTpyH. [lorpentHoCcTs U3MEPEHHs pa3Mepa MapoBOrO ITy3BIPbKa COC-

TaBjsieT 15 MKkM (\/E X pazmep nukceisi). Tak kak opma Imy3bIpbKa XOTh M OJIM3Ka K cepuyec-
KO, HO TIPEICTaBIsAeT CO00H HEUAeaNbHYIO chepy, CINIIOCHYTYIO C OJHOTO IOJIfoca, B pabote

UCIIOJIb3YETCSl AKBUBAJEHTHBIH AMaMETpP, BBIYMCISIEMBIH MO (opMmyiie Dz%/DlzDz, rie
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D, — momiepeuHsIii tuameTp, D, — TPOIONBHBIN TrUaMeTp (COOCHBIN omToBosOKHY). [lorpem-
HOCTh U3MEPEHHS CKOPOCTH CTPYH, OTIpeaeIsieMoil IO N3MEHEHHIO KOOPANHATHL ee GPOHTa,
He npeBbImana 4 %.

[IpakTuka npuMeHEHHsI JIa3ePHBIX TEXHOJIOTHHA B MEIULMHE MOJApa3yMeBaeT MaHUITYJIs-
LIMM C TKaHAMU B T€UEHUE HECKOJBKHX CEKYHJ, B Pe3yJbTaTe Yero OCYIIECTBISIOTCS MHOTO-
KpaTHBIC JJIEMCHTapHBIC aKThl BCKHIIAHW. B Hactosmiedl padoTe HCCIeayeTcsl OTUHOYHBINH
TaKoH aKxT.

Pe3yabTaTsl U 00Cy:KIeHNE

Ha puc. 2 mpuBeneHsl Kagpbl BHACOHAOIIOACHHUS 3a BOIONMEH MapoOBOTO ITy3BIPHKA,
(dhopmupyromerocs BOIM3M Topra BosiokHa. CreBa MpeacTaBlieHa BHACOCHEMKA IIITHPEH-Me-
TOJIOM, CIlpaBa — B IPSAMOM OCBelIeHnd. MaTepBan mexay kaapamu coctasisier 0,0125 mc.
ITepBbIif Kaap COOTBETCTBYET MOMEHTY BKIItOUEHUs Jlazepa. Ha puc. 2 BHIHO, UTO B IpoOIecce
CBOCH HBOJIOIHH ITy3BIPEK MPOXOIUT CTaAWH OBICTPOrO POCTa M IOCIEAYIOIIEro KoJriarca
c o0pa3oBaHMEM TOpsiYel 3aTOIUIEHHOW CTpyH. BO3HMKHOBEHMIO ITy3BIpbKa MPEAIIECTBYET
CTaaMs HarpeBa >KUAKOCTHU JIa3epHBIM M3IIyYeHHEM ¢ 00pa3oBaHHMEM O0JIACTH JIOKAIBHOTO Iie-
perpea BOJIHM3M TOpIa ONTOBOJIOKHA (Kajap 67). JIerko BuieTh, YTO BpeMs OKHIIAHUS MOSBIIE-
HUSI 3apojbllia MapoBoi (asel (BpemMs MHIAYKIHMH, Kaapbl 1—550) MHOro Gosblie BpeMeHH
JKU3HU Ty3bIpbKa (kaapsl 550 —572) u HanpsMylo 3aBUCUT OT MOILIHOCTU U3JTY4YEHUs], TaK Kak
(baKTHUECKH MPOIOPIIHOHAIBEHO YHEPTUH, I0-
TJIONIEHHOM KHUIKOCTBIO 10 HYKJICAITMH 3apo-
nerma (moapobuee cm. [18]). Bakno oTme-
TUTh, YTO M HCCIEIyeMOro JIHara3oHa
MOIITHOCTEH W3IydYCHHS NMPU HArpeBe KHUIKO-
CTH BIUIOTH O MOMEHTA HOSIBIICHHS 3apOJIbIIIa
1apoBoii (asbl pa3BUTHS KOHBEKTUBHBIX TeUe-
HUH B SKCHEpHMEHTaX He HaOJII0Aanoch, YTO
CBSI3aHO C OTHOCHTEIIBHO MAJIBIM BPEMEHEM
uaaykiun. C Ipyroil CTOPOHBI, 3TOT BPEMEH-
HOW MHTEPBAJI BEJIMK II0 CPABHEHHUIO C BpeMe-
HEM MOCJIEYIOIEi 3BOIOIMY MapoBoii (asbl,
MIO3TOMY ONTHYECKHE METOJBl OMNPEHEIIIIOT
€ro C JOCTaTOYHO XOPOIIeH TOYHOCTHIO.

OO0pa3yromuiics mapoBoOil Iy3bIpEK pac-
TET 32 CUET HCMApEHUs JIOKATBHO MeperpeToit
KHUAKOCTHU (CM. pHC. 2, Kajapsl 550—563). 3to mpo-
JOJDKAETCsl 0 TeX IOop, MOKa MeperpeB K-
KOCTH Ha TpaHHLE pa3zaena (a3 He JOCTHTHET
uyns. [Tocne 3Toro HEKOTOpPOE BpeMs ITy3BIPEK
pacTeT o MHEPUIHH, HO, OKPYKEHHBIH XOJIOJI-
HBIMH CJIOSIMH JKMAKOCTH, HEN30€KHO HAUMHAET
CXJIONBIBATHCS (CM. pHC. 2, Kaapsl 563 —572).

Puc. 2. Kagpbl BEICOKOCKOPOCTHOH ChEMKH
IBOJIIOLMHU NTAPOBOH (a3bl PH BO3ACHCTBHH
Ha ’KUJIKOCTb JTA3€PHOTO U3IIy4eHHs
¢ JauHOM BOJHEI 1,94 MKM 1 MOIIHOCTEIO 5 BT.

CreBa — HTAPEH-METOX, CIIpaBa — MNPSAMOE OCBEIICHUE.
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Bce 310 conpoBoskaaeTcst CI0KHBIMU JUHAMHYECKUME NPOLIECCaMH ¢ TeHepalel BOJIH JaB-
JICHUSI U Pa3peKEHHUS.

Ha puc. 3¢ npuBeneHs! SKCIepIMEHTAIBHBIE 3aBUCHMOCTH pajiyca HapoBOro Iy3bIpst OT
BpPEMEHH IPH Pa3IMYHBIX MOIIHOCTSX H3Ny4deHust. CeayeT OTMETUTb, YTO BINSHUE BEJTMYMHBI
MOIIHOCTH H3JIy4eHHs Ha MaKCHMAalIbHBII pa3Mep, KOTOPOTo ITy3bIPEK JIOCTHTaeT B IpoILecce
CBOEH 5BOJIIOIMM, HE CTOJb CyIlecTBeHHO. Kpome Toro, Kak rmokasaj SKCHEPHUMEHT, TIPH TeX
Ke YCIOBUSAX (MOIIHOCTH M3JIy4eHHs, JUaMeTpe ONTOBOJIOKHA, HAYaJIbHOM TEMIIepaType >KHI-
KOCTH) MaKCHMAJbHBIH pa3Mep Iy3blppka B (HU3pacTBOpE 3HAUMTENbHO MeHbIne (10 40 %),
4yeM B 4ncTOH Boje [14, 18]. DTo 0OBSICHACTCS CIEAYIOUINM: MEPErpeB, MPH KOTOPOM ITPOMC-
XOaWUT 00pa3oBaHUE 3apoJpIIa B (hU3pacTBOpe, MEHBIIE, YEM B YHCTOH BOJE, YTO 00yCIIOBIIe-
HO KMHETHUKOW Hykiealuu. Toraa TemsioBasi SHEprus, 3amaceHHas B (u3pacTBope Ha cTaluu
€ro HarpeBa, OyJeT MeEHbIlle, a CJIeJOBAaTeIbHO, OyIeT MeHbIlIe U MaKCUMaJbHBIH pa3mep
my3slpbKa. [Ipn 3ToM XapakTepucTHku (GopMupylomeiics cTpyH, OYEBHIHO, CBA3AHBI C ATUM
pasmMepom.

Ha craanm xomarca my3bIpbKa JKHJIKOCTh OOTEKAeT IMOBEPXHOCTh ONTOBOJIOKHA, KOTO-
poe B ITaHHOM CITy9ae UrpaeT posib 0OpaTHOTO ycTymna. DTO MPHUBOINUT K CYIIECTBEHHOH moTepe
ITy3bIPHKOM C(EPHUYHOCTH M K OOPa3OBaHUIO MAPOBBIX BKJIIOYEHHH HEMPaBHIBHOW (HOpMBI,
COEIMHEHHBIX C KOJIIAIICUPYIOIINM ITy3BIPHKOM ITapOBOW MEPEeMBIUKOil (cM. puc. 2, kaap 573).
ITpu paspeiBe 3TOW nepeMbldKH 00pa3zyercsi KyMyJISITHBHAsi CTPYsl, HallpaBJeHHas OT Topua
BOJIOKHA B KUJKOCTH (cM. puc. 2, xaapel 573 —609). Kak mokazano B [14], CKOpOCTh 3TOM
CTPYH 3aBHCUT OT CKOPOCTH M YIJIa HAT€KaHHs KHUIKOCTH HA OCb CHMMETPHH, TAE MPOUCXOIUT
CTOJIKHOBEHHE XKMIKHX Macc. JTa KyMyJIATHBHAs CTPYs NPOH3a€T €Ilie HE YCIEBIINI CXJIOMN-
HYTBCS ITy3bIPEK M MPOHHUKAET B CIIOM XOJIOHOM >KUIKOCTH (CM. pHC. 2, Kaapsl 578 —582). Ily-
3BIPEK TPH STOM NPHHUMAET TOPOUAATBHYIO (POPMY H MPOAOIDKAET CXJIONBIBATHCS (CM. pHC. 2,
kazapsl 583 —600) o mosHOTO MCYe3HOBEHUs. Bech 3TOT mporece, 04eBUIHO, 3aBUCHT OT IIpe]i-
BICTOPHH 00pa30BaHUs My3bIpbKa, AMHAMHUKN €r0 POCTa M CXJIONBIBaHMUS, & TAKXKE OT reoMeT-
pHH TOpIia ONITOBOJIOKHA.

Ha puc. 35 nmpencrasieHa 3aBUCUMOCTDh CKOPOCTH (POPMUPYIOMIEHCS 3aTOTUIEHHOW CTpyH
(c MomeHTa ee 00pa3oBaHUs) OT BPEMEHU NPU Pa3IUIHBIX MOLTHOCTSX M3nydeHus. Ha puc. 3b
BHJIHO, YTO HadajbHasl CKOPOCTh CTPYH cOCTaBisieT 15—25 M/c U yMeHbIaeTcs 1Mo Mepe pac-
MIPOCTPaHEHUsI CTPYH BIIIyOb KuaKocTH. OUeBUIHO, YTO TEMIEpATypa 3TOH CTPYH 3HAUUTEINb-
HO BBIIIE HA4YallbHOW TEMIIEPAaTypbl KHUAKOCTH, TaK KaK OHa (POPMHUPYETCS M3 TEIUIBIX CIIOCB

R, MM a V,Mm/c b

0,9 1
0,8 1
0,7 1

0,6 1

0,5

0,4

T T T T T T 1 0 T T T T T 1
0 0,02 0,04 0,06 0,08 0,10 0,12 ¢, mc 0,02 0,04 0,06 0,08 0,10 0,12 ¢, mc

Puc. 3. DxciepyuMeHTalIbHBIE 3aBUCHMOCTH pajinyca Iy3bIpbka R (a)
U CKOPOCTHU F€HEePUPYEMOii 3aTOIIeHHOH cTpyn V (c MoMeHTa ee oOpa3oBanusi) (b)
OT BPEMEHHU ¢ JUTS pa3iIMIHBIX MOIHOCTEH nasepa: 3 Bt (1), 7 Bt (2), 10 Bt (3).

HauaneHnas remnepatypa xuaxoctu 20 °C.
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JKUAKOCTH, TPUJIETAIONINX K KOJUTAIICHPYIOMIEMY My3bIpbKY (cM. puc. 2). Ha puc. 3 nabmona-
eTCsl KOppeysius: 4eM OOoJbIlle MaKCUMAaJbHBIN pa3Mep ITy3BIpbKa, KOTOPOTO OH JOCTHTAeT
B IIPOIIECCE POCTa, TeM OOJIBIIE CKOPOCTh CTPYH, TEHEPUPYEMOH IpH ero cxjomnsiBanuu. Cie-
IyeT OTMETUTh, YTO, HECMOTPSI Ha SIBHO HAOIIONAEMYIO U JIETKO OOBSICHUMYIO MPSIMYIO 3aBU-
CUMOCTb MEXIY BpPEMEHEM HMHIYKIMH U MOILIHOCTBIO M3IYUYEHHs, pa3inuie B JUHAMHKE ITy-
3BIPHKOB, 00Pa30BaHHBIX MPH Pa3HOW MOIIHOCTH, HE CTOJb CYIIECTBEHHOE. DTO OTHOCHUTCS KO
BCell KapTHHE paccMaTpUBAEMOro Ipouecca. B 3ToM COCTOMT MPUHIUNHATIBHOE OTIMYHE OT
OTIBITOB C KMIIEHUEM Ha IUIOCKUX HarpeBaressix [19].

[puunna 3T0TO 3P PeKTa, OOBICHIEMOro pe3ybTaTaMU aHaJIH3a TUHAMUKA TEeMIICPaTyp-
HOTO TIOJIA BOJM3M TOpIIa ONTOBOJIOKHA B IIPOIECCE IOTIIOMICHHUS KUAKOCTHIO YHEPTHH JIazep-
HOTO M3JIy4eHus, npuseaeHa B padore [18]. [TokazaHo, 4TO BEpOATHOCTH 0Opa30BaHUS Mapo-
BOTO 3apojplllla MaKCHMalbHa B OOJAacTH ¢ HAauOOJNBIIEH TeMmepaTypoil. Tak Kak CKOpocTH
HarpeBa B pa3IMYHBIX OMbITaxX (TPH pa3HON MOITHOCTH M3YUYCHHS) OTIMYAIOTCA HEe Oosiee 4eM
Ha TOPSZIOK, HYKJIeals 3apo/ibliia MapoBoil ¢a3bl Bcerna MPOUCXOUT MPAKTUUECKH TIPU OJ1-
HOU W TOW K& TeMIIepaType, YTO CBSI3aHO C SKCIOHCHIMAIBHO CHIIBHON 3aBHCUMOCTBIO 9acTO-
THI HYKJICAIIMH OT TieperpeBa. [Ipu 3TOM CyIIeCTBEHHOE pa3iiiiue B OIBITAX C Pa3HBIM YpPOB-
HEM MOIIHOCTH U3TYUYCHHUS MPOSBILICTCS B BETMYNHE 00beMa MeperpeTon KUIKOCTH U HAKOTI-
JICHHOW B HEM TEIIOBOH 3Hepruu. J[s GONBIINX ypOBHEH MOIIHOCTH XapakTepHO Oojiee paH-
Hee JOCTIKCHHE TeMIIEPATypHI, IIPH KOTOPOW MPOUCXOMUT Hykieanwus. IIpu 3ToM YacTe mmo-
TJIOLIEHHOM SHEPIHH PacCEUBACTCS B OKPYKAIOIINE XOJIOAHBIE CIOHU KUIKOCTH 3a CUET TEIUIOo-
npoBogHOCTH. TakuM oOpa3oM, pacipeneneHue TeMIepaTypbl (KOTOpOe CYIIECTBEHHO HEOA-
HOPOJIHO) BHYTPU 00JAaCTH, MEPErpeToil OTHOCHTENIHLHO TEMIIEpaTypbl HACHIIICHUS (IpaHUIa
KOTOPOH MOJBM)KHA), OMpeeNseTcs ABYMs MEXaHH3MaMH: HOIJIONICHUEM >KUAKOCTBIO H3IY-
YEeHUS U TEIUIONPOBOJHOCTHIO BHYTPU XHUJIKOCTH. C yMEHBIIEHHEM BPEMEHHM MHAYKIUH Ipa-
IUCHT TEMIIEPaTyphl BHYTPH IEPErpeToil OOJIACTH KXUIKOCTH yBEIHYHUBACTCSA, YTO COOTBET-
CTBYET MEHBIIEMY KOJMYECTBY HAKAIIMBAEMOW SHEPTHH NPH OONBIIMX MOUIHOCTAX H3JIyde-
Hus. CrieoBaTenbHO, HAOMOJaeMbIH 3(GEKT MOKHO OOBACHUTH OCOOCHHOCTSIMH KHHETHKH
HYyKJICAITHH.

[IpoBeneHa cepusi SKCIIEPHUMEHTOB C ONITOBOJIOKHAMH, HAKOHEYHUK KOTOPBIX OBLT CKOJIOT
«HETpaBUJIBHO»: CKOIIEHHO (puc. 4a), ¢ 3akpyrienueM (puc. 4b). IlepBblii kaap Ha puc. 4a
COOTBETCTBYET MOMEHTY 0 BKJIIOUEHHS Ja3epa, MHTepBal MexXay 2 U 15 kaJpaMu cocTaBiseT
0,04 mc, mexny 15 u 16 kagpamu — 1 Mc. MHTepBan Mexxay kaapaMu Ha puc. 4b cocraBisieT
0,02 mc. B ortnnuue OT 3KCIEPUMEHTOB, TJ€ TOPELl ONTOBOJIOKHA MEPHEHIUKYISAPEH €ro ocu
u rae Gopma 00pa3yroIUXCs APOBBIX ITy3BIPEKOB OJIM3Ka K CepHUYECKOil, B 3TOH CEpUH IKC-
eprMeHTOB (hopMa ITy3bIpbKa B JHHAMHKE Jajieka OT uaeanbHoi. KoHedHo ke, 3TO 00BsCH-
€TCsS OTCYTCTBHEM aKCHabHONH CUMMETPHH CHUCTEMBI (OUEBUIHO, YTO B CIIydae 3aKpyTJIEHHOTO
TOpIIa ONTOBOJIOKHA TOCTH)KEHHE aKCHAJbHOH CHMMETPHUU TpH ero o0paboTke TPYyHAHOMOC-
TiknMo). CTpyH, TeHepHpyeMble NMPH KOJUIalice TaKWX Iy3BIPHKOB, UMEIOT MEHBIIYIO CKO-
POCTh W HETpeACKa3yeMyl0 HaNpaBICHHOCTb, YTO 3aJOKEHO B MEXaHHM3Me (HOPMHUPOBAHUS
aTux cTpy# [14]. Ilpu 3TOM, OYEBUIHO, OHH OOJANAIOT MCHBIICH TeMOepaTypoil (B oTiindme
OT CTpYH, TeHEpUPYEMBIX IPHU KoJularnce c(hepruuecKHX Iy3bIPHKOB), TaK KakK B Ipoliecce MX
(hopMUpOBaHUs 3alaceHHAs Ha CTAIWH HArpeBa TEIUIOBAsl HEPTHUS PACCEHBACTCS B OOINBIIEM
o0beMe. DTO CBSA3aHO C CYNIECTBEHHBIM YBEIMYEHHEM IUIONIA M TOpIa ONTOBOJIOKHA, a TAKXKe
CO BKJIaJIOM TEIUIONPOBOJHOCTH B paccMaTpuBaeMblii mporecc [ 18], koropas Tem Oosnblire, yem
0oJbIIIe IIIOIIAh TOBEPXHOCTH TOPIIA ONITOBOJIOKHA.

Eme ogHO mMHTEpecHOe HAaONIONEHNE — 3TO HAIWYHE OTOPBABIIErocs (parMeHTa OMTo-
BOJIOKHA (€r0 OCTPOrO KOHYHKA, SBIIAIOMIETOCS, 1O CYTH, €0 CJIA0BIM MECTOM), KOTOPBIH
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Puc. 4. BBICOKOCKOPOCTHAsl BUIEOCHEMKA IBOJIIOIUH MapoBOii ¢a3bl, 00pa30BaHHON B pe3ysbTaTe
HarpeBa >KUAKOCTH JIA3€PHBIM U3JIy4eHHEM ¢ JUTMHOI BoHbI 1,94 MKkM 1 MomHOCTBIO 7 BT
BOJIM3H CKOIIEHHOTO (@) ¥ 3aKPYTJIEHHOTO (b) HAKOHEYHHKA OIITOBOJIOKHA.

B IIpOLIECCe POCTA U KOJUIATICA MYy3bIPbKa MMOBEPTaeTCsi HHTEHCUBHBIM JMHAMHUYECKUM BO3/ICH-
ctBUsAM (cM. puc. 4a, kanpsl 1, 16). KpacHas cTpenka yka3pIBaeT Ha OTOPBABINUNCS GparMeHT
ontoBosiokHa. KOHEUHO, 3/1ech cleyeT TOBOPUTh O SIUHUYHOM CIydae, BCTPEUArOLIeMCs J0-
cTaToyHO peako. OMHAKO BEPOATHOCTH TAKOTO CIIEHApHsI HEOOXOJAUMO yYUTHIBATh, OCOOESHHO
B MCAUIUHCKIX TPUIOKCHUIX.

B 3akimrodeHue OTMETHM, YTO CTOXACTHYCCKHI XapaKTep KUIICHUS MPOSBISACTCA B pac-
CMaTPUBACMOM IIPOLIECCE OUYCHBb OTUYCTIMBO HM3-3a BIUSHUS Psfa APYruX (akTopOB, €ro COmpo-
Boxknaromux. K takum (paktopam OTHOCATCS MUKPOKOHBEKIIHSI B OKPECTHOCTH TOPIIA OMTOBO-
JIOKHA, KOTOpask MOXET Pa3BHUTHCS IMPH MANbIX MONIHOCTAX H3IyYCHHS, HAJIUYUE Ta30BBIX
BKJIIOUEHHUH U TE€TCPOTCHHBIX YAaCTHUIl B ) KUJIAKOCTH, ITYJIbCAIUNU JABJICHUA U T./. O}IHaKO MOXKHO
C YBEPEHHOCTHIO KOHCTATHPOBATh, YTO B HCCIICAYEMOM IHAINA30HE MOIIMHOCTEH MMEHOTCS
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CTaOMIIBHBIE PEXUMBI KATICHHS, COMPOBOXKIAEMOT0 TeHEepaIiel 3aTOIUICHHBIX CTPYH C 3aIaH-
HBIMHU XapaKTEPUCTHKAMH, 9TO OYEHBb BaXKHO /IS PAa3IMIHBIX MPAKTHICCKAX MPUMEHEHHH.

3akjouenue

OKCIEePUMEHTAIBHO HCCICOBAaH OJMHOYHBIM aKT BCKHUITAHHS HEIOTPETON IKUIKOCTH
(du3pacTBOpa) MpH BO3MEHCTBUY HA HEE HEMPEPHIBHOTO JIA3EPHOTO U3TYUYCHHUS, MOCTYMAIOIIC-
ro B pabouuii 00beM IO TOHKOMY ONTOBOJOKHY. [Toka3aHO, 4TO yepe3 ONpeNeIeHHOE BpeMs
MOCIIC BKJIFOUCHHUS Jla3epa U TOCTHKECHUS KUAKOCTHI0 HEOOXOJMMOTO TIeperpeBa BOIMU3H TopIia
OINTOBOJIOKHA 00pa3yeTcsi MapOBOM Iy3bIPEeK. BEISBICHO, YTO YBEIMYCHHUE MOIHOCTH U3JIy4e-
HUA OT 3 10 10 BT mpuBOIUT K HE3HAYUTEITHHOMY YMEHBIICHHAIO MaKCUMAIILHOTO pa3Mepa Imy-
3pIpbKa (He Oosee ueM Ha 15 %). [TokazaHo, 4TO MpH TeX ke YCIOBHUIX (MOUTHOCTH U3TyIEHHUS,
JaMeTpe ONTOBOJOKHA, HAYANBHON TEeMIlepaType >KHAKOCTH) MaKCHMAalbHBIH pa3Mep IIy-
3bIpbKa B (hU3pacTBOpE 3HAUUTENHHO MeHbIe (10 40 %), 4yeM B 4HCTO# BOJE.

CxJonbIBaHuEe ITy3BIpbKa NMPUBOAUT K OOpPA30BAHMIO KyMYJSTHBHOHN CTPYH JKHIKOCTH,
pacnpocTpaHsIOUIeHCs! M0 HOPMAJIH OT TOpPLA ONTOBOJIOKHA. BhIsSBIIEHa B3aUMOCBSI3b CKOPOCTH
pacmpocTpaHeHus! CTPYH, KOTOpasi cocTaBisieT mopsiaka 10 mM/c, pasMepa HEpBUYHOTO ITy3BIPh-
Ka U MOIIHOCTU HW3JydeHus yaszepa. M3ydeHo BiuusHue (OpPMBI HAKOHEYHHKA OMTOBOJIOKHA
Ha XapakTep UccieayeMoro mporecca. [1oka3aHo, 4To OTKIIOHEHHE OT WACATBLHON HUIHHIPHU-
4ecKoi (hOpMbI HAKOHEYHUKA TIPUBOAUT K TOMY, YTO T€HEpUpyeMasi CTPYys 001a1aeT MEHbIICH
CKOPOCTBIO ¥ HEKOHTPOJIUPYEMOW HAMPABICHHOCTHIO.
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