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B nacrosmeit pabote nokasaHo, 4TO MKy KHHETHYECKUMH MapaMeTpaMu Ipolecca KOOpaAuHauuu Zn-
teTpadeHnnnoppuHa B XxJopodopme (KOHCTAHTH YCTOMUUBOCTH) U peaKINil HYKIeo(QUIFHOTO 3aMele-
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KiroueBnie ciioBa: HOpd)I/IpI/IHLI, KoopauHanus, HyKJ’IeO(bI/IJ'IBHOQ 3aMCIICHUE, NIEPOKCHIa3a XpEeHa, Ie€TCpoapoOMaTUICCKUC N-okcuapt

B xonme XIX — Hayane XX Beka paboThl OJTHOTO
13 OCHOBATeIIeH pOCCUIICKON OMOXMMMH aKaJeMHuKa
A. H. baxa (B wacTHOCTH, (DOPMYIHPOBKA U IKCIIC-
PUMEHTATBHOE JOKAa3aTeIbCTBO COBMECTHO C
P. lllogoii mepekucHOW TeopuH OHOIOrHYECKOrO
OKHWCIICHUS) TONYYIJIH BCEMHUPHOE IpU3HAHUE.
B 1903 romy uMu ObIIH BBIIEIECHB YACTHYHO OYH-
HIEHHBIE MpenapaThl MePOKCUIa3bl U3 KOpHEH xpe-
Ha, cojiepXKaiue aBe akTuBHbIe (ppakuuu. [lepBas
(dhpakius moayduIa Ha3BaHWE OKCHUTEHA3BI, a BTO-
past — mepokcuaassl [8]. ['oMoreHHEBIH XKe mpenapaT
OBLJI TOJNYyYEH HECKOIBKO JECATUIICTUN CITYCTS
Bunsmarrepom u Teopemniom [9].

PaznuyHble cxemMbl IPOTEKaHUS MEPOKCUIA3HOU
peakuuu MpEeAIoaaraloT B3aUMOACHCTBUE MPOTO-

HOB cy0OcTparta ¢ JUCTAIBHBIM OCTaTKOM Arg, MpH-
CYTCTBYIOIIIMM BO BCEX NEPOKCHIa3ax, MOCIEI0Ba-
TEIBHOCTH KOTOPBIX ONPENENIEHBI K HACTOSIIEMY
Bpemenu. OnHako mpobiieMa cyOCTpaTHOM CIIELH-
(MYHOCTH KJIaCCHYECKUX NEPOKCUIa3 PACTCHUH 10
cux mmop He pemreHa. Kaxxaprit pepMeHT nMeeT CBOit
coOCTBeHHBIH Tpoduib cybcTpaTHOW cremudud-
HOCTH, U TOKAa, K COKaJIEHUIO0, HENb34 3apaHee Mpe-
CKa3aTb, KakoBa OyJeT ero akTUBHOCTb [0 OTHOLIIE-
HHIO K BEIOPAaHHOMY JOHOPY 3JIEKTPOHOB [9].

B HacTosiiee Bpems 115 OnucaHus B3auMoIec-
TBUA nepokcuaassl xpeHa (HRPC) ¢ cyGerpatamu,
NoZOOHBIMM (EHOJIAaM WM aHMJIMHAM, IIHPOKO HC-
MOJIB3YETCS MEXaHU3M, MPENJIokKEHHbIN Pogpurec-
Jlomec [28]:

© Awnnpees B. I1., Co6ones I1. C., 3aiines . O., 'anubuna H. A., 3pikuna H. C., [Tnsacynosa JI. 1O., Pomanosa M. 1., 2011



8 B. I1. Aunpees, I1. C. Co6ones, /. O. 3aitnes, H. A. l'anuouna, H. C. 3pikuHa, JI. 1O. [Tnscynosa, M. . PomanoBa

E +H,0, cpd-0 cpd-l+H0, (1)

cpd-l+S cpd-I-S cpd-l+R . (2)

cpd-Il + S cpd-II-S E+H,0+R, (3)

rae cpd-0 — komIIeKc HRPC—HZOZ; S — BoccTaHaB-
nuBaromui cyocrpar; cpd-1-S — kommeke HRPC-
S; cpd-1I-S — kommnexc HRPC-II-S; R — renepupye-
MBI CBOOOIHBIN paguKadl.

BBuny Toro u4To CHocOOHOCTH K OKHCIIEHHIO
AHUJIMHOB ¥ ()EHOJIOB JIOJDKHA OBITH HAMPSIMYIO
CBsI3aHa C AIIEKTPOHOIOHOPHBIMH U aKIIEITOPHBIMU
CBOMCTBAMU 3aMECTUTEIIEH B apOMATUYECKOM KOJIb-
e, Psii aBTOPOB JIJIsl KOJIMYECTBEHHOT'O OIMMCAHUS
PEaKMOHHON CIIOCOOHOCTH MEPOKCUAA3Bl XPEHA U
€€ OKHCIICHHBIX ()OPM IO OTHOIIEHUIO K 3THM Cy0-
CTpaTaM HCIOJIb30Balld ypaBHeHHe ['aMMeTa U ero
Moudukanuu [10]:

Ig (k,/k, ) = po,

rae k n k 0003Ha4ar0T KOHCTAHTBI CKOPOCTEH pe-
aKIMU 3aMEIIeHHOT0 W He3aMEeIIeHHOT0 COeauHe-
HUH COOTBETCTBEHHO, G — OINpeesisieMas IPUPOIon
Y TIOJIOKEHHEM 3aMECTHTENS B OCH30JIbHOM KOJIbIIE
KOHCTAaHTa, XapaKTepHU3yMIas ero CHocOOHOCTh
U3MEHSTH 3JEKTPOHHYIO TUIOTHOCT, P — MapaMeTp,
OTpaXKarolUi 4YyBCTBUTEIBHOCTD MPOLIECCca K CMe-
HE 3aMECTHUTEIS.

B ciyuae okucnenust (heHONOB U aHHIIMHOB TIOC-
pexncteoM cpd-1 u cpd-11 0OHapyskeHBI, C OAHOM CTO-
POHBI, TUHEIHBIE 3aBUCUMOCTH MEX 1y Jorapudma-
MU KOHCTaHT CKOPOCTH 3TOH PEaKIHH, ¢ IPYTon — ¢
o-3HaueHussMH [ammeTa 3amectuteneld B OeH30-
JIBHOM KoJblie [22], [25], a Takke MOTEHIUAIaMU
MOHU3AINH BEICIICH 3aHATONH MOJICKYJISIPHOI OpOH-
tanu [16], [29] HEKOTOPBIX (PSHONOB M aHUIUHOB,
MpUYeM CKOPOCTh OKHCICHHS (EHOIOB MOCPEC-
TBoM cpd-1I sBiseTcs Ha 1-3 mopsaka Ooyee BEICO-
KOM, YeM JJis aHMJIMHOB ¢ OJM3KUMHU TOTCHIIHATIA-
Mu nonuszauui [16], [29], [30]. JI. ®deHomnn u coaBTo-
pel [23] mpoaHamM3UPOBATN MEXaHHU3M B3aHMO-
neicTBUA 3TUX cyocTpaToB ¢ cpd-11, Bkirrouaronui
MIEPEHOC AIEKTPOHA (OKUCIICHUE) CyOCcTpara M ero
JlaJibHEHIIIee JepPOTOHUPOBaHKUE. ABTOPHI JeatoT
BBIBOJI, YTO CKOPOCTH PEaKIUU TIaBHBIM 00pa3oM
KOHTPOJIUPYETCSI TOTCHIIMAJIOM TIOJTYBOJIHBI 3JICKT-
poxumuueckoro okucnenus (E, ) cyberpara B npe-
Jleax OJJHOTO Kjacca COeIMHEHWH, HO CyOCTpaThl
pasIM4HBIX KJaccoB ¢ 6muskumu E , MoryT okuc-
JATHCA C OYEHBb CHIIPHO Pa3TUYArOIIUMIUCI CKOPO-
cTaMu (Kak, HarpuMep, 4-MeTUIGEHOT U 4-MEeTHII-
AHWJIMH, UMEIONINE OJIHO U TO e 3HadeHue E  —
0,87 BonbT). ToT xe camblil a3 dexT HabmogaeTcs
TIPH OKHUCIICHUH CEPUH PEHOIIOB TTocpecTBOM cpd-I
unu cpd-II [21], [24]. CnenyeT OTMETUTD, YTO KOHC-
TaHTHI CKOPOCTH PEAKIINU aHUIUHOB C COSITMHCHU-
em Il mepokcumaspl MPUMEPHO HA TOPSJIOK HIKE,
YeM JJIsl PeaKIMH ¢ CoeNnHeHneM .

Hawmu oOHapyskeHo, 4To, KaK u B clydae reTepo-
apoMaTudeckux N-OKCHIOB, a Takxke 3- U 4-3ame-
meHHslx nupuanHoB [1], [3], [4] (mpu oTcyTCcTBUU
CTepUUECKHX (PAKTOPOB), B AIEKTPOHHBIX CIIEKTPax
rorgiomeHus (DCII) cMermernss MAaKCHMYMOB TIOJIOC
(AN) Zn-T®II B x10pohopMe TTpH B3aMMOICHCTBUH
¢ aamnuHamH (la-r) TMHEHHO KOppETUpYIOT C JIoTa-
pudmamu koHcTaHT ycTorumBocTH (K) komrmuiek-
CoB, ¢ pK,  JIMraHioB B BOJE M G-KOHCTAHTAMH 3a-
MeCTHUTENICH B OCH30JbHOM KoJIbIIe (Tadur. 1).

MEI monaraem, 4YTo HOJTy4eHHbIE HAMU KOHCTaH-
Thl YCTOMYMBOCTH aHUINHOB ¢ Zn-T®II oTHOCATCS
K MOJIEKYJISIPHBIM KOMIUIEKCAM N, V-THIIA COCTaBa
1:1 ¢ noHOpHO-aKLENTOPHOM CBsI3bI0 N — Zn.

X

NH,

la-r
X =H (a); 4-Me (6); 4-OMe (B); 3-Me (r);

B 4actHocTH, TuHEHHAS KOppessiius Mex Ty pK,
B Bojie 1 IgK B xstopodopme (Tadi. 1) moaTBepxkaaeT,
YTO TPOTOHHPOBAHWE M KOOPAWHAIUS JIMTAHIOB
(Ia-r) ¢ metammomoOpGUPUHOM OCYIIECTBISETCS C
y4acTHEM OIHOTO M TOTO )K€ LIEHTpa — aroMa a30Ta
amuHorpynnsl. Ha puc. 1 mpeacraBieHbl JaHHbIE
pertreHocTpykryproro aHammsza (PCA) oTHOCH-
TEJIBHO CTPYKTYPBl IPOLYKTOB B3aHMMOICHCTBUS
2-x10p- ¥ 3-HuTpoanunuHa ¢ Zn-T®II cocrana 1:1.

Puc. 1. Crpoenune xommiekcoB Zn-T®II cocrasa 1:1
¢ 3-uurpoannnuaom (HAMLAI) (a) u ¢ 2-Cl-anununom
(JIVNIL) (6) cornacno nanusiM PCA (a60peBuarypa
B ckoOKkax cootBercTByeT ccbuike (CSD refcode),
ucnonb3dyemoit B Cambridge Structural Database [20])

Taonuua 1

KoncrtanTsl ycroiiunBoctu (K) MonexkynspHBIX
koMmnuekcoB Zn-T®Il ¢ anununamu
B xJopodpopme npu 25 °C, cmemeHue
MaKcUMyMa mojoce nornomenus IT (AL )

B cnekTrpe Zn-TOII npu
KOMIOIEeKCco0oOpa3oBaHUM, KOHCTAHTBHI
ckopocTu (k) peaknuum OKUCIEHUS aHUIHUHOB
coenunHeHnueM Il mepokcumassl xpeHa (cxema,
ypaBHeHue (3))B pocharnom O6ydpepe, pH 7,0
[29], 6- u 6"- koncTaHTh ['ammeTa u bpayna
u pK, aumunuuor B Boae npu 25 °C [16]

k
o K . | PK,

Ne JIuranng /MOIE HiMé)él;X c o 25 oC AH};\}F
1 |[4-meTokcnanminH|343 + 3|6670000—0,268|—0,778 | 5,34 | 15,4
2 | 4-meTunanuaug (199 +2| 610000 |-0,170(-0,311| 5,07 | 14,8
3 AHUJINH 141 £ 2| 85900 0 0 [4,60(13,9
4| 3-metunanunaun 174 + 3| 179000 |-0,069|-0,046| 4,72 14,5
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IgK = 1,356 +4,82 r=0960 lgk=-6,92c + 4,82 r=0,980

1gK = —0,456++ 2,18 1=0,997 Igk =2,3lo+ + 5,04 r=0,994

AMI=3,66 IgK + 6,21 1=0,966 lgk =— 1,28 AMI - 13,05 1= 0,965
Igk =—4,99 IgK — 5,80 r=0,994

Hamu o6GHapyxeHo, 4TO0, B OTIIMYNE OT HUPUIU-
HOB W rerepoapoMaTudeckux N-oxcumos [1], [4],
MOBEJCHUE AaHUIMHOB IPHU KoopAauHanuu ¢ Zn-TOI1
3HAYUTENBHO JIyYIlle ONMMCHIBAETCS C HUCIOJIb30Ba-
HUeM o'-koHCTaHT bpayHna 3amectureneii (Tadm. 1,
r = 0,997), a He o-koHcTaHT ['ammera (r = 0,960).
B monorpaguu A. C. JlHETpoBCKOTO yKa3bIBaeTcs,
«4TO HEOOXONMMOCTh NPHUMEHEHHUS G -KOHCTaHT
00ycIIOBIIeHa HAIMYMEM HMEHHO CBOOOIIHON OpOH-
Tajll Ha PEaKIIMOHHOM LIEHTPE, a HE MOJIOKHUTEINb-
Horo 3apsna» [10]. [loquepkneM, uto B Zn-TDII oc-
TATOYHBII TOJIOKUTEJIBHBIN 3aps] Ha aTOME IUHKa
CJIMLIKOM MaJj AJi TOr0, YTOObI CHIJIBHO IOJISPHU30-
BaTh MOJIEKYJIBl aHWJIMHOB 32 CYET KYJIOHOBCKOTO
B3aUMOJIEICTBUA.

Mexny AL u 1gK TaKxe HabmogaeTcs xopomas
JUHEWHAs 3aBUCUMOCTH (Tabi. 1, r = 0,966).

Beuny nonobust crpoenns komriekcoB Zn-TdI1
C IMTaHAAMHU U NIEPEXOIHBIX COCTOSIHUM B PEAKIIH-
ax S [5] ¢ nocneaHUMU B PO HYKJICO(HIIOB MBI
MIOTIBITAJIUCh HANTH KOJWYECTBEHHBIE COOTHOIIIE-
HUS MEXy QU3NUECKUMU NTapaMeTpaMu, XapaKTe-
PHU3YIOLUIUMU 3TH NMPOLIECCHI.

Oxa3aynoch, 4TO M KOHCTAHTBI CKOPOCTH peak-
nuii HykiaeoduiapHOro 3aMmemnienus k ¢ aHmImHaAMHI
B cMmecsax MeraHod-aneToHuTpuia (50-100 %) mpu
35°C[27]

XC,H,NH,+YC H,CH,080,C H,Z—
— XCH,N'H,CH,CH, +0,SCH,Z
X = H, Me, 4-OMe, 4-Cl, 3-NO,;
Y =H, 4-Cl; Z = H, 4-Me, 4-Cl, 3-NO,,
1 KOHCTaHThl kK, k. ., K, amuHONM3a GEH30MHBIX
AHTHIIPUIIOB B MeTaHoIIe Ipu 25—45 °C [26],

K
2 XCHNHCOCH,Y +XCgHNH,* +CgHCO0"

ky
2XCHNH, + Y(X)CgH,COOCOCH; —]

|52 % HNHCOCH; +X CyHNHg + ZCyH,COO-

X =H, 4-OMe, 4-Me, 4-Br, 3-Cl;
Y(Z) = H, 4-OMe, 4-Me, 3-Cl, 4-NO,,
U KOHCTaHTBl CKOPOCTH PEaKIHUH TPaHC-3-HUTPO-
(heHuI-B-XJIOPBUHUIIKETOHA ¢ aHWIuHaMH (X =
=4-NH,, 4-MeO, 4-Me, 4-Br, 3-Cl, 3-NO,) B u3on-
pormitoBoM cniupTe npu 25 °C [12] Takxe TMHENHO
koppenupytot (r = 0,97—0,99) ¢ koHCTaHTaM# KOMII-
JeKcooOpa3oBaHus aHWIMHOB ¢ Zn-T®OII B x10po-
dhopme mipu 25 °C u cMemeHUSIMA MAaKCHMYMOB TIO-
noc nornomeHus (AA) MIL.

Takum 06pa3oM, MeXy KUHETHYECKUMU Tapa-
MeTpaMHu KoMiekcooOpaszoBanus Zn-T®I1 u nexo-
TOPBIX peakuuid HYKICOQUIBHOTO 3aMEeLICHUS
(koHCTAaHTHI ycTOWYMBOCTH KoMmIuiekcoB (K), Benu-
YUHBI CMEILEHUSI MAaKCUMYMOB I10JI0C IIOTJIOLEHHUS
MII (AX), ocHOBHOCTB JiUTaH a / HyKjeohuia / cyo-
crpara (pK,), KOHCTAHTBI CKOPOCTEW peakuuid, o-

1 G'-KOHCTaHTHI 3aMECTHUTEJICH B OEH30JIBHOM KOJIb-
[I€) C y9aCTHUEM AHWJIMHOB CYIIECTBYIOT JIMHEIHBIC
3aBUCHUMOCTH.

MBI periy TpoBEPUTh, OyTyT JIM BBITTOIHSTh-
csl IOOOHBIE KOPPETSANHUH U ¢ PepMEHTATUBHBIMU
MporeccaMy Ha MpUMepe B3aNMOACUCTBHS aHHIIH-
HOB C MEPOKCUJA301 XpeHa, coJiepxallel reM B Ka-
YECTBE MPOCTETUUECKOM rpynmbl. OKka3anock, 4YTo
Ui cCTaguu B3auMOAEHUCTBUs coenuHenus Il me-
pokcunassl xpeHa (k B Tabm. 1; cxema, ypaBHeHUe
(3); [29]) ¢ anmMHAMH, COACPIKAIUMH 3aMECTHTE-
JIM B IOJIOKEHUHM 3 U 4 OEH30JILHOI'O KOJIbLIa, Ha-
OmroatoTcs JIMHEHHBIE 3aBUCHMOCTH Mexy 1g K,
lg k, pK,, o" u AX (puc. 2 a, 6), npuyemM CKOpOCTh
3TOM (PEPMEHTATUBHOMN PEaKINK, KAK U KOOPIHUHA-
uusi Zn-TOI1, nydiie OnuChIBaeTCs C UCHOJIb30Ba-
HUEM G'-KOHCTaHT.

4 ok |4 bhuynm

a o

Puc. 2. 3aBucumocts Ig k peakiuu okucieHust aHUJIMHOB

coequuenneM I mepokcuaaser xpena ot 1g K (a, r=0,994)

u Ak, (6, r=0,965) mpouecca koopaunanuu Zn-T®II ¢ anununa-
mu; 3amectuten: (1) 4-H; (2) 3-Me; (3) 4-CH,; (4) 4-OCH,

CrnenoBarenbHO, HA OCHOBAHWH YHCIICHHBIX 3HA-
yernit K u AX (B COOTBETCTBHMY C BBEJACHHON HaMU
IIKAJIOW HYKJICO(PHIHBHOCTU / OCHOBHOCTH [2]) auist
npoiecca koopauHanuu Zn-T®OII ¢ paznuyHbIMU
THIIAMH JIATAHJOB (KOOPAWHAIIMOHHAS XUMHS)
MOYHO MPEICKa3bIBaTh CKOPOCTh KaK peakuil HyK-
neo(UITBHOTO 3aMelleHus] (OpraHnyecKkas XuMusi),
Tak U (EpPMEHTATUBHBIX peakiuii (Onomornyeckas
XUMHS) B Pa3UYHBIX OPraHUYECKUX U BOJHBIX
pacTBopax, 1 Ha00OPOT.

B nanpHeliemM Mbl IpeanoiaraeM JeTallbHO pa-
300paThCs B TpaHUIIaX MIPUMEHUMOCTH TIPEIIOKEH-
HOW HaM¥ HOBOM IITKAJIbI.

Oco00¢ MOJIOKEHHUE CPEIU AHHJIMHOB 3aHUMAIOT
JUMETUIAMUHOCTUPUIIBHBIEC TPOU3BOAHBIE T€TEPO-
apoMaTtuueckux N-OKCHUIOB, KOTOPBIE B OpraHUyec-
KUX PACTBOPUTENSAX 00pa3yrT MOIEKYISpHBIE
KOMILIEKCBI C v-akuentopamu (Zn-T®I1, BF,, ZnCl,,
H*) cocrtaBa 1:1 ¢ ywactmem kmciopoma TPYIIIbI
N—0O, HO B BOJIe IepBOE MPOTOHUPOBAHUE ITUX CO-
CAMHEHUN OCYIIECTBIACTCS MO aMHHOTPYIIIE.
Komrrekcr! xe cocTaBa 1:2 (B3aummoeiicTsrue ¢ N—
O u N(CH,), rpynnamu), 06pa3yromuecs: pu u3-
OBITKE KUCIIOTHI JIpIoCca, HEyCTOWYHBEI U JIETKO Te-
PSIOT BTOPYIO MOJIEKYITy aktientopa [1], [2], [4], [5].

Panee B Iletpl'Y A. I. AHUCHMOBBIM OBIJIO 00-
Hapy>KeHO, UTO MEePOKCH1a3a XpeHa OKHUCIsIeT N-OK-
cua  4-(4-TMMEeTHIIaMHHOCTUPIUT) TupuanHa (4-
DPyO, obmamaeT armonToreHHONH aKTHBHOCTHIO), HO
MEXaHWU3M H TMPOAYKTHI PEakIlid UM He OBLIH U3Y-
YEeHBL.
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MpbI pemuiy UCClaenoBaTh JaHHbIN (pepMeHTa-
TUBHBINA TPOIECC, JUIsl Yero OBLIU CHHTE3UPOBAHBI
CIEAYIOLINE CTUPUIIbHBIE TPOU3BOIHBIE N-OKCHI0B

NnUupuanHa U XUHOJINHA:
CH=CH© N(CHg),

CH=CH© N(CHy),
S =

(O oolse
N/ | N/ =
| N~ CH=CH~© NCH | CH=CH© N(CHy),
e} o}

N
i 3
2

4-DPyO 2-DFy0 4-DQO DQO

CKOpOCTb U HaIlpaBJICHUE UX MTPEBPALLICHUS O]
JeCTBHEM IEPOKCHAA3bl XpeHa KOHTPOJIHNPOBAIH
METOJIOM DJIEKTPOHHOU criekTpockonuu. Ha pwuc. 3
MPHUBEJCHBI AJIEKTPOHHBIE CIEKTPHI MOTJIONICHUS
(OCII) nepokcuiassl XpeHa U CTUPUIIBHBIX MPOU3-
BOOHBIX TreTepoapoMaTH4ecKux N-OKcuaoB (4-
DPyO, 2-DPyO, 2-DQO u 4-DQO).

D

08

A HM
600 800
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Puc. 3. DnexkTpoHHbIe cIeKTPHI B pocdhaTHOM OydhepHOM pacTBO-
pe pH 7,3-7,4: a) nepokcuaassl xpena (C = 0,7 mr/mi; RZ=D, /

401

1}
D,,, = 1.4); 6) 4-DPyO (----), 2-DPyO (---), 2-DQO (-) u 4-DQO
(); (C=1 %X 10° monw/n, gist 4-DPyO C =2 X 10~ moub/m)

B OCII Bo Bpems B3anmoneiictsus 4-DPyO c
MIEPOKCUIA30i XpeHa B MPUCYTCTBUU MEPEKIICH BO-
nmopona B hocharaoMm Oydepe (puc. 4a) onTuuecKas
MJIOTHOCTh YMEHBIAeTcs mpu 384 HM U yBeIH4YnBa-
eTcs pu 263 HM, U B TedeHue 1 4. cydcrpar npakTu-
YeCKH MOJHOCTHIO MPEBpAaLIaeTcsl B MPOLYKT(BI) pe-
akuuy. OfHAKO 3aTe€M MHTEHCUBHOCTD MOIVIOIEHHS
cBeTa MpH 263 HM HAUMHAET MEIJICHHO YMEHbIIATh-
cs (10 % 3a mepByro Henenro), yka3plBas Ha JallbHEH-
Iy1o TpanchopManuio cyocTpara.

0 : - - 0 e — ]
200 300 400 500 600

Puc. 4. Usmenenne DCII peakinoHHON cMecH, coAepKalIei
MIEPOKCHU a3y XpeHa, epekuch Bojgopoaa u 4-DPyO (B TeueHue
yaca, (a)) uiu 2-DPyO (5-30 muH. (6), 30—-60 muH. (8, 1))

B otcyTcTBHE (hepMeHTa MPOUCXOAST OUSHb I10-
X0KHe, HO 3HAYUTETBHO OoJiee MeJICHHBIE U3MEHe-
Hug OCII (32 CyTKM MHTEHCHBHOCTH TOTJIOIICHHS
cyOctpara ymenbuiaercs Ha 70 %), TO ecTh B JaH-
HOM CIJIy4ae MepoKcH/ia3a JUIIb YCKOPSIeT Mpolec-
cel. Uutepecno, yto ¢epment ¢ 4-DPyO B3aumo-
NEHCTBYET U 0e3 M00aBJICHUS IIEPEKUCH BOAOPOA,
HO PEaKIUs IPOTEKAET €lle MEAJIEHHEE, BEPOSATHO,
3a CYeT MPOSABIICHUS IEPOKCUAA30H XpeHa OKCUAa3-
HOW aKTMBHOCTH M/uiM npucytcteus H,O, B pac-
TBOpE B CIEAOBBIX KonmnuecTBax. Ilocnmennee yt-
BEP)KJCHHE HE JIMIIEHO CMBICNIA, MOCKOJBKY CyO-
CTpaT COAEPXKHUTCS B PEAKIIMOHHOHN Cpele B OYeHBb
Hu3Ko# koHneHTpanuu (10° M).

B cinyuyae 2-DPyO (mmeeT MakCHMyMBI II0OJIOC
noryomieHust mpu 245 u 380 HM) HaOMIOgaETCS HE-
CKOJIbKO MHasI U OoJiee ClIoKHas KapThHa. B Tede-
HHE MEPBBIX 5 MUH. IPOUCXOJUT YBEITUUEHHUE ONTH-
YyecKo TIoTHOCTH TIpH 380 HM M YMEHBIIIEHHE ITPU
245 HM, 3aTeM B TEUCHHUE MOJyyaca UHTCHCUBHOCTh
3THUX MOJIOC TIOTJIOMIEHMS CHIKAETCS, HO yBEIHYH-
BaeTCsS ONTHUYECKas MIOTHOCTH MpH 263 u 473 HM
(puc. 46). B Teuenue cnenyromux 0,5 4. HHTEHCUB-
HOCTB MOTTIOLIEHNS cBeTa Npu 263 u 473 HM cHada-
Jla TMajJaeT C IMOBTOPHBIM €€ YBEIWYEHHEM IpHU
380 uM (puc. 4B), HO 3aTeM ONTHYECKAs MIIOTHOCTh
BCEX MOJIOC TIOTJIOMIEHUSI YMEHbIIaeTcs (puc. 41) u
OCII crnaxxuBaeTcs. MBI IpeanonaraeM, 4to B 1aH-
HOM Cllydyae Hapsily ¢ XMMHYECKON peakiueidl B
OCII peructpupyercs oOpa3oBaHUE JIOHOPHO-aK-
LENTOPHBIX KOMIUIEKCOB ()epMEHTa C PazlIuYHbIM
KOJINYECTBOM MOJIEKYJ cyOcTpaTa, 0O0JIaZaromIux
CyMMapHO OOJIBIIECH MHTEHCHBHOCTHIO (HO OJTM3KH-
MU MaKCUMyMaMH) TI0JIOC TIOTJIOMICHU S, YeM HCXO-
HBIN CTUPUIIBbHBIN N-OKCHI.

[loguepxHeM, uto npu B3aumoaeicTsuu 4-DPyO
(8 reuenme 1 1.) u 2-DPyO (8 Teuenwne 0,5 4.) Cc Hepok-
cunazoii xpena B OCII peakIMOHHOH cMecH HabIIo-
TAroTcs m3o0ecTrdeckne Touku 1pu 225 u 290 HM
1uist iepBoro U pH 250 u 300 HM 17151 BTOpOro cyo-
crpara. OOBIYHO TIPH KOMILIEKCOOOpPa30BaHUHU HX
HaJu4Kie UHTEPNPETUPYIOT KaK PABHOBECHE MEXIY
IIBYMSI COCTOSTHUSIMU (CBOOOIHBIM U CBSI3aHHBIM).

B nHamem ciyuyae Hanmu4ue n300€CTUYECKUX TO-
YeK MOYKHO OTHECTH K CYIIECTBOBAHUIO PABHOBECHS
MEXJYy CTUPUIBHBIM N-OKCHIOM H IO KpalHel
Mepe ABYMs IPOIYKTaMU PEakInu ¢ hepMeHT-CyO-
CTpaTHBIM KOMIIJIEKCOM B Ipoliecce, KOTOPBIN CHa-
gajia OBICTPO W KOJTWYICCTBEHHO MPUBOAUT K oOpa-
30BaHMIO COEAMHEHUS A (KHHETHYECKU I KOHTPOJIb),
a 3aTeM MEIJIEHHO — K COEIMHEHUIO (MJIM IKBHMO-
nspHOM cMecn) b (TepmMogMHaMUYECKHUN KOHT-
pOJIb).

[Ipu ucnonp3oBaHuM B KadecTBe cyOcTpaTa 4-
DQO u3menenns B DCII moxoxu Ha T€, ITO IMPOKC-
xoaaT ¢ 4-DPyO (u3o6ectuueckue Touku mpu 270,
310 m 350 aM): B TedeHHne | 9. MCUE3AIOT ITOJIOCHI
roryonieHust cyocrpara (mpu 236 u 406 HM) U Ha-
OnroaeTcsl TOSBIIEHHE MaKCHMyMa IIOTJIOMICHUS
okoJ10 344 um (puc. 5a), mpu 3TOM ITPOUCXOTUT CMeE-
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IICHUC KpaﬁHero CJICBa MaKCHUMyMa IOTJIOICHUA
B KOPOTKOBOJIHOBYIO 00J1aCTb.

Puc. 5. Usmenenne DCII peakiuoHHOI cMecH, copepxKalien

TepOKCUAA3Y XpeHa, MepeKuch Bogopoaa u a) 4-DQO win

6) 2-DQO B Teuenue 4 cyTok

Haxowner, B cmygae 2-DQO peakiius 3akaH4InBa-
etcs 3a 1-2 gHs (puc. 56), HO TPOTEKAET HECKOIBKO
nHaue, yeM ¢ 4-DPyO, 2-DPyO u 4-DQO. B OCII
PEaKIOHHON CMECH (B TeYEHHUE IEPBBIX 3 MUH. IIPO-
WCXOAUT yBEJIWYEHHE ONTHYECKOW TIIOTHOCTH TNPHU
408 n 325 HM, HO pe3KOe ee yMEHBIIIEHHUE TP 262 HM)
MIPH 3TOM HCUe3aloT 4 U3 5 MOJI0C TOIJIOMIEHUs, Xa-
PaKTepHBIX Ui cyOcTpara, HO YBEJINYMBAETCS MH-
TEHCUBHOCTB Nosiockl mipu 204 uM. M300ectudeckue
toukn B DCII mpu B3ammoneiicTBun maHHOTO CyO-
CTpara ¢ MepoKCHIa30i XpeHa OTCyTCTBYIOT, I10-BHU-
JVMOMY, BCJICICTBHE TOTO, YTO HPOAYKTHI THUHAa A
u b o0pasyloTcs ¢ COMOCTaBUMBIMH CKOPOCTSIMH
U IPUCYTCTBYIOT B PACTBOPE OJHOBPEMEHHO.

C He3aMeUIeHHBIMH CTHPUIIBHBIMHM aHAJIOTaMHU
(N-okcuabl 4-cTHpUNTIUPUANHA, 2- U 4-CTUPHIXHU-
HOJIMHA), a TakXe COJAEepX AaIIMMH METOKCH- WU
Hutporpynnsl  (N-okcuger  4-(4-METOKCHCTH-
pumnupuanga, 2-(2,4-1uMeTOKCUCTUpII)- U 4-(4-
HATPOCTUPHUI)XUHOIWHA), cormacHo naHHeM JDCII,
MIepOKCUa3a XpeHa pearupyeT O4YeHb MEMJIEHHO,
nubo peakuus NnpakTudecku He uueT. OTMeTum,
YTO BO BCEX YKa3aHHBIX CIydasX MepeKuch BOAOPO-
Ja no0aBJIsUIM TOJBKO OAMH pa3 AJS WHUIUALUH
peakIuu.

OOBIYHO MEPOKCHIIA3HYIO0 aKTUBHOCTH B PaCTH-
TEJIBHBIX TKAHAX OMpPENENIIOT C MOMOIIBI0 METOa
JJIEKTPOHHOM creKTpockonuu (B oOmactu 400—
800 HM) 1O HAKOIUIEHUIO OKPAIIEHHBIX MPOTYKTOB
OKHCIICHHsI OPTO-JUaHU3UANHA, OPTO-(EeHMICHAN-
amuHa, 3,3.5,5'-TeTpameTHIIOCH3UINHA W JPYTHX
MMOJOOHBIX COEMUHEHUHN (MCTOIb3yeMble KOHIICHT-
pauuu — nopsiaka 10 momw/n [11]). Mbl usyuwnnu
B3aMMOJIEIICTBHE IEPOKCHUIA3, BBIICICHHBIX U3 KCHU-
JIEMBl KapenbCKON y3opuaToil Oepesbl, Ha IK30T€H-
Hoe coenunenue 4-DPyO. Oka3zanocs, uTo, coriac-
Ho nmanHbiM OCII, HampaBneHue 3Toil (hepmeHTa-
TUBHOM peakIMi HOCUT TaKOM ke XapaKTep, UTO U C
MepoKCcuaa30i xpeHa (puc. 4a), HO B YCIOBUSIX IKC-
epumenTa (50 MM Hepes, pH 7,5) peakius uaet
MeieHHee: dyepe3 90 MUH. onTHYeCcKas MIOTHOCTh
cyOcrtpara nipu 384 um ymenbimaercs Ha 30 % (oT
1,3 10 0,9), a nponykTra peakiuu npu 263 HM AOCTH-
raet 0,5 emUWHUITEL.

Hnst cpaBHeHUs1, pepMeHTAaTHBHAST aKTHBHOCTD
MIEPOKCHIA3bl B TKAHAX KCUIIEMbI OblIa H3y4eHa Ha
MpUMepe OKHUCICHHs KIACCHUECKUX CyOCTpaToB

rBasikosia (OpTo-MeTOKCHU(eHoNna) u OeH3uIMHA
(puc. 6 a, 6). Kak Buano u3 npencrasnenasix DCII,
IIPU OKUCIICHUH OCH3UANHA U IBasKoia TpeOyroTcs
OYCHb BHICOKHE KOHIICHTPAIMK cyOcTpaTa Jisl pe-
rUCTpaluy NpoAaykToB peakuun odomactu 400—800.
[Ipennoxennas Hamu peakuus okucienus 4-DPyO
SIBIIICTCSI OYCHDb YAOOHOW sl OLIEHKU (epMeHTa-
TUBHOW aKTUBHOCTH MEPOKCHJIA3, TMOCKOJIBKY I03-
BOJIIET OJHOBPEMEHHO OLIEHMBATh KOHLEHTPALUIO
Kak cy0OcTpara, Tak ¥ MPOAYKTa PEaKIMH B JKCIIC-
puUMeHTax in vitro (puc 4a).

200 400 600

Puc. 6. U3menenue DCII peakIHOHHOMN cMecH, COiepIKaliei
(hepMeHTATUBHBIN MpenapaT U3 TKaHEH KCUIIEMbI KapenbCKOit
Oepe3bl, NepeKuch BOAOpoa 1 a) reaskoi (21,5 mM)

0) OensunuH (33,6 MkM)

BBuay TOro 4TO MepoKcuaa3kl CroCOOHBI KaTa-
JIN3UPOBATH PEAKIMKU OKCUAA3HOT0, IEPOKCUAa3HO-
I'0 ¥ OKCUTEHA3HOT0 OKHUCIeHUs cyocTpaTos [7], [9],
[13], [14], He UCKITIOYEHO, YTO KaK B3aUMOJACHCTBUE
C HCXOTHBIM CyOCTpaTOM, TaK M TaJIbHEHIIIas TpaHC-
(dhopMalys MpoayKTOB MPEBPAIICHUs] CTHPUIBHOTO
N-okcuma 00yCIOBIEHBI peanu3anuell BCeX Tpex
THIIOB aKTUBHOCTH (EpPMEHTa, MPHUUYEM II0 Mepe
pacxolloBaHus MEPEKUCH BOIOPOJA POJIb OKCHAA3-
HOM M OKCUT'€Ha3HOM aKTHUBHOCTH IEPOKCHIA3BI
BO3pacTaer.

A priori MOKHO MPENIOJIOKHUTH JIBa OCHOBHBIX
HanpaBieHus okucieHus: 4-DPyO (kak u npyrux
CTHPUIIBHBIX N-OKCHIOB).

1. TTo ABOIHOM CBS3M CTUPHIIBHOTO (PparMeHTa c
00pa3zoBaHUEM OKCHPaHa, TIIMKOJIS 1/ N-oKkcuaa
W30HUKOTHHOBOH W 4-IMMETHUIaMIHOOEH30IHOM
(4-XABK) kucnot, npuuem JIABK moxet 6bIThH 11a-
niee okucieHa 10 N-okcuaa 4-TMMeTHIAMHHOOCH-
30MHON KHCIIOTHI

o
- - (01 =\ _/\
0=y CH=cH NCH) —= 0Ny ) l—lc_@—N(CHa)z_.
H OH
—\ OH OH [l _
O“N\\/:/>’ C—?ON(CHQ; 0=, )COOH + Hooc<i/>—w(or13)z
H

|
H

2. Ilo aromy a3oTa TUMETHUIAMUHOTPYIIIHI @) C
00pa3oBaHNEM CTUPHIIBHOTO AH-N-OKCHIa

/cH3

o] N = J—
el
CH,

0) WM TaJBHEHIIIMM €0 OKHCICHUEM 10 JTBOMHON
CBSI3H, KaK OIMcaHo BhIIe. He nckirrouenHo, 9To Bee
ATHU MPOIECCH OCYIIECTBISIOTCS MapaIeTbHO.
VYka3zaHHOE HampaBlCHHE PEaKIMN He MPOTHUBO-
peunt OCII m Bpemenam ynepxuBanus (BIXX)
MIpearonaraeMbIX POAYyKTOB npeBpatieHuii 4-DPyO
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(N-oxcuia M30HUKOTUHOBOU KUCHOTH U 4-JIABK),
UCIIONIb30BAaHHBIX B KauecTBe cTaHAapToB. KocBen-
HBIM €r0 MOATBEP)KJACHUEM CIYKHUT U TO, 4TO He-
¢depmenTaruBHOe okucieHue 4-DPyO mepekwuchio
BOZOPOJA B KUCJION U IEJI0YHOU Cpesie JaeT aHaJo-
THYHBIE PE3YJIbTATHI.

C uenplo pa3pabOTKH METOA, MO3BOJISAIOLIETO
00JIeTYNTh KOJIMYECTBEHHOE BBIJICIIEHNE TPOAYKTOB
peakuuK MEepPOKCUIAa3bl CO CTHUPHIBHBIMHU IPOMU3-
BOIHBIMU N-OKCHIOB MUPHUAMHOB M XHWHOJHWHOB,
MBI HCCJICIOBAJIM B3aUMoAEHCTBHE (epmeHTa ¢ 4-
DPyO B BOIHO-CIUPTOBBIX 0€30y(epHBIX pPacTBO-
pax (CTUpHIIbHBIC TPOU3BOJHBIC B CIIUPTE PAaCcTBO-
PUMBI TOpa3o Jy4ille, 4eM B Boze). Oka3asioch, 4To
B Bozle 1 25 % (10 00BbeMy) STaHOJIE B pe3yJbTaTe
peakuuu cyOCTpaTr ucuesaeT, Kak U B GochaTHOM
Oydepe, B Teuenne 1 4., B 50 % 3TanoNe — B TeUeHNE
CYTOK, a B 75 1 96 % »TaHOJ€E — 32 HECKOJIBKO CyTOK
pacxonqyercs HAIOJOBHHY; MPH 3TOM, COTJIACHO
OCII (Bo3pacTaeT HHTEHCUBHOCTH HOTJIOMICHUS TPH
384 HM), ¢ yBEIMYCHUEM JIOJIA 3TAHOIA BpeMs 00-
pa3oBaHMs JOHOPHO-AaKLENTOPHBIX KOMILIEKCOB
depMeHTa ¢ MoJIeKyJIaMu cyOcTpaTa BO3pacTaeT OT
HECKOJIBKMX MUHYT J0 HECKOJIBKUX YacOB.

3Has1, 4TO BBICOKME KOHUEeHTpauuu H,O, Mmoryt
IPUBOAUTE K OBICTPOMY pa3pyLICHUIO IEpOKcUIa-
361 XpEHa, Mbl MPOBEPHJIH BIHSHHE DPa3IMYHBIX
KOHLEHTpalluil IEPEeKUCH BOAOPOAA HAa YCTONYM-
BOCTH PacTBOPOB (pepMEHTa BO BPEMECHH.

s

Puc. 7. U3menenne DCII nepokcuias3sl XpeHa BO BpEMEHH
B 3aBUCHMOCTH OT KOHLICHTPAIIMH IEPEKHUCH BOAOPOAA
(@—0,002 %, 6 — 0,2 %) B Teuenue 3 4.: 1 — pacTBOp
nepokcuaassl (C = 0,7 Mr/mit), 2 — peakIHOHHAsI CMECh,
cozeprKalasi HepoKCH a3y U MepeKUCh BOAOPOAa

Kak BumHO 13 puc. 7, maxe 0OBITHO HUCTIOTb3ye-
MbI€ B HAYYHBIX LEJIAX HU3KUE KOHLeHTpanuu H 0O,
(0,002 %) nocraTtouHo OBICTpO pazpymaioT dep-
MEHT. YBEINUEHUE K€ KOHLIEHTPALMY IEPEKHUCH BO-
nmopona (0,2 %) pe3ko yckopseT 3TOT mporece (de-
pe3 3 4. B OCII peakiiuoHHONW cMecH MPaKTUYECKU
MOJTHOCTBIO Hcue3aeT mosioca mornomenus Cope,
o0ycioBJIeHHas] HaJu4ueM NopUPHUHOBOI cucte-
MbI). OnHaKo B MPUCYTCTBUU N-oKkcuaa 4-CTUPHII-
MUPUIHHA — CyOCcTpaTa, ClIoCOOHOTO K CBA3BIBAHUIO
¢ (hepMEHTOM, HO C KOTOPHIM HE TPOUCXOTUT XHUMHU-
geckas peakmus (puc. 8), — HaOMIOMaeTCS COBEpP-
mweHHo MHas kaptuHa. [locne noGasnenus H,O, x
CMECH MEePOKCHIa3bl XpeHa C 3TUM CyOCTpaTroM B
OCII npoucxonuT, KaKk U B MPEAbIAYIIHUX CIydasX,
0aTOXPOMHBIN CABUT MOJOCH moriomenus 402 HM
— 410 M. 3aTeM NOCTENEHHO YMEHbIIAETCS HH-
TEHCUBHOCTH ToromeHus npu 410 HM, He MONHO-

CTBIO MCUE3aroMIasi Jake 4epe3 HECKOJIBKO JTHEH,
CBUJIETENBCTBYS O TOM, YTO N-OKCUJ 4-CTHPUIIIIU-
pUuHA (ETO CIEKTP CO BPEMEHEM MPAKTUUYECKHU HE
U3MEHSeTCA) WHTHOMpYeT MpOLecC pa3pyIIeHHs
(dhepmenTa mepekuceo Bomopona. HccnemoBanue
MeXaHU3Ma ITo00HON 3aIIUThI IIEPOKCH I3 FETEPO-
apoOMaTU4Y€CKUMU N-OKCI/IIlaMI/I ABJIACTCA NpeaMe-
TOM HaIlleH najbHelel paboTh.

D
08

06

04

02

0 A HM

200 400 600

Puc. 8. U3smenenne DCII nepokcugasst xpena (C = 0,7 mr/mi) B
docdarnom 6ydeprom pacteope pH 7,3—7,4 B TeueHue 3 4. B pH-
cyrcrBun N-okenna 4-crupuinupuauna (C = 1,7 x 10 monb/i)
u nepexucu Bopopoaa (C = 0,2 %): 1 — pacTBop nepoxcuaassl,
2 — pactBoOp nepokcuaasbl 1 N-okcuaa 4-CTUPHIIHPHANHA,

3 — peakIIUOHHAS CMECh

B nanpHelneM ONBITHI [0 HAKOILUIEHHUIO MPO-
IYKTOB pEaKUUU MEXAY CTUPUIBbHBIMU N-OKCHIa-
MH U IEPOKCUAA301 XpeHa BbInoiaHAIU B 50 % 31a-
HOJIe, BpeMs OT BpeMeHu no6asisis nopausimu 0,2 %
nepeKkuch Boaopoaa. KoHTponb 3a X0IoM peakuuu
ocymectBisiiu Merogamu TCX u BOXKX.

Peaknmm ankuiIMpoBaHWS W AIlMJIMPOBAHWS
N-okcuaa 4-(4-TUMETHIAMAHOCTHUPHUIITTHPUTUHA)
OCYIIECTBISIOTCS C y4YaCTHEM aToMa KHCIOpoaa
N-okcuano# rpynmsl [1], a peakuu ¢ aneTuieHo-
BBIMM TAJIOTCHUJAMU B JINTEPATYpPE HE OMHUCAHBIL.
B nponomxkenue uccnenoBaHus HyKJICOPUIbHBIX U
OCHOBHBIX CBOMCTB reTepoapoMaTnieckux N-okcu-
JIOB Mbl pELIMJIN IPOBEPUTH, IO KAKOMY LEHTPY
(ueHTpam) OyJET MPOUCXOAUTH PEaKIIUs POIapTH-
mupoBanus 4-DPyO 1-6pom-2-niporinHoM (Opomuc-
TBIM IIPONAPTHIIOM) B alleTOHUTPHIIE.

s onpeneneHus NopsiiKa peakluy U3y4aeMoro
porecca o OPOMHUCTOMY MPOMAPTUIY €ro KOHIICH-
Tparuto Bapsuposanu (C 4DPy0 2,17 x 103 Movm,/n)
B JMamna3oHe COOTHOIICHHS KOHUEHTpalUui oOT
1:50 000 mo 1:20 0000.

Tabauna 2
3aBUCUMOCTb HaONIOJaEeMOH KOHCTAaHTHI
ckopoctu peaknuu (k, ., c’') mpomaprunupo-

Banus 4-DPyO (C = 2,17 x 10 mounb/n)
OT KOHINEHTpPAaUHUd OPOMHUCTOTO MpoOMapruina

Ne C(C,H,Br), ol k,,

/1 MOJIB/JT natn’ MOJIB 7 11 - C.
1 1,085 0,000154 0,000142
2 1,63 0,000231 0,000142
3 2,17 0,000292 0,000135
4 3,255 0,000322
5 4,34 0,000362
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Puc. 9. 3aBucumocTs HabofaeMoii koHcTauThl ckopocTH (k. )
peakiuu nponaprunuposanust 4-DPyO (C = 2,17 x 10° mosnb/)
OT KOHLIEHTPAL[X OPOMHCTOrO NPONapruia B 0ObIYHBIX ()

u norapupmudeckux (6) KoopauHaTax

3aBUCHMOCTH Ha0JIIOTaeMON KOHCTAHTHI CKOPO-
CTH PEaKLUd HYKJICO(UIBHOTO 3aMEIIECHUs IICEB-
JIONIEPBOTO MOPAJIKA OT KOHIEHTPAIUH OPOMHCTOTO
nponapruia (tabmu. 2, puc. 9a) UMeeT CIOXKHBIN Xa-
pakTep, OJHAKO B IMANa30HE KOHLIEHTpauui Opo-
MucToro mnponapruia 1,09-2,17 Monb/n oHa SBISET-
Cs JTMHENHOM, YTO CBUJETENILCTBYET O MEPBOM I0-
psAKe peakuuu Mo OpOMHCTOMY IPOHapruiry. JTo
Tak)ke MOATBEpXKAaeTcs ONM3KOH K eIuHUIE
(0,91 £ 0,1) BenmuMHOI TaHTeHCA yIJIa HAKJIOHA TIPS~
Mo B koopaunarax g k . — Ig [C.H,Br] (puc. 90).
CpenHee 3HaueHHE KOHCTAaHTHI CKOPOCTH BTOPOTO
nopsizika k, u3 Tpex sHavenuit cocrasiser 0,000140
MOJIB/I * C.

[Ipu yBennueHUM COOTHOLIEHUSI KOHIEHTpauit
[C,H,Br]/[4-DPyO] nuneiinbiii xapaktep Habmroma-
€MOIl KOHCTAaHThl OT KOHLEHTPAaLHUHU OpPOMHUCTOrO
MIpoTNapruiia He COXpaHsAeTCs, YTO YKa3bIBaeT Ha U3-
MEHEHHE MEXaHN3Ma PeaKIiu.

AHanu3 (GopManbHBIX KHHETHYECKUX IaHHBIX
MIO3BOJISIET MPEAIOTIOKUTh, YTO PEaKIUs OCYyIIecT-
BIISIETCA C Y4aCTHEM JIBYX PEaKIMOHHBIX IIEHTPOB
ctupuibHOro N-okcuaa. CHagasia mpoOUCXOAUT B3a-
HUMOJCUCTBUE OPOMHCTOTO Mpomnapruia ¢ N-oKcu-
Hoit Tpymmoi 4-DPyO, o yeMm CBHAETENbCTBYET
CHJIBHBIA OaTOXPOMHBIM CIBHT JaTbHEBOJTHOBOM
MIOJIOCHI TIOTJIOUICHUS PEaKIMOHHON cMmecu OT 392
10 495 um.

(CHa)zN—QCH—c /N —0+ HC=C—CH,Br =—=

4.DPyO

= (CHa)zN—QCH=C»</:>\T—o—CHZ—CECH
= B>
Py

3arem oOpasyromuiics npoaykT P, menneHHo
pearupyeT c HM30BITKOM MpOHapruili OpoMuia c
y4acTHEeM BTOPOr0 HYKJI€O(PHIBHOIO LIEHTPa MoJie-
Kyinbl (aroma azora rpynnsl N(CH,),), 0 uem cBuze-
TEJNBCTBYET KOPOTKOBOJIHOBOE CMEIICHHE MaKCH-
MyMa TOTJIOIIEHHS AaJIbHEBOIHOBOM MOJOCH! MOT-
JIOLLIEHUS peaKI[MOHHOM cMecH (495 HMm).

P14+ HC=C—CH,Br=—=

CHs +
— HCzc—CHz—J'N@m:c»@ - O-CHy-C=CH
g2 Ot = g2
P2

Takum 00pa3om, B alleTOHUTPHIIE TIEPBBIM IIEHT-
pom mponaprunupoBanus 4-DPyO siBnsercs atom
kucaopona rpymnmnsl N—O, a 3aTeM peaknuus UAeT 1o
aTOMy a30Ta aMHHOTPYIIIBI, YTO HAXOIUTCS B COOT-
BETCTBUHU C TUTEPATYPHBIMU JaHHBIMHU O [IOCIIEI0BA-
TEJIHHOCTH POTOHUPOBAHUS DTHUX LIEHTPOB B Opra-
HUYecKuX pactBoputeisx [1], [2]. Panee B pabdote [1]
HaMU OBLJIO MOKAa3aHO, YTO Ha OCHOBAaHUU JAHHBIX
JIIEKTPOHHOMN CIIEKTPOCKOIIMH MOXKHO JIeTIaTh BBIBOJ
o0 HeHTpe koopauHanuu 4-DPyO (u npyrux aumeru-
JAMUHOCTUPUIIBHBIX TPOU3BOIHBIX MUPHIUHOB U
XUHOJIMHOB) C CUIILHBIMH V-aKIIENITOPAMHU B pa3iind-
HBIX BOAHBIX M OPraHUYECKUX PACTBOPUTEISX.
B namHOM ciywae B3amMozeicTBHe HyKieoduia
OCYILIECTBIISICTCS C 00pa30BaHUEM MPOAYKTa peak-
WU, B KOTOPOM 3JIEKTPOHHAS IJIOTHOCTh B MOJIEKY-
Jie CMEIAeTCs B CTOPOHY TPOMHOM CBS3U, UTO B 3aBU-
CHMOCTH OT HAaIpaBJICHUS PEAKINHU JOJKHO MPUBO-
IUTh K COOTBETCTByIoHleMY cmemeHuto B OCII
JTAaTEHEBOJTHOBOH 1MOIOCH! noromeHus 4-DPyO.

9KCHHEPUMEHTAJIBHA A YACTb

AHWIVH W €ro MpPOW3BOIHBIC OUYWINATH, KaK
omnucaHo B pabote [16], CTUPHUIIBHBIE TPOU3BOIHBIC
N-OKCHIOB MUPUIUHOB U XMHOJIMHOB CHUHTE3UPO-
BaJIM, KaK OMHCaHO B padorax [2], [6], [15], [16], ux
¢u3nvecKre KOHCTAHTHI COBMIAJIN C JIUTEPATypPHBI-
MH. DJEKTPOHHBIE CIIEKTPhI CHUMAIH Ha mpudope
C® 2000-02. KorcranTsl ycroauBoctd Zn-TOII ¢
MUPHINHAME B XJIOpOodopMe OIPeaesiian, KaKk Omu-
caHo B pabote [3].

AXTHUBHOCTS TIpemnapara epoKcuaa3bl XxpeHa Gpup-
MBI «[{ua-M» (ynenbHast aktuBHOCTh — 100 en./mr)
nmena RZ = 1,4 (RZ — ornomenune A403/A280,
XapakTepusyloliee MPOIEHT BKIIOUSHHUS TeMHHA
B alo-TIepOKCUIasy).

KoHeuHble KOHIIEHTpAIMK BEUIECTB B 2 MJI IIPO-
obI (pocdaTusrit 6ydep, pH 7,2) cocraBmsum: 10°M
rerepoapomaruyeckoro N-okeuma, 0,002 % H,O,
n 0,03 MKI/MJT IEPOKCHIA3bl XPEHA.

AKTHBHOCTb NMEPOKCUA3bl B TKAHSX PACTCHUMN
ONPENeIsIIA  CIEKTPOPOTOMETPHIECKH (CIIEKTPO-
¢dotomerp CD-2000, Poccust). OcHOBHBIMU 00BEK-
TaMH UCCIICIOBAHUS SBIISLTUCH IEPEBbhsI KAPEIbCKOH
Oepessl oBuCHol (Betula. pendula var. carelica) ¢
y30pUaToil CTPYKTYpOH IPEBECUHBI. DKCIECPUMEH-
TallbHBIE Pa0OTHI TPOBOIMIIN B ITOCAIKAX JE€PEBHEB,
MPOU3PACTANINX B OJWHAKOBBIX MOYBCHHO-KJIH-
MaTHYECKUX VYCIOBHSAX Ha ArpoOHOIOrHYecKOi
cranuuu Kapensckoro HayuHoro ueHtpa PAH
BOnu3u r. [lerposaBonacka. OTOOp MaTepuala mpo-
Boawiu B cepenaune utons 2010 roga. 13 cTBonoBoiM
qacTH OTOMpai M TKaHHW KCHJIEMBI, KyAa BXOIWIH
MaTepUHCKHE KJIETKU KCUJIEMBI U KCHUJIeMa TeKyIe-
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ro roja. Bech pacTUTENBHBIN MaTepHual cpaly 3a-
MOPa&XHBAJIW B XUAKOM azore. I momydeHus
(epMEHTAaTUBHOIO Mpenapara TKAaHU KCHIIEMBI TO-
Morenmnsuposanu npu 4 °C B 0ydepe, cogepxariem
50 MM Hepes (pH=7,5), | MM DITA, 1 MM OI'TA,
3 MM DTT, 5 MM MgCl,, 0,5 MM PMSF. Ilocne 20-
MUHYTHOM SKCTPaKIMK FOMOT'eHAT IIEHTPU(yTHPO-
Banu ripu 10 000 g B Teuenne 15 muH. (neHTpudyra
K-24, I'epmanus). Ocalok TpOEKpaTHO IPOMBIBATIU
Oydepom. Ocanok M 0OBEIMHEHHBIN CylEepHATAHT
nuanuzoBaiu npu 4 °C B Teuenue 18—20 4. mpoTus
Oytdepa mis roMoreHu3anuy, pazdaBieHHoro B 10
pa3. CocTaB peakIIMOHHOHN cMecH JIJIsl ONPeACTICHHUS
AKTUBHOCTH TMEPOKCHIA3 B PEAKIUU OKHCICHUS
reasikona Obu1 cnenyromuid: 50 MM K, Na — ¢oc-
datusii 0ydep (pH = 4,9), 4,8 MM nepekuck Bomo-
pona, 21,5 MM rBaskoi. Jlis 6em3uauna: 50 MM K,
Na — docdarnstii 6ydep (pH = 7,8), 2,5 MM mepe-
KHUCh Bomopona, 33,6 MmkM Oenzuauna. depMeHTa-
TUBHYIO AKTUBHOCTh TMEPOKCHUIA3bl OMPEACIISIIH:
s OeH3uAMHA MO T'PaglydPOBOYHON KPUBOM
(A = 282 HM) BBIpaXKanmu Kak: H3pPacXOJOBaHO
MKMOJIb OCH3UIWHA/T CBHIPOM TKaHW, IS TBasSKO-
Jla — 110 CKOPOCTH 00pa30BaHuUs IPONYKTa PEAKINH
TeTparsaskoja (¢ yuderoM ko3 duimenTa SKCTUHK-
un € 470 am = 0,0266 MxkM'cm™), BeIpaxkanu Kax:
00pa30Banock TeTparesasikoia/r ChIpoil TKaHH.
KavecTBeHHBI aHaN3, a TAKXKE MOATBEPXKIC-
HUE UHANBHUAYaAIbHOCTH COCIMHEHUH OCYILECTBIIS-
an MmetomoMm BDOXKX: xpomartorpad Laboratorni
pristroje Praha; kononku Separon SGX C,; (3 x 150
MM); MOABMXHasi (aza — alleTOHUTPHUI, CKOPOCTh
noxaun sm0eHTa — 0,4 MJI/MHUH.; JETEKTOp YiIbTpa-
¢uoneroseiit LCD 2040; A — 392 um (4-DPyO) nnu

268 um (4-HOOC-PyO, nmpoayxkt peakuuu 4-DPyO
¢ mepokcuaa3oit xpena, 4-IMABK).

Cunmes 1-6pom-2-nponuna (6pomucmozo
nponapzuia)

B tpexropiyto kos10y, CHAOKEHHY 0 MEIIAJIKOH,
KareiabHOW BOPOHKOH, OOpaTHBIM XOJIOAMJIBHUKOM
1 OXJIKJICHHYIO 10 —5 °C JIBJOM € COJIBIO, BHOCHIIH
36,5 r (0,65 mMonb) MEeperHaHHOTO TPOMAPTHUIIOBOTO
cnupTa u 6 M nupuauHa. K 3Toit cmecu mpu nepeme-
TUBAaHUH IO KaruisaM rpubasisuy 61,6 T (0,23 Moin)
PBr, B 2 mn tupuauna. Temneparypy peakinoHHON
CMeCH TOCTENEeHHO B TeYeHHe 1 4. JTOBOAMIM 10
KOMHATHOM, U CMECh KUISITUIX | 4. HAa BOASHOMI
Oane. 3aTeM 0OpaTHBIN XOJMOAMIIHHIK 3aMEHSITH Ha
HUCXOISAIIHHN 1 OTTOHSITH OPOMHCTBIN ITPOITAPT U B
MPUEMHUK Ha CyXoi noTall. Yepe3 HeKOTOpbIN Mpo-
MEXXYTOK BpEMEHH OpPOMUCTBIN ITPONaprui nepero-
HsIM eme pas. Beixon —43,31 (56 %), T —84°C/
760 mm pT. cT., n > — 1,4920 [1].

KoHTpo:as 3a XomoM peakiiy mponapriuInpoBa-
HUs 4-DPyO B alleTOHUTpUIIE OCYLUECTBIISIIU IO
W3MEHEHUI0 ONTHYeckod r1uoTHOCTH 4-DPyO
(392 um) u mponykTa (495 HM).

3HaueHUs HaONIOJaeMbIX KOHCTAHT peakluu
TICEBAONEPBOrO MOPSAKA MPH UCCIECAOBAHUN KHHE-
tuku peakiuu 4-DPyO ¢ 1-6pom-2-iporrHOM pac-
CUHTHIBAJH 10 (popMyIIe:

1. D,-D,
kHaGJI = *11'17,
t D,-D,

rae D, D,, D —COOTBETCTBEHHO ONTHYECKHE TLIOT-
HOCTH PacTBOPOB B HauyaJbHbIA MOMEHT BPEMEHH,
B MOMEHT BPEMEHHU t M IO OKOHYAHUU PEAKLINU.
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BJIUSAHHUE TPOTOYHOI'O O3EPA HA CTPYKTYPY 300BEHTOCA
B PEKE C BbICTPBIM TEYUEHUEM
(ua npumepe p. JIuxma, 6acceiin OHeKCKOro 03epa)

Hwuxe mpoTodHOro 03epa GopMUpPYIOTCS COOOIIECTBA PEYHOT0 3000€HTOCA ¢ OOIIBIIOH OHOMacCcoil U BBICO-
KOH J10J1el OpraHu3MOoB-(UIBTPATOPOB, XapaKTepHbIe A noTaManu. [1o Mepe yaaneHus ot o3epa mpouc-
XOIIUT 3aKOHOMEpHAasi CMEHa CTPYKTYPBI 3000€HTOCa — CHIKaeTcst OMomMacca, Bo3pacTaeT 1015l coOuparte-
el 1 cockpedarese, 4To XapaKTEePHO JJIsl COOOILIECTB PUTPATIH.

KiroueBble ciioBa: 30066HTOC, IPOTOYHOEC 03€PO, NTOHHLIE COO6I.[I€CTB&, oromacca

BBEJEHUE

Ha teppuropun @eHHOCKaHIUH BOJOEMBI U BO-
JOTOKH 00pa3yroT MPOTSAKEHHbIE O3€PHO-PEYHbIE
CHCTEMBI C YepeJOBAaHHUEM yYacTKOB CO CTOSUCH M
TeKylel Bomoi. DKocucTeMy BHYTPEHHHX BOJ
(rugpobroM) TpH HWCCIENOBAaHWH TPATUIIMOHHO
pasnensioT Ha pedHbie (peoO0roM) U 03epHBIE (JIUM-
HOOHMOM) 9KOCUCTEMBI. JTO JeJIeHHE BIIOJIHE OIPaB-
JTAHHO, OJTHAKO Ha MPAKTUKE OHO MIPUBOIUT K TOMY,
9TO pabOTHI YACTO MPOBOISITCS TUOO0 TOJHKO Ha 03€-
pax, 1nbo TONbKO Ha pekax. Takas pa300LIEHHOCTD
UCCIIeIOBaHUH BBI3BIBACT ONPECIICHHBIEC CI0KHOC-
THU IIPY CO3JJaHUH €JUHON KOHIEeNIUH (QyHKIIUOHU-
POBaHUs THIPOOHOMA.

N3BeCTHO, YTO TMMHUYECKUH ILNIAHKTOH MOXET
B Macce IMOCTYMNaTh B PEKH, BHITEKAIOIINE U3 03ep
[3], [18]. DTa ueHHast B KOPMOBOM OTHOILIEHHUH Opra-
HUKa NoTpebsieTcs oprann3MaMu OeHToca (Iepu-
¢uTOoHa), M HAa TOMOOHBIX y4acTKax (HOpMUPYIOTCS
oco0bIe coobImIecTBa ¢ OONBION OMOMACCON | Ipe-
obnamanneM Quiprpyromux dopm [13], [17], [19].
BwMmecTe ¢ Tem 171 TOHUMaHUS POJIM BHOCUMOTO U3
o3epa BellecTBa B (DPyHKIMOHHPOBAHUU PEUHBIX
9KOCHCTEM HEOOXOIUMO ONPEACIUTh, KAKOE BIIHSI-
HUE OKa3bIBa€T MPOTOYHOE O03€pO Ha IPOIECCHI
KOHTHHYaJIBHOTO M3MEHEHHSI PEYHBIX JOHHBIX CO-
0O0IIECTB OT UCTOKA PEKH K YCTHIO, YTO SIBHJIOCH I1€-
JIBIO HACTOSALICH PaOOTHI

MATEPHAJIBI U METO/JbI

HccrnenoBanne 3000eHTOCa TIPOBONMIN  Ha
p. Jlimxkma (Oacceitn OHexXcKOro 03epa) B IEpUOL JIeT-
Heil Me)KeHU (KOHEI] UI0JIsl — Hadyallo aBrycta) ¢ 1998
o 2007 rox mo otpabotanHoM MeToauke [4]. Kpome
3TOr0 UCIOJIb30BaHbl AaHHbIe B. B. XpeHnHukoBa 3a
1978-1991 romsr (1abopatopusi 3KOJOTHH PHIO U
BOJHBIX 0ecrmo3BOHOUHBIX HMHcTHTyTa OMONOTHH
KapHII PAH). Bcero 3aneiicTBOBaHBI pe3ybTaThl
© bapemmes U. A., Kyxapes B. U., 2011

o0paboTtku 49 mpob ¢ 9 craHmMil: KOHTPOIBHBIE
y4acTKu (CT. 8, 9), y4acTKH B HUCTOKE W3 03epa U
HIKe 1Mo TeueHuro (cT. 1-7) (puc. 1). JleTHsas me-
JKCHb BBIOpaHa AJIA MCCIeAOBaHUSI Kak BpeMs Ha-
nboiree CTaOMUILHOTO BOTHOTO PEKHIMA.

Puc. 1. Cxema pacnionoxeHus cranuuii orobopa mpob (1-9)

Bacceiin p. JInxma oTnugaeTcst BBICOKUM KO-
(unmentom ozepHoctu — 14,8 %. O3epo Kenposepo,
B HCTOKE KOTOPOTO pAacloNoKeH HCCIeAyeMbIit
y9acTOK, MMEET ILIoManb 25,7 KM%, moKas3areib yc-
JOBHOTO BomooOMeHa coctaBimser 1,2 [2], [12].
XapakTepuUCTHKH CTAHIIUN MPUBEACHEI B Ta0I. 1.

U3BecTHO, 4TO 7711 OEHTOCHBIX OPraHU3MOB Ha-
nboJiee XxapaKTepHO OTPHIIATEIIFHOC ONHOMHUATEHOE
WITW JIOTHOPMAJIbHOE pacipe/esieHne YUCICHHOCTH
u 6uomaccsl [1], [15], mo3TOMY MCHOIB30BAIIUCH HE-
rapaMeTpHuyecKue MeTobl olleHkH. CpenHue mpu-
BEZICHBI C yKa3aHWEM MaKCUMAJbHOT'O © MUTHUMAJIb-
HOro 3HauyeHuid, pacuer U-kputrepuss MaHHa —
YUTHM ¥ KTaCTEPHBIN aHAIIN3 MTPOBEICHEI B TTAKETE
Statistica 8.
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Tabauna 1
XapakTepucTuka cTaHuuit orbopa npobd

CraHnus
1123|456 7189
Paccrosinue ot o3epa, m| 0 | 25 | 66 | 103|270 | 556|732 | —

Bpewms «mgoberanus
BOJIEL OT 03€DA, C 0 | 95 153|189 |410|728(890| —

CkopocTs Teuenus, m/c |0,05|0,15/0,700,45/0,55|0,60(0,55|0,50
BaJlyH 10/10{10[ 0| 0] 0| 0|80
ranpka | 80 | 80 | 80 | 70 | 70 | 60 | 60 | 15
MECOK 10|10 [ 10 |30 [ 30 | 40 |40 | 5

ITapameTp

I'pynr, %

WNHpexcel OMOIOTHYECKOTO pa3HOoOOpa3us pac-
CUMTaHBl IO ONYyOJMKOBaHHBIM (opmysiaam [6].
OmnpeneneHre opraHu3MoB 3000€HTOCA TPOBOAMIIN
M0 OMNpPENEeTUTENI0 MPECHOBOAHBIX OECIO3BOHOY-
HbIX Poccuu u conpenensHbix Tepputopuit [8], [9],
[10] u ompemenuTeNo MPECHOBOTHBIX OECIIO3BO-
HOUHBIX eBporeiickoi yactu CCCP [7].

PE3VYJIBTATBI HCCJIIEJOBAHMUSA

B cocraBe 3000eHTOCa BBISIBIEHO 38 BHIIOB U
¢bopM HaIBUAOBOIO paHra, MNPUHAMJISKANIHX K
14 TAKCOHOMHYECKUM TpymmaM OeCHO3BOHOYHBIX:
Hydrozoa, Nematoda, Oligochaeta, Hirudinea,
Bivalvia (Pisidium sp., Sphaerium sp.), Gastropoda
(Ancylus fluviatilis Miller, Planorbis sp., Limnea
sp., Physa fontinalis L., Armiger sp., Anisus sp.),
Crustacea (A4sellus aquaticus L., Ostracoda),
Heteroptera (Aphelocheirus aestivalis F.), Epheme-
roptera (Baetis tracheatus Keffermiiller & Machel,
Baetis rhodani Pictet, Baetis fuscatus L., B. (Nig-
robaetis) digitatus Bengtsson, Centroptilum lu-
teolum Miller, Serratella ignita (Poda 1761),
Paraleptophlebia submarginata Stephens, Heptage-
nia sulphurea Miiller), Plecoptera (Leuctra fusca L.,
Isoperla difformis Klapalek, Isogenus nubecula
Newman), Megaloptera (Sialis sp.), Trichoptera
(Hydropsyche pellucidula Curtis, Hydropsyche silt-
alai  Dohler, Cheumatopsyche lepida Pictet,
Rhyacophila nubila Zetterstedt, Neureclipsis bimac-
ulata L., Polycentropus flavomaculatus Pictet, Lim-
nephilus sp., Ceraclea nigronervosa Retzius, Ste-
nophylax sp., Wormaldia subnigra McLachlan),
Simuliidae (Wilhelmia equina L., Odagmia (Simulia)
ornata Meigen), Coleoptera (Limnius sp., Oulimnius
sp.), Odonata (Cordulia aeneaturfosa Forster), Dip-
tera (Ceratopogonidae, Chironomidae).

J171st BBISIBJICHUSI KOJTMYECTBA U cOCTaBa OEHTOCA
B OTCYTCTBHUE BIUSHUS 03¢pa HAMHU ObLTH 00CIIeI0Ba-
HBEI TIOPOTH B BepxHeM TeueHuu (CT. 8, 9). [lanmbie
YYaCTKU PEKH OTIMYAIOTCS OTCYTCTBHEM 03€p Ha Tep-
putopuu BogocOopa. UncieHHOCTh B OHoMacca 300-
OeHTOCa 3/IeCh OTHOCUTEIILHO HEBEITUKH (Tal. 2).

Ha HauajpHOM 3Tame mepexoja 03epo — peka, B
JIUTOpaIIbHON 30HE o3epa (CT. 1) u mpu HeOOIBIIIOM
(mo 0,05 m/c) TeueHnH (CT. 2) YUCISHHOCTH OPTaHU3-
MOB B OEHTOCE COIIOCTaBMUMa C TAKOBOI B peKe BBIIIC
03epa, OJIHaKO OroMacca B J1Ba pa3a OOJIbIIIe 33 CUCT
TuuuHOK pydedHukoB (U-kputepuii Manna —

Yuthu, p < 0,05). Pe3koe yBennuenue oOumus 10H-
HBIX COO6HICCTB OTMCYCHO IIpHU CYHIIECCTBECHHOM
BO3pacCTaHUU CKOPOCTH TEUYCHUS — MAKCHUMAJIBHBIX
3HaYeHHI OMomMacca O€HTOca JOCTUTAET Ha TIEPBBIX
rmoporax Huxe o3epa (CT. 3 1 4). Kak YuCIeHHOCTD,
Tak 1 Omomacca 3000€HTOCA HAa 3TOM y4acTKe J0-
CTOBEpHO BhINIE, yeM Ha npounx (p < 0,05). Ha Hu-
KEJICKAIUX CTAaHIHUAX MPOUCXOAUT MOCTCIICHHOC
CHUKCHHE OMoMacchl 300lleHO3a. Ha paccrosiHumn
550-700 M oT mcToKa (cT. 6, 7) Guomacca OeHTOCA
COIOCTaBMMA C TAKOBOM Ha KOHTPOIBHBIX YIaCTKAX
(cT. 8, 9), MOCTOBEPHBIX Pa3TUUIUI HE BHISBIICHO.

Ta6mmua 2

KonundyecTtBeHHBIE XapaKTEPUCTHUKHU
3000eHTOCAa (MpUBEJEHB CPEIHHUE,
MaKCHMAaJlbHBEC U MUHUMAaJIbHBIC 3HAYCHHUS)

Crannus | Pacmonoxenue qm;gl /HR%CTL’ BHOFI\/ASZC ca,
1.2 O3epo u HavyaIo 14506 9795
> nepexona B pexy | (525-52075)* (3572-16072)
3.4 Ilepssrit mopor (%21%%3_ 66036
> HIXe o3epa 205450)* (29996-134312)
5 Huxe nepsoro 14918 28280
nopora (3875-37650) | (13096-55317)
6.7 Ha ynanenun 5886 8900
i 0T 03epa (975-18200) (3985-16970)
Bepxosse,
8.9 0e3 o3ep 2242 2372
> Ha tepputopun | (1071-3100) (960-3920)
Bozocbopa

* bonbLIoi pa3dpoc 3HaYCHHH BBI3BaH JIOKAJIbHBIMH CKOIIJICHU -
MU MeJKuX npencrasureneid Hydrozoa.

J1s1 BBISIBJICHHS IMHAMHUKHU CTPYKTYPbI IOHHBIX
COOOIIECTB 10 Mepe YAAICHUs OT 03epa BBIIEICHBI
peo0IIaaroIre BUIBI ¢ YKa3aHUEM UX CIEKTpPa U
criocoba riutanus [5], [14], [16] (Tabm. 3). B cocTaBe
OCHTOCAa KOHTPOJIBHBIX YYacCTKOB, HE IMOJBEPIKCH-
HBIX BIUSHHIO 03¢p (cT. 8, 9), mpeobnanaroT codu-
parenu, cockpebaTeln U pa3MenpuuTend. B nuro-
panpHO# 30He o3epa (CT. 1) TOMHHHPYIOT coOmpare-
JIA ¥ COCKpeOaTeII .

Ta6auna 3
CrnekTp M cnocob muTaHus
npeobnagarmUX OPTaHU3MOB
Cnexktp | Crocob
Cranuus Bunet NUTAaHUs |[TUTaHUS
Baetis tracheatus, Leuctra cc-co,
1 \fusca, Limnephilus sp. @, /1 c6, cc-cb
Neureclipsis bimaculata,
2 Hydrozoa 3-C.3-C 2
Hydropsyche pellucidula, ~
3 Wilhelmia equina 3-G.C 2
Hydrozoa, Neureclipsis 3-C, 3-C,
4 bimaculata, Leuctra fusca -1 b, co

Hydropsyche siltalai,
Hydropsyche pellucidula,

5 Baetis rhodani, Ephemerella co, co,

3.C, 3-C, @, | P P> cc-
C

ignita, Elmis maugetti, co, P

Pisidium sp.

Pisidium sp., Baetis rhodani, .
6 Oligochaeta, Limnius sp., C I, na,n0, ([)C,6ccc-%6,

Wilhelmia equina, Leuctra C, ©- d)’ c6’

\fusca
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Pisidium sp., Planorbis sp., & 6
Anisus sp., Aphelocheirus C, d-J1 cé—cccﬁ-cx’
7 aestivalis, Leuctra fusca, CD—[[’ 3 CD’—[L 6. co-.
Baetis rhodani, Ephemerella @ (D’_)I’ il }1’ 6. ¢6
ignita, Oulimnius sp., > e 6. 6.
Limnius sp. >
Baetis rhodani, Leuctra o
8,9  |fusca, Stenophylax sp., qﬁ %‘&l’ ‘66'66%
Wormaldia subnigra ’ €0, P,

* [Ipumeuanue. ® — purodar, -/ — purodar-gerpurodar, [ —
nerpurodar, C — cectroHodar, 3 — 300¢ar, 3-C — 300¢ar-cectoHodar;
cc — cockpebarenb, ¢h — cobuparenb, cc-c6 — cocKpedaTenb-cooupa-
TeJNb, p — pa3MeIbYUTENb, () — GUIBTPATOP, X — XUIIHUK.

Ha yuacTtke nepexona o3epa B peky (cT. 2) mo
Mepe YBETUYECHUS CKOPOCTH TEUCHUS 3aKOHOMEPHO
BO3PACTaeT YUCICHHOCTh OPraHU3MOB-(PHIBTPATO-
POB, CIIOCOOHBIX YJIaBINBATh CHOCUMBIH ITAHKTOH.
Ve npu ckopoctu 0,05 M/c TOABISIOTCS JIOBUME
cetu Neureclipsis bimaculata xax Ha TpyHTe, TaK U
Ha MakpoduTax. X 4ucIeHHOCTHh HEBbICOKa, 10—
15 sx3./mM?. Brimxxe k peke mipu ckopoctu 0,15 m/c
YUCNEHHOCTb N. bimaculata yBenudyuBaeTcs 10
800850 sk3./m?, nosiBisitoTest Hydrozoa — o 50 Thic.
9K3./M%. JlanbHeliliee yBeTUUeHUE CKOPOCTH MTOTOKA
(mo 0,5-0,7 M/c) IPUBOAUT K JOMUHUPOBAHUIO Ce-
TEMIETYIINX JINYMHOK pydelHUKoB (Hydropsyche
pellucidula, H. siltalai) u momiek (Wilhelmia equina).
Ha crnenyrommx craHOMsX MO0 Mepe yAajeHHUs OT
o03epa HaOJII0AaeTCs MOCTENIEHHOE YMEHBILICHUE TOIH
noTpebuTeneil MIaHKTOHA U BO3pacTaHUe A0 CO-
Oupareneii u cockpebareneii (puc. 2).

3000€HTOC KOHTPOIBHBIX Y4acTKOB (CT. 8, 9) mo
cooTHOMIIEHUI0 dopM (cobupaTenu-cockpedarend,
XUITHUKY, PUIBTPaTOphl) Hanbonee OIM30K K CT. 7
(puc. 3). OT0 TOBOPUT O TOM, YTO 110 MEPE yAaICHUs
OT 03€pa MPOUCXOIUT BOCCTAHOBIIEHUE CTPYKTYPHI
JOHHBIX coobmecTB. Ha nenaporpamme npociuexu-
BaeTCsi 000COOIEHHOCTh CTAHIMI B ICTOKE U3 03€-
pa (cT. 2-5) oT yuacTKOB BhIIIE 03epa (CT. 8, 9) u Ha
yaaleHuu ot o3epa (CT. 6, 7).
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Puc. 2. lons cobupateneit u cockpebateneit, GuibTpaTopoB
B coolIiecTBax o 6uoMacce: a — XMIHUKH, O — cobupaTenu u
cockpebaTenu, B — (UIBTPATOPBL; 10 OCH OPAMHAT — 10715, %,

1o ocH abcruce — HoMepa CTaHIU

EBKiIn0BO paccTosiHue
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Puc. 3. biin3ocTs nccnenoBaHHBIX YYACTKOB 110 COOTHOIIEHUIO
JKU3HEHHBIX (popM 3000eHTOCa 10 OMoMacce: @ — CTaHIIMK BHE
BIIMSIHUS 03€pa, 6 — CTAaHIUU Ha HCTOKE U3 03epa

CornacHO KOHIENIMU PEYHOr0 KOHTHHYYMA,
Ouonormueckoe pasHooOpasue B peKe OT UCTOKA K
YCTBbIO 3aKOHOMEPHO H3MEHSETCS, MaKCUMaJlbHbIE
3HauYeHUsl HaAOIIONAIOTCS B 30HE CpEIHEro Teye-
Hus — putpanu [20]. 3HaueHuss UHAECKCOB ITOU Xa-
PaKTEpPUCTUKH JOHHBIX COOOIIECTB MPEACTaBICHBI
B Ta0I. 4.

Tab6nmuna 4
Buonormueckoe pas3HoobOpa3ue 3000eHTOCA

" CraHuus

faeKe 1234 ]5]6] 789
Nunexc
IleHmona 2,11 1,63 (1,58|2,42|2,43(2,40|2,77 1,66
Bsiposuennocts | 0,74 10,63 |0,55| 0,75 | 0,78 | 0,76 | 0,81 | 0,69
Nunexc
nomuuuposanus |0,19/0,27(0,33| 0,13 | 0,11 |0,15{0,09|0,29
CumMricona

MuHuMaNbHOE 3HAYCHHE WHJICKCA pa3HooOpa-
3us llleHHOHA OTMEUYEHO Ha CT. 3, 1€ CKOPOCTh Te-
yeHus coctasuia 0,7 M/c. 31ech ke OTMEUeHa Ha-
HMMEHbIIIasi BRIPOBHEHHOCTh M HAaMOOJIBIIEE TOMH-
HHUpOBaHHE. MakCHMaJlbHBIE 3HAUEHHUS II0Ka3are-
Jel GHOJIOTHYECKOT0 Pa3HOOOpa3us U MUHUMAIb-
HOE JOMUHHPOBAHHUE OTMEUEHBI B KOHIIE TPOTOKH.

OBCYKJEHUE PE3YJBTATOB

Hwxe o3epa cocTaB U KONMYECTBEHHbBIE XapaKTe-
PHCTHKH JIOHHBIX COOOILIECTB CYLIECTBEHHO U3MEHE-
Hbl. [l OLEHKHM BIHSHUS MPOTOYHOTO O3€pa Ha
CTPYKTYpY 3000€HTOCa peKH B TabJ. 5 TMOTy4YeHHbIE
XapaKTePUCTHKH COTOCTABIICHBI C 30HAMH PEKH, BBI-
JIeTICHHBIMHU B KOHIETIIIUN PEYHOro KOHTHHYYMa [20].

Hwxe nmpotouHoro o3epa peka odlamaeT CBOMC-
TBaMU HUJKHETO TEUEHMs — MOTaMaliu, a IO Mepe
yIaJeHHus OT oO3epa BOJOTOK BOCCTAHABIMBAET
CBOICTBA CpeaHETO TEUCHHS — pUTpain. TakuM 00-
pazoMm, HIDKE 03€pa MPOUCXOAUT OOpalleHne Kiac-
CHYECKOI'0 PEYHOTO KOHTHHYYMa.

KoHuenmus pedHOro KOHTHHYYMa CO3[aHa Kak
ONKCaHue TPAaHCPOPMALMU PEUHBIX HKOCHUCTEM U
JaHamadTa oT BEPXOBBEB K YCTBHIO CPEJHECTATHUC-
TUYECKOH pekn 0e3 mpoTouHbIX 03ep [20]. Bmecte ¢
TEM B CBSI3U C IF€OJOTMYECKOH MOJIOAOCTBIO JOJIHH
OonpmrHCTBO pek Kapenuu xapakTepusyroTes CTy-
MEHYaTBIM IPOQHIIEM, B KOTOPOM ITOPOTOBbIE yUac-
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TKHW, UMCIOIIHNE BEJIMYNHY HAUOOJBIIETO MaIeHUs,
YepenyIoTCs ¢ TIecaMy, O3€POBHIHBIMA pacIIupe-
HUSIMU Unu o3epamu [11].

Tab6auna 5

Knaccudukanusa yd4acTKOoB BOJOTOKA
B COOTBETCTBHH C KOHIENMIHUEH
pPedYHOro KOHTUHYYyMa

N Crannuu
pHU3HAK
8,9 2,3,4 5,6,7
Cobupatenu
Homuuupyromue | - pe6aTe—’ Cockpebatenn,
hopmbI s gsMenL- ®dunprparopsl| cobuparenu,
3000eHTOCA - P (unasTpaTops!
YUTENN
buopasnoobpasue| Huskoe Huskoe Bricokoe
JIuctoBoit | IlmamkToH- | MaxpopuTs
Hcrtounuk opra- pod
HHYECKOLO onan CECTOH (aBTOXTOHHOE)
BelIeCTBA (anmnoxToH- | (mocTymaro- U CECTOH
HOE) mee U3 03epa) | (AJUIOXTOHHOE)
TaTyC y4acTKa
CH o Kgfﬂi] emivm Kpenans — | Ilotamains — Putpans —
pETHOTO BEpXHEe Te- HIUXHEE cpenHee
YEeHHU TEYCHH TEYCHH
KOHTHHYyMa cHue cHenme cHeHme

IIpumeuanwue. Cr. 1 (03epHas TUTOPaAJIb) B TAOIUIY HE BKIIOUCHA.

OueBuIHO, POJIb TPOTOYHBIX 03€p B POPMHUPO-
BaHUU JIOHHBIX COOOIIECTB PEK BechMa BEJIHKA.
B ycnoBusix KaMEHHCTOTO MOPOKUCTOTO Pyciia PeK
OT UCTOKa JI0 YCThsI MOTaMallb — 30Ha CIIOKOWHOTO

HIDKHETO TEUSHHUsSI — 4acTo He (popMHUpyeTCst BOOO-
me. OHaKo, KaK MOKa3bIBAIOT IMOJYUYEHHBIE IaH-
HBIE, Ja)Ke B TAKUX PEKaxX Ha yyacTKax HMXXe Mpo-
TOYHBIX 03€p MOTYT CYIIECTBOBAaThH COOOIIECTBA
moTaMaJu.

BbIBOJbI

[IpoTouHOE 03epO OKa3BIBACT OOJIBIIOE BIUSHUES
Ha 3000€HTOC pACIOJIOKCHHOTO HIUIKE YydacTKa
peku. B 30He OCTYIIIEHNS TUIAHKTOHA MHOT'OKPAT-
HO yBeJH4eHa OnoMacca 3000€HTOCa, YTO OKa3hIBa-
€T CYH.ICCTBCHHOG BJINAHUC Ha HpO}IYKTI/IBHOCTI)
BOJIOTOKA B 11eJIOM. B HCTOKE 13 03epa JIOMUHUPYIOT
¢unbsTpyromnme GopMbl, CTPYKTypa JTOHHBIX CO00-
NIECTB XapaKTepHa sl TOTaMali — HUKHEro Tede-
HUs pek. Huxke 1o TeueHuIo Ha yIaJieHHH OT 03epa
3000€HTOC MPHOOpeTaeT CBOWCTBA COOOIIECCTB
PUTPOHA, YTO MOXKHO CYHTATh OOPAaTHBIM PEYHBIM
KOHTUHYyMOM. [IpoTouHbIe 03epa, TAKKUM 00pas3om,
00YCJIOBJIMBAIOT BO3MOYKHOCTh CYIIIECTBOBAHUS CO-
00IIIECTB TIOTaMaJIi B TIOPOXKHUCTHIX pPeKax.

Pabora BeIMoOnHEeHa mpu momaepxkke ['paHTa
IIpesunenra PO miis rocyiapcTBEHHON MOAAEPKKH
Momoasix yaeHbrx MK-1020.2010.4.
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HAJTAHOUHJIUKALUA TPUPOJTHOM CPEJbI I. KOCTOMYKIIA

B craTthe nana oneHka ypoBHs 3arpsasHeHus . Koctomykmn Metonom naiduHouHaukanuu. 1o pesynsra-
TaM aHaju3a B paguyce 20 KM OT ropojia OblJIN BbII€TCHBI 4 30HBI IO CTENIEHH 3arpA3HEHHUS: YCIOBHO YHUC-

Tast, YMCPCHHOT'O 3arpA3HCHUs, CUJILBHOT'O 3arpA3HCHUSA U KPUTUYCCKOI'O 3arpsi3HCHU .
KinroueBble ciioBa: mamMHOMHAMKALMS, cocHa o0bikHOBeHHAsA, Kocromykmickuii ['OK, . Kocromykma, Kapenns

Jl1s oeHKU COCTOSIHUS IPUPOAHOM Cpeasl Tep-
PUTOPHI, TOABEPKEHHBIX BBIOpPOCAM MPOMBIIIIECH-
HBIX TPENNPUATHNA, 9aCTO HMCIOIb3YIOT OHOWHIHU-
KaIlHOHHBIE METO/IbI, OCHOBAaHHBIE Ha ONpPEAETICHIU
BHEITHUX MOP(OJIOTHIECKUX U3MEHEHUH JTUCTOBO-
To ammapaTta ¥ KpoHHI nepeBneB [5], [15], [25], cTa-
OmIBHOCTH pa3BuTHs opranmsma [1], [2], [11], Hapy-
meHnit B (hOpMHUPOBAaHUN TEHEPATHBHBIX OPTaHOB
[12], [17]. CocTOosiHME penpOayKTUBHON CUCTEMBI —
YyBCTBUTENBHBIN TOKa3aTelb aJanTallid pPacTh-
TEITHHOTO OpraHu3Ma K cpeze ooutanus. Hanbonee
CUJIBHOE BIIMSIHUE aHTPOINOT€HHOI0 CTpECca UCIIBI-
THIBAIOT MY>KCKHE T€HepaTUBHBIE OPTaHbl, YTO MPO-
ABJIIETCS B UX AHOMAaJIbHOM Pa3BUTHH U HU3KOM
kauecTBe popmupyemoii meiabLsl [12], [17]. B ycimo-
BUSIX JIeCTaOMIHM3allK CPEebl PACTEHUS IPOLYIIH-
PYIOT MHOTO TepaTOMOP(QHBIX (YpOIIHUBHIX, Aehek-
THBIX) IBUIBIEBLIX 3eped [8], [9], [16], [18], [19].

I'opox Koctomyxkmia moctpoer B 1983 rony mo
MPUHIIUITY «TOPOA B JIECY» C MaKCHUMAaJIbHBIM CO-
XpaHEHWEM YYacTKOB €CTeCTBEHHOro jeca |[l4].
Bo3HHKHOBEHHE TOpOAa CBSI3aHO CO CTPOUTENHC-
TBOM KOCTOMYKIICKOTO TOpPHO-000TaTHUTEIHHOTO
komOmHaTa (I'OKa), mpombITIeHHAS TUTOIIAIKa KO-
TOPOTO pacmnojoxeHa B 10 KM K CeBEpO-BOCTOKY OT
ropozaa ¢ yuetoM po3sl BeTpoB. I'OK sBnsiercs on-
HUM M3 OCHOBHBIX NCTOYHUKOB 3arps3HSIONINX Be-
uiecTB B Kapenuu. Tak,3a2009 ron Koctomykiickum
TOPOJICKAM OKPYTOM OBIIIO BEIOPOIIIEHO B aTMOC(e-
py 45,6 TBIC. T 3arps3HAIOIIMX BEIIECTB, YTO CO-
craBisieT 41 % Bcex BeIOpocoB B Kapenuu. B cocras
OCHOBHBIX BBIOPOCOB KOMOMHaTa BXOASIT TBEPIbIC
Bemecta — 11 %, auokcun cepsl — 82 %, okcun yr-
nepona — 3,1 % u okcuast azota — 3,3 %. I[Ipu sTom
© Epoxuna U. C., Expkuna H. A., Mapkosckas E. @., 2011

BKJIaJ] aBTOTPAHCIIOPTA B CyMMapHbIE BBIOPOCHI I'0-
pona cocrasisieT 9,6 %, U3 HUX OKCHJA yIiiepoaa —
69,2 %, oxcumoB azora — 41,5 % [6]. OgHako ¢dakT
BIUAHHSA JAeATenbHOCTH KOoCTOMYKIICKOTO TOpHO-
00oraTuTEeIHLHOTO KOMOMHATA Ha 3KOJIOTHIO TOPOAa
ocTaeTcsa AMCKyccHOHHBIM [15], [20], [23], [24], [26].
W3 nutepaTyphl H3BECTHO, YTO COCHA OOBIKHOBEH-
Hasi (Pinus sylvestris) 0COOCHHO UyBCTBHUTEIbHA K
JEHCTBUIO TUOKCHIA Cepbl. B yClIOBUAX CHIBHOTO
3arps3HEeHHs y Hee HaOIIoaaeTcss yTHETEHHE POCTO-
BEIX M T€HEPaTUBHBIX mporieccos [3], [7], [21].

Lenb paboThl — OLIEHKA COCTOSHUS TPUPOAHOM
Cpelbl Ha TeppUTOpHH I. KOCTOMYKIITHN ¢ UCTIONB30-
BaHHEM NAJTHMHOJIOTMYECKOTO aHAIN3a.

MATEPHAJIBI U METO/JbI

PaboTta BeIMONTHEHA HA PACTEHUSX COCHBI OOBIK-
HOBeHHOU (Pinus sylvestris L.). Martepuan cobupa-
au B 2009-2011 romax. J{ist mpoBeAcHUS HUCCIEIO-
BaHUI OBLIU 3aJI0KEHBI 22 MPOOHBIX IUIOIIAU, U3
HHX 8 B pa3HbIX 4acTAX ropojaa, 10 — Ha pa3nu4HOM
ymaleHuu oT KomOuHarta (mpoos 1'-5' B toro-3amnan-
HOM HampaBJIeHUH OT KomOuHaTa, 6'-10' — B ceBepo-
BOCTOYHOM HallpaBiieHUH), | mpoOHas miouaas B
YCIIOBHO YUCTOM paioHe (Ha paccTossHUU 20 KM OT
ropojaa B BOCTOYHOM HaIlpaBIICHUH) U 3 KOHTPOJIb-
HbIE TTIPOOHBIC TUIOMIAIN B IOr0-3aMaJIHOM Halpas-
nenn (puc. 1). Ha xaxx ot mpoOHOH moria u obiia
B3dTa 00mas mpobda MUKpoOCcTpoOmn P. sylvestris
¢ 5 IepeBbEB.

MuKpocTpoOHIIBI € YK€ CO3PEBILICH MBIIBIION
¢ukcuposanu B 70 % 3TUIOBOM CIUPTE U XPaHHIN
B XOJIOMUIIBHUKE. {7 [UTONIOTMYECKOr0 aHainu3a
HCIOJIB30Balld  MHUKPOCHOPOQIMILIBI U3 CpenHeH



[NanuHomMHaMKanusa DpupogHoi cpeasl I. Koctomykmu 21

4acTH MHKpOCTpoOMIia, MaTepuai OKpallnBajiud B
1 % pactBOpe aunetokapmuna [16], [22]. WUccneno-
BaHHE MPOBOJUIN C TOMOIIBIO CBETOBOTO MHUKPO-
ckora mpu ysenuueHuu 10 x 40. B xaxxqom o6pasie
MOACYUTHIBAIIN KOJIHMYECTBO TEPATOMOP(HBIX MBIIb-
LIEBBIX 3€PEH U aHAJIU3UPOBATH MOP(OIOTHYECKHE
ocoberHoctu. M3yuanu He meree 2500 MbUIBIIEBBIX
3epeH u3 Kax0ro odpasia.

Cratuctudeckyto o0pabOTKy JaHHBIX TPOBOAU-
W C WCIOJNB30BaHWEM IporpaMMbl «Microsoft
Excel 2010». [Ins oneHKH JOCTOBEPHOCTH U3MEHE-
HHAW UCTIONB30BaJIN ONHOPAKTOPHBIE THUCIIEPCHOH-
HBIU U peTpecCHOHHBIN aHamu3bl [13].

Puc. 1. Pacnionoxxenue npoOHbIX uomaaei: 1-8 — npooHbie
IJIOIAaAX Ha TeppuTOopHu ropoaa; 1'-10' — TpancexTa
10 HaMpaBJeHHIO peobagaronux BeTpos; K1-K3 —
KOHTPOJIbHBIE TPOOHBIE MIomany; [l — 1auHble y4acTKH
(20 kM Ha BOCTOK OT ropoja)

PE3YJIBTATbBI

Pe3ynbraThl IpOBEAEHHBIX HCCIEIOBAaHUN CBU-
JIETENBCTBYIOT O OOIBIIOM Pa3HOOOPa3uu BapHaH-
TOB HapylIeHUsT MOP(OJIOTHYECKOTO CTPOCHHUS
BUTBITE P. sylvestris HaTepputopunT. KoctomyKimm
u Ha paszHoM yaanenun oT ['OKa. Beero Ob1o BbI-
sBieHo 11 TumoB HapymeHuii (puc. 2, Tabauma).

OcHoBHas Macca IBUIBIBI IJIs KX 101 TpoOHOH
IJIOMIAAN SIBISETCS HOPMAaJbHO Pa3BUTOW, OIHAKO
KOJINYECTBO TEPATOMOP(HBIX MBUIBLEBBIX 3€peH U
TUTIBI MOP(OJOTHYECKUX HAPYUICHWH pa3IHnIHbI
IUTs Bcex TeppuTopuil. Tak, Ha TeppUTOPHH ropoaa
coJiepKaHue aHOMAJIbHOW TIBIJIBIBI B CPEHEM CO-
craBiseT 43 %. Haubonee wacto BCTpeuaromiasics
aHOMAaJIUS Pa3BUTHS — MBUIBIIEBEIC 3epHA (II. 3.) 0e3
comepxxumoro (24,6 %), HapylIeHHOE pa3BHTHE
mbUTBIIEBBIX MemKkoB (1. M.) (13,1 %), oTmeuaroTcst
OTKJIOHEHUS B CTpOeHHH 3K3uHHI (4,9 %). Ha ycnos-
HO uucToil Tepputopun (/) comepkanme Teparo-
MOP(MHBIX TMBUIBIEBBIX 3€PEH B J[Ba pa3a MEHbIIE —
20,4 %.

OcCHOBHBIE HapylIeHHS B Pa3BUTHU KacaloTcs
IBITBIEBEIX MemkoB (14,3 %), mMeroTcs TbUIbIle-
BbIe 3epHa 0e3 comepkumoro (3,6 %) 1 HapyLIeHUS
9K3uHBI (2,6 %). CpenHre 3HAYCHUS COACPKAHUS
TepaTroMOp(HBIX THUIBIEBHIX 3€peH B 00pasmax,
oToOpaHHBIX Mo HampasieHuto oT ['OKa k ropoxy
(FO3), cocrasnsrot 11,1 %, mo HampaBieHUIO JEHC-
TBUs npeodnanarmux BetpoB (CB) — 13,0 %.

Puc. 2. Tunbl nbuibLEeBBIX 3epeH Pinus sylvestris L.
Ha TepputopuH I. Kocromykmu:
a — HOpMaJIbHO pa3BUTOE II. 3.; b — 6e3 1. M.;
C — HeIOPa3BUTEHIE II. M.; d — OTHOMEIIIKOBOE II. 3.;
€ — IByXpa3HOMEUIKOBOE II. 3.; f — TpeXMeIKkoBoe 1. 3.;
g — UeTBIPEXMEIIKOBOE I1. 3.; h — I1. 3. 6€3 conepxKUMoro;
1 — HapylIeHHe 3K3UHBIL; j — monuazasl; k — cpocuruecs 1. 3.

IHeinbueBsie 3epHa Pinus sylvestris
C pPa3HBIMHM THNAaMHU HapymeHHu# Mopdhonoru-
YeCcKOro cTpoeHus (cpeaHee uucino, %)

Mecra B3siTHS 106

Tunsl 1. 3.
Topon J |TOK 103 | I'OK CB K

Hopma  |57,00 % 4,41/ 79,55 88,88+ 1.44/86,97 + 1,36| 94,45+ 0,57
Teparo-
MopbHbie 43,00 +4,41120,45 11,12 + 1,44/13,03 % 1,36| 5,55 % 0,57
II. 3.
16/13 HHIX: 110,954+ 1,39| 7,19 |3,56 +0,75|3,35 + 0,69 1,57 + 0,67

€3 II. M.
ONHOMEII™ | 130 40,15 6,51 | 2,17+ 0,31 3,75+ 0,64 0,55+ 0,15
KOBOC II. 3.
By Xpa3HO-
metmkoBoe | 0,10+ 0,03 | 0,00 [0,44 +0,16|0,28 + 0,09/ 0,35 = 0,23
II. 3.
TPEXMEIL 1073 +0,21 | 0,56 [0,39 +0,11]0,62+0,26| 0,00
KOBOC€ II. 3.
YUCThIpEX-
memkogoe | 0,01 % 0,01 | 0,00 [0,03+0,03]0,03+0,03| 0,00
1I. 3.

6e3 conep- hy 63 1 336 3,63 2,46 % 0,35| 3,40 £ 0,75 | 1,25 0,05
KHUMOTO

HapyWCHUA| 4 g6 1 1,221 2,56

1,45+0,44|1,08 £ 0,23/ 0,74 £ 0,07
JK3UHBI

monuansl | 0,11 +0,04 | 0,00 0,00 0,00 0,00

CpOCIHECH |4 04 4 0,00/ 0,00 | 0,00

0,00
IL 3.

0,00

manenbkue | 0,14 = 0,04 | 0,00 {0,58 =0,15|0,49 =0,23|0,74 £ 0,07

6onpmue | 0,16 +0,05| 0,00 10,03 +0,03(0,03 +£0,00{0,36 + 0,04

ITpumeuanue. 'OK_IO3 — npoOHble miomamy 1mo HarnpapIeHHIO
ot 'OKa x ropoxny; 'OK_CB — npo0usle miomany o HarpaBIeHUIO
neiicTBus mpeodiaaroImux BeTpoB; K — KOHTposibHbIE TPOOHBIE 1710~
maau; J| — naunsle yyactku (20 KM Ha BOCTOK OT FOpO/a).

JI7ist MaHHOW TEPPUTOPUU XAPAKTEPHBI CIEAYIO-
LA€ HAPYLICHUS: U3MEHEHUS B CTPYKTYPE IbLIbLIE-
BbIX MerikoB — 6,6 % (FO3) u 8,0 % (CB), 3epHa 6e3
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conepxumoro — 2,5 % (F0O3) u 3,4 % (CB), mapymie-
Hus 9k3uHbl — 1,4 % (FO3) u 1,0 % (CB). B xoHT-
PONBHBIX TPOOAX OTKJIOHEHHS B PA3BUTHH IBLIbIIE-
BBIX 3€peH MUHHUMAIbHEI — 5,6 %, u3 HUX 2,5 % —
MBUIBIIA C HAPYIICHUSIMH CTPOCHHS MBUIBIIEBBIX
MemKoB, 1,2 % — 6e3 cogepKUMoro, OTKIIOHEHUS B
pa3BUTHH IK3UHBI cocTaBAsAOT 0,7 %. AHanus naH-
HBIX 10 TpaHcekTe 10 ['OKa mokasan, 94To mpoueHT
HapyIICHIH B 3aBUCIMOCTH OT PACCTOSIHHS 10 KOM-
OuHaTa U3MEHseTCs HeNMHEeHHO. Tak, KOJUYECTBO
aHOMAJIBHOW MBUIBIEI HA pacctossuuu 0,5-4,5 kM B
CB nanpasnennn ot 'OKa B cpemHeM cocTaBHio
15 %, B 6—8 kM ot ['OKa konuuyecTBO MePEeKTHBIX
MBUTBIIEBHIX 3epeH cHukaeTcs (9,6 %), Ho CHOBa BO3-
pacraer HaumHas ¢ 10 km (10,4 %) (puc. 3). Bersas-
JICHHBIE 3aKOHOMEPHOCTH MOATBEPKAAI0TCS INTEPa-
TYPHBIMHU JIJaHHBIMH O HEJIMHEWHOM PaclpoCTpaHe-
Hum nosutrorantoB ['OKa [4], [26].

% TepaTOMOPQHBIX 1.3.
18 - 7
16+
14 -
12 10'

8

0 -
84
6
4-
2-

rr. KocTromykma ‘ i
0 8 6 4 2 0 2 4 6 8 10 KM
103 TOK CB

Puc. 3. 3aBHCUMOCTb KOJIHYECTBA TEPATOMOP(HBIX MBUIBLEBBIX
3epeH (%) oT paccTostuus 10 komOuHara (1'-10' — Homepa mpod)

B 103 HanpaBneHuu KOJIHYECTBO HAPYIICHUI
HECKOJIBKO HHMIKE€ OKOJIO KOMOWHATa, HO YBEITUYNBa-
eTcsl TI0 Mepe MPHUOIMKEHHS K TOpoxy. DTO IMo-
TBEpAWJI M CTATUCTUYECKUN aHAJIN3: KOJIMYECTBO
AHOMAJIBHBIX ITBLIBIIEBBIX 3€PEH 3HAYMMO YBEIIHUN-
Baetcs (R?= 0,934** OPA). OgHako comepxaHue
TepaToMop(HON MBIIBIBI HA TEPPUTOPHH TOPOAA B
4 paza Oonbie, yeMm B okpecTHOCTAX [ OKa. Mexny
BBIOOpPKAMHU C TEPPUTOPUH FOPOJIa U HA Pa3HOM yJa-
JICHUU OT KOMOHWHATa HaOIFOJJAI0TCS JOCTOBEPHBIE
pasznuuus (F = 57,8%** OJ]A). OTu naHHbIC CBUJIC-
TEeIBCTBYIOT 0 cnabom BiaussHuu ['OKa Ha cocTosi-
HUE TPHUPOIHON Cpeasl ropoja, Mpu 3TOM codeTa-
HUE a’pOBBIOPOCOB KOMOWHATA 1 HH(PPACTPYKTY P
ropoja CujbHee BO3AeHCTBYET HAa MY KCKHUE reHepa-
THBHBIE OPTaHbI COCHBI. J[OBOJTBFHO BBICOKOE COZIEP-
KaHue Je(PEeKTHBIX MBUIBLEBBIX 3€PEH MOIYYCHO
IUTsT TIpOOHOH TuTomany Ha paccTosHUU 20 KM OT
KOMOHMHATa B YCIIOBHO YHCTOM B OTHOILEHHH IIPO-
MBIIIJIEHHBIX BEIOPOCOB paiioHe. AHATIU3 3TOH Tep-
PUTOpUHU TOKa3ajd, 4yTo BOJHM3M OT MecTa OTOOpa
Mpo0 pacronaraloTcs Ja4Hble YIaCTKH, TJ€ BECHON
WHTEHCUBHO CKHTAETCS MYCOp, UTO, KaK MOKa3aHO
B [8], [12], oka3pIiBaeT HEraTUBHOE BO3JICHCTBUE HA
nporeccsl ((POPMUPOBAHUS TBLIBIIEL.

Ha tepputopun ropoja pacnpocTpaHeHHE aHO-
MaJIbHOW TBIIBIIEI HepaBHOMepHOe. HanbompIee ko-
JIUYECTBO TEPaTOMOP(HON MBUIBIBI HAa MPOOHBIX

wiomasnax 1, 6 u 8 snaunmo ormmuaetcs (F = 14,8%*
OZlA) ot octanbHbIX MPo0. OCOOCHHOCTHIO JTaHHBIX
MPOOHBIX TUIOMIA/IEH SIBISIETCS KCIONB30BAHUE WX
IO/ CTOSTHKY JIJIS1 aBTOTPAHCIIOPTA M KaK CBAJIKH, YTO
TaK)Ke MOXKET YBEIMYMBATh KOJTUYECTBO aHOMAJIBHO
pa3BuTod mbUIBIBI [12]. OcTanbHbie MPOOHBIE ILIO-
a1 PACIOIOKEHBI ONIKE K JIECY W UCIIBITHIBAIOT
MEHBIITYI0 aHTPOTIOTEHHYIO HArPy3KY, 9TO TPOSBIISI-
€TCs B YBEIMUYEHHUH MPOLIEHTAa HOPMaIbHO Pa3BUTHIX
MBLITBIEBEIX 3€PEH B TPo0ax.

B pesymnprare ananmmza TMONYYEeHHBIX aHHBIX
ObUTO BBISBIIEHO Bcero 11 THIOB HapyIleHWA, OIu-
canHbIx B juteparype [8], [18]. Bce onu Oblnu 3a-
(hukcrpoBaHbI B IpoOax, 0TOOPaHHBIX C TEPPUTOPUHU
roposa, 9 THIIOB HapyIICHHH — B IpoOax Ha pa3HOM
yIaJeHUH OT KOMOHMHATA (110 TPAHCEKTE), 5 TUIIOB — B
20 KM OT ropoia B BOCTOUHOM HAaINpaBIeHUU U 7 THU-
OB — HAa KOHTPOJBHBIX TMPOOHBIX TUIOMIAISX.
BonpmIMHCTBO HapyIIEHUH NBUIBLBI CBA3aHO CO
CTPOEHHEM IbUIBLIEBBIX MEIIKOB, 3K3UHBI U OTCYTC-
TBUEM BHYTPEHHETO COACPXKUMOro. JlaHHBIC THUIIBI
HapylIeHWH TPHUCYTCTBYIOT BO BCeX Mpoodax.
OTkJIOHEHHS B pa3Mepax HBUIBIBI, KOTOPhIE CUNUTa-
IOTCS CaMbIM HECTAaOWJIBHBIM MPHU3HAKOM IIBLIbIIC-
BBIX 3€peH mpenacraButeneit poma Pinus L. [10], B
JTAHHOM HCCIIEIOBAaHUY ObLIIA BCTPEUYEHBI B HE3HAUH-
TeIBHBIX KoudyecTBax (MeHee 1 %).

UccnenoBanue mokas3aso, 4To BEIOPOCH KOMOU-
HaTa, KOTOPhIe OPHEHTHPOBAHKI B CEBEPO-BOCTOY-
HOM HaIpaBJICHUH B COOTBETCTBHUH C PO30H BETPOB,
OKa3bIBAIOT CYIIECTBEHHOE BIUSHHME Ha pa3BUTHE
MBUTBIIBI, U HA PACCTOSHUU 2—4 KM BBISBISFOTCS
MaKCHMallbHbIe 3HaUYeHU s HapyIIeHu (puc. 3), 9To
CBSI3aHO C OCOOEHHOCTSIMHU a3pPOTEXHOTE€HHBIX BBI-
opocoB ['OKa. DToT (hakT CBUICTEIBCTBYET O HETa-
tuBHOM aeiictBun ['OKa Ha necHble 3KOCHUCTEMBI
BOM3M KoMOMHAaTa. B 1oro-3amagHoM HalpaBIICHHH
KOJINYECTBO TEPATOMOP(PHON MBUIBIIBI OCTAeTCs
HHU3KAM OKOJIO KOMOMHATa M HAYWHACT YBEIHYH-
BaThCs TOJBKO 10 Mepe MPUOIMIKEHUS K TOPOIY,
I7Ie W JAOCTUTaeT MaKCHMallbHBIX 3HAa4eHHUU. DTH
HaONIOICHHS CBUAETEILCTBYIOT O TOM, 4TO Jieiic-
tBue ['OKa Ha cocTosHUE TPUPOIHOM Cpesbl TOpo-
Ja MUHUMallbHO. bousblliee 4mcino HapymieHWd B
Pa3BUTHU MBUIBIBI HA TEPPUTOPUH TOPOIA MOXKET
CBHJICTEIBCTBOBATh O APYTUX BEAYIIUX (aKTopax
3arpsI3HEHUS, KOTOPBIE CBA3AHBI C JKU3HEAESTENb-
HOCTBIO TOPOJIA.

H. A. Kanamrauk ¢ coaBTopamu [16] mpemniioxeHo
palioHupOBaHUE TEPPUTOPUI 110 PE3YIbTATAM MaIU-
HOJIOTHYECKOTO aHAIH3a (10 KOTMYEeCTBY HOPMaJIbHO
Pa3BUTHIX TBUIBIEBBIX 3epeH). CorjacHo JTaHHOMN
KJIacCU(PUKALIUH, TPOOBI MBUIBIBI YCIOBHO YUCTHIX
Tepputopuii cozmepxart Oonee 90,0 % HopMaIbHO
Pa3BUTOM MBUIBLIBI, YMEPEHHO 3arPsI3HEHHBIX — 89,4—
82,9 %, cunpHO 3arps3HEHHBIX — 82,3-75,2 %, KpH-
TUYECKHU 3arpsi3HEHHBIX — 68,6—62,0 % u MeHee HOp-
MaJIbHO Pa3BUTOM MBUIBLEL. B cOOTBETCTBUU € 3TOM
knaccudukanuei repputopuio ropoaa Koctomykmm
MOYXHO OTHECTH K 30HE KPUTHYECKOTO 3arpsA3HEHHS
(HOpMaTBFHO PAa3BUTOM MBLIBIEI OKOJIO 57 %), OKpec-
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THOCTH KOMOHHATA — K YMEPEHHO 3arpsi3HEHHOH Tep-
pUTOpUU (HOPMAJIFHO Pa3BUTOM MBUIBLEI 10 88 %),
TEpPPUTOPHUIO Ha yrajeHnu 20 KM — K CHIIBHO 3arpsi3-
HEHHOM TEpPUTOPHHU (HOPMATHHO Pa3BUTOMN MBLIBIIBI
79,6 %), a TEpPUTOPUIO KOHTPOIS — K YCIIOBHO JHC-
ToH (okomo 95 % HopMmanbHO CcHOPMHUPOBAHHOM
TIBLTBITHI).

Takum oOpazom, B panuyce 20 KM OT ropoaa o
CTENEHU 3arps3HEHUs] MOXKHO BBIJACTUTH 4 30HBI B
3aBHCUMOCTH OT JeHCTBHs BeAymuX (HaKTOpPOB.
Tak, Ha TeppUTOPHUIO TOPOJIa B OCHOBHOM BIIHSIOT
BbIOPOCHI aBTOTPAHCIIOPTA U AEATEIBHOCTD YE€JIOBE-

ka. Ha TeppuTOpuu TauHbIX y4aCTKOB HAMOOJIBITU I
BpeIl MPUHOCUT CXKUTAHHUE MyCcOpa, KOTOPOEe UHTEH-
CHUBHO BEJICTCS KaK pa3 B Nepuox (GOopMUPOBAHHS
neUTbIEL. BeiOpockl 'OKa Takke okas3bIBarOT Hera-
THBHOE BO3ICHCTBHE, KOTOpOe HamboJiee CHIBHO
MIPOSBIISIETCS. B HANPaBICHWUH IIPEOOITaATOITINX
BeTpoB. HammeHee HapyIeHHOW oOKa3ajiach 30HA
KOHTPOJISI, BAATU OT UCTOYHUKOB 3arps3HECHHUS, Psi-
JIOM C TEPPUTOPHUEH 3aMOBEIHUKA, T1Ie CONEPKaHUE
TepaTOMOpP(HBIX TMBIIBIEBBIX 3€peH B MPoOax He
MIPEBBIMIAET YPOBHS €CTECTBEHHON MOIMMOpGHOC-
TH BRI P. sylvestris.
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TPABSAAHBIE ACCOLIMAIIMU ITPUO3EPHBIX BOJIOT F0KHOW KAPEJIUH

B craTtbe nmpuBOIATCS pe3yabTaThl UCCIIEAO0BAHUS PACTUTEIBHOCTH ME30- U 3BTPO(MHBIX IPHO3EPHBIX 00-
not FOxnoit Kapenuu. Ha ocHoBanuu 06pabotku 130 reo60TaHNYECKHUX ONMUCAHUN € MTOMOIIBIO 3KOJIOTO-
(pHTOHeHOTH‘-ICCKOFO METO4Aa U C MPUMCHECHHUEM 3KOJIOTO-IIECHOTHUYECKUX I'PYIII BUAOB BBIACIJICHBI 9 acconu-

aluu.

Kirouessle citoBa: acconuariys, 9KoJI0ro-IIeHOTHYECKas TPyIIa, IPUo3epHbIe 00J0Ta, Me30TPOHEIN, IBTPOQHBII

[Tpuo3sepubie 60510Ta, HAXOAIUECS B HU3UHHOM
WJTH TICPEXOTHOM CTATUSX PA3BUTHS, UMCIOT CIICITH-
(udeckuil pexxuM yBIQKHEHHUS, TECHO CBS3aHHBIN
C CE30HHBIMH KOJICOAaHUSIMH YPOBHS BOJABI B O3€pe.
DT0 HaKJIaJbIBAET OTMEYATOK KaK HAa COCTaB (Iio-
PBI, TaK U Ha CTPYKTYPY PACTUTENBHBIX COOOIECTB.
CnenmansHble pabOTHI, ITOCBAIICHHBIC PACTHTENb-
HOMY MOKPOBY JaHHOTrO THIa O6osoT B Kapenuu, o1-
CYTCTBYIOT. IMeroTcs JaHHbIE 10 MPHOPEKHO-BOA-
HOW pactutenbHOCTH 03ep [1], [6], [7] MO pacTH-
TEIHHOCTHU 3200JIOUEHHBIX JIYTOB, C1a00 CBA3aHHBIX
¢ BojgoemamH [5].

OBBEKT U METOJbI UCCJIEJTOBAHUM

OO0BeKTOM HCCIIEeOBAHU SIBIISIETCS PACTUTENb-
HBIH IOKPOB NPHO3EPHBIX 00JIOT, HAXOASIINUXCA Ha
Me30TpoHOH W 3BTPOHONH CTanuAX pPa3BUTHSL.
[TockonbKy OHH CHUIBHO OOBOJHEHEI U YPOBEHB 00-
JIOTHO-TPYHTOBBIX BOJ B PSIA€ CIy4aeB NOXOAUT 10
0oTMETKH +60 cM, TOCTIO/ICTBYIOIIEE MOJIOKEHUE 3a-
HUMAIOT TpaBsHbIE coobmecTBa. st ux omucanus
3aKjajblBanack BpEMEHHas NpoOHas IUIOAAb
(100 M?), BHYTpH KOTOPO#l OTMEYaJIOCh MPOCKTUB-
HOE€ TIOKPBITHE BCTPEUYEHHBIX BUIO0B B % [2]. B Tex
ClIy4asix, KOorzia cooOIIecTBa MPEeACTaBIsUIH co00H
HEOOJIBIIION €CTECTBECHHBIN KOHTYP, OMTMUCAHKUE OCY-
HIECTBIISIIOCH B €r0 Ipeaenax. Bcero BBIMOTHEHO
130 reoboTaHMYECKMX OMTUCAaHUH HA 00JI0TaX y 03ep
Bepxnee u Hwuxunee Ilagosepo, Jlormosepo,
I'abo3zepo. OmpeneneHre BHIOB MXOB ITPOBEICHO
M. A. boituyk, cTapiiuM Hay4YHBIM COTPYJHUKOM
naboparopun OOJIOTHBIX JKOcUcTeM WHCTUTYTa
omonornn KapHI[ PAH. Ilpu kmaccudukamnmm reo-
0OTAaHUYECKHUX ONUCAHUHA TNPUMEHSIICS 3KOJIOTO-
(GHUTOICHOTHYECKUH METOJI C TPUMEHEHHEM DKOJIO-
ro-nieHotuueckux rpymnm (L) BugoB diaopsr 60-
7ot [3], [4], IONMOTHEHHBIX TPYNIONH THAPOPHUTOB.
© Muponos B. JI., Kysuenos O. JI., 2011

Ilpu BBIIETIEHUM accolMallMid Mbl CTapaliuCh HC-
MOJIb30BaTh 3HAYUMBIC MPU3HAKU, XapaKTEPU3YIO-
[IMe PACTUTEIBHBIN MTOKPOB: JOMUHUPOBAHHE, Yac-
TOTY BCTPEYaEMOCTH, HAIMYHE TUATHOCTUUECKUX
BUJIOB, mpenacraBieHHocTh O dmopsr Goor.
HasBanus acconuanuii B CHIIy CIOXHOH CTPYKTY-
PBI OTIMCHIBAEMBIX COOOIIECTB TaHBI B OCHOBHOM TI0
JIByM I[IEHOTHYECKH HanOojee 3HAYMMBIM BHJIAM.
YTouHEHUE MPUHAIJIEKHOCTH OMUCAHUMN K TOH UIH
WHOW acCOIMAaIH MPOBOJUIOCH C IIOMOIIBIO KO3(-
dummenTa JKakkapa. [[ng HamsgHOTO OTOOpaXke-
HUS pa3MeIIeHUs] OMMCAHHH B AKOJIOTHYECKOM IIPO-
CTPaHCTBE OBLI HCIOIB30BAaH METON OECTPEHI0BOTO
ananmza cootBeTcTBus (DCA) [8]. Jannas 06paboT-
Ka BeImonHeHa B mporpamme PC-ORD.

PE3YJIBTATBI U OBCYXJEHUE

B pesynbrare 00pabOTKM ONMUCAHUN TPABSIHBIX
co00I11ecTB OOJOT OBLTH BBIIEICHBI PACTUTEILHBIC
CPYNIUPOBKHU, pacCMaTpUBaeMble HAMH B paHTeE ac-
couuanui. [IpuBoauM MX BMECTE C HOMEPAMHU CO-
OTBETCTBYIOIIMX KJIACTEPOB OPAMHALMOHHOW IHa-
rpaMMmbl (CM. puUCYHOK): Menyanthes trifoliata +
Carex chordorhiza (3,7 — nBe cybaccomuanun),
Equisetum fluviatile + Naumburgia thyrsiflora (4),
Carex lasiocarpa + Equisetum fluviatile (5), Carex
acuta + Comarum palustre (1,2 — qBe cybaccorua-
nun), Comarum palustre + Carex diandra (6),
Phragmites australis — Carex rostrata (10), Carex
aquatilis — Warnstorfia fluitans (8), Carex rostrata +
Equisetum fluviatile (9), Nymphaea candida — Carex
lasiocarpa (11). @opmat gaHHO# CTaThH HE TIO3BOJISA-
€T IPEACTAaBUTh WX BHUJAOBOH COCTaB MOJIHOCTBIO,
MO3TOMY MBI IIPUBOJIUM HaWOOJIee YaCTO BCTpeUae-
MBI€ BHJBI ¢ KilaccaMu KoHCTaHTHOcTH III-V (cm.
TabIuILy).
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Acconunanuu TpaBsAsHBX coobmecTB npuosepHbx 6onotr Oxnoit Kapenun

+ + g +
S Acconmanus éw) % E% g g g g EE § g gkg § S §§
5| 25| S& S| & | £ %2 %
= A2 & ~
Yucno onucanui 20 17 10 17 14 9 11 18 4
Bunosoe 6orarctBo 55 41 30 34 45 43 46 38 14
BuoBas HachIIIEHHOCTD 13 8 8 8 13 14 14 10
Konnqecmli)olillg?;): TCHIOI(I:;;/ KJlaccaM# 7 5 5 6 11 1 15 3 3
4 Warnstorfia fluitans r r r* I11? rr
5 Carex lasiocarpa v It A% Iy g ar rt rt \%
5 Carex rostrata T 0L I I V! V! I112 %A T
7 Warnstorfia exannulata r r! mr
8 Carex chordorrhiza v rt r I v+ I I T
8 Equisetum fluviatile V! v \'%& V! \'%A I \A V! V!
8 Menyanthes trifoliata \'%A I I 1 \'%& I rt g
8 Utricularia intermedia T L v! r I I Ir V!
9 Caltha palustris T It I rr I v+ I
9 Phragmites australis r T I A\ rt g
9 Calliergon cordifolium I 12 I rr I I I
10 Salix cinerea I I 1T rr
10 Salix lapponum I r* r I I 1 r
10 Salix phylicifolia Ir I I I
10 Calamagrostis neglecta I r! T V! T T T
10 Carex acuta I rr I V4 L v! 1 v I
10 Carex aquatilis I r I rt T % ! I
10 Carex diandra I I v T
10 Carex vesicaria I rr V! I
10 Juncus filiformis r I 1Ir* 1T
10 Comarum palustre v v 1 V? \% V3 v V!
10 Galium palustre T I v I I V! I
10 Naumburgia thyrsiflora g v! I 1 A A A vt
10 Thyselium palustre I I I 11 I
11 Epilobium palustre r I I rr
14 Cicuta virosa I I I 1+ I
14 Eleocharis palustris r I Ivs
14 Lemna trisulca 12
14 Nymphaea candida rt 1 rt %
14 Potamogeton nitens I rt V!

Ipumeyanue. [IpencraBieHHOCTb BU/A B 2CCOLUALIMY OIIUCHIBACTCS JABYMs XaPaKTEPUCTUKAMU: PUMCKMMH LH(ppaMu 0003HAYaeTCs KIIace
BCTPEYaeMOCTH (KOHCTAHTHOCTH) BHJIA, apa0CKHMH — KIIAcC €ro cpeanero oomnus. O4eHpb peaKyIo BCTPEIaeMOCTh IPUHSITO 0003HaYaTh OYKBOM
I, OUEHb MaJioe OOMIIME — 3HAYKOM +.
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Pa3menienue pacTUTENBHBIX TPYIIITUPOBOK B 3KO-
JIOTUYECKOM MPOCTPAHCTBE MPECTABICHO HA Op/IH-
HAIIMOHHOM Juarpamme. AcCCONHMAIMH  BBIJCICHBI
3aMKHYTBIMU JIMHUSAMHU. Hapsimy ¢ 3TMM HamMedeHO
JICTICHUE OTAENBHBIX acCOIMAlii Ha cybaccorua-
un. [locneqHue OTrpaHUYMBAIOTCS APYT OT JIpyra
npsiMoil pepbiBrCTON JHHHEH. Ochk 1, mo-BUAMMO-
MY, COOTBETCTBYET 3KOJIOTUYECKOMY (DaKTOPY «IIpO-
TOYHOCTH» (Harpyska mo Crepenceny — 32 %), a och
2 — (akropy «BIaxkHocTh» (Harpyska nmo CheepeH-
ceny — 16 %). HeBricokass cymmapHasi Harpy3ka Ha
JIBE OCH SIBJISIETCS OTPaKCHUEM TOTO, YTO TPABSHBIE
coo0IecTBa B COBOKYIMHOCTH 00pa3yloT HE3HA4H-
TENBHBIA TPAJMEHT BJOJIb SKOJIIOTMIECKUX (PAaKTOPOB.

[IpuBeneM KpaTKyto XapaKTePUCTUKY BBIJICIICH-
HBIX CHHTaKCOHOB.

Acconunanust Menyanthes trifoliata + Carex chor-
dorhiza Beigenena Ha ocuose 20 onucauuii. OHa BbI-
JIePKUBACT CPEIHIOI OOBOTHEHHOCTH, CBSA3aHHYIO C
CE30HHBIMH KoJieOaHHsAMH BomoeMoB. YBI'B Bapnu-
pyet ot 0 10 +25 cm. st accomanuy B eJI0oM Xapakx-
TepHO noMuHUpoBaHue BUA0B 8 DLII, uTo u oTpake-
HO B €¢ Ha3BaHMW. BHYyTpU Hee HAMEUEHO JCJICHUE Ha
IBe cy0accoluanuy, 3aHUMAIOIe Pa3THIHbIe KO-
JIOTUYECKUE HUIIHU, YTO JOBOJHHO YETKO BBIPAXKEHO
Ha OPIUHALMOHHOM Jrarpamme. ACCOIMAIUS BbIjIC-
JIeHa Ha OCHOBE OTMCaHW, BHITIOJIHEHHBIX Ha 00JI0Tax
y Hmwxnero [lagozepa, Jlormosepa u ['abozepa.

16%

80 1

Ocb 2

Knacrepsl

+XE000 «<I>

T T T

% 32%

Op)II/IHaLII/IOHHaﬂ AuarpamMma pacnpenesicHus OIMUCAHUK
B DKOJIOTHYECKOM ITPOCTPAHCTBE

Acconmanus Equisetum fluviatile + Naumburgia
thyrsiflora (cunonum — Equisetetum fluviatilis [4])
BbIIeJicHa Ha ocHoBe 17 omucanuil. [Ipennountaet
CHJIBHO 00BOTHEHHBIE y9acTKu 0070T ¢ YBI'B ot +15
10 +50 cM. B nenom goMuHUpPYeT XBOLI, TAKKE YaCTO
npeacrasienbl Comarum palustre m Naumburgia
thyrsiflora. OctanbHble BUABI BCTPEYAIOTCS STUHNY-
HO ¥ HE UTPAIOT 3HAYUMOH poiiu B coodmecTBe. OHU
CKOpee SABJISIOTCS MPUCIOCOOJICHIIAMH, CIIOCOOHBIMHU
MIEPEHOCHTh AKCTPEMAIIbHBIE YCIIOBUS OOBOIHEHUSI.
INpencrasiena Ha 6osotax y ['abo3epa.

Acconmanms Carex lasiocarpa + Equisetum flu-
viatile (cunonum — Caricetum lasiocarpae [4]) BbIie-
JeHa Ha ocHOBe oOpaboTkm 10 omumcanuii. OOBOI-
HEHHOCTH He3HauuTenbHast, YBI'B — ot 0 mo +10 cm.
CunbHBIM goMuHaHTOM siBisiercs C. lasiocarpa, co-
nomuHupyet E. fluviatile. OctanbHbIe BUAB UTPAIOT
cnalyro neHoTH4YecKyto poib. [Ipeacrasnena Ha 6o-
notax Hmxnero [lamosepa, Jlormosepa u ['abo3zepa.

Acconmanus Carex acuta + Comarum palustre
(curonmM — Carex acuta — Comarum palustre [3])

BhIJIeNIcHa Ha OCHOBe 17 onnucanuii. OOBOAHEHHOCTh
He3HauutenbHast, YBI'B — ot 0 10 +5 cM. CullbHBIN
nomuHaHT — C. acuta. COMOMHUHAHTAMH SIBIISTFOTCS
C. palustre, E. fluviatile. [lpeasaputenbHO HaMeUe-
HO JeJieHWe Ha JBe cyOaccolmanuyl, OIXHAKO IS
000CHOBaHUsI 3TOr0 HEOOXO UM JaTbHEUIITUI cOOp
matepuana. [llupoko mpezacrarieHa Ha 0oloTax y
o3ep Bepxnero u Huxnero Ilanosepa, Jlormosepa
u ['abo3zepa.

Acconnanus Comarum palustre + Carex diandra
BEIZIeIeHa Ha ocHOBe 14 onmcanuii. YBI'B — ot 0 1o
5 cM. B 1ienom BUIHO 3HAUUTENBHOE CXOACTBO C ac-
conmanuerr Menyanthes trifoliata + Carex chordo-
rhiza. Tax >xe mpoko npexactasieHbl BHAB 8 DI
OJTHAKO K PTOMY J00aBISETCS MUPOKas MPeICcTaB-
neaHocTs 10 DI u Hanm4Ine HHANKATOPHOTO BHAA
Carex diandra. IlpencraBiena Ha 0omoTrax y o3ep
Bepxnero u Huxnero [lanosepa, Jlormo3sepa.

Accommarus Phragmites australis — Carex rostra-
ta BeIieNeHa Ha ocHOBe 9 onucanuil. YBI'B Bapbu-
pyet ot +5 1o +60 cM. CUIEHBIM JOMHUHAHTOM SIBJISI-
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ercs P. australis, cyonomunantamu — C. ostrata u
Comarum palustre. BpicoOkoe TPOEKTHBHOE MTOKPHI-
The naet Lemna trisulca, HO OHA HE BBITOJIHSICT IIC-
HO3000pa3yIoIIeH POy, U TIOITOMY CKOPEE TOJKHA
OBITH OTHECEHA K BUIaM-TIpuciiocooneram. [lupo-
KO ImpejicTaBiicHa Ha Oosore y Jlormo3sepa.
Acconmanus Carex aquatilis — Warnstorfia flui-
tans BeiAeneHa Ha ocHoBe 11 onucanuid. YBI'B Baps-
npyet ot +10 mo +30 cm. JloMHHaHTOM SIBASETCS
C. aquatilis, KOTOpasi KTIHET» 32 COOOH OJIOK BHIOB
cxomnoit axomoruu (10 JUI). JIlnarHocTHUeCKUM BU-
JIOM SIBJISICTCS TPEICTABUTEIb TUITHOBBIX MXOB
W. fluitans. IlpencTasieHa riaBHBIM 00pa3oM Ha 0o-
norax ['abo3epa, oJJHaKO YacTh ONMUCAHUI BBITIONHE-
Ha Ha Ooyotax y Jlormo3zepa u Huxuero [Tagosepa.

Acconmanus Carex rostrata + Equisetum flu-
viatile BeimeneHa Ha ocHoBe 18 ommcanwmii. YBI'B
kosneonercs ot 10 mo 35 cm. lomunupytot C. rostra-
ta u E. fluviatile. B cyOmOMIHAHTHOM TOJIOKCHHUH
HAXOAMUTCS P BBICOKOKOHCTAHTHBIX, HO MAJo-
OOWJIBHBIX BUJIOB PA3TMIHOM SKOJIOTHH. ACCOITUAITHS
npejacTaBiicHa Ha 6osnoTax y ['abo3epa u Jlormo3sepa.

Acconuanust Nymphaea candida — Carex lasio-
carpa IpeaBapUTENIbHO BhIJIeNIeHa MO 4 ONTUCAHUSIM.
B otnnune oT onMcaHHBIX accoldallnii, B HeW npe-
CTaBJICHBI THAPOQHUTHBIC JUATHOCTUYCCKUE BHJIBI,
MOATOMY €€ TMOJIOKCHHE B KJIACTEPHOH Auarpamme
otnyaetcs. [To BUIOBOMY COCTaBY TaHHBIN CHHTAK-
COH 3aHHMMAaeT MPOMEKYTOYHOE IMOJIOKEHUES MEKTY
BOJHON M OOJIOTHOW pacTHUTENBHOCTBIO. Accolua-
1Ml IpejicTaBlieHa Ha 0osiore y ['abo3epa.
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TOKCUYHOCTDB XPOMA TPEXBAJIEHTHOI'O
JJ1S1 DAPHNIA MAGNA STRAUS

B craTtbe mpuBeaeHs! JaHHBIE O BIMSHUU TPEXBAJICHTHOTO XpoMa Ha Daphnia magna, KOTOPbIE SBIISIFOTCS
WHJUKATOPOM 3arpA3HEHUS CPEbI TSXKEIBIMU METATIAMH. YCTaHOBJIEHO, YTO XPOM BO3/IEHCTBYET Ha ILJIO-
JOBUTOCTB, POCT U ApyTHe QyHKIUHU pakooOpasHbIXx. OnpeneneHbl MAKCUMaIbHO AOMYCTUMBbIC KOHILICHT-

panuu Xpoma Iyis qadyHHH.

KimroueBrle cioBa: TSKEIbIE MCETaJlIbI, TpeXBaHeHTHLIfI XpOM, KOHIOEHTpalusi, TOKCUYHOCTD, IMJIOAOBUTOCTD, (pyHKHI/IOHaHBHaH Ha-

rpy3Ka

MeTasisl BISIIOTCSA OJHUM U3 INIaBHBIX (haKTO-
POB COBPEMEHHOI'0 MTPOU3BOACTBA. 3BeueHue me-
TaJIJIOB U3 36MHBIX HEP U UCHOJIB30BAaHUE BO BCEX
cthepax HeITEIHPHOCTH COIPOBOXIAETCS UX HCKYC-
CTBEHHBIM pacceuBaHHEM B Ouocdepe.

Oco0eHHOCTBIO TAHHBIX BEIIECTB KaK 3arps3Hu-
TeJned sBJIAETCS YCTOMYMBOCTh B BOJHOM cCpene.
OHHU He OABEPraroTCs XUMHUECKOU Jerpaiainu, a
MEPEePaCIPENENAIOTCI MEXKJy aOUOTHYCCKUMHU U
OMOTHYECKUM KOMITOHEHTAMH, YBEIMYHBAas CBOIO
KOHIICHTPAIIHIO TIPH TIEPEXO0JIE MO TPOPUIECKUM I1e-
M [7]. [losTomy mpobGiiema n3ydeHus yCTOWYH-
BOCTH THIAPOOMOHTOB K JACHCTBUIO BO3PACTAOIIIX
KOHLEHTPAaLUN TSKEIbIX METAJJIOB B YCIOBUSX
MPOTPECCUPYIOIIET0 aHTPOIOTEHHOTO BO3ICHCTBUA
Ha ruapochepy COXpaHsIeT CBOIO aKTyaJbHOCTb.

CoenuHeHUsT MHOTHX METAJIOB SBJISIIOTCS HE-
OTHEMJIEMON YaCTHIO PACTUTEIBHBIX U >KMBOTHBIX
OpTaHW3MOB, PETYIUPYsS] OMOXUMHYCCKHE TPOIIEC-
¢l U ¢usnonorndeckue GyHkuuu [2], [9]. Omnako
MPH U30BITOYHOM MOCTYILICHUU METAJIIIBI IIPOSBIISI-
FOT TOKCHYHOCTb, BRICTYTIAsl B KAYECTBE HHTUOUTO-
POB 3H3UMaTHUYECKUX peakuuil. To ecTh, ¢ OIHOMI
CTOPOHBI, TSIKEIIBIE METAJIJIBI U UX COCTUHEHHS MO-
TYT BBICTYIIATh Kak OWOTEHHBIC, a C APYToil — Kak
TOKCUYHBIE 3arpsI3HSAIOIINE BEIIECTBA.

OCHOBHBIMU UCTOYHUKAMHU MOCTYTIJICHUS XpOMa
B OKPY’KAIOIIYIO CPEY SIBISIOTCS TOPHOIOOBIBAIO-
1[ye KOMILIEKCHI U NPEANpUATHs dHepreTuku. [lpu
CKUTAHUM TOIUIMBA, IKCIIyaTallid MECTOPOXKIe-
HHUH TTOIMMETAJITHYECKUX Py MPOUCXOIUT TEXHO-
TE€HHOE paccerBaHUE METAJIa ¢ aTMOC(HEPHBIM ITe-
PEHOCOM, IOBEPXHOCTHBIM F'UIPOXUMHUYECKUM CTO-
KOM, B pE€3yJIbTaTe YEro XpoM 3arps3HsIeT BEPXHUE
TYMYCOBBIE TOPH30HTHl TIOYBBI, HAKAIJINBAETCS
B JIOHHBIX OTJIOKCHUSAX O€CCTOYHBIX BOIIOCMOB.
© Peoxxos JI. I1., AprempeBa H. B., Kanckas M. A., 2011

bonpmas wacts Kapenun otHocuTcs k Omoreo-
XAMHUYECKOU MPOBUHIIMY C TIOHM>KCHHBIM CO/IEpXKa-
HHEM XpOMa, OJTHAKO €ro KOJIMYECTBO B Pa3TUUHBIX
opoJIax KoyieOJIeTcs B OYeHb MIMPOKUX Mpeeax —
ot 30 mo 2850 mr/kr, B mouBax — ot 30—40 g0 150—
200 mr/kr [10], [13].

B Hacrosimee Bpems KOHIIGHTPAallMM Xpoma B
cpejie He BbI3bIBAIOT onaceHuil. OHaKo MoCTeneH-
HO TPOUCXOIUT yBEIUUYEHUE €ro MOCTYILICHHUS B
ouocdepy u nodaBneHHE K €CTECTBEHHOMY (OHY.
Tonmbko 3a 1 Tox B cOpocax meTposaBoackoi TIL]
Macca Xxpoma Bo3pocia B 2 pasa (¢ 1,6 xr B 2005
roxy 1o 3,5 kr B 2006 roxy) [4]. OT™meuaeTcs yBenu-
YeHHE COJep)KaHHsI XpoMa B JOHHBIX OTJIOKEHHUAX
Omnexckoro u Jlanoxckoro o3ep, B KapbepHBIX BO-
nax Kocromyxkmckoro I'OKa [11]. CornacHo nute-
paTypHBIM JTaHHBIM, IMUCCHS XpPOMa U3 €CTECTBEH-
HBIX HCTOYHUKOB IIPEBBINIACT aHTPOTIOTEHHYTO [14],
MO3TOMY TOTEHLHAJIBHO OMACHBIM 0YaroM HAaKoOII-
JICHUS XpOMa MOXKET CTaTh TEPPUTOPUS MECTOPOXK-
JICHUS U pa3paboTKku XpoMHTOB B [1y10:KCcKOM paiio-
He [10]. 3BneueHHsIi U3 Henp, XpoM OyzneT mocTe-
TIEHHO PACIIPOCTPAHITHCS W3 WMITAKTHOW 30HBI W,
BKJTIOYAsICh B IPUPOIHBIE IUKJIBI, HAPYIIAaTh eCTeC-
TBEHHBIE TPOIIECCHI B IKOCHCTEMax. TakuMm oOpa-
30M, BO3HHMKJIa HEOOXOAUMOCTh B IMPOBEAECHNUHU HUC-
CIEeIOBAaHUM MO OLEHKE TOKCHMYHOCTH XpoMa Ha
MIpPUMEPE SKCIEPUMEHTAILHOTO OTPAaBJICHUS TUIaH-
KTOHHOTO BETBUCTOycOTO pauka Daphnia magna
Straus, o06magaroNmero BHICOKOH YYBCTBHTEIHHOC-
TBIO K BO3JICHICTBHIO TSAKEJBIX METAJIJIOB.

MATEPHUAJ U METOJAbI UCCJEJOBAHUS

3KCHepI/IMeHTI>I Mo MU3YYCHHUIO TOKCHUYHOCTH
XpoMa npoBOAWIN B COOTBETCTBUU C O6IHerI/IH51-
TOM MeTO,Z[PIKOﬁ BOJHOTOKCHUKOJIOTHYCCKUX HCCIIC-
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nmoBauui [6], [12]. TOKCHIHOCTH TPEXBAJIEHTHOTO
xpoma B Bujie kpuctasnoruapara CrClL*6H,0O wuc-
CJIeZIOBANIA TIPHU OCTPOi (96 4acoB) ¥ XPOHUYECKOM
sKkcro3unuu (60 cyToK) Ha cepuu reHepanuii a1abo-
paTopHoO#t KyneTypel Daphnia magna Straus (uc-
XOJTHOE — TPEThE MoKoJieHue). [[ponomKuTeNbHOCTh
OMBITOB C KaXJOW TeHepauuen — 25 CyTOK.
[ImoTHOCTH MOCAKH PAaYKOB B OCTPHIX OombITax — 10
9Kk3. Ha 100 My, B XpoHuyeckux — 7 3k3. Ha 300 mu
CpeAbl IpU TPEXKpaTHOW MOBTOpHOCTH. Kopmom
o1 JaHUN CIIY)KUJH OJHOKJIETOYHBIE 3€JICHBIE
BOJIOPOCIH P. Scenedesmus, BRIpallleHHbIE IO CTaH-
JapTHOH Metoguke. ONBITH TPOBOAMINCE B J1a00-
paTOpHBIX YCIOBUAX Ipu Temmeparype 1822 °C.
B kadecTBe KOHTPOJNBHON W pa30aBIAIONICH WC-
[IOJIB30BAJIM  JIEXJIOPUPOBAHHYIO BOJOIPOBOAHYIO
Bony. Paboumne pacTBOpHI (KOHLIEHTPALIMN) TOTOBU-
T Ty TeM J00aBIeHUS K BOJE B BO3PACTAIONINX KO-
JINYECTBAX KOHIIEHTPUPOBAHHOTO «MAaTOYHOTOY»
pacTBOpa BeleCTBa. 3aMEHY OIBITHBIX CPEJl Ha CBE-
JKETIPUTOTOBJICHHBIE TPOBOAMIIN C yIETOM CTAOHUITb-
HOCTH BEI[ECTBA, HO HE pexke 2 pa3 B HENEIIO.

[Ipu oueHKe TOKCHYHOCTH Ipemnapara s nad-
HUN YYUTHIBAJIN BBIKHBAEMOCTH, MapameTpbl BOC-
MIPOU3BOICTBA, JIMHEHHBIN POCT, (PHU3MOIOTHIECKOE
cocTosiHMe pakooOpas3Heix mo cucteme JI. A. Jlec-
HukoBa [5]. Kpome Toro, ucrosb3oBain Meton (hyH-
KITHOHAJTLHOW HArpy3KH [3], ISl 4ero OMBITHBIX U
WHTAaKTHBIX caMOK 1, 2 u 3-i reHepauuii B KOHLE
XPOHMYECKOH O3KCIO3MLIMM TOMEIIATd B KHUCITYIO
cpeny (pH = 4,5) u peructpupoBaiy CpoKH dIUMHU-
HaIUH.

PE3VJIBTATHI UCCJIEJIOBAHHUM

BnusHue xnopupa TpexBaJeHTHOTO XpoMma Ha
nadHUN n3yvaiu B quana3oHe KoHneHTpanui 0,01—
100 mr/m. [Tpu 25 mr/n u 6osiee TOKCUKAHT OBLI OCT-
PO TOKCHUYEH JUIsl paKoOOpa3HbIX, pacyeTHas MeIuU-
aHHas yetanbHas KoHuentpauus LC,, cocraBuia
~19 mr/n1. 3aBHCUMOCTB BpEMEHHU pearupoBaHus Mo-
JOTIBITHBIX OT KOHIEHTPAIUH XJIOPH/Ia XpPOMa C BBI-
cokuM ypoBHeM 3HauuMocTH (p < 0,01) omwmceiBa-
Jach ypaBHeHHEM perpeccun y = (-2,0) + 4,9/x.

IIpu XpoHHYECKOM BO3AEUCTBUU TOJIEPAHTHOCTh
PauYKOB K XJIOpUIY XpOMa Ha IPOTSLKEHUH 4 mociie-
JIOBAaTEIbHBIX ME€HEPALUH MOCTENEHHO CHUXXANach.
Camku ucxoxguoro nokonenus (F)) Obutn otHOCH-
TEJIBHO YCTOMYMBBI K IIPUCYTCTBHIO BEILIECTBA B
cpene B kommuectBax 0,01-0,32 mr/m; mpu Gomnee
BBICOKMX KOHIIEHTPALUSIX K KOHILY 3KCTIO3ULIUH BBI-
KUBA€MOCTh PAavYKOB 3aMETHO CHWXajach W TpPH
MaKCUMaJIbHOH HCCIEIOBAaHHOH KOHLEHTPalUH
10,24 mr/n cocraBuna 24 % (B xoutpoine — 91 %).
Pauku nepsoro nokosenust (F)), kak U MCXOAHOTO
(F,), coxpaHsin BEICOKYIO YCTOWYMBOCTD K PEAreH-
Ty B Irpaauente konueHTpauui 0,01-0,32 mr/m, on-
HaKo IpH yBeIWYeHUHW KoHIeHTpanuu oT 0,64 mo
10,24 M1/ OHU TIOTHOCTBIO MIMMUHHUPOBAIH B TIE-
puon Mexay 7-mu u 20-Mu cyTKkaMmu onbiTa. Jadaun
BTOpOro mnoxonenus (F,) MONIHOCTBIO BBDKHMBAIU

npu KoHneHTpanuu 0,16 Mr/n u MeHee, a B TpeThbeM
nokosniennu (F,) uX KU3HECTIOCOOHOCTH COOTBETC-
TBOBaJIa KOHTPOJIBHOMY YpPOBHIO ToJbKO Ipu 0,01—
0,08 M1/ TOKCHKaHTa B Cpe/ie.

Penponyknusg siBisieTcss Hanbolnee 3aBUCHMON OT
HEeOJIarompusATHRIX BO3JEHCTBUN (yHKIMEH opra-
HHU3MA. Y madHUH]T TTOJIOCTH BEIBOIKOBOM CYMKH OT-
KpbITa, 3M6pI/IOHBI HC 3alIUIICHBI OT BJIUSAHUA CPEC-
Abl, 4YTO SABJIACTCA HpH‘IHHOﬁ BO3HUKHOBCHHA pa3s-
JINYHBIX HAPYIICHUH B Pa3BUTHH ULl M 3aPOBIIICH.

[loBpexnaromee BO3AEHCTBHE XJIOpUAA Xpoma
Ha pa3MHOXeHWe MadHUN OTMedaloch HaMH Ha
MPOTSKEHUH BCETO JDKCIIEpUMeHTa. B MakcnMaib-
HOHM wmccnemoBaHHON KoHIeHTpanwu 10,24 Mmr/m B
HICXOHOM ITOKOJIEHUH HACTYIUICHHE ITOJIOBO3PETIOC-
TH y CaMOK U BBIMET NEPBOM MOJIOAU 3aJep>KUBa-
JIUCh TI0 CPaBHEHUIO C KOHTPOJEM Ha 4 U 6 CyTOK
COOTBETCTBEHHO. Po)kJeHME MEpPTBOM MOJIOAU U
a0boOpTUPOBaHUE SUIl B BO3PACTAIOIINX KOIUYECT-
BaX PETUCTPHPOBAIN BO Bcex 4 TeHepanusx Mpu
TIPEBHITIICHUN B cpene KoHmeHtparuu 0,16 mr/m.
Pe3ynpraToM ONHMCAaHHBIX HApPYIIEHUH pPENpOAyK-
WU SIBIJIOCH TPOTPECCHPYIONIEE B TMOKOJCHHIX
(F,— F,) cHwKeHne peanbHON MIJIOAOBUTOCTH.
YcroiiunBoe ctaTucTH4ecku noctoepHoe (p = 0,05,
T = 2,78) yMeHbLICHUE CPEIHECYTOUYHOHN TI00-
BUTOCTH B HCXOJHOM IIOKOJIEHUU OTMEYAIH TPHU
1,28 M1/ xopuga XxpoMa, B 1-M TIOKOJICHHH — IIPH
0,64 wmr/m, Bo 2-mM — npu 0,32 mr/n, B 3-M — mipu
0,16 mr/n (puc. 1). B nenom yrueraroiiee Bo3aekc-
TBHE XpoMa Ha (paKTUYECKYIO IMJIIOJOBHTOCTH Jad-
HUH OBLJIO BEIMKO, JOCTOBEPHO M BapbUPOBAJO
B reHepanusx ot 92 1o 94 % (n).
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Puc. 1. Bnusinue pa3nuuHbIX KOHIEHTPALMH XJI0pHAa Xpoma
CrC13*6H20 Ha BBIXXMBaEMOCTb (THCTOIPAMMBbI) U IJI0I0BHU-
ToCThb (rpaduky) naguuil yeTsipex renepaunii F —F,

OTpurarensHoe BIUSHHE TOKCHKaHTa Ha MeTa-
00JTM3M ILUIAHKTEPOB OTUYETIIMBO IPOSBUIIOCH B KOH-
neHTpanuax 0,16 mr/m u Oonee. Y MOXOIBITHBIX
CHIIKAJIACh AKTUBHOCTH TUTAHUS, HAPYIIAJICS TIPO-
1ecc mepeBapuBaHusl MUIIH, OKPACcKa COACPKUMOT0
KHUIIEYHUKA MpruoOpeTana HeeCTeCTBCHHBIA OXPHC-
THIA 1BET. B pe3ynbrare B 3TUX cpeaax y nahHUi
HCXOHOTO—TPETHETO TOKOJIEHUH COKpaIanoch
KOJIMYECTBO JISOHHPOBAHHOTO JKHPa, a y CaMOK
2-ro u 3-ro nokoneHuit mpu 0,32 M1/ u Gonee Kup
MPaKTUYECKH OTCYTCTBOBAIL.

[Tpu BO3AEHCTBUU HA OpraHU3M HEONIaronpHsIT-
HBbIX (DaKTOPOB B TEPBYIO OYepeAb HAPYIIACTCS
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MJaCTUYCCKUH 00MEH, YTO MPUBOIUT K MOpdoIo-
THYECKUM M3MEHEHHUSM B BHJAE YMCHBIICHHS DPas-
MepoB [14]. YcToituuBas TEHAESHLUS K COKPAILEHUIO
JUHEWHBIX pa3MepoB NaQHHH TMPOCICKUBAIACH
HaMH{ B LIMPOKOM Janana3one konuenrpauui CrCl,
(cM. Tabnumy). [Ipryem eciu B HCXOTHOM IOKOJIE-
HUU 3HAYUMOE yMEHBIICHUE IJIUHBI TeJla PAayKOB
PErucTpUpOBaIi IPU MUHUMAJIBHOM COIEPKAHUH

PaKTEpUCTUK Pa3BUBAIOIIETOCS TOKCHUYECKOTO 3(-
(exTa IO OTHOIICHHUIO BEPOSTHOCTHBIX CMEPTEINb-
HbIX KoHeHTpanui xpoma (JIK, u JIK, ) B ocTpbIx
Y XpOHMYECKUX IKCIIEPUMEHTAX MO3BOJUII OIpee-
JUTH BETUYHHY KOdQPHUIIHEHTA KyMyIsauun — 52,2,
KOTOpas yKa3bpIBaeT HA YMEPEHHYIO CTETIEHb KyMy-
JSUU TPEXBAJIEHTHOTO Xpoma y naduuii [§].

xJjiopuza xpoma 1,28 MI/I1, To B TpeTheM MOKONEHUU Moxonenme 1
9Ta KOHIEHTpaus Obliia B § pa3 MEHbIIE U COCTaB-
nsna 0,16 mr/i. KoppensmuoHHas CBs3b MEKITY KOH- 2 100
LUEHTpalel TOKCUKaHTa U JJMHOM paukoB BO3pac- g o
TaJa B IOKOJIEHUX: KOA()OUIUEHTHI KOppesiuH (r) 3 80 00,08 Wi
COCTaBJISIM COOTBETCTBEHHO -0,74 B HMCXOIHOM, § ------ 0,16 MmN
-0,93 — B 1-M, -0,99 — BO 2-M ¥ 3-M NOKOJICHHAX. ] 40 — ——032min
£ 2
BnusHue pa3nuYHBIX KOHOEHTpANUH 6 0
xnopuna xpoma CrCl,*6H,0 1 9 3 4 5
Ha NTHHelHBIe pasMeps (MM) Daphnia magna Cyron oneira
Iloxonenue
KoHueHT-| HCXoqHOE repBoe BTOpOE TpeThe
pai, (Fp (F) () (¥,
M MEm [l v Lol Mem |t Mem |t Mokonenue 2
Kontpons 4,04 +0,03| — |3,74+£0,04| — {3,73+0,03| — (3,55+0,04| — 2 100
0,01 |4,05+0,03]0,2] 3,76+ 0,04 |0,4|3,74 0,03 0,2 |3,56 + 0,04| 0,2 g a0
0,02 |4,06+0,03]0,5]3,76+ 0,04 0,4|3,72+0,03 0,2 |3,56 + 0,04| 0,2 S &0 0008 mrin
0,04 |4,02+0,030,5|3,75+0,04 0,2[3,74=0,03 0,2 3,53 £0,04| 0,4 8 o R | 0,16 mrin
0,08 |4,05+0,03]0,2]3,74 0,04 [0,0|3,75£0,03|0,5 |3,55 + 0,04| 0,0 @ — —— 032mrin
0,16 |4,03+0,030,2]3,75=0,04 |0,23,70 £ 0,04| 0,6 3,45 0,03 [2,0* z 20
032 [4,02£0,030,5]3,73 0,04 (0,2|3,57 0,04 3,8*3,41 +0,04|2,5* @ 0
0,64 |4,00+0,03]0,9 - - - 1 2 3 4 5
1,28 3,87 +£0,04(3,4% - - - CyTim onbira
2,56 [385+£004[38 - - -
512 [375£003)6,8% - - -
1024 [370=005[5.7% - - -
Ilpumeuanue. * — CTATUCTUYECKH JOCTOBEPHOEC OTKIOHCHHE OT Moxonexue 3
KoHTpous npu p < 0,05, t —— 1,96.
2 100
Bospacranue Tokcuueckoro a¢dekra oTpakaet 8 o
HaKOTIJIEHUE (I)YHKLII/IUOHB.J'ILHLIX MOBPEXK ACHUI. HpI:I é 80 0-0,08 Mrin
JIUIMTEIBHOM BO3JCHCTBUM MHUKPOKOHIEHTPALINI S .0
OTPABIISIIONINX BEIIECTB CHIDKACTCS aJamnTallloOH- a TR S e 0,16-0,32Mrin
Has CIIOCOOHOCTH OPraHU3Ma IIPH CTPECCOBBIX CH- £ 2
Tyalusix, HallpuMep MpPU Pe3KOM U3MEHEHUU YCIIO- o 0
BHIl cpepl NMPOSIBISIIOTCS CKPBITHIE IOCIEACTBUS 1 2 3 4 5
WMHTOKCHUKAITHNU. CyTKM onbITa
PaukoB 1, 2 u 3-ro nokoneHuH Mo 3aBEPIICHUU

XPOHUYECKOIO SKCIEPUMEHTa C XJIOPUIIOM XpoMa
nomMemnianu B kucieie cpeasl ¢ pH = 4,5. Peakuus
naduui 3 kouneHtpamuit 0,01-0,08 mr/m Obuia
CpaBHUMA C KOHTPOJIEM: BO BCEX TPEX MOKOJCHHUAX
payKH MPOSBUIIM PABHYIO YCTOHYNBOCTD, BEIKUABAS
B KHUCJIOH cpeae B Te4eHHE S5 CyTok (puc. 2).
IomonbiTHRIe W3 KoHIEeHTpanuit 0,16 u 0,32 Mr/n
OKa3alluCh MEHEe YCTOWYUBBIMH K 3aKUCIICHHIO:
BpeMs ku3HU B nokonenusx (F, — F)) coxpama-
JI0Ch C 4 CYTOK B IIEPBOM JI0 3 U 3 CyTOK COOTBETC-
TBEHHO BO BTOPOM M TPETHEM IOKOJICHUH, UTO SIB-
JASTCS TPU3HAKOM HAKOIJICHUSI TOKCHYIECKOTO (-
¢exra (QyHKIMOHATBHON KyMynsauun). Pacuet xa-

Puc. 2. Bausinue ¢pusnonorudeckoit Harpysku (pH = 4,5) Ha
Daphnia magna npyu HHTOKCUKALUHN Pa3IHYHBIMH
KOHLEHTPALUSIMH XJIOPHIA XpOMa

3AK/IIOYEHUE

[IpoBeneHHBIE HCCIENOBAHUS MO3BOJSIOT 3a-
KJIIOYHTh, YTO IOPOTOM TOKCUYHOCTH XJIOpHUJA
TPEXBAJICHTHOTO XpoMa IS JadHUM SIBISETCS KOH-
uentparus 0,16 Mr/n, a MaKCUMaJIbHO JOIYCTUMOMN
koHueHTpauued — 0,08 mr/n (B mepecueTe Ha HOH
Cr** — 0,03 u 0,015 MI/1 COOTBETCTBEHHO). DKCIIE-
pUMEHTAJIBHO TOKa3aHO, 4YTO XPOM CHOCOOCH
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K (YHKIIMOHAJIBHONW KYMYJISIIIH, TIO3TOMY B TIOKO-
JNeHUsIX JaQHUH PErUCTPUPOBATN CHIDKCHHE YC-
TOWYUBOCTH K TOBPEKIAIOIIEMY BO3JEHCTBUIO
XpOMa — OTKJIOHEHHSI B YPOBHE OCHOBHBIX OHOJIOTH-
YEeCKHUX MPOLECCOB (POCT, pa3MHOXKEHHUE) Y IIOTOMC-
TBa HE TOJIBKO COXpPaHAJINCh, HO U BBISABJISAINCH 110
CpaBHCHHIO C UCXOOAHBIMH 0CO0sIMH B MEHEE KOH-
LIEHTPUPOBAHHBIX paCTBOPax.

B 300IIaHKTOHHBIX COOOIIECTBAX OAHUMU U3
TNEPBBIX NOIIOMAIOT U MAKCHUMAJIbHO HAaKaIlJIMBAIOT

MOTOKH TOJUTIOTAHTOB (DUIIBTPATOPhI — BETBUCTO-
ycble pakooOpasHble, ObICTPO MpHu 3TOM oTMupas [1].
[TosTOMy mocTymIeHHEe B BOIOEM COETWHEHHH XpO-
Ma B DKOJIOTMYECKH 3HAYUMBIX KOIMYECTBaxX OyaeT
HE TOJIEKO U3MEHSTH CTPYKTYPY LICHO30B, HO U Hapy-
II1aTh MPOLIECCH CAMOOYHIIIEHHS, YTO BECbMa OITacHO
B YCIIOBUSIX CEBEPHBIX OJIMTOTYMO3HBIX BOJOEMOB,
o0aaomux MUHUMAIBHOH Oy(epHOH eMKOCTBIO
M0 OTHOLICHHUIO K METaJlJlaM U He CIIOCOOHBIX K d(-
(eKTHBHON MPUPOAHON NETOKCHKALIUH.
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OCOBEHHOCTH POCTA BPIOKBEHHUWIbI PIERIS NAPI (LEPIDOPTERA, PIERIDAE)
B YCJI0BUAIX HEMOPAJIBHOU 30HbI POCCHH

PaccmaTpuBaroTcs 0COOCHHOCTH JIMUMHOYHOTO pocTa OprokBeHHHMIIBI Pieris napi (Linnaeus, 1758) B ycio-
BHSIX HEMOpPaibHOU 30HbI Poccuu. Ilosryuensl ypaBHEHUS PErPECCUH, OIUCHIBAIOIUE JUHAMUKY POCTa I'y-
CCHMII CAMIIOB U CAMOK. BBISIBIIEHBI pa3iuuus B CKOPOCTU POCTa JTUMIHUHOK 000uX monoB. [TokazaHo, 4To
Macca CaMIIOB MPEBBIIIAET MACCy CAMOK Ha pas3HBIX CTaIUAX KU3HEHHOrO IMKiIa. B xome Metamopdosa

MIPOUCXOIUT YMEHbBIIIEHUE MacChl Tela 0co0eH.

KimroueBrle citoBa: 6pIOKBeHHI/IHa, MpeuMaruHajibHbIC CTaUuH, POCT, HEMOpPAJIbHAA 30Ha

Bproksennuna (Pieris napi Linnaeus, 1758) — mo-
TUMOP(hHBIA BHUJI, TIPEJICTABICH JOCTATOYHO CIOXK-
HBIM KOMILIIEKCOM (DOpM, TAKCOHOMHYECKHUH CTaTyc
KOTOPBIX OKOHYATEIIFHO HE ompeneicH [8]. P a-
TOPOB, TOUKY 3PEHUS KOTOPBIX MBI Pa3aeiisieM, pac-
CMaTpUBAIOT P. napi B MIUPOKOM CMBICIIE — KaK Hal-
BHJI, apeajl paclpoCTPaHEHUs] KOTOPOTO Ha TeppH-
topun Poccum OXBaThiBaeT €BpOMEWCKYH) YacTh,
Kagkaz, Ypan, Cubups, Jansauii Boctok [2], [6],
[7]. B 3aBucuMoctr OT (pu3HUKO-TeorpaduIecKux
ycIoBHM 0oOWTaHHS OpPIOKBEHHHI]A MMEET MOHO-
BOJIFTUHHBIN, OWBOJITUHHBIA WJIM TOJUBOJIBTUH-
HbI )KU3HEHHBIN LUKJI C 3MMOBKOM Ha CTaJuH Ky-
kosiku. CaMKa OTKIIJpIBaeT SiIa MO OJHOMY Ha
HIDKHIOIO CTOPOHY JINCTA WIIA CTe0eNh paCTeHUH U3
ceMelicTB KpecTorBeTHBIe (Brassicaceae Burnett)
unu pe3enosbie (Resedaceae S. F. Gray); dpaktudec-
Kasg IUIOAOBUTOCTHL cocTaBisteT n0 450 suir
I'ycenunisl mosiBnsroTces uepes 4—6 nHe u pa3BuBa-
0TC 2-3 HeJeld, B TEUCHHE KOTOPBIX JUHSIOT
4 pa3a 1 IpOXOAAT 5 TUYUHOYHBIX cTanuil. B ycio-
BHSX HEMOPAJIHHON 30HBI )KU3HCHHBINA ITUKI OPIOK-
BEHHHMILI TTOIMBOJILTHHHEIN, JIET ©Maro Habirona-
€TCs C MapTa M0 OKTSIOPh, 3MMOBKA KYKOJIOK JITTUTCS
4-5 mecsanes [2], [7], [13].

CoBpeMEHHBIE HCCIIEJOBaHUS, MOCBSIICHHEIC
pa3NUYHBIM acleKkTaM OWoNOTHH OpIOKBEHHHUIIBL,
MIPOBOJISITCS TTO HECKOJIBKUM HampasieHusM. OmHO
13 HUX CBSI3aHO C U3YYCHHEM OCOOCHHOCTEH pocTa
T'YCEHUI OPIOKBEHHHUIIBI HA Pa3HBIX BUIAX KOPMO-
BBIX PACTECHHUIA, TPU 3TOM onpenenseTcs 3hHeKTUuB-
HOCTb IIUTAHHU S, TEMIIBI POCTA, TPOJOIKUTEIIBHOCTh
MIEPHUOJIa INHBKU B YPOBEHb CMEPTHOCTH JTMIUHOK
[2], [13], [17]. B mocnemawe Toap! MOSBHJICH MHOTO-
YUCICHHBIE TyOJWKAMM TIO0 aJalTUBHON 3HAYHU-
MOCTH MOHAHJIPUU U TIOJUAHPUH CAMOK OPIOKBEH-
HULBI B Pa3IMYHBIX KIUMATUYCCKUX YCIOBUSX,
BIIMSTHUIO Pa3MepoB 0co0ell 000MX MOJIOB Ha PEeTpo-
IYKTUBHBIM ycnex mnonymsuuu [9], [10], [15].
Nsyuaercs Mmopdorornueckast “3MEHIYUBOCTh NMa-
ro TaHHOT'O BUJA, IPH 3TOM pacCMaTpPUBACTCS Ba-
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pHuabenbHOCTh pa3MepoB M POPMBI KPBUILEB, MeJa-
HUHOBBIX 3JIEMEHTOB KpPBUIOBOTO pHCYHKa [8].
HecMoTpst Ha 10CcTaTOYHO OONBIIIOE YHCIIO pabOoT IO
BOMpOcaM OHOJIOTHU U JKOJOTHH OpPIOKBEHHUIBI,
OOIIUPHOCTH apeaia BuJa OOyCIOBJIMBACT HEPaB-
HOMEPHYIO N3YYEHHOCTh OTIENBHBIX MOMYIALHN U
HEJOCTAaTOK JaHHBIX O XOAE pOCTa W Pa3BUTHUSA
B Pa3MUYHBIX IKOJOTHIECKUX YCIOBHSIX.

Ilens wWcclieqoBaHUS — aHAIU3 OCOOCHHOCTEH
pocTta OpIOKBEHHUIBI JICTHEH T'eHepalliu B YCIIOBHU-
SIX HEMOPaJIBHOM 30HBI Poccun.

MATEPHUAJIBI U METO/JbI

HccnenoBanusa MNpOBOAMIM B TIOJIEBOM CE30H
2010 roma B HemopanbHO# 30He Poccum (Kapa-
yaeBo-Uepkecckas PecrmyOnuka, c. KypmxunoBo,
43°59' ¢. m1., 40°56' B. 11.) — 30HE CMEIAHHBIX U IIH-
POKOJIMCTBEHHBIX JIECOB C yMEPEHHO-TETLIBIM KITNMa-
toM. B paccmarpuBaemom paiione KapawsaeBo-Uep-
KeCHM CpeJHerofioBas TemIeparypa BO3AyXa co-
craBisgeT +6,5 °C, ocagkoB BemmagaeT 700—-800 MM
B rof [1], cpenuss temneparypa utoHa B 2010 rogy
coctasmuia +19,6 °C, uronsg — +21,4 °C.

OOBEKTOM UCCIIEIOBAHUS SIBUITUCH OCOOM OPIOK-
BEHHUITBI Ha PAa3HBIX CTAAUAX KHU3HEHHOTO ITHKJIA;
TYCEHUIIBI, KYKOJIKU U HMaro. DKCIEPUMEHT IPOBO-
JIUJICS B TIOJICBBIX YCJIOBUSIX, OCOOM Ha BCEX CTaH-
SIX PA3BUTHS COMIEPIKATUCH HA pa3HOTPABHO-3JIaKO-
BOM JIYTY, MOl KPOHOH JiepeBa Impy HEOOIBIIOM 3a-
TeHeHnH, Ha BeIcoTe 900 M Hax ypoBHEM Mops. Jtst
MIPOBEICHUS UCCIICAOBAHUN ObLIIM cCOOpaHbI Moderu
rynsBHuka JIézens (Sisymbrium loeselii L.) — ogHO-
r'0 U3 KOPMOBBIX PACTEHUH I'yCEHUIl OPFOKBEHHMUIIBL.
JlaHHBI BUI SBISETCS HIMPOKO PaCIpPOCTPaHEH-
HBIM TIPEICTaBUTEIEM CeMeHCTBa KPECTOIBETHBIE
Ha Tepputopun EBponeiickoit Poccun u BcTpeuaeT-
cs moBcemecTHO Ha KaBkase [4]. [loberu momecTn-
J¥ B TIPO3pavyHble TIACTUKOBBIE COCYABI 00BEMOM
0,5 1 ¢ oTBepCTUSIMHU B KPBIIIKE I MOCTYIJICHUS
Bo3ayxa. B yrpennue yacel 13.06.2010 nposenu oT-
10B caMoK OprokBeHHUTIBI (N = 40) 1 Ka)x1y10 0cO0b
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MIOMECTHIIU B OTACIBHBIN COCY] C TOOETaMu T'yJIsIB-
HEKa. Beuepom Toro ke qHs 6a00ueK BEITTYCTHIIN, &
JIUCTHS C OTIOKEHHBIMU sTATIaMu coOpanu. bimskue
o raburtycy pactenus ryiasauka JI€zens (N = 40)
C pa3HOTPaBHO-3JIAKOBOTO JIyra epecaguiu B Ipo-
3paydHbIe MJIaCTUKOBBIE KOHTEHHEPHI C TOYBOW 00B-
emoMm | 5. Ha kaxmoe pacTeHue mepeHecnn sina,
OTJIO)KCHHBIE OJTHOM CAaMKOH 3a JICHb.

B mepBrie ueTBEpO CYTOK TOCIE TIOSBICHUS TY-
CEHUI] MX HE B3BEIIMBAIH U HE TIEPECAKUBAIIH, TTOC-
KOJIBKY IIPH 3TOM MOXHO MOBpPEAUTH NUUMHOK. Ha
5-i IeHb KaXXAyI0 T'YyCEeHUIy IEPEeMECTUIIN B UHIU-
BUIYAJIBHBIA MPO3pauHbli INIACTUKOBBIM COCY.
o6bemomM 0,5 1 ¢ OTBEPCTHUSIMU B KPBIIIKE JUIS TIOC-
TYIIJICHUS. BO3AYyXa M C YKa3aHHEM IIOPSAKOBOTO
HOMepa. CocyIsl comepiKall CBEXHE TMOOETH Ty-
nsaBHUKA JI€3ems1, OCHOBaHME KOTOPHIX OBLIO 00ep-
HYTO BO BIaxHYI0 Mapiio. [lo mepe Toro kak jiuc-
ThsI BBICBIXAJTH FJIH UCTIOJIH30BAJINCH T'YCEHUIIAMH B
MUY, PACTEHUSI MEHSLIM Ha CBEXHUE, TPUIEM KOPM
npeyaraii B U30bITKE, YTOOBI MCKIIOYHUTH BO3-
MOKHOCTH BIUSIHHS HEJJOCTATKA MMHIIX HA POCT JIH-
yuHOK [2]. Ha 5, 7,9 u 11-e cyTKu ¢ Hayana TM4YUHOY-
HOM cTaguu B 12 4. AHS TyCeHMI] B3BEIIMBAJIU HA
nabopatopHbix Becax BM 313 II kiacca TO4HOCTH.

ChopMupoBaBIIUXCSA KYKOJIOK MEPEMECTHIIH U3
COCY/IOB B IPOHYMEPOBaHHBIE MPO3payHbIe IIIac-
THKOBBIC KOHTeHHEpHl o0heMom 0,04 11, 3amoaHeH-
HBIe MEIIKUM I'paBueM. B3BemmBaHne KyKOJIOK IIPO-
BOAUJIU B IEPBBIE U YETBEPTHIE CYTKU IMOCIE OKYK-
nuBaHusa [13]. Mmaro, BBIIEAUIMX U3 KYKOJOK,
B3BEIIMBATHU U ONpeAesuty ux noi. [lox rycenur u
KYKOJIOK OIpeZIeJIeH M0 uMaro 0iarojapsi UCIoib-
30BaHHUIO HEMPEPHIBHOM MAapKHPOBKH COCYIOB,
B KOTOPBIX BEIPAIIMBAINCH OCOOM HA BCEX CTATHAX
YKU3HEHHOTO IIHKJIA.

Pe3ynpraThel mpencTaBieHbl B BUAE CPEIHUX Be-
JIMYUH M CTaHJApTHBIX OTKJIoHeHud (M =+ S).
CMepTHOCTh 0COOEH Ha pa3HBIX CTAIUIX KU3HCH-
HOTO IIMKJIa PACCYUTHIBAIH 10 (popmyIie:

Ife q — CMEPTHOCTh OCOOEH, N — YHCJIO KMBBIX
ocobell B MOMEHT ydeTa (X), d_— uucio ocobei, mo-
FUOMINX B MEPHOM MEXIY JIBYMS IMOCISIOBATEIb-
HBIMH y4deTaM¥ (B MHTepBaJie oT X 10 X + 1) [3].

CTaTUCTUYECKYIO 3HAUMMOCTh Pa3Iuyuidl Macchbl
Tena ocobeil OPIOKBEHHUIbI CPABHUBAIH C MTOMO-
pto t-kpuTepust CThIOIEHTA TOCTE MMPOBEPKU JaH-
HBIX Ha HOPMaJIbHOCTh paclpesiefieHus 4acToT [4].
3aBUCHMOCTh MacChl T'YCEHHI] OT BPEMEHHU HX pa3-
BUTHS alIIPOKCUMHUPOBAIIA CTEICHHBIM yPaBHEHH-
€M PerpeccHu, KOTOPOe ONTHUMAIIEHO JIJIsl OITUCAHUS
pocTa TUYMHOK Oabouek [14]:

y =bx",

r7e y —Macca Teja, X — IeHb Pa3BUTHUS T'yCEHHUIBI, a
u b — koopduuuenTsr. s oueHKH cTaTUCTHYEC-
KOU 3HAUMMOCTHU IOJIyYEHHBIX YPABHEHUN HCIIONb-

30BaH JUCIEPCUOHHBIA aHaJIN3 JIMHEWHOW perpec-
cuu. CpaBHEHHE AJNTIOMETPUUYECKUX Kod(hdUIIreH-
TOB — NIOKa3aTeJieil CTENEHN B YPaBHEHUAX perpec-
CUU ANl JIMYMHOK CaMIOB M CaMOK IPOBEIACHO
¢ moMmoIibio t-xputepus CTeiofeHTa [5].

s TyceHnIr 000WX IOJIOB PACCUUTHIBAIN CKO-
pocTh pocta o popmyre:

m
GR=—1",
t

rae GR — ckopocts pocra, m — macca oco0u npu
OKYKJIMBaHUH (T), t — IPONOIKUTEIFHOCTD Pa3BUTHUSI
JIMYUHKYA OT MOMEHTA BBIXOZA U3 sIiIia 1O OKYKJIHBa-
Hus (cyTkH) [15]. Cpennue cKopoCTH poCTa I'yCeHHI]
CaMIIOB U CAaMOK CPaBHUBAIM C MHCIOJIb30BAHUEM
t-kputepust CrbrofeHTa. KoppensaunoHHbIN aHanu3
MEX]Ty TIOKa3aTeJIsiMU MaccChl TeJla 0cobelt OpIoKBeH-
HUIBI Ha pa3HbIX CTAAUAX )KM3HEHHOTO LIUKJIA MPO-
BOJIMIIA C UCIIONb30BaHUEM KOd(DPHIIMEHTa JTHHEH-
HoMl koppensiuuu Ilupcona. KomuuecTtBo camuos
U CaMOK, BBUIETEBIINX B OIpEeNCHHBIN J€Hb Ha-
OJFOICHH S, CPABHHUBAJIH TI0 Y>-KPUTEPHIO [5].

PE3YJIBTATBI U UX OBCYXKJIEHHNE

DKCIIEPUMEHT C MOMEHTa OTJIOBA CAMOK OpPOK-
BEHHHUIIHI JIO BBIJIETA MMAro CIEAYIONIEH reHepalum
nponoypkanca B TedeHne Mecsuna ¢ 13.06 mo
13.07.2010. B epBsIii AeHB SKCIIEPUMEHTA CAMKaMU
oprokBeHHUIIBI (N = 40) orioxeHo 362 siima
(tabn. 1). Kaxxnmas ocoOb oTknaapiBania oT 5 g0 12
SIUTI, B cperHeM 9 £ 2 siitma. Yepes 6 qaeii (19.06.2010)
Y3 OTJIOKEHHBIX SHI] MOSIBUIIUCH T'YCEHULIBI, KOTO-
peie pa3BuBanuch 11 CyTOK, 32 3TOT MepHOA OHHU
4 paza nuHsAAW W npouwu 5 cranuit. [Ipu nepsom
MOJICYEeTE TUYMNHOK, HAa 5-€ CYTKH C MOMEHTA TIOSIB-
JIEHUsI, UX KOJIMYECTBO cOCTaBUIIO 345. CMEPTHOCTh
T'yceHuI ¢ 5-x o 7-e cytku pocturia 0,041 u K KoH-
Iy THYUHOYHOHN crammu (Ha 11-e CyTKuM) cokparu-
nmacek 10 0,019.

Ta6auua 1

N3menenune konumuecTBa ocobeit
OpPIOKBEHHHUIBl B XOJI€ XHU3HEHHOTrO IMHUKJIA
B YCIOBUAX HeMopalbHOW 30HH B 2010 rony

Cranus v BO3pacr, X n d, q,
I'ycenunst (5-if neHb) 345 14 0,041
I'ycennnsi (7-it neHb) 331 11 0,033
I'ycennus! (9-# neHp) 320 9 0,028
I'ycennust (11-it nens) 311 6 0,019

Kyxonkwu (1-i nenb) 305 3 0,010

Kyxkonkwu (4-it 1eHb) 302 1 0,003

Wmaro (1-it geHs) 301 0 0

IIpumedanue. nX — 4UCIO KUBBIX 0cOOCH B MOMEHT ydera (X);
dx — 4uCNo ocoOeid, norubIux B MepHoj MEXAY ABYMs MOCIEA0Ba-
TEJIBHBIMHU y4YeTaMu (B MHTEpBaJe OT X 10 X *+ 1); X — CMEpTHOCTh
ocobei.

OxkyxnmBanue ryceHurr mpousomnuio 01.07.2010,
BCero OKyKIuiaochk 305 TUYMHOK OpPIOKBEHHHUIIBI
(q, = 0,010), no oxonuanust craguu aoxuau 302 Ky-
xonku (q, = 0,003). Cranus Kykonku y ocobeit 060-
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MX TIOJIOB Mpoaoipkajack 8—12 cytok. Beuter umaro
MIPOUCXOMUIT €XKETHEBHO B TeueHue 5 cytok (09.07—
13.07.2010) B yrpennue yachl. [Tosiunacs 301 6abou-
Ka: 156 ocoleii cocTaBuian camiibl, 145 — caMKu.

CmepTHOCTH 0co0eli Oblia HanboJiee BHICOKOM B
Hadalle JTUYUHOYHOW CTAaIWH, K CTAIUU KyKOJKHU
OHa 3HAYUTENIFHO YMEHbBUIMIACh. MUHUMAaNbHAS
CMEPTHOCTH BBISIBIICHA C MOMEHTA y4YeTa KyKOJOK
Ha 4-¢ CYTKM WX pa3BUTHS JO CTaJUH HMaro
(tabm. 1). Ilppunaamu rubenn ocoOeit MOTIIH OBITH
OakTepuabHBIC HJIM BUPYCHBIC 3a00JICBAHUS.

HccrnenoBanne TMHaAMHUKH pOCTa TYCEHUI] OPIOK-
BEHHUIIBI HAYAJIOCh HA 5-€ CYyTKH C MOMEHTA UX I10-
SABJIEHHs. B 3TOT JIeHp Macca JIMYWHOK CaMmIlOB U
camok cocraBuiia 0,005 + 0,001 r (tabxn. 2). Ha 11-e
CYyTKH, K OKOHYaHHIO JTUIMHOYHON CTaJuu, Macca
T'YCEHHUII CaMIIOB ITPEBOCXOJIUIIA UX MACCY IPH Tep-
BUYHOM B3BEIIMBAHUU B 36 pa3, caMok — B 33 pasa.
Iloka3arenu mMacchl TNYUHOK OPFOKBEHHHUIIBI B JIH-
HaAMHUKE alipOKCHMHUPOBAIIH MIPU [TOMOIIH YpaBHE-
HUS cTeneHHOU ¢pyHKuuu. [lonmydeHHble ypaBHEHHS
perpeccuu Juisl TYCeHUI] 00OHMX TOJOB CTATHCTH-
yecku 3HauuMBbl (Tabn. 3). KpuBble pocra TuunHOK
caMIIOB M caMok (puc. 1, 2) cBHIETEIBCTBYIOT O
TOM, YTO ISl TYCEHUI OPIOKBEHHUIIBI B YCIOBUSIX
HEMOPAJIbHONH 30HBI XapaKTEPEeH OBICTPHIN POCT.
CpaBHeHHE aJIJIOMETPUYECKUX KOI(PPHUIIMEHTOB B
YPaBHEHUSX BBISIBIIIO, YTO KO3 UIIMEHT a Ooblie
y JIMYUHOK CaMIIOB, YeM Y CaMOK, IIPY 3TOM pa3iiv-
YUl CTEMEHHBIX KOA()(QUIMCHTOB CTaTUCTHYECKU
3HauuMHI (t = 2,416; a = 0,016). Takum oOpaszom,
TEMIIBI POCTa CaMIIOB BBILIE, YEM CaMOK.

Tabanna 2
Jquunamuka maccol tena camMmuos (N = 156)
u camMok (N = 145) OploKBeHHHUIBl Ha Pa3HBIX

cTagusax KU3HeHHOTO nukmaa B 2010 rony

ITokazarens
Cranus o
pasBUTHA M S | X | Xpwe | €V t o
T'ycennus! |camubr|0,0050,001(0,003| 0,007 14,96
(5-e 1,210 | 0,227

cyTku) |CaMKH 0,005/0,001(0,003/0,007 14,14

I'ycennuer jcamner|0,02610,0041 0,016 | 0,035 {13,89
7- 16,461|< 0,001
C}(,TKeH) camkn|0,021(0,002(0,013|0,027 11,75 ’

I'ycennus! |cammubi|0,07210,008(0,048| 0,088 11,56
9- 10,487|< 0,001
C}(,T;i,l) camkn |0,063(0,006(0,045/ 0,075 9,33 | ’
I'ycennus! [cammupr| 0,17810,011(0,14910,207| 6,13

11-
Cgmﬁ) camxn |0,163]0,009]0,140| 0,191 | 5,29

Kyxonku |camisr|0,157/0,011(0,128 (0,188 | 6,94
1- 11,689|< 0,001
Cy(T,fM) camku|0,14310,009|0,122| 0,174 | 6,23

Kyxonku |camusr|0,154/0,011]0,125/0,184 | 7,06
4- 11,823]< 0,001
C}(,T]S/I) camkn|0,140(0,009(0,119| 0,165 | 6,26 |~ ’

camip10,068/0,006/0,053]0,082 | 9,21
camku [0,066(0,006/0,05110,080 | 8,93

13,520(< 0,001

Hmaro 3,531 {< 0,001

ITpumeyanue. M — cpennsas apudmerndeckas; S — cTaHIapTHOE
OTKJIOHEHHE; X . — MUHUMAIIbHOE 3HAYEHHE MACCHI TENA, T; X — MaK-

CHMaJIbHOE 3HaUYeHUe Macchl Tena, I'; CV — koadduiueHT Bapuanuu, %,
t — 3HaueHus t-kpuTepust CThIOJICHTA; 0L — YPOBEHb 3HAYUMOCTH.

Ta6auna 3

KosdpbunueHTs U OHEHKA 3HAYUMOCTH
PErpecCCHOHHBIX YPAaBHEHHUH 3aBHCHMOCTH
MacChl 'yCEHHI OT AHS UX Pa3BUTHUA
B YyCJIOBUSIX HeMOopalnbHOH 30HB B 2010 rony

ITon
ocobei a b R? F o
Camupbr | 4,4868 | 3,8376 - 10° | 0,9899 | 61129,5 | <0,001
Camku | 4,4272 | 3,8304 - 10-° | 0,9920 | 71785,5 | < 0,001

Ipumeuanue. a 1 b — k0O3QPHUIMEHTE B CTENIEHHOM ypaBHCHUN
perpeccun; R? — koadpuunent nerepmunanuu; F — 3HaueHHs KpUTe-
pus duiepa; o — ypoBEeHb 3HAUUMOCTH.
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Puc. 1. luHamMuKa MacChl T'YCEHHUI[ CAMIIOB OPIOKBCHHHIIBI
B YCIIOBHSIX HEMOpPaJIbHOH 30HBI Poccuu B 2010 roay
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Puc. 2. JlunamMHKa Macchl I'yCEHUI] CAMOK OPIOKBEHHHUIIBI
B YCJIOBHUSIX HeMopalbHOU 30HbI Poccuu B 2010 roxy

Pacuer cpenneit ckopocTr pocTa OpIOKBEHHHUIIBI
Ha JIMYMHOYHOM CTaJIu¥ MOKa3aJl, 4YTO OHA JOCTUTA-
ma 0,014 + 0,001 r B cyTKM y T'yCEHMI] CaMIIOB
1 0,013 + 0,001 r B CyTKH y T'yCEHHII CAMOK, TaHHBIE
pa3inuyus B CKOPOCTH POCTA SBISIOTCS CTaTHUCTH-
yeckd 3HaunMbIMU (t = 11,689; a. < 0,001).
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Macca KyKOJIOK Tak)Xe pasjimdanach y ocoOeit
0060oux moJoB (Tadu. 2). Kykonku camIioB OprOKBEH-
Huibl Becuau Ha 0,014 T Oonbiiie, YeM KYKOJIKH ca-
MOK KakK B NE€pBBIE, TAK M Ha YETBEPTHIE CYTKH. DTH
pas3janung aHAaJIOTMYHblI 3HAYCHHUAM, IMOJTYUYCHHBIM
JJISL KOHEYHOH MacChl T'yC€HUI], COTrJIaCHO KOTOPBIM
JIMYMHKH caMI[OB Becuiau Oojbiie camok Ha 0,015 ¢
(Tabm. 2).

Breimer umaro Habmrofascs B TEUCHHE 5 THEH.
Hawnbomsiee konrmaecTBo 0co0ei MosSBUIIOCH B IEp-
BbIC 3 cyTOK, mipu 3ToM 09.07-10.07.2010 mpeobia-
JIaJT BBUIET CaMIIOB, B MOCJIEAYIOMUE 3 THS — BBIJICT
CaMOK, CTaTUCTHUYCCKasA 3HAYUMOCTL 3THUX pa3Jiv-
YU TOATBEPKJCHA C WCIIONb30BAHUEM Y -KpHTE-
pust (puc. 3). Kak 1 Ha TpenpIIyIIuX CTAIUSIX JKHI3-
HCHHOT'O IIMKJIa, Y UMaro 000HX II0JIOB BBISBIIEHBI
pas3uuusl Macchl Tejia, IPH 3TOM CaMIlbl BECHUIIU
OombIre camok (Tabi. 2).

80 1 . Il - camimm!
= — CaMKH

60 1

40 h

KomriecTBo ocobeii, 2K3.

2
7

9.07

10.07 11.07 12.07 13.07

Jlata

Puc. 3. /IlunaMuka nosiBIEHHUS] ©UMaro OPIOKBEHHULIBI
u3 kykoisok B 2010 rony: *** — o < 0,001; ** — 0 < 0,01,
* —0,<0,05 (y2-KpuTepHii)

[Ipu mpoBeneHUH KOPPENSIUOHHOTO aHAIH3a
BBIABJICHA IMOJIOKUTEIIbHAA KOPPEIALHUA MACCEI I'y-
CeHHUIl 5-ro0 Bo3pacTa W KyKonok (r = 0,986; a <
0,001), a Takxe Macchl Kykojok u mMmaro (r = 0,900;
o < 0,001). [TomyueHHple JaHHBIE O B3aWMMOCBSI3H
Beca ocobell OpPIOKBEHHHIIBI Ha Pa3HBIX CTaTHAX
JKU3HEHHOTO IIMKJIA COTJIACYIOTCS C pe3yiibraTaMu
nccnenoBannii 1. buccyngar n K. Buxnynz [10],
KOTOpBIE TaK)Ke OOHAPYKUIU KOPPETALUI0 MEXKTY
Maccoil KyKOJIOK U UMaro.

Takum oOpa3zom, B X0/e IKCTIEPIMEHTA BBISIBIIC-
HO, 4YTO B YCJIOBUAX HeMOpaHBHOﬁ 30HBI IPOIAOJIKU-
TCJIBHOCTD PAa3BUTHA I'YyCCHHII CaMIIOB X CAMOK JIET-
Hell TeHepanuy OpIOKBEHHHMIIBI HE pa3jinyajach W
coctaBmia 11 cyTok; craamsi KyKOJIKH y OcoOeit
00ouX MoJIOB THiIack OT 8 10 12 cyToK; uMaro mo-
ABJISUTACH €XETHEBHO B TeueHue 5 nHel. CormacHo
JIUTEPATYPHBIM JaHHBIM, B OOpeabHOU 30HE (OK-
pectHoctu T. Crokronema, lIBenus) pasnuuaus B
MIPpOAOIKUTEIIBbHOCTH JIMIUHOYHON craayun y caM-
OB U CaMOK 6pIOKBeHHI/I]_H)I BappUpOBaJIi B 3aBU-
CHMOCTH OT CPEJHECY TOYHOW TEMIIepaTyphl BO3/1yXa
u coctaisua MeHee 12 4. (mpu 20 u 23 °C) unum 60-
nee cytok (mpu 17 °C) [17]. UccnenoBarenu mosara-

0T, YTO MPOJOKUTEIBHOCTh MPEHMaruHAIBHBIX
CTaJiu{l y TaHHOTO BUJA B IIEJIOM M 0COOCH KaKI0ro
T0J1a B YaCTHOCTH B 3HAYUTEIHHOW CTEIIEHHU OIpeae-
JIETCS TEMIEePaTypoil 1 GoTonepruoaoM. BrisBiieHO,
YTO JIsI IETHUX TeHepalnii OpIOKBEeHHUIIBI, Pa3BHBa-
foruxcs 0e3 Auamnay3bl, XapaKTepHbI HE3HAUYUTEIh-
HBIE Pa3NIUYMsl B MPOAOIKUTEIHHOCTH JIMYMHOYHON
cTaguu y 0co0eit 000MX MOJI0B, TPH ATOM OoJiee paH-
HEro BbLIETA CaMIOB 10 CPABHEHUIO C CaMKaMH He
HaOmronaercs. HampoTus, B cirydae auamnay3sl y Tyce-
HUIl CaMOK B OCEHHMM TEPHOJ pa3BUTHE MEHEE JITH-
TEJBHOE, YeM y TYCEHHI[ CaMIIOB, OJJHAKO BECHOW Ha
CTaJINY KYKOJIKH CaMI[bl pa3BUBAIOTCSI OBICTPEE U BbI-
netaroT Ha 1,5 nHs pansiue camok [12], [17].

[IpoBenenHbIe HWCCIEAOBAHUS TO3BOJIUIIN yCTa-
HOBUTH, UTO B YCJIOBUSIX HEMOPAJBLHOMN 30HBI Cpe/l-
HSSI CKOPOCTH POCTa JIMYWHOK CaMI[OB OPIOKBEHHH-
bl BbINIE, YeM caMOoK, Ha 8 %. Ilo maHHBIM
. Beprctpoma, B ycroBusix OopeanbHOM 30HBI CKO-
POCTBH pOCTa TYCEHHUII 00OWX TOJIOB JTAHHOTO BHIA
pasnuyanack Ha 5 % W IIpU 3TOM TaKXKe ObLIa BhIIIE
y cam1ioB [9]. P uccnemoBaTenel mpuAepKUBAIOT-
CSl MHEHHSI, YTO UMEHHO pa3lIuyuusl B TEMIIAX pOCTa
JIMYUHOK Pa3HbIX IOJIOB IPH OJMHAKOBOW MPOIOI-
JKUTETHHOCTH UX Pa3BUTHS OOBSCHSIOT CyIIECTBO-
BaHHE IIOJIOBOTO AMMOP(HU3Ma pa3MEpoB Tela y
OpIOKBCHHUIIBI, a TaKXe pEMHUILl Pieris rapae
(Linnaeus, 1758) u xentyurku nyrosoii Colias hyale
(Linnaeus, 1758) [11], [12], [16], [17]. Hamu BBIsIBITC-
HO, 9TO B HEMOPAJIBHOM 30HE CaMIIbl OPIOKBEHHHUIIBI
MMEIOT OOJBIIYI0 MacCy Tejla Ha CTaJHusX T'yCeHH-
IIBI, KyKOJIKA ¥ UMaro, 4eM camKH. PsioMm aBTOpOB
MOJTYYCHBI aHAJIOTUYHBIC PE3YJIBTATHI JIIS JAHHOTO
BHJIa HA CTAaIWN KYKOJKH B apKTHUECKOH U Oope-
asnbHOM 30HaX (Ounnsuaus, LlBenus) u umaro B 60-
peanbHOl 30He (LLBenus) [9], [16], [17]. BprokBen-
HUIIa — OIMH U3 OTHOCHTEILHO HEMHOTHX BHUJIOB, Y
KOTOPOTO CaMIlbl, KaK TPaBUJIO, KPYITHEE CaMOK.
HccnemoBarenu cC4UTAIOT, 9YTO 3TO SBIEHUE 00YCIIOB-
JICHO MOJTUAHJIPUEH CaMOK, U OOBSCHSIIOT €ro UCXOs
W3 TEOPHH KOHKYPEHIIMH CIIEPMBI, yKa3blBasg Ha
CBSI3b PEMIPOAYKTUBHOTO yCIIEXa C pa3MepaMu caM-
1oB OprokBeHHULE! [8], [9], [17]. [Ipeamonaraercs,
9T0 OTOOP OIATONPUSTCTBYET MOSIBICHUIO Y JAHHO-
ro Buja 0oyiee KPyIHBIX CaMIIOB, MOCKOIBKY 3TO
CBSI3aHO C IIEJBIM PSJIOM HX penMymiecTB. Tak, 6o-
Jiee KpYIHBIE CaMIIbl MPU CHAPUBAHUHU TIEPEIAIOT
camMKe OOJIbIlle CIIEPMBl M TTUTATEIBHBIX BEIIECTB,
KOTOPBIE UCTIONB3YIOTCS ISl Pa3BUTHUS OIJIOJOTBO-
PEHHBIX SHII, TOBBIMIAIOT MJIOAOBUTOCTH U TTPOIOII-
KUTEITHHOCTh JKH3HH CaMOK, YBEJIMYHMBAIOT Bpe-
MEHHOW MHTEPBAJI IIepe;] MOBTOPHBIM CIIAPUBAHUEM
CaMOK M YMEHBIIAIOT KOJWYECTBO MX CIApHUBaHHI
B TeueHue xu3nu [10], [16].

UccrnenoBanusi TMHaAMHUKW MacChl Tea 0co0eit
Ha pa3HbIX CTaIUSX >KU3HEHHOTO ITUKJIA BBISBHIIH
€€ YMCHBIIICHUE B XOJIE PA3BUTHS «T'YCCHUIA — KY-
KoJiKa — umaro». Ilorepu oT KOHEUHOM Macchl T'yce-
HUI[ COCTaBHJIN Y KyKOJIOK 12 % miis ocobeit 06oux
OJIOB, Y uMaro — 62 % niist camuoB u 59 % nins ca-
Mok. Ha cragum mmaro camupl Becuaud Ha 56 %,
caMKH — Ha 54 % MeHslue, yeM Kykonku. Ilorepu
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Macchl Tella y 0co0eil 000uX MoJI0OB OPIOKBEHHUIIBI
Ha Pa3HbIX CTAIUAX JKU3HEHHOI'O IMKJIA pasjinya-
nuch He Oosee yeM Ha 3 %. Y yenryeKkpblIbIX IOTe-
PH Macchl Tejla B Ipolecce MeTaMopdo3a HeonHa-
KOBBI U JOCTUTAIOT, Hanpumep, 46 % MpHu OKyKIIH-
BaHUU JINYUHOK OpakKHHUKA KapoJIMHCKOro Manduca
sexta (Linnaeus, 1763) [11]. Bec Tena gentyekpsUIBIX
npu MeTaMop(o3e YMEHbIIAECTCs, OCKOIbKY MPO-
neccol nuddepeHupoBKU B X01e (GOPMUPOBAHHS
HOBBIX OPTaHOB M WX CHCTEM TpeOyIOT OONBLINX
SHEPreTUYEeCKUX 3aTpar.

3AK/JIIOYEHUE

I/ICCHCILOBEIHI/ISI, HpOBC[IGHHI)IC B yCJ]OBI/IHX HEMO-
pasibHOM 30HBI Poccum, mokaszaiu, 4TO JJTUTEIb-

HOCTb CTaJIMil pa3BUTHSI CaMIIOB U CaMOK JIETHEU
reHepannu  OpPIOKBEHHWIIBI HE  Pas3IMYaeTcs.
Haubonee BbicOkasi CMEPTHOCTh OTMEUEHA y T'yce-
HHII, YMEHBIIIAeTCA K CTaJINN KyKOJIKH U CHUKACTCS
JI0 MUHUMAJbHBIX 3HAYCHWH K MOMEHTY BBLIETA
umaro. Camiipl OpIOKBEHHHUIIBI UMEIOT 00Jiee BHICO-
KYIO CKOPOCTH JIMIWHOYHOTO POCTa 1 OONBIIYIO Mac-
Cy TeJa Ha BCEX M3YUYEHHBIX CTAAUSX XKU3HCHHOTO
UKIa, 9eM caMku. [Ipu Meramopdo3e mpoucxoast
MIOTEPH MacCChl Tella, pa3Indaroirecs y ocooei 000-
UX TOJIOB He Oosiee ueM Ha 3 %. Macca u pa3mepbl
Tena — BaKHBIe (PaKTOPHI PETPOAYKTHUBHOTO ycIexa
CaMIIOB U3 Pa3IMYHBIX MOMYJISIIHA OpPIOKBEHHHUIIBI,
MIO3BOJISIFOIIME OIJIOAOTBOPUTH OOJIBIIEE YUCIIO SUI]

DN —

AN W

11.

12.
13.

14.
15.
16.
17.

y Gombiero konnyectTa camok [10].
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HEJIU®PEPEHIIMPOBAHHA SI TUCIIJIA3US COEIUHUTEJIBHOM TKAHU YV JIETEN
C CAXAPHBIM JUABETOM 1-ro TUIIA (npocneKTHBHOE HAOJIIOIEHHUE)

Habnronenue 3a 33 neTbMH ¢ caxapHbIM quabeToM 1-ro THUNa MPOBOAUIIOCH Ha MPOTsDKEHUU 12 jer.
YMepeHHO BhIpaKeHHAas TUCIUIa3Us COSUHUTEILHON TKaHU BhIsIBICHA Y 54,4 % neTeit ¢ nuabeToM, BhIpa-
xenHas — y 39,4 %. KonnareHomarus siBIsieTcs IpeapacroyiaraloiuM (HakTopoM B Pa3BUTHH JHA0ETa.
OnHaKo TOCTOBEPHBIX PA3THYUMN MO TSHKECTH TCUCHHSI THA0eTa B 3aBUCMOCTH OT CTETNICHU BBIPAXKCHHOCTH

JIHUCIIJIa3NU COCIMHUTEIIFHON TKaH! HE IIOJIYy4€HO.

KitoueBble citoBa: AUCIUIA3Us COCTMHNUTEIBHON TKaHU, CaXapHBIN 1uadeT 1-ro THra, THmepMoOHIBHOCTD CYCTaBOB

MHoroo6pasue 1 CI0XHOCTh CTPYKTYPHI U (pyH-
KU COEJUHUTEIBHONM TKAaHM MpEANoiaraeT ak-
THBHOE y4acTHE OCHOBHBIX €€ 3JIEMEHTOB B pa3BH-
THW MHOTHX 3a0oyieBaHuii. B Hacrosmiee Bpemst
MIPUCTATPHOE BHUMAaHHUE WCCIIEAOBATENEH IpUBIIE-
KaroT HegudQepeHIpoBaHHbIE (YOPMBI TIUCTLIA3HH
coequnutensHoi Tkanu ([CT) y neteit, uto cBs3a-
HO C BBICOKOM 4aCTOTOM UX paclpoCTpaHeHU s, KJIH-
HUYECKUM IMOJUMOPGHU3MOM U TOJIHOPTaHHOCTBIO
nopaxkeHuil. YcranosneHo, uto ¢oHoByo JCT wu
ACCOIIMMPOBAHHYIO TATOJIOTHIO HEOOXOIHWMO pac-
CMaTpUBaTh KaK EIUHBIA Ipolecc, TpeOyronmit
JUarHOCTHKH, JICYEHUSI U peabuIuTaluy MannueH-
toB [2], [3], [4], [5], [9], [10], [13]. B cBoeit mpakTu-
YEeCKOW NESITENPHOCTH Bpaud Yallle CTAIKHWBAIOTCS
HMEHHO ¢ HenudQepeHIPOBaHHBIMU (OpMaMHu
JACT [8].

B nocnennee BpeMs B nuTepaType MOSBISIIOTCS
JAHHBIE O POJIM SK30T€HHBIX BIUSHUHN Ha Ie30pTaHH-
3alUI0 COEeNMHUTENbHON TKaHHu. Pa3HooOpas3ue Kiu-
HUYECKUX TMPOSABICHUM AMUCIIA3HI MOXXHO OOBsIC-
HUTH KaK MyTallMeil pa3IMYHbIX T€HOB, TaK U Jeiic-
TBUEM CpeloBbIX (akTopoB [12], [17]. YBenuueHnue
gyucna crydaeB [ICT, nabnronatomeecst B HacTosIiee
BpeMsI B OOIIEPOCCHIICKOM MOMYJISINHU, CBSI3aHO C
MATOJIOTUYECKIMHU BO3ICHCTBUSIMH, UMEBITUMU MeC-
TO B OHTOT€HE3€ M3-3a YXYAIIECHUS IKOJIOTHYEeCKOM
00CTaHOBKH, HEaJEKBAaTHOTO TUTAaHHUS, CTPECCOB, a
B ycnoBusx CeBepa elie M3-3a TOCTOSTHHOTO BO3-
JNEHCTBUS XOJIOAa, THUIIOKCUHU, U3MEHEHHOTO (hOTO-
Mepuor3Ma, reOMarHuTHBIX aHomanu [12], [15].
© Aob6akymosa JI. H., Bapnamosa T. B., Kysuenosa JI. B., 2011

JCT sBasercs GOHOM pa3BUTHUS COMATHICCKUX
3a00/IeBaHUIA M MOXET yCyryOUTh TEUCHHE YKe
uMmeromuxcs. OMHUM U3 aKTyalbHBIX 3a00JCBaHUH
JIETCKOTO BO3pacTa SBIISCTCS CaXapHBIH quadetr 1-ro
tuna (C/l 1). AkTyaJIbHOCTh IJaHHO# AaTONIOTUHU 00yC-
JIOBJIEHA BBICOKOM 3a00JIeBa€MOCTHIO, paHHEH MHBa-
TUAU3aNKel 1 CMEPTHOCTHIO JTUI] B MOJIOIOM BO3pac-
te [6], [7], [16]. B nuTeparype npakTuuecKu OTCyTC-
TBYy10T Januble o BiausHun J{CT Ha Teuenune CJ] 1.

Lenpro Harero mcciemoBaHUs ObUIO M3ydeHHE
BO3MOXHOTO BIMSTHUS JUCIIIA3UHU COSTUHUTEIBHOM
TKaHM Ha XapaKTep TEUeHHs CaxapHOro amadera
y AeTei.

MATEPHAJIBI U METObI

I'pynny nccnenoBanus coctaBuiu 33 pebeHKa ¢
CH 1, cpenu Hux 25 nesouek (75,8 %), § Mab4rKOB
(24,2 %). Cpennmii crax 3aboneBanust CIl 1 Obu1
paBeH 7,55 £ 0,55 roma. Cpok HaOmroneHus 3a Jie-
TbMHU cocTaBui oT 10 1o 12 net. B katamHe3e Teye-
HHE caxapHOro nuabdera ObUIO PACIICHEHO Y 5 JeTei
kak nerkoe (15,2 %), y 17 — xak cpemgHeTsDKenoe
(51,5 %), y 11 — kak Tspxenoe (33,4 %), npudem cpenu
JIUI] C TSOKEITBIM TE€YSHHEM OBLJI0 2 IETaJbHBIX HCXO0-
J1a BO B3POCJIOM COCTOSIHHH.

B wuccnenoBanmu ucnonb3oBancid  KIMHUKO-
AHAMHECTHYECKUH METOJ C aHaJIM30M MEIUIUHC-
KOM JOKyMEHTaluu, QU3NKaJIbHBIA METOX, HHCTPY-
MEHTaJIbHO-Ia00paTOpHOE 00CIeI0BaHNE OOIBHBIX.
Crenens Tsoxectu JCT oneHMBamM M0 KPUTEPUIM
T. Munkoscka-IumutpoBoi, A. Kapkamiesa B Mo-
nudpukanuu JI. H. ®omunoi [1].
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PE3YJBTATBI UCCJIIEJJOBAHUS
N UX OBCYXJIEHUE

[IpoBenen aHanu3 aHaMHe3a )KU3HU peOeHKa 110
pa3BuUTHS caxapHOro nuadera. Pe3ymbraTsl u3yde-
HHS CEMEWHOr0 aHaMHe3a mokasaiu, 94to y 30,3 %
JIeTeil HaCIIeICTBEHHOCTH OBljIa OTATOINEHA 1O ca-
XapHoMYy auadety, y 25 % — no OpoHXHaJIbHOH acT-
Me, BapUKO3HOH 0OJNEe3HW W apTpo3aM, y ONmKai-
IIuX poACTBEHHUKOB 21 % neTell BhIABICHA apTe-
puanpHas runeptroHusd, y 15 % — muonus, aprepu-
anpHas runotonusd, BC/, B 9 % cny4yaeB — uHpapkT
Muokapza. [Ipu craTucTudeckoM aHaIM3e JaHHBIX
He OBIJIO BBISIBJICHO JOCTOBEPHBIX Pa3INIUH B TeUe-
Huu C/] 1 B 3aBUCHUMOCTH OT CEMEHHOr0 aHaMHe3a.

Ilpn n3ydyenun anamuHesa xu3Hu gerert ¢ Cl 1
HaM TakKe He yJIanoch HAalTH KaKMX-IN0O0 MoKazaTe-
JIei, JOCTOBEPHO BIIMSIONINX HA TEYEHHE CaXxapHOTO
nuabera. Teuenne 6epemenHoctH B 32,1 % cinyuaes
Obu10 HOpMasIbHOE, B 9,1 % cinyyaeB oTMevanach He-
(hponarusi, aHeMHsI, TOKCUKO3, YIp03a BHIKHUJIBIIIA, B
6,1 % — ponbl myTeM KecapeBa CEUEHUsI, apTEPHAIIb-
Has runeproHus. Cpenu 3abonieBaHUH, TTepeHeCceH-
HBIX B JIETCTBE, B 27 % cmydaeB — dacteie OP3, B
24 % — aronnuecKkuil AepMartuT, B 9 % — uHpeKIIsa
MOYEBBIBOASIIMX ITYTEH, MPOJANC MHUTPAIBLHOTO
KJanaHa, ckapnarusa. [Ipu ocMotpe crenuanucTa-
MU jgered B aebrote 3abonesanus CI 1y 21,2 %
ObL1a BRIABIIEHa MUOTIHS; Y 6,1 % — MaTPHO30PKOCTH,
aHTuomaTus cetdaTku; v 12,1 % BBISBICHBI acHOU-
JIbl U TUNEpILIa3usl MuHganuy; y 12,1 % nereit — ac-
TEHOHEBPOTUYECKOE COCTOSHHUE; y OJHOIO peOeHKa
nuarHoctupoBana snunencus. B 18,2 % ciyuaes y
netei (mo pesynsratam @I'JIC) BeIsIBIEH XpOHUYEC-
KW TacTpOIyoneHuT, U3 Hux y 15,1 % c ractpoazo-
daransasIM pedurrokcom. [Ipu Y3U opranos Oprori-
HOW TIOIOCTH y YETBEPTH JeTei OBLIO BBISBICHO
muddysHoe yBenuueHHe MOMKETYIOUHOH >Kele3bl,
YIUIOTHEHHE napeHXumbl, y 9,1 % — mnpusHaku
JIOKBII, anoManuu pa3BUTHS KEJIYHOIO IY3bIpS,
nudQy3HbIe M3MEHEHUS TIeUeHH, y 6 % — pacmpe-
Hue YJIC nouek. B 18,2 % cimy4aes BbIsSIBIIEHA THIIEP-
UTa3us MIMTOBUIHOM skene3bl. JlabopaTopHble MoKa-
3arenu (OMOXMMHUYECKHE, UMMYHOJIOTHYeCKue) B Jie-
Orore 3aboneBanus CJ| 1 mpakTuyecku He OTIMYa-
JUCh OT HOPMBI. B rpynmax neteit ¢ pa3nuyHoii cre-
neHsio BeipaxkeHHocTd JICT mo BceM 3TUM mokasa-
TEJISIM IOCTOBEPHBIX Pa3IMyuil MOITy4YeHO He ObLIO.

Crenenp [ICT ouenuBanu B aebrote 3aboneBa-
HUS, TaK KaK METa0OJMYECKHUE HApYUICHHS IPU
CJ 1 BausitoT Ha OOMEH KOJJIareHa, a ClIeI0BaTeNb-
HO, ¥ Ha BHELIHUE MPOSABICHUS AUCIIA3UU COEU-
HUTENbHOH TKaHu. Haumbonee xapakTepHbIMU (e-
Hotunuueckumu npuszHakamu JCT y geteit B ae-
orore CJI 1 ObuTH crexyroniue (B yObIBarOIICH MOC-
JIeIOBaTENbHOCTH):

* TUNIEP3TACTUYHOCTD KOXKH;

* BeIpakK€HHas BEHO3HAas CETh Ha KOXKE;

* TUIIEPMOOMIIBHOCTD CYCTaBOB;

* neopManusi HO3BOHOUHKKA B BUJE CKOJIHO03a;

* TUIIOTOHUSI (CTa00CTh) MBIIII] )KHUBOTA;

* IJIOCKOCTOIIHE;

* HeOOTBIIIOE BIABIICHNE HA TPYANHE;

* BEICOKOE HEDO;

* TaTOJIOTUS 3PEHNUS;

* HCKPUBIICHUE WJIM aCHMMETPHUS HOCOBOM Iepe-

TOPOIIKY;

* rOIyOBIE CKIIEPEI,

* KHATONTHIIINY B 00JIACTH CYCTaBOB;

* HEMIPaBUJIBHBIM POCT 3yOOB HIJIM CBEPXKOMII-

JIEKTHBIC 3yOBI.

B ne6rote 3a601eBanus nerkas crerens JICT (Ba-
pHaHT HOpMBI) OblIa BhIsiBIIeHa Y 2 nereit (6,1 %),
yMepeHHO BhipaxeHHas — y 18 (54,4 %), BeIpaKeH-
Has —Yy 13 nereit (39,4 %). Ilony4yeHHble JaHHBIE CBU-
JCTSILCTBYIOT O TOM, YTO caxapHbId JauabeT 1-ro
THIIa COMPSDKEH CO CTeneHbio BeipakeHHOCTH JICT
(p <0,05), To ecTh yaie BO3HUKAET y AeTel Ha poHE
ACT.

Mpbl mpoaHanu3upoBaliyd B KaTaMHE3€ XapakTep
teueHust C/] 1 B 3aBUCUMOCTH OT CTENEHH BBHIpa-
xerHoctu JICT. XapaxkTepuctruka TSXKECTH Tede-
Hust CII 1 y merei ¢ pa3nu4HON CTENEHBIO BbIpa-
skeanoct JICT npencrasiena B Tab:. 1. Kak BumgHO
13 TaOJUIBI, HAM HE yNaJioCh BBISBHTH JOCTOBEP-
HBIX pa3nuuui no tsoxkectu Teuenus CJl 1 B 3aBucu-
moctu 0T creneHu BeipaxkeHHOcTH JICT. Ilo Heko-
TOPBIM JTUTEPATyPHBIM JAHHBIM, JUCIIIA3US COCIU-
HUTENBHON TKaHu y 00bHBIX CJl 2-T0 THIIA TPUBO-
IIUT K OBICTPOMY IIPOTPECCUPOBAHHUIO OCIIOKHEHUH,
TaKUX KaK aHTHUOIATHS ¥ CHHIPOM THa0eTHIEeCKOI
crorsl [11]. BoamMoxxHO, 4TO 1pu Oolee IIUTEITHHOM
KaTaMHEe3€ MBI TOITBEPANM 3TH HAOIIOIECHUS, HO B
HACTOSIIEE BPEMS MOKHO KOHCTaTUPOBATh, YTO TsI-
s)kecTb Teuenus CJl 1 3aBUCHT B IEPBYIO O4epeb OT
o0pa3a )KM3HHU U XapakTepa MUTaHus 00JbHOr0, HH-
CYIMHOTEPAIINH, a TAaK)KEe OT COOIIOEHUS UM BCEX
pexoMmeHmanuid. MOXHO IMoyaraTh, 9TO KOJUIATe€HO-
MaTus, KOoTopas Oblla OTMEYeHa y OONBIIMHCTBA
JIETeH, ABISIACH MPEAPACTIONIATAIONUM (PaKTOPOM
B pa3sutuu CJI 1.

Tab6muna 1

Xapaktepuctuka teuenus CAl y nereit
¢c pa3nuuyHOW cTenmeHbio BepaxeHnHocTtu ACT

CreneHb BBIPAKEHHOCTH AUCILIA3UU
Teuenue COEIMHUTEJIBHOW TKaHU Hocrosep-
caxapHoro HOCTB
NerKasi | yMEpEHHasl | BBIpaKeHHAst #
nuabera n=2) s 18) (n=13) pasiauuuit
Jlerkoe 0 3(16,7 %) 2 (15,4 %) p > 0,05
Cpenne-
TKEITOE 2 (100 %) | 8 (44,4 %) | 7 (53,8 %) p > 0,05
Tsxenoe 0 6(33,3%) | 3(23,1 %) p > 0,05
T =
e;‘lﬁg‘;"m 0 1 (5,6 %) 1(7,7 %) p>0,05

XapakTepucTrKa 00CIeIOBaHHBIX IETEH IO CTe-
nenu tsokectu CJ1 1 npeacrasiena B Tabm. 2.

Hamnre uccnenoBanue mokasano, 4To MpH TsKe-
ae1x ¢popmax CJI 1 mocToBepHO Hale BCTPEIAIHCH
cnenuduyaeckne ocnoxkaenus CJll 1 (meitponarwus,
peTHHOMATHSI, XaporaTus) U HHQEKIIUU pecrpa-
TOpHOTO TpakTa. Hanuune comyTcTByromel naro-
JIOTHH He 3aBucelo oT Tsikectu CJI 1.
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Ta6auna 2

XapakTepucTHKa OOCIENOBAaHHBIX AETEH
nmo crenenu taxectu CHI1

TEW BCTpEYArOTCs NMPAKTUYECKU C OJMHAKOBOW Yac-
TOTOH B IPYINAX C Pa3JIMYHON CTENIEHBIO BBIPAKEH-
Hoctu JICT. Ho otnensuele nposBnenus ACT, ta-

Teuenue caxapHoro auadera KHUE KaK FI/IHCpMO6I/IJ'H)HOCTI7 CyCTaBOB, JOCTOBCPHO
netans- | HOCTO- peke BCTpeuaach B TPyMIe OOJNBHBIX, WMEHOIINX
I cpenHe- .~ |BEpHOCTH g
PH3HAKH AETKOC | e | TKEN0C | HBIE | paqy. OCIIO)KHEHUE B BHJIe Xalponaruu (Tadmn. 4). [lo-Bu-
=3 @w=17) | @9 gy | i JIUMOMY, TIAIIUEHTHI ¢ TUIEPMOOHIIBHOCTBIO CyCTa-
Fo Y T — BOB Pa3BUBAIOT XaliponaTHio B 6oJiee MO3IHUE CPO-
CJ MHOKECT- 0 |8(47,1%)|9 (100 %) |2 (100 %)| p <0,05 ku. TakuM oopazom, JICT ciryXHUT B JAHHOM clIy4yae
P > y y
;f““”e 3aIUTHBIM MeXaHW3MoM. Hamportus, Hedponarus
) Zi‘;iaﬂﬂlgf 0 1(6,2%) |7 (77,8 %)|2 (100 %)| p < 0,05 JIOCTOBEPHO Yallle BCTpeyasach B IpyIIe AETEH ¢
Koma 0 130188 % |6 (667 %2 (100 %1 & < 0.05 TOBBIIIIEHHON 3JIACTUYHOCTBIO KOXHU — Yy 14 nerei
B aHaMHese (18,8 %) |6 (66,7 %))2 (100 %) p <0, (60,9 %), B rpyme gereid, He UMEIOUTUX 3TOTO MPH-
Xaiiponatus |1 (20 %) 7 (43,8 %) |9 (100 %) |2 (100 %) | p < 0,05 3HaKa,—y 2 genoBek (22,2 %) (p<0,05). [lanpHeiiee
Cencopras o 7@ s ss.69%la 1009 <005 HaOJIOJICHNE 32 ATUMU MAIlEHTAMH MO3BOJIUT BBI-
neiiponatns (43,8 %) |5 (55,6 %)| 2 (100 %) | p <0, SIBUTh U JPYTHe KIMHHUYECKHE OCOOCHHOCTH Teue-
Kartapakra 2 (40 %)| 3 (17,6 %) |4 (44,4 %)|2 (100 %)| p < 0,05 HHs CaXapHOI'o auabera 1-ro Tuma y nereii ¢ pas-
ABTOHOMHAR JTUYHOMU cTeneHbto BeipaxkeHHocTH [ICT.
0, 0,
HelponaTus 0 0 4 (44,4 %)|2 (100 %) | p < 0,05 Ta6auna 3
PeTHHOMNATHS 0 5(29,4 %) |5 (55,6 %)|2 (100 %) | p < 0,05 Knuuaundgeckue ocobennoctu teuenus CJ1 B
3aBUCUMOCTH OT CTCEINCHHU BBIPAXCHHOCTH I[CT
Bripaxxennas
runepmobuib- 5 (100 %) 10 (58,8 %)|5 (55,6 %) 0 p <0,05 Crenens Beipaskennoctu JICT JlocTosep-
HOCTP CYCTABOB Hpusnaxu JerKasi | yMepeHHas | BBIpa)KCHHas HOCTE
Jlunomuct- 4 (80 %)|15 (93,8 %)| 9 (100 %) |2 (100 %)| p > 0,05 0=2 | @=18) (n=13) | pasimiud
podun
v OcnoXKHEHHS
Honnneii- 1 (25 %)|13 (81,2 %)| 7 (77,8 %)|2 (100 %)| p > 0,05 Cl muoxect- | 1(50,0 %) | 11 (61,1 %) | 7(53,8%) | p>0,05
ponarns BCHHbIC
Madekwts s (100 9415 (88,2 %)(8 (88,9 %)| 1 (50 %) | p>0,05  Keroamnos 0 6(333%) | 4(333%) | p>005
penko B aHAMHE3€e i i i
u Koma
qa“gg“‘m" 0 0 1(11,1 %)| 1 (50 %) | p> 0,05 B aMAMHese 0 8(44,4%) | 3(250%) | p>0,05
Xaii 2(100 %) | 11 (61,1 ¢ 9 >0,05
?gﬁ:;p;ﬂe;ﬂe 2(40%)| 1 (5.9 %) 0 0 p<0,05 CaI/IpOHaTHﬂ (100 %) 61,1 %) | 6(50,0 %) p>0,
crcopHat 1(50,0%) | 9(50,0%) | 4(333%) | p>0,05
Yacteie OPBU |2 (40 %) 0 0 0 p<0,05 HeHMpOTaThs
KarapakTa 1(50,0%) | 6 (33,3%) | 4(30.8%) | p>0,05
ITaronorus
0 |2(11,8%) 0 1(50 %) | p>0,05 ABTOHOMHAZ
CTOMBI e DOmATIS 0 4(222%) | 2(154%) | p>0,05
Hedponarus |1 (20 %)| 9 (56,2 %) |5 (55,6 %)| 1 (50 %) | p > 0,05 P
M PeTuHonaTus 0 7389%) | 58,5 %) p>0,05
HOKapa1o- .
gucTpodus 0 |20L8%)3G33%) 1G0%)  p>005 gé‘é‘ﬁﬁ““ 2(100 %) | 16 (88,9 %) | 12(100%) | p>0,05
Bereto- Tlonuuei- 0 o 0
cocymucTast 2 (40 %)| 8 (47,1 %) |4 (44,4 %)| 1 (50 %) | p>0,05 Fp—— 2 (100 %) | 13 (76,5 %) | 8(66,7%) | p>0,05
JHUCTOHHUS Vndexmmn
H
i 2100 %) | 15 (83,3 %) | 12(92,3 % >0,05
XpoHmUeCKHit |1 50 o5) 7 (412 9%) |4 (44,4 %) 2 (100 %) p>0,05  peako (100%) | 13@83,3%)| 12023%) | p
racTpONYOJIEHUT "
) ) ) Hbexuma 0 2 (11,1 %) 0 p>0,05
MAC 0 [6(353 %) |4 (44,4 %)| 1(50%) | p>0,05 qacTo
Ipomnarnc ITaronorust o o
wntpasroro |2 (40 %) 2 (1,8%) [1(1,1%) 0  |p>005  cromsi 0 2(AL1%) | 1(77%) | p>005
KJ1anasa Hedpomarus | 2(100%) | 7(38,9%) | 7(583%) | p>0,05
Juckunesus M
KEIIEBBIBOS- 0 |3(17,6%)|3 (33,3 %)| 1(50 %) | p> 0,05 MOKapAHO- 0 6 (33,3 %) 0 p<0,05
mMX MyTeH AucTpodus
BereTo-
Muonus 1(20%)| 1(5,9%) [2(222%) 0 | p>0,05 cocyaucTas 1(50,0%) | 8 (44,4%) | 6(46,2%) | p>0,05
Ckonno3 4 (80 %) 0 1 (11,1 %) | 1 (50 %) | p> 0,05 JIUCTOHHUS
it XpoHuueckuit
A p
peonmtr |0 [2018%)| 0 0 | p>005 ractpoyoe- 0 8(444%) | 6@462%) | p>005
S:;;’;ZHHG MAC 2(100%) | 6(33,3%) | 3(23,1%) | p>005
0,
MO3TOBOTO KPO- 0 0 1L %) 0 p>0,05 IMponanc
BOOGpAIICHHIS mutpanssoro | 1(50,0 %) [ 1 (5,6 %) 3(23,1 %) p>0,05
KJIaltaHa
Knunanueckue ocobennoctu redenns CI 1 B 3a-  Juccuncsnn
BUCHUMOCTH OT cteneHu BeipaxkeHHOcTH JCT mpen- — xemueswisons- | 1(50,0 %) | 3(16,7%) | 3(23,1%) | p>0,05
cTaByieHsl B Ta0M. 3. U3 IpeCTaBIEHHBIX B TAOMHIE 1ol
Muonus 2 (11,1 %) 2 (15,4 %) p > 0,05
JIAaHHBIX MOYKHO CAEJIAaTh 3aKII0UYEHUE, YTO TAKECTh
v 0, 0,
TeueHHs M XapakTep ocaoxkHeHuii mpu CJ[ 1y ge- ~ Cxomos S@78%) | 107%) | p>005
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Ta6auua 4

YactoTra BcTpeyaeMocTH Xxaiponatuu y aered ¢ CJ/[ B 3aBUCHUMOCTH
OT BBHIDAXXEHHOCTH TMNEPMOOHUIBHOCTHU CyCTaBOB

XaiiporaTus

OCTOBEPHOCTH pa3IMUui
HeT (n = 13) ectb (n=19) A P P

'mrepMoONIBHOCTH BBIPAYKCHHAS 11 (84,6 %) 9 (47,4 %) p <0,05

(e} el (=)

11.
12.
13.
14.
15.
16.

17.
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PaboTa nocesiiieHa CpaBHUTEIBHOMY U3YUEHHIO (U3NIECKOrO CTaTyca U OCOOCHHOCTEH pa3BUTHSI KOCTHO-
r'0, MBILIEYHOI'0 U JKUPOBOI'O AHATOMUYECKMX KOMIIOHEHTOB TeJIa y CTYIECHTOK C aJJIEKCUTUMUYIECKUM Pau-

KaJIOM B CTPYKTYpe JIUYHOCTH B ycioBusx Cesepa.
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Uzyuenue ¢usmueckoro craryca M ICHXOJIOTH-
YECKHUX CBOMCTB JTUYHOCTHU B BEICOKHX IIUPOTaX SB-
JgeTCs 0COOCHHO aKTyaJ IbHBIM B IIJIaHE OIIEHKH CO-
CTOSIHUS 30POBbSI MOJIOJISKH B pa3pabOTKH KPHUTE-
pUEB AMATHOCTUKU HOPMBI M maronoruu [2], [4],
[10], [11]. OmHAKO CBS3H ICHXOJIOTHIECKUX OCOOCH-
HOCTEH JINYHOCTH C KOHCTUTYIIMOHAJIBHBIMU COMa-
TOMETPUYECKUMH XapaKTePUCTUKAMH WHIUBUJA
JI0 CHX TIOp OCTaeTcs Hauboyee TUCKYCCHOHHON U
MaJIOUCCIIEIOBAHHON MPOOIeMOil B aHTPOIIOIOTH-
yeckoil nureparype [6], [8]. Tak, npakTudyecku He-
M3y4eHHOH ¢ TO3WINH MOp(OodyHKIIMOHAIHHOTO
[TOJIX0/1a, BBISABIISIONIEr0 OCOOCHHOCTH (hEHOTHUIIH-
YecKON peann3alliil HaCIeJCTBEHHONW MPOrpaMMBl,
OCTaeTCs U TaKas IICUXOJIOTHIeCKasi XapaKTepUCTH-
Ka JTIMYHOCTH, KaK anekcuTumus. DeHOMEeH ajeKcH-
TUMHH CBSA3BIBAETCA CO CHI)KEHHEM y WHJMBHJIA
cnocoOHOCTH BepOann3anuu adhdexTa, TPy THOCTHIO
nuddepeHImanuy TEIECHBIX ONTYIICHUH 1 YMOITH-
OHAJIBHBIX COCTOSIHHIi, a TIaBHOE, MO/IBEPKEHHOC-
ThIO TICUXOCOMaTH4eckod maronorum [15], [17].
B mpoBeneHHBIX HAMU HCCIIEOBAHUSAX C M3yUYECHH-
eM rabapuTHBIX pa3MEpoB Tella y aJeKCUTUMHBIX
CTyneHTOK B ycioBusx Cesepa [1] Obuia BeIsIBIICHA
HeOIaronpusTHasI TEHACHIIH CIBUTA HH/IEKCA Mac-
cel Tena (MMIMT) B cTOpoHy M30BITOYHOCTH U OXKH-
peHus. YUnuThIBas, 4TO Macca Teja 4eJIoBeKa CoCTO-
WUT U3 Pa3IUYHBIX aHATOMHUYECKHUX KOMIIOHEHTOB
COMBI, HaM IIPEACTaBIISIOCh Ba)XHBIM H3y4YEHHE
BOIIPOCAa M3MEHYMBOCTH KOMIIOHEHTHOI'O COCTaBa

TCJIa y CEBCPAH B 3aBUCUMOCTU OT aJICKCUTHUMHY-
HOCTH JIMYHOCTH. HOSTOMy MBI IMOCYHUTAJIN aKTy-
AJIbHBIM U3YYUTDH 0COOCHHOCTH KHUPOBOro, MbIIIECY-
HOI'O M KOCTHOI'O aHAaTOMHYCCKHX KOMIIOHCHTOB
TCJIa Yy CTYACHTOK C aJICKCUTUMHWYCCKUM paJuKa-
JIOM B YCJIOBHUAX CeBepa, A€ KINMMAaTO3KOJIOrn4ec-
KHe q)aKTOpI)I OKa3bIBAKOT cneumbnqemoe BIHSAHUC
Ha OIPOTCKAHUEC KUBHCACATCIbHOCTHU OpraHnui3ma.

METOJHUKA

UccnenoBanue npoBonunock B mepuog 2008—
2010 yueOHBIX Tof0OB ¢ yyactueM 250 neByIIek B
Bozpacte 18,5 + 0,1 roxa, crynerTok 1-2-ro KypcoB
MeauIHCKoro dakymnsrera lleTpozaBoackoro yHu-
BEpPCUTETA, HE MPEABIBISABIINX kKaJ00 Ha COCTOS-
HUE 3J0pOBbs. IIpeAcTaBUTEIBHOCTh BBIOOPKHU
obecrieunBaach CIyJallHBIM OTOOPOM HCIEBITYE-
MBIX C paHJOMH3AIUeN 10 COLHMAIBHOMY CTaTycy,
BO3pAacCTY, MONIy. METOAOM NMCUXOMETPHUECKOTO UC-
CIEJOBaHUS IO PYCH(PHUIIMPOBAHHOW  BEPCHU
TopoHTckol anekcutumudeckor mkansl (TAS) c
coOitoieHneM OOIICTIPUHATHIX 3THYECKUX HOPM y
PECHOHJICHTOK BBISIBJISIM HAJTUYHE JIMYHOCTHOTO
aJeKCUTUMHUYECKOTo paaukaia [5]. Cnydan anek-
CUTUMHUYECKOTO PaJiiKajia PernCTPUPOBAINCH 00-
HICTIPUHSTBIM CIIOCOOOM TI0 KOJMYECTBY OaslioB
mkaisl TAS: 63 Ganna U BbIlIe OLIEHUBAJIOCH KaK
HaJu4Yue aJeKCUTUMHYECKOTO pajrKaia; YHCIO
0aJoB, paBHOE 62 M HIUKE, — KAK OTCYTCTBHUE aJleK-
cutumui [5]. C yuetom umncia 6amioB mkaisl TAS
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(GhopMHUPOBaNKCh TPYMIBI OOCIEAOBAHUS CTYICH-
ToK: ombITHAasA (n = 107) ¢ aleKCUTUMHYECKUM pa-
JIUKaJIOM H KOHTpoibHas (n = 143) ¢ oTcyTcTBHEM
AJICKCUTUMUHU. AHTPOIIOMETPUPOBAHUE CTYJIECHTOK
OCYIIECTBJISAIN B YTPEHHHUE Yachl C UCIOIb30BaHMU-
€M CTaHJapTHOI'O0 aHTPOIOMETPHYECKOTO UHCTPY-
MeHTapust (MEIUIIMHCKUX BECOB, METAJIMYECKOTO
IITAaHTOBOTO aHTpOIoMeTpa MapTrHa, CKOIb3AIIe-
ro LUPKYIIS, KATUIEP-IUPKYJIS, IJIACTUKOBON Mep-
HOM JIEHTBI) ¢ TOUHOCTBIO 70 0,1 cM u 0,05 kT 1 ¢
YYETOM H3BECTHBIX METOAMYECKHX PEKOMEHIAIUI
[7]1, [12]. ¥V cTtymenTok npoBoamiu 21 usmepeHue, B
TOM YHCIIC: MacChI TeJIa, INIMHBI Tea, 8 00XBaTHBIX
pasmepoB, 4 nTUaMETPOB SMU(PU30B KOHEUHOCTEH,
TOJIIUHBI 7 KOXHO-KUPOBBIX CKJIAJ0K (C TOYHOC-
1610 110 0,1-0,2 MM). Onpenernsuim miomaias IoBep-
xHocTH Tena (S, m?) o popmyie Mccakcona, peko-
MEHJOBaHHOW JJIS JIUI, Y KOTOPBIX CyMMa Beca U
IIuHBL Tena 6onemme 160 equawmi: S = 100 + W +
+ (H - 160) / 100, rne W — Bec tena, kr; H — nmunHa
Tena, M [7]. st onipeneneHuss KOMIOHEHTHOTO CO-
CTaBa TeJla WCMOJb30BAId AHATUTUYCCKUN METO]
omnpeneneHus mo popmymnam J. Matiegka abGcomtoT-
HOT'O KOJIMYECTBA >KUPOBOI, MBIILICYHOU U KOCTHOM
TKauu [16]. ®opmyna J. Matiegka [16] mist ompene-
JICHU S a0COTIOTHOTO KOJIMYECTBA KUPOBOTO KOMIIO-
HenTa (D, xr) B Mmacce Tenma: D=d x Sx k, rme d —
CPEIHSIST TONIIUHA CJIOS MOJIKOKHOTO XKHUPa BMECTE
C KOKei, MM; S — IIOBEPXHOCTH Tena, cM?; K — KOHC-
TaHTa, paBHad 0,13 (mosyyeHHas Ha OCHOBE JKCIIe-
PUMEHTAIHHOTO aHATOMHYECKOTO MaTepuaia); d =
d,+d,+d,+d,+d,+d,+d))/14,rned, ... d,—Ton-
IIMHa KOXKHO-)KHPOBBIX CKJIAJIOK, MM: Ha Ijlede
(cnepenu w c3aam), MpeAIUIeYbe, CIIMHE, JKHUBOTE,
Oenpe, rtomenm (cxema H. 1O. JlyToBHHOBO,
M. U. YTkunoii, B. I1. Urenosa, 1970). [IponeaTHOE
COIepKaHWE JKMpa B Macce Tela MPOBOIWIHN II0
dopmyne: % xupa =D (xr) x 100 / W, rne D — Bech
xup, kr; W — Bec Tena, kI. OmpeneneHne mMacchl
MoJIKOKHOTO kupa (D, kT) mpoBoawn 1Mo Gopmylie
J. Matiegka [16]: D =S x d, x 0,9, rne d, — cpennss
TOJIIMHA MTOJIKOKHO-)KHUPOBOT'0 CIIOSI 0€3 KOXKH, MM;
S — moBepxHOCTH Tena, cM?; d, = (3.8 KOXKHBIX CKITa-
Jok / 16; koXHasi CKJIaJKa Ha TBUIBHOW CTOPOHE
kucta / 2); 0,9 — xoHCTaHTa IS YIACIBHOTO Beca
xkupa. Onpenenenue aOCOTIOTHOW MAacChl MBIIIEY-
HOW TkaHm (M, Kr) mpoBoguiH TI0 QopmyIe
J. Matiegka [16]: M =L x r* x k, tne L — qnuna tena,
CM; I — CpefHee 3HaYeHHe pajinyca mieda; k — koHc-
TaHTa, paBHas 6,5. [IponieHTHOE copepKaHe MacChl
MBIIIEYHON TKaHH MTPOBOAIIIH 10 opmyiie: Yo MBI-
nieyHoir Tkanu = M (kr) x 100 / W, tne M — Bcs
MBIIIIeYHast Macca, Kr; W —Bec Tena, Kr. OmpeeneHue
abconmoTHON Macchl kocTHOW Tkanu (O, KT) IpoBo-
nuia o popmyie J. Matiegka [16]: O =L x o? x k,
rae L — nouHa Tenma, cM; 0? — KBaapar cpeaHei Be-
JUYUHBl THaMETPOB AWCTANBHBIX YacTel Iuieda,
npenruiedbsi, 0eapa U ToJeHHu; kK — KOHCTaHTa, paB-
Has 1,2. [IponieHTHOE copepkaHrue MacChl KOCTHOM
TKaHU MPOBOMIIIH IO opmylie: Y% KOCTHOH TKaHU

=0 (kr) x 100/ W, rme O — Bcs KOCTHas Macca, Kr;
W — Bec Tena, kr. s OlleHKH (PU3UYECKOTO Pa3BH-
THSI aHATOMHYECKUX KOMIIOHCHTOB Te€Ja COCTaBJIS-
JU pa3BepHYThIC IEHTHIIBHBIE TaOMUIbI, TPeIyc-
MaTpHUBarOIINE BeIACCHHE 6 Tpanull: 3, 10, 25, 50,
75 n 90 nerTHIeN pacnpeneneHus (TO eCTh 9acTo-
THBIX JIOJICH) BApbUPOBAHMS IIPU3HAKA, BHE 3aBUCH-
MOCTH OT THIIAa MaTeMaTHYECKOT'O paclpeesicHUsI.
3HaueHus B JWAamma3oHe 0 3-TO ICHTUIA (OYeHb
HU3KWE BEJIMYUHBI) U BhIIIE 97-T0 HEHTUIA (0YeHb
BBICOKHE BEITMYUHEI) paCIEHUBAIN KaK IMaTOJIOTH-
yeckue. Jlmama3onsl oT 3-10 10 10-ro eHTHIISA U OT
90-ro mo 97-ro pacueHuBaIN KaK OTPaHUIHBIE CO-
CTOSIHHS. 3a HOpPMY NPUHUMAIU BEIWYUHBI OT
10-ro 1o 90-ro nerTHias. CTaTUCTUYECKUNA aHAIIN3
pe3yJbTaTOB MPOBOJUIICS C UCIOJIb30BAaHUEM IPO-
rpammHoro naketa «Microsoft Excel» n ¢ mpusie-
YEHHEM CIIEAYIOIUX HHCTPYMEHTOB: OIHCATETbHASL
CTAaTHCTHKA, TUCTOTpaMMa, PaHT WU TEPCEHTHIIb.
[nsa npoBepKH HOPMAIBHOCTH paCIpElesIeHUs UC-
CIeI0BaINCh KOI(DOUIIMEHTHI aCHMMETPUH M JKC-
necca. Pe3ynbrarhl npeAcTaBiIsiv B BUIE: CPETHETO
apu(PpMETHIECKOTO 3HAYEHUS CO CTaHIApPTHOU
omuOKor cpemHero, menuansl (Me); BEIOOPOYHOM
JIOJIA CO CTaHIAPTHOM OMUOKO#; IIEHTUIIBHBIX Ta0-
JUL pacrpenesieHrs] BEIUYUH NMpu3HaKkoB. OLeHKa
TUTIOTE3 TIPH CPaBHEHHUM JBYX BHIOOPOK IIPOBOIH-
Jack ¢ IpuBleueHueM KputepueB CThIOACHTA,
Manna — YutHu, Xu-KBagpar, ¢ UCIOJIb30BaHUEM
nporpammsel 11 IBM PC «buocrtat» [3]. 95 % no-
BepHuTenbHbIe HHTEpBATH (95 % JIN) n3menunBoc-
TU TIPU3HAKOB OMPEACIISIIA Ha OCHOBE «(U»-1Ipeo0d-
pazoBanus @umepa [3]. CTaTUCTUUECKU 3HAYNMBI-
MM CUMTaNU paziauyus npu 95 % mopore BeposT-
HocTH (p < 0,05).

PE3YJBTATBI

PacnipocTpaHeHHOCTh AJEKCHTUMHYECKOTO pa-
IMKaJa B UCCIIEAyeMOU TOMYIISIIIUN CTYACHTOK CO-
crasisina 42,8 £ 0,2 % (95 % AU: 36,6—49 %). llpu
9TOM ypPOBEHb AJIEKCUTHMHYECKOTO pajuKalia 10
mkane TAS coctarisn B cpenneM 71 + 1 6amt (95 %
JAU: 69-73). V 57,2 £ 4,1 % neBymiek aleKCUTUMHUS
OTCYTCTBOBaJia, 4UCJI0 OayuoB mo 1mkaie TAS B
cpenHeM Obimo 54 + 1 Gamm (95 % AU: 52-56).
Pacnipenenenne BeTUYHH IIIMHBI TE€NA y CTYACHTOK
B 00eHX TpyMIax HCCIeTOBAHHS MPHOIIKAIOCH K
HOPMAJILHOMY THIY, IIPH 3TOM JJIMHA Tella Y CTY-
JIEHTOK OMBITHOM TPYMITHI B CPEIHEM COCTaBIIsIIa
164,5 + 0,55 cM, a B KOHTpOJBHOI — 163,9 £ 0,47 cM
(p=0,424).

Benuuuabl Macchl Tea y CTY/IEHTOK KaK B KOHT-
poJie, TaK U B OTIBITE XapaKTePHU30BAIICh ACHMMET-
PUYHBIM paclpeeIiCHHeM, OTINYAIOIIUMCS OT HOP-
MaJIbHOTO THIIa. Pa3Max KoneOaHui 3HAYEHUH Mac-
CBI T€JIa B KOHTPOJIBHOM TpyTIIe COCTABIISI OT 38 110
80 kT, MemMaHa coOTBETCTBOBaJIa 57 KT. B onbITHOM
TpyIINe 3Ha4eHUsI Macchl Tejla BapbUpoBau OT 44
no 89 Kr ¢ MeauaHo#, paBHOW 58 KI. YUuTbIBas
ACHMMETPUYHOCTH PacipeeNICHUsI BETUYUH MaCChI
Teja, JaJIbHECHIINKM aHaJIN3 MacChl 1 KOMIOHEHTHO-
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ro COoCcTaBa Tejla CTYJACHTOK MPOBOMMIICA TI0 Ta0Iu-
IaM ICHTHUIBRHOTO THma (Tabnm. 1-3). LleHTHIbHAS
OIICHKA MAcCCHI Tejla B a0COMIOTHBIX BEIWYHMHAX IO-
Ka3aja HaJu4due XapakTepHOTO CABUTA MACCHI TEa
B CTOPOHY YBEIIMYCHHS B 3aBUCHMOCTHU OT aJICKCH-
THUMHYECKOTo panukaia. Tak, 75 % Bcex 3HaueHM
MAacChI TeJIa B KOHTPOJIBHOM T'PYIINEe BXOIAUIN B HH-
TepBat ot 52,1 1o 62,1 Kr, a B ONBITHON — B UHTEP-
Bai ot 54,0 mo 63,0 xr. OnpeneneHne KOITUIECTBA
JKHPOBOTO KOMITOHEHTa MaccChl Teja (Tadir. 1) moka-
3aJ10, 4TO B 75 % Bcex 3HaueHHI aOCOIIOTHBIX Be-
JIUYUH XKUPOBOM MACCHI T€Na B KOHTPOJIC BXOAMIIN
B mHTepBa) otT 10,351 mo 18,804 kT, a B ombITE — OT
11,81 mo 20,11 kxr (B OTHOCHUTEIBHBIX BEIWYHHAX
KHPOBOH Macchl COOTBETCTBEHHO 75 % BCeX 3Haue-
HHUI B KOHTpOJIC BXOAMJIM B WHTEepBaa oT 19,8 mo
32,1 %, a B onbiTe — ot 20,5 mo 32,3 %). [Ipu ompe-
JEJICHUH MBIIIETHOW Macchl Tena (Tabdn. 2) ObLIo
BBISIBIIEHO, 4TO 75 % BCeX 3HAYCHUH aOCOIIOTHBIX
BEIIMYUH MBIIICYHON MACCHI T€Jla B KOHTPOJIE BXO-
IWAIA B mHTEpBa oT 27,15 no 33,98 kr, a B onbITe —
oT 28,69 1o 34,30 kT (B OTHOCUTEIHHBIX BETHYHHAX
MBIIIEYHOH MacChl COOTBETCTBEHHO 75 % 3HaueHUM
B KOHTPOJIC BXOAMIN B UHTEpBai oT 51,6 1o 56,4 %,
a B ombITe — oT 51,8 mo 55,7 %). KonnuecTtBeHHOE
orpezeNeHue KOCTHONH MacChl Tella B KOHTPOJIBHOM
Y ONBITHOM TpyHnax mpeacTaBieHo B Tadu. 3. beuio
BBISIBJICHO, 4TO 75 % BCeX 3HAa4YeHUI aOCOMIOTHBIX
BEJIMYHMH KOCTHON MacCChI T€Ja B KOHTPOJIC BXOIFITH
B UHTEepBaJ oT 7,83 10 9,62 Kr, a B onbITe — OT 7,83
710 9,62 kT (B OTHOCHTEIBHBIX BEIMYMHAX KOCTHOU
MacChl COOTBETCTBEHHO 75 % 3HaYCHUN B KOHTPOJIE
BXOIWJIX B WHTepBan ot 13,5 mo 16,3 %, a B ombI-
te — ot 13,5 10 16,0 %).

Ta6auna 1

IleaTuabPHAs OLMEHKA MaccChl H XHUPOBOTO
KOMIOHEHTAa TeJla Yy CTYASCHTOK
KOHTPOJNBHOW MU ONBITHOHW Tpynn

Ta6auua 2

lleHTuabHAasd OLEHKA MAacCChl U MBIIIEYHOTO
KOMIOOHEHTA Tela y CTYAEHTOK
KOHTPOJNBHOW M ONBITHOWH Tpynm

HenTunp
Moxasarens | 3 | 10 [ 25 [ 50 [ 75 [ 90 | 97
3oHa
L[ 23] 4]5]6] 7
KonTtpons
Macca tena, kr| 44,5 | 48,0 | 52,1 | 57,0 | 62,1 | 67,5 | 76,5
MplieuHas
Macca abco- | 21,74 | 24,75|27,15|30,80(33,98|37,99 | 41,88
JIIOTHAS, KT
MpbiieyHas
otHocutenb- | 41,8 | 48,6 | 51,6 | 54,1 | 56,4 | 579 | 60,3
Has, %
OnsIT
Ma“lf:e“a’ 46,0 | 50,0 | 54,0 | 58,0 | 63,0 | 69,0 | 79,9
MpbieyHas
Macca
abcomoTHas, 22,63 |25,84|28,69|30,90(34,30(37,66| 42,47
KI
MplieuHas
macca otHocu- | 43,2 | 48,8 | 51,8 | 53,8 | 55,7 | 59 | 60,7
TenbHast, %

Ta6anua 3
IlenTunpHasd OMEHKA MAacChl M KOCTHOTO
KOMIOHEHTAa TejJda y CTYJEHTOK
KOHTPOJNBHOW MU ONBITHOH Tpynn

LenTuiab
Mokasarens | 3 | 10 [ 25 [ 50 [ 75 [ 90 [ 97
30Ha
1L [ 23456 ] 7
Kountponb
Macca tena, kr | 44,5 | 48,0| 52,1 | 57,0 | 62,1 | 67,5 | 76,5
Kocruas macea | 704 | 798| 783 (844 9,62 | 10,26 | 10,90

abcomroTHasd, KT

Kocrtaas macca
Uentne oTtHocuTenbHas, | 11,9 [ 12,7 13,5]14,9| 16,3 | 17,3 | 18,2
3102550 75 9 [ 97 %
[Toxa3aTenn
3oHa OneiT
12137456 ] 7 Macca texa, kr_| 46,0 | 50,0 | 54,0 | 58,0 | 63,0 | 69,0 | 79.9
Kontpons KocThas macca
p a6COTIOTHAS, KT 7,04 | 7,28 | 7,83 | 8,49 | 9,62 | 10,26 | 10,90
Macea tema, | 4451 48,0| 52,1 | 57.0 | 62.1 | 675 | 765 KocThas macca
oTHOcuTenbHas, | 11,6 | 12,2 13,5 14,7 | 16,0 | 16,7 | 17,7
XKupopas %
Macca abco- (4,778 4,70 110,351 15,16 18,804 |22,520| 26,419
JIFOTHAS, KT OBCY/XJIEHUE PE3YJBTATOB
M;‘g‘gg’%‘;i’g 10211371 198 1259 | 321 | 364 | 384 B ycnoBusix ceBepHOro peruoHa B IMOMYJSIUU
cuTenbHad, %| ’ ’ ’ ’ ’ ’ CTYICHTOK OBIJI0 BEIsBIICHO 42,8 % CllydaeB ¢ ajiek-
Omer CUTUMHMYECKUM paJuKajioM. B cpenHell mnosoce
i Poccun, o maHHBIM TUTEPATYPHI, PACIIPOCTPAHEH-
aces e 146,0 1 50,0 | 54,0 | 58,0 | 630 | 69,0 | 79,9 HOCTh AJIEKCHTHMHUH CPEIU CTYIEHTOB COCTABJISIA
XK ot 25 mo 30 % [13]. JlaHHBIE TTPOBENEHHOTO IICH-
npoBas
MaCCgaGCO- 5’43 6,91 11,81 15,24 20511 23,92 26,85 THUJIBHOI'O aHaJIn3a BapBI/IpOBaHI/Iﬂ MacCChl TEiaa y
JIOTHASL, KT CTY/IGHTOK B TPYIIIax MCCIENIOBaHUS B MHTEpBale
Kuposas OT 25-10 710 75-T0 LIEeHTHUJIeH COOTBETCTBOBAIN HOP-
Macca otro- | 9,8 | 12,7 20,5 | 26,5 | 32,3 | 38,6 | 409 MAaTUBHBIM 3HAUEHUAM JJI 3TOW BO3paCTHOM I'pyI-
cutenbHas, % el [9], [14]. BmecTe ¢ TeM n3ydeHne (pu3m4eckoro
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cTaTyca y CTYIEHTOK B 3aBUCUMOCTH OT aJIEKCUTHU-
MHUYCCKOTO paJuKaja BBIABUIIO q)eHOTI/IHI/I‘-ICCKI/IC
0COOEHHOCTH MPOTEKAHUs FOHOIIECKOTO OHTOTEHE-
3a, CBSI3aHHBIE C TIEPHOJIOM 3aBEPIIEHUS POCTa CKe-
nera, GopMUpOBaHUS NeHUHUTHBHOTO COCTOSHHUS
MBIIIETHON CHCTEMBI ¥ MTOJKOKHOTO KHUPOOTIONKE-
HUA. Y CTYACHTOK C aJICKCUTUMHUYCCKHUM paauKa-
JIOM TIO0 CPAaBHEHHIO C KOHTPOJIEM BO BCEX JUAMazo-
Hax OT 3-ro 10 97-ro UEeHTHIIs B BEIMYNHAX MACCh
Tena HaOIMIoAaNcs XapakTEepPHBIA CIBUT B CTOPOHY
yBenuueHus. IIpoBeneHHBIN AeTajdbHBIA aHaIW3
KOMIIOHEHTHOT'O COCTaBa Tejia IMOKa3al, YTO Macca
KOCTHOI'O KOMIIOHCHTA Y CTYACHTOK C aJICKCUTUMH-
YEeCKUM paJIMKaloM CYLIECTBEHHO HE OTJIMYajach
OT KOHTPOJIBHOH, YTO CBUAETEILCTBYET O CTAOMIIb-
HOCTH OTOr0 COMAaTH4yeckoro kommoHeHTa [11].
OcCHOBHBIE U3MEHEHUSI B 3aBHCHMOCTH OT aJIeKCH-
TAMWH OBUTH BBISIBJICHBI CO CTOPOHBI HanboJee Jia-
OMIBHBIX COMAaTUYECKHX KOMIIOHEHTOB. TaK, y
AJICKCUTUMHBIX CTYJACHTOK IO CPABHCHUIO C KOHT-
posieM HaOnroganoch yBelIndeHne abCoMOTHBIX Be-
JUYUH MAacCChl MBIIIEYHOIO KOMITOHEHTa COMBI.
Bonee BeicOkMME Kak aOCONIOTHBIMH, TaK U OTHO-
CUTEHHBIMH BETMIMHAMH XapaKTepHU30BaIach K1-
poBas Macca. B 3Toil cBs3U clleyeT OTMETUTD, YTO
XOTs CTCIICHb pa3J’[H‘-IHI71 B BCJIMYHHAX XHUPOBOI'O
KOMITOHEHTA y aJIeKCUHTHUMHBIX CTYJEHTOK Obljia OT-
HOCHUTENILHO HEBEJINKA, BBHISBICHHOEC HW3MEHEHUE
MOJKET UTPaTh BAXXHYIO POJb B BOMPOCAX MEPBHU-
HOW TTPO(UIAKTUKH BO3MOKHOTO PHCKa CEPIIETHO-

COCYAMCTHIX paccTpoiicTs [2], [15]. Takum obpazom,
B pe3yJIbTaTe CPaBHHUTEIBLHOTO UCCIICAOBaHUs (Hu-
3UYECKOTO Pa3BUTHUS OCHOBHBIX KOMIIOHEHTOB Teja
Y aJIEKCUTUMHBIX CTYJICHTOK ObLIa YyCTaHOBIIEHA U3-
MEHYUBOCTH JIAOMJIHBHBIX KOMIIOHEHTOB COMBI, JKH-
pPOBOI M MBIIIEYHON TKaHU TeJa, PU I3TOM KHUPO-
BOI KOMITOHEHT, TI0-BUITMOMY, B OOJIBIIIECH CTEIICHH
OKa3bIBACT BIUSHUEC HA MACCy TeJa M0 CPABHEHUIO
C APYTHUMH.

3AKJIIOYEHUE

Nzyuenue ¢usmueckoro craryca y CTYICHTOK C
JTUYHOCTHBIM aJeKCHTHMUYECKUM DPaJHKaJIOM Ha
3aKITIOYUTENHHON CTaINH IOHOIIECKOTO OHTOTeHEe3a
[I0Ka3aJi0, YTO B YCJIOBUSX CEBEPHOTO PErHOHA CIIe-
HUPHUUECKOMY BIUSHHUIO TOABEpraercs HamOoiee
NaOUIbHBIA KOMIIOHEHT COMBI — )KHUPOBasi TKaHb, B
pe3yJbTaTe Yero JKUPOBOW KOMIIOHEHT 0oJjiee BhIpa-
JKEHHO BIHsIeT Ha ¢popmupoBanue tena. [lomaraem,
YTO BBISBIICHHAs] 0COOCHHOCTh B (PM3NUECKOM CTa-
TyC€ OprannismMa aJICKCUTUMHBIX CTYACHTOK MOXKET
UMETh OOJIBIIIOE MPAKTUYSCKOE 3HAUCHUE JJIsl TIep-
BUYHOW MPOQPIIAKTUKY TPOTHO3UPYEMON TNaTo-
JIOTUH, TIOCKOJIBKY U30BITOYHAS JKUPOBAs Macca Te-
Jla MOXET BBICTYIIATh (PAKTOPOM pHCKA CEepIeYHO-
COCYJUCTOM MaTOJIOTHUH.

Pabora BemonHena mpu mnomaepxkke PIHO
B paMKax Hay4YHO-HCCIENOBATEIbCKOTO IPOEKTa
«PI'H® Ne 09-06-42605 a/c I'OY BIIO Iletpl Y».
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BJUSIHUE HNPOAOJIKUTEJIBHOCTH CBETOBOI'O TH
B YCJIOBUSIX KAPEJIUU HA IIOKA3ATEJIN 9CTPAJIBHOU ®YHKIIUHN Y CAMOK KPbIC

B ycnoBusix ecrecTBEHHOro ocBelieHust Kapenuun B Te4eHUE ABYX JIET UCCIEAOBAIN BIUSIHUE MTPOIOJIKH-
TEJIBHOCTH CBETOBOT'O JIHSI HA BO3PACTHYIO IMHAMUKY TOKa3arene scTpanbHol pyHKun. OTMEUYeHO, YTO
U3MEHEHUE IPOAOIKUTEIBHOCTU CBETOBOI'O JTHS BHE 3aBUCUMOCTHU OT CE€30HA POXKICHUS KPBIC-CaMOK IIPH-
BOJIUT K HapyILICHHIO [TOJIOBOTO CO3PEBaHUs U OoJiee paHHUM BO3PAaCTHBIM U3MEHEHUSIM 3CTPaIbHOTO IIUK-
JIa TI0 CPaBHEHUIO C aHAJIOTHYHBIMU [10KA3aTENISIMU Y )KUBOTHBIX B CTAHAAPTHOM CBETOBOM PEKHUME.
KunroueBrie ciioBa: ectecTBEeHHOE OCBCUICHUE, IIOJIOBOC CO3PEBAHUC, 3CTp2UH)HI)II71 HUKJI, KPBICBl, OHTOI'€HE3, CE30HHAasA JUHAMUKa

W3MmeHeHne TPOAOIKUTENFHOCTH CBETOBOTO
IHS — BXXHBIN PErynaTop (GU3HOIOTHUECKUX PUT-
MOB OpraHH3Ma, OCOOEHHO MPOILECCOB, MPOTEKAIO-
mux mukimaecku [15], [16], [18]. PemponykTuBHast
(YHKIUST JKEHCKOTO OpraHu3Ma HaXOJUTCS TIOJ
KOHTPOJIEM IMPKAaTUaHHON CHCTEMBI, MPEICTaB-
JICHHOW CyIpaxua3MaTHYeCKHMH SIIpaMu THUIOTa-
JlaMmyca, COCYAHCTBIM OpraHOM KOHIIEBOH ITaCTHH-
Kd W IIUIIKOBHAHON xemeson [14], [17], [19].
KinHnYeckMy HaOJIIOJICHUSIMHA YCTAHOBIIEHO, YTO
HapyIIeHUS PEPOAYKTHBHOMN (QYHKIINH Y XKESHITHH,
BBI3BAaHHBIE BO3/IEHCTBUEM HEONATONPHUSTHBIX (ak-
TOPOB BHEIIHEH Cpebl, 00YCIOBICHBI TUCHYHKIHU-
el TumoTaNaMo-runopu3apPHO-rOHaHBIX OTHOIIIE-
auii [1]. O6cnenoBanue >XeHIUH ¢ OeCILIONHUEM yC-
TAHOBWJIO BKHOE KIIMHUYECKOE 3HAaUCHUE dudu3a
Y €ro TOpPMOHA MeJIaTOHWHA (MHTHONTOpa OCH THIIO-
TajaMmyc — runo(u3 — TOHaIbl) B pa3BUTHH HapyIle-
HUH [EHTPaJBbHBIX MEXaHU3MOB PETYIISIUH PETPO-
JNYKTUBHON QyHKIHH [9)].

['pBI3yHBI SBISIOTCS AJEKBATHOW MOJCIBIO IS
W3YyYeHHUs BIUSHUAS CE30HHOTO JIECHHXPOHO3a
CeBepo-3anana Poccuu Ha KEHCKYIO PETIPOTyKTHB-
Hy10 QyHKIHIO [6].

Lenbto uccnenoBanus sIBUJIOCH U3YYEHUE BITHS-
HUS TPOJOJDKUTENBHOCTH CBETOBOTO JIHS Ha
Cesepo-3anane Poccun B TeueHue ToJOBOT0 MUK
Ha JUHAMHKY IOJIOBOTO CO3pEBaHUS, BO3PACTHEIC
W3MEHEHUS JCTPaIbHOW (QYHKIMH M 0a3aibHYIO
TeMIIepaTypy Teja y CaMOK KPBIC B 3aBUCIMOCTH OT
CE30Ha POXKICHHUS.
© lNaitnun U. B., Bapanosa 1O. I1., Bunorpamosa U. A., 2011

METOJUKA UCCJIEJOBAHUSA

B skcnepumenTe ObUTH UCTIONB30BaHbI 142 cam-
KH KpBIC COOCTBEHHOU pa3BOAKH. JKMBOTHBIX CO-
Jep>Kaiy B CTAHAAPTHBIX IIACTMACCOBBIX KJIETKaX
npu Temneparype 21-23 °C. Onu momyyanu cba-
JIAHCUPOBAHHBII TpaHyIHpOBaHHBIM KopMm [12] u
MATHEBYIO BOMY Oe3 orpanmueHus. Pabora ¢ mabo-
paTOpHBIMH KUBOTHBIMHU BBITIOJHEHA C cOOIIOME-
HUEM TPUHLUNOB XeITbCUHKCKOW JAeKJIapanuu o
I'YMaHHOM OTHOLIEHWH K YXMUBOTHBIM, IPUHLUIIOB
F'yMaHHOCTH, U3JIOKEHHBIX B IUpEeKTUBE EBponeii-
ckoro coobmiectra (86/609/EC), «IIpaBun nposene-
HUs paboT C UCIOIB30BAHUEM HKCIIEPUMEHTAIbHBIX
XKUBOTHBIX» U « BHOITHUYECKUX MTPaBUII IPOBEICHUS
HCCIICIOBAHUH Ha YeJIOBEKe U )KUBOTHBIX» [10].

st onbita ObUIH cHOPMHUPOBaHBI 3 IKCHEPH-
MeHTaJpHBIe Tpymnmbl. [lepBas (mata poxneHus —
koHen anpens — NL-Spring) u BTopas (nara poxze-
HUs — KOHeI OKTsA0ps — NL-Autumn) rpymmsl xu-
BOTHBIX HAXOAMJIUCh B YCJOBUSX €CTECTBEHHOTO
ocpemeHusa Kapenuu. Ilpu aHanmse moay4eHHBIX
JaHHBIX YYUTBHIBAJIM OCOOCHHOCTH I'OfOBOM (OTO-
nepuoguuHocTr CeBepo-3amana Poccun. B manaoM
peXXUME OCBELIEHHOCTb OIpeneisgach CE30HOM
roja: 3UMOW MHUHUMAaJbHAs NPOAOJIKUTEIBHOCTD
IHS cocTaBisna 4,5 4., a JeTOM HPOAOIKHTENb-
HOCTh CBETOBOTO JIHS IocTUTaa 24 4. (OeJibie HOun).
OcCBeLICHHOCTD B MOMEIIEHUU MEHSJIACh B TEUCHHE
CyTOK (Ha ypOBHE KJIETOK B YTpEeHHHE Jachl — 50—
200 nk, naeMm — 1o 1000 ik B ssicubi neHb 1 500 a1k
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B TAaCMYPHBIH JIeHb, K Beuepy — ot 150 mo 500 k).
TpeTbst rpyIna BIAIACh KOHTPOJIBHOW: KPHICHI Ha-
XOJUJIUCH B YCIOBUSIX CTAaHAAPTHOIO YepeAyIolIe-
roca pexuma ocsemenus (12 4. T:12 4. C; LD).
JIroMuHECIIEHTHBIE JTaMIIBI (OCBEIICHHOCTH 750 1K
Ha yPOBHE KJIETOK) OCBEIIATN MOMEIICHUE B TEUe-
Hue 12 THeBHBIX 4acoB, Ha HOYH (12 4.) CBET OTKITIO-
YaJu.

[TomoBoe co3peBaHHne PErUCTPUPOBATHU IO BpE-
MEHU PacKphITUA Biaranumia. Haunnas ¢ 3-mecad-
HOTO BO3pacTa y CaMOK KPBIC OJIMH pa3 B 3 Mecsra
€XEJHEBHO B TeUEHHUE 2 HeJNeNb OpaJiu BIaraIuiil-
HbIC Ma3K{ ISl M3YyUYEHHUs SCTPaNbHON (PYyHKIUU.
OrneHuBany CleAyOIIHEe TapaMeTphl: JUIATENb-
HOCTh 3CTPAJILHOIO IMKJIA, COOTHOILICHHE (a3 OBY-
JNATOPHOTO IUKJIA; PACCYUTHIBAIN OTHOCHUTEIHHOE
YUCII0 KOPOTKHUX, CPEAHUX U JTMHHBIX ITUKJIOB, OT-
HOCHUTEILHOE YHCJIO KUBOTHBIX C UPPETyIIPHBIMU
[IUKJIAMHA. B 3TH ke CpOKH M3MEPSUTH PEKTAITBHYIO
TeMIEPATypy, ONPENENsis IPU 3TOM CPEIHIOI0 TEM-
meparypy 0e3 ydera (a3 3CTpaibHOro ITHKIIA,
a TaKXe CpPEAHIOI PEKTAJIbHYI0 TEMIepaTypy
B (ha3ml acTpyca u quacTpyca. MccnemoBanue mpo-
BOIUJIHU B TeUECHUE 24 MeCAIEB.

O06paboTKy pe3ynbTaTOB BHITIONHSITH C UCTIONh-
30BaHUEM TMAaKETOB CTAaTUCTUUYCCKUX MPOrpaMm
STATGRAPH, STADIA.

PE3YJIBTATBI UCCAEAOBAHUM U OBCYXKIEHUE

Monudunupyrorniee qeicTBUe TOCTOSHHOTO OC-
BEIICHHS HA ACTPATBHYIO (DyHKIIMIO U3YYeHO MHO-
rumu yueneimu [2], [8], [17], [19]. Onnako BausHuC
CE30HHBIX KOJIeOaHWI OCBENMIEHHOCTH KaK €CTecT-
BEHHOT'0 HapyIICHU S I PKaANaHHOTO PUTMa HCCIie-
noBaHo HemoctaroyHo [20]. IIpobnema HapyiieH-
HBIX [IUPKaJuaHHBIX PUTMOB Hamboiyiee akTyajabHa
s sxxutenei CeBepo-3anana Poccuu, a Takxe aist
Bcex cTpal EBpomneiickoro CeBepa, y4uThIBas CBOE-
00pa3Hy0 (OTONMECPUOTUIHOCTS B ITUX PETHOHAX.
Ha Cesepo-3anane Poccun — KOpOTKHH CBETOBOM
JIeHb B OCEHHE-3UMHUM nepuof (10 4 4.), Ipu 3TOM
0oJBIIIast YacTh HACEIEHUS MTOJBEpPraeTcsa N30BITO-
HOMY HMCKYCCTBEHHOMY OCBEIIEHUIO, B BECEHHE-
JIETHUH TIEpUON — JJIMHHBIA CBETOBOH JEHB (0CO-
OCHHO C CEepEeIUHBI Mast 10 CEPEIUHBI HIOT — 24 1.).
CrnenyeT OTMETUTB, YTO OJJHOBPEMEHHO C BO3/AEHC-
TBHEM CE30HHBIX KOJIeOaHUIi CBETOBOIO peKUMa Ha
(GYHKIMOHMUPOBAHUE PENPOAYKTHBHOH CHCTEMBI
OKa3bIBAIOT BIUSHHUE OKOJIOCYTOYHBIC PUTMBL.

XapakTepHble pa3Iuudsl MeXAy TpyHInamMmu
OBLITU BBISIBJICHBI IIPU aHAJIN3€ BPEMEHU OTKPBITHS
BIIATJIHINA Y CAMOK KPBIC, KOTOPOE SIBISETCS ITOKa-
3aTesieM MOJIOBOro co3peBaHus. B Hamux uccneno-
BaHUSX y caMmMok rpynmnsl LD oHO HacTtymajio B
cpenHeM Ha 42-i JIeHb KU3HU, YTO COOTBETCTBYET
¢busunonornyeckuM HopMmaM [4]. Y KpbIC TPYIIITBI
NL-Spring nepuo mojioBOro co3peBaHus COBMAJ C
MEPUOIOM OENBIX HOYEH, KOTrnIa MPOJOIDKATENb-
HOCTH CBETOBOI'0 IHs JocTurana 24 4. B atoit rpymn-

e II0JIOBOE CO3PEBAaHUE HACTyIal0 paHblIe, B
cpenHeM Ha 37-W neHb ku3HU. [IpuyeM y HekoTo-
PBIX CaMOK OTKpBITHE BJIarajuiia HaOJII0Janoch
yxe Ha 35-i1 nenp xusHu. [logoBoe co3peBanue y
caMok rpynmns!l NL-Autumn, korzia npofoKuTemb-
HOCTb CBETOBOI'O IHS HAaMMEHbIAs, HACTYIMAaJo
B cpeaHeM Ha 48-ii 1eHb )Ku3HU (puc. 1).
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Puc. 1. /lunamuKa 1ojsoBOro coO3peBaHMs CaMOK KPBIC B pa3any-
HBIX CBETOBBIX pexkuMmax: LD — cTaHZapTHOE OCBELICHUE;
NL-Spring — ecTeCTBEHHOE OCBELICHHE (BECHA);
NL-Autumn — ecrecTBeHHOE OCBElIEHHE (OCEHB)

Taxum 006pa3om, B BECEHHHI IEPUOJ B YCIOBHIX
Kapennu mpomcxoamiio yCKOPEHHOE ITOJIOBOE CO-
3peBaHME CaMOK KpbIC, & B OCEHHUH Mepuom — 3a-
na3JbIBAaHUE M0 CPABHEHUIO C )KUBOTHBIMH B CTaH-
JapTHOM pEKHUME OCBEIeHHs. YIITMHeHne GoTore-
puojaa, TOJaBistoNIee BBIPAOOTKY MEJIATOHUHA,
CIOCOOCTBYET MPEKICBPEMEHHOMY IIOJIOBOMY CO-
3pEBaHHIO, HAMPOTUB, YMEHbBIIEHUE ITPOIOIIKH-
TEJIBPHOCTH CBETOBOTO JIHS TIOBBIIIAET BHEIPAOOTKY
MEJaTOHWHAa ¥ OKa3blBaeT AaHTUTOHAIOTPOITHOE
nericteue [13].

VY xuBOTHBIX I'pynnsl LD nocroBepHOe yBeau-
YeHHe CperHel MPOAOIIKUTENBHOCTH 3CTPATBHOTO
nuKiIa HaOmonanock B 14 mecsnes (¢ 5,2 £ 0,3 1o
7,9 0,9 nus, p < 0,05) (puc. 2). Koporkue sctpais-
HBIE [IUKJIBI COXPAHSIIUCH HAa TPOTsDKeHUU 11 Mecs-
LIEB U ¥icue3alu B 14 Mecs1ieB, a IITMHHBIE — TTOSBIIA-
JUCHh B BO3pAcTe 8 MECSIEB, UX YUCIO COCTABIISIO
13 % ot 001Iero KOMUYeCTBa UCCIIENOBAaHHBIX K-
noB. K 14 mecsmam 3To 3Ha4YeHHE MONHSIIOCH A0
33 %, a xk 23 MecsamaM yBeTUUMWIOoCh 10 75 %.
WpperynsapHbie HUKIBI B KonudecTse 18 % mosBu-
nuck B 11 mecsineB U kK 23 MecsllaM BBIPOCIH 10
33 % (puc. 3). CymiecTBeHHBIX BO3PACTHBIX H3Me-
HEHUU B COOTHOIIEHUU (a3 OBYIATOPHOTO ITMKIIA B
TE€YEHHE MEePBOTO ¥ BTOPOTO T'OJOB JKH3HU B DTOH
rpynne 3adukcupoBaHo He ObuT0. COOTHOIICHHE
3CcTpyc / IUACTPyC U3MEHsI0ch ot 1:1,6 B 3-mecsiu-
HOoM 110 1:1,4 B 14-MecsuHOM BO3pacTe B CTOPOHY
yBenu4eHus yucia 3cTpycoB. K 23 mecsam coot-
HOLICHUE 3CTPYC / AUACTpYyC cocTaisiio 1:1,2.
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Puc. 2. [IlnnamMuka cpegHel mpoJoKUTEIBHOCTH 3CTPAJIBHOTO
LUKJIA Y CAMOK KPBIC B Pa3JIMYHBIX PEKUMAX OCBEILICHHS:
* p <0,05 — pa3nuuue B TpyIIe ¢ COOTBETCTBYIOIIUM ITapameT-
pOM B 3-MecsSYHOM BO3pacTe A0CTOBepHO (kpurepuil CThioeHTa)
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Puc. 3. JIlunamMyka BOSHUKHOBEHUSI HPPETYJISIPHBIX 3CTPaIbHBIX
LUKJIOB y KPBIC B pa3IMYHBIX PEKUMaX OCBELICHUS:
* p <0,05 — pasnuuue ¢ mokasareneM B rpymnme LD B cooTBeTc-
TBYIOLIEM Mecsilie T0CTOBepHO (KpuTepuii CThIOJICHTa)

VY kpeic rpynnsl NL-Spring ¢ 8 mecseB oTme-
4aJ0Cch JOCTOBEPHOE YBEIUUYCHHE CPEIHEH TPOI0I-
KUTEITBHOCTH 3cTpajipHOoro mukia (¢ 5,2 + 0,1 mo
8,9 £ 0,5 gus, p < 0,05) (puc. 2). K 14 mecsiiam atu
3HAYCHUS OCTABAJIMCh HAa TOM XK€ YPOBHE, a B 23 Me-
cilla CpeqHss MPOAOJDKHTEIBHOCTh 3CTPAIBHOTO
nuKiIa yBenudmiack 10 12,0 + 2,2 gus (p < 0,05).
Y JKMBOTHBIX 3TOU TPYNIBI B 3-MECAYHOM BO3pacTe
HaOJF0JATUCh TOJBKO KOPOTKHUE U CPEIHHUE LIUKIIBI,
B BO3pacTe 5 MecsIEeB MOSIBIISITUCH NITUHHEIE (7 %),
B 8 MecsleB UCYe3aJd KOPOTKUE 3CTPATIbHbBIC LIUK-
76l U B 23 Mecslla KOTUYECTBO NJIUHHBIX LUKJIOB
coctaBmwio 100 %. B 5-mecsuHoM Bo3pacTe B 3TOH
TPYIINE MOSBUIUCH UPPETYISIpHbIC MUKIHI (6 %), U
K 23 MecsmaM oHU gocturaiu 64 % ot obIiero ko-
nudectBa (puc. 3). CooTHOIIEHUE ICTPYC / AUICT-
pPYyC y CaMOK KPBIC JOCTOBEPHO U3MEHsLIOCH OT 1:1,4
B 3-MeCSYHOM BO3pacTe (JIeTO, TPOJOTKUTEIBHOCTh
CBeTOBOIO IH: 10 24 4.) no 1:2,7 k 8 Mecsnam (3uma,
NPOIOJKUTEIBRHOCTH AHS A0 4,5 4.) B CTOPOHY yBe-
JWYEHUs 4ucia AUACTpycoB. B netnuit mepuoxa B
Bo3pacTe 14 mecsleB 3TU MOKa3aTeId CTaIH CO-
craBisaTh 1:1,3, a k 23 mecsauam — 1:1,8. U3yuenue
COOTHOIIICHUS (ha3 ICTPAILHOTO ITMKJIA B 3TOU I'PyII-
e KPBIC MOKA3aJI0 3aBUCUMOCTH OT CE30HA: B 3UM-
HUI iepuoa oHo cocTtaBisuio 1:2,0-2,7, B neTHHM —
1:1,3-1,4.

VY xpbic rpynnsl NL-Autumn poctoBepHoOe u3-
MEHEHHE CpeIHeH IUTEIHHOCTH OBYISTOPHOTO
IIMKJa B CTOPOHY YMEHBIIEHHS HaOmronaioch B 14
Mmecstes (¢ 5,75 £ 0,86 mo 4,0 = 1,93 nus, p < 0,05),
YTO COOTBETCTBYET 3UMHEMY TEPUONY BPEMECHH.
B 17 u 20 mecsneB (BeceHHe-IIETHUA MIEPHON) CPE-
HSISL POOJDKUTEIFHOCTE ACTPANIBHOTO IHKJIA YBe-
muyunack u cocramsna 7,0 = 1.4 (p < 0,05)
u 6,8 + 0,6 nug coorBeTcTBeHHO. K 23 Mecsamam
(3UMHMI TIepHON) CpedHSsT TPOAOJIKHTEIHEHOCTD
[MKJa BHOBH yMEHbIIWIACh A0 5,5 £ 0,63 mHA
(puc. 2). JInuHHBIE 3CTpalbHbIE HHUKIBI Y CaMOK
ATOH TPYMIIBl MOSBUINCH B BO3PACTE 5 MECSICB
(7 %), k 14 MecsamamMm HaOIFOATUCH TOJBKO KOPOT-
kue u cpeanue. K 17 Mecsuam KoiauuecTBO JJIMH-
HBIX 3CTpajbHbIX LHUKIOB cocTaBisio 40 %, a k 23
MecsIaM 3a CUeT YBEITMUCHUS HPPETYISIPHBIX ITHK-
JIOB KOJIMYECTBO JJIMHHBIX IUKJIOB YMEHBIIUIOCH
no 17 %. UpperynspHbie IIUKIbI, TaK )K€ KaK B pe-
xume NL-Spring, nosBunuce B 5-MeCI4HOM BO3-
pacte (10 %), u x 23 mecsam oru gocturiu 79 %
(puc. 3). CooTHolIeHue 3¢TPYC / AUICTPYC B 3UM-
HUAW Tepuof u3MeHsoch oT 1:4,3 B 3-mecsyHOM
Bo3pacte 10 1:15,6 k 23 Mmecauam. M3yuenue coot-
HOIIEHHUs (a3 3CTPaJbHOrO IMKJA B 3TOH I'pyIie
TaK>Ke MOKa3aJ0 3aBUCUMOCTh OT CE30Ha: B 3SUMHHUI
Mepros OHO cocTaBisIo OT 1:4,0 y MOJOABIX KPBIC
1o 1:8,0 y crapsix, B netHuil nepuog 1:3,5 u 1:6,7
Y MOJIOJIBIX M CTaphIX CAMOK COOTBETCTBEHHO.

OHIIOKPUHHAS CUCTEMa SIBIACTCS BaKHEUIIUM
PETyJISITOPHBIM 3BEHOM, IOANCPKUBAIOIIUM TO-
MeocTa3 [5]. YcTaHOBIEHO, YTO MOCTOSHHOE OCBe-
IIEHUE MMPUBOIUT K YBEIUUCHUIO MTOPOTra YyBCTBU-
TEIFHOCTH THIIOTajdaMyca K WHTHOUPYIOIIEMY
JNEHCTBHUIO ACTPOTCHOB. DTOT MEXAHU3M SIBJISCTCS
KJIIOYEBBIM B CTapEHUU PEIPOTYKTHUBHON CHUCTEMBI
KaKy CaMOKKpbIC, Tak ny xkeHIuH [ 11]. MccnemoBanue
ACTPaNbHON (PYHKIIMU Y CAMOK KPBIC yKa3bIBaeT Ha
Oosiee paHHHE BO3PACTHBIE M3MEHEHHS, BOSHHUKAIO-
LIUE B YCIOBUSX €CTECTBEHHOT 0 OcBelieHus Kapenuu
Y KPbIC, POXKJICHHBIX BECHOM M OCeHbI0. 3BECTHO,
YTO y YEJIOBEKa, MPOKUBAIOIIETO B BBICOKUX (Ce-
BEPHBIX) IMHPOTAX, (PYHKIHMOHUPOBAHHE IKEIE3
BHYTPEHHEH CEKpeUUH B KOHTPACTHBIC IMEPUOJBI
rojia JOCTUTAET 3HAYMMBIX pa3Iuduii [5].

B Hammx uccrnenoBaHUSX Y «BECEHHHUX» KPBIC
YUIMHEHUE ASCTPAJBHOTO ITUKIJIA CTaJl0 MPOHCXO-
JIUTH PaHbIIIE, 3TO CBSI3aHO C TEM, YTO UX POXKJICHUE,
MOJIOBOE CO3pEeBaHMUE U (paza MPOTPECCHBHOTO POC-
Ta COBIIAJIU C TICPUOJIOM OEJIBIX HOYECH, KOT/Ia Mpo-
JIOTKUTETPHOCTh CBETOBOTO JHA MaKCHMallbHa
(Maif, HIOHB, UIOTB — 24 1.). Y «OCEHHUX» KPBIC MaK-
CUMaJIbHBIM CBETOBOM IepUO/ TPHUILENCS Ha BO3-
pact 7 MecsIIIeB, U ¢ TOTO MOMEHTA pa3INYHbIC Ha-
PYIICHUS dCTPabHON (YHKIIUH B JaHHOW TPYTIIIE
CTaJIM MPOUCXONUTH UHTEeHCHUBHee. Eciau B rpymme
LD wupperynspHble OHKIH MOSBUIUCH TOJIBKO B
Bo3pacte 11 mecsueB (18 %), 4To COOTBETCTBYET
(hM3UOJIOTHYECKIM H3MEHECHHAM, U K 23 Mecsram
cocTtaBmiIH 33 %, TO B OKCIIEPUMEHTAJIBHBIX T'PYII-
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IaxX BHE 3aBUCHMOCTH OT CE30HA POXKIECHUS UPPETY-
JIAPHBIC MUKIJIIBI HOSABUJIUCH Y MOJIOABIX 5-MecAaYHBIX
KpBIC, UTO Y€ yKa3blBaeT Ha MAaTOJIOTHYECKHE U3-
MEHEHUSI PENpOAYKTHBHOW (YHKIUH y 4YacTH ca-
Mok. K Bozpacty 23 mecsueB y >KUBOTHBIX 3THX
TPy KOJUYECTBO UPPETYIIAPHBIX LUKIIOB OBLIO B
2,4 paza (NL-Autumn) u B 1,9 paza (NL-Spring)
OoJblle, 4eM y CaMOK KOHTpOJbHOU Tpynmbl. [Ipu
CpaBHEHUH SKCIIEPUMEHTAIBHBIX TPYIII MOKHO OT-
METHUTH, YTO Y «BECEHHUX)» CAMOK YBEJINUCHHUE AJTH-
TEIBHOCTH 3CTPAILHOTO LIUKJIa IPOUCXOAMIIO OoJiee
WHTEHCUBHO H 3HAYMUMO, B TO BPEMsI KaK YHCIIO UpP-
PETYASPHBIX LIUKIIOB ¥ «OCEHHUX» CaMOK IPaKTH-
YEeCKH BCeTrJa MPEBBINIAI0 TAKOBOE Y «BECEHHUX.
bazanpHas TeMmeparypa Teia SBISETCA Baxk-
HBIM TOKa3aTesieM YPOBHS OOMEHAa B OpraHU3Me U
ero u3MeHeHu npu crtapenuu [7]. Ilpu ananusze
JAHHBIX TEMIIEPATypBl Tella B HCCIELYEMBIX TPYII-
Max OTMEUEHO ee JJOCTOBEPHOE CHUYKEHHE C BO3pac-
TOM, 4YTO XapaKTEpHO JIJIs CTApeIOIIero OopraHmu3mMa

(puc. 4).
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Puc. 4. BozpactHas nuHamuKa cpenHeil pekraabHOR
TEMIIEPATypPhl Y CAMOK KPBIC B Pa3JIMYHBIX CBETOBBIX PEXKMMAaX

JlocToBEpHOE CHUXEHUE CPEIHEH PEKTAIBHOU
TemuepaTypsl Habmonangoch B rpynne NL-Autumn
¢ 5-mecsyHOTO BO3pacrta, B rpymme NL-Spring —
¢ 8-mecstaHOTO, @ B Tpymnme LD — ¢ 14-mecsanoro.
B rpynme NL-Spring 651710 0OTMEYEHO MOBBIIIEHUE
cpenHel TeMneparypsl B 14 mecses, B rpymnmne NL-
Autumn — B 17 Mecs1eB, YTO, BEPOATHO, CBSI3aHO C
CE30HHBIM YIJIMHEHUEM OCBEIIEHHOCTH B 3TOT Ile-
puoxn. Kak BugHO u3 puc. 4, 6a3anpHas TemMnepary-
pay camok B pexkxuMme NL-Autumn Obla 10CTOBEP-
HO HWXE Ha MPOTSHKEHUH BCETO MCCIIEIOBAHUS, YEM
takoBasi B pexkume LD. B Bo3pacte 14 mecsies y
Kkpeic Tpynnsl NL-Spring HaOmromamack MakcH-
MajibHasg 0a3ajbHas TeMIeparypa, YTO COOTBETC-
TBYET JIETHEMY CE30HY, a y camoK rpymmsl NL-
Autumn — MUHHMaIbHAS (3UMHUM ce30H). Haunnas
€ 9TOTO e Bo3pacTa B rpynne NL-Spring mponcxo-
JIUJIO CHMXKEHHE TeMIeparypsl, a B rpymnne NL-
Autumn — yBelIH4eHUE 110 CPABHEHUIO C MPEAbIAY-
MMM apamMeTpamu (puc. 4).

JocToBepHOE CHMKEHHME TeMIepaTypsl B (a3bl
3CTpyca U IUICTPYCa B SKCIIEPUMEHTAIBHBIX I'PyII-
nax Habmromanock B rpymnme NL-Spring ¢ 5 mecs-

1eB, B rpynme NL-Autumn ¢ 8 mecsries, Torjaa Kak
nofoOHbIe W3MEHEHHs MOSBHIKMCH B rpynme LD
TOJNBKO K 14-MecsITYHOMY BO3pacTy, UTO COOTBETC-
TBYeT (PU3HOIOTHIECKIM HOpMaM (puc. 5).
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Puc. 5. Bo3pactHas nuHamMuKa
cpeHeil peKTaIbHON TeMIIePaTypPhl Y KPBIC
B 3aBUCUMOCTH OT (ha3 3CTPAJILHOrO IHKJIA:
I - TeMiepaTypa Tena B hasy acTpyca;
[ - reMmeparypa Tena B (azy IuscTpyca;
& — TeMIiepatypa Teia 0e3 ydyera (asbl HUKIIa;
a — pa3JIM4yKe JOCTOBEPHO 110 CPABHEHHUIO
¢ 6a3anbHON TeMIepaTypoi y 3-MeCsSYHbIX KPBIC;
0 — pa3nuuue JOCTOBEPHO MO CPABHEHHIO
¢ 6a3aJbHON TeMIepaTypoll Y KPBIC COOTBETCTBYIOLIEIO Mecsa
B CTaHJAapPTHOM PEKUME OCBELICHUS;
B — pa3jIM4yHe JOCTOBEPHO 110 CPABHEHUIO C TEMIIEpaTypoi
B (hazy 3cTpyca U JUICTpyca Y 3-MECAYHBIX KPBIC
(p <0,05; xputepuii CTproneHTa)
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B ¢wusnonornueckux yCIOBHSAX TeMIIEparypa
Tena B a3y quiICTpyca BbINIE, yeM B a3y acTpyca,
YTO OOYCIIOBJICHO (DYHKIITMOHHPYIOIIUMU KEITHIMU
TeJaMHU B SIMYHUKAX B quacTpyce [3]. Y Momonbix u
3peNBIX KPbIC, HAXOMAIINXCS B ycaoBUaX NL-Spring
u LD, Takas TeHaeHIINS nMela MecTo. OU3H0oIoru-
YyecKas pasHHIla TEMIEPaTyp MeKay paszaMu mukia
B 3THUX IpyNIax coxpaHsaack 70 11-MecsuHOro Bo3-
pacta. B 14 MecsueB HaOIIOIaI0Ch TOBBIIICHUCS
TeMIieparypsl B (pa3y acTpyca, 4TO yKa3bplBaeT Ha
TTOSIBJICHHE BO3PACTHBIX U3MEHEHUW OBYISTOPHOTO
nukia. B rpynme NL-Spring ymaBmuBaiach TeH-
JICHITUS K CE30HHOMY TIOBBIIICHUIO TEMIIEPaTypPhl B
(azy actpyca o cpaBHeHHIO ¢ Pa30il AUICTpyca B
3- u 14-MecsuyHOM BO3pacTe, YTO, BOZMOXKHO, yKa-
3bIBa€T HA HEONArOMpUSITHOE BIHMSHUE OENBIX HO-
4eil Ha BTopy1o a3y nuKIIa u HapyeHne QyHKITNT
)kenToro tena (puc. 5). Emre oIHO MOBBITIIEHUE TEM-
nepatypsl BO BpeMs 3¢Tpyca HaOII01aJI0Ch Y CAMOK
B Bo3pacte 20 MecsleB, UTO MOATBEPKAAECT HaAPY-
IICHUE TEPMOPETYISIUNA U COOTBETCTBYET U3MEHE-
HUSIM OBYJISTOPHOTO ITUKJIA B 3TOM BO3pacTe.

VY xpsic rpynnsr NL-Autumn TerpeHnus k ¢u-
3MOJIOTHYECKOW pa3sHUIE MEXAY TeMIepaTypaMu B
(ha3y acTpyca u IUACTpyca UMelia MecTo B 3- u 5-
MECSYHOM Bo3pacTe. B manbpHenIeM pasHuiia Mex-

(ha30BBIX TemIepaTyp MPaKTUYECKH OTCYTCTBOBA-
Jla, YTO TOBOPUT O CHUIKCHUHU (DYyHKIIMOHUPOBAHUS
KENITBIX Tel B a3y AUICTPyca, IPUIHHON KOTOPO-
T'O MOXET SIBJSITHCS U30BITOK OCBEIIEHUS (puC. 5).

CrnemyeT OTMETHTH, YTO B SKCIEPUMEHTAIBHBIX
rpyImax u3MeHeHne (GoTonepruosia B TEUCHHE 00
BOTO IIMKJIa BBI3BIBAJIO JIOCTOBEPHO Ooyiee paHHEe
CHIDKEHHE 0a3aJbHOW TeMIepaTypsl Tena, YyTo SB-
JeTCs OJHUM U3 IIOKa3aTeNnel NpexIeBpEMEHHOT O
crapeHus opranusma. B pexumax NL-Autumn u
NL-Spring pasbiie, yem B pexkxume LD, Hapymia-
yachk (pU3MONIOTHYecKasi pasHHIA TEMIEpaTyp, U3-
MepsieMasi B pa3iuvHble (ha3bl 3CTPAIBHOTO KA.

Takum 00pa3om, TPOUCXOALINE H3MEHEHUS 10-
JIOBOTO CO3PEBaHUs, SCTPAIbHON (yHKIHMH U Oa-
3aJIbHOM TEMIIepaTyphI TEJa B PEKUMAX €CTECTBEH-
HOTO ocBenieHus Kapennu 3aBuceny oT ce30Ha rojga
¥ TPOAOJIKUTENBHOCTH CBETOBOTO AHS. OCcOOEHHO
JIEMOHCTPATUBHBI B 3TOM OTHOILIEHUH TIEpUOBI Oe-
JIBIX HOUYeH (BECHa — JICTO) M 3UMHSS (DOTOMEPHO-
JUYHOCTh, KOTJa OTMEUYAJIUCh MaKCUMalbHbIE pa3-
JIUYUS CBETOBOrO pexuma [S]. B pesynpraTte 31O0-
IO Pa3BUBAJICS LIEJBIA KOMILIEKC MOCIEACTBUM: Ha-
pyIIEHHE TIOJIOBOTO CO3pPEBAaHUS, COKpalleHHe
MPOJOKUTENIBHOCTH PENpPOAYKTHBHOTO Tepuoaa
Y paHHEe CTapeHHe OpraHu3Ma.

10.
11.
12.

13.
14.

15.
16.
17.
18.

19.
20.

CIIMCOK JIUTEPATYPBIL

. Ainamassa 3. K. PenponykTiHBHOE 310pOBEE )KECHIUHBI KAK KPUTEPHA OMOIKOJIOTHYESCKOW TMATHOCTUKU U KOHTPOJIS OK-

pyxaromieit cpenst // XKypaan akyniepctsa u sxeHckux 6onesneit. 1997. T. XLVIL. Ne 1. C. 6.

. Aaucumos B. H., Barypun . A., Aitnamaszsua O. K. Dmudus, cBeT n pak MOJIOYHOH xene3s! // Bonpocs! oHKoI0-

run. 2002. T. 48. C. 524-535.

. Arucumos B. H., Xasuncon B. X., 3aBap3una H. 0. u np. Bmmsanaue nentnza snu¢usa Ha mokasarenyn OHOJIOrHIec-

KOTO BO3pAcTa U MPOAOKUTEIIBHOCTD JKM3HH Mbliiei / Poccuiickuit dpuznonormyeckuii sxypuan. 2001. T. 87. Ne 1. C. 125-135.

. I'mankoBa A. U., Anecuna M. 0., Kapnenko H. A. u np. Biusane rpodoiuiona Ha MHIYKIUIO MOJIOBO3PEIOCTH

y kpbic-camok // XKypuan dapmakonorun u Tokcukonorud. 1992. T. 55. Ne 3. C. 26-29.

. Ky6acos P. B. llupkannyansHass OMOpPUTMHKA TOPMOHAJIBHBIX IOKa3aTeNeil MUTOBUIHON M IIOJIOBBIX JKele3 // DKOIOoTHs

yesnoBeka. 2008. Ne 2. C. 26-29.

. Jlazapes H. U., Upn E. A., CmuproBa 1. O. DxcneprMeHTaIbHBIE MO SHIOKPUHHBIX THHEKOJIOTHIECKUX 3a00-

neBanmit. M.: Menununa, 1976. 175 c.

. Homosuu U. I'., 3ab6exnuckuit M. A., Eropmun II. A. u gp. Biusaue anTnanabermyeckoro npemnapara IuabeHOT

Ha II0Ka3aTeny OMOIOTHYECKOTO BO3PACTa, MPOJODKUTENBHOCTD JKU3HHU U pa3BUTHE HOBooOpa3oBanuil y Mbimeil NMRI n HER-
2/NEU // Yenexu reporronoruu. 2004. Bem. 15. C. 80-90.

. CaBuenko O. H., CtpensuoBa H. A., Jauunosa O. A. BiusgHue 5.6-OKCUTpUNITAMHHA U Pa3HBIX CBETOBBIX PEKH-

MOB Ha THIIOTAJIaMO-TUIIO(QH3apPHO-TOHAAHYIO CHCTEMY CaMOK Kpbic // dusnonorudeckuii xxypHai uM. . M. Ceuenosa. 1987.
T. 78. Ne 4. C. 480-482.

. ®arraxoBa ®. A., I'mnsazyraunosa 3. ., Muxaitnos M. K. Kinnuueckoe 3HaueHHe MelaTOHUHA B Pa3BUTUU

HapYIICHUH LEHTPAIbHBIX MEXaHU3MOB PEry/siiuu penpoaykruBHol ¢yHkuuu // Kasanckuit MeauumHckuil sxypHan. 1998.
Ne 6. C. 430-433.

Drrdeckas KcepTH3a onomenunuHckux uccnenosanuii / [lox pen. FO. b. Benoycosa. M., 2005. 156 c.

Anisimov V. N. Light pollution, reproductive function and cancer risk / Neuroendocrinol. Lett. 2006. Vol. 27. P. 35-52.
Anisimov V. N., Khavinson V. Kh., Popovich I. G. et al. Inhibitory effect of the peptide epitalon on the develop-
ment of spontaneous mammary tumors in HER-2/neu transgenic mice // Int. J. Cancer. 2002. Vol. 101. Ne 1. P. 7-10.

Arendt J. Melatonin and the Mammalian Pineal Gland. London: Chapman & Hall, 1995. 331 p.

Barbacka-Surowiak G., Surowiak J., Stoklosowa S. The involvement of the suprahiasmatic nuclei in the regulation of
estrous cycles in rodents // Reproduct. Biol. 2003. Vol. 3. P. 99-129.

Bell-Pedersen D., Cassone V. M., Earnest D. J. et al. Circadian rhythms from multiple oscillators: lessons from
diverse organisms // Nat. Rev. Genet. 2005. Vol. 6. P. 544-556.

Froy O., Miskin R. Effect of feeding regimens on circadian rhythms: Implications for aging and longevity // Aging. 2010.
Vol. 2. Ne 1. P. 7-27.

Prata Lima M. F., Baracat E. C., Simones M. J. Effects of melatonin on the ovarian response to pinealectomy or
continuous ligh in gfemale rats: similarity with polycystic ovary syndrome // Brazil. J. Med. Biol. Res. 2004. Vol. 37. P. 987—
99s.

Reppert S. M., Weaver D. R. Coordination of circadian timing in mammals // Nature. 2002. Vol. 418. P. 935-941.

Van der Beek E. M. Circadian control of reproduction in the female rat // Prog. Brain Res. 1996. Vol. 111. P. 295-320.
Vinogradova I. A., Anisimov V. N. et al. Circadian dispurtion induced by light-at-night accelerates aging and pro-
motes tumorigenesis in rats / Aging. 2009. Vol. 1. Ne 10. P. 855-865.



YUYEHBIE 3AITMCKH ITETPO3ABOJCKOI'O TOCYJAPCTBEHHOI'O YHUBEPCHUTETA

CeHTs0pPD, Ne 6
VK 618.7-0.74-2

MeauuuHCKHE HAYKH

2011

AJIEKCAHAP AHATOJIBEBUY UBIINH
KaHJUAaT MEJUIIMHCKAX HayK, aCCHCTEHT Kadeapsl aKymepc-
TBa U THHEKOJIOTMU MeJUIMHCKOro dakyibTeTa, [lerpo3aBos-
CKHUH TOCYZapCTBEHHBIN YHHBEPCUTET
ivchine_al@mail.ru
EJIEHA TEOPTHEBHA 'YMEHIOK
JOKTOp MEIUIMHCKUX HayK, Tpodeccop, 3aBeyomuii kaden-
poit akyuIepcTBa U THHEKOJIOT MK MEJUIIMHCKOTO (aKyibTeTa,
IeTpo3aBoxackuii rocyJapCTBEHHBIH YHUBEPCUTET
elenagum@karelia.ru
E®UM MYHEBUY LIUOMAH
JOKTOp MEIUIIMHCKHUX HayK, Ipodeccop, 3aMeCTHTETh JUPEK-
Topa 1o jeyeGHoi paboTe HayuHoro neHTpa akymepcraa, ru-
HEKOJIOTUH U NEepUHATOJIOruu M. akajgemuka B. W. Kynakosa
(r. Mocksa)
eshifman@mail.ru
EJIEHA HUKOJTAEBHA SAKOBJIEBA
Bpau PecrryOnukanckoro nepuHaraiabHOro neHrpa (r. [lerpo-
3aBOJICK)
rpz@onego.ru

ROLL-OVER TECT B JUATHOCTHUKE TSI’KEJION IIPEDKJIAMIICUU

Crarbs TOCBAIIEHA OIEHKE ayTOPETYISITOPHBIX COCYJUCTBIX PEaKIMii MO3rOBOTO KPOBOTOKAa BO BpeMS
MOCTYPaIBLHOTO TeCTa y OEPEMEHHBIX C TSXKeJI0H mpedkinamicueii. O0ciaenoBansl 73 KEHITUHEL. BEISIBICHO
CHMIKEHHE JTMHEHHBIX ITOKa3aTeliei JOMNIIJIEPOBCKOr'0O CIICKTPAa U USMCHCHUC pAda BEIWYNH, OTPAKAIOIINX
nepeOpanbHOe MePPy3HOHHOE U BHYTPUUEPEITHOE JaBICHHUE, THAPOIUHAMHYECKOE COPOTUBIICHHUE U 1IC-
peOpOBaCKYIISIPHYIO peaKTUBHOCTh. [laHHBIE CBUJIETENHCTBYIOT O HAPYIIEHUHU Nepdy3un mMosra y Oepe-
MEHHBIX C TSDKEJIOH IPedKIaMIICHel BO BpeMsl TIOCTYPaIbHOTO TeCTa.

KiroueBrle ciioBa: HOCTypaHBHBIﬁ TECT, I'€CTO3, IPEIKITAMIICH, SIKIIAMIICHUS, MO3TOBOH KPOBOTOK, TPaHCKpaHUAJIbHas Z[OHHJICpOI‘pa(i)I/ISI

[IpeskmaMIicuio oTiMYaeT KpaHssi Bapradenb-
HOCTh (POpM KIMHHYECKUX TposiBIeHuU [2], [4].
Jlake n3BecTHas Ki1accuyecKas TpHaaa CHMITOMOB
HE SIBIISETCS IOCTOBEPHBIM MTPOTHOCTHYECKUM KPH-
tepueMm [6]. Takum oOpa3zom, MpoOIOIKAET OCTa-
BaThCS aKTYaJIbHBIM TIOMCK HEMHBAa3UBHBIX METO/IOB
JMIMaTHOCTUKH, 00JIATAfOIINX JTOCTATOYHON BOCIIPO-
M3BOAMMOCTBIO JIUISI UX BBIMIONHEHHS B YCIOBHSAX
CKPUHUHTOBBIX HCCIIEJOBAHHH U TIO3BOJISIIOIINX yC-
TaHOBUTH KPHUTEPUU TSHKECTH Tpeskiamrcuu [1],
[5]. OnpeneneHHOE TMATHOCTHIECKOE 3HAYCHHE JIIS
JOKJTHHUYECKOM TUAarHOCTUKH MPEIKIAMIICHH UMe-
€T TIOCTYpaIbHBIA TECT: TOBBIIIEHNE THACTOIHYIEC-
koro AJ] 6omee wem Ha 20 MM PT. CT. IPH TIOBOPOTE
KEHIIMHBI C JIEBOTO0 0OOKa Ha CIUHY yKa3bIBaeT Ha
PUCK pa3BHUTHS MpedKIaMIicHu («roll-over test» nmu
«TeCT ¢ moBopoToM») [3], [6].

B mpenpiaymux paboTrax, OCHOBaHHBIX Ha pe-
3yJbpTaTax TPaHCKPAHWAJIBHOW JAomIuieporpaduu
(TAD), nHamu moka3aHo, 4yTO y OepeMeHHBIX C Tpe-
9KJIaMIICUEN U3MEHSETCSl MO3TOBOM KPOBOTOK, U Ha-
pPYLIEHUS HOCSAT XapakTep WIIeMHYecKH-penepdy-
3HOHHOTO TTOBPEKICHHS BCIEICTBUE HECOCTOSITEIb-
HOCTH CHUCTEMBI IIepeOpOBaCKYIISIPHOI ayTOperyJs-
i (7], [8].

Lenp ucciaenoBaHus: CPABHUTH Ay TOPETyIATOP-
HBIE COCYIHCTBIE PEaKIMd MO3TOBOTO KPOBOTOKA
BO BpEMSI TOCTYPAIBHOTO TECTa C TOBOPOTOM Y 3/10-
POBBIX O€peMEHHBIX U OEPEMEHHBIX C TSKEIOH Impe-
JKJIaMIICUEH.

MATEPHUAJ U METO/bI

HccnenoBanne mpoBonmiiock Ha 6aze MY3
«Pomunenerit mom umM. K. A. I'ytkunay 1. [lerpo3sa-
Bosicka Pecniybnuku Kapenuu. Iloxg Habmronenuem
HaXOJWIUCh 73 JKEHIIUHBI B Bo3pacte oT 17 1o
35 net (cpenuuii Bo3pact — 25,5 + 4,3 roga) ¢ nua-
THO30M TSDKEJION MpeskJiaMmIicuu. ['pynmny cpaBHe-
HUs cocTaBmH 90 yCIIOBHO 3TOPOBBIX OEPEMEHHBIX
JKEHIIIUH B Bo3pacTe oT 19 mo 34 net (cpenuuii Bo3-
pact — 25,9 + 4,2 rona) B Il TpumecTpe Gepemen-
HOCTH, COCTOSABHIMX Ha AUCIIAHCCPHOM YYETC B
xeHckod koHcyibsranmu Ne 1 1. IlerposaBoacka.
ANTOPUTM pacrpesieneHus B UCCIIeNYEeMbIX TPyTIax
npencTaBiieH Ha pucyHke. CpeqHU recTallMOHHBIN
BO3pacT B 00enx rpynmnax — 34 + 3 nenenu. B kinuHUT-
YeCKH TSDKENbIX CIydasiX JeTalbHOe 00ClieoBaHNe
OCYIIECTBJISIIOCH MTOCTIE Havyaia Tepanum.

MeTonuka MpoOBENEHUS MOCTYpPAJIBHOTO TECTA!
MAIMEHTKA CIIOKOHHO JIS)KUT Ha JICBOM OOKY B T€Ue-
HUe 5 MHUHYT. JJocTymHBIM crocoOoM H3MepsieTcs
apTepuajbHOE aBJIEHHE Ha TIPaBOM IUIeUe, pe3yib-
TaT u3MepeHus pukcrupyerca. MaH)eTy MaHOMET-
pa ocTaBJIAIOT Ha IIpaBoM pyke. [lanenTka nepeso-
padMBaeTCs Ha CIHHY, U apTepHalbHOE JaBJIECHUE
HEMeJIJICHHO U3MepsIoT cHoBa. Ecnu nuacronnyec-
KO€ apTepuajbHOE JIaBJIEHUE MPU IOBTOPHOM H3Me-
peHuun yBenudeHo Oonee yeM Ha 20 MM pT. CT. IO
CpaBHCHHIO C UCXOOHBIM, 3TO YKa3bIBaC€T HA BBICO-
KHUH PUCK Pa3BUTHS MPEIKIAMIICHH.

© WBmmH A. A., I'ymenrok E. I, ludwman E. M., Sxosnesa E. H., 2011
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223 GepeMeHHbIM
NPEJUIOKEHO YYaCTBOBATh
B HCCIIE/IOBAHAN

14 orxazanuce
*

209
GepeMeHHbIX
COIIACHIIUCE Y4aCTBOBAT

7\ ™
107 GepeMeHHBIX ( 102 GepeMeHHBIE
6e3 npesk. € mpesk. it
L * ok
. J J
17 uckmoueHo 29 MCKIOUEHO
ok L]
s A B
90 3710pOBBIX 73 GepeMeHHBIX
GepeMEHHBIX ¢ npesKaamncueit
(2pynna cpasnenus) (ocnognas zpynna)

Pacripenenenue nalueHToK B UCCIEYyEMbIX TPyIIIax:

* —  mpoTokon HHGOPMHPOBAHHOTO — COMIACHS — HALMEHTKH
Ha obcienoBanme; ** — KpUTEpHEM BKIIIOYCHHUS B TPy ObLT THATHO3
IPE3KIIAMIICHH, BEPU(UIPOBAHHBII HA OCHOBAHUM MEXITyHAPOIHOM
CTaTUCTUYECKOM Kiaccupukaiuu Ooie3Hedl M mpoOieM, CBA3aHHBIX
co 310poBbeM, 10-ro mepecmorpa. CTeneHp TSKECTH NPE3KIAMIICUE
ouenuBanace no mkaire Goecke B momudukanuu I M. CaBenbeBoid;
*** _ 13 HAOIONECH S OBLITM UCKITIOYEHBI TAIIHCHTKU, HMEIOIHE TIOPOKH
Cepalla, HapyIICHHS CEpJEYHOr0 pHTMA, HIIEMHYECKYI0 OOJIe3Hb
cep/la, XPOHNUECKYIO apTepHalIbHYI0 THIIEPTEH3UIO, KApANOMHOIIATHIO,
rpyOble HapylIeHHs TI'e€MOPEOJIOTMYECKUX I10Ka3aTesei, caxapHbIi
nabeT, HeHPOMH(EKIHN, YEePEeITHO-MO3TOBbIC TPAaBMbl M BIIH30.bI
CHHKOIAJIbHBIX COCTOSIHHII B aHAMHE3e

ApTepuaibHOE JaBJCHHE M3MEPEHO aBTOMAaTH-
yeckuM churmomanomMeTpoM MoHuTOpa «Cardiocap
II» («DATEX», SlnoHms) ¢ OOBIYHOW MaHIKETOMH
Ha TipaBod pyke. LlepeOpanpHas TeMOIWHAMHKA
M3ydeHa ¢ MOMOIIBI0 METO/a TPaHCKPaHUAIHHOM
nonmieporpaduu. MccnenoBaHue BBITONHSIIOCH
Ha yJibTpa3BykoBoM ckaHepe SSD-4000 («Alokay,
SAnonus). C uenplo UCKIIOYCHUS MAaTOJOTHH, OKa-
3BIBANOINEH TOTEHIMAEHOE BO3JeicTBHE Ha (o-
HOBBIE TIOKa3aTelu IepeOpalbHOTO KPOBOTOKA,
MPOBEJICHO I[BETOBOE JYIUIEKCHOE CKAaHUPOBaHHE
OpaxuonehadbHBIX apTepHil U apTepuil BepTeOpo-
0asunspHOro OacceiiHa.

IIpu THI' TpaHCcTeMIOpalbHBIM IOCTYIIOM C
00enx CTOPOH HM3MEpPEHBI KOJIWYECTBEHHBIE Tapa-
METphl KpoBOTOKa B M1 cermMeHTe cpemHeit Mo3ro-
BOI apTepuy: NUKOBasi CUCTOJIIMYECKAs CKOPOCThH
kpoBoToka (PSV), koHeuHast quacTomudeckas cKo-
pocts (EDV), ycpenHeHHas 1o BpeMeHM CpenHssA
ckopocth (TAV), WHIEKC CTAOMIBHOCTH IOTOKA
(SFI), cucronopmacronuieckoe otHomeHue (S/D),
mynbcanoHHbIi nHAekc (PI) m maaexc pe3nctent-
HoctH (RI). Ilepeuncrnennpie BeNMYUHBI TOJCUNATA-
Hbl aBTOMAaTUYECKU BCTPOCHHOU MPOrpaMMoOin yiib-
TPa3BYKOBOT'O CKaHepa.

[ockonpKy yka3zaHHBIC BbILIE TUHEHHbIE Xapak-
TEPUCTHKH JOTIIIEPOBCKOTO CIEKTpa HE MO3BOJIH-
JU COCTaBUTh OOBEKTHBHOE IPEICTaBICHHE 00
obwreme mepdy3un Mo3ra, ObLT TIOACYUTAH PSJT TTOKA-
3aTelnieid, aHaJIn3 KOTOPHIX MOMOT YTOYHUTH COCTOS-
HUE LepeOpatbHOl TeMOAMHAMUKHI: HHIECKC MO3TO-
Boro kpoBoToka (MMK), nepebpanbHoe nepdy3noH-
Hoe nasienue (L{I1/1), BHyTpu4epemnHoe naBieHue

(BY/), unaexkc TMaApOAMHAMUYECKOTO COTPOTHUBIIE-
uus (UI'C), koadpdunment oepuryra (KO).
JloCTOBEpHOCTh pa3NUUUil CpeAHUX 3HAYECHMI
YCTaHOBJIEHA METOJOM CPaBHEHHS CPEIHHUX 3Haue-
HUM IBYX BEIOOPOYHBIX COBOKYITHOCTEM C OTIpeere-
HueM t-kputepus CTbIOJEHTA U YPOBHS 3HAYMMOC-
11 (p). CTaTUCTHYECKas 3HAYUMOCTD pe3yibrara (p)
MpencTaBiseT co00i OLIEHEHHYI0 Mepy YBEpEHHOC-
TH B €70 KUCTUHHOCTHY, «PEIPE3CHTaTUBHOCTH BBI-
OopKM». YKa3aHHBIHN MMOKa3aTelb HAXOAUTCS B yOBI-
BAaIOIIEN 3aBHCUMOCTH OT HaJEKHOCTH pe3ysIbTara.
Bonee BBICOKHIT p-ypOBEHb COOTBETCTBYET Ooiee
HH3KOMY YPOBHIO JTOBEpHUs K HalIeHHOH B BBIOOp-
K€ 3aBHCHMOCTH MEXJIy IMepeMEeHHbIMU. VMIMEeHHO
P-YPOBEHB IPEACTaBISAET COO0I BEPOSITHOCTH OLIHNO-
KH, CBS3aHHOW C paclpocTpaHeHUEM HaOI0AaeMo-
r'0 pe3yJbTaTa Ha BCIO OMYJISIUI0. B MeTUIIMHCKIX
nccaenoBanusax p-ypoerb 0,05 paccMmarpuBaercs
KaK «IIpuemMiiemMasi TpaHHIa» YPOBHS OUTHOKHU. BrI-
O0opka omHOpOIHAs, pachpenesicHHe HOpMaJbHOE,
noaTeepxkaeHo TectoM Konmoroposa — CmupHO-
Ba. PaBeHCTBO aucnepcuil B rpynmnax MpOBEPEHO
npu nomoiu Kputepus Jlepena. [{s onpeneneHus
MepBI 3aBUCUMOCTH MEXAY IEPEMEHHBIMU IPUMeE-
HEHa mpocTas TuHelHas koppensius [Tupcona (1).
Heo0xonnMble BBIUKCIIEHUS PEaTU30BaHBI B MPH-
knajgHoM nakere nporpamm «STATISTICA 7.0».

PE3YJIBTATBI UCCJIEJOBAHUS

Bo Bpems mocTypaibHOro TecTa HaMHU OIpene-
JIEHbI TI0Ka3aTelId MO3TOBOI'O KPOBOTOKA y Mallu-
EHTOK C HOpPMaJbHO MpOTeKaromeil OepeMeHHoC-
TBI0O M OEpEMEHHBIX C TSDKEIOH MpedKiaMIIcueH,
YCTaHOBJIEHA JIOCTOBEPHOCTh PA3NIMYMM CPETHUX
3HAUeHUIl B uccieqyeMblx rpynnax. Ilpu ananuze
JIaHHBIX, Hony4YeHHbIX pu T cpegneit Mo3roBoit
apTepUH, BBISBICHO, YTO Y OEpPEMEHHBIX OCHOBHOMN
TPYIIBI HAOMIOJAeTCsl JOCTOBEPHOE, CHMMETPHY-
HOe ¢ 00eHX CTOpPOH, CHIM)KEHHE JIMHEHHBIX MOKa-
3areneil JONMIEpOBCKOTO CIEKTpa MO CPaBHEHMIO
C AHAJIOTMYHBIMU IIOKAa3aTeNIIMH Yy OepeMEHHBIX
TPYIIIBI CpaBHEHUS (CM. Tabnwuiry). Y OepeMeHHBIX
C TSKENOH MPEdKIaMIICeH HAMH OTMEUEHO CHHIKE-
HUE JTUHEHHON CKOPOCTH KPOBOTOKA MPEUMYILECT-
BEHHO 32 CYeT MUKOBOW CHCTOIMYECKONW CKOPOCTH
(73,76 cMm/c mpotus 104,83 cm/c B rpymme cpaBHe-
Hust;, p < 0,0001). BeIsiBIIeHO CTaTUCTHYECKH JTIOCTO-
BEpPHOE M3MEHEHHE YPOBHS LepeOpPOBACKYISIPHOIO
COIIPOTHBJICHUS HA OCHOBAHUM CHUXXECHUS MHJECKCA
PE3UCTEHTHOCTH B TPYIIIIE MAUEHTOK C IPEdKIaM-
nicueit (0,51 npotus 0,54 B rpymnme cpaBHEHUS; p <
< 0,0001) u mynbcanmonHoro unaekca (0,73 npotus
0,84 B rpynne cpaBuenus; p < 0,0001). Cucromno-
JIUACTOIMYECKOE OTHOLICHHE, OTPaXKaIOIIee COCTO-
SIHUE COCYAMCTOH CTEHKH, CHU3UJIOCH y OepeMeH-
HBIX ¢ TsKennoi npeskinamicueit (1,91 nmportus 2,05
B rpynne cpaBHeHus; p < 0,0001). Otmedeno go-
CTOBEPHOE CTATUCTUYECKOE PA3JINYUE B PAJE BEIIH-
YHH, OTPaXXaoLUX LepedpajabHoe MepPy3noHHOE
U BHYTPUYEPENHOE NaBJIEHUE, THMAPOAMHAMHYEC-
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KO€ COMPOTHUBJIICHHE U IepeOpOBaCKYISAPHYIO pe-
AKTUBHOCTb, B CPAaBHEHUHU C aHAJIOTHUYHBIMU OKa-
3aTeNsIMU Y 310poBbIX manueHTok B III TpumecTpe
6epemennoctu. Ha ocHoBannu m3menenns KO (1,38
npotus 1,06 B rpynne cpaBaenus; p < 0,05) ormeue-
HO N3MEHEHHE 11epeOpOBaCKyIIPHON peaKTHBHOCTH
3a cYeT BazoAMJIaTaTOpHOro pesepsa. [loc-Typans-
HBII TECT B TPyTIe 00CIeAyeMBbIX KEHITUH MPUBEI
K CYIIECTBEHHOMY HOBBIIICHUIO HHICKCA TUAPOIH-
HAMHUYECKOI'0 CONPOTUBIICHUS (2,34 MM PT. CT./CM -
¢! mpotus 1,29 MM pr. cT./cM - ¢! B rpymme cpas-
Henus; p < 0,0001). Buyrpuuepennoe naBieHue
TaKXe 3HaYUTENbHO yBenuuuiioch (13,19 MM pT.
cT. mpotuB 10,69 MM pT. CT. B IpyIIie CpaBHEHHUS;
p < 0,0005). Harmporus, nepedpanbHoe nephy3noH-
Hoe nmasiieHue (47,25 MM prt. cT. ipoTuB 49,57 MM
pT. cT. B rpynne cpaBHeHus; p < 0,01), uHAEKC MO3-
roBoro kpoBortoka (22,15 mporus 40,20 B rpymre
cpaBaeHus; p < 0,0001) m wHIEKC CTAOMIIBHOCTH
noroka (0,59 mpotus 0,69 B rpymnme cpaBHEHHUS;
p < 0,0001) oxazanuch CTATUCTUYECKH JOCTOBEPHO
HIDKE B TpyIne OepeMEeHHBIX C TKenol (Gopmoit
MPEIKIAMIICHH.

[Tloxazatenum MO3TOBOTO KPOBOTOKA

y OepeMeHHBIX C NpedKIaMIcHuei

U YyCIOBHO 3J0POBBIX OepeMeHHBIX
TPYNInBl CPaBHEHHS

[Ipesxnammcus I'pynma
IToka3aTens Tsokenas (1) cpaBHEHUH (2) (p*
(n=173) (n=90)
PSV, cm/c 73,76 £ 1,11 104,83+ 1,75 | <0,0001
EDV, cm/c 35294039 | 4873+ 1,09 | <0,0001
TAV, cm/c 4992+040 | 6746+ 1,38 | <0,0001
S/D 1,91 £ 0,02 2,05 + 0,02 <0,001
PI 0,73 & 0,02 0,84 + 0,02 <0,001
RI 0,51 & 0,01 0,54 % 0,01 <0,001
HIL MMpT. | 7052101 | 49574099 | <001
BRI MMPT | 13104 168 | 10694074 | <0.0005
MICMMPL | 5344002 | 1294003 | <0,0001
UMK, cm/c 22,15+ 0,57 40,20 £ 1,13 < 0,001
SFI 0,59 % 0,01 0,69 £ 0,01 <0,005
KO 1,38 & 0,02 1,06 + 0,04 <0,05

IpumeuaHue. p — CTaTUCTUYECKAsE 3HAYUMOCTD (P-YPOBEHB).

CornacHo menn HacTOSIIETO NCCIIEI0BaHUS Clie-
JIYIOIIAM 3TaIroM POBelIeH KOpPeINOHHbIIN aHa-
U3 MEXIY TapaMeTpaMu MO3TOBOT'O KPOBOTOKA U
MOKa3aTeIsIMH apTepHaNbHOrO napieHus. OOHa-
pyXeHa cpemHsisi oOpaTHasi 3aBUCHMOCTH MEXKIY
MOKa3aTesIMA MO3TOBOI'O KPOBOTOKA M CPEIHUM
aprepuanbHbIM gaBieHueM (PSV u CAl: r = -0,41;
EDV u CAJl: r=-0,43; TAV u CA/l: r = -0,44), uTo,
BEPOSITHO, OOBSICHSIETCS HAaTWYMEM COOCTBEHHOU
CHUCTEMBI ay TOPETYIISAUHA KPOBOOOPAIIIEHUS B TOJIO-
BHOM MO3re, OJOKMpyIOoImeld KojeOaHus apTepu-
aJILHOTO JaBJICHUS B ONPEICIICHHBIX PaMKaX pery-
JISIIUH.

OBCYXXJAEHUE PE3YJBTATOB UCCJIEJOBAHUS

Habmnronaemble naMeHeHus nepedpanbHOl reMo-
JUHAMUKH, BBISBJICHHBIE B XO/I€ HCCIEIOBAaHUS B
TpyIIe MalMeHTOK ¢ MPEedKJIaMIICHel, BechbMa Xa-
PaKTEepHBI JJISI COCYAMCTBIX CETMEHTOB, HaXoId-
mUXcs B COCTOSHMM Basofwinaranud. Hapymenue
nepdy3uu Mo3ra ciienyeT CUuTaTb CAMMETPHYHBIM,
ITOCKOJIBKY HE OBLIO BBISBIIEHO JTOCTOBEPHBIX pa3-
JUYUN MEXly aHAJOTMYHBIMU BETUYUHAMU, U3MeE-
pPEeHHBIMHU ¢ 00enx cTopoH. IlocTypanbHBIH TecT ¢
[TIOBOPOTOM BBI3BIBAET U3MEHEHHU S CHCTEMHOTO KPO-
BoTOKa. [IoBOpOT ¢ neBoro Ooka Ha CIIMHY IIPHBO-
JUT K YBETUYCHHIO apTEPHUAIIBHOTO AABJICHHUS KAK Y
3IOPOBBIX OEpPEMEHHBIX, TaK U y OEpeMEeHHBIX C
MPE3KIJIAMIICUEN, OJJHAKO B TIOCIIEIHEN TpyIIIe CTe-
IIEHb MOBBILUIECHNS JABJICHUSI CPABHUTEIBHO BHIIIIE.
[logoOHOEe HW3MEHEHHE TEMOAMHAMUKH BO BpeMs
[OCTYPAJIBHOIO TecTa Yy OepeMEHHBIX OCHOBHOM
TPYIIBI IPUBEIO K ayTOPETYIATOPHOW Ba3oAMIIa-
TallMd TPECTEHOTHYECKUX CETMEHTOB apTepuil U
Ba30KOHCTPUKIIUH COCYAOB CONPOTHUBIEHHUS (apTe-
puom) 1A NOAAEp KaHUS TOCTOSTHCTBA MO3TOBOTO
KpOBOTOKa. BepoATHO, N3MeHEeHUE TOKa KPOBH yKa-
3bIBACT Ha IACCUBHOE pacmupenue B obmactu M1
CEerMeHTa Cpe/lHeW MO3TOBOM apTepuH, UTO MOXKET
OTMEUaThCs B CIy4ae KOMOMHAIIMHM TOBBIIIEHHOTO
apTepHaIbHOTO JIaBJICHUS U c0Osl B CUCTEME ayTo-
perynsauuu. CTaHOBUTCS OYEBHUIHBIM, YTO MO3TO-
Basi ayTOPErynauusi y OEpeMEeHHBIX, CTPadaroluX
MIPEIKIAaMIICHEH, OKa3bIBAETCS HECOCTOATEIBHOM,
IIOCKOJIBKY HE COOJIIOAETCs 3aKOHOMEPHOCTh peak-
MM MO3TOBOM F€MOAMHAMHUKH, COCTOSIIIAS B TIOBBI-
IIEHUH CKOPOCTH KPOBOTOKA IO MarucTpajbHbIM
apTepusM MO3ra B OTBET Ha yBEJIMUEHHE CPETHETO
apTepuanbHOro naBieHus. [loBeleHNe moka3aTens
k03(uIeHTa oBepIIyTa MOATBEP)KAACT IPEATIO-
JIOKEHHUE O MPEAETHHO HANIPSKEHHOM PE3EPBE Ba30-
nuiaranu. [lomydeHHble pe3yasTaThl CleayeT HH-
TEPIPETHPOBATH KaK cOO0i KOMIIEHCATOPHOI'O MeXa-
HH3Ma PETYJSIUN TOHYCa WHTPAaKpaHUAIBHBIX CO-
CYZOB y OEpEMEHHBIX C TSDKEIOM MPEIKIaMIICHEH.

[lo-BunuMoMy, HapyIIeHHS MO3TOBOTO KpOBO-
TOKAa IIPU IOCTYPaIbHOM TECTE CBA3aHBI C A0PTOKA-
BAJILHOM KoMIlpeccueld. HaM mpencrasisieTcsi, 4To
B YKa3aHHBIA MPOLECC BKIIOYAIOTCS U MEXaHU3MBbI
ayTOPETYJSIIMH MO3TOBOTO KPOBOOOPAIICHHUS, BbI-
3bIBasl JUJIATAIIMI0 MO3TOBBIX apTepHUil IS MoAze-
pKaHuA afiekBaTHOU nepQy3un Mo3ra Ha poHe HU3-
KOro cepreuHoro BeiOpoca. Ho BMecTe ¢ Tem mpe-
JENbHO HaNpsDKEHHBIM pe3epB  Ba3OAMIIATAIlNU,
CBUJIETENIbCTBYIOIINN O cO0€ CUCTEMBI ay TOpeTyJIs-
LMW MO3TOBOTO KPOBOOOpaIIeHUsI y OEPEMEHHBIX C
Mpe3KJIaMIICHEH, He CrocoOeH KOMIICHCHPOBATh
yKa3aHHbIEC HAPYIIEHUS, YTO MPUBOAUT K pacCTpOu-
CTBaM MO3IOBOT'0 KPOBOOOpAIIECHHUS.

Ilo Hamemy MHEHHIO, IPU TPOTPECCHPOBAHIHI
MPESKIAMIICUH YKa3aHHBIE IIPOIECCH BEAYT K yBe-
JMYEHUIO BHYTPUYEPEIIHOTO JaBJIEHUSA, Pa3BUTHIO
Ba30I'€HHOr0 O0TEKa M (POPMHUPOBAHHUIO THIIEPTOHU-
YecKo 3Hue(aIonaTuu, YTo NPSMO M KOCBEHHO
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MOATBEPKAAETCS UTOTaMH HACTOSIIEro HalJroje-
HUsl. MeXy TeM MacCUBHOMY PACIIUPEHUIO apTe-
PHOJ COMYTCTBYET CHUKECHHE IIEPEOpaTLHOIO TIep-
¢y3vonHoro nasieHus. Ha ¢oHe ouepueHHBIX ma-
TOJIOTHYECKUX TPOIeccoB (GopMmupyercs GpeHOMEH
Koxepa — Kyminnra, HanpaBJIeHHbIH Ha BOCCTaHOB-
JICHUE LepeOpaibHOro nep(y3uoHHOTO NaBICHUS,
3a KOTOPBIM, IMPEATONIOKUTENBHO, JOJKHO MOCTe-
JIOBaTh JajbHEHIIee MPOrPECCUBHOE TMOBBIIICHUE
CPEIHEro apTepHAILHOTO JABJICHUS, YCYTyOJICHHE
apTepHanbHOi TUNepTeH3N U GOpMUPOBAHUE TIO-
podHOTO KpyTa. B ToM city4ae xorna BHyTpr4eper-
Hasd TUICPTCH3UA IPCBBIIIACT KOMIICHCATOPHBIC
BO3MOXKHOCTH CUCTEMBI KPOBOOOPAIIICHH S, YPOBEHb
MO3TOBOT0 KPOBOTOKa U 00BEM KPOBEHATIOIHEHUS
TOJIOBHOTO MO3Ta PE3KO CHUKAIOTCS, PAa3BUBAOTCS
TUIIOKCHS ¥ MIIIEMHsI TOJIOBHOT'O MO3Ta, ay TOPEryJIsi-
WSl HAPYIIAETCSI WJIHM TIOJTHOCTBIO YTPAauYUBaCTCS.
Takum 00pa3oM, y MaIUEHTOK C MPEIKIAMIICHEH
A1 JOCTUKCHU S KOMIICHCALITUKW MO3TOBOI'0O KPOBO-
TOKa HEOOX0MMMO 0oJiee CHIILHOE HAMPSIKEHUE ay-
TOPETYJISITOPHBIX peakiuii nepuhepuueckoro Kpo-
BooOparieHus. [10-BUIUMOMY, 3TO MOXKET CITY>KHTh
OTHUM W3 OOBSICHEHHWH OMOJOTHYECKOil Iernecool-
pasHoCcTH mepudepruyeckoll Ba30OKOHCTPUKIIMH Y
OepeMeHHBIX C TsDKEIoi (QopMol MPesKIAMIICHH,
TaK KaK CyIIECTBYIOIIUE O0BICHEHHS pocTa 00IIe-

ro nepudepuyeckoro COMPOTUBJICHHUSA COCYIOB B
3aBHCHMOCTH TOJIBKO OT BOJIEMHYECKOTO CTaryca
BBITIISAISIT MEXaHUCTHYECKH.

BbIBOJbI

1. laHHbBIE TPOBEIEHHOI'O UCCIIECAOBAHMS CBUIC-
TEJIBLCTBYIOT O HApyLICHUH epQy3un Mo3ra y oepe-
MEHHBIX C TSKEJION MPEIKIIAMIICUEN BO BpeMS 1OC-
TYpaJIbHOI'O Te€CTa B OTIIMYUE OT 3I0POBBIX Oepe-
MCHHBIX.

2. [lomy4yeHHbIE pe3yNbTaTHI CIEAYET HHTEPIIPE-
THPOBaTh Kak cOOW KOMIIEHCATOPHOTO MEXaHW3Ma
peryysiiuy TOHYCa HHTPaKpPaHUAIbHBIX COCYIOB Y
OepeMEeHHBIX C TSKEION MPEIKITAMIICHEH.

3. BolsiBICHHBIE CTaTHCTUYECKH JOCTOBEPHEIC
pasnuuus okasaTesae Mo3roBoro KpoBoToka y oe-
PEMEHHBIX C TSDKEJION MPE3KJIAMIICHEH U 310pOBBIX
OepeMeHHBIX MTPH IpoBeneHnH roll-over Tecta, moa-
YEPKUBAIOT €r0 WCKIIOUUTENbHYIO LEHHOCTH IS
IUAarHOCTUKH MPEIKIIAMIICHH.
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AJUIEJIBHBIE BAPUAHTHI R130Q TEHA HHTEPJIEMKHHA 13,
C590T TEHA UHTEPJIENUKWHA 4, C3435T TEHA
MHOXECTBEHHOM JEKAPCTBEHHOM YCTOMYUBOCTH —
MAPKEPBI PABBUTUSI PUCKA U CTENEHU TSI)KECTU BPOHXUAJBHOMU ACTMBbI

B matorene3 OpoHXHMaJbHOW acTMbl BOBJIEYEHBI pa3indHblCe (YyHKIHMOHAJIBHO B3aMMOCBA3aHHBIC I'CHBI.
KommutekcHoe TecTrpoBaHne TeHOB WHTepiedkiHa 4 u 13, oTBeyaronnx 3a UMMYHHBIH OTBET, T'€éHa MHO-
JKECTBEHHOMU JIEKaPCTBEHHON YCTOMYMBOCTH, aCCOLIUMPOBAHHOIO C TPAHCIIOPTOM JIEKAPCTBEHHBIX MpeMna-
paToB, MO3BOJISET BBISIBUTh MapKEpHBIC MPOQUIH JIJIsl OLEHKH CTENECHH TSKECTH U JUATHOCTUKH Pas3iiny-

HBIX (beHOTI/IHOB aCTMBI.

KiroueBble ciioBa: OpoHXHaNbHas acTMa, HOIUMOP(U3M, TeH, HHTepIIeHKrH 4, nHTepiaeHKkuH 13

CornacHo COBpEMEHHBIM IPEJICTABICHHUSAM O Te-
HETHYECKOH MPenpacioioXeHHOCTH K OpOHXHAIb-
HOM act™e (BA), st pa3BUTHS 3TOr0 3a00JIeBaHUS
HEOOXOIMMO COoUeTaHKe aJlIeTbHBIX BAPUAHTOB T'e-
HOB, (QopMHUpYIOLINX HEeONIaronpusATHBIA Hacienc-
TBEHHBIH (DOH, PEANTHIYIOMIHUKCS TOM IEHCTBHEM
¢akTopoB BHemHel cpensl. [ennas cetb BA mocra-
TOYHO CJIIOKHAs U COICPXKHUT MHOTO T'€HOB-KaHIH-
nmatoB. Ha ceromnsimamii neHp u3BectHO Oomee 150
TeHOB, (DYHKIUsI OCNKOBBIX MPOAYKTOB KOTOPBIX
TECHO CBS3aHa C pa3BUTHEM aCTMBI M aTOMHEH (T'eHBI
[IUTOKWHOB M WX PEENTOPHI, T€HbI TJIABHOTO KOMII-
JIeKCa THUCTOCOBMECTUMOCTH, TE€HBl MEIHaTOPOB
BOCIIAJICHUS ¥ KX PELETITOPOB, TeHbI OeTa2-apeHo-
PEIenToOpoB, TIIOKOKOPTUKOUIHOTO PEelenTopa,
MYCKapHHOBOTO PEIENTopa, TeHBI OnoTpanchopma-
MU KCEHOOMOTHUKOB).

I'eneTndeckuii CKPUHUHT MO3BONUI OOHApY-
XUTh Ha 10 pa3mUYHBIX XpoMOcoMax 15 JIOKyCOB,
accoruupoBanubix ¢ BA. TlogTBepxaeHo crierie-
Hue BA ¢ Jokycamu, B KOTOPBIX JIOKaJIN30BaHBI
TeHBI-KaHIUIaTHl JaHHOTO 3a0oneBanus (5q31.1-33,
6p12-21.2, 11q12-13, 12q14-24.1, 13q12-22, 14ql11-12,
16p12.1-11.2 u Xq28/Yql2 u apyrue). HecmoTps Ha
SBHBIE YCTIIEXU B 3TOH 00JaCTH, 0 TIOJTHOTO TOHHU-
MaHUsS MEXaHH3MOB B3aWMOJIEHCTBUS T'€HETHYEC-
KHX U CPEeIOBBIX (PAKTOPOB B IETEPMUHAILIUU ACTMBI
BCE eIlle AaJIEKO.

BonpmmacTBO MAaiMEHTOB ¢ ACTMOM UMEIOT CIie-
nU(pUUECKUH MaTTEPH BOCMIAICHUS B ABIXAaTEIbHBIX
MyTAX, KOTOPBIM XapakTepu3yeTcs AerpaHyisiiuen
TYYHBIX KJIETOK, HHOWIBTpAIHeH S03MHOPHIIOB H
yBEIMYEHHEM KOJMYeCTBa aKTHBHPOBAaHHBIX KJle-
Tok T-xenmepoB 2-ro tuna (Th2). Th2 cunTesnpyror
nntepneiikud (IL) 4 u IL13, xoTopsie BO3neHCTBY-
10T Ha B-kJleTkH, MpUBOAS K MPOAYKLIUHA HMMYHO-
robynuna E (IgE), ILS Bnuser Ha akTUBHOCTH 20-
suHo¢uioB, 1LY perymupyer mnponudepanno u
nupepeHINpoBKy Ty4HBIX KieToK [20]. C Touku
© Muponosa XK. A., 2011

3pEHUsI TCHETUKHU UHTEPECHBIM (PAKTOM OKa3aJioCh
TO, YTO T€HBI HAaNOOJIee BaXXHBIX B PA3BUTHH aCTMBI
unrepaeiikunos 1L4, -5, -9, -13 pacnonoxxeHsl TaH-
JIEMHO B OJTHOM KJacTepe Ha xpomocome 5q31-33.
[loatomy rensl IL, kapTupoBaHHBIE B peruone 5q31-
33, CTaHOBSTCS NPUBIIEKATEIFHBIM OOBEKTOM II0
MOMCKY HACJICJCTBEHHBIX (DaKTOPOB MPEAPACIIO0-
JKEHHOocTH K acTtme. [lomumopdusm renoB L4
u IL13 1 ux penentopoB BHOCUT BKJIAJ B KOMILJICK-
CHYIO PEryJISIIUIO aTOMUH.

MNOJIMMOP®HBIE BAPUAHTBI 'EHA 1L13
TP ACTME

OnHUM W3 KaHAWAATOB HA POJb TIIABHOTO HMH-
nykTopa amieprum sBisercs 1113, oGmamaromimit
CXOIHOM OMOJIOrMYECKOl aKTUBHOCTHIO ¢ [1.4.

[lepBrle annenbHBIE BAPHAHTHI OBLITH OTKPBITHI B
nByx wHTpoHaX (G543C B mepBOM HWHTPOHE H
T1922C — B TpeTheM), a TakKe B KOAUPYIOLIEH yac-
1 (A2043G u A2579C B TpaHCcnupyeMoM u 3’-He-
TPAHCIHPYEMOM PErroOHe YeTBEPTOro 3K30HA COOT-
BeTcTBeHHO) TeHa IL13 [17]. Ilo3xaee mommmopd-
HBIC BAPUAHTHI OBLIIU OMPECICHBI B TPOMOTOPHOM
yuactke C1055T rena IL13 [15].

B AmoHcKo# 1 eBponeicKuX monyaanusx Oblia
BbIsIBJICHA accomnuanus mnonumopdusma A2043G
(Argl130GIn) rena IL13 ¢ aTonuveckoit OpoHXHUAIb-
HOW acTMOM ¥ YBEIIMUYEHHBIM YPOBHEM CHIBOPOTOU-
soro IgE [8]. B xuTaiickoii momynsiiuu ObliIa BEISIB-
JIeHa accoIuaIis MeX Ay aJlJIeIbHBIMU BapHaHTaMHU
Argl30GIn rena IL13 ¢ ypoBaem obuiero IgE, Ho He
C pa3BUTHUEM U He ¢ TsxecTbio BA [12]. B uccneno-
Banuu C. A. Ma3ypuHoii ¢ coapropamu [3] y 601b-
HBIX aronuueckoit BA dacrora annens Argl30 rena
IL13 coctaBnsna 51 u 21 % y 300pOBBIX HEPOJIC-
TBEHHBIX PYCCKHUX JXKHUTeIed MOCKBBI COOTBETC-
TBeHHO. YpoBeHb IgE ObLI HOBBIINIEH y OONBHBIX
TOMO3UTIOT M0 ajuiento Arg u rerepo3urot rena [L13
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[3]. B simoncKkoii 1 OpUTAaHCKON MOMYISAIUAX Oblia
BBISIBJIEHA acCOLMAIU MEXAY aJlJIeIbHBIMU BapH-
antamu GInll0Arg rena IL13 u actmoii, HO Tpu
ATOM HE OBLIO BBISBICHO CBS3H JJAHHOTO MOJIUMOP-
¢uzma c yposaem obmero IgE [10].

OyHKIIMOHANBHBIN TonmuMophusM TeHa I[L13
CBSI3aH C 3aMeHOll apruHuHa (Arg) Ha TIIOTaMHUH
(Gln) B monmo>xenuu 110 1 accoruupoBaH co CHUKE-
HueMm addunHocTH cBa3piBanus IL13 ¢ peuenTop-
Hoit cyOobenuuunnei IL13Ra2, BermonHsromei poirs
penenTopa-IoByIIKH, a TAKKE CO CHHKEHHEM 0J10-
KHUpOBaHUsI Onosormdeckoit akTuBHOCTH 1L13. DTa
3aMeHa HHUKaK He BIusia Ha cBa3eiBanume 1L13 c
cyowenunuiiei IL13Ral v Ha mepenauy curuana ot
KJIETOYHOT0 perentopa. bonbHbie BA, roMO3UTrOTHI
TT0 aJIEITIO TIIF0TAMUHA, HMEITU ITOBBIIIICHHBIE Y POB-
Hu 1L13 B mia3me KpoBH, BUIUMO, BCIEACTBUE Ha-
pymierus cBs3piBanus 1113 MeMOpaHHBIME PacTBO-
pumbimu IL13Ra?2 penientopamu 1 ero ynajneHus u3
UUPKYJSLIUH.

YcTaHOBIEHO, YTO B OPUTAHCKOW MOMYJISILIHH
nonumopdusm A1398G IL13Ral Ha Xxpomocome
Xql3 acconuupoBaH ¢ BEICOKUM ypoBHeM IgE. Ot
JAaHHBIE COMOCTABUMBI C JAHHBIMHU 00 aJIIENbHBIX
BapuaHTax reHa penentopa IL4 (L4Ro) y smonmes
Y HEMIIEB.

Takum o0pa3oM, oIpeneneHHbIE ajUIeNbHbIE Ba-
puanTsl reda IL13 MoryT comeiicTBOBaTh pa3BUTHUIO
aTonuu ¢ BeiIcokuM ypoBHeM IgE u BA y pa3nuunbix
MIPENCTaBUTENECH MHOTHX dTHUYECKHUX TPy [9].

MNOJIMMOP®U3M I'EHA 1L4

WaTepneliknH 4 ABISETCS BAXKHEHIIINM ITUTOKU-
HOM BOCHAJEeHHS, B TOM 4HCIE OOYCIOBICHHOTO
passutueM amutepruyeckoro IgE-oreera. Benencr-
BHE LieHTpaabHON ponu IL4 B pazButum u nogaep-
’KaHUM BOcrajieHus npu bA aHanu3 reHeTH4YecKoi
pPEeryIsilHd aKTUBHOCTH JTOTO LHUTOKMHA HMEET
0oxbIIOe 3HAUYEHWE IS MOHMMAaHHUS MEXaHHU3MOB
pasButus aronuu u bA. Ha cerogusmnuii 1eHb 1aH-
HbIE 0 oMMOP(HBIX BapuanTax reHa IL4 npotuso-
PEUYMBBI M HE JAIOT OJHO3HAYHOI'0 OTBETA Ha BOIIPOC
00 ux natorenernyeckoii ponu. E. G. Burchard ¢ co-
aBTOpaMH OOHAPYKHIIH, YTO MOJUMOpP(HU3M B TIpO-
MoTtopHoi obmactu C589T rena IL4 ycunuBaeT ero
TpPaHCKPUIIHIO [6].

B amepukaHCKO# 1 SITOHCKOH MOMYJSIHIX OBLIO
BBISBIICHO, YTO ()YHKIHMOHAJIBHBIM NOIUMOPHHU3IM
C590T rena IL4, cBa3aHHBIH ¢ Ooee BBICOKOM Mpo-
nyknuedt 1L4, ObIT accomMMpOBaH C TOBHIIICHUEM
CBIBOPOTOYHOI'O YPOBH# IgE U ¢ KIIMHUYECKUMU IIPO-
sByieHUsIME BA. OnHako (hpaHIly3CKUMU HCCIIen0Ba-
HUSMH TOJO0OHOH accoluanuy He OBLIO BBISBIICHO.
[Ipn nccnenoBaHuM aBCTPANUNHCKON MOMYJISALUH MO-
Ka3aHa accoluanus JaHHOTO MoJuMopdusMa ¢ yBe-
nrdeHueM crienuduueckoro IgE k kimemam momani-
Hel MBUTH, HO He ¢ yBenudenuneM obmero IgE [1].

Takxe ncciaenoBaiach CBSI3b MEXAY BBIIIEyKa-
3aHHBIM TIonuMop¢u3mMom rena [L4 u crepounope-
3UCTEHTHOH OponxuanbHoi actmoii  (CPBA).

[loxazaHo, 4TO MOBBIMIEHHAs 3KCIPECCHS aJlIemns
590T rena IL4 Obuta KOHCTaTUpOBaHA B TPYIIIE
6onpHbix CPBA 1o cpaBHEHHWIO ¢ MalUEHTaMHU C
ropMoHOUYyBcTBUTENbHOU BA [18].

[Momumopdusm B obmactu 3’-UTR rena IL4, Ha-
XOIAILIMICA B CHIBHOM HEPAaBHOBECUU IIO CIIEILJIe-
HUIO ¢ Tpausunuei -589C/T, MoXkeT MMeETh TMpo-
THOCTUYECKOE 3HAYEHNE B OTHOILIEHUU CTEIIeHH TH-
s)kectu aronunueckod BA [7]. YcraHoBieHo, 4TO 1o~
nuMopdHbIie BapuaHThl TeHOB 114, ILS, IL9, IL4RA,
IL5 BHOCAT HEOOMBION (M0 5—10 %), HO cTarucTH-
94EeCKH 3HAYMMBIN BKJIAJ B U3MEHUUBOCTH KOJIMUYEC-
TBEHHBIX, MATOTEHETHYECKN U KIMHUYECKU 3HAUU-
MbIX A7 BA mpu3HAKoB: TMOKa3aTeNH JIETOYHOMN
(GYHKIUHY, YPOBHH WMMYHOIJI00YJIWHOB, OpOHXH-
aJibHasI TUTIEPPEAKTUBHOCTS [7].

[Ipu o6cmenoBarmu 200 6ompHBIX BA, TpokmBa-
IOLINX B CEBEpO-3anagHoM peruoHe Poccun, otme-
YeHO CTAaTUCTHYECKH HEJOCTOBEPHOE YBEIMYEHUE
gacToThl T-amnens IL4 mo cpaBHEHUIO ¢ KOHTPOJIb-
HoW rpymnmod (29,8 m 18,1 % cCOOTBETCTBEHHO).
BwMmecTte ¢ Tem paciipeneneHie TeHOTHIIOB 110 TeHY
IL4 y 6onpHBIX BA mOCTOBEpPHO OTAMYANIOCH OT Ta-
KOBOT'O B KOHTPOJIbHOU rpytne. Tak, yactoTa reHo-
tuna 590C/T rena 1L4 Obliia JOCTOBEPHO TOBBIIIIES-
Ha y 6oabHBIX BA (51,1 %) 10 cpaBHEHHIO C KOHT-
ponbHoU Tpynmnou (27,5 %) (OR = 2,74; CI: 1,27-
5,92). UaTepecHo, 4TO pacrpeneleHie TeHOTUIIOB
o reny IL4 y 6ompHBIX BA B 3aBHCHMOCTH OT 10712
OTJIMYAJIOCh BBICOKOW JOCTOBEpHOCTHIO (p < 0,01),
TOT/Ia KaK B KOHTPOJIBHOW BBIOOPKE TaKOW 3aBHCH-
MOCTH He OBLIO OTMEUEHO. YCTaHOBIICHO, UTO CPEH
OosbHBIX BA My»CKOro mojia JOCTOBEPHO dYalle
BCTpeyanuchk rerepo3urotsl reHa 1L4 (81,8 %), yem
cpenu >xeHITNH ¢ bA (41,7 %) 1 My>XYWH KOHTPOIb-
Hoii Tpymmsl (28,2 %). CormacHo ko3 UIIUEHTY
COOTHOILIEHUS WIAHCOB, PUCK PAa3BUTHS aJJIepPru-
yecko BA y MyX4YMH NpH HaJIUYUM TEHOTHUIA
-590C/T IL4 yBenuuunBaics 6onee yem B 11 pa3 (OR
= 11,5; CL: 2,57-5,87) [1]. CneqyeT OTMETHTB, 4TO
COYETaHHE IBYX PEIKUX aJIJICTIbHBIX BAPUAHTOB Ie-
HOB IL4 (-590T) u IL4Ra (-576R) mocToBepHO Hare
BCTPEYAJIOCh B rpyIIe OONBHBIX BA 1Mo cpaBHEHHIO ¢
KOHTPOJIBHOM I'PYIIION 340POBBIX JroAeH. Puck pas-
BUTHS aTonnueckoil BA mpu 5ToM Bo3pacTaet Oonee
yeMm B 3 pasza [2]. Hpyroi momumopdusm reHa 1L4
3’>-UTR 717 G/G acconmmpoBaH ¢ TSHKETBIM TCUCHH-
eM BA y sxyTos [4].

MNOJIUMOP®HBIE BAPUAHTBI 'EHA IL4Ra
PN ACTME

Cgoe netictue 1113 u [L4 ocymiecTBISIIOT mMOC-
PEACTBOM B3aMMOJICHCTBHS C PEIENTOPAMU Ha TO0-
BEPXHOCTH KJIETOK. BaKHBIM SBIsETCA TOT (hakKT,
YTO PEleNnTOpbl 000X UTOKMHOB O0JIAal0T 00-
meit a-menbio (IL4Ra), koTopast yuacTByeT B mepe-
Jade CHTHaja BHYTPH KJICTKH, TEM CaMBIM peajiv-
3ys QYHKIUH dTUX [IUTOKHHOB.

Bapuant Ile50Val rena penieniropa o [IL4 (IL4Ra)
ACCOLIMMPOBAH C OPOHXMANBLHOW ACTMOW U TOBBI-
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MIEHHBIM ypoBHeM ob1iero IgE, a Takxe co creru-
¢uueckum IgE k ammeprenam kiema goManrHen
meLTH [14]. B ssmmoHCKOM NOMy sy Oblta OTMEYeHA
TecHas CBA3b Mexnay mnonumopdusmom Ile50Val
reHa [L4Ra u ypoBaem IgE [5]. BapuaHT 3aMeHbI
AMUHOKHCIIOTH! aprMHUHA Ha TIIYTaMUH B MOJIOXKE-
Huu 551 rena IL4Ra 611 0OHapyskeH B MONMYIALNUN
OpUTaHIIEB MPU W3YUYCHUH MALUCHTOB C YK3EMOU U
runep-IgE cungpomom [13]. IIpoTuBOMONOXHBIE
JaHHbIE OBLTM OOHAPYKEHBI B MOIMYJISIHA HEMIEB.
Tak, y Hocuteneit Arg551Gln rena IL4Ra Obi BBI-
SBJIEH HU3KUH yposens IgE [11].

POJIb TPAHCIIOPTHBIX BEJIKOB

TpaHcriopTHbIEe O€NIKH UTPAOT BaXKHYIO POJIb B
perynsauun abcopOLMH, pacipenesieHls] 1 dKCKpe-
WY pa3INYHBIX BEIECTB, B TOM YHCIIE IUTOKHHOB.
OnHUM U3 YJICHOB CEMEWCTBA TPAHCIIOPTHHIX Oel-
koB P-rmukonpotenn-170 (PGP-170) xomupyetcs
reroM uenoBeka ABCBI, umenyemsrii Takxxe MDRI1
(reH MHOKECTBEHHOH JIEKapCTBEHHOI YCTOWYHUBOC-
tn). llponykr rena PGP-170 — AT®-3aBucumerit
TPaHCIIOPTHBIN OEIIOK — MPEICTaBISIET COOOH crie-
LUAIbHYIO IIOMILY AJIS BBIBEICHUS U3 KIETKU pas-
JUYHBIX JIUTTOQUIBHBIX COCIMHEHUHN (CTEpOUIHBIX
TOPMOHOB, LIUTOKMHOB, MPOXYKTOB METa0OIM3Ma
KJIETKH) NPOTHB TpajgveHTa KOHUeHTpauuu [19].
YcTaHOBIIEHO, 4TO MONUMOpGHU3M B 26-i 3K30HE
C3435T rera MDR1 koppenupyeT ¢ pyHKIHOHUPO-
BaHMEM M ypoBHeM skcrpeccuu PGP-170. B psne
UCCIIeIOBaHUH MOKAa3aHO, YTO BBICBOOOXKACHUE ITH-
TOKWHOB — HHTepdepoHa-ramma, [L2, IL4 — u dak-
TOp HEKpO3a OMyXoiu aib(a M3 MOHOHYKJIEApOB
nepudepruIeckoil KpOBU JOCTOBEPHO MEHBIIE y HO-
cuteneit 3435TT, yem y nun ¢ renotunom CT rena
MDR1 [16].

Ha xadenpe rocnuTanbHON TEpanuy UM. akaze-
muka M. B. UepHopyukoro (3aBenyromuii kaden-
POl — IOKTOp MEAMLMHCKHUX Hayk, mpodeccop
B. W. TpoduMOB) COBMECTHO C OTHAEIOM MOJICKY-
ngapHo-TeHeTudeckux Texuomoruit HUIL] 'O BIIO
CIIoI'MY wuwm. akanemuka U. I1. [1aBnosa (3aBeny-
IONIHI JTabopaTopueil — diieH-koppecnonaeHT PAH,
npodeccop M. B. Jlyonna) mpoBogutcs pabora 1o
U3y4EHHUIO TeHETUYECKUX ACIEKTOB TepareBTHYeC-
KOH pe3ncTeHTHOCTH y OONBHBIX BA.

Llenb ncciienoBaHus — OLEHUTH YaCTOTY BCTpe-
yaemocTu BapuantoB C3435T rena MDRI, R130Q
rera [L13, C590T rena IL4 y 6onbHbiX BA B 3aBU-
CHUMOCTH OT CTENECHHU TsKECTH 3a00JIeBaHMsL.

MATEPHUAJIBI U METOJbI HCCJIIEJOBAHUSA

Knuauko-nmabopaTopHoe oOcnemoBanne 00Jb-
HBIX OCYIIECTBIISUIOCh Ha 0a3e KIWHHUKH TOCIH-
tanpHoi Tepanuu ['OY BIIO CIIGI'MY um. akane-
muka U. I1. [TaBnosa Pocznpaga.

Oo6cnenoBano 105 actmaTtukoB, u3 HHUX 57
(54,29 %) manrienTOB ¢ ropMOHO3aBUCUMOI BA 1 48
(45,71 %) 6onbHBIX BA cpemHel CTENEeHU TIKECTH.
Bce marueHTH He COCTOSIM B KPOBHOM DOJCTBE.

OO6cnenoBanHas MOMyJANMS Obljla TMpencTaBiIeHA
xurensmu Cankt-IletepOypra u JlennHrpaackoit
oOnactu. /luarHo3 ycTaHaBIHBAJCS COTJIACHO MEX-
IyHapoaHOW kiaccupukanuu Oonesnerd 10-ro me-
pecMoTpa ¢ yueToM pekoMmeHaanunii EBponeiickoro
pecniuparopHoro obiectBa U Poccuiickoro pyko-
BOJICTBA IO TUATHOCTHKE, JICUCHHUIO U TPODUITAKTH-
ke BA. Jlms moctaHoBKU auarHo3a bBA mpumMeHs-
JUCHh OOIIEKINHUYECKHE U TaOOPATOPHBIE METOJIBI
oOcienoBaHus, BKJIOYasl IUTOJIOTHYECKOE HCCIe-
JIOBaHHME MOKPOTHI U HCclenoBaHne (DyHKIIMH BHE-
[THETO JIBIXaHMUSI.

I'pynny xonTpons coctraBunu 103 dyenmoseka.
Kpurepun ot60opa B KOHTPOIBHYIO TPYIITY OBLIH
cnenytomue: 1) Bozpact ot 20 g0 75 ner, 2) oTcyTc-
TBUE KYpPEHHS B aHaMHe3e, 3) OTCYTCTBHE XPOHU-
YeCKOH OpPOHXO0JIErOYHON U ay TOMMMYHHOH IaTOJI0-
TUHW, a TaK’K€ OHKONATOJOTHH, 4) OTCyTCTBHE ai-
JEPrudecKkux 3a00JieBaHUN B aHaMHe3e, 5) HEOoTs-
TOIIeHHAas HaceICTBEHHOCTh B OTHOIICHHUH aJljiep-
TUYECKUX 3a00IeBaHMIA.

MonexynsipHO-T€eHETUYECKUE METOABI UCCIIENO-
BaHus: reHoMuy0 JIHK Beigensinu u3 neHKonuToB
repuepruIecKoil KpOBH METOIOM (HEHOJIBHO-XJIO-
POPOPMHON SKCTPAKIIUK; I HISHTUDUKAIINH aJi-
JIENIbHBIX BapHaHTOB HCCIIEAYEMBIX I'€HOB HCIIOJb-
30BaJTM aMILTH(PHUKAITNIO COOTBETCTBYIOMNX (hpar-
mentoB JIHK MetonoM nonumepasHoi nenHoi pe-
akiuu (I1LP) ¢ mocneayromum pecTpUKIIMOHHBIM
aHAJTU30M.

CraTucTHYeCKU aHATU3 TOMYYSHHBIX JTaHHBIX
BBHITIOJIHSIIM C HCIOJIB30BAHUEM MaKeTa CTaTHCTH-
4geckoi mporpammel Statistica 7.0. Cpennue Benu-
YUHBI IpecTaBlIeHbl Kak M = m, e M — cpennee,
m — craHjapTHas omwubka cpeaHero. CpaBHeHUE
YacTOT aJlJIe]Iel ¥ TeHOTUIIOB OLIEHWBAJIOCH TIPH TI0-
MOIIA KpUTEpUsi x> W TouyHOro Mertoma Puimepa
(Fisher exact test). [1y1s1 OlleHKM JOCTOBEPHOCTH pa3-
JTUYUN MEXJy CPeIHHMH HCIOJIB30BaJICsl HEmapa-
MeTpudeckuii tect ManHa — YutHm (Mann —
Whitney U test). IIpu p < 0,05 paznuuus Mexny
CpaBHMUBAaEMbIMH MOKA3aTEISIMH CUUTAIINCH JOCTO-
BepHbIMHU, Ipu p < 0,1 paznuyus pacieHUBAJIUCH
KaK TCHJICHLIHSI.

PE3YJIBTATBI HCCJIIEJOBAHMUSA
U UX OBCYXJIEHHUE

Hamu ObL10 BBISBJICHO, uTO aineiab 3435C rena
MDRI gamie BcTpeuascs B Tpynme OONBHBIX TsHKe-
noui BA (0,57), x2 = 21,34 (p = 0,0001) u BA cpen-
Hel crenenslo TsxecTH (0,48), x2 = 8,68 (p = 0,003)
10 cpaBHEHMIO ¢ Tpy1moi kouTposs (0,31). Yactora
Bctpeyaemoctu reHoruna CC rena MDRI1 Obuia
Oonbmie y 6onbHbIX BA cpenneii (29,17 %) u Tsixe-
7o creneHu TsxecTH (29,82 %) Mo cpaBHEHHIO C
rpynnoi koHTpos (8,74 %), x2 = 11,99 (p = 0,005)
u x2 = 10,58 (p = 0,001) cooTBETCTBEHHO.

I'enorunr RR rena IL13 Bcrpedancs y 42,86 %
O0ONBHBIX TsDKENOH BA, B rpymme KOHTpPOIS —
65,69 %, x2 =771, p=0,005. BmecTe c TeM B rpyn-
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e KOHTpoJs arpeccuBHbId reHotun QQ rena IL13
BcTpeuaics pexe (3,92 %), uem B rpynne 00JIbHBIX
Tsikenoi bA (8,93 %). IIpu reHOTHTUPOBAaHUH OBLIIO
BBISIBJIEHO, YTO YaCTOTa BCTPEUYAEMOCTH TETEPO3H-
rot rexa 1L13 Oplna yarie cpean OONBHBIX TSKEIOH
BA (48,21 %), wem B rpynme koHTpOoIs (30,39 %).
BaxxHo otmeTuTh, 4TOo codyetaHue reHotunor CC
resa MDR1 u RQ rena IL13 BcTpeuanocs y 14,29 %
00BHBIX TsDKeNOW BA, a B Tpymnme KOHTPONsA y
1,96 %, x2 =9,26 (p = 0,004). CornacHo ko3¢ puru-
€HTy COOTHOIICHHUS IIaHCOB, HOCHUTEIHCTBO JIaH-
HBIX TEHOTHIIOB MOBBIMIAJO B 8,3 pa3a pUCK pa3BH-
tus Tsoxenoit BA (OR = 8,33; CI95 % 2,39-28,99).
MBI He TIONYYHJIH JOCTOBEPHOTO Pa3IN4us B pac-
npenenenuu renoTumnos reva 1L4. Tlo nanHpIM Ju-
tepatypsl, autensb S90T rena [L4 u amurens QQ rena
IL13 sABnstOTCA arpecCMBHBIMM U BHOCST CBOH
BKJIaJ] B BApHaOEIbHOCTh IIMTOKWHHOBOTO TIPOQHIIS;
COOTBETCTBEHHO, OHH aCCOLIMUPOBAHEI C OoJee Tsi-
)enbiM TeueHrueM BA. Tem He MeHee, MO HAIIUM
JAHHBIM, OJaronpHATHOE cOYeTaHue TeHOTHUTIOB TT
resa MDR1 + CC rena IL4 + RR rena IL13 pexe
BcTpedanoch y 60mbpHBIX BA (1,92 %) mo cpaBHEHUTO

B pesynbprare Hammx WCCIeAOBaHUHN BBISBICHO,
YTO B Pa3BUTHU TAKOT'O CIIOKHOTO 3a00JIeBaHMUS,
kak BA, Oonblyio posib UTPalOT HE CTOJIBKO OTHe-
JbHBIE aJIJIeNId TeHOB, CKOJIBKO UX COYeTaHWe, UIN
«TeHeTHYeCKue aHcaMOim». Hamu BriepBble IOKa-
3aHO, 4uTo coderanue renoruna CC resa MDRI1 u
RQ rena IL13 noBblIaeT pUCK Pa3BUTHUS TKEIOU
BA. Hamnume accommarmuu reHorunos 1T rTeHa
MDRI + CC rena IL4 + RR rena IL13 caHuxaet
PHUCK Pa3BUTHUSA TSKEIOH ropMoHo3aBucUMON BA u
CBsI3aHO C Oosiee OIaroNmMpUsITHBEIM TEYCHHEM 3a00-
neBaHus. YacToTa BCTpeuaeMOCTH IaHHBIX aCCOLIH-
aIui, BEpOSITHO, MOXKET ObITh HEOJMHAKOBA B IOITY-
JANHASX, OOYyCIIOBIHMBAsT TEM CAMBIM Pa3lIHUuds Y
pasHbix HapoaoB. [loaToMy NEpPCHEKTUBHBIM Ha-
MpaBJICHNEM HCCICIOBAHWNA Te€HETHYECKHX OCHOB
BA sBnsieTcs uzyueHue BKJIaJla KOHKPETHBIX COYe-
TaHWM ajseneil B MoABePKEHHOCTH OOJIE3HM.

I'eneTndeckme Mapkepsl B CKOpPOM OyayIemM
MO3BOJISAT MPOBOAUTH CKPUHUHT JJISl BBISIBICHUS
pa3nu4aHbIX GpeHoTunoB BA, BKII09ass HEKOHTPOIIH-
pyemyto BA, 4To Oyner crmocoOCTBOBAaTh yCOBEp-
MIEHCTBOBAHUIO M OIITUMHU3AITAH TIOJIXO0B ITPOTHO-

c rpymnmoi KoHTpona — 14,56 %, x2 = 10,97 3upoBaHus 3a00JE€BaHUS, CTENEHU €ro TAKECTH
(p=0,001). U pa3paboTKe MepcoHalIn3upoBaHHON Tepanuu BA.
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OTPA’KEHUE TEKTOHUYECKHUX CTPYKTYP OHEKCKOI'O T'PABEHA
B IAHAITA®TAX CEBEPOABUHCKOU HUBMEHHOCTH

B pabote paccMoTpeHBI 0COOEHHOCTH T€OMOP(OIOTHIECKUX CTPYKTYp U TuapoceTu CeBepoIBHHCKOM
HU3MEHHOCTH U WX CBS3b C TEKTOHMYECKUM CTPOCHHEM perroHa. Pe3ynsrarsl MOP(OCTPYKTYPHOTO aHATH-
3a MO3BOJISIIOT CYJIUTh O IOBBIIIEHHOW HHTEHCUBHOCTH CKJIOHOBBIX U 3PO3HOHHBIX IPOLECCOB B 30HAX I'€0-
JUHAMHYECKOTO BIIUSHUSI TEKTOHUYECKUX CTPYKTYP. JlaHHBIE DaKThI MOATBEPKAAI0T HATMYHE CUCTEMHOM
CBSI3U MEXAY TTTyOMHHBIMU M TOBEPXHOCTHBIMH KOMIIOHEHTaMU reocdep.

KitroueBble croBa: CTpyKTypHasi reoMopgonorus, Tekronuka, OHexckuii rpaden, CeBepoABUHCKasi HU3MEHHOCTb

Ilpn KOMIUIEKCHBIX JIaHAMA(QTHBIX HCCIIEA0BaA-
HUSIX Ha PaBHUHAX peibed U 0COOEHHOCTH THAPO-
CETH PacCMaTPUBAIOTCS B KOHTEKCTE TreoMopdoio-
THYECKHUX (PAKTOPOB, IPU ITOM IIPOUCXOJUT HENO-
OLIEHKa POJHU TEKTOHUYECKUX CTPYKTYP (B TOM UHC-
Jie APEBHEro 3aJIOKEHUSA) M HEOTEKTOHMYECKUX
nBrKeHUH. CIOXXHOCTBH BBIAENCHUS YYaCTKOB, KO-
TOpBIE MOTYT OTpa)kaThb TJIyOMHHOE CTPOCHHE B
reoMop(OIOTHYECKUX CTPYKTypax, CBsi3aHa Ipe-
JKJIe BCETO C HU3KOM CEHCMUYECKON aKTUBHOCTHIO
I0ro-BocTOYHOM 4actu OHEXCKOro rpabeHa, OT-
CYTCTBHEM AaKTHBHU3MPOBAHHBIX Pa3jIOMOB, 0OJb-
II0M MOITHOCTBIO OCAJ0YHOI0 YeXJjia, a TAKXKe HU3-
MEHHBIMU JIaHAmAadTaMu 0e3 3HAUUTEIbHBIX Tepe-
nasoB penseda. B To ke BpeMs IaHHbIE TEKTOHU-
YeCKHe CTPYKTYPhI HE HACTOJIBKO NMAaCCUBHBI, KaK 3TO
IOPUHATO CYUTATh, Ha YTO YKa3bIBACT, HAIpUMED,
MHUTpanusl 04aroB 3eMJIeTpsICEHUM ¢ banTuiickoro
ImUTa Ha ceBep Pycckoil MInTh! BAONIb APEBHUX pa3-
JIOMOB CE€BEpO-3alaAHOr0 IPOCTUpaHu4 [2].

B HacTosmeli paboTe caenana nonbITKa BEISIBUTH
COMPSKEHHOCTh COBPEMEHHBIX KOMIIOHEHTOB JIaH-
nmadToB CeBepOABUHCKOH HU3MEHHOCTH C TEKTO-
HUYECKHMH CTPYKTYpaMH Ha OCHOBE MOp(oMeTpH-
YECKMX XapaKTEPUCTHK, JIMHEHHBIX GopM pa3nuy-
HBIX OPUEHTHPOBOK ¥ F€OMETPUU PUCYHKA T'MIPO-
rpaduyeckoii ceT u penbeda.

PAVIOH, MATEPUAJI U METOJUKA
HCCJIEJOBAHUMN

Paiion uccnedosanuii. PaccmarpuBaemast Teppu-
Topus (puc. 1) pacmonoxkeHa B OT0-BOCTOYHON Yac-
T OHEXCKOTro TpabeHa Ha ceBepe Pycckoil minuTh
U XapaKTepU3yeTcs THUIMHYHBIM ABYXBIPYCHBIM
CTPOCHHEM, KOTOPO€ BKIIOYAET JOKeMOPHHCKUI
KPUCTAIITUYECKUAN (DYHJAMEHT 1 9€XO0JI 0Ca0UHBIX
(PZ-KZ) xommnekcos [6]. ['myOuHa 3aneranus QyH-
JIaMeHTa kojebmercs oT 2 10 9 kM. B coBpemenHOM
penbede mpeodiagaroT 03epHO-aJIIOBUANIBHBIC U
JIEIIHUKOBO-03€PHBIC PaBHUHEBI, OCIIO)KHEHHBIE KO-
HEYHO-MOPEHHBIMH T'PSIIAMH C BRICOTAMH HaJl yPOB-
HeM Mops 20—-50 M. B nieHTpanbHO# yactu paiioHa
© bypnaxos I1. C., 2011

0060co0sieTcs: MOp)KeTOpCKHUH KapCTOBBIA paioH.
31ech OTMEUEHO HHTEHCHBHOE pa3BuTHE (HOpPM MO-
BEPXHOCTHOT'O KapcTa: 3aJISPHOBAHHBIN KapCT, MPo-
BaJIbHBIC BOPOHKH, KapCTOBBIC JIOTa, KapCTOBBIC
IUPKH, TTPOBAJIBI.
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Puc. 1. Cxema paiioHa uccienoBanuii: 1 — rpanuna OHexCKoOro
rpabeHa; 2 — TeKTOHUYECKHE Pa3IoOMbl 00JIee HU3KOr0 PaHTa;
3 — yctyn JIBuHCKO-Me3eHCKO# BO3BBIILIEHHOCTH;

4 — Mopskeropckuii KapCTOBBIi palioH;

5 — xiroyeBble yuacTku uccinegopanuii (K — Kupoxcea,

10 — FOmara, M — MopxoBka, Y — Yconka, B — Baenbra)

Mamepuan u memoouxa uccredosanuii. JIns ana-
JU3a Te0JIOr0-reoMOophOJIOTHIeCKOM 00CTAaHOBKH HC-
MOJB30BATIUCH CIIEAYIOIME MaTepUasbl: TOMOKAPTHI
macmtaba 1:100 000, TekToHnveckas kapta bemoro
Mopst 1 niprneratomux teppuropuit (M 1:1 500 000)
[5], xapTa TEeHETHYECKHMX THIIOB penbeda (aBTOp
T. IO. 3arynnckas) [3].

B mopdomerprueckoM aHaiM3e HCIOIb30Ba-
JUCHh ONM(POBAHHBIE BEKTOPHBIE CJIOW 3JIEMEHTOB
THAPOCETHU U penbeda ¢ ToCyIapCTBEHHBIX TOMOTrpa-
¢uueckux xkapt Macmrada 1:100 000.
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[MapameTpbl penbeda OIEHHWBAIU C TOMOIIBIO
nudposoit monenu penbeda (LIMP), mocTpoernHoi
[0 BEKTOPHBIM KapTaM TOpWU30HTajel (BICOTa ce-
yeHnil pexbeda — 10 M), OTMETOK BBICOT M YPE30B
Bozabl. Jnsg nmoctpoenuss HMP ucnons3oBaincs me-
ton uHTepnomsuu Natural Neighbor, peanuzoBan-
HbIi B Mopyne Vertical Mapper 3.1.1. 'IC-nakera
Maplnfo 8.5. PacueT cpennero HakJoHa OBEPXHOC-
TH (Ipadychl) BBIIOJHEH C TOMOIIBI0 (QYHKIIHH
Slope B moxyne Vertical Mapper 3.1.1.

B kadecTBe xapakTepHCTHK penbeda, oTpaxaro-
[IMX CBSI3b C TEKTOHUYECKUMU CTPYKTYpaMu, ObLITH
BBIOpaHBI M3MEHEHHE BBICOT penbeda, opreHTanus
JTHHEWHBIX (OpM perrbeda 1 dJIEMEHTOB THIPOCETH.
Cornacuao [4], cymecTBeHHBIMU TpPH3HAKaMH TEK-
TOHHMYECKHUX CTPYKTYP CJIEIyeT CYNTATh U3MEHEHNE
BBICOTHI Ha 1/10 OT cpemHeil BBICOTHI MECTHOCTH,
CMEHY OpUEHTALM{ JINHEHHBIX 3JIEMEHTOB JaHA-
madra Ha 30° u GoJiee B paBHUHHBIX YCIIOBUSX.

Ha kiroueBbIX y9acTKax TMAPOCETH IPOBEAEHBI
pacdeTsl CpellHero yKJIOHa BOJOTOKOB. B cmyuae
HE0CTAaTOYHOI'0 KOJIMYECTBa OTMETOK YPE30B BOJIBI
WCIOJIB30BAJIMCh 3HAUYEHU S TOPUIOHTANIEH B TOUKAX
nepecedeHuss UMH pycia. CpegHul YKIOH BOIOTO-
KOB (B IpOMUJIIIE) BEIYHUCIIICS TI0 hopmyire (1):

I=(H-H)/L = AH/L, )
rjie H — OTMETKa BBICOTHI yPe3a BOIIbI B HAYAJILHOM
IYHKTE, M; ) — OTMETKA BBICOTHI YPE3a BOJIbI B KO-
HEYHOM NIyHKTE, M; L — JJINHAa BOJOTOKA MEXIY
STUMU MYHKTAMU, KM.

Hannsie runporpaduveckue XapaKTepUCTHKH
BKYIIC C OpHECHTAIIMEH JIMHEHHBIX (OopM U BBICOTA-
MH MECTHOCTH SBJISIIOTCS OMHUMH W3 HanOoJsee WH-
(hopMaTUBHEIX TeOMOP(OIOTHUECKUX TPHIHAKOB
Pa3JIOMOB U pa3phIBHBIX HAPYIICHHH, OTPAKAFOIIHX
CTPYKTYPBI APEBHETO 3aJI0KEHUSI, a TAK)KE HEOTEK-
ToHUUYECKU# pexum [1], [4].

PE3YJIBTATBI U OBCYXKJIEHHUE

Penvegh. TeomopdonornueckuMu mpu3HAKAMU
TEKTOHHUYECKUX CTPYKTYp OHExcKoro rpabeHa Mo-
TyT CIyXUThb YCTyIl JIBUHCKO-ME3€HCKOU BO3BBI-
IIEHHOCTH B FOTO-BOCTOYHOM YaCTU, MAPKUPY FOLIH I
W HacleqyIoIlWi HampaBjeHHEe TpabeHa, a TakKe
BBITSIHYTBIH y4acTOK Ha JieBoM Oepery p. CeBepHas
JIBuHa ceBepo-3amalHOro NPOCTHPAHUSI, MAPKUPY-
IOLLHH BEICOTHYIO CTyneHb 30 M B HUKHEM T€UEHUU
OacceitnoB pek MopxoBka u Yconka (puc. 2). Ha
MAHHBIX Y4YacTKax pa3JIOMHBIE CTPYKTYpPBI TakKke
MapKHUPYIOT pe3Koe HM3MEHEHHEe TITyOWHBI 3ajera-
Hus pyHIaMeHTa ot 8—9 1o 2-3 kM.

B ycnoBusx CeBepoIBHHCKOM HHU3MEHHOCTH
cnabopacuJieHeHHBIH penbed ¢ mpeoOnagaHueM
MJIOCKUX MOBEPXHOCTEH MPUBOAUT K (HOpMHUpPOBa-
HUFO KPYITHBIX O TLIOMAAH JIAHIIAPTHBIX KOHTY-
poB. DTa MOHOTOHHOCTh HApYIIAETCS Ha CKIIOHO-
BBIX U IPUPEYHBIX TaHAMAPTHBIX KOMILIEKCAX, T/Ie
OoTMe4aeTcs: OoJbliiee KOJIMYECTBO JIaHIIA(THBIX
eIVHUI] TP CPABHUTEIHHO MaJIOW WX ILIOIIAIH.
HauGomnbimm pazHooOpasueM JaHaTHRIX eIu-
HUI HU3IIETO paHra (Gpaunid 1 ypouuir) OTIINYaroT-

Csl TEPPUTOPHH C pa3MaxoM BbICOT penbeda oT 20 M
U 0oJiee U KaK CIENCTBUE — C BBICOKMMHU 3HAYEHU -
MH yTJjia HaKJIOHA MMOBEPXHOCTH, a TAK)KE 30HbI KOH-
TaKTa TeOMOP(OJOTHIECKUX CTPYKTYP U PaliOHBI C
OJIM3KUM 3aJIeTAaHWEM JIHOO BBIXOIOM Ha 3EMHYIO
MOBEPXHOCTh KAPCTYIOIIMXCS OPOI.

Puc. 2. Tpexmepnas mozaens penbeda CeBepoagBUHCKON
HU3MEHHOCTH U MPUJIETAIOIUX TEPPUTOPHIA
(1 — JIBuHCKO-Me3eHcKast BO3BBILIEHHOCTb, 2 — XOJIMHCTO-
MOpPEHHas Ipsijia CeBEPO-3aIaHOTO IPOCTHPAHHUS,
3 — Onero-/IBuHCKas BO3BBINIEHHOCTB): 1 — rpaHuna OHEXCKOro
rpabeHa, 2 — cTpelIKaMH MOKa3aHbl YCTYIbI

CeBepoBUHCKAsT HU3MEHHOCTh XapaKTepU3yeT-
Cs1 O4YEHb CJIA0bIM HAaKJIOHOM IMOBEPXHOCTH, 3HA4e-
Hust He npeBbimatot 0,5-0,8°. Hanbonpime 3Haue-
HUs yria HakjioHa noBepxHocTH (1,5-2,9°) oTmeue-
HBI JJIS1 JIOKAJTBHBIX YYaCTKOB, PACIIONIOKEHHBIX B
OacceilHaX HIDKHEIO TEYEHHUS peK MOopKoBKa,
VYconka, Baensra, lOmara, Yaua u npuypodeHHBIX
K TEKTOHUYECKHUM CTpYKTypam OHexckoro rpade-
Ha (puc. 3). Beicokue 3HaYEHUSI YKIOHA TTOBEPXHOC-
TH B Oacceitne p. Kupokca cBsi3aHbl ¢ pa3BUTHEM
3/1eCh KapCTOBBIX MPOLIECCOB.

' Slope

2,9576
2,0000
1,6000

=\ units:Degrees

Puc. 3. ®parMeHT MOZENIN PACIIPEACIICHNUS YTJIOB HAKJIOHA
MOBEPXHOCTHU: CTPEIKAMH BBIACICHBI YYACTKU C HAUOOIBIIUMHU
3HAYCHUSIMU ITOrO napamerpa. 1 — JIBuHCKO-Me3eHckas
BO3BBIIICHHOCTD; 2 — XOJIMHUCTO-MOPEHHAs rpsijia

Tuopoepaguueckas cemn. J1J1s1 HAI3MEHHBIX JIaH-
nmagToB Cpennero [ogBuHBS XapakTEpPHBI HU3KHE
3HA4YEeHMS CPEHET0 YKJIOHA BOJAOTOKOB, B CpEeIHEM
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0,1 mpomunie (10 cm Ha 1 KM). AHOMaJIBFHO BBICO-
KM€ 3HaUEHU S CPEAHETO YKIIOHA BOOTOKOB OTMEUe-
HBI U151 y4aCTKOB HUKHET0 Te4eHus peKk MopkoBKa
(c mputokamu bepesoBka u Pakycopa), Yconka,
Kupoxkca, Baenbra, a Takxe 11 nputokoB p. Lllens-
ra, Oepymux Havano Ha J[BuHCKO-Me3eHCKoW BO3-
BBIIIIEHHOCTH (CM. TaOJIHILy).

CpenHue 3HaAaUYeHUSA yKIOHA PEK
CeBEpOABUHCKOW HU3MEHHOCTH

H
Kunrouessie ygactkn glgilelﬂiee
CeBepoaBHHCKOM Pexn IOHA
HH3MEHHOCTHU y

peKu, cM/KM

Mop:xoBKka, Ycoika,

IIsanga, FOmata 10
Kupoxkca

(BepxHee TeueHue)

PaBHuHHBIE TaHIIADTHI

PaBHuHHBIC NaH A THI,

B MECTax MEPeCeYeHus Mop:xoBka
JIOJIMH PEK TeKTOHUYEC- VYconka 41,2
KHUMHU CTPYKTypamMu Baensra

OHexcKoro rpabeHa

Kupokca (HmxHee

U Cpe/IHee TeUCHHUE) 475

KapcroBbie nanaiad et

Bricokue 3HaueHus ykioHa (B cpenueM 0,41 mpo-
muite, win 41 cM Ha 1 KM) XapakTepHBI IS JIO-
KaJbHBIX YYaCTKOB, COMPSIKEHHBIX C HaMpPaBJICHU-
eM pa3noMoB OHEXCKOro rpabcHa U TEPPUTOPUU
Mopskeropckoro kapcToBoro paiiona (47,5 cM Ha
1 kM) (puc. 4).

s HuokHero TeueHus pek Baensra, MopikoBka,
VYconka n FOMarta xapakTepHa cMeHa OOIIEro Ha-
MpaBIICHUS TCUCHUSI PEKU B BUJEC KOJICHUYATHIX IIE-

70 1|
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PEIOMOB B MECTax MEPECeUeHHs STUX JOIUH TEKTO-
HUYECKUMH CTPYKTYpaMU CEBEPO-3amaJHOTO TPO-
ctupanus (puc. 4). SIpKkuUM npuMEpoOM MOXKET CITy-
KUTh M3JIyYWHa B HUXKHEM TeueHuu p. Baensra,
KOHTYP KOTOPOH MOBTOPSIET FOTO-BOCTOYHYIO OKO-
HeuyHocTh OHexckoro rpabena. [is paccMmorpen-
HBIX KJIIOYEBBIX yYaCTKOB XapaKTepHa OOIIHOCTH
PUCYHKA THIPOCETH: B MECTaxX IepeceueHus pas-
JIOMHBIX CTPYKTYP JOJIMHBI TTITABHOW PEKU HaOII0-
JTaeTCsl BIIAQJIEHHE HECKOJIBKHUX MPUTOKOB BTOPOIO
MOpSJIKA, @ TAK)Ke PE3KOe U3MEHEHNE HaIlpaBJICHUS
TEUEHUS BOJOTOKOB B cpemaHeM Ha 70—90°.

[lomo6HBII THApOTrpadUIECKHl pUCYHOK Xapak-
TEpeH AJIT1 MOPPOCTPYKTYPHBIX Y3JIOB B IEHTPAJIb-
HOM wacTu Pycckoit pasaunubl [4]. [dns maHHBIX
YYaCTKOB CO3JAI0TCSl OIArONMpHUATHbIE YCIOBHUS IS
pasrpy3ku Boj Ha O0pTax IOJMWH U B pycliax pek.
Tak, B HUKHEM TeueHUHU pek MopkoBKa, YCoJKa U
[IstH12 OTMEYEHBI BBIXOABI COJIEHBIX BOJI C MUHEpa-
nu3anuen 25 r/mn.

3AK/IIOYEHHE

PesynbraTel MOpGOCTPYKTYPHOTO aHaIM3a TEp-
putopuu CeBepOJIBUHCKOM HU3MEHHOCTH MO3BOJIS-
FOT TOBOPUTD O MOBHIIIEHHOW HMHTEHCUBHOCTH CKJIO-
HOBBIX M 9PO3HOHHBIX MPOIIECCOB B 30HAX T€OIMHA-
MHYECKOTO BIUSHUS TEKTOHHYECKHX CTPYKTYp U B
paiioHax pacrpocTpaHeHHs kapcTa. JlaHHbie (hakThl
MTOJITBEPKTAFOT HAJIMYUE CUCTEMHOW CBSI3U MEXKIY
TIYOMHHBIMH W TOBEPXHOCTHBIMH KOMIIOHCHTaMH
reocdep.

Puc. 4. Cxema comocraBnenus: Matepuaion. Kirrouessie yyactku — FOmata, Yconka, MopxoBka u Baensra:
1 — y4acTKH ¢ BBICOKMMH 3HAUYCHUSMHU YKJIOHA BOAOTOKOB; 2 — y4aCTKH C PE3KMM H3MEHEHHEM OOIIEero HalpaBICHHS TEUCHUS;
3 — HampaBleHHE TEUCHHS PeK; 4 — BBIXOJbI MUHEPAJIN30BaHHBIX BOJ; 5 — rpanuiia OHexcKkoro rpadeHa;
6 — puceiickue pa3aoMsl 60Jiee HU3KOTO paHra
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O COCTOSIHUM JIECOB 3AIIOBEJJHUKA «ITACBUK»

[IpoBeneHo peKOrHOCIIUPOBOYHOE JIECOBOJICTBEHHO-TIATOJIOTHYECKOe oOcenoBanue JiecoB [ocynapcTBeH-
HOrO MPHUPOAHOTO 3amnoBeAHuKa «IlacBuK». BeIsABIEHB OCHOBHBIC 0O0JIE3HH APEBECHBIX MOPOJ U OICHEHO
00I1Iee COCTOSIHME HACa)KJCHWI Ha KJIIOYEBBIX y4yacTKax 3aloBelHUKa. McciaenoBaHa qUHAMUKA €CTECT-
BEHHOTO JIECOBO30OHOBUTEIHLHOTO TIPOIECCa Ha TapsX Pa3IMYyHOM JaBHOCTH.

Kirouesble clioBa: 3all0BEIAHUK, Jieca, COCTOSTHUE, OOJIE3HH, Tapu

T'ocynapcTBEHHBIM NIPUPOAHBIM  3aIOBEJHUK
«ITacBuk» opranuzoBad B 1992 romy B ceBepo-3a-
najgHoi yactT MypMaHCKO#M 00IacTH Ha TEPPHUTO-
pun OwiBmiero Ileuenrckoro paitona. Tepputopus
3alOBEAHUKA MPEACTABISET cO00i eAMHBIA KPYTI-
HBbII MaccuB miomaapio 14 727 ra, BEITAHYTBIN y3-
KO MoJjocoi MO mIpaBoMy Oepery HOrpaHUYHOM
pexu [1a3. OcHOBHBIMHU 3a71a4aM¥ 3aIIOBEITHUKA SIB-
JIAIOTCA: COXPAHEHHUE U U3yUEHHE CEBEPHBIX COCHO-
BBIX JIECOB, BOAHO-OOJIOTHBIX YroAui U (hayHbI BO-
JIOTIJIABAIOIIMX MTHI], a TAaK)Ke BEJICHHUE KOMILIEKC-
HOI'0O MOHUTOPHHTA CEBEPHBIX IKOCHUCTEM.

«ITacBuk» pacronokeH Ha I'paHHLE CEBEPHOU
TalTH ¥ JecOTYHIPBL. OMHUM U3 YHUKAJIBHBIX 00b-
€KTOB, 3aCITY>KHBAIOIINX TPHUCTAIIFHOTO BHUMAaHHS,
SIBJISIFOTCST TPOM3PACTAIOLINE 3[eCh CTapoOBO3PACT-
HBIE COCHOBBIE Jieca, caMmble ceBepHble B EBpore.
OHu Takke BechbMa IMPHUBJIEKATEIbHBI IJIs SKOJIOTH-
yeckoro Typusma. B 2007-2009 romax mo gorosopy
C 3aloBeIHMKOM yd4eHbIMH WHcTHTyTa Jeca
Kapenbckoro Hayunoro neatpa PAH Obuin BbITION-
HEHBl KOMIIJIEKCHBIE HCCIIEJOBAHUS Ha KIJIFOUEBBIX
y4acTKax JECHBIX JKOCHUCTEM. B naHHON cTaThe C
WCIOJB30BaHUEM MaTE€pPHAJIOB ITOCIEIHETO JIECOyC-
TpO#CTBa [5] U 1O pe3ybTaTaM PeKOTHOCITHPOBOY-
HOT'O JIECOBOJICTBEHHO-TIATOJIOTMYECKOT0 00CIeno-
BaHus 2009 roga paccMOTpeHbl 0COOEHHOCTH JIECOB
3aMoBeJHUKA: PACIIPEAEICHUE 110 IPe0dIaiarouM
MOpPOAaM, TUIIOJIOTUYECKasi U BO3PACTHAs! CTPYKTY-
PBI; JaH KpaTKU aHaIU3 UX COCTOSHHUSL.

AHanu3 MaTepualoB JECOYCTPOWCTBA IMOKa3aj
crenyroniee. Oxono 52 % TeppUTOPUH 3aTIOBEIHUKA
OTHOCHTCSI K KaTeropuu JIECHbIX 3eMelnb. HenecHole
3eMJIH TIPEACTABIICHBI B OCHOBHOM OostoTamu (23 %)
n Bomamu (20 %), ocTaBmascs IUIOmMAAb (MeHee
5 %) — TOPHBIMH TYHAPaMH, KAMEHUCTBIMH POCCHI-
MMM, JOporaMu U 1p. JIecHble 3eMIu TPaKTHUECKU
HIOJTHOCTBIO IOKPBITHI JIECHOH PACTUTEIBHOCTBIO, He-
MOKPBITHIE JIECOM 3€MJIU 3aHUMAIOT uyTh Ooutee 0,1 %
Y IIPE/ICTaBJIECHbI FapsIMU Pa3HBIX JIET.
© Momnukos C. A., Kpyros B. 1., 2011

CypoBble KJIMMaTHYECKHE YCIOBHS PpETrHOHa
MIPENOTPECIITIOT HEBBICOKOE pa3HOOOpas3me Jeco-
00pa3yomIux Nopoj, MPOU3PACTAIINX B 3aIIOBE/-
Huke. Okono 90 % ero TeppuTOpUU 3aHUMAIOT CO-
cusiku (Pinus sylvestris L. var. lapponica Fries ex
C. Hartm.), 10 % — Gepesnsiku (Betula pubescens
Ehrh.), Hacaxxnenus ¢ mpeobiafgaHueM B COCTaBe
OCHHBI MPOU3PACTAIOT Ha Iuionianu Bcero 4,5 ra.
Penkoii mopo/10ii /111 3a10BEIHUKA SBJISIETCS TAKXKE
enb cubupckas (Picea obovata Led.), B HacTosiee
BpeMsl 3/leCb OOHApY>KeHBI TPH KyPTHHBI YHCIICH-
HOCTBIO 70 20 nepeBbeB, KOTOPHIE CUUTAIOTCS Ca-
MBIMU CEBEPHBIMH MECTAMHU €€ ECTECTBEHHOTO PO~
uspacrtanus B EBpone.

CwiibHaAs paCUJICHEHHOCTH peitbeda i CBI3aHHOE
C 3TUM MHOT'000pa3ue THIPOIOrHIeCKIX U MUKPO-
KJIMMAaTHYECKUX YCIIOBHH OTPa3WINCh HA THUIIONO-
THYECKON CTPYKTYype siecoB. COTiacHo JIECOYCTPOU-
TEeTBHBIM JaHHBIM, B 3alOBEIHHUKE HambOoiee pac-
MPOCTPaHEHBI JBE TPYIINBI THIIOB JieCa: KyCTapHUY-
KoBas (BOPOHHUYHBIN, OPYCHUYHBIH M YEPHUYHBIN
THITBI Jieca) u carHoBast (B OCHOBHOM OaryibHUKO-
BBII U c(harHOBBIN THIIBI), 3aHUMaroIue 0onee 60 u
28 % ImecomoKpHITON IIIOMAAA COOTBETCTBEHHO.
Bonee pasnooOpasHa TuIOMOTHYECKash CTPYKTypa
JIECOB C y4eTOM Ipeobiafarommeii 1peBecHor Iopo-
nbl. B cocHsikax mpeobnanaroT OpycHuuHbii (37 %
TIJIOMIA/IH), BOPOHUUHEIHN (25 %) m 6aryIbHUKOBBIN
(20 %) THIBI, 3HAYUTENBHO PEXE BCTPEUAIOTCS
ctarnoBeiit (9 %) u 6enomoinnbiit (5 %). B Oepes-
HsIKax kapTtuHa wHast. [loutu 1/3 momanan 3aHnMa-
0T Jieca TPaBsIHOW TPYTIBI, B OCHOBHOM IIPHPYYeii-
Horo tumna (27 % 3aHsATol MopooH 1iomanu), 14 u
11 % — OpycHUYHBIE U BOPOHUYHBIE TUIIHI JIeca CO-
OTBETCTBEHHO.

OCOOEHHOCTBIO JIECOB 3allOBEIHUKA SIBISIETCS
BBICOKAs MPE/ICTaBICHHOCTh CIIEIBIX U TEePECTOM-
HBIX, TMPEUMYIIECTBEHHO COCHOBBIX HACaXKJICHUH,
JIOJIsI y4acTUsl KOTOpBIX cocTaBisieT 47 %, npu siB-
HOM Jeduiute Mononuskos — 4 % (puc. 1). Coot-
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BETCTBEHHO, HAMOOJBIINM CPEIHIUM BO3PACTOM OT-
TUYaroTCsa COCHAKH (145 nmeT), HANMEHBITUM — OCHH-
HUKH (45 7eT), cpenHuil Bo3pacT OEpe3HsIKOB CO-
crapysieT 70 meT. Ilpu 3TOM COCHSIKHM XapaKTepHu3y-
I0TCS1 HanboJiee CI0KHOM BO3PACTHOM CTPYKTYpOH
(puc. 2). Ilo maTtepuanam JeCOyCTPOUCTBA OHA OITH-
ceiBaeTcsi M-00pa3HOi KpHUBO#l ¢ IBYMSI MaKCHMY-
mami (17 %) B Il u IX kiaccax Bo3pacrta U SIBHBIM
npoBasioM B [V-VII, ¢ aGCOMIOTHBIM MUHUMYMOM
(2 %) B V xnacce Bo3pacta. JDTO, Ha HAIll B3I,
MOXXHO OOBSACHUTH IByMs MPUYMHAMH: aKTHBHOU
BEIpYOKO# stecoB 80—120 meT Ha3am ¥ 3HAUYHUTENb-
HBIM KOJMYECTBOM OXKapOB TOM k€ JaBHOCTH.

||||||||||II
p
.1||| I

OMONOAHAKA B CpeaHeBo3pacTHble [ NpUCresalowpe O crentie  MNepecToiHbie l

Puc. 1. Bo3pactHas cTpykTypa jiecoB ['ocynapcTBEeHHOTO
MPUPOHOTO 3anoBeaHuka «IlacBuk»

Mnowaab, %

o N & 0 ®

Knaccol Bospacra

Puc. 2. Pacpenenenyie COCHOBBIX HAaCaXJeHUH
T'ocynapctBenHOro npupogHoro 3anoseguuka «[lacBux»
0 KJIaccaM BO3pacra

BospacTtHas cTpykTypa Oepe3HsIKOB TaKKe BeCh-
Ma cBoeoOpasHa. Cpeau HUX MPAKTUYSCKU MOTHO-
CTBIO OTCYTCTBYIOT MOJIOAHSKH U MIEPECTOWHBIC Ha-
caxxzieHus, 56 % miomaayu 3aHUMAIT CPEIHEBO3-
pacTHbIC, OCTaJIbHYIO — IIPHUCIIECBAIONINE U CIICIIBIC
HacaxaeHus (24 u 20 % cCOOTBETCTBEHHO).

Jleca 3amoBeqHWKa XapaKTEPU3YIOTCS HEBBICO-
KO# MPOM3BOAUTEILHOCTHI0. CpeHui Kitacc OOHU-
TeTa HACAXACHUH paBeH V.8, UTO CBOMCTBEHHO AJIs
JTAaHHOTO paiioHa B uenom [8]. BoamMoxkHO, oT4acTH
3TO OOBSICHSET BHICOKMH yNENbHBIH BEC CTAPOBO3-
PaCTHBIX HACAXKACHH, YTO TPUBOAUT K 3aKOHOMEP-
HOMY CHHKCHHIO PAacCMaTpPHUBACMOI0 IOKA3aTels.
HaubGomnee BbICOKHMI Kilacc OOHHTETa B OCHHHH-
kax — [V, B cocHiKax u Oepe3HsIKax OH MPaKTHIeC-
KM HE OTIMYACTCS OT CPEIHEro IO 3allOBEIHUKY.
VYuuTeiBas pacrpeneneHue Oepe3HsIKOB IO THUIIAM
Jieca, a UMEHHO 3HAYUTENBHYIO IO JIECOB TPaBs-

HOM I'PYIIIBI U KX BO3PACTHYIO CTPYKTYPY, Kjiacc 00-
HUTETA MPENCTABISICTCA HECKOJIBKO 3aHUKCHHBIM.

[Ipouspacratoniue B JTaHHOM paioHe Jieca B Iie-
JIOM XapaKTepHU3yIOTCs HU3KOW IMOJTHOTOH (B cpe-
HeM 110 3anoBeHUKY — 0,44). Jlos1s BEICOKOIIOIHOT-
ueix (0,8 u Oonee) HacakAEHUH COCTABIsET MEHEE
1 %, cpeanenomaoTHbIX (0,5-0,7) — 39 %, HU3KO-
nmonHOTHBIX (0,3-0,5) — 6onee 59 %. Cpenuuit mo-
Ka3aTelb MOJHOTHI COCHIKOB coctasiset (0,43, Oe-
pe3usikoB — 0,49, ocunHuKOB — 0,69.

METOJIMUKA OBCJIEJOBAHUSA

OOGcnenoBaHue TPOBOIUIN B COOTBETCTBHH C
obmenpuHaTeiMu MeToaukamu [2], [3]. C uenbro
OIIEHKU TaKCAI[MOHHBIX TI0Ka3aTesel JPeBOCTOs Ha
KJTIOUYEBBIX YYacCTKaX 3allOBEIHUKA 3aKJIaJbIBaIH
5—8 KpyToOBBIX TUIOMIAJIOK, HA KOTOPHIX HHCTPYMEH-
TaIIbHO OTPENEISIUCH CyMMa TIJIOMIaieH CeYeHU U
cpenmHss BbIcoTa Apyca. Ha ocHOBaHWMM 3THX NaH-
HBIX BBICUUTHIBAJIN OTHOCHUTEIBHYIO MTOIHOTY JApe-
BocTos. Ha kKa)x oM ydacTke BO3pacTHBIM OypaBoM
(ITpeccrnepa) orOupanu 3—5 KepHOB 711 yTOYHEHHS
CpeIHEro BO3pacTa HacaXJeHHS U Bo3pacTa Hanbo-
Jiee CTaphIX JIEPEBhEB TIIABHOM MOPOJIEL. 3aTeM IIPo-
W3BOIMIIH ONMCAaHNE )KMBOT'O HAIIOYBEHHOT O TTOKPO-
Ba, mojpocta M momsecka. llpm xapaktepucTuke
MTOJIPOCTa OMPEEISUTH er0 KOIMYECTBO, CPETHIOI0
BBICOTY, XapakTep paclpeaeseHus] MO TUIOMAIN
(paBHOMEPHOCTB) U KU3HECTIOCOOHOCTb.

JLJIsl OIICHKHM COCTOSIHUSL JICPEBBEB IIPH JIecoTa-
TOJIOTHYECKOM OO0CIIeZIOBAHWN HCIIOIB30BaHA ITKA-
na «CaHuTapHBIX TpaBwmwI B Jiecax Poccuiickoir De-
nepanum» [6] ¢ yueToM pekomenmanui B. A. Anek-
ceeBa [1]. )KusHeHHOE COCTOSITHUE JEPEBHEB Xapak-
TEPU30BAIH MO0 COBOKYITHOCTH HECKOJIBKHUX OCHOB-
HBbIX BHEIIHUX MPU3HAKOB. Tak, HA BCEX ydacTKax
orpenessii Bo3pact XxBou. CTeneHb AeXpoMaluu 1
nedorald OCHOBHBIX JI€CO00pa3yIoNIuX MOpoJ
OLICHWBAJIM TO INKaJle, MPUBEICHHOW B TaOIHIIE.
OpUEHTHPOBOYHO OIPENEIsI U3PEKUBAHUE CKe-
JICTHOW YaCTH KPOHBI, IOJI0 OTMEPIINX U OTMHUPA-
IOIIMX BETBEW. /[OMOJHUTENBHO OLIEHUBAIW BIUS-
HUE JICCOMATOJIOTHUECKUX (haKTOPOB (IPHOHBIX 3a-
OoneBaHUi U HaceKOMBIX-BpenuTenei). [Ipu oTdope
KEPHOB BBISIBIISUIM HAJTUYUE THUJIU.

OnpeneneHne KAaTEropuu COCTOSSHUS AEPEBbLEB
Mo XapaKTEepHUCTUKE KPOHB [4]

K
Ilopona c:g:gggg; Heq’o?,”a”“"’ I[expoO}/[aunﬂ,
nepeBa ° 0
3n0poBoe 0-5 0
OcnabneHHoe 1020 10
CuIbHO Oc1abieHHOE 21-40 20
Yerpixaromee 50-70 30-50
Cocia CyxocTol CBeXUI
(Texy1ero rona) n0 100 100
CyxocToit crapblit 100 B
(MpOLLIBIX JIET)
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3nopoBoe 0-5 -
OcnabaeHHoe 1020 -
CuIIbHO ocIabaeHHOE 30-60 -
Bepesa VYesixaromee 70-85 -
Cyxocroii cBexuit 100 _
(Texyl1ero rosa)
CyxocToii cTapblit 100 B
(IpOLIBIX JIET)

PE3YJIBTATBI HCCJIIEJOBAHUSA

O6bexTaMu JIECOBOJICTBEHHO-TTaTOIOTHYECKOTO
oOcienoBanust OBIITM COCHOBEIE U Oepe30Bbie HUTO-
LIEHO3bl Ha 0. Bapnama, B nonune p. MeHUKKanokH,
B OKpecTHOCTAX «[ myxoit mroTuHe (M. Ckyrdocc),
B paiioHe o3zep KackamasipBu u boccosBppe u Ha
TIpUJIeTaromie K HUM Tepputopud (ropa Kopadiekk),
a Tak)Ke€ COCHOBBIE JIPEBOCTOM, ITPOHICHHBIE MTOXKa-
pom B 1992 u 2005 romax.

Ocmpoé Bapnama. bepesusik (B. pubescens) ce-
MEHHOTO U IOPOCJIEBOTO MIPOUCXOKCHUS, CHOpMU-
poBaBIIMiIicA Ha 3eMJSAX CEeIbXO3MOJIb30BaHUS.
Bospact konebnercss ot 40 go 70 sner. Tun neca B
npeaenax OCTPOBA 3HAYUTEIBHO BapbUPYET, OT Tpa-
BAHOTrO 10 OarynbHHKOBOro. Knacc 6oHuTeTa — OT
IV no Va. KpoHsl nepeBbeB HOPMAJIBHOM T'YCTOTHI,
MIPU3HAKOB CHUIKEHHS PUPOCTA 10 AUAMETPY, KaK
Y SIBHBIX MIPOSIBJICHUH YXYAIIEHUS CAHUTAPHOT'O CO-
CTOSTHHS IEPEBBEB B MOCIIEAHIE TOABI HE OTMEUYEHO.
3aperucTpupoBaHO MacCOBOE MOPAKEHUE JINCTHEB
Oepe3bl  piKaBUMHHBEIM TpuboMm Melampsoridium
betulae, 4TO CBSI3aHO, OUYEBHIHO, C MTOTOAHBIMHU yC-
nosusiMu 2009 roma ((kapkoe U CyXoe JeTo), 6Jaro-
OPUATHBIMU AJIs1 Pa3BUTHS BO3OyAUTENs OONIE3HU.

3anaouvii b6epee p. Menuxkaiioku. bepe3Hsk
XBOIIEBO-pa3HOTpaBHbIN 40—60-neTHEr0 BO3pacTa.
Hacaxnenne Ha 80 % mOpOCIEBOro MpPOUCXOXKAE-
Hus. Cpemnauit nuametp — 10 oM, BeicoTa — 911 M,
Kjacc Oonurera V-Va, OTHOCUTEJIbHAS ITOJIHOTA Ha-
caxaenus BapeupyeT oT 0,5 mo 1,0 (cpemnsis — 0,7).
XapakTepHasi 0COOEHHOCTh IJaHHOTO y4acTKa — 3Ha-
YUTENBHOE KOJMYECTBO JIEPEBHEB C MpPU3HAKAMHU
pocTa moOeroB U3 CISIIUX TMOYEK 10 BCEMY CTBOIY.
CocrosiHue BIIOJHE yIOBIETBOpHUTENbHOE. Ha yuacT-
ke 10—15 ner Ha3an mpoBeneHa BEIOOpOYHAs pyOKa
HauboIlee KPyHBIX JIEPEBHEB.

[lo Tepputopuu naHHOTO paiioHa MPOXOAMT ca-
Masi ceBEepHas TpaHUIla PACHPOCTPaHEHHS OIEeHKa
(Armillariella sp.) — n3BeCTHOTO BO3OYIUTENS THHU-
au KopHed [7], a Takke TPYTOBHKA CKOLICHHOTO
(Inonotus obliguus), BBI3BIBAIOIIETO KEITO-OYPYIO
SIIPOBYIO THUIJIB Oepessl (Jara), pa3BUTHE KOTOPBIX
OBLIO OTMEUEHO Ha OTHAECIBHBIX OTMEPIIUX U OTMH-
parmmux IepeBbiax B THe3AaX (10 5 %) uzyuaeMoro
OepesHsKa.

CocHax 6 okpecmuocmsax «I nyxoti nnomunwvyy. Tun
neca 6p¥CHHqHO—B0p0HHQHBIﬁ. Cocras 8C(220)2C(70)+B,
CpPeIHUU BO3PACT COCHBI CTApIIETO MOKOIEHUS —
220 met, OTACNBHBIX AepeBbeB — a0 300 mer.
Cpennuii TuaMeTp CTBOJIA HA BEICOTE TPYyIu — 36 M,
cpenHss BbicoTa — 14 M, OTHOCHUTENbHAs IMOJHOTA

0,3. MoJooe TOKOJIEHHE COCHBI XapaKTepU3yeTCs
CIEQYIOIIMMHU TAaKCAIlMOHHBIMHU  TIOKa3aTeNsIMU:
JMaMeTp cTBoia — 8 cM, BeicoTa — 6 M. MMmeeTcs
KU3HECTIOCOOHBIN TOAPOCT COCHBI B KOIHUYECTBE
4 TBIC. 3K3./Ta, CPEIHEH BBICOTOH 4 M, pacIIOIOXKe-
HUEe KypTUHHOE.

Ha yuacTke ABak1bl IPOBOAMINCH BHIOOPOUHEIE
pyOKu: mepBblii mprueM ¢ BeIOOpKOii 10 200 nepeBb-
eB ¢ | ra 6onee 50 jet Ha3am, BTOPOU, MEHBIIICH UH-
TEHCUBHOCTH U B OCHOBHOM BJIOJTb JIOPOTH, — HE 00-
nee 25 net Hazan. Kpome Toro, HacakieHue Mpowi-
JIEHO TIO’KapoM JaBHOCTHIO CBBImIE 50 set. SIBHBIC
MPU3HAKU YXYJIIEHUS COCTOSHUS HACaXKJICHHS OT-
CyTCTBYIOT. Bo3pacT xBou — 6—8 JeT, cOCTOSHUE
KpOH JIepeBhEB HOpPMallbHOE, NMPHU3HAKOB JEXpOoMa-
MU ¥ PE3KOTO CHIDKEHHS IPUPOCTa He HaOII0AaeT-
cs1. Ha eIMHIYHBIX CTaphIX IEPEBhAX OTMEUYEHO pas3-
BUTHE paKa-CepsHKH (BO3OYIUTENb — PrKaBUMHHBIN
rpub Peridermium pini) ¥ NECTPOU SAPOBOW THUIU
(Bo30ymuTens — cocHoBasi ryOka Phellinus pini). Ha
CTBOJIaX CTAPBIX COCEH JIOBOJIBHO YaCTO BCTPEYACTCS
TUNepIuIa3us (CyBeib) — MaTOJOTMIECKOe pa3pacra-
HU€ TKaHEll HEW3BECTHOIO  IPOUCXOXKICHHUS.
Bonbmasg gacTs B3pOCIBbIX AEPEBBEB OCUHBI, MIPE-
CTaBIICHHBIX B BHJIE€ KYPTHH Ha COCEIHEM YYacT-
Ke, — C IUIOJOBBIMHU TElaMH IJI0)KHOTO OCHHOBOTO
TpyToBUKa (Phellinus tremulae) — Bo30yauTens Oe-
JIOW sApoBOM THUIM cTBoJIa. Ha mopocinu oCuHBI
JIOBOJIBHO YacTO BCTpeYaslach «mapiay (yBsJaHue
U TIOYEPHEHHE) JINCTHEB U MOJIOIBIX TOOEToB (BO3-
OynuTenb — cyMyareiid Tpub Venturia tremulae).

B patione 03. Kackamaspeu o0CIenoBaHBI JIBE
KYpTUHBI enu (4ucieHHocThio 7o 20 JepeBbeB),
npou3pacTarponiie B 3a00J0YEHHON MOMMe PyUbsl.
Boszpact Hanbonee KpyHmHBIX 3K3eMILIIpoB — 160
neT, Bbicota gocturaetr 19 m, nuamerp — 30 cm.
B cooTBeTcTBUM ¢ METOOUKON OLEHKH COCTOSIHUS
€I 10 CTPOCHMIO KPOHHI [1], GompmmHCTBO 00HA-
PYKEHHBIX JI€pEBHEB MOXKHO OTHECTH K KaTeTOpUU
ocnabieHHbIX. B TO ke BpeMs aHanmu3 Xoma pocTa
HauOoJee KPYIHBIX JIEPEBHEB CBHUACTEIHCTBYET O
JIOBOJIBHO ycremHoM uXx pocte. [lokazarens GoHu-
teta— [V, J0CTaro4HO BBICOKUM MJIsI YCJIOBUM
Kpaitnero Cesepa. [IpupocT mo nuamerpy, paBHBIH
1 cM 3a mocnegnue 10 €T, BOOJHE COMOCTAaBHM C
MIPUPOCTOM COCHBI TAaKOT'0 K€ BO3pacTa, UTO TaKKe
MOATBEP K AAaeT BEIIIET pUBEACHHBIN BEIBO. KpyTHBIE
9K3EMIISAPHI €11 MIIOA0HOCAT, YPOXKANHOCTD Ha IO
oOcneoBanusl OlleHeHa |-2 OayulaMu MO IIKaje
B. I Kannepa. OgHako, HECMOTpsI Ha HAJIU4HUE LIU-
LIEK, MEJTKUHN U CPEJHUN OAPOCT OTCYTCTBYET.

Topa Kopabnexk. Y TIOTHOXbS U B HUKHEH Jac-
TH CKJIOHA IPOU3PACTAIOT HU3KOMOJHOTHBIE COCHS-
KU C IIPUMECHI0 Oepe3bl U OCHHBI OPYCHUYHOTO, BO-
POHHYHOTO THIIOB JieCa C BKpPAIUICHUSMH JTHIIAH-
HUKOBBIX, BhIIIE — Oepe30Boe KpuBoieche. Boszpact
ocHOBHOM yacTh cocHBI — 10 300 1eT. OcOOEHHOCTHIO
HaCaXJICHUH NaHHOTO OOBEKTa SBISIETCS OTCYTC-
TBHE CIJIEIOB 3aTOTOBKH JPEBECHHBI. MOXXHO Tpes-
MOJIOXKUTh, YTO Ha MPOTSKEHUHU nociueqHux 50-70
neT pyOKH 3/1eCh HE TPOBOAMIIUCH, BOSMOXKHO, UX
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HHUKOT/TA 371ech He Ob10. [lo-BUIMMOMY, 3TO Ommpe-
JIEJSITOCH CIIOKHOCTBIO 3aTOTOBKH U OCOOEHHO BBI-
BO3KH JpeBecHHBl. Kpome Toro, Ha CKJIOHAX TOPHI
COXPAaHHIINCh CaMbI€ CTapble Cpeau OO0CIeA0BaH-
HBIX Ha TEPPUTOPUU 3aMIOBEIHUKA IK3EMILISIPhI CO-
CHEI, B TOM YHCIIE pacTyIiee 1epeBo Bo3pactom 470
net. JIOBONBHO HMHTEPECHBIM OKAa3bIBAETCS BhICO-
THOE U3MEHEHWE PACTUTEIFHOCTH: Jieca — JIECOTYH-
Jipa — TOpHAas TYHJpa.

Jleca 3amoBennuka «llacBUK» MpakTHYEeCKH HE
3aTPOHYTHl XO3SUCTBEHHOW JI€ATEIBbHOCTBIO, HO
MOJIBEPraiuCh BO3ACHCTBUIO TOXkapoB. B 2009 roay
HaMu ObLTH OOCIEZOBaHBI [Ba Y4aCTKa COCHOBBIX
JIPEBOCTOEB, MpoiiaeHHbIe TokapoM B 1992 u 2005
rogax. O06a nmoxxapa, BeposTHEE BCEro, aHTPOIOTeH-
HOT'O XapakTepa, MOCKOJIBKY YYaCTKH PacloI0KeHbI
B HETIOCPEJCTBEHHON OJIM30CTH K aBTOJOPOTE CO00-
mennemM . Hukenb — . Pasikocku. Lenbpro o6¢cneno-
BaHUS SIBISJIOCH M3y4YeHHE NMHAMHUKH €CTECTBEH-
HBIX JIECOBO30OHOBUTEIBHBIX MPOIECCOB B COCHS-
KaX, 3aTPOHYTHIX MMOXKapaMu Pa3IuYHON JaBHOCTH.
s aToro ObUIH 3a0keHbl 20 YYETHBIX JIGHT 00-
meil romaneio 400 M2, Ha KOTOPBIX IIPOBEIEH
CIUIONIHOM TepedeT BCEro MMEIOIIErocs MoApOCTa.
YdeT npoBOAMIICS Pa3lIeNbHO MO KATETOPUSIM BBICOT
1 00ILEMY COCTOSHHUIO pacTeHHi. Pe3ynpraTel 00-
CJICOOBAaHUA NIPUBEACHBI HUIKEC.

Tapw 1992 200a. [1o moxxapa 37eCh MPEITOII0KH-
TEITHHO MPON3PACTa COCHSIK OpYCHUYHBIA BO3pac-
ToM 250 net, monHotoil 0,5. Ha yuacTtke umencs
COCHOBBIH MOJAPOCT CpeHEN BHICOTON 4 M B KOJIH-
yecTBe Oosiee 5 Thic. 3k3./ra. [Ipu moxape morudmna
4acTh JIEPEBHEB BEPXHETO TIOJIOTA W MPaKTUYECKH
Bech moapoct. CrycTst 17 neT mocie mokapa 3To
peaxocToWHBIN (momHOTOM 0,2) COCHSIK CO 3HAYH-
TEIBHBIM KOJTHYeCTBOM (0T 6 10 40 ThIC. 9K3./Ta, B
cpeaneM 16 Thic. 3K3./ra) MOAPOCTa COCHBI B Oepe3bl
nocieaymomero Bo3o0HoBIeHUs. CocTaB MOAPOC-
ta — 9C1b. Bonbmas 9acTh COCHOBOTO TIOAPOCTA 2—
3-neTHero Bo3pacra, cpeHss Bbicota —meHee 0,5 M.
Nwmetomierocst KoM4YecTBa MOAPOCTA BIIOIHE JJOCTa-
TOYHO ISl (POPMUPOBAHMS B NANBHEHIIIEM COCHO-
BO-0€pPE30BOr0 HACAK/ICHUSI.

Tapws 2005 200a. [1o moxapa — mpenoIoKuTEThb-
HO HU3KOTIOJTHOTHBIM COCHSK OpyCHUYHBIN BO3pac-
toM Oonee 200 net. [Ipu moxkape morudnu 2/3 nepe-
BBEB BEPXHET0 I0JIOTa, a TaKXKe BECh HMOAPOCT U
TOHKOMEp INTaBHOW mopoasl. B mepuon obcnenosa-

HUSI KOJIMYECTBO COXPAHUBIIUXCS JIEPEBHCB TJIaB-
HOW mopoas! coctaBisuio Meree 100 sk3./ra. B xu-
BOM HAIOYBEHHOM TIOKPOBE MMPEOOIaAI0T YSPHHUKA,
OpycHUKa, B MEHBIIIEH CTETIEHH MPEICTABIEHBI KUTI-
pe#t u 31aku, 10 20 % MOBEpXHOCTH MPECTABIAET
€000 00yTIICHHYIO TIOJCTUIIKY 0€3 TPaBsSHO-MOXO-
BOH pacTUTENBHOCTH. BBUAY HEOOIBIIOTO Ieproaa
BpPEMEHH, TIPOIIEAIICTO ITOCIIE TOKapa, KOINIECTBO
IOJIPOCTa 3/IeCh 3aMETHO HUXe, YeM Ha MPeabIIy-
IIeM yd4acTke, — B cpeaHeM 5,0 Twic. 3K3./ra, co-
ctaB — 10C, Bo3pacT — 2-3 roga. Monozgoe nokosne-
Hue Oepe3bl MPAKTUYECKH OTCYTCTBYET, MO-BHJIH-
MOMY, BBHIY yIaJIEHHOCTH UCTOYHUKOB 0OCEeMeHe-
Husl. X0I €CTECTBEHHOI'0 BO30OHOBJIEHMS Ha JaH-
HOM y9acCTKE MOXXHO TIPU3HATH BITOJIHE YIOBJICTBO-
PUTENbHBIM, YTO MO3BOJISIET HANEATHCS HA YCHEIl-
HOEC TEYCHUE BO300OHOBUTEIHHOTO MpOIECCa W B
JajpHeleM. B monb3y 3TOro CBHAECTEIBCTBYET OT-
CYTCTBHE JIMCTBEHHBIX MOPOJT U cadast CTereHb 3a-
pacTaHus TPaBIHUCTOH paCTHTEIHHOCTHIO, YTO MO-
JKET 3ariayIINTh BCXOABI U MEIKHUI MOAPOCT COCHBI.

BbIBO/JbI

CocHoBble npeBocTon 3amoBenHuka «llacBux»
ABJIAIOTCA YHUKAJIBHBIMU TIPUPOAHBIMU 00BbeKTa-
MH. IX cocTossHHE B HaCTOAIICEC BPEMS MOXKHO IIpU-
3HaTh BIIOJHE YAOBJIETBOPUTEIBHBIM, OHHM 3aCIy-
JKUBAIOT AETAJIIBHOTO M3Yy4YEHHs] U MOHHUTOpPHHTA.
HHTepecHON 0COOEHHOCTHIO 3aMOBEIHUKA SBISET-
CSl UCKITIOYUTENBHO PeaKasi MPEACTaBICHHOCTh €11
cubupckoit. IIpu 3TOoM ciegyeT OTMETHUThH yCHeml-
HBI POCT ¥ COCTOSIHHE OTAENbHBIX HanOoee Kpyn-
HBIX JIEPEBbEB, KOTOPBIE TAKKE AOJIKHBI OBITH 00b-
€KTOM H3y4EHHUSI.

Be3ycnoBHBINM HHTEPEC ¢ TOYKH 3PEHHS JIECOBOJIC-
TBEHHON HAayKH M, BO3MOXHO, KOJIOTMYECKOTO TY-
pusma npencrasnsietr ropa Kopabnekk. Ha ckionax
JAHHOW TOPBl BO3MOXKHA 3aKJIa/lKa KOJIOIMYECKOro
(BBICOTHOT0) psia: Jeca — JIeCOTyHApa — FOpHas TyH-
Ipa JAis JEMOHCTPALlMM BBICOTHBIX M3MEHEHUU
B IPEBOCTOEC, ) KNBOM HAITOUBCHHOM ITOKPOBE U T. 1.

OO0cneoBaHNE YYaCTKOB Jeca, IPOHACHHBIX I10-
KapoM, CBUAETENbCTBYET O TOM, YTO JIECOBOCCTA-
HOBJICHHE B COCHSIKAX JIMIIAHUKOBBIX, OPYCHUYHBIX
1 BOPOHUYHBIX TUIIOB YCIELIHO IPOXOIUT €CTECT-
BEHHBIM ITyTE€M IPH YCIIOBUM HAJIUYHS EPEBBHEB-
00CEeMEHHUTENEH.
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XOJI POCTA TEOI' PAGMYECKHX KYJIBTYP COCHbI OFBIKHOBEHHOM B KAPEJIUH

O0001IeHb! 1 TPOaHATM3UPOBAHBI JAHHBIE IO POCTY U Pa3BUTHIO 45 MPOUCXOXKICHUN COCHBI OOBIKHOBEH-
Hot 3a 30-neTHU# nepuoj. BeIsiBI€HO, UTO MPOUCXOMKICHHS COCHBI U3 CEBEPHOM MOJI30HBI TAUTH MPH Mepe-
MEIICHUH B I0)KHOM HaIIPaBJICHUH COXPAHSIIOTCSA JIyUIlle, HO pacTyT MEIJIEHHEE MECTHBIX BapDHAHTOB U MTPH
3TOM HMEIOT 60JIee BBICOKYIO JOJIO IIIOAOHOCAIINX ocoOeil. /I Goree 10)KHBIX 10 OTHOIIEHUIO K MECTY
UCTIBITAaHUI TPOMCXOXKICHUH XapakTepHa oOpaTHas 3aKOHOMEpPHOCTh. CliesiaH BBIBOA, UTO AJIS TOCTHIKE-
HUA OOJIbILIEH TPOIYKTUBHOCTHU KYJIBTYP IOIYCTHMO HCIIOIB30BaTh ceMeHa 00Jiee F03KHOTO 110 OTHOLICHHUIO
K MECTY 3aKJIaJIKH IMPONCXOXKACHHS, HO He Ooiee yeM Ha 1,3° 1o mmporTe.

Krouesrle ciioBa: reorpa(bnqecm/le KYJIbTYpPbI, COCHa O6BIKHOBeHHa$I, MPOUCXOKACHUS, POCT, COXPAHHOCTDH

B 1960—70-e roas! B pa3BUTHIX cTpaHax EBporibl
nipu koopaunupyitomen poau IUFRO ocymecTBis-
JIUCh MAacIITaOHble MEXIyHAapOAHbBIE MPOrPaMMBI
0 3aKJIaZKe reorpagpuiecKkux KyJabTyp BaKHEHIINX
necHbIx nopoa. Coserckuii Coro3 B TeX ONBITaX HE
y4acTBOBaJI, HO CAMOCTOSITEIHO OCYILECTBIAT P
aHaJIOTHYHBIX. B 4yacTHOCTH, 10 cOCHE OOBIKHOBEH-
Holi (Pinus sylvestris L.) B 1974-1977 rogax 3akina-
IBIBANIaCh cepHsl reorpaduyeckux KyJIbTyp € 00-
muM yyactueM 113 mpoucxoxaenuit Ha 33 ydyact-
Kax, PacroJIOKECHHBIX 110 BCEl TEPPUTOPHH CTPAHBI
[9]. B Kapenuu Oblu cO37aHbI IBa y4acTKa reorpa-
(rUecKuXx KyJabTyp COCHBI 3TOH CEpHH: B CEBEPHOU
nmoa3oHe  Taidrm  (AMOapHCKOE  JIECHHUYECTBO
UynuHCKoro Jrecxo3a, 12 ra, 29 nmpoBeHHEeHIH) U B
cpenHeir mom3oHe (KyMcuHCKOe JI€CHHUYECTBO
MenBexberopckoro jecxo3a). OmHako CEBEPHBIM
Y4acTOK reorpaduueckux KylbTyp B CHIIy psna
IIPUYUH yTPaTUI CBOO MH()OPMATUBHOCTH. TOIBKO
ast ydactka Ne 5 yka3aHHOM cepuuM B pailoHe
. Measexberopcka (63°20' c. ., 34°03' B. 1., 100 M
HaJ| ypOBHEM MOpsI) yIaJIOCh TPOBECTH PETPOCIIEK-
THUBHBIN aHAJN3 JAaHHBIX 110 COXPAHHOCTH M POCTY
MIPOBEHUEHINI COCHBI OOBIKHOBEHHOM 32 BCIO HCTO-
pUIO CyIIeCTBOBaHHUS ombITa. Jlanee B TEKCTe Tep-
MHHBI KIIPOUCXOKICHHUEY, KIIPOBEHUESHITUA» U «Ba-
pUaHT» yHoTpeOIsIIoTC KaK CHHOHUMBI.

OFBEKTBI U METOJMKA UCCJEIOBAHUM

Kyasryps! 66U cO30aHBI IO HAYYHO-METOIHU-
YECKMM PYKOBOJCTBOM COTPYAHUKOB MHCTHTyTa
neca B 1977 rony Ha pacKopueBaHHOW BBIPyOKe M3-
IOJT COCHSIKa BepeckoBo-OpycHuuHOro IV kiacca
oonuTeTa [6]. OOpaboTKa MOYBHI HE MPOU3BOIUIIACH,
3a UCKJIOYCHUEM OTHEBOM OYMCTKH B 1976 Tomy.
[Inomans kynsTyp — 15,2 ra, B TOM 4yucne mnosues-
Hast — 13,9 ra. [IByxJeTHUE CESHIIBI U3 OTKPHITOTO
I'pyHTa BBICAKMBAJIHCH 10 BapraHTam B 610ku 0,10
u 0,15 ra ¢ pazmemenuem 0,8 x 2,5 M, TyCTOTO# OKO-
© Paesckuii b. B., 2011

710 5000 mwT./ra. Beero B TpeXKpaTHON OBTOPHOCTH
OBLITH BBICAXKCHBI 45 MPOUCXOKJICHUM C JUAMTA30HOM
mo mupore oT Monueropcka (67°51' c. mr) mo
Cwmomnencka (54°00' c. ) u ot Dcronun (26°28'
B. 1.) o Axytuu (130°00' B. 11.) mo noxrore (puc. 1).
B mepuon HaOMIONEHW HA y4YacTKe OCYIIECTBIIS-
JIUCh TOYBEHHO-XMMHYCCKUE U JIECOMATONIOrUYec-
kue oocnemoBanus [1], [6]. YueT coxpaHHOCTH | 3a-
Mephl OMOMETpHUUYECKHX Tokasareneit mo 1989 roma
MIPOBOMIMIIACE €XKETOMIHO, a 3aTeM 4epe3 5 met [5].
HccnenoBanus B KyJIbTypax BEIUCh B COOTBETC-
TBUH ¢ MeTogukoir BHUMJIM [8].

1,2... = Howmep sapuanta

30°sa. VIl = Homep rpynne
e P Py

}——i — rPaHMLa apeana cocHs!
OBbIKHOBEHHO#

‘ — YHaCTOK KybTyp

Puc. 1. [IpoucxoxaeHusi COCHbI OOBIKHOBEHHO,
MIpeJICTaBICHHBIE B reorpauyecKux KynbTypax
(WTPUXTYHKTHPHBIMH JTUHUSMU TTOKA3aHBI
YCJIOBHBIE IPAHULIBI FPYIII BAPHAHTOB)

Bo Bcex MOBTOPHOCTSIX Ka)KIOro BapuaHTa 00-
CJICIOBAIMCh M TEPECUUTHIBAINCH BCE PACTCHHSL.
Coxpannocth (%) onpeznensiach Kak OTHOLICHHE
KOJINYECTBA COXPAHMBIIUXCS XHUBBIX PACTEHUH K
o0meMy 4uciy BbIcaeHHBbIX. [lo u3Hecrnocoo-
HOCTH y4€THBIE IePEBbsI B 3aBUCUMOCTH OT IPUPOC-
Ta, CTENCHH PAa3BUTHUS KPOHBI, IYCTOTHl OXBOCHMUS,
I[BETa M MPOJOJDKUTEIBHOCTH XKHU3HU XBOH pasfic-
JISLTUCH Ha 3JI0POBBIE, OCNA0JICHHBIE W YChIXAIOIUe
(1, 2, 3 6amma cooTBeTCTBEHHO). OTMEUAIOCHh HAJIH-
4yye / OTCYTCTBUE CBEKUX IIUIIEK TEKYLIEro roja
(kax anpTepHATUBHBIN NpHU3HaK). luameTp Ha ypoB-
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HE TPpyAH (C TOYHOCTHIO A0 1 MM) M BBICOTA (C TOU-
HocThio 710 10 cm) usmepsiuck y 50 pacTeHuil B
Ka)kJI0M TOBTOPHOCTH Ka)k10ro dkoTuna. Bee yuer-
HbIE PACTEHHS OIICHUBAJIUCH MO0 CTPOWHOCTH CTBO-
na: 1 —psaMoit, 2 — cmabo HCKPUBIIEHHBIN, 3 — CHITh-
HO UCKPHUBJICHHBIN, KOJIEHIATO-BIIBUATHIN, 4 — KyC-
TOBUJIHBIA (OCHOBHOW CTBOJ IIIOXO BBIPAXKEH).
[TepBuuHble faHHBIE 00padaTHIBAINCH OOIICTIPHHSI-
TBIMU MeToZlaMu Ouometpui [2], [7]. Onpenensauch
CTATUCTUYECKUE TOKA3aTEeIN POCTa MO MPOUCXOXK-
JNEHUSM U TPYyTIaM MPOUCXOKICHUN U 3amac Jpe-
BecwHbI Ha 1 ra [4]. CoxpaHHOCTH, POCT M pa3BUTHE
reorpadM4ecKux KYyJIbTYp aHAIH3HPOBANINCH KaK
OTIENBHO O BapHaHTaM, TaK M IyTeM OO0beqrHe-
HUS TOCHENHUX B Ipynnbl. CpaBHEHUE OTIEIBHBIX
MIPOUCXOXKJIECHUH TPOBOAUIOCH MO OTHOIICHHIO K
BapuaHTy 14 kak k MmecTHOMY (MenBeXberopckuit
paiioH), a cpaBHEHHE TPyHI — MO OTHOMIEHHUIO K
rpymre I, npuHATOI B KauecTBe KOHTpoIIs (Tadu. 1).
JanHas rpynmna npeacTaBisieT CPEeJHIOI MOA30HY
taiiru EBponetickoro Cesepa Poccun, cam xe yuac-
TOK KYJBTYD 3aJI0’KE€H Ha TPAHHIIE CEBEPHOM U Cpell-
Hel NoJI30H Taiiru, npoxozsdiieit B Kapenuu B paito-
He T. MeaBexberopceka. [locnenuuii pa3 criomHoe
obcreoBaHne KyJIbTyp OBLIO OCYIIECTBIEHO OCe-
Hbto 2007 rona.

PE3YJIBTATBI U OBCYKJIEHUE

Ha BEPCCKOBO-TIAJIOBBIX BI:Ipy6KaX TJIAaBHBIMU
JICCOKYJIBTY PHbBIMHU OCO6€HHOCT$IMI/I II0YB SBJISKOTCA
nux 66,Z[HOCTL nUTaTCiIbHBIMHU BCIICCTBAMU, ciadas
BOIOYIEP’)KUBAFOINIAs CIIOCOOHOCTh, 3HAYUTEIHHBIC
CYTOUYHBIE KoJieOaHUsI TEMIIEpaTyp Ha TIOBEPXHOCTH
cybcrpata. IlocakeHHBIE CESHIIBI OKa3bIBAIOTCA
B OYCHb JKCCTKUX IKOJOTUYCCKUX YCIOBUAX.

Ta6auna 1

I'pynnbel mpoucxoxaeHHU B reorpapuyecKkux
KyabTypax cocHbl (KyMcuHCKOE NTECHHYECTBO)

o I
. pyﬁ_nm Ne Bapuanra Haumeno- eﬁgg;fﬁ::fﬁ“e
> (mecxo3) BaHUs 30H
TIOABH C.II. | B.A.
1 (Monueropckuii), CeepHas
2 (Kanpanakmckwii) HoA30Ha ogqt 010
I o o 67°51'-(34°30°—
. 3 (ITuHe)CKUR), Talru ceBepa oA o0}
lapponica 12 (UynuHCckuil), | eBpomneiickoi 64°45" | 33°00
18 (Kemckwii) yactu Poccun
4 (ITneceukwuii),
9 (Toremckwuit), ggegg::
I 14 (MenBexberopckuii), aii A cerena 62°54'—43°00"-
sylvestris| 15 (IlpsoxuucKuii), | -2ATH CSBCPA | chon | 30008
16 (CopraBanbekuit), | SEPOHICHCKOH
P .7’ lqactu Poccun
17 (Ilymoxcxkwmit)
19 (JIncuncknit), 1%1(3;;1({)2:1
|21 (Bemuxonyxexui), | uy Copeno. | 60°00'|32028'—
: 22 (IlckoBckuit), 0n3! o9 Q!
sylvestris 23 (Kpecreuxnii) 3ar{e}’na . 56°23' | 26°28
+’ | EBpOIICUCKON
24 (OnpBacckuit) wacTi Pocenn
8 (Uepenosenkuii),
41 (PocnaBibckuit),
42 (bexeuxwuit), |LleHTpanbHbie
v 43 (KypoBckuii), obmactu  |59°20'-|44°28'-
sylvestris| 44 (KoBpoBckuii), | eBponeiickoii | 54°00' | 33°00'
45 (Topopenkuii), |4actu Poccun
47 (MaHTYypOBCKHi),
48 (KocTpomckoit)

10 (KopTkepocckuit), %%ieﬁg('
13 (Kamkepomckuii), CBPOMCHCKOI
\% 67 (BoTkuHCKHIA), qag)ﬂ/l Pocciu 64°40'-|57°00'-
sylvestris| 68 (Cioboxnckoit), CeBepHbiit >| 57°03' | 50°06'
73 (OxaHckui), L
74 (Kpacrosumepckuil)| 7 CSI;S?;{HH
77 (TaBauHCK Ui,
78 (UBmenbckwuit),
81 (Cypryrckuii), on g o
VI " BanmagHas | 61°25'-|84°27'-
PR 82 (3aBOAOYKOBCKHUIA), o& () oA
sibirica 86 (CysyHcKnii), Cubupsb 52°50' | 60°24
88 (Konmamesckuit),
91 (bopoBusiHCKMIA)
93 (Kpacuosipckuii),
94 (boryuaHckuit),
102 (Cesepo-
Enmucetickuit), CpenHsisi u o0 o)
sil}ﬁilc 4 | 103 (Enuceiicknii), | Boctounas 65689000._ 1%20887
104 (TypyxaHckui), Cubupsp
109 (Karaurckwuii),
117 (OnekMuHCKMH),
118 (SIkyTckmii)

B rog mocanku cpenHsis NPHXKUBAEMOCTDH IO
y4actky cocraBuna 70,1 %. Kontpoasnas rpymnmna I1
3aHMMaJa Toybko msaToe mecto (71,1 %), a MecTHBII
BapuaHT 14 — tompko aBaxamaroe (74,4 %). Cambie
HU3KHE II0Ka3aTelnd COXPAaHHOCTH OKa3aJNCh Yy
rpynn III u IV (toxxnas momzona rtaiirm Cesepo-
3amana u Llentpa Poccun). B uncie nuaepos Obuin
rpynnsl V, VI, I, VI, npencrasnstomue Cesepo-
Boctok eBpomneiickoii yactu Poccun n Cubups, TO
€CTh pPaliOHBl C KOHTHHEHTAJIBHBIM KJIMMAaTOM, TJe
BECHOW 3aCYyLUIUBBIN MEPHOJ JOCTATOYHO SIPKO BBI-
paxeH (puc. 2).
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Puc. 2. JluHaMHKa COXpaHHOCTH reorpauueckux
KYJBTYP COCHBI

ITo manuem B. U. KpyTtoga [1], B mocneyromime
TPHU TOAA OAHON M3 OCHOBHBIX MPUYHMH OTIAJIa BO
BCEX BapHaHTax OBUIM HACEKOMEIE, OTBETCTBEHHBIE
3a 55 % Bcero otnazna. HanGonsmas rubens pacte-
HU# OblIa BRI3BaHA BOCTOYHBIM MAWCKHAM XPYIIIOM
(Melolontha hippocastani Fabr.) u 601bIIUM COCHO-
BBIM JIONITOHOCUKOM (Hylobius abietis L..) — 90-95 %
BCEro OTHaaa OT HaceKOMBbIX. OnpeieieHHOe BN S-
HUE WMella M 3a00JIeBaéMOCTh CHEKHBIM IIIOTTE
(Phacidium infestans)—22 % Bcero ornaga. CunpHee
BCEro NocTpajaliu Mo JaHHOW npuyuHe rpynmnsl 11
nlV —277wu29,3 % Bcero ornajia COOTBETCTBEHHO.
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[IpoucxoxxaeHuss OCTAJBHBIX Tpynn OB B 2-3
pasa yctoiuusee. [Ipoune mpuyuHbI TIaBHBIM 00-
pa3oM abMOTHYECKOTo XapakTepa coctaBmid 23 %
o0Omiero otmana. Ha maTeIif To yuacTre Bcex BUJIOB
HACEKOMBIX U I'PUOHBIX 00JIe3HEH B OTHAE KYIBTY]D
CYIIECTBEHHO CHU3HMIIOCH.

B mnepBoe msATuieTne >KM3HHU KYJIBTYp 3HA4yu-
TEJIBHOM NepepaH KUPOBKHU KJIMMATHUIIOB IO COXPaH-
HOCTU elle He HaOII01ajoch, HO OIpEAcsICHHbIE
TEHJICHLIUH YK€ HaMeTHIINCh (puc. 2). OTaz B Kyib-
Typax IPOUCXOAMII B TEUCHHE BCETO HAOII0aeMOTO
nepruoaa y OONbIIMHCTBA MPOUCXOXKACHUH — 23 %,
a y HekoTopbix — 5—7 % B rog. Kak nokazano Ha
puc. 2 BepTUKAJIBHON MyHKTHPHOW TNHUEH, HaOII0-
JTaeMOe B HacTOsIIIee BpeMs paHKUPOBaHUE I10 CTe-
MIEHU COXPAaHHOCTH CJIOXKHUIIOCH B 12-7IeTHEM Bo3pac-
T€ U C TOTO MOMEHTA Y€ OCTaBajJOCh CTAOUIIbHBIM.
K 31-neTHemMy BO3pacTy OTHOCUTEIBHO XOPOIIIO CO-
XpaHUJICSI KOHTPOJBHBIA BapHaHT 14 M3 MECTHBIX
cemsH (40,9 %). Tompko 11 BapuanToB u3 45 B TOI
WJTM UHOU Mepe MPEBOCXOAMIH €To 10 ITOMY TOKa-
3aremnto. /IlMHaMuKa COXpaHHOCTH BapuaHTa 14 BbI-
TISIAAT clexylomuM obpasom: 18 mer — 53,5 %,
23 roma — 41,2 %, 31 rom — 40,9 %. KonTponbHas
rpymnna II 8 2007 rony npu coxpansoctu 36,1 % yc-
Tynana Ha 8,7 % rpynne I u3 ceBepHON MOA30HBI
taiiru. I'pyrma 11 B 18-neTHeM Bo3pacte uMmena co-
xparHocTh 40,1 %, B 23-netHem — 36,3 %, B 31-neT-
HeM — 36,1 %. Pa3znuna c rpynmnoii I mo ykazaHHbIM
BBITIIE Bo3pacTaM cocTaBuia 9,9, 8,9 u 8,7 % coot-
BeTCTBEHHO. O0€ 3TH TPyl MOCTETIEHHO 3aHSIU
nuaupylomee nojoxenue. Ocobo crienyer oTMe-
TUTh AMHAMUKY IIOKa3aTeisl COXPaHHOCTH IPyI-
el V, nipeactasisionieit CeBepo-BocTok eBporneii-
ckoit yactu Poccuu (puc. 2). B 10-netnem Bo3pacte
(1986 Tom) oHa ObLTa aOCOTIOTHBIM JIMIEPOM IO CO-
XPaHHOCTH M yCTYIIHJIA IIEPBEHCTBO rpyrre [ Tomb-
KO TIOCJIe 0CO00 XOJIOMHOTO U JIOKIJTUBOTO BETeTa-
MUOHHOTO ce30Ha 1987 roma. B Teuenue mocnemuux
20 7eT pocTa KyJIBTYp 3Ta IpyIa CTAa0MIHLHO 3aHU-
MaeT MPOMEKYTOUHOE MOJIOKEHHE MEXly TpyIa-
mu [ u II. Camast HU3Kast COXpaHHOCTh OTMEYEHA B
rpymmax I, IV u VI (foxHas mom3oHa TalTu
CeBepo-3anana PO, nienTpanbHble 0071acTH €BPO-
neiicko uyactu Poccum u 3anagnas CuOups).
[Ipoucxoxaenns nz Bocrounoii u Cpexneit Cubupu
(rpynma VI) 3aHMMarOT TPOMEXKYTOYHOE ITOJIOXKE-
Hue (puc. 2). B 11e710M 10 KyIbTypaM COXpaHHOCTbH B
18-, 23- u 3l-netHeMm Bo3pactax coctaBuja 31,3,
27,9 n 27,2 % coorBeTcTBeHHO. [loCKONBKY TIpHKH-
BaeMOCThb KynbTyp B 1977 roay pasusinace 70,7 %,
3TO COOTBETCTBYET HTOTOBOMY MaJAEHHUIO ITOKAa3aTe-
JIsl COXpaHHOCTH 3a MCTEKIIUN mepuoj B 2,6 pasa.
B urore rpynnst I, II, V He notepsau HU ONHOTO Ba-
puanTa nonHocteo. ['pynmna III yrpaTtuna nenukom
3 BapuanTa, rpynna IV — 2, rpynna VI — 4, rpynna
VII - 3. Paznuunst 0 COXpaHHOCTH, OOYCJIOBIICH-
HbIe (aKTOPOM Treorpauueckoro MPOUCXOKICHHS,
oueBuAHbL. Kak u cienoBano oxuparh, B AaHHBIX
YCIIOBUSIX POBEHUEHIIUM U3 CEBEPHOU U CpeaHei
non3oH Taiirn Cesepa u CeBepo-3anana eBpornei-

ckoii yactu Poccum B HTOre okasaianuch Hamboliee
aTanTHPOBAaHHBIMH. B HcciieyeMbIX KyIbTypax 00-
Hapy XeH pAJl CTATHCTUYECKH TOCTOBEPHBIX (BbIJIE-
JICHBI YKUPHBIM MIPH(TOM) KOPPEISIITUI MEXIY T'e0-
rpaguuecKuMu KOOPJMHATAMH MECTa ITPOUCXOXKJIC-
HUS BApUAHTOB U TMOKAa3aTeNsIMU UX pOCTa U Pa3BU-
Tusg. B yacTHOCTH, Oblja BBISIBJIECHA TECHas CBS3b
MEXIY IUPOTOU NPOUCXOKIECHUS CEMSH U COXPaH-
HOCTBIO BapHAHTOB (Ta0mI. 2).

Ta6anna 2

Kosdpbuuuents kKoppensuum mokaszaTenei
KYJIBTYp ¢ TeOTpadUUECKON MUPOTOH
U NOJTOTONW MECT MPOUCXOXKJCHHUS BAapUAHTOB

Mopaverpu | (b [ Bocrouwes
Juametp, cM -0,49 -0,27
CTpoﬁHgg?;I CTBOIIA, -0,09 0,46
)KI/ISHng;)J(IIJ(;ﬁHOCTB, 0,54 0,38
Bricota, M -0,49 -0,27
Houns :gOOé:%Iljg/coﬂmux 0,74 0,09
CoxpaHHOCTB, % 0,71 0,17

Ipumedanue. * — P =0,05, N = 33.

CoriacHO pacCYMTaHHOW PETPECCHOHHON 3aBH-
cumoctH (y = —0,291x>+ 39,62x — 1297; R*= 0,54),
MIpH CO3JaHUHU JIECHBIX KYJIBTYp B paitfone 63° c. mr.,
IJle pacrlojOoXeH OMBIT, MCIOJb30BAHHE COCHOBBIX
ceMsH 0ojee CEeBEepHOro mpoucxoxaeHus (63°—
66°40' c. 111.) CIIOCOOHO YBEIIUUUTD X COXPAHHOCTh
(MakcumyM Ha 6,7 %), B TO BpeMs KaKk HCIOIb30Ba-
HHE 0oJIee FOKHBIX ceMsTH (63°—60°40' c. 111.) MOXKET
CHU3UTH 3TOT MOKa3aTenb Ha 9,6 % (puc. 3). Takum
obpa3zoMm, cyOMepHAHOHATBHOE TMEepeMeIleHUe ce-
MEHHOI'0 Marepuaja Aake B IIpefesnax T'paHHI]
Peciy6nuku Kapenuu (60°40'-66°40" c. m.) cro-
CcOOHO TIOBIUATH HA MIOKA3aTeNlb COXPAHHOCTH KYJIb-
TYp COCHBI.

& — ©— -0 [Ovawverp, cm

4——@ Bucoram

(3~ & -© XusHecnocobHocTs, 6ann
oo A ATAEmmet oo
Y— =k —% CoxpaHHoCTb, % / iF 75
IF 70
Fes
iF s0
—Z F 55
f E 50
iF 45
1F 40
f E 35

AviameTp (cm), BbicoTa (M)
JKusHecnocoGHocTb, Gann

iF 30
1 25

Jons nnopoHocALWMX, coxpaHHOCTb (%)

JF 20
JE 15
F 10

54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
Lnpora (rpag c.w.)

Puc. 3. Perpeccus psina nmokaszateseii reorpaguyeckux KyJIbTyp
B I'PaJMICHTE IHPOTHI
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AHanu3 xofla pocTa KyJIbTyp B BBICOTY IO TPYTI-
raMm MpoBeHUEeHIHH (pHc. 4) maeT KapTUHY MPaKTH-
4YecKkr 00paTHYI0 IHHAMHUKE COXpPaHHOCTH. ['pynms
ceBepHoro npoucxoxaeHus (I u V) okassiBaroTcs B
qHCclie CaMbIX MEIJIEHHO pacTtyuiux. llepepanxku-
pOBKa KIMMAaTUIOB (BEpTHKAJbHBbIE MYHKTHPHbBIE
JUHUY Ha puc. 4) IO JAHHOMY MOKAa3aTeJto MPOouC-
XOAWIa TNMPAKTHYECKHM B TEYEHHE BCETO NEPHOJA
pocTa KyJbTyp, IOCIEAHS OTMEUEHa B pailoHe 25-
JIETHET O BO3pacTa.
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Puc. 4. Xoxa pocra rpynn NpouCX0XJICHUH B BBICOTY

Takum 00pa3oM, ONPeeTINCh IBE CXOKHUE TIO
¢dopMe, HO TMPOTHBOMIOJIOKHBIE IO COAEPKAHHUIO
TEHJICHLINU B COXPAHHOCTHU U POCTE MPOBEHUEHLIUI
COCHBI OOBIKHOBEHHOM. B TaeXHOH 30HE MPOUCXOXK-
JIEHUsI COCHBI U3 CEBEPHOU MOA30HBI TANTU IPH Iie-
pEMENICHUHU B K0KHOM HAIIPaBJICHUU COXPaHSIOTCS
Jy4lie, HO PacTyT MEIJICHHEE MECTHBIX BapHAHTOB
Y IIPH STOM UMEIOT 00JI€€ BBICOKYIO JIOJTIO TLIOIOHO-
csamux ocobei. J{iist 6ojiee F0XKHBIX 110 OTHOIICHHIO
K MECTY HCIBITAHUM IPOUCXOXKICHUN XapaKTepHA
oOpaTHasi 3aKOHOMEPHOCTh. MHTerpajabHBIM pe-
3yJIBTATOM COUYETAHMS ITHX MIPOTUBOPCUUBBIX TCH-
JEeHIIUH sBJsieTcs napadonnyeckas Gpopma KpUBOit
3amaca BapwaHTa B mepecueTe Ha rektap (puc. 3).
UYrto KacaeTcsl OLECHKHU >KU3HECIOCOOHOCTH pacTy-
X 0CO0eH, TO CBOCOOpa3ue CUTyaIluu 3aKJIF0Ua-
€TCs B TOM, UTO y CEBEPHBIX IIPOUCXOXKJICHUIN OTMe-
YaeTcs 3HAUUTEIbHAS TOJISI 5KUBBIX, HO B pa3IUYHOMN
CTeneHu ocIabIeHHBIX 0c00el, B TO BpeMs Kak He-
MHOTOUYHCIICHHBIE COXpPaHUBIIIHECS PACTeHHS OoJiee
IOXKHBIX MPOUCXOXKICHUI UMEIOT 0oJiee 370pOBHIi
BuJ. B Tabn. 3 mpuBeneHH AaHHBIE TIO TIOCTOBEP-
HOCTH Pa3JIM4Mil KOHTPOJIbHOM PYHIbI B CpaBHE-
HHM C ocTanbHBIMHU. Kak ciaenyer u3 Tabi. 3, rpyn-
na II umena qocToBepHOE MPEBOCXOACTBO IO JHA-
METpPY, CTPOWHOCTH CTBOJA M KU3HECHOCOOHOCTH
nepen rpynmnamu I, V, VI u VII. CambimMu MezieHHO
pPacTyIIMMHU OKa3ajduCh MPOUCXOXKICHUS U3 TPYII-
nbl [, KoTopele ycTynanu KOHTPOJbHOW rpymme 11
o nuameTpy Ha 40,4 %.

Ta6auna 3

JlocTOBEpHOCTh pPa3JdUYUl Ipynn
MPOUCXOXIECHHUN Mo psAiagy mapamMeTpoB™

Ne T- |Crpoiinocts| T- |XKismecno-| T-
rpyn-| N ﬂHiNDpr >|KpuTe-| CTBONA, | KPH- | COOHOCTb, [KpHTE-
Bl puit Oamn  |Tepuid| Oamn | puii

I 674 3,1 12,40 1,7 -7,00 1,5 -8,70
II | 850 5,2 - 1,4 - 1,2 -
I | 132 6,3 -3,10 1,5 -2,25 1,1 2,30
IV | 550 55 |-1,80 1,6 -4,00 1,1 4,20
vV | 550 39 7,11 1,5 -3,56 1,3 -2,36
VI | 350 44 3,74 1,7 -8,26 1,4 -4,27
VII | 550 3,6 8,48 1,8 -10,20 1,5 -7,90
Oo61ee
cpen- |3656| 4,4 - 1,6 1,3 -
Hee

HpnMeanHe. *_ CTAaHAAPTHBIC 3HAYCHUS KPUTECPUA CTLIOHCHT&
(tst) ipu n > 176 {1,96-2,58-3,29}

JlanHple TaON. 4 CBUIETEITHCTBYIOT 00 OYCHB
3HAYUTEIHHOM MPEUMYIIECTBE, C KOTOPBIM, TIO pe-
3yasrataM 30-1eTHUX UCTIBITAHUH, TUUPYET TPyII-
na MecTHbIX npoucxoxaeHuii (I11). Ee Onmxaiimue
reorpagudeckue cocenu (rpynnst 11 u V) umeror
MIPAaKTHYECKH JBYKpaTHOE OTCTaBaHHUE IO 3amacy,
00ycIoBIeHHOE THOO HU3KOW COXPAaHHOCTHIO, THOO
3aMeJIJICHHBIM POCTOM.

Taoauua 4

OCHOBHBIE TAKCAaIMHOHHBIE NMOKAa3aTenu
TPYNN NPOUCXOKAECHHUN COCHBI

Ne  |Auamerp,| Beicota, | CoxpanHocTh, | 3amac, |PaHr nmo
TpyIIIBI cM M % M/ra | 3amacy
I 3,1 3,0 42,7 44 7
11 5,2 4,40 36,7 12,2 1
I 6,3 5,11 10,1 52 6
v 5,5 4,60 14,2 5,5 5
\4 3,9 3,50 39,1 6,6 2
VI 44 3,90 29,6 6,5 3
vl 3,6 3,40 39,6 59 4
Copggfeee 44 | 3,9 32,1 7,2

3AKJIIOYEHUE

besycnoBHO, cTpeMsch K HAJACKHOCTA U TIpel-
CKa3yeMOCTH PE3yJIbTaTOB MPHU CO3JAHUH KYIBTYP
COCHBI, TIPEATIOYTCHHE CIICAYET OTAaBaTh CEMCHHO-
My MaTepuajly MECTHOTO MPOUCXOXICHHS, 3aro-
TOBJICHHOMY B CXOJIHBIX C JIECOKYJIBTYPHOMU TIJIOIIA-
JILI0 YCJIOBUSX MecTolpou3pacTtanus. s meHT-
palbHOKAapEIHCKOI0 CEMEHHOT'0 MO/IPaifioHa Kapemb-
CKOTO CeMeHHOTro paiiona (64°30'-63°00' c. m1.), Ha
FO)KHOM TIpEJIeNie KOTOPOTO PACIIOIOKEH HAIl ydac-
TOK, COTJIACHO JEHCTBYIOIIEMY JIECOCEMEHHOMY
palioHupoBaHuio [3], MOTEHUHUAIbHBIM MMOCTABIIU-
KOM CEMSIH MOXKET ObITh Best Tepputopust Kapennu B
nuamazone 60°40'- 66°40'. Oquako xo1 KpUBOH 3a-
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raca BapuaHTa Ha pUC. 5 MOKa3bIBAET, UTO JJIS JIO-
CTHIKCHUS OOJIbIIEH TPOAYKTUBHOCTH KYJIBTYP IO~
JIE3HO UCIIOJIb30BaTh ceMeHa 0oJiee F0KHOTO IO OT-
HOHICHUIO K MCCTY 3aKJIaAKU IIPOUCXOXKACHUA (He
Oomnee yem Ha 1,3° mo mupore).

64—r12— — — — — — — — — —
1 9— & —@ CoxpatrocTs, % | 70 ]
1 ©—@—@ [vaverp, cm E
1 | Ll \ A- A—A 3anac, w3ira ]
1 19 | A T/ —/— — — —_ 654
5 ! * _ 3anac=-967,51+31,67x-0,256x?
| AN
] 1 b
1 : Duam.=112,4*exp(-0,05x) | 60
\ ]
1oFs—! — — -+ — A=
3 |§ | I 55 4
s 18 | I 15
54 4 ! I \ ]2
z )¢ 1 I 18
- 1 I P iad 504 &
18l g1 e SN — 438
| | P . 1
] , | ]
4 l v \ 45
| P! . ]
31 1 ot I \ ]
Hel— 7= = — — — N\
1 H / Coxpau.=-0,29+x2+39,62x-1297 s ]
] | | )
| e I 35
/| ! ]
2 rrderrers A T— — I S S— S— —
59 60 61 62 63 64 65 66 67 68

CeBepHas MpoOTa, rpaf.

Puc. 5. Perpeccust COXpaHHOCTH, CpEJHETO AHAMETPa
Y 3amaca BapHaHTa B I'PaJJUCHTE IIHPOTHI

HCCOMHCHHO, CJIEAYET NPpHU3HATh BO3MOKHBIM HUC-
MIOJIb30BAHKE 3/1€Ch CEMSH 00JIee CEBEPHOTO MPOHC-
xoxnerns. Ho, BO-TIepBBIX, KaK IPaBUIIO, BOIPOC
TaK HE CTaBHUTCS, TIOCKOIBKY YpOXKail TaKUX CeMSH
BCerza MeHblle. Bo-BTOPBIX, MONOXKHUTEIBHBIH 3(-
(KT OT MOBBIILIEHHON COXPAHHOCTH KYJBTYP BCE XKe
He Oy/IeT KOMIIEHCHPOBATh MX HECKOJIBKO 3aMellJIeH-
HBII POCT, YTO B UTOT'€ CKa)KETCS HA HAKOIUICHHUH 3a-
maca. B obmem cioydae mns Kapennn MoxkeT OBITH
chOpMYITMPOBAHO CIIEMYIONIee TPABUIIO: B IHAIA30-
He ¢ 30°00' mo 38°00' B. A. IPOUCXOKIEHUE CEMSH
JUTS TIOCEBA M MOCAJIKH Jieca He JOJDKHO OTINYAThCS
Oonee yeM Ha 1,3° IO MPOTE OT COOTBETCTBYOLICH
KOOP/IMHATHI JIECOKYJIBTYPHOMU TIIOMIAIH.

XapakTep BbISIBICHHBIX 3aBUCUMOCTEN MOKa3bl-
BaeT, 4TO JiecoceMeHHOe paiionnpoBanue Kapenunu,
0 Bcell BUAMMOCTH, CIEAYET COBEPLICHCTBOBATD B
HamnpaBJICHUU CO3JaHUA CHUCTEMbI JICCOCEMEHHBIX
30H, OPUEHTHPOBAHHBIX B CyOIIMPOTHOM HaIlpaB-
JICHUH.

o e
L

Puc. 6. [Ipennaraembie 1ecOCEMEHHBIE 30HBI
IIIsI COCHBI OOBIKHOBEHHOM

IOxxnokapenbckas 30Ha (Ne 1) moimkHa pacmona-
ratbest Mexy 60°40'...63° c. L., cnenyromas (IeH-
TpaJbHOKapenbekas, Ne 2) — mexay 63°...65° c. .,
a camasi ceBepHas (ceBepokapenbckas, Ne 3) — B
patione 65°...66°40' c. m. Takum 0Opa3oM, MIKpPUHA
MpenjiaraeMbIX JIECOCEMEHHBIX 30H COCTaBHJIA ObI
2°20', 2°00' u 1°40' coorBeTcTBeHHO. ClenyeT OT-
METHUTH, UTO AAHHBIX OAHOI'O OIIBITHOI'O y4YacCTKa,
JlaXke HECMOTPS Ha €ro yAayHOe pacloioKeHue, B
0011eM HEeTOCTAaTOYHO, YTOOBI ClIEeNaTh OKOHYATEIb-
HBIC BbIBOABLI B OTHOUICHUHN NEPEMCUICHUA CEMCH-
HOT'0 MaTepHalia COCHBI B MaciiTabax Bceit Kapenuu,
0COOEHHO 7151 ee ceBepHOoil yacTn. OTHAKO JPYTUX
WH(POPMATUBHBIX YYACTKOB TeOrpaguuecKux Kyib-
TYp COCHBI B HACTOSIIEE BPEMs B PECITYyOJIMKE HET,
Y CO3[JaHUE TAKOTO POjia HOBHIX OIBITOB B 0003pH-
MO MIEPCTIEKTHBE HE MIaHUPYETCS.
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N3MEHEHHUE PACCTOAHUSA MEXAY KOHUKAMMU
JIECOBO3HOI'O INIOABUKHOI'O COCTABA HA TTOBOPOTE

[MonyuyeHa 3aBUCHUMOCTD JJIS OMPECICHUS PACCTOSTHHS MEXTy KOHUKAMHU JIGCOBO3HOTO MOJIBUXKHOIO CO-
CTaBa MPH JBUKCHUU HA KPUBOW B IUTaHE. YCTAHOBJICHO, YTO BETUYHHA CMEIICHHS MAaYKX OTHOCHUTEIIBHO
KOHHKOB IPH JIB)KCHHH Ha IOBOPOTE OYEHb Majia ¥ JIOCTHraeT 2...4 cM IpH pajuyce noBopora 15 m, a npu
panuyce noBopota 100 M TaHHOE CMEIIEHHE COCTaBIIsIeT He Ooee 1 cm.

KiroueBble cioBa: KOHUK, PACCTOSIHUE, ABTOIMOE3], IPULIETI-POCITYCK

BriBo3Kka NpeBECHHBI U3 JIECOCEK IMOJBHYKHBIM
COCTaBOM, OOOPYJOBaHHBIM TOBOPOTHBIMHU KOHHU-
KaM# (aBTOMOOWJIb + MPHUIEH-POCIYCK, BaroHbI-
CIIETIBI), SIBJseTCS Hanbonee skoHoMu4HOM [1], [3],
[5]. dust parimoHaIbHOT'O HCIOJIb30BaHUS aBTOMO-
OMIIBHOT O TIOABMYKHOTO COCTaBa M IIPEJOTBPAICHHS
neperpys3a KoJieC YCTaHaBIMBAaeTCAd pAacCTOSHUE
MEX 1y KOHUKaMH aBTOMOOUJIS U MPUIIETa-POCITYC-
ka [, 00ecrieunBaroNlee UX 3arpy3Ky B COOTBET-
CTBUH C JIONYCTUMBIMH HArpy3KaMH Ha KOHHKH I10
u3BecTHOH popmyne [2], [3]:

l — (QI + QZ )(aLH - lKo,\m) (1)
KOH 9
q,

TJIE ¢, ¢, — HATPY3Ka HA KOHMKH COOTBETCTBEHHO OT
KOMJICBOH U BEPITUHHON YaCTEH auKH, T; o — KO-
¢GULKEeHT, ONpeeNsIONIni MON0KEHHE LEHTpa TA-
JKECTH NaYKy; L, — IIMHa auKku, M; [ — CBEC KOM-
JIei 32 KOHUK, M.

[Ipu gBMXEHWH MTOIBHKHOTO COCTaBa Ha IOBO-
pOTax pacCTOSHHE MEX 1y KOHUKaMH COKpaIlaeTcs,
TaK KaK 3BEHbBS MMOJBUKHOTO COCTaBa (aBTOMOOWITH
U TPULEN-POCHYCK, MOJIYCHUENbl) MOBOPAYMUBAIOT
OTHOCHUTEJIBHO OYyKCHpPHOIO Npubopa aBTOMOE3aa
WU yAapHO-CIENMHOro mpubopa BaroHa-clerna.
HarnsaHo 3TO AEMOHCTPUPYET PUCYHOK.

Ha pucynke Touku A 1 B — ocu mikBopHe#i moBo-
POTHBIX KOHUKOB, yCTAHOBIIEHHBIX COOTBETCTBEHHO
Ha aBTOMOOWJIE M TpHIerne-pocnycke, Touka C —
OyKCHpHBI PHOOpP aBTOMOOHIISI — OCh BpaIlCHUs
AJIEMEHTOB aBTOIMOE3/]a OTHOCUTEIBHO JIPYT Jpyra.
Ecnu npuHATH MOTyIIeH s, HCIIOTb30BaHHBIE B pa-
oote [3], To mpoxoaLHAs OCh aBTOMOOUIS 1 Oymet
KacaTeJIbHONH K KPHUBOJWHEWHON TPACKTOPUH JIBU-

© Adonnues . H., JIrobasckwuii . C., benozopos B. B., 2011

JKEHHSA C PAIMyCOM R, @ pACCTOSIHUE MEXK Ty 3a/IHEH
OCBI0 aBTOMOOWIISL U OyKCHpHBIM mprbopoM (pac-
CTOSIHUE MEXIY OCBIO TEIEKKH U OYKCUPHBIM ITPH-
6opom) d COBMECTHO C pajuycom R, obpa3syer npsi-
MOYTOJILHBIH TPEYTONBHUK.

a

CxeMa aBTOIOE3/1a B COCTaBe aBTOMOOHIIb + IMIPULIEH-POCIYCK
Y ABH)KCHUH Ha NMOBOpOTE: | — aBTOMOOWIIB; 2 — IIpHILIETI-
pocIyck; 3 — 0Cb a4YKH JECOMAaTePUAIIOB

OcTpblil yTros 3Toro TpeyroabHUKa, JeKaIHHi Tpo-

THUB OOJIBIIETO KaTreTa, 0003HaunM f. OueBHUIHO, YTO
gf=r. )
d

IIpy HaMUUUKM KPEeCTOOOPA3HOU CIETTKH MEXKIY
aBTOMOOHMJIEM M MPHLENOM-POCIYCKOM OOeCIeqn-
BaeTCs JIBH)KEHUE KOJIEC MPHUIIETTa-poCITycKa Mo clie-
Iy kosec aBromobuns [1], [5], Torma paccrosiHue a
MEXy OyKCHPHBIM MPUOOPOM ¥ OCBIO HIKBOPHS
KOHUKA, YCTAHOBJIEHHOTO Ha IIPHIIETIe-POCITYCKE,
panauyc KPUBHM3HBI TPAEKTOPMU R, U PacCTOSHUE
OC 00pa3yioT TpEyTOIbHUK, B KOTOPOM HU3BECTHHI
BCE€ TpH CTOPOHBI, TpuueM OC paBHO

OC=\R>+d*. 3)



W3menenue pacCTOAHUSA MEXKAY KOHUKaMU JIECOBO3HOI'O MOJABUKHOT'O COCTaBa Ha MOBOPOTE A\

VYron y mexay OC 1 NpOAOIBHON OCBIO MPHIE-
[a-poCIlycKa ONpeaesNM, UCIIONb3ys TeOpeMy Ko-
CHHYCOB!

R} =a’+ R} +d’ —2a\R} +d’cosy. ()

AnreOpandeckoe mpeoOpa3oBaHNe YpPaBHEHHS
(4) mo3BOIIIET OTYIUTH YpaBHEHHUE:

a2+d2=2a«/Rﬁ+d2 cosy. ®)

W3 ypaBuenus (5) Halinem
a+d’

oSy =———. ©)
2a\R? +d"

CormacHO pUCYHKY, AB — paccTOSHHE MEXITy
KOHUKaMH aBTOMOOMJIS M POCITYCKa IIPH JBUKECHIHT
Ha KpUBOH, o0o3nauum ero [ (R)). Benuunna
[ (R,) MOXET ObITh onpez[eneHa pemeHI/IeM Tpey-
ronsuuka ABC, B kotopom cropona AC pasaa d +J,
(0, — cMeleHne MKBOPHS KOHUKA BIEPEN OT OCH KO-
Jec aBToMoOmIIA, M), cTopona BC cocraBiser a + 9,
(,, — cMelIeHre NIKBOPHS KOHUKA Ha3aJl OT OCH Ko~
Jiec MpULEena-pocycKa, M), a yroj MexX1y CTOpOHa-
mu ACu BC — f + y. 3anuiem TeopeMy KOCHHYCOB
11 TpeyronsHuka ABC:

2. (R)=(d+5,) +(a+8,) -
-2(d+6,)(a+6,)cos(B+7). M

Ha npsiMoMm ydacTke IyTU pacCTOSHUE MEKIY
KOHHMKaMH, COTJIACHO PUCYHKY, OyZeT paBHO:

[, ,=d+0,+a+9,. ®)

KoHn

®dopmya (8) sIBISIETCS YaCTHBIM CITy4aeM ypaB-
Henus (7) mpu f + y = 180°, tak kak cos(ff + y) =
=180° =—1.

B dopmyne (8) perynupyeMbIM mMapaMeTpoM
(mepeMeHHO BEJIMUUHON) ABISICTCS a, 3HAUCHUS d,
0,, 0, — KOHCTAaHTBI. 3HAYEHUE ¢ MOKHO HAlTH Kak

Pa3HOCTb:
-d-96,-0,. ©)

a = ZKOH

B dopmyne (9) paccTossHue MeXITy KOHUKAMH
o, onpenensercs no 3asucumoctu (1). Caemyer
Y4€CTb, YTO AJIsI aBTOMOOMIIBHOTO MOABMXKHOT'O CO-
CTaBa ClIe/lyeT 00eCIIeYnTh MAaKCUMaIIbHY IO 3arpy3-
Ky KOHHMKa aBTOMOOUJs, a modtoMy ¢opmyna (1)
IUIsl COCTaBa aBTOMOOWIIb + MPHIIEN-POCIYCK Mpe-

oOpa3zyeTcs K BUAY [2]
Ml'(aLﬂ _lko.m)
kon = T Mg (10)

-~ 4,

rae M, — macca rpysa, pa3MeniaemMoro Ha aBTornoes-
ze, T, q ,— Harpy3ka Ha KOHUK aBTOMOOMIIS, T.

MF = y@pkaQH’ (11)

rac y()p — IJIOTHOCTH APCBCCHUHBIL HepCBOSHMOﬁ may-

KH, M*/T; kkp — K03QPULIHEHT, YIUTHIBAIOLINHA Maccy
KpPOHBI; O, — NONIe3Has Harpy3Ka Ha aBTOMOE3 ., M’

ITo mpeacTaBIeHHBIM 3aBUCUMOCTSIM BBITIOTHEH
pacueT pacCTOSHUS MEKy KOHUKaMU JJIs aBTOIIO-
e3na B coctaBe MA3-543403 + MA3-900800 mpu
crenyomux napamerpax: ¢, = 7,13 1, g, = 3,5 T,
M, =20631,0=0331 =125md=157wm,
0,= 0,34 m, 6, =0 [4]. PesynbraThl CBEIEHBI B TA0-
TULY.

PaccTtossHus MCXK IO KOHHKaM

U aBTONOE3/a
MA3-543403+MA3-900800

Panuyc PaccTosinre Mex 1y KOHUKaMU MPHU JJIMHE NAYKU

KPUBU3HBI

TpaekTo- | 12 | 14 | 16 | 18 | 20 | 22 | 24 26 28
puu
15 4,12 5,12 16,13|7,13|8,14| 9,15 |10,16| 11,16 | 12,17
20 4,12 5,13 |6,14|7,14|8,15| 9,16 | 10,17 | 11,18 | 12,18
25 4,13|5,13|6,14|7,15|8,16| 9,16 | 10,17 | 11,18 | 12,2
30 4,13 5,14 16,14|7,15|8,16 | 9,17 | 10,18 | 11,18 | 12,19

40  |4,13]5,146,15]7,16|8,16| 9,17
50 |4,14]5,14]6,15]7,16/8,17] 9,18
100 [4,14]515]6,16|7,16]8,17] 9,18 [10,19]11,20] 12,21
w | 4,14]5,15]6,16]7,17]8,18] 9,18 [10,19] 11,20 12,21

IMpumeuanne. Bce mapaMeTpsl MPUBEAEHBI B METPax.

10,18 | 11,19]12,20
10,18 11,191 12,20

W3 Tabnuupl BUAHO, YTO BENTWYMHA CMELICHUS
Ma4KA OTHOCHTEIBHO KOHMKOB IIPH ABUXCHHH Ha
MIOBOPOTE OYCHB MaJjia U 1oCTUraet 2...4 cM npu pa-
Iuyce MoBopoTa 15 M, a mpu paamyce MOBOpOTa
100 M naHHOE CMeEIIeHUE cOCTaBIIsIeT He Ooiee 1 oM.
Takum 00pa3oM, TOMOJHUTENIEHOE CONPOTHUBIICHHE
JIBIKEHUIO aBTOIOE3/1a Ha KPHBO, BOSHUKAIOIIEE B
pe3ysbTaTe CMEIIEHU TaYKH, IeHCTBYET OUEHb KO-
POTKOE BpeMsl.

Ecnu npu noBopoTte cMerieHne nauku He MOXKET
MPOM30HTH, TO KOJeca NPHUIENa-pociycka OyayT
MMETb HEKOTOPBIN yIroJl C TPAEKTOPUEN NBUKCHUS U
YBEJIUYUTCA OOKOBOH YBOJ KOJIEC IPHUIETIA-POCIyC-
Ka, KOTOpBIN OyJIeT co3gaBaTh COMPOTUBIICHHE Ha
MNPOTSIKEHUU BCe KpUBOM. B KOHCTpyKITMU aBTOIO-
€371a TOJKHO OBITH MMPEAYCMOTPEHO YCTPOUCTBO, KO-
TOpoe 00ecreyuT CMELIeHHEe MadyKh Ha HeoOXonu-
MYyIO0 BEIMYWHY JUISl CHHJKEHUS COIPOTHUBICHHS
JIBIKEHUIO aBTONOE37a, a TaK KaK 3Ta BEJIMYMHA
OUYECHb MaJia, TO YKa3aHHOE MEPONPUATHE BIIOJIHE
OCYIIECTBUMO.
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TENJIOOBMEH IIPU TYPBYJIEHTHOM TEYEHHUHN HEC)KI/IMAEMOVI KNUAKOCTH
B IIJIOCKOM KAHAJIE C HOCTOAHHOU TEMITIEPATYPOU CTEHOK

Ha 6aze monenu mpuCTEHOYHON aHWU3O0TPOIHON TYpOYJIEHTHOCTH paccMOTpEeHa 3ajada O TeIiooOMeHe
MIPH HAIIOPHOM YCTaHOBUBIIEMCS TYpOYJICHTHOM TCUCHHH HEC)KMMAEMOU KUIKOCTH MEX 1y NapaJlieIbHbI-
MU IUIOCKOCTSIMH (IUIOCKHi KaHau). Pemenue 3aauu o TeriooOMeHe py TOCTOSIHHOW OJUHAKOBOW TeM-
nepaType CTEHOK Hai/IeHO YuClIeHHO, MeTooM [anépkuna. [IpoBeneHo cpaBHEHHE pEIICHHS C SKCIEPH-

MCHTaJIbHBIMU pE3yJIbTaTaMU.

KimroueBrle citoBa: MIPpUCTCHOYHAsA 06HaCTI), AAPO TCUCHUA, Typ6yJIeHTHa51 BA3KOCTB, Typ6yneHTHa;1 TECIIIONIPOBOAHOCTDH

BBEJEHHUE

3amaga o TemIo0OMeHe MpH TYpOYJICHTHOM Te-
YEHHUH B IJIOCKOM KaHajle OTHOCHUTCS K YHCITY KJac-
CHYECKHX 3aJad THAPOAWHAMHUKH. BBUIY OTCyTC-
TBHS OOIIECTIPHHATON TCOPUHU TYPOYICHTHOCTH TIPH
AHAJTUTUYECKOM DEIIeHWH 3aaqd IIPEXIe BCETO
HEOOXOAUMO BEIOpATh MOAETH TYpOYJIEHTHOTO Te-
4YeHMs U TeriooOMeHa. B manHoi paboTe ucmonb3y-
€TCsl MOJIENTh IIPUCTEHOYHON aHU30TPOITHOHN TypOy-
neHTHocTU [1], [2]. B ocHOBY Monenu moJ0>KEHBI
skcnepuMeHTanbHble Qaxtel [13], [15], cormacHo
KOTOPBIM B TYPOYJIEHTHOM MOTOKE BOJIM3H TBEPHAOH
CTEHKH WPHCYTCTBYIOT KOT€PEHTHBIE BUXPEBBIC
CTPYKTYPBI, CYIIECTBEHHBIM 00pa30oM BIHUSIONIUE
Ha XapakTep TeueHus. Buxpesas cTpykrypa oOpa-
30BaHa IJIOTHOM CHCTEMOW BHUXpPEH, BBITSIHYTBHIX
BJIOJIb 10 TIOTOKY Y HAKJIOHCHHBIX K Hemy. X Ha3bI-
BalOT A-BUXPSMH, UJIHU MOAKOBOOOPA3HBIMU BUXPSI-
mu. Kaxxnpiii BUXph UMEET JIBE BETBU — BOCXOJIsI-
uryro u Hucxomsuryio. Ilpu ymaneHud OT CTEHKH
YIJIbl HaKJIOHa BUXpell pacTyT, pocturas 40—45° B
TOYKE, B KOTOPOH BOCXOJsAIIAasi BETBb MEPEXOIUT B
Hucxoasmyo. CuctemMa BUXpel co31aeT JOKAIbHYIO0
AHU30TPONHIO TIOTOKA, XaAPaKTEPU3YEeMYIO BEKTO-
POM, KOTOPBIN Ha3bIBAIOT JUPEKTOPOM. 3a mpenena-
MH 3TOTO TaK Ha3bIBAEMOT'O TPUCTEHOYHOTO ¢JI0s [1]
BHUXPEBON XapaKTep TEUCHUS COXPAHIETCs, HO KOTe-
PEHTHOCTh BUXPEBOU CTPYKTYPbI OTCYTCTBYET U IO~
TOK SIBJISIETCS JIOKAJTHHO U30TPOITHBIM.

[IpyanMas BO BHHUMaHWE W3JIOKEHHBIE (aKTHI,
TP pENIeHUH 3aJa4¥ TUIOCKHIA KaHal paccMaTpu-
BaeTcs Kak JBe 0ECKOHEUHBIE MMapauieIbHbIe TII0C-
KOCTH, 00JIACTh TEUSHHS MY KOTOPBIMH COCTOUT
W3 TPUCTEHOYHBIX CIIOEB, MPHUJIETAIONUX K TJI0C-
KOCTSIM, | A/ipa TedeHus. [ omricanus TeueHus u
TEIJIoNepeJadr B 3THX MOA00JIACTAX MO0 HEOOXOIH-
MOCTH HUCTIOTB3YIOTCS Pa3HbIE MOJIEITH.

MPO®UIA CKOPOCTEM

[lonarasi, 4To xapakTep TEUEHUS KUJIKOCTH HE
3aBUCUT OT TEMIIEPATYPBI, NIPEkKJIE BCErO HaWAEM
pacmpenesieHue CKopocTed B MOTOke. [lockonbky
© Babkun B. A., 2011

noApoOHOe pelIeHne 3a1a4u 0 MPoduIe CKOPOCTEH
B KaHalle MO>XHO HaiiTu B [1], [2], 3A€Ch IpUBEICHO
€ro KpaTkoe U3JI0KEHHE.

HYCTI) IMpHUHA KaHajla C TOPU30HTAJIbHBIMU
IUTOCKUMHU CTeHKaMmu paBHa 2H (puc. 1). Bozsmem
JIEKApPTOBY CHCTEMY KOOPIUHAT X, J, Z C OCBIO X, JIe-
JKalled B CPeAUHHON ITIOCKOCTH KaHaJla U HallpaB-
JICHHOW MO HOTOKY, C OCBIO y, HAIIPaBJICHHOH mep-
MEHAUKYISPHO TUIOCKOCTSIM CTEHOK, H C OCBIO Z,
00pasyoleii ¢ OCSIMU X U y IPaBYI0 cucTeMy. Takum
00pas3om, ypaBHEHUSI CTCHOK y = = H. B mpucteHou-
HBIX CJIOAX TCEYCHHE pacCCMaTpuBacTCA B paMKax
MOJIENM aHW30TponmHON TypOyneHTHocTH [1], [2].
Onuncanue ABMXKEHHS Cpelnbl W TEIJIonepenadn B
HEeH TPOM3BOAUTCS TOIBKO Ha YPOBHE OCPETHEHHBIX
BEJIUYMH, TIOATOMY 3/I€Ch U Jlajiee JJIsl TapaMeTpOB
MOJICTIH MCIIOJIB3YIOTCS OOBIYHBIE 0003HauUeHHS 0€3
3HaKa ocpeAHeHus. s HEeC)KHMaeMOH >KHIIKOCTH
o0mue ypaBHEeHUs] MoJienH (YpaBHEHHsS HEpa3phIB-
HOCTH, KOJHUYCCTBA ABWUIKCHUA, TUHAMHUKHN JUPCK-
TOpa W ONpEENIONINE YPaBHEHUS Cpellbl) B JIeKa-
PTOBBIX KOOpAHMHATaAX xl, Xz, .XT3 HUMCIOT BU:

dp Ou
RELE a :0, 1
ar P, @
du. op Oda, +T1,)
— =L 4~ s of 2
dt ox Ox,, Y @
d(  dn oB,
— | I—+|=—="+g +G, 3
(r%)-ZLessv, o
on.
! ox, (ox, ox, ' 7Toxg )
Ty = W Mg gnn; + ey ()
on. On, on.
=xn+K ————~L—n. i
B!/ K./nl axj axi n.lnOL axa > (6)
’ L ox, *ox, ox,’
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1| Ou, (3141«

e, —
bo2lax, o

IJie p — MIOTHOCTb JKMJKOCTH, U, — JIOKAJIbHAs CKO-
POCTB, 1,— JIMPEKTOP, p — IABJICHHE, d,; — HAIIPsIKE-
HUs, 00YCIIOBJICHHBIC HATMYUEM B CPEJIe BUXPEBOM
CTPYKTYPBI, T, — BA3KHC HAIPAKCHHSL, [3,-,- - 0606v—
LEHHBIC HATIPSKCHHUSL, €, — CKOPOCTH nedopmManui,
f,-a G,—MaccoBas u 00001IeHHAasT MacCOBast CUIIBI CO-
OTBETCTBEHHO, g, — 0000LIEHHas BHY TPEHHAS Mac-
cosas cuna, I, K, u,, y, — onpeznensiomue kod3pdu-
LIMEHTHI MOJIEITH, K,, )}, — TPOM3BOJIbHbBIE BEKTOPHAs
U cKassipHas GyHKIHH. 31eCh U Jajiee Mo OUHAKO-
BBIM MHJICKCAM TMPE/IONaracTcs CyMMHPOBAHHE OT

v JOF-==- 8
N = P

b

y

R

Puc. 1. Cxema TeueHnus

Bepnemcst k paccMaTpuBaeMOMy TEUEHHUIO B Ka-
HaJle B KOOpJMHATAX X, V, z. [IycTh BsA3Kas HeC:KUMa-
eMasl )KUJIKOCTh B KaHalle HAXOJIUTCS B PEXKUME yC-
TAHOBUBIIIETOCS TYpOyJNeHTHOro TedeHUs. [lnunHa
KaHajla OeCKOHeuHasl, CTEHKH riajgkue. Haiigem
BHauaje NPOQHIN CKOPOCTEH B MPHUCTEHOYHBIX
cnosix. Bocmonesyemcst  ypaBaenusmu  (1)—(7).
Koo dumuentsr w, p,, I, K IPUHATHI TOCTOSHHBI-
mu. Ecnm npeneGpeus maccoBbiMu cunamu f, u G,
TO TEUCHUS B IPUCTCHOUHBIX CIIOSIX MOKHO CYUTATh
CUMMETPUYHBIMU OTHOCUTEIIBHO CPETUHHON TI0C-
koctu y = 0. O6macte TeueHus |y| < H OyneMm pac-
CMaTpHBaTh KaKk OObECIUHEHUE TPEX MOJ00IaCTEH:
JIBA IPUCTEHOUHBIX cJiosl /1 < |y| < H ¥ siApO TeUeHUs
v| £ h, Tne h — mnonmymmMpuHA sAIpa TEUYCHUS.
CKOpOCTb u,, TUPEKTOP 7, M NABIEHHUE p B IIPUCTE-
HOYHBIX CJIOSIX OTHICKUBAIOTCS B BUJIE

u, =u(y), u,=u, =0, n =cos6(y),

n,=sin6(y), n.=0, p=p(x)+p,(»), @

rzie 0 — yroa Mex 1y IMPEKTOPOM 71, ¥ OCBIO X.

IToncranoBka BeipakeHu# (8) B ypaBHeHus (1)—
(7) mocne HecIOXKHBIX MPeoOpa3oBaHUi MPUBOAUT
K ypaBHeHUsM 17151 u(y) U 0()):

a0 20 Moy y op
sin‘Ocos O+ )u'=—1t_ —,t.=—H_ 9
(ul 2 ) w H w ax ’ ( )
0"sinB cosO + 0 (1 — 3sin’0) = 0, (10)
rne (Op/Ox)— MOCTOSIHHBINM BJIONL TIOTOKA TPaUCHT
JIABJICHHUS, T — MOJYJIb KacaTeJIbHbIX HAIpsKEHUH

Ha CTEHKaX KaHaJa, TPUXaMu 0003HaUEHBI IIPOU3-
BOJIHBIE 10 ).

[Ipu ycnoBum, 9TO CTEHKH KaHaia IMIaJKue, rpa-
HHUYHBIC YCIIOBUS 3a1a10TCs paBeHcTBamu [1], [2]:

sinB(xH) =0, u(£H)=0. (11)

WnTerpuposanue ypasuenuii (9), (10) c rpanny-
HbIMU ycnoBusiMu (11) maeT HeoOXomuMele nalnee
3aBucumoctu 0(y), u(y) B Buze [1], [2]

cosO=[1-3bH(1-[¢)]"*, &=y/H,
u=Au[DE) -], DE)=F@(©)),
(&) =[1-3bH(1-[g)]"

12)

(13)

>

3bH —1| > t Y, Y-t
F(t)=——— —larctg——+-—-ln— |+
(1) 2y -1 ! £ -1 2 y+t

22 2
1+2¢ vt +%ln‘t4—tz—s‘+t

n
429> -1) £ +y> -1

pu, Ho Ty a2 .
A=——F—e="—",u,=_|—*, 2y  =1++/1+4¢,
3wb'R 2y, p

rre b — MOCTOSIHHASI HHTETPUPOBAHUSL.

[Ipoduns ckopocteit (13) cnpaBea B TOIBKO B
MPUJIETAIONINX K TBEPAOH CTEHKE MPUCTEHOYHBIX
cnoax. TONIHHY CJI0EB MOKHO HalWTH Ha OCHOBE
aHaJn3a ONBITHBIX maHHBIX. [lo manueM [13], [15],
B pa3BUTOM TYpOYJEHTHOM TCUCHUH IIPH HAHOOIh-
IeM yHajJeHUH BUXPEBHIX JHMHUH OT CTEHKH WX
YroJl HAKJIOHA K HAIpaBJICHHUIO TEYCHHS OJM30K K
45°. Bynem cYuTaTh, YTO TPAHUIEI TPUCTECHOIHBIX
CJIOEB y =+ /i OTIpeAeTAIOTCS YCIOBHUEM TOTO, YTO HA
rpanute cios 0 = 45° Tormauz dopmyns (12) cie-

IyeT
h 4-42

H 12bH

TonmuHa npucteHouHoro ciost A = H — h, oue-

BUIHO, ONIPECISIET pa3Mep aapa Teuenus. Ecim Bep-

IIHWHBI TPUCTCHOYHBIX BUXPEBBIX JIMHUN B CpcaHeEM

JOCTHUTAIOT CPEINHHOM MIIOCKOCTH, TO SIAPO TEUEHHUSI

ucyesaer, To ecTb £ = 0. B aToM cirydae monymupu-
Hy KaHana HaszoseM H . U3 (14) cienyer

H, = ﬂ
126

Takum o6pa3zoMm, ecium MONYIIMPUHA KaHaJa
H<H  ,T0HCIOIb30BaHUC PACCMATPUBAEMON MO-
JIeJId CIIPAaBEIJIUBO IO BCEMY CEUCHUIO KaHaja.
Hanpumep, ripu conoctaBieHUH € ONBITHBIMU JIaH-
HBIMHU JIJIsl TCUCHUM BO3]lyXa HAlJICHO, UTO B TpyOax
u KaHanax b =~ 4,83 m! [3] u, cliemoBaTENbLHO, B HUX

=~ 45 MmMm.

max

Eciu H > Hmm, TO B sIApPE TEUCHUS JJIs1 OTHICKA-
HUsSI TIOJISI CKOPOCTEH HEOOXOAMMO HCHOIb30BaTh
JIpYyryo Mojeib. [lpu BeIOOpE MOJETH BOCIOJIB3Y-
eMcsl CBOMCTBaMU TypOyJIeHTHOM BA3KOCTH. AHATHN3
AKCIIEPUMEHTAIBHBIX PE3yJbTAaTOB MMOKa3all, YTO B
SIIPE TEUYCHUS TYPOYJICHTHAS BSI3KOCTh U3MEHACETCS
c1a00 ¥ MPUOIIMIKEHHO €€ MOXKHO CUMTATh MOCTO-

(14)

(15)
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saHou [6], [10], [11], [16]. Kpome Toro, cormacHo
[14], [17], MakcuManbHOE 3HAYEHHE TYpPOYJICHTHOU
BSI3KOCTH JOCTUTACTCS BOJM3U T'PAHMIIBI MPUCTE-
HOYHOT'O CJIOS ¥ S/Ipa TCUCHUSI.

Kak cnenyet u3 popmyst (9), 3mece TypOyneHT-
Hasl BSA3KOCTh 3aaeTcs HopMynoi

+ = (1y/2) + p,5in°0c0s’0 . (16)

Ha rpaHuiie npuCTEHOYHOIO CJIOS U SIApa Teue-
Hus (0 = 45°) TypOynentHas Bsi3kocTh (16), oueBmI-
HO, MPUHUMAET MaKCHMaJIbHOE 3HAYCHIIE

I )

W3 cpaBHEHHS C OIBITHRIMU JAHHBIMH MIPH TeUe-
HUU BO3JlyXa B TPy0ax M KaHaJiaX PU HOPMAJIBHBIX
ycnosusix (temneparypa 20 °C, maBienune 760 Mmm
PT. CT.) 11 MOJICTIBbHBIX KOHCTAHT OBLIH ITOJIYYCHBI
paBeHcTBa [3]:

b=483m", n,=185-10"°Ila-c,
,=0,047u,Ila-c. (18)

Pacuers! [4] moka3anm, 9To mpu KodpuImeHTax
(18) BA3KOCTB |  MMEET 3HAYEHUS, BECbMa OJM3K1E
K 3KcnepuMeHTajdbHbIM [14], [17], mosToMy C yue-
TOM CKa3aHHOTO BBIIIIE B SIAPE TEUCHUS TypOYJICHT-
HYIO BA3KOCTb IPMMEM IOCTOSSHHOM M PABHOM [ .
Torna ypasaenune (9) B siape HpI/IHI/IMaeT BH/]L

du
Mo — dé t,6H, &=
MNuTerpupys ypaBHeHue (19) IIpU YCJIOBUM He-
IPEPBIBHOCTH CKOPOCTH HA TPaHUIIEe TPUCTECHOUYHO-
TO CIIOSI ! ﬂz[pa £ =&, , momy4um, 4To TIpH [y < A

Lt BT (g, fe|-

- u* 2pp,
IJIe PACCTOSIHUE &, U CKOPOCTb U, — BEJUYHMHbI, BbI-
TEKaIoIre u3 (I)opMyn (13) m (14):

4

g, =1 1212 o = Au[D(E)-DMD)]. (1)

Takum oGpaszom, popmynamu (13) u (20) mpo-
¢bmIb CKOpOCTEH onpernesieH Bo Bcel 001acTH Tede-
Hus1. Ha puc. 2 11 npuMepa npuBeeHBI pacueTHbIC
npodunu ckopocteit (13), (20) mpu TeueHUU BO3AY-
Xa B KaHaJe mupuHoi 2H npu yucnax PeiiHonbaca
Re =480 000 u 920 000. Yucna Peitnonbaca onpe-
neeHsl popmyIroit

(19)

(20)
u

*

Re = 4wH ’
A%

TZIe W — CPEeAHss CKOPOCTh MOTOKA, V — MOJEKYJISAp-
Hasl KHHeMaTH4ecKast BA3KOCTb. J{J1s cpaBHEHUS TO4-
KaMU TPEJCTABICHBI PE3YNbTaThl JKCIIEPUMEHTOB
Kont-bemno [5] mpu »Tux xe umcnax PeitHonb/ca.
Pacuetnrsie mpo¢uau ckopoctedl (CIUIOIIHBIE KpH-
BbI€) BBIUMCIICHBI B YCIOBHUSAX JKCIEPHMEHTa M TPU
3HAYEHUSX JUIs b, |, U L, 3a1aHHBIX hopmyriamu (18).
Cornacue pe3yabTaToB AOCTaTOYHO YIOBJICTBOPH-
TenpHOe. HeOonbimoe pacxokJeHHEe pacyeTHBIX

22

Y OTIBITHBIX TAHHBIX Y CPEAMHHOM IIJIOCKOCTH TIOTOKA
BIIOJIHE OOBACHMMO MPHUOJMKEHHBIM XapaKTepoM
HPETIONOKEHHUS L, = const 10 BCEMY SIPY TCUCHHSL.

40

u/u-
30— /e

20

0]--480000

10 2 920000

Lol Lot L L il
0,01 0,1 n o1

0
0,001

Puc. 2. CpaBHeHue pacueTHBIX npoduieit
C ONBITHBIMH JJAHHBIMU: KPUBBIE — pacueT 1o popmynam (13),
(20), Touku — ONIBITHBIEC TaHHBIE [5]

TEIIJIOOBMEH

[Ipu pemennu 3amadu o0 TEIIOOOMEHE ypaBHe-
Hus (1)—(3) HeoOXOaUMO MOTONHUTH YpaBHEHUEM
MIPUTOKA TEIIa, KOTOPOE B JEKapTOBBIX KOOPIUHA-
Tax x, umeeT Bux [1], [4]

au
P dt
rae U — BHYTpPEHHSIS SHEPTUsl €AMHHUIBI Macchl, O —
MHTEHCUBHOCTh HCTOYHHKA TEIUIA, ¢, — MOTOK TE-
na, ., T, B, — HANpsKEHH, g, — 0boO1IeHHas cuna,
COOTBeTCTBeHHO ompeneneHHble hopmynamMu (4)—
(7). Kunemaruveckue napamerpst N, N omnpenens-
10Tcs GopMyIaMu

=(—p8ij+aij+rij +BUN -g:N, +Q—— 23)

N,' = ’;li _(Diana? Ni‘ = ani - (Dia ana > (24)
T, Ox;
. dni 1 aui auj
n=— ®,=—
dt To2lox, o

KonkpeTHo 3aa4a o TenyiooOMeHe B IJIOCKOM Ka-
Hane ¢popMmynupyercs ciaenyroumumM oopasom. [lycTs
B IUIOCKOM KaHaje, OrPaHMYCHHOM TIJIaJKUMHU Ma-
paIeIbHBIMU CTEHKaMHU, B PEKUME YCTaHOBHUBIIIC-
rocst TypOyJIeHTHOTrO TeUEHHsI JBIKETCS HEC)KMMae-
Mas KHUAKOCTh. CUCTEMa KOOPAMHAT U CXeMa Tede-
Hud AaHbl Ha puc. 1. IlycTs BO BXOAHOM cedyeHUU
x = 0 Temneparypa T nocrosuna. Halinem pacrpe-
JeJieHue Temneparypsl 7' B oiay0ecKOHEUHOH 110 OCH
x obmactu x > 0 npu ycioBuM, 4T0 Temneparypa I
Ha CTEHKaX OAMHAKOBas M moctosiHHas. Kak u mpu
ompeaeneHN MpodUiIs CKOPOCTeH, 3aiada O pac-
MpefieNieHN TeMIIepaTypsl B IMPUCTEHOUHOM CJIOE
U Siipe TEYEHUS paccCMaTpUBAETCs OTAEIBHO.
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C y4eToM CHMMETpPUU SIBIICHHS B TPUHSATON
BBIIIIE CHCTEME KOOpAMHAT X, V, z Temneparypy 1’
Oynem oteickuBath B Buge 7 =171 (x,y). Bcnenctue
M3BECTHOM ITyOOKOI! CBSA3M MEXTy MPOLIecCaMU I1e-
peHoca UMIyJibca U Terjia IpH TYpOyJICHTHOM Te-
YeHHUH TEIUIONPOBOJHOCTH TYPOYICHTHOI XHAKOC-
TH B IPUCTEHOYHOM CJIO€, KaK U BbIIIE TYpOyJIeHT-
HYIO BSI3KOCTh, OyJIEM CUMTATh 3aBHUCSIICH OT JIO-
KaJIbHON aHM30TPOMHUHU TMOTOKA, TO €CTh OT AUPEK-
Topa n, (i = x, y, z). llockoneky 7' = T (x, y), 3aKOH
Oypre mpuauMaet Buj [1], [4]

q,=—(ho+ 7"1"’i) or -AMn.n, aT’
ox " oy
(25)
oT oT
qy = _)\‘lnxny a_ (}\’O +7\‘Inf)5a

e A, 1 A, — onpenensromue Ko3GGpuiurenTs Mosie-
7Y, XapaKTepu3ymolue TypOyJIeHTHYIO TeIIonpo-
BOJTHOCTB CpEIIbI.

Kak Buano 13 (25), eciiu npeHeOpeyb TeIIonpo-
BOJHOCTBIO B HAIlPaBJICHUU TEYEHUS, TO KOIPPH-
LUEHT TyPOYJIEHTHOH TEMIONPOBOAHOCTH A B IPHU-
CTEHOYHOM cJIoe ornpenesnsercs GopMmyion

dop = Ao +Agn> = Ay + Aysin’0. (26)

VYpaBHEeHHE pacHpoCTpaHEHHs TEIJia B MOTOKE,
HEOOXOAMMOE AJIs PEIECHHS TOCTABICHHON 3a1a4n
TEIUI000MEHa, CIIelyeT U3 yPaBHEHUS IPUTOKA TeIl-
ma (23) mocime HEKOTOPBIX MpeoOpa3oBaHUM.
[lonctaBum B ypaBHeHue (23) paBeHcTsa (24), (25),
3aMEHsIs TOMYTHO KOOPIMHATBI CKOPOCTHU U, U JIU-
PEKTOpa 1, UX BBIPAXKEHUAMH (8), BHIPA3UM BHYT-
penHioi0 sHepruio U depes sHranpnmio [ = ¢, T n
MIpOBEACM OOBIYHO MMPUHATYIO B IIOTOOHBIX 3a1a9ax
OLIEHKY BKJIaJla Pa3lIMYHBIX UYJICHOB YPAaBHEHUS B
nepenoc temnna [9], [10]. Torma, cuutas ucmoib3ye-
Mble KOO((HUIMENTRI A ) U A MOCTOAHHBIMM U TIPE-
HeOperass mpousBoAcTBoM Terta (Q = 0), momy-
YUM HCKOMOE€ YPaBHEHHE PACHPOCTPAHEHHMsI TEeIlIa
B IIPUCTCHOYHOM CJIO€ B BHJIE

2
(XO + Klsinze)a—z + XIG'sin296—T =p cpu(y)a—T, (27)
oy Oy Ox
IlIe ¢ — TeIIOEMKOCTb IIPH MOCTOSTHHOM JaBJICHUH,
u(y) z npodunb ckopocteit (13), mTpuxoMm 0003HA-
YeHa MPOU3BOIHAS TIO ).

B siape TedeHus: Ko3pPUIHEHT TYpOyICHTHOM
TEMJIONPOBOIHOCTH A, KaK U TypOyJIEHTHYIO BA3-
KOCTb, OyJIeM CUMTaTh OCTOSIHHBIM U PaBHBIM Ty -
OyJIEHTHOH TETLIONPOBOAHOCTH A Ha IPaHHULE 00-
nacreit |y| = A

gy =2hy + A, 28)

Torna ypaBHeHHE pacpoCTpaHEHHS TEIIa B 5/~
pe Te4eHus: UMeeT BUA
o°’T
Ao

oT
ay—z:pcpu(y)— , (29)

Ox
rae u(y) — npoduib ckopoctei (20).

[Ipu pemennu 3agayu ynoOHO MmepelTH kK 0e3-
pa3MepHBIM BEITHYNHAM

T-T
©= v oox=2, g=2 (30
T,-T, H H

Ypasaenus (27) u (29) MOXKHO paccMaTpuBaTh
KaK OJJHO YpaBHEHHUE BO Bcel 00acTH TeUeHHsI, KO-
TOpOE IOCJIe OACTAHOBKH B HETO COOTBETCTBEHHO
npoduieit ckopocreit (13) u (20) B 6e3pa3MepHBIX
niepeMeHHBIX (30) UMeeT BU

826) 6@ B aG)
6&2 + ‘Pl(&)aia - lPZ(a)aiX s (31)
> 0<fg<[ei}
(&= 2\ bH
- 1 ’ ol <|g <1,
HE o + A (1-22(8))] &l <[¢
S <<kl
¥, (8= o
pe,u. AH (P(E) - (1)) <<t
Ao +A,(1-27(8) 0 .

VYpaBuenue (31) MOMKHO YIOBIETBOPATH Tpa-
HUYIHBIM YCIIOBUSIM

O0) =1, O(%1,X)=0, 09(0,X) _

G
W YCIIOBUSIM CpaIllMBaHMsI PELICHUH Ha rpaHuLe 00-
macren § =&,

O, ¥0,X)=0(g, +0,%),

0 (32)

(33)

00(g, F0,X) _00(g, * o,X)_

o5 o5

Oynkuun (&), () u Benu4IuHHI U, , A B ypaBHe-
Huu (31) onpenenenst hopmymnamu (13).

[IpuHuMas BO BHUMaHUE CHMMETPHUIO IIpoLecca
TeTI000MEeHa OTHOCHUTEJIBHO CPEINHHOM IMIOCKOC-
™ & = 0, orpaHMYMMCsl pelIeHUEM B OO0JIACTH
0 <&< 1. [TockoabKy TOYHOE aHAJIUTHYIECKOE pellIe-
HUE HATH He yaaeTcs, O0yeM OTHICKHBATD €r0 MPH-
OmxeHHO MetonoM anépkuHa B Buae

OX,0) = Y&, () e(&).

basucubie pynkumu ¢, (€ ), y10BIETBOPSIONINE B
obmactu 0 <& < 1 BTOpOMY U TpETheMY I'PaHUYHBIM
ycioBusM (32) ¥ IEpBOMY YCIIOBHIO HETIPEPHIBHOC-
T (33), ompeaenum hopMynamu

(34)

0. (8) = D, (&) cos(k - )., (35)
Fo(1(2) — Fy (1), fo<e<l,
® _ 2
o1 L0C0)l gy 4 P8 (22| g<e<e,
u(Ey) 270

2

2
Fy(0)=2GbH -0 Tl C 0l =2 e 4222
y+t " +y -1

rae u(§,) — CKOpPOCTh Ha TPAHHUIIE MPUCTEHOTHOTO
CJIOSI U SIApA TEUCHUS.



76 B. A. babkun

®ynxuun g, (X ) onpenensoTcs CTaHAapTHON
nporenypoit merona ['anépkuna [7] ¢ yueTom mep-
BOT'O TPaHUYHOTO ycioBHus (32).

IIpu nsBectHbIX QpyHKUMAX g (X ) hopmyaa (34)
JaeT NMpHONMIKEHHOE pelleHue 3agadu. MecTHoe
gucio Hyccensra Nu = 40H/\ Ha OMHOM CTEHKE Ka-
HaJjla MOXKHO BBIYHCIIMTH 3aTeM 110 popmysam [9]

_4%0[5@}
10| o¢ \aﬂ’

600 =[O Vu(t)dz

Nu(X) =
(36)

r7ie o — KO3QPHUITUSHT TeTUI00Taaud, A — Kodhduiu-
€HT MOJICKYJISIPHOM TETIONPOBOTHOCTH JKHIKOCTH,
© — CpelHss MaccoBas TeMIIEparypa o CeUCHHUIO,
W — Cpe/IHSs CKOPOCTh B KaHaJe

w=ju(§)d§.

s cpaBHEHHS C ONBITHBIMU JTAHHBIMU pellie-
Hue (34) 66110 pealm30BaHO MPHU CIACAYIOMINX KOH-
KPETHBIX ycloBUsX. JKUIKOCTh — BO3MYyX MPH HOP-
MaJIbHBIX ycnoBusx: p = 1,205 kr/m?, v = 1,5 - 107
Mm%/, A=2,57 - 102 Br/(m " K), ¢ = 1002 JIx/(xr * K),
gucino Ilpamarns Pr = 0,765. KoadhpummenTh
K, M, ¥ KOHCTaHTa b 3amanel popmynamu (18).
Koopdumuentsr A u A, BXOAs1mME B hopmyiy (26)
JUTSL TYpOYJICHTHOHM TETLIONPOBOJHOCTH, OIpe/erie-
HBI OpMyTIaMH

Ao =028u,H, L\, =465u,. (37)

B pesynbrare pacuera noiaydeHbl 3Ha4€HHU s ITpe-
nenpHOro yncia Hyccensra Re = 5 - 10° npu Teue-
HUSX ¢ uuciiaMu PeiiHomnbaca Bruiots 1o Re =5 - 10°
B kaHanax mupuHoit 2H = 100; 200; 300 MM (TOUKH
Ha puc. 3). [l cpaBHEHUS Ha PHC. 3 TPUBEACHBI TaK-
ke rpadUKU U3BECTHBIX IMITUPUYECKUX (POPMYIL.

800

Nuw

600

400

200

0 il ] 1 1
1 10 20 30

|
40 Re'10*

Puc. 3. BaBucumocTtsb npenensHoro uncia Hyccensra Noo
oT yncina PeitHonbaca Re s kananos mupuaer 2H.
Touku — pe3ynbraT pacuera, KpuBble — rpaduku
smnupuyeckux popmyi: 1 —[9],2 —[8], 3 —[10], 4 — [12]

Kpusas 7 [9] :

f RePr/8

Nu, = ; (38)
14200, 12,7\F(Pr%— 1)
Re 8

kpusas 2 [8]:

Nu, =0.021Re** Pr’*; (39)
kpusas 3 [10]:
Nu, =7,6— 3,6 +0,0096Re™ " Pr®;  (40)
lgRe
kpuBas 4 [12]:
RePr,/f/2

D)

* " 424In(Rey/f/16) +250Pr? +4,24InPr—20,2"
rae Pr —uucno Ipanatins, Re — uucno Peitnonpaca,
f — xo3hHUIHEHT CONPOTUBIICHHUS, ONPELIIIEMbIC
bopmynamu

ve 4wH
= p P ’ Re = L N f =
A v

1

Pr 7.
(1,821gRe —1,64)

Kak Buaum, puc. 3 1eMOHCTPUPYET JOCTATOUHO
yIOBICTBOPUTEIBHOE COITIACHE PACUCTHBIX U IKC-
MEPUMEHTAJIBHBIX PE3YyJbTaTOB BILIOTH 10 Re =
=500 000. HexoTopoe pacxokIE€HUE PEe3yJbTaTOB
BIIOJIHE OOBSICHUMO XOTsI OBl TEM, UTO CaMH SMIIH-
puueckre GopMyIIbl HE COBHAJAIOT MEXIY COOOH.

[IpencraBnser uHTEpec CpaBHEHHE IpoLecca
TENJI000MeHa B TJIOCKOH TpyOe ¢ TEernI000MEeHOM B
kpyrioii TpyOe [1], [4]. OObI4HO 3TH TIPOLIECCH pac-
CMaTpHUBaIOTCA Kak aHajioruunsie [9]. IIposiBnenuem
aHAJIOTUH SBJISETCS IPEXAe Bcero oomuii Bua ¢op-
My (38)—(41) mis 060uX MpoIEeccoB TermiI000MeHa
IIPH COOTBETCTBYIOLIEM BBIOOPE IapaMeTPOB, Yyepes
KOTOpBIE OIpeNeIIoTca 0e3pa3MepHble BETMUNHBI
f, Re, Pr, Nu. Ecniu cpaBHUTE pemieHus 3a7a4 o Tel-
noobmeHe 31¢ech U B [1], [4], TO HETpYAHO YOEIUTh-
Csl, UTO AHAJIOTUS MPOSABIISAETCS HAa KaKIOM IIare.
B wacTHOCTH, B 000MX CTyYasx BETUYUHBI W, L U b
OJIMHAKOBO ompeseneHbl ¢popmynamu (18), a ypas-
HeHusM (37) pH TEYEHNHU B KaHaJIe COOTBETCTBYIOT
aHAJIOTUYHBIC YPABHEHUS

Ay =028u.R, A =465u,
IIpU TEUCHUH B TpyOe, riae R — paguyc TpyOsL.

3AKJIIOYEHUE

OnHa U3 OCHOBHBIX TPYIHOCTEH MPH aHATUTH-
YECKOM MJIM YHMCICHHOM PEIICHHUH 3aJlauM, CBS3aH-
HOW ¢ TYypOYJICHTHBIM TEUEHUEM KUJIKOCTH, COCTO-
UT B TOM, YTO B HACTOSAIIEEC BpeMsI HCM3BECTHA YHH-
BepcajbHas MOJSHb TypOyleHTHOCTH. B cBs3u ¢
3TUM B TIOCIEIHHUE JCCATUIICTUS TOTPEOHOCTH
MPAKTHUKHA CTUMYJIHPOBAIU Pa3pabOTKy JTOBOIBHO
3HAYUTEIBHOTO YHUCIIA MOJEJICH pa3HOH CTereHU
oOmnrHocTU. B X 4KCI0 BXOJUT U MCIIOJIb30BAHHAS
BBIIIC (PCHOMCHOJIOTHYECKAss MOJCIh aHU30TPOII-
HOW TPUCTEHOYHOU TypOyneHTHOoCcTH. OHA OTHO-
CUTCS TOJIBKO K TEYCHHSIM, MMEIOLIUM TpaHUleH
TBEpAYIO CTeHKY. PaccMoTpeHHas 3amada emie pas
rmokasasa, 4To, Kak U TP PElIeHUH psjia 3a1ad pa-
uee [1], [2], [3], [4], 2Ta MomeNh TOCTATOYHO aJCK-
BAaTHO ONHUCBIBACT KJIACC MPUCTECHOYHBIX TequHfI,
MO3BOJISASl aHAJIMTUYECKH OIMPENeaTh Kak COMpo-
TUBJICHUC, TaK U MAapaMETPhbI TCIJIONICPCAAIN.
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OCOBEHHOCTH NATEHTHOI'O IIOUCKA
B OBJIACTHU CO3JAHU A TPAHCIIOPTHO-YITAKOBOYHOI'O KOMIIVIEKTA
JJIS1 OTPABOTABHIET O AAEPHOI'O TOIIJIMBA

B crarbe oTpakeHBl 0OCOOCHHOCTH ¥ PE3YNBTAaThl MATEHTHOTO TIOMCKA, BHITTOIHEHHOTO B paMKax padOTHI
HaJI peanu3alyell KOMILUIEKCHOTO TPOEKTa TI0 CO3JIaHUI0 BHICOKOTEXHOJIOTHYHOTO PECypcocOeperarmniero
MPOU3BOJCTBA, 00CCIICUNBAIOIICTO BBIMTYCK COBPEMEHHBIX KOHKYPEHTOCIOCOOHBIX Ha OTCUSCTBEHHOM H
3apyOeKHOM PBIHKE 3KOJIOTMYECKH 0€30MaCHBIX TPAHCIIOPTHO-YITAKOBOYHBIX KOMILIECKTOB ISl IEPEBO3KHU

U XpaHCHUSA 0Tpa60TaBmer0 SAACPHOTO TOILJIMBA

KiroueBble croBa: 0Tpa60TaBH1ee AAEPHOE TOIIUBO, MMaTEHTHBIN TIOUCK, TpaHCHOpTHO-yHaKOBO‘-IHI;Iﬁ KOMIUJICKT, TPAaHCIIOPTHPOBKA

U XpaHeHHe 0TPaboTaBIIETo SAEPHOTO TOIINBA

B 2010 rony MunucTepcTBo 00pa3oBaHus U Ha-
yku Poccuiickoil @enepanuu IpoBOAUIO KOHKYPC
Ha peaju3alnio KOMIIEKCHOTO MPOEeKTa Mo co3/a-
HUIO BBICOKOTEXHOJOTHYHOIO TPOHU3BOJCTBA IO
MPUOPUTETHOMY HANPaBICHUIO MOJCPHUBAIUU U
TEXHOJIOTMYECKOTO Pa3BUTHS IKOHOMHUKH Poccum —
SIEPHBIE TEXHOJIOTUH, TIO TPHOPUTETHOMY HaIpaB-
JICHUIO Pa3BUTHUS HAYKH, TEXHOJIOTUN M TEXHUKHU B
Poccuiickoit @enepanuu, pauuoHalbHOE MPUPOAO-
nojib3oBanue. [lobeaureneM 3Toro KOHKypca Oblia
MpU3HAHA 3asdBKa, MPEINOararomas peaanu3ainio
KOMIUIEKCHOTO MPOEKTa MO CO3JaHUI0 BBICOKOTEX-
HOJIOTUYHOTO Tpou3BozcTBa «Co3naHue pecypco-
cOeperaromiero nporu3BOACTBA IKOJIOTHUECKU 0e30-
MACHBIX TPAaHCIOPTHO-YIMAKOBOYHBIX KOMIIJIEKTOB
JIJIsl XpaHeHHs U MEPEeBO3KH OTPaOOTAaBIIETO sAep-
HOTO TOIUIMBA», MOATOTOBJICHHAS M TMOJaHHAs 3a-
KpPBITBIM aKIIMOHEpHBbIM ob1iecTBoM «IleTpo3aBosn-
CKUi 3aBOJ OyMaromeiaTelbHOr0 MaIlIMHOCTPOE-
Hus» (3AO «llerpo3aBojackmManty), BXOISAIIUM B
COCTaB XOJAWHTAa TPOMBIIUIEHHBIX KOMIaHUH
«ATOMPHEproMann COBMECTHO C TOCYAapCTBEH-
HbIM 00pa30BaTENbHBIM YYPEKACHUEM BBICIIETO
npogeccuonansHoro obpasosanus «llerposzaBon-
CKHUH TOCYAapCTBEHHBIN YHUBEPCUTET.

Jns peanu3zanuy mpeanaraeMoro KOMIIJIEKCHO-
ro MpoeKTa ¢ IeNbI0 CO3JaHus pecypcocOeperaio-
MIEro MPOU3BOACTBA, OOECICUMBAIOIIETO BBITYCK
COBPEMEHHBIX KOHKYPEHTOCIIOCOOHBIX Ha OTEYeCT-
BEHHOM H 3apyOeXHOM PBIHKE DKOJIOTHUYECKU 0e30-
MACHBIX TPAHCHOPTHO-YHMAKOBOYHBIX KOMILIEKTOB
JUTSI TIEPEBO3KH U XPaHEHHSI OTPadOTaBIIETO CpHO-
ro TOIUIMBa, HEOOXOAUMO MPOBECTH aHAU3 CyIlec-
TBYIOIIMX OTEYECTBEHHBIX M 3apyOekHBIX pa3pado-
TOK KOHCTPYKIHU TPaHCIIOPTHO-YIAKOBOYHBIX KOM-
TUIEKTOB. {711 TOro 4TOOBI MPOBECTH TAKOW aHAIU3,
HEOOX0IMMO OBLIO BBIMOJHUTH ATEHTHBIN ITOUCK.
© Bacunnses A. C., Epmos A. B., 2011

[laTenTHBIN TOMCK OB HadaT C Pa3pabOTKH
TEXHUYECKOTO 3aJaHUs, B KOTOPOM OBIJIO yKa3aHo
HalMEHOBAHME TE€Mbl TATEHTHOI'O MCCIIECAOBAHUS —
«HccnenoBanue TEXHUYECKOT'O YPOBHS TPAaHCIOPT-
HO-yTIaKOBOYHBIX KOMILIEKTOBY, OIPE/IEICHBI 3a/1a-
YU UCCIIEIOBAHUS — BBISBIIEHUE OCHOBHBIX TEXHH-
YECKHX PEIIeHUNH KOHCTPYKUIHH TPaHCIIOPTHO-yMa-
KOBOYHBIX KOMIIJIEKTOB, OIIPE/ICICHNE JOCTUTHY TO-
I'0 TEXHUYECKOT'O YPOBHS, M YKa3aHbI CDOKH BBIIIOJI-
HEHHS paboTHI.

Ha cnenyromem »3Tame B COOTBETCTBUU C
I'OCT 15.011 66111 cocTaBJCH peraaMeHT MaTeHTHO-
ro TOMCKa, B KOTOPOM YKa3bIBaJIHUCh IIeNb ITOUCKA
rH(OpManuu — co3JaHue Ha 6a3e POCCHUCKOTO Ma-
LIIMHOCTPOUTEIBHOTO MIPENIIPUITHS pecypcocoepe-
rarolero IMPOU3BOJICTBA, O0ECIEYMBAIOIIEIO BbI-
MIyCK KOHKYPEHTOCIOCOOHBIX Ha OTEYECTBEHHOM H
3apyOeKHOM PBIHKE 3KOJIOTHYECKH O€30MacHbBIX
TPAHCIIOPTHO-YTIaKOBOUHBIX KOMIUIEKTOB JJIsSI TIe-
PEBO3KM M XpaHEHHUs OTpabOTaBILETO SACPHOTO
TOIUIMBA; MPEAMET MOoUCcKa (00BEKT HCCIeN0BaHus,
€ro COCTaBHBIE YaCTH); HCTOYHWUKHU HH(POpPMAIIUH,
10 KOTOPBIM CJIEAYET BECTH IIOUCK.

B kadectBe 00BeKTa MCCIEAOBaHUS OBLT OIpe-
JIeJICH TPAHCHOPTHBIN yIaKOBOYHBIA KOMIIJIEKT JJIS
TPAHCIIOPTHUPOBKM M XpaHEHHS OTPabOTaHHOTO
SIIEPHOTO TOILJIMBA, a TAK)KE €r0 COCTaBHAs 4acTh —
KOHTENHED.

TpaHCIOPTHO-yTAKOBOYHBIN KOMILJIEKT MPEIHA-
3Ha4YeH IS TPAHCIOPTHUPOBKHU W / WU XpaHEHHS
0TpaboTaBILEro SACPHOIO TOIJIMBA, KOHTEHHEp
IpeIHa3HaueH [UIsl pa3MEIleHUs U yAepKaHus pa-
OUOAKTHBHOTO  CONEPKUMOIO,  HAaXOMSILETOCs
B IEPBUYHOM Tape win Oe3 Hee.

Jnst Hauana MAaTEeHTHOT'O MOMCKAa HYXHO OBLIO
OMPEACIUTHCS C OOLTUMU TaHHBIMU 00 00BEKTE UC-
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CJIETIOBAHUS — €0 Ha3HAYCHUHU, OCHOBHBIX BBIMOJ-
HSIeMBIX (QYHKIHIX, TPEOOBAHUSIX K €r0 KOHCTPYK-
nui 1 QYHKIIHOHATFHOMY HA3HAYCHHIO, SKOJIOTHU-
YECKUX TPeOOBaHUAX H T. II.

brio ycTaHoOBIEHO, YTO OOBEKT MCCICIOBAHUS
JOJKeH 00JIalaTh BBICOKMMH TEXHUKO-3KOHOMH-
YECKUMU TI0KA3aTeNIsIMH, OOCCIICUNBATh BBICOKHC
paauaIMOHHO-3aIIUTHBIE CBONCTBA, OTBEYAIOIINE
COBPEMEHHBIM DKOJIOTHICCKUM TpPEOOBaHUAM, H
IIPU 3TOM UMETH BHICOKYIO MPOYHOCThH I 0Oectie-
geHUs 0€30TaCHON IKCIITyaTallui, B TOM YUCIE TIPH
ABAPUUHBIX CUTyalUsIX, BO3MOXHBIX B IIpoLEecce
TPAHCIIOPTUPOBKH U / U XpaHEHUs 0TpaboTaBIe-
r'0 SIAEPHOTO TOILIHUBA.

3aTeM C HCIOIB30BaHUEM IIHPOKOTO Kpyra JI0-
CTyHnHBIX HCcTOYHHKOB mHpopmaruu ([1], [2], [3],
[4], [5], [61, [71, [8], [9], [10], [11], [12]) 6b11a mpoBe-
JIeHA OIICHKa TEXHUYECKOTO YPOBHS U BBISIBICHBI
TEHJICHIINU Pa3BUTHUS O0BEKTa MATEHTHOTO HCCIIe-
noBanwus. [[aTeHTHO-HH(DOPMAIIMOHHBIH TOUCK TTPO-
BoAMIICS ¢ TIyOnHOM nccnenoBanus B 30 eT. beutn
M3Yy4YeHBI HE TOJBKO 3assBKH HA U300PETEHUS, aBTO-
PCKUE CBUIETEIIBCTBA, ITATCHTHI, TIOJIC3HBIC MOMICTIH,
Kacaroluecs O0OBEKTa HCCICIOBAHMS, BBHIJTaHHBIC
KakK B HaIlIeH CTpaHe, Tak U B 3apyOEKHBIX CTpaHaX:
lepmanun, ®panuun, CLIA, Pymeinuun, Kurtae,
Snonuu, Kopee, TaitBane, IlIBenuu u Benuko-
Oputanun. Kpome Toro, ObUIM WM3Y4YEHBI Pa3HOTO
poda myONUKaluu, CTaThU B KypHAIax, MaTepUaIbl
KOH(epeHunl, npocnekTel ¢upMm, otuetsl HUP
n OKP, Hay4nble cTaTbu, TPyIbl HHCTUTYTOB, HAyY-
HO-TEXHHYECKas JUTEepaTypa, HUHTEPHET-UCTOUHU-
KU U JaHHBIE OHJIaITH-ONOINOTEK.

B pesynbrate mpoBeACHHOTO NaTEHTHO-UH(OP-
MaITMOHHOTO TTOMCKA OBLIH OTOOpAHBI ITPAaBOOXPaH-
HBIC JJOKYMEHTHI M TPOaHATU3UPOBAHBI (HOPMYIIBI
m3o0pereHnit: 71 moxkyMmeHTa, BhIgaHHOTO B Poc-
cuiickoii denepauunu, cpeau KOTOPBIX aBTOPCKHUE
CBUJIETEIIbCTBA, 3a5IBKM HA H300pEeTeHM S, TTOJIE3HBIE
MOJISJIH, TATEHTHI HAa U300PETEHUS; 5 MATEHTOB, BbI-
JlaHHbIX BcemupHoOW opraHu3aiued MHTEJJIEKTY-
anpHOU COOCTBEHHOCTH; 9 eBpomaTeHTOB; 35 3apy-
OC)KHBIX IaTEHTOB. Takxke OBUIO OTOOpaHO
u u3ydeHo Oonee 70 pazHOro pona myOIuKanui.

HNuadopmanms, coOpanHas B X0 MaTCHTHO-WH-
(hOpMaIMOHHOTO WCCICIOBaHUs, IMO3BOJIMIIA CJIe-
JIaTh BBIBOJ O MIEPCIIEKTHBHOCTH MCIIOIH30BaHUS B
KauecTBE MaTepuaja JJisl U3TOTOBJICHUS KOPITYCOB
KOHTEITHEPOB, BXOIAIINX B COCTaB TPAHCIIOPTHBIX
YIIaKOBOYHBIX KOMILJICKTOB, BBICOKOIIPOYHOTO YY-
ryHa Cc mapoBUIHBIM Tpadurom. [IpenmymecTBamu
KOPIYCOB, H3TOTOBJCHHBIX M3 BBICOKOIIPOYHOIO
YyTYHa C TIAPOBUAHBIM T'pauTOM, 1O CPaBHEHHIO
C METaJUIOOCTOHHBIMU KOPITYCaMH  SIBJISFOTCSL:
1) BOBMOKHOCTh ~ HAJIEKHOTO  HEPa3pyIIAOIIEeTO
YIBTPa3BYKOBOTO KOHTPOJISI YYTYHHOT'O KOpIyca
KOHTEWHEpa MO BCEH €ro TOMIIMHE, YUTO UCKIIOUEHO
MPpU  UCMOJIb30BAaHUU apPMHUPOBAHHOTO OCTOHA;
2) KOHTEHHEPHl ¢ YYT'YHHBIMH KOPITYCaMH MOTYT
OBITh UCIIOJB30BaHBI JIJIsI TPAHCIIOPTUPOBKU U Xpa-

HEHHS B OHOM KOHTEHHepe OOJBIIOro Yrcia oTpa-
OOTaBIIKX TEIIOBBIACIAIONINX COOPOK C BHICOKUM
OCTaTOYHBIM TEIJIOBBIACIICHUEM, YTO IIOYTH HEBO3-
MOJKHO OCYIIIECTBHTH B KOHTEITHEpax ¢ MeTayio0e-
TOHHBIMH KOPITyCaMH H3-3a IJI0OXOM TEMJIONpOoBO/-
HOcTH OeToHa; 3) Macca OTIMBKY U3 UyT'yHA, H3Tr0-
TABIMBAEMON IMYTEM 3aJIMBKU B METAJJIMYECKUI
KOKHJIb, MEHBIIIE MAacChl OTJIMBOK, HEOOXOIWMBIX
JUJIsL U3TOTOBJICHUSI KOBAHBIX CTATBHBIX KOPIIYCOB, &
MEHBIIIVE IPUITYCKU Ha TONIIUHY CTEHOK KOpITyca 1
€ro THHIIA COKPAIIAtoT 00hEeM U BpeMsI Ha MEXaHH-
4yecKyio o0paboTKy; 4) TUTOHM KOpIyc KOHTeHHepa
M3rOTaBIUBACTCA Cpa3y HEOOXOMUMOW JJIMHBI U
COBMECTHO C JHHIIEM, YTO HUCKIIFOUaeT HEeOOXOIH-
MOCTB MTPOBECHUS TPYIOEMKON CBApKH KOpITyca U3
OTIENBHBIX 00cYacK W MPUBAPKH JHUINA, a TaKKe
oTiepaliy Mo KOHTPOJIIO COCTOSIHUS CBAPHBIX IIIBOB.
Kpome Toro, ucronb30BaHme BRICOKOIIPOYHOTO UY-
TyHa SIS W3TOTOBJIEHHSI KOPIYCOB KOHTEHHEPOB
MO3BOJISIET BBHITIONIHUTE TPeOOBaHMSI, MPEAbSBIIsIC-
MBbIe K TPAHCTIOPTHBIM yIIAKOBOYHBIM KOMILIEKTaM
JUTSl TPAHCTIOPTHUPOBKH ¥ XpaHEHUS OTPa0O0TaBIIETO
SIIGPHOTO TOIUIMBAa B TEYEHHE 3aJaHHOTO CpOKa
ci1yOBblI, B OTHOIIEHWH WX paJUallMOHHON Oe3omac-
HOCTH W mpodHOCTH. s obecriedeHnss HeoOXonu-
MOW TIPOYHOCTH KOHTEHHEpa, MpeNoTBpaIleHUS
YTEUKU paguanuyl, IPpH BOSHUKHOBCHUHU HEIITAT-
HBIX (AaBapUITHBIX) CUTyalul (HalpuMeD, MajeHUe U
T. I1.) HA BHEITHEW TOBEPXHOCTH KOPITyca KOHTEHHe-
pa MOHTHPYIOT AeMI(PHUPYIOUINE YCTPOHCTBA.

TpaHCcOpPTHO-yTaKOBOYHBIE KOMIIJIEKTHI B IMOJI-
HOW Mepe IOJKHBI YJIOBIETBOPATH TPEOOBAHUSIM
HOpMaTUBHBIX nmokymMeHToB (ITHAD I-14-41-97,
[THAD I-14-029-91, 11b5-06-00-96, HII-053-04,
Pb-003-98, HPB-99, OCIIOPB-99, I'OCT P 52761-
2007) B OTHOIICHUN WX OE30IaCHOrO WCIOJIb30Ba-
HUSI, KOTOpOE JODKHO OOecredmBaThCsl UX KOHC-
TpyKLUEN.

CoBeplIeHCTBOBAHNE KOHCTPYKIUN TPAaHCIOPT-
HO-yIIaKOBOYHBIX KOMIUIEKTOB HAIlpaBJIEHO Ha TI0-
WCK pEIIeHUH MO YBEIWYESHHIO CPOKA UX CIIYKOBI,
YBEJIIMYCHHIO TIOJIE3HOTO0 00beMa (BMECTHTEIHHOC-
TH OTpabOTaBIIETO SEPHOrO TOILTMBA) IPU Orpa-
HAYEHUSX 10 TabapuTHBIM pa3MepaM W Macce, Ha-
KJIaJIbIBAEMBIX YCIOBHUAMH TPAHCIIOPTHPOBKH, TIO-
BBIIIEHHE IMPOYHOCTHBIX IOKa3aTesell KOHCTPYK-
MW, €€ HaJeKHOCTH U DKCILUTYyaTal[MOHHOH 0e30-
MAaCHOCTH, & TaKXXe MOWCK TeXHUYECKUX PeIIeHUH,
Jarmux 0Oojiee BBITOIHBIE TEXHUKO-KOHOMHYEC-
KHUE TIOKa3aTeNld TPAHCTIOPTUPOBKU U XPAHEHUS OT-
paboTaBIIero siAEPHOTO TOTLINBA.

B pesynbraTe mpoBeAeHHOT0 MaTeHTHO-HH(OP-
MaIlMOHHOT'O TIOUCKa ObLIM OTOOpPaHBI aBTOPCKHUE
CBUJICTENbCTBA, MATEHTHI, TIOJIC3HBIE MOJICTIH, 3a5IB-
KM Ha W300peTeHWs, BBIJAHHBIE HE TOJIBKO B
Poccuiickoit @enepannm, HO 1 3a pyOeKOM, a TAaKKe
oToOpaHa HayYHO-TEXHUYECKas JIUTepaTypa.

AHanmu3 0ToOpaHHBIX MaTEPHUAJIOB ITOKAa3aJjl, YTO
npeaiaraeMble TEXHUYECKHE pEIIeHHs] B OTHOIIEe-
HHUH TPAHCTIOPTHBIX YIIAKOBOYHBIX KOMIIJICKTOB JIJISI
TPAaHCHIOPTUPOBKM M XpaHEHHS OTPabOTaHHOTO
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AACPHOTO TOIJIMBA HANPaBJICHBI Ha: IMOBBIIICHUC
paauanuoHHON 0€30MacCHOCTH; TIOBBINICHHUE HaIEXK-
HOCTH B 3KCILTyaTalluu U B aBapPII;‘IHLIX CUTyalusx;
CHIDKEHUE ce0eCTOMMOCTH; TIOBBIINICHHUE MPOYHOC-
TH W YNpOIIeHHe OOCITy)XKHBaHUS; YIPOIICHHE
KOHCTPYKIIMH, TTOBBIIIEHNE TEXHOJIOTHYHOCTH; yII-
pOIIEHNE YIIAaKOBKH M pasrpy3KH OTpabOTaBIIETO
SIEPHOTO TOILJIMBA B KOHTEHHED; YBEJINYEHHUE I10-
JIe3HOTO 00beMa KOHTEeHHepa; o0JlerdaeHrne KOHTPO-
751 32 COCTOSTHHEM OTpPabOTaBIIEro SAEPHOTO TOT-
JMBA B TEYCHHE BCETO CPOKA XPAHEHNUT; OBBIIIICHHE
HaJISKHOCTH XpaHEHUsS OTPaOOTABLIErO SIEPHOTO
TOIUTMBA, MOBBIIICHHE KOJIUYECTBA TEPEBOSHMOTO
OTpabOTaHHOTO SIEPHOTO TOIJIMBA IPH yMEHbLIE-
HUU Macchl CaMOro TPaHCIOPTHO-YNaKOBOYHOTO
KOMIIJICKTA.

[IpoBeneHHbIEC MATEHTHBIE HCCIICIOBAHUS TO3BO-
JIWJIN YCTAHOBUTH OCHOBHBIC TEXHHUYECKUC PCIIC-
HUS KOHCTPYKUMH TPaHCHOPTHO-YIaKOBOYHBIX

KOMIUIEKTOB M UX COCTABHBIX YacTeH 1 OLIEHUTH JI0-
CTUTHYTBIM TEXHUYECKUH YPOBEHb KOHCTPYKLUN
TPAHCTIOPTHO-YTIAKOBOYHBIX KOMIIJIEKTOB JIJIS Xpa-
HEHUS W TPAaHCIOPTHUPOBKU OTPabOTaBIIEro sAep-
Horo TorumBa. Ilo pe3ynpraraM maTeHTHOTO MOMC-
Ka OblT O(GOpPMIJIEH OTYET B COOTBETCTBUU C
I'OCT P 15.011 «IlatentHble uccnenoBanus. Conep-
’)kaHue W nopsgok nposeaeHusi» u I'OCT P 7.32
«OTyeT 0 Hay4yHO-HMCCIEIOBaTeNbCKONH padorte.
CtpyxkTypa u npasBuiia 0QpopMIICHHS.

Pabora BbImoOnHeHa HpH (UHAHCOBOH MOJ/IC-
pxke MuHuctepcTBa o00pa3oBaHUS U HAYKHU
Poccuiickoit  ®enepanuum  mo jgorosopy Ne 13.
(G25.31.0066 no peanuzany KOMIJIEKCHOTO POEK-
ta «Co3nanue pecypcocOeperaromero npou3Boc-
TBa JKOJIOTHYECKH 0€30IaCHOT0 TPAHCHIOPTHO-YTIa-
KOBOYHOT'O KOMIUIEKTA JJIsl IEPEBO3KU U XpaHEHMS
0TpaboTAaBILETO SAEPHOTO TOILIUBAY.
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Pa3BuTHE cTpoHTENBCTBA 3aTOPOTHEIX 06a3 OTABIXA U KOTTEMKEH 000CTPSAET CAHUTAPHYIO OOCTAHOBKY pPeK-
peanMoHHbBIX 30H. B cTaTrbhe paccMaTpuBaIOTCS YCIOBHS IKCILTyaTallid M ONTHMH3AIUA pabOThl CHCTEM
BOJIOCHA0XKEHU S M BOJIOOTBEICHHS CYIICCTBYIOIIEH HECKOJIBKO JIET 0a3bl OT/bIXa. BEIBOIBI CTATHH MOJTY Y-
HBI HAa OCHOBE PeabHbIX JAHHBIX U BHEAPECHUI aBTOPOB.

KiroueBble ciioBa: HEpaBHOMEPHbIH PEKUM BOJONOTPEOICH S, 0COOCHHOCTH MIPOTUBOIIOKAPHOTO BOAOMIOTPEOICHHUS], ONTUMHU3AIINS

paGOTBI KaHaJIM3allHOHHBIX OYHCTHBIX COOpy)KeHI/Iﬁ

Oco0eHHOCTH TPUPOAHO-KIMMATHIECKHX YCIIO-
Buii Kapenuu, KomoccanpHOE KOJIMYECTBO 03€p H
namMOyIIeK, HETPOHYThIE PyKOW 4YeIOBEKa JIECHBIC
MacCHBBI, MHOXKECTBO TMPHUPOAHBIX 3aNOBETHUKOB
nenatoT 3toT Onu3kuid k Cankt-IleTepOypry peru-
oH Poccun BecbMa mpHBIEKaTeNbHBIM JJIsI CTPOU-
TenbcTBa 0a3 OTABIXA, KEMIIMHIOB, KOTTEI)KHBIX
nocenkoB. JKurenn Mocksel u Cankr-IletepOypra
CKyHaroT B KapelbCKUX IEPEBHAX 3a0pOIICHHBIC
JoMa, PEKOHCTPYHUPYIOT HX, AOBOAS 1O YPOBHS
3nuTHBIX cTpoeHull. XXurenn Kapenuu nepeBonst
JayHble JIOMHKHU B paspsj KpyTJIOrOAWYHBIX, YTO
TpeOyeT COOTBETCTBYIOMIETO HHIKEHEPHOTO 00YCT-
poiicTBa.

OTH TEeHAESHLIUN 0COOCHHO YCHIIMIIUCH B ITOCTE -
HUE IOJTOpa AecATKa JIeT ¢ nepexonoMm Poccun ot
IIJIAHOBOI 9KOHOMHUKHM K PBIHOYHOM, C TIOSIBIIEHUEM
y HaceJICHHs CBOOOHBIX JICHET, 10CTyIIa K IIpuodpe-
TEHHUIO CTPOUTEIBHBIX MaTEPHUAJIOB U KOHCTPYKILIHH,
K yCIIyraM KBaTHu(UIIMPOBAHHBIX CTPOUTEICH.

3aroposHOoe pa3MelIeHHe TaKuX OOBEKTOB 3a-
METHO BJIMSIET HAa UX 00YCTPOMCTBO CUCTEMaMHU BO-
JNOCHAaO)KEHHUS M BOJOOTBeAEHU. B kauecTBe mpu-
Mepa pacCMOTPHUM CUTYAIUIO Ha 6a3e OTabIXa, pac-
nosnoxxeHHoi B Kapenuun, Ha rpanune ¢ Pus-
JNSTHANEH.

XO03SMCTBEHHO-IIUTHEBOE BOJOCHABXKEHUE

HelicTByromas cucremMa BOJOCHAOKEHHST Oa3bl
OTHIBIXa 3aIPOCKTUPOBAHA U MOCTPOEHA B COOT-
Bercreun co CHull 2.04.02-82 «Bomocua0xeHue.
Hapy:xwnsbie cetu u coopyxkenusi» u CHull 2.04.01-
85 «BHyTpeHHHI BOIONMPOBOA U KaHAJIU3AIUSI.
OCHOBHBIMH BOIOTIOTPEOUTEINSIMHU SIBIISTFOTCSI:

1. J)Kuuible Kopryca TOCTUHUYHOTO TUMa Ha 8, 14
u 48 yen. Hopma BoonoTpebaeHus1, COrjiacHO pH-
© Arokaes P. U., ['padora E. O., 2011

noxenuto 3 CHull 2.04.01-85*% «BuyTpenHuii Bo-
JOIPOBOA Y KaHAJIU3aLUs 30aHUI», IPUHATA PaB-
HO#t 230 n/cyT. Ha yenoBeka. JlaHHas HOpMa BKITIO-
yaeT B ce0st pacxoll BOABI 00CITYKUBAIOIINM MIEPCO-
HaJioM (B TOM YHCJI€ Ha IPUEM JyIIa), IOCETUTEN -
MU, Ha YOOpKy momemieHu#d u np. OOmmii pacxon
BOJIbI, OTPEOIIEMOM KUIBIMU KOPIIYCaMH, COCTAB-
aser 16,1 M/cyT. Pesxxum BomonoTpeOieHus Hepas-
HOMEPHBIH.

2. Pecropan Ha 108 mocamounsix Mect. Ha onHo
MO0CaI0YHOE MECTO B CPEIHEM IPUXOAUTCS MPHUTO-
ToByieHue 4 O6mtox B cyTku. KonnaecTso 6mtox, pea-
JIN3YEMBIX B CYyTKH, cocTaBUT: U=4nm=4 - 108 x
x 1,5 = 648 6moa/cyT., TAE M — KOJIMYECTBO IOCa-
mok, mnpmHuMaemoe 1o CHull 2.04.01-85*
«BHyTpeHHUH BOJONPOBOJ M KaHaIu3alMs 3]1a-
Hui» paBabM 1,5. [Ipu HOopMme BojonoTpeOieHus
12 n/cyT. Ha ogHO OMIOO PACX0] BOIBI PECTOPAHOM

U-12 64812 ,
COCTaBUT: Q=—= =7,78m" /cyT.
1000 1000

Pexxnm BomommoTpeOiieHHsT HEpaBHOMEPHBIH.

3. Bans na 10 yen. Hopma BomomnoTpeOiieHus —
180 isi/cyT. Ha den. Pacxom BOABI COCTaBIISET:
= Nuwq_10:180
100 1000
pebneHuss paBHOMepeH B TeueHume 10 BedepHHX
Y HOYHBIX YaCOB.

4. HeyuTeHHBbIe pacXo/Ibl, a TAK)KE PACXO/bI BOJIbI
Ha HYXJbl BOJONPOBOJHO-KAHAIN3ALMOHHOIO XO-
3s1iicTBa NPUHATHI paBHBIMU 10 % OT OCHOBHOTO BO-
JOTOTPEOIEHUS U COCTABIAIOT 2,79 M/CyT.

Oo6mee BomomoTpebnenue: Q = 16,10 + 7,78 +
+ 1,80 + 2,79 = 28,47 M*/cyT.

Takoii pacxoJ MOXeT 00ecCleYnTh MMeroIasics
CKBKMHA TpPH COXpAaHEHHH JAeOMTa HE HUXKe
1,2 m*/u (1,22 M*/a x 24 = 28,82 M*/cyT.) ipH KpyTII0-
CyTOYHOH pabore.

=18m’/cyr. PexxuMm BOJOIOT-
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5. IlonuB 3eeHBIX HacaXJAeHUN o0ecreuynBaeT-
Csl U3 Py4bs, MPOTEKAIOIIETO M0 TEPPUTOPHH 0a3b
oTabIXa, B 0€3BOIHBIN MEPUOJ] — U3 TPHUIIETAIOIIETO
03epa ¢ MOMOUIBIO MOTPYKHOr0 Hacoca U NMepeHoc-
HBIX IIIAHTOB.

Ha ocnHoBanmu modacoBoro rpaduka BOZOIOT-
pebienus s oobekTa ¢ MmeHee yeM 200 caHTexmpu-
6opamu, ¢ pacxogom ogHoro mpubopa 0,12 n/c 6bu1
MoCcTpoeH rpaduk paboThl CKBAXKHHHOTO HACOCA.

Jns obecrieueHrst TPOESKTHOTO PeXUMa padOTHI
Hacoca TpeOyeTcsl aKKyMYJIHPYIOIIas eMKOCTb 00b-
eMoM 6 M® TIpH JeOuTe CKBaKUHBI 1,5 M3/u.

B mpeamnonoxeHnn HEKOTOPOTO CHUKEHHS Jie-
OnTa CKBaXWHBI K YCTAHOBKE OBLTH MPUHATHI 5 eM-
KocTeit 06semMoM 1o 1 M3, pasmepamu 1,0 x 0,7 x
x 1,5 (h), oOmuM oO6bemMoM 5 M?, a Takke ocTaBie-
HBI UMEBIITHECs paHee 2 HamopHbIX Oaka mo 350 .
B cymme akkyMyJHpyIOIIHE €MKOCTH COCTaBHIIN
0k0310 20 % cyTOYHOW MPOU3BOAUTEIHHOCTH.

YuuThIBasi CE30HHYIO HEPaBHOMEPHOCTH B 3a-
rpy3ke 0a3bl OTABIXa, BBEACHO PEryJIHpOBaHHE pa-
00THI CKBA)KMHHOTO HAacOcCa IO YPOBHIO BOJIBI B aK-
KyMynupymoueid eMkocTd. TpeOyemblii Hanop Ha-
coca C Y4YeTOM TeOJe3NYECKUX DPa3HUI[ OTMETOK
HACOCHO-(MIBTPOBAIBHON CTAaHIMH W HauOolee
yAalleHHBIX U BEICOKOPACIIONIOKECHHBIX 3[JaHUH, 110~
Teph HAIOPa B TYMHUKOBBIX CETSAX BOAOMPOBOJA IO
pPacUeTHBIX TOYEK COCTABHII JJISi OJHOATAXKHOHW 3a-
CcTpoitku 12,5 M, 1715 ABYX3TAXKHOTO TOCTUHHYIHOT'O
Koprmryca — 16,5 m.

Jist nojmaum BoAbI MOTPEOUTENSIM B 31aHUN Ha-
COCHO-(DMIIBTPOBALHON CTaHIIMM YCTAHOBIICHA aB-
ToMaTtndeckast HacocHast cranusg HY DROFRESH-
100CL ¢ nBymst Hacocamu (oOuH pabouuii, OfHMH
pesepubiil) Mapku JSWm3CL u nBymsi mHeBMaTH-
YeCKUMH eMKOCTAMH oOmuM oOvemom 700 I
Paboune mapamerpsl Hacoca Mapku JSWm3CL
MoIlnHocThio npurarens 1,1 kBt mpeacraBieHsi
B Tabm. 1.

Ta6auna 1

PaGoune XapakKTEepUCTHUKH Hacoca
mMapku JSWm3CL

W | 06 | L2 ] 18 | 24|30 | 42 | 72 | 84
HMm | 40 | 38 | 36 | 34 | 32 | 28 | 20 | 17

B nByxsTaxkHoe rocruHuuHOe 3nmanue (H =
= 16,5 M) pabouuii Hacoc crocoOeH NoAaBaTh JO
7,2 M*/4. BkroueHue 1By X HACOCOB (pabodero u pe-
3€pBHOr0) YBEIUYHMBAET IOJA4y BOABI B CETH JIO
10—12 m3/u.

TonuuHble HAOMIOJCHUS 332 PabOTOW CHCTEMBI
BOJIOCHA0)KEHUS 3arOPOTHOTO 00BEKTa B OpIHHAP-
HBIX YCIIOBUSX IMOKA3alli €€ BBICOKYIO HAICKHOCTb.
HecrannmaptHas cuTyanusi BOZHUKIIA B TIPEAIBEPHH
BcTpeun HoBoro, 2010 roxa.

B nmepBy1o 1oj0BHHY IPEIHOBOIOAHETO JTHS M3
Canxkr-IleTepOypra Ha HECKOJIIBKUX aBTOOycax IpH-
€XaJIi OTABIXAIONIUEe U TMOYTH OJHOBPEMEHHO 3a-
MOJIHUJIU BCE XUJIbIC KOMHAThI. boJiblias Harpy3ka
JieTJia Ha TyaJseT, AyIl, PpeCTOpaHHYI0 KyXHIO, cay-

Hy. Cucrema BoJOCHaOXeHHS cTajla J1aBaTh cOOW,
pe3epByaphl UKUCTON BOMABI IEPUOAUYECKH OKa3blBa-
JIUCh MYCTBIMHU, HpﬂMOfI I1oaa4u BOABI B CETh CKBa-
JKUHHBIM HACOCOM OKa3bIBAJIOCh HEIOCTATOYHO.
Cutyarusa Obplla paspelieHa BBEIACHUEM BECPHOU
[I0JIa9X BOJIBI B OTHEIBHBIE KOPIyca IPH COXpaHe-
HUHU TIOJIHOLIEHHOTO MUTaHUSl BOAOW pPECTOpaHHOU
KyxHHU. Bo n30exxanne Takux oceveK ObLIH MTpoaHa-
JTU3UPOBAHBI MPUYUHBI COOCB B BOAOCHAOKCHWH.
Bbui1 paccunTan NOTEHIIUAIBLHO BO3MOXKHBIN pacxos
IIPH  OJHOBPEMEHHO OTKPBITHIX BOAOPa300PHBIX
prubopax (tad. 2). B Tabm. 3 moka3aHbl pacdeTHEIC
pacxombl BONBI MPHU Pa3IMYHBIX JOISX OTHOBpE-
MEHHO OTKPBITBIX BOAOPAa300PHBIX KPAHOB.

Taonauna 2

PacueTHB i pacXxol OXHOBPEMEHHO
BKIIOYEHHBIX NPpUOOPOB

Bopopas- .| O0mmit
Huomanennel ot | Kommectne Preser piow
pubop : p ’ M3/
YMBIBaJbHUKH 78 0.12 3370
ToctuHuna CH Hymne
MBIBHBI
GauKn 38 0,1 13,68
PaKOBHHEI 3 0,15 1,62
CMBIBHBIE
Pectopan o —— 7 0,1 2,52
mHccyapsl 2 0,035 0,25
OaHHBIC KPaHbI 2 0,4 2,88
CMBIBHBIE
bans Gauku 1 0.1 0,36
YMBIBaJIBHUKH
— 2 0,12 0,86
Bcero 131 0,035-0,40| 55,87
Taonuua 3

PacueTHBI M pacxox BOJBI
NpU Pa3dIUUYHOU JOJIe ONHOBPEMEHHO
OTKPBITBIX BOJOPa30OOpPHBIX KPaHOB

Jlo7s1 BKITIOUEHHBIX
pHGOPOB 1,0 0,75 0,50 0,25 0,125
Pacxon Boxsl, M*/u | 55,87 | 41,90 | 27,93 13,97 6,98

B mensx cpaBHEHUS HOPMATHBHOTO M (DaKTHUEC-
Koro BomomoTpebnenus: B npexnsepun 2011 roma
Y cpasy MocJie HOBOTOJHUX ITPa3JHUKOB Ha 0a3e OT-
JIbIXa €KECYTOYHO (PMKCHPOBAIIHUCH PACXOJBI BOIBI,
KOJIMYECTBO MPOKUBAIONINX B TOCTUHUYHBIX HOME-
pax U BeYEpHUX rOCTEH pecTopaHa.

B Tabxn. 4 mpuBeneHbl pacyeTHbIE (0 HOPMaM)
1 (aKTHYECKHE PACXOAbI BOJIBI.

[IpoBeneH Takke BBEIOOPOYHBIH XPOHOMETPANK
MIPOAOIKUTENEHOCTH  TIOJh30BAHUS  OTACITHHBIMU
npubopamMu: HaApUMEp, YUCTKA 3yOOB M yMBIBaHUE
3aHUMAET 5—7 MUH.; IyIIeM nonb3ytores ot 10 1o 15,
penko 10 30 MUH.; pecTOpaHHbIE MOWKH paboTaroT
HEMPEPHIBHO (XOTSI 3TO U HE OMPABIaHO TEXHOJIOTUEH
KyXHH). 3aMeUeHO, YTO KAaTeropHsi TOCTEH BIUSACT Ha
0COOCHHOCTH BOJIOTIOIH30BAHMUSI: TOPOKAHE ITO UITU
OXOTHHUKHU-PHIOOJIOBBI, COOTEYECTBEHHUKHU UJIH UHOC-
TPaHIIbI, B3POCIIBIC WIIH JETH U T. 1.
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Tabauua 4

PacueTHBIC (1'[0 HOpMaM) u (baKTI/I‘{eCKI/Ie pacxoAbl BOABI B IPEAHOBOTOAHHUC
U MOCICHOBOTOAHHUEC OHHU

Konnyecrso PacueTHslit pacxon, 1/CyT.
MoTpa- TOCTeH pecropan
No| UCHO L P—
B CYTKH, Hepco-| BaHMC | oo nonus | Uroro
M3 Hé)a‘i?;llg' p;CaTHO' g;g}'l Gans | HAT H}?Eﬁg' rocreii 3;2: oben | yxuH | 6aHkeT ne}:{p;;o- GaHs |mpavka %
1| 5000 16 22 264 3680 422 581 540 300 | 5787 | 14
2| 6000 12 22 264 2760 317 581 405 300 | 4627 |23
3| 7000 11 24 288 2530 290 634 371 300 | 4413 | 37
4 | 13000 10 12 23 276 2300 264 607 |4320| 338 300 | 8405 |35
5 | 10000 8 3 23 276 1840 211 607 |1080| 270 300 | 4584 | 54
6 | 17000 8 47 4 23 276 1840 211 1241 607 |1440| 270 300 | 6185 | 64
7 | 12000 10 4 26 312 2300 264 686 | 1440 | 338 300 | 5640 | 53
8 | 12000 8 28 3 28 336 1840 211 739 739 1080 | 270 300 | 5516 | 54
9 | 12000 7 26 312 1610 185 686 236 300 | 3329 | 72
10 | 17 000 5 28 336 1150 132 739 169 300 | 2826 | 83
11 | 18 000 66 66 10 35 420 15180 |601,9| 1742 | 950 924 |3600| 2228 | 300 |25946 | 31
12 | 12000 76 5 76 6 33 396 17480 693,11 2006 | 1094 | 132 871 [2160 | 2565 27398 | 56
13| 20 000 76 81 76 18 20 240 17480 |693,1|2006 | 1094 | 2138 528 | 6480| 2565 33225 | 40
14 | 21 000 78 78 10 25 300 17940 |711,4| 2059 | 1123 660 |3600| 2633 29026 | 28
15| 22 000 89 89 33 396 20470 |811,7| 2350 | 1282 871 3004 29184 | 25
16 | 22 000 89 89 19 40 480 20470 |811,7| 2350 | 1282 1056 |6840| 3004 36293 | 39
17 | 24 000 89 89 15 35 420 20470 |811,7| 2350 | 1282 924 | 5400| 3004 34661 | 31
18 | 21 000 89 89 19 35 420 20470 |811,7| 2350 | 1282 924 | 6840 | 3004 36101 | 42
19 | 28 000 89 89 12 35 420 20470 |811,7| 2350 | 1282 924 | 4320 | 3004 33581 | 17
20| 26 000 12 60 7 20 240 2760 |912,5| 317 1584 528 2520| 405 9266 | 64
21 | 15000 9 6 25 300 2070 238 660 |2160| 304 5731 | 62
22| 9000 5 20 240 1150 132 528 169 2219 |75
23| 5000 12 1 26 312 2760 317 686 | 360 | 405 4840 | 3
24| 7000 27 26 312 6210 713 686 911 8832 |21
25| 8000 27 17 17 28 336 6210 713 449 739 |6120| 911 15478 | 48
26 | 12000 25 3 24 288 5750 660 634 |1080| 844 9255 |23
27| 8000 24 5 20 240 5520 634 528 | 1800| 810 9532 | 16
28 | 8000 16 10 17 204 3680 422 449 |3600| 540 8895 | 10
29| 7000 13 25 300 2990 343 660 439 4732 | 32
30| 6000 11 2 24 288 2530 290 634 | 720 | 371 4833 | 19
31| 5000 11 3 21 252 2530 290 554 11080 | 371 5078 | 2
32| 6000 8 10 23 276 1840 211 607 |3600| 270 6804 | 12
X | 421000 | 1036 238 | 741 | 199 | 835 432223

[lonsTHO, YTO TpOBeneHHbIE HAOMIOACHUS HE
JAIOT MCUSPIBIBAIOIICTO OTBETA O MPHINHAX COOEB
B BOJIOCHAOXKCHHUH 3aTOPOJHEIX OOBEKTOB B HEOP-
JIUHApHEIE epruoabl. TeM He MEHee OHU TTO3BOJIFITH
c(hOpMYJIHPOBATH PSIi KOHKPETHBIX PEKOMEHAIN I

MO COBEPIIIEHCTBOBAHUIO CHCTEMbI BOIOCHAOKEHU S
0a3bl OT/IBIXA U YCIOBUH €€ IKCILTyaTal|uu.

* O0BeM aKKyMYJIHUPYIONIUX eMKOCTEH Heo0Xo-
IuMO yBennuuTh 10 50—60 % oT cyTouHOI mpouns-
BOJIMUTEJILHOCTH CUCTEMBI BOJIOCHA0XKEHHS, TO €CTh
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1o 14,5-17,5 m® npu meinemaux 5,7 m3. M3 pocenii-
CKOM TIPaKTHUKHU U3BECTHO, 4TO 00bEM aKKyMyIHPY-
IOIMIMX eMKOCTeH (0ameH MM KOHTPpEe3epBYapoB)
CEIbCKUX HACEJCHHBIX IMYHKTOB mocTuraetr 30—
50 %. B ®uansaanm ke akkymymupyercs 1o 100 %
CYyTOYHOTO Pacxoja.

* PesepByaphsl 4MCTOI BOMBI TOJKHBI OBITH CEK-
IIHOHUPOBAHBI C BO3MOKHOCTBIO OTKJIFOUEHHS Yac-
TH U3 HUX (10 CAHUTAPHBIM COOOPAXKEHUSM) B IIe-
PHYOJIBI MAJIOT'O BOJIOTIOTPEOICHMSI.

* [Ipon3BOANTEILHOCTE HACOCOB JIOJDKHA OBITH
TIOBBITIICHA C BBIJICJICHHEM T'PYIII HACOCOB Ha OP/IH-
HapHBIC W HEOPJWHAPHBIC CUTYyallUu BOAOpa3dopa
(C 11eTTBI0 SKOHOMHHU JICKTPOIHEPTHUH).

* [Io BOBMOYKHOCTH CIIETyeT UCKIIOUUTH €IUHO-
BPEMEHHBIN MPUEM H pa3MellleHHe TOCTeld BO BCe
TOCTUHUYHBIC HOMepa. M3BECTHO, YTO Jaxe KPyIi-
HBIC BOJOKAaHANBI (HAIIpUMEp, TETPO3aBOACKHI) B
MIPETHOBOTOHIE JTHU MTPOCST )KUTEJIeH Topoa «pac-
TSHYTH» TI0 JIHSAM U 4YacaM CYTOK CTHPKY, yOOpKy
MOMEIIECHHUH ¥ TOJIb30BaHUE AyIIaMH M BAHHAMHU BO
n30exxaHue rnepedoeB B rTOpOACKOM BOJOCHAOKEHHUH.

* XenatenbHO OOecreYMBATHL BPEMEHHOW pas-
PBIB B pa3MelieHny mpuMepHo Kaxasix 30 % roc-
TeH MPOJIOJIKUTENILHOCTHIO HE MeHee 45 u.

ITo pesynbsraram paboThl 0a3bl OTJBIXA B MTOCIIE-
JIYIOIIUE HEOPIUHAPHBIC TICPUOJIbI 3TH PEKOMEH 13-
[N MOTYT OBITh OTKOPPEKTHPOBAHBI.

Oco0oe BHIMaHHUE JOKHO OBITH 00paIeHo Ha
MOBBIIIICHHE PEMOHTOIPUTOIHOCTH 000PYIOBaHUS;
00CITY>KMBAIOIIAN TIEPCOHAN CIEIYeT OOYUUTH 3a-
MeHe HEOXKUJIAHHO BBIIIEAIIIEr0 U3 CTPOS CKBaYKHUH-
HOT'0 HACOCa Ha 3aMacHOW. DTO OJTHO U3 CAMBIX ysI3-
BHUMBIX MECT B CHCTEME BOJIOCHAOKEHHU I JIOKATbHO-
ro 00beKTa: y He0Oy4eHHOT0 IepCoHalia Ha 3aMeHY
HACOCa MOTYT YHUTHU CyTKH, OOYUCHHBIN CIICI[UATUCT
MOJKET BBITIOJIHUTH 3Ty padoTy 3a 45 4.

IIPOTHUBOIIOKAPHOE BOOJOCHABXEHHUE

B 3umHee Bpems Ha coceiHel 0a3e OTIbIXa CITy-
YUJICS MOXKap. AHaIM3 OpraHu3aluy €ro TYUICHHS
W TIOCJEICTBUH TO3BOJIMII BBIIEITUTH PsAJ O0COOCH-
HOCTEH, KOTOPBIC CICIYEeT YUYUTHIBATH MPU MPOCK-
TUPOBAHUHU, CTPOUTECIIBCTBE U IKCILIyaTalluu IIPO-
THBOIIOYKAPHOTO BOJOIPOBOAA OOBEKTOB 3aropoj-
HOTO pa3MelICHUS.

1. 3aka3umK, KaK MPaBUIIO, TOTOB BHIUTH 3a TIpe-
nensl TpeboBannii CHulla 2.04.02-84 «BomocHao-
keHue. HapykHble ceTH W COOpYKEHHUs» B YaCTH
KOJIMYECTBA M PACXO/a OJHOBPEMECHHO JIEHCTBYIO-
X IOXAapOB B CTOPOHY HMX YBCIWYCHHA, COKpa-
IMIEHUS MaKCHMallbHOTO CpPOKa BOCCTAHOBJICHHS
MPOTHBOIIOKAPHOTO 3araca BOJbI 10 MPUYNHE CHU-
JKCHH pHCKa OT BO3ropaHuda U FI/IGeJII/I HCABHXU-
MOCTH, UMYIIIECTBA, YEIIOBEUECKHIX KEPTB.

2. Yame, 4eM B TOPOJICKUX YCIOBHUAX, TPOUCXO-
JIAT aBapUUHbBIC OTKJIIOYEHUSI 00BEKTa OT CTaI[HO-
HApHOT'0 AJIEKTPOCHAOKEHHU S, KOJICOaHNST HAITPsKe-
HUS B CETH, YTO MOXET HApyIINTh HOPMAIbHYIO
paboTy HacOCHOTO 000pYyIOBaHUSI.

3. Bpems nmpue3ga nokapHbIX pacueToB U3 Oiu-
JKAUIINX HACEJIEHHBIX MyHKTOB, PacHoiararoiux
MIPOTHBOIIOKAPHBIMH CITy’KOaMH, 4alie BCEro Ha-
MHOT0 0OJIbIlIe TPEOYyeMOro ISl JIOKAJIU3aluK Ova-
ra noxkapa. B 3umnee BpeMs 3Ta mpoOieMa oKa3bl-
BaeTCs Yalle BCero BooOIIe HepelaeMa n3-3a CHexX-
HBIX 32HOCOB aBTOJIOPOT.

4. CTpouTEensCTBO COOCTBEHHOM CTAIlMOHAPHOM
CHCTEMBI TPOTHBOINOKAPHOTO BOJOIPOBOAA (C BO-
103200pOM, MUPCOM ISl TOXKapPHBIX MAlINH, I0-
J)KapHbIMU pe3epByapaMH, HACOCHOM CTaHIIMEM,
CHCTEMOH TpyOOIPOBOAOB C T'MAPAHTAMH) OKa3bl-
BaeTCsl COM3MEPUMON MO0 CTOMMOCTHU WIIH JIOPOXKE
CaMoro 3aropoJHoro o0beKTa, YTO OCTAHABINBAET
MOTEHI[UATBHOTO HHBECTOPA.

5. Ilpuineraromniye K 3aropogHOMY 00bEKTY BOJO-
eMBI (03epa, TaMOYIIIKH, PeYKH) OTJINYAET, KaK Mpa-
BUJIO, OoJiblIasi HECTAalMOHAPHOCTH B YPOBHSX
BOJBI; TIPH TOJIOTUX Oeperax MOHWKEHHE YPOBHS
BOJIBI BJICUET 3a COOON 3HAUMTENIbHOE yaaneHue oe-
PEroBOM JIMHUU U CO3Ja€T OLyTHUMBbIE TPYAHOCTH
B yCTpOMCTBE Bozo3abopa.

6. AHaIOTUYHBIE TPYIHOCTH B yCTPOMCTBE BO-
703a00pa BO3HUKAIOT B CBSI3U C OOJIBLION TONIIH-
HOH JbAa, MHOTAA IIOJIHBIM IIPOMCP3aHUEM BOIBI
y OeperoBoii JIMHUH.

C ydeTroM 0003HAYEHHBIX OCOOCHHOCTEH IS
0a3bl OTBIXa OBLIIA 3aITPOSKTUPOBAHA CHCTEMA ITPO-
THBOIIO’KapPHOT'0 BOJIONIPOBOJIA, KOTOpAsi BKIIFOYACT
B ceos:

* HU3KOHAIMOPHBIN NOTrPy>KHOU HACOC PaCYETHOU
MPOU3BOIUTENIBHOCTU 1-TrO MOIbEMa; O MOKAPHO-
MYy pyKaBy BOAA IOJIA€TCS K OTAIlJIMBaeMOMY 3/1a-
HUIO TPUOPEKHON HACOCHOH CTaHIIMM; IJINHA pyKa-
Ba o0ecIieynBacT pa3MeIeHre Hacoca (Ha TIOTIIaBKe
UJIH B IPOPYOH) C y4eTOM U3MEHEHUH yPOBHS BOJIBI
B 03epe;

* CTAl{MOHAPHBIN BHICOKOHAIIOPHBIN LIEHTPOOEK-
HBIN HACOC 2-T0 MTOIbeMa, CMOHTHPOBAHHKIN B 371a-
HUUW HACOCHOW CTaHIIHH;

* PE3epBHYIO DJEKTPOCTAHIINIO C OEH3WHOBBIM
(IM3eabHBIM) JBUTATENEM MOLIHOCTBIO, 10CTATOY-
HOHM 11si pabOTHI TOYKAPHBIX HACOCOB 1-r0 M 2-T0
MOBEMOB;

* KOMITJIEKTHI TOXApHBIX PYKaBOB (Ha CHeITe-
JeKKax) 715 MoJayy BOJbI OT Hacoca 2-ro moabeMa
K MeCTaM MOXKapOTYIIEHHUST; KaKI0€ caMoe yaajIeH-
HOE U camMoe BBICOKOE MecTo 0a3bl OTABIXa obecre-
YHUBaAETCS MoJaueil MUHUMYM JIBYX CTPyH C pacxo-
oM 10 1/c.

PexomeHnoBaHHasi crucTeMa IMOXKapHOTO BOJIO-
MpPOBOJA CYIIECTBEHHO YMPOCTHJIA M YJACIICBUIIA
CTPOMTENLCTBO, W30aBMJa OT TaKWX pPabOT, Kak
CTPOUTENBCTBO MPOTHUBOIIOKAPHBIX PE3EPBYapOB,
BO/103200pa PyCIOBOTO THIIA, TPOKJIaKa HAIOPHO-
r'0 BOIOBOJIA IO/ aBTOMOOMIIEHOM AOPOTOii ¢ UHTEH-
CHUBHBIM JIBIDKEHHEM TPy30BOTO TPaHCHOPTA, MPO-
KJIaJIKa ceTell MoXapHOTo BOJIOIPOBOJA HUXKE TIIy-
OWHBI TPOMEP3aHMUS, YCTPOWCTBO MHOTOUHCICHHBIX
BBIITYCKOB, BAHTY30B U T'MIPAaHTOB.
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BOJOOTBEJEHHUE

OcobenHoctu BogonoTpebieHus 0a3bl OTAbIXA,
CBSI3aHHBIE C €€ 3aTOPOJHEIM pa3MEIICHUEM, BITHSI-
IOT ¥ Ha 3KCIUTyaTallHOHHBIC TIOKA3aTEeNH JIOKAIb-
HBIX OYUCTHBIX coopy:xeHuit (JIOC) xo3giicTBeHHO-
OBITOBOM KaHAJIM3AIIHH.

Cymectytomue JIOC mnpencraBieHbl IByMs
[TOCIIEIOBATENIFHO BKJIFOUEHHBIMH B paboTy ycTa-
HOBKamu «Bopomneit». JlonoaHuTEenbHO BBEAEHA pe-
areHTHast 00paboTKa CTOKOB JJIsI HHTCHCU(UKAITAN
mporecca BOJOOYUCTKH W yhaneHus (ocdaTos.
Pa3paboTumk M MOCTaBIIUK YCTAHOBOK 3aBOJICKOM
roToBHOCTH «Bojomnei» — cTapeiiiiiee U BeayIiee B
npexneM CCCP u B upinemnet Poccuu nentpans-
HOE€ HAyJYHO-TIPOEKTHO-IKCIIEPUMEHTAIBHOE TIPE/I-
npusitue — ITHUNIII unxeneprnoro o60pynoBanus
(r. MockBa). ¥YcraHoBka cepTuuIMpOBaHa, HC-
MOJIb3yeT COBPEMEHHBIE TEXHOIJIOTHUH, Pa3OllIach
o crpaHe HauuHasg ¢ 1970-X romoB ThICSYaMU K-
3eMIUISIPOB M MPU HOPMAJIBHOM SKCITyaTallid He
BBI3BIBAET OCOOBIX HapekaHwil. Bce, 4To ceromns
MpeIaraeTcs Ha OTEYECTBEHHOM IPUPOIOOXPAH-
HOM PBIHKE, TaK WM HHAYe MOBTOPSIET TEXHOIOTHIO
ycTaHOBKH «Bononeit».

B pamMkax mpoBepKH YCIOBHH HKCILTyaTaluu
6a3bl oTabixa BecHor 2010 roma cuiaaMu JIHIEH3U-
POBaHHBIX XUMHYECKOW M OaKTEPHOIOTHUECKOM J1a-
Ooparopuii TpoBeneHa peBU3US 3PPEKTHBHOCTH
pabotel JIOC ¢ orbopom M aHAIU30M MPOO OUYH-
IIEHHBIX CTOKOB TIO PSIAY HOPMAaTHUBHO TECTHUpPYe-
MBIX TIOKa3aTeNel. AHaIu3 MOMYUYEHHBIX pe3ybTa-
TOB TTO3BOJIFI C/IEATh CIIEYIOIINE BHIBOIBI:

* CyIsl MO TOKA3aTeNi0 «B3BEIICHHBIC BEIIECT-
Bay, COOPY KCHUS MIPEKPACHO CIIPABIIAIOTCS C MeXa-
HUYECKOH OYHUCTKOM CTOKOB, oOecreunBas [1/IK Ha
YPOBHE BOJIOEMOB PHIOOXO3SIIICTBEHHOT'O Ha3HaYe-
Hus (cHKeHue ¢ 402,8 no 3 Mr/m);

* CyIs MO TMOKA3aTeNl0 «aMMOHUM-UOH», UJAET
WHTECHCUBHOE BTOPUYHOE 3aTrPSI3HEHNE OUUTITAEMBIX
CTOKOB THHIOIIUM OCaaKoM (ToBEITIIeHHE ¢ 1,15 1o
64,4 mr/n, To ecTh B 128,8 paza). 3To TUIMYHEII pe-
3yJIBTAT TUIOXO IKCILTYaTHPYEMBIX COOPYIKEHHH.

Ha JIOC 6a3bl oTabixa CIOXKWIACH CIIETYIONIast
CUTYaIHs C SKCILTyaTaluei.

* [IponomxuTenbHOE BpeMs OCaI0K U3 OTCTOH-
HOM 4acTH ycTaHOBOK «Boponeil» He BBIBO3HICS
BooOmie, nocie ouepennoir pesusuu JIOC B 2009
oy OCaJOK Hauyall BBIBO3UTHCS, HO OT ClIydas
K clTydaro (HE 110 peTJIaMeHTY).

* Ocasiok HU pasy (a JenaTh 3TO HAIO0 KaXKIbIH
pa3) He OTKAUYMBAJICS U3 COOPYKEHHM TOJHOCTHIO,
MTOCKOJIBKY apeHIyeMasi BAKyyMHasl MallliHa UMEeT
KOpOTKHIl BcachiBaromui nutanr; a0 30 % ocanka
W3 pas3a B pa3 OCTAeTCI HETPOHYTHIM, THHUIOIINM
U SIBJISIETCS UCTOYHUKOM BTOPUYHBIX 3aTrp3HECHUN.

» Cyns 10 TTOKa3aTeTto «KeJIe30», B IOHHOM, He-
BBEIBO3UMOM CJIO€ OCaJiKa UJIEeT KHCIoe OpoXeHHe,
YTO BBHI3BIBAET YCKOPCHHYIO KOPPO3HWIO MeTajia.
OTHM OOBSCHSAETCS MPUPOCT KOHIEHTPAIINH Kelle-
3a B OUMIIEHHBIX cTokax — ¢ 0,26 mo 1,73 mr/m, To
ecTh B 17,3 pa3a. CoxpaHeHHe TaKOl CHTyalllH Be-

IeT K mepdopanui Koprmyca YCTAaHOBKH CO BCEMHU
BBITEKAIONTUMH OTCIOJIa TIOCIICACTBUSIMH.

* [loka3zarenb «HeQTEMPOAYKTH) IMPU KOHIICHT-
panuu B ucxomaoMm croke 0,11 Mr/ir Ha BBIXOZIE YBE-
nnuuBaeTes 10 1,06 mMr/m. B TeXHOIOrun OYUCTKH
He(TEeMPOAYKTHI HE HCHONB3yIoTCs. Vet necopO-
UM U3 JOHHOTO OCaJKa HAKOMUBIIMXCS paHee He-
(TenpoAyKTOB, KOTOPHIE TONATH YE€Pe3 pa3pyIIeH-
HbIC KaHaIu3aluoHHble KonoAusl Ha JIOC ot pas-
JINBOB Macel U AU3TOIIMBA U3 3€MJIEPOMHON TeX-
HHUKU U TPY30BOTO aBTOTPAHCIOPTA MPHU MPOBEAC-
HHUW CTPOUTEIBHBIX pabOT Ha 0OBEKTE.

e Cyns mo moxaszaTento «BHK5», nporecc 6uo-
XUMUYECKOTO0 OKHUCIIEHUS OPTaHWKW HE OPraHhu30-
BaH: MPOUCXOMUT cHUxeHue ¢ 383,2 no 141,6 mr/n
TP HOPMATHUBHBIX 3—5 MT/II.

«PBanbIi» pexxuM QyHKIHOHUPOBAHUS BOJOXO-
3STCTBEHHOTO OOBEKTa 3arOPOJHOTO Pa3MEIICHUS
(MHTEHCUBHOCTh CTOKOB 3aBHCHUT OT KOJHYECTBa
rocrtei) mpexanonaraeT oO0sA3aTeNbHYI0 TIEepeHa-
cTpoiiky padotsl JIOC nox u3MeHsroninecs ycio-
BHUSI C TIOCTOSTHHBIM KOHTPOJIEM U PETYIHPOBAHUEM
nJI0BOM Macchl. [TprdeM pe3ynsrarsl Takou nepeHa-
CTPOHUKHU CIIeAYyeT OXKUAATh HE paHee ueM yepes3 23
Henenu. OnHako mpebbiBaHME HAa 0a3e OpraHu30-
BaHHBIX T'PYII OTABIXAIOIINX YACTO 3aKaHIHBAETCS
paHBIIIe 3TOrO0 CpOKa, U BCE HAUMHAETCS CHadalia
yKe ¢ HOBBIM 3a€3710M rocTeil. PerymsipHas nepena-
crpoiika padoTel JIOC mox cuily TOJBKO OMBITHBIM
orepaTopam-CIeHalInCTaM B 001aCTH BOJJOOYHCT-
KH, Yero He MOXET ce0e MO3BOJIMTh MPEANPUSITHE
C HEYCTOWYNBHIMU ()MHAHCOBBIMU TIOKA3aTEISIMHU.

J171s1 IOBBITIIEHUS HAJEKHOCTH PabOTHI CYIIECT-
Byrouux JIOC npenioxen psx MEPOIPUSITHI.

* JloHHBI 0CaIOK 13 00eKX yCTaHOBOK « Bomoeii»
JIOJOKEH OBITH Pa3MBIT M TOJHOCTHIO BBIBE3EH Ha
WJIOBBIC TUIOMIAAKN OMMKANTIINX AEUCTBYIONIUX I10-
cenkoBbIX uiu ropoackux KOC.

» CTpyiiHas asparus B adpairoHHON YacTH yc-
TAHOBOK IMOJJICKUT 3aMEHE Ha KOMIIPECCOPHYIO.

* JIoM>KHBI OBITH TTIOCTPOCHBI MaJIOMHEPITUOHHBIC
B TEXHOJOTMYECKOM ILJIAHE COOPY>KEHUS JOOUHUCT-
KH; C Y4eTOM TEPPUTOPHATHHBIX BO3MOXKHOCTEH
0a3bl OT/IBIXa B Ka4eCTBE TAKOBBIX MPEIararoTcs
MeJIEHHBIE (QIIBTPBL. DTH COOpPY)KEHUS pabOTaroT
IO TEXHOJIOTHH TIJICHOYHOTO (PYIIBTPOBAHUS, HX OT-
JNYaeT caMas BBICOKAs CTETEHb OYHCTKH 110 CPaB-
HEHUIO C JPYTUMU TEXHOJOTUSMH (32 UCKIIOYCHHU-
€M MEeMOpaHHOM); IJICHKA, 00eCIIeINBAONIas MeXa-
HHUYECKYIO TOOYUCTKY CTOKOB OT B3BCIICHHBIX Be-
IIECTB ¥ aKTHUBHOTO HJia, (JOpMUpYETCS Ha ITOBEPX-
HOCTH MEJKO3EpHUCTOrO mecka 3a 3—5 4. Ilnenka,
obecnieunBatomas padboTy MeIJIeHHBIX (YUIBTPOB B
pexkuMe OHOJIOTUYECKOI TOOYUCTKHU, (POPMUPYETCS
3a 10—14 4.; memyieHHbIe QUIBTPHI OTHOCATCS K CO-
OpPYKEHUSIM «PEIKOTO0» OOCITY>KUBAHUS: MPU TOJ-
TOTOBKE BOJBI JJISl XO3SHCTBEHHO-ITUTHEBBIX IETei
W3 PEUYHBIX HJIM O3€PHBIX BOIOEMOB pereHEepalus
MPOBOJUTCS JUILb Yepe3 3—6 Mecs1IeB, IPU IOOUHC-
TKE X030BITOBBIX CTOKOB — Yepe3 2—3 Heelu.
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BbIBO/JbI

1. ®akTHuecKkoe X035 UCTBEHHO-MUTHEBOE BOMIO-
norpebieHre Ha 0a3ax OTIbIXa 3arOPOJHOrO Pa3-
MereHus Huxke npexycMmorpennoro CHull 2.04.02-
84 «Bonocnabxenue. HapyxHble ceTH B cOOpyxe-
Hus» u CHull 2.04.01-85 «BuyTpenuuii Bogomnpo-
BOJIl ¥ KaHAJTU3ALHS 3TaHHI.

2. KpaliHe HEpaBHOMEpPHBIE PEKUMBI BOJOINOT-
pebiieHus B HEOpAMHAPHBIE NEPUOBI (TPAa3THUKH,
MacCOBBIC KOPIOPAaTHBHBIC 3ae31bl) TpeOyoT yCT-
pONCTBA pe3epByapOB YUCTOM BOABI CYIIECTBEHHO
OonbpmUX 00BEMOB, YEM pacCUYUTAHHBIE IO Jeiic-
TBYIOIIIUM HOPMAaTHBaM.

3. 3aka3uMKH, KaKk MpPaBUIIO, TOTOBBI BBIUTU 3a
npenensl TpeboBanuii CHulla 2.04.02-84 «Bomo-
cHaOxeHne. HapykHble CEeTH W COOpPYXEHHUS» B
YaCTU KOJMYECTBA U pPacxoja BOABI HAa Hapy>KHOE
MOYKapOTYIIEHHE B CTOPOHY WX YBEIHYEHHUS, CO-
KpamieHns MAaKCHMaJIFHOT'O CPOKAa BOCCTAHOBJICHHS
MPOTHBOIIOKAPHOTO 3amaca BOABI IS CHUXCHHS
pUCKa OT BO3rOpaHHWsl U THOETU HEIBHIKUMOCTH,
MMYIIECTBA, YEIOBEYECKIX KEPTB.

4. B cocraBe NMPOTHUBOMOKAPHOTO BOAOIPOBOJA
0a3 OT/ABIXa 3arOPOJHOTO pPa3MEIIeHHs 00s3aTeNb-
HO HaJIMYHUE PE3ECPBHOM DIICKTPOCTAHIINH (C OCH3H-

HOBBIM MJIM TM3€JIbHBIM JIBUTATENIEM) MOIIHOCTHIO,
JIOCTATOYHOM 11 pabOTHI MIPOTUBOIOKAPHBIX Ha-
COCOB M aBapUHHOTO OCBEIICHUS 00bEKTa.

5. BcrencTBre dpe3BBIYAiHO BBICOKOTO KO3(-
(unreHTa ce30HHOW HEPaBHOMEPHOCTH BOJIOIOT-
pebrneHns 1 BoIooTBeIeHHS Ha 0a3ax OTAbIXa 3aro-
POAHOTO pa3MENIeHHUs] ONTUMAJBHBIM CIIOCOOOM
OHMOJIOTMYECKOM OYUCTKH XO3SHCTBEHHO-OBITOBBIX
CTOKOB CJI€yeT CYMTATh TIOYBEHHBIN.

6. Ha srame mpegoductku 3¢pGheKTUBHO TTpUME-
HeHHE (PU3UKO-XMMUYIECKOH 00pabOTKH CTOKOB.

7. Coopy>keHUsI BOJONPOBOAA W KaHAJIU3ALHUU
0a3 OTHbIXa 3aropoIHOr0 Pa3MEIICHUs JOJIKHBI
HMETh CEPBUCHOE OOCITY>KUBAaHUE CIIECLUATH3HPO-
BaHHOHW (pUPMOIi NN KaK MUHUMYM KOHCYJIbTaTHB-
HOe 00cTyKMBaHWE Ha OCHOBE JIOTOBOPHBIX OTHO-
MIEHUH C OMBITHBIM TEXHOJIOTOM B OJMIKaWIIUX yC-
MENIHO pabOTAIOMIMX MMOCENKOBBIX HWIIW TOPOIACKUX
KOC.

8. [IpeObiBanme Ha 06a3ax OTIBIXa 3aTOPOIHOTO
pasMelneHus IeTeil AUKTYeT CTPOroe coOoAeHIE
tpeboBanuit CHull 2.04.02-84 «BogocHabxenue.
Hapy>xnsbie cetu u coopysxenusi» u CHull 2.04.03-
85 «Kananuzanus. HapyxHble ceTH U cCOOpyxke-
HHS» B YacTH OTPaXJACHUS BOJOXO3SIHCTBEHHBIX
COOPYKEHUH.
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CraTps TOCBAIIEHA OMICAHUIO pa3pabOTaHHON MOJENH, TpeTHA3HAYCHHOHN I pacyeTa MpOJOIKUTENb-
HOCTHU MHCOJISIIUM NOMEIEeHUH. /[aHHas Mozenb peain3oBaHa B IPOrpaMMHON CUCTEME, IIPEIHA3HAYCH-
HOW J1JIsl IPOBEJICHUST UCTOPHKO-apXUTEKTYPHOTO aHanu3a 00bEMHO-TNIAHUPOBOYHON CTPYKTYPBI TPaIu-
LHMOHHBIX celbCcKUX nmocenenuit Pycckoro Cesepa. Llenb aHanu3a — BEIIBUTH TEHJCHIIUIO K I0KHON OpUeH-

Talnuu 3aCTpOﬁKH.
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TUIAHUPOBKA MOCEIICHUA

OnmHolt U3 0COOCHHOCTEH TPAAUITMOHHBIX CEIb-
ckux moceneHuii Pycckoro CeBepa siBiseTcs UX
«BIHUCAHHOCTB» B OKpY’Karollee MPHUPOJHOE Mpo-
CTPAHCTBO, KOTOpasi 00eCIeYNBACTCS YMEJIBIM HC-
[0JIb30BaHUEM JIAaHAIA(QTHBIX U KIUMATHYECKUX
0COOCHHOCTEH TEPPUTOPHH TIPH (HOPMHUPOBAHUH
3aCTPOUKH IS CO3JaHMS B TOCEICHHH KOMQOPT-
HOW, MO TPEACTABICHUSIM U TPeOOBaHMIM HapO[-
HOU KyJNBTYpBI, cpensl mpoxxuBaHus. Cneunduka
TAKHUX PEICTABIICHUH B KyJIbTypax pa3IMuHbIX Ha-
POIOB HalLIa OTPa)XXEHUE B CTPYKTYPE 3aCTPOHKH
UX IIOCEJICHHH, YTO MO3BOJIMIIO PACCMAaTPUBATh OCO-
OCHHOCTH IUTAHUPOBOYHON CTPYKTYPHI B Ka4eCTBE
3THHUYECKON XapakTepucTuki [1]. BrisBienue atux
0coOeHHOCTEH MMeeT OOJIbIIoe 3HAUEHHE B UCTOPH-
KO-apXUTEKTYPHBIX UCCIEAOBAHUAX U SBISETCS Of-
HOH 13 Hanbosee NPUOPUTETHRIX 3anad. s ee pe-
LIEHUs ObLT IPEIJIOKEH P METOLUK, ONEPUPYIO-
IIUX KOIMYECTBEHHBIMHU XapaKTePUCTHKAMH U 1103~
BOJIAIOIMMH TPOBOIUTH OOBEKTHBHBIA aHAIN3
Pa3IUYHBIX TapaMeTPOB 00BEMHO-TIIAHUPOBOYHOM
CTPYKTypbI niocenenuit [2], [3], [4]. Onaum u3 Ha-
MpaBJICHUI MOAOOHOTO POJa UCCIENOBAHUN SIBIIS-
€TCsl BBISABJICHHEC M aHAJIU3 TEHACHLUU K FOXKHOU
OpPUEHTAIINU 3aCTPOMKH TPAJUIIMOHHBIX CEIBCKUX
noceneHuit Pycckoro CeBepa Kak 3THOAPXUTEKTYp-
HOU XapaKTepUCTHKH UX MJIAaHUPOBOYHON CTPYKTY-
pBl. B cooTBeTCTBUM € NMpPENIOKEHHON METONUKON
yKa3aHHasi TEHJICHLHS MOXKET OIPeNeNAThCs Yepes
OLICHKY OpHEHTALUH KUJIBIX JOMOB, 00€CIIeYnBaI0-
e MaKCUMaIbHY 10 HHCOISIINIO (COTHEYHOE OCBe-
[IEHUE) IOMENICHUH B JIUIIEBOU 9acTu goma [S]. st
MIOJTyYEHU S IOCTOBEPHBIX PE3YJIBTATOB MPH OLIEHKE
MJIaHUPOBKHU M 3aCTPOHKH HEOOXOAMMO HMCHOIB30-
BaHUe OONBIION Oa3bl MCCIEIOBAHUS, BBIIIOJIHEHHE
© lneit M. /1., bopucos A. 10., 2011

TPYJIOEMKOT'O IpoIlecca aHaIn3a IMiIaHa MOCEJIeHHS
Y pacyeTa MpoJOKUTEIHbHOCTH MHCOMSLIUY pa3iny-
HBIX YacTeH Ka)IOH KUJIOH MOCTPOMKH, 4TO TpeOy-
€T ONEepPaTUBHON CPaBHUTEIHHON OLIEHKH OOIBIIOTO
KOJIMYECTBA TIAHOB ITOCEJICHUH 10 Pa3HOOOpa3HBIM
napaMeTpaM M MokasaTessiM. ABTOMAaTH3alus JaH-
HOW paboTHI CYIIECTBEHHO MOBBIMIAET €€ CKOPOCTh
u obecrieunBaeT Oosee TOYHbBIe Pe3yabTaThl.

[IpenMeTom omucaHus TaHHOW CTAThU SBISIOTCS
pe3yabTaThl Pa3pabOTKH MaTeMaTUYECKOW MOJIEIH,
MO3BOJISIOMIEH TPOBOAUTH PACYET MPONOJKUTEIb-
HOCTHM OCBELIEHUS Pa3INYHBIX YacTe TpaaHuIMOH-
HOT'O CEITCKOTO0 JKHUIIHIIA, MMEIOIINX KaK IparMaTu-
YEeCKOe, TaK U CHMBOJIMYECKOE 3HAUYCHUE, — BHYTPEH-
HEe POCTPAHCTBO U30bI, €€ KPACHBIN yTOJI, BXOJTHBIC
CTEHBI U TJIaBHBIN (pacaj qoma.

[Ipennaraemass MaTeMaTuueckass MOAEIb MOCT-
pOE€Ha Ha OCHOBE METOZAA ONpeIeIeHUs TPOAOTIKHU-
TEJIBHOCTH MHCONALUU, TpeasioxkeHHoro b. A. [y-
HaeBbIM [4], CyIIHOCTH KOTOPOTO 3aKJIIOYaeTCs B
COBMEIICHUU TaK HA3bIBAEMOU «COTHEUHOM KapThI»
Y CBETOTEHU OKHa 151 MO/ICUeTa KOJIMUECTBA YacoB,
B TEUEHHUE KOTOPBIX COJIHEYHBIA CBET CMOXET MpPO-
HUKAaTh B IOMEIICHUE.

MeTtoanka aHain3a OOBEMHO-IIJIAHUPOBOYHOM
CTPYKTYPHI TOCENCHUS 10 MPHU3HAKY HHCOJSIUU
3aCTPOMKHM OCHOBAaHA HA YYETE CTPYKTYPHI >KHIH-
11a, BKJIIOYasl pacloyiokKeHHe BXoJa B JIOM, IJIaHU-
POBOYHBINA THI W30bI U €e OKOHHOCTH [5]. Cxembl
JIOMOB ¥ W30 Ha Ka)KJIOW TEPPUTOPHH TPATUIINOH-
HBI, ¥ KOJIMYECTBO UX PA3HOBUIHOCTEH OTpaHUde-
HO, TTIO3TOMY TOJIBKO ITOCTAaHOBKOM J0Ma Ha MECT-
HOCTH, TOM WJIM UHOM HAIMPABJICHHOCTHIO TNIABHOT'O
(hacaza OTHOCHTEIIEHO CTOPOH TOPU30HTA KPECThSI-
HHUH MOT BIMSITh Ha MapaMeTpbl €ro OCBELUEHUS.
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3T0 MO3BOJISIET ONPEICIICHHBIM 00pa3oM YHUDHUITH-
poBaTh MOCTPOMKHM MO XapakTepy peKHMa OCBe-
IIEHHOCTH, pPacCMaTpUBasi ISl OIICHKH OCBEICHHS
JIoMa BHYTpEHHee MPOCTPAHCTBO M30BI KaK TJIaB-
HOC, @ BO MHOI'UX CJIy4yasdaX U €AUHCTBCHHOC XKHUJIOC
noMmenienue noma. [IpoBeeHHBII aHATH3 TIIAHUPO-
BOYHBIX CXEM JKUJIBIX YacTe JOMa U BXOIAIIUX B
HX COCTaB W30 Ha IpUMeEpe IEePEBEHb 00CIIeI0BaH-
HBIX TEPPUTOPUI BBISBUI TPH OCHOBHBIX BO3MOXK-
HBIX MJIAHUPOBOYHBIX THUIA W30BI HCXONS U3 YCIIO-
BUW €€ OCBEIICHHWS — C OJHOCTOPOHHHM, JBYCTO-
POHHHM ¥ TPEXCTOPOHHHUM OCBelIeHneM. Bpems
HHCOJJIAI NN HOMCHICHI/Iﬁ 3aBHUCUT OT r€OMECTpPHUYCC-
KHX pa3MEpOB CBETOBBIX IPOEMOB: pa3IU4YHOE HX
KOJIMYECTBO W TIOJIOKEHWEe Ha (pacame 3maHUS HE
BIIMSIET HA MPONOJDKUTEIHFHOCTD OCBEIIEHUS BHYT-
pEHHEro MPOoCTpaHCTBa [6].

PaccmaTpuBaemas MaTeMaTHueCcKasi MOZIENb MO-
JKEeT OBITh TPOMJLTIOCTPHPOBAHA HA TIPUMEpe H30bI
C OJHOCTOPOHHUM ocBemeHueM (puc. 1). BHyTpen-
Hee MPOCTPAHCTBO M30BI OIPaHUYCHO CTEHAMHM, Ha
OJTHOH 13 KOTOPBIX pacHonoxkeHo okHo. [Tomenenne
OCBEIIIAETCS B TOM CITydae, €CIIM TOTOK COTHETHOTO
CBE€TAa HAXOAUTCHA B I'paHULIaX TOPU30HTAJIBHOT'O UH-
COJISIMOHHOTO YTJIa OKHA, 3HaYeHHUEe KOTOPOro OIl-
penensercss TeOMETPUUYECKUMHU pa3MepaMHu OKOH-
HOTO MpoeMa U TOJIIHUHON CTEHBbl. AHAJIOTHYHBIM
00pa3om ompenenseTcs BepTUKATBHBIN HHCOJSITH-
OHHBIN YIrojl OKHa, BEIMYMHAa KOTOPOI'0 TAaKKE 3a-
BUCHUT OT BBICOTHI OKHA M TOJIIMHBI CTeHEI. JlaHHBIT
yroJl B TNPEMIOKEHHOW MOIENTN He YYHUTHIBAeTCs,
IMOCKOJIBKY €TI0 3HAYCHUC JId TPAAUIIUOHHBIX XU~
JBIX TIOCTPOEK JocTuraet 69°, a Ha paccMaTpuBac-
Mot Tepputopun (Pycckuit CeBep — or 55° mo
65° c. 111.) COJTHIIE HE TOTHUMAETCS HaJl TOPU30HTOM
Ha yroi Beime 50°.

) TOPH3OHTaNbHLIA !/

Puc. 1. I36a ¢ 0oAHOCTOPOHHUM OCBEIICHHEM

OCHOBHBIMH napamMeTpaMm, BJIIMAIONIUMU Ha
MIpOAOIKUTEIIbHOCTD OCBCIICHU A BHYTPCHHETO
MPOCTPAHCTBA pacCMaTPUBAEMOM U30bI, ABIISIOTCS:
ITAPOTa MECTHOCTH, MTEPHO]] HAOTIOACHUS (MECSIT),
a3UMYT JIOMa, ONpEIeNIIeMbId Yepe3 a3uMyT Tep-
MEHIUKYJISpa K CTEeHE TIIaBHOTO (acana, U IMUpHHA
OKOHHOTO ITpoeMa.

MATEMATHYECKAS MOJEJIb

IlocTponm Mozens s ONpeneneHHus] BpeMEHU
HMHCOJISIIUM  PACCMOTPEHHOM BBINIE MOCTPOMKH.
OcHoBHad 3afaya, penlaemMasi Ipyu MOMOLIY AaHHOH
MOJIENH, — TPOBEJCHHE pacyeTa MPOI0JIKUTEIBFHOC-
TH OCBEILIEHHUS BHYTPEHHETO0 MPOCTPAHCTBA MOCT-
pPOMKHM Ha OCHOBE CIEAYIOMIMX BXOAHBIX MapaMmer-
POB: MIMPOTAa MECTHOCTH, MECSII] HAOMIOACHUS, a3U-
MYT JIOMa, IIUPUHA OKOHHOTO MTPOeMa.

Llae 1. Ilocmpoenue conneynot Kapmol

st uccnenyeMoit HoCcTpOMKM COTHIIE ONUChIBaA-
et Ha HeOocBoae Ayry (puc. 2). Ilpun HamBbICIIEM
MIOJIOKEHU U MTPOEKIUS COJIHLA Ha TOPU30HTAJIBHOMN
TLUTOCKOCTH OYZIET JeKaTh Ha TIPSMOH, TTPOXOAAIICH
yepe3 Touky O M yKa3pIBaIOIIeW HAIMpaBJICHHE Ce-
Bep — tor. Takum 0Opa3oM, MPOEKIHS TPACKTOPHHU
JIBHO)KEHUSI COMHLA B TOPU30HTAJBHOH IMJIOCKOCTH
OyzeT cCMMMETpUYHA OTHOCUTEIHHO JIMHUHU CEBEP —
0T, @ YKa3aHHOE TOJIOKEHUE COJTHIA COOTBETCTBYET
aCTPOHOMHYECKOMY BpeMeHH 12 4. nHs. Pa3bus Tpa-
EKTOpUIO Ha 24 paBHBIX CErMEHTA HAuWHas OT Ha-
MBBICHIEN TOUKH, MBI CMOYKEM OIPENEIUTH MOJIOXKE-
HUE COJHIIA B pa3JInyHOE BpeMsl CyTOK. ToukH, pas-
IPaHUYMBAIOIINE JaHHBIE CErMEHTHI, OyOyT YKa3bl-
BaTh Ha MOJIOKEHNE COTHIIA B ONPEETICHHBIE Yachl.

Yron Mexay TOpU30HTAIBHOM IUIOCKOCTBIO U
IIJIOCKOCTBIO, B KOTOPON JIEKUT TPAEKTOpPHUs JIBU-
KCHUS COJIHIA, pacCUUTHIBaeTcs MO (dopmyde
0. =90°— ¢, TAe @ — MUPOTa MECTHOCTH.

Puc. 2. Tpaektopus IBHKEHHUS COJIHIIA 10 HEOOCBOAY

Jl1s1 MecsilleB BECCHHETO U OCCHHETO PaBHOJICH-
CTBUSI TUIOCKOCTh, COJICpIKaIas TPACKTOPHIO COJIH-
na, OyaeT nmpoxonuth uepe3 Touky O (puc. 2). dus
JIpPYTUX MecsIeB OyAeT MPOUCXOAUTH CMEIleHUE
TpaeKTopuHu Ha cienyroomuit yroiu [7] (puc. 3):

0 =23,5*cos ﬁ*(l—lgj ,

rIae m — Mecs1| HaOJIr0neHU .
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Puc. 3. CmemieHne TpaeKTOPUH COITHIIA

Takum 00pa3oMm, ISl ONMpPEAeNICHHON ITHPOTHI
MECTHOCTH M BpEeMEHU HAOIIONCHUS MOXHO IOCT-
POUTH MPOEKIUI0 TPACKTOPUU IBHUKECHHS COJIHIIA
Ha TOPU3OHTAIBHYIO ILIOCKOCTH. Pe3ynbrar mocT-
pOCHUS JaHHOM MPOEKLMH JJIs IIUPOTHl MECTHOCTH
60° 1 Mecsina anpens NPeACTaBIICH Ha pUC. 4 B BUJIC
aiunca. ToukaMy Ha 3JUIMIICE YKA3aHO MOJI0KEHHE
COJIHIIA B OTIPEJCICHHBIC Jachl cyToK. O003HAYNM
JIAHHbBIE TOYKHU KaK H,, Ipu 5TOM HOMEpA TOYEK Oy-
YT COOTBETCTBOBATH yacaM. X KOOpAUMHATHI MOX-
HO pacCcyuTaTh MPU NOCTPOCHUH MPOCKIIUU TpackK-
TopuH. TOUKH, B KOTOPBIX TPAEKTOPHUS COIHLA Tie-
pecekaeT rOpu30HTAIBHYIO TIJIOCKOCTH (TOYKH BOC-
X07a W 3akara COJIHIA), o0o3Ha4YeHBI Kak B u 3.
JanHbli rpaduK, ONUCHIBAIOIINN TBUKEHUAE COIH-
11a, Ha3bIBaeTCs COIHEUHOMN KapToi. C ee MoMOIIbI0
MOXXHO ONpPEIEIUTh MECTOIOJOXKEHUE MPOCKLINHI
COJIHIIA HA TOPU30HTAIBHYIO IIJIOCKOCTh AJ1S IPOU3-
BOJILHOTO BPEMEHU CYTOK, U HA000pOT.

O
e e

Mpoekuua
TPAeKTOpHK
ConHya

Puc. 4. Conneunas kapTa s ceBepHOi mupoTs 60°
1 Mecslla anpens

Llaz 2. Ilocmpoenue ceemomenu OKHA U co8Me-
ujeHue ee ¢ CONHeYHOU Kapmou

3Has TONMIMHY CTEH W MIUPUHY OKOHHOTO IIPO-
eMa, MOJKHO PacCYUTaTh TOPU30HTAIBHBIN HHCOSI-
LHMOHHBIN yTOJ OKHA.

CornacHo metoauke JlyHaeBa, JaHHBIN yrou He-
00XOIMMO COBMECTHUTH C IMOCTPOSHHOW COITHEYHOMH
KapToi. [[J1s1 5TOro Haio MOCTaBUTh LIEHTP OKHA HUC-
CJIelyeMOU MOCTPOMKH B LIEHTP COJHEYHOW KapThl
TaK, 4TOOBI IIEHTP HMHCOJISIMOHHOTO yIJia ObLI Ha-
npaBJicH Ha ceBep. Jlanee HEOOXOMMMO OBEPHYTH

WHCOJISIIMOHHBIIN YToJl TI0 4aCOBOM CTPENKE Ha 3Ha-
YeHHe a3uMyTa CTEHbl, Ha KOTOPOM HaXOJUTCSH
okHo. Ha puc. 5 npuBeneH npumep 1aHHOTO COBMeE-
IICHMS JJIs IIMUPOTHI MECTHOCTH 60°, Mecsiia anpe-
71 U TOCTPOMKHK C a3MMYTOM HAalpaBlIEHUsS OKHa
30°. Jlyuu OJI u OII siBsiroTCS JI€BOM M IPpaBOM rpa-
HULIEH CBETOTEHU COOTBETCTBEHHO.

HOor

Puc. 5. Conneunas xapTa, COBMEIICHHAs CO CBETOTCHBIO OKHA,
JUTSI IAPOTHI MeCTHOCTH 60° 1 Mecsila anpes

3nas yroin igyda OJI, MOXXHO HallTH TOUKY Iepe-
CEUeHHs TPAHMLIBI CBETOTEHU C MPOEKLUEH Tpaek-
TOPHH JIBM)KEHHSI COJTHIIA — TOUKY JI, aHAIOTHIHBIM
00pa3oM MOXKHO HalTH TOUKY I1.

lllaz 3. Onpeoenenue 6pemeHu HAXONHCOEHUS

COTHYA 8 3A0AHHOM NONONCEHUU
Kak y»xe ObUIO cKa3aHO BBIIIE, MOXKHO OIpele-

JIUTh KOOPAMHATHI TOYEK, B KOTOPHIX COJHIIE HAXO-

JUTCS B ONPEJIETCHHBIE Yachl (TOUKH [, HA TIPOEK-

IuU TpaekTopun). Mcxonst M3 3TOro MOKHO Ompese-

JIUTH BpeMs HAXOXKJICHHSI COJIHLA B T1000i Touke I1

TpPaeKTOpHH, 3HasI €€ KOOPAUHATHI. J{151 3TOr0 HEeod-

XOZIMMO BBITIOJIHUTH CIENYIOUUN alTOPUTM.

1. Haiitu quist touku [1 Omkaifinyro Touky u3 Mac-
cusa H. O603na4nM HOMED NaHHOH ToukH K.

2. Haiitn nist touku IT rouky us maccusa H, paccro-
SIHUE 10 KOTOpOo# OyzeT Oomnbiie, 4eM A0 ToukH K,
HO MEHbIIE, YEM PACCTOSAHUE 0 APYTUX TOYEK.
O06o3HaunM HOMeEp MaHHOH Touku M. Takum 00-
pa3oM, MBI HaiiZieM JIBe€ TOUKH oA Homepamu K n
M, Mex 1y KOTOpbIMH OyZeT HaXOauThcs Touka [1.
Uucna K 1 M 0603Ha4aroT 1es1sIe 4achl CyTOK, OT-
paHUYMBAIOIINE BPEMEHHOM OTPE30K, Ha KOTOPOM
COJIHLIE HaxonuTcs B Touke 1.

3. Mensmee uncio n3 K u M Oyaet yka3pIBaTh qac,
B KOTOPBII MPOEKIIHS COMHIIA OyIeT HaXOAUThCS
B Touke I1.

4. Ecmu K <M, To Bpems, B KOTOpOE COJHIIE OyIeT

HaxoauThCs B Touke 1, ompemensercs ciemyro-
Paccmosanue(K, IT)

Paccmosnue(K, M)
Paccmosnue(M , IT)
Paccmosinue(K,M)

UM o0pa3om: Bpems =K +

Wnaue: Bpems=M +
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Llaz 4. Onpedenenue npooodHcUmMeIbHOCMU
uHconsyuu Ons yaaa
[Tpu mocTpoeHUH MPOEKIIUH TPAEKTOPHUH MOYKHO

ONpeleauTh KOOPAUHATH TOYEK BOCXOJA U 3aKara

conHua — 1ouku B u 3. [Ipu nocTpoennu cBeToTeHU

OKHa OIMPEIEINSIOTCS TOYKH MEPECeUeHHs TpaHUI]

CBETOTEHM C MPOEKIMENH TPACKTOPUU — TOUKH JI u

I1. lna pacuera mpoOAOIKUTENEHOCTH HAXOXKICHHS

COJIHIIA B TOPU30HTAJIBHOM HHCOJISIIUOHHOM YTJIE

JIOIT (puc. 6) mpenHasHadeH CIEAYIONIUN alro-

pUTM.

1. C moMoImp0 anropuT™Ma, YKa3aHHOTO B Imiare 3,
OTIpeZIeTuM BpeMsI HAaXOXKIEHU S COTHIIA B TOUKAX
BOCXO/Ia, 3aKaTa W I'PAHUI] CBETOTEHU (TOYKHU B,
3, JI u IT). OG03HauMM JTaHHBIC 3HAYCHUS BpEMe-

HU KaK #p, t,, [, U {,COOTBETCTBEHHO.

2. Jlamee poaOIKUTEIIFHOCTh WHCOJISIITNY BBITHC-
JISIeTCA MO0 CXEeMe, MpeJCTaBlIeHHOW Ha puc. 6.
Pesynbrar nozucuera o6o3HaqaeTes £,

Puc. 6. AHFOpI/ITM rnoacUeTa nNpoAOIKUTEIBHOCTH HHCOJIALUN

B pesynbrare Ha OCHOBE BXOAHBIX JAHHBIX (IIU-
pUHA OKHA, TONIIWHA CTEH, MECSI] HAOIOICHUS, TN~
pOTa MECTHOCTH U a3UMYT CTEHBI, HA KOTOPOM HaXO0-
JIUTCSI OKHO) TIPOU3BEIH PACUET MPOAOIDKUTEIBHOC-
TH OCBEIIEHHUS BHYTPEHHETO IIPOCTPAHCTBA U30BI.

JlaHHYTO MO/IETTh MOYKHO HUCITOJIH30BATh JIJIS MTOJI-
cyeTa MPOIOJIKUTEIFHOCTH HHCONSIIUY APYTUX TH-
OB MOCTPOMKH U UX Pa3IMYHBIX yacTel. s aToro
HEOOXOIUMO OIPEACIIUTH COOTBETCTBYIONINE HHCO-
JAIUOHHBIC YTIBI U TIPHU MTOMOIIY MOJENH MOICYU-
TaTh MPOAOJKUTEILHOCTh OCBEILICHHUS.

[Ipennoxennas B JaHHOM cTaTbe MOJEIH pealu-
30BaHa B BHJIE IPOrpaMMHON cucTeMbl [8]. lanHas
nporpaMMHasi peanu3aius o0ecleyuBaeT orepa-
TUBHOCTh M TOYHOCTH ITPOBEACHUSI HEOOXOIUMBIX
pacdeToB IS OMpENeNIeHUs MPOIOJKUTEIFHOCTH
WHCOJISINN HUCCIENYEMBIX OOBEKTOB W WX JaCTEH,
YTO TIO3BOJISAET UCIOIB30BaTh Pa3pabOTKy IS UX
HCTOPUKO-apXUTEKTYpHOro aHanu3a. Ha puc. 7 npu-
BelleH mpuMep paboThl MpOrpamMMbl MO TOACYETY
MIPOJODKUTEFHOCTH WHCOJISINY TIIaBHOTO (acana,
BXOJIHOM CTEHBI M KPACHOT'O yIJia A JOMa C Tpex-
CTOPOHHUM PACIOJIOKEHUEM OKOH.

lolxi
Wipora oo
Asumyt 135

Mecsy ,4—
Kon-8o cTopox ,37

¥ Kanbkynstop unconsumm

& npasacrop.
oo
/: y
BocTok Bocn 25
3akaT 184

Nesas uacte 452

Npasas uacte [133

" 10r I'n. dacan 77
Bxoguas crexa [3.97
Kp. yron 269

MepecunTats Obuwan 12.80

Puc. 7. [Ipumep peanuzannu NpeaioKEHHOH MOAETH
B IIPOrpaMMHOI1 cucTeme

Pa3paborannas Mozes U ee peanu3amus B mpo-
TpaMMHOM MOAYJE SBIAIOTCS MEPBBIM ILIAIOM CO-
3aHUSL CUCTEMbl aBTOMATHU3UPOBAHHOTO AaHAaIU3a
MJIAHUPOBOYHOM CTPYKTYPHI TPAJUIINOHHBIX CEJIb-
CKHX IOceJIeHH Ha TeppuTopuu Pycckoro Cesepa.
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AETAJIN3UNPOBAHHASI MOAEJIb IUHAMUKHU
CTPYKTYPUPOBAHHOMU NMONYJisINNN

IIpennoxxkensl feTaau3upoBaHHas BO3pacTHas MOJIEb U CTPOSIIAsCS HAa €€ OCHOBE CTauiiHas MOJIEJb T10-
MYJISIAY, @ TAKXKE YUCICHHBIN aJITOPUTM aHaJIN3a UX ycTonuuBocTH. [lokazaHo UX mpuMeHeHUe A1 3aa-
41 000pOTa CTajIa CeIbCKOX03SICTBEHHBIX )KUBOTHBIX.

KitoueBble ciioBa: MaTpu4Has MOJENb CTPYKTYPHUPOBAHHOM MOMYJISILIUY, IPOSKIIMOHHAS MaTpHULIa, 3a7a4a 000poTa cTaaa

BBEJIEHUE

B arponpoMbIIIIeHHOM CEKTOPE SKOHOMUKH OJI-
HOM W3 BaXXHBIX 3aJa4 SBISIETCS ILIAHUPOBAHUE
000poTa cTaja CeIbCKOX035HCTBEHHBIX JKHBOTHBIX
[10], [11]. O6opoTOoM cTazia Ha3bIBACTCS TPOUCKOS-
as BO BpEMEHU COBOKYMHOCTh IIPOLIECCOB, BKIIIO-
Yalomias mepexo/l )KUBOTHBIX U3 OJTHOW CTaauu (Ka-
TErOpHH) B IPYTYIO, YAAJICHUE JKUBOTHBIX Pa3HBIX
CTaJIWui U3 CTaza U MOsIBJICHUE TOTOMCTBA.

B kauecTtBe OCHOBBI AJIs1 MOCTPOEHUSI MOIEIU
CTazia MOXKET OBITh HCITOJIb30BAHO TIOHSITHE CTPYK-
TYpPUpPOBAaHHON nonyjanuu. B maremaTuyeckoil
OHMOJIOTHH IO dTUM TOHUMAIOT MHOXXECTBO IIPO-
JKUBAIOIIUX B OJHOMN JIOKAIIMU OPTaHU3MOB OTHOTO
BHJIa, TUCKPETHO Pa30UTHIX HA HEKOTOPBIC KIACChI
10 KaKOMY-TH00 Mpu3HaKy. [ pynmnsl MOTyT ompee-
JISITHCS TIOJIOM, HAYaJIbHBIM U KOHEYHBIM BO3PaCcTOM
U APYTUMHU CYIIECTBEHHBIMU JIJIS LIEJIe Monenupo-
BaHus npu3Hakamu. [loaToMy B OmuCaHUM CTPYK-
TYPUPOBAHHBIX MOMYISLHUI HCIONB3YIOT MOHATHE
MOCJIEIOBATENbHBIX CTAANMN )KU3HU OpPraHu3Ma.

CocTtosiHME MONYJISIUUH, Pa3IeICHHON Ha HEKO-
TOPOE YUCJO CTANI, pacCMaTpUBAECTCS B PABHOOT-
CTOSILIME TUCKPETHBIE MOMEHTHI BPEMEHH U OIUCHI-
BA€TCs BEKTOPOM-CTONOLOM X (£) = (X, |, X, 5000 X,,) 5
IJI€ X, , — YUCIICHHOCTh OPTaHU3MOB, OTHECEHHBIX K
CTaJIMH i, 7 — KOJIMYECTBO CTaaui. J[MHAMHKA MTOITY-
JISIITAY 331a€TCSI COOTHOIIICHUEM

Xe+)=L,-X0,t=0,1, ..., 1)
OMPENIESIONINM COCTOSIHUE MOMYJISIIITUA B MOMEHT
¢t + 1 O COCTOSIHUIO B MOMEHT f ITOCPEICTBOM Mart-
punpl L, KOTOPYH Ha3bIBAalOT MNPOEKIIHOHHOM.
B o0miem ciydae anmeMeHThI TPOSKITHOHHOW MaTpH-
LBl MOTYT 3aBUCETh OT BPEMEHHU.

PA3BBUTUE MOJEJIEN CTPYKTYPHUPOBAHHBIX
NOnyJISALUI

[pocretimum BapuanToM monenu (1) sBiseTcs
monenb Jlecnu [8], B KOTOpOH cTaausIMU SIBJISIIOTCS
© Ilotikonaiinen B. B., Curosues I. C., 2011

BO3PACTHLBIC TPYIMIbI, a NPOCKIHOHHAA MaTpula
UMCCT BU:

‘b, b, .. b, b,
s, 0 .. 0 0

L=|0 s, 0 0], ®)
0 0 .. s, O]

0< bl. — KO3 PHUITMESHT POKIAEMOCTH ISl CTAIUH I,
0 <s, <1 — xo3ppuunent noxuTHs (MEpexona us
cTanwu i B cTaguio i + 1).

Ecnu nnst xBaappaTHONW MaTpuIsl A OpsAKa # 1
opueHTHpoBaHHOTO rpada G ¢ 1 BepLIMHAMHU, TIPO-
HYMEPOBAaHHBIMH 4YHCIaMH OT | 10 7, CyLIecTByeT
B3aWMHO OTHO3HAYHOE COOTBETCTBHE MEXIY HEHY-
JICBBIMM JIIEMEHTaMH @, ; U JyraMu (@, J), To Takou
rpad Ha3bpIBAETCS ACCOLMMPOBAHHBIM C MAaTPULIEH U
obozHauaerca G(A4). 'pad, acconmumpoBaHHBIA C
MPOEKIIMOHHOM MaTpUIlel CTPYKTYPUPOBAHHOMU TO-
MyJANHA, Ha3bIBAIOT IpadoM >KU3HEHHOTO IIHKJIa
(I"XLI) opranu3MoB JaHHOH MOMYJISIIIAH.

Hnst mopenu Jlecnu K1 n300paken Ha puc. 1.

Puc. 1. 'K monenwu Jlecaun

B moznenu Jlecnu Ha Kax10M 11are NpoucXoJuT
MojHOe OOHOBJICHHE COCTaBa KakKJIOW BO3PACTHOM
T'PYIIIBL, YTO SABISETCS JOCTATOYHO KECTKHM Orpa-
HAYEHUEM [ MPaKTHYECKOTO HWCIOIb30BaHU
aToil Momenu. bomee oOmielt sABIsSETCS MOICIHD
JleproBuua [8], B KOTOpOI YacTh 0CcOOCH Kaxaou
CTaJlUM OCTAETCSA B TOM ke CTaluu IpHU Mepexone
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K CIeIyIOUIeMy MOMEHTY BpeMeHH. [Ipoexninonnas
Marpuna Moaenu JlegkoBuua umeet BUA:

(b +r b, .. b, b
S r, .. 0 0

L= 0 S2 O 0 s (3)
| 0 0 .. s, 7

e r,— K03 hUIUeHT 3aaepxKu, 0 < s +r <1

KL, nns momenu JledhkoBuya u300paxkeH Ha
puc. 2.

Puc. 2. I'’KL] mozenu JledpxoBuua

KL 1a puc. 1 u 2 moka3aHsl 115 CIIydasi, KOTJaa
BCE TapaMETPhl MPOEKIMOHHBIX MaTpull b, r, > 0.
Ecnu xakoil-To M3 3THX MapaMeTpoOB paBeH HYJIIO,
TO cooTBeTcTBYIOMmas nyra [KI oTcyTcTBYET.

C MareMaTH4ecKo TOUKHU 3peHHs Moaenu Jlecaun
u JledhkoBrUa TOCTATOYHO XOPOIIIO U3YUeHHI [6], [8].
OCHOBHBIC WX CBOWCTBA CBS3aHBI C TEOPEMOM
Ieppona — ®pobeHuyca sl MATPUI] ¢ HEOTPHUIIA-
TenbHBIMU 37ieMeHTamH [2; 130]. B cooTBeTCcTBHU C
3TO TeopeMol CHEKTpaldbHbI paguyc HEOTpHlla-
TETHFHONH HEpa3JIOKMMON MaTpPHUIBI PaBeH MaKCH-
MaJIbHOMY TIOJIOKUTEITFHOMY COOCTBEHHOMY YHCITY.
DTO YHCII0 UMEET KPAaTHOCTH 1, EMy COOTBETCTBYET
MOJIOKUTEIBHBIM COOCTBEHHBIN BEKTOP, U OHO BO3-
pactaer mpHM yBEIWYEHHUHU JIOOOTrO AJIEMEHTa MaT-
PUIIBL

HepasmoxuMoCTs MaTpHIIBl SKBUBAJIEHTHA TOMY,
YTO aCCOIMMPOBAHHEIH ¢ HEl oprpad CHIBLHO CBSI3EH
(nst 1r0001 TaphI BEPIIUH CYIIECTBYET OPHEHTHUPO-
BaHHBIN My Th U3 OJTHOM BEPIIUHBI B IPYyTyIo). B yac-
THOCTH, MPOEKIIMOHHBIE MaTpULIbI Mojenel Jlecnu u
Jlepxouua HepasnoKuMbl, ecid b > 0 (mocnenHss
CTa/Ivsl TIOMYIISIIAH SBIISAETCS PETIPOAYKTHUBHOM).

Takum 00pa3om, CIEKTPabHBIA paIHyC IMPOEK-

IIHOHHOW MaTpuubl p(L) = A — MONOKHUTETBHOE
COOCTBEHHOE YHCIIO MATPUIIBI L KpaTHOCTH 1.
AcUMNTOTHKA BEKTOpa X(?), ONpEAEsieMoro co-
otHomenueM (1), Ipu ¢ — o0 3aBUCHUT OT BEJTHIH-
HBI CHEKTPAIBHOTO panuyca p(L) ciemyrommum 00-
a30M:
P p(L)>1 x,, > o,
p(L)<1 x, -0, Q)
pL)=1 Xig =™ x:’

JUIS KaKaou ctamun i = 1, ..., n.
[locnennuii cnyyait 03Ha4aeT yCTOWYHUBOCTH MO~
MyJALHN: €€ YUCIEHHOCTh B KAKJOH CTallu CTpe-

MHTCS K KOHEYHOMY TpEAey, HE 3aBUCSIIEMY OT
HaYaJIbHOW YUCIIEHHOCTH Tomynsuu. [Ipu atom u3
ypaBHernwuit (1) nns marpunsl L Bunma (3) cnemyer,
YTO TpEACNbHBIC YUCICHHOCTH CTAaIUH B MOICITH
JlepkoBruua CBs3aHBI CIACAYIOUMMU COOTHOIIIE-
HUSMU:

* S. *

: 'xiai:

il =
1- Tin

X

*

1 SN
S N
i 1-b,—r Z ks ©)

CrnenctBueM COOTHOMIEHUH (5) sBIseTCS yc-
JIOBHE:

n i-1 S,
b1+l”1+2b[-qi=l, rne qi:HI ;ﬁ . ©)
i=2 =1+ i

Tak KaK BEKTOP IPEIETbHEIX YHCIeHHOCTEH X
ABJIAETCSI COOCTBEHHBIM BEKTOPOM IPOEKIIMOHHOM
MaTpPUIbl, COOTBETCTBYIOIIMM COOCTBEHHOMY YHC-
ny A =1, 10 ycnosue (6) — 9TO ycIoBUE CTAOMIIb-
HOCTU momyisiuud. YcioBue (6) COOTBETCTBYET
MpHUBEICHHOMY B [3] pe3ynbrary 00 WHIMKATOpE
MOTEHIMAIBHOTO POCTa MOMYJSIIMM B MOAECIH
JledkoBunya.

CoOcTBeHHBIN BeKTOp X' TpPH YCIOBHH, YTO

n
Zx*,- =1, Ha3BIBA€TCsI OTHOCUTEIHLHOH CTaJUHMHOHU
i=1
CTPYKTYpPOH HOmyIsmuu [6].

W3 cooTHomenuit (5) cieayer, YTO BEKTOP OTHO-
CUTEIBHOM CTPYKTYpBHl TMOMYJSIUU B MOACIH
JlegxoBrua nMeeT BHI:

T

1 q2 qn
1+iqi 1+iqi 1+Zn:qi
i=2 i=2 i=2

Venosue b, > 0 He SBISETCS NPUHIUTHAIBHBIM
OTpaHUYCHHUEM JJISl TPUMEHCHHU S OTUCAHHBIX BBIIIC
moneneit [8; 58]. Hanuuue B Mopenu MOMyISLUU
MOCTPENPOAYKTUBHBIX CTaANN HE BIMAET Ha TUHA-
MUKY CTaIui MONYyJIALHMHU C HOMepaMu OT 1 1o n
(rocnemHsIss PENPOAYKTHBHAS CTaaWs), KOTopas
Mo-TipeXxHeMy  ompezaenserca wmarpuned  (3).
HuCIEeHHOCTh NOCTPENPOAYKTHUBHBIX CTAIMH OIpe-
JETSIeTCSl COOTHOLICHUEM:

'xn+i,t+1 = Snﬂ'fl ’ xnﬂ'fl,t + r,w ' ‘xn+i,t s 1= 1’ s 1M, (7)

r7ie m — KOMUYECTBO TAKUX CTaIuH.
I"KII Moznenu ¢ mocTpenpoayKTUBHBIMHU CTa H-
SIMHU TIOKa3aHO Ha puc. 3.

bn

S n+m-1g ;

rn+m

Puc. 3. I')KI] Mozenu ¢ mocTpenposyKTHBHBIMU CTaUsIMU
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JanHblil Tpad HE SBISETCS CHIIBHO CBSI3HBIM
(oTcyTcTBYIOT IyTH M3 BepimiuH n + 1, ..., n + m B
BEpIINHBI 1, ..., 1); COOTBETCTBEHHO, IIPOEKIINOH-

Has MaTpulia L Ttakou MOJCIN PA3JI0KHUMA. Ona

HNMECT BU:
— L o
L= , ®)
S M

rne L — matpuna (3), M — m X n — MaTpuia nepexo-
JIOB JUTSL IOCTPENPOAYKTHUBHBIX CTAHIt

ke 0 .0 0
M= Syt T 0 0 ’S_mxn_
Sn+m—] rn+m

MaTpUIa ¢ €AUHCTBEHHBIM HEHYIIEBBIM JJIEMEHTOM S
B ITPABOM BEPXHEM YT, CBSI3BIBAIONTNM CTaUU 1 U 11 + 1.
BexTtop cocrostaus monyisiiun X(f) = (xt’l, X5
. X, )T MOKET OBITh Pa3OUT Ha 1Ba BekTOpa X /() =
— (v T (P — T
(> X0 v X, ) HXTWO) = (0, X, s s X000
M3MeHenne YUCICHHOCTH TOMYJISIHN ONKMCHIBACT-
Cs1 CUCTEMOU ypaBHEHMI:
X' (@t+)=L-X"(1)
X"t+)=S-X'(O)+M-X"(t)

AcuMnToTHKa BekTOpa X {(f), ompemensieMoro
cooTHomeHueM (9), pu ¢ — oo Mo-IPEeKHEMY 3aBU-
CHUT OT BEJIMYHUHBI CIIEKTPaJILHOTO pagauyca p(L) Taxk,
KaK 3TO YKa3aHo B (4).

XapakTep acHMOTOTHKM BekTopa X /() ommo-

3HAYHO OIpeIeIseTcs MoBeaeHneM BekTopa X /(f)
npu ¢t — . Eca limx,, =x;,i= 1, ..., n, TO 10 UH-

t—0

JIYKIIMH JI0Ka3bIBACTCS, YTO CYIIECTBYIOT IPEICIIbI
X I i=1, .., muput— oo

U3 (7) Taxxke cnenyet, uTo ecnu lim x,, =0, i= 1,

>0

©

=oo aysi Bcexj =1, ..., m.

t,n+i

vy N, TO lim x
t—©

BexTop OTHOCHTENBHOM CTPYKTY PBI IO ISITHH
MMeeT TaKOH JKe BHJI, KaK ¥ BhIIIIE (C pacIpocTpaHe-
HHEM CYMMHUPOBAHUSI 110 [ OT 2 10 1 + m).

B pa6otax 1. O. Jlorodera u npyrux [5], [6], [7]
pPacCMOTpEHbl HEKOTOPbIE OO0OOIICHUSI MOJeNeh
Jlecnu u JledroBuua, cBsi3aHHBIE ¢ HEOOXOAMMOC-
TBIO B HEKOTOPBIX CIIydYasX KiacCH(UIHPOBATH
0oco0eil TOMyISIITUU MO0 HECKOIBKHUM ITPHU3HAKAM.
Hampumep, B [14] mMonens MOMyJSIUA CEBEPHBIX
OJICHEH YYUTBIBAET UX BO3PACT U CTATYyC («CHIIb-
HBINY, «CPEIHUNY, «CITAOBIIY).

Takoro Tuma Mojellb MOXKET OBbITH 3alMCcaHa B
(hopme marpuuHoro ypaBHenus (1), ecinu MaTpuIry
IBOMHON CTPYKTYPHI MOMYIANHAH (CTPOKAM MaTpH-
LBl COOTBETCTBYET BO3PACT, a CTOJIOIAM — CTaTyc
0co0u) MPEICTaBUTD B BHJIC BEKTOPA, 00pa30BaHHO-
ro koHkaTeHanueu ctpok [5]. [Ipoekmonnas mat-
pUlla Takoil Monenu, HasbiBaemas OOOOIECHHOM
Matpuieir JledpkoBuua mnm marpureit Jlorogera
[4], B oOmem cirydae nuMeeT BUT;

(b +r b, .. b, b ]
Sy, 7, 0 0
L= 55 85, 0 0 (10)
Snl sn2 Snn—l rn

n
py yciaoBuu, 410 0<r; + Zsij <1 mus Beex j =1,
i=j+1
o n—1.

Jns marputst (10) Takke CyImIeCTBYET BRIpaka-
EMBII Yepe3 3JIEeMEHThl MaTPULbl MHIAUKATOp IIO0-
TEHIMAJILHOTO pocTa [6], oboOmiarommii ycaosue
CyIIECTBOBaHUsI CTa0MIBHOM momymsinuu (6).

B psane paboT yka3eiBaeTCs, 4TO MATPUIHBIE MO-
JIEJTA He BCEeTa yaeTcs JOKHBIM 00pa3oM mpruMe-
HUTP JIJIS PEIIeHUs HEKOTOPBIX MPAKTUUYECKUX 3a-
7ad BBHJY HEIOCTAaTOYHO $IBHO IIPE/CTaBICHHOMN
nuHamuky nonyisinuu [3]. Hampumep, B paboTtax
[13], [15] mpennaraeTcss AeTadu3UpPOBATh MATPUU-
HBIN MONXO/A K PacueTy JUHAMUKHU CTPYKTYPHPO-
BaHHOH MOMYJISAINH, Pa3JIOKUB €ro Ha «CKPBITHIE»
cybnpoueccel. M3 cocrosuus nonynsuuu X, B MO-
MEHT t pACCUMTHIBACTCS YMCICHHOCTh BBIKHBIIUX
3a war BpeMenu X (¢), 3arem B3pocnenue X (¢) u no-
Jly4eHHe NOTOMCTBa X (f), TaKUM 06pa3oM HoJy4a-
€TCS YHCICHHOCTh MOMYJISIUA B MOMEHT ¢ + 1:

XO)»> X)) > X, (1) > X, ()= X(t+]1). Takas ne-

TaJIU3anus JMHAMHUKU B HEKOTOPO CTETIeHH yIpO-
IIAeT ONpe/eTICHNEe MOJICIBHBIX ITapaMeTPOB.
JIMicKpeTHbIE MOJENN LIMPOKO MPUMEHSIOTCS
ISl OIIMCAHUSI OKCIITYyaTUPYEeMbIX MOMYISUH, KOT-
Jla TIPOU3BOANTCS PErYIUPYyEMOe U3BSITHE HEKOTO-
poit wacTu ocoOei, MpUHAIIeKANINX ONpEaeIeH-
HBIM CTaJUsM, a TAK)KE ISl IOCTAHOBKH M PEIICHUS
ONTUMHU3ANMOHHBIX 3aja4 [9], [11].

JAETAJIN3UPOBAHHA A MOJEJIb
CTPYKTYPUPOBAHHOM NOIYJIALUA

[Tonynauu Tuna cTajia CeNbCKOX035IUCTBEHHBIX
JKUBOTHBIX OTHOCAT K 3KCILNTYaTUPYCMBIM IOITYJISA-
LUUSAM, XOTS JUISI HUX XapaKTEepHBI HE TOJBKO IMpPO-
IIECChl M3BSITHS YacTH 0cobOei, HO u JobOaBieHUE
W3BHE HOBBIX 0CO0€H, a TakXe ApyTrHe IeleHanpas-
JICHHBIE BO3JCHCTBHUS YIPaBIAIONMIETO CyOBEeKTa,
BJIMAIOIIUEC HAa COCTAaB U YMCJICHHOCTH MOMYJIALIUUA.
B sToMm ciiywae Gonee agekBaTHBIM OyJaeT TEPMHH
«yTpaBiseMas MOMYISLHS.

Hcnonp3oBanne TUCKPETHON MOIETN TUHAMUKHI
YIPpaBIsieMON MOMYJISIUU AJIsS 3aa4l [IJIAHUPOBa-
HUST 000pOTa CcTajga CebCKOXO3SHUCTBEHHBIX JKH-
BOTHBIX U paCCMOTPCHUA Ha 9TOM OCHOBE ONTHUMH-
3allMOHHBIX 3a]a4 MJIaHUPOBaHMs paboThl arpoxo-
3SMCTBEHHOTO MpeAnpustus TpeOyeT Oonee ne-
TaJBHOIO aHAIW3a TUHAMUKHU YUCICHHOCTH. B 3a-
Jlayax MJIaHUPOBAHUS, KaK IPAaBUIIO, PACUETHI IPO-
HU3BOJATCS HA OINPENESICHHbIH BpPEMEHHON MpoMe-
KYTOK, pa3feiisieMblil HA HECKOJIBKO PaBHBIX NEpH-
0JIOB JUIUHOM 7!
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Ocobu cTaga MOTYT HAXOJUTHCS B OZHOM U3 7
CTaaui, MPUHAJJIEKHOCTh K KOTOPBIM OIIpEAEIsAeT-
Csl BO3PACTOM OCOOM 7,, U3MEPSEMBIM B HEKOTOPBIX
eMHUIaX TUCKPETHOTO MOJIETFHOTO BpemerH = 0,
1 ..., m. Kaxxioit cTaguu i COOTBETCTBYET CBOU BO3-
paCTHOI/I TIPOMEKY TOK [rl 1> T, ,]; TPOMEKYTKH pas-
HBIX CTaIui HE nepeceKaroTc;I 3anaH npeaenbHBIHN
BO3pacT 7, = m, NPH JOCTHKEHUH KOTOPOTO BCE
ocobu u3 nonynﬁm/m W3BIMAIOTCA.

Bynem cuntaTh BenuunHy nepuoja 7 paBHOM He-
KOTOPOMY KOJIMYECTBY €IMHHI] MOJIEIIHHOTO BpeMe-
Hu. O603HauuM yepes 7, =7, , — 7, | IPOJIOJKUTENb-
HOCTB CTajuH i. B 3amadax l'IJ'IaHI/IpOBaHI/ISI obopora
crana oobrano 7' > mmT [10] [11], moaTOMY 32 OIMH
epuo 0cobb MOXKET HpOPITI/I HECKOJIBKO CTaJIHM.
Takas jke BO3MOXXHOCTB CYIIECTBYET H ISl 0co0H,
pPOAMBILEHCS B TEYEHHUE FTOrO MEPHOJIA.

OcHoBa JieTaJIN3alui MOZIETH — B PACCMOTPEHHUH
WU3MEHEHUH YMCIEHHOCTH Pa3IMYHBIX CTaJAu{ MOMmy-
JSALUY 32 EIUHUIY MOAETBHOTO BPEMEHH 3a CUET U3-
MEHEHHUS BO3pacTa 0co0el C y4eTOM U3BATHS YaCTH
oco0eii 1 TOSBIIEHHS 0COOEH-TIOTOMKOB.

Ilycts 3amansl hyHKUMS AT, f) — KON U3BIMae-
MBIX B MOMEHT BpeMeHH ¢ ocobell Bo3pacra 7 B 00-
HIel YUCIEHHOCTH 0c00el 3Toro Bo3pacta, U hyHK-
s g(t, £) — KO3 PUIHUEHT PeNPOAYKTHBHOCTH OCO-
Oeil Bo3pacTa Ha MOMEHT BpeMeHI/I t. Ecnin 0603Ha-
YUTh Y (1) = (¥, 1, ), 25 >V, ) BEKTOP, KOMIIOHEHTAMH
KOTOPOTO SIBIISTIOTCS YICIICHHOCTH 0COOCH KAk I0ro
BO3pacTa B MOMEHT BPEMEHHU #, TO JIJIsl Hero Oyzaer
cnpaBensuBo cooTHomienne Buma (1) Y(t+1)=

=A,-Y(¢), rne A, umeet Bua Marpunsl Jleciu:

0 . B . B

o .. 0 .. 0
A=l0 . 0 .. 0]

0 0 .. o, 0

Bi =g(t,1), oy =1-h(z,,1), ¢ — HOMEDP HAYAIBHOTO

BO3pacTa MepBOM penpoayKTHUBHOU TIOMYILAHH.

I[JI;I BEKTOpa X (¢) = (x,,,X, ,, - x,,)’ dwucnen-
HOCTEW cTaguii Monyisaun COOTHOHICHI/IC (1) oynmer
MMETh MECTO € MPOEKIUOHHON MaTpuled [, , uMe-
rorieit Bun Matpuibl JledkoBuda

by
s 0 0
L=0 r, 0
0 0 .. s, 7

OJeMEHTBI MaTPHLBI [, ONpEENAIOTCSA Yepes
3IEMCHTBI MATPHIIBI A,, p — HOMED TIEpBOIi penpo-
JyKTUBHOM MOMYJISIUH. ¥

O6o3HaunM uepes f; =——*— nomo ocobeil no-

Zyr,i

j=1
MyJIauu BO3pacTa Tk BO BCE€M YHCJIICHHOCTH IIOITYy-

t

nanuM, f; = ijf — OO0 0COOEH TOIMyJISAINN BO3-
= J

pacTa t,, MpUHAJJISKAIIETO i-i CTAAUN B YHCIICH-

HOCTH 3TOH cTaguu nonyysinuu (K, — MHOXXECTBO
WMHJIEKCOB, TIPUHAJIJISKAINX AUAa30Hy BO3PACTOB
ocobeit craguu i). Torga Ay 3IeMEHTOB MaTpPHUIIBI

L, HonyqaeM'
=280 = Y]

jek; JjeK\{i_2}

Sit = 01’12 i 2 > i
CTpyKTypHUpOBaHHAS YHUCICHHOCTh IMOMYJISIHH
yepes IMIAHOBBIN Tepuo]] BpeMeHu T OyneT onpee-
JATHCA JJIs1 BO3PACTHON MOJIEIM COOTHOIIIEHUEM:
Y(T)=A"-Y(0), 11
AV =A,-A,-.-A,, Tae | — KONUYECTBO EIMHHUI] MO-
JIETLHOTO BPEMEHH B TICPHOJIC.

B ToM wacTHOM ciydae, KOrjaa MpOEKI[MOHHbBIE
MaTpPHIIBl JACTAIM3UPOBAHHON MOIEIH HE 3aBUCIT
OT BpeMeHH (A, =A), uMeeM A® = A U 75 CHEKT-
panbHoro paauyca p(A”)=[p(A)]'. B sToM cnyuae
Ka)KJIBIH M3 BAPUAHTOB YCIIOBH (4) 711 MaTpUIL Jie-
TaJIM3UPOBAHHON U HENETAIU3UPOBAHHON Moneneit
BBITIOTHSETCS OMTHOBPEMEHHO, U JIJISI BBISICHEHU S YC-
TOHYHUBOCTH TIOMYJISIIUNA JTOCTATOYHO ITPOBEPKH
ycioBus (6), KOTopoe 2 MATPHILIbI A UMEeT BUI:

Zﬁ' (Ha)—l

Ilpy MoOAENMPOBAHMHU TOMYJIALNMM THUIIA CTaja
KPYITHOTO POraToro CKoTa 0ojiee peanqucTHUHBI
HECTALMOHAPHbIE MOJIENH, KOTJla 3aBUCUMOCTD Ia-
paMeTpoB JeTaIM3HMPOBAHHON BO3PACTHOI (a clie-
JI0BATEJBHO, M CTAAMIHOI) MOJEIN OT BPEMEHHU HO-
CUT CE30HHO-IUKIMYecKuil xapakrep. Ho ecnnm [
KPaTHO JUIMHE LMKJIA U3MEHEHUs IapaMeTpoB, TO
marpunia A7’ OT BpeMeHH HE 3aBHCHT. ITpu 5TOM
BO3MOJKHO BBITIOJIHEHHME YCIOBUS yCTOMYMBOCTH
nonynsauuu p(A”)= 1 B cuTyanuu, Koraa CrekT-
pasIbHBIE PaMyChl A, B Pa3HbIe MOMEHTHI MOJIENb-
HOT'O BPEMEHHU IPUHHUMAIOT 3HAUCHHs KaK OOJIBIIIE,
TaK ¥ MEHBIIE eIMHIIIHL.

Crpykrypa H?oeKuHOHHoﬁ MaTpHUIIbI T1JIaHOBO-
ro nepuona I' A" npu T < ¢ nokaszana ua puc. 4.

q-T
cron6uoB
——
xX XX
T 0 T-1
cTpok 0 . cTpok
X X
X X
X
X
X
X
[S——
T-1

cron6u08

Puc. 4. Ctpyxrypa marpuist A7
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BHCMCHTLI, OTMCYCHHBIC 3HAYKOM X, BbIpaXXa-
FOTCA 4€PE3 3HAYCHU A BEIININH ﬁ, 0 MaTpul-COMHO-
)KHTGJ'IefI; OCTAJIbHBIC DJICMCHTHI PABHBI HYJIIO.

DJEeMEHTHI TTOAANATOHAI ¢ HOMEPOM I UMEIOT
BU:

J+T-1

Hak M=, .,

a JJIEMEHTHI TapajieiorpaMMa B BEpXHEH dacTh
MaTpHUIIBl UMEIOT B

i—1
T—i+1 l | | | k—i+T+1
a T- z+/[ O-k+/ 1][ O- ]7
=1

m-T,i=T+]j, (12)

=1L ., 0, j=q-T+i,...m—T+i. (13)

Ecnu B (13) B omHOM W3 IpOU3BEACHU BEPXHSIS
IpaHHIla MHJIEKCA PaBHA HYJIO, TO IPOM3BEICHUEC
CYMTACTCs PABHBIM C/IMHHILC.

st cTaquitHON MOJETH TIPOCKIIHOHHAS MaTPH-
1a mia"osoro nepuona L") MoxkeT ObITh IOJTydYeHa
ITyTEeM arperanuu 3JIeMeHTOB MaTpuilbl A", 0THO-
CAIINXCS K OMHOM cTaauu. JlJis 3TOro Ha MaTpuily
A" HaKIaBIBAETCS MPSIMOYTONBHAS CETKA C AUEH-

KaMu K ,Lj=1,..,n K. . ; IPUHAJITIEKAT DIEMEHTHI
ManI/ILILI AD a, ,raeu = K Suerixe K, , ; COOTBETC-
TBYET DJIEMEHT dl, ,Matpuusr L7

Tak kak x;; = Zyr,,, u3 (11) momywaem:
lekK;

.= S |-

lek,

=3 Y Sa,

J=1\ uek )\ leK;

m
2| 2 o =

u=1\ lek;

Cootnomenne X (T) = L") Bemonusercs, ecinu

n
Zdlj 0] _Z Zai,uyo,u » TAC ai,u = Zal,u .

J=1\ uek; lekK;

Z ai,u yu,u
uek ;
Orcrona nonmyvaem: d, ; =—<

RN

uek;

PasnenuB yncnuTens U 3HAMEHATEIb HA HAYAIIb-
HYIO YHCICEHHOCTh TOMYJISIUY, MMOTy4aeM QopMy-

JIy 1715 BBIYMCIEHUS d1eMeHTOB MaTtpunbl L7

= Zai,u u.

uek;

(14)

B o0riem ciiygae HonyquMe SIBHBIX BBIPKCHHI
JUIs DIIEMEHTOB MATPHIL A" u [ HeoOGXxoaUMBIX
JUISl TIPOBEPKU YCIIOBHUH THMA (6) I/IJ'II/I BEIUHNCIIEHUS
WHAMKATOpa MOTEHUUAIBHOIO pocTta [6], BecbMa
TPYIOEMKO. DTH IPOBEPKU MOKHO 3aMEHUTH BbI-
YUCIUTEIBHON MPOLENYpPOr, PE3yJIbTaThl KOTOPOU
MOTYT OBITH HMCIIOJIb30BaHbI KaK «3MITUPUUYCCKUI»
WHAUKATOP MOTEHIHAIbHOTO pocTta. Ilpouexypa

OCHOBaHa Ha MJIee CTETICHHOTO METO/1a HAXOXKICHU ST
HauOOJIBIIET0 MO0 MOAYJII COOCTBEHHOTO YHCIa
MaTpuis [12].

Ecnu xBanparnas marpuiia 4 nopsjaka n — mMat-
pHIla IPOCTOW CTPYKTYpPHI (TO €CTh UMEET 7 Iu-
HEHO HE3aBUCHMBIX COOCTBCHHBIX BEKTOPOB) H

z,=A4"z,, k=1,2 .., T0 1ns Bcex 3HaUECHHIl UH-
nekcai=1,
hm (Zk+1)i :A’ (15)

koo (z,);

rae A — Haubopliee Mo MOAYJII0 MPOCTOE COOCTBEH-
Hoe uncio MaTpuisl 4. (15) umeer mecto aist mpo-
M3BOJIHOTO BEKTOPA Z,, KMEIOLIETO HEHYJIEBOU KO-
s umuent C mpu COOTBeTCTBonuIeM A coOCTBEH-
HOM BEKTOpE X B Pa3lIOKeHUH 10 0a3ucy u3 cobc-
TBEHHBIX BEKTOpPOB. [Ipu sTOM
z, = M*Cx mpu k — (16)

B [1; 242] noka3aHo, uyTo paBeHCTBO (15) ocTaeT-
cs B CHJIE M ISl MaTpPUIIbI, HE obnajaromen mpoc-
TOH CTPYKTYPOH, MPHU YCIIOBUH, YTO A — CIIUHCTBEH-
HOE MaKCHMAaJIbHOE TI0 MOIYJI0 COOCTBEHHOE 3Ha-
YeHHUe CIWHUYHON KpaTHocTH. (Marpwuia, uMero-
masi eMMHCTBEHHOE COOCTBEHHOE YMCIIO C MaKCH-
MaJlbHBIM MOJIYJIEM, Ha3bIBACTCS TPUMHUTUBHOI.)

Jns TpOeKUMOHHBIX MAaTpHI] paccMaTpuBae-
MBIX Mojeneil crpaBeanuBa Tteopema lleppona —
®pobennyca, M0 KOTOPOH KPaTHOCTh MaKCUMalb-
HOTO IT0 MOIIYJIF0 COOCTBEHHOT'O YHCIIa paBHA €IH-
nuie. Kak mokasano B [8; 64], matpuiisl A, u L,
OyIyT IPUMHUTHUBHBIMH, €CIIH KaKHe-TO JIBa COCE/I-
HUX 3JIEMEHTA UX NEPBBIX CTPOK OTIUYHBI OT HYJISL.
s matpuibl L, , KpOME TOro, JUIs IPUMHUTUBHOC-
TH JOCTaTOYHO OTJIMYUS OT HYJS XOTS ObI OTHOTO
anementa r, [2; 132]. [lpumutuBHOCTH MaTpuir A7) 1
L") crexyer U3 TOro, 4TO OHM SBIISIOTCS IPOH3BC-
JIEHUSIMHA IPUMUATHBHBIX MAaTPHIL.

TakuMm 00pa3om, A MMONYYaeMBbIX C TOMOIIBIO
MPOEKIIMOHHBIX MAaTpHI] UTEPALMOHHBIX IOCIEA0-

BaTEIIbHOCTEH BEKTOPOB OYAyT CIIPABEIINBEI COOT-

Zi1);
@ yepes wik .

HomreHus (15) u (16). O6o3HaUNM
2 )i

B cootBerctBuu ¢ (15), ecnmu 4 > 1, To nus nroboit

KOOpJWHATHl [ HauMHasg C HEKOTOPOH WTEpaluH

wl.k > 1, © Ha00OpOT, HEPABEHCTBO wl.k > 1 cBujge-

TEJIBbCTBYET, UTO A > 1. AHAJIOTUYHO, €CITM HAUMHAS

. k
¢ HekoTopoii urepauun w; < 1,10 A < 1. Ilpn aTOM

‘(Zk)t

m3 (16) cmemyet, uTO \(zk)l
COOTBETCTBEHHO.

[Tycts Temeps 4 = 1. B aTom cimydae w[k — 1

k
npu k — oo, Xapakrep cTpeMyeHuss W, K 1 Moxer
OBITH KAK MOHOTOHHBIM, TaK 1 HEMOHOTOHHBIM.
k
O creneHu O1M30CTH OTHOLIEHHUS W, K BEUYU-

He / Ha TPAKTHUKE MOXHO CYIUTH 10 COBMAICHUIO (C
HEKOTOPOW TOYHOCTHIO) 3HAYEHHI 3TOTO OTHOIIE-
HUS JJIs pa3HbIX 3HaUeHui unaexca i [12; 331].
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Takum 00pa3oM, BEIMYMHA OTHOIICHUSI wl.k , TI0-
Jy4eHHas IOCJI€ HEKOTOPOro KOJIMYEeCTBa UTEpa-
WY, MOXKET UTPATh POJIb YHCICHHOIO MHIUKATOPA
MOTEHIINAIBHOTO pocTa. HeoOxonuMoe KomaecTBo
UTEpaIuil OoINpeneseTcss B KaXJIOM KOHKPETHOM
ciydae MOTPEOHOCTRIO PAa3INUUTh, KAKOW MMEHHO

U3 TPEX BO3MOXKHBIX BapUAHTOB ISl BEJIUYUHBI A
(GompIrie, MEHBIIE, paBHO 1) UMEET MECTO.

B xauecTBe npuMepa pacCMOTPHUM YTIPOIICHHBIH
BapHaHT ACTAIU3UPOBAHHON MOJIEIIN, COOTBETCTBY-
IolIe Mome 00opoTa cTajga KPYIMHOTO POraToro
ckoTa, mpemiokeHHoi A. A. Tpodumossim [11].

Hcxonuble maHHBIC: MPEACIbHBIA BO3PACT 0CO-
Oeii m = 12, yHKUUU A, g 3aBUCAT TOJIBKO OT BO3-
pacta ocobeit u umeror Bux: A(z) = {0,2, 0,05, 0,05,
0,05, 0,03, 0,03, 0,03, 0,03, 0,04, 0,04, 1}, g(z) = {0, 0,
0,0,0,0,0,0,3,04, 0,6, 0,4, 0,2}. KonmraecTBo cTa-
IU¥ n = 3, BO3pACTHBIE IMana3onbl cranuit: K, = {1,
2,3, K, = {4, 56,7}, K, = {8, 9, 10, 11, 12}.
Bospacthas ctpykrypa nonynsuuu f{r) = {0,15,
0,12, 0,1, 0,08, 0,08, 0,08, 0,06, 0,1, 0,08, 0,05, 0,05,
0,05}, T=6.

B paccmarpuBaemom mpumepe marpuiia A, ne-
TaM3UPOBAHHOW MOJIENIM HE 3aBUCHUT OT BPEMEHH,

A" = A°. Buj 5TMX MaTpul HE IPUBOAMTCS BBUIY
HX TPOMO3JIKOCTH. DJIEMEHTHI MPOEKIIMOHHBIX MaT-
PHII CTAJAMHHOW MOJAEIH BBIYUCISIIOTCS MO (pOpMY-

nam (11), (14), u 5TH MaTpPHULIBI UMEIOT BHJ COOTBETC-
TBEHHO:

063 0 037 0,07 086 0,5
L=l026 0,78 0 |,L7=[026 015 0,69
0 019 082 047 064 0

MakcuMaIbHbIE 0 MOLYJIK COOCTBEHHbIE YHC-
ma: AA) = 1,010, A(A™) = 1,064, AL) = 1,014,
AMAT) = 1,097. TIpuMeHEHHE CTENEHHOTO METOMA
JIaeT CIEAYIOIINe Pe3yJbTaThl: EPBBIE TPH 3HAYA-
(z p+1)i
),

0 MOAYJIO CcOOCTBEHHOI'0 YHCIIA COBIIAAAXOT JJId

oIue IlI/I(i)pBI OTHOIICHU A 1 MaKCHMaJBHOI'O

A" HauumHas ¢ NATHAAUATOW MTEpaluH, a s

L' — Haumnas co BTOpOil. (HauanbHble BekTOpa
Z, UMEJH eJMHUYHbIE KOMIIOHEHTHI.)

[IpennoxeHHble B JaHHOW CTaThbe MaTPUYHBIC
MOJICJIH CTPYKTYPHUPOBAHHBIX TOMYJISIIIUN MpUMe-
HUTEIBHO K 3a51ade 000poTa CcTajia CeIbCKOX035HC-
TBEHHBIX JKHBOTHBIX IMO3BOJSIOT aHAIM3HPOBATH
MOCIIE/ICTBUS YIIPABIISIOMIUX BO3JCHCTBUN HA TO-
nyisiuuio. Bo3aeicTBus B BUAE U3BATUS YACTH OCO-
Oelt yUUTHIBAIOTCA Yepe3 n3MEHEHHE PYHKINHT U3b-
atus h(z, f), a mobaBieHne ocoOeil B CTal0 yIUTHI-
BaeTcs yepe3 n3MeHeHune QyHKuuu f(z, k), onuceiBa-
IOIIEeH BO3PACTHYIO CTPYKTYPY IMOMYJISIIHH.
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HNOACYET ITPEATAMUJIBTOHOBBIX IIUKJIOB
HA CEMENUCTBAX PEHHIETOYHbBIX I'PA®OB

HpI/IBO,I[I/ITCH HCECKOJIBKO HOBBIX PCKYPPCHTHBIX COOTHOIICHH I JJIs KOJIMYECTBA MPOCTBIX LIUKIIOB, UMCIO-

MuX AJIUHY Ha €AUHUIY MCHBIIC TaMUJIBTOHOBBIX B ceMencTBax Fpa(l)OB szﬂ X P2n+1' HOKa3aHO, 4TO aCHUM-

IITOTHKA KOJIMYCCTBA TAKUX [MUKJIOB OTIINYACTCA OT aCUMIITOTHUKH JJId TaMUJIBTOHOBBIX UKJIOB HA PEIICT-

Kax P

2m+1

[HUKJIOB Ha perieTkax P,

x P, s HekoTopbIx HeGonbmmx m U n — 0. Paccuntano KomM4ecTBO MPEAraMHIBTOHOBBIX
xP, anan=1,2,..,10.

KiroueBble c10Ba: raMUIBTOHOBBI LUKIIBI, IPEATaMUIIBTOHOBBI IIUKJIBI, METO MaTPHUIIbl IEPEHOCA, IUKJIbI HA PEIICTKE

OBO3HAYEHUSA U IIOCTAHOBKA 3AJJAYU

B paGore obcyxpatorcsi rpadbl, HazbIBaCMEBIC
OPAMOYTOJIBHBIME  pemetkamu P x P . Tlpsmo-
yToJIbHAs pelIeTKa MpeacTaBiseT coO00il Lenouunc-
JICHHBIE TOYKH KOOPJIUHATHOW TIIOCKOCTH, CBSI3aH-
Hble 10 NPUHOUIY ONMKailero cocencTsa.
O0o3HaueHne P x P CBA3aHO C TEM, YTO IIEIIOYHC-
JICHHBIH MPSIMOYTOJIBHUK CYTh IIPAMOE IIPOU3BEe-
HUE ABYX LIENEH, mepBasi U3 KOTOPBIX UMEET M 3Be-
HBEB, a BTOpas — n. YnCIIo m — NIMpUHA PEIICTKH
(IpOTSKEHHOCTH CJIEBa HAIIPaBoO), @ 1 — €€ JUIMHA
(mpoTsiKeHHOCTh CHHU3Y BBepX). [lockonbky B pabo-
TE€ pacCMaTPHBAIOTCS JIMIb PEIIETKH C HEYETHBIMU
cTOpoHamH, OyaeM o0003HayaTb HX CHMBOJIOM
P, . xP, . .MaKkcumanbHO BO3MOXHAsS 1JIMHA PO~
croro (6e3 camoriepecedeHNil) IUKIa B TaKOW pe-
LIeTKE Ha GAMHMILY MEHbIIIE YHCIIa €€ Y3JI0B U PaBHA
(@m + 1)(2n + 1) — 1. Taxo# uuKI MBI Oy/1eM Ha3bI-
BaTh INpPEAraMHJIBTOHOBBIM. llpumep pemeTku u
MpearaMuJIbTOHOBOTO IIMKJIa B HEW MOKazaH Ha
puc. 1.
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Puc. 1. Pemerka P9 X P7 Y IpEeAraMHIIBTOHOB IIUKII B HEH

3ajaya COCTOUT B TOM, YTOOBI 151 3aJaHHBIX Ha-
TYpPalbHBIX M W N OTHICKATh KOJIMYECTBO IIpEIra-
MHJIBTOHOBBIX IMKIOB Ha pemerke P, ~x P, .
© Kapasaes A. M., 2011

3amaga He CBOMUTCS JHUIIb K TIOTYYEHUIO TOYHOTO
YHUClla IUKIIOB, a TpeOyeT M3y4deHHs MpPeIeTbHBIX
CBOMCTB MOJIENIA NPU HEOTPAaHUYCHHOM YBEIIHYE-
Huu o0miero yucna y3nos 2m + 1)(2n + 1).

Jns v3yueHus yKa3aHHBIX CBOHCTB MbI OyJeM
o0palnaThCcs K U3BECTHBIM pe3yJibTaram [1], cBsi3aH-
HBIM C MOJICYETOM raMHUJILTOHOBBIX IIMKJIOB Ha pe-

metkax P, . x P, . Bce HeoOX0mnMBbIe BBIBOIBI U

¢dakTel pabotsl [1] OyayT NMOBTOpEHBI 31eCh IS
ynoOCTBa CpaBHEHUSI.

MN3BECTHBIE U IIOJIYYEHHBIE PE3YJIBTATbI

[IpoGiema moscyeTa TaMHUIIBTOHOBBIX ITUKJIOB B
paccMaTprUBaeMbIX ceMeiicTBax rpadoB TECHO CBs-
3aHa C pEUIeHHEeM OJHOW M3 KJIACCHYECKUX 3a1ad
CTaTUCTUYECKON MEXaHUKH MOIMMEPOB — IMOJCUE-
TOM KOJW4YeCTBa TpaHchopManuii MIOTHOYMAaKo-
BaHHOI MakpoMmoiekyinsl [4]. MonenupoBaHue Ta-
KUX O0BEKTOB ITUKJIAMHU Ha PEIIeTKaX OTHOCHUTCS K
KJIACCY TPAIUIMOHHBIX METOAOB, OCHOBAaHHBIX Ha
MEPEYNCIICHUH TTPOCTHIX Leneit [7].

OmHako BO Bcex paboTax, T/ie IIOTHOYTIaKOBaH-
Hasi MaKpOMOJIEKYyJla MOAEIUPYETCS TaMUIBTOHO-
BOM IIMKJIOM Ha PELIETKE, TO €CTh LUKJIOM, [IPOXO-
JSLIUM 110 KaX A0 BepIIMHE POBHO OAMH pa3, pac-
CMOTPEHBI TOJBKO TaKHE PELIETKH, MO KpalHeu
Mepe OiHAa U3 CTOPOH KOTOPBIX YETHA, TO €CTh I'pa-

GerBuma P, x P uP, . xP, . Ciy4au ke pemieTox

C HEYETHBIMU CTOpOHamu P, x P,  He paccMar-
PUBAKOTCA, TaK KaK raMUJIBTOHOBBIX IIUKJIOB B HUX
He cymectByeT [10]. Ho MonmenmpoBaHue mioTHO-
yMaKOBaHHOW MaKpOMOJIEKYJIBI B TOM Cllydae BCe
K€ BO3MOXKHO — €CJIXM IONTYCTUTD, UYTO HUKJI JOJI’KEH
IPOMTH IO BCEM Y3JIaM PEIIETKH, KPOME KaKOro-
160 omHoro. Takue IUKIIBI, Kak OBLJIO CKa3aHO
BBIILIE, MBI OyZleM Ha3bIBaTh IPEATraMUIBTOHOBBIMHU.
[IpeAraMuIbTOHOBBI LIMKJIBI MOTYT TaKye HWHTEp-
MPETHPOBATHCS KAK UKJIBI HA PelIeTKe ¢ nedeKTa-
Mu. B pabore npuBeaeHb! pe3ynbTaThl BHIYUCICHUS
KOJIMYEeCTBa TAKMX IUKJOB HAa PeLIeTKax ¢ HeyeT-
HOW CTOPOHOM, B3SITOTO B CYMME 10 BCEM BO3MOMXK-
HBIM TIOJIOXKEHUSIM €JUHCTBEHHOTO AedeKTa.



98 A. M. KapaBaeB

Llens HacToOsIIEH pabOTHI — 3aMIOTHUTH TPOOET B
HAyYHOW JUTEparype, IOCBSIMIEHHON BBIYUCIIN-
TCJIBHBIM OCHOBaAM (1)I/ISI/IKI/I IMOJIMMEPOB, IIOKa3as,
YTO BBIYMCICHUS HA PEHICTKAaX C HEYCTHBIMHU CTO-
pOHaMH MOTYT OBITh POBEAECHBEI HEMHOTHM CJIOXK-
HEEC, UCM BBLIYUCJICHUA I XOPOUIO U3YUCHHBIX pe-
IIETOK C YETHBIM YHUCIIOM Y3JIOB, @ TAaKXKE PacIlu-
PUTH W3BECTHBIE TEOPETHYECKHE BBIBOABI B 3TOM
ciyyae. [0BOpS 0 BEIYHCIUTENBHBIX OCOOEHHOCTSIX
METO/la peIIeHHs 3aJadd, MBI MOCTOSHHO Oynem
CCBHLITATHCS Ha aBTOPCKYo paboTy [1], B KoTOpOIf Ha-
eTCsl TOJIHOE ONMHUCAHHWE aJIrOpUTMa MoJcYeTa ra-
MUJIBTOHOBBIX IIMKJIOB HAa PEMIETOYHBIX rpadax
IIUPUHOI 10 22, a B Ka4eCTBe I0Ka3aTelbCcTBa TOro,
YTO MPEAraMUIBTOHOBBI IIUKJIBI MTOJICYUTHIBAKOTCS
HEMHOTUM CIIO’KHEE, IIPUBOINM TOUYHBIE PE3yIbTa-
Tl pacyeToB MJi pelmeTOK MMupuHOH g0 21.
[IpaBUIBHOCTH 3TUX PE3YJIBTATOB HE MOXET OBITh
JIOKa3aHa MyTeM CTPOTHX MaTeMaTHYeCKIX BBIKJIA-
0K, HO MX HCABHBIC IMOATBEPKIACHUA CO6paHI>I B
pasnene «O mpaBHIIBHOCTH MONTYYEHHBIX JaHHBIX).
OTimuuTenpHass OCOOCHHOCTH TIOJICUETA Ipelra-
MUJIETOHOBBIX ITUKJIOB, KOTOPYIO HYKHO y4eCTh B
orricaHHoM B [1] MeTozne, OyaeT o0o3HaueHa B 3TOM
pabote B paznene «Cxema pelieHus METOJJOM MaT-
PHIIBI IEPSHOCAY.

T'oBopst 0 (hakTHUECKMX MTaHHBIX (pe3yJbTaTax
BBIYHCIICHUI) U O BHIBEACHHBIX PEKYPPEHTHBIX CO-
OTHOIICHHUAX, MBI Oy/IeM IMOCTOSHHO OTChLIATh YH-
TaTels Ha HaIll cailT [5], T1ie Bce 3TH JaHHBIC HAXO0-
JATCS B CBOOOJHOM JIOCTYIIE U HUKAKUM 00pa3oM
HE MOTYT OBITh TPUBEICHEI B TEKCTE PaOOTHI B CUITY
WX TPOMO3JIKOCTH, KpOME HeOONbIIHX (HOPMYI s
PELeTOK C HeOOMBLION ITUPUHOH.

WHTepnpeTamus Mory4eHHBIX pe3yIbTaTOB M03-
BOJIMJIA CPOPMYIIMPOBATH TUIIOTE3Y O MPENEITBHBIX
CBOMCTBaX MOJICTH IJIOTHOYTTAKOBAHHBIX MaKPOMO-
JIeKyJI. JTa TUIOTEe3a KacaeTcs BUAA TIIaBHOTO HJie-
Ha aCUMIITOTUKH U 3HAYCHH S KOHCTAaHTHI CBA3HOCTH
IS IPEITaMUIIBTOHOBBIX ITHKJIOB.

UsBectHo [8], uTo s pemerok P, . x P, ¢
(DUKCHPOBAHHBIM TAPAMETPOM 71 KOJIWYECTBO Ta-

MUJIBTOHOBBIX IIUKJIOB hm (n) ACUMIITOTUYECKHU BE-
JIET ce0sl ClIeAyoIUM 00pa3omM
n
h,(n)~u, -k, n—> oo,

TJe (4, — HEKOTOpasi KOHCTaHTa, 3aBUCAIIAst OT K-
PpUHBI pemeTky. J[oka3zaHo, 4TO CYILECTBYET Mpenes
11mm~>co
CTaHTOU CBA3HOCTH, U €€ BEIYUCIICHHUE MPEICTABIIS-
€T OCHOBHOM MHTEpEC, MOCKOJIbKY OHA HEMOCpPEJCc-
TBEHHO CBfI3aHA C DHTPOIHUEH, MPUXOISIICICA Ha
OMH y3en pewmeTku. CunuTaeTcs, HO HE I0Ka3aHo,

4To CcymecTByeT mpeaen lim 2 u = .

Hcxoas u3 3Toro mpuHATO CUUTATh, UTO AJIS 1OCTa-
TOYHO OOJNBIINX PEIIEeTOK (KaK IO MIHPUHE, TaK U 110
JUTAHE)

2
Imillic = K”. BennunHa K Ha3bIBA€TCA KOH-

~ g, 2m+l (2m+1)(2n)

B nHacrosmeit pa60Te TMOKa3aHo, 4YTO yCJIOBUC I'a-
MUJIBTOHOBOCTH PCHICTKHU OKAa3bIBACT CUJIBHOC BJIN-
sSHHUE Ha JaHHBIC oueHku. Korma IpsAMOYTOJIbHAA

pemeTka umeer Bua P, x P, (a mapamerp m
(uKCHpOBaH), aCUMIITOTUKA KOJWYECTBA IJIOTHO-
YTIAaKOBaHHBIX TpaHchopmanui p, (1) (0 9€M roBo-
PUT TIOJTydYEHHas B CTaThbe TUIOTE3a) OyneT UMETh
BUJI

p,(n)~v, -n-x,, n— o,

IJle KOHCTaHTa v, , BOOOLIE TOBOPs, MOXKET OTJIH-
9aThCsl OT KOHCTAHTHI [ , & UX PACYCT HE SIBIIACTCSA
LIEJIBIO HAacToALIEeH paboThl. Takum oOpasom, caena-
HO MPEATOJIOKEHNUE, YTO MOsIBIeHUE AeheKTa Ha pe-
meTKe J00aBISeT OTMHOMUATBHBI MHOKHUTENb K
[JIABHOMY YJIEHY ACUMIITOTUKH, HO KOHCTAHTa CBS3-
HOCTH OCTaeTCs TOH ke caMoil. YkazaHHas popmy-
Jla CTporo fokaszaHa anst m = 1, ..., 5, a mpeamnono-
JKEHHE O BHJE INIABHOTO YIEHAa aCHUMITOTUKH IS
BCEX HaTYpaJbHBIX 7 CYOPMYIHPOBAHO B BUJE T'HU-
MOTE3bl B KOHLIE CTaThU.

CXEMA PEHIEHUSI METOJOM MATPHUIbBI
MNEPEHOCA

Haubonee pacnpocTpaHeHHBIM CHOCOOOM MOJI-
cueTa IMKJIOB B CETOYHBIX rpadax SBISETCSA HUC-
MOJIb30BaHUE METO/Ia MATPHUILIBI TepeHoca [2]. DToT
METOJI yKe OoJiee oyBeKa YCIEeITHO MPUMEHSETCS
IUISl PENICHUs Pa3IUYHBIX MMEPEUNCIUTENbHBIX 3a-
Jlav, B YaCTHOCTH, OCHOBHBIC PE3yJIHTATHI B 33/1a4€ O
MOJICYETE IUKJIOB HA PEMIETKAX MOJYyYCHBI UMEHHO
METOJIOM MAaTPHIlbI MEepeHOoca (CM. CpaBHEHUE pe-
3yabratoB B [1]). Ero ocHOBHOE JHOCTOMHCTBO CO-
CTOWUT B TOM, YTO OH ITO3BOJISIET MOJCYUTATH KOIH-
YECTBO ITUKJIOB B T'pade 0e3 nx (HakTHIeCKoro IMmoc-
TPOCHUSI, YTO OCOOCHHO BaXKHO JUIS 3aj]ad, IpHHa-
JIISKAIINX Kjaccy cimoxkaoctu #P [11].

Jlorudeckas mpocTOTa METOAA CBOAMT IPOOJIC-
MY TIOZICUETA I[UKJIOB K BEIYHCIICHUIO CTEIICHH MaT-
PHIIBI TIEPEHOCa, OTHAKO CIIEJICTBHEM €€ BBIUNCIIH-
TEIBHON CIIO)KHOCTH CTaHOBHUTCS DKCIIOHEHIIHAIb-
HBIA OTHOCHTEIBHO 7 POCT TOPSAKA MaTPHUIIHL.
Takum 0Opa3oM, 3aJI0TOM YCIEITHOT'O TTPUMEHEHU S
METOJIa MaTPHIIbI IEPEHOCA ABIISICTCS HAIHUUE (-
(heKTHBHOMN CXeMBbI KOAUPOBAHUSI COCTOSHUN U MaK-
CUMaJbHO BO3MOXKHOE CXKAaTHe MATPUIBI ITyTeM
yHaleHusT HEAOCTHKUMBIX W OTOXKIECTBICHHS
UICHTHYIHBIX COCTOSHUH [1].

K coxanenuto, Ha CETOAHAIIHUNA JAEHb HE CY-
MIECTBYET HU OJHOTO MOJX0/Aa K PEIICHUIO MOCTaB-
JICHHOH 3a/lau¥, B paMKaxX KOTOPOro MOXKHO OBLIO
OBI BEIYUCIUTH TOYHBIA OTBET JJIS IIPOM3BOJIBHBIX U
JIOCTaTOYHO OONBIINX 3HAYCHU m 1 1. BMecTo 3T0-
ro perieHue 3aJaddl Ha PEIIeTKax HAYMHACTCS C
(bUKCHpPOBaHHUS OIHOTO W3 MapaMETPOB. DTUM Ia-
pameTpom Oynet m. Takum oOpa3om, MIUPUHA pe-
meTku 2m + 1 pukcupoBana, a niauHa 2n + 1 Oyzer
MeHATbea st n = 1, 2, ... B aToM ciiyyae MOXXeT
OBITh TPIMEHEH METOJ] MaTPHIIHI ITEPEHOCA.

[IpounatocTpupoBaTh cXeMy MeTOoJa MaTpPHIIBI
IepeHoca y100Hee BCero Ha MpUMEPe PeLICTKH IIIH-
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puHoti 3 (korma m = 1). Ha puc. 2 crieBa 1/1306pa>KeHa

pemietka P, x P, 1 IPeIraMuIbTOHOB IIUKII B HEW.
Crpasa or’ peleTKH M300pakeHa MOCIIeA0BaTE b=
HOCTBH TaK Ha3bIBACMBIX COCTOHHI/II/I 4epe3 KOTOPLIC
MIPOXOJNT LUKJI, €CITH CTPOUTH €r0 MOCIIEeI0BATENb-
HO CHHU3Y BBEpX, IIEPEXOIs OT OJAHOTO YPOBHS pe-
mIeTKU K cuenytomemMy. COCTOSHHUE MpeCTaBIIsieT
napy u3 MHOXKecTBa AYT U cuMBona «0» umm «1».
[onoxeHue KOHIOB AYT yKa3blBaeT HA TO, KaK eIle
HE TIOCTPOEHHBIA Ha TEKYIIEM YPOBHE LUKJ MIPOXO-
IUT TI0 BEPTUKAJIBHBIM pedpaM 3TOTO ypOBHS, CHM-
BoJI «0» 03HAYaeT, 4TO JI0 TEKYIIETO YPOBHS NePEeKT
pELIeTKH elle He BeTpeyancs, a «1» — 4Tto gedexT
npoieH. bonee cnoXHBIM NpuMep Ui PEIeTKH
IIUPUHOH 5 (Korma m = 2) Ha puc. 2 ClpaBa IMOKa3bl-
BAET, YTO AYT B COCTOSTHUU MOXET OBITh HECKOJIBKO.
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Puc. 2. Pemerku P, x P, P; x P u o6pasyromue ux cocrossus

Ilepexont OT OIHOrO COCTOSIHUS K IPYTOMY OCY-
LIECTBIISIETCS MMyTEM BKIIOUEHHS B HEAOCTPOCHHBIH
LIUKJ TOPU30HTAJIBHBIX pedep C MOCIeAYIOMNM I1e-
PEXoOM K OUYEPETHOMY YPOBHIO PELIETKH BBEPX.
Jns pemeTku mupuHON 2m = 1 11 KaXkI0ro co-
CTOSIHHSI HY>KHO Tiepedpath Bce 22 croco0oB ycTa-
HOBUTH TOPHU3OHTAIBHBIE peOpa, YTOOBI MMepEeUTH B
Ipyrue coctosHus. Bcio mHbOpMAIUio 0 TOM, U3
KaKHUX COCTOAHUU B KaKME€ MOXKHO MEPENTH, 3aru-
CBIBAIOT B MaTpuny 7(m), KoTopas Ha3pIBaeTCs MaT-
pureit nepenoca. B namem npumepe 111 m = 1 Bce-
ro 8 BO3MOXKHBIX COCTOSIHUI, KOTOpbIE YKa3aHbl Ha
puc. 3. IlporymMepoBaB UX B yKa3aHHOM MOpAJIKE,
3aliIIeM BO3MOXKHBIE TIEPEXOAbl MEXAY HHUMHU
B MaTpHILy IIepeHoca:

o1 0 0 0 1 1 0 o 8 0 0 0 32 32 36
o0 1 1 1 0 0 O 0 0 8 8 5 0 0 0
01 0 0 0 1 0 1 08 0 0 0 28 28 32
o1 0 0 0 0 1 R 0O 8 0 0 O 28 28 32
()= , T ()=
o0 0 0 0 1 1 1 o0 0 0 O 8 8 8
o0 0 0 1 0 0 O 0o 0 0 0 8 0 0 0
o0 0 0 1 0 0 O 0o 0 0 0 8 0 0 0
o0 0 0 0 0 0 O o0 0 0 0 O 0 0
l:0---4---0,0 2;@,0 3;v---0,0 4:0---x---» 0

5:age-ce 1 6: Ko 1 7 LA ;1 8:e---e---0 1
Puc. 3. Bce BO3MOXKHBIE COCTOSIHUS U1 PEILIETKHU IHUPUHOM 3

Onement T' ](m) = 1, ec’Iu MOXHO MEPEUTH U3 CO-
CTOsIHMS i B COCTOsIHME j U T, (m) = (0 B IpOTUBHOM

cinyyae. Hampumep, 1ist m = 1 U3 coCTOSTHUS 2 MOXK-
HO TIEepEeTH B COCTOFIHI/IC 5 (Takoit mepexox ecTh Ha
puc. 2 cneBa), 3uauut 7, (/) = 1. Uucno ramuibro-
HOBBIX ITMKJIOB Ha pemeTKe P, x P_(nns mo6oro
HaTypalbHOTO k) PaBHO Lmcny CI0CO60B nepenTu
OT HAYaJIbHOTO COCTOsIHUS 1 (KOrzIa MOCTPOCHHE
LMKJa elle He HAa4yaJloch) B KOHEYHOE COCTOSIHUE §
(korma UMUK 3aMKHYJICS W JedeKT MmpoiiieH) 3a k
maroB. A 3TO YHUCIIO OMpPENeseTCs KaK AIIEMEHT
(1,8) marpuusr 7%(1). Hammpumep, na pemetke P, x P,
snement (T 7(1)) .= 36, TaKOBO U KOJIHYECTBO npe,u-
IAMHITBTOHOBBIX. LUKJIOB Ha HEH.

B camoii peanuzanuun anroputma marpuua 7(m)
SIBHO HE COXpaHseTcs, 0ojiee TOro, BCe COCTOSHUS
0COOBIM 00pa3oM KOIHUPYIOTCS M CKUMAIOTCS, O
geM nonpoOHee HamucaHo B [1]. B Tabn. 1 yka3anst
MOPAJKHM CXKATBIX MaTPUIl IEpeHoca s Clly4yaeB
m=1, 2, ..., 10. Hanpumep, B cnyuyae m = 1 Bce 8
COCTOSSHMM MOKHO CKaTh 10 3. OTo uncio 3 U yka-
3aHo B Ta0x. 1 B cTpoke m = 1.

Jns momcdera MPEATaMMIIBTOHOBBIX —ITHKIIOB
OblIa HamrcaHa KOMIIBIOTEpHas IporpaMma, pea-
nu3yromas metoj u3 [1], MmogudunrpoBaHHbIil Ta-
KUM 00pa30oM, 4TOObI YUUTHIBAThH IMOJIOKEHUE Jie-
¢dexkra Ha pemerke. Mogudukanus 3aKIOYAETCH
JUIIb B TOM, YTO JJIS1 KQXKJIOTO COCTOSTHHS HE00XO0-
IIAMO XPaHUTh UHPOPMAITHIO O TOM, OBLI JIM TTPOM-
neH nedekT Ha pemeTke MM HeT. DTO HEMHOTHUM
OoJiee YeM BABOE yBEITUYHUBAET YHCIIO COCTOSHUM IO
CPaBHEHUIO C MIOMCKOM T'aMHUJIBTOHOBBIX ITUKJIOB.

Jns cpaBHeHUs B Ta0I. 1 Takke BBITUCAHO YHUC-
JI0O COCTOSIHUH, BO3HUKAIOIINX B CIIydae IMojcYeTa
TaMHUJIBTOHOBBIX ITHKJIOB.

Ta6auna 1
[Topsigok cxkaTol MaTpUIBl MepeHOCA
U PEKYPPEHTHOTO COOTHOIIEHHU A

AJdss TaMAUJBTOHOBBIX IMUKJIOB HAa pemIeTKax

P, xP, v 1peAraMUIIbTOHOBbI X IUKJIOB Ha

pemeTkax ZmHX 2n+l1
ITopsimox MaTpHIlsl HEpEeHOCA cog%%ﬂuﬂjgﬁm
P2m+] X PZn P2m+] X P2n+l hm(n) pm(n)
1 2 3 1 2
2 8 12 3 6
3 37 67 18 36
4 213 416 104 208
5 1332 2752 671 1342
6 8916 19 189
7 62 121 138 205
8 446 483 1020 530
9 3284 418 7678 732
10 24 620 184 58 671 018

O MPABUJIBHOCTHU IOJTYYEHHBIX JAHHBIX

[IpaBUIBHOCTH METOMAa MaTPHUIIBI MTEPEeHOCA JI0-
Ka3aHa B [2], a MpaBUILHOCTH pabOTHI HAIIETO Me-
TOJa, ONTUCAHHOTO B [1], BEITEKAeT U3 caMOTo MOCT-
POCHHMS MaTPHI[BI IIEPEHOCA: POTrpaMMa rnepedupa-
€T a0CONIOTHO BCE BO3MOXKHBIE COCTOSIHHMS U pac-



100 A. M. KapaBaeB

CUMTBIBACT BCE BO3MOXHBIC IEPEXOJIbI MEXKy HUMU
MOCPEJICTBOM TIOJIHOTO Tiepedopa. Yncno Takux co-
CTOSIHUH, yKa3aHHOE B Ta0JI. 1, HE CIIUIIIKOM BEITUKO
JUIS. COBPEMEHHBIX BBIYHUCIUTEIIBHBIX CHUCTEM, OJI-
HAKO OHO CYIICCTBEHHO MEHBIIIC, YeM YHCIIO BCE-
BO3MOJKHBIX IUKJIOB (Tabi. 2), MEepedruciInuTh KOTO-
pbIe TIOJHBIM MEPEOOPOM, CUUTAsI UX TIO OJHOMY,
HEBO3MOXKHO.

Tabauna 2

KomuuecTBoO NpeAraMuiIbTOHOBBIX LHHUKIOB

Ha KBaJApaTHOHU pCUICTKE P2n+l X 20+

N

KonnuecTBo npeAraMuIbTOHOBBIX ITUKJIOB

5

226

255088

6663430912

3916162476483538

51249820944023435573470
14870957102232406137455708164254
95494789899510664733921727510895952184006
13559554600804304977439766815372028940021573343275526

425577772\
73614434293884765869188518513149602332875710275078966598

NoRE-LRIEN NN RV BN SN RSN S R

—_
(=)

[IpaBUIBHOCTE PabOTHI CaMO¥ MMPOTPaMMEI, pea-
TU3YIOIIEH MEeTO, He MOXKET OBITh JIOKa3aHa CTPO-
T'0, TOCKOJIBKY ABJIACTCA O6L€KTOM BOJIBHOI'O TBOP-
yecTBa ee aBTopa. OMHAKO KOCBEHHBIE NMPOBEPKHU
MOKa3bIBAIOT, YTO, I0-BUIMMOMY, IIPOrpaMMa pado-
TaeT MpaBWIbHO. HanmpumMep, 9uCI0 MUKIOB HA pe-

mIETKaX P2m+l X sz u PZn+1 X sz+1 OJDKHO OBITH

OIMHAKOBBIM. JIeMCTBUTEIBHO, OHO MOJYYMUJIOCH
OJIMHAKOBBIM JJI51 TEX PEIIETOK, HA KOTOPBIX MIPOBO-
JIUITUCH PacyeThl, B YeM MOXKHO yOCIUTHCS, B3SIB
(hakTHUECKHE JaHHBIC C HAIIETO caifTa [5]. AHanu3
PEe3yAbTaTOB, MPOJETAaHHBIA HUXKE, 1aeT BIIOJHE 3a-
KOHOMEPHBIN UTOT: €CJIM MIUPHHA PEHICTKU (PUKCH-
poBaHa, a JJIMHa HEOTPAHUYEHHO PACTET, TO MOXKHO
MPEANONIOKUTh, YTO YHUCIO NPEATaMUIBTOHOBBIX
LMKIOB Ha pemerke P, .~ x P, = ¢ TOYHOCTBIO 0
KOHCTAHTHI B 7 pa3 OOIbIIe, 9eM YUCIIO TaMUIBTO-
HOBBIX LIMKJIOB Ha pewieTke P,  x P, , Tak KaK Jie-

(dexT MOXeT 3aHUMaTh JT000H U3 (2m + 1)(2n +1)
y31oB. Kak MBI yBUIMM aajiee, UMEHHO 3TO U MOJI-
TBEPAMJIOCH I T€X CIIy4aeB, JJI KOTOPBIX yja-
JIOCh MPOBECTH TOUHBIC BHIYUCICHUSI.

AHAJIW3 PEKYPPEHTHBIX COOTHOIIEHH 1
W ITPOU3BOISAIIAX ®YHKIUI

HecMmoTpst Ha TO YTO METOJ MaTPUIIBI TIEpeHOCA
sBiseTCs Oonee d(PEKTUBHBIM CIOCOOOM TTO/ICHUE-
Ta IIUKJIOB B CETOYHBIX rpadax, 4eM METOI IIOJTHOTO
nepebopa, B CHIIy CaMOi MPUPOABI paccMaTpHUBae-
MOM 3a7]aull OH OKa3bIBA€TCs YpE3BbIUAHO pecyp-
COEMKHM H HE MOXXET OBITh HCIIOJIb30BAaH IPH ITOB-
CCAHCBHLBIX pacycTax. KpaﬁHe JKeJ1aTCJIbHO UMCTh
0oJiee KOMITAKTHOE TPEACTABICHHUE IS PE3yNbTa-
TOB, MTOJTYYSCHHBIX 3THM METOJIOM.

K cuactelo, mpupona caMoro MeTojia MaTpHUIlbI
MepeHoca TakoBa, 4YTO MOJYUYEHHBIE C €r0 MOMOIIBIO
YUCJIOBBIE MOCIENOBATEILHOCTH OYIYT YIOBJIETBO-
PATH JTMHEHHBIM PEKYPPEHTHBIM COOTHOILIEHUSM C
NOCTOSIHHBIMH KO3 dunreHTaMu. Hanuune Taxon
BO3MOYXHOCTH, SIBIISIFOIICHCS CIICICTBUEM TEOPEMBI
Kemn — 'aMunbpTOHA, TO3BOJISICT, B YaCTHOCTH, OIE-
HHUTH CBEPXY IMOPSANOK PEKyPPEHTHOTO COOTHOIIIE-
HUS TIOPSIKOM MaTPHIIBI TIEpPeHOCa.

O0603HaYMM YHCIIO0 TPEATaMHIBTOHOBBIX ITHK-
JOB Ha pewerke P, . x P, = cuMBoIOM p ().
TTocnenoBaTeIbHOCTS YHCEN pm(n) Oyzer yaoBIeT-
BOPATH INHEHHOMY OTHOPOITHOMY PEKYPPEHTHOMY
COOTHOIIIEHUIO C IIOCTOSTHHBIMH KO3 PHUITUSHTAMHU

Nm
pm(n):zck'pm(n_k)’ n>Nm’

k=1
MIPUYEM TOPSAIOK ITOTO COOTHOIICHUS (KOTOPBIi
MbI 0003Ha4MIIM Kak N ) He OyIeT MPEeBOCXOAUTh
opsIAOK MaTpuIel 7(m). MexaHnu3M BOCCTaHOBJIE-
HUSI pEKYPPEHTHOTO COOTHOIICHHS 110 Ha4aJIbHOMY
OTPE3KY TOCJEe0BATEILHOCTH CBOIHUTCS K METOIY
HEeOIpeAeNeHHbIX KO3(Q(QHUIIMEHTOB: 3HAas 4Hcla
p, () B JIOCTAaTOYHOM KOJIMYECTBE, MOXKHO COCTa-
BUThH CUCTEMY JIMHEHHBIX yPaBHEHUU OTHOCUTENb-
HO HEU3BECTHBIX ¢, ¥ pemuTh e€. Cucrema ypasHe-
HU TIOJTyYaeTcs MOACTaHOBKON uncen p (N, + 1),
p, (N +2),... B peKyppEeHTHOE COOTHOIIECHHE:

r.(N,)  p,(N,-D (D) ¢ Pu(N, +1)
PN, +1)  p.(N,) Pu@ | |G |_| Pa(N,+2)
p,2N,-1) p,(2N,-2) P.(N,)) ¢y, p.(2N,)

ITockONIBKY 11T BOCCTAHOBJICHUS KO3 (UIIHECHTOB
Cps Cpy Cyy vy TpeOyeTcsi YBOCHHOE KOJIUYECTBO

YJIEHOB IOCJIE0BATEILHOCTH, PEKYPPEHTHOE COOT-
HolleHUe OyNIeT TapaHTUPOBAHHO NPABUIIBHBIM,
€CIIM KOJIMYECTBO U3BECTHBIX YHCEN P, (11) HE MEHB-
1le YJIBOGHHOIO MOpsAJAKa MaTpHUIbl IepeHoca.
IToaTOMy OCHOBHOM 3aa4yeil 3/1€Ch SIBIISETCS MOJIY-
YeHHEe JOCTaTOYHO JIIMHHOW IOCIIE€I0BATEIBHOCTH
gucen (Tabmn. 1). B HacTosmeM ncciaenoBanuy ObLTH
MOJIYYCHBl HOBBIC PEKYPPEHTHBIC COOTHOIICHUS
s cnydaeB m = 1, ..., 5. B cuny rpoMo3akocTu
MTOJTYYEHHBIX BBIPAKEHUH AETAIBHO PacCMOTPEHBI
JIUIIL TPUMEPBI 1714 m = 1, 2, B TO BpeMs Kak oc-
TallbHbIE BBIBEJICHHBIE PEKYPPEHTHBIE COOTHOIIIE-
HUSI ¥ HA4aJIbHEIE JaHHBIE K HUM CBOOOIHO JTOCTYTI-
HBI JJ151 CKAUMBAHUS HAa aBTOPCKOM caiite [5].

B namewm mpumepe mns m = 1 mocienoBaTenb-
HOCThp (n)mnan=1,2,3,... umeeT Bua 5, 14, 36, ...,
a peKyppEeHTHOE COOTHOIIEHHE UMeET NopsAaokK 2 [5]:

p()=5, p(2)=14, p(n)=4p,(n-1)-4p,(n-2),n>2.

JItoboMy THHEHHOMY PEKypPpPEHTHOMY COOTHO-
MIEHUIO C TIOCTOSHHBIMH KO3((UITMECHTAMHA COOT-
BETCTBYET pPalliOHATbHAS IIPON3BOISINAS (PYHKITUSA,
KOTOpas TeHepUpyeT TOYHO TAKYIO K€ TOCIIe0Ba-
TeIBHOCTh. M3yuaTh mpenensHbie CBOHCTBA MOCIIe-
JIOBaTENFHOCTH YJ00HEe MMEHHO Yepe3 MPON3BOIS-
mue Qynkuuu. Ecnu BBecTH 0Oo03Hauenue G (2)
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JUTSl TIPOM3BONAIIEH (QYHKIMHU, COOTBETCTBYIOLIEH

PEKYpPpPEHTHOMY COOTHOILICHHIO [JIsi PEIIeTOK
P, . x P, ., 10, Hanpumep, 1 m = 1 oHa Oyzmer
MMETh BU]T
5-6
G(z)=5z+142> +362° +--- = u
(1-2z)

ACHUMIITOTUKA KOJWUYECTBA MPEATaAMHIIETOHO-
BBIX ITUKJIOB OTpenensieTcss noBeaeHueM QyHKIuu
BOJM3HM €NMHCTBEHHOT'O TMOdI0ca z = 1/2, KOTOPBIi
“MeeT KpaTHOCTh 2. OOpaTHYIO BEIMYHHY K TJIaB-
HOMY KOPHIO 3HAMEHATEJSl IPOU3BOASIICH (QYHK-
uuu G, (z) 6ynem 0603Ha4aTh k, , TO €CTh k, = 2. U3
3TOTO cne)lyeT 4o p (1) ~ v, cn -2 TIpH 7 L To
€CTh KOIUYECTBO npez[raMHnLTOHOBHX IIUKJIOB
pacTeT SKCIOHEHLUAIbHO C POCTOM JJIMHBI peIIeT-
KU, HO, IOMUMO 3KCIIOHCHTBHI, IIABHBIN YJICH aCUM-
NITOTUKK HMMEET IOJIMHOMHUAIbHBIH MHOKHTEIb.
Bbruncnenne 3HaueHu st KOHCTAHTHI V| B LEJIM HAIIEH
paboThl HE BXOIUT, HO TpHU HCO6XO,Z[I/IMOCTI/I ero
MOYXHO ONpPEENUTh MPUOIMKEHHO, PACCUUTAB OT-
HoweHue p (n)/(n -+ 2") Juis 10CTaTO4HO GOJNBIIOTO
3HaueHus n. Tax, a4 n = 500 nonyuum 1,003000...

MBI IpOMJLTFOCTPUPOBATHM CXEMY aHalin3a Io-
JYYEHHBIX PEKYPPEHTHBIX COOTHOIICHUN Ha TPH-
Mepe pelIeTKH MUPHHOHW 3, 4TOOBI HILTIOCTPALIUS
HE OKasallach CIMIIKOM IrpoMo3jikoi. B aTom ciy-
yae pelIeHne MOXET ObITh HaiJIeHO B BHJE SBHOM
dbopmynbl. Paznoxenue npousBomsmieii QyHKIINU
G (2) B pAZLl 1O CTENEHSM Z JAET ABHOE BHIPAKEHUE
zUm Kod(huIMeHTa TIpH Z2";

3 n
p(n)= n+5 27,

13 KOTOPOro Cpasy BUJHO, 4TO v, = 1 1 4T0 p (1) ~
~n - 2"npu n — 0. K coxanennto, siBHbIe (OPMYIIBI
IUIsL cry4daeB m > 1 He MOTYT OBITh IOJIy4YEHBI B
CTOJIb KOMIIAKTHOM (OpMe, HO TOTAA BIIOJHE MPH-
MCHHUM MECTO/J aHaJIM3a, ONMCAHHBIN BEHIIIE.
WNHTepecHas 0cOOEHHOCTH TPOM3BOASIINX (PyH-
KM A7 4uclla IPEearaMUIbTOHOBBIX LUKJIOB Ha
pemetkax P, ~x P,  TpOABISETCS B MX CPaBHE-
HHU C HpOI/I3BOI[$IIIII/IMI/I ®YHKHHHMH JJI Yuciia ra-
MHJIBTOHOBBIX IIUKJIOB Ha pemeTkax P, x P, , Ko-

2n’
TOpbIE Mbl 0003HaunM 4epes H (z2) (0 TOHCKE TAKHX

[UKJIOB TOAPOOHO HATIMCAHO B [ ]). 3Has pexyppen-
THBIE COOTHOIIEHUS IS YHCIA TaMUIBTOHOBBIX
[MKJIOB HAa PEHICTKAX ¢ HCYCTHOW MIMPHHOU 110 P, X
x P, [1], MBI TO4HO TaK € MOXKEM MOCTPOUTH MPO-
I/I3B0z[ﬂume ¢byaxkunn H (Z) Vka3zannas ocoOeH-
HOCTb COCTOMT B TOM, 4TO 3HAMEHATEIIb MPOU3BO/I -
wel pyrkuun G, (2) ABIIAETCSA KBaJPaTOM 3HAMEHa-
Tens H (2) sl Beex PACCMOTPEHHBIX  CITy4aeB
BIUIOTH JI0 71 = 5, a [IIABHbIi (MUHAMAIBHBIH IO MO-
NyJII0) KOPEHb 3HameHarens H (z) ABIsAeTcs mpoc-
TeIM. Hammpumep, B cimydae m = 1, To ecTh Ha penieT-
ke P, x P, , peKyppEeHTHOE COOTHOLICHUE [Is YUCIIa
raMHUJIBTOHOBBIX ITUKJIOB UMEET BUI [5]

n()=1, h(n)=2h(n-1), n>1,

a IpousBoadIas (byHKIII/ISI, COOTBETCTBCHHO,

H(z)=z+2z2"+42 +--- = z_
1-2z

Kak BuHo, 3Hamenarens G (z) paBeH KBaapary
3Hamenaress H (z).

AHAJOTHYHbIE pe3yabTaThl MOIYYalOTCA ISt
ciyuaeB m = 2, 3, 4, 5. B atom MoxHO yOeauThCs,
B35B BCE (paKTHUECKHE JaHHbIE (PEKYPPEHTHBIE CO-
OTHOIICHHS W HavallbHBIE JaHHBIE IS TaMHUJIBTO-
HOBBIX W MPEATaMIIFTOHOBBIX ITUKJIOB) Ha HAIEM
cafite [5]. Hampumep, nis m = 2

z-(1+32)
H/(z)=—>"22)_y
2(2) 1-11z-22°

2z-(71-41z+9z2° +42° +62* - 2°)
(1-11z-22°)

AcuMnToTrka K03 HUIIHEHTOB Pa3JIOKESHHS pa-
[IHOHAJIEHON TpOW3BOAAIIEH (QYHKOHH B  Psif
MakmnopeHa onpenesieTcs MUHUMAIBHBIM KOpHEM
3HaMeHarenst. OH MOKeT ObITh HaiJieH TOYHO, HO B
LETAX SKOHOMHH MBI €r0o oKpyTium: z = 0,0907731.
OOGparnas BenuunHa k, ~ 11,01648. Jlns snamenare-
ns H (z) xopeHb aBIseTCS mpocTeIM (00a Ipyrux

KOMHHCKCHLIC), 4TO A4CT MpaBoO 3aIlUCaTh
h (1)~ 11, -11,01648", p (n)~v,-n-11,01648"

IpU 71 —> ©O.

Koncranter u, = 0,115149 u v, = 0,605767 taxxke
OTIPENETISIOTCS HpI/I6JII/I)KeHHO €CIIH 3TO HE0OX0au-
Mo. Bo Bcex octampHBIX cnydasx (m = 3, 4, 5) uc-
CJIeZIOBaHHE TaK)Ke MMOKA3aJ0, YTO IJIABHBIH KOPEHb
3HameHarens H (z) sSBJISeTCA NPOCTHIM, a 3HAMEHA-
Tenb G (2) SABISICTCS KBaJpaToM 3HameHarens H (2).
BbI1IeCKa3aHHOE [O3BOISICT Cq)OpMyHI/IpOBaTB Tu-
MOTE3y O TOM, UTO JJAHHOE HAOII0IeH e CITpaBeIIIH-
BO I BCEX HATYPaJbHBIX M. MBI chopmyaupyem
€e B WHOH (popMe B 3aKIIFOUCHUH.

B 1a6n. 1 yka3zaHbI OPSIAKK PEKypPPEHTHBIX CO-
OTHOUIICHWH (2 3HAYUT, U CTEHEHH 3HaMeHaTelei
MPOU3BOASAIINX (YHKIHMH) ISl TaMHJIBTOHOBBIX H
MPEeAraMHJIbTOHOBBIX LIUKJIOB. DTH MOPSIAKH OTIIH-
4aloTcs B JIBa pasa.

G,(z)=

3AKJ/IIOYEHHUE U BBIBO/IbI

IMonyueHHbBIE PE3yNbTAThl O3BOJISIOT CPOPMY-
JTUPOBATh CIEMYIONIYI0 runore3y. Eciu uucio ra-
MHJIBTOHOBBIX LUKIIOB /1 (1) HA pemeTKe P, . xP,

MMEET CKOPOCTh POCTa h,,,(”) M, K, TIPH n— o,
TO YKCJIO MPEITaMUIIBTOHOBBIX LUKJIOB p (1) HA pe-

merke P, | X . P, . ~HMeeT CKOpOCTh pocTa

p,(n)~v, -n-k,  OcHoBaHHE MOKA3aTeIbHOM (yH-

KIMU DTHUX aCHUMITOTHK OJHO M TO XK€ M 3aBUCUT
TOJBKO OT IIUPUHEI pEMIETKU. BUT T1aBHOTO YieHa
ACUMITOTUKH TOJIYYEH TOUYHBIMHU METOJAMH JJIs
m=1, ..., 5; TUTIOTEe3a YTBEPXKAAET, UTO TAKOU BHUJ
OyZleT COXpaHsThCS I BCEX HATYPAJIBHBIX /1.
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WNHTepecHO! mpencTaBisieTcss TPOBEPKa THUIIO-
Te3bl 10 m = 10 ¢ MOMOIIBIO METOIOB alIPOKCHMAa-
LMY YUCIIOBBIX MOCIEA0BATEIbHOCTEM [6], HO ATO HE
BXOJIMJIO B IIeJH Hamiell paboTel. OMHAKO HAIl Me-
TOJ TIO3BOJISET TOJYYHTh IOCIICAOBATEIBHOCTH
qucen p (n) MU PENIETOK MUPHHOW 10 21, uTo
MOJTBEPIKAACTCS PE3yNbTaTaMHu, IPHBEIESHHBIMU
B Ta0m. 2.

B craructudeckoi MexaHHuKe moIuMepoB [8] mo-

Ka3aHo CYIIECTBOBaHue mpenena lim, | 2k, =«

IUTSE CTydasi TaMUJIBTOHOBBIX ITUKJIOB, CIEIOBATETh-
HO, €CJTM TUTIOTE3a BEpHA, TO BETMYNHA K — YHUBEP-
calbHasl KOHCTaHTa CBSA3HOCTH — OJTHA U Ta XKe IS
raMUJIBTOHOBBIX U TPEAraMUIBTOHOBBIX IIUKJIOB.

Iloka3zaHo, 4TO pacyeT aCUMITOTUYECKUX CBOWCTB
MJIOTHOYTIAKOBAHHBIX TpaHchopMamuii moauMe-
POB JIOJIKEH MTPOBOAMTHLCS C YUETOM XapaKTEPHC-
THK CPENbl: €CIM cpella MOACIHUPYETCS PEIIeTKOM
¢ nedekTaMu WIU He 00J1a/1aeT CBOHCTBOM TaMHJIb-
TOHOBOCTH, TO 3TO BIIUSIET Ha CKOPOCTb POCTa BO3-
MOXKHBIX TpaHcopMaluii u, CIeAOBaTEIbHO, Ha
TEPMOTMHAMHUYICCKIEC CBOMCTBA MOJICIIH.

B paborte [1] 3asBeHBI TOYHBIC 3HAYCHHS YHCITA
TaMUJIBTOHOBBIX ITUKIIOB JUISI PEIIETOK Pa3MepoM

no P,,x P, ¥ pEKyppEHTHbIE COOTHOLICHHUS ISt
peleTok mupuHOoM 0 14. B HacTosieM uccneno-
BaHWHM OBLITH OTyY€HBI TOYHBIC 3HAYCHH S KOJIMYEC-
TBa MPEATaMUJIBTOHOBBIX IHKJIOB Ha KBaJIpPaTHBIX
peIIeTKaX ¢ HEYECTHBIMH CTOpPOHamMu Jio P, x P,.
Pesynbrarhl ykazaHsl B Ta0J. 2, a TaK¥KE 3apETHCT-
PUPOBAHBI B SHIUKJIONEANN LEIOYUCICHHBIX MOC-
nenoBarenbHocTed [9] mox Homepom Al81584.
[lomy4yensl peKyppeHTHBIE COOTHOIIEHUS IS pe-
mEeTOK MmupuHOK M0 11. PacdeTsl mpoBoaMINCH HA
kiactepe Kapensckoro wHayunoro ueHtpa [3].
MOo>xHO MPOBEPUTH CHPABEAIMBOCTh HAIINX BHIBO-
JIOB C TIOMOII[bI0 CUCTEM KOMITBIOTEPHOW anreOphl,
B3sB Bce (JaKTHUECKHE JaHHBIE C HAIIeTo caiita [3],
a TaKXe MEePernpoBEPUTh HAIM PACUETHI, peaTu3o-
BaB CaMOCTOSITEILHO aJITOPUTM, TTOJIPOOHO OITHCAH-
HEIH B [1] ¢ HE3HAYNUTEIBHBIMHI U3MEHCHUSIMU Kaca-
TEJIBHO MOJIOKCHUS Je(eKTa, ONMMCAHHBIMUA B Ha-
cTosiel padore.

Janee mmaHupyeTCs M3yYUTh CBOWCTBA TPOCTHIX
[UKJIOB MaKCHMaJIbHOM JJTMHOM Ha pernieTkax ¢ 00-
Jee yeM ogHuM JieekToM. MBI mpeanoigaraemM, 9To
TJIABHBIHN YJICH ACHMIITOTUKHY JJIS1 YUCIIA TAKUX ITHK-
JOB OyzAeT colepiKaTh MHOXHUTENEM TOJIHHOM TOH
CTENCHH, KAKOBO KOJIMYECTBO JE(PEKTOB.
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3®PEKTHI MOAYJIALNU TOKA B KOMIIJIEKCHOM ITJIABME
TJEIOHIEI'O PA3BPAJA C YHHOPAJOYEHHBIMU CTPYKTYPAMMU

B ,I[aHHOﬁ CTaThC PACCMATPUBAIOTCA B(I)q)eKTLI, BO3HHKAKOOINUC TP MOAYJIANHUU ITPOAOJIBHOI'O JICKTPHUYICC-
KOT'0 TTOJIST B KOMITJIEKCHOM TIJ1a3Me TJICIOLICTO pa3psaga NyTEM HAJIOXKECHUA MaJIbIX TApPMOHHUYCCKUX BO3MY-
IIEHUH Ha pa3psiIHBIM TOK B ra30BOM MpoMexXyTKe. [IpoBeeH aHain3 BO3MOXKHOCTH MPUMEHEHUSI METO/1a
IJIA ynpaBJICHHUA IJIa3MCHHO-IIBIJICBBIMU CTPYKTYpPaMU B IIJIa3ME TIICIOIICTO pa3psaa.

Kitouesble coBa: meieBast I1a3Ma, TISIOMHN pa3psi, MIa3MEHHO-TIBUIEBBIE YIIOPSI0UEHHBIE CTPYKTYPbI, FApPMOHHYECKHE KOoTeOaHus

BBEJIEHUE

B nccnenoBaHusAX KOMILUIEKCHON HU3KOTEMIIEpa-
typHo#t azmel (KHTII) npunsto pa3aenars aua-
THOCTUYECKHE TOAXOABI 10 HCHOJIB30BAaHUIO BO3-
MYyIIAIMuX Bo3AeicTBri. Takoe pazaeneHrue 00b-
SICHSIETCSI LIETSIMU M 3a7]a4aMH UCCIICIOBAHUS: €CITH
HEBO3MYLIAMOMIAs TUAarHOCTHKA JaeT HHPOPMAIIUIO
0 TOBeIeHNN 00BEKTa B OTCYTCTBHH BHEITHUX BO3-
JIEHCTBUI B €r0 €CTECTBEHHOM COCTOSIHUH, TO BO3-
MYIIAIOIKEe METOAbl OTCIIEKHUBAIOT PEaKIHUH Ha
BHEIITHHE BO3ICHUCTBUS HE TOJNBKO C TOYKH 3PEHHS
W3yYEHHsI CTPYKTYPbI ¥ TIOBEJCHUS CaMOro 00bEeKTa,
HO 3a4aCTyIO M C TOYKH 3PEHUS HU3YUEHHS BO3MOXK-
HOCTH YIIpaBJICHUS 00BEKTOM, HAIPUMED, AT 3a1a4
IJIa3MOXMMHH HJIM IIpH 00paboTke TBEpAOQa3HbIX
gacTuIl B ma3me (moapoduee cM.: [4], [5], [6]).

OCHOBHYIO 4acTh paboT, OMyOIHKOBaHHBIX B 00-
JacTH BO3MYINAOUIEH OUarHOCTHKHU IUIa3Mbl, CO-
CTaBISIIOT PabOTHI, OTHOCSIUECS K BBICOKOUACTOT-
HOMY pa3psiy, IpA 3TOM B HUX MapaMeTpHIecKre
BO3ZEHCTBHSA Ha MJa3My TIEIOIIEro pa3psaa MOCTo-
SHHOTO TOKa M3y4YEeHBI HEJJOCTATOYHO. TeM He MeHee
yke ObLIO OOHapyKEHO MOIYIHPYIOIIee BO3JIEHC-
TBUE KPaTKOBPEMEHHBIX MMIYJIbCOB ajuadaTuyec-
KOr0 MarHWTHOTO TOJIA Ha KPHUCTAUI B TJIEIOIIEM
paspsizie, BEI3BIBAIOIIEE €r0 CMENICHHE W 3aTyXaro-
M€ MBUIC3BYKOBBIC BOJHBI [7]; TaKyKe ObLIN U3y4e-
HBI 3G (EKTHI BO3ICHCTBUS Ha KPUCTAIIT U OKPYIKaF0-
YO €r0 TUIa3My ITYYKOB 3apsKEHHBIX YaCcTHII pa3-
nuyHou sHepruu [2]. 'azogmHamuyeckue BO3ACH-
CTBUS, WCIOJB30BAHNE HAIMPABIECHHOTO JIA3€PHOTO
W3ITy4YeHUs ¥ BO3ICHCTBHS TPAIMCHTOM TEMIIEpaTyp
B TJICIOIIEM pa3psijiec onucausl B [6], [11], [12].

© Torones A. E.,[Xaxaes A. ]}, IlItsixos A. C., 2011

ABTOpaMH BBIIICYKa3aHHBIX Pa0OT OTMEYaeTCs
HEOOXOIMMOCTh U3yYEHHsI HOBBIX METOJIOB MapaMeT-
PUYECKUX BO3JCUCTBUN Ha IIa3MEHHO-IIBLICBBIC
ctpyktypsl (IITIC) ¢ menblo IUarHOCTHKYM HX Tapa-
METPOB U YNpPaBJICHUSA TaKUMH UX CBOHCTBAMH, KaK
MPOCTPAHCTBEHHOE TIOJIOXKEHHE U (hOpMa CTPYKTYPHI.

IOCTAHOBKA 3KCIIEPUMEHTA

[IpenmectBytomue uccnenopanust KHTII moka-
3alli CylIeCTBOBaHME paHee He U3BECTHBIX dPdeK-
TOB B MOBEJICHUU YACTHUI] KOHJCHCUPOBAaHHOMW JIHC-
nepcHoit daszel (K/ID) B ma3me Tiieromiero paspsia
MOCTOSIHHOTO TOKA, MOJIYJINPYEeMOM TapMOHUYECKHU-
MU KOJICOAHUSIMM MAJIOi aMILUIMTYbI, TOAPOOHO
ornucanHbiMU B [3], [10]. OTu 3¢dexTsl, HE OTME-
YCHHBIC paHee HU B OJHON M3 pabOT U OYECBHJIHO
00YyCIIOBJIEHHBIC KOJUIGKTUBHBIMH IIPOIECCAMHU B
KOMIUJICKCHOM T1J1a3Me, MOTUBHPOBAJIM HAC MIPUCTY-
MUATh K UCCIICJAOBAHUSIM MEXaHH3MOB YIIOMSHYTHIX
SIBJICHHI HA OCHOBE UX SKCIICPUMEHTAJIbHBIX U T€O-
peTUYecKux uccienoBanuil. s npoBeneHus Hc-
CJIeZIOBaHMI ObLJIa CO3/IaHa YCTAHOBKA, MO3BOJISIO-
Imasi UHAYKTUBHO HAaKJAJbIBaTh CHHYCOUJIATBHOE
HaIpsKeHHe B KaTOAHYIO (HU3KOBOJIETHYIO) BETBb
LENU MTUTaHUs pa3psaa.

Jlnst 3aaHusl CUTHAJIOB Pa3IM4YHON (OPMBI UC-
MOJIH30BAINCH TeHepaTopsl yacToT ['3-109 u I'3-112
C OJJHOBPEMEHHBIM KOHTPOJIEM (POPMBI M AMILIUTY-
IIbI 3a7]aBaeMOT0 CHTHaja Ha BBIXONAX COMpPSTalo-
IIETO YCTPOMCTBA U TIOCTIE MTPOXOXKICHUS Yepe3 pas-
psia Ha ocnmILIoOrpade yepes raJbBaHUUYSCKYI0 pas3-
Bs3Ky (Oosee moapo6HO cm.: [3], [10]). AMmuuTyna
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3a1aBaeMoro Bo3myIeHus MeHsuiack ot 0,05 mo 6 B
npu yactotax cursana ot 10 I'u o 100 kI, k 3Toit
e OOJIACTH 4acTOT MPUHAAJNICKAT YacTOTHI Mpel-
MOJIaraeMbIX TBIJIE3BYKOBBIX M MOHHBIX IJIa3MEH-
HBIX KoneOaHui [1], [5], 4TO M SBUIOCH OCHOBOM
JUTS BEIOOpA IMana3oHa BO3MYIIAIOIIUX YacTOT.
Jns uccnenoBanuit B KadecTBe pabodero rasa
ObUT B3SIT MOJEKYJISPHBI a30T NpH JAaBICHHIX
0,2—0,6 MM pT. CT., TaieHNE HAPSXKEHUS Ha pa3ps-
ne coctapisisno 450-1200 B, Tok paspsga — 0,5—
1,4 MA (ycioBusi moaOUpanuch AN TONYyYeHUs
MakcuManbHO cTabunabHBIX (0,4 1 0,6 MM PT. CT.) |
HecTaObMIbHBIX CTPYKTYD (0,2 MM pT. cT.)). B Kagec-
TBE KPUCTAJITI000pa3yOLIEeH MBLITH HCTIOIH30BAUCH
nosnuaucnepcusie nopomku Al O, u Zn ¢ paBHO-
MEpHBIM pa30pocoM pa3MepoB ¢Qpakmuun — S—
20 mxMm. st 0Opa3oBaHust KpUCTaJia TPOU3BOIH-
JIOCh B CpeAHEeM 3 WHXKEKIIMH ITBUTH B pa3psi, Cpeln-
HEe KOJIMUECTBO YACTHI], HHXEKTHpPyeMOe 3a
1 pa3, — B mpeaenax 100. Peructpanmst nzodpaxe-
HUU THUTMHOK KPUCTAJUIa B TAa3€PHOM HOXKE ITPOM3-
Bozuiack ckopoctHo CCD-kaMepoi, MOAKII0YeH-
HOW K TepcOHabHOMY KoMmbioTepy. [lo macmira-
OMpPOBAaHHBIM HM300PAXKEHUSM CTPYKTYP BBIYHCIS-
Jlach BBICOTA KpHCTajjia, IMIMPUHA, PACCTOSHHUE OT
HIDKHEH TPaHHIBl CTPYKTYPHI O Cy)KaroIero Ko-
Hyca. 3aTeM M0 MOJIyYEeHHBIM KaapaM MpU OMOLTU
crenuanu3upoBaHHoro 110 BEIYUCIANNCH CpeqHUE
Me)XYaCTUYHBIE PACCTOSHHS B CTPYKTYPE.

Puc. 1. Cxema uzmepenwuii:
A — BepTHKaIBHBII pa3Mep MBIIEBOI CTPYKTYPHI,
B — paccTosiHEE OT HHXKHEH TpaHHUIBI CTPYKTYPbI
JI0 cy>karolero konyca, C — cyxkaromuii konyc, D — crenka
paspsgHoi Tpy6kH, E — nmeuteBas cTpykrypa,
F — ropusonTanbHblil pa3Mep NbLIeBOH CTPYKTYPBI

E1re pa3 octaHOBUMCS Ha TOM, YTO B UCCIIE/IOBA-
HUU PETUCTPUPOBAINCH TaKHe MapaMeTpbl, Kak
MPOCTPAHCTBEHHOE IMOJIOKeHUE AneMeHToB KD
(B TOM YHCJIC MX HAJIMYHE / OTCYTCTBHUE), IX BEPTH-
KaJlbHOE TIepeMelIeHUe 3a BpeMsl BO3ACHCTBHS BO3-

MYIIAIOIIMM CUTHAJIOM, pa3Mep MbLICBOH CTPYKTY-
pBI TIO BEPTHKAJIM U TOPU3OHTAIN M THHAMUKA W3-
MEHEHUsI CTPYKTYp BO BpEMEHHU (32 BpPEMCHHBIE
npomexyTku ot 0,04 no 5 mun.). [nsa pacderoB
MPUHUMAJIUCh JaHHBIC, YCPEAHCHHBIC MUHUMYM I10
TPEeM U3MEPCHUSM.

HabOmroneHuss mpoBOIUINCH TIPU  TOCIENOBA-
TEJIBHON CMEHe JaBjeHui pabouero rasza ot 0,2 10
0,6 MM pT. cT. ¢ marom 0,1 MM pT. CT., IpH KaXXA0M
3aJJaHHOM JaBJICHWW 3aJaBaJIOCh TPHU Pa3TUIHBIX
3rayenus Toka (0,7, 1,0, 1,3 MA) ¢ COOTBETCTBYIO-
UMY 3HAYCHHUSIMU TIAJCHUS HAIPSOKEHUS Ha pas3-
pAne, MPU KaKIOM U3 3HAUYCHUU Pa3psIHOrO TOKa
MIPOBOIMJIMCH 3aMephl HAOJIIOMaeMBIX MapaMeTpPOB
IPU YaCTOTaX BO3MYyIIaroIero curaana ot 10 go
200 I'y ¢ marom 10 T'm, 200-1000 I'm ¢ marom
100 I'y 1 manee Ha yacroTax 1, 5, 10, 15, 20, 40, 60,
80, 100 kI'm.

[Tpu pukcrpoBaHHON YACTOTE BO3MYIIEHHS aMII-
JUTYyJa BO3MYIIAIOIIETO CUTHAJA TOBBIIIANACH IO
YPOBHS, HPH KOTOPOM HAYMHAJIOCH pa3pylIeHUE
KpHCTaJIa, WA IO YPOBHS, PH KOTOPOM KPHUCTAIII
CMemiayicsi 3a TpaHWIy OO0NACTH pPEeTUCTpaIlny.
Kaxip1ii SKCIEPUMEHT MOBTOPSIICS TPHIKIBL C YC-
pPEIHEHUEM pE3yJbTaTOB M BBIUYMCICHHEM JIOBEPH-
TEIHLHOTO WHTEPBAJa MOTPEITHOCTH.

Takum o0Opa3oM, B Xome 0OpabOTKH IaHHBIX
aHAJTU3UPOBAIMCH 3aBUCUMOCTH HA0I01aeMBbIX T1a-
pPaMETPOB OT aMIUIMTY/bI U YaCTOTHI 3a/1aBAEMOT0
BO3MYIINCHUS TIPH Pa3HBIX Ta3axX, MaTepuanax M
pasmepax (pakiMu HCIIONb3yeMbIX YaCTHI], pa3-
JUYHBIX HAuYaJbHBIX 3HAYCHHSIX, TOKAX paspsia
U JABIICHUSX.

PE3YJBTATBI

[Ipu pabote ¢ cHHYCOMIAIbHBIM BO3MYIIAO-
UM CHTHAJIOM, 3a]laBaeMbIM H3BHE, MPH aMILIH-
TYJAHBIX 3HAYCHHUSAX CUTHAJA, MPOXOIAIIETO Yepe3
paspsn, nopsaaka 1 % ot majgeHus HaNpsHKCHHUS Ha
paspsizie HaOTIOIATNCh CYIIIECTBEHHBIE (10 HECKOJIb-
KUX pa3) M3MCHECHUS Pa3MepoB, (GopMbl KprcTalia
U €TO0 TOJIOKEHUS B IPOCTPAHCTBE pa3psaa.

MuHuMaNbHAS aMIUTUTY/Aa BBOJAMMOTO BO3MY-
MIEHUSI, TIPU KOTOPOH OBLIIO 3apETUCTPUPOBAHO BO3-
JeficTBUE Ha KPUCTAJLT, 3a()UKCHpOBaHa IIPH JIaBIIe-
Huu 0,2 MM pT. CT., NaJICHUU HANIPSKEHU S HA pa3psi-
ne 550 B m cocrasmna 0,01 B. 3a MuHUManIbEHOE
BO3JIEMCTBHE OBLIO MPUHATO TaKOE BO3ICHCTBUE,
IIPU KOTOPOM HAOIOIaeMBbIi mapameTp (Harpumep,
CMEIIEHNE YaCTHUIl MBUICBOM CTPYKTYPHI WIW aMII-
TUTYyna KoJeOaHUN OTIEIbHBIX YaCTHI[) KAK MUHH-
MYM BTPOE MPEBBIMIAT CPEIHUE 3HAYCHUS (ITYKTY-
anuii HaOTI0MaeMbIX TapaMeTPOB.

br1mo ompeneneHo, 9To ¢ pOCTOM JaBIICHUS ra3a
Y TaJieHueM HanpsDKeHUs Ha paspsiie MUHUMalb-
Has BO3MYIIAIOINAs aMIIJIUTY/1a pacTeT HEIMHEHHO.
MakcuMmainbHoe ee 3HaueHue (6 B) ObL10 3adukcu-
pOBaHO B MOJIEKYJSAPHOM a30T€ TPHU aBJICHUH
0,6 MM pT. cT. 1 naneHun HanpsixeHus 1300 B npu
toke 1,4 MA. HeoOXoguMO OTMETHTH, UTO MAaKCH-
MaJIbHOE 3HAYCHHE aMILTUTYIBl BBOJUMOI'O BO3MY-
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HICHU S HAMEPEHHO OIPaHUYHBAIIOCH B IEPBYIO OYe-
pelb LENbI0 JKCIEePUMEHTAa — HM3YUYUTh BIHMSHUC
MaJbIX BO3MYIIEHHH, H BO BTOPYIO — TEXHHYECKU-
MU BO3MOXKHOCTSIMH. TakuM 00pa3oM, MakCHMaJlb-
HO€ aMIUTUTYyIHOE 3Ha4eHHEe BBOAMMOI'O BO3MYIIE-
HUSI MOJKET JOCTUTATh W OOJBIINX BETHMYHH.

Cpenu 3aperucTpupoOBaHHBIX A(P(HEKTOB €CTh
TpeOyIolre JONOTHUTEIHHOTO U3YUYSHHS U OIHca-
Hus. Tak, nmpu yactorax 1-40 xI'i mpu HapamiuBa-
HHH aMIUTUTY/TbI BHEIITHETO BO3MYIIIEHN S HaOIro/1a-
JIOCH CMEIIEHHe KPHCTallJa BHU3, COIPOBOXKIAIO-
mieecst «PacTsHKEHHUEM» CaMOTo KpHCTalljia U «pas3-
PSKEHHEM» ero CTPYKTYPHI 10 BepTUKaIH (puc. 2)
0e3 cyxeHus (B paMKaX MOTPENTHOCTU U3MEPEHUS)
B TOPU30HTAJILHON IJIOCKOCTH.

Puc. 2. Kpucramn 8 N, ipu 0,4 MM pT. CT., Toke 0,9 MA, HanpshKeHUN
Ha paspsae 950 B, cunyconpanbaas moxgymsiuus — 15 kI'1, amn-
muryna: 1-0,1B,2-0,2B,3-04B,4-0,6B,5-0,8B,6-1,0B

* I(—lmm—)l

IocnenuHee siBIEHUE BBI3BIBAET OCOOBIM WHTE-
pec, mosToMy paccMoTpuM dPQeKT Ooee TIaTenb-
Ho. [logpoOHbIe HAOMIOACHUS TIOKA3aJTH, YTO CTPYK-
TypBI, cocToAmue u3 Majoro konudectBa (10-20)
qacTul, GOHCC YCTOI‘/'ILII/IBI)I K BBOAUMBIM BO3MYUIC-
HUSAM U IOKA3bIBAIOT KPYTYIO 3aBUCUMOCTD yBEJIU-
YEHHUS pa3MEPOB OT aMILTUTY]I BBOIUMBIX CUTHAJIOB
(o 4 pa3s), 6e3 pa3pyuieHusi. MakcuMalIbHOE H3Me-
HEHHE BEPTUKAJIBHBIX PA3MEPOB KPUCTAIIIA IPH 3a-
JIAHHOM aMILTUTY/IC BO3MYIICHUS 3aperUCTPUPOBa-
HO B oOmacTtu 15-20 kI’ BHE 3aBHCHMOCTH OT JIaB-
JeHus pabodero rasa.

250

200

nukcen

Pa3mep CTpyKTypbl N0 BepTUKanu,

0 0,05 0,1 0,15 0,2 0,25 03 0,35 0,4 0,45

AMNAUTYAa MOAYNALMK, BOMNLT

Puc. 3. N,, n3meHeHne BEPTHKAIBHBIX PA3MEPOB KPUCTAILIA, CHHY-
conpanbHas Mmopynsanus — 60 xI'n, ammintyna — 0-0,4 B, B | Mm
70 muKc., CIUTOIIHAS IMHUS — TOK | MA, MageHne HampsDKeHHS —

1,3 kB, mynktup — Tok 1,3 MA, najgenue Hanpspkenus — 1,3 kB,
Menkuil myHKTUp — ToK 0,7 MA, mageHue HanpsokeHus — 1,3 kB

C poctom "acToTsl Bo3MyIIeHus 3hdext pacts-
JKCHUA KpUCTaJljla NOCTCIEHHO YMCHBIIACTCA, IIPaK-
truecku ucyezas k 30—47,5 k[’ (3aBucHT OT J1aBie-

HUS Ta3a), CMEHAACh YQPEKTOM CxKATUS KPHCTAIIA
C «YIUIOTHEHUEM) €TO CTPYKTYPHI 110 BEPTHUKAIIH.

Ilpn mocTeneHHOM HApalIVMBAHUU AMIUIMTY.IbI
MOIYJSAIUU KPUCTAII JOCTUTaeT MaKCHUMaJbHOTO
CKaTus, MOCJE Yero YIJIOTHEHNE TpeKpalaeTcs Npu
aMILTUTYAAX CUTHAJIA, PETUCTPUPYEMOT0 IIOCIIE IPO-
XOXKJIEHHs uepe3 pa3p4l, nopsaka 6 B (3aBucut ot
TUTA Ta3a, JaBICHUS W MAJCHUS HANpSOKEHHS Ha
paspsine). Habmromaemoe cxxaTre mpsiMo TIPOTIOPITHO-
HaJBHO HCXOIHBIM pa3MepaM KpucTallja.

AHAJIN3 PE3YJIBTATOB U BbIBO/IbI

Jlns panpHEHIIEro aHain3a HaM HEOOXOOUMO
BEISIBUTH JICCTBUTEIBHO 3HAYUMBIE (DaKTOPHI, BIIH-
strorue Ha noBeaeHue [TIC, u onpegenuTs BUa 3a-
BHCHUMOCTEH TapaMeTPOB CTPYKTYP OT ITUX (aKTO-
poB. Beenem cienyromniue o6o3HaueHus: d — IuHEH-
HBI pa3Mep CTPYKTYpHI o ropu3onTanu (puc. 1F),
L — nuHelHBIA pa3Mep CTPYKTYpPHI N0 BEPTUKAIU
(puc. 1A), k — ko3 dunmenT, onpenensroOmui CKo-
pOCTh M3MEHEHHUs JIMHEHHBIX pa3MepoB ILIA3MEH-
HO-TIBUIEBOM CTPYKTYPBI, V — aMIIUTyZa BO3MY-
IIAFOIIET0 HANPSDKEHUS, V — JacTOTa BO3MYIIAIO-
LIET0 BO3AEUCTBHUS, | — TOK pa3psana. 3BecTHO, 4TO
JTaBJICHHUE Ta3a U HANpsDKEHHE Ha pa3psije CBSI3aHbBI
€ TOKOM pa3psaza 1 HadanbHbIM pasdmepoM I1I1C, no-
3TOMY yKa3aHHbIE BEJIMUYMHBI B pacyeT He MPUHHU-
MallnCh.

HamomuuM, 4TO Mociie Halycka rasza u 3aKura-
HHSA pa3psaaa, GopmupoBanus I1I1C npoussonmiach
peructpanus JduHeHbIX pasmepos IIIIC, nanee c
MTOMOIIIBIO TeHEpaTOpa KoeOaHN B pas3ps/l BBOIH-
JIOCh BO3MYINAIOLIEE BO3JCHCTBUE B BUJE TOKA Ie-
PEMEHHOI 4YacTOTHl V aMIUIMTYION KoneOaHuu V,
BCIIeICTBUE Yero JnHeiHble pa3mepsl LIIIC (puc. 1)
W3MEHSUINCh U CHOBAa PErMCTPUPOBAIINCH. DKCIEpH-
MEHTHI IIPOBOIWIIMCH TIPU PA3IMYHBIX MapaMeTpax
paspsiaa — tok (I) u naBnenue pabodero rasa (P).

Jnama3onsl n3MeHeHus napameTpos: V [0...6,2]
B, v [10...100000] I'm, 1[0,7...1,3] MA, Takum o0pa-
30M, IIPU YCTAaHOBKE 3HaueHui I u v ¢ Manbim 1mia-
TOM BapbHpOBajach BeTUYNHA V.

B xone 00paOoTKM JaHHBIX OBLIM MOCTABJICHBI
CIEeYIOMINE 3a/1a9H.

1. IlpoBepka TUMOTE3bl O HAJTMYUU 3aBHCHMOC-
Tei muHeHbIX pazMepos I1I1C ot BenwmamH BO3MY-
maromux napametpos (V [B], v [['1]) u napameTpa
pazpsaga (I [A]) ¢ ucrmonb3oBaHUEM KOPPEISITHOH-
HOTO aHaln3a.

2. IIpoBepka rumoTe3bl 0 BIUSHUU BO3MYIIIA0-
mux mapameTpos (V [B], v [['1]) u mapamerpa pas-
psana (I [A]) va nuneitHble pazmeps! I1IIC u o Bo3-
MOKHOCTH OILIEHKa CTETIEHU BIUSHUS C UCIOIB30-
BaHMEM JHUCIIEPCUOHHOTO aHan3a.

3. Omnpenenenre 3aBUCUMOCTH MEXIYy JTHHEH-
HbIMU pa3Mepamu [ITIC u BenuunHaMu BO3MyIla-
romux mapametpos (V[B], v [['1]) u mapameTpa pasz-
psana (I [A]) B caydae mpuHATUSA THIOTE3H (1. 1)
u BeIpaxkeHue B Buae pyukuuu L = f(V, v, I).

Beenem nmomomHuMTENnBHEIN mapameTp k, KoTo-
pBIii OyIeT XapakTepu30BaTh CKOPOCTh U3MEHEHHUSI
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pa3MepoB CTPYKTYPHI OT U3MEHEHUSI TAPaMETPOB: B
JAHHOM cITydae Mbl UMEeM «MT'HOBEHHOE H3MEHe-
HHe» napaMeTpa k, UIst ero BEIYUCICHUS IS TPYTI-
Bl U3MEpeHUH Tpu PukcHpoBaHHBIX P, I 1 v HeoO-
XOAMMO TOCTPOUTH Tpaduku 3aBucumoctedt d(V)
u L(V) (puc. 4).

b CTPYKTYpbI OT aMnAMTYAbI BO3GYXAalowWero
BO3AENCTBUA

@
&
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»
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N
3

y = 4,8429 + 2,1429 @ V(delta d)

mV(delta L)

3

y = 0,0571x - 0,8095

o
*

WaMeHeHUe B PaIMepax CTPYKTYpb! 32 1
war 3KCTepUMeNTa, nuKcen
@

.
(3 2 3 4 ¢

amnnutyga, B

Puc. 4. DxcriepuMeHTaIIBHEIE JaHHBIE H KO3 (QUIHEHT CKOPOCTH
HU3MEHEHHS Pa3sMEPOB

ITocne 3TOrO, ANNPOKCUMHUPOBAB TOYKH MPSIMON
(B 06pabOTKE MBI HAMEPEHHO YTIPOIIAEM HCIIONb3Ye-
MBI€ MOJIEJIU C LIEJNIBIO BBISIBICHHUS MMEIOIIUXCS 3aBU-
CHMOCTEIl: Janee BBIABJICHHBIE 3aBUCUMOCTH OyqyT
o0paboTaHbl Oonee TIIATETHHO), MBI MOXEM HAWTH
kodppuuueHt k, xapakTepu3yoOLMHid CKOPOCTh H3-
MEHEHHSI JINHEHHBIX pa3MepOB CTPYKTYPhI IPU HUK-
cupoBanHbIX P, [ u v. MapiMu cioBamuy, k = tg(o) nmu
k — 370 KO3 (hPHMEHT B BeIpakeHnn y = kx + b.

[MocTpous nomoOHbIe TpadUKU AJIT BCEX IKCIIE-
PUMEHTOB, MOJKHO IIOJIy4YHUThb TaOJIHUILY C JAHHBIMU U
XapakTepu3yIomue ee rpahuku 3aBucumocTei k, (v)
u kg(v), OTpaxarolue U3MEHEHUE CKOPOCTH KoJjieha-
Hu# pazmepos [1IIC B nByx Hanpasnenusx (L u d).

o B Bep
Tokax pa3psaa

pa CTPYKTypbI OT 4acToThl
W npw pa:

40

o

L
=3

K03chchMLMeHT pocTa cTpYKTYpbI, |
X n
8

IS

S
/

’

&
3

yacToTa Bo3myuwawlero sosaeincteus, Kry

---e--08A —a—07A - —-1A ——13A

Puc. 5. CxopocTs U3MEHEHUs
BEPTHUKAJIBHOTO pa3Mepa CTPYKTYPbI

Ha puc. 5 nokazaHo, 4T0O IpH pa3IUYHbIX TOKAX
KapTHHA U3MEHEHUH CKOPOCTEH (1711 HaIIpaBICHUS
L) BBITTIAAUT TIO-Pa3HOMY, IIPU 3TOM MOXKHO YETKO
BBLACIHUTD 2 nmuKa B obnactax: [15...20] 'y u > 40
', KOTOpBIE TOKA3BIBAIOT, YTO MPU OMPEACICHHBIX
4acTOTax BO30YXKIAIOIIET0 BO3ICHCTBUSI, BO3MOXK-
HO, HaOmonarTcs 3P(EeKTh KOMIEKTUBHOTO BO3-
nerctus Ha IIIIC unm xe sBIEHUS PE30HAHCHOM
JaCTOTHI, KOT/Ia COBOKYITHOCTH (haKTOPOB YCHIIMBA-
eT B30y kaaroniee Bo3eicTBre. Tak)ke BUIHO, 9TO
MPH BBICOKUX TOKaX pa3psja BIUSHUE HA CTPYKTY-
Py MEHBIIIC, YEM IIPU MaJIbIX.

3aBHCUMOCTBH K€ CKOPOCTH U3MEHEHHS pa3Mepa
CTPYKTYPBI 10 TOPHU30HTAIN HOCUT CIIOKHBIN Xa-
pakTep, BO3MOXKHO, UMEIOMUN (QIYKTyalHOHHYIO
MPUPOAY. DTOT BBIBOJ MOXKHO CIENATh U3 MPEATO-
JIOXKEHMSI, 9YTO U3-3a CUJI AJEKTPOCTATUYECKOTO OT-
TaJKWBAaHUS PU YMEHBIIIEHUH pa3Mepa CTPYKTYPhI
13 3apsDKEHHBIX YacTHIl B OJHOM IUIOCKOCTH OHA
JIOJKHA YBEIIMYMBATHCA B pa3Mepax B APyTroH MIIoc-
KOCTH, ¥ HA000pOT, 4ero He HaOIo1aeTCs.

Takoxe ObLT TpOBENEH aHAIM3 W3MEHEHUS pas-
MEpOB CTPYKTYPHI B IIpeiesiax OJHOT0 SKCIIEPUMEH-
Ta: UCXOJS W3 BBHIIIEHU3JIOKEHHOTO MOXKHO OIpee-
JUTH TOJBKO CKOPOCTHh M3MEHEHUS JIMHEWHBIX pa3-
MEpOB CTPYKTYPEHI, HO B TO JK€ BpEMS Ba)KHOMU SBIIA-
eTcst ”HpOpPMAaLKs O TOM, KaK U3MEHSIIUCH 3TH pa3-
Mepsl — cxxumanach [1TIC nnum pacmupsiace.

OTH JaHHbIE HEOOXOAMMBI s aIeKBaTHOI'O
ITOCTPOEHUSI AHAJUTHUYECKOTO BHJA 3aBHUCHMOCTH
Ha pa3JIMYHBIX HHTEPBaJaxX 4acToTHl (V). st ompe-
JICICHUST TOTO, HACKOJIBKO W3MEHWJIUCHh DPa3Mepbl
[ITIC 3a oguH 3KCNIEpUMEHT 15 KaXKJI0TO dKCIEPH-
MEHTa, BBEIIEM MapaMeTp Z, KOTOpbId Oyaer pas-
HATBCS Pa3sHOCTH MEXY pa3MepoOM CTPYKTYpPHI B
Hayvalie SKCIIepUMEHTa U B KOHIIE.

[TocTpoum rpapuku 3aBucHUMOCTEN Z, (V) U Z (V)
IIPU PA3JIMYHBIX TOKaX.

OT yacToTL!

pasmepa
" “ToKax paspana

B npu p
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M3MeHeHMe pasmepa CTPYKTYpbI 3a 1
IKCNEPUMEHT, NUKCenu

wacroTa BoaMywaowero Bo3aeicTams, KLl

e 08A —=—07A --a=-1A ——13A

Puc. 6. I3MeHeHue BEpTUKAIBHOIO pa3Mepa CTPYKTYpbI
3a | akcepuMeHT

U3 rpaduxa Ha puc. 6 BunHo, uto [1I1C nepecra-
€T pacTATruBaThCi B BEPTUKAJIBLHOM HaNpaBlICHUU
npu yacTtotax BosmyuieHus ot 40 no 60 kI'u. Touku
MEPECEUCHUS KPUBBIX C OCBIO PA3MEPOB CTPYKTYPHI
COBIIAJIAI0T CO 3HAUYEHU MM, TIOTOOPAHHBIMH JKCITe-
PUMEHTANIBHO, — YaCTOTAMH, IIPU KOTOPBIX BEPTHU-
KaJbHBIN pa3Mep CTPYKTYPbI HE U3MEHSAETCS.

IIpu 5TOM B rOpHM30HTAIBFHOM HAIPaBJICHUH HE
HaOIOIAeTC KapTHHbBI, aHAJOTMYHONH BEPTHUKAJIb-
HOoMy. Kak OBLIO OTMEUYEHO BHINIE, TIPH M3MCHCHIH
oJIHOTO U3 JInHEeHbIX napameTpoB [ITIC, Hanpumep
L, momxua MeHATHCS U d, TO ecTh mpu cxaruu [1T1C
[0 BEPTUKAJIU OHA JIOJKHA PACIIUPATHCS MO TOpH-
30HTaNM. HO Ha OCHOBaHWU BTOPOTO rpaduka MbI
BHJIMM, 9TO TIPH pocTe IIMHBEI Kpucraiia (L) ero
TONMIHHA (QIIYKTYHUPYET MPH BO3MYIIEHUIX C YACTO-
TaMH, JIe)KalKUMH B npoMexxyTke ot 1 1o 50 k', a
HEKOTOPBIE 3aBUCIMOCTH MOXXHO MPOCIEAUTH JUIIh
ocJie BO3MYIIeHUH yacToTaMu Beite 50 k.
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J17151 mpoBepK# TUTIOTE3HI O TOM, YTO 3aBHCHUMOC-
Tel Mexxay nuHensiMu pa3Mmepamu IIIIC ot Benu-
YUH BO3MYIIAMUX napameTpos (V, V) 1 mapamet-
poB paspsna (I) He cymecTByeT, OBLT UCTIOIB30BaH
KOPpENSLNOHHBIA aHATHU3.

[Ipoananu3upoBaB Hanu4yue / OTCYTCTBHE 3aBU-
CHUMOCTEH U OITyCKas pacyeThl, MOXKHO CIeNIaTh clie-
JYIOIINE BBIBOJIBI.

1. l'umoTe3a 00 OTCYTCTBHUU 3aBUCUMOCTH MEX-
ny nmuHeHbBIMA pasMepamu [ITIC mo ropuzoHTaH
(d) oT aMmIUTYIBI MPOBEpEHA MO t-KPUTEPHIO Ha
ypoBHE 3HauUMocTU 5 % u 1715 unTepBana v = [1...40]
k[ mpunsTa, a misg uaTepBana v = [60...100] k'
OTBEpPrHYTA.

2. 'unote3a 06 OTCYTCTBHU 3aBUCUMOCTH MEXTY
nuHeiHbIME pasMepamu [1TIC mo Beptukanu (L) oT
aMIUTHTYZABI TPOBEPEHA 1O t-KPUTEPHIO HA YPOBHE
3HaYUMOCTH 5 % ¥ OTBEprHyTa Ha BCEM HHTEpPBAJIE.

3. T'unoTe3y 0 3aBUCUMOCTH MEXY TUHEUHBIMU
pa3mepamu IIIIC (d u L) oT 9acTOTH M CHIIBI TOKa
HCXOJS U3 MOJYYEHHBIX JAHHBIX POBEPUTH HEIb-
351, TaK KaK UCXOMHBIE pa3Mephl CTPYKTYP pas3iiud-
HEL. MI3MeHeHne pa3Mepa CTPYKTYPBI B XOJI€ DKCIIe-
pUMEHTa 3aBUCUT OT U3HAYAIBHBIX pa3mepoB I1I1C,
TO €CTh ONPEAEIUTh 3aBUCUMOCTh MEXy U3MEHe-
HueM pasMmepos I1I1C, gacToToit 1 TOKOM HE Ipe/-
CTaBJIIETCSA BO3ZMOXKHBIM, TaK KakK NMPHU MPOBEACHUHT
JKCIIEPUMEHTa C Ipyroi yactoroir / Toxom IIIIC
(hopmupoBaIack 3aHOBO.

[Ipu TOM MOXHO OLIEHUTH, KaK U3MEHSIIUCH JTU-
HertHble pa3zmepsl [1TIC, ncnone3ys TaHHBIE O TOM,
HACKOIIBKO BBIpOCNa / YMEHBIIWJACh CTPYKTypa
pu paznuyHbeix napametrpax (I, V, v). Ouenus Ha-
JMYKe 3aBUCUMOCTU MeXAy I, v u z — koappunnen-
TOM, TIOKa3bIBAIOIINM, KaK H3MEHIINCH JIMHEWHBIE
pa3Mepsl CTPYKTYPHI 32 OAWH SKCIEPUMEHT, U pac-
CUnUTaB KOXPPUIHUEHTHl KOPPEIALUN JJIs1 HAlpaB-
nennst d u L, MOXKHO cKka3arh: rumore3a o0 OTCyTC-
TBHUH 3aBUCHMOCTH MEXAY U3MEHEHNEM JIMHEWHBIX
pasmepos IIIIC (L) or yacTtoThl IpoOBEpeHA IO
t-KpUTEPHUIO HA YPOBHE 3HAYMMOCTH 5 % U OTBEpT-
HYyTa; TUTIOTe3a 00 OTCYTCTBUU 3aBUCHMOCTH MEX-
Iy U3MeHeHueM JinHerHHbiX pasmepos IIIIC (d) ot
Y4acTOTHI POBEPEHA MO t-KPUTEPHIO HA YPOBHE 3Ha-
qyuMoCTH 5 % 1 IpHUHSTA.

4. 115 mpOBEpKU TUIOTE3Bl O TOM, YTO BO3MY-
Hialye napamMeTpsl (v) u napamerpsl paspsaa (I)
HE BIMSIOT Ha W3MEHEHHE IMHEHHBIX pa3MepoB
[IIIC, Bocmonb3yemcsi IUCIEPCUOHHBIM aHAJIU30M
U, ONYCTHB pacyeThl, OTMETHM, YTO THUIOTE3a O
BIIMSTHUU YaCTOTHI BO3MYIIEHUS (V) HA U3MEHEHUE
BEepTUKAIBHBIX THHEHHBIX pazmepos [1I1C (L) mpo-
BepeHa 1o F-kpureputo Ha ypoBHE 3HaYUMOCTH 5 %
Y IPHUHSATA.

5. 'mmoresa o BmusHUM ToKa paspsaa (1) Ha uz-
MEHEHHUEe BePTHUKaJIbHBIX TUHEHHbIX pa3mepos [1T1C
(L) mpoBepena no F-kputepuro Ha ypoBHE 3HA4H-
MOCTH 5 % ¥ OTBEprHyTA.

BnustHus Toka paspsiaa Ha U3MEHEHUE pa3MepoB
CTPYKTYp JU0O HET, THOO0 OHO HE3HAYUTEIIBHO OT-
HOCHTEJIBHO OCTaJIbHBIX (PaKTOPOB.

6. IloBTOpHB pacueThl MJIsI TOPU3OHTAIBHBIX
pa3MepoB, BBISICHUM, YTO I'MIIOTE3a O BIMSHUU Yac-
TOTBI BO3MYILEHUS HA H3MEHEHHE TOPH30HTAIbHBIX
nuHeiHbIX pa3Mepos I1I1C (d) mposepena no F-kpu-
TEPUIO HA YPOBHE 3HAYUMOCTH 5 % U NPUHSITA.

7. AHaJOrMYHO TUIOTE3a O BIMUSHUMU TOKA pas-
psana (1) Ha U3MeHeHre TOPU30HTATBHBIX TUHEHHBIX
pasmepoB I1IIIC (d) nposepena no F-kputepuio Ha
YPOBHE 3HAUUMOCTH 5 % U OTBEprHyTa.

[locne BeIABNEHUS BIUSIOMHX (HAKTOPOB HEOO-
XOIMMO OMNpPENeTUTh 3aBUCUMOCTh MEXKIY JIMHEH-
HeiME pa3mepamu [1TIC 1 BemnumHAMH BO3MYIIIA-
omux napameTpoB (V, V) U mapaMeTpamMu paspsga
(D, B cmyvae mpuHATHSA THNOTE3bl 00 WX BIUSHUU
u BIpa3uTh B Buae pynkuuu L = {(V, v, I).

Panee ObpTO TIOKa3aHO OTCYTCTBHE BIUSHHSI
TOKa Ha pa3Mepsl CTPYKTYPHI B (DIyKTYallMOHHBIN
xapaktep u3MeHenuit pasmepa IIIIC B Hampasie-
Huu d. Takum oOpa3zoM, MPeCTABISIETCS BO3MOXK-
HBIM TIOCTPOUTH 3aBUCHUMOCTb MEXAY pa3Mepamu
B HampasieHuu L ot yacToTsl (V) u ammtutyasl (V)

Mozenb aHaTUTHYECKON 3aBUCUMOCTH:

3,6 3,6
L = Y A*V'+ Y B*v'+C. M
i=-3,j=1
Jns nomxbopa mapamerpos A, B, . u C Boc-
MOJIB3YeMCSl METOJJIOM HAaWMEHBIIMX KBaJIpaTOB U
METOJaMH ONTHMH3ALUHU HEJIEBBIX (QYHKIIHH.
LemneBas pyHKINS:

W= z (Lrlpur\'m - mep)z —0. (2)

Hcnons3zoBannbie MeTonpl: «llouck perieHus»,
METOA CIy4yailHBIX BBIOPOCOB, METOA XyKa —
J>xuBca.

[losnyueHHBIE MOJIENHN 3aBUCUMOCTEM:

L, ,,=3,14V?-0,000v* - 33123 + 0,11v* +

+116,7V — 11,24v + 6,57% - 0,44% _ 3)

i=-3,j=1

- 1244% + 690,46 -+ 406.
A nekBaTHOCTH Moaeau jJist Toka I = 0,8 MA: Mo-
JeNb afgekBaTHa Ha ypoBHE 10 %.
L, =249V -2581V* +83,46V —0,18v+3,52% -

—0,07%—25,698l+ 182,61%+139,50. @)
V % Y

A nekBaTHOCTH Mojen it Toka I = 0,7 MA: Mo-
Ilens afgexkBaTHa Ha ypoBHE 10 %.
L, =039V’ -9,66V>+79,38V —0,16v* —10,54v +

+2,23l—0,17i2—12091+ 865,63i+339,51.
14 14 v v

®)

AnexBaTHOCTh Monenu i1 Toka I = 1 MA: Mmo-
Jienb afexkBaTHa Ha yposHe 10 %.

Ly, = 0,88V +0,0004v* — 11,09V + 42,60V —

007 ~32v+119-~0,02- ~12356-+ ()
V V %

189,541 411521,

v
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AJlekBaTHOCTBH Mojiein it Toka I = 1,3 MA: Mo-
Jenb agekBaTHa Ha ypoBHE 10 %.

ITPOBEPKA PE3YJIBTATOB

AnexBaTHOCTH Mofeneil Ha ypoBae 10 % 00bsc-
HSIETCS BBEJICHUEM B PacueThl NAHHBIX JUIS Pa3ind-
HBIX HadaJpHBIX pasmepos [IIIC u npu paznensHOM
00paboTKe JKCIepUMEHTAILHBIX JTAaHHBIX, HAIPH-
Mep, o HadaibHbIM pasMepam [IT1IC u BeimeneHun
JIByX HHTEPBAJIOB YaCTOT BO3MYIIEHUH (15 COKATHS
CTPYKTYP U UX PACTSKEHUS) BOSMOKHO ITOCTPOCHUE
MOJIETICH, aJICKBaTHBIX HAa YPOBHE HE MeHee 5 %.

Tem He mMeHee TMOACTaHOBKA HOBBIX OKCIIEPUMCH-
TaJBHBIX JaHHBIX B MOAeNu 6—9 maeT cpemHee pac-
XOXKJICHUE 6 U 9 MUKCeNel Npu pasMepe CTPYKTYPbI
cootBercTBeHHO 150 m 210 muKcelel, MOITHOCTHIO
BXO/ISl B JIOBEPUTEIbHBII HHTEPBAI U TIO3BOJISISI TOBO-
PHUTH 00 aJICKBATHOCTH TIONTYYCHHBIX 3aBUCUMOCTEHA.

3AK/JIIOYEHUE

OnucaH HOBBIA METOJ] BO3JICHCTBHUS HA KOMIIJICK-
CHYIO HHU3KOTEMIIEPATYPHYIO TUIa3My ITyTE€M HaJo-
JKEHHSI TApMOHUYECKOT0 CHTHAJIa Ha Pa3psAHBIN TOK
TIEIOMIero paspsaa. MccnemnoBano BIusHAE CIa0BIX
(mopsinka 1 % oT majeHus HAIPSHKSHUS HA Pa3pse)
rapMoHM4eckuxX curHajgoB gactotel 10-100000 Iy
Ha 3JIEKTPOCTATHYECCKOE IMOJIC MJIa3MBbI TTOJIOKHUTEITb-
HOT'0 CT0J10a TIICIOIIETO pa3psijia ¢ YIOPsAI0YCHHBIMU
CTPYKTYpamH.

OOHapy>keHBl ¥ ONHCaHbl 3PPEKTHl UZMEHEHUS
BEPTHUKAJBHBIX Pa3MEpPOB KPHCTAJUIA, €O TOJIOKe-
HUSA B NPOCTPAHCTBE pa3psiia B 3aBUCUMOCTH OT
aAMIUTMTYABI U YacTOTHl BO3MYIIAIOUIETO CHTHANA,
MEXaHU3Mbl KOTODPBIX IIOJJIEKAT OIPEINCIICHUIO.
3adukcupoBaHbl BBEIHYXKICHHBIC KoJeOaHHUsS dYac-
THUI pa3psia U cTabUIu3alus MbUIEBBIX CTPYKTYP,
COBEpUIAIOIINX CAMOCTOATENbHBIE KOJeOaHusl, Or-
penensieMble MORYJISIUEH DIEKTPHUECKOTO ITOJIS
pas3psizia, CX0XKHE ¢ KOJIeOaHUSIMH, paHee 3aperucT-
pupoBanHbsiMU B BU-paspsne [1].

OOHapy>keHa BO3MOXKHOCTD IIJIABHO MEHSTH I10-
JIOXKEHHE KpHUCTaJlJIa B pa3psiie 10 BHICOTE M U3Me-
HATH QOpPMY KpHCTaJlIa IIyTEeM U3MEHEHUS aMILIH-
TYIIHOI'O 3HAUCHHSI BO3MYILAIOIIEr0 CUTHAIA.

HAnst HaGbmrogaBmuxcsi 3PQPEKTOB MOCTPOCHBI
rpaduky, OoTpa)karollue XapakTep 3aBUCHMOCTEH
OT 4acTOT M aMIUJTUTYJ] BBOAUMBIX BO3MYIIEHUH Ha
yactoTax 1, 5, 10, 15, 20, 40, 60, 80, 100 k['u, npu
nmaBieHusx raza (N,) 0,2, 0,4, 0,6 MM pT. CT. 1 Taje-
HUSX HalpsKEHUS 2700, 1000 u 1300 B.

[Tomy4yennsle manHble OBUTH 0O0paOOTaHEI C IIe-
JBbI0 BBISBICHHS BIMSIONIMX TapaMeTpoB, IIOCIE
4ero ObUIM IOCTPOEHBI aHAJIMTHYECKUE 3aBUCUMOC-
TH, OTPaXKAIOIIHE 3aBUCHMOCTbD INHEWHBIX pa3MEPOB
[IIC or mnapamMeTpoB BBOIMMOIO BO3MYIIEHUS.
Monenu IpoBepeHbl U ABJISIIOTCA JOCTATOYHO aJEK-
BaTHBIMH JIJI51 TOT'O, YTOOBI C MX MOMOIIBIO OCYIIECT-
BIISITh LieJeBoe ynpasieHue mapamerpamu [ITIC
B TJICIOIEM Pa3psJie COOTBETCTBYIOIIUX YCIOBHUI.
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MOCTPOEHUE MOJEJIEM OTHOCJIOMHBIX YIJIEPOJIHBIX HAHOTPYBOK
N PACUET KOOPAUHAT ATOMOB B HUX

VYrneponHeie HAHOTPYOKH — CTPYKTYPBI, 00J1aa01I1e PSIIOM YHUKAJIBHBIX (PU3MYECKUX CBOMCTB, ONpee-
JSIeMBIX BHYTPEHHHM CTPOEHHEM. B 3aBUCHMOCTH OT 0COOEHHOCTEH B3aMMHOT'O PacIOIOKEHUS aTOMOB B
HAHOTPYOKaXx BBIACISAIOT HECKOJIBKO TUIIOB TAKMX CTPYKTYp. OnucaHa MeTOANKA, HA OCHOBaHUU KOTOPOH
BO3MOYKEH pacyeT KOOPJUHAT aTOMOB M MOJEIMPOBAHNE BCEro CHEKTpPa OJHOCIOWHBIX YIJIEPOAHBIX Ha-
HOTpYOOK. Mcnonp3oBanue TaHHBIX MOJEIICH AeTaeT BO3MOKHBIM HACHTU(DHKALIMIO HATNYUS HAHOTPYOOK
B HCCIIEyeMbIX 00pa3uax U pacdyeT uX GU3NIECKUX CBOMCTB.

KiroueBble clioBa: yriiepoaHble HAHOTPYOKH, aITrOPUTM OCTPOCHHS, CTPYKTYpa, KOOPIUHATHI aTOMOB

BBEJEHUE

VYrnepoaHbie HAaHOTPYOKH COYETAlOT B cebe
CBOICTBAa MOJIEKYJI ¥ TBEPIOrO Tela M MOTYT pac-
CMaTpPUBAThCS KaK MIPOMEKYTOUHOE COCTOSIHHE Be-
mecTBa. DTa 0COOCHHOCTE IPUBJIEKAET K ceOe BHU-
MaHHE HWCCleoBareNel, n3yJarmux (yHIaMeH-
TaJIbHbIE 0COOCHHOCTH TOBEJCHUS JaHHOTO 00BEK-
Ta B Pa3IMYHBIX YCIOBHIX. YTIEPOIHbIE HAHOTPYO-
KU TIPOSIBISIOT Psii YHUKAIBHBIX CBOMCTB. Hampu-
Mep, HAHOTPYOKH, HMMCKOIIUE PA3TUYHBIA YIroj
OpUEHTAINU TPaPUTOBON IIOCKOCTH OTHOCHUTEIh-
HO OCH TPYOKH, UMEIOT Pa3IUYHbIC JICKTPOHHBIE
XapaKTEPUCTUKHU, YTO MOXKET OBITh HCIIOJIIb30BAHO
MIPU CO3/IaHHWH DJIEKTPOHHBIX YCTPOHCTB CIENyIO-
IIero MOKOJCHHS. YKa3aHHbIE 0COOCHHOCTH, MPe/-
CTaBJIAIOIINE 3HAUYUTEIbHBI HAy4HBI HHTEpeEC,
MOTYT OBITH TIOJIO)KEHBI B OCHOBY 3((PEKTHBHOTO
MIPUKJIATHOTO WCIOJIB30BaHUSI HAHOTPYOOK B pas-
JINYHBIX 00J1aCTSIX HAYKU U TexHoJjoruu. Hecmotps
Ha OI'POMHOE YHCIIO TEOPETHIECKUX U IKCIIEPHMEH-
TallbHBIX Pa0OT M0 M3YUYSHUIO YTJIEPOJHBIX KJac-
TEPHBIX HAHOCUCTEM, JI0 CHX IOP HET €AMHOTO MO/~
XO/ia, TIO3BOJISIIONIETO OOBSICHUTH CTPYKTYpy |
CBOICTBa HOBBIX (hopM yriepona. B cBsi3u ¢ 3Tum
npuodperaeT 0ocodyro aKTyaJbHOCTh Pa3BUTHE Me-
TOJIOB HAaXOXKJIEHUS KOOPIHWHAT aTOMOB B JIaHHBIX
HaHOOOBEKTAX, KOTOPBIEC HEOOXOMUMBI JIJIsl aHAJTH3a
CTPYKTYpPbl U TEOPETHUYECKOro pacuera (huznyec-
KHX CBOMCTB.

Lens nanHOM paboOThI — pa3paboTKa ajJropuTMa
(hopMUpOBaHUS KOOPAUHAT aTOMOB B OJTHOCIIOMHBIX
YTIEPOAHBIX TPyOKaX JTHOOBIX THIIOB.

TEOPETUYECKHWE OCHOBBI HOCTPOEHUSA
MOJEJIEA OQHOCJOMHBIX HAHOTPYBOK

MogenbsHO (GOPMUPOBAaHHE OTHOCIONHON yTie-
POAHOI HAHOTPYOKH MOYKHO PAcCCMOTPETH KaK Ipo-
© Hanuinos C. B., ®odanos A. /1., 2011

IIECC CBOpPaYMBaHMS TLIOCKOH rpa)eHOBOM CETKU B
KpyroBoil uunuHAp. OCHOBHBIMU XapaKTEPUCTUKA-
MH CTPYKTYpHI MOTy94aeMbIX TaKUM 00pa3oM Ha-
HOTPYOOK SIBISIIOTCA WX JJIWHA, THAMETP U TaKOU
napameTp, Kak XUpaJlbHOCTh. XUPAIbHOCTh Xapak-
TEPU3YeTCs IBYyMs ICJIBIMU YHuCIaMu (1, m), KOTO-
pBIe YKa3bIBAIOT MECTOHAXOXICHHE TOrO IIeCTH-
YrONbHUKA CETKH, KOTOPBIA B Pe3ylbTaTe CBEPTHI-
BaHMS JTOJKEH COBIIACTH C IMIECTHYTOJBHUKOM, Ha-
XOASAMIUMCS B TPUHSITOM Hadajie KOOPAWHAT. DTH
YHuciIa HAa3bIBAIOT MHIEKCAMU XUpalbHOCTU. UHAe-
KCBI OJTHO3HAYHO 3aJIal0T pa3Mep CJI0s U HalpaBJie-
HHEe cBOpaunBaHus [1].

CoriacHO MHOTHUM JTUTEPATYPHBIM UCTOYHUKAM
[31, [4], [5], [6], [7], [8], mHOEKCHI XHUpaTBEHOCTH 3a-
JTAI0T TPAHCISALMU BIOIb OCeH X M ¥ B KPUCTAJLIO-
rpaduUuecKoil TeKCaroHaJIbHON CETKE C YTIIOM MEXK-

1y BEKTOPaMH 3JIEMEHTApPHBIX TPAHCIHSAUUi a u b,

paBHbIM 60°. OHAKO 3TO HE COBCEM BEPHO, TaK Kak
C TOYKHU 3pEHUsl KIIacCHYECKOW Kpuctamiorpaduu
JaHHBIN yron paseH 120° 1, COOTBETCTBEHHO, sTUEH-
Ka BBITJISIIUT HECKOJIBKO UHBIM 00pa3om (puc. 1).

‘ HaInpaBieHHe

OPAIHBAHHA

Puc. 1. ['excaronanbHas ceTKa, MU CBOPAYMBAHUH KOTOPOH
oOpa3zyercs HaHOTpYyOKa (r1, r2, 13 — Me)XaTOMHBIE PACCTOSIHHS
B rpaduTOBOM KOJIBIIE)
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BBOJMTCA BEKTOp XupansHoctd C, =na +mb ,T1e

a u b — BekTOpa 3IEMEHTapHBIX TPAHCISIIUIA
BJIOJb JBYX HalpaBJICHUH CETKH, a W U M — KOIIH-
YECTBO TPAHCISILUN BIOIb COOTBETCTBYIOUIUX Ha-
TIpaBJIEHUH, SBIAIONIMXCA UHAEKCAMH XHpaJIbHOC-
Th. Takke MpH 3TOM CleAyeT UMETh B BUIY, YTO B
rpaduTe MOAYIH BEKTOPOB AIIEMEHTAPHBIX TpPaHC-

JATAI (|a , b| ) pPaBHBI MEXIY COOOM M COCTaBIIS-
10T Bemuuuny 2,46 A,

Hamnpasiienue, nepneH UKy IIPHOE BEKTOPY XH-
PaNbHOCTH, — 3TO 0Ch (POPMHUPYEMOI HAHOTPYOKH.
Takum 00pa3zoM, IpU CBOpAuYMBAHUH CETKU BJOIb
JIAHHOT'O BEKTOpa BOKPYT OCH (DOPMHUPYIOTCS «BHUT-
Ki» HAHOTPYOKH. Moayib BEKTOpa XUpPaIbHOCTH
OIpeIessieT YroJl XHUPaTbHOCTH (YroJl CBOpaYHBa-

HHS) HaHOTPYOKH (puc. 1):

2n—m
2N —nm+m?

B 3aBHCHMOCTH OT yTIja XMPaIbHOCTH BBIIEINS-
0T CJIeIyIOIINE THITBI HAHOTPYOOK:

1. Inst HaHOTPyOOK C MHIEKCOM m = () yroi Xu-
panbHOCTH paBeH 0°. Takue TpyOKH NPUHSITO HA3bI-
BaTh TPyOKaMM THUIIA «3UT-3ar» (pHUC. 2a), KOTOPHIC
OTMHUCHIBAIOTCSI HAOOpOM MHIEKCOB (71, 0);

2. B TpyOkax ¢ mHAEKCOM 1 = 2m YTOIl XUpaihb-
HoctH paBeH 30°. Takme TpyOkw, Takxe Ha3bIBae-
MBbIe TpyOKaMu TUIIA «Kpeciio» (puc. 2b), onuckBa-
I0TCs HA0OPOM UHICKCOB (2m, m);

3. Yka3aHHBIC BBIIIIE THUIBI HAHOTPYOOK CUUTA-
IOTCSl MJ€aJbHBIMHU, TaK KaK IPH CBOPAYMBAHUU
rpadeHOBOro ClI0A COXpaHseTcsl uealbHas CTPyK-
Typa (TO €CTh HE IPOUCXOJUT UCKAKCHUS CTPYKTY-
pBl TeKcaroHaJlbHOW ceTkH). JaHHBIE HIeanbHbIC
TpyOKM — npeaenbHbIe cily4dan. Bce ocTanbHbIe Ha-
HOTPYOKHM — HeUJiealIbHbIC, WJIH XUPATbHBIE, — HME-
10T yriIel xupanpHocTH oT 0 mo 30° [1], [2], [3], [4],
[6], [7]- Ilpu popmupoBaHnT XHUpaTBHON HAHOTPYO-
KM TIOJIYYaeTCs CBOETO POJIa «CIIMPAJIb» B PacIoio-
’KEHUU aTOMOB yriiepoaa (puc. 2c).

cos(f) = (D)

Puc. 2. Hanotpy0Oxu tumna «3ur-3ar» (n =9, m = 0) (a),
«xpecno» (n = 10, m = 5) (b) u xupansusie (n = 11, m = 3) (c)

B ciyuae xorzma cTpouTcs uaeanbHas HaHOTPYyO-
Ka, IPH «3aBOpaunBaHuM» BekTopa C, €ro KOHel

COBMEIIAETCS C HayaloM M oOpasyeTcs OAMH 3a-
MKHYTBIH KpYroBod BUTOK. Takum oOpa3om, IaH-
HBII BEKTOP COCANHSET 1BA DKBUBAJICHTHBIX y3J1a B
ceTke. Ecnu sxe HaHOTpYOKa SIBISCTCSI XUPAIbHOM,
To opmMupyeTcs He OIWH 3aMKHYTBHI BHTOK, a
«cnupanby. Ho mpu 3TOM Hadaslo U KOHEL JAHHOU
crnupany (BHE 3aBUCHUMOCTH OT KOJIMYECTBA IONY-
YEHHBIX BUTKOB) — 3TO TaK’K€ 3KBUBAJICHTHBIE I10-
JIOKEHHS Y3JI0B CETKHU.

Mogaynp BEKTOpa XHPadbHOCTH OINpPENEIsAeT
JUIMHY OJTHOTO TaKOI'O BUTKA:

Lz‘a‘za\/(nz—nermz) ) @

W3 n3BecTHON hOPMYIBI 1715 AITUHBI OKPY KHOC-
TH MOXHO TOJIY4YHTh, YTO AMAMETP BUTKA, PABHO
KaK ¥ IuaMeTp MojaydaeMoil HaHOTPyOKH, BBIYHMC-
IAeTCs Kak:

D= —nm+m2)ﬁ=«/(n2 —nm+m2)£. 3)
r r

31ech ¥ — MEKaTOMHOE paccTosiHue B rpadure,
pasnoe 1,42 A, a — mapameTp rekcaroHasbHOM sueii-
ku, paBublii 2,46 A [1], [5].

Jnst XapakTepUCTHKH HAHOTPYOKH Tak>Ke BBO-
JUTCS TAKOH IapaMeTp, KaK CTEIEeHb XUPaJIbHOCTH
[1], ompenensieMbli CIEAYIOMIIM 00pa3oM:

K=" @
n

Tak Kak MHAEKCHI XUPAJIbHOCTH — IIEJIbIE YHCIA,
TO B HAaHOTPYOKaxX OAMHAKOBOH CTENEHH XHPajb-
HOCTH COOTBETCTBYIOIINE WHIAEKCH KPATHBI MEXIY
cob6oii. B 310l CBA3M MOXXHO BBECTH TaKOW Tapa-
METp, KaK «HOMEp HAaHOTPYOKH», KOTOpbIH Oyzner
OTpeneNsIThcA KaK HauOOJIbIINK OOINK AeTUTENb
(HO) nuaexcoB XUpaJbHOCTH:

d=HO/[(n,m). ®)

Ucxons u3 ¢popmynst (3) ¢ yuerom (5) MOXKHO
clienaTth BBIBOJ, YTO JIsl HAHOTPYOOK OJMHAKOBOU
CTEIeH! XHPATbHOCTH (HApUMeEp, A TPyOOK ¢
naaekcamu (2,1) u (6, 3)) Habop BO3MOXKHBIX JHa-
METPOB JUCKPETEH, TO €CTh HAHOTPYOKa HE MOXET
HMETh a0COTIOTHO MPOU3BONIBHBII JUaMeTp, OH Ol-
penensieTcs MHAESKCAaMHU XUPaJIbHOCTH.

OmnpeneneHHBI TaKUM 00pa3oM mapameTp d —
OJIMH M3 MapaMeTPOB CHMMETPHH, KOTOPHIC MO3BO-
JISIOT ONPENETUTh OCHOBHBIEC ONIEPAIlUU CHMMETPHH
UIIPUHIMITBIOCTPOCHU S HAHOTPYOOK. CIeay oimii
HapamMeTp CUMMETPUH — d,;

d, =HOJ(2n—m,2m—n). 6)

Kak u gumameTp, IiiMHAa HAHOTPYOKH TaKXKe HE
MOYET OBbITh aOCONIOTHO MPOU3BOJIBHOW. JTO CBS-
3aHO C TE€M, YTO B HAIllPaBJCHHUH, IEPICHIUKYJIISIP-
HOM HAIPaBIICHUIO CBOPAYHBAHUS TPYOKH, TO €CTh
BIIOJIb OCHU HAHOTPYOKH (WJIM TIO €€ JJIMHE), TaK¥Ke
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HMEETCs ONpeNeIeHHOe KOMMUYECTBO sSueeK rpadu-
TOBOM CETKU MEXY ABYMs 3KBUBAJICHTHBIMH y3JIa-
MU, KOTOPOE OINPEAENSAET «MOTUBY», I YHUKAIIb-
HBI, HETIOBTOPUMBII XapaKTep pacroIOKEHHUs aTo-
MOB BJOJIb OcH HaHOTPyOku. Tak, BIOIL Ocu Ha-
HOTpYOKa COCTOMT M3 LIEJIOH IOCIe0BaTeNIbHOCTH
TaKUX «MOTHBOBY». TakuM 00pa3oM, AJMHA TaKkKe

3aBUCHUT OT XMPaJIbHOCTH HaHOTPYOKkH. OHa onpejie-

JS€TCA TPAHCIALUMOHHBIM BeKTOpoM T =t a + t2b R

I PIICH UK YIS PHBIM BEKTOPY XU PAIBHOCTH (pHC. 3),
KOTOPBIA XapaKTEepHU3yeT MUHHUMAIBHYIO [IJTUHY
(Mnu 1ar, TPaHCISAIUI) BIIOJIb HAIPABJICHUS OCH
HaHOTPYOKH.

b - - - - e e e m e - - -

}.
X Ch

Puc. 3. MuHuMasbpHast 001aCTh «CETKHY, UCIIONIb3yeMast
[utst GOPMUPOBAHUS HAHOTPYOKH

O

JlaHHBII BEKTOp COEANHSIET 1BA SKBUBAJICHTHBIX
MOJIOKEHUST y3JI0B CETKH BJAOJb OCH IOTYy4YaeMOu
HaHoTpyOku. Ilpu sToM ko3dHuLUEHTH £, f, U

JUTMHA BeKTOpa I OMpPEAemsIOTCS CIEAYIOUINM 00-
pazom:

2n-m \/_L

9 t2= )

1 dR dR

™)

-7

Takum 00Opa3oM, moclie TOro Kak OIpenesieHbl
BEKTOp C, , COOTBETCTBYIOLIMI MUHUMAIIbHBIM HH-
JeKcaM TPYOKHU ¢ JaHHOH CTENEeHbI XUPaJIbHOCTH,
U BEKTOp TPAHCIALMH, B TEKCArOHAJBHON CETKe
MOYKHO BBIACIUTH HPAMOYTOIBbHYIO 00JacTh, Orpa-
HUYCHHYIO JTaHHBIMU BEKTOPaMH, — TaK Ha3blBae-
MYIO TPaHCISITUOHHYI0 ueiiKy (puc. 3). [Ipu Tpanc-
JUPOBAaHUM JAaHHON SUYEHKU BAONb HANpPaBICHUS
BekTOpa (), MNOIYYaeTCs YaCTh T'EKCarOHAIbLHON
CETKH, IIPU CBOPAYMBAHUHM KOTOPOH MOXHO chop-
MHUpPOBaTh HAHOTPYOKyY OOmbIero paxuyca. s Ba-
pHanMM paguyca CIEAyeT HCIOJb30BaTh Pa3iivy-
HbIe MHACKCHI XHUPaIbHOCTH. [IpH TpaHCINpPOBaHUH

JaHHOM sTYeHKH BIIOJb HANpaBJIeHUsI BeKTopa 7' 1o-
Jy4YaeTcs YaCTh FeKCaroHaJbHOM CETKH, IIPU CBOpa-
YUBaHUM KOTOPOH MOXKHO C(HOPMHpPOBATH HAaHO-
TpyOKy OoOnbiiedi niuuHbl. [ Bapuanuu AJHWHBL
CIIeIyeT HCIOIb30BaTh PA3NUYHOE IEJI0€ YHCIIO

TPaHCIAIUOHHBIX BEKTOPOB T.

Ob6nactp, OrpaHHYCHHAs BEKTOPAMHU XHpalb-

Hocti C, ¥ BEKTOPOM, XapaKTEPU3YOMINM JUTHHY

HaHOTPYOKH, COIEPKUT N reKcaroHajJbHBIX KOJIell,

rae N HaXOOUTCS U3 CJIEAYIOUIET0 COOTHOILEHUS:
2(n* —nm+m?)

=222 TR
7 : ®)

R

Jlnst pacyeta ocTalbHBIX HAPAMETPOB CHMMET-
puu (KOTOpbie Gy/yT ONPEACIATE POLEAYPY CBO-
PaYNBaHHMsI) HEOOXOIMMO HAITH BEKTOP CHMMETPHH
R = pa+gb (puc. 3). [apamerps P ¥ ¢ BBIYHCIIA-
I0TCSL M3 CIEAYIOIUX COOTHOLICHUH:

d=nqg—mp, 0<p<n/d, 0<qg<m/d, )

rne d paccuuTheIBaeTcs o gpopmye (5).

WHorma BMECTO BEKTOpa CHMMETPUU B KaUueCTBE
aHaJIora BBIIENIAIOT 0a30BbIE ONEPAUY CHMMETPUHN
R = (y, 1) (puc. 3), rue

dTr
== 272'— (mmu ke ) y =
NN £

> (10)

Tl T — CMEUICHHE BJIOJIb OCH TPYOKH, ¥ — yTOJ TO0-
BOPOTa BOKPYT OCH TPYOKH, ¥ — CMEIEHUE BIOTb
BEKTOpa XMUPAIBHOCTH, COOTBETCTBYIOIIEE YTy TI0-
BOpOTa Y, M — uncio 060poToB Ha 360° BOKPYT ocH
TpyOKH, HAXOIsIIIIeecss 3 COOTHOIICHHS:

M =[@n-m)p+(2m—n)q]/d,. (11)

B cnyyae ecniu cTpouTcs HaHOTpyOKa THITA «3UT-
3ar», TO €CTh MHACKCH XUpalbHOCTH (1, (), mapa-
MeTpel p = [, ¢ = I, 3TO NPUBOIUT K 3HAYCHHIO
M=114],[7]

MEXAHUW3M ®OPMUPOBAHUSI KOOPAUHAT
ATOMOB B MOJIEJISAAX OJJHOCJIOMHBIX
YIVIEPOJAHBIX HAHOTPYBOK

PaccmoTpuM mpouiecc ¢hopMUpoOBaHUS KOOPIH-
HaT aTOMOB Ha MpUMepe HAHOTPYOKH ¢ MHIEKCAMH
XUPAJIBHOCTH 1 = 6, m = 2 W OAHOHN TpaHCIsAueH
1o ayivHe TpyOku. [t aToro BHavane HE0OXOAUMO
paccuuTarh napaMeTpsl GopMHpPyeMOH TPYyOKH IO
¢dopmymam (1-11) (tabm. 1).

Taoauuna 1
[TapameTpbl HAHOTPYOKH C HHAEKCAMHU
XUpPaXbHOCTH n = 6, m = 2
Iapamerp | cos® | D,A | Kch d dR IT|, A
3nauenue | 0,945 | 4,143 3 2 2 11,273
ITapameTp N P, q M T \% %
3HayeHHe 28 2,1 9 0,805 | 2,020 4,184

_ Ha puc. 4 BekTop xupanbHOCTH 0003HAUYEH Kak
C62) - Tak xak d = 2, To MUHUMaJIbHas TpyOKa TOM
JKe CTENeHH XHUPaJIbHOCTH — TPyOKa ¢ MHIEKCAMH
XupanbHOCTU 1 = 3, m = . IloaTOMYy OUEBHHO, YTO
TpyOKa (6,2) monyvaercs u3 Tpyoku (3,1) Tpanciu-
pOBaHHEM BIOJb HANPABICHUS BEKTOpa XHUPaJb-
HocTU C(;y. MOXKHO cAenaTh BHIBOA, UTO Y3IIbl A U
B — KkBUBaneHTHbIE y3IIbL.
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Puc. 4. ®opmupoBaHus KOOPAMHAT aTOMOB HAHOTPYOKH
C MHAEKCAaMU XUPAJIBHOCTH 11 =6, m = 2

BexTop TpaHcnanmuy, 0003HaYCHHBIA KaK T2
(mo cytH, T2 =T ) ) (puc. 4), TaKKe COSAMHSIET 2
SKBHUBaJEHTHBIX y31a — 4 u D. Takum oOpazom, Mu-
HUMaJbHasg OOJNACTh CETKH, U3 KOTOPOH MOXKET
ObITH 00pa3oBaHa HAHOTPYOKa C JAHHOW CTEMEHBIO
XHUPaIbHOCTHU, OTpaHuyueHa y3namu 4, B, F, D — 310
BCE DKBUBAJICHTHBIE Y3IIbI CeTKU. [JIsi HAHOTPYOKH
(6,2) manHas obnacTb TpaHCIUpPYeTCs BAOJIb Ha-
MIpaBJeHUS BEKTOPa XUPAJIBbHOCTH.

B Havasie mocTpoeHUss B MUHIMAIILHOHN 00JacTh
CeTKH, U3 KOTOPOH popMUpyeTCs HAHOTPyOKa, BBI-
JIeJsieTCsl By XaTOMHas siuelika, KOTopas COAePKUT
aTOMBI, HaXOASIINECS B IBYX KpHCTaJIJIOr paduyaec-
KM HE3KBUBAJIEHTHBIX ITO3ULHUAX B T€KCAIrOHAIBHON
sraeiike. B maHHOM cirydae 310 y31bl 4 u E (puc. 4).

Ilpu «cBOpauMBaHMM» CETKHM Ha KaKJIOM IIare
JUTSL K&KJOrO aroMa JIByXaTOMHOW sTYEHKH IpuMe-
HAIOTCA onepanuu cummeTrpuu R = (y, 7). Takum
obpazom, y3en 4 «mepexoqut» B y3en A', E— B E’
(puc. 4). Ilpu sTOM cnenyeT OTMETHTb, UYTO y3el E
JIOTIOJIHUTENBHO CMEILIEH OTHOCUTENBbHO y37a A
(amamornyHo y3en E’ oTHOCHUTENBHO y3na A’) Kak
BJIOJb OCH, TaK M BJOJb BEKTOpa XHUPAJIBHOCTHU
(puc. 4). 1ng HaXOXKIEHUS 3TUX JOTOTHUTEIBHBIX
CMEIIEHUN CIeyeT BOCIOIb30BaThCS CIIEAYIOIIH-
MU QopMyJIaMu:

r =rsin(30°-6), w'=y /R, (12)
rae ¥ =rcos(30° —6), 30° — MakcHMaNbHBIH yrom
XUPATBHOCTH (COOTBETCTBYET HAHOTPYOKe THIA
«Kpecnoy), 6 — yron xupanbHOCTH, R, — pamuyc
¢dopmupyeMOit HAHOTPYOKH.

Tak kak d # 1, Ha KaXJIOM Iare HEOOXOIUMO
paccuuTHIBaTh KOOPIWHATHI SKBUBAJICHTHBIX Y3JIOB,
BO3HHUKAIOIINX TPU TPAHCIWPOBAHUU BJIOJb BEKTO-
pa XupaIbHOCTH (HampuMep, Ha puc. 4 Ipu pacueTe
KOOpIMHAT y37a A HYXHO PacCUMTHIBATh KOOPIH-
HaTHI y371a B). [l 3Toro Heo0X0IuMo 3HaTh JTOTIO-
HUTEIBHBIE CMEIIEHUS B/IOJIb OCH U YTJIBI IIOBOPOTA
BOKPYT ocu TpyOku. Tak, BAomb ocu TpyOKH y3ed,
SKBHUBAJICHTHBIN TAHHOMY, PacIojlaraeTcsi B TOM JKe
TIOJIOKEHHH, TIOATOMY JTOTIOTHUTENBHBIX CMEIIEHU I
He OyneT. A BIOIbh BEKTOpa XMPAIBHOCTH SKBUBa-
JICHTHBIH y3€J CMELIeH OTHOCUTEIBHO IPeAbI Iy Iie-

r'0 KBHBAJICHTHOTO y3Jia (B HAILIEM MMPUMEPE — y3eI
B otHOcuTensHO y31a A) (puc. 4). JlanHoe cMmere-
HHE aHAJIOTMYHO JOIOJIHUTCIIBHOMY ITIOBOPOTY BOK-
PYT OCH HAaHOTPYOKH Ha YTOJ:

(13)

ITocne pacdera mapameTpoB t, ¥, x, T, W', x', Ay
MIPOU3BOUTCS MOCIICAOBATEIBHOE IBUKCHHUE BIOb
OCH HaHOTPYOKH M pacdeT Ha KaKJIOM Imare HeoO-
XOMMBIX KOOPJIWHAT aTOMOB (B IEKaPTOBOI1 cruCTe-
Me): KOOpAMHATA X — MTOJIOKESHHE BAOIb OCH TPYOKH,
a KOOpAMHATHI y U z MOJYyYarOTCs MPU BpPAIICHUU
BOKPYT OCH:

=R *sin
y ntr * ¢ , (14)
Z = Rntr COS ¢

rae ¢ — TeKylWUi yroia MOBOPOTa BOKPYT OCU Ha-
HOTPYOKH.
OO1mee KONMMYECTBO LIATOB MPH «PacdyeTe» Ha-
HOTPYOKH BBIYHCIISIETCS KaK:
%
count = Ly NT
T T

; 15)

rae L, ~— juinHa HaHOTPYOKH, N, — KOJIMYECTBO
TpaHcaauuu 7 1o JiuHe.

IIpu MomenmpoBaHUY HAHOTPYOKH CiieqyeT 00-
paTUTh BHUMAaHUE Ha BEIOOP MHAEKCOB XUPAJIBHOC-
TH — 1 ¥ m MOTYT IPUHHUMATh OTPaHUYEHHOE YUCIIO
3HaueHuil. Tak, MHIEKCHl XMPAJIBHOCTH JOJIKHBI
YIOBJIETBOPSTH YCIOBUSAM:

n>0,m>0,n>2m. (16)

Taxxe cienyeT OTMETUTh, YTO €CIIU MOJAETUPY-
IOTCSI HAaHOTPYOKM, MHIEKCHl XHUPAJTBHOCTH KOTO-
PBIX YKa3aHbl C YYETOM pPacIpOCTPaHEHHOIO B 3a-
PYOEXXHOM InTEepaType AOMYLICHUS, YTO YTOJl MEX-
Zly BEKTOpaMH JIEMEHTapHBIX TPAHCIISIIIUI B TeKca-
TOHAJIBHOM sueiike paBeH 60°, To He0OOXOAMM Tepe-
CYeT yKa3aHHBIX MHAEKCOB XHPAJIbHOCTH B MHJIEK-
CBI, COOTBETCTBYIOIINE KJIACCHYECKOMY MpPEICTaB-
nernio (yYWTHIBamOIIMe, 4To yroil paseH 120°).
Torma caenyeT BOCHOIB30BAaThCSA CIEAYIOIIMMU
(dbopmynamu nepexozna:

a7

7€ 7, M, — MHAEKCHl XUPAIBHOCTH JUIS SYEHKH €
yII0M 6d°, n,, m, — WHAEKCHl XHPAJIBHOCTH ISt
styeiiku ¢ yriom 120°.

n,=n+m, m,=m,,

NANOTUBE - IPOTPAMMA I'EHEPALIUU
KOOPJIUHAT ATOMOB B MO/IEJISIX
OJAHOCJIOMHBIX YIJIEPOAHBIX HAHOTPYBOK

Ha ocnHoBe NPUBCACHHBIX BBIIIC TCOPETUUCCKUX
MAHHBIX OBLT pa3paboTaH anroputM (HopMHpOBa-
HUS KOOPJWHAT aTOMOB B 3aMKHYTBIX OJHOCIION-
HBIX YTJCPOJHBIX HAHOTPYOKax m00ro TuUMA.
C ncnonb30BaHUEM JaHHOTO allfOPUTMA Ha SI3bIKE
nporpammupoBaHus @opTpaH ObLiIa HAMTKCaHA TTPO-
rpamma NanoTube.
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[Ipu momMoImM MOTYyYEHHOW MPOrpaMMBbl OBLITH
CMOJICTUPOBAHBI HAHOTPYOKHU Pa3IUYHOTO Pajny-
ca, JJINHBI, CTCIICHU XUPAJIBbHOCTH. HpI/I 3TOM OKa-
3aJI0Ch, YTO TIPH MAJIBIX 3HAUCHUSX WHJEKCOB XH-
palbHOCTH panuyc GpopMupyeMoit TpyOKH moryda-
€TCS HACTOJIBKO Mall, 4To (OpMUPYETCS HEKas
CTPYKTypa, KOTOPYIO OBOJIbHO TPYIHO HAa3BaTh
HaHOTPYOKOH (pmc. 5). Takxke cireayer OTMETHTH,
YTO MEXATOMHBIEC PACCTOSAHUSA B TAKUX CTPYKTYypax
3a4acTyI0 JIAJICKH OT «HOPMAJIBHBIX» PAaCCTOSHUIMA
B rpadure (puc. 1, Tadi. 2).

B s es

Puc. 5. ®parMenT HAHOTPYOKH C HHAEKCAMH XHPAIEHOCTH
n=2, m=1 giunoii 50 A

[Ipu 06ABPIIMX MHAEKCAX XHPATBHOCTH MPOUC-
XOIUT TIOCTENeHHOe (popMHUpOBaHUE CTPYKTYP, KO-
TOPBIC YK€ MPEJACTABISAIOT 3aMKHYThIC IIUIUHIPH-
yeckue nmosepxHoctH (puc. 2). Ilpu sTom ¢ yBenmde-
HUEM paJinyca HAHOTPYOKHU MEKATOMHBIC PACCTOS-
HUsSI BRIPABHUBAIOTCS U MPUONIKAOTCS K «rpadu-
TOBBIM» paccTOSHUSAM (puc. 1, Tadim. 1).

Taomuua 2

CpaBHEHHE MEXAaTOMHBIX PAaCCTOSHHUIM
B pa3lMUYHBIX oOpa3max

Paccrosinue | I'padur, I;IIEIST?XEK? ’ nI-I:aingi]gKZa(’)
(pme.6) | R=c0 | p_(47813A | R=13,5627A
1,1746 A 1,4196 A
rl 1,4203 A 14046 A 1,4202 A
1,8310 A
2 2,4600 A 2.4598 A %’2233 é
2,4601 A ’
3 2,8406 A 2,7260 A 28108 é

AHAJIN3 PA3JIMYHBIX ITPOI'PAMM
MOJEJHUPOBAHHU S OJTHOCJIOMHBIX
HAHOTPYBOK

B npornecce paboTs! Takske OBIT MPOU3BEACH I10-
HUCK B ceTH MHTepHEeT aHaJOrM4YHBIX HPOTpamMM.
B wacTHOCTH, OBUTH BBIZENIEHBI 2 MPOTPaMMBI —
MCAD [3] u TubeVbs [8]. O0mas uepta 06eux mpo-
TrpaMM — HCIIOJIb30BAHME TEKCATOHAIBHOMN TYEHKH C
yriom 60°. PaccMOTpuM 0COOCHHOCTH arOpUTMOB
JaHHBIX IPOrPAMM.

MCAD. ®opmupoBaHue KOOpJUHAT aTOMOB B Ha-
HOTPYOKE MPOUCXOTUT B HECKOIBKO ATAIIOB!

1. Ha ocHOBe mapamMeTpoB OIHOM IeKcaroHajb-
HOU stueiiku GOopMUPYIOTCS KOOPIUHATHI BCEX Y3-
JIOB HEKOTOPOW CETKM MaKCHMAaJIbHO BO3MO>KHOT'O
pasmepa;

2. Ha ocHOBaHHMM BBEIEHHBIX I0JI30BATEIEM
napaMeTpoB MOJEIUPYEMO HAHOTPYOKH (IJIMHBI U
HMHJEKCOB XHPaJIbHOCTH) B JaHHOH CETKE BbIAEIS-
eTcsi 00macTh, U3 KOTOpod OyneT chopMupoBaHa
HaHOTPYOKa;

3. I KaxK0T0 y371a CETKU ONPEAesieTCs, pH-
HAJJIEKUT JIU OH O0JIaCTH, BHIIETICHHON HA BTOPOM
mare. Ecni mpuHAIIEKUT, TO TPOU3BOAUTCS pac-
YeT JICKaPTOBBIX KOOPJAMHAT HAa MOBEPXHOCTH IIH-
JUHJPUIECKH C(POPMUPOBAHHOM TPYOKH;

4. Pe3ynbpTaT BRIBOAUTCA Ha 9KpPaH C BO3MOXKHOC-
TBIO COXpaHeHUs (aiina KOOpAHHAT.

Oco0eHHOCTH JaHHON MPOTrpaMMBbl:

1. Hanncana Ha s361ke JAVA, 9TO JaeT BO3MOXK-
HOCTbh KOMITHJIMPOBATH U 3aITyCKATh ITOJT Pa3IHIHbI-
MH OTICPAIMOHHBIMU CUCTEMAaMH;

2. MennenHas paboTa 1Mo MpUYMHE MHOXECTBA
pacdeTos;

3. BeigensieTcss Masio maMsTH, TIO3TOMY HEJb3s
MO/JISTUPOBATH OOJIBIINE HAHOTPYOKH;

4. Boerxoguoit daiin — daitn dopmara * HIN
(BxomHO# 1151 mporpamMmbl HyperChem).

TubeVbs. JlauHbBIN aJITOPUTM CXOX C pa3pado-
TaHHBIM HaMH aJITOPUTMOM, TaK KaK OCHOBBIBAJICS
Ha TeX XK€ TEOpETUUSCKUX BhIKIankax [S], [7]. Ho
B HEM €CTh CBOM OCOOCHHOCTH:

1. BekTopa XupaabHOCTH ¥ TPAHCISIINN OTKJIIA-
IBIBAIOTCSA OT MEHTPa T'eKCaroHaJIbHOTO KOJIBIIA,
TO €CTh B «HAYaJIbHOM)» MOJOXXEHHH OTCYETa HET
aToMa;

2. Ins MonmenupoBaHUS TPYOKH HCIOIB3YIOTCS
«BHHTOBBIE» W «BpalllaTeIbHBIC» OMEpaIi CHM-
METPHU:

a) <BHHTOBOM MOTHBY» OIPENEIsAeTCS KaK KOJIH-
YECTBO «JIBYXATOMHBIX» slU€eK, yKIaJBIBAIO-
HIMXCSI BJOJIb BEKTOPA XUPAJIBbHOCTH;

0) «BpalaTeNbHBIH MOTHBY» OIpEACNIeTCS Kak
KOJIMYECTBO «BHHTOBBIX MOTHBOBY» BIOJNb OCH
TpyOKH;

3. B mporpamme y4uTHIBaETCS BO3MOKHOCTH pa-
JIATTBHOTO MCKaKEHUS TPYOKH: OHA MOXKET He SB-
JSATHCS UJCAIBHBIM [IUIHHIIPOM, Y KOTOPOTO B OC-
HOBaHUU — OKPYKHOCTb.

OcoOeHHOCTH JaHHOW TPOTPAMMBIL:

1. Ilporpamma HanmcaHa Ha s3pike Visual Basic
Script, 94TO MO3BOJSAET 3aITYCKaTh €€ TOJIBKO B cpejie
Windows;

2. Ilonbp30BaTenb HE MOXKET 33a1aTh JJIUHY MOJe-
TUPyeMOH TPYyOKH, JTUIITH YUCIIO TPAHCTAINN BIOTH
ocCH, YTO HE OYCHb y100HO;

3. Bricokasi ckopocTh pabOThI, Majbie OOBEMBI
Tpebyemoit mamsTH;

4. Coznaercs aitn dopmara * XYZ, conepixa-
IIUH U KOOPAMHATHI aTOMOB, YTO 3aTPYAHSET
WCTIIOJB30BaHNE JAHHBIX (haiijoB B JPYTUX HCIIOIb-
3yeMBIX HAaMU MPOTrpaMMax.

Ocobennoctu  pa3paboTaHHON
NanoTube:

1. [Iporpamma HammcaHa Ha SI3bIKE TPOTPaAMMHU-
poBanust @opTpaH, 4TO MO3BOISIECT KOMITMINPOBATH
W 3amycKaTh €€ I0J Pa3HBIMU OIEPANHOHHBIMHU
cUCTeMaMu;

2. BrIicokast ckopocTh pabOTHI M MaJible 00BEMBI
TpebyeMoii TamMsTH;

3. B mporuecce paboTHI MOTb30BATENIO IIPEICTAB-
JIAFOTCSI UMEHHO (PU3NYECKUE TapaMeTPhbl MOJEIIH-

MPOrpaMMBI
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pyeMoii TpyOKH, KOTOpBIE OH MOXKET OTKOPPEKTH-
pOBaTh;

4. BeixonHoii aiin — daiin hopmara * DXR, ko-
TOPBIN HEOOXOIUM JJIsi MPOTPaMM, Peasn3yIOIuX
pacdeT TEOPETUYECKUX KapTHH pacCesiHUsl peHTre-
HOBCKMX JIyuyell MOJYYEHHBIMH OOBEKTaMHu. OTH
KapTUHBI HEOOXOUMBI JJISI HHTEPIPETAIH TAHHBIX
pPEeHTreHorpaMueckux 3KCIEPUMEHTOB IO H3yde-
HUIO CTPYKTYPBI YIIEPOTHBIX MATEPHUAIIOB [2].

Jns cpasuenust nporpammel NanoTube ¢ npy-
rumu nporpammaMu (MCAD, TubeVbs) B xaxnoii
U3 HHUX OBUIM CMOJIENIMPOBaHbl OJMHAKOBBIC Ha-
HOTpYOKH (pammyca R, = 3,856 A w mmaab
L, =41,964 A) u paccuntaHpl AUGPAKIHOHHEIE
KapTHHBI paccesHus (B KauecTBe KPUTEPHUS CpaBHE-
HUs Obla B3sTa MHTEpPEepeHUUOHHas (YHKIUS
paccesiHus, yciaoBHO o0o3HadeHHas kak H(S)). Taxk,
s iporpamm MCAD u TubeVbs ObLTH IPUHSTHI
MHIEKCHl XUPAJIBHOCTU 1 =&, m = 3, a 115l Iporpam-
™Mbl NanoTube, ucxons u3z Gopmyn nepexoxna (17),
COOTBETCTBYIOLINE MHACKCHl XUPAJIBHOCTH PaBHSI-
mace n = 11, m = 3.

PesynbraT cpaBHEHUS MpeCcTaBleH Ha puc. 6.

chiral H(S)

H(S)
3
]
e

[——McaD — —Tubevbs NanoTube |

Puc. 6. 3aBucumoctu H(S) mist XupansHbIX 00pa3ios,
MOJTyYCHHBIX Pa3HBIMHU IPOrPaMMaMu

Ha npuBenenHOM rpaduke BUIHO, YTO 3aBHCH-
moctu H(S), paccuuTaHHbIE HA OCHOBE KOOPIMHAT
aTOMOB B HAHOTPYOKE, CTeHEPUPOBAHHBIX IPOTrpaM-
moit TubeVbs w namieii nporpammoii NanoTube,
MPaKTUYECKH MOTHOCTRIO coBmanatot. A H(S), pac-
CUMTAHHAS HAa OCHOBE KOOPAWHAT, CrEHEPHPOBAH-
HbeIX MCAD, Bcera cMelleHa, ¥ 4eM OOJIbIIIe MO-
IyJib TU(PaKIMOHHOTO BEKTopa S, TeM OoJblie
CMEIIICHUE.

C 4yeM CBs3aHO TaKOE CMEILEHHE, OCTAETCS JIMIIb
JIOTaIbIBaThCs, TAK KaK UCXOTHOTO KOJIa K IIPOrpam-
Me MCAD HeT. B cBsA3U ¢ 3TUM BO3HHKAIOT BIIOJIHE
000CHOBaHHBIC COMHEHHUS B KOPPEKTHOCTH PaOOThI
JTAHHOW ITPOr'PaMMBI U €€ UCIIOJIb30BaHUH.
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OIIBIT PABPABOTKHU TEXHUKHU U TEXHOJIOI'MA
SJIEKTPOUMITYJIBCHOI'O PABPYHIEHUS MATEPUAJIOB

B cratbse OpCACTABJICHBI PE3YJIBTATHI pa3pa60TKH TEXHUKHU U TEXHOJIOTUU IJICKTPOUMITYJIbCHOT'O 6ypeHI/IH
CKBa>XXWH, PE3aHN T'OPHBIX MMOPOJ B TCXHOJIOTMYCCKUX ITPOLCCCAX MPOXOAKHU meneﬁ B MACCHUBC, pa3pC3aHusd
0JIOKOB KaMH#, 3a4YUCTKHU MMOBCPXHOCTHU MaCCHBa U OJIOKOB U Ap., ACBUHTErpalii pya U TEXHUYCCKUX Ma-

TEpUaJIOB.

KiroueBsle cl10Ba: SIEKTPOUMITYIECHOE Pa3pylIeHne, OypeHHe CKBaKUH, Pe3aHIe TOPHBIX ITOPOJ, Je3UHTET PaLHs Py

[Ipouecc anekrpoummynscHoro (OW) paspyue-
HUS MaTepUaJoB MOJIOKEH B OCHOBY MHOTHUX TE€XHO-
JIOTMYECKUX MPUIIOKEHUH OypeHHsl U pe3aHusi rop-
HBIX MOPOA, Ne3UHTETPANH Py U Pa3JINYHBIX Ma-
TEPHAJIOB, pa3pyLIeHN ] KOMIIO3UIIMOHHBIX U3/1ETH I
C METaJUTMYECKON BKIIOUatoNIel (ene300eTOHHbIE
W3Meusl, U3OJISIIUOHHbIE KOHCTPYKIUU 3JIEKTPH-
YECKHUX CETEH U anmaparoB H T. 11.). Co3TaHHbIe JKC-
[IEPUMEHTAJIbHBIE YCTAHOBKM M CTEH[bl YCIEIIHO
OompoOOBaHEI B JIAOOPATOPHBIX W TPOU3BOICTBCH-
HBIX ycsioBusX. Ha nx ocHoBe pa3paboTaHbl TEXHU-
YeCKHe 3a/laHus Ha IPOCKTUPOBAHHUE PSAa YCTaHO-
BOK Pa3JIMYHOIO TEXHOJIOTHYECKOr0 Ha3HAYCHUSI.

SJIEKTPOUMIIYJIBbCHOE BYPEHUE CKBAKUH

DNeKTpOoUMITYyJIbcHOE OypeHue CKBa)KHH, 0CO-
OCHHO MPUMEHUTENIFHO K KPEMKUM TOPHBIM MOPO-
JaM, ABISIETCSl BeCbMa aKTyaJbHBIM, TaK Kak Ha
COBPEMEHHOM yPOBHE Pa3BUTHA FOPHON TEXHUKHU U
B OnmKkalmne robl OypoB3pEIBHOM ciocoO oTOOM-
KU KPENKHUX MMOPOJI OT MACCUBA, IO CYIIECTBY, OyaeT
OCHOBHBIM. B IIaXTHOM CTPOHUTENBCTBE OJHUM W3
HanOoJee MPOrPECCUBHBIX CITOCOOOB COOPYKEHHS
CTBOJIOB ¥ CKBJKHH OOJIBIIIOTO AUAMETPA SBIISETCS
MIPOBEJICHUE UX CIOCOOOM OypEeHU s, IIO3BOJISIOIIIIM
KOMILJIEKCHO MEXaHU3UPOBaTh pabOTHI IO pa3py1ie-
HHUIO, BBIEMKE, TPAaHCTIOPTUPOBKE MTOPO/IbI HA TOBEP-
XHOCTb, TIOJTHOCTBIO UCKJIIOUUTH TSIKEJbIM U omac-
HBII MOJA3EMHBIN TPYJ LIaxTompoxoaunkos. Ho u
HOBBIE OPHUTMHAJIBHBIE KOHCTPYKLHH YCTaHOBOK
JUTst OypeHHs CKBAXKHMH OOJIBILIOTO AMaMETpa, OCHO-
BaHHBIE HA MEXaHMYECKHX CII0CO0aX pa3pyIIeHHs
TOPHBIX TIOPOJI, HE PEIIAIOT IPOOIeMBI Oy pEeHHUS Ta-
KUX CKBOXHH B KPEMKHUX MOPOAax. AHAIIN3 COBpe-
MEHHOTO COCTOSIHHSI TEXHUKH OypeHUS CKBaKHH
OOJIBIIIOTO AMAMETPa MMOKa3bIBAET, UTO I Oy peHUs
TaKUX CKBRXXWH B KPEIIKUX TOPHBIX IMOponax O0ypo-
Bas TEXHUKa pa3padoTaHa HETOCTATOYHO.

ONeKTPOUMIYJIbCHBIM CIIOCOO MOXET MOBBICHTD
CKOPOCTb OypeHHUs CKBa)KHH, CHU3UTH JHEProeM-
KOCTb OypeHHs, CYLIECTBEHHO YIIPOCTUTH PEILICHUE
OTJENIbHBIX TEXHOJIOTUYECKUX 3aJ[a4 B TOPHOM CTPO-
© YcoB A. @., 2011

UTENBCTBE. DIEKTPOUMITYJIBLCHOE OypeHne He orpa-
HUYHMBAETCS 110 JUAMETPY CKBaKHHBI U €€ TIIyOHHe.
OnbITHEIMU pabOTaMH MOKa3aHa BO3MOXKHOCTD 3()-
¢dexTuBHOrO mpumeHenuss DM ans OypeHus cksa-
JKUH IIMPOKOTO CIIeKTpa HazHadeHus. OnpoOoBaHo
OypeHue Her’TyOOKUX B3PBIBHBIX CKBaXUH (5—10 M)
JUJIS1 COOPY>KEHHS B CKaJIbHBIX MOPOAAX TPAHILIECH U
KOTJIOBAHOB, 0OTOOKKH OT MaccHBa KAMEHHBIX MOHO-
nuToB. B nonzemubIx ycnoBusix Ha Kuposckom pyn-
Huke IO «Amatut» m pynHuke «Ena» I'OKa
«KoBnopcnrona» nokazana BO3MOXKHOCTh OCYIIECT-
BJICHUSl 3JIEKTPOMMITYJIBCHOIO crocoba OypeHus
KpPYTOBOI'O Beepa B3PbIBHBIX CKBAXKHH B BEPTUKAJIb-
HOM IUIOCKOCTH C TEXHOJIOTMUYECKOHW TIITyOMHOH 110
50 M. B yCcIioBuSIX MONHUTOHA YCIIEITHO OTPOOOBAHEI
TEXHOJIOTUH MPOXOJKH KOJIOALEB U LIaAXTHBIX CTBO-
noB nuametpoM 10 1200 mm (Kombckuii HaydHBIH
nentp (KHL[) PAH, r. Anarutsl, puc. 1). Ompobo-
BaHO OypeHHe B3PBIBHBIX CKBAXXHH IJIS1 OTKPBITOH
JIOOBIYM Py U OypeHHUs re0OrnYeCcKiX CKBaKUH C
0TOOpOM KepHa (B TOM YHCIIE IJIs [TOJy4YEHUs! OpH-
SHTHPOBAHHOI'O KepHa). B mpon3BoACTBEHHBIX HC-
NBITAHUSX Oy PEHUS Fe0I0r0pa3BeJOYHBIX CKBAXKUH
nocturayta rmyouna 233 wm. Ilpu OypeHunm ckBa-
XKHUH METPOBOIO AMAMETpa MO MEP3JbIM I'PYyHTaM
JOCTUTHYTa IIyOMHa 25 M U MakCHMaJIbHasi CKO-
pocts Oypenus 2,0 m/a (HUM BH, r. Tomck).

e

<

/1]
A

Puc. 1. Crenn anekTpoumIryibcHoro 0ypeHnus (a); Oypooit
HaKOHEYHMK JJIsl pacLIMpEHUs cKBaXkuH (0); OypoBoit
HAKOHEYHHK C IOrPYKHBIM HCTOUHUKOM HAINpsiKeHUs (B)
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DIEKTPOUMITYITIbCHOE Oy pPeHUE OCYIICCTBIISICTCS
0e3 BpamieHust wHCTpyMeHTa. Du3nyeckuit deHo-
MeH aBTOMAaTHYECKOTO PacIpeNeNIeHUs] Pa3psiioB 110
riomany 3a0ost 6e3 BpallleHHs MOpOAOpa3pyIaro-
IIEr0 YCTPOWCTBA MO3BOJISIET MPHIaBaTh CKBAKUHE
32 CYET COOTBETCTBYIOIEH KOHCTPYKIIMH IOPOJIO-
pa3pyluiaroero HHCTPyMEHTa JII00Y0 MPOU3BOJIb-
HYI0 QOpMYy cedeHHUs — KPYIITyI0, IPIMOYTOIBHYIO,
IIETIeBYI0, KOJBIEBYIO U T. I. — U 000N mpoduis
32004 — IPSIMO#, KOHWYECKH, CTYTIEHYAThIH, BKITIO-
yasi BO3MOYKHOCTh HX U3MEHEHUS M0 Mepe OypeHus
CKBAXXUHBI IJIA paClIMPCHUA CKBAXUH U CO3JaHUA
KOTJIOB (puc. 2).

Puc. 2. YerpoiicTBa 31eKTpOMMITYJIECHOTO OypeHust
Y BUJI IPOOYPEHHBIX CKBAXHH

DNEeKTPOUMITYJILCHOMY MPOOOI0 U pa3pyLICHUIO
ToJIBEprKeHa Impeodiaiatoiias Macca TOPHBIX MOPOJ
U pyd, 32 WCKIIOUYCHUEM JIUIIb OTIUYAIOIINXCS
CILUIOITHOM  METaJJINYeCKOM  MPOBOAUMOCTHIO
(CTIIOTITHBIE MATHETUTOBBIC M MTOJMMETAIITHYSCKUE
pyas)). C pocToM MexaHMYECKOW MPOYHOCTH (Kpe-
TIOCTH) IOPOJI 3HEproeMKocTh DU, kak mpaBuiIo, pac-
TET, HO CYIIIECTBEHHO B MEHBIIIEH CTETICHH, YeM 3TO
MMEEeT MECTO TpU pa3pylIeHWH TPaJaUIHMOHHBIMHU
MEXaHUYEeCKHUMH CIOCO0aMH, BCIEIACTBHE YEro OT-
HocuTenbHas 3¢ dextuBHOCTS DH-crocoba B cpas-
HEHUHU C MEXaHWYECKUMH CHOCOOaMU MOBBIIIAETCS.
[Moatomy, xoTst DU MoXxeT OBITH IPUMEHEH IJIs Pas3-
PYLIEHHS TOPHBIX TOPOJ TF0001 MEXaHHMYECKON MTPo-
YHOCTH, HAUOOIBIITUHA TEXHUKO-YKOHOMUYESCKUN I~
(eKT ero mMpuMEHEHUs TOCTUTACTCS Ha 0CO00 Kperl-
KHX TOPHBIX ITOPOJaX ¥ MEP3IbIX TPYHTaX.

OnbITHEIME paboTaMH JOKa3aHa BO3MOXKHOCTB
JOCTH>KEHU s OoJee BEICOKOM ckopocTr DU-0ypeHus,
YeM Ha TPaJUILMOHHO HCIIOJIb3yEMbIX YCTaHOBKax
(cMm. Tabnuiy). Ckxopoctu DU-OypeHus CKBaKUH
0OMBIIIOTO THaMeTpa B KPEMKHUX TOPHBIX MOPOIAX,
KOTOpBIE YK€ TIOJYUYeHBI B HCIBITAHUAX, COOTBETC-
TBYIOT JIyYIIUM MHPOBBIM MOKA3aTENSAM MPOXOIKH.
J171s1 B3pBIBHBIX CKBa)XKMH 3TO CTAHOBHUTCS BO3MOXK-
HBIM TP YaCcTOTE CIEAOBAHUS UMITYJIHCOB HE MEHEE
15-20 B cekyHILy, 4YTO TEXHHYECKH PEATBHO U KCIIe-
PUMEHTAIBHO MTOJTBEPKACHO.

DIeKTPOUMITYTbCHOE OypeHHe OTIMYaeTcs HC-
KJIIOYUTEIFHO MaJIbIM U3HOCOM OYpOBOTO MHCTPY-
MEHTa U JOIyCKAeT ero N3rOTOBJICHHE U3 OOBIYHBIX
KOHCTPYKLIMOHHBIX cTajield. B oTinuune or Mmexanu-
YecKMX croco0oB, He TpedyeTcs Mmpriarath K MHC-
TPYMEHTY 3HAYUTENbHBIX YCHUJIMH — IOCTaTOYHO
JUIIF 00ecreunBaTh KOHTAaKT HHCTPYMEHTa C Mac-
cuBoM. Tak kKak pabo4rM HHCTPYMEHTOM, IO CyIIec-
TBY, SIBJISIETCA MCKpa, U3HOC HHCTPYMEHTa MUHHMMAa-
JICH, ¥ TIPO0JIeMa CPOKa ero CI1y>KObl HE CTOUT.

YnenbHasd (Ha | uMI./c) CKOPOCTh IITEKTPO-
HUMIYyJIbCHOTO OypeHHUSA CKBAXUH, I.M/4

VaenbHas
CKOPOCTh
Oypenus

VcioBus U MecTo IIPOBCACHUS

HCTIBITAHU I Topora

BypeHue B3pbIBHBIX CKBaXHH
B MOI3€MHO# BBIpabOTKE:

* nuametp 130 MM, riryOuHa 10

50 M, IpOMBIBKa BOJIOH, anarutoBas |0,35 (I —25 mm)

Kuposckuii pynauk AO pyaa 0,6 (/ — 30 mm)
«AmatuTy;
THENC-
* quameTp 150 Mm, ray6uHa 10 ciozia 0,25
50 M, MpOMBIBKA BOJIOH, PYIHUK KBapIl- 0.3
«Ena» I'OK «Kosnopcmrona» ciona ’
(MypmaHckast 0011.) IJIaruoK- 0,35
na3

Bypenue B3pbIBHBIX CKBO)KUH B
kapbepe (JIenunoropckuii [IMK):
. MHKPO-

nuametp 150 MM, 1U3. TOMIUBO KBAPIHTH 1,5
Bypenwne pa3Beo9HON CKBaKHHBI,
B paiione I. Tomcka:
* 6e3 0TOOpa KepHa, TUaMeTp 05
160 MM, T13. TOILIUBO; MeCUaHuK ’
* ¢ 0TOOPOM KEpHa, AU3. TOIJIMBO; | MECYaHUK 0.6
* ¢ 0TOOpOM KepHa, BoJa, HedTe- craHely 08

BOJIHBIC paCTBOPHI

BypeHue ckBaKuH AHaMeTPOM
800-1200 MM, . ATaTUTHI:

* CIUIOMHBIM 3a00eM, 800 MM,
JU3. TOIIUBO 0,05
¢ KOJIBIIEBLIM 3a00eM, 700 MM,
JIU3. TOTUTHBO

* pacurupenue ot 600 1o 800 MM,
JIU3. TOTLIMBO

* pacaruperue ot 800 no 0,7
1000 MM, TH3. TOTUTHBO

¢dummro- 0,15
BBIH ClaHeI] 0.3

Bypenue ckBaXXxuH AHaMeTpOM
1000-1200 mm,

/=300 MM, TPOMBIBKA AM3€JIbHBIM
TOIINBOM, paiiod BAM

BEYHOMEP3-

JIBIA TPYHT 0,75-1,0

B nononHeHue K nepedncaeHHbIM BbIIIE allpoou-
POBaHHBIM NPUMEHEHUSIM Ccrocoba MOXKHO yKa3aTb
Ha BO3MOXXHOCTH Oy PEHHUS TOPU30HTAIBHBIX OIlepe-
JKAIOIIKUX CKBaXUH guamMeTpoMm 110 400 MM 1 TIryOu-
Holt 10 15-20 M nns cozganusi BpyOOBO MONOCTH
IIPH MTPOXOJIKE TOPU3OHTATIBHBIX BBIPAOOTOK B KpeTI-
KMX TOpHBIX Nopofax. bioyHoe ucnonaHeHue sie-
MEHTOB YCTAaHOBKH TI03BOJISIET AOCTABIISTH €€ B TPY/I-
HOJIOCTYITHBIE MECTa IS BBITIOJTHEHU ST HE3HAUUTEITb-
HBIX TI0 00beMY, HO TPEOYIOIINX CIIeIU(PHUIHBIX TeX-
HOJIOTHUECKUX 3 (EKTOB padoT (Harpumep, Oy peHue
CKBaXHWH TM0J] aHkepa Kperuierus: omop JIOII Ha
CKaJIbHOM TOPHCTOM MaccuBe W T.1L.). PaznensHoe
pasmenieHue OJIOKOB SHEPreTUIECKOTO M TEXHOJIOT -
YECKOro 00ecreueHu st IpoLecca JOIyCKaeT BO3MOX-
HOCTh CO31aBaTh aBTOHOMHO padoTaromie OypoBble
KOMIUIEKCHI Ha JTHEe MOps, B Helpax 3eMJIH.

SJEKTPOUMIIYJIBCHOE PE3AHUE
T'OPHBIX ITOPO/

Ilokazana BO3MOXXHOCTH OM-pe3aHus TOPHBIX
MOpOJl B TEXHOJOTUUYECKUX MpoLeccax MPOXOIKHU
ee B MacCUBE, pe3aHus OJIOKOB KaMHS, 3a9HCT-
KU TIOBEpXHOCTH MaccuBa u OmokoB [1], [5], [6].
O¢ddexTuBHOCTH MPUMEHEHHS MPOIIECCa MOBBIIIA-



OnbIT pa3pabOTKN TEXHUKH U TEXHOJIOTUH JIEKTPOMMITYJIBCHOTO pa3pyIleHHs MaTepHaIoB 117

eTcsl, €CIM MPHUHIHUIHUAIBHO BaXXHBIM SBISETCS

TpeOOBaHHE HCKIIOYUTH HAPYIICHUE CIIOMIHOCTH

MaccuBa BHE 3200s1. DTO OTHOCHUTCS K TAKUM TIpOIlec-

cam, Kak:

* 100bI4a U 00paboOTKa MPHUPOAHOTO KaMHsI, B MEp-
BYIO Ouepe/ib YHUKAJIbHOTO JEKOPAaTUBHOTO KaMHS
(B TOM YHCIIe BBIpE3Ka 3arOTOBOK apXHUTEKTYPHBIX
dopm); 5

* 3a4KMCTKA CKAJBHBIX OCHOBAaHUI MO COOpYXEHUS
MIPH CTPOUTENHCTBE OOBEKTOB Ha CyIle W TOJ] BO-
Joi (THAPOTEXHUYECKHE COOPYKEHUS, THOYTIY-
ourenbHBIC pabOTHI 1MOJ ra30- U HEPTEPOBO/LI), B
TOPOZICKOM YepTe ¢ OrpaHUYEHUSIMHU Ha IpOBEse-
HUE B3PBIBHBIX padoT;

* 0TOOp TIPOO Marepuana ¢ TeoIOTHISCKIX OOHaKe-
HUH, MOBEPXHOCTU TOPHBIX BBIPAOOTOK, C OETOH-
HBIX KOHTEHHEPOB 3aXOPOHEHUS PAJANOAKTUBHBIX
Y XUMHUYECKUX OTXOJIOB;

* 3a4MCTKA MMOBEPXHOCTEH MacchBa U OJIOKOB OT IMO-
BEPXHOCTHOTO PAaJUOAKTUBHOTO M XHMHYECKOTO
3arps3HeHHS;

* MPOXOJIKA OTPE3HBIX MIETIEH C IeNbI0 OTPAaHUICHHS
BO3/IEHCTBUSI HA MacCHUB B3PBIBHOW OTOOWKH NpH
COOPYXEHHUH BBIPAOOTOK Pa3IMUHOTO Ha3HAUCHHS.

Poccusi, obnagast orpoMHBIMH 3amacamMu IIpH-

POOHBIX KaMEHHBIX MaTepuajioB, UMEET OOJIbIIne

MIOTEHIAIbHBIE BO3MOXHOCTH I JalbHEUIIETro

HapamuBaHUs MOIIHOCTEH KamMHenoOBbIBalOMIed U

KaMHe0OpabaThIBafoIIel MpoMbITuIeHHOCTH. OqHa-

KO MMEIOITHecs TOTeHIIHabHbIE BO3MOXHOCTH HC-

MI0JIb3YIOTCSI HEIOCTATOYHO, IIPUYEM HE TOJIBKO U3-

32 YKOHOMHUYECKOTO CIaJia ¥ TIJI0XOT0 MHBECTHUIIH-

OHHOTO KJUMaTa. B KOHTeKCTe COBPEMEHHBIX Tpe-

OOBaHUII KOMILUIEKCHOTO HCIIOJIb30BAaHUSI MHHE-

PalTBHOTO CHIPhS ¥ CHMYKEHHUSI TEXHOTEHHOT O TIpecca

Ha OKPYXKAIONIyI0 CPeay TEXHOJIOTUH KaMHEIOOBI-

Yl U KaMHEOOpaOOTKH TpeOYIOT CYIIECTBEHHOTO

coBepuieHcTBoBaHus. [Ipu kamHenoObIue TepseTcs

3HAYUTENBHOE KOJIMYECTBO OIIOYHOTO  KaMHS

HECTaHAAPTHON (DOPMBI, HE TTO3BOJISIONICH HCIIONh-

30BaTh €ro MO pacHiL; 0oJee TOJIOBUHEI BCel Mac-

Cbl JOOBIBAEMOr0 MPHUPOJHOIO KAMHS YXOAHMT Ha

KpPYIHOKYCKOBOH oOkoj. M3-3a HecoBeplieHCTBa

TEXHOJIOTHIl MMPOU3BOJICTBA TECAHBIX M3JEIIUHA 3HA-

YUTENBHOE KOIMYECTBO IEHHOT0 KAMEHHOTO Mare-

puaia yXoIuT B OKOJI, TIPH 3TOM HE UCIIONB3YIOTCS

MeJKue OJIOKM KaMHS M KPYITHOKYCKOBOM okoj. He

HCITIOJIB3YETCSl TaKOH MacIITaOHBIA pe3epB CHIPHS

JUTS IOJTyYeHu st 0JI0KOB, KaK HerabapuThl Ha BCKPBI-

TAHA MECTOPOXKICHHH TOJIE3HBIX NCKOIAEMBIX W Ha

meOeHOYHBIX Kapbepax, a TakyKe BaJlyHBI, SBIISIO-

[[yecst MOOOYHBIM MPOAYKTOM IPHU JOOBIYE MECKa.

B T0 ke BpeMs U3BECTHO, YTO ce0ECTOMMOCTh OJI0-

Ka, MOJy4YEeHHOr 0 U3 BallyHa, B 3—4 pa3a MeHbIIIe ce-

OecTonMocTy OJI0OKa KaMHS, TOOBITOTO Ha Kapbepe.

Hnst 3 PeKTUBHOTO MCTONB30BaHUSI HEradapu-

TOB M BaJyHOB B Ka4eCTBE CHIPHS JJIST U3TOTOBIIE-

HUSI U3AeTTUH HEOOXOJUMBI CTIeIIHalIbHbIE TEXHOJI0-

TUU NTAaCCHPOBKHU OJIOKOB MO/ pacluil U U3TOTOBIIE-

HUE TECaHBIX W3JENUN M3 HEKOHIAMIIMOHHBIX (I10

CYIECTBYIONIUM TpeOoBaHUsAM) OyokoB. [Ipume-

HsIEMBbIE TEXHOJIOTUU 00pabOTKHU HEradapuToOB H Ba-
JIYHOB CIIOCOOOM, BKJIFOYAIOIINM OypeHUe HIMypOB
1 CKOJI C TIOMOIIBIO0 METAJTHYECKUX KINHBEB, TPY-
JIOEMKH, 9aCTO UX HEBO3MOXHO UCIIOIH30BaTh, KOT-
Jla TIJIOCKOCTh CKOJIa pacIioaraeTcs IOoJ YTIOM K
cnouctoctd. HemoctarkoM croco0oB SIBISICTCS UX
MUKIUYHOCTD, TPYJIOEMKOCTb U HeOombIas ddhdek-
THBHOCTh TIPH CIOXHOCTH KaMmHs. Mcnons3oBaHne
ITHEBMAaTHYECKUX MOJOTKOB W TEPMOOTOOIHUKOB
4acTo HEeA()(HEKTHUBHO, KOTAA MPUXOAMTCS CKaJIbl-
Bath ciou Tonmuuou 200 MM u 6onee. [Ipumenenune
TEPMOTra30CTPYHHOTO crocoda MacCUpPOBKU Orpa-
HAYEHO TepMOpa3pyIIaeMbIMA BUIAMH TIPUPOITHO-
ro KaMHsI.

TecaHble M3EIUs U3 paHUTa COCTABISIOT JIO
35-40 % ot oOmiero od6beMa OOJUIIOBOYHOM IPO-
OyKIAH KaMHeoOpaOaThIBAIOIINX MPEIIPUITANR 1
MOTPEOIISAIOT 10 TIOJIOBUHBI BCETO JOOBIBAEMOTO CHI-
pbs. Tecka kKaMHS THEBMAaTHYSCKUM YIAapHBIM JTHOO
PYYHBIM TEPMUYCCKUM HHCTPYMEHTOM MaJIONpPO-
M3BOAUTENbHA, BPEIHA ISl YCIOBUU TPyJa U OKPY-
xatoriei cpensl. llpn Hammuum Gonee coBeplleH-
HOM TEXHOJIOT MY 3HAYMTEIbHAS YaCTh TUX OTXO/I0B
Moria Obl OBITh MCIIOJIB30BaHA JIJISI U3rOTOBJICHUS
OOpPTOBOTO KaMHsI, CTYIICHEH, apaneToB, HAKPhIB-
HBIX TUTUT | TIP.

Pa3BuTHiO MPOM3BOACTBA APXUTEKTY PHO-CTPOH-
TEJIbHBIX M3CTUN U3 KPEIIKOTr0 KaMHS MEIIaeT UC-
MOJIb30BaHKUE B OOJBIIOM O0BEME PYYHOro Tpyla
M3-32 OTCYTCTBHUSI CIICIIHAIIBHBIX MAIlMH ¥ 000py-
JIOBaHMS JUIs BHICOKOMEXaHU3WPOBAHHBIX MOTOY-
HBIX TEXHOJOTHYECKUX JHHHUH. DIEeKTPOUMITYIIb-
CHBIM CIOCOO pa3pylICHHs MaTePUAJIOB OTBEYACT
TJIABHBIM TPeOOBAaHUSIM COBPEMEHHOCTH — JHEpPre-
THYECKOH (P (PEKTUBHOCTH, KOMIIJIEKCHOMY HCITOJb-
30BaHHI0 MHHEPAJIBHOTO CBHIPhS, HKOJOTHYECKOMH
YUCTOTE. B OMBITHOM MOPSIKE UCIIBITAHBI TEXHOJIO-
T'Hsl OBEPXHOCTHOW 00pabOTKM HErabapuTHOTO H
HECTaHJAPTHOTO MPUPOJAHOTO KaMHs C IEIbI0 T0-
JTy49eHUs 3aTOTOBOK JIJIs TIOCIIETYIOIIEro paciiuiia Ha
KaMEHHYIO TUTUTKY ¥ TEXHOJIOTHS H3TOTOBJICHUS U3-
JIETTMHA U YEPHOBBIX 3aTOTOBOK U3JIETUN U3 KaMHS C
MOMOIIBI0 TEXHUYECKUX CPEIACTB Ha OCHOBe OU
(puc. 3, 4).

Puc. 3. Cren0Bas 3IEKTPOUMITYJIbCHAS! YCTAHOBKA (PHCYHOK):
1 —3apsgHOE YCTPOWCTBO, 2 — T€HEPATOPBI UMITYJIBCOB,
3 — mynBT yIpaBlIeHNUs YCTAaHOBKOH, 4 — BaHHA C BOJIOH,
5 — 2JeKTPOAHAs KOHCTPYKIUS, 6 — cucTeMa HUPKYJISLUU
JKUJIKOCTHU, 7 — TPAHCIIOPTHOE YCTPOHCTBO 3arpy3Ku,
8 — Oy(epHast eMKOCTB KUIKOCTH, 9 — OIIOK ITOPOJIBI
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Puc. 4. biok HecTaHIapTHOTO BajyHa B IIpoLecce
3JIEKTPOMMITYJILCHOM MaCCUPOBKH ()
¥ TIOCJIE TACCUPOBKH B PACIHIOBOYHOM cTaHKe (0)

VYaenbHbBIE SHEPTro3aTPaThl COCTABHIIN 1O TPaHU-
Ty Mejkosepuuctomy 4,5 kBt -u/mM?, rpaHuTy
KpymHo3epHUcTOMYy — 3,3 kBT -u/M?, rabbpo —
6,0 xBt -u/M?. PacueTHas ckopocTb 00pabOTKH
yKa3aHHBIX TTOPOJI COOTBETCTBEHHO OIICHUBACTCS B
7,2, 9,6 u 5,4 m*/4. B mporecce DM-06paboTkn obec-
NEYMBACTCS YUCTOTA OBEPXHOCTH OJIOKOB +15 MM.
Co3naHne Takoi TIOBEPXHOCTH Ha OJIOKaxX mepes uxX
PaclUIOBKOH Ha TUIMTHI COCOOCTBYET POCTY TIPO-
U3BOJIUTEIBHOCTH PACIIUIOBOYHBIX CTAaHKOB 0JIaro-
Japs TOBBIILICHUIO YCTOWYMBOCTH OJIOKAa B CTaHKE
Y COKpAIICHHUIO 3aTpaT BPEeMEHH Ha 3aluIuBaHue.

VTuiu3anusi OTXOIOB TOPHOTO MPOM3BOICTBA
oOecrieynBaeT paIMOHAIBHOE HCIOJIB30BAHNE 3a-
MacoB TMPHUPOIHOIO KaMHs, CHOCOOCTBYeT OoJee
TIOJIHOMY Y/IOBJICTBOPEHHIO ITOTPEOHOCTH CTPOHHH-
JTYCTPHUH B TECAHBIX U OOIHMIIOBOYHBIX U3ICITHSIX.

SJIEKTPOUMITYJbCHAS JE3UHTET PALIU S
MATEPHAJIOB

B ycnoBusix Bce Bo3pacTaromiero oobema 10051491
U riepepaboTKu Py C YXYAIICHHEM HX HCXOTHOTO
KauecTBa KapAMHAIBHOE pEIIeHHEe MPOoOJIeM KOMII-
JIEKCHOT'O HCIIOJIb30BaHU I MUHEPAJIBHOTO ChIPBS, TI0-
BBIIIIEHVS TIOJTHOTHI W3BJICUSHHM S TIOJIE3HBIX MUHEPa-
JIOB MOXET OBITh IOCTUTHYTO Ha 06a3e HOBBIX CIIOCO-
00B ApoONeHUs W W3METbUCHHS, OTIUYAIOLIUXCS
TIOBBIIIEHHOI M30MPATETFHOCTHIO Pa3pyIICHUs, BBI-
COKOM CENeKTHBHOCTBIO DPACKPBITHS MHUHEPAJIOB.

enecoobpasznocte mpumeHeHuss DM nist ne3wH-

TErpamuy MaTeprualioB CBsI3aHa TIIaBHBIM 00Pa3oM ¢

JOCTHKEHUEM UCKITFOUUTENBHO 3HAYUMOTO d(hdek-

Ta B YIY4YINIEHMH KauecTBa JE3WMHTETpaIUU.

Baxwueitmas ocobenHocts OU-ne3uHTETpanuiu —

BBICOKAs CEJIEKTUBHOCTh pa3pylIeHus, oOecredn-

Barolias Oxarofaps psany MeXaHHU3MOB, CBOWCTBEH-

HBIX JJEKTPUYECKOMY TMPOOOI U pa3pyLICHHUIO

MHOTOKOMITOHCHTHBIX CPEll, BHICOKYIO CTEIICHb pac-

KPBITHUS 3€PEH IOJIE3HBIX MUHEPAJIOB C MUHUMAIIb-

HBIM HMX pa3pylIeHHEM. OTO CO34aeT peasibHbIC

MIPEATIOCHUIKY TSI TPAKTUYECKOTO MCIIOIb30BAHMS

OU-ne3uHTerpallui B PYJIONOATOTOBUTEIBHBIX

onepauusix [3].

OddexT n3duparebHOCTH B Pa3IMUHON CTEIe-
HHU TPOSIBIISIETCS MPAKTUYECKH HA BCEX THMAX Py,
BKJIIOYasl CHJIBHOIIAMYIOIIHAECS M TOHKOBKpAII-
JICHHBIE, 1 00YCJIOBIICH CIeIYIONUMHU (haKTOPAMH.
* M30uparenbHOI HANPaBICHHOCTHIO KaHAa pa3psi-

Jla Ha BKJTFOUEHMSI MTOJIE3HBIX MUHEPAIOB. Britoue-
HUS, OTJIMYAIOUIMECS OT BMEIIAIOIIeH IOPOIbI
(MaTpHIBI) 3MEKTPOTPOBOAHOCTHIO H JUAICKTPH-
YECKOH MPOHUIIAEMOCTbIO, SIBJIIIOTCS OYaraMu Jio-
KaJbHOTO YCHJICHUS IEKTPUIECKOTO TOJsS B Py/e
(1o TpEeXKpaTHOTO IO CPABHEHHIO CO CPEAHEH Ha-
MPSDKEHHOCTHIO B Pa3psTHOM IPOMEKYTKE).

* M30nparenbHBIM IEKTPHYECKUM PoOoeM H pas-
pYLICHHEM KOMITOHCHTHI, UMEIOIIeH 0oJiee HU3KYHO
ANEKTPUIECKYIO MTPOYHOCTh, KOTOPOI Yalie BCero
SIBIIICTCS BMEIAIONIAS [TOPOJIaA.

* PazynpouHeHreM 3epeH MUHEPAJIOB 0 IpaHUIaM
WX KOHTaKTa JIpyT C JIPyroM WJIXA C BMEIIAromei
MOPOJI0H NP BO3JAEHCTBUMN HA CUCTEMY BBICOKOMH-
TEHCUBHOMW BOJHBI IaBJICHUS. DTO OCOOCHHO CHJIb-
HO BBIPa)KEHO B ClTy4ae, KoTrJla MHHEpabl pa3inya-
I0TCsA 10 Je(OPMAIMOHHBIM M aKyCTUYECKUM
CBOMCTBaM.

O¢ddexT noBwIICHNS CEIEKTUBHOCTU 00ECIICY -
BaeT HA MOCIEAYIOMHNX CTAAUAX O0OTamEeHUs Py
CYIIIECTBEHHOEC MOBHIIIICHUEC U3BJICUCHUS U YTy dIlle-
HHE Ka4ecTBa KOHIIEHTPATOB.

Crioco0 3MeKTPOMMIYIBLCHOW Je3UHTErPaAllHH
MaTepraioB ¢ BBICOKOW TEXHOJOTHUECKON dPdek-
TUBHOCTBIO alipOOUPOBaH Ha Pa3HBIX PYAax C KPyII-
HOKPHCTAJTMYECKUMH BKIIOYeHUSIMU. OCcoOeHHO
MIEPCIIEKTUBEH CIIOCO0 IS Py, IIPU U3MENTBUCHUU
KOTOPBIX HEOOXOAWMO MPENOXPAaHUTh KPUCTAJIO-
CBIpbE OT Pa3pylIcHUs (IParoleHHbIC KAMHHU, TThe-
300N THYECKOE CHIPhE, CIIONA). B TpaguIiinOHHBIX
MIPOU3BOJICTBEHHBIX YCJIOBUSAX BBIJCICHUE Orpa-
HOYHOTO KPHCTAJIIOCHIPhS M3 KOPEHHBIX MPOAYK-
THUBHBIX TIOPOJ] YaIlle BCErO OCYIIECTBISCTCS BPYyY-
HYIO pa3JIeIKoi KYCKOB Py/Ibl, B KOTOPBIX BH3yallb-
HO BBISIBJICHBI KPUCTAJIIBI HJIH KOTOPHIC BBIJICICHBI
13 TIOPOAHON MACCHI 110 OTIPEIeIEHHBIM ITPH3HAKAM.
PesynbraThl Mccie0BaHUI MOATBEPIKACHBI OIBIT-
HO-TIPOMBIIIIJICHHOW MepepadOTKOM MapTUH CHIPHS
Ha KOMILIEKCHOW YCTaHOBKE (puc. 5), CO3MaHHOMN
comectho HMM BH (r. Tomck), «MexaHoOp»
(r. Cankt-TlerepoOypr) u KHL] PAH (r. AnatuTsi).
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Puc. 5. KomnekcHasi ycTaHOBKA 115 I€3MHTEIPalli
1 BBIJICJICHHS OTPAaHOYHOTO KPUCTAJIIOCHIPbS
(ra ucnerratensHoM cTere B KHI[ PAH)

[Ipu comocraBnennn OM-packpbITHs NOPOJ C
TILATEJIBHOM PYYHOM pa3[esIKOM, BBIIIOJIHEHHOW Ha
PasTUYHBIX pyJax ¢ KpUCTaJJIaMH M3yMpYJIOB, ai-
Ma30B, pyOWHOB, LINKHENN, I'PAaHATOB, W3BJIECUCHUE
KpuCTaJIIOB Ipu DM-packpbITHH OKa3bIBaeTCs B 1,5—
2 pasza BbIIIE C CYIIECTBEHHO Jy4lle MX COXpaH-
HOCTBIO OT pazpymenus (puc. 6). DddexTuBHOCTH
M3BJIEYEHUS aIMa30B 110 JM-cxeme Bellie Oojee ueM
B 2 pa3a (8,48 u 4,01 xapat/T) o cpaBHEHHUIO C (-
(DEeKTHUBHOCTBIO M3BJICUCHUS AIMA30B MEXaHHUUECKH-
Mu crnocobamu. Ilpu 3TOM H3BIICUCHHE KPYIHBIX
KpUCTaJJIOB (2—4 MM) Tak)ke MPUMEPHO B /IBa pa3a
Bore (75 u 37 % cCOOTBETCTBEHHO).

Puc. 6. cxonHsrii 00pasen pyOrHOCOAEpIKaIeH TOpoIs! ()
1 KPHCTAILIB pyOUHA, BBIICICHHBIC U3 HOPOXEI
3NIEKTPOMMITYJIECHONU Je3uHTerparueii (0)

OU-packpeiTHe CIIOASHBIX cpocTKoB (Mamcko-
Uyiickoe MmectopoxaceHue, Bocrounas Cubups) B
onHy ctaguio ot 250 10 50 MM o BeIXoAy 3a00HHO-
'O ChIpIa IPAKTHYECKU COOTBETCTBYET TLIATEIBHO-
My PYYHOMY PacKpbITHIO, B TO BPeMsI KaK CyILECT-
BYIOIIAs MPOMBILIUIEHHAS TEXHOJIOTUS PACKPBITUS
CPOCTKOB B MEXaHHMUYECKUX OPOOUIIKaX B CpaBHE-

HUHU C PYYHBIM PaCKPBITUEM JIa€T PE3yJIbTaThl XYKe
B 1,2-1,3 pa3a. KpynHbIX kpucTanioB (IIOMAab0
cebie 50 cm?) coxpansiercs B 3—4 pasa 0oJbiiie,
4eM MPH PYYHOM PACKPBITUH, YTO B CTOUMOCTHOM
BBIPKEHUH COOTBETCTBYET IOBBILICHUIO BbIXOJa
cmoael Ha 20-25 %. Beixon Menkopa3zMepHOi cito-
IIBI (£5 MM), COCTaBJISIONIEH OCHOBHYIO MacCy BBI-
JIeJICHHOM CIII0ZbI, HOBBIIIAETCS 0oJiee ueM B 2 pasa.
N3MeHeHuld MEXaHMYECKUX M  DIEKTPUUYECKHX
CBOMCTB MYCKOBHTA IO]] BIUSHHUEM 3IIEKTPUIECKUX
paspsiIoB He BhIsABIICHO. [Ipy CpaBHUTEIBHBIX HCIIbI-
tanusax OH-crocoba pa3faenKu CIUTKOB (IHaMeTPOM
600—-900 MM) BCKyCCTBEHHOU Ciroibl prop-dhiioro-
MUTA BBIXOJ MPOMBIIIUIEHHOTO MPOAYKTA (II0I00POB
cmtonbl) mpu DU-ne3uHTerpauy CIUTKOB OKa3ajcs
B 1,3 pa3a BbIllIe B CPAaBHEHUHM C TEXHOJIOTHUEN paszie-
JIKH, KOTOpast MPUMEHSIETCS Ha MPEANPUATUU-TTPON3-
Bonutene (BHUUCHUMC, r. Anexcanapos).

Crioco6 3 PpeKTUBHO MOXKET OBITh MCITOJIb30BaH
IUISL TIONyYEHUsI POYKTOB, HE 3arps3HEHHBIX arll-
MapaTypHbIM METAJLIOM, 3aJJaHHOT'O Y3KOTr0 Kjlacca
KPYITHOCTH, ¢ MUHUMAaJIbHOW OKAaTaHHOCTBIO Tpa-
Hell KPHUCTAIITUYECKUX 4acTHIl. Tak Kak pabodmm
WHCTPYMEHTOM TP 3JIEKTPOUMITYILCHOM pa3py-
NICHUH SIBJISICTCS UCKPA, HE BO3HUKAET MPOOIIEM ¢
3arps3HEHUEM MPOAYKTA U3MEIbUCHUS alaparyp-
HBIM METaJJIOM, MaTepHajioM MENIOIMHX Tell, 9TO
CBOWCTBEHHO MEXaHHYECKUM CHOCOo0aM H3Meibye-
HUST MarepuayoB. [103ToOMy 3IEKTpPOMMITYIIBCHOE
M3MENbUYCHUE BBICOKOAOpPA3WBHBIX MaTEepHUAIOB,
0Cc000 YUCTHIX MaTepHaJIOB MPEANOYTHUTEIBHEE Me-
xaHu4yeckoro. Bosmoxknocts DM-ciocoba mpocTo u
B HIMPOKHX IPEaesiax U3MEHITh XapakTep TUHAMHU-
YECKOTO HArpyXCHHUsI TO3BOJISIET PEryJIHpPOBaTh
TpaHyJIOMETPUIECKHI COCTaB MPOAYKTa U3METbUe-
HUSI, IOTy4aTh OoJiee Y3KUH KJIacc KPyTHOCTH IIPO-
JIyKTa, YeM 3TO BO3MOXKHO IIPA MEXaHUYECKOM H3-
MenbueHuu. Hanpumep, 3To mpeacTaBisieT UHTEpeC
B TEXHOJOTHU TMIONYYEHHS KBapLEBOTO CTEKJIA.
[IpoxykTy 3IEKTPOMMITYILCHOTO HM3MEIBYCHUS
CBOMCTBEHHa MEHBIIAss OKATaHHOCTH, OOJBIIAst
ylleJIbHasi IOBEPXHOCTh 3€peH, 0OJbIlee COOTBETC-
TBHE BCKPBITHIX YaCTHI] MHHEPAJIHHBIX BKIIFOUEHUH
WX UCXOAHOMY MPHUPOJHOMY COCTOSIHHIO B ITOPOAE
(Mopdomorun). [IpoTYKT AIMEKTPOUMITYITHCHOTO H3-
MEJTbUCHUS JIyYIlle MIepelacT MUHEPAJIOrHYeCKUe U
reTporpadudeckue 0COOCHHOCTH TOPOIBI, ITOATO-
MY JOCTOBEPHOCTb HHTEPIPETALIUH I'€0JIOTUIECKON
nH(pOpMAIIUK BBIIIE. DTH YHUKAILHBIE 0COOSHHOC-
TH Tpouecca O0O0yCIOBIMBAIOT 1IEJIECO00Pa3HOCTD
npumeHeHns: DV B pa3NIUYHBIX CHEIHANTBHBIX Ie-
JIIX C OrPaHUYCHHBIMU 00beMaMu PadoT.

Bo3moxnoctr DU 111 YMEHBIICHHS SHEPTETH-
YECKUX 3aTpaT Ha IC3UHTETPAI[UI0 MAaTePHAIIOB HME-
F0TCSl, HO OHH CYIIECTBEHHO OTPaHWYEHBI 110 YHUCTO
(U3NYEeCKUM TPUYWHAM, UCKITFOYAIOIIMM BO3MOX-
HOCTb BHEAPEHUS pa3psijia B YaCTUIIBI MAJIBIX pa3Me-
poB. OnHako nmpobieMa YHEPrOEeMKOCTH HE SIBIISIET-
CsI TYITHKOBOM JIJIsT UCTIONIB30BaHUS (PHEKTOB dJICK-
Tpou3HUeCKOTO BO3ICHCTBHS Ha MaTepHalbl
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B IIpolieccax MepepadoTKH MUHEPATBHOTO CBHIPHSI.
B 5TOM OTHOIIEHHH HMEIOT MEPCIEKTUBBI Pa3Iny-
HBIC BapUaHTBl 3JIEKTPOPa3psSIHOrO pasymnpodyHe-
Hus Matepuana [4]. B aTux mpomeccax ctaBUTCA
3a1a4a U30MPaTEeNbHOIO Pa3yNpOYHEHUs CTPYKTY-
pbl MaTepuana. B psae ciayuaeB 310 siBisieTcs Ko-
HEYHOM 1IeJIBbI0, U TEXHOJOru4YecKuii a3 (hekT peanu-
3yeTcs Ha MOCIIEAYIOIEeH CTaauu nepepadboTKH MU-
HEPAaJBHOTO CHIPbs, HAIPUMEDP B THIPOMETAILITYD-
TUYECKOM IIpoliecce U3BJICUCHHU S MOIEe3HBIX KOMIIO-
HEHTOB. B pyrux ciy4asix 3To sSIBISETCS MTOJrOTO-
BUTEJIBHBIM IPOLIECCOM AJIS TOCJIEAYIOUIEro Mexa-
HUYECKOTO JJOM3MENIbUeHU s MaTepraa, 3pexkTrB-
HOCTh KOTOPOTO pPE3KO ynydinaercs. B mponecce
PYZOIOATOTOBKH IIPEABAPUTEIIBHOE pa3ylpoyHe-
HHUE MaTepHalia Mepes ero MEXaHMUeCKUM HU3Melb-
YEHHUEM TMO3BOJISICT AJOOUTHCS 3HAYMMOTO TEXHOJIO-
ruveckoro s dexra (M30upaTeabHOro pa3pyLIeHU )
IIPH CYIIECTBEHHOM OTPaHMYCHUH SHEPreTHUECKO-
ro Bo3neicTBUs. JOMOTHUTENbHBIE 3HEPreTHYEC-
KHe 3aTparbl Ha 00paboTKy, cocTaBistonIue He 00-
nee 10—15 % ot Bcex 3aTpaT Ha M3MEIbUCHUE, 1103~
BOJIAIOT JOOUTHCS CYLIECTBEHHOI'O IIOBBILIEHUS
3¢ EKTUBHOCTH PACKPHITHSI 3¢€PEH MUHEPAJIOB 110U~
TH B TakoW e Mepe, KaK 3TO UMEET MECTO IpH
ANEKTPOUMITYJILCHOHN JI€3WHTET paLiH.
CoBepIIeHCTBOBaHNE TEXHUKH (POPMUPOBAHUS
BBICOKOBOJIBTHBIX UMITYJILCOB, MOy YalOLIel B IMOC-
JieqHee BpeMsl MHTCHCUBHOE Pa3BUTHE B Pa3IMYHbIX
HaNpPaBJICHUIX 3JCKTPOPHU3UKU, OTKPHIBAET OOIb-
M€ BO3MOKHOCTH JIJIS 3JIEKTPOPa3PsIAHOTO pasyI-
POYHEHUS MaTepHUaoB. YKa)keM Ha BeCbMa BIle4aT-
JSONINE Pe3yNbTaThl paboT O MOATOTOBKE K BbI-
HIeJavyMBaHUIO MMHPUTOBBIX OTXOAOB M 30JI0TOCO-
JepKaluX KOHIIGHTPATOB C HCIOJIb30BAHUEM TEX-
HUKH T€HEPUPOBAHUSI UMITYJIHCOB HAIIPsKEHUS Ha-
HOCEKYHIHOH mutensHocTH [2], [7]. B ciiyuae 06-
pabOTKM MUPUTOBBIX OTXOJOB KPYIHOCTBIO MEHEe

100 MKM 2JEKTPUYECKUMU pa3psAaaMu B KUIKOCTH
AMITYJIbCAMU HANPSOKCHUS HAHOCEKYHIHOW JJIH-
TEIBHOCTU DIIEKTPOTUIPOUMITYIBCHOE pPa3ymnpod-
HEHHUE TMO3BOJIAET NEPEBOANTh MHOTHE METaJLIbI
(Menp, IUHK, KeJIe30) B pACTBOPUMOE COCTOSHHUE B
BOJIe, TIOBBIIIATh ITOKa3aTelyd TUIPOMETaJIypru-
YeCKOro mnpormecca. Tak, u3BjaedeHue 30J10Ta B IPo-
1iecce ITHaHuPOBaHMS TIOBBIIIAETCA B HECKOJIBKO pa3
n pocturaeT ypoBHsS 87 %. CyIIecTBeHHBIM TIPO-
PBIBOM B JTAHHBIX paboTax SBUIIOCH UCTIONH30BAaHUE
HOBOT'O THIIa T€HEPATOPOB UMITYJIHCOB HAHOCEKYH-
JTHOTO JTMAIa30Ha ¢ OOPBIBOM TOKA MOy TPOBOIHH-
KOBBIMU JuoAaMu. B ciydae 06paboTku 30510TO-Ce-
pebpocoaep:kaiero KOHIEHTpaTa IeKTPOMarHuT-
HbIM oOnyuyenrem CBU-nuamazona umiyinbcamu
HAaHOCEKYH/IHOTO JThara3oHa pa3ylnpoyHEeHHE MaTe-
purana kaHajJaM{ He3aBEPIIICHHOTO Mpo0ost obectie-
YUJIO TIOBBIIIIEHUE U3BJICUCHHS 30J10Ta U cepedpa Ha
JECSITKH TPOILIEHTOB, JOBEAS €ro M0 YPOBHSA
70—-80 % mnpu xpymHoctH yactun 50-500 MKMm.
OueHb BaXXHO, YTO PEXKUM Pa3yHpOYHEHUS C HC-
MOJIb30BaHNEM MHOTroBOJIHOBBIX CBU-reneparopos
MOeET OBITh peaju3yeM U B BO3AYILIHOM cpere.

KoMOuHMpOBaHHOE HCMONB30BAHUE DIICKTPOUM-
MyJBCHOTO pa3pylIeHHs, 3JEKTPOpPas3psaHOTO pa-
3YMPOYHEHUS U TPATUITUOHHBIX MEXaHHUECKHUX CIIO-
CO0OB pa3pyIIeHHs pacIIupPsIeT BAPHAHTHI TEXHOJIO-
TUH TIepepabOTKU MUHEPATEHOTO CHIPBS, OTKPHIBAET
JOTIOTHUTEIbHBIE BO3MOXXHOCTH JIJISI TIOBBIIICHHS
TEXHOJOIMYECKUX TIOKa3aTeleld MpU OIHOBPEMEH-
HOM CHMIKEHUM SHEPTOEMKOCTH ITPOLIECCOB.

Hayunble pa3pa0bOoTKH M0 3JIEKTPOUMIYIbCHBIM
TEXHOJIOTHSAM 3aLIUIIEHb] aBTOPCKUMHU CBUACTEINb-
CTBaMU Ha HM300pETEHHS U MATCHTaMU (TOJIHKO B
KHII PAH ux 6onee 40). Uatepec x paboram mpo-
SBIISIIOT 3apyOeXKHBIE OPTaHU3aINN, TIPEII0KESHH
0 COTPYAHHYECTBE IMEPEXOISAT B CTAIAMIO MPAKTH-
YEeCKON pealn3aliu.
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3 aprycta 2011 rona uc-
noJHWIoCk 60 JIET TOKTO-
py MEIHWITMHCKUX HayK,

npodeccopy  Kadeapsl
FOCIIUTAJIBHOM  XHUpYyp-
TUH, 3aBEAYIOIEMY KYyp-
COM OHKOJOTMU MeEOu-
IUHCKOTO  (haKymbpTeTa
ITeTpo3aBosckoro rocy-
JApCTBEHHOTO  yHHUBEP-
cureta Heany Ezoposuyy
baxnaesy.

NBAH EIrOPOBUY BAXJIAEB
K 60-1eTHio co 1Hs poKkaAeHUs

NBan EropoBuu baxiiaeB mocie OKOHYaHHS
JleHWHTpaICKOTO MEAUIITHCKOTO HHCTUTYTA, TIOTY-
4yuB HarnpasieHue B Kapenuto, paboran xupyprom
B KOHI0MOXKCKOM IIEHTPAJIBHOM paliOHHOM OOJIBHU-
ne. C 1985 roga o xupypr-onkoinor Kapenbckoro
pecnyOIMKaHCKOTO OHKOJIOTHYECKOTO AHUCIaHCepa.
B 1987 romy mpouien cneuuaiuzanuio Mo Topa-
KambHOM Xupypruum Ha 06asze JleHWHTpaacKkoro
' 1Y Ba, B mocnenytoiieM paboTasl TOpaKkaJIbHBIM
XUPYpProM OHKOJIOTMYecKoro aucnancepa. B 1991
rogy M. E. baxiiaeB CTaHOBUTCS aCCUCTEHTOM Ka-
¢denpsl xupypruueckux Oomnesnedr Ne 2 mo Kyp-
cy oHkKonoruu IleTpo3aBoACKOrO yHUBEpPCHUTETA.
B 1993 romy B MockoBckom HUM onkomoruu
um. [1. A. Tepriena 3amuTiil KaHIUJATCKYIO JHC-
cepranuio. C 2005 roma pyKOBOAUT KYypCOM OH-
Kosoruu MenuuuHckoro (Qaxyasrera Iletpl'V.
B 2006 rony U. E. baxyaeB 3aliuTUI TOKTOPCKYIO
nucceptanuio B Cankt-Ilerepbypre. B 2007 rony
Ob11 M30paH Ha JOHKHOCTH Mpodeccopa Kadeapsl
TOCIUTAIIBHOW XUPYPIHH 1O KYpPCy OHKOJIOTHH.
UneH quccepTallMOHHOTO COBETa YHUBEPCUTETA 110
MEAUIIMHCKUM HayKaM.

HaydunsIM HampaBiieHHEM HCCIENOBaHUH, MPO-
BoauMbix M. E. baxnaeBbIM, SIBISETCS H3yYEHUE
MUAEMHUOIOTHIECKUX, KINHUYECKUX M HMMYHO-
JIOTUYECKUX ACIMEeKTOB OHKOJIOTMUYECKHX 3a0oieBa-
HUH, pa3paboTKa METONOB paHHEeW AMAarHOCTUKH
3JI0KQYE€CTBEHHBIX OIyXOJIEH.

Wpan Eroposud — aBTop 6omnee 200 HayYHBIX pa-
00T 1O pa3IU4HBIM BONPOCAM OHKOJIOTHUU, UMMY-
HOJIOTHH, XUPYPTrUH, OpraHU3alHUH TPOTUBOPAKO-
BOI OOpBOBI, a Takke 9 yueOHBIX MOCOOUN U PyKO-
BOJCTBa Ul Bpaueld. B TeueHue MHOTUX JET OH
PYKOBOAMT HayYHOH pabOTON CTYAEHTOB U Bpauei
OHKOJMCIIaHCEpa, MPOBOJUT IOATOTOBKY Bpadel-
XUPYPrOB IO OHKOJIOTHH, YUTAET JIEKIUU U MPOBO-
AT TIPaKTUYECKHE 3aHATHS Ha BHICOKOM TEOPETH-
YeCKOM U HayYHOM YPOBHE.

N. E. baxsaeB siBisieTCS] HHULIMATOPOM BHEZpeE-
HUSI METOJOB MMMYHOANArHOCTUKH OHKOJOTHYEeC-
kux 3aboneBanuil B Kapenuu. OH oguH u3 paspa-
OOTYMKOB IPOrPaMMbI OHKOJIOTHYECKOTO CKPUHHH-
ra ¢ MIpUMEHEHHEM MapKepoB OITYXOJIEBOTO POCTa,
YTO J1aeT BO3MOXXHOCTb JMAarHOCTHPOBATh paHHUE
(hopMBI omyxoJieBoro pocra. MM ObLI mosryueH mna-
teHT Poccuiickoit @enepanun Ha U300peTEHUE IO
JIMAarHOCTHKE 3JI0KaYE€CTBEHHBIX OIyXOJIEH.

Ilozopasnsem Heana Ezoposuua c woéuneem
u Jcenaem 300p08vi, yoauu u ycnexos 60 6cex Ha-
yunanuax!

Peoaxyus orcypnana « Yuenvie 3anucku Ilempo3agoockozo 20cy0apcmeenio2o yHueepcumenmay
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