


GUIDE TO AOIONI 
METHODS OF SELEOING THE PACKAGING MATERIAL AND 
EQUIPMENT FOR GROUP AND PALLETIZED PACKAGING 

Buchelnikova Ja., Kovalenko M. 
Saint-Petersburg state technology university 

of plantpolymers 

What is the right way to choose the best packaging material for 
group and palletized packaging and to find the compromise 
between its quality and cost? The authors offer their viewpoint of 
this problem as well as the algorithm of its solution that may 
become an instrument in the hands of the purchasing manager 
or the programmer. 
Here are the steps for the selection of packaging: 
1. selection of the technology method 
2 . selection of the material 
3. the source of the material (own production or purchase) 
4 . selection of apparatus lay-out for the production line 
5. laboratory testing of the produced or purchased material 
6 . summing up 

K OK Bbl6p OTb o n n 1M o n bHblH yno ­

KOB04HblH M OTep Vl o n nns rpvnn os o ti' 

VlnVl wTo6enbH oi:12 ynoKoBKVI VI HOHTVI 

KOMnpOMVlCC Me>t<gy e ro K0 4e CTBOM 

VI CTO VIMOCTblO? ABTOpbl :H O H CTOTb Vl 

np enn oroior 4V1TOTemlM He r onsxo 

caoe BVlgeHVle ,HOH 30g04V1 , HO VI o n ­

r Op VlTM ee peure-u-s. KOTOp blH MO' 

xer CTOTb P0604 V1M VlHCTpyMeHToM 

KOK MeHeg>t<epo no 30KynKoM yno ­

KOB0 4HbiX MO Tep VlonOB, TOK VI npo­

rpOMM VlCTO , 3 0 HVlMO tOll.\erocil 3TOH 

npo6neMoH. 

[l po rpc swo Bbl6 o p o ynoKoBKVI 

conepxur cnenviouu-e nyHKTbl : 

•	 Bbl60p r exuon orua 

•	 Bbl60p MOTepVlon o 

•	 VlCT04HVl K n onY4 eHVl 51 MOTepVl­

a na (npOVl3BOgC TBO Vln Vl 30Kyn­

KO) 
•	 Bb l60 p c n n opo r v p u o r o 

o ¢op M n e H Vl il npoaasoncr seu ­
HOi:1 nVlHVIVI 

, rpynnoBoii y oos oeso « Ha3blBaeTCfI BU,Ij KOMnneKm~UU HeCKOnbKUX u3,1jenuii O,ljHOrOHOMeHKnaTypHoro pfl,lja ~UCneHHOCTblO OT HeCKOnbKUX uecstso« 
ynaKoBblBaeMblX e,ljI1HI1~,ljO rp ynnl1poBKU B OT,ljenbHYIO TpaHCnOpTHylO Tapy . 
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MOPI1HO KOaOneHKO, 

K. T. H./ ~04eHT 

•	 n060pOTOpHbie "'CnbITOH"'51 

n p O"' 3BeAe HHOrO ",n", 30Kyn ­

neH HOr O MOTep"'OnO 

•	 nOABe Ae H",e "'TOroB 

Bbl60PTEXHOJlOrlt1lt1 
[l pexne BCerO, HOAO pOCCMOT­

pers CYlLleCTBYIOlLl",e HO AOHHblii MO­

Me HT B "'A ~ y noKoBK'" KpynHor060 ­

P"'THbIX TOBOp OB HO nonnercx. 

YnO KOBKO B repvovccno -ruvio 

nne HKy - Ho ",6onee "'3Be CTH0 51 "'3 H"'X. 

B cnv-ioe ee Bbl6opo nOTpe6yeTC51 : 

•	 OAHO- ",n ", ns vxo cuopue-rr« ­

pO BOHH051 nneu xo "'3 Kp "'CTOn­

n"' 3y lOlLl"' XC51 nonaonedi au o s 

(nBX, nc. nA), 

•	 TYHHenbH0 51 ne -ts . 
•	 3H04"'Ten bHb1X p03MepOB npo­

"'3BOACTBe HH0 51 nnouions, 

•	 3n eKTp03Hepr"' 51, 

•	 npooeccaouonu-o non roro s­

n e HHblii 0 6 cny )K"'BOlOlLl",i1 nep ­

COHa n . 

Y nOKOBKO B crper v-nne ukv 

(str etch film [ourn.] - pOCT51 r "' BOlOlLlO­

51 C51 nn e HKo) - 3TO Ap y ro i1 B"'A no n ­

neTHoi1 y noKO BK"' . Ee np"'MeH eH", e 

B03MO)KHO np'" nonn era poe o-uut TO­

BOpO, KOTOpbli1 Henb 351 Harpe BOTb. 

3TO vcno e-ie MO)KeT 6 blTb CB5130 HO 

C TeM , 4T06bl "'36 e)KOTb Ae epopMOI..("'''' 

TOBOpO nOA Ae i1cTB",e M 3H0 4"'Ten b­

HblX CT51 r "' BOlOlLl"'X yc",n ",i1 S npouec­
ce r epvovccn x«, 

Ynokosxo B CTpe T4-Kon nOK. 3TO 

HOS0 51 rexuonon-s v noxo sx « xpynuo­

ra60p"'THb1X rpvaos - stretch hood 

(3no cT"'4Hbl i1 «o nno«]. B 3TOM cnv-rce 

"'3 3nocT"'4Hoi1 nneHK'" Me TOAOM 3KC­

Tp y 3"'''' epopM",pyeTc51 pyKO B, KOTOPbli1 

P0 3AYBo eTC51 '" C nOMOlLlblO -ier upex 

30 )K"'MOB no KO)KAoi1 cropoue np"')K"' ­

MoeTC51 K nonnouv. 30 C4eT roouaos ­

ronsuoro '" aeprakonsuoro HOT51)Ke­

H"'51 pyKOBO no sce My o6beMy C03AO­

e TC51 He06 xoA"'M0 51 YAe p)K"' BOlOlLl051 

c "'n o . KOHe4Ho, CTpeT4-nn e HKO He 

oo ecne-urr Taro pOSHOBeC"'51 B03 H"'­

KOlOlLl"'X YAep)K "'BOlOlLl"'X yc",n ",i1, "' , 

B0 3MO)KHO, He AOCT Taro YPOSH51 S"'­

A"'MOCT'" vno xoso -n-oro TOBOpO, KO­

r o pvio ncer OAHo cnoi:1 Ho51 vnoxosxo 

B repvovccno-urvio nne uxv, HO 3TOT 

MeTOA npouie '" neiu eerte. TOK"'M 06­

po30M, "'3 r pex npeACTOBneHHblX S"' ­

AOB r exuon on-s y no KosK'" S CTpeT4­

nneHKy Ho",6 0 ne e peHT06enb HO. 

Bbl60P MATEPlt1AJlA 
B no cn enuae HeCKonbKO ner 

06beMbi np O"'3BOACTBO '" nor pe fine­
H"'51 CTpeT4-nn eH K'" CYlLleCTse HHO 

so spo cn« (CM. pu c. 1). n OATSe p )K):\O ­

e TC51 POCT c n poco '" MopKeT"'H rOBbl­

M'" AOHHbIM'" KOMnO H"' ''' A M I 

Consu lt ing , yTsep)KAOlOlLle i1, 4TO HO 

p blHKe nonneruo ji y no Ko sK'" CTpeT 4­

nneH K'" 30H"'MOIOT oxono 70% S 06­

lLleM 0 6beMe nOTpe6neH"' 51. Kposxe 

ror o, elLle np"'MepHO 4% np"'XOA"'T­

C51 HO stretch hood. Te pMoycoA04H051 

nn eH KO nOCTeneHHO CAoeT CBO'" no­

3"' 1..("' ''' '" vcrv noer Me CTO CTpeTY­

nneHKe, 06beM nOTpe6neH"' 51 KOTO­

poi:1 xepea HeCKonbKO ner y sen "'Y"'T-

Puc. 1. CerM eH ra~l1f1 Ml1pOBOro pblHKa nanneTHoii ynaKOBKI1 

TepMoycoAOYHOR 

Crperv-nneaxc 

OCnl1pOHT 

C51 AO 80%. V1cnonb30 BOH",e cr per-r­

nn eH K'" 3KOHOM"'T n p O"' 3S0 ACTseH ­

Hy lO nnouions, 3neKTp03Hepr ",1O 

'" "'CKnIOYOeT CTOA"'IO CSOpK '" ",n", no ­

M"' HOI..("'Vt. C TpeT4- nneHK'" nOAP03Ae­

n 51 IOTC51 no MOTe p", ony , cnocofiy Vt3 ­

rOTOBneH"' 51 , c nel..(",ep"'Ke vnokoaueo­

eMoro B HVtX TOBOpO '" cr ene nu 30 ­

rp 51 3He H"'51 OKPY)KOlOlLlei1 cpenu , 

PblHOK CTpeT4-nne HOK ripen ­

CTOBneH HO pvc. 2. n o Mo p KeT"' Hro­

BblM AOHHbIM, An 51 n p O"' 3BOACTBO 

CTp eT4-nneHOK ncnnernoro H0 3HO­

YeH"'51 B Ho",6 0nbweM 06beMe "' C­

nonsaverc a nn3Hn (75%) '" npOKT"'­

YeCK'" He ",cnonb3y eTC51 nBX (25%). 
n 04eMy? ,IJ,n 51 OTBeTO HO nOCTOBn eH­

Hbli1 sonpo c norpefiyercs p OCCMOT­

per s 3T'" MOTep",o n bl C T0 4K'" 3peH"' 51 

ep"'3 "' KOX"'M "' ''' non "'MepOB. 

3 KCKy p C B ep"'3"' KOX"'M"' 1O nBX 

'" nn3Hn, HO MOi1 B3rn51A, non OAHO­
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1nnOCKO~eneBaR 
3KOHOMH'IeCKHe nOKa3aTenH 3KCTPY3HR pa3AYBOM

3KCTPY3HR 

KOnH'leCTBO npoH3BoAHTeneH 228 

06beM npoH3BoACTSO, TOHH 45430 15500 

3HeproeMKoCTb, KBT* /Kr 0,57 0,4 1 

0,3 CpeAHRR CTOHMOCTb 060PYAOSOHHR , S/Kr 0,96 

BenH'lHHO 30 po6oTHOH nncru, $/Kr 0,05 0,15 I 
Ta6RHqa 1.3KoHoMM~ecKMe nossseten« no npoM3Bo~crBY nneno« 

3HO YHb lH OTBeT H O sonpoc 0 Bbl6 0 p e 

MOTepV1oIlo. \!1c KIllOyeHV1e Ily6pV1 KOH­

TO 1.1 3 ns nIleH KV1 He COCTOB Il>le T TP y ­

AO , npocr o MOlt<HO He V1 cn OIlb3 0 BOTb 

nepe p 0 60TOHHblH MOTe pV10Il, CO ­

Aep lt<ow,V1 H CTOIlb o nOCHblH KOM no­

He HT, OTKIlOHIHb xe V1cnOIlb30BOHV1e 

nIlOCTV1 ¢V1KOTO P OB B nBX 1.1 soxpsrn, 

rIl 0 3 0 HO AV1 0KCV1H OB YIO O n OCHOC Tb 

uen sa a . C TOYKV1 3peHV1>l HOy KV1 rox e 
IlYYWe 3 0 H V1 MO Tb C>l p 0 3 po60TKOMV1 

B 06IlOCT V1 C03AO H V1 >l KOM6 V1 H V1PO­

BOHHoro M OTepV10IlO, coserrnouiero 

B ce6 e CBO HCTBO V136V1 p OTeIlbHO H ro­

30 n pOH V1l.\OeMOCTV1 1.1 3KOIlOr V1 yeCKOH 

6 e30 nOCHOCTV1 AIl >l y noKoBKV1 CBelt<V1X 

npoAy KTOB , yeM V1cn OIl b30 BOTb 6po­

CO BblH MO TepV10Il, OT xoroporo OTK O­

30Il V1 Cb Ylt<e MHorV1e CTp O Hbl. 

TOK V1M 06 p 030M, M bl CAeIlOIl V1 

CBOH Bbl60p Te XH OIl orV1 V1 1.1 MO Tep V1 0 ­

Il O : 3TO yn o KOBKO B CTp e Ty - n IleHKY 

(JlnSHll). 

J.1CTO~ HJ.1 KMATEPa.1AJlA 
O CTOeTC>l p eWV1Tb , KOKV1M ofip o­

30M CTpeTy - n IleHKO non cner HO YYO ­

CTO K ynoKOB KV1: IlV16 0 3 TO 6YAeT 30­

xy n neu uoa . Il V1 6 0 n p 0 V1 3 BeAeHH O>l 

3AeCb xe nIl e HKO. ,!J,OIl bHeHW V1e Ae H­

CTBV1>l 30BV1 C>lT OT n p V1H>lTOrO pe w e ­

HV1>l n o AOHHOM y n yHKTy, «oropoe 

B CBO IO o v e p ens 6YAeT 6 0 3 V1POBOT b­

cs HO r pex KV1TOX: CTeneH V1 nor peo­

HOC TV1 B AOHH OM y n o KOBOY HOM MO ­

TepV10Il e , HOIlV1 YV1V1 B0 3M Olt<HO CT V1 

3 HO YV1TeIl bHbIX Ko n V1 TO IlbHbIX anoxe­

H V1H 1.1 Tepne HV1V1 . He30B V1 CV1 M O OT BO ­

wero Bbl60 p o - n p0V1 3 BOAV1Tb V1Il V1 

aoxvnors nIleH KY - c IleAyeT OCTO HO­

BV1 TbC>l HO 6 0 Ilee n OAP0 6H OM PO C­

CM OTpeHV1V1 OCH OB ee np 0 V1 3 BOACTBO 

1.1 3Kcnep V1Me HTO Ilb H ~X MeTOAOX 

OH OIlV130, a ro xxe c x eMe OTIl V1YV1>l 

nIleHKV1 , np0 V13BeAe HHOH nOIl V1 BHbIM 

V1 IlV1 BblAYBHblM c noc060MV1 . Hcnow­

HV1M, YTO HO AOH HblH MOMeHT a p e we­

H V1 cvuiecrsver A BO OCH OBH blX cno­

c060 n p 0V13B OACTB O nIleH KV1 : 3 KCTp y ­

3V1 e H -iepea pyKOBH ylO rO Il O BKY C n o­

CIl e AYIO w,V1M P 0 3A YBOM pyKO BO (Bbl­
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AyBHOi1 blown) ~ 3KcTpY3~ei1 -iepea 

nJlOCKOw,eJleBYIO IOJlOBKy (nOJl~BHoi1 

cast) . OH~ HeOAHOKpOTHO oru-coau 

B Y'je6H~Kox , vnoxoao-o-ux ~ cneua­

OJl~3~POBOHHbIX ~3AOH~51X, ~ Mbl He 

6YAeM B pOMKOX 3T0i1 CTOTb~ ew,e 

p03 OCTOHOBJl~BOTbC51 HO on~COH~~ 

3T~X npOl\eCCOB. Mbl nonpofivew 

pOCCMOTpeTb ~X C T04K~ 3peHI151 3KO­

HOMI1KI1 11 K04eCTBO nonv-roeworo 

MOTep~OJlO. 

B To6Jl . 1 npeACTOBJleHbI3KOHO­

MI14eCKI1e nOK030TeJll1 OnI1COHH~X 

MeTOAOB. 

ECJlI1 lKe Bbl BCe-TOKI1 peWI1JlI1 

YCTOHOBJlI1BOTb c06cTBeHHylO JlI1­

HI1IO no npO~3BOACTBYnJleHKI1, TO HO 

nepBbli1 B3rJl51A MOlKeT nOK030TbC51, 

4TO 113rOTOBJll1BOTb nJleHKY pyKOB­

HblM MeTOAOM neuresne. OAHOKO 

npl1 AeTOJlbHOM pOCCMOTpeHl111 BO­

npoco npocrvnoror HeMOJlOBOlKHble 

HIOOHCbl. nepBblM ~3 KOTOpblX 5lBJl51­

eTC51 06beM np0l13BOACTBO (B nJlOC­

xouieneeow MeTOAe OH cvurecreeu­

HO auure], a BTOPblM - K04eCTBO 113­

rOTOBJlI1BOeMoi1 TOKI1M MeTOAOM 

nneuxu . 

306era51 anepen, Tpe6yeTC51 on­

penerurn, AJl51 nOJlHoi1 KOMnJleKTOl\1111 

JlI1HI1I1 ynoKOBKI1, KOKOi1 cnocof yno­

KOBKI1 nOTpe6yeTC51: py4H0i1 I1Jl~ MO­

WI1HHbli1 . PY4H0i1 cnocof pccnpocr­
pOH51eTC51 HO nJleHKI1, BXOA51w,l1e B KO­

TerOpl11O standort (CTOHAOpTH051), 

C HeBbICOKI1MI1, YAOBJleTBOpI1TeJlbHbl­

MI1 MeXOH~4eCK~M~ CBOi1CTBOMI1. 

.Qn51 I1X np0l13BOACTBO nOTpe6yeTC51 

cupse ueaucoxoro K04eCTBO 11 nepe­

MOTKO C pe3Koi1, 4TO A06oBI1T AOnOJl­

HI1TeJlbHbli1 B3HOC B CTOTblO pOCXOAOB 

npa pOC4eTe Ce6eCT0I1MOcTI1 . 

.Qn51 rpvnnosoa. ocofie-n-o Afl51 WTQ­

6eJlbHoi1 ynoKOBKI1 npOAyKTOB, ripen­

H03H04eHHbiX An51 Anl1TenbHoi1 

TpOHcnopTl1pOBKI1 I1JlI1 HOXOlKAeHI151 

HO CKJlOAe, TOKOi1 BI1A CTpeT4-nneHKI1 

cxopee He nOAoi1AeT. MOWI1HH051 

nne-nco nOAp03AeJl51eTC51 no nOK030­

rerno OTHOCI1TenbHOro YAflHHeHI151 HO 

standort, power (ycI1JleHH051) 11 super 

[aucoxoro K04eCTBo). nneHKI1 «nee­

co standort HMelOT nOK030Tenb POC­

T51lK~MOCTI1 AO 2 0 0 % 11 npI1MeH51IOTC51 

HO nonYOBTOMOTI14eCKI1X MOWI1HOX 

C HI13K0i:1 npO~3BOAI1TenbHOCTblO. 

nneHK~ «nccco « p o w e r» ~MeIOT 

nOK030TeJlb POCT51lKI1MOCTI1 OT 200 

AO 300% 11 np~MeH51IOTC51 HO OBTO­

MOTI14eCKHX nOJlJleToi:13epox C AO­

CTOT04HO BbICOKOi:1 np0113BOAI1Tenb­

HOCTblO . 

nJleHKI1 «nccco super I1MelOT no­

K030Tenb POCT51lKI1MOCT~ OT 300 AO 

400% 11 npI1MeH51IOTC51 HO OBTOMOTI1­

"leCKI1X nonnerojiaepox C 04eHb au­

COKOi1 np0I13BOAI1TenbHOCTblO. TeM 

He MeHee, Afl51 I1X npO~3BOACTBO rpe­
6yeTC51 BbiCOKOK04eCTBeHHoe cupse 

~ 3H0411TenbHbie pOCXOAbl no HonOA­

xe 060PYAOBOHI151 Afl51 nOnJleTl1pOBO­

HI151, 4TO B CBOIO o-repens B 60nbWI1H­

CTBe cnvsoee HepeHT06eJlbHO. 

KOHe4HO, npu COMOCT051TeJlb­

HOM np0l13BOACTBe nneHKH H ucno­

lKeHHoi:1 pofiore peuerrrvpuoro OT­

neno npeAnpl151TI151 B03MOlKHO nony­

4eH~e nneuxa n1060i:1 «rreropua . 
npH epOpMI1POBOHHI1 30K030 Y npo­

113BOAHTeJl51 cnenver HMeTb -rerkoe 

noencroaneuve, KOKOi:1 nJleHKoi1 He­

06XOAI1MO CHo6AI1Tb nnouiorikv no 

vnoxoaxe ncnner. no MopKeTHHro­

BblM AOHH~M Afl51 MOWHHHOi1 vnoxos­



KI'1 xpvrt uue np01-1 3 BOAI-1Te nl'1 I'1 Cn On b­

3YlOT nneuxv KOTerOp l'11'1 «pow er». 

4TO MO>KeT c nY>KI-1Tb OCHOBO Hl'1eM ans 

npl'1H flTl'1 fl peur euus. KOKo ii «nocc 

nneH KI'1 Bb16 p OTb. 

A BOT reneps 30A OA I'1MCfl OC HOB­

Hbl M Bon p OCOM : « KOKOii MeTOA npo­

1'13BOACTBO 06ecne41'1T nneuxe BbICO­

Kl'1e K0 4eCTBeH Hbie n OK 0 3 0Te nl-1? » 

Hens an AOTb OA H03H0 4Hblii OT­

Be T HO AO HHbli1 son p o c. 3 TO CBfl30 ­

HO C TeM, 4T O B n e p syio o -re p ens KO­

4eCTBO nn eH KI-1 30 BI-1 CI-1T OT MO CTep-

CTBO TeXOTAeno 1'1 np0 I'13BOA CTBeH­

Ho ii Kyn bTypbl H O n On l'1M e p HOM 

n p eAnp l'1fl TI-1 I'1 . 

OAHO KO >Ke He 3pfl 6blTyeT M He­

Hl'1e , 4TO n onl'1 BHo ii cnocof nv-uuel 

n OATBe p >KAO eTCfl o uo 1'1 sxcnepa­

M e HTonbHb lMI'1 AOHHbIM I'1 , nonv-reuuu­

MI'1 C nowour sio no fi o poropuoro 

060PYAOBO HI'1fl, npen cro ene-n- oro 

B T06n. 2. 
B uocr oaui ee BpeMfl OCY li.\eCTB­

nfleTCfl n onH~ i1 c neKTp n o o npeAe­

n e Hl-1 1O 3KcnnYOTO lJ,I'10HHbiX csoficr a 

CTpeT4 - nneHK I'1 HO cn euaonna upo­

BOHH blX M OW I'1HOX, BKn10 40 1Oli.\ I'1X 

B ce6fl KOH lJ,e myon bHylO cl'1CTeMy 

MOAenl-1 pOBOHl'1fl P 060Tbi nneH KI-1 

B n p o lJ,e c c e ee npl'1Me He Hl-1fl. 

OnPEAEJlEHlIIE 
nOKA3ATEJlElil KAYECTBA 
CTPETy-nJlEHOK 

n pl'1 cpOB He Hl'11-1 n On l'1 BH OrO 

1'1 BblAYB Horo c nocooos n onv-r eu u n 

o npeneneu u n O K030 Te n l'1 ABYX 06­

p03lJ,OB, 0 AI-1H 1-13 KOTOpblX n p 01'13 Be ­

3KCKYPC B QUf3HKOXHMHKl nox H nn3Hn 

n3Hn 1-1 nnsHn - aro nOnl-1MepHble MaTepl-1anbl , 

WL4pOKO npL4MeHHeMble B I-1HAYCTpL41-1 ynaKOBKI-1 . n:3Hn 

nepepacarueaercs npL4 BbICOKOi1 rewneparype 1-1 BbICO­

KOM AaBneHI-11-1 , 'HO oeycnoenueaer HanWme oonuuoro 
KOnWJeCTBa KOpOTKI-1X 1-1 AIlL4HHbIX 60KOBbiX MoneKy­

nHpHblX uenea. nnsHn nepepaoarueaerca npL4 revne­
parype, 6n1-13Koi1 K TeMneparype nepepariorxa nsBn, 

'ITO cTI-1MynL4pyeT ¢OpML4pOBaHL4e nL4He~HbIX MoneKyn. 

CHL4>KeHL4e nnOTHOCTL4 B03HL4KaeT 1-13-3a L4CnOnb30Ba­

HL4R COMOHOMepOB, xoropua 06pa3YlOT 60KOBbie rpyn­

nbl ua rnasnoa l\enL4 1-1 , Ae~CTBYH KaK BeTBneHL4R, CHL4­

>KalOT KpL4CTaIlIlL4'lHOCTb. npL4 TPaAL4l\L40HH0i1 nOIlL4Me­

pL43al\L4L4 C nOMOl1.lblO xaranasaropa L(L4rnepa-Hanbl 

TaK~'ML4 COMOHOMepaMI-1 HBIlRIOTCR 6yreH, rexceu L4IlL4 

OKTeH. B nOIlL4MepHylO crpyxrypy HeKoropblX MaTepL4a­

IlOB 1-13 aoaoro ceMei1cTBa nOIlL43TI-1IleHOB, nOIlY'ieHHbIX 

Ha MeTannOl\eHOBOM KaTanL43aTOpe , BBOAHTCH BbICWL4e 

aIlb¢a-One¢I-1Hbl , KOTopble C03AalOT AIlL4HHble 60KO­

Bble uena nOA06HO j:lnI-1HHOl\enHOMY BeTBneHL410 

a nsHn. 

nneHKL4 L43 nsHn L4 nn3Hn npeACTaanHIOT co6o~ 

MR rKL4e , rl-16KL4e ynaKOaO'lHble MaTepL4anbl, MyrHoBa­

rue Ha BL4A. npl-1 OAL4HaKoaoi1 nnOTHOCTI-1 L4 TOnll\L4HB 

nnsHn I-1MeeT oonee ablCOKYIO YAapHylO npO'lHOCTb, 

np0'lHOCTb npL4 paCTR>KeHL4L4, CTOI1KOCTb K nposony 
1-1 npenensaoe paCTR>KeHL4e , 'leM n3Hn . nn3Hn Ha OC­

noaa OKTeHa L4MeeT caMylO BblCOKYIO npO'lHOCTb , 

aa HL4M B 3TOM pRAY cneAYIOT nOnL4Mepbl Ha ocnoae 
rexcena L4 6yreHa . CroL4MOCTb ua eAlo1HL4l\Y MaCCbl 3Tlo1X 

MaTep~1anOB COCTaBnHeT PHA: OKTeH > rexcen > 6yreH. 

n3Hn oonaaaer 60Ilee nOAXOAHll\I-1MI-1 CBO~CTBaMlo1 AIlR 

rOpH'lei1 repMeTl-13al\lo1lo1 , 'iBM nn3Hn. OH CBaplo1BaeTCR 

npn oonse HI13KO~ revneparype. L4MeeT eonee WL4pO­

KL411 TeMnepaTypHbli1 AI-1ana30H CBapKl-1 L4 ny-tuee reps­
'iee CXBaTbIBaHl-1e; see 3TO B 3Ha'iI-1TenbH0I1 CTeneHL4 RB­

nReTCH peaynsTaTOM AIll-1HHOl\enHOrO BeTBneHl-1R. Pa3­

pa60TaH MeTannOlleHOBb111 nn3Hn, COAep>Kall\l-111 BbIC­

uiae anb¢a-One¢L4Hbl, KOTOpbl11 'iaCTL4'lHO peuraer 3TY 

np06neMY. Apyrl-1M pacnpocrpaueausra nOAxOAOM 

K 06beAl-1HeHI-1IO ny'lWl-1X CBOI1CTB 3Tl-1X AByX MaTepL4a­

nOB AIlR KOHKpeTHoro npl-1MeHeHl-1R HBnHeTCH l-1X CMe­

WeH14e. 

n3Hn 11 nn3Hn 06naAalOT npeBOCXOAHbIM14 eaps­
epHblMlo1 CBOI1CreaMI-1 OT npOH14KHOBeH14H BOAHHOro na­

pa, HO lo1MelOT nnoxae nOKa3aTen14 AIlH KI1CnOpOAa, A14 ­

OKC14Aa yrnepona L4 MHOrl1X COeA14HeH14I1 , OTBeTCTBeH­

HblX aa apouaru 14 3anaX14. OHlo1 YCrol1'lI1Bbl K >K14paM 

11 AOBOIl bHO 14HepTHbl. 3Tlo1 MaTep14anbl coxpauaor r L4 6­

KOCTb npL4 O'leHb Hlo13K14X TeMnepaTypax, a pa3MHr'iaIOT­

CH L4 nnaBRTCH nplo1 yMepeHHO noasuuenaux reunepa­
rypax, n03TOMY OHL4 He npl1roAHbl AIlR np14nO>KeHL4i1 , 

BKnlO'lalOl1.l14X 3Ha'lI1TenbHOe aarpesauae. 
Hexoropue xapaxrepuue CBoi1cTBa n3Hn 

14 n n3Hn np14BeAeHbl B raen, 1. n3Hn HBnHeTCH ca­
MblM AeweBblM MaTepl1anOM AIlR np0l13BOACTBa nona­
MepHoi1 nneHK14 , L4CXOAR L43 CT014MOCTL4 OAHOI1 eAL4Hlo1­

l\bl MaCCbl. BBL4AY roro. 'ITO nn3Hn 'iaCTO nonycsaer 
3Ha'l14TenbHOe CHl-1>KeH14e Kan 146pa, OH HBIlReTCH Ily'i­

wei1l\eHOBOI1 anerepnaraaoa no Kpl-1Teplo1lO " AIlH AaH­

sore npI-1MeHeHI1R ». 

nOnl13TI-1neH O'ieHb Hl-13K0i1 nnOTHOCTI1 

(n30Hn) - 3TO nn3Hn C oonee BblCOKOI1 KOHl\eHTpa­

l\l-1ei1 COMOHOMepa, 'i TO CHlo1>KaeT Kp14CTannl-1'iHOCTb 14, 

cnencaarensao, nnOTHOCTb HI-1>Ke 06b l'lHOrO ypOBHR 

meun AO 0,905-0,915 r/cM 3. V13 naoun nonysaor 
O'leHb MRrKl1e nneHK14 C npeKpaCHOI1 aAre31-1el1, HO H113­

KOI1 np0'lHOCTblO. 

nneHKL4 1-13 nBX nony-aor 1-13 KOM6I-1Halll-114 

nOnl1Mepa n BX, np0l13BOAI-1MOrO nOnl-1Mepl-13alll1ei1 

Blo1Hl1nxnopL4Aa, C nnaCTL4¢L4KaTOpaMI-1 L4 APyrL4M14 X14­

M14KaTaML4-A06aBKaMI1, n03BOnHIOll\I-1ML4 nonY'l14Tb r 1-1 6­

KylO nneHKy. HeMOAlo1cPl-1l\14pOBaHHaR nnesxa nBX ­

O'leHb xpynKaR 1-1 C TPYAOM nOA,QaeTCR nepepa60TKe 

BBL4AY BblCOKOI1 'lYBCTBL4TenbHOCTL4 K HarpeBaH14IO. OA­

HaKO enaronap» csoea nonapsoa npL4pOAB nBX oona­
AaBT Cl1nbHblM CpOACTBOM K nnaCT14cPI-1KaTOpaM , 1-1 no­
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3TOMy ero MO>KHO 3Ha'll-1TenbHO MOAl-1epl-1l.\l-1pOBaTb. no CBOl-1M 3KcnnyaTal.\110HHblM CBOI1CTBaM nBX nnesxa 
nnaCTl-1epl-1KaTOpbl, BOCHOBHOM. COCT05lT l-13 opraua-re­ npeBOCXOAI1T nmHn. 3a cser cBoei'1 cnoc06HOCTI1 
CKl-1X >KI1AKOCTel1 C BblCOKOI1 reuneparypoa Kl1neHl-1R, nBX nneHKa 1136l-1paTenbHO nponycKaeT BOARHOI1 nap 
koropue BblnOnHRIOT B nOnl-1Mepe epYHKl.\l-11O CMa3Kl-1 . 11 yrneKI1Cnbl11 ra3 Hapy>Ky, a Kl-1CnOpOA BHYTPb: aatu 
Hexoropue MRrKl-1e l-1 rl-16Kt.1e nneHKl-1 nBX COAep>KaT KycO'leK MRca 6YAeT coxpauars CBOI1 nepBOHa'lanbHbll1 
npl-1MepHO 50% nnacrurpaxaropa. user l-1 BKyC nnarensuoe BpeMR, HaXOARll.\I1I1CR B HeM 

npl1 t.1CnOnb30BaHl-111 nneHKl-1 AnR ynaKOBKl-1 nauie­ 6enOK BepopMe Ml1Orn06l-1Ha He nepeaner BMeTMl-10r­
BblX nponvxroa nnacrarnaxarcpu l-1 APyrl-1e l-1HrpeAl-1­ n06l-1H . OAHaKO, npa np0'lTeHl-111 Onl-1CaHl-1R nBX BI1AHO. 
eHTbl AOn>KHbl 6blTb AonYll.\eHbl K npRMoMy KOHTaKTy 'ITOace OCHOBHble CBO~CTBa nneuxa npaooperaer npl1 
C nponyxraa« . OCHOBHbIMt.1 nnacrurpaxaropae» BBeAeHl111 MMOnpl-1RTHbIX nacnyx, 11 y>K noaepsre, 11 ua 
B3Tl-1X npl1nO>KeHl-1RX RBnRIOTCR ananarsr, 'iacro B xa­ aanax, MOAl-1epl1l.\l-1PYIOll.\l-1X A06aBOK, xoropue, CHI1>KaR 
-ecrse sroporo nnacrarpasaropa A06aBnReTcR ano«­ teuneparypy nepepaoorxa , yBenl1'll-1BalOT BepOHT­
Cl-1Al-1pOBaHHoe coeaoe Macno. AnR uenauieaoro npl-1 ­ HOCTb, 11 6e3 roro 3aWKMI1BalOll.\YIO 3a 100%, 06pa30­
MeHeHt.1R cyuiecrsyer Wl-1POKl-111 xpyr AocrynHblx nnac­ BaHI1R AI10KCI1HOB . TaKI1M 06pa30M, nBX onacen He 
Tl-1epl-1KaTopoB. Haveonee pacnpocrpaueau ananaru ronsxo Ha CTa,Q~H1 YTl1nI13al.\I1l-1, HO 11 ua nepBOM arane 
l-1 diranaru. KpoMe roro, nneHKl-1 nBX conepxar CTa­ caoero >K113HeHHoro uaxna. 
6t.1nl-13aTOpbl, nocxonssy nonuaep 'lyBcTBt.1TeneH KHa­
rpeBaHI1IO. MacnRHble 3nOKCt.1Abl 06naAalOT onpene­
neHHoi'1 cTa6t.1nl-13I1pYIOll.\el1 epYHKl.\l-1e~ , a B nl-1ll.\eBOI1 
npOMblwneHHOCTI1 OHl-1 AononHRIOT aKH1BHOCTb crea­
paTOB Kanbl.\I1R , MarHl-1R l-1 l.\I1HKa. TaK>Ke MO>KHO npa­
MeHRTb ¢OCepI1Tbl. B Henl-1ll.\eBbIX npl-1nO>KeHI1RX 06bl'l­
HO I1CnOnb3YlOTCR opranoaetannaxecxae cona 6apl1R 
l-1l.\l-1HKa. 

CBOI1CTBa nneuo« 113 nBX Cl-1nbHO 3aBI1CHT OT runa 
l-1 KOnH'IeCTBa MOAl1epl-1l.\I1PYIOll.\l-1X l-1Hrpe,Ql-1eHTOB, 
B oc06eHHOCTI1, A06aBneHHbiX nnacradiacaropoa. 
B uenou. nneHKl-1 - aecsaa M5IrKl-1e l-1 rl-16Kl-1e, nerxo 
nOMalOTCR rOpR'lel1 repMeTl-13al.\l-1l-1 11 npespacuo CXBa­
TblBalOTCH, l-1MeIOT OTnI1'lHylO y,QapHylO BR3KOCTb , snac­
Tl-1 '1HOCTb l-1 npoapaurocrs, npOHl-1l.\aeMOCTb AOBonbHO 
BbICOKaR. np0l13BOARTCR KaK 0pl-1eHTI1pOBaHHble, TaK 
11 HeOpl-1eHTl1pOBaHHble nneHKl-1. Hexoropue CBO~CTBa 

nBX-nneHOK npl1BeAeHbl Bratinaue. 
n~1C Tbl t.13 nBX 'laCTO I1cnonb3YIOTC5I B BaKYYMHOI1 

ynaxoase. 
C TO'lKI1 3peHI1R coxpaHHOCTI1 nponysra, ecnu ro­

BOPI1Tb 0 P03HI1'lHO~ roprosne, TO, eeavcnoeao, 

n OJlV13 T V1Jl eHOB bl e nJl eH KV1 

C 30n OXOM npo rop KJlOCTV1 ­

6 pOK! OH V1 CO Aep>KO T o n ce­

H~~ KOMnOHe HT - Jly 6p V1 KOH T 

V1 3 OMV1A OB >KV1 pHbIX KV1 CJl OT 

(06 b1 4 HO 3 TO lJ,vlCAOK 0 3 eH O ­

M V1 A ), KOTO P bl~ MO>KeT OKV1C­

Jl 51TbC51 npu TepMV14eC K O ~ 

rtepepo fi orke. fl y6p V1 KOHT 

n erxo pccuienn aercs n o HeH O ­

cblw, e HHblM T04 KOM V1 no e r p 51 A 

OJl bA e r V1 AO B C 0 4 e Hb HV1 3 KV1M 

60 p bepOM AJl 51 30nOX O B. 

nonHMep
napaMeTpbl MaTepHana 

nn3Hn nBX 
Tewnepcrypo CTeKllOBOHHH ( Tc 0c) -120 75- 105 

Tewneporypo nnOBneHHH (T"", 0c) 122-1 24 2 12 

TeMneporypo TepMH'leeKOrO Kopo6neHHH, 
npH 455KnO, -c - 57-82 

nnoTHoCTb, r / eM3 0,91 5-0,935 1,35-1 ,41 

MOAynb pOCTHlICeHHH, Hlo - 1104,1 

npO'lHOCTb npa poeTHlICeHHH, Mno 20-45 I 10-55 

npeAenbHoe pOCTHlICeHHe, % 350-850 14-45 0 

cnan" npH 37,8 °C Ii 90% oa, r MKM/M2 d - 750-15,700 

npOHHl.\OeMOCTb 0 2 npH 25 °C, 10 3 eM3MKM M/M2 d 
OTM 

- 3,7-240 

' cnBn: CKOPOCTb npOXO)/(lleHJ1f1 BO/lflH OrO napa : d = l 11eHb, 24 sees: DB OTHOCJ1TenbHafi Bna)/(HOCTb. 
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,u8H «ca st», a npvroti « b lo w n » M8TO­

,uOM . DIl~ nOIlHOl.\8HHOrO CY>K ,u 8 H vt ~ 

no ,uOHHOMy Bonpo c y ,u8MOHCTpO­

l.\vt~ 3 Kc n 8 p vtM 8 HTOll b HbiX ,uOHHbI X 

vtM88TBvt,u30BvtCvtMOCTvtnp0l.\8HTHO­

r o psno no KO>K,uOMy K048 CTB8HHOM Y 

n O K03OT81l1O (CM. T061l . 2). 
no n p 8 ,uCTO BIl 8 HHbIM 3 0 BvtCvt­

MOC T~M H8 rpvnuo norcncrsca , 'IT O 

Bbl,u Y BHO~ cno cof TP86 Y8T nOCTO~H­

-r o ro KOHTPOIl~ vt auco xonpodie ccu­

oucnsuoro nonxono K npOvt3B O,uCT­

B8HHOMY np0l.\8CCY. Ho K0 4 8CTBO 

nll8H Kvt OK 03blBOIO T Bllvt~Hvt 8 TOKV18 

C O CTO B Il~IO lL\ vt8 , KO K npOCTpOHCT­

B8HH08 K01l86 0HV18 nvsups , p0 6 0TO 

CvtCT8Mbi 0 P V1 8 HTOl.\vtV1 V1 pervnvpo­

B O H vt ~ IlV1Hvtvt Kp vtCTOIlIl V13 0 11V1 V1, 'ITO 

B ,uOllbH8 ~W8M B8,u8T K nucro pvo­

HV14HOM Y C H ~ T V1 1O K0 4 8CTB8 HHbiX no­

K0 3 0 T 81l8 ~ no BC8H ,ullvtH8 HOMOTKvt 

nJl8HKV1. Bens MOll8HW88 OTKJlOH8­

HV18 T8XHOll orV14 8 CKorO no pOM8TpO 

,uO>K8 B np8,u8JlOX nonvcxo MO>K8T 

npvtB8CTV1 K nonv-e-u-o H8K048CT­

B8HH OH n poAyKIlV1V1. KOH84H O, «cast» 

nIl8HK V1 TO >K8 TP86YlOT nO CTO ~HHor o 

KOHTPOIl~, HO KOM6vtH Ol.\vt~ HOIl O­

>K8 HHO H CV1 CT8M bl T8 XHOllorV148 CKO­

ro . peuerrrvpu or o OTA 8 1l0B vt npo u a­

BO,uCTB8HHoro nepc oucno r opOHTV1­

P Y8T n OIlY48HV18 CTo6vtllbHO H K0 48­

CTB8HHOH npo,uy Kl.\vtV1 . 

npOB8A8HHbl8 HOMV1 3K cn8 pV1­

M8 HTbi n0 3BOIl ~IOT y TB8p>KAOTb OA­

H03H0 4HO : 6 y nvuie e rpv nnoao a 

vt WT0 68JlbHOH vno xo eku ­ 30 nOIlV1­

3TV11l8HOBO~ CT p 8T4 -nIl 8H KO~ p 0 3 ­

JlV1 4HO H M OAV1epvt KOl.\vtV1 , B C8 OCTOllb­

H08 6YA 8 T epOPMvtP OBOTb C~, vtCXOA~ 

OT np 8,ub~BIl~8 MbI X K v n oxos k e Tp8­

6 0 B O H vt ~ . 

cn~COK COKPA~EH~i1: 
n3 ­ nOJlvt3TV1Jl8H 

1l3BIl (1l3HAI - n Ollvt3Tvtll 8H 

BblCOKOH nllOTH O CTH (HV1 3 Koro 

,uOBIl8HV1~) 

nn3 ­ JlV1H 8HHbIH nOIlH3TV1Jl8H 

n3HIl (n3BAI - n OIlV13TV11l8H 

HV1 3KOH nJl OTH OCTV1 [au c cxoro 

,uO BIl8HV1~) 

nll3HIl - IlV1H8HHbIH nonusr«­

1l8H Hvt 3 KO~ nIlOTH OCTV1 

1l30Hn - n OIl V13TV11l8H 0 4 8 Hb 

HV1 3 K O~ nIlOTHOCTV1 

1l3CHil - nOJlH3THIl 8H CB8 pX­

HV1 3 KO ~ nIlOTHOCTV1 

IlBX ­ n Ollvt BV1HHIlXJlOPV1,u 

IlBAX ­ nOIlV1BvtHHIlA8HXJl OpvtA 

nTP - nOK0 30T81lb T8KY4 8CTV1 

pocnn oso , r /l 0 Mvt H. 

ASTM - AM8pvt KOHC K08 06 lL\8 ­

CTBO n o V1 cn bITOHV1 ~ M V1 MOT8p H­

OIl OM 

[lnenxo cast - nIl8H KO, n OJlY­

48HHO~ 48p8 3 nIlO CKOlL\81l8BYIO 

r OJl O BKY 

[lneaxo blown - nIl8HKO, n OIlY­

48HHO~ nYT8 M p03,uyB O p y KOBO 

Stretch hood -­ c noc o o n 0 1l1l8T­

HO~ y n oKo BKH C V1 CnOJlb30S0HH8M 

p OCT~ r V1B O IO lL\8roc~ Ko nlOW OHO 

IlneHKI1 standort, power 

11 super - nIl8HKH , OTJlH40 1OlL\H8 ­

C ~ no CBOV1M 3Kcn IlYOTOIlV1 0 HHbIM 

nOK 0 30T81l~ M C COOTB8TCTB8HHO 

B03 POCTOIOlL\V1M K0 48CTBOM. 1l'""'" 

TonUV1HO, MKM 
n p f1 BblAYBHOM c noco6e, Be p OHTHee scero, n p o nan e u u e 

J¢ ¢ e KTo P03HOTon W f1HHOCTf1 

1 

Ta6nHija 2. Omnsne nOnl1BHOii II BblllYBHOii nnBHKI1 B MaTeMaTl1~BCKOM npellCTaBneHl111 

IlPO'lHOCTb npa pOCTlllKeHHH, Mila 

BAOHHOM cn v sce, npn npou se oncre e n n eH Kf1 DblAYBHblM 

cnocofiov 30Bbiwe HO Il f1 H f1~ Kp f1crollnf130Ll f1f1. n p e suure­

Hf1e CKOpOCTf1 f1 YC f1nf1 ~ HOT~ >KeHf1~ p o n f1KOBOH Cf1CTeMbl 

' 2+ 38% BnpOAonbHOM HonpOBneHHH 

30 c -re t BblAYBO nnea xo f1Me e T Te HAeH Llf110 K o p f1e HTOLlf1f1 B 

no riepevaov uon p o aneuaa. no cpOBHeH f11OC co st c n o co ­

6 0 M, B KOTOpO M nom-s He « HOnp~ rOe T>' nn eu xy . 

B nonepe-rsow HonpOBneHHH 

OTHOCI1TenbHOe YAflHHeHHe npl1 pcapsrae, % 

B npOAonbHOM HonpOBneHHH 

-------------+---------f--------~ 

B nonepexaow HonpOBneHI1H Xs - 5% 

Ynpyroe BOCCToHoBneHHe, % 

x, x, + 8% 

CTOi1 KOCTb K npoxony, H X8 - 7% 

YeM s uure npOYHOCTb n pn pOCT~>KeH f1f1, Te M 6 0 n bw e CKp f1­

CTOn n f130 BOBWf1XCH CTPYKTYP HOXOA f1TCH B c o o TBe TCTBYIO­

weM Ho npOBn eH f1f1. B CBOIO o -repen s. Hopyw eHf1e 6on oH co 

B Cf1creMe npf1BOA f1T K CHf1>KeHf11O o c aoeono noro -ouie ro 

CBOHCTBO CTp e TY-nneHOK - p OCTH>Ke Hf11O 

A HOnOrf1 YHO OTHOCf1Te n bHo MY YAn f1He Hf1IO, r o n s xo e we AO­

6o BmeTc~ 3¢¢eKT OT CHf1>K e Hf1" Ko nf1y eCT BO CTOTf1CTf1yeCKf1 

c s e p avrux KOH¢ OPMOLlf1H 

nOATB ep )l(AO eTC~ <pOKT npeBbl We Hf1Hn HHf1f1 KpH CTOn nf130­

Llf1H, YTO n p HBOAHT K 6 0 n bweMY COAep>KO HHIO nonspu srx 

rpy nnHp o BOK 

H e Op rOHf130 BOHHOCTb Mo n e Kyn B BblAYBHOH n neu ke 

n pf1 BOAHT K nOAe HHIO «MOHo n HTHOCTf1" MOTepf10 n o . 
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